PostgreSQL 9.0.16 Documentation

The PostgreSQL Global Development Group



PostgreSQL 9.0.16 Documentation
by The PostgreSQL Global Development Group
Copyright © 1996-2014 The PostgreSQL Global Development Group

Legal Notice

PostgreSQL is Copyright © 1996-2014 by the PostgreSQL Global Development Group and is distributed under the terms of the license of the
University of California below.

Postgres95 is Copyright © 1994-5 by the Regents of the University of California.

Permission to use, copy, modify, and distribute this software and its documentation for any purpose, without fee, and without a written agreement
is hereby granted, provided that the above copyright notice and this paragraph and the following two paragraphs appear in all copies.

IN NO EVENT SHALL THE UNIVERSITY OF CALIFORNIA BE LIABLE TO ANY PARTY FOR DIRECT, INDIRECT, SPECIAL, INCI-
DENTAL, OR CONSEQUENTIAL DAMAGES, INCLUDING LOST PROFITS, ARISING OUT OF THE USE OF THIS SOFTWARE AND ITS
DOCUMENTATION, EVEN IF THE UNIVERSITY OF CALIFORNIA HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

THE UNIVERSITY OF CALIFORNIA SPECIFICALLY DISCLAIMS ANY WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IM-
PLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. THE SOFTWARE PROVIDED HERE-
UNDER IS ON AN “AS-IS” BASIS, AND THE UNIVERSITY OF CALIFORNIA HAS NO OBLIGATIONS TO PROVIDE MAINTENANCE,
SUPPORT, UPDATES, ENHANCEMENTS, OR MODIFICATIONS.



Table of Contents

Preface Ivi
1. What 1S POSEZIESQLT ...ccueiiiiiiiiiiieiereet ettt sttt Ivi
2. A Brief History of POStZreSQLu........ooviiiiiiiieiieiie ittt ettt ete et stesteebeesaaesaneens Ivii

2.1. The Berkeley POSTGRES Project .....cccueecuieriiiiieiiieiieriieniie ettt sve et sve e Ivii
2.2, POSEEIESOS ...ttt ettt ettt st e e be e st e e be e beesabeeabeentes lviii
2.3, POSEEIESQLou. ittt ettt ettt st b e st ebeebeesabeeabeentes Lviii
3. COMVEINTIONS ...ttt ettt ettt ettt ettt eat e sa e eatesae s et et e s bt e b e bt ebte et saeemaesbeeanenbesseennesnee lix
4. Further INfOrmMation.........cccoieiinirieiiinieiecetee ettt ettt sttt et sae st ne s nae e lix
5. Bug Reporting GUIAEIINES........ecviiiiierieeiieiiesiteete ettt sttt ettt ettt e e st st e aeenaees 1x
5.1, TAentifying BUgS .......ooueiiiiiiiieieeitecie ettt ettt 1x
5.2, WAL 10 TEPOT..cuveiiieiiieetieiiteeteette sttt ettt sb et s e bt e st e sat e e bt e bt e satesabe e bt esaeesabeenseenseens Ixi
5.3. WHETE 1O TEPOTE DUZS ...eeeuvieiieiieiieeriteeite ettt ettt ettt sttt e sbe e st s b b e satesaneeanes Ixiii
I. Tutorial 1
1. GENG STATTEA ...cueeieeiieieeiieie ettt ettt et st ae e e sne s enesneae 1
1.1 INSEALIALION ..ttt ettt et e e e e sbe e et e e bt e sbaesbeebeenne 1
1.2. Architectural Fundamentals.............coceeiiiiiiiiiriiiiiiiieeeeecteeeeeete et 1
1.3. Creating @ Database ...........cecveruieuierieeieeiesie ettt ettt et ese et et e eesae et ete e ens 2
1.4, AcCeSSING @ DAtaDASE .....ccveeuieiietieiiiieiere ettt ettt ettt naeene 3
2. The SQL LaNZUAZE .......ooueeuieiieeieie ettt ettt ettt et ettt et sttt esbe e st e e sb e et e steeatenbesseenbenbeans 6
2.1, INEEOAUCTION 1.utiiieitiiieteet ettt ettt b e et b et e bt eat e te e bt e e e s beene e beebeeneeneeeae 6
2.2 CONCEPLS ...eneeeeeieeteettete et ettt et et s bt et e bt e b et e e bt e st e sbeea e et e ebees e bt eaeenbesbeemtesbeestenbeebeeneeneeene 6
2.3. Creating @ NeW TabIe .......cccoiiiiiiiiiiieieeeeeee ettt 6
2.4. Populating a Table With ROWS .......cccoeriiiiiiiiiiieiectee e 7
2.5. QUErYING @ TaADIE ....ooueiiiiiiiiiiiiiee ettt 8
2.6. J0Ins BetWeen Tables. .......cccoiiiiiriiriiiiiieieneeteestee ettt s 10
2.7. AgEregate FUNCHIONS ......coeeviiiiiiirieeiteteeteeteste ettt sttt sbe e eaees 12
2.8 UPAALES ...ttt sttt ettt ettt ettt et b ettt e b et bbb bbb et b enees 14
2.9, DIETIONS ...ttt sttt ettt ettt ettt st e e b e eb et ebeetesbe et e b e et b et sbeeneesaeenaen 14
3. AdVANCEA FRATUIES ...cuiiiiiiiiiiiiiiieiteteecee ettt ettt ettt s ettt st et sbe e sbeeneen 16
3.1 INEEOAUCTION 1.ttt ettt sttt ettt bbbt sbeeneesueenees 16
3.2 VIBWS ittt ettt ettt ettt st h ettt e be et bbbttt ebe et saeeneen 16
3.3, FOTEIZN KBYS....iiiiiiiieiieiieete ettt ettt ettt ettt sttt e sat e st e st e ebeesaeesaseensaensee e 16
34, TTANSACHIONS ..c.eevteniiiietieteete sttt ettt ettt et et st e e b e eet et eae e aesaeess e besbn et e sbeeneesaeennen 17
3.5. WIndOW FUNCHONS ......oouiriiiiniiiieniinieieeieetentcet ettt ettt et sae e e 19
3.6. INHETILANCE ..ottt ettt et sbe e s 22
3.7 CONCIUSION ...ttt sttt ettt ettt et ettt e b e et eae e saeess e b san et sbeeneesaeennen 24

I1. The SQL Language 25

4. SQL SYNEAX ..entiiieiieiieiee ettt ettt e sttt a e et st e n et ne et s re e neeane 27

4.1, LeXiCal SIUCTUTE. .......eiitieiiieieeieeite ettt ettt et ettt st e bt et st e nbeesaeesaee s 27
4.1.1. Identifiers and Key Words.........ccoceeviiriiniiiniiniinieieeeetceeeeesee e 27

A 1.2, CONSLANLS .euvteeieeuieeieeeite et et et te sttt et e bt e sat e et e bt esbe e s bt e bt esbeesabeebeenbeesaseeseenseenas 29
4.1.2.1. String CONSLANLS ......cceiuiiiiiiiiriiiiiiieeee ettt e 29

4.1.2.2. String Constants with C-Style ESCapes ........cccocevveveeirenenenenreneecnnenen 29

4.1.2.3. String Constants with Unicode Escapes..........cccceeeeieneneenenenieniennenne 31

4.1.2.4. Dollar-Quoted String CONSLANTS .........ccerueerieriieieniieiieee e 32

iii



4.1.2.5. Bit-String CONSANES .......eevveeruieriieiienienieeieenieesteeteesieesiresateesaeesieesaees 33

4.1.2.6. Numeric CONSLANLS ........ccccvruiiiriiniiieiiieieiee e 33

4.1.2.7. Constants of Other TYPES ....cccueevuerrrierieriiiiiienieeree ettt 33

1.3, OPCTALOTS ...ueeneieeiiieieeeite ettt ettt et e bt e s et e s bt e bt e sbtesabeebeesaeesabeeseesbeesaseeseenseenan 34

4. 1.4, SPECTial CharACLEIS....ccoueiruieeiieniieniieeitette ettt e rite sttt ettt e sttt sbeesbeesareebeesaee e 35
4.1.5. COMMENLS ....cueniiiiriiieiieie ettt ettt ettt n e e e e st ne s b e nesaeenee 35
4.1.6. LeXical PreCEARICE .....cooviiiieiiiriiiiiteiteeite ettt ettt 36

4.2. Value EXPIEeSSIONS. ......coouiiiiiiiiiiiiiieiee ettt ettt s 37
4.2.1. Column REfEIENCES .......couiiiiiiiiniiiiteitere ettt 38
4.2.2. Positional Parameters........c.cceeveeriiriiinieniiiieeteste ettt 38
4.2.3. SUDSCIIPES ..ttt e e e 38
4.2.4. Field SEIECLION .......oeuieuiiiieiieiecteeete ettt ettt st e e ene s 39
4.2.5. Operator INVOCATIONS ........cceecuiiiiiiiiiiieie et 39
4.2.6. FUNCHION CallS ..ottt st 40
4.2.77. Aggregate EXPreSSIONS. .......eeruiitirieriieiieienttete ettt sttt et te b eeee e see s 40
4.2.8. Window Function Calls...........cceeoieiiiiininieieneeieieseee e 41
4.2.9. TYPE CASS ...t e s 43
4.2.10. Scalar SUDQUETIES .......coouerteriertirieieeitete ettt ettt see e 44
4.2.11. Array CONSLIUCLOTS ... .cevirutenietieiteteeitetesteente st st ete st eeate st sieesee bt etenbesssensesbeene 44
4.2.12. ROW CONSIIUCLOTS .....eviviriieienienietietesiestesteeeiteie st sttt ete b ssesaesnesneneenesaens 46
4.2.13. Expression Evaluation RuUles ..........ccccoocoviiiininiininiiiecceecceeee 47

4.3, Calling FUNCHONS. ....couteieriieiitieitenieeitete sttt ettt ettt ettt sbe et s e e b sbe et saeene 48
4.3.1. Using positional NOtAtION ........cc.eeverierieniineiiienenieienteetente ettt 48
4.3.2. Using named NOTALION ......co.eevuerierienienieienieetenesitetesteeitenteeseeseesieesenbesesenesbeene 49
4.3.3. USing MiXed NOTALION .......veevieriieriieriieniieeieesieesttesetesteesteesaeesbeesseesseeseseesseesseenes 49

5. Data DefINITION ....c.couiiiiiiiiiiicicicc e e 51
5.1 Table BASICS .....oouiiiiiiiiiiiiiicicicrccetce e 51
5.2. Default ValUCS .....c.ccovuiiiiiiiiiiiiiiiiictccc e 52
5.3 CONSILANES ...c.oviiiiiiieieeteece ettt st saa 53
5.3.1. Check CONSLIAINES ......c.eiuiiuiiiiiiieieiiii it e 53
5.3.2. NOt-NUll CONSIIAINLS .......ooviiviiiiiiiiiiiiiiiieeee e 55
5.3.3. UnNiqUeE CONSLIAINES. ....eeriiiriiieiieniienieeieesite st eieeieesiteeteebeesbtesateebeesbeesasesaseennes 56
5.3.4. Primary KEYS....oueeouiiieiieiieeiteie ettt s 57
5.3.5. FOreign KeYS ......couiiiiiiiiiiiiieienieeeeeeteetee ettt 58
5.3.6. EXClUSION CONSIIAINLS .....eeruvieiieiieriieeieeiee sttt ettt st ete e b e st s 60

5.4. System COIUMIS .....cc.coouiiiiiiiieieieeeieee ettt et et 61
5.5. Modifying TabIes........ccooiiiiiiiiiiiiicieeee et 62
5.5.1. Adding @ COIUMN ......cc.ooiiiiiiiiiiiiiceeeee e 63
5.5.2. Removing @ COIUMIN ........ccoiiiiiiiiiiiiiiiiiiiiece e 63
5.5.3. Adding @ CONSIAINE .....cc.eeriieeieiiitieiete ettt ettt et be et e eneenes 63
5.5.4. Removing @ CONSIIAINE .......ceueeiirtirierieetieieetteie sttt et ettt eeesaeeeesbesseeneesneenes 64
5.5.5. Changing a Column’s Default Value...........cceoiiiriiiiinieninieeceeeeeeeee 64
5.5.6. Changing a Column’s Data TYPE ......cceeieruirieriiiieierieeieeecee e 65
5.5.7. Renaming @ COIUM ....c..coouiiuiiiiiiiiiieieeieie ettt 65
5.5.8. Renaming @ TabIe ........cocoevuiiiiiiiiiiieiieeeeee e 65

5.6, PLIVIIEEES ..ttt sttt et st b et eb et b naen 65
5.7 SCREIMAS ...ttt sttt sttt st 66
5.7.1. Creating @ SCREMA ....c..cciiiiiiiiiiiiiieeetee ettt 67



5.7.2. The PUDLIC SCREMA .....veiiiiiiiiiieceireee ettt et e e e 68

5.7.3. The Schema Search Path.........c..c.ccoceiiiiiiiiniiiiniicccccceeeeeeee 68
5.7.4. Schemas and Privil€@es........ccoeeriiriiiriieniiiniieieeieeree ettt 69
5.7.5. The System Catalog SChema ........coceeviiiiiiiiiiiiiieeeeeete e 69
5.7.6. USAZE PAtEINIS .....eiuvieiieiiiiieeieeite ettt ettt st e e s st 70
577, POTabILILY ...ttt 70

5.8, INNEIILANCE ..ottt ettt e st st beesae e sabeenbeenbee e 71
5.8 1. CAVEALS ..ttt ettt st ettt sttt et b e st be e st eabs 74

5.9, PArtitIONING ....c..eoveiiiiiiiieiieieeceeeeetet ettt sttt et st et ne e e eanes 74
5.9 1. OVEIVIEW ...ttt ettt sttt ettt e b e st et e b e smbesateeane 74
5.9.2. Implementing Partitioning ............cccooeeiiiiiiiiiniiieeneeeceese e 75
5.9.3. Managing Partitions ...........coccoerveieirininiinenieeeeeese ettt 78
5.9.4. Partitioning and Constraint EXCIUSION ......cc.coecveirinininienieieinineeeeeeeicenenne 79
5.9.5. Alternative Partitioning Methods...........ccccoerierieiriinienenienieieeneneneceeeeeenee 80
5.9.0. CAVEALS ....cuieieiieiteeitet ettt ettt sttt ettt e a et bt ettt a et e ae et bt et et st et b enes 81

5.10. Other Database ODJECLS .......c.cerueruerieriirtieiene et site ettt e st besete e b eesaeenees 82
5.11. Dependency TraCKing ........cooeeeieririeriinieiesiee ettt sttt 82
6. Datd ManipULatiOn.........ooueiuieiinieienie ettt ettt sb ettt st e st bt et e b e eat et sbe et e sbeeneen 84
6.1. INSEIting DIAta ......oiueiiiiiiiiiiiiee et sttt b e e 84
6.2. UPdating Datal......ccueeuiiiiriieiiniiiterteeiteeet ettt ettt ettt st ettt ebe e b eaees 85
6.3. DEleting DIata.......ccueruiiiiriieieniietereeiteteet ettt ettt sttt sb e s 86
T QUBTICS ..vveeevieeeetieeeiteeeettee ettt e eetreeeetaeeetaeeeteeeetaaeeaaseseasseseasaeeatsseensseeeaseseessesenssaeensseeentsesesseeersaans 87
T 1 OVEIVIEBW ..ttt ettt ettt ettt st b e ea et e bt et s bt et e be s bt entesbeenee 87
7.2, Tabl@ EXPIESSIONS ..cuveevieiiiieieeiieitieeieeieenteesiteeteeteesetessteesbeesssesssessseesaesssesnseenseesssesnsenn 87
7.2.1. The FROM CLAUSE.......coveruiiiinieeiirieeiteieeitete sttt ettt ettt nbe s s b 88
7.2.1.1. JOIN@d TaDIES .....eevieiriiiiieiiieeieneetetece ettt 88

7.2.1.2. Table and Column AASES.......c.ccoeruerieriecienirieneneeteneeretceeeee e 92

T.2.1.3. SUDQUETIES ...eonvveenrieiieniieeiieritenite ettt et st ebeesieesatesabeebeesaeesabeenseenaeenes 93

7.2.1.4. Table FUNCHONS ..c..cocviviirieiiniieieneneeteeteeteete ettt 93

7.2.2. The WHERE ClaUSE.....cc.eeiiriirieiiniieieienteteeteete sttt sttt eaenne s s sneene 94
7.2.3. The GROUP BY and HAVING ClauSes........cccceviriiininiiniiiiiiiiicicieiceecenene 95
7.2.4. Window Function ProCESSING .........ceevueeriiiriiiiieiniienieeieeieesite et 97

7.3 SLECT LUISES ..ttt ettt et sttt s 98
7.3.1. Select-LisSt IEMS .......ccueeiiiiiieiiceieieeecteecee e 98
7.3.2. Column Labels ........cooiiiiiiiiiiiieiieee et 98
7.3.3. DISTINCT cueieueeureieeieenteeieene et et st eee et st et eaeeae s st e e e s e s e easeene e e e sae e s ennesanennesneenne 99

7.4. Combining QUETIES......c..coueriiiiriieiiiieeerte ettt ettt st ene e s ene s e e esnesaeesnesaeennens 100
7.5, SOTtING ROWS ..ot s 100
7.6. LIMIT QN OFFSET..cuiiiiiiiiuieteeiieeeteeeeste st eae st eae et esee e saeenesaesaeesesnee e esaesneesaesaeennens 101
7.7 VALUES LISES wvtuiitiitirieieieiteie ettt ettt sttt ettt ettt s st ae et et ene e 102
7.8. wITH Queries (Common Table EXPressions) ......ccceeeeierereeiienenienieeieeiesieecesie e 103
8L DALA TYPES .. ettt ettt ettt et sttt b e st et be e st e b e ae e s ae e e b e e sbeenaeeea 107
8.1 INUIMEIIC THPES ..ttt ettt ettt ettt et et e b et e sttt et et e ae s bt eneenbeeaeenee 108
811 INtEZEL TYPES .cuviiniiiieiiieite ettt sttt st s 109
8.1.2. Arbitrary Precision NUMDETS ..........cccueriiiiiiiieienineeceee e 109
8.1.3. Floating-Point TYPES ......cecueruiriieieniieieniieitente sttt 110

814, SEITaAl TYPES ...eueentieiieiieieeterte ettt sttt sttt ettt sbe e b e 112

8.2. MONELATY TYPES ..ttt ettt sttt ettt et e e st e eae e 112



8.3, CRATACTET TYPES .eveereiniieiieeiteeiterite ettt ettt ettt e st e st e bt e st e s bt e beesatesateenbeesanesasesabeas 113

8.4. BINAry Data TYPES ...cccueeruieriiiiieniteete ettt ettt ettt sttt e st s te b e st e saneeabees 115
8.4.1. bytea heX fOIMAL .......ccooviiiiiiiiieee ettt e e 116
8.4.2. bytea €5CaPe fOIMAL ......ccceeviiiiiiiiieiieeieee e 116

8.5. Date/TIME TYPES..cuueiiiiirieriieiterteete ettt ettt e b e st st e b e st e sabe s beesaaesatesabees 118
8.5.1. Date/Time INPUL ......cocoiviiiiiiieieieieect e 119

8.5, 1.1, DALES ..ttt et e 119
8.5, 1.2, THIMES -ttt ettt sttt st 120
8.5.1.3. TIME SEAMPS ...ceviiieniiiieieieeieeeeteee et e s 121
8.5.1.4. Special ValUes .......ccccoceeviiiiiiiiiiiiiiiinicceeeeeeee e 122
8.5.2. Date/Time OULPUL .......oouiiiiiiiiieiiiieiet ettt s 123
8.5.3. TIME ZIOMES ...cnveeneiiinieiieeiteetee ettt ettt ettt sttt e st e beesae 123
8.5.4. INterval INPUL.....cooviiiiiiiiiieiee et 125
8.5.5. INterval OULPUL ..cc..eiiiiiiieiiieieeeeee ettt st 127
8.5.6. INLEINALS......ouiiiiiiieiieie ettt 128

8.6. BOOLEAN TYPEC....ueieieniiiieiieieei ettt ettt sttt ettt ettt 128

8.7. ENUMETAEd TYPES ...couveeeiiiiiiiieniieeite ettt ettt ettt sttt st erees 129
8.7.1. Declaration of Enumerated TYPeS.......ccccecteririerieninienieneeieneetene e 129
8.7.2. OFAETING ..ottt sttt ettt et sbe bt e b eaeenee 130
8.7.3. TYPE SALBLY .ttt 130
8.7.4. Implementation Details.........ccceveririiniiniiniiiiiencee e 131

8.8, GEOMELIIC TYPES ...eeeutiiiriieiirtietiettete ettt ettt ettt ettt b et e bt bt e s bt e b eaeenee 131
881 POINLS ...ttt s 132
8.8.2. LINE SEZMENLS.......eouieiiriiiiiiriiiiietenieet ettt sttt ettt s 132
8.8.3.  BOXES. ..ttt 132
884 PathS ..o 133
8.8.5. POLYZOMS. ...eouiieiiiiiieieeeecte ettt ettt sttt et st e enbe b neee 133
8.8.60. CICTIES ...t 133

8.9. NetWOrK AddIess TYPES....cccveeriierierieeiieniesie et estte st ettt te sttt e st e sbe e beesaaesaneeabees 134
80,1 LML ittt 134
8.0, 2. CAAL it 134
8.0.3. ANEL V8. CaOT ettt ettt ettt ettt et et sttt st e be b saee 135
8914, MACAAAL tuttetiiiieiiie ettt ettt ettt st et st e b et s b e b saee 135

8.10. Bit StrNG TYPES c.eeeueeiieiieieeiieieeitetert ettt ettt st s 136

8.11. TexXt SEArCh TYPES ....cueeieiieiieiiiietere ettt s st e 136
LT B R Y ol USSR 137
LT B Yo b U= o SRS 138

812, UUID TYPE vttt st sttt et sttt sttt ettt e st ettt eae st b bt eneeaeenes 139

813, XML TYPE -ttt sttt at bbb 140
8.13.1. Creating XML ValUEs .......cccueevuiimiiniiiiieiiecteetc ettt 140
8.13.2. Encoding Handling .........ccccoeieiiiruieiiiniieeie e 141
8.13.3. Accessing XIML ValUes.......cccceriiuieiiniieienieeieeiesieee et 141

Bl ATTAYS .ottt ettt et ettt et sat e st b e beesaaeeareen 142
8.14.1. Declaration Of Array TYPeS.....cceeeerierieierieriieierieeetee ettt 142
8.14.2. Array Value INPUL......cc.cooiiiiiiiiiiieiee et 143
8.14.3. ACCESSING AITAYS ..couviuieiieiiiiieieeiteitent ettt sttt sttt ettt see et e st sbe et e b eaeenee 144
8.14.4. MOAIfYING ATTAYS...c.eirteeuieriiriieieniieitentt ettt sttt ettt sttt et e e st e b eaee e 146
8.14.5. Searching i AITAYS......cccuererierieriieientieitente sttt ettt ettt 149

Vi



8.14.6. Array Input and OULPUL SYNEAX .....eerieriiieriierierie ettt eiee et 149

8. 15. COMPOSILE TYPES ..eeeuvieneieeiiiiiieniienie ettt ettt e st st e bt e s tesabe e bt e satesabeebeesasesasesnseas 151
8.15.1. Declaration of CompOSIte TYPES....cccveruiervierieriiiiieniienie ettt 151
8.15.2. Composite Value INPUL........c.eevueeriirieniieiienteee ettt 152
8.15.3. Accessing CompPOSIte TYPES .ecuveervierieriiiriienierte ettt sttt st 153
8.15.4. Modifying CompoSite TYPES......ccceeverrieierierieienieniereneeeenre e 153
8.15.5. Composite Type Input and Output SYNtax.........cceecveevereeceeneereeneneeseeneneenn. 154

8.16. Object Identifier TYPES ......coveciirieiiiriiiieieeieee ettt 155

817, PSEUAO-TYPES ...ttt sttt s 156

9. Functions and OPETALOLS ..........ccevuiririiiriirieieeiteeentt ettt sttt st eae st e ae s ene e eanens 158

9.1. LOZICal OPETALOTS .......oviiuiiiiiieieiieiete ettt e st s eanens 158

9.2. CompariSON OPETALOTS.......c..coueeiuiruiiiiiieieie ettt s a e sae e sae e eanens 158

9.3. Mathematical Functions and OPerators............coccverueeerrereniinrenienreeeeneseseeseeneneeneene 160

9.4. String Functions and OPETators ..........cc.ceuerveirrirerieniereieeneneiereseeeeneereeresiesaessenseneeneene 164

9.5. Binary String Functions and OPerators ............c.cceeeveveirireniinreniereeeenenesieseenseneenene 177

9.6. Bit String Functions and OPerators ..........c.ceceeerererueeeireneniiereneereeeneeresesaessenneneeneene 179

9.7. Pattern MatChING .......cccovevieiiiiiiiiitinieeteteteese sttt sttt s e 180
0. 7.1 LIKE i e s 180
9.7.2. SIMILAR TO Regular EXpPressions ......c.ccccueveeeerienerienenienieniieienieeeeee e 181
9.7.3. POSIX Regular EXPreSSions .........cccceeuerierieriiniienienieeienienitetesteeeeniesieeneesieennens 182

9.7.3.1. Regular Expression Details ........c.cccceeervieninieneninnieneniencecene e 186
9.7.3.2. Bracket EXPIessions ........ccocceuererierieneniienineeneseeienieeie e 188
9.7.3.3. Regular EXpression ESCApes. ......c.ccccererieniriininennieneniececeee e 189
9.7.3.4. Regular Expression Metasyntax ........coccecevereenereereeneneeneneenenennens 192
9.7.3.5. Regular Expression Matching Rules...........ccccoeveeniiniiinceenienienieeen, 193
9.7.3.6. Limits and Compatibility .......cccceecuerreerienieriieeniieniiesreeieeiee e seeeeees 194
9.7.3.7. Basic Regular EXPressions ........cocueeveerieeniensieenieenieesieeieesieesnesveeneees 195

9.8. Data Type Formatting FUNCHONS ........cocueiiiiiriienienieeieeteste ettt 195

9.9. Date/Time Functions and OPerators.........c.ceveereerieerieeneeniessieesieenieeseeesseesieessessessvens 202
9.9.1. EXTRACT, QAT E_PATE tttiieiireieeeieirreeeeeiireeeeeeeiireeeeeeeitrreeeeenseseeseestrseeeseesssreeeens 206
0.0, AT £ UIC teeeeeee e et e e e e e e e e et eeeeaee e e e e e e e et et ea i aeaaeaaaaaaaaaaes 210
9.9.3.AT TIME ZONE...iiiioiiiriiiierciiereietiietest ettt s et s st s s sessesenserene e 211
9.9.4. Current Date/TIime ..........cccooiviiiiiiiiiiiiiiiicce s 211
9.9.5. Delaying EXECULION......c..cocuevuirieriiiieieieeieieecetesee ettt 213

9.10. Enum Support FUNCHONS ........cceiiiiiiiiiiiiiiiieieniecietceeere et 214

9.11. Geometric Functions and OPerators.............cccceeeereriieieerueneenieneeresieeeeeeeeesneseenens 215

9.12. Network Address Functions and Operators............c.cceeceevuereerueneeceeneeieneeeeenee e 219

9.13. Text Search Functions and OPerators............ccceeueeueruieiieniiiienieneeieieeeeee e 221

0.14. XML FUNCHONS .c..vteeiieiiieiiieeiteeieesit ettt ettt sete et e sit e sttt e b e st e s be e beesabesateeabees 225
9.14.1. Producing XML CONtENL........ccecueirirrinienienieieinenenieneeeeeeeeneeresreseeeeeeneenes 225

9.14.1.1. XIMLCOMMENT 1euvieeeeiieeiieeeitieeeireeetteesteeeeteeeeseeesseeessseeenssaesenseeennseens 225
0.14.1.2. XINLCONCAL ttreitiieeiiieeiieeeiiee ettt e eeteestteesteeeetaeeeaeeesnseeennsaesenseeennseens 225
0.14.1.3. XINLELEMENT terueieeiiieeiieeeitieeeiteeetteeetteesteeeebeeesbeeesnseeenssaesenseeennseens 226
.14, 1.4, XINLEOTEST ttriiiieeiiieeiiee ettt e ettt e e ite e etteesteeesbteeeaeeessbeeennseeeeaseeeanneean 227
0.14. 1.5, XIMIP I teotierieeieeciierteete et et et e steesteebeestaeeveebeesbeesnseenseensaessnesnsesnsens 228
0.14.1.6. XINLT OO terureeureeiieriieeieeteesteesteeseteesteesseessaesseeseesseesnsesnseenseesssesssesnsens 228
.14, 1.7 XML AGG ttiiitiie et eeie ettt et e ettt e et e e et e e et e e ete e e e tee e e reeeetaeeearaeeaareaan 229
9.14.1.8. XML PrediCates. .......c.coevueieiriniriinieiereeeieeieieieeeeeieee e 230

Vii



9.14.2. Processing XIML .......coiiiiiiiiiiiniieiieeieesiee sttt ettt et site st e ebeesaeesaneens 230

9.14.3. Mapping Tables t0 XIML.....ccccooviiriiiiiiiiieniieeieeieesite sttt st 231

9.15. Sequence Manipulation FUNCHONS .......cccueivviirieniiiiiieiienieeieeteite e 234
9.16. Conditional EXPIeSSIONS......cccuertterierieriieittesite st eteesieesiteste et sbeesteebeesbeesaresaeesabeas 236
9.16.1. CASE ottt 236
9.16.2. CORLESCE ..uvteutetiriiereniieitetteteete st ese st setenresteesnesaeeseessesueensesseeaseaesueennesaeennens 238

0. 10,3, NULL T ciutteitteitieeteestee sttt st et e bt e st e ete et e s bt e sabesabeesbtesabesateebeesbtesateenbeesseesaneans 238
9.16.4. GREATEST QN0 LEAST c.uttrieeteertteriieeiteesieesiteetesteesseessesateesseesseesasesnseesseesseeens 239

9.17. Array Functions and OPETAtOLS ...........cecueruirierieriieieniieieteeeeniesieeresieeeeaeeneeseesaeenens 239
9.18. Aggregate FUNCHONS ........cceiiiiiiiiiiiiiieice et s s 241
9.19. WINAOW FUNCHONS ......eitiiiiiieiiiiieeiteeteee ettt et sttt et erees 245
9.20. Subquery EXPIeSSIONS ..........cccciiuiiiiiiiiiiiiiiieie sttt s 247
0.20. . EX TS TS i iuttettenite ettt ettt ettt ettt ettt ettt st e bt et s et e b e bt e sat e beesbeenaaeea 247
0.200.2. TN 11ttt et b bbbt et ae et e be bt et e bt et e ete et etesaeenten 248
0.20.3. NOT  ITNutitierteeniteeieesteentte st et e st ee st e et et esbeesate st e e s beeemtesate e bt esbeesateenbeenneenneeens 248
9.20.4. ANY/SOME .uvtiiueiiieeieenite sttt et st et ettt sate st e s b e satesate e bt e sbeesateebeesseesaaeens 249
0.200.5. AL 1ttt e bbbt et a e et b e bt et b et e st eatebesbeenten 249
9.20.6. ROW-WiSE€ COMPATISOM.....eeuiruieniiriieiienieeiieteeteete st este e sitetesteeseenaesaeenaesbeeneens 250

9.21. Row and Array COMPATISOIS ....eueeuvertiruieniiriieienteetenteettentesueeraesbeessestesseentesseeneesueennens 250
0. 211 IN e et 250
9.21.2. NOT  INuuiiuiiuiriiietetetetteie ettt ettt sttt et et 251
9.21.3. ANY/SOME (QITAY) «.vververreemrentinreeneenieetententtentesseeseesueeseensesseesensesseensesmeensesseensens 251
9.21.4. ALL (AITAY) cveevterrerreetenieetenteeieetesteete st stteste st estesae et estesbtestesbeeseenaesaeeneesaeennens 252
9.21.5. ROW-WiS€ COMPATISON ....uvirriiriieriieeiieeiienireeteeteeseesseeteesseessaesnsesnseessnesseens 252

0.22. Set Returning FUNCLIONS ......cccveviiierierieeiieiteste sttt sttt et sveeae e e senessseeneees 253
9.23. System Information FUNCHONS .........cccuevviiiriiinieniiiieeieeie et 256
9.24. System AdminiStration FUNCHONS ........eecuieriirrieriiiiieiienie et 265
0.25. TriGZET FUNCHONS ...ooutiiiieiiieieiiieriteete ettt sttt ettt ettt et e st e e be et e sabeenbeenbees 273
1O, TYPE CONVETSION. ..ccuuiiriiiiniieiieniieeteesttesttesteeteesteesiteeteebeesstesabessteesbaesasesateenseesstesasesnseessaesnsenns 274
JO.1. OVEIVIBW ..ottt sttt sttt ettt sttt st sttt sae st e sae e e b eenenee 274
TO.2. OPETALOTS ...euvveeutieiieeiieeteesitesite et e bt esitesatesbe e bt e sateeabe e beesbaesabeesbeebeesabesaseenbaesasesasesnseas 275
1O.3. FUNCLIONS ...oviiienieiieitetieieete ettt ettt ettt et st s st ne et sae e e b eanenee 278
1O.4. ValU@ SOTAZE .....ceouieeiiieiieiieeite ettt sttt sit e et e bt e s bt st e bt e bt e sabesabe e beesateeaseeabeas 281
10.5. UNION, CASE, and Related CONStIUCES..........cccviieieeiiirieeeeeiieee e et eerree e e e e e 282
L1 TAEXES vttt ettt sttt et e st et e bt e s bt e eabeea bt e s bt e satesateesbeesbtesabeenbeesaaenaeeens 284
111, INEOAUCTION ...ttt ettt ettt st sbe e sttt et e st e ebeebeenaee 284
T1.2. INAEX TYPES...etinriiiiiieeerieee ettt ettt st 285
11.3. Multicolumn INAEXES .......ceeueeriiiriiirieniiieieetete ettt sttt st 286
11.4. Indexes and ORDER BY .c..ceeteriierieenieeriteeieenieenitesteesieenseesaseesueesseesasesseesseesssessesseenses 288
11.5. Combining Multiple INAEXES .........ceeeieriiriiieiieeieieeete ettt 288
11.6. UnNIQUeE INAEXES .....cvenvenreiieiiiiiriisteieieteieeitee sttt ettt sttt s et enee 289
11.7. Indexes 0n EXPIESSIONS .......ccceuivririerieieiriinerienieteieteiteteeteste sttt e s seeeneenens 290
11.8. Partial INAEXES ....cc.eeueeiiriiiieiieieee ettt ettt et s 290
11.9. Operator Classes and Operator FAmilies ............coceeevveinininencnieniniinnenesieicieeenns 293
11.10. Examining INdeX USAZE........coueeuiririeniiiiiiieitceieieeteete ettt st s 294
12, FUIL TEXE SCATCH ..ottt ettt s b et b et e et b eaesbeenaens 296
12,1, TNEFOAUCTION ..ottt ettt sttt st sb ettt sbe et b eneens 296
12.1.1. What Is @ DOCUMENT?....c..ocouiiiiiiriiiieieiieenicetesee ettt 297

viii



12.1.2. Basic Text MatChing ........ccecuieriienieniieiienieeete ettt ettt e 298

12.1.3. CONTIGUIALIONS ...c.uveriiieiieriieeieeiteste et ettt st e sttt e satesabeebeesatesatesnbeenseesanesas 299

12.2. Tables and INAEXES........cc.ccueiiiiiiiiiiiiiiiiiiiece e 299
12.2.1. Searching @ Table ........c.coovieeiiiiiiinierieeieetee ettt et 299
12.2.2. Creating INAEXES ...cccveevvierieriieiieniteeee ettt ettt sttt et e e e saee e 300

12.3. Controlling Text SEArch ..........cccceceririeriiieienicieeeeetereeree et 301
12.3.1. Parsing DOCUMENLS .......cccoeouirieriiriieienienieieeeeeeste ettt eanens 302
12.3.2. Parsing QUETIES ......cccuerueeuieiieiieierieeeeieeieete ettt s enesaeeanens 303
12.3.3. Ranking Search Results ..........cccccocioiiiiiiiiiniiiceceeeeee e 304
12.3.4. Highlighting ReSUlts .........ccooiiiiiiiiiiiiiiiiice e 306

12.4. Additional FEAtUIES ......cc.eeviiriiiiiiiieniie ettt sttt st 308
12.4.1. Manipulating DOCUMENLS........ccceruirierierieieetieie ettt 308
12.4.2. Manipulating QUETIES.......c..coveeuereiririinrenienieteeeitee ettt eeeneenes 309
12.4.2.1. Query ReWIIHING ....cccovevieiiiriiririieieeeceteesestceetee et 309

12.4.3. Triggers for Automatic UPdates ..........cceceeiuerieiieririenieniieesieeee e 311
12.4.4. Gathering Document StatiStiCS .......ccevuerterierieiienieeienienieeesie et seee e 312

12,5, PATSEIS .ttt ettt sttt st et e sttt e st ebe e 313
12.6. DICHONALIES. ....cveveieieiieiieiieit ettt sttt et eae et b sttt sae et ne e eneenees 315
12.6.1. SEOP WOIAS ..ttt sttt sttt s sbe e 316
12.6.2. SIMPIE DICHONATY ..cvventieiieiieiieierieeteieeitet ettt ettt s e e sbeeaaens 317
12.6.3. Synonym DICHONATY .....ccceevuireeriiriiienieniieeneete ettt eanens 318
12.6.4. Thesaurus DICHONATY ....c..ccoviveeriiririenienieienieetese ettt seeeee e eaeens 320
12.6.4.1. Thesaurus Configuration ..........c..ceceeeeveererreeneneerieneneeneseeneeseenens 321

12.6.4.2. Thesaurus EXample .........cccceeveeriieiieeiienieniecieeseesre e 321

12.6.5. ISPEIl DICHONATY ...c.uveetieiieeieeiieniiente ettt sitesitesbe et esieesebeebeesseeseneenseeseenens 322
12.6.6. SNOWDAIl DICHONATY ....eovviieiiieiiieiieieeit ettt ettt st ebe e 323

12.7. Configuration EXample........cccueeiiiriiiniiiiiiiieiiesieeieeiteste sttt st 324
12.8. Testing and Debugging Text S€arch ..........cccceeveviiiiiienieniieieeieete e 325
12.8.1. Configuration TEeSHING.....cccueeeveeriierieriieiieierie ettt ettt e e 326
12.8.2. ParSer TESTINZ ...ceeuveeieeiierieeie ettt ettt ettt ettt sttt e st satesbeesaeesaneeas 328
12.8.3. DIictionary TeSNZ.....cccveerierieeriienieeiteieeniteste sttt sttt et e st sbeesaeesaneens 329

12.9. GiST and GIN INEX TYPES .cuvveruvirrriiriieriiieitenitesite ettt ettt ettt e esiteseeeabees 330
12.10. PSL SUPPOTL..c.ntiiniiieiieiiieitete ettt ettt ettt s bt st e bt e bt e sabesabe e beesatesaneeabees 331
12,11, LIMIEATIONS ....eveeitiiieiienieeit ettt ettt ettt ettt e sae e ae st enesbe s st saeennesaeennens 334
12.12. Migration from Pre-8.3 Text Search..........ccccoccevieiiiriiiininiiiieienceeecenees 334
13. ConcurrenCy CONIOL......cc.eiiiriiiiiiiiiieieeeeteee ettt st st a e st ne e enens 336
13,1, INEFOAUCTION ...ttt ettt ettt et sbt e st et e b e st e ebe e b e naee 336
13.2. Transaction ISOLAtION .......ceeeiriiiiiiriiniieieeeert ettt st 336
13.2.1. Read Committed Isolation Level ............cooieririiiniiniiniiiiineciceeeeeee 337
13.2.2. Serializable Isolation Level...........coooiirieiiiieiene e 338
13.2.2.1. Serializable Isolation versus True Serializability ...........c.cceccevevveenene 339

13.3. EXPLCIt LOCKING ..ottt et 340
13.3.1. Table-Level LOCKS ...ttt 340
13.3.2. ROW-LEVEl LOCKS ..c..eeiiiiiiiiiiiietecceece ettt 343
13.3.3. DEadIOCKS. ... vttt ettt s 343
13.3.4. AdVISOIY LOCKS ..cviiiiiiieiieieeee et 344

13.4. Data Consistency Checks at the Application Level..........ccocceveriiieniniininienenenne 345
13.5. Locking and INAEXES.....c..coveriiriiiiiniinieieiteesicete ettt sttt e 346



14, PerfOrmManCe TIPS .eeveereeeriieniieniie ettt sttt et ettt e st e st e st e bt e satesateesbeesstesateenbeesanesnneens 348

14.1. USING EXPLATN teevuteeuteeteertierterteesseesseessseenseesseesssessseesseesssessessseesseesssessseesseessesssesssees 348
14.2. Statistics Used by the PIanner ..........ccccovvviiiieniiniiiiiiienieeieeeete et 353
14.3. Controlling the Planner with Explicit JOIN Clauses.........ccocceevveerierienieeenieenieniennneen 354
14.4. Populating @ Database .........cccueevueiriienieiiieieeitesteeeet ettt sttt 356
14.4.1. Disable AULOCOMIMIL ......cccueriiiriieriieriieiteniteete ettt sttt e e st e s eas 356
14.4.2. TUSE COPY uutetieuieieeteeeesteetteteettentesteetesseententesseeneesseeneesesseensesseensasesneensesseensens 357
14.4.3. REMOVE INAEXES ....eouveiniiiiieniiiiieniteeitc ettt sttt st 357
14.4.4. Remove Foreign Key COonsStraints ............cccceeeeveereeeeneneesenieeeneeeeneeseenens 357
14.4.5. Increase maint enance_WOTK_MEM .uiiuueeeireerieeeeeeeeeeeieiisrsreeeeeeeeeeeeeeeeeeeenns 358
14.4.6. Increase checkpoint _SegMENTS civiiiieercieeeeieeeeieeeireeesereesseeeseeeesseeenseeens 358
14.4.7. Disable WAL archival and streaming replication .............ccceeeeeeeneeeeneneneens 358
14.4.8. RuUn ANALYZE AftEIrWArdS .....c.eevveruieieiieeiieieeteeee ettt 358
14.4.9. Some Notes AbOUt PZ_dUMP ....c.coceruirirrerierieieieinenenteteeeeee et 359

14.5. Non-Durable SEttNES .......cccecerirririerieieiriinenenieteieret ettt ettt st s neeeneenens 359
II1. Server Administration 361
15. Installation from SOUICE COAE ........coiiriiriiiiiiriiiiiiieteeeitee ettt 363
15,1, SROTE VEISION ettt ettt sttt ettt st 363
15.2. REQUITEIMEIIES ... coutintieiieieriteieete ettt ettt sttt eit ettt e e sbe et e bt sbt et sbeeste bt sbeeaesbeennens 363
15.3. Getting The SOUICTE......covueiiiiiriieieieetee ettt ettt ettt s 365
15.4. UPZLAQINZ c..vontivieniiieeienieeteete ettt ettt et s ettt et sb et sbeeaesaeeanens 365
15.5. Installation ProCedure.............covevieririiniiiiinienirtceecctcnecece sttt 366
15.6. POSt-INStallation SETUP......cccveriiiriierieriieiteterie ettt sttt steesete et ebeeseteebeenseesens 376
15.6.1. Shared LiDIaries ........coccecuerereerienirieniineeienieeteniesit ettt 377
15.6.2. Environment Variables........c.cccoererieriinienienienienenieieniceeesieeeenie e 377

15.7. Supported PIAtFOTIS .......oovuieiiiiiieiieiece ettt st e 378
15.8. Platform-SPpecific INOLES......ceviiiiiiiierieitteieeite ettt et et s eaeees 379
I5.8.1. ALX ettt et st e 379
I5.8.1.1. GCC ISSUES «..cnvenveirenrieieeieeitetesieetete ettt ettt see e ennesaeennens 379

15.8.1.2. Unix-domain sockets BroKen...........cocceceeverveenieneenieninieenineeneneenens 380

15.8.1.3. Internet address ISSUES .......coceevuereeieniieieniirieienieerenie et eneenesieeenens 380

15.8.1.4. Memory management............ccceeeeverreeceeruereenuenseenenseeseenseeeenneseenens 381

References and reSOUICES. ....co.uivuiriierierierieeniterite sttt 382

I5.8.2. CYGWIN..ouiiiiiieiiiieeeeee ettt et st s 382
I5.8.3. HP-UX ..ottt ettt ettt sttt e e eneenaesneeneens 383
I5.8.4 TRIX ..ottt ettt ettt ettt ae et et e s s et esbe e st e steeneeaesneeneens 384
15.8.5. MINGW/Native WINAOWS .....eoevviiriiiriiiiieniiinienieeieeeite sttt siee st reeseee e 384
15.8.6. SCO OpenServer and SCO UnixWare.........cocceevuervienieniiineenienieeeeneeneene 385
15.8.6.1. SKUNKWALE .....coviiiiiiiieeiieteeeiete sttt ettt 385

15.8.6.2. GNU MaKE ...ttt 385

15.8.6.3. REAALINE......oouieiieiieieiteeeee et 385

15.8.6.4. Using the UDK 0n OpenServer...........cccevueeeeneneenenenienieeeenieeeene 386

15.8.6.5. Reading the PostgreSQL man pages ..........cccceeuereerenereenieneenieneene. 386

15.8.6.6. C99 Issues with the 7.1.1b Feature Supplement ...........ccccceceevenennnee 386

15.8.6.7. Threading on UnixXWare ..........ccoceevueriirieninienenieienieeeene e 386

15.8.7. SOLATTS .ttt sttt et sttt ettt saee b sbeeneens 386
15.8.7.1. ReqUIred tOOIS .....cccuerueriiriiriieieniieieieetee ettt s 387



15.8.7.2. Problems with OpenSSL ........cccooiviiiiiiiiniiniieeeeeseeeeee e 387

15.8.7.3. configure complains about a failed test program............ccccceecverueennnen. 387

15.8.7.4. 64-bit build sometimes Crashes ..........ccccceerveerenieiininceniniencneenens 387

15.8.7.5. Compiling for optimal performance............ccceceeveerienieeeneeneeneennnen. 388

15.8.7.6. Using DTrace for tracing PostgreSQL ..........cccceeviiriieniinneenieniennen. 388

16. Installation from Source Code on WINAOWS ........cccocvevuirieiiiniieienineenenecrene et 389
16.1. Building with Visual C++ or the Platform SDK ..........cccocoiiiiniiiiniiicceee 389
16.1.1. REQUITEIMENLS .....eevieiieniieiieiieieeie ettt ettt et enesaeeanens 390
16.1.2. Special considerations for 64-bit Windows ...........ccccceevieienieicniniencneenns 391
16.1.3. BUIIAING ..ottt ettt sttt ettt 391
16.1.4. Cleaning and inStalling ...........ccccooiiiiiiiiiiiiiiiee e 392
16.1.5. Running the regression LESLS .....c..eueirirrerieriereeieenerieneeeeeeeereeresresseneeneeneenes 392
16.1.6. Building the dOCUMENtALION......cccectruiruirierienieieieene ettt 393

16.2. Building libpq with Visual C++ or Borland CH+.....ccccooivinieniniciininninciciceeenns 393
16.2.1. Generated fIleS ........coeiuiriiriieieie et 394

17. Server Setup and OPETALION ..........cceeuerieieirirenieieeetee sttt e s s eeesee e saessessesneneenens 395
17.1. The PostgreSQL USEr ACCOUNL .....cc.cevviiiiiriiriiiieeeeniee ettt 395
17.2. Creating a Database CIUSLET .......ccuevuirieriiiieienieeieeeeete ettt 395
17.2.1. Network File SYStEIMS ...cc.ceouiruieriiriiiienieriteienieetesie ettt 396

17.3. Starting the Database SEIVET..........ccccvcieriiiirieniiienieeeteseeterestee et 397
17.3.1. Server Start-up Failures ..........coccoveivieniriiiiniiienceteeseeeeeee e 398
17.3.2. Client Connection Problems ............cccoeevieviiiinininincnciiieieeeeeceeeeee, 399

17.4. Managing Kernel RESOUICES..........coerieriiriiieniiieiinieetenieeeesesteeseete et 399
17.4.1. Shared Memory and Semaphores ...........ccceevverieerieenieniesieenieeneee e esieeniee e 400
17.4.2. RESOUICE LIMILS ....eouviiiriiiiiniieieniieteieeicetenieetenie sttt ettt 405
17.4.3. Linux Memory OVErCOMIMIL........cceeueriieriierienieeieenieeneesreesieesseeseneensesnseennns 406

17.5. Shutting DOWN the SEIVET......coiciiiriiiiiiiiieieeeeee ettt ettt st e e saeenaees 407
17.6. Preventing Server SPOOTING ........c.eovuieriiiiiiriieiieiie ettt ettt st et bee st eabees 408
17.7. ENCIYPLION OPLONS.c..eiiuiieiieriieiiieitesitesiteeieesiee sttt ebeesteesitesbeebeesbeessbesaseenbeesasesasesnseas 409
17.8. Secure TCP/IP Connections With SSL .......cccccccoiiiiniiiininiiieccceeeeeeen 410
17.8.1. Using client CErtifICAtES......evviiriierieriiiiieniiesie ettt st ettt e saeesaneens 411
17.8.2. SSL Server File USAZe .......cocueiiiiriiniiiiieiteeieeie ettt ettt et 412
17.8.3. Creating a Self-Signed Certificate ...........coceevvierriiinieniieniiieierierieeeerieeeeene 412

17.9. Secure TCP/IP Connections with SSH Tunnels ..........cccccocceveniniinininiininicncneenns 413
18. Server CONfIGUIATION ......cceeiieiieieiieeeeeeet ettt st a e et ene s eanens 415
18.1. Setting Parameters ........c..cocveiiriieiiiriiiieie ettt et 415
18.2. FALE LIOCAIONS ..ttt ettt sttt ettt ettt st e sbe e st et et e st e e e e b e nae 416
18.3. Connections and AUthentiCatioN........c...eovveereeriirieirienee ettt 417
18.3.1. Connection SELHNES .......cccecuieiiiiiriiiieiiiieieee ettt s 417
18.3.2. Security and AuthentiCation...........cccuevueeeierieeieriene ettt seeeaens 420

18.4. ResoUrce CONSUMPLION......c..ciiuietieieiieiieteeteeiesteententeeteetesteeeesaesseentesbeensesseeneensesseeneans 421
T84, 1. IMIBIMOTY ..ottt ettt ettt st ettt et e sbeesat e e b e bt e naaeeas 421
18.4.2. Kernel Resource USage......c.c.covueerieriiiiiiiniinienieeieeseestt et 423
18.4.3. Cost-Based Vacuum Delay .........ccccooeieriiiinieienieieeeeeieee e 424
18.4.4. Back@round WIIter........cccueiuirieriiriiiienieeiteieet ettt 425
18.4.5. Asynchronous Behavior...........c.cooceeviiiiiiiiiniiieniiieeseeeeee e 426

18.5. WIite ARead LOZ ...oviiiiiiiiieiieee ettt st s 426
I8.5. 1. SEUNES ..ottt ettt ettt ettt ettt et be ettt e st et saeebesbeennens 426

Xi



18.5.2. CRECKPOINES. ..cuvteruieriiietierieeteetee ettt e st e st e st e bt e sitesabeebeesaeesasesnbeenseasanesns 429

18.5.3. ATCHIVIIIZ 1evvtiiiieeiieeieette ettt ettt st ettt sttt e st e st s beesaeesaneeas 430
18.5.4. Streaming RepliCAtioN........cecuiiiiierieriiiiieniieeieeeeteste sttt et 430
18.5.5. Standby SETVETS ....cccueeiuiiriieiieiieieete ettt sttt ettt e be e e 431

18.6. QUETY PIANNING ......eiiiiiiiiiiiiiiieeieeitete ettt st sttt st es 432
18.6.1. Planner Method Configuration...........c..ceccecueeeevienereenieneesienieeeeeeenreseenens 432
18.6.2. Planner Cost CONSLANLS ......eeverrteeriierieriieniienieeieenitestesateesbeesseesaeeebeesseesaeeens 433
18.6.3. Genetic QUEry OPtIMIZET ........ccceruieierierieiiniieienie ettt saeeenens 435
18.6.4. Other Planner OPLions...........cccccerieiierierieiienieiene et enens 435

18.7. Error Reporting and LOZZING ........cc.cocviviiiiiiiiiiiiiiieiceeceeeeteceeee e 437
18.7.1. WHere TO LOZ ....oviiiiiiiiieiiee e 437
18.7.2. WHhen To Lo ..o s 439
18.7.3. WHat TO LLOZ ..ottt s s 441
18.7.4. Using CSV-Format Log OUtpuL .........cceeieiuiiieienieeierieeieee e 444

18.8. RUN-TIME SEAISTICS ..uviervreeereeiieiiiesieeiiesteeseesteeteesteesteeesseesseesseesssaesseesseesssessseensesssns 446
18.8.1. Query and Index StatisticS COIIECLOL ........ccuevuieieririeieriieereeee e 446
18.8.2. Statistics MONMILOTINEZ ... ecuveutieuieierieeienteeiteie et ete sttt sttt eite e seeeaesbeeneens 447

18.9. AUtOMAIC VACUUIMING .....evtiniiiieiiiiieitete ittt ettt ettt et sbt ettt et saeenaesbeeneens 447
18.10. Client Connection Defaults ............coceririirieniiiininieeseeeseee et 449
18.10.1. Statement Behavior.........cc.oeveviiiiiieniniiieeecteee e 449
18.10.2. Locale and FOrmatting ..........cccccoceevierierieniininiienenienienieeienieetenie e 452
18.10.3. Other Defaulls.......cc.coeeiiiiiiiiiiriiienicrteeeese et 453
18.11. LOCK MaNQ@emMENL .....covueruieiiniieiiiieiteieiieetenteeit ettt sttt sttt sbeeae e ennens 454
18.12. Version and Platform CompatibDility .........cccceeeveerieereenieiiieieeniesieeieesiee e eie e 455
18.12.1. Previous PostgreSQL VErSiONS ........ccceevveerierieeiiienieniesieenieeniee e eieenseenens 455
18.12.2. Platform and Client Compatibility.........ccceeevervueriierrieniesieericenee e 457
18.13. PreSet OPLiONS. . c.eeeuieriieriieriieeieenitenitesiteeteesteesiteebeesteesstesbeeseebeessbesnseensaesasesnsesnseas 457
18.14. CusStomiZed OPHOMS .....eevuieriieriiieiieniesteeieerieesite et esteesitesbeebeesbtessbessbeesbeesasesasesnseas 459
18.15. DeVElOPET OPLONS ...ceuvieiieiieeiiieitenite st eteesie e st et esteesttesbeebeesbeesabesabeebeesasesasesnseas 459
18.16. SNOTt OPLIONS ...couviieiieeiiieiieniie ettt sttt ettt et e bt esbtesbeebe e bt e sabesabeenbeesatesasesnseas 462
19. Client AUThENTICAION .....cc.eecuiriirriiriirieieritet ettt ettt st een et eaee et saeennesaeennens 464
19.1. The pg_hba . CoONnE fIl€ ccoiriiiiieiiiiie ettt eetae e e eeaneeas 464
19.2. USET NAIME INAPS .uvvevrerurieiieniieriteesteenitesiteesteesteessteeseesseesseesseesseesseesssesaseeseesssesssessses 469
19.3. Authentication MEtROAS ........cccueiiiiiriiriiiiietere et 470
19.3.1. Trust aUtRENTICAION. ....ccuveeivieeeiieeeiieesteeesreeereeeeeeeereesaaeesbeeessseeennsaeessseens 471
19.3.2. Password authentiCation...........c..ceeeuererrieeriieeeiieerieeeireeseeeesreeesreeeseseeeseseens 471
19.3.3. GSSAPI authentiCation ......cc..cevueerieriiriiieniierie ettt sttt 471
19.3.4. SSPI authentiCation .......ccccueeueriiiinieniieieeiteete ettt st et 472
19.3.5. Kerberos authentiCation .............coocueeeerrieenienieniieiniiereenieeieesiee e 473
19.3.6. Ident-based authentiCation ............ccceeervieeriieeriee et e 474
19.3.6.1. Ident Authentication over TCP/IP...........cccceovveviiiciieiieie e, 475

19.3.6.2. Ident Authentication over Local SOCKets ........ccceevureviierierirerieeneenne, 475

19.3.7. LDAP QuthentiCatiON........cueecueertierieeieerrieneesieeereeseesseeseesseesseesssesssessseessnenns 475
19.3.8. RADIUS authentiCation ..........ccceerveeieeriienieeieeirieseesseereesseesseessseesseesseessnenns 477
19.3.9. Certificate aUthenNtiCAtION .........cvevieeieeitierieeieeteeseeete et eieeeeeeeveereesaeessneens 477
19.3.10. PAM authentiCaAtION. ......ccueecveeriierreereetierreereereeseeessseeseesseesseesssessseesseessnenns 478

19.4. Authentication Problems ........c.cecueririeriiiireneeteeee ettt 478
20. Database Roles and PrivIIEZES ........ccccoueeieriirieriiniiienieniteiesieetenie ettt s 480

Xii



20.1. Database ROLES .....ccuvveiiieiiiiieeeerieee ettt eetae e e eete e e eetareeeeeetareeeeeerareeeeenans 480

20.2. ROl ALIDULES. .....cueviiiiiiiiiiiiicricccee e e 481
20.3. PLIVIIEEES ..ottt sttt ettt ettt s e st be e bt e st et e bt e s b e eateeabeas 482
20.4. ROIE MEMDETSHIP ...ecuveiiiiiiiiiiiiieiieee ettt ettt ettt sttt et et eabeas 483
20.5. Function and TrigZer SECUTIILY .....cevverieriiiiriienienie ettt ettt et e 484
21. Managing Databases ..........cceeeeruiriiieniinieieneeienit sttt ettt et et 486
211 OVETVIBW .ottt ettt et sttt s e st st e bt e s bt s bt e bt e bt e sabeeabe e bt e sabesateeabeas 486
21.2. Creating @ Database .........cc.covevieiiieiiniieieieeeeeee e s 486
21.3. Template Databases .........ccccocveviirieiiniieiiiieeeereetete et 487
21.4. Database Configuration ..........c..cocecueruieiiiriinienieniieieteeeeee et 488
21.5. Destroying a Database ...........ccccvuiiiiiiiiiiiiniiiieeieeeeee e e 489
21.6. TabIESPACES ...ttt st s e 489
2 e Yoz 1121 i o) HO USROS PRRSRRRRRRRRIN 492
22.1. L0CAle SUPPOIT......oiuiiiiiiiiiiiieieitiee et s 492
22. 1. 1. OVEIVIEW ..ottt ettt sttt ettt b et sae et be et e e bt e st e et eaeeaesaeeneens 492
22.1.2. BERAVIOT ..ottt ettt st s 493
22.1.3. PIODIEINS .cuviiiiiiiieieeite ettt ettt st e 494

22.2. Character SEt SUPPOIL......ccueruteriertieieniieiente ettt ettt te sttt e st sbeete bt ssteneesaeenaesbeennens 494
22.2.1. Supported Character SELS........ccoererrieriirieniiniieieneeterie sttt eee e sieeeens 495
22.2.2. Setting the Character Sel.........ccoeieerieririeniiniieienieetenie sttt see e sieeaeens 497
22.2.3. Automatic Character Set Conversion Between Server and Client.................. 498
22.2.4. Further REading .........coccociiviiiiiiiiiiiinintciesceteseeeestee et 501

23. Routine Database Maintenance Tasks..........ccccceviririniiieniiniiiniiiiecccce e 502
23.1. ROUINE VACUUIMING .....eoveemiiiienieiieiienieeitente sttt et ettt et e e sbeesnesbe st et sseenaesbeennens 502
23.1.1. Vacuuming BasiCS......cccerueriirriieiiienieeiieitesteete ettt st eteesee e esbeenaee e 502
23.1.2. Recovering DisK SPaCE .....cccueevuieiiirieeiieiiecieeie ettt st 503
23.1.3. Updating PIanner StatiStiCS .......cerverruerrieeriierierieeieeneeneesreenieesieesneeseenseesens 504
23.1.4. Preventing Transaction ID Wraparound Failures............cccoooeevcveviiiininniennnnns 505
23.1.5. The Autovacuum Daemon ..........c.ccecuererieriinieiineeieneneeteneeeenie e sieennens 507

23.2. ROUtINEG REINAEKXING ....eouvieiiieiiiiiieiieeieeit ettt ettt sttt st esaaesaeeebeas 508
23.3. Log File MaINtENANCE.......cceevieriieiieniieeieeitesite sttt et e st te ettt esabeebeebeesabesaseenbeas 509
24, Backup and RESTOTE ......eeiuieriiiiiiiiieiieeie ettt ettt ettt s et sate e bt e satesatesbeesaeesaneens 511
24.1. SQL DUM......ooviiiiiiiiiiiiiiice e s 511
24.1.1. Restoring the dump ........cccccivvieriiiieiiniinieieeeeeeeceere e e 512
24.1.2. Using pg_dumpall......c..ccccooiriiiiiiiiininieieneeteseeeere et 512
24.1.3. Handling large databases .........c..cccceceriieiiiiinieiiinieeeeneeteeieeeeie e e 513

24.2. File System Level BaCKUP ......cc.cocoeiiiiiiiiiiiiiiiccece et 514
24.3. Continuous Archiving and Point-In-Time Recovery (PITR) ...........ccoceiiniininnnn, 515
24.3.1. Setting up WAL archiving...........cccccceiiiiiiiiniiiinieeeneeieeeeee e 516
24.3.2. Making a Base BaCKUD ......coceeviiiiiiiiiiiiiieeeceeceeeeetes e 518
24.3.3. Recovering using a Continuous Archive Backup .........cccooenieiiniiiininnenn. 520
24.3.4. TIMELINES ...c.veeueeieeieeteet ettt sttt ettt ettt e st sbe e e b et e st eaeeeesaeeneans 522
24.3.5. Tips and EXampIes ........cccuevieieiiiiiieiieieieeee sttt 523
24.3.5.1. Standalone hot backups .........ccceeeerueriiriienieieneseeesieeee e 523

24.3.5.2. Compressed Archive LOgs ......ccocvevueriieiieninienienieenieeeese e 523

24.3.5.3. archive_command SCIIPLS ...cocereerieriiriteniieieniesieete st eite e sice e s 524

24.3.0. CAVEALS ....eeviiiteieieiieieeie ettt ettt ettt st et 524

24.4. Migration Between Releases .........cceviiiiririiniiiiiiiiieee et 525

Xiii



24.4.1. Migrating data via pZ_dUmP .......cocueeviiriiiniinieeieeteeeeee ettt 526

24.4.2. Other data migration MEthOdS.........eecverriieriiriiiriierierteee ettt 527

25. High Availability, Load Balancing, and Replication.............ccceevueeriinieniiienienienieeieesceneene 528
25.1. Comparison of different SOIULIONS ........cccueevveirieriiiiiiirienie et 528

25.2. Log-Shipping Standby SETVETS.........cccueroiiiriierieniieieeitenite ettt sttt e saees 532
25.2. 1 PIANNING ..ottt ettt st s 532

25.2.2. Standby Server OPEration ...........c.cceceeeeeeriiniierieneerieneneetenieeeeneeeesnesaeennens 533

25.2.3. Preparing the Master for Standby Servers ..........c.ccccceeerieieninicniniencneenne 533

25.2.4. Setting Up a Standby SEIVer..........ccccoieiiiiiniiiiiniiieieneeieeeeeeie e 533

25.2.5. Streaming Replication...........ccccceiiiiiiiiiiiiiiiiniiienceee et 534

25.2.5.1. AUthentiCAtION ....cocueeuiiriiiiiieitenite ettt ettt et 535

25.2.5.2. MONIOTING .. ..eveeeeeieteeieeteeiesie ettt ettt esteeseesbe st eteseeeneestesseenaesneeneens 536

253, FALLOVET ..ttt ettt e at et e bt et e b et et eneeneeebeennens 536

25.4. Alternative method for 10g ShIPPING......cccoeeieriiiieiiiriieee e 537
25.4.1. IMPLEMENLTATION ...ttt ettt ettt sttt st et et eseesaeeaeeneesaeeneens 538

25.4.2. Record-based Log ShipPing........cccceouerueeieniinieiiineeiereste et 538

25.5. HO StANADY ...coueeiiiiiieeiee ettt sttt st b 539
25.5.1. USEI"S OVEIVIEW ....veiuietieiieiieiietesttete ettt ete sttt e tesbtete st este st saeeaesbeeneens 539

25.5.2. Handling query CONTIICES ......coeeruiiiiienieniieiieieetesieeteesetee et 541

25.5.3. AdmInistrator’s OVEIVIEW ......c..ccueeeuiruiniirienieieieinie ettt sseeeeeneenes 543

25.5.4. Hot Standby Parameter Reference...........coceeeevineniineniencniniicncicec e 545

25.5.5. CAVEALS ...veiiiiiiieieeeiteee ettt 545

26. ReCOVETry CONfIGUIATION ....eeuviiieiiiriieiieieeiteieeteete sttt sttt ettt st beeat et e eaesbeennens 547
26.1. ArChive TECOVEIY SELHINES ...eouveieriiriiiniiriienienteienieeitent ettt etee st et b et e st sseenaesbeennens 547

26.2. RECOVETY LAIZEL SELLINZS. .eevuveerertierirerierieesteesteseteeteesieesstessseesseesseesssesnsesseesssessessses 548

26.3. StandbY SEIVET SELLINZS c.veevuverreriieriierieeieesteestesteeteesieesttesbeeseesseesseeseeseesssesssessses 548

27. Monitoring Database ACHIVILY ......c.eereerieriieerieeniieiteerieesieesteeteesteestestesseesseesssesasesssesssaesnenns 550
27.1. Standard Unix TOOIS ........cceoiiiiininiiiiiiiiciccc e 550

27.2. The Statistics COIIECTOT. .....coiiiiriiiiiiiiieiiciieneecee e 551
27.2.1. Statistics Collection CONfIgUIation ..........cocueeverriienieriieriieeniente e eieesee e 551

27.2.2. Viewing Collected StatiStICS ......cevvuerruerreerierieriieniesieeieenieesteseeenveesieesieeens 551

27.3. VIBWINE LLOCKS c..eeiiieiieeiiesiteete ettt sttt sttt ettt st ettt sateeabeas 560

27.4. DYNAMIC TTACINE ...veeuteeiieriieeieeieerit ettt ettt st ettt ste e sttt esbe e st e e be e bt e saaeeanesabeas 560
27.4.1. Compiling for Dynamic Tracing..........ccccecverieeuinienienenieieniieeenie e 560

27.4.2. BUII-IN PTODES ...ueeiiiiiiiiieeccite ettt st 561

27.4.3. USING PrODES ..ottt e s 569

27.4.4. Defining New Probes ........c..cccccoiiiiiiiiiiiiiicececeeeeeeeeeie e 569

28. Monitoring DisK USAZE ......cc.couiiiiriiiiiiiiiciieeeiest ettt s e 572
28.1. Determining Disk USAZE ........cccouiiiiiiiiiiiiiiiiiieiicieteee e 572

28.2. DiSK FUll FaIlUTIE .....ccueiiiiiiiiiiiiieiteeet ettt st 573

29. Reliability and the Write-Ahead Log........cccoueiriririiniinicicieinncnenceeteeeeee e 574
29.1. REHADIIILY ..evvveuieiiiiiieieieieieee sttt sttt e 574

29.2. Write-Ahead Logging (WAL) .......cccoueiiiiriniiincnicicieene sttt 575

29.3. Asynchronous COMIMIL.......cccectririnierierienieieinienenteeeree ettt sie e ss e eae e eae 576

29.4. WAL CONFIZULALION ....veuieiiiiieientieiienteettente ettt ettt te st et etesbeestesbeeseentesaeenaesbeennens 577

29.5. WAL INEEINALS ...cuvieuiiiieiieieeiteieet ettt sttt ettt st be st e st saeenaesbeenaens 580

30. REGIESSION TS ..c..eeutintiriieiiiiieieit ettt ettt sttt ettt ettt sb et e st s bt et sb e st et s bt enbesbe et enbeeaeenee 581
30.1. RUNNING the TESES ....veuveriieiiiiieieiieierieeitee sttt ettt s saesbeeanens 581

Xiv



30.2. Test EVAIUALION ....ccovveiiiieiieie ettt ettt ettt eetae e e eete e e eetteeeeeeetareeeeeesrereeeeennns 583

30.2.1. Error message differences.........coovevieeiieniienieniieieeiete et 583
30.2.2. Locale differences........ccceririenienieieniieienienceienieetcreeeee et 583
30.2.3. Date and time differences ..........cocecveeievieniinieneniniciceceeeeee e 584
30.2.4. Floating-point differences .........couerieriiiiiienienieiieeee et 584
30.2.5. Row ordering differences.........coviirieriiiiiienieniiiieeseete e 584
30.2.6. Insufficient stack depth ...........cceeieiiiiieiiiinic e 585
30.2.7. The “TandOm’ tESE.......ccueeeriieerreeeitieeesteeeiteeeeteeesteeesaeeessseeessseeessseeessseeessseens 585

30.3. Variant Comparison FIlEs ........ccccoiiiriiriiiiiiiiieriieecet et 585
30.4. Test Coverage EXamination.........cocuevieriierieenienienieeneenite ettt st ese et sene e snees 586
IV. Client Interfaces 588
31, DPQG = C LADTATY ettt ettt ettt ettt et st st et ebee 590
31.1. Database Connection Control FUNCHONS ........cc.cccuieruiiiieriieieeeesee e 590
31.2. Connection Status FUNCHONS ........ccveeieiiiieiieeieeii et ete et e e saeesaeeseaeesaeeneeas 599
31.3. Command EXecution FUNCHONS .......ccceeeiieiieiieniieieesee et sve e sve e e 602
31.3.1. Main FUNCHONS ....oeovieiieiiieeieeitesite et eiee st eve ettt e sereeaeesseessaeensaenseennns 602
31.3.2. Retrieving Query Result Information ............ccccevevieneneenencnencnieienceene 609
31.3.3. Retrieving Other Result Information .............coocevevieneninnincnnenciieieneeene 613
31.3.4. Escaping Strings for Inclusion in SQL Commands.........c.ccocceveererieienennene 614

31.4. Asynchronous Command ProCessing ............ccocereevierierieninienenenrieneneenieseenieseenens 617
31.5. Cancelling QUeries in PrOGIess ........ccccociririiniriiriiniieieiceceie ettt 620
31.6. The Fast-Path INterface..........ccoceviriiniiiiniiiiiienicieeteeccee ettt 621
31.7. Asynchronous NOtHICAION ......cevieruierieriieiterte sttt ettt sieesveeste e e e saaeesaeeneees 622
31.8. Functions Associated with the COPY Command ............ccoceeveevenernieninieenencenenennns 623
31.8.1. Functions for Sending COPY Data........c.cccceevieriiriiienienienieeeenee e 624
31.8.2. Functions for Receiving COPY Data........ccceevieviiiiienienieiiecieeneesieeieeiee s 625
31.8.3. Obsolete Functions fOr COPY .....ccccecieriirieniirienieninicieneeeenceeenee e 626

31.9. Control FUNCHONS .....cc.eocueriirieieniieienieetete ettt ettt et et s s eanens 628
31.10. Miscellaneous FUNCHIONS ......c..coeecuiriirieniirienieniteieiietete ettt 629
31.11. NOtICE PrOCESSING .euveeutieiieeiieiiieiteeie sttt ettt ettt sttt e sbe e st et e beesabesaneeabeas 631
3112, EVENE SYSTEIM c.eeuiiieiieeiiesiteeiteeteestte st ste et e st e st sbeeatesbtesbe e bt esbeesabeebeebeesasesnsesaseas 632
31121 EVENE TYPLS ..ottt sttt et 632
31.12.2. Event Callback Procedure...........ccceeeviiieeiiieiciiieeiieeeis ettt 634
31.12.3. Event Support FUNCHONS .......c..ccciiviiiieiiiiiicieecceeceee e 635
31.12.4. Event EXampIe ........cccoociiiiiiiiiiiiiiicicc e 636
31.13. Environment Variables ..........cccveeoiieiiiiieiiieciieeeee ettt 639
31.14. The PassWOrd File .......c.ccooiiiiiiiiiiie ettt st e e as 640
31.15. The Connection Service File ........cocvuieciiiiieiieeiieeetecee et 641
31.16. LDAP Lookup of Connection Parameters.............ccceeeeereeieneneeiienieieseecesee e 641
3117, SSL SUPPOITL. ...ttt ettt ettt et ettt et et et e et e aesbe et e beeseenteeseeneesbeennens 642
31.17.1. Certificate VErifiCAtioN.......c.ccceeiieerieeiiiesiieeeeeteeieeseeeteereeneeesreesaeeaeeseeses 642
31.17.2. CHENt COItIfICALES ..veevvreririeiieiiieiiieeieeiteesieesteeteeteeseeesseesreeseesseessseenseenseenens 643
31.17.3. Protection provided in different modes...........cooceeierereerienennienenieenceene, 643
31.17.4. SSL File USAZE ...couvevieiieiiiiieienieeitet ettt sttt 645
31.17.5. SSL library initialiZation.......c..cceeeverieienenieienienteieeieeee et 646
31.18. Behavior in Threaded Programs...........ccoccveereierieninieninieeniceeeeteie e 647
31.19. Building libpq Programs..........cc.cccueveeiininiineninienieeenie ettt 647

XV



31.20. EXamPle PrOZrams........ccocveeiiiiiiniienieniteieeste sttt st ettt snaeenvees 648

32, LarZ8 ODJECLS ..eeuveeiiieiieiieeittetteit ettt et et e st st e et e s bt e sabe e beesatesabe e beesbtesateebeenstesatesbeensaenaneen 658
321 INErOAUCTHION ..viiiiiiiiiicicc e s 658
32.2. Implementation FEAtUIES .........cocueiiiiriiiiiiiiieieee ettt 658
32.3. Client INeIfaces.........coovviiiiiiiiiiiiiicicie e 658

32.3.1. Creating a Large ODJECt ......ccccecueviieieniieieiirceenienecreeeeeeee e 658
32.3.2. Importing a Large ODbJEect........cceeieviiriieieriirieieneeceeeeeee e 659
32.3.3. Exporting a Large ODbJect........cceoieviiriiriiriiiieieneeiceeecece e 660
32.3.4. Opening an Existing Large ODJeCt.........cccccooievieriniiiiininiiniceeeeceeeeeen 660
32.3.5. Writing Data to a Large ObjJect.........cccocceviiiiiiiniiiiiinicceceeceeeeeee 660
32.3.6. Reading Data from a Large Object ..........ccccocoeveiiiiiiiniiiiniiececieeee, 661
32.3.7. Seeking in a Large ObJect.......ccecieiiriieierieiieerieee ettt 661
32.3.8. Obtaining the Seek Position of a Large Object.........cccoeeeveeverienenceiienieeeene 661
32.3.9. Truncating a Large ODJECt .......ccccuevuriririinienieieieinenestceeieeeeie e 661
32.3.10. Closing a Large Object DeSCIIPLOL .......cevuerueerieriereieienieeienie et 662
32.3.11. Removing a Large ODJECt ........cceeieriieieriiiieierieeeeeeieee e 662
32.4. Server-Side FUNCHONS. .....c..citiiiiieieeetee ettt sttt s s 662
32.5. EXamMPle PrOgram ..........ccoocoiiiiiiiiiiiiiieiet ettt s 663

33. ECPG - Embedded SQL N C.....ooouiiiiiiiiiiicieieiiese ettt 669
33.1. THE CONCEPL...ccutetieiiiiieiieieeitete ettt ettt sttt ettt ettt sbe et e b e bt et saeenaesbeennens 669
33.2. Connecting to the Database SerVer.........ccocvviereiiriiininiiniinieieseeeeeeee e 669
33.3. CloSINg @ CONNECTION ..c..eemviriieieiieiieniieiieieeieete sttt et ette et st estesbeestesbesbeestesaeenaesreennens 670
33.4. Running SQL Commands..........c.ccecuererienirienieninienieetente et sieeresieeieeseesieenaesieennens 671
33.5. ChooSING @ CONNECHION. ......couteieiieiiiieeiientenitete st et ettt sbeestesbeessesbesieentesaeenaesbeennens 672
33.6. USING HOSt VATTADIES ......eeriieeiiiiiieiiecie ettt sttt st saesnaeenaees 672

33.6. 1. OVEIVIEW ..uiiiiiiicieiccieeee ettt s 673
33.6.2. Declare SECHONS. .....c.ccueuiruiiiiiiiiiieicire sttt 673
33.6.3. Different types of host variables ........c.ceevierieriiiiiienienieiieeeesee e 674
33.6.4. SELECT INTO and FETCH INTO ccooviiviiiniiiiiiiiireniirenceencenencneneene s 675
33.6.5. INICALOLS. ....cviiiiiiiiiiiicic e e 675
33.7. Dynamic SQL....ccouiiiiiiiieiieeeetetee ettt sttt et ebees 676
33.8. PELYPES LIDTATY ..ttt ettt b e st ettt st eabeas 677
33.8.1. ThE NUIMETIC LYPE .euveeuvieiiiriieeiieiiesie et ette st eit et e st e st st beesbeesateebeeaeesae 677
33.8.2. ThE date LYPE...ceruviereirieniieeieeieertte ettt ettt et et st e be et e st b e b e saee 680
33.8.3. The tiIMEeStaAMP LYPE...c.eeveruirurereniieretietete ettt esre s oo s eanenne 684
33.8.4. The INterval LYPE ....cceevuieiiriiiieieiieiett et 688
33.8.5. The decimal tyPe.......cc.eecveriirieiiiieieiieeee e 688
33.8.6. errno values of pgtypeslib ..o 689
33.8.7. Special constants of pgtypeslib.........cc.occeiiiiiiiiiniiiin e 689
33.9. USING DESCIIPLOT ATEAS .....eveveruirtiteteieteieettstesteteseeeteaeetesteesessesseneeneesessesaessenseneeneene 690
33.9.1. Named SQL DeSCriptor ATEAS .......cceceruerviruerierererrinienienseneeeeeeniesressenseneneenens 690
33.9.2. SQLDA DESCIIPtOr ATEAS .....ccveveureureuirieriiteietenteteeiensesseeeeeenesuesaessessenseneenens 692
33.10. Informix compatibility MOdE..........cceeveiririninienieieieeresreceeeeeese e 695
33.10.1. Additional tYPES....cveuveueeuirririenieieiieitie sttt ettt et 695
33.10.2. Additional/missing embedded SQL Statements ...........cceceerereerereerienenene 696
33.10.3. Informix-compatible SQLDA Descriptor Areas..........cecereeeererveeruenieneens 696
33.10.4. Additional fUNCHIONS. ......c.eeerierieieiiiiireteetee ettt 699
33.10.5. Additional CONSLANLS.......c.eeuirieriiieiiiriirieieetee ettt eneas 708

xvi



33,11, Error Handling......coceovuierierieiiieiieeeeie ettt sttt ettt et ettt eaees 709

33.11.1. Setting Callbacks .......coouerieriiiiiierieeieeieerteeee ettt st 709
331120 SQICA ettt ettt st st e ae e e 711
33.11.3. SQLSTATE VS SQLCODE..c..cetetertieureriereeterseentensensrenesseessenseeseessesmeessessesnenne 712
33.12. PreproCeSSOr QITECHIVES ....vevuveriieiieriieiieettesite sttt ettt ettt et e sateebeebeesaaesaneeabees 715
33.12.1. INCIUAING fIlES....eiiuiiiiieiiieieeeette ettt s 715
33.12.2. The #define and #undef direCtives ..........cccveveiierciiieecir e 715
33.12.3. ifdef, ifndef, else, elif, and endif direCtives ..........ccceeeeevveieiieiiiieeeeeeiiieee e 716
33.13. Processing Embedded SQL Programs.............ccccoceiiiiiiiiiiieniniiieiieieiecece e 717
33.14. Library FUNCHONS .......cccoiiiiiiiiiiiiiieice ettt e 718
1 T B TR 031155 4 4 - SRR 718
34. The Information SCREMA.........ceeeieiiieiiiecieeie ettt ettt et e s veesteesseesbeebeesseesaseenseesseessseans 721
7 B N s T o] 1 T4 2 - SRR 721
34.2. DAtA TYPES .ottt ettt sttt sttt e st ettt ne s 721
34.3. information_schema_catalog_NAME .ocieieeiiiireeeeieieeeeeeeiereeeeeeerareeeeeevareeesenens 722
34.4. administrable role aUthOTiZat 10N S cooe e eeeeeeeeeeeeeaeeeeeeaaeeeeeaaeaees 722
R Y o) NI o) SN =Y ot o Y K <Y< TR T USSP PP RRRPRTURRRRRINt 722
B B, AT LA DU @S uuiiiiiiieetieeeieeeeteeeett e e et e e eett e e eeteeeeaeeeetteeeeaaeeeeataeeetaeeetaaeeteeeeteeeeateeeaaraaan 723
34.7. check_constraint_roUtine_USATE .uiiiieeiiieeeeieeeeieeeetreeeeteeeeereeeereeeeaeeesereaas 726
3, . CE K, COMSE T AITIES teeeeeeeeeeeeeeeee e e e e e e e e e e e e e et eeeeaeeeeeeeeeeeeeeeaaasaaaaaeaaeeaaaeaes 726
34.9. COLUMN_dOMAIN_USATE tittrieeiureeeirreeeitreeeireeeeiteeeeteeesseeessseessseeassseesesssessesensseessseeas 727
34.10. COLUMN_PTiVIiLEUES tirtriiiiiiiitreieeeiiieeeeeeeiteeeeeeetareeeeeeteeeeeeestteeseeeestareeeeensareessenaes 727
34,11, COLUMN UG USATC it iiittiiiieiiitreeeeeiiteeeeeeeiteeeeeeeitareseeeetereeeeessseesessestaseeeesnsareessnnaes 728
34,12, COLUIMIS tieitteeiiiieeeteeeeteeesireeeetreeetbeeeteeeeteeesaseeaasbesassesessaaasssseansseessseesnsasensseeeneraeas 729
34.13. consStraint_COLUMN_USATE wrriieeirrrereeeeiireereeiiirereeeeiiirereeeeessreseessssreeessssssreessnnsns 733
34,14, CONStraint _taAD e USAGE . uiiiiiiiiirieeeeeiireeeeeeeiteeeeeeiitereeeeesrreeeeeesareeesenssereeseenans 734
34,15, data LY PE PTAVILEGES iiitiiirreieeeiiteeeeeeeiteeeeeeeiareeeeeettereeeeessreseeeestareeeeensareeeeenaes 735
34,16, OmMAIN CONSEIAINES tiiteeetttititteeeeeeeeeeeeeeeeeeeeeeeaaeaaeeseeeeeeeeeeeerenaanaaaaesaeseaeenee 736
34,17, AOMaIN UL USAGC et iiiittiieeeiiitreeeeeiireeeeeeeireeeeeeeitaeeeeeeeteeeeeeessseeseeeestsseeeeeesereeeennnns 736
34,18, OMAIIIS tieeeurieiiieeetieesieeesteeerbeeertreeetteesseeessseeessseeasssasasssaaassseeassseesesseasssesenssseesssennn 737
34,19, @l emMENt LY ES tirreieeeeiitreeeeeeeitteeeeeeiteeeeeeetreeeeeeeitareeeeeetaaeeeeanbreeeeeeareaeeeetareeeeaans 740
34,20, EN1AD L A T O LS ttueeeeeee e ettt e e e e e e e e e e e e ettt ————————————attetttta————————————————ae 743
34.21. foreign_data_ WrapPer_ OPLiONS iiirieeeeiiitreeeeeeiirreeeeeeirreeeeeeiareeeeeeisnreeeeenans 743
34,22, FOreign _data _WIAPPEIS ieiiireeeeeeirreeeeeiiireeeeeeeitrreeeeeiiseseeeeaasreeeeeestsseseeeesssseeeennsns 743
R NC TS oY=k Rt o M- 1-N v =% allie) o ult e Yo V= IUNNSN SRR 744
R T N Y et SR K o= 1% a7 = of = B RUPRUP 744
34,25, Ky _COLUMN_US AT ciuuteeurieerereerirreesstreeasseeesseeassseeasssesassseesssseesssseessseessssessssssessssees 745
R S S et T =S o= SRR 746
34.27. referential CONSTTAINTS wiiriiiiiiieeeeieeeeeeeeceearrere e e e e ee e e e e e e e s eeaasararereeeeeeens 749
34.28. r0le_COLUMN__GIANES tirtieieeeeirreeeeeiirereeeeiiteeeeeaeissseeeeaaseseessasssssseesesssseeessssssseessnnses 750
34.29. role_ roULiNE_GTaNT S ciiiiiiiiiieeeeciiieeeeeeitteeeeeeetteeeeeeetbeeeeeeettaeeeeseabaseeeeeassaseeeeennes 750
34.30. rOle L able_GIrants ciiiiiiiiiiiieeeeeiiieeeeeeiiteeeeeeetaeeeeesesteseeeeaasseeeeesesaseeeesassaseessanses 751
34.3]. rOle_USAGE_GLANES tiirriirieeeiiiieeeeeiiiteeeeeiiteeeeeesrteeeeesesteseesaaassaseeesasaseeseaassaseessnnses 752
34,32, rOULINE_PIrivVileges ciiiiiiiiiieeeeiiiieeeeeciteeeeeeetteeeeeeebaeeeeeetraeeeeeeraseeeeenssaneeeaanes 753
R 7 K T oYL L ok I o T=Y= SO UUR PP UPURURRRTURRRRRNt 753
3.3, SO EIMAT A ceutieeiutieeeteeeetee ettt e eete e et e e ettt e e e te e e et e e e tteeeetaeeeeataeeataeeetaaeeteeeeteeeeteeeaaraaan 759
3,3 SO U C S uiiiiuiieeeeteeeetee ettt e e et e ettt e et e e eete e e eae e e e tteeeeatae e ttaeetaeeeetaaeeaeeeateeeeteeeaaraaan 760
34.360. SOl _fEATUTES witietieeeiieeeitee ettt e et e e et e e eete e e eteeeetteeeeaseeeetseeeetseeeeteeesseeesasesenaseeenareaas 761

xvii



34.37. sql_implementation_INFO wieeeiiiieeeeeeireeeeeeereeeeeeeirreeeeeerareeeeeetareeeeeans 762

34,38, SOL_LANGUAGES terurreeeeeiirreeeeeeiirreeeeeiiireeeeeetiiseeseeeeitsreeeessseseeeeassrsseesessseeeesnsseseesennsns 763
34.39. SOl _PACKAGES teeretrrieeeeeitreeeeeeeireeeeeeetteeeeeeetreeeeeeettaeeeeeeeteaeeeeaatbeeeeeeeetareeeeeetareeeeaaes 763
34,40, SOl P AT S ctttrieeeeiiireeeeeeeiteee et eete e e e e e e e e e e et — e e e eeia—eeeeeetraeeeeaatrtaeeeatareaeeaetareeeeanns 764
3441, SOl Sa Z AN Guutiiiieiiitiie ettt ee e et e e et e e e et e e e eeetrteeeeetabeaeeeetareeeaaaes 764
RT3 Yo ANIN-R I s Ve o Yot ks A I =Y SO PR PRI 765
34,43, table_CONSEIAINES ittt e ee e e e e e e e ee e e e eeeeeeeeeeesssssssssaraaereeeeeeeas 765
R 73 VI oY NN ook I B =Y =Y = DO URT 766
B S . £ A LS ittt e e e et e e e ee b aa e e e e e etaaeeeeaattaaeeeeetaaaeeeeeraraeeaanes 767
34.46. triggered_Update_COLUMNS tiiiiieeeiererieeesreeesreeessreeesseesssseesseeesssesessseesssseens 768
R ok e 1o =8 o= SRR 769
34,48, USAGE PIAVI L OGS iiiiiiiiiieeeciieee e e ettt e e e e ectteeeeeetaeeeeeeetaeeeeeettaeeeeeetareaeeeerrareeeaannes 770
RZ N1 REDETSVall (=) o) o % Male o) o) ul e s £= NSNS SRR URRPI 771
34.50. USET_MAPPINIGS teetrrreieeiiriieeeeeiitteeeeeeitteeeeesiteeeeeeetaeeeeesesteseeeeassaseeeeasaseeeeaassaseesaases 772
34.5]. VieW_COLUMN_USAGE tiiirierieeiiirreeeeeiireeeeeeiiteeeeeassaseeeasasssssesaasssssseessssssesessssssseessanses 772
34,52, VieW _TOULINE_USAGE tiriiiiiiiiiiieeeeiiiieeeeeeitteeeeeeetteeeeeseateseeeesssaeeeesestaseeesanssaneeesanees 773
34,53, VieW LA USAGC i iiiiiiiieeciiieeeeeciiteeeeesittteeeeeebaeeeeeeabaeeeseatbaeeeeeebareeeeanrbaraeeaannes 774
B4 .54, VEEWS 1ttt h ettt a et e he et e bt et e bt e st et sheeaesbeenaens 774
V. Server Programming 776
35. EXtending SQL....c.ooiiiiiiieiteteet ettt sttt ettt st sttt 778
35.1. How ExXtensibility WOTKS........ccccoiiiiriiiiniiiiiicnieteietee ettt 778
35.2. The PostgreSQL TYPe SYSIEIM...c..cocuiriiriiniirieieniieienieetente ettt ettt eanens 778
35.2.1. BASE TYPES weeeuveeurieiieiieniieeieeieenitesteeteeteesitesateesbeesasesatesaseensaesseesnseenseenseennns 778
35.2.2. COMPOSIE TYPES..eereirieriieriieiieiiieeteeteesteestesteebeesieesitesbeesseesseesebeenseenseesnns 779
35.2.3. DOMAINS «.enveitiniiiieiinieeitene ettt ettt sttt et sae et sae s beeae e 779
35.2.4. PSEUAO-TYPES ..eeerieniiiiieiiieeieeteestte sttt ettt sttt sttt e s eteebeebeesaee 779
35.2.5. POlymOTPhic TYPES ..eeuvieriiieiiiiieiieeieeieeite sttt sttt e 779

35.3. User-Defined FUNCHONS ......c..ccceiiiiiniiniiiinieicneetciceecee ettt 780
35.4. Query Language (SQL) FUNCLIONS .......cocuiiriiirieniiiiieienieeieeeeite et 780
35.4.1. SQL Functions on Base TYPES .......covueruieriierieriiiiienienee sttt 781
35.4.2. SQL Functions on Composite TYPES .....ccceeriereerriienienieiieeieenee e 783
35.4.3. SQL Functions with Parameter Names............c.ccoeevvieeieiineeeeeeeirree e 786
35.4.4. SQL Functions with Output Parameters ............c.cceceeeveeeeveninnencneesenennenn. 786
35.4.5. SQL Functions with Variable Numbers of Arguments..........c.ccccccoceecvennennnnn. 788
35.4.6. SQL Functions with Default Values for Arguments ...........c.ccccceeereecrenennene. 788
35.4.7. SQL Functions as Table SOUICES ........cc.ccecuieriieeriiieeeiie et esiee et 789
35.4.8. SQL Functions Returning Sets ............ccccciriiieniniiiiinieicne e 790
35.4.9. SQL Functions Returning TABLE .....c.cccceteueruereerrenenenseneereeeniessessenseseneenens 792
35.4.10. Polymorphic SQL FUNCHONS ....c..cceetririinieieieininenenieeeeeeneseeseeeeeeneenens 792

35.5. Function OVerloading .........cccecevviririerienieieininenenteeeetee ettt 794
35.6. Function Volatility CategOries ........ceeuerveieuirririerierieeeietrienteetesreeeeereeresiesaessesseneeneene 795
35.7. Procedural Language FUnCLioNS ..........cccccveieininenieieininenceceeeeeeese e 796
35.8. Internal FUNCHONS .....cc.eiiiiiieieitieieceee ettt sttt s b 796
35.9. C-Language FUNCHONS. ....c..cocteviiiiiiieiieiee sttt e 797
35.9.1. Dynamic Loading.........cooererieniiniiiiniieiere ettt 797
35.9.2. Base Types in C-Language FUnctions.........c.cceeceverievieneenienennencneeieneneenns 798
35.9.3. Version 0 Calling CONVENTIONS ......c.c.ceveeuieriererrienienieienieeeenieeteniesieeeenieseeenee 801

XViii



35.9.4. Version 1 Calling CONVENLIONS .....eeruverueerueerierieeieeniieneesreenieesseesneenseesseesans 804

35.9.5. WIIING COAE...ccuviiiiiiieiieiieeitette sttt ettt ettt sttt et e st e e s e sae 806
35.9.6. Compiling and Linking Dynamically-Loaded Functions ............cc.cccecueeneeee. 807
35.9.7. Extension Building InfrastrucCture. ...........ceeveereernieenieniienieeeenee e 810
35.9.8. Composite-TyPe ATZUMENLS ......cceerieruerriierienieeieeniteneesieenreesieeseeeseenaeesae 812
35.9.9. Returning Rows (CompoSite TYPES) ..ccveerveeruiereiriiieniienierieeieenee e 813
35.9.10. REtUINING SELS.....eocviriieiiiiriieteniiereti ettt sae et s 815
35.9.11. Polymorphic Arguments and Return Types........ccccccceeveeceninieniniencnennnn. 820
35.9.12. Shared Memory and LWLOCKS .......c..cccooiriiiininiiiiccccecceeeeee 822
35.10. User-Defined AZEIEZALES ........co.eeuiruiriiriiiieieiieieie et e 822
35.11. USer-DefIned TYPES ....coveveuerueririinteieieieieeiesiestesteteet ettt sttt s neae e 825
35.12. User-Defined OPErators..........ccc.eeuerueeiereeieriesiieiesteeeeseeeeeesae st etesteeeeseesseeseesreennens 828
35.13. Operator Optimization Information...........cc.ceccverveieirienininenceeeeeene e 829
35.13.1. COMMUTATOR c.cviutiiiietieitesie sttt ettt et st s s s et sae s 829
35.13.2. NEGATOR .eeeuiruititeniententeteetessessentestesesuestesesesteseeuessessesseseseesesuesaessensenseneenens 830
35133  RESTRICT woutruiiiienieneeneettetesteseenteatesesuesaesessesseseeutebesaesseeeseenesuesaessensensensenens 831
35,1314, TOTIN ettt ettt sttt ettt sa et eae e 832
35.13.5. HASHES ettt ettt sttt sttt et a e st saesa et ene e 832
35.13.0. MERGES ettt ettt s sttt et eat b sae s s s esesaesaesseneneneeneas 833
35.14. Interfacing Extensions To INAEXES.........cocevveerieriiriiniinieniinienienieeeeeeteie e 834
35.14.1. Index Methods and Operator CIaSSes ..........cooererrerieneerienerieneneeienieneenne 834
35.14.2. Index Method SErategies .........ccoceevveririeriereerienenieieeceese et 835
35.14.3. Index Method Support ROUINES ........ccccevvererienenienieniiicnceeceeeseeeene 836
35.14.4. AN EXAMPIE ..covviiniieiieiiecieeieete ettt ettt sttt s e 838
35.14.5. Operator Classes and Operator Families...........cccvevverieeriiieneenieenieeieenieene 840
35.14.6. System Dependencies on Operator Classes ..........eevvereereveeneeneenieenieeneennns 843
35.14.7. Special Features of Operator Classes........cocveeverrieerienieriieenieeneesieeieenieennns 844
35.15. Using CH++ for EXtenSIDIIItY .....eevvieriiiiiiiiierienieeieetese ettt 845
B0, TIIZEETS wvveeuveentieieeeteeiterte st et et e sttt et e e bt e sut e st e e bt e sbtesabe e beesstesate e seenstesateensaenseesasesnbeasaenanenns 846
36.1. Overview of Trigger Behavior..........cociviiiiiiiiieniiiiccceeee e 846
36.2. Visibility of Data Changes.........ccovverieriiiiniienienit ettt ettt sttt e eaees 848
36.3. Writing Trigger FUNCtions in € ........cocovviiiiiiinieniiiieetesteeeecete et 848
36.4. A Complete Trigger EXample........ccoooueriiiniiniiniiiieeieenieeeeeesite et 851
37. The RUIE SYSIEIM ....eouviiiiiiiiiieieieeiett ettt ettt sttt e sa e st ne s re e 855
37.1. The QUETY TTEE.....cccvieiiiieiirieieeee ettt 855
37.2. Views and the Rule SyStem ...........cccooiiiiiiiiiiiiiiiicce e 857
37.2.1. How SELECT Rules WOTK .....ccc.coiiiiiiiiiiiiiiiieeceeeeee e 857
37.2.2. View Rules in NON-SELECT Statements .........cecueevveereereerieenieeneeneeeseeeneeennns 862
37.2.3. The Power of Views in PostgreSQL ...........ccociiiiiiiiiiiiiiccicccee, 863
37.2.4. UPAAting @ VIEW....cccuivuieieieieiieieetieie ettt sttt ettt et sae e e b enee s 863

37.3. Rules on INSERT, UPDATE, aNd DELETE ....eeeeettiiiiitieeeeeeeeeseeeeseereetesesnnnnnseseeseseesees 864
37.3.1. How Update Rules WOTK ......c.cccooiiiiiiiiiiiiiiiiiiececeeeeeeeeeee e 864
37.3.1.1. A First Rule Step by Step .....ccoerieienieienieierereeeeeee e 865

37.3.2. Cooperation With VIEWS.........ccoiiiiiiiniiierieiiee et 868

37.4. Rules and PrivIIEZES ......cccoiiiiieiiieieiieee ettt s s 875
37.5. Rules and Command StAtUS..........cecuereriiririeneniieieniee ettt et se e s 876
37.6. RUles VErsus TIIZEETS ..cc.ceruiiierieniieieieeiteie sttt sttt et s 877
38. Procedural LangUages ..........cocuevueruieieniinieie ittt sttt ettt sttt 880

Xix



38.1. Installing Procedural LangUages .........ccecueerueerierieiniieniienieeieeieesite et 880
39. PL/pgSQL - SQL Procedural LangUage .........ccceeveeriirieenienieiitesieenitesieeieesieesieeenveesieesaneens 883
3.1, OVEIVIBW ..ottt ettt sttt sttt ettt a e st eaesae e s e bt e e eaesueennesaeennens 883
39.1.1. Advantages of Using PL/PESQL .......coouiiiiiiiiiiiiiieieeeeeteee e 883
39.1.2. Supported Argument and Result Data TYPeS......cccceeveereeriiirnienienieeieeieene 884

39.2. Structure of PL/PZSQL....c..ooiiiiiiiiiieeeeertereteeete et 884
39.3. DECIATALIONS ...cuvieiieeiieeiie ittt ettt ettt sttt et e st s be e bt e bt e sabesbe e beesabesaseeabeas 886
39.3.1. Declaring Function Parameters............cccocuerieiieninieiiininicnieeeceereseeen 886
30,32, ALIAS ottt et a e s 889
39.3.3. COPYING TYPES ..ottt et s 889
39.3.4. ROW TYPES. ..ttt s 890
39.3.5. RECOTA TYPES ..t 890

39.4. EXPIESSIONS .....ureuiiuititeieteieeieeit sttt et ene et sbesaeste e enteaesbe sttt se s eneeseebesbesae s enseneeneene 891
39.5. BASIC StAEIMEIILS .....eevieuieieeiieieetceiie st eite e st e tesbeente st e et e et eaeeaesbeeseenbeeseentesneeeesbeennans 891
39.5.1. ASSIZIIMECNL ....evitiienienieiietieientere ettt sttt ettt st st sae st ne et eneas 891
39.5.2. Executing a Command With No Result..........cccccevininininninnininiicecenns 892
39.5.3. Executing a Query with a Single-Row Result ..........cccoooeeviniiiiniiiiincnne 893
39.5.4. Executing Dynamic Commands ..........c.ccooereerienenieneneenieneecenee e 894
39.5.5. Obtaining the Result Status........ccccecveririeriniinienirieeneeese e 897
39.5.6. Doing Nothing At All ......cocoiieiiiiiiiiie et 898

39.6. CONLIOL STIUCLUIES.....cuveeueeniiriteierteeiteieeitete ettt ettt st sbe et be st e st saeenaesbeennens 898
39.6.1. Returning From a FUNCHON .....c..coceeciiiiiiiiniiiiiicinicececcee e 898
39.60.1.1. RETURN t..etiiiieiieitete ettt sttt s 899

39.6.1.2. RETURN NEXT and RETURN QUERY ....ccccceriruiruenueeeneerenrenneeennennenenns 899

39.6.2. CoNditioNAlS ....c..eoueeiiriiiiiriiiieieieet ettt 900
39.6.2.1. TF—THEN iotiitiieieieiiet ettt sttt e 901

39.6.2.2. IF—THEN=ELSE ..ectrirtirieieieieiieeniesteteieie sttt 901

39.6.2.3. IF—THEN=ELSTIF cceoirtiiiiieieieiieieniesteteeeie et 902

39.6.2.4. SIMPIE CASE .eoveriieiinieeierieeteeeiteteett ettt ettt ettt saee e s eanens 903

39.6.2.5. Searched CASE..c..ccciririeririenienieeteettetete ettt et 903

39.6.3. SIMPIE LOOPS -.eenviiiniiiiieniieeieeieette ettt ettt sttt sttt e 904
39.6.3.1. LOOP .viiiiiiiiiccci ettt 904

39.60.3.2. EXIT woouieiiiiiiiiiieieie ettt e 904

39.6.3.3. CONTINUE ...eiiiimiiuiitiititeieee et s 905

39.0.3.4 WHILE .eoutiriieieieeieeresie ettt sttt sae st e s s enesbe e e s saeenesaeeanens 905

39.6.3.5. FOR (INLEZET VATIANE)...ccouveerieieeniieeieeieeniteeieeieenteesareereebeesinesaeesanees 906

39.6.4. Looping Through Query Results ..........ccccccooiiiininiiiiniieccceceeeee, 907
39.6.5. Trapping EITOTS ......ccooouiiiiiiiiieiiieicteec e 908

30,7 CUTSOTS .ttt ettt ettt ettt ettt st e b e s bt e sat e st e e bt e sbe e s bt e bt e bt e sabeebe e bt e smbesaseeaseen 910
39.7.1. Declaring Cursor Variables ............cccecereriruerienieininieneneeeeeeneseessesieeeneenens 910
39.7.2. OPENING CUISOTS ....veuveureuirrinrenienienteiteiteiestetesesteseeseeressessesseseesesuesaessensenseneesens 911
30.7.2.1. OPEN FOR QUEI Y euvteeeureeraureeanreeeniureesaseessseesanssesssseesssseesssessssesssseens 911

39.7.2.2. OPEN FOR EXECUTE .ieciiiuiiiiiiiiieieitieiesie e s eeesre e ae s sae s 911

39.7.2.3. Opening @ Bound CUISOT..........coccvivieieieininiinienieeeeeeneneeseeeeeeeeene 912

39.7.3. USING CUISOIS...evireurenreuierinienienteteiteiteuesteteteteseereesessesseseseesesuesuessensenneneesens 912
39731  FETCH ittt s s 912

39.7.3.2. MOVE vttt ettt sttt sttt s 913

39.7.3.3. UPDATE/DELETE WHERE CURRENT OF ..cccevviruerieeeinrinieriereennennenenne 913

XX



30.7.3.4. CLOSE wttttteeeeetteeeeeeeeeee e eeee e e eeae e e e et e e e eetae e e e eeeaeeeeeeetrreeeeeetaaeeeens 914

39.7.3.5. REtUINING CUTSOTS ..ccveerurieiieniieniieeiieeieeniteeieeieesteestesseebeesisesasessees 914

39.7.4. Looping Through a Cursor’s Result...........ceecveviirniienieniieniiiienieieeieeeee 915

39.8. EITOTS AN MESSAZES ...eeuvieiieriieiiieniieniie st et e sitesite et esitesitesbe e bt esbeesabeebeebeesasesnsesaseas 916
39.9. TriGZEr PIOCEAUIES .....ootiiiiieiiiiiieiieeiteee ettt ettt ettt et sttt et et saeeebees 917
39.10. PL/pgSQL Under the HOOd .........ccoouiriiiiniiiiniicieiiecie ettt 923
39.10.1. Variable SUbStULHON .......cocueriiieiiieiieeieeieerteete ettt 923
39.10.2. Plan Caching ........cc.cocieviiriiieiiiiieiciecec e 925
39.11. Tips for Developing in PL/PESQL.........cocioiiiiiiiiiieii e 927
39.11.1. Handling of Quotation Marks............cccccoiniiiininiiiiieccceee, 928
39.12. Porting from Oracle PL/SQL..........cccooiiiiiiiii e 929
39.12.1. Porting EXamPIes ........cccociiiiiiiiiiiiiiiieic e 930
39.12.2. Other Things to Watch FOT........cccccvvinininiiniiiiiinnccccenc e 936
39.12.2.1. Implicit Rollback after EXCeptions..........ccccevevveveeeenenenenveneennenn 936

39.12.2.2. EXECUTE utuiiiiiiiiieete ettt s st s s 936

39.12.2.3. Optimizing PL/pgSQL Functions..........ccccceevevevvenveeninienenicnnenenenn 936

39.12.3. APPENAIX...tuiriiiiieieieieiietesteretet ettt ettt sttt st 937

40. PL/Tcl - Tcl Procedural Language..........cocceverueeieniiiieniiieiesiteieieete ettt 940
40. 1. OVEIVIBW ...ttt ettt ettt ettt st et b et e bt bt e e sbe et e s bt sbt et e s bt e st e naesaeenaesbeennens 940
40.2. PL/Tcl Functions and ATZUMENTS.........coeeterierierienieneenienieeeeniesieeiesieeteneesseenaesveennens 940
40.3. Data Values in PL/TCL...c..couiiiiiiiiiiieeeceee ettt 942
40.4. Global Data in PLITCL ..c..coiiiiiiiiiieieneieees ettt e 942
40.5. Database Access from PL/TCL ....c..cocoovieiiiiiiiniiiiiieecneeeneeeeseetene e 942
40.6. Trigger Procedures in PL/TCL.....c..coiiiiiiiiiiiiniiicincecneeenesitceseetesee e 945
40.7. Modules and the unknown COMMANA.........ccceririeriinieninerieneneeeneetene e 946
40.8. Tcl Procedure NAIMES ......c.cccouereeriiririenientenienieetenteeteeste st eaee e st enesieessesaesseesaesueennens 947
41. PL/Perl - Perl Procedural Language..........cccceeeeriierieenienieeieeieeniieseeeie ettt eveesieesinesveenvees 948
41.1. PL/Per] Functions and ATZUMENLS.........cocueerieriieeriierieniesieenieeneesreesseenieesnneenseenseenens 948
41.2. Data Values in PL/PErL.........cccoviiiiiniiiiniiieiiciccecncceneseereseete st 951
41.3. BUilt-in FUNCHONS ...c..covtiiiiiiiiiriieiiicctecreetesicetet ettt ettt s 951
41.3.1. Database Access from PL/Perl.........ccccoccoceniniiiiininiiniicncneccncceeceeene 952
41.3.2. Utility functions in PL/Perl..........ccccooiiiiiiiiiiiiiiiiieeeeeeeeeeeeeee e 955

41.4. Global Values in PL/Per] ........cccccooiiiiiiiiiiiiiiiiciieeenceeeeeeteeeeeesre e 956
41.5. Trusted and Untrusted PL/Per] ..........ccccociiiiiiniiiiiiinieeneecececeeeeeeee e 957
41.6. PL/PEIL TIIZEEIS ...eoveeuviiieiieieeieeteeit ettt ettt sae st s 958
41.7. PL/Per] Under the HOOd .......cocoiiiiiriiiiiiiieieieeetee ettt 960
41.7.1. CONAGUIALION ....ceenvieiiiieeieieeieteete ettt et 960
41.7.2. Limitations and Missing Features..............ccccocooiiiniininiininnniicceeeee, 961

42. PL/Python - Python Procedural Language............cc.ccceviiiiiiniiiiiniiiii e 962
42.1. Python 2 vs. Python 3 ..o 962
42.2. PL/PYthon FUNCHONS .....c.coiiuiiiiniiienieicieiniene sttt ettt ettt st enea 963
42.3.DAtA VAIULS .....eeiiiiieiieeiteeteet ettt sttt 965
42.3.1. Data TYpe Mapping.......ccoceevevueeieieininienienieeereeeie ettt ese s s sseeese e 965
42,32, NUIL NODE ..ottt e e et e e e e eatae e e s e eaaaee e s senaaeeas 966
42.3.3. AITAYS, LASES .ottt ettt ettt 966
42.3.4. COMPOSILE TYPES..eveeuiiriiinieiiriieieeie ettt sttt st eaee e s 967
42.3.5. Set-Returning FUNCLIONS .......cceeviiriiiiniiierieieeceee e 968

42.4. Sharing DAl ......cooueiuiiiiiiieiieieeieeeee ettt ettt sttt sttt s 969

XXi



42.5. Anonymous Code BIOCKS .......c.cooiiriiriiiiiiienienieetieriteste ettt st e 970

42.6. TrigEET FUNCLIONS ....ooctieiieiiieiieiieeie ettt ettt sttt e st e bt e b e saaeebeebeesaee 970
42.77. DAtADASE ACCESS ..uvveeerieeririeeiireeasireesisreeisteeaseeesisseesssaaasssesassseesssseesssseesssseessssessssessssses 971
42.8. ULIILY FUNCLIONS ..c..veiuiieiieiieeiteiteeie ettt ettt et sttt sbe e st e be b e 972
42.9. Environment Variables ..........ccccccvieeeiieiiiieeniiiesieeesieeesveeeereesseeessseessseeesssesesssessnnnes 972
43. Server Programming INEETACE ........coouiriiiiiiiiiiiiiieiee ettt 974
43.1. Interface FUNCHOMNS .........coociviieiieeiiiee ettt ettt et e e eeetre e e e eetareeeeeebaeeeeeennns 974
N &4 BeT0) 11 1= AU RRRRRRRPINY 974

N o B 11T« TSR 976
SPIPUSI .ttt sttt st e 977
SPI_POP e e e e 978

N & B o) 1 LTSRS 979

N & B ORI 983
SPL_eXeCUte_WIth_ar@S ......ccuevuiiiiieiiiieieitieet ettt s 984
SPI_PIEPATE.......couiiiiiiiiiiee e e e 986
SPI_PIEPATE _CUISOT ... .ceeiiiuiiiiieiteeteettet ettt ettt ettt ettt et e beesaee b b e nae 988
SPI_PIrepare_Params ...........cccoiiiiiiiiiiiiiiiiiiieie ettt 989
SPI_ZELATZCOUNL .....eeiiiiiiieiieiiete ettt ettt ettt st e sbee st b b e sae 990
SPL_gEtargtyPeid.....ccueruieuieiiriieienieeteteet ettt st 991
SPI_iS_CUISOT_PLAN ...ttt 992
SPI_eXECULE_PIAM....eiiiniiiiieiiiieiterieeitetet ettt ettt 993
SPI_execute_plan_with_paramliSt............ceceririeniniinienenieneneeeneecereseeee e 995
SPI_EXECP .t euveeveemtenteeiteteett ettt ettt ettt ettt et bttt ettt ettt st ae bbb 996

S P CUISOT_OPEI.c.uieuiieiieeiieitesite et et et e st e et e bt e st e ssbeesbeesaeesseesaseenseenseesnsesnsesnseesnns 997
SPI_cursor_Open_With_args .......cceecueeriierierieeieeiiiesteeeeeieesiteste e eaeesieesaeeseeneeesee 999
SPI_cursor_open_with_paramliSt.........ccccceecueeriierierieniieeniienieniesieeieesee e eseeenieens 1001
SPL_CUISOT_fIN...iiiiiiieeeeeeeeee ettt e et et e e e eeeeeeesssssnnaaes 1002

N 34 eI 5 Y0) Gl (<1 o) 4 DURTTT U SRR 1003
SPI_CUISOT_INOVE .....eieuiiieiiiieeiieeeiteeeiee et e eitee e tbeeeereeetbeessbeeesasaeesssaeessseeasseesnssens 1004
SPI_Scroll_cursor_fetCh.......cccviiieiiecciieee ettt e 1005
SPI_SCIOIl_CUISOT_IMOVE ....vviieuiiieeiiieeiiieeeirieeeiteeesiveeeereeeeareessseeessseeesssaeessseeasseesssens 1006
SPI_CUISOT_ClOSE.....uiieiiieiiieeeiieeeite et e et e eae e e tbeeeebeeeaaeesbeeesaseeessaeesseeensseesnnnens 1007
SPI_SAVEPIAN ...ttt et sttt st 1008

43.2. Interface SUppOrt FUNCHONS ....c..oouerieriirieiiiieieiteeee et 1009
N &g I 7 1 o <D 1009

N &4 B 10000115 RN 1010
SPILZELVALUE ...ttt ettt st 1011
SPI_getbINVal ......ooiiiiiiiiiiiieeeeeee ettt st 1012
SPI_GELLYPE ... e e e e e 1013

N o4 (<111 03 (o RSP SPRPP 1014
SPI_gELrEINAIME ......eeeiiiiiiiieeiieiteeee ettt sttt 1015
SPL_ENSPNAIMIE. ...ttt ettt ettt sttt e st et enee et et e b eseenteeaeeeesees 1016

43.3. Memory ManaQZEemENL ........c.cecveeruiirieniieiieniieniteeieesitesite et esteesieesateeseesneesanesneeneens 1017
SPL_PALLOC ...ttt sttt ettt et b ettt et 1017
SPL_IEPAIIOC ..ottt e 1019
SPI_PITEE. .ttt et b ettt e 1020
SPL_COPYLUPLE ...ttt ettt sttt e 1021
SPLICTUIMTUPLE ..ottt sttt 1022

xxii



SPL_MOITYTUPIE ...eeenieiieeieeee ettt sttt st e 1023

SPI_TEEIUPIE. .....eietieiieeie ettt ettt sttt st aee s 1025
SPI_fretUPLabIe. .....cooueiiiieiieiieiie ettt sttt st e 1026
SPI_TEEPIAN ...ttt sttt e 1027

43.4. Visibility of Data Changes..........c.ceevuerieiiiienieniieieenteste ettt st esiee e 1028
43.5. EXAMPIES ..ottt ettt ettt sttt sttt e be e b 1028
VI. Reference 1032
1. SQL COMMANGS....cutiiieiiieiiieeeiieeeieeeiee et e et e eteeetteeeeaeesteeesseeessseeeanseeasseeessseesssseesnsseenns 1034
ABORT ...ttt ettt et ettt et aeett e te e te et e teetteebeereeteereebesbeentereens 1035
ALTER AGGREGATE .......coui ittt ettt et ettt a et et sre s beeasere e 1037
ALTER CONVERSION ..ottt ettt ettt sttt sve e saesreesesbeesnereens 1039
ALTER DATABASE ..ottt ettt ettt et sttt et e sbeeveeaesreensesbaessereens 1041
ALTER DEFAULT PRIVILEGES .........ccooiitiiiiiiitieeece ettt 1044
ALTER DOMALIN .....ooiitiiiiiiieeieeteet ettt ettt ete e sve e sbesaeessesteessesseeseesesssessesseessanrenns 1047
ALTER FOREIGN DATA WRAPPER .........cccoeitiitiiiiieceeie ettt 1050
ALTER FUNCTION .....oooiiitiiieiieieteste ettt ettt et ve e svestsesbesteesaesseesaessesrsessessesssansenns 1052
ALTER GROUP ..ottt ettt ettt ve et sve st esbesteesaasbesseessessaessessesssansenns 1056
ALTER INDEX ....ctiiiiitiiieieeieieettete sttt ettt saesveeseesaeseeessessaessasseeseensesssessessesssesenns 1058
ALTER LANGUAGE .........ooiiietietctese ettt ettt ettt esbe st ssesvessaesaesraessessaessansenns 1061
ALTER LARGE OBJECT .......c.ooiiiieiiiteieieeteieeteete sttt st esse e essesseeseesaessaessessesssensenns 1062
ALTER OPERATOR .......cooitiiieiietieteeieeteste et etesteesaesseeseessesesessessaessessesseessesssessessesssensenns 1063
ALTER OPERATOR CLASS ..ottt ettt et ete e eeveeeaseeteeeaveeneenns 1065
ALTER OPERATOR FAMILY .....ccoviiitiiiiieiiecteeeee ettt ettt ettt eveeeveeeteesveeeveenee s 1066
ALTER ROLE ......ccuiiiiitieieieeieteetet ettt sttt et sae st e saesatesbessaessessesssensessaessessanssensenns 1070
ALTER SCHEMA ......ooottiietecieieetete sttt sttt sse st e ssesatessessaessensessaensessaensassenssensenns 1074
ALTER SEQUENCE ..ottt ettt sttt ettt essessaessessessaesessaensessanssensenns 1075
ALTER SERVER........oooiiiiiiiieetetest ettt ettt st sve sttt sssessessaesessaensessasssensenns 1078
ALTER TABLE ..ottt ettt st b e sttt essesessaensessaensessesssensenns 1080
ALTER TABLESPACE .......oootiiieeeeeeee ettt ettt et eae et s beeve e aee s beeveenee s 1090
ALTER TEXT SEARCH CONFIGURATION .......coooiiiiiiieeiiieeeite et erree e e 1092
ALTER TEXT SEARCH DICTIONARY ....coootiiiiieeiteeteecte ettt 1094
ALTER TEXT SEARCH PARSER ........ovoiiiieee ettt 1096
ALTER TEXT SEARCH TEMPLATE .......ccoioiiiiiieieeeeteee ettt 1097
ALTER TRIGGER .......cctiiiiiiieeeeeeteeee ettt ettt e ve e ae e s b e eba e seesebeensaeseens 1098
ALTER TYPE......oootioiieeeeeeeeeee ettt ettt ettt eve e eaeereensesbeensereens 1100
ALTER USER ..ottt ettt ettt s e e te e taestaeesbeesaaessaessbeenbaesseessseensaesenns 1102
ALTER USER MAPPING ......ooioiiiiiiiteeieeie ettt ettt e aeeteesaeessaessveebaeseessveensaeseens 1103
ALTER VIEW ...cooitiiiiiieieeeeeeett ettt ettt ettt et sttt etaesteereesaesrsensesbeessereens 1105
ANALYZE ...ttt ettt ettt ettt e eaeeteestesttesbesteesbesbeessesesraensesbeessereens 1107
BEGIN ..ottt ettt ettt ettt ettt e et e st e ae e st e bestsesbeeteessesbeereebesreensesteessereens 1110
CHECKPOINT ......otiiitieietietete ettt ettt ettt s es e b e s te e s e seesaessesrsessesseessasseessenseees 1112
CLOSE ..ottt ettt ettt et ete et st e e et et e e teesb e be e st e beereesbeeteesb et e eaeenteees 1113
CLUSTER ..ottt ettt ettt et ae ettt sb e e teess e beesa e beersessesseessansesseenseses 1115
COMMENT ...ttt ettt ettt et e te et e beeta e b e teesbesbeesaeseersessesseessassesseenseses 1118
COMMIT ...ttt ettt ettt et te et et e e st e b e e teesb e beesaeseeseessesseessassesseenseses 1122
COMMIT PREPARED.........ccotiitiitieieitieieieeteete ettt ettt ssesreessesreessessesseenseees 1124
COPY oottt ettt ettt et e et e te e st e e ae e st e b e e st e s b e ebeesb e beereebeereesbeabeestenteereensenes 1125

XXiil



CREATE AGGREGATE .......ccoooiiiiiiiiiiiiiiciccee e 1135

CREATE CAST ...t s 1139
CREATE CONSTRAINT TRIGGER ........ccccccciiiiiiiiiiiiiiiiiiicicccc s 1144
CREATE CONVERSION .....ccooiiiiiiiiiiiiiicicicc s 1146
CREATE DATABASE ......coooiiiiiiiiiiii e 1148
CREATE DOMAIN......ccciiiiiiiiiiiii e 1151
CREATE FOREIGN DATA WRAPPER..........cccooiiiiiieiieceee e 1154
CREATE FUNCTION ..ottt s e 1156
CREATE GROUP ..ottt st 1164
CREATE INDEX........oootiiiiiiiit ettt sttt e st 1165
CREATE LANGUAGE ......c.oooiiiiiiiiieeeee e s e 1172
CREATE OPERATOR ..ot e 1175
CREATE OPERATOR CLASS ... 1178
CREATE OPERATOR FAMILY .....cooiiiiiiiiiiiii e s 1181
CREATE ROLE ... ..o e s 1183
CREATE RULE ... ..o e s 1188
CREATE SCHEMA ... s 1191
CREATE SEQUENCE ......cooiiiiiiiiiiie e s s 1194
CREATE SERVER .......oouiiiiiiiiiiiint ettt sttt s 1198
CREATE TABLE ....oooiiiiiieteee ettt s st 1200
CREATE TABLE AS ...ttt s s 1215
CREATE TABLESPACE.......cc.coiiiiiiiiiicteeeee ettt s 1219
CREATE TEXT SEARCH CONFIGURATION........cccoceniiiiiiiiiniinieieieeeeeeee e 1221
CREATE TEXT SEARCH DICTIONARY .....ccoociiiiiiiiniiniiieieieinieieeeeeeeeee e 1223
CREATE TEXT SEARCH PARSER ........cccooiiiiiiiiiiiiiicceeceeeee e 1225
CREATE TEXT SEARCH TEMPLATE.........cccccociiiiiniiiiiiiiiinieeccee s 1227
CREATE TRIGGER.........ccooiiiiiiiiiiiiiiiticeee et 1229
CREATE TYPE ..ot s 1233
CREATE USER........cciiiiiiiiiiiii et 1241
CREATE USER MAPPING........ccoooiiiiiiiiiiiiiicicceee s 1242
CREATE VIEW ..ottt s 1244
DEALLOCATE ...t 1247
DECLARE ... s 1248
DELETE ..ot 1252
DISCARD ...ttt ettt st st e n e et st enesbeeanenneene 1255
DO e e st st 1257
DROP AGGREGATE.........ooiiiiiiieiiit ettt sttt et s 1259
DROP CAST ...t sttt et st s 1261
DROP CONVERSION ... oottt sttt e s 1263
DROP DATABASE ...ttt 1265
DROP DOMALIN ..ottt et sttt e e 1266
DROP FOREIGN DATA WRAPPER ... 1268
DROP FUNCTION ...ttt st s e s 1270
DROP GROUP ... e 1272
DROP INDEX ...ttt s s 1273
DROP LANGUAGE ..o 1275
DROP OPERATOR ..ot 1277
DROP OPERATOR CLASS ...ttt sttt ettt s s 1279

XXV



DROP OPERATOR FAMILY .....ccooiiiiiiiiiiiiiiiiicicinstcee e 1281

DROP OWNED .......coiiiiiiiiiiiiiiiiictcceee e e 1283
DROP ROLE ........ooiiiiiiiiiiiiiiiicc et s 1285
DROP RULLE ..ottt s 1287
DROP SCHEMA ......oooiiiiiiiiiiiiccceee e 1289
DROP SEQUENCE........c.coiiiiiiiiiiiiiciciteee e 1291
DROP SERVER.......coiiiiiiiiiieeeteet ettt ettt s st 1293
DROP TABLE ...ttt ettt st st sa e st s s e 1295
DROP TABLESPACE ........ooiiiiiiei ettt sttt et s 1297
DROP TEXT SEARCH CONFIGURATION ......cccoooiiiiiiiiiiiienieeieie e 1299
DROP TEXT SEARCH DICTIONARY ....cc.coiiiiiiiiiiieetcecee e 1301
DROP TEXT SEARCH PARSER .......cciiiiiii e 1303
DROP TEXT SEARCH TEMPLATE ........cccoooiiiiiiiiiitcecee e 1305
DROP TRIGGER .......oooiiiiiiiiii e 1307
DROP TYPE.... ... s 1309
DROP USER ...t 1311
DROP USER MAPPING ......ooiiiiiiiiiiiiiie e 1312
DROP VIEW ..ot s s 1314
END ..o e 1316
EXECUTE ...ttt ettt sttt st s e 1318
EXPLAIN ..ot e e 1320
FETCH ...ttt st 1325
GRANT L.t sttt st s s eae 1329
INSERT ..ot sttt s 1336
LISTEN L.ttt s 1340
LIOAD .. et 1342
LIOCK .t s 1343
MOVE ...t e 1346
INOTIFY .t s 1348
PREPARE .......oociiiiiii e e 1351
PREPARE TRANSACTION .....c.coiiiiiiiiiiiiiinicieen e 1354
REASSIGN OWNED.......ccoiiiiiiiiiiiiiiiiicc e 1356
REINDEX ..ot 1358
RELEASE SAVEPOINT .......oociiiiiiiiiiiiicc s 1361
RESET ...ttt st st n e st st b e neeae 1363
REVOKE ...ttt et st s st ne b e 1365
ROLLBACK ...ttt ettt st st et s ne e e neene 1369
ROLLBACK PREPARED ........cociiiiiiiiiiiiiitcetee ettt 1371
ROLLBACK TO SAVEPOINT .......cooiiiiiiiiiiiiieeet ettt 1372
SAVEPOINT ...ttt s e e 1374
SELECT ...ttt et e 1376
SELECT INTO ...t e s e 1394
ST et e e e e 1396
SET CONSTRAINTS ... e s 1400
SET ROLE ... .o e 1402
SET SESSION AUTHORIZATION.......ccocciiiiiiiiiiiiiiic e 1404
SET TRANSACTION ..ottt sttt st s 1406
SHOW .ttt ettt et sttt s e eae 1408

XXV



START TRANSACTION ..ottt 1411

TRUNCATE .....ooiiitiiitteeete ettt sttt ettt et sttt e sb e st ae et enesbeeaneneeae 1412
UNLISTEN ..ttt ettt ettt ettt st st sttt st aesae s e beeanenneene 1415
UPDATE ...ttt ettt et st et sa e st sae e b eaneneene 1417
VACUUM ..ottt ettt ettt ettt ettt e sa e st saeenesbeeaneneene 1421
VALUES ...ttt et sttt st st st ne e 1425

I1. PostgreSQL Client APPLICALIONS ........cooueriieieniieieiineeieneetete ettt et 1428
CIUSEEIAD ..ttt ettt sttt et e st e beebe e 1429
CTEALEAD ..ttt ettt sb e ettt e bt e s a e st e bt e bt st et e bt e sat e e b enneens 1432
CIEALBLATIZ ...ttt ettt et et st et n e et st b e e ne e 1436
CTEALEUSET «...veeeeteeeureeeuteeesitte et eetae e ettt e e st e e saseeesabeeeeabeeesaseeesmbeeeembeeenaeeeanteesmteesnneesareeenns 1439
AIOPAD ..ttt ettt ettt st ettt et re e 1444
AIOPIANG ..ttt sttt ettt st ettt e be b 1447
ATOPUSET ...ttt ettt ettt ettt ettt et e b e bt et e e bt e st e ae e et e besaeemteebeemee et eseebesaeentenbeeneanteene 1450

ECP e euveemreenreerutee e et e sh et et et e s bt e a bt et e e bt e bt e ea et e bt bt e e h et e bt e bt e e bt e e et e e bt e he e sat e e be e beesateebeebeens 1453
PECOMIIG .ttt ettt ettt b et b e s e et et e bt s bt et e bt e st et st e besbe e benbeeatenteene 1455
PEQUITID ettt b ettt st e st s bt et e bttt e bt e bt et bt et e beententeene 1458
PEAUMPALL ...ttt et she et b e et 1468
PE_TESEOTE ...ttt ettt ettt ettt et e st e bt et e sb e e e eb e e bt e bt e st e bt sbeembenbeeb e e bt ebeeaesbeenbenbeeanenteene 1474

PO ettt bbbt bbbt e h e et e bt et bt et e b ebtenteeae 1482
TEINAEXAD ..ttt sttt ettt sttt 1511
VACUUIMIAD ...ttt sttt ettt et et ettt st saesbe et s bt ebt et saeenaesaee 1514

1. PostgreSQL Server APPIICALIONS ........cceeveeieriirieriiniteienieeiteiesttete ettt 1518
TIEEAD .ttt ettt ettt sttt s 1519
PE_CONLIOIAALA ...vveentieiieeieeeecte ettt ettt et e st e st e sabeesaeesseesaseenseensaesssesnseenseens 1523

PR CL ettt et et et st e et e a e e st b e e bt e beenatesabe e be e taesabeebeebeens 1524
PE_TESEEXIOZ .eeeneieiieiiie ettt ettt ettt sat e et e at e s ate st e e bt e atesab e e be e bt e sebeebeeneens 1530
POSEETES c.eenteeiieeuteettesiteete et e stteeabeeabe e bt e sabesate e beesstesabesabee st esatesabeenseenseesabeenseenbeesaseenseenseens 1532
POSTMASIET .. eeeuteenttestteete et e st e e be et e bt e sabesabeesbeesatesateeabee st esatesabeensaestesabeenseenseesasesnseenseens 1539

VILI. Internals 1540
44. Overview of PostgreSQL INternals ..........coceeviiiiiiiiienienieeieeieerite ettt 1542
44.1. The Path of @ QUETY ...c..ccceeiiiiiiiiiiiieieetcteeee ettt 1542

44.2. How Connections are Established .............ccoceriiiiiiiniiniiiiiiiiceecceeeee 1542

44.3. The Parser SAZE ........cccecveiuirieiiinieiee ettt sttt 1543
A3 PaTSET .ttt ettt et b e sttt ettt e e s st 1543

44.3.2. Transformation ProCess.......c.ceeriirrieriiiniiniieneeriteeteee ettt 1544

44.4. The PostgreSQL Rule SYSTEM ...c..cevieriiiriiinieniieieetente ettt 1544
44.5. Planner/OPtiMiZer ... .cc.eeuveueeuieieeeeeierieeeieee et eet e st et este st etesteeneesteeseenaesreesesbeeneeneeene 1545
44.5.1. Generating Possible Plans...........coccoeooriiiiiiiineiieeeceee e 1545

44,6, EXCCULOL ....uuitieueiiteiteete ettt ettt ettt ettt b e st et e et e bt sat et e et e eateneeeseeaeseeensenbesntenteene 1546

45, SYSEM CALALOZS . ..eeneiiiiiiiieiiieie ettt ettt sttt e sttt e sbeesane e 1548
A5.1. OVEIVIEW ...ttt ettt ettt ettt ettt b ettt st e bt sbt et e s bt este bt e st ebesbeenbenbeeneanteene 1548

Vi ST oTe H=Yo [o b ot =Ye =X o =N N RO OO U R U U SR PP UPRPRRPTI 1549

G T oY J= 1 IO U U U RUR PP UPRRRPPR 1550

S DG _AMOD cttiieeitie ettt e et ettt e e e et e et e e et e e eeta e e eta e e etaeeeaeeeetaeeataeeeateeeeateeeatraaans 1552

S S DG AP T OC i iiutiiiettieeetteeeete e et e e et e e et e e eetaeeeett e e eta e e etaeeetaeeeaeeeetaeeattaeeaateeeeataeeatraaans 1552

0. PG AT E LA  eitiiiiiieeetee ettt ettt e ettt e et e e e et e e et e e e e ae e e e teeentteeeeabeeeaabeeetraaans 1553

XXVi



B Yo TN o o o < L ot = SNSRI 1554

A5 8. PG AUE NI ittt ittt ee et e e et eeeear e e e e eerraaeeenaraaae s 1557
45,9, DG _AUL N MEMDE TS cerutriieeieiitrieeeeeitreeeeeeireeeeeesitaeeeeeesrreeeeestrreeseesareeeeeeetrreeeeessareeeees 1558
A5 .10, DG _CASE tttteiieiirreeeeeeirteeeeeeite e e e eeeareeeeeetbe e e e eeetaeeeeeeeaaeaeeea—baeeeenaraaeeeearraaeeeaarraaeas 1558
N B R <Y B B = V=T BT USSR RRRRORRU 1560
45,12, PG_CONSEILAINT tiiiririieeieiitrieeeeeiireeeeeeireeeeeeeirreeeeeeerreeeeeesraeeeeesareeeeeeenrseeeeesanreeeens 1563
VST I B oTe B oTo ) s A af = oY o W USSR 1566
45.14. PG_AAEADASE tercueeeriieeeiieerteeesteeerteeeeteeetteeataeestaeesbee e e beeeabaeesbeeeanreesannaeasreeans 1567
45.15. PG_AD_T01E_SEELING treeerreeerrieeriteeiteeestreeetreesseeesteeesseeesseeessseeessseesssseesnsseenns 1569
45.16. PG_AeFAULE_BCL etiiiieeeiiieeeieeeiieeerieeeseteeestteestreesaeeesseeesseeessseeessseeessseesanseesnsseenns 1569
TS T W oo e 1= o=V o FO OSSR 1570
VTN BT oYe fle [=Y=Toh ok o) ol e ) WUUNNNNNU U O NN U U USSP UURR PO PO PP 1572
T B o Yo B =Y oYU (USRS 1572
45.20. pg_foreign_data_WIAPPET cecrreeeeeiirreeeeeiirreeeeeeirreeeeeaisrreeeeesisreseeeessseesessssseseens 1573
45.2]. PG _fOTEIGN_SEIVEL tiiiiiieieeeeeiieeeeeeeitteeeeeetteeeeeeataeeeeessaaeeesesasseseeeassseaeeeasraeaens 1573
5.2 PG ANIAEK teeieeitiiieeeeeiteeeeeette e e e e et e e e e e ear e e e e e rb—e e e e e e aa—aaeeaabtaaaeeaabtaaaeearraaaeeanrraaaens 1574
VIR o Yo B 1 0N o T=0 ok o= SO U R PSR PRRURTT 1576
A5.24, PG_LANGUAGE wureeeeeirireeeeeiireeeeeeitreeeeesitteeeeeessseseeaasssseessasssseessassseseessssssesseesssseeeens 1577
45,2, PG L AT GEOD JECE tettieietieeetteeeetteeeetteeeette e et eeeete e e ete e e e teeeeaeeeeteeeetteeeeateseeateeenaraeans 1578
45.26. pg_largeobject_METadata w e ccieeeiieeeeteeeeieeeeteeeeteeeeteeeetreeeeareeeeaaeeeeaneaens 1579
45,27 . PO _NAMESPACE urtieiurieeeteeeeteeeetteeeeteeeetteeeeteeeeeteeeeseeesseeeesesaasseesssseeassesensseeenssaaans 1579
R T o Ye Hle) < Yo R A= =T TR 1580
ViAo Yo Hle) o1 =N e 3 ol USSR 1581
45.30. PG _OPEAMILY trriiiiiiitieieeieiirieeeeertreeeeeereeeeeesiaaeeeeeesareeeeenaareeeeesareeeeeenareeeeennaraeaeas 1582
Rl R oY B T o= 1)< T = X o = USROS 1582
IR W o Yo B o} ot e Y TR USSR 1583
R 1R TR oY B o =3 B o I ol = SO USROS 1587
45,34, DG SNACPENA wuriiiieiiriieeeeiireeeeeeetreeeeeeere e e eeettre e e e eeraaeeeeeetrbeeeeesareaeeeenrraaeeeaaraaeeas 1588
ViR TR IS I oYe Hf-Y oo [ oRak i ol K o) o UHRNUUUUNN U RO ST R TR RRRRRRRR 1590
VTR T oY M= of= N o = o I < BTN U USSR 1590
Vi TR WA o Ye B =Y NN =Y o T Y= WU U RO SRRSO 1593
Vi TR T T o Yo B ol o K fo 1% BRSNS U RSOSSN U PSR RURRORRT 1593
Vi SRR 1S I 'eYe H o - Jl oT o) o B s e SUUUUUUNN U U SRRSO TR USROS 1595
45,40, PG £ S CONE LG IMAP M rtteeieiirrieeeeeiirreeeeeeireeeeeeiireeeeeeisreeseesisrseeseesiareeeeeearseeseeassreeeees 1596
VST S W oTe B o= T o cH USRS 1596
Z R I R oTe B o= T o Y- af == ol USRS 1597
Z R I T oTe B o= T o= 11} 3 = o= SRS 1597
R IR Vi oTo o s oY= SO 1598
VI oY BV ECY=R ol (10 o) ok 5 s Yo USROS 1606
45.46. SYSLEIM VIEWS ...ouviiuiiiieiieieetieie sttt et e et et esae et e bt satetesbeentesteeseenaeseeensesbeeneenseene 1606
S ] DG CUT SO S titutieeeeeitteeeeeeiitteeeeeettreeeeeairaeeeeeeasseeaesassaeaeeaassseeesaassseseeeassaeaeeeasseaaens 1607
S A8, PO G OUD teeeeetrieeeeeeittteeeeeitteeeeeeareeeeesaaeeeeeeassseeaeeassaeeeeaasssaaseasssreseeeasraeaeeaanssaeaens 1608
E R R S B oTe B B Yo [0 3= TP RURSRTRTIN 1609
45,50, PG LOCKS teeiiecttieeeeeiiieeeeeectte e e e ee e e e e eeeaae e e e eeabaaaaeeaabaeaeeeaabtaaaeeanaraaeeeatrraaeeaanrraaaens 1609
45.51. pg_prepared _StaltemMeNE S i iieeeeeiireeeeeetrreeeeentreeeeeesaareeeeeanraeeeeessraeeens 1612
45,52, PG PTEPATEA_XACTES tertiieeiieeitreeeeteeeetteeeetteeeeteeeeeteeeeeteeeeaeseeetseeetteaeessesensseeenseaeans 1613
5. 53 PG T 0L @S ittt eee e e et e e et e e e e e e e ae e e e taeeetteeeeateeeeaaaeerraaans 1614
S S DO T ULES tiietiiietie ettt e e e et e et e e et e e e ta e e e ta e e e teeeeaeeeetaeeattaeeeateeeeateeeatraaans 1615

XXVii



Vi T oI oYe BT =Y ok o o T 1= SO U USSR R PSRRI 1615

T T oY B =Y o T= L Lo ) AU U RO RURSRRRRRORRR 1617
T R < Yo B o= N ot DU U USSR R SRR 1617
T T T o Yo B =1 N == B USSR RR USSR PRI 1620
45,59, PG L iMEZONE_ADITEVS cirriieieeiirrieeeeeireeeeeeeitreeeeeectaeeeeesitrreeeeesareeeeeeetrreeeeeninreeeeas 1620
45.60. PG_t IMEZONE_NAMES teeveierreeeririeererieeitreeestreeasreesseeesseeesssesesssseessseeesssessssseesssseenns 1621
IO Y B oTe B S =TS oSSR 1621
VRNV 1o MRV T=T=S ol 10 o) ok 5 s Y 1= SRS 1622
R R T oo T 1= 2= USRS 1622
46. Frontend/Backend ProtoCOL..........cc.ciiiiiiiiiiiniiiiiiieeeese ettt 1624
46.1. OVETVIEW ..eeeiiiiiiieieeieeet ettt ettt et b ettt st e sbt e s at e s abe e bt e bt e sabeebe e bt e sateebeebeens 1624
46.1.1. MeSSAZING OVEIVIEW ......ccueeiuirrieiiertieuieieetteee st ete e eeeeneesteeneesaesseeeesseeneenseene 1624
46.1.2. Extended QUEry OVEIVIEW .......cccuevuieuieriiruieieseeeiienieetceee st eeesaeseeeeeseeeneeneeene 1625
46.1.3. Formats and Format Codes ..........cceeieririeneninieieeceieeie e 1625

46.2. MESSAZE FLOW ..ottt ettt s st s b et eae 1626
40.2. 1. STATt-TUD .ttt ettt sttt eae 1626
46.2.2. SIMPLE QUETY ...ttt sttt ettt st ae b eaee e eae 1628
46.2.3. EXtended QUETY ......cocueruiiiiiiniieieieeitete ettt ettt st 1629
46.2.4. FUNCHON Call....coiiiiiiiiiiiiiiiiieiece ettt 1632
46.2.5. COPY OPECIALIONS ...c..eeveuieniiiieiientiniieniesitetesieeitentesteeatestesseesaesieensesbeeasenseene 1633
46.2.6. ASynchronous OPEIrationS........cccuevteeeeruereeriererienieneetenteetesiesieessesiesasensenne 1634
46.2.7. Cancelling Requests in Progress.........ccccoeevererieneniesienenieneneeenieereniene 1635
46.2.8. TerMINAtION ...c..eeutiiieiiiiiiteerteet ettt ettt et st eare e eae 1635
46.2.9. SSL Session ENCIyPtioN.......cceeiieeiieerierieeieeieesiteeteeieesieesreeaeeieesnesevesnne 1636

46.3. Streaming Replication ProtoCol..........cceeuierieriirniienienie ettt 1636
46.4. MeSSAZE DAta TYPES c.uveervreeieeiieiieeteeiteieesite et et et e site st esteesatesebesbeenseesaseenseenseens 1638
46.5. MeSSAZE FOTINALS ....eevuiieiieeieeiieiteeteete ettt sttt ettt e eseteesbe e beesebeebeenseens 1638
46.6. Error and Notice Message FIelds ........cccovierieriiiniienienieeieeeesie st 1654
46.7. Summary of Changes since Protocol 2.0........cccoevvierieniiiriiiinienienieeeeee st 1655
47. PostgreSQL Coding CONVENLIONS ....cc.eervierueeriieriieieeniienieeieesieesstesseesseesseessesseesseessesssesnne 1657
A7 1. FOTIMALEING ..eovveeiieeiieeieeniieeieee ettt ettt ettt et et e st st e bt e sbtesateenbeenbaesateebeenseens 1657
47.2. Reporting Errors Within the Server..........ccooieviiiiiinieniiciiieeeeeeeeee e 1657
47.3. Error Message Style GUIAE.......cccuevieriiiiiienieniieieeiteete ettt s 1660
47.3.1. What 088 WHETC.......c..coiriiiiiiiiiiieiciceecenceeteeeetee e 1660
47.3.2. FOIMALIZ .....cueeiiiiieieiceieeteeeetete ettt s ne s neene 1660
47.3.3. QUOtAtiON MATKS.....ccciiieiiieeiiieeiteeeiieeete e et e e sreeeereeeeaeeeseseeesseesnseeesseeans 1661
47.3.4. USE OF QUOLES. c..cnvinrieiieieeieeieeieetete ettt s 1661
47.3.5. Grammar and PUNCTUALION. .......cccuertieieriiiieierieeiete et 1661
47.3.6. Upper Case VS. LOWET CASE .....c.eeueiieieiiiiieieniieieieeie et 1662
47.3.7. AVOId PASSIVE VOICE....ceveueetetieiestietieieettetesteeete e eteentesteeneesaeseeeeesseeneeneeene 1662
47.3.8. Present VS PASt tBINISE...cc.uueeueerueeriiieieetteniteeieeteentteeiteeteenbeeseteseeebeesseesneeeane 1662
47.3.9. Type Of the ODJECL......cvviriiriiieieieieieere ettt aeee 1662
47.3.10. BIaCKeLS....cuvetieiiitieieeie ettt et sttt 1663
47.3.11. Assembling erTOr MESSAZES. ...cc.verveeueeruerueeierteriienteeteeeenteeteseesseensesseeeeneeene 1663
47.3.12. REASONS fOI BITOIS ....eeuveeieniitieiientietieie sttt sttt ettt sttt sbe et nee e 1663
47.3.13. FUNCLION NAMES .....eueeneeiienietieiieteetcete ettt st eite st ettt steeaeesaesbeeaesbeeneeneeene 1663
47.3.14. Tricky Words t0 avoid .........coceevieriirienirieieneeteee et 1664
47.3.15. Proper SPEIlING .......ccccoerieriiniiiieiieiiee ettt 1664

XXViil



47.3.16. LOCALIZALION. .....vveeieeeiriieeeeireee et e eeere e e eeetaeeeeeeeareeeeesareeeeeenanreeeeennnees 1664

48. Native Language SUPPOTL........coceeruierieriiieniieniienteerieesite sttt eteesteesitesteesteesbeesasessseesseesssessesnne 1666
48.1. For the Translator ..........c.ccccoiviiiiiiiiiiiiiiiciee s 1666
48.1.1. REQUITEMENLS .. .eeeuvieiieiiiieieeiee sttt et et e e eteesbeestesbeenbeesatessbeebeesaaesanesane 1666
A8.1.2. COMCEPLS cuveenvieruieeieeiee st esie et site et et e sbt e et e et esbtesabeebeebeesabessbeebeesseesanesane 1666
48.1.3. Creating and maintaining message catalogs .........eevvvervveeniiereerieeeneeneeneennne 1667
48.1.4. Editing the PO files
48.2. For the Programmer.............ccccociiiiiiiiiiiiieniieicee ettt
48.2.1. Mechanics................
48.2.2. Message-writing guidelines .............cceeiriiiininieniiniiii e 1670
49. Writing A Procedural Language Handler .............c.ocooiiiiiiiiiiiiccececceee 1672
50. Genetic QUETY OPHIMUIZET ......eouteierueenieieeteeierteeeterte et ete st eeteteeseeneesaeeseesaesseesesseensesseeneeneesas 1675
50.1. Query Handling as a Complex Optimization Problem.............ccccoooeerenininnenncnncnne. 1675
50.2. Genetic AIZOTIEIMS ......c.coiuiiiiiiiiieieeee ettt st 1675
50.3. Genetic Query Optimization (GEQO) in PostgreSQL ...........cccooeiiiieninieninieee. 1676
50.3.1. Generating Possible Plans with GEQO............cccceoiiiiiiniiiiineceecee 1677
50.3.2. Future Implementation Tasks for PostgreSQL GEQO ........cccccceecieviireennnne. 1677
50.4. Further REAdING ........couieeiiiiiiiieiieieiee ettt 1678
51. Index Access Method Interface Definition ..........c..coecveiriniinienienienieininencecieeeceeeesieene 1679
51.1. Catalog Entries for INAEXES .......cceeveriirieriiniiieniinieeseeee et 1679
51.2. Index Access Method FUNCLIONS..........ccueeieiiiiiiiniiicicietcteeeeeeeeeese e 1680
51.3. INAEX SCANNINEZ ..c..evviniiiieniirieeierteeteeete ettt ettt sttt saee e e 1684
51.4. Index Locking Considerations..........c..ceeerterernierierienienieienieetenienieessesieseeentesneeneenees 1685
51.5. Index Uniqueness CRECKS........cccuierierieriieiienie ettt eieesieesteeaeebeesaresae e 1686
51.6. Index Cost Estimation FUNCHONS............ccccviiiiiiniiniiiiiiiiiicccceee e 1687
52, GIST INAEXES....ccuiiuiiiiiieicicie ettt st 1691
521 INrOQUCHION ..viiiiiiiiictcice e s e 1691
52.2. EXEENSIDIIILY ..o e 1691
52.3. IMPIEMENTALION ...c..eiiiiitieriieeieeteerte ettt sttt et e st st eebeesbeesabeenbeenbeesabesaseenne 1691
52,4, EXAMPIES ...eouvieniieiiiieiieiiesite ettt s e sttt e st e st et e satesat e sabeesbeesbeesabeenbeenbeesabesaneenne 1698
52.5. Crash RECOVETY......coeuiiiiiiiiiiiiitesteete ettt sttt sttt sttt e st sane e 1698
53.GIN INAEXES ...t e 1700
53,1 INErOAUCTION ..viiiiiiiiicicicc e s 1700
53.2. EXIENSIDIIIY ..couveiieiieiieiieierceieeeet ettt e s e 1700
53.3. IMPIeMENtAION.....co.eiiieiieiiriieieieeiete ettt ettt ettt 1701
53.3.1. GIN fast update techniqUe ..........c.ccoceeviriiiienieiiiecceeeece e 1702
53.3.2. Partial match algorithm............cccocoiiiiiiiiiiiiic e 1702
53.4. GIN tips and triCKS........ccceouiiiiiiiiiiiiie e e e 1702
53.5. LIMIEATIONS ¢e.uvteuteeriteeiteeteesite et et st eite sttt e st e sate st e bt e sbe e sabeeabe e bt e sabeeabeenbeesmbesaneeane 1703
53.6. EXAMPIES ...euveiniiiiiieiieieeeiteee ettt sttt sttt sttt st et b e st 1704
54. Database Physical StOTAZE ........ccerieieriiriieieiieiett ettt sttt 1705
54.1. Database File LayOut........ccooceeiiiiiiiiiiieeee et 1705
S4.2. TOAST ettt ettt sb ettt e eaee 1707
54.3. Free SPACE MAP .c.uviiiiiiiiiiiiieceet ettt ettt st 1709
54.4. VISIDIIEY IMAD ..ottt ettt ettt ettt st st ae s 1709
54.5. Database Page LayOuLt ........ccccooeiiiiiriinieieneetesies ettt 1709
55. BKI Backend INteIface.........ccueiviriiniiiieieiiiiciecccee sttt 1713
55.1. BKI File FOIMAL .....ccooouiiiiiiiiiiiiiiiicceee sttt s 1713

XXIX



55.2. BKI COMMEANAS ......uvviiiieeiiriieeeeirieeeeeeire e eeetree e eeeetaee e e eeeareeeeeestaseeeeeeeaneeeeeesnreeeeeenns 1713

55.3. Structure of the Bootstrap BKI File..........cccceviiiniiiiiiniiniiiieciceiceeeeeieeseeieene 1714

55,4 EXAMPIE ....eiiniiiiieiiieieeiteee ettt ettt et sttt sttt be e st et e b e e st e eane e 1715

56. How the Planner USes StatiStICS......cccuerreriereniirieniinieienieeretesiteresieeeesteseenesieeenesreeneesaenaee 1716
56.1. Row Estimation EXamples.........cccovieriiriiinienieniieieesieenie ettt 1716

VIII. Appendixes 1722
A, PostgreSQL Error COAes......c..couiiiiiiiiiiiiieieieeeeeeeeeeet ettt et 1723
B. Date/Time SUPPOIT ......cocuiiuiiiiiiiieiieeeeee ettt ettt ne e 1733
B.1. Date/Time Input INterpretation ...........ccccoeecieiiiiiniiiieieieceeeeee e e 1733

B.2. Date/Time Key WOTIdS.......ccocueriiiiriiiiiriieiieteee ettt 1734

B.3. Date/Time Configuration FAles ..........ccccooiiiiiiiiiiiiiiiee e 1735

B.4. HiStOry Of UINIES ...oueiuiiiiiiieieetiete sttt ettt sttt e e e e te b eneeneeene 1736

C. SQL KEY WOIAS.. .ttt ettt ettt ettt e et bt et e sttt e sbe s st et e sbeeneenteeneeneesaes 1738
D. SQL CONOIMANCE ....ccuvviiiiieieiiieeetee ettt et e et e e et eeete e eeteeeeaaeeeeaaeeeeaeeeeeaeneens 1765
D.1. Supported FEAtUIES .....cc.eouieiiriieierieieieet ettt sttt ettt et st sbe s 1766

D.2. UnSupported FEAtUIEs ........cc.eeueeiiriiieiiiiiiesicetesit ettt ettt st 1782

E. REICASE INOLES ....oouiiiiiiinieieiteiietieiestet ettt sttt sttt et sae s 1797
E.1.ReIEase 9.0.16 ..ottt s 1797
E.1.1. Migration to Version 9.0.16.......c.cccccoviiviniriininiiniinceienceeeeeeee e 1797

E.1.2. CRANZES ..ttt ettt st 1797
E.2.Release 9.0.15 .o 1800
E.2.1. Migration to Version 9.0.15......cccoviiriiiiiieniieieeieesteere ettt 1801

E.2.2. CRANEES .vveeiieiieeieeieeete ettt ettt ettt et e st e et e ebe e s st e snteenbeenanesnnes 1801
E.3.REIEaSE 9.0, 14 ..ottt ettt ettt 1802
E.3.1. Migration to Version 9.0.14 .........ccooiriiiiiiiniieieeieeteee ettt 1802

E.3.2. CRANEES .oeveeiieiie ettt ettt et ettt et et e e e sanes 1803

E 4. Release 9.0.13 ...ttt ettt ettt s st 1804
E.4.1. Migration to Version 9.0.13 . ....ccccoiiiriiiiiinieeieeeeriteee ettt 1804

Ei4.2. CRANEES .uveeiieiieeieeee ettt ettt ettt ettt e e e 1804

E.5. REIEaSE 9.0.12 ..ottt sttt et st 1806
E.5.1. Migration to Version 9.0.12.........ccovueriiiiiiniinieeieesiteeeeeeiee st 1806

E.5.2. CRANEES ..ceeoiiiieiiiieeeeeeee ettt ettt 1806

E.6. REIEASE 9.0.11 ..ottt ettt sttt st 1808
E.6.1. Migration to Version 9.0.11.......ccccociiiiiiiiiiiiiiiiiiceeeceeece e 1808

E.0.2. CRANEES .....ooiiiiiiiieeeeeee e 1808

E.7. REIEASE 9.0.10 ettt et st st 1811
E.7.1. Migration to Version 9.0.10..........c.ccociiiiiiiiiiiiiiccceece e 1811

E.7.2. CRANEES «.ueeeiiiiie ittt ettt ettt et 1811

E.8. REIEASE 9.0.9 ..ottt 1812
E.8.1. Migration to Version 9.0.9..........ccccevirinininininiiineneerceeeeeeeee e 1812

E.8.2. CRANEES ...ueeeiieiiieeeee ettt st e 1812

E.9. Release 9.0.8 ...ttt sttt et et b et 1814
E.9.1. Migration to Version 9.0.8..........ccccceoiririnineneniiiineneseeeeeeeeeee e 1814

E.9.2. CRANEES ...eveeiiiiiiieetee ettt 1814

E.10. Release 9.0.7 ..ottt s s 1816
E.10.1. Migration to Version 9.0.7.......ccccoccrvieriririeninieneneeteseeeesie e 1816

E.10.2. CHANZES ..ottt sttt ettt e 1816

XXX



E. 11 REICASE 9.0.0 ..ottt sttt st 1820
E.11.1. Migration to Version 9.0.6..........ccoceevierriiiniiniiiiienieeieeieeieeste e 1820

E 11,2, ChanGes ...cccueeeuieiiieiieiie ettt sttt ettt ettt e st st e e saae e 1820

E.12. Release 9.0.5 ..c.ooiiiiiiiiieiitetet ettt sttt et st 1823
E.12.1. Migration to Version 9.0.5.......c.ccoviiriiiiiiiniirieiiteteeeee et 1823
E.12.2. Changes ....cvoeueeiiiiieieieeieteeieeeest ettt et e 1823

E.13. RIS 9.0.4 ...ttt ettt st et st 1826
E.13.1. Migration to Version 9.0.4..........ccccocieviriiiininiieceeeeeeeee e 1827
E.13.2. Changes ....c..ooeeiiiiiiieieceeeeee et e 1827

E .14, Release 9.0.3 ...ttt ettt sttt st 1829
E.14.1. Migration to Version 9.0.3..........ccccoiiiiiiiiiiiiiiiceeeeeeeeee e 1829
E.14.2. Changes ....c..ooeoiiiiiiieiiieie et 1829

E 15, RelEASE 9.0.2 ..ottt st s 1830
E.15.1. Migration to Version 9.0.2........ccccceeieirininenenieinenenenrcteeeeeeereeve e 1830
E.15.2. Changes ...ccc.ceoueiiieiiieiii ittt ettt ettt e 1830

E.16. Release 9.0.1 ..ccueoiiiiiieiieeee ettt sttt ettt e sttt 1833
E.16.1. Migration to Version 9.0.1........ccccceoiririnineniiniiinineneneeeeeeeeese e 1833
E.16.2. CHANZES ..ottt st et sttt st 1833
E.17.REICASE 9.0 ..ttt sttt et bbbttt 1834
EL 171 OVEIVIEW niiiiiiiiieiiesieeitee sttt ettt st st sttt st 1834
E.17.2. Migration to Version 9.0.........ccccoviriirininieninienieneetesieeteeseeeeee e 1835
E.17.2.1. Server SEHNES .....covvereriiienieieneetenie sttt st st 1836

E17.2.2. QUETIES ..ottt ettt e e e eeeive e eeateeeeaveeeereeeanns 1836

E.17.2.3. DAta TYPES .eeevvieiieniieeiieieeniteniesieesteesieesteeseesseesnsesseesseesssesssesnseens 1836

E.17.2.4. Object RENAMING .....cccueevvieriiiniiiiieieenie et 1837

E.17.2.5. PL/PZSQL ..ottt st 1837

E.17.2.6. Other IncOmpatibilities .........cocuervrierieniiiieeieie et 1838

E.17.3. ChanGESs ...coveeeiieieeieeiie ettt ettt ettt ettt et e st e b e naeesanes 1838

B 17.3.1. SEIVET ettt et st 1838

E.17.3.1.1. Continuous Archiving and Streaming Replication.............. 1838

E.17.3.1.2. Performance ..........c..ccccceueeeenerienieneneeniineeie e 1839

E.17.3.1.3. OPtiMIZET..c..ceivieiieeiiieiieiteeieete ettt 1839

E.17.3.1.4. GEQO ..ottt 1839

E.17.3.1.5. Optimizer StatiStiCs .........cccevereeruenerieenrieeereneereneeeenene 1840

E.17.3.1.6. AUthentiCation ...........ccceeveeriierieenienienieeieesee e 1840

E.17.3.1.7. MONItOTING......coutiiiiieiiiiieieie ittt 1840

E.17.3.1.8. StatisticS COUNLETS .....cccueeruierieriieniienienieeieesee st 1840

E.17.3.1.9. Server Settings.......ccccceeuieienirieienieeieieecee e 1841

Eo17.3.2. QUETIES ..veieiiieeiiie ettt ettt et e e e tee et eesnteeesnaeeesseennnns 1841

E.17.3.2.1. Unicode Strings ........cecuereriererieienieeieseeeceseeseeeeesveeeeneene 1842

E.17.3.3. Object Manipulation ..........cccceceeeeierierienienieeienie e 1842

E.17.3.3.1. ALTER TABLE ...eiiiiiiiiieii et s 1842

E.17.3.3.2. CREATE TABLE ..cctiiuieiiiieiieee ettt 1842

E.17.3.3.3. CONSIAINES....c..eiueeiitieiienieeiieie sttt st 1843

E.17.3.3.4. Object PermisSions..........ccccevereerienierienienienieneeie e 1843

E.17.3.4. Utility OPErations .......ccccceeeueeruereeienienieienieetenteeeeeneesieeseesseseeneenne 1844

E.17.3.4.1. COPY ottt 1844

E.17.3.4.2. EXPLATIN ettt sttt sttt s 1844

XXXI



E.18.

E.19.

E.20.

E.21.

E.22.

E.17.3.4.3. VACUUM.ciiiiiiteeiee ettt eeeteeee et eetae e e eevaee e eetreeeeeeanees 1844

E.17.3.4.4. INAEXES.....cuoiuiriiiiiiiiiciciicreeccee e 1845

E.17.3.5. Data TYPES .eeouvieiieiieniieiieeieesite ettt sttt ettt st et saee s eaee s 1845
E.17.3.5.1. Full Text Search...........cccceciviniiiiiinininiiiiiiiiiiice 1846

E.17.3.6. FUNCHONS. ..ot 1846
E.17.3.6.1. AZEIEEALES.....erueeureiieiiiiieeeee ettt enene e 1846

E.17.3.6.2. Bit SIINES...cueotiriirienieieenienenereeeteeee et 1847

E.17.3.6.3. Object Information Functions ...........ccccccoeceeviniiiininncnnne 1847

E.17.3.6.4. Function and Trigger Creation ............ccceceevireencneenuennnnne 1847

E.17.3.7. Server-Side Languages ..........ccccoceveririeiiininiinieiciceeeeseeeeiee 1847
E.17.3.7.1. PL/pgSQL Server-Side Language.............cccceccoveecenininnnnns 1848

E.17.3.7.2. PL/Perl Server-Side Language .......ccccccoceeveeneeniinneeneennne. 1848

E.17.3.7.3. PL/Python Server-Side Language ........c..ccccccceveceeerenennenne 1849

E.17.3.8. Client APPLICAtIONS .....c..ecveuveurririiniinienieieeeitnene ettt sresveaene 1849
E.17.3.8.1. PSAL ittt 1849
E.17.3.8.1.1. psqQl DisSplay .....ccceevuerueeieiinieieneeee e 1850

E.17.3.8.1.2. psql \d Commands ...........ccccecuererreenereenenenieniene 1850

E.17.3.8.2. PEadUMP ..cuciiiiiiiiiiiiieieeee et 1850

B 17.3.8.3. PECtluuuiiiiiieeeeeee et 1851

E.17.3.9. Development TOOIS .....c...cceveeviiririenienieienieeieieeeeie e 1851
E.17.3.9.1. IDPQ.eeciiieiiiiiiiiccceeee et 1851

EL17.3.9.2. BCPE cveevteteriteieeiteestetee ettt 1852
E.17.3.9.2.1. €CPZ CUISOTLS ..eeveemiiieriieieniieienieeieeiesieerenie e 1852

E.17.3.10. Build OPtionS ......cceoeriiiiiiiiiiiciiieieiceeceese e 1852
E.17.3.10.1. MaKefiles .......coovuiieieiiiiiiiicicieiceseeeeeceeee e 1852
E.17.3.10.2. WINAOWS...oooiiiiiiiiiiiiiiiiceccccee e 1853

E.17.3.11. Source Code........ccooviiiiiiiiiiiiniiicicicieieene e 1853
E.17.3.11.1. New Build Requirements ..........c.cceecuereuieneeneenieeneeneennnn. 1854
E.17.3.11.2. Portability ........cccoouiiiiiiiiniiiiiiiciiciccecccce 1854
E.17.3.11.3. Server Programming ...........ccecceeveereeniieeneeneenieenieeneennnes 1855
E.17.3.11.4. Server HOOKS ........cccccciiiiininiiiiiiiiiiicciccce 1855
E.17.3.11.5. Binary Upgrade SUppOrt.........cceeveemeerieenienienieeieesieenne. 1855

E.17.3.12. Contrib ..o 1856
REIEASE 8.4.20 ...ttt s 1856
E.18.1. Migration to Version 8.4.20........cc.ccceveririeniinieniinieieneeeeeneeeeee e 1857
E.18.2. ChanEes ....cvioviiiiiieeieieeeeteetee ettt e 1857
REICASE 8.4 19 ..ttt st 1860
E.19.1. Migration to Version 8.4.19........ccccocoiiiiiiiiiiiiiiiiccneeeeeeeeee e 1860
E.19.2. Changes ....c..ooeeiiiiiiiiiiiceeece e e 1860
REIASE 8.4 18 ...ttt st 1861
E.20.1. Migration to Version 8.4.18........cccoeceriiirienieieneee e 1861
E.20.2. CRANEZES ..ottt ettt ettt st et sttt s be et et e e e 1862
REICASE 8.4 17 .ttt sttt st 1863
E.21.1. Migration to Version 8.4.17 .......ccccieciereiiiienieiee et 1863
E.21.2. CRANEZES ..ottt ettt ettt b ettt 1863
REIEASE 8.4 16 ..ttt 1864
E.22.1. Migration to Version 8.4.10........ccceeviereririeniinienienieeeneeeteiesieeeee e 1865
E.22.2. CHANEZES ..ottt ettt sttt sttt st 1865

XXXIT



E.23. Release 8.4.15 ..o e 1866
E.23.1. Migration to Version 8.4.15.......ccovvriiiiiiinienieeieesiteeteeie et 1866
E.23.2. ChanGES ...cocveeeuiiiiieiieiie ettt ettt ettt ettt et s e e b e saeesaees 1866

E.24. Release 8.4.14 ....o.ooiiiiieieeeeteeeeteeett ettt sttt et st 1868
E.24.1. Migration to Version 8.4.14........cooueeiiiiiniieieiieeniteeteee ettt 1868
E.24.2. ChaNEES ....ovioiieiiriieieieeeeteetet ettt e 1868

E.25. Release 8.4.13 ..ottt ettt 1869
E.25.1. Migration to Version 8.4.13 . ......ccccociiiiiiiiniiiiieecreseeeeeeeeeeee e 1869
E.25.2. Changes ....c.ooeeiiiiiiieiieeceeeee et e 1869

E.26. RelEaSE 8.4.12 ..ottt sttt s e 1871
E.26.1. Migration to Version 8.4.12........c..ccccoiiiiiiiiiiiiiiiiieene e 1871
E.26.2. CRANGZES ...eouvieiieieeieeiecteet ettt ettt ettt sae et s be et eseeeaeeneeeas 1871

E.27. ReleaSE 8.4. 11 ..ottt sttt s s 1873
E.27.1. Migration to Version 8.4. 11 ......cccociriiiiiiiiienieiee e 1873
E.27.2. ChANZES ...eoviiiiiiieeieeiec ettt ettt e 1873

E.28. ReleaSe 8.4.10 ..ottt sttt et sttt 1876
E.28.1. Migration to Version 8.4.10........ccceeciiririiieniinienieeeetenie et 1876
E.28.2. CHANZES ..ottt sttt sttt st 1876

E.29. Relase 8.4.9 .....couiiiiiiiiiieeceete ettt e 1878
E.29.1. Migration to Version 8.4.9......cccccociriiririiiininienieseeeneeeeeeseee e 1878
E.20.2. CHANEES ...eoviieeieiieeiieieeitee ettt ettt ettt e 1878

E.30. Release 8.4.8 .....cooiiieiiiiiiiiieceetet ettt 1881
E.30.1. Migration to Version 8.4.8.......ccccocerieriririeninieniineeienieeeeiesieeteee e 1881
E.30.2. CHANZES ...eevieeiieiiieiieiie ettt sttt ettt e te et e sta e st e st e ebaesasesnseenbaenanesnnes 1881

E.31.RElEASE 8.4.7 ..o e 1883
E.31.1. Migration to Version 8.4.7 ........cccecueeruerriienienieeiienieete et enieesteseeeeieesanesnnes 1883
E.31.2. ChanGESs ...ccoveeeuiiiiieiieiie ettt sttt ettt et ettt et e st e sateenbeenanesanes 1883

E.32.Release 8.4.6 .....couoiiuiiiiiiiiiiiciccee e 1884
E.32.1. Migration to Version 8.4.0.........ccecueevueriiieniieieniieniieeieeie ettt 1884
E.32.2. ChanGEs ...cocueevueiiiieiieiie ettt sttt sttt ettt et sate e b e saae i 1884

E.33.Release 8.4.5 ..o s 1886
E.33.1. Migration to Version 8.4.5......ccccovvieriiiriiienienieeieeriteeteeie ettt 1886
E.33.2. Chan@es ...cccueevuiieiieiieiie ittt ettt ettt et ettt ettt e be e e i 1886

E.34.ReICASE 8.4.4 ...ttt e 1889
E.34.1. Migration to Version 8.4.4..........cccoceviriiiiininieiiieeeeseeeereseeeene e 1890
E.34.2. Changes ....c.ooieiiiiieieieeieeeeieeeee ettt e e 1890

E.35. Relase 8.4.3 ...ttt ettt sttt st et 1892
E.35.1. Migration to Version 8.4.3........cccccooviiiiiiiiiniiiiieecese e 1892
E.35.2. Changes ....c..ooieiiiiiiiiiiieeeeee et e 1892

E.36. RelEaSE 8.4.2 ..ottt st st 1895
E.36.1. Migration to Version 8.4.2........ccccceeuririninenenieinenenienresreeeeeeeresresaeneenee 1895
E.36.2. Changes .......cocooiuiiiiiiiiiiici e e e 1895

E.37. REICASE 8.4.1 ..ttt ettt b et 1898
E.37.1. Migration to Version 8.4.1........ccccceeiririninenenieininenesreteeeeeeerese e 1898
E.37.2. CRANEZES ..ottt sttt bttt ee s 1898

E.38. REICASE 8.4 ...ttt ettt sttt ettt bttt 1900
E.38.1. OVEIVIEW vttt st s 1900
E.38.2. Migration to Version 8.4.........cccevirieneninieniinienisieete ettt 1901

XXXIi1



E.38.2.1. GENETAL....c.ccooiveiiieeeiieee e e 1901

E.38.2.2. Server SETHNZS ....ccoveriieiieieenieeteeritesite sttt sttt saee st e eiee s 1901
E.38.2.3. QUETIES ...eieiviieiiiieeiieeeiee et e et e et e e tee et e s beeesebeeesesaeesebaeeneseaennns 1902
E.38.2.4. Functions and OPerators ..........ccoceerveereerieenieeneesieenieesieeseesseenneens 1902
E.38.2.4.1. Temporal Functions and Operators .............cceceerveerveereennee. 1903

E.38.3. Changes ....c.oeeeiiriieieieeieteeieeee ettt 1904
E.38.3.1. PerfOormance .........c.cceeueiueerienienieeieente et 1904
E.38.3.2. SEIVET .ottt ettt st s 1905
E.38.3.2.1. SEtUNES ..uveeuieieeiieieeieeieeee ettt st 1905

E.38.3.2.2. Authentication and SECUTIY........cccccceevueviirvienireeienieieiene 1905

E.38.3.2.3. pG_hba . CONT ttrrririieriieeiieeeieeeteeeiee e et eeeaeeesebeeenreesnaeas 1905

E.38.3.2.4. Continuous Archiving .........cocceeeveeeeerenineneneeneeeneneneennen 1906

E.38.3.2.5. MONItOTING....ccvtrvirreieieiieiinienieneeteteteie sttt seenne 1906

E.38.3.3. QUETICS ..eeeueieeiieiieeiieeiieeieesteeeiteeteesteeseeesveebeesseessbeenseeseesssesssaenseens 1907
E.38.3.3.1. TRUNCATE....ccuiiiiiiiiiiiii et e 1908

E.38.3.3.2. EXPLATIN .iiiiiiiiiiiiictecieete et 1908

E.38.3.3.3. LIMIT/OFESET ..eoctiiuiiiiiiiciieie et 1908

E.38.3.4. Object Manipulation ..........c.cceceveeeenerienienieeienieeeenie e 1908
E.38.3.4.1. ALTER tteteieieitstiteeceeteiteese ettt 1909

E.38.3.4.2. Database Manipulation...........c.cceeeverienenieeneneenieneneenienne 1909

E.38.3.5. Utility OPErations .......c...cceeeevuereerienienieienieeteniesieeniesieeseesiesnenienne 1910
E.38.3.5.1. INEXES.....eoueeeeriieieniieiienieeitee sttt 1910

E.38.3.5.2. Full Text INdeXes ......cccccoereemerieieniinieieneeieneeeneeeeiene 1910

E.38.3.5.3. VACUUM...eiiiriiititeieeeeeitetesie ettt 1911

E.38.3.6. Data TYPES ..ecuvieiieriieeiiieieenitenieeieenteesite e eteesieesteeseesaeesesesnseenseens 1911
E.38.3.6.1. Temporal Data TYPeS......cccceecurrerienienieniieieeneesieeieesieennees 1911

E.38.3.0.2. AITAYS ..ottt ettt ettt s ee e 1912

E.38.3.6.3. Wide-Value Storage (TOAST) ...ccoceeviiriiinienienieeieeeeee, 1912

E.38.3.7. FUNCHONS ....cueeiiiieiiiieiiciceectcscctee sttt st 1913
E.38.3.7.1. Object Information Functions ........ccccccecueeveenienciennieeneennen. 1913

E.38.3.7.2. Function Creation.........c..cccceeuereeienereenrineenieneereneenenene 1914

E.38.3.7.3. PL/pgSQL Server-Side Language ...........cccceeveeruerrieenneennen. 1914

E.38.3.8. Client APPlICALIONS ......cccveerueerieriieniienie ettt 1915
E.38.3.8.1. PSAL ittt 1915

E.38.3.8.2. psql \d* commands...........c.ccocereevueninieninieeniniereneereene 1916

E.38.3.8.3. P dUmp...c.cooiiiiiiiiieiei e 1916

E.38.3.9. Programming TOOIS.........cc.coceeviiriiiieniiieienieicte e 1917
E.38.3.9. 1. LIDPQ.eecueeeeeeieieeiieieeeee ettt 1917

E.38.3.9.2. libpq SSL (Secure Sockets Layer) support ...........ccccccueuueee 1917

E.38.3.9.3. BCPE et 1918

E.38.3.9.4. Server Programming Interface (SPI).......ccccccceeveeincnenncnnne 1918

E.38.3.10. BUild OPtOnS .....cecveiuieiieieetieiesieeie ettt st eaee e 1918
E.38.3.11. SoUICE COdE.....ueemuiiiiiiiiiiiiniiiiieeceec et 1919
E.38.3.12. CONULID ..cuiiieiiiieesteeeee ettt st 1920
E.39. Release 8.3.23 ...ttt et bt b et 1921
E.39.1. Migration to Version 8.3.23.......c.cccccririninenienieininenenrceeeeeeee e 1921
E.30.2. CRANEES ..ottt sttt sttt et 1922
E.40. Release 8.3.22 ....ouiiiiiiiieieeieeteste ettt sttt et ettt 1922

XXXIV



E.41.

E.42.

E.43.

E.44.

E.45.

E.46.

E.A47.

E.48.

E.49.

E.50.

E.51.

E.52.

E.53.

E.54.

E.55.

E.56.

E.40.1. Migration to Version 8.3.22........cccceevueiiienieriieeiieeniieeieeieeiee st siee e 1923

E.40.2. ChANZES ...eovieiiiiiieiieiie ettt ettt ettt et ettt et e st e e b e saeesaees 1923
Release 8.3.21 ..o 1925
E.41.1. Migration to Version 8.3.21 .......cceceeieiiiienienienieeniteeieeie ettt 1925
Ei41.2. ChHANZES ...eevieiieiiieieeite ettt ettt ettt ettt st e e st e saees 1925
REIEase 8.3.20 .....oouiiiiiiiieieeeeeeee e e 1925
E.42.1. Migration to Version 8.3.20........cc.coceviriiiiiniinieniinieeeneeeeeneeeene e 1926
E.42.2. Chan@es ....ceoeeeiiriieieieeeeeeieeee ettt e 1926
REICASE 8.3.19 ..ttt et 1927
E.43.1. Migration to Version 8.3.19........cccocoiiiiiiiiiiiiiieceeceeeeeeee e 1927
E.43.2. Changes ....c..coceoouiiiiiiiiiceeecet e e 1928
REIase 8.3.18 ...ttt s 1929
E.44.1. Migration to Version 8.3.18......cc.cccoririminenenieiienenenrceeeeeeeieee e 1929
E.44.2. Changes .......cccooiuiiiiiiiiiiiei e e 1929
REIEASE 8.3.17 -ttt ettt sttt ettt 1931
E.45.1. Migration to Version 8.3.17......cccccceevririninenienieiienenenieieeeeeeevesre e 1931
E.45.2. ChaNEES ....ooveiviiiieieiciieiteiestesteteet ettt sttt s 1932
REIEASE 8.3. 10 ..ttt et 1933
E.46.1. Migration to Version 8.3.10.......ccccevieriririeniinienienieeenieeeeesieee e 1934
E.46.2. CHANZES ..ottt ettt ettt ettt nae s 1934
ReElEase 8.3.15 ..o 1936
E.47.1. Migration to Version 8.3.15.....ccccocirviiriiiriiniinieiineeteneeeeeseeeee e 1936
E.47.2. CHANEZES ...eovieieiiirieeieieeiteteete ettt s sttt e 1936
ReElease 8.3.14 ..o e 1937
E.48.1. Migration to Version 8.3.14........ccceeiuiiriiinieeieeiieenieeie ettt 1937
E.48.2. CHANZES ...eevieiiiiiieiieiie ettt ettt ettt ettt e st e et e e baesatessteenbaenanesnnes 1937
Release 8.3.13 ..o e 1938
E.49.1. Migration to Version 8.3.13.......ccociriiiiiiiiiinieeieeteeieeie et 1938
E.49.2. CHANZES ...eovieiiiiiieiieite ettt sttt ettt ettt ettt e be e st e st e beesaeesanes 1938
Release 8.3.12 ..o 1940
E.50.1. Migration to Version 8.3.12.......ccccueeiiiiiiiinieiieeieeniteeteeie ettt 1940
E.50.2. ChanES ...cccueevuiiiiieiieiie ittt sttt ettt ettt st e e st e st e b e saeesaees 1940
Release 8.3.11 ..o 1942
E.51.1. Migration to Version 8.3.11.....ccccoccociiiiniiiiiiiiiiiinieecceceeeeee e 1943
E.51.2. Changes ....cuooueeiiiiieieiieeeteeieeeet et st 1943
REIASE 8.3.10 .ttt st et 1944
E.52.1. Migration to Version 8.3.10........ccccoceiiiiiiiiniiiiiieieeneeeeeeeeeee e 1944
E.52.2. Changes ....c..ooeeiiiiiiieiieeeeeee e e 1945
REICASE 8.3.9 ..ttt e 1946
E.53.1. Migration to Version 8.3.9........cccccueviririninenieiiininenenereeeeeeeeee e 1947
E.53.2. Changes ....c..ooeiiiiiiiiiieeee e e e 1947
REIEASE 8.3.8 ...t 1949
E.54.1. Migration to Version 8.3.8........cccecueriririninenieieieenenesreeeeeee e 1949
E.54.2. ChANEES ....eoviviriieieieieiiee ettt sttt sttt 1949
REILASE 8.3.7 .ottt bttt 1951
E.55.1. Migration to Version 8.3.7......cccceviriiriririieniieieie ettt 1951
E.55.2. CRANEZES ..ottt st sttt st 1951
REICASE 8.3.0 .. e 1953

XXXV



E.56.1. Migration to Version 8.3.0.........ccecueeieriiiiniieieiiieniieeie ettt 1953

E.56.2. ChAN@ES ...coveeiiiiiieiieiie ettt ettt ettt ettt e be et e st e b e saae i 1953
E.57.Release 8.3.5 ..o e 1954
E.57.1. Migration to Version 8.3.5......cccceviiriiiiiiienienieeieeniteeteee ettt 1955
E.57.2. ChANZES ...eeviiiiiiieeieeite ettt ettt ettt ettt e e s 1955

E.58. ReICASE 8.3.4 ..ottt sttt e e 1956
E.58.1. Migration to Version 8.3.4........c.cccoovieiiriiiininieiineereneeeeeseeere e 1956
E.58.2. Changes ....c.ooueeiiiiiiieieeieceeee e e e 1957

E.59. Relase 8.3.3 ..ottt ettt st ettt et 1959
E.59.1. Migration to Version 8.3.3.......cccccciiiiiiiiiiiiiiiiieie e 1959
E.59.2. Changes ....c..coeeiiiiiiiiiiieetee e e e e 1959

E.60. RElEaSE 8.3.2 ..coneiiiiiiiiiteeeeeet ettt ettt st st e 1959
E.60.1. Migration to Version 8.3.2........ccccceeiririninenienieieeneniesrereeeeeeeresre e 1960
E.00.2. CHANZES ....eoverviriieienieiieiieeriesteteteteit ettt sttt st s r ettt et saenees 1960

E.O1. ReICASE 8.3.1 ..ottt ettt sttt e st b ettt 1962
E.61.1. Migration to Version 8.3.1........ccccceviiirininenieieieinenestcrereeeneereere e 1962
E.01.2. ChANEES ....ooverviiiieieieiieiieientestetctet ettt sttt 1962

E.02. ReICASE 8.3 ...ttt ettt st ettt st sbe et b et 1964
E.02.1. OVETVIEW ..ottt ettt ettt s 1964
E.62.2. Migration to Version 8.3 .........cccceviriirerinieniinienie ettt 1965
E.62.2.1. GeNeral.......ccocciiiiiiiiiiiniiiciciccctc e 1965

E.62.2.2. Configuration Parameters..........cocceeueruerienieneeieneniencneeienieereniene 1967

E.62.2.3. Character EnCodings ..........cocceeuereerienenienienieienieneene e 1967

E.02.3. CHANZES ...eevieiiieiieiieiie ettt sttt ettt e te ettt e st e st e ebaesasessteenbaenanesnnes 1968
E.62.3.1. Performance...........c.cccooueieiiiiininiinicicicicince e 1968

E.02.3.2. SEIVET ..ottt e 1970

E.62.3.3. MONILOTING .....vtevieiieriieeieeniieniesieesieesitesteeseesieesseeseenseesesesnseenseens 1971

E.62.3.4. AuthentiCation..........cccooueieiiiririniiiiieieieieese e 1972

E.62.3.5. Write-Ahead Log (WAL) and Continuous Archiving ..........c...c...... 1972

E.62.3.6. QUETIES ....eccuviieiiiieiiieeeiee ettt ettt et e e teeeetee e s beeesebeeeseseeesebaaensseaenens 1972

E.62.3.7. Object Manipulation ...........ccoecueevieereenierienieeniie e 1973

E.62.3.8. Utility COMMANAS....c..ceovteeriiniiriieiienie ettt 1974

E.62.3.9. Data TYPES ..eouvierieriieniiieieenitenite ettt sttt sttt seae e 1975

E.62.3.10. FUNCHONS.....cccuiriieiiiinieiieiicieeeeeee ettt 1975

E.62.3.11. PL/pgSQL Server-Side Language.........cc.ccceceevvirceenineenenencnennnne 1976

E.62.3.12. Other Server-Side Languages ........c..ccccecevueeceeniireenenieeneneeeeiene 1976

E.02.3.13. PSQL.ciiiiiiiieicieieeiente sttt et 1977

E.62.3.14. pg_dump .....ccooiiiiiiiiiiiiiiceee e e 1977

E.62.3.15. Other Client AppliCatioNS .........cccceeruirieciiniieiiiiieieie e 1978

E.02.3.16. 1IDPQ e veviveienieiieiieienierietcetec ettt ettt 1978

EL62.3.17. @CPZ et e 1978

E.62.3.18. Windows POrt.........cceiiiiiiiieiiiieeeeeeeee e 1979

E.62.3.19. Server Programming Interface (SPI) ........c.cccoceveniiiiininininennne 1979

E.62.3.20. Build OPHONS ......coeviirieieieiieiiniinteteteeeieeiteiese et 1979

E.62.3.21. SOUICE COR ....c.ueeuiiiiriieiieiieieeieetee ettt 1980

E.62.3.22. CONLIID ..ottt 1980

E.03. Release 8.2.23 ..ottt e s 1981
E.63.1. Migration to Version 8.2.23........cccceviireririeniinieniesieetenie et 1981

XXXVI



E.64.

E.65.

E.66.

E.67.

E.68.

E.69.

E.70.

E.71.

E.72.

E.73.

E.74.

E.75.

E.76.

E.77.

E.78.

E.79.

E.63.2. CHANZES ...eovieiiiiiieiieite ettt sttt ettt et st s bt e b e st e sateebeesaaesaees 1981

Release 8.2.22 ..o 1983
E.64.1. Migration to Version 8.2.22........cccceevueiriieniiriieriieeniiente et enieesteste e esiee e 1983
E.64.2. ChHANZES ...cooveiiuiiiiieiieiie ettt ettt ettt sttt e st e e e e i 1983
Release 8.2.21 ..o 1985
E.65.1. Migration to Version 8.2.21........ccccoceviiiiiiininieiinieeeneeeeeneeeeee e 1985
E.05.2. ChanEes ....cueeueeiiriieieieeeeteeeet ettt 1985
REIASE 8.2.20 ..ottt et st 1986
E.66.1. Migration to Version 8.2.20........c.ccoceviririeniinieinieiene et 1986
E.06.2. Changes ....c..coeeiiiiiiiiiiieiecteeeee et e 1986
REICASE 8.2.19 .ttt 1987
E.67.1. Migration to Version 8.2.19......cc.cccecririninenienieininenentereeeeeeeeee e 1987
E.07.2. CRAINZES ....eoverviriieieieiieiieestestetetet ettt sttt st sre st ettt saesaenees 1987
REIEASE B.2.18 ...ttt ettt bttt st 1988
E.68.1. Migration to Version 8.2.18......cc.cccccuvirinineneniiininenentcreeeeeeeieee e 1989
E.08.2. ChANZES ....eoveviriieieieiieiieestestctet ettt sttt sttt et 1989
REICASE 8.2.17 .ottt sttt st 1991
E.69.1. Migration to Version 8.2.17......ccccceeuvirininenienieininenieneieeeeeeeeee e 1991
E.09.2. CHANGZES ...eouviiienieitieiieieeitee ettt st st sttt s nae s 1991
REICASE 8.2.16 ..o e 1992
E.70.1. Migration to Version 8.2.10........ccccevuerieririeniinieniineeienieeeeiesieete e 1992
E.70.2. CRANEZES ..ottt sttt 1992
ReElease 8.2.15 ..o e 1994
E.71.1. Migration to Version 8.2.15.......ccccvriiirriienieeieeiierieere ettt sre e veesiee e 1994
E.71.2. CHANZES ..veenvieiiieiieieeiie ettt sttt ettt sttt et e st sttt esaaesnteenbeenanesnnes 1994
Release 8.2.14 ..o e 1996
E.72.1. Migration to Version 8.2.14........cccceevuirriieniinienieeniieeie ettt ste st 1996
E.72.2. CHANZES ...eevieiieiieeiteite ettt sttt ettt ettt ettt st e be e st esate e beenaaesanes 1996
Release 8.2.13 ..o 1997
E.73.1. Migration to Version 8.2.13........ccceeiiriiiiniinieeieeniieeteeie ettt 1998
E.73.2. ChHANZES ...eovieiiiiiieiieite ettt ettt ettt et e st e st e e e e i 1998
Release 8.2.12 ..o 1999
E.74.1. Migration to Version 8.2.12........ccceeiieriiierienienieeniteeteeieeite st 1999
E.74.2. ChANEES ..ottt e 1999
REICASE 8.2. 11 .ottt sttt st et 2000
E.75.1. Migration to Version 8.2.11......c.ccccociiiiiiiiiniiiiine e 2000
E.75.2. Changes ....c.ooueeiiiiieieieeeeeeeee e 2000
REICASE 8.2.10 ..ttt st s 2001
E.76.1. Migration to Version 8.2.10........c..cccoiiiiiiiiiiiiiiiiiceeeeceeeee e 2002
E.76.2. CRANGZES ..ottt ettt ettt be et ebe et et eneeneeeaes 2002
REICASE 8.2.9 ..t 2003
E.77.1. Migration to Version 8.2.9........ccccceviririninenieniiiiinenesrcrereeeeeeee e 2003
E.77.2. CHANZES ...eouvieiiiiieeteite ettt ettt ettt e 2003
REIEASE 8.2.8 ...ttt ettt 2004
E.78.1. Migration to Version 8.2.8.......ccccocirieriiiiieniiniee ettt 2004
E.78.2. CHANGZES ..ottt ettt et sttt st 2004
REICASE 8.2.7 ..ttt e 2005
E.79.1. Migration to Version 8.2.7......cccccvviriereririeniinieniesieetesieeeesie st 2005

XXXVID



E.79.2. CHANZES ...eoviiiiiiiieiteite ettt ettt ettt ettt et et e st e b e saaesanes 2006

E.80. RelCASE 8.2.0 ..ccueiiiiiiiiiiiieieitetesttetetest ettt sttt st st 2007
E.80.1. Migration to Version 8.2.6.........ccecueeueriiienienienieeniieeteeie ettt 2007
E.80.2. CHANZES ...ecveeuiiiiiieiieiie ettt ettt ettt et sttt et e b e saee i 2007

E.81. ReICASE 8.2.5 ..ottt ettt et st 2009
E.81.1. Migration to Version 8.2.5.......ccccocirvieriniriieniinieiene e 2009
E.81.2. ChANEES ....cviiieiiriieieieeeeteeteet ettt et e 2010

E.82. RIS 8.2.4 ..ottt ettt sttt st 2010
E.82.1. Migration to Version 8.2.4........c.ccccocieviriiiiiieieieeeeese e 2011
E.82.2. Changes ....c..ooeeiiiiiiiiiieeeeee e 2011

E.83. Relase 8.2.3 ...ttt ettt ettt st ettt e 2011
E.83.1. Migration to Version 8.2.3.......cccooirieiirieieneeieie et 2012
E.83.2. ChanGEs ...cccueerutiiiieiieiee ittt ettt ettt sttt e 2012

E.84. RelCASE 8.2.2 ..ttt ettt sttt ettt be et 2012
E.84.1. Migration to Version 8.2.2.......ccccocirieieririeniieienieeeeeee sttt 2012
E.84.2. ChaNES ...cccveeiuiiiiieieeiee ettt ettt e 2012

E.85. ReICASE 8.2.1 ..ottt sttt et bbbttt 2013
E.85.1. Migration to Version 8.2.1......cccccvirieneniiieniinieie ettt 2013
E.85.2. CHANGES ...eeuviiienieiieeteteeite ettt ettt sttt 2013

E.860. REICASE 8.2 ..ttt sttt e sttt 2014
E.80.1. OVEIVIEW ..ueiriiiuiiiiiiiieiieiteiesie ettt sttt ettt st ettt et st nae e 2014
E.86.2. Migration to VErsion 8.2.........cccceviriereniirieniinieniesieeienie ettt 2015
E.86.3. CHANEZES ...couviiieniiieeiieieeiteesieee sttt sttt et 2017

E.86.3.1. Performance IMprovements ...........ccccevvervueenieeneenieenieeneeseeeieenneens 2017
E.86.3.2. Server Changes ........cccceevueereenieeniienieeniesieenieenieeseeeseesieesenesnseeseens 2018
E.86.3.3. QUETrY Changes.........cccuvevueeriierieeiienieeniiesieeieenieeseeeseesieesenesseeneeens 2020
E.86.3.4. Object Manipulation Changes ..........ccccceevveereeneeriieeneeneenvesseeeneeens 2021
E.86.3.5. Utility Command Changes............ccoeereerieenieeneenieenieenieesieeveeneeens 2022
E.86.3.6. Date/Time Changes...........cccceviervieeniienieiieenieenieesieenreesiee e eveeieens 2023
E.86.3.7. Other Data Type and Function Changes ..........cccocueeveereervenreennneene 2023
E.86.3.8. PL/pgSQL Server-Side Language Changes...........ccccceeveerveruennenn. 2024
E.86.3.9. PL/Perl Server-Side Language Changes............ccoceevveeveenvenseennneene 2024
E.86.3.10. PL/Python Server-Side Language Changes..........ccccceeceevvervuernenn. 2024
E.86.3.11. pSQl Changes .......cc.cocceeeiirieiinieienieneeieeeeete et 2025
E.86.3.12. pg_dump Changes............coceecuirieieriirieieniieieiieeene e 2025
E.86.3.13. libpq Changes ........c..cocueeueeieriinieienieiecieneeeete e 2026
E.86.3.14. €cpZ Changes ......c..cocceveiieieiiinieieieeeereeeeete et 2026
E.86.3.15. WIndows POTt.....cc.coooiiiiiiiiiiiiieietc e 2026
E.86.3.16. Source Code Changes ..........ccccoceeveeruirieiieniiiieiieeenie e 2027
E.86.3.17. Contrib ChangEs .......ccceevueeuieiiiriieienieeiieieeieete et 2028

E.87. Release 8.1.23 ...ttt sttt et ettt 2029
E.87.1. Migration to Version 8.1.23......c..cccccviriminenenieinenenesreeeeeeeeeee e 2029
E.87.2. Changes .......cocoiiiiiiiiiiiiici s 2029

E.88. Release 8.1.22 ..ottt sttt et ettt 2030
E.88.1. Migration to Version 8.1.22........ccceocieveririeninienieeeetenie et 2031
E.88.2. CHANGES ...eeuviiienieitieieieeitee ettt st ettt et nae s 2031

E.89. Relase 8.1.21 c..eoiiiiiiiiieiei ettt sttt st et 2032
E.89.1. Migration to Version 8.1.21 .....ccccocevviiriniiiiniinieineeteneeeeeseeee e 2032

XXXVIii



E.89.2. ChANGES ...coveeuiiiiieiieiit ettt ettt ettt et et sttt et sate e b e saae i 2032

E.90. Release 8.1.20 ......ccciiiiiiiiiiiiiiiiicieic e 2033
E.90.1. Migration to Version 8.1.20........cccceevuiiriieniiniieiiieniieeieeieeieeste st 2034
E.90.2. ChANES ...ccoveeviiiiieiieiie ettt sttt ettt et ettt e be e st e st e e b e saaesaees 2034

E.9T. Release 8.1.19 ..o 2035
E.91.1. Migration to Version 8.1.19........cccoceviiiiiiininiiiiniceeececeseeee e e 2035
E.O1.2. Changes ....c.oeeeiiriieieieeeeteeeeeeee ettt s 2035

E.92. Release 8.1.18 ...ccueiiiiiiiiiiriiiecteeee ettt ettt s 2036
E.92.1. Migration to Version 8.1.18........c.ccociiiiiiiiiiiiiiieiceeeeceeeeee e 2036
E.92.2. Changes ....c..ooeeiiiiiiiiieeeee et 2037

E.93. RelaSE 8.1.17 c..eviiiieiiiiiiiitiiceceetet ettt ettt s e 2037
E.93.1. Migration to Version 8.1.17......cccccecueirininenenieinenenenteeeeeeeereere e 2038
E.93.2. Changes ....c..coooiiiiiiiiiiiicice e e e 2038

E.94. Release 8.1.16 ..ottt ettt et sttt 2039
E.94.1. Migration to Version 8.1.10......cc.ccccceirininenieniiininenienreieeeeeeeieee e 2039
E.94.2. Changes ........cccooiiiiiiiiiiiiii s 2039

E.O5. Relase 8.1.15 ..ottt sttt ettt b et 2040
E.95.1. Migration to Version 8.1.15.....ccccoiriiniiiiiiiinieeceeeeteeeeee e 2040
ELO5.2. CRANEZES ..ottt ettt sttt e 2040

E.96. Release 8.1.14 ..ottt s s 2041
E.96.1. Migration to Version 8.1.14 . ......ccccoviiviriiiiniinienieneeeneeeeeseeeee e 2041
E.96.2. CHANEZES ...coviriieniiiieeieieeiteteeteetet ettt sttt sttt 2041

E.O7.Release 8.1.13 ...ccooiiiiiiieeccceeee et 2042
E.97.1. Migration to Version 8.1.13.......cccvriiiriiiniieieeieerteeieeie et 2042
E.O7.2. CHANZES ...eevieiieeiieieesiie ettt sttt ettt st ettt e st st e be e s st e snteenbaenanesnnes 2042

E.98. Release 8.1.12 ..ot e 2043
E.98.1. Migration to Version 8.1.12........cccceeiiiriiieniinieiiieniieeteeie ettt 2043
E.08.2. CHANGES ...eevieeiiiiieiieiie ettt ettt ettt ettt s bttt sabesate e b e naeesaees 2043

E.99. Release 8.1.11 ...ccoouiiiiiiiiiiiiicicice e 2045
E.99.1. Migration to Version 8. 1. 11 ...cccccecueriiiriiiiniiiieeieeniieeieeieeieeste e 2045
E.99.2. ChanGES ...ceoveeeuiiiiieiieiie ettt ettt ettt sttt e e s e i 2045

E.100. Release 8.1.10 ....cc.cciiiiiiiiiiiiiiiiiiiecec e 2046
E.100.1. Migration to Version 8.1.10......ccccoeciiiiiniiniiiniienieeieeeeieeste e 2047
E.100.2. Chanes .....cccooviiuieieiieiieieeieeeene ettt et s e 2047

E.TOT. REIEASE 8.1.9 .ttt ettt s e 2047
E.101.1. Migration to Version 8.1.9........c.ccccceiiiiiiiininiiincceeceeeeee e 2047
E.101.2. Changes .....cc.coouiiiiiieiiiecieeeee e 2048

E.102. REIEASE 8.1.8 ..ttt sttt s 2048
E.102.1. Migration to Version 8.1.8........c..ccccoiiiiiiiiiiiiii e 2048
E.102.2. CRANEES .euveietieieeiteiee ettt ettt sttt ettt e 2048

E.103. REILASE 8.1.7 .ottt sttt st s s 2048
E.103.1. Migration to Version 8.1.7......ccccccccririnineneniiniienenenrcreieeeeeeee e 2049
E.103.2. ChaNEES «....oovieviieieieiieiieiertestetetet ettt ettt ettt et s 2049

E.104. ReIEASE 8. 1.0 ..ottt ettt sttt et st beseee e 2049
E.104.1. Migration to Version 8.1.0.......cccccocteriririeninieieneeesieeteeseee e 2049
E.104.2. CRANGES ....veveenieiieeieieeieeeete ettt ettt sttt st et 2050

E.105. REILASE 8.1.5 .ottt s e 2050
E.105.1. Migration to Version 8.1.5.....c.ccocioviiririiiiininienineeenieeeeeseeeee e 2050

XXXIX



E.105.2. CRANEES .eouvieeieiiieiieiie ettt ettt et et ettt e be et esate e beesaeesanes 2051

E.106. Release 8.1.4 ......cociiiiiiiiiiiiciciciecee s 2051
E.106.1. Migration to Version 8.1.4........coceeiiiiieniinieeieeniteeieeie et 2052
E.106.2. CRANEES .cuveevieiieeiieiie ettt ettt ettt sttt e e st e st e b e saee i 2052

E.107. Release 8.1.3 ..o s 2053
E.107.1. Migration to Version 8.1.3........ccccociririiiininieiineeeencceceneeeere e e 2053
E.107.2. ChanEs .....coueeiiiiieieieeieeieeieeeet ettt et e 2054

E.108. REIEASE 8.1.2 ..ttt sttt ettt s 2055
E.108.1. Migration to Version 8.1.2........c.cccccviiiiiiininiiiiniceneceeeeeeee e 2055
E.108.2. ChanGES .....ccueeiiiiiieiieieceeeee et e 2055

E.109. REIEASE 8. 1.1 ettt ettt sttt st 2056
E.109.1. Migration to Version 8.1.1 ..o 2056
E.109.2. Changes ......c.coouiiuiiiiiiiieiiice e e 2056

E. 110, REIEASE 8.1 ..eeeneiieieiieeiteeeet ettt sttt e 2057
E.TT0.1. OVEIVIEW ..ottt ettt sttt et et s b et e e e 2057
E.110.2. Migration to Version 8.1 .......cccccociiiiriiiiieniieieiescee et 2059
E.110.3. Additional Changes ...........ccccecueririeneniinienieeeeie et 2061

E.110.3.1. Performance IMprovements ..........cc.ceeeruereeienieneeneneenienieseeniene 2061
E.110.3.2. Server Changes .........coceoeeeerierieienienieiesieetenie ettt 2062
E.110.3.3. Query Changes.......c.cocverierieienirienieniteienieetenie et 2063
E.110.3.4. Object Manipulation Changes ..........c..ccceveeeeniereeneneeneneneenienne 2064
E.110.3.5. Utility Command Changes.........cc.ccoeveerierieeienieneeneneenieneneenienne 2064
E.110.3.6. Data Type and Function Changes ............coccecuevereeneneenenenceenienne 2065
E.110.3.7. Encoding and Locale Changes..........c..cccceveeveneneencneenenenieniene 2067
E.110.3.8. General Server-Side Language Changes..........ccccceevveerverveervennnnene 2067
E.110.3.9. PL/pgSQL Server-Side Language Changes..........cccccevververrueennnne 2068
E.110.3.10. PL/Perl Server-Side Language Changes...........ccceeceevverveerveennnene 2068
E.110.3.11. pSQl Changes .......ccccveeveerieniiiiieiieniiesieeieeniee e sieeseveeveeiee s 2069
E.110.3.12. pg_dump Changes.........c.cceecuervueerienierieeieeniesieereesiee e eveeieens 2070
E.110.3.13. Ibpq Changes ..........ccceereerierieeniienienieeieeniee e eieesieesieesveeaeens 2070
E.110.3.14. Source Code Changes ...........coceereereerieenieeniesieeieeniee e eveeieens 2070
E.110.3.15. Contrib Changes ...........ccccevuerviiereenieiieenieenieesieeieesiee e eveeieen 2071

E.111. Release 8.0.20 ...t 2072
E.111.1. Migration to Version 8.0.26.........cccccoccririeninieniinieeneneereneeeeie e 2072
E.TT1.2. Chanes .....ooueeiiiiieieiieeeieieeee ettt e e 2072

E.112. Release 8.0.25 ..ottt sttt ettt s e 2073
E.112.1. Migration to Version 8.0.25......c..cccccoiiiiiiiiiniiiiieeneeeceeeee e 2074
E.112.2. Chanes .....ooueeiiiiiiieiieceetcee e e 2074

E 1130 Release 8.0.24 ...ttt sttt ettt s s 2075
E.113.1. Migration to Version 8.0.24..........cooiiiiiriiniiieenieeteeieeieesteee e 2075
E.113.2. CRANEES .cuveiiiiiiieieeite ettt ettt 2075

E.114. Release 8.0.23 ..ottt ettt sttt st s s 2076
E.114.1. Migration to Version 8.0.23.........cccoiiiiiiiiieeieeeere e 2076
E 1142, CRANGES -.uveveenieiieeteteet ettt et sttt nae e 2076

E.115. Release 8.0.22 .....coueoiiiieieiietesee ettt sttt st s beeete e 2077
E.115.1. Migration to Version 8.0.22.........cccceveririeninienineeienieeeeiesieee e 2078
E. 1152, CRANGES ...uveveenieiieeiieieeiteeee ettt sttt s 2078

E.116. Release 8.0.21 ..ottt s 2079

xl



E.116.1. Migration to Version 8.0.21......ccccoeviiiiiniiniiiiieniieeieeieeieeste e 2079

B 116.2. CRANEES .eouvieiieiiieiieiie ettt ettt ettt et sate e b e saeesaees 2079
E.117. Release 8.0.20 ...t e 2079
E.117.1. Migration to Version 8.0.20.........cceceiriieniiriieniiieniienieeie ettt 2080
B 117.2. CRANEES .euviiiieiieeieeite ettt ettt ettt e e s 2080
E.118. Release 8.0.19 ..ottt sttt et 2080
E.118.1. Migration to Version 8.0.19......c..ccccoiiiiiiiiiniiiicceeee e 2080
E.T18.2. CRANGES ... 2080
E.119. Release 8.0.18 ..ottt sttt ettt s ee 2081
E.119.1. Migration to Version 8.0.18.........c.cccoiiiiiiiiiiiicceec e 2081
E 1192, Chanes .....coucoiiiiiiiiiieeeeee et e e 2081
E.120. Release 8.0.17 .cueiiieieiiiriinieicieeeitettsteseetetet ettt ettt s aeee 2082
E.120.1. Migration to Version 8.0.17......ccccoceiiiiiiinieeeeeeese e 2082
E.120.2. CRANEES .cuveeimiiiieeiieiie ettt ettt ettt e 2083
E 121, Release 8.0.16 ..ottt ettt ettt s s 2083
E.121.1. Migration to Version 8.0.16.........ccccoviiiiiiniinieniiieeceeeeeee e 2083
E.121.2. CRANGES ..cuveveenieeieeeieee ettt sttt sttt 2083
E.122. Release 8.0.15 ..ottt s 2084
E.122.1. Migration to Version 8.0.15......ccccociiiiiiiiiniiiiiiceeeeeeeeee e 2085
E.122.2. CRANZES ..uveiieneiiieeieieiteeteee ettt sttt e 2085
E.123. Release 8.0.14 ...ttt e 2086
E.123.1. Migration to Version 8.0.14......c..ccceviriiiininiininieicneeceeeeeeceee e 2086
E.123.2. Chan@ES ..c.veoveeeiieeiieieeiteteeieetest ettt st sttt et e 2086
E.124. Release 8.0.13 ..ot 2087
E.124.1. Migration to Version 8.0.13......cccceeiiiiiiniieieeieenieere ettt 2087
E 1242, CRANEES .oouveeieieeiieiieiie ettt sttt ettt ettt e st e sate e baesateseteebaenanesnnes 2087
E.125. Release 8.0.12 ..o e 2088
E.125.1. Migration to Version 8.0.12......cccceevuiiriiiniiriiieieeniieeieeieeieeste st 2088
E 1252, CRANEES .oouvteiiiiieeieeite ettt ettt ettt e be et esate b e saae e 2088
E.126. Release 8.0. 11 ..o e 2088
E.126.1. Migration to Version 8.0.11......ccceeiiiiiiiniiniiiiieieeeeeeitesteee e 2088
E.126.2. CRANEES .eouvieiiiiiieiieiie ettt ettt ettt ettt st st e e e i 2088
E.127. Release 8.0.10 ..o s 2089
E.127.1. Migration to Version 8.0.10......c..cccccoeniiiiiiiniiiinieienceeeeeeeceeeeee e 2089
E 1272, ChANGES ..ottt 2089
E.128. ReIEaSE 8.0.9 c..cuviiiieiiiiiiriectece ettt e 2090
E.128.1. Migration to Version 8.0.9........c..cccccoiiiiiininiiniiicececeeeeece e 2090
E.128.2. Changes .....cc.coouiiiiiieiiieeee e e e 2090
E.129. RelEase 8.0.8 ..cueieieiiriiiiriiicicietet ettt ettt e e 2090
E.129.1. Migration to Version 8.0.8........c..cccooiiiiiiiiiiiiiiicicceceecce e 2091
E.129.2. Changes ......c.coouiiiiiiiiiiie e e 2091
E.130. ReIEaSE 8.0.7 c..everiiieiiiiriiriieietctetee ettt sttt ettt s e 2092
E.130.1. Migration to Version 8.0.7.........ccccceirininenienieinenenienrereeeeeeeresresae e 2092
E.130.2. ChANEES «....eoviviieieieiieiieieriesteteet ettt st s 2092
E.131. ReIEaSE 8.0.0 ..ottt sttt et ettt 2093
E.131.1. Migration to Version 8.0.0........ccccoceveriiiieninieniinieeeneeeeesieee e 2093
E 1312, CRANGES ..uveveeneeiieeiieieeieeeeee ettt ettt e 2093
E.132. Release 8.0.5 c..ouoiiiiiiiiiiieiecetee ettt s 2094

xli



E.132.1. Migration to Version 8.0.5.......ccoviiriiiiiiniieieeieeniteete ettt 2094

E.132.2. CRANEES .eouvteiiieiieeieeiie ettt ettt ettt e be et e st e b e saeesanes 2094
E.133.Release 8.0.4 ..o s 2095
E.133.1. Migration to Version 8.0.4........ccceeueiiiieniiniienieeniteeeeeie ettt 2095
E.133.2. CRANEES .eouviiiiiiieeiteite ettt ettt ettt ettt e e s 2095

E. 134, Release 8.0.3 ...ttt ettt et e 2097
E.134.1. Migration to Version 8.0.3........ccccoceviriiiiininieninieeeneeeceseeeee e 2097
E.134.2. Changes ......ccoouiiiieieiieieieeeeee ettt 2097
E.135. ReIEASE 8.0.2 c..cuviniiiiiiieiiriieteteteeet ettt ettt ettt s 2098
E.135.1. Migration to Version 8.0.2........c..ccccoeiiiiiiiiiiiiiinieeeneeeeeseeee e 2098
E.135.2. Changes .....cc.coouiiiiiieiiiceecc e e e 2099
E.136. Release 8.0.1 ....oouiiiiieeiieieeee ettt ettt sttt et beente e 2100
E.136.1. Migration to Version 8.0.1.......ccccooieiiiiiiiniiieeeeeseeeee e 2100
E.136.2. CRANGES -...veveeieeieeieieee ettt sttt st et nee e 2101
E.137. REIEASE 8.0 ...conniiiiiiiiieeeeet ettt st 2101
E.137.1. OVEIVIEW ..ttt ettt et sttt nee e 2101
E.137.2. Migration to Version 8.0........ccccociriereriiiieniinieniesieetesie et 2102
E.137.3. Deprecated FEeatures ..........coeeieririeneninienieeieie et 2104

E 1374, CRANGES ....veoveeneeieeieieeieee ettt sttt ettt s 2104
E.137.4.1. Performance IMprovements ...........cocceceeruereeienieneeneneenieneseenienne 2105

E.137.4.2. Server Changes ......c..cocueveeieriinieieneiieienieetesie et 2106

E.137.4.3. Query Changes.......c.ccecvevuerieienenienieniteienieeitenie et 2108

E.137.4.4. Object Manipulation Changes ..........c..cccceveeceeneneeneneeneneneenienne 2109

E.137.4.5. Utility Command Changes.........cc.ccocevveriereeieneneeneneenieneneeniene 2110

E.137.4.6. Data Type and Function Changes ............cccceeveervveenieeneenvesnveenneens 2111

E.137.4.7. Server-Side Language Changes ..........cc.cceevveereerieenieeneeneessieenneens 2112

E.137.4.8. pSQl Changes ......cc.coeviiiienienieniieitenite sttt st seve v eiee s 2113

E.137.4.9. pg_dump CRanges..........ccecueruerrieereenieiieenieenieesieenieesieesiresveeneens 2114
E.137.4.10. Ibpq Changes .........c.ceeeerueerieriieeniienieeieeieeniee e eeeesiee e eseeaeens 2114
E.137.4.11. Source Code Changes ...........cocceevueereerieenieenienieenieenieesieeieeieens 2115
E.137.4.12. Contrib Changes ..........cccceevuerrieeneenieiieeieenieesieeieesiee e eveeieens 2116

E.138. Release 7.4.30 ..o e 2116
E.138.1. Migration to Version 7.4.30......cccceeveiiieniiriieniieniieeieeie ettt 2117
E.138.2. CRANEES .euvtiiiiiieeiteite ettt ettt ettt ettt e 2117
E.139. REIEASE 7.4.29 ..ottt s e 2118
E.139.1. Migration to Version 7.4.29......c..cccccoiiiiiininininiceneeeeeeeeeie e 2118
E.139.2. Changes ......ccoouiiiiiieiieiecieeeee et e 2118
E.140. REIEaSE 7.4.28 ..ottt sttt ettt s e 2119
E.140.1. Migration to Version 7.4.28..........cccccciiiiiiniiiiniiiceene e 2119
E.140.2. Changes ......c.coouiiiiiiiiiieie et e 2119

E 14T, REICASE 7.4.27 .ottt ettt ettt s s 2120
E.141.1. Migration to Version 7.4.27 ......cccceceriiierenieieneee et 2120
E.141.2. CRANGES ..ottt ettt st ettt nee s 2120

E 142, REICASE T.4.20 ..ottt ettt sttt st st b e te e eae 2121
E.142.1. Migration to Version 7.4.26.........cccceveririeninieneneeienee et 2121
E.142.2. CRANZES ...vevieieiieeieieeete ettt sttt sttt et 2121
E.143. REIRASE 7.4.25 ...ttt s s 2122
E.143.1. Migration to Version 7.4.25 ......cccoveriririeninienineeeneeeeeiesieete e 2122

xlii



E.143.2. CRANEES ..ouvieeiiiieeiteite ettt ettt ettt et ettt e be et esate e b e saaesanes 2122

E.144. Release 7.4.24 ... s 2123
E.144.1. Migration to Version 7.4.24 .......cccoeoeiiienieniieiieeniieeteeie ettt 2123
E.144.2. CRANEES .eouvieiiiiieeiieite ettt ettt sttt et st e b e saee i 2123

E.145. Release 7.4.23 ..o s 2123
E.145.1. Migration to Version 7.4.23 . ....ccceeieiiiinieeieeieeniteete ettt 2124
E.145.2. Chanes .....cccoouiiiieieiieieieeeeeee ettt 2124

E.146. REIEASE 7.4.22 ..ottt sttt s 2124
E.146.1. Migration to Version 7.4.22......c..cccccociiirienineninieeeneeeeeseeeeee e 2124
E.146.2. Changes ......c.coouiiiiiieiiieieeeeee et 2125

E 147 REICASE 7421 ittt ettt sttt s s 2125
E.147.1. Migration to Version 7.4.21 ......ccccoeieiiiiniiniinieneeeeeeeeeste e 2125
E.147.2. CRANEES .euveiiiiiieetete ettt ettt ettt e 2125

E.148. ReEIEaSE 7.4.20 ..ottt sttt ettt s e 2126
E.148.1. Migration to Version 7.4.20........ccccceviiirieninieneeeee et 2126
E.148.2. CRANGES ....veveeteiiieieteee ettt sttt 2126

E.149. ReIEASE 7419 .ottt s e 2127
E.149.1. Migration to Version 7.4.19......cccociriiiiiininenieeeneeeeeeeee e 2127
E.149.2. CRANGES ....veveenieiieeiieieeieeeete ettt ettt ettt 2127

E.150. REIEase 7.4. 18 ...ttt sttt e 2128
E.150.1. Migration to Version 7.4.18 ......c.coceveririeninienineeienceeeeseeteie e 2128
E.150.2. CRANZES ..nveveeniiieeiieieiteteeieet ettt sttt et 2128

E 15T REICASE 7.4 17 ittt s 2129
E.151.1. Migration to Version 7.4.17 ......ccccocereririeninienineeienieeeeeseeteie e 2129
E.15T1.2. CRANEES .oouveeeiieiiieiieiie ettt sttt ettt ettt et s e sttt esatesateebeenanesnnes 2129

E.152. REIEASE 7.4 16 ..ot 2129
E.152.1. Migration to Version 7.4.16......cccceeceeriierieeiiieieeniieeie ettt 2130
E.152.2. CRANEES .eouvtiviiiieeiieiie ettt ettt ettt ettt sttt esatesate e beenaeesanes 2130

E.153. Release 7.4.15 ..o e 2130
E.153.1. Migration to Version 7.4.15......cocveiiiiiinienieeieesieeeteeie ettt 2130
E.153.2. CRANEES .eouveieiiiiieiieiie ettt ettt sttt ettt et e s e e 2130

E.154. Release 7.4.14 ... s 2131
E.154.1. Migration to Version 7.4. 14 ......coceeeiiieniieieeieerteeteee ettt 2131
E.154.2. Changes .....ccccoouiiiiiieiiieieieeieeeee ettt e 2131

E 155  REIEASE 7.4.13 ittt ettt s s 2131
E.155.1. Migration to Version 7.4.13......c..ccccooiiiiiiiiniiceeceeeeeeeee e 2132
E.155.2. Changes .....cc.eouiiiieieiieceeee et e 2132

E.156. REICASE 7.4 12 .ttt ettt s 2133
E.156.1. Migration to Version 7.4.12......c..cccccoiiiiiiiiiiiniiiccnceceeeeece e 2133
E.156.2. CRANEES ...uveiiiiiieeiieiee ettt ettt ettt e 2133

E 157  REIEASE 7.4 11 ettt sttt s s 2134
E.157.1. Migration to Version 7.4. 11 ....ccccoooiiiiiiiinieieeeeeese e 2134
E.157.2. CRANZES -...veveeeeeieeeteee ettt sttt et 2134

E.158. ReICASE 7.4, 10 ..ottt ettt sttt e st sbesete e 2134
E.158.1. Migration to Version 7.4.10......c.ccccoviiiiiininieniieeeeeeeeeeee e 2135
E.158.2. CRANGES ...uveveenteiieeieieeetee ettt ettt et 2135

E.159. REILASE 7.4.9 .ttt s s 2135
E.159.1. Migration to Version 7.4.9.......ccccooeririiiininienineeeneeteeseee e 2135

xliii



E.159.2. CRANEES .oouveeeiieiiieiieiie ettt ettt ettt ettt e be et esate b e saaesanes 2135

E.160. Release 7.4.8 ..o e 2136
E.160.1. Migration to VErsion 7.4.8.......ccocueeieiiienienieeieeniteete ettt st st 2136
E.160.2. CRANEES .euveeviiiiieiieiie ettt ettt ettt st e sbe e st st e b e saee i 2138

E.161. REIEASE 7.4.7 ..o 2139
E.161.1. Migration to Version 7.4.7 ........ccccocceveririieninienineereneeeerene e 2139
E.161.2. Changes ......cccoouiiuieiiiiieiieieeieeee ettt e 2139

E.162. REICASE 7.4.60 ..ottt ettt et s s 2140
E.162.1. Migration to VEersion 7.4.0........c.ccoceviriiieninienineeeeseeeeeseeeeee e 2140
E.162.2. Changes ......c.coouiiiiiiiiiicieeieeee e 2140

E 1603, REICASE 7.4.5 .ottt sttt ettt st s e 2141
E.163.1. Migration to Version 7.4.5......cccocieiiiiieiereeee e 2141
E.163.2. CRANGES -..vevienieeieeiecteei ettt ettt sttt st e enee e 2141

E 164, REICASE T.4.4 ..ttt ettt sttt ettt et nae st sbe e te e ene 2141
E.164.1. Migration to Version 7.4.4 ........cccoooiereiiiienieene et 2141
E.164.2. CRANGES ....veveeieiieeieiteeeee ettt sttt nae s 2141

E.165. REICASE T.4.3 ..ottt sttt ettt et bt et s b e te e 2142
E.165.1. Migration to Version 7.4.3 . ....cccociiotiriniiienieeiene et 2142
E.165.2. CRANGES ....veveenieiieeiieieeiteeet ettt sttt sttt e 2142

E.166. REICASE 7.4.2 ..ottt s e 2143
E.166.1. Migration to VErsion 7.4.2.......cccccoverererieninienieneetesieeeesiesieete e 2143
E.166.2. CRANZES .....eveeniiieeiieiiiteteeieetee ettt sttt et 2144

E.167. REICASE 74,1 .ottt s 2145
E.167.1. Migration to Version 7.4.1....cc.ccoccoveviniriiiniinienineeienieeeeeseeeeee e 2145
E.167.2. CRANEES .eouveeeiieiiieiieiie ettt ettt sttt et e st e sttt esatesnteenbaenanesnnes 2146

E.168. REICASE 7.4 ..ot e 2147
E.168.1. OVEIVIEW ...ttt 2147
E.168.2. Migration t0 VEISION 7.4 ......ccccuevieeiieiiiieniieeieeieeniteeteeieesieesiteseaeenbee e 2149
E.168.3. CRANZES ..cuveeviiiiieiieiie ettt ettt ettt et sttt et et e sate e b e saeesanes 2150

E.168.3.1. Server Operation Changes ..........cccceeveerieenieenienieenieenee e eveeieens 2150
E.168.3.2. Performance IMprovements ............coecuevueeneeneenieenieeneeniesieeeens 2151
E.168.3.3. Server Configuration Changes ...........ccocueevueeneerieenenneeniesieeniens 2152
E.168.3.4. Query Changes.......cccceevveeriieniiiiieniieniie ettt 2153
E.168.3.5. Object Manipulation Changes ..........c..ccccceveecveriieceencnieenenenceennene 2154
E.168.3.6. Utility Command Changes..........c.cccccecveeieriecieniinieeneneeneneeeenene 2155
E.168.3.7. Data Type and Function Changes ............c.cceceeuieveenireencnenciennnne 2156
E.168.3.8. Server-Side Language Changes ............cccceceeceeviirieenineenenenieennene 2158
E.168.3.9. pSql Changes ........c.cccoveiieiiiiniiieeieeieeece e 2158
E.168.3.10. pg_dump Changes..........c..cccceeierieririenieniiieiieeeie e 2159
E.168.3.11. libpg Changes .........coeeveueuereriniinienieieeeiiniene et esesnennene 2159
E.168.3.12. JDBC CRANEES .....cc.coverveuieiiriiniiniinteieeeiteieeiesie ettt sae e nenene 2160
E.168.3.13. Miscellaneous Interface Changes ..........ccccecceveeeeneneenenenienene 2160
E.168.3.14. Source Code Changes ..........ccoceeveeruerierieniieienieeceneeseeiesieeeeniene 2161
E.168.3.15. Contrib Changes ...........cceceeruerieienenieienieeienie e 2161

E.169. REICASE 7.3.21 ..ottt sttt et sttt 2162
E.169.1. Migration to Version 7.3.21 ......cccceceviriiiininienieneeeeeeeesieee e 2162
E.169.2. CRANGES ....veveenteriieiieieeiteeete ettt sttt ettt s 2163

E.170. Release 7.3.20 ....cuciiiiiiiiiiiieicieieiteiteseee ettt st s s 2163

xliv



E.170.1. Migration to Version 7.3.20......cccceeveriienieniieeieeniieeieeieenieesitesieesiee s 2163

E.170.2. CRANEZES .eouveevieeieeiteite ettt ettt ettt ettt e be e st e beesaeesaees 2164
E.I71.Release 7.3.19 ..ot e 2164
E.171.1. Migration to Version 7.3.19.....ccocviiiiiiiniinieeieeteeeeeie et 2164
B 171.2. CRANEES .euveiiieiieeieeite ettt ettt ettt st e e e s 2164
E.172.Release T.3.18 ..ottt sttt et s 2164
E.172.1. Migration to Version 7.3.18......c..cccccoiiiiiiininiinicencceceeece e 2165
E.172.2. ChANGES ..ot s 2165
E 1730 REICASE 7.3.17 ittt sttt ettt s st 2165
E.173.1. Migration to Version 7.3.17 ......c..cccccoiiiiiiiiiiiniiiccncceceeece e 2165
E.173.2. Changes .....coucoiiiiiiieiieeeee e e 2165
E 174, REICASE 7.3.10 .ttt ettt s e 2166
E.174.1. Migration to Version 7.3.16......c.cccceiiririieninieneeeeeseeeee e 2166
E.174.2. CRANGES ..ottt ettt st et nee s 2166
E.175. ReICASE T.3.15 -ttt sttt e st be st eae 2166
E.175.1. Migration to Version 7.3.15.....ccccioiiiiiiiiiniiieeeeeeeeeeee e 2166
E.175.2. CRANGES ..nveiieeeiieeetee ettt sttt 2167
E.176. RElEaSe 7.3.14 ..ottt s e 2167
E.176.1. Migration to Version 7.3.14......ccccoceririiiininienineeeneeeeeseeee e 2168
E.176.2. CRANZES ..ottt sttt sttt 2168
E.177.Release 7.3.13 ..ottt s e 2168
E.177.1. Migration to Version 7.3.13......ccccociriiiiiininiiinceeneeeeneeee e 2168
E 1772, CRANZES ..cuveveeniiieeiieieeiteteeteeee ettt sttt e 2168
E.178. ReEIEASE 7.3.12 ..ottt s 2169
E.178.1. Migration to Version 7.3.12......cccceeviriienieeiieieerteeie et 2169
EL178.2. CRANEES .eouvievieiieeiieiie ettt sttt ettt ettt e st e st e beesateseteenbeenaaesnnes 2169
E.179. Release 7.3.11 .o e 2170
E.179.1. Migration to Version 7.3. 11 ....cccociriiiiiiniinieeieeteeeee et 2170
B 179.2. CRANEES .ecuvtiviieiieiieiie ettt sttt ettt ettt et e st e st e b e saaesaees 2170
E.180. Release 7.3.10 ....cc.ciiiiiiiiiiiiiiieiciicec e 2170
E.180.1. Migration to Version 7.3.10......cccceevuiiiieniinieiieenieeieeieeieeste e 2171
E.180.2. CRANEES .euvtevieiieeiieiie ettt ettt ettt st ettt e beesaae i 2171
E.181. ReIEASE 7.3.9 ..ottt et st 2172
E.181.1. Migration to Version 7.3.9.......ccoviriiiiiiiieieeieeteeeee et 2172
E.181.2. ChANGES ..ottt e 2172
E.182. REICASE 7.3.8 .ttt sttt ettt s e 2173
E.182.1. Migration to Version 7.3.8........c.cccceviiiiiieniniiieeerene e 2173
E.182.2. ChanGEs .....ccueeiiiieieiieceee e 2173
E 183, REICASE 7.3.7 .ottt ettt sttt ettt s s 2174
E.183.1. Migration to VErsion 7.3.7 .......ccocerieiiiiniinieeieerieeeeee ettt 2174
E.183.2. CRANEES .cuveiiiiiiieeeee ettt ettt et 2174
E.184. REICASE 7.3.0 ..ottt ettt sttt et nae et be et eae 2174
E.184.1. Migration to Version 7.3.0......ccceceroieiiririeniieiene et 2174
E.184.2. CRANGES ....veveeneeitieieteee ettt sttt nae s 2175
E.185. REICASE 7.3.5 .ottt sttt st bbbt 2175
E.185.1. Migration to Version 7.3.5.....ccccociriiririiiinieniee et 2175
E.185.2. CRANGES ....veveeneeieeiieieeiteeee ettt sttt 2175
E.186. REICASE 7.3.4 ..ttt s s 2176

xlv



E.186.1. Migration to VErsion 7.3.4.......ccoveriiiiienieeieeieeniteete ettt 2176

E.186.2. CRANEES ..cuveeeiiiiieiieiie ettt ettt ettt ettt e st e beesaeesaees 2176
E.187. Release 7.3.3 ..o s 2177
E.187.1. Migration to Version 7.3.3.......ccoiriiiiienienieeieeriteete ettt 2177
EL187.2. CRANEES ..uvtiiiiiieeiteite ettt ettt ettt e 2177
E.188. REIEASE T.3.2 ..ottt ettt ettt e s 2179
E.188.1. Migration to Version 7.3.2........ccccoceveriiiieninienineeeeneeeeeseeeeee e 2179
E.188.2. ChaNES .....ooueeiiiiieieieeteeee e 2180
E.189. REILASE 7.3.1 ettt sttt ettt s 2181
E.189.1. Migration to Version 7.3.1......c.cccociiiiiiiiiiiiiiiiccccceeeecie e 2181
E.189.2. Changes ......c.cooiiiiiiiiiiicieece e 2181
E.190. REIEASE 7.3 ...ttt ettt st st e ae e 2181
E.190.1. OVEIVIEW ..ottt sttt et ettt et be et e e e eneesaes 2182
E.190.2. Migration to VErsion 7.3.........cccceeeiririnenenienieieenenrenreseneeeneeresresseseennes 2182
E.190.3. ChaNEES «....coveeviieieieiieiieieriesteteeetet ettt sttt s 2183
E.190.3.1. Server OPeration ..........c.ccceeueerirrenienieieeeineneneeneeeeeeesuessessennens 2183

E.190.3.2. Performance ..........ccoceeeeruerienieneeienieniteiesieeite e st 2183

E.190.3.3. PrivIIE@ES. ... ceruirueeieniiriieieeiteiesite ettt st 2184

E.190.3.4. Server Configuration........c..ceceveeeerierienienieeieniencenieseeieseseenieene 2184

E.190.3.5. QUETIES ...uuviiieiieeeiiee ettt ettt ete e et e e e eeate e e eareeeeaveeenans 2185

E.190.3.6. Object Manipulation ...........ccceeeeeererienienenienieneenie e 2186

E.190.3.7. Utility COmMMANAS.....c..cccuereeruiririenienieienieetenieeieeniesieeiesieeneneenne 2187

E.190.3.8. Data Types and FUNCHiONS ..........cccceoerieienieiienineencneeieneneeiene 2188

E.190.3.9. Internationalization ..........cc.cecuereereenenienieneeieneneene e 2189
E.190.3.10. Server-side Languages ..........ccccvereereeriieenieeneenieenieenieesvesveenaeens 2189
E.190.3. 11, PSALueiiiiiiiiiiieiecceecceeeee e 2190
E.190.3.12. TIDPQ wviiiieiciieiieiecceceeee e 2190
E.190.3.13. JDBC ... 2190
E.190.3.14. Miscellaneous INterfaces..........ccocevereerieneecieniineencneenieneneeniene 2191
E.190.3.15. Source Code.........cccovuiiiiiiiiiiiiiiiiciciciccse e 2191
E.190.3.16. CONtIIb ....ooviiiiiiiiiiiiiiciccicc e 2193

E.191. Release 7.2.8 ..o s 2193
E.191.1. Migration to VErsion 7.2.8 ......ccovuerieriienieeieeieesiteete ettt 2194
E.191.2. Changes .....coccouiiiiiieiieieeieieeeee ettt et e 2194
E.192. REICASE 7.2.7 .ottt sttt s et 2194
E.192.1. Migration to Version 7.2.7 ........ccccccceviririieninienineeeese e 2194
E.192.2. Changes .....cceoouiiiiiieiieeeeceer e 2194

E 193, REICASE 7.2.60 .ttt ettt sttt st s e 2195
E.193.1. Migration to Version 7.2.6.........cccccueveririnenieneeieenenentenreneeeeneeresresaeneenee 2195
E.193.2. Changes ......c.coouiiiiiiiiiicieece e e 2195

E. 194, REIEASE 7.2.5 ettt ettt ettt sttt e 2196
E.194.1. Migration to Version 7.2.5......cccccceeuririninenenieieenenientenseeeeeeeresresaeseenee 2196
E.194.2. CRANGES «...vooviiiieieieiieiteerteseceet ettt sttt s 2196
E.195. REICASE T.2.4 ..ottt sttt et st b et 2196
E.195.1. Migration to Version 7.2.4.........cccccvirininenienieininenienrereeeeeeenesre s seenne 2196
E.195.2. ChANEES «...eoviiiieieieiieiieenesteeetet ettt sttt s 2197
E.196. REIRASE 7.2.3 ..ottt ettt s e 2197
E.196.1. Migration to Version 7.2.3 . .....ccccevteririiieninienieneetenieeeeie e 2197

xlvi



E.196.2. CRANEES ..cuveeviiiiieiieiie ettt ettt ettt ettt et e st esate e b e saaesanes 2197

E.197. ReleaSE 7.2.2 ..o s 2197
E.197.1. Migration to VErsion 7.2.2.......cceceeueeriienienieeieeniteete et esieesite st e s 2198
E.197.2. CRANEES .euveeviiiiieiteite ettt ettt ettt ettt et e e e saees 2198

E.198. Release 7.2.1 c..ccuoiiiiiiiiiiiiiiiiccee s 2198
E.198.1. Migration to Version 7.2.1.....cc.ccccoceviniriiininiiiinieeeneceeeneeeere e 2198
E.198.2. CRhanGES .....coueeiiiieieiieeeeeeee ettt 2199

E.199. REIEASE 7.2 ..ottt ettt sttt sttt ettt e ae e 2199
E.199. 1. OVEIVIEW ...eiuiiiiiiiiiiiie ettt ettt ettt e 2199
E.199.2. Migration to VErsion 7.2........ccccoceevieriiiiieniiiieiiee et 2200
E.199.3. Changes ......c.coouiiiiiiiiieiicet e e e 2201

E.199.3.1. Server Operation ...........ccccceeciiiieiieniiiieiieniieieie e 2201
E.199.3.2. PerfOormance ..........ccceeuerueeuiesieneeiesie sttt s 2201
E.199.3.3. PrIVIIEEES......cveuieiieiiierieecicteteeeetereeteeet ettt 2202
E.199.3.4. Client AuthentiCation .............cceceeeeererierienieienieecenie e sieeeeneene 2202
E.199.3.5. Server Configuration..........cceceeeeuevvenienieeeinenenieneeeeeeesuesresnenene 2202
E.199.3.6. QUETIES .....uveieeiieeeeee ettt etee ettt e et e e eaaeeeetreeeaes 2202
E.199.3.7. Schema Manipulation ............ccocceeeererienieniieiienieneene e 2203
E.199.3.8. Utility COMMANAS.....cceertirrieiinieienieiieienieetente e eieenee e 2203
E.199.3.9. Data Types and FUNCHiONS ..........ccccevuerierieneeiieniinienieneeieneeieiee 2204
E.199.3.10. Internationalization .............cccecevuevuerieieieinenenieeeeeeee e 2205
E.199.3.11. PL/PESQL ...ttt 2205
E.199.3.12. PL/PEIT ...ttt 2206
E.199.3. 130 PLITC ..t 2206
E.199.3.14. PL/PYtRON ....cooviiiiiiiiiiiiiiiniciicccceecse e 2206
E.199.3.15. PSALueiiiiiiiiiiiieicce e 2206
E.199.3.16. LIDPQ c.viniiiiieiiiiiiieicccecceeee e 2206
E.199.3.17. JDBC ... 2207
E.199.3.18. ODBC ...ttt 2208
E.199.3.19. ECPG .....ciiiiiiiiiiiiiciciiccceees e 2208
E.199.3.20. Misc. Interfaces..........cccccueiriviniiiiniiiiiiiiincicicicincsccene 2208
E.199.3.21. Build and Install...........cccccociniiiiiniiiiiiiciicee 2209
E.199.3.22. Source Code.........cccovuiiiiiiiiiiiiiiiiiiiciciii e 2209
E.199.3.23. CONLLID ..ottt 2209

E.200. REIEASE 7.1.3 ..ottt ettt sttt ettt s e 2210
E.200.1. Migration to Version 7.1.3 . ......ccccoiiiiiiiiiniiieiniceeeeeeeeeeeeee e 2210
E.200.2. ChANGES .....ccueeiiiieieiieieeteeteeeee e 2210

E.201. REICASE 7.1.2 .ttt ettt sttt ettt s 2210
E.201.1. Migration to Version 7.1.2.......ccoceriiiiiiniinieiieeniteeeeee et 2211
E.201.2. CRANEES .euveiiiiiieeiieite ettt ettt ettt e 2211

E.202. REIEASE 7. 1.1 c.eeiiniiieiiiiiiiriiteetetet ettt sttt st s e 2211
E.202.1. Migration to Version 7.1.1 . ..cccooiriiiiiiiiieeeeeee e 2211
E.202.2. CRANZES ....veveeneeeieeieieeiee ettt ettt sttt ettt et nee s 2211

E.203. REIEASE 7.1 ...ttt ettt sttt et bbb eete e eae 2212
E.203.1. Migration to Version 7.1 .......ccccooiivieniniiieniieienie et 2212
E.203.2. CRANZES ....veveeneerieeiieieeiteest ettt ettt st 2212

E.204. Release 7.0.3 ...ouoiiiiiiiiieietecetet ettt s 2216
E.204.1. Migration to Version 7.0.3.......ccocoviiririiieninienieneeenieseeeseeeie e 2216

xlvii



E.204.2. CRANEES ..cuvteviieieeiieiie ettt ettt ettt et et sttt e be e st e sate e beesaeesanes 2216

E.205. Release 7.0.2 ...ccooiiiiiiiiiiiiiciccceee s 2217
E.205.1. Migration to Version 7.0.2.......ccoceeveiriieniiniieeieeniieere ettt 2218
E.205.2. CRANEES .ccuveeviiiieeiieiie ettt ettt sttt ettt e beesaee s 2218

E.206. Release 7.0.1 ..o s 2218
E.206.1. Migration to Version 7.0.1........ccccoceviniiiiininiininicencceceneeeie e 2218
E.206.2. ChanGES .....cceevviriieieiieieeieeieeeee ettt e 2218

E.207. REIEASE 7.0 ...eeiiiiiiiieiiteeeet ettt ettt sttt st e 2219
E.207.1. Migration to Version 7.0........ccccoceovieririiieninieineeeene e 2219
E.207.2. ChANGES .....ooveeiiiiiieieeeeee e 2220

E.208. REICASE 6.5.3 ..ottt sttt ettt s e 2226
E.208.1. Migration to Version 6.5.3........coceiiiiiiiniiiiiiieenieeeeeeeeeete et 2226
E.208.2. CRANGES ....veveeieieeeieiteei ettt ettt et st ettt sae e nee e 2226

E.209. REICASE 0.5.2 ..ottt ettt st b ettt et st be et ene 2226
E.209.1. Migration to Version 6.5.2.........ccccceiririnenienieiienenienreieeeeeeeresresaeseenne 2227
E.200.2. CRANGES ....veoviviieienieiieiieiertestetcet ettt ettt st s 2227

E.210. ReIEASE 0.5.1 ..ottt sttt et st besate e 2227
E.210.1. Migration to Version 6.5.1.......cccccoceviiiiiininiinineeeeeeeeseeee e 2228
E.210.2. CRANGES ...uveveenierieeiieieeiteeste ettt st sttt e 2228

E.211. REICASE 6.5 ...ttt ettt st s e 2228
E.211.1. Migration to VErsion 6.5.......cccccoviriereninieniinienienceieneeteiesieeee e 2229

E.211.1.1. Multiversion Concurrency Control ..........c..cecevereeneneenienennenenne 2230
E.211.2. CRANZES ..cnveveeneiieeiieieciteteeteees ettt sttt e 2230

E.212. REICASE 6.4.2 ...ttt e 2233
E.212.1. Migration to VErsion 6.4.2.........ccceevueeviierieeiieeiieenieeieeieenieesreseseenseesanesnnes 2234
E.212.2. CRANEES .eouveeiviieiieeieeiie ettt sttt ettt sttt et e st e st ebaesatesnteenbeenanesnnes 2234

E.213. ReleaSE 6.4.1 ..o e 2234
E.213.1. Migration to Version 6.4.1........ccceevueiiiiiniiriieeiieeniieeieeie ettt 2234
E.213.2. CRANEES .eouvteeiieiieiieiie ettt st ettt et st et e st e st e b e saaesanes 2234

E.214. REIEASE 6.4 ... s 2235
E.214.1. Migration to VErSION 6.4 ..........coovueriieiiiienienieeieeniieete ettt st st 2236
E.214.2. CRANEES .ecuveeieieiieeiteite ettt ettt ettt sttt sat e e b e saaesaees 2236

E.215.Release 6.3.2 ..ot s 2240
E.215.1. CRANES ...oooveeiiieeieieeeeteete ettt e 2240

E.216. REIEASE 6.3.1 ..ottt ettt s s 2241
E.216.1. ChanEs .....ccueoiiiiiiieiiiecieeeeet et e 2241

E.217. REIEASE 6.3 ..ottt sttt sttt st 2242
E.217.1. Migration to Version 6.3..........cccccocieiiiiiiieniinieiiieeeene e 2243
E.217.2. ChANZES ... e 2243

E.218. REICASE 0.2.1 ..ottt ettt sttt e e e e tesbeeneeneeene 2246
E.218.1. Migration from version 6.2 to version 6.2.1........ccccecceveriiieniennnincee 2247
E.218.2. CRANEES .cuveeeiiiieeiieite ettt ettt e 2247

E.219. REICASE 0.2 ...ttt ettt sttt e nae et beeete e eae 2248
E.219.1. Migration from version 6.1 to Version 6.2.........c.ccceccvervevvenveneeenrenenennenee 2248
E.219.2. Migration from version 1.x to version 6.2 ..........cccecceevvevvenveneeninenennenee 2248
E.219.3. CRANGES ....veveenieieieieieeiteeet ettt st sttt 2248

E.220. ReIEASE 6. 1.1 ..ouviniiiiiiiiiiiiiieiceeettet ettt s e 2250
E.220.1. Migration from version 6.1 to version 6.1.1........ccccooeniniiiininninincene. 2250

xlviii



E.220.2. CRANEES .eouvieiiiiieeiieiie ettt ettt ettt et et st st e be et esate e beesaaesanes 2250

E.221. RelEASE 6.1 ..o e 2251
E.221.1. Migration to VErsion 6.1 .......ccccoviieiiiiiieniinieiiieniteeteeieeiee st 2251
E.221.2. CRANEES .eouveeiiiiieeiteite ettt ettt ettt st ettt e e s saees 2252

E.222. Release 6.0 ......ccoouiiiiiiiiiiiiiiiicic s 2254
E.222.1. Migration from version 1.09 to version 6.0............cccccoervveiininccnincenncnne. 2254
E.222.2. Migration from pre-1.09 to version 6.0 .........c.ccccoeceeveniniieiiniiecicnineenee. 2254
E.222.3. Chanes .....cccoouiiiieieiiieeieeieeeee ettt s 2254

E.223. REIEASE 1.0 ....euiiiiiieiiiiiiriietcetetee ettt sttt ettt s e 2256

E.224. REIEASE 1.02 ...viniiniiieiiiiiiiiitietectetet ettt sttt ettt s e 2256
E.224.1. Migration from version 1.02 to version 1.02.1............cocoiiiiiiiinnnne. 2256
E.224.2. Dump/Reload Procedure ..........c.coeceeiiiniiniiiniiinienienieeieeseeeee e 2257
E.224.3. CRANEES .euveeitiiieeiteite ettt ettt sttt st e 2257

E.225. Release 1.0 ..ottt s e 2258
E.225.1. Migration from version 1.0 to version 1.01........ccocooininiiiininiininceee 2258
E.225.2. CRANGES ....veveeieeieeetee ettt sttt 2260

E.226. ReIEASE 1.0 ..cuiiiiiiiiiiiiee ettt e bbbt 2261
E.226.1. CRANZES ....veveeneeiieeiieieeieeeeee ettt sttt e 2261

E.227. Postgres95 Release 0.03.......couiiiiiiiieienietee ettt 2262
E.227.1. CRANZES ..uveveeniiiieeiieieeiteese ettt sttt e 2262

E.228. Postgres95 Release 0.02.......cocuiviiieriiiiiinieienieeeene sttt 2264
E.228.1. CRANZES ....veveentiieeiieieeiteteeteee ettt sttt 2264

E.229. Postgres95 Release 0.01.......cocuiviiiiniiiiiinieiiieeeesteeeeteeeceee e 2265

F. Additional Supplied MOAUIES ........cccceeciiroiierienieiieeieetese ettt sve et e senesne e 2266

Fol. @dmMinpack ... .cooueeiieeiieiieieeeeeeeste ettt ettt sttt ettt st ebeenee s 2266
F.1.1. Functions implemented............cecverierrierriienienieeieesite e eieeieesee e eieesaee e 2267

FL2. QUL0_@XPLaINceeutiiiiiieiieiierieeeee ettt ettt st st beesabeebeeaee s 2267
F.2.1. Configuration Parameters.........ceeeeeveerueerieeriieeiieenieenieesresteenseessseseseenseesseesnnes 2267
F.2.2  EXAMPIE c.eviiniiiiiieieeitee ettt ettt ettt ettt e 2268
F2.30 AUNOT ..o 2269

B3 DO _IN .ottt sttt st ettt be e 2269
F.3.1. EXQAMPIE USAZE ..veuveeniieiieiieeieeite ettt ettt ettt sttt e saae s 2269
F3.20 AUNOTS ..o 2269

Fld DLIEE_ISE .ottt ettt sttt st ettt e be e b 2270
F4.1. EXaMPIE USAZE ...ceveveenieiiiieiiiicieie ettt 2270
Fid. 2. AUNOTS ..ottt st 2270

FLS. ChKPASS ...t e 2270
FLS. 10 AUNOT ottt ettt 2271

FLB. CIEEXE ottt ettt ettt st e bt e bt st e be e st e b ebe e 2271
FL6.1. RAtIONALE «...couviiiiiiiiiiiiiic ettt ettt 2271
FL6.2. HOW 10 USE Lt .cneiiiiiiiiieiiiieeeeeeeeeeeeee et 2272
F.6.3. String Comparison Behavior............ccccooiiiiiieninieniiieeeeeeeeee e 2272
F.6.4. LIMITATIONS ....veuiiiiitieieitietie ettt ettt ettt e e e 2273
Fi6.5. AULNOT ...eiiiiiiiieceete sttt sttt s 2273

BT CUDC ..ttt et 2274
F7. 10 SYNTAX ittt e 2274
F7.2. PrECISION.....ueouiitiiiieiceciteiteie sttt sttt 2274
7.3 USAZR. .ttt sttt ettt e 2274

xlix



FL7.5. INOEES ..veeetieeeiie ettt ettt e et e et e e etbe e sbbeeestaeeessaeessbaeasssaeensseeessaeensseaannns 2277
FL7.6. CIEditS coeeuiiieeiiieeiie ettt ettt ettt e et e e e te e e e abe e sabeeessbaeessaeesssaeensseaanens 2277
FLBL ADIINK ...ttt ettt e e et e e e st e e b e e e abaeetbaeetbeeenbaeenrraaans 2278
ADIINK_COMMECT ... .cciiiiieiiieiiieeciie ettt et e et e e etee e et e e s eaeessbee e ebaeessseeessaeensseennnns 2278
ADINK_CONMMECT_U.cuuiiiiiiiieiiieeiie ettt et e ettt e et e e et e e e teeesebeeesebaeesnseeessaeeneseennnns 2281
16 10) F00) Qe 10} 01 1<t SO 2282
(6 10) 731 USROSt 2283
16 10) 5001 ), (= 2287
ADIINK _OPCIN. ..ttt ettt et sttt et 2289
ADINK_FELCI ..o et 2291
16 1) 1101 &) (o ]SO RRRRRR 2293
dbliNK_GEt_CONMECTIONS ....veeuieitiiieiietieiie sttt ettt et ettt ettt e e e enee e 2295
ADIINK_EITOT_MESSAZE ....venvenieniiiieieeteete sttt ettt ettt et s enee e 2296
ABINK_SENA_QUETY ...eeieiiiiieiieieet ettt 2297
ADINK_IS_DUSY ..ttt et sttt 2298
ABINK_ GOt NOTIEY ..ottt 2299
ADINK_GET_TESUIL...c.eiiiiiiiiiiieieei ettt 2301
dblINK_CANCEL_QUETY . .eeuiiiiiiieiiiieieeteete ettt 2304
ADINK_ GOt PKEY ..ottt ettt 2305
dblink_build_SQI_INSeIT......cooueiuiriiiiiniiiienieeteert ettt e 2307
dblink_build_sql_delete.........coerieiiriiiiniiieienieeteeete et 2309
dblink_build_sql_Update........cccoeeviimiriiniiieienieeteieetee e e 2311
FLO. UCE N .ttt et e et e e et e e e e e e ate e e tb e e e abeeeabeeetreaans 2313
FLO.1. CONfiGUIALION ..uvviiiiieiieiieeieeieete ettt et ettt e st esaaesnnes 2313
FLO. 2. TUSAZE..c.uiiitieiieciie ettt sttt ettt ettt ettt e be et esat e e e e naeesanes 2313
Fo10. QO _XSYM ittt et ettt ettt et e st e sabeesbeesaeesabeenbeenbeesebeenseenseens 2313
Fo10. 1. CONfIGUIATION ...eiitieiiieiieiieeieeite sttt ettt sttt e be et e st e beesaaesanes 2314
Fi0.2. USAZE...etitieiieeiie ettt ettt st ettt ettt e be e st esate e beesaeesaees 2314
Fo11. @arthAiStANCE ......ccuviieiiieeeiieciee ettt ettt e et e e e be s e ebaeesebeeeaseeeesaeensnaans 2315
F.11.1. Cube-based earth diStanCes ..........cccvieeerieiiiieeiiiieeiieeciieesreeeereeesveeeseveeeaens 2315
F.11.2. Point-based earth diStanCes ...........cccueeeviieiiieeeiiiieeiieecieeeereeeeveeesveeeeree e 2317
Fo12. fUZZYStMAtCR...c..eiiiiiiieiieeeee ettt sttt st e 2317
Fo12.1. SOUNAEX...ciiiiiiiieiiieciieecite ettt et e s tte et e e e e e e ssbaeessbeeesseeessaeenesesennns 2317
Fo12.2. LeVENSHEIN .....vveiiiiiiiiecceiieee ettt e e e e e e eearaee s 2318
F.12.3. MEtaPhONE. ......cooviiiiiiiiiiieieeieee ettt 2319
F.12.4. Double Metaphone............ccccoiecieniiieiiiniiieiicecceceee e 2319
FLLIBLRSTOTE . ettt e ettt e e e et e e e e e aa e e e e e eeaab e e e e eenraeeeeeenraaaeas 2319
F.13.1. hstore External Representation ..........c..ccccccieieviinieicniiicicnieicecceeeee 2320
F.13.2. hstore Operators and FUNCHONS ........ccceeieriieienineeieseeeee e 2320
FoI3.3. INAEXES ..vvieiieieeee ettt ettt e e et e e e et e e e e e enrae e e e eennraeaeas 2323
Fi13.4, EXAMPIES ..couviiiiiiiieiieiie ettt e 2324
FL13.5. SEALSICS .uviiiutiieeeieeeetee ettt ettt e et e et e e et e e et e e eaeeeeaaeeeeaneeenareeenes 2325
F.13.6. COMPAtIDILILY ..coveieiinieiieiieieeieee sttt 2325
Fo13.7. AULNOTS ...oiiiiiiiiie ettt e e et e e eate e e eaaeeeeareeenans 2326
FolL ANTAZE .ottt ettt ettt st et b e bttt st sbe et bt e e eae 2326
Fl4.1. FUNCHONS ...ttt ettt e et e e et e e eate e e aveeeeaaeeeenaaeenareeennns 2326
Fo14.2. SamPIe USES....ccouiruiiieiiniieiinieeitesie ettt sttt ettt 2326



F.15.

F.16.

F.17.

F.18.

F.19.

F.20.

F21.
F22.

F.23.

IIEATTAY 1.veitteiteeite ettt et eit et et e st e s bt e s bt e s ttesab e e beesstesateenbeestesaseenbeesaesaneensaenseananes 2327
F.15.1. intarray Functions and OpPerators ............ceceerueerienieriieeneenienieenieeseennnes 2328
Fi15.2. INAEX SUPPOTL...ciiiiiiiiiiiiiieeieette ettt ettt ettt ettt e e s 2329
FIIS30EXAMPIE ..ottt ettt ettt e 2330
F15.4. Benchmark .........ccccooiiiiiiiiiiiiiiiiiicccc 2330
FiIS.5. AUTNOTS......oiiiiiiiieceee et e 2330
1] 1 OO OO OO OO SO PP PT U PROPRPPRUPTOO 2330
Fi16.1. DAta fYPeS..c.uecueeririeeieieeiieteeteee ettt ettt et et e 2331
FLL0.2. CaSES ettt ettt ettt sttt ettt ettt 2332
F.16.3. Functions and OPErators ..........ccccoeeeerieriirieniieieiieie e 2332
Fo16.4. EXAMPIES .....oioiiiiiiiiieiiiieieet et e 2333
F.16.5. BiblOZIaphy.....ccueouieieiieiieieeteeeet et e 2334
Fo16.6. AUTNOT ..c.oviiiiiiiieciccee ettt ettt s 2334
L0 et ettt et a et ea b nene 2334
FoI17.1. RAONALE ...ttt 2334
FoI17.2. HOW t0 USE Tt ..coniiiiiieiieieeeeeee ettt 2335
Fo17.3. LIMIEATIONS ..ottt ettt et sttt st s be et e e e 2335
FoL7.4 AUNOT ..ottt s 2336
LEEER ..ttt s sttt s 2336
F I8, 1. DEfINItIONS ....viiinieieiieiieiieieriestcicteeit ettt sttt s 2336
F.18.2. Operators and FUNCHONS ......c..cocueririeneninieniinieienceteseeeeeseeeee e 2337
FUI8.3. INAEXES ..ttt s 2340
FoI8.4. EXAMPIE ..ottt sttt 2340
FoI8.5. AUNOTIS ...ttt 2343
OIAZNAIME ...ttt ettt st 2343
FLL1O. 1. OVEIVIEW ..ttt 2343
F.19.2. 01d2namMe OPLIONS ...vveeviiriieiieriiesieeieeite st ete et esieestesteesbeessaessteeseesaeesnnes 2343
Fi19.3. EXAMPIES ..couiiiiiiiiieiieiie ettt ettt st ettt e b e saee s 2344
F.19.4. LIMItAIONS ...coviviiiiiiiiiiiiiiniececieteee e 2347
Fo19.5. AUNOT ..o 2347
PAZEINSPECT «.eneeeiiieitieiieeite et et e et e et e bt e sttesabe e bt esabesateebeesatesaseenbeesatesaseenbeesssessnennse 2347
F20.1. FUNCHONS ...ttt 2347
PASSWOTACHECK ...ttt ettt et 2349
PE_ArChIVECIBANUP .....ouveiieiiiiieiiiiieteteee ettt ettt s ne e 2349
F22. 1. USAZE .ottt 2350
F.22.2. pg_archivecleanup OPtiOnS.........cocceceerueririeniieieiineeeeneeeerese e 2350
F22.3. EXAMPIES ..ot 2350
F.22.4. Supported SEIVET VETSIONS .......cccueruiiuierieriiiieiieieeieeie ettt e ae e 2351
F22.5. ATNOT ..ottt ettt s 2351
PEDEINCH ..ottt et 2351
FL23. 1. OVETVIEW ..ttt ettt st e 2351
F.23.2. pgbench Initialization OPtions ..........cccceveeierieeienineeieneeeee e 2352
F.23.3. pgbench Benchmarking Options...........ccoeeeieriieieneneerieneeeeieseeeee e 2353
F.23.4. pgbench Common OPLions .........c.cceceevueruerieniinieneneeee sttt 2354
F.23.5. What is the “transaction” actually performed in pgbench?...............c..cc....... 2354
F.23.6. CUSLOM SCIIPLS c.nvenveinieniieiieieeteeite sttt sttt ettt st sttt b et nee s 2355
F.23.7. Per-transaction loZINg ........ccccecueviiienieniiiieniinieie et 2357
F.23.8. GOOA PracCtiCes ......ccucoueuiruiriiriiniiieieieiteiietesieseeeeeee ettt 2357

li



F.24. pg_ DUfErCaChe.....ccuveiiieiieeiec et st e 2358

F.24.1. The pg_bufferCache VIEW ...ccccveeieeiireeeeeeirreeeeeeereeeeeesinreeeeeesnneeseesnneeeees 2358
F.24.2. Sample OULPUL ...cc.veeiieiiiiieeieeite ettt sttt st saee s 2359
F.24.3. AUTNOTS......ooiiiiiiiieceece ettt e 2359
FL25. PECTYPLO ettt sttt ettt st e be e sbe e sttt e bt e s ateebeebee s 2359
F.25.1. General hashing functions...........c..cocceeerieiieninieninieenceeeseeece e 2359
F.25.1.1. Aig@St () teeereereeeierienieeieieettete et e e eesite e teenteteeneessesneeeesseennenseens 2360
F.25.1.2. MAC () teverteeieieeieeree sttt ettt et sttt ettt e sae st ensesseennenseens 2360
F.25.2. Password hashing functions ...........c.ccccccoieieiiniininieieniiceeecece e 2360
Fo25.2. 1. CrYPE () ittt e e et e e e e e eanaes 2361
F.25.2.2. GeN_SA1E () torreiieeeiiiee ettt et et e e e eanaes 2361
F.25.3. PGP encryption fUnCtions ..........cccceeceerierieerienieeiesie et 2362
F25.3.1. DOP_SYM_ENCIYPE () tieeeerrieieeeeiieeeeeciteeeeeeeiteeeeeereeeeeeevreeeeeennnnes 2363
F.25.3.2. pgp_syM_d@CIYPE () tieeteirieieeeeiieeeeeciteee e eettee e e esre e e e e eeereeeeeeannnes 2363
F.25.3.3. pOp_pub_enCryPE () wieeeeeieeeeeceiieeeeecireee e eeettee e eesree e e e evreeeeeeaaanes 2364
F.25.3.4. pgp_pub_deCIrYPE () eieeeeeieeeeeccieeeeeecreeeeeeeiree e e esree e e e evreee e eenannes 2364
F.25.3.5. DOP_KeY_ 10 () tttreeeiiieeiieeetiee ettt et ettt et e et e ete e e eire e 2364
F.25.3.6. armor (), ACATMOT () teeeeeeeeireeeeeeeeeeeeeeeeeeeeeeeeeeeaeeeeeeeeeseesesseseesennns 2364
F.25.3.7. Options for PGP functions ..........cccceoevievenieiieninieneneeeneeeeee 2365
F.25.3.7.1. CIPher-al@o ......cccceoueriieiiniiieieieeeieeeececeee e 2365

F.25.3.7.2. cOMPIess-al@O .....cc.couerieririeniiniieienieeiteieeieeee et 2365

F.25.3.7.3. compress-18Vel ..........cccevireeniiiiniininieicncenec e 2365

F.25.3.7.4. convert-Crlf......c.ccoooiiriininiiiiiecctcece e 2366

F.25.3.7.5. disable-mdC.....c..cccueviriininiiniiieieniectceecec e 2366

F.25.3.7.6. €nable-SeSSION-KeY .......ccccrvuerurriiienienienieeieeneesieeveeniee e 2366

F.25.3.7.7. S2K-MOdE......couerieiiiieiiiineeeieeeseeecceceee e 2366

F.25.3.7.8. 82K-digest-al@O0...ccveruiriieiienieeiieieeeee ettt 2366

F.25.3.7.9. S2K-CIPher-algo ......cccceevuierieniieiiieiienieeieeeeee e 2366
F.25.3.7.10. unicode-mode..........ccceevireererienienenieniineenieneereneeeenene 2367

F.25.3.8. Generating PGP keys with GnuPG.........ccccoovieviiniiininnienieeeeene 2367
F.25.3.9. Limitations of PGP code ........ccccoceevueninieniiniiniiiincncneeicnecieiee 2368
F.25.4. Raw encryption fUnCHIONS ..........ccovueriieriiienienieeieeniteeieeie ettt 2368
F.25.5. Random-data fUNCHIONS ........coceecueriirieniiniiiieiieeeiesceeeiceeeese e 2369
FL25.6. NOTES ..cneeeentieieeie sttt st e st 2369
F.25.6.1. Configuration............cocecveviirieiinieienieieeienieeeete e e 2369
F.25.6.2. NULL handling .........ccceceeeeierienieieniesieieeieeieie et 2370
F.25.6.3. Security lIMitations..........cccoeveevierieiienieiieieneeieie e 2370
F.25.6.4. Useful reading ..........cocoovieiiiiiiiniiiiieeeeet e 2370
F.25.6.5. Technical references ..........coeeevuerierienieiieieeiieieee e 2371
F25.7. AUNOT ...ttt ettt e 2371
F.26. pg_freeSPaCemMaD ......ceiueriieiiiieieeie ettt ettt sttt ettt nae ettt 2372
F.26.1. FUNCLIOMNS ...ttt ettt sttt nee s 2372
F.26.2. SamPle OULPUL ....eoviiiieiiiieieeieee ettt 2372
FL20.3. AUTNOT ...ttt 2373
FL27. PEIOWIOCKS ...ttt ettt st b ettt st sbe et esbeeiae e eae 2373
F27. 1. OVEIVIEW ..oniiieieieeeeteee ettt ettt et sttt s nee s 2373
F.27.2. SampPle OULPUL .....oveemieiieiieieeieetest ettt 2374
F27.3. AUTNOT ..ottt 2374

lii



FL28. P StANADY ..couviiiiiiiieieee ettt sttt 2374
FL28. 1. USAZE...et ittt ettt ettt et st e be e st e st e e b e saee i 2375
F.28.2. pg_standby OPHONS ....c.cevvieeriieriienieeieeiteniteeteeie ettt ettt 2375
F.28.3. EXAMPIES ..ccuuiiiiiiiiieiieiie ettt ettt ettt 2376
F.28.4. SUppOTrted SETVET VETSIONS ..cuveevieriieeieeiieniieeieeieesitesteeaieesbeesitesateebeesaeesanes 2377
F28.5. AUNOT ... e 2378

F.20. P_Stat. SLALEIMENLS ...cccueeruieeieriieiteeiteeite et tentt ettt sat e et e st esbee st e ebe e beesateebeebeens 2378
F.29.1. The pg_stat_Statements VIEW ....ccceeecieeeriieeeiieesiieesreeeseneeessneeeeveesnens 2378
FL20.2. FUNCHONS ..cuvtiiieiieeieeite ettt et ettt ettt e 2379
F.29.3. Configuration parameters............coceeeerueruerieniieeenienieeeesieseenesieeeeneeneeaesnes 2380
F.29.4. Sample OULPUL .....c..ooiiiiiiiiiiiieicceeereee e e 2380
F20.5. ATNOT ..ottt 2381

FL30. PEStALTUPIE....coneeeiiieeeeett ettt ettt st st e 2381
F.30.1. FUNCHIONS ...ttt ettt st e nee e 2382
FL30.2. AUTNOTS ....eiiieiiieeeeee ettt st e 2383

B3PIttt e e e e satesates bt esaees b esat e e bt e b saaeeaeene e 2383
F.31.1. Trigram (or Trigraph) CONCEPLS.......ccevuerierieniirienieneeienie et 2384
F.31.2. Functions and OPEIators .........ccceeeeierierierienienieniesieeteniesiteniesieeneeseeseeeneesaes 2384
F.31.3. INAEX SUPPOIT..ccuiiiiiiiiiiiiieieeieetentt ettt sttt 2385
F.31.4. Text Search INteZration ........ccccecuevirienieniiiieniinienie et 2385
F31.5. REEIENCES ....cviiiiiieiieiieiieicriecccee e 2386
F31.6. AUNOTS ..ottt 2386

F32. P UPZIAAE ..ttt sttt et bbbttt 2386
F.32.1. SUPPOTtEd VEISIONS ...eevviiiiiieiieiieiieeieeitesiteete et esieesresteeteessnessseeseenseesnnes 2386
F.32.2. pg_upgrade OPLiONS .......cocveeruieriierieeieeitenieeteeieeseeereeteesteesiteseseenseesanesnees 2387
F.32.3. UPEIade StEPS ..veeveeeieriieiiieieerite sttt et ete et e sitesbesabeesbeesaaesateenbeesanesnnes 2388
F.32.4. Limitations in Migrating from PostgreSQL 8.3 ........cccceevvirirniieriiieneeneennn. 2391
F32.5. NOLES ...ttt 2391

L33 S ittt ettt et ettt bt e bt e bt s te e b e e e e s ateebeebeens 2392
F33.1. RatioNale ......cooovviiiiiiiiiiiiiicici e 2392
FL33.2. SYNEAX 1ottt ettt ettt sttt et st sanes 2393
F.33.3. PrECISION.....cuiiiiiiiiiiiiiciicicricce e 2394
Fi334. USAZE...ei ittt ettt et ettt ettt e 2394
FL33.5. NOLES ..ttt ettt et et 2395
FL33.6. CTEAILS ..uuinititiietetcteee sttt ettt ettt st be e s 2395

L34 SPIuieee et e e e 2395
F.34.1. refint.c — functions for implementing referential integrity.............ccc...... 2395
F.34.2. timetravel.c — functions for implementing time travel...............ccccoceeene. 2396
F.34.3. autoinc.c — functions for autoincrementing fields...........ccceeveeeverincnennennee 2397
F.34.4. insert_username.c — functions for tracking who changed a table ............... 2397
F.34.5. moddatetime.c — functions for tracking last modification time .................. 2397

FL35. SSINTO. ..ttt et st be et 2398
F.35.1. Functions Provided ...........cccooieiiiiiiinieeeeee e e 2398
F35.2. ATNOT ..ottt 2399

F.30. tabIEUNC ...ttt ettt 2399
F.36.1. Functions Provided ...........cccooiiiiniiiininiieieeee e 2400

Fo30.1.1. NOTIMAL TANA ttttttieeeeee e e e e e e e s e e ae e e e e e e e eeeeanaes 2400
B 30,1, 2. CrOS ST A (EOXE) tueeeeeeeee e e et eeae e e e e e e e eeeeaeaes 2401

liii



FL30.1.3. CroSStADN (EEXE) eeeeeeeieeeeeeeeeeeeeeeeee e e e e e e e e e e et eeeeeeaeeeeeeeeeeeeeeaes 2403

F.36.1.4. crosstab (EeXt, te@XE) wriiiiiiiiieieieieieiiiieieieeeeeeeeeeeeeessssnnnns 2404

F.30.1.5. CONNE DY iiiitiiiieicteee ettt e e e e e e eeareeeeeeannes 2407

F.30.2. AUTNOT ...t 2410

37 Bt PATSET .ttt ettt ettt et ettt st e be e sbe e st ettt e b eae e 2410
F37. 1. USAZE .ttt ettt st sttt e 2410

FL38. tSEATCRZ ...ttt st et st 2411
F.38.1. POrtability ISSUES ........couieuieiiriieieiiiieiceeiee e 2411
F.38.2. Converting a pre-8.3 Installation...........ccccecueeiieieiiiniencniiicereeece e 2412
F.38.3. REEIENCES ....eeuviiiiieiieii ettt 2412

FL30. UNACCEMNL ..c.ueiniiiiiiieeee ettt ettt st ettt st e e b 2413
F.39.1. CONfIGUIALION ..cuveuvenienieiieiirierientcteieteit ettt ettt 2413
Fl39.2. USAZE ... e 2413
F.39.3. FUNCLIONS ...ttt sttt st e ee s 2414

FLA0. UUIA-08SP ettt ettt ettt et et s at et bt e st et e st e nbeseeebesbeeneeteeae 2414
F.40.1. uuid—05sp FUNCHONS ....oooovviiiiiiiciiic e 2415
FlA0.2. AUTNOT ...ttt 2416

FiAT. VACUUMIO. ..ottt ettt ettt st beeate e 2416
FlAT. 1. USAZE .ttt st sttt e 2416
FiAT1.2. MEthO ..c..ooiiiiiieieeeeee ettt s 2417
FiA1.3. AUTNOT ..ottt e 2417

FlA2. XIMI2 ottt sttt st st sttt 2418
F.42.1. Deprecation NOLICE .....c..coeevereeienirieienieeitenieeitete ettt 2418
F.42.2. Description Of fUNCHONS......cccueerierieeieiiieriieeieeie et ere ettt sre e saee e 2418

| S Tt oY= ol s M o= o 1 I = F USROS 2419
F.42.3.1. Multivalued reSults ..........ccceeveeviimiriieninieienieieieneenie e 2421

F.42.4. XSLT fUNCHONS «..eveeiieiiriietenteeieniceitetesteeteste ettt sttt sa s 2422

FiA2. 4.1, XS 1t 0T OCESS wuiiiiiiieeieeeeireeeeeeeiteeeeeeetreeeeeeetreeeeesereeeeeesareeeeeeanees 2422

FiA2.5. AUTNOT ..ottt e 2422

G. EXEEINAL PLOJECES .vieiieiiiieiieiieeie ettt ettt sttt ettt s bt e be e st st e ebeesaaesaees 2423
G.1. CHEent INtErfaCeS. ....coveriirieiiriieieieeteteeeet ettt st 2423
G.2. Procedural Languages..........ccecuerruierierierieiieenite sttt sttt ettt e sresaae e 2424
G.3. EXIENSIONS ...ttt sttt ettt ettt ettt a e st ae st s b e et saeenenaee 2424
H. The Source Code REePOSILOTY ........coerieriiriieiiniieiieienteeseetetesie et 2426
H.1. Getting The Source Via Gil .........cocceceeririeiiininiiiiieeenentereseeeete e e 2426
L. DOCUMENTATION . ...ceutteiiieiiietteeiteete ettt sttt ettt et e bt e bt e st e st e bt e satesateebeenaaenaees 2427
L1 DOCBOOK ..ottt st ettt st ettt 2427
L2 TOOL SEES ..ottt ettt ettt et ettt st ettt esate e b eae e 2427
L.2.1. Linux RPM Installation ............cocceerieeieiiiieniinienieeteeeeeeeieeste e 2428

1.2.2. FreeBSD InStallation ........c.cccoveeriinieriieiiienieeiceeeieeeeeeeee st 2428

1.2.3. Debian Packages.........coeveuireriniinieieieiniiniesieneeeeeee et 2429

1.2.4. Manual Installation from SOUICE ..........ccererieriieienineeere e 2429
1.2.4.1. Installing OpenJade...........cccccuevurvirininenenieininene et 2429

1.2.4.2. Installing the DocBook DTD Kit.......ccccevieiiinieiiiniiiieniieeeseeeeee 2430

1.2.4.3. Installing the DocBook DSSSL Style Sheets..........ccccevvereereneneenene 2431

1.2.4.4. Installing JadeTeX.........ccooueririerinieienerteeteeee et 2431

[.2.5. Detection DY CONELGUTE couteiiirieieniiiieierieetete ettt s 2431

[.3. Building The DOCUMENTAtION .....c..ovirieriiriiiiitieieie ettt 2432

liv



L3 1 HTML oo 2432

L.3.2. IMIANPAZES ...ttt sttt sttt et ettt st eb e be e st e st e e be e s et e sate e beenaeesaees 2432

1.3.3. Print Output via JAdeTeX .....cocceeiiiriiiiiiiieieeieeeeteee ettt 2433

L.3.4. OVETIOW TEXE ....eouiiiiiiiiiriieienicctet ettt e 2433

L.3.5. Print Output via RTF ...coccoiiiiiiiiiiteeee et 2434

L.3.6. Plain TeXt FIleS ...ooveiiiiiiiiieeieeteeeeeteeee ettt 2435

L.3.7. Syntax CheCK......ccooiiiiiiiiiiiiiceceeee e e 2435

L.4. Documentation AUthOIING..........ccooiiiiriiiiiiiiieiet ettt 2436

L4.1. EMACS/PSGML ......oiiiiiiiieeeeeet ettt sttt e 2436

1.4.2. Other EMAcs MOAES .....cccueiriiriiiiiiniieieeieeriteeteee ettt 2437

L5, SEYIE GUIAC ...ttt ettt sttt et ettt e e et etesbeeneeeeene 2437

L5.1. Reference Pages........cccceiuieieiiieieieee ettt 2437

JL ACTOMNYIMIS ...ttt ettt st ettt e s bt et et e bt e sab e e bt e bt e sabesabe e beesbneeaneeane 2440
Bibliography 2446
Index 2448

IAY



Preface

This book is the official documentation of PostgreSQL. It has been written by the PostgreSQL develop-
ers and other volunteers in parallel to the development of the PostgreSQL software. It describes all the
functionality that the current version of PostgreSQL officially supports.

To make the large amount of information about PostgreSQL manageable, this book has been organized
in several parts. Each part is targeted at a different class of users, or at users in different stages of their
PostgreSQL experience:

« Part I is an informal introduction for new users.

« Part IT documents the SQL query language environment, including data types and functions, as well as
user-level performance tuning. Every PostgreSQL user should read this.

« Part III describes the installation and administration of the server. Everyone who runs a PostgreSQL
server, be it for private use or for others, should read this part.

« Part IV describes the programming interfaces for PostgreSQL client programs.

« Part V contains information for advanced users about the extensibility capabilities of the server. Topics
include user-defined data types and functions.

« Part VI contains reference information about SQL commands, client and server programs. This part
supports the other parts with structured information sorted by command or program.

« Part VII contains assorted information that might be of use to PostgreSQL developers.

1. What is PostgreSQL?

PostgreSQL is an object-relational database management system (ORDBMS) based on POSTGRES,
Version 4.2', developed at the University of California at Berkeley Computer Science Department. POST-
GRES pioneered many concepts that only became available in some commercial database systems much
later.

PostgreSQL is an open-source descendant of this original Berkeley code. It supports a large part of the
SQL standard and offers many modern features:

« complex queries

- foreign keys

. triggers

. views

- transactional integrity

« multiversion concurrency control

Also, PostgreSQL can be extended by the user in many ways, for example by adding new

« data types

1. http://db.cs.berkeley.edu/postgres.html
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« functions
 operators
 aggregate functions
« index methods

« procedural languages

And because of the liberal license, PostgreSQL can be used, modified, and distributed by anyone free of
charge for any purpose, be it private, commercial, or academic.

2. A Brief History of PostgreSQL

The object-relational database management system now known as PostgreSQL is derived from the POST-
GRES package written at the University of California at Berkeley. With over two decades of development
behind it, PostgreSQL is now the most advanced open-source database available anywhere.

2.1. The Berkeley POSTGRES Project

The POSTGRES project, led by Professor Michael Stonebraker, was sponsored by the Defense Advanced
Research Projects Agency (DARPA), the Army Research Office (ARO), the National Science Foundation
(NSF), and ESL, Inc. The implementation of POSTGRES began in 1986. The initial concepts for the
system were presented in The design of POSTGRES , and the definition of the initial data model appeared
in The POSTGRES data model . The design of the rule system at that time was described in The design
of the POSTGRES rules system. The rationale and architecture of the storage manager were detailed in
The design of the POSTGRES storage system .

POSTGRES has undergone several major releases since then. The first “demoware” system became op-
erational in 1987 and was shown at the 1988 ACM-SIGMOD Conference. Version 1, described in The
implementation of POSTGRES , was released to a few external users in June 1989. In response to a critique
of the first rule system ( A commentary on the POSTGRES rules system ), the rule system was redesigned
( On Rules, Procedures, Caching and Views in Database Systems ), and Version 2 was released in June
1990 with the new rule system. Version 3 appeared in 1991 and added support for multiple storage man-
agers, an improved query executor, and a rewritten rule system. For the most part, subsequent releases
until Postgres95 (see below) focused on portability and reliability.

POSTGRES has been used to implement many different research and production applications. These in-
clude: a financial data analysis system, a jet engine performance monitoring package, an asteroid tracking
database, a medical information database, and several geographic information systems. POSTGRES has
also been used as an educational tool at several universities. Finally, Illustra Information Technologies
(later merged into Informix?, which is now owned by IBM?) picked up the code and commercialized it.
In late 1992, POSTGRES became the primary data manager for the Sequoia 2000 scientific computing
project®.

The size of the external user community nearly doubled during 1993. It became increasingly obvious that
maintenance of the prototype code and support was taking up large amounts of time that should have been

2.  http://www.informix.com/
3. http://www.ibm.com/
4. http://meteora.ucsd.edu/s2k/s2k_home.html
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devoted to database research. In an effort to reduce this support burden, the Berkeley POSTGRES project
officially ended with Version 4.2.

2.2. Postgres95

In 1994, Andrew Yu and Jolly Chen added an SQL language interpreter to POSTGRES. Under a new
name, Postgres95 was subsequently released to the web to find its own way in the world as an open-
source descendant of the original POSTGRES Berkeley code.

Postgres95 code was completely ANSI C and trimmed in size by 25%. Many internal changes improved
performance and maintainability. Postgres95 release 1.0.x ran about 30-50% faster on the Wisconsin
Benchmark compared to POSTGRES, Version 4.2. Apart from bug fixes, the following were the major
enhancements:

+ The query language PostQUEL was replaced with SQL (implemented in the server). Subqueries were
not supported until PostgreSQL (see below), but they could be imitated in Postgres95 with user-defined
SQL functions. Aggregate functions were re-implemented. Support for the GROUP BY query clause was
also added.

« A new program (psql) was provided for interactive SQL queries, which used GNU Readline. This
largely superseded the old monitor program.

« A new front-end library, 1ibpgtcl, supported Tcl-based clients. A sample shell, pgtclsh, provided
new Tcl commands to interface Tcl programs with the Postgres95 server.

+ The large-object interface was overhauled. The inversion large objects were the only mechanism for
storing large objects. (The inversion file system was removed.)

+ The instance-level rule system was removed. Rules were still available as rewrite rules.

« A short tutorial introducing regular SQL features as well as those of Postgres95 was distributed with
the source code

+ GNU make (instead of BSD make) was used for the build. Also, Postgres95 could be compiled with an
unpatched GCC (data alignment of doubles was fixed).

2.3. PostgreSQL

By 1996, it became clear that the name “Postgres95” would not stand the test of time. We chose a new
name, PostgreSQL, to reflect the relationship between the original POSTGRES and the more recent ver-
sions with SQL capability. At the same time, we set the version numbering to start at 6.0, putting the
numbers back into the sequence originally begun by the Berkeley POSTGRES project.

Many people continue to refer to PostgreSQL as “Postgres” (now rarely in all capital letters) because of
tradition or because it is easier to pronounce. This usage is widely accepted as a nickname or alias.

The emphasis during development of Postgres95 was on identifying and understanding existing problems
in the server code. With PostgreSQL, the emphasis has shifted to augmenting features and capabilities,
although work continues in all areas.

lviii



Preface

Details about what has happened in PostgreSQL since then can be found in Appendix E.

3. Conventions

This book uses the following typographical conventions to mark certain portions of text: new terms,
foreign phrases, and other important passages are emphasized in ifalics. Everything that represents in-
put or output of the computer, in particular commands, program code, and screen output, is shown in a
monospaced font (example). Within such passages, italics (example) indicate placeholders; you must
insert an actual value instead of the placeholder. On occasion, parts of program code are emphasized in
bold face (example), if they have been added or changed since the preceding example.

The following conventions are used in the synopsis of a command: brackets ([ and ]) indicate optional
parts. (In the synopsis of a Tcl command, question marks () are used instead, as is usual in Tcl.) Braces
({ and }) and vertical lines (|) indicate that you must choose one alternative. Dots (. . .) mean that the
preceding element can be repeated.

Where it enhances the clarity, SQL commands are preceded by the prompt =>, and shell commands are
preceded by the prompt $. Normally, prompts are not shown, though.

An administrator is generally a person who is in charge of installing and running the server. A user
could be anyone who is using, or wants to use, any part of the PostgreSQL system. These terms should
not be interpreted too narrowly; this book does not have fixed presumptions about system administration
procedures.

4. Further Information

Besides the documentation, that is, this book, there are other resources about PostgreSQL:

Wiki
The PostgreSQL wiki® contains the project’s FAQ® (Frequently Asked Questions) list, TODO’ list,
and detailed information about many more topics.

Web Site

The PostgreSQL web site® carries details on the latest release and other information to make your
work or play with PostgreSQL more productive.

Mailing Lists

The mailing lists are a good place to have your questions answered, to share experiences with other
users, and to contact the developers. Consult the PostgreSQL web site for details.

PN

http://wiki.postgresql.org
http://wiki.postgresql.org/wiki/Frequently_Asked_Questions
http://wiki.postgresql.org/wiki/Todo
http://www.postgresql.org
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Yourself!

PostgreSQL is an open-source project. As such, it depends on the user community for ongoing sup-
port. As you begin to use PostgreSQL, you will rely on others for help, either through the documen-
tation or through the mailing lists. Consider contributing your knowledge back. Read the mailing
lists and answer questions. If you learn something which is not in the documentation, write it up and
contribute it. If you add features to the code, contribute them.

5. Bug Reporting Guidelines

When you find a bug in PostgreSQL we want to hear about it. Your bug reports play an important part
in making PostgreSQL more reliable because even the utmost care cannot guarantee that every part of
PostgreSQL will work on every platform under every circumstance.

The following suggestions are intended to assist you in forming bug reports that can be handled in an
effective fashion. No one is required to follow them but doing so tends to be to everyone’s advantage.

We cannot promise to fix every bug right away. If the bug is obvious, critical, or affects a lot of users,
chances are good that someone will look into it. It could also happen that we tell you to update to a newer
version to see if the bug happens there. Or we might decide that the bug cannot be fixed before some
major rewrite we might be planning is done. Or perhaps it is simply too hard and there are more important
things on the agenda. If you need help immediately, consider obtaining a commercial support contract.

5.1. Identifying Bugs

Before you report a bug, please read and re-read the documentation to verify that you can really do
whatever it is you are trying. If it is not clear from the documentation whether you can do something or
not, please report that too; it is a bug in the documentation. If it turns out that a program does something
different from what the documentation says, that is a bug. That might include, but is not limited to, the
following circumstances:

« A program terminates with a fatal signal or an operating system error message that would point to a
problem in the program. (A counterexample might be a “disk full” message, since you have to fix that
yourself.)

« A program produces the wrong output for any given input.
+ A program refuses to accept valid input (as defined in the documentation).

+ A program accepts invalid input without a notice or error message. But keep in mind that your idea of
invalid input might be our idea of an extension or compatibility with traditional practice.

« PostgreSQL fails to compile, build, or install according to the instructions on supported platforms.
Here “program” refers to any executable, not only the backend server.

Being slow or resource-hogging is not necessarily a bug. Read the documentation or ask on one of the
mailing lists for help in tuning your applications. Failing to comply to the SQL standard is not necessarily
a bug either, unless compliance for the specific feature is explicitly claimed.
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Before you continue, check on the TODO list and in the FAQ to see if your bug is already known. If you
cannot decode the information on the TODO list, report your problem. The least we can do is make the
TODO list clearer.

5.2. What to report

The most important thing to remember about bug reporting is to state all the facts and only facts. Do not
speculate what you think went wrong, what “it seemed to do”, or which part of the program has a fault.
If you are not familiar with the implementation you would probably guess wrong and not help us a bit.
And even if you are, educated explanations are a great supplement to but no substitute for facts. If we are
going to fix the bug we still have to see it happen for ourselves first. Reporting the bare facts is relatively
straightforward (you can probably copy and paste them from the screen) but all too often important details
are left out because someone thought it does not matter or the report would be understood anyway.

The following items should be contained in every bug report:

« The exact sequence of steps from program start-up necessary to reproduce the problem. This should
be self-contained; it is not enough to send in a bare SELECT statement without the preceding CREATE
TABLE and INSERT statements, if the output should depend on the data in the tables. We do not have
the time to reverse-engineer your database schema, and if we are supposed to make up our own data we
would probably miss the problem.

The best format for a test case for SQL-related problems is a file that can be run through the psql
frontend that shows the problem. (Be sure to not have anything in your ~/.psqglrc start-up file.) An
easy way to create this file is to use pg_dump to dump out the table declarations and data needed to set
the scene, then add the problem query. You are encouraged to minimize the size of your example, but
this is not absolutely necessary. If the bug is reproducible, we will find it either way.

If your application uses some other client interface, such as PHP, then please try to isolate the offending
queries. We will probably not set up a web server to reproduce your problem. In any case remember
to provide the exact input files; do not guess that the problem happens for “large files” or “midsize
databases”, etc. since this information is too inexact to be of use.

+ The output you got. Please do not say that it “didn’t work™ or “crashed”. If there is an error message,
show it, even if you do not understand it. If the program terminates with an operating system error,
say which. If nothing at all happens, say so. Even if the result of your test case is a program crash or
otherwise obvious it might not happen on our platform. The easiest thing is to copy the output from the
terminal, if possible.

Note: If you are reporting an error message, please obtain the most verbose form of the message.
In psqgl, say \set VERBOSITY verbose beforehand. If you are extracting the message from the
server log, set the run-time parameter log_error_verbosity to verbose so that all details are logged.

Note: In case of fatal errors, the error message reported by the client might not contain all the
information available. Please also look at the log output of the database server. If you do not keep
your server’s log output, this would be a good time to start doing so.
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- The output you expected is very important to state. If you just write “This command gives me that
output.” or “This is not what I expected.”, we might run it ourselves, scan the output, and think it
looks OK and is exactly what we expected. We should not have to spend the time to decode the exact
semantics behind your commands. Especially refrain from merely saying that “This is not what SQL
says/Oracle does.” Digging out the correct behavior from SQL is not a fun undertaking, nor do we all
know how all the other relational databases out there behave. (If your problem is a program crash, you
can obviously omit this item.)

+ Any command line options and other start-up options, including any relevant environment variables or
configuration files that you changed from the default. Again, please provide exact information. If you
are using a prepackaged distribution that starts the database server at boot time, you should try to find
out how that is done.

« Anything you did at all differently from the installation instructions.

+ The PostgreSQL version. You can run the command SELECT version () ; to find out the version of
the server you are connected to. Most executable programs also support a ——version option; at least
postgres —--versionand psgl —--version should work. If the function or the options do not exist
then your version is more than old enough to warrant an upgrade. If you run a prepackaged version,
such as RPMs, say so, including any subversion the package might have. If you are talking about a Git
snapshot, mention that, including the commit hash.

If your version is older than 9.0.16 we will almost certainly tell you to upgrade. There are many bug
fixes and improvements in each new release, so it is quite possible that a bug you have encountered in
an older release of PostgreSQL has already been fixed. We can only provide limited support for sites
using older releases of PostgreSQL; if you require more than we can provide, consider acquiring a
commercial support contract.

+ Platform information. This includes the kernel name and version, C library, processor, memory infor-
mation, and so on. In most cases it is sufficient to report the vendor and version, but do not assume
everyone knows what exactly “Debian” contains or that everyone runs on i386s. If you have installation
problems then information about the toolchain on your machine (compiler, make, and so on) is also
necessary.

Do not be afraid if your bug report becomes rather lengthy. That is a fact of life. It is better to report
everything the first time than us having to squeeze the facts out of you. On the other hand, if your input
files are huge, it is fair to ask first whether somebody is interested in looking into it. Here is an article’
that outlines some more tips on reporting bugs.

Do not spend all your time to figure out which changes in the input make the problem go away. This will
probably not help solving it. If it turns out that the bug cannot be fixed right away, you will still have time
to find and share your work-around. Also, once again, do not waste your time guessing why the bug exists.
We will find that out soon enough.

When writing a bug report, please avoid confusing terminology. The software package in total is called
“PostgreSQL”, sometimes “Postgres” for short. If you are specifically talking about the backend server,
mention that, do not just say “PostgreSQL crashes”. A crash of a single backend server process is quite
different from crash of the parent “postgres” process; please don’t say “the server crashed” when you
mean a single backend process went down, nor vice versa. Also, client programs such as the interactive

9. http://www.chiark.greenend.org.uk/~sgtatham/bugs.html
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frontend “psql” are completely separate from the backend. Please try to be specific about whether the
problem is on the client or server side.

5.3. Where to report bugs

In general, send bug reports to the bug report mailing list at <pgsgl-bugs@postgresql.org>. You are
requested to use a descriptive subject for your email message, perhaps parts of the error message.

Another method is to fill in the bug report web-form available at the project’s web site'®. Entering a bug
report this way causes it to be mailed to the <pgsgl-bugs@postgresql.org> mailing list.

If your bug report has security implications and you’d prefer that it not become immediately visible
in public archives, don’t send it to pgsgl-bugs. Security issues can be reported privately to
<security@postgresqgl.org>.

Do not send bug reports to any of the user mailing lists, such as <pgsgl-sgl@postgresgl.org> or
<pgsgl-general@postgresql.org>. These mailing lists are for answering user questions, and their
subscribers normally do not wish to receive bug reports. More importantly, they are unlikely to fix them.

Also, please do not send reports to the developers’ mailing list <pgsgl-hackers@postgresqgl.org>.
This list is for discussing the development of PostgreSQL, and it would be nice if we could keep the bug
reports separate. We might choose to take up a discussion about your bug report on pgsgl-hackers, if
the problem needs more review.

If you have a problem with the documentation, the best place to report it is the documentation mailing
list <pgsgl-docs@postgresgl .org>. Please be specific about what part of the documentation you are
unhappy with.

If your bug is a portability problem on a non-supported platform, send mail to
<pgsgl-hackers@postgresql.org>, so we (and you) can work on porting PostgreSQL to your
platform.

Note: Due to the unfortunate amount of spam going around, all of the above email addresses are
closed mailing lists. That is, you need to be subscribed to a list to be allowed to post on it. (You need
not be subscribed to use the bug-report web form, however.) If you would like to send mail but do not
want to receive list traffic, you can subscribe and set your subscription option to nomail. For more
information send mail to <majordomo@postgresql .org> with the single word he1p in the body of the
message.

10. http://www.postgresql.org/
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l. Tutorial

Welcome to the PostgreSQL Tutorial. The following few chapters are intended to give a simple introduc-
tion to PostgreSQL, relational database concepts, and the SQL language to those who are new to any one
of these aspects. We only assume some general knowledge about how to use computers. No particular
Unix or programming experience is required. This part is mainly intended to give you some hands-on
experience with important aspects of the PostgreSQL system. It makes no attempt to be a complete or
thorough treatment of the topics it covers.

After you have worked through this tutorial you might want to move on to reading Part II to gain a more
formal knowledge of the SQL language, or Part IV for information about developing applications for
PostgreSQL. Those who set up and manage their own server should also read Part II1.






Chapter 1. Getting Started

1.1. Installation

Before you can use PostgreSQL you need to install it, of course. It is possible that PostgreSQL is already
installed at your site, either because it was included in your operating system distribution or because
the system administrator already installed it. If that is the case, you should obtain information from the
operating system documentation or your system administrator about how to access PostgreSQL.

If you are not sure whether PostgreSQL is already available or whether you can use it for your experimen-
tation then you can install it yourself. Doing so is not hard and it can be a good exercise. PostgreSQL can
be installed by any unprivileged user; no superuser (root) access is required.

If you are installing PostgreSQL yourself, then refer to Chapter 15 for instructions on installation, and
return to this guide when the installation is complete. Be sure to follow closely the section about setting
up the appropriate environment variables.

If your site administrator has not set things up in the default way, you might have some more work to
do. For example, if the database server machine is a remote machine, you will need to set the PGHOST
environment variable to the name of the database server machine. The environment variable PGPORT might
also have to be set. The bottom line is this: if you try to start an application program and it complains
that it cannot connect to the database, you should consult your site administrator or, if that is you, the
documentation to make sure that your environment is properly set up. If you did not understand the
preceding paragraph then read the next section.

1.2. Architectural Fundamentals

Before we proceed, you should understand the basic PostgreSQL system architecture. Understanding how
the parts of PostgreSQL interact will make this chapter somewhat clearer.

In database jargon, PostgreSQL uses a client/server model. A PostgreSQL session consists of the follow-
ing cooperating processes (programs):

« A server process, which manages the database files, accepts connections to the database from client
applications, and performs database actions on behalf of the clients. The database server program is
called postgres.

« The user’s client (frontend) application that wants to perform database operations. Client applications
can be very diverse in nature: a client could be a text-oriented tool, a graphical application, a web server
that accesses the database to display web pages, or a specialized database maintenance tool. Some client
applications are supplied with the PostgreSQL distribution; most are developed by users.

As is typical of client/server applications, the client and the server can be on different hosts. In that case
they communicate over a TCP/IP network connection. You should keep this in mind, because the files that
can be accessed on a client machine might not be accessible (or might only be accessible using a different
file name) on the database server machine.
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The PostgreSQL server can handle multiple concurrent connections from clients. To achieve this it starts
(“forks”) a new process for each connection. From that point on, the client and the new server process
communicate without intervention by the original postgres process. Thus, the master server process is
always running, waiting for client connections, whereas client and associated server processes come and
go. (All of this is of course invisible to the user. We only mention it here for completeness.)

1.3. Creating a Database

The first test to see whether you can access the database server is to try to create a database. A running
PostgreSQL server can manage many databases. Typically, a separate database is used for each project or
for each user.

Possibly, your site administrator has already created a database for your use. He should have told you
what the name of your database is. In that case you can omit this step and skip ahead to the next section.

To create a new database, in this example named mydb, you use the following command:

$ createdb mydb
If this produces no response then this step was successful and you can skip over the remainder of this
section.

If you see a message similar to:
createdb: command not found

then PostgreSQL was not installed properly. Either it was not installed at all or your shell’s search path
was not set to include it. Try calling the command with an absolute path instead:

$ /usr/local/pgsql/bin/createdb mydb
The path at your site might be different. Contact your site administrator or check the installation instruc-
tions to correct the situation.

Another response could be this:

createdb: could not connect to database postgres: could not connect to server: No such file
Is the server running locally and accepting
connections on Unix domain socket "/tmp/.s.PGSQL.5432"?

This means that the server was not started, or it was not started where createdb expected it. Again, check
the installation instructions or consult the administrator.

Another response could be this:
createdb: could not connect to database postgres: FATAL: role "Jjoe" does not exist

where your own login name is mentioned. This will happen if the administrator has not created a Post-
greSQL user account for you. (PostgreSQL user accounts are distinct from operating system user ac-
counts.) If you are the administrator, see Chapter 20 for help creating accounts. You will need to become
the operating system user under which PostgreSQL was installed (usually postgres) to create the first
user account. It could also be that you were assigned a PostgreSQL user name that is different from your
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operating system user name; in that case you need to use the —U switch or set the PGUSER environment
variable to specify your PostgreSQL user name.

If you have a user account but it does not have the privileges required to create a database, you will see
the following:

createdb: database creation failed: ERROR: permission denied to create database

Not every user has authorization to create new databases. If PostgreSQL refuses to create databases for
you then the site administrator needs to grant you permission to create databases. Consult your site ad-
ministrator if this occurs. If you installed PostgreSQL yourself then you should log in for the purposes of
this tutorial under the user account that you started the server as. '

You can also create databases with other names. PostgreSQL allows you to create any number of databases
at a given site. Database names must have an alphabetic first character and are limited to 63 bytes in length.
A convenient choice is to create a database with the same name as your current user name. Many tools
assume that database name as the default, so it can save you some typing. To create that database, simply

type:

$ createdb

If you do not want to use your database anymore you can remove it. For example, if you are the owner
(creator) of the database mydb, you can destroy it using the following command:

$ dropdb mydb

(For this command, the database name does not default to the user account name. You always need to
specify it.) This action physically removes all files associated with the database and cannot be undone, so
this should only be done with a great deal of forethought.

More about createdb and dropdb can be found in createdb and dropdb respectively.

1.4. Accessing a Database

Once you have created a database, you can access it by:

+ Running the PostgreSQL interactive terminal program, called psql, which allows you to interactively
enter, edit, and execute SQL commands.

- Using an existing graphical frontend tool like pgAdmin or an office suite with ODBC or JDBC support
to create and manipulate a database. These possibilities are not covered in this tutorial.

- Writing a custom application, using one of the several available language bindings. These possibilities
are discussed further in Part IV.

1. As an explanation for why this works: PostgreSQL user names are separate from operating system user accounts. When you
connect to a database, you can choose what PostgreSQL user name to connect as; if you don’t, it will default to the same name
as your current operating system account. As it happens, there will always be a PostgreSQL user account that has the same name
as the operating system user that started the server, and it also happens that that user always has permission to create databases.
Instead of logging in as that user you can also specify the —U option everywhere to select a PostgreSQL user name to connect as.



Chapter 1. Getting Started

You probably want to start up psql to try the examples in this tutorial. It can be activated for the mydb
database by typing the command:

$ psql mydb

If you do not supply the database name then it will default to your user account name. You already
discovered this scheme in the previous section using createdb.

In psql, you will be greeted with the following message:

psgl (9.0.16)
Type "help" for help.

mydb=>
The last line could also be:
mydb=#

That would mean you are a database superuser, which is most likely the case if you installed PostgreSQL
yourself. Being a superuser means that you are not subject to access controls. For the purposes of this
tutorial that is not important.

If you encounter problems starting psgl then go back to the previous section. The diagnostics of
createdb and psql are similar, and if the former worked the latter should work as well.

The last line printed out by psql is the prompt, and it indicates that psql is listening to you and that you
can type SQL queries into a work space maintained by psgl. Try out these commands:

mydb=> SELECT version();
version

PostgreSQL 9.0.16 on i586-pc-linux-gnu, compiled by GCC 2.96, 32-bit
(1 row)

mydb=> SELECT current_date;
date

2002-08-31
(1 row)

mydb=> SELECT 2 + 2;
?column?

The psgl program has a number of internal commands that are not SQL commands. They begin with
the backslash character, “\”. For example, you can get help on the syntax of various PostgreSQL SQL
commands by typing:

mydb=> \h
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To get out of psql, type:
mydb=> \q

and psgl will quit and return you to your command shell. (For more internal commands, type \? at the
psql prompt.) The full capabilities of psql are documented in psql. If PostgreSQL is installed correctly
you can also type man psqgl at the operating system shell prompt to see the documentation. In this tutorial
we will not use these features explicitly, but you can use them yourself when it is helpful.
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2.1. Introduction

This chapter provides an overview of how to use SQL to perform simple operations. This tutorial is only
intended to give you an introduction and is in no way a complete tutorial on SQL. Numerous books have
been written on SQL, including Understanding the New SQL and A Guide to the SQL Standard. You
should be aware that some PostgreSQL language features are extensions to the standard.

In the examples that follow, we assume that you have created a database named mydb, as described in the
previous chapter, and have been able to start psql.

Examples in this manual can also be found in the PostgreSQL source distribution in the directory
src/tutorial/. (Binary distributions of PostgreSQL might not compile these files.) To use those files,
first change to that directory and run make:

$ ed ..../src/tutorial
S make

This creates the scripts and compiles the C files containing user-defined functions and types. Then, to start
the tutorial, do the following:

S ed ..../tutorial
$ psql -s mydb

mydb=> \i basics.sql

The \i command reads in commands from the specified file. psql’s —s option puts you in single step
mode which pauses before sending each statement to the server. The commands used in this section are in
the file basics.sql.

2.2. Concepts

PostgreSQL is a relational database management system (RDBMS). That means it is a system for man-
aging data stored in relations. Relation is essentially a mathematical term for fable. The notion of storing
data in tables is so commonplace today that it might seem inherently obvious, but there are a number of
other ways of organizing databases. Files and directories on Unix-like operating systems form an example
of a hierarchical database. A more modern development is the object-oriented database.

Each table is a named collection of rows. Each row of a given table has the same set of named columns,
and each column is of a specific data type. Whereas columns have a fixed order in each row, it is important
to remember that SQL does not guarantee the order of the rows within the table in any way (although they
can be explicitly sorted for display).

Tables are grouped into databases, and a collection of databases managed by a single PostgreSQL server
instance constitutes a database cluster.
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2.3. Creating a New Table

You can create a new table by specifying the table name, along with all column names and their types:

CREATE TABLE weather (

city varchar (80),

temp_lo int, -— low temperature
temp_hi int, —— high temperature
prcp real, —-— precipitation
date date

)

You can enter this into psgl with the line breaks. psgl will recognize that the command is not terminated
until the semicolon.

White space (i.e., spaces, tabs, and newlines) can be used freely in SQL commands. That means you can
type the command aligned differently than above, or even all on one line. Two dashes (“--") introduce
comments. Whatever follows them is ignored up to the end of the line. SQL is case insensitive about key
words and identifiers, except when identifiers are double-quoted to preserve the case (not done above).

varchar (80) specifies a data type that can store arbitrary character strings up to 80 characters in length.
int is the normal integer type. real is a type for storing single precision floating-point numbers. date
should be self-explanatory. (Yes, the column of type date is also named date. This might be convenient
or confusing — you choose.)

PostgreSQL supports the standard SQL types int, smallint, real, double precision, char (N),
varchar (N), date, time, timestamp, and interval, as well as other types of general utility and a
rich set of geometric types. PostgreSQL can be customized with an arbitrary number of user-defined data
types. Consequently, type names are not key words in the syntax, except where required to support special
cases in the SQL standard.

The second example will store cities and their associated geographical location:

CREATE TABLE cities (
name varchar (80),
location point

)i

The point type is an example of a PostgreSQL-specific data type.

Finally, it should be mentioned that if you don’t need a table any longer or want to recreate it differently
you can remove it using the following command:

DROP TABLE tablename;

2.4. Populating a Table With Rows

The INSERT statement is used to populate a table with rows:

INSERT INTO weather VALUES (’San Francisco’, 46, 50, 0.25, 71994-11-27");
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Note that all data types use rather obvious input formats. Constants that are not simple numeric values
usually must be surrounded by single quotes (), as in the example. The date type is actually quite flexible
in what it accepts, but for this tutorial we will stick to the unambiguous format shown here.

The point type requires a coordinate pair as input, as shown here:

INSERT INTO cities VALUES (’San Francisco’, ' (-194.0, 53.0)");

The syntax used so far requires you to remember the order of the columns. An alternative syntax allows
you to list the columns explicitly:

INSERT INTO weather (city, temp_lo, temp_hi, prcp, date)
VALUES (’San Francisco’, 43, 57, 0.0, 71994-11-29");

You can list the columns in a different order if you wish or even omit some columns, e.g., if the precipi-
tation is unknown:

INSERT INTO weather (date, city, temp_hi, temp_lo)
VALUES (’1994-11-29’, 'Hayward’, 54, 37);

Many developers consider explicitly listing the columns better style than relying on the order implicitly.
Please enter all the commands shown above so you have some data to work with in the following sections.

You could also have used copy to load large amounts of data from flat-text files. This is usually faster
because the copYy command is optimized for this application while allowing less flexibility than INSERT.
An example would be:

COPY weather FROM ’ /home/user/weather.txt’;

where the file name for the source file must be available to the backend server machine, not the client,
since the backend server reads the file directly. You can read more about the CopY command in COPY.

2.5. Querying a Table

To retrieve data from a table, the table is queried. An SQL SELECT statement is used to do this. The
statement is divided into a select list (the part that lists the columns to be returned), a table list (the part
that lists the tables from which to retrieve the data), and an optional qualification (the part that specifies
any restrictions). For example, to retrieve all the rows of table weather, type:

SELECT * FROM weather;
Here = is a shorthand for “all columns”. ! So the same result would be had with:
SELECT city, temp_lo, temp_hi, prcp, date FROM weather;

The output should be:

1. While seLECT = is useful for off-the-cuff queries, it is widely considered bad style in production code, since adding a column
to the table would change the results.
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city | temp_lo | temp_hi | prcp | date
777777777777777 B mman s T
San Francisco | 46 | 50 | 0.25 | 1994-11-27
San Francisco | 43 | 57 | 0 | 1994-11-29
Hayward \ 37 | 54 | | 1994-11-29
(3 rows)

You can write expressions, not just simple column references, in the select list. For example, you can do:

SELECT city, (temp_hi+temp_lo)/2 AS temp_avg, date FROM weather;

This should give:

city | temp_avg | date
_______________ o
San Francisco | 48 | 1994-11-27
San Francisco | 50 | 1994-11-29
Hayward | 45 | 1994-11-29
(3 rows)

Notice how the AS clause is used to relabel the output column. (The As clause is optional.)

A query can be “qualified” by adding a WHERE clause that specifies which rows are wanted. The WHERE
clause contains a Boolean (truth value) expression, and only rows for which the Boolean expression is
true are returned. The usual Boolean operators (AND, OR, and NOT) are allowed in the qualification. For
example, the following retrieves the weather of San Francisco on rainy days:

SELECT x FROM weather
WHERE city = ’San Francisco’ AND prcp > 0.0;

Result:

San Francisco
(1 row)

You can request that the results of a query be returned in sorted order:

SELECT * FROM weather
ORDER BY city;

city | temp_lo | temp_hi | prcp | date
——————————————— B S
Hayward \ 37 | 54 | | 1994-11-29
San Francisco | 43 | 57 | 0 | 1994-11-29
San Francisco | 46 | 50 | 0.25 | 1994-11-27

In this example, the sort order isn’t fully specified, and so you might get the San Francisco rows in either
order. But you’d always get the results shown above if you do:
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SELECT » FROM weather
ORDER BY city, temp_lo;

You can request that duplicate rows be removed from the result of a query:

SELECT DISTINCT city
FROM weather;

Hayward
San Francisco
(2 rows)

Here again, the result row ordering might vary. You can ensure consistent results by using DISTINCT and
ORDER BY together: 2

SELECT DISTINCT city
FROM weather
ORDER BY city;

2.6. Joins Between Tables

Thus far, our queries have only accessed one table at a time. Queries can access multiple tables at once, or
access the same table in such a way that multiple rows of the table are being processed at the same time.
A query that accesses multiple rows of the same or different tables at one time is called a join query. As an
example, say you wish to list all the weather records together with the location of the associated city. To
do that, we need to compare the city column of each row of the weather table with the name column
of all rows in the cities table, and select the pairs of rows where these values match.

Note: This is only a conceptual model. The join is usually performed in a more efficient manner than
actually comparing each possible pair of rows, but this is invisible to the user.

This would be accomplished by the following query:
SELECT =*

FROM weather, cities
WHERE city = name;

city | temp_lo | temp_hi | prcp | date | name | location
777777777777777 B R S S S

San Francisco | 46 | 50 | 0.25 | 1994-11-27 | San Francisco | (-194,53)

San Francisco | 43 | 57 | 0 | 1994-11-29 | San Francisco | (-194,53)

(2 rows)

2. Insome database systems, including older versions of PostgreSQL, the implementation of DISTINCT automatically orders the
rows and so ORDER BY is unnecessary. But this is not required by the SQL standard, and current PostgreSQL does not guarantee
that DISTINCT causes the rows to be ordered.

10
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Observe two things about the result set:

« There is no result row for the city of Hayward. This is because there is no matching entry in the cities
table for Hayward, so the join ignores the unmatched rows in the weather table. We will see shortly
how this can be fixed.

+ There are two columns containing the city name. This is correct because the lists of columns from
the weather and cities tables are concatenated. In practice this is undesirable, though, so you will
probably want to list the output columns explicitly rather than using *:

SELECT city, temp_lo, temp_hi, prcp, date, location
FROM weather, cities
WHERE city = name;

Exercise: Attempt to determine the semantics of this query when the WHERE clause is omitted.

Since the columns all had different names, the parser automatically found which table they belong to. If
there were duplicate column names in the two tables you’d need to gualify the column names to show
which one you meant, as in:

SELECT weather.city, weather.temp_lo, weather.temp_hi,
weather.prcp, weather.date, cities.location
FROM weather, cities
WHERE cities.name = weather.city;

It is widely considered good style to qualify all column names in a join query, so that the query won’t fail
if a duplicate column name is later added to one of the tables.

Join queries of the kind seen thus far can also be written in this alternative form:

SELECT «
FROM weather INNER JOIN cities ON (weather.city = cities.name);

This syntax is not as commonly used as the one above, but we show it here to help you understand the
following topics.

Now we will figure out how we can get the Hayward records back in. What we want the query to do is
to scan the weather table and for each row to find the matching cities row(s). If no matching row is
found we want some “empty values” to be substituted for the cities table’s columns. This kind of query
is called an outer join. (The joins we have seen so far are inner joins.) The command looks like this:

SELECT *
FROM weather LEFT OUTER JOIN cities ON (weather.city = cities.name);

city | temp_lo | temp_hi | prcp | date | name | location
——————————————— Bt E e st e gt e
Hayward \ 37 | 54 | | 1994-11-29 | |
San Francisco | 46 | 50 | 0.25 | 1994-11-27 | San Francisco | (-194,53)
San Francisco | 43 | 57 | 0 | 1994-11-29 | San Francisco | (-194,53)

(3 rows)

11
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This query is called a left outer join because the table mentioned on the left of the join operator will have
each of its rows in the output at least once, whereas the table on the right will only have those rows output
that match some row of the left table. When outputting a left-table row for which there is no right-table
match, empty (null) values are substituted for the right-table columns.

Exercise: There are also right outer joins and full outer joins. Try to find out what those do.

We can also join a table against itself. This is called a self join. As an example, suppose we wish to find
all the weather records that are in the temperature range of other weather records. So we need to compare
the temp_1lo and temp_hi columns of each weather row to the temp_1lo and temp_hi columns of all
other weather rows. We can do this with the following query:

SELECT Wl.city, Wl.temp_lo AS low, Wl.temp_hi AS high,
W2.city, W2.temp_lo AS low, W2.temp_hi AS high
FROM weather W1, weather W2
WHERE Wl.temp_lo < W2.temp_lo
AND Wl.temp_hi > W2.temp_hi;

city | low | high | city | low | high
——————————————— Bt T e et e et
San Francisco | 43 | 57 | San Francisco | 46 | 50
Hayward | 37 | 54 | San Francisco | 46 | 50
(2 rows)

Here we have relabeled the weather table as W1 and w2 to be able to distinguish the left and right side of
the join. You can also use these kinds of aliases in other queries to save some typing, e.g.:

SELECT =«
FROM weather w, cities c
WHERE w.city = c.name;

You will encounter this style of abbreviating quite frequently.

2.7. Aggregate Functions

Like most other relational database products, PostgreSQL supports aggregate functions. An aggregate
function computes a single result from multiple input rows. For example, there are aggregates to compute
the count, sum, avg (average), max (maximum) and min (minimum) over a set of rows.

As an example, we can find the highest low-temperature reading anywhere with:

SELECT max (temp_lo) FROM weather;

If we wanted to know what city (or cities) that reading occurred in, we might try:

12
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SELECT city FROM weather WHERE temp_lo = max(temp_1lo); WRONG

but this will not work since the aggregate max cannot be used in the WHERE clause. (This restriction
exists because the WHERE clause determines which rows will be included in the aggregate calculation; so
obviously it has to be evaluated before aggregate functions are computed.) However, as is often the case
the query can be restated to accomplish the desired result, here by using a subquery:

SELECT city FROM weather

WHERE temp_lo = (SELECT max(temp_lo) FROM weather);

San Francisco
(1 row)
This is OK because the subquery is an independent computation that computes its own aggregate sepa-
rately from what is happening in the outer query.
Aggregates are also very useful in combination with GROUP BY clauses. For example, we can get the

maximum low temperature observed in each city with:

SELECT city, max(temp_lo)
FROM weather
GROUP BY city;

city | max
,,,,,,,,,,,,,,, b
Hayward | 37
San Francisco | 46

(2 rows)

which gives us one output row per city. Each aggregate result is computed over the table rows matching

that city. We can filter these grouped rows using HAVING:

SELECT city, max(temp_lo)
FROM weather
GROUP BY city
HAVING max (temp_lo) < 40;

cilty | max
_________ IS
Hayward | 37
(1 row)

which gives us the same results for only the cities that have all temp_10 values below 40. Finally, if we

only care about cities whose names begin with “s”, we might do:

SELECT city, max(temp_lo)
FROM weather
WHERE city LIKE ’'S%'®
GROUP BY city
HAVING max (temp_lo) < 40;

13
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O The LIKE operator does pattern matching and is explained in Section 9.7.

It is important to understand the interaction between aggregates and SQL’s WHERE and HAVING clauses.
The fundamental difference between WHERE and HAVING is this: WHERE selects input rows before groups
and aggregates are computed (thus, it controls which rows go into the aggregate computation), whereas
HAVING selects group rows after groups and aggregates are computed. Thus, the WHERE clause must not
contain aggregate functions; it makes no sense to try to use an aggregate to determine which rows will
be inputs to the aggregates. On the other hand, the HAVING clause always contains aggregate functions.
(Strictly speaking, you are allowed to write a HAVING clause that doesn’t use aggregates, but it’s seldom
useful. The same condition could be used more efficiently at the WHERE stage.)

In the previous example, we can apply the city name restriction in WHERE, since it needs no aggregate.
This is more efficient than adding the restriction to HAVING, because we avoid doing the grouping and
aggregate calculations for all rows that fail the WHERE check.

2.8. Updates

You can update existing rows using the UPDATE command. Suppose you discover the temperature readings
are all off by 2 degrees after November 28. You can correct the data as follows:

UPDATE weather

SET temp_hi = temp_hi - 2, temp_lo = temp_lo - 2
WHERE date > 71994-11-28';

Look at the new state of the data:

SELECT = FROM weather;

city | temp_lo | temp_hi | prcp | date
——————————————— Bt B s mattt el S
San Francisco | 46 | 50 | 0.25 | 1994-11-27
San Francisco | 41 | 55 | 0 | 1994-11-29
Hayward | 35 | 52 | | 1994-11-29
(3 rows)

2.9. Deletions

Rows can be removed from a table using the DELETE command. Suppose you are no longer interested in
the weather of Hayward. Then you can do the following to delete those rows from the table:

DELETE FROM weather WHERE city = ’'Hayward’;

All weather records belonging to Hayward are removed.

14



SELECT x FROM weather;

city | temp_lo | temp_hi
,,,,,,,,,,,,,,, e

San Francisco | 46 | 50

San Francisco | 41 | 55

(2 rows)

One should be wary of statements of the form

DELETE FROM tablename;
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| prcp | date
Fm———— Fmm
| 0.25 | 1994-11-27
| 0 | 1994-11-29

Without a qualification, DELETE will remove all rows from the given table, leaving it empty. The system

will not request confirmation before doing this!

15
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3.1. Introduction

In the previous chapter we have covered the basics of using SQL to store and access your data in Post-
greSQL. We will now discuss some more advanced features of SQL that simplify management and prevent
loss or corruption of your data. Finally, we will look at some PostgreSQL extensions.

This chapter will on occasion refer to examples found in Chapter 2 to change or improve them, so it will be
useful to have read that chapter. Some examples from this chapter can also be found in advanced. sql in
the tutorial directory. This file also contains some sample data to load, which is not repeated here. (Refer
to Section 2.1 for how to use the file.)

3.2. Views

Refer back to the queries in Section 2.6. Suppose the combined listing of weather records and city location
is of particular interest to your application, but you do not want to type the query each time you need it.
You can create a view over the query, which gives a name to the query that you can refer to like an ordinary
table:

CREATE VIEW myview AS
SELECT city, temp_lo, temp_hi, prcp, date, location
FROM weather, cities
WHERE city = name;

SELECT * FROM myview;

Making liberal use of views is a key aspect of good SQL database design. Views allow you to encapsu-
late the details of the structure of your tables, which might change as your application evolves, behind
consistent interfaces.

Views can be used in almost any place a real table can be used. Building views upon other views is not
uncommon.

3.3. Foreign Keys

Recall the weather and cities tables from Chapter 2. Consider the following problem: You want to
make sure that no one can insert rows in the weather table that do not have a matching entry in the
cities table. This is called maintaining the referential integrity of your data. In simplistic database
systems this would be implemented (if at all) by first looking at the cities table to check if a matching
record exists, and then inserting or rejecting the new weather records. This approach has a number of
problems and is very inconvenient, so PostgreSQL can do this for you.

The new declaration of the tables would look like this:

16
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CREATE TABLE cities (
city varchar (80) primary key,
location point

)i

CREATE TABLE weather (
city varchar (80) references cities(city),
temp_1lo int,
temp_hi int,
prcp real,
date date
)i

Now try inserting an invalid record:
INSERT INTO weather VALUES (’'Berkeley’, 45, 53, 0.0, ’1994-11-28");

ERROR: 1insert or update on table "weather" violates foreign key constraint "weather_city_f
DETAIL: Key (city)=(Berkeley) is not present in table "cities".

The behavior of foreign keys can be finely tuned to your application. We will not go beyond this simple
example in this tutorial, but just refer you to Chapter 5 for more information. Making correct use of foreign
keys will definitely improve the quality of your database applications, so you are strongly encouraged to
learn about them.

3.4. Transactions

Transactions are a fundamental concept of all database systems. The essential point of a transaction is that
it bundles multiple steps into a single, all-or-nothing operation. The intermediate states between the steps
are not visible to other concurrent transactions, and if some failure occurs that prevents the transaction
from completing, then none of the steps affect the database at all.

For example, consider a bank database that contains balances for various customer accounts, as well as
total deposit balances for branches. Suppose that we want to record a payment of $100.00 from Alice’s
account to Bob’s account. Simplifying outrageously, the SQL commands for this might look like:

UPDATE accounts SET balance = balance - 100.00
WHERE name = 'Alice’;
UPDATE branches SET balance = balance - 100.00
WHERE name = (SELECT branch_name FROM accounts WHERE name = ’'Alice’);
UPDATE accounts SET balance = balance + 100.00
WHERE name = ’'Bob’;
UPDATE branches SET balance = balance + 100.00
WHERE name = (SELECT branch_name FROM accounts WHERE name = ’'Bob’);

The details of these commands are not important here; the important point is that there are several separate
updates involved to accomplish this rather simple operation. Our bank’s officers will want to be assured
that either all these updates happen, or none of them happen. It would certainly not do for a system failure
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to result in Bob receiving $100.00 that was not debited from Alice. Nor would Alice long remain a happy
customer if she was debited without Bob being credited. We need a guarantee that if something goes
wrong partway through the operation, none of the steps executed so far will take effect. Grouping the
updates into a transaction gives us this guarantee. A transaction is said to be atomic: from the point of
view of other transactions, it either happens completely or not at all.

We also want a guarantee that once a transaction is completed and acknowledged by the database system,
it has indeed been permanently recorded and won’t be lost even if a crash ensues shortly thereafter. For
example, if we are recording a cash withdrawal by Bob, we do not want any chance that the debit to
his account will disappear in a crash just after he walks out the bank door. A transactional database
guarantees that all the updates made by a transaction are logged in permanent storage (i.e., on disk) before
the transaction is reported complete.

Another important property of transactional databases is closely related to the notion of atomic updates:
when multiple transactions are running concurrently, each one should not be able to see the incomplete
changes made by others. For example, if one transaction is busy totalling all the branch balances, it would
not do for it to include the debit from Alice’s branch but not the credit to Bob’s branch, nor vice versa.
So transactions must be all-or-nothing not only in terms of their permanent effect on the database, but
also in terms of their visibility as they happen. The updates made so far by an open transaction are in-
visible to other transactions until the transaction completes, whereupon all the updates become visible
simultaneously.

In PostgreSQL, a transaction is set up by surrounding the SQL commands of the transaction with BEGIN
and COMMIT commands. So our banking transaction would actually look like:

BEGIN;

UPDATE accounts SET balance = balance - 100.00
WHERE name = 'Alice’;

-— etc etc

COMMIT;

If, partway through the transaction, we decide we do not want to commit (perhaps we just noticed that
Alice’s balance went negative), we can issue the command ROLLBACK instead of COMMIT, and all our
updates so far will be canceled.

PostgreSQL actually treats every SQL statement as being executed within a transaction. If you do not is-
sue a BEGIN command, then each individual statement has an implicit BEGIN and (if successful) COMMIT
wrapped around it. A group of statements surrounded by BEGIN and COMMIT is sometimes called a trans-
action block.

Note: Some client libraries issue BEGIN and commIT commands automatically, so that you might get
the effect of transaction blocks without asking. Check the documentation for the interface you are
using.

It’s possible to control the statements in a transaction in a more granular fashion through the use of save-
points. Savepoints allow you to selectively discard parts of the transaction, while committing the rest.
After defining a savepoint with SAVEPOINT, you can if needed roll back to the savepoint with ROLLBACK
TO. All the transaction’s database changes between defining the savepoint and rolling back to it are dis-
carded, but changes earlier than the savepoint are kept.
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After rolling back to a savepoint, it continues to be defined, so you can roll back to it several times.
Conversely, if you are sure you won’t need to roll back to a particular savepoint again, it can be released,
so the system can free some resources. Keep in mind that either releasing or rolling back to a savepoint
will automatically release all savepoints that were defined after it.

All this is happening within the transaction block, so none of it is visible to other database sessions. When
and if you commit the transaction block, the committed actions become visible as a unit to other sessions,
while the rolled-back actions never become visible at all.

Remembering the bank database, suppose we debit $100.00 from Alice’s account, and credit Bob’s ac-
count, only to find later that we should have credited Wally’s account. We could do it using savepoints
like this:

BEGIN;

UPDATE accounts SET balance = balance - 100.00
WHERE name = 'Alice’;

SAVEPOINT my_savepoint;

UPDATE accounts SET balance = balance + 100.00
WHERE name = ’'Bob’;

—-— oops ... forget that and use Wally’s account

ROLLBACK TO my_savepoint;

UPDATE accounts SET balance = balance + 100.00
WHERE name = "Wally’;

COMMIT;

This example is, of course, oversimplified, but there’s a lot of control possible in a transaction block
through the use of savepoints. Moreover, ROLLBACK TO is the only way to regain control of a transaction
block that was put in aborted state by the system due to an error, short of rolling it back completely and
starting again.

3.5. Window Functions

A window function performs a calculation across a set of table rows that are somehow related to the
current row. This is comparable to the type of calculation that can be done with an aggregate function. But
unlike regular aggregate functions, use of a window function does not cause rows to become grouped into
a single output row — the rows retain their separate identities. Behind the scenes, the window function is
able to access more than just the current row of the query result.

Here is an example that shows how to compare each employee’s salary with the average salary in his or
her department:

SELECT depname, empno, salary, avg(salary) OVER (PARTITION BY depname) FROM empsalary;

depname | empno | salary | avg
——————————— e S
develop | 11 | 5200 | 5020.0000000000000000
develop | 7 4200 | 5020.0000000000000000
develop | 9 | 4500 | 5020.0000000000000000
develop | 8 | 6000 | 5020.0000000000000000
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develop | 10 | 5200 | 5020.0000000000000000
personnel | 5 | 3500 | 3700.0000000000000000
personnel | 2 3900 | 3700.0000000000000000
sales | 3 | 4800 | 4866.6666666666666667
sales | 1] 5000 | 4866.6666666666666667
sales | 4 | 4800 | 4866.6666666666666667
(10 rows)

The first three output columns come directly from the table empsalary, and there is one output row
for each row in the table. The fourth column represents an average taken across all the table rows that
have the same depname value as the current row. (This actually is the same function as the regular avg
aggregate function, but the OVER clause causes it to be treated as a window function and computed across
an appropriate set of rows.)

A window function call always contains an OVER clause following the window function’s name and ar-
gument(s). This is what syntactically distinguishes it from a regular function or aggregate function. The
OVER clause determines exactly how the rows of the query are split up for processing by the window func-
tion. The PARTITION BY list within OVER specifies dividing the rows into groups, or partitions, that share
the same values of the PARTITION BY expression(s). For each row, the window function is computed
across the rows that fall into the same partition as the current row.

Although avg will produce the same result no matter what order it processes the partition’s rows in, this is
not true of all window functions. When needed, you can control that order using ORDER BY within OVER.
Here is an example:

SELECT depname, empno, salary, rank() OVER (PARTITION BY depname ORDER BY salary DESC) FROM

depname | empno | salary | rank
77777777777 B it s
develop | 8 | 6000 | 1
develop | 10 | 5200 | 2
develop | 11 | 5200 | 2
develop | 9 | 4500 | 4
develop | 7 | 4200 | 5
personnel | 2 | 3900 | 1
personnel | 5 | 3500 | 2
sales | 1 ] 5000 | 1
sales | 4 | 4800 | 2
sales | 3 4800 | 2
(10 rows)

As shown here, the rank function produces a numerical rank within the current row’s partition for each
distinct ORDER BY value, in the order defined by the ORDER BY clause. rank needs no explicit parameter,
because its behavior is entirely determined by the OVER clause.

The rows considered by a window function are those of the “virtual table” produced by the query’s FROM
clause as filtered by its WHERE, GROUP BY, and HAVING clauses if any. For example, a row removed
because it does not meet the WHERE condition is not seen by any window function. A query can contain
multiple window functions that slice up the data in different ways by means of different OVER clauses, but
they all act on the same collection of rows defined by this virtual table.

We already saw that ORDER BY can be omitted if the ordering of rows is not important. It is also possible
to omit PARTITION BY, in which case there is just one partition containing all the rows.
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There is another important concept associated with window functions: for each row, there is a set of rows
within its partition called its window frame. Many (but not all) window functions act only on the rows of
the window frame, rather than of the whole partition. By default, if ORDER BY is supplied then the frame
consists of all rows from the start of the partition up through the current row, plus any following rows that
are equal to the current row according to the ORDER BY clause. When ORDER BY is omitted the default
frame consists of all rows in the partition. ' Here is an example using sum:

SELECT salary, sum(salary) OVER () FROM empsalary;

salary | sum
,,,,,,,, b
5200 | 47100
5000 | 47100
3500 | 47100
4800 | 47100
3900 | 47100
4200 | 47100
4500 | 47100
4800 | 47100
6000 | 47100
5200 | 47100
(10 rows)

Above, since there is no ORDER BY in the OVER clause, the window frame is the same as the partition,
which for lack of PARTITION BY is the whole table; in other words each sum is taken over the whole
table and so we get the same result for each output row. But if we add an ORDER BY clause, we get very
different results:

SELECT salary, sum(salary) OVER (ORDER BY salary) FROM empsalary;

salary | sum
________ b
3500 | 3500
3900 | 7400
4200 | 11600
4500 | 16100
4800 | 25700
4800 | 25700
5000 | 30700
5200 | 41100
5200 | 41100
6000 | 47100
(10 rows)

Here the sum is taken from the first (lowest) salary up through the current one, including any duplicates
of the current one (notice the results for the duplicated salaries).

Window functions are permitted only in the SELECT list and the ORDER BY clause of the query. They are
forbidden elsewhere, such as in GROUP BY, HAVING and WHERE clauses. This is because they logically
execute after the processing of those clauses. Also, window functions execute after regular aggregate

1. There are options to define the window frame in other ways, but this tutorial does not cover them. See Section 4.2.8 for details.
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functions. This means it is valid to include an aggregate function call in the arguments of a window
function, but not vice versa.

If there is a need to filter or group rows after the window calculations are performed, you can use a
sub-select. For example:

SELECT depname, empno, salary, enroll_date
FROM
(SELECT depname, empno, salary, enroll_date,
rank () OVER (PARTITION BY depname ORDER BY salary DESC, empno) AS pos
FROM empsalary
) AS ss
WHERE pos < 3;

The above query only shows the rows from the inner query having rank less than 3.

When a query involves multiple window functions, it is possible to write out each one with a separate
OVER clause, but this is duplicative and error-prone if the same windowing behavior is wanted for several
functions. Instead, each windowing behavior can be named in a WINDOW clause and then referenced in
OVER. For example:

SELECT sum(salary) OVER w, avg(salary) OVER w
FROM empsalary
WINDOW w AS (PARTITION BY depname ORDER BY salary DESC);

More details about window functions can be found in Section 4.2.8, Section 9.19, Section 7.2.4, and the
SELECT reference page.

3.6. Inheritance

Inheritance is a concept from object-oriented databases. It opens up interesting new possibilities of
database design.

Let’s create two tables: A table cities and a table capitals. Naturally, capitals are also cities, so you
want some way to show the capitals implicitly when you list all cities. If you’re really clever you might
invent some scheme like this:

CREATE TABLE capitals (
name text,
population real,
altitude int, -—— (in ft)
state char (2)
)i

CREATE TABLE non_capitals (
name text,
population real,
altitude int -—— (in ft)
)i
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CREATE VIEW cities AS
SELECT name, population, altitude FROM capitals
UNION
SELECT name, population, altitude FROM non_capitals;

This works OK as far as querying goes, but it gets ugly when you need to update several rows, for one
thing.

A better solution is this:

CREATE TABLE cities (

name text,

population real,

altitude int -— (in ft)
)i

CREATE TABLE capitals (
state char (2)
) INHERITS (cities);

In this case, a row of capitals inherits all columns (name, population, and altitude) from its
parent, cities. The type of the column name is text, a native PostgreSQL type for variable length
character strings. State capitals have an extra column, state, that shows their state. In PostgreSQL, a
table can inherit from zero or more other tables.

For example, the following query finds the names of all cities, including state capitals, that are located at
an altitude over 500 feet:

SELECT name, altitude
FROM cities
WHERE altitude > 500;

which returns:

name | altitude
,,,,,,,,,,, [P
Las Vegas | 2174
Mariposa | 1953
Madison | 845
(3 rows)

On the other hand, the following query finds all the cities that are not state capitals and are situated at an
altitude of 500 feet or higher:

SELECT name, altitude
FROM ONLY cities

WHERE altitude > 500;

name | altitude
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Mariposa | 1953
(2 rows)

Here the ONLY before cities indicates that the query should be run over only the cities table, and not
tables below cities in the inheritance hierarchy. Many of the commands that we have already discussed
— SELECT, UPDATE, and DELETE — support this ONLY notation.

Note: Although inheritance is frequently useful, it has not been integrated with unique constraints or
foreign keys, which limits its usefulness. See Section 5.8 for more detail.

3.7. Conclusion

PostgreSQL has many features not touched upon in this tutorial introduction, which has been oriented
toward newer users of SQL. These features are discussed in more detail in the remainder of this book.

If you feel you need more introductory material, please visit the PostgreSQL web site? for links to more
resources.

2. http://www.postgresql.org
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Il. The SQL Language

This part describes the use of the SQL language in PostgreSQL. We start with describing the general
syntax of SQL, then explain how to create the structures to hold data, how to populate the database, and
how to query it. The middle part lists the available data types and functions for use in SQL commands.
The rest treats several aspects that are important for tuning a database for optimal performance.

The information in this part is arranged so that a novice user can follow it start to end to gain a full un-
derstanding of the topics without having to refer forward too many times. The chapters are intended to be
self-contained, so that advanced users can read the chapters individually as they choose. The information
in this part is presented in a narrative fashion in topical units. Readers looking for a complete description
of a particular command should see Part VI.

Readers of this part should know how to connect to a PostgreSQL database and issue SQL commands.
Readers that are unfamiliar with these issues are encouraged to read Part I first. SQL commands are
typically entered using the PostgreSQL interactive terminal psql, but other programs that have similar
functionality can be used as well.






Chapter 4. SQL Syntax

This chapter describes the syntax of SQL. It forms the foundation for understanding the following chapters
which will go into detail about how SQL commands are applied to define and modify data.

We also advise users who are already familiar with SQL to read this chapter carefully because it contains
several rules and concepts that are implemented inconsistently among SQL databases or that are specific
to PostgreSQL.

4.1. Lexical Structure

SQL input consists of a sequence of commands. A command is composed of a sequence of tokens, ter-
TRL

minated by a semicolon (*;”). The end of the input stream also terminates a command. Which tokens are
valid depends on the syntax of the particular command.

A token can be a key word, an identifier, a quoted identifier, a literal (or constant), or a special character
symbol. Tokens are normally separated by whitespace (space, tab, newline), but need not be if there is no
ambiguity (which is generally only the case if a special character is adjacent to some other token type).

For example, the following is (syntactically) valid SQL input:

SELECT % FROM MY_TABLE;
UPDATE MY_TABLE SET A = 5;
INSERT INTO MY_TABLE VALUES (3, ’"hi there’);

This is a sequence of three commands, one per line (although this is not required; more than one command
can be on a line, and commands can usefully be split across lines).

Additionally, comments can occur in SQL input. They are not tokens, they are effectively equivalent to
whitespace.

The SQL syntax is not very consistent regarding what tokens identify commands and which are operands
or parameters. The first few tokens are generally the command name, so in the above example we would
usually speak of a “SELECT”, an “UPDATE”, and an “INSERT” command. But for instance the UPDATE
command always requires a SET token to appear in a certain position, and this particular variation of
INSERT also requires a VALUES in order to be complete. The precise syntax rules for each command are
described in Part VI.

4.1.1. Identifiers and Key Words

Tokens such as SELECT, UPDATE, or VALUES in the example above are examples of key words, that is,
words that have a fixed meaning in the SQL language. The tokens MY_TABLE and A are examples of
identifiers. They identify names of tables, columns, or other database objects, depending on the command
they are used in. Therefore they are sometimes simply called “names”. Key words and identifiers have
the same lexical structure, meaning that one cannot know whether a token is an identifier or a key word
without knowing the language. A complete list of key words can be found in Appendix C.

SQL identifiers and key words must begin with a letter (a-z, but also letters with diacritical marks and
non-Latin letters) or an underscore (_). Subsequent characters in an identifier or key word can be letters,
underscores, digits (0-9), or dollar signs ($). Note that dollar signs are not allowed in identifiers according
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to the letter of the SQL standard, so their use might render applications less portable. The SQL standard
will not define a key word that contains digits or starts or ends with an underscore, so identifiers of this
form are safe against possible conflict with future extensions of the standard.

The system uses no more than NAMEDATALEN-1 bytes of an identifier; longer names can be written
in commands, but they will be truncated. By default, NAMEDATALEN is 64 so the maximum identifier
length is 63 bytes. If this limit is problematic, it can be raised by changing the NAMEDATALEN constant in

src/include/pg_config_manual.h.

Key words and unquoted identifiers are case insensitive. Therefore:

UPDATE MY_TABLE SET A = 5;

can equivalently be written as:
uPDaTE my_TabLE SeT a = 5;

A convention often used is to write key words in upper case and names in lower case, e.g.:

UPDATE my_table SET a = 5;

There is a second kind of identifier: the delimited identifier or quoted identifier. It is formed by enclosing
an arbitrary sequence of characters in double-quotes ("). A delimited identifier is always an identifier,
never a key word. So "select" could be used to refer to a column or table named “select”, whereas an
unquoted select would be taken as a key word and would therefore provoke a parse error when used
where a table or column name is expected. The example can be written with quoted identifiers like this:

UPDATE "my_table" SET "a" = 5;

Quoted identifiers can contain any character, except the character with code zero. (To include a double
quote, write two double quotes.) This allows constructing table or column names that would otherwise
not be possible, such as ones containing spaces or ampersands. The length limitation still applies.

A variant of quoted identifiers allows including escaped Unicode characters identified by their code points.
This variant starts with Us (upper or lower case U followed by ampersand) immediately before the opening
double quote, without any spaces in between, for example Us "foo". (Note that this creates an ambiguity
with the operator &. Use spaces around the operator to avoid this problem.) Inside the quotes, Unicode
characters can be specified in escaped form by writing a backslash followed by the four-digit hexadecimal
code point number or alternatively a backslash followed by a plus sign followed by a six-digit hexadecimal
code point number. For example, the identifier "data" could be written as

Us"d\0061t\+000061"

The following less trivial example writes the Russian word “slon” (elephant) in Cyrillic letters:

U&"\0441\043B\043E\043D"

If a different escape character than backslash is desired, it can be specified using the UESCAPE clause after
the string, for example:
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U&"d!0061t!+000061" UESCAPE 7!’

The escape character can be any single character other than a hexadecimal digit, the plus sign, a single
quote, a double quote, or a whitespace character. Note that the escape character is written in single quotes,
not double quotes.

To include the escape character in the identifier literally, write it twice.

The Unicode escape syntax works only when the server encoding is UTF8. When other server encodings
are used, only code points in the ASCII range (up to \007F) can be specified. Both the 4-digit and the
6-digit form can be used to specify UTF-16 surrogate pairs to compose characters with code points larger
than U+FFFF, although the availability of the 6-digit form technically makes this unnecessary. (When
surrogate pairs are used when the server encoding is UTF 8, they are first combined into a single code point
that is then encoded in UTF-8.)

Quoting an identifier also makes it case-sensitive, whereas unquoted names are always folded to lower
case. For example, the identifiers FOO, foo, and "foo" are considered the same by PostgreSQL, but
"Foo" and "FoO" are different from these three and each other. (The folding of unquoted names to lower
case in PostgreSQL is incompatible with the SQL standard, which says that unquoted names should be
folded to upper case. Thus, foo should be equivalent to "FOO" not "foo" according to the standard. If
you want to write portable applications you are advised to always quote a particular name or never quote
it.)

4.1.2. Constants

There are three kinds of implicitly-typed constants in PostgreSQL.: strings, bit strings, and numbers. Con-
stants can also be specified with explicit types, which can enable more accurate representation and more
efficient handling by the system. These alternatives are discussed in the following subsections.

4.1.2.1. String Constants

A string constant in SQL is an arbitrary sequence of characters bounded by single quotes (* ), for example
"This is a string’. To include a single-quote character within a string constant, write two adjacent
single quotes, e.g., ' Dianne”s horse’. Note that this is not the same as a double-quote character (").

Two string constants that are only separated by whitespace with at least one newline are concatenated and
effectively treated as if the string had been written as one constant. For example:

SELECT ' foo’
"bar’;

is equivalent to:

SELECT ' foobar’;

but:

SELECT ' foo’ "bar’;

is not valid syntax. (This slightly bizarre behavior is specified by SQL; PostgreSQL is following the
standard.)
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4.1.2.2. String Constants with C-Style Escapes

PostgreSQL also accepts “escape” string constants, which are an extension to the SQL standard. An
escape string constant is specified by writing the letter £ (upper or lower case) just before the opening
single quote, e.g., E’ foo’. (When continuing an escape string constant across lines, write E only before
the first opening quote.) Within an escape string, a backslash character (\) begins a C-like backslash
escape sequence, in which the combination of backslash and following character(s) represent a special
byte value, as shown in Table 4-1.

Table 4-1. Backslash Escape Sequences

Backslash Escape Sequence Interpretation

\b backspace

\f form feed

\n newline

\r carriage return

\t tab

\o, \oo, \ooo (oc=0-7) octal byte value

\xh, \xhh (h=0-9,A-F) hexadecimal byte value

\uxxxx, \Uxxxxxxxx (x=0-9, A -F) 16 or 32-bit hexadecimal Unicode character value

Any other character following a backslash is taken literally. Thus, to include a backslash character, write
two backslashes (\\). Also, a single quote can be included in an escape string by writing \’, in addition
to the normal way of ”.

It is your responsibility that the byte sequences you create, especially when using the octal or hexadecimal
escapes, compose valid characters in the server character set encoding. When the server encoding is UTF-
8, then the Unicode escapes or the alternative Unicode escape syntax, explained in Section 4.1.2.3, should
be used instead. (The alternative would be doing the UTF-8 encoding by hand and writing out the bytes,
which would be very cumbersome.)

The Unicode escape syntax works fully only when the server encoding is UTF' 8. When other server encod-
ings are used, only code points in the ASCII range (up to \u007F) can be specified. Both the 4-digit and
the 8-digit form can be used to specify UTF-16 surrogate pairs to compose characters with code points
larger than U+FFFF, although the availability of the 8-digit form technically makes this unnecessary.
(When surrogate pairs are used when the server encoding is UTF 8, they are first combined into a single
code point that is then encoded in UTF-8.)
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Caution

If the configuration parameter standard_conforming_strings is off, then
PostgreSQL recognizes backslash escapes in both regular and escape
string constants. This is for backward compatibility with the historical
behavior, where backslash escapes were always recognized. Although
standard_conforming_strings currently defaults to off, the default will change
to on in a future release for improved standards compliance. Applications are
therefore encouraged to migrate away from using backslash escapes. If you need
to use a backslash escape to represent a special character, write the string
constant with an E to be sure it will be handled the same way in future releases.

In addition to standard_conforming_strings, the configuration parameters
escape_string_warning and backslash_quote govern treatment of backslashes in
string constants.

The character with the code zero cannot be in a string constant.

4.1.2.3. String Constants with Unicode Escapes

PostgreSQL also supports another type of escape syntax for strings that allows specifying arbitrary Uni-
code characters by code point. A Unicode escape string constant starts with Us (upper or lower case letter
U followed by ampersand) immediately before the opening quote, without any spaces in between, for ex-
ample Us’ foo’ . (Note that this creates an ambiguity with the operator &. Use spaces around the operator
to avoid this problem.) Inside the quotes, Unicode characters can be specified in escaped form by writing a
backslash followed by the four-digit hexadecimal code point number or alternatively a backslash followed
by a plus sign followed by a six-digit hexadecimal code point number. For example, the string ’ data’
could be written as

Us’d\0061t\+000061"
The following less trivial example writes the Russian word “slon” (elephant) in Cyrillic letters:

Us&’\0441\043B\043E\043D"

If a different escape character than backslash is desired, it can be specified using the UESCAPE clause after
the string, for example:

U&"d!0061t!+000061” UESCAPE " !’

The escape character can be any single character other than a hexadecimal digit, the plus sign, a single
quote, a double quote, or a whitespace character.

The Unicode escape syntax works only when the server encoding is UTF8. When other server encodings
are used, only code points in the ASCII range (up to \007F) can be specified. Both the 4-digit and the
6-digit form can be used to specify UTF-16 surrogate pairs to compose characters with code points larger
than U+FFFF, although the availability of the 6-digit form technically makes this unnecessary. (When
surrogate pairs are used when the server encoding is UTF 8, they are first combined into a single code point
that is then encoded in UTF-8.)
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Also, the Unicode escape syntax for string constants only works when the configuration parameter stan-
dard_conforming_strings is turned on. This is because otherwise this syntax could confuse clients that
parse the SQL statements to the point that it could lead to SQL injections and similar security issues. If
the parameter is set to off, this syntax will be rejected with an error message.

To include the escape character in the string literally, write it twice.

4.1.2.4. Dollar-Quoted String Constants

While the standard syntax for specifying string constants is usually convenient, it can be difficult to un-
derstand when the desired string contains many single quotes or backslashes, since each of those must
be doubled. To allow more readable queries in such situations, PostgreSQL provides another way, called
“dollar quoting”, to write string constants. A dollar-quoted string constant consists of a dollar sign ($),
an optional “tag” of zero or more characters, another dollar sign, an arbitrary sequence of characters that
makes up the string content, a dollar sign, the same tag that began this dollar quote, and a dollar sign. For
example, here are two different ways to specify the string “Dianne’s horse” using dollar quoting:

SSDianne’s horse$s$
$SomeTag$Dianne’s horse$SomeTags$

Notice that inside the dollar-quoted string, single quotes can be used without needing to be escaped.
Indeed, no characters inside a dollar-quoted string are ever escaped: the string content is always written
literally. Backslashes are not special, and neither are dollar signs, unless they are part of a sequence
matching the opening tag.

It is possible to nest dollar-quoted string constants by choosing different tags at each nesting level. This is
most commonly used in writing function definitions. For example:

Sfunction$
BEGIN
RETURN ($1 ~ S$qgS[\t\r\n\v\\]1$g$);
END;
Sfunction$

Here, the sequence $q$[\t\r\n\v\\]1$qg$ represents a dollar-quoted literal string [\t\r\n\v\\],
which will be recognized when the function body is executed by PostgreSQL. But since the sequence
does not match the outer dollar quoting delimiter $functions, it is just some more characters within the
constant so far as the outer string is concerned.

The tag, if any, of a dollar-quoted string follows the same rules as an unquoted identifier, except that it
cannot contain a dollar sign. Tags are case sensitive, SO $tag$String content$tag$ is correct, but
$TAGS$String content$tag$ is not.

A dollar-quoted string that follows a keyword or identifier must be separated from it by whitespace;
otherwise the dollar quoting delimiter would be taken as part of the preceding identifier.

Dollar quoting is not part of the SQL standard, but it is often a more convenient way to write complicated
string literals than the standard-compliant single quote syntax. It is particularly useful when representing
string constants inside other constants, as is often needed in procedural function definitions. With single-
quote syntax, each backslash in the above example would have to be written as four backslashes, which
would be reduced to two backslashes in parsing the original string constant, and then to one when the
inner string constant is re-parsed during function execution.
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4.1.2.5. Bit-String Constants

Bit-string constants look like regular string constants with a B (upper or lower case) immediately before
the opening quote (no intervening whitespace), e.g., B/ 1001’ . The only characters allowed within bit-
string constants are 0 and 1.

Alternatively, bit-string constants can be specified in hexadecimal notation, using a leading x (upper or
lower case), e.g., X’ 1FF’. This notation is equivalent to a bit-string constant with four binary digits for
each hexadecimal digit.

Both forms of bit-string constant can be continued across lines in the same way as regular string constants.
Dollar quoting cannot be used in a bit-string constant.

4.1.2.6. Numeric Constants

Numeric constants are accepted in these general forms:

digits

digits. |[digits] [e[+-]digits]
[digits] .digits[e[+-]digits]
digitse[+-]digits

where digits is one or more decimal digits (O through 9). At least one digit must be before or after the
decimal point, if one is used. At least one digit must follow the exponent marker (e), if one is present.
There cannot be any spaces or other characters embedded in the constant. Note that any leading plus or
minus sign is not actually considered part of the constant; it is an operator applied to the constant.

These are some examples of valid numeric constants:

42
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4.

.001

5e2
1.925¢-3

A numeric constant that contains neither a decimal point nor an exponent is initially presumed to be type
integer ifits value fits in type integer (32 bits); otherwise it is presumed to be type bigint if its value
fits in type bigint (64 bits); otherwise it is taken to be type numeric. Constants that contain decimal
points and/or exponents are always initially presumed to be type numeric.

The initially assigned data type of a numeric constant is just a starting point for the type resolution algo-
rithms. In most cases the constant will be automatically coerced to the most appropriate type depending
on context. When necessary, you can force a numeric value to be interpreted as a specific data type by
casting it. For example, you can force a numeric value to be treated as type real (float4) by writing:

REAL ’1.23" —-- string style
1.23::REAL —-— PostgreSQL (historical) style

These are actually just special cases of the general casting notations discussed next.
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4.1.2.7. Constants of Other Types

A constant of an arbitrary type can be entered using any one of the following notations:

type ' string’
! string’ ::type
CAST ( "string’ AS type )

The string constant’s text is passed to the input conversion routine for the type called ¢ ype. The result is
a constant of the indicated type. The explicit type cast can be omitted if there is no ambiguity as to the
type the constant must be (for example, when it is assigned directly to a table column), in which case it is
automatically coerced.

The string constant can be written using either regular SQL notation or dollar-quoting.

It is also possible to specify a type coercion using a function-like syntax:
typename ( ' string’ )

but not all type names can be used in this way; see Section 4.2.9 for details.

The ::, CAST (), and function-call syntaxes can also be used to specify run-time type conversions of
arbitrary expressions, as discussed in Section 4.2.9. To avoid syntactic ambiguity, the type ’string’
syntax can only be used to specify the type of a simple literal constant. Another restriction on the type
" string’ syntax is that it does not work for array types; use : : or CAST () to specify the type of an array
constant.

The casT () syntax conforms to SQL. The type ’string’ syntax is a generalization of the standard:
SQL specifies this syntax only for a few data types, but PostgreSQL allows it for all types. The syntax
with : : is historical PostgreSQL usage, as is the function-call syntax.

4.1.3. Operators

An operator name is a sequence of up to NAMEDATALEN-1 (63 by default) characters from the following
list:

+-F/<>=~1@# D N&I"?

There are a few restrictions on operator names, however:

+ —-and /x cannot appear anywhere in an operator name, since they will be taken as the start of a
comment.

« A multiple-character operator name cannot end in + or —, unless the name also contains at least one of
these characters:

~l@#D &I ?

For example, @- is an allowed operator name, but »- is not. This restriction allows PostgreSQL to parse
SQL-compliant queries without requiring spaces between tokens.
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When working with non-SQL-standard operator names, you will usually need to separate adjacent opera-
tors with spaces to avoid ambiguity. For example, if you have defined a left unary operator named @, you
cannot write X+@Y; you must write X« @Y to ensure that PostgreSQL reads it as two operator names not
one.

4.1.4. Special Characters

Some characters that are not alphanumeric have a special meaning that is different from being an operator.
Details on the usage can be found at the location where the respective syntax element is described. This
section only exists to advise the existence and summarize the purposes of these characters.

« A dollar sign (s) followed by digits is used to represent a positional parameter in the body of a function
definition or a prepared statement. In other contexts the dollar sign can be part of an identifier or a
dollar-quoted string constant.

« Parentheses ( () ) have their usual meaning to group expressions and enforce precedence. In some cases
parentheses are required as part of the fixed syntax of a particular SQL command.

« Brackets ([ 1) are used to select the elements of an array. See Section 8.14 for more information on
arrays.

« Commas (, ) are used in some syntactical constructs to separate the elements of a list.

« The semicolon (; ) terminates an SQL command. It cannot appear anywhere within a command, except
within a string constant or quoted identifier.

+ The colon (:) is used to select “slices” from arrays. (See Section 8.14.) In certain SQL dialects (such
as Embedded SQL), the colon is used to prefix variable names.

+ The asterisk (+) is used in some contexts to denote all the fields of a table row or composite value. It also
has a special meaning when used as the argument of an aggregate function, namely that the aggregate
does not require any explicit parameter.

« The period (.) is used in numeric constants, and to separate schema, table, and column names.

4.1.5. Comments

A comment is a sequence of characters beginning with double dashes and extending to the end of the line,
e.g.

—— This 1is a standard SQL comment

Alternatively, C-style block comments can be used:

/* multiline comment
* with nesting: /* nested block comment =/

*/
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where the comment begins with /+ and extends to the matching occurrence of «/. These block comments
nest, as specified in the SQL standard but unlike C, so that one can comment out larger blocks of code
that might contain existing block comments.

A comment is removed from the input stream before further syntax analysis and is effectively replaced by
whitespace.

4.1.6. Lexical Precedence

Table 4-2 shows the precedence and associativity of the operators in PostgreSQL. Most operators have
the same precedence and are left-associative. The precedence and associativity of the operators is hard-
wired into the parser. This can lead to non-intuitive behavior; for example the Boolean operators < and >
have a different precedence than the Boolean operators <= and >=. Also, you will sometimes need to add
parentheses when using combinations of binary and unary operators. For instance:

SELECT 5 ! - 6;
will be parsed as:
SELECT 5 ! (- 6);

because the parser has no idea — until it is too late — that ! is defined as a postfix operator, not an infix
one. To get the desired behavior in this case, you must write:

SELECT (5 !) - 6;

This is the price one pays for extensibility.

Table 4-2. Operator Precedence (decreasing)

Operator/Element Associativity Description
left table/column name separator
left PostgreSQL-style typecast

[] left array element selection

- right unary minus

~ left exponentiation

x /% left multiplication, division, modulo

+ - left addition, subtraction

Is IS TRUE, IS FALSE, IS

UNKNOWN, IS NULL

ISNULL test for null

NOTNULL test for not null

(any other) left all other native and user-defined
operators

IN set membership

BETWEEN range containment
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Operator/Element Associativity Description
OVERLAPS time interval overlap
LIKE ILIKE SIMILAR string pattern matching
<> less than, greater than
= right equality, assignment
NOT right logical negation

AND left logical conjunction

OR left logical disjunction

Note that the operator precedence rules also apply to user-defined operators that have the same names as
the built-in operators mentioned above. For example, if you define a “+” operator for some custom data
type it will have the same precedence as the built-in “+” operator, no matter what yours does.

When a schema-qualified operator name is used in the OPERATOR syntax, as for example in:
SELECT 3 OPERATOR (pg_catalog.+) 4;

the OPERATOR construct is taken to have the default precedence shown in Table 4-2 for “any other” oper-
ator. This is true no matter which specific operator appears inside OPERATOR () .

4.2. Value Expressions

Value expressions are used in a variety of contexts, such as in the target list of the SELECT command,
as new column values in INSERT or UPDATE, or in search conditions in a number of commands. The
result of a value expression is sometimes called a scalar, to distinguish it from the result of a table ex-
pression (which is a table). Value expressions are therefore also called scalar expressions (or even simply
expressions). The expression syntax allows the calculation of values from primitive parts using arithmetic,
logical, set, and other operations.

A value expression is one of the following:

« A constant or literal value

+ A column reference

+ A positional parameter reference, in the body of a function definition or prepared statement
+ A subscripted expression

A field selection expression

« An operator invocation

A function call

+ An aggregate expression

» A window function call

« A type cast

« A scalar subquery
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« An array constructor
« A row constructor

+ Another value expression in parentheses (used to group subexpressions and override precedence)

In addition to this list, there are a number of constructs that can be classified as an expression but do
not follow any general syntax rules. These generally have the semantics of a function or operator and are
explained in the appropriate location in Chapter 9. An example is the IS NULL clause.

We have already discussed constants in Section 4.1.2. The following sections discuss the remaining op-
tions.

4.2.1. Column References

A column can be referenced in the form:

correlation.columnname

correlation is the name of a table (possibly qualified with a schema name), or an alias for a table
defined by means of a FROM clause. The correlation name and separating dot can be omitted if the column
name is unique across all the tables being used in the current query. (See also Chapter 7.)

4.2.2. Positional Parameters

A positional parameter reference is used to indicate a value that is supplied externally to an SQL statement.
Parameters are used in SQL function definitions and in prepared queries. Some client libraries also support
specifying data values separately from the SQL command string, in which case parameters are used to
refer to the out-of-line data values. The form of a parameter reference is:

Snumber

For example, consider the definition of a function, dept, as:
CREATE FUNCTION dept (text) RETURNS dept
AS $$ SELECT * FROM dept WHERE name = $1 $$
LANGUAGE SQL;

Here the s1 references the value of the first function argument whenever the function is invoked.

4.2.3. Subscripts

If an expression yields a value of an array type, then a specific element of the array value can be extracted
by writing

expression|subscript]
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or multiple adjacent elements (an “array slice”) can be extracted by writing
expression|lower_subscript:upper_subscript]

(Here, the brackets [ 1 are meant to appear literally.) Each subscript is itself an expression, which
must yield an integer value.

In general the array expression must be parenthesized, but the parentheses can be omitted when the
expression to be subscripted is just a column reference or positional parameter. Also, multiple subscripts
can be concatenated when the original array is multidimensional. For example:

mytable.arraycolumn[4]
mytable.two_d_column[17] [34]
$1[10:42]
(arrayfunction(a,b)) [42]

The parentheses in the last example are required. See Section 8.14 for more about arrays.

4.2.4. Field Selection

If an expression yields a value of a composite type (row type), then a specific field of the row can be
extracted by writing

expression.fieldname

In general the row expression must be parenthesized, but the parentheses can be omitted when the
expression to be selected from is just a table reference or positional parameter. For example:

mytable.mycolumn
$1.somecolumn
(rowfunction(a,b)) .col3

(Thus, a qualified column reference is actually just a special case of the field selection syntax.) An impor-
tant special case is extracting a field from a table column that is of a composite type:

(compositecol) .somefield
(mytable.compositecol) .somefield

The parentheses are required here to show that compositecol is a column name not a table name, or
that mytable is a table name not a schema name in the second case.

4.2.5. Operator Invocations

There are three possible syntaxes for an operator invocation:

expression operator expression (binary infix operator)
operator expression (unary prefix operator)
expression operator (unary postfix operator)
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where the operator token follows the syntax rules of Section 4.1.3, or is one of the key words AND, OR,
and NOT, or is a qualified operator name in the form:

OPERATOR (schema. operatorname)

Which particular operators exist and whether they are unary or binary depends on what operators have
been defined by the system or the user. Chapter 9 describes the built-in operators.

4.2.6. Function Calls

The syntax for a function call is the name of a function (possibly qualified with a schema name), followed
by its argument list enclosed in parentheses:

function_name ([expression [, expression ... ]] )

For example, the following computes the square root of 2:

sqrt (2)

The list of built-in functions is in Chapter 9. Other functions can be added by the user.

The arguments can optionally have names attached. See Section 4.3 for details.

4.2.7. Aggregate Expressions

An aggregate expression represents the application of an aggregate function across the rows selected by a
query. An aggregate function reduces multiple inputs to a single output value, such as the sum or average
of the inputs. The syntax of an aggregate expression is one of the following:

aggregate_name (expression [ , ... 1 | order_by clause ] )

aggregate_name (ALL expression [ , ... 1 [ order_by clause ] )

aggregate_name (DISTINCT expression [ , ... ] [ order_by clause ] )
(

aggregate_name * )

where aggregate _name is a previously defined aggregate (possibly qualified with a schema name),
expression is any value expression that does not itself contain an aggregate expression or a window
function call, and order_by_clause is a optional ORDER BY clause as described below.

The first form of aggregate expression invokes the aggregate once for each input row. The second form is
the same as the first, since ALL is the default. The third form invokes the aggregate once for each distinct
value of the expression (or distinct set of values, for multiple expressions) found in the input rows. The
last form invokes the aggregate once for each input row; since no particular input value is specified, it is
generally only useful for the count (x) aggregate function.

Most aggregate functions ignore null inputs, so that rows in which one or more of the expression(s) yield
null are discarded. This can be assumed to be true, unless otherwise specified, for all built-in aggregates.
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For example, count () yields the total number of input rows; count (£1) yields the number of input
rows in which £1 is non-null, since count ignores nulls; and count (distinct f£1) yields the number
of distinct non-null values of £1.

Ordinarily, the input rows are fed to the aggregate function in an unspecified order. In many cases this
does not matter; for example, min produces the same result no matter what order it receives the inputs in.
However, some aggregate functions (such as array_agg and string_agg) produce results that depend
on the ordering of the input rows. When using such an aggregate, the optional order._by_clause can
be used to specify the desired ordering. The order._by_clause has the same syntax as for a query-level
ORDER BY clause, as described in Section 7.5, except that its expressions are always just expressions and
cannot be output-column names or numbers. For example:

SELECT array_agg(a ORDER BY b DESC) FROM table;

When dealing with multiple-argument aggregate functions, note that the ORDER BY clause goes after all
the aggregate arguments. For example, write this:

SELECT string_agg(a, ’,’ ORDER BY a) FROM table;
not this:
SELECT string_agg(a ORDER BY a, ’,’) FROM table; —— 1lncorrect

The latter is syntactically valid, but it represents a call of a single-argument aggregate function with two
ORDER BY keys (the second one being rather useless since it’s a constant).

If DISTINCT is specified in addition to an order._by_clause, then all the ORDER BY expressions must
match regular arguments of the aggregate; that is, you cannot sort on an expression that is not included in
the DISTINCT list.

Note: The ability to specify both prsTincT and orRDER BY in an aggregate function is a PostgreSQL
extension.

The predefined aggregate functions are described in Section 9.18. Other aggregate functions can be added
by the user.

An aggregate expression can only appear in the result list or HAVING clause of a SELECT command. It is
forbidden in other clauses, such as WHERE, because those clauses are logically evaluated before the results
of aggregates are formed.

When an aggregate expression appears in a subquery (see Section 4.2.10 and Section 9.20), the aggregate
is normally evaluated over the rows of the subquery. But an exception occurs if the aggregate’s arguments
contain only outer-level variables: the aggregate then belongs to the nearest such outer level, and is eval-
uated over the rows of that query. The aggregate expression as a whole is then an outer reference for the
subquery it appears in, and acts as a constant over any one evaluation of that subquery. The restriction
about appearing only in the result list or HAVING clause applies with respect to the query level that the
aggregate belongs to.
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4.2.8. Window Function Calls

A window function call represents the application of an aggregate-like function over some portion of
the rows selected by a query. Unlike regular aggregate function calls, this is not tied to grouping of the
selected rows into a single output row — each row remains separate in the query output. However the
window function is able to scan all the rows that would be part of the current row’s group according to
the grouping specification (PARTITION BY list) of the window function call. The syntax of a window
function call is one of the following:

function_name ([expression [, expression ... ]]) OVER window_name
function_name (|[expression [, expression ... ]]) OVER ( window_definition )
function_name ( * ) OVER window_name

(

function_name * ) OVER ( window definition )

where window_definition has the syntax

existing_window_name |
PARTITION BY expression [, ...] ]
ORDER BY expression [ ASC | DESC | USING operator ] [ NULLS { FIRST | LAST } ]

frame_clause ]

and the optional frame clause can be one of

[ RANGE | ROWS ] frame_ start
[ RANGE | ROWS ] BETWEEN frame_start AND frame_end

where frame_start and frame_end can be one of

UNBOUNDED PRECEDING
value PRECEDING
CURRENT ROW

value FOLLOWING
UNBOUNDED FOLLOWING

Here, expressionrepresents any value expression that does not itself contain window function calls. The
PARTITION BY and ORDER BY lists have essentially the same syntax and semantics as GROUP BY and
ORDER BY clauses of the whole query, except that their expressions are always just expressions and cannot
be output-column names or numbers. window_name is a reference to a named window specification
defined in the query’s WINDOW clause. Alternatively, a full window_definition can be given within
parentheses, using the same syntax as for defining a named window in the WINDOW clause; see the SELECT
reference page for details. It’s worth pointing out that OVER wname is not exactly equivalent to OVER
(wname) ; the latter implies copying and modifying the window definition, and will be rejected if the
referenced window specification includes a frame clause.

The frame_clause specifies the set of rows constituting the window frame, for those window functions
that act on the frame instead of the whole partition. If frame end is omitted it defaults to CURRENT
ROW. Restrictions are that frame start cannot be UNBOUNDED FOLLOWING, frame end cannot be
UNBOUNDED PRECEDING, and the frame end choice cannot appear earlier in the above list than the
frame_start choice — for example RANGE BETWEEN CURRENT ROW AND value PRECEDING is not
allowed. The default framing option is RANGE UNBOUNDED PRECEDING, which is the same as RANGE
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BETWEEN UNBOUNDED PRECEDING AND CURRENT ROW; it sets the frame to be all rows from the parti-
tion start up through the current row’s last peer in the ORDER BY ordering (which means all rows if there
is no ORDER BY). In general, UNBOUNDED PRECEDING means that the frame starts with the first row of
the partition, and similarly UNBOUNDED FOLLOWING means that the frame ends with the last row of the
partition (regardless of RANGE or ROWS mode). In ROWS mode, CURRENT ROW means that the frame starts
or ends with the current row; but in RANGE mode it means that the frame starts or ends with the current
row’s first or last peer in the ORDER BY ordering. The value PRECEDING and value FOLLOWING cases
are currently only allowed in ROWS mode. They indicate that the frame starts or ends with the row that
many rows before or after the current row. value must be an integer expression not containing any vari-
ables, aggregate functions, or window functions. The value must not be null or negative; but it can be zero,
which selects the current row itself.

The built-in window functions are described in Table 9-44. Other window functions can be added by the
user. Also, any built-in or user-defined aggregate function can be used as a window function.

The syntaxes using = are used for calling parameter-less aggregate functions as window functions,
for example count (x) OVER (PARTITION BY x ORDER BY y). = is customarily not used for
non-aggregate window functions. Aggregate window functions, unlike normal aggregate functions, do
not allow DISTINCT or ORDER BY to be used within the function argument list.

Window function calls are permitted only in the SELECT list and the ORDER BY clause of the query.

More information about window functions can be found in Section 3.5, Section 9.19, Section 7.2.4.

4.2.9. Type Casts

A type cast specifies a conversion from one data type to another. PostgreSQL accepts two equivalent
syntaxes for type casts:

CAST ( expression AS type )

expression: :type

The casT syntax conforms to SQL; the syntax with : : is historical PostgreSQL usage.

When a cast is applied to a value expression of a known type, it represents a run-time type conversion. The
cast will succeed only if a suitable type conversion operation has been defined. Notice that this is subtly
different from the use of casts with constants, as shown in Section 4.1.2.7. A cast applied to an unadorned
string literal represents the initial assignment of a type to a literal constant value, and so it will succeed
for any type (if the contents of the string literal are acceptable input syntax for the data type).

An explicit type cast can usually be omitted if there is no ambiguity as to the type that a value expression
must produce (for example, when it is assigned to a table column); the system will automatically apply
a type cast in such cases. However, automatic casting is only done for casts that are marked “OK to
apply implicitly” in the system catalogs. Other casts must be invoked with explicit casting syntax. This
restriction is intended to prevent surprising conversions from being applied silently.

It is also possible to specify a type cast using a function-like syntax:
typename ( expression )

However, this only works for types whose names are also valid as function names. For example, double
precision cannot be used this way, but the equivalent £1oat8 can. Also, the names interval, time,
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and t imestamp can only be used in this fashion if they are double-quoted, because of syntactic conflicts.
Therefore, the use of the function-like cast syntax leads to inconsistencies and should probably be avoided.

Note: The function-like syntax is in fact just a function call. When one of the two standard cast syn-
taxes is used to do a run-time conversion, it will internally invoke a registered function to perform the
conversion. By convention, these conversion functions have the same name as their output type, and
thus the “function-like syntax” is nothing more than a direct invocation of the underlying conversion
function. Obviously, this is not something that a portable application should rely on. For further details
see CREATE CAST.

4.2.10. Scalar Subqueries

A scalar subquery is an ordinary SELECT query in parentheses that returns exactly one row with one
column. (See Chapter 7 for information about writing queries.) The SELECT query is executed and the
single returned value is used in the surrounding value expression. It is an error to use a query that returns
more than one row or more than one column as a scalar subquery. (But if, during a particular execution,
the subquery returns no rows, there is no error; the scalar result is taken to be null.) The subquery can
refer to variables from the surrounding query, which will act as constants during any one evaluation of the
subquery. See also Section 9.20 for other expressions involving subqueries.

For example, the following finds the largest city population in each state:

SELECT name, (SELECT max (pop) FROM cities WHERE cities.state = states.name)
FROM states;

4.2.11. Array Constructors

An array constructor is an expression that builds an array value using values for its member elements.
A simple array constructor consists of the key word ARRAY, a left square bracket [, a list of expressions
(separated by commas) for the array element values, and finally a right square bracket 1. For example:

SELECT ARRAY[1,2,3+4];

By default, the array element type is the common type of the member expressions, determined using the
same rules as for UNION or CASE constructs (see Section 10.5). You can override this by explicitly casting
the array constructor to the desired type, for example:

SELECT ARRAY[1,2,22.7]::integer[];

{1,2,23}
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(1 row)
This has the same effect as casting each expression to the array element type individually. For more on
casting, see Section 4.2.9.

Multidimensional array values can be built by nesting array constructors. In the inner constructors, the
key word ARRAY can be omitted. For example, these produce the same result:

SELECT ARRAY[ARRAY([1,2], ARRAY[3,4]1];

{{1,2},{3,4}}
(1 row)

SELECT ARRAY[[1,2],([3,4]11;

{{1,2},{3,4}}
(1 row)

Since multidimensional arrays must be rectangular, inner constructors at the same level must produce sub-
arrays of identical dimensions. Any cast applied to the outer ARRAY constructor propagates automatically
to all the inner constructors.

Multidimensional array constructor elements can be anything yielding an array of the proper kind, not
only a sub-ARRAY construct. For example:

CREATE TABLE arr(fl int[], £2 int[]);
INSERT INTO arr VALUES (ARRAY[[1,2],([3,411, ARRAY[[5,6],[7,811);

SELECT ARRAY[fl, f2, 7{{9,10},{11,12}}’::int[]] FROM arr;
array

{{{1,2},(3,4}},{{5,6},{7,8}},{{9,10},{11,12}}}
(1 row)

You can construct an empty array, but since it’s impossible to have an array with no type, you must
explicitly cast your empty array to the desired type. For example:

SELECT ARRAY[]::integer([];

It is also possible to construct an array from the results of a subquery. In this form, the array constructor
is written with the key word ARRAY followed by a parenthesized (not bracketed) subquery. For example:

SELECT ARRAY (SELECT oid FROM pg_proc WHERE proname LIKE ’'bytea%’);
?column?
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{2011,1954,1948,1952,1951,1244,1950,2005,1949,1953,2006,31}
(1 row)

The subquery must return a single column. The resulting one-dimensional array will have an element for
each row in the subquery result, with an element type matching that of the subquery’s output column.

The subscripts of an array value built with ARRAY always begin with one. For more information about
arrays, see Section 8.14.

4.2.12. Row Constructors

A row constructor is an expression that builds a row value (also called a composite value) using values
for its member fields. A row constructor consists of the key word ROw, a left parenthesis, zero or more
expressions (separated by commas) for the row field values, and finally a right parenthesis. For example:

SELECT ROW(1,2.5,"this is a test’);

The key word rROW is optional when there is more than one expression in the list.

A row constructor can include the syntax rowvalue.*, which will be expanded to a list of the elements
of the row value, just as occurs when the .  syntax is used at the top level of a SELECT list. For example,
if table t has columns £1 and £2, these are the same:

SELECT ROW(t.x, 42) FROM t;
SELECT ROW(t.fl, t.f2, 42) FROM t;

Note: Before PostgreSQL 8.2, the . » syntax was not expanded, so that writing row (t . =, 42) created
a two-field row whose first field was another row value. The new behavior is usually more useful. If you
need the old behavior of nested row values, write the inner row value without . «, for instance row (t,
42).

By default, the value created by a ROwW expression is of an anonymous record type. If necessary, it can be
cast to a named composite type — either the row type of a table, or a composite type created with CREATE
TYPE AS. An explicit cast might be needed to avoid ambiguity. For example:

CREATE TABLE mytable(fl int, f2 float, £f3 text);

CREATE FUNCTION getfl (mytable) RETURNS int AS ’/SELECT $1.f1’ LANGUAGE SQL;

—— No cast needed since only one getfl() exists
SELECT getfl (ROW(1,2.5,"this is a test’));
getfl

1
(1 row)

CREATE TYPE myrowtype AS (fl1 int, £f2 text, £3 numeric);

46



Chapter 4. SQL Syntax

CREATE FUNCTION getfl (myrowtype) RETURNS int AS /SELECT $1.f1’ LANGUAGE SQL;

—-— Now we need a cast to indicate which function to call:
SELECT getfl (ROW(1,2.5,"this is a test’));
ERROR: function getfl (record) is not unique

SELECT getfl (ROW(1l,2.5,’this is a test’)::mytable);
getfl

getfl

Row constructors can be used to build composite values to be stored in a composite-type table column,
or to be passed to a function that accepts a composite parameter. Also, it is possible to compare two row
values or test a row with IS NULL or IS NOT NULL, for example:

SELECT ROW(1,2.5,’this is a test’) = ROW(1l, 3, ’'not the same’);
SELECT ROW (table.x) IS NULL FROM table; —— detect all-null rows

For more detail see Section 9.21. Row constructors can also be used in connection with subqueries, as
discussed in Section 9.20.

4.2.13. Expression Evaluation Rules

The order of evaluation of subexpressions is not defined. In particular, the inputs of an operator or function
are not necessarily evaluated left-to-right or in any other fixed order.

Furthermore, if the result of an expression can be determined by evaluating only some parts of it, then
other subexpressions might not be evaluated at all. For instance, if one wrote:

SELECT true OR somefunc();
then somefunc () would (probably) not be called at all. The same would be the case if one wrote:
SELECT somefunc () OR true;

Note that this is not the same as the left-to-right “short-circuiting” of Boolean operators that is found in
some programming languages.

As a consequence, it is unwise to use functions with side effects as part of complex expressions. It is
particularly dangerous to rely on side effects or evaluation order in WHERE and HAVING clauses, since
those clauses are extensively reprocessed as part of developing an execution plan. Boolean expressions
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(AND/OR/NOT combinations) in those clauses can be reorganized in any manner allowed by the laws of
Boolean algebra.

When it is essential to force evaluation order, a CASE construct (see Section 9.16) can be used. For exam-
ple, this is an untrustworthy way of trying to avoid division by zero in a WHERE clause:

SELECT ... WHERE x > 0 AND y/x > 1.5;
But this is safe:
SELECT ... WHERE CASE WHEN x > 0 THEN y/x > 1.5 ELSE false END;

A cASE construct used in this fashion will defeat optimization attempts, so it should only be done when
necessary. (In this particular example, it would be better to sidestep the problem by writing y > 1.5xx
instead.)

4.3. Calling Functions

PostgreSQL allows functions that have named parameters to be called using either positional or named
notation. Named notation is especially useful for functions that have a large number of parameters, since it
makes the associations between parameters and actual arguments more explicit and reliable. In positional
notation, a function call is written with its argument values in the same order as they are defined in the
function declaration. In named notation, the arguments are matched to the function parameters by name
and can be written in any order.

In either notation, parameters that have default values given in the function declaration need not be written
in the call at all. But this is particularly useful in named notation, since any combination of parameters
can be omitted; while in positional notation parameters can only be omitted from right to left.

PostgreSQL also supports mixed notation, which combines positional and named notation. In this case,
positional parameters are written first and named parameters appear after them.

The following examples will illustrate the usage of all three notations, using the following function defi-

nition:

CREATE FUNCTION concat_lower_or_upper (a text, b text, uppercase boolean DEFAULT false)
RETURNS text

AS

$$

SELECT CASE
WHEN $3 THEN UPPER(S1 || 7 7 || $2)
ELSE LOWER($1 || 7 " || $2)
END;

$$

LANGUAGE SQL IMMUTABLE STRICT;

Function concat_lower_or_upper has two mandatory parameters, a and b. Additionally there is one
optional parameter uppercase which defaults to false. The a and b inputs will be concatenated, and
forced to either upper or lower case depending on the uppercase parameter. The remaining details of
this function definition are not important here (see Chapter 35 for more information).

48



Chapter 4. SQL Syntax

4.3.1. Using positional notation

Positional notation is the traditional mechanism for passing arguments to functions in PostgreSQL. An
example is:

SELECT concat_lower_or_upper ('Hello’, ’'World’, true);
concat_lower_or_upper

HELLO WORLD
(1 row)

All arguments are specified in order. The result is upper case since uppercase is specified as true.
Another example is:

SELECT concat_lower_or_upper ('Hello’, ’'World’);
concat_lower_or_upper

hello world
(1 row)

Here, the uppercase parameter is omitted, so it receives its default value of false, resulting in lower
case output. In positional notation, arguments can be omitted from right to left so long as they have
defaults.

4.3.2. Using hamed notation

In named notation, each argument’s name is specified using : = to separate it from the argument expres-
sion. For example:

SELECT concat_lower_or_upper(a := 'Hello’, b := 'World’);
concat_lower_or_upper

hello world
(1 row)

Again, the argument uppercase was omitted so it is set to false implicitly. One advantage of using
named notation is that the arguments may be specified in any order, for example:

SELECT concat_lower_or_upper(a := 'Hello’, b := ’'World’, uppercase := true);
concat_lower_or_upper

HELLO WORLD
(1 row)

SELECT concat_lower_or_upper (a "Hello’, uppercase := true, b := 'World’);

concat_lower_or_upper

HELLO WORLD
(1 row)
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4.3.3. Using mixed notation

The mixed notation combines positional and named notation. However, as already mentioned, named
arguments cannot precede positional arguments. For example:

SELECT concat_lower_or_upper ('Hello’, ’'World’, uppercase := true);
concat_lower_or_upper

HELLO WORLD
(1 row)

In the above query, the arguments a and b are specified positionally, while uppercase is specified by
name. In this example, that adds little except documentation. With a more complex function having nu-
merous parameters that have default values, named or mixed notation can save a great deal of writing and
reduce chances for error.

Note: Named and mixed call notations can currently be used only with regular functions, not with
aggregate functions or window functions.
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This chapter covers how one creates the database structures that will hold one’s data. In a relational
database, the raw data is stored in tables, so the majority of this chapter is devoted to explaining how
tables are created and modified and what features are available to control what data is stored in the tables.
Subsequently, we discuss how tables can be organized into schemas, and how privileges can be assigned
to tables. Finally, we will briefly look at other features that affect the data storage, such as inheritance,
views, functions, and triggers.

5.1. Table Basics

A table in a relational database is much like a table on paper: It consists of rows and columns. The number
and order of the columns is fixed, and each column has a name. The number of rows is variable — it
reflects how much data is stored at a given moment. SQL does not make any guarantees about the order
of the rows in a table. When a table is read, the rows will appear in an unspecified order, unless sorting
is explicitly requested. This is covered in Chapter 7. Furthermore, SQL does not assign unique identifiers
to rows, so it is possible to have several completely identical rows in a table. This is a consequence of the
mathematical model that underlies SQL but is usually not desirable. Later in this chapter we will see how
to deal with this issue.

Each column has a data type. The data type constrains the set of possible values that can be assigned to a
column and assigns semantics to the data stored in the column so that it can be used for computations. For
instance, a column declared to be of a numerical type will not accept arbitrary text strings, and the data
stored in such a column can be used for mathematical computations. By contrast, a column declared to be
of a character string type will accept almost any kind of data but it does not lend itself to mathematical
calculations, although other operations such as string concatenation are available.

PostgreSQL includes a sizable set of built-in data types that fit many applications. Users can also define
their own data types. Most built-in data types have obvious names and semantics, so we defer a detailed ex-
planation to Chapter 8. Some of the frequently used data types are integer for whole numbers, numeric
for possibly fractional numbers, text for character strings, date for dates, t ime for time-of-day values,
and timestamp for values containing both date and time.

To create a table, you use the aptly named CREATE TABLE command. In this command you specify at
least a name for the new table, the names of the columns and the data type of each column. For example:

CREATE TABLE my_first_table (
first_column text,
second_column integer

)i

This creates a table named my_first_table with two columns. The first column is named
first_column and has a data type of text; the second column has the name second_column and the
type integer. The table and column names follow the identifier syntax explained in Section 4.1.1.
The type names are usually also identifiers, but there are some exceptions. Note that the column list is
comma-separated and surrounded by parentheses.

Of course, the previous example was heavily contrived. Normally, you would give names to your tables
and columns that convey what kind of data they store. So let’s look at a more realistic example:
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CREATE TABLE products (
product_no integer,
name text,
price numeric

)

(The numeric type can store fractional components, as would be typical of monetary amounts.)

Tip: When you create many interrelated tables it is wise to choose a consistent naming pattern for the
tables and columns. For instance, there is a choice of using singular or plural nouns for table names,
both of which are favored by some theorist or other.

There is a limit on how many columns a table can contain. Depending on the column types, it is between
250 and 1600. However, defining a table with anywhere near this many columns is highly unusual and
often a questionable design.

If you no longer need a table, you can remove it using the DROP TABLE command. For example:

DROP TABLE my_first_table;
DROP TABLE products;

Attempting to drop a table that does not exist is an error. Nevertheless, it is common in SQL script files
to unconditionally try to drop each table before creating it, ignoring any error messages, so that the script
works whether or not the table exists. (If you like, you can use the DROP TABLE IF EXISTS variant to
avoid the error messages, but this is not standard SQL.)

If you need to modify a table that already exists, see Section 5.5 later in this chapter.

With the tools discussed so far you can create fully functional tables. The remainder of this chapter is
concerned with adding features to the table definition to ensure data integrity, security, or convenience. If
you are eager to fill your tables with data now you can skip ahead to Chapter 6 and read the rest of this
chapter later.

5.2. Default Values

A column can be assigned a default value. When a new row is created and no values are specified for
some of the columns, those columns will be filled with their respective default values. A data manipulation
command can also request explicitly that a column be set to its default value, without having to know what
that value is. (Details about data manipulation commands are in Chapter 6.)

If no default value is declared explicitly, the default value is the null value. This usually makes sense
because a null value can be considered to represent unknown data.

In a table definition, default values are listed after the column data type. For example:

CREATE TABLE products (
product_no integer,
name text,
price numeric DEFAULT 9.99
)i
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The default value can be an expression, which will be evaluated whenever the default value is inserted
(not when the table is created). A common example is for a timestamp column to have a default of
CURRENT_TIMESTAMP, so that it gets set to the time of row insertion. Another common example is gen-
erating a “serial number” for each row. In PostgreSQL this is typically done by something like:

CREATE TABLE products (
product_no integer DEFAULT nextval (' products_product_no_seq’),

)i

where the nextval () function supplies successive values from a sequence object (see Section 9.15). This
arrangement is sufficiently common that there’s a special shorthand for it:

CREATE TABLE products (
product_no SERIAL,

)i

The sERIAL shorthand is discussed further in Section 8.1.4.

5.3. Constraints

Data types are a way to limit the kind of data that can be stored in a table. For many applications, however,
the constraint they provide is too coarse. For example, a column containing a product price should prob-
ably only accept positive values. But there is no standard data type that accepts only positive numbers.
Another issue is that you might want to constrain column data with respect to other columns or rows.
For example, in a table containing product information, there should be only one row for each product
number.

To that end, SQL allows you to define constraints on columns and tables. Constraints give you as much
control over the data in your tables as you wish. If a user attempts to store data in a column that would
violate a constraint, an error is raised. This applies even if the value came from the default value definition.

5.3.1. Check Constraints

A check constraint is the most generic constraint type. It allows you to specify that the value in a certain
column must satisfy a Boolean (truth-value) expression. For instance, to require positive product prices,
you could use:

CREATE TABLE products (

product_no integer,

name text,

price numeric CHECK (price > 0)
)
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As you see, the constraint definition comes after the data type, just like default value definitions. Default
values and constraints can be listed in any order. A check constraint consists of the key word CHECK
followed by an expression in parentheses. The check constraint expression should involve the column
thus constrained, otherwise the constraint would not make too much sense.

You can also give the constraint a separate name. This clarifies error messages and allows you to refer to
the constraint when you need to change it. The syntax is:

CREATE TABLE products (

product_no integer,

name text,

price numeric CONSTRAINT positive price CHECK (price > 0)
)i

So, to specify a named constraint, use the key word CONSTRAINT followed by an identifier followed by
the constraint definition. (If you don’t specify a constraint name in this way, the system chooses a name
for you.)

A check constraint can also refer to several columns. Say you store a regular price and a discounted price,
and you want to ensure that the discounted price is lower than the regular price:

CREATE TABLE products (
product_no integer,
name text,
price numeric CHECK (price > 0),
discounted_price numeric CHECK (discounted_price > 0),
CHECK (price > discounted_price)

The first two constraints should look familiar. The third one uses a new syntax. It is not attached to a
particular column, instead it appears as a separate item in the comma-separated column list. Column
definitions and these constraint definitions can be listed in mixed order.

We say that the first two constraints are column constraints, whereas the third one is a table constraint
because it is written separately from any one column definition. Column constraints can also be written
as table constraints, while the reverse is not necessarily possible, since a column constraint is supposed to
refer to only the column it is attached to. (PostgreSQL doesn’t enforce that rule, but you should follow it
if you want your table definitions to work with other database systems.) The above example could also be
written as:

CREATE TABLE products (
product_no integer,
name text,
price numeric,
CHECK (price > 0),
discounted_price numeric,
CHECK (discounted_price > 0),
CHECK (price > discounted_price)
)

or even:
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CREATE TABLE products (

product_no integer,

name text,

price numeric CHECK (price > 0),

discounted_price numeric,

CHECK (discounted_price > 0 AND price > discounted_price)
)i

It’s a matter of taste.

Names can be assigned to table constraints in the same way as column constraints:

CREATE TABLE products (
product_no integer,
name text,
price numeric,
CHECK (price > 0),
discounted_price numeric,
CHECK (discounted_price > 0),
CONSTRAINT valid_discount CHECK (price > discounted_price)

It should be noted that a check constraint is satisfied if the check expression evaluates to true or the null
value. Since most expressions will evaluate to the null value if any operand is null, they will not prevent
null values in the constrained columns. To ensure that a column does not contain null values, the not-null
constraint described in the next section can be used.

5.3.2. Not-Null Constraints

A not-null constraint simply specifies that a column must not assume the null value. A syntax example:

CREATE TABLE products (
product_no integer NOT NULL,
name text NOT NULL,
price numeric

)i

A not-null constraint is always written as a column constraint. A not-null constraint is functionally equiv-
alent to creating a check constraint CHECK (column_name IS NOT NULL), but in PostgreSQL creating
an explicit not-null constraint is more efficient. The drawback is that you cannot give explicit names to
not-null constraints created this way.

Of course, a column can have more than one constraint. Just write the constraints one after another:

CREATE TABLE products (

product_no integer NOT NULL,

name text NOT NULL,

price numeric NOT NULL CHECK (price > 0)
)i
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The order doesn’t matter. It does not necessarily determine in which order the constraints are checked.

The NOT NULL constraint has an inverse: the NULL constraint. This does not mean that the column must
be null, which would surely be useless. Instead, this simply selects the default behavior that the column
might be null. The NULL constraint is not present in the SQL standard and should not be used in portable
applications. (It was only added to PostgreSQL to be compatible with some other database systems.) Some
users, however, like it because it makes it easy to toggle the constraint in a script file. For example, you
could start with:

CREATE TABLE products (
product_no integer NULL,
name text NULL,
price numeric NULL

)

and then insert the NOT key word where desired.

Tip: In most database designs the majority of columns should be marked not null.

5.3.3. Unique Constraints

Unique constraints ensure that the data contained in a column or a group of columns is unique with respect
to all the rows in the table. The syntax is:

CREATE TABLE products (
product_no integer UNIQUE,
name text,
price numeric

)
when written as a column constraint, and:

CREATE TABLE products (
product_no integer,
name text,
price numeric,
UNIQUE (product_no)

)i

when written as a table constraint.

If a unique constraint refers to a group of columns, the columns are listed separated by commas:

CREATE TABLE example (
a integer,
b integer,
c integer,
UNIQUE (a, c)
)i
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This specifies that the combination of values in the indicated columns is unique across the whole table,
though any one of the columns need not be (and ordinarily isn’t) unique.

You can assign your own name for a unique constraint, in the usual way:

CREATE TABLE products (
product_no integer CONSTRAINT must_be_different UNIQUE,
name text,
price numeric

)

Adding a unique constraint will automatically create a unique btree index on the column or group of
columns used in the constraint.

In general, a unique constraint is violated when there is more than one row in the table where the values of
all of the columns included in the constraint are equal. However, two null values are not considered equal
in this comparison. That means even in the presence of a unique constraint it is possible to store duplicate
rows that contain a null value in at least one of the constrained columns. This behavior conforms to the
SQL standard, but we have heard that other SQL databases might not follow this rule. So be careful when
developing applications that are intended to be portable.

5.3.4. Primary Keys

Technically, a primary key constraint is simply a combination of a unique constraint and a not-null con-
straint. So, the following two table definitions accept the same data:

CREATE TABLE products (
product_no integer UNIQUE NOT NULL,
name text,
price numeric

)

CREATE TABLE products (
product_no integer PRIMARY KEY,
name text,
price numeric

)

Primary keys can also constrain more than one column; the syntax is similar to unique constraints:

CREATE TABLE example (
a integer,
b integer,
c integer,
PRIMARY KEY (a, c)
)i
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A primary key indicates that a column or group of columns can be used as a unique identifier for rows in
the table. (This is a direct consequence of the definition of a primary key. Note that a unique constraint
does not, by itself, provide a unique identifier because it does not exclude null values.) This is useful
both for documentation purposes and for client applications. For example, a GUI application that allows
modifying row values probably needs to know the primary key of a table to be able to identify rows
uniquely.

Adding a primary key will automatically create a unique btree index on the column or group of columns
used in the primary key.

A table can have at most one primary key. (There can be any number of unique and not-null constraints,
which are functionally the same thing, but only one can be identified as the primary key.) Relational
database theory dictates that every table must have a primary key. This rule is not enforced by PostgreSQL,
but it is usually best to follow it.

5.3.5. Foreign Keys

A foreign key constraint specifies that the values in a column (or a group of columns) must match the
values appearing in some row of another table. We say this maintains the referential integrity between two
related tables.

Say you have the product table that we have used several times already:

CREATE TABLE products (
product_no integer PRIMARY KEY,
name text,
price numeric

)

Let’s also assume you have a table storing orders of those products. We want to ensure that the orders table
only contains orders of products that actually exist. So we define a foreign key constraint in the orders
table that references the products table:

CREATE TABLE orders (
order_id integer PRIMARY KEY,
product_no integer REFERENCES products (product_no),
quantity integer

)i

Now it is impossible to create orders with product_no entries that do not appear in the products table.

We say that in this situation the orders table is the referencing table and the products table is the referenced
table. Similarly, there are referencing and referenced columns.

You can also shorten the above command to:

CREATE TABLE orders (
order_id integer PRIMARY KEY,
product_no integer REFERENCES products,
quantity integer

)
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because in absence of a column list the primary key of the referenced table is used as the referenced
column(s).

A foreign key can also constrain and reference a group of columns. As usual, it then needs to be written
in table constraint form. Here is a contrived syntax example:

CREATE TABLE tl (

a integer PRIMARY KEY,

b integer,

c integer,

FOREIGN KEY (b, c) REFERENCES other_table (cl, c2)
)i

Of course, the number and type of the constrained columns need to match the number and type of the
referenced columns.

You can assign your own name for a foreign key constraint, in the usual way.

A table can contain more than one foreign key constraint. This is used to implement many-to-many rela-
tionships between tables. Say you have tables about products and orders, but now you want to allow one
order to contain possibly many products (which the structure above did not allow). You could use this
table structure:

CREATE TABLE products (
product_no integer PRIMARY KEY,
name text,
price numeric

)

CREATE TABLE orders (
order_id integer PRIMARY KEY,
shipping_address text,

)

CREATE TABLE order_items (
product_no integer REFERENCES products,
order_id integer REFERENCES orders,
quantity integer,
PRIMARY KEY (product_no, order_id)

)i

Notice that the primary key overlaps with the foreign keys in the last table.

We know that the foreign keys disallow creation of orders that do not relate to any products. But what if
a product is removed after an order is created that references it? SQL allows you to handle that as well.
Intuitively, we have a few options:

+ Disallow deleting a referenced product
« Delete the orders as well
+ Something else?
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To illustrate this, let’s implement the following policy on the many-to-many relationship example above:
when someone wants to remove a product that is still referenced by an order (via order_items), we
disallow it. If someone removes an order, the order items are removed as well:

CREATE TABLE products (
product_no integer PRIMARY KEY,
name text,
price numeric

)

CREATE TABLE orders (
order_id integer PRIMARY KEY,
shipping_address text,

)

CREATE TABLE order_items (
product_no integer REFERENCES products ON DELETE RESTRICT,
order_id integer REFERENCES orders ON DELETE CASCADE,
quantity integer,
PRIMARY KEY (product_no, order_id)

Restricting and cascading deletes are the two most common options. RESTRICT prevents deletion of a
referenced row. NO ACTION means that if any referencing rows still exist when the constraint is checked,
an error is raised; this is the default behavior if you do not specify anything. (The essential difference
between these two choices is that NO ACTION allows the check to be deferred until later in the transaction,
whereas RESTRICT does not.) CASCADE specifies that when a referenced row is deleted, row(s) referencing
it should be automatically deleted as well. There are two other options: SET NULL and SET DEFAULT.
These cause the referencing columns to be set to nulls or default values, respectively, when the referenced
row is deleted. Note that these do not excuse you from observing any constraints. For example, if an action
specifies SET DEFAULT but the default value would not satisfy the foreign key, the operation will fail.

Analogous to ON DELETE there is also ON UPDATE which is invoked when a referenced column is
changed (updated). The possible actions are the same.

Since a DELETE of a row from the referenced table or an UPDATE of a referenced column will require
a scan of the referencing table for rows matching the old value, it is often a good idea to index the
referencing columns. Because this is not always needed, and there are many choices available on how to
index, declaration of a foreign key constraint does not automatically create an index on the referencing
columns.

More information about updating and deleting data is in Chapter 6.

Finally, we should mention that a foreign key must reference columns that either are a primary key or
form a unique constraint. If the foreign key references a unique constraint, there are some additional
possibilities regarding how null values are matched. These are explained in the reference documentation
for CREATE TABLE.
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5.3.6. Exclusion Constraints

Exclusion constraints ensure that if any two rows are compared on the specified columns or expressions
using the specified operators, at least one of these operator comparisons will return false or null. The
syntax is:

CREATE TABLE circles (

c circle,

EXCLUDE USING gist (c WITH &&)
)i

See also CREATE TABLE ... CONSTRAINT ... EXCLUDE for details.

Adding an exclusion constraint will automatically create an index of the type specified in the constraint
declaration.

5.4. System Columns

Every table has several system columns that are implicitly defined by the system. Therefore, these names
cannot be used as names of user-defined columns. (Note that these restrictions are separate from whether
the name is a key word or not; quoting a name will not allow you to escape these restrictions.) You do not
really need to be concerned about these columns; just know they exist.

oid
The object identifier (object ID) of a row. This column is only present if the table was created using

WITH OIDs, or if the default_with_oids configuration variable was set at the time. This column is of
type oid (same name as the column); see Section 8.16 for more information about the type.

tableoid

The OID of the table containing this row. This column is particularly handy for queries that select
from inheritance hierarchies (see Section 5.8), since without it, it’s difficult to tell which individual
table a row came from. The tableoid can be joined against the oid column of pg_class to obtain
the table name.

xmin

The identity (transaction ID) of the inserting transaction for this row version. (A row version is an
individual state of a row; each update of a row creates a new row version for the same logical row.)

cmin
The command identifier (starting at zero) within the inserting transaction.
Xmax

The identity (transaction ID) of the deleting transaction, or zero for an undeleted row version. It
is possible for this column to be nonzero in a visible row version. That usually indicates that the
deleting transaction hasn’t committed yet, or that an attempted deletion was rolled back.
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cmax
The command identifier within the deleting transaction, or zero.
ctid

The physical location of the row version within its table. Note that although the ctid can be used to
locate the row version very quickly, a row’s ctid will change if it is updated or moved by VACUUM
FULL. Therefore ctid is useless as a long-term row identifier. The OID, or even better a user-defined
serial number, should be used to identify logical rows.

OIDs are 32-bit quantities and are assigned from a single cluster-wide counter. In a large or long-lived
database, it is possible for the counter to wrap around. Hence, it is bad practice to assume that OIDs are
unique, unless you take steps to ensure that this is the case. If you need to identify the rows in a table,
using a sequence generator is strongly recommended. However, OIDs can be used as well, provided that
a few additional precautions are taken:

« A unique constraint should be created on the OID column of each table for which the OID will be
used to identify rows. When such a unique constraint (or unique index) exists, the system takes care
not to generate an OID matching an already-existing row. (Of course, this is only possible if the table
contains fewer than 2*? (4 billion) rows, and in practice the table size had better be much less than that,
or performance might suffer.)

+ OIDs should never be assumed to be unique across tables; use the combination of tableoid and row
OID if you need a database-wide identifier.

« Of course, the tables in question must be created WITH 0IDS. As of PostgreSQL 8.1, WITHOUT OIDS
is the default.

Transaction identifiers are also 32-bit quantities. In a long-lived database it is possible for transaction IDs
to wrap around. This is not a fatal problem given appropriate maintenance procedures; see Chapter 23 for
details. It is unwise, however, to depend on the uniqueness of transaction IDs over the long term (more
than one billion transactions).

Command identifiers are also 32-bit quantities. This creates a hard limit of 2** (4 billion) SQL commands
within a single transaction. In practice this limit is not a problem — note that the limit is on the number
of SQL commands, not the number of rows processed. Also, as of PostgreSQL 8.3, only commands that
actually modify the database contents will consume a command identifier.

5.5. Modifying Tables

When you create a table and you realize that you made a mistake, or the requirements of the application
change, you can drop the table and create it again. But this is not a convenient option if the table is
already filled with data, or if the table is referenced by other database objects (for instance a foreign
key constraint). Therefore PostgreSQL provides a family of commands to make modifications to existing
tables. Note that this is conceptually distinct from altering the data contained in the table: here we are
interested in altering the definition, or structure, of the table.

You can:
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« Add columns

« Remove columns

« Add constraints

« Remove constraints

« Change default values

+ Change column data types
+ Rename columns

« Rename tables

All these actions are performed using the ALTER TABLE command, whose reference page contains
details beyond those given here.

5.5.1. Adding a Column

To add a column, use a command like:
ALTER TABLE products ADD COLUMN description text;

The new column is initially filled with whatever default value is given (null if you don’t specify a DEFAULT
clause).

You can also define constraints on the column at the same time, using the usual syntax:
ALTER TABLE products ADD COLUMN description text CHECK (description <> ");

In fact all the options that can be applied to a column description in CREATE TABLE can be used here.
Keep in mind however that the default value must satisfy the given constraints, or the ADD will fail.
Alternatively, you can add constraints later (see below) after you’ve filled in the new column correctly.

Tip: Adding a column with a default requires updating each row of the table (to store the new column
value). However, if no default is specified, PostgreSQL is able to avoid the physical update. So if you
intend to fill the column with mostly nondefault values, it's best to add the column with no default,
insert the correct values using uppATE, and then add any desired default as described below.

5.5.2. Removing a Column

To remove a column, use a command like:

ALTER TABLE products DROP COLUMN description;

Whatever data was in the column disappears. Table constraints involving the column are dropped, too.
However, if the column is referenced by a foreign key constraint of another table, PostgreSQL will not
silently drop that constraint. You can authorize dropping everything that depends on the column by adding
CASCADE;:

ALTER TABLE products DROP COLUMN description CASCADE;

See Section 5.11 for a description of the general mechanism behind this.
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5.5.3. Adding a Constraint

To add a constraint, the table constraint syntax is used. For example:

ALTER TABLE products ADD CHECK (name <> ");
ALTER TABLE products ADD CONSTRAINT some_name UNIQUE (product_no);
ALTER TABLE products ADD FOREIGN KEY (product_group_id) REFERENCES product_groups;

To add a not-null constraint, which cannot be written as a table constraint, use this syntax:

ALTER TABLE products ALTER COLUMN product_no SET NOT NULL;

The constraint will be checked immediately, so the table data must satisfy the constraint before it can be
added.

5.5.4. Removing a Constraint

To remove a constraint you need to know its name. If you gave it a name then that’s easy. Otherwise the
system assigned a generated name, which you need to find out. The psql command \d tablename can be
helpful here; other interfaces might also provide a way to inspect table details. Then the command is:

ALTER TABLE products DROP CONSTRAINT some_name;

(If you are dealing with a generated constraint name like $2, don’t forget that you’ll need to double-quote
it to make it a valid identifier.)

As with dropping a column, you need to add cASCADE if you want to drop a constraint that something else
depends on. An example is that a foreign key constraint depends on a unique or primary key constraint on
the referenced column(s).

This works the same for all constraint types except not-null constraints. To drop a not null constraint use:
ALTER TABLE products ALTER COLUMN product_no DROP NOT NULL;

(Recall that not-null constraints do not have names.)

5.5.5. Changing a Column’s Default Value
To set a new default for a column, use a command like:

ALTER TABLE products ALTER COLUMN price SET DEFAULT 7.77;

Note that this doesn’t affect any existing rows in the table, it just changes the default for future INSERT
commands.

To remove any default value, use:

ALTER TABLE products ALTER COLUMN price DROP DEFAULT;
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This is effectively the same as setting the default to null. As a consequence, it is not an error to drop a
default where one hadn’t been defined, because the default is implicitly the null value.

5.5.6. Changing a Column’s Data Type
To convert a column to a different data type, use a command like:

ALTER TABLE products ALTER COLUMN price TYPE numeric(10,2);

This will succeed only if each existing entry in the column can be converted to the new type by an implicit
cast. If a more complex conversion is needed, you can add a USING clause that specifies how to compute
the new values from the old.

PostgreSQL will attempt to convert the column’s default value (if any) to the new type, as well as any
constraints that involve the column. But these conversions might fail, or might produce surprising results.
It’s often best to drop any constraints on the column before altering its type, and then add back suitably
modified constraints afterwards.

5.5.7. Renaming a Column

To rename a column:

ALTER TABLE products RENAME COLUMN product_no TO product_number;

5.5.8. Renaming a Table

To rename a table:

ALTER TABLE products RENAME TO items;

5.6. Privileges

When you create a database object, you become its owner. By default, only the owner of an object can
do anything with the object. In order to allow other users to use it, privileges must be granted. (However,
users that have the superuser attribute can always access any object.)

There are several different privileges: SELECT, INSERT, UPDATE, DELETE, TRUNCATE, REFERENCES,
TRIGGER, CREATE, CONNECT, TEMPORARY, EXECUTE, and USAGE. The privileges applicable to a particular
object vary depending on the object’s type (table, function, etc). For complete information on the different
types of privileges supported by PostgreSQL, refer to the GRANT reference page. The following sections
and chapters will also show you how those privileges are used.

65



Chapter 5. Data Definition

The right to modify or destroy an object is always the privilege of the owner only.

Note: To change the owner of a table, index, sequence, or view, use the ALTER TABLE command.
There are corresponding ALTER commands for other object types.

To assign privileges, the GRANT command is used. For example, if joe is an existing user, and accounts
is an existing table, the privilege to update the table can be granted with:

GRANT UPDATE ON accounts TO joe;

Writing ALL in place of a specific privilege grants all privileges that are relevant for the object type.

The special “user” name PUBLIC can be used to grant a privilege to every user on the system. Also,
“group” roles can be set up to help manage privileges when there are many users of a database — for
details see Chapter 20.

To revoke a privilege, use the fittingly named REVOKE command:

REVOKE ALL ON accounts FROM PUBLIC;

The special privileges of the object owner (i.e., the right to do DROP, GRANT, REVOKE, etc.) are always
implicit in being the owner, and cannot be granted or revoked. But the object owner can choose to revoke
his own ordinary privileges, for example to make a table read-only for himself as well as others.

Ordinarily, only the object’s owner (or a superuser) can grant or revoke privileges on an object. However,
it is possible to grant a privilege “with grant option”, which gives the recipient the right to grant it in
turn to others. If the grant option is subsequently revoked then all who received the privilege from that
recipient (directly or through a chain of grants) will lose the privilege. For details see the GRANT and
REVOKE reference pages.

5.7. Schemas

A PostgreSQL database cluster contains one or more named databases. Users and groups of users are
shared across the entire cluster, but no other data is shared across databases. Any given client connection
to the server can access only the data in a single database, the one specified in the connection request.

Note: Users of a cluster do not necessarily have the privilege to access every database in the cluster.
Sharing of user names means that there cannot be different users named, say, joe in two databases in
the same cluster; but the system can be configured to allow joe access to only some of the databases.

A database contains one or more named schemas, which in turn contain tables. Schemas also contain
other kinds of named objects, including data types, functions, and operators. The same object name can
be used in different schemas without conflict; for example, both schemal and myschema can contain
tables named mytable. Unlike databases, schemas are not rigidly separated: a user can access objects in
any of the schemas in the database he is connected to, if he has privileges to do so.

There are several reasons why one might want to use schemas:
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« To allow many users to use one database without interfering with each other.
- To organize database objects into logical groups to make them more manageable.

« Third-party applications can be put into separate schemas so they do not collide with the names of other
objects.

Schemas are analogous to directories at the operating system level, except that schemas cannot be nested.

5.7.1. Creating a Schema

To create a schema, use the CREATE SCHEMA command. Give the schema a name of your choice. For
example:

CREATE SCHEMA myschema;

To create or access objects in a schema, write a qualified name consisting of the schema name and table
name separated by a dot:

schema.table

This works anywhere a table name is expected, including the table modification commands and the data
access commands discussed in the following chapters. (For brevity we will speak of tables only, but the
same ideas apply to other kinds of named objects, such as types and functions.)

Actually, the even more general syntax

database.schema.table

can be used too, but at present this is just for pro forma compliance with the SQL standard. If you write a
database name, it must be the same as the database you are connected to.

So to create a table in the new schema, use:

CREATE TABLE myschema.mytable (

)

To drop a schema if it’s empty (all objects in it have been dropped), use:
DROP SCHEMA myschema;
To drop a schema including all contained objects, use:

DROP SCHEMA myschema CASCADE;

See Section 5.11 for a description of the general mechanism behind this.

Often you will want to create a schema owned by someone else (since this is one of the ways to restrict
the activities of your users to well-defined namespaces). The syntax for that is:

CREATE SCHEMA schemaname AUTHORIZATION username;
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You can even omit the schema name, in which case the schema name will be the same as the user name.
See Section 5.7.6 for how this can be useful.

Schema names beginning with pg_ are reserved for system purposes and cannot be created by users.

5.7.2. The Public Schema

In the previous sections we created tables without specifying any schema names. By default such tables
(and other objects) are automatically put into a schema named “public”. Every new database contains such
a schema. Thus, the following are equivalent:

CREATE TABLE products ( ... );
and:

CREATE TABLE public.products ( ... );

5.7.3. The Schema Search Path

Qualified names are tedious to write, and it’s often best not to wire a particular schema name into applica-
tions anyway. Therefore tables are often referred to by unqualified names, which consist of just the table
name. The system determines which table is meant by following a search path, which is a list of schemas
to look in. The first matching table in the search path is taken to be the one wanted. If there is no match in
the search path, an error is reported, even if matching table names exist in other schemas in the database.

The first schema named in the search path is called the current schema. Aside from being the first schema
searched, it is also the schema in which new tables will be created if the CREATE TABLE command does
not specify a schema name.

To show the current search path, use the following command:
SHOW search_path;
In the default setup this returns:

search_path

"Suser",public

The first element specifies that a schema with the same name as the current user is to be searched. If no
such schema exists, the entry is ignored. The second element refers to the public schema that we have
seen already.

The first schema in the search path that exists is the default location for creating new objects. That is
the reason that by default objects are created in the public schema. When objects are referenced in any
other context without schema qualification (table modification, data modification, or query commands)
the search path is traversed until a matching object is found. Therefore, in the default configuration, any
unqualified access again can only refer to the public schema.
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To put our new schema in the path, we use:
SET search_path TO myschema,public;

(We omit the $user here because we have no immediate need for it.) And then we can access the table
without schema qualification:

DROP TABLE mytable;

Also, since myschema is the first element in the path, new objects would by default be created in it.

We could also have written:

SET search_path TO myschema;

Then we no longer have access to the public schema without explicit qualification. There is nothing special
about the public schema except that it exists by default. It can be dropped, too.

See also Section 9.23 for other ways to manipulate the schema search path.

The search path works in the same way for data type names, function names, and operator names as it
does for table names. Data type and function names can be qualified in exactly the same way as table
names. If you need to write a qualified operator name in an expression, there is a special provision: you
must write

OPERATOR (schema.operator)

This is needed to avoid syntactic ambiguity. An example is:

SELECT 3 OPERATOR (pg_catalog.+) 4;

In practice one usually relies on the search path for operators, so as not to have to write anything so ugly
as that.

5.7.4. Schemas and Privileges

By default, users cannot access any objects in schemas they do not own. To allow that, the owner of the
schema must grant the USAGE privilege on the schema. To allow users to make use of the objects in the
schema, additional privileges might need to be granted, as appropriate for the object.

A user can also be allowed to create objects in someone else’s schema. To allow that, the CREATE privilege
on the schema needs to be granted. Note that by default, everyone has CREATE and USAGE privileges on
the schema public. This allows all users that are able to connect to a given database to create objects in
its public schema. If you do not want to allow that, you can revoke that privilege:

REVOKE CREATE ON SCHEMA public FROM PUBLIC;

(The first “public” is the schema, the second “public” means “every user”. In the first sense it is an
identifier, in the second sense it is a key word, hence the different capitalization; recall the guidelines
from Section 4.1.1.)
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5.7.5. The System Catalog Schema

In addition to public and user-created schemas, each database contains a pg_catalog schema, which
contains the system tables and all the built-in data types, functions, and operators. pg_catalog is always
effectively part of the search path. If it is not named explicitly in the path then it is implicitly searched
before searching the path’s schemas. This ensures that built-in names will always be findable. However,
you can explicitly place pg_catalog at the end of your search path if you prefer to have user-defined
names override built-in names.

In PostgreSQL versions before 7.3, table names beginning with pg_ were reserved. This is no longer true:
you can create such a table name if you wish, in any non-system schema. However, it’s best to continue to
avoid such names, to ensure that you won’t suffer a conflict if some future version defines a system table
named the same as your table. (With the default search path, an unqualified reference to your table name
would then be resolved as the system table instead.) System tables will continue to follow the convention
of having names beginning with pg_, so that they will not conflict with unqualified user-table names so
long as users avoid the pg_ prefix.

5.7.6. Usage Patterns

Schemas can be used to organize your data in many ways. There are a few usage patterns that are recom-
mended and are easily supported by the default configuration:

« If you do not create any schemas then all users access the public schema implicitly. This simulates the
situation where schemas are not available at all. This setup is mainly recommended when there is only
a single user or a few cooperating users in a database. This setup also allows smooth transition from the
non-schema-aware world.

« You can create a schema for each user with the same name as that user. Recall that the default search
path starts with $Suser, which resolves to the user name. Therefore, if each user has a separate schema,
they access their own schemas by default.

If you use this setup then you might also want to revoke access to the public schema (or drop it alto-
gether), so users are truly constrained to their own schemas.

» To install shared applications (tables to be used by everyone, additional functions provided by third
parties, etc.), put them into separate schemas. Remember to grant appropriate privileges to allow the
other users to access them. Users can then refer to these additional objects by qualifying the names with
a schema name, or they can put the additional schemas into their search path, as they choose.

5.7.7. Portability

In the SQL standard, the notion of objects in the same schema being owned by different users does not
exist. Moreover, some implementations do not allow you to create schemas that have a different name
than their owner. In fact, the concepts of schema and user are nearly equivalent in a database system
that implements only the basic schema support specified in the standard. Therefore, many users consider
qualified names to really consist of username. tablename. This is how PostgreSQL will effectively behave
if you create a per-user schema for every user.
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Also, there is no concept of a public schema in the SQL standard. For maximum conformance to the
standard, you should not use (perhaps even remove) the public schema.

Of course, some SQL database systems might not implement schemas at all, or provide namespace sup-
port by allowing (possibly limited) cross-database access. If you need to work with those systems, then
maximum portability would be achieved by not using schemas at all.

5.8. Inheritance

PostgreSQL implements table inheritance, which can be a useful tool for database designers. (SQL:1999
and later define a type inheritance feature, which differs in many respects from the features described
here.)

Let’s start with an example: suppose we are trying to build a data model for cities. Each state has many
cities, but only one capital. We want to be able to quickly retrieve the capital city for any particular state.
This can be done by creating two tables, one for state capitals and one for cities that are not capitals.
However, what happens when we want to ask for data about a city, regardless of whether it is a capital
or not? The inheritance feature can help to resolve this problem. We define the capitals table so that it
inherits from cities:

CREATE TABLE cities (

name text,
population float,
altitude int —-— in feet

)i

CREATE TABLE capitals (
state char (2)
) INHERITS (cities);

In this case, the capitals table inherits all the columns of its parent table, cities. State capitals also
have an extra column, state, that shows their state.

In PostgreSQL, a table can inherit from zero or more other tables, and a query can reference either all
rows of a table or all rows of a table plus all of its descendant tables. The latter behavior is the default.
For example, the following query finds the names of all cities, including state capitals, that are located at
an altitude over 500 feet:

SELECT name, altitude
FROM cities
WHERE altitude > 500;

Given the sample data from the PostgreSQL tutorial (see Section 2.1), this returns:

name | altitude
,,,,,,,,,,, e
Las Vegas | 2174
Mariposa | 1953
Madison | 845
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On the other hand, the following query finds all the cities that are not state capitals and are situated at an
altitude over 500 feet:

SELECT name, altitude
FROM ONLY cities
WHERE altitude > 500;

name | altitude
,,,,,,,,,,, [P
Las Vegas | 2174
Mariposa | 1953

Here the onLY keyword indicates that the query should apply only to cities, and not any tables below
cities in the inheritance hierarchy. Many of the commands that we have already discussed — SELECT,
UPDATE and DELETE — support the ONLY keyword.

You can also write the table name with a trailing « to explicitly specify that descendant tables are included:

SELECT name, altitude
FROM citiesx
WHERE altitude > 500;

Writing * is not necessary, since this behavior is the default (unless you have changed the setting of the
sql_inheritance configuration option). However writing = might be useful to emphasize that additional
tables will be searched.

In some cases you might wish to know which table a particular row originated from. There is a system
column called tableoid in each table which can tell you the originating table:

SELECT c.tableoid, c.name, c.altitude
FROM cities c
WHERE c.altitude > 500;

which returns:

tableoid | name | altitude

__________ o
139793 | Las Vegas | 2174
139793 | Mariposa | 1953
139798 | Madison | 845

(If you try to reproduce this example, you will probably get different numeric OIDs.) By doing a join with
pg_class you can see the actual table names:

SELECT p.relname, c.name, c.altitude
FROM cities ¢, pg_class p
WHERE c.altitude > 500 AND c.tableoid = p.oid;

which returns:

relname | name | altitude
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__________ e
cities | Las Vegas | 2174
cities | Mariposa | 1953
capitals | Madison | 845

Inheritance does not automatically propagate data from INSERT or COPY commands to other tables in the
inheritance hierarchy. In our example, the following INSERT statement will fail:

INSERT INTO cities (name, population, altitude, state)
VALUES (’New York’, NULL, NULL, ’NY’);

We might hope that the data would somehow be routed to the capitals table, but this does not happen:
INSERT always inserts into exactly the table specified. In some cases it is possible to redirect the insertion
using a rule (see Chapter 37). However that does not help for the above case because the cities table
does not contain the column state, and so the command will be rejected before the rule can be applied.

All check constraints and not-null constraints on a parent table are automatically inherited by its children.
Other types of constraints (unique, primary key, and foreign key constraints) are not inherited.

A table can inherit from more than one parent table, in which case it has the union of the columns defined
by the parent tables. Any columns declared in the child table’s definition are added to these. If the same
column name appears in multiple parent tables, or in both a parent table and the child’s definition, then
these columns are “merged” so that there is only one such column in the child table. To be merged,
columns must have the same data types, else an error is raised. The merged column will have copies of
all the check constraints coming from any one of the column definitions it came from, and will be marked
not-null if any of them are.

Table inheritance is typically established when the child table is created, using the INHERITS clause
of the CREATE TABLE statement. Alternatively, a table which is already defined in a compatible way
can have a new parent relationship added, using the INHERIT variant of ALTER TABLE. To do this
the new child table must already include columns with the same names and types as the columns of the
parent. It must also include check constraints with the same names and check expressions as those of the
parent. Similarly an inheritance link can be removed from a child using the NO INHERIT variant of ALTER
TABLE. Dynamically adding and removing inheritance links like this can be useful when the inheritance
relationship is being used for table partitioning (see Section 5.9).

One convenient way to create a compatible table that will later be made a new child is to use the LIKE
clause in CREATE TABLE. This creates a new table with the same columns as the source table. If there are
any CHECK constraints defined on the source table, the INCLUDING CONSTRAINTS option to LIKE should
be specified, as the new child must have constraints matching the parent to be considered compatible.

A parent table cannot be dropped while any of its children remain. Neither can columns or check con-
straints of child tables be dropped or altered if they are inherited from any parent tables. If you wish to
remove a table and all of its descendants, one easy way is to drop the parent table with the CASCADE
option.

ALTER TABLE will propagate any changes in column data definitions and check constraints down the
inheritance hierarchy. Again, dropping columns that are depended on by other tables is only possible
when using the CASCADE option. ALTER TABLE follows the same rules for duplicate column merging and
rejection that apply during CREATE TABLE.
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Note how table access permissions are handled. Querying a parent table can automatically access data in
child tables without further access privilege checking. This preserves the appearance that the data is (also)
in the parent table. Accessing the child tables directly is, however, not automatically allowed and would
require further privileges to be granted.

5.8.1. Caveats

Note that not all SQL commands are able to work on inheritance hierarchies. Commands that are used for
data querying, data modification, or schema modification (e.g., SELECT, UPDATE, DELETE, most variants
of ALTER TABLE, but not INSERT or ALTER TABLE ... RENAME) typically default to including child
tables and support the ONLY notation to exclude them. Commands that do database maintenance and tuning
(e.g., REINDEX, VACUUM) typically only work on individual, physical tables and do not support recursing
over inheritance hierarchies. The respective behavior of each individual command is documented in its
reference page (Reference I, SQL Commands).

A serious limitation of the inheritance feature is that indexes (including unique constraints) and foreign
key constraints only apply to single tables, not to their inheritance children. This is true on both the
referencing and referenced sides of a foreign key constraint. Thus, in the terms of the above example:

« If we declared cities.name to be UNIQUE or a PRIMARY KEY, this would not stop the capitals
table from having rows with names duplicating rows in cities. And those duplicate rows would by
default show up in queries from cities. In fact, by default capitals would have no unique constraint
at all, and so could contain multiple rows with the same name. You could add a unique constraint to
capitals, but this would not prevent duplication compared to cities.

« Similarly, if we were to specify that cities.name REFERENCES some other table, this constraint would
not automatically propagate to capitals. In this case you could work around it by manually adding
the same REFERENCES constraint to capitals.

« Specifying that another table’s column REFERENCES cities (name) would allow the other table to
contain city names, but not capital names. There is no good workaround for this case.

These deficiencies will probably be fixed in some future release, but in the meantime considerable care is
needed in deciding whether inheritance is useful for your application.

5.9. Partitioning

PostgreSQL supports basic table partitioning. This section describes why and how to implement partition-
ing as part of your database design.

5.9.1. Overview

Partitioning refers to splitting what is logically one large table into smaller physical pieces. Partitioning
can provide several benefits:

+ Query performance can be improved dramatically in certain situations, particularly when most of the
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heavily accessed rows of the table are in a single partition or a small number of partitions. The parti-
tioning substitutes for leading columns of indexes, reducing index size and making it more likely that
the heavily-used parts of the indexes fit in memory.

- When queries or updates access a large percentage of a single partition, performance can be improved
by taking advantage of sequential scan of that partition instead of using an index and random access
reads scattered across the whole table.

+ Bulk loads and deletes can be accomplished by adding or removing partitions, if that requirement is
planned into the partitioning design. ALTER TABLE NO INHERIT and DROP TABLE are both far faster
than a bulk operation. These commands also entirely avoid the vAcuUM overhead caused by a bulk
DELETE.

« Seldom-used data can be migrated to cheaper and slower storage media.

The benefits will normally be worthwhile only when a table would otherwise be very large. The exact
point at which a table will benefit from partitioning depends on the application, although a rule of thumb
is that the size of the table should exceed the physical memory of the database server.

Currently, PostgreSQL supports partitioning via table inheritance. Each partition must be created as a
child table of a single parent table. The parent table itself is normally empty; it exists just to represent
the entire data set. You should be familiar with inheritance (see Section 5.8) before attempting to set up
partitioning.

The following forms of partitioning can be implemented in PostgreSQL.:

Range Partitioning

The table is partitioned into “ranges” defined by a key column or set of columns, with no overlap
between the ranges of values assigned to different partitions. For example one might partition by date
ranges, or by ranges of identifiers for particular business objects.

List Partitioning

The table is partitioned by explicitly listing which key values appear in each partition.

5.9.2. Implementing Partitioning

To set up a partitioned table, do the following:

1. Create the “master” table, from which all of the partitions will inherit.

This table will contain no data. Do not define any check constraints on this table, unless you intend
them to be applied equally to all partitions. There is no point in defining any indexes or unique
constraints on it, either.

2. Create several “child” tables that each inherit from the master table. Normally, these tables will not
add any columns to the set inherited from the master.

We will refer to the child tables as partitions, though they are in every way normal PostgreSQL tables.
3. Add table constraints to the partition tables to define the allowed key values in each partition.

Typical examples would be:
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CHECK ( x =1 )

CHECK ( county IN ( 'Oxfordshire’, ’Buckinghamshire’, ’'Warwickshire’ ))
CHECK ( outletID >= 100 AND outletID < 200 )

Ensure that the constraints guarantee that there is no overlap between the key values permitted in
different partitions. A common mistake is to set up range constraints like:

CHECK ( outletID BETWEEN 100 AND 200 )
CHECK ( outletID BETWEEN 200 AND 300 )

This is wrong since it is not clear which partition the key value 200 belongs in.

Note that there is no difference in syntax between range and list partitioning; those terms are descrip-
tive only.

4. For each partition, create an index on the key column(s), as well as any other indexes you might want.
(The key index is not strictly necessary, but in most scenarios it is helpful. If you intend the key values
to be unique then you should always create a unique or primary-key constraint for each partition.)

5. Optionally, define a trigger or rule to redirect data inserted into the master table to the appropriate
partition.

6. Ensure that the constraint_exclusion configuration parameter is not disabled in postgresqgl.conf.
If it is, queries will not be optimized as desired.

For example, suppose we are constructing a database for a large ice cream company. The company mea-
sures peak temperatures every day as well as ice cream sales in each region. Conceptually, we want a table
like:

CREATE TABLE measurement (

city_id int not null,
logdate date not null,
peaktemp int,
unitsales int

)i

We know that most queries will access just the last week’s, month’s or quarter’s data, since the main use
of this table will be to prepare online reports for management. To reduce the amount of old data that needs
to be stored, we decide to only keep the most recent 3 years worth of data. At the beginning of each month
we will remove the oldest month’s data.

In this situation we can use partitioning to help us meet all of our different requirements for the measure-
ments table. Following the steps outlined above, partitioning can be set up as follows:

1. The master table is the measurement table, declared exactly as above.
2. Next we create one partition for each active month:

CREATE TABLE measurement_y2006m02 ( ) INHERITS (measurement);
CREATE TABLE measurement_y2006m03 ( ) INHERITS (measurement);
CREATE TABLE measurement_y2007mll ( ) INHERITS (measurement);
CREATE TABLE measurement_y2007ml12 ( ) INHERITS (measurement);
CREATE TABLE measurement_y2008m0l ( ) INHERITS (measurement);

Each of the partitions are complete tables in their own right, but they inherit their definitions from the

measurement table.
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This solves one of our problems: deleting old data. Each month, all we will need to do is perform a
DROP TABLE on the oldest child table and create a new child table for the new month’s data.

. We must provide non-overlapping table constraints. Rather than just creating the partition tables as
above, the table creation script should really be:

CREATE TABLE measurement_y2006m02 (

CHECK ( logdate >= DATE ’2006-02-01" AND logdate < DATE ’2006-03-01" )
) INHERITS (measurement);
CREATE TABLE measurement_y2006m03 (

CHECK ( logdate >= DATE ’'2006-03-01’ AND logdate < DATE ’'2006-04-01" )
) INHERITS (measurement);

CREATE TABLE measurement_y2007mll (

CHECK ( logdate >= DATE ’2007-11-01’ AND logdate < DATE ’2007-12-01" )
) INHERITS (measurement);
CREATE TABLE measurement_y2007ml2 (

CHECK ( logdate >= DATE ’'2007-12-01’ AND logdate < DATE ’2008-01-01'" )
) INHERITS (measurement);
CREATE TABLE measurement_y2008m01 (

CHECK ( logdate >= DATE ’2008-01-01" AND logdate < DATE ’2008-02-01" )
) INHERITS (measurement);
. We probably need indexes on the key columns too:

CREATE INDEX measurement_y2006m02_logdate ON measurement_y2006m02 (logdate);
CREATE INDEX measurement_y2006m03_logdate ON measurement_y2006m03 (logdate);

CREATE INDEX measurement_y2007mll_logdate ON measurement_y2007mll (logdate);
CREATE INDEX measurement_y2007ml2_logdate ON measurement_y2007ml2 (logdate);
CREATE INDEX measurement_y2008m0l_logdate ON measurement_y2008m0l (logdate);
We choose not to add further indexes at this time.

. We want our application to be able to say INSERT INTO measurement ... and have the data be
redirected into the appropriate partition table. We can arrange that by attaching a suitable trigger
function to the master table. If data will be added only to the latest partition, we can use a very simple
trigger function:

CREATE OR REPLACE FUNCTION measurement_insert_trigger ()

RETURNS TRIGGER AS $$

BEGIN
INSERT INTO measurement_y2008m0l1 VALUES (NEW.x);
RETURN NULL;

END;

$S

LANGUAGE plpgsql;

After creating the function, we create a trigger which calls the trigger function:

CREATE TRIGGER insert_measurement_trigger
BEFORE INSERT ON measurement
FOR EACH ROW EXECUTE PROCEDURE measurement_insert_trigger();

We must redefine the trigger function each month so that it always points to the current partition. The
trigger definition does not need to be updated, however.

We might want to insert data and have the server automatically locate the partition into which the row
should be added. We could do this with a more complex trigger function, for example:

CREATE OR REPLACE FUNCTION measurement_insert_trigger ()
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RETURNS TRIGGER AS $$
BEGIN
IF ( NEW.logdate >= DATE ’'2006-02-01" AND
NEW.logdate < DATE ’2006-03-01" ) THEN
INSERT INTO measurement_y2006m02 VALUES (NEW.x);
ELSIF ( NEW.logdate >= DATE '2006-03-01’ AND
NEW.logdate < DATE ’2006-04-01" ) THEN
INSERT INTO measurement_y2006m03 VALUES (NEW.x);

ELSIF ( NEW.logdate >= DATE ’2008-01-01" AND
NEW.logdate < DATE ’2008-02-01" ) THEN
INSERT INTO measurement_y2008m01 VALUES (NEW.x);

ELSE
RAISE EXCEPTION ’Date out of range. Fix the measurement_insert_trigger ()
END IF;
RETURN NULL;
END;
$$

LANGUAGE plpgsqgl;
The trigger definition is the same as before. Note that each IF test must exactly match the CHECK
constraint for its partition.

While this function is more complex than the single-month case, it doesn’t need to be updated as
often, since branches can be added in advance of being needed.

Note: In practice it might be best to check the newest partition first, if most inserts go into that
partition. For simplicity we have shown the trigger’s tests in the same order as in other parts of
this example.

As we can see, a complex partitioning scheme could require a substantial amount of DDL. In the above
example we would be creating a new partition each month, so it might be wise to write a script that
generates the required DDL automatically.

5.9.3. Managing Partitions

Normally the set of partitions established when initially defining the table are not intended to remain
static. It is common to want to remove old partitions of data and periodically add new partitions for new
data. One of the most important advantages of partitioning is precisely that it allows this otherwise painful
task to be executed nearly instantaneously by manipulating the partition structure, rather than physically
moving large amounts of data around.

The simplest option for removing old data is simply to drop the partition that is no longer necessary:
DROP TABLE measurement_y2006m02;

This can very quickly delete millions of records because it doesn’t have to individually delete every record.
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Another option that is often preferable is to remove the partition from the partitioned table but retain
access to it as a table in its own right:

ALTER TABLE measurement_y2006m02 NO INHERIT measurement;

This allows further operations to be performed on the data before it is dropped. For example, this is often
a useful time to back up the data using COpPY, pg_dump, or similar tools. It might also be a useful time to
aggregate data into smaller formats, perform other data manipulations, or run reports.

Similarly we can add a new partition to handle new data. We can create an empty partition in the parti-
tioned table just as the original partitions were created above:

CREATE TABLE measurement_y2008m02 (
CHECK ( logdate >= DATE ’2008-02-01" AND logdate < DATE ’2008-03-01" )
) INHERITS (measurement);

As an alternative, it is sometimes more convenient to create the new table outside the partition structure,
and make it a proper partition later. This allows the data to be loaded, checked, and transformed prior to it
appearing in the partitioned table:

CREATE TABLE measurement_y2008m02
(LIKE measurement INCLUDING DEFAULTS INCLUDING CONSTRAINTS) ;
ALTER TABLE measurement_y2008m02 ADD CONSTRAINT y2008m02
CHECK ( logdate >= DATE ’'2008-02-01’ AND logdate < DATE ’2008-03-01'" );
\copy measurement_y2008m02 from ’'measurement_y2008m02’
—— possibly some other data preparation work
ALTER TABLE measurement_y2008m02 INHERIT measurement;

5.9.4. Partitioning and Constraint Exclusion

Constraint exclusion is a query optimization technique that improves performance for partitioned tables
defined in the fashion described above. As an example:

SET constraint_exclusion = on;
SELECT count () FROM measurement WHERE logdate >= DATE ’2008-01-01'";

Without constraint exclusion, the above query would scan each of the partitions of the measurement
table. With constraint exclusion enabled, the planner will examine the constraints of each partition and try
to prove that the partition need not be scanned because it could not contain any rows meeting the query’s
WHERE clause. When the planner can prove this, it excludes the partition from the query plan.

You can use the EXPLAIN command to show the difference between a plan with
constraint_exclusion on and a plan with it off. A typical unoptimized plan for this type of table
setup is:

SET constraint_exclusion = off;
EXPLAIN SELECT count (x) FROM measurement WHERE logdate >= DATE ’2008-01-01’";

QUERY PLAN
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Aggregate (cost=158.66..158.68 rows=1 width=0)
-> Append (cost=0.00..151.88 rows=2715 width=0)
-> Seq Scan on measurement (cost=0.00..30.38 rows=543 width=0)
Filter: (logdate >= ’72008-01-01’::date)

-> Seqg Scan on measurement_y2006m02 measurement (cost=0.00..30.38 rows=543 width
Filter: (logdate >= ’72008-01-01’::date)
-> Seq Scan on measurement_y2006m03 measurement (cost=0.00..30.38 rows=543 width

Filter: (logdate >= ’2008-01-01’::date)

-> Seq Scan on measurement_y2007ml2 measurement (cost=0.00..30.38 rows=543 width
Filter: (logdate >= ’2008-01-01’::date)
-> Seq Scan on measurement_y2008m0l1 measurement (cost=0.00..30.38 rows=543 width

Filter: (logdate >= ’72008-01-01’::date)

Some or all of the partitions might use index scans instead of full-table sequential scans, but the point here
is that there is no need to scan the older partitions at all to answer this query. When we enable constraint
exclusion, we get a significantly cheaper plan that will deliver the same answer:

SET constraint_exclusion = on;
EXPLAIN SELECT count (x) FROM measurement WHERE logdate >= DATE ’2008-01-01’;
QUERY PLAN

Aggregate (cost=63.47..63.48 rows=1 width=0)
-> Append (cost=0.00..60.75 rows=1086 width=0)
-> Seqg Scan on measurement (cost=0.00..30.38 rows=543 width=0)
Filter: (logdate >= ’2008-01-01’::date)
-> Seq Scan on measurement_y2008m0l measurement (cost=0.00..30.38 rows=543 width
Filter: (logdate >= ’2008-01-01’::date)

Note that constraint exclusion is driven only by CHECK constraints, not by the presence of indexes. There-
fore it isn’t necessary to define indexes on the key columns. Whether an index needs to be created for a
given partition depends on whether you expect that queries that scan the partition will generally scan a
large part of the partition or just a small part. An index will be helpful in the latter case but not the former.

The default (and recommended) setting of constraint_exclusion is actually neither on nor off, but an
intermediate setting called partition, which causes the technique to be applied only to queries that are
likely to be working on partitioned tables. The on setting causes the planner to examine CHECK constraints
in all queries, even simple ones that are unlikely to benefit.

5.9.5. Alternative Partitioning Methods

A different approach to redirecting inserts into the appropriate partition table is to set up rules, instead of
a trigger, on the master table. For example:

CREATE RULE measurement_insert_y2006m02 AS
ON INSERT TO measurement WHERE

( logdate >= DATE ’'2006-02-01’ AND logdate < DATE ’'2006-03-01" )
DO INSTEAD

INSERT INTO measurement_y2006m02 VALUES (NEW.x);
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CREATE RULE measurement_insert_y2008m01 AS
ON INSERT TO measurement WHERE

( logdate >= DATE ’'2008-01-01’ AND logdate < DATE ’'2008-02-01" )
DO INSTEAD

INSERT INTO measurement_y2008m01 VALUES (NEW.x);

A rule has significantly more overhead than a trigger, but the overhead is paid once per query rather than
once per row, so this method might be advantageous for bulk-insert situations. In most cases, however, the
trigger method will offer better performance.

Be aware that copY ignores rules. If you want to use COPY to insert data, you’ll need to copy into the
correct partition table rather than into the master. COPY does fire triggers, so you can use it normally if
you use the trigger approach.

Another disadvantage of the rule approach is that there is no simple way to force an error if the set of rules
doesn’t cover the insertion date; the data will silently go into the master table instead.

Partitioning can also be arranged using a UNION ALL view, instead of table inheritance. For example,
CREATE VIEW measurement AS

SELECT * FROM measurement_y2006m02
UNION ALL SELECT % FROM measurement_y2006m03

UNION ALL SELECT % FROM measurement_y2007mll
UNION ALL SELECT % FROM measurement_y2007ml2
UNION ALL SELECT % FROM measurement_y2008m01;

However, the need to recreate the view adds an extra step to adding and dropping individual partitions of
the data set. In practice this method has little to recommend it compared to using inheritance.

5.9.6. Caveats

The following caveats apply to partitioned tables:

« There is no automatic way to verify that all of the CHECK constraints are mutually exclusive. It is safer
to create code that generates partitions and creates and/or modifies associated objects than to write each
by hand.

+ The schemes shown here assume that the partition key column(s) of a row never change, or at least do
not change enough to require it to move to another partition. An UPDATE that attempts to do that will
fail because of the CHECK constraints. If you need to handle such cases, you can put suitable update
triggers on the partition tables, but it makes management of the structure much more complicated.

+ If you are using manual VACUUM or ANALYZE commands, don’t forget that you need to run them on
each partition individually. A command like:

ANALYZE measurement;
will only process the master table.

The following caveats apply to constraint exclusion:
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« Constraint exclusion only works when the query’s WHERE clause contains constants. A parameterized
query will not be optimized, since the planner cannot know which partitions the parameter value might
select at run time. For the same reason, “stable” functions such as CURRENT_DATE must be avoided.

- Keep the partitioning constraints simple, else the planner may not be able to prove that partitions
don’t need to be visited. Use simple equality conditions for list partitioning, or simple range tests
for range partitioning, as illustrated in the preceding examples. A good rule of thumb is that parti-
tioning constraints should contain only comparisons of the partitioning column(s) to constants using
B-tree-indexable operators.

+ All constraints on all partitions of the master table are examined during constraint exclusion, so large
numbers of partitions are likely to increase query planning time considerably. Partitioning using these
techniques will work well with up to perhaps a hundred partitions; don’t try to use many thousands of
partitions.

5.10. Other Database Objects

Tables are the central objects in a relational database structure, because they hold your data. But they are
not the only objects that exist in a database. Many other kinds of objects can be created to make the use
and management of the data more efficient or convenient. They are not discussed in this chapter, but we
give you a list here so that you are aware of what is possible:

- Views

+ Functions and operators

« Data types and domains

« Triggers and rewrite rules

Detailed information on these topics appears in Part V.

5.11. Dependency Tracking

When you create complex database structures involving many tables with foreign key constraints, views,
triggers, functions, etc. you implicitly create a net of dependencies between the objects. For instance, a
table with a foreign key constraint depends on the table it references.

To ensure the integrity of the entire database structure, PostgreSQL makes sure that you cannot drop
objects that other objects still depend on. For example, attempting to drop the products table we had
considered in Section 5.3.5, with the orders table depending on it, would result in an error message such
as this:

DROP TABLE products;

NOTICE: constraint orders_product_no_fkey on table orders depends on table products
ERROR: cannot drop table products because other objects depend on it
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HINT: ©Use DROP ... CASCADE to drop the dependent objects too.

The error message contains a useful hint: if you do not want to bother deleting all the dependent objects
individually, you can run:

DROP TABLE products CASCADE;

and all the dependent objects will be removed. In this case, it doesn’t remove the orders table, it only
removes the foreign key constraint. (If you want to check what brop ... CASCADE will do, run DROP
without CASCADE and read the NOTICE messages.)

All drop commands in PostgreSQL support specifying CASCADE. Of course, the nature of the possible
dependencies varies with the type of the object. You can also write RESTRICT instead of CASCADE to get
the default behavior, which is to prevent the dropping of objects that other objects depend on.

Note: According to the SQL standard, specifying either RESTRICT or cASCADE is required. No database
system actually enforces that rule, but whether the default behavior is RESTRICT or CASCADE varies
across systems.

Note: Foreign key constraint dependencies and serial column dependencies from PostgreSQL ver-
sions prior to 7.3 are not maintained or created during the upgrade process. All other dependency
types will be properly created during an upgrade from a pre-7.3 database.
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The previous chapter discussed how to create tables and other structures to hold your data. Now it is time
to fill the tables with data. This chapter covers how to insert, update, and delete table data. The chapter
after this will finally explain how to extract your long-lost data from the database.

6.1. Inserting Data

When a table is created, it contains no data. The first thing to do before a database can be of much use
is to insert data. Data is conceptually inserted one row at a time. Of course you can also insert more than
one row, but there is no way to insert less than one row. Even if you know only some column values, a
complete row must be created.

To create a new row, use the INSERT command. The command requires the table name and column
values. For example, consider the products table from Chapter 5:

CREATE TABLE products (
product_no integer,
name text,
price numeric

)i
An example command to insert a row would be:

INSERT INTO products VALUES (1, ’Cheese’, 9.99);
The data values are listed in the order in which the columns appear in the table, separated by commas.
Usually, the data values will be literals (constants), but scalar expressions are also allowed.

The above syntax has the drawback that you need to know the order of the columns in the table. To avoid
this you can also list the columns explicitly. For example, both of the following commands have the same
effect as the one above:

INSERT INTO products (product_no, name, price) VALUES (1, ’Cheese’, 9.99);
INSERT INTO products (name, price, product_no) VALUES (’'Cheese’, 9.99, 1);

Many users consider it good practice to always list the column names.

If you don’t have values for all the columns, you can omit some of them. In that case, the columns will be
filled with their default values. For example:

INSERT INTO products (product_no, name) VALUES (1, ’Cheese’);
INSERT INTO products VALUES (1, ’Cheese’);

The second form is a PostgreSQL extension. It fills the columns from the left with as many values as are
given, and the rest will be defaulted.

For clarity, you can also request default values explicitly, for individual columns or for the entire row:

INSERT INTO products (product_no, name, price) VALUES (1, ’'Cheese’, DEFAULT);
INSERT INTO products DEFAULT VALUES;
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You can insert multiple rows in a single command:

INSERT INTO products (product_no, name, price) VALUES
(1, "Cheese’, 9.99),
(2, "Bread’, 1.99),
(3, 'Milk’, 2.99);

Tip: When inserting a lot of data at the same time, considering using the COPY command. It is not
as flexible as the INSERT command, but is more efficient. Refer to Section 14.4 for more information
on improving bulk loading performance.

6.2. Updating Data

The modification of data that is already in the database is referred to as updating. You can update individual
rows, all the rows in a table, or a subset of all rows. Each column can be updated separately; the other
columns are not affected.

To update existing rows, use the UPDATE command. This requires three pieces of information:

1. The name of the table and column to update
2. The new value of the column
3. Which row(s) to update

Recall from Chapter 5 that SQL does not, in general, provide a unique identifier for rows. Therefore it is
not always possible to directly specify which row to update. Instead, you specify which conditions a row
must meet in order to be updated. Only if you have a primary key in the table (independent of whether
you declared it or not) can you reliably address individual rows by choosing a condition that matches the
primary key. Graphical database access tools rely on this fact to allow you to update rows individually.

For example, this command updates all products that have a price of 5 to have a price of 10:

UPDATE products SET price = 10 WHERE price = 5;

This might cause zero, one, or many rows to be updated. It is not an error to attempt an update that does
not match any rows.

Let’s look at that command in detail. First is the key word UPDATE followed by the table name. As usual,
the table name can be schema-qualified, otherwise it is looked up in the path. Next is the key word SET
followed by the column name, an equal sign, and the new column value. The new column value can be
any scalar expression, not just a constant. For example, if you want to raise the price of all products by
10% you could use:

UPDATE products SET price = price  1.10;
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As you see, the expression for the new value can refer to the existing value(s) in the row. We also left
out the WHERE clause. If it is omitted, it means that all rows in the table are updated. If it is present, only
those rows that match the WHERE condition are updated. Note that the equals sign in the SET clause is an
assignment while the one in the WHERE clause is a comparison, but this does not create any ambiguity. Of
course, the WHERE condition does not have to be an equality test. Many other operators are available (see
Chapter 9). But the expression needs to evaluate to a Boolean result.

You can update more than one column in an UPDATE command by listing more than one assignment in

the SET clause. For example:

UPDATE mytable SET a = 5, b = 3, ¢ = 1 WHERE a > 0;

6.3. Deleting Data

So far we have explained how to add data to tables and how to change data. What remains is to discuss how
to remove data that is no longer needed. Just as adding data is only possible in whole rows, you can only
remove entire rows from a table. In the previous section we explained that SQL does not provide a way
to directly address individual rows. Therefore, removing rows can only be done by specifying conditions
that the rows to be removed have to match. If you have a primary key in the table then you can specify the
exact row. But you can also remove groups of rows matching a condition, or you can remove all rows in
the table at once.

You use the DELETE command to remove rows; the syntax is very similar to the UPDATE command. For
instance, to remove all rows from the products table that have a price of 10, use:

DELETE FROM products WHERE price = 10;

If you simply write:
DELETE FROM products;

then all rows in the table will be deleted! Caveat programmer.
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The previous chapters explained how to create tables, how to fill them with data, and how to manipulate
that data. Now we finally discuss how to retrieve the data from the database.

7.1. Overview

The process of retrieving or the command to retrieve data from a database is called a query. In SQL the
SELECT command is used to specify queries. The general syntax of the SELECT command is

[WITH with_queries] SELECT select_list FROM table_expression [sort_specification]

The following sections describe the details of the select list, the table expression, and the sort specification.
WITH queries are treated last since they are an advanced feature.

A simple kind of query has the form:
SELECT » FROM tablel;

Assuming that there is a table called tablel, this command would retrieve all rows and all columns from
tablel. (The method of retrieval depends on the client application. For example, the psql program will
display an ASCII-art table on the screen, while client libraries will offer functions to extract individual
values from the query result.) The select list specification « means all columns that the table expression
happens to provide. A select list can also select a subset of the available columns or make calculations
using the columns. For example, if tablel has columns named a, b, and c (and perhaps others) you can
make the following query:

SELECT a, b + ¢ FROM tablel;

(assuming that b and c are of a numerical data type). See Section 7.3 for more details.

FROM tablel is a simple kind of table expression: it reads just one table. In general, table expressions
can be complex constructs of base tables, joins, and subqueries. But you can also omit the table expression
entirely and use the SELECT command as a calculator:

SELECT 3 * 4;

This is more useful if the expressions in the select list return varying results. For example, you could call
a function this way:

SELECT random() ;

7.2. Table Expressions

A table expression computes a table. The table expression contains a FROM clause that is optionally fol-
lowed by WHERE, GROUP BY, and HAVING clauses. Trivial table expressions simply refer to a table on

87



Chapter 7. Queries

disk, a so-called base table, but more complex expressions can be used to modify or combine base tables
in various ways.

The optional WHERE, GROUP BY, and HAVING clauses in the table expression specify a pipeline of succes-
sive transformations performed on the table derived in the FROM clause. All these transformations produce
a virtual table that provides the rows that are passed to the select list to compute the output rows of the

query.

7.2.1. The rroM Clause

The FROM Clause derives a table from one or more other tables given in a comma-separated table refer-
ence list.

FROM table_reference [, table reference [, ...]]

A table reference can be a table name (possibly schema-qualified), or a derived table such as a subquery,
a table join, or complex combinations of these. If more than one table reference is listed in the FrROM
clause they are cross-joined (see below) to form the intermediate virtual table that can then be subject to
transformations by the WHERE, GROUP BY, and HAVING clauses and is finally the result of the overall table
expression.

When a table reference names a table that is the parent of a table inheritance hierarchy, the table reference
produces rows of not only that table but all of its descendant tables, unless the key word ONLY precedes
the table name. However, the reference produces only the columns that appear in the named table — any
columns added in subtables are ignored.

Instead of writing ONLY before the table name, you can write = after the table name to explicitly specify
that descendant tables are included. Writing « is not necessary since that behavior is the default (unless
you have changed the setting of the sql_inheritance configuration option). However writing = might be
useful to emphasize that additional tables will be searched.

7.2.1.1. Joined Tables

A joined table is a table derived from two other (real or derived) tables according to the rules of the
particular join type. Inner, outer, and cross-joins are available.

Join Types
Cross join
T1 CROSS JOIN T2

For every possible combination of rows from 71 and T2 (i.e., a Cartesian product), the joined table
will contain a row consisting of all columns in T1 followed by all columns in T2. If the tables have
N and M rows respectively, the joined table will have N * M rows.

FROM T1 CROSS JOIN r2is equivalent to FROM 11, T2.Itis also equivalent to FROM T1 INNER
JOIN T2 ON TRUE (see below).

Qualified joins
T1 { [INNER] | { LEFT | RIGHT | FULL } [OUTER] } JOIN T2 ON boolean_expression
71 { [INNER] | { LEFT | RIGHT | FULL } [OUTER] } JOIN T2 USING ( join column list
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T1 NATURAL { [INNER] | { LEFT | RIGHT | FULL } [OUTER] } JOIN T2

The words INNER and OUTER are optional in all forms. INNER is the default; LEFT, RIGHT, and FULL
imply an outer join.

The join condition is specified in the ON or USING clause, or implicitly by the word NATURAL. The
join condition determines which rows from the two source tables are considered to “match”, as
explained in detail below.

The on clause is the most general kind of join condition: it takes a Boolean value expression of the
same kind as is used in a WHERE clause. A pair of rows from T1 and 72 match if the ON expression
evaluates to true for them.

USING is a shorthand notation: it takes a comma-separated list of column names, which the joined
tables must have in common, and forms a join condition specifying equality of each of these pairs
of columns. Furthermore, the output of JOIN USING has one column for each of the equated pairs
of input columns, followed by the remaining columns from each table. Thus, USING (a, b, c)
is equivalent to ON (tl.a = t2.a AND tl.b = t2.b AND tl.c = t2.c) with the exception
that if ON is used there will be two columns a, b, and c in the result, whereas with USING there will
be only one of each (and they will appear first if SELECT » is used).

Finally, NATURAL is a shorthand form of USING: it forms a USING list consisting of all column names
that appear in both input tables. As with USING, these columns appear only once in the output table.

The possible types of qualified join are:

INNER JOIN

For each row R1 of T1, the joined table has a row for each row in T2 that satisfies the join
condition with R1.

LEFT OUTER JOIN

First, an inner join is performed. Then, for each row in T1 that does not satisfy the join condition
with any row in T2, a joined row is added with null values in columns of T2. Thus, the joined
table always has at least one row for each row in T1.

RIGHT OUTER JOIN

First, an inner join is performed. Then, for each row in T2 that does not satisfy the join condition
with any row in T1, a joined row is added with null values in columns of T1. This is the converse
of a left join: the result table will always have a row for each row in T2.

FULL OUTER JOIN

First, an inner join is performed. Then, for each row in T1 that does not satisfy the join condition
with any row in T2, a joined row is added with null values in columns of T2. Also, for each row
of T2 that does not satisfy the join condition with any row in T1, a joined row with null values
in the columns of T1 is added.

Joins of all types can be chained together or nested: either or both T1 and T2 can be joined tables. Paren-
theses can be used around JOIN clauses to control the join order. In the absence of parentheses, JOIN
clauses nest left-to-right.

To put this together, assume we have tables t 1:
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num | name
,,,,, b
1] a
2 | Db
3 ] ¢
and t£2
num | value
_____ I
1 | xxx
3 1 yyy
5 | zzz

then we get the following results for the various joins:

=> SELECT » FROM tl CROSS JOIN t2;

num | name | num | value
77777 Fomm
1] a \ 1 | xxx
11 a \ 31 yyy
1] a \ 5 | zzz
2 1 Db \ 1 | xxx
2 | b \ 3 | yyy
21 Db \ 5 | zzz
3 | c | 1 | xxx
31 c \ 31 yyy
3| c \ 5 | zzz
(9 rows)

=> SELECT * FROM tl INNER JOIN t2 ON tl.num = t2.num;

num | name | num | value

77777 e at: Rttt
1] a \ 1 | xxx
31 c \ 3 1 yyy

(2 rows)

=> SELECT * FROM tl INNER JOIN t2 USING (num);

num | name | value
,,,,, e
1] a | xxxX
31 c | vyy
(2 rows)

=> SELECT » FROM tl NATURAL INNER JOIN t2;

num | name | value

,,,,, e
1] a | xxxX
31 c | vyy

(2 rows)

=> SELECT * FROM tl LEFT JOIN t2 ON tl.num = t2.num;
num | name | num | value
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=> SELECT * FROM tl LEFT JOIN t2 USING (num);

num | name | value
,,,,, e

11 a | xxx

2 | b \

31 ¢ | yyy
(3 rows)

=> SELECT * FROM tl RIGHT JOIN t2 ON tl.num = t2.num;

num | name | num | value
————— o ———
11 a \ 1 | xxx
3| c \ 3 1 yyy
\ \ 5 | zzz
(3 rows)

=> SELECT *x FROM tl FULL JOIN t2 ON tl.num = t2.num;

num | name | num | value
77777 e et e
11 a | 1 | xxx
2 1 Db \ |
31 c | 3 1 yyy
| | 5 | zzz
(4 rows)

The join condition specified with ON can also contain conditions that do not relate directly to the join. This
can prove useful for some queries but needs to be thought out carefully. For example:

=> SELECT * FROM tl LEFT JOIN t2 ON tl.num = t2.num AND t2.value = ’'xxx’;

num | name | num | value
————— ot
11 a \ 1 | xxx
2 |1 b \ |
3 | c \ |
(3 rows)

Notice that placing the restriction in the WHERE clause produces a different result:

=> SELECT * FROM tl LEFT JOIN t2 ON tl.num = t2.num WHERE t2.value = ’'xxx’;
num name num | value
77777 e S Rttt
11 a \ 1 | xxx
(1 row)

This is because a restriction placed in the ON clause is processed before the join, while a restriction placed
in the WHERE clause is processed after the join.
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7.2.1.2. Table and Column Aliases

A temporary name can be given to tables and complex table references to be used for references to the
derived table in the rest of the query. This is called a table alias.

To create a table alias, write

FROM table reference AS alias
or

FROM table reference alias

The as key word is optional noise. alias can be any identifier.

A typical application of table aliases is to assign short identifiers to long table names to keep the join
clauses readable. For example:

SELECT * FROM some_very_long_table_name s JOIN another_fairly_ long_name a ON s.id = a.num;

The alias becomes the new name of the table reference so far as the current query is concerned — it is not
allowed to refer to the table by the original name elsewhere in the query. Thus, this is not valid:

SELECT * FROM my_table AS m WHERE my_table.a > 5; —— wrong

Table aliases are mainly for notational convenience, but it is necessary to use them when joining a table
to itself, e.g.:

SELECT * FROM people AS mother JOIN people AS child ON mother.id = child.mother_id;

Additionally, an alias is required if the table reference is a subquery (see Section 7.2.1.3).

Parentheses are used to resolve ambiguities. In the following example, the first statement assigns the alias
b to the second instance of my_table, but the second statement assigns the alias to the result of the join:

SELECT % FROM my_table AS a CROSS JOIN my_table AS b
SELECT x FROM (my_table AS a CROSS JOIN my_table) AS Db

Another form of table aliasing gives temporary names to the columns of the table, as well as the table
itself:

FROM table_reference [AS] alias ( columnl [, column2 [, ...]]1 )

If fewer column aliases are specified than the actual table has columns, the remaining columns are not
renamed. This syntax is especially useful for self-joins or subqueries.

When an alias is applied to the output of a JOIN clause, the alias hides the original name(s) within the
JOIN. For example:

SELECT a.x FROM my_table AS a JOIN your_table AS b ON
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is valid SQL, but:
SELECT a.x» FROM (my_table AS a JOIN your_table AS b ON ...) AS c

is not valid; the table alias a is not visible outside the alias c.

7.2.1.3. Subqueries

Subqueries specifying a derived table must be enclosed in parentheses and must be assigned a table alias
name. (See Section 7.2.1.2.) For example:

FROM (SELECT * FROM tablel) AS alias_name

This example is equivalent to FROM tablel AS alias_name. More interesting cases, which cannot be
reduced to a plain join, arise when the subquery involves grouping or aggregation.

A subquery can also be a VALUES list:

FROM (VALUES (’anne’, ’‘smith’), (‘bob’, ’jones’), (’joe’, ’'blow’))
AS names (first, last)

Again, a table alias is required. Assigning alias names to the columns of the VALUES list is optional, but
is good practice. For more information see Section 7.7.

7.2.1.4. Table Functions

Table functions are functions that produce a set of rows, made up of either base data types (scalar types)
or composite data types (table rows). They are used like a table, view, or subquery in the FROM clause of
a query. Columns returned by table functions can be included in SELECT, JOIN, or WHERE clauses in the
same manner as a table, view, or subquery column.

If a table function returns a base data type, the single result column name matches the function name. If
the function returns a composite type, the result columns get the same names as the individual attributes
of the type.

A table function can be aliased in the FROM clause, but it also can be left unaliased. If a function is used
in the FROM clause with no alias, the function name is used as the resulting table name.

Some examples:

CREATE TABLE foo (fooid int, foosubid int, fooname text);

CREATE FUNCTION getfoo(int) RETURNS SETOF foo AS $$
SELECT % FROM foo WHERE fooid = $1;

$$ LANGUAGE SQL;

SELECT = FROM getfoo(l) AS t1;

SELECT % FROM foo

WHERE foosubid IN (
SELECT foosubid
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FROM getfoo (foo.fooid) =z
WHERE z.fooid = foo.fooid
)

CREATE VIEW vw_getfoo AS SELECT % FROM getfoo(l);

SELECT x FROM vw_getfoo;

In some cases it is useful to define table functions that can return different column sets depending on how
they are invoked. To support this, the table function can be declared as returning the pseudotype record.
When such a function is used in a query, the expected row structure must be specified in the query itself,
so that the system can know how to parse and plan the query. Consider this example:

SELECT =«
FROM dblink (’ dbname=mydb’, ’'SELECT proname, prosrc FROM pg_proc’)
AS tl (proname name, prosrc text)
WHERE proname LIKE ’'bytea$%’;

The dblink function executes a remote query (see contrib/dblink). It is declared to return record
since it might be used for any kind of query. The actual column set must be specified in the calling query
so that the parser knows, for example, what » should expand to.

7.2.2. The wHERE Clause

The syntax of the WHERE Clause is
WHERE search_condition

where search_condition is any value expression (see Section 4.2) that returns a value of type

boolean.

After the processing of the FROM clause is done, each row of the derived virtual table is checked against
the search condition. If the result of the condition is true, the row is kept in the output table, otherwise
(i.e., if the result is false or null) it is discarded. The search condition typically references at least one
column of the table generated in the FROM clause; this is not required, but otherwise the WHERE clause will
be fairly useless.

Note: The join condition of an inner join can be written either in the waeRE clause or in the Jo1n clause.
For example, these table expressions are equivalent:

FROM a, b WHERE a.id = b.id AND b.val > 5

and:

FROM a INNER JOIN b ON (a.id = b.id) WHERE b.val > 5
or perhaps even:

FROM a NATURAL JOIN b WHERE b.val > 5
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Which one of these you use is mainly a matter of style. The Jo1n syntax in the From clause is probably
not as portable to other SQL database management systems, even though it is in the SQL standard.
For outer joins there is no choice: they must be done in the rFrom clause. The on or usING clause
of an outer join is not equivalent to a waerE condition, because it results in the addition of rows (for
unmatched input rows) as well as the removal of rows in the final result.

Here are some examples of WHERE clauses:

SELECT

SELECT

SELECT

SELECT

SELECT

SELECT

FROM fdt WHERE

FROM

FROM

FROM

FROM

FROM

fdt

fdt

fdt

fdt

fdt

WHERE

WHERE

WHERE

WHERE

WHERE

cl > 5

cl IN (1, 2, 3)

cl IN (SELECT cl FROM t2)

cl IN (SELECT c3 FROM t2 WHERE c2 = fdt.cl + 10)

cl BETWEEN (SELECT c3 FROM t2 WHERE c2 = fdt.cl + 10)

EXISTS (SELECT cl FROM t2 WHERE c2 > fdt.cl)

£dt is the table derived in the FrROM clause. Rows that do not meet the search condition of the WHERE
clause are eliminated from £dt. Notice the use of scalar subqueries as value expressions. Just like any

other query, the subqueries can employ complex table expressions. Notice also how £dt is referenced in

the subqueries. Qualifying c1 as £dt . c1 is only necessary if c1 is also the name of a column in the derived

input table of the subquery. But qualifying the column name adds clarity even when it is not needed. This

example shows how the column naming scope of an outer query extends into its inner queries.

7.2.3. The crourP BY and HAVING Clauses

After passing the WHERE filter, the derived input table might be subject to grouping, using the GROUP BY
clause, and elimination of group rows using the HAVING clause.

SELECT select_list

FROM
[WHERE

-]

GROUP BY grouping_column_reference [, grouping_column_reference]...

The GROUP BY Clause is used to group together those rows in a table that have the same values in all the
columns listed. The order in which the columns are listed does not matter. The effect is to combine each
set of rows having common values into one group row that represents all rows in the group. This is done
to eliminate redundancy in the output and/or compute aggregates that apply to these groups. For instance:

=> SELECT x FROM testl;
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(4 rows)

=> SELECT x FROM testl GROUP BY x;

(3 rows)

In the second query, we could not have written SELECT = FROM testl GROUP BY x, because there is
no single value for the column y that could be associated with each group. The grouped-by columns can
be referenced in the select list since they have a single value in each group.

In general, if a table is grouped, columns that are not listed in GROUP BY cannot be referenced except in
aggregate expressions. An example with aggregate expressions is:

=> SELECT x, sum(y) FROM testl GROUP BY x;
sum

Q

(3 rows

Here sum is an aggregate function that computes a single value over the entire group. More information
about the available aggregate functions can be found in Section 9.18.

Tip: Grouping without aggregate expressions effectively calculates the set of distinct values in a col-
umn. This can also be achieved using the p1sTINCT clause (see Section 7.3.3).

Here is another example: it calculates the total sales for each product (rather than the total sales of all
products):

SELECT product_id, p.name, (sum(s.units) * p.price) AS sales
FROM products p LEFT JOIN sales s USING (product_id)
GROUP BY product_id, p.name, p.price;

In this example, the columns product_id, p.name, and p.price must be in the GROUP BY clause
since they are referenced in the query select list. (Depending on how the products table is set up, name
and price might be fully dependent on the product ID, so the additional groupings could theoretically be
unnecessary, though this is not implemented.) The column s .units does not have to be in the GROUP BY
list since it is only used in an aggregate expression (sum (. . .) ), which represents the sales of a product.
For each product, the query returns a summary row about all sales of the product.

In strict SQL, GROUP BY can only group by columns of the source table but PostgreSQL extends this to
also allow GROUP BY to group by columns in the select list. Grouping by value expressions instead of
simple column names is also allowed.
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If a table has been grouped using GROUP BY, but only certain groups are of interest, the HAVING clause
can be used, much like a WHERE clause, to eliminate groups from the result. The syntax is:

SELECT select_list FROM ... [WHERE ...] GROUP BY ... HAVING boolean_expression

Expressions in the HAVING clause can refer both to grouped expressions and to ungrouped expressions
(which necessarily involve an aggregate function).

Example:

=> SELECT x, sum(y) FROM testl GROUP BY x HAVING sum(y) > 3;
x | sum

=> SELECT x, sum(y) FROM testl GROUP BY x HAVING x < ’'c’;
x | sum

Again, a more realistic example:

SELECT product_id, p.name, (sum(s.units) =% (p.price - p.cost)) AS profit
FROM products p LEFT JOIN sales s USING (product_id)
WHERE s.date > CURRENT_DATE - INTERVAL ’4 weeks’
GROUP BY product_id, p.name, p.price, p.cost
HAVING sum(p.price * s.units) > 5000;

In the example above, the WHERE clause is selecting rows by a column that is not grouped (the expression
is only true for sales during the last four weeks), while the HAVING clause restricts the output to groups
with total gross sales over 5000. Note that the aggregate expressions do not necessarily need to be the
same in all parts of the query.

If a query contains aggregate function calls, but no GROUP BY clause, grouping still occurs: the result is a
single group row (or perhaps no rows at all, if the single row is then eliminated by HAVING). The same is
true if it contains a HAVING clause, even without any aggregate function calls or GROUP BY clause.

7.2.4. Window Function Processing

If the query contains any window functions (see Section 3.5, Section 9.19 and Section 4.2.8), these func-
tions are evaluated after any grouping, aggregation, and HAVING filtering is performed. That is, if the
query uses any aggregates, GROUP BY, or HAVING, then the rows seen by the window functions are the
group rows instead of the original table rows from FROM/WHERE.

When multiple window functions are used, all the window functions having syntactically equivalent
PARTITION BY and ORDER BY clauses in their window definitions are guaranteed to be evaluated in
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a single pass over the data. Therefore they will see the same sort ordering, even if the ORDER BY does not
uniquely determine an ordering. However, no guarantees are made about the evaluation of functions hav-
ing different PARTITION BY or ORDER BY specifications. (In such cases a sort step is typically required
between the passes of window function evaluations, and the sort is not guaranteed to preserve ordering of
rows that its ORDER BY sees as equivalent.)

Currently, window functions always require presorted data, and so the query output will be ordered ac-
cording to one or another of the window functions’ PARTITION BY/ORDER BY clauses. It is not recom-
mendable to rely on this, however. Use an explicit top-level ORDER BY clause if you want to be sure the
results are sorted in a particular way.

7.3. Select Lists

As shown in the previous section, the table expression in the SELECT command constructs an intermediate
virtual table by possibly combining tables, views, eliminating rows, grouping, etc. This table is finally
passed on to processing by the select list. The select list determines which columns of the intermediate
table are actually output.

7.3.1. Select-List ltems

The simplest kind of select list is » which emits all columns that the table expression produces. Otherwise,
a select list is a comma-separated list of value expressions (as defined in Section 4.2). For instance, it could
be a list of column names:

SELECT a, b, ¢ FROM

The columns names a, b, and c are either the actual names of the columns of tables referenced in the
FROM clause, or the aliases given to them as explained in Section 7.2.1.2. The name space available in the
select list is the same as in the WHERE clause, unless grouping is used, in which case it is the same as in
the HAVING clause.

If more than one table has a column of the same name, the table name must also be given, as in:
SELECT tbll.a, tbl2.a, tbll.b FROM

When working with multiple tables, it can also be useful to ask for all the columns of a particular table:
SELECT tbll.*, tbl2.a FROM

(See also Section 7.2.2.)

If an arbitrary value expression is used in the select list, it conceptually adds a new virtual column to the
returned table. The value expression is evaluated once for each result row, with the row’s values substituted
for any column references. But the expressions in the select list do not have to reference any columns in
the table expression of the FROM clause; they can be constant arithmetic expressions, for instance.
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7.3.2. Column Labels

The entries in the select list can be assigned names for subsequent processing, such as for use in an ORDER
BY clause or for display by the client application. For example:

SELECT a AS value, b + ¢ AS sum FROM ...

If no output column name is specified using As, the system assigns a default column name. For simple
column references, this is the name of the referenced column. For function calls, this is the name of the
function. For complex expressions, the system will generate a generic name.

The as keyword is optional, but only if the new column name does not match any PostgreSQL keyword
(see Appendix C). To avoid an accidental match to a keyword, you can double-quote the column name.
For example, VALUE is a keyword, so this does not work:

SELECT a value, b + ¢ AS sum FROM ...
but this does:

SELECT a "value", b + ¢ AS sum FROM

For protection against possible future keyword additions, it is recommended that you always either write
As or double-quote the output column name.

Note: The naming of output columns here is different from that done in the From clause (see Section
7.2.1.2). It is possible to rename the same column twice, but the name assigned in the select list is
the one that will be passed on.

7.3.3. DISTINCT

After the select list has been processed, the result table can optionally be subject to the elimination of
duplicate rows. The DISTINCT key word is written directly after SELECT to specify this:

SELECT DISTINCT select_list

(Instead of DISTINCT the key word ALL can be used to specify the default behavior of retaining all rows.)

Obviously, two rows are considered distinct if they differ in at least one column value. Null values are
considered equal in this comparison.

Alternatively, an arbitrary expression can determine what rows are to be considered distinct:
SELECT DISTINCT ON (expression [, expression ...]) select_list

Here expression is an arbitrary value expression that is evaluated for all rows. A set of rows for which
all the expressions are equal are considered duplicates, and only the first row of the set is kept in the
output. Note that the “first row” of a set is unpredictable unless the query is sorted on enough columns
to guarantee a unique ordering of the rows arriving at the DISTINCT filter. (DISTINCT ON processing
occurs after ORDER BY sorting.)
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The DISTINCT ON clause is not part of the SQL standard and is sometimes considered bad style because
of the potentially indeterminate nature of its results. With judicious use of GROUP BY and subqueries in
FROM, this construct can be avoided, but it is often the most convenient alternative.

7.4. Combining Queries

The results of two queries can be combined using the set operations union, intersection, and difference.
The syntax is

queryl UNION [ALL] gquery2
queryl INTERSECT [ALL] query?2
queryl EXCEPT [ALL] query?2

queryl and query?2 are queries that can use any of the features discussed up to this point. Set operations
can also be nested and chained, for example

queryl UNION query2 UNION query3
which is executed as:

(queryl UNION query2) UNION query3

UNION effectively appends the result of query?2 to the result of query1 (although there is no guarantee
that this is the order in which the rows are actually returned). Furthermore, it eliminates duplicate rows
from its result, in the same way as DISTINCT, unless UNION ALL is used.

INTERSECT returns all rows that are both in the result of query1 and in the result of query2. Duplicate
rows are eliminated unless INTERSECT ALL is used.

EXCEPT returns all rows that are in the result of query1 but not in the result of query2. (This is sometimes
called the difference between two queries.) Again, duplicates are eliminated unless EXCEPT ALL is used.

In order to calculate the union, intersection, or difference of two queries, the two queries must be “union
compatible”, which means that they return the same number of columns and the corresponding columns
have compatible data types, as described in Section 10.5.

7.5. Sorting Rows

After a query has produced an output table (after the select list has been processed) it can optionally be
sorted. If sorting is not chosen, the rows will be returned in an unspecified order. The actual order in that
case will depend on the scan and join plan types and the order on disk, but it must not be relied on. A
particular output ordering can only be guaranteed if the sort step is explicitly chosen.

The ORDER BY clause specifies the sort order:

SELECT select_list
FROM table expression
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ORDER BY sort_expressionl [ASC | DESC] [NULLS { FIRST | LAST }]
[, sort_expression2 [ASC | DESC] [NULLS { FIRST | LAST }] ...]

The sort expression(s) can be any expression that would be valid in the query’s select list. An example is:
SELECT a, b FROM tablel ORDER BY a + b, c;

When more than one expression is specified, the later values are used to sort rows that are equal according
to the earlier values. Each expression can be followed by an optional ASC or DESC keyword to set the sort
direction to ascending or descending. ASC order is the default. Ascending order puts smaller values first,
where “smaller” is defined in terms of the < operator. Similarly, descending order is determined with the
> operator. '

The NULLS FIRST and NULLS LAST options can be used to determine whether nulls appear before or
after non-null values in the sort ordering. By default, null values sort as if larger than any non-null value;
that is, NULLS FIRST is the default for DESC order, and NULLS LAST otherwise.

Note that the ordering options are considered independently for each sort column. For example ORDER
BY x, y DESC means ORDER BY x ASC, y DESC, which is not the same as ORDER BY x DESC, y
DESC.

A sort_expression can also be the column label or number of an output column, as in:

SELECT a + b AS sum, c FROM tablel ORDER BY sum;
SELECT a, max(b) FROM tablel GROUP BY a ORDER BY 1;

both of which sort by the first output column. Note that an output column name has to stand alone, that is,
it cannot be used in an expression — for example, this is not correct:

SELECT a + b AS sum, c¢ FROM tablel ORDER BY sum + cC; —— wWrong

This restriction is made to reduce ambiguity. There is still ambiguity if an ORDER BY item is a simple
name that could match either an output column name or a column from the table expression. The output
column is used in such cases. This would only cause confusion if you use AS to rename an output column
to match some other table column’s name.

ORDER BY can be applied to the result of a UNION, INTERSECT, or EXCEPT combination, but in this case
it is only permitted to sort by output column names or numbers, not by expressions.

7.6. LIMIT and OFFSET

LIMIT and OFFSET allow you to retrieve just a portion of the rows that are generated by the rest of the
query:

SELECT select_list
FROM table expression
[ ORDER BY ... ]
[ LIMIT { number | ALL } ] [ OFFSET number ]

1.

Actually, PostgreSQL uses the default B-tree operator class for the expression’s data type to determine the sort ordering for

asc and DEsc. Conventionally, data types will be set up so that the < and > operators correspond to this sort ordering, but a
user-defined data type’s designer could choose to do something different.
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If a limit count is given, no more than that many rows will be returned (but possibly less, if the query itself
yields less rows). LIMIT ALL is the same as omitting the LIMIT clause.

OFFSET says to skip that many rows before beginning to return rows. OFFSET 0 is the same as omitting
the OFFSET clause, and LIMIT NULL is the same as omitting the LIMIT clause. If both OFFSET and
LIMIT appear, then OFFSET rows are skipped before starting to count the LIMIT rows that are returned.

When using LIMIT, it is important to use an ORDER BY clause that constrains the result rows into a unique
order. Otherwise you will get an unpredictable subset of the query’s rows. You might be asking for the
tenth through twentieth rows, but tenth through twentieth in what ordering? The ordering is unknown,
unless you specified ORDER BY.

The query optimizer takes LIMIT into account when generating query plans, so you are very likely to get
different plans (yielding different row orders) depending on what you give for LIMIT and OFFSET. Thus,
using different LIMIT/OFFSET values to select different subsets of a query result will give inconsistent
results unless you enforce a predictable result ordering with ORDER BY. This is not a bug; it is an inherent
consequence of the fact that SQL does not promise to deliver the results of a query in any particular order
unless ORDER BY is used to constrain the order.

The rows skipped by an OFFSET clause still have to be computed inside the server; therefore a large
OFFSET might be inefficient.

7.7. vaLUES Lists

VALUES provides a way to generate a “constant table” that can be used in a query without having to
actually create and populate a table on-disk. The syntax is

VALUES ( expression [, ...]1 ) [, ...]

Each parenthesized list of expressions generates a row in the table. The lists must all have the same number
of elements (i.e., the number of columns in the table), and corresponding entries in each list must have
compatible data types. The actual data type assigned to each column of the result is determined using the
same rules as for UNTON (see Section 10.5).

As an example:
VALUES (1, 'one’), (2, 'two’), (3, ’'three’);
will return a table of two columns and three rows. It’s effectively equivalent to:

SELECT 1 AS columnl, ’one’ AS column2
UNION ALL

SELECT 2, ’two’

UNION ALL

SELECT 3, ’three’;

By default, PostgreSQL assigns the names columnl, column2, etc. to the columns of a VALUES table.
The column names are not specified by the SQL standard and different database systems do it differently,
so it’s usually better to override the default names with a table alias list.

Syntactically, VALUES followed by expression lists is treated as equivalent to:
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SELECT select_list FROM table expression

and can appear anywhere a SELECT can. For example, you can use it as part of a UNION, or attach a
sort_specification (ORDER BY, LIMIT, and/or OFFSET) to it. VALUES is most commonly used as
the data source in an INSERT command, and next most commonly as a subquery.

For more information see VALUES.

7.8. wiTH Queries (Common Table Expressions)

WITH provides a way to write subqueries for use in a larger SELECT query. The subqueries, which are
often referred to as Common Table Expressions or CTEs, can be thought of as defining temporary tables
that exist just for this query. One use of this feature is to break down complicated queries into simpler
parts. An example is:

WITH regional_sales AS (
SELECT region, SUM(amount) AS total_sales
FROM orders
GROUP BY region
), top_regions AS (
SELECT region
FROM regional_sales
WHERE total_sales > (SELECT SUM(total_sales)/10 FROM regional_sales)
)
SELECT region,
product,
SUM (quantity) AS product_units,
SUM (amount) AS product_sales
FROM orders
WHERE region IN (SELECT region FROM top_regions)
GROUP BY region, product;

which displays per-product sales totals in only the top sales regions. This example could have been written
without WITH, but we’d have needed two levels of nested sub-SELECTS. It’s a bit easier to follow this
way.

The optional RECURSIVE modifier changes WITH from a mere syntactic convenience into a feature that
accomplishes things not otherwise possible in standard SQL. Using RECURSIVE, a WITH query can refer
to its own output. A very simple example is this query to sum the integers from 1 through 100:

WITH RECURSIVE t(n) AS (
VALUES (1)
UNION ALL
SELECT n+l FROM t WHERE n < 100

)
SELECT sum(n) FROM t;

The general form of a recursive WITH query is always a non-recursive term, then UNION (or UNION ALL),
then a recursive term, where only the recursive term can contain a reference to the query’s own output.
Such a query is executed as follows:
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Recursive Query Evaluation

1. Evaluate the non-recursive term. For UNION (but not UNION ALL), discard duplicate rows. Include
all remaining rows in the result of the recursive query, and also place them in a temporary working
table.

2. So long as the working table is not empty, repeat these steps:

a.  Evaluate the recursive term, substituting the current contents of the working table for the
recursive self-reference. For UNTION (but not UNION ALL), discard duplicate rows and rows
that duplicate any previous result row. Include all remaining rows in the result of the recur-
sive query, and also place them in a temporary intermediate table.

b.  Replace the contents of the working table with the contents of the intermediate table, then
empty the intermediate table.

Note: Strictly speaking, this process is iteration not recursion, but RECURSIVE is the terminology cho-
sen by the SQL standards committee.

In the example above, the working table has just a single row in each step, and it takes on the values from
1 through 100 in successive steps. In the 100th step, there is no output because of the WHERE clause, and
so the query terminates.

Recursive queries are typically used to deal with hierarchical or tree-structured data. A useful example is
this query to find all the direct and indirect sub-parts of a product, given only a table that shows immediate
inclusions:

WITH RECURSIVE included_parts (sub_part, part, quantity) AS (
SELECT sub_part, part, quantity FROM parts WHERE part = ’'our_product’
UNION ALL
SELECT p.sub_part, p.part, p.quantity
FROM included_parts pr, parts p
WHERE p.part = pr.sub_part
)
SELECT sub_part, SUM(quantity) as total_quantity
FROM included_parts
GROUP BY sub_part

When working with recursive queries it is important to be sure that the recursive part of the query will
eventually return no tuples, or else the query will loop indefinitely. Sometimes, using UNION instead of
UNION ALL can accomplish this by discarding rows that duplicate previous output rows. However, often
a cycle does not involve output rows that are completely duplicate: it may be necessary to check just one
or a few fields to see if the same point has been reached before. The standard method for handling such
situations is to compute an array of the already-visited values. For example, consider the following query
that searches a table graph using a 1ink field:

WITH RECURSIVE search_graph(id, link, data, depth) AS (

SELECT g.id, g.link, g.data, 1
FROM graph g
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UNION ALL
SELECT g.id, g.link, g.data, sg.depth + 1
FROM graph g, search_graph sg
WHERE g.id = sg.link
)
SELECT x FROM search_graph;

This query will loop if the 1ink relationships contain cycles. Because we require a “depth” output, just
changing UNION ALL to UNION would not eliminate the looping. Instead we need to recognize whether
we have reached the same row again while following a particular path of links. We add two columns path

and cycle to the loop-prone query:

WITH RECURSIVE search_graph(id, 1link, data, depth, path, cycle) AS (
SELECT g.id, g.link, g.data, 1,
ARRAY [g.id],
false
FROM graph g
UNION ALL
SELECT g.id, g.link, g.data, sg.depth + 1,
path || g.id,
g.id = ANY (path)
FROM graph g, search_graph sg
WHERE g.id = sg.link AND NOT cycle
)
SELECT = FROM search_graph;

Aside from preventing cycles, the array value is often useful in its own right as representing the “path”

taken to reach any particular row.

In the general case where more than one field needs to be checked to recognize a cycle, use an array of
rows. For example, if we needed to compare fields £1 and £2:

WITH RECURSIVE search_graph(id, 1link, data, depth, path, cycle) AS (

SELECT g.id, g.link, g.data, 1,
ARRAY [ROW (g.f1l, g.f2)],
false

FROM graph g

UNION ALL

SELECT g.id, g.link, g.data, sg.depth + 1,
path || ROW(g.fl, g.f2),
ROW(g.fl, g.f2) = ANY (path)

FROM graph g, search_graph sg

WHERE g.id = sg.link AND NOT cycle

)
SELECT = FROM search_graph;

Tip: Omit the row () syntax in the common case where only one field needs to be checked to recognize
a cycle. This allows a simple array rather than a composite-type array to be used, gaining efficiency.
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Tip: The recursive query evaluation algorithm produces its output in breadth-first search order. You
can display the results in depth-first search order by making the outer query orDER BY a “path” column
constructed in this way.

A helpful trick for testing queries when you are not certain if they might loop is to place a LIMIT in the
parent query. For example, this query would loop forever without the LIMIT:

WITH RECURSIVE t (n) AS (
SELECT 1
UNION ALL
SELECT n+l FROM t

)
SELECT n FROM t LIMIT 100;

This works because PostgreSQL’s implementation evaluates only as many rows of a WITH query as are
actually fetched by the parent query. Using this trick in production is not recommended, because other
systems might work differently. Also, it usually won’t work if you make the outer query sort the recursive
query’s results or join them to some other table.

A useful property of WITH queries is that they are evaluated only once per execution of the parent query,
even if they are referred to more than once by the parent query or sibling WITH queries. Thus, expensive
calculations that are needed in multiple places can be placed within a wITH query to avoid redundant work.
Another possible application is to prevent unwanted multiple evaluations of functions with side-effects.
However, the other side of this coin is that the optimizer is less able to push restrictions from the parent
query down into a WITH query than an ordinary sub-query. The WITH query will generally be evaluated
as stated, without suppression of rows that the parent query might discard afterwards. (But, as mentioned
above, evaluation might stop early if the reference(s) to the query demand only a limited number of rows.)
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PostgreSQL has a rich set of native data types available to users. Users can add new types to PostgreSQL
using the CREATE TYPE command.

Table 8-1 shows all the built-in general-purpose data types. Most of the alternative names listed in the
“Aliases” column are the names used internally by PostgreSQL for historical reasons. In addition, some
internally used or deprecated types are available, but are not listed here.

Table 8-1. Data Types

Name Aliases Description

bigint int8 signed eight-byte integer

bigserial serial8 autoincrementing eight-byte
integer

bit [ (n) ] fixed-length bit string

bit varying [ (n) ] varbit variable-length bit string

boolean bool logical Boolean (true/false)

box rectangular box on a plane

bytea binary data (“byte array”)

character varying [ (n) varchar [ (n) ] variable-length character string

]

character [ (n) ] char [ (n) ] fixed-length character string

cidr IPv4 or IPv6 network address

circle circle on a plane

date calendar date (year, month, day)

double precision float$ double precision floating-point
number (8 bytes)

inet IPv4 or IPv6 host address

integer int, int4 signed four-byte integer

interval [ fields ] [ (p) time span

]

line infinite line on a plane

lseg line segment on a plane

macaddr MAC (Media Access Control)
address

money currency amount

numeric [ (p, s) ] decimal [ (p, s) ] exact numeric of selectable
precision

path geometric path on a plane

point geometric point on a plane

polygon closed geometric path on a plane
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Name Aliases Description

real float4 single precision floating-point
number (4 bytes)

smallint int2 signed two-byte integer

serial seriald autoincrementing four-byte
integer

text variable-length character string

time [ (p) ] [ without time of day (no time zone)

time zone ]

time [ (p) ] with time timetz time of day, including time zone

zone

timestamp [ (p) 1 I date and time (no time zone)

without time zone ]

timestamp [ (p) ] with timestamptz date and time, including time

time zone

zone

tsquery

text search query

tsvector

text search document

txid_snapshot

user-level transaction ID

snapshot
uuid universally unique identifier
xml XML data

Compatibility: The following types (or spellings thereof) are specified by SQL: bigint, bit, bit
varying, boolean, char, character varying, character, varchar, date, double precision,
integer, interval, numeric, decimal, real, smallint, time (with or without time zone),
timestamp (With or without time zone), xm1.

Each data type has an external representation determined by its input and output functions. Many of the
built-in types have obvious external formats. However, several types are either unique to PostgreSQL,
such as geometric paths, or have several possible formats, such as the date and time types. Some of the
input and output functions are not invertible, i.e., the result of an output function might lose accuracy
when compared to the original input.

8.1. Numeric Types

Numeric types consist of two-, four-, and eight-byte integers, four- and eight-byte floating-point numbers,

and selectable-precision decimals. Table 8-2 lists the available types.

Table 8-2. Numeric Types

Name

Storage Size

Description

Range

smallint

2 bytes

small-range integer

-32768 to +32767
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Name Storage Size Description Range
integer 4 bytes typical choice for -2147483648 to
integer +2147483647
bigint 8 bytes large-range integer -9223372036854775808
to
9223372036854775807
decimal variable user-specified precision, | no limit
exact
numeric variable user-specified precision, | no limit
exact
real 4 bytes variable-precision, 6 decimal digits
inexact precision
double precision 8 bytes variable-precision, 15 decimal digits
inexact precision
serial 4 bytes autoincrementing 1 to 2147483647
integer
bigserial 8 bytes large autoincrementing | 1 to
integer 9223372036854775807

The syntax of constants for the numeric types is described in Section 4.1.2. The numeric types have a full
set of corresponding arithmetic operators and functions. Refer to Chapter 9 for more information. The
following sections describe the types in detail.

8.1.1. Integer Types

The types smallint, integer, and bigint store whole numbers, that is, numbers without fractional
components, of various ranges. Attempts to store values outside of the allowed range will result in an
error.

The type integer is the common choice, as it offers the best balance between range, storage size, and
performance. The smallint type is generally only used if disk space is at a premium. The bigint type
should only be used if the integer range is insufficient, because the latter is definitely faster.

On very minimal operating systems the bigint type might not function correctly, because it relies on
compiler support for eight-byte integers. On such machines, bigint acts the same as integer, but still
takes up eight bytes of storage. (We are not aware of any modern platform where this is the case.)

SQL only specifies the integer types integer (or int), smallint, and bigint. The type names int2,
int4, and int8 are extensions, which are also used by some other SQL database systems.

8.1.2. Arbitrary Precision Numbers

The type numeric can store numbers with up to 1000 digits of precision and perform calculations ex-
actly. It is especially recommended for storing monetary amounts and other quantities where exactness is
required. However, arithmetic on numeric values is very slow compared to the integer types, or to the
floating-point types described in the next section.
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We use the following terms below: The scale of a numeric is the count of decimal digits in the fractional
part, to the right of the decimal point. The precision of a numeric is the total count of significant digits in
the whole number, that is, the number of digits to both sides of the decimal point. So the number 23.5141
has a precision of 6 and a scale of 4. Integers can be considered to have a scale of zero.

Both the maximum precision and the maximum scale of a numeric column can be configured. To declare
a column of type numeric use the syntax:

NUMERIC (precision, scale)

The precision must be positive, the scale zero or positive. Alternatively:
NUMERIC (precision)

selects a scale of 0. Specifying:

NUMERIC

without any precision or scale creates a column in which numeric values of any precision and scale can
be stored, up to the implementation limit on precision. A column of this kind will not coerce input values
to any particular scale, whereas numeric columns with a declared scale will coerce input values to that
scale. (The SQL standard requires a default scale of 0, i.e., coercion to integer precision. We find this a bit
useless. If you’re concerned about portability, always specify the precision and scale explicitly.)

If the scale of a value to be stored is greater than the declared scale of the column, the system will round
the value to the specified number of fractional digits. Then, if the number of digits to the left of the decimal
point exceeds the declared precision minus the declared scale, an error is raised.

Numeric values are physically stored without any extra leading or trailing zeroes. Thus, the declared
precision and scale of a column are maximums, not fixed allocations. (In this sense the numeric type is
more akin to varchar (n) than to char (n).) The actual storage requirement is two bytes for each group
of four decimal digits, plus five to eight bytes overhead.

In addition to ordinary numeric values, the numeric type allows the special value NaN, meaning “not-
a-number”. Any operation on NaN yields another NaN. When writing this value as a constant in an SQL
command, you must put quotes around it, for example UPDATE table SET x = ’NaN’. On input, the
string NaN is recognized in a case-insensitive manner.

Note: In most implementations of the “not-a-number” concept, nan is not considered equal to any
other numeric value (including nan). In order to allow numeric values to be sorted and used in tree-
based indexes, PostgreSQL treats nan values as equal, and greater than all non-nan values.

The types decimal and numeric are equivalent. Both types are part of the SQL standard.

8.1.3. Floating-Point Types

The data types real and double precision are inexact, variable-precision numeric types. In practice,
these types are usually implementations of IEEE Standard 754 for Binary Floating-Point Arithmetic (sin-
gle and double precision, respectively), to the extent that the underlying processor, operating system, and
compiler support it.
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Inexact means that some values cannot be converted exactly to the internal format and are stored as
approximations, so that storing and retrieving a value might show slight discrepancies. Managing these
errors and how they propagate through calculations is the subject of an entire branch of mathematics and
computer science and will not be discussed here, except for the following points:

« If you require exact storage and calculations (such as for monetary amounts), use the numeric type
instead.

« If you want to do complicated calculations with these types for anything important, especially if you
rely on certain behavior in boundary cases (infinity, underflow), you should evaluate the implementation
carefully.

« Comparing two floating-point values for equality might not always work as expected.

On most platforms, the real type has a range of at least 1E-37 to 1E+37 with a precision of at least 6
decimal digits. The double precision type typically has a range of around 1E-307 to 1E+308 with
a precision of at least 15 digits. Values that are too large or too small will cause an error. Rounding
might take place if the precision of an input number is too high. Numbers too close to zero that are not
representable as distinct from zero will cause an underflow error.

Note: The extra_float_digits setting controls the number of extra significant digits included when a
floating point value is converted to text for output. With the default value of o, the output is the same
on every platform supported by PostgreSQL. Increasing it will produce output that more accurately
represents the stored value, but may be unportable.

In addition to ordinary numeric values, the floating-point types have several special values:

Infinity
—Infinity
NaN

CLINNTS

These represent the IEEE 754 special values “infinity”, “negative infinity”, and “not-a-number”, respec-
tively. (On a machine whose floating-point arithmetic does not follow IEEE 754, these values will prob-
ably not work as expected.) When writing these values as constants in an SQL command, you must put
quotes around them, for example UPDATE table SET x = 'Infinity’. On input, these strings are
recognized in a case-insensitive manner.

Note: IEEE754 specifies that nan should not compare equal to any other floating-point value (including
NaN). In order to allow floating-point values to be sorted and used in tree-based indexes, PostgreSQL
treats Nan values as equal, and greater than all non-nan values.

PostgreSQL also supports the SQL-standard notations float and float (p) for specifying inexact nu-
meric types. Here, p specifies the minimum acceptable precision in binary digits. PostgreSQL accepts
float (1) to float (24) as selecting the real type, while float (25) to float (53) select double
precision. Values of p outside the allowed range draw an error. f1oat with no precision specified is
taken to mean double precision.
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Note: Prior to PostgreSQL 7.4, the precision in f1oat (p) was taken to mean so many decimal digits.
This has been corrected to match the SQL standard, which specifies that the precision is measured
in binary digits. The assumption that real and double precision have exactly 24 and 53 bits in
the mantissa respectively is correct for IEEE-standard floating point implementations. On non-IEEE
platforms it might be off a little, but for simplicity the same ranges of p are used on all platforms.

8.1.4. Serial Types

The data types serial and bigserial are not true types, but merely a notational convenience for
creating unique identifier columns (similar to the AUTO_INCREMENT property supported by some other
databases). In the current implementation, specifying:

CREATE TABLE tablename (
colname SERIAL
)i

is equivalent to specifying:

CREATE SEQUENCE tablename_colname_seq;
CREATE TABLE tablename (
colname integer NOT NULL DEFAULT nextval (' tablename_colname_seq’)
)i
ALTER SEQUENCE tablename_colname_seq OWNED BY tablename.colname;

Thus, we have created an integer column and arranged for its default values to be assigned from a sequence
generator. A NOT NULL constraint is applied to ensure that a null value cannot be inserted. (In most cases
you would also want to attach a UNIQUE or PRIMARY KEY constraint to prevent duplicate values from
being inserted by accident, but this is not automatic.) Lastly, the sequence is marked as “owned by” the
column, so that it will be dropped if the column or table is dropped.

Note: Prior to PostgreSQL 7.3, serial implied unIQuE. This is no longer automatic. If you wish a
serial column to have a unique constraint or be a primary key, it must now be specified, just like any
other data type.

To insert the next value of the sequence into the serial column, specify that the serial column should
be assigned its default value. This can be done either by excluding the column from the list of columns in
the INSERT statement, or through the use of the DEFAULT key word.

The type names serial and serial4 are equivalent: both create integer columns. The type names
bigserial and serial8 work the same way, except that they create a bigint column. bigserial
should be used if you anticipate the use of more than 2*' identifiers over the lifetime of the table.

The sequence created for a serial column is automatically dropped when the owning column is dropped.
You can drop the sequence without dropping the column, but this will force removal of the column default
expression.
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8.2. Monetary Types

The money type stores a currency amount with a fixed fractional precision; see Table 8-3. The fractional
precision is determined by the database’s Ic_monetary setting. Input is accepted in a variety of formats,
including integer and floating-point literals, as well as typical currency formatting, suchas * $1, 000.00".
Output is generally in the latter form but depends on the locale. Non-quoted numeric values can be con-
verted to money by casting the numeric value to text and then money, for example:

SELECT 1234::text::money;

There is no simple way of doing the reverse in a locale-independent manner, namely casting a money
value to a numeric type. If you know the currency symbol and thousands separator you can use

regexp_replace():

SELECT regexp_replace(’52093.89’ ::money::text, ’'[$,]1', ", 'g’)::numeric;

Since the output of this data type is locale-sensitive, it might not work to load money data into a database
that has a different setting of 1c_monetary. To avoid problems, before restoring a dump into a new
database make sure 1c_monetary has the same or equivalent value as in the database that was dumped.

Table 8-3. Monetary Types

Name Storage Size Description Range

money 8 bytes currency amount -
92233720368547758.08
to
+92233720368547758.07

8.3. Character Types

Table 8-4. Character Types

Name Description

character varying(n), varchar (n) variable-length with limit
character (n), char (n) fixed-length, blank padded
text variable unlimited length

Table 8-4 shows the general-purpose character types available in PostgreSQL.

SQL defines two primary character types: character varying(n) and character (n), where nis a
positive integer. Both of these types can store strings up to n characters (not bytes) in length. An attempt
to store a longer string into a column of these types will result in an error, unless the excess characters
are all spaces, in which case the string will be truncated to the maximum length. (This somewhat bizarre
exception is required by the SQL standard.) If the string to be stored is shorter than the declared length,
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values of type character will be space-padded; values of type character varying will simply store
the shorter string.

If one explicitly casts a value to character varying (n) or character (n), then an over-length value
will be truncated to n characters without raising an error. (This too is required by the SQL standard.)

The notations varchar (n) and char (n) are aliases for character varying(n) and character (n),
respectively. character without length specifier is equivalent to character(1l). If character
varying is used without length specifier, the type accepts strings of any size. The latter is a PostgreSQL
extension.

In addition, PostgreSQL provides the text type, which stores strings of any length. Although the type
text is not in the SQL standard, several other SQL database management systems have it as well.

Values of type character are physically padded with spaces to the specified width n, and are stored
and displayed that way. However, the padding spaces are treated as semantically insignificant. Trailing
spaces are disregarded when comparing two values of type character, and they will be removed when
converting a character value to one of the other string types. Note that trailing spaces are semantically
significant in character varying and text values.

The storage requirement for a short string (up to 126 bytes) is 1 byte plus the actual string, which includes
the space padding in the case of character. Longer strings have 4 bytes of overhead instead of 1. Long
strings are compressed by the system automatically, so the physical requirement on disk might be less.
Very long values are also stored in background tables so that they do not interfere with rapid access to
shorter column values. In any case, the longest possible character string that can be stored is about 1 GB.
(The maximum value that will be allowed for n in the data type declaration is less than that. It wouldn’t be
useful to change this because with multibyte character encodings the number of characters and bytes can
be quite different. If you desire to store long strings with no specific upper limit, use text or character
varying without a length specifier, rather than making up an arbitrary length limit.)

Tip: There is no performance difference among these three types, apart from increased storage space
when using the blank-padded type, and a few extra CPU cycles to check the length when storing
into a length-constrained column. While character (n) has performance advantages in some other
database systems, there is no such advantage in PostgreSQL; in fact character (n) is usually the
slowest of the three because of its additional storage costs. In most situations text or character
varying should be used instead.

Refer to Section 4.1.2.1 for information about the syntax of string literals, and to Chapter 9 for information
about available operators and functions. The database character set determines the character set used to
store textual values; for more information on character set support, refer to Section 22.2.

Example 8-1. Using the character types

CREATE TABLE testl (a character(4));
INSERT INTO testl VALUES (’ok’);

SELECT a, char_length(a) FROM testl; —- ©
a | char_length

______ e

ok | 2

CREATE TABLE test2 (b varchar(5));
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INSERT INTO test2 VALUES ('ok’);

INSERT INTO test2 VALUES (’good ")

INSERT INTO test2 VALUES (’too long’);

ERROR: value too long for type character varying(5)

INSERT INTO test2 VALUES (’'too long’::varchar(5)); —-- explicit truncation
SELECT b, char_length(b) FROM test2;
b | char_length
_______ o
ok | 2
good | 5
too 1 | 5

©® The char_length function is discussed in Section 9.4.

There are two other fixed-length character types in PostgreSQL, shown in Table 8-5. The name type
exists only for the storage of identifiers in the internal system catalogs and is not intended for use by the
general user. Its length is currently defined as 64 bytes (63 usable characters plus terminator) but should
be referenced using the constant NAMEDATALEN in C source code. The length is set at compile time (and is
therefore adjustable for special uses); the default maximum length might change in a future release. The
type "char" (note the quotes) is different from char (1) in that it only uses one byte of storage. It is
internally used in the system catalogs as a simplistic enumeration type.

Table 8-5. Special Character Types

Name Storage Size Description
"char" 1 byte single-byte internal type
name 64 bytes internal type for object names

8.4. Binary Data Types

The bytea data type allows storage of binary strings; see Table 8-6.

Table 8-6. Binary Data Types

Name Storage Size Description

bytea 1 or 4 bytes plus the actual variable-length binary string
binary string

A binary string is a sequence of octets (or bytes). Binary strings are distinguished from character strings
in two ways. First, binary strings specifically allow storing octets of value zero and other “non-printable”
octets (usually, octets outside the range 32 to 126). Character strings disallow zero octets, and also dis-
allow any other octet values and sequences of octet values that are invalid according to the database’s
selected character set encoding. Second, operations on binary strings process the actual bytes, whereas
the processing of character strings depends on locale settings. In short, binary strings are appropriate for
storing data that the programmer thinks of as “raw bytes”, whereas character strings are appropriate for
storing text.
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The bytea type supports two external formats for input and output: PostgreSQL’s historical “escape”
format, and “hex” format. Both of these are always accepted on input. The output format depends on
the configuration parameter bytea_output; the default is hex. (Note that the hex format was introduced in
PostgreSQL 9.0; earlier versions and some tools don’t understand it.)

The SQL standard defines a different binary string type, called BLOB or BINARY LARGE OBJECT. The
input format is different from bytea, but the provided functions and operators are mostly the same.

8.4.1. bytea hex format

The “hex” format encodes binary data as 2 hexadecimal digits per byte, most significant nibble first. The
entire string is preceded by the sequence \x (to distinguish it from the escape format). In some contexts,
the initial backslash may need to be escaped by doubling it, in the same cases in which backslashes have
to be doubled in escape format; details appear below. The hexadecimal digits can be either upper or lower
case, and whitespace is permitted between digit pairs (but not within a digit pair nor in the starting \x
sequence). The hex format is compatible with a wide range of external applications and protocols, and it
tends to be faster to convert than the escape format, so its use is preferred.

Example:

SELECT E’\\xDEADBEEF’;

8.4.2. bytea escape format

The “escape” format is the traditional PostgreSQL format for the bytea type. It takes the approach of
representing a binary string as a sequence of ASCII characters, while converting those bytes that cannot
be represented as an ASCII character into special escape sequences. If, from the point of view of the
application, representing bytes as characters makes sense, then this representation can be convenient. But
in practice it is usually confusing because it fuzzes up the distinction between binary strings and character
strings, and also the particular escape mechanism that was chosen is somewhat unwieldy. So this format
should probably be avoided for most new applications.

When entering bytea values in escape format, octets of certain values must be escaped, while all octet
values can be escaped. In general, to escape an octet, convert it into its three-digit octal value and precede
it by a backslash (or two backslashes, if writing the value as a literal using escape string syntax). Back-
slash itself (octet value 92) can alternatively be represented by double backslashes. Table 8-7 shows the
characters that must be escaped, and gives the alternative escape sequences where applicable.

Table 8-7. bytea Literal Escaped Octets

Decimal Octet |Description Escaped Input | Example Output
Value Representation Representation
0 zero octet E’\\000’ SELECT \000

E’\\000’ : :bytea|;
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Decimal Octet |Description Escaped Input | Example Output
Value Representation Representation
39 single quote 77 orE/\\047/ SELECT ¢
E’\”::bytea;

92 backslash E’\\\\" or SELECT AN\

E’\\134’ E’\\\\’ : :bytea;
0Oto 31 and 127 to | “non-printable” E’ \\xxx’ (octal SELECT \001
255 octets value) E’\\0OL’ : :bytea|;

The requirement to escape non-printable octets varies depending on locale settings. In some instances you
can get away with leaving them unescaped. Note that the result in each of the examples in Table 8-7 was
exactly one octet in length, even though the output representation is sometimes more than one character.

The reason multiple backslashes are required, as shown in Table 8-7, is that an input string written as a
string literal must pass through two parse phases in the PostgreSQL server. The first backslash of each pair
is interpreted as an escape character by the string-literal parser (assuming escape string syntax is used)
and is therefore consumed, leaving the second backslash of the pair. (Dollar-quoted strings can be used to
avoid this level of escaping.) The remaining backslash is then recognized by the bytea input function as
starting either a three digit octal value or escaping another backslash. For example, a string literal passed
to the server as E’ \\ 001’ becomes \ 001 after passing through the escape string parser. The \ 001 is then
sent to the bytea input function, where it is converted to a single octet with a decimal value of 1. Note
that the single-quote character is not treated specially by bytea, so it follows the normal rules for string
literals. (See also Section 4.1.2.1.)

Bytea octets are sometimes escaped when output. In general, each “non-printable” octet is converted
into its equivalent three-digit octal value and preceded by one backslash. Most “printable” octets are
represented by their standard representation in the client character set. The octet with decimal value 92
(backslash) is doubled in the output. Details are in Table 8-8.

Table 8-8. bytea Output Escaped Octets

Decimal Octet |Description Escaped Output | Example Output Result
Value Representation
92 backslash AN\ SELECT A\

E’\\134’ : :bytea|;

0to 31 and 127 to | “non-printable” \xxx (octal value) |SELECT \001

255 octets E’\\001’ : :bytea|;

3210 126 “printable” octets | client character set | SELECT ~
representation E’\\176’ : :byteal|;

Depending on the front end to PostgreSQL you use, you might have additional work to do in terms
of escaping and unescaping bytea strings. For example, you might also have to escape line feeds and
carriage returns if your interface automatically translates these.
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PostgreSQL supports the full set of SQL date and time types, shown in Table 8-9. The operations available
on these data types are described in Section 9.9.

Table 8-9. Date/Time Types

Name Storage Size |Description |Low Value High Value Resolution
timestamp [ |8 bytes both date and | 4713 BC 294276 AD 1 microsecond /
(p) 1 1 time (no time 14 digits
without zZone)
time zone ]
timestamp [ |8 bytes both date and 4713 BC 294276 AD 1 microsecond /
(p) 1 with time, with time 14 digits
time zone zone
date 4 bytes date (no time of | 4713 BC 5874897 AD 1 day

day)
time [ (p) 8 bytes time of day (no | 00:00:00 24:00:00 1 microsecond /
] [ without date) 14 digits
time zone ]
time [ (p) 12 bytes times of day 00:00:00+1459 |24:00:00-1459 |1 microsecond /
] with time only, with time 14 digits
zone zone
interval [ 12 bytes time interval -178000000 178000000 1 microsecond /
fields ] [ years years 14 digits
(p) 1

Note: The SQL standard requires that writing just t imestamp be equivalent to timestamp without
time zone, and PostgreSQL honors that behavior. (Releases prior to 7.3 treated it as timestamp

with time zone.)

time, timestamp, and interval accept an optional precision value p which specifies the number of
fractional digits retained in the seconds field. By default, there is no explicit bound on precision. The
allowed range of p is from O to 6 for the t imestamp and interval types.

Note: When timestamp values are stored as eight-byte integers (currently the default), microsecond
precision is available over the full range of values. When t imestamp values are stored as double preci-
sion floating-point numbers instead (a deprecated compile-time option), the effective limit of precision
might be less than 6. timestamp values are stored as seconds before or after midnight 2000-01-
01. When t imestamp values are implemented using floating-point numbers, microsecond precision is
achieved for dates within a few years of 2000-01-01, but the precision degrades for dates further away.
Note that using floating-point datetimes allows a larger range of t imestamp values to be represented
than shown above: from 4713 BC up to 5874897 AD.

The same compile-time option also determines whether time and interval values are stored as
floating-point numbers or eight-byte integers. In the floating-point case, large interval values de-
grade in precision as the size of the interval increases.
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For the t ime types, the allowed range of p is from 0 to 6 when eight-byte integer storage is used, or from
0 to 10 when floating-point storage is used.

The interval type has an additional option, which is to restrict the set of stored fields by writing one of
these phrases:

YEAR

MONTH

DAY

HOUR

MINUTE

SECOND

YEAR TO MONTH
DAY TO HOUR
DAY TO MINUTE
DAY TO SECOND
HOUR TO MINUTE
HOUR TO SECOND
MINUTE TO SECOND

Note that if both fields and p are specified, the fields must include SECOND, since the precision
applies only to the seconds.

The type time with time zone is defined by the SQL standard, but the definition exhibits properties
which lead to questionable usefulness. In most cases, a combination of date, time, timestamp
without time zone, and timestamp with time zone should provide a complete range of
date/time functionality required by any application.

The types abstime and reltime are lower precision types which are used internally. You are discouraged
from using these types in applications; these internal types might disappear in a future release.

8.5.1. Date/Time Input

Date and time input is accepted in almost any reasonable format, including ISO 8601, SQL-compatible,
traditional POSTGRES, and others. For some formats, ordering of day, month, and year in date input is
ambiguous and there is support for specifying the expected ordering of these fields. Set the DateStyle
parameter to MDY to select month-day-year interpretation, DMY to select day-month-year interpretation, or
YMD to select year-month-day interpretation.

PostgreSQL is more flexible in handling date/time input than the SQL standard requires. See Appendix B
for the exact parsing rules of date/time input and for the recognized text fields including months, days of
the week, and time zones.

Remember that any date or time literal input needs to be enclosed in single quotes, like text strings. Refer
to Section 4.1.2.7 for more information. SQL requires the following syntax

type [ (p) 1 "value’

where p is an optional precision specification giving the number of fractional digits in the seconds field.
Precision can be specified for t ime, t imestamp, and interval types. The allowed values are mentioned
above. If no precision is specified in a constant specification, it defaults to the precision of the literal value.
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8.5.1.1. Dates

Table 8-10 shows some possible inputs for the date type.

Table 8-10. Date Input

Example Description

1999-01-08 ISO 8601; January 8 in any mode (recommended
format)

January 8, 1999 unambiguous in any datestyle input mode

1/8/1999 January 8 in MDY mode; August 1 in DMY mode

1/18/1999 January 18 in MDY mode; rejected in other modes

01/02/03 January 2, 2003 in MDY mode; February 1, 2003 in
DMY mode; February 3, 2001 in YMD mode

1999-Jan-08 January 8 in any mode

Jan-08-1999 January 8 in any mode

08-Jan-1999 January 8 in any mode

99-Jan-08 January 8 in YMD mode, else error

08-Jan-99 January 8, except error in YMD mode

Jan-08-99 January 8, except error in YMD mode

19990108 ISO 8601; January 8, 1999 in any mode

990108 ISO 8601; January 8, 1999 in any mode

1999.008 year and day of year

J2451187 Julian day

January 8, 99 BC year 99 BC

8.5.1.2. Times

The time-of-day types are time [ (p) ] without time zone and time [ (p) ] with time
zone. time alone is equivalent to time without time zone.

Valid input for these types consists of a time of day followed by an optional time zone. (See Table 8-11
and Table 8-12.) If a time zone is specified in the input for time without time zone, it is silently
ignored. You can also specify a date but it will be ignored, except when you use a time zone name that
involves a daylight-savings rule, such as America/New_York. In this case specifying the date is required
in order to determine whether standard or daylight-savings time applies. The appropriate time zone offset
isrecorded in the time with time zone value.

Table 8-11. Time Input

Example Description
04:05:06.789 ISO 8601
04:05:06 ISO 8601
04:05 ISO 8601
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Example Description

040506 ISO 8601

04:05 AM same as 04:05; AM does not affect value
04:05 PM same as 16:05; input hour must be <= 12
04:05:06.789-8 ISO 8601

04:05:06-08:00 ISO 8601

04:05-08:00 ISO 8601

040506-08 ISO 8601

04:05:06 PST time zone specified by abbreviation
2003-04-12 04:05:06 America/New_York |time zone specified by full name

Table 8-12. Time Zone Input

Example Description

PST Abbreviation (for Pacific Standard Time)
America/New_York Full time zone name

PST8PDT POSIX-style time zone specification
-8:00 ISO-8601 offset for PST

-800 ISO-8601 offset for PST

-8 ISO-8601 offset for PST

zulu Military abbreviation for UTC

z Short form of zulu

Refer to Section 8.5.3 for more information on how to specify time zones.

8.5.1.3. Time Stamps

Valid input for the time stamp types consists of the concatenation of a date and a time, followed by an
optional time zone, followed by an optional AD or BC. (Alternatively, AD/BC can appear before the time
zone, but this is not the preferred ordering.) Thus:

1999-01-08 04:05:06

and:

1999-01-08 04:05:06 -8:00

are valid values, which follow the ISO 8601 standard. In addition, the common format:
January 8 04:05:06 1999 PST

is supported.

The SQL standard differentiates timestamp without time zone and timestamp with time
zone literals by the presence of a “+” or “-” symbol and time zone offset after the time. Hence, according
to the standard,
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TIMESTAMP ’2004-10-19 10:23:54"

isatimestamp without time zone, while

TIMESTAMP "2004-10-19 10:23:54+02’

is a timestamp with time zone. PostgreSQL never examines the content of a literal string before
determining its type, and therefore will treat both of the above as t imestamp without time zone.To
ensure that a literal is treated as timestamp with time zone, give it the correct explicit type:

TIMESTAMP WITH TIME ZONE ’2004-10-19 10:23:54+02'

In a literal that has been determined to be t imestamp without time zone, PostgreSQL will silently
ignore any time zone indication. That is, the resulting value is derived from the date/time fields in the
input value, and is not adjusted for time zone.

For timestamp with time zone, the internally stored value is always in UTC (Universal Coordinated
Time, traditionally known as Greenwich Mean Time, GMT). An input value that has an explicit time zone
specified is converted to UTC using the appropriate offset for that time zone. If no time zone is stated in
the input string, then it is assumed to be in the time zone indicated by the system’s timezone parameter,
and is converted to UTC using the offset for the t imezone zone.

When a timestamp with time zone value is output, it is always converted from UTC to the current
timezone zone, and displayed as local time in that zone. To see the time in another time zone, either
change timezone or use the AT TIME ZONE construct (see Section 9.9.3).

Conversions between t imestamp without time zone and timestamp with time zone normally
assume that the timestamp without time zone value should be taken or given as timezone local
time. A different time zone can be specified for the conversion using AT TIME ZONE.

8.5.1.4. Special Values

PostgreSQL supports several special date/time input values for convenience, as shown in Table 8-13.
The values infinity and —~infinity are specially represented inside the system and will be displayed
unchanged; but the others are simply notational shorthands that will be converted to ordinary date/time
values when read. (In particular, now and related strings are converted to a specific time value as soon as
they are read.) All of these values need to be enclosed in single quotes when used as constants in SQL
commands.

Table 8-13. Special Date/Time Inputs

Input String Valid Types Description

epoch date, timestamp 1970-01-01 00:00:004+00 (Unix
system time zero)

infinity date, timestamp later than all other time stamps

—infinity date, timestamp earlier than all other time stamps

now date, time, timestamp current transaction’s start time

today date, timestamp midnight today

tomorrow date, timestamp midnight tomorrow
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Input String Valid Types Description
yesterday date, timestamp midnight yesterday
allballs time 00:00:00.00 UTC

The following SQL-compatible functions can also be used to obtain the current time value for the
corresponding data type: CURRENT_DATE, CURRENT_TIME, CURRENT_TIMESTAMP, LOCALTIME,
LocALTIMESTAMP. The latter four accept an optional subsecond precision specification. (See Section
9.9.4.) Note that these are SQL functions and are not recognized in data input strings.

8.5.2. Date/Time Output

The output format of the date/time types can be set to one of the four styles ISO 8601, SQL (Ingres),
traditional POSTGRES (Unix date format), or German. The default is the ISO format. (The SQL standard
requires the use of the ISO 8601 format. The name of the “SQL” output format is a historical accident.)
Table 8-14 shows examples of each output style. The output of the date and t ime types is of course only
the date or time part in accordance with the given examples.

Table 8-14. Date/Time Output Styles

Style Specification Description Example

ISO ISO 8601/SQL standard 1997-12-17 07:37:16-08

SQL traditional style 12/17/1997 07:37:16.00 PST
POSTGRES original style Wed Dec 17 07:37:16 1997 PST
German regional style 17.12.1997 07:37:16.00 PST

In the SQL and POSTGRES styles, day appears before month if DMY field ordering has been specified,
otherwise month appears before day. (See Section 8.5.1 for how this setting also affects interpretation of
input values.) Table 8-15 shows an example.

Table 8-15. Date Order Conventions

datestyle Setting Input Ordering Example Output

SQL, DMY day/month/year 17/12/1997 15:37:16.00 CET
SQL, MDY monthl/daylyear 12/17/1997 07:37:16.00 PST
Postgres, DMY day/monthlyear Wed 17 Dec 07:37:16 1997 PST

The date/time styles can be selected by the user using the SET datestyle command, the DateStyle
parameter in the postgresqgl.conf configuration file, or the PGDATESTYLE environment variable on
the server or client. The formatting function to_char (see Section 9.8) is also available as a more flexible
way to format date/time output.

8.5.3. Time Zones

Time zones, and time-zone conventions, are influenced by political decisions, not just earth geometry.
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Time zones around the world became somewhat standardized during the 1900’s, but continue to be prone
to arbitrary changes, particularly with respect to daylight-savings rules. PostgreSQL uses the widely-used
zoneinfo time zone database for information about historical time zone rules. For times in the future, the
assumption is that the latest known rules for a given time zone will continue to be observed indefinitely
far into the future.

PostgreSQL endeavors to be compatible with the SQL standard definitions for typical usage. However,
the SQL standard has an odd mix of date and time types and capabilities. Two obvious problems are:

+ Although the date type cannot have an associated time zone, the time type can. Time zones in the
real world have little meaning unless associated with a date as well as a time, since the offset can vary
through the year with daylight-saving time boundaries.

+ The default time zone is specified as a constant numeric offset from UTC. It is therefore impossible to
adapt to daylight-saving time when doing date/time arithmetic across DST boundaries.

To address these difficulties, we recommend using date/time types that contain both date and time when
using time zones. We do not recommend using the type time with time zone (though it is supported
by PostgreSQL for legacy applications and for compliance with the SQL standard). PostgreSQL assumes
your local time zone for any type containing only date or time.

All timezone-aware dates and times are stored internally in UTC. They are converted to local time in the
zone specified by the timezone configuration parameter before being displayed to the client.

PostgreSQL allows you to specify time zones in three different forms:

A full time zone name, for example America/New_York. The recognized time zone names are listed
in the pg_timezone_names view (see Section 45.60). PostgreSQL uses the widely-used zoneinfo
time zone data for this purpose, so the same names are also recognized by much other software.

« A time zone abbreviation, for example PST. Such a specification merely defines a particular offset
from UTC, in contrast to full time zone names which can imply a set of daylight savings transition-
date rules as well. The recognized abbreviations are listed in the pg_timezone_abbrevs view (see
Section 45.59). You cannot set the configuration parameters timezone or log_timezone to a time zone
abbreviation, but you can use abbreviations in date/time input values and with the AT TIME ZONE
operator.

« In addition to the timezone names and abbreviations, PostgreSQL will accept POSIX-style time zone
specifications of the form STDoffset or STDoffsetDST, where STD is a zone abbreviation, offset
is a numeric offset in hours west from UTC, and DST is an optional daylight-savings zone abbreviation,
assumed to stand for one hour ahead of the given offset. For example, if ESTSEDT were not already a
recognized zone name, it would be accepted and would be functionally equivalent to United States East
Coast time. When a daylight-savings zone name is present, it is assumed to be used according to the
same daylight-savings transition rules used in the zoneinfo time zone database’s posixrules entry.
In a standard PostgreSQL installation, posixrules is the same as US/Eastern, so that POSIX-style
time zone specifications follow USA daylight-savings rules. If needed, you can adjust this behavior by
replacing the posixrules file.

In short, this is the difference between abbreviations and full names: abbreviations always represent a
fixed offset from UTC, whereas most of the full names imply a local daylight-savings time rule, and so
have two possible UTC offsets.
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One should be wary that the POSIX-style time zone feature can lead to silently accepting bogus input,
since there is no check on the reasonableness of the zone abbreviations. For example, SET TIMEZONE TO
FOOBARO will work, leaving the system effectively using a rather peculiar abbreviation for UTC. Another
issue to keep in mind is that in POSIX time zone names, positive offsets are used for locations west of
Greenwich. Everywhere else, PostgreSQL follows the ISO-8601 convention that positive timezone offsets
are east of Greenwich.

In all cases, timezone names are recognized case-insensitively. (This is a change from PostgreSQL ver-
sions prior to 8.2, which were case-sensitive in some contexts but not others.)

Neither full names nor abbreviations are hard-wired into the server; they are obtained from configuration
files stored under . ../share/timezone/ and .../share/timezonesets/ of the installation direc-
tory (see Section B.3).

The timezone configuration parameter can be set in the file postgresql.conf, or in any of the other
standard ways described in Chapter 18. There are also several special ways to set it:

« If timezone is not specified in postgresqgl.conf or as a server command-line option, the server
attempts to use the value of the Tz environment variable as the default time zone. If Tz is not defined or
is not any of the time zone names known to PostgreSQL, the server attempts to determine the operating
system’s default time zone by checking the behavior of the C library function localtime (). The
default time zone is selected as the closest match among PostgreSQL’s known time zones. (These rules
are also used to choose the default value of log_timezone, if not specified.)

+ The SQL command SET TIME ZzONE sets the time zone for the session. This is an alternative spelling
of SET TIMEZONE TO with a more SQL-spec-compatible syntax.

« The PGTZ environment variable is used by libpq clients to send a SET TIME ZONE command to the
server upon connection.

8.5.4. Interval Input

interval values can be written using the following verbose syntax:
[@Q] quantity unit [quantity unit...] [direction]

where quantity is a number (possibly signed); unit iS microsecond, millisecond, second,
minute, hour, day, week, month, year, decade, century, millennium, or abbreviations or plurals
of these units; direction can be ago or empty. The at sign (@) is optional noise. The amounts of the
different units are implicitly added with appropriate sign accounting. ago negates all the fields. This
syntax is also used for interval output, if IntervalStyle is set to postgres_verbose.

Quantities of days, hours, minutes, and seconds can be specified without explicit unit markings. For exam-
ple,”1 12:59:10" isread the same as 1 day 12 hours 59 min 10 sec’. Also, a combination of
years and months can be specified with a dash; for example ' 200-10" is read the same as ' 200 years
10 months’. (These shorter forms are in fact the only ones allowed by the SQL standard, and are used
for output when IntervalStyleis setto sql_standard.)
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Interval values can also be written as ISO 8601 time intervals, using either the “format with designators”
of the standard’s section 4.4.3.2 or the “alternative format” of section 4.4.3.3. The format with designators
looks like this:

P quantity unit [ quantity unit ...] [ T [ quantity unit ...]]

The string must start with a P, and may include a T that introduces the time-of-day units. The available
unit abbreviations are given in Table 8-16. Units may be omitted, and may be specified in any order, but
units smaller than a day must appear after T. In particular, the meaning of M depends on whether it is
before or after T.

Table 8-16. ISO 8601 interval unit abbreviations

Abbreviation Meaning

Years

Months (in the date part)
Weeks

Days

Hours

Minutes (in the time part)

©wiZz|m|O|= ||

Seconds

In the alternative format:
P [ years—months—days ] [ T hours:minutes:seconds |

the string must begin with P, and a T separates the date and time parts of the interval. The values are given
as numbers similar to ISO 8601 dates.

When writing an interval constant with a £ields specification, or when assigning a string to an interval
column that was defined with a fields specification, the interpretation of unmarked quantities depends
on the fields. For example INTERVAL ’1’ YEARisread as | year, whereas INTERVAL ‘1’ means |
second. Also, field values “to the right” of the least significant field allowed by the fields specification
are silently discarded. For example, writing INTERVAL ’'1 day 2:03:04’ HOUR TO MINUTE results
in dropping the seconds field, but not the day field.

According to the SQL standard all fields of an interval value must have the same sign, so a leading negative
sign applies to all fields; for example the negative sign in the interval literal * -1 2:03:04" applies to both
the days and hour/minute/second parts. PostgreSQL allows the fields to have different signs, and tradition-
ally treats each field in the textual representation as independently signed, so that the hour/minute/second
part is considered positive in this example. If IntervalStyle is set to sql_standard then a leading
sign is considered to apply to all fields (but only if no additional signs appear). Otherwise the traditional
PostgreSQL interpretation is used. To avoid ambiguity, it’s recommended to attach an explicit sign to each
field if any field is negative.

Internally interval values are stored as months, days, and seconds. This is done because the number
of days in a month varies, and a day can have 23 or 25 hours if a daylight savings time adjustment is
involved. The months and days fields are integers while the seconds field can store fractions. Because
intervals are usually created from constant strings or t imestamp subtraction, this storage method works
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well in most cases. Functions justify_days and justify_hours are available for adjusting days and
hours that overflow their normal ranges.

In the verbose input format, and in some fields of the more compact input formats, field values can have
fractional parts; for example * 1.5 week’ or*01:02:03.45’. Such input is converted to the appropriate
number of months, days, and seconds for storage. When this would result in a fractional number of months
or days, the fraction is added to the lower-order fields using the conversion factors 1 month = 30 days and
1 day = 24 hours. For example, ' 1.5 month’ becomes 1 month and 15 days. Only seconds will ever be
shown as fractional on output.

Table 8-17 shows some examples of valid interval input.

Table 8-17. Interval Input

Example Description

1-2 SQL standard format: 1 year 2 months

3 4:05:06 SQL standard format: 3 days 4 hours 5 minutes 6
seconds

1 year 2 months 3 days 4 hours 5 minutes 6 Traditional Postgres format: 1 year 2 months 3

seconds days 4 hours 5 minutes 6 seconds

P1Y2M3DT4H5M6S ISO 8601 “format with designators”: same
meaning as above

P0001-02-03T04:05:06 ISO 8601 “alternative format”: same meaning as
above

8.5.5. Interval Output

The output format of the interval type can be set to one of the four styles sql_standard, postgres,
postgres_verbose, Or iso_8601, using the command SET intervalstyle. The default is the
postgres format. Table 8-18 shows examples of each output style.

The sql_standard style produces output that conforms to the SQL standard’s specification for interval
literal strings, if the interval value meets the standard’s restrictions (either year-month only or day-time
only, with no mixing of positive and negative components). Otherwise the output looks like a standard
year-month literal string followed by a day-time literal string, with explicit signs added to disambiguate
mixed-sign intervals.

The output of the postgres style matches the output of PostgreSQL releases prior to 8.4 when the
DateStyle parameter was set to IS0.

The output of the postgres_verbose style matches the output of PostgreSQL releases prior to 8.4 when
the DateStyle parameter was set to non-ISO output.

The output of the iso_8601 style matches the “format with designators” described in section 4.4.3.2 of
the ISO 8601 standard.

Table 8-18. Interval Output Style Examples

Style Specification | Year-Month Interval |Day-Time Interval Mixed Interval
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Style Specification

Year-Month Interval

Day-Time Interval

Mixed Interval

sgl_standard

1-2

3 4:05:06

-1-2 +3 -4:05:06

postgres

1 year 2 mons

3 days 04:05:06

-1 year -2 mons +3 days
-04:05:06

postgres_verbose

@ 1 year 2 mons

@ 3 days 4 hours 5 mins
6 secs

@ 1 year 2 mons -3
days 4 hours 5 mins 6
secs ago

iso_8601

P1Y2M

P3DT4H5M6S

P-1Y-2M3DT-4H-5M-
6S

8.5.6. Internals

PostgreSQL uses Julian dates for all date/time calculations. This has the useful property of correctly
calculating dates from 4713 BC to far into the future, using the assumption that the length of the year is

365.2425 days.

Date conventions before the 19th century make for interesting reading, but are not consistent enough to
warrant coding into a date/time handler.

8.6. Boolean Type

PostgreSQL provides the standard SQL type boolean; see Table 8-19. The boolean type can have one
of only two states: “true” or “false”. A third state, “unknown”, is represented by the SQL null value.

Table 8-19. Boolean Data Type

Name

Storage Size

Description

boolean

1 byte

state of true or false

Valid literal values for the “true” state are:

TRUE
!t!
"true’
!y!
ryesl
!Onl
Il!

For the “false” state, the following values can be used:

FALSE
Vf!
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"false’

"no’
"off’
ror

Leading or trailing whitespace is ignored, and case does not matter. The key words TRUE and FALSE are
the preferred (SQL-compliant) usage.

Example 8-2 shows that boolean values are output using the letters t and £.

Example 8-2. Using the boolean type

CREATE TABLE testl (a boolean, b text);
INSERT INTO testl VALUES (TRUE, ’sic est’);
INSERT INTO testl VALUES (FALSE, ’'non est’);
SELECT x= FROM testl;

8.7. Enumerated Types

Enumerated (enum) types are data types that comprise a static, ordered set of values. They are equivalent
to the enum types supported in a number of programming languages. An example of an enum type might
be the days of the week, or a set of status values for a piece of data.

8.7.1. Declaration of Enumerated Types

Enum types are created using the CREATE TYPE command, for example:

CREATE TYPE mood AS ENUM (’sad’, ’ok’, ’'happy’);

Once created, the enum type can be used in table and function definitions much like any other type:

CREATE TYPE mood AS ENUM (’sad’, ’'ok’, ’happy’);
CREATE TABLE person (
name text,
current_mood mood
)
INSERT INTO person VALUES (’Moe’, ’happy’);
SELECT x FROM person WHERE current_mood = ’"happy’;
name | current_mood
______ T,
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Moe | happy
(1 row)

8.7.2. Ordering

The ordering of the values in an enum type is the order in which the values were listed when the type was
created. All standard comparison operators and related aggregate functions are supported for enums. For
example:

INSERT INTO person VALUES (’Larry’, ’'sad’);
INSERT INTO person VALUES (’Curly’, ’ok’);
SELECT x= FROM person WHERE current_mood > ’'sad’;

name | current_mood
_______ o
Moe | happy

Curly | ok

(2 rows)

SELECT x= FROM person WHERE current_mood > ’‘sad’ ORDER BY current_mood;

name current_mood

|
_______ o
Curly | ok
Moe | happy
(2 rows)

SELECT name

FROM person

WHERE current_mood = (SELECT MIN (current_mood) FROM person);
name

8.7.3. Type Safety

Each enumerated data type is separate and cannot be compared with other enumerated types. See this
example:

CREATE TYPE happiness AS ENUM (’'happy’, ’'very happy’, ’ecstatic’);
CREATE TABLE holidays (

num_weeks integer,

happiness happiness
)i
INSERT INTO holidays (num_weeks, happiness) VALUES (4, ’'happy’);
INSERT INTO holidays (num_weeks, happiness) VALUES (6, ’'very happy’);
INSERT INTO holidays (num_weeks, happiness) VALUES (8, ’'ecstatic’);
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INSERT INTO holidays (num_weeks, happiness) VALUES (2, ’'sad’);

ERROR: invalid input value for enum happiness: "sad"

SELECT person.name, holidays.num_weeks FROM person, holidays
WHERE person.current_mood = holidays.happiness;

ERROR: operator does not exist: mood = happiness

If you really need to do something like that, you can either write a custom operator or add explicit casts
to your query:

SELECT person.name, holidays.num_weeks FROM person, holidays
WHERE person.current_mood::text = holidays.happiness::text;
name | num_weeks

8.7.4. Implementation Details

An enum value occupies four bytes on disk. The length of an enum value’s textual label is limited by the
NAMEDATALEN setting compiled into PostgreSQL; in standard builds this means at most 63 bytes.

Enum labels are case sensitive, so " happy’ is not the same as ' HAPPY’. White space in the labels is
significant too.

The translations from internal enum values to textual labels are kept in the system catalog pg_enum.
Querying this catalog directly can be useful.

8.8. Geometric Types

Geometric data types represent two-dimensional spatial objects. Table 8-20 shows the geometric types
available in PostgreSQL. The most fundamental type, the point, forms the basis for all of the other types.

Table 8-20. Geometric Types

Name Storage Size Representation Description

point 16 bytes Point on a plane x,y)

line 32 bytes Infinite line (not fully ((x1,y1),(x2,y2))
implemented)

lseg 32 bytes Finite line segment ((x1,y1),(x2,y2))

box 32 bytes Rectangular box ((x1,y1),(x2,y2))

path 16+16n bytes Closed path (similar to | ((x1,y1),...)
polygon)
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Name Storage Size Representation Description
path 16+16n bytes Open path [(x1,y1),...]
polygon 40+16n bytes Polygon (similar to (xLyD),...)
closed path)
circle 24 bytes Circle <(x,y),r> (center point
and radius)

A rich set of functions and operators is available to perform various geometric operations such as scaling,
translation, rotation, and determining intersections. They are explained in Section 9.11.

8.8.1. Points

Points are the fundamental two-dimensional building block for geometric types. Values of type point are
specified using either of the following syntaxes:

(x, yv)
X 7 Y

where x and y are the respective coordinates, as floating-point numbers.

Points are output using the first syntax.

8.8.2. Line Segments

Line segments (1seg) are represented by pairs of points. Values of type 1seg are specified using any of
the following syntaxes:

[ ( x1 , y1) , (x2, y2) ]
( (x1, y1) , (x2, y2) )
(x1, y1) , (x2, y2)
x1 , vyl , x2 , y2

where (x1,y1) and (x2, y2) are the end points of the line segment.

Line segments are output using the first syntax.

8.8.3. Boxes

Boxes are represented by pairs of points that are opposite corners of the box. Values of type box are
specified using any of the following syntaxes:

((x1, y1 ), (x2, y2) )
(Xllyl)/(X21y2)

x1 , vyl , x2 , y2

where (x1,y1) and (x2, y2) are any two opposite corners of the box.

Boxes are output using the second syntax.
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Any two opposite corners can be supplied on input, but the values will be reordered as needed to store the
upper right and lower left corners, in that order.

8.8.4. Paths

Paths are represented by lists of connected points. Paths can be open, where the first and last points in the
list are considered not connected, or closed, where the first and last points are considered connected.

Values of type path are specified using any of the following syntaxes:

[ (x1 , y1) , «.. , ( xn , yn ) ]
( (x1, y1) , «.. , (xn, yn) )
(x1 , y1 ) , .. , ( xn , yn)

( x1 , yl P xn , yn )
x1 , vyl PR xn , yn

where the points are the end points of the line segments comprising the path. Square brackets ([ 1) indicate
an open path, while parentheses ( () ) indicate a closed path. When the outermost parentheses are omitted,
as in the third through fifth syntaxes, a closed path is assumed.

Paths are output using the first or second syntax, as appropriate.

8.8.5. Polygons

Polygons are represented by lists of points (the vertexes of the polygon). Polygons are very similar to
closed paths, but are stored differently and have their own set of support routines.

Values of type polygon are specified using any of the following syntaxes:

( (x1, y1) , «.. , (xn , yn) )
(x1, v1i) , «.. , ( xn , yn)
( x1 , yl ;e xn , yn )
x1 , yl r ese 4 xn , yn

where the points are the end points of the line segments comprising the boundary of the polygon.

Polygons are output using the first syntax.

8.8.6. Circles

Circles are represented by a center point and radius. Values of type circle are specified using any of the
following syntaxes:

>
)

< (x , vy r
((x, vyv), r
(x, v ), r

X,y r

where (x, y) is the center point and r is the radius of the circle.

Circles are output using the first syntax.
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8.9. Network Address Types

PostgreSQL offers data types to store IPv4, IPv6, and MAC addresses, as shown in Table 8-21. It is better
to use these types instead of plain text types to store network addresses, because these types offer input
error checking and specialized operators and functions (see Section 9.12).

Table 8-21. Network Address Types

Name Storage Size Description

cidr 7 or 19 bytes IPv4 and IPv6 networks

inet 7 or 19 bytes IPv4 and IPv6 hosts and
networks

macaddr 6 bytes MAC addresses

When sorting inet or cidr data types, IPv4 addresses will always sort before IPv6 addresses, including
IPv4 addresses encapsulated or mapped to IPv6 addresses, such as ::10.2.3.4 or ::ffff:10.4.3.2.

8.9.1. inet

The inet type holds an IPv4 or IPv6 host address, and optionally its subnet, all in one field. The subnet
is represented by the number of network address bits present in the host address (the “netmask”™). If the
netmask is 32 and the address is IPv4, then the value does not indicate a subnet, only a single host. In
IPv6, the address length is 128 bits, so 128 bits specify a unique host address. Note that if you want to
accept only networks, you should use the cidr type rather than inet.

The input format for this type is address/y where address is an IPv4 or IPv6 address and y is the
number of bits in the netmask. If the /y portion is missing, the netmask is 32 for IPv4 and 128 for IPv6,
so the value represents just a single host. On display, the /y portion is suppressed if the netmask specifies
a single host.

8.9.2. cidr

The cidr type holds an IPv4 or IPv6 network specification. Input and output formats follow Classless
Internet Domain Routing conventions. The format for specifying networks is address/y where address
is the network represented as an IPv4 or IPv6 address, and y is the number of bits in the netmask. If y
is omitted, it is calculated using assumptions from the older classful network numbering system, except
it will be at least large enough to include all of the octets written in the input. It is an error to specify a
network address that has bits set to the right of the specified netmask.

Table 8-22 shows some examples.

Table 8-22. cidr Type Input Examples

cidr Input cidr Output abbrev (cidr)
192.168.100.128/25 192.168.100.128/25 192.168.100.128/25
192.168/24 192.168.0.0/24 192.168.0/24
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cidr Input cidr Output abbrev (cidr)
192.168/25 192.168.0.0/25 192.168.0.0/25
192.168.1 192.168.1.0/24 192.168.1/24
192.168 192.168.0.0/24 192.168.0/24
128.1 128.1.0.0/16 128.1/16

128 128.0.0.0/16 128.0/16
128.1.2 128.1.2.0/24 128.1.2/24
10.1.2 10.1.2.0/24 10.1.2/24
10.1 10.1.0.0/16 10.1/16

10 10.0.0.0/8 10/8
10.1.2.3/32 10.1.2.3/32 10.1.2.3/32

2001:418:3:ba::/64

2001:4£8:3:ba::/64

2001:4f8:3:ba::/64

2001:418:3:ba:2e0:811f:fe22:d1f1

12801:418:3:ba:2e0:811f:fe22:d1f1

12801:418:3:ba:2e0:811f:fe22:d1f1

:offff:1.2.3.0/120

=ffff:1.2.3.0/120

=ffff:1.2.3/120

offff:1.2.3.0/128

=ffff:1.2.3.0/128

=ffff:1.2.3.0/128

8.9.3. inet VS. cidr

The essential difference between inet and cidr data types is that inet accepts values with nonzero bits
to the right of the netmask, whereas cidr does not.

Tip: If you do not like the output format for inet or cidr values, try the functions nost, text, and

abbrev.

8.9.4. macaddr

The macaddr type stores MAC addresses, known for example from Ethernet card hardware addresses
(although MAC addresses are used for other purposes as well). Input is accepted in the following formats:

708:00:2b:01:02:03"
"08-00-2b-01-02-03"
708002b:010203"
708002b-010203"
70800.2b01.0203"
708002b010203"

These examples would all specify the same address. Upper and lower case is accepted for the digits a
through £. Output is always in the first of the forms shown.
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IEEE Std 802-2001 specifies the second shown form (with hyphens) as the canonical form for MAC
addresses, and specifies the first form (with colons) as the bit-reversed notation, so that 08-00-2b-01-02-
03 =01:00:4D:08:04:0C. This convention is widely ignored nowadays, and it is only relevant for obsolete
network protocols (such as Token Ring). PostgreSQL makes no provisions for bit reversal, and all accepted
formats use the canonical LSB order.

The remaining four input formats are not part of any standard.

8.10. Bit String Types

Bit strings are strings of 1’s and 0’s. They can be used to store or visualize bit masks. There are two SQL
bit types: bit (n) and bit varying (n), where n is a positive integer.

bit type data must match the length n exactly; it is an error to attempt to store shorter or longer bit
strings. bit varying data is of variable length up to the maximum length n; longer strings will be
rejected. Writing bit without a length is equivalent to bit (1), while bit varying without a length
specification means unlimited length.

Note: If one explicitly casts a bit-string value to bit (n), it will be truncated or zero-padded on the right
to be exactly n bits, without raising an error. Similarly, if one explicitly casts a bit-string value to bit
varying (n), it will be truncated on the right if it is more than n bits.

Refer to Section 4.1.2.5 for information about the syntax of bit string constants. Bit-logical operators and
string manipulation functions are available; see Section 9.6.

Example 8-3. Using the bit string types

CREATE TABLE test (a BIT(3), b BIT VARYING(5));
INSERT INTO test VALUES (B’101’, B’00");

INSERT INTO test VALUES (B’10’, B’"1017);

ERROR: Dbit string length 2 does not match type bit (3)
INSERT INTO test VALUES (B’10’::bit(3), B’101");
SELECT * FROM test;

a | b
_____ b
101 | 00
100 | 101

A bit string value requires 1 byte for each group of 8 bits, plus 5 or 8 bytes overhead depending on the
length of the string (but long values may be compressed or moved out-of-line, as explained in Section 8.3
for character strings).
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8.11. Text Search Types

PostgreSQL provides two data types that are designed to support full text search, which is the activity
of searching through a collection of natural-language documents to locate those that best match a qguery.
The tsvector type represents a document in a form optimized for text search; the t squery type simi-
larly represents a text query. Chapter 12 provides a detailed explanation of this facility, and Section 9.13
summarizes the related functions and operators.

8.11.1. tsvector

A tsvector value is a sorted list of distinct lexemes, which are words that have been normalized to
merge different variants of the same word (see Chapter 12 for details). Sorting and duplicate-elimination
are done automatically during input, as shown in this example:

SELECT "a fat cat sat on a mat and ate a fat rat’::tsvector;
tsvector

To represent lexemes containing whitespace or punctuation, surround them with quotes:

SELECT $S$the lexeme ' ’ contains spaces$$::tsvector;
tsvector
! " ’contains’ ’lexeme’ ’spaces’ ’'the’

(We use dollar-quoted string literals in this example and the next one to avoid the confusion of having to
double quote marks within the literals.) Embedded quotes and backslashes must be doubled:

SELECT $$the lexeme ’Joe”s’ contains a quote$$::tsvector;
tsvector

s’ ’"a’ ’'contains’ ’lexeme’ ’'quote’ ’‘the’

Optionally, integer positions can be attached to lexemes:

SELECT "a:1 fat:2 cat:3 sat:4 on:5 a:6 mat:7 and:8 ate:9 a:10 fat:11 rat:12’::tsvector;
tsvector

"a’:1,6,10 "and’ :8 "ate’:9 'cat’:3 ’'fat’:2,11 "mat’:7 ’'on’:5 ’'rat’:12 ’'sat’:4

A position normally indicates the source word’s location in the document. Positional information can be
used for proximity ranking. Position values can range from 1 to 16383; larger numbers are silently set to
16383. Duplicate positions for the same lexeme are discarded.

Lexemes that have positions can further be labeled with a weight, which can be A, B, C, or D. D is the
default and hence is not shown on output:

SELECT "a:1A fat:2B,4C cat:5D’::tsvector;
tsvector

"a’ :1A ’'cat’:5 ’"fat’ :2B,4C
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Weights are typically used to reflect document structure, for example by marking title words differently
from body words. Text search ranking functions can assign different priorities to the different weight
markers.

It is important to understand that the t svector type itself does not perform any normalization; it assumes
the words it is given are normalized appropriately for the application. For example,

select ’'The Fat Rats’::tsvector;
tsvector

"Fat’ ’'Rats’ ’'The’

For most English-text-searching applications the above words would be considered non-normalized, but
tsvector doesn’t care. Raw document text should usually be passed through to_tsvector to normalize
the words appropriately for searching:

SELECT to_tsvector (’english’, ’'The Fat Rats’);
to_tsvector

Again, see Chapter 12 for more detail.

8.11.2. tsquery

A tsquery value stores lexemes that are to be searched for, and combines them honoring the Boolean
operators & (AND), | (OR), and ! (NOT). Parentheses can be used to enforce grouping of the operators:

SELECT ’"fat & rat’::tsquery;
tsquery

SELECT "fat & (rat | cat)’::tsquery;
tsquery

SELECT "fat & rat & ! cat’::tsquery;
tsquery

"fat’” & ’'rat’ & !’cat’

In the absence of parentheses, ! (NOT) binds most tightly, and & (AND) binds more tightly than | (OR).

Optionally, lexemes in a t squery can be labeled with one or more weight letters, which restricts them to
match only tsvector lexemes with matching weights:

SELECT ’fat:ab & cat’::tsquery;
tsquery

"fat’ :AB & 'cat’
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Also, lexemes in a t squery can be labeled with « to specify prefix matching:

SELECT ’super:*’::tsquery;
tsquery

This query will match any word in a t svector that begins with “super”.

Quoting rules for lexemes are the same as described previously for lexemes in tsvector; and, as with
tsvector, any required normalization of words must be done before converting to the tsquery type.
The to_tsquery function is convenient for performing such normalization:

SELECT to_tsquery(’'Fat:ab & Cats’);
to_tsquery

8.12. UUID Type

The data type uuid stores Universally Unique Identifiers (UUID) as defined by RFC 4122, ISO/IEC
9834-8:2005, and related standards. (Some systems refer to this data type as a globally unique identifier,
or GUID, instead.) This identifier is a 128-bit quantity that is generated by an algorithm chosen to make
it very unlikely that the same identifier will be generated by anyone else in the known universe using the
same algorithm. Therefore, for distributed systems, these identifiers provide a better uniqueness guarantee
than sequence generators, which are only unique within a single database.

A UUID is written as a sequence of lower-case hexadecimal digits, in several groups separated by hyphens,
specifically a group of 8 digits followed by three groups of 4 digits followed by a group of 12 digits, for a
total of 32 digits representing the 128 bits. An example of a UUID in this standard form is:

aleebc99-9c0b-4ef8-bb6d-6bbo9bd380all

PostgreSQL also accepts the following alternative forms for input: use of upper-case digits, the standard
format surrounded by braces, omitting some or all hyphens, adding a hyphen after any group of four digits.
Examples are:

AQOEEBC99-9COB-4EF8-BB6D-6BB9BD380A11
{aleebc99-9c0b-4ef8-bb6d-6bb9od380all}
aleebc999c0b4ef8bbb6d6bb9bd380all
alee-bc99-9c0b-4ef8-bbb6d-6bb9-bd38-0all
{a0eebc99-9c0b4ef8-bb6d6bb9-bd380all}

Output is always in the standard form.

PostgreSQL provides storage and comparison functions for UUIDs, but the core database does not include
any function for generating UUIDs, because no single algorithm is well suited for every application. The
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contrib module contrib/uuid-ossp provides functions that implement several standard algorithms.
Alternatively, UUIDs could be generated by client applications or other libraries invoked through a server-
side function.

8.13. XML Type

The xm1 data type can be used to store XML data. Its advantage over storing XML data in a text field is
that it checks the input values for well-formedness, and there are support functions to perform type-safe
operations on it; see Section 9.14. Use of this data type requires the installation to have been built with

configure --with-libxml.

The xm1 type can store well-formed “documents”, as defined by the XML standard, as well as “content”
fragments, which are defined by the production XMLDecl1? content in the XML standard. Roughly, this
means that content fragments can have more than one top-level element or character node. The expression
xmlvalue IS DOCUMENT can be used to evaluate whether a particular xm1 value is a full document or
only a content fragment.

8.13.1. Creating XML Values

To produce a value of type xm1 from character data, use the function xmlparse:
XMLPARSE ( { DOCUMENT | CONTENT } value)
Examples:

XMLPARSE (DOCUMENT ’<?xml version="1.0"?><book><title>Manual</title><chapter>...</chapter><
XMLPARSE (CONTENT ’abc<foo>bar</foo><bar>foo</bar>")

While this is the only way to convert character strings into XML values according to the SQL standard,
the PostgreSQL-specific syntaxes:

xml ’<foo>bar</foo>’
" <foo>bar</foo>’::xml
can also be used.

The xm1 type does not validate input values against a document type declaration (DTD), even when the
input value specifies a DTD. There is also currently no built-in support for validating against other XML
schema languages such as XML Schema.

The inverse operation, producing a character string value from xm1, uses the function xmlserialize:
XMLSERIALIZE ( { DOCUMENT | CONTENT } value AS type )

typecanbe character, character varying,or text (or an alias for one of those). Again, according
to the SQL standard, this is the only way to convert between type xm1 and character types, but PostgreSQL
also allows you to simply cast the value.

When a character string value is cast to or from type xml without going through XMLPARSE or
XMLSERIALIZE, respectively, the choice of DOCUMENT versus CONTENT is determined by the “XML
option” session configuration parameter, which can be set using the standard command:
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SET XML OPTION { DOCUMENT | CONTENT };

or the more PostgreSQL-like syntax

SET xmloption TO { DOCUMENT | CONTENT };

The default is CONTENT, so all forms of XML data are allowed.

Note: With the default XML option setting, you cannot directly cast character strings to type xm1 if
they contain a document type declaration, because the definition of XML content fragment does not
accept them. If you need to do that, either use xuLpaRSE or change the XML option.

8.13.2. Encoding Handling

Care must be taken when dealing with multiple character encodings on the client, server, and in the XML
data passed through them. When using the text mode to pass queries to the server and query results to the
client (which is the normal mode), PostgreSQL converts all character data passed between the client and
the server and vice versa to the character encoding of the respective end; see Section 22.2. This includes
string representations of XML values, such as in the above examples. This would ordinarily mean that
encoding declarations contained in XML data can become invalid as the character data is converted to
other encodings while travelling between client and server, because the embedded encoding declaration
is not changed. To cope with this behavior, encoding declarations contained in character strings presented
for input to the xm1 type are ignored, and content is assumed to be in the current server encoding. Conse-
quently, for correct processing, character strings of XML data must be sent from the client in the current
client encoding. It is the responsibility of the client to either convert documents to the current client en-
coding before sending them to the server, or to adjust the client encoding appropriately. On output, values
of type xm1 will not have an encoding declaration, and clients should assume all data is in the current
client encoding.

When using binary mode to pass query parameters to the server and query results back to the client, no
character set conversion is performed, so the situation is different. In this case, an encoding declaration in
the XML data will be observed, and if it is absent, the data will be assumed to be in UTF-8 (as required
by the XML standard; note that PostgreSQL does not support UTF-16). On output, data will have an
encoding declaration specifying the client encoding, unless the client encoding is UTF-8, in which case it
will be omitted.

Needless to say, processing XML data with PostgreSQL will be less error-prone and more efficient if the
XML data encoding, client encoding, and server encoding are the same. Since XML data is internally
processed in UTF-8, computations will be most efficient if the server encoding is also UTF-8.

Caution

Some XML-related functions may not work at all on non-ASCII data when the server
encoding is not UTF-8. This is known to be an issue for xpath () in particular.
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8.13.3. Accessing XML Values

The xm1 data type is unusual in that it does not provide any comparison operators. This is because there
is no well-defined and universally useful comparison algorithm for XML data. One consequence of this
is that you cannot retrieve rows by comparing an xm1 column against a search value. XML values should
therefore typically be accompanied by a separate key field such as an ID. An alternative solution for com-
paring XML values is to convert them to character strings first, but note that character string comparison
has little to do with a useful XML comparison method.

Since there are no comparison operators for the xm1 data type, it is not possible to create an index directly
on a column of this type. If speedy searches in XML data are desired, possible workarounds include
casting the expression to a character string type and indexing that, or indexing an XPath expression. Of
course, the actual query would have to be adjusted to search by the indexed expression.

The text-search functionality in PostgreSQL can also be used to speed up full-document searches of XML
data. The necessary preprocessing support is, however, not yet available in the PostgreSQL distribution.

8.14. Arrays

PostgreSQL allows columns of a table to be defined as variable-length multidimensional arrays. Arrays
of any built-in or user-defined base type, enum type, or composite type can be created. Arrays of domains
are not yet supported.

8.14.1. Declaration of Array Types

To illustrate the use of array types, we create this table:

CREATE TABLE sal_emp (
name text,
pay_by_qgquarter integer|[],
schedule text[][]
)

As shown, an array data type is named by appending square brackets ([]) to the data type name of the
array elements. The above command will create a table named sal_emp with a column of type text
(name), a one-dimensional array of type integer (pay_by_quarter), which represents the employee’s
salary by quarter, and a two-dimensional array of text (schedule), which represents the employee’s
weekly schedule.

The syntax for CREATE TABLE allows the exact size of arrays to be specified, for example:

CREATE TABLE tictactoe (
squares integer[3][3]

)i

However, the current implementation ignores any supplied array size limits, i.e., the behavior is the same
as for arrays of unspecified length.
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The current implementation does not enforce the declared number of dimensions either. Arrays of a par-
ticular element type are all considered to be of the same type, regardless of size or number of dimensions.
So, declaring the array size or number of dimensions in CREATE TABLE is simply documentation; it does
not affect run-time behavior.

An alternative syntax, which conforms to the SQL standard by using the keyword ARRAY, can be used for
one-dimensional arrays. pay_by_quarter could have been defined as:

pay_by_qgquarter integer ARRAY[4],
Or, if no array size is to be specified:

pay_by_quarter integer ARRAY,

As before, however, PostgreSQL does not enforce the size restriction in any case.

8.14.2. Array Value Input

To write an array value as a literal constant, enclose the element values within curly braces and separate
them by commas. (If you know C, this is not unlike the C syntax for initializing structures.) You can put
double quotes around any element value, and must do so if it contains commas or curly braces. (More
details appear below.) Thus, the general format of an array constant is the following:

"{ vall delim val2 delim ... }'

where delimis the delimiter character for the type, as recorded in its pg_type entry. Among the standard
data types provided in the PostgreSQL distribution, all use a comma (, ), except for type box which uses
a semicolon (; ). Each val is either a constant of the array element type, or a subarray. An example of an
array constant is:

"{{1,2,3},{4,5,6},{7,8,9}}’

This constant is a two-dimensional, 3-by-3 array consisting of three subarrays of integers.

To set an element of an array constant to NULL, write NULL for the element value. (Any upper- or lower-
case variant of NULL will do.) If you want an actual string value “NULL”, you must put double quotes
around it.

(These kinds of array constants are actually only a special case of the generic type constants discussed
in Section 4.1.2.7. The constant is initially treated as a string and passed to the array input conversion
routine. An explicit type specification might be necessary.)

Now we can show some INSERT statements:

INSERT INTO sal_emp
VALUES (’'Bill’,
{10000, 10000, 10000, 10000}",
"{{"meeting", "lunch"}, {"training", "presentation"}}’);

INSERT INTO sal_emp
VALUES (’Carol’,
{20000, 25000, 25000, 25000}",
"{{"breakfast", "consulting"}, {"meeting", "lunch"}}’);

143



Chapter 8. Data Types

The result of the previous two inserts looks like this:

SELECT x= FROM sal_emp;

name | pay_by_qguarter | schedule

_______ TS
Bill | {10000,10000,10000,10000} | {{meeting,lunch}, {training,presentation}}
Carol | {20000,25000,25000,25000} | {{breakfast,consulting}, {meeting, lunch}}
(2 rows)

Multidimensional arrays must have matching extents for each dimension. A mismatch causes an error, for
example:

INSERT INTO sal_emp
VALUES (’Bill’,
{10000, 10000, 10000, 10000}",
"{{"meeting", "lunch"}, {"meeting"}}’);
ERROR: multidimensional arrays must have array expressions with matching dimensions

The ARRAY constructor syntax can also be used:

INSERT INTO sal_emp
VALUES (’'Bill’,
ARRAY[10000, 10000, 10000, 100007,
ARRAY [ ['meeting’, ’lunch’], [’'training’, ’'presentation’]]);

INSERT INTO sal_emp
VALUES (’Carol’,
ARRAY[20000, 25000, 25000, 2500017,
ARRAY [ ["breakfast’, ’consulting’], [’'meeting’, ’'lunch’]11]);

Notice that the array elements are ordinary SQL constants or expressions; for instance, string literals are
single quoted, instead of double quoted as they would be in an array literal. The ARRAY constructor syntax
is discussed in more detail in Section 4.2.11.

8.14.3. Accessing Arrays

Now, we can run some queries on the table. First, we show how to access a single element of an array.
This query retrieves the names of the employees whose pay changed in the second quarter:

SELECT name FROM sal_emp WHERE pay_by_quarter[l] <> pay_by_qguarter[2];
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The array subscript numbers are written within square brackets. By default PostgreSQL uses a one-based
numbering convention for arrays, that is, an array of n elements starts with array[1] and ends with
array([n].

This query retrieves the third quarter pay of all employees:
SELECT pay_by_quarter[3] FROM sal_emp;

pay_by_quarter

10000
25000
(2 rows)

We can also access arbitrary rectangular slices of an array, or subarrays. An array slice is denoted by
writing Iower-bound: upper-bound for one or more array dimensions. For example, this query retrieves
the first item on Bill’s schedule for the first two days of the week:

SELECT schedule[1:2][1:1] FROM sal_emp WHERE name = ’'Bill’;

schedule

{{meeting}, {training}}
(1 row)

If any dimension is written as a slice, i.e., contains a colon, then all dimensions are treated as slices. Any
dimension that has only a single number (no colon) is treated as being from 1 to the number specified. For
example, [2] is treated as [1:2], as in this example:

SELECT schedule[1l:2][2] FROM sal_emp WHERE name = ’'Bill’;

schedule

{{meeting, lunch}, {training, presentation}}
(1 row)

To avoid confusion with the non-slice case, it’s best to use slice syntax for all dimensions, e.g.,
[1:2][1:1],n0t [2][1:1].

An array subscript expression will return null if either the array itself or any of the subscript expressions
are null. Also, null is returned if a subscript is outside the array bounds (this case does not raise an error).
For example, if schedule currently has the dimensions [1:3] [1:2] then referencing schedule[3] [3]
yields NULL. Similarly, an array reference with the wrong number of subscripts yields a null rather than
an error.

An array slice expression likewise yields null if the array itself or any of the subscript expressions are
null. However, in other cases such as selecting an array slice that is completely outside the current array
bounds, a slice expression yields an empty (zero-dimensional) array instead of null. (This does not match
non-slice behavior and is done for historical reasons.) If the requested slice partially overlaps the array
bounds, then it is silently reduced to just the overlapping region instead of returning null.

The current dimensions of any array value can be retrieved with the array_dims function:
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SELECT array_dims (schedule) FROM sal_emp WHERE name = ’'Carol’;

array_dims

[1:2][1:2]
(1 row)

array_dims produces a text result, which is convenient for people to read but perhaps inconvenient
for programs. Dimensions can also be retrieved with array_upper and array_lower, which return the
upper and lower bound of a specified array dimension, respectively:

SELECT array_upper (schedule, 1) FROM sal_emp WHERE name = ’'Carol’;

array_upper

(1 row)
array_length will return the length of a specified array dimension:
SELECT array_length(schedule, 1) FROM sal_emp WHERE name = ’Carol’;

array_length

8.14.4. Modifying Arrays

An array value can be replaced completely:

UPDATE sal_emp SET pay_by_quarter = ' {25000,25000,27000,27000}"
WHERE name = ’'Carol’;

or using the ARRAY expression syntax:

UPDATE sal_emp SET pay_by_quarter = ARRAY[25000,25000,27000,27000]
WHERE name = ’'Carol’;

An array can also be updated at a single element:

UPDATE sal_emp SET pay_by_quarter[4] = 15000
WHERE name = ’'Bill’;

or updated in a slice:

UPDATE sal_emp SET pay_by_quarter[1l:2] = ’{27000,27000}"
WHERE name = ’'Carol’;
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A stored array value can be enlarged by assigning to elements not already present. Any positions between
those previously present and the newly assigned elements will be filled with nulls. For example, if array
myarray currently has 4 elements, it will have six elements after an update that assigns to myarray[6];
myarray [5] will contain null. Currently, enlargement in this fashion is only allowed for one-dimensional
arrays, not multidimensional arrays.

Subscripted assignment allows creation of arrays that do not use one-based subscripts. For example one
might assign to myarray[-2:7] to create an array with subscript values from -2 to 7.

New array values can also be constructed using the concatenation operator, | | :

SELECT ARRAY[1,2] || ARRAY[3,4]1;
?column?

{1,2,3,4}
(1 row)

SELECT ARRAY[5,6] || ARRAY([[1,2]1,1[3,4]11;
?column?

{{5,6},{1,2},1{3,4}}
(1 row)

The concatenation operator allows a single element to be pushed onto the beginning or end of a one-
dimensional array. It also accepts two N-dimensional arrays, or an N-dimensional and an N+1-dimensional
array.

When a single element is pushed onto either the beginning or end of a one-dimensional array, the result is
an array with the same lower bound subscript as the array operand. For example:

SELECT array_dims (1l || "[0:1]={2,3}" ::int[]);
array_dims

[0:2]
(1 row)

SELECT array_dims (ARRAY[1,2] || 3);
array_dims

[1:3]
(1 row)

When two arrays with an equal number of dimensions are concatenated, the result retains the lower bound
subscript of the left-hand operand’s outer dimension. The result is an array comprising every element of
the left-hand operand followed by every element of the right-hand operand. For example:

SELECT array_dims (ARRAY[1,2] || ARRAY[3,4,5]);
array_dims

[1:5]
(1 row)

147



Chapter 8. Data Types

SELECT array_dims (ARRAY[[1,2],[3,4]1] || ARRAY[[5,6],[7,81,19,011);
array_dims

[1:5][1:2]
(1 row)

When an v-dimensional array is pushed onto the beginning or end of an N+1-dimensional array, the result
is analogous to the element-array case above. Each N-dimensional sub-array is essentially an element of
the n+1-dimensional array’s outer dimension. For example:

SELECT array_dims (ARRAY[1,2] || ARRAY[[3,4]1,1[5,611);
array_dims

[1:3][1:2]
(1 row)

An array can also be constructed by using the functions array_prepend, array_append,
or array_cat. The first two only support one-dimensional arrays, but array_cat supports
multidimensional arrays. Note that the concatenation operator discussed above is preferred over direct
use of these functions. In fact, these functions primarily exist for use in implementing the concatenation
operator. However, they might be directly useful in the creation of user-defined aggregates. Some
examples:

SELECT array_prepend(l, ARRAY[2,3]);
array_prepend

{1,2,3}
(1 row)

SELECT array_append (ARRAY[1,2], 3);
array_append

{1,2,3}
(1 row)

SELECT array_cat (ARRAY[1,2], ARRAY[3,4]);
array_cat

{1,2,3,4}
(1 row)

SELECT array_cat (ARRAY[[1,2],[3,41]1, ARRAY[5,61]1);
array_cat

{{1,2},{3,4},1{5,6}}
(1 row)

SELECT array_cat (ARRAY[5,6], ARRAY[[1,2],1[3,411);
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array_cat

{{5,6},{1,2},{3,4}}

8.14.5. Searching in Arrays

To search for a value in an array, each value must be checked. This can be done manually, if you know the
size of the array. For example:

SELECT * FROM sal_emp WHERE pay_by_quarter = 10000 OR

[1]
pay_by_qgquarter[2] = 10000 OR
pay_by_qgquarter[3] = 10000 OR
pay_by_quarter[4] = 10000;

However, this quickly becomes tedious for large arrays, and is not helpful if the size of the array is
unknown. An alternative method is described in Section 9.21. The above query could be replaced by:

SELECT x FROM sal_emp WHERE 10000 = ANY (pay_by_quarter);

In addition, you can find rows where the array has all values equal to 10000 with:

SELECT * FROM sal_emp WHERE 10000 = ALL (pay_by_dquarter);

Alternatively, the generate_subscripts function can be used. For example:

SELECT % FROM
(SELECT pay_by_quarter,
generate_subscripts (pay_by_gquarter, 1) AS s
FROM sal_emp) AS foo
WHERE pay_by_quarter[s] = 10000;

This function is described in Table 9-46.

Tip: Arrays are not sets; searching for specific array elements can be a sign of database misdesign.
Consider using a separate table with a row for each item that would be an array element. This will be
easier to search, and is likely to scale better for a large number of elements.

8.14.6. Array Input and Output Syntax

The external text representation of an array value consists of items that are interpreted according to the
I/O conversion rules for the array’s element type, plus decoration that indicates the array structure. The
decoration consists of curly braces ({ and }) around the array value plus delimiter characters between
adjacent items. The delimiter character is usually a comma (, ) but can be something else: it is determined
by the typdelim setting for the array’s element type. Among the standard data types provided in the
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PostgreSQL distribution, all use a comma, except for type box, which uses a semicolon (; ). In a multidi-
mensional array, each dimension (row, plane, cube, etc.) gets its own level of curly braces, and delimiters
must be written between adjacent curly-braced entities of the same level.

The array output routine will put double quotes around element values if they are empty strings, contain
curly braces, delimiter characters, double quotes, backslashes, or white space, or match the word NULL.
Double quotes and backslashes embedded in element values will be backslash-escaped. For numeric data
types it is safe to assume that double quotes will never appear, but for textual data types one should be
prepared to cope with either the presence or absence of quotes.

By default, the lower bound index value of an array’s dimensions is set to one. To represent arrays with
other lower bounds, the array subscript ranges can be specified explicitly before writing the array contents.
This decoration consists of square brackets ([]) around each array dimension’s lower and upper bounds,
with a colon (:) delimiter character in between. The array dimension decoration is followed by an equal
sign (=). For example:

SELECT f1[1]1[-2]1[3] AS el, f1[1]1[-1]1[5] AS e2
FROM (SELECT ' [1:1]1[-2:-1]1[3:5]1={{{1,2,3},{4,5,6}}}"::int[] AS fl) AS ss;

The array output routine will include explicit dimensions in its result only when there are one or more
lower bounds different from one.

If the value written for an element is NULL (in any case variant), the element is taken to be NULL. The
presence of any quotes or backslashes disables this and allows the literal string value “NULL” to be
entered. Also, for backwards compatibility with pre-8.2 versions of PostgreSQL, the array_nulls configu-
ration parameter can be turned of £ to suppress recognition of NULL as a NULL.

As shown previously, when writing an array value you can use double quotes around any individual
array element. You must do so if the element value would otherwise confuse the array-value parser. For
example, elements containing curly braces, commas (or the data type’s delimiter character), double quotes,
backslashes, or leading or trailing whitespace must be double-quoted. Empty strings and strings matching
the word NULL must be quoted, too. To put a double quote or backslash in a quoted array element value,
use escape string syntax and precede it with a backslash. Alternatively, you can avoid quotes and use
backslash-escaping to protect all data characters that would otherwise be taken as array syntax.

You can add whitespace before a left brace or after a right brace. You can also add whitespace before or
after any individual item string. In all of these cases the whitespace will be ignored. However, whitespace
within double-quoted elements, or surrounded on both sides by non-whitespace characters of an element,
is not ignored.

Note: Remember that what you write in an SQL command will first be interpreted as a string literal,
and then as an array. This doubles the number of backslashes you need. For example, to insert a
text array value containing a backslash and a double quote, you'd need to write:

INSERT ... VALUES (E’ {"\\\\","\\""}");

The escape string processor removes one level of backslashes, so that what arrives at the array-value
parser looks like {"\\", "\""}. In turn, the strings fed to the text data type’s input routine become \
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and " respectively. (If we were working with a data type whose input routine also treated backslashes
specially, bytea for example, we might need as many as eight backslashes in the command to get one
backslash into the stored array element.) Dollar quoting (see Section 4.1.2.4) can be used to avoid
the need to double backslashes.

Tip: The arraY constructor syntax (see Section 4.2.11) is often easier to work with than the array-
literal syntax when writing array values in SQL commands. In array, individual element values are
written the same way they would be written when not members of an array.

8.15. Composite Types

A composite type represents the structure of a row or record; it is essentially just a list of field names and
their data types. PostgreSQL allows composite types to be used in many of the same ways that simple
types can be used. For example, a column of a table can be declared to be of a composite type.

8.15.1. Declaration of Composite Types

Here are two simple examples of defining composite types:

CREATE TYPE complex AS (
r double precision,
i double precision
)i

CREATE TYPE inventory_item AS (

name text,
supplier_id integer,
price numeric

)

The syntax is comparable to CREATE TABLE, except that only field names and types can be specified; no
constraints (such as NOT NULL) can presently be included. Note that the AS keyword is essential; without
it, the system will think a different kind of CREATE TYPE command is meant, and you will get odd syntax
erTors.

Having defined the types, we can use them to create tables:
CREATE TABLE on_hand (
item inventory_item,

count integer
)

INSERT INTO on_hand VALUES (ROW (’fuzzy dice’, 42, 1.99), 1000);

or functions:
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CREATE FUNCTION price_extension (inventory_item, integer) RETURNS numeric
AS ’'SELECT S$Sl.price x $2’ LANGUAGE SQL;

SELECT price_extension(item, 10) FROM on_hand;

Whenever you create a table, a composite type is also automatically created, with the same name as the
table, to represent the table’s row type. For example, had we said:

CREATE TABLE inventory_item (

name text,
supplier_id integer REFERENCES suppliers,
price numeric CHECK (price > 0)

)

then the same inventory_item composite type shown above would come into being as a byproduct, and
could be used just as above. Note however an important restriction of the current implementation: since
no constraints are associated with a composite type, the constraints shown in the table definition do not
apply to values of the composite type outside the table. (A partial workaround is to use domain types as
members of composite types.)

8.15.2. Composite Value Input

To write a composite value as a literal constant, enclose the field values within parentheses and separate
them by commas. You can put double quotes around any field value, and must do so if it contains commas
or parentheses. (More details appear below.) Thus, the general format of a composite constant is the
following:

'( vall , valz , ... )’
An example is:
" ("fuzzy dice",42,1.99)"

which would be a valid value of the inventory_item type defined above. To make a field be NULL,
write no characters at all in its position in the list. For example, this constant specifies a NULL third field:

" ("fuzzy dice",42,)’
If you want an empty string rather than NULL, write double quotes:
’ ( nmn , 4 2 , ) ’

Here the first field is a non-NULL empty string, the third is NULL.

(These constants are actually only a special case of the generic type constants discussed in Section 4.1.2.7.
The constant is initially treated as a string and passed to the composite-type input conversion routine. An
explicit type specification might be necessary.)
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The rROW expression syntax can also be used to construct composite values. In most cases this is consid-
erably simpler to use than the string-literal syntax since you don’t have to worry about multiple layers of
quoting. We already used this method above:

ROW (’ fuzzy dice’, 42, 1.99)
ROW (”, 42, NULL)

The ROW keyword is actually optional as long as you have more than one field in the expression, so these
can simplify to:

(" fuzzy dice’, 42, 1.99)
(”, 42, NULL)

The rROW expression syntax is discussed in more detail in Section 4.2.12.

8.15.3. Accessing Composite Types

To access a field of a composite column, one writes a dot and the field name, much like selecting a
field from a table name. In fact, it’s so much like selecting from a table name that you often have to use
parentheses to keep from confusing the parser. For example, you might try to select some subfields from
our on_hand example table with something like:

SELECT item.name FROM on_hand WHERE item.price > 9.99;

This will not work since the name item is taken to be a table name, not a column name of on_hand, per
SQL syntax rules. You must write it like this:

SELECT (item) .name FROM on_hand WHERE (item).price > 9.99;
or if you need to use the table name as well (for instance in a multitable query), like this:
SELECT (on_hand.item) .name FROM on_hand WHERE (on_hand.item) .price > 9.99;

Now the parenthesized object is correctly interpreted as a reference to the item column, and then the
subfield can be selected from it.

Similar syntactic issues apply whenever you select a field from a composite value. For instance, to select
just one field from the result of a function that returns a composite value, you’d need to write something
like:

SELECT (my_func(...)).field FROM

Without the extra parentheses, this will generate a syntax error.

8.15.4. Modifying Composite Types

Here are some examples of the proper syntax for inserting and updating composite columns. First, insert-
ing or updating a whole column:

INSERT INTO mytab (complex_col) VALUES((1.1,2.2));
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UPDATE mytab SET complex_col = ROW(1.1,2.2) WHERE ...;

The first example omits ROW, the second uses it; we could have done it either way.

We can update an individual subfield of a composite column:
UPDATE mytab SET complex_col.r = (complex_col).r + 1 WHERE ...;

Notice here that we don’t need to (and indeed cannot) put parentheses around the column name appearing
just after SET, but we do need parentheses when referencing the same column in the expression to the
right of the equal sign.

And we can specify subfields as targets for INSERT, too:
INSERT INTO mytab (complex_col.r, complex_col.i) VALUES(l1.1, 2.2);

Had we not supplied values for all the subfields of the column, the remaining subfields would have been
filled with null values.

8.15.5. Composite Type Input and Output Syntax

The external text representation of a composite value consists of items that are interpreted according to the
I/O conversion rules for the individual field types, plus decoration that indicates the composite structure.
The decoration consists of parentheses (( and )) around the whole value, plus commas (, ) between
adjacent items. Whitespace outside the parentheses is ignored, but within the parentheses it is considered
part of the field value, and might or might not be significant depending on the input conversion rules for
the field data type. For example, in:

I( 42)/

the whitespace will be ignored if the field type is integer, but not if it is text.

As shown previously, when writing a composite value you can write double quotes around any individual
field value. You must do so if the field value would otherwise confuse the composite-value parser. In
particular, fields containing parentheses, commas, double quotes, or backslashes must be double-quoted.
To put a double quote or backslash in a quoted composite field value, precede it with a backslash. (Also,
a pair of double quotes within a double-quoted field value is taken to represent a double quote character,
analogously to the rules for single quotes in SQL literal strings.) Alternatively, you can avoid quoting and
use backslash-escaping to protect all data characters that would otherwise be taken as composite syntax.

A completely empty field value (no characters at all between the commas or parentheses) represents a
NULL. To write a value that is an empty string rather than NULL, write " .

The composite output routine will put double quotes around field values if they are empty strings or
contain parentheses, commas, double quotes, backslashes, or white space. (Doing so for white space is
not essential, but aids legibility.) Double quotes and backslashes embedded in field values will be doubled.

Note: Remember that what you write in an SQL command will first be interpreted as a string literal,
and then as a composite. This doubles the number of backslashes you need (assuming escape string
syntax is used). For example, to insert a text field containing a double quote and a backslash in a
composite value, you'd need to write:
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INSERT ... VALUES (E’ ("\\"\\\\")");

The string-literal processor removes one level of backslashes, so that what arrives at the composite-
value parser looks like ("\"\\"). In turn, the string fed to the text data type’s input routine becomes
"\. (If we were working with a data type whose input routine also treated backslashes specially, bytea
for example, we might need as many as eight backslashes in the command to get one backslash into
the stored composite field.) Dollar quoting (see Section 4.1.2.4) can be used to avoid the need to
double backslashes.

Tip: The row constructor syntax is usually easier to work with than the composite-literal syntax when
writing composite values in SQL commands. In row, individual field values are written the same way
they would be written when not members of a composite.

8.16. Object Identifier Types

Object identifiers (OIDs) are used internally by PostgreSQL as primary keys for various system tables.
OIDs are not added to user-created tables, unless WITH O1IDS is specified when the table is created, or
the default_with_oids configuration variable is enabled. Type oid represents an object identifier. There
are also several alias types for oid: regproc, regprocedure, regoper, regoperator, regclass
regtype, regconfig, and regdictionary. Table 8-23 shows an overview.

The oid type is currently implemented as an unsigned four-byte integer. Therefore, it is not large enough
to provide database-wide uniqueness in large databases, or even in large individual tables. So, using a
user-created table’s OID column as a primary key is discouraged. OIDs are best used only for references
to system tables.

The oid type itself has few operations beyond comparison. It can be cast to integer, however, and then
manipulated using the standard integer operators. (Beware of possible signed-versus-unsigned confusion
if you do this.)

The OID alias types have no operations of their own except for specialized input and output routines.
These routines are able to accept and display symbolic names for system objects, rather than the raw
numeric value that type oid would use. The alias types allow simplified lookup of OID values for objects.
For example, to examine the pg_attribute rows related to a table mytable, one could write:

SELECT  FROM pg_attribute WHERE attrelid = 'mytable’::regclass;
rather than:

SELECT * FROM pg_attribute
WHERE attrelid = (SELECT oid FROM pg_class WHERE relname = ’'mytable’);

While that doesn’t look all that bad by itself, it’s still oversimplified. A far more complicated sub-select
would be needed to select the right OID if there are multiple tables named mytable in different schemas.
The regclass input converter handles the table lookup according to the schema path setting, and so it
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does the “right thing” automatically. Similarly, casting a table’s OID to regclass is handy for symbolic
display of a numeric OID.

Table 8-23. Object Identifier Types

Name References Description Value Example
oid any numeric object identifier | 564182
regproc Pg_proc function name sum
regprocedure Pg_proc function with argument | sum(int4)
types
regoper pg_operator operator name +
regoperator pg_operator operator with argument | » (integer, integer)
types or - (NONE, integer)
regclass pg_class relation name pPg_type
regtype pPg_type data type name integer
regconfig pg_ts_config text search configuration | english
regdictionary pg_ts_dict text search dictionary simple

All of the OID alias types accept schema-qualified names, and will display schema-qualified names on
output if the object would not be found in the current search path without being qualified. The regproc
and regoper alias types will only accept input names that are unique (not overloaded), so they are of
limited use; for most uses regprocedure or regoperator are more appropriate. For regoperator,
unary operators are identified by writing NONE for the unused operand.

An additional property of the OID alias types is the creation of dependencies. If a constant of
one of these types appears in a stored expression (such as a column default expression or view),
it creates a dependency on the referenced object. For example, if a column has a default expression
nextval ('my_seq’ : :regclass), PostgreSQL understands that the default expression depends on the
sequence my_seq; the system will not let the sequence be dropped without first removing the default
expression.

Another identifier type used by the system is xid, or transaction (abbreviated xact) identifier. This is the
data type of the system columns xmin and xmax. Transaction identifiers are 32-bit quantities.

A third identifier type used by the system is cid, or command identifier. This is the data type of the system
columns cmin and cmax. Command identifiers are also 32-bit quantities.

A final identifier type used by the system is tid, or tuple identifier (row identifier). This is the data type
of the system column ctid. A tuple ID is a pair (block number, tuple index within block) that identifies
the physical location of the row within its table.

(The system columns are further explained in Section 5.4.)

8.17. Pseudo-Types

The PostgreSQL type system contains a number of special-purpose entries that are collectively called
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pseudo-types. A pseudo-type cannot be used as a column data type, but it can be used to declare a func-
tion’s argument or result type. Each of the available pseudo-types is useful in situations where a function’s
behavior does not correspond to simply taking or returning a value of a specific SQL data type. Table 8-24
lists the existing pseudo-types.

Table 8-24. Pseudo-Types

Name Description

any Indicates that a function accepts any input data
type.

anyarray Indicates that a function accepts any array data
type (see Section 35.2.5).

anyelement Indicates that a function accepts any data type (see
Section 35.2.5).

anyenum Indicates that a function accepts any enum data

type (see Section 35.2.5 and Section 8.7).

anynonarray Indicates that a function accepts any non-array
data type (see Section 35.2.5).

cstring Indicates that a function accepts or returns a
null-terminated C string.

internal Indicates that a function accepts or returns a
server-internal data type.

language_handler A procedural language call handler is declared to
return language_handler.

record Identifies a function returning an unspecified row
type.

trigger A trigger function is declared to return trigger.

void Indicates that a function returns no value.

opaque An obsolete type name that formerly served all the

above purposes.

Functions coded in C (whether built-in or dynamically loaded) can be declared to accept or return any of
these pseudo data types. It is up to the function author to ensure that the function will behave safely when
a pseudo-type is used as an argument type.

Functions coded in procedural languages can use pseudo-types only as allowed by their implementation
languages. At present the procedural languages all forbid use of a pseudo-type as argument type, and allow
only void and record as a result type (plus t rigger when the function is used as a trigger). Some also
support polymorphic functions using the types anyarray, anyelement, anyenum, and anynonarray.

The internal pseudo-type is used to declare functions that are meant only to be called internally by the
database system, and not by direct invocation in an SQL query. If a function has at least one internal-
type argument then it cannot be called from SQL. To preserve the type safety of this restriction it is
important to follow this coding rule: do not create any function that is declared to return internal unless
it has at least one internal argument.
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PostgreSQL provides a large number of functions and operators for the built-in data types. Users can also
define their own functions and operators, as described in Part V. The psql commands \df and \do can be
used to list all available functions and operators, respectively.

If you are concerned about portability then note that most of the functions and operators described in this
chapter, with the exception of the most trivial arithmetic and comparison operators and some explicitly
marked functions, are not specified by the SQL standard. Some of this extended functionality is present in
other SQL database management systems, and in many cases this functionality is compatible and consis-
tent between the various implementations. This chapter is also not exhaustive; additional functions appear
in relevant sections of the manual.

9.1. Logical Operators

The usual logical operators are available:

AND
OR
NOT

SQL uses a three-valued logic system with true, false, and null, which represents “unknown”. Observe
the following truth tables:

a b a AND b aORb
TRUE TRUE TRUE TRUE
TRUE FALSE FALSE TRUE
TRUE NULL NULL TRUE
FALSE FALSE FALSE FALSE
FALSE NULL FALSE NULL
NULL NULL NULL NULL
a NOT a

TRUE FALSE

FALSE TRUE

NULL NULL

The operators AND and OR are commutative, that is, you can switch the left and right operand without
affecting the result. But see Section 4.2.13 for more information about the order of evaluation of subex-
pressions.
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9.2. Comparison Operators

The usual comparison operators are available, shown in Table 9-1.

Table 9-1. Comparison Operators

Operator Description

< less than

> greater than

<= less than or equal to
>= greater than or equal to
= equal

<>or!= not equal

Note: The ' = operator is converted to <> in the parser stage. It is not possible to implement != and
<> operators that do different things.

Comparison operators are available for all relevant data types. All comparison operators are binary oper-
ators that return values of type boolean; expressions like 1 < 2 < 3 are not valid (because there is no
< operator to compare a Boolean value with 3).

In addition to the comparison operators, the special BETWEEN construct is available:
a BETWEEN x AND y

is equivalent to

a >= x AND a <= y

Notice that BETWEEN treats the endpoint values as included in the range. NOT BETWEEN does the opposite
comparison:

a NOT BETWEEN x AND y
is equivalent to
a< x OR a > y

BETWEEN SYMMETRIC is the same as BETWEEN except there is no requirement that the argument to the left
of AND be less than or equal to the argument on the right. If it is not, those two arguments are automatically
swapped, so that a nonempty range is always implied.

To check whether a value is or is not null, use the constructs:

expression IS NULL
expression 1S NOT NULL

or the equivalent, but nonstandard, constructs:

expression ISNULL
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expression NOTNULL

Do not write expression = NULL because NULL is not “equal to” NULL. (The null value represents an
unknown value, and it is not known whether two unknown values are equal.) This behavior conforms to
the SQL standard.

Tip: Some applications might expect that expression = NULL returns true if expression evaluates
to the null value. It is highly recommended that these applications be modified to comply with the
SQL standard. However, if that cannot be done the transform_null_equals configuration variable is
available. If it is enabled, PostgreSQL will convert x = NULL clauses to x IS NULL.

Note: If the expression is row-valued, then 1s NULL is true when the row expression itself is null or
when all the row’s fields are null, while s noT NULL is true when the row expression itself is non-
null and all the row’s fields are non-null. Because of this behavior, 1s nuLL and 1s NoT NULL do not
always return inverse results for row-valued expressions, i.e., a row-valued expression that contains
both NULL and non-null values will return false for both tests. This definition conforms to the SQL
standard, and is a change from the inconsistent behavior exhibited by PostgreSQL versions prior to
8.2.

Ordinary comparison operators yield null (signifying “unknown”), not true or false, when either input
is null. For example, 7 = NULL yields null. When this behavior is not suitable, use the IS [ NOT ]
DISTINCT FROM constructs:

expression IS DISTINCT FROM expression
expression IS NOT DISTINCT FROM expression

For non-null inputs, IS DISTINCT FROM is the same as the <> operator. However, if both inputs are
null it returns false, and if only one input is null it returns true. Similarly, IS NOT DISTINCT FROM is
identical to = for non-null inputs, but it returns true when both inputs are null, and false when only one
input is null. Thus, these constructs effectively act as though null were a normal data value, rather than
“unknown”.

Boolean values can also be tested using the constructs

expression IS TRUE
expression 1S NOT TRUE
expression 1S FALSE
expression IS NOT FALSE
expression IS UNKNOWN
expression IS NOT UNKNOWN

These will always return true or false, never a null value, even when the operand is null. A null input
is treated as the logical value “unknown”. Notice that IS UNKNOWN and IS NOT UNKNOWN are effec-
tively the same as IS NULL and IS NOT NULL, respectively, except that the input expression must be of
Boolean type.
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Table 9-2 shows the available mathematical operators.

Table 9-2. Mathematical Operators

Chapter 9. Functions and Operators

9.3. Mathematical Functions and Operators

Mathematical operators are provided for many PostgreSQL types. For types without standard mathemati-
cal conventions (e.g., date/time types) we describe the actual behavior in subsequent sections.

Operator Description Example Result
+ addition 2 + 3 5
- subtraction 2 -3 -1
* multiplication 2 x 3 6
/ division (integer 4 / 2 2
division truncates the
result)
S modulo (remainder) 5% 4 1
0 exponentiation 2.0 ~ 3.0 8
|/ square root |/ 25.0 5
|1/ cube root [1/ 27.0 3
! factorial 5 ! 120
! factorial (prefix 15 120
operator)
@ absolute value @ -5.0 5
& bitwise AND 91 & 15 11
| bitwise OR 32 | 3 35
# bitwise XOR 17 # 5 20
~ bitwise NOT ~1 -2
<< bitwise shift left 1 << 4 16
>> bitwise shift right 8 >> 2 2

The bitwise operators work only on integral data types, whereas the others are available for all numeric
data types. The bitwise operators are also available for the bit string types bit and bit varying, as
shown in Table 9-10.

Table 9-3 shows the available mathematical functions. In the table, dp indicates double precision.
Many of these functions are provided in multiple forms with different argument types. Except where
noted, any given form of a function returns the same data type as its argument. The functions working
with double precision data are mostly implemented on top of the host system’s C library; accuracy
and behavior in boundary cases can therefore vary depending on the host system.

Table 9-3. Mathematical Functions

Function

Return Type

Description

Example

Result

abs (x)

(same as input)

absolute value

abs (-17.4)

17.4
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Function Return Type Description Example Result
cbrt (dp) dp cube root cbrt (27.0) 3

ceil (dp or (same as input) smallest integer not | ceil (-42.8) -42
numeric) less than argument

ceiling(dp or (same as input) smallest integer not | ceiling (-95.3) |-95

numeric)

less than argument
(alias for ceil)

degrees (dp) dp radians to degrees |degrees (0.5) 28.647889756541
div (y numeric, x |numeric integer quotient of |div (9, 4) 2

numeric) y/x

exp (dp or (same as input) exponential exp (1.0) 2.7182818284590
numeric)

floor (dp or

(same as input)

largest integer not
greater than

floor (-42.8)

-43

48

numeric)
argument
1n(dp or (same as input) natural logarithm | 1n(2.0) 0.6931471805599
numeric)
log (dp or (same as input) base 10 logarithm |1og(100.0) 2
numeric)
log (b numeric, x |numeric logarithm to base b | log (2.0, 64.0) |6.0000000000
numeric)
mod (y, x) (same as argument | remainder of y/x mod (9, 4) 1
types)
pi() dp “m” constant pi() 3.1415926535897
power (a dp, b dp a raised to the power (9.0, 729
dp) power of b 3.0)
power (a numeric, |numeric a raised to the power (9.0, 729
b numeric) power of b 3.0)
radians (dp) dp degrees to radians | radians (45.0) 0.7853981633974
random () dp random value in random ()
the range 0.0 <= x
< 1.0
round (dp or (same as input) round to nearest round (42.4) 42
numeric) integer
round (v numeric, |numeric round to s decimal | round (42.4382, |42.44

s int)

places

2)
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Function Return Type Description Example Result
setseed (dp) void set seed for setseed (0.54823|)
subsequent
random () calls
(value between
-1.0 and 1.0,
inclusive)
sign(dp or (same as input) sign of the sign(-8.4) -1
numeric) argument (-1, 0,
+1)
sqrt (dp or (same as input) square root sqrt (2.0) 1.4142135623731
numeric)
trunc (dp or (same as input) truncate toward trunc(42.8) 42
numeric) Zero
trunc (v numeric, |numeric truncate to s trunc (42.4382, |42.43
s int) decimal places 2)
width_bucket (op |int return the bucket to | width_bucket (5.3%,
numeric, bl which operand 0.024, 10.06,
numeric, b2 would be assigned | 5)
numeric, count in an equidepth
int) histogram with
count buckets, in
the range b1l to b2
width_bucket (op |int return the bucket to | width_bucket (5.[3%,
dp, bl dp, b2 dp, which operand 0.024, 10.06,
count int) would be assigned | 5)
in an equidepth
histogram with
count buckets, in
the range b1l to b2

Finally, Table 9-4 shows the available trigonometric functions. All trigonometric functions take arguments

and return values of type double precision. Trigonometric functions arguments are expressed in radi-
ans. Inverse functions return values are expressed in radians. See unit transformation functions radians ()
and degrees () above.

Table 9-4. Trigonometric Functions

Function Description
acos (x) inverse cosine
asin(x) inverse sine
atan (x) inverse tangent

atan2 (y, x)

inverse tangent of y/x

cos (x)

cosine

cot (x)

cotangent
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Function Description
sin(x) sine
tan (x) tangent

9.4. String Functions and Operators

This section describes functions and operators for examining and manipulating string values. Strings in

this context include values of the types character, character varying, and text. Unless otherwise
noted, all of the functions listed below work on all of these types, but be wary of potential effects of
automatic space-padding when using the character type. Some functions also exist natively for the

bit-string types.

SQL defines some string functions that use key words, rather than commas, to separate arguments. De-
tails are in Table 9-5. PostgreSQL also provides versions of these functions that use the regular function
invocation syntax (see Table 9-6).

Note: Before PostgreSQL 8.3, these functions would silently accept values of several non-string data
types as well, due to the presence of implicit coercions from those data types to text. Those coer-
cions have been removed because they frequently caused surprising behaviors. However, the string
concatenation operator (| |) still accepts non-string input, so long as at least one input is of a string
type, as shown in Table 9-5. For other cases, insert an explicit coercion to text if you need to duplicate
the previous behavior.

Table 9-5. SQL String Functions and Operators

non-string Or
non-string ||

string

concatenation with
one non-string
input

42

Function Return Type Description Example Result
string || text String "Post’ || PostgreSQL
string concatenation ' greSQL’

string || text String 'vValue: ' || Value: 42

bit_length (string

int

Number of bits in
string

bit_length(’ jos

€32

char_length (strin
or

character_length

pint

string)

Number of
characters in string

char_length (’ jo

lower (string)

text

Convert string to
lower case

lower (" TOM')

tom

octet_length (stri

hint

Number of bytes in
string

octet_length(’j

oke’)
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upper case

Function Return Type Description Example Result
overlay (string text Replace substring | overlay (’ Txxxxalsfhomas
placing string placing "hom’
from int [for from 2 for 4)
int])
position (substringint Location of position (’ om’ 3
in string) specified substring |in ’Thomas’)
substring (string |text Extract substring | substring (’ Thomasdm
[from int] [for from 2 for 3)
int])
substring (string |text Extract substring | substring (’ Thomasds
from pattern) matching POSIX from ’...$")

regular expression.

See Section 9.7 for

more information

on pattern

matching.
substring (string |text Extract substring | substring (’ Thomaania
from pattern for matching SQL from
escape) regular expression. |’ $#"o_a#"_’

See Section 9.7 for | for "#’)

more information

on pattern

matching.
trim([leading | |text Remove the trim(both ’x’ Tom
trailing | both] longest string from ’xTomxx’)
[characters] from containing only the
string) characters (a

space by default)

from the

start/end/both ends

of the string
upper (string) text Convert string to upper (/ tom’) TOM

Additional string manipulation functions are available and are listed in Table 9-6. Some of them are used
internally to implement the SQL-standard string functions listed in Table 9-5.

Table 9-6. Other String Functions

Function

\ Return Type

‘ Description

Example

Result
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Function

Return Type

Description

Example

Result

ascii (string)

int

ASCII code of the
first character of
the argument. For
UTF8 returns the
Unicode code point
of the character.
For other multibyte
encodings, the
argument must be
an ASCII
character.

ascii('x")

120

btrim(string text
[, characters

text])

text

Remove the
longest string
consisting only of
characters in
characters (a
space by default)
from the start and
end of string

btrim(/xyxtrimy

’Xy’)

yee* im

chr (int)

text

Character with the
given code. For
UTF8 the
argument is treated
as a Unicode code
point. For other
multibyte
encodings the
argument must
designate an
ASCII character.
The NULL (0)
character is not
allowed because
text data types
cannot store such
bytes.

chr (65)
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Function

Return Type

Description

Example

Result

convert (string
bytea,
src_encoding
name,
dest_encoding

name)

bytea

Convert string to
dest_encoding
The original
encoding is
specified by
src_encoding.
The st ring must
be valid in this
encoding.
Conversions can be
defined by CREATE
CONVERSTION. Also
there are some
predefined
conversions. See
Table 9-7 for
available
conversions.

convert ('text_1
'UTF8’,
"LATINL')

ntesttf8'n_utf8
represented in
Latin-1 encoding
(ISO 8859-1)

convert_from(stri
bytea,
src_encoding

name)

text

ng

Convert string to
the database
encoding. The
original encoding
is specified by
src_encoding.
The st ring must
be valid in this
encoding.

convert_from ('t
"UTF8")

ecex i ni mufi8f §
represented in the
current database
encoding

bytea

Convert string to

convert_to ('’ somesome text

convert_to (string dest_encoding. |text’, 'UTF8’) |represented in the
text, UTF8 encoding
dest_encoding

name)

decode (string bytea Decode binary decode (' MTIZAAER(3132330001
text, format data from textual "base64’)

text) representation in

string. Options
for format are
same as in

encode.
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Function

Return Type

Description

Example

Result

encode (data
bytea, format

text)

text

Encode binary
data into a textual
representation.
Supported formats
are: base64, hex,
escape. escape
converts zero bytes
and high-bit-set
bytes to octal
sequences (\nnn)
and doubles
backslashes.

encode (E’ 123\\0
"baseb4d’)

QUN\N\LKAF 5

initcap (string)

text

Convert the first
letter of each word
to upper case and
the rest to lower
case. Words are
sequences of
alphanumeric
characters
separated by
non-alphanumeric
characters.

initcap(’'hi
THOMAS' )

Hi Thomas

length (string)

int

Number of
characters in

string

length (’ jose’)

length (stringbyteq

encoding name )

,Aint

Number of
characters in
stringin the
given encoding.
The string must
be valid in this
encoding.

length(’ jose’,
'UTF8")

lpad (string
text, length int

[, £ill text])

text

Fill up the string
to length length
by prepending the
characters £il1 (a
space by default).
If the stringis
already longer than
length then it is
truncated (on the
right).

lpad("hi’, 5,
Ixy!)

xyxhi
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Function

Return Type

Description

Example

Result

ltrim(string text
[, characters

text])

text

Remove the
longest string
containing only
characters from
characters (a
space by default)
from the start of

string

ltrim(/zzzytrim'trim

’XyZ’)

mdb (string)

text

Calculates the
MDS5 hash of
string, returning
the result in
hexadecimal

md5 (" abc’)

900150983cd24fb
d6963£7d28el7£7

pg_client_encodin

qame

Current client
encoding name

pg_client_encod

iSQI(ASCIT

quote_ident (strin

text)

gtext

Return the given
string suitably
quoted to be used
as an identifier in
an SQL statement
string. Quotes are
added only if
necessary (i.e., if
the string contains
non-identifier
characters or
would be
case-folded).
Embedded quotes
are properly
doubled. See also
Example 39-1.

quote_ident (' Fo

bar’)

o"Foo bar"
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Function

Return Type

Description

Example

Result

quote_literal (striihgxt

text)

Return the given
string suitably
quoted to be used
as a string literal in
an SQL statement
string. Embedded
single-quotes and
backslashes are
properly doubled.
Note that
quote_literal
returns null on null
input; if the
argument might be
null,
quote_nullable
is often more
suitable. See also
Example 39-1.

quote_literal (E

’ !(D\" MW" )

quote_literal (val

anyelement)

eext

Coerce the given
value to text and
then quote it as a
literal. Embedded
single-quotes and
backslashes are
properly doubled.

quote_literal (4

2.5 .57

quote_nullable (st

text)

ext

Return the given
string suitably
quoted to be used
as a string literal in
an SQL statement
string; or, if the
argument is null,
return NULL.
Embedded
single-quotes and
backslashes are
properly doubled.
See also Example
39-1.

quote_nullable (

INNULILT)
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Function Return Type Description Example Result
quote_nullable (vdlnext Coerce the given |quote_nullable (|424%5)5'
anyelement) value to text and
then quote it as a
literal; or, if the
argument is null,
return NULL.
Embedded
single-quotes and
backslashes are
properly doubled.
regexp_matches (stirdegof text[] Return all regexp_matches (| flombdrbaopiebaz
text, pattern captured substrings |/ (bar) (beque)’)
text [, flags resulting from
text]) matching a POSIX
regular expression
against the
string. See
Section 9.7.3 for
more information.
regexp_replace (stjrtiext Replace regexp_replace (/Tbmas’ ,
text, pattern substring(s) /. [mN]a.’,
text, replacement matching a POSIX |'M")
text [, flags regular expression.
text]) See Section 9.7.3
for more
information.
regexp_split_to_gtmesyt§dring Split string regexp_split_to| hrerhlo(, i b}
text, pattern using a POSIX world’,
text [, flags regular expression |E’\\s+’)
text ]) as the delimiter.
See Section 9.7.3
for more
information.
regexp_split_to_tadsledft tiext Split string regexp_split_to| hebllewdhkd 1@
text, pattern using a POSIX world’, rows)
text [, flags regular expression |E’\\s+’)
text]) as the delimiter.
See Section 9.7.3
for more
information.
repeat (string text Repeat string the | repeat (' Pg’, PgPgPgPg

text, number int)

specified number
of times

4)
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Function Return Type Description Example Result
replace (string text Replace all replace (' abcde fladdaXieeff gbXXe f
text, from text, occurrences in fed’, TXX')
to text) string of

substring from

with substring to
rpad (string text Fill up the string |rpad(*hi’, 5, |hixyx
text, length int to length length |’xy’)
[, fill text]) by appending the

characters £fill (a

space by default).

If the stringis

already longer than

length then it is

truncated.
rtrim(string text |text Remove the rtrim(’trimxxxx/trim
[, characters longest string "x")
text]) containing only

characters from
characters (a
space by default)
from the end of

string

split_part (string
text, delimiter

text, field int)

text

Split string on
delimiter and
return the given
field (counting
from one)

split_part (' abc
I~@~I, 2)

~feflef~@~ghi’,

strpos (string,

substring)

int

Location of
specified substring
(same as

position (substri
in string), but
note the reversed
argument order)

strpos ('high’,
Iigl)

substr (string,

from [, count])

text

Extract substring
(same as
substring (string

from from for

count))

substr (" alphabe
3, 2)

Bh
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Function

Return Type

Description

Example Result

text [, encoding

text])

to_ascii(string text

Convert string
to ASCII from
another encoding
(only supports
conversion from
LATINI, LATINZ,
LATINGO, and
WIN1250
encodings)

to_ascii ('KarellRarel

int or bigint)

to_hex (number text

Convert number to
its equivalent
hexadecimal
representation

to_hex (214748364THfEEEEE

text, from text,

to text)

translate (string | text

Any character in
string that
matches a
character in the
from set is
replaced by the
corresponding
character in the to
set

translate (' 12344253x5
r 14! , 14 aXI )

See also the aggregate function string_agg in Section 9.18.

Table 9-7. Built-in Conversions

Conversion Name -

Source Encoding

Destination Encoding

ascii_to_mic SQL_ASCII MULE_INTERNAL
ascii_to_utfs8 SQL_ASCII UTF8
big5_to_euc_tw BIGS EUC_TW
bigb_to_mic BIGS MULE_INTERNAL
bigb_to_utf8 BIGS UTF8
euc_cn_to_mic EUC_CN MULE_INTERNAL
euc_cn_to_utf8 EUC_CN UTF8
euc_Jjp_to_mic EUC_JP MULE_INTERNAL
euc_jp_to_sjis EUC_JP SJIS
euc_Jjp_to_utfs8 EUC_JP UTFES8
euc_kr_to_mic EUC_KR MULE_INTERNAL
euc_kr_to_utf8 EUC_KR UTFE8
euc_tw_to_bigb EUC_TW BIGS
euc_tw_to_mic EUC_TW MULE_INTERNAL
euc_tw_to_utf8 EUC_TW UTF'8
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Conversion Name -

Source Encoding

Destination Encoding

gb18030_to_utf8 GB18030 UTF8
gbk_to_utfs8 GBK UTFE8
is0_8859_10_to_utf8 LATING UTFE8
is0_8859_13_to_utf8 LATIN7 UTF8
iso_8859_14_to_utfs LATINS UTF8
iso_8859_15_to_utf8 LATINO UTF8
iso_8859_16_to_utf8 LATIN1O UTF8
is0_8859_1_to_mic LATINI MULE_INTERNAL
iso_8859_1 to_utfs8 LATIN1 UTFE8
is0_8859_2_to_mic LATIN2 MULE_INTERNAL
iso_8859 2 to_utfs8 LATINZ2 UTF8

iso_8859 2 to_windows_1250LATIN2 WIN1250
15s0_8859_3_to_mic LATIN3 MULE_INTERNAL
iso_8859_3 to_utfs8 LATIN3 UTFE8
is0_8859_4_to_mic LATIN4 MULE_INTERNAL
is0_8859_4_to_utfs LATIN4 UTF8
iso_8859_5_to_koi8_r ISO_8859_5 KOI8R
is0_8859_5_to_mic IS0_8859_5 MULE_INTERNAL
iso0_8859_5_to_utf8 ISO_8859_5 UTF8
iso0_8859_5_ _to_windows_125]1IS0O_8859_5 WIN1251
iso_8859_5_to_windows_866|IS0O_8859_5 WIN866
iso_8859_6_to_utf8 ISO_8859_6 UTF8
is0_8859_7_to_utf8 IS0O_8859_7 UTF8
is0_8859_8_to_utfs8 IS0_8859_8 UTF8
iso_8859_9 to_utfs8 LATINS UTF8
johab_to_utfs8 JOHAB UTFES8
koi8_r_to_iso_8859_5 KOI8R IS0O_8859_5
koi8_r_to_mic KOI8R MULE_INTERNAL
koi8_ r_ to_utf8 KOI8R UTFS8

koi8_r_ to_windows_1251 KOI8R WIN1251
koi8_r_to_windows_866 KOI8R WINB66
koi8_u_to_utf8 KOI8U UTF8
mic_to_ascii MULE_INTERNAL SQL_ASCII
mic_to_big5 MULE_INTERNAL BIGS
mic_to_euc_cn MULE_INTERNAL EUC_CN
mic_to_euc_jp MULE_INTERNAL EUC_JP
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Conversion Name -

Source Encoding

Destination Encoding

mic_to_euc_kr MULE_INTERNAL EUC_KR
mic_to_euc_tw MULE_INTERNAL EUC_TW
mic_to_iso_8859_1 MULE_INTERNAL LATIN1
mic_to_iso_8859 2 MULE_INTERNAL LATIN2
mic_to_iso_8859_3 MULE_INTERNAL LATIN3
mic_to_iso_8859_4 MULE_INTERNAL LATIN4
mic_to_iso_8859_5 MULE_INTERNAL IS0_8859_5
mic_to_koi8_r MULE_INTERNAL KOISR
mic_to_sijis MULE_INTERNAL SJIS
mic_to_windows_1250 MULE_INTERNAL WIN1250
mic_to_windows_1251 MULE_INTERNAL WIN1251
mic_to_windows_866 MULE_INTERNAL WIN866
sjis_to_euc_jp SJIS EUC_JP
sjis_to_mic SJIS MULE_INTERNAL
sjis_to_utf8 SJIS UTF8
tcvn_to_utf8 WIN1258 UTF8
uhc_to_utf8 UHC UTF'8
utf8_to_ascii UTF8 SQL_ASCII
utf8_to_bigh UTF8 BIGS
utf8_to_euc_cn UTF8 EUC_CN
utf8_to_euc_jp UTF8 EUC_JpP
utf8_to_euc_kr UTF8 EUC_KR
utf8_to_euc_tw UTF8 EUC_TW
utf8_to_gbl8030 UTF8 GB18030
utf8_to_gbk UTF8 GBK
utf8_to_iso_8859_1 UTF8 LATIN1
utf8_to_iso_8859_10 UTF8 LATING
utf8_to_iso_8859_13 UTF8 LATIN7
utf8_to_iso_8859_14 UTF8 LATINS
utf8_to_iso_8859_15 UTF8 LATINO
utf8_to_iso_8859_16 UTF8 LATIN1O
utf8_to_iso_8859_2 UTF8 LATIN2
utf8_to_iso_8859_3 UTF8 LATIN3
utf8_to_iso_8859_4 UTF8 LATIN4
utf8_to_iso_8859_5 UTF8 ISO_8859_5
utf8_to_iso_8859_6 UTF8 ISO_8859_6
utf8_to_iso_8859_7 UTF8 IS0_8859_7
utf8_to_iso_8859_8 UTF8 ISO_8859_8
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Conversion Name -

Source Encoding

Destination Encoding

utf8_to_iso_8859_9 UTFS8 LATINS
ut£8_to_johab UTF8 JOHAB
utf8_to_koi8_r UTF8 KOI8R
utf8_to_koi8_u UTF8 KOI8U
utf8_to_sijis UTF8 SJIS
utf8_to_tcvn UTF8 WIN1258
utf8_to_uhc UTF8 UHC
utf8_to_windows_1250 UTF8 WIN1250
utf8_to_windows_1251 UTF8 WIN1251
utf8_to_windows_1252 UTF8 WIN1252
utf8_to_windows_1253 UTF8 WIN1253
utf8_to_windows_1254 UTF8 WIN1254
utf8_to_windows_1255 UTF8 WIN1255
utf8_to_windows_1256 UTFS8 WIN1256
utf8_to_windows_1257 UTF8 WIN1257
utf8_to_windows_866 UTF8 WIN866
utf8_to_windows_874 UTF8 WIN874
windows_1250_to_1iso_8859 PWIN1250 LATINZ2
windows_1250_to_mic WIN1250 MULE_INTERNAL
windows_1250_to_utf8 WIN1250 UTF8
windows_1251_to_iso_8859_bWIN1251 IS0_8859_5
windows_1251_to_koi8_r WIN1251 KOI8R
windows_1251 to_mic WIN1251 MULE_INTERNAL
windows_1251 to_utf8 WIN1251 UTF8
windows_1251_to_windows_8¢WIN1251 WINB66
windows_1252_ to_utf8 WIN1252 UTFES8
windows_1256_to_utf8 WIN1256 UTF8
windows_866_to_iso_8859_5|WIN866 IS0_8859_5
windows_866_to_koi8_r WINS866 KOI8R
windows_866_to_mic WIN866 MULE_INTERNAL
windows_866_to_utf8 WIN866 UTFE8
windows_866_to_windows_12pPWINB66 WIN
windows_874_to_utf8 WIN874 UTF8
euc_7jis_2004_to_utfs8 EUC_JIS_2004 UTF8
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Conversion Name -

Source Encoding

Destination Encoding

utf8_to_euc_jis_2004

UTF8

EUC_JIS_20

04

shift_jis_2004_to_utfs8

SHIFT_JIS_2004

UTF8

utf8_to_shift_jis_2004

UTF8

SHIFT_JIS_2004

euc_jis_2004_to_shift_jis]

| P004JIS_2004

SHIFT_JIS_2004

shift_Jjis_2004_to_euc_jis]|

| SHOBT_JIS_2004

EUC_JIS_20

04

Notes:

a. The conversion names follow a standard naming scheme: The official name of the source encoding
with all non-alphanumeric characters replaced by underscores, followed by _to_, followed by the
similarly processed destination encoding name. Therefore, the names might deviate from the customary

encoding names.

9.5. Binary String Functions and Operators

This section describes functions and operators for examining and manipulating values of type bytea.

SQL defines some string functions that use key words, rather than commas, to separate arguments. De-
tails are in Table 9-8. PostgreSQL also provides versions of these functions that use the regular function

invocation syntax (see Table 9-9).

Note: The sample results shown on this page assume that the server parameter bytea_output is set
to escape (the traditional PostgreSQL format).

Table 9-8. SQL Binary String Functions and Operators

E’\\047gres\\00

Function Return Type Description Example Result
string || bytea String E’\\\\Post’ : :byftesPost’ gres\000
string concatenation |

0’ ::bytea

octet_length (stripght

Number of bytes in
binary string

octet_length (E’

J»\\000se’ : :byte

in string)

specified substring

in
E’Th\\000omas’

overlay (string bytea Replace substring | overlay (E’/ Th\\ O[0DOxGE \: \: 0 3rems
placing string placing

from int [for E’\\002\\003" : :pytea

int]) from 2 for 3)

position (substringint Location of position (E’\\000®dm’ : :bytea

::bytea)
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Function Return Type Description Example Result

substring (string |bytea Extract substring | substring (E/ Th\NDOD®@s’ : :bytes
[from int] [for from 2 for 3)

int])

trim([both] bytea Remove the trim(E’\\000"' : :[ckdrea

bytes from

string)

longest string
containing only the
bytes in bytes
from the start and
end of string

from
E’\\000Tom\\000

" ::bytea)

Additional binary string manipulation functions are available and are listed in Table 9-9. Some of them
are used internally to implement the SQL-standard string functions listed in Table 9-8.

Table 9-9. Other Binary String Functions

Function

Return Type

Description

Example

Result

btrim(string
bytea, bytes

bytea)

bytea

Remove the
longest string
consisting only of
bytes in bytes
from the start and
end of string

btrim(E"\\000tr]
E’\\000’ : :bytea

m\ND 00’ : :bytea,
)

decode (string
text, format

text)

bytea

Decode binary
data from textual
representation in
string. Options
for format are
same as in

encode.

decode (E’ 123\\0

"escape’)

00256I00456

encode (data
bytea, format

text)

text

Encode binary
data into a textual
representation.
Supported formats
are: base64, hex,
escape. escape
converts zero bytes
and high-bit-set
bytes to octal
sequences (\nnn)
and doubles
backslashes.

encode (E” 123\\0

"escape’)

0D g ea,

get_bit (string,
offset)

int

Extract bit from
string

get_bit (E’ Th\\O
45)

0ODomas’ : :bytea,

get_byte (string,

offset)

int

Extract byte from
string

get_byte (E’ Th\\
4)

0DD®»mas’ : :bytea
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[e9)

offset, newvalue)

4, 64)

Function Return Type Description Example Result

length (string) int Length of binary | length (E’ jo\\00[0%e’ : :bytea)
string

md5 (string) text Calculates the md5 (E’ Th\\000omaSdla2d3tea 9aafl
MDS5 hash of p4958c334c82d8b
string, returning
the result in
hexadecimal

set_bit (string, |bytea Set bit in string set_bit (E’ Th\\O0low&damksy tea,

offset, newvalue) 45, 0)

set_byte (string, |bytea Set byte in string | set_byte (E’ Th\\[(I\BEESGadbytea,

get_byte and set_byte number the first byte of a binary string as byte 0. get_bit and set_bit
number bits from the right within each byte; for example bit O is the least significant bit of the first byte,
and bit 15 is the most significant bit of the second byte.

9.6. Bit String Functions and Operators

This section describes functions and operators for examining and manipulating bit strings, that is values

of the types bit and bit varying. Aside from the usual comparison operators, the operators shown in
Table 9-10 can be used. Bit string operands of &, |, and # must be of equal length. When bit shifting, the
original length of the string is preserved, as shown in the examples.

Table 9-10. Bit String Operators

Operator Description Example Result
| concatenation B’10001” || B"011" |10001011
& bitwise AND B’10001" & 00001
B/01101
bitwise OR B’10001" | 11101
B/01101"
# bitwise XOR B’10001" # 11100
B/01101'
~ bitwise NOT ~ B’10001' 01110
<< bitwise shift left B’10001" << 3 01000
>> bitwise shift right B’10001" >> 2 00100

The following SQL-standard functions work on bit strings as well as character strings: length,

bit_length, octet_length, position, substring, overlay.

The following functions work on bit strings as well as binary strings: get_bit, set_bit. When working
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with a bit string, these functions number the first (leftmost) bit of the string as bit 0.

In addition, it is possible to cast integral values to and from type bit. Some examples:

44::pit (10) 0000101100
44::pbit (3) 100

cast (44 as bit(12)) 111111010100
71110’ : :bit (4) : :integer 14

Note that casting to just “bit” means casting to bit (1), and so will deliver only the least significant bit
of the integer.

Note: Prior to PostgreSQL 8.0, casting an integer to bit (n) would copy the leftmost n bits of the
integer, whereas now it copies the rightmost n bits. Also, casting an integer to a bit string width wider
than the integer itself will sign-extend on the left.

9.7. Pattern Matching

There are three separate approaches to pattern matching provided by PostgreSQL: the traditional SQL
LIKE operator, the more recent SIMILAR TO operator (added in SQL:1999), and POSIX-style regular
expressions. Aside from the basic “does this string match this pattern?” operators, functions are available
to extract or replace matching substrings and to split a string at matching locations.

Tip: If you have pattern matching needs that go beyond this, consider writing a user-defined function
in Perl or Tcl.

9.7.1. LIKE

string LIKE pattern [ESCAPE escape-character]
string NOT LIKE pattern [ESCAPE escape-character]

The LIKE expression returns true if the string matches the supplied pattern. (As expected, the NOT
LIKE expression returns false if LIKE returns true, and vice versa. An equivalent expression is NOT
(string LIKE pattern).)

If pat tern does not contain percent signs or underscores, then the pattern only represents the string itself;
in that case LIKE acts like the equals operator. An underscore (_) in pattern stands for (matches) any
single character; a percent sign (%) matches any sequence of zero or more characters.

Some examples:

"abc’ LIKE ’abc’ true
"abc’ LIKE "a%’ true
"abc’ LIKE '_b_’ true
"abc’ LIKE ’c’ false
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LIKE pattern matching always covers the entire string. Therefore, to match a sequence anywhere within a
string, the pattern must start and end with a percent sign.

To match a literal underscore or percent sign without matching other characters, the respective character
in pattern must be preceded by the escape character. The default escape character is the backslash but a
different one can be selected by using the ESCAPE clause. To match the escape character itself, write two
escape characters.

Note that the backslash already has a special meaning in string literals, so to write a pattern constant
that contains a backslash you must write two backslashes in an SQL statement (assuming escape string
syntax is used, see Section 4.1.2.1). Thus, writing a pattern that actually matches a literal backslash means
writing four backslashes in the statement. You can avoid this by selecting a different escape character with
ESCAPE; then a backslash is not special to LIKE anymore. (But backslash is still special to the string literal
parser, so you still need two of them to match a backslash.)

It’s also possible to select no escape character by writing ESCAPE ”. This effectively disables the escape
mechanism, which makes it impossible to turn off the special meaning of underscore and percent signs in
the pattern.

The key word ILIKE can be used instead of LIKE to make the match case-insensitive according to the
active locale. This is not in the SQL standard but is a PostgreSQL extension.

The operator ~~ is equivalent to LIKE, and ~~* corresponds to ILIKE. There are also !~~ and !~~x
operators that represent NOT LIKE and NOT ILIKE, respectively. All of these operators are PostgreSQL-
specific.

9.7.2. stMILAR TO Regular Expressions

string SIMILAR TO pattern [ESCAPE escape-character]
string NOT SIMILAR TO pattern [ESCAPE escape-character]

The SIMILAR TO operator returns true or false depending on whether its pattern matches the given string.
It is similar to LIKE, except that it interprets the pattern using the SQL standard’s definition of a regular
expression. SQL regular expressions are a curious cross between LIKE notation and common regular
expression notation.

Like LIKE, the SIMILAR TO operator succeeds only if its pattern matches the entire string; this is un-
like common regular expression behavior where the pattern can match any part of the string. Also like
LIKE, SIMILAR TO uses _ and % as wildcard characters denoting any single character and any string,
respectively (these are comparable to . and . » in POSIX regular expressions).

In addition to these facilities borrowed from LIKE, SIMILAR TO supports these pattern-matching
metacharacters borrowed from POSIX regular expressions:

« | denotes alternation (either of two alternatives).
«  denotes repetition of the previous item zero or more times.
+ + denotes repetition of the previous item one or more times.

« 2 denotes repetition of the previous item zero or one time.
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« {m} denotes repetition of the previous item exactly m times.

« {m, } denotes repetition of the previous item m or more times.

« {m, n} denotes repetition of the previous item at least m and not more than n times.

» Parentheses () can be used to group items into a single logical item.

« A bracket expression [ .. .] specifies a character class, just as in POSIX regular expressions.
Notice that the period (.) is not a metacharacter for SIMILAR TO.

As with LIKE, a backslash disables the special meaning of any of these metacharacters; or a different
escape character can be specified with ESCAPE.

Some examples:

"abc’ SIMILAR TO ’abc’ true
"abc’ SIMILAR TO ’'a’ false
"abc’ SIMILAR TO "% (b|d

)

s true
"abc’ SIMILAR TO ' (blc)%’

false

The substring function with three parameters, substring(string from pattern for
escape-character), provides extraction of a substring that matches an SQL regular expression pattern.
As with SIMILAR TO, the specified pattern must match the entire data string, or else the function fails
and returns null. To indicate the part of the pattern that should be returned on success, the pattern must
contain two occurrences of the escape character followed by a double quote ("). The text matching the
portion of the pattern between these markers is returned.

Some examples, with #" delimiting the return string:

substring (' foobar’ from ’%$#"o_b#"%" for ’'#’) oob
substring (' foobar’ from ’"#"o_b#"%’ for "#') NULL

9.7.3. POSIX Regular Expressions

Table 9-11 lists the available operators for pattern matching using POSIX regular expressions.

Table 9-11. Regular Expression Match Operators

Operator Description Example
~ Matches regular expression, case |’ thomas’ ~ ’.xthomas.*’
sensitive
~x Matches regular expression, case |’ thomas’ ~x /.xThomas.*’
insensitive
I~ Does not match regular "thomas’ !~ ’.xThomas.x’
expression, case sensitive
[ Does not match regular "thomas’ !~* ’.+vadim.«’
expression, case insensitive
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POSIX regular expressions provide a more powerful means for pattern matching than the LIKE and
SIMILAR TO operators. Many Unix tools such as egrep, sed, or awk use a pattern matching language
that is similar to the one described here.

A regular expression is a character sequence that is an abbreviated definition of a set of strings (a regular
set). A string is said to match a regular expression if it is a member of the regular set described by the
regular expression. As with LIKE, pattern characters match string characters exactly unless they are special
characters in the regular expression language — but regular expressions use different special characters
than LIKE does. Unlike LIKE patterns, a regular expression is allowed to match anywhere within a string,
unless the regular expression is explicitly anchored to the beginning or end of the string.

Some examples:

"abc’ ~ "abc’ true
"abc’ ~ ’™a’ true
rabce’ ~ " (b|d)’ true
rabc’ ~ " (blc)’ false

The POSIX pattern language is described in much greater detail below.

The substring function with two parameters, substring (string from pattern), provides extrac-
tion of a substring that matches a POSIX regular expression pattern. It returns null if there is no match,
otherwise the portion of the text that matched the pattern. But if the pattern contains any parentheses,
the portion of the text that matched the first parenthesized subexpression (the one whose left parenthe-
sis comes first) is returned. You can put parentheses around the whole expression if you want to use
parentheses within it without triggering this exception. If you need parentheses in the pattern before the
subexpression you want to extract, see the non-capturing parentheses described below.

Some examples:

substring (’ foobar’ from ’"o0.b’) oob
substring (’ foobar’ from ’‘o(.)b’) o

The regexp_replace function provides substitution of new text for substrings that match POSIX regu-
lar expression patterns. It has the syntax regexp_replace(source, pattern, replacement [, flags
1). The source string is returned unchanged if there is no match to the pattern. If there is a match,
the source string is returned with the replacement string substituted for the matching substring. The
replacement string can contain \ n, where nis 1 through 9, to indicate that the source substring matching
the n’th parenthesized subexpression of the pattern should be inserted, and it can contain \& to indicate
that the substring matching the entire pattern should be inserted. Write \\ if you need to put a literal
backslash in the replacement text. (As always, remember to double backslashes written in literal constant
strings, assuming escape string syntax is used.) The flags parameter is an optional text string contain-
ing zero or more single-letter flags that change the function’s behavior. Flag i specifies case-insensitive
matching, while flag g specifies replacement of each matching substring rather than only the first one.
Other supported flags are described in Table 9-19.

Some examples:

regexp_replace ('’ foobarbaz’, 'b..’, 'X’)
fooXbaz
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regexp_replace (’ foobarbaz’, ’'b..’, 'X", 'g’)
fooXX
regexp_replace (' foobarbaz’, 'b(..)’, E'X\\1Y’, ’'g’)
fooXarYXazY

The regexp_matches function returns a text array of all of the captured substrings resulting from match-
ing a POSIX regular expression pattern. It has the syntax regexp_matches(string, pattern|[, flags
]). The function can return no rows, one row, or multiple rows (see the g flag below). If the pat tern does
not match, the function returns no rows. If the pattern contains no parenthesized subexpressions, then
each row returned is a single-element text array containing the substring matching the whole pattern. If
the pattern contains parenthesized subexpressions, the function returns a text array whose n’th element is
the substring matching the n’th parenthesized subexpression of the pattern (not counting “non-capturing”
parentheses; see below for details). The £1ags parameter is an optional text string containing zero or more
single-letter flags that change the function’s behavior. Flag g causes the function to find each match in the
string, not only the first one, and return a row for each such match. Other supported flags are described in
Table 9-19.

Some examples:

SELECT regexp_matches (' foobarbequebaz’, ’ (bar) (beque)’);
regexp_matches

{bar,beque}
(1 row)

SELECT regexp_matches (' foobarbequebazilbarfbonk’, ' (b["b]l+) (b[*b]l+)’, "g’);
regexp_matches

{bar, beque}
{bazil,barf}
(2 rows)

SELECT regexp_matches (' foobarbequebaz’, ’'barbeque’);
regexp_matches

{barbeque}
(1 row)

It is possible to force regexp_matches () to always return one row by using a sub-select; this is partic-
ularly useful in a SELECT target list when you want all rows returned, even non-matching ones:

SELECT coll, (SELECT regexp_matches(col2, ' (bar) (beque)’)) FROM tab;

The regexp_split_to_table function splits a string using a POSIX regular expression pattern as a
delimiter. It has the syntax regexp_split_to_table(string, pattern [, flags ]). If there is no
match to the pattern, the function returns the string. If there is at least one match, for each match
it returns the text from the end of the last match (or the beginning of the string) to the beginning of the
match. When there are no more matches, it returns the text from the end of the last match to the end of
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the string. The f1ags parameter is an optional text string containing zero or more single-letter flags that
change the function’s behavior. regexp_split_to_table supports the flags described in Table 9-19.

The regexp_split_to_array function behaves the same as regexp_split_to_table,
except that regexp_split_to_array returns its result as an array of text. It has the syntax
regexp_split_to_array(string, pattern [, flags ]). The parameters are the same as for
regexp_split_to_table.

Some examples:

SELECT foo FROM regexp_split_to_table(’the quick brown fox jumped over the lazy dog’, E’\\s
foo

quick
brown
fox
Jumped
over
the
lazy
dog

(9 rows)

SELECT regexp_split_to_array (’the quick brown fox jumped over the lazy dog’, E’\\s+’);
regexp_split_to_array
{the, quick, brown, fox, jumped, over, the, lazy, dog}
(1 row)

SELECT foo FROM regexp_split_to_table(’the quick brown fox’, E’\\s*’) AS foo;
foo

= X O DB =& O8O W QF Q0O D

6 rows)
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As the last example demonstrates, the regexp split functions ignore zero-length matches that occur at the
start or end of the string or immediately after a previous match. This is contrary to the strict definition of
regexp matching that is implemented by regexp_matches, but is usually the most convenient behavior
in practice. Other software systems such as Perl use similar definitions.

9.7.3.1. Regular Expression Details

PostgreSQL’s regular expressions are implemented using a software package written by Henry Spencer.
Much of the description of regular expressions below is copied verbatim from his manual.

Regular expressions (REs), as defined in POSIX 1003.2, come in two forms: extended REs or EREs
(roughly those of egrep), and basic REs or BREs (roughly those of ed). PostgreSQL supports both
forms, and also implements some extensions that are not in the POSIX standard, but have become widely
used due to their availability in programming languages such as Perl and Tcl. REs using these non-POSIX
extensions are called advanced REs or AREs in this documentation. AREs are almost an exact superset of
EREs, but BREs have several notational incompatibilities (as well as being much more limited). We first
describe the ARE and ERE forms, noting features that apply only to AREs, and then describe how BREs
differ.

Note: PostgreSQL always initially presumes that a regular expression follows the ARE rules. However,
the more limited ERE or BRE rules can be chosen by prepending an embedded option to the RE
pattern, as described in Section 9.7.3.4. This can be useful for compatibility with applications that
expect exactly the POSIX 1003.2 rules.

A regular expression is defined as one or more branches, separated by |. It matches anything that matches
one of the branches.

A branch is zero or more quantified atoms or constraints, concatenated. It matches a match for the first,
followed by a match for the second, etc; an empty branch matches the empty string.

A quantified atom is an atom possibly followed by a single quantifier. Without a quantifier, it matches a
match for the atom. With a quantifier, it can match some number of matches of the atom. An arom can
be any of the possibilities shown in Table 9-12. The possible quantifiers and their meanings are shown in
Table 9-13.

A constraint matches an empty string, but matches only when specific conditions are met. A constraint can
be used where an atom could be used, except it cannot be followed by a quantifier. The simple constraints
are shown in Table 9-14; some more constraints are described later.

Table 9-12. Regular Expression Atoms

Atom Description

(re) (where re is any regular expression) matches a
match for re, with the match noted for possible
reporting

(?:re) as above, but the match is not noted for reporting
(a “non-capturing” set of parentheses) (AREs
only)
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Atom

Description

matches any single character

[chars]

a bracket expression, matching any one of the
chars (see Section 9.7.3.2 for more detail)

\k

(where k is a non-alphanumeric character)
matches that character taken as an ordinary
character, e.g., \\ matches a backslash character

where c is alphanumeric (possibly followed by
other characters) is an escape, see Section 9.7.3.3
(AREs only; in EREs and BREs, this matches c)

when followed by a character other than a digit,
matches the left-brace character {; when followed
by a digit, it is the beginning of a bound (see
below)

where x is a single character with no other
significance, matches that character

An RE cannot end with \.

Note: Remember that the backslash (\) already has a special meaning in PostgreSQL string literals.
To write a pattern constant that contains a backslash, you must write two backslashes in the statement,
assuming escape string syntax is used (see Section 4.1.2.1).

Table 9-13. Regular Expression Quantifiers

Quantifier Matches
* a sequence of 0 or more matches of the atom
+ a sequence of 1 or more matches of the atom
? a sequence of 0 or 1 matches of the atom
{m} a sequence of exactly m matches of the atom
{m, } a sequence of m or more matches of the atom
{m, n} a sequence of m through n (inclusive) matches of
the atom; m cannot exceed n

*? non-greedy version of x

+? non-greedy version of +

27 non-greedy version of ?

{m}? non-greedy version of {m}

{m, }? non-greedy version of {m, }

{m, n}? non-greedy version of {m, n}

The forms using { . . . } are known as bounds. The numbers m and n within a bound are unsigned decimal
integers with permissible values from 0 to 255 inclusive.
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Non-greedy quantifiers (available in AREs only) match the same possibilities as their corresponding nor-

mal (greedy) counterparts, but prefer the smallest number rather than the largest number of matches. See
Section 9.7.3.5 for more detail.

Note: A quantifier cannot immediately follow another quantifier, e.g., « is invalid. A quantifier cannot
begin an expression or subexpression or follow ~ or |.

Table 9-14. Regular Expression Constraints

Constraint Description
~ matches at the beginning of the string
$ matches at the end of the string
(?=re) positive lookahead matches at any point where a

substring matching re begins (AREs only)

(?!re) negative lookahead matches at any point where no
substring matching re begins (AREs only)

Lookahead constraints cannot contain back references (see Section 9.7.3.3), and all parentheses within
them are considered non-capturing.

9.7.3.2. Bracket Expressions

A bracket expression is a list of characters enclosed in []. It normally matches any single character from
the list (but see below). If the list begins with ~, it matches any single character not from the rest of the list.
If two characters in the list are separated by —, this is shorthand for the full range of characters between
those two (inclusive) in the collating sequence, e.g., [0-9] in ASCII matches any decimal digit. It is
illegal for two ranges to share an endpoint, e.g., a—c—e. Ranges are very collating-sequence-dependent,
so portable programs should avoid relying on them.

To include a literal ] in the list, make it the first character (after ~, if that is used). To include a literal -,
make it the first or last character, or the second endpoint of a range. To use a literal — as the first endpoint
of a range, enclose itin [. and . ] to make it a collating element (see below). With the exception of these
characters, some combinations using [ (see next paragraphs), and escapes (AREs only), all other special
characters lose their special significance within a bracket expression. In particular, \ is not special when
following ERE or BRE rules, though it is special (as introducing an escape) in AREs.

Within a bracket expression, a collating element (a character, a multiple-character sequence that collates
as if it were a single character, or a collating-sequence name for either) enclosed in [. and .] stands
for the sequence of characters of that collating element. The sequence is treated as a single element of
the bracket expression’s list. This allows a bracket expression containing a multiple-character collating
element to match more than one character, e.g., if the collating sequence includes a ch collating element,
then the RE [ [.ch.]]«c matches the first five characters of chchcec.

Note: PostgreSQL currently does not support multi-character collating elements. This information
describes possible future behavior.
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Within a bracket expression, a collating element enclosed in [= and =] is an equivalence class, standing
for the sequences of characters of all collating elements equivalent to that one, including itself. (If there
are no other equivalent collating elements, the treatment is as if the enclosing delimiters were [. and .].)
For example, if o and ~ are the members of an equivalence class, then [ [=o=11, [ [="=]], and [o"] are
all synonymous. An equivalence class cannot be an endpoint of a range.

Within a bracket expression, the name of a character class enclosed in [: and :] stands for the list of
all characters belonging to that class. Standard character class names are: alnum, alpha, blank, cntrl,
digit, graph, lower, print, punct, space, upper, xdigit. These stand for the character classes
defined in ctype. A locale can provide others. A character class cannot be used as an endpoint of a range.

There are two special cases of bracket expressions: the bracket expressions [[:<:]] and [[:>:]] are
constraints, matching empty strings at the beginning and end of a word respectively. A word is defined as
a sequence of word characters that is neither preceded nor followed by word characters. A word character
is an alnum character (as defined by ctype) or an underscore. This is an extension, compatible with but
not specified by POSIX 1003.2, and should be used with caution in software intended to be portable to
other systems. The constraint escapes described below are usually preferable; they are no more standard,
but are easier to type.

9.7.3.3. Regular Expression Escapes

Escapes are special sequences beginning with \ followed by an alphanumeric character. Escapes come in
several varieties: character entry, class shorthands, constraint escapes, and back references. A \ followed
by an alphanumeric character but not constituting a valid escape is illegal in AREs. In EREs, there are no
escapes: outside a bracket expression, a \ followed by an alphanumeric character merely stands for that
character as an ordinary character, and inside a bracket expression, \ is an ordinary character. (The latter
is the one actual incompatibility between EREs and AREs.)

Character-entry escapes exist to make it easier to specify non-printing and other inconvenient characters
in REs. They are shown in Table 9-15.

Class-shorthand escapes provide shorthands for certain commonly-used character classes. They are
shown in Table 9-16.

A constraint escape is a constraint, matching the empty string if specific conditions are met, written as an
escape. They are shown in Table 9-17.

A back reference (\n) matches the same string matched by the previous parenthesized subexpression
specified by the number n (see Table 9-18). For example, ([bc]) \1 matches bb or cc but not bc or cb.
The subexpression must entirely precede the back reference in the RE. Subexpressions are numbered in
the order of their leading parentheses. Non-capturing parentheses do not define subexpressions.

Note: Keep in mind that an escape’s leading \ will need to be doubled when entering the pattern as
an SQL string constant. For example:

71237 ~ E’"\\d{3}’ true
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Table 9-15. Regular Expression Character-Entry Escapes

Escape Description
\a alert (bell) character, as in C
\b backspace, as in C
\B synonym for backslash (\) to help reduce the need
for backslash doubling
\cX (where X is any character) the character whose
low-order 5 bits are the same as those of x, and
whose other bits are all zero
\e the character whose collating-sequence name is
ESC, or failing that, the character with octal value
033
\f form feed, as in C
\n newline, as in C
\r carriage return, as in C
\t horizontal tab, as in C
\uwxyz (where wxyz is exactly four hexadecimal digits)
the UTF16 (Unicode, 16-bit) character U+wxyz in
the local byte ordering
\Ustuvwxyz (where stuvwxyz is exactly eight hexadecimal
digits) reserved for a hypothetical Unicode
extension to 32 bits
\v vertical tab, as in C
\xhhh (where hhh is any sequence of hexadecimal
digits) the character whose hexadecimal value is
Oxhhh (a single character no matter how many
hexadecimal digits are used)
\O the character whose value is 0 (the null byte)
\xy (where xy is exactly two octal digits, and is not a
back reference) the character whose octal value is
Oxy
\xyz (where xyz is exactly three octal digits, and is not
a back reference) the character whose octal value
1S Oxyz

Hexadecimal digits are 0-9, a-f, and A-F. Octal digits are 0-7.

The character-entry escapes are always taken as ordinary characters. For example, \135 is ] in ASCII,
but \135 does not terminate a bracket expression.

Table 9-16. Regular Expression Class-Shorthand Escapes

Escape Description
\d [[:digit:]]
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Escape Description

\s [[:space:]]

\w [[:alnum:]_] (note underscore is included)
\D [*[:digit:]]

\S [“[:space:]]

\W [~[:alnum:]_] (note underscore is included)

Within bracket expressions, \d, \s, and \w lose their outer brackets, and \D, \s, and \w are illegal.
(So, for example, [a—-c\d] is equivalent to [a-c[:digit:]]. Also, [a-c\D], which is equivalent to

[a—c”[:digit:]1,isillegal.)

Table 9-17. Regular Expression Constraint Escapes

Escape Description
\A matches only at the beginning of the string (see
Section 9.7.3.5 for how this differs from *)
\m matches only at the beginning of a word
\M matches only at the end of a word
\y matches only at the beginning or end of a word
\Y matches only at a point that is not the beginning or
end of a word
\2Z matches only at the end of the string (see Section
9.7.3.5 for how this differs from $)

A word is defined as in the specification of [[:<:]]

within bracket expressions.

Table 9-18. Regular Expression Back References

and [[:>:]1] above. Constraint escapes are illegal

Escape Description

\m (where m is a nonzero digit) a back reference to
the m’th subexpression

\mnn (where m is a nonzero digit, and nn is some more

digits, and the decimal value mnn is not greater
than the number of closing capturing parentheses
seen so far) a back reference to the mnn’th
subexpression

Note: There is an inherent ambiguity between octal character-entry escapes and back references,
which is resolved by the following heuristics, as hinted at above. A leading zero always indicates an
octal escape. A single non-zero digit, not followed by another digit, is always taken as a back reference.
A multi-digit sequence not starting with a zero is taken as a back reference if it comes after a suitable
subexpression (i.e., the number is in the legal range for a back reference), and otherwise is taken as

octal.
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9.7.3.4. Regular Expression Metasyntax

In addition to the main syntax described above, there are some special forms and miscellaneous syntactic
facilities available.

An RE can begin with one of two special director prefixes. If an RE begins with »xx :, the rest of the RE
is taken as an ARE. (This normally has no effect in PostgreSQL, since REs are assumed to be AREs; but it
does have an effect if ERE or BRE mode had been specified by the £1ags parameter to a regex function.)
If an RE begins with x »x=, the rest of the RE is taken to be a literal string, with all characters considered
ordinary characters.

An ARE can begin with embedded options: a sequence (?xyz) (where xyz is one or more alphabetic
characters) specifies options affecting the rest of the RE. These options override any previously determined
options — in particular, they can override the case-sensitivity behavior implied by a regex operator, or the
flags parameter to a regex function. The available option letters are shown in Table 9-19. Note that these
same option letters are used in the £1ags parameters of regex functions.

Table 9-19. ARE Embedded-Option Letters

Option Description

b rest of RE is a BRE

c case-sensitive matching (overrides operator type)

e rest of RE is an ERE

i case-insensitive matching (see Section 9.7.3.5)
(overrides operator type)

m historical synonym for n

n newline-sensitive matching (see Section 9.7.3.5)

p partial newline-sensitive matching (see Section
9.7.3.5)

a rest of RE is a literal (“quoted”) string, all
ordinary characters

s non-newline-sensitive matching (default)

t tight syntax (default; see below)

W inverse partial newline-sensitive (‘“weird”)

matching (see Section 9.7.3.5)

X expanded syntax (see below)

Embedded options take effect at the ) terminating the sequence. They can appear only at the start of an
ARE (after the «+« : director if any).

In addition to the usual (tight) RE syntax, in which all characters are significant, there is an expanded
syntax, available by specifying the embedded x option. In the expanded syntax, white-space characters in
the RE are ignored, as are all characters between a # and the following newline (or the end of the RE).
This permits paragraphing and commenting a complex RE. There are three exceptions to that basic rule:

« a white-space character or # preceded by \ is retained

+ white space or # within a bracket expression is retained
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« white space and comments cannot appear within multi-character symbols, such as (?:

For this purpose, white-space characters are blank, tab, newline, and any character that belongs to the
space character class.

Finally, in an ARE, outside bracket expressions, the sequence (?#ttt) (where ttt is any text not con-
taining a ) ) is a comment, completely ignored. Again, this is not allowed between the characters of multi-
character symbols, like (2:. Such comments are more a historical artifact than a useful facility, and their
use is deprecated; use the expanded syntax instead.

None of these metasyntax extensions is available if an initial «xx= director has specified that the user’s
input be treated as a literal string rather than as an RE.

9.7.3.5. Regular Expression Matching Rules

In the event that an RE could match more than one substring of a given string, the RE matches the one
starting earliest in the string. If the RE could match more than one substring starting at that point, either
the longest possible match or the shortest possible match will be taken, depending on whether the RE is
greedy or non-greedy.

Whether an RE is greedy or not is determined by the following rules:

+ Most atoms, and all constraints, have no greediness attribute (because they cannot match variable
amounts of text anyway).

« Adding parentheses around an RE does not change its greediness.

+ A quantified atom with a fixed-repetition quantifier ({m} or {m}?) has the same greediness (possibly
none) as the atom itself.

+ A quantified atom with other normal quantifiers (including {m, n} with m equal to n) is greedy (prefers
longest match).

« A quantified atom with a non-greedy quantifier (including {m, n}? with m equal to n) is non-greedy
(prefers shortest match).

« A branch — that is, an RE that has no top-level | operator — has the same greediness as the first
quantified atom in it that has a greediness attribute.

+ An RE consisting of two or more branches connected by the | operator is always greedy.

The above rules associate greediness attributes not only with individual quantified atoms, but with
branches and entire REs that contain quantified atoms. What that means is that the matching is done in
such a way that the branch, or whole RE, matches the longest or shortest possible substring as a whole.
Once the length of the entire match is determined, the part of it that matches any particular subexpression
is determined on the basis of the greediness attribute of that subexpression, with subexpressions starting
earlier in the RE taking priority over ones starting later.

An example of what this means:

SELECT SUBSTRING ('XY1234z", 'Y+ ([0-91{1,3})");
Result: 123

SELECT SUBSTRING ('XY1234z', 'Y%x?2([0-9]1{1,3})");
Result: 1
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In the first case, the RE as a whole is greedy because v+ is greedy. It can match beginning at the v, and it
matches the longest possible string starting there, i.e., Y123. The output is the parenthesized part of that,
or 123. In the second case, the RE as a whole is non-greedy because Y« ? is non-greedy. It can match
beginning at the v, and it matches the shortest possible string starting there, i.e., Y1. The subexpression
[0-91{1, 3} is greedy but it cannot change the decision as to the overall match length; so it is forced to
match just 1.

In short, when an RE contains both greedy and non-greedy subexpressions, the total match length is
either as long as possible or as short as possible, according to the attribute assigned to the whole RE. The
attributes assigned to the subexpressions only affect how much of that match they are allowed to “eat”
relative to each other.

The quantifiers {1, 1} and {1, 1} 2 can be used to force greediness or non-greediness, respectively, on a
subexpression or a whole RE.

Match lengths are measured in characters, not collating elements. An empty string is considered
longer than no match at all. For example: bbx matches the three middle characters of abbbc;
(week |wee) (night |knights) matches all ten characters of weeknights; when (. ) .* is matched
against abc the parenthesized subexpression matches all three characters; and when (ax) » is matched
against bc both the whole RE and the parenthesized subexpression match an empty string.

If case-independent matching is specified, the effect is much as if all case distinctions had vanished from
the alphabet. When an alphabetic that exists in multiple cases appears as an ordinary character outside a
bracket expression, it is effectively transformed into a bracket expression containing both cases, e.g., x
becomes [xX]. When it appears inside a bracket expression, all case counterparts of it are added to the
bracket expression, e.g., [x] becomes [xX] and [~x] becomes ["xX].

If newline-sensitive matching is specified, . and bracket expressions using ~ will never match the newline
character (so that matches will never cross newlines unless the RE explicitly arranges it) and ~and $ will
match the empty string after and before a newline respectively, in addition to matching at beginning and
end of string respectively. But the ARE escapes \A and \z continue to match beginning or end of string
only.

If partial newline-sensitive matching is specified, this affects . and bracket expressions as with newline-
sensitive matching, but not ~ and $.

If inverse partial newline-sensitive matching is specified, this affects ~ and $ as with newline-sensitive
matching, but not . and bracket expressions. This isn’t very useful but is provided for symmetry.

9.7.3.6. Limits and Compatibility

No particular limit is imposed on the length of REs in this implementation. However, programs intended to
be highly portable should not employ REs longer than 256 bytes, as a POSIX-compliant implementation
can refuse to accept such REs.

The only feature of AREs that is actually incompatible with POSIX EREs is that \ does not lose its
special significance inside bracket expressions. All other ARE features use syntax which is illegal or
has undefined or unspecified effects in POSIX EREs; the ==« syntax of directors likewise is outside the
POSIX syntax for both BREs and EREs.

Many of the ARE extensions are borrowed from Perl, but some have been changed to clean them up, and a
few Perl extensions are not present. Incompatibilities of note include \b, \B, the lack of special treatment
for a trailing newline, the addition of complemented bracket expressions to the things affected by newline-
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sensitive matching, the restrictions on parentheses and back references in lookahead constraints, and the
longest/shortest-match (rather than first-match) matching semantics.

Two significant incompatibilities exist between AREs and the ERE syntax recognized by pre-7.4 releases

of PostgreSQL:

« In AREs, \ followed by an alphanumeric character is either an escape or an error, while in previous
releases, it was just another way of writing the alphanumeric. This should not be much of a problem
because there was no reason to write such a sequence in earlier releases.

« In AREs, \ remains a special character within [], so a literal \ within a bracket expression must be

written \\.

9.7.3.7. Basic Regular Expressions

BREs differ from EREs in several respects. In BREs, |, +, and ? are ordinary characters and there is no
equivalent for their functionality. The delimiters for bounds are \ { and \ '}, with { and } by themselves
ordinary characters. The parentheses for nested subexpressions are \ ( and \), with ( and ) by themselves

ordinary characters. ~ is an ordinary character except at the beginning of the RE or the beginning of

a parenthesized subexpression, $ is an ordinary character except at the end of the RE or the end of a

parenthesized subexpression, and » is an ordinary character if it appears at the beginning of the RE or

the beginning of a parenthesized subexpression (after a possible leading ~). Finally, single-digit back
references are available, and \ < and \ > are synonyms for [ [:<:]] and [[:>:]] respectively; no other
escapes are available in BREs.

9.8. Data Type Formatting Functions

The PostgreSQL formatting functions provide a powerful set of tools for converting various data types

(date/time, integer, floating point, numeric) to formatted strings and for converting from formatted strings

to specific data types. Table 9-20 lists them. These functions all follow a common calling convention: the

first argument is the value to be formatted and the second argument is a template that defines the output

or input format.

A single-argument to_timestamp function is also available; it accepts a double precision argu-
ment and converts from Unix epoch (seconds since 1970-01-01 00:00:00+00) to t imestamp with time
zone. (Integer Unix epochs are implicitly cast to double precision.)

Table 9-20. Formatting Functions

Function

Return Type

Description

Example

to_char (timestamp,

text)

text

convert time stamp to
string

to_char (current_tim
"HH12:MI:SS’)
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Function

Return Type

Description

Example

precision)

time zone

time stamp

to_char (interval, text convert interval to string | to_char (interval
text) r15h 2m 12s’,
"HH24:MI:SS’)
to_char (int, text) text convert integer to string | to_char (125,
999")
to_char (double text convert real/double to_char (125.8::real
precision, text) precision to string 7999D9")
to_char (numeric, text convert numeric to to_char (-125.8,
text) string 7 999D995”)
to_date (text, text) date convert string to date to_date (05 Dec 200
DD Mon YYYY’)
to_number (text, text) |numeric convert string to to_number ('12,454.8
numeric r99G999D9S’)
to_timestamp (text, timestamp with convert string to time to_timestamp (/05 De
text) time zone stamp DD Mon YYYY')
to_timestamp (double timestamp with convert Unix epoch to to_timestamp (128435

In a to_char output template string, there are certain patterns that are recognized and replaced with
appropriately-formatted data based on the given value. Any text that is not a template pattern is simply
copied verbatim. Similarly, in an input template string (for the other functions), template patterns identify

the values to be supplied by the input data string.

Table 9-21 shows the template patterns available for formatting date and time values.

Table 9-21. Template Patterns for Date/Time Formatting

Pattern Description

HH hour of day (01-12)

HH12 hour of day (01-12)

HH24 hour of day (00-23)

MI minute (00-59)

SS second (00-59)

MS millisecond (000-999)

Us microsecond (000000-999999)
SSss seconds past midnight (0-86399)

AM, am, PM Or pm

meridiem indicator (without periods)

A.M.,a.m.,P.M. Orp.m.

meridiem indicator (with periods)

Y, YYyYy year (4 and more digits) with comma
YYYY year (4 and more digits)

YYY last 3 digits of year

Yy last 2 digits of year

196

c 2000",

2323)



Chapter 9. Functions and Operators

Pattern Description

Y last digit of year

IYYY ISO year (4 and more digits)
IYY last 3 digits of ISO year

1Y last 2 digits of ISO year

I last digit of ISO year

BC, bc, AD Or ad

era indicator (without periods)

B.C.,b.c.,A.D.Ora.d.

era indicator (with periods)

MONTH full upper case month name (blank-padded to 9
chars)

Month full capitalized month name (blank-padded to 9
chars)

month full lower case month name (blank-padded to 9
chars)

MON abbreviated upper case month name (3 chars in
English, localized lengths vary)

Mon abbreviated capitalized month name (3 chars in
English, localized lengths vary)

mon abbreviated lower case month name (3 chars in
English, localized lengths vary)

MM month number (01-12)

DAY full upper case day name (blank-padded to 9
chars)

Day full capitalized day name (blank-padded to 9
chars)

day full lower case day name (blank-padded to 9 chars)

DY abbreviated upper case day name (3 chars in
English, localized lengths vary)

Dy abbreviated capitalized day name (3 chars in
English, localized lengths vary)

dy abbreviated lower case day name (3 chars in
English, localized lengths vary)

DDD day of year (001-366)

IDDD ISO day of year (001-371; day 1 of the year is
Monday of the first ISO week.)

DD day of month (01-31)

D day of the week, Sunday(1) to Saturday(7)

D ISO day of the week, Monday(1) to Sunday(7)

W week of month (1-5) (The first week starts on the

first day of the month.)
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Pattern Description

WW week number of year (1-53) (The first week starts
on the first day of the year.)

IW ISO week number of year (01 - 53; the first
Thursday of the new year is in week 1.)

cc century (2 digits) (The twenty-first century starts
on 2001-01-01.)

J Julian Day (days since November 24, 4714 BC at
midnight)

0 quarter (ignored by to_date and
to_timestamp)

RM month in upper case Roman numerals (I-XII;
I=January)

rm month in lower case Roman numerals (i-xii;
i=January)

TZ upper case time-zone name

tz lower case time-zone name

Modifiers can be applied to any template pattern to alter its behavior. For example, FMMonth is the Month
pattern with the FM modifier. Table 9-22 shows the modifier patterns for date/time formatting.

Table 9-22. Template Pattern Modifiers for Date/Time Formatting

Modifier Description Example
FM prefix fill mode (suppress padding FMMonth
blanks and zeroes)
TH suffix upper case ordinal number suffix |DDTH, e.g., 12TH
th suffix lower case ordinal number suffix |DDth, e.g., 12th
FX prefix fixed format global option (see  |FX Month DD Day
usage notes)
TM prefix translation mode (print localized | TMMonth
day and month names based on
Ic_time)
Sp suffix spell mode (not implemented) DDSP

Usage notes for date/time formatting:

FM suppresses leading zeroes and trailing blanks that would otherwise be added to make the output of
a pattern be fixed-width. In PostgreSQL, FM modifies only the next specification, while in Oracle FM
affects all subsequent specifications, and repeated FM modifiers toggle fill mode on and off.

TM does not include trailing blanks.

to_timestamp and to_date skip multiple blank spaces in the input string unless the Fx
option is used. For example, to_timestamp (’2000 JUN’, ’YYYY MON’) works, but
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to_timestamp (72000 JUN’, 'FXYYYY MON’) returns an error because to_timestamp
expects one space only. FX must be specified as the first item in the template.

+ Ordinary text is allowed in to_char templates and will be output literally. You can put a substring
in double quotes to force it to be interpreted as literal text even if it contains pattern key words. For
example, in ' "Hello Year "YYYY’, the YYYY will be replaced by the year data, but the single Y
in Year will not be. In to_date, to_number, and to_timestamp, double-quoted strings skip the
number of input characters contained in the string, e.g. "XX" skips two input characters.

+ If you want to have a double quote in the output you must precede it with a backslash, for example
E’\N\"YYYY Month\\"’. (Two backslashes are necessary because the backslash has special meaning
when using the escape string syntax.)

« The vvyvy conversion from string to timestamp or date has a restriction when processing years
with more than 4 digits. You must use some non-digit character or template after YYyYy, otherwise the
year is always interpreted as 4 digits. For example (with the year 20000): to_date (' 200001131",
*yyyyMMDD’ ) will be interpreted as a 4-digit year; instead use a non-digit separator after the year, like
to_date (20000-1131’, ’'YYYY-MMDD’) or to_date (' 20000Nov31l’, ’YYYYMonDD’).

+ In conversions from string to timestamp or date, the CC (century) field is ignored if there is a YYY,
YYYY or Y, yyy field. If cC is used with YY or Y then the year is computed as (CC-1) x100+YY.

» An ISO week date (as distinct from a Gregorian date) can be specified to to_t imestamp and to_date
in one of two ways:

. Year, week, and weekday: for example to_date (' 2006-42-4", ’IYYY-IW-ID’) returnsthe date
2006-10-19. If you omit the weekday it is assumed to be 1 (Monday).

- Year and day of year: for example to_date(’2006-291’, ’IYYY-IDDD’) also returns
2006-10-19.

Attempting to construct a date using a mixture of ISO week and Gregorian date fields is nonsensical,
and will cause an error. In the context of an ISO year, the concept of a “month” or “day of month”
has no meaning. In the context of a Gregorian year, the ISO week has no meaning. Users should avoid
mixing Gregorian and ISO date specifications.

+ In a conversion from string to t imestamp, millisecond (MS) or microsecond (US) values are used as
the seconds digits after the decimal point. For example to_timestamp (’12:3’, ’SS:MS’) isnot3
milliseconds, but 300, because the conversion counts it as 12 + 0.3 seconds. This means for the format
SS:Ms, the input values 12:3, 12:30, and 12:300 specify the same number of milliseconds. To get
three milliseconds, one must use 12 : 003, which the conversion counts as 12 + 0.003 = 12.003 seconds.

Here is a more complex example: to_timestamp(’15:12:02.020.001230",
"HH:MI:SS.MS.US’) is 15 hours, 12 minutes, and 2 seconds + 20 milliseconds + 1230 microseconds
=2.021230 seconds.

* to_char(..., "ID’)’s day of the week numbering matches the extract (isodow from ...)
function, but to_char (..., ’D’)’sdoes not match extract (dow from ...)’s day numbering.

e to_char (interval) formats HH and HH12 as shown on a 12-hour clock, i.e. zero hours and 36 hours
output as 12, while HH24 outputs the full hour value, which can exceed 23 for intervals.

Table 9-23 shows the template patterns available for formatting numeric values.
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Table 9-23. Template Patterns for Numeric Formatting

Pattern Description

9 value with the specified number of digits

0 value with leading zeros

. (period) decimal point

, (comma) group (thousand) separator

PR negative value in angle brackets

S sign anchored to number (uses locale)

L currency symbol (uses locale)

D decimal point (uses locale)

G group separator (uses locale)

MI minus sign in specified position (if number < 0)
PL plus sign in specified position (if number > 0)
SG plus/minus sign in specified position

RN Roman numeral (input between 1 and 3999)
THoOr th ordinal number suffix

\Y shift specified number of digits (see notes)
EEEE exponent for scientific notation

Usage notes for numeric formatting:

+ A sign formatted using SG, PL, or MI is not anchored to the number; for example, to_char (-12,
"MI9999’) produces '—- 12’ but to_char(-12, ’S9999’) produces * -12’. The Oracle im-
plementation does not allow the use of MI before 9, but rather requires that 9 precede MI.

» 9 results in a value with the same number of digits as there are 9s. If a digit is not available it outputs a
space.

« TH does not convert values less than zero and does not convert fractional numbers.
+ PL, SG, and TH are PostgreSQL extensions.

« v effectively multiplies the input values by 10~ n, where n is the number of digits following V. to_char
does not support the use of v combined with a decimal point (e.g., 99.9v99 is not allowed).

« EEEE (scientific notation) cannot be used in combination with any of the other formatting patterns or
modifiers other than digit and decimal point patterns, and must be at the end of the format string (e.g.,
9.99EEEE is a valid pattern).

Certain modifiers can be applied to any template pattern to alter its behavior. For example, FM9999 is the
9999 pattern with the FM modifier. Table 9-24 shows the modifier patterns for numeric formatting.

Table 9-24. Template Pattern Modifiers for Numeric Formatting
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Modifier Description Example

FM prefix fill mode (suppress padding FM9999
blanks and zeroes)

TH suffix upper case ordinal number suffix | 999TH

th suffix lower case ordinal number suffix | 999th

Table 9-25 shows some examples of the use of the to_char function.

Table 9-25. to_char Examples

Expression Result
to_char (current_timestamp, "Tuesday , 06 05:39:18’
"Day, DD HH12:MI:SS’)

to_char (current_timestamp, "Tuesday, 6 05:39:18'
'FMDay, FMDD HH12:MI:SS’)

to_char(-0.1, 799.99") T =10
to_char(-0.1, "FM9.99") r-.1
to_char (0.1, "0.9") 0.1’
to_char (12, ’9990999.9") ! 0012.0"
to_char (12, 'FM9990999.9") r0012."
to_char (485, 7999") " 4857
to_char (-485, "999) " -485"
to_char (485, "9 9 97) " 4 8 5
to_char (1485, '9,999") ' 1,485
to_char (1485, "9G999') 1 485’
to_char(148.5, 7999.999") ' 148.500'
to_char(148.5, ’'FM999.999") 7148.57
to_char(148.5, ’'FM999.990") 7148.500
to_char(148.5, 7999D999') ' 148,500
to_char(3148.5, "9G999D999") ' 3 148,500’
to_char (=485, '999s’) " 485-"
to_char (-485, "999MI’) "485-"
to_char (485, ’"999MI’) '485 '
to_char (485, ’'FM999MI’) 14857
to_char (485, "PL999") " +485"
to_char (485, 7SG999") " +485"
to_char (-485, ’'SG999') " -485"
to_char (-485, ’'9SG99’) "4-85"
to_char (=485, 7999PR’) 1 <485>7
to_char (485, ’"L999") DM 485
to_char (485, ’'RN’) ’ CDLXXXV'
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Expression Result

to_char (485, ’"FMRN’) " CDLXXXV'

to_char (5.2, ’'FMRN') rv’

to_char (482, ’999th’) ! 482nd’

to_char (485, ’"Good number:"999") "Good number: 485’
to_char (485.8, "Pre: 485 Post: .800’
""Pre:"999" Post:" .999')

to_char (12, 799vV999’) " 120007
to_char(12.4, "99vV999') " 124007

to_char (12.45, 7"99v9’) " 1257

to_char (0.0004859, "9.99EEEE’) " 4.86e-04"

9.9. Date/Time Functions and Operators

Table 9-27 shows the available functions for date/time value processing, with details appearing in the
following subsections. Table 9-26 illustrates the behaviors of the basic arithmetic operators (+, *, etc.).
For formatting functions, refer to Section 9.8. You should be familiar with the background information on
date/time data types from Section 8.5.

All the functions and operators described below that take t ime or t imestamp inputs actually come in two
variants: one that takes time with time zone or timestamp with time zone, and one that takes
time without time zone Or timestamp without time zone. For brevity, these variants are not
shown separately. Also, the + and » operators come in commutative pairs (for example both date + integer

and integer + date);

we show only one of each such pair.

Table 9-26. Date/Time Operators

Operator Example Result

+ date "2001-09-28" + date ’2001-10-05"
integer 7’

+ date 72001-09-28" + timestamp "2001-09-28
interval '1 hour’ 01:00:00"

+ date 72001-09-28’ + time |timestamp '2001-09-28
703:00" 03:00:00"

+ interval ’'1 day’ + interval '1 day
interval 1 hour’ 01:00:00"

+ timestamp 2001-09-28 timestamp 72001-09-29
01:00" + interval ’23 00:00:00"
hours’

+ time ’01:00" + interval time "04:00:00"
"3 hours’

- - interval ’23 hours’ interval "-23:00:00"
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Operator Example Result
- date ’2001-10-01’ - date |integer '3’ (days)
2001-09-28"
- date 72001-10-01" - date '2001-09-24"
integer "7’
- date 72001-09-28" - timestamp "2001-09-27
interval 1 hour’ 23:00:00"
- time ’05:00" - time interval 02:00:00"
03:00/
- time ’05:00" - interval time 703:00:00"
"2 hours’
- timestamp "2001-09-28 timestamp ’2001-09-28
23:00’ - interval ’23 00:00:00"
hours’
- interval ’1 day’ - interval 'l day
interval ’1 hour’ -01:00:00"
- timestamp ’2001-09-29 interval '1 day
03:00" - timestamp 15:00:00"
72001-09-27 12:00’
* 900 * interval ’'1 interval "00:15:00"
second’
* 21 %= interval ’'1 day’ interval ’21 days’
* double precision 3.5’ * |interval ’'03:30:00’
interval ’1 hour’
/ interval ’1 hour’ / interval 700:40:00
double precision 1.5’
Table 9-27. Date/Time Functions
Function Return Type Description Example Result
age (timestamp, interval Subtract age (timestamp |43 years 9
timestamp) arguments, r2001-04-10", mons 27 days
producing a timestamp
“symbolic” result |’1957-06-13")
that uses years and
months
age (timestamp) interval Subtract from age (timestamp |43 years 8

current_date (at

midnight)

71957-06-13")

mons 3 days

clock_timestamp ()

timestamp with

time zone

Current date and
time (changes
during statement
execution); see
Section 9.9.4
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Function Return Type Description Example Result
current_date date Current date; see
Section 9.9.4
current_time time with time |Current time of
zone day; see Section
994
current_timestamg timestamp with |Current date and
time zone time (start of
current
transaction); see
Section 9.9.4
date_part (text, double Get subfield date_part (" hour|'20
timestamp) precision (equivalent to timestamp
extract); see 72001-02-16
Section 9.9.1 20:38:40")
date_part (text, |double Get subfield date_part ('month3,
interval) precision (equivalent to interval ’2
extract); see years 3
Section 9.9.1 months”’ )
date_trunc (text, |timestamp Truncate to date_trunc (' houZG01-02-16
timestamp) specified precision; | t imestamp 20:00:00
see also Section 72001-02-16
99.2 20:38:40")
extract (field double Get subfield; see extract (hour 20
from timestamp) |precision Section 9.9.1 from timestamp
72001-02-16
20:38:40")
extract (field double Get subfield; see extract (month |3
from interval) |precision Section 9.9.1 from interval
"2 years 3
months’)
isfinite (date) boolean Test for finite date |isfinite (date |true
(not +/-infinity) 72001-02-16")
isfinite (timestampboolean Test for finite time |isfinite (timestlampue
stamp (not 72001-02-16
+/—inﬁnity) 21:28:30")
isfinite (interval) boolean Test for finite isfinite (intervadrue
interval "4 hours’)
justify_days (intef¥abterval Adjust interval so | justify_days (intemval 5 days
30-day time '35 days’)
periods are
represented as
months
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Function

Return Type

Description

Example

Result

justify_hours (int

erndvrval

Adjust interval so
24-hour time
periods are
represented as days

Justify_hours (i

27 hours’)

It edara103:00: 00

justify_interval

fimeewna 1

Adjust interval
using
justify_days
and
justify_hours,
with additional
sign adjustments

Justify_interval
1l mon -1

hour’)

12(3 ntasrsra 1
23:00:00

localtime

time

Current time of
day; see Section
994

localtimestamp

timestamp

Current date and
time (start of
current
transaction); see
Section 9.9.4

now ()

timestamp with

time zone

Current date and
time (start of
current
transaction); see
Section 9.9.4

statement_timestsg

mpimestamp with

time zone

Current date and
time (start of
current statement);
see Section 9.9.4

timeofday ()

text

Current date and
time (like
clock_timestamp
but as a text
string); see Section
994

p

transaction_timegd

tampestamp with
time zone

Current date and
time (start of
current
transaction); see
Section 9.9.4

In addition to these functions, the SQL OVERLAPS operator is supported:

(startl,
(startl,

endl)
lengthl)

OVERLAPS

(startz,
OVERLAPS

(start2,

end?2)
length?2)
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This expression yields true when two time periods (defined by their endpoints) overlap, false when they
do not overlap. The endpoints can be specified as pairs of dates, times, or time stamps; or as a date, time,
or time stamp followed by an interval. When a pair of values is provided, either the start or the end can be
written first; OVERLAPS automatically takes the earlier value of the pair as the start. Each time period is
considered to represent the half-open interval start <= time < end, unless start and end are equal in
which case it represents that single time instant. This means for instance that two time periods with only
an endpoint in common do not overlap.

SELECT (DATE "2001-02-16", DATE ’"2001-12-21") OVERLAPS
(DATE "2001-10-30’, DATE ’'2002-10-30");

Result: true

SELECT (DATE ’2001-02-16’, INTERVAL ’100 days’) OVERLAPS
(DATE "2001-10-30’, DATE ’2002-10-30");

Result: false

SELECT (DATE ’2001-10-29", DATE ’2001-10-30") OVERLAPS
(DATE "2001-10-30’, DATE '2001-10-31");

Result: false

SELECT (DATE ’"2001-10-30", DATE ’"2001-10-30") OVERLAPS
(DATE "2001-10-30’, DATE '2001-10-31");

Result: true

When adding an interval value to (or subtracting an interval value from) a timestamp with
time zone value, the days component advances (or decrements) the date of the timestamp with
time zone by the indicated number of days. Across daylight saving time changes (with the session time
zone set to a time zone that recognizes DST), this means interval ’1 day’ does not necessarily
equal interval ’24 hours’. For example, with the session time zone set to CST7CDT, timestamp
with time zone 72005-04-02 12:00-07" + interval ’1 day’ will produce timestamp
with time zone ’2005-04-03 12:00-06’, while adding interval ’24 hours’ to the same
initial timestamp with time zone produces timestamp with time zone ’2005-04-03
13:00-06", as there is a change in daylight saving time at 2005-04-03 02:00 in time zone CST7CDT.

Note there can be ambiguity in the months returned by age because different months have a different
number of days. PostgreSQL’s approach uses the month from the earlier of the two dates when calculating
partial months. For example, age ( 2004-06-01", '2004-04-30") uses Apriltoyield1 mon 1 day,
while using May would yield 1 mon 2 days because May has 31 days, while April has only 30.

9.9.1. EXTRACT, date_part

EXTRACT (field FROM source)

The extract function retrieves subfields such as year or hour from date/time values. source must
be a value expression of type timestamp, time, or interval. (Expressions of type date are cast to
timestamp and can therefore be used as well.) field is an identifier or string that selects what field to
extract from the source value. The extract function returns values of type double precision. The
following are valid field names:

century

The century
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SELECT EXTRACT (CENTURY FROM TIMESTAMP ’'2000-12-16 12:21:13");
Result: 20
SELECT EXTRACT (CENTURY FROM TIMESTAMP ’'2001-02-16 20:38:40");
Result: 21

The first century starts at 0001-01-01 00:00:00 AD, although they did not know it at the time. This
definition applies to all Gregorian calendar countries. There is no century number 0, you go from
-1 century to 1 century. If you disagree with this, please write your complaint to: Pope, Cathedral
Saint-Peter of Roma, Vatican.

PostgreSQL releases before 8.0 did not follow the conventional numbering of centuries, but just
returned the year field divided by 100.

day
The day (of the month) field (1 - 31)

SELECT EXTRACT (DAY FROM TIMESTAMP ’'2001-02-16 20:38:40");
Result: 16

decade

The year field divided by 10

SELECT EXTRACT (DECADE FROM TIMESTAMP ’'2001-02-16 20:38:40");
Result: 200

dow

The day of the week as Sunday(0) to Saturday(6)

SELECT EXTRACT (DOW FROM TIMESTAMP ’2001-02-16 20:38:40");

Result: 5
Note that extract’s day of the week numbering differs from that of the to_char (..., 'D’")
function.

doy
The day of the year (1 - 365/366)

SELECT EXTRACT (DOY FROM TIMESTAMP ’'2001-02-16 20:38:40");
Result: 47

epoch

For date and timestamp values, the number of seconds since 1970-01-01 00:00:00 UTC (can be
negative); for interval values, the total number of seconds in the interval

SELECT EXTRACT (EPOCH FROM TIMESTAMP WITH TIME ZONE ’2001-02-16 20:38:40.12-08");
Result: 982384720.12

SELECT EXTRACT (EPOCH FROM INTERVAL ’'5 days 3 hours’);
Result: 442800

Here is how you can convert an epoch value back to a time stamp:

SELECT TIMESTAMP WITH TIME ZONE ’epoch’ + 982384720.12 » INTERVAL 'l second’;

(The to_timestamp function encapsulates the above conversion.)
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hour

The hour field (0 - 23)

SELECT EXTRACT (HOUR FROM TIMESTAMP ’2001-02-16 20:38:40");
Result: 20

isodow

The day of the week as Monday(1) to Sunday(7)

SELECT EXTRACT (ISODOW FROM TIMESTAMP ’'2001-02-18 20:38:40");
Result: 7

This is identical to dow except for Sunday. This matches the ISO 8601 day of the week numbering.
isoyear
The ISO 8601 year that the date falls in (not applicable to intervals)

SELECT EXTRACT (ISOYEAR FROM DATE ’'2006-01-01");
Result: 2005
SELECT EXTRACT (ISOYEAR FROM DATE ’'2006-01-02");
Result: 2006

Each ISO year begins with the Monday of the week containing the 4th of January, so in early January
or late December the ISO year may be different from the Gregorian year. See the week field for more
information.

This field is not available in PostgreSQL releases prior to 8.3.
microseconds

The seconds field, including fractional parts, multiplied by 1 000 000; note that this includes full
seconds

SELECT EXTRACT (MICROSECONDS FROM TIME ’17:12:28.5");
Result: 28500000

millennium
The millennium

SELECT EXTRACT (MILLENNIUM FROM TIMESTAMP ’2001-02-16 20:38:40");
Result: 3

Years in the 1900s are in the second millennium. The third millennium started January 1, 2001.

PostgreSQL releases before 8.0 did not follow the conventional numbering of millennia, but just
returned the year field divided by 1000.

milliseconds

The seconds field, including fractional parts, multiplied by 1000. Note that this includes full seconds.

SELECT EXTRACT (MILLISECONDS FROM TIME ’17:12:28.5");
Result: 28500

minute

The minutes field (0 - 59)

SELECT EXTRACT (MINUTE FROM TIMESTAMP ’2001-02-16 20:38:40");
Result: 38
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month

For t imestamp values, the number of the month within the year (1 - 12) ; for interval values the
number of months, modulo 12 (0 - 11)

SELECT EXTRACT (MONTH FROM TIMESTAMP ’2001-02-16 20:38:40");
Result: 2

SELECT EXTRACT (MONTH FROM INTERVAL ’'2 years 3 months’);
Result: 3

SELECT EXTRACT (MONTH FROM INTERVAL ’2 years 13 months’);
Result: 1

quarter
The quarter of the year (1 - 4) that the date is in

SELECT EXTRACT (QUARTER FROM TIMESTAMP ’'2001-02-16 20:38:40");
Result: 1

second
The seconds field, including fractional parts (0 - 59")
SELECT EXTRACT (SECOND FROM TIMESTAMP ’2001-02-16 20:38:40");
Result: 40
SELECT EXTRACT (SECOND FROM TIME ’17:12:28.5");
Result: 28.5

timezone

The time zone offset from UTC, measured in seconds. Positive values correspond to time zones east
of UTC, negative values to zones west of UTC.

timezone_hour

The hour component of the time zone offset
timezone_minute

The minute component of the time zone offset

week

The number of the week of the year that the day is in. By definition (ISO 8601), weeks start on
Mondays and the first week of a year contains January 4 of that year. In other words, the first Thursday
of a year is in week 1 of that year.

In the ISO definition, it is possible for early-January dates to be part of the 52nd or 53rd week of the
previous year, and for late-December dates to be part of the first week of the next year. For example,
2005-01-01 is part of the 53rd week of year 2004, and 2006-01-01 is part of the 52nd week of year
2005, while 2012-12-31 is part of the first week of 2013. It’s recommended to use the isoyear
field together with week to get consistent results.

SELECT EXTRACT (WEEK FROM TIMESTAMP ’2001-02-16 20:38:40");
Result: 7

60 if leap seconds are implemented by the operating system
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year

The year field. Keep in mind there is no 0 AD, so subtracting BC years from AD years should be done
with care.

SELECT EXTRACT (YEAR FROM TIMESTAMP ’2001-02-16 20:38:40");
Result: 2001

The extract function is primarily intended for computational processing. For formatting date/time val-
ues for display, see Section 9.8.

The date_part function is modeled on the traditional Ingres equivalent to the SQL-standard function

extract:
date_part (' field’, source)

Note that here the rfield parameter needs to be a string value, not a name. The valid field names for
date_part are the same as for extract.

SELECT date_part (’day’, TIMESTAMP ’2001-02-16 20:38:40");
Result: 16

SELECT date_part ("hour’, INTERVAL "4 hours 3 minutes’);
Result: 4

9.9.2. date_trunc

The function date_trunc is conceptually similar to the t runc function for numbers.

date_trunc (’ field’, source)

source is a value expression of type t imestamp or interval. (Values of type date and time are cast
automatically to t imestamp or interval, respectively.) £ield selects to which precision to truncate the
input value. The return value is of type timestamp or interval with all fields that are less significant
than the selected one set to zero (or one, for day and month).

Valid values for field are:

microseconds
milliseconds
second
minute

hour

day

week

month
quarter

year

decade

century
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millennium

Examples:

SELECT date_trunc(’hour’, TIMESTAMP ’2001-02-16 20:38:407);
Result: 2001-02-16 20:00:00

SELECT date_trunc(’year’, TIMESTAMP ’'2001-02-16 20:38:40");
Result: 2001-01-01 00:00:00

9.9.3. AT TIME ZONE

The AT TIME ZONE construct allows conversions of time stamps to different time zones. Table 9-28
shows its variants.

Table 9-28. AT TIME ZONE Variants

Expression Return Type Description

timestamp without time zone |timestamp with time zone |Treat given time stamp without
AT TIME ZONE zone time zone as located in the
specified time zone

timestamp with time zone timestamp without time Convert given time stamp with
AT TIME ZONE zone zone time zone to the new time zone,
with no time zone designation

time with time zone AT time with time zone Convert given time with time
TIME ZONE zone zone to the new time zone

In these expressions, the desired time zone zone can be specified either as a text string (e.g., " PST’) or
as an interval (e.g., INTERVAL ’-08:00"). In the text case, a time zone name can be specified in any of
the ways described in Section 8.5.3.

Examples (assuming the local time zone is PST8PDT):

SELECT TIMESTAMP ’2001-02-16 20:38:40’" AT TIME ZONE ’MST’;
Result: 2001-02-16 19:38:40-08

SELECT TIMESTAMP WITH TIME ZONE ’2001-02-16 20:38:40-05" AT TIME ZONE ’'MST’;
Result: 2001-02-16 18:38:40

The first example takes a time stamp without time zone and interprets it as MST time (UTC-7), which
is then converted to PST (UTC-8) for display. The second example takes a time stamp specified in EST
(UTC-5) and converts it to local time in MST (UTC-7).

The function timezone (zone, timestamp) is equivalent to the SQL-conforming construct timestamp
AT TIME ZONE zone.
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9.9.4. Current Date/Time

PostgreSQL provides a number of functions that return values related to the current date and time. These
SQL-standard functions all return values based on the start time of the current transaction:

CURRENT_DATE

CURRENT_TIME
CURRENT_TIMESTAMP
CURRENT_TIME (precision)
CURRENT_TIMESTAMP (precision)
LOCALTIME

LOCALTIMESTAMP

LOCALTIME (precision)
LOCALTIMESTAMP (precision)

CURRENT_TIME and CURRENT_TIMESTAMP deliver values with time zone; LOCALTIME and
LOCALTIMESTAMP deliver values without time zone.

CURRENT_TIME, CURRENT_TIMESTAMP, LOCALTIME, and LOCALTIMESTAMP can optionally take a pre-
cision parameter, which causes the result to be rounded to that many fractional digits in the seconds field.
Without a precision parameter, the result is given to the full available precision.

Some examples:

SELECT CURRENT_TIME;
Result: 14:39:53.662522-05

SELECT CURRENT_DATE;
Result: 2001-12-23

SELECT CURRENT_TIMESTAMP;
Result: 2001-12-23 14:39:53.662522-05

SELECT CURRENT_TIMESTAMP (2) ;
Result: 2001-12-23 14:39:53.66-05

SELECT LOCALTIMESTAMP;
Result: 2001-12-23 14:39:53.662522

Since these functions return the start time of the current transaction, their values do not change during
the transaction. This is considered a feature: the intent is to allow a single transaction to have a consistent
notion of the “current” time, so that multiple modifications within the same transaction bear the same time
stamp.

Note: Other database systems might advance these values more frequently.

PostgreSQL also provides functions that return the start time of the current statement, as well as the actual
current time at the instant the function is called. The complete list of non-SQL-standard time functions is:
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transaction_timestamp ()
statement_timestamp ()
clock_timestamp ()
timeofday ()

now ()

transaction_timestamp () is equivalent to CURRENT_ TIMESTAMP, but is named to clearly reflect
what it returns. statement_timestamp () returns the start time of the current statement (more specif-
ically, the time of receipt of the latest command message from the client). statement_timestamp ()
and transaction_timestamp () return the same value during the first command of a transaction,
but might differ during subsequent commands. clock_timestamp () returns the actual current time,
and therefore its value changes even within a single SQL command. timeofday () is a historical Post-
greSQL function. Like clock_timestamp (), it returns the actual current time, but as a formatted text
string rather than a timestamp with time zone value. now () is a traditional PostgreSQL equivalent
to transaction_timestamp ().

All the date/time data types also accept the special literal value now to specify the current date and time
(again, interpreted as the transaction start time). Thus, the following three all return the same result:

SELECT CURRENT_TIMESTAMP;
SELECT now () ;
SELECT TIMESTAMP ’'now’; —-- incorrect for use with DEFAULT

Tip: You do not want to use the third form when specifying a pErauLT clause while creating a table.
The system will convert now to a timestamp as soon as the constant is parsed, so that when the
default value is needed, the time of the table creation would be used! The first two forms will not
be evaluated until the default value is used, because they are function calls. Thus they will give the
desired behavior of defaulting to the time of row insertion.

9.9.5. Delaying Execution
The following function is available to delay execution of the server process:

pg_sleep (seconds)

pg_sleep makes the current session’s process sleep until seconds seconds have elapsed. seconds is a
value of type double precision, so fractional-second delays can be specified. For example:

SELECT pg_sleep(1l.5);

Note: The effective resolution of the sleep interval is platform-specific; 0.01 seconds is a common
value. The sleep delay will be at least as long as specified. It might be longer depending on factors
such as server load.
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Warning

Make sure that your session does not hold more locks than necessary when calling
pg_sleep. Otherwise other sessions might have to wait for your sleeping process,
slowing down the entire system.

9.10. Enum Support Functions

For enum types (described in Section 8.7), there are several functions that allow cleaner programming
without hard-coding particular values of an enum type. These are listed in Table 9-29. The examples
assume an enum type created as:

CREATE TYPE rainbow AS ENUM

(" red’,

Table 9-29. Enum Support Functions

"orange’,

'yellow’,

"green’,

"blue’,

Function

Description

Example

Example Result

enum_first (anyenum)

Returns the first value of
the input enum type

enum_first (null::rg

dmdabw)

enum_last (anyenum)

Returns the last value of
the input enum type

enum_last (null::rai

moowple

enum_range (anyenum)

Returns all values of the
input enum type in an
ordered array

enum_range (null: :ra

iftbemiy)orange, yellow,

enum_range (anyenum,

anyenum)

Returns the range
between the two given
enum values, as an
ordered array. The
values must be from the
same enum type. If the
first parameter is null,
the result will start with
the first value of the
enum type. If the second
parameter is null, the
result will end with the
last value of the enum

type.

enum_range (' orange’

"green’ : :rainbow)

H{:arairdEw,e 1 1low, gree

enum_range (NULL,

"green’ : :rainbow)

{red, orange, yellow,

enum_range (' orange’
NULL)

H{:areirdEow,e 1 1ow, gree
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Notice that except for the two-argument form of enum_range, these functions disregard the specific value
passed to them; they care only about its declared data type. Either null or a specific value of the type can
be passed, with the same result. It is more common to apply these functions to a table column or function
argument than to a hardwired type name as suggested by the examples.

9.11. Geometric Functions and Operators

The geometric types point, box, 1seg, line, path, polygon, and circle have a large set of native
support functions and operators, shown in Table 9-30, Table 9-31, and Table 9-32.

Caution

Note that the “same as” operator, ~=, represents the usual notion of equality for the
point, box, polygon, and circle types. Some of these types also have an = op-
erator, but = compares for equal areas only. The other scalar comparison operators
(<= and so on) likewise compare areas for these types.

Table 9-30. Geometric Operators

Operator Description Example

+ Translation box " ((0,0), (1,1))’ +
point ’(2.0,0)’

- Translation box ' ((0,0),(1,1))" -
point ' (2.0,0)’

* Scaling/rotation box ' ((0,0),(1,1))" =
point ' (2.0,0)’

/ Scaling/rotation box ' ((0,0),(2,2))" /
point ’ (2.0,0)’

# Point or box of intersection T((1,-1), (-1,1))" #
" ((1,1),(-1,-1))"

# Number of points in path or # 7((1,0),(0,1),(-1,0))"
polygon

@-@ Length or circumference @-@ path " ((0,0), (1,0))"

Qe Center @@ circle ' ((0,0),10)"

## Closest point to first operand on | point ’ (0,0)’ ## lseg
second operand " ((2,0),(0,2))"

<-> Distance between circle 7 ((0,0),1)" <->

circle ' ((5,0),1)"

&& Overlaps? (One point in common |box ’ ((0,0), (1,1))’ &&
makes this true.) box ' ((0,0),(2,2))’
<< Is strictly left of? circle 7 ((0,0),1)" <<

circle " ((5,0),1)"
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Operator Description Example

>> Is strictly right of? circle 7 ((5,0),1)" >>
circle " ((0,0),1)’

&< Does not extend to the right of? |box ’ ((0,0), (1,1))’ &<
box " ((0,0), (2,2))"

&> Does not extend to the left of? box ’ ((0,0), (3,3))" &>
box " ((0,0), (2,2))"

<< Is strictly below? box ' ((0,0),(3,3))" <<|
box " ((3,4), (5,5))"

[>> Is strictly above? box ' ((3,4),(5,5))" [>>
box " ((0,0), (3,3))’

&< | Does not extend above? box ' ((0,0), (1,1))’ &<|
box " ((0,0), (2,2))"

| &> Does not extend below? box ' ((0,0), (3,3))" |&>
box " ((0,0), (2,2))"

<A Is below (allows touching)? circle 7 ((0,0),1)" <»
circle 7 ((0,5),1)"

>n Is above (allows touching)? circle 7 ((0,5),1)" >"
circle " ((0,0),1)"

24 Intersects? lseg " ((-1,0),(1,0))" 2#
box " ((-2,-2),(2,2))"’

?- Is horizontal? ?— lseg ' ((-1,0), (1,0))"

?- Are horizontally aligned? point ' (1,0)’ 2- point
" (0,0)’

2] Is vertical? ?] lseg ' ((-1,0),(1,0))’

2| Are vertically aligned? point ’ (0,1)’ 2| point
' (0,0)"

?2- Is perpendicular? lseg ' ((0,0),(0,1))" 2-
lseg ' ((0,0),(1,0))"

211 Are parallel? lseg 7 ((=1,0),(1,0))"
?1] lseg
f((=1,2),(1,2))"

@a> Contains? circle 7 ((0,0),2)" @>
point " (1,1)’

<@ Contained in or on? point 7 (1,1)’ <@ circle

" ((0,0),2)"

Same as?

polygon ’ ((0,0), (1,1))’
~= polygon
" ((1,1),(0,0))"

Note: Before PostgreSQL 8.2, the containment operators @¢> and <@ were respectively called ~ and
e. These names are still available, but are deprecated and will eventually be removed.
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Function Return Type Description Example
area (object) double precision area area (box

" ((0,0),(1,1))")
center (object) point center center (box

" ((0,0),(1,2))")

diameter (circle)

double precision

diameter of circle

diameter (circle
" ((0,0),2.0)")

height (box)

double precision

vertical size of box

height (box
" ((0,0),(1,1))")

isclosed (path) boolean a closed path? isclosed (path
" ((0,0),(1,1),(2,0)
isopen (path) boolean an open path? isopen (path

"1(0,0),(1,1),(2,0)

length (object)

double precision

length

length (path
" ((=1,0),(1,0))")

npoints (path) int number of points npoints (path
"[(0,0),(1,1),(2,0)
npoints (polygon) int number of points npoints (polygon
" ((1,1),(0,0))")
pclose (path) path convert path to closed pclose (path
"1(0,0),(1,1),(2,0)
popen (path) path convert path to open popen (path

"((0,0),(1,1),(2,0)

radius (circle)

double precision

radius of circle

radius (circle
" ((0,0),2.0)")

width (box)

double precision

horizontal size of box

width (box
" ((0,0),(1,1))")

Table 9-32. Geometric Type Conversion Functions

Function Return Type Description Example

box (circle) box circle to box box (circle
’((0,0),2.0)")

box (point, point) box points to box box (point ’ (0,0)’,

point " (1,1)")
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Function Return Type Description Example
box (polygon) box polygon to box box (polygon
"((0,0),(1,1),(2,0)
circle (box) circle box to circle circle (box
" ((0,0),(1,1))")
circle (point, double |circle center and radius to circle (point
precision) circle ’(0,0)", 2.0)
circle (polygon) circle polygon to circle circle (polygon
"((0,0),(1,1),(2,0)
1seqg (box) lseg box diagonal to line lseqg (box
segment " ((-1,0),(1,0))")
lseg (point, point) lseg points to line segment lseg (point
"(-1,0)’, point
"(1,0)")
path (polygon) path polygon to path path (polygon
"((0,0),(1,1),(2,0)
point (double point construct point point (23.4, -44.5)
precision, double
precision)
point (box) point center of box point (box
" ((=1,0),(1,0))")
point (circle) point center of circle point (circle
"((0,0),2.0)")
point (1seq) point center of line segment point (lseg
" ((=1,0),(1,0))")
point (polygon) point center of polygon point (polygon
"((0,0),(1,1),(2,0)
polygon (box) polygon box to 4-point polygon |polygon (box
" ((0,0),(1,1))")
polygon (circle) polygon circle to 12-point polygon (circle
polygon " ((0,0),2.0)")
polygon (npts, circle) |polygon circle to npt s-point polygon (12, circle
polygon ’((0,0),2.0)")
polygon (path) polygon path to polygon polygon (path

" ((0,0),(1,1),(2,0)

It is possible to access the two component numbers of a point as though the point were an array with
indexes 0 and 1. For example, if t.p is a point column then SELECT p[0] FROM t retrieves the X
coordinate and UPDATE t SET p[l] =
box or 1seg can be treated as an array of two point values.

. . . changes the Y coordinate. In the same way, a value of type
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The area function works for the types box, circle, and path. The area function only
works on the path data type if the points in the path are non-intersecting. For example,
the path 7 ((0,0),(0,1),(2,1),(2,2),(1,2),(1,0), (0,0))"::PATH
will not work; however, the following visually identical path
" ((0,0),(0,1),(1,1),(1,2),(2,2),(2,1),(1,1),(1,0),(0,0))’::PATH

will work. If the concept of an intersecting versus non-intersecting path is confusing, draw both of the
above paths side by side on a piece of graph paper.

9.12. Network Address Functions and Operators

Table 9-33 shows the operators available for the cidr and inet types. The operators <<, <<=, >>, and
>>= test for subnet inclusion. They consider only the network parts of the two addresses (ignoring any
host part) and determine whether one network is identical to or a subnet of the other.

Table 9-33. cidr and inet Operators

Operator Description Example

< is less than inet 7192.168.1.5" <
inet 7192.168.1.6'

<= is less than or equal inet 7192.168.1.5" <=
inet 7192.168.1.5'

= equals inet ’192.168.1.5" =
inet 7192.168.1.5'

>= is greater or equal inet 7192.168.1.5" >=
inet 7192.168.1.5'

> is greater than inet 7192.168.1.5" >
inet 7192.168.1.4'

<> is not equal inet 7192.168.1.5" <>
inet ’192.168.1.4’

<< is contained within inet 7192.168.1.5" <<
inet 7192.168.1/24"

<<= is contained within or equals inet 7192.168.1/24' <<=
inet ’192.168.1/24'

>> contains inet 7192.168.1/24" >>
inet 7192.168.1.5'

>>= contains or equals inet 7192.168.1/24" >>=
inet 7192.168.1/24'

~ bitwise NOT ~ inet ’192.168.1.6'

& bitwise AND inet 7192.168.1.6" &
inet 70.0.0.255’

bitwise OR inet 7192.168.1.6" |

inet 70.0.0.255’

+ addition inet ’192.168.1.6" + 25
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Operator Description Example

- subtraction inet ’192.168.1.43" - 36

- subtraction inet 7192.168.1.43" -
inet 7192.168.1.19’

Table 9-34 shows the functions available for use with the cidr and inet types. The abbrev, host, and
text functions are primarily intended to offer alternative display formats.

Table 9-34. cidr and inet Functions

Function Return Type Description Example Result

abbrev (inet) text abbreviated display | abbrev (inet 10.1.0.0/16
format as text 710.1.0.0/16")

abbrev (cidr) text abbreviated display | abbrev (cidr 10.1/16
format as text ’10.1.0.0/16")

broadcast (inet) |inet broadcast address |broadcast (' 192.[116%. 1165 24/255/2
for network

family (inet) int extract family of family (’::17) 6
address; 4 for
IPv4, 6 for IPv6

host (inet) text extract IP address |host (7192.168.1|.5924768.1.5
as text

hostmask (inet) inet construct host hostmask (1192.1/68..230.29/30")
mask for network

masklen (inet) int extract netmask masklen(’192.168&4.5/24")
length

netmask (inet) inet construct netmask |netmask (/' 192.168.35 5/2%./255.0
for network

network (inet) cidr extract network network (192.168L92. 5/@81’).0/24
part of address

set_masklen (inet,|inet set netmask length | set_masklen (’ 192L9%8.48 5/2%/16

int) for inet value 16)

set_masklen (cidr,| cidr set netmask length | set_masklen (’ 192L9%8L.68 0020/ 1:G q

int) for cidr value 16)

text (inet) text extract IP address |text (inet 192.168.1.5/32

and netmask length
as text

7192.168.1.5")

Any cidr value can be cast to inet implicitly or explicitly; therefore, the functions shown above as
operating on inet also work on cidr values. (Where there are separate functions for inet and cidr, it
is because the behavior should be different for the two cases.) Also, it is permitted to cast an inet value
to cidr. When this is done, any bits to the right of the netmask are silently zeroed to create a valid cidr
value. In addition, you can cast a text value to inet or cidr using normal casting syntax: for example,

inet (expression) Or colname: :cidr.

Table 9-35 shows the functions available for use with the macaddr type. The function trunc (macaddr)

220

idr,



Chapter 9. Functions and Operators

returns a MAC address with the last 3 bytes set to zero. This can be used to associate the remaining prefix

with a manufacturer.

Table 9-35. macaddr Functions

Function

Return Type Description

Example

Result

trunc (macaddr)

macaddr set last 3 bytes to

Z€10

trunc (macaddr
712:34:56:78:90

12:34:56:00:00:
rab’)

The macaddr type also supports the standard relational operators (>, <=, etc.) for lexicographical order-

ing.

9.13. Text Search Functions and Operators

Table 9-36, Table 9-37 and Table 9-38 summarize the functions and operators that are provided for full
text searching. See Chapter 12 for a detailed explanation of PostgreSQL’s text search facility.

Table 9-36. Text Search Operators

Operator Description Example Result
Q@ t svector matches to_tsvector (' fat t
tsquery ? cats ate rats’) Q@
to_tsquery (’cat &
rat’)
eee deprecated synonym for |to_tsvector (’ fat t
@@ cats ate rats’)
@ee
to_tsquery (’'cat &
rat’)
| concatenate tsvectors |’a:1 ra’:1 "b":2,5
b:2"::tsvector || e’ :3 7d’ 4
fc:l d:2
b:3’::tsvector
&6& AND tsquerys fat | ( "fat’ | ’"rat’ )
together rat’ ::tsquery && & ’cat’
"cat’ ::tsquery
I OR tsquerys together |’ fat | ( "fat’ | ’'rat’ )
rat’ ::tsquery || | "cat’
fcat’ ::tsquery
1! negate a t squery 'l 'cat’::tsquery 17 cat’
Q> tsquery contains "cat’ ::tsquery @> |f

another ?

"cat &

rat’ ::tsquery
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Operator

Description

Example

Result

<@

?

tsquery is contained in

'cat &

"cat’ ::tsquery <@

rat’ ::tsquery

t

Note: The tsquery containment operators consider only the lexemes listed in the two queries, ignor-
ing the combining operators.

In addition to the operators shown in the table, the ordinary B-tree comparison operators (=, <, etc) are
defined for types tsvector and tsquery. These are not very useful for text searching but allow, for
example, unique indexes to be built on columns of these types.

Table 9-37. Text Search Functions

Function Return Type Description Example Result
to_tsvector ([ tsvector reduce document to_tsvector (/ englfisth” ;2
config regconfig text to tsvector "The Fat "rat’ :3
, 1 document Rats’)
text)
length (tsvector) |integer number of lexemes | length (’ fat:2, 4|3
in tsvector cat:3
rat:5A’ : :tsvectlor)
setweight (tsvectortsvector assign weight to setweight (' fat:[2,dat’ : 3A
"char™) each element of cat:3 " fat’ :2A, 4A
tsvector rat :5B’ : :tsvectidmat’ : 5A
3
strip (tsvector) tsvector remove pOSitionS strip(’fat:2,4 |’cat’ ’'fat’
and weights from |cat:3 "rat’
tsvector rat:5A’ : :tsvectlor)
to_tsquery ([ tsquery normalize words to_tsquery (’ engll'ifsdt’’, & ’rat’
config regconfig and convert to "The & Fat &
, 1 query text) tsquery Rats’)
plainto_tsquery ([ tsquery produce tsquery |plainto_tsquery|(”&aglish’at”’
config regconfig ignoring "The Fat
, 1 query text) punctuation Rats’)
numnode (tsquery) |integer number of lexemes | numnode (’ (fat |5
plus operators in & rat) |
tsquery cat’ ::tsquery)
querytree (query |text get indexable part | querytree (' foo |’ foo’
tsquery) of a tsquery & !
bar’ ::tsquery)
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Function Return Type Description Example Result
ts_rank ([ float4 rank document for |ts_rank (textsealr®h318
weights float4l[], query query)
1 vector
tsvector, query
tsquery [,
normalization
integer 1)
ts_rank_cd ([ float4 rank document for |ts_rank_cd(’ {0.[15.01317
weights floatdl[], query using cover 0.2, 0.4,
] vector density 1.0}y,
tsvector, query textsearch,
tsquery [, query)
normalization
integer 1)
ts_headline ([ text display a query ts_headline(’'x |x y <b>z</b>
config regconfig, match y z’,
] document text, 'z’ ::tsquery)
query tsquery [,
options text ])
ts_rewrite (query |tsquery replace target with |ts_rewrite(’a |’b’ & ( 'foo’
tsquery, target substitute within & b’ ::tsquery, || "bar’ )
tsquery, query "a’ i :tsquery,
substitute "foolbar’ ::tsquery)
tsquery)
ts_rewrite (query |tsquery replace using SELECT b’ & ( 'foo’
tsquery, select targets and ts_rewrite(’a | "bar’ )
text) substitutes froma |& b’ ::tsquery,

SELECT command |’SELECT t,s

FROM aliases’)

get_current_ts_cqmiEgqonfig get default text get_current_ts_lceamdliish

search
configuration

tsvector_update_{

bsiieisclulYa

trigger function for
automatic
tsvector column
update

CREATE TRIGGER

tsvector_update
"pg_catalog.swe
title, body)

| trigger (tsvcol)
dish’,

tsvector_update_t

tihggerolumn ()

trigger function for
automatic
tsvector column
update

CREATE TRIGGER

tsvector_update
configcol,
title, body)

| trigger_column

Note: All the text search functions that accept an optional regconfig argument will use the configu-
ration specified by default_text_search_config when that argument is omitted.
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The functions in Table 9-38 are listed separately because they are not usually used in everyday text search-
ing operations. They are helpful for development and debugging of new text search configurations.

Table 9-38. Text Search Debugging Functions

Function

Return Type

Description

Example

Result

ts_debug ([
config regconfig,
] document text,
OUT alias text,
OUT description
text, OUT token
text, OUT
dictionaries
regdictionaryl[],
OUT dictionary
regdictionary,

OUT lexemes

text[])

setof record

test a configuration

ts_debug (’engli
’The Brightest

supernovaes’)

stdsciiword, "Wor
all
ASCII", The, {end

d,

lish_stem}, en

ts_lexize (dict
regdictionary,

token text)

text[]

test a dictionary

ts_lexize ("engl

’stars’)

idtestlem’,

ts_parse (parser_njg
text, document
OUT tokid

ouT

text,
integer,

token text)

metof record

test a parser

ts_parse ('defau

"foo - bar’)

Ler,foo)

ts_parse (parser._ol
oid, document
text, OUT tokid
integer, OUT

token text)

gsetof record

test a parser

ts_parse (3722,

"foo - bar’)

(1, foo)

ts_token_type (par
text, OUT tokid
integer, OUT
alias text, OUT

description text)

seetimferecord

get token types
defined by parser

ts_token_type ('

delfaadday )word, "W
all ASCII")

ord,

ts_token_type (par
OUT tokid
ouT

OouT

oid,
integer,
alias text,

description text)

seetafi record

get token types
defined by parser

ts_token_type (3

7¢P)asciiword, "W
all ASCII")

ord,
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Function Return Type Description Example Result
ts_stat (sqlquery |setof record get statistics of a ts_stat (' SELECT| (foo,10,15)
text, [ weights tsvector column |vector from

text, ] OUT word apod’)

text, OUT ndoc

integer, OUT

nentry integer)

9.14. XML Functions

The functions and function-like expressions described in this section operate on values of type xml.
Check Section 8.13 for information about the xm1 type. The function-like expressions xmlparse and
xmlserialize for converting to and from type xml are not repeated here. Use of many of these func-
tions requires the installation to have been built with configure --with-libxml.

9.14.1. Producing XML Content

A set of functions and function-like expressions are available for producing XML content from SQL data.
As such, they are particularly suitable for formatting query results into XML documents for processing in
client applications.

9.14.1.1. xmlcomment

xmlcomment (text)

The function xmlcomment creates an XML value containing an XML comment with the specified text
as content. The text cannot contain “~-" or end with a “-” so that the resulting construct is a valid XML
comment. If the argument is null, the result is null.

Example:

SELECT xmlcomment ("hello’);
xmlcomment

<!--hello——>

9.14.1.2. xmlconcat

xmlconcat (xmlI[, ...])

The function xm1lconcat concatenates a list of individual XML values to create a single value containing
an XML content fragment. Null values are omitted; the result is only null if there are no nonnull arguments.
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Example:

SELECT xmlconcat (' <abc/>", ’'<bar>foo</bar>’);

xmlconcat

<abc/><bar>foo</bar>

XML declarations, if present, are combined as follows. If all argument values have the same XML version
declaration, that version is used in the result, else no version is used. If all argument values have the
standalone declaration value “yes”, then that value is used in the result. If all argument values have a
standalone declaration value and at least one is “no”, then that is used in the result. Else the result will
have no standalone declaration. If the result is determined to require a standalone declaration but no
version declaration, a version declaration with version 1.0 will be used because XML requires an XML
declaration to contain a version declaration. Encoding declarations are ignored and removed in all cases.

Example:
SELECT xmlconcat (' <?xml version="1.1"?><foo/>’, ’<?xml version="1.1" standalone="no"?><bar/
xmlconcat

<?xml version="1.1"?><foo/><bar/>

9.14.1.3. xmlelement

xmlelement (name name [, xmlattributes (value [AS attname] [, ... 1)1 [, content, ...])

The xmlelement expression produces an XML element with the given name, attributes, and content.

Examples:

SELECT xmlelement (name foo);
xmlelement
SELECT xmlelement (name foo, xmlattributes(’xyz’ as bar));
xmlelement
<foo bar—"xyzt/>
SELECT xmlelement (name foo, xmlattributes (current_date as bar), ’'cont’, ’'ent’);
xmlelement

<foo bar="2007-01-26">content</foo>
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Element and attribute names that are not valid XML names are escaped by replacing the offending charac-
ters by the sequence _xHHHH_, where HHHH is the character’s Unicode codepoint in hexadecimal notation.
For example:

SELECT xmlelement (name "foo$bar", xmlattributes (’xyz’ as "a&b"));

xmlelement

<foo_x0024_bar a_x0026_b="xyz"/>

An explicit attribute name need not be specified if the attribute value is a column reference, in which case
the column’s name will be used as the attribute name by default. In other cases, the attribute must be given
an explicit name. So this example is valid:

CREATE TABLE test (a xml, b xml);
SELECT xmlelement (name test, xmlattributes(a, b)) FROM test;

But these are not:

SELECT xmlelement (name test, xmlattributes(’constant’), a, b) FROM test;
SELECT xmlelement (name test, xmlattributes (func(a, b))) FROM test;

Element content, if specified, will be formatted according to its data type. If the content is itself of type
xml, complex XML documents can be constructed. For example:

SELECT xmlelement (name foo, xmlattributes(’xyz’ as bar),
xmlelement (name abc),
xmlcomment (" test’),
xmlelement (name xyz));

xmlelement

<foo bar="xyz"><abc/><!--test--><xyz/></foo>

Content of other types will be formatted into valid XML character data. This means in particular that the
characters <, >, and & will be converted to entities. Binary data (data type bytea) will be represented in
base64 or hex encoding, depending on the setting of the configuration parameter xmlbinary. The particular
behavior for individual data types is expected to evolve in order to align the SQL and PostgreSQL data
types with the XML Schema specification, at which point a more precise description will appear.

9.14.1.4. xmlforest

xmlforest (content [AS name] [, ...])

The xm1forest expression produces an XML forest (sequence) of elements using the given names and
content.
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Examples:

SELECT xmlforest ("abc’ AS foo, 123 AS bar);

xmlforest

<foo>abc</foo><bar>123</bar>

SELECT xmlforest (table_name, column_name)
FROM information_schema.columns
WHERE table_schema = "pg_catalog’;

xmlforest

<table_name>pg_authid</table_name><column_name>rolname</column_name>
<table_name>pg_authid</table_name><column_name>rolsuper</column_name>

As seen in the second example, the element name can be omitted if the content value is a column reference,
in which case the column name is used by default. Otherwise, a name must be specified.

Element names that are not valid XML names are escaped as shown for xmlelement above. Similarly,
content data is escaped to make valid XML content, unless it is already of type xm1.

Note that XML forests are not valid XML documents if they consist of more than one element, so it might
be useful to wrap xmlforest expressions in xmlelement.

9.14.1.5. xmlpi

xmlpi (name target [, content])

The xm1pi expression creates an XML processing instruction. The content, if present, must not contain
the character sequence 2>.

Example:

SELECT xmlpi (name php, ’"echo "hello world";’);

<?php echo "hello world";?>

9.14.1.6. xmlroot

xmlroot (xml, version text | no value [, standalone yes|no|no value])
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The xmlroot expression alters the properties of the root node of an XML value. If a version is specified,
it replaces the value in the root node’s version declaration; if a standalone setting is specified, it replaces
the value in the root node’s standalone declaration.

SELECT xmlroot (xmlparse (document ’<?xml version="1.1"?><content>abc</content>’),
version ’1.0’, standalone yes);

xmlroot

<?xml version="1.0" standalone="yes"?>
<content>abc</content>

9.14.1.7. xmlagg

xmlagg (xml)

The function xmlagg is, unlike the other functions described here, an aggregate function. It concatenates
the input values to the aggregate function call, much like xm1concat does, except that concatenation oc-
curs across rows rather than across expressions in a single row. See Section 9.18 for additional information
about aggregate functions.

Example:

CREATE TABLE test (y int, x xml);
INSERT INTO test VALUES (1, ’'<foo>abc</foo>');
INSERT INTO test VALUES (2, ’'<bar/>');
SELECT xmlagg(x) FROM test;
xmlagg

<foo>abc</foo><bar/>

To determine the order of the concatenation, an ORDER BY clause may be added to the aggregate call as
described in Section 4.2.7. For example:

SELECT xmlagg(x ORDER BY y DESC) FROM test;
xmlagg

<bar/><foo>abc</foo>

The following non-standard approach used to be recommended in previous versions, and may still be
useful in specific cases:

SELECT xmlagg(x) FROM (SELECT x FROM test ORDER BY y DESC) AS tab;
xmlagg

<bar/><foo>abc</foo>
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9.14.1.8. XML Predicates

xml IS DOCUMENT

The expression IS DOCUMENT returns true if the argument XML value is a proper XML document, false
if it is not (that is, it is a content fragment), or null if the argument is null. See Section 8.13 about the
difference between documents and content fragments.

9.14.2. Processing XML

To process values of data type xm1, PostgreSQL offers the function xpath, which evaluates XPath 1.0
expressions.

xpath (xpath, xml[, nsarray])
The function xpath evaluates the XPath expression xpath against the XML value xm1. It returns an array
of XML values corresponding to the node set produced by the XPath expression.

The second argument must be a well formed XML document. In particular, it must have a single root node
element.

The third argument of the function is an array of namespace mappings. This array should be a two-
dimensional array with the length of the second axis being equal to 2 (i.e., it should be an array of arrays,
each of which consists of exactly 2 elements). The first element of each array entry is the namespace name
(alias), the second the namespace URL. It is not required that aliases provided in this array are the same
that those being used in the XML document itself (in other words, both in the XML document and in the
xpath function context, aliases are local).

Example:

SELECT xpath (’//my:a/text()’, ’'<my:a xmlns:my="http://example.com">test</my:a>’,
ARRAY [ARRAY ['my’, ’'http://example.com’]1]);

How to deal with default (anonymous) namespaces:

SELECT xpath(’//mydefns:b/text()’, ’'<a xmlns="http://example.com"><b>test</b></a>’,
ARRAY [ARRAY ['mydefns’, ’"http://example.com’]]);
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9.14.3. Mapping Tables to XML

The following functions map the contents of relational tables to XML values. They can be thought of as
XML export functionality:

table_to_xml (tbl regclass, nulls boolean, tableforest boolean, targetns text)
query_to_xml (query text, nulls boolean, tableforest boolean, targetns text)
cursor_to_xml (cursor refcursor, count int, nulls boolean,

tableforest boolean, targetns text)

The return type of each function is xm1.

table_to_xml maps the content of the named table, passed as parameter tbl. The regclass type
accepts strings identifying tables using the usual notation, including optional schema qualifications and
double quotes. query_to_xml executes the query whose text is passed as parameter query and maps
the result set. cursor_to_xml fetches the indicated number of rows from the cursor specified by the
parameter cursor. This variant is recommended if large tables have to be mapped, because the result
value is built up in memory by each function.

If tableforest is false, then the resulting XML document looks like this:
<tablename>
<row>
<columnnamel>data</columnnamel>
<columnname2>data</columnname2>
</row>

<row>

</row>

</tablename>
If tableforest is true, the result is an XML content fragment that looks like this:
<tablename>
<columnnamel>data</columnnamel>
<columnname2>data</columnname?2>
</tablename>

<tablename>

</tablename>

If no table name is available, that is, when mapping a query or a cursor, the string table is used in the
first format, row in the second format.
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The choice between these formats is up to the user. The first format is a proper XML document, which will
be important in many applications. The second format tends to be more useful in the cursor_to_xml
function if the result values are to be reassembled into one document later on. The functions for producing
XML content discussed above, in particular xmlelement, can be used to alter the results to taste.

The data values are mapped in the same way as described for the function xmlelement above.

The parameter nulls determines whether null values should be included in the output. If true, null values
in columns are represented as:

<columnname xsi:nil="true"/>

where xs1i is the XML namespace prefix for XML Schema Instance. An appropriate namespace declara-
tion will be added to the result value. If false, columns containing null values are simply omitted from the
output.

The parameter targetns specifies the desired XML namespace of the result. If no particular namespace
is wanted, an empty string should be passed.

The following functions return XML Schema documents describing the mappings performed by the cor-
responding functions above:

table_to_xmlschema (tbl regclass, nulls boolean, tableforest boolean, targetns text)
query_to_xmlschema (query text, nulls boolean, tableforest boolean, targetns text)
cursor_to_xmlschema (cursor refcursor, nulls boolean, tableforest boolean, targetns text)

It is essential that the same parameters are passed in order to obtain matching XML data mappings and
XML Schema documents.

The following functions produce XML data mappings and the corresponding XML Schema in one docu-
ment (or forest), linked together. They can be useful where self-contained and self-describing results are
wanted:

table_to_xml_and_xmlschema (tbl regclass, nulls boolean, tableforest boolean, targetns text)
query_to_xml_and_xmlschema (query text, nulls boolean, tableforest boolean, targetns text)

In addition, the following functions are available to produce analogous mappings of entire schemas or the
entire current database:

schema_to_xml (schema name, nulls boolean, tableforest boolean, targetns text)
schema_to_xmlschema (schema name, nulls boolean, tableforest boolean, targetns text)
schema_to_xml_and_xmlschema (schema name, nulls boolean, tableforest boolean, targetns text)

database_to_xml (nulls boolean, tableforest boolean, targetns text)
database_to_xmlschema (nulls boolean, tableforest boolean, targetns text)
database_to_xml_and_xmlschema (nulls boolean, tableforest boolean, targetns text)

Note that these potentially produce a lot of data, which needs to be built up in memory. When requesting
content mappings of large schemas or databases, it might be worthwhile to consider mapping the tables
separately instead, possibly even through a cursor.

The result of a schema content mapping looks like this:

<schemaname>

232



Chapter 9. Functions and Operators

tablel-mapping

tableZ2-mapping

</schemaname>

where the format of a table mapping depends on the tableforest parameter as explained above.

The result of a database content mapping looks like this:

<dbname>
<schemalname>
</;égemalname>
<schema2name>

</schema2name>

</dbname>

where the schema mapping is as above.

As an example of using the output produced by these functions, Figure 9-1 shows an XSLT stylesheet that
converts the output of table_to_xml_and_xmlschema to an HTML document containing a tabular
rendition of the table data. In a similar manner, the results from these functions can be converted into
other XML-based formats.

Figure 9-1. XSLT stylesheet for converting SQL/XML output to HTML

<?xml version="1.0"7?>

<xsl:stylesheet version="1.0"
xmlns:xsl="http://www.w3.0rg/1999/XSL/Transform"
xmlns:xsd="http://www.w3.0rg/2001/XMLSchema"
xmlns="http://www.w3.0rg/1999/xhtml"

<xsl:output method="xml"
doctype-system="http://www.w3.0rg/TR/xhtml1/DTD/xhtmll-strict.dtd"
doctype-public="-//W3C/DTD XHTML 1.0 Strict//EN"
indent="yes"/>

<xsl:template match="/*">
<xsl:variable name="schema" select="//xsd:schema"/>
<xsl:variable name="tabletypename"
select="S$schema/xsd:element [@name=name (current ())]/@type"/>
<xsl:variable name="rowtypename"
select="$schema/xsd:complexType [@name=Stabletypename] /xsd:sequence/xsd:el
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<html>
<head>
<title><xsl:value-of select="name (current ())"/></title>
</head>
<body>
<table>
<tr>
<xsl:for-each select="$schema/xsd:complexType|[@name=$rowtypename] /xsd:sequence/
<th><xsl:value-of select="."/></th>
</xsl:for-each>
</tr>

<xsl:for—-each select="row">
<tr>
<xsl:for-each select="x">
<td><xsl:value-of select="."/></td>
</xsl:for-each>
</tr>
</xsl:for-each>
</table>
</body>
</html>
</xsl:template>

</xsl:stylesheet>

9.15. Sequence Manipulation Functions

This section describes functions for operating on sequence objects, also called sequence generators or just
sequences. Sequence objects are special single-row tables created with CREATE SEQUENCE. Sequence
objects are commonly used to generate unique identifiers for rows of a table. The sequence functions,
listed in Table 9-39, provide simple, multiuser-safe methods for obtaining successive sequence values
from sequence objects.

Table 9-39. Sequence Functions

Function Return Type Description

currval (regclass) bigint Return value most recently
obtained with nextval for
specified sequence

lastval() bigint Return value most recently
obtained with nextval for any
sequence

nextval (regclass) bigint Advance sequence and return
new value
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Function Return Type Description

setval (regclass, bigint) bigint Set sequence’s current value
setval (regclass, bigint, bigint Set sequence’s current value and
boolean) is_called flag

The sequence to be operated on by a sequence function is specified by a regclass argument, which is
simply the OID of the sequence in the pg_class system catalog. You do not have to look up the OID
by hand, however, since the regclass data type’s input converter will do the work for you. Just write
the sequence name enclosed in single quotes so that it looks like a literal constant. For compatibility with
the handling of ordinary SQL names, the string will be converted to lower case unless it contains double
quotes around the sequence name. Thus:

nextval (' foo’) operates on sequence foo
nextval (' FOO’) operates on sequence foo
nextval (" "Foo"') operates on sequence Foo

The sequence name can be schema-qualified if necessary:

nextval ('myschema.foo’) operates on myschema.foo
nextval (! "myschema".foo’) same as above
nextval (' foo’) searches search path for foo

See Section 8.16 for more information about regclass.

Note: Before PostgreSQL 8.1, the arguments of the sequence functions were of type text, not
regclass, and the above-described conversion from a text string to an OID value would happen
at run time during each call. For backwards compatibility, this facility still exists, but internally it is now
handled as an implicit coercion from text t0 regclass before the function is invoked.

When you write the argument of a sequence function as an unadorned literal string, it becomes a
constant of type regclass. Since this is really just an OID, it will track the originally identified sequence
despite later renaming, schema reassignment, etc. This “early binding” behavior is usually desirable
for sequence references in column defaults and views. But sometimes you might want “late binding”
where the sequence reference is resolved at run time. To get late-binding behavior, force the constant
to be stored as a text constant instead of regclass:

nextval (! foo’ : :text) foo 1is looked up at runtime

Note that late binding was the only behavior supported in PostgreSQL releases before 8.1, so you
might need to do this to preserve the semantics of old applications.

Of course, the argument of a sequence function can be an expression as well as a constant. If it is a
text expression then the implicit coercion will result in a run-time lookup.

The available sequence functions are:

nextval

Advance the sequence object to its next value and return that value. This is done atomically: even if
multiple sessions execute nextval concurrently, each will safely receive a distinct sequence value.
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currval

Return the value most recently obtained by nextval for this sequence in the current session. (An
error is reported if nextval has never been called for this sequence in this session.) Because this
is returning a session-local value, it gives a predictable answer whether or not other sessions have
executed nextval since the current session did.

lastval

Return the value most recently returned by nextval in the current session. This function is identical
to currval, except that instead of taking the sequence name as an argument it fetches the value of
the last sequence used by nextval in the current session. It is an error to call 1astval if nextval
has not yet been called in the current session.

setval

Reset the sequence object’s counter value. The two-parameter form sets the sequence’s last_value
field to the specified value and sets its is_called field to true, meaning that the next nextval
will advance the sequence before returning a value. The value reported by currval is also set to the
specified value. In the three-parameter form, is_called can be set to either true or false. true
has the same effect as the two-parameter form. If it is set to false, the next nextval will return
exactly the specified value, and sequence advancement commences with the following nextval.
Furthermore, the value reported by currval is not changed in this case (this is a change from pre-
8.3 behavior). For example,

SELECT setval ('’ foo’, 42); Next nextval will return 43
SELECT setval (’ foo’, 42, true); Same as above
SELECT setval(’foo’, 42, false); Next nextval will return 42

The result returned by setval is just the value of its second argument.

If a sequence object has been created with default parameters, successive nextval calls will return suc-
cessive values beginning with 1. Other behaviors can be obtained by using special parameters in the
CREATE SEQUENCE command; see its command reference page for more information.

Important: To avoid blocking concurrent transactions that obtain numbers from the same sequence,
a nextval operation is never rolled back; that is, once a value has been fetched it is considered used,
even if the transaction that did the nextval later aborts. This means that aborted transactions might
leave unused “holes” in the sequence of assigned values. setval operations are never rolled back,
either.

9.16. Conditional Expressions

This section describes the SQL-compliant conditional expressions available in PostgreSQL.

Tip: If your needs go beyond the capabilities of these conditional expressions, you might want to
consider writing a stored procedure in a more expressive programming language.
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9.16.1. cASE

The SQL caASE expression is a generic conditional expression, similar to if/else statements in other pro-
gramming languages:

CASE WHEN condition THEN result
[WHEN ...]
[ELSE result]

END

CASE clauses can be used wherever an expression is valid. Each condition is an expression that returns
a boolean result. If the condition’s result is true, the value of the CASE expression is the result that
follows the condition, and the remainder of the CASE expression is not processed. If the condition’s result
is not true, any subsequent WHEN clauses are examined in the same manner. If no WHEN condition yields
true, the value of the CASE expression is the result of the ELSE clause. If the ELSE clause is omitted and
no condition is true, the result is null.

An example:

SELECT x FROM test;

a
1
2
3
SELECT a,
CASE WHEN a=1 THEN ’one’
WHEN a=2 THEN ’two’
ELSE ’other’
END
FROM test;
a | case
I
1 | one
2 | two
3 | other

The data types of all the result expressions must be convertible to a single output type. See Section 10.5
for more details.

There is a “simple” form of CASE expression that is a variant of the general form above:

CASE expression
WHEN value THEN result
[WHEN ...]
[ELSE result]

END
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The first expression is computed, then compared to each of the value expressions in the WHEN clauses
until one is found that is equal to it. If no match is found, the result of the ELSE clause (or a null value)
is returned. This is similar to the switch statement in C.

The example above can be written using the simple CASE syntax:

SELECT a,
CASE a WHEN 1 THEN ’one’
WHEN 2 THEN 'two’
ELSE ’other’

END
FROM test;
a | case
.
1 | one
2 | two
3 | other

A cASE expression does not evaluate any subexpressions that are not needed to determine the result. For
example, this is a possible way of avoiding a division-by-zero failure:

SELECT ... WHERE CASE WHEN x <> 0 THEN y/x > 1.5 ELSE false END;

Note: As described in Section 35.6, functions and operators marked 1MMUTABLE can be evaluated
when the query is planned rather than when it is executed. This means that constant parts of a subex-
pression that is not evaluated during query execution might still be evaluated during query planning.

9.16.2. COALESCE
COALESCE (value [, ...])

The cOALESCE function returns the first of its arguments that is not null. Null is returned only if all
arguments are null. It is often used to substitute a default value for null values when data is retrieved for
display, for example:

SELECT COALESCE (description, short_description, ’ (none)’)

Like a CASE expression, COALESCE only evaluates the arguments that are needed to determine the result;
that is, arguments to the right of the first non-null argument are not evaluated. This SQL-standard function
provides capabilities similar to NVL and IFNULL, which are used in some other database systems.
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9.16.3. NULLIF
NULLIF (valuel, valueZ2)

The NULLIF function returns a null value if valuel equals value2; otherwise it returns valuel. This
can be used to perform the inverse operation of the COALESCE example given above:

SELECT NULLIF (value, '’ (none)’)

In this example, if value is (none), null is returned, otherwise the value of value is returned.

9.16.4. GREATEST and LEAST

GREATEST (value [, ...])
LEAST (value [, ...])

The GREATEST and LEAST functions select the largest or smallest value from a list of any number of
expressions. The expressions must all be convertible to a common data type, which will be the type of the
result (see Section 10.5 for details). NULL values in the list are ignored. The result will be NULL only if
all the expressions evaluate to NULL.

Note that GREATEST and LEAST are not in the SQL standard, but are a common extension. Some other
databases make them return NULL if any argument is NULL, rather than only when all are NULL.

9.17. Array Functions and Operators

Table 9-40 shows the operators available for array types.

Table 9-40. Array Operators

Operator Description Example Result

= equal ARRAY[1.1,2.1,3.1]:|Hnt[]
= ARRAY[1, 2, 3]

<> not equal ARRAY[1,2,3] <> t
ARRAY[1,2,4]

< less than ARRAY[1,2,3] < t
ARRAY[1,2,4]

> greater than ARRAY[1,4,3] > t
ARRAY[1,2,4]

<= less than or equal ARRAY[1,2,3] <= t
ARRAY[1, 2, 3]

>= greater than or equal ARRAY([1,4,3] >= t
ARRAY([1,4,3]
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Operator Description Example Result

@> contains ARRAY[1,4,3] @> t
ARRAY[3,1]

<@ is contained by ARRAY[2,7] <@ t
ARRAY[1,7,4,2,6]

&& overlap (have elements |ARRAY[1,4,3] && t

in common)

ARRAY[2,1]

array-to-array
concatenation

ARRAY[1,2,3] ||
ARRAY[4,5,6]

{1,2,3,4,5,6}

array-to-array
concatenation

ARRAY[1,2,3] ||
ARRAY[[4,5,61,17,8,

{{1,2,3},{4,5,6}, {7

9]]

| element-to-array 3 || ARRAY[4,5,6] |{3,4,5,6}
concatenation
| array-to-element ARRAY[4,5,6]1 || 7 |{4,5,6,7}

concatenation

Array comparisons compare the array contents element-by-element, using the default B-tree comparison
function for the element data type. In multidimensional arrays the elements are visited in row-major
order (last subscript varies most rapidly). If the contents of two arrays are equal but the dimensionality
is different, the first difference in the dimensionality information determines the sort order. (This is a
change from versions of PostgreSQL prior to 8.2: older versions would claim that two arrays with the
same contents were equal, even if the number of dimensions or subscript ranges were different.)

See Section 8.14 for more details about array operator behavior.

Table 9-41 shows the functions available for use with array types. See Section 8.14 for more information
and examples of the use of these functions.

Table 9-41. Array Functions

Function

Result

Return Type

Description

Example

array_append (anya

anyelement)

anyarray

rray,

append an element
to the end of an
array

array_append (ARRAY,[Z,, 2] ,

3)

array_cat (anyarra

anyarray)

anyarray

Y

concatenate two
arrays

array_cat (ARRAY|[{,2,,33,4,5}

ARRAY[4,5])

array_ndims (anyaxy

int

ray)

returns the number
of dimensions of
the array

array_ndims (ARRA¥ [[1,2,3],

[4,5,611)

array_dims (anyart

text
ay)

returns a text
representation of
array’s dimensions

array_dims (ARRAY[[1[17 P[ B3]

[4,5,611)
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int[]1])

dimensions,
optionally with
lower bounds other
than 1

Function Return Type Description Example Result
anyarray returns an array array_fil1l (7, [2:4]1={7,7,7}

array_fill (anyelgment, initialized with ARRAY [3],

int[1, [, supplied value and | ARRAY[2])

array_lower (anyaxn

int)

ray,

bound of the
requested array
dimension

1)

int returns the length |array_length (arfay(l,2,31,
array_length (anyarray, of the requested 1)
int) array dimension

int returns lower array_lower (’ [0:@2]={1,2,3}" ::1iq

anyarray)

anyarray

array_prepend (anyelement,

append an element
to the beginning of
an array

array_prepend (1
ARRAY[2,31)

A1,2,3}

array_to_string(a

text)

text

nyarray,

concatenates array
elements using
supplied delimiter

array_to_string
2! 3]/ ,~A~,)

(BARREX"1~3

array_upper (anyat

int)

int

ray,

returns upper
bound of the
requested array
dimension

array_upper (ARR
1)

MY [1,2,3,4],

string_to_array (1

text)

text []

ext,

splits string into
array elements
using supplied
delimiter

string_to_array)

I~A~I)

(= Yy yzzy ~zz'

unnest (anyarray)

setof

anyelement

expand an array to
a set of rows

unnest (ARRAY[1,

2112 (2 rows)

See also Section 9.18 about the aggregate function array_agg for use with arrays.

9.18. Aggregate Functions

Aggregate functions compute a single result from a set of input values. The built-in aggregate functions
are listed in Table 9-42 and Table 9-43. The special syntax considerations for aggregate functions are
explained in Section 4.2.7. Consult Section 2.7 for additional introductory information.

Table 9-42. General-Purpose Aggregate Functions

Function

Argument Type(s)

\ Return Type

Des

cription
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Function

Argument Type(s)

Return Type

Description

array_agg (expression

any
)

array of the argument
type

input values, including
nulls, concatenated into
an array

avg (expression)

smallint, int,
bigint, real, double
precision, numeric

or interval

numeric for any
integer-type argument,
double precision
for a floating-point
argument, otherwise the
same as the argument
data type

the average (arithmetic
mean) of all input values

bit_and (expression)

smallint, int,

bigint,orbit

same as argument data
type

the bitwise AND of all
non-null input values, or
null if none

bit_or (expression)

smallint, int,
bigint,orbit

same as argument data
type

the bitwise OR of all
non-null input values, or
null if none

bool bool true if all input values
bool_and (expression) are true, otherwise false
bool bool true if at least one input
bool_or (expression) value is true, otherwise
false
count (x) bigint number of input rows
count (expression) any bigint number of input rows
for which the value of
expression is not null
every (expression) bool bool equivalent to bool_and

max (expression)

any array, numeric,
string, or date/time type

same as argument type

maximum value of
expression across all
input values

min (expression)

any array, numeric,
string, or date/time type

same as argument type

minimum value of
expression across all
input values

string_agg (expressig

delimiter)

text, text

n,

text

input values
concatenated into a
string, separated by
delimiter
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Function Argument Type(s) Return Type Description
sum (expression) smallint, int, bigint for smallint |sum of expression
bigint, real, double |oOr int arguments, across all input values

precision, numeric, |numeric forbigint
or interval arguments, double
precision for
floating-point
arguments, otherwise
the same as the
argument data type

xmlagg (expression) | xml xml concatenation of XML
values (see also Section
9.14.1.7)

It should be noted that except for count, these functions return a null value when no rows are selected. In
particular, sum of no rows returns null, not zero as one might expect, and array_agg returns null rather
than an empty array when there are no input rows. The coalesce function can be used to substitute zero
or an empty array for null when necessary.

Note: Boolean aggregates bool_and and bool_or correspond to standard SQL aggregates every
and any or some. As for any and some, it seems that there is an ambiguity built into the standard
syntax:

SELECT bl = ANY((SELECT b2 FROM t2 ...)) FROM tl ...;

Here any can be considered either as introducing a subquery, or as being an aggregate function, if
the subquery returns one row with a Boolean value. Thus the standard name cannot be given to these
aggregates.

Note: Users accustomed to working with other SQL database management systems might be dis-
appointed by the performance of the count aggregate when it is applied to the entire table. A query
like:

SELECT count (*) FROM sometable;

will be executed by PostgreSQL using a sequential scan of the entire table.

The aggregate functions array_agg, string_agg, and xmlagg, as well as similar user-defined aggre-
gate functions, produce meaningfully different result values depending on the order of the input values.
This ordering is unspecified by default, but can be controlled by writing an ORDER BY clause within the
aggregate call, as shown in Section 4.2.7. Alternatively, supplying the input values from a sorted subquery
will usually work. For example:

SELECT xmlagg(x) FROM (SELECT x FROM test ORDER BY y DESC) AS tab;

But this syntax is not allowed in the SQL standard, and is not portable to other database systems.
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Table 9-43 shows aggregate functions typically used in statistical analysis. (These are separated out merely
to avoid cluttering the listing of more-commonly-used aggregates.) Where the description mentions N, it
means the number of input rows for which all the input expressions are non-null. In all cases, null is
returned if the computation is meaningless, for example when N is zero.

Table 9-43. Aggregate Functions for Statistics

Function

Argument Type

Return Type

Description

corr(y, X)

double

precision

double

precision

correlation coefficient

covar_pop (Y, X)

double

precision

double

precision

population covariance

covar_samp (Y, X)

double

precision

double

precision

sample covariance

regr_avgx (Y, X)

double

precision

double

precision

average of the
independent variable
(sum (x) /N)

regr_avgy (Y, X)

double

precision

double

precision

average of the
dependent variable
(sum (v) /N)

regr_count (Y, X)

double

precision

bigint

number of input rows in
which both expressions
are nonnull

regr_intercept (v,
X)

double

precision

double

precision

y-intercept of the
least-squares-fit linear
equation determined by
the (x, v) pairs

regr_r2 (Y, X)

double

precision

double

precision

square of the correlation
coefficient

regr_slope (Y, X)

double

precision

double

precision

slope of the
least-squares-fit linear
equation determined by
the (X, Y) pairs

regr_sxx (Y, X)

double

precision

double

precision

sum(xX~2) -

sum (x) ~2/nN (“sum of
squares” of the
independent variable)

regr_sxy (Y, X)

double

precision

double

precision

sum (X*Y)
x sum(Y) /N (“sum of
products” of
independent times
dependent variable)

- sum(X)

regr_syy (Y, X)

double

precision

double

precision

sum(y”~2)

sum (v) ~2/nN (“sum of
squares” of the
dependent variable)
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Function

Argument Type

Return Type

Description

stddev (expression)

smallint, int,
bigint, real, double
precision, or

numeric

double precision
for floating-point
arguments, otherwise

numeric

historical alias for

stddev_samp

stddev_pop (expressiq

smallint, int,
Migint, real, double
precision, or

numeric

double precision
for floating-point
arguments, otherwise

numeric

population standard
deviation of the input
values

stddev_samp (expressi

smallint, int,
dri)gint, real, double
precision, or

numeric

double precision
for floating-point
arguments, otherwise

numeric

sample standard
deviation of the input
values

variance(expression

smallint, int,
bigint, real, double
precision, or

numeric

double precision
for floating-point
arguments, otherwise

numeric

historical alias for

var_samp

var_pop(expression)

smallint, int,
bigint, real, double
precision, or

numeric

double precision
for floating-point
arguments, otherwise

numeric

population variance of
the input values (square
of the population
standard deviation)

var_samp(expression

smallint, int,
bigint, real, double
precision, or

numeric

double precision
for floating-point
arguments, otherwise

numeric

sample variance of the
input values (square of
the sample standard
deviation)

9.19. Window Functions

Window functions provide the ability to perform calculations across sets of rows that are related to the
current query row. See Section 3.5 for an introduction to this feature.

The built-in window functions are listed in Table 9-44. Note that these functions must be invoked using
window function syntax; that is an OVER clause is required.

In addition to these functions, any built-in or user-defined aggregate function can be used as a window

function (see Section 9.18 for a list of the built-in aggregates). Aggregate functions act as window func-

tions only when an OVER clause follows the call; otherwise they act as regular aggregates.

Table 9-44. General-Purpose Window Functions

Function

Return Type

Description

row_number ()

bigint

number of the current row within
its partition, counting from 1
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Function Return Type Description
rank () bigint rank of the current row with
gaps; same as row_number oOf its
first peer
dense_rank () bigint rank of the current row without

gaps; this function counts peer
groups

percent_rank ()

double precision

relative rank of the current row:
(rank - 1) / (total rows - 1)

cume_dist ()

double precision

relative rank of the current row:
(number of rows preceding or
peer with current row) / (total
TOWS)

ntile (num_buckets

integer)

integer

integer ranging from 1 to the
argument value, dividing the
partition as equally as possible

lag(value any [, offset
integer [, default any ]1])

same type as value

returns value evaluated at the
row that is offset rows before
the current row within the
partition; if there is no such row,
instead return default. Both
offset and default are
evaluated with respect to the
current row. If omitted, offset
defaults to 1 and default to
null

lead(value any [, offset
integer [, default any ]])

same type as value

returns value evaluated at the
row that is offset rows after the
current row within the partition;
if there is no such row, instead
return default. Both offset
and default are evaluated with
respect to the current row. If
omitted, offset defaults to 1
and default to null

first_value (value any)

same type as value

returns value evaluated at the
row that is the first row of the
window frame

last_value (value any)

same type as value

returns value evaluated at the
row that is the last row of the
window frame

nth_value (value any, nth

integer)

same type as value

returns value evaluated at the
row that is the nth row of the
window frame (counting from 1);
null if no such row
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All of the functions listed in Table 9-44 depend on the sort ordering specified by the ORDER BY clause
of the associated window definition. Rows that are not distinct in the ORDER BY ordering are said to be
peers; the four ranking functions are defined so that they give the same answer for any two peer rows.

Note that first_value, last_value, and nth_value consider only the rows within the “window
frame”, which by default contains the rows from the start of the partition through the last peer of the
current row. This is likely to give unhelpful results for last_value and sometimes also nth_value.
You can redefine the frame by adding a suitable frame specification (RANGE or ROWS) to the OVER clause.
See Section 4.2.8 for more information about frame specifications.

When an aggregate function is used as a window function, it aggregates over the rows within the cur-
rent row’s window frame. An aggregate used with ORDER BY and the default window frame definition
produces a “running sum” type of behavior, which may or may not be what’s wanted. To obtain aggre-
gation over the whole partition, omit ORDER BY or use ROWS BETWEEN UNBOUNDED PRECEDING AND
UNBOUNDED FOLLOWING. Other frame specifications can be used to obtain other effects.

Note: The SQL standard defines a RESPECT NULLS Or IGNORE NULLS option for lead, lag,
first_value, last_value, and nth_value. This is not implemented in PostgreSQL: the behavior is
always the same as the standard’s default, namely respecT NuLLs. Likewise, the standard’s rrom
FIRST Of FROM LAST option for nth_value is not implemented: only the default FromM FIRST behavior
is supported. (You can achieve the result of FroM LasT by reversing the orpER BY ordering.)

9.20. Subquery Expressions

This section describes the SQL-compliant subquery expressions available in PostgreSQL. All of the ex-
pression forms documented in this section return Boolean (true/false) results.

9.20.1. EXISTS

EXISTS (subguery)

The argument of EXISTS is an arbitrary SELECT statement, or subquery. The subquery is evaluated to
determine whether it returns any rows. If it returns at least one row, the result of EXISTS is “true”; if the
subquery returns no rows, the result of EXISTS is “false”.

The subquery can refer to variables from the surrounding query, which will act as constants during any
one evaluation of the subquery.

The subquery will generally only be executed long enough to determine whether at least one row is
returned, not all the way to completion. It is unwise to write a subquery that has side effects (such as
calling sequence functions); whether the side effects occur might be unpredictable.

Since the result depends only on whether any rows are returned, and not on the contents of those rows, the
output list of the subquery is normally unimportant. A common coding convention is to write all EXISTS
tests in the form EXISTS (SELECT 1 WHERE ...). There are exceptions to this rule however, such as
subqueries that use INTERSECT.
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This simple example is like an inner join on col2, but it produces at most one output row for each tabl
row, even if there are several matching tab2 rows:

SELECT coll
FROM tabl
WHERE EXISTS (SELECT 1 FROM tab2 WHERE col2 = tabl.col2);

9.20.2. IN

expression IN (subquery)

The right-hand side is a parenthesized subquery, which must return exactly one column. The left-hand
expression is evaluated and compared to each row of the subquery result. The result of IN is “true” if any
equal subquery row is found. The result is “false” if no equal row is found (including the case where the
subquery returns no rows).

Note that if the left-hand expression yields null, or if there are no equal right-hand values and at least one
right-hand row yields null, the result of the IN construct will be null, not false. This is in accordance with
SQL’s normal rules for Boolean combinations of null values.

As with EXISTS, it’s unwise to assume that the subquery will be evaluated completely.
row_constructor IN (subquery)

The left-hand side of this form of IN is a row constructor, as described in Section 4.2.12. The right-hand
side is a parenthesized subquery, which must return exactly as many columns as there are expressions
in the left-hand row. The left-hand expressions are evaluated and compared row-wise to each row of the
subquery result. The result of 1N is “true” if any equal subquery row is found. The result is “false” if no
equal row is found (including the case where the subquery returns no rows).

As usual, null values in the rows are combined per the normal rules of SQL Boolean expressions. Two
rows are considered equal if all their corresponding members are non-null and equal; the rows are unequal
if any corresponding members are non-null and unequal; otherwise the result of that row comparison is
unknown (null). If all the per-row results are either unequal or null, with at least one null, then the result
of IN is null.

9.20.3. NOT IN

expression NOT IN (subquery)

The right-hand side is a parenthesized subquery, which must return exactly one column. The left-hand
expression is evaluated and compared to each row of the subquery result. The result of NOT IN is “true”
if only unequal subquery rows are found (including the case where the subquery returns no rows). The
result is “false” if any equal row is found.

Note that if the left-hand expression yields null, or if there are no equal right-hand values and at least one
right-hand row yields null, the result of the NOT IN construct will be null, not true. This is in accordance
with SQL’s normal rules for Boolean combinations of null values.
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As with EXISTS, it’s unwise to assume that the subquery will be evaluated completely.
row_constructor NOT IN (subquery)

The left-hand side of this form of NOT IN is a row constructor, as described in Section 4.2.12. The right-
hand side is a parenthesized subquery, which must return exactly as many columns as there are expressions
in the left-hand row. The left-hand expressions are evaluated and compared row-wise to each row of the
subquery result. The result of NOT IN is “true” if only unequal subquery rows are found (including the
case where the subquery returns no rows). The result is “false” if any equal row is found.

As usual, null values in the rows are combined per the normal rules of SQL Boolean expressions. Two
rows are considered equal if all their corresponding members are non-null and equal; the rows are unequal
if any corresponding members are non-null and unequal; otherwise the result of that row comparison is
unknown (null). If all the per-row results are either unequal or null, with at least one null, then the result
of NOT 1IN is null.

9.20.4. ANY/SOME

expression operator ANY (subquery)

expression operator SOME (subquery)

The right-hand side is a parenthesized subquery, which must return exactly one column. The left-hand
expression is evaluated and compared to each row of the subquery result using the given operator,
which must yield a Boolean result. The result of ANY is “true” if any true result is obtained. The result is
“false” if no true result is found (including the case where the subquery returns no rows).

SOME is a synonym for ANY. IN is equivalent to = ANY.

Note that if there are no successes and at least one right-hand row yields null for the operator’s result,
the result of the ANY construct will be null, not false. This is in accordance with SQL’s normal rules for
Boolean combinations of null values.

As with EXISTS, it’s unwise to assume that the subquery will be evaluated completely.

row_constructor operator ANY (subquery)

row_constructor operator SOME (subquery)

The left-hand side of this form of ANY is a row constructor, as described in Section 4.2.12. The right-hand
side is a parenthesized subquery, which must return exactly as many columns as there are expressions
in the left-hand row. The left-hand expressions are evaluated and compared row-wise to each row of the
subquery result, using the given operator. The result of ANY is “true” if the comparison returns true for
any subquery row. The result is “false” if the comparison returns false for every subquery row (including
the case where the subquery returns no rows). The result is NULL if the comparison does not return true
for any row, and it returns NULL for at least one row.

See Section 9.21.5 for details about the meaning of a row-wise comparison.

9.20.5. ALL

expression operator ALL (subquery)
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The right-hand side is a parenthesized subquery, which must return exactly one column. The left-hand
expression is evaluated and compared to each row of the subquery result using the given operator,
which must yield a Boolean result. The result of ALL is “true” if all rows yield true (including the case
where the subquery returns no rows). The result is “false” if any false result is found. The result is NULL
if the comparison does not return false for any row, and it returns NULL for at least one row.

NOT IN isequivalentto <> ALL.

As with EXISTS, it’s unwise to assume that the subquery will be evaluated completely.
row_constructor operator ALL (subquery)

The left-hand side of this form of ALL is a row constructor, as described in Section 4.2.12. The right-hand
side is a parenthesized subquery, which must return exactly as many columns as there are expressions
in the left-hand row. The left-hand expressions are evaluated and compared row-wise to each row of the
subquery result, using the given operator. The result of ALL is “true” if the comparison returns true
for all subquery rows (including the case where the subquery returns no rows). The result is “false” if the
comparison returns false for any subquery row. The result is NULL if the comparison does not return false
for any subquery row, and it returns NULL for at least one row.

See Section 9.21.5 for details about the meaning of a row-wise comparison.

9.20.6. Row-wise Comparison

row_constructor operator (subquery)

The left-hand side is a row constructor, as described in Section 4.2.12. The right-hand side is a parenthe-
sized subquery, which must return exactly as many columns as there are expressions in the left-hand row.
Furthermore, the subquery cannot return more than one row. (If it returns zero rows, the result is taken to
be null.) The left-hand side is evaluated and compared row-wise to the single subquery result row.

See Section 9.21.5 for details about the meaning of a row-wise comparison.

9.21. Row and Array Comparisons

This section describes several specialized constructs for making multiple comparisons between groups
of values. These forms are syntactically related to the subquery forms of the previous section, but do
not involve subqueries. The forms involving array subexpressions are PostgreSQL extensions; the rest are
SQL-compliant. All of the expression forms documented in this section return Boolean (true/false) results.

9.21.1. IN

expression IN (value [, ...])

The right-hand side is a parenthesized list of scalar expressions. The result is “true” if the left-hand ex-
pression’s result is equal to any of the right-hand expressions. This is a shorthand notation for
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expression = valuel
OR
expression = valuel
OR

Note that if the left-hand expression yields null, or if there are no equal right-hand values and at least one
right-hand expression yields null, the result of the IN construct will be null, not false. This is in accordance
with SQL’s normal rules for Boolean combinations of null values.

9.21.2. NOT IN

expression NOT IN (value [, ...])

The right-hand side is a parenthesized list of scalar expressions. The result is “true” if the left-hand ex-
pression’s result is unequal to all of the right-hand expressions. This is a shorthand notation for

expression <> valuel
AND
expression <> valueZ
AND

Note that if the left-hand expression yields null, or if there are no equal right-hand values and at least one
right-hand expression yields null, the result of the NOT IN construct will be null, not true as one might
naively expect. This is in accordance with SQL’s normal rules for Boolean combinations of null values.

Tip: x NOT IN y is equivalent to NOT (x IN y) in all cases. However, null values are much more
likely to trip up the novice when working with noT 1N than when working with 1n. It is best to express
your condition positively if possible.

9.21.3. ANY/SOME (array)

expression operator ANY (array expression)

expression operator SOME (array expression)

The right-hand side is a parenthesized expression, which must yield an array value. The left-hand expres-
sion is evaluated and compared to each element of the array using the given operator, which must yield
a Boolean result. The result of ANY is “true” if any true result is obtained. The result is “false” if no true
result is found (including the case where the array has zero elements).

If the array expression yields a null array, the result of ANY will be null. If the left-hand expression yields
null, the result of ANY is ordinarily null (though a non-strict comparison operator could possibly yield a
different result). Also, if the right-hand array contains any null elements and no true comparison result is
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obtained, the result of ANY will be null, not false (again, assuming a strict comparison operator). This is
in accordance with SQL’s normal rules for Boolean combinations of null values.

SOME is a synonym for ANY.

9.21.4. aLL (array)

expression operator ALL (array expression)

The right-hand side is a parenthesized expression, which must yield an array value. The left-hand expres-
sion is evaluated and compared to each element of the array using the given operator, which must yield
a Boolean result. The result of ALL is “true” if all comparisons yield true (including the case where the
array has zero elements). The result is “false” if any false result is found.

If the array expression yields a null array, the result of ALL will be null. If the left-hand expression yields
null, the result of ALL is ordinarily null (though a non-strict comparison operator could possibly yield a
different result). Also, if the right-hand array contains any null elements and no false comparison result is
obtained, the result of ALL will be null, not true (again, assuming a strict comparison operator). This is in
accordance with SQL’s normal rules for Boolean combinations of null values.

9.21.5. Row-wise Comparison

row_constructor operator row_constructor

Each side is a row constructor, as described in Section 4.2.12. The two row values must have the same
number of fields. Each side is evaluated and they are compared row-wise. Row comparisons are allowed
when the operatoris =, <>, <, <=, > or >=, or has semantics similar to one of these. (To be specific,
an operator can be a row comparison operator if it is a member of a B-tree operator class, or is the negator
of the = member of a B-tree operator class.)

The = and <> cases work slightly differently from the others. Two rows are considered equal if all their
corresponding members are non-null and equal; the rows are unequal if any corresponding members are
non-null and unequal; otherwise the result of the row comparison is unknown (null).

For the <, <=, > and >= cases, the row elements are compared left-to-right, stopping as soon as an
unequal or null pair of elements is found. If either of this pair of elements is null, the result of the row
comparison is unknown (null); otherwise comparison of this pair of elements determines the result. For
example, ROW (1,2, NULL) < ROW(1,3,0) yields true, not null, because the third pair of elements are
not considered.

Note: Prior to PostgreSQL 8.2, the <, <=, > and >= cases were not handled per SQL specification. A
comparison like Row (a, b) < ROW(c,d) wasimplementedasa < ¢ anD b < dwhereas the correct
behavior is equivalenttoa < ¢ OR (a = ¢ AND b < d).

row_constructor IS DISTINCT FROM row_constructor
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This construct is similar to a <> row comparison, but it does not yield null for null inputs. Instead, any
null value is considered unequal to (distinct from) any non-null value, and any two nulls are considered
equal (not distinct). Thus the result will either be true or false, never null.

row_constructor IS NOT DISTINCT FROM row_constructor

This construct is similar to a = row comparison, but it does not yield null for null inputs. Instead, any null
value is considered unequal to (distinct from) any non-null value, and any two nulls are considered equal
(not distinct). Thus the result will always be either true or false, never null.

Note: The SQL specification requires row-wise comparison to return NULL if the result depends on
comparing two NULL values or a NULL and a non-NULL. PostgreSQL does this only when comparing
the results of two row constructors or comparing a row constructor to the output of a subquery (as
in Section 9.20). In other contexts where two composite-type values are compared, two NULL field
values are considered equal, and a NULL is considered larger than a non-NULL. This is necessary in
order to have consistent sorting and indexing behavior for composite types.

9.22. Set Returning Functions

This section describes functions that possibly return more than one row. Currently the only functions in
this class are series generating functions, as detailed in Table 9-45 and Table 9-46.

Table 9-45. Series Generating Functions

Function Argument Type Return Type Description
generate_series (start/|int Or bigint setof int or setof Generate a series of
stop) bigint (same as values, from start to
argument type) stop with a step size of
one
generate_series (start/int Or bigint setof int or setof Generate a series of
stop, step) bigint (same as values, from start to
argument type) stop with a step size of
step
generate_series (start/|timestamp or setof timestamp or | Generate a series of
stop, step interval) timestamp with setof timestamp values, from start to
time zone with time zone stop with a step size of
(same as argument type) | step

When step is positive, zero rows are returned if start is greater than stop. Conversely, when step is
negative, zero rows are returned if start is less than stop. Zero rows are also returned for NULL inputs.
It is an error for step to be zero. Some examples follow:

SELECT = FROM generate_series(2,4);
generate_series
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(3 rows)

SELECT x FROM generate_series(5,1,-2);
generate_series

(3 rows)

SELECT % FROM generate_series (4, 3);
generate_series

—— this example relies on the date-plus—-integer operator
SELECT current_date + s.a AS dates FROM generate_series(0,14,7) AS s(a);
dates
2004-02-05
2004-02-12
2004-02-19
(3 rows)

SELECT % FROM generate_series (/2008-03-01 00:00’ ::timestamp,
72008-03-04 12:00’, ’'10 hours’);
generate_series
2008-03-01 00:00:00
2008-03-01 10:00:00
2008-03-01 20:00:00
2008-03-02 06:00:00
2008-03-02 16:00:00
2008-03-03 02:00:00
2008-03-03 12:00:00
2008-03-03 22:00:00
2008-03-04 08:00:00
(9 rows)

Table 9-46. Subscript Generating Functions

Function Return Type Description
generate_subscripts (array setof int Generate a series comprising the
anyarray, dim int) given array’s subscripts.
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Function Return Type Description
generate_subscripts (array setof int Generate a series comprising the
anyarray, dim int, reverse given array’s subscripts. When
boolean) reverse 18 true, the series is
returned in reverse order.

generate_subscripts is a convenience function that generates the set of valid subscripts for the spec-
ified dimension of the given array. Zero rows are returned for arrays that do not have the requested dimen-
sion, or for NULL arrays (but valid subscripts are returned for NULL array elements). Some examples
follow:

—-— basic usage
SELECT generate_subscripts(’ {NULL,1,NULL,2}’::int[], 1) AS s;

4
(4 rows)

—-— presenting an array, the subscript and the subscripted
-— value requires a subquery
SELECT % FROM arrays;

{-1,-2}
{100,200, 300}
(2 rows)

SELECT a AS array, s AS subscript, als] AS value
FROM (SELECT generate_subscripts(a, 1) AS s, a FROM arrays) foo;

array | subscript | value
,,,,,,,,,,,,,,, IO
{-1,-2} | 1 -1
{-1,-2} \ 2| -2
{100,200,300} | 1| 100
{100,200,300} | 2 | 200
{100,200,300} | 3 300

(5 rows)

—-— unnest a 2D array
CREATE OR REPLACE FUNCTION unnest2 (anyarray)
RETURNS SETOF anyelement AS $$
select $1[1i][]]
from generate_subscripts($1,1) gl (i),
generate_subscripts($1,2) g2 (J);
$$ LANGUAGE sgl IMMUTABLE;
CREATE FUNCTION
postgres=# SELECT * FROM unnest2 (ARRAY[[1,2]1,1[3,411);
unnest2
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9.23. System Information Functions
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Table 9-47 shows several functions that extract session and system information.

In addition to the functions listed in this section, there are a number of functions related to the statistics
system that also provide system information. See Section 27.2.2 for more information.

Table 9-47. Session Information Functions

Name Return Type Description

current_catalog name name of current database (called
“catalog” in the SQL standard)

current_database () name name of current database

current_schemal () ] name name of current schema

current_schemas (boolean) name [ ] names of schemas in search path,
optionally including implicit
schemas

current_user name user name of current execution
context

current_query () text text of the currently executing
query, as submitted by the client
(might contain more than one
statement)

pg_backend_pid () int Process ID of the server process
attached to the current session

pg_listening_channels () setof text channel names that the session is
currently listening on

inet_client_addr () inet address of the remote connection

inet_client_port () int port of the remote connection

inet_server_addr () inet address of the local connection

inet_server_port () int port of the local connection

pg_my_temp_schema () oid OID of session’s temporary
schema, or O if none

pPg_is_other_temp_schema (0id) | boolean is schema another session’s

temporary schema?

pg_postmaster_start_time ()

timestamp with time zone

server start time
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Name Return Type Description
pg_conf_load_time () timestamp with time zone |configuration load time
session_user name session user name

user name equivalent to current_user
version () text PostgreSQL version information

Note: current_catalog, current_schema, current_user, session_user, and user have special
syntactic status in SQL: they must be called without trailing parentheses. (In PostgreSQL, parentheses
can optionally be used with current_schema, but not with the others.)

The session_user is normally the user who initiated the current database connection; but superusers
can change this setting with SET SESSION AUTHORIZATION. The current_user is the user identifier
that is applicable for permission checking. Normally it is equal to the session user, but it can be changed
with SET ROLE. It also changes during the execution of functions with the attribute SECURITY DEFINER.
In Unix parlance, the session user is the “real user” and the current user is the “effective user”.

current_schema returns the name of the schema that is first in the search path (or a null value if the
search path is empty). This is the schema that will be used for any tables or other named objects that are
created without specifying a target schema. current_schemas (boolean) returns an array of the names
of all schemas presently in the search path. The Boolean option determines whether or not implicitly
included system schemas such as pg_catalog are included in the returned search path.

Note: The search path can be altered at run time. The command is:

SET search_path TO schema [, schema, ...]

pg_listening_channels returns a set of names of channels that the current session is listening to. See
LISTEN for more information.

inet_client_addr returns the IP address of the current client, and inet_client_port returns the
port number. inet_server_addr returns the IP address on which the server accepted the current con-
nection, and inet_server_port returns the port number. All these functions return NULL if the current
connection is via a Unix-domain socket.

pg_my_temp_schema returns the OID of the current session’s temporary schema, or zero if it has none
(because it has not created any temporary tables). pg_is_other_temp_schema returns true if the given
OID is the OID of another session’s temporary schema. (This can be useful, for example, to exclude other
sessions’ temporary tables from a catalog display.)

pg_postmaster_start_time returns the timestamp with time zone when the server started.

pg_conf_load_time returns the timestamp with time zone when the server configuration files
were last loaded. (If the current session was alive at the time, this will be the time when the session itself
re-read the configuration files, so the reading will vary a little in different sessions. Otherwise it is the time
when the postmaster process re-read the configuration files.)

version returns a string describing the PostgreSQL server’s version.
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Table 9-48 lists functions that allow the user to query object access privileges programmatically. See
Section 5.6 for more information about privileges.

Table 9-48. Access Privilege Inquiry Functions

Name Return Type Description
has_any_column_privilege (usefpoolean does user have privilege for any
table, privilege) column of table
has_any_column_privilege (tabjllepolean does current user have privilege
privilege) for any column of table
has_column_privilege (user, |boolean does user have privilege for
table, column, privilege) column
has_column_privilege (table, |boolean does current user have privilege
column, privilege) for column
has_database_privilege (user,|boolean does user have privilege for
database, privilege) database
has_database_privilege (databpseplean does current user have privilege
privilege) for database
has_foreign_data_wrapper_priyvhbdedearser, doesuserhavepﬁvﬂegeibr
fdw, privilege) foreign-data wrapper
has_foreign_data_wrapper_priyhoedetfdw, does current user have privilege
privilege) for foreign-data wrapper
has_function_privilege (user,|boolean does user have privilege for
function, privilege) function
has_function_privilege (functfbaplean does current user have privilege
privilege) for function
has_language_privilege (user,|boolean doesuserhavepﬁvﬂegefbr
language, privilege) language
has_language_privilege (languglbeplean doescunentuserhavepﬁvﬂege
privilege) for language
has_schema_privilege (user, boolean doesuserhavepﬁvﬂegefbr
schema, privilege) schema
has_schema_privilege (schema,|boolean does current user have privilege
privilege) for schema
has_server_privilege (user, |boolean does user have privilege for
server, privilege) foreign server
has_server_privilege (server,|boolean does current user have privilege
privilege) for foreign server
has_sequence_privilege (user,|boolean doesuserhavepﬁvﬂegefor
sequence, privilege) sequence
has_sequence_privilege (sequenbeplean doescunentuserhave]mivﬂege
privilege) for sequence
has_table_privilege (user, boolean does user have privilege for table

table, privilege)
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Name Return Type Description
has_table_privilege (table, |boolean does current user have privilege
privilege) for table
has_tablespace_privilege (userhoolean doesuserhavepﬁvﬂegefor
tablespace, privilege) tabkmpace
has_tablespace_privilege (tabllespdesn does current user have privilege
privilege) for tablespace

pg_has_role (user, role, boolean does user have privilege for role
privilege)

pg_has_role (role, boolean does current user have privilege
privilege) for role

has_table_privilege checks whether a user can access a table in a particular way. The user can
be specified by name or by OID (pg_authid.oid), or if the argument is omitted current_user
is assumed. The table can be specified by name or by OID. (Thus, there are actually six variants of
has_table_privilege, which can be distinguished by the number and types of their arguments.)
When specifying by name, the name can be schema-qualified if necessary. The desired access privilege
type is specified by a text string, which must evaluate to one of the values SELECT, INSERT, UPDATE,
DELETE, TRUNCATE, REFERENCES, or TRIGGER. Optionally, WITH GRANT OPTION can be added to a
privilege type to test whether the privilege is held with grant option. Also, multiple privilege types can be
listed separated by commas, in which case the result will be t rue if any of the listed privileges is held.
(Case of the privilege string is not significant, and extra whitespace is allowed between but not within
privilege names.) Some examples:

SELECT has_table_privilege ('myschema.mytable’, ’select’);

SELECT has_table_privilege ('’ joe’, ’'mytable’, ’INSERT, SELECT WITH GRANT OPTION’');

has_sequence_privilege checks whether a user can access a sequence in a particular way. The pos-
sibilities for its arguments are analogous to has_table_privilege. The desired access privilege type
must evaluate to one of USAGE, SELECT, or UPDATE.

has_any_column_privilege checks whether a user can access any column of a table in a particular
way. Its argument possibilities are analogous to has_table_privilege, except that the desired access
privilege type must evaluate to some combination of SELECT, INSERT, UPDATE, or REFERENCES. Note
that having any of these privileges at the table level implicitly grants it for each column of the table, so
has_any_column_privilege will always return true if has_table_privilege does for the same
arguments. But has_any_column_privilege also succeeds if there is a column-level grant of the priv-
ilege for at least one column.

has_column_privilege checks whether a user can access a column in a particular way. Its argument
possibilities are analogous to has_table_privilege, with the addition that the column can be specified
either by name or attribute number. The desired access privilege type must evaluate to some combination
of SELECT, INSERT, UPDATE, or REFERENCES. Note that having any of these privileges at the table level
implicitly grants it for each column of the table.

has_database_privilege checks whether a user can access a database in a particular way. Its
argument possibilities are analogous to has_table_privilege. The desired access privilege type must
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evaluate to some combination of CREATE, CONNECT, TEMPORARY, or TEMP (which is equivalent to
TEMPORARY).

has_function_privilege checks whether a user can access a function in a particular way. Its argument
possibilities are analogous to has_table_privilege. When specifying a function by a text string rather
than by OID, the allowed input is the same as for the regprocedure data type (see Section 8.16). The
desired access privilege type must evaluate to EXECUTE. An example is:

SELECT has_function_privilege (' joeuser’, ’'myfunc(int, text)’, ’execute’);

has_foreign_data_wrapper_privilege checks whether a user can access a foreign-data wrapper in
a particular way. Its argument possibilities are analogous to has_table_privilege. The desired access
privilege type must evaluate to USAGE.

has_language_privilege checks whether a user can access a procedural language in a particular way.
Its argument possibilities are analogous to has_table_privilege. The desired access privilege type
must evaluate to USAGE.

has_schema_privilege checks whether a user can access a schema in a particular way. Its argument
possibilities are analogous to has_table_privilege. The desired access privilege type must evaluate
to some combination of CREATE or USAGE.

has_server_privilege checks whether a user can access a foreign server in a particular way. Its
argument possibilities are analogous to has_table_privilege. The desired access privilege type must
evaluate to USAGE.

has_tablespace_privilege checks whether a user can access a tablespace in a particular way. Its
argument possibilities are analogous to has_table_privilege. The desired access privilege type must
evaluate to CREATE.

pg_has_role checks whether a user can access a role in a particular way. Its argument possibilities are
analogous to has_table_privilege. The desired access privilege type must evaluate to some combi-
nation of MEMBER or USAGE. MEMBER denotes direct or indirect membership in the role (that is, the right to
do SET ROLE), while USAGE denotes whether the privileges of the role are immediately available without
doing SET ROLE.

Table 9-49 shows functions that determine whether a certain object is visible in the current schema search
path. For example, a table is said to be visible if its containing schema is in the search path and no table
of the same name appears earlier in the search path. This is equivalent to the statement that the table can
be referenced by name without explicit schema qualification. To list the names of all visible tables:

SELECT relname FROM pg_class WHERE pg_table_is_visible (oid);

Table 9-49. Schema Visibility Inquiry Functions

Name Return Type Description
pg_conversion_is_visible (conydaadeand) is conversion visible in search
path
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Name Return Type Description

pg_function_is_visible (functildmooidan is function visible in search path

pg_operator_is_visible (operatdrooidan is operator visible in search path

pg_opclass_is_visible (opclasg bod)lean is operator class visible in search
path

pg_table_is_visible (table_oid)boolean is table visible in search path

pg_ts_config_is_visible (confidoodean is text search configuration

visible in search path

pg_ts_dict_is_visible (dict_oiddoolean is text search dictionary visible
in search path

pg_ts_parser_is_visible (parsdhoodean is text search parser visible in
search path

pPg_ts_template_is_visible (temblaesesnl) is text search template visible in
search path

pg_type_is_visible (type_oid) |boolean is type (or domain) visible in

search path

Each function performs the visibility check for one type of database object. Note that
pg_table_is_visible can also be used with views, indexes and sequences; pg_type_is_visible
can also be used with domains. For functions and operators, an object in the search path is visible if there
is no object of the same name and argument data type(s) earlier in the path. For operator classes, both
name and associated index access method are considered.

All these functions require object OIDs to identify the object to be checked. If you want to test an object by
name, it is convenient to use the OID alias types (regclass, regtype, regprocedure, regoperator
regconfig, or regdictionary), for example:

SELECT pg_type_is_visible ('myschema.widget’ ::regtype);

Note that it would not make much sense to test a non-schema-qualified type name in this way — if the
name can be recognized at all, it must be visible.

Table 9-50 lists functions that extract information from the system catalogs.

Table 9-50. System Catalog Information Functions

Name Return Type Description

format_type (type_oid, text get SQL name of a data type
typemod)

pg_get_keywords () setof record get list of SQL keywords and

their categories

pPg_get_constraintdef (constraintesitd) get definition of a constraint
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Name Return Type Description

pPg_get_constraintdef (constraintesitd, get definition of a constraint

pretty_bool)

PY_get_expr (expr_text, text decompile internal form of an
relation_oid) expression, assuming that any
Vars in it refer to the relation
indicated by the second

parameter
Pg_get_expr (expr_text, text decompile internal form of an
relation_oid, pretty_bool) expression, assuming that any

Vars in it refer to the relation
indicated by the second

parameter
pg_get_functiondef (func_oid) |text get definition of a function
pg_get_function_arguments (fuhdestt) get argument list of function’s

definition (with default values)

pg_get_function_identity_arglments (func_oid) get argument list to identify a
function (without default values)

pg_get_function_result (func_ditdext get RETURNS clause for function

pg_get_indexdef (index_oid) text getCREATE INDEX command
for index

pg_get_indexdef (index_oid, text getCREATE INDEX command

column_no, pretty_bool) for index, or definition of just

one index column when
column_no iS not zero

pg_get_ruledef (rule_oid) text get CREATE RULE command for
rule
pg_get_ruledef (rule_oid, text get CREATE RULE command for
pretty_bool) rule
Pg_get_serial_sequence (table_|ra@xt get name of the sequence that a
column_name) serial orbigserial column
uses
pg_get_triggerdef(trigger ¢t get CREATE [ CONSTRAINT ]
TRIGGER command for trigger
pg_get_triggerdef(trigger_|dikt get CREATE [ CONSTRAINT ]
pretty_bool) TRIGGER command for trigger
pPg_get_userbyid (role_oid) name get role name with given OID
pPg_get_viewdef (view_name) text get underlying SELECT
command for view (deprecated)
pg_get_viewdef (view_name, text get underlying SELECT
pretty_bool) command for view (deprecated)
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Name Return Type Description

pg_get_viewdef (view_oid) text get underlying SELECT
command for view

pPg_get_viewdef (view_oid, text get underlying SELECT

pretty_bool) command for view

pg_tablespace_databases (tablesgatebiaid get the set of database OIDs that

have objects in the tablespace

pg_typeof (any) regtype get the data type of any value

format_type returns the SQL name of a data type that is identified by its type OID and possibly a type
modifier. Pass NULL for the type modifier if no specific modifier is known.

pg_get_keywords returns a set of records describing the SQL keywords recognized by the server. The
word column contains the keyword. The catcode column contains a category code: U for unreserved,
¢ for column name, T for type or function name, or R for reserved. The catdesc column contains a
possibly-localized string describing the category.

pPg_get_constraintdef, pg_get_indexdef, pg_get_ruledef, and pg_get_triggerdef, respec-
tively reconstruct the creating command for a constraint, index, rule, or trigger. (Note that this is a decom-
piled reconstruction, not the original text of the command.) pg_get_expr decompiles the internal form
of an individual expression, such as the default value for a column. It can be useful when examining the
contents of system catalogs. If the expression might contain Vars, specify the OID of the relation they refer
to as the second parameter; if no Vars are expected, zero is sufficient. pg_get_viewdef reconstructs the
SELECT query that defines a view. Most of these functions come in two variants, one of which can option-
ally “pretty-print” the result. The pretty-printed format is more readable, but the default format is more
likely to be interpreted the same way by future versions of PostgreSQL; avoid using pretty-printed output
for dump purposes. Passing false for the pretty-print parameter yields the same result as the variant that
does not have the parameter at all.

pg_get_functiondef returns a complete CREATE OR REPLACE FUNCTION statement for a function.
pg_get_function_arguments returns the argument list of a function, in the form it would need to
appear in within CREATE FUNCTION. pg_get_function_result similarly returns the appropriate
RETURNS clause for the function. pg_get_function_identity_arguments returns the argument list
necessary to identify a function, in the form it would need to appear in within ALTER FUNCTION, for
instance. This form omits default values.

pg_get_serial_sequence returns the name of the sequence associated with a column, or NULL if no
sequence is associated with the column. The first input parameter is a table name with optional schema,
and the second parameter is a column name. Because the first parameter is potentially a schema and
table, it is not treated as a double-quoted identifier, meaning it is lower cased by default, while the second
parameter, being just a column name, is treated as double-quoted and has its case preserved. The function
returns a value suitably formatted for passing to sequence functions (see Section 9.15). This association
can be modified or removed with ALTER SEQUENCE OWNED BY. (The function probably should have
been called pg_get_owned_sequence; its current name reflects the fact that it’s typically used with
serial or bigserial columns.)

pg_get_userbyid extracts a role’s name given its OID.

pg_tablespace_databases allows a tablespace to be examined. It returns the set of OIDs of databases
that have objects stored in the tablespace. If this function returns any rows, the tablespace is not empty
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and cannot be dropped. To display the specific objects populating the tablespace, you will need to connect
to the databases identified by pg_tablespace_databases and query their pg_class catalogs.

pg_typeof returns the OID of the data type of the value that is passed to it. This can be helpful for
troubleshooting or dynamically constructing SQL queries. The function is declared as returning regtype,
which is an OID alias type (see Section 8.16); this means that it is the same as an OID for comparison
purposes but displays as a type name. For example:

SELECT pg_typeof (33);

pg_typeof

integer
(1 row)

SELECT typlen FROM pg_type WHERE oid = pg_typeof (33);
typlen

The functions shown in Table 9-51 extract comments previously stored with the COMMENT command.
A null value is returned if no comment could be found for the specified parameters.

Table 9-51. Comment Information Functions

Name Return Type Description

col_description (table_oid, text get comment for a table column

column_number)

obj_description (object_oid, |text get comment for a database

catalog_name) object

obj_description (object_oid) |text get comment for a database
object (deprecated)

shobj_description (object_oid, | text get comment for a shared

catalog_name) database object

col_description returns the comment for a table column, which is specified by the OID of its table
and its column number. obj_description cannot be used for table columns since columns do not have
OIDs of their own.

The two-parameter form of obj_description returns the comment for a database
object specified by its OID and the name of the containing system catalog. For example,
obj_description (123456, 'pg_class’) would retrieve the comment for the table with OID
123456. The one-parameter form of obj_description requires only the object OID. It is deprecated
since there is no guarantee that OIDs are unique across different system catalogs; therefore, the wrong
comment might be returned.

shobj_description is used just like obj_description except it is used for retrieving comments on
shared objects. Some system catalogs are global to all databases within each cluster and their descriptions
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The functions shown in Table 9-52 provide server transaction information in an exportable form. The main
use of these functions is to determine which transactions were committed between two snapshots.

Table 9-52. Transaction IDs and snapshots

Name Return Type

Description

txid_current () bigint

get current transaction ID

txid_current_snapshot ()

txid_snapshot

get current snapshot

txid_snapshot_xmin (txid_snapshbtiigint

get xmin of snapshot

txid_snapshot_xmax (txid_snapshbtgint

get xmax of snapshot

txid_snapshot_xip (txid_snapshpsetof bigint

get in-progress transaction IDs in
snapshot

txid_visible_in_snapshot (bigidmgolean

txid_snapshot)

is transaction ID visible in
snapshot? (do not use with
subtransaction ids)

The internal transaction ID type (xid) is 32 bits wide and wraps around every 4 billion transactions.
However, these functions export a 64-bit format that is extended with an “epoch” counter so it will not
wrap around during the life of an installation. The data type used by these functions, txid_snapshot,
stores information about transaction ID visibility at a particular moment in time. Its components are

described in Table 9-53.

Table 9-53. Snapshot components

Name Description

xmin Earliest transaction ID (txid) that is still active.
All earlier transactions will either be committed
and visible, or rolled back and dead.

xmax First as-yet-unassigned txid. All txids greater than
or equal to this are not yet started as of the time of
the snapshot, and thus invisible.

xip_list Active txids at the time of the snapshot. The list

includes only those active txids between xmin and
xmax; there might be active txids higher than
xmax. A txid that is xmin <= txid < xmax and
not in this list was already completed at the time of
the snapshot, and thus either visible or dead
according to its commit status. The list does not
include txids of subtransactions.

txid_snapshot’s textual representation iS xmin:

means xmin=10, xmax=20, xip_list=10, 14,

xmax:xip_list. For example 10:20:10,14,15
15.
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9.24. System Administration Functions

Table 9-54 shows the functions available to query and alter run-time configuration parameters.

Table 9-54. Configuration Settings Functions

Name Return Type Description

text get current value of setting

current_setting (setting_name)

set_config(setting_name, text set parameter and return new

new_value, is_local) value

The function current_setting yields the current value of the setting setting_name. It corresponds
to the SQL command SHOW. An example:

SELECT current_setting(’datestyle’);

current_setting

IS0, MDY
(1 row)

set_config sets the parameter setting_name to new_value. If is_local is true, the new value
will only apply to the current transaction. If you want the new value to apply for the current session, use
false instead. The function corresponds to the SQL command SET. An example:

SELECT set_config(’log_statement_stats’, ’'off’, false);

set_config

off
(1 row)

The functions shown in Table 9-55 send control signals to other server processes. Use of these functions
is restricted to superusers.

Table 9-55. Server Signalling Functions

Name Return Type Description

pg_cancel_backend (pid int) |boolean Cancel a backend’s current query

pg_terminate_backend (pid boolean Terminate a backend

int)

pg_reload_conf () boolean Cause server processes to reload
their configuration files
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Name Return Type Description

pg_rotate_logfile () boolean Rotate server’s log file

Each of these functions returns t rue if successful and false otherwise.

pg_cancel_backend and pg_terminate_backend send signals (SIGINT or SIGTERM respectively)
to backend processes identified by process ID. The process ID of an active backend can be found from the
procpid column of the pg_stat_activity view, or by listing the postgres processes on the server
(using ps on Unix or the Task Manager on Windows).

pg_reload_conf sends a SIGHUP signal to the server, causing configuration files to be reloaded by all
Server processes.

pg_rotate_logfile signals the log-file manager to switch to a new output file immediately. This works
only when the built-in log collector is running, since otherwise there is no log-file manager subprocess.

The functions shown in Table 9-56 assist in making on-line backups. These functions cannot be executed
during recovery. Use of the first three functions is restricted to superusers.

Table 9-56. Backup Control Functions

Name Return Type Description
pg_start_backup (label text |text Prepare for performing on-line
[, fast boolean ]) backup
pg_stop_backup () text Finish performing on-line
backup
pg_switch_xlog () text Force switch to a new transaction
log file
pg_current_xlog_location() |text Get current transaction log write
location
text Get current transaction log insert
pg_current_xlog_insert_locatfion () location
text, integer Convert transaction log location
pg_xlogfile_name_offset (locafjion string to file name and decimal
text) byte offset within file
pg_xlogfile_name (location text Convert transaction log location
text) string to file name

pg_start_backup accepts an arbitrary user-defined label for the backup. (Typically this would be
the name under which the backup dump file wil