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BY C. J. DATE Al\;D DAVTD :vtcGOVERA:-.: 

Though attention has been paid to sonze fonns of vie-c.u updating, it's 
tin1e DBMS and SQL de-velopers gave equal energy to otlzer key fonns 

• • 
a 1n n1on, 

ntersection an 
• 
1ews 
A VIEW IN A RELA­

tional system is a 
named table that is ·derived in 
svme \\'3\' from one or more un­
derl ymg .;amcd tables-ultimately. 
from one or more underlying base 
table~ There is no need to go mto 
dcta1b here on why view support 
1s desirable: suffice it to sav that it 

1

15 (and ,1Jwavs has been) an objec­
h\·e that. fro m the s tandpoint of 
data manipulation operations, views 
should beha,·e d> much lik~ base 
table:. as posoible. 

It 1s well known that view re­
trnr.:nl operations-Sll.£CT operations, 
in SQL terms.-Me s traightforward 
fat !ea" theoretically. though SQL 
hd:io hJd 50mt! n.lsty su rpr1St?S 1n 
this .iren tn the past). Update opera­
hons are a diffe ren t matter. how­
e,er. Indeed. the SQL standard. 
current SQL products. and c,·en 
much ot the r~>earch liter.Hure. 
have all treated view update 1n a 

I fairlv ad lwc manner. It ., nut at all 
unu,ual. tor e'3mple. to tind that 
a ~"en DB'.\15 wtll 

:::J Prohib11 updates on a \' iew 
that 1s )ogic.11ly upd.1table 

0 Permit updates on a view 
that is logically not updatable 

C Implement view updates 
tn a logically incorrect way 

0 O r (most likely in practice) 
do all of these thi ngs, d epending 
o n the circums tance. 

The lack ol a •ystemahc ap­
proach to the problem 1s further il­
lustrated b)' the undue e mphasis 
that has his to rica llv been laid o n 
restriction. pro1ection. and join 
vaews.'1!•"" Uruon. tntersection. and 
d1Herence v1~ws, which Jre-or 
should be-•t least as important m 
prnctice. have rccei ved compa rative­
ly little attention. 

We ha' e re<e"ltlv dt!\'eloped 
a >)'St<'matic and formal approach 
to the view updating problem. In 
this article, we present an mrormal ~ 
introduction (<'mphas1s on .. incor· -
mal"l :o that tormal approoch. We i 
abo 1llu>tracc the approach as it 1• 
app lies to unron. intersection, and 
dilierence views specilic<1lly. Joins 
and other kinds of \'1ews will be " "' co,•ered in an arucle to appear in i; 

the August issue o f Oalllb•1$t Pro- ¢. 
srnurn1hrg 6 o,·~i~u . I 
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INTEGRITY CO:-ISTRAll'\TS 
Belor~ "-'e can gt:'t 1n 10 tht> sp~cti· 
JC~ of our a oo ruacr .. ,....~ nceJ to lav 
.-,.:'\m~ grol.:njwo'k The i1n.t ?O•Ot 

I -and 1h i> one is absolutely cru­
cial- 1~ that tverv table has Jn in· 
terpret.1tion " ,;,eaning. In order 

I I I ' I I I I I I 

Every table 
has an 

interpretation 
or meaning I to expl41in thlS ?Olnt, ,_..,~ must first l 

d1gres; tor • moment to consider 
the gen.eraJ 1s:>ue of H1tt:3r:t11 c,,,,_ then th ey must dJso hdve the same 
'''"""" For the purposes of this !NAJI£ value, the same DEPT: value. 

I 
discussion. it 1s ~onve n 1cnt to clas· i and the same SALARY value-in oth· 
silv such cQnSt rain ts into !hr~e er .. ,,•o rds. thev rnust be the same 
~ands. namely column constra1n1s, 

1 

ro'' {th1~ 1s 1u::.t a long, .. •inded way 
1able constraints. and database con· oi sayi ng that EMP:t is a candidate 

I >traints.'' as follows· key). 
0 A column constrai nt states I As1d1': :-Jote carefullv that we 

1h,11 the values appeanng in asp~· talk of table constraints in general. 

l 
ctlic column must be drawn from not JUSl base table constraints. The 
~onte specific Joma1n. Consider the I point 1~, iJf! tables. base or o tht?r· 
employees base table: wise. arc sub1ec1 to table con· 

I I 
straints. as we will see later. End of 

£.If' ' Ei..'. EHi.ME. DEPT• SALARY l as1d•. 
0 For the purposes of tl\ls ar· I (see Figure I for a sa mpl e tabula· 

I 
tlon). The columns of this table are 
subject to the following column 

I 
co nstraints: 

t EMP• IN EMP•_J)OM 

I 
e. EHllE IN HA.11"....!IOM 
e :JE?T • IN llE?T • ...!ICN 
!, SALARY IN USJl.!IRENCY.JJOM 

I Here e represents an arbitrary 
ro w of the rnb le and EMP:: _OOM, 

l 
llAM(_()(}'.I, and so on. are the names 
of the rele vant domains . Note: 
Throughout this article we use a 
modified form oi conventional 

I SQL syntax. for reasons of si mplic· 
uy and exphc1tness. 

I ticle we define a database to be 
some user-defined (or OBA-defined) 

I 
collechon of named tables (base ta· 
blcs and /or views). A databa<~ con· 
straont. then. states that the data-

1 

base in question must satisfy sonH? 
specific condition . where the con· 

I 
d1t1on 1n qu~s11on c;in r~fcr to as 
many named tables as desired. Sup­
pose the databa"" containing base 

I 
table fMP were e'tended in order to 
include a deoartments base table 
OCPT. Then :'he referential con· 

I 
strai n t from EMP to DEPT would be a 
database constraint (referring. as 
it happens, 10 exactly two base 

I tables). 
Here is another example of a 

I 
database constraint (a lso referring 
to the same two base tables): 

I d.BUOGET ) 2 • SIM ( e '#HERE e.DEPT• • 
G DEPT• SILi.RY ) 

1 .4~rdt-': Lnlike co lu mn con· 
stra1nts and bas~ table con)trajnt-, 
which can alwavs be checked mi -

l ,ued1at~lif (!hat 1S, after each ind1 
v1dual update operauon). datab3'e 
consrra1n1s mus1 - ar leas1 concep· I tually-be dc:e-.t!I (that is. checked 
at end·ol-lransaction). In prac11c•. 

I there will be many cases in which 
database constraint> also can be 

· checked immediately. but tho> 
j rype of "early" checking should be 
I regarded princ1pallv as nothing I 

more thiln an optim1lation . End Ill 
astdt. 

TABLE PREDICATES 
!\ow we can get back to ou r d1>· 
cussion of \vhat tables n1ean. As \ .. '~ 
stated previous! y. every table-be 
it a base table. a view, a query re· 
suit. or whatever-certain ly does 
have an associated meaning. And. 
of course. users must be aware of 
those meanings if they are to use 
the database effectively (and cor· 
rectly). For exa mple. the meaning 
of table EMP ,. something li ke the 
following: 

"The employee with the sped· 

I lied employee number (EM'=) has 
the specified name (ENAM(). works 

I in the specified department 
(Oil'': ), and earns the spec1hed sal· 
arv (SALARY). Fur1hermore. if the de· 
partment number is DI. the:t the 
salary is less than 44K. Also. no 
two employees have the same em­
ployee number:· (This statement 
is not very precise. but it ,, .. •il l 

I serve us for the moment .) 
Formally. this statement is an 

example of a predicau. or truth· 

I valued function-a function ot 
four argu ments. in th is par1icular 

0 A tab/, constraint states 
that the rows of a specific table 
:nust satosfy some specific condi-

1 t1on. where the condition in ques· 
tion reiers soltlv to the table under I consideration ..:that is. 1t does not 
refer to any other table. nor to any 

I domain For example, here are two 
:able constraints for the base table 

I 
case. Substitutong values for the ar­
guments is equivalent to :'n'Ok1'Jg 
t he funct ion (o r "ins tant ia ting" 

I Here d and e represent an arbitrary I th• predicate). thNeby yielding an 
OO'T row an d an arbitrary EMP row. express io n that eva luates to either 

I 
respect ively. The constraint says true or false For exam ple. the 
that every department has • bud- l 'ubstitutoon. I illP 

I 
1 IF e.OEPT• • 01' THEN e SALARY < 441 
2 IF e .EMP• .: • OF~ 

-•EH e.ENIME . r ENIME 
lHC e.0€PT• • f DEPT• 
l'IO e.SILARY • f SALARY 

The first of these constraints sav• 
that emplo)·ecs on department '01 

' must have a >alarv less than 44K. 
7hc second ~avs thdt 1i two rows e 
and t have the same EMP= value. 

get that is at least twice the sum o f 

I a l I salMies tor emplovecs in that 
department. 

1-_---
1 

DIP• E NA.ME Dl!PTM SALARY 
·~ 

l!t Lo,,.., O t 25K 
1!2 C'heftll Ot 421< 
113 Fln•t 02 30K 

I EC S..Ho 02 ..... 

aP• • E1 

I E~AME • Lopez 
OEPh • ·01 I SILi.RY • lSC 

v1e!ds the valut' :nu· l the substitution. 

at>• = £1 

I ENIME • lDDey· 
DEPh • ' Ol 

By con~ra)t 



\ a•IJs thl· \,l Ul' •,:: .. t• ..\rJ Jt 1n~ 
ta:;l\·t'n timt!. \'' ,,\1ur ... .._. the iablt' cun· 
1¢11ns e\,1c: i~: tho.,t• r"-''' 'S thdt rn.Jke 
the p r\,!d tC.lttl t;!V,llu.lte {0 'rift' clt 

thJt tin1e. 
It tvllow> from the ior"going 

thil~ u· ,f,Jr t•\Jmpl'"'' a tO\\ 1~ pr~· 
..,e:itt"d a~ J ~Jnd1J.tt~ :or i:is~rt 1o!'l 
into som" 1ablc the DB\·IS <houlJ 
.1ccep1 that ro" \lnh· 1f 11 '1l'l"'!t not 
~ause the corrcspo na1 ng prt?d icatt! 
to be v1oldtt!d. ~(o re gene ra l ly. the 
predicotc for a g 1 v~n 1.1ble repre­
sents the 1.nt1..·ru,111 tor updati· a.1.'t..'ept 
11t-:i'rt1.1 ior that table-that is. 1t con· 
~11tu1es the cr1ter1on for ..:.~1d1ng 
'"'hether or not '-tome prO?OSCd up· 
Jate is 1n fact valid (or at leas t 
plausible! for the given t>ble. 

For 1t to be ,1bk :o decide 
\vhether o r not <l p roposed update 
1s dcceptablc tor a give n tab le, 
therefore. the DBMS needs to be 
.iwMe of :h" predicate for that ta· 
ble. Now. 11 is 0 1 course not poss1· 
ble for the DBMS :o know exac:lv 
whal the pred1cat~ 1s for a given 
iable . In the case of tab!" El.W, for 
example, the DBMS has no way o f 
knowing 11 prtl•r1 that the predicat~ 
" such thdt the row <El.Lopez. 
ll25K> make~ 1t true dnd che row 
<E'..Atl!eyDl451'.> Joes :ior; it also 

What is the 
table predicate 
for a derived 

I table? 
I -,tra1n1s (column .inJ cabit" C"'"· 

-,.:ra1n1s) !hat h.ivc be-en Je-clart?J 
tor that base tablt! Form~tll\·. tht're-
fore, \.'11.'e <Jn dl·fut1' the (0B t\,IS­
understood; "m~aninb" o i ~1 gi\'t?n 
base table to be the log1col ANO ,>1 
Jll i:olumn constr,tlnts ,1nd table 
consrra1nts that •ppl,· to that base 
table (and 11 is this meaning that 
the DBMS will check whenever an 
U?date is attempted on the base ta· 
ble in question) Fur e•ample, the 
to rmal meaning of bai:;e table £WJ> is 
the f0llowing: 

e Ell'• IN Elf'•..Jl()M IN() 
e EMllE IN N.lllE...;illll &llO 
e .OEPI• IM iE'l •..J)QI .utO 
e Sll.lRY [N USJ!JIRE1'(Y_!)ON lNO 
( IF e.lE?l• • ·01· THEN t SALARY< 44( ) 

IND 
( IF • .~P• • f E!of'• 

!HEH e.EHll4E • f ENAME AND 
e ,OE?T• "' t OEPT.s UfO 
e S.11..1/tY •I.SALARY) 

has no ~·ay 01 kn0\'11ng t?'<dCtlv \.\i'e \"111 rett>r to this e'press1on 
\''hat certain terms appearing 1n -let us call tt PE-as /lie ~atile predi· 
th•t :ired1catc (such as " works in" ,.,11( tor base table EM'. 
u r "e.arns'') rcallv mean. Ho\'vever. A:;rde: lncitlt'ntally. note hO\\' 
the DBN-15 certJ

0

1nlv does know d our prev ious remarks puin t o u t 
rC'asonably cJo.,~ Jp

1

proximahon to once dgain the fund,1mental 1tn· 
thJt predicate Tu be spec1f1c, it portance ot the relational J,1uu1ur 
lnows that. if a g1ve:i row is to be concept. The relattonal ,·enJors 
1.lcemed acce?table, all oi the fol- should be doing all that i> wtthin 
lowing must be :rue: their power to incorporate ·p<'oper 

D The EMP= value must be a domain support into their DBMS 
v,1 lue from the domain o f e mploy- products. It is worth pointing (lUI 

rrcJ1l'..lt..· :'•r il l p1• ... .... ~ 1t· •.l::'ll,_ --. 
JnJ ' ' 111 :l'"u' ~ .. t~h· .,, Jc\.hJ,. :t·'-· 
J"cc :i:Jbtl1ty '"•r ·•th l·"''' ... c ~ ' : l r_ ,\ r­
blltJt\ uodJtL' nn ,H~ .ll'~1::-.1..-'. t ,l · 

bk· IJCrl\:l!J ;l r b,l..,1.:I . 
fl I:> Ill t'J(t \L'r\' l. , .. , !P .. ~.Jte 

... 1,1cn ,1 "'-': \'£ ruJ..:..,:__·t·,.,. •pll. · ~\ 
mmcdt.llt.· !: t'r1.~m Ii'-· l .. :: n ~h 111 .. 

.>t :h,· tl•t..itaunal ,,~cr .. u, •r' r 1•r ""'. 

.ltr: ? ltt> H:., .1!1...! 6 d;C ,\ "\\ !\' ' ' p.:pe• 
1 \. t,m;-i.i:1blc- 1abl4::, .lrd ' f'-t.:i r rt..·· 

.,pt->Ctt\\.' tJblt- prt'du:Jh!' ,1rt" P.l. ,1·1J 
PB. then the table ?red1~~tc PC tcir 
t .. lblt: C, \\' here c IS dt.'J1ncd cl:,:. tlTER 
S<C" S. 1s obv1ous lv :PAI ANO 1FS;; t l:,u 
t) •• 1 ro,,· r \\'ill appear 1n C u Jr.J 
\>OI\" 1t' 1t dooears 1n both A .1r.:c 
8-thJt 1s. 1i ~and \Jnh· 1i F.\rr1 J n..: 
P8to are both t,.u..,· So 1r ro r e\ · 

J Jm~le. \''e Cetint? C J., J v1t~\, . ,l:"IJ 

1 lry :o 1nsert r into thJl \'I\.'\•• r mu~t 
s(1tis tv both ~he tclblc prt:d1i;.1cc I<': 

A Jnd thC' table pred icJtl! r'l'r 3. l'( 
th~ INSERT will fail (s"e th~ -~cta>r 
" l..pJating lnte rSl!CtiOn> •nJ Dir· 
rerences:; . later 1n 1h1) Jtcu:h.~ ll"': 

further discuss1onJ. 
Here is ~nother \!''Jm~I~· fh.: 

rable predicate for rh~ rat-le that re· 
~ults from the rc-:,rrrl:1tJ11 op~r¢1t1on: 

r WHERE cona1t1on 

" .Pn ;ll;O (C<l<llJlllQlll. \\'h<re PT,, the :.1-
ble predicate ror I For "'ample 
th~ table predicate for [.'llP ~IHE 
ll(P".:: • lll' is: 

( 'E ) !NO ( OEPT• • ·01· ) 

,,, n~re P£ is the ~able predicate ior 
£MP JS ddined earlier. 

Stating the table predicates 
co rrh;>onding to the l)ther reb­
:1on11I operators 1s lett as an e'l?r· 
ci.:;l?' for th~ reader. 

<e numbers. too that "proper domain s upport" FURTHER PRINCIPL ES 
:I The [ NAME value must be J here does 1101 mean support for the 5e\'er.1 I tu rt her principles must be 

val ue from th~ domaln of names. very strange construct called ··do· <;Jt1St't~d b,· anv sv~tem;at1c vit- .. " 
:J The [){P·: value must be J m,uns" in ~he SQL standdrd! E,:41 ,1: upJdhng ~t!'chdn1sm Sp.lee JOt>!t 

value from th~ Jom<un Qf dep.irt· 11>1dr!. not oerm1! much ~ldborauon l>n 
m<nt numbetl>. So much tor ba<e tables. But th•-~ ?nnc1?les here. bur most o i 

0 The SALARY vJ lue must bt! J what abou t dt!rn11·d table'!t-1n par· lhl.'m ,\ rt' rt>ddll\· undcr-;1a1idtlOlt? 
\'Jiu~ fro m thi:' duma1n o f U.S. t icu lar. '""hilt Jbout views? \·\ ·hat is on 1ntu1t1ve grounds ,1ny"'-'.:l\'. 
-:urrencv. the table predicate for a .. knved I. All tables must be genu ine 

D 'rr the DEPT:; va lue is Ol then table? C learJv, wt: need .:t s~t \Jf rcl.1th')ns - t h c1t is dupHcate rO\'-'S 
the sal.,.1r\' must be less than ~K. rules such th~t 1f the 06~15 kno\,·s ~1r~ not p('r m1tted 

C The ~\IP:: vJlue is un1qu~ the table predl(ate(>) ror the in· l The upJat.ib1litv '" other· 
\\.'llh respecl ~o Jll such Vdlues 1n put(s) to any reldluJndl Opt?rauon. '' 1:»< ot a given v1e\\· is '1 :.e:nant1< 
th~ tablt! 1t C.ln deduce 1he t.tble predicate l'.'}"'U~. not a svntacuc on~-that 1s, 

Jn other \-\ QrJs. tor a base ta· for rhe o urput from that op~rat1on 11 must not de0end on ·ht! o-:irt1culJir 
ble such JS EMP, th~ DBi\-fS JI ll•ilst G iven s uch a ~t?t o r rules. the ll')rm 1n 'A'h ich the \'i~w Jci11·11uon 
1..no\ .. ' S all ol th~ inlegrity con· DB~tS will th~n \..no "" th(' tablt' h~lppt.! ns to be :;)tated. For (''\J!nple. 

~~~~~~---'~~~~~~~~~~~~~~~~ 
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tht> tol h.nvlng: !\\'O v1 ~\\' c..lct 1n1t1ono., 
dre se1n~•n·icJll\' 1den~1"" .. ll 

CREATE 'llEW V >S 
' 14P ''HE~E CEPT• • )1' JR SILARY > m 

(>En m w 'I AS 
( EMP MHERE OE?'• • 01 ) IJNJ()~ 
: Elf' MHERE SALi.,~V > JJK i 

I 
Obv101.1)ly. both o f th~:h.' V U!\\'~ 

'hould be upda table The SQL Stan 
dard. however. and mO!'l oi toda\·· .. 
SQL pr;'>due!s, adopt :h~ ,,,t ;'"" po-
c:;1t1on that the f i rst is updJ lablt: 
and the >econJ r> not. 

3 I! rollows from :he pre .. 
v1ou~ 001n t tha l the vie\'' updata· 
bil it \' ; ules must \vork correct l\· 111 
the ~oec1itl cas,e ""''hen the "v1e\, ... 
., m 'ract a base table. Thos os be­
La use Jn\' base table 8 I:, S~mantJ· 
cally ind istinguishable from a v1e \'' 
'I that i> defined as 8 IJOl 8. or all>-
1£RS[C7 a. or a 1.w.is C (if C os another 
base table that has no row > in com­
mon woth B). o r B 'NHERE '"""or anv 
oi several other expressaons that 
are 1dent1cally equivalent lo rust 8. 
fh us, for example. the rules iur 
updating a union view, when ao· 
plied to the ,.,e,, V = S UIO 8. mu.i 
\'1efd tt\actl\· th~ same result as d 
1he upda tes had been appl ied di­
recth· :o the base table 8. 

4 Th~ :ules must preserve 
~Ymmctry ,,.hC're appl icablt!'. 'For ex· 
a mple. the delete ru le for an inter· 
<t('C:1on VI~\'' 'I - A 1Ni£RSECT S mu~l 
not ar~1tra r1J,· cause a rO\'\' to be 
de!etC'd tron~ A a nd n vc fro1n B, 
eve n th,Jug h >uch a o ne-sided de­
lt!te \,·ould ce:l•unly have the ei .. 
fec1 0 1 delenng the row tro m the 
v1t:"w . l n~acaa, the ro,,..· mui;t be d ~­

kted from both A and 8. 
5 The rule) :nust :a '....e into 

.iccount an\' applicable trrggered 
<\Cttuns, i;uch d.S cascadt! OEl.CTL .\ '11fc· 
For numerous v.1ell-documen1ed 
:e.J~On>. \'\'e ,..,•ould preter such 
1r1ggere-d action!' to be '"r<:cit ied 
,fft:1':,r.1t1:·c/v. ratht'r than prO~t!'dur· 
.tih· HO\\'t!''·er. the v1e'A updating 
rules I'-'' "('. do not 1rnp<ht.' an~· ::>UCh 
r('quin .. ml'n t. 

n 1:or re<l !>L>ns o l ~i mplicit\' 
Jmon~ t.nhers. 11 11• d~1rablt" ~o rt" 
gard UPOArF as <horthand to r a DELCTE 
lhenlNS(Rl >equ<.'nc:c (that"· tUSt a; 
,•,:nt~1i.:t1c ~ugar1. dr'h.l "-'e \\0 1ll :t0 r<>· 
~arJ It later 1n this ar'1cl~ Tht' 
'horth.lnd is ,1t.:CE'ptabl t' l'r1~:·r.ic11 it 

1 ... undt.~r..,cood thJL 

The rules Cannot specif,· the op<r•tion< 'l• be ·•r· 

I 
ploed to the tablets! on which V " 

assume that the ddin.,d. And those ru le• mu>! 

I ""'Ork correctlv ('Ven \\'hen tho't .. 

database l•S HMllll underlying :ables arc themsel\e, 
WIJ1j j derov"d table' r n :urn. In oth,•r 1 

desl·gned words, the ru les mu st be capo l>le 
· of re..-ur:-IPC a,1µ/icat1()n, 

D :0-:o checkrng 01 table predo 
cate> " done " on the mrdd le of" 
1ny glv('n update; thJ t 1s. the ~'(· 

pan,.on of UPOATE is O(l[T[.ll<Sl:U 
check. not oa.m check·INSERT·ch eck. 
The rea•on is. ol course. t l·t.11 the 0£. 

I LITE portoon mrght temporaril~· •·10-
late :h" table Drt>dteate whole the 
UPDATE overall does nm. Suppose la­
ble T co nlai ns exactlv 10 ro ws. and 
consod~r the effec: of ''U'OATt row I' 

1 on T u T's :abie predicate says that f 
must ,.:-onta1 n .1t least 10 rows. 

:r froggered actions a re l ike· 

I \\'1se never performed "1n the mid· 
, die of" "n'· given updote (in fact 

they (l rL· done a t the e nd. immcdi· 
a tel\' prror to the table pred icate 

I 
check1ng1. 

D The sho rtha nd require> 
some , 1 ig h t r~iinemen t (beyond 
the scope oi this amcle) on the ca,,., 

I ot pro1~tion v1~\'\o'S. 
We remark thao lreating LI'· 

OAIEs as OEl£TG-thcn-INSl:RTs om plie> 
that we regard UPOAfEs as replacing 

: enttre rows. not as repl.ictng 1nd1· 
v1dua l values w ithin such a row. 

i All upda te operat ions <.-'n 
views are implemented by the 
same kind of update op~ratoons on 
the und erlying t•bles That is. IN 
SERT> map to INSERTs and 0£l.rr£s to 0£ 

I 
IrEs ( >- e can ignore ll'OATEs, thanks 
to the previous point ) For s u p· 
pose. contrar1wis<', t h il t there is 
some lo.ind of VI~\,. -sa\' a union 
voe" - ror \\'h1ch (s.:iyl riSU!Ts map 
tL> DEl.£T£s The n ot must follow tha t 
INSERT .. <''.' ,; l•11..:1.• t;:[1f,· must al sC'I 
50m\':1mes moo to OElfTU-becaus~ 
(as already ot;:,erved under point 
3) d1~' base tab le 0 IS Sem ,1nt1Cail\' 
iden t1c.,.i l to the un1un Vil'"' V - B 
:t;a)N 8 "'" a:ialo~ous argument ap­
pitt>.., IC' ever\· C\ther kind oi v1t;>W 
als.._.., ( rc~tnct;o 11 . p ro1cct1on, inter· 
se<toon .md so on) Th< odea th.1t 
,1n ;NStRT on a baw !able might real· 
I)· t>c ,, DELETE we take tO be sc lt · 
.._~vidt> 11tly db~u rd. henct!. it is o u r 
pos.1tu')n that (to repeatl WSERTs mJ? 
to lNStRI' ,md 011.t(s 10 Oll£"Es. 

S. 111 gE:-n ~r;il, th !! ru les ""' h t:n 
.lpp-li\.'d tu J g1\'~n VI~\\' v \\'Ill 
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9. The rules cannot assumt"" 
that the da1abJSe os well desigm•d 
(fo r cxa molc>, ru llv norn,ali lt'd ) 
Ho .....,·ever. Chey m1Sht on occasion 
produce a sloghtly surpnsong re­
sul t of the datobas ... 1s "°' wel l de · 
signed - a iac t that can be <een 1n 
itself as an add111onal argument on 
support of good design Later rn 
this artocle, w e will give some ex· 
amp les of such "slightly surprr<­
ing results." 

UPDATING UNIONS 
The general pronci?les artteulated 
in the previous section apply :o all 
kinds of updates o n all kinds of ta· 
bles. In part icu lar, they apply 10 
updates on joins. restr1ct1ons. pro· 
jechons, and so on. For the re· 

I 
ma1nder of th is a rticle. however. 
we concentrate on tht! question oi 
updates on unions. onters<>ctoons. 
and d ifferences specofteally (un· 

I ions in this section, intersect 10ll) 
and d ifferences in the next ). W< 

I will begin woth a few prelimona~ 
r·emarks. 

I I. \.\'e ass ume \\1e are updtit­
ing a table defrned by means of an 
expression ot the form A lJUI ~ or A 
INTERSECT B o r A ..,INUS B (as appropn· 

I 
ate). w here A Jnd 6 are arb"rar\' re· 
latoonal expressions (that is. the•· 
are not necessarily baS<? tables). A 
and a must be type-compat ible. 

I 
2. The table p redicates corr<· 

sponding to A and B are PA and P8 
respectovelv 

3. Severa l of the view upJo te 
ruJ ec; re ter to the po..;~1b1 li !\' of 
.:;Jt·tfft!t~. \l('\V, It IS '\'\'ell k:to\"\·n 
that s1de-efiec"-> are usually unde­
Sil'abl ~: rhe p1..1int is. however. thac 

r s1de·dio.'cts m11~ht be una,·01dabl< 
if A and 8 happPn to be o••erlae>· 
?ins >ubsets of the san'c u n derl~'­
ing toble, as wi ll freq uent!\· be th " 
case with un1un. 1ntt:rscce1on. dnC 
di(ference v1t"'A'S 

4. \.Ve limi t o u r '1tten~1on to 
s 1nglt?·ro\,. upJatt-s c, nl\', tor th1..' 
sake o( somrhcotv. 

l111rorta1Jf ,·at1t'(rt: Th~ !"~thJ~:r 
mu~t under~tand thdt co n, id1:rin\t 
sing:lc ·ro\\· upd~tes t'nl\' 1.: ,n r.ic· 



,\:i 1•:·, .... ;mpli:a-.Ul\''.'l .. ind tnd,.:t'.'d. ~1 
~1 ... h..'rt11Jn ,,, trt' ... uth R~l.ition.11 

'F"'-~rauonic;; .trl• 1h' .l\ ... ..c!·J.t· :l·t1m,· 
.1 -.ct .;,)ntJu11r.~ J ..;1nglc f"\)\'- 1:t 
rn~rel\' J "F't"CIJ I ..:,1:,t? \\'h~t IS 
mol'~ . J mu lt1rt>i,v upd.lte is sonH:>· 
ti nlt'°' n·qutrt'd (th.11 is, some updates 
L.:tn nl) t b.:- ..,imulJ tl'd by (1 series u t 
s 1:n;Je-ro, .. · l)?~r~1t1U n~ ). A.rid :ha;, 
rem(1r~ is iru~ ot both bcl~ ta~lt.".., 
.snJ v1~,,·s. i>l gt!r.~r.JI. Su?P''Ke tJ· 
ble ~!JP include., t\\.'O 1dd1t1onc.ll 
cmplu, ·ees, £8 dnd (9, ,rnJ 1s >ub1ect 
to the cvnstraint thot E8 and E9 
n1 ust have the Slime s"-1 li1 ry. Then ,1 
:s1 ngle-roi, .. , UPOAiE thJt changt!S \he 

' ~ll(1ry o f ·ust 1.>nt! ui the t i,vo i.vill 
necessanlv tail 

Sine~ our ob1ec!ive in this ar· 
t1cle is merely to pre~nl an urlt•r· 
1nal 1ntrodurt1on ro our ideas. we 
will (as stated ) describe the update 
ru les 111 terms ot s ing le·ro\v opera· 
toons. But the reader should not 
lo<e sight vf the p reviously stated 
tmportant caveat 

Here then 1s 'he IHllRT rule for 
A tHlff 8: 

:J The new ro w must satisfv 
PA o r PB or both . 11 ot sa11sfies PA, ;r 
is inserted inro A ( note that this IN 
SERT might h,we the s ide -effect o i 
1nsert1ng ~h~ ru \v into 8 ;i lso). I t it 
-;(1tisfi~s PB. 1t 15 inserted into 8, un· 
lt."SS it \-.'as inserted into B alreadv 
as a side~itttt o r 1r1serr 1ng 1t 1r1to 
~ 

. \·011!: The specific procedur.11 
manner 1n whic h the foregoin15 
rule is s ta ted ("i nsert into A. then 

' inser t into 8") should be under­
stood purely as d pedagogical de· 
vice; it should no t be taken to 
mean that the DBMS will execute 
exac:ly this procedure m ?ractice. 

I Indeed, the principle of svmme­
rrv- n u m ber 4 fro m the " Further 
r ri ncipl~s" sec t1on - implies as 
m uch , because ne ither A nor B has 
precedence ove r the orher. Analo­
gous remarks opply to all o f :he 
rules d1scuss4.?d 1n this article 
Explanation: 

~ The ne'v row must sattsfv 
a t leasr one of PA and PB because 

.!. ' ~P• EHAMB Dl!PT• SAL.ART 

E l Lo1>9a 01 25K 
E2 Chen9 0 t •2K 
E4 Sano 02 45K 

FIGURE 2. ~ 'ic\C UV ("iltt1rl.: rnlutsJ. 

Relational 
operations 
are always 

set-at-a-time 

•1 .. rm th1· ... -.•<.:o nd r.&Pr -,:\::'tlt"1th· 

'''" -,up:>o....._. EllPA' u1..: ['~~ 
Jrc- t\vu J1~t1nc: ~11't· tJhh.·-, [?-114 r~­

prc .. 1.:ntt:i~ ~n-- pln~"'t!' . r 1.il'r.1r:­
m ... nt 01 (1nd LViPB r~prl'"'-'nting 1.,.·~­
F' I 1 >yi_•C.., '.\' II h :,.iJ(l t\' • ) 3 f.:: ! .. ~e 

r 1j.tUI'\' 31; "'U :J :,'.:ln ... ~ \'It! \\. UV , .. l!fo. 

to ·cd .1> EMPA j~ilON EMPB .1nJ '""'"i­
t.'r J~ i1 n tht!" t~, . ._, ...,Jrr.ph: ·.srqr .. ;-rt·· 
\'ll'U~lv J1o:;-:-...ss~1J ln-..._·:-~1·1-.: · re 

rO\\.' .,...-!5 Si'r t:t\.~l.3£'.fi > ntH Vt-.''" l"/ 
\\·111 (.lus.c ~his rO\\' :o ~·· 1n-.c."r:<!-d 
1n1t> ba:-.e tJble ('APA. pn.• .. u mJbiv .l' 
r1.?4u1rcd. Ho~v~ver. 1n)c:rt1ng !h ~ 
rov..' <E6.Jones.Ol.40K::> in:(., v ic h JV 
'.\'I ll CilUS(' dtlS ; Q \\,' to bi: tns~ rt('d 

1ntn btitlt ba5e ~able~' Tr-is r~1:tu lt i'"-

,,th~r'' 1c;e 1= J0~ .. no• 4u.tltfy ft,r 
1nclus1t-)n in A ..HON 3-ch .. lt 1s. 1t 
Jo""' not ~ti-;t\ thl! t.lbli: predi · 
care, ""· (PAl OR <1'91, f,, r i u'.10N B. ,,~s 
an d~ide. \\'e no te aJ.,n th.ic :ht: n~\,: 

ro\"' mus1 nu1 (1lrc .. ldv .1pp.:d r i n i?t­

!ht.:r A v r B, bt!cJu~c o tht!r\\'1se ""·c 
\v,)uld be trying :<l 1n)ert d ro i.1; 
th•t •lreadv e'1srs I 

0 !I th~ requirement> v t the 
previous paragraph dr~ '>dt1si1ed. 
th~ ne\ ... r o \v 1s 1n ... erted 1nto 
whichever o f A or B 11 log1c,1l ly be­
lo ngs to (possiblv both I. 

I lo~1c,11lv correct, alth.iu~h arguaoh 
counterintuitive (it 1.!'t Jn C\.1mplc 
or whdt \~e called a ··~lightly :!-U r · 

Exo mp les: 

prt)ing result" earl icr). ,1: , .. ,1r1r :~•'· 
.. 1,':1": tlr11t <5ucfl .;urpri!-.:.-. ~·11 11 . 1 ;·:,• 

v11i11 1! tllc.· dat:1ba-:.t' 1:- [1adl!1 dt•.;;.._·ul·,:. 
In particu lar. it is ou r po)1t1o n :h.Jt 

Let view U'I be dcfoneJ ~s: 

( Ell' if!EilE 00' I• • 0 • ) tgj I CH 
( at' 'IHE.'IE SALAJlf 1 lll ) 

1 J de~1sn that oermics t h~ \'t>!'"\. 

I ~1me ro"' to .aoOear 1n -that .... ~.") 
I coa:a~ty the table pred1~.ile ior 

Figure :? ::ihu'"'?> J -,a mpl !? tabula· 
lio n of th is v1t!' .. '· co rr~sponding to 
the s•mple tabu l,1tion ui EM!' <hown 
on Figure I. 

-two distinct base rable; ., b'· 
de11n 1t1on d bad design Thi> •rer­
h..tp$ controversial!) po>itu>n i. .. ·111 
bl.? e laborated in dn ;irt1cle to ap­
P~Jr 1n the July issue of Onr,1/•·1;.­
t>,..(li.;rn111~nu:g 6 De.;:;gn. 

.~ .. ufc:: To ?ave the , .. a~· tor 
lhat d1scuss1on. readers m1ghr (dre 
:o meditate o n the foe! that rhe 
:wo base tables CMPA and EMP'l a!­
readv both contain the ro ,•.r <E2: . 
Cheng.Dl.42K> . How did rhos state ,,; 

0 Let the row ro be '"""rted 
be < £5Srnitb.Ol.»t > Thi> row ;a11s­
hcs rhe table predicate for ENP NIU[ 
DEPT: = ·or (though not rhe :able 
predicare for EMP WHER£ SALARY > 33Kl. 
It 1s therefore in>ertcd into (MP 
WHERE DEPT" = ·o r. Bccduse of the 
rules regarding INSERT o n a restric­
tion (which are iairlv o bnou.s and 
arc not spelled o ut 1n de:a1l herel, 
the effect is to insert th~ ne,,, row 
into the E1* base table. 

I afiri irs Jrise? £.nd o( irsidt' 

1 
We turn now to :he DELETE 

0 Now let the ro w to be 
inserted be < E6.Jones.O l.j0K> . T his 
row satis fies the toblc p redicate for 

1 EMP 'NHERf OO'T = - 'DJ' r:mf t he table I 
prod icale ior (Ml' WHERE SAL\RY > 33K. 
It 1s therefore log1CJ lly inserted 
into both. Ho,,•ever. 1n>er!1ng the 
ro'v into either o r che :,,.o restrlC· 
hons has ~he s1de-.:iiect oi insert· 
1ng it 1n[o lhe o ther restri ction 
any'"ay, so the re is no n\!~d to per· 

rule for A Ur«JH 8: 
C I( the ro w to be deleted ap­

:>~drS 1n A. 1t is delct~J :rom :. 
inore rhat this oo.rn: might have 
the <ode-e iftt: ot dele11ng rhe row 
trom B alsoJ. lf or lsr11l ) lppears 1n 
8. 11 1> de le ted fro m B. 

Examp l('S to il l u>trat~ this 
ru le a re left as an e,,~rc 111;e for the 
reader. Note :hat ( in gc:icrall de­
l~llng a ro"· from A or 8 mu;hl 
caWtC a cascade OEl.CT or >Orne other 
:ni;gered Jcaon to be performt>d 

Finallv, :he ll'DATE ru le: 
D Th.; row to bo updated 

• ·, ENPe EHAM• DEPT• SA1.AR'I' ' l!MPe l!HAllE Dl!PTe SALARY _ .. ~~ . . -
E• t..o.- 09 2s• . E2 ChMwg D"1 4 2'1C 
E2 Ch9na D"1 C211 I!• s.ito 02 451l. 

DA r.'BASE i'/<OCK 1.1n 11sc t• DESICS 
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111 u~! l' t:' !'.>U1. h th,1t tht.• update d \'•.:!'­

'"' " s.1tb ti'-'' PA l'r PB 1..) r both le th1.: 
"'" h.' be upd.:u('d (1pp~ars 1n ..\ : t 
,.., t:t.>lt.>:t"d lh1rn A ~t'i : h1•?a perh.'rm 
in l!; an\· t11ggertid actions (c.lsc:idc 
OELE' E. a nd ,,, lln l that >llch a OE!.f TE 
w <'u ld nvrmallv CJU"<', a~d Ii~ .. -
\'\ .... ~ :~::t::\'tf f checking th e 1..ibl ~ 
prc'd icate for ~ ~.,t~ lh.it t h i; JELETE 
m igh t h J \'e !he s1de -e!fect 01 J~­

l ~llng :h" ro w fro m B •ISO Ii h~ 
' OW (>ttll : Jppears 1" 3, It IS deked 
1rom B ( .. 1g;l in vv i tho u< any tr1g­
X'-'r11J act io ns or t3b lc prt:'Ji ca t(' 
ch.,cksl. '""· if the updated vcr· 
~aon oi tht! ro\'' satt'lif 1es PA.. H is 1n­
,erted into A (note th a t this INSERT 
rn1ght ha\'~ the s id c-Q ffec! ot 1n· 
-;cr't1 ng th~ u:>dated version into 8 
c.tl~o' .... FinJlly- if :he updated ver­
~1on sat1stit!> PB. 1t is i nserted. in to 
B. u nless lt \vas inserted into B al­
·cady as a , ,de-e ifec: of inserting it 
into .\. 

Thi;, UPDATE :ul ~ essent1 a ll v 
consists of t h<' PaETE r u le iolluwed 
by che INSERT ru le, e.rcpt that (a> tn· 
,heated) no :ngge:ed actions or :a­
ble ?rro1cate checks a r e perform~d 
after the OELCTE (anr triggered JC· 
uun~ a.ssn<"U'l ted \'\' ith t he UPDATE lire 
..:c.'nCe?lua l lv ?erformed af1er dll 
J c.-l t"t1o ns dnd inser tions h(lve been 
done, ju>t p n o r to the tab le pred i· 
c.1 1~ ..:hecl..sl 

It 1; wo rth pomu ng out that 
.:in\.' 1mf'.' rtan: .... "On~ucnce o( rreat-
111g UFOA!Es 1n this fash io n 1s th ,lt a 
g 1\'en UPDATE co n e ff~•ti vely ca use a 
ru\" :o mv, ·e lrom une rable io 11n-
01 he r G"'"" :he database of Fig· 
urr 3 !or '"'>.a mple. updating the 
ro " < £1.lopez.Ol.25K > wilh1n vie w 
UV :o <E! Looez.02.40K> w ill d e le te 
the t>'1sting ro" · ror Lopez from 
EMPA ~1nd 1 ns~rt the updated ro''' 
rc:ar Lope7 "' tl) EMPB. 

Few DBMS 
products support 

1 updates on union, · 
intersection, and 
difference views 

~hut tJbl1..· tv bt:> vu)l.ated . J nd th1~ 
oti~c:>r\·._tt u'P1 1~ ·u:;.t ~1s ! ru"~ tor J 

v1e\o\,' ol'."> I[ IS tor .l ba~ 1.:able. Ir: 
'-'th~:- \\'O rd~. th .: 1,1ble p rt!d 1c.11t­
l•lr J g iven ti'blt> rep resen t~ the._,., ... 
: f rnn: • •r ilPdiiti' 1r.._1,.~'pt .1i·rl:t11 f\lr thJ.t 
tabie 

R"t!J rdtng lhe rules for u n11,n. 
inter .. ect1un , .Jnd J 1litort'nct• vie\\'' 
spec itic<1l ly. ,,.c t h in \.. !h..it 1t i~ 1 

\,·orth c~ll1ng out the follo\,·1ng. de· 
(stall ) does not i>ppear 1n a. 1t 1s in· s1rabl~ ?roper:1ec:. or our approach 
s~rted into 8. 0xplicitlv: 

0 DELETE: The rn w l o be I. Fach kin<l o f v ie w sup?orts 
del<1ed 1s deleted from A (note that all three update Op<'ration• (f&RT 
this OLrn m igh t have the side· 1 ~Alt, and oo.rrn. 5,, contrast, oth· 

1 effect o f del e ti ng the ro w from B er proposa ls a llo~, io r examp l<', 
I also) If 1t (s till) appears in B, it i> DELETE but not NS£RI o n a uni o n 

dele ted from 8, v iew,' ' implying that th~ us<.': 
:J Ul'DATE: The row to be migh t be •hie ~o del<.'te a row from 

upd.>ted must be such tha t the up· a g1v\'n view and lhen not be able 
dated version satisfies both PA and to ins<.'rt that ve ry s.ime row back 
PS. The ro w 15 dele ted iro m A w ith· mto that verv same v iew . 
out performing any triggered ac- 2. Cert;in important equ1va­
tion;, o r ta ble predica te ch ecks le nee;. a r e p reserved . For example. 
( note th,H thi s DELETE might have the expressio ns A INTERSECT 8 and A Ml· 
the s1J e -dfec t o f deleting it from B NUS ;A MNJS Bl a re seman tical!\' 1dcn-
alsol: 1! it (still) appears m 8, 1t is l 11cal and should :hus Jispla\' 1den· 
deloted from a. again with ou t an v tical upd a te behavi o r if lrca led as 

I tnggc red actio ns o r tabl e pred icate view d e finitions. and so the v do 
checks. >i"xt, if the updated ver· lexerci>e tor the reader•). 
sion of the rO\\ does not currentl\' I 3. For union and d1fierence . 
appe.ir rn .\. It 1s inserted into A. lhtSERT and DnE7£ are al\o.•ays inve rses 
( nolc that thi s INSERT m igh t have I t>i eac h Olhet: however, for intcr ­
thc sid ... ·eiicct o f insert ing the row sec:ion the\' mig ht no t be (qu1te1. 
into 8 also>. If 11 (st ill) does not ap· For instance. if A and 8 are distinct 
pear 1n 8, 1t is inserted into B. base tabl ~s. 1nser11 ng row · 1n10 '.' 

And h ere are th e ru les for , - A INTtRSECI 6 mig ht cause r 10 be 
u pdati ng A MINUS 8: inserted into A o n ly (because it is 

0 INSERT: The new row already p rese nt m Bl: subs.."!uenth· 
mu\1 satisfv ~and no t PB It is in· de!et1ng r fro m V w ill no \\ cause r 
se r1 cd into A. 10 be delc!ed fro m bo th A a nd S. 

I 
0 DELETE: The ro w to be (On the o ther han d, d e le t ing rand 

de1t!ted is dele tl'd fro m A. · ~hen reanserung it wil l aJ\.\·ay~ ?re-
0 UPDATE; The ro w to be ~n·c the 'mt"; quc>. ) H o" e'·e r. tt is 

upd• ted mus t be such that 1he up· 1 o nce aga in o ur posi tion that ~uch 
I dated version '5.atisfies PA cl nd not a n asy mmetr\' can 1.) nse o nly i t the 
I PS. The row "dele ted fro m A w ith· Ja,,base "badh· designed (t n par. 

U PDATING INTERS ECTIOKS o ut performm~ an!· trtggered ac· ucular. 11 ' he de>1gn permit> the 
\ ,\ID DIFFERE"ICES t1on'"' tabl e p redi cate ch ecks; the \'OrY "'1mc '°". to -;.itis tv th•· 1able 
Ht..•re nQ\., 11re t ht> ruh_•;;; for updilt- u pdatl'd \'l!rs1on ot the rO\\' 1s then prt>diC'JI C io r t \\'O d istt~ct bcJSt' ta-
1ng ~ lt.ffERstCT 8 Tht' tune .. ,·c ; 1nl- 1 n~..:rted into A bl~s ! \\'t: \•: ill discuss th is qu~>uon 
?h· ..:.tatt" lht.• rules ,,·itht.>Ut iurther 1n our a:-11ch.· :le't month 
J ''"""'° Ith<\ tollow the ;.ame CONCLL.:DI NG REMARKS Oi these pwp••rtaes, n•'te th ,l: 
f.C llc ral ?dttc.~rn °(1~ t ht" u n1un ruJr..,> \.\.'c h~1 ve d e:,crabed a S\'St~mattc nu mbl' r"' ! (~uppt)rt for J ll t hret> 
~);O tn , e,,1m ple ;, to 1llus tra te the ap proach 10 th e view 'updating u pda te <.1 p <.' rat 1ons) and 1 (INSERT 
\'Jralu:- ca .. , .... dre lt:r't J :i. Jn t.>'(('t(1 ... t.~ ptl'bh:m 1n gt!neral. and have ap· anJ OOITC are inverses of each oth· 
'"' tht' reaJ,_.r ?lied this approach to the q uestion e n mi gh t be rega rded as two mo re 

0 INSERT: Th~ n e\•; rO\\' o r updati ng union, in tersect ion , principles that a sysiematic v 1e\<\· 
m u >t SJt i>11· bNh PA Jnd PB. If it and di ffe rence views in particular. u pda11ng m echanism real ly <>ug ht 
J ... ,., not cu.rrentl\· .l ppeJ r 1n A. 1t as A cnucal aspect of our appre>ach 1!t •o sati!i-i\' u possible. ~umber 1 
1n"-t.'r:cJ 1nh' A (no:t! 1hJt !hi~ il&'Rl that ;.) given rO\'\.' can appea r 1n .l Cc~rtJ1n cquiv.l1enc~s. p res.t!r\'rd l 1~ 
m1gh1 h._1 ,·i• t h~ ~1dt.>· ... ~ltE'ct or an· g iven t<:ible o n ly 1f that rt.)\\' d0i.'~ 1n r«,1..t ,1 >p ecial c.1::-...:i o t th!? :tt:(nnG 
... .... :-l1 11g ~h .. · r<.H\. 1 n h~ B .. , 1~~') It 1t n o t c.:i us~ the tiil'ile pred i<'il te tor l ' I cr l,' rnn(1ph.· .. .. llrc.1dy .::t .. lh.•d Ill 

~~~~~~~~~~_;,~~~~~~~~--'-~~~~~~~~~~~ 
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the 't'l."t 1t>n ' Fu rth ... •r P:-1nc1p lt's" 
e..irhc>r. 

Fi n.1 11 •; '.\o:;o n\>tc th.lt (n f 
~our-:.c» i~·.-.· DB:-...ts produ<ts today 
-.uppurt any kind ui upd.Hcs :it all 
on un1on .. in tt-rst:-<tn>n, and d iff~r­
t> nce v 1('\· .. ·s. h 1::; our hope :httt thi~ 

..irticl~ cil n s.:-~ve ,ts a gu id e! ine l0 

b(• toHo\v·~d (,1j by th t> ve:,du rs in 
ddd1ng tht> necessary s u ppt> rt to 
t l, eor products. (b '1 b" <he SQL 

:-; c.i.11,lrn,1r., ·' \ .t•" L p-..:.H...- b :•r:t.:· 
u1.·,ll .. .'11•,·D~. 3t : ). S u ="Ht<<..'t 1~~1) 

!-.4 Ko.>llt.>r . ..\. 'Algorithms ivr rr,1 n .,l.H 

11•)t \ h :w l r d.tcl;'s :., D.l!.1(1,1:,0: L' ~11.!.lh'' Hlr 

\ ·,.,.w; ln""1 lv1n~ Sd ... c:h1n.;, P~v1~<. : 1 .. ·n~. 
.1nd Jou\:,: ' P:l•<.'0.:-1."1.hng:t , 11 :he .tth A(~.1 
$i<j A( T·5iG;-.IOD 5vrnpn:.1um ,)n Pn111. ;# 

pit.':> ,u O.:it.lbJse S~·s lt"l'tl:.. P<•r:l,lnd. O r 
l'(;..:in • . \l,lrch 1~1'5 

! .:; ~tct;t)\t~f.l l\. 0 ,lnJ c 0 .:ih' i c .. t..'1' 

:,1 )1;!"'"=' ,;1:,1 50L .::, r:·•( . .i. • .id ·"·'n·'•\'1.•, j;.·v 

'.\1.H !·;-; 

,~ rfu., <.IJ '- ->l f ll:..l!•\•I• I.,. ~ ,:,o!jf-.1 , '. 1.h l !~~l''.'l ! 

::iu: r"it ..:. r.im.H:-.Jlh .,., .. 1n•m :h.i: !''~· 
·:a··u~h· !):\'l•n j;,\· D .1:0:: 1n r l'l1.·· -.•.,(1.'" ,.-.: .•lh. 

f ~j. 
I'"' T\ r\' · 1.·l~mp.l:<n l.n · : .. ._. .. .._.ll I: rl'l-t": r1.·\! 

•u .1:- ,1:n1..11t 1.• •rn~"Jnb1.1\· 11 :h, .1:,·r.l!l.11.' 
1.·,~ r~i-1 -1 ,•: '"ir :l.'rm l"r !'\'.1,.1r, ;h.:i: H" ::'••· 

\\.>nd :h<' ''''I' ' " ,,, : !)1.· :·c._ ... ._.r;; .~1 .. ..t:~ .. i. ·1 

C. J . Oate is an independent author. lee· 
turer. and con,uftant, specializing in rela· 
tional database systems. 
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j · ._ · · Vit>~~·'> ,l nd lnt.:gntv Cvn:.1~.:11nts t-v Qucrv Oavid McGoveran is p resident o f Allerna-fu rts to ,__ eve!op t 1·.t' n t>., t 1tt:>ra t1on 
r-.h•o.hi1t\1t1un: · P!l.)1.:ecd1n~s Jt thl· \C~( live Technologies (Boulder Creek, Cali· 

o f the SQL standJ rd kno\•.:n i n.for- 51C~100 lnt~n).Hu..lnal c.._•n ie 1·~n.:~ ..._),, tornia), a relational database consulting 
n1.dllv dS ' '5QLJ." ln t h t' 1n~~ntime. ~1dndgem~n~ .. >1 OatJ, S.1n 'use. firm founded in 1976. 

D BA.s ..lnd a pp lie:;, t1 on program rr'ters r -;;;;;;;;;;;;;;;;;;;;;;;;====::::::;;;;;;;:::==--=-==-- --===------­
\v ho i't\ust di:velop \ .. ro rk.1round so­
lutlons \using, pt?rhaps, sto red o r 
triggered proct:d ures) tl> the prob· 
le1ns (aus('d by lhe -.:u rrc nt la('k o f 
s uppo rt \vould be \\•ell .tdv is~d to 
<ld here to the ? Ti nciples d escri bed 
in <his article. Ill 

Tl:~ .1 u.'t'1,i --~ ,,.,,,·,.1.1 ,'zJ..,· ti> •/11111~ \ ·,,. ..... ,r .. ~fo.­
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Direct Access to Mainframe Data 
from a User's Desktop 
Using TCP/IP or LU6.2 

No GATEWAYS 

No CICS 

Direct Access to DB2 Dara ~Access to MVS RPCs 

Direct Access to the IMS Message Queue and Databases 

Your desktop's apphcauons (l otus 123''. PowerBuiloer'. Visllal Basic' 
and more) •.viii run seamlessly anc transparently \•11th data re~neved 
from your enterprise·s 082. IMS anc VSAM databases. 

With Shadow Direct from NEON Systems. applicauons connect 
directly 10 the host ·Nithoul any 1ntermed1ate gate\vays. And . ·Nithout 
going through CtCS or any olher network transaction manager 
Ifs clienvserver without !he trers1 

Shadow Direct also provides: 
• Comorenensive op11m1zauon of all components 'or ODBC. 
• Diagnostic. monitoring. ano cornror fac;lities r.eeded tor iransact1on 

precessing. 

For more information about Shaao\', Direct irom r~ECN Syste1ns. 
call 71 3·97S·J563. 
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