PostgreSQL 9.5.20 Documentation

The PostgreSQL Global Development Group



PostgreSQL 9.5.20 Documentation
by The PostgreSQL Global Development Group
Copyright © 1996-2019 The PostgreSQL Global Development Group

Legal Notice

PostgreSQL is Copyright © 1996-2019 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 xliii
1. What 1S POStZIeSQLT ..cc.eoiiiiiiiiiieiireeeeeete ettt ettt st xliii
2. A Brief History of POStreSQLu........coicuiiiiiiiieiiieiieiieeteeeceteste ettt sve e beesnesne e xliv

2.1. The Berkeley POSTGRES Project .......ccoccveeiiiiiieniienieiieenieenee e sve e xliv
2.2, POSEEIESOS ..ottt ettt ettt ettt st sttt st et e tae st e enbeebee s xliv
2.3, POSEEIESQLou ittt ettt ettt st ettt st e be e be e sabeebeeaee e xlv
3. COMNVEINTIONS ...ttt ettt ettt sttt ettt et et sb et esae et e beebe et e sbeestesbeeaeenbesbeennesneenee xlv
4. Further INfOrmation........cccoeeviiririeiiinieiencetee sttt sttt st xlvi
5. Bug Reporting GUIEIINES. .......ecoueeriiiriieiiiiie ittt ettt ettt st esatesane e xlvi
5.1, Tdentifying BUgS .......oooueeiiiiiieiieteseeeetet ettt xlvii
5.2. What t0 REPOTT c...eeiiiiiieiieiieeeetese ettt ettt sttt et s xlvii
5.3. Where to Report BUZS ...c..cooiiiiiiiiiiiiiiiieeeeeeteste ettt xlix
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 73
5.8.5. The System Catalog SChema ........c.ccoceveririininiieninciicneceeeeeceeene 73
5.8.60. USAZE PALEINS ...ccuveveiiiiiiniiiiiieetentceitete sttt sttt 73

v



5.8.7. POTtaADIIILY ...ceuviiiiiiiieieeite ettt st 74

5.9 INNETILANCE .....ceoiiiiiiiiiiicic e 74
5.9 1. CAVEALS ..ot Tl

5.10. PaTtIIONINE «..veevieiiiieiieiie ettt sttt ettt et sttt e sbt e sate e be e bt e saneebeebeesaee 78
S.T0.1. OVEIVIEW . 78
5.10.2. Implementing Partitioning ..........cocceceeverierreniinieenieneenenenrereneeeesneeneennes 79
5.10.3. Managing Partitions ..........ccceceeveeririenienieieniieeere e 82
5.10.4. Partitioning and Constraint EXCIusion ...........cccceeevvieveninieninieccnceeenne. 82
5.10.5. Alternative Partitioning Methods..........c..cccceeiiviiriniiiininieencceeeenne, 84
5.10.6. CAVEALS ..ttt ettt ettt st st b e st b e st ebeas 84
S5.11.FOreign Data ..cc..couiiiiiiiiiiiieieetec ettt ettt st 85
5.12. Other Database ODJECLS .........eerueruerieriieiieieeie ettt ettt see st ae s enee e eaee e 86
5.13. Dependency Tracking ........ccoeereiieienieieieeeee et 86
6. Data Manipulation.........ccueeuieiierieienie ettt ettt ettt e e s bt et esbe st e b sbeeneeseeeaeeneas 88
6.1. INSErting DAta ......ocuiiiiiiiieie ettt 88
6.2. Updating Data.........cocevierieieirininiiiciereeeteeseseee ettt s 89
6.3. Deleting Data.......c.coeviviirieiiiiiiiniieteret ettt s 90
6.4. Returning Data From Modified ROWS .......c.ccoceoviiniiiiiiniiinicecceeeecee, 90
T QUBTIES ..t eetie e ettt e ettt e et e e ettt e e et e e eeateeeetaeeeeaaeeeeaseeeateseentaeeetseeeatsaeenteseeteaeeaeeeeateeenareeenanes 92
T 1 OVEIVIEW ittt ettt sttt ettt st 92
7.2. Table EXPIESSIONS ....couveiiiieiintieiinieetente sttt ettt ettt et bttt sate e b eae e eanenee 92
7.2.1. The FROM CIAUSE.....c.cevruiriiriinieieiieiieiietiteiee ettt sttt 93
7.2.1.1. Joined Tables ........ccccoveiiiiininiiieiiieiceeee e 93

7.2.1.2. Table and Column AIASES.......c.ccoerverereerienieienienieieneetesie e 97

7.2.1.3. SUDQUETIES ....eeuveeniieiieeieeieesiteeteeie et e ere et e st sreebeenbeesebeeseeaeesees 98

7.2.1.4. Table FUNCHONS ..c..cocviriiriiiiniieienieeiceeeetcetcetene et 98

7.2.1.5. LATERAL SUDQUETIES ....veeuveeiieeiieeieeiieeieenieenieesreeeeesieesereeveeseesens 99

7.2.2. The WHERE ClaUSE......ccoeoiimiriiiiiiiiiiiiciicieececetec e 101
7.2.3. The GROUP BY and HAVING ClauSes........ccccecevveieiriririinieicieiiiicsienene 101
7.2.4. GROUPING SETS, CUBE, and ROLLUP ...cccevuiiiieiiiiiiniie et 104
7.2.5. Window Function Processing ...........cecueevuerrieenieniiensieenienieeieesiee e 106

7.3 SEIECt LSS ..ot s 106
7.3.1. Select-List ItEIMS .......ccevieiirieiiiereeeneerete ettt 107
7.3.2. Column Labels ........c.coevieiiniiiininieienceceee e 107
733  DISTINCT ueioueeueereeieetenieeeteeteeseesae s esse st e s e aeeaeesae st esnesaeesne st eaeesaesaeennenaeen 108

7.4. Combining QUETIES......cc.ceueeuiriieietieitete sttt ettt et sne s aeeaeesae e enesnees 108
7.5, S0TtING ROWS ..ottt e 109
7.6. LIMIT QN OFFSET.couieiiiieieiieieeteeteete st eeeeie et et saeeeesaesseesaesneeaesaeeseesaesaeennesneas 110
TTVALUES LSS et s 110
7.8. wITH Queries (Common Table EXPressions) .......ccceeeeveereriereneenienieeieneeeceeeenens 111
7.8.1. SELECT 1N WITH .cuiiuiiiiiiieiiii ettt sttt e s 111
7.8.2. Data-Modifying Statements in WITH ......cccceveereererierienieeienieeeeneeeeeeeenaea 115

8. DALA TYPES ..ttt ettt et ettt st e b e b sttt e saeenaes 117
8.1 NUMETIC THPES ...ttt ettt et sttt ettt nae e 118
8.1 1. INtEZET TYPES ... e 119

8.1.2. Arbitrary Precision NUMDETS ........ccccceviririnienienieieineneneceeeeese e 119

8.1.3. Floating-Point TYPES ......ccceruerieriiniieienieeienieeteiesitee et 121

814, SErTal TYPES ...ecuvetieuieiieieeie sttt ettt ettt sb e 122

8.2. MONELATY TYPES ..cuveeieniiriienienieeiteteet ettt sttt ettt sttt et e 123
8.3, Character TYPES ..c..eeueeruiriieienieeiteteeieete ettt ettt ettt 123
8.4. BINAry Data TYPES ....cevverueeierieriieiinitetesteeteste sttt sttt sttt e 125
8.4.1. bytea HEX FOIMAL.......ccooviuviiiiiiiiiiie et 126



8.4.2. bytea Escape FOrmat..........ccceevieriiiiiiinieniiiieeteete et 126

8.5. Date/TimMe TYPES..cueiriieiiiriieiiteiteree sttt sttt sttt et e st et esbeesabesaneenne 128
8.5.1. Date/Time INPUL .....cccueerieiiiiiiiieeccteteee ettt 129
8.5. 1. 1. DALeS ... 130

8.5.1.2. TIMES ..t 130

8.5.1.3. TIME STAMPS...eeeveriiiriiiiieiieeriteee ettt ettt 131

8.5.1.4. Special ValUes .......c.ccoceevuivieiiniiiiiiiieieneceeeeeee e 132

8.5.2. Date/Time OULPUL ....c..coeeiiriieieiieiieteeceeese ettt s 133
8.5.3. TIME ZONES ...ccneeeiiiiiieiieeiieeiteeite ettt ettt ettt ettt st e beesaee s 134
8.5.4. Interval INPUL.....c..occiiiiiiiiee e 135
8.5.5. Interval OULPUL ......ceeiiiiiiiiiiiiceeee e 137

8.6. BOOLEAN TYPEL ...ueieiiieieeiieieeieete ettt ettt et sttt be et sae e nae e 138
8.7. Enumerated TYPES .....ccuoiuiiiiiiiiiiiiiciet e e 139
8.7.1. Declaration of Enumerated TYPes.......cccecevivvenienieinininenenieieieeneseeeenne 139
8.7.2. OFAETING ...ttt ettt ettt ettt b et be et sae st saesbeeneeneeene 140
8.7.3. TYPE SALCLY ...ttt b 140
8.7.4. Implementation Details..........cccoieieiiiiiiiniiieneeee e 141

8.8, GEOMELIIC TYPES ..ttt ettt ettt ettt ettt sbe et be s bt sbe et e e e 141
881 POINLS ..ottt e e 142
88 2L LINES ettt e e 142
8.8.3. LINE SEZMENLS.......eeuiiiiriieiirieiieieeitete ettt ettt et eae 142
8.8 BOXES..c.uiieiieiieiiiitstetcte et et 143
8.8.5. PathS ..o e 143
8.8.0. POLYZOMNS.....eiiiiiiiieiiiiiiieeereet ettt st s 143
8.8.7. CICIES . e 143

8.9. NetWOrk Address TYPES....cccueecveerieerieiieeieerite st eteeitesiteete et e steesbesbeesbeesnesnseenne 144
BL0.1L LNET ittt e 144
8.0, 2. CAAT ittt e 144
8.0.3. ANEE V8. Ca AT ttitiiiiiiierieeit ettt ettt sttt et e sbt e st st b e aee et 145
8.9.4. MACAAAL tuttetieriieiiteiteete ettt ettt e e sttt ettt e bt e st st e bt e it e sanes 145

810, Bit SHNEZ TYPES cnveteniieiieriieiieeitesite sttt sttt ettt sttt e st sbeesbeesaaesaneenne 146
.11, TeXt SEATCH TYPES ..couveereieriieiiieiterte ettt ettt ettt st et e be e saaesane e 146
Bl L. L. £ SVECEOT totteiieiieetteete ettt ettt ettt st ettt et 147

LT B o b1 oy PSR PRRP 148

812, UUID TYPE -ttt sttt ettt sttt ettt st sttt ebe b sbeneens 149
813, XML TYPE vttt ettt ettt ettt ettt et st sttt sbe et benaene 150
8.13.1. Creating XML ValUes .........cccccoieiiiiiniiiiniiicienieeeeeee e 150
8.13.2. Encoding Handling ..........c..ccccoiiiiiiniiiiniiiiineceecceeeeseeeee 151
8.13.3. Accessing XML Values..........cccoeiiviiiiiiiniiiiiinicccece e 151

814, ISON TYPES ..ttt et sttt ettt ettt sae sttt ebe b b naene 152
8.14.1. JSON Input and Output SYNLaX.......ccceeveeriuersieeneenienieenieneeneeeieeseeeneees 153
8.14.2. Designing JSON documents effectively ........cccceveerereerienencieneneeieene 154
8.14.3. ysonb Containment and EXiSteNCe..........cccceeoveeeeiiieeiie e 155
8.14.4. 350nD INAEXING.....eeiiieiieiiiieiieeetee ettt 156

BLL5. ATTAYS .ottt b e s bt et b e sttt e b et s b e et e bbbt eat e e eas 158
8.15.1. Declaration Of Array TYPeS.....cceeeevuerieriereiieieniieiesie et 158
8.15.2. Array Value INPUL.........cooiiiiiiiiiieiisieeseeteeteeee et 159
8.15.3. ACCESSING ATTAYS ..eouviriieiirieriieieetteie sttt ettt ettt et et sbe e i e 161
8.15.4. MOAIfYING ATTAYS...cuirueeiirierienienitetesieete sttt sttt et naeeae 162
8.15.5. Searching in AITAYS......ccocererieriirieiinieieneetetestt ettt s 165
8.15.6. Array Input and OUtPUt SYNTAX......ccueveeriererienienieieneeteneeeee e 166

8.16. COMPOSILE TYPES ..veeuveenereriieriieiieniieeieeieesttesteereesseestteeseeseesseesssesseesseesssessennne 167

Vi



8.16.1. Declaration of COompOSIte TYPES.....ccueerreriuirriierienierieeniienre et eieesee e 168

8.16.2. Constructing Composite ValUes.........ccoveriverriienienieniieniieniesieenieeseenenes 169
8.16.3. Accessing CompoOSIte TYPES .eevvveruvirriienierieriieniienie ettt 169
8.16.4. Modifying CompoSite TYPES.....uervirrrierieriiiriieniienieeieenite st e e 170
8.16.5. Using Composite Types in QUETIES........cevcuerrvierierierrieeniienienieenieesieenaes 170
8.16.6. Composite Type Input and Output SYNtax.........ceceecvevrveeenerveeneneecnennene 173

817, RANEE TYPES ettt e 174
8.17.1. Built-in Range TYPES .......coceevieimirieiiirieienecieeseeeteeeee e 174
8172  EXAMPIES.....couiiiiiiiiiiiieeieneeeteetete ettt s 174
8.17.3. Inclusive and Exclusive Bounds .........c..cceceeviiniiniieniiinienicnieeieceeee, 175
8.17.4. Infinite (Unbounded) RaNges.........cccoeieriiririeienieeeeeeere e 175
8.17.5. Range INPUt/OULPUL.......cooeiiiiiiiiriiiiieteete ettt 175
8.17.6. Constructing RAaNges ........ccceevveiuieieiiiiieeseeeiest et 176
8.17.7. Discrete Range TYPES ...cc.eeueeeeruieiieriirieiesieeteteet ettt 177
8.17.8. Defining New Range TYPES .....c.cecvevuirieriiniiierieniieieeeeesee e 177
8.17.9. INAEXING ..ttt st s 178
8.17.10. Constraints on Ranges...........cceeeeriirierieniiieiieniieiesieete e 178

8.18. Object Identifier TYPES ...cccoverveiriririirieicieteteteeseeee ettt 179
819, PEIST TYPC .ttt bttt 181
8.20. PSEUAO-TYPES ....enveitentiriieiiesieeite ettt et sttt sttt 181
9. FUNCtions and OPETALOLS .........cecuerueruierieniieienieeterie sttt sttt site sttt estesb et e bt sbeeneesaeeaenaeas 184
0.1. LOZICAl OPEIALOLS «.....eeuiiiieniiiiriieienieetenteeite ettt sttt sat ettt e saesatenaesbeesnenaeene 184
0.2. ComPAriSON OPETALOTS......ccueruerrieieriierenteeitenteeteertesieetentesteestesteeseessesaeensesbeessensenne 184
9.3. Mathematical Functions and OPerators............eceereerieerueeneeneesireeneennesseensesneeens 186
9.4. String Functions and OPEratorsS ...........eceereerieerieeneerueeieenieeneesseesseesseesseessessseens 190
0.4, 1. FOTTMAL tuvtetierteeteeritert e et et estteste et e s it e e sbeeabeesbtessbesaseebeesssesaseenbeesssesnseenne 203

9.5. Binary String Functions and OPerators ...........coceerueerverrieereeneesieenieeneesseenieeneeens 205
9.6. Bit String Functions and OPEerators ...........ceeverrieerierieriieeniientesieenieenieesveesieenieens 207
0.7. Pattern MatChiNg ......cccceeviiiiiiiieiieiie ettt sttt sttt sbe e st e e b 208
9.7 1. LIKE ttiiiiiiiieieetiteee ettt st 209
9.7.2. SIMILAR TO Regular EXPressions .......cceceevveenienieniieeniienienieenieesieeieenne 210
9.7.3. POSIX Regular EXPressions .....co.eieerierieriienienienieenieesieeeeesiee e seeenne 211
9.7.3.1. Regular Expression Details ........cccccooeerierieeniiniienneenienieeceeene 214

9.7.3.2. Bracket EXPressions .........cocceceveeieriineenienieneneereieeeere e 216

9.7.3.3. Regular Expression ESCapes........c.cccceceevirienininciinineciiceenene 217

9.7.3.4. Regular Expression MetasyntaxX........cccceeeveevveneecieniieneeneencennennens 219

9.7.3.5. Regular Expression Matching Rules ...........ccccocceciiieiininnenennen. 221

9.7.3.6. Limits and Compatibility ........c..ccccceirvieniriiineniniiieeccecceeene 222

9.7.3.7. Basic Regular EXpressions ..........cccccoeeveeviiieieniniienicicncnceeenne 223

9.8. Data Type Formatting FUnCtions ...........ccccoueceririnenenieieinenineneneeeeeeiesie e 223
9.9. Date/Time Functions and OPErators.........c.cccecerereruerierereenuenenenseeeeeesesenuennes 230
9.9.1. EXTRACT, AT E_PATE titiiieiriieeeeiiiieeeeeiteeeeeeettereeeeetreeeeesesreeeeeessreseeeennnnes 236

LS e R o o o U b o L RO URT ST TRRPRR PR 239
9.9.3. AT TIME ZONE....ciiiiiiiiiiiiiiiiiienie et sic ettt s e s 240
9.9.4. Current Date/TIime .......cceevuirieeiiiniiieesitee et 241
9.9.5. Delaying EXECULION. .....cc.eeriiriiieniiiieiesiteesieetee et 243

9.10. Enum Support FUNCHONS ....c..cotiriiiiieieniieiieieeiteie ettt 243
9.11. Geometric Functions and OPerators...........cocceceevererierieneenienieeieneseenieneeeenieene 244
9.12. Network Address Functions and Operators..........c.ccecuevereeriereenieneneenenenseenenne 248
9.13. Text Search Functions and Operators............ceccevererierienierieneenieneneeneseerenieene 251
9.14. XML FUNCHONS ..ottt sttt s s 254
9.14.1. Producing XML CONtent..........coceeueruerieienerienenienienieerenieeeeneeseeeeennens 255

Vii



9.14.1.1. XMLCOMMENT 1vveeeeerirrreeeeeiirreeeeeeirreeeeesireeeeeesiareeeeeessreseeesireeeeeenns 255

9.14.1.2. XINLCONCAL teuveeteeriieeieeieesite et eteesiteste et esbeesbe e bt enbeesabeebeebee s 255

9.14.1.3. XIMLELEMENT weerrtieriiieieeieeniteeteeieenite et eie et steebeesbeesateeseebee s 256

9.14.1.4. XINLEOTEST teteetieriieeieeitesite ettt ettt et ste ettt st ebeeaee s 257

0. 14.1.5. RIMLIPL cuviuiiiiiiiiiiiieiiciieee e s 258

9.14.1.6. XINLT OO teueiruieiieeriteeieee ettt ettt sttt et et e b b 258

.14, 1.7, XIMLAGG ctteerreeeriireerrieeireeesteeetreesesreesseaessseeesssseessseeesssesasssesensses 258

9.14.2. XML PrediCates ....ccoveeierriienierieeieeniteeie ettt sttt 259
9.14.2.1. IS DOCUMENT ..ecuteutieueererieenrenieeeeeteeneeeesreenesseeene s eneenesaeennesnens 259

9.14.2.2. IS NOT DOCUMENT....ccuirtiiiuiimiiriineitiietesseiestesse e 259

9.14.2.3. XMLEXTISTS uteiuieueeiieieeeesieenesieeeete et eae st ene s e sseeneeaesaeene s 259

9.14.2.4. xml_is_well fOTrMEQ .iiiiiiiiiiiieiiiirrieeeeeeeeeeeeeeeeeeeeeeannns 260

9.14.3. Processing XML ......cccccevivirinienienieteiniineneeeeeiteie et saene 261
9.14.4. Mapping Tables to XML........ccccceoeirinineneieieintne et neene 262

9.15. JSON Functions and OPEIators ...........cceeveeeuirerreruenueueteenensessessenseeeessessessennes 265
9.16. Sequence Manipulation FUNCHONS ......c..ccceciririninenierieiienineeeeeeeeee e 274
9.17. Conditional EXPreSSiOns ........ccceceririirieieieiriininienieieeetee et stesieseeeeseeveeae e saennen 276
0. 17,1 CASE ettt sttt et s sttt 276
9.17.2. CORLESCE vttt sttt sn s eas s sa s 278
0173  NULLIE ottt 278
9.17.4. GREATEST aNd LEAST....ciiiiiiiiiiiiiiiiieiiieiieenc et 279

9.18. Array Functions and OPErators ...........coeecueruereeriererienienieienieeeesiesieeniesieesenienne 279
9.19. Range Functions and OPerators...........co.cecueruereerererieneneenienieeeenieseeniesieenenienne 282
0.20. Aggregate FUNCHONS ....c..cocuiririiieiietenieetete ettt ettt ene 285
9.21. WIndow FUNCHONS ........couiiiiiiiiiiiiiiicicicteeeseseeeee e 292
0.22. SUDQUETY EXPIESSIONS ...eeeruvieiieiieriiieieeniiesiieesieenitesitesteesaeesseesseeseenseesssesnsesnseens 293
0.22. 1. EXISTS ittt sttt st 294
9.22. 2. TNttt e 294
9.22.3. NOT  INuuiiuiiiiiiiiiieiete ettt st 295
9.22.4. ANY/SOME ...uiuiiiiiiiiiiiiciieie sttt st 295
9.22.5. ALL ittt e 296
9.22.6. Single-row COMPATISON .....eevvierreriieniienieeieeniteste st esteesreeeeesbeesreseeenne 296

9.23. Row and Array COMPATISONS ...c..eeruverrueeriieriieriieeniteniteeieesieesieesteesseesseesseenseesseens 296
0.23. 1 TNttt ettt bbbttt s et bttt et naene 297
9.23.2. NOT  INuetiiiruieieieeieeteeitete et eeesae st st e e st e e et st enesae s e st eaeeaesaeennenaeen 297
9.23.3. ANY/SOME (AITAY) .veervveeurerreeniieneerieenieestesseesseestesseesseessesssessseessessseenne 297
9.23.4. ALL (AITAY) cvveeuveereeniteeieeteesiteete et esttesitesbeesbeesatesateesbeesasesateeabeesasesaneenne 298
9.23.5. Row Constructor COMPAriSON.........cceeueeueruieieruerierenieerenreeeeseeseenennens 298
9.23.6. Composite Type COMPAriSON.........cccueruieiiruieieeriirieieneeresie e e e 299

9.24. Set Returning FUNCHIONS ........cccectririirienieieiniinineneeteeetee sttt 299
9.25. System Information FUNCHONS .........cccouerieirinininiiicicieenceceeceeeecee e 303
9.26. System Administration FUNCHONS .......cc.cceceriririrenierieiiinineeeeeeeeee e 315
9.26.1. Configuration Settings FUNCHONS.........cccccvevverieiieinineninieieieeeeseseneene 315
9.26.2. Server Signaling FUNCHioONS ..........cceceririnenienierininine e 316
9.26.3. Backup Control FUNCHIONS .......c.ccoceeiiiriiiiniiiieneeieiesi e 317
9.26.4. Recovery Control FUNCHONS ........cc.ectviriiienienieieinine e 319
9.26.5. Snapshot Synchronization FUNCHONS ........cccceceererienenieiiininiencnceeene 321
9.26.6. Replication FUNCLONS .......ccccocuiriiiiniiniiiinieieneeeeeseeeeeee e 321
9.26.7. Database Object Management FUnCtions.........c..cecceveveeveneniencncenennen. 324
9.26.8. Index Maintenance FUNCIONS .........cccecivuivierieieieinirienieieieiceeceesieene 327
9.26.9. Generic File Access FUNCONS...........ccoeiiiriiieiieinineniciciciceececeene 327
9.26.10. Advisory Lock FUNCHONS......c.c.cecvierieeieeiieniiecieeieesieeeee e sve e 328

viii



0.27. Trig@er FUNCHONS ...cccueeriiiiiiiiieiieeiie ettt sttt sttt e e b 330

9.28. Event Trigger FUNCHIONS ......ccoeerieriiiiieiieniie ettt ettt ettt e 331
9.28.1. Capturing Changes at Command End..........cccceevueriiiniiniiniiinienienieenne 331
9.28.2. Processing Objects Dropped by a DDL Command ...........coceeveeriennenne 332
9.28.3. Handling a Table Rewrite Event .........cccccoeoeiniiniiniiinienienceieeeieeieee 333

10. TYPE CONVEISION.......euieuiiiieiiitietietenttetenie ettt ettt saeene b e seeesaesaeesnesaesaeesnesueennenneene 335

TO. L. OVETVIEW ..ottt ettt ettt ettt e b e st st st e bt e s bt e sabeebeenbee s 335

10.2. OPETALOLS ....onviiieiiieiierenieetete ettt ettt ettt ettt e st s e s e ne e enesaeenesnees 336

10.3. FUNCHOMS <.ttt sttt ettt ettt et sat e st esbeesaeesabeebeenbee s 340

10.4. Valte StOTAZE......ceeruieiiiiiiiiieiieie ettt sttt s s 344

10.5. UNION, CASE, and Related CONSIUCES. .......uuveeeiiriieeeeeeeeeeeeiiieieeeieeeee e e e eeeeeeeennaes 345

L1 TRAEXES vttt ettt et et st e b e s abe st e s bt e s bt e st e e beesanesaneenne 347

T1.1. INEOAUCHION ..ttt ettt ettt s aesne s 347

L1.2. TACK TYPES.cuttniatietieieiteeteste et ettt ettt ettt ettt ettt et s bt et e st eneenaesaeeaesnean 348

11.3. Multicolumn INAEXES .......ceveruieuieiieiieierie ettt 350

11.4. Indexes and ORDER BY ....cocuirieeuieriirieeienieeitetesttentesteeneestesstesesseensesseeseenaesaeensesseas 351

11.5. Combining Multiple INAEXES .........coceeriirerieriinieiereetee et 352

11.6. UNIQUeE INAEXES .....vevienieiieiieieeieeeeiee ettt ettt ettt et st 353

11.7. Indexes 0n EXPreSSIONS .......ccueeeeriirieeriiniiienieniteiesieeteste sttt 353

11.8. Partial INAEXES .....c.coeeviiriiiiiieeiieieiceeeetee ettt s 354

11.9. Operator Classes and Operator Families ........c..cccveevenenieneniniinienienciceeee 356

11.10. Indexes and CoOllations..........ceeevuirerriererienienteieneetesee ettt s 358

11.11. Examining INdeX USAZe........coceevuirerriiririenieniieienieetenie sttt 358

12. FUll TEXt SEATCH ..c.eouiiiiiiiiiiiiieteieeeeee sttt ettt s 360

12,1, INEFOAUCHION w...eniiiiieiienienicciteeetetc ettt sttt ettt 360
12.1.1. What Is @ DOCUMENE?.......ooiriiiiniiiiiniieienicrteeeeteseeee et 361
12.1.2. Basic TexXt MatChing .........cocceevieriiriiieniienie ettt ettt 361
12.1.3. CONTIGUIALIONS ...cuvveriiieiieiieniieeieeiteniee sttt ebee st eteebee st e s besabeenbeesanesaees 362

12.2. Tables and INAEXES.......coeecueririenirieieniinieieeeete ettt s 363
12.2.1. Searching @ Table..........coocieriiiiiienienieiieeiecee et 363
12.2.2, Creating INAEXES ...ccveeveeriieriieiiieiierite sttt ettt ettt 364

12.3. Controlling TexXt SEarch........cceiviiriiiiiiiiiieeeeee et 365
12.3.1. Parsing DOCUMENLS .......ccceeriirieiiiiniieiieeieeiee ettt et 365
12.3.2. Parsing QUETIES .......ccueeueereruieieiiriterenteetere ettt sie et enesaeene e 366
12.3.3. Ranking Search Results ...........ccccoceeiiniiiininiiniiccnecceececeeeee 368
12.3.4. Highlighting ReSUILS ......cc.cociiiiiiiiiiiiiieiiiecceceneeeeeeee e 370

12.4. Additional FEAtUIES .........cooeiiiiiiiiiiieiiieieeieetteteete ettt st s 371
12.4.1. Manipulating DOCUMENLS.........ccccocieiiiriiiiniiiieie e 371
12.4.2. Manipulating QUETIES........cc.cecueruirieiiiriieieiieeeie et e 372

12.4.2.1. QUEry REWITtNG ......ccveetieieieeiieie ettt 373
12.4.3. Triggers for Automatic Updates ...........ceceveerenerienenieieneeceee e 374
12.4.4. Gathering Document StatiStiCs .........ceeeeruerueeriererienesieeienieeeenee e 375

12,5, PATSEIS ..ttt ettt ettt sttt a ettt b e et b ettt eae e bt sae et ebean 376

12.6. DICHIONATIIES. ....ceeeneieeienieiteeiteieet ettt sttt ettt et s e et sbe st e b e s bt et esbeeaeenaesaeeaesbeas 378
12.6.1. StOP WOTAS ...ttt sttt 379
12.6.2. SIMPIE DICHONATY ..cuvetieiiiiieiieniieiteest ettt 380
12.6.3. Synonym DiCtONALY ......cc.coeeieririenieniieieieetene st 381
12.6.4. Thesaurus DICHONATY .....ccuevieieririeieniieieeetene sttt 382

12.6.4.1. Thesaurus Configuration ..........cc.ccoceeveererieneneeneenenieneneeieneene 383
12.6.4.2. Thesaurus EXample ........ccccocerieriniiiininiinineienceeeneneeieee 384
12.6.5. ISpell DICHONAIY.....cccuevtieiiiiriiiniirieeienieeteieetenee ettt s 385
12.6.6. SNOWDAIl DICHONATY ....eovuviiniieiieeiieieeiteeie ettt 386

ix



12.7. Configuration EXample.........cceeriiiiiiriiiiiinieiieeeente ettt 386

12.8. Testing and Debugging Text Search .........ccccoeveevieniiiiieenieniiiieecenee e 388
12.8.1. Configuration TESTING.....cc.cevvirriierierieriieieeee ettt 388
12.8.2. ParSer TESHINZ ...ccouveeuiieiieiieniie ettt sttt sttt ettt 390
12.8.3. Dictionary TeStNG......cceevuieriiiieiiienee ettt ettt 391

12.9. GIN and GiST INdeX TYPES ....eeveeiiruieiiriieieienieeiesteeeeste et 392

12.10. PSQL SUPPOTLL....eeiniiiieiiiieieieetete ettt ettt e ne e 393

12,11, LAMIEALIONS . ..eeuveetieriteeieeiee sttt et e et e st sat e e bt e satesbtesabeesbeesaeesabeebeenaee s 395

12.12. Migration from Pre-8.3 Text Search..........cccocociviiiiniiininiiiccceeee 396

13. ConcurrencCy CONIOL......cc.eoiiiiiiiiiieieieee ettt 397

13,1, INEFOAUCTION ...ttt ettt st e sat e st beenaee s 397

13.2. Transaction ISOIAtION .........c.ccueeuieiiiriieiieieee et 397
13.2.1. Read Committed Isolation Level ..........ccccoocieiiniiiininiiiieececee e 398
13.2.2. Repeatable Read Isolation Level...........cccoovieiiniiiininieceeeeecee e 400
13.2.3. Serializable Isolation Level...........cccccoiieiininiiniiieeeeeee e 401

13.3. EXPLCIt LOCKING ..ottt 403
13.3.1. Table-1evel LOCKS .......ccteiiriiiiniiieiesiteeeetee et 403
13.3.2. ROW-1EVEl LOCKS ..ottt 406
13.3.3. Page-1evel LOCKS .....cc.coiiiiriiiieniiiieesteeeetee e 407
13.3.4. DEAdIOCKS. ....coueeieiiieieniieieteetee ettt e 407
13.3.5. AdVISOIY LOCKS ...cuiiiiiiiiiiiiiieeteet et 408

13.4. Data Consistency Checks at the Application Level.........c..ccoccvivvinenviininnnennen. 409
13.4.1. Enforcing Consistency With Serializable Transactions.......c...c.ccccceeuenne.. 409
13.4.2. Enforcing Consistency With Explicit Blocking Locks ..........cccccveeevennenne 410

13,5, CAVEALS ...ttt ettt ettt ettt sttt st s 411

13.6. LocKing and INAEXES.......ccocueeueiriieiieeieeitesiie ettt ettt st e e e st eaeenaee s 411

14, PerfOrmance TIPS ..eccveeeveeruierieriiieiiesie ettt e site et et esitestesbeesbeesabessbeesbaesasessseenseesnsesnseenne 413

14.1. USING EXPLATN teevuveerueerteerreerueerieessteeseesseesssesssessseesssesssessseessesssesssesssesssesssessseess 413
14.1.1. EXPLAIN BaSICS ..uveuiiiiiiiiiiiiiiiiciciciccccccc e 413
14.1.2. EXPLAIN ANALYZE .ottt st ene e 419
T4, 1.3 CAVEALS ..ottt ettt ettt et et ettt 422

14.2. Statistics Used by the Planner ...........occcoceeviiiiiiiniiniinieececeeeeee e 423

14.3. Controlling the Planner with Explicit JOIN Clauses..........ccccceveevverrerceencreenuennen. 425

14.4. Populating a Database ..........cocueevueiiiiniiiiieeeeiiesteee ettt e 427
14.4.1. Disable AUtOCOMIMIL.....cccceriiriiiriiinieriieieeiee ettt 427
14.4.2. USE COPY .utitieuieiesiieieetieiesteetesteseeete st e e e st enteseesneensesseensenseeneesesneensesnens 427
14.4.3. REMOVE INAEXES ....couvirmiiiiiiniiiiieeieetc ettt 427
14.4.4. Remove Foreign Key Constraints ............ccocoeceverieneneniienieneeneneenennens 428
14.4.5. Increase maintenance_WOTK_MEM..coviuueeeeeeeeeeeeeeeeeieiinrrrrrreeeeeeeeeeeeeeens 428
14.4.6. INCrease Mmax_ Wal S1Ze .iuuuiuuuuiieeieeieeeeeeeeeeeeeeie e e e e e e eeeeeeereeeaaaaas 428
14.4.7. Disable WAL Archival and Streaming Replication ...........cccccceeerceeennen. 428
14.4.8. Run ANALYZE Afterwards.......ccccoeeeieriieieniieienie e 429
14.4.9. Some Notes About Pg_dUMP....c..cceeiruirrinenienieieirenenretereeeeeeeresreneens 429

14.5. NOn-Durable SEttNgS ........cueeueeieririeiirieeieieetiete sttt ettt ae e 430

III. Server Administration 431
15. Installation from SOUrce COAE ........cccuiiieuiiiiiiieciie ettt eete e e evee e vee e 433

15.1. SNOIt VEISION ..ottt ettt e et e et e e eveeeeteeeeaveeesasseenereeennns 433

15.2. REQUITEIMEGIIES «.c..eenviiienieiieiieieett ettt ettt sttt st et sae st e e sbe et et ebee e et eae b 433

15.3. Getting The SOUICE....c..ooueiiiriiriieiireeeeeteetete ettt 435

15.4. Installation ProCedure...........c..coeeviiiiiiiiiiieceiec ettt et e 435

15.5. Post-INStallation SETUP......cceervieriieriieriieeieeieerteete ettt steste et eseeesaeesebeeseenaee s 445



15.5.1. Shared LIDIari€s ...........cooviveiieiiiireieeeeiieeeeeeeeteee e eeireeeeeeevee e eeeareeeeeeeannes 445

15.5.2. Environment Variables ..........ccccoveriererieiieniniiencieeeneercreeeeie e 446

15.6. Supported PIatfOrms ........cocueeviiiiiiinieiiieieie ettt 447
15.7. Platform-specific INOLES .......cevveiriieiiiiieeieenite ettt st 447
IS 7.1 ALX e 447
I5.7.1.1. GCC ISSULS ...ttt sttt 448

15.7.1.2. Unix-Domain Sockets Broken...........ccceceeveeniinnenneenieniiennenne 448

15.7.1.3. Internet Address ISSUES. .......cocueevierieniiiiierienie et 448

15.7.1.4. Memory Management .............cccccoeecuerreeeenieneereeneneenneseenenene 449

References and ReSOUICES .......ccccovveeieiniiniiniieiienieceeeeeeeeee 450

15.7.2. CYZWIN ettt sttt ettt ettt 450
15730 HP-UX .ottt ettt sttt st 451
I5.7.4. MACOS ...ttt ettt 452
15.7.5. MinGW/Native WINAOWS .......ccoirierieriieieniieienie ettt eee e 453
15.7.5.1. Collecting Crash Dumps on Windows ..........ccccecceveevenencenennen. 453

15.7.6. SCO OpenServer and SCO UnixWare..........cccoeereereneeiienenienenceeneee 453
15.7.6.1. SKUNKWALE .....ooutiiiiiieieitieiesteeitee ettt 453

15.7.6.2. GNU MaKE ..ottt s 454

15.7.6.3. ReAdIINE........coueuriiiiiiiieicicieccre et 454

15.7.6.4. Using the UDK on OpenServer..........ccccecuevereenieneneeneneenuenenne 454

15.7.6.5. Reading the PostgreSQL Man Pages.........ccccocevererienenennencne 454

15.7.6.6. C99 Issues with the 7.1.1b Feature Supplement ..............cc.c...... 454

15.7.6.7. Threading on UnixXWare ..........ccoceveevienienienieneeniencnieneneeieniene 455

I5.7.7. SOIALIS ..ttt e 455
15.7.7.1. Required TOOIS ...ccceerrvieriieeiieiieiiesie ettt 455

15.7.7.2. Problems with OpenSSL .........ccocevvieriiiiiienienieeeeeesee e 455

15.7.7.3. configure Complains About a Failed Test Program .................... 455

15.7.7.4. 64-bit Build Sometimes Crashes........c..coceeeveevenerienenencrenene 456

15.7.7.5. Compiling for Optimal Performance............cccceevveereenieniuennnenne 456

15.7.7.6. Using DTrace for Tracing PostgreSQL ........cccccoeveevieniinvieniennne 456

16. Installation from Source Code on WIndOWS .........c.coceeceeriirienieninienieneeieneeeeneneerennene 458
16.1. Building with Visual C++ or the Microsoft Windows SDK.........c..ccccceceveeciinninne 458
16. 1.1, REQUITEMENLS ...eouvveiiieiiieiieniie ittt sttt ettt ettt sbe e e s 459
16.1.2. Special Considerations for 64-bit Windows ...........cccceceecveerirceenenccennennen. 461
16.1.3. BUIIAING ..ottt ettt 461
16.1.4. Cleaning and InStalling ...........cccccocueveniiiiininiiniiieeneeceeeee e 461
16.1.5. Running the Regression Tests.........ccccoievierieiieniiiienienieieieecceceeeee 462
16.1.6. Building the Documentation..............cccceceruieiieniiienenenieieeee e 462

16.2. Building libpq with Visual C++ or Borland CH+.......cooeeviiiiiiiiiniiiiiiieeceeene 463
16.2.1. Generated FIles ........ccooieiirieiieiiiieeseee e 463

17. Server Setup and OPEration ...........ccoceeeererieriertieienteeterie st etesteeteentesaeeeesaeestestesbeensenseens 465
17.1. The PostgreSQL USer ACCOUNL ........covuuiriiriiiiniiinienieeieeteeee et 465
17.2. Creating a Database CIUSLET .......cceeeeriiririeieeiieieee et 465
17.2.1. Use of Secondary File SYStems..........ccccecererienereeneneeieneecee e 466
17.2.2. Use of Network File SyStems .........ccceeeevieniriienenieneneeieeecee e 466

17.3. Starting the Database SEIVET..........cccceviririeririeieneeeseeeeseee