PostgreSQL 9.5.0 Documentation

The PostgreSQL Global Development Group



PostgreSQL 9.5.0 Documentation
by The PostgreSQL Global Development Group
Copyright © 1996-2016 The PostgreSQL Global Development Group

Legal Notice

PostgreSQL is Copyright © 1996-2016 by the PostgreSQL Global Development Group.
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,
INCIDENTAL, 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 IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. THE SOFTWARE PRO-
VIDED HEREUNDER 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 Ixvi
1. What 1S POStZIeSQLT ..cc.eoiiiiiiiiiieiireeeeeete ettt ettt st Ixvi
2. A Brief History of PoStreSQLu........coviiiiiriiiiiieeieeiteieeie sttt sttt sieesaaeens Ixvii

2.1. The Berkeley POSTGRES Project ......cccevveviiriiieiiieniienieeieeniee e et svesve s Ixvii
2.2, POSEEIESOS ...ttt ettt ettt sttt e e ateeabesnbean Ixvii
2.3, POSEEIES QLo ittt st sttt e et saneents Ixviii
3. CONVEINTIONS ...ttt ettt ettt ettt sae et et s et e st ate bt saeemae s bt ess et eebeeatesbeemeenuesueen Ixviii
4. Further INfOrmation........cccoeeviiririeiiinieiencetee sttt sttt st Ixix
5. Bug Reporting GUIEIINES. .......ecoueeriiiriieiiiiie ittt ettt ettt st esatesane e Ixix
5.1. Tdentifying BUugS .......ooouieriiiiiiieiee ettt st Ixx
5.2. What t0 REPOTT ...ttt ettt ettt sttt st e Ixx
5.3. Where to RepOrt BUZS ..c...coviiiiiiiiiiiieiecteteeeet ettt Ixxii
I. Tutorial 1
1. GEttING STATTEA ....eeeniiiieieieeiieeee ettt st e 1
1.1 INSEALIALION ..ottt et sttt st sttt et en 1
1.2. Architectural Fundamentals............ccoceriiriiriiiniiiieiieeceeceee e 1
1.3. Creating a Database ...........cecueiuieieriieiieerie ettt ettt ettt et saeesaesbeeneens 2
1.4. Accessing @ Database ........cooeeriiriiiriiiiiiieetee ettt 3
2. The SQL LaNGUAZE .....covveiriiiiiieieenite ettt ettt st sa e st sttt e sbe e saneesbeenbee e 5
2.1, INEEOAUCTION 1ttt ettt et sttt e bttt et e e st e st e s be et e beeaeenes 5
2.2, COMCEPLS .uveeneeeiieeieeieeeite ettt e et st e b e bt e sat e e bt e sbtesate e bt e s bt esaeesabe e bt esbeesabeenbeesaeesaneen 5
2.3. Creating @ NeW Table ......cccoviiiiiiiieieeee ettt 5
2.4. Populating a Table With ROWS .......cccoeiiiiiiiiiiiiiiieeeecee e 6
2.5. QUErying @ TaDIE ....cc.coiiiiiiiiiiiiiee et st 7
2.6. Joins Between Tables........cocoviiiiiiiiiiiiieeeceereeesest et 9
2.7. Aggregate FUNCHIONS......ccccoviiiiiiieeteteeitete ettt sttt 11
2.8 UPAALES ..ottt sttt et sttt ettt b ettt et sa e bbbt ettt eae e 12
2.9, DCIETIONS ...conveeeenieieeiteteettete sttt ettt sttt sttt b ettt ebt et st sbe et et ebeenees 13
3. AdVANCEd FRATUIES ...c..eeiiiiiiiiiieiietceitctee ettt ettt ettt ettt s ennens 14
3.1 INTOAUCTION «.nveiiiiiiieiieitete ettt ettt ettt ettt eb s 14
3.2 VIBWS ittt ettt sttt ettt et sttt ettt na e sttt et eae e 14
3.3, FOTEIZN KEYS...uiiiiiiiiiiiieeie ettt ettt sttt ettt e bt e sbeeseneenbeenbeesene 14
3.4, TTANSACHIONS ..c.eevveniieiieteeitete sttt ettt ettt et sttt e st e e sbtebeesaesaeesbesbeeesemteeaeenees 15
3.5. WIndow FUNCHONS ......ccuiiiiriiiiiiinieiececeteeceteste ettt st 17
3.6. INNETILANCE ...c.eeiiiiiiiciiecc ettt sttt 20
3.7 CONCIUSION ...ttt ettt ettt ettt sa et esae st e bt eneeaeemnes 21

I1. The SQL Language 22

4. SQL SYNEAX .eontiiieiieiieiete ettt ettt ettt ettt et e ae st h e n et ae e e nesreeanenee 24

4.1, LeXiCal SIUCLUTE. .......eivuiiiiiiiieteeitt ettt ettt ettt st sbe et e st e sbeesaee st ens 24
4.1.1. Identifiers and Key Words.........ccccceeveeriiiiniiniiniineeeeneeeieeeeiee e 24
1.2, CONSLANLS .e.uveeutieiteeieetee sttt ettt et st e bt e bt e st e e bt e bt e sbeesbe e bt enbeesanesaeeenbeas 26
4.1.2.1. String CONSLANES .....eeouervereietierieieeeeeeenteeeeete et eee et eesee s eeeseeeneenes 26

4.1.2.2. String Constants with C-style EScapes.........cccceccevirrenerieneneenne 26

4.1.2.3. String Constants with Unicode Escapes.......c..ccccoecvrreenereenenennnnne. 28

4.1.2.4. Dollar-quoted String CONStaNts .........cceeeeerierreerienieeieneneeee e 28

4.1.2.5. Bit-String CONSLANLS ....c..ccveueeurririinrerereeeieeestenteeeeeee e e seeaenenene 29

4.1.2.6. NUMEIIC CONSLANLS .....overeieniietieienieeieniesiteie ettt sttt sbe e 29

4.1.2.7. Constants of Other TYPES ......cccevereerererienenieieneeee e 30

iii



1.3, OPCTALOTS ....eeuvieiieeieeiiesite et et e sitesteeabte bt e satesabeesbeesasesateebeesseesssesnseeseenaees 31

4.1.4. SPecial CharaClers........cevueruersiieriieriestiesieeste st et esiteseesbeesbeesbeesaresnseenbeas 31
4.1.5. COMMENLS ...t 32
4.1.6. Operator PreCedeNCe .........oouiriiiriirieniieiieteee ettt 32

4.2, Value EXPIESSIONS......eiiuiiriiiiiieiienite ettt ettt ettt sttt et e st e bt e st e sateesbeesaeesaeeens 33
4.2.1. Column References..........coceoerieieriinieninieneneeieeeeeteeee et 34
4.2.2. Positional Parameters.........cceevueerierieriiiinienienieeieeitesee et 34
4.2.3. SUDSCIIPLS ..ottt ettt et 35
4.2.4. Field SEIECHON .....ooueiiiiiiieiieiieeiteetee ettt st 35
4.2.5. Operator INVOCAtIONS ......c..coueevuiriiiiiiieiieie et 36
4.2.6. FUNCHON CallS .....eoiiiiiiiiiiieeiietete ettt s 36
4.2.77. Aggregate EXPreSSIONS. .....cccueiviiiiiirieriierieentenite ettt st 37
4.2.8. Window Function Calls...........cceeruiririeninierieieeeeeeee e 39
4.2.9. TYPE CaSS .. s 41
4.2.10. Collation EXPreSSions ........ccceeeeuertieienieneeniesieeiesieeieete st eee et 41
4.2.11. Scalar SUDQUETIES........covirieiirtieietieiieee ettt ettt 42
4.2.12. Array CONSLIUCTOTS .. .veenvienieriienieeniterteeieeeree st et esreesbeesreesseesbeesaresneeebees 42
4.2.13. ROW CONSLIUCLOTS....cuveeurenierrienieenitentteieesieesiteereesseesieeeteesseesreesmnesaneenbees 44
4.2.14. Expression Evaluation RuUles ..........cccccocoviinininiininiiicccee 45

4.3. Calling FUNCHONS. ....ccuteiiriieiintieterieeterte sttt ettt sttt et sbe e b e 47
4.3.1. Using Positional NOtation ..........cccueverierireenienenienienieeieneeeene e 47
4.3.2. Using Named NOtAtioN ........cccevueeieriirieniineeienentenienitetesieete et 48
4.3.3. Using Mixed NOtation......c..ccoeriieiiniirieniinienienenteeseeteseeee et 48

5. Data DefINItION ....ccoiiiiiiiiiiiicieieiccec et 50
5.1, Table BaSICS .....couiiuiiiiiiiiicieieireee e e 50
5.2. Default ValUES .......cccovuiiiiiiiiiiiiiiiiiiictcteeeee et 51
5.3 CONSLIANES ....cuiiiiiiiiieeiee ettt sttt s 52
5.3.1. Check CONSLIAINES ......o.ceuiiuiriiiiieiiiiiietiteeee e 52
5.3.2. Not-NUll CONSLIAINLS .......ooviiiiiiiiiiiiiiiiiieieeeeeeese e 54
5.3.3. UnNiqUe CONSLIAINES. ..c.uveruiertieriienieeieenteeteeieesieesteeteesbeesteeteesbeesaresaseenseas 55
5.3.4. Primary KEYS.....cueoiieriirieiiiesieeieetest ettt st s 56
5.3.5. FOr@ign KEYS ...ccuviiiiiiiiiiiiiiesteeeetet ettt e 56
5.3.6. Exclusion CONSraints ...........ccccveiiiiiiiiiiiiiiieiiiicicseceeece e 59

5.4, SyStem COIUMIS ...c..veitiiriieiiieieeite ettt ettt sttt e st st e bt et e sateebeebeesaee 59
5.5. Modifying TabIes........ccoociiriiriiiiiiiiiiieieeeceeeeeeee et 61
5.5.1. Adding @ COIUMN.....cccoeiiiiiiiiiieieic e 61
5.5.2. Removing @ COIUMIN .......cccoeviiiiiiiiiiiiieieeecteeeee e 62
5.5.3. Adding @ COonStraint ............ccuevuieiiiriiiienienieete et 62
5.5.4. Removing @ CONSIAINE .......ccuevuiiiiiriiiieiiiieiceeeete e 62
5.5.5. Changing a Column’s Default Value............cccccoeveninienenineeeceeeeeee, 63
5.5.6. Changing a Column’s Data TYPE ......ccceveruieiinieieieieereeeee e 63
5.5.7. Renaming @ COIUMN ...cc.eeuiiiiiiieiiiieieie e 63
5.5.8. Renaming @ Table ........cccoeieiiiiiiiiiniiiiee e 63

5.6, PLIVIIEZES ..ttt ettt sttt et 64
5.7. ROW SECUTILY POLICIES .. .cueeiiitiiiiiiiiiieieeitee ettt 64
5.8 SCHEIMAS ...ttt e 69
5.8.1. Creating @ SCheMA .......cc.eviiiiiiiiiiitee e 70
5.8.2. The Public SChema .........ccccoevieiiiiiniiiiiiciciecneeeeee e 71
5.8.3. The Schema Search Path..........c..cccocoiiiiiiiiiiiiiiceece 71
5.8.4. Schemas and Privileges..........coceevuiririineninieniinieneneeeenesteesee e 72
5.8.5. The System Catalog SChema ........c.ccoceveririininiieninciicneceeeeeceeene 72
5.8.60. USAZE PALEINS ...ccuveveiiiiiiniiiiiieetentceitete sttt sttt 73

v



5.8.7. POTtaADIIILY ...ceuviiiiiiiieieeite ettt st 73

5.9, INHETILANCE ...c.veeiiiiieiiciieiee ettt ettt sttt 74
5.9 1. CAVEALS ... Tl

5.10. PaTtIIONINE «..veevieiiiieiieiie ettt sttt ettt et sttt e sbt e sate e be e bt e saneebeebeesaee 77
S5.10. 1. OVEIVIBW ...ouiiiiiiiiitcieieeieeteeeet ettt st Tl
5.10.2. Implementing Partitioning ..........cocceceeverierreniinieenieneenenenrereneeeesneeneennes 78
5.10.3. Managing Partitions ..........ccceceeveeririenienieieniieeere e 81
5.10.4. Partitioning and Constraint EXCIusion ...........cccceeevvieveninieninieccnceeenne. 82
5.10.5. Alternative Partitioning Methods..........c..cccceeiiviiriniiiininieencceeeenne, 83
5.10.6. CAVEALS ..ttt ettt ettt st st b e st b e st ebeas 84
S.11.FOreign Data ......o.iiiiiiiiiiiiiceieee e e 84
5.12. Other Database ODJECES .......covueerueeriirrieirienieeieereenite et ettt sree e 85
5.13. Dependency Tracking ........ccoeereiieienieieieeeee et 85
6. Data Manipulation.........ccueeuieiierieienie ettt ettt ettt e e s bt et esbe st e b sbeeneeseeeaeeneas 87
6.1. INSErting DAta ......ocuiiiiiiiieie ettt 87
6.2. UPdating Datal......cc.eeieriieiieiieiieieiteeitee ettt ettt sttt sttt e 88
6.3. Deleting Data.......c.coeviviirieiiiiiiiniieteret ettt s 89
T QUBTIES ..ot et e ettt e et et e e et e e et e e eteeeetteeeeaaeseeaaeeeeaeseetaeeeaaaeeeastaeeteseeteeeeaeeeeateeeeareeeeanes 90
T 1 OVEIVIEW ittt ettt sttt ettt s st 90
7.2. Table EXPIESSIONS ...ccuveutiiieiintieiintieitente sttt ettt ettt sb ettt st e b bt ene b esnenee 90
7.2.1. The FROM CIAUSE.....c.cevruiriiiiieieiieiiniietiteiereteit et 91
7.2.1.1. Joined Tables ........ccccoveiririniniiicicicc e 91

7.2.1.2. Table and Column ALASES........cccccueiriririinienieieieieene e 95

7.2.1.3. SUDQUETIES ....eeuvienvieiieeieeieesiteeieesiee st e ereeieesteesreeseenteesabeenseeseesens 96

7.2.1.4. Table FUNCHONS ..c..cooviriiiiiniiiiiieniieieieeeetc ettt 96

7.2.1.5. LATERAL SUDQUETIES ....eevuveenieeiieniieeieeieesieesteeieenieesieeseeesveenaeenanes 98

7.2.2. The WHERE ClaUSE......cceviruiriiiiiiiiiiiciictiieeceecetec et 99
7.2.3. The GROUP BY and HAVING ClauSes.........ccceevueieiriririinieieieiciienieeene 100
7.2.4. GROUPING SETS, CUBE, and ROLLUP ...cccevueriiieiiiiiininie et 102
7.2.5. Window Function Processing ...........coecueeeuerreenienieniieeniienieeieesieeseeeieenne 104

7.3 SCLECT LISES. ettt ettt st 104
7.3.1. Select-LiSt ItEMS .......cceviiiiniiiiieriecnteteeeee ettt 105
7.3.2. Column Labels ......ccc.coirieiiiriiiiiirieiencceeee et 105

733 DISTINCT touireiiiiiieieie e sttt st 106

7.4. Combining QUETIES......c..coueetertieietieieteneetete ettt e et sae s eaee s st enenneas 106
7.5, SOTtING ROWS ..ottt s 107
7.6. LIMIT QDA OFFSET..couteiiiiieieiieieeteereeresieenneteeseeaesneeseesaesseessesseenesseeneesesaeennesnens 108
TT. VALUES LSS ettt 108
7.8. wITH Queries (Common Table EXPIressions) .......cceueeveereerieriieeneeneenieenieeneennes 109
7.8.1. SELECT 1N WITH .cuiiiiiiiiiieiiiieeeie sttt et 109
7.8.2. Data-Modifying Statements in WITH ......cccceveeiererienieneeeieneeeeeneeeeeeeennea 113

8. DALA TYPES ..ttt ettt e b e bttt e be e b st e be e aeenaes 115
8.1 INUMEIIC THPES ...ttt ettt ettt et sttt s be ettt e e e 116
8.1 1. INtEZEL TYPES .ttt ettt 117

8.1.2. Arbitrary Precision NUMDETS .......cccceoiiieiiiniiieierieieeeere e 117
8.1.3. Floating-Point TYPES .......ccceivirerieriiiiiiiniinieicteteeerese e 119

814, SErTal TYPES...ecueetieuieiiriieie sttt ettt ettt sttt st nae e 120

8.2. MONELATY TYPES ..cueeieniiriienieieeiteteet ettt et sttt be et enae s 121
8.3, Character TYPES ..c.eeueerueriieierieeiteieeteete ettt et sttt ettt 121
8.4. BINary Data TYPES ....cevverueeierieriteieeitetesteet ettt sttt sttt 123
8.4.1. bytea HEX FOIMAL........cooiiviiiiieiiiie e 124
8.4.2. bytea Escape FOrmat.........ccceevieeiiiniienieeieeieeeeeie ettt 124



8.5. Date/TimMe TYPES..curiirieiierieiieeiterte ettt sttt ettt et sbee st e sbeesbeesabesaneenne 126

8.5.1. Date/Time INPUL .....cccueeviiiiiiiieieee ettt 127

8.5, 1.1 DALeS ... 128

8.5.1.2. TIMES vt 128

8.5.1.3. TIME StAMPS...eeeveeiieriiieieeiierteee ettt ettt 129

8.5.1.4. Special ValUES .....ccc.eeviiriiiiiiiiieieeitecteeeee ettt 130

8.5.2. Date/Time OULPUL ....c..coeeviiriirieiieiietieieeeene ettt 131
8.5.3. TIME ZOMES ...eoneeeiiiiiieiieeiieeiteete ettt sttt ettt ettt st e b e saeesaees 132
8.5.4. Interval INPUL.....c..cociiiiiiiieeeee e 133
8.5.5. Interval OULPUL ......ceiiiiiieiiiieieeeeeee e s 135

8.6. B0OLEAN TYPE.....ooiiiiiiiiiiiieecee e e e 136
8.7. ENUMETAted TYPES ..eeouveeeieiiiiiiieieeiee ettt sttt e 137
8.7.1. Declaration of Enumerated TYPes........cccecererierenienienieiene e 137
8.7.2. OFAETING ..ottt ettt ettt b e e be et e sae st e aesbeenee e ene 137
8.7.3. TYPE SALCLY ...ttt s 138
8.7.4. Implementation Details.........c.cocevveveeiririnininieieieieeneneeeeee e 139

8.8, GEOMELIIC TYPES...euruiriiiiieieieiieieee sttt ettt sttt et 139
881 POINLS ..ottt st 139
88 2L LINES ittt e e 140
8.8.3. LINE SEZMENLS.......eoueiiiriieiiriieiteteettete ettt ettt ettt sbe e i 140
88 BOXES..c.uiiiiieiiiiiiiictttete et 140
8.8.5. PathS ..o e 140
8.8.6. POLYZONS.....ciiiiiiiieiiiiiieeeseetet ettt s 141
887, CAICIES .. 141

8.9. NetWOrk Address TYPES....cccuercuierieenieriieieenitesteeteerieesteeteeieesiaesbesseesbeesssesseenne 141
B0 1. ML ittt et sttt ettt e eae e aeesaes 142
8.0, 2. CA AT i 142
8.0.3. ANEL V8. Ca AT ttitiiiiiiierieeie ettt ettt sttt ettt e be e st e st e e beesaeeseeas 143
8.9.4. MACAAAT tuttitieriieiiteiteete ettt ettt s e sttt e st e st e bt e st st e ebeesaeesaeas 143

810, Bit SINEZ TYPES convvtiurieiiesiieiieeitertte sttt ettt ettt ettt et e st e eateesbeesanesaneenne 143
.11, TeXt SEATCH TYPES ..couveeiieriieiiieitenite ettt sttt ettt ettt st e ebeesbeesanesaneenne 144
Bl L. L. £ SVECEOT totteiieiieeiteete ettt sttt et e b e st st e e st 144

8Ll 1.2, £ SUETLY teieetreiee ettt ettt eett e e e et e e e eeeabe e e e eetraee e e enareeeeeeanres 145

12, UUID TYPE eveentteiiieieeitesite ettt sttt ettt ettt ettt e sbt e st e eateenbeesabesaneenne 147
813, XML TYPE vttt ettt ettt ettt ettt ettt s sttt sbe b b naene 147
8.13.1. Creating XML ValUes .........cccccoieiriiinieiiniiieenieieeeee e 148
8.13.2. Encoding Handling ..........c..ccceoieiiiiiniiiiniiicieniceeece e 148
8.13.3. Accessing XML Values.........c.cceeieiiiiiiiiniiiiiienieeeeeee e 149

814, ISON TYPES ..ttt sttt ettt ettt ettt sae et st et eae b b naens 149
8.14.1. JSON Input and Output SYNLaAX.......ccceeveeriuersieenienienieeneentenieeieeseeenaees 151
8.14.2. Designing JSON documents effectively ........cccceveerireereneniceneneeienene 152
8.14.3. jsonb Containment and EXiSteNCe..........cccocoveeeeiiieeiie e 152
8.14.4. 350nD INAEXING.....eeitiriieiiiiiieee e 154

BLL5. ALTAYS ..ttt ettt ettt h et h e sttt eh et e b e et be bt et e bt eat e e eae 156
8.15.1. Declaration Of Array TYPeS.....cccceeeruerierieneiienieniieiesieete et 156
8.15.2. Array Value INPUL.........cooiiiiiiiiiieiiceeseetee e 157
8.15.3. ACCESSING ATTAYS ..couviruieiiiiieiieniieiteie ettt ettt ettt st sbeeane e eae 158
8.15.4. MOAIfYING ATTAYS...cuirueeierierieniiniteieeieete sttt sttt et nieeae 160
8.15.5. Searching in AITAYS......ccocererieririeiinieieneetet sttt 163
8.15.6. Array Input and OUtPULt SYNTAX.....ccoveveeriererierieniieieneetene e 164

8.16. COMPOSIE TYPES ...veemveiieniiiiniieiieiteterteete ettt sttt st s 165
8.16.1. Declaration of COmMPOSItE TYPES....cerveerrerirerriieriienieeiienrenreereesieeneenenes 166

Vi



8.16.2. Composite Value INPUL.........ccevueriiiiiiinienitieeeeee e 167

8.16.3. Accessing CompoSIite TYPES .eevvverevieriienieriieiiieniienie ettt 167
8.16.4. Modifying CompoSite TYPES.....eervirriierieriieriieniienieeieenitesite st enieeseee e 168
8.16.5. Composite Type Input and Output SYNtax........ccceeceervieenienieriieeneeneennne 168

17, RANZE TYPES ettt sttt st ettt ettt st e s bt e st e eateesbeesabesaneenne 169
8.17.1. Built-in Range TYPES .......coceevieriirieiiirieienicieieneceteeecee e 170
8172  EXAMPIES.....coiiiieiiiiiiiieienieceteeeete ettt st 170
8.17.3. Inclusive and Exclusive Bounds .........c.cccecerviienienieniiinienienieeeceeee, 170
8.17.4. Infinite (Unbounded) Ranges.........ccccevieriiiriiiinieniieniiienieneenieeeeeeee 171
8.17.5. Range INput/OutpuL..........cccceviiiiriiiiiiiieienecicieeeeee e 171
8.17.6. Constructing Ranges ...........cccceieieiiiiiiiiniiiienieccece e 172
8.17.7. Discrete Range TYPES ...cc.ueevveerieriiiiiinieeieeiteeete ettt 172
8.17.8. Defining New Range TYPESs .....c.cevevirieriirieiierieniieieeieeee e 173
8.17.9. INAEXING ..ttt ettt s 174
8.17.10. Constraints on RaNGes...........cceeieriirieiiinieierieeiieeeeee e 174

8.18. Object IAdentifier TYPES ...ccvevueeeeriiriieiiriieierie ettt sttt 175
819 PEISTI TYPC...eiiiiii s 177
8.20. PSEUAO-TYPES ...ttt ettt sttt s b e et 177
9. FUNCtions and OPEIAtOLS .........cecuerueruierieniieienieeterie sttt sttt sttt e st st este bt e te bt eaeeneesaeenaenaeas 179
0.1. LOZICAl OPEIALOLS ......eeuviiienieiiriieieniiete sttt ettt sttt ettt st et este st e b sbeesnenaeene 179
0.2. ComPAriSON OPETALOTS......ccuerueruierieriietenieeitenteeteestesteeetenteebtetesteeseestesbeessesbeessenseene 179
9.3. Mathematical Functions and OpPerators...........ceccevererierieneerieneenienenieneneenenieene 181
9.4. String Functions and OPEerators ..........cc.ceeeieriireenererienieneetenieeteseeseeneesieenenieene 185
.4, 1. FOTTAL tvtetieeieeieeittente e e et estesteebeestbesabesabeesbaessbesaseebeessseenseeseesssesnsennee 199

9.5. Binary String Functions and OPerators ...........cocveereerverrieeneeneesireenieeneesseesseenseens 201
9.6. Bit String Functions and OPEerators ...........cueeveerieeriienieerieenieeneesreesieenieesseesseeneeens 203
0.7. Pattern MatChiNg ......ccoveviiiiiiiieiie ettt ettt sttt st esbeebeebee s 204
0.7 1. LIKE ittt et 204
9.7.2. SIMILAR TO Regular EXPressions.......cceceeveerierieniieenienienieenieesieeieenne 205
9.7.3. POSIX Regular EXPressions .....co.eeeeieriernieenieniesieenieesieeieesiee e seeenne 206
9.7.3.1. Regular Expression Details .........ccccoeuervieeneiniiniieeneenienieeieeeene 210

9.7.3.2. Bracket EXPIesSions ......ccceevveeieerieenieiieeieenieesieeieeniee e eieeiee 212

9.7.3.3. Regular Expression ESCapes........ccccovverierieeniinieneeneenieeieeeene 213

9.7.3.4. Regular Expression MetasyntaX........cccceeeeeereneecrenreeveenueneennennens 215

9.7.3.5. Regular Expression Matching Rules ...........ccccoceecininvininencnnen. 216

9.7.3.6. Limits and Compatibility ..........cccceeievienirieneninienieeeeeeeerenene 218

9.7.3.7. Basic Regular EXpressions ..........cccccceeveevirieneneeceenieeeneencenenens 219

9.8. Data Type Formatting FUNCHONS ........cccoiriiiiiiiiiiiiiiiieiineeicceece e 219
9.9. Date/Time Functions and OPErators............ccoeeierueririeniiniecieneeeese e seeneneene 226
9.9.1. EXTRACT, AT E_PATE tttiiieiiiieeeeiiieeeeeeeitteeeeeeeteeeeeeeerreeeeeseseseeeessreseeeensnnes 231
R e L oY o o 8 o Lo SRRSO 235
9.9.3. AT TIME ZONE...cciiiiiiiiiiiiiitiiienie et sttt st s e s 236
9.9.4. Current Date/TIime .......cceecuereeierieieiesiceeete ettt 236
9.9.5. Delaying EXECUtION.......c.cotririinieieieiteiietiseieteteiteie et 238

9.10. Enum Support FUNCHONS .......ccceiruiriiriiieieiiiininenieieeetee st 239
9.11. Geometric Functions and OPerators...........c.cceccevererierenienienieesieneseeniesieeeenieens 240
9.12. Network Address Functions and Operators..........c.ccecuerereerierieenieneneeneneeienenne 244
9.13. Text Search Functions and OpPerators............ceceevererienienierienenieneneenieseeienieene 246
9.14. XML FUNCHONS ..ottt sttt 250
9.14.1. Producing XML CONtent..........ccccecveruerieuinerienenienienieerenieeeeeneeseeeeenaeas 250
9.14.1.1. XIMLCOMMENT wvervrereiieieeieerieeteesieessaeeteesseesteesseenseenseessseensesnseens 250

9.14.1.2. XINLCONCAL teveetreriieeieeieesiteeteesteesiaesteesseenseesbeesseenseessseeseenseens 250

Vii



9.15.
9.16.
9.17.

9.18.
9.19.
9.20.
9.21.
9.22.

9.23.

9.24.
9.25.
9.26.

9.27.
9.28.

9.14.1.3. XMLELEMENT wrrieeieeirrieeeeeiirreeeeeeitreeeeeeireeeeeesiareeeeenssreseeesiareeeeeenns 251

9.14.1.4. XINLEOTESET teteetieriieeieeieesiteete et e site ettt et e st eebe e beesabeebeeaee s 252

0. 14.1.5. KIMLPL cuiiiiiiiiiiiiiiii e s 253

9.14.1.6. XINLT OO terueieieeiieniieeieeie et ettt et ettt ettt e bt e beesateebeeaee s 253

D.14. 1.7, XIMLAGG ttttiiiiitriieeeeeitreeeeeeeireeeeeetiareeeeesereeeeeesareeeeeeeareeeeesareeeeeeas 254
9.14.2. XML PrediCates ......c..coceecuerieieniiiieieniieienieeeenie et st eneeseeseeenne e 254

9.14.2.1. IS DOCUMENT ..eouveutieeeenrerieenrenteeerereeseesaesaeennesseeanesseeneensesaeennenaens 254

9.14.2.2. XMLEXTISTS cuverteeueerieieererieeresieeeeseeseeaesmeenesseesnesseeseesesaeennesuens 255

9.14.2.3. xml_is_well fOIrMEQ .iiiiiiiiiiiiiiiiirrieieieeeeeeeeeeeeeeeennnnnes 255
9.14.3. Processing XML ........cccoooiiiiiiiniiieeniect et 256
9.14.4. Mapping Tables to XML .........ccccoooiiiiiiiiiiiict e 257
JSON Functions and OPErators ...........cceecuerueeierierueerienieeiesiesieeeeseeeeeseesneeeeseeens 260
Sequence Manipulation FUNCHONS ......c..cceeceririnenienieieinenineseieeeeeese e 269
Conditional EXPreSSIONS .......ce.veiuieuieriiieeierieeiteie sttt ee ettt sae e e eaee 271
0. 17,1 CASE ettt sttt s sttt 271
9.17.2. CORLESCE .viiuiiiiiiiiiiiiirciic sttt 273
9173 NULLIF ottt e e s e e 273
9.17.4. GREATEST ANd LEAST ..eeuirierieieiereiteitetesresseeetentenesresaesaesesseneenessessesaens 273
Array Functions and OPErators ..........c.ccecerereerienienienenienie et nie sttt 274
Range Functions and OPerators..........c.cecuerereerienieeienienienienieeeeniesieeiesiesieeneeeaes 277
AgEregate FUNCHONS. ......cceiiiieiiiieiereete ettt 279
WiINdOW FUNCLIONS ......couiiiiiiiiieieiieiienccce et 286
SUbBQUETY EXPIeSSIONS ..c..eeuverieriiiiiniieiieniieitenie sttt ettt et eae e 288
0.22. 1. EXISTS oottt 288
9.22. 2. TNttt et 289
9.22.3. NOT INuiiiiiiiiiiiniiiiniiteic ittt 289
9.22.4. ANY/SOME ...ovviviniiiiniiiiiiiiiiicieicteicet ettt 290
0.22.5. ALL ottt 290
9.22.6. Single-row COMPATISON ....eevuverrerriieniienieeieentiesteeieesieesreeeeenbeessesneenne 291
Row and Array COMPATISONS ...ccveerveeriierieiiieniienieeieeieestesiteeteesieesieesereeseenaeens 291
9.23. 1. IN cieec e e 291
9.23.2. NOT INuuiiiiiietiietiiiteiciteicte ettt ettt enene e 292
9.23.3. ANY/SOME (QITAY) .veervreeurerrreeriieneerieenitestesseesseessessseesseesssesssessseessesssesnne 292
9.23.4, ALL (AITAY) cvveeuveeteenieeeteeiteesiteeteeteesttesitesbeesbeesatesateesbeesssesaseenbeesssesaseenne 292
9.23.5. Row Constructor COMPAriSON.........cc.ertecverrieeeruereerreneerenteeeessesneensennens 293
9.23.6. Composite Type COMPAriSON.........cccueruieuenrieieerieriereneerenreeeeseeseenennen 294
Set Returning FUNCHONS .......c..cocoiiiiiiiiiiiiieicneeieneeee e e 294
System Information FUNCHONS ...........ccoviiiiiiiiiiiiiiiicce e 297
System Administration FUNCHONS .........cccoeciiiiiiiiiiiiiiiiiiec e 310
9.26.1. Configuration Settings FUNCHONS.........cccoververieririninininieieieceenenieneene 310
9.26.2. Server Signaling FUNCHONS .......cc.ccectririnenenienieinine e 310
9.26.3. Backup Control FUNCLONS ........ccccoveiririinenieieieinene et 311
9.26.4. Recovery Control FUNCHONS ........ccoectruiriinenienierieinene et 313
9.26.5. Snapshot Synchronization FUnctions.........c..ccccceeevvinenenenenienininenennens 315
9.26.6. Replication FUNCLONS .......cccocieiiiiiiiiiieienieiene e 316
9.26.7. Database Object Management Functions............ccceccecevevvevveieeninenennne 319
9.26.8. Index Maintenance FUNCIONS .........cccecivvirierieieiieinineneiereeeeeeeeesiene 321
9.26.9. Generic File Access FUNCONS........c.ccoeiienieieiieinine e 321
9.26.10. Advisory Lock FUNCHONS.......cceriirieriiiiniiienicrieiesieeeeeeee e 322
Trig@er FUNCHONS .....oviviiiiiiiiiiieiieeeeeecee ettt 324
Event Trigger FUNCHONS .....c..coouiiiiiiiiniirieinceenieetecet ettt 325
9.28.1. Capturing Changes at Command End..........ccccoccoveinininninnnininenennen. 325

viii



9.28.2. Processing Objects Dropped by a DDL Command ...........cccceeveervennenne 326

9.28.3. Handling a Table Rewrite EVent .........cccceeviiiniiniiiiiiiniieieciccieeeieeene 327

10. TYPE CONVETSION. ...cuueiruiiiiieriieeieeteesite et et e stteeteebeesbtesabesbeesbeessbessteesbaesasesaseenbeesasesnseense 329
LO.1. OVEIVIEW ettt 329
1O.2. OPETALOTS ...euuveeuiieiiieeieette st ettt et et et e s btesbeebee s bt e sabe et eesbeesabesbeenbeesaseeseenseens 330
10.3. FUNCHONS ..ottt ettt et s 334
10.4. ValUe StOTAZE......ccveruieeiiieieiieiietiettete ettt ettt et st e sae s s 337
10.5. UNION, CASE, and Related CONSITUCES. ......uuvveeeiiieiiieeeeeeeeiiiieieeeeeeeeeee e e eeeeeennnnes 338
L1 TRAEXES vttt ettt ettt et ettt s e st e bt e s st e st e s bt e sabeeat e e beesabesaneenne 340
11,1, INEPOAUCTION ...ttt ettt ettt e b et satee b e b s 340
T1.2. INAEX TYPES.cnriniiiiiiieieieeeeee ettt e s 341
11.3. Multicolumn INAEXES .......coceeruiiiieriiiniiieieeieeitesteete ettt 343
11.4. Indexes and ORDER BY ....ceveerutirriernieenitententeenieesitesiteebeesstesseesnseesseesseesssesnsessseens 344
11.5. Combining Multiple INAEXES .........ceceeriiririerieriieieeeeeere et 345
11.6. UNIQUe INAEXES .....eeveeiiiieiieieeiteie ettt ettt ettt et saeas 345
11.7. Indexes on EXPreSSIONS .......cceeieriirierieriiieieeiieie sttt et 346
11.8. Partial INAEXES .....c.ooueeriiieiiieieeiieeee ettt s 347
11.9. Operator Classes and Operator Families ...........ccccoceveviecieienininencnienieincneneaee 349
11.10. Indexes and COllationS..........cccueveirirenienieieieene ettt 350
11.11. Examining INdeX USAZE........ceceevuirieriiririinieniieiesieetenie sttt 351
12. Full TeXt SEATCH .....ooviiiiiiiiieiiiicieeeeeee et s 353
121, INEFOAUCLION ...ttt s 353
12.1.1. What Is @ DOCUMENt?.......ccccouiviiiiiiiniiiiieiciceceese e 354
12.1.2. Basic TexXt MatChing ........c.ccecveruerieriinerienienieieneeteseeeenee e 354
12.1.3. CONAIGUIATIONS ....utiiiieiieniieeiientesie et et e seteebeesteesaeesebe e beesaeesaseensaessnesnnas 355

12.2. Tables and INAEXES.......coeeviririeriiiiienieeieteeete ettt st eeneaeene 356
12.2.1. Searching a Table.........ccocuiiiierieniiiieeee e 356
12.2.2. Creating INAEXES ....ccveevveeriierieiiieieenite sttt st ettt et st 357

12.3. Controlling TexXt SEarch.......ccceiviiiiiirieiierie et 358
12.3.1. Parsing DOCUMENLS .......ccceeruiiriieeniiiniieiiieieeiee sttt ettt 358
12.3.2. Parsing QUETIES .....ce.veeveerueeriieiieeieenitesteeteeteesiteeteebeesitestesabeenbeesanesanes 359
12.3.3. Ranking Search Results .........c.cccevieriiiiiniiiiniinienieciceeeeeeee e 361
12.3.4. Highlighting ReSUILS .....ccceeoviiiiiiiiiiiiieeceeeeeeeeee e 363

12.4. Additional FEatures ...........cccoceevieviiiieiininieienieeececeeeeese e e 364
12.4.1. Manipulating DOCUMENLS.........ccccoceerierieiiniieieieieeeseereeee e e 364
12.4.2. Manipulating QUETIES........cc.eevueruirierieniieieieeeeee et s 365
12.4.2.1. Query REWTItNG ......cc.coiiiiiriiiieiiieeieeceee e 366

12.4.3. Triggers for Automatic Updates ...........cccceieveniiieneniiniienieeccsceneene 367
12.4.4. Gathering Document StatiStiCs ..........coceevueriieiieniiienienieeeeeeeie e 368

12,5, PATSEIS ettt ettt ettt ettt st e b et st e be e 369
12.6. DICHONATIES. ....c.eeeeeeeteeeitieiteste et ettt ettt ettt et e sttt e bt et ebe s bt entesteeneesaesaeeaesnean 371
12.6.1. StOP WOIAS ..ottt s 372
12.6.2. SIMPIe DICHONATY ..cuvetieiiieieiieriteiieiest ettt s 373
12.6.3. Synonym DiCtiONArY .........coceeieririereniieieneeiee sttt 374
12.6.4. Thesaurus DICHONATY .....ccuevieieriiieiertieiene ettt 375
12.6.4.1. Thesaurus Configuration ..........c.ccoceeeerueeienieneenienenieneneeeniene 376

12.6.4.2. Thesaurus EXample ..........ccocoroieniiiinininiininieenceeeseeeiee 377

12.6.5. ISpell DICHONAIY .....cccueitieiiiieiieniiniteest ettt 378
12.6.6. SNOWDAILl DICHONATY .c.veeuviniiriieiiniieienieeieteetene sttt 379

12.7. Configuration EXample...........ccccevireiniininiinieniiiineiteneeteieseeteeeeee e 379
12.8. Testing and Debugging Text Search ........c..ccocceeevineriieninieninieiceecceeeee 381
12.8.1. Configuration TeStING.......ccceecverierieriinerienienienienieetenie ettt eireniene 381

ix



12.8.2. ParSer TESTINZ ...ceeuveriieiieiieniie ettt sttt ettt ettt be e 383

12.8.3. Dictionary TeSHNZ......cceerierieiiieriiente ettt st ete ettt sbe e e e 384

12.9. GIN and GiST INEX TYPES .euveeveeriieeiiiiieniieeieenieeniteeteeieesitesteeseeesieesiteeseeniee s 385
12.10. PSL SUPPOTL.c.nviiiiiiiiiiieiie ettt ettt ettt ettt et esabeebeesbeesabeeseesee s 386
12,11, LAMITATIOMS ...couveniiieeititieieete ettt ettt ettt sbe e sae st nesaeeanenneens 388
12.12. Migration from Pre-8.3 Text Search..........cccoceeviniriininieninieiniceeceeeeeee 389
13. ConcurrencCy CONIOL......cc.eoiiiiiiiiiriteieieeeeteee ettt ettt sae s eneneeae 390
13,1, TNEOAUCTION <.ttt ettt ettt ettt e bt e st st e b enbee s 390
13.2. Transaction ISOIAtION .......cecueiriiiiiiiiiiiiiieeieeeete ettt 390
13.2.1. Read Committed Isolation Level ...........coccceveiniiniiniiiniiniinceeeeeee, 391
13.2.2. Repeatable Read Isolation Level............cccccoooiiiiiiiniiiiciiiiceee 393
13.2.3. Serializable Isolation Level...........cccccoviiiiiiiiiniieeeeeeee e 394

13.3. EXPLCIt LOCKING c.evveiieiieiiriiriitcieeet ettt e 396
13.3.1. Table-1eVel LOCKS ......cociiriiriiiiiiieicieeceeeeeeeeeeee e 396
13.3.2. ROW-1EVEL LOCKS ...cuvviiniiiiiiiiiiieeectc e 398
13.3.3. Page-1evel LOCKS .....cccoiiiiriiienieieet et 400
13.3.4. DEadIOCKS. ....couiiiiiiieietietet ettt s 400
13.3.5. AdVISOIY LOCKS ...cuiiiiiiiiiiieieetee e 401

13.4. Data Consistency Checks at the Application Level.........c..ccccevievininieninnnennen. 402
13.4.1. Enforcing Consistency With Serializable Transactions..........c..c.cceeueuee. 402
13.4.2. Enforcing Consistency With Explicit Blocking Locks ........cc.ccccceceenenen. 402

13,5, CAVEALS ...ttt ettt ettt ettt ettt ettt ettt et sa e st 403
13.6. Locking and INA@XES........cocueviiriiniineeiinienieeniteteseeeesee sttt 404
14, Performance TIPS .....ccceeeieerieriieeiieriienie et eriee e ete et e st e siaessbeestaesasesabeessaesssesnseenseessnessses 405
14.1. USING EXPLATN weterutertierteenueerreesteesteesteessessseesseesssessesnseesssesssesssessseesssesssesssesssees 405
14.1.1. EXPLAIN BaSICS ..eiuviiiiiiiiiiiiiieicciccceee e 405
14.1.2. EXPLAIN ANALYZE ccoooieiiiiiiiiieieieieeeie sttt s snenene 411
T4.1.3. CAVEALS ..ottt sttt ettt ettt s e 414

14.2. Statistics Used by the PIanner ..........c.ccceveiviiiiiinienieiieeceiceeeceee e 415
14.3. Controlling the Planner with Explicit JOIN Clauses.........ccccceceevvererveeneneevennene 417
14.4. Populating @ Database .........ccceevieriiiiieeniieniieeieeitenite ettt st 419
14.4.1. Disable AULOCOMMIL ......ccueeuieeeriirierentieientieeente ettt eaesaeene e 419
14.4.2. USE COPY.uiiiiiiiiiieieiieiieie sttt st 419
14.4.3. ReMOVE INAEXES .....covvevieiiiiieiiiiieeierieeeeeeee ettt 419
14.4.4. Remove Foreign Key Constraints ..........ccccoceeceeverieneneenienieneenueneennennens 420
14.4.5. Increase maintenance_WOTK_MEM ..iiiuueeeeeeeeeeeeeeeieieiinrrnrrereeeeeeeeeeeeeens 420
14.4.6. INCIease Max_Wal_ SI1ZE cciiiiiiiiiieeiiieieieeeeeeeee e e e ee e e e e e eeeeeaeeeas 420
14.4.77. Disable WAL Archival and Streaming Replication .............ccccccceeceenennen. 420
14.4.8. Run ANALYZE Afterwards........cceeveerieriinnieiieenieeieeieenieeeeeeteeie e 421
14.4.9. Some Notes About pg_dUmp .........cccevieiiiiiiiniiieenecccee e 421

14.5. NON-DUrable SEttngS ........ccecueeieririeriereeieseet ettt sttt ettt see e e e 422
II1. Server Administration 423
15. Installation from SOUrce COAE ........cccuiiieuiiiiiiieeiee ettt ete e e et vee s 425
15.1. SNOIt VEISION ..ottt et eta e eae e e e teeeeateeeeaseeeeareeeans 425
15.2. REQUITEIMEIIS ...ttt ettt ettt sttt sb ettt s bt e e sb ettt ebee e saeeaesbeas 425
15.3. Getting The SOUICE.......oiuiiiiiieiieiieieeeeete ettt s 427
15.4. Installation ProCeauIe...........c..ooecuiiiiiiieiiieeeiee ettt et e 427
15.5. Post-InStallation SEUP.........coeeeeriirirriinierieeniteeseetee ettt 437
15.5.1. Shared Libraries .........coceecuererienenienieniieienieetenie et 437
15.5.2. Environment Variables...........coeveeriirirniinenienenieieneeeeniesieenenieeneniene 438

15.6. Supported PIatfOrms ........coveeiiieiiieiieniie ettt enaee s 438



15.7. Platform-specific INOLES .......eevveiriieiieiieeiieniie ettt ettt st 439

IS 7.1 ALX e 439
I5.7.1.1. GCC ISSULS ...ttt 440

15.7.1.2. Unix-Domain Sockets Broken.........c..cecceceeeveneenicncnvieneneeciennene 440

15.7.1.3. Internet Address ISSUES..........ccoeiviriiiiiiiiiiiiiicccc e 440

15.7.1.4. Memory Management .............coceereerierrieeneeneeenieeneeenieesressneenne 441

References and ReSOUICES .......ccccevveeieiniiiniinieiiieiieeeeeeeeeee e 442

I5.7.2. CYZWIN ..ottt st s s 442
15730 HP-UX .ottt ettt sttt 443
15.7.4. MINGW/Native WINAOWS ......covueeriiiniiriinieiiienieeie ettt siee e 444
15.7.4.1. Collecting Crash Dumps on Windows .........cccccceveeveenieniennennne 444

15.7.5. SCO OpenServer and SCO UnixWare........ccccceooueevernieenienieensieeneeneenane. 444
15.7.5.1. SKUNKWATE ..ccnveiiiiiiiiiiiiieeieeieeteee ettt 444

15.7.5.2. GNU MaKE ....coooviiiiiiiieiciiinitstteeteeeeeeese et 445

15.7.5.3. REAALNE ..ottt 445

15.7.5.4. Using the UDK 0n OpenServer..........ccoeeeererienenieecienencenennen. 445

15.7.5.5. Reading the PostgreSQL Man Pages..........cccceceeveniniencncenennen. 445

15.7.5.6. C99 Issues with the 7.1.1b Feature Supplement ..............ccc...... 446

15.7.5.7. Threading on UnixXWare ..........ccoceeeevienienienieneenienenienesieeieniene 446

I5.7.6. SOLATIS ....oviiiiiiiieieeeteere ettt st 446
15.7.6.1. Required TOOIS ....c..ccoueruieieniirienienieeienieeiteeeeeee et 446

15.7.6.2. Problems with OpenSSL .........ccoceviiviininiiiiniiiencneeneneeieee 446

15.7.6.3. configure Complains About a Failed Test Program .................... 447

15.7.6.4. 64-bit Build Sometimes Crashes........c..coceeevervenerienenennenenne 447

15.7.6.5. Compiling for Optimal Performance............cccceevveeveenvenuennnenns 447

15.7.6.6. Using DTrace for Tracing PostgreSQL ........ccccceevveevienieniiennnenns 447

16. Installation from Source Code on WINdOWS ........cccoereeriirernienenienieneeieneeeene e 449
16.1. Building with Visual C++ or the Microsoft Windows SDK.........c..cccccecereeciinenne 449
16. 1.1, REQUITEIMENLS ...eeuvveiiieiiieiieniieeieeitesite sttt sttt ee et sateesbeesanesaees 450
16.1.2. Special Considerations for 64-bit Windows ........c.ccceceevieriiercieeneeneennne. 451
16.1.3. BUIIAING ....oviiiiiiiiiiiiiiice e 452
16.1.4. Cleaning and INStalling ...........ccceeveeriiiiinnieiniienieeieeieeseee e 452
16.1.5. Running the Regression TestS ........ccveiriierieirienienieeieeneeeeeeieeiee e 453
16.1.6. Building the Documentation ..............coceecueeuieveeneneeneneeeenrieeeeeneenennees 453

16.2. Building libpq with Visual C++ or Borland CH++......ccooeoiiiiiiiiiiiiiceee 454
16.2.1. Generated FIles .........cooeeviiiiiiiiiieiceeeeeeeeeee e 454

17. Server Setup and OPEration .........c..coccecueruirieiieniieieniieteie et eee et eee s see e s eneneene 456
17.1. The PostgreSQL USer ACCOUNL ........cccueruiriiiiriiiiiiiceeie et 456
17.2. Creating a Database CIUSLET .........coceeriirieriieeniienieeieeeeteete et 456
17.2.1. Use of Secondary File SYStems..........ccccecerierienerieneneeieneeeeree e 457
17.2.2. Use of Network File SYStems .........cccoveeverieiieneiieienieeiesieeeeie e 457

17.3. Starting the Database SEIVeT..........cccceviiirieririeiere et 458
17.3.1. Server Start-up Failures .........c.cccecveeirininenienieiiinieneseeieeeeeeseseeene 459
17.3.2. Client Connection Problems ...........ccccoeevieririieniiienieneeieeeee e 460

17.4. Managing Kernel ReSOUICES..........coceeriiririeniniiiineeeeeeeseee e 461
17.4.1. Shared Memory and Semaphores ..........cccooeeceerereenenennieneneene e 461
17.4.2. ReSOUICE LAMILS ....cueeuviuiriiniiriiieieieieiceteeeeeeee et 466
17.4.3. Linux Memory OVEIrCOMMUIL.......coeeruertieieriirienieiieienieeeenieeieenee e 467
17.4.4. LINUX NUZE PAZES «..eevvenrienieiieiienieniteienteete sttt st sbe ettt e e s ae v 468

17.5. Shutting DOWN the SEIVET.......cccccoiriiiiiriiieieniteeeeteseetee sttt 469
17.6. Upgrading a PostgreSQL CIUSLET .....ccc.coeriiriirieiiniiiieneneeiesieetceeeenee e 470
17.6.1. Upgrading Data via pg_dumpall..........cccccoceriininiiiiniiniininieneneeieene 471

Xi



17.6.2. Upgrading Data via pg_upgrade ...........cceevveevieerieesieeniienienieeieenieenne e 472

17.6.3. Upgrading Data via Replication.........cc.cceevveeviienieniiensieenienieeieenieesee e 472

17.7. Preventing Server SPOOTING .......cccoviiiiirrienieiieeieenite ettt sttt 472
17.8. ENCIYPLion OPHONS.....eevtiiiiiieieeiieniieeieeite st eteeteesitesbeeteesbeesateeseesbeesaseenseenseens 473
17.9. Secure TCP/IP Connections with SSL .......c..cccooiniiiiiiniiiiceecieee 474
17.9.1. Using Client CertifiCates .........ccoeruerrereecienrieieeneneenieneerereeeesaeseenenneen 475
17.9.2. SSL Server File USage ......cccocvevuirieiieniieiiiieienieieeeeseeeereeeeae e 475
17.9.3. Creating a Self-signed Certificate ..........ccccoeeveerireeneniniienieecceceeene 476
17.10. Secure TCP/IP Connections with SSH Tunnels ...........ccecevverviinienicnienneeneen. 476
17.11. Registering Event Log on WindOWS ........ccccceviirieniiiiniirnienienieeneenec e 477
18. Server CoNfIZUIAtION .......c..ccuetririirrerieieteieeene ettt ettt ettt sre e et sse e enenee 479
18.1. Setting Parameters .........c.cociruivueeieieirinienienieeeeee ettt ettt et s 479
18.1.1. Parameter Names and Values.........ccccevvveeveriiiniennenieenieeeeeiceceeeee 479
18.1.2. Parameter Interaction via the Configuration File...........ccccccceecinininenne 479
18.1.3. Parameter Interaction via SQL............cccooiiiiiiiiiiiiie e, 480
18.1.4. Parameter Interaction via the Shell............ccocconiiiiiiniiinieee 481
18.1.5. Managing Configuration File Contents...........cc.cceceererernieneneenencenennen. 481

18.2. FIle LOCALIONS ...ttt sttt sttt et s 482
18.3. Connections and AuthentiCation.............ccecvecveeririnienienienieinieeeeeeeee e 483
18.3.1. CONNECHION SELHINES ...eveeuvirieiieniirieeienteetenteete ettt e s saeas 483
18.3.2. Security and AuthentiCation...........ceoeeueeiererieneneenieneeeeneeeee e 486

18.4. Resource CONSUMPLION........coueeuteriirieerienieritententtetesteeitentesitestesbeeasesbeeaeeseesaeenaesneas 488
L84, 1. MBIMOIY ..tintiitenieiiteteet ettt ettt ettt ettt ettt s ae b 488
I8.4.2. DISK ettt st s 490
18.4.3. Kernel ReSource USAZE.........cevueriirrieenienieeiieniienieeieenieeseesereenseessnesnnes 490
18.4.4. Cost-based Vacuum Delay .........cccoeveeviiniiiiieniinieeieeeesee e 491
18.4.5. Back@round WIIteT........cccuiiiierienieiieenitente ettt sttt 492
18.4.6. Asynchronous Behavior...........ccceceeriiiiiiniiiniiiniieiecceneeeeeeie e 492

18.5. WIite ANEad LOZ ....ceviiiiiiiiiiiieiieciie ettt ettt sttt e 493
L8.5. 1. SEUNES .c..eeitietieiieett ettt ettt sttt sttt et e st e st e sate e baesanesaees 493
18.5.2. ChECKPOINES. ..cuttiiieriiiiiieiieniie sttt ettt st ettt s e st enbeesaeesaees 497
18.5.3. ATCHIVING vttt ettt ettt et 498

18.6. REPIICALION. .....eitieiiiiiiiiiieieeete ettt ettt ettt st ebe e i 499
18.6.1. Sending SETVET(S)...c.eeerveeruieriiiieiiienite sttt ettt ettt 499
18.6.2. IMASIET SEIVET ...eeuvieiiieiieiieniieeieeieenite sttt e st et et e st e st st e nbeesaeesaees 500
18.6.3. Standby SEIVETS ......cc.couieiiiriiiiiniiiieieneeee et s 500

18.7. Query PIANNING .........cooviiiiiiiiicieeee e e 502
18.7.1. Planner Method Configuration.............cccceueeveeniiienenenienieecesceneeee 502
18.7.2. Planner Cost CONSLANLS ......cc.eerueereeerieriieieeieeniteeieeieesieeeee et enieeseeenaees 503
18.7.3. Genetic QUErY OPtiMiZer ........cevueeueerierrieienieeierieeiteie st eee st enee e neeeaeas 504
18.7.4. Other Planner OPtions............cceveeeerieriierienieeienee et sieeee e eeesee e saeas 505

18.8. Error Reporting and LOZ@ING ........ccceeviiiirieniiniieiinieeese e 507
18.8.1. WHere TO LOZ ..cueiuieiiiieieieeee ettt 507
18.8.2. When To Lo ..ottt 509
18.8.3. What TO LOZ «..eeeeiieieiieeee ettt 511
18.8.4. Using CSV-Format Log Output .........ccceecueririieneiienenieeieneeeenie e 514
18.8.5. Process Title.......ccueueiruiiininiiicieieieiteteeeeee ettt 516

18.9. RUN-tIME SEALISLICS. ....eoveeuiruiriiieieieiieitetetee ettt s 516
18.9.1. Query and Index Statistics COIlECtOr ........cc.cecuerereereneniiniiniecreeeene 516
18.9.2. Statistics MONIOIINEZ ...c..cc.ververieriiriieieniieienieetenee sttt 517
18.10. Automatic VACUUIMINE ......eevveruieiinieeienieeiteienitete ettt st et ebee e saeeae i 517
18.11. Client Connection Defaults .........cccooereriininiiiiniiiineniccseeceeeee e 519

Xii



18.11.1. Statement BENAVIOL ...........oooiiiiiiiiiiiiiieee e eeeanes 519

18.11.2. Locale and FOrmatting ...........ccceeceereeriienieeniienieeieeieesee et 523
18.11.3. Shared Library Preloading ...........ccocevvveevieiniienieniienieenieeieeieeieesee e 525
18.11.4. Other Defaults .......cccocveviiririieniiieieieieeee e e 526
18.12. LOCK MANaEeMENL ........eevuiieiiiiieniieeieeieesiteeteeiee st steeteesbeesateeeeesbeesaneeneesee s 527
18.13. Version and Platform Compatibility ..........cccceceevirievieninieninieiiieeeceeeeeee 528
18.13.1. Previous PostgreSQL Versions ..........ccccceeeveenuerienenencienineenieneenennees 528
18.13.2. Platform and Client Compatibility..........c..cccevirvieniniiniininieiiceeene 530
18.14. Error Handling.........cccooiiiiiiiiiiiiiiceeeeeeeee et 530
18.15. Preset OPtiONS. .....oouiiiiiiiiieiieiieie ettt ettt s s 530
18.16. Customized OPLIONS ........ccccuieuieiiiriieiiriiiieteee ettt s 532
18.17. DeVElOPEr OPHONS .....eevieuieiieeieiieteeee st ete e ettete st eesteeseeseesbeenteseeeneeseesaeesesnean 532
18.18. SHOIt OPIONS....ccueitieteitieiieteet ettt ettt ettt ettt e st et et e st e e e beeseeseesaeeaesnean 535
19. Client AURENTICALION .....e.eeuieiieeieieeieeiete ettt ettt ettt sttt ee et e bt et e sae et e saesbeensenseene 536
19.1. The pg_hba.conf File...ccociiiiiiieiiecieeieeeese ettt s 536
19.2. User Name Maps .......ccoiiiiiiiiiiiiieicteee e 542
19.3. Authentication Methods .........cccceoiriiriiiiniinieiieeeeee e 544
19.3.1. Trust AUthentiCation .........cceeceeririeriertieienieetene et 544
19.3.2. Password AuthentiCation .............cceceeieenenienieieinieneneieieeeeeeeeseeene 544
19.3.3. GSSAPI AuthentiCation .........cc.ccueeveiruierisenienieieieene et eressesaens 544
19.3.4. SSPI AuthentiCation...........ccoeeueieieinuiniinienieieeeieese sttt 546
19.3.5. Ident AUthentication.........c.ccouevueieiiiniiniineieiceeeeere et 546
19.3.6. Peer AUthentiCation..........coccouevueieiiiniieiinieieieieiecse et 547
19.3.7. LDAP AUthentiCation .........ccceoeeeerueneenienenienienieeienieeeeniesieeneesieenenieene 548
19.3.8. RADIUS AUthentication.........c..coceevueeeerienerienenieieneeeenieeieeniesieenenienne 549
19.3.9. Certificate AUthentiCation ..........coccecueeeerienerienenieieneeeenceeete e 550
19.3.10. PAM AUthentiCation .........cccccoereeieneerienenienieneetenieeeentesieeeesieenenneene 551

19.4. Authentication Problems ...........coccoeevieriiriinineeiinenieneneeenceeese et 551
20. Database ROIES ..ot e 553
20.1. Database ROIES ........ccccivuiiiiiiiiiiiiiciccice e 553
20.2. ROIE AITDULES.....c..eouveiiiiieiieriieiieierieetesteeeete ettt ettt ene b nneeae 554
20.3. ROIE MEMDETSHIP ...couvieiiiiiiiiiieiiesie ettt st 555
20.4. DIopping ROLES.......eovuiiriiiiiiiieiteeiteieete sttt sttt ettt 556
20.5. Function and Trig@er SECUTILY ..........ccevirieriiriereneeienieeeetesteeeesre e 557
21. Managing Databases ..........cocoecueruirieiiinieiiiieieieneeeseet ettt 558
211 OVETVIBW ettt ettt sttt ettt ettt e sht e st e bt e s bt e st e et e bt e sateenbeebeens 558
21.2. Creating a Database.........cc.coeeveviiiieiiiniiiieiieece et 558
21.3. Template Databases .........ccccoceeieriiiieiiiniiiiiiicce et 559
21.4. Database CONfIGUIALION ......c..certruirririerieieiriinenenteteeetee et seeeereeresaesaesaenees 560
21.5. Destroying a Database .........cccceveeriiiiiinieniiiieeteste ettt 561
21.60. TADIESPACES ....ccuveteeieieetieie ettt ettt ettt et sttt e se ettt et e sbe et e besbeentenaeene 561
P e Yoz 1 121 i o)  FO OO RS TUR SRRSO 564
22.1. LOCALE SUPPOIT...cutiiieuiiiieiesiteiierte ettt ettt et sttt be et sbe et esbe st esbesbeensenaeeas 564
22.1. 1. OVEIVIEW ..ottt ettt ettt ettt ettt sbe et esbeeaeentesaeeneeaneas 564
22.1.2. BERAVIOT ...ttt st 565
22.1.3. PTODICINS ...ouviiuiiniiiiieieeiteeete ettt ettt sttt st 566

22.2. COllAtioN SUPPOIT..c..eeiiriieiirtiriieteittetenteettente et ettt ete st ettt sbeestesaesseenbesbeensenaeeae 566
22.2. 1. CONCOPLS...enveemeenieriienientteie ettt ettt st ettt et e et satebesbeea e st eaeenaesbeenaenbeas 566
22.2.2. Managing Collations .........ccceevuererienienieiineetene ettt 568

22.3. Character SEt SUPPOIT......cc.evuerterierieienieeitenie ettt etent ettt steesee st sbeenaesbeessenieene 569
22.3.1. Supported Character SELS........ccoceruererierienirieneneenieneerenieeeeseesreeeenien 569
22.3.2. Setting the Character Set.........c..cecveviirieriinerienenieieneeeene e 572

xiii



22.3.3. Automatic Character Set Conversion Between Server and Client........... 573

22.3.4. Further Reading .........cccceevuieriiriiiiiieniieeieeieesiteete ettt 575

23. Routine Database Maintenance Tasks............cocoiviiiiiiiininiiiiiiiccce 576
23.1. ROUINE VACUUIMIING ....eoviiiiiiiieiieniieeiteesite sttt eitesiteste et e sieesabeebeesbeesateenbeebeens 576
23.1.1. Vacuuming BasiCS......cccueertierieriiiiiieniieeie ettt ettt et 576
23.1.2. Recovering DisK SPaCe ........cccevirieriinieiiniicienececresecreeeeeee e 577
23.1.3. Updating Planner StatiStiCs ......c..cocuevreriecueniieieeneneeieneereneeeesie e 578
23.1.4. Updating The Visibility Map ........ccceeievieniriienirieieneercneeeeie e 579
23.1.5. Preventing Transaction ID Wraparound Failures..............ccccocevinennnen. 579
23.1.5.1. Multixacts and Wraparound.............cccceceeeeveniniiininsencncennennen. 581

23.1.6. The Autovacuum DaemoOmn .........cocveerierieriieenienieneereeeteee et 582

23.2. ROUtiNE REINAEKING .....eveeueiiieiieieeiieie sttt sttt ettt see et sae b enee e eae 583
23.3. Log File MainNteNanCe. ........ceeeueerueruieientieiieteeteentesteetesteeseetesteeneeseesneensesseensenaeens 584
24. Backup and RESTOTE .......cccuiiuiiiiieiieietieete ettt sttt e saeas 586
24.1. SQL DUMIP ..ottt sttt sttt s e 586
24.1.1. Restoring the DUmMP .......ccooiiiiiiiiiiiiieiceee e 586
24.1.2. Using pg_dumpall.........ccccoeieiiiriniiiinieeneeiee e 587
24.1.3. Handling Large Databases ..........ccceverieiiinieienenieienieeieneeeenie e 588

24.2. File System Level Backup ........coceiieiiriiiiniiiieicsceeieeeeeetese e 589
24.3. Continuous Archiving and Point-in-Time Recovery (PITR)........c.ccoceveniiiinenne 590
24.3.1. Setting Up WAL ATChiVINg......cocevierieniiiiniiienienteienieeeeeteee e 591
24.3.2. Making a Base Backup ........cccceverieniniiiiiniiiinciicieeeceeee e 593
24.3.3. Making a Base Backup Using the Low Level API ........cccccceceviniennnnen. 594
24.3.4. Recovering Using a Continuous Archive Backup .......ccccocevveeneniiccncne 595
24.3.5. TIMEINES.....ccueruiriiiiieieiiieeccee e 597
24.3.6. Tips and EXamMPIes ........cccueeriirrieriiieiienienieeieenteste et sve e e seee e 598
24.3.6.1. Standalone Hot Backups ........ccecceeviiriienienieiiieieeie e 598

24.3.6.2. Compressed ATchive LOgs .....cceveerierieenienieiieeieenee e 599

24.3.6.3. archive_command SCIPLS .icceeveerierrieerieeniienieenieeniee e eieeieens 599

24.3.7. CAVEALS ...t e 599

25. High Availability, Load Balancing, and Replication.............ccccuevvuerviienieniensieenienieeieenne 601
25.1. Comparison of Different SOIUtIONS.......ccccveriiriieiriinieiieereentc et 601
25.2. Log-Shipping Standby SETVETS.........coceevieriiriieiniieniie ettt st 604
25.2. 1. PIANNING ..ottt sttt st 605
25.2.2. Standby Server OPeration ...........cccccceeeecueruieieriereenreneereneeeeseeseenennen 605
25.2.3. Preparing the Master for Standby Servers ..........c.ccccceveevenieceninenennn. 606
25.2.4. Setting Up a Standby SErVer ..........ccccevecuiriieiienirienieneeieneeeere e 606
25.2.5. Streaming Replication...........ccccoceeieiiirieiiiniiieniiiecienecee e 607
25.2.5.1. AUthentiCation .....c..eeevueriieeniienieeieenite ettt 608

25.2.5.2. MONIOTING ... veteeeeeeieiieeeeeteieeteeee et eseeneesseeeesbeeneeseeeneeneesaeesesneas 608

25.2.6. RePlCAtION SIOLS ....coueeuiruiriiriiieieieitetetesenteeeeet ettt 609
25.2.6.1. Querying and manipulating replication sIots ..........ccceceeverenuneee 609

25.2.6.2. Configuration EXample .......c.ccccecevverinieiieninininenenceeeneneneenee 609

25.2.7. Cascading RepliCation .........ccccooereeiieniieiienieieneeeesieee e 610
25.2.8. Synchronous Replication .........c..ceccevereerieneeienenieieneeese e 610
25.2.8.1. Basic Configuration...........ccccerueeverinienenienienieeienieeeenee e 610

25.2.8.2. Planning for Performance.............cccceceviriinininicniniencnceenene 611

25.2.8.3. Planning for High Availability ........c..ccoccovinininiiniiniiniiceenee 612

25.2.9. Continuous archiving in standby .........ccccceceevenerieneneniineniencnceeeee 612

25.3. FaIlOVET ...ttt e e 613
25.4. Alternative Method for Log Shipping ........cccceceevenerienenieiienieiieneeeeniencerenene 613
25.4.1. IMPIEMENTALION «...evvvrerereeiiieiierireeieeieenreeteebeeseeesiteebeessaesssessseenseenseesnnes 614

Xiv



25.4.2. Record-based LOg Shipping........cccceevieeieriiienienienieeniiesieeieesieesresveenne 615

25.5. HOt StANADY ...coviiiiiieiieiece ettt ettt st e b e 615
25.5.1. USEI’S OVEIVIEW....cuoiuiiiiiiiiiiiiiieiciiecteeeteec e 615
25.5.2. Handling Query CONfIiCES .......eecverriieniinieiiieniieeieeieesiteeee et 617
25.5.3. Administrator’s OVEIVIEW .........cccccuiiiiiiiiiiniiiiiiiiiiic e 619
25.5.4. Hot Standby Parameter Reference.........c..cococevirienininicninicncniennennen. 622
25.5.5. CAVEALS ..uveeiteeieeetteeiteet ettt ettt ettt st e b e sttt be e st e et enee 622

26. Recovery CONfIGUIATION .....c.eeieuiiiieiiniieiete ettt ettt st s 624

26.1. Archive Recovery SEttings ........ccccoceevueririieniiiienieneereieee et 624

26.2. Recovery Target SELtIES .......cocuevuiiieiiiriiiieiieeeie ettt 625

26.3. Standby Server SEttNES.........cocuevuiiiiiieiiiiei et 626

27. Monitoring Database ACHVILY ......cceerueruieieriieierie ettt sttt eece e saeeeesaeas 628

27.1. Standard UnixX TOOIS .....c.ceouiririeiiiieeseee et 628

27.2. The StatiStiCS COLLECLOT . ......ccueeiiieiiieierteeiiee ettt st eae 629
27.2.1. Statistics Collection Configuration ............coeeeeeeeerererenienienienenenenennens 629
27.2.2. VIEWING STALISTICS ...ceuveetieuiiieeierieeiietesttete sttt sttt et st e et eaeeneeseeeneesaeas 630
27.2.3. Statistics FUNCHIONS ....cc.eeotiriiiiiiiiieieniteec e e 644

27.3. VIEWING LOCKS ...ttt sttt st st s 646

27.4. DYNAMIC TIACINE ..evveutitienieniieiieieeiteie ettt sttt ettt st ae b ee i eae 646
27.4.1. Compiling for Dynamic Tracing........cccceccereeeererienenenienieeeene e 646
27.4.2. BUilt-In PrODES ......cveiiiiiiiiiiiiiiiicicicicecceete e 646
27.4.3. USING PrODES ....cuvevieniiiieiiieeieieeiteesiteee ettt 655
27.4.4. Defining New Probes ........c.ccocceviriiriniiiiiniiieneiteeseeeeeeene e 656

28. Monitoring DisK USAZE ......cc.ereeriiriiiiniiiiiiiiterieneeesttetee ettt s 658

28.1. Determining DiSK USAZE .....ccoeeruieriieriienienieeieenitesitesieesieesieesveesseesaeesseeseenseens 658

28.2. Disk Full Failure........ccccoueviiiiiiiiiiiiiiiicicicccseeeeeeee e 659

29. Reliability and the Write-Ahead LOgZ......ccccueriiriiiriiinieeieeieeieeieeeesite et 660

29.1. REHADILILY ..ooviiiiiiiiiiiiiccce s 660

29.2. Write-Ahead Logging (WAL) ..c..cooiiiiieniiniieeeteste ettt 662

29.3. ASynchronous COMIMIL........ccc.eerieriiinienienieeieente sttt et e et sieesbeebeenaee s 662

29.4. WAL CONfIGUIALION «...eeviiriiiiiieiieniieeritesite sttt esite st steesaeesieesbeeseesbeesabeenseeseens 664

29.5. WAL INternals ........cccooiiiiiiiiiiiiiiiiiieicicicicee s 667

30. REGIESSION TESLS ..ccuutiruieeiieiiieiieeieeitte ettt ettt ettt s e st et e sbtesabe st e e sbeesaeesateebeesaeesaees 668

30.1. RUNNING the TESES ....eouviriieiiiieiieieiieteieee ettt s 668
30.1.1. Running the Tests Against a Temporary Installation.............ccccceceeevencene 668
30.1.2. Running the Tests Against an Existing Installation ............c.cccccceceecennenne 668
30.1.3. Additional TeSt SUILES .......eevueerieriiriienieeie ettt ettt 669
30.1.4. Locale and Encoding............ccccceeieviinieiiniiieiinieieeecece e 669
30.1.5. EXITA TESES ...eeueeriiieiieeiteeieeie ettt ettt ettt st 670
30.1.6. Testing HOt Standby .........cceeoveiieieiinieese et 670

30.2. TeSt EVAIUALION -.cuveiuiiiitieiesieeieee ettt sttt ettt st sbeenee e eae 671
30.2.1. Error Message Differences.........cooueveeierieneeienienieieseeese e 671
30.2.2. Locale Differences .........ccooeeverieieniiniieienieeeiese e 671
30.2.3. Date and Time Differences ..........ccooeeeerenerienenieeneeeseeeee e 672
30.2.4. Floating-Point Differences.........ccccecerieienenienenieieneeeneeceesiceeneene 672
30.2.5. Row Ordering Differences .........cccevevierienenienenieieneeieneseeesieeenee 672
30.2.6. Insufficient Stack Depth..........cccoeieviriiiiiniiiiinieeeeseeeee 673
30.2.7. The “random” TeSt........cccecieiririeriiiiiniriisreiceeteeee e 673
30.2.8. Configuration Parameters...........cocuevueveerienerienenienieneneeneeeenesieereniene 673

30.3. Variant CompariSOn Files .........ccoceiiiiiiriiiiiniiiiiinnieenteeeetese e 673

30.4. TAP TESES ..ottt sttt 674

30.5. Test Coverage EXamination.......c..coceeeverieeieniineenienenienieneetenieeeeneesieeniesieenenieene 675

XV



IV. Client Interfaces 676

31, THDPQ = C LADTATY eoueiieiiieiieiieeteeeette ettt ettt st sttt st e sbe e sat e e beesaeesaeas 678
31.1. Database Connection Control FUNCtions ..........cccccoeevveneriecienceniencnieenecienneene 678
31.1.1. CONNECLION SIS ..veerveerurietieriieeteeieeniteete et et e st et e st e st sabeesbeesieesaees 684
31.1.1.1. Keyword/Value Connection Strings ..........ccccceceecverreeveenrercennennen. 684

31.1.1.2. Connection URIS ......cc.covueeriirieiiiiniiinieeieeiee et 684

31.1.2. Parameter Key WOIdS .........cccooiiriiiiiniiiiiiiceeeeeeeeceeeee e 685

31.2. Connection Status FUNCHONS .......ccccuiriiiiriiniiiiiiienie ettt 689
31.3. Command Execution FUNCHONS .........cccevieriiiiiiniiniiiieeececeeeeec e 694
31.3.1. Main FUNCHONS «...ooouiiiiiiiiiieeiteeceeeteete ettt 694
31.3.2. Retrieving Query Result Information ............cccceeeeienieneniecenenceeee 701
31.3.3. Retrieving Other Result Information .............cccceeieiininiininienenceeee 704
31.3.4. Escaping Strings for Inclusion in SQL Commands ...........ccccceverereenncne 705

31.4. Asynchronous Command ProCessing ...........cceccevererienienienieneeienesienesieeenene 708
31.5. Retrieving Query Results ROW-By-ROW .......ccccooiiiiiiiiiiiiieneeeeeeee 712
31.6. Canceling Queries in PrOgress. ........ccoeiirieriiiieneneniesieeieeeieeee et 713
31.7. The Fast-Path INterface..........coceviiieiiiniiiiiiiiee et 714
31.8. Asynchronous NOtH{ICAION .......cevueiieieriirieniirteie ettt 715
31.9. Functions Associated with the COPY Command ...........cccceeevvinenieceeinincncnenne. 716
31.9.1. Functions for Sending COPY Data........cccceverieriinieiiininiineneeeneeienene 716
31.9.2. Functions for Receiving COPY Data........ccoceveevierieieninieneneeneneeieniene 717
31.9.3. Obsolete Functions for COPY ......ccccveiririiniinienieiiieineneeeeeeeeeeeeee 718
31.10. Control FUNCHIONS ......ooueiiiriiriiiieniieienieetete ettt sttt 720
31.11. Miscellaneous FUNCHONS .........coerveierieriiniinieieneetenieeteteeeete et 721
31.12. NOUICE PrOCESSING .evvveeiieiiieiieriieeiieeitesite et eteeit e st ste et e st e sbeebeesseesebeenseeseens 723
31,13, EVENE SYSTEIM c..eiiitieiieiieeiieeieerite sttt esitesiteebeeieesatesabeesseesaeesabeenseeseesaseenseenseens 724
31131, EVENE TYPES .ueeiiiiiieiieeieetteete ettt sttt st ettt e e e 724
31.13.2. Event Callback Procedure...........ccceeveevienerienenieienineenceeeneneereniene 726
31.13.3. Event Support FUNCHONS ......cccuerviiriienienieniteniteste ettt 727
31.13.4. Event EXampIe .......cooieriiiiiiiiieiiiciteiteec ettt 728
31.14. Environment Variables ...........ccoccovverieniriiiniinienineeienieneeresc e 730
31.15. The Password FIIe .........ccccoirieriiiieiiniiiiiiiecencceieeeeteeeeeesee et 732
31.16. The Connection Service File ..........ccccoiiviiiiiiiiiiniiiiieniirciececc e 732
31.17. LDAP Lookup of Connection Parameters..........c..ccceeereeciininiinicniieneneecnennene 733
31,18, SSL SUPPOTT...eriniiiiiiiiieieneeee ettt sttt et 734
31.18.1. Client Verification of Server Certificates ..........ccocuervveeneeneersieeneeneennne. 734
31.18.2. Client CertifiCaes.......ceruirrierrieniieieeniteeie ettt ettt 735
31.18.3. Protection Provided in Different Modes ...........ccoceeveeniiniensiinnenneennee. 735
31.18.4. SSL Client File USaZe.......cccceiueeuieriiriieierieeiesieeiieieete et 737
31.18.5. SSL Library InitialiZation .........ccccceeeeriereeienienieieeieeeese e 737
31.19. Behavior in Threaded Programs........c..ccceccevevveneneniecieinneninenenieeeeeeneseneeneen 738
31.20. Building libpgq Programs.............cceeeueeieieinininenenieieieencsreseseeeeeeeeie e 739
31.21. EXample Programs........ccoccceveeriiiiiiniinienie ettt 740
32. Large ODJECLS ..ottt ettt et s e 749
32,1 TAEOAUCTION ...ttt sttt et sttt be b seenaeeae 749
32.2. Implementation FEatures ..........cc.ccoeeieriiiiniiiiieneeeeeeeete et 749
32.3. Client INEITACES. .....cc.evuirieieieiieiiiecicecee et s 749
32.3.1. Creating a Large ODJECt ......cocueruerieriiniiiiniiiieieniteeeetee et 750
32.3.2. Importing a Large ODBJECt........coevieviiriiiiniiieieniieieieeeee e 750
32.3.3. Exporting a Large ODBJeCt........cceeveviireeiineiieniiniieienieeteneseee e 751
32.3.4. Opening an Existing Large ODJect........ccccoevienierienieneniineneeneneereniene 751

xvi



32.3.5. Writing Data to a Large ObjJect........cccovievciirriienienieiiieniesieeieeieeee e 751

32.3.6. Reading Data from a Large ObjJect .........coccevvveerieniiriiienienienieeieeneeeen 752
32.3.7. Seeking in a Large ObJeCt.......cceecvieriienieniieiiieiienieeieeniteste et 752
32.3.8. Obtaining the Seek Position of a Large Object........c.ccceveevveriiienieeneennee. 752
32.3.9. Truncating a Large ObJECt ......cceeueriierieriiiiiieiierieeieesiteste et 753
32.3.10. Closing a Large Object DeSCIIPLOL ........coeevevrerieieniineeniereeieneerenenne 753
32.3.11. Removing a Large ODJect ........ccceeuivieiiniiiiiinieieieeceeeeeseereiene 753

32.4. Server-side FUNCLIONS ......c.c.oovuiiiiiiiiiiiieiienie ettt st 754
32.5. Example Program ............cccoieioiiiiiiiiiniiiiice e 755
33. ECPG - Embedded SQL N C.....ooouiiiiiriiniinieicieietnenesteteeeteie et 760
33.1. The CONCEPL......ooouiiiiiiiieieie ettt s s 760
33.2. Managing Database CONNECHIONS ........ceueeueeruiruierierieeienteeieeteeteeeeseeeeeseesreeneeneeens 760
33.2.1. Connecting to the Database Server ..........c.cecereriereniereneeeesceeene 760
33.2.2. ChooSIiNg @ CONNECION .......ceuveitieeieiieiieieseeeiteteetcete st eneesee e see b eneeneeene 761
33.2.3. CloSing @ CONNECION........ccuerueertietietietietenteetetestcente st eeeesee e neesbeeneeneeene 763

33.3. Running SQL COMMANAS.........ccoerieriiriirieniieieie ettt st 763
33.3.1. Executing SQL Statements ........cccceceeeeriererienieniieieneetenesiceniesveeeeneeene 763
33.3.2. USING CUISOIS. ....euieutiriieienieeiienteettete st etesteeitebesbeeste bt eseesaesaeeaesbeenneneeene 764
33.3.3. Managing Transactions ...........cceeeeruereereererienieniieienieeteneeseesiesbeeneneeene 764
33.3.4. Prepared StatemEnts. ........coeeverieruieniineeienieetentesieeiesieeete st esae s eaeeneeene 765

33.4. Using HOSt Variables ..........cocceieriiiiieniniiieiteie ettt 766
33141 OVEIVIEW ..ouiiiiiicieteeee ettt s e 766
33.4.2. Declare SECHOMNS. .....ccuecveuiruiriirierieicieiee ettt 766
33.4.3. Retrieving Query ResultS........ccccecveviirieniininiinenieieneeeeneeeeieseeeiene 767
33.4.4. TYPE MAPPING ..eruvieiieiieeiiieieenite et et e setestesbeesteesatesbeessaesasessseenseesseesnsas 768
33.4.4.1. Handling Character Strings ........ccceevervveereeneeriieenieeneesveesieeneeens 769

33.4.4.2. Accessing Special Data TYPeS.....cceevervveereenieriieenieenee e 769

33.4.4.2.1. timestamp, date.........ceeceereerieenienierieeeesee e 770
33.4.4.2.2.I0te1Val ..o 770

33.4.4.2.3. numeric, decimal........ccccvvvvviiiiiiiiiiiiiiiiieeeee e 771

33.4.4.3. Host Variables with Nonprimitive Types .......c.cccoeceeveeriieenennneen. 772

33443, 1. AITAYS weoeiiiiieiiee ettt sttt s 772

33.4.4.3.2. SIIUCLULES .....oviiiiiiiiiiicecc e 773

33.4.4.3.3. TYPedefS...cocueeveieiiiiieeiee et 774

33.4.4.3.4. POINLETS ...eeouvieeieiieeieeitenite sttt et sttt st 775

33.4.5. Handling Nonprimitive SQL Data Types........cccceceecerincieninienenieiennene 775
33.4.5. 1. ALTAYS .ot e 775

33.4.5.2. CompOSIte TYPES .....oeveeuiriiiieiiiieiieeeie e 777

33.4.5.3. User-defined Base TYPesS ........ccccccvuirieiiniiiiniiicciecienecieiene 778

33.4.6. INAICALOTS. . ..eeeieriiieiieeiteeeett ettt sttt st e e e 780

33.5. DyNamic SQL....cuiiuiiiieiieieee ettt sttt st eae 780
33.5.1. Executing Statements without a Result Set ..........ccccoeceeeininieneniiienene 780
33.5.2. Executing a Statement with Input Parameters ............cccccevevveneniicencne 780
33.5.3. Executing a Statement with a Result Set ..........ccceeveviniiniiiininiieee 781

33.0. PELYPES LADTATY ...ttt st 782
33.6.1. The NUMETIC TYPE ..cuviruieiiriiriieiieiieteeeete ettt 782
33.0.2. The date TYPE.....eeeeruerieierieeiesieetteie ettt sttt st 785
33.6.3. The timestamp TYPE.....ccoererierierieriinieieneetetestt ettt 788
33.6.4. The interval TYPE ...ccuevueeviirerieiiniieieeeetese ettt 792
33.6.5. The decimal TYPE......cocveruererieniiniieiinieeieneetetestte ettt 792
33.6.6. errno Values of pgtypeslib ......cc.cocveviireiniiniiiininiiieeeieceeeseeeee 793
33.6.7. Special Constants of pgtypeslib........ccccevuereriininiiiiniiniininieeneereene 794

XVii



33.7. USING DESCIIPLOT ATCAS ...cuvieuvieiieniiieiieniieeiieeieeitesitesteesieesitesbeeaeesaeesteeseenseens 794

33.7.1. Named SQL DeSCriptor ATEAS .......cccveerieriierriieniienienieenieeneeseeenieeseeenanes 794
33.7.2. SQLDA DeSCTIPLOT ATEAS ....veerererurieiieniienierieenitestesieesieesieesreenseesseesanes 796
33.7.2.1. SQLDA Data StruCtUre..........cccveeeeureererieeeiieenrreesreeesereeesereeesenens 797

33.7.2.1.1. sqlda_t StruCtUTe .......ccceeveirieiiieieeieeeeee e 797

33.7.2.1.2. sqQIvar_t StIUCLUIE ........cccereerereniretinrieeese e 798

33.7.2.1.3. struct sqlname Structure ...........cccccceeeeceererveeneneecuennenne 799

33.7.2.2. Retrieving a Result Set Using an SQLDA ...........c..ccceeinienenen. 799

33.7.2.3. Passing Query Parameters Using an SQLDA.............ccccoceeeennen. 801

33.7.2.4. A Sample Application Using SQLDA ..........c..cccceoiiiininiinennn. 802

33.8. Error HandIing..........ccoouiiiiiiiiiiiiicicec et 807
33.8.1. Setting CallDACKS ......ccceeruirueeieriieiieieeicee et et 807
33.8.2. SQLCA e 809
33.8.3. SQLSTATE VS. SQLCODE....iiuiiiiiiiiiiiniiiiitisicie e 811

33.9. Preprocessor DITECIIVES ......ccoviiririirieieieieiineneseeteret ettt s 814
33.9.1. Including FIles .......cccoooieiiiiiieieieeeeeee e 814
33.9.2. The define and undef DireCtives ..........cccceverierierierienieniene e 815
33.9.3. ifdef, ifndef, else, elif, and endif DIirectives........cooovvveeeeeecieeeeeeeeeeeeeeeen. 815
33.10. Processing Embedded SQL Programs............ccocoveeienenieienennienenienieniceienene 816
33.11. Library FUNCHONS ...c..coueeiiriirieiiiiieienieeitete ettt ettt s 817
33,12, LarZe ODBJECES...cuueruieuiiriieienieeiteniesieete sttt ettt sttt ettt st et sae st e b b sae i eae 818
33.13. CA4 APPICALIONS ...vviniiiiiiiriieieiiteientceitete ettt ettt ettt s eae 819
33.13.1. Scope for Host Variables..........cccevevierienerienenieienenieneeeenesieeveniene 820
33.13.2. C++ Application Development with External C Module....................... 821
33.14. Embedded SQL COmMmANdS .........ccceeeeuiieeiiireirieeirieeeireeeieeeeieeeevneesereeesaneseeneas 823
ALLOCATE DESCRIPTOR .......coociiiiiiiniiiinietinieteieeteieseeresieeiee et 823
CONNECT ...ttt st 825
DEALLOCATE DESCRIPTOR ......coccootiiiiiniiiininienienecieneerenieeeeenee st 828
DECLARE .......coiiiiie e 829
DESCRIBE ..ot 831
DISCONNECT ..ottt 832
EXECUTE IMMEDIATE ......cc.cociitiiiitiieenteeniteeene ettt st 834

GET DESCRIPTOR .......coiiiiiiiiiiieieeeeeeetetett ettt ettt 835
OPEN L.ttt ettt ettt s ettt ettt naene 838
PREPARE ...ttt ettt 840

SET AUTOCOMMIT ..ottt s 841

SET CONNECTION ....coioiiieieieiinienentetcteteit sttt sttt e 842

SET DESCRIPTOR ......ootiiiiiiieieiinineneectetet sttt st 843
TYPE....c ettt ettt ettt 845

VAR .ttt ettt ettt ettt 847
WHENEVER ..ottt ettt s e 848
33.15. Informix Compatibility MOde ........cceoeriiriiiieiiiieiesieeeeeee e 850
33.15.1. Additional TYPES .....eeueeueruerieiietieieeitete ettt s 850
33.15.2. Additional/Missing Embedded SQL Statements ..........cc.ccoccevereeiennenne 850
33.15.3. Informix-compatible SQLDA Descriptor Areas........cc.cceceeeeereneecuennenne 851
33.15.4. Additional FUNCHONS......c..eeviriiriieiieiieiesieeteese et 854
33.15.5. Additional CONSLANES.........cererveriereiiiriinteteieeeetetese e 862
3316, INTEINALS ..ceevieiiciiiieccee ettt sttt s s 863
34. The Information SChemA..........cc.ccueviiiiiiiiiiecic e 866
34.1. The SCREMA ......couiiiiiiiiiiiciee e e 866
34.2. DAta TYPES -eeveemrenieriieieeteetesteetese sttt ettt ettt ettt st s eae 866
34.3. information_schema_catalog NAME .uuueiieiiieeeeeiiiireeeeeiireeeeeenisreeeeennseeeees 867

XViii



34.4.
34.5.
34.6.
34.7.
34.8.
34.9.

34.10. collations

administrable role aUthoriZationS e eeeeeeieeeeeeeeeeeeeeeeeeeeeenes 867
AP LA CAID L@ T 0L S iiiiiiiiieiieiirieeeeeiteeeeeeere e e e eeetreeeeeeirreeeeeeareaeeeentaeeeeeearraee s 867
Y ook oYU =Y BTSSR 868
LA T A O T T ST S eeeetietie ettt e e e e e e e e e e et e et eeaeeeeeseeeeeeeeeaaaaa i eaaaeseseeeeeeenaees 872
check_constraint_roUtinNe_USAGE wiieeeeeiirieeeeeiirreeeeeeirreeeeesireeeeeens 873
CRE O K COMSE T AINT S tettettttiteeeeeeeeeeeeeeeee et et eeeeeeeeseeeeeeereraaaaaaaaeseseeeeeeeneans 873

34.11. collation_character_set_applicability

34.12. column_domain_usage

34.13. column_options

34.14. column_privileges

34.15. column_udt_usage

34,16, COLUIMIIS weeeutieeeitieeetee et e e ettt e e et e et eeeetee e e e e eaeeeeteeeeaaeeeeseeeeeseeeeeseeeeseeeenseeeennens

34.17. constraint_COLUMN_USAGTE wuireeerirrrreeererrreeeeeireeeeeeesrereeesasrareeeessreseesssssseeens 882
34.18. constraint_table USAGE e eeiiiieeeeeeiireeeeeeetreeeeesereeeeeesnrreeeeesnrreeens 883
34.19. data_tyPe _PrivVileges i iieeeiieeaiiieeiieeesteessteessteeesnsreessteessseeennseesensens 883
34.20. OmMAIn COMSE AT S ttetttteeeeeeeeee e et e eeeeeeeeeeaaeeeeeeeaeseeeenaeeeeeneaeseenaaaaaeee 884
34.21. AOMain_ UL _USAG.ciiiiuurieeeeiiirieeieittreeeesetteeeeestreeeeesestreeeessassaseeeasssseseesssssseeens 885
34,22, AOMAIIIS tieetieeeitieeeteeeeteeeeteeeeteeeeeteeeeteeeeteeeeseeeesseeeesseeessseesseeensseeesseseeaseeeeseeas 885
34,23, @1 EMENT_ L YPES teitiiieieeeitieeeetteeeiteeeeteeeeteeeeteeeetreeeeaaeeeetaeeeateeeeaaeeabeeenareeeareas 888
B2, 1A L A, T O LS et a e e e e e e et ———————————————n 891
34.25. foreign_data_WrappPer_OPtioNS e eereeeeeeeerieeeeetreeeaeeeereeeeaveseeanens 892
34.26. fOreign_data WIaPPEIS ievrereeeierrreeeeiiiereeeeerireeeeeeestreeeeeinrereeeessareeeeesnssreees 892
34,27, fOreign. SErVer _OPE IONS cttiiiiiieiieieeeieteeeeeeerteeeeeeetreeeeeeebaeeeeeeareeeeeenareeees 892
RE% T b=k Ko po N =1= Y o 12 of - DU S RSP RRRRRRPRT 893
34.29. foreign._ table 0P ioNS e eieiieee e ettt e et e e e et e et e e s 893
RZ G O N R o=k Ko po N =1 N = DS RO SRRSO 894
34.3]. Ky _ COLUMN_USATC ciiitturieeieerrreeeeeirreeeeeeiereeeeesireeeeeeestreeeeeierareeeesstreseeenerreeees 894
R R ST ot 1Y ol =S o= PSS SRRSO 895
34.33. referential CONSTIAINTS weeeeeeee et eeeeeeeeeeeeeeeeeeeeeeeeeeteeeaareaaeaaaaeees 898
34.34. r0le_COLUMN__GIANTS trrieeierireeeeeeirreeeeiiirrreeeeeireeeeeeeisreeeesseseseeeesssreseeessssseeees 899
34.35. role _rOULANE _GrantS aiiiieeeeiieeeeeeeireeeeeeereeeeeeetreeeeeeeraeeeeeeareeeeeeerreeeas 899
34.30. £0le_ LAl _GTants wiiriieeieeiieeeeeeiireeeeeeeireeeeeeereeeeeeeitreeeeeeeraeeeeeetreeeeesnreeeeas 900
34,37, L0l e UGt _GraNT Suiiiiiiiiuiieeieeiieeeeeeiieeeeeeeitreeeeeeeteeeeeeetaeeeeeeearaeeeeeesreeeeeanarreeeas 901
34.38. £01e_USAGE_GTANES witreriiieerreeeirieesireeesiteresseeessseeessseesssseeassseesssseessseessssesssssens 902
34.39. roUL INE_PTrivVileges i iiieeeiieeeieeesreeesreeesreesssreeesreessseessseeessseesssses 902
34,40, LOUL AN S ceetriieeiecieeee et eeete e e e ettt e e e et e e e e et te e e e e e e tre e e e e e eabaeeeeeaaraeeeeanrraeeas 903
34,41, SCREMAT A ceetriiei ittt eeeee e ettt e e e et e e e et e e tr e e e e e abaa e e e e ebraeeeeenrraeaas 909
Yo b LY Y=Y F USSP 909
34,43, Sl _fEAEUTES tirteitiieeiieeiieeesieeeetteeetteeetteesbeeesbeeesaseessaeeensseesnsaeessseesnnseesansens 911
3444, sgl_implementation_iNF0 iiireieeniieenieeeieeeeereesaeeesbeeeereeennens 911
34.45. SGL_LANGUAGES teervreerreeeriieeeaiteesatteesteeeasaeesseeessseesasseesasseeassseessssesssseessseessnses 912
34,46, SGL_PACKAGES terreerrreereereereesseesreesseesseessseasseesseesssessseessessssssssessseessessssesssesssenns 913
R g Yo A T § o= SRS 913
3448, SOl _S1ZANGuuiiiiiiiiiiiieieeiiteee et e e e e e e e e et e e e e ettt e e e e e atar e e e eanbbaeaeeaaraaaeas 914
34.49. 5G]l _S1izZing_ProOfileS ciiiieiiiiiiieeeciieeeeeeireee e e eetre e e e erar e e e e erra e e e e aaaaaae s 914
34.50. LA L E CONMSETAIIITES teeteeeeeeeeite e e e e et e e e e e e e e e e eeeeeeeeeeae e eaaaaaaaaaees 915
34, 5. LAl e PTivVilEgeS cmiiiiiiieciieeitie e ettt eetee et e e et eeete e et e e et e e eta e e teeeeareeeeaaeas 915
3,52 LA LS uiiiitieeeiee et e ettt e ettt et e et e e e et e e et e e eta e e etaeeeaaeeeabeeeaareeenreas 916
3,53, £ AN S F OIS i iittieeetiieeetiee ettt e et e e eteeeeteeeeteeeeateeeetbeeeeaseeetaeeensseesasseeassesenasesenreas 917
34.54. triggered_UpPdate_COLUMNS .iiiieieeeiitrreeeeeireeeeeeetreeeeeensreeeeeesareeeeeenareeeees 918
R T T ook K o 1= of - SO SRR 919

Xix



R 7B FRETe Nl oh ok A B K=o 1= DU OO PO RRRRRPP 920

34, 5. USAGE P T AVI LEGES iiiiiiiieeieeieeeeeeeereeeeeeeeee e e e eeereeeeeeetreeeeeeeraeeeeeetreeeeeeerraee s 921
34.58. USer_definNed L YDPES tirieiieiiriiieeeeireeeeeeeireeeeeeeteeeeeeetreeeeeeeraeeeeeetreeeeeenrreeees 922
34.59. User_MapPPing _OPLLONS iiiiiiiiieeieireie e e ettt eeeeete e e et e e e e eerae e e e eetreeeeeearreee s 923
34.60. USET_MAPPITIGS tetrrreeeieirrreeeieeitreeeeeeiteeeeeeeetareeeeeeteeeeeeetaeeeeeeeraeeeeeesreeeeeeenrreeeas 924
34.61. VieW_COLUMN_USAGE tiirrieeieeirreeeeeeirreeeeeiitreeeeeeireeeeeeeisseeeesseseseeeesssreesesssssseeens 924
34.62. VieW _roULiNe_USAGE tiriiiieeiiiieeeeiieeeeeeeieeeeeeeeteeeeeeetreeeeeeearaeeeeeeareeeeesenrreeeas 925
34,03, VieW LAl e USAT e iiiiiiieeieetieeeeeeitteeeeeetteeeeeeetteeeeeeetaeeeeeeeabaeeeeeetraeeeeearraeeas 926
T Y o TSP 926
V. Server Programming 928
35. Extending SQL ..o e e 930
35.1. How Extensibility WOrKS.......cccccviririenieniiininineneieicteescsceeceeeeeee e 930
35.2. The PostgreSQL Type SyStem..........ccoiuiiiiiiiiiiiiiiiiiiiiicieceeeere e 930
35.2.1. BASE TYPES .eeeeentienieieeiiete sttt ettt sttt sb ettt nae e 930
35.2.2. COMPOSILE TYPES ...eeuviruieieriiriieniietieie ettt sttt sttt et st seesbe e e ene 930
35.2.3. DOMAINS ...euviiieniieiieie ettt ettt ettt ettt et e et st sbeenne e eae 931
35.2.4. PSEUAO-TYPES ..cnveeieniiiiieieiieeiesieettete ettt ettt st s 931
35.2.5. POlymOIphiC TYPES ...ecveeverieriieiiniieiinieeie sttt 931

35.3. User-defined FUNCHONS .......c..ccueiririiiiieieiiieinesceeeeeee e 932
35.4. Query Language (SQL) FUNCHONS ......ovveriiniiriiniiniiienienietesieeeene st 932
35.4.1. Arguments for SQL FUnctions..........cccceeueverienenienienienneneneeneneeienene 933
35.4.2. SQL Functions on Base TYPeS .......ccccverreriieriiierienieeiieniieseesieenieeseee e 934
35.4.3. SQL Functions on Composite TYPES ......cecvervrierierieriiienienieeieenieeneenenes 936
35.4.4. SQL Functions with Output Parameters .........cc.ccoecveevivenienceencieeneeneennne. 939
35.4.5. SQL Functions with Variable Numbers of Arguments.............ccceevueenee. 940
35.4.6. SQL Functions with Default Values for Arguments............cceceereeneenee. 941
35.4.7. SQL Functions as Table SOUICES ........c..cccevierriieeiiieeiie e 941
35.4.8. SQL Functions Returning Sets ..........ccoceecuerriienieniieriiienienienieenieeseeenenes 942
35.4.9. SQL Functions RetUrning TABLE ......ccocvevruerrieeriienierieenieeneesieenieeseenenes 944
35.4.10. Polymorphic SQL FUNCHONS ...c...oovuiiriiiriiiiiiiienieeieeieeseeeieeieesee e 945
35.4.11. SQL Functions with Collations............cccccueereuieeriiieesrieeriieesreeesvee e 946

35.5. Function OVerloading.........c..cecevereeieniinieniinieneneeeesieeeeresie st enesneene 947
35.6. Function Volatility CateZOTIies .........cecuerririeriirieriereeienieeeeteete st sieenenneene 948
35.7. Procedural Language FUnCtions ..........c..cccccoieieniinieiieniinieieneeeeseeeee e 949
35.8. Internal FUNCHONS ...ccc.eiriiiiiiiiiiieriieecetee ettt st 949
35.9. C-Language FUNCHONS........c.ccociiiiiiiiiiiiiiei et 950
35.9.1. Dynamic Loading.........ccccoiiiiiiiiiiiiiiiiiiccieeeee e 950
35.9.2. Base Types in C-Language Functions..........c.ccccceeeveeenenenreieenncnennennenn. 951
35.9.3. Version 0 Calling CONVENLIONS ......cccecereruinrenienreeeinreneneneeeeeeesaesrenene 954
35.9.4. Version 1 Calling CONVENLIONS ......cccecereruinrenrenreeeieineneneeeereeneesnenene 956
35.9.5. WIItING COAE.....ooviiiieieiieiieieriertceceetee sttt s 959
35.9.6. Compiling and Linking Dynamically-loaded Functions............c..ccceuen. 960
35.9.7. CompoSite-type ATZUIMENLS .......cc.eeruiruieeerieeiienientieienieeeeeneesieeneesreeneeneeene 962
35.9.8. Returning Rows (Composite TYPES) ....cccververierierierienienieneneenesieeieniene 963
35.9.9. REtUINING SELS....eeueeriiriieiirieeiienieeiteteeit ettt 965
35.9.10. Polymorphic Arguments and Return TYPes ........cccceveeveeneneenenencienene 970
35.9.11. Transform FUNCONS .........ccccerieviiiiiiiriinicicicceeeee e 971
35.9.12. Shared Memory and LWLOCKS .......cccceceririeniniiiinenieneneeicneeeee 972
35.9.13. Using C++ for EXtensibility........ccocevveevieniiiinenieniininienceeeenceveee 972
35.10. User-defined AZZIEZALES .....cccevuerueeierierieniinieenienieeteniesieetesteeeeseesreestesieessenienne 973
35.10.1. Moving-Aggregate MOdE. ........oocvieriierieniieiiienienie ettt 974

XX



35.10.2. Polymorphic and Variadic Aggregates. .........evvereerieenieneeriieeneeneennnes 976

35.10.3. Ordered-Set AZEreGates......ccvueruirriierierieeieeritenteeieesieesteseeenaeesaeesaeas 977
35.10.4. Support Functions for Aggregates ........cocceevveereeneerieenieniienieenieeneennnes 978
35.11. User-defined TYPES ...ccoueeruieriiirieniieieeriteste ettt ettt sttt e 979
35.11.1. TOAST Considerations.........ccccecvevueruieruereeienieneerenseeeenueneesneseenensenne 982
35.12. User-defined OPErators.........ccceouereeieniieieniieeenienieerenieeeeresteeeesaeseeessesieenenneens 983
35.13. Operator Optimization Information............cceeereeiienieniieiienieieneeeeeseereene 984
35.13.1. COMMUTATOR tutiueentireeenrenieeiretenieetesneeseesseeseesesseessesneeeeesaesueenesneennenene 984
35.13.2. NEGATOR «.eeuteniieuieiieieeee et ettt sae e e et nesae e ne e e saesaeenesneeaneneene 985
35.13.3 . RESTRICT wuteuiieuieiieieeee et ettt st eseesae e e b sbeeaesne e e sae s nesneeanenene 985
35,1314, TOTIN sttt ettt ettt ettt ettt sttt sn e 986
35.13.5. HASHES .ottt ettt ettt st et st e 987
35.13.0. MERGES . c.ceutiutruirtiteteneeitettetestesteeeaeest et sttt se et ene et s e sae e e ean et saesnenenee 988
35.14. Interfacing Extensions To INAEXES........cceceriririrenieieinininineniceeenenese e 988
35.14.1. Index Methods and Operator Classes ...........ccceceeeeerereneeneeenenennennenn 989
35.14.2. Index Method Strateies ........c.coeeveeriruinienienieeeieineneneeeeree e 989
35.14.3. Index Method Support ROULINES .......cccovevvevieieieininenieeiereeeeeecenee 991
35.14.4. An EXQAMPIE ....ooouiiiiiiiiiiiieeee et 994
35.14.5. Operator Classes and Operator Families..........c..ccccevevveninencneinenenne 996
35.14.6. System Dependencies on Operator Classes .........c.coeeeerereeneneecnenene 999
35.14.7. Ordering OPETrators ...........cecuertereeriereerierienienienteetenieeseesaesieesaesieennenseene 999
35.14.8. Special Features of Operator Classes............ceeevuererieneneenieneesuenenne 1000
35.15. Packaging Related Objects into an EXtension ...........cccceceveevieneriencneennennenne. 1000
35.15.1. EXtension Files........cccceviriiriiniiiiiniiienienteicsiteeseeetenee st 1001
35.15.2. Extension Relocatability ........ccocueevviereeniiiiiieieeniesieeieeee e 1003
35.15.3. Extension Configuration Tables..........ccoecuevieerieenieriienieeneenieeieeieene 1004
35.15.4. EXtension UPdates ........ccoveerieriiiiiieniieniesieeieeniee e eieesieesieeeseenieenns 1005
35.15.5. Extension EXample .........cccceevieriiiiiiinienieiieeiceee et 1006
35.16. Extension Building InfrastruCture ...........cccoevveeviienienieniiiinieniecieceeneesee e 1007
30, TIIZEETS -veeureenreeteeeiie et ettt et et e bt e st e ettt e bt esatesate s bt e beesatesabe e beenbeesabeenseenseesaseeseenseenns 1010
36.1. Overview of Trigger Behavior.........coocceeiiiiiiiiiiiiiiniienieceeeeeee e 1010
36.2. Visibility of Data Changes..........cceevueeviirriienienierieeniiesteee ettt 1012
36.3. Writing Trigger FUnctions in C .........cccoeiiiniiiiiniiiniienieeieeieenteee et 1013
36.4. A Complete Trigger EXxample...........cccoeceeviinieiininiieniinieinceeeceeeeseeeeneeee 1015
37 EVENE TIIZEETS ..ttt st s 1019
37.1. Overview of Event Trigger Behavior .........c..cccccoveeiieiiiiiiiininiiniieeeecee 1019
37.2. Event Trigger Firing MatriX ......c..coccooieiieriinienienenieeeeeeeee e 1020
37.3. Writing Event Trigger Functions in C...........ccccooiiiiiiiiiiiiniiieeeceee 1024
37.4. A Complete Event Trigger EXample ........ccooeevieriiiniinieniiinienieeceieeseeeeeeee 1025
37.5. A Table Rewrite Event Trigger Example..........ccoccoeviiriiiiiiiniiniiniiieeneceeeee 1027
38. The RULE SYSEIM .....eeuiiiiiiiiiieiieie ettt ettt st sae e e b e ae e 1028
38.1. The QUETY TTEE.......eevuieiiiiieeieeteete ettt ettt et 1028
38.2. Views and the Rule SyStem ..........cociiiiiiiiiiiiiiieeeeeeeee e 1030
38.2.1. How SELECT Rules WOrK ......ccccoovuiiiiiiiiniiiiiiicceccccceeeeee 1030
38.2.2. View Rules in Non-SELECT Statements .........ccccecuereeeenereenieneeneennennes 1035
38.2.3. The Power of Views in PostgreSQL ........c..ccccevieviininiienenieneneeenee 1036
38.2.4. UPdating @ VIBW.....ooueriiriiriieieniieienieetere ettt ettt 1036

38.3. Materialized VIEWS .......cocoveiiuiiiiiiitiiiieieteteene ettt 1037
38.4. Rules on INSERT, UPDATE, and DELETE ....ccccviiiiiiiiiiiencieiec s 1039
38.4.1. How Update Rules WOrk ........cccceceviriininiininiiiinciiencneceneeeee 1040
38.4.1.1. A First Rule Step by Step.....ccoceverieninieiinciicnceicieniceeiee 1041

38.4.2. Cooperation With VIBWS........ccccueriiiiiienieniesieeieesee e erieesiee e eve e 1044

xxi



38.5. Rules and PriviE€ZESs .......coovuerruirriieniiiieeiteriteeteeeertte ettt et 1050
38.6. Rules and Command StatUs..........cccueeueeeerieneenienenienieniereneeeeseereresieeenesne e 1052
38.7. RUIES VETSUS TIIZZETS ...uveerurieuieiiieniieeieeieenite et eie et ste sttt e st e st sbeesatesanesanes 1052
39. Procedural Lan@UAaZES ......cccveeieriiiniierieeie ettt ettt sttt et sat e e bt e st ebeeaee e 1056
39.1. Installing Procedural Languages ..........cocceerierieriieenienienieenieenteeie et 1056
40. PL/pgSQL - SQL Procedural Language ...........cocceevierierrieiniienienieenieenieeee e 1059
40. 1. OVETVIEW ettt ettt ettt ettt et e sbe e st e et e e bt e satesabeebeesuteeaseeseenne 1059
40.1.1. Advantages of Using PL/pESQL ........ccccocieiiiiiiiiinieiincceeeeeeeee 1059
40.1.2. Supported Argument and Result Data Types.........ccccccevieveniniencneee 1059

40.2. Structure of PL/PZSQL.....cooiiiiiiiece e 1060
40.3. DECLaratiOnsS .....c.veeveeiieniiieieeieerite ettt sttt ettt ettt et sbe e e e nee e 1061
40.3.1. Declaring Function Parameters.............ccocereriroieninieneeeeieseeeseeeeene 1062
40.3.2. ALTIAS oottt ettt sttt ettt ettt sttt ettt e 1064
40.3.3. COPYING TYPES -euvirienieriieierieetieieete ettt sttt sttt et et esbe et naesaeens 1065
40.3.4. ROW TYPES.cnutiiuiiiiieeiieiieeiteeite ettt sttt ettt ettt st et e 1065
40.3.5. RECOIA TYPES ...euvieienieniietenieet ettt sttt saeene 1066
40.3.6. Collation of PL/pgSQL Variables ..........cccceoererieninieninieieneeieneneene 1066

40.4. EXPIESSIONS .....eeueiiieiiiiieiieieettete st ete st e st ete et e eatesteeste s bt sbt e besbeentesbeestenaesaeensenbeens 1067
40.5. BaSIC StALBIMEILS....cueetiriieniieiieieeteetente ettt ettt ettt st et sb ettt eatesaesreennesbeens 1068
40.5.1. ASSIZNIMEGNL «..cuvieniiiieiiiiieiteeet ettt ettt sttt et et sbe et e b saee e sbeens 1068
40.5.2. Executing a Command With No Result........c..cccceoevienininninnicncnen. 1068
40.5.3. Executing a Query with a Single-row Result.........cccccoceverveninencnen. 1069
40.5.4. Executing Dynamic Commands .........c.ccoccevererieneneenencenienenieneneens 1071
40.5.5. Obtaining the Result Status........cceevereerciienienieeieeeenreere e 1074
40.5.6. Doing Nothing At All ......ccceeeiieiiieniienieeieeiieeie et 1075

40.6. CONLIOL SIIUCTUIES ... .eeveruiitiieeitinieetente ettt ettt st sttt et seeeseesaesaeenaenbeens 1075
40.6.1. Returning From a FUNCON ......c.ccooviiriiiiiiiieiecieceeeeeeceee e 1075
40.6.1.1. RETURN ..ottt 1075

40.6.1.2. RETURN NEXT and RETURN QUERY .....ccceceeririruerueieiecnncnnennes 1076

40.6.2. CONAItIONALS ..c..eeuvieieiiiiiiteieriietettet ettt 1078
40.6.2.1. IF—THEN .ccoiiiiiiiiiieiintenteeeeeec st 1078

40.6.2.2. IF-THEN=ELSE ...cceectririiiiiiiiiiiinteieieeeeere s 1078

40.6.2.3. IF-THEN=ELSIF .cceccesiriiiiiiiriniinieteie s 1079

40.6.2.4. SIMPIE CASE ..cueiuiriirienienieieieiteiesetetetestetee et sae et eaeseenes 1080

40.6.2.5. Searched CASE.....uiviiiiiiiieiieeieeee ettt 1080

40.6.3. SIMPIE LOOPS ...cvvinvieiieiieieieneetete ettt 1081
40.6.3.1. LOOP ..ttt sttt sttt ettt st eaenes 1081

40.6.3.2. EXTIT weiieiiiieieieseeeee ettt st eae e st sae e s enesae e nesneens 1081

40.6.3.3. CONTINUE ...cueertiruieieiieieteeieetesreeeesaese e sieeaesseeseesae e enesneens 1082

40.6.3.4. WHILE t.eeoveteieieneeieeieniestetetestese st sressesseseeneesesbesaesaeaenneneenessenen 1082

40.6.3.5. FOR (Integer Variant) .........cceceeereereneeienienieieseeeee e seesie e 1083

40.6.4. Looping Through Query Results ...........coccooeiiriieiinieniiiieneeeeee 1084
40.6.5. Looping Through ATTAYS ......c..cecereeiererieienieeieseeee e 1084
40.6.6. Trapping EITOTS .......coouiiiiiiiiitieieteee e 1086
40.6.6.1. Obtaining Information About an Error..........ccccceccevenenienencn. 1088

40.6.7. Obtaining Current Execution Information ...........cccoceeevevenvecinenncncnnens 1089

40.7. CULSOTS .eteuteteenee sttt sttt ettt ettt e e st et e e eb e eseesbe e st e bt sbe e besbeenteneeeneenaesbeensenbeans 1090
40.7.1. Declaring Cursor Variables ..........coeecerireeneninieninienienceienieseeneniene 1090
40.7.2. OPening CUISOTS .....ceueruerueerieniieienieeientesieertesieetesteeteesteseeetessessnessesseens 1090
40.7.2.1. OPEN FOR QUEI YV crurreeerrreesureesirreesireeessesesseeesseesssseesssssesssesannns 1090

40.7.2.2. OPEN FOR EXECUTE ..eoueoteuieuiruiriinieieieteeereene e seeeeeene e enenes 1091

40.7.2.3. Opening a Bound Cursor...........coccevererienenieniineeienenienieneens 1091

XXii



40.7.3. USING CUISOTS.c...eevierireriieniienieeieenttestesteesieestesseenseesssesssesseesssessesnses 1092

40.7.3.1. FETCH tuiiiiiieieiciieiiieseceecce et 1092

40.7.3.2. MOVE ..tiviiiiiinictinictenccteicece et 1093

40.7.3.3. UPDATE/DELETE WHERE CURRENT OF coceevuenieeenrereenenneens 1093

40.7.3.4. CLOSE ittt 1093

40.7.3.5. Returning CUTISOTS ....c.c.eevveerierrieririerieeieenieesiteeseeesieesieesaeenieenns 1094

40.7.4. Looping Through a Cursor’s Result...........cc.cocceeeninienininncncnienenene 1095

40.8. Errors and MESSAZES.........ccuieuieuiriieiienieriieieeiteteete ettt sne e 1095
40.8.1. Reporting Errors and MeSSages ..........ccceeeevuerieieniineenieneeeeneseenenieene 1096
40.8.2. Checking ASSEITIONS .......cceevuiruieiiiiieieieieeie sttt 1097

40.9. Trig@er ProCEdULES ...........ccuiiiiiiiiiiieiiiicieeeeeeet et 1098
40.9.1. Triggers on Data Changes.......c..coceceeerererenienieinneniniseneneeeeeeenenaens 1098
40.9.2. Triggers 0N EVENLS .......cccoivuiviiriiieiiininenccceeceeereseeeeeeeee e 1105
40.10. PL/pgSQL Under the HOOd .........cooeiirieiinieiineeereeeese e 1105
40.10.1. Variable SUDStItULION .......coovertieiiriieiesie et 1105
40.10.2. Plan Caching ......cc.cecueruirienieniieieeiteie sttt 1107
40.11. Tips for Developing in PL/PESQL........ccccoeriiinininiiiieieiiineneeeceeene s 1109
40.11.1. Handling of Quotation Marks ..........ccccecerervecieirinininenieneeeeeenennens 1109
40.11.2. Additional Compile-time Checks ..........cccoererieninieniniiienenieeee 1111
40.12. Porting from Oracle PL/SQL........ccccoceiiiiiiniiiiniiieneneeesteeseetene st 1112
40.12.1. Porting EXamPIes ......cc.coouerieriiiiiniiienieieeieseeeeseeeeete et 1112
40.12.2. Other Things to Watch FOr.........ccceciiiiiiniiiiiiieiceceeee 1117
40.12.2.1. Implicit Rollback after EXCeptions...........cecceevereeeerereenuennenns 1118

40.12.2.2. EXECUTE tuteteieiieiieienie ettt sttt s 1118

40.12.2.3. Optimizing PL/pgSQL Functions...........ccceeveerveereervessueenieenns 1118

40.12.3. APPENAIX .eenitiiiiiiieriieeiieniieeteeieesteste st esteestesbe e beesaesaseenbeesanesssesnses 1118

41. PL/Tcl - Tcl Procedural Language.........c.cevveeieeriienienieeieeitesreeieeiee e seeeieesenesine s 1122
A1.1. OVEIVIBW ..ttt s 1122
41.2. PL/Tcl Functions and ATZUMENTS.......cc.ceruerieerieeniierieenieenieesreeieesieesisesseenseenns 1122
41.3. Data Values in PL/TCL.........ocooiiiiiiiiiiiiiiiiiicccceceeeece 1123
41.4. Global Data in PL/TC .......ccccooiiiiiiiiiiiiiiiiiicccceeccc e 1124
41.5. Database Access from PL/TCl ..o 1124
41.6. Trigger Procedures in PL/TCL ....cccooviiiiiiiiiiiiicieeeetceeeeee e 1126
41.7. Event Trigger Procedures in PL/TCL.........cc.cocooiiiiiiniiiiiiniciceccceeeee 1128
41.8. Modules and the unknown Command............cccceeveerierrieenienienrienneeneeeieesieene 1128
41.9. Tcl Procedure NAMES .......coceevueeriirieeiieiie ettt sttt st e st v e 1129
42. PL/Perl - Perl Procedural Language............ccccoceecueriieiiriinienieniiieieeeeeesceeesie e 1130
42.1. PL/Perl Functions and ATgUMENtS............cceeieviiriieienenieienieeenieeeeseeseenesneens 1130
42.2. Data Values in PL/PETL.......ccccooiiiiiiiiiiiii ettt 1134
42.3. BUilt-in FUNCHONS .....eotiiieiieiieeeicee ettt sttt st 1134
42.3.1. Database Access from PL/Perl...........coccoooiiiiiiiiiiiniieeeeeeee 1134
42.3.2. Utility Functions in PL/Perl..........ccoccoiiiiiiiiiiiiiieeceeeeeeee 1137

42.4. Global Values in PL/Per] ........ccccooiiiiiiiiiiiieieeee et 1138
42.5. Trusted and Untrusted PL/Per] .........ccccooiiiiiiiiiiniieeeeeceee e 1139
42.6. PL/PEIL TIIZZEIS «..eeeueetieiieiieiieie ettt ettt sttt st st ettt see et esbe st enaesbens 1140
42.77. PL/Per]l EVENt TIIZZEIS ....cccuevueeiiriiiienieniieieettete sttt ettt ettt sbens 1142
42.8. PL/Per]l Under the HOOd ........ccccueiiiiiniiiiicicieiieneccetceseeeeeeeee e 1142
42.8.1. CONfIGUIALION «..cvineiiiiiieiieiesttetet ettt ettt st et sieene 1142
42.8.2. Limitations and Missing Features.............coccoovveniinieniinnneneniencnene 1143

43. PL/Python - Python Procedural Language............cccceceevuereenienenienienieieneeeenieseeiesiene 1145
43.1. Python 2 vs. Pythomn 3.......cooiiiiiiiiiiiiici ettt 1145
43.2. PL/PYthOn FUNCHONS ....ccuviviiieiieiiieeieeieesite et eitesitesteeeeeiee e esbeenaeesenesnseeseenes 1146

XXiil



43.3. DAt VAIUES ......ovvveeeeeeireee ettt e eetr e e e et e e e eara e e e eetreeaeens 1147

43.3.1. Data TYPe MapPing.....cccceereerieriiieniienienieeniieste et enieeseesireebeesneseesaes 1148
4332, NULL NOIE ...ovvviiiiiiiiii ettt ee ettt e e e e e e e e e s e s s ssnasaraareees 1148
43.3.3. ATTAYS, LISES cueiiiiiiieeiieiieeiteeteeie ettt ettt 1149
43.3.4. COMPOSILE TYPES...veerureriieriieriieeieeiterite ettt ettt sttt 1149
43.3.5. Set-returning FUNCLIONS........cocueriiiiriiniiniieiieieeeeeete e 1151

43.4. Sharing Data.......c..coceiiiiiiiiieiiceeeeeteeeeeeer ettt 1152
43.5. Anonymous Code BIOCKS ........cccoievieriiiiiiiniiiiceeceeeeee e 1153
43.6. Trig@er FUNCHONS ......cc.eiiiiiiieiiiecieececeeeteetc ettt et s 1153
43.7. DAtADASE ACCESS ..eveeererieeeereeeriieeesereesisreesseeeaseeesseeasseeessseessssesssssessssssessssesssseeens 1154
43.7.1. Database Access FUNCHONS...........coccviiieiiiiiiiie e 1154
43.7.2. Trapping EITOTS .....c.cooiiiiiiieieeiieeeie ettt 1156

43.8. EXPLICit SUDIIANSACHIONS ......eevieueieieierieeiieieetcete ettt e ste st eee e eeesaesaeenaesrens 1157
43.8.1. Subtransaction Context Managers ............ccccereeuereeeeneseesienesienenens 1157
43.8.2. Older Python VErsions ..........c.cceceeeeierinienenieiesieeeee e 1158

43.9. UtIlity FUNCHONS c..c.veuiiiiiiiiiteteieietettetestesteteeeie sttt eve st e et e 1159
43.10. Environment Variables ..........ccccvieriierierieiiiienieniesreesieesieesreeveesseeseseeseesseenes 1159
44. Server Programming INEErface ...........ccooiriireiiiieniinieiccceesetece et 1161
44.1. Interface FUNCHONS ....c..evuiiiiriieiiriiiiesteetees ettt st 1161
SPILLCONNECT c.coeveiiiieeeeeeeeeeeeeeeee ettt e e e e e e e e e e e e s e e s aaaesreeeeaeeseeas 1161
SPILAINISR .ot 1163
SPI_PUSH c.etieee ettt st 1164
SPL_POP ettt et sttt 1165

P EXECULE ...eeeieiiiieeeeeeeeeeee ettt ettt ettt e e e e e e e e e e se s e s aaaasaseeeeeaeeseeas 1166

N & o = TR PRURRRTRT 1169
SPI_exXecute_ With_args........cccceeciieiienienieeieecesiee sttt aeeiee e 1170
SPI_PIEPATE......ccuiiiiieiieeit ettt sttt stee st et e st e st e e beebeessbeenbeebeees 1172

S P PIePATE _CUTISOT .....eeiiieniieiiesiieeieenite sttt et e sitesebeebe et e sateebeenbeesebesnseeseenes 1174
SPI_PIepare_Params ..........c.eeveerieenieenienieeieenieeneesteesieesseesieeesseesseesssesnsessseenns 1175
SPI_ZELATZCOUNL ..ccuveitieiiiieiteite ettt ettt e st e bt e st e ebeebeesibesnbeeseees 1176
SPIL_getargtyPeid.....ccceeriiiiiiiiieiiieieeterte ettt sttt e 1177
SPIL_iS_CUISOT_PLAN .eueiiiiiiniiiiiecieeieetee ettt sttt e 1178
SPIL_eXECULE_PLaN....eiiiiiiiiiiieiieiie ettt sttt sttt 1179
SPI_execute_plan_with_paramlist..........ccccoceevveririeienieienieeneneeeneeeeneeee 1181

N o I (1) o OO OO P ORI PTOPRRPRRRPRIRt 1182
SPI_CUISOT_OPEIL.c ettt ettt ettt sttt et sate s b eaee e 1183
SPI_cursor_open_with_args ........ccooeerieriirieeneenie ettt 1185
SPI_cursor_open_with_paramlist.........ccocceveereeniieniienieeniienieeieeseenteeeeeieene 1187
SPI_CUISOT_fIN...cieiiiiiiieiiie ettt e e s eate e e e e searaeeeesennees 1188

N 3 B 1T EY0) ol =1 1] o DU TSP OPPRRRR 1189

N &4 e T T0) i 1110 ) /OO 1190
SPI_SCroll_curSOr_fEtCh .. ...cviiiiciieiiiecieee e 1191
SPI_SCIOIl_CUISOI_INOVE ....vvvieiiiiieieeeeiiieeee ettt e eeeeee e e e eavee e e eenaaeeeessearaeeeeeennees 1192
SPI_CUISOT_CIOSE....eeveiiiiieeiieeee ettt e e e et e e e e eatee e e e searaeeeeeennnes 1193
SPI_KEEPPIAN ...ttt et 1194
SPL_SAVEPIAN ..ottt st 1195

44.2. Interface SUPPOrt FUNCHONS ....ceevuiiieriiiieiiniieiesicetereetees et 1196
SPILU NAMIE ...eeieeiiieiieeeeeeeeeeeeeee ettt et e e e e e e et e e e e e s aarateeaeeeeeas 1196
SPILANUIMDET c.cciiiiiiiiieeeeeeeeeeeeeeee ettt e et e e e e e e e e e aaa et e eeeaeeeeeas 1197
SPI_ZEVALUE ..ottt sttt 1198
SPI_gethinval .......coeoviiiiiiiiiiiictciceetee et 1199

N o I 0311 oL OO UUU SR STUPURPRRRSRINt 1200

XXV



SPI_gELLYPEIA ....eietiiiieiieeitete ettt sttt st ettt e 1201

SPI_gEtrelName .......eovuieiiiiiieiiecie ettt ettt et 1202
SPI_ZENSPNAIME. ... eeeiieiiiieiieiteeie ettt ettt ettt et et e st e ebeesbeesbbesabeeseens 1203

44.3. Memory ManaZemeNt ........c.ceeeereerrieenieeniienieenieenieesteesteesieesieeeseesseesusessessseenne 1204
SPI_PAIlOC ..ccnitiiiiteiteeee ettt sttt st 1204
SPI_1EPAllOC ..ottt e 1206

SPI_PITEE. ..ttt st 1207
SPIL_COPYLUPIE ...t s 1208
SPIL_TEIUINTUPIE ...cvveineieiiieiieiieete ettt st st 1209
SPI_mOAIfytuple ......ccooouiiiiiiiiiiiicieee e e 1210
SPIL_TEEIUPIE. ..c..eieeiiiieie ettt st 1212
SPL_freetuptable. ... ...cc.oeuieiiiieieieeeee e 1213
SPL_ATEEPIAN......etitieieetiee ettt sttt 1214

44.4. Visibility of Data Changes.........cccccevererieriinieieeeee ettt 1215

44.5. EXAMPILS ..ottt ettt sttt b ettt et sae st aesaen 1215

45. Background Worker Processes..........cccooiiiiiiiiiiiiiiiiiiicicicceec e 1219
46. LogICAl DECOING .....eoueiiiieiiieitieieeete ettt sttt eb ettt sbe st eae b 1222
46.1. Logical Decoding EXamples..........cocceverieriiniiniiniiienienieiesiteeesie et 1222

46.2. Logical Decoding CONCEPLS ....c.evuereerieriierieniieienieeteniesiteniesteeteseeeieeseesieenaesieens 1224
46.2.1. Logical DeCOINg........coerierierieiiniieienie ettt 1224

46.2.2. Replication SIOtS .........coeeiereriiiiniieiene ettt 1224

46.2.3. OUtPUL PIUZINS ...oveviiiiiiiiiieieiiieeieete ettt 1225

46.2.4. Exported SnapsShots........coceverieiinirieneieeienieetenieeeete et 1225

46.3. Streaming Replication Protocol Interface ..........ccoceevvveevieenienieeniennieniecieeieens 1225

46.4. Logical Decoding SQL INterface..........ceeveeviiereenieiieeieeiesieeieeee e eie e 1225

46.5. System Catalogs Related to Logical Decoding ...........cccceeveeviernieeneeniennieenieenns 1226

46.6. Logical Decoding Output PIUZINS ......cc.cccoviriieviieniiiieeieeiecieeieeiee e 1226
46.6.1. Initialization FUNCHON ........ccccoiiiiniriiniiiccicrecieceeetee e 1226

46.6.2. CapabILItIes ...c.eevviruieiiriiiieieniieteteet ettt ettt st 1226

46.6.3. OULPUL MOALS.....covieiiiiiieiieniteeit ettt ettt ettt et e s e saee s 1227

46.6.4. Output Plugin Callbacks ..........coceerierieriiiniienienieeieenieeieeiee e 1227

46.6.4.1. Startup Callback .......ccceeviirieriiiiiiiiieeicieseeeeeee e 1227

46.6.4.2. Shutdown Callback..........cccceceeviimienininieiinieiiniceeeeeieneee 1227

46.6.4.3. Transaction Begin Callback ..........ccoceeveeiiiniiniiiniiiniiiicneee 1228

46.6.4.4. Transaction End Callback .........cccccoovueriiiiiiniinieniienieiieeieee 1228

46.6.4.5. Change Callback ..........ccccoeeieeiinieniniiiciiniceeeeeee e 1228

46.6.4.6. Origin Filter Callback............ccccooveevininiieiiniiiinicccricenes 1229

46.6.5. Functions for Producing Output............cccceeiiiiieiininiiniiieneiieeneene 1229

46.7. Logical Decoding Output WIILETS ........cccoecuiruiriiiniiiieniinieiesieeese e 1229

46.8. Synchronous Replication Support for Logical Decoding.........c..cccceverveerencnnne 1229

47. Replication Progress TraCKing ........cecerieiererieiieniieieie ettt 1231
VI. Reference 1232
L. SQL COMMANGS.......viiiiiiiiiiieeeiee ettt eete et ete e e et e e e aeeeetteeeeateeeeaeeeeesseeeseeeeaseaeas 1234
ABORT ...ttt ettt ettt s 1235
ALTER AGGREGATE ........ccoioiiiiiiiiieieteieteeeeeeet ettt 1237
ALTER COLLATION .....coiiiiiiiniieieietettetesesteeeeeie sttt ettt se e s 1239
ALTER CONVERSION ......coiiiiiiiiiiiiietteeeeeetse ettt 1241
ALTER DATABASE ..ottt 1243
ALTER DEFAULT PRIVILEGES .......ccccioiiiiiiiiiiinininiecieteteeeeeeeeeeee s 1246
ALTER DOMALIN .....ooiitiiiiiiietitetesteetete ettt et sttt ettt sttt saeene 1249
ALTER EVENT TRIGGER ......cc.coctiiiiiiiiniinieiintetescetese ettt 1253

XXV



ALTER EXTENSION ......ociiiiiiiiiiiiiiiiiiccece sttt 1254

ALTER FOREIGN DATA WRAPPER .........cccccoiiiiiiiiiniiiiiiciniccciccs 1258
ALTER FOREIGN TABLE .........cccooiiiiiiiiiiiiiiiicceeeeeeeec 1260
ALTER FUNCTION .....ociiiiiiiiiiiiiiiicicie s 1265
ALTER GROUP ......cciiiiiiiiiiiiiiiciicc e 1268
ALTER INDEX ..ottt 1270
ALTER LANGUAGE.........ootiiiiieieeeeeeteeteteet ettt et 1273
ALTER LARGE OBJECT .....c.ooiiiiiiiieieecieeteeeet ettt et 1274
ALTER MATERIALIZED VIEW ..ottt 1275
ALTER OPERATOR ......ccoiiiiiiiietceeeeeeteee ettt 1277
ALTER OPERATOR CLASS ...ttt 1279
ALTER OPERATOR FAMILY ....ccoooiiiiiiiiiiiiiteet e 1281
ALTER POLICY ...ttt s 1285
ALTER ROLE ...ttt s 1287
ALTER RULE ...t s 1291
ALTER SCHEMA ..o 1292
ALTER SEQUENCE.......coiiiiiiiiiiii it 1293
ALTER SERVER . ....ccooiiii e 1296
ALTER SYSTEM ..ot 1298
ALTER TABLE ..o 1300
ALTER TABLESPACE .......ccooiiiiiiiiieieieieceeetee sttt 1312
ALTER TEXT SEARCH CONFIGURATION ........cccctvimimiiiiiiinineneieeeeeeeenans 1314
ALTER TEXT SEARCH DICTIONARY .....cccceriiiiiiiiniiniiiiieieteieiesereeeieeeee s 1316
ALTER TEXT SEARCH PARSER ........cccooiiiiiiiiiiiineccicceeceeeeeee s 1318
ALTER TEXT SEARCH TEMPLATE .........ccoccooiiiiiiiiiiniiicieiieceeceeeeae 1319
ALTER TRIGGER .....ccocoiiiiiiiiiiiiiiiciccieece sttt 1320
ALTER TYPE. ..ottt 1322
ALTER USER ....ccoiiiiiiiiiiiiiiiiiccccee sttt 1326
ALTER USER MAPPING .....ccocciriiiiiiiiiiiiiiicicecscteet e 1327
ALTER VIEW L.ooiiiiiiiiiiiiiccee ettt 1329
ANALYZE ...ttt 1331
BEGIN ...t 1334
CHECKPOINT ..ottt 1336
CLOSE .. 1337
CLUSTER ...ttt s 1339
COMMENT ...ttt et e 1342
COMMIT ...ttt 1346
COMMIT PREPARED......cc.oociiiiiiiiiiieiceee e 1347
COPY ettt e 1349
CREATE AGGREGATE .......c.oooiiiiiiceeeeeeee e 1359
CREATE CAST ...t 1365
CREATE COLLATION........ooiiiiiiiiiiiiiieee e 1370
CREATE CONVERSION .......ooiiiiiiiiiiiii e 1372
CREATE DATABASE ...t e 1374
CREATE DOMAIN.......oiiiiii it 1377
CREATE EVENT TRIGGER.........ccccoiiiiiiiiiiiiiiieii e 1380
CREATE EXTENSION......ccoiiiiiiiiiiiiii e 1382
CREATE FOREIGN DATA WRAPPER.........cccccooiiiiiiiieieiiictceieceeeeeene e 1384
CREATE FOREIGN TABLE ......cc.ccooiiiiiiiiiiiciiinereeeeeteeeteeeeeee e 1386
CREATE FUNCTION.......oooiiiiiiiiiiiitsteceteeeese ettt 1390
CREATE GROUP........cooiiiiiiiiiiieiciceeetete ettt 1398
CREATE INDEX .....c.oooiiiiiiiiiiieieiete sttt ettt 1399

XXVi



CREATE LANGUAGE .......ccooiiiiiiiiiiiiicce e 1406

CREATE MATERIALIZED VIEW ....cccociiiiiiiiiiiiiiiiiiiiicicneceieieeeeeceeee s 1409
CREATE OPERATOR .....c.coiiiiiiiiiiiiiiiiictcc e 1411
CREATE OPERATOR CLASS ...ttt 1414
CREATE OPERATOR FAMILY ......cccooiiiiiiiiiiiiiiiiicicicccceeeeeecc 1417
CREATE POLICY ...ttt 1419
CREATE ROLE.......coiiiiiiiii ettt s 1423
CREATE RULE.......coiiiiiiii ettt 1428
CREATE SCHEMA ...ttt 1431
CREATE SEQUENCE ......c..oooiiiiiiiiiieieeeee ettt e 1434
CREATE SERVER .....c.oiiiii e 1438
CREATE TABLE ..o 1440
CREATE TABLE AS ... 1455
CREATE TABLESPACE.........cooiiiiiiiiie e 1458
CREATE TEXT SEARCH CONFIGURATION.........ccccciiiiiiiiniiiiniiicieeceee 1460
CREATE TEXT SEARCH DICTIONARY ......cccoooiiiiiiiiiiiiceccee 1462
CREATE TEXT SEARCH PARSER .......cccooiiiiice 1464
CREATE TEXT SEARCH TEMPLATE...........ccoooiiiiiiie, 1466
CREATE TRANSFORM........ooiiiiiiiitiintiieteeeteese ettt ettt s 1468
CREATE TRIGGER........cccoiiiiiiiiiiintieeeteteese ettt 1471
CREATE TYPE ...ttt 1477
CREATE USER ..ottt ettt s 1486
CREATE USER MAPPING........ccoiiiiiiiiiiicicieieneseeetetetee e 1487
CREATE VIEW. ..ottt sttt 1489
DEALLOCATE .......ooiiiiiiiiiieeceeete ettt 1494
DECLARE ...t 1495
DELETE ..ot 1499
DISCARD. ..ot 1502
DO e 1504
DROP AGGREGATE.......ccocooiiiiiiiiiiiiiieiiecee e 1506
DROP CAST ..o 1508
DROP COLLATION .....ocoiiiiiiiiiiiiiiciciciie ettt 1510
DROP CONVERSION ......c.ocoiiiiiiiiiiiiiiiiiccc s 1511
DROP DATABASE ......oooiiiiiiiiiiiiiiiicccce sttt 1512
DROP DOMALIN .....oooiiiiiiiitiiettetete ettt sttt et st sae e sae s snesaeas 1513
DROP EVENT TRIGGER ........ccooiiiiiiiiiiiiicietcetceee et 1514
DROP EXTENSION ..ottt ettt s 1515
DROP FOREIGN DATA WRAPPER ........ccccocoiiiiiiiiieeceeceee e 1517
DROP FOREIGN TABLE.........ccoiiiiiiiiicce et 1518
DROP FUNCTION ...ttt s 1519
DROP GROUP ..o s 1521
DROP INDEX ...ttt e s 1522
DROP LANGUAGE ..ot 1524
DROP MATERIALIZED VIEW .....ccciiiiiiiiiiiiiiiiii e 1526
DROP OPERATOR ..ottt s 1528
DROP OPERATOR CLASS ... 1530
DROP OPERATOR FAMILY ......oooiiiiiiiiiiiiiiiiiiii e 1532
DROP OWNED.......ooiiiiiiiiiiieiietetctetetese ettt sttt s 1534
DROP POLICY ...ttt sttt et s 1536
DROP ROLE ......cooiiiiiiiiiiieiitneeeet ettt sttt s 1537
DROP RULLE ..ottt sttt s 1539
DROP SCHEMA ..ottt sttt s 1541

XXVii



DROP SEQUENCE.......cc.coiiiiiiiiiicieicicieeteeee sttt 1543

DROP SERVER........ciiiiiiiiiiiiiicicccee st 1544
DROP TABLE ...ttt 1545
DROP TABLESPACE ........cccoiiiiiiiiiiiiiiiicctcc e 1547
DROP TEXT SEARCH CONFIGURATION .......ccccceoiiiiiiiiiiiiiiiicicicicceee 1549
DROP TEXT SEARCH DICTIONARY ....cc.coiiiiiiiiinieieneeeeeneceeceeenie e 1551
DROP TEXT SEARCH PARSER .......cccoooiiiiiiiiiiieeeceeeetcec e 1552
DROP TEXT SEARCH TEMPLATE ........ccccoiiiiiiiiiieieeeeeeeeceee e 1553
DROP TRANSFORM .......ooiiiiiiiiiiiiteene ettt 1554
DROP TRIGGER .......ooiiiiiiiiiiiiieeee et s 1556
DROP TYPE......o ettt st e s 1558
DROP USER ...ttt s 1559
DROP USER MAPPING ......ooiiiiiiiiiiiiieieiieeteest e 1560
DROP VIEW ..o 1562
EIND e e e 1563
EXECUTE ... .ot 1564
EXPLAIN ..o 1566
FETCH ... e s 1571
GRANT . e 1575
IMPORT FOREIGN SCHEMA ........ccooiiiiiiienieieietne ettt ettt 1582
INSERT ..ottt st ettt s 1584
LISTEN L.ttt sttt et s 1591
LIOAD ..t e s 1593
LIOCK .ttt sttt s 1594
MOVE.....ooie et sttt s 1597
INOTIFY .ttt sttt e 1599
PREPARE ..ottt 1602
PREPARE TRANSACTION .....c.couiiiiiiiiiiiiiieieteeinc sttt 1605
REASSIGN OWNED.......ccoooiiiiiiiiiiiiiiciccce e 1607
REFRESH MATERIALIZED VIEW ......ccocciiiiiiiiiiiiiiiiiiciiiccieeeeeeeee s 1609
REINDEX......ooiiiiiiiiiiii e 1611
RELEASE SAVEPOINT .....c.occiiiiiiiiiiiiicce e 1614
RESET ..ot 1616
REVOKE ... 1618
ROLLBACK ...ttt ettt sttt et sttt e sae e nesieas 1622
ROLLBACK PREPARED ........cooiiiiiiiiiiieieiicteeteeeeet ettt 1623
ROLLBACK TO SAVEPOINT .......cooiiiiiiiiiieieeteeeeie ettt 1625
SAVEPOINT ..ottt s 1627
SECURITY LABEL ..ottt 1629
SELECT ...ttt s 1632
SELECT INTO ...t 1653
ST e e 1655
SET CONSTRAINTS ... e 1658
SET ROLE ... .o e 1660
SET SESSION AUTHORIZATION.......ccoccoiiiiiiiiiiiiiiicie e 1662
SET TRANSACTION ......ooiiiiiii i 1664
SHOW .ttt sttt et sb bbb saen 1667
START TRANSACTION .....oooiiiiiiiiiiintiiceteteteese ettt ettt s 1669
TRUNCATE ..ottt sttt s 1670
UNLISTEN ...ttt sttt et s 1673
UPDATE ...ttt sttt s 1675
VACUUM ...ttt sttt ettt s 1680

XXVili



VALUES ...ttt s 1683

IL. PostgreSQL Client APPIICALIONS .....cccuververiiierierieeieeniteete et esieeste st erieesieesaressbeesaeesaee s 1686
CHUSTETAD ...eniiieiie ettt sttt et s 1687
CIEALEAD ..ttt s 1690
CTEALELANZ ...ttt ettt ettt st et e bt e st e et e e beesateeabeebeesateenbeebeenee 1694
CIEALBUSET ....eveeeeenriteenre st enteste ettt eteeae e s st et e sesaeeaseeueesnesseeaeesnesunennesueeanenseeneesaesunennensens 1697
AIOPAD ... et s 1702
AIOPLANZ ...ttt et sttt et 1705
AIOPUSET ...ttt ettt ettt sae s nesaeeas 1708
ECPZ e euveemreeteeeute et et e e st e bt e bt e sh et e bt e h e e bt et e e bt e bt st e e bt e be e sa bt et e e bt sht e e be e bt e shteenbeebeene 1711
PE_DASEDACKUD ..ottt ettt st 1714
PEDENCH. ..ttt ettt sttt e ae e 1720
PECOMIIG 1.ttt ettt ettt ettt b et sae e st e be e bt et e bt e e e saeeneeteereen 1732
PE_QUINIP -ttt ettt et sttt et st e bt e st et e e b e sbeeebeebee e 1735
PEAUMPALL ...ttt et saeen 1747
PEASTEAAY ...ttt ettt ettt ettt b et bt et h e ettt b et e e et enaesheentesaen 1753
PETECEIVEXIOZ ...ttt ettt et be st s b et bt et enae st e aenben 1756
PE_TECVIOZICAL ..ttt sttt s st 1760
PE_TESLOTE ..ttt ettt ettt ettt ettt et et e bt et eeb e ea e sb e e st e bt s bt et e sbeeatenbeeatenbeebeebenbeens 1764
Sl ettt bbbt st b et b e ebte e st e naenbeeas 1772
TEINAEXAD ..ottt sttt et ettt 1804
VACUUIMIAD ...ttt ettt sttt ettt ettt e sbe st sb et nbeene 1807

1. PostgreSQL Server APPliCAtIONS ........co.coeeterierienerienienieeteneeetete sttt 1811
TIEEAD ettt ettt 1812
PE_ATCRIVECIEANUD ..eeiiieiieiieeiie ettt ettt sttt ettt et e et eseteesbeebeessbesnseenseenes 1816
PE_CONLIOLAALA ...veeneieeiiieieeite ettt sttt ettt e bt ebeesebeenbeebeesasesnseeseees 1818
PECL ettt ettt sttt he e st e e b e e bt e srbe e beebeesateenbeebeees 1819
PE_TESEEXIOZ c.etieniieiieeie ettt ettt ettt et sttt et st e b e e bt st e et e bt e sabeenbeebee e 1825
PE_TEWINA .ttt ettt ettt st e bt et e st e et e e beesabeenbeebeesabeenbeebee e 1827
PELESE_ESYIIC ittt ettt sttt st e sttt e e e b e 1830
PELESE_LIMINEZ .entieniiiiiiieiieiteete ettt ettt ettt e bttt st e et e ebeesabeenbeebeesatesnseebeenes 1832
PEUPETAAE ...ttt ettt ettt e bt st et e bt st e e bt e bt e sateeabeebeesateenbeebee e 1836
PEXIOZAUMP ...ttt sttt et st et e b e st ebeebee e 1843
POSEETES c.eenteeiteeteette ettt ettt e sttt et e bt e sbt e et e e bt e bt e sabe et e e beesabeeabeebeesabeenbeebeeshbeenbeebeenne 1845
POSEIMIASTET ...ttt st saa e e neene e 1853

VIL. Internals 1854

48. Overview of PostgreSQL INternals ...........cccoceieeiieiieienieieese e 1856
48.1. The Path of @ QUETY ......eeiiiiiiieiieiee et 1856
48.2. How Connections are Established ..............cccooiieiiiiiiiiiiiiicceceeeeeeeeee e 1856
48.3. The Parser STAZE ......cooeeriiiiiiiiiiieieetete ettt 1857

A8 3. 1. PaISCI.ccccueviieieeeiieee et et e et e et e e e e earraeaas 1857
48.3.2. Transformation PrOCESS........cc.eeieuiiieiuiiieieie et 1858
48.4. The PostgreSQL Rule SYStem .......ccceierieiiiniiieniieierieeteiesetete et 1858
48.5. Planner/OPtimiZer......c..eeuveuirieieniiiieriesiteieettete sttt sttt et sttt seeeseesaesieenaesbeens 1858
48.5.1. Generating Possible Plans............ccceceiiiiiniiiiieninieinceeeeeeee 1859
48.6. EXECULOL ....uitieieiitieiieieeit ettt ettt ettt ettt sb et s b e et esae st enaesbeeas 1860

49. SYSEM CAtALOZS ...euveveeneiriieientieitet ettt sttt ettt ettt e e st e bbbttt et nbe st e b b ean 1862
4. 1. OVEIVIBW ..ottt ettt ettt sttt sb ettt et ae st e b sb et e bt eatenaesbeenaenbeeas 1862
VitS O oYo HI-Ye [ b ot =Ye = L ol < SR RO TR RO PP PN 1863
L G TR oY H- 1 AP PR P PPN 1866
VLS R oY H= 1 1Te) < J U OO PR 1868

XXIX



VLS R T oY H=V ko b e Yo RUUUUUN USROS U RO PPN 1869

VLS I ST oY H=N o o e L= 3 PR OO OO UURRUPPPRTN 1870
VLS R oY H=N o o o o3 X ot = U OSSR U TP PPRTN 1871
49 .8, PG AUE NI it iiiiiiiie et eee e e e e e e e e et b e e e e e etr e e e e eerrreaeeaas 1874
49.9. DG AUL N _MEMDE TS ceiiuriieeieitrieeeeeiireeeeeeireeeeeeeitreeeeeeeareeeeeeerseeeeeeiareeseeeesreeeeaans 1875
O .10, PG_CASE trtteiieitriieeeeeirteeeeetireeeeeetteeeeeeeereeeeeee i aeeeeeeatraeeeeaerraaeeeanaraeaeeearrraeeaaas 1875
Z L B B o Te B =R = BRSPS 1877
49,12, PG_COLLAT 10N tetreeriiieiiieerieeereeetteestteesteeesteeesseeessseesssseeensseeasseessseesnseeens 1881
/10T I T oTe HlfeTo Y s = uliar= i 1 o X NSRRI 1882
VL U oTe B eTo Y s A= ar = oY o WSS 1885
T B oo B e R =Y o Y- =SSR 1885
49.16. pg_Ab_T01€_SEELING ttrerireeririeeiireeriieeeieeeeteeesteeessteesssreeesreeesseesssseesseeens 1888
49.17. PG_AEFAULE_ACL eeroiieeeiieeiieeeitieeeiteesteeeeteeeeteeessbeeessteesenseeensaeeesseeesseesnseeens 1888
VO R oo B e 1= o=V o e FON USRS 1889
49.19. PG_AESCTi Pt L0M tiiiiiiiiieeiiee ettt et et e ettt e et e et e st e e et e e e tt e e e aaeeenraeenn 1890
49.20). PG CINUM tttiitieeiiiieesiieeeetee ettt e ettt e e ate e s tte e e bt e eeabeeesabeeessteesasseesnsseessseeeseeesnseeenn 1891
VLI W oY BNATA=Y o Rl ook K Lo 13 oSN OO USROS 1891
49,22, PG _EXEENSIOMN tttttiriiieeiee ettt ettt ettt e et e et e et e ettt e st e e et e e e bt e e e aaeesareeenn 1892
49.23. pg_foreign_data_WIADDET iieiieeeeiteeeeireeeeiteeeeteeeeeeeeeteeeesteeeesseeeareeens 1893
49.24, PG FOT@IGN_SEIVET tiiiiiitieeectiieeeteeeetee e et e eete e e ettt e eetreeeeaseeeeteeeentseeeeseeeeareeans 1894
49,25, PG FOTrEign_ Al it iiiieciiieeiee e et e e e ettt et eetr e e e aaeeearaeens 1895
40,26, PO AN AEK tiiettiiiitiieeeieeeete e ettt e et e et e et e e et e e ete e e e b e e e tbeeeaabeeetaeeetbeeetaeeearaeeas 1895
VLS B IR Yo B I oo V=0 ok K o= TSSO TP 1898
49.28. DG _LATNIGUATE wrrreeeeetrreeeeeiitreeeeeeiireeeeeeiaeeeeeesireeeeeesiareseeessrseeeeessreeseeenssrreeeesns 1899
Vil 0L B oY B IE= G ol 1=Te) o 3y 1= 1) cHRU RSP URR PPN 1900
49.30. pg_largeobject _MEtadata ieeeerreeeeeeiirreeeeeenitreeeeeeerreeeeeesreeeeeenarreeeeens 1901
49 .3 ], DU NAMESPACE wiiieeetreeeeeeiitreeeeeetireeeeeettreeeeesireeeeeesitreeeeeaesreeeeessreeseeenirreseenans 1901
VilS BRI o Yo Hie) < Yo R =X =TT USSR OO P PPN 1902
Vil BR 1 i oYe fie) o 1< =N ol e} U USSR PPN 1903
49.34, DG _OPEAMILY trrieiieiitriieeeeiireeeeeeiireeeeeeereeeeeestreeeeeesareeeeesirreeeeesareeeeeeerreeeeeans 1903
VLS IR I T oY B oY o= )< T = X o = WU RSP OO PPN 1904
VLS R T Y oY o Yo Y I K o) SO USROS U U OP PPN 1905
VL8 BRI < Yol o} ot Yo R U U OSSR UTURU OO PPPTON 1906
VLS BR TS T o Yo B =0 o o 1= DUUUUUN RO RSO U T U UUURU OO PPN 1910
VIO 1O I oTe R =N ok I ot =Y USSP 1911
49.40. pg_replication_OTigiN e iieeiieerieeesreeesreeesreeeereeeereeessreesnseeens 1912
49.41. pg_replication_Origin_STAtUS..iieriireiiieeiiieenreeesereeesereesssneesseeens 1912
49.42. pg_1ePliCation_S1OTS ioieeriiieeiiieritieeeieeesteeesreeesreeesereeeereeeereeenaeesreeens 1913
49.43. PG_SECLADEL tiriieeiiieeeiieeciee ettt e e tte e et e e et et e et e et e e eareeetaeeetaeeenaaeenraeenn 1914
VAL Vi B oTe BE=Y Ve 1<) o 1= Y o U KU USSR 1915
VAL S oTo JN=Y o¥o [SF-Tohal o) kI o s SERUNN USRS 1916
49.46. PG_SHSECLADEL coutiriieeeiieieeciiesite et esteestteebeesaeestaesbeeseeseessbeenseenseessseenseenseenes 1917
49 .47, PG ST AT ISTIC tetteeriieeiiieeiiee ettt e ete e stte e et e e et e et e ettt e seatee e tbeeeateeeaaeeenraeenn 1917
40.48. PG _LADLESPACE weeerurieeriiieeiiieeeitieeeiiteestteeateeestteeabee ettt e saateeebteeeatteeeaaeeenraeenn 1920
49.49. DG _ LT ANSEOTIN cutteeiiieeiiieeitiee ettt e eite e st e e s bt e e eateeesabee e ateesateesseeeesseesseeesnseeeas 1920
V110 BT e Yo L ol ok K fo 1= BN O U UUURR PO PPN 1921
0.5 1. PGt CONE LG tttriiiiieeeiie ettt e ettt et e e et e e et e eeae e e e aeeeetaeeeeaaeeeetaeeeeaseeesaaeenreeeas 1923
49,52, PGt S _ CONF LG MAP . ttttieiiieeeitrieeitteeeiteeeeiteeeeseeeeaeeeetveeeesseeestseeessseeesssaeanreeans 1923
40,53, PG £ A Cltuuiiiiiieeiieeeetee ettt ettt et e et e et e et e e e e tb e e et e e etteeetr e e eaaaeenraaeas 1924
0 5, DG £ _PATSET trieeiieeeeieeeeeee ettt e eetteeeeteeeeteeeeaeeeebeeeetbeeeeabeeeetaeeetseeetaeeeraeens 1924
VLS B T o Yo M T = 11} B IE= X o = SRR 1925
VLS B T Y oY M o4 < = DT U USRS PPN 1926

XXX



Vil B YR o Yo MRUE-T=$ ol (=1 o) o1 o Lo SUNNURON OO PPN 1934
49.58. SYSLEM VIBWS ...eieuiiiiieniiiiieeritesiteeteeteesttesteeteesteesateebeesbeessbesnbeesseesasesnsesnseenns 1935
49.59. pg_available_eXLENSI0NS wiiierieeeeeiireeeeeeiirreeeeesiirreeeeesireeseeeesrreeeesans 1936
49.60. pg_available_eXtensSion_VEeISIiONS ..cuiieeeeiiiieeeeeiiireeeeeeiireeeeeans 1936
40 0], PO CUT SO S euriieeeeeitrieeeeeiitreeeeeeiireeeeeeirreeeeestreeeeeesisreeeeeserseeeeeaisreeeeeeasreeeenans 1937
VAL N YR oTe B ik R ==Y ol ol o Y £ DO 1938
VLSO R B oTe B o o1 < F USSR 1939
E i oTe B Yo 1= =Y =TSSR 1939
Z L (S T o Te B o o) = SRS 1940
49.60. PG_MALEVIEWS terteeerrieeriieeiieeesireesiereestreeaseeeasaeesseeessseessssessssseesssseessssesssseeens 1943
Z N Y I <Te R o T R T X = USSR 1944
49.68. pg_prepared_STAteMENT S. i icieeeiieeeieeerreeesteeesreeessreesssreessssessseeens 1944
49.69. PG_PTEPATEA_XACES teeteeerireerireeeiireestteeaiteeesseeesseeessseeassseeassseesssseessssesssseeens 1945
T L oo B oo N =Y S SRURUSRR 1946
T T <o B o D =Y USRS 1947
49,72, PG_SECLADELS uttieriiieeiiieeiiee ettt e eite e st te e et e e et e e sbe e ettt esabeeebaeeeateeeaaaeenraeenn 1948
VSIS T eTe BE=T=N o o o U 1= OO USRS 1948
4. T4, DG S NAAOW cutiiiettieeetiee ettt eett e et e et e e et e e eae e e e aeeeetteeeetaeeeetteeeetaeeeeaaaeeraeens 1951
0. TS DG ST AT S tiettiieetieeeteeeet e et e et e e et e et e et e e et e e e eae e et e e eetae e e tteeeateeeetaaeeraeeas 1951
0. 76, PG LA LS ceuuiiiiiieeetieeeeteeeetee e et e e et e et e e et e e e e e eae e et e e eette e e ttaeentreeeaaaearaaaas 1955
49.77. Pg_tiMEZONE_ADDIEVS tiiiiiiieciiieeitieeeieeeeieeeeteeeeveeeetreeeetreeeetreeesaseeeesseeeareeens 1956
49.78. PY_tiMEZONE_NAMES coveiecireeeirieeitreeeteeeeteeeereeesreeeetreeeessesestseesssseeeesseesreeens 1956
LS L oY B E=1 =S T P R PTRRP PPN 1956
VTS I I oYe MRU T ol (1= o) o1 o Lo 1= PR RO P PPN 1957
LS D R oY BV K= = ST OSSP 1958
50. Frontend/Backend ProtoCol..........c.cocuererieiiinirieniiienienteienicetetesicete et 1959
SO. 1. OVEIVIBW ..eniieiiiiiiieieeite st ettt e st s bt et e st e stesbeesbtesabesabeenbeessbesasesnbeesssesasesnses 1959
50.1.1. MeSSaZING OVETVIEW.......cecuieruierieriieiieniesteenieesieesteenseesieesaseesseesseesaees 1959
50.1.2. Extended QUETY OVEIVIEW ......cccueriiiriienieriieiienieesieeieesieesiteeveesieesaee s 1960
50.1.3. Formats and Format Codes .........c..cecuererienieninienineeneneerenieneeeeneeenee 1960

50.2. MESSAZE FIOW ....coiiiiiiiiiiiiieeiecte ettt sttt et 1961
50.2. 1. STATE-UP.cuteeiieeieeteeteee ettt sttt st e saee s 1961
50.2.2. STIMPIE QUETY ...eenriiiieeiiieieeiieeite ettt ettt ettt ettt e beesaeesaee s 1963
50.2.3. Extended QUETY .....ccceeviiriiiriieiieiieeiteeite ettt ettt e 1964
50.2.4. FUNCHION Call.......cioiiiieiiieiie ettt e e e ssreesrae e 1967
50.2.5. COPY OPEIAtiONS ......ccueeueerieiieiiniinieienieereteeeeeeseeene e ene e ene 1967
50.2.6. Asynchronous OpPerations...........c.cceceeeueeeeuerueeienueneeneeneeeesneseeeesneenes 1969
50.2.7. Canceling Requests in Progress.........c..coceceeiieniicncniiicneneceee 1969
50.2.8. TerMINAION .....ccuviieiiieesiieeeieeeiieeeieeeeiteestteeereeeseaeeessbeeesaseessnesansaeennes 1970
50.2.9. SSL Session ENCIyPON. ........coeeveveirirrinenienieteieene et 1971

50.3. Streaming Replication Protocol...........cccccecriirinininienieiinininineieeeeeeeneneens 1971
50.4. Message Data TYPES .....c.covuiiuiiriiiiiiiiiieieei et e 1977
50.5. Message FOrmAts ..........ccooiuiiiiiiiiiiiiiiie e 1977
50.6. Error and Notice Message Fields ........c.cccceceirinirinienieinininiseniceeeceeenenens 1993
50.7. Summary of Changes since Protocol 2.0...........ccccoevvecieirininineneneecincnenens 1994
51. PostgreSQL Coding CONVENTIONS .......couertieiiriirieniiniienienieetenteetcentesteeeesieesteniesseeeeseeene 1996
51,1, FOIMANG ...veenieniiiiieiieiieie ettt sttt sttt st sttt sb et naeene 1996
51.2. Reporting Errors Within the Server........c.ccocceveveniininieniniiencieeseeeee 1996
51.3. Error Message Style GUIide........c..cocveriirieniinienieninieieeeeeeceeese et 1999
51.3.1. What GOES WHETE ......ccuevuiiiiiiiiiniiniieiesiteteteeitee et 1999
51.3.2. FOIMAING ....cveeniiiieiieiieiteieeieetesteetere sttt ettt st 2000
51.3.3. QUOtation IMArKS ........ccovviiieiiiieiiieeiie ettt ettt e e e eeans 2000

XXXI



51.3.4. USE Of QUOLES......eieiuiiieiiieeiiee et eeieeeeiteesvee et e eereeeseveeeeseeevaeesssaeennns 2000

51.3.5. Grammar and Punctuation ..........c..cccceeevveevieniniienineencnenieneneeeneeene 2001

51.3.6. Upper Case vs. LOWET CaSE ....cccevveeriienieriieiieniienieeieesee st eveesiee s 2001

51.3.7. Avoid Passive VOICE .......c..ccuevieriinirieniiiieieiicice e 2001

51.3.8. Present vs. Past TENSE .......cc.coceeviiririininieiiiicieie e 2001

51.3.9. Type of the ObJECt......cceeieiiriiiiniirieeeceee e 2002

S51.3.10. BIaCKELS..ccuuteruiiiiiiiieeiieeieeteete ettt ettt e 2002

51.3.11. Assembling Error MesSages .........ccccoeeeeueniirieniineenienenreieneeeeneenee 2002

51.3.12. Reasons fOr EITOTS........coceiiiiriiriieiiienieeieeeeteseeeeee et 2002

51.3.13. FUNCION NAMES ..ccuveeiuiiriiieiieniienieeiteeite ettt ettt 2002

51.3.14. Tricky Words to AVOid..........ccccoviriiiiiiiiiiiic e 2003

51.3.15. Proper SPEIliNg.....cccceuirieeiiiniiniieiteeteete ettt 2003

51.3.16. LOCAZAtION. ....eevienieiieiieiieteete sttt 2004

52. Native Language SUPPOTT.......c.ceouiririeriieiieieeieeiestestteste sttt esce e et eeesaeeseeste s s eeeseeenes 2005
52.1. FOr the Translator ...........coocioierieiieieieeee ettt ettt 2005
52.1.1. REQUITEIMENLS ...uveeeeiieiieiieiieteeie st eite et ete st eate e s eesaeeete st b nee e eae 2005

52.1.2. CONCOPLS. ..ottt ettt ettt sttt e it et saeeae bt st e nbeebeeneesaeeae 2005

52.1.3. Creating and Maintaining Message Catalogs ...........ccocerervueneneeruennenne. 2006

52.1.4. Editing the PO Files ......cccocoiviiiiiniiiiiiicieecceeeeeeeeee e 2007

52.2. FOr the PrOrammer.........coccoierierierieniinieniesieete ettt sttt 2007
52.2.1. MECRANICS ...viiiniiieiiciieiiie sttt e 2008

52.2.2. Message-writing GUIidelines ..........cccccoereevieninienineenenenieneneeeeee 2009

53. Writing A Procedural Language Handler ...........ccccoceeviniiiiininiininnnieneneeneeienene 2011
54. Writing A Foreign Data WIAPPET .......coceeeeiiriiriiniirienienieeteniceitete ettt 2014
54.1. Foreign Data Wrapper FUNCHONS ......cceevviiiieriieeiienieeiecieeiee sttt 2014

54.2. Foreign Data Wrapper Callback ROUHNES.........ccceerierieriiiiniienieeieeeeeeee e 2014
54.2.1. FDW Routines For Scanning Foreign Tables .........cccccceevvieriiinieneennnen. 2014

54.2.2. FDW Routines For Scanning Foreign Joins.........cccccoevvevvieniieneeneennnen. 2016

54.2.3. FDW Routines For Updating Foreign Tables ..........ccccceevveerciirnienennnnen. 2017

54.2.4. FDW Routines For ROwW LOCKING .....ccovceiviiiniiniiniiiiierieeiceieeeeen 2020

54.2.5. FDW Routines for EXPLATIN ...cccovtrruererientenieneenteneeerenieenensenseenenseenee 2021

54.2.6. FDW Routines for ANALYZE ....ccccoceevuerierieieniirienneneeneeneerenneseenenneenes 2022

54.2.77. FDW Routines For IMPORT FOREIGN SCHEMA.....ccccooivivierveirenrennenn 2022

54.3. Foreign Data Wrapper Helper Functions...........c..coceeeeiecinienencnieneneccnennenes 2023

54.4. Foreign Data Wrapper Query Planning..........c..coccoceveeieiininiincnienenecieeee 2024

54.5. Row Locking in Foreign Data WIappers........c.ccoccecveeueeieciinieiiencnieneneeeenenes 2026

55. Writing A Table Sampling Method............cccooiiiiiiiiiiiniiccee e 2028
55.1. Sampling Method Support FUNCHioNS...........cccceviiieiiiniiiiniciecceeeeeceeee 2028

56. Writing A Custom Scan Provider .............ccccooiiiiiiiiiiiiiiicceeceeeeeee e 2031
56.1. Creating Custom Scan Paths ........c..ccooceiiiiiiiiiiniiiieccceeeeeee e 2031
56.1.1. Custom Scan Path Callbacks .........ccccevirieiiniiiniiee e 2032

56.2. Creating Custom Scan Plans ...........ccccoeceriiiiiininieeeeceee e 2032
56.2.1. Custom Scan Plan Callbacks .........cccceveiieiiininiieniiiee e 2033

56.3. Executing CUSLOM SCANS ....cueeuertiriieniieiienieeteetesteeiteteeteeeesteetesbesieensesbeeneeseeenes 2033
56.3.1. Custom Scan Execution Callbacks ..........cccceoerieniniinenenienenieenene 2034

57. Genetic QUETY OPHIMUZET .....eeueeieriiriierientietente et sete et eete sttt et saeestesbeestenbesbeeneesaeeae 2036
57.1. Query Handling as a Complex Optimization Problem..........c..cc.ccocereninnnncne. 2036

57.2. Genetic AIZOTItRIMS .....cc.covuiiiiiiiiiiieieeeee ettt 2036

57.3. Genetic Query Optimization (GEQO) in PostgreSQL ..........cccccvverieneneiiienenne. 2037
57.3.1. Generating Possible Plans with GEQO...........cccccoceviinininiininiiicnene 2038

57.3.2. Future Implementation Tasks for PostgreSQL GEQO ........c..ccccecuennene. 2038

57.4. Further REAdING ........coeeiiriiiiiiiiiiiiciieeeicsceteseete ettt 2039

XXXIT



58. Index Access Method Interface Definition ............coccveveeeeiviieeieiiieeeeceieee e 2040

58.1. Catalog Entries for INAEXES .......cccevuerviiriiiiniiiieeieeriteetecitet ettt 2040

58.2. Index Access Method FUNCHIONS..........cocevuirieienerieniinieienccienceeeeeieeeeee e 2041

58.3. INAEX SCANMINEZ ..ccvvveiueieiiiiieeieetee ettt ettt ettt ettt e st st e b e saaesaneeates 2045

58.4. Index Locking ConsSiderations..........cevueerveerierieriieeniienieeieenieesteeeeenieesieesanesanes 2046

58.5. Index Uniqueness CheCKS..........coeeveriieieniinienienenreieeeerescerese e 2047

58.6. Index Cost Estimation FUNCHONS..........coceeriiriieriiinienieeicceeeeeeeeeeeee e 2049

59, GIST INACXES ....eeveeeuieeiieeitieeiteee ettt ettt ettt ettt e st sat e e bt e sbtesateebeenaeesaee s 2052
59.1. INETOAUCTION ...eonviiiiiinieiiie ittt ettt sttt e s e st et esbeesaneeanes 2052

59.2. Built-in Operator CIASSES ..........cceeueriieieriinieienienreieeeeeeee e 2052

59.3. EXENSIDILILY ...ccueetieiieiieiieie ettt ettt ettt n et 2053

59.4. IMPIEeMENTAtION.......c.oiiiiiiiiiiiiieieiicctee et s 2061
59.4.1. GiST buffering build ...........coceeeeieiieniniinininicccen e 2061

59.5. EXAMPIES ..ot e 2061

60. SP-GIST INAECXES -....eneeteeiieieetieieete ettt ettt ettt et e e sae et e b et ebe e b e e seeens 2063
60.1. TNEFOAUCTION ..ottt ettt b et sae e 2063

60.2. Built-in Operator CIASSES .........ecueeeerierienienieeienieeitenieetteeesteeteseesee e sbeeneeseeenes 2063

60.3. EXIENSIDIIIEY . ..ceuvetiiiieiieiieie sttt sttt 2063

60.4. TMPIEMENTALION .....eoueetieiieiiitieient ettt sttt ettt ettt sb et neeene 2070
60.4.1. SP-GIST LIMIES...cueetiriiriieiinieeienieetenesit ettt 2070

60.4.2. SP-GiST Without Node Labels.........ccocereevieninieniniinienenicnicneeeeee 2070

60.4.3. “All-the-same” Inner TUPIES .......c.ccoveererierienirienineeeneeeeeeeeeeee 2070

60.5. EXAMPLES ..ottt sttt ettt ettt 2071

61, GIN INAEXES ..c.veeneiiiinienieniieteeieetert ettt ettt sttt et ettt et bt e s bbb e besbe e e e ene 2072
61.1. TNErOAUCHION ...ttt 2072

61.2. BUilt-in Operator ClaSSESs ......ceeveerierrieerieeniieeieeiteesieesteeteesieesresseeseesssesanesnnes 2072

61.3. EXIENSIDIIILY ...eouveiiiiiiiieiieicicetesi ettt 2073

61.4. TMPIEMENTALION......eeiiiiiiiiieeieeiee ettt ettt st eb e sbe e st e sabeebeesaeesanesnnes 2076
61.4.1. GIN Fast Update Technique............cooceeriiriiiinienienieeieeeeeie e 2076

61.4.2. Partial Match AlGOTithim .........cccuevviiiniiniiiiiiieeeeeee e 2076

61.5. GIN Tips and TTICKS ...cocueeriirriiiiieniieiiteieesite ettt ettt et 2077

61.6. LIMITAtIONS.....eoiiriiiiiiiieiieie ettt ettt st ettt sae oo sre e sae e sneene 2078

61.7. EXAMPIES ...eoueieiiiiiiiiiieiie sttt ettt ettt ettt st e b e sttt et e bt e st 2078

62. BRIN INAEXES ....uveueiuieniiiietieiietentc ettt sttt ettt e sae e 2079
62. 1. INETOAUCTION ...eouviiiiiiniiiiie ettt ettt ettt sate b e bt e saneeates 2079
62.1.1. IndeX MaiNteNanCe.........cooueeruierierieeniieniie ettt ettt saeesaee s 2079

62.2. Built-in Operator CIASSES ..........cceecueriieieriinieienenreieeeeee e 2079

62.3. EXIENSIDILILY ....ceetieiieiieiieie ettt sttt et st n et eae s 2080

63. Database Physical StOrage ...........ccccocveviiiiiiiiiiiiii et 2084
63.1. Database File Layout..........ccceoiiirieiieiere et 2084

03.2. TOAST .ottt ettt ettt et e s et e e bt et e s be et e teeseeneenneenes 2086
63.2.1. Out-of-line, on-disk TOAST StOrage .........ccceceeeeerereenenenienieeeeeeeenes 2087

63.2.2. Out-of-line, in-memory TOAST StOrage.........ceccevereererereeneneeeeneenes 2088

63.3. FIee SPACE MAP ....verviiiiiieiiiiiiriestetetetet ettt ettt e 2089

63.4. VISIDIIILY MaD ....ouiiiiiiiiiiiicicietne ettt e 2089

63.5. The Initialization FOrk..........ccooceiiiiiiiniiiiieee e 2090

63.6. Database Page Layout ........cccceoeiiriiriinieniiieeeenteieeeee et 2090

64. BKI Backend INterface. .........coeevieriiiiniinieieieeececee et 2094
64.1. BKI File FOMAL ......coouiiiiiiiiiiiiiiiieiieeeseeteseeteee et 2094

64.2. BKT COMMANGS ....couviiiiiiiiiiieieniieiteieeitete ettt ettt 2094

64.3. Structure of the Bootstrap BKI File........cccccoceevininiininiiiiniiiincieicneceee 2095

4.4, EXAMPIC ....oeeiiiiiiiiieiieiie ettt estte sttt e bt e st e saeebeesbaesabessbeenbeessbesnsesnbeenssenssesnses 2096

XXXi11



65. How the Planner USES StatiStICS.......ccceiiurieeiiiiirrieeeeiireeeeeeireeeeeeereeeeeeertreeeeeeenreeeeeenreeees 2097

65.1. Row Estimation EXamples.........cccevvueeriiriiiiniinieiieenieeieciceiee st 2097

VIII. Appendixes 2103
A. PoStgreSQL Err0r COAES......c..oiuiiiiiiriiiiiieieniteieteeeete ettt 2104
B. Date/Time SUPPOIT .......couiruieiiiieieieeieieee ettt ettt ettt et en e st s e ne s sne e 2112
B.1. Date/Time Input INterpretation ...........c.cecveieeieienieiieneneeeseeeese e 2112

B.2. Date/Time Key WOTdS........cccooiiiiriiiiiiiiicieiecee et 2113

B.3. Date/Time Configuration Files ...........c..coccociiiiiiniiiiiiiiicce e 2114

B.4. HiStory Of UNIES ......cocuiiiiiiiiiieiteeeeeee et e s 2115

C. SQL KEY WOTAS.....ceouiiiiiiiiiiieeeet ettt ettt sttt ettt et s it e beesaeenaee s 2117
D. SQL CONOIMANCE .....c.eveiiiuiieeeiieeeeeee ettt ettt et e e eeae e et e e eateeeeaaeeeaeeeas 2140
D.1. Supported FEAUIES ......cooiiiriiiiiiiiiiieeieeite ettt 2141

D.2. Unsupported FEAtUIEs .........cccceviiriiiniiiiiieiiiiieeieeiee ettt 2157

E. ReEIEASE INOLES ....veeiiiiiiiiieiiteeeeterte ettt ettt st sbe e e 2172
E 1 REICASE 9.5 ...ttt sttt 2172
E.1.1. OVEIVIEW ..ottt sttt 2172

E.1.2. Migration to Version 9.5........cccceceniriiniiiiiiiniiiene e 2172

E.1.3. CRANGES ..cveeniieiieieieeteeee ettt 2174

EL1.3.1. SEIVET oot 2174

E 13,11 INAEXES .o 2174

E.1.3.1.2. General Performance..........c..c.ccoceeveirinininicnnecceennnnenn. 2174

E.1.3.1.3. MONItOTING....corveriieiinieeiinienienieniteiesieetesieeieeneesieenaesieens 2175

E.1314  SSL ottt 2175

E.1.3.1.5. Server Settings.......ccceeveereerieerieenienieerieenieesreeieeneeesanens 2176

E.1.3.2. Replication and RECOVETY .......ccceeviiiriiriiiiniiinieeieeeesieeieeieee 2176

E.1.3.3. QUETICS ...uveieiiieeiiieeiiee ettt ettt e et e et e e treeeseveeeeseesavaeesareeennns 2177

E.1.3.4. Utility Commands.........ccccouerueerueeneerieniieenieenieenieeseeseessseesieenns 2177

E.1.3.4.1. REINDEX .....cociitiiiininiinirieneneeeneereeie et 2178

E.1.3.5. Object Manipulation ...........cecueevueerieenieniieenienieerieesiee e eieeieenne 2178

E.1.3.5.1. Foreign Tables .........cccceviiriiiiienieniieeeeeceeeieeen 2179

E.1.3.5.2. Event TriZEeTS ....ceovueevuieriieriieieeieenieeeieeite st 2179

E.1.3.6. Data TYPES ...eoueeiiriieienieeieieeectesceee ettt 2179

E.1.306.1. JSON ..ottt e 2180

E.1.3.7. FUNCHONS ..ottt 2180

E.1.3.7.1. System Information Functions and Views...................... 2180

E.1.3.7.2. AGEIregates.....c.ccocueviivuieiiniiieieieeieeeceee e 2181

E.1.3.8. Server-Side Languages ..........ccecceeveerienieeinieenienieeneenieeieeieene 2181

E.1.3.8.1. PL/pgSQL Server-Side Language ...........ccccccevereeruennne 2181

E.1.3.9. Client APpLICAtIONS ....c..coveoveureuiririniinieieieeeieneneeseeeenee e enenes 2181

E 130910 DSl et 2182

E.1.3.9.1.1. Backslash Commands.........c..cccceveeereenerienienncne 2182

E.1.3.9.2. p2_dump....ccooiriniiiiicieieineneceee s 2183

E.1.3.9.3. PE_Ctluiiiciciiieccee e 2183

E.1.3.9.4. pgupgrade.......cccoevueviieiiinirieneiieeiceese e 2183

E.1.3.9.5. pgbench ..c..coeeiiiiiiiiiiiieeeeeeee e 2183

E.1.3.10. Source Code........ccoevivirieniiiiininiinieieieeeeeeee e 2184

E.1.3.10.1. MS WINdOWS ......ccecueiiiniiniiniiieieieeecereeeeeeeeeee 2185

E.1.3.11. Additional Modules ..........ccccceverininienienininininienicciceeecieeen 2185

E.2.REIEASE 9.4.5 ..o 2186
E.2.1. Migration to Version 9.4.5........coceeviiirienieeiieniieneesieeieeseesveeveenaee e s 2186

E.2.2. CRANEES .oouveeeieeiiieieeeieete ettt ettt ettt ettt e sateebeesaaesateenbaenseesnee s 2186

XXXIV



E.3.REICASE 0.4 4 ...t e e e e et a e e 2190

E.3.1. Migration to Version 9.4.4........ccccoeviirieniiniiienieniesie ettt 2190
E.3.2. CRANEES .outeeiieeiiieieeteete ettt sttt st ettt st saee s 2190
E.4.Release 9.4.3 ... 2191
E.4.1. Migration to Version 9.4.3........cocciriiiiiinieniietetesie ettt 2191
E.4.2. CRAN@ESs ...c.coouieieiiiieieieeectecere ettt s 2192
E.5.REIEASE 9.4.2 ..ottt ettt st st 2192
E.5.1. Migration to Version 9.4.2.........ccccoceevieniriniiinineniieeeneeeeeeeeee e 2192
E.5.2. Changes ......oouieieiiiiiieieeeeeeeeeee et 2192

E.6. REIEASE 9.4.1 ..ottt ettt sttt st 2197
E.6.1. Migration to Version 9.4.1.........cccoiiiiiiiiiiiiiii e 2197
E.0.2. ChaNES ...cueeviruietiieieieiieitnestestetetet ettt sttt st ettt 2197
E.7.REIEASE 9.4 ...ttt ettt sttt st 2200
E.7.1. OVEIVIBW ..ottt sttt sttt et 2201
E.7.2. Migration to Version 9.4.......c..cccccueeievirininenenenieieenesesrerereeeneenennee 2201
E.7.3. CRANEES ..ueeeiieiiieeeeee ettt 2203

B 73010 SEIVET ..ottt 2203

E.7.3. 1.1 INA@XES. ..ottt 2204

E.7.3.1.2. General Performance..........c..ccccoeeueurinenincnreneeenennenn 2204

E.7.3.1.3. MONItOIING....cevereienieniieiiniietenieniteiesieete et siens 2204

E. 7314, SSL oo 2205

E.7.3.1.5. Server Settings.........coceevuererreerenienienieieneeeeneseeneenieens 2205

E.7.3.2. Replication and RECOVEIY .......ccccervervenerieniinieiinceicnicneeieneee 2206

E.7.3.2.1. Logical Decoding .......c..ccoccevuererienieninsieneneenenieniennene 2206

E.7.3.3. QUETICS ...uveiiivieeiiieeieee ettt ettt et tve e e av e e eereeeaaeesareeeenns 2207

E.7.3.4. Utility Commands..........ccccuereueerieenienieeiiieniiesieesieesieeseessaeenieenns 2207

E.7.3.4.1. EXPLAIN.....cooctitiiintiiinteteereeieseeese et 2207

E.7.3.4.2. VIEWS .o 2208

E.7.3.5. Object Manipulation ...........cocueevueeriieriensieenieenieeieesiee e eieenieenns 2208

E.7.3.6. Data TYPES .eveeuveeiieeieeieeitie sttt sttt st ettt 2209

E.7.3.6.1. JSON ..ot 2209

E.7.3.7. FUNCHONS.......coiiiiiiiiiiiicicicccccc s 2209

E.7.3.7.1. System Information Functions ........c..ccccceceeveenerveenenens 2210

E.7.3.7.2. AGEIeZates.....ccuevueeiiiieiiiieeeieeeeeeeeeeee e 2210

E.7.3.8. Server-Side Languages ...........cccccoveevvererieiieniecienieieneneeieneens 2211

E.7.3.8.1. PL/pgSQL Server-Side Language ............ccccceerveuenncne 2211

E.7.3.9. TIDPQ cevertiriiieieteceeeie ettt 2211

E.7.3.10. Client APPlCALIONS ......cccecueeuieruirieienierrerenieeeee e 2211

E.7.3.10.1. PSAL it 2212

E.7.3.10.1.1. Backslash Commands..........cccccceeuerveeruenuennne. 2212

E.7.3.10.2. pE_dUmp ...cocueeiiiiiieiieieieeeeeee et 2212

E.7.3.10.3. pg_basebackup ........ccecceverieninieinieeeeee e 2212

E.7.3.11. SoUrce Code.....cc.eevieriiiiiiiiinieeiecrieeceee e 2213

E.7.3.12. Additional ModUles ...........ceceererieniinerieienieieeeeeie e 2214

E.7.3.12.1. pgbench .......cocooiiiiiiiiiiieeeeeeeee e 2214

E.7.3.12.2. pg_stat_Statements ........cc.cccevueerueeruerrueeneeneennieeneeennenn 2215

E.8. Release 9.3.10 ..c.coiiiiiiiiiiietceeteteeeee sttt 2215
E.8.1. Migration to Version 9.3.10.......ccccocevienininniiniinieniineee e 2215
E.8.2. CRANZES ..c.ueitiiienieiieeteieeeee ettt 2215

E.9. Release 9.3.9 ..o 2219
E.9.1. Migration to Version 9.3.9........cccccoeviininiiiininiinineenicneetcceeeeeee 2219
E.9.2. CRANGES ..covviiieiiiieieeieeeite ettt s sttt 2219

XXXV



E.10. Release 9.3.8 ..o 2220
E.10.1. Migration to Version 9.3.8......ccccceciiriiriiriiiiieiesie ettt 2221
E.10.2. Changes ....cc.ceeuiiiieniienieeieesitesie ettt sttt ettt ettt e st sbeesaeesaee s 2221

E. 11 REICASE 9.3.7 ..ottt ettt sttt 2221
E.11.1. Migration to Version 9.3.7......ccccociiriiriiiniiinientenieeieesteeee e 2221
E.11.2. Chang@es ....cc.eeeeieiieniieiieeieeiteete ettt sttt ettt ettt st n 2222

E.12. REIEASE 9.3.6 ..ttt sttt st 2225
E.12.1. Migration to Version 9.3.6.......ccccocoovieririeiieninienineeieneeeeeeeeeeeeeeee 2226
E.12.2. Changes ....c.cocveouiiieieiieieiieeceereeeee ettt 2226

E 13, RIS 9.3.5 ..ottt sttt st 2233
E.13.1. Migration to Version 9.3.5.......ccccoiiiiiiiiiiii e 2233
E.13.2. Chang@es ...ccc.eeeueeiienieniieieeiteete ettt sttt sttt ettt 2233

E. 14 Release 9.3.4 ..ottt sttt 2237
E.14.1. Migration to Version 9.3.4........cccccevrimininenenieinenenesrerereeeeeeneeiee 2237
E.14.2. Changes ....cc.eeeuieiienienieeieeteeite ettt ettt ettt e 2238

E.15.Release 9.3.3 ...ttt ettt et 2239
E.15.1. Migration to Version 9.3.3........cccceviriminineneieinene e 2240
E 152, ChaNEES ..ottt st sttt 2240

E.16. Release 9.3.2 ..ottt 2245
E.16.1. Migration to Version 9.3.2.......c.ccocevieriririininienineeie et 2245
E.16.2. ChanEES ....ovevvieiiiieiieieeiteeet ettt st sttt 2246

E.17.Release 9.3.1 .ottt 2248
E.17.1. Migration to Version 9.3.1......cccccocevviiniriniininienineencneeteeseeeesenee 2249
E.17.2. CHANZES ...eevveeeiieiieriieeie ettt ete ettt ste e tae st esateebeessaessseenbaenseesnnen 2249

E.18. Release 9.3 ..ot 2249
E.18.1. OVEIVIEW ..eiiiiiiiiiiiiiiciiisiccee et e 2249
E.18.2. Migration to Version 9.3........cccccevviirieniiniiieiienie sttt 2250

E.18.2.1. Server SETHNES ....eevcverrveeriierieeieeitiesteeieeieeste e esieesieeeveeniee e 2250
E.18.2.2. Other ....ooviiiiiiiiiiiiccicece e 2250
E.18.3. ChanGes ...cccueeeuiiiiieiieeiieeieeiteste ettt ettt st ettt st e e s 2251
B 18.3.1. SEIVET ..ceiiiiiieiireeeectceee ettt 2251
E.18.3.1.1. LOCKING.c..ccuteieriieiiiieieeeeeiececeeeeeeie e 2251
E.18.3.1.2. INAEXES.....eoeeieriieienieeiiniieeeiece et 2251
E.18.3.1.3. OPtMIZET.....c.oeoiiiiiieiiiieieeeeereeeeee e 2252
E.18.3.1.4. General Performance..........c.ccceeceevuerneeneenienneencennnen. 2252
E.18.3.1.5. MONItOTING......coiiiiiieiiiiieeeieeeeieseeeeeee e 2252
E.18.3.1.6. AuthentiCation ...........ccccceruervieeneeniennieeneenieeieeseeenaeenn 2253
E.18.3.1.7. Server Settings........ccccceeiriierinieienieieee e 2253
E.18.3.2. Replication and ReCOVEry .........c.ccccccniiiiiiniiiiniiiciciicice, 2253
E.18.3.3. QUETIES ...veiieeeiiiiee ettt et 2254
E.18.3.4. Object Manipulation ............cceceeeeriererienienieieneeeie e 2254
E.18.3.4.1. ALTER cueiiiiiiiiiiiccec e 2255
E.18.3.4.2. VIEWS coiiiiiiiiiiicieeeee e 2255
E.18.3.5. Data TYPES .eueeeerieeieiieiieieeieeie ettt 2255
E.18.3.5.1. TSON ittt 2256
E.18.3.6. FUNCHONS ....cc.eoiiiiiiiiieciieieeee ettt 2256
E.18.3.7. Server-Side Languages .........ccccceceevererienienieneneeieneneeienieee 2256
E.18.3.7.1. PL/pgSQL Server-Side Language............ccccevereeruennenne 2256
E.18.3.7.2. PL/Python Server-Side Language ...........cccccocereeruennene 2257
E.18.3.8. Server Programming Interface (SPI) ........cccccceniiiininincnen. 2257
E.18.3.9. Client APPLICALIONS .....ccververueeriirieeienieniieienieetenieeteniesieenienieens 2257
E.18.3.9.1. PSAL veeiiiiieeieeie ettt 2257

XXXVI



E.18.3.9.1.1. Backslash Commands...........ccccceeeeevvvveeeeennnns 2258

E.18.3.9.1.2. OUtpUL ...t 2258

E.18.3.9.2. P dump...cccueeiiiiiiiiiieierieeieetee et 2258
E.18.3.9.3.nitdb....cccoiiiiiiiiiiiiiiii 2258

E.18.3.10. Source Code........cceevuiiiiiiniiiiiiiiiiicccc e 2259

E.18.3.11. Additional Modules ...........ccccereeveniriienieniieciinieienenecreneee 2260
E.18.3.11.1. pg_upgrade .......cccoceeiimiireeninieienieieeeeene e 2261

E.18.3.11.2. pEbench ....ccoivuiviinieiiinininccceecececcceeceeee 2261

E.18.3.12. DOCUMENIALION .......ervieiiiriieeieeiee ettt 2261

E.19. Release 9.2.14 ..ottt sttt ettt ettt e 2262
E.19.1. Migration to Version 9.2.14........c.cccoiiiiiiiiiii e 2262
E.19.2. Changes .......cocooiiiiiiiiiiiiecese e e e 2262

E.20. Release 9.2.13 ...ttt st 2265
E.20.1. Migration to Version 9.2.13......cc.cccecrvimiminenenieinenenesterereeeneereniene 2265
E.20.2. ChanEs ...cccuveeuiieiiiiieeieeieeseteeite ettt sttt ettt ettt et 2265

E.21. Release 9.2.12 ..ottt ettt et s st 2266
E.21.1. Migration to Version 9.2.12......c..ccccceivininenienieiininenesicreeeeeneeeniene 2266
E.21.2. CHANEZES ..ottt sttt st 2266
E.22.Release 9.2.11 ..ottt 2267
E.22.1. Migration to Version 9.2.11.....c.ccocevviiriiiiiininieniiceeneeeeieeeeeee 2267
E.22.2. ChanEES ..coviriieniiiiieieieeiteeet ettt st st 2267

E.23. Release 9.2.10 ...ccciiiiiiiiiiiiicicceiteeeeet sttt 2271
E.23.1. Migration to Version 9.2.10........ccccecuevirirvieniniienincenenentenieseeeeeeenee 2271
E.23.2. CHANZES ...eeovveeiiieiieriieeieeiterteeite ettt sit e st be et e sateebeessaesaseenbaenseesnnen 2271

E.24. Release 9.2.9 ..o 2277
E.24.1. Migration to Version 9.2.9........ccccccveviiriiiriiiinienienieeeesee st 22717
E.24.2. CHANZES ...eovvieeiiieiieniieeie ettt ettt st ettt sate et e st e satesnbaenaeesane s 22717
E.25.Release 9.2.8 ..o 2280
E.25.1. Migration to Version 9.2.8........cccoccverieriiniiiinienienieeieesee et 2280
E.25.2. ChanGES ...cocuveeuiiiiieiieeie ettt ettt st ettt e be et st s esaeesaee s 2281

E.26. Release 9.2.7 ....oooiiiiiiiiiiiiciicc e 2282
E.26.1. Migration to Version 9.2.7........cccoceeriiriiiniiinienienieeieesee st 2282
E.26.2. Chan@Es ....cc.ceeviiiieniieeieeieeiteete ettt sttt sttt ettt et et e e saee s 2282

E.27. RelEASE 9.2.0 ..ottt e 2286
E.27.1. Migration to Version 9.2.6.......cc.coccecueririeiieninienineeneneeeereeeeeeeeeeeee 2286
E.27.2. Changes ....c.oocveiiiiiiieiieieeeeeee ettt 2286

E.28. RElEaSE 9.2.5 ..ottt ettt st 2288
E.28.1. Migration to Version 9.2.5.......ccccociviiiiiiiiiniiiii e 2288
E.28.2. Changes .......cccoeouiiiiiiiieieiiecere e e 2288

E.29. Release 9.2.4 ...ttt st 2290
E.29.1. Migration to Version 9.2.4........cccccevrinininenenieiinene e 2201
E.20.2. Changes ........ccocouiiiiiiiiiiiieiieic e 2291

E.30. Release 9.2.3 ...ttt sttt sttt et s et 2293
E.30.1. Migration to Version 9.2.3........cccccevririminenenieinenenesrerereeeneenesnee 2293
E.30.2. ChaNEES ....coveruiriiiieieiieiineseestetetet ettt st 2293
E.31.ReICASE 9.2.2 ..ottt ettt et st 2296
E.31.1. Migration to Version 9.2.2.......c.ccocevieriiienienienieneneenie et 2296
E.31.2. ChanEES ..coveeiieniiiieeieieeiteeeee ettt sttt 2296
E.32.Release 9.2.1 ..o 2301
E.32.1. Migration to Version 9.2.1......cccccocevviininienieninienineeieneetenieseeeseeee 2301
E.32.2. ChanEes ....coveeueeiiriiiieniieiteteeicete sttt sttt 2301
E.33.ReleaSE 9.2 ..o 2302

XXXVii



E.33.2. Migration to Version 9.2........ccccceevierieriiniiienienienieenieesee st 2303
E.33.2.1. System Catalogs.......ccceeruierierrieiniienieeieeniee st esieesiee e eniee e 2303
E.33.2.2. FUNCHONS ....cueeiiriieiiiieieiceecicseceeneee ettt 2303
E.33.2.3. Object MOdification .........ccoveeueeniiinieniieieenieeieeiee st 2304
E.33.2.4. Command-Line TOOIS .......cccceeverriiriiriiiiienieeieesieesteeieeieene 2304
E.33.2.5. Server Settings ......ccccoceecueriirieriinieieneeeeeseeeesee e 2304
E.33.2.6. MONITOTING ....coviiieniiiieiieiieieeteeceee et 2305

E.33.3. Changes ....c..occeeiiiiiiiiieieieeeeeeeseee e 2305
B 33301, SEIVET oottt ettt 2305

E.33.3.1.1. Performance ..........cccccoeceeriemneeneenienieseeniceeeeceenn 2305

E.33.3.1.2. Process Management............ccceeceereernieeneeneennieeneennnen. 2306

E.33.3.1.3. OptMUZET.....ccueieieieeieeieeieeiesie ettt 2307

E.33.3.1.4. AUthentiCation .........ccccceerviereeneesreerieeseeereeieeseeenenans 2307

E.33.3.1.5. MONItOTING...c.ueiuiiiiriieiinieeiesie ettt 2308

E.33.3.1.6. Statistical VIEWS .....ccceeveereiieriierieeieeieeseeeeveereeneeesennn 2308

E.33.3.1.7. Server Settings.......cccecererriererieienieeienieeee e 2308
E.33.3.1.7.1. postgresgl . CONf .iniieiieeeieeeeee e 2309

E.33.3.2. Replication and ReCOVErY .........ccceeveririeniinieiinieienicnieieee 2309
E.33.3.3. QUETICS ...eeiuiiieiiie ettt ettt ettt et et eevee e 2310
E.33.3.4. Object Manipulation ..........cccceccereevienerienienienieneeienieneenienieens 2310
E.33.3.4.1. CONSIAINLS...c.ueriiiiiniieiiniintenieriietesieetenie et 2310

E.33.3.4.2. ALTER teeiiiiiritetieceeeeeee ettt e 2311

E.33.3.4.3. CREATE TABLE ..ecesteieirrinienieeeeeeeie et 2311

E.33.3.4.4. Object PermiSsions.........c.cceevveereerveereeneenvesnieeneennnenn 2311

E.33.3.5. Utility OPerations .........ccceeeeveerueerieerieesieenieesieesseesieeseessueesseenns 2312
E.33.3.6. Data TYPES ..eecveeiieeiieiieiieeieeie ettt ettt sttt e st sae e 2312
E.33.3.7. FUNCHONS ....cueeiiriieiiiieiiciceeccseceteneeteesitete et 2313
E.33.3.8. Information Schema..........ccccccervienininiieniininninieicncnecieneee 2313
E.33.3.9. Server-Side Languages .........cccceveevierrieeniienienieeneesieeieenieene 2314
E.33.3.9.1. PL/pgSQL Server-Side Language .......c...ccecvervueenueennen. 2314

E.33.3.9.2. PL/Python Server-Side Language .......c..cceceevvveenueenen. 2314

E.33.3.9.3. SQL Server-Side Language...........ccoceeveervernieeneennnen. 2314

E.33.3.10. Client Applications ...........cccccereevuerereenieneereeneeeenreneeneneens 2314
E.33.3.10. 1. PSALeieuiiiieieeeeeeeee e 2315
E.33.3.10.2. Informational Commands............cceceeveeruerneeneennnen. 2315
E.33.3.10.3. Tab Completion ..........ccceeceeruiriecieniecienieeeneeeeieeneee 2316
E.33.3.10.4. pg_dump....c..cocoooiiiiiiiiiiiieiieceeee e 2316

E.33.3. 11, DD cveeeeeieeieie ettt 2316
E.33.3.12. S0ource Code.......cccueiiiieieiieeiieeeiieeeieeevee e sieeesee e 2317
E.33.3.13. Additional ModUIEs ..........cceeeueeruiirieeriieniiesieesieesiee e eieesiee s 2317
E.33.3.13.1. pZ_upgrade......ccceevueeveiriinieieniceieeieenee e 2318
E.33.3.13.2. pg_stat_StatemMENLS ......cc.ceeevueerreerrerrueeneeneenieeneeenneens 2319
E.33.3.13.3. 5€PESQL..ecuveuiriiniiiiieieieeereteeeee e 2319

E.33.3.14. DOCUMENLALION ......eeevierieeiieeieeiieeieeieeteesveesaeesseessaeeaeenseenns 2319
E.34.Release 9.1.19 ..ottt et st 2319
E.34.1. Migration to Version 9.1.19.......ccccoviiiiiiiiiniiiiniiieeneeeeeeeeeee 2320
E.34.2. ChaNEES ..cooveeiieniiriieieieeieeeee sttt sttt 2320
E.35.Release 9.1.18 ...couiimiiiiieiiieete ettt 2323
E.35.1. Migration to Version 9.1.18........ccccoviiriiiiiiininienineeieneeteiceeeeeee 2323
E.35.2. Changes ....coueeeeruirieiieiieiieieeieete ettt 2323
E.36. Release 9.1.17 c.couiiiiiiieiieeeeeteeeetee ettt sttt s 2324

XXXVIil



E.37.

E.38.

E.39.

E.40.

E.41.

E.42.

E.43.

E.44.

E.45.

E.46.

E.47.

E.48.

E.49.

E.50.

E.51.

E.52.

E.53.

E.36.1. Migration to Version 9.1.17 .....cccociiriiriiiniiiiiieeesieeieerteete e 2324

E.36.2. ChanGEs ....cc.ceviieiiiniieniieeiteiteete ettt ettt st e b et sbeesaeesaee s 2324
Release 9.1.16 ......ccccuiiiiiiiiiiiiiiiic 2324
E.37.1. Migration to Version 9.1.16.......cccceevieriiriiiinienieniieiteeeeeeeeeee e 2324
E.37.2. ChANZES ...eovveiiiiiieiieeite ettt ettt st ettt et st e s s 2325
ReIEase 9.1.15 ..oueiieeeee et 2328
E.38.1. Migration to Version 9.1.15........ccccociiiiiiiinininineeeeeeeeeeeee 2328
E.38.2. Changes ....c..coceeouiriiiieiieieieeeeeeseeeeeee et 2328
ReICASE 0. 1. 14 ..ottt 2334
E.39.1. Migration to Version 9.1.14 . ..o 2334
E.30.2. Changes .......cccooouiiiiiiiiiiieieceeeee e 2334
ReIase 9.1.13 ..ottt 2336
E.40.1. Migration to Version 9.1.13 .....cccccoorininineneieinene e 2336
E.40.2. ChanEs ....cc.eeeuieiieniieniieieeeteete ettt ettt ettt e 2337
REIEASE 9.1.12 .ottt 2338
E.41.1. Migration to Version 9.1.12......cc.cccccriniminencnieininenecrereeeeeeiene 2338
E.41.2. CHANEES ..ottt sttt 2338
REIEASE 9. 1. 11 oottt 2341
E.42.1. Migration to Version 9.1. 11 ....ccccociviiniiiiiiniiienineeeneceeseee e 2341
E.42.2. ChANEES ..ottt sttt 2342
Release 9.1.10 c..cuoieiiiiiiiccceece et 2343
E.43.1. Migration to Version 9.1.10.......cccccovieririeniininienineeneneeeeieeeeeeeeee 2343
E.43.2. ChanEeS ....coveeueeiiiiiienieeiteteeieete ettt st st 2343
RelEase 9.1.9 ..o 2345
E.44.1. Migration to Version 9.1.9.......ccccocvvriiniiiniiiniinieeieeeereeeve e 2345
E.44.2. CRANZES ...eovuveeiiieiieiieeie ettt ettt ettt ettt e seteebe e s e e sstesabeenseesane s 2345
Release 9.1.8 ..o 2347
E.45.1. Migration to Version 9.1.8.......ccccociiriiriiiniiiiienieeieeiteeesee e 2348
E.45.2. CHANZES ...eovieeiiieiieiieett ettt ettt sttt ettt et e st st enaeesaee s 2348
Release 9.1.7 ..o 2349
E.46.1. Migration to Version 9.1.7......ccccooiiviiriiiniiiniinieniteieereeete e 2350
E.46.2. Chan@ES ...coouveruiiiiieiieeieeieeiteete ettt ettt ettt st ettt e st s beesaeesaee s 2350
Release 9.1.6 .....ccoiiiiiiiiicicc 2352
E.47.1. Migration to Version 9.1.6.......ccccoceecuevirieiiininiinineeneneceeieeeeeeeeeeee 2352
E.47.2. Changes ....c..cccuevuiiieieiieieieeteesteeeee ettt st 2353
REICASE 9. 1.5 ..ttt 2354
E.48.1. Migration to Version 9.1.5.......cccociriiiiiiiiii e 2354
E.48.2. Changes ......ccceeoiiiiiiiiieieiiceee et 2354
REICASE 9. 1.4 ..ottt 2357
E.49.1. Migration to Version 9.1.4........cccccevrinininenenieinene et 2357
E.49.2. Changes ........ccooouiiiiiiiiiiieieces e e 2357
ReIEaSE 9.1.3 ..ottt 2360
E.50.1. Migration to Version 9.1.3........ccccceviminimineneieinneneseereneeeneeesee 2360
E.50.2. CHANEZES ..ottt s sttt 2360
REIEASE 9. 1.2 .ttt 2364
E.51.1. Migration to Version 9.1.2........cccccevirinininenienieieineneierereeeeeesnee 2364
E.51.2. CHANEES ..ottt sttt 2365
ReElEaSE 9. 1.1 ..o 2368
E.52.1. Migration to Version 9.1.1......ccccoiriiniiiniiniiienineeieneeteieseeeeeee 2369
E.52.2. ChaNEES ..covievieniiiieeiieieeiteeeteee sttt sttt 2369
REIEASE 9.1 ..o 2369
E.53.1. OVETVIEW ..ttt e 2369

XXXIX



E.53.2. Migration to Version 9.1........cceceviiiriiniiiniiiiniieiesieeieesee st 2370

E.53.2.1. SHINES cevteeiteeieeiieeteeeeite ettt ettt 2370
E.53.2.2. CaStNZ c.veeeuveeieeiieeieeieeite ettt ettt ettt e 2370
EL.53.2.3. ATTAYS.ceitteeteiiieiieeieeeertte ettt st ettt ettt e st sneebee e 2371
E.53.2.4. Object MOdification .........ccocueeueeiieirieeieeieenieeieeiee st 2371
E.53.2.5. Server Settings ......ccccoceecveriirierienieeneeeereneeresee e 2371
E.53.2.6. PL/pgSQL Server-Side Language...........ccccecceeveriecvencreennennnnns 2371
E.53.2.7. CONLIID ...ttt 2371
E.53.2.8. Other Incompatibilities ...........ccocceeeririeiinieiinieicncrceee 2372
E.53.3. Changes ....c.ooeeiiiiiiiiiieieececeseeeee et 2372
E.53.3. 1. SEIVET .ottt 2372
E.53.3.1.1. Performance .............cecoveeieneniesiesiceieee e 2372
E.53.3.1.2. OptMUZET.....ccueieieiieiieiieieeeerieetee et 2373
E.53.3.1.3. AuthentiCation ..........cccceeeeeerenienieniieiene e 2373
E.53.3.1.4. MONITOTING...c.ueiuiiiiniieiinieeiesie ettt 2373
E.53.3.1.5. Statistical VIEWS .......ccceviriieririenieniieiene e 2374
E.53.3.1.6. Server Settings.......cccecuererriererienieniieieneeee e seenie e 2374
E.53.3.2. Replication and ReCOVEIY .........ccceevererieniinieiinceienceeeiee 2374
E.53.3.2.1. Streaming Replication and Continuous Archiving....... 2374
E.53.3.2.2. Replication MONItOring ..........ccceevverueevuenereeneneenenene 2375
E.53.3.2.3. Hot Standby ........cccccevieininininicicincneceeeeeeenee 2375
E.53.3.2.4. Recovery Control .........ccccoceverienenienienenienenienieniens 2375
E.53.3.3. QUETICS ..oeeiuviieiiieciiee ettt et e ear e evaeeevee e 2376
E.53.3.3.1. SHINZS..ciotiiiiiiriieienieeteeeteesteeseetee et 2376
E.53.3.4. Object Manipulation ...........ccceceerieerieerieenieenieesieesee e eieesieens 2377
E.53.3.4.1. ALTER ObBJECE cuvevvuiieiieiieiiieieeiteete ettt 2377
E.53.3.4.2. CREATE/ALTER TABLE ..ceccevirieieiririinieieeeeeneenenenne 2377
E.53.3.4.3. Object PermiSsions.........c.cceevveereeriernieeneeneesnieenieennnenn 2378
E.53.3.5. Utility OPerations .........ccceeevueevueenieerieniieenieesieesieesieesieessueenieenns 2378
E.53.3.5.1. COPY vttt 2378
E.53.3.5.2. EXPLAIN .oiiiiiiiiiiieiciercetetetesc e 2378
E.53.3.5.3. VACUUM.oiiiiieiieicieiciercetcneteseres s 2378
E.53.3.5.4. CLUSTER .cceeiirieiiietiietctetet ettt 2379
E.53.3.5.5. INAEXES.....eoveririieiiiieieiieeceeeeeeeeeee e 2379
E.53.3.6. Data TYPES ....eorvirieiiiieieiinecieneceeene et 2379
E.53.3.6.1. CaStiNg..c..ccveeririiiiieeeenenenetcteeee st 2379
E.53.3.6.2. XML ..ottt 2380
E.53.3.7. FUNCHONS ....ceiuttiiieeiieeieeiteeteeeet ettt 2380
E.53.3.7.1. Object Information Functions .............ccccccenirvciincene 2380
E.53.3.7.2. Function and Trigger Creation ............cccceceevereenuenncne 2381
E.53.3.8. Server-Side Languages .........ccccceveerierneiieenienienneenieeieeeene 2381
E.53.3.8.1. PL/pgSQL Server-Side Language...........cccccevereeruenne 2381
E.53.3.8.2. PL/Perl Server-Side Language ..........ccceceeeeenereenuenncne 2381
E.53.3.8.3. PL/Python Server-Side Language ...........ccccooeereenuennne 2381
E.53.3.9. Client ApPliCAtIONS .....c.coveueeuiruiriiniiieieieieiinesieseeeeeee e 2382
E.53.3.9.1. PSAL .o 2382
E.53.3.9.2. pg_dump.....ccoiiiiiiiiiiinieieeteeeee e 2382
E.53.3.9.3. PZ_Ctlcuiiiiiiiiicceec e 2383
E.53.3.10. Development TOOIS .......cccoceevereenenerienienieieneetenieneeienieens 2383
E.53.3.10.1. IBPQuecciiiiiiiiiiiicicicieereceee e 2383
E.53.3.10.2. ECPGi.....coiiiiiiiiieieieiceeceeeeeteeeeeee e 2383
E.53.3.11. Build Options......cccccerieiiiiiiiniiniiicicieieeeesieeeeeeeeeie e 2383

xl



E.53.3.11.1. MaKefiles ........ccccevieiiininiiiiciiiniiicccecce 2384

E.53.3.11.2. WINAOWS....coiviiiiiiiiiiiiicccccecece 2384

E.53.3.12. Source Code........ccovuiviiiiiiininiiiiiciciecccee e 2384
E.53.3.12.1. Server HOOKS .......ccceecuemirieninieienicicecceeceecieiee 2385

E.53.3.13. Contrib .....ccooiiiiiiiiiiiiciin 2385
E.53.3.13.1. SECUIILY.....corviriieiiiiiieiieeceeeeeeeeee e 2385

E.53.3.13.2. PerfOormance ........c...coeceeruemnieeneenienieeneeneeeieeseeenaeenn 2386

E.53.3.13.3. FSync TeSting.......ccccecueririerenieienieieneeeeneceeeeenene 2386

E.53.3.14. DOCUMENTALION .......orvieiieriieeieeiee ettt ettt 2386

E.54. Release 9.0.23 ...c.oiiiiiiiiiiiece ettt sttt ettt ettt 2387
E.54.1. Migration to Version 9.0.23........c..cccoiiiiiiiiiiiiiceecceeeeee 2387
E.54.2. Changes ....cc.ccocuieiierieiiieieesiteete ettt ettt ettt 2387

E.55. Release 9.0.22 ...c..cucioiriiiiiiieieietetnteneeeteeet sttt 2390
E.55.1. Migration to Version 9.0.22.........cccccvviriminenienieiinienenenrereeeeeneerennene 2390
E.55.2. ChanEES ....eoveiviiiieieieiieiteiestestctetet ettt st 2390

E.56. Release 9.0.21 ....oouiiuiiiiiieieeiiee ettt sttt et 2391
E.56.1. Migration to Version 9.0.21......cccccecuvininineneiieiiinenesierereeeeeeiene 2391
E.560.2. ChaNEES ....coveruiiiieieieiieiiniesiestetetet ettt ettt 2391

E.57. Release 9.0.20 ....c.couciiiiiiiniiieieieieiteteeeeeeeet ettt 2391
E.57.1. Migration to Version 9.0.20........c.cceceviririiininieninieneneneenieeeeee e 2392
E.57.2. ChANEES ..ottt sttt 2392

E.58. Release 9.0.19 ...cc.oiiiiiiiiiceccecce et 2395
E.58.1. Migration to Version 9.0.19........ccccoceririiiiininiiininienenenieeeeeeenee 2395
E.58.2. CHANGZES ...eecvveeiiieiiieiieeie ettt ettt ettt et e sete et e aaesabeenbaenaeesnee s 2395

E.59. Release 9.0.18 ..o 2400
E.59.1. Migration to Version 9.0.18........cccceeviiriiriiiinieniesieeeesee e 2400
E.59.2. ChaNGES ...coouveeuiiiiieiieeie ettt ettt sttt sttt e e st ebeenaeesane s 2400

E.60. Release 9.0.17 ..o 2402
E.60.1. Migration to Version 9.0.17......cccoccveviiriiiniiiniinienieeitereeete e 2402
E.60.2. ChanGESs ....cc.eevviiiieriieniieieeitesite ettt st ettt e sttt e sieesatesbeesaeesaee s 2403

E.61. Release 9.0.16 ......c.ccoiiiiiiiiiiiiiiiiicccc e 2403
E.61.1. Migration to Version 9.0.16........ccccovieriiriiiinienieniieieerieeee e 2404
E.61.2. Chang@es .......coocuieiuienieniieieeiteete ettt ettt st ettt et st e i s 2404

E.62. Release 9.0.15 ..ottt e 2407
E.62.1. Migration to Version 9.0.15........c.ccoceiiiiiiininiinieeeceeeeeeeeee 2407
E.02.2. Changes ....c..ccceevuiriieieiieieiieectesteeeeee sttt 2407

E.03. Release 9.0.14 ...c.cviiiiiiiiiieieee ettt sttt ettt et 2409
E.63.1. Migration to Version 9.0.14 ...t 2409
E.03.2. Changes ........ccocouiiiiiiiiieiiecere e e 2409

E.604. Release 9.0.13 ..ottt sttt ettt 2410
E.64.1. Migration to Version 9.0.13......c..ccoorinininenenieinencnerceeeeeeceenene 2410
E.04.2. CHANEES ....ovieiieieeiieieeteee ettt et sttt et 2411

E.05. Release 9.0.12 ....ouiimiiiiieieee ettt et st 2412
E.65.1. Migration to Version 9.0.12......c..cccccvinininenieniniinineneseereeeiceenene 2413
E.05.2. CHANEES ..ottt st sttt 2413

E.06. Release 9.0.11 ...couiiiiiiiieiiieetetee ettt ettt s st 2414
E.66.1. Migration to Version 9.0.11.......cccoviiiiiiiiininiiniieeneceeeeeee 2414
E.06.2. CHANEES ..ottt sttt 2414

E.67. Release 9.0.10 ...c..cocoiiiiiiiiiiieieiciciteeceee sttt 2417
E.67.1. Migration to Version 9.0.10........ccccocueviniinininiieninieieneeieiceeeeeene 2417
E.07.2. CHANEES ...eovieieiiiieeieieeiteteetee ettt sttt 2417

E.68. Release 9.0.9 ..o 2418

xli



E.68.1. Migration to Version 9.0.9.........cccceeviiriiiniiinieniisieeteeeete e 2418

E.68.2. CHANZES ...coouveeuiiiiieniieiieeieesiteste ettt sttt sttt et st s be e s e saee s 2418

E.69. Release 9.0.8 ......c.ooiiiiiiiiieiteteeceetestete sttt sttt s 2420
E.69.1. Migration to Version 9.0.8.........ccociiviiriiniiiiniinienieeeeeeee e 2420
E.69.2. ChanESs ....cc.eevuiiiiieniienieeieeiteete ettt ettt ettt ettt et st esaee s 2420

E.70. Release 9.0.7 ...c..oouioiiiiiiiiiieeeteeeeeeeeteet ettt ettt sttt s 2422
E.70.1. Migration to Version 9.0.7.......c.ccocceceririiriininiinineeeneeeereeeeeeeeeee 2422
E.70.2. Changes ....c..ccceeouiiiiieniieieiieeetesteeeee ettt 2422

E.71. RElEaSE 9.0.6 ..cneeiiiiiiiiie ettt ettt st st 2426
E.71.1. Migration to Version 9.0.6..........c.ccoceviiiiiiiiiiiiniiiceneceeceeeeeee 2426
E.71.2. Chan@Es ...cccueeeuiiiiiiiieiieeieeteete ettt ettt ettt et 2426

E.72. Release 9.0.5 ..ottt s 2428
E.72.1. Migration to Version 9.0.5........cccccevrimininenenieieenenesrerereeeeeennene 2428
E.72.2. Changes ......ocoooiiiiiiiiiiicicices e 2429
E.73.ReleasE 9.0.4 ...ttt ettt sttt 2432
E.73.1. Migration to Version 9.0.4........ccccceorimimineneneineneneseereeeeenennene 2432
E.73.2. CHANEZES ..ottt st sttt et 2432
E.74.Release 9.0.3 .....ooiiiiiiiieieeieee ettt ettt et st 2434
E.74.1. Migration to Version 9.0.3.......c.ccocoviiriiiiiininiene e 2434
E.74.2. CHANEZES ..ottt sttt 2434
E.75.ReleaSE 9.0.2 ..cueiiiiiiiiiiieieeieeee ettt 2435
E.75.1. Migration to Version 9.0.2.......c.cccccovueririeniininiienineenieneeeeneseeeeeenee 2436
E.75.2. ChANEES ..ottt st 2436

E.76. Release 9.0.1 ..ottt sttt st 2438
E.76.1. Migration to Version 9.0.1......ccccociiriiniiniiiiienieeieeieeree et 2438
E.76.2. CHANZES ...eovvveeiiieiieiieeie ettt ettt ettt sete et esaeesatesnbeenseesane s 2438
E.77.ReICASE 9.0 ....eouiiiiiiiiiiiiiiiieieeeeteteseetet ettt ettt ettt s s 2439
E.77. 1 OVEIVIEW ittt sttt sttt 2439
E.77.2. Migration to Version 9.0........cccccevviiirieriiiniiienienienieeieesee st 2440
E.77.2.1. SErver SETHNES «...eeecvereieeriierieeieeitee sttt st eteesieesiee e siee e 2441

E.77.2.2. QUETIES ..veeeivieeiiie et eete et e sttt e eseveeesiveeeereesasaeesareeennns 2441

E.77.2.3. Data TYPES ..eeveerieeieeieeniieeieeieette sttt st ettt et 2441

E.77.2.4. Object RENAMING .....cccveevuiiriiiiiiiiiiieeieeeereeeeee e 2442

E.77.2.5. PLIPZSQL ..ottt 2442

E.77.2.6. Other Incompatibilities ...........cccocceveririieiiiniiniinieceneciees 2443

E.77.3. Changes ....c..ooeeiiiiiiiiieieteeeeeseee ettt 2443

B 77301 SEIVET .ottt st 2443

E.77.3.1.1. Continuous Archiving and Streaming Replication....... 2443

E.77.3.1.2. Performance ..........cccccoeceeruerneeneenienneeneenceieeeeeeeenn 2444

E.77.3.1.3. OptMUZET.....cueieieiieeieieeeeeeese et 2444

E.77.3.1.4. GEQO ...ttt 2444

E.77.3.1.5. Optimizer StatiStiCs ........ceecverereererieieneeieneeeeseenneene 2444

E.77.3.1.6. AuthentiCation ..........ccceeeeeerenienienieiene e 2445

E.77.3.1.7. MONIOTING...c.veitiiiiiieiiniieienie ettt 2445

E.77.3.1.8. StatisticS COUNLETS ........evereereeriieieniieienieeeeneeeieeienaeans 2445

E.77.3.1.9. Server Settings.......cccecuererriererienieniieienieeee e sieenie e 2446

E.77.3.2. QUETIES ...eeieeieeiiee ettt ettt evee e 2446

E.77.3.2.1. Unicode Strings ........cccceeverveererieneneeieneeeeneseenieniens 2447

E.77.3.3. Object Manipulation ..........cc.cecereevienerienienienieneeienieneenienieens 2447

E.77.3.3.1. ALTER TABLE .eouertecieieiieiinienieteeeieeie et e 2447

E.77.3.3.2. CREATE TABLE ..eotecteieieiirienieteeeieee et e 2447

E.77.3.3.3. CONSIIAINLS....c.veruieiiniieiinierienienieetesieetesie et 2448

xlii



E.78.

E.79.

E.80.

E.81.

E.82.

E.77.3.3.4. Object PermiSsions.........c.cceevueereerierrieeneeniesnieeneennnenn 2448

E.77.3.4. Utility OPETations ........cccceervueerueerieeriuenieeenieesieenieesieeseessseenseenns 2448
E.77.3.4.1. COPY oottt 2449

E.77.3.4.2. EXPLAIN .cooiiiiitiieiiietceteeresc s 2449

E.77.3.4.3. VACUUM..oiiiiiiiieicieiciercietecete e 2449

E.77.3.4.4. INAEXES.....cocveiirieiiiieieniieeceeeceeeeeee e 2449

E.77.3.5. Data TYPES ...eeovviruieiiiieietineeteseceeneeeere st 2450
E.77.3.5.1. Full Text Search.........ccccecvverenienieinieninincceecnenene 2450

E.77.3.6. FUNCHONS .....ootiiiiiiieeieeiteeteee ettt 2450
E.77.3.6.1. AGEIEgates......coueeiiiuiiiiiieieieeeceeeeee e 2451

E.77.3.6.2. Bit StIINES...cueeiriiiiieieinineneececeee et 2451

E.77.3.6.3. Object Information Functions ............ccceceeveervrienenncne 2451

E.77.3.6.4. Function and Trigger Creation ............cccceeerereeruenncnne 2452

E.77.3.7. Server-Side Languages .........cccccoceerererienenienereeiereeeeeeeene 2452
E.77.3.7.1. PL/pgSQL Server-Side Language............cccceecereeruennne 2452

E.77.3.7.2. PL/Perl Server-Side Language ............cceceeveerereenienncne 2453

E.77.3.7.3. PL/Python Server-Side Language ...........cccccoceveeruennene 2453

E.77.3.8. Client APPLICALIONS .....ceuverviruieieniieienieniieieniteie e ete e sieeie s 2454
E.77.3.8.1. PSAL i 2454
E.77.3.8.1.1. psql Display .....c.cccocereruenenieinieiincrieieee 2454

E.77.3.8.1.2. psql \d Commands...........ccccceruevuevueveirrnennenn 2455

E.77.3.8.2. PE_AUMP ..cueiiiiiiiiniiiiiieeenesteeseeeeetee e 2455

E.77.3.8.3. PECtlecuiiiiiiiiiieeeeeeeteeeeee e 2455

E.77.3.9. Development TOOIS .......ccuevieerieeniienieeiteniiesieeieesiee e eieenieenes 2455
E.77.3.9.1. HDPq..cciiiiiiiiiiiiccicccce e 2456

E.77.3.9.2. BCPE weeiieiiieiteee ettt sttt 2456
E.77.3.9.2.1. €CPZ CUTISOTS ..coouvirrieiieeiiieiieniieeiieeieeniresve s 2456

E.77.3.10. Build Options.......c.cccooueiiiiiniiiniiicicieiceeieseeeecee e 2457
E.77.3.10.1. MaKefiles ........c.cccecueiiiiininiiiiiiiiciccceccee 2457
E.77.3.10.2. WINAOWS .....ooviiiiiiiiiiiiiiciccccceceece 2457

E.77.3.11. Source Code........ccovuiriiiiiiiniiiiiiiiciecceec e 2457
E.77.3.11.1. New Build Requirements .........cc.ccceceeveeruernieeneennnen. 2458
E.77.3.11.2. Portability .........ccccooviiiiiiiniiiiiiiiiiiciccccce 2459
E.77.3.11.3. Server Programming ...........ccccccvevveecuenievieneneennenenne 2459
E.77.3.11.4. Server HOOKS .......oovuieviiniiiiiiiiiceeeteceeeeee 2459
E.77.3.11.5. Binary Upgrade Support...........cccceceecuerieceencreenuennenne 2459

E.77.3.12. CONLID w.oneneieiiieeerccce et 2460
REICASE 8.4.22 ..ttt 2461
E.78.1. Migration to Version 8.4.22........c.ccccccoiiiriiiiiiiniiieieneeeeeeeeeeeee 2461
E.78.2. CHANGES ...eeutieeieieeieeeeteee ettt st sttt 2461
REIEASE 8.4.21 .oeieee ettt 2463
E.79.1. Migration to Version 8.4.21 ......ccccccecvvirininenenieieincnesrereeeeeneereniene 2463
E.79.2. Changes ........ccooouiiiiiiiiiiiciice e 2463
REIEASE 8.4.20 ...ttt 2464
E.80.1. Migration to Version 8.4.20........ccceecuererierieniieienieeeenie et 2464
E.80.2. CHANEES ....ovieuieniiitieieieeieeet ettt sttt 2464
ReEIEASE 8.4.19 ..t 2467
E.81.1. Migration to Version 8.4.19........cccceviemiiiiiininieniicee et 2467
E.81.2. CHANEES ..ottt sttt 2467
Release 8.4.18 ..o 2468
E.82.1. Migration to Version 8.4.18........ccccocueviririiininiienineeneneeteieeeeee e 2469
E.82.2. CHANGZES ...eevvveeiiieiieriieeie ettt site ettt e st e ste e bee st e seteebeesaaesnseenbaenseesnees 2469

xliii



E.83. RelaSE 8.4.17 ..ottt sttt et s 2470
E.83.1. Migration to Version 8.4.17 ......cccocverieriiiriiiiniienienieeieesee st 2470
E.83.2. ChaNGES ...cevuveeuiieiieniieeite ettt sttt ettt ettt et et st e e e i s 2470

E.84. Release 8.4.16 ....c..coouiriiiiiirieiiniceeteceeteetete ettt ettt 2471
E.84.1. Migration to Version 8.4.16........cccceevieriiriiiinienienieeieeseeseeereeeee e 2472
E.84.2. ChanGES ...cccueevuiieiieiieeiieeieeteete ettt ettt et et n 2472

E.85. Release 8.4.15 ...cuiiiiiiiiiiiietee ettt e 2473
E.85.1. Migration to Version 8.4.15........cccoceiiiiiiininiiieeeceeeeeeeeeee 2473
E.85.2. Changes .......ccceeouiiiiiiiieieiieeeereeeee ettt 2473

E.80. RelEaSse 8.4.14 ..c.ooniiiiiieiiiiiiietete ettt ettt et e 2475
E.86.1. Migration to Version 8.4.14........c.cccoiiiiiiiiiiiiiiiccneceeeeceee 2475
E.86.2. CHANGZES ....ovieuieieieieieteei ettt sttt et ettt ene 2475

E.87. Release 8.4.13 ...c.ciiiiiiiitiiciceeeetteteseetete sttt ettt e 2476
E.87.1. Migration to Version 8.4.13.......cccciriiiiiieiieiee e 2476
E.87.2. CHANEZES ...eotieeieieeiieieeteee ettt sttt 2476

E.88. Release 8.4.12 ..ottt st 2477
E.88.1. Migration to Version 8.4.12.......cccceeieririeiiiniinienieeee e 2477
E.88.2. CHANEES ..ottt e sttt 2478

E.89. Release 8.4. 11 ...ccooieuiiiiiiiiiiieieieetteeeeet sttt 2479
E.89.1. Migration to Version 8.4. 11 .....c.ccocevieriiiiiiniiieniiieeneceeeeeeeeee 2479
E.89.2. CHANEES ..ottt st 2480

E.90. Release 8.4.10 ......cuciiiiiiiriiieieieieiieeeeete ettt 2482
E.90.1. Migration to Version 8.4.10........cccecueriririiininienineenieneeieseeeeeeeenee 2482
E.90.2. CHANGZES ...eeovveeuiieiieniieeieeitesiteste et eitesitesbe e beesaeesateebeesseessseensaenseesnnes 2482

E.OL. Relase 8.4.9 ..c.oouiiiiiiiiiieeee ettt 2484
E.91.1. Migration to Version 8.4.9........cccocvevieriiiniiieniienienieeeeree st 2484
E.O1.2. CHANZES ...eovvveeiieiieiieete ettt ettt st ettt ettt et st e beenaeesaee s 2485

E.92. Relase 8.4.8 ......ouioiiiiieiieieteeteteseetet ettt ettt ettt et 2487
E.92.1. Migration to Version 8.4.8.......ccccecierieriiriiiniienienieeieesee et 2487
E.02.2. ChaNGES ...coouveeuiiiiieiieeiteeieeite sttt sttt sttt be et st st e saeesaee s 2488

E.93. ReIASE 8.4.7 ..ottt sttt et 2489
E.93.1. Migration to Version 8.4.7.......cccecvevieriiriiiiniienienieesieeseesee e 2489
E.93.2. ChanGES ...ceouveeuiiiiieiieeieeieeteete ettt ettt sttt ettt et st saee i s 2489

E.94. RelEASE 8.4.0 ..ottt ettt e s 2490
E.94.1. Migration to Version 8.4.6.......c..coccevveririeiieninienineeienecrereeeeee e 2490
E.94.2. Changes ........cccouiiiiiiniieieiieeeteseeeee ettt 2490

E.O5. RElaSE 8.4.5 ..ottt st st 2492
E.95.1. Migration to Version 8.4.5.......ccccociriiiiiiniiniiieniieeene e 2492
E.95.2. Changes ........ccooouiiiiiiiiiieieeee e 2492

E.06. Release 8.4.4 ...ttt ettt st 2495
E.96.1. Migration to Version 8.4.4........ccccceveirininenenieieenenesteeereeeneeennene 2496
E.96.2. Changes ........cccoiiiiiiiiiiiiiiicese e 2496

E.O7.ReleaSE 8.4.3 ...ttt ettt sttt st 2497
E.97.1. Migration to Version 8.4.3........cccccevririnineneieieene et 2498
E.O7.2. ChANEES ....eoviviiiieieieiieiteie sttt ettt st 2498

E.98. ReICASE 8.4.2 ...ttt sttt et 2500
E.98.1. Migration to Version 8.4.2.......ccccocevieriiiinienenienieneeie et 2500
E.98.2. CHANEES ..ottt e et 2501

E.99. Release 8.4.1 .....cccooieiiiiiiiiiiicicicteteteeeet sttt 2503
E.99.1. Migration to Version 8.4.1......ccccocevieririenieninienineeeneeeenieseeeseenee 2504
E.99.2. ChanEeS ....ccueeueeiiriiiiiieeiteieeicete ettt st 2504

E.100. REICASE 8.4 ...ttt ettt et s 2505

xliv



E.100.2. Migration to VErsion 8.4 ........cccoeveerierieriiieniienienieenieenee st esveesiee s 2506
E.100.2.1. General.........ccccovieviiniriieniinieiinceieneceeeseete et 2506
E.100.2.2. SErver SEtNZS ......eecveerrierierieeniierieeieeniee st eieesieesiee e eniee e 2506
E.100.2.3. QUETIES ..ccuevieeeiieeiiieeiieeeeeeeiteesrteesere e eseaeeeeveeeereesssaeesaseeennns 2507
E.100.2.4. Functions and OPerators ............ccccceeeverrereecueneereenereennenens 2508

E.100.2.4.1. Temporal Functions and Operators ...........c..ccccccueneee 2508

E.100.3. Changes ........ccoeiieieniirieiieieeeesieeeeese ettt 2509
E.100.3.1. Performance ...........cocceereerierrieinieinienieeiee et 2509
E.T100.3.2. SEIVET ...eeuieiiieiieeieeeetee ettt sttt st 2510

E.100.3.2.1. SEttNES ..eeouerviriiriieieeeeneneeetee e 2510
E.100.3.2.2. Authentication and SECULItY.........ccceevuereereerereeriennenne 2510
E.100.3.2.3. pg_hba . CONE cioiiiiieeeeiieec ettt e 2510
E.100.3.2.4. Continuous Archiving .........ccoceveveeveeneeienenienennenne 2511
E.100.3.2.5. MONItOTING .. ecveeeeetienienieeienieniieiesieeee e eee e seeeennens 2511

E.100.3.3. QUETIES ...ttt ettt e evee e 2512
E.100.3.3.1. TRUNCATE ..cotrtirerererinrenrenieneeeeneenesresresseneneeneenessenne 2513
E.100.3.3.2. EXPLATN .ooutiiiriiteteeeitetteestesteeee et 2513
E.100.3.3.3. LIMIT/OFESET .eoveoueeeuierinienieeeeeeeeiesresseseneneeneenesnenne 2513

E.100.3.4. Object Manipulation ...........cecceveeruererienienienieneeienieneenienieens 2513
E.100.3.4.1. ALTER ceviiiiriirieieieeetetee ettt e 2514
E.100.3.4.2. Database Manipulation.........c..ccoceeeevuenereencneenenene 2514

E.100.3.5. Utility OPerations .........c..cecceeuereeruerereenieneenueneereenseneenseneens 2515
E.100.3.5.1. INAEXES...cveeieriieiinieeienieeeeiesieetesieetese et 2515
E.100.3.5.2. Full Text INdeXes ........ccccecuererienuenenienenieneneeienene 2515
E.100.3.5.3. VACUUM..cueoiriiriiiiieiiieinenieteteeee et 2515

E.100.3.6. Data TYPES ..veevvreereeiieniieeieeieesieesteeieesieesiteesseesseesssesseenseenns 2516
E.100.3.6.1. Temporal Data TYPes.......ccccveereerverrieeneenienieeneenanenn 2516
E.100.3.6.2. AITAYS ...uveeiieiieiieeieenite sttt ettt et 2517
E.100.3.6.3. Wide-Value Storage (TOAST) ..ccceovveevieviiriieienen. 2517

E.100.3.7. FUNCHONS.....cootirieiiiieieieeeeieneteiene et 2517
E.100.3.7.1. Object Information Functions ...........ccccceeevervueeneennnen. 2518
E.100.3.7.2. Function Creation..........cccceeeveeeveneecueneeseeneneennenens 2518
E.100.3.7.3. PL/pgSQL Server-Side Language..........ccccccevueevueenneen. 2519

E.100.3.8. Client Applications ..........c.cccecereevuerereenreneeeeneerenneneenenneens 2519
E.100.3.8.1. PSQL vttt 2520
E.100.3.8.2. psql \d* commands............cccceceeeuerircininiencnieieneene 2520
E.100.3.8.3. pg_dump....c..cocceoiiiiiiiiiiiieieceeee e 2521

E.100.3.9. Programming ToOIS...........cccccemiiiiniiiiiiiiiiniccccecieee 2521
E.100.3.9.1. IDPQ.uviuveuiiiriniiieieieieeneneteteeee et 2521
E.100.3.9.2. libpq SSL (Secure Sockets Layer) support ................ 2522
E.100.3.9.3. €CPEZ v enveuveuieiiriintitciceetette ettt 2522
E.100.3.9.4. Server Programming Interface (SPI)........ccccceceeuennene. 2522
E.100.3.10. Build Options.......ccccoveeueieinininieieieieeeenesieseeeenee e enenes 2523
E.100.3.11. S0UIce Code......ccueiuiriiiiinieiiniieienieeieeeitee et 2523
E.100.3.12. CONLIID vt 2524
E.101. Release 8.3.23 ...ttt sttt s 2525
E.101.1. Migration to Version 8.3.23......c.cccceiiiiiiininieniiceie et 2526
E.101.2. Changes .....coeeueriiiieiieiieeecee ettt sttt 2526
E.102. Release 8.3.22 ..ottt ettt ettt st 2527
E.102.1. Migration to Version 8.3.22......c..ccccevirirviininienineenienenrenieseee e 2527
E.102.2. ChanGES ..c..eoveenieieiieieeiteieeicete ettt st sttt 2527

xly



E.103. REIEASE 8.3.21 ..oeoieeieeeee ettt et eeeav e e et e e e eearee e e e eetreeeeeens 2528

E.103.1. Migration to Version 8.3.21 ......ccccevvieriiniiiiieienieeieeeeete e 2529
E.103.2. CRANEES .eouvveeiiiiiieiieeieeieeteste ettt sttt st e be et st st e e saee s 2529
E.104. Release 8.3.20 ...t 2529
E.104.1. Migration to Version 8.3.20........cccevvieriiriiiinienienieeieeneeeee e 2530
E.104.2. Changes ......ccccouerieieniieieiieeceenieeeeeee ettt 2530
E.105. Release 8.3.19 ..ottt sttt ettt et 2531
E.105.1. Migration to Version 8.3.19 ...t 2531
E.105.2. Changes ......c.cooueoieiiiiiiieiieecereeeeee et 2531
E.106. Release 8.3.18 ..ottt sttt ettt e 2533
E.106.1. Migration to Version 8.3.18........cccccoiiiiiiiiiiiinicieeeecee 2533
E.106.2. CRANEES ..uveeiiieiiieiieeieeieeetete ettt ettt 2533
E.107. RelEaSE 8.3.17 .ottt sttt ettt 2535
E.107.1. Migration to Version 8.3.17 ......ccociiiiiiiinieiene e 2535
E.107.2. CRANGES -...veeeeneeieeieieei ettt sttt 2535
E.108. Release 8.3.160 ..c..couuiiiiieiiiieieeieete ettt sttt et s st 2537
E.108.1. Migration to Version 8.3.16........cccceriiieiiiniiiienireee e 2537
E.108.2. CRANGES ....veveeniiiieiieieeiteeetce ettt sttt 2537
E.100. Release 8.3.15 ..ottt sttt s 2539
E.109.1. Migration to Version 8.3.15......ccccooiiiiiiiininieniiiee e 2539
E.109.2. CRANGES ....veveeniiiieiieieeiteteeeee ettt st 2539
E.110. Release 8.3.14 ..ottt 2540
E.110.1. Migration to Version 8.3.14......c.cccceriririiininiienineenieneeeceeeeeee 2540
E.110.2. ChANGES ...veoveenieiieiieieeiieeeicetesteetee sttt sttt 2540
E. 111 Release 8.3.13 ..ottt ettt sttt s 2541
E.111.1. Migration to Version 8.3.13......ccccierieriiriiieieneesie et 2541
B TT1.2. CRANEES .oouvveeiiieiieiieeie ettt ettt st ettt sttt sbeenaeesaee s 2541
E. 112, RelEase 8.3.12 ..coueiiiiiiiiiieieiieeceteneeteeettet ettt ettt s 2543
E.112.1. Migration to Version 8.3.12......cccceevieriiriiiniienienieeieenee et 2543
E.112.2. CRANEES .oouvveiiieiieiieeie ettt st ettt st ettt s e s e saee s 2543
E.113.Release 8.3.11 .ot 2545
E.113.1. Migration to Version 8.3.11.....cccccoeviiriiiniiiieieniieieeeeee e 2546
E.113.2. CRANEES .eouvveiiiiiieiieeie ettt sttt ettt s n 2546
E. 114, Release 8.3.10 .....cccoiiiiiiieieeieieneceeteeeteeeete ettt 2547
E.114.1. Migration to Version 8.3.10......c..cccccoiiiiiiininiiniiiencneceeeneeeee 2547
E.114.2. Changes ......cccoouiiiiiiiieieiieeeeseeeee ettt 2547
E.T15. ReIEASE 8.3.9 .ttt ettt 2549
E.115.1. Migration to Version 8.3.9........c.cccceiiiiiiiiiiiiniiiceececeeeeee 2549
E.115.2. Changes ......c.coouiiiiiiiiiiiieiiecceeeeee e e 2550
E.116. Release 8.3.8 ...ttt ettt et s snens 2551
E.116.1. Migration to Version 8.3.8........ccceceiiiieiiinieene e 2552
E.116.2. CRANGES -...veveenieiieecteee ettt ettt 2552
E 117, ReIEASE 8.3.7 .ottt sttt et saen 2553
E.117.1. Migration to Version 8.3.7.......ccccerieririeiinieiene et 2553
E 1172, CRANGES ..ottt sttt 2554
E.T18. ReIEASE 8.3.0 ..ottt sttt sttt 2555
E.118.1. Migration to Version 8.3.0.......ccccecueririininiinienineeie et 2555
E.118.2. CRANGES ....veveenieieeiieieeieece ettt st 2555
E.119. Release 8.3.5 ..ottt s 2557
E.119.1. Migration to Version 8.3.5.......ccocvviiriririininienineeneneeeeicseeeeenee 2557
E.119.2. ChANGES ...veoveeniiieeiieieeiteteeteeteste ettt sttt 2557
E.120. Release 8.3.4 ..ottt 2559

xlvi



E.120.1. Migration to Version 8.3.4......ccceccverieriiiniiienienienieeieesee et 2559

E.120.2. CRANEES .eouvveiiieiiieiieeieeieeiteste ettt ettt ettt s beesaeesaee s 2559
E.121. Release 8.3.3 ...ttt ettt sttt s 2561
E.121.1. Migration to Version 8.3.3......cccociiriiriiiriiiietenieeieenee et 2561
E.121.2. CRANEES .eouvteiiiiiieiieeie ettt sttt st ettt s e s s 2561
E.122. Release 8.3.2 ....ouooiiiiiiiiiieeeteeeeeeeteetete ettt sttt 2561
E.122.1. Migration to Version 8.3.2........cccceceviririieninieniiienie e 2562
E.122.2. Changes ......cccoouiiiiieiieieiieeceseeeeeet e 2562

E 1230 RelEaSE 8.3.1 cueiiiiiieiiiiiicrtitetetecettet ettt ettt ettt ettt e 2564
E.123.1. Migration to Version 8.3.1........c.ccoceiiiiiiiiiiiiiiccecceeecee 2564
E.123.2. Changes ......ccoouiiiiiiiiiiieiecee et 2564

E 124, Release 8.3 ......ooiiieieieiieeeee ettt ettt ettt et st 2566
E 1241, OVEIVIEW ..ottt st sttt et 2566
E.124.2. Migration to Version 8.3 ........ccccociriiririeiieniieieie e 2567
E.124.2.1. GeNeral......c.coiuiiiiiiiiieieiieee ettt 2567

E.124.2.2. Configuration Parameters...........cocceeeveveeeeinienencnvecneenennennen 2569

E.124.2.3. Character Encodings ..........cccecevivienienieieininienienicieeeeeeeeennen 2569

E.124.3. Changes .....ccceruiiiieieiieiieieeicee ettt sttt 2570
E.124.3.1. Performance ...........coccouevveeeinininienieieieeeeneneseeeeeee e 2570

E.124.3.2. SEIVET ..ottt 2571

E.124.3.3. MONILOTING ..covveveemieiiniieieniteienieeie ettt seesieesaesieens 2572

E.124.3.4. Authentication...........cccoueveiririniinienieieieinesieseeeeeee e 2573

E.124.3.5. Write-Ahead Log (WAL) and Continuous Archiving ............ 2573

E.124.3.6. QUETIES ...uuviieirieeiiee ettt ettt eeer e e etae e eaveeeeans 2574

E.124.3.7. Object Manipulation ...........cecceerueerieerieenieenienrieenieeseeeieenieenns 2574

E.124.3.8. Utility Commands...........coceevuerreeriueesieenieenieenieesieesressaeenieenns 2575

E.124.3.9. Data TYPES ceveeeveeeieeieeiienieeieenieesteeteesieesitessseesieesssesseenseenes 2576
E.124.3.10. FUNCHONS ....cvtrieiiiirieiinieeteniceieneetetesicete et 2576
E.124.3.11. PL/pgSQL Server-Side Language..........ccocceevveereeriensieeneenne 2577
E.124.3.12. Other Server-Side Languages ........c.cccecceevvervieeneenvensieenieenne 2578

B 124313, PSQLatiiiiiiieieiiieeeeeteeeeete sttt 2578
E.124.3.14. P UMD covviiiiiiieiieeieeeeeee ettt 2578
E.124.3.15. Other Client AppliCations ..........cocueevveerieeriersiernieeneensieeneenns 2579
E124.3.16. 1IDPQ -evenveieieieienienierecctetse ettt 2579

B 124.3.17. BCPZ cueviveieieieiinienie sttt 2579
E.124.3.18. WINndOws POrt.......coceiiiiiiiiiiiiiiiiieeteeceeeeeeeeeeee e 2580
E.124.3.19. Server Programming Interface (SPI) ...........c.cccccoiiiiiiniss 2580
E.124.3.20. Build Options.......ccccoverueieiririnieieneteeeenenieneeeeeeeeneevenes 2580
E.124.3.21. SoUrce Code.........cocueeniirienieeiieiieeieeieeeteeee et 2580
E.124.3.22. CONLIID .ouiiiiiiieiericcceeeteeeeteeeeee et 2581

E.125. Release 8.2.23 ...ttt sttt ettt e 2582
E.125.1. Migration to Version 8.2.23........ccccoiiiiiiinieiene e 2582
E.125.2. ChANGES «...veoueeeeiieieieei ettt 2582
E.126. Release 8.2.22 ..ottt ettt 2583
E.126.1. Migration to Version 8.2.22.........cccceviiieriinirienineee et 2584
E.126.2. ChANGES .....ooveeniiiieiieieeiee ettt sttt 2584
E.127. Release 8.2.21 ..ottt sttt s 2585
E.127.1. Migration to Version 8.2.21 ......c.ccoceverieiininienineenie et 2585
E.127.2. CRANGES ..uveveeneeieeiieieeetee ettt sttt 2586
E.128. Release 8.2.20 ....c.cieiiiiiriiiiieiciieiieteieeeeiese ettt 2586
E.128.1. Migration to Version 8.2.20......c..cccceverierieninieneneinenenreneneeeneeenee 2586
E.128.2. CRANGES ...oveoveeniiieeiieieeiteeeicetesteetee sttt st 2587

xlvii



E.129. REIEASE B.2.19 oot e et e e e eeetaeee e e 2587

E.129.1. Migration to Version 8.2.19......ccccevieriiriiiinieniinieeiteseeeee e 2587
E.129.2. CRANEES .eouveeeiiiiiieiteeieeieete ettt ettt ettt et st e e s 2588
E.130. Release 8.2.18 ... 2589
E.130.1. Migration to Version 8.2.18......c.c.covieriiriiiniinienieeieeeeneeereeee s 2589
E.130.2. Changes ......cccooueiuieieniieieiieieceenieeeeeseetete et 2589
E 131, ReIEASE 8.2.17 ittt ettt et 2591
E.131.1. Migration to Version 8.2.17......c.ccccccoiiiiiininiiniiiecneceeeeeeeeee 2591
E.131.2. Changes ......ccoouiiiiiiiiiieieieeeeeeeeeee et 2591
E.132. ReEIEASE 8.2.10 .ttt sttt ettt 2592
E.132.1. Migration to Version 8.2.16.........ccccccooiiiiiiiiiniiiiineieeeceeee 2593
E.132.2. Changes ......c.cooiiiiiiiiiiiciicerece e 2593
E.133. Release 8.2.15 .ottt sttt ettt e 2594
E.133.1. Migration to Version 8.2.15.......ccccccevirimiinenerieiininenisicreeeeeieerennene 2594
E.133.2. ChanEes ....coveeveieieieiieiiniereestctctetet ettt st et 2595
E.134. Release 8.2.14 ..ottt et st 2596
E.134.1. Migration to Version 8.2.14.......cc.cccociviminenenieininenenerereeeeeeniene 2596
E.134.2. ChANEES .....eoveeveieieieiieiiiiesieteetet ettt sttt 2596
E.135. Release 8.2.13 ..ottt s 2597
E.135.1. Migration to Version 8.2.13......c.ccoceiiiiiiininiiniiiee e 2598
E.135.2. Changes .....cc.ceueriieieniiiieiieieete ettt sttt 2598
E.136. Release 8.2.12 ....c.ciiuiiiiiiiiieicicieieeeeeetee ettt 2599
E.136.1. Migration to Version 8.2.12......c..ccceviririiininiieninienieneeeenieneeeeene 2599
E.136.2. Changes .....cceevuirieiiiiieiieieeicetesteetee sttt sttt 2599
E.137. Release 8.2.11 ..ottt 2600
E.137.1. Migration to Version 8.2.11.....cccccuevieriiniiiiniienienieeieeseesie e 2600
EL137.2. CRANEES .oouvveeiiieiieiieeie ettt st ettt et st e naeesaee s 2600
E.138. Release 8.2.10 ....cociiiiiiiiiiiiiiiciciiicccc e 2601
E.138.1. Migration to Version 8.2.10........ccceveeriiriienieenienieeieeree st 2601
E.138.2. CRANEES ..cuveeviiiiiiieiieeteeieeteete ettt sttt ettt ettt et s esaee s 2602
E.139. Release 8.2.9 ..o 2603
E.139.1. Migration to Version 8.2.9........cccceviiriiriiinieienieeiteeeeee e 2603
E.139.2. CRANEES .eouvveeiiieiieiieeie ettt sttt st ettt st saee s 2603
E.140. Release 8.2.8 ....c..coiiiiiiiiiieieeerece ettt e 2603
E.140.1. Migration to Version 8.2.8........c.ccccceviriieiieninieninieneneerereseeeeeeeeee 2604
E.140.2. Changes ........ccoeiiiieriieieiieeeeesieeeeeee ettt 2604
E 141 REIEASE 8.2.7 ettt sttt ettt e 2605
E.141.1. Migration to Version 8.2.7........c.cccccceiiiiiiiniiieninieieneceeeeeeeeeee 2605
E.141.2. CRANEES .ccveeeiiiiiieiteeteeeeteete ettt ettt e 2605
E.142. REIEASE 8.2.60 ...ttt sttt ettt e 2607
E.142.1. Migration to Version 8.2.0.......cccceeceiirierienieeienie e 2607
E.142.2. CRANGES -...veoveenieeieeietee ettt et sttt 2607
E.143. Release 8.2.5 ...ttt sttt et s st 2609
E.143.1. Migration to Version 8.2.5......cccccceeuririninenienieininenesrerereeeneenennene 2609
E.143.2. ChANEES .....oovieveieieieiieiiniesiestetetet ettt st 2609
E.144. Release 8.2.4 ..ottt sttt ettt 2610
E.144.1. Migration to Version 8.2.4........ccccocueriiieneninieneneenie et 2610
E.144.2. CRANGES ....vooveenieieeieieeiteeecee sttt 2610
E.145. Release 8.2.3 ..ottt 2611
E.145.1. Migration to Version 8.2.3.......ccccevteririenieninieniineeieneetenieseeee e 2611
E.145.2. Chan@Es .....coueeuiriiiieieeiieieeiceteste ettt st 2611
E.146. Release 8.2.2 ......couciiiiiiiiiiiieicicieieeieeeees ettt 2611

xIviii



E.146.1. Migration to Version 8.2.2........cccceevieriiriieniienienieeieeseesteereesiee e 2611

E.146.2. CRANEES ..cuvveviiiiiieiieeie ettt sttt st ettt s esaee s 2611
E.147. Release 8.2.1 c..oooiiiiiiiiiiiiicicicciicc e 2612
E.147.1. Migration to Version 8.2.1......ccceceivieriiniiiiniienienieeieesee et 2612
E.147.2. CRANEES .eouveeiiiiiieiteeie ettt ettt ettt st n 2612
E.148. ReIEaSe 8.2 ....eooiiiiiieiieiieieeeeteee ettt et 2613
E. 148, 1. OVETVIEW ..ottt ettt ettt ettt s 2613
E.148.2. Migration to Version 8.2........ccccccceceeriirieieniiniieniineee e 2614
E.148.3. Changes .......cccoiiiiiiiiieieiieecerececee et 2616
E.148.3.1. Performance Improvements .............cccecueviecieniecicncneennennens 2616

E.148.3.2. Server Changes ..........ccccceeiecinieiininiiciineeeeeeeeie e 2617

E.148.3.3. Query Changes.......cccccevuerierreeneinienieeieeseeeeeeiee st 2618

E.148.3.4. Object Manipulation Changes ...........ccceceeererererveneenennennen 2619

E.148.3.5. Utility Command Changes.........c..ccoceeeeeruerieneneeiienenienenneens 2620

E.148.3.6. Date/Time Changes..........cccceecereeriererienienieiesieeienie e 2621

E.148.3.7. Other Data Type and Function Changes .........c.cccccoeeveeruennnn. 2621

E.148.3.8. PL/pgSQL Server-Side Language Changes..........cc.cccccerueuneee. 2622

E.148.3.9. PL/Perl Server-Side Language Changes............ccccceereenuennnns 2622
E.148.3.10. PL/Python Server-Side Language Changes.........c..c.cccoueuneee. 2623
E.148.3.11. pSQl Changes ........ccceecverierieniineeienieeieiesiteiesieete e 2623

E.148.3.12. pg_dump Changes..........cccceeereerererienienieieneeeenieneenieniens 2624
E.148.3.13. libpq Changes .........ccccceereeviereenienenieieneeieneetenie e 2624
E.148.3.14. ecpg Changes ..........cecuevuereeviineenienenieienieeienieetenie e 2624
E.148.3.15. WIndows POTt.......c..cccoueiiiiininiiiiicicicieceeceee 2624
E.148.3.16. Source Code Changes ...........cccceerueerieenieeniensieeneesieeieenieenns 2625
E.148.3.17. Contrib Changes ...........cocceevueeriirrieenieeniienieeieesieesveeieenieenns 2626

E.149. Release 8.1.23 ...t 2627
E.149.1. Migration to Version 8.1.23......ccccevieriiiriiieiienienieeieesee et 2627
E.149.2. CRANEES ..cuvveeiiieiieiieeie ettt sttt ettt e b et st st esaeesaee s 2627
E.150. Release 8.1.22 ..o 2628
E.150.1. Migration to Version 8.1.22........ccceeieriiriiiinienienieeieesee e 2629
E.150.2. CRANEES .eouvveeiiiiiieiieeiteeeeiteste ettt ettt ettt s e i s 2629
E.I51. Release 8.1.21 ..o 2630
E.151.1. Migration to Version 8.1.21......c..cccccoiriiiiininiininieenecreeeeeeeeee 2630
E.151.2. Changes ......ccooveiieiiniieieiieeceseeeeeeetete et 2630
E.152. Release 8.1.20 ....cucieiriiiriiieieieiceieetestesteteit ettt ettt et e 2631
E.152.1. Migration to Version 8.1.20........cccccoiiiiiininiiniiiecnecreeeeeeeee 2632
E.152.2. Changes ......c.coouiiiiiiiiiiiieieeeseeeee e 2632
E.153. Release 8.1.19 ..ottt sttt ettt ettt 2633
E.153.1. Migration to Version 8.1.19......c..cccooiiiiiiiee 2633
E.153.2. ChANGES «...veeeenieieeieieee ettt sttt 2633
E.154. Release 8.1.18 ..ottt ettt ettt et s 2634
E.154.1. Migration to Version 8.1.18......cccociiiiiiiiiiiei e 2634
E.154.2. CRANGES ....vooveeeeieeieieeeeee ettt et 2634
E.155. ReICASE 8.1.17 .ottt ettt et s st 2635
E.155.1. Migration to Version 8.1.17 .....cccociiiiiiiininieniiceeneeeeeeeeee 2635
E.155.2. ChanEs .....coueeiiiieieiieiteeeeee sttt st 2635
E.156. Release 8.1.10 ....c.cuiuiiiiiiiiieicieiciieieteeeeeetee ettt 2636
E.156.1. Migration to Version 8.1.16......c..cccceveiieiininiieniniinicnenienicseeeeeee 2636
E.156.2. ChaNGES .....coueeiiiieiieieeiteieeicee sttt 2637
E.157. Release 8.1.15 .ottt 2637
E.157.1. Migration to Version 8.1.15......cccociiiiiiiiininiinincenicneercceecee 2637

xlix



EL157.2. CRANEES .ooueveiiieiieiieete ettt ettt et st esaeesaae s 2637

E.158. Release 8.1.14 ... 2638
E.158.1. Migration to Version 8.1.14......cccccovieriiriiiinieieniteieeeesee e 2638
E.158.2. CRANEES ..cuveeiiieiiieiieeiteettete ettt ettt ettt et n 2638

E.159. Release 8.1.13 ..o 2639
E.159.1. Migration to Version 8.1.13......c.cccccoiiiiiiiininiiiieeceeeeeeee 2640
E.159.2. Changes ......cccooueiuieiiniiiieiiectereeteeee ettt 2640

E.160. Release 8.1.12 ....cuciiiiiiiriiieieieieeieetentesteteeeie ettt ettt et s 2640
E.160.1. Migration to Version 8.1.12......c..cccccoiiiiiiiiiiiiniiccceeeeeeee 2640
E.160.2. Changes ........ccoeoiiiiiiiiieiieiecieneeeeiee et 2640

E.161. RelEase 8.1.11 .euiiiieiieiiiiiiiicicieicettetesietetet ettt ettt s 2642
E.161.1. Migration to Version 8.1.11.....cccceeiiiiiiiiieei e 2642
E.161.2. CRANGES -...veveenieieeeieei ettt st 2642

E.162. Release 8.1.10 ..c.coiiiuiiieiieiieieeeete ettt ettt et st saene 2644
E.162.1. Migration to Version 8.1.10......c.cocceiiiiiiiiiiiiinee e 2644
E.162.2. CRANGES ....eeveeneiieeiieieee ettt sttt 2644

E.163. ReIEaSE 8.1.9 ..ottt st 2644
E.163.1. Migration to Version 8.1.9.......c.ccccceirinininieiniinnenesecreceeeeene 2645
E.163.2. ChANGES ....veoveeniiieeiieieeeteeeeee ettt st 2645

E.164. Release 8.1.8 ...cuciiiiiiiiiiiicieicteitteeceeee sttt 2645
E.164.1. Migration to Version 8.1.8........ccccooueririiiininienineencnenteieeeeeeeee 2645
E.164.2. ChanGES .....coueeiirieiiiieeiteieeiceeseetee sttt st 2645

E.165. ReIEASE 8. 1.7 ..ottt 2646
E.165.1. Migration to Version 8.1.7.....c.ccocceveriririieniniienineeneneeienieneeeeenee 2646
E.165.2. CRANEES ..ouvveeiiieiiieiieeie ettt sttt ettt et esatesbeenaeesnee s 2646

E.166. Release 8.1.6 ......ccocuiuiiiiiiiiiiiiiiciiciicieeececeee st 2646
E.166.1. Migration to Version 8.1.6........cccceevieriiriiieniienienieeieesee st 2647
E.166.2. CRANEES ..cuvveveiieiiieiieeie ettt ettt ettt ste ettt e st sbeesaeesaee s 2647

E.167. Release 8.1.5 ..o 2647
E.167.1. Migration to Version 8.1.5....ccccceciiriiniiriieiieniesieeieeee st 2648
E.167.2. CRANEES .couveeeiiiiiieiieete ettt sttt ettt et st e e s 2648

E.168. Release 8.1.4 ..o 2649
E.168.1. Migration to Version 8.1.4........ccccoeviiriiiiiinienienieeieeeeeee e 2649
E.168.2. Chanes ......ccccouiriieieniieiieiieiceeniecteeee ettt 2649

E.169. Release 8.1.3 ..ottt sttt ettt ettt e 2650
E.169.1. Migration to Version 8.1.3........cccociiiiiiiiniiiiineeneceeeeeeee 2650
E.169.2. Changes ........ccoooieiiiiiiiiiieiceneeeeee et 2651

E.170. ReIEaSE 8.1.2 ..ottt sttt ettt et e 2651
E.170.1. Migration to Version 8.1.2........c.coceiiiiiiiniiiiiiicceceeeeeee 2652
E.170.2. CRANEES ..c.eeeeuiieieeiieeiteeieeteete ettt ettt 2652

E. 171, ReIEaSE 8. 1.1 ettt ettt e s 2653
E.171.1. Migration to Version 8.1.1......ccoceviiiiiiiiiiiiei e 2653
E 1712, CRANGES ..ottt sttt e 2653

E. 172, ReIEASE 8.1 ..ottt sttt et st 2654
EL172.1. OVEIVIEW ..ttt st sttt st 2654
E.172.2. Migration to Version 8.1 .......cccccoceriiniriiiininienineee et 2655
E.172.3. Additional Changes ...........cccceoererienenienienieiiene e 2658

E.172.3.1. Performance Improvements ...........c.ccecuerereerieneeieneneenenenns 2658
E.172.3.2. Server Changes .........coccvereerieneenienenienienieeiesieeeenie e 2659
E.172.3.3. Query Changes.......c..cocueviereenieneenienenieieniteienieeeeniesieesiesieens 2660
E.172.3.4. Object Manipulation Changes ..........cc.cccceeveevueneerieneneenenenns 2660
E.172.3.5. Utility Command Changes.........cc.ccoceeeverveneenieneereeneneenenens 2661



E.172.3.6. Data Type and Function Changes ............ccoceevveeneeriensieeneenne 2661

E.172.3.7. Encoding and Locale Changes.........c..ccccceevverveeneeniensieenieenne 2663

E.172.3.8. General Server-Side Language Changes...........cccccevvervueenueenne 2664

E.172.3.9. PL/pgSQL Server-Side Language Changes..........ccccceevueeuenne 2664
E.172.3.10. PL/Perl Server-Side Language Changes.........c.cccocuervueenueenne 2664
E.172.3.11. psql Changes ........c.cocveviirieniinieneneeieieneeeeseeeeeie e 2665

E.172.3.12. pg_dump Changes..........cccccccereevuererieenrenieienieeeneneenenneens 2666
E.172.3.13. libpq Changes ..........cccccceeeeeuirienienenieieneereneeeee e 2666
E.172.3.14. Source Code Changes ...........c.ccecerervecieniecieneecieneneeneneene 2666

E.172.3.15. Contrib Changes ...........cccceeerieieninieiinieieneeeesieeeeieeeene 2667

E.173. Release 8.0.20 ....cucieuiriririiieieieieeiietesterteteteie sttt ettt et naen 2667
E.173.1. Migration to Version 8.0.20..........cccceeviiriiiinieniiniieiieneeneeeeeseeenieen 2668
E.173.2. CRANGES -...veeveeeeieeeieee ettt sttt 2668

E. 174, Release 8.0.25 ..ottt ettt 2669
E.174.1. Migration to Version 8.0.25.......cccccceviviminenenieiininenenierereeeeeennene 2669
E.174.2. CRANEES ..c.veoviviieieiciieitniesecetctetetet ettt ettt 2669
E.175. Release 8.0.24 ..ottt 2670
E.175.1. Migration to Version 8.0.24.........ccccooiiiiiiniiiienineeeneeeeeeeeeeeeee 2671
E.175.2. ChANGES ..ottt ettt 2671
E.176. Release 8.0.23 ..ottt s 2672
E.176.1. Migration to Version 8.0.23.........cccccoiiiiiiininiienineenieneeteneeeeeeseee 2672
E.176.2. CRANGES .....eoveeniiieeiieieeeteeeceese ettt ettt 2672
E.177. Release 8.0.22 ...ttt 2673
E.177.1. Migration to Version 8.0.22......c..cccceveririiininiienineeneneeieneneeeeeieenee 2673

B 177.2. CRANZES ..onvveeiiieiieiieeee ettt sttt ettt et esabe s e enaeesaee s 2673
E.178. Release 8.0.21 ..c..coiiiiiiiiirieiiciteenteeettetcet ettt s 2674
E.178.1. Migration to Version 8.0.21........ccovieriiriiiinienienieeeeseesie e 2674
E.178.2. CRANEES ..cuvveeiiiiiieiieeie ettt ettt sttt et st sbeenaeesaee s 2674
E.179. Release 8.0.20 ......cccoiiiiiiniiiinieienieeteieeitete ettt sttt s 2675
E.179.1. Migration to Version 8.0.20..........ccecueriiriiieniienieniienieeneesee e 2675
E.179.2. CRANEES .eouvveiiieiiieiieeteeeeteete ettt ettt ettt st e i s 2675
E.180. Release 8.0.19 .....cccoiiiiiiiieienieeeneceeteeetetesrc ettt et 2675
E.180.1. Migration to Version 8.0.19......ccccoviiriiriiiniiieniieieeeeeec e 2676
E.180.2. Changes ......ccccouiruieiiniieieiieiecienieeeeeee et 2676
E.181. Release 8.0.18 ..ottt ettt ettt et 2676
E.181.1. Migration to Version 8.0.18.........cccccociiiiiininiiniieeeceeeeeeeee 2676
E.181.2. Chan@es ......ccoouiiiiiiiiieieiieeccreeeeee et 2677
E.182. Release 8.0.17 ..ottt sttt ettt et saen 2677
E.182.1. Migration to Version 8.0.17......c..cccccoiiiiiiiiiiiiiiiicneceeeeeeee 2677
E.182.2. CRANEES .cuveeiiieiieiieete ettt ettt st 2678
E.183. Release 8.0.16 ....coueiuieieiieiieeeeete ettt sttt et s st 2678
E.183.1. Migration to Version 8.0.16.........ccccooiiiriiiniiienieiee e 2678
E.183.2. CRANGES -...veveenieieeieieee ettt st 2678
E.184. Release 8.0.15 ..ottt st 2679
E.184.1. Migration to Version 8.0.15......cccooiiiiiiiiiiiieiee e 2680
E.184.2. CRANGES .....eoveeniiiieiieieeieee ettt sttt 2680
E.185. Release 8.0.14 ..ottt 2681
E.185.1. Migration to Version 8.0.14......c..ccceviiiiiininiiiniiieeneeeeeeeeeee 2681
E.185.2. CRaNGES .....eoveeniiiieiieieeiteeee ettt st 2681
E.186. Release 8.0.13 ...ttt 2682
E.186.1. Migration to Version 8.0.13......c..ccceviiiriininiiininincneneneeeeee 2682
E.186.2. CRANGES .....eoveeniiiieiiiieeiteieeicetesteetee sttt st 2682

li



E.187. RElASE B.0.12 ..ot e e e e earee e e e eeareeeeens 2682

E.187.1. Migration to Version 8.0.12.......cccevieriiniiiinienienieeitereeeee e 2683
E.187.2. CRANEES .ecuvveeiiieiiieieeeteeeete sttt ettt ettt st st n 2683
E.188. Release 8.0.11 ....coiiiiiiiiiiiiiiiiiiiicc e 2683
E.188.1. Migration to Version 8.0.11......cccooviiriiniiiniiiiiieeieeeeeceeeee e 2683
E.188.2. ChanEs .....cceeiiiiieieiieieeieeeceeeeeee et 2683
E.189. Release 8.0.10 .c..coucieiiiiiriiieieieieeieeiestesteteitete ettt ettt e e 2684
E.189.1. Migration to Version 8.0.10......c..cccccoiiiiiiniiiiniiicecceeecee 2684
E.189.2. Changes ......c.ccouiiiiiiiiieieiieececreceee et 2684
E.190. Release 8.0.9 ...ccuciiiiiriiiiiitetceeceitetenetetet ettt ettt e 2684
E.190.1. Migration to Version 8.0.9........c..cccccoiiiiiiiiiiiniiiiceceeeeeeee 2685
E.190.2. Changes ........ccoiiiiiiiiiiieiieccreeceee e 2685
E.191. Release 8.0.8 .....ooueioiiiiiiieeeet ettt 2685
E.191.1. Migration to Version 8.0.8.........cccccvvirimenenenieiinincnenrerereeeneerennene 2685
E.191.2. CRANEES «.c.veoviveieieicieeiteesetccet ettt sttt 2686
E.192. Release 8.0.7 ...couieuieiiieieieeeee ettt ettt ettt et st 2686
E.192.1. Migration to Version 8.0.7.......c.ccceceviriminenierieiinineneniereeeeeneeennene 2687
E.192.2. ChanEES .....ooveeveieieieiieiieesiesteetetet ettt sttt e 2687
E.193. Release 8.0.6 ...c.oveuieiiiiiiiiiiiieieieteiteteseteeeeee sttt ettt 2688
E.193.1. Migration to Version 8.0.0........c.ccocueveririieniinienineenie et 2688
E.193.2. CRhaNGES .....ooveeniiieeiieieeiteeet ettt st 2688
E.194. Release 8.0.5 ..ottt 2689
E.194.1. Migration to Version 8.0.5.......cccceeeriririininiienineenicneeteceeeeenee 2689
E.194.2. Chanes .....coeevuiriiiieiieiteieeicete sttt st sttt 2689
E.195. Release 8.0.4 ..o 2690
E.195.1. Migration to Version 8.0.4........ccccevieriiniiienienienieeieereesieeveesee s 2690
E.195.2. CRANEES .oouvteeiiieiieiieeie ettt sttt sttt s beesaeesaee s 2690
E.196. Release 8.0.3 ..o 2691
E.196.1. Migration to Version 8.0.3........ccccievieriiniiinienienieeieesee et 2691
E.196.2. CRANEES ..c.vvevuiiiiieiieeie ettt ettt ettt et ettt st saeesaee s 2692
E.197. Release 8.0.2 ..o 2692
E.197.1. Migration to Version 8.0.2........cccceeviiriiriiiinienienieeieeseeeee e 2693
E.197.2. CRANEES .eouveeiiieiieiieee ettt ettt st ettt st 2693
E.198. Release 8.0.1 ....c..ooiiiiiiiiiieiiteeene ettt et 2694
E.198.1. Migration to Version 8.0.1........c.ccoceiiiiiiininiiniiiececeeeeeeeeee 2695
E.198.2. Changes .......cccoueiuiiiiiiiiieiieieccneeeeee et 2695
E.199. REIEASE 8.0 ...coniiiiiiiiiiiiieeetet ettt ettt sttt 2695
E.199.1. OVEIVIEW ..ottt ettt ettt et 2695
E.199.2. Migration to Version 8.0..........cccccecieiiiiiiiiniiiiiieceneceeeeeeeeeee 2696
E.199.3. Deprecated FEatures ............ccccoviriiiiiiiiicniiiiic e 2698
E.199.4. Changes .........ccooiiiiiiiiiiiiicceecee e 2698
E.199.4.1. Performance Improvements..........c..coceeeeeeeerierennenveneenennennen 2698

E.199.4.2. Server Changes .........coccoeeveeeirinienienienieeeienesieseeeeneeeneenenes 2700

E.199.4.3. Query Changes.......c.ccoceveeeiririnienienieieeeienesieseeeeneeene v 2701

E.199.4.4. Object Manipulation Changes ..........cc.cccceeeereneerieneneenenneens 2702

E.199.4.5. Utility Command Changes.........cc.ccoceeverierienieneerieneneeneneans 2703

E.199.4.6. Data Type and Function Changes ............cecceceveevieneneenennenns 2704

E.199.4.7. Server-Side Language Changes ........c..cccceeceevereeieneneenenenns 2706

E.199.4.8. pSql Changes .......ccccoeeverierienieneeienenieiesitetesie et 2707

E.199.4.9. pg_dump Changes.........c..ceceevuereerierenienienieieneeieneneenieniens 2707
E.199.4.10. libpq Changes .........ccccoeeeeviemeenienenienienieienieeeeniesieenieniens 2708
E.199.4.11. Source Code Changes ...........ccceevueerueenieeniennieenieeneeesieenieenns 2708

lii



E.199.4.12. Contrib Changes ..........ccoceevueerieerieriiieniienieeieesee e eieeieenns 2709

E.200. Release 7.4.30 ..o 2710
E.200.1. Migration to Version 7.4.30........cccovieriiriiienienienieeieeneesee e 2710
E.200.2. CRANEES ..cuvveeiiiiiieiieeieeieeiteete ettt sttt ettt ettt st st e s e saee s 2710

E.201. Release 7.4.29 .....ccooiiiiiiiieiieiteteeeeeteeeteeestt ettt e 2711
E.201.1. Migration to Version 7.4.29........cccovieriiriiiinienienieeieeseeeee e 2711
E.201.2. Changes ......ccccoerieieniieieiieceenieceeeeeetete et 2711

E.202. RelEase 7.4.28 ..ottt sttt ettt et 2712
E.202.1. Migration to Version 7.4.28.........cccccoiiiriininrenineeneneeeereeeeeeeeeeee 2712
E.202.2. Chanes ......c.coouiiiiiiiiieieiieeceereeeee et 2712

E.203. REIEASE 7.4.27 ..ottt sttt ettt e 2713
E.203.1. Migration to Version 7.4.27 ......ccccceveeeeiriinneeneenieeieeeeesee e 2713
E.203.2. Changes .....cooviiiiiieeiieieeiteete ettt ettt ettt 2713

E.204. REIEASE 7.4.20 ..ottt sttt ettt et e 2714
E.204.1. Migration to Version 7.4.26........ccccceverieiininieneeeee e 2714
E.204.2. CRANGES ....veoveeneerieeiieieeeee ettt sttt 2714

E.205. REICASE T.4.25 ..ottt ettt sttt 2715
E.205.1. Migration to Version 7.4.25......ccccooeriiiiiininieneeeee e 2715
E.205.2. CRANGES .....eveenieieeiieieeitee ettt sttt 2715

E.206. Release 7.4.24 ....c.covoiiiiiiiieieiceeteseeeeet ettt 2716
E.206.1. Migration to Version 7.4.24.........cccccverirnininienineenenenenieeeeeesee e 2716
E.200.2. CRANGES .....eoveeniiiieiieieeiteeeiceeseetee sttt st 2716

E.207. Release 7.4.23 ..ottt 2716
E.207.1. Migration to Version 7.4.23......ccccoceviririeninienineeneneetenienieeeeseenee 2717
E.207.2. CRANZES ..cuvveeeiieiiieiieeieeieete sttt ettt ettt e st ebeesaaesatesbaenseesnne s 2717

E.208. Release 7.4.22 ....c.ccooiiiiiiiiiiiiciciieeteeese sttt 2717
E.208.1. Migration to Version 7.4.22........cccoeceerveeriieeneenienieenieeneesneenseenaeesanes 2717
E.208.2. CRANEES ..cuvveeuiiiiieiieeie ettt ettt sttt ste et et st s beenaeesaee s 2717

E.200. Release 7.4.21 ..ot 2718
E.209.1. Migration to Version 7.4.21 ......ccccevieriiiniieniinienieeieeseesie e 2718
E.200.2. CRANEES ..cuvveviiieiiieiieeieeieeteste ettt sttt ettt ettt et st e e s 2718

E.210. Release 7.4.20 ..o 2718
E.210.1. Migration to Version 7.4.20........ccceeceeriiriieenienienieenieenee e ereesiee s 2719
E.210.2. Chanes .....cccovuiriieieiieieiieieeieneetee ettt 2719

E.211. ReIEASE 7419 ittt ettt et 2719
E.211.1. Migration to Version 7.4.19......c..cccccoiiiiiiininiiniiceneceeeeeeee 2720
E.211.2. Chan@ES .....coeeiiiiiieiieieeeeeeese et 2720

E.212. RelEASE 7.4 18 .ottt sttt ettt et e 2721
E.212.1. Migration to Version 7.4.18......c..cccccoiiiiiiiiiiiiiicicnecceeee 2721
E.212.2. CRANEES .ecveeeuiieiieiteete ettt ettt ettt e 2721

E.213. ReICASE 7.4 17 .ottt sttt 2721
E.213.1. Migration to Version 7.4.17 .....cccooeiiiieiinieene e 2721
E.213.2. CRANGES -...veeveenieieeieieee ettt sttt e 2722

E.214. REILASE 7.4, 16 ..ottt ettt et s 2722
E.214.1. Migration to Version 7.4.16........cccceviiiiiininieniiiene e 2722
E.214.2. CRANGES ....veoveeneiiieiieieeeee ettt sttt 2722

E.215. RelEASE 7415 .ottt s 2723
E.215.1. Migration to Version 7.4.15.....ccccooiiniiiiiiniiienineeeneeeeeeeeeeee 2723
E.215.2. ChanES .....ooueeeiiieieieeiteeeiee sttt st 2723

E.216. Release 7.4. 14 ...oooiiiiiiiieeceteeeeet sttt 2723
E.216.1. Migration to Version 7.4.14......c.ccoceverirniininienineeneneeeeeeeeeeaee 2723
E.216.2. CRANGES ...c.veoveeniiieeiieieeiteeetcete ettt sttt 2724

liii



E.217. REIEASE 7. 4. 13 oot e e e e e e e eetreaeeens 2724

E.217.1. Migration to Version 7.4.13 . ....ccceirieriiniieieiesieeieesee et 2724
E.217.2. CRANEES .eouvveiiieiieiteete ettt ettt ettt et s saee s 2724
E.218. Release 7.4.12 ..ot 2725
E.218.1. Migration to Version 7.4.12......cccceovieriiriiinienienieeieeseeeee e 2725
E.218.2. ChanES .....ooeeiiiieieiieeeieectereetee ettt 2725
E.219. ReIEASE 7.4 11 .ottt sttt ettt ettt 2726
E.219.1. Migration to Version 7.4.11......c.ccoccoiiiiiiiininiiniieeceeeeeee 2726
E.219.2. ChanEs ......ceoouiiiiiieiieieieeeeree et 2726
E.220. RelEase 7.4. 10 .c.cieieieiiiiiiieieteeeieetesestetee ettt ettt et 2727
E.220.1. Migration to Version 7.4.10......c..cccccooiiiiiiiiiiiniiiieceeceeeeee 2727
E.220.2. CRANEES ..c.eeeouiieiieiieiieeeeteete ettt ettt ettt e 2727
E.221. ReIEASE 7.4.9 .ottt sttt 2727
E.221.1. Migration to Version 7.4.9.......cccccccvvirimiineneneeiinieneneneerereeeneenennene 2727
E.221.2. CRANGES -...vevieneeeieeieieee ettt sttt 2728
E.222. REICASE T.4.8 ..ottt ettt sttt 2728
E.222.1. Migration to Version 7.4.8........ccccecieriiirnininiene et 2728
E.222.2. ChANGES ....veveeniiiieiieieeeee ettt sttt 2730
E.223. REICASE 7.4.7 .ottt sttt s 2731
E.223.1. Migration to Version 7.4.7 .......ccccevererienenenienineene et 2731
E.223.2. ChANGES ...uveoveenieiieiieieeeteeee ettt st 2731
E.224. REICASE 7.4.6 ..ottt 2731
E.224.1. Migration to Version 7.4.0.......ccocceeuevirienieneniienineeneneneenieseeee e 2732
E.224.2. CRANGES ....veoveeiiiieiieieeiteteetcee ettt sttt 2732
E.225. RelEASE 7.4.5 oot 2732
E.225.1. Migration to Version 7.4.5.....cccoecverieriiiniiieiieneesieeieeseesteeveesaee s s 2733
E.225.2. CRANEES .oouvveeiiieiieiieeie ettt sttt et ettt e st st esaeesaee s 2733
E.226. Release 7.4.4 ...cc.coviiiiiiiiiiiiciiccece et 2733
E.226.1. Migration to Version 7.4.4........ccccvevieriiniiienieniesieeieesee st esveesiee s 2733
E.226.2. CRANEES ..cuvveviiiiiieiieeie ettt sttt e be ettt saeesaee s 2733
E.227. Release 7.4.3 ..o 2734
E.227.1. Migration to VErsion 7.4.3......cccoceiriiriiniieeeneesie ettt 2734
E.227.2. CRANEES .eouvtiiiiiiieiieete ettt sttt st ettt s 2734
E.228. ReIEASE T.4.2 ...ttt sttt s 2735
E.228.1. Migration to Version 7.4.2........cccoccevirieieninienineenenecreieseeeeene e 2735
E.228.2. Chanes ......ccoouiiiiiieiieieieeeceseeeee ettt 2736
E.220. REIEASE 7.4.1 .ottt sttt ettt e 2737
E.229.1. Migration to Version 7.4.1........ccccoceviiiiiiiniiiiiiicienecceeeceeee 2737
E.229.2. Changes ......c.ccoiiiiiiiiiieiieecere e 2737
E.230. REIEASE 7.4 ..ottt sttt sttt 2738
E.230.1. OVEIVIEW ...ttt sttt et sttt 2738
E.230.2. Migration to Version 7.4 ........ccccocerienirienieneeiene et 2740
E.230.3. CRANGES -...veoueeneeeieeieieei ettt sttt 2741
E.230.3.1. Server Operation Changes ...........ccoceeeeerenienieneerienenienenees 2741

E.230.3.2. Performance Improvements ...........c.ccecueruereenieneeieneneenenneans 2742

E.230.3.3. Server Configuration Changes ..........cc.cccceeeeveneeriencneenenens 2743

E.230.3.4. Query Changes..........cecuevuerienieneenienienieiesiceie et 2744

E.230.3.5. Object Manipulation Changes ..........cc.ccceveevieneerieneneenenenns 2745

E.230.3.6. Utility Command Changes.........cc.ccoceeeveruerienieneerieneneenenenns 2746

E.230.3.7. Data Type and Function Changes ...........cecceceveeveeneneenenenns 2747

E.230.3.8. Server-Side Language Changes ........c..ccccceceevvereeveeneneeneneens 2749

E.230.3.9. pSQl Changes .......c.ccoeeierierieniineeienienieiesieetesieeeenee e 2749

liv



E.230.3.10. pg_dump Changes...........cceevueerueerieerieenieenieeieesee e esieeneeenns 2750

E.230.3.11. Ibpq Changes ........cccccueruerrieenieerieeieenieesieeieesieesieeeieenieenne 2750
E.230.3.12. JDBC Changes .....ccccceeverierrieeniienieeieeiee e eieesieesieesieeniee e 2751
E.230.3.13. Miscellaneous Interface Changes ..........ccoceeveeveeniensiennieenne 2751
E.230.3.14. Source Code Changes ...........cccceevueerueenieenieesieeneeniieesieenieenns 2751
E.230.3.15. Contrib Changes .........c..ceceeuerienerienieenieneeienceeeneneenenieens 2752

E.231. ReIEASE 7.3.21 .ottt ettt ettt e 2753
E.231.1. Migration to Version 7.3.21......c.ccccccoiiiiiiininiininieneneeeeeeeeeeeeeee 2753
E.231.2. Changes ......ccoouiiiiiiiiieieiieeceeeeeeee ettt 2753
E.232. RelEaSE 7.3.20 ..ottt sttt ettt ettt e 2753
E.232.1. Migration to Version 7.3.20......c..cccccoiiiiiiiiiiiniiiccnececeeeeeeee 2754
E.232.2. CRANEES ..cuveeouiieiieiieete ettt ettt ettt et 2754
E.233. RelEaSe 7.3.19 .ottt sttt ettt e 2754
E.233.1. Migration to Version 7.3.19.......cccccceviviminenennininenenrereeeeeeeennene 2754
E.233.2. CRANGES -...eeoeeenieieeieieee ettt sttt 2754
E.234. Release 7.3.18 ..ottt ettt et st 2755
E.234.1. Migration to Version 7.3.18......cccociiiiiiiiiiiiene e 2755
E.234.2. ChANGES ....veoveeieiiieieieeiee ettt sttt 2755
E.235. ReIEASE 7.3.17 oottt sttt s 2755
E.235.1. Migration to Version 7.3.17 .....ccccoveriiiininiinieniieee et 2755
E.235.2. ChanEs .....coeeieriieieiieiteteeieete sttt sttt 2755
E.236. Release 7.3.10 ....coocueiiiiiiiiieieicteiteteeeeet ettt 2756
E.236.1. Migration to Version 7.3.16......c..cccceveririiininiienincenicnenieeseeeeeenee 2756
E.236.2. Chan@ESs .....coeevuiriieiiieeiieieeicete sttt 2756
E.237. Release 7.3.15 ..ottt 2756
E.237.1. Migration to Version 7.3.15....ccccccveriiriiniiieiieienieeeeesee st 2756
E.237.2. CRANEES ..cuvveeiiieiieiieeieeitete sttt st ettt et e be et st sbeesaeesaee s 2757
E.238. Release 7.3.14 ..o 2757
E.238.1. Migration to Version 7.3. 14 ......ccccoeviiriiniiiiniienienieeieesee et 2758
E.238.2. CRANEES ..cuvveviiieiiieiieeieeieeteete ettt sttt ettt ettt st st e s s 2758
E.239. Release 7.3.13 ..o 2758
E.239.1. Migration to Version 7.3.13 . ...cccciiriiriiniieieiesieeieeeeee e 2758
E.230.2. CRANEES ..cuveeeiiiiiieiieeie ettt sttt st ettt et et 2758
E.240. Release 7.3.12 ..c..coovoiiiiiieieeeeeteeeeet ettt ettt sttt s ne s 2759
E.240.1. Migration to Version 7.3.12......c.cccccooiiiiiiininiininienenecreeeeeeeeeeee 2759
E.240.2. Changes ........ccoeiieiiiiieieiieicieneeeeee et 2759
E.241. RelEaSE 7.3.11 .euiiiieiiiiiiitiietetcceteteset ettt sttt ettt e 2759
E.241.1. Migration to Version 7.3.11......c.ccoccoiiiiiiiiiiiiiiiccceeeeee 2760
E.241.2. CRANEES .ccveeeuiiiiieiieetteeet ettt sttt ettt 2760
E.242. Release 7.3.10 ..ottt sttt ettt e 2760
E.242.1. Migration to Version 7.3.10......ccceceiiriiiiniiene e 2760
E.242.2. CRANGES -...veveeieieeieeteee ettt sttt 2761
E.243. RelEaSE 7.3.9 ..ottt e 2762
E.243.1. Migration to Version 7.3.9......ccccccecvviriminenenieiineneneserereeeneerennene 2762
E.243.2. CRANGES ....veoveenieiieieieeiee ettt sttt 2762
E.244. RelRaSE 7.3.8 ..ottt sttt 2762
E.244.1. Migration to Version 7.3.8........cccovieririininiiieneneeie et 2763
E.244.2. CRANGES ....veovieiiiieieiieiteeeee ettt et 2763
E.245. REICASE 7.3.7 .ottt 2763
E.245.1. Migration to Version 7.3.7 .....cc.ccoceevuererieniinienienineenieneetesieseee e 2763
E.245.2. CRANGES ...c.veoveenieiieiieieeiteetcee ettt 2763
E.246. RElEASE 7.3.6 ...cvoviiiiiiiiiiiiiciectceteeeet et 2764

lv



E.246.1. Migration to Version 7.3.6....c.cccecverieriiriiieniieniienieeieesee et eveesaee s 2764

E.246.2. CRANEES ..c.vveviiiiiieiieeteeieeteete ettt sttt ettt s be e e saee s 2764
E.247. REIEASE T.3.5 ..ottt sttt et 2764
E.247.1. Migration to Version 7.3.5....ccccoeviiriiniiniieieeitesieeiteste et 2765
E.247.2. CRANEES .ecuveeiiiiiieiteete ettt ettt st ettt st 2765
E.248. ReIEaSE T.3.4 ...ttt s 2765
E.248.1. Migration to Version 7.3.4........ccccoceririieiininenineenene e 2766
E.248.2. Chanes ......ccccouiiiiiiiieieiieeceseeeee ettt 2766
E.249. RelEaSE 7.3.3 ..ottt ettt ettt 2766
E.249.1. Migration to Version 7.3.3........ccccociiiiiriiniiiiiieceneeeeeeeeee e 2766
E.249.2. Changes ........ccoiiiiiiiiiiieiiiceseece e 2766
E.250. ReIEASE 7.3.2 ..ottt sttt ettt et st 2768
E.250.1. Migration to Version 7.3.2.......ccoceeiiiirienienieiene e 2768
E.250.2. CRANGES -...veveenieieeieieei ettt sttt et 2768
E.251. ReIEASE 7.3.1 ettt ettt ettt b 2769
E.251.1. Migration to Version 7.3.1....cccccociriiniiiiiiniiieneeeee e 2770
E.251.2. CRANGES ...uveveeneeieeieieee ettt sttt 2770
E.252. REICASE 7.3 ...ttt ettt sttt et st 2770
E.252.1. OVEIVIEW ..ottt st sttt 2770
E.252.2. Migration to Version 7.3 .......cccccocerieriiienienenieniencene et 2771
E.252.3. Chanes .....coeevueriiiieiieiieieeicete sttt st 2772
E.252.3.1. Server Operation ...........cocceceevuereenienenienienieienieeeenieseenienieens 2772

E.252.3.2. Performance ...........coeecveriereenieneenienenieiesieeiesieeite e 2772

E.252.3.3. PriVIIEZES...eecuteitieeiieiieiiie ettt ettt re et s eae e e 2773

E.252.3.4. Server Configuration...........ceceereerueesieeneenieesieeneeseessueesieenns 2773

E.252.3.5. QUETIES ....uviieiiieeiiee et ettt ettt eeve e e e e ear e evaeesaveeeens 2774

E.252.3.6. Object Manipulation ...........ceceerveerieerieenieenieeiieenieesieeieenieenns 2774

E.252.3.7. Utility Commands...........coceevueereeriensieeniiesieerieeneeseessieenieenns 2775

E.252.3.8. Data Types and FUNCHONS .......coceerieriiieiiienieeieerieenieeieeieene 2776

E.252.3.9. Internationalization ..........cc.ccceveeniererieenienieenieneeieneneenenieens 2777
E.252.3.10. Server-side Languages ...........ccceevveeveeenieenienieeneeneeesieenieenns 2778
E.252.3. 11, PSQLacieiiiiiieieieeieeeteteeeee et 2778
E.252.3.12. 1IDPQ ceevinrieiiiiiiieieeceteeecere e 2778
E.252.3.13. JDBC ..ottt 2779
E.252.3.14. Miscellaneous Interfaces...........ceevueeveeevieenienienneenieesieenieenne 2779
E.252.3.15. SoUrce Code.....cc.eovvuiiniiiriiniiiiienieeeeieestee et 2779
E.252.3.16. CONLIID ...cueniniiiiiierieciciecseeceteee ettt 2781

E.253. ReEICASE 7.2.8 c..cuienienieiieiiiiestctetete ettt sttt ettt e 2781
E.253.1. Migration to Version 7.2.8........cccccccoiiiiiiniiiiniiieenecreeeeeeeeee 2781
E.253.2. CRAnEES ..c.eeeeuiiiiiiiieiie ettt ettt ettt 2782
E.254. REICASE 7.2.7 .ottt ettt sttt sttt et sae et aesneens 2782
E.254.1. Migration to Version 7.2.7 .......cccceeveriiieienieiene et 2782
E.254.2. CRANGES -...veveenieeieeieteee ettt sttt 2782
E.255. REICASE 7.2.60 ..ottt st 2783
E.255.1. Migration to Version 7.2.0.......ccoceecuererienienienienie e 2783
E.255.2. CRANGES ....veveeniiiieieieeeee ettt sttt 2783
E.256. REICASE T.2.5 ..ottt sttt et s st 2783
E.256.1. Migration to Version 7.2.5.....ccccocvveririiiininieneneeie et 2783
E.256.2. CRANGES .....ooueenieieeiieieeiteetee sttt 2784
E.257. REICASE T.2.4 ..ttt sttt ettt 2784
E.257.1. Migration to Version 7.2.4 ........cccceceririenieneniienineeneneeeenieseeee e 2784
E.257.2. CRANZES ..coveveeniiiieiieieeiteeceeste ettt sttt 2784

i



E.258. REIEASE 7. 2.3 ..ottt e e e e et e e e eeare e e e e eetreeeeeens 2785

E.258.1. Migration to Version 7.2.3......ccccceerieriiiniieniienienie ettt evee e 2785
E.258.2. CRANEES ..cuvveiiieiiieiieeteeitete ettt ettt ettt s saee s 2785
E.259. Release 7.2.2 ...cccoiiiiiiiiiiiiiiciiccc e 2785
E.259.1. Migration to Version 7.2.2.......cccceevieriiiniieeniienienieesieesee st 2785
E.259.2. Chanes ......cccooviiuieiiiieieiieeceese ettt 2785
E.260. REIEASE 7.2.1 c..oieiiiieiieiiiieititetetecetet ettt sttt ettt ettt e 2786
E.260.1. Migration to Version 7.2.1.....c.ccococeiiiiiiininiiniiececreeeeeeeeeee 2786
E.260.2. Changes ........ccoerieiiiiiiieiieieenieeeeee et 2786
E.2601. REIEASE 7.2 ..ottt ettt sttt sttt 2787
E.261.1. OVEIVIEW ..ottt ettt ettt ettt st 2787
E.261.2. Migration to VErsion 7.2.......cccoceeiererienieniieiene e 2787
E.261.3. CRANGES -...veeeeieieeiecieei ettt st 2788
E.261.3.1. Server Operation ..........cccceeevereenieneeienienieie e seeseesie s 2788

E.261.3.2. Performance ...........ccceecuereeienieneerieseeieieeicee et 2788

E.261.3.3. PrIVIIEEES.....cveuiiiiriiniericicieiietsttsereeteeeee e 2789

E.261.3.4. Client Authentication .............cceceevuererienienienieneeiene e 2789

E.261.3.5. Server Configuration..........ccceceeevuenrenveieininenenieneeeeeeeenenes 2789

E.261.3.6. QUETIES .....uviieiiieeiiee ettt ettt et eaee s 2790

E.261.3.7. Schema Manipulation .............coccevererienienienieneeienienieneneens 2790

E.261.3.8. Utility Commands.........c.cceceevuereerenerienienienieneeeenieneenieniens 2790

E.261.3.9. Data Types and FUnctions..........cc.ccocceevereneenieneeniencneenenenns 2791
E.261.3.10. Internationalization ............ccceevuevvevveieeeinenienieneeieeeeeeennen 2792

E.261.3.11. PL/PESQL ....eoiiiiiiiiiiiiiieitieceeeeeesieeeeeee s 2792

E.261.3.12. PL/PEIT ...t 2793

E.261.3.13. PL/TCL ..ot 2793
E.261.3.14. PL/PYthON ....cooviiiiiiiiiiiiiiiiiiccceceee e 2793

E.261.3.15. PSAL.ueiiiiiiiiiiiiiiicice e 2793
E.261.3.16. lIDPQ ..vovinieiiiiiiiiiccccc e 2793
E.261.3.17. JDBC ...t 2793
E.261.3.18. ODBC ..ottt 2794
E.261.3.19. ECPG .....ccocoiiiiiiiiiiiiiiiciceee s 2795
E.261.3.20. Misc. Interfaces..........cccceivininiininiiiiiiiiiicniccccncen 2795
E.261.3.21. Build and Install..........cc.cocooeiniiiininiiiiinieiinceeeeeeieee 2795
E.261.3.22. S0UIce COde.....ccueervieiiirienieeieeeieeeeiee sttt 2796
E.261.3.23. CONLIID .ouvenieiiiiieieniectceeeeeteeeeee et 2796

E.262. Release 7.1.3 ..ottt ettt sttt ettt ettt e 2796
E.262.1. Migration to Version 7.1.3........ccccociiiiiiiiniiiiiccececeeeeee 2796
E.262.2. Changes ........ccoiiuiiiiiiiiieiiecese e 2797
E.263. REIEASE 7.1.2 ..ottt sttt ettt e 2797
E.263.1. Migration to Version 7.1.2......ccccccecvviriminenienieiininenenrereeeeeneeennene 2797
E.263.2. Changes .........cocooiiiiiiiiieiiicereece e 2797
E.2604. ReIEASE 7. 1.1 cueiiiiiiieeeeeeeee ettt ettt et sae st saen 2797
E.264.1. Migration to Version 7.1.1 .....ccccccevriminiinenenieiiinenenicrereeeneeenene 2798
E.264.2. CRANEES .....ooviveieieiieiieiinesiestctet ettt ettt 2798
E.265. REICASE 7.1 ..ottt sttt sttt st 2798
E.265.1. Migration to Version 7.1 .......ccccovevieniiiinieniniene et 2799
E.265.2. ChaNGES .....ooueeieiieieiieiteecee sttt ettt 2799
E.266. Release 7.0.3 ...c.oiiiiiiiiiieeeeeieteeeee ettt 2802
E.266.1. Migration to Version 7.0.3.......ccocovieriririininienineeieneeeeieseeeenee 2802
E.266.2. CRANGES .....ooveiniiiieiiiiieiteieeiceteseetee sttt st 2803
E.267. Release 7.0.2 ...cc.ooviiiiiiiiiiiicieeeteeeeee ettt 2803

vii



E.267.1. Migration to Version 7.0.2.......ccccceevieriiriienienienieeieesee et 2804

E.2607.2. CRANZES ..cuveeeiiieiieiieeit ettt ettt sttt ettt b et st st e e saee s 2804
E.268. Release 7.0.1 ..o 2804
E.268.1. Migration to Version 7.0.1......cccoccveviiriiiniiiinieienieeiteeeeee e 2804
E.268.2. CRANEES ..cuveeuiieiieiieeie ettt ettt ettt st 2804
E.269. ReIEase 7.0 ....ceoruiiiiiiiiiiiiicieeteeee ettt ettt e s 2805
E.269.1. Migration to Version 7.0........ccccoceeveeririieiieninienineeneneerereeeeeeeneenee 2805
E.269.2. Changes ........ccoeoiiiiniirieiieeeiesieeeeee et 2806
E.270. Release 6.5.3 ...c.ciiiiiiiiiiiiieicteceitetestestetet ettt ettt ettt e 2811
E.270.1. Migration to Version 6.5.3........c.cccceviiiiiiniiiiniiieeneeeeeee e 2812
E.270.2. Changes ......c.ccoiiiiiiiiiiieiieecese e 2812
E.271. ReIEASE 0.5.2 ..ottt ettt ettt et st snens 2812
E.271.1. Migration to Version 6.5.2.......cccceeueiirieiinieiene e 2812
E.271.2. CRANEES .eouveeiiiiiieiieete ettt ettt ettt 2812
E.272. ReIEASE 0.5.1 .ottt et sben 2813
E.272.1. Migration to Version 6.5.1.......ccccoceiiiiiiiniiienicee e 2813
E.272.2. CRANGES ....veveenieieeieieee ettt sttt 2813
E.273. REILASE 0.5 ...ttt ettt et 2814
E.273.1. Migration to VErsion 6.5........ccccocevvieririenieniinieneneeie et 2815
E.273.1.1. Multiversion Concurrency Control ..........c..cecceveevieneneenennnnne 2815

E.273.2. CRANZES ..ottt st 2815
E.274. REIEASE 6.4.2 ..ottt 2818
E.274.1. Migration to Version 6.4.2........c.ccocueverievienenienineenenenienieneeeenieenee 2819
E.274.2. CRANZES ....veoveeniiiieiieieeiteeetcete ettt st sttt 2819
E.275. ReleaSE 6.4.1 ..cueoniiiiiiiiiiiiiciccceteeeee st 2819
E.275.1. Migration to Version 6.4.1.........ccceeveeriiriiienieenienieeieenee e esveesiee s 2819
E.275.2. CRANEES .oouvveiiieiiieiieeie ettt st ettt ettt ebeenaeesaee s 2819
E.276. REleaSE 6.4 ......ovoiiiiiiiiiiiiiciciccecee e 2820
E.276.1. Migration to VErSion 6.4.........cccoceevieriiriiieniienienieenieeseeseeeveesiee e 2820
E.276.2. CRANEES ..cueeeiiiiiieiieeie ettt sttt ettt e be et st b e saee s 2821
E.277. Release 6.3.2 ..ottt 2824
E.277. 1. CRANEES .eonvveiiieiiieiteee ettt ettt st ettt s e i s 2825
E.278. Release 6.3.1 ..ot 2825
E.278.1. Chanes ......cccoouiiuieiiiieieeieeecereceee ettt 2825
E.270. REIEASE 6.3 ...ttt sttt sttt 2826
E.279.1. Migration to Version 6.3........c..ccccecveriirieiieniinienineeeneeeereee e 2827
E.279.2. ChANGES .....ocueeiiiiiiiiieeteteeeeee et 2827
E.280. REIEaSE 6.2.1 ..cveniiiiiiiiiiiniiieieietettetentesteteteie ettt ettt et e 2830
E.280.1. Migration from version 6.2 to version 6.2.1...........cccccoccoviiinininnnnne. 2831
E.280.2. CRANEES ...veeriiieieeiieiieeieeteee ettt ettt 2831
E.281. REILASE 0.2 ...ttt ettt sttt ettt eneen 2831
E.281.1. Migration from version 6.1 to version 6.2........c.ccccceeereeueneneeseennenne. 2832
E.281.2. Migration from version 1.x to version 6.2 ..........cccceeceveeeeneneenennenne. 2832
E.281.3. CRANGES -...veoveeneeieeieieee ettt sttt 2832
E.282. ReIEASE 0. 1.1 .ottt sttt et 2834
E.282.1. Migration from version 6.1 to version 6.1.1........ccccooceneriinininncnene 2834
E.282.2. CRANGES ....veveenieieeiieieeieeeee sttt sttt 2834
E.283. REICASE 6.1 ...ttt s 2835
E.283.1. Migration to Version 6.1 .......cc.ccoceeiererieiieninienineenieneeeenieeeeeesenee 2835
E.283.2. ChANGES .....eoveeniiiieiieieeiteetceeste ettt et 2835
E.284. Release 6.0 ......ccooueuiiuiiiiiiiiiieicicicieteeeeee ettt 2837
E.284.1. Migration from version 1.09 to version 6.0.........c..ccocerervveneneenuencnne. 2837

viii



E.284.2. Migration from pre-1.09 to version 6.0 .........cccccevvuvevieenieeniienieeneennnenn 2837

E.284.3. CRANEES ..cuvveviiiiiieiieeieeieeteste ettt sttt ettt s saee s 2838
E.285. Release 1.0 ..o 2840
E.286. Release 1.02 ..o 2840

E.286.1. Migration from version 1.02 to version 1.02.1.......cccccoccecvevinieenncnne. 2840

E.286.2. Dump/Reload Procedure ..........c..coceeerieieniinieninieenecreeeeeeeeee 2840

E.286.3. Changes .......cccocerieiiriieieiieieienieeeeeee ettt 2841
E.287. Release 1.071 .c.couiriiiiiiiiiiiiicictcceeterecteeee sttt ettt et 2841

E.287.1. Migration from version 1.0 to version 1.01............ccccoiiiiiinninnne 2841

E.287.2. ChANGES ... e 2843
E.288. REIEASE 1.0 ...ciiiiiiiiiiiiiieieeeete ettt st 2844

E.288.1. CRANEES ..uveeuiieiiieiieeteeteeteete ettt ettt 2844
E.289. Postgres95 Release 0.03 ..ot 2845

E.289.1. Changes .........ccccoiiiiiiiiiiiiiicccce e 2845
E.290. Postgres95 Release 0.02.........c.ooiiiiiiiiiiiiiiiii e 2847

E.290.1. ChanGEs .....coeevevieieiieiieiinienieteetetet ettt et 2847
E.291. Postgres95 Release 0.01....cc.couiiiiieiirieiiiieieceese et 2848

F. Additional Supplied MOGUIES ..........ccccoueuriririniiicicieteeeeeteeee et 2849
FoL. admMinpackK......coeeviiiiiiiiiiiieieeee ettt et st 2850

F.1.1. Functions Implemented............coceveriininiinieninieneneee et 2850
F2. auth_delay......ccooiiiniiiiiiiiiiiciccceeee et 2850

F.2.1. Configuration Parameters..........cccceveriererienienienienieneeieneerenieeeeee e 2850

F2.20 AUNOT ..o e 2851
FL3. QUL0_@XPlAINtciuiiiiiiiiiieiiecie ettt sttt sttt et e enbe et e sabeenbeebee e 2851

F.3.1. Configuration Parameters..........ceceevvierienieniienieniesieeieeseesveeveeseeesnnens 2851

Fo3.20 EXAMPIE c.ovvieiieeiiieiteeeete ettt sttt st ettt et e s e sane s 2852

F3.30 AUNOT ..o 2853
Fid DLIEE_ZIN ittt sttt st ettt sttt sabeenbeebee e 2853

F4.1. EXAMPIE USAZE ...coveeriiiiiiiiieiienieeieeitesite ettt ettt s beesaee s n 2853

Fid.2. AUNOTS ..ot 2853
FLS. DIEE_GISt ettt sttt sttt et st sttt e e b e 2853

F.5.1. EXAMPIE USAZE ...couveeviiiiiiiieiiesiieeeeitesite ettt sttt st s 2854

F5.20 AUNOTS ..o 2854
FLB. ChKPASS....ceiiiiiiieiireeee ettt sttt et s 2855

FiO. 1. AULNOT ..ttt 2856
BT CIEEXE ottt ettt et sttt et st et be e st e e b e e 2856

F7.1. RAIONALL ..ottt 2856

F7.2. HOW t0 USE Lttt 2856

F.7.3. String Comparison Behavior............cccccccooiiiiiiiiiniiiniicceeceee 2857

F.7.4. LIMILAIONS ..cuveeieiiieieiieieei ettt et s e e 2857

F7.5. AUNOT ..ottt st 2858
FL8. CUDC ...ttt s 2858

FL8.1. SYNTAX .ttt 2858

FL8.2. PrECISION. ....eiiiiiieiiiieetet ettt sttt 2859

Fi8.3. USAZE....oiiiiiiiiiic 2859

F.8.4. DEfaUls ...c.eoiuiiiieiiiieieiee ettt 2861

FL8.5. INOLES .ttt st e 2861

FL8.6. CIdiltS ....ueuiiiiiiiieicicieitee sttt 2862
FLO. dDINK .ot 2862

ADIINK _ COMMECT ...vviiiiiiieiiee ettt e e et e et et e eeeeeessessesessnasasaaasees 2862

ADIINK _ COMMECE_Uiiiiiiiiiiiieiiiieeeeeeteeee et e et e e et e e et e eeeeeeeesessssessnsssssseeees 2865

ADINK_AISCOMMECT ..oevviiiiiiiiieeieeeeee ettt ettt ettt e e e e e e e e e e ssesesnsnasaaseees 2866

lix



ADINK L. e 2867

ADIINK_EXEC ..vvieiiriieeiiiieeiieeciiee et ettt e et e e et e e e aae e sb e e e beeeebeeetseaeeseesasaeessseeennes 2870
ADIINK_OPCI. ...ttt ettt sttt et et st et e b e saee s 2872
ADINK_FELCH et e e eb e st re e e rae e 2874
ADINK_CLOSE ..veeevieeeiiiieeieeeciee ettt et e ettt e st e e s beeeebeeetbeeeebeesnsaeessseaennes 2876
dblink et _CONNECHIONS .....eouveiiriieiiiiieienieeteeee ettt 2878
ADIINK_EITOT_MESSAZE ...cuveevieiiieiieiienite ettt ettt ettt ettt e st e beesaeesaee s 2879
ABIINK_SENA_QUETY ...eeitiiiiieiieeiieeieeeteete ettt sttt s 2880
ADINK_IS_DUSY vttt ettt ettt et 2881
ABIINK_@Et_NOUILY .ottt 2882
ABINK_@EL_TESUIL..cneiiiiiiiieiieiceee ettt 2883
dblINK_CaNCEl_qUETY ...coouiiiiiiiieiieieeieee sttt 2886
ADINK_ GOt PKEY . .eeniieeieieeieee et 2887
dblink_build_SQI_INSeIT......ceoviiuieiieiieiieie st 2889
dblink_build_sql_delete .........cceeieiiiriiiinieieeee e 2891
dblink_build_sql_update.........cceeeeiuirieiinieieeeeee e 2893
FL1O. AICE_INT Loiiitiiiiee ettt ettt e et e et e et e e et e e eetaeeeeteeeeraeeenreeean 2895
F.10.1. CONfIGUIALION ..eovviiiiiieiieiieieeicete sttt 2895
FiL0.2. USAZE..cutieutiiieiieieeieetete ettt st sttt 2895
FoL T IOt _XSYIu ettt ettt ettt sttt et s b et sae st eaesbeens 2895
FoI1.1. CONfIGUIALION ..eovviiiiiiiiiriieiinicetesteetee sttt sttt 2895
FilT.2. USAZE .ottt st sttt 2896
F.12. €arthdiStANCE ......c.vveieiiiieiiie ettt ettt et et e e eta e e e te e e eaaeeearaeeas 2897
F.12.1. Cube-based Earth DiStances ..........ccccovuvreiiireeiiiieeieeeciee e 2897
F.12.2. Point-based Earth DiStances ..........ccccoccvieiiiieeiiiieciieeciee e 2898
Fo13. fI1e fAW oottt ettt et et aa e earaeeas 2899
F14. fUZZYSIIMALCR......eiiiiiiiiiiicieeece ettt st ettt et nee 2901
Fo14.1. SOUNAEX...ciiiiiiieiiiieciieeetee ettt et e e eeev e e e stbeeeebeesabaeesavaeenes 2901
F14.2. LeVeNSNLEIN ....cccviiiiiiieiiieeiee ettt ree e e e stbeeeseb e e evreesavaeenns 2902
Fo14.3. MEtaPRONE. ....c.eeviiiiieiiieiieiteeiie ettt ettt st ettt st n 2902
F.14.4. Double Metaphone.........coceevuierieriiiinienienieeiteniteste ettt st 2903
LR BT 1 1] () (OSSPSR 2903
F.15.1. hstore External Representation ........cc.ccoecveeveeneeniieenieeneenieeiceneeneenn 2903
F.15.2. hstore Operators and FUNCHONS ......c..ccccecveviirieniinieneneireieneceeeene 2904
FoI15.3. INAEXES wevveeiieeiieeee ettt e et e et e e e e earaee e e eearaaeeeeas 2907
FiI5.4 EXAMPIES ....oioiiiiiiiiiiieicieeeceseeeee ettt 2907
FL15.5. SASICS wveeeeneiieeeeie ettt et e et e e e e e eeaneeeeneeeeeaeeeenns 2908
F.15.6. COMPAtDILILY ..ooveeeeieiieiieieeieee et 2909
F.15.7. TransSforms .......ooeiieiieiiiii et et e e e eeavreee e 2909
FLI5.8. AULNOTS....ooiiiiiiiei et ettt e evaaee e 2910
FoLO. INEAZE . ceeneeiieiiictecee ettt sttt ettt e 2910
Fo16.1. FUNCHONS ......viiiiiie ettt e et e eeaaeeeaeeeenns 2910
F16.2. SamPle USES....ccuecueieieiniiiiniinicicieieieetesesteseeeete et 2910
FoL7. ANEAITAY -ttt ettt sttt sb et bt et esbe s st eaesbens 2911
F.17.1. intarray Functions and Operators............cccceceerereenenereeneneeeenene 2911
Fo17.2. INEX SUPPOIT..coniiiiiiiiiiitieiieiteesteete ettt 2913
FoI17.3  EXAMPIE ..ottt sttt 2913
F17.4. BencChmark ...........coooviiiiiiiiiiicciecee ettt 2913
Fo17.5. AULNOTS ...ooiiiiiciie ettt et e ear e et e e e aeeeeaes 2914
FLL8. dSI.uiiiiiiiiceee ettt et et e b e e ta e e e ta e e eaaeeearaaeas 2914
FoI8.1. Data TYPES....eoueeiiriiiienieeiteieeieete sttt ettt 2914
FL18.2. CaStS ittt ettt e e e b e e e tr e e e etb e e etaeeeraeennes 2915

Ix



F.19.

F.20.

F21.

F.22.
F.23.

F.24.

F.18.3. Functions and OPErators .........ccceevveerierieriieenieeneesieenieeseesreesveesseesanes 2915

Fi18.4. EXAMPIES ..couiiriiiiiiiiieiiieieeiteste ettt ettt ettt e e i s 2916
F.18.5. BibLIOZIAPNY.....eiiiiiiieiiiiiieiteeteeeeteete ettt 2917
FiI8.6. AUNOT ...ttt 2917
L0 et et 2918
FI19.1. RAtIONALE ...ttt e 2918
F19.2. HOW t0 USE Tt ..ueiiiiiiieiiieieeeeeeetet ettt 2918
Fo19.3. LIMITAIONS «..ceuvieiiieiieniieeieeiteeite ettt ettt ettt s e e e n 29018
| N 11 4 o) PR 2919
JET@@ ..ottt ettt ettt e et e e et e e et e e et e et e e e nte e e taeeentbeeenbaeenaaeanreeeanns 2919
F.20.1. Definitions .....coeieiiiriieiiiiieeiieete ettt sttt 2919
F.20.2. Operators and FUNCHONS ..........ccccociviiiiiiiiiiiiiii e 2920
FL20.3. INAEXES ...veeeeiieeiie ettt ettt ettt e et e et e e et eeseseeesnsaeeenee 2923
F20.4. EXaMPIE ....ooiiiiiiiiiiiiiiceee e 2923
F.20.5. TranSfOrMS ....ccvieiveeiieeieeieeeeeeie ettt eeteereesteesaeeeeveeteesseessseensaenseessneas 2925
FL20.6. AULNOTS.....cocuiieiieiiecieeie ettt ettt e ete e teesaeesbeebeesseeesseensaenseesssean 2926
PAZEINSPECT ettt ettt ettt te et eat e s bt et e sbe s st et e sbeesbesbeeaeenbesbeenbenbens 2926
FL21. 1. FUNCHONS ..ceutteeiiieiieciieeie ettt ettt e ete et esebe e e esseessaeenbaenseesnne s 2926
PASSWOIACHECK ...ttt 2929
PE_DULTEICACKE. ...t 2930
F.23.1. The pg_buffercache VIEW......cccoiieiuiiiiiieeeiee ettt 2930
F.23.2. Sample OULPUL ...c..eeviriiriieiinieeienieeteesieeteeetee et 2931
F.23.3. AUTNOTS...c..oiiiiiiiiiiccee et 2931
PECTYPLO ottt ettt ettt ettt ettt sb et st s bt et s bt st e st estenae b be st eas 2932
F.24.1. General Hashing FUNCHionS...........cccovvieviiriiiinienienieeiceeeeie e 2932
F24.1.1. AigesSt () ceeeveerereenienieeieniceitete ettt st sae s 2932
F24.1.2. MAC () teveieeienieneeienieeteteetete sttt sttt et 2932
F.24.2. Password Hashing FUNCLIONS ..........ccocieviiriiinieniiiiieiceeecic e 2932
F24.2.1. CTYDE () crertieteeneeienieeteteeeete ettt sttt 2933
F24.2.2. Gen_Sa1E () tevveeeeeeiieeee et eeeeeee ettt e 2933
F.24.3. PGP Encryption FUNCHONS......cccueviiiiniieniiiiieiteeesieeieeee e 2935
F24.3.1. pgp_sSyM_eNCIYPE () teeeeerrreeeeeeeirreeeeeeireeeeeeerreeeeeeevreeeeeeeaneeees 2935
F24.3.2. pgp_syM_deCIYPE () weeeeeerreeeeeeeireeeeeeeereeeeeeerreeeeeeereeeeeeearee s 2935
F.24.3.3. pgp_PuUb_eNCTYPE () ereeererreririrenirieesreeesreeesereeesereesssneessseeennns 2936
F.24.3.4. pgp_pub_deCTYPE () eeeeerereereieesiieesreeesseeesreeessreesssseessseeennns 2936
F.24.3.5. gPp_Key_1d () wiererereeienieeieie ettt 2936
F.24.3.6. armor (), ACATMOT () ceeeeeeeeeeiiieeeeeeeeeeeeeeeeeeeeeeeeeeaeeeeeeeseeeaees 2936
F.24.3.7. pgp_armor_headers wiieeeieeeieeeeieeenveeesereeseeeesseeennns 2937
F.24.3.8. Options for PGP Functions...........ccccecceeveevenenienenennenneencnnennes 2937
F.24.3.8.1. cipher-algo ..........ccccooiiiiiiiiiiiiiiiicce e 2937

F.24.3.8.2. compress-al@o ........cccoecueviiiiiiiiiiiiicici e 2937

F.24.3.8.3. compress-1evel ...........ccccoooeviiiiiiiiiiiiiiiccecieee 2937

F.24.3.8.4. convert-Crlf..........ccooevieviiiciieiecie et 2938

F.24.3.8.5. disable-mdC.........ccvevuieriiiiieiieiecie et 2938

F.24.3.8.6. SESS-KEY .uveruieiiiiiiieeiieeeetee et 2938

F.24.3.8.7. S2K-MOdE......cceriiiiiiiiiniiieeeteesee e 2938

F.24.3.8.8. s2k-digest-algo.......ccceevuererieninieieiieeceeeeeeee 2938

F.24.3.8.9. s2k-cipher-algo ......cccccceverieniniininieiinccieneeceeee 2939
F.24.3.8.10. unicode-mode...........ccccoeriererienenieienieeieneneeneniene 2939

F.24.3.9. Generating PGP Keys with GnuPG...........ccccccceviivininnnncnnnn. 2939
F.24.3.10. Limitations of PGP Code ..........cccccoverieriniininiinicncnicicneee 2940
F.24.4. Raw Encryption FUNCHONS ......ccceeviierieriieiieiente et 2940

Ixi



F.24.5. Random-Data FUNCLIONS ..........cooiviiiiiiiiiiieeeiiieee et eerreee e 2941

F24.6. NOLES ..ottt 2941
F.24.6.1. Configuration...........ceceeruierierrieenieenieeieeiee et 2941

F.24.6.2. NULL Handling .......c..cccccoeeieniinienenenieeneeeeneeeenieeeenenieens 2942

F.24.6.3. Security Limitations ..........cccceeveereerienrieinienieeieeseeseeeieeieene 2942

F.24.6.4. Useful Reading.........c..cccevvieieviinienininieiinicieneeeeieeeeneneens 2942

F.24.6.5. Technical References.........c.cceevueeveerieeiieineinienieeeenieeieeeee 2943

F24.7. AUNOT ..ottt 2943

F.25. pg_freespacemap .......c..cocoeouieieiiniiiienierieieeeceeeee et 2943
FL25. 1. FUNCHONS ..cnvteitteiieeiteec ettt ettt st st 2944
F.25.2. Sample OULPUL ......cocviiiiiiiiiiiiieieeceee e 2944
F25.30 ATNOT ..ottt e 2945

F.26. PG PrEeWAIT .. .ottt s 2945
F.26.1. FUNCHIONS ...ttt st 2945
F26.2. AUNOT ...ttt e 2945

FL27. PEIOWIOCKS...c..eiiiiiiieiiiieeee ettt s 2945
F27.1. OVEIVIBW «.oniiienieiieeeteei ettt et sttt st 2946
F.27.2. Sample OULPUL ....c.eeiiiiiiiieiieiieiesieeteeetee ettt 2946
F27.30 AUNOT ..ot e 2947

F.28. PE_Stat_StAtEIMEILS ... eeveuieniiiieietieitenie ettt ettt ettt ettt et e et e sae s e enaenbens 2947
F.28.1. The pg_stat_statements VIEW ....cccceeevuireeiiieeeiee e 2947
F.28.2. FUNCHONS ...ttt et e 2950
F.28.3. Configuration Parameters........cc.ccoceeveerereenienienieneneenenenrenieseeeesenee 2950
F.28.4. Sample OULPUL ......eevuieeiieiieiieeie ettt ettt et e seesereebeesaeeseee s 2951
F28.5. AUNOTS ..ot e 2952

FL20. PEStAtTUPIE....couvieiiiieiieitecte ettt ettt ettt sttt et e st e sbeebeesabeenbeebee e 2952
F29.1. FUNCHONS ...ttt e 2952
F29.2. AUNOTS ..o 2955

FL30. Pl ittt ettt ettt sttt et sttt et st et e bt e sabeenbeebee e 2955
F.30.1. Trigram (or Trigraph) CONCePLS......ccvverierrirrieerierieenieeneenieesreesieenieeen 2955
F.30.2. Functions and OPErators .........ceceecveerierieriieenieeneesieenieeseeseeesseesseesnnens 2956
F.30.3. INAEX SUPPOTL...ciiiiiiiiiiiiiiieiieeie ettt st ettt e n 2957
F.30.4. Text Search INtegration ..........ccecuevieeniienieniiienienee sttt 2958
F.30.5. REfEI@NCES....ceeeuiiiiiiiiiicieiiceeceece e 2958
FL30.6. AULNOTS .. ..eeiiiiiieiteiieete ettt st ettt et e 2958

F.31. POStEIES_fAW...coueiiiiiiiiiiicieeee ettt 2959
F.31.1. FDW Options of postgres_fdw ..........ccccoceeiiniiiininininiieeeeceeeee 2959
F.31.1.1. Connection OPtiONS.........cceeeevuirienienenieieseeeesie e 2960

F.31.1.2. Object Name Options ..........ccccceeievieniriecienieienieeeneseenenneens 2960

F.31.1.3. Cost Estimation Options............cecceerververeeenenierenseneeneeenenrenes 2960

F.31.1.4. Updatability Options .........cccceveririenrenienieenenenieneeeeeeeneenenes 2961

F.31.1.5. Importing OPtioNS ....c..coveeveueeuiririnienieieeeeeienenieneeeeneneeneenenes 2961

F.31.2. Connection Management ..........cc.ccueeeeerrenenrenueeerieenenuessenseseeeneerenenne 2962
F.31.3. Transaction Management ...........ccoceeeereriieienieeienieneenee et 2962
F.31.4. Remote Query OptimiZation ..........coceeverierienienienineenie e 2962
F.31.5. Remote Query Execution Environment .............ccoccoceevenenieneneenenenne. 2963
F.31.6. Cross-Version Compatibility.........ccecceverienieniinieninienienenienieneeeeenee 2963

F 317, EXAMPIES ..ottt sttt 2963

F 318, AUNOT ..o e 2964

3 SO ettt ettt ettt st ae e ea 2964
F32.1. RAtiONALE ......oviiiiiiciiiiiicee e 2964
F32.2. SYNEAX .oouiiiiiiiiiiiiiciciccteeet e 2965

Ixii



F.33.

F.34.

F.35.

F.36.

F.37.
F.38.
F.39.

F.40.

F41.

F42.

F43.

FL32.3. PrECISION.....cciiiviieeeiireieeeeeeteeeeeeetee e eeeetre e e e eeetreeeeeeeraeeeeesarereeeennrseeeeens 2966

FL32.4, USAZE...eiiiieiieeit ettt ettt st ettt st ettt st aeesaee s 2966
FL32.5. NOLES ..ttt ettt sttt st s b s sae e 2967
F32.6. CIEdits c..covveniieiieierieeieeeeeteeeet sttt st 2967
SEPESAL vttt ettt et st et e e be e sbbe et eebee e 2967
FL33. 1. OVETVIEW ..ttt ettt sttt ettt st n 2968
F.33.2. INStallation.......cccvviiiiieeiiiecciee ettt et e e e e e e et eeseseeesssaeenes 2968
F.33.3. Regression TeStS.......c.coieiiiiriiiiininieieeeciete e 2969
F.33.4. GUC Parameters ........ccccueeeeieeeiiieeeiiieecieeesiieeeieeeseveeesereeensseessnesssseeennns 2970
FL33.5. FRALUIES ...eeeiiiieiie ettt ettt et et e e e e e e et e e snseeesnsaeennes 2970

F.33.5.1. Controlled Object CIasses .........c.cceceririecieniecienieieneneeneneens 2971

F.33.5.2. DML PermiSSiONS......cc.cccuveeieerieerieeeieeireesteesseesseesseessseesseesseenes 2971

F.33.5.3. DDL PermiSSIONS ......cccecveeveerueerieesieerieesseesreesseesseesssessseesseenes 2972

F.33.5.4. Trusted Procedures ............ccceeeeueeeriieeeiiie et 2972

F.33.5.5. Dynamic Domain Transitions..........cccceeeeeveevenienenenvecneenennennen 2973

F.33.5.6. MISCEIIAN@OUS ......eeeuvierieiieeieeieeiee e eie e e seve e e esaeessaeeaeesee e 2974
F.33.6. Sepgsql FUNCLIONS ......cc.coiiiiiiiiiiinieiieeteeeeee e 2974
F.33.7. LIMILALIONS ...veeivieiiesiieeieeieesitesteeteesieestteeteesteesseessseeseesseesssesnsaenseesseeas 2975
F.33.8. External ReSOUICES........coueiiriieiiiniinieiesiteei et 2975
F.33.9. AUNOT ..o 2975
S d ettt ettt ettt ettt h bt e h et bt e e bbbt et s bbb e b bt et bt entenaeeaean 2976
F.34.1. refint — Functions for Implementing Referential Integrity ................... 2976
F.34.2. timetravel — Functions for Implementing Time Travel ........................ 2976
F.34.3. autoinc — Functions for Autoincrementing Fields .........c..cccceceevenncene. 2977
F.34.4. insert_username — Functions for Tracking Who Changed a Table...... 2977
F.34.5. moddatetime — Functions for Tracking Last Modification Time.......... 2978
SSIINTO. ettt et 2978
F.35.1. Functions Provided ...........ccoecevininiininieiininiennceicneceeneseeeeeeeee 2978
F35.20 AUTNOT ..ottt 2979
EADIETUNC ...ttt 2979
F.36.1. Functions Provided ...........cccocceveniniiininieiininieccieneceeeseeeeseenee 2980

Fo36.1.1. NOTMAL TANG ttttttteeeeeeeeee et e e e e e e eeeeeeeeeeseeaeeseaaaees 2980

F.36.1.2. CToSSTab (LX) trriiiriiieeiiieeiieesieeeereeerireeesereeeereeseeeesraeennns 2981

F.36.1.3. CTOSSTADN (E@XE) tirrriieeiiieriieesrieesreeesereeesereeeereessneesseeennns 2983

F.36.1.4. crosstab (LeXt, TeXE) wrrrrririiiiiieieeeeeeeeeeinerrreeeeeeeeeeeeeas 2984

F.36.1.5. CONNECEDY uiiiiiiieiiie ettt ettt et e et e e e e sreeessaeenne 2987
F30.2. AUNOT ...t 2989
1763 1 E PPN 2989
EESE_dECOAING ...ttt et sttt et ebe e 2990
ESEATCRIZ ...ttt et e e e e et e e e nte e sneeeereeeenne 2990
F.39.1. Portability ISSUES ......cceeeruiririniiieieieiniesesteteeeeee et 2990
F.39.2. Converting a pre-8.3 Installation..........ccccevevveruereeirencnenieneereeeeeennenn 2991
F.39.3. REEIENCES ... eecuiieiieeiieeie ettt ettt et e e e baesaeesnae s 2992
ESTIL_SYSTEIM_TOWS..e.uuiiiiiieeeiiieeiteentteeeireeeeiteeestee et e esmneesnaeeeabeeesnneesaneessnneeenne 2992
F40.1. EXaMPIES...c.ooiiiiiiiiiiiic e 2992
ESTN_SYSEIM_TIIME ..c.eveniiienieiteeieteeite ettt st ettt ettt et e sbe st et e sbeenee e ene 2992
FAL. 1. EXAMPIES ..ottt st 2993
UNACCENE ..ttt ettt et ste e st et e sbt et e e bt eate s bt e st esbesbtenbesbeestenbeemeenbesbeensenbeens 2993
F42.1. CONfIGUIALION ..eovviiiiiiiiiriieiinieeiesteeteestee ettt 2993
Fid2.2. USAZE..c.eioitiiieieeieseeteeeee ettt sttt 2994
Fi42.3. FUNCHONS ...ttt 2995
UG0S 1t evveentteieeseteeteeteestteeteesteesteesateesseesbeesssesssesssaesssenssesnseenseenseesssesseenseenns 2995

Ixiii



F43.1. uuid-05sp FUNCHIONS ...ccccvveiiiiiiiieic et 2995

F43.2. BUildiNg Uuid—0SSP ceeeeeerteerienieniieniienie st enieesite sttt sieesiteebeesaee e s 2997

Fid3.3. AUTNOT ..ottt 2997

FiA4, XIMI2 .ottt et sttt 2997
F.44.1. Deprecation INOLICE ........cocveeruierieriieiienie ettt sttt e 2997

F.44.2. Description of FUNCHONS .......c.ccccevirieninieiiiinieeneeeneeeeeeeee e 2997

| ¥ G Tt o TN ol o T o= o 1 I =S U STt 2998

F.44.3.1. Multivalued ReSults........cceeovueriiiiiiiniiniiiienieeieeeeseeeieeieee 3000

F.44.4. XSLT FUNCHONS ....eoivtiiiiiiieeiiesieeieeteete ettt 3001

Fld4.4.]. XS 1t _PIrOCESS ciierriieeiieeeiieeetteesiteestee e e seaeeeereessaeesseeennns 3001

FAA4.5. AUNOT ...ttt e 3001

G. Additional Supplied Programs ............ccccoeeeririeienieiereeieee sttt 3002
G.1. Client APPLICALIONS ....c.eeueeiiruieieitieiiete ettt ettt ettt ettt sbe et be b e e e ens 3002
OIA2NAME ...ttt sttt ettt ettt et bt et e b bt et e e ene 3002

VACUUIMLO ...ttt ettt ettt ettt e a ettt s be et e st e e bt et e ee e 3007

G.2. Server APPIICALIONS ....cccoververeieiriirtirtetetetetee ettt et eve et et eene e saens 3009
PEStANADY ..ot 3009

H. EXternal ProOJECES ...c..eoiiiiiiiieiieiieieriteteesi ettt st sttt s 3013
H.1. Client INtErfaces........ccuevriiiriinieieietciieereeeeeeee ettt 3013

H.2. Administration TOOIS ......cccoceruirieiieiiiiiiiieicecere et 3013

H.3. Procedural Languages........c..coceevuererienenienienieienieetesiesitetesit et sae st 3013

H.4. EXTENSIONS. ....coviiiiieieiieiieiiie sttt ettt sttt et 3014

L. The Source Code REPOSILOTY ......cccueruirieriinieiiniieienientetestteteseett ettt 3015
L.1. Getting The Source via Git .......ccceeeeviererieniinieiineeteneeeetesieete et 3015

J. DOCUMENTALION ...viiiiiiiieiiiiiitietieeee ettt st 3016
J 1 DOCBOOK ...t 3016

J.2. TOOL SELS...uiiiiiiiiciccc e 3016
J.2.1. Installation on Fedora, RHEL, and Derivatives............cccccccoovvvvvvivuvrvnnnnns 3017

J.2.2. Installation on FreeBSD .......ccccocoviiiiiiiiniiiiniiieeciescecneeeeeseee 3018

J.2.3. Debian Packages........ccceeviieriieniiriiieiienieeieeiteete sttt 3018

J2.4.08 X 3018

J.2.5. Manual Installation from SOUICE........ccccoerveeriririieninieiinceieeeeeee 3018

J.2.5.1. Installing OpenJade .........cccceoueeveiiiinieniiiieenieeieeee e 3019

J.2.5.2. Installing the DocBook DTD Kit........c.cceceeienieviinieiencnieienees 3019

J.2.5.3. Installing the DocBook DSSSL Style Sheets ..........ccccoccecvenene. 3020

J.2.5.4. Installing JadeTeX .........cccceoirieniniinenicieeeeeeeeeeee e 3020

J.2.6. Detection by CONELIgUIE .ottt 3021

J.3. Building The DOCUMENtation............ccceoueiieiinieiiinieieneeeereee e 3021
J3U1 HTML ittt ettt sttt 3021

J.3.2  MANPAZES. ¢ ettt ettt ettt ettt ettt ettt e 3021

J.3.3. Print Output via JadeTeX ......ccoooieiiiieieriiieeeeeeee e 3022

J.3.4. OVErflOW TEXE..cuvieuiiiieiieiiieieie ettt 3022

J.3.5. Print Output via RTF .....oooiiiiiiiiiiee et 3023

J.3.6. Plain Text FIleS ....cc.oouieiiiiiieieeiieeieee e 3024

J.3.7. SyNtax CRECK...c.iiiiiieieieeee et 3024

J.4. Documentation AULROTING ........cocueriiriererieienieesicete ettt 3024
JA4.1. EMAcs/PSGML......coooiiiiiiiiiicicicieteene ettt 3025

J.4.2. Other EMacs MOAES .........coevuivieieieiiiniinienicicieeeeeeete e 3026

J.5. Style GUIAR.....oviiiiiiciiie e 3026
J.5.1. Reference Pages .......ccooeveiieniniiiiiiieiecccecscceeetee e 3026

K ACTOMYIMNS .vtieiiieiie ettt ste ettt e st e et e et esatesateesbe e stesasesaseesaenseessseensaenseesssesnseenseenssenn 3028

Ixiv



Bibliograph
phy 3034
Index

3036

Ixv



Preface

This book is the official documentation of PostgreSQL. It has been written by the PostgreSQL devel-
opers 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 orga-
nized 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 II 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.
POSTGRES pioneered many concepts that only became available in some commercial database sys-
tems 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

« updatable views

« transactional integrity

« multiversion concurrency control

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

« data types

« functions

+ operators

« aggregate functions
« index methods

1. http://db.cs.berkeley.edu/postgres.html
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« 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
POSTGRES 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 any-
where.

2.1. The Berkeley POSTGRES Project

The POSTGRES project, led by Professor Michael Stonebraker, was sponsored by the Defense Ad-
vanced 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 con-
cepts 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
operational 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 managers, 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
include: a financial data analysis system, a jet engine performance monitoring package, an aster-
oid 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 Infor-
mation 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 devoted to database research. In an effort to reduce this support burden, the Berkeley
POSTGRES project officially ended with Version 4.2.

2. http://www.informix.com/

3.

http://www.ibm.com/

4. http://meteora.ucsd.edu/s2k/s2k_home.html
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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 im-
proved 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). (Interface
library libpq was named after PostQUEL.) Subqueries were not supported until PostgreSQL (see
below), but they could be imitated in Postgres95 with user-defined SQL functions. Aggregate func-
tions 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, pro-
vided 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
versions 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 prob-
lems in the server code. With PostgreSQL, the emphasis has shifted to augmenting features and capa-
bilities, although work continues in all areas.

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

3. Conventions

The following conventions are used in the synopsis of a command: brackets ([ and 1) indicate optional
parts. (In the synopsis of a Tcl command, question marks (?) are used instead, as is usual in Tcl.)
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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.

Yourself!

PostgreSQL is an open-source project. As such, it depends on the user community for ongoing
support. As you begin to use PostgreSQL, you will rely on others for help, either through the
documentation 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

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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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 process.

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.

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.
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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 mes-
sage. In psql, 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 de-
tails 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.

« 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 —--versionandpsgl --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 9.5.0 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
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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
information, 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 back-
end process, mention that, do not just say ‘“PostgreSQL crashes”. A crash of a single backend 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 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@postgresgl.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@postgresqgl.org> mailing list.

If your bug report has security implications and you’d prefer that it not become immediately vis-
ible 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 <pgsgql-sqgl@postgresgl.org>
or <pgsgl-general@postgresqgl.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@postgresql.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@postgresqgl . org>. Please be specific about what part of the documentation you
are unhappy with.

9. http://www.chiark.greenend.org.uk/~sgtatham/bugs.html
10. http://www.postgresql.org/
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If your bug is a portability problem on a non-supported platform, send mail to
<pgsgl-hackers@postgresqgl.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 1o <majordomo@postgresql.org> with the single word
help in the body of the message.
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l. Tutorial

Welcome to the PostgreSQL Tutorial. The following few chapters are intended to give a simple in-
troduction 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 applica-
tions for PostgreSQL. Those who set up and manage their own server should also read Part III.
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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 infor-
mation 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 ex-
perimentation 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
following 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 applica-
tions 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.

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
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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
instructions to correct the situation.

Another response could be this:

createdb: could not connect to database postgres: could not connect to server: No such f
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
PostgreSQL user account for you. (PostgreSQL user accounts are distinct from operating system user
accounts.) 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 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:
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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 administrator 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 psqgl, which allows you to interac-
tively 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 possibil-
ities are discussed further in Part IV.

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:

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.
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psgl (9.5.0)
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 Post-
greSQL 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 psqgl 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 9.5.0 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

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

and psgl will quit and return you to your command shell. (For more internal commands, type \ 2 at
the psgl prompt.) The full capabilities of psql are documented in psql. 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. Numer-
ous 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
managing data stored in relations. Relation is essentially a mathematical term for zable. 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 (“--") in-
troduce 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 num-
bers. 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 differ-
ently 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
precipitation 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 implic-
itly.
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 COPY 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 on the machine running the backend process,
not the client, since the backend process 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:

city | temp_lo | temp_hi | prcp | date

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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——————————————— 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
,,,,,,,,,,,,,,, T
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 % 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 x FROM weather
ORDER BY city;

city | temp_lo | temp_hi | prcp | date
——————————————— B e e R T
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:

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)
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Here again, the result row ordering might vary. You can ensure consistent results by using DISTINCT

and ORDER BY together:

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
_______________ [P
San Francisco | 46
San Francisco | 43

(2 rows)

Observe two things about the result set:

1994-11-27
1994-11-29

San Francisco
San Francisco

(-194,53)
(-194,53)

+ 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.

2.

In some 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.
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« 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
——————————————— B E e e bt Tt 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)

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_lo and temp_hi columns of each weather row to the temp_lo and temp_hi
columns of all other weather rows. We can do this with the following query:

10
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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 Wl, weather W2
WHERE Wl.temp_lo < W2.temp_lo
AND Wl.temp_hi > W2.temp_hi;

city | low | high | city | low | high
——————————————— s et e e Atk
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:

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)

11
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This is OK because the subquery is an independent computation that computes its own aggregate
separately 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_1lo)
FROM weather
GROUP BY city;

city | max
,,,,,,,,,,,,,,, I
Hayward | 37

San Francisco | 46

(2 rows)

which gives us one output row per city. Each aggregate result is computed over the table rows match-
ing that city. We can filter these grouped rows using HAVING:

SELECT city, max(temp_1lo)
FROM weather
GROUP BY city
HAVING max (temp_lo) < 40;

city | max
_________ b
Hayward | 37
(1 row)

which gives us the same results for only the cities that have all temp_1lo values below 40. Finally, if
we only care about cities whose names begin with “S”, we might do:

SELECT city, max(temp_1lo)
FROM weather
WHERE city LIKE ’'S%'@®
GROUP BY city
HAVING max (temp_lo) < 40;

© 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 com-
putation), 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 al-
ways 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.
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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
——————————————— B et B et T T e
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.

SELECT * FROM weather;

city | temp_lo | temp_hi | prcp | date
——————————————— B i B e et T T
San Francisco | 46 | 50 | 0.25 | 1994-11-27
San Francisco | 41 | 55 | 0 | 1994-11-29

(2 rows)

One should be wary of statements of the form

DELETE FROM tablename;

Without a qualification, DELETE will remove all rows from the given table, leaving it empty. The
system will not request confirmation before doing this!
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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
PostgreSQL. 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 en-
capsulate 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:

CREATE TABLE cities (
city varchar (80) primary key,
location point
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CREATE TABLE weather (
city varchar (80) references cities(city),
temp_lo 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: insert or update on table "weather" violates foreign key constraint "weather_cit
DETAIL: Key (city)=(Berkeley) 1is 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 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.
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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 up-
dates: 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 invisible 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
issue 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 transaction block.

Note: Some client libraries issue BEcTN and comutT 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
savepoints. 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 discarded, but changes earlier than the savepoint are kept.

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.
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Remembering the bank database, suppose we debit $100.00 from Alice’s account, and credit Bob’s
account, only to find later that we should have credited Wally’s account. We could do it using save-
points 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 transac-
tion 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
——————————— -t
develop | 11 | 5200 | 5020.0000000000000000
develop | 7 4200 | 5020.0000000000000000
develop | 9 | 4500 | 5020.0000000000000000
develop | 8 | 6000 | 5020.0000000000000000
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.)
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A window function call always contains an OVER clause directly following the window function’s
name and argument(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 function. 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.

You can also control the order in which rows are processed by window functions using ORDER BY
within ovER. (The window ORDER BY does not even have to match the order in which the rows are
output.) Here is an example:

SELECT depname, empno, salary,
rank () OVER (PARTITION BY depname ORDER BY salary DESC)
FROM empsalary;

depname | empno | salary | rank
——————————— e e
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.

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
,,,,,,,, IS

5200 | 47100

5000 | 47100

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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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
,,,,,,,, IS
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 dupli-
cates 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 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:
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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 9.21, Section 7.2.5, 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)

)

CREATE TABLE non_capitals (

name text,
population real,
altitude int -— (in ft)

)i

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
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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
___________ b
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 over 500 feet:

SELECT name, altitude
FROM ONLY cities
WHERE altitude > 500;

name | altitude
___________ b
Las Vegas | 2174
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 5.9 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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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 perfor-
mance.

The information in this part is arranged so that a novice user can follow it start to end to gain a full
understanding 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,
6,9

terminated 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 ex-
ample 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 exam-
ples 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 iden-
tifier 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 to the letter of the SQL standard, so their use might render applications less portable. The
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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 en-
closing 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:

U&"d!0061t!+000061" UESCAPE ' !’
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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 encod-
ings 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 un-
necessary. (Surrogate pairs are not stored directly, but 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.
Constants 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 E (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 (0c=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 hex-
adecimal 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 UTF8. When other server
encodings 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 UTF8, they are first
combined into a single code point that is then encoded in UTF-8.)

Caution

If the configuration parameter standard_conforming_strings is off, then Post-
greSQL recognizes backslash escapes in both regular and escape string con-
stants. However, as of PostgreSQL 9.1, the default is on, meaning that back-
slash escapes are recognized only in escape string constants. This behavior
is more standards-compliant, but might break applications which rely on the
historical behavior, where backslash escapes were always recognized. As a
workaround, you can set this parameter to of £, but it is better to migrate away
from using backslash escapes. If you need to use a backslash escape to rep-
resent a special character, write the string constant with an k.

In addition to standard_conforming_strings, the configuration parameters
escape_string_warning and backslash_quote govern treatment of backslashes
in string constants.
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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
Unicode 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 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 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 encod-
ings 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 unnec-
essary. (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.)

Also, the Unicode escape syntax for string constants only works when the configuration parameter
standard_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
understand 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:

$$Dianne’s horse$s$
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$SomeTag$Dianne’s horse$SomeTag$

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 writ-
ten 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 ~ $g$[\t\r\n\v\\1$q$);
END;
Sfunction$

Here, the sequence $g$ [\t\r\n\v\\1s$gs 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, S0 Stag$String contentS$tag$ is correct,
but $TAGSString content$tags$ 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 com-
plicated 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 defini-
tions. 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.

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’ LFF’ . 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
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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

35

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 if its 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
algorithms. In most cases the constant will be automatically coerced to the most appropriate type de-
pending 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.

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
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" 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 follow-
ing list:

+-F/<>=~1@# D &I ?

There are a few restrictions on operator names, however:

« —-and /=« 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@#DP N&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.

When working with non-SQL-standard operator names, you will usually need to separate adjacent
operators 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 char-
acters.

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 8.15 for more information on
arrays.

« Commas (, ) are used in some syntactical constructs to separate the elements of a list.
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« 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 8.15.) In certain SQL dialects
(such as Embedded SQL), the colon is used to prefix variable names.

+ The asterisk (x) 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 =/

*/

where the comment begins with /» and extends to the matching occurrence of » /. These block com-
ments 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. Operator 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.

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.
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Operator/Element Associativity Description
left table/column name separator
left PostgreSQL-style typecast

[] left array element selection

+ - right unary plus, unary minus

~ left exponentiation

x /% left multiplication, division,
modulo

+ - left addition, subtraction

(any other operator) left all other native and user-defined
operators

BETWEEN IN LIKE ILIKE range containment, set

SIMILAR membership, string matching

<>=<=>=<> comparison operators

IS ISNULL NOTNULL IS TRUE, IS FALSE, IS
NULL, IS DISTINCT FROM,
etc

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
operator”. This is true no matter which specific operator appears inside OPERATOR () .

Note: PostgreSQL versions before 9.5 used slightly different operator precedence rules. In partic-
ular, <= >=and <> used to be treated as generic operators; 1s tests used to have higher priority;
and NnoT BETWEEN and related constructs acted inconsistently, being taken in some cases as hav-
ing the precedence of noT rather than BETweEN. These rules were changed for better compliance
with the SQL standard and to reduce confusion from inconsistent treatment of logically equivalent
constructs. In most cases, these changes will result in no behavioral change, or perhaps in “no
such operator” failures which can be resolved by adding parentheses. However there are corner
cases in which a query might change behavior without any parsing error being reported. If you
are concerned about whether these changes have silently broken something, you can test your
application with the configuration parameter operator_precedence_warning turned on to see if
any warnings are logged.
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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
expression (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 collation expression

+ A scalar subquery

« 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
options.

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.)

34



Chapter 4. SQL Syntax

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]
or multiple adjacent elements (an “array slice”) can be extracted by writing
expression|lower_subscript:upper._subscript]

(Here, the brackets [ ] 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 8.15 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:
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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
important 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.

In a select list (see Section 7.3), you can ask for all fields of a composite value by writing . :

(compositecol) . *

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)

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.

Note: A function that takes a single argument of composite type can optionally be called using
field-selection syntax, and conversely field selection can be written in functional style. That is, the
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notations col (table) and table.col are interchangeable. This behavior is not SQL-standard
but is provided in PostgreSQL because it allows use of functions to emulate “computed fields”.
For more information see Section 35.4.3.

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 [ , ... ] [ order_by clause ] ) [ FILTER ( WHERE filter_clause ) |
aggregate_name (ALL expression [ , ... 1 [ order_by clause ] ) [ FILTER ( WHERE filter_clause
aggregate_name (DISTINCT expression [ , ... ] [ order_by clause ] ) [ FILTER ( WHERE filter c
aggregate_name ( x ) [ FILTER ( WHERE filter clause ) |

aggregate_name ( [ expression [ , ... ] 1 ) WITHIN GROUP ( order_by_ clause ) [ FILTER ( WHER

where aggregate_name is a previously defined aggregate (possibly qualified with a schema name)
and expression is any value expression that does not itself contain an aggregate expression or a
window function call. The optional order_by_clause and filter_clause are 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 fourth 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. The last form is
used with ordered-set aggregate functions, which are described below.

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.

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 £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 expres-
sions 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; —— 1incorrect
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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 orDER BY in an aggregate function is a Post-
greSQL extension.

Placing ORDER BY within the aggregate’s regular argument list, as described so far, is used when
ordering the input rows for a “normal” aggregate for which ordering is optional. There is a subclass
of aggregate functions called ordered-set aggregates for which an order._by_clause is required,
usually because the aggregate’s computation is only sensible in terms of a specific ordering of its
input rows. Typical examples of ordered-set aggregates include rank and percentile calculations. For
an ordered-set aggregate, the order._by_clause is written inside WITHIN GROUP (...),asshown
in the final syntax alternative above. The expressions in the order_by_clause are evaluated once
per input row just like normal aggregate arguments, sorted as per the order._by_clause’s require-
ments, and fed to the aggregate function as input arguments. (This is unlike the case for a non-wITHIN
GROUP order_by_clause, which is not treated as argument(s) to the aggregate function.) The argu-
ment expressions preceding WITHIN GROUP, if any, are called direct arguments to distinguish them
from the aggregated arguments listed in the order_by_clause. Unlike normal aggregate arguments,
direct arguments are evaluated only once per aggregate call, not once per input row. This means that
they can contain variables only if those variables are grouped by GROUP BY; this restriction is the same
as if the direct arguments were not inside an aggregate expression at all. Direct arguments are typi-
cally used for things like percentile fractions, which only make sense as a single value per aggregation
calculation. The direct argument list can be empty; in this case, write just () not (=) . (PostgreSQL
will actually accept either spelling, but only the first way conforms to the SQL standard.) An example
of an ordered-set aggregate call is:

SELECT percentile_disc(0.5) WITHIN GROUP (ORDER BY income) FROM households;
percentile_disc

which obtains the 50th percentile, or median, value of the income column from table households.
Here, 0. 5 is a direct argument; it would make no sense for the percentile fraction to be a value varying
across rows.

If FILTER is specified, then only the input rows for which the filter clause evaluates to true are
fed to the aggregate function; other rows are discarded. For example:

SELECT

count (*) AS unfiltered,

count (x) FILTER (WHERE 1 < 5) AS filtered
FROM generate_series(1,10) AS s(i);
unfiltered | filtered
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The predefined aggregate functions are described in Section 9.20. 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 4.2.11 and Section 9.22), the aggre-
gate is normally evaluated over the rows of the subquery. But an exception occurs if the aggregate’s
arguments (and filter clause if any) contain only outer-level variables: the aggregate then be-
longs to the nearest such outer level, and is evaluated 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.

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 ... ]1]) [ FILTER ( WHERE filter_clause ) ] OVER wind
function_name (|[expression [, expression ... ]]) [ FILTER ( WHERE filter_clause ) ] OVER ( wi
function_name ( * ) [ FILTER ( WHERE filter clause ) ] OVER window_name

function _name ( * ) [ FILTER ( WHERE filter clause ) ] OVER ( window definition )

where window_definition has the syntax

[ existing _window_name ]

[ PARTITION BY expression [, ...] 1]

[ ORDER BY expression [ ASC | DESC | USING operator ] [ NULLS { FIRST | LAST } 1 [,
[

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.

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.
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It’s worth pointing out that OVER wname is not exactly equivalent to OVER (wname) ; the latter im-
plies copying and modifying the window definition, and will be rejected if the referenced window
specification includes a frame clause.

The PARTITION BY option groups the rows of the query into partitions, which are processed sepa-
rately by the window function. PARTITION BY works similarly to a query-level GROUP BY clause,
except that its expressions are always just expressions and cannot be output-column names or num-
bers. Without PARTITION BY, all rows produced by the query are treated as a single partition. The
ORDER BY option determines the order in which the rows of a partition are processed by the window
function. It works similarly to a query-level ORDER BY clause, but likewise cannot use output-column
names or numbers. Without ORDER BY, rows are processed in an unspecified order.

The frame_clause specifies the set of rows constituting the window frame, which is a subset of the
current partition, for those window functions that act on the frame instead of the whole partition. The
frame can be specified in either RANGE or ROWS mode; in either case, it runs from the frame start
to the frame_end. If frame_end is omitted, it defaults to CURRENT ROW.

A frame_start of UNBOUNDED PRECEDING means that the frame starts with the first row of the
partition, and similarly a frame end of UNBOUNDED FOLLOWING means that the frame ends with
the last row of the partition.

In RANGE mode, a frame start of CURRENT ROW means the frame starts with the current row’s
first peer row (a row that ORDER BY considers equivalent to the current row), while a frame _end
of CURRENT ROW means the frame ends with the last equivalent ORDER BY peer. In ROWS mode,
CURRENT ROW simply means the current row.

The value PRECEDING and value FOLLOWING cases are currently only allowed in ROWS mode. They
indicate that the frame starts or ends the specified number of rows before or after the current row.
value must be an integer expression not containing any variables, aggregate functions, or window
functions. The value must not be null or negative; but it can be zero, which just selects the current
TOW.

The default framing option is RANGE UNBOUNDED PRECEDING, which is the same as RANGE
BETWEEN UNBOUNDED PRECEDING AND CURRENT ROW. With ORDER BRY, this sets the frame to be
all rows from the partition start up through the current row’s last ORDER BY peer. Without ORDER
BY, all rows of the partition are included in the window frame, since all rows become peers of the
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.

If FILTER is specified, then only the input rows for which the rfilter clause evaluates to true
are fed to the window function; other rows are discarded. Only window functions that are aggregates
accept a FILTER clause.

The built-in window functions are described in Table 9-54. Other window functions can be added
by the user. Also, any built-in or user-defined normal aggregate function can be used as a window
function. Ordered-set aggregates presently cannot be used as window functions, however.

The syntaxes using » are used for calling parameter-less aggregate functions as window functions,
for example count (») OVER (PARTITION BY x ORDER BY y). The asterisk (x) 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.
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More information about window functions can be found in Section 3.5, Section 9.21, and Section
7.2.5.

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 expres-
sion 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 float8 can. Also, the names
interval, time, 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
syntaxes 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. Collation Expressions

The cOLLATE clause overrides the collation of an expression. It is appended to the expression it
applies to:

expr COLLATE collation

where collation is a possibly schema-qualified identifier. The COLLATE clause binds tighter than
operators; parentheses can be used when necessary.
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If no collation is explicitly specified, the database system either derives a collation from the columns
involved in the expression, or it defaults to the default collation of the database if no column is
involved in the expression.

The two common uses of the COLLATE clause are overriding the sort order in an ORDER BY clause,
for example:

SELECT a, b, c FROM tbl WHERE ... ORDER BY a COLLATE "C";
and overriding the collation of a function or operator call that has locale-sensitive results, for example:
SELECT » FROM tbl WHERE a > ’foo’ COLLATE "C";

Note that in the latter case the COLLATE clause is attached to an input argument of the operator we
wish to affect. It doesn’t matter which argument of the operator or function call the COLLATE clause is
attached to, because the collation that is applied by the operator or function is derived by considering
all arguments, and an explicit COLLATE clause will override the collations of all other arguments.
(Attaching non-matching COLLATE clauses to more than one argument, however, is an error. For
more details see Section 22.2.) Thus, this gives the same result as the previous example:

SELECT * FROM tbl WHERE a COLLATE "C" > ’foo’;
But this is an error:
SELECT % FROM tbl WHERE (a > ’foo’) COLLATE "C";

because it attempts to apply a collation to the result of the > operator, which is of the non-collatable
data type boolean.

4.2.11. 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 9.22 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;

4.2.12. 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 . For example:

SELECT ARRAY[1,2,3+4];
array
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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}
(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]];

{{1,2},{3,4}}
(1 row)

SELECT ARRAY[[1,2]1,1[3,411];

{{1,2},{3,4}}
(1 row)

Since multidimensional arrays must be rectangular, inner constructors at the same level must pro-
duce 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, " {{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([];

43



Chapter 4. SQL Syntax

(1 row)

It is also possible to construct an array from the results of a subquery. In this form, the array construc-
tor 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%’);
array

{2011,1954,1948,1952,1951,1244,1950,2005,1949,1953,2006,31,2412,2413}
(1 row)

SELECT ARRAY (SELECT ARRAY[i, 1%2] FROM generate_series(1,5) AS a(i));

{{1,2},{2,4},1{3,6},{4,8},{5,10}}
(1 row)

The subquery must return a single column. If the subquery’s output column is of a non-array type,
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. If the subquery’s output column is of an
array type, the result will be an array of the same type but one higher dimension; in this case all the
subquery rows must yield arrays of identical dimensionality, else the result would not be rectangular.

The subscripts of an array value built with ARRAY always begin with one. For more information about
arrays, see Section 8.15.

4.2.13. 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 ele-
ments 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.*, 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 rRow (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).
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By default, the value created by a ROw 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.f1l’ 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);
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(1l,2.5,’this is a test’) = ROW(1l, 3, ’'not the same’);
SELECT ROW (table.*) IS NULL FROM table; —— detect all-null rows

For more detail see Section 9.23. Row constructors can also be used in connection with subqueries,
as discussed in Section 9.22.

4.2.14. 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:
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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
(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 9.17) can be used. For
example, 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.)

CASE is not a cure-all for such issues, however. One limitation of the technique illustrated above is
that it does not prevent early evaluation of constant subexpressions. As described in Section 35.6,
functions and operators marked IMMUTABLE can be evaluated when the query is planned rather than
when it is executed. Thus for example

SELECT CASE WHEN x > 0 THEN x ELSE 1/0 END FROM tab;

is likely to result in a division-by-zero failure due to the planner trying to simplify the constant subex-
pression, even if every row in the table has x > 0 so that the ELSE arm would never be entered at
run time.

While that particular example might seem silly, related cases that don’t obviously involve constants
can occur in queries executed within functions, since the values of function arguments and local
variables can be inserted into queries as constants for planning purposes. Within PL/pgSQL functions,
for example, using an IF-THEN-ELSE statement to protect a risky computation is much safer than just
nesting it in a CASE expression.

Another limitation of the same kind is that a CASE cannot prevent evaluation of an aggregate ex-
pression contained within it, because aggregate expressions are computed before other expressions
in a SELECT list or HAVING clause are considered. For example, the following query can cause a
division-by-zero error despite seemingly having protected against it:

SELECT CASE WHEN min (employees) > 0
THEN avg (expenses / employees)
END
FROM departments;

The min () and avg () aggregates are computed concurrently over all the input rows, so if any row
has employees equal to zero, the division-by-zero error will occur before there is any opportunity
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to test the result of min () . Instead, use a WHERE or FILTER clause to prevent problematic input rows
from reaching an aggregate function in the first place.

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
definition:

CREATE FUNCTION concat_lower_or_upper (a text, b text, uppercase boolean DEFAULT false)
RETURNS text

AS

$$

SELECT CASE
WHEN $3 THEN UPPER(S$S1 || ' 7 || $2)
ELSE LOWER(S$S1 || ' ' || $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).

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:
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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 Named Notation

In named notation, each argument’s name is specified using => to separate it from the argument
expression. 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)
An older syntax based on ":=" is supported for backward compatibility:
SELECT concat_lower_or_upper (a := 'Hello’, uppercase := true, b := 'World’);

concat_lower_or_upper

HELLO WORLD
(1 row)

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
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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
numerous 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 currently cannot be used when calling an aggregate func-
tion (but they do work when an aggregate function is used as a window function).
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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 com-
putations. 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 explanation 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 t imestamp 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

)

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:

CREATE TABLE products (
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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

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 t imestamp column to have a default of
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CURRENT_TIMESTAMP, so that it gets set to the time of row insertion. Another common example is
generating 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’),

)

where the nextval () function supplies successive values from a sequence object (see Section 9.16).
This arrangement is sufficiently common that there’s a special shorthand for it:

CREATE TABLE products (
product_no SERIAL,

)

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 probably 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)
)i

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:
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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 writ-
ten 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)
)i

or even:

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 (

53



Chapter 5. Data Definition

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

)

A not-null constraint is always written as a column constraint. A not-null constraint is functionally
equivalent 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

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

)i

and then insert the NOT key word where desired.
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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

)i
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

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

)i

Adding a unique constraint will automatically create a unique B-tree index on the column or group
of columns used in the constraint. A uniqueness constraint on only some rows can be enforced by
creating a partial index.

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.
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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
constraint. 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

)i

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

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 B-tree 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 con-
straints, 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:
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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 non-NULL 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

)i

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 have more than one foreign key constraint. This is used to implement many-to-many
relationships 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

)i
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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?

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

)i

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 column(s) in the referencing row(s) to be
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set to nulls or their 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 constraint, 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. In this case, CASCADE means that the updated
values of the referenced column(s) should be copied into the referencing row(s).

Normally, a referencing row need not satisfy the foreign key constraint if any of its referencing
columns are null. If MATCH FULL is added to the foreign key declaration, a referencing row escapes
satisfying the constraint only if all its referencing columns are null (so a mix of null and non-null
values is guaranteed to fail a MATCH FULL constraint). If you don’t want referencing rows to be able
to avoid satisfying the foreign key constraint, declare the referencing column(s) as NOT NULL.

A foreign key must reference columns that either are a primary key or form a unique constraint.
This means that the referenced columns always have an index (the one underlying the primary key
or unique constraint); so checks on whether a referencing row has a match will be efficient. 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 too. 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. Also see the description of foreign
key constraint syntax in the reference documentation for CREATE TABLE.

5.3.6. Exclusion Constraints

Exclusion constraints ensure that if any two rows are compared on the specified columns or expres-
sions 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 con-
straint 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.
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oid
The object identifier (object ID) of a row. This column is only present if the table was created
using WITH 0OIDS, 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 8.18 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 5.9), 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.

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
01DS is the default.
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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 com-
mands 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, 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 appli-
cation 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:

« 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 AbD 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
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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 5.13 for a description of the general mechanism behind this.

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).

62



Chapter 5. Data Definition

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;

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;
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5.6. Privileges

When an object is created, it is assigned an owner. The owner is normally the role that executed the
creation statement. For most kinds of objects, the initial state is that only the owner (or a superuser)
can do anything with the object. To allow other roles to use it, privileges must be granted.

There are different kinds of 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.

The right to modify or destroy an object is always the privilege of the owner only.

An object can be assigned to a new owner with an ALTER command of the appropriate kind for the
object, e.g. ALTER TABLE. Superusers can always do this; ordinary roles can only do it if they are
both the current owner of the object (or a member of the owning role) and a member of the new
owning role.

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. How-
ever, 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. Row Security Policies

In addition to the SQL-standard privilege system available through GRANT, tables can have row
security policies that restrict, on a per-user basis, which rows can be returned by normal queries or
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inserted, updated, or deleted by data modification commands. This feature is also known as Row-
Level Security. By default, tables do not have any policies, so that if a user has access privileges to a
table according to the SQL privilege system, all rows within it are equally available for querying or
updating.

When row security is enabled on a table (with ALTER TABLE ... ENABLE ROW LEVEL SECU-
RITY), all normal access to the table for selecting rows or modifying rows must be allowed by a
row security policy. (However, the table’s owner is typically not subject to row security policies.) If
no policy exists for the table, a default-deny policy is used, meaning that no rows are visible or can
be modified. Operations that apply to the whole table, such as TRUNCATE and REFERENCES, are not
subject to row security.

Row security policies can be specific to commands, or to roles, or to both. A policy can be specified to
apply to ALL commands, or to SELECT, INSERT, UPDATE, or DELETE. Multiple roles can be assigned
to a given policy, and normal role membership and inheritance rules apply.

To specify which rows are visible or modifiable according to a policy, an expression is required that
returns a Boolean result. This expression will be evaluated for each row prior to any conditions or
functions coming from the user’s query. (The only exceptions to this rule are leakproof functions,
which are guaranteed to not leak information; the optimizer may choose to apply such functions ahead
of the row-security check.) Rows for which the expression does not return t rue will not be processed.
Separate expressions may be specified to provide independent control over the rows which are visible
and the rows which are allowed to be modified. Policy expressions are run as part of the query and
with the privileges of the user running the query, although security-definer functions can be used to
access data not available to the calling user.

Superusers and roles with the BYPASSRLS attribute always bypass the row security system when
accessing a table. Table owners normally bypass row security as well, though a table owner can
choose to be subject to row security with ALTER TABLE ... FORCE ROW LEVEL SECURITY.

Enabling and disabling row security, as well as adding policies to a table, is always the privilege of
the table owner only.

Policies are created using the CREATE POLICY command, altered using the ALTER POLICY com-
mand, and dropped using the DROP POLICY command. To enable and disable row security for a
given table, use the ALTER TABLE command.

Each policy has a name and multiple policies can be defined for a table. As policies are table-specific,
each policy for a table must have a unique name. Different tables may have policies with the same
name.

When multiple policies apply to a given query, they are combined using OR, so that a row is accessible
if any policy allows it. This is similar to the rule that a given role has the privileges of all roles that
they are a member of.

As a simple example, here is how to create a policy on the account relation to allow only members
of the managers role to access rows, and only rows of their accounts:

CREATE TABLE accounts (manager text, company text, contact_email text);
ALTER TABLE accounts ENABLE ROW LEVEL SECURITY;

CREATE POLICY account_managers ON accounts TO managers
USING (manager = current_user);

If no role is specified, or the special user name PUBLIC is used, then the policy applies to all users on
the system. To allow all users to access their own row in a users table, a simple policy can be used:
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CREATE POLICY user_policy ON users
USING (user = current_user);

To use a different policy for rows that are being added to the table compared to those rows that are
visible, the WITH CHECK clause can be used. This policy would allow all users to view all rows in the
users table, but only modify their own:

CREATE POLICY user_policy ON users
USING (true)
WITH CHECK (user = current_user);

Row security can also be disabled with the ALTER TABLE command. Disabling row security does not
remove any policies that are defined on the table; they are simply ignored. Then all rows in the table
are visible and modifiable, subject to the standard SQL privileges system.

Below is a larger example of how this feature can be used in production environments. The table

passwd emulates a Unix password file:

-— Simple passwd-file based example
CREATE TABLE passwd (

username text UNIQUE NOT NULL,
pwhash text,
uid int PRIMARY KEY,
gid int NOT NULL,
real_name text NOT NULL,
home_phone text,
extra_info text,
home_dir text NOT NULL,
shell text NOT NULL
)i
CREATE ROLE admin; —— Administrator
CREATE ROLE bob; —— Normal user
CREATE ROLE alice; —-- Normal user

—-— Populate the table
INSERT INTO passwd VALUES
("admin’, " xxx’,0,0,"”Admin’,”111-222-3333’ ,null,’ /root’,’ /bin/dash’);
INSERT INTO passwd VALUES
("bob’,"xxx",1,1,’Bob’,"123-456-7890’ ,null,’ /home/bob’,’ /bin/zsh’);
INSERT INTO passwd VALUES
("alice’,"xxx',2,1,"Alice’,’098-765-4321’ ,null,’ /home/alice’,’ /bin/zsh’);

—-— Be sure to enable row level security on the table
ALTER TABLE passwd ENABLE ROW LEVEL SECURITY;

-— Create policies
—— Administrator can see all rows and add any rows
CREATE POLICY admin_all ON passwd TO admin USING (true) WITH CHECK (true);
—-— Normal users can view all rows
CREATE POLICY all_view ON passwd FOR SELECT USING (true);
—-— Normal users can update their own records, but
—— limit which shells a normal user is allowed to set
CREATE POLICY user_mod ON passwd FOR UPDATE
USING (current_user = username)
WITH CHECK (
current_user = username AND
shell IN (’/bin/bash’,’/bin/sh’,’/bin/dash’,’/bin/zsh’,’ /bin/tcsh’)
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)i

—-— Allow admin all normal rights
GRANT SELECT, INSERT, UPDATE, DELETE ON passwd TO admin;
—— Users only get select access on public columns
GRANT SELECT
(username, uid, gid, real_name, home_phone, extra_info, home_dir, shell)
ON passwd TO public;
—-— Allow users to update certain columns
GRANT UPDATE
(pwhash, real_name, home_phone, extra_info, shell)
ON passwd TO public;

As with any security settings, it’s important to test and ensure that the system is behaving as expected.
Using the example above, this demonstrates that the permission system is working properly.

—— admin can view all rows and fields
postgres=> set role admin;

SET

postgres=> table passwd;

username pwhash | uid

admin XXX 0 0 Admin 111-222-3333 /root /
bob XXX 1 1 Bob 123-456-7890 /home /bob /
alice XXX 2 1 Alice 098-765-4321 /home/alice /
(3 rows)

—-— Test what Alice is able to do

postgres=> set role alice;

SET

postgres=> table passwd;

ERROR: permission denied for relation passwd

postgres=> select username,real_name, home_phone,extra_info,home_dir,shell from passwd;

username | real_name | home_phone | extra_info | home_dir | shell
—————————— e e Tt ettt
admin | Admin | 111-222-3333 | | /root | /bin/dash
bob | Bob | 123-456-7890 | | /home/bob | /bin/zsh
alice | Alice | 098-765-4321 | | /home/alice | /bin/zsh
(3 rows)
postgres=> update passwd set username = '’ joe’;
ERROR: permission denied for relation passwd
—-— Alice is allowed to change her own real_name, but no others
postgres=> update passwd set real_name = ’"Alice Doe’;
UPDATE 1
postgres=> update passwd set real_name = ’'John Doe’ where username = ’'admin’;
UPDATE O

postgres=> update passwd set shell = ’/bin/xx’;

ERROR: new row violates WITH CHECK OPTION for "passwd"

postgres=> delete from passwd;

ERROR: permission denied for relation passwd

postgres=> insert into passwd (username) values (’'xxx’);

ERROR: permission denied for relation passwd

—— Alice can change her own password; RLS silently prevents updating other rows
postgres=> update passwd set pwhash = "abc’;

UPDATE 1
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Referential integrity checks, such as unique or primary key constraints and foreign key references,
always bypass row security to ensure that data integrity is maintained. Care must be taken when
developing schemas and row level policies to avoid “covert channel” leaks of information through
such referential integrity checks.

In some contexts it is important to be sure that row security is not being applied. For example, when
taking a backup, it could be disastrous if row security silently caused some rows to be omitted from
the backup. In such a situation, you can set the row_security configuration parameter to of £. This
does not in itself bypass row security; what it does is throw an error if any query’s results would get
filtered by a policy. The reason for the error can then be investigated and fixed.

In the examples above, the policy expressions consider only the current values in the row to be ac-
cessed or updated. This is the simplest and best-performing case; when possible, it’s best to design
row security applications to work this way. If it is necessary to consult other rows or other tables
to make a policy decision, that can be accomplished using sub-SELECTS, or functions that contain
SELECTS, in the policy expressions. Be aware however that such accesses can create race conditions
that could allow information leakage if care is not taken. As an example, consider the following table
design:

—— definition of privilege groups
CREATE TABLE groups (group_id int PRIMARY KEY,
group_name text NOT NULL);

INSERT INTO groups VALUES
(1, "low’),
(2, "medium’),
(5, "high’);

GRANT ALL ON groups TO alice; -- alice is the administrator
GRANT SELECT ON groups TO public;

—— definition of users’ privilege levels
CREATE TABLE users (user_name text PRIMARY KEY,
group_id int NOT NULL REFERENCES groups) ;

INSERT INTO users VALUES
("alice’, 5),
("bob’, 2),
('mallory’, 2);

GRANT ALL ON users TO alice;
GRANT SELECT ON users TO public;

—— table holding the information to be protected
CREATE TABLE information (info text,
group_id int NOT NULL REFERENCES groups);

INSERT INTO information VALUES
("barely secret’, 1),
("slightly secret’, 2),
("very secret’, 5);

ALTER TABLE information ENABLE ROW LEVEL SECURITY;
-— a row should be visible to/updatable by users whose security group_id is

—-— greater than or equal to the row’s group_id
CREATE POLICY fp_s ON information FOR SELECT
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USING (group_id <= (SELECT group_id FROM users WHERE user_name = current_user));
CREATE POLICY fp_u ON information FOR UPDATE
USING (group_id <= (SELECT group_id FROM users WHERE user_name = current_user));

-— we rely only on RLS to protect the information table
GRANT ALL ON information TO public;

Now suppose that a1 ice wishes to change the “slightly secret” information, but decides thatmallory
should not be trusted with the new content of that row, so she does:

BEGIN;

UPDATE users SET group_id = 1 WHERE user_name = 'mallory’;

UPDATE information SET info = ’secret from mallory’ WHERE group_id = 2;
COMMIT;

That looks safe; there is no window wherein mallory should be able to see the “secret from mallory”
string. However, there is a race condition here. If mallory is concurrently doing, say,

SELECT * FROM information WHERE group_id = 2 FOR UPDATE;

and her transaction is in READ COMMITTED mode, it is possible for her to see “secret from mallory”.
That happens if her transaction reaches the information row just after alice’s does. It blocks
waiting for alice’s transaction to commit, then fetches the updated row contents thanks to the FOR
UPDATE clause. However, it does not fetch an updated row for the implicit SELECT from users,
because that sub-SELECT did not have FOR UPDATE; instead the users row is read with the snapshot
taken at the start of the query. Therefore, the policy expression tests the old value of mallory’s
privilege level and allows her to see the updated row.

There are several ways around this problem. One simple answer is to use SELECT ... FOR SHARE
in sub-SELECTS in row security policies. However, that requires granting UPDATE privilege on the
referenced table (here users) to the affected users, which might be undesirable. (But another row
security policy could be applied to prevent them from actually exercising that privilege; or the sub-
SELECT could be embedded into a security definer function.) Also, heavy concurrent use of row
share locks on the referenced table could pose a performance problem, especially if updates of it are
frequent. Another solution, practical if updates of the referenced table are infrequent, is to take an
exclusive lock on the referenced table when updating it, so that no concurrent transactions could be
examining old row values. Or one could just wait for all concurrent transactions to end after com-
mitting an update of the referenced table and before making changes that rely on the new security
situation.

For additional details see CREATE POLICY and ALTER TABLE.

5.8. 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 con-
nection 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.
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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:

« 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.

5.8.1. 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 (

)i

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:
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DROP SCHEMA myschema CASCADE;

See Section 5.13 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;
You can even omit the schema name, in which case the schema name will be the same as the user

name. See Section 5.8.6 for how this can be useful.

Schema names beginning with pg__ are reserved for system purposes and cannot be created by users.

5.8.2. 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 ( ... );

5.8.3. The Schema Search Path

Qualified names are tedious to write, and it’s often best not to wire a particular schema name into
applications 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.
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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.

To put our new schema in the path, we use:
SET search_path TO myschema,public;

(We omit the Suser 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 9.25 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.

5.8.4. 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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5.8.5. 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.

Since system table names begin with pg_, it is best 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.

5.8.6. Usage Patterns

Schemas can be used to organize your data in many ways. There are a few usage patterns that are
recommended and are easily supported by the default configuration:

» If you do not create any schemas then all users access the public schema implicitly. This simu-
lates 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
altogether), 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.

5.8.7. 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.

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.
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Of course, some SQL database systems might not implement schemas at all, or provide namespace
support 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.

5.9. 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
___________ b
Las Vegas | 2174
Mariposa | 1953
Madison | 845

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;

74



Chapter 5. Data Definition

name | altitude
___________ b
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

,,,,,,,,,, S
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
__________ e
cities | Las Vegas | 2174
cities | Mariposa | 1953
capitals | Madison | 845

Another way to get the same effect is to use the regclass pseudo-type, which will print the table
OID symbolically:

SELECT c.tableoid::regclass, c.name, c.altitude
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FROM cities c
WHERE c.altitude > 500;

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 (’Albany’, 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 38). 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 chil-
dren. 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 5.10).

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
constraints 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.

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.
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Foreign tables (see Section 5.11) can also be part of inheritance hierarchies, either as parent or child
tables, just as regular tables can be. If a foreign table is part of an inheritance hierarchy then any
operations not supported by the foreign table are not supported on the whole hierarchy either.

5.9.1. 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, SOQL Commands).

A serious limitation of the inheritance feature is that indexes (including unique constraints) and for-
eign 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 ex-
ample:

« 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.

5.10. Partitioning

PostgreSQL supports basic table partitioning. This section describes why and how to implement par-
titioning as part of your database design.

5.10.1. Overview

Partitioning refers to splitting what is logically one large table into smaller physical pieces. Partition-
ing can provide several benefits:

+ Query performance can be improved dramatically in certain situations, particularly when most of
the heavily accessed rows of the table are in a single partition or a small number of partitions. The
partitioning 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.
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« When queries or updates access a large percentage of a single partition, performance can be im-
proved 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 5.9) 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.

5.10.2. 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 (or, possibly, foreign tables).
3. Add table constraints to the partition tables to define the allowed key values in each partition.

Typical examples would be:

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 )
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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
descriptive 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
measures 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

)

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
measurements 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.

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.

3. 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);
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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_y2008m0l1_logdate ON measurement_y2008m0l1 (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 $S

BEGIN
INSERT INTO measurement_y2008m0l1 VALUES (NEW.x);
RETURN NULL;

END;

$$

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 ()
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_y2008m0l1 VALUES (NEW.x);
ELSE
RAISE EXCEPTION ’'Date out of range. Fix the measurement_insert_trigger ()
END IF;
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RETURN NULL;
END;
$S
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.

5.10.3. 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.

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 copy, 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
partitioned 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);
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As an alternative, it is sometimes more convenient to create the new table outside the partition struc-
ture, 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;

5.10.4. 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

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 >= ’2008-01-01’::date)

-> Seqg Scan on measurement_y2006m02 measurement (cost=0.00..30.38
Filter: (logdate >= ’72008-01-01’::date)
-> Seq Scan on measurement_y2006m03 measurement (cost=0.00..30.38

Filter: (logdate >= ’2008-01-01’::date)

-> Seq Scan on measurement_y2007ml2 measurement (cost=0.00..30.38
Filter: (logdate >= ’2008-01-01’::date)
-> Seqg Scan on measurement_y2008m0l measurement (cost=0.00..30.38

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;
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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)
-> Seq Scan on measurement (cost=0.00..30.38 rows=543 width=0)
Filter: (logdate >= ’2008-01-01’::date)
-> Seq Scan on measurement_y2008m0l1 measurement (cost=0.00..30.38 rows=543 wi
Filter: (logdate >= ’2008-01-01’::date)

Note that constraint exclusion is driven only by CHECK constraints, not by the presence of indexes.
Therefore 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 of £, 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.

5.10.5. 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);

CREATE RULE measurement_insert_y2008m0l1 AS
ON INSERT TO measurement WHERE

( logdate >= DATE ’'2008-01-01’ AND logdate < DATE ’'2008-02-01" )
DO INSTEAD

INSERT INTO measurement_y2008m0l1 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
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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.

5.10.6. 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.

+ INSERT statements with ON CONFLICT clauses are unlikely to work as expected, as the ON
CONFLICT action is only taken in case of unique violations on the specified target relation, not its
child relations.

The following caveats apply to constraint exclusion:

« Constraint exclusion only works when the query’s WHERE clause contains constants (or exter-
nally supplied parameters). For example, a comparison against a non-immutable function such
as CURRENT_TIMESTAMP cannot be optimized, since the planner cannot know which partition the
function value might fall into at run time.

« 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 partitioning
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.
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5.11. Foreign Data

PostgreSQL implements portions of the SQL/MED specification, allowing you to access data that
resides outside PostgreSQL using regular SQL queries. Such data is referred to as foreign data. (Note
that this usage is not to be confused with foreign keys, which are a type of constraint within the
database.)

Foreign data is accessed with help from a foreign data wrapper. A foreign data wrapper is a library
that can communicate with an external data source, hiding the details of connecting to the data source
and obtaining data from it. There are some foreign data wrappers available as cont rib modules; see
Appendix F. Other kinds of foreign data wrappers might be found as third party products. If none of
the existing foreign data wrappers suit your needs, you can write your own; see Chapter 54.

To access foreign data, you need to create a foreign server object, which defines how to connect to
a particular external data source according to the set of options used by its supporting foreign data
wrapper. Then you need to create one or more foreign tables, which define the structure of the remote
data. A foreign table can be used in queries just like a normal table, but a foreign table has no storage
in the PostgreSQL server. Whenever it is used, PostgreSQL asks the foreign data wrapper to fetch
data from the external source, or transmit data to the external source in the case of update commands.

Accessing remote data may require authenticating to the external data source. This information can
be provided by a user mapping, which can provide additional data such as user names and passwords
based on the current PostgreSQL role.

For additional information, see CREATE FOREIGN DATA WRAPPER, CREATE SERVER, CRE-
ATE USER MAPPING, CREATE FOREIGN TABLE, and IMPORT FOREIGN SCHEMA.

5.12. 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.

5.13. 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:
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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
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 DrROP ... 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
versions prior to 7.3 are not maintained or created during the upgrade process. All other depen-
dency 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;

You can insert multiple rows in a single command:

INSERT INTO products (product_no, name, price) VALUES
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(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;

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.
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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 manipu-
late 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 specifi-
cation. 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 user-
defined columns from tablel. (The method of retrieval depends on the client application. For exam-
ple, 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 avail-
able 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 isasimple 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
followed by WHERE, GROUP BY, and HAVING clauses. Trivial table expressions simply refer to a table
on 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
successive transformations performed on the table derived in the FrROM clause. All these transforma-
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tions 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
reference list.

FROM table_reference [, table_reference [, ...]]

A table reference can be a table name (possibly schema-qualified), or a derived table such as a sub-
query, a JOIN construct, or complex combinations of these. If more than one table reference is listed
in the FROM clause, the tables are cross-joined (that is, the Cartesian product of their rows is formed;
see below). The result of the FrROM list is an 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 x 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. The general syntax of a joined table is

Tl join type T2 [ join condition ]

Joins of all types can be chained together, or nested: either or both 71 and 72 can be joined tables.
Parentheses can be used around JOIN clauses to control the join order. In the absence of parentheses,
JOIN clauses nest left-to-right.

Join Types

Cross join
T1 CROSS JOIN T2

For every possible combination of rows from 71 and 72 (i.e., a Cartesian product), the joined
table will contain a row consisting of all columns in 71 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 T2 isequivalent to FROM T1 INNER JOIN T2 ON TRUE (see below).
It is also equivalent to FROM T1, T2.

Note: This latter equivalence does not hold exactly when more than two tables appear, be-
cause JoIN binds more tightly than comma. For example FrRoM 71 CROSS JOIN T2 INNER
JOIN T3 ON condition iS NOtthe same as FROM 71, T2 INNER JOIN T3 ON condition be-
cause the condition can reference 11 in the first case but not the second.
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Qualified joins

71 { [INNER] | { LEFT | RIGHT | FULL } [OUTER] } JOIN T2 ON boolean_expression
Tl { [INNER] | { LEFT | RIGHT | FULL } [OUTER] } JOIN T2 USING ( join column list )
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 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.

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 71 and 72 match if the on
expression evaluates to true.

The USING clause is a shorthand that allows you to take advantage of the specific situation where
both sides of the join use the same name for the joining column(s). It takes a comma-separated
list of the shared column names and forms a join condition that includes an equality comparison
for each one. For example, joining T1 and T2 with USING (a, b) produces the join condition
ON Tl.a = T2.a AND Tl1.b = T2.b.

Furthermore, the output of JOIN USING suppresses redundant columns: there is no need to print
both of the matched columns, since they must have equal values. While JOIN ON produces all
columns from 71 followed by all columns from 72, JOIN USING produces one output column
for each of the listed column pairs (in the listed order), followed by any remaining columns from
71, followed by any remaining columns from T2.
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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. If there are no common column names, NATURAL behaves like CROSS JOIN.

Note: usING is reasonably safe from column changes in the joined relations since only the
listed columns are combined. NATURAL is considerably more risky since any schema changes
to either relation that cause a new matching column name to be present will cause the join
to combine that new column as well.

To put this together, assume we have tables t 1:

num | name
_____ +______
1] a
2 | b
3 ] ¢
and t2
num | value
_____ +_______
1 | xxx
3 1 yyy
5 | zzz

then we get the following results for the various joins:

=> SELECT x FROM tl CROSS JOIN t2;

num | name | num | value
————— o
1] a | 1 | xxx
1] a \ 31 yyy
1] a \ 5 | zzz
2 |1 b | 1 | xxx
2 1 Db \ 3 1 yyy
2 1 Db \ 5 | zzz
31 c \ 1 | xxx
3| c \ 3 1 yyy
3 1 c \ 5 | zzz
(9 rows)

=> SELECT x FROM tl INNER JOIN t2 ON tl.num = t2.num;

num | name | num | value
————— o ——
1] a \ 1 | xxx
31 ¢ \ 31 yyy
(2 rows)

=> SELECT x FROM tl INNER JOIN t2 USING (num);

num | name | value
_____ e
1] a | xXxXx
31 ¢ l yyy
(2 rows)
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=> 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
77777 e et e
1] a | 1 | xxx
2 | b \ |
31 ¢ \ 3 1 yyy
(3 rows)

=> SELECT x FROM tl LEFT JOIN t2 USING (num);

num name value
_____ e

1] a | xxx

2 | b \

31 c | vyy
(3 rows)

=> SELECT * FROM tl RIGHT JOIN t2 ON tl.num = t2.num;

num | name | num | value
77777 Fomm
1] a | 1 | xxx
31 ¢ \ 31 yyy
\ \ 5 | zzz
(3 rows)

=> SELECT x FROM tl FULL JOIN t2 ON tl.num = t2.num;

num | name | num | value
————— o
1] a | 1 | xxx
2 | b \ |
31 ¢ \ 31 yyy
| | 5 | zzz
(4 rows)
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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

num name num | value
77777 e maa e e
11 a | 1 | xxx
2 | b \ |
3 | c \ |
(3 rows)

= "xxx’;

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

94



Chapter 7. Queries

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 affer the join. That does not matter with inner joins, but it
matters a lot with outer joins.

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.nu

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 »= 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 )
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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
is valid SQL, but:

SELECT a.* 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 (as in 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 columns of a table, view, or subquery.

Table functions may also be combined using the ROWS FROM syntax, with the results returned in
parallel columns; the number of result rows in this case is that of the largest function result, with
smaller results padded with null values to match.

function_call [WITH ORDINALITY] [[AS] table alias [ (column_alias [, ... ])]]
ROWS FROM( function_call [, ... ] ) [WITH ORDINALITY] [[AS] table alias [ (column_alias [,

If the WITH ORDINALITY clause is specified, an additional column of type bigint will be added to
the function result columns. This column numbers the rows of the function result set, starting from
1. (This is a generalization of the SQL-standard syntax for UNNEST ... WITH ORDINALITY.) By
default, the ordinal column is called ordinality, but a different column name can be assigned to it
using an As clause.
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The special table function UNNEST may be called with any number of array parameters, and it returns
a corresponding number of columns, as if UNNEST (Section 9.18) had been called on each parameter
separately and combined using the ROWS FROM construct.

UNNEST ( array_expression [, ... ] ) [WITH ORDINALITY] [[AS] table_alias [ (column_alias

If no table alias is specified, the function name is used as the table name; in the case of a ROWS
FROM () construct, the first function’s name is used.

If column aliases are not supplied, then for a function returning a base data type, the column name is
also the same as the function name. For a function returning a composite type, the result columns get
the names of the individual attributes of the type.

Some examples:

CREATE TABLE foo (fooid int, foosubid int, fooname text);

CREATE FUNCTION getfoo (int) RETURNS SETOF foo AS S$$
SELECT * FROM foo WHERE fooid = $1;
$S$ LANGUAGE SQL;

SELECT » FROM getfoo(l) AS tl;

SELECT * FROM foo
WHERE foosubid IN (
SELECT foosubid
FROM getfoo (foo.fooid) =z
WHERE z.fooid = foo.fooid
)i

CREATE VIEW vw_getfoo AS SELECT % FROM getfoo(l);

SELECT = 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. This syntax looks like:

function_call [AS] alias (column_definition [, ... ])
function_call AS [alias] (column _definition [, ... ])
ROWS FROM( ... function_call AS (column_definition [, ... 1) [, ... 1)

When not using the ROWS FROM () syntax, the column_definition list replaces the column alias
list that could otherwise be attached to the FROM item; the names in the column definitions serve as
column aliases. When using the ROWS FROM () syntax, a column_definition list can be attached to
each member function separately; or if there is only one member function and no WITH ORDINALITY
clause, a column _definition list can be written in place of a column alias list following ROWS
FROM () .

Consider this example:
SELECT «
FROM dblink (" dbname=mydb’, ’SELECT proname, prosrc FROM pg_proc’)

AS tl (proname name, prosrc text)
WHERE proname LIKE ’'bytea%’;
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The dblink function (part of the dblink module) executes a remote query. 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.

7.2.1.5. LATERAL Subqueries

Subqueries appearing in FROM can be preceded by the key word LATERAL. This allows them to ref-
erence columns provided by preceding FROM items. (Without LATERAL, each subquery is evaluated
independently and so cannot cross-reference any other FROM item.)

Table functions appearing in FROM can also be preceded by the key word LATERAL, but for functions
the key word is optional; the function’s arguments can contain references to columns provided by
preceding FROM items in any case.

A LATERAL item can appear at top level in the FROM list, or within a JOIN tree. In the latter case it
can also refer to any items that are on the left-hand side of a JOIN that it is on the right-hand side of.

When a FROM item contains LATERAL cross-references, evaluation proceeds as follows: for each row
of the FROM item providing the cross-referenced column(s), or set of rows of multiple FROM items pro-
viding the columns, the LATERAL item is evaluated using that row or row set’s values of the columns.
The resulting row(s) are joined as usual with the rows they were computed from. This is repeated for
each row or set of rows from the column source table(s).

A trivial example of LATERAL is
SELECT * FROM foo, LATERAL (SELECT % FROM bar WHERE bar.id = foo.bar_id) ss;
This is not especially useful since it has exactly the same result as the more conventional

SELECT * FROM foo, bar WHERE bar.id = foo.bar_id;

LATERAL is primarily useful when the cross-referenced column is necessary for computing the row(s)
to be joined. A common application is providing an argument value for a set-returning function. For
example, supposing that vertices (polygon) returns the set of vertices of a polygon, we could
identify close-together vertices of polygons stored in a table with:

SELECT pl.id, p2.id, v1, v2
FROM polygons pl, polygons p2,
LATERAL vertices (pl.poly) v1,
LATERAL vertices (p2.poly) v2
WHERE (vl <-> v2) < 10 AND pl.id != p2.id;

This query could also be written

SELECT pl.id, p2.id, vl1, v2

FROM polygons pl CROSS JOIN LATERAL vertices(pl.poly) vl,
polygons p2 CROSS JOIN LATERAL vertices (p2.poly) v2

WHERE (vl <-> v2) < 10 AND pl.id !'= p2.id;

or in several other equivalent formulations. (As already mentioned, the LATERAL key word is unnec-
essary in this example, but we use it for clarity.)

It is often particularly handy to LEFT JOIN to a LATERAL subquery, so that source rows will
appear in the result even if the LATERAL subquery produces no rows for them. For example, if
get_product_names () returns the names of products made by a manufacturer, but some
manufacturers in our table currently produce no products, we could find out which ones those are
like this:
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SELECT m.name
FROM manufacturers m LEFT JOIN LATERAL get_product_names (m.id) pname ON true
WHERE pname IS NULL;

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 wrERE clause or in the JoIn
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

Which one of these you use is mainly a matter of style. The Join 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 From clause. The on
or usING clause of an outer join is not equivalent to a wHERE 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 ... FROM fdt WHERE cl > 5

SELECT ... FROM fdt WHERE cl IN (1, 2, 3)

SELECT ... FROM fdt WHERE cl IN (SELECT cl FROM t2)

SELECT ... FROM fdt WHERE cl IN (SELECT c3 FROM t2 WHERE c2 = fdt.cl + 10)

SELECT ... FROM fdt WHERE cl BETWEEN (SELECT c3 FROM t2 WHERE c2 = fdt.cl + 10) AND 100
SELECT ... FROM fdt WHERE EXISTS (SELECT cl FROM t2 WHERE c2 > fdt.cl)
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£dt is the table derived in the FROM clause. Rows that do not meet the search condition of the WHERE
clause are eliminated from f£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 fdt 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 * FROM testl;

=> SELECT x FROM testl GROUP BY x;

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;

X | sum
e
a | 4
b | 5
c | 2

100



Chapter 7. Queries
(3 rows)

Here sum is an aggregate function that computes a single value over the entire group. More informa-
tion about the available aggregate functions can be found in Section 9.20.

Tip: Grouping without aggregate expressions effectively calculates the set of distinct values in a
column. This can also be achieved using the prsTINCT 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 (but see below). 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.

If the products table is set up so that, say, product_id is the primary key, then it would be enough to
group by product_id in the above example, since name and price would be functionally dependent
on the product ID, and so there would be no ambiguity about which name and price value to return
for each product ID group.

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.

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:
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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 x s.units) > 5000;

In the example above, the WHERE clause is selecting rows by a column that is not grouped (the expres-
sion 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. GROUPING SETS, CUBE, and ROLLUP

More complex grouping operations than those described above are possible using the concept of
grouping sets. The data selected by the FROM and WHERE clauses is grouped separately by each speci-
fied grouping set, aggregates computed for each group just as for simple GROUP BY clauses, and then
the results returned. For example:

=> SELECT * FROM items_sold;

brand | size | sales
_______ e
Foo | L | 10
Foo | M | 20
Bar | M | 15
Bar | L 5

(4 rows)

=> SELECT brand, size, sum(sales) FROM items_sold GROUP BY GROUPING SETS ((brand),

brand | size | sum
_______ I,
Foo | | 30
Bar | | 20
| L | 15
| M | 35
| |50
(5 rows)

Each sublist of GROUPING SETS may specify zero or more columns or expressions and is interpreted
the same way as though it were directly in the GROUP BY clause. An empty grouping set means that
all rows are aggregated down to a single group (which is output even if no input rows were present),
as described above for the case of aggregate functions with no GROUP BY clause.

References to the grouping columns or expressions are replaced by null values in result rows for
grouping sets in which those columns do not appear. To distinguish which grouping a particular output
row resulted from, see Table 9-53.

A shorthand notation is provided for specifying two common types of grouping set. A clause of the
form
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ROLLUP ( el, e2, e3, ... )

represents the given list of expressions and all prefixes of the list including the empty list; thus it is
equivalent to

GROUPING SETS (
(el, e2, e3, ... ),

(el, e2),
(el ),

()
)

This is commonly used for analysis over hierarchical data; e.g. total salary by department, division,
and company-wide total.

A clause of the form

CUBE ( el, €2, ... )

represents the given list and all of its possible subsets (i.e. the power set). Thus
CUBE ( a, b, c )

is equivalent to

GROUPING SETS (
a, b, c),

(

(a, b )
( a, c ),
(a ),
( b, c ),
( b )
( c ),
(

)

The individual elements of a CUBE or ROLLUP clause may be either individual expressions, or sublists
of elements in parentheses. In the latter case, the sublists are treated as single units for the purposes
of generating the individual grouping sets. For example:

CUBE ( (a, b), (c, 4) )

is equivalent to

GROUPING SETS (
(a, b, ¢, d)
(a, b )
( c, d)
( )

)

and

ROLLUP ( a, (b, c), d)

is equivalent to
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GROUPING SETS (
a, b, ¢, d

The cUBE and ROLLUP constructs can be used either directly in the GROUP BY clause, or nested inside
a GROUPING SETS clause. If one GROUPING SETS clause is nested inside another, the effect is the
same as if all the elements of the inner clause had been written directly in the outer clause.

If multiple grouping items are specified in a single GROUP BY clause, then the final list of grouping
sets is the cross product of the individual items. For example:

GROUP BY a, CUBE (b, c), GROUPING SETS ((d), (e))
is equivalent to

GROUP BY GROUPING SETS (
a, b, ¢, d), (a, b, ¢, e),

(

(a, b, d), (a, b, e),
(a, ¢, d), (a, ¢, e),
(a, d), (a, e)

Note: The construct (a, b) is normally recognized in expressions as a row constructor. Within
the crouP BY clause, this does not apply at the top levels of expressions, and (a, b) is parsed
as a list of expressions as described above. If for some reason you need a row constructor in a
grouping expression, use ROW (a, b).

7.2.5. Window Function Processing

If the query contains any window functions (see Section 3.5, Section 9.21 and Section 4.2.8), these
functions 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 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 having 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
according to one or another of the window functions’ PARTITION BY/ORDER BY clauses. It is not
recommended 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.
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7.3. Select Lists

As shown in the previous section, the table expression in the SELECT command constructs an inter-
mediate 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 Items

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, c 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.x, 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.

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 key-
word (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
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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

TrOwSs.)

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.)

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 differ-
ence. The syntax is

queryl UNION [ALL] gquery2
queryl INTERSECT [ALL] query?2
queryl EXCEPT [ALL] query2

queryl and guery2 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
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which is executed as:

(queryl UNION queryZ2) UNION query3

UNION effectively appends the result of query?2 to the result of query1 (although there is no guaran-
tee 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. Dupli-
cate 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 some-
times 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_1list
FROM table_expression
ORDER BY sort_expressionl [ASC | DESC] [NULLS { FIRST | LAST }1]
[, 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. AsSc 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.

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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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 + c; —-— wrong

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 ]

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.
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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 UNION (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, like this:

=> SELECT = FROM (VALUES (1, ’'one’), (2, "two’), (3, ’'three’)) AS t (num,letter);
num | letter

Syntactically, VALUES followed by expression lists is treated as equivalent to:

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 auxiliary statements for use in a larger query. These statements, which
are often referred to as Common Table Expressions or CTEs, can be thought of as defining temporary
tables that exist just for one query. Each auxiliary statement in a WITH clause can be a SELECT,
INSERT, UPDATE, or DELETE; and the WITH clause itself is attached to a primary statement that can
also be a SELECT, INSERT, UPDATE, or DELETE.
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7.8.1. SELECT in WITH

The basic value of SELECT in WITH 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. The WITH clause defines
two auxiliary statements named regional_sales and top_regions, where the output of
regional_sales is used in top_regions and the output of top_regions is used in the primary
SELECT query. 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+l1 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:

Recursive Query Evaluation

1.  Evaluate the non-recursive term. For UNION (but not UNION ALL), discard duplicate rows. In-
clude 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 UNION (but not UNION ALL), discard duplicate rows

and rows that duplicate any previous result row. Include all remaining rows in the result
of the recursive query, and also place them in a temporary intermediate table.

110



Chapter 7. Queries

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
chosen 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 UNTON 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
UNION ALL
SELECT g.id, g.link, g.data, sg.depth + 1
FROM graph g, search_graph sg
WHERE g.id = sg.link
)
SELECT = 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.1id],
false
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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 x 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)1,

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.

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
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recursive query’s results or join them to some other table, because in such cases the outer query will
usually try to fetch all of the WITH query’s output anyway.

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 func-
tions 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 subquery. The WITH query
will generally be evaluated as written, without suppression of rows that the parent query might dis-
card afterwards. (But, as mentioned above, evaluation might stop early if the reference(s) to the query
demand only a limited number of rows.)

The examples above only show WITH being used with SELECT, but it can be attached in the same way
to INSERT, UPDATE, or DELETE. In each case it effectively provides temporary table(s) that can be
referred to in the main command.

7.8.2. Data-Modifying Statements in wITH

You can use data-modifying statements (INSERT, UPDATE, or DELETE) in WITH. This allows you to
perform several different operations in the same query. An example is:

WITH moved_rows AS (
DELETE FROM products
WHERE
"date" >= 72010-10-01" AND
"date" < "2010-11-01"
RETURNING =

)
INSERT INTO products_log
SELECT x» FROM moved_rows;

This query effectively moves rows from products to products_log. The DELETE in WITH deletes
the specified rows from products, returning their contents by means of its RETURNING clause; and
then the primary query reads that output and inserts it into products_log.

A fine point of the above example is that the WITH clause is attached to the INSERT, not the sub-
SELECT within the INSERT. This is necessary because data-modifying statements are only allowed
in WITH clauses that are attached to the top-level statement. However, normal wITH visibility rules
apply, so it is possible to refer to the WITH statement’s output from the sub-SELECT.

Data-modifying statements in WITH usually have RETURNING clauses, as seen in the example above.
It is the output of the RETURNING clause, not the target table of the data-modifying statement, that
forms the temporary table that can be referred to by the rest of the query. If a data-modifying statement
in WITH lacks a RETURNING clause, then it forms no temporary table and cannot be referred to in the
rest of the query. Such a statement will be executed nonetheless. A not-particularly-useful example
is:

WITH t AS (
DELETE FROM foo

)
DELETE FROM bar;

This example would remove all rows from tables foo and bar. The number of affected rows reported
to the client would only include rows removed from bar.
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Recursive self-references in data-modifying statements are not allowed. In some cases it is possible
to work around this limitation by referring to the output of a recursive WITH, for example:

WITH RECURSIVE included_parts (sub_part, part) AS (
SELECT sub_part, part FROM parts WHERE part = ’our_product’
UNION ALL
SELECT p.sub_part, p.part
FROM included_parts pr, parts p
WHERE p.part = pr.sub_part

)
DELETE FROM parts
WHERE part IN (SELECT part FROM included_parts);

This query would remove all direct and indirect subparts of a product.

Data-modifying statements in WITH are executed exactly once, and always to completion, indepen-
dently of whether the primary query reads all (or indeed any) of their output. Notice that this is
different from the rule for SELECT in WITH: as stated in the previous section, execution of a SELECT
is carried only as far as the primary query demands its output.

The sub-statements in WITH are executed concurrently with each other and with the main query.
Therefore, when using data-modifying statements in WITH, the order in which the specified updates
actually happen is unpredictable. All the statements are executed with the same snapshot (see Chapter
13), so they cannot “see” one another’s effects on the target tables. This alleviates the effects of the
unpredictability of the actual order of row updates, and means that RETURNING data is the only way
to communicate changes between different WITH sub-statements and the main query. An example of
this is that in

WITH t AS (
UPDATE products SET price = price x 1.05
RETURNING =*

)
SELECT = FROM products;

the outer SELECT would return the original prices before the action of the UPDATE, while in

WITH t AS (
UPDATE products SET price = price = 1.05
RETURNING =

)
SELECT = FROM t;

the outer SELECT would return the updated data.

Trying to update the same row twice in a single statement is not supported. Only one of the modi-
fications takes place, but it is not easy (and sometimes not possible) to reliably predict which one.
This also applies to deleting a row that was already updated in the same statement: only the update
is performed. Therefore you should generally avoid trying to modify a single row twice in a single
statement. In particular avoid writing WITH sub-statements that could affect the same rows changed by
the main statement or a sibling sub-statement. The effects of such a statement will not be predictable.

At present, any table used as the target of a data-modifying statement in WITH must not have a condi-
tional rule, nor an ALSO rule, nor an INSTEAD rule that expands to multiple statements.
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PostgreSQL has a rich set of native data types available to users. Users can add new types to Post-
greSQL 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 [ (n) ] char [ (n) ] fixed-length character string

character varying [ (n) |varchar [ (n) ] variable-length character string

]

cidr IPv4 or IPv6 network address

circle circle on a plane

date calendar date (year, month,
day)

double precision float8 double precision floating-point
number (8 bytes)

inet IPv4 or IPv6 host address

integer int, int4 signed four-byte integer

interval [ fields ] [ time span

(p) ]

json textual JSON data

jsonb binary JSON data, decomposed

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

pg_lsn PostgreSQL Log Sequence
Number

point geometric point on a plane
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Name Aliases Description

polygon closed geometric path on a
plane

real float4 single precision floating-point
number (4 bytes)

smallint int2 signed two-byte integer

smallserial serial? autoincrementing two-byte
integer

serial seriald autoincrementing four-byte
integer

text variable-length character string

time [ (p) 1 [ 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 Post-
greSQL, 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 num-
bers, and selectable-precision decimals. Table 8-2 lists the available types.

Table 8-2. Numeric Types

Name \ Storage Size

Description

Range
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Name Storage Size Description Range
smallint 2 bytes small-range integer -32768 to +32767
integer 4 bytes typical choice for -2147483648 to
integer +2147483647
bigint 8 bytes large-range integer -
9223372036854775808
to
+9223372036854775807
decimal variable user-specified up to 131072 digits
precision, exact before the decimal

point; up to 16383
digits after the decimal

point
numeric variable user-specified up to 131072 digits
precision, exact before the decimal

point; up to 16383
digits after the decimal

point
real 4 bytes variable-precision, 6 decimal digits
inexact precision
double precision |8 bytes variable-precision, 15 decimal digits
inexact precision
smallserial 2 bytes small autoincrementing | 1 to 32767
integer
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 is designed to be used when the range of the integer type is insufficient.

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.
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8.1.2. Arbitrary Precision Numbers

The type numeric can store numbers with a very large number of digits. It is especially recom-
mended for storing monetary amounts and other quantities where exactness is required. Calculations
with numeric values yield exact results where possible, e.g. addition, subtraction, multiplication.
However, calculations on numeric values are very slow compared to the integer types, or to the
floating-point types described in the next section.

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.)

Note: The maximum allowed precision when explicitly specified in the type declaration is 1000;
NUMERIC without a specified precision is subject to the limits described in Table 8-2.

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 three 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.
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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 prac-
tice, these types are usually implementations of IEEE Standard 754 for Binary Floating-Point 