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OY C. J. DATE AND DAVID McGOVERAI\: 

Redundancy, update a11u1nalies, and other integrity 

problen1s are the bane of the relational database 
di:signer's existence. Here's an "intuitive" solution 

I 

I '.'I TH IS ARTICLE. , THE LOVES-HATES EXAM PLE 
we will presen1 and \\'e begin with a simple e'ample 

1 
Jcscnt>e a new-and. we bdieve. Consider the folio" mg databa!W 
\'en• f u ndamcn ta l - database de· 
>ign :mnc1ole . Like the well· I CREl!E OOMllN ~ERSONS 
>-OO\\.':"l principle~ of normal1za. 
t1on. ou r pnnc1ple ca n be seen 1n 
p~1rt ....... a systema tic means o t' 
avo1d1n11, redundan(''. and !hereby 
.ivo1<.hng cer1a1n updace dnomali~~ 
tha t m1~ht o therwise occur. Al­
though th e- principle 1s \'er" sim· 
pl~. '''«: hJ\.'t." ~~ver se~n It dppedr 
1n rul'l1 .. hed torm. tn fact . our e'(· 
perien1.c ..::ugg~st~ that tht.> pr1nc1 
plt:' 1!- qud~ often violatC'd 1n p rtiC· 
:ice \\·~ \\"Iii bri...•tly e~ph,lrC' wm~ 

\)( d'"t' i:onsequenle~ of th1 .. tyr~ t..)t 
\' 101(1!hl0. 

CRWE BISE TlBtE LOVES 
I ( ~ COMA IN ( PERSONS ) 
I Y OOMAI N ( PERSO.~S ) 

CREm BISE llBLE ~ATES 
( X OOOIN ( PERSONS ) 

Y OOl!ll~ ( PERSIJljS l 

) ' 

fht: 1nt.,;onJed .,~mJnt11..·i; art!, ", ' 
1 cuursc chat th1..• ro''' ~"'-.y> ap· 

?e.lrs Ht lO'IIS t•nh 11 • '"'\ tt-:-.y !" 

~rue and the ro\\· <J,Y..-· ..ippeJr .. 
1n HATES on l\· 1t " 1. hatt:>~ y" 1s t ru1.• 

I 

I 

e 
\!urc: Throughout this article, we 
uS<' a modii1ed form of conve"· 
tion.ll SQL :,yntax. for reasons 0 1 

s1mplic1ty and ~xp11c1tness. 
Now suppose the row < Romeo. 

.diet> 1s to be inserted into th1c; 
databJse. Th< usN ~espons1ble tor 
the tlSERl \\' tll pre>umably insert the 
ro"'' into ba:,~ table 1_QV(S . . \'oft c11n• 

::.llv 1:1•·,,"=.-'"' tlt11t :lt' •r '11e ~t111l:t 

,.,, .. : ,7 .. t' J.:;! :1 lint•f ur:--c.·t•t·d rht• ·"l'" 

{rJf<' !111 .. t : :.1!'it' HATES rH:·r~·r1 1 t It is l1nl\' 

becau>e th< user had >0me add1-
t1on.1I i...:it.'"''l"•dgt! - namt-ly. :ht: 
ktiO\\'lt>d\!(' th,11 " Rom\!O loves Ju­
h~t" i;;; t~~~t"-tha l he ur s he decid· 
..._"'\] h\ tn"e:t th~ rO\'' into LO'fES and 
:ior a:'ltl\ -t:.~[S S1nct.> ~hJt .:tdd11u)nJI 
k:io\\·l~d~t.'.' l:, not krhn,·n to tht> 
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DB.\ fS th.: "Jl'Cl ... ll):'l proi.:f!~~re 
r·1)r Je,1ding \••ht!tht·: ~' !:{1'-'l!n r»h 

o;hl>Uld be i!1 ... ~rtt:J .:~hl ... ~'/£~ •Jr 
HAT(S 1~ h k1..•\V IS~ nu! !...:'IU'.\111 ~ .. , tht' 
06\IS In l1Ct-1;"r \'\-·ord.,, p~rt 1.-!I t hl· 

ffiC'<ln111g tH ~ht.: JJtdbJ..,~ 1-. t":!~(· 
hvt:I~ c 11n.;. ,·rrf,·d •'t•'"' "h' .. 1, .. r,·.,, 

\nut!. moreo\'t·r. rh.ll 1! 1 ... ,,,. 

rust !h t• DB\tS :hJt i ... . ui'-·~t'-'J tii. 
~h,.., (Once.ilrnen r. t~:. ,h:l11 rill· .. ~!,.;,. 
:utt•rn1dl a,11! !' ''•'!H\' • ·•r ... ·.1/1•.{ • '·'' 

·.•Plt'r !r:-,:" 11" ~n·I/ ThJt j.,, ~IV('l"l :ht> 
~me rO\,. <Rome? . .iU1:e1. • .• ln~>I ht'r 
uSt.:' r ~·1 11 bt> ,u.,t J.., .JnJblt: to Jt. .. 

l 
c1dc wh ich o i _OVES M1d HATES the 

' 

' ro"· 's to go into ir h~ ,,r ~hi! dcr' 
nut ha v~ th~ necess.irv l!\trJ 1~'\f\ll'· 
matiun ( nam~l\', th,tt "Ro 1th.?t> l\l\ t'" 

' Ju rit!t'' is truC). ln vlht!r '''\lrJ ... 
suppos~ '•''e cl r~ told ch,1t for a .:t?r· 
ta1n pair ut person~.( Jnd y ~11 hl-'r 

-B 
+ ":c loves y'' lS true ur ··, h.it~ i , ... 

true. In general. then. '"'e ,,·ill t>nl_t 
be dble ro :ell which ot th~se "' o 
po~~1biliries is in t'.ict th t? C.l~.: ~\· 
look ing to >ee lvh1ch of th~ t\\d ~ 

a:. 
\ I base tables the :ow <1.y> lppe>r­
j , in (assuming we are nut prt\'\' tu 
1 the extra information). 
• I 
J Lest the r~.ider obiect :hdt !~t." 
· 1 ' e>. tra info rmation" is tn ldct 
~ · 
1 1 transparently obvious since 1t t) 

'· reorcsented bv rhe 1u111tt:'!> ot ~h~ 

f l'~O ba"' tables involved {tOVES J na 
i' 1 HATES). let us now rename tho,_ 
~I twu tables HATES and LOVES, re>p~(-

uvely. \lo\V" can you telJ \Vhich oJ 
•' I '"x loves y" .ind .. , hates 1" t> true' 

1 fh~ .lnswer ts. o ( courst?. that you 

11 
can 1ell only ii ~·ou know that HAITT 

I " me•ns" loves and LOVES "means' 
.
1 

hates! 
.. i Betore attempting h.> dra, .. 

I any concl usions. fct us move on to 
examine anorher exJmple-. 

THE EMPLOYEES EXAMPLE 
Suppose we have a databa>e con­
cerning employee~. in i,..•h1ch ~v· 
try employee has :i (unique) ..:m· 
plovee number. EM':; a Mme. EMAii£; 
,1 department number. DEPT.::; .and d 

I >dlarv. SAi.ARY. Furthermore, suppose 
th.11 we decide (for some reason -

\ t h~ precise reason 1s not 11nporto:i nt 
i I ior the moment) to rcp re:..<nt em-

1 pfovees bv 1:cv base rabies. EMPA ' , 
Jnd £M'S, wher~; 

I O !MPA contains '°" s for em-
ph.l\'Ces ul department D l; 

:J £MP8 contains roi.vs tor ~m­
p loye~s ""·ho arc either not 1n Je-

1 partment D l vr have a s,1 larv u1 t''<· 

\ Ce>> ->i 33K. 

D.,T. \B. l.>f /'IWCl<. l.\f.\fl \"C .-. OfS;C\" 
~7 
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EMP EMP• ENA.MET DEPT# SAL.ARY 

•• Lopez 01 2S K 
E2 Ct1itf'l9 0 1 42K 

s~e ~ig ure l for some sarn ple 
values 

The reader will su re ly agree 
that this design is bad. Bu t wlw 
(''<J<ll~· i ' 1t bad? \·Ve can gain son\l? 
insig ht 1nto this questio n by con· 
::dd!! ring the fo llo,,..•1ng sce n.1r10. 
Supp<>~~ fi rs t oi a l l that 1,•:e sta rt 
off with an e mpty database (that 
is . base tJble; EMPA and [MPS both 
co ntai n no rov .. .:s a t <i ll}. Su ppose 
next that \..re are asked to insert in· 
lortna Uo n rega rding e1nployee E2 
(n~me Cheng. de,:>artme nt DI. sal­
ary 42K) into this database. \'Ve con· 
st ruct the rov...· : 

< E2. Che!lg. 01. 42K> 

But \.\-'htch base table do vve put it 
in? The anS\\•e r. o bviouslv, must 
be i"•ili (as suggested by Figure I). 
It must be both, beca use :he new 
row sa t is i ies both (al the criterion 
for membershi p in tMP>\ (the de­
pMtment number is DI ), an d (b) 
th~ crit~ril)ll fo r membership in 
(M?-S (th~ 5,1 IMy is greater than 
33 K). :·\ite r al l. if the rovv were to 
be 1nscrtt!d into just o n e ot the p ... •o 
bt1S.C' tables, th~ q uestion is.VY·hich 
one? Tht-re are no grounds, except 
arb1trar\' ones, ror choosing cltht!r 
1able ov~r th(' other. 

.-l:-1de: In fact, if ""e decide to 
put the ro w into just one of the 
tablcs -s~'' EMPA and not EMPS-we 
could b.;> accused o f a contradic:rio11. 
For the:! .Jppearance of :he T0\1.1 in 
EMPA would mean that Cheng works 
111 dE>partml!nt. Dl and earns ~2K, 
\\·h d e the :H m u lta neous nonap­
p('.;1r;ir1ce ot 1he roh' in EMFtJ " .. 'uuld 
1rit>an tha: Cheng ~itht?r d oes not 
, ... ·or!.. in dt-parcme nt DI or dot:s 
nlH ~arn n1ore thcln 33K. [1111 l>f 
,l.:.tdl· 

f hu"-. ,,·e s~e thJt o ne reason 
:he <lc-~ ign ''bad is thcH it lt"ads to 
··,'11t1J::1.1.0:;1r Tht> very same in tur· 
1n<1tio n i:-;. represented n .. •ic('. 1n :\\'O 
J 1:-. l 1:il'.t ba~,, l.lblt>S. 

0 1 Cl)UrS~. tt is f;i1rh· t!35\. to 
!>\.'t' '" h.n C~luSes the redu ridan.:•: 111 

rh 1!- ?,1r:11:u lar t.'\.l1nplc r -.) bt:> ~p..: · 

EMPB EMP• EHAMl!T OE:PT• SAL.ARY 

E2 Cher'lg 01 42K 
E3 Finz 1 02 30K •• Stai to 0 2 4SK 

ciiic, a certain .•11(k o{ :r:dt',~it1fficnci: 
ex ists betv1.:een the tv....·o base tabl~s 
£MPA and EMPS. inasmuch as " their 
meani ngs overlap" (it is possible 
fo r the same ro\'' to sat isfy th e 
membt>r~hi p criterion fo r both). 
Lack or indepe ndence bec\·veen o b ­
jec:s is generally to be avoided if 
poss ible, because i t implies th at 
changes to one ob1ect will req u ire 
changt!s !O the o ther as .. veJI . Fo r 

I insta nce, a OElHE o n one table 
might require a OQCTE on another 
(as is indt-ed the case in ou r Ef*A· 
EMPB "xa mple. if we wish to delete 
the iniormallon for empiovee E2J. 

Thus. it looks as if a good de­
sign prin ( iple m igh t be " Don ' t 
have tables whose meanings over­
lap" -and in d eed . so it is. Befo re 
we can make this ?tinc; p le more 
precise, hov.'ever, \ve must exam­
ine the question of table meaning 
in greater depth. >Jote i n particu· 
Jar that the princ iple as just-very 
loosely- articulilred is not suff1c1ent 
i n itself to explai n what is wrong 
with the LOVES-HATES exam ple dis­
cussed ea rlier. 

I NTEGRITY CONSTRAI NTS'·' 
To discuss h•hat tables mean, \'\-'C 
must fi rst digress ior a mornent to 
con sider th~ general issue of intfg~ 
riiv -.·~>n:;trnints. Fo r t h.JS discussion, 
i t ·is convenient to classify s uch 
constraints into three kind s: name· 
Iv, column co nstra1nts, table con­
itra1nts. c\nd databc1se con~tra i nts.' 
a::; folloi. .. ·s: 

0 ,..\ ... l>lun111 ..;onslra1 nt st.:it('S 
that the va lues appearing in a spe­
ci fic colu mn m ust bt- d ra \\' n fro m 
som~ spt"c1fic d omain . Consider 
b.:ise t.1ble EMPB fro m the previous 
sect ion. The columns o l lhc1 t tab le 
a re suti1t>ct to the tollo\\·1ng cul­
u rnn constrilints: 

e. tl!P• !N Elf'•.J)OM 
e ENAME iN NAME..J)l)I 
e. OEPT • rN OE?! '..DOI< 
e.SAURY !N ULC!JlRENCY_J)OM 

trary rO'<-,. of ~he tabl~ a nd EMP= 
_OOM. NAM( _OOM. and so o n . are thL' 
names of the releva n t domain~. 

:J .~ tahli: co nstraint sta t t>~ 
that the ro"'' of a speci fic table 
ntust sansfv some SO('Ciric condi ­
tion. ~·.:h('re the cond.it iu n 111 qu1.:~­
t1on refe rs :"l1{~[!, to th e ~abl e u nL~cr 
<ons1deration - th<:11 is. i t does no t 
refer ~<> an ·• oth~ r tabl~. nor to ,1nv 
dorna1n. FOr example. h~re are t,,.~ 
tab le co nstrai nts r·or basl? tab l ~ 
EMPil: 

1 . e .OEPT• m 01· OR e.5AURY; JJK 

2. IF e. ::tf>• • f .EMP~ 

THEN e.ENAME • : ENIME 
ANO e.OE?T• • f .OEPT• 
AND e. SALARY • f. SALARY 

The first of th ese cons1 ra i n ts is 
self· explanato .·y The second t:L•n­
s trai n t says that if t V1.' 0 rO'-"''S \ . and f 

have th e · same Er.IP=- value. th~n 
thev also have the same (NAM( ,·al ­
ue, , the same OEPT = va lue .. dnd the 
sam e SALARY value - i n o ther words. 
thev a re th e same row (In oth<'r 
words, (MP= is a candidate kev. 
N.aturally \ve assume that al l tables 
do have a t least one candidate kev' 
- that is, dupl icate ro"''s are nOt 
permitted.) 

[ncidentally, note ~hat •.ve a re 
speaking of tab le constra ints 1n 
general, no t just base tab le con­
s t rai n ts. T ht> poin t is, ale' tab les, 
base or othe r"vise, are subject co ta­
ble co n s tra ints, as v....·e have dis ­
cussed in deta il ~ J se ... vhere. ~ Fo r 
p resent purposes, ho\"'ever. 1t is 
indeed base table constraints i n 
particular that dre our primary 1n · 
te rt-Sc for the re n1a1 nder of this ar. 
tide. thereiorc. we will take th e 
u nqualified term ·'table constraint" 
to mt>an a bas~ cab le constra1 n! 
spec1fical ly, barring explicit statt>· 
m.en ts to the con trar'" 

0 A datdi'tbt CO.n;,traint state~ 
that tht> ove rall datilbas.: mus t SJI· 
isiy sorne spt.•c1iic ..:ond ition, \vhen! 
thl~ c0nd i1ion 1n qu.:st1on can refer 
to - -.>r. rnort' p rec1~t>I\·. :u~l·r··cfr.t.·­

as n1a 11 \' tables as di:s1red. F .. .11' C'X· 
an1ple, $uppost' t ht:' database :;h<.n·vn 
in Figu r~ I \Vere cxte:ided t\) in~ 

elude ,, J epart m en ls table. DEPT 
Then the re-it>rent ial const raints 
from L'APA ,inc! EMPB tu DEPT " ·ou ld 
both b~ datab.1se Ct"nst:-.J1nts • thev 
\·vou ld 0\H h 1n l;ic: r~l~r to e-\..iCd\· 
p,..,•._) til b-1 C'3 I 



TllE Qwf.STJQ \; OF ~I E.\ .\ilNG 
\:\l\\ .. \\,' -..l!'l -:t:: \t,l1.' hl 'Uf J1 .... 

(USS1t1l1 lH \\' h,H t._1b l t:" (,\ Jh..i 1ndt.·t.;'J 

J,t!Jb,''\.':o '~!. Ht. T'1~ 1r"t P""'t I' 
th.it t;'\'1..• r \ : .. 1tiJ1..· - f'lt · it .1 li.l .. \_· tJbh: 
J \'h.:'.\ ,1 '"lu1..•ry r""·~u f L 1,lr \Vh<1 t ­

*!\''-·;-(t? rt.11r'lh' d ll\_°!) hdVt.' ln ,)' .. SO· 

c 1.)tt!d n1 l\1l 11 1n1it .. ..\ nd \>I ..:\1ur'it.' 

u ...... r._ mu ... t b l\ J\' Jr1..-• \_H !ht>..,1...· 

nh:,10111\Z:- ir !ht>•: {l rt• ~o U* the,> 
J.1t .. 1b,1~ .,;\1rrt:\°lh .ind ~fll'CtlVl•h· 
F~'r ~,.1mph .. ~. the :-ne.in1!1:-; Jf ba~ 
tab lt: £MP3 1 ~ .;n rrH.•th111g l1~t' the 
=·~,11, .. \, u~g 

" Tf!,· '-"'':J'l\iu,·" ;t•itlr tire• .. ,,,..,_·;· 
t~~ ,f tl'l;'l11·fl·i• rt11111b1•r •(!,fP= 1 lu1:: tl.t~· 

.. :,,· .. ;::c:.f '"'-":t' 1EN;.M( . ;,vr~ .. i'l tilt• 
.. J'1'...:n1·d d1·p11rt n1t•ut tOEPT =: 1l1tcf 
,·,1r1:..- :i:t• "Vt'(tta·d .. \1l11r11 • S~lARY J 
F•<rt!;1..·r1ur•r1·. 1.·rtlit•r flu• f,·:11Jrtnrt•nt 
'Hotti1l'" 1" lftJ/ 01 11r Ifie .. ,rfar;1 :~ 
\r1':ltt'" :fr,ur lJK ,,,,. fr ltlJJ. J.,1':"4.t. ticJ 

f,1'(> ;:111]'h•11t•t''$ hat•t• tf1t• .:.11u1l' 1.•n!pl.:Jv 
,.,. tl!ll'li't'T 

Fo rm,1ll y. this "meaning" as 
dn example 0 1 ~'' h at is cal l ~J cl 

prt•,/;cJte. o r .1 truth-va lu!!d lune· 
tion-d tunct ton oi rour argu· 

, ments. an th1s part1cu1ar ca~ . Sub­
..;ututing valul!') ior these argumenb 
1) i:qu1val~nt to n1~·1•k111g th e iunc .. 
tion (or 'instantl4tin'!" the predi­
r..:it~ >. ther~ bv yieldtng an expr~s­
s1on :hat '.'Valuat~ to ~uher :rrt1.' o r 
1aJ ... 1.• For exa1nplc. th~ fo llo\• .. 1ng 
substuurio n: 

~lfP· • EJ. 
~UE • F ll'Z1. 

, oePT • • ·oz· 
SAURY • 3C( 

I 

v1elds the vrtlue t rut! . Bv contrast. 
the substitution: 

af>• ., E.3 
1 ~-..t..: • Clark· 

OE?f:s • 02 
S)l&RY • 25( 

ndd> •he value ta/$<. And al anv 
~1ven time. <>f course. the tJbl~ 
co ntains exactlv t ho:.~ ro .. ,1s that 
rnJ.ke ~he predtCate e,·dluate to true 
a l thJt ttm~. 

It iollows that ti, for ex-
• 1mple <l rO\\' is presented ;is a C.l:'\­
d1dat~ ior insertion into some ta .. 
ble. the DB'.l.IS should Jccep1 that 
rt)W ,.,n lv ii it dot.?s nut caus~ the 
~urresponJ1ng pr~aicJll.? to bt! v io .. 
laced. :Vfore generalh· :he pr~di-
1.°Jtt? h .. 'r 3 g iven table rcprt-s.:n ts 
th~ ._ p~t.:r '''J ,,,r fll'dJ:c· .l(;,.t"pt.:t•1lrt'.f 

Vendors must 
incorporate 

proper domain 
support 

tor th.\t !.1t-h.· - !hdt •~. u l-, ... n:-.1,· 
tute-; tht! crdcr1t1n fur Ji;ocl\.ii:-'.U: 
\Vhi:other \)r n,,, :.ome propl>"i('<.f Uf'· 
dtlt~ ii an ra'-t v.lhd (ur .lt l~..i-..1 

plau>iblc > ror th e give n t.1blc. h 
other \\'Ords. :'llucr a pred1ca1.: cor 
r4!~pvnd ~ lo "'"hJt .... ·~ ..:-Jrl ier re · 
tt'rred to .1S !hl' 11:,·1nf11·r..;Jr1]' <.·nter;,11: 
for th< t.1ble 1n ques11un 

In o rder fo r 1t to bt: able to 
Jccid"' .. ,,.h~thcr o r nc:u a proposeO 
updat~ is dcccptable for a g1v~n ta· 
bk thereh>re. •he DB~IS must be 
d\Vclr~ of that t3bl~'; ?redicate. ~o, .. • 
11 is. -.>t course. no t ?OSS1bt!i' for the 
DB~lS to know , .... :.riv what •h~ 

, pred icate is (or o given ta ble In 
the cJse ot b»• table CMPS. for "'° 
ample. th• DB.:VIS ha> no way ol 
kn0\\'1ng 11 rr1011 that the predicat~ 

is such that the row <E3F'111,02.30K> 
m 1..1kc) it trHt' and the rO\\.' 

<O.~.ll2.25'\> da<!S no1; it also has 
no .. vJv of knowing ~'a<ll\· \\1hat 
<~ rt.Ji ~ tt! rm s app;a r ing in that 
:>red 1cate m~an (:>u ch as " \vo rk) 
in " o r "t:arns") Ho "''eve r. the 
DBMS certainly .fo<, I.now a rea­
sonably close appro,imatton ~o that 
pred1ca1c. To be specific. it know> 
:hat. u a given row is to !>.! deemed 
acceptabl e, al l of the fo llowing 
must be true: 

0 The tW'= value must be a 
value irom th e do1na1n o{ t!mp loy· 
ce numbers. 

0 The £//AME va lue must be a 
value from the domain of na mes. 

0 The DEPT= value must be a 
value from the domain of dt!pa rt· 
mcnt numbers 

0 The SALARY value must be ,1 

valu e from the do ma in of w S 
currencv. 

a·Ell her the DEPT= Vd luc is 
not DI or the salarv is grear"r than 
JJK (o r borh J . 

0 The ™"" value •> unique 
'.\' lth r~spect to all :;uch valu~s tn 
th e :Jble 

in 01 her .... ·ords. ~"'r a ba!>e ~a­
l b le such J S EMPS. th< DBMS know< 

I 
all the 1ntegr1ry c:on.,tT.JJncs (col· 
um n Jnd tabl• con,tra1ntsl th•t 
h.we been docldrcd tl)r thJt bdse 
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,f, •u:c :he rDB\ iS-undt:>!". ~L'l'll.L ·nh.'Jr· 
1r. ~·· •'fa ~1\. en b11sc t.ibil..' tl) bt! t i~.._. 

l,\gtl:J.I .Ji'tO ,,t .lll \'.lllucn:l JnJ r.1t";\.' 
1,;,,n ... ::-.cunt., thc1t ,1ppl\ to th lt b~1 .. t• 

t1~I~ •JnJ 11 1~ th1~ 1r\!'.lti1r~:.; 'n,1• 
tht! DB.\ IS •.-.i11...-r.1.:.:-l .. ,·n ... r..:'-''r~1r 
;,.q:.~~J te 1 .... lt tt!1npt-..•d vn !i"' l' :i~1 "t: tJ· 
blc.: ir ~uc,··\•nl. F1\r -.:\.lrr.Fi'· :t- .. • 
r.1rmJI mc .. 1n1ng ill b.1 ... ~ lJt'!L' (r.lPB 
I> 

!. ~~ · f~ Elf>•,_)UM ~ND 

e ENlME l~ ~AMLJCIM l!IC 
e DEPT• IN DE•T•_DOM 4~0 
• S.ll.I•" !H US.....£UIR£N(Y...J)(M •~? 

( • DEPT• • ·01· OR t.SALJ~Y I 33( ~ J'll) 

IF e :..ur· • f EMP• 
rtiEH e EHi.iE • t ENI.IE 
H~1) ! OC'PT:s • r .OE?T• 
.!.HO t S.tlJ.nY • t SAl.lRf 

\\'~ \Y"ii1 refer to th is .:xprc:,~"'n­
lct U:) call lf PE-~ •ht t,:t-!. ,.,. ... : ..... i: · 

tor base t.1 bl c lMPB 
-'.::i.h.·: T\l rt!peat J ~ ,>O":><rv .. 1 

!ion. not~ how the r<>mJrks irom 
the ?rev1ous .1rc1cle 1n tl"1:, -;~·r1t•., 

serve to po1 nr up once J~a·~ the 
fundamen tal 1mportanc~ l>i th..: ri:­
lauon31 J ... •nrau1 concept. The :i:!.l· 
t1o na l vendors shou lJ be duini; all 
...... 1th1n :heir po\..,er to 1ncorpnr\1tc 
prop~r Jorndin support into tht:1r 
DBMS products. It is perhaps wur1h 
;>0int1ng out too that "propc' do· 
1n .. i1n ')upport" do~s •tut mean sup· 1 
por: tor the very strange con::.truct 
cJ lled .. d om•ins·· 1n the SQL .;tan­
dard. rnd Jf d$;de. 

To :e!urn to the main thread 
0 1 our discus~ion : ,.i.\s indica ted. for • 
th< DB;>.1S to be able :o decide 
·.,·hether ur not d given u?ddte 1;, 

•cceptoble "n a g iven table. the 1 

DBMS m.:st be aware of tht> table 
? red icatc tha t applies to the tabl .. 
1n quest11>n. :-low, 1he DBMS ccr-
t .. 11nlv is J\\'are oi the relevant prcd.i· 
cJte 111 !ho case o i a base table .• 1s 1 
\\e hilve ,ust ')een But .. -.rhdt .Jbout 
,f,·n~·ed t .. 1bles- for c"<a mple. ""'hJt 
J.bouc v1e\ .. •s? \Vhat 1s the tabJI! 
preJ1c,lte io r J deriv<d table? 

C teJr\\· . .,..,.t: n t!t~d .~ set ot 
rules such t~at if the DBMS kno\\ > 
iht.!' tabl~ pr~d 1ca tc(s.) for t h ~ in· 
rut(~• to ..iny rela ttonal 0peration, 
1: can d eJ ucl.! the !abl~ ?re<l1c..lt~ 
l-.>r rhe ou t:ut from t ha r oper.lt1on . 
Gi\·en •uc"' • set of rule> th.­
DB~1 S "ill th~n kno w th t> t.1blc 
fredtCl!e io: lll possible tabl~S. 

It is 1n fact quitt;? easv to 'ita:e 
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such a sot of rules- th e\' fl) l low 
irnmed1atelv rrom the d~t'in itions 

1 of the rcl•t'1onal vperators for ex­
ampl~. d A and 8 are an\ t, .. ,o tvpe· 
comoauble :•bles· and their re­
speci1ve table predicates are Pi\ and 
PB. the n the table pred1c,11c PC fo r 

i table C. where C is defin~d as A INTER­
SECT 8. 1s obvio usll' ~PA) ANO IPB); that 
is. a row r will appear 1n C ii and 
onlv 1( 1t appears in both~ and 8-
:hat is. 11 and only 1t PA(J) and PBlri 
arc both :rue. So tf. for example, 
""'(' dcf1nt? C iiS a v1ev.· and tr~1 to in· 
St'rt r i nto that v1e\.\o'. r must· satislv 
both th e tab le predicaie for A and 
the table predicate for B, or the IN­
SUlT will tail ' 

Here "another example: The 
table predicate for the toble that 
resul ts irom the following •csrr:c­
t1vn opcriltion: 

- MHfitE :ont11t1on 

1s :Pr. A/ill tcona.:mJ, where Pl 1s the ta­
ble pred1t<He for T. for example. 
the tabl e predicate for EMPB WH£RE 
SALARY < 40K is: 

( 1€ ) l >Cl ( SllARY < <(I( ) 

where >( 1> the table predicate ior 
[MF9 as detined earlier. 

We will leave the oable p redi­
cates co rresponding to the other 
reliit1ona l operators as an e'<ercise 
ror the reader. 

\\t> conclude this >CCtlon b~' 
remorl.ing that - although 1t is 
somE'\•.'hat 1rrelt-vant to the md1n 
the me o f this article-the overall 
daoabase has a formal meaning 
too ·ust a• the individual ba;e ta­
ble, Jo The meaning ol the data· 
bas..:-rhe lli.trar.1~· P"•·.'lih .1tt for that 
da cabasl'-1s essentially th~ logLcal 
AND o t ,1 11 individual table predi­
cate' !or i,(1~~ labl cc.; 1n th.lt data· 
base. tOi;e<her '"'ith all database 
cOn!ttra1nt~ :hat a?rl'" to that 

· datab&&'!tt: 
' 

I I I I I I 

EMPB •M•• ENAMe oePT• SALAAv 

Finzi 02 
Se1fO 02 
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ings of two tabl es overlap. Let A 
and 8 be anv two table>, with asso­
ciated tabl~ pred1ca1e> PA and PB, 
respectively. Then the meanings ol 
A and 8 are said m ut·trlap 1f and 
onlv u some row , can be con· 
structcd such that PA(rJ ond PBlri arc 
bo th true. 

Given this defin1t1on. our new 
design princi ple 1s now precise: 
Wulun a grren dataPa~. 110 tu'O d1s­
t1nct bu~ tai-h'5 ;hould haul' overlap­
purg n1eun1ngs. 

However, t'"'O very important 
corollJnes o( tht> pr1nc1ple are per­
hapi. not immediately obvious. and 
in anv case are worth stating ex­
plic1tly. The first has to do with 
tSOmorpluc tables. For the purpo...s 
oi this article, we deri ne two ta­
bles. A Al. .... An a nd B Bl. .... Bn ,, to 
be JSOtHcJrphic if and on ly if a one­
to-o ne correspondence exists be­
tween the columns 0 1 ~ and the 
columns of B. sav Al:81. ·-·An&. such 
that 1n each pair of columns At& (r 
- I . .... nl, the two col umns a re de­
fined on the same domain. 1\i(Jte: 
Two tables that arc type-compatible 
are certainly isomorphic, but ta­
bles can be iso morphic w11hou1 
necessanly being tvpe-compat1ble 
(bec• use type-compa11b1hty as we 
define it requires the two tables to 
have identical column names).' 

Here, the n, is the ii rs t 
corollarv: 

~ ·ru.., tab/« canr101 possib/11 
i1at'r Ot•l'rlappzns mta111ng~ 1{ lht•y art' 
not 1>0morplzic. 

It follows that o ur des ign 
princip le applies specifica lly to 
isomo rphic tables. Howeve r, we 
cau11on the reader that the tables 
1n quest ion Jrc noc necessar1I\' 
base t.1bles~ Rerer to the sectaon 
" Important Clanf1cat1on" later in 

th is 11 rt1clt-. 
The seco nd corollory follows: 
0 \.\<';,en a <tt'l'" rou· r i~ pre­

!-!'ntrd tor 1nsertu>11 111tt1 thl' dutaba .... e 
Iii.- 06.\.15 <lwu/cl Iv aNt 10 decufr :1•r 
u-::c•lt u.1iulh ta1'1t cit anv, rou· 1 br!l<nr,\f!> 

a:, a process of 1nsertt:-ig th,lt "''' 
znto tki: d1t!aha~1· ~ ratht!r than 1 nto 
some specific ti'lbl e), prov1d.:.'d th'-· 
de>ign ponc1ple,. fol(m ,·ed . 

1\.ofe: On being 1niorrn('d o t 
:h1~ po1nl, the re-aJer 1night v~ r,· 
well respand by "'1V1ng "So "hat"'' 
- relational languages alwav' re­
quire the user to speci fy th e ta rget 
table on an INSERT. so what is the od 
vantage of having the svstcm t-e 
dblc to figure out '"ha1 th~ tars~t 
table is? One an>wer to this qu<"'­
hon is that the 'pec1fied target t,1-
ble might be a t·1~tc Consider ,in IN 

SERT into a view. V. defined •• the 
union of two tables. A and 8. As we 
have discussed in detail e lse 
where,~ it is verv dt.?S1rable that !he 
system be able to decide ior 1t>elt 
which oi A and 8 the new row b~­
long> to. 

THE EXAMPLES REVISITED 
Now let us rev1s1t the ~·ample' 
discussed earlier 10 this art1cl~ 
First oi all , the CIM..£MPS ae<ign " 
clearly bad, since the meanings or 
the two tables clearly overlap But 
suppose ""e i,..•erc to redef1n~ tho~(' 
tables as follows: 

:J O*.A conta ins rO""''S for ~m 
ploy.,.,,; in department DI. 

0 Elcf'8 contains rows tor .,m. 
ployees not in department DL 

See Figure 2 for some samp l" 
v3J ues. 

The meanin11s of the table> 
now do no1 overlao Ho'""·ever. the• 

df5lg~ is str/I ~ad :f ihe 08,\15 ; < " "' 

aware ot that lac:; that 1s, 1£ the ta· 
ble predicates for the two tables a< 
>luted to tire DBMS do not inclu1fr 
the terms 

AHO e.OEPT• • 01' 
lNO e .OEPI• • 01· 

then the meanings st ill overlap J> 

far as the DBMS i• co ncerned. In 
other ""'ords, the word ''medn111g" 
in our design ?t1nc1ple rert~rs )rt.:· 

I 
c1f1call~· .:o the ·'mean1!1g" dS 11 
1> understood bv the DB\.IS-ot 
course-and nCtt necessaril~· to th~ 
n'eiln 1ng a3 undersiooJ b\' thC' 
u:,er. 

Wh•t alx>ut the lOl'ES-HATES ex· 
a mple? Well, here are 1he table 
predicates ior the desiisn as origin· 
,tlly given: 

OVERLAPPING MEANI NGS ' "· 
N\.1v.· "''~ can pin do\''" what "''(I' 

m€'an \\1hen \\'e ~ay t~ a t lhc.• mean· 
ln other word>, the p rocess 

of 1 n~erting a ro\~' cJn be regarded 
r.X IN PERSON$ ANO r y IN PERSONS 
• ror LOVES • 
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• I IN P£05')~~ Ulll r f IH P{RSGH'; 
• for HlfES • 

(" nere • 1s on <i.r> row). These 
• t\,·o pred1cac~s are identical. oi 

co urse and thertt fore most certain­
ly Jo {.lvcrlap'' fn fact. the exJmpl ~ 
is n\'\• realh: di(teren1 in kind from 
th• seconti' &~lPA-EMPS example. 

Here. bv contrast. 1s a rev1sed 
dt:~tgn that ·do~!!> not violacc ou r 
d,>ign principle 

CRU TE DOMAIN LJR....~ '/Ill.ES 
, ·10-.•es rtatts 

1 caEATE B•S< T•8lE LOVES 
( t OOMl lH ( PERSONS ) 

R i)()MA!H ( l_OR...Ji ). 
Y !JQUlM ( P£~ ) ) . 

Ci!EITE BASE ll6LE HITES 
( l »Ill N ( P£i!SeliS ) . 
•JOMA!~ ( L.JJIUi ). 
f Dl),llA!N ( PERSONS ) 

Tht.· t.1bl"• predicate~ are no \•v as 
h'll O~'~ (c.l nd should be so defined 
'" 1he DB~!Sl: 

r I IH PERSONS AHO r Y !N PERSOllS 
ANO r R • · toves ' 

· fee ,QV1;S ' 

r i IN P£RS0NS IND • ¥ IN PEl\SCllS 
ANO r R • · ~ates · 

· for ~Uts ' 

r ...... I n ~t:rt th t;:' I nformahon that Ro­
m~u ivv~~ Julit'L ii is now neces­
~ary :o t:"l:~~rt the ro,,· <Romeo.kr.-es. 
JulleL> '\Jotc-. ancide"ltall\·. that 
nl' lh1ng 1:-.i ... t,)pti1ng u~ from insert­
ing :hl! ro'' <Romeo.hates, Julrel > d:> 
'"'l•ll! ln t~1c~ the t\11i.'O thr~~·column 
1',1,e 1.1blc> lOVES and HATES might a< 

, .... ·II no,.., be rt!pl,1ced by '°' sing le 
ba~ tabl.._• th.it 1~ ~h~ union or t he 
t\,·c.~ (f \t' ''<:i'"t' 'Or d1t• r,-.1J,•r: \\"hat 

'' ,, uld the C<)rrC'spond in g ttlble 
pr.:dit.:ate be'l An an.ilogous r1..•· 
m.ir~ a,-plie< to the >..cond EMAA 
(',1p9 t>\d "'' rl e. 

' ' 

EMPY f..!!:'.:.... j 
I ~~ I 

e> 
e• I 
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IMPORTANT CLARIFICATION 
Solar we can sum up the messag~ 
of th1< article as tullow>. Whe:i· 
ever vour databa<e dcsi~n include> 
twn d1st1nct bacoe 1ablt"'S thil t .:ir~ 

isomorphic, be sure thal tht' DBMS­
u nJt'rito'->J m~an1ngs oi those .,,.,., 
tahles Jo not ovcrl.i p This rulC' cor 
d1sc1pline) 1s easy ro s1ate and ap· 

I ply •nd it would be nice if matter.. 
1 stopped r ight ther~ Unfortunate· 
l Iv, however, we have so ta r over­
! looked one imp<>.,ant r.:imific.1t1on. 
I Con>ider the table~ £1,'fX and ~ 

sh oi. .. •n 1n Figurt:4 3. 
I H should be clear th,H Fig ure 
I 3·5 dt»ign is bad . because or the re· 
I dunda nc'' it 1mpl i e~. Here . ho'-''e\'· 

er. the ov~rlap Jn mea ning occu r;, 
I not l>.!twcen the rwo cables EMPX 
I and El-/PY. but ra1her b<:twttn ~he 

I 
I 
I 
I 

t \l\•O prt'lt't'Uo11.-: of thos~ tables ov~r 
£JM':: and EHAr.'li. CleMh·, thererore 
we must extend our de,1gn pnnc1· 
pie to dea l .. vith '>uch a "ltuation. as 
follows: 

Lt'! A a11d a f•e 1!1!11 t~c'1' [1.1 ... 1• tr1-
blc . .; HJ flu• duf:Jba.-:,• Tl;cll :llt'rt• tnll"-f 

I 

have- p.1 r tJ,1!1v ove!'l ,1pp1n~ mc.\.'ln­
'"8), ,: r,•r::,1,.r). 

1 CONCLUDING REMARKS 
To cl~e. h,•t us or,1n1 o ut sonH? t rn 

I portant cons.eq~enc~s of the- ? r!!· 
ced 1n~ di .. cus'>1ons: 

I R~,1dtrs might be lemrteJ 
to think •har 1.lur ne""' design prin · 
c1p le l~ very , .... b,•1ou' and is ;e'll~ 
1ust cnrnmon -;c-no;c- .\nd 1n it ,,.a,· 
!hev would be nght. But !he p nn · 
ciples of norma1iL3t1un !~ u ch d:o 

t h ird-normal form. dnd '><l rorth 1 
1 ,lre l ike,.,.1s0 "(lb viuuc:. and 1ust '°")m­

mon sense" The poi nt 1S, h1)\\.·('v~r. 

that the prinCJpl°es of norir.aiiL>· 
tion t0:1ke thes~ common ~:'IX" idea-, 
and pror·:,1e :1 prt'Ct<f:(', iiCCuratl• · iu~r 
a(ttri:..lt ~t>rt ~H :la:>~· ;ntuan·r ,_ l11:(~·pf ... 
In a simal,1r manner. ou:" ne\ .. Ce· 

1 sign p n nc1plt• provides a prec:se 
accurate- characteriz,1 t1on of certain 
ad ditional intuitive concef)t~. 

2. 1.\.·~ h ave not onlv ~ncoun· 
tercd genu ine database ,ies1gns in 
"'h1ch the p11nc1ple h.i< t>een 
flouted (despite the iact :hat tt •> 
" rcall v JUSt common ~~ ns~"}. '-''c 
have ·also encountered da tdba::;..,• 
?ractihone:-s .:and Ja~abase ''!?'(pcr~s 
wh o h3ve expreS>I\' recommendcJ 
ilou1i ng that p rinciple. Indeed."'" 
have probably all >ee n design> 
such as :he iollowmg: 

l ti! Vl11ES_!8 ENTRY•. OESCRIPTiON 
'1flt l!Xt~I •tc111/1l~~ 4ft_'C1>1up <l"lfhl1!< ,,f A 

and 3 "''" Al. A2 •... Am .u11I Bl. B2 ..... Bn 
(r~pt>i.lli:t'l!J) ..:util tltat tlt'f' dr<ttn«·: , 

U«llllT HEU•llHCE ; 
iC!IV l l!Es..Jl9 ' £HlRY• OES<RIP!!O~ 

IMOLIHT. ~E'<-3ALINCE '. 
I pr<•1ccut1115 u1 the ''-'! Al. AL . Am. Bl. 

I 
82. .. , 8n iiar•e tlt•e,./ap,t•1us nh'tlu111,\' " 

Bv the term .. nonloss decom· 
position" (ot some given tablt>J, we 
m ecl n a decomposatlun of that CJ· 
ble-.iccord1ng to the \..,·e11-kno\ .. ' l1 

principle") of normalization-int<' 
<l set o l prujc('tion~ such thot the.• 
g ive n table 1S equal to th..: 10 10 0 1 

thow pro1ect1ons. 
. \ .. t1t,- Thi~ retined \·er~hln cu 

ou r di.:o!>ign pnncipl ~ 1n tile! su~­
sumes th!! ong1nJI \'~rs1on, bl.;'CJu~e 

on~ "nonlo~~ dec,1rno(1s1titln • \lt 
I any given r.1ble f ic; th(' set 0 1 pro-

1ec1 1ont. -.:vns1s11 ng o r ruc;t rh e 
"id~nt1ty pro1ec1 1o n" T 1t-.el l. In 
otht:r i. .. ·ords. if .. , t.> agr~ h1 ret.:r t(' 

table.;: t h 11 t have pn.11ectil1n.., \11i.'h<l'-C 
m~an1ng ... ,,verlJp a:-; ha\' 1ng m1.·an­
ings that r.1rt1.;ll:i (\\'er1.1p. thl"n :{\ .. 
ta! ll\'t: rl ,1p 1!t 1ust ~t ~p~c1al case.• 
lthJt "· t'"' t.1bks that have ttHJI· 
l~· ov..-rla?ping rnean1ngs c~ rcainJ\· 

,~ill ,~.J.; 

;2 

1c;1villES..90 E'fTRY• OESCR1P·10N 
l.l40UNT HEW lllHCE , 

IC!IV!TIES...91 ENTRY• OES<RIP !!O~ 

IMiJl'll 'iE1L..31llHCE : 
lt' !VlllES-92 EMl~Y• DESCRJP'ION 

AMOUNT, .~ELJillNCE 

ICTIVl!IES_93 ENTRY• OESCR!Pl!ON 
!IO..lll MElU!ILl~tE ' 

ilnd s1.> iort!1-1n i.,•hich act1\'i~1~ .. 
for different ,·ears arc l..cpt in dn 
rercnt tablt!S. 

l In a 1.:h.~s1gn c;uch d.S tht:' ilnt.> 

1h,u \o\ .. 1s 1u;o;1 i llustract;'d. pa rt 0 1 th i.:-
11:i1orm,ll, u~r-undcrstond-bu t-fl(\I · 
DB"-l>und.:~u:X><i' medn1ng of ~ht: 
JatJba"le is ,·•rt,1d1·,t PJ :ht• : .ii•\ 
1:.unt::-. Suc.:h J d1o.•s1gn c.1n thut. b1.' 
'K'\'°1 .i' vu:-il.l: 1ng C\)(]c· ... ··1ntorm.1· 
ll0n Pnnc1ph.· ·· ,,·h1c.:h 1...an be "itlt• 



O ur dL"·'l~rl rrin~1pl t.> -,lt h.•,1<5t. 
~ht.• p.irt oi tC thclt r .. ·comm .. ·nJ::t 
.lj.';~1 1 n .. : ·h~ U!'-l' ,1t nJmc..; in •.:>rdt:>r 
h1 ( .. "I rr\ 1n~..ln111~ -~.lt\ :hus bt• '~t'n 
,lo;. ..i c, ... ,,-.uarv f.lhht.>u~h nut.> vt'n: 
,,bv1uu.., ,1 ne1 o i Codd., Jn1urma­
l 1v n Pnncipl t:. 
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1s a d1{tto1nc union 
is e n1 ptv 
is t!qun l to J. 

; Adherence to l)u r pn nc1ple 
Jlso h,ls the Vl!ry d e~1 rable cvnsc­
<]u~nc~ chat the rule• Cl)r updatlng 
union. 1nterse("t1on, .ind J.ificrence 
VIC \VS " 'Ork Vttry \Vl..! 11 .ind n~ver 
produce "';urpnsing results'" 

b. One rtnill 1:nif r·erv 1111111Jr­

tnnt r('m,1 rk: Th~ nf!'i.v design prin­
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Jes1gn o r what m1gh< be called 
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