INTERNATIONAL ISO/IEC
STANDARD 19075-7

First edition
2021-08

Information technology — Gui:‘ance

for the use of database language
SQL —

Part 7:
Polymorphic table functions

Technologies de l'information — Recommandations poun| l'utilisation
du langage de basé)de’ données SQL —

Partie 7: Fonctions de table polymorphes

Reference number
ISO/IEC 19075-7:2021(E)

© ISO/IEC 2021


https://iecnorm.com/api/?name=d034b06ad846dbb1790dcfd7c9420ff0

ISO/IEC 19075-7:2021(E)

COPYRIGHT PROTECTED DOCUMENT

© ISO/IEC 2021

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address
below or ISO’s member body in the country of the requester.

ISO copyright office

CP 401 e Ch. de Blandonnet 8

CH-1214 Vernier, Geneva

Phone: +41 22 749 01 11

Email: copyright@iso.org

Website: www.iso.org

Published in Switzerland

ii © ISO/IEC 2021 - All rights reserved


https://iecnorm.com/api/?name=d034b06ad846dbb1790dcfd7c9420ff0

Contents

FOT WO, . ..
Introduft o, . . s
. Y o 1 o ALY
2 Normative references...........vvvviiiinnriirsssrissssrrssssrsssnssssnnsiteiness
3 Termsand definitions...........ociiiiiiiiiiiiiii ittt i
4  Introduction to polymorphic table functions............. ... bV,
4.1 Context of polymorphic table functions. ............. ... .. ... oo
4.2 What is a polymorphic table function?. .. ........ ... ... ... N
4.3 AUdIENCES. . . .ot A R e
4.4 Motivating examples. . . .. ...t e N
4.4.1 Summary of motivating examples. .. .......... ... . A N
4.4.2 CSVreader. .. .. .o N
443 PIVOt. ot
444 SCOTe. e A e
4.4.5 TOPNPIUS. . oo
4.4.6 EXeCR. o Y
4.4.7 SIMIlarity. . oo R e
4.4.8 UDJOIN. oo
449 MapRedUCE. . . . e
4.5 The life cycle of @ PTF. . .. ol o e e e e e
5 PTF processing model.. .ol ... ..ouiiiiiii ittt nnnnnns
5.1 Introduction to the RTF processingmodel. . ......... ... ... i
5.2 Processing phases:. . .. .ot e
5.3 VIrtual processors. . . ..ottt
5.4 PTF compOnent procedures. . . ... ... .uu ittt e
5.5 Input_table characteristics. ... ... ... i e e e
5.6 Partitioning and ordering. . . .. ... .o e
5.7 FIOW of control. .. ... . e
5.8 Flow of information. . .. ... ... . e
5.9 FIOW Of TOW B PES. . o o ittt ettt e e e e e e e
5.10 Pass-through columns. .. ... ...
5.11 Security model. . .. ... . e
5.12 Conformance features. . . ... ..ottt e e
6  Specification..........ciiiiiiiiii i i
6.1 Introduction to the specification of PTFs. . ...
6.2 Functional specification. .. ...... ...t i e e
6.2.1 Introduction to the functional specification. ... .......... ... ... . . i i
6.2.2 Parameter List. . ... ... .. i e

ISO/IEC 19075-7:

© ISO/IEC 2021 - All rights reserved

2021(E)

iii


https://iecnorm.com/api/?name=d034b06ad846dbb1790dcfd7c9420ff0

ISO/IEC 19075-7:2021(E)

6.2.3
6.2.4
6.2.5
6.2.6
6.2.7
6.2.8
6.2.9
6.3

6.3.1
6.3.2
6.3.3
6.3.4
6.3.5

7.1
7.2
7.3
7.4
7.5

8.1
8.2
8.2.1
8.2.2
8.2.3
8.2.4
8.2.5
8.3
8.4
8.5
8.5.1
8.5.2
8.5.3
8.5.4
8.6
8.7

9.1
9.2
9.3
9.4
9.5
9.6
9.7
9.7.1
9.7.2

iv

Da

Im

In

Input table semMantics. . . .. ...t 32
Prunability. . . ..o e e 33
Pass-through columms. . ... ... . o e 33
RESUIL TOW TP, . . ottt e e e 34
DetermMINISIIL. . .ottt e 34
SQL-data ACCESS. v vttt ittt e e 35
Documenting the PTF to the query author. ....... ... ... .. e 35
Design specification. . .. ... ... 36
Introduction to the design specification. . ... ..................................c0oi0iiioiii... 36
Name the component procedures. . .. .........ouiriiiirnirnennennenenenneeeaS]o 36
Private data. ... ... ..ot N 36
Routine characteristics of the component procedures. . ....................... A ... | ..., 37
Component procedure signatures. . ... .........covivinnennnnneneneea by o 38
[a definition language. ...........cccoi i i i e R e 43
Introduction to data definition language. ........... ... ... . i e 43
PTF creation......... ...l 43
PTF component procedures. . . .. ...ovvunenernnen e e et ineniinneneennn. 45
Altering PTF component procedures and PTFs.............. . . .o oo ot 45
Dropping a PTF and its component procedures. .. ........ 5. ... 45
plementation.........c.ccoiiiiiiiiiiiiiiiii il i e sl 46
Introduction to PTF implementation. . ........... 0.0 . . i e 46
PTF descriptor areas. . .. ..o v v vt it r e et et e i ene it ineii e 46
Introduction to PTF descriptor areas. . .. ... .0 oo e eieneeeee e 46
PTF descriptor area header. .. ... ... %0 i e e 47
SQL item descriptor areas for row fypes. . . ..o ot e 48
SQL item descriptor areas for partitioning. . . ... e 51
SQL item descriptor areas for ordering. . . .......... .t 51
PTF extended Names. . . . . .. (o0l ottt et e 52
Reading a PTF descriptor(@nea. . . ...t e eeeieieneeeee e 52
Writing a PTF descriptoriarea. . . ......ovuu it e 53
Introduction to writing a PTF descriptorarea. ............oiviiiiiiiiiiiiinnne ot 53
Using DESCRIBE to populate a PTF descriptorarea. .. ... 53
Using SET DESCRIPTOR to populate a PTF descriptorarea. ..............ccoovivenen oo, 54
Using COPY-DESCRIPTOR to populate a PTF descriptorarea................coooovvn )t 55
Reading*a PTF input cursor. .. ... i e e 55
OULPULEING A TOW. . . o ot ittt ettt e et i e e 56
(0 oF 1 1 L) 1 P 58
Introduction to PTF invocation. . . ... e e e 58
<table Primary>. .. ... e 58
<PTF derived table>. . .. .. ... 58
Proper result correlation name and proper result column naming. .. ............. ..., 58
<routine INVOCAtION>. .. ... .t e i e 59
<table argUIMENE>. . . ot 60
<table argUMENt PrOPEr>. . . ..ot ittt e e 60
Types of table arguments. . . . ... ...t e 60
<table OF QUEIY NAMe>. . .. . ..ot et e e e 61

© ISO/IEC 2021 - All rights reserved


https://iecnorm.com/api/?name=d034b06ad846dbb1790dcfd7c9420ff0

ISO/IEC 19075-7:2021(E)

9.7.3 <table SUDQUETY>. . .. o 61
9.7.4 Nested table function invocation. . ....... ... e 62
9.8 Table argument correlation name. . . ... ... e 62
9.9 Table argument column renaming. . ... .. ...ttt e e e e 62
9.10 Range variables and column renaming innested PTF. ... ...... ... ... .. i i 63
9.11 PartitiONIN g, . . oo e 63
9.12 P U . L o e 64
9.13 006 1= 64
9.14 Co-partitioning. . . ........................%.%eiee 65
9.15 Cross products of partitions. . . ...t e 66
9.16 <descriptor argumMent>. .. .........uuiiiiiiiiiii i N 66
10 Compilation........coiiiiiiiiiiinniiriinnnnnrrrrnnssnrsrssnssnnsrrsnnnnassheennnnafionns 67
10.1 Introduction to PTF compilation. ........... ... . i A 67
10.2 Calling the describe component procedure. ..............ciiiriini@ider ] 67
10.3 Inside the describe component procedure. . ... e 67
10.4 Using the result of describe. . ........ ... o i G 68
11 OpEimization..........oovviriennnnrrrnrnnnnnrrnrsnssassrsdadenrrrrnnnsnssrnsnnnnafionns 69
12 EX@Cution..........oviiiiiiiiinrrnnnnnnnnnnrsrnnsssnssda™Narrrrrrrrssrrnssrrrrnssnainnns 70
12.1 Introduction to PTF execution. .............. ... oo i i e 70
12.2 Partitions and virtual processors........... ... N i i e e 70
12.3 Calling the start component procedure. . ......... . i 71
12.4 Inside the start component procedure. . . ... .. .G 0 o it e e 71
12.5 Calling the PTF fulfill component procedure, (. . .. ... e 72
12.6 Inside the PTF fulfill component procedure™". . ... e 72
12.7 ClOSING CUISOTS. . ..o v ittt e e Ry e e e e e ettt it 72
12.8 Calling the PTF finish component procedure. . .......... ... it 72
12.9 Inside the PTF finish component\procedure. .. ........ ... i iiiininn e 73
12.10 Collecting the output. ... .l e e 73
12.11 Cleanup on a virtual proGesSSOr. .. ... .vv ittt e 73
12.12 Final result. . .. ... 0 e e 73
13 EXgdmpPles. ... ... vl i i i i 74
13.1 Introduction to.the examples. . .. ... i i e e 74
13.2 ProjeCtiof e . . o e 75
13.2.1 | OVeIV WL L . ottt e 75
13.2.2 | Functional specification of Projection. .. ........ ... .. i i 75
13.2.3 | Design specification for Projection. . ....... ... ... 76
13.2.4  Projection cOMpPONent ProCedUIES. . . ..o v vt vttt ettt ettt e ettt e 76
13.2.5  InvoKing Projection. . . . ... ... e 78
13.2.6  Calling Projection_describe. . .. ... ... . e 78
13.2.7 Inside Projection_describe. . .. ... ... . e 80
13.2.8 Result of Projection_describe. . . . ... ..o 82
13.2.9  Virtual processors for Projection. . .. ... ... e 82
13.2.10 Calling Projection_fulfill. . ... ... .. . e 83
13.2.11 Inside Projection_fulfill. . . ... ... .. o 84
13.2.12 Collecting the results. . .. ... .. e 84
105 70700 03 1= 0 1 o 85

© ISO/IEC 2021 - All rights reserved A"


https://iecnorm.com/api/?name=d034b06ad846dbb1790dcfd7c9420ff0

ISO/IEC 19075-7:2021(E)

13.3
13.31
13.3.2
13.3.3
13.3.4
13.3.5
13.3.6
13.3.7
13.3.8
13.3.9
13.3.10
13.3.11
13.3.12
13.3.13
13.3.14
13.3.15
13.3.16
13.3.17
13.3.18
13.4
13.41
13.4.2
13.4.3
13.4.4
13.4.5
13.4.6
13.4.7
13.4.8
13.4.9
13.4.10
13.4.11
13.4.12
13.4.13
13.5
13.5.1
13.5.2
13.5.3
13.5.4
13.5.5
13.5.6
13.5.7
13.5.8
13.5.9
13.5.10
13.5.11
13.5.12
13.5.13

vi

L0014 o= U 1= 86
OV eIV W, ot e 86
Functional specification of CSVreader. . ....... ... i i e 86
Design specification for CSVreader. . . ... ... i 86
CSVreader component ProCedUIES. . .. .. v vttt ettt ettt ettt ettt 87
Implementation of CSVreader. . . .......ut i i e et e et et e e e 88
Invoking CSVreader. . .. ..ot 88
Calling CSVreader_describe. . .. ... ... i e e e 89
Inside CSVreader describe. . . ... ..o\ e et e 91
Result of CSVreader_describe. . .......cciiiiii i i Nd 92
Virtual processor for CSVreader. . ...t i N 94
Calling CSVreader_start............c.ouiiiiiiiniiniinninennenene ALY 94
Inside CSVreader_ start. . ....... vttt o 95
Calling CSVreader_fulfill. .. ....... ... i N 95
Inside CSVreader fulfill. . ....... ... i N 95
Collecting the output. . ...t e e 96
Calling CSVreader finish. .. ........ .. ... o i AN 96
Inside CSVreader_finish. . ...... ..o e oS i 96
Cleanup. ..o N e 97
PIVOt. o e T e 98
OVerVIeW. . o D e 98
Functional specification of Pivot. . ....... ... ..o .S i 98
Design specification for Pivot. . ... ... ... Q0 e 98
Pivot component procedures. . .. .......oomii it e e 99
Invoking Pivot. . . ... oo e .... 100
Calling Pivot_describe. . .. ... ..o ol e e ....100
Inside Pivot_describe. ... ... ... e e e e ....104
Result of Pivot_describe. . .. u s o e e e e e ....105
Virtual processors for Pivota. . ..ot e .... 107
Calling Pivot_fulfill. . .. . 5 . e ....108
Inside Pivot fulfill. o i, oo e e e e ....108
Collecting the resulls. .. ...t e e e ....109
AN, .« s T e e .... 109
X o0 o 110
L0 a7 U= .... 110
Functional specification of Score. . . ... .. i e .... 110
Design specification for Score. . .. ... .. ....110
Score component ProCeAUIES. . . . ..ottt et et e e e et e 111
INVOKING SCOTE. . . ottt e e e 112
Calling Score_describe. .. .. ... i e 112
Inside Score_describe. . . . ... oot e 115
ResUlt Of SCOTe_deSCIIbE. . . vt ittt e e e e e e e e e e e e 116
Virtual processors for SCOTe. . . .. ..ottt e 117
Calling Score_fulfill. . . . .. ... e 119
Inside Score_fulfill. . . ...ttt e e e e 119
Collecting the OULPUL. . . . ...ttt e e e e e 120
00 -T=1 1o 121

© ISO/IEC 2021 - All rights reserved


https://iecnorm.com/api/?name=d034b06ad846dbb1790dcfd7c9420ff0

13.6
13.6.1
13.6.2
13.6.3
13.6.4
13.6.5
13.6.6
13.6.7
13.6.8
13.6.9
13.6.10
13.6.11
13.6.12
13.6.13
13.6.14
13.7
13.7.1
13.7.2
13.7.3
13.7.4
13.7.5
13.7.6
13.7.7
13.7.8
13.7.9
13.7.10
13.7.11
13.7.12
13.7.13
13.7.14
13.7.15
13.7.16
13.7.17
13.8
13.8.1
13.8.2
13.8.3
13.8.4
13.8.5
13.8.6
13.8.7
13.8.8
13.8.9
13.8.10
13.8.11
13.8.12
13.8.13

ISO/IEC 19075-7:2021(E)

O PN PIUS. .« ot e 122
L2 a4 T 122
Functional specification of TopNplus. .. ... e s 122
Design specification for TOpNpPIUS. . . ... .o e 122
TopNplus component ProCedUIES. . . ..o vttt ittt e e ettt e et e 123
InvoKing TOPNPIUS. . . . .ot 124
Calling TopNplus_describe. . . .. .. . e e 124
Inside TopNplus_describe. . . ... ... . 127
Result of TopNplus describe. . .. ..o v oo ....129
Virtual processors for TopNpIUS. . ... ..ot e e N ... 129
Calling TopNplus_fulfill. . ... ... N ... 131
Inside TopNplus_fulfill. ....... .. ... i i AL ... 131
Collecting the output. . ... ..ot e ... 132
Cleanup. . o vt N ... 132
TopNplus using pass-through columns. . ............. ... o o INT oo ... 132
ExecR. . e N 135
OVEIVIEW. .« o ottt et AN ....135
Functional specification of EXecR. ... ... ... i o e e ....135
Design specification for ExecR. . .. ... ... . ....135
ExecR component procedures. . ........ ..o e ....136
Invoking ExXecR. . ... ..o ... 137
Calling ExecR_describe. .. ... ..o ....137
Inside ExecR describe......... ... . QO e ....139
Result of ExecR_describe. . ... i ....140
Virtual processors for EXecR. . ... ... . 0 e .... 140
Calling ExecR_start. . .. ... iad e i ... 141
Inside EXeCR _Start. . .. oottt e e e e ... 141
Calling ExecR_fulfill. . . ... .t o ... 142
Inside ExecR_fulfill. . . ... c8dd o e ... 142
Collecting the OULPUL. . . S . oot e e e e e ... 142
Calling ExecR_finish. X . . ..o .... 143
Inside ExecR_fINISh. . . . vt e .... 143
AN, .« s T e e .... 143
ST AT Y e . o o et ... 144
L0 a7 U= ... 144
Functional specification of Similarity. .. ........ ... . i ... 144
Design specification for Similarity. .. ........ .. ... 144
Similarity component procedures. . . . ... ... it 145
Invoking SImilarity. . . .. ..ot e 145
Calling Similarity_describe. . . ... ... o 146
Inside Similarity_describe. ... ... ... . e e 148
Result of Similarity_describe. . .. ... .. 149
Virtual processors for Similarity. ... ... e 149
Calling Similarity_fulfill. . . ... ... e 153
Inside Similarity_fulfill. . . . ... ... 153
Collecting the OULPUL. . . . ...ttt e e e e e 154
00 -T=1 1o 154

© ISO/IEC 2021 - All rights reserved vii


https://iecnorm.com/api/?name=d034b06ad846dbb1790dcfd7c9420ff0

ISO/IEC 19075-7:2021(E)

13.9 L85 o o 155
13.9.1 OVOIVIEW. . ot ettt ittt et e e et e e e e e e e e 155
13.9.2  Functional specification of UDjoin. ....... ... i i e 155
13.9.3  Design specification for UDjoin. . . ... ..o e e e 155
13.9.4  UDjoin cOmMPONENt PrOCEAUIES. .« . o\ vt vttt vt ettt ettt e e ettt ettt e et a s 156
13.9.5  InvoKing UDjJoOIn. . . . ..ottt ettt e e e e 156
13.9.6  Calling UDjoin_describe. . . ... .. o e e e e 157
13.9.7 Inside UDjoin_describe. . . .. ... oo 157
13.9.8  Result of UDjoin describe. . .. ..o ewe e ee et e e e ....158
13.9.9 |Virtual processors for UDjoin. . ...t e ....158
13.9.10 |Calling UDjoin_fulfill. . . .. .. .. .t N ....158
13.9.11 |Inside UDjoin_fulfill. ... ... ... ... e AL ....159
13.9.12 |Collecting the output. ... ...... .. i ....159
13.9.13 |Cle@nUp. . v vttt et et ....159
13.10 Nested PTF invocation. . ....... ... N ....160
13.10.1 |Introduction to nested PTF invocation. ............. ..o sl ....160
13.10.2 |Nested PTF syntax and semantics. .. .......oovvvnnennne AN e ....160
13.10.3 |Nested PTF compilation. . .......... i e o e e e e e ... 162
13.10.4 |Nested PTF execution. ... .. ... ... e ... 164
13.10.5 |The PTF author’s view of nested PTF invocations. ... .. 4. .. ... ... . o i 165
Bibliography. ... ..o O M i e 166
1T - A R .167
viii © ISO/IEC 2021 - All rights reserved


https://iecnorm.com/api/?name=d034b06ad846dbb1790dcfd7c9420ff0

ISO/IEC 19075-7:2021(E)

Tables

Table Page
1 Results of CVSreader sample qUETY. . . .. ..ottt et et 6
2 Sample data for pivot eXample. . . ... ... e 8
3 Pivot example result with sampledata. . . ... ... 8
4 Score example: contents of Model table. . ......... . i i 10
5 Score-exampledatato-be-scored—rrrrrrrrrrrrr e 10
6 Scofe example: result. . .. ... ] 10
7  TopNplus example: input data. ......... ..o N 12
8  TopNplus example: East inputdata.............. . iAo 12
9  TopNplus example: Westinputdata. ............. .o oot 12
10 TopNplus example: result. . ... e RN e 13
11  TopNplus example: result with statistics. .. ........... ... ..o o oo B 8D 14
12 Simfilarity example: result. .. ... o T e 17
13 UDjoin example: result. .. ... DS 18
14  Primary audiences for Clauses and Subclauses in this document. . .../ .. oo ] 19
15 Examples and table parameter characteristics. . ................ 0 . oo 23
16  Schematic execution plan. ............. i e 24
17  PTH routine characteristics. ... ... e 37
18 Tablle parameter SEMANtiCS. . . . ..o vvven v e e g e 39
19  Coryresponding PTF component procedure parameterss, .S . .......ouvieiinenineennneenna]oe. 40
20  PTH descriptor @rea. . .. .....vvvuneeninen e O et e e 47
21 PTHdescriptorareaheader...........c.couiue @i 47
22 Relg¢vant SQL item descriptor components. . . .8 . . ... 48
23 Sceharios illustrated by the examples. ... 5. . e 74
24 Deifiving parameter Names. . . ... ... vead ettt 77
25 Dedcriptor for Emp’s row type. ... .ol oot e 78
26 Inppt table’s requested rOW Ly, i . v oo it e 79
27 Dedcriptor generated from qUery’s argument. . . .........ouuiitneniene e 79
28  Dedcriptor of initial result row.". . ... ... .. e 80
29 Populated input requestidescriptor. . .. ... ..o 82
30 Populated initial result row descriptor. . ........... i e 82
31 Inppt cursor’s rowitype desCriptor. . . ...ttt e 83
32  PTH descriptopareéa for floats. . . ... e 90
33 PTH descripfonarea fordates. ...... ..ottt 90
34 PTH deseriptor area for initial result. . . ......... .. e 90
35 PTH déscriptor area after describe of initial result. . . ........ ... ... .. i 92
36 Row-typecorrespondingtodescriptor——rrr—rrrrrrrrrr et 93
37  Pivot: rOW type deSCriPtor. . . o ottt ettt e et e e e e e e 101
38  Pivot: requested row type desCriptor. . . ..o vttt it e 102
39  Pivot: descriptor for first argument. . . ... ... ittt 102
40 Pivot: descriptor for second argUMENt. . . ... ..ottt e s 103
41 Pivot: descriptor for third argument. . .. ... .. . 103
42  Pivot: initial row type descriptor. . . ... .. it 104
43  Pivot: requested row type desCriptor. . . .. ..ottt e 106
44 Pivot: initial result row type desCriptor. . ... ...ttt 106
45  Pivot: columns of the result TOW tyPe. . . ...ttt e 107
46  Score: first argument full row type descriptor. .. ....... .. it 112
47  Score: first argument requested row type descriptor. . .. ... .ottt 113

© ISO/IEC 2021 - All rights reserved ix


https://iecnorm.com/api/?name=d034b06ad846dbb1790dcfd7c9420ff0

ISO/IEC 19075-7:2021(E)

48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78

Score: second argument full row type descriptor. . ....... ... 113
Score: second argument partitioning descriptor. . ........... .. i e 114
Score: second argument ordering descCriptor. . . .. ... ...ttt 114
Score: initial result row type descriptor. . . ... ... i e 115
Score: first input table requested row descriptors. . . ..ottt 116
Score: second input table requested row descriptors. .. ..... ..ot 116
SCOTE: TESULL TOW B P, . v ottt it ettt e e e e e e e e e 117
Score: second input table data. .. ... e 117
Score: firstinputtable data. . .. ... ... . 118
fe-virtwatprecessereursors————————— ....118

e: full row type descriptor. . .. ... ) ... 125

e: partitioning descriptor. . ... ... e m N ... 126

e: ordering descriptor. ... ... ...t e AL ... 126

e: requested row type descriptor. . . ... 126

e: intermediate row type descriptor. . . ... .. NN 127

e: complete result FOW LyPe. . . ..ottt B 129
re:sample data. . ... 129

R: input table partitioning descriptor. . .......... ... .. i a0 ....138

R: fifth descriptor. . ... i Y ....138

R: sixth descriptor. ... ... i AT ....139

R: result row type descriptor. . .. .. ..o R e .... 140
ilarity: full row type descriptor for Inputl. .. ......... </ ....146
ilarity: partitioning descriptor for Inputl. . ........ A%/ i ... 147
ilarity: ordering descriptor for Inputl. . ... ... . T e ... 147
ilarity: result row type. . ... ....149
ilarity: query result. .......... .. D ....149
ilarity: master list query result. . .. ... ... N L e ....151
ilarity: master list query result withoutco-partitioning. . .............. ... ... . oL ....152
ilarity: complete OULPUL. . ... ... s ....154
UDjjoin: result TOW tyPe. . . . oo e ot B ....158
Negted PTF posited PTEs. . . . ... ;o e e e e et et ettt ....160

© ISO/IEC 2021 - All rights reserved


https://iecnorm.com/api/?name=d034b06ad846dbb1790dcfd7c9420ff0

ISO/IEC 19075-7:2021(E)

Figures
Figure Page
1 PTF information flow. . . . ... o e 26
2 Row type relationships. . . .. ... e 27
3 Nested PTF data flow. . ... ..ot e e e e et et e e e e 161
4 oW Of TOW Y PS. v ottt ettt e e e e e e e e e e 163
5 Si p]iﬁnr] flaw of rows fypnc ....164
6 Netleffect of complete compilation. .. ... Y ....164

© ISO/IEC 2021 - All rights reserved xi


https://iecnorm.com/api/?name=d034b06ad846dbb1790dcfd7c9420ff0

ISO/IEC 19075-7:2021(E)

Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical activity.
[SO and IEC technical committees collaborate in fields of mutual interest. Other international organizations,
governmental and non-governmental, in liaison with ISO and IEC, also take part in the work.

The pro
describe
different
rules of
bers_¢g

Attentio

edures used to develop this document and those intended for its further maintenance
d in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needéed
types of document should be noted. This document was drafted in accordancewith the

xperts/refdocs).

patentrights. ISO and IEC shall not be held responsible for identifying any or.all such patent right

ofany p4
on the IS
declarat

Any trad
constitu

For an e3
related t
Organizd

tent rights identified during the development of the document willbe in the Introductio
O list of patent declarations received (see Ww. i S0. or g/ patent s), or the IEC list o
ons received (see pat ent s. i ec. ch).

fe an endorsement.

wor d. ht m . In the IEC, see ww. i ec. ch/ under st andi ng- st andar ds.

This dod
mittee S

This firs

This doc
9075 sel

— ISO
— ISO
— ISO
— ISO

C 32, Data management and interchange.

L edition of ISO/IEC 19075-7 ¢ancels and replaces ISO/IEC TR 19075-7:2017.

ies:

IEC 9075-1, sixth-edition or later;
[EC 9075-25sixth edition or later;
IEC 9075-3, sixth edition or later;

IEC'9075-4, seventh edition or later;

are
for the
editorial

he ISO/IEC Directives, Part 2 (see ww. i so. or g/ di r ecti ves orwwv. i.ec. ch/ ngm

h is drawn to the possibility that some of the elements of this document'may be the subject of

5. Details
hand/or
f patent

e name used in this document is information given for the convenience of users and dqges not

planation of the voluntary nature of standards, the meaning of ISO specific terms and exgressions
o conformity assessment, as well as informatien about ISO’s adherence to the World Trade
tion (WTO) principles in the Technical Barriers to Trade (TBT) seewww. i s0. or g/ i soy f or e-

ument was prepared by Technical Committee ISO/IEC JTC 1, Information technology, Sibcom-

Lment is intended to be used in conjunction with the following editions of the parts of thg ISO/IEC

— ISO

IEC9075-9, hitth edition or later;

— ISO/IEC 9075-10, fifth edition or later;
— ISO/IEC 9075-11, fifth edition or later;
— ISO/IEC 9075-13, fifth edition or later;
— ISO/IEC 9075-14, sixth edition or later;
— ISO/IEC 9075-15, second edition or later;
— ISO/IEC 9075-16, first edition or later.

xii

© ISO/IEC 2021 - All rights reserved


www.iso.org/directives
www.iec.ch/members_experts/refdocs
www.iec.ch/members_experts/refdocs
www.iso.org/patents
patents.iec.ch
www.iso.org/iso/foreword.html
www.iso.org/iso/foreword.html
www.iec.ch/understanding-standards
https://iecnorm.com/api/?name=d034b06ad846dbb1790dcfd7c9420ff0

ISO/IEC 19075-7:2021(E)

A list of all parts in the ISO/IEC 19075 series can be found on the ISO and [EC websites.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found atwww. i so. or g/ nenbers. ht Ml and ww. i ec. ch/ -
nati onal -conmittees.
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Introduction

The organization of this document is as follows:

1) Clause 1, “Scope”, specifies the scope of this document.

2) Clause 2, “Normative references”, identifies additional standards that, through reference in this
document, constitute provisions of this document.

3) C(Clay
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in th
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create, modify, and drop polymorphic table functions.
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se 5, “PTF processing model”, describes the abstract processing model-foy polymorphi
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e SQL standard.
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mize the execution of such functions.

se 12, “Execution”, discusses the details of executing polymorphic table functions in thg
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INTERNATIONAL STANDARD ISO/IEC 19075-7:2021(E)

Information technology — Guidance for the use of database language SQL —

Part 7:
Polymorphic table functions

1 Scape

This doqument describes the definition and use of polymorphic table functions in,SQL.
The Repprt discusses the following features of the SQL Language:

— The|processing model of polymorphic table functions in the context of\SQL.

— The|creation and maintenance of polymorphic table functions.

— Issues related to methods of implementing polymorphic table functions.

— How polymorphic table functions are invoked by application programs.

— Issules concerning compilation, optimization, and exécution of polymorphic table functiong.
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2 Normative references

The following documents are referred to in the text in such a way that some or all of their content consti-
tutes requirements of this document. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

ISO/IEC 9075-1, Information technology — Database languages — SQL — Part 1: FrameworH
(SOL/fFramework)

ISO/IEC 9075-2, Information technology — Database languages — SQL — Part 2: Foundation
(SQL/Foundation)
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/IEC 9075-1 apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— IEC Electropedia-avaitable at it tpr 77 Www. et ect Topedi a. or g7

— ISO Pnline browsing platform: available atht t p: / / www. i so. or g/ obp
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4 Introduction to polymorphic table functions

4.1 Context of polymorphic table functions

The requiirements for the material discussed in this document shall be as specified in ISO/IEC 9075-2.

4.2 Whatis a polymorphic table function?

A polymprphic table function (abbreviated PTF) is a function that returns a table whose row type is not
declared when the function is created. Rather, the row type of the result mayydepend on the furjction
argumerts in the invocation of a PTF, and therefore may vary dependingonthe precise syntax cgntaining
the PTF jnvocation. In addition, a PTF may have generic table parameters (i.e., no row type dedared
when thg PTF is created), and the row type of the result might depénd on the row type(s) of th¢ input
tables. This document is intended to provide an informal description of PTFs, using examples and practical
step-by-ptep advice on how to add a PTF capability to a relational DBMS, how to write a PTF, anld how
to invoke a PTF in an application.

4.3 Audiences

This doqument is written for three audiences:
1) The|DBMS developer.

2) The|PTF author.

3) The|query author.

It is impprtant to recognize that a PTF is somewhat like a view, only more procedural. With a vigw, there
are the spme three parties: DBMS, view author, and query author. The DBMS is the intermediary petween
the view author and‘the query author. The view is a way for the view author to “publish” an int¢rface to
tables wiithout exposing the inner workings of the interface. Similarly, a PTF is a way for the PTF author
to publigh an interface to a procedural mechanism that defines a table. The query author only sees the
publishdd interface, whereas the DBMS and the PTF author share a more complex “private” interface. In
particular.the query author sees a single PTF function, whereas the DBMS and the PTF author see a
family of one to four related SQL-invoRed procedures, called the PTF component procedures, and possibly
additional private data.

Many sections of this document begin with a caption “Primary audience: xyz” stating which audience is
most likely to find the section useful. However, anyone is welcome to read any section. Understanding
the complete picture from all three perspectives is likely to be helpful to all three audiences.

A fourth audience can also be distinguished, the database administrator (DBA) as the one who is
responsible for allocating disk storage for large tables. This is because disk allocation strategies can
impact the performance of queries. The one allocating disk storage may be the query author or may be
a separate role in the organization. If these are separate roles, the DBA may need to consult with the
query author before the data is loaded. This is a complex issue because it is not always possible to antic-
ipate the query at the time that the data is loaded, or the set of queries may be such that no one disk
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allocation scheme will allow optimal performance of all queries. The most relevant section for a DBA
allocating disk storage is Subclause 12.2, “Partitions and virtual processors”, where the audience is
nominally the DBMS and the PTF author. However, specific advice about disk allocation is beyond the

scope of

this document.

4.4 Motivating examples

4.4.1 ¢
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ument uses eight motivating examples that illustrate the capabilities of PTFs/Thése ex
ented from the standpoint of the query author, hiding the role of the PTF author and DF
e here is to get a taste of the power and generality of PTFs. The perspectives of the DBM
huthor are explored at length in Clause 13, “Examples”.

[SVreader

sheet can usually output a comma-separated list of valties. Generally, the first line of tH
a list of column names, and subsequent lines of the-file contain data. The data in gener
s a large VARCHAR. However, some of the fields fnay be numeric or datetime.

author has provided a PTF called CSVreader.designed to read a file of comma-separatg
pret this file as a table. The query author can see this PTF in the Information Schema an
s the following signature:

N CSVreader (
b VARCHAR(1000) ,

ht s DESCRI PTOR DEFAULT NULLS,
bs DESCRI PTOR DEFAULT NULL-)
NS TABLE

ETERM NI STI C

NS SQL

lature has two parameter types that are distinctive to PTFs:

hmples
MS. The
[S and

e file
hl can be

d values
d knows

br each

truct a

In this example, the return type of CSVreader is TABLE. This is a distinguishing characteristic of every
polymorphic table function: it returns a generic table.

The PTF author has published a user reference for CSVreader. The user reference tells the query author
the semantics of the input parameters and what the output will be. In this example, the user reference
documents the following:

1) The first parameter, File, is the name of a file on the query author’s system. This file shall contain the
comma-separated values that are to be converted to a table. The first line of the file contains the
names of the resulting columns. Succeeding lines contain the data. Each line after the first will result
in one row of output, with column names as determined by the first line of the input.
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2) Floatsis a PTF descriptor area, which should provide a list of the column names that are to be
interpreted numerically. These columns will be output with the data type FLOAT.

3) Datesisa PTF descriptor area, which provides a list of the column names that are to be interpreted
as datetimes. These columns will be output with the data type DATE.

Based on the documentation in the user reference, the query author may write a query such as the fol-
lowing:

SELECT *
FROM TABLE ( CSVreader ( File => 'abc.csv',
Floats => DESCRIPTOR ("principle™, "interest")
Dat es => DESCRI PTOR ("due_date")
) ) AS S

In the FROM clause, the TABLE operator introduces the invocation of a table function. A table fynction
might bg either a conventional (monomorphic) table function or a PTFE. In this case, because CSVreader
is declared with return type TABLE, this is a PTF invocation.

This invecation says that CSVreader should open the file called abc.csv. Thelist of output column names
is found|in the first line of the file. Among these column names, there arecolumns named 'prindiple’ and
'interest], which are interpreted as numeric values, and a column named\"due_date’, which is intprpreted
as a datg.

For example, suppose that the contents of abc.csv are
docno, nae, due_dat e, pri nci pl e, i nt erest

123, Mary, 01/ 01/ 2014, 234. 56, 345. 67
234, Edgfr, 01/ 01/ 2014, 654. 32, 543. 21

The resylt are shown in Table 1, “Results of CVSreadeér sample query”.

Table 1 — Results of CVSreader sample query

docno | name due_date principle interest
123 Mary 2014-01-01 234.56 345.67
234 Edgar 2014-01-01 654.32 543.21

The dist|nguishing fedature of this example is that there are no input tables. Subsequent examples show
various possibiliti€s-involving input tables.

This example is-econtinued in detail in Subclause 13.3, “CSVreader”.

4.4.3 Pivot

In general, a pivot is an operation that reads a row and outputs several rows. Generally, the input is
denormalized and the output is normalized. For example, maybe an input table has six columns, forming
three pairs of (phone type, phone number), and the user wishes to normalize this into a table with two
columns.

The PTF author has provided a PTF called Pivot; the query author can see the following signature in the
Information Schema:

FUNCTI ON Pi vot (
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I nput TABLE PASS THROUGH W TH ROW SEMANTI CS,
Qut put _pi vot _col unms DESCRI PTOR,
| nput _pi vot _col utms1 DESCRI PTOR,
| nput _pi vot _col unms2 DESCRI PTOR DEFAULT NULL,
| nput _pi vot _col utms3 DESCRI PTOR DEFAULT NULL,
| nput _pi vot _col unns4 DESCRI PTOR DEFAULT NULL,
| nput _pi vot _col umms5 DESCRI PTOR DEFAULT NULL
) RETURNS TABLE
DETERM NI STI C

READS

SQL DATA

The PTF,
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first parameter, Input, is a generic table. This table is declared to have two options, {PA
OUGH” and “WITH ROW SEMANTICS”. These options have the following implications fi
'y author:

WITH ROW SEMANTICS means that the result is determined on a row-by-row basis. T

semantics.

PASS THROUGH means that, for each input row, the PTF makes'thé entire input row av|

PASS THROUGH, will be seen in some subsequent examples.

second parameter, Output_pivot_columns, is a PTF descriptor area that lists the names|

coluymns that the query author wants to see in the result:

3) The
that]

third parameter, Input_pivot_columns1, is mandatory. This parameter is a PTF descrip
lists the names of the columns of the input table which are to be pivoted into the corres

columns of the output table. There must be thé&same number of column names in the Out-

put.

4) The
and
thes

pivot_columns PTF descriptor area and int the Input_pivot_columns1 descriptor area.

remaining parameters, Input_pivot.€olumns2, Input_pivot_columns3, Input_pivot_colu

e are additional PTF descriptor-areas for the input columns that are to be pivoted into th

coluymns. Each of these PTF descCriptor areas must have the same number of column names

put]

This sho
many m

pivot_columns.

bre by simply adding more optional parameters to the signature.

Based om this user documentation, the query author might write the following invocation:

SELECT
FROM TA|

D. | d, DiNane, P.Phonetype, P.Phonenunber
BLE (-“Pr*vot ( I nput => TABLE (Joe.Data) AS D,
Qut put _pi vot _col utms => DESCRI PTCR (phonet ype, phonenunber),

I nput _pi vot _col umms1 => DESCRI PTOR (phtypel, phonenunber1l),

TF:

SS
br the

he alter-

native, set semantics, will be seen in subsequent examples. At most oné.input table can have row

hilable

in the output, qualified by a range variable associated with the)input table. The alternaltive, NO

of the

for area
ponding

mns4,

Input_pivot_columns5, are optional (indicated by the DEFAULT NULL declaration). If supplied,

e output
as Out-

ws the capability te.pivot at most 5 sets of columns. Of course, the PTF author could support

I nput _pi vot _col ums2 => DESCRI PTOR ( phtype2, phonenunber 2)
) ) ASP

In this invocation, the first TABLE () operator encloses the PTF invocation. The first parameter, called
Input, passes a table, and uses the TABLE () operator to enclose the table name. This second TABLE ()
operator is required because SQL would normally interpret syntax such as Joe.Data as a column name
rather than a table name. Since Joe.Data is a table, it is possible to assign it a correlation name, D in this
example. (If an explicit correlation name is not provided, then the table name Joe.Data, or just Data, may
be used as a range variable to reference it.) The remaining arguments are PTF descriptor areas, first of

the outp

ut pivot columns and then the corresponding pairs of input pivot columns.

The query has two correlation names, D and P. D is associated with the input table Joe.Data whereas P is
associated with the output of the PTF.
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For input tables with pass-through columns, as in this example, the correlation name of the input table
may be used as a qualifier to reference any column of the associated input table. (Input tables with set
semantics follow a slightly different rule to be presented later.) In this example, D has been used to

qualify the columns D.Id and D.Name.

P may be used to reference the columns that are produced by the PTF. In this example, P has been used
to qualify the columns P.Phonetype and PPhonenumber.

The result of the PTF invocation is a multiset of rows, each row having some columns qualified by D and
some columns qualified by P. Every column of the input table Joe.Data is accessible in the columns qual-

ified by
input ro

factthat
on a row

PTF (pa
cause a

For exan

The resu

This exa

ple, suppose Joe.Data has the data shown in Table 2, “Sample data for‘pivot example”.

Table 2 — Sample data for pivot example

ID NAME | PHTYPE1 | PHNUMBER1 | PHTYPE2 | PHNUMBER2
123 Mary home pqr cell stu
234 Edgar home VWX work XyZ

1t will be as shown in Table 3, “Pivot example result with sample data”.

Table 3 — Pivot example result with sample data

ID NAME. O PHONETYPE | PHONENUMBER
123 Maky home pqr

123 Mary cell stu

234 Edgar home VWX

234 Edgar work XyZ

mple is'continued in detail in Subclause 13.4, “Pivot”.

D: the output columns of the PTF are referenceable using the correlation name P. In effect, each
v is concatenated with the columns that are produced by the PTF. This is a consequende of the
the input table has pass-through columns and row semantics: the result of the PTE/is determined
-by-row basis (row semantics), and the entire input row is concatenated with the'result of the
s-through columns). (The PTF may produce more than one row for a given input row;
multiplier effect” in the output.)

this will

4.4.4 Score

Score has two input tables:

1) One input table contains rows to be scored according to some algorithm.

2) The other input table (the model) contains the parameters for the algorithm that is used to score a
row.

Each row can be scored independently of every other row. In contrast, every row of the model is required
to specify the scoring algorithm.
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The PTF author has provided a PTF called Score; the query author can see the following signature in the
Information Schema:

FUNCTI ON Score (
Dat a TABLE PASS THROUGH W TH ROW SEMANTI CS,
Mbdel TABLE NO PASS THROUGH
W TH SET SEMANTI CS PRUNE WHEN EMPTY
) RETURNS TABLE (Score REAL)
DETERM NI STI C
READS SQL DATA

The firsffinput table, called Data, contains the Tows T0 be scored. Each row 1S scored independehtly of
every other row, as indicated by WITH ROW SEMANTICS. The entire input row is accessible in the output,
as indicgted by PASS THROUGH.

The secqnd input table, called Model, contains the parameters used for scoring a row.,Since the|entire
data set |s required to specify the algorithm, this table is declared as WITH SET SEMANTICS. A table with
set semdntics may be partitioned and/or ordered. Partitioning and ordering aredecisions madg by the
query aythor, expressed in query syntax.

NO PASY THROUGH indicates that columns of the Model table are not copied to the output. However, if
the input is partitioned, then the partitioning column(s) are still available in the output.

Since th¢ algorithm cannot work with an empty model, the qualifiec PRUNE WHEN EMPTY is aflded,
indicatir]g that the result of the PTF is empty if the model table is empty. This enables the DBMS to pptimize
by not eyen invoking the PTF when this table is empty.

The resylt, for each input row of Data, is a row concatenated from the following three sources:
1) Thelentire row of Data (because this has row semantics with pass-through columns).

2) Thelpartitioning columns of Model, if any (because this has set semantics without pass-thrpugh
columns).

3) An 4dditional column named SCORE-of type REAL containing the score for that row of Datg.

The query author has a table containing a number of different models, which can be used to score rows
for comparison against different“what if” scenarios. The query author writes the following quégry:

SELECT p.1d, D.S, D.T, MWodelid, T.Score

FROM TABLE (Score ( Data'=> TABLE (MyData) AS D

Vbdel => TABLE (Mbdel) AS M
PARTI TI ON BY Mbdel i d

) AS T

This example hasthree correlation names, corresponding to the three sources for columns in thee output
rows:

1 D i s~ oty s Fo dh At 4ol MouDatas Moot hoc vz cnpmantiac 1oz h nacc thr h
S CIITU CUTTUIAalUIVUIT TIAdIIIC 1UL L1IIC llll_lul. CAUIC 1V 1)’ altd. 1v l_y AlLd 1TIAdO TUVV OUlIIdlIItIcy vviIiull lJCIQO Oug

columns and its correlation name D may be used to qualify any column of MyData.

2) Mis the correlation name for the input table Model. Model has set semantics. It does not have pass-
through columns but its correlation name M can be used to qualify the partitioning column Modelid.

3) Tis the correlation name for the result of the PTF. T is used to qualify the additional column named
SCORE.

This example introduces the PARTITION BY clause. Only tables with set semantics may be partitioned.
The input table is partitioned as specified by the column(s) in the PARTITION BY clause; the PTF is
evaluated independently on each partition. The SQL standard uses an abstraction called a virtual processor
to specify the evaluation of a PTFE. In this example, each partition is assigned to a separate virtual processor.
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For example, perhaps Model contains the rows shown in Table 4, “Score example: contents of Model

“«_n

table”.
Table 4 — Score example: contents of Model table
Modelid pname | pvalue
wet X 19
wet y 28
wet vA 37
dry X 4
dry y 5
dry vA 6
This tables contains two models, “wet” and “dry”, each having three parameters named “x”, “y”, pnd “z”,
with parfameter values in the column pvalue.
Table MyData may contain information to be scored by these twé.models, as illustrated in Table 5, “Score
example; data to be scored”.
Table 5 — Score example:data to be scored
id s t
122 9.4 3.4
233 84 6.5
344 10.2 9.3
455 11.0 |88
The resylt might lookdike'the content of Table 6, “Score example: result”.
Table 6 — Score example: result
id s t Modelid | score
122 9.5 3.4 wet 12.9
233 8.4 6.5 wet 14.9
344 10.2 9.3 wet 19.5
455 11.0 |88 wet 19.8
122 9.5 3.4 dry 6.4
233 8.4 6.5 dry 7.4
10
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id S t Modelid | score
344 10.2 9.3 dry 9.2
455 11.0 8.8 dry 9.4

In the result, the first three columns are copied from MyData. The next column, M.Modelid, comes from
the partitioning of Models. Every row of MyData is analyzed by both models, “wet” and “dry”. Since there
are four rows in MyData and two models, there are eight rows in the result, four for each model. The last
column {s the score produced by the PTF.

This example is continued in detail in Subclause 13.5, “Score”.

4.4.5 TopNplus

TopNplus takes an input table that has been sorted on a numeric column. [tcopies the first n rowgthrough
to the oytput table. Any additional rows are summarized in a single outputtow in which the sortf column
has been) summed and all other columns are null.

The quety author sees the following signature in the Information:Schema:

FUNCTI ON TopNpl us (
| nppit TABLE NO PASS THROUGH
W TH SET SEMANTI CS PRUNE WHEN EMPTY,
Howfrany | NTEGER
) RETPRNS TABLE
NOT DETERM NI STI C
READS| SQL DATA

The PTF|author has provided the followinguser documentation:

1) Theffirst parameter, Input, is the.input table. This table has set semantics, meaning that thq result
depends on the set of data (sinee’the last row is a summary row). In addition, the table is mjarked as
PRUNE WHEN EMPTY, meaning that the result is necessarily empty if the input is empty. The query
author shall order this input table on a single numeric column (syntax below).

2) Thelsecond parametes-Howmany, specifies how many input rows that the user wants to bg copied
into|the output table; all rows after this will contribute to the final summary row in the output.

Using the user deetimentation, the query author might write the following query:

SELECT b. Regijon, T.*

FROM TABLE’( TopNplus ( Input => TABLE (M. Sales) AS S
PARTITLON-BY Regign
ORDER BY Sal es DESC,

Howmany => 3

)

) AS T

This example shows an input table that is both partitioned and ordered. In general, an input table with
set semantics may be partitioned or ordered or both.

Consider the input data representing the content of the table My.Sales shown in Table 7, “TopNplus
example: input data”.
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Table 7 — TopNplus example: input data

Region | Product | Sales
East A 1234.56
East B 987.65
East C 876.54
East D 765.43
East E 654.32
West E 2345.67
West D 2001.33
West C 1357.99
West B 975.35
West A 864.22

The firstlfive rows make up the partition with Region = 'East’ and the last five rows make up the partition
with Region = "West'. Also notice that each partition has been sorted in descending order on Saes.

The DBNIS creates two virtual processors, one for'each partition. For example, on the virtual prpcessor
for Region = 'East’, TopNplus sees the input given in Table 8, “TopNplus example: East input data” as S.

Table 8 — TopNplus example: East input data

Region-’ | Product | Sales
East A 1234.56
East B 987.65
East C 876.54
East D 765.43
East E 654.32

In the other partition, for Region = 'West', TopNplus sees the input provided in Table 9, “TopNplus
example: West input data” as S.

Table 9 — TopNplus example: West input data

12

Region | Product | Sales
West E 2345.67
West D 2001.33
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Region | Product | Sales

West C 1357.99
West B 975.35
West A 864.22

On each virtual processor, TopNplus copies the first 3 rows to the output (because Howmany = 3).
Howevefitdoes ot copy the partitioning column, Since that 1S avattabie to the query using the coyrelation
name S. [Then, TopNplus reads the remaining rows and computes the sum. In partition Region's 'East’,
the sum(is 1419.75; in the other partition, the sum is 1839.57.

The resylt of the PTF invocation appears in Table 10, “TopNplus example: result”.

Table 10 — TopNplus example: result

S T
Region | Product Sales
East A 1234.56
East B 987.65
East C 876:54
East 1419.75
West E 2345.67
West D 2001.33
West C 1357.99
West 1839.57

Note that the result usestwo correlation names: S, to qualify the partitioning column, and T, to gqualify
the colujnns that were output by TopNplus.

This example hasbeen designed to show how the PTF can copy rows of input to the output withgut using
Feature B205, {Pass-through columns”, which is an optional feature and is not necessarily available in
every irqplementation of polymorphic table functions. The example can also be modified a little to exploit
pass-through columns if Feature BZ05, "Pass-through columns”1s available. The modification is necessary
because pass-through columns are an “all or nothing” capability — either an entire input row is copied
to the output, or a row of nulls (except for the partitioning columns). In the results above, the first three
rows in each partition can be copied to the output, where they would be qualified by S rather than T. The
summary row, on the other hand, is not copied from any input row; therefore, the summary row would
be null in the S.Product and S.Sales columns. To report the summary statistic, the PTF would use a separate
column, qualified by T. Thus the result might look like Table 11, “TopNplus example: result with statistics”.
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Table 11 — TopNplus example: result with statistics

This example is continued in detail in Subclause 13.6, “TopNplus”.

4.4.6 ExecR

Risapr¢
The PTF
script to

ifying th
The que

FUNCTI O
Scr

I np

Row
RETUR
NOT D
READS

S T
Region | Product Sales Sales
East A 1234.56 | 1234.56
East B 987.65 | 987.65
East C 876.54 | 876.54
East 1419.75
West E 2345.67 | 2345.67
West D 2001.33 | 2001.33
West C 1357.99 | 1357.99
West 1839.57

gramming language used for analytigcalculations. ExecR executes an R script on an ing
receives the R script as an input character string, but lacks the sophistication to analyz
determine the row type of the:tesult. Consequently, the query author bears the burden
e output row type.

'y author sees the following signature in the Information Schema:

N ExecR (
pt VARCHAR(10000),
it  TABLE NO PASS THROUGH
W TH SET.SEMANTI CS KEEP WHEN EMPTY,
ype DESERI PTOR )
NS TABLE
FTERM NI STI C
SQ¢, DATA

The PTF
1) The

author supplies the following user documentation:

first argument, Script, is a character string containing the R script to be executed.

ut table.
e this R
of spec-

2) The second argument, Input, is a generic input table with set semantics. This input table will be
passed to the R script using an interface defined by the PTF author. The R scriptis expected to process
the input table and produce an output table. Since it is possible that the R script might produce an
output even if there is empty input, this generic table is marked KEEP WHEN EMPTY. Since the R
script will not have the ability to copy input rows into output rows, the input table is NO PASS
THROUGH.

3) The third argument, Rowtype, is a PTF descriptor area of the row type that the R script will produce.

14
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Based on the PTF documentation, the query author might write this query:

SELECT D. Regi on, R Name, R Val ue
FROM TABLE (ExecR ( Script =>"'...",
| nput => TABLE (My.Data) AS D
PARTI TI ON BY Regi on,
Rowt ype =>
DESCRI PTOR ( Nane VARCHAR(100), Val ue REAL)

)
) AS R

In this invocation; thethings tomoteare:
1) Thelfirst argument is the R script to be evaluated.

2) Thelsecond argument is an input table with set semantics, partitioned by Region/In this example,
the Input is not sorted.

3) Thelthird argument, Rowtype, provides a PTF descriptor area of two columrs;ealled Name and Value,
with types VARCHAR(100) and REAL, respectively.

The resylt rows are concatenated from two sources:
1) Thelpartitioning column D.Region, qualified by the correlation fiame for the partitioned ingut table.

2) The|columns R.Name and R.Value that are output by the PTEyqualified by R, the correlatior] name
assqciated with the PTF.

This resylt is supported as follows:

1) Thelinput data is partitioned on Region.

2) Each region effectively constitutes an independent data set.
3) The|DBMS creates a virtual processor fot’each partition.

4) The|virtual processor reads the datd.in a partition and produces a row with two columns, Name and
Valye.

5) The|Region code is constantfor all input rows on a virtual processor, and so the DBMS is able to
auglnent the result fromsthe PTF with the partition column.

6) Inthe SELECT list, the partitioning column is referenced using the correlation name D declared in
the PARTITION clause, whereas the output of the PTF is referenced using the correlation name R.

Refer to [Subclause44.5, “TopNplus”, for a fuller example of partitioning, including an example pf how
the corr¢lation mames and result column names work.

The Exe¢Reéexample is continued in detail in Subclause 13.7, “ExecR”.

4.4.7 Similarity

Similarity performs an analysis on two data sets, which are both tables of two columns, treated as the x
and y axes of a graph. The analysis results in a number which indicates the degree of similarity between
the two graphs, with 1 being perfectly identical and 0 being completely dissimilar. The numeric result is
returned in a table with one row and one column. The result column is called Val and is of type REAL.

The query author sees the following signature in the Information Schema:

FUNCTION Simlarity (
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I nputl TABLE NO PASS THROUGH
W TH SET SEMANTI CS KEEP WHEN EMPTY,
| nput 2 TABLE NO PASS THROUGH
W TH SET SEMANTI CS KEEP WHEN EMPTY )
RETURNS TABLE (Val REAL)
NOT DETERM NI STI C
READS SQL DATA

Note that in this example the result row type is known when creating the PTF; therefore, it can be specified
in the DDL. The PTF author supplies the following documentation:

1) The o narametars ara gonaric tahloc wwith cat camantice FEach innuttahlao chall cartad an two
Y- O pPar o et e oo - S e T et B e e S S e S S e e Bt e T part o b e O S ot e- ot

nunjeric columns; these columns are interpreted as providing the points in an x-y plot.

2) Simjlarity performs an analysis on two data sets, resulting in a number which indicates theg degree
of similarity between the two graphs, with 1 being perfectly identical and 0 being completely dissim-
ilar.[The numeric result is returned in a table with one row and one column. Theresult colymn is
called Val and is of type REAL.

The quety author might write a query such as the following:

SELECT 1. Country, T2.Code, S. Val
FROM TABLE ( Simlarity ( Inputl => TABLE (Sales) AS T1
PARTI TI ON BY Count ry.
ORDER BY (Qr, Revenue),
| nput 2 => TABLE (Countries) , AS T2
PARTI TI ON BY «Cade
ORDER BY (Quarter, GDP)
COPARTI TIEN (T1, T2)

) AS S

This example has two partitioned input tables, When there is more than one partitioned input taple, then
Feature B202, “PTF Copartitioning” is relevant. If the SQL-implementation supports this featurg, then
the querjy syntax supports an optional COPARTITION clause. The COPARTITION clause specifieq that the
input tables identified by the correlation-names T1 and T2 are to be co-partitioned. Each partitigning list
shall have the same number of columns, and corresponding column names shall be the compargble. In
this exarnple, the length of each partitioning list is 1, and the corresponding columns T1.Country and
T2.Code|shall be comparable,

In execution, co-partitioning works like this: The DBMS effectively forms a master list of all country codes
from S3 pnd T3, eliminating duplicates. One way to do this is to perform this full outer equijoin

SELECT
FROM ( BELECT.Country, 1 AS One
FROV-Sal'es ) AS S3
FULL/OJTER JO N
( BELECT Code, 1 AS One
FROM Countries ) AS T3
ON ( S3.Country IS NOT DI STI NCT FROM T3. Code )

(The IS NOT DISTINCT FROM predicate is True if the two comparands are equal or both null.)

For example, suppose that the distinct values of Sales.Country are 'CAN’, 'JPN’, and 'USA', whereas the
distinct values of Countries.Code are 'CAN’, 'JPN', and 'GBR'. The result of the preceding query is shown
in Table 12, “Similarity example: result”.
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Table 12 — Similarity example: result

S3.Country | S3.0ne | T3.Code | T3.0ne
CAN 1 CAN 1
JPN 1 JPN 1
USA 1
GBR 1

Thus there are four co-partitions (for 'CAN’, 'JPN’, 'USA’, and 'GBR') and the DBMS starts a virtual processor
for each|of them.

The resylt of the PTF invocation therefore has three columns:
1) The|co-partitioning column called Country.

2) The|co-partitioning column called Code.

3) Thejresult of the PTF itself, called Val.

This example is continued in detail in Subclause 13.8, “Similarity”.

4.4.8 UDjoin

UDjoin gerforms a user-defined join. It takestwo input tables, T1 and T2, and matches rows ac¢ording
to some fjoin criterion. It is intended that T2iS ordered on a timestamp. UDjoin will analyze this|ordered
data intg “clusters” of related rows, where each cluster is interpreted as representing some “event”. If
two rowp are tied in the ordering, they are placed in the same cluster. Some rows may be intergreted as
“noise”, not representing any event;

After anglyzing T2 into event.clusters, rows from T1 are matched to the most relevant event clulster. It is
possible|that some rows of Ff have no matching event cluster. It is also possible that some event clusters
have no match in T1.

The output resembléesa full outer join. If a row R of T1 matches an event cluster EC of T2, then in the
output R is joined-td every row of EC. If R has no matching event cluster, then R is output with a|null-
extendedl row innplace of the event cluster. Conversely, if an event cluster EC is not matched, then every

Like a fulleuterjoin-therearerangevariable

, 3 aARge Vo 3 utput
columns that correspond to columns of the input.

The PTF author creates this PTF with the following signature:

CREATE FUNCTI ON UDj oi n (
Candi dat es TABLE PASS THROUGH
W TH SET SEMANTI CS KEEP WHEN EMPTY,
Event St ream TABLE PASS THROUGH
W TH SET SEMANTI CS KEEP WHEN EMPTY
) RETURNS ONLY PASS THROUGH

The RETURNS ONLY PASS THROUGH syntax declares that the PTF does not generate any columns of its
own; instead, the only output columns are passed through from input columns.
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The query author might write the following query:

SELECT G *, S.*
FROM TABLE (UDjoin ( Candi dates => TABLE (Goods) AS G
Event Stream => TABLE (Ti meSeries) AS S
CRDER BY Tstanp ) )

Note that the PTF does not generate any columns; therefore, there is no correlation name for the PTF
itself, only for the input tables.

The result might look like the contents of Table 13, “UDjoin example: result”.

Table 13 — UDjoin example: result

G S
Gid | Golly | Wiz Tstamp | Color Shape
125 | Molly | Oz 3 Crimson Diamond
125 | Molly | Oz 4 Aquamaroon. |\ Star
125 | Molly | Oz 5 Vermilioh Pentagon
8 Violet Crescent
9 Rurple Circle
10 Plum Ellipse
126 | Dolly | Narnia

In the rejsults, the row (G.Gid = 125, G.Gélly = 'Molly', G.Wiz = '0z") is matched to an event of thrjee rows
with Tsthmp = {3, 4, 5}. The next event, with Tstamp = {8, 9, 10}, has no match in G, so the columhns of G
are null.|The final row (G.Gid = 126,G.Golly = 'Dolly' G.Wiz = 'Narnia') has no matching event in|S, where
the colupns are null.

4.4.9 MapReduce

MapRedpce is a'data processing paradigm using two phases, called Map and Reduce. In the clasdic “word
count” ekample'of the MapReduce paradigm, the Map phase reads one or more input files. Each Input file

is parsed infe words separated by delimiters. Map outputs a series of records, each record being a tuple
compris ; it se, the

counts in each partition are summed. The final result is a list of words appearing in any of the input files,
with their counts.

Map can be implemented using a PTF that takes as input a list of files, producing an output table with
two columns, word and count. Reduce can then be performed using conventional SQL grouping and the
COUNT aggregate.

In more general terms, the MapReduce paradigm has two phases, Map and Reduce. The Map phase analyzes
its inputinto some fixed format suitable for input to the Reduce phase. The data is partitioned and Reduce
performs some analysis on the partitioned data, which might not be supported by an SQL aggregate. In
this general paradigm, both the Map and the Reduce phases can be implemented by PTFs. To get the
complete paradigm, the query author will write a functional composition of the two phases, schematically:
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FROM TABLE (Reduce (Map (...))) AS MT

The invocation of Map nested within Reduce does not need a TABLE operator because Map is known to

return a

table.

This paper does not discuss the MapReduce paradigm further. However, Subclause 13.10, “Nested PTF
invocation”, provides examples of nested PTF invocations.

4.5 The life cycle of a PTF

This pager will weave among the three audiences in order to arrive at a comprehensive unders

of thew

are builtl Realistically, the development cycle will include many iterations by the(PTF author, an
query aythor may iterate the design of the query. These iterations are not shown in the exampl

The reader may fill any or all of these roles. A DBMS developer will write the implementation of t
functionplity; during development and testing the developer will alsoplay the role of PTF auth
query aythor. A PTF author also fills the role of query author to testthe'PTFE. When testing a PT

recomm
A query
deliver t

The rempining sections of this document and their primafy audiences are shown in Table 14, “I

audienc

hole. Both the PTF author and the query author provide text files in whichytheir SQL stz

ended that separate SQL-schemas are used for the PTF implémentation and the PTF te
author may still find it useful to understand how the DBMS and the PTF body inter-ope
he result of the PTF.

s for Clauses and Subclauses in this document®:

Table 14 — Primary audiences for'Clauses and Subclauses in this document

tanding
tements
d the

S,

he DBMS
r and

E it is

5t suite.
rate to

Primary

PTF Author DBMS Developer Query Author

Subclause 5.2, “Processing phases”

Subclause 5.3(“Virtual processors”

Subclause 5.45¢PTF component procedures”

Subclause 5.5, “Input table characteristics”

Subclause 5.6, “Partitioning and ordering”

Subclause 5.7, “Flow of control”

Subctause 5.8, “Flowof information"

Subclause 5.9, “Flow of row types”

Subclause 5.10, “Pass-through columns”

Subclause 5.11, “Security model”

Subclause 5.12, “Conformance features”

Clause 6, “Specification”
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PTF Author DBMS Developer Query Author

Clause 7, “Data definition language”

Clause 8, “Implementation”

Clause 9, “Invocation”

Subclause 10.2, “Calling the describe
component procedure”

Subclause 10.3, “Inside the
describ¢ component proce-
dure”

Subclause 10.4, “Using the result of
describe”

Clause 11, “Optimization”

Subclause 12.2, “Partitions and virtual
processors”

Subclause 12.3, “Calling the start compo-
nent procedure®

Subclause 12.4, “Inside the
start commponent procedure”

Subclause 1235, “Calling the PTF fulfill
component procedure”

Subclayse 12.6, “Inside the
PTF fulfi]l component proce-
dure”

Subclause 12.7, “Closing cursors”

Subclause 12.8, “Calling the PTF finish
component procedure”

Subclauyse 12.9;“Inside the
PTF finish component proce-
dure”

Subclause 12.10, “Collecting the output”

Subclause 12.11, “Cleanup on a virtual
processor”

Subclause 12.12, “Final result”

The examples are developed in Clause 13, “Examples”, using the same outline.
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5.1 Introduction to the PTF processing model

All of this section is addressed to the DBMS developer and the PTF author. The query author needs to
understand input table semantics (Subclause 5.5, “Input table characteristics”) and partitioning
(Subclayse 5.6, “Partitioning and ordering”).

5.2 Processing phases

Primary|audience: DBMS developer and PTF author

Processing a PTF invocation is divided into two phases: compilatiorrand execution. These phasgs corre-
spond td PREPARE and EXECUTE in dynamic SQL. In static SQL, the:query author is not aware ¢f the

phases, since compilation is followed immediately by executionHowever, the DBMS and the PTJF author
are alwalys aware of these phases.

5.3 YVirtual processors

Primary|audience: DBMS developer and PTFatuthor

The exeqution phase is described using.an abstraction called a virtual processor. A virtual proc¢ssor is
a procespging unit capable of executing.a sequential algorithm. A virtual processor might be an gctual
physical[processor (with associated.eperating system, etc.). Using techniques such as multiprogessing,
a single physical processor might-host several virtual processors. Virtual processors may execulte inde-
pendent]ly and concurrently, &ither on a single physical processor or distributed across multiple|physical
processdrs. There is no comimunication between virtual processors. The DBMS is responsible for dollecting
the outpjut on each virtdal processor; the union of the output from all virtual processors is the fesult of
the PTFE.

5.4 PTFcomponent procedures

Primary audience: DBMS developer and PTF author

The query author perceives a single PTF. The PTF author and the DBMS perceive that the PTF is composed
of one to four PTF component procedures, which are invoked at various points during compilation and
execution, as follows:

1) PTF describe component procedure: called once during compilation. The primary task of the PTF
describe component procedure is to determine the row type of the output table. It can also initialize
private data that will be passed to subsequent PTF component procedures. (This component procedure
is optional.)

© ISO/IEC 2021 - All rights reserved 21


https://iecnorm.com/api/?name=d034b06ad846dbb1790dcfd7c9420ff0

ISO/IEC 19075-7:2021(E)

5.4 PTF

component procedures

2) PTF start component procedure: called once per virtual processor to perform any initialization that
is not done by the DBMS or the PTF describe component procedure (This component procedure is
optional.)

3) PTF fulfill component procedure: called once per virtual processor to deliver the output table by
“piping” rows to the DBMS. (This component procedure is required.)

4) PTF finish component procedure: called once per virtual processor to perform any clean up not
performed by the DBMS. (This component procedure is optional.)

Thus a polymorphic table function is actually an organized collection of SQL-invoked procedures.

Any inpy
asnull. If

the OUtErt row type, then it may return an error, which effectively becomes a syntax ecren/Thus

author
describe

The runs
table.

55 1

Primary

Input tal

1) Inpyttables have either row semantics or set s€mantics, as follows:

a)

b)

2) The
can
emp
a vii
alte
the
whed

t scalars that are not compile-time constants are passed to the PTF describe componentp
the non-null input scalars are insufficient for the PTF describe component procedureto’d

ay effectively impose syntax constraints on the the query author by returning an error
component procedure if the syntax requirements are not met.

nput table characteristics

audience: DBMS developer, PTF author, and queryauthor.

bles are classified by three characteristics:

Row semantics means that the the result of the PTF is decided on a row-by-row basis.
extreme example, the DBMS could:atemize the input table into individual rows, and se
single row to a different virtual processor.

Set semantics means that the:outcome of the function depends on how the data is part
A partition shall not be splitacross virtual processors, nor may a virtual processor han
than one partition.

second characteristic, which applies only to input tables with set semantics, is whethef
penerate a result row even if the input table is empty. If the PTF can generate a result r
ty input, the table is said to be “keep when empty”, meaning that the DBMS actually ins
tual processor (or more than one virtual processor in the presence of other input tablg
native.is_called “prune when empty”, meaning that the DBMS can prune virtual process
uery plan if the input table is empty. (Tables with row semantics are always effectively
n €mpty”, so this choice is not relevant to them.)

focedure
btermine
the PTF
from the

time PTF component procedures are used to process the input table(s)and generate the output

As an
nd each

itioned.
le more

the PTF
bW on
[antiates
s). The
ors from
r “prune

3) The third characteristic is whether the input table supports pass-through columns or not. Pass-
through columns is a mechanism enabling the PTF to copy every column of an input row into columns
of an output row.

In the examples, the table parameters have characteristics as shown in Table 15, “Examples and table
parameter characteristics”.
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Table 15 — Examples and table parameter characteristics

Example | Table Row or Keep or Pass-through?
Parameter | set prune
semantics? | when
empty?
CSVreader | no table
parameters
Pivot Input row (N/A) yes
Score Data row (N/A) yes
Model set prune no
TopNplus | Input set keep no (example could be
worked\using pass-
through)
ExecR Input set keep no
Similarity | Inputl set keep no
Input2 set keep no
UDjoin Candidates | set prune yes
EventStream | set prune yes

5.6 Partitioning and ordering

Primary|audience: DBMS déveloper, PTF author, and query author.

The input tables with set semantics may be partitioned on one or more columns, at the discretipn of the
query aythor. An inputtable with at least one partitioning column is said to be partitioned (even if, in
fact, the [partitioning column has only one value). An input table with no partitioning column is|said to
be broadcast. lirthe examples, TopNplus, ExecR, and Similarity illustrate partitioning.

The inpyt tables with set semantics may be ordered on one or more columns (other than partitioning
columns—-thereisno-benefitto-ordering on-apartitioning column}also-at the discretion-of-the query
author. The PTF is aware of the ordering during all PTF component procedures, and may utilize the
ordering semantically (TopNplus illustrates this possibility). If the PTF does not use the ordering
semantically, then there is no benefit to the query author in ordering the input table. Ordering an input

table does not imply an ordering to the results or the query as a whole.

Input tables with row semantics shall not be partitioned or ordered. Row semantics implies that the
result can be determined on a row-by-row basis; therefore, the DBMS can assign rows of such tables to
virtual processors arbitrarily, for example, using random, round robin, or load balancing algorithms. The
Pivot and Score examples illustrate input tables with row semantics.

When there is more than one partitioned input table, they can, at the option of the query author, be co-
partitioned. With co-partitioning, the co-partitioned table arguments shall have the same number of
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partitioning columns, and corresponding partitioning columns shall be comparable. The DBMS effectively
performs a full outer equijoin on the co-partitioning columns, assigning one virtual processor to each
combination of partitions resulting from this equijoin. The Similarity example illustrates co-partitioning.
For detailed examples of co-partitioning, see Subclause 13.8.9, “Virtual processors for Similarity”.

5.7 Flow of control

Primary audience: DBMS developer and PTF author.

This sectIion presents a conceptual architecture for the flow of control during the compilation and execution.

Refer to [the following diagram (Table 16, “Schematic execution plan”) showing a schematic exefution
plan invglving multiple virtual processors Py, Py, P3, ...

Table 16 — Schematic execution plan

Compile Virtual Run Time

Time Processor

Describe Start | Fulfill’| Finish
Py
P
P3

The flow of execution moves basically left to-right. The describe step is not shown using any virfual pro-
cessor, sjnce it is an indivisible computational step.

The purpose of compilation is to set’up for the subsequent execution phases. Compilation is performed
without the ability to read the input data, though the row type and sort order of the input tablefs are
passed tp the PTF describe component procedure via PTF descriptor areas.

Compilafion results in tw6 kinds of information:

1) Thelrow type of theresult.

2) Valyes of theprivate variables of the PTF, if any. These values are saved by the DBMS and r¢
instantiatedwas input to the run-time PTF component procedures. This provides for information flow

from the.PTF describe component procedure to the run-time PTF component procedures.
The timlﬁmmmmmmm If

the query is prepared and executed as separate steps, there can be many executions, not portrayed in
this diagram. For example, if the PTF invocation is in a view definition, then the PTF invocation is compiled
when the view is defined and executed when the view is referenced in a query.

At run-time, the DBMS assembles the input data, partitions it, and directs each partition to a separate
virtual processor. Each virtual processor executes independently of every other virtual processor. Virtual
processors may be scheduled sequentially on the same physical processor; or concurrently on the same
or different physical processors. Scheduling virtual processors is implementation-dependent.

Note that partitioning is only semantically correct if the overall task can be decomposed as a union of
disjoint tasks. If an input table has row semantics, then the input table can be partitioned arbitrarily, so
in that case the partitioning decision is made by the DBMS according to an implementation-dependent
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algorithm. If an input table has set semantics, then the partitioning decision is the responsibility of the
query author, and the default is to form a single partition.

5.8 Flow of information

Primary

audience: DBMS developer and PTF author.

Information flows between stages of execution as follows:

1) The
(ifa

2) The
row
has
cusq

3) The
PTF
pro
pass
to r{

4) The
For
resd

comfponent procedure to deallocate it.

Figure 1

PTF describe component procedure receives a description of the input tables and their
hy) as well as any scalar input arguments that are compile-time constants.

PTF describe component procedure returns the row type of the PTF’s result to the DBI
type is also made available to all the run-time PTF component procedures. ([fany table a
pass-through columns, the handling of the result row type has some additional comple
ed in Subclause 5.10, “Pass-through columns”.)

PTF describe component procedure might have private informationto communicate to t

edure may go to some trouble to analyze the input scalarsand’'tables, and it may be us
a digest of this analysis to the run-time PTF componentprocedures, so that they do n
peat the analysis.

run-time PTF component procedures may have information to pass from one stage to
bxample, if a resource is allocated during the start.component procedure, then a handle
urce should be passed to the fulfill componentjprocedure to use the resource, and to th

“PTF information flow”, illustrates the flow of information in a PTF invocation:

brdering

MS. This
rgument
xity, dis-

he other

component procedures that will execute in run time. For example; the PTF describe component

eful to
t need

hnother.
» for that
e finish
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Query: SELECT ...

COMPILE TIME RUN TIME

User

FROM TABLE (PTF (..)-- Start — Fulfill — Finish
\ results

/ .

I

I

. I
virtual processor 1 | I

I

I

results

q

59 1

Primary
For each

1) The

colymn renaming (§pgcified by a <parenthesized derived column list>), then the column n:

the
tabl

2) The

|
|
|
|
|
l |
DBMS '
: virtual processor 2 \:\
scalars, | Start — Fulfill — Finish
|
|
|
|
|
|
|

escriptors |
P \ results DBMS
| |
result row Describe virtual processor 3 \J./
type, Start — Fulfill — Finish I
private \ results !
data + |
DBMS
\
I
result row
type,
private
data
Figure 1 — PTF information flow
low of row types

audience: DBMS developer@and PTF author.
table argument, a PTE invocation has the following input row types:

full row type of arrinput table, including every column of the input table. If the input tg

cparenthesized derived column list> are used; otherwise, the original column names of
b are useds

requested row type of an input table; this includes only those columns that the PTF de

component procedure requests to receive from the DBMS. The PTF describe component pi
is rgsponsible for describing this row type; it must not be empty. (If the PTF describe comp

ble has
hmes in
he input

scribe
ocedure

onent

procedure is absent, then this is a copy of the full row type.)

3) The cursor row type of an input table. This is the same as the requested row type, plus one additional
column (the pass-through input surrogate column) if the input table has pass-through columns (see
Subclause 5.10, “Pass-through columns”).

APTFin

vocation also has the following result row types:

1) The initial result row type. This row type lists the columns that the PTF itself will generate (called
the proper result columns of the PTF).

2) The intermediate result row type. This is identical to the initial result row type, plus one additional
column (the pass-through output surrogate column) for each input table that has pass-through
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columns. This is the row type that must be used when performing <pipe row statement> during the
execution phase to output a row.

3) The external result row type. This is the same as the initial result row type, except that the proper
result columns may be renamed by the query using a <parenthesized derived column list>.

4) The complete result row type (called just the “row type of <table primary>" in the standard) com-
prising the external result row type plus, for each table argument TA:

a) If TA has pass-through columns, then, for every column of T4, a result column having the same
name and data type.

b) |Otherwise, for every partitioning column of T4, a result column having the same name pnd data
type.

The relafionships between these row types is illustrated in Figure 2, “Row type relationships”.

full row type |

* describe

requested row type | |
¢ pass-through input surrogate column

cursor row type | | |

describe or ’

<table function column list>
pass- through output surrogate column

initial result row | |

' v

intermediate result row | | |

* expansion of surrogate to obtain
| pass-through output columns

external result\row |

partitioning columns

complete result row | | | |

Figure 2 — Row type relationships

5.10 Pass-through columns

Primary audience: DBMS developer and PTF author.

Pass-through columns are a mechanism whereby a PTF can copy all columns of an input row into a result
row, without needing to fetch the columns individually, and without needing to understand their data
types. From the PTF’s perspective, pass-through columns are condensed into a single surrogate value.
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The query is not aware of the surrogates and instead sees that an input row has been copied into the
result.

Refer to Figure 2, “Row type relationships”. For each table argument, typically the PTF describe component
procedure requests a subset of the full row type, comprising just the columns that the PTF needs to
examine for its semantics. If the input table has pass-through columns, then the cursor row type is formed
by appending a single column of implementation-dependent name and type, called the pass-through
input surrogate column.

As for the result of a PTF, either the PTF describe component procedure or the <table function column

list> declared in the CREATE FUNCTION statement specifies the initial result row type, consisting of the
proper result columns (the columns that the PTF itself will generate). The intermediate result jow type
consists|of a copy of the initial result row type, plus one pass-through output surrogate column|for each
table argument that has pass-through columns.

During the execution phase, the PTF fulfill component procedure receives PTF desctiptor areag for the
cursor r¢w types and the intermediate result row type. When the PTF fulfill compenent procedure fetches
from a cpirsor, the DBMS populates the pass-through input surrogate column with an opaque vdlue that
represents the non-partitioning columns of the table, including both requested and non-requegted
columng. For example, this surrogate might be formed by compressing thie columns into a BLOB, or it
might bq a candidate key. (Note that by using common column projectien algorithms, the surrogate value
actually only needs to represent those columns that are actually referenced later in the query.)

The PTF|fulfill component procedure can copy the value of the pass-through input surrogate coglumn to
the passfthrough output surrogate column in the intermediate result row. The intermediate reqult row
is sent t¢ the DBMS by a <pipe row statement>, whereuppirthe DBMS expands the surrogate v4lue to

reconstrjuct the non-partitioning columns that the surregate value represents.

Alternatjvely, the PTF fulfill component procedure can place a null value in the pass-through output
surrogatle column. When transmitted to the DBMS(by a <pipe row statement>, the null value of the surro-
gate will expand into null values in all the pass-through result columns. (Note that this has no effect on
partitioning columns, since the surrogate do€s not represent them.) This is the only output scenhario
availablg to the PTF start and finish component procedures, which can use a <pipe row statemeg¢nt>, but
have no fursor and hence no input surtogate value.

Partitiorling columns are handled 'separately from pass-through columns. The values of partitigning
columng are invariants on a virtual processor. Since the virtual processor is the processing unitjthat
processés a <pipe row statement>, the virtual processor is able to add the values of the partitigning
columnginto the completé sesult row.

5.11 S$ecurity model

Primary|audience: DBMS developer and PTF author.

The security model for PTFs is as follows:
1) The query author must have EXECUTE privilege on the PTF in order to invoke it.

2) The query author must have SELECT privilege on input tables (more precisely, on the columns of
the input tables).

3) Inthis document, the owner of the PTF is generally portrayed as the owner of the PTF component
procedures. This is likely to be the case in practice, but the minimal requirement is merely that the
owner of the PTF has EXECUTE privilege on all PTF component privileges.

4) The PTF does not need SELECT privilege on the input tables or their columns; only the query author
needs privilege on the input tables. The DBMS opens the input tables and passes open read-only
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cursors to the PTF fulfill component procedure. These cursors are anonymous in the sense that the
PTF does not know the identity of the input tables. The only operation the PTF can perform on these
input cursors is FETCH.

If a PTF needs a side table to perform a “table lookup”, the PTF author has three ways to do this:

a) Ifthelookup table is proprietary to the PTF (perhaps it is the intellectual property of the PTF
author), then the PTF may perform SELECT operations on the proprietary table by opening it
in the PTF component procedures using “definer’s rights”. There is no need to grant SELECT on
the proprietary table to the query author.

b) [[ftheTooKup table is not proprietary to the PTF, then the PTF can expect the query author to
pass the lookup table as an input table, in which case the table will be subject to aceess'thecking
using the query author’s privileges.

c) |lf the preceding techniques are not sufficient, then the PTF can expect the query authopr to pass
text arguments containing the names of tables, etc., from which the PTF can-build a dynamic
query. This dynamic query is access-checked using the query author’srivileges, so the PTF
component procedure that does this is always created with “invoker’s'rights”.

Note that the implementation techniques described in Clause 8, “Impleni€ntation”, have no accgss
checking and can be used freely in either definer’s rights or invoker’s fights component proceduyres. The
PTF author does not need to be concerned with definer’s rights or.invoker’s rights unless the P[I'F falls

under either scenario a) or c) above.

5.12 Conformance features

Support|for polymorphic table functions is an optional feature of SQL. If the DBMS provides minimal
support for polymorphic table functions, as specified in ISO/IEC 9075-2, then the DBMS can clain] support

for Feature B200, “Polymorphic table functions”.

ISO/IECP075-2 specifies additional advaneed features that require support for Feature B200, “Polyymorphic
table furlctions”, and enrich that minimal support with extra functionality. These additional confprmance

features|are as follows:

Featiure B201, “More than one PTF generic table parameter”

Thiq feature permits-a-polymorphic table function to have more than one generic table parameter.
Examples of multi-table input to a PTF are found in Subclause 13.5, “Score”, Subclause 13.8, {Similar-
ity”|and Subclause 13.9, “UDjoin”.

Feafure B202,“PTF Copartitioning”

Thig feature provides support for co-partitioning. The example for co-partitioning is found|in
Subelause 13.8,“Similarity”.

Feature B203, “More than one copartition specification”

This feature permits a polymorphic table to have more than one co-partitioning specification. At
least four input tables are required to utilize this feature (two input tables for each of two co-parti-
tioning specifications). There are no examples of this feature in this document.

Feature B204, “PRUNE WHEN EMPTY”

This feature permits the DBMS to avoid creating a virtual processor for a partition that is known to
be empty. Syntactically, it can be specified by either the PTF author or the query author.
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The PTF author specifies PRUNE WHEN EMPTY in DDL syntax of a table parameter if the PTF author
knows that the result of the PTF for a partition is empty when the input partition has no rows. From
the standpoint of the DBMS, it is an optimization if the DBMS can avoid creating a virtual processor
for an empty input partition. However, from a functionality standpoint, the outcome is the same
whether the virtual processor is created or not, since the result is empty in either case. If the PTF
can generate a result even when given an empty input data set, the PTF author should not specify
PRUNE WHEN EMPTY. Examples of this DDL syntax are found in Subclause 13.5, “Score”, and
Subclause 13.6, “TopNplus”.

Ifthe PTF can generate a result on an empty 1nput partltlon then itis p0551b1e that the query author
ecH-thatre s A Fy MPTY in

the 1uery syntax. An example of PRUNE WHEN EMPTY in query syntaX is found in Subclause 13.8,

Sinjilarity”.

Feafure B205, “Pass-through columns”

Pasg-through columns are a device that the DBMS can provide to the PTF author, making it|easy for
the PTF author to copy an input row into the output. Examples of this are feund in Subclauke 13.2,

“Prdjection”, Subclause 13.4, “Pivot”, Subclause 13.5, “Score”, and Subclause 13.9, “UDjoin”. In pddition,
Subglause 13.6, “TopNplus”, shows how the PTF author can copy an ifiput row to an output fow even
if the DBMS does not support this Feature.

Featiure B206, “PTF descriptor parameters”

PTF|descriptor parameters are a mechanism for the query,author to pass a row type as an argument
to a polymorphic table function. Examples of PTF descriptor parameters are found in Subclapise 13.2,
“Prgjection”, Subclause 13.3, “CSVreader”, Subclause*13.4, “Pivot”, and Subclause 13.7, “ExgcR”.

Fealure B207, “Cross products of partitionings”

With this feature, if an invocation of a polymorphic table function has more than one partitioned
input table, then it is the query author’s choice whether to relate the partitioned input tables using
co-gartitioning. (Otherwise, all partitioned input tables shall be related to one another via a single
co-gartitioning specification.) The pessibility of multiple partitioned input tables that are ot co-
partitioned is illustrated in Subclause 13.8.9, “Virtual processors for Similarity”, following the
example of co-partitioning.

There arg also two conformance features that are relevant only to the PTF author and the DBMS déveloper:

30

Featiure B208, “PTF component procedure interface”

ISO{IEC9075-2 specifies an optional interface between the DBMS and the polymorphic table function.
Thelinterface is)provided as a specification device, to specify the semantics of an invocation of a
polyimorphi¢ table function. An SQL-implementation is not required to use the specified interface; it
may] substitute an equivalent interface that provides the same functionality to the PTF author. If the
DBMiSadheres to the interface as specified in ISO/IEC 9075-2, then the DBMS may claim confprmance
d [ assume

this interface.

Feature B209, “PTF extended names”

PTF extended names are a distinctive category of dynamic extended names, used to name PTF cursors
and PTF descriptor areas. PTF extended names are part of the optional interface between the DBMS
and the polymorphic table function. It is possible that an SQL-implementation may choose to support
PTF extended names without supporting other aspects of the interface. In that case, the DBMS may
claim conformance to Feature B209, “PTF extended names”, even if it does not conform to Feature

B208, “PTF component procedure interface”. All of the examples in this document assume this feature.
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6.1 Introduction to the specification of PTFs

Primary
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of this d
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etar

6.2 1

6.2.1 1}

The first
will desd
The fund

6.2.2 Parameter list

The first
followin

1) The
role

audience: PTF author

tion is the planning phase of software development, prior to implementation. For. the j
pcument, the specification phase results in “skeleton DDL’; that is, all of the CREATE stz
y to define a PTF, except for the body of the PTFE. Specification can be divided into'two sub

ctional specification specifies the software as seen from the outside (as a,‘black box”). T}
ifies the user interface and semantics of the software. The functional'specification can
basis for documentation addressed to the query author.

gn specification specifies the software as seen from the inside{{white box”). This may b
y information not divulged to the query author.

‘unctional specification

ntroduction to the functional specification

step in the life cycle is to write a functional specification for the PTF. The functional speq
ribe the user interface and semaritics of the PTF, without describing the inner design of
tional specification becomesithe basis for documentation supplied to the query author

step in writing-a functional specification is to decide the parameter list, which might in
b things;

input table(s). These are generic tables, so the input tables should be thought of in term
within the transformation that the PTF implements. Note that Feature B201, “More th

urposes
tements
-phases:

lis phase
become

P propri-

ification
the PTFE.

lude the

5 of their
AN one

PTF

gnnnrir‘ table pnramnfnr"’ is rnqnirnd ifthe PTE has more than one inpnf tahle

2) The

scalar inputs. The PTF can use scalar inputs to parameterize the behavior of the PTE

3) The PTF descriptor area inputs. A PTF descriptor area can provide a list of column names, possibly
augmented by data types. Of course, a list of column names can be provided via a character string
scalar; however, this requires the PTF to provide a parsing capability, with attention to case-sensi-
tivity rules. In general, if a PTF can deduce a list of columns without a PTF descriptor area, that will
be preferable from the standpoint of the PTF author’s customer, the query author. However, in totally
dynamic situations, the query author may have to provide column lists, and PTF descriptor areas

will

probably be the most convenient way to do this. PTF descriptor areas are discussed in

Subclause 8.2, “PTF descriptor areas”. The examples Pivot and ExecR illustrate descriptor parameters.
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Note that Feature B206, “PTF descriptor parameters”, is required if there are any PTF descriptor
area inputs.

After deciding on the parameter list, the PTF author is ready to write the first skeleton CREATE FUNCTION
statement. At this stage, there is an incomplete CREATE FUNCTION because it only lists the input
parameters (there is more DDL to come later). The parameters are declared with the following types:

— Input tables have parameter type TABLE.
— Input scalars have their usual parameter types (VARCHAR, INTEGER, etc.).

I 113H-PTE docerintar axnac haua maraa atan o a NDCCADIDTA
np; T OCSCrTptoT arCastrav e pararmCeCT ty pC DT OGCIOUT TUTG

Thus, at|this stage, the function declaration looks something like this:

CREATE FUNCTI ON ptf (
| nput | TABLE,
Scal af | NTECER,
Col utmms DESCRI PTOR )
RETURNS| TABLE

At this stage the PTF author may also be able to decide which inputs are @ptional. Optional inpuits are
indicatedl by specifying a default value; for example:

CREATE FUNCTI ON ptf (

| nput | TABLE,

Scal af | NTEGER DEFAULT 3,

Col unps DESCRI PTOR DEFAULT NULL )
RETURNS| TABLE

Input tables are always mandatory; a default is notspecified for a table input.

Advice tp the DBMS developer: it is necessary to support the PTF author at this early stage. The|CREATE
FUNCTIQN statement above is incomplete and not suitable for actual use. Nevertheless, the DBMS may
want to fllow the PTF author to load such-a\definition as a kind of “invalid” function definition. [This will
facilitatq a DBMS tool that can assist the PTF author as the latter goes through the stages of development
outlined|here. How the DBMS can assist the PTF author is discussed in Subclause 6.3.5, “Compqgnent
procedufe signatures”.

6.2.3 Input table semantics

After listing the parameters, the next specification step is to classify each input table as row sempantics
or set semantics.

— Row sémantics means that the the result of the PTF is decided on a row-by-row basis. As an|extreme
exar .ple' tha DBMS could-atomizatha innut tabhlainta individuaal FOWS and cand anach cingl e row to

e DT o O OO ZC Tt pat o o toO Ity T oo T O vy oy i o T St STt ST

a different virtual processor. Or the DBMS might process them all on the same virtual processor. A
table should be given row semantics if the PTF does not care how rows are assigned to virtual pro-
Cessors.

— Setsemantics means that the outcome of the function depends on how the data is partitioned. A table
should be given set semantics if all rows of a partition should be processed on the same virtual pro-
cessor. This is the default semantics.

At most one input table may have row semantics; all other input tables are required to have set semantics.
A PTF that has an input table with row semantics is said to be a per-row PTF; otherwise, the PTF is said
to be a per-set PTF.
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In the examples:
— CSVreader has no input tables.
— Pivot has an input table with row semantics.
— Score has one input table with row semantics and one with set semantics.
— TopNplus has an input table with set semantics.

— ExecR has an input table with set semantics.

— Sim larity and UDjoin have two Input tables with set semantics.

6.2.4 Prunability

If the DBMS supports Feature B204, “PRUNE WHEN EMPTY”, then prunability is the next step in functional
specificdtion. In this case, if an input table has set semantics, then there is a-further property: whether

the tabld can be pruned or not. An input table is prunable if the the result©fthe PTF with an empty input
table is gn empty output table. (Prunability is not a choice for input tables with row semantics, [since an
empty ifnput row necessarily generates no output rows.)

There aife five examples that have input tables with set semanties:

— Scotfe has one table parameter with row semantics and one with set semantics. The second table
pargmeter is used to define a model to score rows ofthe first parameter. It is impossible to|set up a
model with an empty table, so this is be PRUNE WHEN EMPTY.

— TopNplus: on an empty input, it would be very'reasonable to make an empty output, so on¢ could
spe¢ify PRUNE WHEN EMPTY. Alternatively,'ene might want to generate a single row with p sum of
0 injthe sort column and the other columins null. If that is done, then KEEP WHEN EMPTY should be
spegified.

— Exe¢R: An R script could potentially-have output even on an empty input, therefore ExecR should be
KEHP WHEN EMPTY.

— Simllarity: we'll assume thatthe similarity algorithm computes that an empty table is completely
dissimilar from a non-empty table (result = 0), and completely similar to another empty table (result
= 1)} Thus, there is a-result even if one or both inputs is empty; therefore, both input tables|should
be KEEP WHEN EMPTY.

— UDj¢in: since thie'semantics resemble a full outer join, there may be a result even if either tpble is
emp]ty, so bath input tables should be KEEP WHEN EMPTY.

If the DBMS dees not support Feature B204, “PRUNE WHEN EMPTY”, then every table is effectively KEEP
WHEN HMPTY. This does not impact the functionality of the PTF (an empty partition simply geherates
an empty result), but it may cost some performance since the DBMS may needlessly instantiate virtual
processors for empty partitions.

6.2.5 Pass-through columns

If the SQL-implementation supports Feature B205, “Pass-through columns”, then the final characteristic
of input tables is whether they support pass-through columns or not. Pass-through columns is a feature
that enables the PTF to copy all columns of a row of an input table into an output row, without copying
the columns individually and without needing to understand the data types of the columns. (See
Subclause 5.10, “Pass-through columns”, for a discussion of how this works.) If a table parameter has
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pass-through columns, then every column of the table argument is available to the query, qualified by
the range variable of the table argument. The examples Pivot, Score, and UDjoin illustrate pass-through
columns (TopNplus could be redesigned to exploit pass-through columns too). The keywords PASS
THROUGH indicate that a table parameter uses pass-through columns; NO PASS THROUGH indicates that
a table parameter does not. If the SQL-implementation does not support Feature B205, “Pass-through
columns”, then this choice is not available in DDL and every input table is effectively NO PASS THROUGH.
A PTF can still copy an input row into the output, but it requires more effort on the PTF author’s part,
and there may be a performance penalty because the PTF may need to request input columns it would
not otherwise need in order to copy them to the output. This scenario is illustrated in Subclause 13.6,
“TopNplus”.

6.2.6 Result row type

The resylt row type of a PTF invocation consists of the following:
1) Colymns generated by the PTF; these are called the proper result columns of the PTF.
2) Partitioning columns of partitioned table arguments.

3) For pny table argument that has pass-through columns, the nonzpartitioning columns of that table
argyment.

Item 2) and Item 3) are determined by decisions already dis¢ussed. As for the proper result columns,
there are three options:

— Ifthle proper result columns are already known duting the specification stage, they can be $pecified
in the return type CREATE FUNCTION statement."The examples Score and Similarity illustrate this
possibility; if TopNplus is redesigned to use,pass-through columns, then it could be redesigned to
do this as well.

— Ifthlere are no proper result columns,then the return type RETURNS ONLY PASS THROUGH can be
spegified. The example UDjoin illustrates this possibility.

— Otherwise, the PTF describe cofuponent procedure is mandatory and determines the proper result
coluymns.

6.2.7 Determinism

A PTF isdeterministic if it necessarily produces the same set of rows when re-executed using a particular
set of inputs.The inputs are the values of scalar arguments, descriptor arguments, and table arguments.

The valde ¢f atable argument comprises a multiset of rows, as well as the partitioning and ordering of
those rows:as specified by the query

In particular, if the result of a PTF depends on the ordering of rows, then the PTF is non-deterministic.
TopNplus is a good example. The second parameter, Howmany, tells how many rows in each partition
to copy from the input to the output. Suppose that Howmany is 3, and suppose that the first four rows
of a partition are tied in the ordering. Then it is non-deterministic which three rows will be copied into
the output. If, on the other hand, TopNplus was defined so that it copies Howmany rows, plus any ties to
the last of these rows, then TopNplus becomes deterministic.

Thus, input ordering is potentially significant to the determinism of a PTF. On the other hand, the order
in which output rows are generated is not significant to the determinism of a PTFE.

The contents of SQL-data that is not passed in table argument(s) is not regarded as input to a PTF. Thus
ifthe result of the PTF depends on the contents of proprietary data (see Subclause 5.11, “Security model”,
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[tem 5)a)) or on the result of a query constructed dynamically (see Subclause 5.11, “Security model”,
Item 5)c)), then the PTF is non-deterministic.

6.2.8 SQL-data access

SQL-data access is a property of SQL-invoked routines that specifies the degree of access to SQL-data
that the SQL-invoked routine requires. There are four choices: NO SQL, CONTAINS SQL, READS SQL DATA,
and MODIFIES SQL DATA. A PTF will almost never have SQL-data access of NO SQL, because at the very
least, the PTF fulfill component procedure will use a PIPE ROW statement to output a row. At the other
extreme} a PTF is not allowed MODIFIES SQL DATA.

This leayes CONTAINS SQL or READS SQL DATA. READS SQL DATA is appropriate if the,PTF hasfan input
table, orfif it performs a lookup in a side table as described in Subclause 5.11, “Security'model”|Item 5).
Otherwife, CONTAINS SQL is the appropriate SQL-data access.

6.2.9 Documenting the PTF to the query author

After completing the functional specification, the PTF author can write the documentation thatjwill be
made avpilable to the query author, telling the query author how to write an acceptable invocatipn of the
PTF and|what the result will be.
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6.3 Design specification

6.3.1 Introduction to the design specification

Next, the PTF author can start a design specification. The principle difference is that the functional
specification should be made available to the query author in some fashion, such as user documentation,
whereas the design specification can remain confidential to the PTF author.

6.3.2 Name the component procedures

The PTF
procedu

res:

“dedcribe”: PTF component procedure to be invoked during query compilation (optional).

«

— ’sta

— “ful

't”: PTF component procedure to be invoked at the start of execution on a virtual proce

[opTonal).

ill”: PTF component procedure to be invoked during execution; this is the component p1

thatireads the input tables and generates the output tablé,(mandatory).

— “finish”: PTF component procedure to be invoked at the'end of execution on a virtual proce
(opfional).

The PTF|describe component procedure is optionalif the PTF has no proper result columns, or

proper 1

mandatgry. However, even if it is optional, it may still be useful because the PTF describe comp

procedu
the inpu

e can validate the input arguments;initialize the private data, and reduce the list of co
I cursor(s) to just the columns that the PTF needs semantically.

Many PTFs will not need a start or.finish component procedure. The DBMS will provide complg
infrastrycture for the input tablesand the output stream, so the start component procedure is not needed

to initialize that infrastructure and the finish component procedure is not needed to clean it up|

Thus, th

b start and finish component procedures only need to worry about other resources that

needs duyring the execution phase. For example, a PTF may wish to open an operating system fil
the starf component:and close it again during the finish component. Alternatively, the fulfill cor

procedu

e could do‘both the file open and close. Thus, it is more a matter of programming style

to have 4tart and\finish component procedures.

The PTF|fulfillcomponent procedure is mandatory. This is the only one that receives cursors to
input table-drguments

author chooses names for the PTF component procedures. There are one to four PTF component

Ssor

ocedure

SSOor

if the

esult columns are declared statically in the CREATE FUNCTION statement; otherwise, it is

bnent
umns in

te

the PTF
e during
nponent
whether

read the

6.3.3 Private data

The design specification can also specify private data for the PTF component procedures. The private
data is passed between the PTF component procedures (with the DBMS as an intermediary), but it is not
exposed to the query author. The DBMS perceives the private data as a set of variables that it allocates
and passes to the PTF component procedures. Each PTF component procedure perceives the private data
as arguments in its argument list.
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Private data can be of any SQL types that have bindings in the implementation language. The private data
is passed by the DBMS as INOUT parameters to the PTF component procedures. The DBMS makes no use
of the private data, simply passing it around between the PTF component procedures to enable them to
communicate.

Private data serves two purposes:

1) The describe component procedure may analyze the input arguments, and pass a digest to the later
PTF component procedures in the execution phase. This way, the execution phase component proce-
dures do not need to re-analyze the input arguments.

2) Ifth|
for ¢

ope
the

Optiona
defaulti

ponent |

f execution phase has start and finish component procedures, then the private data caj
ommunication during the execution phase. For example, the start component procedu
1 a file and place a “handle” in the private data, so that the fulfill component proecedure
ile and the finish component procedure can close the file.

ly, one can specify default values for the private data. Private data defaults\to' null if no
5 specified. The describe component procedure will see the private datainitialized to th
values. Jubsequent component procedures see the private data as it was last set by the precedi
rocedure in the sequence: describe — start — fulfill — finish.

6.3.4 Routine characteristics of the component procedures

The PTF
istics ar¢

Table 17 — PTF routine characteristics

be used
re might
can read

explicit
e default
ng com-

author decides the routine characteristics of the ggmponent procedures. The routine character-
shown in Table 17, “PTF routine characteristics”.

Characteristic

Value

<language clause>

SQL, C, etc.

<parameter style clause>

Not used with language SQL. For external languages,
either PARAMETER STYLE GENERAL or PARAMETER
STYLE SQL

<specific name>

PTF author’s choice

<deterministic character-
istic>

A PTF component procedure is deterministic if it pro-
duces the same results (initial result row type, result
rows, status code) when invoked with the same scalar
arguments, PTF descriptor areas and PTF extended cur-
sors. A PTF fulfill component procedure is non-determin-

istic if the result rows depend on the order of the PTF
extended cursor(s). The PTF describe component proce-
dure shall be deterministic. The PTF start, fulfill, and
finish component procedures shall be deterministic if
the PTF is to be deterministic.
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Characteristic

Value

<SQL-data access indica-
tion>

— The describe component procedure will usually be
CONTAINS SQL, though READS SQL DATA is possible.

If the start and finish component procedures only
manage external resources such as files, then they
will usually be CONTAINS SQL if the implementation
language is SQL and NO SQL for external languages
such as C, though READS SQL DATA is possible. If

they output rows using <pipe row statement>, then
they will usually be CONTAINS SQL.

If there is a table argument, then the fulfill compo-
nent procedure will probably be READS SQL;'other-
wise, CONTAINS SQL may be sufficient.

<null-call clause>

(omit)

<returned result sets
characteristic>

Shall be DYNAMIC RESULT SETS 0.

<savepoint level indica-
tion>

Shall be OLD SAVEPOINT LEVEL

security (<rights clause>
if the language is
SQL/PSM; otherwise,
<external security
clause>)

Irrelevant if the only SQL statements are FETCH from a
table argument cursor or SET/GET/COPY DESCRIPTOR
of PTF descriptor arguments. Definer’s rights may be
used if the;PTF executes SQL against tables proprietary
to the PTE (as opposed to the query author’s data, which
shouldde passed via table arguments). Invoker’s rights
is pérmitted but will usually not be necessary.

Advice t
declarat
preferab

6.3.5 (

At this p

h the DBMS: the PTF component procedure characteristics cannot be deduced from the
on. The DBMS tool should provide some kind of interface for the PTF author to specifyj
ly in a file, to supportan iterative development process.

lomponent procedure signatures

pint{the PTF author has skeleton DDL that declares the PTF input parameters, the PTH

data, angl the-names of the PTF component procedures. The DBMS should provide some kind o
tool for imxmrvmmmmmmwm ' ' ' ;

PTF
them,

private
F DBMS

The DDL

already specified implies the parameter lists for the PTF component procedures, so this step can be done
manually in principle, but in practice it will be useful to have a DBMS tool to do this step.

In general, the parameter list of a PTF component procedures is derived from the parameter list of the
PTF itself as follows:

1) The private parameters are placed at the head of the parameter list of the PTF component procedure,
in order of declaration in the skeleton DDL.

2) The parameters of the PTF come next, in order of declaration.

a) Scalar parameter declarations are simply copied from the PTF parameter list to the PTF compo-
nent procedure parameter list.

38

© ISO/IEC 2021 - All rights reserved


https://iecnorm.com/api/?name=d034b06ad846dbb1790dcfd7c9420ff0

ISO/IEC 19075-7:2021(E)
6.3 Design specification

b) ADESCRIPTOR parameter is passed as a single VARCHAR parameter, for the PTF extended name
of the PTF descriptor area.

c) Atable parameter is passed as a consecutive list of two to four VARCHAR parameters that name
the PTF descriptor areas and cursors relevant to that table parameter and PTF component pro-
cedure. The precise list of VARCHAR parameters depends on the table parameter’s semantics
(row or set semantics) and the PTF component procedure, as shown in Table 18, “Table
parameter semantics”.

Table 18 — Table parameter semantics

PTF component Table parameter semantics
procedure
Row semantics Set semantics
describe full row type descriptor name full row type descriptor name

partitioning descriptor nam

_ ordering descriptor name
requested row type descriptor name | requested row type descriptor name

start partitioning descriptor namge
ordering descriptor name

fulfill cursor row type descriptor cursor row type descriptor
partitioning descriptor namg
ordering descriptor name
cursor name CUFSOr name

finish partitioning descriptor namg
ordering descriptor name

3) Nexf there is a single VARCHAR parameter for the PTF extended name of the result row type’s PTF
desgriptor area.

a) |For the describe component procedure, this parameter is called the initial result row type

descriptor. The describe component procedure populates the initial result row type descriptor
to describe the proper result columns of the PTFE. (This parameter is omitted for the PTF describe
component pracedure if there are no proper result columns — RETURN ONLY PASS THROUGH
— or the return type declares a fixed row type.)

b) |For the start, fulfill and finish component procedures, this parameter is called the integrmediate
resultrow type descriptor. The DBMS forms the intermediate result row type descriptpr from
the initial result row type descriptor plus pass-through output surrogate columns if there are
anypass-through table parameters.

4) Finally, there is a CHAR(5) parameter for the status code.

As seen above, many arguments that are passed to the PTF component procedures are PTF extended
names. PTF extended names are discussed in Subclause 8.3, “PTF extended names”. PTF extended names
are character strings generated by the DBMS, so the DBMS controls their lengths. They can usually be
rather short names; 1, 2 or 3 characters will probably suffice. For example, using ten digits and 26 letters
can support up to 36 different input tables, each with a different distinctive character. Another character
can be used to distinguish the type of PTF extended name (e.g., C for cursor, R for row type, P for parti-
tioning, and S for sort order.) Thus, 2-character names will easily support up to 36 input tables and 36
DESCRIPTOR parameters. In the following table, let n be the maximum number of characters in a PTF
extended name.
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The transformation of PTF private data and PTF input parameter to PTF component procedure parameter
is summarized in Table 19, “Corresponding PTF component procedure parameters”.

Table 19 — Corresponding PTF component procedure parameters

PTF private data and | Corresponding PTF component procedure parameter(s)
input parameters

For each parameter:

gcalar scalar

PTF descriptor area VARCHAR(n)

tlable two to four VARCHAR(n) parameters as described,above

At the end of the parameter list:

fesult row type descrip- | VARCHAR(n) (omitted if the PTF has noproper result columnsd,

for area or the proper result columns are declared in the CREATE
FUNCTION)
gtatus code CHAR(5)

For example, consider the following skeleton DDL:

CREATE FUNCTION Ptf (
| nput I TABLE W TH ROW SEMANTI CS,
| nput 2 TABLE W TH SET SEMANTI CS,
Par | NTEGER,
Desc PESCRI PTOR )
RETURNS| TABLE
NOT DETERM NI STI C
READS S{JL DATA
PRI VATE| DATA (
Priv | NTEGER )
DESCRI BE W TH PROCEDURE _Pt\f “descri be
START W TH PROCEDURE Ptf\'start
FULFI LL| W TH PROCEDURE,Ptf _ful fill
FINl SH W TH PROCEDURE Pt f _fi ni sh

Then the signature for Ptf_describe is generated as follows:

CREATE PROCEDURE Pt f _descri be (
/* private data */
I NOUT —Priv—HNFEGER;
/* Inputl (row semantics) */
IN I nputl_row descr VARCHAR(2),
IN I nput1_request_descr VARCHAR(2),
/* Input2 (set semantics) */
IN I nput2_row descr VARCHAR(2),
I N I nput 2_pby_descr VARCHAR(2),
I N I nput 2_order _descr VARCHAR(2),
I N I nput 2_request _descr VARCHAR(2),

/* Par */
I N Par | NTEGER,
/* Desc */

I N Desc VARCHAR (2)
/* status code */
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St at us CHAR(5)

) DETERM NI STI C
READS SQL DATA

Note that Ptf_describe shall be deterministic, even if Ptf is not. The DBMS tool can copy the SQL-data

access R

EADS SQL DATA from the declaration for the PTFE.

The parameter list for the Ptf start is

CREATE PROCEDURE Ptf start (

[* pri

vate data */

l Iu i»]

| NOUT
/* In
/* In
INIn
INIn
/* Pa
IN Pa
/* De
I N De

put 1 (row semantics) */

but 2 (set semantics) */

but 2_pby_descr VARCHAR( 2),

but 2_or der _descr VARCHAR(2),
*/
| NTEGER,

EC */

5c VARCHAR (2)

/* st

| NOUT| St at us CHAR( 5)

) NOT
READS S

Ptf was
determi
ministic
as well.

For Ptf_f

CREATE
/* pr
I NOUT
/* In
IN In
IN In
/* In
IN In
IN In
IN In
IN In
/* Pa
IN Pa
/* De
I N De

tus code */

TERM NI STI C
DATA

eclared as NOT DETERMINISTIC; therefore, at least oneof its component procedures i
histic. The DBMS tool can just assume that all PTF gomponent procedures of Ptf are not
If Ptf was declared as DETERMINISTIC, then all ¢émponent procedures shall be detert

ulfill, there are also parameters for the cursor names, so the signature looks like this:

FUNCTION Ptf_ful fill (

vate data */

Priv | NTEGER,

but 1 */

but 1_cur sor _descr VARCHAR(2),
but 1_cur sor _name VARCHAR(2) ,
but 2 */

but 2_cur sor _descr VARCHAR( 2),
but 2_pby_descr VARCHAR( 2),

but 2_or der _desc~VARCHAR( 2) ,
but 2_cur sor _name VARCHAR( 2),
*/
| NTEGER,
5C */

5c VARCHAR (2)

/* st

tus,code */

s not
n-deter-
ninistic

| NOUTLStat us CHAR(S)

) NOT DETERM NI STI C
READS SQL DATA

The parameter list for the Ptf finish is:

CREATE PROCEDURE Ptf _finish (
/* private data */
IN Priv | NTEGER,
/* Inputl (row semantics) */
/* Input2 (set semantics) */
I N I nput 2_pby_descr VARCHAR(2),
I N I nput 2_order_descr VARCHAR(2),
[* Par */
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I N Par | NTEGER,

/* Desc */

I N Desc VARCHAR (2)

/* status code */

I NOUT Status CHAR(5)
) NOT DETERM NI STI C
READS SQL DATA

The only difference in the parameter lists of Ptf_start and Ptf finish is that the private parameters are
passed as IN to Ptf_finish, since there is no later stage to read the private parameters.
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7.1 Introduction to data definition language

Primary

This top
fication”

7.2 1

The follg
2 thatar
been om

<schema
CREAT

<SQ.-in
<func

<SQL pa
<l eft
[

[
<righ

<SQ pa
[ <SQ
<par a
[ DEF

<par ane
<va

| <co

| <de

<par ane

audience: DBMS developer and PTF author.

c has largely been covered implicitly in the preceding sections Subclause 6.2, “Function
and Subclause 6.3, “Design specification”. Here, the DDL relevant to PTFs is described

PTF creation

wing shows the parts of the BNF from the definition of <SQL-invoked routine> in ISO/II
e relevant to the declaration of a PTE. BNF productions thatdonot apply to PTF declarat
itted.

function> ::=
E <SQL-i nvoked function>

oked function> ::=
i on specification> <routine body>

anmeter declaration list> ::=

par en>

<SQ. paraneter declaration>

{ <comma> <SQ@ paraneter declaration>}... ] ]
par en>

ameter declaration> ;=

L paraneter name> ]

et er type>

AULT <par anet er defaul t > ]

er defaul t> =

ue expressi-on>

t ext ual Ly typed val ue specification>
5cri pt er.val ue constructor>

ey, type> ::=

al speci-

EC9075-
ion have

<da

astype> [ <locator indication> ]

| <generic table paraneter type>
| <descriptor paraneter type>

<generic table paraneter type> ::=

TABLE
[

[ <pass through option> ]
<generic table senantics> ]

<pass through option> ::=
PASS THROUGH
| NO PASS THROUGH

<generic table semantics> ::=
W TH ROW SEMANTI CS
| WTH SET SEMANTICS [ <generic table pruning> ]
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<generic table pruning> ::=
PRUNE ON EMPTY
| KEEP ON EMPTY

<descri ptor paranmeter type> ::=
DESCRI PTOR

<function specification> ::=
FUNCTI ON <schena qualified routi ne nanme>
<SQL paraneter declaration |ist>
<returns cl ause>

<

routine characteristics>

<routin
[ <ro

<routin
SPE

| <de

| <SQ

<return
RETUR

<return
<retu

<return
TAB
| ONL

<routin
<poly

<pol yno
[ <PT
W TH
FIN'S

<PTF pr
PRI VA

<PTF de
<spec

b characteristics> ::=
tine characteristic> .. ]

b characteristic> ::=

Cl FI C <speci fic nane>
ermnistic characteristic>
| - dat a access indication>

5 cl ause> @ : =
NS <returns type>

5 type> 1=
ns table type>

5 table type> ::=
L E [ <table function colum [list>]
Y PASS THROUGH

b body> :: =
or phic table function body>

phic table function body> ::=

- private paraneters> ] [ DESCRMBE W TH <PTF descri be component procedure> ]
KPTF start conponent procedure> ] FULFILL WTH <PTF fulfill conponent proce
H W TH <PTF fini sh conponent- procedure> ]

vate parameters> ::=
[E [ DATA ] <SQ paraheter declaration |ist>

ECri be conponent—procedure> :: =
fic routine desiignator>

<PTF start conponént” procedure> :: =

<spec

<PTF fu
<spec

fic routine designator>

filjlcomponent procedure> ::=
fi’e~routi ne designator>

[ START
dure> [

<PTF finish conponent procedure> ::=
<specific routine designator>

The defaults for the optional syntax are:

1) <pass through option> defaults to NO PASS THROUGH.

2) <generic table semantics> defaults to WITH SET SEMANTICS.

3) <generic table pruning> defaults to KEEP ON EMPTY.

4) <specific name> defaults to an implementation-dependent specific name.

5) <deterministic characteristic> defaults to NOT DETERMINISTIC.
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6) <SQL-data access indication> defaults to READS SQL DATA if there is an input table; otherwise, the
default is CONTAINS SQL.

7.3 PTF component procedures

A PTF requires one to four PTF component procedures. These are declared as conventional SQL-invoked
procedures. This means that the PTF is dependent on its component procedures. Although the PTF author
will start the specification and design process with the PTF, the implementation will start with the PTF

compon

ent procedures, which should be declared before the PTF itself is. The order of creation

and

declaratjon is PTF component procedures first, then the PTF itself. This is analogous to a yiew:|the

underlying tables must be created first, then the view.

The syntax to create a PTF component procedure is the same as for any other SQL-ihwvoked protedure.

There is

The PTF|component procedure does not have parameters for generic tables or descriptor areas

the PTF

areas. This is explained in Subclause 6.3.5, “Component procedure signatures”.

There arje syntactic restrictions on the characteristics of PTF component procedures, as explairn
Subclauge 6.3.4, “Routine characteristics of the component procedures”. Since there is no syntax indicating

that an SQL-invoked procedure will be subsequently used as a P,FF component procedure, these res

component procedure has parameters for the PTF extended nanies of cursors and desc

no special syntax in the declaration of a PTF component procedure that-announces thgt it is
intended for use by a PTF.

Instead,
riptor

ed in

trictions

are not §yntax checked when the PTF component procedute’is created. Instead, they are checked when

the PTF

7.4 Altering PTF component procedures and PTFs

s created.

The SQL|standard has very limited capabilities to alter SQL-invoked routines in general. Only external

routines|may be altered, not routines;written in SQL. An external routine can be altered only if {
hdencies on it. Since a PTFis dependent on its component procedures, this means thatjonce an
oked procedure is named as a component procedure of a PTF, it can no longer be altered. The

no depe
SQL-inv

only recpurse is to drop the*PTF before altering its components, after which the PTF may be reH

The SQL|standard has no syntax to alter a PTF itself.

7.5

Dropping a PTF and its component procedures

here are

created.

Because of the dependency relationship, a PTF must be dropped before altering or dropping its component
procedures.
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8.1 Introduction to PTF implementation

Primary|audience: PTF author

After spg¢cifying the PTF, the PTF author will implement it, that is, supply the programmingilogic for the

routine bodies of the PTF component procedures. To do that, the PTF author will needto unders
following:

1) How the DBMS will process and invoke of the PTFE.
2) Ho
3) Ho
4) Ho

to read and write PTF descriptor areas.
to read the input PTF cursor.
to output a row.

Item 1) is presented in Clause 5, “PTF processing model”, Clausé-10, “Compilation”, and Clause
cution”. In this Subclause, the remaining topics are discussedin‘a generic fashion. This Subclause
the infrastructure that the DBMS provides so that the PTEatithor can implement the PTFE.

Impleméntation of a PTF depends upon the interfacéprovided by the DBMS. ISO/IEC 9075-2, s
an interface as a specification device. This interfaceids optional, and is governed by conformancsg
B208, “P[TF component procedure interface” (and-the feature thatitimplies, Feature B209, “PTF ¢
names”)| If the DBMS provides a different intefface, then the implementation of a PTF will need
that interface rather than the one shown inthis document.

8.2 TF descriptor areas

8.2.1 Introduction te'PTF descriptor areas

PTFs us¢ PTF descriptor areas for the following purposes:

1) To deseribe the row type of input tables.

tand the

12, “Exe-
escribes

pecifies
Feature
xtended
to use

2) To describethepartitioningandordering of imput tabtes:

3) To describe the row type of the result.

4) To receive descriptions of row types supplied by the query author.
5) (Optionally) to receive rows of the input tables.

6) To pass output rows from the PTF back to the DBMS.

See Subclause 5.9, “Flow of row types”, for a list of the various input and output row types.

PTF descriptor areas are a kind of SQL descriptor area. This Subclause discusses only the features of SQL

descriptor areas that pertain to PTF descriptor areas.
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A PTF descriptor area consists of a header and zero or more SQL item descriptor areas. SQL item

descript

or areas within a PTF descriptor area are numbered sequentially beginning at 1. APTF descriptor

area can be visualized as shown in Table 20, “PTF descriptor area”.

The hea
descript|

The hea
data stru
nent of g
compon

The PTF
setthev.
There is
a source

Because
areas ca
left to rig
indicate
descript|
remains
set of ch
type. Th
dinate o

Table 20 — PTF descriptor area

Descriptor area header

SQL item descriptor area 1

SQL item descriptor area 2

SQL item descriptor area 3

ler is used to provide information about the PTF descriptor area as a'whole. An SQL itdm
br area presents information about a single column of a table, a partitioning, or an ordg¢ring.

ler and each SQL item descriptor area have several named components. There is no prescribed
cture for the header or SQL item descriptor area (nothinglikea C st r uct ). Instead, each compo-
header or SQL item descriptor area is referenced by a keyword, essentially the name qof the

Ent.

can get the value of one or more components using\a GET DESCRIPTOR command. The PTF can
hlue of components in the header or SQL item desgriptor areas usinga SET DESCRIPTOR cgmmand.
also a COPY DESCRIPTOR command that may be used to copy an SQL item descriptor area from
PTF descriptor area to a destination PTF déscriptor area.

SQL has constructed types, which permit arbitrary nesting of data types, the SQL item dé¢scriptor
n form a tree. The tree is flattened asgpictured above, by walking the tree from root to lepves and
ht, emitting an SQL item descriptorarea whenever anode is first entered. The LEVEL coPponent

5 how deeply nested an SQL itemi descriptor area is from the root. Scanning the list of SQL item
br areas from first to last, if LEVEL goes up by 1, that means to create a child node; if LEVEL

the same, that means to(Create a sibling node; if LEVEL goes down by 1, that means the previous
ldren is done. LEVEL is 0 in SQL item descriptor areas that are not subordinate to a constructed
e header componenit-COUNT is the total number of SQL item descriptor areas (includinig subor-
hes), while the FOR/LEVEL_COUNT is the number of columns.

8.2.2

TF deseriptor area header

A PTF d¢scriptor area header has the components illustrated in Table 21, “PTF descriptor area jheader”.

Table 21 — PTF descriptor area header

Name

Data type | Use

TOP_LEVEL_COUNT integer Number of columns described by the SQL item descriptor areas

COUNT integer Number of SQL item descriptor areas. This is equal to

TOP_LEVEL_COUNT if there are no constructed types (collec-
tions or rows).

© ISO/IEC 2021 - All rights reserved 47


https://iecnorm.com/api/?name=d034b06ad846dbb1790dcfd7c9420ff0

ISO/IEC 19075-7:2021(E)

8.2 PTF

descriptor areas

8.2.3 SQL item descriptor areas for row types

An SQL item descriptor area describes a column of a table, a partitioning, or an ordering. When used to
describe a column of a table, it consists of a number of components with three purposes:

1) Name the column.

2) Defi

ne a data type.

3) Pass avalue of that data type to or from the DBMS.

When uged to describe a column of a partitioning, the only purpose is to name the column.

When uged to describe a column of an ordering, the components describe the following;

1) The

name of the column.

2) Whgther the column is sorted in ascending or descending order.

3) Whe¢ther nulls are sorted first or last.

The components relevant to a column of a table are considered first.

The colu

Imn name is in the NAME component. This is a variable length'character string that is case

and holds the column name after any case conversion or escaping have been applied. Thus, a cc

name th
as “Col”.

The mos
codes fo

ht was created with the <identifier> Col is represented as “COL’, whereas " Col " is repr

timportant component for defining a type is called* TYPE, which is a small integer with pr|
" the various data types (for example, CHARACTER is 1, INTEGER is 4, etc.). The DBMS m

additionjal data types using negative integers, whiclrthis document cannot enumerate. Many d

are also

ualified by additional components. The:complete set of relevant components for each

is showr) in Table 22, “Relevant SQL item desctiptor components”.

Table 22 — Relevant SQL item descriptor components

sensitive
lumn
bsented

edefined
hy define
ta types
QL type

Data type Relevant SQL item descriptor components
CHAR(]) TYPE=1

CHARACTER SET cat1.s¢hiset LENGTH =n

[ COLLATION cat2.schZ-coll | CHARACTER_SET_CATALOG = cat1

CHARACTER_SET_SCHEMA = sch1
CHARACTER_SET_NAME = set
Optionally, a collation may be specified:
COLLATION_CATALOG = cat2
COLLATION_SCHEMA = sch2

COLLATION NAME =¢gll

VARCHAR(n) TYPE = 12
CHARACTER SET cat1.schl.set LENGTH = n
[ COLLATION cat2.sch2.coll ] CHARACTER_SET_CATALOG = cat1

CHARACTER_SET_SCHEMA = sch1
CHARACTER_SET_NAME = set
Optionally, a collation may be specified:
COLLATION_CATALOG = cat2
COLLATION_SCHEMA = sch2
COLLATION_NAME = coll
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[ COLLATION cat2.sch2.coll |

Data type Relevant SQL item descriptor components
CLOB(n) TYPE =40
CHARACTER SET cat1.sch1.set LENGTH =n

CHARACTER_SET_CATALOG = cat1
CHARACTER_SET_SCHEMA = sch1
CHARACTER_SET_NAME = set
Optionally, a collation may be specified:

COLLATION_CATALOG = cat2
COLLATION_SCHEMA = sch?

COLLATION_NAME = coll

BINARY (n) TYPE = 60
LENGTH =n
VARBIINARY (n) TYPE = 61
LENGTH =n
BLOB(n) TYPE =30
LENGTH =n
NUMERIC(prec, sc) TYPE =2
PRECISION = prec
SCALE = sc
DECIMAL(prec, sc) TYPE =3
PRECISION = prec
SCALE= sc
SMALLINT TYPE =5
INTEGER TYPE =4
BIGINT TYPE =25
FLOATprec) TYPE=6

PRECISION = prec

REAL TYPE=7

DOUBLE PRECISION TYPE =8

DECFLPAT (prec) TYPE =26
PRECISION = prec

BOOLEAN TYPE =16

DATE TYPE =9
DATETIME_INTERVAL_CODE =1

TIME (prec) TYPE=9

WITHOUT TIME ZONE DATETIME_INTERVAL_CODE = 2

PRECISION = prec
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Data type Relevant SQL item descriptor components
TIME(prec) TYPE=9
WITH TIME ZONE DATETIME_INTERVAL_CODE = 4
PRECISION = prec
TIMESTAMP(prec) TYPE =9
WITHOUT TIME ZONE DATETIME_INTERVAL_CODE = 3
PRECISION = prec
TIMESTAMP(prec) TYPE =9
WITH TIME ZONE DATETIME_INTERVAL_CODE =5
PRECISION = prec
INTERVAL { TYPE =10
YEAR((prec) DATETIME_INTERVAL_PRECISION =prec
MONTH (prec) The value of DATETIME_INTERVAE_CODE dependq on the
DAY (prec) interval qualifier as follows:
HOUR(prec) YEAR: 3
MINUTIE (prec) } MONTH: 2
DAY: 3
HOUR: 4
MINUTE: 5
INTERYAL { TYPE=10
YEAR(prec) TO MONTH DATETIMEJINTERVAL_PRECISION = prec
DAY(prec) TO HOUR The value'of DATETIME_INTERVAL_CODE dependq on the
DAY (priec) TO MINUTE interyal/qualifier as follows:
HOUR(prec) TO MINUTE } YEARTO MONTH: 7

DAY TO HOUR: 8
DAY TO MINUTE: 9
HOUR TO MINUTE: 11

INTERYAL { TYPE=10

DAY (pnec) TO SECOND(frac) DATETIME_INTERVAL_PRECISION = prec

HOUR(prec) TO SECOND(frac) The value of DATETIME_INTERVAL_CODE dependq on the
MINUTIE(prec) TO SECOND(frac) interval qualifier as follows:

SECOND(prec, frac) } DAY TO SECOND: 10

HOUR TO SECOND: 12
MINUTE TO SECOND: 13
SECOND: 6

ROW (fieldy; fieldy, ... field,) TYPE = 19

There are nimmediately subordinate SQL item descriptors
that describe field,, field,, ... field,

user-defined type TYPE =17
USER_DEFINED_TYPE_CATALOG = cat1
USER_DEFINED_TYPE_SCHEMA = sch1
USER_DEFINED_TYPE_NAME = ty
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Data type Relevant SQL item descriptor components
REF (catl.schl.ty) TYPE =20
SCOPE cat2.sch2.tab USER_DEFINED_TYPE_CATALOG = cat1

USER_DEFINED_TYPE_SCHEMA = sch1
USER_DEFINED_TYPE_NAME =ty
SCOPE_CATALOG = cat2
SCOPE_SCHEMA = sch2

SCOPE_NAME = tab

ty ARRAY [ card | TYPE =50

CARDINALITY = card
There is one immediately subordinate SQL ifen dedcriptor
area that describes the element type ty

ty MULTISET [ card | TYPE =55

CARDINALITY = card
There is one immediately subofdinate SQL item degcriptor
area that describes the elenient type ty

Construgted types (arrays, multisets, rows) are described using several consecutive SQL item d¢scriptor
e first SQL item descriptor area specifies the kind of constructed type, and subsequent $QL item
descriptpr areas describe the components: the element type.af a collection, or the fields of a ro type.
The LEVEL component is used for bookkeeping to keep track of the depth of nesting. At the top|level,
LEVEL i§ 0, and LEVEL is incremented by 1 to descenda.level when describing a constructed tyjpe.

There arg also components to indicate if the described column is nullable, or if it is a member of the primary
key or cgndidate key. These components are not néeded for PTFs, and are not considered in this dgcument.

Each SQL item descriptor area has a component called DATA that can hold the value of the corregponding
column, which shall be of the type described by the other components. DATA is conceptually sifnilar to
a union In C, since all types can be placedthere. Subordinate item descriptor areas are not used to pass
elementp of a collection or components of a row type; the entire value is passed at the top level jof a con-
structed|type. The DATA componentmay be used when reading a row of an input table, or when|creating
an outpyt row.

8.2.4 $QL item descriptor areas for partitioning

The only[relevantcomponents when describing a partitioning are LEVEL and NAME. Since type information
is not preserit, there are no subordinate SQL item descriptor areas. Therefore, LEVEL is 0 in evary SQL
item dedcriptor area, and in the header, COUNT = TOP_LEVEL_COUNT is the number of partitiohing
columns:

8.2.5 SQL item descriptor areas for ordering

PTF descriptor areas are also used to describe the ordering of input tables with set semantics. There is
no need for type information, so there is no need for subordinate item descriptor areas when describing
an ordering. Consequently COUNT and TOP_LEVEL_COUNT in the header are the same value, which is
the number of columns in the ORDER BY clause. In the SQL item descriptor areas, four components are
used:
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— LEVEL (always 0).

— NAME, the name of the column in the ORDER BY clause.

— ORDER_DIRECTION, either +1 for ASC (ascending) or -1 for DESC (descending).
— NULL_PLACEMENT, either +1 for NULLS FIRST or -1 for NULLS LAST.

8.3 PTF extended names

In general, the SQL standard has three namespaces for SQL descriptor areas: the non-extended hainespace,
the extepded namespace, and the PTF namespace. The distinguishing feature of the PTF hamespace is
that the DBMS assigns the names rather than the PTF author or the query author. Non“extendefl names
and extended names are assigned to SQL descriptor areas using the ALLOCATE DESCRIPTOR cqmmand.
In contrast, all the SQL descriptor areas discussed in this document are created automatically by the
DBMS (the PTF author does not write an ALLOCATE DESCRIPTOR command forthem). The names of
these SQL descriptor areas are called PTF extended names and they constitute the PTF namespace. The
DBMS agsigns unique names within the PTF namespace, and it is these unique names that are passed in
descriptpr area arguments to the PTF component procedures. When a query has multiple PTF invpcations,
one has its own PTF namespace.

For example, suppose that Input_descr is an input argument to a PTF component procedure coptaining
the namg of a PTF descriptor area for the row type of an inputtable. The value of Input_descr might be
'I1". This|value is assigned by the DBMS in an implementatigh-dependent manner. The name is megningless
to the PTF and there is no reason for a PTF componentprocedure to examine the value of this ipput
argument. Instead, the name can simply be passed along in various commands (GET DESCRIPTOR, SET
DESCRIRTOR, and COPY DESCRIPTOR), as explain€d in succeeding subsections.

Even if the DBMS does not support the entire interface described in this Clause, it may choose tq support
PTF extdnded names, in which case it can clailm conformance to Feature B209, “PTF extended names”,
without claiming conformance to Feature B208, “PTF component procedure interface”.

8.4 Readinga PTF descriptor area

PTF desdriptor areas arefread using the GET DESCRIPTOR command. For example, suppose that Ingut_descr
is an argument that cntains the name of a PTF descriptor area. The PTF component procedurg might
contain:

EXEC SQ CEESDESCRI PTOR PTF : | nput_descr :l1tens = COUNT;

This commarid gets the COUNT component from the header of the PTF descriptor area in the P['F
namespace whose name 1s given by Input_descr. The result is placed in the host variable 1tems.

If the implementation language is SQL/PSM, the command looks very similar:

GET DESCRI PTOR PTF | nput _descr itens = COUNT;

The main difference here is that embedded variables are preceded by a colon, whereas SQL/PSM variables
are not.

After getting the number of SQL item descriptors, the PTF component procedure will typically set up a
loop to examine all the items. The loop might examine the column names and data types, for example.
Let ] be a variable used to index into an array, with J=1 for the first column, etc. To obtain column name
and data type information on the J-th column, in embedded C the command would be:
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EXEC SQL GET DESCRI PTOR PTF : I nput _descr VALUE :J
sname[J-1] = NAME,
:dtype[J-1] = TYPE

The VALUE clause specifies which item descriptor area is desired. Note the use of ]-1 to account for 0-
relative arrays in C vs 1-relative items in SQL descriptor areas. In SQL/PSM the command is:

GET DESCRI PTOR PTF | nput _descr

VALUE J
nanme[ J] = NAME,
dt ypef3t—TYPE

Data typles are represented by codes defined in the SQL standard. Depending on the type,@dditjonal
compongnts of the item descriptor area may be relevant, such as LENGTH, PRECISION, 61,SCALE. See
Subclauge 8.2.3, “SQL item descriptor areas for row types”, for more details.

8.5 Writing a PTF descriptor area

8.5.1 Introduction to writing a PTF descriptor area

The PTF|describe component procedure populates PTF descriptor areas for two purposes:

1) Thejrequested row type: this is essentially just a listof the names of the columns that the PTF wishes
to read on the cursor for an input table.

2) Thelinitial result row type: ifthe CREATE FUNCTION that created the PTF does not declare thie proper
coluymns (either through <table function eglumn list> or RETURNS ONLY PASS THROUGH),[then the
PTF|describe component is responsible\for describing the names and types of the proper result
coluymns.

For each of these purposes, the DBMS-allocates an empty PTF descriptor area in the PTF descriptor
namespace and passes the nameof'the PTF descriptor area to the describe PTF component prdcedure.
Initially,the COUNT in the PTFdescriptor area header will be 0; before returning, the PTF describe
compongnt procedure should set this to the number of requested columns or output columns.

In addition, during execution, the PTF component procedures write to the DATA components of the
intermegliate result row'descriptor.

Writing fo a PTF(descriptor area is one of the most challenging parts of writing a PTF. Three different
approaches arepresented from which the PTF author may choose, depending on the complexity of the
PTE.

8.5.2 Using DESCRIBE to populate a PTF descriptor area

The DESCRIBE command may be used to populate the initial result row type PTF descriptor area. To
start with an unlikely but simple example, suppose that the result is always a single column called V of
type DOUBLE PRECISION. In that case, the PTF describe component procedure might use a DESCRIBE
such as the following:

EXEC SQL PREPARE St nt

FROM ' SELECT CAST (0 AS DOUBLE PRECI SIQN) AS V
FROM | NFORVATI ON_SCHENMA. TABLES' ;
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EXEC SQL DESCRI BE St nt
USI NG DESCRI PTOR PTF :Initial _result_row,

The precise FROM clause in the prepared statement is irrelevant. This example used a table known to
exist and be readable by PUBLIC in the FROM clause, so that the PREPARE statement is guaranteed to
succeed. Similarly, the precise column definition in the SELECT list does not matter. The pointis to prepare
any statement with a single column named V of type DOUBLE PRECISION. Using a CAST and a column
alias is a clear and certain way to do this.

This example is unrealistic because the PTF author has a better way to declare that the PTF always returns
a single column V of type DOUBLE PRECISION, by simply declaring it in the CREATE FUNCTION statement.
Howevef, the example can be generalized by making it more dynamic. For example, suppose that the

variable[[sDouble is a Boolean variable that is True if the column should be DOUBLE PRECISION; otherwise,
the colujn should be INTEGER. In that case, one might write the following in SQL/PSM:

SET Str{ng = ' SELECT CAST (0 AS'
I
CASE WHEN | sDoubl e THEN
' DOUBLE PRECI SI ON
ELSE
" | NTEGER
END
I
'y ASV
FROM | NFORMATI ON_SCHEMA. TABLES' ;
PREPARE| St nt FROM Stri ng;
DESCRI BE Stnt USI NG DESCRI PTOR PTF Initial _result/now,

8.5.3 Using SET DESCRIPTOR to populatée‘a PTF descriptor area

To use SET DESCRIPTOR, item descriptor area(s) are first added to the empty PTF descriptor area. This
can be dpne by setting COUNT to a non:-zero value. The command in embedded SQL might look [like this:

EXEC SQ} SET DESCRI PTOR PTF : Ini.tial _resul t _row
COUNT = :ncolf

or, if the|limplementation language is SQL/PSM, then this:

SET DESCRI PTOR PTF Initial _result_row
CPUNT = ncols;

After item descriptor area(s) have been added to the PTF descriptor area, the various components shall
be set appropriately. Each item descriptor area requires a LEVEL, NAME, and TYPE, and possibly other
compongnts, as explained in Subclause 8.2.3, “SQL item descriptor areas for row types”.

For example, to specify that the column whose ordinal position in the row is given by Ncol and whose
name given by Colname and is of type VARCHAR with maximum length 100, this could be used:

EXEC SQL SET DESCRI PTOR PTF :lnitial _result_row
VALUE : Ncol
LEVEL = O,
NAMVE = : Col nane,
TYPE = 12,
LENGTH = 100;

Here, 12 is the code for VARCHAR type.
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It may be convenient to build the result row type descriptor in a loop. The loop might increment variable
Ncol by 1 on each iteration, then set COUNT in the header to Ncol to allocate another SQL item descriptor,
and then set the column name and type information in the item descriptor area indexed by Ncol.

8.5.4 Using COPY DESCRIPTOR to populate a PTF descriptor area

COPY DESCRIPTOR is a command to copy either an entire PTF area descriptor, or just a single SQL item
descriptor area. Here, situations are examined where each of these can be useful.

Sometines, the result row type is the same as either an input table (for example, TopNplus inthe running
examples) or is simply provided by the query author (ExecR in the running examples). Inthat dase, the
most convenient way to populate the result row type is to copy it in its entirety from some inpyt PTF
descriptpr area. To copy an entire PTF area descriptor, the PTF author might use something like the fol-
lowing:

EXEC SQI COPY DESCRI PTOR PTF : | nput_tabl e_descr
TO PTF : Result_row_type;

The pre¢eding simply copies the entire PTF descriptor from Input_table. descr to Result_row_type.

In other|circumstances, it may be that only selected SQL item descriptors should be copied. For gxample,
perhaps|an output column has the same column name and/or type information as a column of pn input
table. Infthat case, it might be convenient to just copy the coltnn name and/or type information from

the inpuf table’s PTF descriptor area to the result’s PTF deseriptor area. For example, in embedded SQL,

EXEC SQ@ COPY DESCRI PTOR
PTF : Sour ce_descr
VALUE :cl (NAME, TYPE)
TO PTF : Dest _descr
VALUE : c2;

This copjies from the PTF descriptor area’identified by Source_descr in the item identified by c1 to the
PTF desdriptor area identified by Dest(descr, placing the information in the item descriptor area iglentified
by c2. This example copies the NAME and TYPE components from the source to the destination, When
copying [[YPE, any other components that are required to complete the type specification are alsp copied.

This technique can also be-{ised in conjunction with SET DESCRIPTOR as explained above in
Subclauge 8.5.3, “Using SEF'DESCRIPTOR to populate a PTF descriptor area ”. For example, suppose that
the first column of theioutput should be the same as the first column of the input, except that th¢ column
name is plways X. linthat case, one might use COPY DESCRIPTOR to copy the type information gnd SET

DESCRIFTOR to §et'the column name, like this:

EXEC SQ CGORY DESCRI PTOR
PTF : Sour ce_descr
VALUE T TYPE
TO PTF : Dest _descr
VALUE 1,
EXEC SQL SET DESCRI PTOR PTF : Dest _descr
VALUE 1 NAME = ' X' ;

8.6 Reading a PTF input cursor

For each input table IT, during execution on a virtual processor VP, the DBMS will create a cursor that
reads the rows of the partition of IT that is assigned to VP. The DBMS will give this cursor a name in the
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PTF namespace for cursors. The PTF fulfill component procedure will receive the name of the cursor in
an input argument. The cursor is already open, so the PTF fulfill component procedure can simply issue
FETCH commands to read the cursor. In addition, the row type of the input cursor is described by a PTF
descriptor area whose name is in another input argument. The PTF fulfill component procedure can
simply FETCH from the input cursor into the PTF descriptor area for that input table.

For example, suppose the input cursor name is passed in the parameter Input_cursor and the name of
the PTF descriptor area for the row type is passed in the parameter Input_row_descr. Then, using
embedded SQL, the PTF fulfill component procedure might use this command:

EXEC SQ_EETPH EROM - PTE -1 ApLL—CUESOF
I NTO DESCRI PTOCR PTF : I nput _row _descr;

or if the implementation language is SQL/PSM,

FETCH FROM PTF | nput _cur sor
| NTO DESCRI PTOR PTF | nput _r ow_descr;

After fetfhing a row into a PTF descriptor area, the PTF fulfill component procedure will want o access
the datalin the columns of the row. This data is in a component of the item descriptor area callgd DATA.
Unlike ofher components of item descriptor areas, DATA has no fixed typ&yinstead, its type is simply the
type of the column, which is of course described by other components of the same item descriptor area.

For example, suppose that Var is a variable of an appropriate typé to receive the value of a column found
in the it¢m descriptor area indicated by Colno. Then, the value of‘that column can be obtained in Var
using thls command in embedded SQL:

EXEC SQ} CGET DESCRI PTOR PTF : I nput_row_descr VARUE : Col no
:Var = DATA;

or, using SQL/PSM:

GET DES{RI PTOR PTF | nput _row descr VALUE Col no
Var = DATA;

If the input data can be of several types, then it will generally be necessary to set up conditional lpgic that
tests the TYPE of a column so that\the DATA can be assigned to an appropriately typed variable

Typically the PTF fulfill component procedure will fetch rows from the input cursor until it reaghes the
end of the cursor. At that peint, the PTF fulfill component procedure does not need to close the|cursor;
this will pe handled automatically by the DBMS when the PTF fulfill component procedure returns control
to the DBMS.

8.7 OQutputting a row

During run-time on a virtual processor VP, the PTF start, fulfill, and/or finish component procedures
need to generate and output row(s) for the result. Outputting a row is a two-step process:

1) First, the output row is populated by setting the DATA component of the SQL item descriptor areas
of the result row descriptor.

2) Second, a PIPE ROW command is used to send the row to the DBMS as output.

For example, suppose the output row has two columns. Suppose that the value of the first column has
been computed in variable X and the value of the second column has been computed in variable Y. Suppose
that the name of the result row descriptor is in the argument Intermediate_result_row. Then, these
commands could be used to populate the output row:
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EXEC SQL SET DESCRI PTOR PTF :Intermedi ate_result_row
VALUE 1 DATA = : X;

EXEC SQL SET DESCRI PTOR PTF :Intermedi ate_result_row
VALUE 2 DATA = :Y;

It is also possible to use COPY DESCRIPTOR to transfer DATA from an input row to the result row. If the
input row has precisely the same row type as the result row (corresponding column names and types
match), then COPY DESCRIPTOR without VALUE can be used, like this:

EXEC SQL COPY DESCRI PTOR PTF : | nput_tabl e_descr (DATA)
TO PTF Tnternedi at e_r esal t _t ow,

To copy p single column from an input row to the result row, the VALUE clause is needed:

EXEC SQI COPY DESCRI PTOR PTF : | nput_tabl e_descr
VALUE : I nCol No ( DATA)

TO PTF :Internedi ate result _row
VALUE : Cut Col No;

This technique can be used with pass-through surrogate values. For any input table with pass-through
columnyg, the pass-through input surrogate column is the last one in the cursor row type. The DBMS will
give it a dlistinctive implementation-dependent name. The corresponding pass-through output sprrogate
column ¢an be found in the intermediate result row descriptor by sedrching for the matching name.
Having Ipcated the surrogates in the input and output rows, COPY*DESCRIPTOR can be used to [copy the
surrogate value from the input row to the output row.

Once thg output row has been populated, the PTF start, fulfill, or finish component procedure dan write
this row|to output using this command:

EXEC SQ} PI PE ROW PTF : I nternedi at e_r esul t\row,

If there is more than one output row, the result row descriptor can be reused for each output rqw, for
examplel in a loop.
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9 Invocation

9.1 Introduction to PTF invocation

Primary|audience: DBMS developer and query author.

Once thg PTF and its component procedures have been written, it is possible to write aninvocation.
During development, the PTF author will write test invocations; in deployment, the query’authpr will
write inyocations. Examples of the invocation syntax have already been presented in.Subclause| 4.4,
“Motivatling examples”. Here, the invocation syntax is presented formally.

9.2 <«table primary>

A PTF is|invoked only in a FROM clause, as a kind of <table primary>. There are many kinds of ftable
primaryp, the most common being a table name. For PTFs, the relevant syntax begins as follows:

<table primary> ::=

| <PTF derived tabl e>
[ <correlation or recognition> ]

Thus a BTF invocation consists of a <PTF derived table> and sometimes a <correlation or recognition>.
The BNH above suggests that the query auther can choose to have the <correlation or recognitipn> or
not, but |n fact its presence or absence.is dictated by the DDL that created the PTF, as discussed in
Subclauge 9.4, “Proper result correlation name and proper result column naming”.

9.3 <«PTF derived-table>

<PTF defived tabl ex\%" =
TABLE| <l eft paten> <routine invocation> <right paren>

A <PTF dlerived table> consists of the keyword TABLE and a parenthesized <routine invocationp that
invokes the PPF. This is the same syntax that is used to invoke a monomorphic table function.

9.4 Proper result correlation name and proper result column naming

<correlation or recognition> ::=
[ AS] <correlation nane>
[ <parenthesized derived colum |ist> ]

The correlation name is used to qualify the proper result columns of the PTF, that is, the columns that
the PTF itself generates. This is called the proper result correlation name to distinguish it from the table
argument correlation names that may be associated with input tables (see Subclause 9.7, “<table argument
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proper>", and Subclause 9.8, “Table argument correlation name”, regarding table argument correlation
names). Here is a skeleton example:

FROM TABLE (Ptf (...) ) AS P

Optionally, one can rename the proper result columns. In the preceding example, suppose that there is
one proper result column, named Score, and it is to be rename to Val:

FROM TABLE (Ptf (...) ) AS P (Val)

If the PTF is declared RETURNS ONLY PASS THROUGH, then there are no proper result columns and
hence thle proper result correlation name (and column renaming) is forbidden. Otherwise, the proper
result cdrrelation name is required, and the column renaming is optional.

9.5 <«routine invocation>

<routing invocation> is enhanced to support table and descriptor argumerits, (for PTF only, of cpurse):

<routing invocation> ::=
<rout{ne name> <SQ@ argunent |ist>

<routinge nane> ::=
[ <schema name> <period> ] <qualified identifier>

The <rolitine invocation>, of course, invokes a PTF. The usnal name resolution rules of the SQL $tandard
apply, including the use of the SQL path and the precisé.argument list to determine the specific[PTF to
invoke. The complete rules for subject routine resolution are complex and outside the scope of this doc-
ument. The PTF author can avoid most of this compléxity by avoiding duplicate PTF names. Even though
the stanflard permits overloading of SQL-invoked-routines, it is better to use optional parametdrs in a
single PTF definition, rather than defining multiple PTFs of the same name and different paraméter lists.
The query author may do well to use fully-qualified schema names when invoking a PTF, though this
document has not done so in its examplés.

Note thalt the query author does notinvoke the PTF component procedures explicitly, these being hidden
within the PTF. The query authot only needs EXECUTE privilege on the PTFE not on the PTF component
procedufes.

<SQ. argunent list> :.&

<l eft|paren> [ <SQ:_ar gunent >
[[{ <comma>«<SQ. argunent> }... ] ]
<co- partidion clause> ] <right paren>

—

The optipnal <e€o*partition clause> is used in co-partitioning and will be presented later in Subclapse 9.14,
“Co-part[itioning".

<SQ. argunent> ::=
<val ue expressi on>
| <generalized expression>
| <target specification>
| <contextually typed val ue specification>
| <named argunent specification>
| <tabl e argunent>
| <descriptor argument>
<named argunent specification> ::=
<SQ. par aneter name> <naned argunent assi gnnment token>
<named argunent SQ. ar gunent >

<named argument SQ. argunment> ::=
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<val ue expressi on>
| <target specification>
| <contextually typed val ue specification>
| <table argunent>
| <descriptor argunent>
Inputvalues can be passed to a PTF either positionally or by parameter names (named arguments). There
are two kinds of arguments that are allowed only in PTF invocations: <table argument> and <descriptor
argument>. As their names imply, a <table argument> is used to pass an input table, and a <descriptor
argument> is used to pass a descriptor to a PTFE.

All of thgexamptesimrthisdocumentuse amedargumnents as a ‘best practice* fromra readabitity
standpo|nt; however, positional argument lists are also permitted. Optional arguments may-be pmitted,
in which case the default is taken.

9.6 <«table argument>

Now, thd focus is on <table argument>:

<tabl e @rgurment> ::=

<tabl ¢ argunment proper>
[|[[ AS] <table argunent correl ati on nane>
[|<tabl e argunment parenthesized derived columd,ist> ] ]
[|<tabl e argunent partitioning> ]
[|<tabl e argunent pruning> ]
[|<tabl e argument ordering> ]

<tabl e @argunent correl ation nane> ::=
<correl ati on nanme>

<tabl e @argunment parenthesized derivedicolum list> ::=
<par ent hesi zed derived col um | ist>

That is, a <table argument> consists.of up to six components:

1) Thel<table argument proper>, which specifies the input table.

2) An gptional <correlationname> for the input table.

3) Ifthere is a <correlation name>, then optional column renaming of the input table.
4) An gptional paftitioning (set semantics tables only).

5) An gptignal pruning (set semantics tables only).

6) An qptional ordering (set semantics tables only).

9.7 <table argument proper>

9.7.1 Types of table arguments

Now, let’s look at <table argument proper>:

<t abl e argunent proper> ::=
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TABLE <l eft paren> <table or query name> <right paren>
| TABLE <t abl e subquery>
| <routine invocation>

:2021(E)

proper>

Thus there are three ways to specify a table: <table or query name>, <table subquery>, or <routine
invocation> (nested table function invocation). The next three subsections consider each of these in turn.

9.7.2 <table or query name>

This has

1) A<t
the

two subcases:

pble name>, which of course might be schema qualified and might be a DDL view'namé¢
fyntax presented so far, one could write any of the following:

FROYI TABLE (Ptf ( TABLE (Enp) ) ) AS P

FROYI TABLE (Ptf ( TABLE (My.Enmp) ) ) AS P

FROYI TABLE (Ptf ( TABLE (Enp) ASE) ) AS P

Int
the
(pre
erer|
the

2) A<d
nan|

FROI TABLE (Ptf ( TABLE (Enp) AS E(EL,E2,E3) ) ) AS P

e first two, the default range variable is Emp or My.Emp)Range variables do not matte

sented later in Subclause 9.14, “Co-partitioning”}yand also outside of the PTF invocatiq
ce the partitioning columns (if the table has set:\sémantics) or any column of the input
able has pass-through columns).

uery name>, which is the name of an in*line view declared in the WITH clause. If Qn is
e>, then one could write any of the following:

FROYI TABLE (Ptf ( TABLE (Q1) ) ). AS P

FROYI TABLE (Ptf ( TABLE (Qn)AS E ) ) AS P

In

9.7.3 5

FRO]lA TABLE (Ptf ( TABLE (“@h) AS E(E1,E2,E3) ) ) AS P
the

first example abeve, the default range variable is Qn.

ctable subquery>

Note th

<table subquery> is <left paren> <query expression> <right paren>, so this case also

. Using

r with

byntax presented so far, but they are used to reference input tables in <co-partition clayse>

n to ref-
table (if

h <query

has

parenth ses This permits the fn]]n\Aling mmmp]p-

FROM TABLE (Ptf ( TABLE ( SELECT * FROMEnp ) ) ) AS P

There is no default range variable in this case; it is implementation-dependent and unknowable to the
query author. The following example provides an explicit correlation name:

FROM TABLE (Ptf ( TABLE ( SELECT * FROMEm ) ASV ) ) AS P
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9.7.4 Nested table function invocation

A <routine invocation> used as a <table argument proper> invokes a table function, either monomorphic
or polymorphic. No TABLE operator is required (or permitted) in this case because the function’s return
type is a table. There is no default correlation name, but one can be provided explicitly. Some examples:

FROM TABLE (Reduce ( Map (...) ) ) AS P

FROM TABLE (Reduce ( Map (...) ASM) ) AS P

In the pree ' =s; Redre ' v strrvot
of Redude. Map may be elther monomorphic or polymorphic table functlon Note that a <routing invoca-
tion> usgd as a table argument is necessarily a nested table function invocation.

If the negted table function is monomorphic, then the correlation name qualifies all result columns of the
nested table function. If the nested table function is polymorphic, then the correlation name quglifies

only the proper result columns; any pass-through or partitioning columns are qualified by the appropriate
range variables established within the nested <routine invocation>.

For example, suppose that Map is a polymorphic table function that has énetable argument, which has
pass-thrpugh columns. Consider the following invocation:

FROM TABLE ( Reduce

( Map ( TABLE ( Enp ASE) ) AS M
PARTI TION BY E. E1, MM )

) AS P

Then E qualifies the pass-through columns of Emp, whereas M qualifies the proper result columns of
Map. The result of Map in the preceding example is partitioned on E.E1 and M.M1.

9.8 Table argument correlation name

An optidnal correlation name for a table argument may be supplied after the <table argument proper>;
exampless have already been progided above. In the absence of a table argument correlation naine, a
<table o query name> provides a default range variable to reference the input table; the other(kinds of
<table argument proper> do:hot have default range variables. A range variable may be used for]the fol-
lowing gurposes:

1) For pse in a <co#partition clause>, if any.

2) To qualify ecolumn names in <table argument partitioning> (see Subclause 9.11, “Partitionipg”) or
<tahle argument ordering> (see Subclause 9.13, “Ordering”).

3) Ifthginputtable has set semantics, then its correlation name may be used to reference the partitioning
columns later in the query (“later” means in any subsequent lateral joins in the FROM clause, as well
as the WHERE, GROUP BY, and HAVING clauses, and the SELECT list).

4) Ifthe input table has pass-through columns, then its range variable may be used to reference all
columns of the input table later in the query.

9.9 Table argument column renaming

A table argument correlation name may be followed by an optional parenthesized list of column names,
used to rename the columns of the input table. If the table argument is a <routine invocation> that invokes
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a polymorphic table function, then this only renames the proper result columns of the nested PTF invo-
cation. If columns are renamed, those new names are the ones to reference in the partitioning and
ordering clauses. The new names are also the column names that the PTF will see; this could be important
if the PTF author has designed the PTF to look for specific column names in the input.

9.10 Range variables and column renaming in nested PTF

When there are nested PTF invocations, range variables and column renaming can occur at many levels.
The impprtant thing to note is that a column has only one opportunity to receive a range varialjle, and
this is alko its only opportunity to be renamed. This opportunity is the innermost scope in-the dyntax
where afrange variable for that column can be determined. Once a column receives its range variable
(and opfional renaming), it cannot receive a different range variable (or renaming) in"an‘outer gcope.

Here is gn example:

FROM TABLE ( G (F (TABLE (Enp) AS E (Eno))
AS R(Rno)))
AS| S( Sno)

In this example:

— Emp has one column.

— F has one proper result column.
— G hgs one proper result column.
Then:
— The|column of Emp is renamed Eno.

— The|proper result column of F is renamed Rno.
— The|proper result column of G is.reiamed Sno.

Thus, every column has one opportunity to be renamed, which is at the place in the syntax where the
correlation name for that column can be introduced.

9.11 Partitioning

After th¢ <table argument proper>, there is the optional <table argument partitioning>:

<tabl e argunent partitioning> ::=
PARTI TTON BY <table argunent partitioning I1st>

<tabl e argunment partitioning list> ::=
<col umm reference>
| <left paren> [ <column reference>
[ { <conma> <colum reference> }... ] ] <right paren>

Thus <table argument partitioning> is PARTITION BY with a list of zero or more columns. The list can
always be enclosed in parentheses. If there is only one partitioning column, then the parentheses are
optional.

Here are some examples with a single table using PARTITION BY:
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FROM TABLE (Ptf ( TABLE (M. Enp)

PARTITION BY () ) ) AS P

FROM TABLE (Ptf ( TABLE (M. Enp)

PARTI TI ON BY Deptno ) ) AS P

FROM TABLE (Ptf ( TABLE (M. Enp)

PARTI TI ON BY (Deptno) ) ) AS P

FROM TABLE (Ptf ( TABLE (M. Enp)

)

PARTHH-EN-BY—(Beptmo—3obectass)y———AS—+F
The firsfexample uses () to indicate explicitly that there are no partitioning columns. The second|example
shows alsingle partitioning column without parentheses. The third example shows a single partitioning
column yith parentheses. The fourth example shows a list of two partitioning columns with parentheses.
9.12 Pruning
If Feature B204, “PRUNE WHEN EMPTY”, is supported, then a table with set semantics supports DDL to
declare ¢ither PRUNE WHEN EMPTY or KEEP WHEN EMPTY. PRUNE'WHEN EMPTY means that there is
no pointlin invoking the PTF on an empty partition because the result will be empty. If a table pgrameter
is declareed to be KEEP WHEN EMPTY, then the PTF may be capable of producing a result, but the query
author might be uninterested in it. So, in that case the quety author can ask to prune anyway wiith this
syntax:
<tabl e @rgunent pruning> ::=
PRUNE WHEN EMPTY
| KEEP WHEN EMPTY
KEEP WHEN EMPTY is the default.
If Feature B204, “PRUNE WHEN EMPTY./is not supported, then the preceding syntax is not avdilable,
and the pnly behavior is the default behavior, KEEP WHEN EMPTY.
9.13 Ordering
Ordering is specified by an ORDER BY clause:
<tabl e @rgunent—ordering> ::=
ORDER| BY (<tyabl e argunent ordering |ist>
<table argunment ordering list> '-=

<t abl e argunent ordering col um>
| <left paren> <table argunment ordering col um>

[ { <commea> <table argunment ordering colum> }... ] <right paren>

<tabl e argunment ordering colum> ::=
<col um reference> [ <ordering specification> ]

[

<nul | ordering> ]

<ordering specification> ::=

ASC

| DESC

<nul | ordering> ::=
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NULLS FI RST
| NULLS LAST

Thus <table argument ordering> is ORDER BY with a list of one or more columns. Each column may
optionally be sorted in either ascending (ASC) or descending (DESC) direction; the default is ASC. Each
column may optionally be be sorted with either nulls first (NULLS FIRST) or nulls last (NULLS LAST);
the default is implementation-defined. The list can always be enclosed in parentheses. If there is only
one ordering column, then the parentheses are optional. Note that this differs from the ORDER BY clause
in some other contexts in that only columns may be sorted (not arbitrary expressions) and the list shall
be parenthesized if more than one column is listed.

Here ard some examples with a single table using ORDER BY:

FROM TABLE (Ptf ( TABLE (M. Enp)
ORDER BY Enpno ) ) AS P

FROM TABLE (Ptf ( TABLE (M. Enp)
ORDER BY Enpno DESC ) ) AS P

FROM TABLE (Ptf ( TABLE (M. Enp)
ORDER BY (Enpno DESC) ) ) AS P

FROM TABLE (Ptf ( TABLE (M. Enp)
ORDER BY (Deptno ASC, Jobcl ass DESC), )\) AS P

9.14 Co-partitioning

Ifthe DBMS supports Feature B202, “PTF Copartitioning”, then a PTF invocation may specify co-partitioning
with the|following syntax:

<co-parfition clause> ::=
COPARTI TI ON <co-partition |ist>

<co-parfition list> ::=
<co-pfrtition specification>
[[{ <comma> <co-partitiven specification> }... ]

<co-parfition specificathon> ::=
<l eft | paren> <range~variabl e> <comma> <range vari abl e>
[[{ <conma> <range variable> }... ]

<range YVari abl ex{7=
<t abl e nane>
| <cofrelation nanme>

A <co-partition clause> is used if there are multiple partitioned tables and co-partitioning is dekired. By
default, if there are multiple partitioned tables, then the cross product of the partitions is formed to
determine the virtual processors. Co-partitioning is an alternate way of determining virtual processors,
in which a full outer equijoin of the partitioning keys is used to associate partitions on a virtual processor.
(Right, left and inner joins can also be obtained depending on whether any of the partitioned tables
specify PRUNE WHEN EMPTY in either the DDL or the query.) Co-partitioning is explained in

Subclause 13.8.9, “Virtual processors for Similarity”.

A <co-partition clause> has a list of <co-partition specification>s. Each <co-partition specification> is a
parenthesized list of input tables to be co-partitioned. Each input table is referenced by its range variable
(correlation name, if any, otherwise the table name). Each input table listed in a <co-partition specification>
shall be partitioned. They shall all have the same number of partitioning columns, and corresponding
partitioning columns shall be comparable.
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If there is more than one <co-partition specification>, then the cross product is formed between the co-
partitionings. More than one <co-partition specification> requires Feature B203, “More than one copar-
tition specification”.

9.15 Cross products of partitions

If there is more than one partitioned input table with set semantics, and they are not all co-partitioned
together in a single <co-partition specification>, then execution of the PTF invocation will require the

DBMS tg
more inf
of partit

If the DH
B207, “C

9.16 1

<descri
<desc

<descri
DESCR

<descri

<desc

<descri
<col u

form cross products of partitions. (See Subclause 12.2, “Partitions and virtual process
prmation about the formation of partitions.) The DBMS can choose not to support cross
ons, with syntactic restrictions such as the following:

Permit at most one table parameter (thatis, do not support Feature B201, “More than one PT

tabl

e parameter”).

brs”, for
broducts

F generic

Permit at most one table parameter with set semantics. In this case, the DBMSwill not support Feature

B20
with

set semantics.

Per

it more than one table parameter with set semantics, but allow at most one of them to

tiongd. In this case the DBMS will not support Feature B202PTF Copartitioning”.

P, “PTF Copartitioning”, since co-partitioning is only possible if there are at least two input tables

be parti-

Permit more than one table parameter with set semantics, and allow them all to be partitigned, but

requ
be li

[

sted in a single <co-partition specification>.

MS supports cross products of partitions, then the DBMS can claim conformance to Fe
ross products of partitionings”.

:descriptor argument>
Dt or argunment> :: =
i ptor val ue constyuctor>

bt or val ue constructor> ::=
PTOR <l eft parén> <descriptor colum |ist> <right paren>

bt or col umMist> @@=
i ptor Colum specification>
{ <cenma> <descriptor colum specification>}... ]

Dt.0f~ col um speci fication> :: =

lire that if there are at least two partitioned inputtables, then all partitioned input tables shall

hture

nTame>—<data type>—i

A <descriptor argument> is the keyword DESCRIPTOR followed by a parenthesized list of column names;
each column name may optionally have a data type. If every column name has a data type, then the
descriptor describes a row type. In the examples, CSVreader and Pivot use descriptor arguments that
are just lists of column names; ExecR is an example that uses a descriptor to pass a complete row type.
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10 Compilation

10.1 Introduction to PTF compilation

With an Invocation written, it is time to compile the invocation. For the query author, this step cortesponds
to PREPARE in dynamic SQL. If an embedded language preprocessor is being used, then query ¢ompilation
may occpir when the embedded program is compiled. Also, if a PTF is invoked in a DDL object, quch as a
view deffinition or the body of an SQL-invoked routine, then the invocation may be compiled once and

executed many times. Using an interactive SQL interface, the query author is not aware of query compi-
lation as|a separate step from query execution, but the DBMS and the PTF do perceive query compilation
and query execution as two separate steps. This section will talk about query,compilation.

10.2 Calling the describe component procedure

Primary|audience: DBMS developer

To compjile a PTF invocation, the DBMS invokes the PTF déscfibe component procedure. The DAMS does
the following:

1) Credte a private data area for the invocation. The private data area consists of one variable|[for each
iten] in the PRIVATE declaration of the CREATE FUNCTION statement that created the PTE.

2) Cregte PTF descriptor areas for the inputtables. Each input table has a full row type descriptor and
a requested row type descriptor. The full row type descriptor describes SELECT * from the|input
tablg. The requested row type descriptor is empty so that the describe component procedyre can
popplate it. For an input table with set semantics, two additional PTF descriptor areas are fequired,
one|for the partitioning andone for the ordering.

3) Cregte the PTF descriptor.atea for the initial result row type. If the PTF was created with aknown
list ¢f proper result columns using <table function column list>, then the initial result row type
desdriptor describés the proper result columns specified in DDL. Otherwise, the initial resylt row
typd descriptor is'empty.

4) Givgall of these PTF descriptor areas PTF extended names in the PTF name space.

5) Credtea'status variable (type CHAR(5)) initialized to '00000".

With this-datainplace the PBMSisready-to-assemble-theargumenttist for the-deseribecomponent
procedure. The argument list conforms to the algorithm described in Subclause 6.3.5, “Component pro-
cedure signatures”. Any scalar arguments that are not compile-time constants (for example, columns)
are treated as null.

10.3 Inside the describe component procedure

Primary audience: PTF author
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The PTF

author supplies the logic of the PTF describe component procedure. The PTF describe component

procedure has four tasks:

1) Validate the input arguments. If the input arguments are not acceptable, then the PTF describe
component procedure returns an error code in the SQL status argument. Returning an error to the
DBMS will cause a syntax error.

2) Ifthe input arguments are acceptable, populate the requested row type descriptor area for each
input table.

3) Ifthe PTF was not created with either a <table function column list> or RETURNS ONLY PASS

THR
desq

4) Ifth
datg

10.4 |

Primary

The PTF
then the
and the

followin

1) The

2) The
nanj

The initi

1) The
with

2) Evel
3) The

4) Evel
desq

Ifthe DB
areas fot

OUGH, then the PTF describe component procedure populates the Initial result row type
riptor area.

bre is private data, the PTF describe component procedure is permitted to set values'in thie private
that will be passed to the later run-time PTF component procedures.

Jsing the result of describe

audience: DBMS developer

describe component procedure returns control to the DBMS. If the status code is not sjiccess,
[DBMS quits with a syntax error. Otherwise, the DBMSinspects the requested row type degcriptors
nitial result row type descriptor for validity. Requésted row type descriptors shall sati$fy the
b constraints:

number of columns shall be a positive integer

INAME components of the top-level item descriptors shall be mutually distinct and equal tp column
es of the input table.

al result row type descriptor shall satisfy the following:

number of columns in the result row type shall be a positive integer, unless the PTF wag created
RETURN ONLY PASS THROQUGH (in which case there are no proper result columns).

y column shall haveta name (not null or a zero-length string).
re shall be no duplicate column names.

y column shall'have a valid data type, that is, the components of the column’s SQL iten
riptor area shall describe a data type.

MS does not detect any errors, then the DBMS saves the private data area and the PTF d¢scriptor

uSe during execution.
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Primary

audience: DBMS developer, PTF author

:2021(E)

The standard does not specify how a DBMS optimizes a PTF invocation, but this subject is naturally
important to all three audiences. The query author wants good performance, the DBMS wants to provide

good pefformance, and the PTF author also wants the query author (the PTF author’s customer)
good performance.
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the standard does not specify how to optimize a PTF invocation, the important.thing
hat the standard has left flexibility for the DBMS and the PTF author to achigeve this.

PTF invocation is partitioned, then each partition is executed in a separate virtual pro
e standard’s way of saying that these partitions can be executed in parallel'on separate pr

f the SQL-implementation supports Feature B204, “PRUNE WHEN.EMPTY”, then this f
bed to eliminate empty partitions. The PTF author can do thisifthe PTF does not produc
y partitions. Even if the PTF does produce results on an empty partition, the query autl
ify PRUNE WHEN EMPTY if the query author is not interésted in results from an empty
empty partitions can be especially significant if therge is-€o-partitioning, because it redi

outer joins to single sided or inner joins.
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e interface to the describe component procedure supports column projection in two W

describe component procedure can eliminate undesired input columns using the reque
descriptors.
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DBMS can optimize pass-through cehimns using column projection. For example, if the
ugh surrogate is a compressed value, only the columns that are actually referenced neg

comjpressed.

fo obtain

[0 note

cessor.
DCEeSSOors.

bature

e results
10T can
artition.
ces full

ays:

sted row

b pass-
d to be

Fourth, the DBMS can extend its PTF-interface during compilation to support additional PTF cofnponent

procedu
different
compon
such ext
are not

Fes for optimization. For.ekample, query planning frequently attempts to estimate the
query plans based on estimates of the size of intermediate tables. A DBMS might supp
bnt procedure foryproviding size estimates to be used in query planning. The standard
ensions to the RTFcomponent procedure interface, but they are extensions of the stan
liscussed further in this document.
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12 Execution

12.1 Introduction to PTF execution

Now, comsider the most complicated part of a PTF life cycle, the execution phase. Begin by logki

executio

12.2 ]

Primary

The DB
virtual

semanti
Here are

1) If t:[re are no input tables, then the DBMS executes the PTF in a single virtual processor.

2) Ift
a)

b)

model in the standard.

Partitions and virtual processors

audience: DBMS developer

S begins the execution by partitioning the input tables. Each-partition is assigned to a
rocessor. There are nuances depending on the number of irfput tables, whether they hz
Cs or set semantics, whether they are co-partitioned, andiwhether they are pruned whe
some of the cases that can arise:

re is one input table:

[f the input table has row semantics, then-the DBMS can create an arbitrary number of]
processors and assign each input row tg any virtual processor using any algorithm of its g

be to process all input rows on the\same virtual processor.

[f the input table has set semantics and is not partitioned, then the DBMS will first che
if the input table is empty.:and PRUNE WHEN EMPTY was specified. In this case, the DB
not need to invoke the RTF at all; the result is empty. Otherwise (either there are rows,
WHEN EMPTY was specified), the DBMS creates a single virtual processor to process t
input table. If the query has ordered the data, then the DBMS sorts the data before pres
to the PTF fulfill component procedure.

[f the input table has set semantics and is partitioned, then again the DBMS will first c}
see if theiniput table is empty and PRUNE WHEN EMPTY is specified. In this case, the DH

ng at the

separate
ve row
n empty.

virtual
hoosing.

At one extreme would be to create avirtual processor for each row; at the other extreme would

Ck to see
MS does
or KEEP
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1eck to
MS does
he data

not need to invoke the PTF, since the result is empty. Otherwise, the DBMS partitions tl

DBMS sorts each partition if requested by the query.

according to the partitioning columns, creating one virtual processor for each partitiox|1. The

3) Ifthere is one input table with row semantics and one table with set semantics, then essentially the
DBMS performs a cross product of the virtual processors called for by Item 1) and Item 2) above.
For example,

a)

b)

70

If the table with set semantics is not partitioned, then the DBMS could choose to use an imple-
mentation-dependent algorithm to partition the input table with row semantics, creating one
virtual processor for each implementation-dependent partition, and “broadcast” the entire table

with set semantics to each virtual processor.

If the table with set semantics is partitioned, then the DBMS could set up virtual processors

corresponding to the partitions of that table, broadcasting the entire table with row se
to each virtual processor.

mantics
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12.2 Partitions and virtual processors

See Subclause 13.5.9, “Virtual processors for Score”, for examples of these scenarios.

4) Ifthere are two input tables with set semantics, then by default the cross product of partitions of
one table with partitions of the other table is formed, with one virtual processor for each combination
of partitions. This default is overridden if co-partitioning is specified. Co-partitioning is best under-
stood by looking at the example in Subclause 13.8.9, “Virtual processors for Similarity”.

5) Ifthereis oneinputtable with row semantics and two input tables with set semantics, then the DBMS
creates virtual processors that are essentially the cross product of Item 1) and Item 4).

6) With more input tables, the possible configurations grow by generalizing the preceding points.

Note ttht the scenarios that involve cross products of partitions are permitted only if Feature'B

“Cross p
because
for a dis
Cross pr

On each
output fi

Foducts of partitionings”, is supported; otherwise, these cross product scenarios.canho
the syntax that leads to them is prohibited. See Subclause 9.15, “Cross products of part
cussion of some of the syntactic restrictions that a DBMS might adopt to aveid having t
pducts of partitions.

virtual processor, the DBMS instantiates the PTF private variables using’the values tha
om the PTF describe component procedure. Note that the PTF private variables are loc

virtual processor, so they cannot be used to share information between-¥ittual processors.

On each
PTF des
areas:

1) For
desq
has

2) The
plus
pass

Each PT
do notn
and that

virtual processor, the DBMS also instantiates all the PTF descriptor areas that it had aff
'ribe component procedure exited. The DBMS also creates the following new PTF desc

bach input table, the cursor row type descriptor. Fhis is the same as the requested row
riptor, plus one additional column for the pass-through input surrogate column if the in
pass-through columns.

intermediate result row type descriptor,This is the same as the initial result row type de

-through columns.

F descriptor area receives a PTE €xtended name in the PTF namespace. The PTF extende
eed to be the same as used with the describe component procedure, but they might as
convention is assumed in-the examples.

The DBNIS also needs to allocate a CHAR(5) variable for a status code, initialized to '00000' for

In these

12.3 ¢

Primary

examples ST is the-name of this status code variable.

Calling the start component procedure

addience: DBMS developer

207,

t arise
itions”,
D create

t were
1to each

rer the
iptor

type
but table

scriptor,

one additional column (the pass-through output surrogate column) for each input tabje with

d names
well be,

success.

On each virtual processor, the DBMS invokes the start component procedure (if any). The technique for
generating the parameter list is shown in Subclause 6.3.5, “Component procedure signatures”. In the

examples, only two PTFs have start component procedures: CSVreader (see Subclause 13.3, “CSVreader”)
and ExecR (see Subclause 13.7, “ExecR”).

12.4 Inside the start component procedure

Primary

audience: PTF author
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12.4 Inside the start component procedure

The typical task for the PTF start component procedure is to initialize a non-DBMS resource for the PTF
fulfill component procedure. In the examples, CSVreader_start opens a file (Subclause 13.3.12, “Inside
CSVreader_start”) and ExecR attaches to an R engine (see Subclause 13.7.11, “Inside ExecR_start”. If the
PTF start component procedure is unable to access the resource, the procedure returns an error code to
the DBMS. Otherwise, a “handle” in the private data is typically used to pass the resource from the PTF
start component procedure to the PTF fulfill component procedure. It is also possible that a PTF start
component procedure might generate output row(s), for example, if there are “header” rows for the
complete output on a virtual processor. However, the PTF start component procedure cannot set any
pass-through columns because it does not have a cursor to supply a valid value for a pass-through surro-
gate.

12.5 (Calling the PTF fulfill component procedure

Primary|audience: DBMS developer

On each|virtual processor, if the start component procedure has been invoked, the DBMS checks the
status cqde.

Assumirg the status code was success, the DBMS opens a read-only non-scrollable cursor for egch input
table. THe cursor ranges over just the rows of the partition assignedo the virtual processor. THe DBMS
gives thg cursor an extended name in the PTF namespace.

12.6 Inside the PTF fulfill component procedure

Primary|audience: PTF author

The taskiof the PTF fulfill component procedure is to generate the output rows. Each output row is passed
to the DBMS using the PIPE ROW command, described in Subclause 8.7, “Outputting a row”. If there are
input rows, the PTF fulfill component procedure will generally read them from the PTF dynamidcursors.

12.7 C(losing cursors

Primary|audience: DBMS developer

When the PTF fulfill component procedure finishes on a virtual processor, the DBMS can close the input
cursors pn thatirtual processor.

12.8 Calling the PTF finish component procedure

Primary audience: DBMS developer

On each virtual processor, the DBMS invokes the finish component procedure (if any). In the examples,
only two PTFs have finish component procedures: CSVreader and ExecR.

72 © ISO/IEC 2021 - All rights reserved


https://iecnorm.com/api/?name=d034b06ad846dbb1790dcfd7c9420ff0

129 1

Primary

ISO/IEC 19075-7:2021(E)
12.9 Inside the PTF finish component procedure

nside the PTF finish component procedure

audience: PTF author

The typical task for the PTF finish component is to perform any finishing activity on any non-DBMS

resource that was obtained in the PTF start component procedure. In the examples, CSVreader_finishes
closes a file (Subclause 13.3.12, “Inside CSVreader_start”) and ExecR releases an R engine (see
Subclause 13.7.11, “Inside ExecR_start”). A PTF finish component procedure might also output rows, for
example, “summary” or “footer” rows.

12.10Collecting the output

Primary

Whenever a start, fulfill, or finish component procedure performs a PIPE ROW command, the D

places th

this will frequire aggregating the output rows across the servers on whichethe virtual processor

running

12.11Cleanup on a virtual processor

Primary

When a Yirtual processor has finished, the DBMS cairdeallocate all the PTF descriptor areas on th

processd

12.12Final result

Primary

When al
the unio
If there :

audience: DBMS developer

e row into the result of the <table primary>. If the virtual processors are running cond

audience: DBMS developer

I.

audience: DBMS developer

virtual processorsyhave finished, the DBMS has the complete result of the PTF invocat
h of the rows thatwere output on each virtual processor by the PTF fulfill component pr
ire partitioning columns, the result rows are prefixed with the partitioning columns.

BMS
urrently,
5 are

ht virtual

ion, as
ocedure.
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13 Examples

13.1 Introduction to the examples

The examples were chosen to exemplify the scenarios cited in Table 23, “Scenarios illustrated By the
examples”.
Table 23 — Scenarios illustrated by the examples

Example Input scenario Output scenario Other-characteristic

Projection One input table with row | Row type provided by Fully worked code examples.
semantics. query author; pass-

through columns.
CSVreagler No input tables. Row type determinéd by | Start and finish compg¢nent
reading a file. procedures, using private data
for a file handle.

Pivot One input table with row | Proper result columns
semantics and pass- determined from descrip-
through columns. tor argudments supplied by

query.

Score One input table with row-Y{*One proper result column
semantics and pass- declared in DDL.
through columns, one
input table with-set
semantics and ne’pass-
through coltimns.

TopNplps One inputtable with set | Resultrow typeis same as | Private data to commynicate
semahtics, sorted. The input row type (if rewrit- | between describe conjponent
example does not use ten with pass-through procedure and fulfill compo-
pass-through columns, but | columns, there is one nent procedure.
could be rewritten to use | proper result column,
pass-through columns. declared in DDL).

ExecR One input table with set | Row type provided by Start and finish component
semantics and no pass- query (rather than procedures, using private data
through columns. inferred by PTF). for a handle to an R engine.

Similarity Two input tables with set | Fixed row type declared
semantics and no pass- in DDL.
through columns, sorted.

UDjoin Two input tables with set | Only pass-through
semantics, both with pass- | columns.
through columns.
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13.1 Introduction to the examples

Example Input scenario Output scenario Other characteristic
Nested PTF Nested PTF invocation.
invocation

13.2 Projection

13.2.1 Qverview

This example shows how a PTF could perform a column projection of its input table’_Of course,|column
projectidn is a basic capability of SQL, so there is no need to write such a PTF. The)main point t¢ this
examplelis that it is fully worked, showing every line of code that the PTF author'writes, and every
descriptpr that the DBMS or the PTF generates.

The exannple also demonstrates the use of pass-through columns, whieh in this example will replicate
every input column. Again, this is not an interesting use of pass-thrgugh columns, but it demongtrates
the technhique, including the handling of the input and output surrogate columns.

Using Prpojection, the query author will be able to write a quéry such as the following:

SELECT P. Enpno, E. Enpno, E. Enane

FROM TABLE ( Projection (

I nput => TABLE (Enp) AS E,
Col utms => DESCRI PTOR ( Enpno)
) AS P

In this qpery, the input table is Emp; let us @assume that it has four columns (Empno INTEGER, Ename
VARCHAR(30), Salary INTEGER, Managery)INTEGER). The input table has correlation name E. Because
the inpuf table has pass-through columrs, all columns of Emp are available in the output of Projjection,
qualified by E. The query has chosen-to access E.Empno and E.Ename. Projection also has one groper
result cdlumn, which is simply a'copy of Empno. The proper result column is qualified by the correlation
name P, een as PEmpno in the SELECT list.

13.2.2 Functional specification of Projection

The PTF|lauthor.decides that Projection will have two parameters:

1) Anipputtable.

2) A descriptor that lists the columns of the input table to be projected as proper result columns of
Projection.

The PTF can operate on a row-by-row basis; therefore, the input table will have row semantics. In addition,
the PTF author decides to permit pass-through columns.

These decisions lead to the following skeleton DDL for Projection:

CREATE FUNCTI ON Proj ection (
I nput TABLE PASS THROUGH W TH ROW SEMANTI CS,
Col uimms DESCRI PTOR

) RETURNS TABLE

© ISO/IEC 2021 - All rights reserved 75
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13.2 Projection

DETERM NI STI C
READS SQL DATA
13.2.3 Design specification for Projection

The design specification provides the details that are private to the PTF (not visible to the query author).
For the design specification, the PTF author decides:

1)

Projection does not require any resources outside the DBMS, so start and finish componedtiprocedures
are pot required.

2) The|names for the PTF component procedures.

The|PTF author decides to name the describe component procedure Projeetion_describe and the
fulfill component procedure Projection_fulfill.

3) Whéther the PTF needs any private data.

There is no information to pass from compile time to run-time, other than the information that will
be chptured in the descriptors that the DBMS will build and pass-to the fulfill component prpcedure.
Thig fact will become clear when the logic of the fulfill component procedure is examined. ([n actual
PTF|development, the PTF author may revisit this decisioh as the development unfolds.)

As a resiit of these decisions, the PTF author can enhancelthe skeleton DDL as follows:

CREATE FUNCTI ON Proj ection (
I npit TABLE PASS THROUGH W TH ROW SEMANTICS,
Col yrms DESCRI PTOR

) RETURNS TABLE

DETERM NI STI C

READS Sf)L DATA

DESCRI BE W TH PROCEDURE Pr oj ecti.on *descri be

FULFI LL| W TH PROCEDURE Pr oj ect-ion _ful fill

13.2.4 Projection component procedures

The DBMS should provide a tool for the PTF author that will generate the signatures of the PTF component
procedufes from the skeleton PTF definition.

A key decisionfor the DBMS is the maximum length of descriptor and cursor names. These names will
be automatieally generated and can be meaningless, other than the fact that they are unique. As ekplained
in Subclause 8.3, "PTF extended names”, these names can be short. Using just the uppercase Latin letters,
a one-character name can support up to 26 different descriptor names, and up to 26 different cursor
names. A two-character name using Latin letters or digits in the second character can supportup to 26*36
=936 different names. The examples in this document assume two-character names, which is more than
adequate for the length of parameter lists in the examples.

The DBMS tool will generate parameter definitions for the PTF component procedures that are derived
from PTF parameters. The DBMS should document its conventions for generating the parameters of the
PTF component procedures. The conventions used in this document are as follows:

1) Scalar parameters are simply copied from the PTF parameter definition to the corresponding PTF
component parameter definition.
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13.2 P

rojection

2) A descriptor parameter of a PTF generates a VARCHAR(2) parameter of the PTF component proce-
dures. To highlight that the parameter is a descriptor name, “_descr” is appended to the parameter
name in the PTF component procedure.

3) Atable parameter requires several descriptors and one cursor, as enumerated in Subclause 6.3.5,
“Component procedure signatures”. Each of these is a VARCHAR(2) parameter in the PTF component
procedures. The names of these parameters are derived by appending specific strings to the PTF
parameter name, as shown in Table 24, “Deriving parameter names”.

4) The

5) The
6) The

7) The
PTF

8) The

9) The
Using th|
CREATE

I'N
I'N

Table 24 — Deriving parameter names

Descriptor or cursor Suffix on the parameter name
Full row type _row_descr

Partitioning (set semantics _pby_descr

only)

Ordering (set semantics only) | _order_descr

Requested row type _request_descr
Cursor row type _cursor_descr
Cursor _cursor_namie

Fe is a status parameter of type CHAR(S) named Status.
describe component procedure is-always DETERMINISTIC.

other component procedures-copy either DETERMINISTIC or NOT DETERMINISTIC fr
definition.

other component procedures have SQL-data access CONTAINS SQL.
e DBMS tdolas specified above, the output of the tool might look like this:

PROCEDURE Pr oj ecti on_describe (
nput—r ow_descr VARCHAR(2),
npudt _request descr VARCHAR(2),

e are two result row descriptors; this document calls these the Initial_result_row and the
Intermediate_result_row, both of type VARCHAR(2).

bm the

fulfill component procedure copies the SQL-data access (either CONTAINS SQL or READS SQL)
from the PTF definition;

I N Col ums_descr VARCHAR(2),

IN Initial _result_row VARCHAR(2),

I NOUT Status CHAR(5)
) LANGUAGE SQ. DETERM NI STI C CONTAI NS SQL
SQ. SECURI TY DEFI NER

BEGA N
END

CREATE PROCEDURE Projection_fulfill (
I N I nput _cursor_descr VARCHAR(2),
I N I nput _cursor_name VARCHAR(2),
I N Col ums_descr VARCHAR(2),
IN Internedi ate_resul t _row VARCHAR(2),
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13.2 Projection

I NOUT Status CHAR(5)
) LANGUAGE SQ. DETERM NI STI C READS SQL DATA
SQ. SECURI TY DEFI NER
BEG N
END

13.2.5 Invoking Projection

The quep authorwrites the Fn"nunng query:

SELECT P. Enpno, E. Enpno, E. Enane
FROM TABLE ( Projection (
I nput => TABLE (Enp) AS E,
Col utms => DESCRI PTCR ( Enpno)
) AS P

13.2.6 Calling Projection_describe

Given the query, the DBMS assembles the arguments to Projection_describe. There are five argyments:
1) Inpyt_row_descr, the descriptor of the input table’s row fype. Emp has the following signature:

TABUE Emp (

Enmpno | NTECER,
Enane VARCHAR( 30),
Sal ary | NTEGER,
Manager | NTEGER )

The|DBMS builds a descriptor for Emp'$-row type, naming it '[1', with the contents illustrated in
Table 25, “Descriptor for Emp’s rowctype”.

Table 25 — Descriptor for Emp’s row type

Content

Header | COUNT =4
TOP_LEVEL_COUNT = 4
Other components unspecified

Item 1 NAME ="EMPNO'

LEVEL=0
TYPE = 4 (for INTEGER)

Other components unspecified
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Content

[tem 2

NAME = 'ENAME'

LEVEL=0

TYPE = 12 (for VARCHAR)

LENGTH = 30
CHARACTER_SET_CATALOG, CHARAC-
TER_SET_SCHEMA, and CHARAC-
TER_SET_NAME are the catalog, schema,

and local name of the default character

13.2 Projection

set.
Other components unspecified

[tem 3

NAME = 'SALARY'

LEVEL =0

TYPE = 4 (for INTEGER)

Other components unspecified

[tem 4

NAME = 'MANAGER'

LEVEL =0

TYPE =4 (for INTEGER)

Other components unspegified

Inpyt_request_descr, the input table’s requested row type. The DBMS assigns this descriptof the PTF

exte
row

Cold
nani

nded name ‘A1". This is an empty descriptor, asillustrated in Table 26, “Input table’s requested
type"_
Table 26 — Input table’s requested row type
Content
Header ~}-COUNT =0

TOP_LEVEL_COUNT =0

Other components unspecified
mns_descr, thedescriptor generated from the query’s argument. The DBMS assigns this the

e 'Q', with thé.contents shown in Table 27, “Descriptor generated from query’s argument”.

Table 27 — Descriptor generated from query’s argument

Content
Header | COUNT =1
TOP_LEVEL_COUNT =1
Other components unspecified
Item 1 NAME = 'EMPNO'

LEVEL =0
TYPE = 0 (for unspecified type)
Other components unspecified

Initial_result_row, the descriptor of the proper result columns. The DBMS assigns this the name 'R'".
This is another empty descriptor, as seen in Table 28, “Descriptor of initial result row”.
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13.2 Projection

5) Stat
After ass

CALL Pr
I np
I np
Col
I ni
Sta

13.2.7}

The task

1) Examnine the arguments for validity, returning an error if they are not valid.

2) Pop
to ¢

3) Pop
The cod

CREATE PROCEDURE Proj ection_describe (
IN | nput _row descr VARCHAR(2),
I N | nput _request _déscr VARCHAR(2),
I N Col ums_descr (VARCHAR( 2) ,
IN |nitial_resul\d- row VARCHAR( 2),
I NOUT St at us CHAR( 5)
) LANGURAGE SQL(DETERM NI STI C CONTAI NS SQL
SQ. SECURI TY<BEFI NER
BEG N
/* | ogal<Nariables used to scan Col unms_descr

Table 28 — Descriptor of initial result row

Content

Header | COUNT =0
TOP_LEVEL_COUNT =0
Other components unspecified

. DRV CHARES)-imitiatizes 100000 j

embling these arguments, the DBMS can call Projection_describe like this:

Dj ecti on_descri be (

it _row_descr => '11",

it _request _descr => 'Al',
ims_descr VARCHAR => '@,
ial_result_row=>"R,

us => ST

nside Projection_describe

s for Projection_describe are:

1late the requested row type descriptor with the names of the columns that Projection
ceive during execution.

1late the initial result row type with the names and data types of the proper result coly

e for Projection_describe might be:

* % (U

ums L, CI, Namel) and Tnput_Tow descr

** (Colums2, C2, Nane2)

*/

DECLARE Col umms1, Col ums2 | NTEGER;

/* nunber of colums */

DECLARE Cl1, C2 INTEGER;, /* current columm nunber */
DECLARE Nanel, Nane2 VARCHAR(128);

/* current colum nanme */

DECLARE Found BOCLEAN; /* flag set to TRUE if a

** mat ching columm nane is found */

/* Copy Col umm_descr to |nput_request_descr.
** Note that the DBMS only requires the colum
** nanes in |nput_request_descr, not their types.

80

wishes

mns.

© ISO/IEC 2021 - All rights reserved


https://iecnorm.com/api/?name=d034b06ad846dbb1790dcfd7c9420ff0

** |t is an error if a colum nanme in

** | nput _request _descr is not a colum in

** | nput _row_descr, but the DBMS will perform
** that check so Projection_describe does not
** need to */

COPY DESCRI PTOR PTF Col utms_descr
TO PTF | nput _request _descr;

/* Populate Initial _result_row Each colum
** naned in Col ums_descr provides the nane

ISO/IEC 19075-7:2021(E)
13.2 Projection

* % f [ 1 1 o, H
(o] a P UpTlI rcourt cur urmt, uclLaustT 11 o T o

** jnplementing a projection operation.

** The columm in I nput_row descr nust be found and
** the type information copied to Initial_result_row
*/

GET DESCRI PTOR PTF Col um_descr
Col yyms1 = TOP_LEVEL_COUNT;

GET DESCRI PTOR PTF | nput _row descr
Col yyms2 = TOP_LEVEL_COUNT;

/* Quier |oop scans the colum nanes
** jn|Col utms_descr
*/
SET CL = 1;
Quterloop: WHI LE (ClL <= Colummsl1) DO

GET| DESCRI PTOR PTF Col um_descr VALUE Cl
Nanel = NANME;

/* |nner |oop scans the colum nanes
** In | nput_row_descr

*/
SET|C2 = 1;

SET| Found = FALSE;

I nnerl oop: WHILE (C2 <= Col um2)) DO

GET DESCRI PTOR PTF | nput _frow_descr VALUE C2
Nane2 = NAME;

~

Check for a match */
- (Namel = Nane2) S THEN
COPY DESCRI PFTORPTF | nput _row_descr
VALUE C2 ( NAME, TYPE)
TO PTF I'aitial _result_row VALUE C1,
SET Found = TRUE;
LEAVE~INaner | oop;
END IF;
SET{ €2 = C2+1;
ENDLVHILE | nnerl oap;

/* If no match was found, return an error */
| F (Found = FALSE) THEN
SET Status = '42000'; /* syntax error */
RETURN;
END | F;

/* go to next proper result colum */
SET C1 = Ci1+1;
END WHI LE Qut erl oop;

/* Success! just return; Status is already success */
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RETURN;
END

13.2.8 Result of Projection_describe

In this example, Projection_describe populates the Input_request_descr descriptor as seen in Table 29,
“Populated input request descriptor”.

Table 29 — Populated input request descriptor

Content
Header | COUNT =1
TOP_LEVEL_COUNT =1
Other components unspecified
Item 1 NAME = "EMPNO'

LEVEL =0
TYPE = 0 (for unspecified type)
Other components unspecified

The DB]IS checks that this is a non-empty list of distinct column names of the input table Emp.

Projecti
initial result row descriptor”.

n_describe populates the Initial_result_row deseriptor, which is seen in Table 30, “Pop

Table 30 — Populated initial result row descriptor

Content
Header . |[F[COUNT =1
TOP_LEVEL_COUNT =1
Other components unspecified
Item 1 NAME = "EMPNO'

LEVEL=0
TYPE = 4 (for INTEGER)
Other components unspecified

The DBMS<hecks this descriptor for validity as an output row type: atleast one column, acceptabl

hlated

b distinct

Column havane (ot onyn Tangth s
TR EeSHotZEerorengtn o1

wH--andvalid-datatpes

oo varttrtota Ty peos

13.2.9 Virtual processors for Projection

There is a single input table with row semantics; therefore, the DBMS is free to create any number of
virtual processors and assign rows to them in an implementation-dependent fashion (round robin, random,

etc.)

Prior to starting any virtual processors, the DBMS can determine the row type of the input table cursor,
since that will be the same on all virtual processors. Since the input table has pass-through columns, the
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cursor row type is the requested row type plus one additional column, the pass-through input surrogate
column. The DBMS gives this column an implementation-dependent name and data type.

13.2.10 Calling Projection_fulfill

On each virtual processor, the DBMS calls Projection_fulfill. Recall that its signature is:

PROCEDURE Projection_fulfill (
I N [mput _Tursor_uescr VARCHARC2),
I N | nput _cursor_nane VARCHAR(2),
N ol ums_descr VARCHAR(2),
N | nternedi ate_resul t_row VARCHAR(2),
NOUT St atus CHAR(5)

)
This reqpires three descriptors, a cursor, and a status variable, as follows:

1) Inpyt_cursor_descr describes the input cursor’s row type. This consists of the columns that Projec-
tion| describe requested in using Input_request_descr, plus one columu for the pass-through input
surrogate. The DBMS names the pass-through input surrogate column '$surrl’ (this name s imple-
merjtation-dependent, but shall not be equivalent to any column-name of the requested row type or
the Intermediate result row type). The DBMS builds a descriptor and names it 'CR’; the contents are
shoyn in Table 31, “Input cursor’s row type descriptor”.

Table 31 — Input cursor’s row type descriptor

Content

Header | COUNT:=2
TOPCLEVEL_COUNT =2
Qther components unspecified

Item 1.0 NAME = 'EMPNO'

LEVEL =0

TYPE = 4 (for INTEGER)

Other components unspecified

Item2 | NAME = '$surrl’
LEVEL =0
TYPE = implementation-dependent

2) The|DBMS opens a cursor and gives it the PTF extended name 'CN".

3) The DBMS builds a descriptor from the Columns argument in the PTF invocation, naming it 'Q'. This
has the same contents as previously seen in Subclause 13.2.6, “Calling Projection_describe”.

4) The DBMS builds a descriptor of the intermediate result row type, calling it 'MR'. The intermediate
result row consists of the initial result row plus the pass-through output surrogate column. The name
and type of the pass-through output surrogate column shall be the same as the name of the pass-
through input surrogate column.

5) The DBMS allocates a CHAR(5) variable called ST for the status variable.

After creating and naming these things, the DBMS calls Projection_fulfill like this:

CALL Projection_fulfill (

© ISO/IEC 2021 - All rights reserved 83


https://iecnorm.com/api/?name=d034b06ad846dbb1790dcfd7c9420ff0

ISO/IEC 19075-7:2021(E)
13.2 Projection

| nput _cur sor_descr => 'CR,

I nput _cursor _name => 'CN ,

Col ums_descr => 'Q,
Intermediate_result_row => "M,
Status => ST

13.2.11Inside Projection_fulfill

The taskifor Projection_fulfill is to read the input cursor and write output rows. Note that the input
row type is precisely the same as the intermediate output row. This means that Projection~fulfi
can be very simple: read a row from the cursor; test for end of data; if data was read, theh copy t

row to the intermediate output row and repeat.

CREATE PROCEDURE Projection_ful fill (
I N | nput _cursor_descr VARCHAR(2),
I N | nput _cursor_nane VARCHAR(2),
I N Col ums_descr VARCHAR( 2),
IN | nternediate_result_row VARCHAR( 2),
I NOUT Status CHAR(5)
) LANGURAGE SQL DETERM NI STI C CONTAI NS SQL
SQ SECURI TY DEFI NER
BEG N

/* copdition handl er for the subsequent | oop.

** When the input cursor is exhausted this

** hapdler will be invoked, causing

** Propjection_fulfill to exit.

** There is no other task for the conditien handl er
** sola no-op would be sufficient. SQ.does not

** haye a no-op, so Status is set to<success */
DECLARE EXI T HANDLER FOR NOT FOUND

SET Sfatus = '00000';

/* Lopp until there is no ppré€ data */
Loop: [ WH LE TRUE DO

FETCH PTF | nput _cur sor_nane
| NTO DESCRI PTOR PTR"l nput _cur sor _r ow,
COP)Y DESCRI PTOR PTFE~1 nput _cursor _row ( DATA)
TP PTF Intermediate_result_row,

Pl PE ROWN PTEA nter nedi ate_resul t _row,

END WHI LE Logpy

END

13.2.12 Collecting the results

cursor’s

II's logic

he input

Each time that Projection_fulfill executes a PIPE ROW statement, the DBMS builds a row of output. The

intermediate result row that is delivered to the DBMS has two columns:

1) The proper result column EMPNO. This column can be copied into the complete result row, where

it is qualified by the correlation name P.

2) The pass-through output surrogate column $surrl. This column is expanded into the columns of

Emp, qualified by E.
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13.2.13 Cleanup

When Projection_fulfill finishes on a virtual processor, the DBMS can destroy the virtual processor.
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13.3 CSVreader

13.3.1 Overview

A spreadsheet can generally output a comma-separated list of values. Generally, the first line of the file
contains a list of column names, and subsequent lines of the file contain data. The data in general can be
treated as a large VARCHAR. However, some of the fields may be numeric or datetime. The PTF author
has provided a PTF called CSVreader designed to read a file of comma-separated values and in

erpret

this file as a table.

The dist

nguishing feature of this example is that there are no input tables.

13.3.2 Functional specification of CSVreader

The PTF
1) The
2) And
3) And¢
Thus the

FUNCTI O
Fil
Fl o
Dat
RETURNS
NOT DET]
CONTAI Nj

Note thalt this example has no inputtable. This example is non-deterministic because the results

dependi
paramet

13.3.31

For the ¢

author decides that CSVreader have the following inputs:
file name, a character string.

ptional list of column names to be treated as REAL.
ptional list of column names to be treated as DATE-

signature that is visible to the query author will be:

N CSVreader (
b VARCHAR(1000) ,

it s DESCRI PTOR DEFAULT NULL,
bs DESCRI PTOR DEFAULT NULL )
TABLE

ERM NI STI C

5 SQL

hg on the contents of the file. The SQL-data access is CONTAINS SQL because there are
ers and no side tables that are read by the PTE

Design specification for CSVreader

lesign’specification, the PTF author decides:

will vary
no table

1) Whether PTF start and/or finish component procedures are required.

The PTF author decides to have a PTF start component procedure to open the input file, and a PTF
finish component procedure to close the input file.

An alternative design would be to simply open and close the file in the PTF fulfill component procedure.
This design has been chosen to illustrate the technique, without recommending or discouraging this
technique.

2) The

names of the PTF component procedures.

The PTF author decides to name the PTF component procedures CSVreader_describe, CSVreader_start,
CSVreader_fulfill and CSVreader_finish.
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3) The private data for the PTF component procedures.

The PTF start component procedure will open the file and pass a handle to subsequent runtime
stages.

After making these decisions, the PTF author writes the following skeleton definition of CSVreader:

CREATE FUNCTI ON CSVr eader (

Fi |l e VARCHAR(1000),

Fl oat s DESCRI PTOR DEFAULT NULL,

Dat es DESCRI PTOR DEFAULT NULL )
RETURNS[TABLE
NOT DETERM NI STI C
CONTAI NB SQL
PRI VATE| DATA (

Fi | eHandl e | NTEGER )
DESCRI BE W TH PROCEDURE CSVr eader _descri be
START W TH PROCEDURE CSVr eader _start
FULFI LL| W TH PROCEDURE CSVreader _ful fill
FI Nl SH W TH PROCEDURE CSVreader _fi ni sh

13.3.4 (SVreader component procedures

The DBNIS should provide a tool that takes the preceding skeleton DDL for CSVreader and generates the
following skeleton signatures for the PTF component proCedures. It is assumed that the PTF aufthor will
implemgnt the PTF in SQL/PSM.

CREATE PROCEDURE CSVreader_describe (

I NOUT Fil eHandl e | NTEGER,

IN File VARCHAR(1000),

IN Fl oats_descr VARCHAR(2),

IN pat es_descr VARCHAR(2),

IN |nitial _result_descr VARCHAR(2),

I NOUT Status CHAR(5)
) LANGURAGE SQL DETERM NI STI C-CONTAI NS SQL
SQ SECURI TY DEFI NER
BEG N
END

CREATE PROCEDURE CSVreader_start (
I NOUT Fil eHandRe | NTECGER,
IN File VARGHAR(1000),
I N Fl oat s~ descr VARCHAR(2),
I N pat es_jdescr VARCHAR(2),
IN | nt€rnedi ate_resul t _descr VARCHAR(2),
I F—St-at-ts—CHARCS)
) LANGUAGE SQL NOT DETERM NI STI C CONTAI NS SQL
SQ SECURI TY DEFI NER
BEG N
END

CREATE PROCEDURE CSVreader _ful fill (
| NOUT Fi | eHandl e | NTECER,
IN Fil e VARCHAR(1000),
I N Fl oats_descr VARCHAR(2),
I N Dat es_descr VARCHAR(2),
IN Internedi ate_resul t _descr VARCHAR(2),
I NOUT Status CHAR(5)
) LANGUACE SQ. NOT DETERM NI STI C CONTAI NS SQL
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SQL SECURI TY DEFI NER

BEG N

END

CREATE
I'N
I'N
I'N
I'N
I'N

PROCEDURE CSVr eader _fini sh (

Fi | eHandl e | NTEGER,

Fi | e VARCHAR(1000),

Fl oat s_descr VARCHAR(2),

Dat es_descr VARCHAR(2),

I ntermedi ate_result_descr VARCHAR(2),

I NOUT Status CHAR(5)
) LANGUAGE—SE—NET—DETERM-N-STHE—CONTAHNS—SEE

SQL SECPRI TY DEFI NER

BEG N
END

NOTH1 —

iy

2)

3)

4)

DBMS tool output should go to one or two files. If the PTF author will be writing in SQL/PSM, then the out

he output should go to two files, one for the SQL DDL similar to the above and anether with a skeleton pr:
header in the external language.

fomponent procedures to be similar to the parameter names of the PTFtself. The DBMS tool should have
Hictable algorithm for generating the parameter names. In this example, the DBMS tool has added _descr to
bf the PTF descriptor area parameters.

[he penultimate parameter is the extended name of the desCriptor area for the result row type of the PTE.
his is the intermediate result row type descriptor.

he PTF component procedure changes this value'to indicate failure. Later, writing the routine body of the
bonent procedures is considered.

13.3.5 Implementation of CSVreader

Next the
procedu

e below is discussediat the point where the procedure is invoked, to provide context to un

the logid of each component procedure.

13.3.6 Invoking CSVreader

The que

ry author can see the fnllnwing signature:

pbut can go

o a single file with the preceding contents. If the PTF author will be writing in an external language such gs C, then

cedure

'he names of the parameters are arbitrary as far as the DBMS is concerned;actually, they are not even required for
he DDL to accompany an external language. However, the PTF author willwant the parameter names of the PTF

some pre-
the names

For the

Hescribe component procedure, this is the initial result row type descriptor, and for the run-time component procedures

[he final parameter is an SQLSTATUS code. This is amINOUT parameter which the DBMS initializes to succesq('00000");

PTF com-

PTF author writes the bodies of the PTF component procedures. The logic of each PTF component

Herstand

FUNCTI ON CSVr eader (
Fi | e VARCHAR(1000),
Fl oat s DESCRI PTOR DEFAULT NULL,
Dat es DESCRI PTOR DEFAULT NULL )

RETURNS
NOT DET

TABLE
ERM NI STI C

CONTAI NS SQL

The PTF author has documented to the query author the appropriate use of the parameters:
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— File: a character string containing the name of a file. The file should contain text formatted into lines.
Each line is subdivided by commas into fields. In the first line, the fields are regarded as supplying
column names. Each remaining line of the table produces one row of output.

— Floats: by default, a field of the input file is regarded as a character string. However, this argument
can be used to declare the names of columns that are to be interpreted as floating point.

— Dates: this argument can be used to declare the names of columns that are to be interpreted as dates
according to some format.

Using this information, the query author writes the following invocation of CSVreader PTF:

SELECT
FROM TABLE ( CSVreader (
File => "abc.csv',

Fl opts =>

DESCRI PTOR ("principle", "interest")
Dat ¢s => DESCRI PTOR ("due_date")
) AS S

To run spiccessfully, there must be an operating system file named abc.csy, The first line of the f{le shall

have a cpmma-separated list of column names, among which shall be prinCiple, interest, and dye_date.

Each rerhaining line of the file shall be a comma-separated list of values; the fields for the principle and
interest columns shall be formatted numerically; the field for due_date shall be formatted as a date.

13.3.7 Calling CSVreader_describe

In order|to compile the preceding query, the DBMS(calls the PTF describe component procedurg,
CSVreadpr_describe. As stated in Subclause 13.3'4; “CSVreader component procedures”, the paameter
list of C§Vreader_describe is:

PROCEDURE CSVr eader _descri be (

I NOUT Fil eHandl e | NTEGER,

IN File VARCHAR(1000),

I N Fl oats_descr VARCHAR((2),,

I N Pat es_descr VARCHAR(:2),

IN |nitial _result_descr VARCHAR(2),
I NOUT Sfatus CHAR(5)

)

The private data is¢

PRI VATE| DATAS(=Fi | eHandl e | NTEGER )

The DBMS.allocates the private variable shown above, initialized to null. This is passed as the first argument
of CSVreader_describe.

The next argument, File, is a scalar that is simply copied from the invocation of CSVreader.

The next two arguments, Floats_descr and Dates_descr, correspond to Floats and Dates, respectively, in
the invocation of CSVreader. The query author has passed the following two DESCRIPTOR constructors
in the invocation of CSVreader:

DESCRI PTOR ("principle", "interest")
DESCRI PTOR (" due_dat e")
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The corresponding arguments in CSVreader_describe are character strings holding the PTF extended
names of the PTF descriptor areas. The DBMS might name these PTF descriptor areas Q1 and Q2. Q1 has
the contents shown in Table 32, “PTF descriptor area for floats”.

Q2 hast

The DBNIS also allocates an empty read-write PTF descriptor area for the initial result row type

PTF des
result”.

Table 32 — PTF descriptor area for floats

Content

Header | COUNT =2
TOP_LEVEL_COUNT = 2

Other components unspecified

Item 1 NAME = 'principle’

LEVEL=0

TYPE=0

Other components unspecified

Item 2 NAME = "interest’

LEVEL=0

TYPE=0

Other components unspecified

he contents shown in Table 33, “PTF descriptor areador dates”.

Table 33 — PTF descriptor area for dates

Content

Header | COUNT =
TOP_LEVEL_COUNT =1
Other components unspecified

Item 1 NAME = 'due_date'

LEVEL=0

TYPE=0

Other components unspecified

criptor area be named R. R has the contents shown in Table 34, “PTF descriptor area fo

Table 34 — PTF descriptor area for initial result

. Let this
I initial

Content

Header | COUNT =0
TOP_LEVEL_COUNT =0
Other components unspecified

Note that although R has no SQL item descriptor areas, the describe component procedure inherently
must add more, up to some implementation-defined maximum number of columns.
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Finally the DBMS allocates a CHAR(5) variable for the status code, initialized to '00000". Let ST be the
status code variable.

Now the

DBMS makes the following invocation:

CALL CSVreader _describe (
Fi |l eHandl e => Fi |l eHandl e,
File => '"abc.csv',
Fl oats_descr => 'Ql',
Dat es_descr => '@',
Initial _result_row =>"R

St a

13.3.81

us => Sl

nside CSVreader_describe

The basi

objective of CSVreader_describe is to populate the PTF descriptor.area whose name i

in the Injitial_result_row argument. If CSVreader_describe is unable to dohis, for example, if th
argument File does not contain the name of a file that CSVreader_describe’can open, then

CSVreader_describe returns an error code in the argument Status. (Nete that this argument hag

initialize
is detect

The logi
1) Ope
in tH

2) Rea

3) Initi

4) Ina
a)
b)

d by the DBMS to indicate no error, so CSVreader_describe.only needs to set ST in case
ed.)

c for CSVreader_describe may look something like this:

h the file whose name is passed in the File argument. If the open operation fails, return
e Status argument.

] the first line of the input file. If the file'is’empty, return an error.

alize a variable Colno = 0.

loop, parse the first line into tekens delimited by commas. For each token:
Increment Colno.

Increase the number of item descriptor areas in the result row type descriptor area:

SET DESCRI PTOR\Lnitial _result_row COUNT = Col no;

descriptofarea.
Place‘the token in a variable, Colname.

Set.the name of the new column to Colname:

This has theside effect of adding an empty SQL item descriptor area at the end of the rg

5 passed
b input

been
an error

an error

sult row

SET DESCRIPTOR Initial _result_row
VALUE Col no NAME = Col nane;

Determine the data type of the column, as follows:

i) Ifthe column name is found in the input PTF descriptor area Floats_descr, then the column

type is REAL,

ii) If the column name is found in the input PTF descriptor area Dates_descr, then the column

type is DATE.
iii)  Otherwise the column type is VARCHAR(100).
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f) Use SET DESCRIPTOR to set the type of the column. For example, if the column type is VAR-
CHAR(100), this statement could be used:

SET DESCRIPTOR Initial _result_row
VALUE Col no TYPE = 12, LENGTH = 100;

5) Close the input file.

If CSVreader_describe wished to communicate with the run-time PTF component procedures, it could
do so by setting values in the private variables. In this example, there is no information to convey that
won'’t be conveyed in the result row type descriptor area. Therefore, CSVreader can simply leave the

private data (FileHandle) untouched.

13.3.9 Result of CSVreader_describe

The resylt of CSVreader_describe will depend on the first line in abc.csv. The first line is assumed to be:

docno, nae, due_dat e, pri nci pl e, i nt erest

Then CSVreader_describe will populate the initial result row type deseriptor to describe five columns,
as namef above. The columns named “principle” and “interest” are'of type REAL and the columph named
“due_date” is of type DATE. The other columns are of type VARCHAR(100). Therefore, the desciiptor
looks likee the contents of Table 35, “PTF descriptor area afterdescribe of initial result”.

Table 35 — PTF descriptor area after describe of initial result

Content

Header | COUNT=5
TOP_LEVEL_COUNT =5
Other components unspecified

Item 1 NAME = 'docno’

LEVEL =0

TYPE =12

LENGTH =100
CHARACTER_SET_CATALOG, CHARAC-
TER_SET_SCHEMA, and CHARAC-
TER_SET_NAME are the catalog, schema,
and local name of the default character

set.
Optionally, COLLATION_CATALOG, COL-
IATION-SCHEMA 21w d COI T ATION-NAME

LATITUIN_OGUITLIVIN, dITU GCULLAT IVUIN_INSAIVIL
may specify a collation.
Other components unspecified
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Content

Item 2

NAME = 'name'

LEVEL =0

TYPE =12

LENGTH =100
CHARACTER_SET_CATALOG, CHARAC-
TER_SET_SCHEMA, and CHARAC-
TER_SET_NAME are the catalog, schema,

and local name of the default character

set.

Optionally, COLLATION_CATALOG, COL-
LATION_SCHEMA, and COLLATION_NAME
may specify a collation.

Other components unspecified

[tem 3

NAME = 'due_date'

LEVEL =0

TYPE=9
DATETIME_INTERVAL_CODE =1
Other components unspecified

Item 4

NAME = 'principle’

LEVEL=0

TYPE =7

Other components:inspecified

Item 5

NAME = 'interést’

LEVEL=0

TYPE =7

Other-components unspecified

Then the¢ row type looks like Table 36, “Row type corresponding to descriptor”.

Table 36 — Row type corresponding to descriptor

Correlation )

name

Columnname | docno name due_date | princi- | interest
ple

Data type VARCHAR(100) | VARCHAR(100)} | DATE REAI REAIL

The query was:

SELECT *

FROM TABLE ( CSVreader (
File => "abc.csv',
Fl oats => DESCRI PTOR ("principle", "interest")
Dat es => DESCRI PTOR ("due_date")

) ) AS S

Based on the row type generated by CSVreader_describe, the SELECT * is equivalent to:
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SELECT S."docno", S."nane", S. "due_date", S."principle", S "interest"

13.3.10 Virtual processor for CSVreader

To execute the invocation, the DBMS uses a single virtual processor, since there are no input tables.

The private data for CSVreader is:

PRI VATE| DATA ( Fil eHandl e | NTEGER )

The DBNIS allocates memory on the virtual processor for this private variable, plus a CHAR(5) for the
SQL status code. The private variable is portrayed with the same name as shown in thé PRIVATE DATA
declaratjon above; the status code variable is given the name ST.

The DBMS also instantiates copies of the SQL descriptor areas that were presentafter CSVreader describe
completgd. They have been given the same PTF extended names as before; they were 'Q1' and 'Q2' for
the two FQL descriptor areas provided by the query, and 'R’ for the SQL descriptor area of the rgsult row
type. The contents of these SQL descriptor areas are found in Subclause13°3.7, “Calling
CSVreader_describe”, and Subclause 13.3.9, “Result of CSVreader_describe”.

13.3.11 Calling CSVreader_start

The signature for CSVreader_start is given in Subclauser13.3.4, “CSVreader component procedulres”, as:

PROCEDURE CSVr eader _start (
I NOUT Fil eHandl e | NTEGER,
IN File VARCHAR(1000),
IN Fl oats_descr VARCHAR(2),
N Dat es_descr VARCHAR(2),
N | nternedi ate_resul t _row VARCHAR( 2),
NOUT St atus CHAR(5)

)

Since th¢re are no input tables, this is almost identical to the signature for CSVreader_describe,|the one
differen¢e being that the-describe component procedure populates the initial result row descriptor,
whereaq CSVreader_starthas the intermediate result row descriptor as input. This example has|no pass-
through columns, so the intermediate result row descriptor is identical to the initial result row d¢scriptor
as it waq output by, €SVreader_describe. The other descriptors are the same as on input to
CSVreader_describe. Assuming the PTF descriptor areas have the same names as during compildtion, the
DBMS cglls’CSVreader_start as follows:

CALL CSVreader_start (
Fi | eHandl e => Fi | eHandl e,
File => "abc.csv',
Fl oats_descr => 'Ql',
Dat es_descr => 'Q@',
Intermediate_result _row => 'R
Status => ST
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13.3.12Inside CSVreader_start

CSVreader_start shall initialize the processing on the virtual processor. The file named by the File argument
(abc.csv) should be opened, and a file handle placed in the FileHandle argument. As a safety check,
CSVreader_start should read the first line of the file and confirm that the column names are correctly
described by the SQL descriptor area for the result row type, the one whose PTF extended name is passed
in Intermediate_result_row argument ('R"). The reason for the safety check is that contents of the file may
have changed. Note that it is possible to prepare the invocation at one time and execute it later. If any of
these steps fail, then an error can be returned in the status code argument.

13.3.13 Calling CSVreader _fulfill

The DBNIS checks the status code that was returned from CSVreader_start. If it is not’00000’ (3

then the

DBMS terminates the virtual processor. Otherwise, the DBMS proceeds;to call the next

CSVreader _fulfill.

The signature for CSVreader_fulfill is given in Subclause 13.3.4, “CSVreadetr,component procedt

PROCEDU

RE CSVreader _ful fill (

I NOUT Fi | eHandl e | NTECER,

I'N
I'N
I'N
I'N

i | e VARCHAR(1000),

Fl oat s_descr VARCHAR(2),

Dat es_descr VARCHAR( 2),

nt er medi at e_resul t _r ow VARCHAR( 2),

I NOUT Status CHAR(5)

)

Since th
and can

5imply be maintained by the DBMS without change.

13.3.14Inside CSVreader_fulfill

CSVread

br_start has already read the firstline of the input file whose handle is in the parameter Fil

CSVreadgr_fulfill should now read the remaining lines of the input file. Each line is parsed by cd

delimite
written
passed i

's, and the fields are mapped to columns of the output row. The values of the columns s
using SET DESCRIPTOR) to the DATA component of the PTF descriptor area whose na
h the Intermediate_result_row argument. After setting the DATA component for every ¢

of a resullt row, CSVreader_fulfill uses PIPE ROW to send the row to the DBMS.

For example, suppose the following line is read:

uccess),
stage,

Ires”, as:

re is no input table, the input arguments-are the same as the preceding stage, CSVreader_start,

eHandle.
mma
hould be
me is
olumn

123, Mary, 01/ 01/ 2014, 234. 56, 345. 67

CSVreader_fulfill then performs SET DESCRIPTOR commands equivalent to the following:
SET DESCRI PTOR PTF Internediate_result_row VALUE 1

DATA = '123';
SET DESCRI PTOR PTF Internediate_result_row VALUE 2

DATA = 'Mary';

SET DESCRI PTOR PTF Internediate_result_row VALUE 3
DATA = CAST (' 2014-01-01' AS DATE);

SET DESCRI PTOR PTF Internediate_result_row VALUE 4
DATA = CAST ('234.56" AS REAL);
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SET DESCRI PTOR PTF Internediate_result_row VALUE 5
DATA = CAST (' 345.67' AS REAL);

After setting all columns of the output row, CSVreader_fulfill sends the row to the DBMS using a PIPE
ROW command:

Pl PE ROW PTF I nternedi ate_result _row

CSVreader_fulfill should do this repeatedly until the end of file is reached, calling PIPE ROW once for each
input line. CSVreader_fulfill should also incorporate logic to check that the input is correctly formed; if

an error

is encountered, then an error code can be returned in the Status argument.

13.3.15 Collecting the output

The DB
CSVread

S collects the output that it receives via PIPE ROW commands performed within
r_fulfill.

13.3.16 Calling CSVreader_finish

When C$Vreader_fulfill completes, the DBMS checks the status ¢ode.

Next the DBMS calls CSVreader_finish to perform final cleahup. The signature for CSVreader_fin

given in

PROCEDU

Subclause 13.3.4, “CSVreader component procedures”, as:

RE CSVreader _finish (

I NOUT Fi | eHandl e | NTECER,

I'N
I'N
I'N
I'N

i | e VARCHAR(1000),

Fl oat s_descr VARCHAR(2),

Dat es_descr VARCHAR( 2),

nt er medi at e_r esul t _r ow VARCHAR( 2),

I NOUT Status CHAR(5)

)

The inpyt arguments are the same as the preceding stage, CSVreader_fulfill, and can simply be ma
by the DBMS without change:\Therefore, the DBMS uses the following invocation:

CALL CS
Fil
Fil
Fl o
Dat
I nt
St a

V/r eader _fi nigh—(

bHandl e =>SFil eHandl e,
P => ' abexXcsv',

ht s_descr => ' QL'
bs_deéser => ' Q'

brqediate_result_row => 'R
us => ST

13.3.17 Inside CSVreader_finish

CSVread

96

er_finish closes the input file indicated by FileHandle.

ishis

intained
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13.3.18 Cleanup

After CSVreader_finish completes, the DBMS may do any final cleanup, such as deallocating the PTF
descriptor areas.
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13.4 Pivot

13.4.1 Overview

In general, a pivot is an operation that reads a row and outputs several rows. Generally, the input is
denormalized and the output is normalized. For example, maybe an input table has six columns, forming
three pairs of (phone type, phone number), and the user wishes to normalize this into a table with two
column

13.4.2 Functional specification of Pivot

The fungtional specification specifies the interface that is visible to the query author.
Pivot negds the following inputs:

— An ipput table. Since a pivot can be performed on a single row, this\input table has row semantics.
Thiq input table will use Feature B205, “Pass-through columns”, making all columns of the input
tablp available in the output, qualified by the input table argument’s range variable.

— Alist of the input columns that will go into the first output row, a list for the second row, etc. Each
of these suggests a PTF descriptor area. In general, on€ doesn’t know how many pivots thelquery
author will want to do, so the technique will be to just declare a large number of PTF descriiptor
areds, which can default to null. The query author, will supply as many as desired.

— Singe the columns to be pivoted will all have distinct names, such as (Phtypel, Phnumber1), (Phtype2,
Phnumber?2), ..., the PTF will not know what the desired output column names are for the pivoted
columns. Therefore, the PTF will require-a*PTF descriptor area for these output column names.

The parameter list looks like this:

CREATE FUNCTI ON Pi vot (
I npit TABLE PASS THROUGH W-TH ROW SEMANTI CS,
Qut put _pi vot _col umms DESCRI PTOR,
| npyut _pi vot _col utms 1. DESCRI PTOR,
| npit _pi vot _col unmé&2) DESCRI PTOR DEFAULT NULL,
| npyut _pi vot _col unms3 DESCRI PTOR DEFAULT NULL,
| npyut _pi vot _cal. loms4 DESCRI PTOR DEFAULT NULL,
| npyut _pi vot_€olrums5 DESCRI PTOR DEFAULT NULL

) RETURNS TABLE

DETERM NI STL.E

READS S{)L /DATA

This shows thie tapabitity to pivotat most 5 Sets of coturmmns. Of course, the PTFauthorcoutd support
many more.
13.4.3 Design specification for Pivot

The design specification specifies details that are private, that is, not visible to the query author. For the
design specification, the PTF author decides:

1) Whether PTF start and/or finish component procedures are required.
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Pivot does not need any resources not provided by the DBMS, so there are no start or finish component

procedures.

2) The names of the PTF component procedures.

The PTF author decides to name the PTF component procedures Pivot_describe and Pivot_fulfill.

3) The private data for the PTF component procedures.

Pivot does not need any private data.

This leads to the following skeleton DDL:

CREATE FUNCTI ON Pi vot (
I nput TABLE PASS THROUGH W TH ROW SENMANTI CS,
CQut put _pi vot _col untms DESCRI PTOR,
| npyut _pi vot _col utms1 DESCRI PTOR,

I npyt _pi vot _col utms2 DESCRI PTOR DEFAULT NULL,
I npyut _pi vot _col utms3 DESCRI PTOR DEFAULT NULL,
I npyt _pi vot _col uims4 DESCRI PTOR DEFAULT NULL,
| npyut _pi vot _col utms5 DESCRI PTOR DEFAULT NULL

) RETURNS TABLE

DETERM NI STI C

READS S DATA

DESCRI BE W TH PROCEDURE Pi vot _descri be
FULFI LL| W TH PROCEDURE Pi vot _ful fill

13.4.4 Pivot component procedures

The DBMIS tool should generate something like this:

CREATE PROCEDURE Pi vot _descri be (
IN | nput _row descr VARCHAR(2),
I N | nput _request _descr VARCHAR(-2),
I N Qut put _pi vot _col utms_desCr+ VARCHAR( 2) ,
I N | nput _pivot_col umsl @descr VARCHAR(2),
I N | nput _pivot_col ums2_descr VARCHAR(2),
I N | nput _pi vot _col unms3_descr VARCHAR(2),
I N | nput _pivot_col Grms4_descr VARCHAR(2),
I N | nput _pivot_c6l uims5_descr VARCHAR(2),
IN |nitial_resuld: row VARCHAR(2),
I NOUT St at us{ CHAR( 5)
) LANGURGE SQL(DETERM NI STI C CONTAI NS SQL
SQ. SECURI TY<BPEFI NER
BEG N
END

CREATE PROCEDURE Pivot_fulfill (
I N I nput _cursor_row VARCHAR( 2),
I N I nput _cursor _nane VARCHAR(2),
I N Qut put _pi vot _col unmms_descr VARCHAR(2),
I N I nput _pivot_col umsl_descr VARCHAR(2),
I N I nput _pi vot _col ums2_descr VARCHAR(2),
I N I nput _pi vot _col ums3_descr VARCHAR(2),
I N I nput _pi vot _col ums4_descr VARCHAR(2),
I N I nput _pi vot _col ums5_descr VARCHAR(2),
IN I nternediate_result_row VARCHAR(2),
I NOUT Status CHAR(5)

) LANGUAGE SQL DETERM NI STI C READS SQL DATA
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SQL SECURI TY DEFI NER

BEG N
END

13.4.5 Invoking Pivot

The DDL visible to the query author is this:

CREATE

ELINCTLON P ot [
oo T Tv-ot

I np
Qut
I np
I np
I np
I np
I np
) RETUR

Here is 3

SELECT
FROM TA|

To succe
Phnumb

13.4.6 (

To compiile the query, the DBMS ¢alls Pivot_describe. The signature of the describe component pi

(see Sub

PRO
I'N
I'N
I'N
I'N
I'N
I'N
I'N

\

t TABLE PASS THROUGH W TH ROW SEMANTI CS,

but _pi vot _col uims DESCRI PTOR,

t _pivot_col umsl DESCRI PTOR,

t _pivot_col ums2 DESCRI PTOR DEFAULT NULL,
t _pivot_col ums3 DESCRI PTOR DEFAULT NULL,
t _pivot_col ums4 DESCRI PTOR DEFAULT NULL,
t _pivot_col ums5 DESCRI PTOR DEFAULT NULL
NS TABLE

n example of an invocation of Pivot:

D. 1 d, D.Nane, P.Phonetype, P.Phonenunber

BLE (Pivot ( Input => TABLE (Joe.Data) AS D,
Qut put _pi vot _col utms => DESCRI PTCR ‘(Phonet ype, Phonenunber),
| nput _pi vot _col utms1 => DESCRI PFOR ( Phtypel, Phnumnber1l),
| nput _pi vot _col utms2 => DESCRFPTOR ( Phtype2, Phnunber 2)

) ) AS P

er2. The third, fourth, and fifth set of pivot'€columns are unused; these will default to nu

Lalling Pivot_describe

clause 13.4.4, “Pivot component procedures”) is as follows:

CEDURE Pi vot _descri be (

nput _r ow_descr.’ VARCHAR( 2) ,

nput _request* descr VARCHAR(2),

Dut put _pivot _col ums_descr VARCHAR(2),
nput _phvot _col ums1_descr VARCHAR(2),
nput-"pi vot _col ums2_descr VARCHAR(2),
nput—pi vot _col ums3_descr VARCHAR(2),
nput pivot col ums4 descr VARCHAR(?2),

ed, Joe.Data must be a table having columns.called Id, Name, Phtype1, Phnumber1, Phtype2, and

1] values.

ocedure

I N I nput _pi vot _col ums5_descr VARCHAR( 2),
IN Initial_result_row VARCHAR( 2),
I NOUT Status CHAR(5)

)

The query has supplied Joe.Data as the input table. There are two descriptors associated with this table:
the full row type, and the requested row type. The full row type descriptor describes every column of
the input table. Let us suppose that the DBMS calls it I1. Let us also suppose that Joe.Data has the following

columns

TABLE Joe. Data (

Id 1

NTEGER PRI MARY KEY,

Name VARCHAR( 30)

100
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This row type has the PTF descriptor area (called 11) shown in Table 37, “Pivot: row type descriptor”.

Table 37 — Pivot: row type descriptor

Content

Header

COUNT =6
TOP_LEVEL_COUNT =6
Other components unspecified

Item 1

NAME ="ID'

LEVEL=0

TYPE = 4 (for INTEGER)

Other components unspecified

Item 2

NAME = 'NAME'

LEVEL=0

TYPE = 12 (for VARCHAR)

LENGTH =30
CHARACTER_SET_CATALOG, CHARAC-
TER_SET_SCHEMA,-and CHARAC-
TER_SET_NAMEfare the catalog, schema,
and local nameé’of the default character
set.

Other.components unspecified

[tem 3

NAME = 'PHTYPE1'

LEVEL =0

TYPE = 12 (for VARCHAR)

LENGTH =5
CHARACTER_SET_CATALOG, CHARAC-
TER_SET_SCHEMA, and CHARAC-
TER_SET_NAME are the catalog, schema,
and local name of the default character
set

Other components unspecified

Item 4

NAME = 'PHNUMBER1'

1LEVEL =0
eV A~

TYPE = 12 (for VARCHAR)

LENGTH = 15
CHARACTER_SET_CATALOG, CHARAC-
TER_SET_SCHEMA, and CHARAC-
TER_SET_NAME are the catalog, schema,
and local name of the default character
set

Other components unspecified
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Content

Item 5 NAME = 'PHTYPE2'

LEVEL=0

TYPE = 12 (for VARCHAR)

LENGTH =15
CHARACTER_SET_CATALOG, CHARAC-
TER_SET_SCHEMA, and CHARAC-
TER_SET_NAME are the catalog, schema,
and local name of the default character
set

Other components unspecified

Item 6 NAME = 'PHNUMBER?2'

LEVEL =0

TYPE = 12 (for VARCHAR)

LENGTH =15
CHARACTER_SET_CATALOG, CHARAG-
TER_SET_SCHEMA, and CHARAC-
TER_SET_NAME are the catalog,Schema,
and local name of the default.¢haracter
set

Other components unspecified

The DBNIS also creates an empty descriptor area for thexrequested row type; let us suppose that the
DBMS cqlls it Al. An empty descriptor area looks like<Fable 38, “Pivot: requested row type desdriptor”.

Table 38 — Pivot: requested row type descriptor

Content

Header |*COUNT =0
TOP_LEVEL_COUNT =0
Other components unspecified

There are three query-specified PTF descriptor areas; let them be named Q1, Q2, and Q3. The first (named
Q1) is fofr this argument-in the query invocation of Pivot:

Qut put _pi vot _c6l uims => DESCRI PTOR (Phonetype, Phonenunber),

The contents$ of Q1 are illustrated by Table 39, “Pivot: descriptor for first argument”.

Table 39 — Pivot: descriptor for first argument

Content

Header | COUNT =2
TOP_LEVEL_COUNT =2
Other components unspecified
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Content

Item1 | NAME ='PHONETYPE'

LEVEL =0

TYPE=0

Other components unspecified

Item 2 NAME = 'PHONENUMBER'
LEVEL=0
TYPE=0

The secqnd descriptor area (named Q2) is for this argument in the invocation of Pivot:

| nput _p{vot _col ums1 => DESCRI PTOR ( Phtypel, Phnunber 1)

The confents of Q2 are given by Table 40, “Pivot: descriptor for second argument’.

Table 40 — Pivot: descriptor for second argument

Content

Header | COUNT =2
TOP_LEVEL_COUNT = 2
Other components unspecified

Item 1 NAME = 'PHTYRE1'

LEVEL=0

TYPE=0

Other components unspecified

Item 2 NAME'= 'PHNUMBER1'
LEVEL=0
TYPE=0

The thirgd (named Q3) is for.this'argument in the invocation of Pivot:

I nput _pivot _col ums2(=> DESCRI PTOR ( Phtype2, Phnunber 2)

”

The confents of Q3are seen in Table 41, “Pivot: descriptor for third argument”.

Table 41 — Pivot: descriptor for third argument

DIt eIIT

Header | COUNT =2
TOP_LEVEL_COUNT = 2
Other components unspecified

Item 1 NAME = 'PHTYPE2'

LEVEL=0

TYPE=0

Other components unspecified
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Content

Item 2 NAME = 'PHNUMBER?2'
LEVEL=0
TYPE=0

The DBMS also allocates an empty read-write PTF descriptor area for the initial result row type. Let the
initial result row type PTF descriptor area be named R. R has the contents shown in Table 42, “Pivot:
initial row type descriptor”.

Table 42 — Pivot: initial row type descriptor

Content

Header | COUNT =0
TOP_LEVEL_COUNT =0
Other components unspecified

Finally the DBMS allocates a CHAR(5) variable for the status code, initialized to '00000'. Let ST |be the
status cade variable.

Now thel DBMS makes the following invocation:

CALL Piyot_describe (
I nput _row descr => "11",
| npyt _request _descr => "Al",
CQut put _pi vot _col ums_descr => 'QL',
I npyut _pi vot _col utms1_descr => '@,
| nput _pi vot _col uims2_descr => ' @',
I nput _pi vot _col utms3_descr => NULLy
I nput _pi vot _col utms4_descr => NULL,
I nput _pi vot _col utms5_descr => NULL,
Initial _result row=>"R,
Stajus => ST

13.4.7 Inside Pivot.describe

The tasKs of Pivot“describe are:

1) To vplidate the input arguments.

2) To populate the requested row type descriptor (named A1).
3) To populate the initial result row type descriptor (named R).

In the example, the input table has the following row type:

TABLE Joe. Data (
| D | NTEGER PRI MARY KEY,
Nane VARCHAR(30),
Pht ypel VARCHAR(5),
Phnunmber 1 VARCHAR( 15),
Pht ype2 VARCHAR(5),
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Phnumber 2 VARCHAR( 15) ,
)

The query author has written the following query:

SELECT D.1d, D.Name, P.Phonetype, P.Phonenunber
FROM TABLE ( Pivot ( Input => TABLE (Joe.Data) AS D,
Cut put _pi vot _col uims => DESCRI PTCR ( Phonet ype, Phonenunber),
I nput _pi vot _col umms1 => DESCRI PTOR ( Phtypel, Phnunberl),
I nput _pi vot _col ums2 => DESCRI PTOR ( Phtype2, Phnunber 2)
) ) ASP

To satisfy the query, the PTF will need to read the columns Phtype1, Phnumer1, Phtype2, and Phojumber2 ;
these ar¢ the columns that Pivot_describe shall request by placing their names in the requested fow type
descriptpr.

The columns of the initial result row type are:

PHONETYPE VARCHAR(5),
PHONENUMBER VARCHAR( 15)

Note tha]t the PTF is not responsible for placing any columns of the inputtable in the result row; this will
be handled using pass-through columns. Thus, the PTF only describes(the two columns PHONETYPE and
PHONENUMBER.

The logit might look like this:

1) Copy the column names from Input_pivot_columns1, < Thput_pivot_columns5 to Input_request_descr.
Thig can be done by looking at each of Input_pivotscolumns1 through Input_column_descr’ in turn.
If thle argument is null, there is nothing to do. Otherwise, get the number of columns and, in a loop,
copy each column name, appending it to Inputequest_descr with logic like this:

SET |rcol = rcol + 1;
COPY DESCRI PTOR PTF | nput _pi vot _col®dmms1 VALUE icol ( NAME)
TO PTF | nput _request “row VALUE (rcol)

Not¢ that it is only necessary to setthe name component in the requested row type descripfor, since
thede must all be columns ofthe input table and the DBMS already knows their data types.

2) Copy the PTF descriptorarea whose name is passed in Output_pivot_columns_descr to the PTF area
desg¢riptor whose nameis passed in Initial_result_row:

COPY DESCRI PTORWPTF Qut put _pi vot _col unms_descr
TOPTF Initial _result_row

Not¢ that thesource PTF descriptor area only has the column names, so it is still necessary to set the
coluymn data types.

3 Det rminethotuna ofanch racult ~aliian Ao thn yinion tvann AfF A1l ~avrncnan ding
erHhe-tRe-type-otreacnfresSttteortniasS e oty pe- 6 €0rreSpoenaing

descriptor areas named by arguments Input_pivot_columns1_descr through
Input_pivot_columns5_descr. (Computing the union type for the general case can require some
elaborate logic, so the PTF author might require that the pivot columns have the same type. The
query author can work around this limitation by using casts to massage the input table.)

lumnasid the PTF

13.4.8 Result of Pivot_describe

Pivot_describe populates the requested row type descriptor, named A1, seen in Table 43, “Pivot: requested
row type descriptor”.
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Table 43 — Pivot: requested row type descriptor

Content

Header | COUNT =4
TOP_LEVEL_COUNT =4
Other components unspecified

Item1 | NAME ='PHTYPE1'

LEVEL=0

TYPE=0

Other components unspecified

Item 2 NAME = 'PHNUMBER1'
LEVEL=0
TYPE=0

Item 3 NAME = 'PHTYPE2'

LEVEL =0

TYPE=0

Other components unspecified

Item 4 NAME = 'PHNUMBER?2!
LEVEL=0
TYPE=0

Pivot_describe populates the PTF descriptor areaffor the initial result row type, named R, illustrated in
Table 44, “Pivot: initial result row type descriptor”.

Table 44 — Pivet: initial result row type descriptor

Content

Header | COUNT =2
TOP_LEVEL_COUNT = 2
Other components unspecified

Item 1 NAME = 'PHONETYPE'

LEVEL =0

TYPE = 12 (for VARCHAR)

LENGTH =5
CHARACTER_SET_CATALOG, CHARAC-
TER_SET_SCHEMA, and CHARAC-
TER_SET_NAME are the catalog, schema,
and local name of the default character
set

Other components unspecified

106 © ISO/IEC 2021 - All rights reserved


https://iecnorm.com/api/?name=d034b06ad846dbb1790dcfd7c9420ff0

ISO/IEC 19075-7:2021(E)
13.4 Pivot

Content

[tem 2 NAME = 'PHONENUMBER'
LEVEL=0
TYPE = 12 (for VARCHAR)
LENGTH =15
CHARACTER_SET_CATALOG, CHARAC-
TER_SET_SCHEMA, and CHARAC-
TER_SET_NAME are the catalog, schema,

and local name of the default character

set

Other components unspecified

The columns of the result have correlation name P, so the row type can be portrayedby Table 45, “Pivot:

columng of the result row type”.

Table 45 — Pivot: columns of the result row type

Correlation name | Column name Datatype

D ID INTEGER
NAME VARCHAR(30)
PHTYPE1 VARCHAR(30)
PHNUMBER1 VARCHAR(15)
PHTYPE2 VARCHAR(30)
PHNUMBER?2 VARCHAR(15)

P PHONETYPE VARCHAR(30)
PHONENUMBER VARCHAR(15)

Note that all columns of\the input table are accessible using correlation name D. The example query has

only asked for ID and:NAME.

13.4.9 Virtual processors for Pivot

Pivot has one input table with row semantics. The DBMS can create an arbitrary number of virtual pro-

cessors, and partition the input table arbitrarily among the virtual processors.

Prior to starting the virtual processors, the DBMS can do the following:

1) Determine the row type of the cursor, which can be described using this <cursor specification>:

SELECT PHTYPE1, PHNUMBER1, PHTYPE2, PHNUVBERZ,
EncodeSurrogate (1D, NAME) AS "$surrl”

FROM Joe. Dat a

© ISO/IEC 2021 - All rights reserved

107


https://iecnorm.com/api/?name=d034b06ad846dbb1790dcfd7c9420ff0

ISO/IEC 19075-7:2021(E)
13.4 Pivot

Note that this is the requested row type with one additional column, the pass-through input surrogate
column. Here, EncodeSurrogate is an implementation-dependent function that encodes the columns
ID and NAME in the pass-through input surrogate column named “$surr1”. In this example the DBMS
only needs to represent ID and NAME in the surrogate because those are the only columns of the
table argument that the query asks for. The DBMS can pass a descriptor of this row type to each virtual
processor.

2) Determine the intermediate result row type; this is the initial result row type plus one additional
column, the pass-through output surrogate column. The data type and name of the output surrogate
shall be the same as for the input surrogate.

On each|virtual processor, the DBMS does the following initialization:

1) The|DBMS opens a PTF dynamic cursor that reads the partition assigned to that virtual prdcessor;
suppose that the PTF extended name of the cursor is CN (the same PTF extended-fiame can be used
on all virtual processors because each has its own address space).

2) The|DBMS creates the requisite descriptors. The descriptors that were supplied by the query are the
same as they were for Pivot_describe. It is assumed that they have the same PTF extended ames as
theyf did during Pivot_describe (though this is not necessary). The cursor row descriptor and the
intermediate result row descriptor are determined by the DBMS priortostarting the virtual pfocessor;
they are named 'CR' and 'MR', respectively.

3) Pivdt has no private data to allocate on any virtual processor:

4) The[DBMS allocates memory on each virtual processor£ot the SQL status code, a CHAR(5) variable
initiplized to '00000'. This status code is portrayed as a'variable named ST.

134.10 Calling Pivot_fulfill

After inifializing a virtual processor, the DBMS is ready to invoke Pivot_fulfill as follows:

CALL Piyot _fulfill (
I N | nput _cursor_row => ' CR\}
I N | nput _cursor_nane =>{ CN ,
Qut put _pi vot _col ums_descr => 'Ql',
| npyut _pi vot _col umsludescr => ' @',
| npyut _pi vot _col unms2) descr => ' @',
I npyut _pi vot _col.ums3_descr => NULL,
| npyut _pi vot _cokums4_descr => NULL,
| npyut _pi vot_eot ums5_descr => NULL,
I nt ermedi ate/ result_row => ' MR,
Stajus =>\.ST

134.111Inside Pivot_fulfill

The task of Pivot_fulfill is to process the rows of the input table and generate the output rows. Each input
row results in multiple output rows. This task is distributed over the virtual processors, which each see
a partition of the input table.

The logic of Pivot_fulfill might be:

1) Initialization:
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Locate the pass-through input surrogate column in the cursor row type descriptor. It is always

the last column.

Locate the pass-through output surrogate column in the intermediate result row descriptor.

Since this example has only one pass-through table, the surrogate is the last column of
intermediate result row type.

2) Fetch a row of the input cursor, like this:

FETCH FROM PTF | nput _cursor _nane

3) If thL FETCH encounters the end of the cursor, return with success in the status code.

4) If FETCH encounters an error, set the Status argument to that error code and retusn.

5) Cop

surrogate column in the intermediate result row.

6) Ifn

to the corresponding columns of the result PTF descriptor area.

7) Send the result row to the DBMS with:
Pl PE ROW PTF Internediate result _row,

8) Progess Input_pivot_columns 2, Input_pivot_columns3y... Input_pivot_columns5 the same W

one

9) Loo

134.12 Collecting the results

The DBNIS collects the result rows thatare sent via PIPE ROW commands on all virtual process
each row, the DBMS expands the-output pass-through surrogate column to recover the values g
NAME. The union of these rows censtitutes the overall result of the invocation of Pivot.

13413 (

After av
(such as

I NTO DESCRI PTOR PTF | nput _cur sor _row;,

the

 the pass-through input surrogate column from the input cursor row to the pass-throug

put_pivot_columns1 is not null, then copy the input columns listed-in this PTF descript

that is not null causes a separate output row fron the same input row.

b back to step 2.

[leanup

irtual processor completes, the DBMS closes the input cursor, deallocates its data strug
PTER descriptor areas), and terminates the virtual processor.

h output

DI area

Fay. Each

ors. For
f ID and

tures
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13.5 Score

13.5.1 Overview

Score ha

1) One

s two input tables:

input table contains rows to be scored according to some algorithm.

..............

2) The

+h H £ 4a BnEainet matarefortha algaritlbhos +h ot 1o oo d+ a9 OIAL
OtreTrpotttaoTCtomamm st pararmCeCT SToT triCarg oot tat s aSstato-SCoTCaTOW

The output of Score is the score computed for each input row according to the scoring algerithin as

paramet
mechani

13.5.21

Score ha

1) One
sinc
to th

2) The
tabl
doe
emy
pass

CREA

) RE
DETH
REA]

For each
avaluei
in the CH

erized by the parameter table. The original input row is available as well, via the pass-t
sm, as is the partitioning column of the parameter table.

functional specification of Score

s two input tables:

input table contains rows to be scored according to some algorithm. This table has row s¢
e each row can be processed separately. The PTF will make the contents of an input row
e query using the pass-through mechanism.

other input table contains the parameters for the‘algorithm that is used to score a row
e has set semantics since the entire table is required to specify the algorithm. An empty
s not specify an algorithm, so this input table is prunable (there is no result if the input
ty). Since a result is not associated with<a particular row of this table, the PTF does not
-through columns for this input table.

\TE FUNCTI ON Score (
Dat a TABLE PASS THROUGH W TH ROW SEMANTI CS,
Model TABLE NO PASS THREUGH

W TH SET SEMANTI CS/PRUNE WHEN EMPTY
FTURNS TABLE (Score REAL)
FRM NI STI C
DS SQL DATA

row of the firstinput table, Score uses the model supplied by the second input table to
h a columr¢alled Score of type REAL. Since the proper result column is fixed, it can be
YEATE FUNCTION statement as shown above.

hrough

bmantics
hvailable

This

y table
table is
provide

compute
specified

13.5.3 Design specification for Score

The design specification specifies details that are private, that is, not visible to the query author. For the
design specification, the PTF author decides:

1) Whether PTF start and/or finish component procedures are required.

Score does not need any resources not provided by the DBMS, so there are no start or finish component
procedures.

2) The

names of the PTF component procedures.

The PTF author decides to name the PTF component procedures Score_describe and Score_fulfill.
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3) The private data for the PTF component procedures.

Score does not need any private data.

This leads to the following skeleton DDL:

CREATE FUNCTI ON Score (
Dat a TABLE PASS THROUGH W TH ROW SENMANTI CS,
Model TABLE NO PASS THROUGH

W TH SET SEMANTI CS PRUNE WHEN EMPTY

) RETURNS TABLE (Score REAL)

DETERM
READS S{). DATA

DESCRI BE W TH PROCEDURE Scor e_descri be
FULFI LL

13.5.4 $core component procedures

The DBNIS tool should generate something like this:

CREATE

I'N
I'N
I'N
I'N
I'N
I'N

I NOUT Status CHAR(5)
) LANGURAGE SQL DETERM NI STI C CONTAI NS SQL
SQL SECURI TY DEFI NER

BEG N

END

CREATE

I'N
I'N
I'N
I'N
I'N
I'N
I'N

I NOUT St at us‘«CHAR( 5)
) LANGURGE SQL'DETERM NI STI C READS SQL DATA
SQL SECURI TY“DEFI NER

BEG N

END

LCOTL O
NFOTT O

W TH PROCEDURE Score_ful fill

PROCEDURE Scor e_descri be (

Dat a_r ow_descr VARCHAR(2),

Dat a_r equest _descr VARCHAR( 2),
Vbdel _row_descr VARCHAR(2),
Vbdel _pby_descr VARCHAR(2),
Mbdel _or der _descr VARCHAR(2),
Mbdel _request _descr VARCHAR(2),

PROCEDURE Score_ful fill ¢

Dat a_cur sor _descr VARCHAR(?2),

Dat a_cur sor _name VARCHAR(2),

Mbdel _cur sor_descr, VARCHAR( 2),

Vbdel _pby_descr VARCHAR(2),

Mbdel _or der _destr) VARCHAR( 2) ,

Mbdel _cur sor,_nanme VARCHAR(2),

nt er medi ateelr esul t _row VARCHAR( 2),

NOTE 2 —

iy

2)

The first table parameter has row semantics; therefore, it requires the following parameters in the component proce-
dures:

a) Inthe describe component procedure, the full row type (Data_row_descr), and the requested row type
(Data_request_descr).

b) In the fulfill component procedure, the cursor row type (Data_cursor_descr), and the cursor name (Data_cur-
sor_name).

The second table parameter has set semantics, so it requires the following parameters in the component procedures:

a) Inthe describe component procedure, the full row type (Model_row_descr), the partitioning (Model_pby_descr),
the ordering (Model_order_descr), and the requested row type (Model_request_descr).
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b) Inthe fulfill component procedure, the cursor row type (Model_cursor_descr), the partitioning (Model_pby_descr),
the ordering (Model_order_descr), and the cursor name (Model_cursor_name).

13.5.5 Invoking Score

The DDL visible to the query author is:

CREATE FUNCTI ON Score (
Dat a_TABI E PASS THRAICH W TH RON SEMANTI CS
Model TABLE NO PASS THROUGH
W TH SET SEMANTI CS PRUNE WHEN EMPTY
) RETURNS TABLE (Score REAL)

Here is the example invocation initially shown in Subclause 4.4.4, “Score”:

SELECT p.Id, D.S, D.T, M Mdelid, T.Score
FROM TABLE ( Score ( Data => TABLE (MyData) AS D
Mbdel => TABLE (Mddels) AS M
PARTI TI ON BY Mbddelid )
)y AST

13.5.6 Calling Score_describe

The signiature of Score_describe, previously shown in Subclause 13.5.4, “Score component procedures”,
is:

PROCEDURE Scor e_descri be (
IN Pata_row_descr VARCHAR(2),
I N Pat a_request _descr VARCHAR(2),
I N Model _row_descr VARCHAR(2),
I N Model _pby_descr VARCHAR( 2),
I N Model _order_descr VARCHAR(2),
I N Model _request _descr VARCHAR(2),
I NOUT Status CHAR(5)

)

Before chlling Score_describe, the DBMS creates PTF descriptor areas for the first six input pargmeters.
As origifally presented.in Subclause 4.4.4, “Score”, the first input table Data has this row type: (ID
INTEGER, S REAL,‘F-REAL). Therefore, the DBMS can create a PTF descriptor area for the full raw type
(let us c4ll it '114).as shown in Table 46, “Score: first argument full row type descriptor”.

Table 46 — Score: first argument full row type descriptor

Content

Header | COUNT =3
TOP_LEVEL_COUNT =3
Other components unspecified

Item1 | NAME ='ID'

LEVEL =0

TYPE = 4 (for INTEGER)

Other components unspecified
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Content

Item 2

NAME ='S'

LEVEL =0

TYPE = 7 (for REAL)

Other components unspecified

Item 3

NAME ='T"
LEVEL=0
TYPE = 7 (for REAL)

13.5 Score

Other components unspecified

The DBNIS also needs to create an empty PTF descriptor area for the requested row type. of Dati; let us
call it 'A1". See Table 47, “Score: first argument requested row type descriptor”.

Table 47 — Score:

first argument requested row type descriptor

Content

Header

COUNT=0
TOP_LEVEL_COUNT =0
Other components unspecified

The tablE called Models has this row type: (MODELID VARCHAR(10), PNAME VARCHAR(10), PYALUE
REAL). The DBMS creates a PTF descriptor area (call it12') as seen in Table 48, “Score: second afgument

full row type descriptor”.

Table 48 — Score: second:argument full row type descriptor

Content
Header~{-COUNT =3
TOP_LEVEL_COUNT =3
Other components unspecified
[ftem1 | NAME ='MODELID'

LEVEL=0

TYPE =12 (for VARCHAR)

LENGTH =10
CHARACTER_SET_CATALOG, CHARAC-

TER_SET_SCHEMA, and CHARAC-
TFP_QF‘T_]\IAMF‘ are the r‘afn]ng, cr‘hnma’

and local name of the default character
set.
Other components unspecified
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Content

Item 2 NAME = 'PNAME'

LEVEL=0

TYPE = 12 (for VARCHAR)

LENGTH =10
CHARACTER_SET_CATALOG, CHARAC-
TER_SET_SCHEMA, and CHARAC-
TER_SET_NAME are the catalog, schema,
and local name of the default character
set.

Other components unspecified

Item3 | NAME = 'PVALUE'

LEVEL =0

TYPE = 7 (for REAL)

Other components unspecified

The MODELS table is partitioned on MODELID. The DBMS creates a PTE descriptor area (call it[P2") of
the partftioning, listing just the names of the partitioning columns;/Table 49, “Score: second argument
partitioning descriptor”, illustrates this descriptor area.

Table 49 — Score: second argumentpartitioning descriptor

Content

Header | COUNT=1
TOP_LEVELCOUNT =0
Other.components unspecified

Item1 | NAME ='MODELID'
LEVEL =0
Other components unspecified

The MODELS table is unordered, so the DBMS creates an empty PTF descriptor area for this ordlering
(call it '92'). See Table 50, “Score: second argument ordering descriptor”.

Table 50 — Score: second argument ordering descriptor

Content

Header COUNT =0

TOP_LEVEL_COUNT =0
Other components unspecified

The DBMS also creates an empty PTF descriptor area for the requested row type of Models; let us call it
A2'.

The proper result columns have been declared in the DDL as (Score REAL), which can be described in
the initial result row type descriptor as illustrated by Table 51, “Score: initial result row type descriptor”.
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Table 51 — Score: initial result row type descriptor

Content

Header | COUNT=1
TOP_LEVEL_COUNT =0
Other components unspecified

Item 1 NAME ='SCORE'

Since the
and doe

Finally, ¢
it ST.

After crd
CALL Sc

Dat

Mod
Mod
Mod
Mod
Sta

13.5.71

The task
1) Vali

The
actu

type

are }

LEVEL=0
TYPE = 7 (for REAL)
Other components unspecified

initial result row type is fixed, this descriptor is not passed to the describe Component pr
s not really need to be constructed.

he DBMS creates a variable for the status code, a CHAR(5) value initialized to '00000'; 1

ating and initializing the preceding, the DBMS is ready to call‘Score_describe like this:

br e_descri be (

Dat E_r ow_descr => '|1'

_request _descr => "'Al'
b| _row descr => '[2',

p| _pby_descr => 'P2',

bl _order_descr => 'S2',

b| _request _descr => 'A2',
us => ST

nside Score_describe

s for Score_describe ‘are:
late the input.

example hasmiot mentioned any requirements on the input data and model tables, tho

s, cansbe checked by using GET DESCRIPTOR, returning an error condition if the requi
notmet. Requirements based on the contents of the model data cannot be checked until

ocedure,

et us call

gh an

al SQL-implementation would have some. Any static requirements, such as column namnes and

rements
Fun-time

sinc

e 'thére is no cursor open to read the data.

2) Request columns for the input tables by populating their requested row descriptors.

In this example, let us assume that the PTF requests columns S and T from Data, and columns Pname
and Pvalue from Models. Therefore, Score_describe shall populate Data_request_descr like seen in
Table 52, “Score: first input table requested row descriptors”.
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Table 52 — Score: first input table requested row descriptors

Content

Header | COUNT =2
TOP_LEVEL_COUNT =2
Other components unspecified

Item 1 NAME ="'S'
LEVEL =0
Other components unspecified

Item 2 NAME ="'T"
LEVEL =0
Other components unspecified

and[populate Model_request_descr like Table 53, “Score: second inputtable requested row|descrip-

4

tors|.

Table 53 — Score: second input table requested row descriptors

Content

Header | COUNT =2
TOP_LEVEL_COUNT = 2
Other components unspecified

Item 1 NAME-£!PNAME'
LEVEF=0
Qther components unspecified

Item 2 NAME = 'PVALUE'
LEVEL=0
Other components unspecified

Thege descriptors can be set using techniques discussed in Subclause 8.5, “Writing a PTF d¢scriptor

ared .

13.5.8 1lesult of Score_describe

The DBMS first checks the status code variable for success; if not, the query has a syntax error.

Otherwise, the DBMS saves the requested row type descriptors for use at run-time (they will be used to
construct the cursor row types later).

The DBMS can also save the initial result row type descriptor, or wait till run-time to build the interme-
diate result row type (this information is already saved in the metadata for Score, since it was declared
in DDL).

At this point the DBMS can determine the complete result row type, since that is needed to finish analyzing
the query. The query author has written the following query (initially presented in Subclause 4.4.4,
“Score”):
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FROM TABLE ( Score ( Data => TABLE (MyData) AS D

Model

) AS T

=> TABLE (Mbdels) AS M
PARTI TI ON BY Mbdelid )
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The result row type of the PTF invocation has three correlation names: D, M, and T. Using D, the query
can access all columns of the first input table, since it has pass-through columns. Using M, the query can
access the partitioning column, Modelid, of the second input table. Finally, using T, the query can access
the proper result column computed by the PTF, in the column called SCORE. Thus the row type of the

PTF invdcation Iooks Iike Table 54, "Score: result row type”.

Table 54 — Score: result row type

Correlation D M T
name

Column name | ID S T MODELID SCORE
Data type INTEGER REAL REAL VAREHAR(10) REAL

13.5.9 Virtual processors for Score

The quety author has written the following query (initially presented in Subclause 4.4.4, “Scoreg”:

SELECT p.1d, D.S, D.T, M Mdelid, T.Score

FROM TABLE ( Score ( Data => TABLE (MyData) AS D

) AS T

This example has one input table with row semantics and one with set semantics. The latter is par
The samiple data for the second input table is given in Table 55, “Score: second input table data.

Model

=> TABLE (Mdel s) AS M
PARTI TI ON BY Modelid )

Table 55 — Score: second input table data

titioned.

Modelid | Pname | Pvalue
wet X 19

wet y 28
wet zZ 37

dry X 4

dry y 5

dry Z 6

This has two partitions when partitioned on Modelid, “wet” and “dry”.
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The DBMS ensures that each partition is used to score each row of the first input table (since that table
has row semantics). This might be done by creating a virtual processor for each partition and “broadcast-
ing” the entire first input table to each virtual processor. It could also be done by subdividing the Data
input table arbitrarily within each partition of Models. For example, the sample data for the first input
table is shown in Table 56, “Score: first input table data”.

Table 56 — Score: first input table data

Id S T

122 0.5 34
233 8.4 6.5
344 10.2 9.3
455 11.0 8.8

Then the¢ DBMS might create four virtual processors, with cursors to read\€ach input table. Table 57,
“Score: yirtual processor cursors”, demonstrates this event.

Table 57 — Score: virtual processor cursors

Virtual | Cursor for Data table Cursor for Models table
processor
1 SELECT ... SELECT ...

FROM MyData FROM Models

WHERE ID =122 OR ID =233 WHERE Modelid = 'wet'
2 SELECT ... SELECT ...

FROM MyData FROM Models

WHERE ID = 344'0OR ID = 455 WHERE Modelid = 'wet'
3 SELECT.... SELECT ...

FROMMyData FROM Models

WHERE ID =122 OR ID = 455 WHERE Modelid = 'dry’
4 SELECT ... SELECT ...

FROM MyData FROM Models

WHERE ID = 233 OR ID = 344 WHERE Modelid = 'dry’

h SE hnValsnil| b LW R B 4l +111 e - i S Y
(T e LUT IS dIT UIIITICU TUT TIOW, UITY WIIT UC UTLTTHIITICU 14T ]

Virtual processors 1 and 2 handle the “wet” model, whereas virtual processors 3 and 4 handle the “dry”
model. The rows of MyData are partitioned arbitrarily for the “wet” model, and arbitrarily for the “dry”
model. Note that the same partitioning of MyData is not used in each model. This is a freedom that the

DBMS has; however, the DBMS might also choose to use the same partitioning of MyData in each model.

Before starting the virtual processors, the DBMS can compute the following descriptors:

1) The cursor row type for MyData. Score_describe has requested columns named S and T. This input
table has pass-through columns, so the DBMS adds a pass-through input surrogate column; let us
suppose it is named “$surrl”. Thus, the SELECT list for the cursors for MyData in every partition is
SELECTSS, T, “$surr?”.
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2) The cursor row type for Models. Score_describe has requested columns named Pname and Pvalue.
This input table does not have pass-through columns; therefore, the SELECT list for the cursors for
Models is SELECT Pname, Pvalue.

3) The

partitioning and ordering descriptors for Models; these are the same as were input to

Score_describe.

4) The intermediate result row type. This has two columns: the proper result columns declared in DDL
as (Score REAL), plus the pass-through output surrogate column named “$surr1”.

On each

virtual processor, the DBMS does the following initialization:

1) For

bach input table, the DBMS opens a PTF dynamic cursor that reads the partition assigne

virtlial processor. There are two input tables, so there are two PTF cursors. Let the PTF, ext

namni

2) The
nanj

a)
b)
c)
d)
e)
3) Scot

4) The
initi

13.5.10¢(

On each
CALL Sc

Dat
Mod
Mod
Mod
Mod
I nt

es of these cursors be 'C1'and 'C2".

DBMS creates copies of the PTF descriptor areas mentioned above, and givesthem PTF ¢
es.

Cursor row type of MyData: I1.

Cursor row type of Models: 12.

Partitioning of Models: P2.

Ordering of Models: S2.

Intermediate result row: R.

e has no private data to allocate on any virtuakprocessor.

DBMS allocates memory on each virtual processor for the SQL status code, a CHAR(5)
plized to '00000'. This status code is portrayed as a variable named ST.
Lalling Score_fulfill

virtual processor, the DBMS calls Score_fulfill like this:

pre_ful fill (

Dat E_cursor_descr = 'l1",

_cursor_name => 'Cl',

b| _cursorgsdescr => '12',

p| _pby_descr => ' P2',

bl _order“descr => 'S2',

p| _cur)sor _nane => 'C2',
bredi ate_result_row => 'R,

d to that
ended

xtended

variable

oT

Sta

us = T

13.5.11Inside Score_fulfill

The logic for Score_fulfill might look like this:

1) Read all of the Model table into memory by performing the following in a loop until no more rows
are available:
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FETCH FROM PTF Model _cursor
I NTO DESCRI PTOR PTF Model _cursor_descr;

2) Build the model determined by the rows that are read. If there is any error, return an error code in
ST.

3) Getthe number of columns in the cursor for MyData:

CET DESCRI PTOR PTF Data_cursor_descr
Ncol s = TOP_LEVEL_COUNT;

Notg¢ that the first (Ncols-1) columns are the requested data, and the last column (index'N¢ols) is
the pass-through input surrogate column.

4) In ajloop until the Data table is exhausted:

a) |Read arow of the Data table:

FETCH FROM PTF Data_cursor
I NTO DESCRI PTOR PTF Dat a_cur sor_descr;

b) |Using the data model, compute the score in S.
c) |Place the score in the result row:

SET DESCRI PTOR PTF Internediate result_row
VALUE = 1 DATA = S;

d) |Copy the pass-through input surrogate column’'to the Pass-through output surrogate cplumn:

COPY DESCRI PTOR PTF Data_cursor_descr VALUE Ncol s ( DATA)
TO PTF I nternedi at exresul t _row VALUE 2;

e) [Pipe the row to the DBMS:

Pl PE ROW PTF | nt er nedi atle*resul t _row,

13.5.12 Collecting the output

On each|virtual processor, the DBMS collects the output rows that are sent via PIPE ROW staterhents
from Scqre_fulfill. Note that the PIPE ROW command only sends two columns to the DBMS (Scqre and
“$surr1’]), but the complete result row type has the following columns: D.Id, D.S, D.T, M.Modelid, and
T.Score. [he’'DBMS assembles the complete result row from the intermediate result row as follgws:

1) D.Id, D.S and D.T are obtained by expanding the pass-through output surrogate column “$surr1”.
2) M.Modelid is the partitioning key, which is an invariant on the virtual processor.
3) T.Score is derived from Score in the intermediate result row.

The union of the complete result rows is the result of the invocation of Score.
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13.5.13 Cleanup

When a virtual processor completes, the DBMS does cleanup tasks such as closing the input cursors and
deallocating the PTF descriptor areas.
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13.6 TopNplus

13.6.1 Overview

TopNplus takes an input table that has been sorted on a numeric column. It copies the first n rows through
to the output table. (However, any partitioning columns are not copied, since those are available to the

query through the range variable for the input table.) Any additional rows are summarized in a
output row in which the sort column has been summed and all other columns are null.

single

13.6.2 Functional specification of TopNplus

TopNplus requires two input parameters:

1) Anipputtable. Since the algorithm is defined on a set of rows, this inputtable has set semarn
algorithm could reasonably be specified to produce no rows on empty input, or it could pr
single summary row with a total of 0. The PRUNE WHEN EMPTY ehoice is shown.

2) Thepnumber of rows to be copied from input to output. (Any remaining input rows will be sunj
in alsingle output row.)

tics. The
duce a

'marized

The PTFlauthor can write the following public DDL (visibleto the query author via the Information

Schemal:

CREATE FUNCTI ON TopNpl us (
I npit  TABLE NO PASS THROUGH
TH SET SEMANTI CS PRUNE WHEN EMPTY,
ny | NTEGER )
RETURNS| TABLE
NOT DETERM NI STI C

TopNplus is not deterministic, becatise there may be ties when an input partition is sorted. Ifa g
overlapq the cutoff specified by Howmany, then it is not deterministic which rows will be copie
output and which rows willkbe.summarized.

13.6.3 Design specification for TopNplus

The design,specification specifies details that are private, that is, not visible to the query autho

et of ties
i to the

- For the

design specification, the PTF author decides:

1) Whether PTF start and/or finish component procedures are required.

TopNplus does not need any resources not provided by the DBMS, so there are no start or finish

component procedures.

2) The names of the PTF component procedures.

The PTF author decides to name the PTF component procedures TopNplus_describe and TopNplus_ful-

fill.

3) The private data for the PTF component procedures.
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TopNplus will require that the input be ordered on a single column, which shall be numeric. The
describe component procedure will locate this column. The fulfillment component procedure will
need to know which column is the ordering column. The fulfillment component procedure could
figure this out on its own, but since the describe component procedure must look for it anyway, the
describe component procedure can save the value to a private variable, thereby passing it to the
fulfill component procedure.

Based on these decisions, the following skeleton DDL exists:

CREATE FUNCTI ON TopNpl us (

I np

it TABILE NO PASS THRQUCH

How
RETURNS
PRI VATE

Od
NOT DET|
READS S
DESCRI B
FULFI LL

13.6.4 7

W TH SET SEMANTI CS PRUNE WHEN EMPTY,
rany | NTEGER )

TABLE

DATA (

br _col _no I NTEGER )

EFRM NI STI C

L DATA

E W TH PROCEDURE TopNpl us_descri be

W TH PROCEDURE TopNpl us_ful fill

[opNplus component procedures

The DBNMIS tool should generate something like this:

CREATE
I NO
IN
IN
IN
IN
IN
IN
I NO
) LANGU
SQL SEC
BEG N
END

CREATE
I NO
I'N
I'N
I'N
I'N

PROCEDURE TopNpl us_descri be (
T Order _col _no | NTEGER;

nput _row_descr VARCHAR(2),
nput _pby_descr VARCHAR( 2)

nput _order _descr VARCHAR(2),
nput _request _descr VARCHAR(2)
Howrany | NTECER,

nitial _result_row VARCHAR(2),
T St at us CHAR(5)

NGE SQL DETERM NI STI CTCONTAI NS SQL
URI TY DEFI NER

PROCEDURE TopNpl us_ful fill (
T Or der_<ol*_no | NTECGER;

nput _r ow) descr VARCHAR( 2),
nput.spby_descr VARCHAR( 2)
nput_Jor der _descr VARCHAR(2),
hput _cur sor VARCHAR( 2),

I'N

Howmany T NTECGER,

IN Internedi ate_resul t _row VARCHAR(2),

I NOUT Status CHAR(5)
) LANGUAGE SQ. NOT DETERM NI STI C READS SQL DATA
SQ. SECURI TY DEFI NER

BEG N
END

NOTE 3 —

1) The parameter lists begin with the private data (Order_col_no).

2) Next come the parameters corresponding to the input table.
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a) For the describe component procedure, four PTF descriptor areas are required, one for the full row type
(Input_row_type), one for the partitioning columns (Input_pby_descr), one for the ordering (Input_order_descr),
and one for the requested row type (Input_request_descr). In the fulfill component procedure, there is also a
parameter for the cursor (Input_cursor).

b)  For the fulfill component procedure, three PTF descriptor areas are required, one for the cursor row type
(Input_row_type), one for the partitioning columns (Input_pby_descr), and one for the ordering (Input_order_descr).
There is also a parameter for the cursor name (Input_cursor).

3) Next comes the scalar parameter Howmany, which is copied from the signature of TopNplus.

4) Nextis the parameter for the PTF descriptor area for the result row type (called Initial_result_row in the describe
component procedure and intermediate result row in the fulfill component procedure).

5) Finally there is a parameter for the SQL status code.

13.6.5 Invoking TopNplus

The DD visible to the query author is:

CREATE FUNCTI ON TopNpl us (
| nppt TABLE W TH SET SEMANTI CS PRUNE WHEN EMPTY,
Howfrany | NTEGER

) RETURNS TABLE

Here is gn example of an invocation:

SELECT B. Region, T.*
FROM TABLE ( TopNpl us (
I nput => TABLE (M. Sal es) AS, S
PARTI TI ON BY Regi on
ORDER BY Sal €s DESC,
Howmany => 3 )
) AS T

Note thalt only the partitioning column can be accessed using correlation name S, because the input table
has set semantics.

13.6.6 Calling TopNplus’ describe

The signature of TopNplus_describe as stated in Subclause 13.6.4, “TopNplus component procedures”,
is:

PROCEDURE(/ TopNp! us_descri be (
I O der _col no | NTEGER
I N I nput _row descr VARCHAR(2),
I N I nput _pby_descr VARCHAR(2)
I N I nput _order_descr VARCHAR(2),
I N I nput _request _descr VARCHAR(2),
I N Howrany | NTEGER,
IN Initial_result_row VARCHAR( 2),
I NOUT Status CHAR(5)

)
The input table My.Sales has the following columns:

CREATE TABLE M. Sal es (
Regi on VARCHAR( 20),
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Pr oduct VARCHAR(20),
Sal esmanl D | NTEGER,
Sal es FLQOAT )

TopNplus has one private variable, an integer named Order_col_no. The DBMS allocates this and initializes
it to null.

The signature of TopNplus_describe will require that the DBMS create five PTF descriptor areas. The first
is the full row type PTF descriptor area. Let it be named '[1', with the contents shown in Table 58, “Score:
full row type descriptor”.

Table 58 — Score: full row type descriptor

Content

Header | COUNT =3
TOP_LEVEL_COUNT =3
Other components unspecified

Item 1 NAME = 'REGION'

LEVEL =0

TYPE = 12 (for VARCHAR)

LENGTH = 20
CHARACTER_SET_CATALOG) CHARAC-
TER_SET_SCHEMA, and\€HARAC-
TER_SET_NAME arethe catalog, schema,
and local name of'the default character
set.

Other componénts unspecified

Item 2 NAME ='PRODUCT"

LEVEL=0

TYPE = 12 (for VARCHAR)

LENGTH = 20
CHARACTER_SET_CATALOG, CHARAC-
TER_SET_SCHEMA, and CHARAC-
TER_SET_NAME are the catalog, schema,
and local name of the default character
set.

Other components unspecified

Item3 | NAME ='SALES'
LEVEL = 0
TYPE = 7 (for REAL)

e O P OIS tarop et

Next the DBMS also creates a PTF descriptor area of the partitioning; call this P1. Table 59, “Score: parti-
tioning descriptor”, shows the contents of P1.
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Table 59 — Score: partitioning descriptor

Content
Header | COUNT=1
TOP_LEVEL_COUNT =1
Other components unspecified
Item 1 NAME = 'REGION'

LEVEL =0
Other components unspecified

Since th¢ input table has set semantics, the DBMS also creates a PTF descriptor areaof the orde
this PTF|descriptor areas S1. The contents of S1 are given in Table 60, “Score: ordéking descripfor”.

Table 60 — Score: ordering descriptor

Content

Header

COUNT =1
TOP_LEVEL_COUNT =1
Other components unspecified

Item 1

NAME = 'SALES'

LEVEL =0

LENGTH =0

TYPE=0

SORT_DIRECTION =1 (for ASC)
NULLAORDERING = 1 (for NULLS LAST)
Other components unspecified

(This as$umes an implementation;defined default to NULLS LAST).

The DBNIS also creates an empty PTF descriptor area for the requested row type; let it be calleg

contentq are shown in Table 61, “Score: requested row type descriptor”.

Table 61 — Score: requested row type descriptor

Content

Header

COUNT =0

ring. Call

”

1 Al. Its

TOP_LEVEL_COUNT =0
Other components unspecified

The DBMS also allocates an empty read-write PTF descriptor area for the intermediate result row type.
Letthe intermediate result row type PTF descriptor area be named R. R has the contents shown in Table 62,
“Score: intermediate row type descriptor”.
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Table 62 — Score: intermediate row type descriptor

Content

Header | COUNT =0
TOP_LEVEL_COUNT =0
Other components unspecified

Finally t VS
status cqde variable.

Now thel DBMS makes the following invocation:

CALL TopNpl us_descri be (
Order_col _no => Order_col _no;
I npyut _row _descr => "11",
| nppt _pby_descr => 'P1',
I nput _order_descr => 'S1',
| nput _request _descr => "Al",
Howfrany => 3,
Initial _result_row=> "R,
Stajus => ST

13.6.7 Inside TopNplus_describe

The tasKs of TopNplus are:
1) Chegk the inputs for validity.

The|validity check is that there is@ Single ordering column of numeric type.
2) Popplate the requested row(type descriptor.

The|requested row descriptor is a copy of the full input row descriptor.
3) Popplate the initialfesult row type descriptor.

Thelinitial resultrow descriptor is a copy of the full input row descriptor.
4) Set the value-of the private data.

TopNplus ean-tse the following logic:

13.6 TopNplus

Tibe the

1) Get the number of ordering columns in local variable OrderColumns:

GET DESCRI PTOR PTF | nput _order_descr
Or der Col utms = COUNT;

2) If OrderColumns is not 1, return an error in the status code parameter.

3) Getthe name of the ordering column in local variable OrderColumnName:

GET DESCRI PTOR PTF | nput _order_descr
VALUE 1 Order Col unmNane = NAME;

4) Get the number of input columns in InputColumns:
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GET

DESCRI PTOR PTF | nput _row_descr

I nput Col utms = COUNT;

5) Ina
a)

loop setting I from 1 to InputColumns:

Get the input column name in ColumnName.

GET DESCRI PTOR PTF | nput _r ow_descr
VALUE | Col umNanme = NAME;

b)
6) Ifnd
indi
7) Get

CGET
VA

8) Che
typd

9) Pop
type
a)
b)

IT ColumniName equals UrderLolumniName, eXit the loop.

input column has the same name as OrderColumnName, return an error. (If thistapp
Cates a bug in the DBMS, since the ordering column shall be a column of the inputtable

the data type of the ordering column:

DESCRI PTOR PTF | nput _row_descr
\LUE | OrderType = TYPE;

Ck that OrderType is a numeric type (see Subclause 8.2.3, “SQL.item descriptor areas fo
s”, for a list of all type codes). If the ordering column is notnumeric, return an error.

1late the PTF descriptor area for the initial result row type as a copy of the input table’
, minus any partitioning columns.

[nitialize OutputColumns to 0 and Found to 0.
In a loop, setting ] from 1 through InputColumis:

i) Get the ]J-th column name:

GET DESCRI PTOR PTF | nput ..ikow_descr
VALUE J Col utmNane =_NAME

i) Search through the PTF-descriptor area named by Input_pby_descr, looking for 3

the next J.

iii)  If ColumnName does not match any name in Input_pby_descr, then increment O
Columns/and append the J-th item descriptor from Input_row_descr to Initial_req

QutputCol ums = CQut put Col utms + 1;
SET) DESCRI PTOR PTF Initial _result_row COUNT = J;
COPY DESCRI PTOR PTF I nput _row_descr

VALUE J (NAME, TYPE)

Pns, it

)

r row

5 rOow

match

to ColumnName. }f the column name matches a partitioning column, continue the loop at

htput-
ult_row:

TO PTF Initial _result_row VALUE Cut put Col umms;

10) The

requested row descriptor area can be a copy of the initial result row:

COPY DESCRI PTOR PTF Initial _result_row
TO | nput _r equest _descr;

11) Search the requested row descriptor for a column with the same name as the ordering column. If
there is no such column, return an error (the ordering column shall have been a partitioning column,
but ordering on a partitioning column will not order a partition). Otherwise, save the column number
in the private variable Order_col_no.
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The DBMS checks the status code for success. Then the DBMS saves the private data, requested row type
descriptor, and the initial result row type descriptor for use at run time.

The complete result row type appears in Table 63, “Score: complete result row type”.

Table 63 — Score: complete result row type

Correlation name S T
Column name REGION PRODUCT SALES
Data type VARCHAR(100) | VARCHAR(100) [ VARCHAR(700)

13.6.9 Yirtual processors for TopNplus

The query (first presented in Subclause 13.6.5, “Invoking TopNplusis:

SELECT B. Region, T.*
FROM TABLE ( TopNpl us (
| nput => TABLE (M. Sal es)

ORDER BY Sal es
Howprany => 3 )
) AST

This example has one input table; it has set semantics and is partitioned and ordered. Therefor]
DBMS crjeates one virtual processor for each partition of the input table. The DBMS sorts the dat

partition.

AS S

PARTI TI ON BY Regi on

DESC,

e, the
hin each

The sample data presented in Subclause 13.6.1, “Overview”, appears in Table 64, “Wcore: sampjle data”.

Table 64 — Wcore: sample data

Region Product Sales

East A 1234.56
East B 987.65
East C 876.54
East D 765.43
East E 654.32
West E 2345.67
West D 2001.33
West C 1357.99
West B 975.35
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Region Product Sales

West A 864.22

There are two partitions; therefore, the DBMS creates two virtual processors, one for region “East” and
one for region “West”. The data above has been sorted on Sales in descending order; this is the order
required for the cursor in each partition.

Before creating the virtual processors, the DBMS can determine the following PTF descriptor areas:

1) The
the

2) The
3) The

cursor row type descriptor. This example does not use pass-through columns; therefor
bame as the requested row type descriptor that was produced by TopNplus_describe:

intermediate result row type descriptor. Since there are no pass-through’columns, thig

Sa

The DBNIS creates the virtual processors, assigning each of them a partition of the input data. Q
virtual processor, the DBMS opens a cursor to read the virtual processox’s partition, with row t
describdd by the cursor row type descriptor. Let the cursor be named"€1' in each partition (thg

name co
is:

SELECT
FROM My
WHERE R
ORDER B

and the

SELECT

FROM My
WHERE R
CRDER B
The privi

PRI VATE
Od

This priy
On each

1) The

as the initial result row type descriptor populated by TopNplus_describe.

flict because each virtual processor is its own name spacé)oThus, on region “East” thg

Pr oduct, Sal es
Sal es

bgi on = ' East'
¥ Sal es DESC

cursor of the virtual processor for region “West” is:

Pr oduct, Sal es
Sal es

pgi on = ' West'
¥ Sal es DESC

pte data for TopNplus ist

DATA (
br_col _no I NTEGER )

rate data was-initialized by TopNplus_describe and is simply maintained by the DBMS.
virtual\processor, the DBMS does the following initialization:

DBMS opens a PTF dynamic cursor that reads the partition assigned to that virtual pra

e, this is

partitioning and ordering descriptors. These are the same as were input to TopNplus_describe.

is the

n each

ype as
re is no
cursor

Ccessor,

with

SELECT list determined by the cursor row type descriptor. Suppose that the PTF extended name

of the cursor is C1 (the same PTF extended name can be used on all virtual processors because each
is its own address space).

2) The DBMS creates a copy of the PTF descriptor areas as determined above, and gives them names
in the PTF extended name space. The following names are assumed:

a)
b)
<)
d)

130

Cursor row type descriptor: 11
Partitioning descriptor: P1
Ordering descriptor: S1

Intermediate result row descriptor: R
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3) The DBMS instantiates a copy of the private data as it was output from TopNplus_describe. It is shown

as a variable named Order_col_no (the same as the parameter name).

4) The DBMS allocates memory on each virtual processor for the SQL status code, a CHAR(5) variable

initialized to '00000'. This status code is portrayed as a variable named ST.

13.6.10 Calling TopNplus_fulfill

«

Th 3 4= £ Mool L1611 n ph - Caal 1 e o BV, |
€ Signatutre o TOPINPTUS Tt IS Totma I Stotrause 150,

follows:

PROCEDURE TopNpl us_ful fill (
I NOUT Order_col _no | NTEGER;
I N | nput _row descr VARCHAR(2),
I N | nput _pby_descr VARCHAR(2)
nput _order _descr VARCHAR(2),
nput _cur sor VARCHAR(2),
Howrany | NTECER,
nt er medi at e_resul t _row VARCHAR( 2),

|
|
|
|
I NOUT Status CHAR(5)

6ZZZZ

)

Then th¢ invocation looks like this:

CALL TopNplus_fulfill (
O der _col _no => Order_col _no;
I nput _row _descr => "11",
| nput _pby_descr => 'P1',
| nput _order _descr => 'S1',
I nppit _cursor => 'C1',
Howfrany => 3,
Intermediate_result_row => 'R,
Stafus => ST

13.6.11 Inside TopNplus-fulfill

1) Inafloop:
a) |Read at'most Howmany rows of the input cursor:

FETCH FROM PTF | nput _cursor
I'NTO DESCRI PTOR PTF | nput_row descr:

T DNaal 4 |
TUPINPIUS CULITPUILITIIT pTuttiuul

b) Copy the non-partitioning columns to Intermediate_result_row.

c) Output the row in Intermediate_result_row:
Pl PE ROW PTF I nternedi ate_result_row,
2) Initialize local variable Sum to 0:

LET Sum = 0. 0O;

3) Inaloop:
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a)

Read all remaining rows of the input.

FETCH FROM PTF | nput _cur sor
I NTO DESCRI PTOR PTF | nput _r ow _descr;

b) Get the value of the sort column. Note that the position of this column in Input_row_descr was

determined by TopNplus_describe and placed in Order_col_no:

GET DESCRI PTOR PTF | nput _row descr VALUE Order _col _no
Val = DATA;

4) If there were any remaining rows:

a)

b)

13.6.12(

On each

result row is formed from the intermediate result row (piped out of TopNplus_fulfill) plus the par

columns
from eag

13.6.13 (

[Add the value to SUM:

LET Sum = Sum + Val ;

Letting [ range over all columns of the result, set the DATA componentof-the I-th colun
result row descriptor area to null:

SET DESCRI PTOR PTF Internediate_result_row
VALUE | DATA = NULL;

Set the order column’s DATA to Sum:

SET DESCRI PTOR PTF Internediate_result_row
VALUE Order_col _no DATA = Sum

Send the summary row to the DBMS:

Pl PE ROW PTF | nternedi ate_result_row,

Lollecting the output

virtual processor, the DPBMS collects the rows that are sent from TopNplus_fulfill. The ¢

(invariant on thé.virtual processor). The overall result is the union of the complete res
h virtual processor.

Cleanup

hn of the

omplete
titioning
ult rows

After a virtual processor completes, the DBMS performs any cleanup for that virtual processor, such as

closing t

he input cursor and deallocating the PTF descriptor areas.

13.6.14 TopNplus using pass-through columns

The preceding example can also be done using pass-through columns, if Feature B205, “Pass-through

columns”, is supported by the DBMS, with a slight modification to the functional specification. The mod-
ification is that Feature B205, “Pass-through columns”, is used to provide the columns of the input table
in the result. The only proper result column is a copy of the ordering column in the first Howmany rows,

132
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and the sum of the remaining rows in a summary row. Since there is no specific input row to associate
with the summary row, the pass-through columns in the summary row are set to null.

The DDL becomes:

CREATE FUNCTI ON TopNpl us (
| nput TABLE PASS THROUGH
W TH SET SEMANTI CS PRUNE WHEN EMPTY,
Howmany | NTEGER )
RETURNS TABLE
NOT DETERM NI STI C
READS ST DATA
DESCRI BE W TH PROCEDURE TopNpl us_descri be
FULFI LL| W TH PROCEDURE TopNpl us_ful fill

The diff¢rences from Subclause 13.6.3, “Design specification for TopNplus”, are:
1) PASpy THROUGH instead of NO PASS THROUGH.

2) No private data (the requested row will only have the order column, so_there is no problem finding
it).

Consequently, the component procedure signatures are:

CREATE PROCEDURE TopNpl us_descri be (

IN | nput _row descr VARCHAR(2),

IN | nput _pby_descr VARCHAR(2)

I N | nput _order_descr VARCHAR(2),

I N | nput _request _descr VARCHAR(2),

I N Howrany | NTECER,

IN |nitial _result_row VARCHAR(2),

| NOUT Status CHAR(5)
) LANGUAGE SQL DETERM NI STI C CONTAI NS SQU
SQ. SECURI TY DEFI NER
BEG N
END

CREATE PROCEDURE TopNpl us_ful fild (

I N | nput _cursor_row VARCHAR( 2),

IN | nput _pby_descr VARCHAR(2)

I N | nput _order_descr&VARCHAR( 2) ,

I N | nput _cursor_nane) VARCHAR( 2) ,

I N Howrany | NTECER,

I N | nternedi ateeiresul t _row VARCHAR( 2),

I NOUT St at us™«CHAR( 5)
) LANGUAGE SQL\NOT DETERM NI STI C READS SQL DATA
SQ. SECURI T "DEFI NER
BEG N
END

The tasks of TopNplus_describe are:

1) Validate the input (Input_order_descr shall have a single column name, identifying a numeric column
in Input_row_descr).

2) Populate Input_request_descr (with the name of the ordering column).

3) Populate Initial_row_descr (with a single column, whose description can be copied from the order
column in Input_row_descr).

The DBMS constructs the cursor row descriptor from the requested row descriptor by appending the
pass-through input surrogate column.

© ISO/IEC 2021 - All rights reserved 133


https://iecnorm.com/api/?name=d034b06ad846dbb1790dcfd7c9420ff0

ISO/IEC 19075-7:2021(E)
13.6 TopNplus

The DBMS constructs the intermediate result row descriptor from the initial result row descriptor by
appending the pass-through output surrogate column.

Note that the cursor row descriptor and the intermediate result row descriptor are actually identical in
contents, consisting of the sort column and the surrogate column.

The logic of TopNplus_fulfill does the following:

1) Fetch the first Howmany rows from the cursor into the cursor row descriptor. For each of these rows,
copy the cursor row descriptor to the intermediate result row descriptor, and pipe the intermediate
result row descriptor to the DBMS.

2) Ifth

3) Afte
and

The DBNIS receives the intermediate result row descriptors that TopNplus_fulfillpipes out and

them to

1) The

Iere are any remaining rows, fetch them and sum the sort column in a variable.
a null to the second column.

pbtain the complete result row, as follows:
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first column of the intermediate result row becomes the only properresult column in the

partitioning columns are copied from invariant values on.the virtual processor receivi
It row. The partitioning columns are available on the lastrow, even if the output surrog

pass-through output surrogate column is expandedto obtain the non-partitioning coly
nput table. On the last row, when the output surrogate is null, this expands into null vallues for

scriptor,

expands
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