PostgreSQL 9.0.5 Documentation

The PostgreSQL Global Development Group



PostgreSQL 9.0.5 Documentation
by The PostgreSQL Global Development Group
Copyright © 1996-2010 The PostgreSQL Global Development Group

Legal Notice

PostgreSQL is Copyright © 1996-2010 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 liv
1. What iS POSEZIESQLT ....eiiiiiiiiiiiete ettt ettt sttt liv
2. A Brief History of POStZreSQLu........cooiiiiiiiieiieeieeiteriteete ettt st ettt esaae b aeenaees Iv

2.1. The Berkeley POSTGRES PrOJECt .....cccueevuieiiieiiieiieniiesieeieeite sttt sve s esine e Iv
2.2, POSEEIESOS ...ttt ettt ettt st et esat e it e bt e aeenaeesabeebeeaee s lvi
2.3, POSEEIESQLoi. ittt ettt ettt st et e bt et s be e bt e naeesabeebeeaee s Ivi
3. COMVEINTIONS ...ttt sttt ettt ettt st et et e bt et ae et e sa e eate bt sbeeabesbeest e bt sueenaesbeennenbeeneenee lvii
4. Further INfOrmation........cococveriiriiiiniieiencetcest ettt ettt ettt nesee e lvii
5. Bug Reporting GUIEIINES........ccviiiiiriiiniiiiieieerite ettt ettt ettt e beesaeesaee s Lviii
5.1, Tdentifying BUgS ...c..coeiiiiiiiiieeieeieeiteeeee ettt sttt Lviii
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 lix
5.3. WHETE 1O TEPOTE DUZS ...eeeuviiiiiiiiiiieriteeteeit ettt et ettt ettt et e st st e bt e saeesabeeseenaee s Ixi
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 73

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 91

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 117
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 185
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 191
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 247
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 251
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 255
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 287
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 289
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 411
17.8.3. Creating a Self-Signed Certificate ...........coceevvierriiinieniieniiieierierieeeerieeeeene 412

17.9. Secure TCP/IP Connections with SSH Tunnels ..........cccccocceveniniinininiininicncneenns 412
18. Server CONfIGUIATION ......cceeiieiieieiieeeeeeet ettt st a e et ene s eanens 414
18.1. Setting Parameters ........c..cocveiiriieiiiriiiieie ettt et 414
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 415
18.3. Connections and AUthentiCatioN........c...eovveereeriirieirienee ettt 416
18.3.1. Connection SELHNES .......cccecuieiiiiiriiiieiiiieieee ettt s 416
18.3.2. Security and AuthentiCation...........c.ceceeververierieininiereniereieeeeereseseeeeeneenes 419

18.4. ResoUrce CONSUMPLION......c..ciiuietieieiieiieteeteeiesteententeeteetesteeeesaesseentesbeensesseeneensesseeneans 420
T84, 1. IMIBIMOTY ..ottt ettt ettt st ettt et e sbeesat e e b e bt e naaeeas 420
18.4.2. Kernel Resource USage......c.c.covueerieriiiiiiiniinienieeieeseestt et 422
18.4.3. Cost-Based Vacuum Delay .........ccccooeieriiiinieienieieeeeeieee e 423
18.4.4. Back@round WIIter........cccueiuirieriiriiiienieeiteieet ettt 424
18.4.5. Asynchronous Behavior...........c.cooceeviiiiiiiiiniiieniiieeseeeeee e 425

18.5. WIite ARead LOZ ...oviiiiiiiiieiieee ettt st s 425
I8.5. 1. SEUNES ..ottt ettt ettt ettt ettt et be ettt e st et saeebesbeennens 425

Xi



18.5.2. CRECKPOINES. ..cuvteruieriiietierieeteetee ettt e st e st e st e bt e sitesabeebeesaeesasesnbeenseasanesns 428

18.5.3. ATCHIVIIIZ 1evvtiiiieeiieeieette ettt ettt st ettt sttt e st e st s beesaeesaneeas 429
18.5.4. Streaming RepliCAtioN........cecuiiiiierieriiiiieniieeieeeeteste sttt et 429
18.5.5. Standby SETVETS ....cccueeiuiiriieiieiieieete ettt sttt ettt e be e e 430

18.6. QUETY PIANNING ......eiiiiiiiiiiiiiiieeieeitete ettt st sttt st es 431
18.6.1. Planner Method Configuration...........c..ceccecueeeevienereenieneesienieeeeeeenreseenens 431
18.6.2. Planner Cost CONSLANLS ......eeverrteeriierieriieniienieeieenitestesateesbeesseesaeeebeesseesaeeens 432
18.6.3. Genetic QUEry OPtIMIZET ........ccceruieierierieiiniieienie ettt saeeenens 434
18.6.4. Other Planner OPLions...........cccccerieiierierieiienieiene et enens 434

18.7. Error Reporting and LOZZING ........cc.cocviviiiiiiiiiiiiiiieiceeceeeeteceeee e 436
18.7.1. WHere TO LOZ ....oviiiiiiiiieiiee e 436
18.7.2. WHen TO LOZ .eeeeieiieeeeeeeeteeet ettt 438
18.7.3. WHat TO LLOZ ..ottt s s 440
18.7.4. Using CSV-Format Log OUtpuL .........cceeieiuiiieienieeierieeieee e 443

18.8. RUN-TIME SEAISTICS ..uviervreeereeiieiiiesieeiiesteeseesteeteesteesteeesseesseesseesssaesseesseesssessseensesssns 445
18.8.1. Query and Index StatisticS COIIECLOL ........ccuevuieieririeieriieereeee e 445
18.8.2. Statistics MONMILOTINEZ ... ecuveutieuieierieeienteeiteie et ete sttt sttt eite e seeeaesbeeneens 446

18.9. AUtOMAIC VACUUIMING .....evtiniiiieiiiiieitete ittt ettt ettt et sbt ettt et saeenaesbeeneens 446
18.10. Client Connection Defaults ............coceririirieniiiininieeseeeseee et 448
18.10.1. Statement Behavior.........cc.oeveviiiiiieniniiieeecteee e 448
18.10.2. Locale and FOrmatting ..........cccccoceevierierieniininiienenienienieeienieetenie e 451
18.10.3. Other Defaulls.......cc.coeeiiiiiiiiiiriiienicrteeeese et 452
18.11. LOCK MaNQ@emMENL .....covueruieiiniieiiiieiteieiieetenteeit ettt sttt sttt sbeeae e ennens 453
18.12. Version and Platform CompatibDility .........cccceeeveerieereenieiiieieeniesieeieesiee e eie e 454
18.12.1. Previous PostgreSQL VErSiONS ........ccceevveerierieeiiienieniesieenieeniee e eieenseenens 454
18.12.2. Platform and Client Compatibility.........ccceeevervueriierrieniesieericenee e 456
18.13. PreSet OPLiONS. . c.eeeuieriieriieriieeieenitenitesiteeteesteesiteebeesteesstesbeeseebeessbesnseensaesasesnsesnseas 456
18.14. CusStomiZed OPHOMS .....eevuieriieriiieiieniesteeieerieesite et esteesitesbeebeesbtessbessbeesbeesasesasesnseas 457
18.15. DeVElOPET OPLONS ...ceuvieiieiieeiiieitenite st eteesie e st et esteesttesbeebeesbeesabesabeebeesasesasesnseas 458
18.16. SNOTt OPLIONS ...couviieiieeiiieiieniie ettt sttt ettt et e bt esbtesbeebe e bt e sabesabeenbeesatesasesnseas 461
19. Client AUThENTICAION .....cc.eecuiriirriiriirieieritet ettt ettt st een et eaee et saeennesaeennens 463
19.1. The pg_hba . CoONnE fIl€ ccoiriiiiieiiiiie ettt eetae e e eeaneeas 463
19.2. USET NAIME INAPS .uvvevrerurieiieniieriteesteenitesiteesteesteessteeseesseesseesseesseesseesssesaseeseesssesssessses 468
19.3. Authentication MEtROAS ........cccueiiiiiriiriiiiietere et 469
19.3.1. Trust aUtRENTICAION. ....ccuveeivieeeiieeeiieesteeesreeereeeeeeeereesaaeesbeeessseeennsaeessseens 470
19.3.2. Password authentiCation...........c..ceeeuererrieeriieeeiieerieeeireeseeeesreeesreeeseseeeseseens 470
19.3.3. GSSAPI authentiCation ......cc..cevueerieriiriiieniierie ettt sttt 470
19.3.4. SSPI authentiCation .......ccccueeueriiiinieniieieeiteete ettt st et 471
19.3.5. Kerberos authentiCation .............coocueeeerrieenienieniieiniiereenieeieesiee e 472
19.3.6. Ident-based authentiCation ............ccceeervieeriieeriee et e 473
19.3.6.1. Ident Authentication over TCP/IP...........cccceovveviiiciieiieie e, 474

19.3.6.2. Ident Authentication over Local SOCKets ........ccceevureviierierirerieeneenne, 474

19.3.7. LDAP QuthentiCatiON........cueecueertierieeieerrieneesieeereeseesseeseesseesseesssesssessseessnenns 474
19.3.8. RADIUS authentiCation ..........ccceerveeieeriienieeieeirieseesseereesseesseessseesseesseessnenns 476
19.3.9. Certificate aUthenNtiCAtION .........cvevieeieeitierieeieeteeseeete et eieeeeeeeveereesaeessneens 476
19.3.10. PAM authentiCaAtION. ......ccueecveeriierreereetierreereereeseeessseeseesseesseesssessseesseessnenns 477

19.4. Authentication Problems ........c.cecueririeriiiireneeteeee ettt 477
20. Database Roles and PrivIIEZES ........ccccoueeieriirieriiniiienieniteiesieetenie ettt s 479

Xii



20.1. Database ROLES .....ccuvveiiieiiiiieeeerieee ettt eetae e e eete e e eetareeeeeetareeeeeerareeeeenans 479

20.2. ROl ALIDULES. .....cueviiiiiiiiiiiiicricccee e e 480
20.3. PLIVIIEEES ..ottt sttt ettt ettt s e st be e bt e st et e bt e s b e eateeabeas 481
20.4. ROIE MEMDETSHIP ...ecuveiiiiiiiiiiiiieiieee ettt ettt ettt sttt et et eabeas 482
20.5. Function and TrigZer SECUTIILY .....cevverieriiiiriienienie ettt ettt et e 483
21. Managing Databases ..........cceeeeruiriiieniinieieneeienit sttt ettt et et 485
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 485
21.2. Creating @ Database .........cc.covevieiiieiiniieieieeeeeee e s 485
21.3. Template Databases .........ccccocveviirieiiniieiiiieeeereetete et 486
21.4. Database Configuration ..........c..cocecueruieiiiriinienieniieieteeeeee et 487
21.5. Destroying a Database ...........ccccvuiiiiiiiiiiiiniiiieeieeeeee e e 488
21.6. TADIESPACES ....eeuveeiiieiieeieeriteete ettt ettt ettt sttt sttt ettt be s 488
2 e Yoz 1121 i o) HO USROS PRRSRRRRRRRRIN 491
22.1. L0CAle SUPPOIT......oiuiiiiiiiiiiiieieitiee et s 491
22. 1. 1. OVEIVIEW ..ottt ettt sttt ettt b et sae et be et e e bt e st e et eaeeaesaeeneens 491
22.1.2. BERAVIOT ..ottt ettt st s 492
22.1.3. PIODIEINS .cuviiiiiiiieieeite ettt ettt st e 493

22.2. Character SEt SUPPOIL......ccueruteriertieieniieiente ettt ettt te sttt e st sbeete bt ssteneesaeenaesbeennens 493
22.2.1. Supported Character SELS........ccoererrieriirieniiniieieneeterie sttt eee e sieeeens 494
22.2.2. Setting the Character Sel.........ccoeieerieririeniiniieienieetenie sttt see e sieeaeens 496
22.2.3. Automatic Character Set Conversion Between Server and Client.................. 497
22.2.4. Further REading .........coccociiviiiiiiiiiiiinintciesceteseeeestee et 500

23. Routine Database Maintenance Tasks..........ccccceviririniiieniiniiiniiiiecccce e 501
23.1. ROUINE VACUUIMING .....eoveemiiiienieiieiienieeitente sttt et ettt et e e sbeesnesbe st et sseenaesbeennens 501
23.1.1. Vacuuming BasiCS......cccerueriirriieiiienieeiieitesteete ettt st eteesee e esbeenaee e 501
23.1.2. Recovering DisK SPaCE .....cccueevuieiiirieeiieiiecieeie ettt st 502
23.1.3. Updating PIanner StatiStiCS .......cerverruerrieeriierierieeieeneeneesreenieesieesneeseenseesens 503
23.1.4. Preventing Transaction ID Wraparound Failures............cccoooeevcveviiiininniennnnns 504
23.1.5. The Autovacuum Daemon ..........c.ccecuererieriinieiineeieneneeteneeeenie e sieennens 506

23.2. ROUtINEG REINAEKXING ....eouvieiiieiiiiiieiieeieeit ettt ettt sttt st esaaesaeeebeas 507
23.3. Log File MaINtENANCE.......cceevieriieiieniieeieeitesite sttt et e st te ettt esabeebeebeesabesaseenbeas 508
24, Backup and RESTOTE ......eeiuieriiiiiiiiieiieeie ettt ettt ettt s et sate e bt e satesatesbeesaeesaneens 510
24.1. SQL DUIMP.....otoiiiieiiiteeeeteese ettt st st et ene st ne s ennens 510
24.1.1. Restoring the dump ........cccccivvieriiiieiiniinieieeeeeeeceere e e 511
24.1.2. Using pg_dumpall......c..ccccooiriiiiiiiiininieieneeteseeeere et 511
24.1.3. Handling large databases .........c..cccceceriieiiiiinieiiinieeeeneeteeieeeeie e e 512

24.2. File System Level BaCKUP ......cc.cocoeiiiiiiiiiiiiiiiccece et 513
24.3. Continuous Archiving and Point-In-Time Recovery (PITR) ...........ccoceiiniininnnn, 514
24.3.1. Setting up WAL archiving...........cccccceiiiiiiiiniiiinieeeneeieeeeee e 515
24.3.2. Making a Base BaCKUD ......coceeviiiiiiiiiiiiiieeeceeceeeeetes e 517
24.3.3. Recovering using a Continuous Archive Backup .......c.ccccccevivinincncncncennnne. 519
24.3.4. TIMELINES ...c.veeueeieeieeteet ettt sttt ettt ettt e st sbe e e b et e st eaeeeesaeeneans 521
24.3.5. Tips and EXampIes ........cccuevieieiiiiiieiieieieeee sttt 522
24.3.5.1. Standalone hot backups .........ccceeeerueriiriienieieneseeesieeee e 522

24.3.5.2. archive_command SCIIPLS ...cccereerreriierieniiniieniesieeee st eiee e see e 523

24.3.6. CAVE