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~IOllla 1 iadtl'S may be aware that I have already discussed tl(e §QI. 
e~e Ir ._b In several other books. including the to11o ... 
~ 

,ii~ to INGRES (Addison-Wesley, 1987) 

• A~ to DB2 (Addison-Wesley, 3rd edition, 1989) 
• A OaiiM to SQL!DS (AddisoJl..Wesley, 1988) 

Thus, I am very conscious that I may be accused of writing th~ same 
bOOk over and over qain "until I get it right." However, the treatment Gf 
SQL fn the present boot differs from that in those other books in a number 
of iianificant w-.ys: 

9The second and third of these were written with a coauthor, Colln White. Colin 
also has a related b(!Ok In production, A Guide to ORACLE. due to be published 
by Ac{dison-Wesley bi the near future. 

ill 
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.. 

• finally, the book also indudes nnm erous mmmenta on (and critJcisma 
of) the standard, Such matw aial is iet off by "Conunent•1 and .. Bad of 
comment .. de1imiters, in order to be rea1 Uy distinguishable from the 
body of the text. 
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~lf:t:mcuutlS 
I am: diliahted. tb acbowfedae my debt to the many people fll;. 

lm.N;!fy dr indirectly, bl the production of this book. Pirit. it li !i. 
ackDO"Wledp my ~tude to Phil Shaw, the IBM repre1nnwt:U 

ttcJ. j$ iiSr Database Committee, for his patience and assistance with Rl)lf 
mtrr I 1w1 Mc:ftnbl questions. Second, I am pleased to be able to tbant m; 
~ RaooeU Flint. Carol Joyce, Geoff Sharman, and Phil SbllW 
<-* ro J'heir many helpful comments on the manuscript. Third. I am 
dB 1pq ~btal to my leq-suffering family and to numerous friends and COl.k<•• for their support throughout this project. Last, I am (as always) 
...._erw. t'o my editor, Blydia Davis, and to the staff at Addison-Wesley tor 
•bdr assistance and tbcir continually high standards of professionalism. It 
has'tlau1 (as always) a pleasure to work with them. 

Saratoga. California C. J. Date 
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All of these devetopmentt either have alrtady had. or are likely soon 
to have, a significant effect on the exkdns standard. It therefore K ms 
appropriate to upgrade this book to reflect these new developments; hence 

vi 
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~· f;lte oft1cill pronunciation is "ess cue di," ...but '"7!!.t 
y~ogc:eft .. ~ .. -was originally an abbreviatianW. 

Qlitryl,anaul&f." The SQL lng11qe co11sists of a set of B• 
•'11 jftft1ttng. inaaipulating, and controlling data in a rel•rionaJ 'Mtft­
~ p4er to undastaad wby the language bas become so widelipt rd tmliilDK"!ly ~it is helpful to have an appreciation of somoof 
tk W- elopments m dat•hase technology over the past eigbl* or 
iO •J.IMI· We therefore begin by S11D1marizina those developments. 

1. fil 19'70, B. F. Codd, at that time a member of the mM Reseatcb 1-alK>o 
'*''I ia San Jose, California, published a now clas$ic paper, 0 A Relational 
MOde1 ef Data for Large Shared Data Banks'' (Communications of IM 
.fCM, Vol 13, No. 6, June 1970), in which he laid down a set of abstuact 
priadples for database management: the so-called relational model. The 
enthc field of relational database technology has its origins in that fAi>Cl. 
Codd's ideas led directly to a sreat deal of experimentation and research In 
universities. industrial research laboratories, and similar establl$lunents, 
and that activity in tum led to the numerous relational products now avail­
able in the marketplace. The many advantages of the relational approach 
are far too well known to need repeating here; see, e.g., any of the books A 

l 
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S. Over the next several years, numeroas ether vendors also annemM:Od 
SQL-based products. Thoae announeemems included both entirely new 
products such as 00/ SQL 6)ata General CotPOtadon. 1984) and SYBASE 
(Sybase Inc., 1986), and SQL infilrfaces to established products such as 
INGRES (Relational Technology Inc., 1981, 1985) and the IDM (Britton­
Lee Int., 1982, 198S). There are now (late 1988) ocady 100 products in tbe 
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we are eo1*rMd prin1arlly with the ANSI/ISO venl6Q Gt 
:&' tB 'Ytt:liOli. that is usually meant when people refer to •'tJti 

,, flom this point forward, therefore, we will take the ll*I::­
_.. ••$QL" (aJso terms sucb as "standard SQL," "the .,. 

Ii~ oftlci•' standard, .. cic.) to refer to tbat version. When we Dtld 
tt le some .speriflc dia1ect other tban the ANSI/ISO version. we wilt •='ID ..,i>i'opriately qualified name, such as .. DB2 SQL" or. 
• SQL" or "SAA SQL" (etc.). 

In m.iilf ways. the~ standard is not particularly useful in itself; 
lt1Utae1n Cbai.raCterized, perhaps a little unkindly, as "the iptersection of 
~'*'"'~om,11• and as such Is severely deficient in a number 
orr...,.s(seeSectlon 1.2). Recognizing this fact, the ANSI and ISO com­
mtttm are cummtty at work on a set of proposed extensions to the base 
standaid. We will dlsa.tss some of those extensions In this book-but the 
reader is cautioned that they are only proposed extensions and are not (yel) 
part of the official standard, and hence are subject to possible change. 

-More accurately, this description refers to "Level I" of the standard (see Appendix 
C). But the comment does highlight a general cri1icism, which is 1ba1 the SQL stan­
dard, at least In its present form, does seem more concerned with protecting existing 
vendor implementations than with es1ablishlng a truly solid roundation for the fu­
ture. 
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• R,..-tldrt/#tcoaa· AM; :d:iOJ):$Jfel1'1Ql11-~ftOiW:Q~ 
Yironm 1 to aaotber ~the lltlld for ; ; t m'•1ett«tnma• 

• ~ /IOrlilbllitr. ~caik!Dr :til 1Ctti111,..,~ ~Ji ~ 
vet~ bf ddr4 t•• tJ softwme vea4on, 'cwn IWl "*"~ta•­
ety ofdiftiraullan:lware and aoftware eavbyiw e ;;11 • Ap;JieadQntcm 
be developed bl one eDWcmment (e.g:.:, ta a PC) ad t'Mn run. m 
another (e.g., on a larp mainftame). • 

•A word of caution 11 bl order here. SQL II oa1J a dot4N:re Janauap. Dat a cosn­
plete propa111mina Jeoal••; thus, a ryphl application YJil1 blvolve, not om:r SQL 
flalewcnts, bill alto stata•ievts bl 101DC bolt ftnpl,IL' sucb as COBOL The porta­
bility or 5UCh an applic:a6on will therefore obviously depead on the POrtabUitY of 
the host laquage u well as on that of SQL. 
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b. ...... ~ 'idut1/ IB fl nlalioatiJ.:/INH. 
d '.ti A'&J? pdlx .f. 'l'O quot& ftodl. that 

1-dflltltll' MSQL;Jn itl P1et11n• foam-. 
_.,"!A<NUl~s' in 811t imPQIWlt NSpec;fS, it faifi;ta 

:1ate•tw of the relatkonal model.11 The b ric 
--OD) Ji that, although there are welt establMhed 

• 4Ji •'8" of.fom;a1 tanpqp.1here is llttle evidence -=-1 ed ht. aocordaaoe with any such principles. As a 
is fiUec1 with Qmerous restrictions, ad hoc: comtrvctav-4 

~ .epedal ruta. These factors in turn make the language W 
Ml:ll11-. desHlbe.. teach, Jcam, remember, apply, and imp~ 

• --•irli•lf SQl. esp«/111& 18 se>lftJ1 deficient in several l'e$fJBC'8: 1*i ad.: _..to the deficiencies mentioned under the previous point (i.e., 4efi; 
dtft,'liel ~are intrinsic to the original SQL language per se), standatd 
SQL in particular suffers from certain additional deficiencies. Specilf­
ii8111, it fails to include any suppart at all for several functions that are 
~ n:edcd in practice (e.g., the DROP TABLE function), and it 
leaves as "hriplementation-defined" certain aspects that would be 
much better spelled out as part of the standard (e.g., the effect of cer­
tain operations on cursor position). As a result, it seems likely that 
every realistic implementation of the standard will necessarily include 
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ct )t« ii to pttlent a brief and vmy informal inbod•nMa 
me.1or tedlftiel of standard SQL. and thereby to J)a\te tti.f 

'II~ n11•Mina of the more tormat and th<>rouah trea'fllC ~ 
1n m~ chJpters. The chapter is loosely bued on Op 
• l>atabase: An Ourvicw") from the author•s book a• 

· Sdect.t W-rltings (Addison-Wesley. 1986). 
of dlc SQI. language is to support the definition, manipq.­

~- control of data in a relational database. A relational daklbose 
:.fl W\j41 a ..,..base that is perceived by the user as a collection of tab/G­
~l-le ii an unordered collection of rows ("relation .. is just a rnatbc­
maiical term for such a table). An example, the suppliers-and-pans data­
ti se. ii shown in Fig. 2.1 . Tables S, P, and SP in that figure represent, 
respecti\iely, suppliers, paru, and shipments of parts by suppliers. Note that 
ncb table ~ be thought of as a file, with the rows representing records 
and - columns fields. The SQL standard always uses the terms "row" 
and "'column," however, never "record" and "field,'' and in this book we 
will therefore generally do likewise. 

SQL .. data manipulation" statements-Le., SQL statements that per­
form data retrieval or updating functions- can be invoked either interac­
dvely or from within an application program. Fig. 2.2 illustrates both cases: 

1 



TERADATA, Ex. 1004, p. 22

(a) lttlNtiCtive in"*'10n: 

Rault: Clii 

(b) Invocation from /Pl uppliCt1tio11 JJroBlum (PL/ I): 

111C aQL sm.sm s.cur IMO :sc 

·- 8 n•a• a.SllO - '84' 1 

Rg. 2.2 SQL retrieval example 

Resuk: ac 
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C d'D' UIU(S) J10t llULL, 
-- cuaczoJ, 
.... WC1tt\L(3) 1 
C1i'i CH!P{U) I 
1*IN19Y DY ( 8llO ) J 

( IMt CHU(&) •OT WLL, 
IDD CUR(20), 
CCI.ca CDR(I) , 
tmIRr nmnn.L(l), 
Clfi CiPJt(l.5) , 
H ••ARY UY ( PlfO ) ) 

c•uaaa ,...,. n c .-o cvacs> MOT NULL, 
JRO CIPll(6) llOT inn.L, 
Qft DBCIJIAL( 5) I 

PRDQRY UY ( SNO, PRO l I 

Jl'ORBXGll DY ( 9lfO ) REFBRBNCBS S, 
IOICUGN DY ( PllO ) RftBRBNC28 P ) 

.... 2.3 Schema definition example 

•More accurately. a schema defines that piece of the database that is owned by $ODlC 
specific user. The complete- database definition will typically consist of multiple 
schemas, not just one. 
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2.3 DATA MANIPULATION 

There are four basic SQL data manipuladon ope!lations: SELECT, 
INSERT, UPDATE, and DELEIE. We have ab'ea~y given an example of 
SELECT (two versions) in .Ag. 2.2. Fig. 2.4 gives cumples of the other 
three operations-the so-called update operations. 
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'f:\1,-liitf•• unfertunateb' bas two me'Jiin&t in $(ti: i1 
tO-ntertOthetliree operations INSBXT., Uft'DATS, ad 

Mu.s...a ~ytorcfer to tile UPDATEo~ 
littw~ ;n the two meanings in this boot by ahia),Ji 

•JieD dle "8Uk me•nins is intended and upper cue whca 
•Wli ~ intJmded. 

lfl* ... DAl'B and DELETE opaations of Ag. 2.4 o~ 
f'<'WI; ch, not ju9' on a sing[c row. The same is true in~ 

OJC«atfons (though the INSERT of FJ8. 2.4 is actuaDy single:. 
illO for SBLBCT operations. Jn tbe case of SELECT, however, 

!L does not permit a multiple-row SELECT operation to bi 
~ _., (i.e •• as a separate statement in its own right}; instead~ it , .. *ifrr•ry to Uline a cursor having that SELECT operation as itt 
·~'"· 94 then to access the SELECTed rows one at a time by merns 
oJ~ ~. For tutorial reasons, however, we defer discussion or curson 
to~ 2.4, and assume for the time being that multiple-row SELBCTs 
can indeed be executed directly. (Note that single-row SELECTs can be 
exec~tect di,rectly, as shown in Fig. 2.2.) 

11le SEI.ECT operation has the general form "SELECT-FROM­
WHBkE," • illustrated in Fig. 2.5. (Note: The symbol "< >" in that 
figure stands for .. not equals.") Observe that the result of the SELECT is 
another table (one that is derived from an exlsting table, not one that Is 
stored in the database). Several points arise in connexion with this simple 
example: 

• The result table is ordered in accordance with the ORDER BY clause. If 
DESC (descending) is not specified, ASC (ascending) order is assumed. 
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- - - - -
SP 8llO BO • • • • 80 • •• ·=~''' ~ ••,l:!l!I - - - - --81 P1 81 l ,, u n. tpp$1'3 ••• 

81 ~ ••• -· 82 hrh -> Pl t• 1 non 
• • • • • • • 
• • • • • • • 
• • • • • 
82 pi ••• Pl Park 
• • • • • 

sn.acT SP.l'llO, 
;w n, a 

a.CDi 

........ SP.SllO • 8.SllO 

Fig. 2.6 Example Involving join 
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ancm CCAMtC*> s ... . 
SUZC'l' Ol!Jlll' ( DIS'tlW.::!r SP.BMO ) 4 
.... SP 

Ul.&C'l' SU11 ( SP.QTY ) 1000 
#W SP 
w•u1 SP.JllfO - 1n 1 

8BilBC'l' PHO, StJll ( SP. QTY ) 
PllOJt SP 
CROUP BY SP.PlfO 

--
WO - - .. 
Pl 600 
P2 1000 
P3 400 
P4 500 
1'5 500 
1'6 100 

PJg. 2.7 SQL ag:cgate function examples 

2.4 CURSOR OPEllATIONS 

As mentioned in Section 2.3, multiple-row SELECT operations cannot be 
executed directly in standard SQL. The reason for this state of affairs is 
that the standard is primarily concerned with the use of SQL in conjunction 
with programming languages such as PL/ l and COBOL, and such Ian-
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nur•11 •..,.<st, 
1•a,:itP Y I• ••o DllCCll ' 
W" .. lil I P• a•ll llilie{4} f 

•••c -8QL .,,.. C1 j 
DO tOr:i 811 1;011• am r eafl»o• T& W 21: C1 i 

me 8Ql. w Cl DIO ax, IY , 
pro,11• X .... S ' 
llCBC AL 1l»MR SP 

sn Q'ft' - an + i z 
w •• cao• t or en, , 

DD I 
UBC SQL cron C1 ' 

Rg. 2.8 £yample of the wie of a cursor 

•More accurately, with a specific "query exprasion.'' See Sections 7.2 (Ind 10.J. 
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ts:~ mm;liers'') acts as a kind of Window, thro._ 
c:p see the SNO, SNAME, and STATUS values (OllfY} of 

fable S for w.bich the Cl'i Y value is London (onfy). The 
~qg this vfew is not CJ1:eeuted when the view is created but 1$ 

~fid by the system in some way. But to the user it now ., 
tablealled LS really does exist in the database. Fig. 2.10 shows 

iiilPlle•f a retrieval apinst that table. 

n•ef t.s • .., 

& :.rmua < so 

Hg. 2.10 Retrieval againSt a view (example) 

--Result: s110 

S1 

" 

Operations againgt a view are handled (conceptually) by replacing refer­
enc:a to the view by the view definition (i.e., by the SELECT ope1ation 
that was remembered by the system). The system thus logically "merges" 
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2.6 DATA CONT.KOL 

As menttoacg..m Section 2.1. SQL ~ ftt..W.la for dJtt eoiUtOl as 
well as for data definition arul data m•O,ufadon. The data c:ontrol t'tdlf1ia1 
fall into three categorlea: (a) 1C1Cmity, (b) iatq1lty, and (c) recovery ancl 
concurrency. 

Security 

There are two aspects to security in SQL. the view mechanisiD and the 
GRANT operation. First, views can be used to hide sensitive data from 
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MJ~ 1b em:ate any SQL stara•• "' '-' ~ 
prltillia1 for the combhwkm. Of 0¥. ilia. 

ierwlle the statement 1YiB be rej~ TlW 
..... flt.,..C'"'t~ UPDAT:R.. DELBIB, aad JNSEllT (iep,l'ifi 

JeBD the pr1vl¥ to perform the indicated operath\Ml ;p 
i)t atao RRfl'BRENCP$ (see Chapters 4 and 5 for: an 

Mthe QPBRBNCSS privilep). Io tbe case of UPDATE, tle 
bJ 1'.tJJtttcted to spcioific columns. Privileges are asnaned 81 

• ~fft....., ctitetes a table is automadcally granted all applicable pfM.. 
• :• i'bat ~le, .. with tbct grant option." 

• • .,.. boldina a privilege "with the grant opdon" can in tut~ 8l'*6'.lt 
M ~ to another user, and moreover can optionally pasa the 
gaant option OD to that other user (so that that user in tum can go oat 

to trll4t the privilege to a third party, and so on). 

• Granting privileges is performed by means of the GRANT operation, 
which is Sl*'ified as part of the database definition (i.e., in the 
schema). 

Some examples of GRANT are shown in Fig. 2.14. 
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• l:EPBllBNCBS: An a1H1 dw: ~ ot~ a foctil'• Mj. 
eptn, iee Oapt~r ' · 
For .,.pt..,, ess. twe futtliet iDt£11:itY fciltGiei sboutd if!o lie • !Jf. 

tioned hare, data type ch sakbil and -... ~~ Option." Fks4 sti;; d 
reject any IUtempt to violate claca t)i>J ftlll ilfatims e.a., an .m••apt ~ 
insert a cbaractcr striDa value lntoa eoJmnn deffRcd u DBCIMAL S11~ 
SQL also supperts the clause WffH CHECK OPTION on C1U!A1'I 
VIEW. For detaiJS of the check option. the re c1er la marted to Cbapttc t . 

Recovery and Concurrency 

Standard SQL Includes support for the transaction concept. A tutorial on 
transaction management and the associated concepts of recovery and con-
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With DB% Of so. other existing SQL implementatiQG d 
• ~ of differences between SQL as desuibed in dJia 
L ua1nM}J implernentecl. We sketch some of those diflet,. 

MO$t of the features identified below (for brevity) a 
...,,,. dbect countcrparta in many other SQL producti. 

(a) OD1Y data manipulation opea ations can be invoked both interactively 
and from within a program; 

(b) Data definition operations can be invoked only in the context of a 
"scbem•"- i.e., as part 0f the database definition; and while the stan­
dard does not apecify bow the database defmition is entered into the 
system (see the next point below), it does seem as if the database defini-



TERADATA, Ex. 1004, p. 34

•The separation of definitional and ~e ~ in the RUdard wu 
deliberate: It allowed the eammittC8 to avoid certain lanpage detinldon problam 
that arise from the possibility of inteileavina the two th)ds of opaadon •phgt tbe 
same table. However, it Is easy to lose liaht of this ration•1e upeciaDy as there ii 
no mention or it in the official stmdarcl document-and the sepanation per se is 
unfortunate, to say the least. 
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~- yahte, ~•bt&J,IO 
M •b II 'IC ll dLaJsabfie 
...... ttibilit, "'•> 

if *'Widf md'0th1nate that the DB2 "RR" --• ... 
-. ,Prell'Ul. aiJ1tt it can affect program Jollc (not a riDr 

• ~DO COlliment. r tor JtBVOKE is deeirable. 
ti) •• -pm for PIUMARY KEYs (and FORBIGN .KIW1),a­
~SOtbalof tbe ICllldard; howcvcr, aupporl for UNIQUEa)l«'ltjl­
·ffi !ji'41: deilirable also. Support for the CHECK dause ii also: ne: ! E'f, 
ti, 'WbiJe it ii difficult to see bow the X3H2 commftlee coWd 1-W 
-•

1fW a, standan;l catalog structure. the fact is that amserall#d appH · 
~'1oarams, at least. do frequently need to read and interpret cata­
l0thlfo1•1ation, precisely because of' their generalized nature. (An ex. 
nq;lct Of such a generalized application is lBM's own Query 
Manq 1 n1ent Facility QMF, which is an ad hoc query and report-writing 
w•'tnd subsyltan for both DB2 and SQL/05.) The lack of a stan­
dard catalog structure is likely to impose severe limitations on the por­
tability of such app~ons. 

End of comments. 
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itarts With an unddined DOl:ion, the notion. Of am. 
lli, W lilllJ What it ts that COmtitUtes 8ll environment to!' iDJ 

ii left for that implementation to specify). Baeh • 
:l fl; eil ao laclw:le just a single dat"""6t (in other words. 8"11J 
~am Qpc:rata on just one database). The database for a 

JI clefb\ed to be the qaregate of all data defined bY Ill 
eufion= 1 it. Bach scbem• in turn conaists of a set of base 
• a set of view definitions, and a set of privilege- definitions 

~ operatk>m). Privileses are discussed in Section 3.3; base tables 
• •• ate dilcussed below. 
i. Tbo data in the database is perceived by the user as a collection of 

lfl ; ;ri1 tabla, no rtro of which have the same name. Each nau+ed table is 
eJtl'iir a bltlJe table or a viewed table (view for short). A base table is a 
0 t'Cll0 tabl~ i.e., it is a named, autonomous table (where .. autonomom" 
marns ••not defined in terms of any other table(s)"). A view is a .. virtual,. 
table i.e •• it ls a named. derived table (where .. derived" m=ans ••not auto-
110ID®a"). Base tables and views are created by CREATE TABLE and 
CllBATB VIEW operations, respectively; the standard does not specify any 
means for destroying them. Note: The result of evaluating a query expres-

23 
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'NO--•.•• fltM!(idQ\ ......... ,, .. 4'i&!q11, 

• Mo&e&tlilttb1 'tilmmo•-.M18W1ai%f , .... ,or. .... 
conaile;ed to be~ UJP t«> ~.!Jt.i'.#ttf.tlt. •••:ti: 
Sa tml.3, to~ an.,.... aa.dtW Q»1W)·:w'1en .__..•Ats 
in tesiJCl"iae to a queey, but such aa oad 11 g MOnl4 be rq; 1le~• 
nothial more thtn a comeaience tor tile mer-it f& :not Ji1Ut of S ~~~ 
notion of ""table" per se. 

• In CMt FGt to the .first point, the cohnlhm of a table are c:one'dtrild .to 
be ordered. left to Jiabt, Foreumple. ill tUJe S <* Ji1a. U in Cb_. 
2), colQinD SN0 is the first oot\mm, column SNAME is the ll!ICond • 
umn, and so on. Nole; Actually th:te are very few si1t1•ti<ms in wbida 
that left-to-right ordainj is significant, and even those can be avoidecl 
with a little discipline. Such avoidance is generally to be rec:ommcilded 
in practice, for reasons out!ined in APPl'Odix F (Stction F.8). 
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rJ&IEI !IJ' trlCf or flPJltt»dn'llM. 
liil a pedsfoa (p) aad a scale (q). where p >"-• q 

(@t!P > D). 'Silcla a num• c:onsistl of p aipifttlilt 4iiiQ 
11'.~ ..... to 

,.. ( 10 .. (-q) ) 

nil tbe inteaer value or the p significant digits (and when -
lOf eqwentiedon; note, however, that standard SQL does 

rt tacb an operator). 

number bas a precision (p), where p > 0. Such a 
comlats of a signed mantissa (m) of p significant digits u6 
apo4ent (e), and bu a value approximately equal to 

m• ( 10 •• e) 

• • llWDbers can be compared with one another; such compad-
9RS ail performed ataebraically. 

• :/mJ atn'na can be assigned to an object of string type. The source string 
li'CODCCptua11y truncated on the right or padded on the right with space 
Cbili'acrcn (as neces'l81'}') to make it the same length as thtt Jarget object 
Were the assignment is ~formed. 

• A.ny nwnber, exact or approximate, can be assigned to an object of 
appi'OXimate numeric type. Only an exact number can be assigned to 
an object of exact numeric type. In either case, the source number is 
amceptually converted to the precision (and scale, if applicable) of the 
target object before the assignment is performed. 

• Note that numbers and strings cannot be compared with each other, 
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1Wo lflllCi•I ~aat9", JS NUU. and IS NOr NULL. are prOliid d Mi 
testing~··,, .... a sivea scalar .... ii or Is not null. see~ w 
10. 

• The previous paint notwithstandiq, lWO auUs fl1'tl eoasfde ed to h 
equal to each other (equivalentlY. to be duplicates of " •h other) for 
purposes of duplic:ate elimination (()JSJ INCi') and sroupiq (GROUP 
BY) and ordering (ORDER. BY). Note too that if a eoJumn is defined 
to be UNIQUE, it must also be defined to be NOT NULL (see Chapter 
4). 
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1 .. --~to define a standard application programming version of 
~.._ANSI X3H2 committee was faced with a major (though nontecb­
liicat) psobl) •n: ANSI standard versions of languages such as COBOL and 
PLll •already defined, and ANSI committees (e.g., X3J4, in the-case of 
COBO[.~ a1ready exist to protect those standard definitions. Extending each 
Of those standard languages separately to include the required SQL function 
WOOldilivolve an enormous amount of work-work, moreover, that gener­
ally woiald have little to do with database technology per se-and would 
delay the appearance of a SQL standard by many years. Consequently, 
XJH2 proposed the so-called module language approach. 
2. The module language consists essentially of a small language for ex­

pressing SQL data manipulation operations in pure SQL syntactic form. A 
procedure in the module language consists basically of a set of parameter 
declarations and a single SQL statemenl formulated in terms of those pa­
rameters. For example: 
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In other words, the relationship betwe 1 die J;oet taaavw-8114 *id rl 
SQL ia aulegous to (ad.U•Uy id a Uni to) that 1ittwe- JI two 1Kiit1SijU8'W. 

The tio.t ta""aage P1'0lf8DJ Qdlsa~~PiOlf• O·•~ ••*'"' 
na1 ~ that happ , .. r.o lH: wri1cea1 In SQL.. instead ef in the bf8ll 
language _iler consideration or in some e«:I er host ...,.....,. 

3. The X3H2 committee did not n1c111arily infcnd (or O\ieu primarily in­
tend) that users actually code direct ....U. to the module Janguap aa shown 
in the example above. Instead, the normal method of opaadon is to embed 
SQL statements direc:tly into the text of the boat l•n11•age program. as Illus­
trated by Figs. 2.2 and 2.8 in Chapter 2. An embedded SQL ex•mplc cor. 
sponding to the direct call example above might appear as shown below. 



TERADATA, Ex. 1004, p. 43

IQL sp e Walkm includes a set or 0 annexes" or app:~ncflxtt 
•• .- ae) ckfinins embedded versions of SQL ror 

nt\N, hscal, and PL/I. We defer our d~scription of the 
•'l!eittfht& SQL into such languages to Chapter 11. 

•~'dat1ht$0dule language IQ)proach does not preclude tilt J)OSSlDiJ. 
R ".,,...., mcndbaJ the host languages to provide native SQL sup­
-~8.i!ev:m:, the SQL 8laDdard does not explicitly propose any such na­
k ..... t for tbC reasons outlined earlier. 
$. we,;;Jaaotber aample of the use of the module language to illustrate 

dMi pnll(.tllat, in general, parameters also serve as the mechanism by wbicb 
YllM• *"' be tetumed to the invoking program. Of course, this point has 
..., bt 11 lllDstrated by the DEI.ETE example above for the special case 
Of the.sQLCODE parameter. 

~: 

Gn'_DIGllT 
SQLCODB 
PlrO_PAPNI CllAR(6) 

SVBCT P.::-PAR.\M DEClMAL(l) 1 

Ilft'O lfBIGHT PARA11 
, .. p -
lhikl P.PKO - PlfO_PAIWI I 
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• To create a b~ table Tl, no SfJC'Cial privileges are needed unlos table 
TI includes a foreign key referencing some base table T l , in which case 
the REFERENCES privilege is needed on all columns of Tl referenced 
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~ • n111d~, to create a IChemL 

\ft& ~1'Se t•l!h JKilda all privilf8" OD that hue table. t'llcf 
W• 811 l'd'B•• OD that view that ''mak~ ..,,.., .. : 

Is 1'14arplik (ae Chapter 9) and the owner bolds ti.e 
M/or the UPl>ATB and/or the om ,B'l'B priVilege on tbi 
~ er• tM owner holds those same priY.lleses on ~e 

the ~Qe or UPDATE. or coutse, the owner bolds the prMJw: .,..M of the view that correspond to coh•mn• For which he 
die privlt• on the underlying table.) 

"' the o,wner holds just the SELECT privilege on the view. 

4.. ~ ot an object can grant privileges on that object to otber 
1 •:J!.1J;1•1na of the GRANT operation (specified in the schema). Also, 
1f illt: 11•"" IOllle privilege P to user B, then user A has the option of 
ill•nct;c .. PJ'.fvil:gc P to user B "with the gram option" (via the clause 
"WJTll'R 01t6NT OPTION in the GRANT operation). Orantil'lg a pril'ilege 
with the pa!Jf option me ... s that the recipient of the privilege can in tum 
atantthat eame privilege-with or without the grant option-to some fur­
ther .-. No user can grant a privilege not held by that user. 
5. Bach module also bas an associated authorization identifier (i.e., user). 

The user represented by that authorization identifier must hold all necessary 
pri'llleges for all SQL statements contained in that module. Note that a 
siqlc module (possibly even a single SQL statement) can refer to tables 
from. multiple schemas. 
6. Tables (base tables and views) are identified by a two-pan name of the 

form U.T, where "U" is a user name (authorization identifier) and "T" is 
a simple (i.e., unqualified) identifier. Tables defined in different schemas 
can have the same unqualified name; 1hus, e.g., the names Ul.T arid U2.T 
(where U 1 and U2 are two distinct user names) identify two distinct tables. 
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~ lf;e PfOji'aDl hwokes a SQL operation and no transaction is currently 
~lot that program, then one is automatically initiated. Eacb subse­
ma [d .bwoc••ion of a SQL operatiqn by the same program is considered to 
be tart of that same &nmsaction, until the transaction terminates. Traosac-
1.ionS thus C'!Mot be nested. 

3. A transaction terminates by executing either a COMMIT WORK oper­
ild.on (normal or successful termination) or a ROLLBACK WORK opera­
tion, (abnormal or unsuccessful termination). SuccesJful termination is 
called "termination with commit"; unsuccessful termination is called "ter­
mination with rollback.'' 

4. The standard does net specify what should happen if a transaction faih 
to terminate with either an explicit COMMIT WORK or an explicit 
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"-'I)<"· •••-•J 
-plus a space cbanctet. The com.P.lD di'tlrfettr~ -~ r0JM1ft) 
qucnee for tbat character Nt.care bOlb 1 pier ·~c ed. 

UtenJa 

llteratS (atso.alhd con•ams. though n*a 1 nt., '.is' not an Cl'ftbial ..,... 
dard term) are of two types, cbarlClcr string Cmina tOr abort) 11114 mm 11~ 
A string Utenl COD8ists of a aeqlff"Cle of dlaradets enclosed ill liW 
quotes; within sucb a literal. the sfn8le quete ~ itNlf bl 1opeaellited 
by two immediar.efy consecutive sinsle quotes, Evmples: 

•The newline market Is optional. The implemauatiou is free to mark "end of line'' 
in some way other than by IM"'I of a distfnauished character, If it cboo••· 
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,_.,I .)mfti in tile language. A token Is either a delindW "ft..,,,... is either a strlng literal or one of tlM fqU~ 

·lil·-'·'.f-- ·:)I < > • • - + - * I <> C• -

l$ ~ts a llU1llfJriC littnl, an identifier, or a key word. An idtntl­
M Mi: .... of not more than 18 characters, or which the first must be 
~.t@IC t•e letiet; the rest can be any combinadon or upper case letters. 
dijJW; aM the UDdencore character (_), except that adjacent underscores 
are not:dowed. The following are all identifiers: 

~OD identiriers 

~table names 
~ cohamn names 
range variable names (or "correlation names"-see Section 10.S) 

cursor names 
module names 

procedure names 
parameter names 

A key word is a name that has some prescribed meaning within the SQL 
language itself. Key words are reservell (i.e., no key word can be used as 
an idendfier), The key words are as follows: 
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Unlqaenw of N•11 e• 
For convenience, we SUJllJJJ8riu below 1he ,.... r~lng nnf&pt!l"I 1•s of 
names: 

1. Within a given "cnviromncnt"' (see S1ctkm. 3.1). DO IWO sch I ...... 
the s•me owner (autbOrlzation ID). 

2. Within a given schema, no two tables (base tables and/or views) baVe 
the same unqnalified name. 

3. Within a given table (base table or view). no two columns have the same 
unqualified name. 
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• •··1~'-ve usell co indk:are that the matealal ~ ;ril"' 
J! Hfu Of a'll!t of aevtral items (separaledl'ly verttcal iWll) 
111.dtf OM la to be chosen. 

Aeetple. we shoW a set of producth>n rulei for tb.e ~­
llt.el!al" (clefhied infos 111aUy in the previous *'*'l· 

~- : l 
I '1( l:"il" 7 

I to-literal 
• ~ ... l U I ti ii ric-liba:al 

~ '; t 10-Jfi.""*1 
~ ~' l li!:,,l0~1~1= [ , [ int1;iu J J I . intepr J 

~ • o~ a 1ric-literal B •19r•d-inteqer •.. ,.,, .. , 
,.~ [ + - l lnUpr 

TM<e1c•rf Hfntt1ger" is not further defined; i.e., it is a terminal category 
rill RIJJlllt to this simple example. (Note, incidentally, that although the 
ji'Qdwt\i111 rules shown.in this example include numerous embedded Space$ 

ft)t JIJ: la)Dtty reasons, a numeric literal is a token-see Section 3.4-and 
thus ia fact must not include any such spaces.) 

So far eur BNF notation is essentially the same as that used in the SQL 
standard docmnmt•ation. However, we introduce two further simplifying 
c:oiWmltiom of our own, as follows: 

*In this boOk, however, some of the pr<)(tuction rules at the lowest leVel of detail, 
8\ICh as the rule that defines the construction of ~ id~tifier, are not shown in 
npllclt BNF style but are merely described informally in the text. 
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language 

~ we C01llider cf#tabase definition in some detail. Recall frt>m 
a database is defined by one or more schemflS, created by 

iil~htnur tlqinltlon language. The following is a syntax for that 
~ i('l'he sYntax u shown is accurate so far as It goes, but sev.-al 
~.- aellbe:ratcly omitted for now.) 

--1 S-- "'8"M'P 8* a •• 
.11J'.l'BORlDTIOJr user 

[ •"~ ••-el• 1nt-liat ) 

:it'bll -el Ztnt 
aa• -•••-table-definition 

I vtew-detinltion 
grant-operation 

bue-table 4-ti!lition 
: :• CRltATI: TABLE base-table 

C baaa-tabla-element-c011111aliat ) 

39 
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A.I ibo 4)UtJt ~~-... J. "):Kl'• f$ t1W lOf .­
clauee, IUl.AUTHO~M leo-M.lO.• 18Bqil 
opes:adoa and/or ¥few. dt fi•ll"" udlor •• 
AUTHORIZATION dMe~ dle•n= liflllM'-11~ 
views din, v' bl Chis •t•J•.a, * Chi~•!JtQr~•pr:Ml!ll111 
any 11aut,qpeqdons mtlds" ..... eddu~---· -~ 
ter 9; base tables and )7dVJleaeS aR •scws:d la WODi '-MA .,.~ 
pres nt o1>11cer (im-ept that cutaiD. hnpntat aspeats of 11111 taM 11> 

namely pahnary and fOrmsn keys,, are clefecnd to~ 5). 

Comment: ~expaeilioa ·~~~~lYc»GA•dbg., 
It would have bclen more consfstent te call tk OJ)etation (e.g.) 
"CREATE .DATABASE .. (by analogy with CREA.TB TABL'B 
and CREATE VIEW). Otherwise why not (e.g.) CREATB TABLB 
DEFINffiON an4 CREATE VIEW DEPINJTION? By the same to­
ken, "schema definition language'' should really be just "schema lan­
guage' ' (by analogy with "module language"). End of comment. 
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¥1 B »to• t _, an..i. 1 r lldault..._ttait:lon l 

&.die~ n•mc for tbceohunn in question, '•dats 
tile oetumn data type. NOT NULL ii as explained In CftQ­
.1>.:• "default cfef!nttion"' is explained below. The~ 

la $QL data manipulation operations by the mnno 'CC,, 
~911ffied or unqulificd name or the bue table that l:OMaiDI 

Md C is the Jclentifier specift.ed in the column definition. t 
fill~ .. default definition" takes the form 

cs Fwl"1'W:P s 
( HO CMP(S) llOT NULL, 

•'lll'Tlt QfQ(IO) DBJ"ADm' ' ???' 1 
8'lA!U8 DIC•'hl·(3) llOT NULL DEl'AUl.11' O, 
Clft CBap ( 1.5) Dll'AUL'l' ' ' , 

••••• J 

•Actually tile n•me can be qualified, but If It is, then the! qualifier must be the 
authoriiation identifiet specified in the scheltlll AUTHORIZATION cla11$C. 
tit can also be referenced by the name R.C., where R Is the! name of a range varlab~ 
(or .. eorrelation ~ble") that ranges over T. Sec Section 10.5. 
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Notes; 

l . CHAltACTER, DECJMAL, aad INTBGE!R C$l be ...,.itll't•tltl 
to CHAR, DEC, and INT, rzpectfw!J. SMALLINT ct111iiOI bi. "I[ 11 ~ 
breviated•• to SMALLJNTBOER.. )tote also that tlmte ii na SINQt.8 
PRECISION. 
2. NUMEiic, DECIMAL, INTEOER. and SMAl.LINT are exact .. 

meric data types. FLOAT, DOtJBLB PRECISION, mid REAL are approx£. 
mate numeric data types. 
3. "Length," "precision," and "scale .. are all UDSigned nonnegative deci· 

mal integers (greater than zero in the case of "lenatb" and .. p1ec:ision''). 
For a given NUMERIC or DECIMAL column, the value of "precision•• 
must be greater than or equal to the value of "scale." The default values for 



TERADATA, Ex. 1004, p. 57

•now to (base) table consttaints. A tableconsuamt:ft 

hJ.ik+•nt•ion 

'11iit tall •!llilt ii an oversimplification. The only data type that Is truly C:OllUllOll 
to.abllcW J8npqes Is probably rued length character string$. Thus, for exam~ 
it a.SQLtable ladudea a column defined as DEClMAL(S,3), then that column can 
be ncrn1d from a PL/I program without any problem, because PUI includes a 
prtdiety$18k)gous data type. It can also be act..-esscd from a FORTRAN prOjpam, 
but bere dlere may well be problems. because FORTRAN d~ not include a prc­
clsely aalogous data type; thus those DECIMAL(S,3) values will have to be con­
vcnccl &o (e.g.) REAL values, with possible convenion errors. 
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The purpose of a CHECK Clause is to ap:edfl1 a conctitiOn-le., an uues11*Y 
constraint-that must be satitfied .by an rows in the base:tabla ia q1ICl8d-. 
at all times. Here is an ex•mple: 

•This i5 a SQL requirement, not a requirement or the underlying relational model. 
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... 
.-------, ~~ • : : : i..c. ( 8.S'l'ATUB U'l'N&Bll 10 UtD 100 ) 1 Ctn ••• ....,. c 8.c11•t Df c 'Athens•, 'tondon', 

'Jltldrld' , 'OS1o' , 
'Paria', 'R 1') ) , •••+ c a.cur <> 'LOndon• OR 8.STATUS - 20 > > 

~~. that tM third CHECK clause here must be specified at the 
tabliJ le•crl. 'because ft refers to two distinct columns. 

~: Note that the familiar NOT NULL specification at the col­
umn level can be regarded as a shorthand for a CHECK clause. For 
example, the column definition 

8'1'UU8 DECDIAL(3} lfO'l' lfULii 

(part of the definition of base table S) is really just shorthand for 
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No special privffe&tS are accded to m 11e a sehema. 
If T is a table (base tabte or view) arid 0 Ii an operatlOtt that can \faHdl;' 

be performed on T. then. uaer Ul bolds tile privilege to perforat 0 on T if 
and only if either 

(a) U I is the owner of T, or 
(b) U 1 has been explicitly granted that privilege by another user U2, where 

U2 holds that privJ1ege "with the grant option" (sec below). 
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;t,l.M.o'N "'*ii a qua1ifled or~ taba •--­
• base iable or a view); and 

fi;ekbff an autborim.tion ideJitifier or the 15JA1Clal My 

see PJa. 2.14 in Section 2.6. 
pilileathesiml commafist of column names in the case Of 

K81'BlmNCES) is equivalent to including such a commalilt 
d mlumna in the table. ALL is shorthand for all privfle0$ 

ranlto:r ~ or without the srant option) on the table. 
is Just noise. PUBLIC is shorthand for all users (i.e., all 
ktentlfiers). Note: If privilege P bas been gi•n•ed to 

~.:it'hcm user U automatically enjoys privilege P even if user U was 
Daitlqao•a to the S)'atan at the time the grant was made. 

'\l'tie user i•strlng the GRANT operation (i.e., the user identified by the 
AlJTRORIZATION clause for the containing schema) must either 

(a) be tho owner of the table on which the privileges are being granted (i.e., 
that table must be created in the same schema), or 

(b) have been granted those privileges by some other user "with the grant 
option" (sec below). 

No user can grant a privilege nol held by that user. 
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Monti: 

••• ---· ... ----- ' 
WbeotbeSBJt!Cfoperadonfn: .... MaJs.ncvtd.ad1MtlMtF 

just part rows for parlS 11\tPPW by w)llllJ1 81. 
In piac&i, USBlt is very likely to be u11 ii mconJunction with 0RAMa 

to PUBUC, as the example suppcsts, 
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ti~.tartS 

1'~~ defbiltion Is a particular case of a base table constraint (see 
~~ ... syllt8X ii 

w.f TV~ ••coJumn•• is the unqualified name of a coh•mn of the base table 
in~ The identified column or combination of columns constitutes 
tbe PtflntirY k._, (i.e .• principal unique identifier) for the base table whose 
ddnitlon COdtains the primary key definition. For example: 

caan ,..!WI! s 
( 8110 MftR(5) NOT mn:.I., 

SIWD ctll .. (20) DEFAULT '???', 
S'l'A'l'US DECIMIU.( 3) NOT NULL DEFAULT 0, 
Cl'J!i CH'"Jl ( l S) DEFAUtll' ' ' 1 

P&DWlY DY ( SNO I I 

Jn general. the specification 

49 
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5.Z JIODIGN Kitti 
Ctnrumnt: The foadjU tey CORCLJl u originally defined in the tilai.. 
tional JbOClel is eatA ntiaJJy stiaiahtfaatd. llowe+er, tl1e standard SQL 
support for that conc:ept unfortUdtdY iattOduc:es a COD8iderable d(tar• 
of unnecessary complexity. In wbat foDows. we explain the basfc Ideas 
first, then get into the specifics of SQL per se afterwards. End of com­
men1. 
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in *-a am -D or some other MQl'HBR (ate.~ 
if PIW"'-f k'1 and MOIHEk is a fweian mntMdli Ji 
~ER value in a given row must " equal tO tlie 
~QtMrfOW), 

en•11ifc ii actually just a special case of a ipore gcmJ1i1 
... ti. 8itnadon In which thel'C! is a cycle or tables Tl, 1Z 
1 - audt that Tl includes a foreign key referencing 1'2, T2 

-Merencing Tl, and so on, •.•• , and Tn indudea 
-~Tl. 

'!. W GllLl'>OF example also serves to illustrate another point­___ ?of_ byi (unlike primary keys) mUJt sometimes be allowed 
to MlQ .anU., In the case at band, there Will presumably be at least one 
row1R** :e11 OOP table for which the MOTHER is unknown. (In the 
lti"d-infactt a cye1e involving multiple tables must have nulls pern1itted 
.f'oi' It Inst one of the foreign keys, for otherwise there would ~ no way 
to to·m the first row into the cycle.) Note, however, that foreign keys must 
Km On a1 be allowed to accept nulls even in cases where there is no cycle 
involved. 

4. A given foreign key value represents a reference from the row(s) con­
t•hting it to the row containing the matching primary key value. For that 
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ltt: 
PJ 

Tho Ont of the twe FORBIGN JaW 1ila .. sw lc:e II_. di.at 
SP.SNO is a foreip key matobiD& the pife•ey bt,.et. t.tNe S: ~ 
dcfiaitkm of table Smut :include .n •tll...,.,.~'Y dY 
cation for this FOREIGN XBY 4fJl'ffJomie.n 10 lre l sat). The l!!l'@OI 
FOREIGN JCEY clause is analogous.. 

Note l::.lt 10 happeJJS in ear_.,,., le that; u of the two fo.uiJttl W 
is a COJDPonent of the primary key af the antahliq table. Howmr, -
is not a requirement. In fact, flllY colut1111 (or combination of columns) Cltl 
be a foreign key. For example, column Cl'I t' of table S might be a fol'd"p 
key, if the database included another table rcpres=0 tina cities. 

Note 2: If a foreign key is sinsfe column, as in both eumpl- above; 
the REFERENCES specification can be included in the column definition 
instead of being made part of a separate FOREIGN KEY clause. For ex .. 
ample: 
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Comirr ... There are some language definition problems in this m za. 
n: il not dear that the standard really does support the definition of "'* 81 c!rimed. See also the comment regarding the REFERENCES 
~ at the end of this section. End of comment. 

7. Let 1'2.PK be a foreign key and let Tl .CIC be the matching candidate 
key. Let T2.PK and Tl .CK consist of n columns each. So far as the stan­
dard Js concerned, the referential constraint between T2.FK and Tl.CK is 
considered to be satisfied if and only if every row 12 of table T2 is such that 
eUw: 

(a) Some component column of T2.FK contains a null in row t2 (if nulls 
are allowed for that component of T2.FK), or 

(b) There exists a row ti in Tl with ti .CK equal to t2.FK (i.e., c:Very com-
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GPWI' [ ( oolwww a 1 f.9t l 1 
Oil beee ·taJ>l• 
-~lift 

[ Ilia GPMT OPtlOS J 

Each 0 column" in the optional "cOlu•nn commalist0 is idenrified by its 
unqualified name. Omitting the "coJumn cemmalist" is equivalent to speci­
fying all columns of the table identified in tbe ON clause. 
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fWiifPU1Jtiftn statanents are specified In a bost-languqeo 
Wesner by mesas of modules andproced11rttS, which arc writ­

ltllfp qe. The syntax of that language is as follows: 

}11!~1 'Gtlnitlcm 
fllio a.>DUt.11 r llOCJUJ.e ] 

1+•waoi ( COBOL J fOR'tJIU I PASCAL I PLI I 
Mli & 4 TZM'10lf user 

[ Dl II l--daf~tlon-11-t ] 
11zoaeda1; d;flnltion-1191: 

011Z•or ttflnltlon 
·~ ... a- Chapt;r 7. 

pracallll"• l;f(njtion 
11• Pl!OCIWU pzocedllra 

par:m1ter-de£inition-list 1 
••nfp!l111tive-at:atement 1 
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Each pararo• defktltioR 'ha a ~u• (Other thM SQ®tlB} cw.afl'11'F. 
of a parameter ume ad a d111 tJpeo ratawteas are •1ed .lc)'.1ep111 m: ~~ 
(a) "Taqm•• (i.e •• host prqgram \'lrirMea iillo which qtar values • • 

be reuieved). In this capacity, •Jl eter can app: ar (,n)J •the Opet• 
and of an INTO clause in a F.B'tCH or SBI .Ecr statan11111 

(b) Scalar values that are passed from the host program. In this cape '''• 
a parameter can appear in a SQL d la manip1daticm lbtlement any­
where a literal can appear-i.e., as an ele1nc•nt witJUn any of the follow­
ing (more precisely, as an el"'!iidt within an arlrhrndic expression 
within any of the following, if the parameter in question is numeric): 
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tQt;mDI 

..... a data manipuladon statements. and Stat if;c1ot 
-~ c. and the unqualified name of C Jatho of._....,....._ defined in P, then the reference (9 e 

~ ror •·-JllPe= 

1'hearac11oent corraponding to the SQLCODE parameter is used to receive 
a rttu:m cede (r, say) indicating what happened when the manipulative 
staten1111t (S, say) was executed. Values of r are defined as follows: 

L If S executed successfully, then: 
a. If S was any of the following: 

• a FE I CH for which there was no next row 
• a SELECT or INSERT . . . SELECT for whi~ no rows were 

found 
• a "searched'' UPDATE for which rhere were no rows to update 
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p ..,­

PIA 

WW 

Note 1: "SQLCODE" in the taNe Rtm to the hod•« r1 M 
corresponds to the SQLCODB _..,, ateti the ih'l typlllhoMimM• 
11mn are lmlt Uta t)IPOS. Tmdeta lb• iii.die·~ ptttamift#i" .... m 
are SQL •tJir.Aa~ da18 t.ypet. 

Note 2: Actually, the official ataedanl dac:ument conr••ns aevn ~ 
tradictions ooncernin1 Jepl parameter data types. For e:umpJC-. in the CIM 
of PL/I, in one place it states that the o.nty-parameter data typtl supported 
are CHARACTER, DECIMAL, and FLOAT (as shown kl the table), in 
another it states that INTEGER is p ; 11dtted also (thouah apparently 
SMALUNT is not). S'uniJar remarks apply to COBOL (but not FORTRAN 
or Pascal). The table gives the most restrictive interpretation in each case. 
The reader is referred to the standard document itself for further det•il1, 
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•d*fun~ll OP~ 
llOl1doalnl J>Br BIB) 

*4 llODClUdOI' opaatioas are discussed fa Cha..,. 
• eoMMlT and ROI I BACIC are discussed at Che CA(! 

J' ¥«• ill Section 6.4 (for want of a more approprlato 
+ta 'iiillldpulation statements are guaranteed to be atom/I:, 

ID error occurs durina the execution of such a statem• 
:tbJ darabue is as if the statement bad never been executed at 

i~ Di1DICA10Jt PAllAMETERS 

Mdi"iJ!Q!I • 1iedal treatment in the module language (as indeed they do 
ll•6Glt neiywbere). Consider the following example of a procCdure that 
COJ .. a SELECT statement: 

8 11.W:! P•tBIGHf 
DIO 1'1%cam'_l'AJWI 

·- l' W41R• P.l'llG• PllO_ PAR'M I 

Suppose there is a chance that the value of WEIGHT might be null for 
some part (which in fact is the case, since NOT NULL was not specified 
for Column WEIGHT in the schema of Fig. 2.3). The SELECT statement 
shown above will fail if the WEIGHT selected is null: SQLCODE will be 
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I- r ¥'I I ~' t I 

UM"Ji!i!I ~ .... , ,_ ...... 
••• ••Cil'i • 't '041 

Note: t'ftNc:ater P8(a"ieters can *" u11 ~ in a Wlt8tt8 •use~ 
probably should not be. For n•mp1~, eva it the. value ot WEIC!lltt~ 
lNDIC is neptive. the following statem• Will IU1t ~ part 1111u'fl' Lt 
for parts where the weight is null. Ubt•'dtfJ-Jor tlM rmdet: Whatd it do1.) 

•A slight oversimp1ific:at. If the value to lie tettiewed is nonnull and ii a dlaraem 
string or lenath nl, and if the data type of the taraet plr1lllleter Js 
CHARACTER(ll2), and if nl > 112, then the r•ult is truncated by drOflPint tbe 
rightmost nl-n2 cbatacien and the lndiCator parameter Is set to 1tl. 
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'iJ ter11aho•ted (normal termination). All updM Ii 
• qo111mJttoct. All open c:urson arc clO.sed. 

mn•'1k>ia. is terminated (abnormal termination). All updat• 
MMDraction are canc:eled. AD open cursors are closed. 
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bBJ.BtB 
CLOSE 

• • • 

• • • 

CUIUtE:NT (positioned UPDATE) 

CURRENT (positioned DELETE) 

Section 7.2 explains what exactly a cursor is and what is involved in 
clcflDmg a cursor. Section 7 .3 then discusses the five cursor operations in 
detafl. Note: For tutorial reasons, we make a number of simplifying as­
suinplions throughout this chapter, namely as follows: 
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•p•e1 ._ x ea • "* dr*"r ..... , •• Qin 
JI. 9P 
A '" u.l!IO • .., as·• ., -.... -

This DBCLARB 4eftne1 a cursor ... , .. X. with at"C'dattcf qwwwf • 
defined by the cxpre •km "SELECT • • • PNO _~ (w.liusfi 
PNO _PARAM ls a .Plflll*«). That ..., iJ not cxei:11t:ll at ttiii •f«;t; 
DE ll ii a purely dr-Jaradve Ol*ldOD. The quay" (effOL• 
tively) executed when cunor X ls opa r4 (see Section 7.3)~ lithe quJ y. la 
parameterized.. arguments C01IOSJJODdina to tlwsc parameters must be speej• 

•tn other words, for a positioned UPDATE or DELETE, the cmsor must be in the 
"on state" ; i.e., it must be positioned on some row. (This remark of comse mumes 
that updates are permitted through the CUllOt la tbe r1t1t place; see later in tbil 
section.) 



TERADATA, Ex. 1004, p. 81

r!JllV'~--" arate) 
WJW ("before" staie) 

tro• (•satter last" state) 

iM CutfOr before the tint row. PETCH politiona the 
J'O'W or (if there Js no next row) after the last n>w. lfthe ,..,.,row and that row is deleted, the cursor is pmi­

'M-neJd row or (If there is no next row) aftet the last U).tf, 

Clll be "Wore the first row" or 11after the Jut tow" 
_;;1;n$t' ,,."' where the collccdon of rows is empty. 

~:The foreaoins paragraph covers all cursor position changes 
iJ.t• ll*lfled by the standard. Others arc possible, but are either 
•• '!diicaed by the standard at all or at best are left as "implementa­
rlU&dJn'd.11 See Appendix F. End of comment. 

AD C'Alf•• are in the closed swe at the beginning of the transaction 
Ui art l0tced into the closed state (if open) at transaction tmnination. 
'lotwe r a transaction initiation and transaction termination, however, the 
....,.. cursor can be a.pened and closed any riumber of times (possibly with 
cUffeamt parameter values, and therefore different associated collections of 
rows, on different occasions). 

Cuaaca Definition 

JlccaD from Chapter 6 that cursors are defined as part of a module specifi­
cation (prior to any procedures that might use those cursors). For each 
cursor definition in a given module, there must be exactly one procedure in 
that module whose function is to OPEN the cursor in question. The symax 
for a cursor dermitio.n is: 
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The OllOElt BY ci.ase 

The ORDER BY davae is drftntd u~: 

ofter }I :)' .... 
:s• oena .BY U1diirt"'9 • .,_,,t;fkiilltlOft--csn >ict 

ordering siecifioat:lon 
s · - ' mt :•r I aol-:nfllnnee , [ MC I OISC J 

A cohnnn reference is just a qualified or unqualified column name. The 
left-to-right sequence of ordering specifications in the ORDER. BY clause 
corresponds to major-to-minor ordering in accordance with familiar c:oa­
vention. Usually each such specification consists of a coJ11mn name (identi­
fying a column of the rC5Ult table. i.e.. the table rcprcscn&cd by tbc 
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• a.ci•1t 

'1.4 ~·BASU> MANIPULATION STATEMENTS 

OIB!Ni 
fte:OPSN9atement takes the fonn 

UA!W~ 

~ "cmsor0 identifies a cursor (X, say). Cursor X must c:uucntly be in 
tkc dosed .we. The- query expression in the definition of X is evaluated, 
using au cent values for any parameters referenced in that query expression, 
to yield a collection of rows. That collection is ordered as explained at the 
end of Section 7.2. Cursor X is placed in the open state and is positioned 
before the first row of that ordered collection. 

&ample: 

OPlll X 
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E••m.Pte: 
Q\ftll X :ntiO _,_.,..._.~ (ltt_..... 11 I '~ llt'J~ 

The positioned UPD.\.TB atate11 eat tabs 1:\1.c form 

UH)NJ'S table 
an ... it, nt .. o I 1 iat: 
wa••• dJDiib' or ev•eor 

where '"table0 identifies a table (T, ~) tmd "cursor" ldeotifies a curMJ 
(X, say), and each amanment has 1he form 

colUllft • l ecalar-expr11sion J .WP.I. I 

The "column" on the left-hand side or each such assipment must be the 
unqualified name of a column of table T. Cursor X must currently be open, 
must be "updatable," and must be positioned on a row of table T. For each 
assignment in the SET clause, the result of evaluating the scalar expression, 
or null if NULL is specified, is assigned to the indicated column within the 
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8'1 •'QIO: 

Cursor X wDl now be positioned before the row immediately folloWing the 
row juat deleted. or after the last row If no such immediately following row 
abts. 

aon 
The CLOSE statement takes the form 

ct.OSI curaor 

where "cursor" identifies a cursor (X, say). Cursor X (which must currently 
be open) Is placed in the closed state. 
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••I 

, 

( tlXIGD "D'Nlf (115) ) f 
( ri*'D 811WtY(115) ) J 
c rIUo BIDRYC15), ci• auUta(s) > 1 
( illC&D BDIARY(15), """'(15) ) I 
( f I c10 8l&RY(15), • '\ll(5), 

C'HMl(2t>) , 
ISCDl&L(:S) I 
CD11(15) ) t ft OJ i CIC DfRlt ( flXID BIIWlY (15) , CIPP(6) ) I 

llCL :::ca..:oc = l ~= :::1~~1,>.;.P(5)1 
- HCDW.(3) ) , 

I* ~ •11r:: tpt.ion bandler • / 

fl!c~~·~a1a11 c D8&XCIPrlOlf > 

1Vl' SlUP 1'18'1' ( REi'CODE ) I 
Clt,J. ROLLMCK_PROC ( REli!ODI! ) : 
JID't SUP LXS'l' ( REi'CODE l I 
GO '1'0 QUIT I 

DD r 

Ilg. 7.1 A comprehensive example (part 1 of 3) 
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- ...... ' ,, ••' lid* 

r - •••-•••ctml Mt.,.* 

SOD, STA'l'U8, ClTlf I 

OPIWrB_Paoc 
RQteGDI 
.. "8a.R(5) 
GIVDIWC DBCDIAI.(l ) : 
OPla'R s 
8ft snm& - 8.S'l'A'l'US + GIVEl(.IKC 

*U S.SMO • 8110 I - - •eearabed VPDA'l'll" 

PJg. 7.1 A comprehensive example (part 3 of 3) 
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&l $.;llODUCllON 
Tlt ~ manip11•ative operations are as follows: 

SIBlel' 
INSI$ 
lJtQA1',E (searched) 
l!)tU .R fE (searched) 

Alm Chapter 7. we make a number of assumptions (basically the same 
Q:JleS as m Uiat chapter) in order to simplify the presentation: 

• All tables are base tables. 
• The user holds a.II necessary privileges. 

• No errors occur. 

We also continue to defer a fuU explanation of query expressions and re­
lated matters to Chapter 10. 

'11 
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pn•efm 

where: 

(a) If "elibcr DISTINCT nor ALL & 11! 1ic!jfet, ALL Is •w•1 et 

(b) lAt Tl be the table raultln1 from~ of the Sf ralfi.iat~ ~ 
pressk>D; let T2 tie the table that la.: •~ dved from Tl by evalq\lftng ~ 
spedfied "set.lion" •aah'st Tt; .ai. n be the tab1o that is. rlftl 
frOm T2 by diminating re1hid•Qt dUplicate ron frOID ?2 'If 
DlS l'INCf is spot"lfied, or a table that ii Jdentjc:aJ to T2 ~ 
Taule T3 should contain at moat QDO -row. 

(c) If table T3 coi11ains one row, that row ii retrieved. If~ T3 co,,,.,_ 
no rows, a "not found" exceptkm occurs (SQLCODE is set to + 100). 
If table T3 contains more than one row, an error occurs (SQLCODB Is 
set to a negative value). 

(d) "Selection" is either a commalist of scalar expressions (each typically 
but not necessarily involvinl one or more columns of T) or a single 
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\id ltiO tam "table upiesst.W"' ti .,.. 

rliC:t,:a*8bftia.preslion.ismhleading, how:Per1 tiB awe 
lUdl. ait dPteaionis the only construct in the~ 
a tlbh value. In fact, any f/llflfY eJtplm8iqn " ~ 

fact .follows from the well known dosure piopaty of the 
maid, iind fa very important). In particular, a •"SE1.SC!1'. 

ii table-valued.• A SE• .ECT ..expression is just a spedal 
ec:p1 Dtlion; it consists of a SET BCf clause foUowed by 

(in the above deprecated--sense of that term). Jn 
the eutbe SELECT statement is basically just a SJU RCI'-

~-· ud as such it is of course table-valued. 
~ ~that 0 selection" consists either of a commalist of fCRlar expres 
~ Oii of a sinsJe asterisk, not a mixture. Thus, e.g .. the followiq is 
d.lt.£9J.4L -•: 

I !; I •, [ SP.Q'l'Y I 12 ) 
use ... 
• :.uo - '81' 
- IP. PIO • 'Pl' 

It ii legal in DB2 (as it should be). 

3. Note too that the asterisk cannot be qualified. Thus, e.g. , the fol­
Jowing is also ***ll.l .f:GAL**• : 

•Re11Mt11aber from Chapter 7 that the term "SELECT-expre8$ion" is not (anil will 
not be) fonnally defined. We use ii merely as an Informal t~ whose meaning we 
take co be Intuitively obvious. We adopt this approach simply in order to avoid 
having to delve Into the full complexity of query expressions too early in the book. 
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8.3 Dl~ISIT 

•More accurately, a,,._, ~or:aavlrpezy (adndiq ay •~•led .U;ae 
ries In both cases). Fot example, the feUO• la ea.•- ILLEGAL ~ 

SBT·•C!' SUll r DXSUllC'f • • • ) 
• •• 
llAVIJIG AVG ( DIS'l'DICT , , • ) • •• 

See Chapter 10 for an explanation of qimy apec:lfications and subqueries. 
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l. If m lNSBRT atatement contains an explicit commali!lt of column 
r~ - ~one or more columns of the target table T, then any row 

hlnated ilitOC' by that statement will have the appropriate default value 
(Poli- 'iW1I) in each such omitted column position. It is an euor if a 
aol'imla ii omitted and that column bas no default value. 
2. If the INSBR.T statement includes a VALUES clause. then a single row 

ii htrmtid into the tataet table. The ith atom in the VALUES clause is in­
acmd.mto the column position identified by the Ith entry in the (explicit or 
iinpliclt) commalist of column names in the INTO clause. 
3. If the INSERT statement includes a query specification, then multiple 

rows are inserted into the target table (in general). The query specification 
is ~aluated to yield an intermediate result table R. Each row of R in turn 
is then treated as if the scalar values in that row were specified as the atoms 
in a VALUES clause in the single-row version of the INSERT statement. 
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dM) 

:k M'#e ll•naov• from IBM SQL Ettd Of'coiflll •· 

~i)••ull: 

• ,·:•:1~·1a-c .. 11 ~ ... ••11s , m attton J 

wt 111 "111•11" kleadftel tbe tarpt table and "search condition'" jdeqtifiw 
dlei0a•ofM111::1 table lhat are to be deJeted. (Once aaain, searcbcondi­
da • •••: rrul in dee•" in Chapter 10.) Omitting tbe WHEllB clause 
m1 • dlat tlle ))Bl.B IE is to be applied to all rows of the target table. 

1lie DBI e I'S ii conceptually performed as if a bidden cursor (H, say) 
were 8"I to run tbroutb the rows to be deleted and a correspoOOins posl­
tic1111d l)BI kl'B • • • WHERE CURRENT OF H were applied to each 
such row in turn. 

ComPMlll: The searched DELETE operation suffers from a restriction 
similar to the restriction mentioned under UPDATE in the previous sec­
tion, namely is followil: If the DELETE statertient includes a WHERE 
clause, then the target table T of the DEi ETE must not be refer­
enced in any FROM clause within that WHERE clause (at any level of 
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~'' and 8 we deliberately assumed for limplia=ily t1tit 
MJe1. We now tam our att•tion to the spedaJ COiYif-_,.,to views (or "viewed tables." to use the offida1 standard 

:ttomQlapter 2 that a view is a virtual table-i.e., a table t1'at 
Wfl'ifii ~ Jif JD. ill own fiaht, but loob to the user as if it did. By contiUt; 
a t!.i!llD-:1-a ffitll table. in the sense that, for each row of such a table • 
.tJ! a;_.,'1"2£11M nored c:omaterpart of that row in physical storage. 

\th.we ISO not supported by their own, physically separate, distinguish­
MW~ ifafa. AD that happens when a view is defined is tllat the view's 
ddb•idi'ltl la tearm of other tables (base tables and/ or other views) is re­
Dh J0ae4 by the system in some way (actually by storing it in the sysmn 
mta/qf--but the c:o:ncept of a catalog is outside the scope of the SQL stan­
d8td per se). Here is an example: 

..... a vlBW GOODSUPPS ( SllO, STATUS, CITY I 
U BllLBCT S.81'0, S.STA'l'US, &. CITY 

l'ROll s 
WHIM S.S'J'ATUS > 1 5 

Note the similarity to the definition of a cursor: Like a cursor defini­
don, a view defmition includes a SELECT -expression that defines a certain 

85 
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Pig. 9.t GOODSUPPS as a view ofbaae tal* S (unshaded pcwtfont) 

•Note. however, that view definitiom apJJanr within a schema, whcrolls cunor def. 
I Dltlons appear within a module. As a coa1equenc:e, a view definition, unlike a 
cullOr ddinillon, c:anno1 include any ref«eacef to paramete11. 



TERADATA, Ex. 1004, p. 101

:dial SHAME will be set to the applicable default V&lue ill 
,,. IJh~ the om e l'B operation 

ta•. 
lllliif f.dll.'lft- ••ev York' 
-~ . ·~> 1!1 

~ Strictly speakh>g, the explanations of this section, to the 
effectthat references to a view V are processed by (conceptually) replic­
lq them by the definition of Y, should be regarded as somewhat specu­
lildv"e. TB official SQL standard does not actually specify ho:w views 
arc prC>cesaed at all! The only guidance the standard gives is a rule stat­
ina that the value of a view V is "the table that would result if the 
(definition of V] were executed," together with a statement to the effect 
that whether or not Vis materialized is implementation-defined. How­
ever, many of the numerous restrictions to which views are subject (see 
Si::Uons 9.3 and 9.4) clearly stem from the likelihood that operations 
on views are indeed implemented by the merging process described 
above. E!Jd of comment. 
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2. CUlft Vll&W Im'....,.. 
Ml 8"N"I Pl1HB9.l'llO, lll_Ol>apre.wr 

bOll ltlCDPMl'l's 
W 1 P8 R10JNltl8.IMCl-·ti • ~1 

• Actually the name can be qualified. but Ir it is, then the qualifier mm be the 
authorization identifier specltied In the &diem• AUTHORIZATION clause. 
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I 1reil m r• '•dull am be inherited for the "total Qaa11-
di1I celuam is dellved from an agrcpte huUtin ft•n· 
... oolnmn na=es must be ~ifitd cxplicitJJ, • 

1 :r•. lldloal8h tbis view is derived from a siqle undedyina 
•• Jmt a simple row-llKk:ohmm subset of tbat b 'C •sit 

t5wa ltEDPAllTS ud GOODSUPPS shown earlier). It miah« :i: ::m:• • a kind of statistical swnmary or comptession of that 

U DDDlVAL OPDATIONS 

W..._Jlte ~explained in outline (in Section 9.1) bow retrieval opera­
tfolll • a Ylew are uansJated into equivalent operations on the underlying 
b•e tat1$). In many cases that translation process is quite straightforward 
and wos•1 perfectly well, without any surprises for the user. Sometimes, 
ho11te••· such surprises can occur. ln particular, problems can arise in con­
UMloa with what are called "grouped views." View PQ (Example 4 from 
the pl'eYious section) is an example of a grouped view. ln general, any view 
whose definidon directly includes a GROUP BY clause (or a HAVING 
clause see Chapter 10) is a grouped view. A view of a grouped view (i.e., 
a view whose definition directly contains a FROM clause that references a 
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..,,..,. SP.RIO ..... 
TWP ty SP.l'llD 

111.VlW.cllK ( b.crl!f ) > 500 

However, SQL is not capable of pert~ ncb a tramtatlon. 
Here is another example of a 1it dOa. Jn which the tnnsladon dDea 

not work (apin 11•1 the "llatfttlcal summary" view PQ), The attenqwre4 
query is: 

SBLBCT AVG ( l'Q. l'O'l'QTY > 
P1lOll JIQ 
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(Fil t •• '™ Citt:NXM ( SC:ITY I PCl*l'~ ) 
... •arr s.crtt, P.CXil 
~ 8, SP, P 
...... S.SllO • SP. SllO 
DD SP.PllO • P,PllO 

ot th 1e two views, OOODSUPPS is logically updatable, while 
""Ct...,t""'tr:111rPMRS is logically not. It is instructive to examine why this is so. In 
the CllO of OOODSUPPS: 

(a) WC can INSERT a new r.ow into the view-say the row (S6,40,Rome)­
by actually inserting the corresponding row (S6,ddd,40,Rome) into the 
underJylng base table (where "ddd" is the appropriate default value for 
S.SNAME). 

(b) We can DELETE an existing row from the view-say the row 
(Sl,20,London)-by actually deleting the corresponding row 
(Sl,Smith,10,London) from the underlying base table. 
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(a) It does,eot include the key word DJSl'INCJ', 
(b) Every item in the SBJ.BCf"dause 001rita of a simple refereh«" »a 

column of the under1yinj table (te.$ ft i9 Dot a conl'ant, nor IUl opes..., 
tional expression such as COL + I, 1'iOr a reference to a funcdon sudJ 
as AVG). 

(c) The FROM clause identifies exactly olit table, and that table in tum ii 
updatable. 

(d) The WHERE clause docs not indudc a subqucry. 
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1*,... (with both standard SQL and DB2 SQL) ii that 
fl ••>ad hoc: It is full of instances of lacJc of~-

ft to take proper account of the fundamental semaotim or 
wad foreign keys. (See A~ndix f for a dlsa1ssion of tbas= 

.VO Cliapra 12 for an explanation of the term "ortbogo-
.~ • ..,.,.,,.,13. 

Tfie a.1 re Oplioa 

MnaU)'. wc return to the OOODSUPPS view once again, in order to discuss 
one 1* issue. As o;plained at the beginning of this section, that view is 
upclata.ble. Bl,lf consider the following UPDATE: 

W R1 GOODSUPPS.SllO - 'S1-' 

Should this UPDATE be accepted? lf it is, it will have the effect of 
removing supplier SI from the view, since the Sl row will no longer satisfy 
the view-defining condition ("S.STATUS > 1S"). Likewise, the INSERT 
opeiation 
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'IU•Q •~11•••ion 
If• 9aery- t:era 

' qu•ry up-resaion uNIOR [ ALL ) query-t~ 

tpl91J tani 
is• query apeci~ic:ation J ( que.ry-expreaaJ,on ) 

The construct "query expression" appears only within a cursor defini­
tion (note, therefore, that UNION-with or without ALL-is not allowed 
in a SELECT statement or in INSERT . . . SELECT or in a view defini­
tion). As th.a grammar indicates, a query expression is basically just a query 
specification, or a collection of two or more query specifications connected 
together by UNIONs-exoept that the grammar considers UNION to be a 
purely binary operation, so that (e.g.) a query expression involving the three 
query specifications x, y, and z must be written as 

95 
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• -~Md&k'M 
c1ut•.~••• 

.lMW.fW.J• 

111-l<--~11-a--
a rowfW-C!lltCtJ row ilt8t 
ctant <hq;lkilte rows ate teem'f I JJ. 
tied. Here ii a eicaunp~ 

81JW'l' P•JiJID IW P • M*' .,a[ tO••t :r.i 11 
IJDCll!f 
..._.,. s•.fllO rw n J ·••1 •·• • •s2' 

The value of th.ii expreasion fl tlaelilt et pa.rt number$ ff'1AP3.Pf) LI", 
duplicates ye eHminated. If ALLha4 be II specifie(f. the wue woulct~ 
been (Pl,P2,P2aJ>3,P6)-.i.e~ dn.llioatea would bava lie 11 nQined. NOie 
the difference between UNION aasm .ECT with reprdto duplicatee'ffl'L 
nation: With SBLECT, the user can Specify ALL or DJSnNcr. and AU. 
is the default; with UNION, the .er ~specify only ALL expJidtly (Olllit­
ting the specification is like specifyiq .. DJSTINCI"). and "'DJSTINCl'" 
(by omission) is the default. 

To return to the question of Jeplity: The query expaession 

A UNIOll [ ALL J B 
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to.2 QUDY SPECIFICATIONS 

Ai. cp!el'J:6jeniftcadon appears as a component of a query expression. It also 
anestJ ii. tlte multiple-row format of the INSERT statement (i.e., INSERT 
• • . S!LBCT see Chapter 8) and in a view definition (sec Chapter 9). It 
Is idcntica1 syntac:tically to a SELECT statement, except that a SELECT 
s111•nCJ1t includes an INTO clause. However, It differs semantically from 
a SBLBCT statement in that its value is a table of multiple rows (in general), 
whereas a SELECT statement must return at most one row (at least in stan­
dard SQL). Here is the syntax: 

cauerr specification 
1 : - Sta.BCT [ ALL I DIS'l'INC'l' J selection 

table-expression 
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t-. 
I :• L«t tell'" 

I taaa C • I I t lift j] ' 

I•"" or I·- I + I - ) pt" f' JOY 

priaty 
It• lltoa 

~ 
CIOl'litUJ't ...... ftfU TIC'9: 
:fUndtJ:C4l~ret-...s: T• 
C so-lv 1

Pfl I• l 

As the BNF shows, a scaJ.,; dl(pl'eisioa is baaic:.lly an arlthmedc Cfd¢'&1: 
sion involving a collection of ··~0-wherc a primary is 1111 :atom or 
a column reference or a function reference. The expression can involve die 
operators prefix + and - • infbt +. - • •. and I . and parentheses to t'o1ce 
a desired order of evaluation. Note: The arithmetic operators cannot be 
applied to a primary of type chanM:ter string. 
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~Mer. J -1.um 

Ii ·~y ~ cohJmn name, 

iiM NULL is not an atom; thus, e .. g., it is not poailtle. to 

- .._a SSLBCT-apresaion is not a scalar expceaai m. 
•ittftct retmn a acalar \lliue, Tbqs, e.s •• it is not~ 
· M p UPDATB statement) to UPDATE some value bj replac­
j: Me .retrieved from somewhere else in the database. 
iiQL _,.,datd includea rules for the data type, preclsio~ etc.,. •the •'N<JT NULL"-ncss or otherwise) of the remit of a 

evr••km. Jn many cases, however, all that the rules 58¥ ii 
1Wll "'llftldon-4efined" - an unfortunate state of affairs, given Ute 
~ of auch ltlatters in certain contexts (B«, e.g., the discussion 
Ot(UjijON in Section 10.1). We do not bother to spell out the rules in 
lilflflim. 

BntJ qf commen/$. 

10.& lteNCTIONS 

Standard SQL provides a set of five builtin aggregate functions: COUNT, 
SUM;. AVG, MAX, and MIN.• Apart from the special case of 

-BXISTS (tee Section 10.9) can also be considered as a function: however, EXISTS 
differs from the functions discusm:I in the present section in that (a) iti argument 
is specified In a different syntactic style (actually In a more logical style), and (b) it 
returns a truth value, not a number or a string, and lnlth values are not a SQL data 
typo. 
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J , 

.U-,;ta ,Vf ii ·~ [ IJ ~s3r BrM ) 

NOUI: 

l. PbrSUM aml JiV'fJ ilil•mflWt~R QI -~j:_.., 
2. Jn arner~ as the It•..., Wiat~ 't»•I' ownt:aitj\ciftA@l*Jt) 

preceded by the key word DmtNCt, to bctf rak U rOdiindiQt • 
values are to be dhntnated bdore tlle fll'llUllkm is applied. 'I1l'le 
to DISI INCi' is Al I ; ALL is aasnm 1 t it nerbinl ii IJ*ifi6. 

3. For COUNT, DISTINCT ""'8t be specified; the IJ*lal fdtijMi 
COUNT(•)-DJS'flllfCT not .nowed--• ~ovided to count all ww • 
table without any duplicate rffm~n. 

4. If DisflNCT is not speeiflcdt ~ .,..nnent can coASist of an .....,, 
tional expression such as P, WEIGHT* 454; if DISTINCT is specift«=Ct, thei1i 
the argument MUSI consist of just a .simple column reference, and the l'unc­
tional reference cannot Itself be an operand of a larger atithmeti~ expression 
such as AVG (DISTINCT P.WEIGHT)• 4S4. 

S. Regardless of whether DISTINCf is specified, the argument cannot in 
turn involve any function references-i.e., function references cannot be 
nested. 

6. Any nulls in the argument are always eliminated before the function is 
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lti'f (~ Gel the total number of suppliers. 

~OIMltC•) ·- . 
811.,i: 5 .(I.e., a table consisting of a single unna med column and a $ingle 
xow, ~the single value S). 

lb«zmple 1: Oet the total number of suppliers currently supplying parts. 

81!atJif COU11'! ( D1S"J!IWCT SP. SNO ) ·- ., 
E:rample J: Get the number of shipments for part P2. 

OLBC'1' COOllT ( * l 
!RIM SP 
WHIRi SP.PHO • 'P2' 

Result: 4. Note that the table to Which COUNTr) is applied in this c1eam­
ple is a derived table. namely the table represented by the expression 
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10.5 TABJ.B EXPltl!SSIONS 

A table expression• is an expres•iOa of die form 

troi.-ola-
( when-cl•- ) 
I qroup-bf-Olauae J 
( bavinq-iau- J 

•See the eommenrs in Section 8.2 on why "table expression" is not a very good 
term for this construct. 
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R' 11 aa 1Jtl: 1 

uw cHp1zrll in the not K •le••· 
'""'eumpl• or table expacuiom. Most of th n are p 

.....,.,..,. .. dllculion; bo11ewea, we remark that Rx•mrl•• 
the 1 '••bw• join opeaation (zee Cha1• 2 if JOU Dttll to ••ll'Y rtt•ntina joins). Note: To make the "'"11.iew a trifle 

•prefix 91 ell one with an appropriate SRI PCT clan• {tbUI' 
llM'1a1,ellllaa it iDlo a qwryspttjficatlon rather than a pure table a­
Jt2 at~ t.t It lllUll be dearly understood that the sm ecr clause ii not 
i*f.bfdiil table expttllioD per le. 

Or if chipllcate elimination Is required: 

...,,..., Dll'l'lllCT IP.PIO 
IW IP 

DISTINCT causes redundant duplicate rows to be eliminated from the re­
sult. The alternative to DISTINCT is ALL. ALL is assumed if nothing l.s 
specified. 
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cu ~ ''"e;(Jt, ..... 
• 'I 84 ••• .,, 

••• •·SllO - ··-MD ... tllO • p . J90 

Note that this ga111ph mvoive. a ~ of tbtce tahlea. 

Example 1:ptA au paits Of supp1ief • ...,., web that tbe two ~i 
concerned are IOClded in the ume city. 

8U"CT UIWt.lllO, 81CORD.sm 
rRaK 8 IUSf, 8 SBCili'D 
we•• rmr.c1"11l - SBCORD.cin 

This example involves a join of table S with itldf (over matdri"8 cldea), aa 
we now explain. Suppose for a moment that we had two separate copies or 
table S, the "first., copy and the "second" copy. Then the logic of the 
query is as follows: We need to be able to examine all possible pain of 
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""""·'· .. 
W~:tid.Y ap this result by extending the WHERE clause as follows: 

I] 6f ' ' r.SllO, s1101110.ao 

• 
t,,nk t, 8 HClOICD 

.CJ:LEI • SICORD.ClTi 
r,Qw'1' .lllO c llCOIQ). SRO 

n. «• Of the condition FIRST.SNO < SECOND.SNO is twofold: 

{e) It eJ!nainetes pairs of supplier numbers of the form (x, x); 

(b) it8111''' Iles that the pairs (x.Y) and (y,x) will not both appear. Result: 

----81 84 
aa 83 

1'his is the first e•ample we have seen in which the explicit use of range 
variables has been necessary.• However, it is never wrong to introduce sucb 
variables, even when they are not explicitly .required, and sometimes they 
can help to maki:: the statement clearer. (They can also save writing, if table 
names are on the lengthy side.) rn general. a range variable is a variable 

.-rhe rU'St in the present section, that is . Another can be found in Section 10.4 
(Examplt 6). 
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nt..,.., .... - ( ... Qq ) ........ 
A >JP B1t D.JllO 

-Result: JlllO -Pl 'OD 
n 1000 
P3 400 
P4 500 
PS 500 
P6 100 
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~ P!lrt aup~. get the part number, muimnm !lU8Jl"' 
piillty silpplied of that part, excluding sblplilebfl bY 

- ---soo 300 
too aoo 
31!0 300 
400 400 

ll9WS M-dO not satisfy the WHERE clause are eliminated before any 
81'0~ ii dOne. 

Ex!unpk JO: Oet part numbers for all parts supplied by more than one 
nppliet. 

UL1Kl'r SP.PllO 
..... SP 
GkOUi' BY SP. l'HO 
HAVUIG COUM'I(*) > 1 

The HAVING clause is "a WHERE-clause for groups": i.e .• HAVING is 
uaed to eliminate gro"ps, just as WHERE is used to eliminate rows. Thus, 
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•It 15 In fact possible, though unusual, to spec:lfy HAVING and not OROUP BY; 
the effect is then simply to consider the entire table as if it were a slnah lf01lP· 
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l'OUP bl the •ult of Slop 4 pnerattt a sinide'l:1111tt 
• Ast, ~ part munber, we:igbt, color, and m•ch , 11• 

iilkkted from the group. Second, the weight is cent1erteit: 
libO. tbe two lit at lhinaa ••WeisJrt in atama =··..a 

qi••ntlt1 ::t" are iturertod al the appiopriate poi&Q'. m 

--t'fJ.retum to the GROUP BY d•11se for a moment: ha theory 
'----- ....,.. wOilkl be sufficient as the grouping column in this exam­

~WBKIHT and P.COLOR are themselves single-valued per 
Howevet, SQL is not aware of this latter fact, and will 

Wt.a condition if P. WEIGHT and P.COLOR are omitted from 
tlit ~ BY clause, because they are mentioned in the SEI .BCT 
'*-DO bqstc problem here is that SQL still does not properly s1,tp--
Mff•hf1 keys (~en though primary keys can now be defined within 
Cl~ TABLE). Seit Appendix F. End of comment. 

10.6 All& CONDIDONS 

Search C!Cil'ladkions are used in WHERE and HAVING clauses to qualify or 
~ specific rows (or groups of rows. in the case of HAVING) for 
die "iept processing. for a given row (or group}, a given search condition 
evNnatlll to true, false, or unknown. The rows (or groups) that qualify are 
precisely those for which the condition evaluates to true. 

The syntax of a search condition is as follows: 

e11arch-oon4it:ion 
I t• .boolean-tern 

I ~condition OR boolean-terJD 

boolean-term 
tr- boolean-factor 

I boolean-term AND boolean-factor 
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Compttlann;Pndkal ea 

Co~ preclk:ates come fa twO ·~ foimats. We llm~: 

where "aorn"1'b0o" is PY of* li'lfflt ~ o~ •\ ~.I\ 
(not equals). <, >,<=,or>•, ik'•~,pr1dtec"'-'·ao1rn:rn~ 
the context of a WHERE clause. ~ the scatar expreUlOu •111' aotlj! 
elude any agregate functiOn ref~. 

The sec.'Ond fotilUU is: 

where a subquery is basically just a parenthesized query specification (see 
Section 10.2), except that: 

(a) The query specification in question must represent a table of just one 
column (unless it appears as the argument to EXISTS-see Section 
10.9); and also 
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Of aclditioQld restrictioDs cm the uae of IUbqt;: i
1 f1 . 

D~? 
~Ill: ,psedkiate must be written as shown, di 1M 

aher the comparison operator, not Wore Jt. POr 
to'Oiiwi'Di il •-ILLEGAL*-: 

Nee * that "'aubquery" is not all that felicitous a term, since the 
r1nlttablemust have a single column (unless it represents the argument 
te.BX.:IS'IS see Section 10.9), whereas a general query returns a table 
of IQUlt.fple columns. ucolumn expression" might have been a better 
remt. &le Appendix F. 

Bnd of comm.nts. 

BETWEEN Predicates 

The syntax of a BETWEEN predicate Is 

.aal ar-6Xpreaaion c N0'1' I BETWEEN sealar-expruaion 
ANO •calar-axpreaaion 
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-Result: no _.,. -
P$ CUI 

" cow 
The atom following I.DCB must reprm nt a cbarac:ler atriag. ~ 

no ESCAPE clause is specified. dQiraccen within that string are interpa\Ud. 
as follows: 

• The underscore character (J studs for ""Y $ingle cluuactt!r. 
• The percent character ('lo) staitds for any sequence of n cluuacten 

(where n may be zero). 

• All other charKters stand for themselves. 
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-will~ 
COid jf1111 itm 
aa~~~it 

actfy 3 ,.P,•raf!teas 
fttlt is "S" 

-will evaluate to llve~I; 
4 Chilracters loo& or .liUiie dditlie 
last bUt three Is "c" 

-will evaluate to ,,.,. if stlUNc) 
begins with an undmcore ~ 
ter (see below) 

t •n~te0 the backslash character " \ " bas been specl'kd 
...... which means that the special Interpretation giveq 

4 '' Bild "Ofo•• can be diaabled if desired by Precectina 
'- -o M•S1J!•• wkba backslash character. The atom Jn an ESCAPE clause 

flitdt~!I ' • a triDgle character. 
J&Dq, 'lie IJICS predicate 

:¥ ~ t'IU Y t BSCAPE ;s l 

ii IJ:efhitd'te> I semantically equivalent to 

llO'l' ( X U:D y [ ESCAPE z I I 

Teits for Null 

lteaR from Chapter 3 that, at least for the purposes of WHERE and 
HAVING, nothing is considered to be equal to null-not even null itself. 
Ukewise, nothing is considered to be less than null, or greater than null, or 
. . . , etc. In other words, when a null is compared with some value In 
evaluating a comparison predicate, then the result is never true (even if that 
other value is also null); rather, the result is the unknown truth value in 
every case. The interaction among rife three truth values is defined by the 
following truth tables (to repeal from Chapter 3): 
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.. ( ...... b ~ 

rJte.nm,lrilalt predica•m, IN predklater come m ttlO differem 
TleJlttt ii .:aafty Just •sbortlUmd ror. wmMaldoD. or~ 
cater. 

The eomma11st must contain at letst two atoms. Herie JI aa •••!Qli 
the use of an IN predicate (ftm format): 

QI.., P.BO ·- . p,wq I D ( 12, 16, 17 ) 

The JN predicate 

•Ill ( a, It, ••• , I ) 

is defined IO be semamically equivalent to 

X••ORX•bOR,. , ORIC•& 

The second IN predicate format is 
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-:fj t 
W)i..,., .n,. J'erfm'ther dhcu..ion ore 

1ii&'llOiL 
__ _,,,feW&ate 

ithw a pa;i:c4thmiz d co....., of attoms or a au~) 
~to 

(. J 3 C I 1 :JU. I 0%8'1'~ it Mleodon tale .....,.. •••ion I 

w'1 : :06"1)'\k expression must represent a single-column table (except in 
the. "°'II ldt GtmasTS-sce Section 10.9). The semantics of a subquery are 
idtlfkt41Q thrse or a query specification (see Section 10.2), except for the 
thlaf1 cQtu•n•flt111t1ktion; in particular, the rule that DISTINCT must not 
AJPAr _.than once at a given level of nesting applies to subqueries also 
C* St~t!on 1.2). NQte that the enclosing parentheses are considered part 
of the IJ'Qtax or the aubquery. Subqueries are used: 

• in~ piedieates (see Section 10.7) 
• in IN predicates (see Section 10.7) 
• in any-or-all predicates (see Section 10.9) 
• in exiatence tests (see Section 10.9) 

A simple ~pie of the use of IN with a subquery was given at the 
end of Section 10.7. Here is a more complex example, showing one 
subquery nested inside another. 
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nt.IC" ....... 
IW 8 
w11•u •n• D 

( 8lt ......... ·- ... • I • 81'.SllO - a.SRO , 

This example differs from the J>tevious ones Jn that the inner su~ ~ 
not be evaluated once and for ill before tbC ouht ~ta ~n•t it 'W 
cause that inner subquery c:lepeiads on a Wlriab/e,. l\l'DeW S.SNO, wt 'I 
value chaiiges as the system aam;nes different r019S of table S. Coooefbh 
ally, therefore, evaluation proceeds as foDOwa: 

(a) The system examines some row of table S; let us assume this is the tf'l9I 
for SI . The variable S.SNO thus curr'ently has the value Sl, so the SY1-
1em evaluates the inner subquery 

( &BT PCT SP. PlfO 
PROM SP 
WllElttl SP. 51110 • 'Sl ' ) 
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..... ... 
~,_, • J'Uf ) 

~ twO cffl!rinct reftrOQCFI to table SP, so at h 'It o,ne Of 
_,, menm of an explicit 1191p variable name (see Section 

?, ti a MtetfSlioa of nnae wriables). For explicitness we 
nge ~-(SPX and SPY) for both references. 

•~•lrs:' pn••lon quentllled•c 1•rl-~ 

Whens a.quantified comparison is any one of the normal scalar comparisons 
=• <>, <, >, <=,>=,followed by one of the key words ALL or 
ANY (or SOME; SOME is just a different spelling for ANY). An all-or­
llilJ predicate evaluates to true if and only if the corresponding comparison 
predicate without the ALL (respectively ANY)-

-evahwtes to true for all (respectively any) of the scalar values in the col­
umn repiesented by the subquery. (Note: lf that column is empty, the ALL 
predicates return true, the ANY predicates return false.) Here is an ex­
ample: 
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•No1e 1ha1 SQL suffers from a tOiical inconsistency here. If le Is noi kJrc)wn wh~ 
some particular data exists (e.1., whether llD)' shipment exists with q11•ntity 1000, 
say), then the corresponding cxistellCC test should return unknoWlt. However, 
"EXISTS subquery" will return false In such a cue. ~ Ev•mple 4 below. 
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• nm 
•• 10. - '•1' 
""~«ft >- .... ~ ) 

aumhra from tbip1DC 11r.s SPX such that there does not 
$PY tor suppBer SJ witb a peaier or equal quantity"), 

-=;I; .~ arller~ however, the NOT EXISTS version and the 
~Al:I&Rfare \lllfortunately not quite equivalent, as we now explain. 
S(lf,J"111 :tiile SP contains just two rows, namely (Sl,Pl,null) and 
{SZ&,(~. F'ftat, consktcr the >ALL formulation. The subquery retUnlS 
a ri•m C!Ol!«.mrina just one value, namely null; the ALL predicate therc­
fcn retuma lfnknown. and the overall result of the SELEcr statement Ii 
the •PtJ set (no supplier numbers are retrieved at all). In the case of the 
NOT BXISTS formulation, by contrast, we need to consider each row of 
table SP in tum: 

• Pot the row (SI ,PI ,null), the argument to the EXISTS reference evalu­
ates to the empty set; the EXISTS reference therefore returns/a/#, the 
NOT EXISTS therefore returns true, and supplier number St therefore 
appears in the final result. 
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~~-
- In 8eCtkm 3.2. tbC ANSI XJH2 IWldmd document includie1 
I! .,,...,_ ••• or appe~ctiw detfniq an "emNdded'" version Qt. 
~-io~ a version of SQL daisned for direct incorporation into host "*'rl M (i;e ;iOCillJ, host Pf08lllDI written in COBOL, FORTRAN, ~ 
~or Nl). ~not pan of the offk:ial standard per se, embed~ 
fl.Ql. Jn =any ways tepr as 111ts the most immediately visible aspect of the 
emiio JlGll 'I''· In this chapter we consider embedded SQL in detail. For 
!!Jdb>het.11c1r we base our discussions on PL/ I, but of course most of the 
kl•• baa slate into Other bost Jan,guages witb only minor changes. Section 
11.t ll'•e ''•a complete embedded SQL-PL/I program; Section 11.3 dis­
,,,,,. the detailed la"&ltage points illustrated by that example. 

11.2 A COMPLETB EXAMPLE 

A host language program with embedded SQL statements-an ''embedded 
SQL bost program" consists of an otherwise standard host program plus 
a set of embedded SQL declare sections, a set of embedded cursor defani­
tions. a set of embedded exception declarations, and a set of embedded 
SQL statements. In Fig. IJ .1 we show an embedded SQL version of the 

121 
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a.e},tl 

Fig. 11.1 Embedded SQL example (part 1 of 2) 
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Mr • 

-U-••< ' ' ' I • A 

llO f m:e=i:_...._.. 
..... 8P 
''I I D.8llO • 1110 1 

ll' '°' ' 8Qt('ODI - 0 I SQL(!ODB - 100 ) t• 1 

8lGlt'AL W'tlOll ( :al J r 
*!+c IQLDSmB .... 

'I &I'll I. PO • tSllO t 
U IOI ( 8QUX>Dll • 0 j 
,xe11 BIGll&L cc+«•ITIOfl ( DR»'lfilOS J f 
1>18P• 'm.&TID' I 

DID r 
PU'r UIP LXH 

( SJIO, 8"MIB, BSUUS, CHI, bISP ) I 
JDID 1 I* '"'' < SQLCODS - o > , • • *I 

BID ' I* PL/I 81D'.wm' */ 
BID I /* 00 qx1a */ 
11111? 8QI. c:tOS• I I 
l'IC 8QL acr CT -won:- , 
&l'Dldl , 

DD I /* SQLBX */ 

Jiii. U.1 Btnbedded SQL example (part 2 of 2) 
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6. Host variables must have a data type compatible with the SQL data 

type of columns they are to be compared with or assigned to or from. Data 
type compatibility Is defined in Secti()n 6.2. 
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- ... . 
.loll 1fj 

*If& PIOCl!llsor eacounters on U.. WQIW'• 
(fw. a111dcl:litu condition) O\ia•Mes tU 

= that 11idtioa). 
in tile •mpJe PfOllBID (fig. It.I) ia done s­

'il l!ill ..... 

i1iOt 4ppear in an ttbelklecl SQL statement before it b 

can (and mast) be used in a manner precisely anal(>. 
8 indfcatOr patametets are used in the module language (see 
~Peto....,w .... ,.. ......... 

;bl:to tiiBlGllt lllDXCNl'Oll rntGBT_ IllDXC 
WWW P 
Meg P..:lllO • IPllO I 

•"GO TO" can be spelled as shown here, as two words, or as one word without 
the space ("OOI'O' '). 
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~ilUtd ISO SQL st8lldartls eommlttees are currently at wofk Oil a 
~~ version of the alllfhJa SQL standard called SQL2. In 
• :olUD4 we tUe ca brlet look at the SQL2 proposals. The reader is 
'118 ·~ k the pioposals an only proposals at this stage; they will 01> 
~Aanai= in a number of ways before they achieve official standard 
---~ ever do). Nevertheless, it seems worthwhile to spend a little 
ttin• -~In this boot, if only because they do give some indication as 
t& JiMr i1lc aommiuees are currently thinking, and hence as to how the 
~is likely to evolve over the next several years. 

At the time of writing, it looks as if the proposal$ are likely to go for 
puWic review some time in 1989. Note, however, that they do represent a 
mqj!)1! extension to the existing standard, and hence a m,qor (multi-year) 
implementation effort; any prospective implementation is likely to require 
rather ~ful staging. Indeed, it is possible that the standards committees 
will propose some such staging themselves. Furthetmore. the proposals arc 
still somewhat fluid at the time of writing; hence, there does not seem to 
be a great deal of point in trYing to be meticulously mecise and detailed in 
trying to describe them at this stage. T he discussions of this chapter are 
theretore deliberately more superficial than tb@se in earlier parts of the 
book. 
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12.2 DEANITION:AI. ~ 

• Partial $upport it ~for•"'-.i **-Of~\ifll: ' 
mains can be cteattd and •Wiid (CIU3ATB DOMMN. ~ 
DOMAIN). Column def'hdt!.ps-(lil.~adALTERTABUS).4 Ii 1 

specify a uscr4f'"ned domaia iNC:U1d of oac of the bUftda. data ttM 
such as INTEOl!R. I>O.matas• $QJ.2 thUI ~the •bililY to~ 
out scalar-level data type deftRJt;ms. "Ibey Ibo pro\lide: 
• somcrdomain Integrity auppon (be •• consttalots to be1&tldecl bYID 

columns defined on the dolQ•in) 

• limited "strong type chcCklagU on compariaons (in partiddar, ft 
joins) 

• limited ability to define valid operalOl'S for specified domains and to 
define the domain of the result of scalar expressions 

They still do not provide "en11mcrated types" or full user-dri'ined data 
tYJ)e support. 
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II 1~ttnJL1.tt COnatraints ate 8 special C8'C Of single-co}umn 
constraints 

• ... «'hsmn CHECK constraints are a special case of table-level 
QHSCJc c:onstraints 

• q.l)Jt,.Jewl CHBCX constraints are a special case of general inte&J'ity 
ccmstr$nts (Le., assertions) 

tJNIQUB and PRIMARY KEY constraints can also be regarded as a 
speeia1 case of assertio0$; however, special-casing is probably desirable 
for these constraints, because they are so fundamental. FOREIGN 
KEY constraints would be a special case also, except that they include 
the ability to specify what the system is to do if an attempt is made to 
violate them-which CREATE ASSERTION, at least in its present 
form, does not. 
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• 

88LBC'l' X + Y AS I 
••• 

sn.gCT 'f,Z + 1o •. • 
PJICll (BmX+!f ..... )U~(I) 

• • • 

In the first example, the final result table-i.e., the table retrieved by 
the SEI ECT-has a $ingle (derived) cobamn called Z. In the second 
example, the table identified in the FROM clause of the outer SEI ECT 
is a (derived) table called T, with a single (derived) column called T.Z. 
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1~1 • g1 llilb tlaa:;et:g J!.t: 

.,..._ ad ii the Giily Jeaa1 opdoa if the cursor is-not a 
.)~PB.IO-., PlllST. and LAST are self-explanatory. 

two c.1811111 let 11 be the result of evaluating the seaJar ex­
{*Jilcb must lie ()f" type exact numeric); n must not be .zero. 
~ n moves the cursor to the nth row (counting backward 
- ~ if n is npive). RELATIVE n moves the cursor to the 
=~ the ew1mt poiition (again, counting backward if n is 

• A:.- Jdnd of query expression, namely "joined table," is supported. 
l0iaf4 tables )Jl'O'ride direct and explicit support for various kinds of 
jGin (ill particular, natural join and outer join). Here is the synt.aJt 
(~t simplified): 

...,,. I llU'URAL l [ lllM&R I LEJ'T I RIGHT I l'UL1. l JODI table 
[ OR -search-condition J 

LBFT, RIGHT, and FULL mean left, right, and full outer join, respec­
ttVely; INNER. (which is the default) means inner join. If NATURAL 
is specified, the appropriate natural join is computed ()II the basis of 
common ct>lumn names (the ON clause must be omitted in this case); 
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8BLZCT'. 
nm ( ( 8IL8C'l' • •w x) Wl'llf c =...., • •• v ) > 

•• • 

An expression of the form 

x tlJIIOll y 

would appear preferable( 

• The ability to deactivate (and subsequently reactivate) individual integ­
rity constraints is supported. For example, the statement 
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... .. ,. .~ 

..... lit ft§ittw't Ci(ild 

~Jd!' • fOi' ••••• 
•~BlrT won opailtiou, 
~om .. ate no lonpr 
iP.,.h,.. .. but btead ·~ 
~ az' • 'IP'ncmt tan1utae." 1'1ie 
lflt 1 'tit Illa*•* user to specify the b'M•,k"t 
~ ot R1!Al> WIUTB) and tJ'!imacflOD •• ..,. 

• (9. ~ or 4. COIJel!fl)1"Htta respectively to what .-c= ~ 
·~ 01:1 .r11d.t .. ••cuqpJ .aability, .. and 0 repratahlc 1 Cl"). 

• tllit SUlport fOriconslstency levels less tb•n 4 mtt• 
can ae loaaet be gUaranteed and can tberef®e ao 

g>!ft\ e.d. ~-· 
J se tlbkl and temporary views are supported. A tempo­
~ ~ or view) is a table that is created during a user 

:"84 ch: bond at the ead of that session, and is totally private 
tf u1er la question; it does not need to be registered in the catalog 
or--11- to the uSual recovery and concurrency controls (and 8$10-
~merf eiut) that apply to other, more permanent tables. Note: The 
:ae J t of .. JCS&ion" is not defined, however. 

• ~~ SQL" is supported. Dynamic SQL provides the abiUtY for 
•11lfllindon to generate (and then execute) SQL statements dynami­
cellJ-, i.ciduring application execation. Such a facility is extremely im­
porttBI the construction of pneralized applications. Note (for read­
_. whO may be familiar wjth the dynamic SQL facilities of the IBM ""uct.s DB2 and SQL/DS): The SQL2 dynamic SQL feature is based 
OD the facilities of SQL/DS-i.e., "extended" dynamic SQL-rathcr 
than those of DB2. 

• Fina.Dy, SQL2 manipulative operations are much more orthogonal than 
the existing standard. As indicated in Section 12. 1, this is such a signifi­
cant poiQt that we devote a separate section to it (Section 12.4). 

12.4 Oll'I'HOGONAUTY 

Standard SQL is not a very orthogonal language. Many of the detailed criti­
cisms made earlier in this book are essentially specific instances of this gen­
eral- and very broad-complaint. Orthogonality means independence: A 
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but "table reference" is now &knded as follow (simpJifyiDg mD 
what once again): 

table-ref!erance 
: : • tnle [ [ AS ] ...... S-=tion 12.:s ] 

I ( query-expreaeion ) t AS ••• sea section 12.:s l 
joined-table 

The first form is basically as in standard SQL today (except for the 
optional noiseword AS); the second and third forms introduce the idea 
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• nimfd:doas ott the number of times DISTINCT can appear within 
-lfi(ii. OICJK= sloa have been dropped. 

• ~OJll rcptdina arou~ views (e.g., a PROM clause that i.n­
•1tr • t'd'uenee to a grouped view c•nnot include any other table 
ulcm1~11) have been dropped. Jn fact. the term "grouped view" bu 
be iltopped entirely. 

• To Mt•• IO query expressions once again: As stated in Chapter 10, 
fl'*J expressions can be reprded as being at the top of the syntax tree. 
The feDOWiq simplified explanation indicates how very much more 
ol!lhoac>nal matters arc in this area in SQL2. 

• a query expression ls basically a collection of terms connected to­
getber by means of the opera,tors UNION, and/or INTERSECT, 
and/or EXCEPT (each with or without ALL and with or without 
CORRESPONDING), and/ or OUTER UNION 

• each term in a query expression is either a query specification ot a 
.. table value upression" 

• a query specification is basically j ust a SELECT-EROM-WHERE­
OROUP BY- HAVING expression; a "table value expression" is basi­
cally just a list of one or more "row value expressions" 
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M 
~~ weprcs~lt a 1'Jtbcd of pmplc problans for readm-Ylho 
..-i~lft ibeir hand at wridng some atandard SQL code. The problems 
me:!iifii :(fOr the 1llOlt part) Oil the emciles from the book A Gu/Jk to D• Qt4 ~ AddiSOn-Wesley. 1989). Most of them involve the 
'"lttPlif 111~ piojecta" database (see Fig. A.I). That database contains 
hlloi•M'ion ~suppliers (S). parts (P), and projects (J). Suppliers, 
~ aiad. ~s are uniquely identified by supplier number (SNO), part 
n.U:rsr (ftlO), and project number (JNO), respectively. The significance 
of an SPJ (shfpm~) row is that the specified supplier supplies the specif"ied 
part to the specified project in the specified quantity (and the combination: 
SN~PNO-JNO uniquely identifies such a row). 

A.2 DATA DEFJNlTION 

A.2.1 Wtiie a suitable schema (i.e •• set of CREATE TABLE statement$) for the 
supplicn-parts-projectS database. 

A.U Create a view consisting of project information for projects that are located 
in London (only). 

A.2.J Define !able SP of the suppliers-and-pans database as a view of table SPJ 
of the suppliers-parts-projects database. 

137 
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A.2 4 ereaae '~ ffili tl*l\i1Jliia~ PlKIJai*- •u ii 
projecrs (pro.tea 111....,..,d:~~ ue:•4t8'il.,_ 
use part Pl • 
.4-2.5 CrealeaW:w d l.,ji Cef .... 11g1()tti.odJillrt ll!Hl¢rmsf0t. 
and pam tbat are aOi K>a.-.il :JQ U..,,.,-. 
A.2.6 Given the view defi11tciOl'4' 

""V4'B VIBW 80 'I ( :lilO., RIO, •xa, MllQ.. AVGQ ) 
AS $st.1IC'l' $1.\7.IJMQ, $;P.T.JIJIO, 

llAX ( •• Qin ) 1 lltil ( 8111.Q'ft >, AVG ( 
#ROH 81'.t 
na;ivp llY SIV'.SllO, BV.RIO 
Mvxxa SUI( c ... an > > so 

state which or the foDowilla qUCt)' cxprasiom and update operations are teaat .a 
for those that are, give the lt&Jtslated equivalents: 

(a) SBLBCT • 
,....,. mso-MY 

(b) SELECT • 
PROM stSUJMHllllU-Ul.itY 
IOlERa su•e'RY.sltO <> •s1• 
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• i•••uoo .ao • •n• 

D Dlri MANIPULATION: UTIUEVAL OPERATIONS 

w~._ ecpressions for the following: 

Sh••ple Q91e1'ra 
A: 3J Oet fall details of all projects. 

A.J.2 6- fllll de«111s or lll projects In London. 
A.3.3 Oet supplier numbers for supp~ers who supply project JI . 

A.3A Oet aU sbipmenu where the quantity is in the range 300 to 750 inclusive. 

A.3.5 Oet a list of all part-color / pan-city combinations, with duplicate color/ city 
pairs elhnbtated. 

A.3.6 Get aD shipments where the quantity i5 nonnull. 

A.3.7 Oet project numbers and cities where the city has an "o" as the second letter 
of it8 name. 
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Sabqt111lzr 
A.3.17 Get PRd«1t ._,.,.tor~ 111wMbJ' ........ Sf. 
u.11 Oet colotf: or..-•••• Be4 ~ 4J niilr St. 
A.3.U 0. ~ ...-b:«* f0t11'4:'1i t4dfilf to qy i.w.O**' ~ 
A.3.2t Get poJect m•nlberl for---~--oae part cvld'r'Ht fi1C ;: 1 
plier SI. 

A.3.21 Oet IQppller 111111111et1 for~~ et lmt one P!Hldi!PHedW 
at least one IUffrr who sunf us at Jira1t one ncl part. 

A.3.22 Oet suppliermamben fotsup11' Swida a stHIU lowm tlumtbatof ... li l: 
SI. 
A.3.23 Get supplier numbms fer suppJime aapplylDa tome project wida pert Pl fit 
a q111ntity greater than the averqe ~ qnentity of part Pl for tllat pt$!)(., 

EXISfS 

A.3.24 Repeat number A.3.19 to use BXISTS in your solution. 

A.3.25 Repeat number A.3.20 to use EXISTS in your solution. 

A.3.26 Get project numbers for projccra not supplied with any red pan by any 
London supplier. 

A.3.27 Oet project numbers for projects supplied entirely by supplier S I. 
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AND 
AND 

A.3.34 nL1IC'1' DISTIJIC'l' SPJX.JNO 

·- 8PJ 8PJX A Ek' llO't IXISTS 
( sn.sc:r • 

PROM SN' SPJY 

) 

) ) 
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U•km 

snacr e.cosop ..... 
UJn:Olf 
SJtt.rrr P. COi.Oil .... 

A.3.43 T"J)(llnt the~_.. with UNION ALL In plac:c of UNION. 

A.4 DATA MANIPULATION: UPDATE OPERATIONS 

Write INSERT, DELE'lE, or UPDATE statements (as appropriate) for 
each of the following problems. 
A.4.1 Change the color or all red partS to orange. 

A.4.2 Delete all projects for which ther~ are no shipments. 
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wbeN PllT_STRUCTUllE shows which parts (MAJOR_PNO) contain which 
odrer~(MIN01l_PNO) as first-level componen•s, write an mbedded SQL pro­
sram tG list ID component pans of a given part, to all levels (the "parts explosion" 
problem). 

A.6 ANSWERS 

In this section we present a set of possible answers to the problems of Sec­
tions A.2-A.S. The solutions shown are not necessarily the only ones pos­
sible. 
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A.2.S ,....,., v• .,._oor.o,r '"L< ... we > 
AS ..... ,..,, S.lll01 P. , .... . 

••••• .. ICJii¥ <> 11.!Cftl 

A.l.6 Only (a), (b), aod (cl) are Jeaa' TmJteted-.ton or (d): 

RUlC'f NM ( 8N.Qn} • 11D ( SJllF.Q'l'Y J, SN.SllO, no.RIO 
FM8 SW 
&•U- 81\T .llllO • 18l1 

Alfi) SN.RO • 1 P11 

GROUP BY SJIJ.80, Sllf,JlllO 
llAVDIG BUii ( SN.Qft ) > 50 

A.3.1. SELECT J .JWO, J . JlWU:, J.CI'tt 
P1IOll J 
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A , 12 e·a"";-~~ ~ SN.PllO 1•• SN, s, J 
SN.BJIO - a.no 

AllD SN .JllO • J ,JllO 
MD s.Cit• .. • '.London' 
UD J . Cli't • •r..onct-• 

A.J.13 --=T DIBTIIKlT 8.Cli't, J . CITY 
IW 8 1 BPJ, J 
• It& s.ao - 8N .. 8NO 
UD SPJ .JllO - J • ..nrco 

A.J.14 S!UW'T DUTIJIC'l' SPJ.Pll"O 
IU SPJ, S, J 
WH1 kB 8PJ.Blf0 • 8.BJIO 
AID SPJ.JJ(O • J .JHO 
AllD 8.Cl'l'Y - J.CI'l'Y 
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... ....,.. ~~DD 
IW ~·· ; •p(·; 

( .;o.J]lllllt). 

JJ ' ; aie •..cl L"• " .. VJ 

A.3.21 8"F"r ~ "*" St«.m 
·- 8111' IPI •·*° D ( ......... .. 

W SW 
a I• 8R't..iiil0 :ar c..-.ar.• ·- -f 'fl GT.90 D 

>. 

{ ...... P.lllO 
.... 1' 

A.3.22 SaacT s.ao 
nm s 
•"''• s.~ < 

w••u 11.~ - ,..,, > ) > 

( ftIBC'l' ··­
·- 8 •'''kB 8.SllO - 1811 

, 

A.3.23 SELBCT DISi'IJICT SPJX,SllO 
fltCM SPJ 8WX 
WHBitB SPJX.l'llO • 'Pl.' 
AllD SN1t, Q'1'Y > 

I SELECT AVG ( SPJ'Y .QTY ) 
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I ewn D%ftDft 811la: .. 1J10 
.. IN &&OX 
- llfnD1•H 

( IV.IC!f • 
lliiAI SN01Y 
+eag 8NY • .nro • 81\JX.JRO 
AID SJat.SllO <> '81' ) 

Zf' :w: SPJX. PllO 

I *PS llO'l' IXIS'l'S 
( fUttW"'l' * 
... J 
wa•a tr.cm - 'London' 
MID llOT BX%ST8 

( ntlCf * 
I ROii SPJ SPJY 
Wli&U BPJY.PNO - SPJX.PNO 
AJfD SPJY • .nro • '1 .JllO ) ) 

A..3.29 s•r.'!C"r DISTINCT SNX. SNO 
IW SPJ SPJX 
W•8 MI BUSTS 

( SBLBCT P.PHO 
FROIS 8P.T SPJY 
!fl!EPB HOT EXISTS 

( SELECT J • .nro 
PROM J 
WBERB NOT EXISTS 
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A.3.31 ut.BCT i1 .no 
PAC* ., 

•-·•• J ... cz""t""i: -c ,..........., .- c a:.csn > 
,.... .1) 

A.J.39 nt.BCT SPJ • .nro 
!llUll 8PJ 
w•••c SN.NO • 'P1' 
ocr.JP BY SN.no 
llAVDIG AVG ( - SN .Qn ) > 

( SJPW"" 1WC ( 07.Q'l'Y ) 
.... 81\T 
•H'"Jt SPtT.JIO • 'Jl' ) 

A.3.40 SBLEC'll DISTillCT SPJX.UO 
FROll SPJ 81\TX 
WHBJCB SPJX. PlfO ., 'Pl 1 

MD IPJX.Qft > 
( BIUBCT AVG ( SP.JY. QTY ) 

IRON SPIJ' SPJY 
WriBR£ SPJY.PNO • 'Pl' 
AlfD SPJlt.JtfO • SPJX.JNO ) 
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~- • AJ.Qtr • 1.1 ........ c•••••· .. IW 1 1'*) 

- ,. 
I I* ;s 
•••a 3.-Cl-T-r - '• •' 

Nole - the .. DBLBTB FROM J" Will fail (in general) If the corresponding shi,p­
JDCldl are not deleted from SPJ first. 

A.4.S lh&IU 
D\l'O 8 ( SllO, mD, CITY ) 
vauJB'8 ( 'Sl.O', 'I.opes-' , 'llew Yor1'' ) 

A.4.6 CPS"n: 'l'ABLB LP 
( PllO CIWl(I), 

l'RIJWlY DY ( PRO I I 

DJSJDl'l' UTO U ( PllO ) 
SILBC'l' Dlll'lltlC'l' SP6. PHO 
FROll SPJ 
itHtU SPJ.sMO '.IN 

( SELBCT S.SNO 
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where the host Y8riilble CS_SNO c:omaim a tnppller au...._ value, F 1ch 111 ~ 
cursor CS. 1).e logic is e11111ially u follows: 

DIC 8QL OPl:ll CS ' 
DO :for a11 8 JCllCIOtdlS ll!OC' t •· lb3 • via cs 1 

BX!'C 8QL rm cs IJl'IO .c:s_...,, 1Cl8_81f, :CS_ST, :cs_sc I 
print cs SJIO, cs_a. cs_n, cs_sc r 
me SOLOPl!N CJ r 
DO for illl J rec:11ds ri:iettible via CJ r 

EXEC BQL HlCB CJ Dl!l!O sCJ_JJIO, :OJ_n, 1CJ_JC r 
print CJ_JJJO, CJ_JJI, CJ_JC r 

ElfD ' rw SOL croea C.J r 
DD: 
EXEC SQL CLOSE CS I 
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2 I )Jl!f• , 
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..., ..... taauaae deft11i•'9n. standard or otherwise, necessarily involves 
tWO ~ • q,nractic part and a aemantic part-where (loosely ~ldna) 
.:wit@ It low you say it and semantics is what it means. In the SQL lhm­
•'•I (iild i. tlifs book). the syntactic part of the l•nguage is defined by 
mn •If Of a BNF gnunmar, together with certain additional "syntax rules" 
eJP(fllliJ iia 8ngUsh prose~ the &emmtic part is defined purely by a set of 
''.-.atralW' aprased (&pin) in BngHsb prose. We note in passing that 
other, more formal. definitional techniques do exist; however, such matters 
are t;c)oad the scope of this book. 

A 1 r .. ,e is thus certainly not just syntax. Nevertheless, it is always 
convenient to have a summary of the syntax of a !angoage-i.e., a complete 
BNF grammar-for ease of reference. Despite this fac:.t. the official stan­
dard document does not include any such snmmuy. We therefore present 
one in this appendix. 

The arammar that follows deliberately does not always use the same 
terminology as the official standard. for reasons explained in Section 3.S. 
It does use the "-list .. 1111d "-commalist" constructs (again, see Section 3.S 
for details). It also uses a few simplifying abbreviations, namely "exp" for 
expression, "spec" for specification, "ref" for reference, and "def" for 
definition. The following are all defined to be identifiers in this grammar: 
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J!\,~ l'O 99Zll:'<••st:ll•lillSi-''Gllimlll•lJ;l~ 
iOM:lW l 

ll'e I I I - & 
f ,~IM; l} a J Jblt ) J 

C 001.Y · ~· I' 2lft ) I I ' 

111 Ir 

L\NGIJAGE 

ljtle·5cfe• 
i ,_ • ..,.. [ llOCl\ll• l 

, ........ ( COllOI. I rOJmWI I PASCAL 1 Pt.I , 
AU•; a aEIUitm •1=er 

[ C1331501 Sit-list ] 
pzcc1lwce 11~-liat: 

lli'QllllCll -def 
r,i- DSCLUB curaci' CURSOR FOR query-..p [ order-by-elaue l 

orda by-J.aue 
11• Oltl!BR BY orduinq-apea-=-allllt 

oa '•rl,ng 1pec 
t ,.. ( in1:9cJer I c:o11111n-ref I t ABC I DBSC l 

pa auture-det 
I s• PllCklBuURB p:irocedur• para-tar-daJ!·liet, 1 

-nipulative-statelaent, : 

pua •ter-llef 
ii- paraJ1111ter data- type S0LCODE 
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111 II •Rat; ' I t 

'Ill '•t1 atwt m I t> Ill al*I tr a' 
11• Ul'Dliil •aM• sd erl91 1t a e1:Lat 

...Ji a• CUPP* ll or Wlao~ 
aui11 u•t 

ii· -1--c .-Ju " I nu.> 
~et• stat• n~ ···•eta« 

: :• 1JPDlWB tabla m migs 11t•c- ellat 
[~] 
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l.t 

1Jgmti I 

t fJ}!;jjJi, , ... 1Jl• l 

CONDttlONS 

• d' •lt:i-
.... -.i•nn-t.1:11 

lllMuab10lldit:i011 oa boolean-ten 

J:aaJ=n"-hator 
s•• [ llOT J boolean-priury 

llaalaus p• •mry 
1:• 141'toat:e I ( -rob-condition ) 

pteclicate 
ii• a a nri--predi-tc 

betvaen-prediaat:e 
1111:• predicate 
teat-tor-null 
in-prcdiaate 
all-or-any-predicate 
exictcnc:e-tcat 
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8.7 SCAtMl 

Un 
st• r.cit:a 

I t-.. c ~ l / 1 ft1':1t 

[+l•Jpr-f' ry 

at:oa 
: :-_ pant t•r-nt 

I~ 
par...ter-ref 

: :- par&MUr ( ( DDICUOR ) pvametar J 

function-ref 
: :• COUH•t(•) 

I diatJ.nct-fWlction-rat 
a11- hmction- ref 
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IL plUl•. l aol-
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IQJ:l nanMnl docs"" 111 defined two lanauase levels; an °hl* 
Fadme'' was added later. 

" ~ 1rk1 BnhmN• cnl Pmtme conaiats of all tbo5c parts of tho 
~tmiaa to do with any of the followb:ig: 

• :d 1 r.u1c \l8hJcs 
·cssqc comtraints 

: ~and f<>reign key support 

• ~ 2 ii the complete SQL Iansuaae. minus the Integrity Enhance­,_,Ill P.eature. 
• Level t is a subset ot level 2. (At least, that is the intent; but it does not 

mce11..-Dy follow that a Level 1 program will execute correctly under a 
Level 2 implementattoo.) As mentioned in Chapter l, Levd 1 is in­
tend!d to be (approximately) ''the intersection of existing implemeota­
ttoas''; a program that restricts itself to Level 1-iftbat were possible­
ahould thus enjoy maximum portability. 

The main differences between Level I and Level 2 are as follows. In 
level 1: 
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18. The grant option is not supported. 
19. On a "not found"' exception, SQLCODE is set to an implementation· 
defined nonneprive value (uot necessarily + 100). If an error occun duri"8 
the execution of a given SQL state•neot, the effect on the database is im· 
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• •Wdl•ity Enhancement Feature (optional) 

Howt'ler, a COnforming implementation is explicitly permitted: 

• TopcJdle support for additional facilities not specified in the standard 
• To ~e options to process conforming SQL language in a noncon­

fOmdna manner 

• To ProYidc oplions to process nonconforming SQL language 

Note also that many aspects of standard SQL are explicitly stated to be 
either undefined or implementation-defined (and certain aspects are implic­
itly UJ!defjned also presumably unintentionally). Even if two implementa­
tions are both conforming, therefore, there is still no guarantee of applica­
tion portability. 

The standard specifically does not define the method or time of binding 
between database objects and references to such objects from within appli­
cation programs. 
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pj1 
~Ji aQHllOrthnn of wndors responn"ble for standards in the UNIX 
wodlt 1iJ 1'87, X/OPBN adopted a version of SQL (based on the 
~ ltndant but not identical to it) as a standant for interacting 
WWi ~ databases in the UNIX environment. In this appendix we 
pr111 ~ a •'""•l'Y (certainly incomplete) of significant differences ~ 
Xl<>PBWs ''portable SQL" and the ANSI/ ISO standard. 

D.2 STANDARD PBATURES NO'I' SUPPORTED IN X/OPEN 

• &plldt schemas and modules are not supported. 

• Comments are not permitted within embedded SQL statements. 

• The character string data type must be spelled CHAR, not 
CHAllACTBR.. The len!lth specification must not be omitted. 

• The integer data type must be spelled INTEGER, not INT. 

• The dec;imal data type must be spelled DECIMAL, not DEC. The preci­
sion and soale specifications must not be omitted. 
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" 

• Every flllUment colUmn ia a-\DUAi)~ ~on must bt a,,.,. td~ 
umn (e.g., it cannot be spedft I as atit«al). 

D.3 X/OPEN FEATURES NOT SUPKIRTED IN I'Hll STANDARD 

• Embedded SQL support for C is p,revided. 
• Consecutive underscores are pmmitted in user-defined names, 
• User-defmed names and SQL key words are case-insensitive (i.e., they 

can be entered in upper or lower case or any mixture). 
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~r will be used for UPDATE or DELETE CURRENT 
, XIOPEN requires a FOR UPDATE clause in the dofinitkm 

itM:cuta0r. 
• .Xl.&PM does aot guarantee transaction serializability (it supports 

- ftlO "cursor stability" consistency level). 
• XIOPEN and ANSI/ISO have different sets of reserved words. For 

drtPhs, see the appropriate official documents. 
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lad ISO COl)"aitlces per se, the bilP" ~-the 
Dll!ll':tBe SQL lt8Ddatd is UkelJ to dwelop is unques&nablJ 

DIM. lit. tbe ...,. of its (bfgbly successful) mainline ~ 
tt.-•tx we t>f ntnt a amnmary (certainly incomplete) of d8"' 
~· bet the current 082 die'ect of SQL (as ot DB2 
ease 1) and the cllnent ANSI/ ISO standard. For a thorouah 
the DB2 ~ the reader is rcfeaed to the book A Gllid8 we. J. Date and Colin J. White (Addison-Wesley, 3rd edition, 

B,t lfANOARD JIEATlJJlES NOi' SUPPOR'IED IN DB2 

• Ricplidt schemas and modules are not $\ll)pQrted. 

• Cemm ata are not permitted within embedded SQL statements. 

• The NUMERIC data type ~ not supported. 

• User-defined default values are not supported. 

• UNIQUE constraints in CREATE TABLE are not supported (instead, 
DB2 enforces uniqueness via 0 UNIQUE indexes"). PRIMARY KEY 
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• 

• The st•mtittd also: do• not •Mtuae ay of the more .. ,,._,Ral., ~ 
d~nftion scatemema that are 'lalpported in DB2-CREATB./oaQI 
DATABASB~ CJtEATJ31DllOP TABLESJ'ACE, CllEATIWl)RO}' 
STOOROUP. etc. The ltaada1d al8o dQCS not include any of d.DH>nl' 
"pbY591.. GpeJ•wh on C1tBATS TABLE, such 81 BDlTP.lt0C. 
FIELDPROC, VAT Jf>PllOC, "IN tablespace," etc. 

• Data definition ttatements can be illeluded in application prearams. 
• The following DB2 data eypes are not supported in the standard: 

VARCIWl (and liOlfG VJ.RCDR) 
GRAPllIC 
VAJIGRAPllIC (and U>llG VlUIGRU'llXC) 
DATB 
'l'DO! 
TIKESTAllP 
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li'M 'Mt st'ppod an eXpUcit LOCK TABLE ltilt1 ti if~ 

- flat'""' the llatl 1ema PREPAKB. D~ 
the SQL DlscrliJtor Area (SQLDa\). tbe IJOl"8* 

ilelM; fer itrco1·po•••haa tbe SQLDA into hOst ptQl­
!dle ~ mocit*ed faciBties (DBCl.AU 

1 apemi•I form Qf OPEN. etc.)--are excluded fnD tbo 

*-flllf1jjj~ partitioned tables. The standard does not. 

• :1.'le "'*"' does not Support the EXPLAIN statement. 
• .. pdard dcfi1 es host language interfaces for COBOL. 

POll'laiN. PaFcat. and PL/I (only). It also restriets the range or data 
t#lll 11Cc~1aible from each of those languages; for example. INTEGBll 
•htall .C accessible from PL/I in the standard (of course, this is prob. 
abl)' 8Jl error in the !ltandard). DB2 does not have such resbictions. 

BA INCOMPATIBlUTIES 

• The standard and 082 have different sets of reserved words. 
• Authorization identifiers are limited to a maximum of 8 characters in 

DB2. 
• String constants are varying length in DB2 but fixed length in the stan­

darcl. 
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····ct'.., 
... 8 ...... ••••'£• ( •• , .... * 

... p 
: •aa ICl-n""' - seia ) 

This SELECT is valid in the •act.mt but not in DB2 (the stimdmif 
recogngec that the reference to $ClTY is implicitly qUalif"ted by taW. 
name s, but DB2 does not; .. corrtlated mereMes" in DB2 are _., 
unqualified). 

• The key word WORK in COMMIT and ROLLBACK is optiOnal hl 
082 but required in the standard. Tbc COMMIT and R.OLLBACIC 
statements are illegal in 082 under IMS batch, IMS/DC, and CICS. 

• The standard requires all concurrent executions of interleaved tta:nsac­
tions to be serializable (i.e., equivalent to some serial execution of those 
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SQlpJOduats supports eveiythina fnSAA SQLe 1ect.fY 
)J the SAA SQl. standard each of them bas it.I own 
~. FM nemple, the aemantics of GRANT 'tO 

nM«enl in DB2 and ht SAA SQL. 

!JiGilibte O'JCCepdea or SQL/400, every one of those prolluocs 
MUra that are not In SAA and SQL featurea tb$ are 

M~ by any of the other products. For example, tU DB2 
..iltilteilaent is not inducted in SAA; the DB2 rules regarding legal 

9•'ftitdeya)s .are not supported by either SQL/DS or the OS/ 2 Data­--bq«. 
• M:'i.cans'C'quence, no two of IBM's SQL products supports exactly the 

,._ llipt of SQL. 

FUi1Wr det•Hs are beyond the scope of this appendix. 
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~'Of an mmotated version or a paper tbat was~ 
c.4it tb.e tide .. A Critique of the SQL Database Ld· 
~a book R*'°"'1/ Datllbose: &!let. ted Writings(~ 
68'6)J and prior to that In ACM SJGMOD R«!aid, Vol. 14, 

1IP, • 1984). It is 1eprlnted here (with permission) In esSMtially 
:uollilf,r' :ilil~ except that a number of comments have bcien added, as 
•'-tel >·Nolf: Numbers in square brackets (e.g., (10)) are references to 
_.,.11 1 Dd'.otber publieations listed In the "References" section at the end 
of die PFl*.a 

The libatract of the original paper was as follows: 

Tlilt ANSI Database Committee (X3H2) is currently at work on a pro­
}1CS ' at•ndard relational database language (RDL), and bas adopted 
M a hasJs for that activity a definition of the "Structured Query Lan­
IVW" SQL from IBM (10). Moreover, numerous hardware and soft­
ware vendors (in addition to IBM) have already released or at least 
JmlOunted products that are based to a greater or ICS$CI' extent on the 
SQL language as defined by IBM. There can thus be little doubt that 
the importance of that language will increase significantly over the next 
few years. Yet the language is very far from perfect. The purpose of 
this paper is to present a critical analysis of the language's major sh0rt-
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• 
• 
• 

• 

The language does have its w r k pnint• too, however. In fad. it canMt 
be demed that SQL in ita pa ea •t form leaves rather a lot to be desired 
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• ~-fl the relational model not supponed 

• S11m!l 1ary and conclusions 

Refele•ace 131 gives some background material-s~fically, a set of 
~ that apply to the design of programming languages in general 
and database languages in particular. Many of the criticisms that follow are 
''t~::: in terms of those principles. Note: Some of the points apply to 

e SQL only and some to embedded SQL only, but most apply to 
both. 1 have not bothered to spell out the distinctions; the comext makes it 
clear in every case. Also, the structure of the paper is a little arbitrary, in 
the sense tbat it is not really always clear which heading a particular point 
belol'lgS under. There is also some repetition ~I hope not too much), for 
cssenri'lllly the same reason. 
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• 

SBt.,,. &w c ... nun ) 
PW l*P 

or the ¢XPresstOD-

.. .,. ... -auN'Y ... -
""BllRB P.IWI IQ - #JD' .. ... 
A ,.,.iar-apr asaiOD 1il a spec lat ease of a row-exp1,..siion and a Sfeda1: 
case of a col111DU1MX1rilliOD. 

Note that these four tmds of eqmsioo correspond to the four clvses 
or data object (table. column, row, scalar) supported by SQL. Note teo 
that (as pointed out in (3)) the four das'es or object can be partially ordered 
as follows: 
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lbo1s dlilt SQL tes not 1 e dly measure up to these 

compare assign selector gen .. 
only VIB no 

no no INSERT- (He 
SELECT belowt 

only aa erg to 
COlumn IN (host vbles no no yes no 

Ill con81s onlyl 

only In INSERT only to1 
& UPDATE lholt 

no from set lyesl "° vbles & consts of host 
only I scalars 

&Caler NA yes 
only to 
from !lost (yes! "° scalar 
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• 

• NOw c:ot••ttr'SQL *Ii ..... tllil ~···-«•!fill 
recdJ • .Uoftle:~ilJnRl•ttonaJ ... m(i.e., S(M:.Jt ~ 
tio.wdlYCCllll}ll!td'1, H.c iii''11 .. dalrable ~ICPkCSsi&Qa ofSQJ!. (\t~ 
thcSQL~~Qe p t'Ni•ot'thcmet#>mt1alp'bra) 
be arbitrarilY n~•ted. Ui!ISCHP'Kur the question of eurtly w.hrh ~ 
SQL does snpf:KH1. SbPIJf)iilj matters "'18htlJ. the Clpi/111i0#. 
SELBC'r-FROM- W'IUUll ta tM "$QJ.. version of the !;Cited •'8•br rt# 
CXJ>TaBOD 

p~j.aUaa ( ra Lrictlon ( ..,«1111« ( table1~ tel.a, . . . ) ) ) 

(the product corresponds to ttie FR.OM dause. the restriction to the. 
WHERE clause, and the projocdon to the SELECT clause; lablel, 
table2, . . • are the tables identified in the FROM clause-and note 
that, as we pointed out earlier, these are simple table-names, not more 
complex expressions). Likewise, the expression 
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''Nai.UW'" fomwJation (projection of a union): 

... WJIO '""' ( llYC UlfI01l &PO I 

SQL formulation (union of two projections): 

n.wct n xo '** nc VlltOM 
.. ..,,., mao PROM sro 

Note in passing that allowing both formulations of the query would 
enable different users to perceive and express the same problem in dif­
ferent ways. (Of course. both formulatiOns should ideally translate to 
the same internal representation, for otherwise the choice between them 
would no longer be arbitrary.) 
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• BJscwhere I have proposed some c lensions to SQL to suppoat the outer 
Join operation (4). Thed•Us.oftbat proposal do not c:oncem. us here; 
what does concern ua is the fd~. If the user needs to compute an 
outer join or three or more relations, then (a) that outer join is con­
structed by performing a sequmce of bintll'Y outer joins (e.1., join reJa. 
tions A and B, then join the result and relation C); and (b) it is essential 
that the user indicate the sequence in which those binary joins are per-
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m;•lJst aU aJaebra courses. with their off•'¥! if 
s ....... [Ills following (neither of wMch k vana 

SQI,.. o? couno) Npte1n11t two attempts to fo~ t1dl 

Bacb Of these statements does list all algebra courses, together with 
tbetr offerings. for all such courses that do have any offerings. The first 
al80 liits algebra courses that do not have any offerings. concatenated 
with mdls in the OFFERING positions; i.e., it preserves information 
for those courses (note the introduced name ALGEBRA. which is used 
to refer to the result of evaluating the inner expression). The second. 
by contrast, preserves information not only for algebra courses with no 
offeriqs. but also for all courses for which the 514bject is flOI algebra 
(regardless of whether those courses have any offerings or not). In 
other words, the first preserves information for algebra courses only 
(u requireCI), the second produces a 101 of unnecessary output. And 
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,,,,, " . 
.... (~ :··· ..... Im; •• $<JMW 

•Ji•RB t.cn•t • 'JN1'L' I 
••a• s .. aaw >so 

This explanation, thoqhbothaccarateand easy to """*'stand, ••d'Mlt 
conveniently be used in dma t:tlbiu8 or teaching SQL, pteclmy becamo 
SQL does not l1l))pOrt rrstma at the external or user's level. 

• UNION is not permitted in a auhquery. and hen~ (among Olher things) 
cannot be used m the definition of a view (althoup stranpty enough 
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IA Mil> Bia~ t.o the MJl.il~~ 
D ~ B t%rfPltbatB(butnotAOl'd)•~ 
~)hl.tht second form111atioo. bat .,.,tififC 

•'firllt co+•"lNldson subquery" muat be writteain dwor· 
W ik1£ the other way uoundi i.e.. tbe upti!iliml 
-~ ftekl'* is illepl. 
~' UPDATE, and INSERT all as special kMs fJf 

staerwat-4Ji each case, the value of some expi;ellioa ii 
to some viriable (a newly created variable. in the ca• 

n tboa aowee values for those asslgnmen1s can be speQifted 
M rcssiom (involving database fields, host variables, con­:!.(IQd. alar opc1atom) for SELECT and UPDATE, but must be 

lt\I sbnple bOSt variables or constants for INSERT. Thus, for 
'MWI~ the following is valid: 

.... 
iWlsou: 

••• 

but the following is not: 

DBljit't IMio '1' ( r I 
VALUBS ( :X + l ) 
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=· 
or ,,, _. 
sn Sv.ap!' • ~ +. 

l .. =:=····· 
w• PU• --•••·• no • MP.A1» • .) 

(Actua., there iJa slfabtc~ m this last example. SuPPL* a#• 1 tf 
employee 11111nbet, say •• app . n in the EMP table but not ia ttle 
BONUSES table. Thea the ,llartnthaigd expression wUl waluatttto tb8 
empty set for employee e. SQL will probably therefore consldtr the 
bonus for eto be nult, and sod set e's salary to null as weU-whereu 
what is wanted is clearly for e's MJary to remain unchanpd. Th fiX tbll 
problem, we need to replace the parenthesized ~xpression by (say) 

aoMwt ( ( SELEC'l' , •• -..MPttO ) , 0 ) 
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into dd'ri!s, l should point out that SQL in fact JUJ~ 
,.,, gndel of function, not however in any uniform syntactic 

tategories can be referred to, inform•Dy, as column aad ttibll 
fi•11rj 51 ft. lelJ)eedvely. I dilc:uss each in turn. 

Colnmn ~ns arc the ones that one usually thinks of whenever func­
rtmit-art-:·mation~d in connexion with SQL. A coJnmn function is a func­
tiOn tMt t.ecluces an entire column of scalar values to a single value. The 
fa1~fntbiacat ogoryare COUNT [excluding COUNT(•)], SUM. AVO, 
~~MIN. A functional notation is used to represent these functions; 
however, as suagested above, the scoping rules for representing the argu­
ment are somewhat unconventional. Consider the following database (sup­
plien and parts): 

I ( AO, 8lt»IB, STA'l'US, CITY ) 
P ( PlfO, P'OMI, COLOR, WEIGHT, CITY ) 
ft ( DO, PNC>' QTY ) 

and ~der also the following query: 

8BLBCT 8UJI ( SP. QTY ) 
1Jllla SP 
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(The DJS'l'iiMm' :ii 81!1Uiliil la .,,,, l)f. SQL'a ru1a COncet!dl I' ~ Ji'iil 
elimination.) HOwever, 8 ~ SQL formulation W®J¢ be: 

nucr u.no 
IW BP 
GI lUP llY SP.'PllO 
DVUG SOii ( SP.Q'D ) > l.000 

Note that the user is not r1nUy buerested in grouping per se in this 
query: by writing GROUP BY, be or she is in effect telling the system how 
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· V·CJ A .IQ f WO, !'OJQ1'!! ) 
11••e11 • .. - --- ,,_.,_, .. _. ( s~.QTI > 

& : ff.RIO 

Mt: x*""4q.,y: 

.. =~'IO'l'Oii'. > 1000 

'nlssat nent is Invalid, because the "merging" process described earlier 
llaifi to something like the following: 

Mt C!t SP. lllO, SUK ( SP.QTY ) 
... 8P 
fNfd 8IJIC ( SP.g'l'Y ) > ltOOO 
GIOUP llY SP.P!IO 

and this is not a legal SEI .ECT statement. Likewise, the attempted query: 

8BUC'l' AVG ( PQ.!l'OTQ'l'Y I 
- PQ 

also does not work, for similar reasons. 
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This formulation m.o lbowa. mcidcntaDy, that it might be paf -
to declare ntrae variables Such as.SPXi.nd. SPY by mans of separate state­
ments before they are u• ~II. M it ii. the we of such vaEiabhls 1li&Y we1I 
precede their definition. possibly by a consfderable amount. Although there 
is nothing logically wroq with this, it docs make the statements diffimdt 
to read (and write) on occasion. 

Yet another consequence of the scoping rules (already toucbed on a 
couple of times) is that it ii not possible to nest colUJl'lD function references. 
Extending the earlier example of geneia•tag the total quandty per part (i.e., 
a column of values, each of which ii a total quantity), suppose we now 
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-"'•. 

e.GMl'li It: This latter restriction does not apply to the standard. End 
(Qf#J'limllllt. 

Ii cnr.rp SQL. nulls are always eliminated from the argument to a 
c:ohmm.fan&ion. reprdlesa of whether DISTINCT is specified. However. 
tbi8 ShoPk' be regarded as a property of the existing functions speclfically, 
rather than as a necessary property of all column functions. In f•ct, it 
w.outj kbottcr not to ignore nulls but to introduce a new function wbosc 
effect is to reduce a given colunln to another in which nulls have been elimi­
nated-and, of course. to allow that new function to be used completely 
ortboaonally. 

Table Pandions 

Table functions are functions that oper-ate on an entire table (not necessarily 
just on a single column). Thereiarc four functions in this cattgory, two that 
return a scalar value and two that return another table. The two that return 
a scalar value are COlJNl'(•) and EXISTS. 



TERADATA, Ex. 1004, p. 208

.. ,,,... 
ft&* • 
••••• ...,.,, t .. YWJU •• - ..... ) 

EXISTS Ukes a tabre ash~ (though that table ,,, rid lit e.t­
pressed 11 a SBI BCT-oxpa 111.imt ht Just as a tilbJe..milne} and ,t:8'­
the ~ trtle if m.t table &1t011 ' lJ!ily" false Glherwiae. (A table W 
contain!<8"1y nulls-i.e •• .U..nuB r.on is not eonsidercd to be emplJJ 
indclenully.) Becauu there ii.CW:1ea.t1' no BOOLEAN or BIT dtfa • 
in SQL, EXISTS can be UST!d onJ.y:hl a WHERE clause. not {e.g.) in a 
SBLBCT clause (lack of ortbopaHty once again). 

Now I tum to the funoPons that return another table. vi%. D~ 
TINCT and UNION. 

• DISTINCT takes a table and returns another which is a copy of that 
first table except that redundant duplicate rows have been removed 
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' -- ' _,,' o! I l 

!llJliJ'ri 

~ t COtWder UNION. alone of the operators of the reladOn8l 
tJ& ill!i. • a t'Unction in SQL merely because of the special s~ 

it is givcti. SQL is really a hybrid of the relational algebra 
dde relational calculus; it is not precisely the same as either, thoush 
it d1nr an somewhat toward the calculus. 

Et I.AO( Ol' 0.RIHOGONALITY: MISCELLANEOUS ITEMS 

1"41fcal0i Varlablea 

Let f be a database field that can accept null values, and let HF be a corr-e­
BPOndhta host variable, with associated indicator variable HN. Then: 

••• 

is legal, and so are 
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Spedf.JUsa the tabhi ''itM"T it JJ'ldv""Mt (ddl pehtt II J:-dstlf· 
the.,... of PBTCH, see ljQf:).W la ~ cl8le ''QJJQIJntf.l" OP e~:D.l 

DOl the -me kind of ••cr••tbf.illl.OR ~WHE•I pidf;ate 8ia~ 
usA1AJty > 20000"). Nerfi*°@cr• d tecemWne-•~OP~ 
with other pre •I.mes and Wtlte ~l ·~ Ctmitl!N'r OP~~ 
SALARY >"20000." But to 1el4CI to:1tle n>ain ~ AJtbouptll:if 
(first) UPDA'l'E srate1nent above'ts leSI t the analogous Slll.BC'r stateu J 1 

an.wpr • •• 
PROK T 
wwwaa OJR iMi OF c 

Is not. Moreover, fields within the "CURRENT OF C" cannot e11cn be 
referenced (let alone be retrieved}-e.g., the following is also illepl: 
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tgpat lhUc:tUi'e (iilcidentally1 ''FBTCH C .. de es not r r llj 
Mii if fl is not tbe CIUSOr that is being fetched); 

ialOw sm.RCI's of individual fields of the current record (i.e •• 
ftekt.uame" u weD u .. SEI.BCT •"); 

@.) lt 1:~.Uow selective (and repeated) access to that current recot4 
~ I _1.RCf F'' followed by usBLBCT 0, .. both selecting fields 
o11fle::Slble record); 

(e) h-1" l>eextendable to other kinds of S'IEP operation-e.g., SIBP 
C: 'M PREVIOUS (say). 

'lil tact I would go fllrthcr. First, note that "CURRENT OF C" is an 
""'MlPIO ot a row-expression. Let us therefore introduce a (new) FEfCH 
stat«rent, wbose argument is a row-expression (as opposed to SET ECT, 
whole Q•naent Is a table expression), and whose function is to retrieve the 
row repi rs nted by that expression. Next, outlaw SELECT where FETCH 
is rrrlly intended. Next. introduce "(row-expression).field-n•mc"-e.g., 
(CURRENT OF C).F-as a new form of scalar-expression. F1nally, support 
all of these eonstructs orthogonally. Thu$, for example, all of the following 
would be legal: 

IB l'CB CURREJr1' OF C :INTO •• • 

ti'l'CR (CORRBN'l' or Cl .P nrro ... 
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The UPl)A'fB Statemebt bere fa M 0out~f~" ~ • 
the cu~ form. probJ.,.,,.: 

(a) The update wiD be visible thJ'ouab cursor C if and only if C is t iinniag 
through the real data, not a eopy. 

(b) lf cursor C Is running throUgh the real data, and if tbe UPDATE 
changes the value of DHP I NO, the effm on the position of cursor C 
within the table is apparently undefined. 

l cannot help pointing out also that the FOR UPDATE clause is a little 
mysterious Cits real significance is not immediately apparent): It is also logi· 
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- cffjllHlO& U'T bilppcn• to eviluate to an -.plJ Ht. U.. 
f t•n.1s oa die contm bl which T appears. For ex•mpte. 

! ... ~.skma 

and SBl.llCT AVG ( Biii'. ga1,apy ) 
PROM BHP 
ffHW 1CMP.uamn.p""'11trno • 1 03' 

••ob dist 4epartment Dl cunently bas no employees. Note that tilt 
aecoM~:jt~ expiessions represents the application or the AVO function 
tQ tM ~t the first; as pointed out earlier, it would more loaically be 
WjjtfleQ*9 

AVG ( SEL'&C'I' Et«P. SAI->JlY 
PROJI IMP 
WHERE EllP. DEPDllO • 1D3 1 ) 

• The statement 

BXBC SQL sager EMP.s.a.r.a.ay 
l:llTO 1S1SN 
PROM !!MP 
WHERE EMP.DEPTNO - 'D3' I 

gives "not found" (SQLCODE = + 100, host variables S mtd SN un­
cb•nged). 



TERADATA, Ex. 1004, p. 214

• 
IXIC SQL Bl'WM' •• • 

Dl'l'O ls ;Slf 
l'RC»I ••• 
l"'U field • 

( Sltt·•CT AW ( JP.llP. 91r.uy ) 
PROK BllP 
WMi•B BllP.DBP ... .....,.IHU"' - 'D>' ) r 

also gives "not found" at the outer level. 
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• The follOWlns resttlctiom do not apply to standar:cl SQL. ml. SQl. does not S®POrt varying strlngs of any kind. End of 

1-ttefdsaresubject to numerous restrictions. Here are some of them 
(tlda tmriJ or lbay not be an exhaustive list). A Ions field: 

• CDnot be referenced in a predicate 

• Cannot be indexed 
• Cannot be referenced in SEI ECT DISTINCT 

• Omnot be referenced in GROUP BY 

• Cannot be referenced in ORDER BY 
• Cannot be referenced in COUNT, MAX, or MIN (note that SUM and 

AVO would make no sense anyway) 
• Cannot be involved in a UNION 
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GllOUP BY Jleabidiam 

GROUP BY: 

• Only works to one level (it can construct a "set of tables .. but not a 
"set of sets of tables,•1 etc.) 

• Can only have simple fields as arguments (unlike ORDER BY) 

The fact is, as indicated earlier in the discussion of functions. an or­
thogonal treatment of OROUP BY would require a thorough treatmcut of 
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1•lri•Mt1 an not permitted in all contexts where hou ¥iil­
a,Arear (aS already diSC'•ss:ect). 

lin a WHERE clause whether a field is null. SQL prqv.iU$ tllo 
~ ''field IS NULL ... It is not intuitively obvious way 

~-to write 0 fleld ts NULL" and not "field = NULL"'­
W.M1Jy as the 1YDt$e ''field • NULL" Is used in the SET da11se of 
~~statement to update a field to the null value. (In fact, the 
wMftRlc1ause "WHERE field =NULL" is syntactically illepJ.) 

• NQll 'elues are considered as duplicates of each other for the ~ 
ef tJNlQUE and DISTINCT and ORDER BY but not for the p~ 
et WHBltB and HAVING and OROUP BY. Null values are aim con­
iidered 1111eater tb•n all nonnull values for the purposes of ORDRR 
8Y but not for the purposes of WHERE. 

CfJmment: The standard considers two nulls to be duplicates of each 
ot'1cr for the purposes of GROUP BY. DB2 now does the same. The 
statement above regarding GROUP BY applied to 082 Version 1 Re­
lease 1. End of comment. 

• N\llls are always eliminated from the argull)ent to a builtin function 
such as SUM or AVG, regardless of whether DISTINCT Is specified in 
the function reference-except for the case of COUNT(•), which 
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b:droclUfed N•n za 
The user can intrOduce nan•(•....,..,?• 'etn.U, nmt: mi•~ f4t 
tables-e.g., FllOM T TX b4t ..-~-""· TIUI 11.UCf ~ t•.UV fa<: 
done via the §lU.BCT da11rs e.1,..,'.$1!l.SCT F FX. Sueh • fadlft;t~ 
be particulaify useful when die seat.,r is in fact repae1ented by an Opcnll' 
tional expression-e.1., SELl!c:r A 'I- I c, D + E F, • • • • 1'be n••r • 
c, F, . . . could be used in WHERJ or ORDER BY or OllOUP BY or II 
an inherited name in CR.EATS VISW (etc., etc.). 

Comment: As mentioned earlier, the foregoing capability is included in 
SQL2. End of comment. 
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COmment: At the time this paper was originally writt~ the draft prQ­
posed SQL standard was much "purer'' than the version that was even­
tually adopted as the actual standard. The standard per se does not 
"address many of the criticisms of the present paper ... End of com­
ment. 
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LOCK SI I 1 r 1 l ~I I . ! ! 

Does LOCK SHARED MQUke •S klck Qr an SIX lock [?)? tf tt. uswer 
is S, are updates pan:dtted? Wheli ate lOcb acquited via U>Olt ~ 
rt:lcased? 

Name Resolution 

FtrSt, consider the two statements: 

SELBCT SNO 
FROM S 
WHERE CITY a ' London• 
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• • ieilft - •••• , .... , ) 

PL 
- llUS'IS f •• .., • 
A :CXtt • sx. acttt > 

1' IJW~ lepl? ("Suppliers who supply Pl and P2.") 

rt.. ( Slt.IC'l' * 
1sto11 SP SPX 
WBBRB SPX.SlfO • S.SHO 
DD SPX.PllO • 'Pl' 
AMD .EXIS'l'S ( SELECT * 

FROM SP SPX 
WllEIU!: SPX.SRO • S.SICO 
AJfD SPX. PHO • 'P2' ) ) 

What if "FROM SP SPX" is replace by ' "FROM SP" (twice) and all 
other occurrences of "SPX" are replaced by "SP"? And is the following 
legal? 
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B«pe ft. Copy Data 

When euctly does a cursor iterate over the-real ''base data'' and when over 
a copy? 
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llOt 4 •1H the emtption:.JiucUiq capabiJitles of tlHl be it 
0N'(4il lt••l· This point and (evon more so) ttJe fOllC>Wto 

matn, ... am, dOei not ~encourage the p$ducdott .of 
~-··· ~ PJO&Hllll• and that in some respects SQL ~ 

ii at il IOwer level tlum that of the host. 
'DOt.oit tbe CGll&l'ol structJU'eB of the host (IQOP ~ 

). Soc the pievious point. 

* a bl:ij~:u (tables.. ~ etc.) are not known and cannot be refer­
~ in the host environment. 

• H.• objects can be tefae•1ieed in tbe SQL environment onfy if: 
• Tile;)' are specially declared (may not apply to all hosts) 

• T.bey arc scaJan or certain limited types of structure (in particular, 
they are not arrays) 

• Tbe references are marked with a colon pref'ix (admiucdly only in 
some contexts-but in my opinion "some" is wone than "all") 

• The references are constrained to certain limited contexts (e.g., they 
can appear in a SRI ECT clause but not a FROM clause) 
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• 

• SQL n•me 1c1ol11ll•01 rolies are dil'faeat from those Of the bolt, 
• Cursors are a clU1111Y watof~ ~pp bi!tw: r a trac tlaf;Qa• • 

the proaram. A muda ~·•"'lhOd "WOldd bd to as111diile a~ d. 
a conventional seq11e1rtiotJ/lein the bQat jHUji-. and th En let tMP#• 
gram use convcmtionat Jl:1!AD. tu:rWJtlTE. and DEi ETE 9tate« '" 
to acccss.:tbat file (maybe INSl!llT ilWCinoats too). 

CommenJ: Cursors are also not a good base on which to build dimJb;. 
uted database systems. End of commeltl. 

• The "structure declarations" in CREATE TABLE should use the stan­
dard COBOL or PUI (etc.) syntax. As it la, it is doubtful whether 
they can be elegantly extended to deal with minor structurel (composite 
fields) or arrays, should such extensions ever prove desirable (they will). 
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• 
1' 1>)11 1d,,.Jly created cursors and/or cursor stacks. • ..._.,.cunors. 
• ~to acc:e.s a unique record and keep a cursor on it without having 

to :go through separate DECLARE, OPEN, and FE'l'CH: e.a .• 
••FBI CH UNIQUE ( BMP WHERE EMP.EMPNO = 'E2' ) SET 
(C) :". 

• Fine control over locldng. 

F.8 MISTA](ES 

NWll 

I have argued against SQL-style nulls at length elsewhere (6), and I will not 
aepcat those arguments here. In my opinion the null concept is far more 
trouble than it is worth. Certainly it has never been properly thought 
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JROMO&a I 

Punning 

SQL does not make ,a ele r dlilfnC'deD. between tables, rec:otd. ~ ~•. 1114 
range variables. Instead. it aJtd.j a: ijQl6 ~ to stiU'd for q C)ifC Of 
those objects, and leaWll thc bttmPl'llfildiOll to del'Cll4 cm context, ~ 
tual clarity would dfctate that tt at lenst be~ alwan to cHetirplsl\ 
among these 4if'Cerat comtruc:bJ fi.e., syntactically). even if tbele are ndei 
that allow such ptmnin1 games to lie played when intuitively eoavenient. 
Otherwise it may be pQasible that-.for ex•ntple extendability may suffer, 
though I have to admit that I cannot at the time of writing point to any 
concrete problems. (But it shouldn't be nece8Sll1'JI to have to defend the 
principle of a one-to-one couespondeac:e between names and objects!) 

While on the subject of punning. I might also mention the point that 
SQL is ambivalent as to the meaning of the term "table." Sometimes "ta-
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"" .. ~.) 
!ftae::~son operatora =ANY, >ALL. etc., are totally redundant and 
iD m"'3' f's sa actively misleading (error potential is high). The followiu.s 
~ which is taken from the IBM manual "IBM DATABASE 2 SQL 
Usqo Oukle" (IBM Form No. 0024-1!183), illustrates the Point w:ry 
1licely: ''Select employees who are younger than any member of department 
B21 .. (irrelevant details omitted). 

SV,WCT IJIPHO, I.as'nl'AU, 1rC'p!fDEPT 
,.., iGPL 
W••ldl >JUa { SELECT llR'l'RDA'l'B 

PROM 'tBllPL. 
~ WORXDl!!PT - 1 £2.1 1 I 
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6 . ....... ... ,.,. a 
IA £ '12' Df 

Jo-•IJU'C't se • .-o 
PllCll 8P 
WRIKI ... no - a .. .ao • 

7. sms.naMP 
l'llClll s 
we•g •n• •AllY 

( B'llr'r SP. J.lllO 
n.otl SP 
wa1p• 8P.Slf0 • S.SllO J 
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Of * it ii net j111t the eompadsoo operalOr• •AfiiW 
:;t1:hl6nt; lbe entire .. IN subquery1• consttue:t could be:too 

:IQL wJtflDO IO$t Of r.ctloa at all! (Nested table;. ancl 'C0)11m•ll' 

•~ :wcndd of ewaw sdD be required. as araued earlier.) Ttill is 
Ji wu the nbquay notion that was the justification fo.-tk 
• tit "'Stnactured QUery Lanauaae" in the fim place. 

c.aiiim&d: Iii fact. subqueries per se were one of the worat mistakes 
'1f!.UI Tiiis point should bave been c•llcd out explicitly as one of the 
~l•••N" in this section. End of commem. 

P.9 AUIIUS OF IRE .RELATIONAL MODEL Nor SUPPOklBD 

Tbere are tmll'al aspecu of rhe full relational model (as dcfmed in, e.a .. 
reference (2)) that SQL does not currently suppon. They are listed hem in 
&JlilWiimate order of importance. Again. or course, most of these reaturcs 
can be added to SQL at some later point-the sooner the better, in most 
caaes. However, their omission now leads to a number of situations in cur­
rent SQL that are extremely ad hoc and may be difficult to remedy later 
on, for compatibility reasons. 

Comment: Primary and foreign key support, at least, bas subsequently 
been itdded, but (as the foregoing suggests) it is indeed proving difficult 
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1. Conaicler tk qu LJj 

The "P. WEIGHT" in the GIU)UP B¥ clause is lo~ r•1a<tJnCt .. 
must be included bcca111ae SQJ. dDa aot •mdetstud that P.~ it 
single.valued pe:r part ....... n.~. that parU ha\te Oillj ODd' weilbt). 'lblll 
may be only-a minor •MOYlaiec, ""it COul4 be puulJng to lbl!\IS«, 
2. Primary key mpport is pmcqubiite to foreign key ssptliilrt (see the rat­

lowing subsection). This is probably the most signiftcalit justificatkm fot 
supporting primary keys in the f.int place, as a matter of fact. 

Comment: Primary key support is not prerequisite to foreign key sup­
pon in the standard!-another mistake. End of comment. 
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iJ latie atty apdatable. SQL however .doel nOt pe;s 't 
if •plieace t1•nitr 'k'a is ~ (evell thouab. tueb. a 

.a ave n.o tffect if the underlying table does have a p......., 
fl tlli PltOM clause lists lllllltiple tables. What is more, ena 

:direi ddw Updateis. sQL does not always check that updated 
11tf1ty the reitriCtk>n ~cate; hence, an updated (or infertcJd) 

~c~ zl,ay ~vanish from the view, and moreover there 
Ui<Weomitaat aecarlty exposures (e.g., a user who ii restricted to 
Mc hlii'na Oiiq"'oyeea with salary less than S40K may nevertbeless C1*'114 
a: .... 8f0Nllr than that value via INSERT or UPDATE). (Note: The 
CREtl#option, which is intmded to prevent such abuses, cannot al­
Wi!Wi be specified.] Also, the fact that SQL automatically supplies nuD 
"-'du• for missing fields in inserted reeords means f.hat it is impl1S$i1Jle 
tor JUcb records to satisfy the restriction predicate in some- cases (con­
&taer, for e.vmnple, the view ,.employees tn department D3," if the view 
does DOC include the DHP'I NO field). However, these lauer def'u:iencies 
are nothing to do with SQL's lack of knowledge of primary keys 
per se. 

(c) A join of two tables on their primary keys is logically updatable. So 
also is a join of one table on its primary key to another on a matching 
foreign key (though the details are not totally straightforward). How­
evcrJ SQL does not currently allow any join to be updated. 
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ExplidtJOIN 

At present, SQL proviir..Vzar• Ciliw•~supp:rtl f'o.l'.:iwtel r 
tional Join operation (\Jl!tJ' ~..,~l'J, m the.,.... of liatUal'JctiJ. 1'1fi! 
observadon is still JbOre..,... 1 Ne to ..,.JOIL RerestdiWc £4) ...... W 
awkward it is to eVf!ild tlle'_.."«i'®l'Y SBLECJ'-.Jfe jObl to Jiandfe 
outer joins. Thus. suppa,tfor;an e:xfli'lil JOIN opaator islibly to'bemJc 
even more desirable in the fntw:e th " it rs Uieady. 

Explidt INTiRSEC'I and • 1· ... ,.,,., ..... 
• •'J • I •1 WI I 

These omissions are not partknJJarly ICl'ious (equivalent SlU.ECT-expres­
sions exist in each case); howeva, symmetry would susaest that, smce 
UNION is cxplicitty supported, lNTBRSBCT and DIFFERENCE ought ro 
be explicitly supported too. Some problems are most " naturally' ' fomm­
lated in terms of explicit intersections and differences. On the other band, 
as indicated earlier, it Is usually not a good idea to provide a multipliciey of 
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~::~ ot the DH2 decisions refe11ed to appnmn&IJ uo•I 
!l~kl=~id.~lilli,~MiiiQ'1llillCl•mt; 1everscd. End OJ commenJ. 

ta J "w tt.t many of the dcfidcncies I have been d~ 
bes dismissed as acadetn;c, trivial, or otherwise unlmportm 

r;J teajle, eapeci•Uy u SQL is so clearly superior to older~ 
ll( ff l'iif l>ML of DBTG. However. experience shows that "academk" 
llCJTJ' 11a TM have a nasty habit of becoming horribly practical a few years 
ftfi•l1 :dawit the mad. The mistakes we make now will come back to haunt 
111 J:ii;tlie f(lf.Ule. Indeed, tho language in its present form is already provin8 
dillktdt ltD <tend in some (desirable) ways because of limitations in ks 
P.JJQI nit skocture.. A very trivial oample is provided by the problems of 
adlifini aupport for composite- fields or minor structures. 

lil COndusion, I should like to emphasize the point that most other 
database l•ntuaan today suffer from deftclencies similar to those discussed 
in this paper; SQL is (as stated before) cenainly not the sole offender. But 
ibe fact is that SQL is likely to be the most influential of those languages, 
for ttaSOQS adequately discussed earlier; and if it is adopted Qn a wide scale 
in its present form, then we will to some degree have missed the relational 
boat, or at least failed to capitalize to the fullest possible extent on the 
potential of the relational model. That would be a pity, because we had an 
opportUn:ity to do it right, and with a little effort we could have done so. 
The question is whether it is now too late. I $incerely hope- not. 



TERADATA, Ex. 1004, p. 234

8. 1. N. (kay. P.riv8iC e1011unm~ 
9. J. N. Gray ct at. ~10i ..... _.lyOILc•.t1iaa~ 

Aw. 1st Ilflmltldmtal ~--- tn1 Ydl :Lap.:&lta' Pt&df... RM!tlf· 
ham. Miss. (SIJlftmW WI!}. 
10. X3R2 (Amc:riqan NftjiqsJ St n""Databa*t O-mlft1Q. ~~ 
posed Relational DI......, 'M&tMJI. ,Na,ment ~-~ 
1983). 
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~ $aQdatds Jilidsu1e: Database z.an,.,. SQL. Dec"•l'lllll 
.l._1986. ~ iawJlable as la1e1118lional ~don tor St•Daatdi! 

Der:ument JSOITC911SC21/W03 N117. 

~ t.e can Nalioaal Standarda lmdtutc: Dalaba5e Lang"agt! SQL Addemlum­
l. ZQil4"1itli"'l'I ANSI X3.l35.l-1989. Also available as lntematiOnal Orpnlia• 
daf'eqf*andmffntion Dooumcnt 1SOITC97/SC21/W03 DBL AMS-10. 

"'91 RI tb.e lntqrity Enh•M°*" Feature. 

l. ~ National Standards Institute/International 0fganizarion for Stan· 
ciudlzatlon: ISO-ANSI (wor/clng drqft) DIJ1abase Lang"age SQU. Doc;ument 
ANSI X3H1-88-2S9flSO DBL SYD-2. 

Tbe current otrJCially proposed extensions to the standard ("SQU" sec 
Chapter 12 or the present book). 

4. XIOPEN: Relational Dato"'- Language (SQL) Por1obili1y Gllidtt (January 
l98l). 

Defines the X/OPEN standard. 

S. mM Corp.: S1stems Application Architecture Common Programming lnter­
f0«: DataboSe Reference. IBM Document No. SC26-43l$8. 

Defines IBM's SAA standard. 

221 
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12. D. D. O.mnbul'Jiu: "'A S"'""'llJ of Uler &jieiies Ell With tr.e SQ~ D la 
Sul:ilaagi._.. '' :Aoc. lnten mdwMll ~on Dtil•t arr. Abetd: 1 .. 5-· 
land (Jaly 191lC>). 
lndudes details of •~\Jal :n'Vnren1ea'I ud nwl.,_ to SQL (plerio11llY 
SBQUBL12}1bat •ae • ·· t ••• &c tbc Ufe•iete of the S111e•• a p:OJeCt. 

13. D. D. Chamberlin l!l al.: 0 A Hi1torJ and EvaJeation of System R." Comnnml­
catioM of IM ACM, Vol. ~ No. 10 (October 1981). 

Describes the ploneuiug wort oa relational implementation technoloaYCll*if­
ically, on opbnization toclmnloaY) done u part of the Sysaem R project. 

14. C . J . Date: Relatiolull Databtla: St!lemd Writings (Addison-Wesley, 1'986). 

A colledion of papers on various 811'6' IS of relational databalC manapmeat, 
includinJ several on the SQL lanpqc. 



TERADATA, Ex. 1004, p. 237



TERADATA, Ex. 1004, p. 238



TERADATA, Ex. 1004, p. 239

.8w.il '$ lalitkukt, 

UUF lo. IS 
i*'!l•tiol\. 211 
A~ON 
~.~ 
........ «» 
~lt>.30 

bae table, lO, 23 
BEOIN DECLARE SECTION, 124 
BBTWl!SN, see predicate 
lmiltin ftanctions, Sitt aggregate func­

tions 

~dldate "ey, 44 
cardinality, 2S 
catalog, 20-21, SS 
Chamberlin, D. D., 2 

oN!lilCter •••'ti 25 
1;ufpan 1 n, • 
Hftl1••ll0ta~• casac •• ,., ~ 

check OpdOa, 32'-3J, '3 
OV>SB. 71 
closure; 19. 112 
Codd, IL P •• I 
eotumn,7 
c:ohtmn flnlctions, - ........... '-'" 

dom 
c:olumn beruf'na, 24 
COIWRD orderfna. 24 
column reference, 99 
commallst (BNP), 38 
comment, 36 
COMMIT WOU, 33, 63 
comparison, Sft predicate 

character string, 2S 
numeric, 2S 
see also predicate 

concurrency, 19, 34 
conformance, 163 
constant, see literal 
constraint, 17. 43ff 

see also lnt~riW 
correlated subquery, 117 
correlation vafiable, see range variable 
CREA TE SCHEMA, 40 
CREATE TABLE, 41ff 
CREATE VIEW, ssrr 
cursor 14, 66ff 

declatation, see DECLARE 
CURSOR 

positioning, see cursor state 
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embedded SQL. 21-29. 12'ltf 
E I> DECLARE SSCTION. 124 
environment, 23 
errors. 60 
ESCAPE, Ill 
exact number, 25 
exccpdons, S9 60 
EXEC SQL, 11r-l24 
EXISTS, 118 

Federal lnformatiott Proc:essil'I& Sum. 
dard, see FIPS 

FETCH, 70 
FIPS, 3 
foreip key, 32, 50ff, 218 
FROM, l03ff, 105, 108 
functions, see llggregate fwtctions 

:lQijt. lZ ICM 
joined •able (SQl4J.; m 
key word. 3!--36 

LANGllAOE, !8 
~ leVeb, 161-163 
LIKE, s. predicate 
Hit (BNP), 38 
literal, M-35 
todcig. 7,2. 206-
lona field, 201 

manipulative sratemenu, 61 
mo®Je. 27ff, S7ff 
MODULE, 58 
name, see identifier 

inheritance, 97 
uniqueness, 36 

name qualification, see qualified names 



TERADATA, Ex. 1004, p. 241

_....,,,..59 
c1ata•,lo 
ieiftaater:, Mte indicetor parameter 

:,PMdkate. 1,10 
•'kv-eQ, 117, 213 
P'J'WEEN, 111 
~.110 
eJdstence test, 118 
IN, 114 
LIKE. 112 
quantified, l l 7ff 
tc$t for 11ull, 113 

primary key, 32, 49-SO, 216-217 
privilege, »-31, 46ff 
procedure, 27ff, S7ff 
PUBLIC, 47 

1ellera1U•t iJlt:pk):. S2 
m.dOnal clatablH, 1 
alatfoaal model, l 
r II I v«I Wotd, W II~ word 
nstrict1on predicate, 4.5 
R.OLLBACX WORK. 33, 63 
row, 7, 24 
row ordealq, 24 

SAA, 3, 17S 
....,., I lft scaJar value 
scalar expression, 98 
scalar value, 24 
schema, 9, 39ff 
schema information tables (SQL2). 130 
schema manipulation (SQL2), 129 
scroll cursor (SQL2), 130 
search condition, 109 
security, 16-17, 30-32 
SELECT (cla11Se), 109 
SELECT (statement), 78 
SELECT-expression, 68, 79, 99 
separator, 36 
SEQUEL, 2 
SEQUEL-XRM, 2 
SEQUEL/ 2, 2 
serlallzability, 19, 34 
SOME, I 17 
SQLCODE, 28, 59-60, 124 
SQLERROR, L2S 
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