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ABSTRACT 

The •semantic integrity• of a data bue is aid to be violated when the data base 
ceases to represent a legitimate configuration of the applkatian mvironrnent it is intended 
to model In the context of the relational data tnoeMI, it is PQlllble to identify multiple 
leveb of semantic: integrity information: (I) the delCl1ptlan ol the domains of the data base, 
as abstract sets of atomic data values (domain definition), (2) the specification of the 
fundamental ltnlCture ol the relations ol the dlla bue (...-.. structure specification). (3) 
the definition of the abstract operations which are mantngful in terms of the application 
environment (structured operations). and (<f) the expresuon of additional semantic 
information not cantained in the structure of the relations nar in the kl•tities of their 
underlying domains (relation constraints). , 

A high level. nonprocedural domain definition language facilitates the desc:ription of 
domains. Such a language allows the specification of the properties of the values 
constituting a domain. and the action that ii to occur if an attempt is made to update a 
column entry such that it doa nat belong to the underlJing domain of that column. The 
specification of relation structure and structuncl · aperatiOns can also be accomplished by 
means of high level inblgrity (sub)lanpages. 

A relation mnstraint hu three c:omponents: (I) the assertion (a predicate on the state 
of the data base or on tranlitions betweM clala bue states), (2) the validity requirement (the 
occasion(s) at which the mertion mutt hold). and (3) the vtolatiDn-ac:tion (the action that is 
to occur if the assertion does not hold at a time when it ahould). Relation constraint 
specification can be related to an expnu&an fratMWOl'k (clullf'ication scheme) which is 
useful for the mnstructton of a relation mmtraillt 1anguap ind specification methodology . 

. Assertions are more than expreulons of ane nlatianships .,... different values in a 
data base; an auertion linlles out the data that ts comtrained. al'ld · states the properties 
that this data mutt possess A classif'lc:ation ii pnwlded of the vulaus predicate types used 
to identify mnatrained data and to state the prapert.ie that they are to possess 

A aanantic integrity 1Ubaystem (of a pnaralized ~.data bue management 
system) can support the generation and lmintlnanCe fl in"CritJ ipldf icadons, verify that 
these specif'lcatiGna are met by the dala bue, and tab .,,,...... actiall if violations are 
detected. . 



This empty page was substih1ted for a 
blank page in the original document. 



Semantic Integrity Specification S 

ACKNOWLEDGEMENTS 

The author is most grateful to Professor Michael Hammer of MIT for his 

enthusiastic suppport and guidance. and for his many and varied contribu~ons to the 

contents of this thesis. Many others have helped greatly, providing ldeu, comments. arid 

critidsms, including: Jack Aiello. Sheldon Bork.in, Daniel Camese. Arvola Chan, Marvin 

Essrig, Richard Grossman, Professor Barbara Lisk.ov, Profeaor William Martin, Professor 

David Redel~ Arnold Schiemann. and SunU Sarin (all of MIT); Dr. Donald Chamberlin. 

Dr. Edgar Codd, Dr. Kapali Eswaran, Dr. Frank. King. Dr. James Gray, and Dr. 

Bradford Wade (all of IBM San Jose Research); Profeuor Michael Stonebraker (of the 
.... 

University of California. Berkeley). Akhough many of the ideas in this thesis belong to 

these persons, all .of the mistakes belong to the author. Finally, the author would like to 

thank. Mary Rykowski, for her moral support, for polishing the prose of earlier drafts of 

this document, and for being an inspired and unending critic. 

This research was sponsored by the Advanced Research Projects Agency of the 

Department of Defense and wu monitored by the offk:e of Naval Rtlal'Ch under contract 

number NOOOH·75-C-o&61. 

This report is a slightly revised version of a thesis submitted to the Department of 

Electrical Engineering and Computer Science in June WM, in partial fu1f i11ment of the 

degree of Muter of Science. 



This empty page was substih1ted for a 
blank page in the original document. 



Semantic Integrity Spedf ication • 

ABSTRACT 

ACKNOWL!DGEMENTS 

TABLE OF CONTENTS 

LIST OF FIGURES 

l. INTRODUCTION 

U. Semantic Integrity 

1.2. The Data Model 

U. The Relational Data Model 

2. SEMANTIC INTEGRITY 

2.L Background 

TABLE OF CONTENTS 

2.2. An Approach to Semantic Integrity Specification 

S. DOMAIN DEFINITION 

S.L Describing Sets of Atomic Data Values 

S.2. A Domain Definition Language 

S.2.L Language Details and Examples 

S.S. Implementation Canaiderationa 

S.of. Extensions 

of. RELATION STRUCTURE. 

· -t.L Additional Column Information 

-t.2. Comparability 

-t.2J. Domain Conversions 

5. STRUCTURED OPERATIONS 

5J. Semantic Integrity Information in Structured Operations 

------ - -------

2 

s 

• 
6 

7 

9 

ll 

ts 

16 

17 

20 

2S 

2• 

25 

28 

S2 

S5 

87 

S8 

S8 

99 

ff 

ff 



This empty page was substih1ted for a 
blank page in the original document. 



Semantic IntearltJ Specification 5 

5.2. The Def inltJon of Structured Operations 

8. RELATION CONSTRAINTS 

6J. Whither Almtlon Structure? 

6.2. Relation Constraint Almtlons 

6.2.L Simple A1mt1ans 

.. 

8.2.2. Identification of the Consttained ColilatOn 
6.U Tuple Auerdons 

6.2.f. Set Auertions 

s.u· Scope or Assertions 

6.1. Kelatian Constraint VaUdltJ Requirement 

6.i. Reladon Canmaint Violation-Action 

6.5. tm,a.m.ntadan Canslderadonl 

1.6. ~Remarks 

7. ON THE OF.SIGN OF A SEMANTIC INTEGRITY SUBSYSTEM 

7J. Components of a Semlmtic Inceptty Subqstem 

7.2. The Uw1 View ol the Intlp'ltJ Mechanism 

7.S. Some Thoughta an 1-gritJ Subsyatem Implemlftladon 

;. : 

73.1. The Ute ot Invenlans in ..._. Constraint CheckinJ (An Example) 

8. REMARKS AND DIRECTIONS 

REFERENCES AND BIBLIOORAPHY 

'' 

.. 

of 5 

.a 
"9 

51 
-· -. 

51 
,(, 

&s 
. " " ~' : 

57 

61 

65 
·" 

66 
d ., .. 

69 

'° 'jf 

72 

72 .,, 
, .. 
'1& 

78 

80 

- . 

·-

/ 



Semantic Integrity Specification 6 

UST OF FIGURES , 

1-l. Relation EMP 

1-2. Example Data Base 

1-3. A Possible Set of Relational Primitive Operat~s .. 
''., ."• ~c ~ • .,; >. 

3-1. Selected Example Data Base Domain Definitions 

S-2. Syntax of the Domain Definition Language 

6-1. Some Simp.le Anertion1 (for data base in figure 1·2) 

6·2. Local Tuple Predicates 

6-3. ,Nonlocal Tuple Predicates 

EH. Local Set Predicates 

6-5. Nonlocal Set Predicates 

,•~. ; . ; ' ' . 

106 

107 

108 

109 

Ill 

115 

1&6 

U7 

1lf 

u~ 



Semantic Integrity Specification 7 

L INTRODUCTION 

Rather than just a collection of values, a data base should be a model of some 

application environmenl When a data base ceases to represent a valid configuration of 

that application environment, the semantic integrity of the data base ls violated. The 

purpose of this thesis is to examine the problem of describing and preserving the semantic 

integrity of a data base in the context of a generalized data base·~· The general goal 

is to provide a first approximation to a •theory• of semantic integrity (particularly in the 

context of the relational data model), and to provide a basis for a semantic integrity 

specification methodology. This includes an overview of the relevant ipues u well u a 

description of a particular approach to the problem, with emphasis on the high level, 

nonprocedural expression of semantic integrity requirements. 

~ base systems (data base management systems) are intended to assume the tasks 

of facilitating data storage, manipulation, and retrieval The daca bue syJtem should also 

be responsible for maintaining the correctness of the data in a data base, as well as 

providing users with appropriate abstract views of the data. This is particularly important 

for large data bases, as ad l&oc and ·hand" checking is impractical. 

By way of background, it might be useful to place the notion of semantic integrity in 

perspective, and to better define the meaning of the term as used in this thesis. ·There are 

a number of ways in which the soundness of data in a data base may be compromised: 

1. The reliability of data may be compromised by enors due to hardware failure, as 

well as those due to failure of the operating system and data base system software. 

Hardware reliability (in the context of data base systems) has been considered 

elsewhere [Fossum 1974, Wilkes 1972]. Software reliability is a very prominent 

research concern at present, as exemplified by the work of those concerned with 
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establishing the correctness or prorram·s. In the area of data base systems, 

Hawryszklewycz ·and Dennis [Hawryszkiewycz 19'2, Hawryszkiewycz 1973] have 

develaped a,.,.....,. ·llMamfc mc:m.1 'ot a ~ diti•'fme *Jatem, defined data 

bue prlMIU\'•.,_tlMI 'ilf-.nt·of:thif ~'afld':'proten the correctness or the 

opemtton· ddildddnl.·~ip~ WMt:f\ft6et'l"8lhu further deVeloped 

this appraacb. , 

2. The concumtnt. 'CO!plsten¢y ·Of dnt"bt&J be vtOtated doe to the effects of 

imptopedy ,._... ••.,• 1ehhaftd 1lm by lMilljdl'~ users ·cprocesses). 

It ii· desirable·• ~ ach uaet' wldr a: •stlltiwt ,,._ Of l data· base, shielding 

Chia 'UW 4fram, IAlllNrlrtr lett«cf·'Cfue· t0 'lfte'. ~,Of °"9W'·'\lse*'s, whUe at the. 

· sametinwr ....._.a;ftlUfrMlm ~nt at·•tegtttlYiite~aw.Qi~t · iettvlty. EsWaran, 

Gray, Lorie; and Traiger .......,. .. ; lfMl'lht~tcM:ftild 't ll1"1 'ltVe1 'Sc:herne ·for 

concurrent conlileeMy aintrol ln a ~llWtl but' ·syai!m. · Htwryszkfewya and 

Dennll [Ma~·ltft, Hawrynkldfez . .,,., ~~a ·rower level model of 

concurrent conllilenq bued' on a fotmaf semaDtlC moa*t·Jej a rtladonat data base .... 
S. Data sec:urkt may IMHIGMprontbtd bt a f&iftrre to ptbpettt'1~dmlnlstratlvely) 

resrrtClt 'tM<1"*filtet:m'Wflich a f11'el tiser" ny'MxmtlhCf ..Uip'lt~t• a 'data base. A 

good •deal of piOn_...i efft#t ;in tht','uft' :or· Mt!ttt(tfaftd' prot~'tfon has been 

accompUthectlrt'tltt>-comekf'ef epetaflnr••tsretnl!;:lg0M9·•;thfs tlor'k has been 

extended to d&ttA>U•;aJMMs~: •.g~/tltt· Wcil)Of, Cfli1AierUft', CAy.~~i\d 'rraiger 

[Ohunberi1Rt ltMJ. aantonMalt• attd \Wig'.~- lt7~ifl 

"- The semantiC-UiN!JC!:ef claa i~ YiOl*ecf ·Wheft'tlel d&ti ,.... cmsa t0 repttsent a 

Jept conltprati• ot • •ppl6canon .,virOlrMentiit ~ ',lfttefidfd'tcfl'hocfel 'Semantic 

integrity..._ ... may be,anllrMiuced'bJ u.t-1_..,,tilckfW'·Ufladeritanding, malice, etc. 



. Semantic Integrity Specification 9 

('inadv.rcent. 1nrprwpw. ot·ma1idotll;;upd&rl"~:lf1fil). hf*t.'•rawm; 

, ucl software: ...,...,,trrort. ddft•UWM':cant1Hllltt __ » __ !....,'Wreh)m&y' , 

cause the temantlc intccJit1 lptdf'icationJ ot a data .,.__. Wtlittd: ·r..- ..,,..._. 
ant Ulll!'JMY• bera• ol a ,..._.of""* ._.._t~ ~ Make an 

Uftnt..._. . ...., ..... U IW*"f llU~WIJ"""" ,...t,1i9.- lb:~•thb 
un~ • ...,. caw:chen ..,.,_.; ..... lt·ac••t .......... h'· vtelMIC;., 

IUChu•an..,... ..... areltitthtrit2UIO'.: ·,'. · ''. ·, 

Thts·~_..,.,._lywlththe·Nlrtti!....-df.lttetOUnd..._,or,a'data·'.,.; 

namely semantic integrity. In what f o11ows. we auume that harchnrebatid IOftWlfte 

reliaMU&yare ........ <-f..w• ... •1:.,....~·----,..._---rent 
consiltency is ~ it u· SUfflctent to assume. without lass of pneraUty. thae:.,~u.: 

is interacting With the sptem at any given time. S.Jaap....-,.-••--~ed 

in this.thmL 1 I ' ,, . · ,; }·;"'''.'.. '· 

u. Semantic Integrity 

A.:dal&.·••m1111uaMn•:u,a·~lal-.taM1-.~·1at:•Jgtf•.tirne··,· 

the vaht•1 ln the .dalaJ111a .. rep1111n1na' ·l*r.ftpwlu Glh(tp,......:·ol dlilll< -..plPtlan: · 

envimnment ksf::lllCh,..,.. 1liS Its .,,.,..,kfll~ •• . .rln1111Jf*ll1 ... what'· 

constitutes a legi~ . ...s pll 1(iWei.Gllf.,.._._.....,. ... , o ,.----,,~··lt; 

should be·the lunalen Qf:.ta.:._ :baa .-r•,.,..•11.that:;dl•·mla :..,.aqt .villlated 

anclthelefora}llat .... .,a..a.ba1~a:J1.,.119 ._si111ni--. 

A Mlic PfeMiNift•illlAli.,c a 1h~u ;_. IW,M .. k)'({IOltky;ll7.U "the · 

funclaaMlntalrpaprq111f'Ai• a..J~tlaM.ilt·"-•rinr IA ti m••rtn••lddf# Urlariant 

of. ill intln..,,wtlhc wt~··The ... : ... Mli hiti•·:clatazba&e·capaqre .. 

thb intrialic .._... n.· -~bMet.,._~.-11t·fMl1'1•::.t1Mf.·pt1111e.i_,Nlliclft,•ot: 
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th• lnce,rtty, 1peclficationa. We ~·~ some ,_... (or' committee of persons). 

known u t.he 5lilt. U.. &i"""""9L II ,..,.._.,, f0l.4Cltiel the.1ecnanUc. integrity 

1pecifk:at~ for. the.-...bale. 

It 11 posfiba..anc1. iRd.-d ~u.t~ble for the._ base lflC$· to. support multiple 

abatract logic:a1 viewafJI •·4- kl& Tlt.tle·Yiew•aNt howeur,lle~from and 

consiltent w#h -~.....- .........., apeQ-tlont»(i;&. * daa --•dminlstrator'1 view 

of the data base). Even providing a vn.of.the--M~: ....... of a subset of 

that data. baae.JI .~,~~ .. ~.the ......... i""""'· thl: tultlet and other 

elemen~,of' dat ._ ~ 

A variety of c:aUleS mar MUlt In a compromjM d ·&ht lll1IP ntic integrity of a data 

base. incluclinc: , • 

L inaccunte·da• r...-ding or entry, 

2. inadvertent alteration ot data durtna some tranamilllon or tnnscription process. 

S. deliberate falsification of' data. 

•• loss, omission, or delay or data. 

The ramifications of psmittinf ·tamnec:t11a to pesA*tl a·ua base rnaJ- indeed be far 

reaching.: Crucial dec...,...q,,iae w-.IJ48C••JPl;;fllft.'.nftdace•in the· system 

destroyed. and .the nllabi&Uy -' ·fld••••e.:i·fttr·. tW at-.ni~ (including 

applicatJon,png1ams w1.,-.pa1u:wd•a...._ . ._..,._.....,.,_ 
h is generally ,...,.._ dlat·•'Problem of 111.4.cla~uulaia;·bues ii a serious one. 

Unfortunately, the S111e-of1 the.vt in .., . ..,.iafi&da·-....~ems kqotte dilmal~ 

Moat semandc•.·illtefrUY ~ingc ii cwreatlfact911 .... b8'•J'•llM·of application 

programs; data checang:mchaniaaa"araembedcWria ltleM 1pp1i•tlcn: p~ Special 

purpose data bue •u.dk" ~~1al~or ... i""~~ •chec\·ttlala~. Bxilting 

commercial· daca base .systems perform Umlted·tfptl el .intwfJrilJ;·cheaking. if any. ThiS 
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. chec;kto,1.J,s,.pearly always llml~~ to alsnple ~~J'~""t.ch.U... · w Ml11;faM. liflnantlc 
. ~ . . 

int'ITit~: Jn~~r~~ ~;:~•If U,Dllf,~*41:._.tddtd, ia!applicltlon 

L The .mtc~ .. by, wilidl:-.~1' ~ffll 'lf'#M:IJlPJM ~:-cNOked M diffUM. 

2. Semantic integrity specifications are not ~MifiMlf.,;· ··. · ~·.d~ · ,. 

~ T,h!1·il~~~._,. -~\~-~~~·ii irlteoded . 
to c~rreapond -~.the Jet (ilf r~ i~ the ~~-*-lftlnt•J& cllffialk to 

Uoderstlifld. ,.,:, «1-. . > ,, 

i. ~11CQnsistencia a~ red~ts. Qn_,;'"i~· in ~. NmUltic: lflteplty 

specifications. whA9}ffl&J:~ ~~l.Q.~~ •:ii :: ;• 1.;,,. ,,, ·: ~; 

5. lt is diffi~ to~k,.e ~ ~:;~iCJ ~-,Pif~:~ici*."~tl'ltlet by 

~ . 

1.2. The :Pata Model 

The ~~ll~;w~,~~a~ ~:M~~·t.:d~---·-* of 

the type($~ of data stnactu.res UMd .. ta 1Jf>fl"8C in(~inJbtt AJia ...... •1~.._ the 

set Qf prtmltive ~,JV1*b..caQ be 'f~Mf1~kilt·lllllf...,_.._1i~be nature 
~: . _. 

of th~ da,~ mQ,4~lun-er\y~'°)_. data.~ :l.Jft41' htt:J,.;¥WJ •t1.Mant,effst1oa:the 

manqer. in wJUFfi one desc.r~ ~-.~ ~sofqt<: -~J•·:that· ,.,st -.,. M 

described below. some semantic integrity information is often In fact embetldechia the 

struciur-es u~,jn,th• •mocWDl4~ 1$71.~~il~ ·· ... · ... , •·. 

There h've ~ thnlt,· pri&Jf:lpal data moddA j prRJOlfld:~ w ~ data base 

sys~ms ID• ~75]: 

,;,.· r~ -
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1~ For hl&eorica1 awd .,cher reasons. tfte· hierarctitcaf appraath is a Yery popul.ar one. 
Exampl• or h~·c1aa:· bW sysrerM·ahci dafl ~es; (lan'guakes for 

I 
,~~ . . ~. • : • . I 

clefJRlftf and man1pu1atinf data bites) indUde·IMS·£r9M1 HQJ.. tfebd« l97fl Data 

L&npa,-. tM1rm· Wiil and 1yst1mtcaflMRrimJ. Jft•·me hlerarchk: 'approach, 

some semantic integrity information is expreued in the fotrrJ'Dr" 1 6h~to-many 

Nladonlhipl (crm). nus,~~,: .. ~v.· ~ • Bt. ipptopriate1y 

constructing the data tJate.hterarcfty. 

t. The'nttwork appreadt tt·typifled bJ'tfit.'O:Jdaiyf,J)BTC propolit [Codasyl 1971a] 

and the worJM•f Bach.an f8achman WISJ. Alt-;exainPte of'a'hetwork data base 

system is Adabu {Sortware AG 19"1il. In the network data model, some semantic 

integrity infonnauon is el}Wared 'Via trianfl0-inai1y Mattonshtps: ·mu ~iS done by 

appropriarely constructing the n~ ·~df'tlaellica• bUe: · 

~-The reladonal&pproMtf .U introduc«fl;J'Ccltd tcodd 19'70]. [Codd 1974a]. 

Examples of relational data base sysd~a11ct 1~1Vbbfl~ tnclude ALPHA 

[Codd 19'71al INGRES [McDonald 1974a.· McDon&ld 197fb, Held 1975bl MACAIMS 

[Goldstein 19701. Qpery by Example cZloof 197f, Z1aof 1975a, z1oof't915bt .RDMS 

CSteuert ltf4]. 1111 · {McL'eotl ·W/5l 8£cttJ!t·~~:Jmi~ cft'itnbertin :i97ib, 

ChambeFln 19'151 ·&ad SQ.UAR! ~e 1979b, :lbyte: ftn5i;:. In\ the re1ationa1 data 

modeb functtonal-'9pendencies 'ate ·norm&Hyiftdtldtid 1n W'ipedtbtlbh ot the ~ic 

structure 'of NWtioas. Howver, as d.tscU.sicf 'bfi sectfOR l.s, these functlon~1 

depenqendea' may beeaat1y separated~f'ftim die batle~ ti· tht!'reiatiohs of the 

data base. 

Several (higher level) semantlc·~·modets haft been feterltly proposed [Chen 

1975, Schmidt·• Senko IOM, Smith 1976; ·Tslchrifzia· 19'!1 Ttfese ·"higher level 

models att,mpt to incorporate more semantic integrity information In the baste 
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structure ·of a data base. Structuru in these data modeb art ·intended to represent 

· · ob,_ &ttribute·ot'objem, and ·tf1atton1b.lps. tihe.r··tJISjcts .. On l~· app1rcflt1on 

· envlronrnent)~ Semantk opetatton1· on these sctUctures· tefita.'J' ll}ltlmate ~hirig~ In 

the appUcatlon envtronment '-' ,~:' 

Jt 11 not t'he purpose here to analyze th• cfati ·moctt11 In detail, a1riiaog'b many 

of the Ideas devflbpe4 hlteln 1re·quiie ct&ilf ~~'tc/1vori :oft aen\~tatttdata 
· models. Rather, I.tad' ror ~1 tc)-l)e 'bplalrttd"-iatet, N rlih0nat 'ctati 1~e'i '\viii 

'·. ' . ._ . "'," ~! ·-7 ,• '' , "' "I• ""''f -1. :~ ~ ,. ,',;._;': : -". 
be u~ herein, as a hats tor the dtstulil&. ot da~"'bw' slmlnttc tntegrtty. 

Although the ideas ducal:secftn · m1S" theds ,~;; ap~~to 1l'lat.·"~- ·iystem1 in 

. general, the dlscusaian '11 C:OUCht!d ltt remu or. the ~at l1fOdel ··or ;tit.. 

1.9~ The Relational Data Model 

The te1attogat i&tf MO<fM ·ap~ eo bl rit't· dmp1est dita. iruaul'f>'COndStent 

With the :semanda ot frif'on'natlon 'and ·wtlifi ptbvi4es 1tsftUtmus~f·degree of' 'data 

mctepet.dence• 'fBo~ trtM:. i:/U' eondSeft .w.;: t>f ;Oifif ·f6,M·f.\9'Ptd ,n the 

relattona1 ·approach there· atstt lft interface 1lr'w1id" U.1oiltit; idf-fottriaued data in 

a data bne can· be vie#ld as· la c'OHeetlotl ot nontfleritct.teArili1fdfts ot;ato'rted 

d~rees en a gtven Colledkm··tl limpk'~t~~-'·dlml~te,not 

decomposable U ftf U·ffte 'data' .,..~'SyltetYl Ji .. ned).•· 

Por the pdrposei ot·tMs the-sis,_. (teftdinat) cktt"'t?!!! tS' cltflned;'to be a 

' collection of normaliied relations (relations in first normal·~:tdOdd WRQ);':tnd a 

collection of doma'fns. ~e'N1ations'p~1Wl!Wkti'WW'artt spR.ttb.Hy called 

basere1ltlons.) It clOlnatn h an a'bstraetlet'Oftatoftli'dli ftfier..,,Plttt).' &Omains 

are def.fned lndepencfentty of re1lttans~ .,A ilimWaH*d re11.tkli'1 tWl)-&:~ewe1! u a 

table. wherein each row or th~ ·table cbrWsponds to· a 'topJe ·of'~ rftation; and the 
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entries in a column belong to the sec of values comti~. tta. ~nd!rlylpJ d~io of 
' 

that column. (An, enq;x is the value in some~-. co~. r.~ a g~ven row of a 

relation.) The domain underlying a column consists of ~ly those obje4s which 

can appear aa entries in t.._.,~ ,cok,tmn; any .value ip. tl\e. ~nderlying. domain of a 

column can ·appear tn Chat column,.and e•ery.~.i"1 t1' u"'1'1JiQg domain is a 

plausible entry tn dsat column. Note that doma&n * ~· namu are unique with 

respect tQ a data ~,and that a®main and a ~.~at have the same name. 

Conlkler, for elampte, a data b~ w~. ~s btfOfl'l'latlon about some . 
company. Assume that a relation called EMP COil~ •a. OQ ·the ernploye. of the 

- ".,j1 

company. EMP is shown in figure H, described by its 'table representation. The 

~ or the table correspond to tuplet. or the relaciOllJt~s)~ and the cph!mns 

correspond,.~ instances of partkUlar- dQmaklJ d· '*' .._ base. (Loosely speaking, a 

relation corre$pOlldl to a •r1at" file, a tuple .to a ,-emrd, and a cxlumn to a data field.) 

Eac:h· data bate· relation is .. ueated by namltg -~·and each. ~ent 

column. and specifying. the name of the ~ ~·of .-ch column. Nore 

than. one column In, a relatlorr may have the s,amt ut(detlyiftg domailJ. Coh.~mn 

names are unique within a. relation. $Jedf'yiqs ~name fl ·the ~c;lerlying domain 

of each column def-4nes the iet:.of' values from whidi~ Jn that column may be 

selected; that la, the set of entria in a column is a1WaJs a IUbJet. of the underlying 

domain ot .that column. 

Figure 1-2 conWlls. a, descripeian ot an exa~e data ~· The name of each 

domain and relatloo of the data bue is listed ~n (jn qpper case characters). For 

each relation. tt. ...-me of each of its epnsUW~.~ 1" specined. (by one upper 

case character followed by lower case characters), u is ti.e 1.141derlyin& domain of each 

column. Relation EMP contains information on the employees of the company. 
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SALES records information on me soppliet·C;t' kirna ~for the company, ORDERS 

records order information, and BUDGET contains the salary budget for each 

. department or·tfit eornpany. ·, ···'"", · .. · • 

Fipre l·S contains a list of some example primitive ~·iihkh may be 

used to intltact with a refl'rlor\l1 d~ 6Ut:;'tt· if~~ ihii ii.'·ac\clftlOn'to these 

. c>peta~' a'llJlli' Jevel, notaprac.diir~fq~ ·~ ·~;;PiG.'i~if Ce.I~ 'si<i.UEL 
[ChaMberUnWl•l ~UEL'tHM4~i'ot"rJjlirfiy·u~1Zld'1if&l). ·: 

The ui~ oCtht·~·datf~b.vi;b.lfr~flcXJllJ·etlJddated 
,_ -"' ~ \ .. r1 f •' "'· 

CCodd 19'Hc.'C6c1Cl limb. Da.~ ifft lftd('-ll1'nat~ ~· ~ \ii'a.WL' For our 

pu~the to11ow1i.1~ or~ r~{~ii ... -.·~·~Slpif'icant: 
1 AcCels. P.tlla ~·ftC:at ~fln die' ~l'v~ha;&•aiu·: · ,j., :· · '· 

2. The data model· ii mnduclve to (felatl~)' nonprOctd&Jiaftita'~. q~:· and. 

rnanlpul&tlori ......... 

s. 1t 1s poas1b1e to c1ean1y i1o1ate the dtrtei-ent teve& or·~~niic ·1nt.rlty In the 

reta~fdata model. al dutuslled iR c~apeer' 2. "1ci •imf»' 'lifi1'ih~rtl1ica1 and 

'.·network .• dldde1S, ~ ~•ct 'lrategrky ~!'.;;~ ;~~, · blitlt' into 
... '. • ,,1 ... J 

the data lb'UCtW'e itself (q., the owner-coupled .. conltnlCt In di*. n«Wol'l · Mbde1). 

The csaaa:·f>ale ~11rtator·rs thus fltld 11flth·'~j .. i·*f: .......... tJle ~antic 

· itatelrttt ·~~ ttue··~tt*fit·tt.t ctati'~. M~elr; in the 

rei.t1ona1 ata mode~ "die ~tt ·bale· aa.w.n~ HU ·01t17 w 'tn;e bt ~~· to 

corulder, and a v.ry stmp1e ciooralfti.: ---~·\W'felattbh.2•ner ce»1omn1 

by ·name and ro•a t>y ~d\y wlilc1' ie W.iy ~lt.r~~ny? lndivlduafttim or 
,~, ~ ~ ' ,,_ ; '; " '< ';, \ • t'. ! . ~ 
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2. $EMANTIC INTEGRITY 

In the context of the relational data model, it ls possible to, ideqtify four principal 

levels of semantic integrity: 

1. Domain definition i._s the description of ab~. sets of .at(>giic data values, which 
. - ·_. :~ ~ . . . .. ; 

are to be used 
0
to specify the set of values from which entries i!? ~oluml)S of rel~tlons 

. . . ' ' . , ;:~ 

can be selected. This can be accomplished b,y meaas af a high level domain 

definition language [McLeod 1976a, McLc.od 1976b]. Fqr, ~.ample, the domain 
,,,. . ' ·' "·,· . 

SALARY may be defined as ~sisting of poskl\f• integers less t~•n lQ0,000. 

2. Relation. str~re speci(~tion is the d~ptk:tn of the fµn<lame~~1 structure of 

the base relations. This includes naming ea~h constitµent cotu1nn of a relation, and 

stating the underlying domain .or that column. 

S. Structured operations are abstracc operations, which are meanin~ful in terms of the 

application ;envircmmtnt. Structured op•ratl.ons describe_ data base transactions, and 

are used to capture tbe conceptUal types of maa~J>ll1aU4ms that are meanin1ful for a 

data base (such as, for the example data ba~ o.f figure 1·2. an..o,P,eration HIRE­

EMPLOYEE). 

i. The relation constraints level is concernec:J with. relatiOfl~ips _among data base 

compoQentL ReJatton constraints are used to ·define aU aclditional ~antic properties 

of and relationships between the relations of a data b:a• ior example, primary key 

[Codd 1970] (and. third normal form [Codd ~97lb.,G9dd l~?lc]) specification ls 

accomplished by appropriate relation constrail)t.S. HQwever, relation constraints go 

far beyond· merely supporting functional depenqencJ.., thef pr~ide t~- capability to 

define a very rich variety of types of data properries. For example, relation 

constraints may dhallow inconsistencies between column entries of a single tuple or 
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be~'fefn a ~and other tuplo in the:_.,or ethm ~,Tiley maT·•liD . 
preclude some global patterns in some set of . ..,.,iftil<•11&:io'R1•~••;'*'8 u;a <., 

WboJt.:ormayUallow.cteaiR 'JPll ot rniuilal-daca:{Mh·.M-illf'CUplla,·1*11Dlete 

-' --.etc.) ' ,::;.: ' ·. . ' ' ' .. 

·Befora fautbar>«Wcftblnt:•tJ.approach to-.ua-.inl•i*J :\oftictt ts ••··•1hla ' 

thesa.. ••-brltflJ.exanailMt ...;.~datlhu ._.._. • .,..:.,_ ~~: 

:.'',. 

2.1. Backpouncl 

In. general, daere are bfO,"-F':Afptoaala• •-th• ji*ffttitcton •of:irM-' NmMldc '· 

integritJ:of a da&a baR:, ' " , ,, '· ·. ·,:' · . , , . · · ·· ·· · 

L In a a!Jll!!f!lu! •ppmach1 rula aaated~ct.at .,.ary..-.wcat~ctmJ--,.m• ve· 
penn"61* 'w.Ud;...-), 11te a.-<bile'JJ•IL 41 Mplft.illtftr..aullnf'-llll1 ttA;·· .,., 

·data-- .,._u,~i.y. ifti&··..Ud·1tace.· •(Al d&saia.a ta:t1i•bc1ft1Pterf'lt· ft91·M -~ 

.. ..._., tb6w • da&a•;lilfe.•\.,Orart1p11'iW~lt' .,._:ot"ftloN'tfliYa1id 

2.. Ia a,!!M!~ .appreach:. tM IC - l9f ._ ........... ;a:.-W.S.-

De,_.ing Dtl tbe!*Jeitale;acw.re. •tJ Cfl!lala.:o.-aldas·(tydd .... ORI) aH 

al.lowed to be perf'om.tG1~thll~*'!&'tD• ~-~-:,,......_,.,,; 

lhtiatepi&J.•ol thtGata:bate.- . ,, . . ;·; .. 

. . A. ·JSate. ••hat•ppawh W;cl~ing. tt_w ~tie i#l:ffily ~kltiont f'or·a' · 

data•~ invalYu.dte-eapr•lli• efA•pal.~~-lbe;1litWdiaarf..UC•• · 

on the state of' the data bU6.t .TJlllaGIRllRlnttilimkidtet_..111f actor_.•~; 

conform-to some·.~• limtattons• .. · le'Veral) ...,.rsr!IBOyce1_.,,., bwaran 1975, 

Stonebraker 197-tc. Stonebraker 1.-Zlc,~ltoof ~}t:J.'1ff,alsql•.t. ..-aac: lntefrity 



Semantic Integrity Specification 18 

assertions in the context of the relational data model. Gram (Grave& 1975} has also 

considered the<problem-'of semantic integrity. 

More .-C:iftcatly. Boyce and Chamberlin [&oyce Jlhal introduced the use of 

SEQ.UEL predicates for expressing integrity assertions. For an -operation which maes a 

data base change to lJe allewed, the preclicates must. hold Oft the ata base state which 

resulta as ·a couequence of the execution· .of that~~ , Eawaran and Chamberlin 

CEswaran 1975] have discussed the functional requirements of a semantic iD!!!gti5y subsystem 

and have examined semantic integrity in the context of SEQ.UEL and System R 

[Chamberlin 1975, Eswaran 1~75]. Stonebraker and Wong have considered. semantic . 

integrity in tenm, of the INGRES s)'ltem and the la.agalp· QJ11BL CStOAlbraker 19Mcl. and 

introduced the concept of query modification as a tool for the tmp1emencatioa of a semantic 

integrity subsystem [Stonebraker l975cl Consider the fo~ing ~le of query 

modific:Mjon: a data base operation .is attlmpted whkb ttates "imnue th• samy of each 

employee in the alea department by 1oi•: assumin1 the exist4nce o£ aA integrity: assertion 

which acates that •eac:h ~ salarJ iS Seu -than .ISQ.ooot, query madification would 

transform the operation into one which specifies •increase the salary of each employee in 

the sales .department lly lOC; if that increase resulta in his cs&lary;. being m than bO,oOo·. 
·' 

Zloof has studied the problem of semantic integrity with respect to the expression of 

semantic integrity spedf lcations in (blery by Exampte.lZlaof, Jt75bl. 

In these approaches, facilities are provided to allowlhe::User to sta~ predltates 

(expressed in SEQ.UiL. QP.IL. or Qpery by Example) which 1n ca ho&d on the data base. 

Assertions must be satisfied by th• result of a data baae change; for that change to be 

allowed. ·Several significant problems exist with these appraacliles: · 

l. They do not deal with the.entire problem of semanttciintepity in a relational data 

base. but rather focus primarily on relation cottstralnts. 
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2. They are inad~lJ fJ~xible ~Uh regard to.~hll),~~-,a~_tq,J;>t ch~~· 
. · · · · • ,. (,. · , '· '' ~ · .. , " ~-. , . ,._ ~ . ; .r , ii.,• J j t ,,. .,. , . ~"~· . . ... 

S. The types of a~s pou_it)Je .. \lf'-!n d~J~J( ~ i~, v~la.tlap• are 
>' •· --' •• _ _,,_ :,, ' •••• - ·.·- ''t ,.,, '. . -

Umited. 

'i. No structure b pl;lced on the semantic ~~~!-Jrictl .,'.l*'H?~,%~~~Jm-t~ns are 

arbitrary predicates on the state of M-• da,' ~~.~r.on ~~~!~{~~~;~~.base 
" J - ,·. 

state to aJ:l~er. 

A sta~e tram,ttton app~cJI to .sttnantlc JoteJr\~ .. Ff~.~ .1~ g~lbing . , .. _ ,- . ~ .. ~ ..... ~3 ,,:,--•, ... y- : -·1'te, ....... ,, ·.- ,, ,f, 

the set of legal operations which may be performed on a data bue. In this appfctlGb. the 
- ' . ' 

user is conf,in~ to in~ng 'with.:the ~~-~~~ .~ ~~,~-:~.~~ ~;P.r"~ons. 

Semantic in~~ity ln~~tion is thus p~~"~~llf ?~~~. i~rtb' '"'~~~ ,This 

apP.roach has been sugg~ byJ.f.inlky [Min*y 19'74*.,._M~y .l9~ibl_ lp ,Che,.~tf!Xt. of 
•.• ' . ' ' . '" ' " • • ' •. - '~ : :' • ~ . It ,,.,, : "'. - . ' ' ; • . .ii .• - "'• " • - ' ~ 

data base systems. Related work ln the area of the definition of absttact da~~.(e.g., 

the work. of Liskov and ~lies 0..lskov 19"MD has much in common with this operational 

approach. 
·. : 

Some of the m05t significant prqb!ema wi~'1 t~' •J•. ~.~~ ,•PPW~ ~~ , . 
< ,.,. • ' • ' '. - •" • c,".( 

l. Sem'-ntic in~rity iJlf orrriatiqn is .e~be~~~ 11,l •. p~fM~t~~ ,a~,.u~~P~f~~ . 

man~~. anci is CODffCIUlntly .h&«l .~ mAdlfy.
1 
~4: ~1 r~t. IJI~. 

• ' • ·''<- .":,··· • ·'. • 

and in~plete. 

2. The conceptµ~I ""'antic model of a data J>~.lt Qi(fJcu~ ... l,9..~~ fr~.th~ , 
,_ - ' _, . .~."-- ·.,'~- :.• ~-~'~ ... J.~t ... - ... • .. ' ,-, 

procedurally embedded semant~ inteJrity U\torrnattop. . 
' • • < • •• - ' '\ • • ~ • ; .. J ' ,,,_· f " . 

S. It is difficult to verify the correctness of the semantic integrity information, ~· JJ Js 
·V . . 

scattered through the Oj)e~a~ions. 

4. It is not always possible to prec1$elt.c~1~~~~~f~ ~~, .. ~ ~~ ~·~~ w;._ic~ are 

meani.ngful for~ .data ~as~ ~t- ~~· ti~e the.~IJ.~.~..i•.~te<f... p~ i~.of'ten k'J>t in 
• .~ ,_ .. -'"--••"• ,_, M .•• 0< 

a data base before uses for it are discovered, or at least before all of itf,~t.IA\ uses 
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are discovered; nevertheless, it is often possible to descrtbe the semantic integrity or 

this data by means or . properties it. must satflf'y '. (ig., merdoris which must hold on 

the data). 

5. Different data base •views• (external schemu) may inCtude very different sets of 

semantically meaningful operationS. while still coUched ln terms of a single data base 

schema (conceptual schema). It ii difficult to insure the consistency and completeness 

of die sernlntlc Integrity cheeking which is peftonned bJ the 0peration1 in different 

views. 

6. Some data base operations are not meaningful in terms or the semantic integrity of 

a data base, but are nonetheless required in pnictlce (e.g., ~ operation to ch~nge a 

person's date of birth, the value of which wu orlginatty: k.Cotrectty entefed into the 

system). 

2.2. An Approach to Semantic Integrity Specification . . 

The major pl Of ctUs thesis ls to provide a 'tirst appn:.xirnation to a •theory• of 

semantic integrity, ~rtk:Ular1y Jn the context or the fttlJtonal data tnodet In so doing. it is 

hoped that a bull: tor a semantic tntegrky spedf1dil0n 'rnethdclo10gy win be developed. 

This methodology should assist in the formulation .of the semantic integrity rules of a given 

application environment, and direct the selection of those rules which will constitute the 

semantic integrity specifications of a data base (e.g., in the faee · or implementation cost 

tradeotfs). · 

A semantic integrity subsystem must be capable of perf orrning: 

I. semantic Integrity checking (em>r detection), 

2. semantic Integrity vlo1atlon tocallzation (determining precisely which data values 

are In error). 
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S. semantic integrity violation-!S!2!!. (reporting/response). 
1·,- ;_. . :.~ \ '. ' ' 

The semantic integrity specification, language(s) muU provide the user with the ability to 
.• ..: , \ '.f -

state all information required to perform these tasks. cThis indudea. or cour~. a precise 
,._.,: 

specification of the semantic; integrity rules themselves.) 
' ..;' 

' ' 

Actua1ly, it is desirable not only to encapsu~te (in the data base semantic integrity 

specifications) knowledge -bout the smntic integrity of a ~ ~ ~· b~~· also knowled1e 

about how users will interact with the data base. The meaning ot a data base includes the 
·, ~." :' _. : , ., 'i;jT~:.-'<::·r~ :~:.. ._-~(;, 

manner in which u~ra interact with it; semantic integrity and user -abstraetlon are closely 
.. -.. "'. : .,, ·~ .;.}t_:;.,; ;~. -~: ,,_. ~', . -,;,J 

related issues. 

Some semantic integrity information is best expressed via a state anapahot approach, 
;· ·: .·- :·, -~- -. - . i~: - ,. , .. ,~~ .. { - ··-.··· z,;~: .··. 

while other information is best expressed in terms of state transitK?ns. The approach 
._,, -;. :, ; }(!"--~'-·1 . -, •. · ,._ \_ ,.,_{" .. 

described in this thesis includes both state snapshot, and awe transkion aspects. 
.. " ",,,'" ... ,"~ - . ·~··;1~~.; ·-~ ~···~wi;~1· 

Basically, then. the approach to semantic integrity taken here has several major 
_ · S '··: ,!-, [. ' ..,. ·, • :_~: .·! -·, 1.,~L . . 'f :·~ .' 

objectives: 

L It should be possible to express semantic integrity sptcif~s: 
' >. ) • - • ' ' -~ ' • " • •. ' - - • 

a. on a high leve~ 
~-~ . 

b. declaratively, rather than ,proced,urally, 

c. in a structured manner, 

d. abstractly, in a way relevant to the application environment. 

2. These specifications should be: 

L easily modifiable, 

b. nonredundant. 

c. consistent, 

d. complete (as a model of the application environment), 

S. Semantic integrity checking should be: 
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' ... .,. 

a. the responsibility of' the system (but the sysmm may sometimes need to ask 
. ; 

for advice from the user), 
' 

b. flexible. allowing appropriate specif lcatlon of when checking is to be done 

(e.g .. after primitive data base chang~,' ar~ ~tual ·~nsactlon, etc.), 

c. ac:ceptab1y effident in terms or the overall perrormance ot the data base 
·-- ., ' . . . ., -. " . 

system. 

f. Semantic integrity violation-action should be: 

a. flexible. allow inc an appropriate v~latkJn·action. to be specified (e.g., 

indudlng error repomng, corrective action, etc.), 

b. suttldendy iocalUed· .so as nOt to geneme ~suming, expensive, and 
~ '·' . " .,_' . ~ 

potentta11j destructive ·ude etrecrs·. 
The approach to semantic integrity described.in dm ·thesis may in fact be viewed as 

'· • • > ' ; ' ~ ' ' ' ,,: '. .. • \. .: ,i ' : ~. ., .. i .·' , ' : . ' ' -~ ' . . . '· 

a ·generalized approach to data. base design and/or data diflnitlon. That is, we are 

attempting to p\.oYide a framework by which the d&ia in a data base may be described. 
· .. ;< ;·,··."•;'::.->., ...... ·:, ... ' ' -~:~ .... '~-.j·, •. ·it.··. ·. ' 

Additionally, the trameworl deicribed herein may prove uief'ul as a base language into 

which specifications in terms of a higher level data model (such as those described in 

[Chen 1$75, Schmidt 1'75. Senko 1975. ~mitt. '1915, T~ ifrs}) may a'..e· translated • 
. ' ' .,: . ~ 
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S. DOMAIN DEFINITION 

The purpoH of· this chapter is to dlscuss d~ · def initiGi, one level of semantic 
• · ;·.~ .,,, .. ,.r-~ .!)j';,,,_·--:1:: .. ,,;£i:;··.~~-:' \ ,:i~·_._;").'; ~· ."~ ... "> .. ;, _ . 

integrity in the context or the relational data model Specifically, the precise definition of 
... _ . . ->:;' i ,.- ,!'.'~~ ~'. ._nt·: __ , ·r .. i.+.gJ::;,·~: ri:~:Yl .:_,;:~··;._,. '<;· · ···t· 

domains, viewed as sets or atomic data values, is considered. This tndudel a review of the 
' ' .: ,• .:.:f;~ «-. '.-~ •, t~<::- I ( ;, ~:, .:,{~'; • [1~,.:" 2: li ;,';j.t~:~ .,.~·;· ,..": .• ''. .· ·:.< . 

functional requirements for dealing with the problem of domain definition. a discussion 
:·· ~J \ ~ ... : ;: • ". ' 

and evaluation of otber work that hu been done In the area, and the description . of a 
·"- ,, ~ 

;;·_:: . ~ .... ,,(. . . ,- ., -~ '. ~ 

specific solution to the domain dettnltlon problem. 
~ -.,.·\·~-. -. 1' ~. • ": ~- '; f.'.~;·,J , , ; ·, ;H,..:. _ _"', . ' '' :' ' <~ ~ • - • '" -~f.: >;· -~ 

It is important to note that a domain Ls dif f~t from. a unary relation; Domains are 
·:- / ~' -·u .. · · _.'- ::.,. i.;~·-~:· _'._j£_~:t ;~~i~- ~".:r-;;: ;.,'.~<!~~~·-.~·~,~ '' :'> --~~f" ·« '.• 

abstract sets of atomic data values, and may in fact contain an infinite. nu~r of elements. 
-'. ,. , ~ .. ~-~ ;\::·, ~--~·~ . ;·L. <{ -; -: ~~ ~)'"! .. ·!·~,-~:· ~d {)! (~,.t~ .j ~:1 .~. :_ .. - : ,,,) ~L ::, ·; ~, 

A relation, by contrast. must contain a finite number of tuples. Abstractly, relations are 
~ .... ..~, -._ ·-. ·;t~t_,-~ ... ~ .. r:.-o ·-,: ._·· -·"i~l .'·t 1 ~.-- , :-o~·~_;.,,I,'\ ~-

subject to change (e.g .. by the addition of new tuples), b.ut d~t.n' are ch~nJed ,O!'~Y 1Nhen 
~-·,~ ~: - ' "'·'..1 .. ·"'"'··~·· •• .,· __ ;.\_"·,,__--"' .-•.,'.,.\ :,;· ~ ::-\::~.~/. ,: ,• --t~i:t·\ ·.:..;l:.._ - . '~,.' 

the associated abstraction changes. To a crude fir.st a,f P!'°XilJ!&tion,_ ~~.~ set of values . 
' :; , :);"'.· ... - . ·~,. .1~ :"' :..y;·>a ~~~'1.J; __.rl"~J" .. : ···~ -~.~ I ,·.,'·-·· ~._.-_,.~}· 

constituting a domain is fixed at the tlme the data base is defined (*compile timej, while 
~-.. • J-.; ~t:.~(i !· ·. ""~:;·':>,·.µ ""' · ~~·Ab ·re:: :t'~f) .~1"~~ -~ ··~ · " ); · !~;·.:~ -- · 

the set of tuples In a relation is normally changed during the day-to-day operation of the 
t: . . -~-·- . :·' .~;'f' ; .,._;:: ·-:; _; ·:· .' :;:,,. ~!. '.· ,~~~~ .. !' ~' ~ 

data base system (•run ttmei. 
~~:· -· ·'~ ' -i;, ~ .~_" ,(!~1,;-·;,~\ ,.-:: ' , , ) ' L 

Domain semantic integrity errors. i.~ errors which Involve the presence of entries i,n 
:·~, _,_, '':it:.~~ y 7.·.;·.~\~i £::; .. '~;,. J~».: ·!I·~~·~· ·'...' t~r:.: .. , -~-

some column of a relation which do not belong to the domain lm,derlying that column, 
:-'~?!.>. l .. J' :1. . ' '~· 

occur frequently enough to justify a faciUty to han~le them.. ~ic experience with a 
· : ·· · :., .. : ,';;: ·. ·.. . ,·:···fli f!Wl'}.Jf'fH;S· ' .. .,; ·:.;\.•,:.' 

particular data base appUc:atlon environment ha~ shown that, for an, experimental sample 
, , ~- :' ; t>.. ·· ·;. ·~ • , ' ··>"' · ·;· i_· ·R..1~~\ ~:~".r-':J-r .. ~~~.::~ r· :.,::;)·~,~ ,~ Cd .. ~-: -._·j ., . ··~·z$ . ,. 

of user-data base interactions. a large percentage of error• dilCDvered are, domain semantic 
,. ' •R ·~.;~:~ ;4 ' ,.'';. -,:,.,·;.• :,'ic~.:.:::; ~ .. .; ,11) J~-i ~ '• ,'• • ~·:• .~. .~ 

integrity errors [McLeod 19'151 
, '!_ • ' -~ ' 
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S.L Describing Sets of Atomic Datt. Values 

As discussed in chapter 2, several approaches to semantic integrity for relational data 
; 

bases have been recently presented. As noted in that chapter, all of these approac;hes 
' ,· 

essentially deal with relation constraints. Le., facilities are provided that allow the user to 
'~ < • ~ l ' 

state predicates (expressed in SEQ.UEL, Q.UEL. or Qpery by Example) which are to hold 

on the data. base. 

The requirements of-domain definitibn are not adequately supported in these systems. 

They lack the capability to allow domains to be predsely defined as abstract sets of atomic 
1.,i 

data values. All of these systenU ·allow the data. type of each column of a relation (not each 

domain of the data base) to be defined, but the possible types· are limited and very 

representation-oriented. It should be possible. f ~r exampte~ to define domains like 

SOCIAL_SECURlTY ..NUM·'.BIR and GEO_COORD~NATE. rather than being limited to 
' : •f." ~' T, ~ 

such domains as INTEG:ER Md CHARA-cTER_STRING~ It is desirable to be able to 

describe a c:onceptUal clus of d'ta valua. This abstract description ii quite different from 

a mere spedficatiOn or the' physical representation or the values in a domain: rather. the 

semantic properties ·or tht'.domaln are pronounced. The' work or Usk.ov and ZUia [Llskov 

1974] concerning abstract data types ls ~elated to this noti~. in that classes of abstract data 

objects (values) are being described. 

Boyce and Chamberlin· [Boyce 197h] have proposed attaching attributes to each 

column of a relaticm (i:-cOtumn descriptors"). One of these attribu~es is the scope of· a 
,0; ' 

column, which specifies the.see-of permissible values tor entries in that column, e.g., salary 
,: ... 

is a positive integer less than 20000. Similarly, Zloof [Ztoot 1975b] has indicated that 

provisions should be made for facilitating the specification of entry "formats" ("their type. 

size, etc, j. 

A detailed scheme ia needed to f aciUtate the precise description of domains, and to 
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integrate the domain ~efinltions With the structure of thtr~ data ...... SUch la 

"' 

I. facllita~.lbe pr.ase anci'detailecl dacripti'8' of-.-_~-a&omic·ilata v.iues. as, 

subsets of on• of.t"'•malcl!maim:. Mal...,...,aad:Cha,_'mbag(these 

"naturar domairu ue the pdmW.Ye domMM?wltidt _.,.used· • cansuact .other 

domaiaJ). 

2. provide for t_he proper abstraction or defining domains lndependtnt of tlllir me as 

u.-~erlJAJ\g. dc>maina.of cohlmnl·in one.• IQMt·Nlationl;; . .· 

S. force a domaiJI deftnidon ta be a tlfl&k·mllll•.:•illat41Nin semantk lntegll&J,. 

inf or~ lS localized. 

f. fac:ililaM autom1tic.doma1n definition checMng.and,flal~le-typ.af. IGdon -which 

ue .to .oa:ur uporulatection of_·~ dtfintianWDlatklll, 

.5..,upport specif...._ that demibt wtwumcLhGW doaatn··&lues.qn be compaml _,, 

(e.g .. when two values being compared ue:.f.am tt.tf.·ame·demaint•llll·when thfltwo·_i 

v~uea are from dif:terwnt domains).and·COIW.....,(&c..,._ .. itil:dulred •,eonvert 

the value in one domain into_. "equiv*nt.Yllueiin·••lrrrd.anma). · 

3.2. A Domain Definition Language 

. A high level, nonpror.edurataaguage, can.· be med ro cpra1·,domift, dtfinitlons. In 

thil language. .each- amain· tn &'data baa ii· dacribe&l~by a stnrte ~oaln: definition 

(domain: def inia&on l!!Od!lle}.- Thi definittoft of a dc:lnalll •ll;,'tll,~•~ •nd) M rM time 

the domain ii cream Domain creMlon nay:-. •itWed::.U --~·-•>ot tht domain 
! 

definition module. ;NoDI. Shat a damala deClrdtlon .,.-1aacudeilflftl·*''-'':uomlc 

values. Domains are not dynamic aa are unary. r•llarU; ·m•,,. they, conltttute fixed 

abstract seu of data values. The dttinttion of a domata ·mar be madittld, but .this occun 
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only when the abstraction has changed. 

As noted by Hammer and McLeod [Hammer 1975], three types of information are 

required by the semantic integrity subsystem to deal with domain definitions: 

1. a specification of the set of atomic data values constituting the domain, 

2. information describing when the domain definition is to be checked, 

S. a specification of the action that is to occur if the domain definition is not 

satisfied. 

Since we shall assume that domain definitions are checked whenever an entry in some 
. 

column of a relation is created or altered (e.g., by an operation which inserts or updates a 

row), the specification of when a domain definition is to be checked need not be explicit. 

Thus all that need be explicitly expressed in the statement of a domain definition is the 

precise description of the set of valuu comprising the domain, and the action that is to 

occur if an entry in some column of a relation is created or modified so that it does not 

belong to the underlying domain of that column. 

Each domain definition therefore consists of the following four components, 

represented as clauses in the domain definition language: 

I. Domain !!!!!!! 

2. Description 

The description clause allows the set of atomic data values constituting a domain to 

be specified. The set of values constituting a domain is defined as some subset of 

one of the two natural domains: real number and character string. Every domain is 

thus defined and represented as a subset of the real numbers or of the set of 

(varying length) character strings. This specification may be accomplished by: 

a. enumerating the domain values, 

b. decomposing the domain values by specifying the subunits of which they 
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are composed. 

c. placing restrictions on the set of values by stating predicates that descri~e a 

subset of one of the natural domains. 

or a combination of the above. The special data value ·nun· (undefined) is present 

in each domain. This is to allow missing data to be represented in the data base. (It 

may sometimes be useful to distinguish an •unknown• value from a value which 

"does not make sense• [Florentin 1976], but this distinction is not made here.) 

3. Ordering 

The ordering clause is used to indicate how domain values are ordered with regard 
I 

to comparisons with other values in the same domain. This inf ormatlon is important 

in identifying the semantic properties of a domain. One type of ordering 

specification is that the values in a domain inherit the (total) ordering of the natural 

domain of which the domain is a subset. lnherited ordering may also be by subunit 

(e.g .• the primary ordering is by one subunit. the secondary ordering by another 

subunit, etc.). Inherited ordering is numeric for domains which are defined as 

subsets of the real numbers and lexicographic for domains which are defined as 

subsets of the character strings. Another type of ordering specification is that no 

ordering exists, in which case only equality comparisons are meaningful. An external 

procedure (i.e., a procedure in some programming language other than the domain 

definition language) can also be used to define the ordering specifications for a 

domain; this procedure is called whenever two values in the domain are to be 

compared. Such a procedure accepts two domain values (which are to be co~parecl) 

and returns the value that is first in the ordering sequence. 

4. Violation-action 

The violation-action clause specifies the action that is to occur if an entry in some 
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column of a relation is created or changed in such a way that the entry doa not 

be10ng to the und~rlylng domain of that column. Types of violation-action include: 

a. the change may be refused and an ehw signaled, 
' . . 

b. a particular value, either constant or calculated from the erroneous value by 

means of operations (such as substring, con~tenate. etc.) may be substituted as 

the new value of the entry~ 

c. a call may be made to an external procedure, the erroneous value being 

passed as the argument to the procedure, and the procedure returning the new 

value of the entry.· 

System-generated or user-specified messages may be optionally returned to the user or 

calling program. Note that in cases b and c. it may be necessary to recheck the 

domain def fnition after the corrected val~e of the entry has been determined . 
. - , .- - ' :. ' <~ ;;." - ·. :: ~Ji ... .'"• '; !': -- . ; . 

At this point It sh0uld be noted that the use of external procedures for ordering and 
_. ., .~ ... ~ ' -·- .~.; : ,,\ > - ~--»:·_ i·· ~ ·: 

violation-action specification should be minimized, inlOf'ar as possible. The capability for 
,, ., . ~ . -· )}. ;.,..,, . 

such use ot external procedures is provided for generality arid completeness. 

S.2.1. Language Details and Examples 

Figure !-1 contains domain ,definitions for some of the -example data base domains. 

An indentation-oriented syntax is used in this figure. Examples of values ·in each domain 

are listed (in parentheses) t0 the right of the corresponding dormln definitio~. 
Figure S-2 contains a specttlcatJon of the syntax of the domain __ ,definition language. 

In figure S-2, syntactic Classes are denoted by .·lower ca5e strings. -~hil~ keywords are in 

upper case; actually, the language sho~ld include both upper ~ncf fOwer case keywords. 

Optional parts are enclosed in "[J'", and alternatives are separated by •j•. 

In figure 3-1. the description clause of the NAM0

E d0matn'C:terinition specifies that it 
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consists of (character) strings, each of which is composed of a string foJtowed by a •• •• 

f o11owed by another string. In this description clause, data values are decomposed into 

subunits; the first and third are variable subunits, white the second is constant. Subunits 

may be labeled, so that they may be referenced elsewhere in the domain definition. As 

stated above, external to a domain definition, the data values constituting a domain are 

either atomic numbers or atomic strings. The rule is, if a description clause of a domain 

contains only number subunits (variable or constant), then the values in that domain are 

numbers, otherwise they are strings. Number and string subunits may be mixed, and if so. 

number subunits are converted to string form to yield the string values constituting the 

domain. For example. domain MONEY is defined to consist of strings of the form 

·12s,ooo·. Values in domain MONEY have two subunits, the first of which is the string 

constant ·1·. and the second of which is a positive number. Values in domain 1'f ONEY 

are thus represented as striogs; the number subunit of any value in domain MONEY is 

viewed as a number (and can be manipulated as such, e.g., by•+•) when the subunit alone is 

considered, but it is viewed as its string •equivalent• with regard to the domain value as a 

whole (and can be manipulated by string operations). 

The description clause of the domain SEX indicates that it consists of two data 

values: "f emate" and "male" (in addition to the ever-present "nun;. This is an example of 

description by enumeration. 

For domain MONEY, the subunit labeled •value• must be greater than or equal to 

zero, as specified by the subunit ~ restriction. A subunit where restriction contains a 

predicate that is to be true for the subunit and involves only that subunit; that is, this 

predicate is a restriction on the set of numbers or strings which values for this subunit may 

have. It is thereby possible to express properties of number subunits involving comparators 

(such as ·.• and •> ") and number constant.I. It is also possible to state that a number is an 
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exponential (exponet1t&a1 notation) or an integer (at t0r deMain DATE). For string 

subunl~ a size (length) apectfieation Qlft ·be ·made,· Ute"'Wt! Of ch&r'Acters P'rmlsSlble in a 

string· can be deflnecl (u ·fer domalta ITEM}. and a · ~ic Ord~rlng compari5on 

A global where regtieflOn 1pemtltt expression ot; prOpettieS Involving multiple 

subunits, as wel· u tlJGle:., dt>main values viewed as a l1nlt 'A global where restrlct1on 

contains. a predate tM:t tmay in.Olve a domain valde. subunit values, operations. and 

comparators.· ·String operattons can be employed'tO'generlte S'Ubstri~g~ ~kula~ lengths. 

perform eoheat«tattons. etrt. Number operations iritlude the·' i.asUal arithmetic operations 

and •maximum• and "tnlnlrnum•. Far example, tn tlie cles:J.~··or domain MONEY. the 

global where restrictton states thl.t ·domain ·..;arue.I '('Vi'cnffd u' ~f must' either :have two 

digits to rhe right Of the detirnaf point or eke;have ·no decllnal point·. Here: •right(o, •.• • 

o· evaluates to teright substring of the dO\iiatn valile;(which isreter:nced by·.;. starting 

at' the character afret the occurrence or -:•:''(This ri>rl'A' ot' the •rtgbt"' operatloo takes two 

arguments: a ltring ·wta.e·· tight. subltring fl to be ca1tl6tid, anc:l 'inothe; string whose 

index in the first string is cakulated to detemdhe'at wl\1dl chati~1 6t'the first string the 

right substring is t6beglnJ The operation '"pr~sern• yieJds~~rue·:n the first string 
' . '.' ', ., ' , . ~ .. 

specified contains •n occurrence or ea:ch of the rottowing sttlhgs. otherwise it yields •f atse•. 

The global where restriction of domain ITEM illustrates the specificatltin of the number of 

times ~me contigueus group of subunits' an repeat. 

A where restriction may alio contain a all of an ·tx~:~tean procedure (as for 

domain .ITEM). If this procedure calf is in a· global where resiffCtlon. tbe procedure is 

invoked with the domain value In question as tts •rgument: 
1the protedure ·returns •true• if 

the value. is preseAt In the domain, otherwise it retums •raise~. lftbe '.pt&edure call is in a 

subunit. where restiiction, the procedure is invoked wtth;tlle subu1'1t vafue.in question as its 
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argum~t; it recurns "true" if the subunit value}' .~~. othe~ile 1t~ rer,ums ·~a~"· , 

Boolean combination~. of the aboye ty~, 9f .w~e~ ~~ .~. ~~~ed in both : 

subunit and g1ob~I wh~~· r~ats:~ctiona. as a.re.cond)~cmab (as f~ ~()m&J~ D~TE). In: . 
. . . . ' '·" , . . .. ' . . ... ' . . . . . . . . " ' 

addition, an "or" may be used to tndlcate that the c:lomaln. c:ontUn valu• that come In more 
·' - " ,,- , ·: ',;;: ·· .. - .;:_~·.· :- ·1· .C :,;;,.~.,,·; .. J-~>_; --~~·· ··--,. :.~ 1 - ' -r·· -~ 

than one form. Le., that the domain consilts. o( ti. 11nlan ot two 0( JM.rt .seu or values. 
: -- -~ ~- ·:; . ~- , ~~- -.1 ~- _ - r.·1 ·.,··,,- ··~,;:_·-.'./"~·-: ', .-\~ <:·.~ :. __ 

each of whl~ la def~ ~1y. . . ., 

The second c!au• in a. ~~tn defin,itjon i. the. ~11~1.o~~.:~ This ~Y .1~lfX 
' , , , , , . ~ I •' ,•,\, • ' • ''J.;\.'. ' .-J, ·~•:• . ._, ... , • • ., ,_ " ' • > 

th~t no ordering.eJ!:lsts on valu• ln.the (\omain, {"none;'), ,,~~,~.~'1t¥.·°"'' ~~•.lily 
• • -- • - ·; .,,__ - ~ .... ·;~-'~;.' ·-.·'.'" - ... ·.;>~,-~ 

comparisons are aJlowed (u for'~ ,SEX). ,~,~~,~'m1J~ ~,·a~c· mn.ns,. 

that valu.es ln. the d~. are,~ by th~, ~~~1.,?~~~. ~,., ~~~phlc: ,oryt~rl~~· 

viewing the domain v•l-. ~ ~~ n~ .or CJinP (~ for ~in Q,U~).; , T,~e. 
' : ~ ,, ' , - ·~ ~ - •• f:)., ·'' ,, •· •. i .. · ;; • - . . ,,.'. • '. ~ 

ordering clause.may also contain an ordered llat _o( .~.{~~-.'!!~)!in4i~~inJ th~t. 
':,.,·2 "· \,r,·1~-t;.~.t.,,.';t ~~-T-· ,''~(.\J~.,_"f._J.~"-~ ~ '' ,·~· 

domain value are or4ered acxordlnJ to the values of the specified subunits. The usual 

numeric or lexicographic ordering on these aubunlta II usec:l• an~ .t~~ .. ~~.~I~ ~re ~~e~ in 
. ' . '::._, ··'-' r ,;..•, I ~-._.· • if.,- • , • c • • 

sequence: primary ord~, ~~ o~~ .etc. ~ ;.~ .. ~! ~~~E, M9~EY. 
and DATE) .. Finally, an ex-.i p,~re ~ ,be ~~> ~. ~?.the prder;m,a. an ,~~~ .. , 

values in a ~- This pl'C)Ctd~,re .J!. ~ ~"' cwq ~'-:~.~ed. a~. r~rras 
.. 1-···" , .. , -~··t-·oo._ ..... -. ·,o,~-..1 ~3····· ~---· ~ 

the vilue th~t ~.fir• ~n ~be ordetjnJ ~u~jr f~ :d~~n~lT~). . 

The third cla,use In· a dOmaln definition ts the Violacton·acticMLClause. As discussed 
·- - -· ~~ :.' ·';''" ~:;. ~ "'·-i:, 1-.:"" :< 1~ir::ji;:>·~_~: - ,i ·, ,,.. • 

at>Qve. It ~y specify .tllat an '9'T9I' .la ,to be;slcf'•~· indl~~,.~~at, t~,,c1a~,.base .. chan.~,, 
• • - '-<' • . • • . : ~ . • . ; 

specified by a IJJel' is lnwrrectr.~d a~ld l;le re~,..~ IJ~~~;.PI' us!l""sptclfi~ 
• ' .• •, ' ' . ; ~ ' . , ! . ' ' • '. ·~ ..... ' '~ '\ . '. ' . . ' . l 

message may be opuonal!J .returned ~· the. u~er o.a:, calli~J prC).I~:; :t~.~ ~ a~ true, ,ff!r th~ 

other types of violatlon-:a$0~~ If the::,vi~tion~~ "~~IP;~fled_ ;-,; ·~"h t!'en ~n er~r 

is signaltd and a aptem~~e~~ message is return~ (as for '.~~ins NAMf.and DAT~~-
. . ' ' . . ' , ' •·' . -~ ' ~. ~ . " 
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specified error message. If a system-generated message were desired the specif le message 
\ ._ • • , • • ,. ' • ' ' '\ •• ' ._ > ,. -· 

could be replaced by "SYSTEM-CENERATtn•. A system-generated message can be of 

the form •the definition of domain SEX is violated•, or can bear mor; information If the 

system is a bit smart~ (e.g .• •the definition of domain 'SEX i~ v~tated, it consists of only 

the two values 'female' and 'male'j. The •substitute" 'vlotatton-actl~n · allows a constant 

value to be substituted as the new value of the entry bfiri( Created or changed (as for 
; ; • • < • , '. - ~ ' ' " : • ' •• ~ ':) • 

domain MONEY). A calculated value. obtained via string or number operations. can also 
.,. . ' '.; '. •,, ' ' ' ' .. 

be substituted (as for domain ITEM). In the specitlcatlon ot this ealculatlon, • represents 

the value that is b~ing checked· to determine if it is in th~ d~in. The calCulated value is 

then checked to make sure that' it ls in fact a" valid d~ vak.ae; it not, then an error is 
;_.; ··., ' : : ·' ::._·' -._ ·'>~~\J·?'i·~~- .;ri,"~-~~l}J-~ - •\ .- ... '·-·;_·._ -- . 

signaled (to avoid infinite recursion). The definition of domain Q.UAN offers an example 

of an external procedure call viOlatton-acti~n .. 

3.3. Implementation Considerations 

The domain definition language prctcessor tran;1ates.domal~ d~finitions into an 

internal form used in sema~& integrity checking~·'ne ~ti~ i~,teg~ty subsystem has the 

responsibility of determintng what chec1dng ls ~~r be' dcine ~~~·r ~me data base change 

request is issued by a user: ·It tnust also auu'rne th~ ~potasibltlty ~f ·p~rtorming this 

necessary checking. When~ver a n~w entry is creat~'(n-~';column (~.g., by an insert row 
! ' ' • ' - • - •'. • • ~ • 

operation) or an existing entry in some row is changec:l'(e.g., 'by an update row operation). 

the system must make' sure that this new' errtry beb\gs'·t~ th{amaerlying domain of the 

column in which ft ocalrs. The information in the d~lpti~ c~use of the underlying 

domain of the column ls used for this purpose. Ir the domain daeription is violated, the 
~·, .. ' ~'··. _,, .:~~~·!·''!<' ,. __ ._ '.~\ ' 

information in the violation-action eta use is used. The oiderlng inl'orrriation is used when 

comparing two values In the samedon\ain, as.discu~ ·1r. chapter;.f~'~ 
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A domain definition may be used to ob~ln the information .n~ry to construct 
~,1 :·~~.' '., ~~- .,- .', ·~ ~·' di\ --~:J.\..H"''" .· 

several internal relations. which are used by the semantic integrity . ~syu,~ to facilitate 
. :~: ' .... "~ ; ", ~:.,' ; - :,:/ .. !~:-;.::J<! 

domain definition check.Ing: 
. ~. ·. . .. 

L The domain definition relation contains a single tuple for each domain of the data 
'.4;"~ ... < It '~- ":·~£ 1 

;, 

base; this relation has the fol1owing columns (wit~ pr~. ~2, d~in ,Jla!M>: 
~· . '·' . ,' _• .• ,:t: . ·.' . . • .. t ~ "' "J.' J. 

a. domain name, 

b. description type, which is "simple" if the domain ~ qne nonlabeled subunit 
- ' .... _ .' ·. ~ . !: .:; ..... ::~J.' .. <;_:: ·~·J_ ~t~:~ "t;·_ ~:·c. 

with no where restriction, otherwise "complex", 
• ,. ,_3 ••••• - :.: '. t..,.. • . . •• :· , ~·.:· /'\,~_ -·~ • 1 - ; L. 

c. global where ratrictlon, 
' ;:. ~ ' • "N " ~' 

d. violation-action type. which ls "error", "":'bstitute", or ~call", 
. . - .. - ,;-_ ,Jc; -~'1': .: --,,. ' -·;· ' ,, 

e. violation-action modifier, which for vlOlation-acdon type "substitute• ts the 
-:~~:r .. : :: ·. ,; '· ~t~~l:t.:f .. .,·~ "!';~~;- . '" - :·;n-·.:.~J+ .1 ."-~ 

value (constant or calculated) to be substituted, for ·can• ls the name of' the 

external procedure to be called, otherwise •null", 
~ .: .!" :·: • . ., 

r. error/warning message, which iS. either a constant (user-speclfled message), 
__ /· .. ;-. ~;~r1;(i.'). lG:/, " 

;',' \: ~ > "'j ... :~~. . . . £:·; , .. ,~ ... , .. 

g. orderlftg type. which ts •atomic", "none", "subunit" (tor subunit ~.ified 
., ,. •, ' " ' j ;.. . ·. ~ \ : ,; ' ' . ~ - . ~ - :, i ~ :: .; ' ., ~ . !. .; ' ·'"· , . ' • 

ordering). or •can• (for external procedure call orderln1>. 
'· ·' ' .. ~ .... "./ ':1)· ,.' ~·· .:· ~ '.°;',::.:.., j ! . <\: ~: !; ; 

h. ordering procedure name, which is the name or the external ordering 
~t _

1
. e· .,: ~ ~""- -.· '. ~ · ~:·'-. ,·~ ; t ~.J~n"':l::·,...... :·~. : -

procedure if the ordering type is "call", otherwise "nun•. , 
, ... "' ,. • •• l. 

i The Subunit 'definition relanon contains~ wple ro'r ~h •unlt of each domain; 
, - • ~ ':; • .· ~ , : . E • 

this relation hu the folJOwlng ~lumns (with prun,:l'J -u,- domain name. subunit 
' u ••• :-.,., ~-;·~ ,'J ·', ;· •• i·:, ; · - : ~x·1t~ , ... ~ 

index): 

a. domain name, 

b. subunit index, which ls the ordinal number of the subunit in the domain 

definition, 
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c. subunit type, which is either "constant" or "variable", 

d. label, which for constant subunits is "null", 

e. variable subunit class, which is "number", "string", or "oneof", and "null" for 

constant subunits, 

f. subunit where restriction, "null" if none exists, 

g. ordering index, which is the ordinal number of the subunit in the ordering 

clause, and "null" if this subunit is not referenced in the ordering clause. 

S. The oneof constant relation contains a tuple for each constant in a "oneof" 

description of domain values or domain subunit values (for each domain in the data 

base with such a "oneof" description); this relation has the following columns (with 

all columns in the relation as primary key}. 

a. domain name, 

b. subunit index, 

c. oneof constant, which is a constant in the "oneof" list for the subunit 

identified by the subunit index (for the domain specified by the domain name). 

Domain definitions may be utilized to automatically determine the appropriate 

physical storage type to be used to represent values in a domain. For strings. a fixed length 

character string representation can be used when possible, such as when domain values are 

enumerated (via "oneof"), or when an upper bound is placed on the length of string values 

in the domain. In other cases, varying length character strings can be used. For numbers, 

it may be necessary in many cases to make a compromise for efficiency. Integers C-number 

where i,nteger") may be represented by a fixed binary storage scheme (e.g .• single word 

binary), but it must be clear that this is only an approximation to the domain definition. A 

similar situation exists for real numbers: a float binary representation may be used for 

storage. 



. .(•. ; ' ' •;_~ ... 

Semantic Integrity Specif icatlon S5 

S:t. Extensions 
., , . 'c 1. ~.,. ·- ... '· ~ : • 

Important issues to be considered in future r~rch on ~in definition include: 

l. It Js possible to extend the domain definition languap so that previously defined 
. ~ ··f ,·+:.~fl <~~:t fl}: tf.t: ... "'i ·'.!t .. ,-:;~_{:V_;··-: ~ ·: • 

domains may be used as subunits in the definition or a new domain. If this 
L' ,~~-<~~~··~ -· :,-. ~'\(' r .:\!. ;~•; ~ 

hierarchic approach is used, care must be taken by the system to retain domain 
: ••• ; -~-~ <• t'<~ ;:··· ·.-1 . ' ,· ,,, 

definitions until they are no tonger referenced ln any other d~ definition. 
• :, -· ~:-::.:·, ,· ~~ .. ;._i,;··;,:1_;:-.. ,.>';'· --~ ·-~'1i' .:>~~h: .. ~-)··/~~)) ~-~ ··,:~.;-~.,.:~~--~-~--,~ 

2. It may be useful to intrOauce dOfn!in op!mtgps. In thil approach, operations are 
1 t. ·~-· ·"' h i!oJff·:·.-, \$> '!ii.(,~ :-:'· 7 Ct ~:~·":U(.u~:· .. /, ·; ~ ~.{; 

1 
~.Lit~Y· 

defined. for each domain, and manipulation of values in the domain is ratrlcted to 
~ , . , ·:· _. '." _ .:· ·: :-;·· ": ··: '·:- 1 ,:Y}:~J), H~ ! i;t£ 1.1. . ~:~ '· ,--,-,--~'. 0 t> 

the specified operations. ·This approach is similar to the notion ot abstract d!~ .. types 
. , ~, .i.i_.;:: -·~ :--~--· '.\~;.d.t~-~~"l~~.q::'n :iJ. -~~-:~·~,·"~Jr~t;··~ ~: .. ¢ ~, ~-

or Lilkov and Zilla Q.itkov 19'7•1 It may be argued that t~ ~praach taken in this 
' ; ... .'~,:.. ~: ·>':' :~·); '~~- .?". , . .!t:~::;;.) ~~ ~t~ .. - ·,., i.: '.· <, / :'"':'.' 

paper is still too representatton-orlentecl. For example, values in the d~ln 
: ' . · . ·.. . .,.,1 . - ·•:: ;:~\.; ''"; '..:i! i u1~:" , .:S '· , . 

MONEY may be strings or numbers, but this. ii Irrelevant with respect to absuaction. 
"' t..__ ;~'.;:_ -"' "''-' ., ~ '. ~ ~~~~~1:H·;.!J2§ C.~ ·: .. ~ 1

• 

The Important properties of the values constituting a d~main ~ay be best 
i··~ :<, ·, t'1~ ~:J t~ ,;.<,-f?.J()) ~:(i 1~~ .. ·::r 1 ~: ~:,~1 

characterlled by specifying the operations that are defined on the values in the 
· ' -i.: - ··.:. '. ~,.;."' :~f~.l;;,.t~t,q;~--":,r-'."'_.:1 < .. -... ·;·~. ,,_ :.;~~ .':;, 

domaira. or course, in this cue a domain will no tonger be detined as a subset of 

one of the. natural domains (string and real number~ and the standardized set of 

domain operations (such as •> •, •. •• • • •, etc.) will probably no longer be appropriate. 

S. It may be advantag~1. in some cases. to defer the checking or domain definitions. 

and not report violations at the time the data is actually entered into the 1ysiem. For 

example, in the case where a data base is being "bulk. loaded• or updates are being 

•batched•, it may be desirable to report an violations of domain definitions at a later 

time, say to an interactive user or as part of a summary report. 

4. The modifiability of domain definitions is a very important islue. It should be 

possible for the definition of a domain tt;; be changed as the correspond inc 

abstraction changes. If this is allowed, then it is necessary to verify that all entries In 
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columns having a given. underlying domain satlsty the new definition of that 

domain. 

5. It is possible to call an·extemal procedure to v_erJry·thar a value In question belongs 

to a domain. An external procedure can may also be used in the ordering and 

violation-action specifications. However. we have no g~ntee that the external 
• ,.,-/r·· 

procedure is correct. Some tenability ls nonethitesa guarantied by the fact that this 
: ; •:.·· ' .. 

external procedure must use the normal data base system interface. In addition, the 

domain def initlon is again· checked after the external procedu~ has terminated. 

6. The prob1'm or· impltmtn~g the domain · def'ari1tton scheme· and evaluating its 
. . , ""' ' . 

effectiveness and efficiency hu yet to be fully addreued~ 
"• .. .::.· 

7. It may be useful to eanader the automatic Pft!1tlon of domain definitions by 
attempting to geMrauze upon a few exampta ~ ~ vatUes whkh are given by a 

,· . 
user. This is. or course, a part of the general problem or the detailed specification of 

the user interface whkh supports the construCdOn Otcidofnaln definitions. 
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f. RIL4TION $T&UGTURi 

Relation ~~.-Cltication,tJ:cbt ~,fl thel ... ntental _..,.., tha' 

(base) relations or a data base. When a relation Is created. at leut,the fol.._...- be, 

done: 

1. The relation must be glven a name, which Is un• whh ,,._ tD;alt-- of' 

re)aUons in the d~ bu& , ,•,, , , .; , · 

2. The nu~ of CQ1umAS in tlMLM.lation J,BUlt be """""'' :, ,, 

s. Each columa··of .the reiation-~. be~,•..,.._~ W..icpM;,,wiah rapect 

to tbe n-.... f!I,,.. CQ~~,:at' ~·r•~lon,). .-.o:, ,, i'.:>-

-t. The name of the UiQdG.JJilal:4fama.il, ef--. c:oa.tn~ 11Mt1t:-k,-1pectfJerl. A 

definition for each domain thus referenced must exllt at th• time tht1 relation ls 

created. 

lt is pOJ1lble to in~lude Qtt.er tfp«S of infprma~ u -~of the'.fund~ental 
' - ··- ,, . ,.,, .. '· } 

struapre of a relation.. For ex ....... tJ;ae erlmarf Mli~" •. qf. the,te~· nJ&Y be.· 

Identified. However. at th' level of ab~r~lpn-~~ "!htpa-~r::~U~ faf' .Hmaflt~~, 

integrity is r~u.se4,,- the lllentiflcatlon or the prlfnlr' ur ~:~ v!ewed as a type or 

relation constraint(~ ~PrtSStd as su~h). Furth~~ ts.,"°'~"I r~ for 
..: .. < • • ~ -

distinguishing the primary key from other candidate m£ Cc.odd 19701 It is most 1-1-:al f qr 

a primary kq 1p9Qficwtqn to " vlewfid as a r••ti0,11 ~~ u ls U,..fiMt ,for qther 
.• _. • ' . c • • .• °' . . . ~-

types of fwactional_ dependencies. 

Many higher level semantic models ford~ bue.,4'141nf>'•A4 -Nta:actlon (da.ta 

definition). e.g ... [$inleh 19?6l.,, ccmalder certa!n ty~. of J•~fll·~ ~~~u (ludl as 

functional depen4~ to.~. ll*i&l Function.-"depenclencles we .pn,. ;~ftant type of 

constraint, but there are other types which may be equally imporlMJot(b\-~ appl;GaUoll. 
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environment). We believe that it ls essentla~ to provide'for a broad spectrum of relation 

constraint types. and to· integrate the formulation of these constraints with the process of 

data base desip anct·nmacion.: Ira Clt.,.'6. ·.urap~ to·rllation constraints is 

further cltscusled. · 

In addition to the column name and the name of its underlying domain, it is ·useful 

in practice to allow two additlbrlat·•lbUw 'to fJe: .. led' \1/llf tUtt column: 

I. ·a narrative delcriptf011it'if tire co1Umn1 tor d«umelltitlOn ~. 

2. an indicator specifying whether "nulr fUtnltnhetlY~ may be present in the 

eolamn (thllS'ialJiMtlnf ~m1r vataes to be ilJM'\fMY ',tiihltitted: tram columns).· 
• ' ,. - ' I- • ~ 

i.2. Comparability 

Tfie 'kinds or comparisons and' manipulations or 'COiumn entries that are allowed 

relates to the semantic integrity requirements or a dlta 'ime. '.··,.fie' terrt. compa~bifity is 
used heri!tn to ret• to ·ttte r•--1 probtem or ClWuifnlrifwMll and how two or more 

column entries may be comp&'~ or otherwise manipurlii!cf 't>f stnkfut~ operations. There 

are two basic types or'compartsonsf" tntrado~ailf cbrttpafj .... ns'i~~ interdomain 

compar1sons. 

IntradOmatrt 'Comparisons are those in.· whidi tWo values f'rdln. the ~me domain are 

compared. In this case, the information in the ordering clause Of the domain definition Is 

sufficient to determm~ how''dte comparison is to bi matte. · 

lntetdomaili 1.'empaftsolti are thbse in whiCfr two V.fties frdm dttre~nt domains are 

compat'ed. In this case, values are -compared as atotntc strtngt di' numbers using a domain 

convetsioo. as defmedbeloW.· 
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4.2J. Domain Conversions 

A data baae hu a~l~ With it a Jet of ·flomun, cpnversionl· .Each domain 
.. "'." > , <.. <.! ·,~~ ,-"_ ., ' 

conversion is specified by mtaial or adll)l!in gy~q,,:, ... l''.Ml'h-~ver1lon Is 

a specifica,tlon ic;>f how ~·~~· in a pv-. domalR a~ c::Qnv.-.-. ~11qt4lv._· values in 

another d~.n. and vice versa. Exp,~ specifica~ of:.~ cpnvtr*nl.is ..-sary 

because values in different domatns belong to ~r.,_, ~ -.. _... c;onv«tmf a 

value in one domain into an •equivalent• vaW. ¥l &f'Olh~"'r'91W.·~~1ec:lp i,Jf the 

precise nature or the abstract sets corresponding to ..,. ~ clonliains )n1oa,ec1. For example. 

both FEET and INCHES are rlumbers. but they cannot be,~ a4de4 wl~Q\lt tM 

use of an aP,prop9&te ~ven.&Qn. 

Domain conversions are defined mdepen~.,of the .delna.in5 (aad maliORI) of a 

data base, in. the sen1e thac domain ccmvefllon DK»eh1l~ 0h&H'OO ~-tilt tncemal 
. ' . . '' ~ .• ~ . ' . ' ' ·~ . 

details of a domain def'initioQe. domaUI .f:AllY.ersions thus ~~~ .v~ Jn ,pn, d4>main 

into atqmic v~-. in anoctier .. ~ convenlan ~111:·:~·• .. :fl~JIJ ~-eatecl, .. ,, ·" ' . ' '1' 

deleted, and modified, with the ratrictiOns that: 

I. both .~ma)J1• ret,~ced in ~.domain_con~·~lille.~ ~Jst.at the time the 

conversion is qeated, 

2. if either of th• dQ~ain• referenced i~ ,_,, domain: ~r$iOI) ii del,*1, ch,f 

domain cony~r~ is dfl~ 

For the purposes of this thesis, it is .ssumed ~- domain, '9ftV..,-Sion ~ are 

written in aome ~lgh, level, propmllling langu., !NI 1aA&UM• ,en~ be a ipeclalized 

one. similar' to the domain deflnltion language. For generality. it ii perml11lble to?~~ this 

language to invoke e1'&ern-.l,,proceciurts wrl\~J.n a h .. ~ l•v•l·:Cta,eril purpose 

programming language. 

For ex•mple, a conversi,on for clo,inaJn .QQ.ItLARS and 
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THOUSANDS_OF .J)OLLARS can be defined as: 

domain conversion DOLLARS, TEroUSANDS_OF j)OLLAlS 
DOLLARS • THOUSANDS_OF _DOLLARS o 1000 
THOUS/iHt>s...,l(!lF;.JtOl.LAU ·*" ~S"I tOoO 

Conversions may be urridtrectmna1 as weft u blcfhcttdnal, bd thll is the reason ror 

the seemingly redundant spec:iftcatton ir'I the above' ·enmp~· · for more c:omp~ types or 

conversion~ ·external procedt.ttes may be Uled; for' enmpf( we rnaf ~ve: 

domain COIW«slbn DATE; JULIAN.l>ATE 
·DATE• plUULIAN..DATE) 
JULIAN.DATE •p!(DATE) 

where ·pl and p-! are external procedures. 
;, 

Structured operations may perform various types of domllft cblnpatabtl1ty operations 

on entries fn a data base. The standardited set at sudl · ·~ operations i~cludes • • •, 

example, some sttua:ared qierattOrr may checl to;M;lf, tot' .oftW1Upte in retation R, the 

entry in' cokimn A Is ~tter tttan then entry in colu•~r 9: ~ ts;.U1uri\ld tha both c:otumns 

A and B contain numbers.) 

Whether or not values from cllff'erent domatnl~lby be ·Urnliea togetber (C:Ompared or 

otherwise manipulated) depends upon the nature of the domains aricffbe parrlc'ular type of 

operation that is to be pWrftirmed on th, values in rhose dOMaMS: th or~er fu establish a 

first approximation to a set of comparability rules (for the'' dind&fcliUd set ot domain 

operations). three type of comparablfiry are distingullhid: · 

1~ equaUty--type~ which ia invoked when one of the foltowma types or manipulations 

OCCUf'S: 

L Values &re Compared for equality \•")Or in.ality rN•j, 

b. numbers are added ("+j or subtracted c·-;. 
c. sets or numbets art manfpufated vii set Operations, such as •maximum· and 
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. 
d. Itta ot: values are manipui.tea by •umo.•, ·~~.or •diff<erence·. 

2. ordering-type, which ls invl»k.ed when vala.111 are~ vta "4c·. ·~·. ····or 

.> • • • 
S. mixecl·type. wh~ ii iAv~ wh«t valua ~n -.n&patectvta. multiplication,(•••>. 

div~ c·ri exponentiati• , .. ,, .. ant..,,.......,. or ~jftld· operation. 

Eq~~JPe COf!'Jl&rilam are alwaJ~ allowed it ~ _ ~ ~~- bemg GQl1'lJIN'~ (e»r. · 

rnanipulatecl).~ .frca ~ ame cl4na.ln. ~. lf t1- va.a..~J~ r.llit am. column or . 
from column~ with the 8'ftt unclerlytnc d~n~ If ,.._ v:•l&J'c' :•r• Q~, fr911a the samt 

domain, i.e.. they are from cliltinc:t column& with different underlJing domains. then tMJ 

"'-1·. be camparectlf al)d.on.ly if a~- CO(IV~ -- ~,!,...denaains. (All 

domain cpnvtQionl ~r" q~qtlJ .... iqtdl The~· ~w.sjonJs .~ COA:OnYert 

the value in m:ie tJf die_ damainl in&Q .an •equiv~~ Ylkal. in.,.~ .. -~ .. .,.4 .the . 

rmalUDJ values are. chm .. .compared. (,4.nother ~ fll.. ,cq11.,,_ ~kl· .be. ~,..,._ ·bf·· . 

ustgning units to eada mlumn. ~ definln&.~Diti;con .... !{Mc~ l916bl) · 

Order~~~ &Uow«t. if• ~-..r,..;~----- uadertyi~ 

domain and the.~ of tbat -~ ls,_ ~.,..-,. T,.. ~.Jftf~ in the 

domain definition ii Ultd. ~ ~· how th• valuel~ ~~:~· Ordering-.t)'pt 

· comparison~ are abo ~llQwed if the two vaiues ar~ .from diff~t -~~}he$e. ~mns 

have dif.f~ent underlyJlll -~ and. a dQmain canv~·~ ~ ~ t,.,o 

unclerlying damains. m thjJ ~the. vaklea are .(Ofnpaa:t4 by .. ~.~ ~.conv.ersion. 

as for equali~~ ~ In &nJ.other ~ ~~ .. ~~ ar.en~ 

allowed. 

Mixed-type cornparbons are alwaya allowed. Valuea Qlt aa.J•-·IM mantpu~ed by a 

mixed-type operation (with ne rtSJl'ktiont). Val• ~--art n~ 1raJ be nwkiplied. 
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divided, and exponentiated with no limitations, except of course for the requirement that 

the valu~ 'be numbers.· AlrhOuth numbers may t>f,addtd' and ,subtracted onlt when they 

have the same 11un1n•\·mu1t1pncttton, division, antf ttponenttatton can be performed 

without any such restriction. It presumably makes sense to divide a value in domain FEET 

by a value in domain 'POUNl)S.~INt 'lt iS (nortnaDy)tnOt ~ ,te: add these two values.. 

For mtxed•tYPf··compal'tsohs,' '*tuei beiJ1t'1nlnip91aMfare tH!atld, as atomic and dornain 

conversions -are not used. Note that if user-def'tned donin operations are a1towed, they 

may be placed In this category 'bf default More-~~ ft 'rriifbe best to allow the user 
to specify the Cbmpill'atmit}'"t;Pt (equa1lty, OtderlftJ~~or:~ drelch useNlefined clotnatn 

operation. ·· 

If the user wtsfles t0 state an unusual type or query,:sW:h it ~kihg ror aH employees 

whose name is the same as the n•meot their department, ti*Uter'tn&j'be a11owed to ·rorce• 
the comparison, by explicitly overriding' the mtrictk>ns. !ntrtes in ··the two columns are 

then compared using the default numeric or IUicOgtaphk orilertl\g~ treating the values as 

atomic, numbers or strings. respectively. The tdea is to permtt dte System t0 be ttexib1e and 

not to allow cornparab11ftf ruler to get In the way when fhey ·sflOuld mt. The best approach 

may be to warn the user thatan·operation may be mean'lfitk!SJ.'bdt a11ow it to proceed it he 

demands it. (The semantic integrity of the data bare is not reany in danger anyway}. 

Domain conversions are also useful when a structlared optratton retrieves an entry 

from some cofumn of a tuple tn a relation and assigns tr to tie' the n~w value of some other 

entry (in a different column of some tuple in a relltiori). Fot example, suppose that the 

date an item was shipped by some company (the entry in 'column Dlte'of re1ation ORDERS 

in the example data base of figure 1-2) is to be copied into the Date column of another 

relation, say BIG_ORDIR'S. (BIG_ORDERS records al1 orders whlch request over 11000 

of merchandise.) The Date column in BIG_ORDEkS has underlying domain 
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JULIAN...DATE (i.e.. dates of the form "7$.ISij, whAl•,,he Date,,column in ORDERS has 
. ~ ,, . \ .. 

underlying domain DA TE (i.e .. dates of the form ~/19'16i. Thus the domain conversion 

from DATE to JUUANJ>ATE can be used to effect the de&Jred wtgnment. 
.. ~. .' -· . " - :. ,~~{ '·~ . : - . . 

The cenera1 rule for an assignment which ta'es the entry in a column (A) and 
, . . ~ . : . -.• . . . . ' ~ -'. , .. ~ " 

assigns it u the new value of an entry in another cotumir(B) is u follows: 

' 

.!' • ; .t . • ~. ' '! ' ; \. . 

.L ~f A •.nd R have the ~,und.erlflng domahl. ~ ~~, b ,_r~ with oo 
conversion. 

2. If A and B have dtff erent underlying d~ then: 
~ ;. , - ' . 

L if a domain conversion exlats from A to B, chi conveniOn ii used to affect 
' • • .• ' - .,.. . ' - ' ~ • : ,.· • .,. ".'!. -.. :, • ., • ' . ' 1 . '. 

the asst1nment. 

b. if no such conversion exista, the autpment II not allowed. 
. . ' r 
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5. STRUCTURED OPERATIONS 

A very important aspect of data base semantic integrity is the set of operations a user 

may employ to examine and manipulate the data base. It is possible to describe a user's 

view of a data base as consisting of data structures plus operations. Alternatively, one may 

conceptually characterize the user's abstract view completely by a set of abstract operations, 

as is done in abstract data types 0..iskov 1974]. These operations provide. a behavioral 

specification of the semantics of the data base . 
. 

For these reasons, the concept of a structured operation is included in our approach 

to semantic integrity. The principal purpose of a structured operation is to embody a 

conceptual data base transaction: an action which is meaningful and permissible in the 

context of the application environment. For the example data base of figure 1-2, structured 

operations may include: hire_employee, fire_employee. raise_salary. place_order, 

createJlew _department, etc. 

5.1. Semantic Integrity Information in Structured Operations 

One approach to preserving the semantic integrity of a data base is impose the 

restriction that the operations that may be performed on a data base are only those in some 

given set. This set of operations should be defined so that it contains only meaningful 

actions. However. the approach of allowing only semantically meaningful operations has 

several problems: 

1. Operations which are not semantically meaningful in the context of the application 

environment must be allowed, e.g., to permit errors to be corrected. 

2. The set of operations that are to be allowed may depend upon some characteristics 

of the data base state. For example, the set of operations 01 may be legal if the data 
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base is ln state SI, but if the data base is in Jtite $2. th•.•· of• 1eftl -operations may 

be02. 

s. The u• or a data bad ve nc>t· f'fnd, but rather eto1Ve ·with ti~ Operations 

ch~ge and new opek'adons need tO be created: lf aw iehiantlC intecrlty inf ormatlon 

ts embedClld m these operatlana, ' scan' ot 'ill;·~-b'Ue. ~(may be necelsary' 
to make such modiflcatlonl. 

t. Otten data 11 l'llllnt&lned In a data base Wore u• tor It are clUcOvtrld. Thus tc 
•]:. . 

ts difficult to cha~iu the data via a behaviQra1 semantics approaeh; In some 
' -- . ' -' : ~;- ; ' '·:· : - ' .• ' ·;", -, ; ' i",:., \' :, ; ~. • -~ . ~ ': -

sense the semantics of the data is known, INt the' ··~.,,~~.-.rations 

on that data ls not. 

5.2. The Definitio11 o( Smtctur«J ~,pera.tions 

Despite t.he pl'Qb~ ~ above. iU~ ~t to ~ abk to define a ~ of_ 

abstract operations on a clari b•ae· ' To thia en~. , .. ; ft~W ~"red o~•tionl to be 

definf!C\~ Stru~red ~°'~-~ CDOltOJtted ,_,~ 
I. the primitive data base operations (e-1 .. see flpre 1-S). .. 

2. statements in a very high leve~ cla~a- ~on; (q~!f,J) ~' da&& inodif~tlon 

language. such u SEQ.,UEL (or Q.UEL pr. QMerr .bJ ~~le~ , 
- . ". - ·-- . --- ' . . ~ 

Structured operations are ordered lists qf: pri~~e ·~~~""'8nts in a data 

selection and modification lancuage, and previously ·d·etaned stfuctured operations. 

Allowing previously defined strucwred operations wlt1atn n~ti'operatlons enables a 

hierarchic organization. 

·For the example daca baa or figure 1·2, a strucmrecf operation to· raise an employee's 

salary coukl be deftned: 
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operation raise_salary (employee_Jlame, newJalary) 
update EMP 

where Name• employee_Jlame 
Salary• newJalary 

This structured operation consists of a single SEQ.UEL-1ike statement, which updates the 

Salary column of the tuple in EMP with a value in the Name column equal to the first 

parameter of the operation (presumably there is one such tuple). The new Salary value is 

specified as the second parameter. 

Consider an operation to place an order (again in the context of the example data 

base of figure 1-2): 

operation place_order {customer_Jd, item_id) 
insert_tuple (ORDERS) 
Item • item_Jd 
Customer - customer Jd 
Date_shipped - date{) 
OrderJtumber • generate_orderJlumber() 

In this example operation, a tuple consisting of an null values is first created, and then its 

columns are given values. Note that two external procedures are called, one to return the 

current date and the other to generate a unique order number. The types of names 

(identifiers) used in the definition of the operation include those of parameters, a relation, 

columns, and external procedures. 

The operation check_credit_and_order could be defined as: 

operation check_credit_and_order (customer _id, item_id) 
if check_credit (customer_Jd) 

then place_order {customer, item) 
else error 

The operations check_credit and place_order used in this definition are assumed to have 

been previously defined. Note that this operation contains a conditional expression: a 

useful construct we may include in the structured operation language. This of course 

motivates the need for other types of constructs, e.g., for iteration. We may for instance 

want to have an operation that takes an arbitrary number of items as parameters and 
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places an order for ea.ch. 

Thus, in general, it might be desirable to have a structured operation language which 

haa, many of ·the capabilities of a pneral .purpose prop&mmirig 1a1lpage~ We could 

consequently· aUow muctured operations to be wrJa.n In _,.·high {1eftl 1enerat purpese 

programming language. The details of this are·not ~uect . ......_ 

OM important pant to aota ln ·palling. u 1hae, .... r«&:optAltian• are .important 

with regard to the sper.&ticatlon -of wlaen relaclon. eoftacftlM u&e.uen&·~re to hold (tie 

cheded). Thia ii furchel·dilmatd in chapter 6. 

,',(,, 

··' 
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6. RELATION CONSTRAINTS 

The fourth aspect of semantic integrity •n a-""*1enal data· base systeni concerns 

relation constraints. In thts diapter. the requiremeots.,fornlldob COlllCDints are detailed,· 

and an approach to their spedlication ia:present«l. 

Cocld [Codd ~CocklJ9'Ad'1u,identified,tht •third normal rorm• of relations 

[Codd ~i7ta]; •A relati.op; a ls in tlrircl normal f.erm,Af itil dDJ1atMmlal form ancle for 

every attribute collection ·c of R, if any attribute noc.m C a:functlDaallJ;dependent on.C, 

then all attributes in Rare funttlonatty dependent on c: Thil'.d normal form facilitates the 

straightforward expression of some types of relation constraints, namely functional 

dependencies. But the class of data propertiei describable via functional dependencies is 

limited. 

Boyce and Chamberlin [Boyce 197Sa] observed that a high level language, such as· 
' 

SEQ.U~L [Chamberlin 197ib, Chamberlin 19751 may be used u a vehicle for the expression 

or data properties other than functional dependencies. ~EQ.UEL expressions were shown 

to be useful in expressing such types of properties u •uniqueneu of key•. •runctional 

dependency•, "validity check.•, and "inter-relational c:onstralnta". 

The integrity assertions of SEQ.UEL [Boyce 197Sa, Eswaran 1975], INGRES 

CStonebraker l97ic]. and Q.µery by Example [Z1oof 1975b] are used to express varied types 

or data properties. However, these facilities basically provide for the unstructured 

specif icatlon of arbitrary predicates. Although the assertion expression capabilities of 

SEQ.UEL and INGRES are •complete•, they do not attow for the analysis of the types of 

possible assertions. 

Furthermore, the assertions of SEQ.U.EL and INGRES are rather inflexible with 

regard to when they are to hold, and what action ls to occur it they do not. In SEQ.UEL 



Semantic Integrity Specification 19 

and INGRES, if a data base change is specified 1!1hkb w.ad::c:awe some assertion ta be 

violated, the data base Chqg• is immed~y rJ,;.ecland an . ...,. .1t1naled ~atan 19751 

or the Qata bl.Iii c:taanae ja ,naodif-' · such. ~ .. tlae 1Mll.-. will itJe' satlsfiedi .~raker 

1975cl 

In response to this lattet obJection, a l'elaUM,9'!flOMN1• hado defiaad as an 

abstract. statement, ~big tJu:ee componen~ 

1. the V!!f1ioq (a ~ ~ is a ~ o, the . .--.r the· daJa baa .or on 

transition~ ~ween data but . ..-. 

2. the v•1¥lUX TSSJJ!klftEU. wbieb specWa .,,,_~.ct) I& which U.auertlOA is to 

holc;l, 

S. the vtoJ!&ift·actiqg. whidt Jt_ the action that is· to caur: if die auertloft Is not 

satlsft .. "a ~,when It -..w be.. , 

In r~ to the f.-$.-;objl!ctMm.a.detailed aluslflaticllLotrelaUon constraints is 

presented below. The emphasis is placed on providing a structured franaa•!k.·which may 

be u~ to c:Qnstruct. • Jdc,h, a.vet. abttracaion-buied, well~. ,~mt,,dUdptined relation 

constraint. 9tcif1',tion methQCloio,y. In so Gefl)ft:&i-prineip&tipal il'·~-tmpose some 

s.truct~re on the pwbl1$of "'11Nttk)errorsin data blMs.. ln tlds:appraach; ir-il·.lmportant 

to keep ·an eJ• wwarcl implemenra&ipQ·. ~ no specif& ir1Plemen&at1• anstd•tions 

are included in this thesis. 

&J. Whither Aswdol\ St'°~e1 . 

We subscribe to the view- that the auertiQa, component of a data·~_,. Nlatton 

constraint should na~ b• view4fl aa ari arbttruy fl'diaue .or,ttae firu...-r:~!cate 

calculus, ranging over tuples of the relations of a data base. Rather, every assertion should 

have a well-defined, uniform structure. There are several advantages to taking a 
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discipliMd approach to auerciGn expresston: 

l. It provldea dte •daca base· admtntstrater C6t ·Othet ·ittthortty responsible for 

expressing the· constraints) with a. ceMeptual ha~'' tn ·terms or which to 

organize his thinking and structure the formulation or assertion specif icattans. 

Reducing abltract. ~ ;llmttafionl Glt"tohftgutado"s of th• app1lcatlon 

environment to concrete restrictions on; ~atrift· in, th'e' da base is · esientla11y a 

programrraing ~· ·By prev·tdtng the •pntt.kiirtaet•·'wtth a theoretical and 

general framework. for his problem. it is poul*to~lfbmty ease hfl'task.. 

2. The lssu• of. c:oMh1Rt ipliif'kitioi'i :~tfmr ....,,.;IO wrtion expression, 

namely the validity requirement and violation-action, cannot be satisfactorily 

addresled. in ·the absnu of the kind of 1~#~ ·Uft!jn.; ·The degi-ee to 

which a semantic integrity subsystem call': tllp•• 1'iftNft1Jifttly" to a constraint . . ' 

YMlation .,,_..upan ·how well Che tannall1Mt'~.,.._lftt~tapbll'tl the intent 

of • apreuar.. , .1: ·, · • · 

S. A ullfal- conmptual famework•for Ulll'ltMt'Wlll ;~ IOme measure of the 

complexity afr .__Jd&lal,~ pNVleliag tttwl-,rlrJUi With· a pld'e to the cost 

or their· 1snpi.n.,n..-. IrMleecl,l thei srruaewtf'.l•rlltlMIM:·<*ri be used· by 'an 

· implememation:faciliey ua guide to:tl*ltti-W!fertftlilttt-.-meMttion Of its 

checking. 

It is important to note that insuring that there ls a single. unique specification of a 

given conceptual constraint is not a major objective here. ..._., •N'-lNnfJftasil is placed 

on enc:oura11ag a •reasonable• formul&tiGn; one· whliDlt;...,.,,,,f dlGdeb tM· appflcation 

environmmt ~and which il 1111abte by •r~·ractlty. · 
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6.2. Relation Consauu Assertions 

The a..cion cmnpon.t or a relation COIUll'alnt-U • lafk*lprecltcat. on the 1tate or 
the data base or transldons lMtween ctaca bue ltalll. 1t·t1prelfll sdttif _.fttic propetty of 

the data bue. 

Each usertiGn is either·& Bl!!!! auertlon or:•·a1Mblnat1oa·Gf ·nmp1e allel'tions (a 

d!riYld uaertiOD). Simple ....uona· may be ~· Willg'bdelml opneors and Other 

connectors (such u ~- thea ebtj. The r.emaimter..or tMs 0 seC!tio1t'idealt wfth simple 

uwtions; die ,....liD.limt co .derived .-rtllns ·ii -.Mor._ llfalgMforward., ·When 

no ambiguity is possible. •usertlon• wlll bl.used ill p1aa fl ._,..~·~ 

6.U Simple Allerdona 

EYSJ (llmple). Mllftien ma.1 M.:¥a.wtd u ........... , ctraln Ya1uii'Of the data base 

in terma of certain othm. 'FMt Iii att assertion· does· not tneNly; .epres.· some relationship 

•mong dirfenat values In ttw da&a bate.. Ratlierdr-~ OUt certain· ftlues, and 'idetrtifies 

them aa being the COl!ltf!il!d,418. of the predbte. TM;'redkm dellfftlU·the legal values 

or the constrained dala in cerml - the constrainlnf data. ThUtieftfJ ·Ulel'tioh constrains 

some data with r ... ID som. Olher.· the two a.-.11at bifnt· bttatmtly rlstrkred. 

>.$ a consequence, there arstwo-dlltlMt ·atept ih the ~ 81 'staftftl arr assertion: 

1. The data that b being conacralned ls desctibld. · Thll description ·is aceompllshed 

in two sequential IUbstaps. in whlGh the relfGWing ~ kHntffied: 

a. the set 'Of an data obJedl tn tlae· data base tNat are being restricted (the · 

constrained GD11es5ton), 

b. the precise aspect ot ach of: these data ob,,.- that is being.deltmittd (the 

restricted expression). 

Part a of step I utilizes data selection predicates. The predicate expression 

------ -------------
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capabi1ities of any data selection or query language••Y· be,dapllld co acmmpRsb 

this tuk. {~lin.J$1dll. .Cbambeflin ;D.;~ei -..,.~ ·ltftd. ·Hall 1975, 

M~od 1976c. w.,Jcl, ~t~.-ileof 197i. ·Zloof: "7•l..·niol":;mtample,·consider the 

assertion that the saJa.ry of each employee in the a.les department is 1esl titan the 

salary .. of bil ~· ·Ha. tu ;COOICJ'AU. .. ;::~•~comista of• those tuples in 

relation EM,J! . w~M;l:J h-.u ·..-~ ill ~ ,;a,,..._.1, alll!nna. The reatricted 

expre$$10n ~ th•~~••ry;~.,., of··-" IUGh··M~,, The _,sllf of flra identifying 

the ~&traifMd,Q)ll~icm aflCL:lht.11 thl;...,. .. 1..,_ahn1:il:·...........- by l110fe' 

rich and complex ~s,as~...,_ '·11.,· ,.,,,, .:'.' .: .• 

2. The actual predicate of the assert~ iJ .wed, which asserts a restriction on the · 

value of the restriaed expression for ea.c._ ·~ of.the cons.trained~ The 

. .Pr~tet i~:·;~r~kt. •re QW1---~·•M.. ·111:-..-raJ. this ftStriction 

d~ds Qn.Qt~.~.)ll the da;a.~· .. l'he ....,,.·wW.hprticipates in the 

assertion is ca1"4-.µ.~~S9BMTVBiM.§!S,3'Ad'.* _,, ..... whidt computes the 

pres. d•I~ .v-1"',.: is calltd the. BtUicC41f •819• ~for example. ror the 

aue,i:Uon abo\ft •. UM.-~on~inl,ng d~. (f(N'..~·•IW}J1 ""•~tuple in ·relatiOR EMP 

whose Name . .-cry1 ~als ~ Man~« en~J- flf·.tM!~• tuplet the restricting 

e"prt.11~ is·t.M.~1-rJ;•trJ,qfJ~~itap1A.; .. ·• :· .• .. ·· 

Fig~r.e E1·1 c~~U.J •R"'8,examp.Ju-.ot llmple;~a.. For ,each assertion, the 

constrained collection and assertion predicate: •re ldentWecl , N9ee that the "language• used 

to specify .the a~rtlc;t.n pr~t'5.is imencled •IJ .. &o1k~i1Usttatl1fe, but is more-or-less 

consistent with the •1ever qf (and directly translatable: lnJo) .... tianaJ data selection 

languaga such .. as S~Ui~ Q.Ui~ and ~ery bJ 5¥ample. .. · .. 
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6.2.2. Identification of the CGnstrained Collection 

As introduced above, the first st~p in th4' ~U'i~lo~ of an a~s.erdon is the 

Identification of the constrained coll~~on: th~t ~·. ~: ~uallX beiql d~limited by 

the assertion. In general, the constrained collectiC)p is a coll~ Of ;data ob,jeets. and the 

assent.on applies to each of them. ln this sen.-.~~~·:.~ ~~dfct an.;Y51rtlon 

schega, ,_,hi,ch ii ifl*ntiaced Jor. •ch ~t ot .. Cht.~·col~~ 
' . , - ' , . , ' . ,; ., - ,,. 

An auertlon may either expreu a property ot an. Individual tqpi..4: mall. "tsnlon), 
'" . . . 

or a property of a set of t'1ples consider~ as ~-~~~e (a 111 ~iWJ)~ ... In figu~ 6-1, 

examples 1-t are tuple~· while examples, ~1.~1 • ~._ .·.·. 
The comtralned colleccion ror a .tuple a.sse~ ii a (Qlfection -f>f tup,,... tQ q.J:h or 

' ~ J- • ~ . ' ) . ' .. . 

which the auertiGn appJM.ta. The ~ed ~~. for a. ~."5ill'CiGI\. °"""'~Jy, is. a . ' 
coJ~ ot· aets of ~lea.. The•~ l(IP1- to ..... ~(~ in, the co~b1.cd 

colleetlon. An im~t "ncl .f~t) .~t. ~·of.;~•~.:~ t~t •n. w~ch .. the. 

cqnitralned ~t1on ~ ot a •sit set. f1~ UM"4\!f~~.~~ ithll. apada1 case 

and a tuple assertion: in the former, the ~ w••~• ~ ;~'\- ... J~ :~~ wb.Ue 

in th' latter it appljes to each individual .member.of ~ ~·it\ ~1' L:~ ~ined 

collect~ has rnany e~ .... of 'l'h.ida iJ a t\lple~H( ielte ~"' ,.~*"' • ~l1\fle 5.. 

thtt CQOstiJin .. ~·~ ,~ of a 1in1• tltmen~.~~ i,\r:~~,~¥Jr1 ~~R?t in 
c , , _ , • -, , r; ·- . - ' ; 

example 6, the constrained collection hu ~•aL~,each of:Whicb.~;~Sllbr~tof the 

EMP re•tton. . .. 

~ for nipkt IJ)d let ~":·~if)JtlC,J•·~·.1~on beJinS witb 

i4eptlfying BM set of. lUJlles .• <~ tl)e JOiegJiiol ,Uili09 .tJ! ·. ~ ,~¥>n).,. This tLaple 

leJ ~n then be manipulaced .by means ct ~ .. ~.~·~·¥~,_.If ~fJl!,. tJic .. 

-, ,._.· 

The underlying relation of an assertion need not be a relation defined u pan Qt the 
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data base. ln general, it may be any-'or the fottowlng: '- · · 

l. a base relation (a relation eiptlCltty present in the' set or data base. relations), 

2. the ctoss produtt of two or riiore base relatiobS, 

S. the Union of two or more base relations, 

... the cross pttldtlct·ot twoofrntrJre'tetltiC>hs or t;pa·1 aftd'9. at least one of which is 
,~·. '. >'· j ' ' • 

5. any relatlorfwhidt ·can be def li1eCi lra tlrinS or base ntati<lns, not included in the 

above (these relations 'rrlay be; tonstrirctecf using' 'ifle -~~i'se~on aiteria and 

~fevaloperatodm·a: c:fa'ta'selediOn tarigil'te). 1 
.• , ' · ·"' · 

For example, IMP tl'·t·~ Ot eype·tti~f P'~Wt)Cttt fl oi'type 2. Ai1 example of 

a re1a:tt6ti'··or eype·,·ifodti;'W t~ ijnfdn'i{;( rttatflfildttltltm"'.}MJ1'anc1 01-DJ:Mt> 

(where botlf hi:Ve ff.e' st~ ·¥triKtt.1ri af!!M'l>Y,<i.i\lftMrnp1i"'dt i··~elation 'ot typ~ 5 is 

sAL_'t-OT'AL'(D .. tt.\1ent:satn:A'fatte5)~'Wf1ete~ltiri.JNttis·ti :ttae1sutrl: or't~e 5alaries .or · 

erhp1oye8 WOl'ttnt nw•twe·~flted'dfptffln~' ,,., i; : • t ' ; . ~ 

The foregoing· classification of under1ylng reliitions b.'.fn 'ortfer,br incr~astng 

complexity, and mchtbltl ttie11'itrtreait tittdt or ttlaflbns·~tct·Wftlttf'ruettions may apply~ It 

is lmpOt'ttllf to'Hbs«ffitlilt·'.»t uSerfiott·Me4 ·f'fdt lfJP1~qo~l'"6tiin~tifp1idlff preSel'lt ih 
the data base; but'ma'f'hotd' far·'i.' derNftl'·~~i«o'1:.: ~ ~,, · 1'''.' • •· ·r ·'·· · · · ·· ·· 

Once the underlymg.retation is defined. the predse apecifica:tion of the constrained 

cottecuon can be 'a~plts'Mct · 'fh· tht:case'~ ~iltWltt"1ls::~. mnsth'.tnett conettlon ·is 

obtained· from· tti•'tinair1ytng;,.tWfan8ta::.1;y;·at1s"ot"lita teMtrcm'·~red'lcues. The 

coinpldtty at thtr se~"~: can 'tie desctlbect tn:'tthni bl thif'bp~tors· of the data·. 

selection language. Selection of the constrained collection is a problerrr'ftt'the ·•peclftcadoo' · 

of a relation. 

However, in the case of set assertions, there ls a need to specify a collection of tuple 
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sets: each such set Is a member of' the constrained ,colJecCion. For JU.ulc,.&ion,, comider the 

following tentative taxonomy of the fint stage of the: ~Jcaeiqo .p~ for a censtrained 

collection wh~h cpnsists of tuple sets: 

L The constrain~ collection m&J contain a q1'. set ~f tuples. .selectecl from the 

underlying relation. Cstmale .!IV. 
2. A. set ot tuples may,. be selectecl from the. undlriyi&Ji ~elation •. and ~hen divided into 

groups. e.g .. by ~· value in one or more •. ~ or by_: intervals of colwmn 

values (suc;h u 21 <.Age < SO. SI. < Ace < tO. etc.l.. Certain of t~, group1 ~y then 

be chosen bas~ on properties they posseu. T1-e ,~n.Crain~ :c4tll~lon i' thus a 

collection of tuple Mtl,. na'1ltly the groups th•t wer, ..t0 ~hoseA. The assert,ton then 

applies to each tuple set in ~e constrained ~on;: •fil' _, 
s .. A set of tuplel. m&J be •ltc:ted from the upd•ll.lo& ~-~~d ·those subsets of it 

which satisfy a sp~ltd p~t)' are chosen. An ~le-o( su~h. a puaperty might 

be th~t the number of tuples in the aubMt. «wall three. T-h~ cbQsen subuts 

cqmprlse the constralnec:l c:ollectiOn. and the ~on ii: appl:'ed h!l each of them. 

(prS,!R!rtY-de{JQ!d fW 
Th er~ ii a noticeable depee of flexibility .in the ioreg()jng frame~k for iclentifyin1 

the constrainecl col~. in that it does not impose a i.tpl. spacifJcation methodology on 

the expressor of asserUons. The aiterion o( complet«tness woukl not demand all.the options 

for the underlying relation allowed above; it is clear dtat.MJ _,.~ WJ:-be-aati1£~orlly 

specified by ~ni~g the und•lylng relaticm be the aQSS pradua qf all the base relations ~nd 

performing variow oparati~ t~ereon to compute the c.onstraifled collection. Howe~er, in 

many instances such an •all:;&t:AAEI• approach woµld be cumbersome and unnatural. le 

might be more convenient to fallow a ·~-~·. us.etI-!W?. ~pp roach and def.me a 

sequence of derived relations, the last of which is the underlying relation. This can 
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facilitate the sttaightf orward expression ~ the asS6ttloN. · 

Consider the rtiltowtng:'wss:ertton: tWe·stun of'sllatles 'Ut'ernptoyei!s of each 

department ls 1ess than the budget of that department. An all-at-on~e tl)proach to 

expressing this usertibn · woutd· proteecf to tctentif'y ttt~' tdffsni1rff!6 mWection as the s~t of 

tuples in EMP. grouped by common Department (groUp«l~-~ATta~'·resirictlid expression 

would be· the 'sum of the S'Astes:.(ror;eacb tro\tp~: The·itueftidn ptedlcate is then 

"'sum(&al'ary) < BU'DO'ETf&atary~budget #bet';· BtfDCl:T.Department -

commOD"_vaw.:,ot(Department);(tn the c0nlfraint1t'tdpi fir. Titus the atistraining data 

tsthe tupte·1n··BU~E1"ttavthgth'~Departmertt~rftft'~···1 id' the eommbn value 

ot the entrtes· fn·'the ~ ~tolbmn<iraritlff~~itllfldfle it, ;u,d tht restricting 

expression is the Sa~~·coluri1n·entt) or mf'iii~~fu~' · · · -·· 
A top-down. stWp-&'J"'step approadrtcfthi''tt~i'lnf~ Gt M¥'abb•l~ assertion may 

proceed by notlrig''thatth*' aSsettttin CoUlcf tit expttfst~~f1u'i·aa~i ;~ .. tr ?there existed 

a relation of·'the··form Mi>'AitfTM'lNTS: (Dtfiitimerif. isuh\:.c>r:.'•m·p.)aia.ries. 

Sa'.lary _butlget). If. sudt'aA'elltion:etliti!d, the ·t®msntil't611~ wou1d be each tuple in 

relation DEPARTMENTS. The restricted expression woua'·~:t~ column entry 
I 

sum_or.:..et1np;.;;sa11.tta~ ··Th•' auerttbrt .. predltatt"~·:·w.,Uitr:_6t~emp:...s;itar1es < 

Sahlry_buctget•. ·Hft'tfte'Mtitft'wg expression ts ttwt~ attty<k~:.btlc.tget in 'the 

constrained tupw,,and!tfie comtratntng cflta: 'is t1\e:~ttipte'1tisf · 

Hheverf ff··fttatt6ri'M:PARTM'EN'r$:d0el·ndf"Jist''COniequentlJ. ·tt· ls necessary 

to specify how it is to'bec·lltrtv .. •fh>frl exrsttng l1aie riiliiafts. \ifJJilliitS•rtytng relation of 

the constrained c:oHectltm ts'thus'a·derivect relation;li.~>fhl telttl.on MPUN!NTS. A· .. 

data seteaton' tartgUa.p "Wbutd b! used to· construct tHls. ill'MI ·*1att&n; ·tfir 'exampte. the 

spe~!fication 'COUfd· tie' ln a U:(lUEL-iike laifguapf · - · · · 
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DEPARTMENTS (Department, Sum_of_emp.>alaries. Salary_budget) • 
select EMP.Department, sum(EMP.Satary), BUDGET.Satary_budget 
from EMP; BUDGET 
where EMF.Department • BUDGET.Department 
group by EMP.Department 

6.2.3. Tuple Assertions 

It is now appropriate to examine more closely the structure of tuple assertions. In this 

case, the constrained cottectlon is a collection of tuples, obtained from the underlying 

relation by the application of data selection predicates. The assertion predicate then applies 

to each individual tuple in the. constrained collection. Tuple predicates are used to specify 

tuple assertions. The restricted expression defines that aspect of each constrained tuple that 

is being delimited. In the simplest case, the restricted expression is some column name of 

the underlying relation. More generally, it may be an expression: an appropriate 

. combination of column names, system-provided operators, and user-defined operators. 

It may be possible to formulate a given conceptual assertion in different ways, with 

different restricted expressions. For example, though the tuple assertions ·credit_line -

Debt < 50000• and •crediUine < Debt + soooo· are logica11y equivalent, in the former case 

the restricted expression is ·credit_line - Debt•, while in the tatter case it is just 

·creditJine·. This flexibility enables the assertion expressor to precisely identify which 

data values are to be regarded as dominant, and which as subordinate. In the first case, it 

is a combination of the entries Credit_line and Debt that is being delimited, while in the 

latter case it is simply the CreditJine entry. This distinction contributes to the abstraction 

power of assertion expression, and has implications for the implementation of constraints 

and for the actions that are to be taken upon the detection of an assertion violation. 

The value which delimits the restricted expression is the restricting expression, which 

is computed from some data values which may reside anywhere in the data base. In 

particular, these data values (the constraining data) may be outside the constrained tuple. 

- ------ - -- --------- ------------- -----------
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Tuple predicates may be classified on .the basis ot the rilattonJhip between the 

constrained collection and the constraining data: 

I. A tuple predicate is !Se! (L) if the constraining data is present· 1n the constrained 

tuple. That is, for a local tuple predicate, all data referenced in the predicate is 

within the constrained tuple itself. 

2. A tuple predicate is nonlocal independent (NI) if the constraining data is data 

selected from elsewhere in the data base, but whP# 5'J~on does not depend on any 

data in the constrained tuple. 

S. A tuple predicate is noplocal dependent (ND) if the selection of the constraining 

data does depend on data in the constrained tuple. 

In figure 6-1. examples I and 'i . involve L-type . tuple predicates. ~mp le 2 is an NI-type 

tuple predicate, and example S is an ND-type tuple predicate. , 

This classification is in·. order of increasing c.omp~i~y. For L-type tuple predicates, 

one has only to look at the constrained tuple to d~mine Che restri~inJ expression; the 

constraining data is present in the constrained t~ple i~lf.~ For type-NI tuple piecUcates. 

this b no longer the case. The restrictini expression ts no~ ~~ from data arbitrarily 

located in the data .base, not confined to the constrainect tuple. However. the data from 

which the restricting expression is computed is the same for each ~pie in ~he constrained 

collection. Thus the restricting expression admits of a one-time, ~putation. with the result 

being used for each constrained tuple. For type-ND tuple predl~es. the computation of 

the restricting expression depends on data in the constraine,d tuple. It ls the,ref ore necessary 

to recompute the restricting expression for each individual constrained tuple. 

There are two dimensions by which we classify local tup~~ predicates. The first 

dimension measures the complexity of the restricting ~pression, and has three levels: 

I. The restricted expression is compared via a scalar compa~r to a constant, a single 
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column entry from the constrained tuple. or an expression involving several column 

entries from the constrained tuple. (types 1·3) 

2. The restricted expression is compared via a set comparator to a set of constants, a 

set of column entries from the constrained tuple, a set of single-valued expressions 

computed from entries from the constrained tuple, or some expression which yields a 

set of values and depends on entries in the constrained tuple. (types 4-7) 

S. The restricted expression is compared via a set comparator to a set of constant 

tuples. a set of tuples involving entries from the constrained tuple, a set of tuples 

composed of single-valued expressions computed from entries from the constrained 

tuple, or some expression which yields a set of tuples and depends on entries in the 

constrained tuple. (types 8-11) 

The second dimension reflects the complexity of the restricted expression, and also 

has three levels: 

a. For types 1-7, the restricted expression is a column entry in the constrained tuple. 

For types 8·11, it is a subtuple of the constrained tuple. 

b. The restricted expression is a single-valued expression. For types 1-7, the restricted 

expression is computed from column entries in the constrained tuple, and yields a 

scalar value. For types 8-11, it yields a tuple composed of such column entry 

expressions. 

c. The restricted expression is a set-valued expression. For types 4-7, it yields a set of 

scalars. For types 8·11. it yields a set of tuples. (This level does not apply to types 1-S.) 

Figure 6-2 illustrates this classification for local tuple predicates of types la-lla. 

Consider the relation R (A, B, C, D, E, F) (where columns A, B, and C have underlying 

domain real number and columns D, E, and F have underlying domain character string). 

Some examples of local tup.le predicates may be classified, as follows: 



I. A < 15 (la), 

2. A< B (2a), 

S. A < B/C (Sa), 

4. A is in rx•, •y•, •z•} (4a), 

5. A is In tx•, E, FJ (6a) 
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(This means that, for each constrained tuple, the entry in column A is in the set 

containing th'e consta~t •x• and the ~ntrie~ in columns E and F.). 

6. (D. E) is in {\x•, ..-y,, \z•, F)} (lOa) 

(This means that, for each constrainfd tuple, the subtuple consisting of the entries 

from columns D and E equals either the tuple (•x''.~y"), or a tuple ~hose first 

component is •z• and whose second component is the F entry of the constrained 

tuple.), 

7. A + B < C (2b), 

8. A + B is in {C • I, C • 2, C + 3} (Sb), 

9. {D, E} intersect rw•, •x1 contains ry•, •z•} ('4c) 

(This means that the intersection of the sets consisting of the entries in columns D 

and .E and the constants •w· and ·x·. is a superset of the set containing the constants 

"y .. and •z•.). 

As for local tuple predicates, nonlocal tuple predicates may be classified on two 

dimensions. The first dimension _again consists of three levels: 

I. The restricted ex'pression is compared via a scalar comparator to a a single-valued 

expression, which yields a scalar value (and which is computed from data elsewhere 

in the data base). (type I) 

2. The restricted expression is compared via a set comparator to a set-valued 

expression, which yields a set of scalars. {type 2) 



, 
•. 

'N. '.".-~·'!.<'.'J!':r' '"'~'A.,'>:;.«;, ~·,_.,~4~-'',.jlf' .,. ,·'<. 

·- ,;:j .,,-.-,,- •* 
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S. The restricted expression is compared v.~a ,.a aet ~ompar~i<>r ~-Q, a set~valuec:l 
' ·' ; : ~ t . :' ' ' ''. "' - ' . •• ~ - • 

expression, which yields a set or tuples. (type S) 

Again, the second dimtnlion con1ist1 of three levell: 
'. ' . -. . :· .; ' ,·_, i.~· " , .. ,11;··. '.!!~',;'· '~ •.• 

of entries which constitutes a subtuple of the .con~l'.led tup~ 
' :'_ .... ·, >··~ - ·;,.,:·,. ·,. :~· ,;:_ ,.~)!} .. >.' ! .. ·· --~~-; 

b. The restricted expression is a aingle-valued expresslo~~- , .'!qr tfpes ~-2. this 

expraslon ls computed from entria in the~_tuple,_,~.d 11~':~ ~~-~ For 
" ·•• ' ·; ( .. ,,. ' ~--~{J,1~~1 •. -· ·J - - ::.t•· , .. 

type 3, lt yields a tuple composed of such cqlumn entry exp"5$ions. 
"_ -: . _ .. · ~ _ , ,\_ ·;, :"' ;)r_ ' ·~ ' -

c. The restricted expression ls a set-valued exp~. ~~·. 9f>4! Z ~t 71,ld1. a • of 
r '.' ' : ~- f • ;·.. ~ •., -. > ;'. :J. ~ : •. ~ ~~ .J~. .,.;, ~ "' . ' ! '.~. '< ; r 

scalars. For type S. it yields a set of tuples. (Thil '!!_el .. ~ l1(lt apflJ to ,~ L), , 
:,' ':•'j. , .... -... -.. .,» ..,,_ r~ ·,J~t• '.-::~~.; ,~' «··,·,,, , .. , ·' 

Figure 6-S illustrates this classlfic:atlon for .ionlocal tuple p~i~1 f?!, ~. la·3a. 
. »:~ - ,«..,,· ),- - ' ~- ... ..,. . ~ 

Note that the computation of ~he fe:W'lctinl ~x~ression, ~~~ .. or. ;~r~o .~ i~tpeodent 
<_,.' _:. •• • ·-'" • - ...... :_.;.,.~-." ~·-- ~;;~-.· -

of the constrained tuple for Nii-type tuple predicates. but dep_en~~ f~ ~~pe p~_lcates. 
•i~ :··, :;.; .. - '~ ·'?:.:.'.'· ~-f .. ~~ ~~~ .. - ~-,~-,J.. ... .:~i. .• ~:· '"· .~ ', 

The data sel«tion language must now serve the added role of ldepttlfytng the_ ~lnlng 
~ ~~;': ., ,-:-~:r,'.\.>--~;-;. ,~,., . < : .. 

data. For this reason, the classification is C()&rser for nonlocal tuple precilcat~ thaQ for 
. . · , ', ·· ~ '", · n~ "· · l· • 

local tuple precU~tes. 

6.~.i. Set Assertions 

For aet auertions, the constrained collection is a collection of tuple sets. obtained from 
• t - • ; ~ - ~ > •• ~-." .. :. ·' - i : ~·· ~ ~ . '). ·' ~ \ 

the underlying relation, as discussed in section 6.2.2. The assertion pz:edicatt then. applleiJ. to . 
' ._ < • -~ " : .I • : } • •. -~ ' i -i'1 {? . • .. , . ,··; ; ,-' . < • ,._ 

each tuple set in the constrained collection. §!!. eredgtes ~"" ~.,t.9.~J!~fy set &15'rgi~S. .· 
I , ,,'• ''"':' ; ~~;:· j ,".''": .J.f;l ~-.";: '.,_ 't& _'. ' -- " 

The restricted expression ls that aspect of each constrained tuple Mt that is being delimit"!'· ,; 

In the s,implest case. th~ restr~cted. expression i~ .the l_!C of ~nt~es !~ sos;oe q)lumn of the 

underlying relation (e.g .• the set of Salary entries in EMP). Mqr~ g~n~rally, it m~y ~e an 
'. ( ,: . i_, \ ,; . ,-:; ·, 

expression: an appropriate combination of column naJnes. sy~tem-provi.c\~ 9P'ratc>n • .,, and 
- <' • r.. - ·'. 1. ~ ' ~J "' ' ; > ' J, • ~ >o' 
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user-defined operators. These operators include aggregate arithmetic operators which are 

applied to sets of values. 

As for tuple assertions, the restricting expression is the value that delimits the 

restricted expression. The constraining data may be, in general, data anywhere in the data 

base. Again, as for tuple assertions, it may be possible to express a given conceptual set 

assertion in several ways. 

Set predicates may be classified on the basis of the relationship between the 

constrained collection and the constraining data: 

1. A set predicate is local (L) if the constraining data is present in the constrained 

tuple set. That is, the restricting expression may be computed solely from the 

constrained tuple set. 

2. A set predicate is nonlocal independent (NI) if the constraining data is data 

selected from elsewhere in the data base, but where this selection does not depend 

upon the constrained tuple set. 

3. A set pr~dicate is nonlocal dependent (ND) if the selection of the constraining data 

does depend upon the constrained tuple set. 

In figure 6-1, examples 6 and 8 are L-type set predicates, and examples 5 and 7 are NI-type 

set predicates. 

As for tuple predicates,· there are two dimensions on which local set predicates may be 

c1assif ied. One dimension reflects the complexity of the restricting expression, and the 

other reflects the complexity of the restricted expression. The first dimension has four 

levels: 

1. The restricted expression is compared via a scalar comparator to a cons~ant, an 

aggregate function of the entries in some column of the constrained tuple set, or an 

expression involving several such aggregates. (types 1-3) 
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2. As in 1, except that the aggregate functions in the constraining expression are not 

computed for a set of scalars, but for a set of tuples; namely, the co11ection of 

subtuples obtained by projecting the constrained tuple set onto two or more columns. 

(types 4-6) 

3. The restricted expression is compared via a set comparator to a set of constants, the 

set of entries in some column of the constrained tuple set, or an expression involving 

several such sets. (types 7-9) 

4. This is analogous to 3 in the same way that 2 is analogous to I. That is, the 

restricting expression does not deal with scalars, but with sets of subtuples of the 

constrained tuple set (types 10-12) 

The second dimension consists of two levels: 

a. For types 1-6, the restricted expression is an aggregate function. For types 7-12, it 

is an instantiation of the function "set", which generates the set of values in some 

column or the set of subtuples fo~ some group of columns, taken over the constrained 

tuple set. 

b. For types 1-6, the restricted expression is a single-valued expression computed 

from two or more of the aggregate functions described above. For types 7-12, it is a 

set-valued expression, computed from two or more instantiations of "set", as described 

above. 

A special type of local set predicates, the column relationship predicates. are not 

included in the above scheme. Column relationship predicates are used to express 

properties such as one-to-one correspondences and functional dependencies. To state a 

column relationship predicate, two groups of column names from the constrained tuple set 

are specified. The relationship between these two groups of columns is then stated. For 

example. one may state that for the relation R (A, B, C, 0, E, F). there is a one-to-one 
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correspondence between the column A and the column group (B, C). This means that there 

is a one-to-one relationship between the entry in column A and the subtuple farmed from 

the entries in columns Band C. Note that column relationship predicates are always 1ocal. 

Figure 6-4 illustrates this classification for local set predicates, types la-16a. For 

example, for the relation R (A, B, C, D, E, F) (where columns A. B, and C have underlying 

domain real number and columns D, E, and F have underlying domain character string). 

various local set predicates may be classified, as foJlows: 

levels: 

1. a vg(A) < 15 (la), 

2. a vg(A) < sum(B) (2a), · 

S. count(D. E) < 50 (4a) 

(This means that the number of tuples in the relation formed by projecting the 

constrained tuple set on columns D and E is less than 50.), 

i. set(D) contains {"x·, •y•, •z•} (7a), 

5. set(D) properly contains set(E) union ry", "z•} (9a), 

6. set(D, E) is in {(•w•. "x"), ("y", "z")} (lOa) 

{This means that the set of tuples obtained by projecting on columns D and E is a 

subset of the set of constant tuples containing ("w", ·x; and c·y·. ·z·). 

7. D one-to-one (E, F) (14a), 

8. set (D) union set (E) is in set (F) (Sb). 

Nonlocal set predicates may be similarly classified. ·The first dimension has three 

1. The restricted expression is compared via a scalar comparator to a single-valued 

expression, which yields a scalar value (and which is computed from some data in the 

data base) (types 1-2). 

2. The restricted expression is compared via a set comparator to a set-valued 
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expression. whlc;h, i)ekls a set of.scalar$. (type 3). 

3. The r~strlcted expr-.ion .11 c~nipared yj~ a •t ~~~ tio. a. set-v,\u" 

expression, which yields a set of tuples. (ty~ i) 

The second dimena~ consists of tw,o .leve~ 

a. For types 1·2, t~ restt~ •xprfSfiot .1$. an -~.~~-~···· f,°'j tJ~ ~. iJ iJ 

~n '1\~t~.ntiauon. of tb,.fun~ti&UJ· •••• w~ti.:t~' t~ J# .of,.v.-~ All·.~ 

column or th'~ ¢.~btuples for someg,f?~:;ot~~=~·:,Q'i~ the: A:Qn~~ 

tuple set. 

b. For types 1-2, th,e restri~ P,~ressiPn .~ 1~ ~~,t~~.;ce>mpt.l~ 

from two or more ,of th.•~p~te .ru~ct~ 4~,~Mt'f'.~ f~. types H! .. it is a 

set-valued expression. computed from cwo qr1'.~,. ~tp( -,~7, as.~~~ 
al>Qve. 

computaUon of the rut~l~tlpJ ~x pr~~lpn . (s,cal.~.(~~I .~f .~r~P :,if". l~diwend•Pf. o~ the 
. ; ,, . ·- ' . ,_ - ~ ' . . . 

constrained t~ple set f~ .. ~t~ HJ pre4~es,·~~ clc~n~i•!t{qr}~~~~9CeJ. 
'-..' ' ~ - .. . - - . . ' 

6.2.5. Scope of Asserti9f'S 

It was ~ted in section 6.2:2 t~~~~ each assertlqn}~ ~~JlJ :•n ~ft.lorl .. ~~ . .&'1 

assertion is instantiated for and applies to each element of the constrained .~·~.l'lt'.• ,llt. 
there is another sense in which an assertion may be viewed as a schema. This is by 

allowing described rather than explicit ref ereq~ .. ~ i:eJatjc>n ~AA {:PlY,J~).n, fl~fnll wlthi~ ~· 
~ ' • . t ' l' . . ' • ,' ... j ,; '. •• • ,... . • ·-

assertion. 

It may be desirable to stat~ a ~seco11d or~~r~ a~~~!i~!':- ~·•:· ~~c.ll F~l.µmn Ul 1.pp:i1 

relation of the data base which has underlying d~l.ll NAJdi "ust J?,e. .a. .11Sb~i9r the 
• > • j. • '.· • t .. ; f l . . . - ' ~: '~ • . . '\ • j,~ "' . ' ' '. • ~" ~ -

Name column in relation EMP. This may be h~ndled by· -1~if1i. colwnn n~!"G ~Dff, 

---- ------ ---- ---- -~---------------- ----
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relation names) to be variables which range over the set of all ~umns or relations in the 

data base.(or some apedtled sut>set thereof'). This is ~ny a'unlversal quantification of 

second order. 

Without proposing a specific detailed solution to this problem of explicit ~vs. 

described· scope. we mar obsene that such a· solution must racltitate a second order 

quantlftcatton, on a level abOYe the -constrained colkctlon. eoft~der the ·assertion that, for 

each column in the data base named Cl, every pair or erttrtes in this eolumn sums to less 

than 100. Here the constrained collection is a set of pairs or tuples. The property must hold . 
for each· element of the Constrained c6lfection. Furthermore. the ..-i1on actually applies to 

each element in a set ot conatralnecf co11ecttons. viz., one ttich conltralned coltecdon for each 

column' (1n the data baae) which is named Cl. 

It has been stated that the scope of a relation constraint assertion can either be 

explicit (apply to relatians and columns which are constants) or ~bed (apply to relations 

and columns which are 'variables whose rangei -~~e desc'tibed). It is certainty valid to 

question the destrabHity and prattlcatlty of as5enioris W'ith 'described·~. and we shall not 

take a ·position on thJs matter here. Rather. for the purposes of the remainder of this . 

thesis. it is sufficient to assume that we are dealing with assertions having explicit scope, 
. . 

although we believe that the extension to assertions having described scope is 

stralghtrorward. 

63. Relation Constraint Validity Requirement 

Another component of a relation constraint is the validity requirement(s): the 

occasion(s) at which the assetion component of the cons~iri{inust ho1d. 

One. possibility is that an assertion must hold at au times. and eonsequently must be 

checked after any data base change that may cause its violation. Such assertions must 
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theor~tically be checked (verified) after every primitive data base change (such as update, 

insert, or deta tuple}.. Allerrtons actuaUy neec:l"tO be diecktd ..ay tr tame·\iatue(s) afi 1 

changed which may a.u&e the assertion to be YiOIMed; SOrne;sutiiid·ftas ·been achieved In . 

automatkally determining when an assertion atttaallf ftftitls · ftrifl:atlo11 ' CEswaran 19~ · 

Slonebralr.er lt'15cl 

In some cua. lt is necessary to specify· than ·an uiertlon Mecf 'ftOt hold durlllf; iome 

complex data base transaction(s). because it may not be meaningful to verlfJ the asstrtton 

until after the transaetlan(s) are completed. SUch mertrons are dtd'ed · cmly :lt ·the end of 

these transattions. 

Suppose, for example. that Chere ts an assertion for th~ exatnf>te'. data base of· figure I 

which states that exactly two emploJWs In the safes'..department·htn"t safaTJ of more than 

"5.000. Assume that at l()me time the asaertion holds. as 'emplOyees "Smith" and •Jones• 

both have salary no.ooo and work in the sales d..-rtmenc. It ts now desired to transfer 

employee "Smith" out or. the aa1fl department, rep1aang him with 'ernp1byee "Davis" (with 

salary· ISO.eoe), If the primitive operations update row, insert ..ow, attd deh!ie'r0w are the· 

onfy operiatiGftl available and the assertion il·tlft!Cked after eadl prtmlflVe operadon,·rhe 

desired change cannot be leplly accomplished. Thus the vettficatiOn ·of this· assertion must 

be def erred until the entire transaction (whlch consltts of two prfmtttvt operations) is 

completed. 

Consequently, it can be semantically necessary and/or dftirabW· for the constraint· 

expressor to specify precisely when an assertion~is to-be checked. For reasons· of efficiency. 

it is also important to have the ability to specif'J thtt an·usertion need only be checked at 

certain limited times, because vertrytng it after emy data ~se change that ctJuld cause its 

violation might be catastrophically expensive. 

Accordingly, the validity requirement of a relation constraint should be expressed Jn 
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terms of structured operations. For example, the validity requirement of some assertions 

might be that the assertion is to be checked after operation raise-salary. Each relation 

constraint validity requirement should consist of a list of structured operations after which 

the assertion component is to. be checked. The special validity requirement "always" has the 

function of assuring that the assertion will be checked after any data base change that may 

cause its violation. 

It may be necessary to check one or more relation constraint assertions after each data 

base change is attempted (by a structured operation). The simplest type of data base 

change is a primitive update, insert, or delete tuple operation. Slightly more complex is the 

set-oriented tuple update, insert, or delete which may be expressed in the high level 

nonprocedural data selection and modification language (e.g., SEQ.UEL). Since structured 

operations are hierarchically organized, it may be necessary to check some assertions after 

each hierarchic structured operation. Consider, for example, the structured operation A. 

which is defined to .. have the effect of executing a de~te tuple operation, followed by the 

execution of operation B. Operation B consists of a single update tuple operation. It may 

then be necessary to check some assertions after the delete tuple operation, after operation 

B, after the update tuple operation (in B), and after operation A. 

A special treatment of "null" (undefined) values as column entries is required. As 

noted by Eswaran and Chamberlin [Eswaran 1975], the checking of a relation constraint 

assertion should be such that the presence of "null" values should never cause the assertion 

to succeed if it would otherwise fail (be violated), and should never cause it to fail if it 

would otherwise succeed. An exception to this rule is made for assertions which explicitly 

reference "nun• .values (e.g., "Sex • null"). 
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6.4. ~~lation Constraint Violation-Action 

Associated with e'very occasion at which an assertion is to be c:h~ed. ts a viotatlon­

aaion to be taken if the assertion ls not sa.tisfied upon ~pted v..-t(icatloa. $eYera1 typa 
, - . '.' . ' ' ~ 

of vio1ation-aaton can be specif led: 

L An m:2[ can be slif!.aJled. -.od the requ~ data_ base_ c;hU1J•,~~· A message 

is issued informing the user of the problem; the natur~ of..this m~&• may be 

expl~citly 1peclfied aa a part .of the _vtolation,·actJQn, or it.may be.cl)OMn by the 

system. 

2. A wa111m1 can be iasutd~ but the illepl ~ata bale dlanP,;al~ed. The user ma.J 

_be warned with a ayatem-i.-.eraied ~.or ~. SJ*-.p. ~f~ed &l part o~ the 

violation-action. The warn~g may be pel1isttnt. tn "hida ~ u appears Whef!eve,r 
" > :'. ,_- \ '$ • 

the potentially bad eta.~ ii, referenced. 

S. A corrective action can be specified, which au~pts ~o r•pair the. error; the 
. . -.. . " ' " ' ' 

assertion is then rechecked. This approach may be dangerous, but Is appropriate in 

some caseJ. There are MtVeral types_ of corrective action: _ 

a. a substitute value may be specified ~ replace the offA;nding data, 

b. a struaured operation may be perf_~rmed· 

c. an extei:nal procedure may be called. 

If a corrective violation-action is attempted, the. re1a_~ ~Sffalnt assertion wMch 

caused lta invocation Is rechecked after the corrective aCtlon is performed. It ts 

intended that corrected value and struaured operation ~v~ _actions handl' _ t~ 

bulk of the corrective vJolation-actlon needs. However, lt ,is p~l,~I' to ,~11 an 
~ - ' ~;·; . . ' ~ . .,. ' 

external procedure (which is written in ~om' hiJh_ l~.Y .. ~I general purpose 
• ····'"- ',_ - ''. J._. •.• 

programming language) as a corrective act~on. ThlS ~· _proc'1ure r~eiv~ no 

special privli1es with regard to data base in~ There are of course other 

---- ------~------ ---- ------------------------
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problems which resuit from permitting such external pr~llr~ to be ·used. whleh 
.. ·. ., •-.~·· .•. , '.·.~ : . , -·~ L.;. \'-.. ,..,;;/ jt{· .\,~) ·;~.. '; 

are similar to those disCubed in the.context ot'clamalndtr1n1u0n vioJa.tion-action (see 

section 3.4). (A mate rar~r~ching· Set ot prbtstei1\s1bf' lhil~lfpe ii cUscusled' by Minsky 

[Minsky 19761) 
•• I;.,> \" "'· { .} 

The actual interface which reports i'elattdi conttratilt ~~~;·to the user should 

actually allow thts user to tontrot 'the violatlon1.ttion. ·The wei should be consulted. if 

approprlae. For instance, assume that' the user \Vtsht's 1:6'>Prrf&m an ~Hoh which· gives 

employee •Jones• a 1oi raise in salary. Assul'l'le also that there is a relation c0nstralnt 

assert~ whkt\ stateS that tflt .mm ofiaiatles bf ·~1ftti"e--1h eatlidepartment of 

the company mu•t 'Se':tei,;tblii'tlie tfuCfget it¥;ittat \{~(~''Suppose als0 ·.:hat· this 

assertion would. tje''violarid lt''~be ia1lij dt~·jO~~.~ m~bt IO~'"·A"teasonable 
violation-action might be to raise the salary of •jori*•1fci~"lt:'~Jfu- persrllssil>ie v~tue. 

while reporting' this tO the user :lnd asking for appfcrJar'Wroi-tt~11f performing . the 

action. 
·.-~-~1 ~ ?!V\--·. ~.:·.~..e/,\~.~~~-'l·~.1;·'':";~:).i~~ .:'.'.'~ . _. ; , , 

In this scheme, the vlolatlon-acti0ns are assoClatid with the ·aise~oni they are part 

of th~ relation eor.•iiu: Tii'il mearil that '•l'iO~rt~~c&iri '1rir~~ '~ ~ a part of the 
,-.. .'', "'' '· '' , C \ ]: ~~-~~v "·. ;"'t.fk 

specification of the structured operatlona. All ihtortnation rep.Mang' ·the 'cheaing of an 

assertion ts localized in the relation constraint~"';ftais~~17~,f~~i~'~r.¢ cl: eliminating · 
. ~ ·' . , .~ ~-·.~· ···: 3~· :ri:'t'f:::- ::i!"··11i ~~t~~J ·" 

the arbitrary procedural' embeddtng or violatton.:acuGn lftf annatiOn. · 

6.5. tmpfementation Considerations 

A relation Constraint language processar maf be used tO •~j};•: rel&tion constraints 
-:_ " ·. ,_. :.·, , · ,: ' . ! : ~ ~-/ -~: . ~/_, ri ~~J..1 }· ~F·(~,;_;..;<-~) ~, ~; .-· '· _: 

into an internal form. R'e1ation'tonstraints may be added to and deleted from a data base. 

(A constraint· may be changed: ;bt del~ting1 it; u;J '~c\)~g "~;j ~i:d·s~:rsfon.) .. Adding a 

re1auon constraint con.bts:;i.iu cariif>rtation anci. ini&. ~1: N~ma11y, the con~traint . 
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must be satisfied when it is added to the data base. 

The internal f orrri into which a relation constraint is compiled is used by the semantic 

integrity subsystem to check the integrity of the data base, and to take appropriate action 

which violations are detected. Moreover, the integrity subsystem manages all four aspects 

of semantic integrity, as discussed above and in chapter 7. 

6.6. Remarks 

The principal purpose of this chapter has been to impose some structure on the 

problem of relation constraint 'specification in the context of the semantic integrity of a 

relational data base. Important issues to be considered in future work include: 

1. a detailed analysis of the applicability of specific high level. nonprocedural data 

selection languages to assertion specification (e.g., SEQ..UEL, Q..UEL, or Q.uery by 

Example). 

2. a complete description of a disciplined specification methodology for relation 

constraints (including detailed example{s) of relation constraint specification). 

S. specifications of the user interface of the semantic integrity subsystem, vis-a-vis 

relation constraints, 

4. an analysis of the impact of the semantic integrity subsystem on other aspects of . 
the data base system (e.g., data security), 

5. an assessment of the ramifications of various problems concerning relation 

constraints, including: 

a. redundancies, 

b. contradictions, 

c. circularities (because of corrective action side effects), 

6. a study of implementation techniques for relation constraint checking. 
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7. ON THE DESIGN OF A SEMANTIC INTEGRITY SUBSYSTEM 
f ' ' 

The purpose of this chapter is to present some brief comments on several important 
' :-; - ": / ",. > ~-; l ,_ 

aspects of the design or a semantic integrity subsystem. The purpose of such a subsystem is 

to manage the semantic Integrity or a data base, as indicated by the semantic integrity 

specif icatlons for that data base. 

7J. Componenu ~ a Se~a~tic Integrity Subsystem. . .. 

We propose that a semantic integrity subsystem possess four principal components: 
' ' ' 

1 -~· ... ;;· ,,_,,,, .• _,_ L~) ~\- iJ~ ~--~';~~·~:.~:' 1~·t3~--F ... -~ 

L The semantic integrity language processors translate the specif'ications in the high 
.,_ .•• ,_- •• ":-.·:-_:;,.~ .. l - ;:-:;<~·· ;" ;i~~< ; ~ -:..,4 -.:-\ :; ,J:,.,·~71 ·;~ .... {;;(iiI,:-~j·f ·-~,'.· ~~·-·:<~.:;_ -~· ·~, > 

level semantic integrity tanguages Into internal forms· useful to the semantic integrity 
;' -,· .,, '!.·'('~ .P-~- ... , '"/~-;;· ; .: .' ,., ... : •...• _,,.··~~· ·~~ _1?.l.--;~.~'~*£": ~. ~q ;,-:/t;;1:.~_:;.~;·~-~ > 

sublystetn. AJ Clilcussecf in this thesis, there .re· four semantic integrity languages, for 
, . . ," ''.I . ·•. 

domain def'iilition, relation structure, structiared · operations. and relation constraints. . 
' . ;.:i. :; I;;_ :~(..,. • ':,","f; .~ .. ~:; .· ,,, .. '; 

(Actually, these four langauges may be viewed as sublanguages of a single semantic 

integrity languagt.) 
' ;, ; ',. 

0. : : \; ·,,. ~ ";,., , ": L ,, ' ', i ~ ' :-~--:":-~ ",;•_ ~."'• ·" ("', ,.·· , • 

2. The semantic tntgritx c]lecker determines whkh domain def inltlons and relation 

constrainti need to be checked after a ·given data bU. ch&nge is performed. and 

pertorms that.~hecktng. ·.,. 
' " 

S. The semantic. integrity violation-action processor tak.es appropriate action when a 
.. , -. . · ,..:,.·~~ .:<.·: ~·, q ·;. "'~·· ·.,. ·.·" · .. ~.,,ir:·f~;.; fl···~,~>» :.i"'t: :-,.~ .--: -' 

domain definition or relatfon constraint is viol&ted. 
. ' ' ... 

i. The relation comtraint epatibility check.er is responsible for insuring that the set 

of relation constraints currently extant for a data base is free from contradictions and 

other undesirable properties. The compatability check.er may be called by the relation 
. ' 

constraint language processor when adding a new relation constraint, to make sure 

that it is acceptable to add it. The probiem of designing and implementing a 



Semantic Integrity Specification '7S 

compatability checker involves general techniques of deductive inf ere.nee, a~tomated 
. ' 

theorem provers. etc. Only a very limited compatability ~ker CCKlkl be practical at 

the preaent time. 

7.2. The User's View of the Integrity Mechanism 

It is extremely important to provide an eff~iv.e user - d~.,~se ~ystem in~face, 
• j- ' • • • 

especially with regard to the creation, maintenance, and ~~~ Qf ~ntic integrit' 

information. There are actually three major types of ~n wit~ .w~ one,.n-4.s to be 

concerned: 

Of course, a single person may serve both as a DBA and a (non.prqgra",'mini} user. The 

distinction betw~ non programming users and ap~!.~~ic:ln' .Pl'OI~'!" is ll\li(le in ord~r; , t9 
•' ' . . ' .,.,, . ' 

distinguish the types of communication with the semantic Integrity subsy~ wbich are 

necessary. 

The DBA should be provided facilities which allow the following types of actions: 

1. add relation, 

2. delete relation, 

9. add domain, 

4. delete domain, 

5. add structured operation, · 



Semantic Integrity Specification 74 

6. delete structured operation, 

7. add relation constraint, 

8. delete relation constraint. 

It should also be possible for a DBA to change the structure of relations. and modify the 

definition of domains. structured operations, and relation constraints. It is funhermore 

desirable to allow the DBA to ask. questions about the semantic integrity specifications, 

especially the relation constraints. For example, it should be possible to ask which 
{. ; 

constraints may possibly be violated if an entry frl a given column Is changed, or which 

constraints have a given column entry as constrained data. 

The nonprogr'arnmtng user must be provided with high level reporting of semantic 

integrity violations and violation-actions. In gen~ral, a (~onpr0g~mming) user sees a set of 

data structures (domains and relations), a set of sti11ctun!d. operattons, and a set of relation 

constraints. When a dOmaln definition or relation· constraint is found to be violated, the 

user is either informed of this fact or an automatic corrective action is attempted. In any 
• 1 - • -~ < t ·: _,: ,-··:" :· ·, ; ,~.-. . . 

case, it must be· possible to provide the· user with a high level •error message•. The 

semantic integrity subsystem . must not be completely sJJerit (e.g~. ~ [St~ebraker 1974d, 

Stohebraker 19.,ScD. It must also be 'possible tor the use~ to in:teract with the semantic 

integrity .Subsystem to attempfto repair an error, shoulcf that be appropriate. 

The applications program must be provided with capabilities similar to those for 

nonprogramming users, but all communication must be ac~mp11shtd via procedure call and 

return, and message passing protocols. 

7.3. Some Thoughts on Integrity Subsystem Implementation 

Although a detailed investigation of implementation techniques for semantic integrity 
. » 

subsystems is an important research topic, little has been done on it to date. Stonebraker 
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and W"nl [Stonebraker ,197.4d. Stonebr•ker 19'l5clb•v•.:pqap~ ~ very clean •query 

modification• approach. to integrity checking, . b.!AA :ti\il, ~.)las '°~ ,li~On$C (e.g .. 

some useful types of ~hntq-.ies for the optimization, pf, iPtg~~ ~heQ.ln(,•r• noc hancfJld). 

Sarin [Sarin 1971] is cwrently Investigating tb~ :~ .J,o ; ..... ~ ln tihis thesis. we ·are· 

not principally concerned with the speclfla of Implementation techniques. However, we 

shall discuss a few impcartant. upo of semantiCJ•r~J1 "'~ ~Uon. 

Fir~ of all. it is irnpcarWat ~t ~ 4-ta base 1o&Pn1.and .~·facility, exisc. Ti;lis ii 

crucial in allowiQc thtac:Uona.of a,sc~-1 ope1'tion·(~)·:SQ.·lle-W out• and 

•undone·, if occuioned AlitlM vlolaeion of a domain .df!f~ ,_. l'flaUon. constraint 

It is sometimes tile cue.that a data·base Q\a8ge w11_..--.nl..,.in.definitJona 

and relation. constraints to be che~k.ed. (A data ·b~ c.Jtan1• is acco..,Ushed by the 

invocation of a primitive, er, .cruc:iqred op•rat4-.l .4,~ .. rnuat be developed .for . 

determirung in what orcler .. CIMle are to- be chect."1. Ont war to 1\an41t ibis i1. to assign 

priorities to c1c)main cWlaitiom and relation conatraifttl; Jhit May. tae done bJ the DBA or· 

automatically by the sema~ intepity-aubsyJtem •. Daw.lhtdeflrtltior:as should receive 

priority over rdatiOn ~ (since they are always <Mcktel afteaq>ril'ftiti•e operations), 

and the various types of relation constrJ.ints can 1>e ordereci by their complexity, importance, 

or some other metric. 

Since relation constraint checking, is potentially a cosily. undertaking. it iii crueial that 

efficient checking techniques be developed. Mu«;h· of ~the .worlt onqKimiling data selection 

and ID94ifiction 1'.npapi il.relevapt,here. HeuriO:S<tnay· ~ dev:eJopectfor determining, 

on the basis of the patterns of data base incer:action.: J!lll\iqb ~' paths and aids to 

maintain [Hammer 19'1&bJ. One type of weful htur!Jtl~: invalv• the~malntenance of 

aggregate values. For example, if there is a relaciGn ~nt assertlott which· states that 

the $Um of employee salario is tm tJtan 1100,000. it may·be- belpf).ll to maintain the sum 
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and update It as necessary, rattler than constantly recaK&latirig ·it when the · assenion is 

checked. Other types of fleurlstla may ako prove ustru11 ·e.g~ deallrig with characi:ttlstics 

of individual typea of physical storage devices (mch asc'data<ctusterttrg and page 

arrang~ent). or dealing Wiftt• the maihtenance·and uw or lhver*'M (indices). 

7.3.1. The Use of'tnversions in ·Relation Constraint Ctaeclinf (An Example) 

As an example Utustratlve ·of the usefulnea Of 'hrrertJOft's fn relarion constraint 

checking, comicler an example assertion. Supp<>* fhit!the-aslertlOlt-"(for the etample data 

base of figure 1·2) stalft that~for ach tuple B in t¥1Mtoft~ B"°GET, the entry In the 
' ( '' 

Salary_budpt ablUMn (B.satarr..budget> a grmer:tltan or'eqUf(N the sum of the entries 

in the Salary column of the euples in EMP (El ..... En)' wMch ·have Department • 

B.Depanment. Seftral primitiYe operation• which may' rtq~fhli' assertion to·be checked 

are listed below. •long with the method by wftkh the· ..... ssary thecklng may be 

accomplished and an indication Of whlth 'inversion. \VOuld be hllpfU4 ·1n 5*h· -checking: 

I. for sometaple B ii\ BUDOJ:'I!, Salary_budgtti&dwlpcb ·· 

a. tiftd all ttap11n in IMP (El •• .., In) wMc• 1'a••~t • &.Department, 

b. ~ S • El.Salary + _ + En;Sa.1ary, · ·· 

c. check that S <• B.Salary_budget, 

useful inversion~ Departmtftt in !MP (for step::a); ,., 

2. for some tuple E In IMP1 Sllarr is changecl: 

a. find all tuplea In !MP (It . .., !t1) wh~h;~,Dfpartment • E;Department. 

b; calculate S • El:Salary + _ • En.Salary, 

c. find the tuple in BUDGET (B) Whieh .... Departmeilt - E.Depal'(ment, 

d. check that S <• B.5alary .J>udget, 

useful inv•mons: l)eputment in EMP (for step a). DepartlMnt tn BUDGET {for 
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step c), 

9. for some tuple .in BUDCET (B), Department is changed: 

(same as I), 

4. for some wple in IMP (E), Department is changed, 

(same as 2). 

5. a' new tuple is inserted into BUDGET (B). 

(same as I), 

6. a new tuple ts inserted into EMP (E), 

(same as 2). 

In this pal'ticular example. no checktng needs to be done when tuples are deleted from 

EMP, since that can only cause the sum (S) to decrease. Of cour~ this ls not true for all 

assertions involving ..,. of this type. 
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8. REMARKS AND DIRE~l9~NS . 
·' ! ' ' 

_>:;,q, 

The major purpose of this thesis has been to e.rovidt ,a comprehensive, detailed 
- : • ,, ~·~ ::._ ,_ ~ ' ' , > '•) -

analysis of the issues and problems associated with maintaining semantic Jntegrity in a 

generalized (relational) data base system. The _prin~ip,a\ emp1;tasis has been 011 the high 
_,,. ···;,• !_ ; . .._:. :.: .'~~ :'fj_;'·,-:·> ' ,' ::, ~ , -:-.. 

level expreulon of semantic integrity specifications~ The major portion of the work 

described herein has been concerned with providinJ a tra~r~ for ~ntic in~rity 
. ~: .. :. · .. : ; ;,, 

specifications. Both the functional requirements for a solution to the serq~n,tlc integrity 
: , ,. . . 

problem and a specific approach to providing such a 10lution have been emphasized. An. . ; ~ ~.. . ·~· '' 

attempt has been made to indicate important di~ecttons for further work on semantic 
-_, .: '_) . ·--.. ' 

integrity. 

By way of conclusion, there are several imponant general directions for the extension 

of the work desaibed in this thesis. The fallowing are most sign if leant: 

I. an analysts of ·important integrity specificatiOn language design issues (e.g.. the 

usefulness of constructs in languages like SEQ.UEL, Q.UEL, and Q!Jery by Example, 

the adequacy of· nenprotedural speciticatlon methodologies, the importance of 

iteration and recunlon, etc.), 

2. the complete design of a language for semantic integrity specification, including 

subJanguages for each of the four aspects of semantic integrity (in the relational data 

model), 

3. the development of a well-directed, st~uctured, disciplined approach to data base 

design (based on the semantic integrity framework), 

4. a comprehensive example of the application of the semantic integrity specification 

methodology described herein to a •reat• application domain, 

5. the implementation of the semantic integrity subsystem O\ltlined in this thesis, 
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6. an analysis of the cost of building. m.iRta"-inl• vad:~f•cing semantic integrity 

rules, 

7. a study of the relationship of semantic integrity issues with those of security. 

concurrent conslateney. and query. prOC4Ulni.;;;(iqcJtading the Yse of <*iuctive 

techniques), 

8. an evaluation of the ramifications of separating the four aspects of Integrity to the 

e
1
xtent 4,scribe4 above (tt.g .. an analy1is .of wpether l~ ls...n,ceasa,y to allow the 

inform~ion within a .domaila definition to ber•ferlQ~,~ ulati<m constraint-
: , '\' ~· • • f • r · · ·, · r , . ~ ... · • 

assertions), and a study of ~ appropriat.e~ of. this ~pr*h. 

9. an evaluation of the applicability of a behavioral approach to the description of 

data semantics in an integrated data base environment. 

10. ttle ,,~on of the semantj.c integrity.achem. to 'l\Qw multjpl4 ·~~s· of a daCa 

base. 

ll. an evaluation of pPNiblt extensions to p~~it ~j'l~sqltn•. approach to integrity 

(involving the notions of quantized truth and confidence measures [Zadeh 191SJ). 

12. a study of the ability of the approach to the semantic integrity problem described 

in this thesis to improve the overall effectiveness of a data base system. 
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Figure 1-1. Relation EMP 

column -> Name Sex Salary Manager Department 
underlying 

domain -> NAME SEX MONEY NAME DEPT 

Jones, Richard male Sl2,000 Jones, Richard research 

Phi I lips, Jeff male Sl0,000 Smith, Kathy sales 

Smith, Kathy female Sll,000 Jones, Richard sales 



Domains: 

Relations1 

NAME 
SEX 
MONEY 
DEPT 
ITEM 
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Figure 1-2. EMaaple Data Bae• 

QUAN 
ORDER....NUM 
CUST 
DATE 

EMP <Name, SeK, Salary, Manager, Department) 
NAME SEX .MONEY NAME DEPT 

SALES CI tam, Oepart•ent,' Quant Ltv...0n_tiand, Coat> 
ITEM DEPT QUAN 194EY 

ORDERS (Qrder_number, Customer, Item, Date_ehtpped) 
OROER_NUM CUST ITEM DATE 

BUDGET (Oepar tmen t, Sa I ary_budge t) 
DEPT MONEY 
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Figure 1-3. A Possible Set of Relationaf Prl11Hlve Operations 

create domain 
delete domain 
create relation 
delete relation 

insert tuple 
delete tuple 
update tuple 

add column to 
relation 

delete column 
from relation 

copy relation 
intersection 
union 
difference 
join 

(these operations allow domains and 
relations to be defined and ~eta~) 

<these operation& al 101.1 change•' to be 
made to data in relatlon1) 

(~hese operations facilitate relation 
modification and relational algebraic 
manlpulati~ of a "8t• ·t1al,Jt} 
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Figure 3-1. Selected Example Data Base Domain Definitions 

domain NAME 
description 

last: string 
' ' ' first: string 

ordering 
last, first 

violation-action 
error 

domain SEX 
description 

oneof 'female', 'male' 
ordering 

none 
violation-action 

error 'sex must be female or male' 

domain MONEY 
description 

, S' 
value: number where >•0 
where length(right(*, '•' + 1)) • 2 

or not present*• '.' 
ordering 

value 
violation-8ction 

("Smith, John") 

("female") 

("1100") 

substitute null 'value in error, null has been assumed' 

doma i n ITEM (II AB-75-326 n) 

description 

or 

string where not has numerics, •-• 
il: '-' 
i2: string where not has alphabetics, '-' 
~here repititions il through i2 >•land <•3 

string where call check_item 
ordering 

call compare_item 
violation-action 

substitute left(*, 5) 
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Figure 3-1. (continued) 

domain QUAN C17J 
description 

value: number where integer 
and >•9 

ordering 
atomic 

violation-action 
ca I I f i >eup_quan 

domain DATE ("1/2811976") 
·description 

month: oneof 1, ••• , 12 
'/' 
day: number where integer and >•l and <•31 
'/197' 
year: number where i nte~ ··amt >*'5 "llrid ~ 
where (if (month• 4 or ·Sor •9 or ·11) then day<•30) 

and ( i f llo"'4h • 2 then day <• 29) 
and (if (month• 2 and year,.,. 6) than day<• 28) 

ordering 
year, month, day 

violation-action 
error 



L· 
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Figure 3-2. Synta>< of the Do•ain Definition Language 

. 
domain-definition 11• DOMAIN domain-name 

CUGR'tPTlON 
·. dffCr.it)Uon-alauH 

CORDER ING 
orderlng..c;t-....J 

CVIOLATI~mlt''. 
violatlon-actlon-clau•el 

d011a in-name 11 • atr lng...conetan-t 

descr l pt i on-c I auee 11 • •Kl't11!t i:on-.aubcl aua , 
I deacr i pt lari-c ,_. ·· 

OR 
de~cription-subclauae 

deecription-aubclau1e 11• description 
[where-ree~onl· 

description 1:• [label:] subunit 
I descr i pt ion 

u .... 1 l llUb\lrtl t 

label 1:• string-constant 

aubun i t 11 • STRING DIER£ •tr 1 ng-boo I eanl 
I Nll1BER GIERE nuaber-bGD1unJ ... 
I Ot£0F etrtng-conatent-1 let 
I ONEOF nutlber-conatant-ll1t 

etr ing-conatant..:&,j~t • •-~ •tring--conetant•c11ponen.t 
t. •trJ09-COMJtan t-111 t, at.~ t "9~"'· tan t-coaponen t 

atring-conetant-c011ponent 11• etring-conatant 
I ALPHABETICS 
I NUMERICS 
I SPECIALS 

number-constant-list ii• nullbar-constant 
I nullbar-constant-Uet• .....,.-canflant 

atr Ing-boolean 1: • string-boolean-term · · 
I atring boole81t:·IR .trtnt-Wot.....-tr• 

a tr i ng-boo I ean-ter• : a• e tr i ng-boo I ean-f actor·- · .. 
a tr i ng-boo 1 ean-tW1\ ·Nil ··atf-·l"9-boo t •an-factor 



Semantic Integrity Specification 112 

Figure 3-2. (continued) 

string-boolean-factor ::• string-boolewi-prJ..arv 
I NOT,etring..QooJ..,..primary 

a tr Ing-boo I ean-pr i mary s s • stri.-.preGli cate 
I <etrin~bootean> 

atrlng-predlcata 11• comparator string-constant 
I IF string-predicate THEN :nrl19111r9dlcate 

CELSE etrlng-predicatel 
SIZE comparator ~-
HAS strlng-constant"'!'Uat · 
CALL procedure 

co111parator u• • I ._.. I >'I >• I < I <• 

number-boo I ean 1 1 • nU11ber-boo:•ean-t.-11r 
I nu•ber-bootean OR number-boolean-tar• 

number-boolean-tar• 11• nu11ber-boolean~f~ctor 
I number-boolean-term Attll1iftllllber-bOO•ean-factor 

nulllber-boolaan-factor ::• number-boolean-priaary 
I NOT number-boolean-primary 

number-boo I ean-pr i uru : 1 • number-predi·cata 
I (nultber-bool:een) · · 

.. ·" 

number-predicate 11• comparator nUMber-constant 
I IF nu~, .. uate ;JHEN~~-tN"9<Aeete 

fa&E-11•11W-s>red I ca tel 
INTEGER 
EXPONENTIAL 
CALL procedure 

where-restriction ::•boolean 

boolean 1:• boolean-term 
I bOo.f eaR;. QR bQo:f.-n-ter11 

boolean-tar• 11• boolean-factor 
I boolean-tar• ANO boolean-factor 

boolean-factor 11• boolean-prlmaru 
I NOT.boolean-priaaru 

boolean-primary 1:• predicate 
I (boolean) 
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Figure 3-2. (continued) 

predicate::• expression comparator expression 
IF predicate THEN predicate 

[ELSE pred i ca tel 
PRESENT expression, string-constant-list 
CALL procedure 

expression ::• [addition-operator] unsigned-expression 

unsigned-expression ::•arithmetic-term 
I unsigned-expression addition-operator arithmetic-term 

arithmetic-term::• arithmetic-factor 
arithmetic-term multiply-operator arithmetic-factor . 

arithmetic-factor ::•subexpression 
I (expression) 

subexpression ::• atomic-expression 
set-function(expression-list) 
APPEND(expression, expression) 
SUBSTRINGCexpression, expression, expression) 
LEFT<expression, expression) 
AIGHT(expression, expression) 
LOCATIONCexpression, expression) 
LENGTHCexpression) 
REPITITIONS label THROUGH label 

atomic-expression::• label 
I string-constant 
I number-constant 
I * 

expression-list::• expression 
I expression-list, expression 

set-function ::•MAXIMUM I MAX I MINIMUM I MIN I string-constant 

addition-operator t:• + I -

multiply-operator::•* I I** 

ordering-clause::- ordering-list 
I NONE 
I ATOMIC 
I CALL procedure 
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Figure 3-2. (continued) 

ordering-list::• label 
I ordering-I iet, label 

vlolation-act1on-clauee 11• violation-action 
I vlolatJon-acUon-clauae 

v ~o lat iw,a ... aot.1 on 

violation-action 11• ERROR 
I ~OR·aaaaage 
I. ~.fJTUTf: .. e~eaei~n 
I SUBSTITUTt: expreealOf'l, .. ,._.,,. · .. · 
I CM+,pr~•i, .... : .· ;,. . 
I CALL ,proce-• 11eet1g.• .. . . ' ' 

message :1• string-constant 
I SYSTEM-GENERATED 

procedure ::• string-constant 

Notes: 

', ! 

The nonterminals. atl"ing~qM ud . ....,_~tM.t'·•• not 
further def lned. , ',, . 

ALPHABETICS .. r~fer• to the c ... acters .,.. thr~gh •z•. and •a11 

through •z•, NUMERICS refers to the digits 8 thl"oagb:,I•, Md 
SPECIALS re .. fera. to al t. 'other ,d,lar:ac,tw•~ ·' r " •'-, , ·• · ; v 

. ·t' ·, .,, ' 

SIZE returns the length of a string subunit •. HAS el. •••• sn 
returns "true• If a subunit has an occurrence.of ea.ch of the 
str i nge sl. • •• , .,, (ot~rw.i H •fa.I~··). SlZii;•~WA& .,,..,. 
only in subunit where restrictions.. · · ·· .. ,"., 

SUBSTRING <s~Jl~ i~~. ;_,t.,,fps th•· s\IP~r,\pf:of •*r,i~"Sr·-.tarUng 
at character il and·extending i2 characters. LEFT(s,i) and 
RIGHT<s. i) return the left and right substri~.:·«r•spectiv6:Jyl 
of s having length i. SUBSTRING, LEFT, and RlGHJ ~ alao be 
invoked with a second argument .mich it .a ur\nt• ~ itMe'uane 
that the substring le to start at the leftmost or rlghtMoet 
occurrence of the second string argument, ••I·•· ,•L.6Ft(*9 '. ')" 
and "LEFT<•, INDEX'*• '. •))" are equivalent. LENGTfiH•» returns 
the length of strings. APPENO(sl,s2) concatenaw•,;•1 and s2. 
LOCATION<sl,12) returns the inde>< of the,,f<Jr1\,GQCIJCAtn¢e of 
s2 in sl (or 0 if s2 Is not a substring of al). REPETitIONS 
sl THROUGH s2 returns the number of repetitions (of the domain 
value) for subunits labeled sl through 12. 
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Figure 6-1. So11e Sl•ple A1eertiona (for ~ta b••• In figure 1-2> 

Notes CC aean1 constrained collection, PR ... ne predicate 

1. The salary of every ellf)loyea ii le11 than IS8,888. 
CC1 each tuple in EMP 
PR1 Salary < 68888 

2. The manager of each ••PI oyea t e a I eo an up I oyaa. 
CCs each tuple in EtlP 
PRa Manager 1 • pre1ent In Ht of au .... froa tupt•• 

ln 8'F 

3. The salary of each a11ployee ln the toy depart11ent la leas 
than th• eatat'v:tef,;hl•· Unatar~ 

CC1 each tuple In .El'P where Oepart91Mt'• ~ toW' 
PRs Saj •Y, C."IS.lwy. ef, tti*: tUp.I • ...-.r .._..,.: ftanagar 

In constrained tuple 

4. The salary of an employee cannot. c:ler:NMe• 
CC: each tuple in El'P 
PRs new Salary >• old Salary 

5. The average e11ployee aalary le at lea1t equa~ to the salary 
of Robert Jones. 

CCs eat of tupl .. " ln Er'P ..., :· ,, _ 
PRs aver..US.f#y) >• Sa1arv . .of tt.IP'le Ahera:.N_. •· 

'J°""' ~t· '·' 

6. Each depart._t Me at .,.t tMO .-plo...- ..,uh ·• .. 1 . ..-u of 
•ore than 158,888. _ ... -. . .. 

CCI .... t; o,,. t\atu 1,. EMP. where &a14ru· >:i ... , ~ 
by COllllOn o.p.rt11enl . 

PR1 count("-9) • 2' o 
' . 

7. The number of~· f-1 • •Ph>uae• le a:t I ... t ·"* ;o.f the· tot a I 
number of •11PJDY99•• · . 

CCa aet of tuples In EMP Mhera Seac • 'feule' · 
PRs ~· cauntlNau)".>- .4 *®'mt(.._), fDf"r". tupia Jn B'P 

--. :!.' 

8. Emp I oyee na•ea are uni qua. 
CC1 eat of tuples In EMP 
PRa multlset(Na .. ) has no dupllcatee 

; l 

------------------
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Figure 6-2. Local Tuple Predicates 

Types of Predicates (a): 

la. col scalarcomp const 
2a. col ecalarcomp col 
3a. col scalarcomp colexpr 

4a. col setcomp {const-1, ••• , conat-m} 
Sa. co I setcoMp {col •l, ••• " col-•} 
Sa. col setcomp lcolexpr-1, ••• , colexpr-ml 
7a. col setcoap setexpr 

8a. 

Sa. 

10a. 

lla. 

(col-1, ••• , col-n) setcomp {(const-11• .... ccmet-ln), ••• , 
(canst-ml, •••. , COASt""llnH 

(co 1-1, ••• , co 1, ... 1)); •tcollp {(col .. 11,,- ••.• , cot.tnl, .••• , 
(col-ml, ••• , col-mn)J 

(col-1, ••• , col-n) setcomp ((coleMpr-11, ••• , colexpr-ln), 
<co I eMpr-ml, ••• , col....,."'llft)) · · 

Ccol-1, ••• , col-n) setcomp setexpr 

Definitions: 

col: 

const: 
scalarop: 

column name with optional "otct• or "new" 
(col-1, col-11, etc·., ·are cola; al I c:e1• -..t 
reference entries within the constra1..,.,.:tuple) 
constant from an appropriate do•ain 
+, ··, •• 1, •• llaM, tnln, etc., er w~..-..-c:tefine'd 
scalar operator '· 

. .. ' 

setops unk>n (at.fib. ·written a• 0), interaec-tion1' dlfferenc&, 

cole><pr: 

sete><pr: 
scalarcomp: 

setcomp: 

or a user-defined set operator · 
a legal combination of col, conet, op, elllet setop which 
yield9 a single value 
same ae co t-.,r eMcept yi e Lde a.· set of •t ues 
., N•, >, >•, <, <•, or a user-definedwca.Jar 
comparator 
is in,. contains., properly ia in, properlw contains, 
or a user-defined set comparator 

------------------------------------------ - -- --- --
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Figure 6-3. Nonlocal Tuple Pr•dlcatea 

Types of Predicates' (a): 

la. col ecalarco•p ecalarval 

2a. col eetco•p eetval 

3a. (co 1-1, ••• , co 1-n) eetcomp setv1t 

Un typ• 2a satval i• a set of valu•s, and 1n type ·3a aetval 
ia a .. t of tuplea.) 

Def lni tlons: 

Definitions here are the sa•e 11 figure 6-2, a>teaptt . . 

scalarvalz a scalar value co•puted froa the d~tl base 
eetval .a a aet value Q011PUted frOll th• 'data b9ae · 

NO pradicatu are 'the aa•e " NI pred·lcatee, ·eMC9pt ·that the 
process •electing ecalarval and eatval UV rff...-.nc:e the.entries 
in the constrained tuple. · ' · 
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Figure 6-4. Local Set Predicates 

Types of Predicates Ca): 

la. aggfn(col) scalarcamp canst 
2a. aggfn(col} scatarcomp aggfn{col) 
3a. aggfn(col) ecalarcomp aggfneKpr 

• ••• col-n~ -aa~_bareoDtP •oonet 4a. 
Sa. 
6a. 

agg fn h:o I ~1. 
aggfn <Co 1-1, 
aggfn(cot-1, 

• ••• 
• ••• 

col-n) scalarcomp aggfn(col-1 ••••• col-•) 
cot-n) ecalarcomp aggfne>cpr 

7a. set (co I) aetcomp {const-1, ••• , const-n} 
8a. set(col) setcoMp set(col) 
Sa. set(col) setcamp setfnexpr . 

Ula. 

lla. 

12a. 

set(cal-1, ••• , col-n) ~etconip 
(const-ml, ••• , const-•n)} 

set (co 1-1, ••• ; -<:01..n> -••taolip­
(co 1-m'i. ••• t co 1-mn)) 

set<col•l, ••• , col•n> setoomp 

l<con•t~ll, ••• , const-ln), 

Uooi~,- :~ .-. , •cob•ln>. • ••• 

13a. col crel col 
14a. cot ere I (cot-1, ••• , col-ml 
15a. (col-1, ••• , col-n) crel col 

eetfne>cpr _. ·· -

16a. (col-1, ••• , col-n) crel (col-1, ••• , cot-m) 

Definitions: 

·-· .. 

(col, canst, scalarap, setop, colexpr, scalarcomp, setcomp are as 
in figure 6-2) 
aggfn: set, max, min, avg, sum, count, or a user-defined 

aggregate function (also all these with•••, e.g., 
"set'", meaning duplicates are retained) 

ere I: one-to-one, functional ly~dependent, or a user-defined 
column relationship comparator 

aggfnexpr: a legal combination of aggfn, cot, conet, scalarop, setop, 
and colexpr 

setfnexpr: a legal combination of "set", col, conat, scalarop, setop, 
and colexpr 

"Set" returns the set of values in a column tor tuples in a group 
of columns. It is an aggfn, but is also treated separately since 
it yields a set value. 
<Note that "max(set(Salary))" Is equivalent to "maw(Salary)".) 
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Figure 6-5. Nonlocal Set Predicate• 

Types of Predicate• (a)a 

la. aggfn(col) scalarcomp acalarval 
2a. aggfn(col-1 ••••• col-n) acalarcomp acal1rval 

3a. aet(col) aatcomp setval 

4a. eet (co 1-1, ••• , co 1-n) eatcoa1p aetva I 

(In type 3a, eetval le a aet of acalare, and In type 4a, setval 
is a set of tuples.> 

Definitions: 

Definition• here are the same aa figure 6-4, eMcept: 

sea larval 1 
setvala 

a scalar value computed from the data base 
a set value coMputed from the data base 

NO predicates are the same as NI predicates. except that the 
process selecting scalarval and setval may reference the data in 
the constrained tuple set. 

-------~------
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