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The Relational 
Model Turns 

••• AND WE' RE STILL TRYING TO GET IT RIGHT. 

David McGoveran is president of Alterna­
tive Technologies r&ulder Creek. Cali/or­
nra). a relational dalabase consulting firm 
founded in 1976. He has written numer­
ous technical anicles and is Jhe publisher 
of the "Database Product £valuation Re· 
port Series." 
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C 
odd began the 1970 version 
(see Ref. I at the end of this 
article) of his famous 1969 pa­
per on the relational mode! 
(see Ref. 2) with the words: 
" ... users ... must be pro-

tected from having to know ... the inrer-
nal representation lof data) ... Activities 
oi users at tenninals and most application 
programs should remain unaffected when 
the intemal representation .. . is changed." 
This was rhe key goal of the relational 
model. 

At that rime, application code (mduding 
con1rol flow scructure) was tighdy coupled 
to the implementation of data structures. 
In addition. there was little unifonnity in 
that physical implementation: The data 
structures and access methods were often 
specific to each application. This approach 
resulted in high maintenance c.osts, slow 
developmen~ and error-prone code. Shar· 
ing data among applications was difficult 
and tile-oriented. The very concept of dat<r 
base consistency was ill-defined. The r~ 
lacional model promised to solve these 
problems. as well as provide other busi­
ness benefits. 

~onetheless. many applications are still 
suffering from the same old problems. 
Some of these are even so-called "rela· 

tional" applications. Although the data· 
processing world has progressed greatly 
in the last 25 years, the indusoy continues 
co pay for the sins of the pasL Legacy and 
heritage systems still place a burden and 
a constraint on businesses. In this 25th 
year since the introdut1ion of the relational 
model. it seems appropriate to ask a few 
questions: 

• \11/hy are we still fighting these prob­
lems? 
• What should we expect oi an imp!~ 
mentation of the relational model? 
• Has the relational model delivered. and. 
if not why' 

In summary. just what is the state of ac­
cemptS to implement the relational model? 

Goals 
l an1 sometimes asked. "Why should any­
one care whether RDBMS vendors im· 
plement the relational model?" I find this 
question both amusing and sad. To me. 
the question is exactly like asking. "\11/hy 
should anyone care whether automobile 
manufaaw-ers follow the laws oi ph)•sics?" 
The answer to both questions: You wam 
a produce that works: one you can under· 
stand. one that perionns. one that meetS 
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' 
b;irfd by ourr:1alizauon. :iome popular 1 

con•uhanb claim tha1 th~ data :nodd 11-
>tlf is un~u11able for ta>ks such as deci­
!'ion support . Object datnb\1Se propont.:"rlls 
1,,.'laim that the relational svstem can 'l ~up­
;>ort an)1h1ng but <imple dau types. 

RDBMS vendors build great products 
thOI ''iolate thf model. claiming that their 
p1·od11cts mu.i address "the real world." 
If thhe claims were the only eviden~e. I 
v.ould ~.a'-e :o conclude that the r<>la11ona! 
n1odel is not '-''Orth much. :\t lhe !\:lml· 
ume. I mu~t s1and by the claims I have 
cnade pre\iously in favor of the relational 
model. So. what i> wrong' Lei's look at 
what RDB~1Svendors have accor.tpli,hed 
and how. and try 10 see if we can dis<over 
whn1. ii an~rthinst. has gone ~Toog. 

We' ve Come a long Way, Maybe 
Since :he fi~t commercial RDB~1S prod· 
ucts beg-.in to ship in the l:11e 1970s. users 
have reaped mnny benefits. Vendors such 
., Cincom. Digital. IBM. lnlonnix. Hew· 
l<tt·Packard. Oracle. Syba>e. and Tandem 
~hould be praised ior these achieve· 
men1s. which would not have been pos-

1 
~ible without the relational modt>I. There 
are ..--eral shining examples of relauonal 
te.:hnology'> >uccess. including the fol· 
lowing: 

• Relational DBMSs are the de !acto 
·open systems· database solution at all 

I levels ol business. Each year. RDBMSs 
support a wider variety or platforms and 
configurations. Indeed. the idea of an 

I ·open S)'5lem> • dacabase is hard 10 amag· 
~ne <Aithout lhe relational model. 
• There is nov.· a single. scandard Ian· 
iruage (SQU for daw access. As a result. 
RDB~JSapplica1ions have achieved some 
de)!l'tt oi portabilicy and interoperab1lil)'. 

I and cra1nin~ costs have dropped. 
• Recau>e of the high-l~vel nature of re­
h1tional oper3tions. we now write and de­
bu~ !es. code than we had 10 with non-
rel3rional :t)'S1e-ms. lo panicular. we no 
longer ne.:d to write son. merge. or fi lt er 
rou1ine$. and we have a gunr:uuee u( ai.:· 
curate. exp~cted result~. 
• Databa>e tntegri1y and U'lUl..<aetion <'On­
'' 'tency can be managed outside of the 
appli<:uion ton degree not possible wi1h 
ounrelational D BMSs. 
• DB~!S,. are 'illTlilkantly more rdiabk-. 
"''"'""'ble. ava!labie. and lunruonal than 
t:\'cr before. 
• Dai.a n1od~lin~ is no,.,.· a '<'ience (Lhough 
;inal~'-i!' i.: not>· \\'e can identify mi.xe:; of 
tr.u'.,._'tion!i- and Cata ..:;rn;-..·~ tha1 \'.JU-..e 

' dal:l anomalie' or cont1ict"'. a.nd fix :he 
1 problt'nls. 

• DB~J S pt>riOrrn:i.nc~ can often b1.~ i111· 
pro' l"d v.·ithuut requirin~ ·u0<1ificat1QH of 
.JPJ>i:l:tton ~()Ck tand. :n many ... ~. 14iLh· 
1.lut human 1n1cl"'\·en1ion). P:irallt"lit:ttion 
oi DB:-. ts 01,..~ra11on~ has ntnrlt~ grc·a1 lt•ap-; 
frn'\1.·ard i11 rt'Cf'nl year., . 
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• 01,tribution vl apµli-.."a.tion ... .ind data· 
!>a~> i~ rapid!~ bt"('om111g a viable ap­
proa,·h. v;ith f~alurt-' :;uch a:- a~ynchro· 
nous rt•pli..:ation. tr igger~. ~ind !'tored 
procedures greatly :mprov1ng both per· 
fonnance and ea:< 1>f u:te. 
• En1e-rpn5l>·wtdt" databa~· de:ti~ns and 
irnplt<l'nentalions nrc no,,· fea:,ibll' (!hough 
tht>r arc· still in 1he1r inian..:y> 

Dt°""'Pllr ~~("""'<' impro"·e1ncn1~. applica· 
t ion~ art< still b~1ng d1:vtlo1>td u~ing low· 
level. record·at·a·tune dataha<:.1..· or fi le ac:· 
ces::, Sorne RDB).IS vend•Jrs have even 
dt''lgned their produCl!:> lo facilitate $UCh 
nonl't'lauonal acr.-<<. The)• cl3im that their 
producrs .. n)u:,t " 'ork in rhe real -.vor'ld." 
or th~ll thP busincs" demand s that they 
"deliver 'A>·hat cu::.ton1ers '4-ant and need.~ 

• Relational DBMSs 

are the de facto 

"open systems" 

database solution at 

all levels of business. 

RDB~IS uocr> are s1ill 1ru>1rated by 
product det:O.,nci<S. Although re!a1ional 
has clearly won 1he database model banJe 
for iitdustry acceptance and. u1 ;;ome ways. 
domiMnce. many users still find reasons 
10 avoid an RDB~!S <olution. Among the 
more common reasons I hear a.re: 

• RDB~1Ss u:o.t> n1ore [/0 thnn th~ir non· 
re!auonal countt'l)artS in performing tht 
samt function. 
• RDBMSs do not ,uppurt complex data 
structures (including objt.'ClS. n1ultidi· 
mensional table<. hie,archies. nnd won) 
or inherirance. 
• RDB~!Ss cant rr.'l!lipuiate rena1n da1.1 
t)'JJ<'> (for example. 1extual da1lbasesl. 
• SQLis too difficult to use. 
• RDB~IS opera1ion; ate inh<renlly JU>I 
lOO !!olov.~ 

Fnr 1hl4 OlOSl pnrt. -:>uch u~~~ tend lo 
equat<' commercial RDB:>IS 1echnology 
'A·ith lht' r-..lation.ll model. which :s a ~l"' 
nou- .-rmr. ROB\h m:irl<eun~. "1les. and 
tng1n~t'ting per,onne1 of1t'n ntake lht· 
sanu, .;rror In ... unll' c:ase;;:. :tn<alled ex· 
Pt:rl' .and '-'t>nclor;;: ,..qu:a~t" 1.'C.Hnrnt'rcial 
RDB~!S prvdu<t' "ith thr r<lational 
modt"1 a:-. an c:xc.·u~t' for or.1111ing impor· 
tanl 1unc1iunalicy anrl as <t n1otiv:uion for 
prc.1111otinC? lht> next pr<JdlH.'t relc::ast:'. 
'-''h1ch v.·ia he "po,t·rt"lattonoll'" l believt: 
that thr problem- J»l!Prd :~th~ rela· 
uonnl :nuclL·I ;1rt· arrually ~·flu ... rd '>r v1ola· 
lion::. 1l ( th": rnodt·I. t·Jtht!r 1n product itn· 
plernt>rn:uion 1)r in u~..-

The Relational Model: 
Vintage l 969 
Recently, I reviewed Codd"> 1969 Md 1970 
paper~. <A'TIUng <lov.'11. ench of tht! ftntur~s 
!te spedfied for 1he relational mo<!tl lbv 
Cod<l"s counbng L'tere are about 501. Each 
1jme I read them. I am impres>ed bi• the 
depth ol ~le articles and Lheir succinctness. 
I almost always tind a gem that I ;>rt'Viously 
overlooked If you haven'1 read tht papers. 
please do. but be forewarned that Codd 
didn·t use much space explainin11 the fea­
tures he proposed. \Vithout 1he writings 
and lecrurtS of C. J. Date. much of the pa­
per.; would be too obscure for the average 
reader. (See -interview," page 62.) 

Conceptually, we can divide the fea· 
tures introduced in 1969 into thrt:t: cate· 
gories: Structure. ~anipulation. and in· 
tegrity. Let's look at each of these m rum. 
commenting on the s1 atus of today's 
RDBMSs. 

First. 1he struccural features specify a 
clean separation becween the ticttrnal 
\1ew of the database and the internal view 
of the da1.1oose. each supported by its own 
language. The extema.I •iew includes how 
data is viewed and manipulated by users. 
programmers. and those who specif)· and 
maintain the logical content of the data· 
base. 111is is the place where relations. in· 
!egrit)· constraims. and relational opera­
tions re~1de. 

The internal view oi the database :n­
cludes how the data is stored. placed. and 
manipulated by the DBMS software (for 
example. the disk. 1.1pe. or memory data 
SL"lleture and access methods. degTee of 
redundancy. and so on). Only vendors are 
intended to have direct comrol over ma­
nipulations perforn1ed at the internal \1ew 
!evel At mos1. u~ specify which of sev­
eral supplied physical storage strucrures 
and index t)'Jl('S are to support some SO\JC· 

ture defined in the external view. Users 
must not ~permitted to mix references 
10 the intmial and exiemal views. exceix 
as needed to map named Sll'\lcturtS in the 
external vie"' co th.:ir irnplementation in 
the internal view. TI1i$ rnappin'! must ex· 
i;t outside the application as wtll. ~ing 
the pro,inct oi the DB~IS. 

Today's RDBMSsconsistendy fail to ex­
ploit rehttional's powerful :>«parJtion of the 
internal 31\d external views. For th~ most 
pan. the)' pro,ide only a single physical 
~orage )ln!Cture L1ia.1 -,imply 1n11ntcs ta· 
bles. ~1v1n1i: phy!)ical dnrabase designers 
(e\\ ' "~hoic.'l'""· In particuh1r, users :teldom 
ha,·e 1ht choice ot how to store a relational 
t.1blt lior l'ltalllPte. "'an a.T.ty. linked lisL 
or tree ... 1n.icture): 01 s1oring multiple ta­
ble~ 1ogcther (ior example. 10 optirnize 
~)ins or nc-:hs to repeating groups) or sin­
l?lc :able-< 1n :.eparate pari:ions lhorizon-
1al or ,·ertteall: of ,torinR mulupl~ copie-,; 
oJ lht' <lJt~1 : i)( c:rtaUn't multitabl~ or fun<.'­
tional indl«~t\.:,: and '0 (cu1h. 

£,.t'n wo,...c;-. in tc><la; ·..,. RDB~t~ .... :he 



..:.ep•1ra1ion 1~ c-urruplfrl: Cs(:'r<. .;;.hould be 
ablt- 10 n1ndil~ phy::.k·al )Loracte -.<ru~ture) I 
'"" 1:hou; afft:<:tinst lh\" exte:-nal view In· 
;.tead. RDB~ 1~ <loragc options. which be· 
'ong to Lhe inl1:nlal \~ew. are generaJly of· I 
{f"tt'd ns. t:"lau'-C$ in th.: 5QL C RE..\:-F --\!.tu: 
command. which proJ)t'rly b~IOn!t" to the 
t>Xlt<rnai vit:\v This Pnlanglernent of in· 
:ernal and ,-xternal v1f\\S make~ ;1 Im· 1 
po ... ,1ble 10 -e)t.r.Jcture th~ "-~Oragt" or a 
rablc lits in1crnal implcrnentatJon) \•,;ilh· 
out dropping its external definition. Like· 
\\1~. 11.·hen redundan<'')' in physical stor· 1 
age i; supponed. the external vi~w fai ls 
lo hide thb foct from users. who are 01· 
te:l made a>A·are or lht" copie~ :\ sin1iiar 
;xob1em exi~ts with respect 10 physical I 
;>aru1ions of a table being stored <epa· 
"td•· on dbk. 

This moon~ oi imemal and ~xtemal has I 
n'l.a!ly negaovc consequences. nol the l~nst 
ol ••hich is a pervert~d unde,...mnding of 
the relarional model. Specifically. most 
uS<'.rs think that the rellmonal model forces 
<iaw lo be ~cored as t..1bles. aJtogether fati l­
:ng to recOjlmze the distinction be~"~" 
in1ornal and rxcernal. Furchermore. in 
rnany implcrr1enr..-icions where inte111aJ and 
extemal issues are confused. boch error 
i>ehaviors and re>1netJOllS on integrity con- I 
s1rain1s depend on 1he physical im plc· 
mcntation (~uch as the existence of cer· 
tain 1ndexes). 

"Hope you didn' t ha\·e any 
pl11ns for the wet?kend" 

• COV ER STORY • 
\\.ithout St•paration. vt>ndor-..._•nru1-0t ~up-1 lilinlv. user~ ptn.:t>i\'c data a .. row' an<l 

pon ne"'-' storage srruc:ure~ t1:ld acl·e ... .., coh1nu1~. Ho"~·er. RDB~f5s. \"IOlatf" :iwir 
mWlods in Jlt>\\" version~ of thc-1r produc.:1~ oi Codd"~ "J>t'l.."!Jir-ouun~: The~ ~rn11~ du· 
"'ilhout afiec:ung appli1.:acions. Evf'n v:or!'!t .. 

1 

plicn1es. do 1101 requi1·e priruary·ke~· idrn· 
u~r"i cannot in1plement both 3 conceprual ti.fic:iuon. pla..:e $igni6c3J'K't" on ,~oh.:i'!lO or· 
Cata mod~I tdcfin~ by logtc31 reia1ion- der. lin!.i: ro" '"idth arcordtng to phy,l\·aJ 

p;)J.Ct size. do nor labrl colun1n~ v.·ith do· 
• While SQL imple- main names. do noi<uppon domain' '"" 

uvc. <imple. and non·<impleJ. do n0< ,,I> 
pori a generauon 1dt"ntifil"'r. and often do 
nol support a general narning :K.'heme In~ 
cidentally. Codd noced that soir.e non· 

ments most of the 

first-order predicate 

calculus and set 

operations, It falls in 

the most crucial ways 

to be a relational 

language. 

I 
!timpte domains m1gh1 have rt"!ation:, a:\ 
elements. all hough the;e would be nor-1 
malized awa' if tii< DBMS knew aboct 
lht'ir noos:mple character. 1110 concept rif 

I 
domain. a collection of alom1c daLa value.:~ 
aJ1~ legal operations on tho.e value;. ;, in· I 
cended to hide data element compkltiun 

I 
that are not relevant to an application l'>r I 
user All columns should be defined as 
drawing their values irom a particular do-
main. much in the way a mathematical 

ships) and a distinct physical da111 model ftinccion y • f(xl maps values from a do· 
(defined by resource 3Ild perfonnance re- main of values x into a range ot value> y 
quiremems) . Subsequently. database ad· Domains ciin be either rundamenlal or d,~ 
ministration and systc:rn managemenl are rived. and nC1:d not be re-s1ric1ed to sin,. 
much more difiicult than neces<ary. This pie data cypt~ such as integers. character 
~roblem becomes even more apparent sanngs. tloanng point numbers. and so on. 
when vendors try to implement diSU'ibuted Codd required th3t the laniiuage to be I 
daiabase functionality. I used in defining and manipulating the ex 

Vendor implemen~1tion of the external temol view ohould be based on 1he tir~c· I 
view is only moderately succe>siul. Cer- order predica1e calculus. le should suppon 

~ ~ 
- ~ 
- I'! 

;;;, 
::.:e 
E.:""~ - ~ 
- c _ , 

..... Fmance . .Accounting. and our 
~ubsidirui•'S nec'I.! to tie in to the 
finanaal tra<king svstem. " 

" ... oh ... did we mention that 
this ne.:d:; to lie·m "'ith our 
Portfolio T:acking System?" 

• 



lc"'-=h •• 1111 C"'rl"Ol r .u:,i • •. 11.,. 1 .... o· ... 1:-l tt-·: ....,.1 

. _,pc_•r.111on ... u•trr'rt.11110.1.1•.·•U, ..,.., ,fl:'t"r· 

~·111,.1 .. , .ind ( .1!""t':-.i<1n i>:·ud·h,tl l11ht<t 11p· 
~·rnt:on ... ll .. hou Id d~ti n1,.· 11'\' luclr µroj~ ·•.:· 
:ion. l't1kunn pc.·nnu1a1in11, i-t'"'lli'- 1i1111. join. 
..int! o..·0111µ0 ... Hion. Tho..· h.1111.:u:urr- ... hould 
.;.uppnrt lh,-'\·lartuion ot rt.•:J~1111~ .... 1nd pri 
:nan· ,c.·\· .... ind ..;hl)uld Ix.· ·J ... t"<f for Que· 
-i.._. ... : ic.,,., .. ··1on~. de'.l'rion ... ~•·1d t:.pd:ur .. 
Tht" lan,wi:ai,:t" .. h11u 'd Jll•J'·' tht' u..;.t"r tv 
1on11t'Xpre~ .. 1ons11\ '' h•o..·h an.\· '-'•ln1bina· 
tlon o l ..:olurnn:-; 1.:ould ht' i"lht·r knov.:n 
llht"' vaiur..; ..:pe..:i.Ded b~· :ht> u~r in th~ ex· 
pre~.;,,ion> i'>r unknO\\'O <the.· \;.1lut'' dete:-
1mnt'd by t!ie ;y.;iem a. part nl th~ n»ultl. 

H~ noted 1ha1 :his '.anJIUag~ "uuld sui­
fit·e t i Jil relations "'·ere- .n :u lt'a::it Flr~l 
'.\onnal F'1>rn1 (prl rnary i<f'''.;;, no dupli· 
L'JCf":, '-)r re1>eating group~. with CVL·:y· rov.· 
:-eprr~enung the :>aint' kinri or fa.:t). This 
as~u mes that operation~ r~rnOvt' dupli· 
ca1es trom a ,.,.;ult. Codd abo re.:ogniied 
that ~ome de!e1ions and uochnes would 
ineger 01he,,; au1omaticall,._ ba"<'<I on up­
date dcpcudcncits {refrrt1itia1·integriry 
enforcement). The lang11.1gc should be 
:ible to invoke arithcnetic and other fun<:· 
tions de1incd in anoiher lan11ua11e. but 
:Should not itself \."Ontain tht.,e cunctions. 

111iilt SQL 1mplemen1s mo•t 01 the 
first-order predicace \'.'alrulus and set op­
erations. 11 fails tn the mo:;I crucial "'·ays 
10 be a rela1ional language. In parcicular. 

• COVER STORY • 
ii "''-' 11 :-. bvlh n·

0

..i.ltttn .. JJ!d a11n:t'."lat~on .. 
111th ... , r11n:1latt'\ ttncl 't•nlJ..., :o pr()dU\.t' 
111 .nn~!.1 111111.:. .1:- re .. olt'."> 'lhu .... n d11t"n·l l'f"­

n1•J'-'t' duplio..•nt~SJ :-iQL doe:, uol in1pll"· 
nh.·n t t hr universal (lu,1nt ifit""r . "'·h irh 
.• ,1,.11d k·1 y•>U "latt' tha1 .l pr11pt'ny b tru"" 
uf JU rt>"'" in J l3blt: tr .... •·ntiall~ an ilrr 
ntd \~\.'a.I \.'"-~' >\••r .at: '-':lluc.,.... .,; a lo'(i 
,·al v~ri:iblctJ It ,, .. ,, '-'•>nt.110 ... ~1r-tha•~t:.._ 
.ind othr-r !un<.:t11JO:, 1lir .. ,·1h r~nh'-·~ than 
.tll•>Wlfl.I{ .1rb!lrai;.· lunl'll•Jll~ to bt> :n1pli:· 
1111,.•nlf·d in :ir.otht-r l~Ull(UJU~ and invoked 
from "!C,JL . Thi., P'-'r!Hlt .. tht: t"Xpre~.-.iou 
vl ~r:iidv:o.i\'.'al .. ,atl'fnrnt~ ·"hite .nh1b1t· 
1n)t J'ff t>'<:ens.on~ "' d~eo languaR:e that 
tA.0t1!d reC.uce t."01nph.~x1C\' 

l •.,1dd al:i.o dt'!int"rt lhc 'lt'"~d for rlt"-.:la· 
ra11on of ti fllt'+ind~pt"ndrn1 1ntt·~~ty t:on· 
-:,1raints \vithin the l;ulA'Uil '!C'. H..- de~n1ed 
batL'h L'•>r1str3int -.:ht"t:k1nf( nei:es!'ary, in 
addition to dynarnu: l.'on-;traint ent'orce-
1nen1 1"·hich in1pli~, cJrnamK; constraint 
ch~kingj Part 'JI h1~ Ct>ncrrn .. ,.a::> ~hat 
1h~ DBMS .hould be Jb!e 10 recognize 
and t"ntorce :;; r~ue '-~on:,1~1Cnt..')'. and deduce 
th~ redundanc:e:; ap1>1il'abl~ to a na1ned 
ri:lation. 

. .\s implemenced in f\Jda~"s products. 
SQL" > <UJl!lO!t for nttgnt\ .:on;mtims be­
rw~en relations 1 muhuabl~ or database 
constraints) re:natn) wtak. Despite the 
rt'.:e111 tand optional'.) addili<>n oi d('C!ar· 
adv~ re1erential in1egricy 10 the SQL ;ran· 

1lar•1 .,,,I. .. ~., .u:d -..u~t.'flLc.+ntl\· ·.11 1"111 ... 

pn1dU\.'l!'. '-)<)I .. l•t'l.' ... IU •JI inlt--',i.:-r I\ ... 

rr1ppled. ii .. 1nlpl~· d•Je':- r.•11 :--n1rir1,:t" 1:H .. 
•J..,L· 1)1 primary k'-'r .. or thf' inlt'.itnty .u· <Ii•· 
111ains ;is n1~ ... dt•tl '<1 pro\'idr t'Xpli.,·tl .. ut> 
P•Jn of J.l'tl\'t< d11r1.un .. 

The 1979 Paper 
In 1'-179 1ab1'>11: h1· 1in:t< 11:r 1;r .. t 1."11r.n1r-r· 
' 1al RDl~~!S pro,dull, -hippctl I, t ••Id , 1'1." , 
ilied and t>:< rH.!Pd the rL·lauo11al :11111lt·I 
l!'t't' R..-f. 3> Jn thi .. HJiD papt·r. ht' ni~<l1· 
it i:lt:ar :hat n:lat111n ... i.:11uk: bt: t"H!-.t·r ·-:.an· 
d:unental 1_,r dt'n''rtl J1KI ~hat .... <rlt" 1 It r'\•"! 
rriauons. "-alled \'k"""""· ... houk: ·-:.t- n·'t·rnhlt­
by name H~ di"f\l .. ~c.--d ho"· :nany nt.·•.1, 
L'Jpabili iit:~ 'Ae!"t> tither lnht"rent in in'-' 
t~ti9 t.>xplanauon 1,f the relo.tion1.1t 1111Jclr. 
•>r '' ere natural 1.:xten:;ion:s to it. mdu<i!:l}! 

• 3\'L (three-valued logie) to lhe ..,, .Jcl 
{v.;th ::u:emal and tx1emal fonr.sl and''"' 
iions of the rl!"la1ion31 Uperatior. ... to ... up· 
port 3\tl... This ·" 1he one 'kriou:o ,.. ..... •>r n 
Codrl's '.-.·ork. in my opin ion. bt:'r;1u .. \· 
many.valued logics inrroduce num'"'rou~ 
loh'1cal anomalies and non·incuiuvt- r~ .. 1!t ... 
without adding value to the- modt'. '"f't" 

Refs. ~- 5. 6. and 7l 
• the divide operation <dellnt!d fi:-... t 1n 
1971) 
• s.urrogare kC>'S (s)"-s:cem-generall"d ar.d 
maintained primary keys) 

IND STILL HAVE TIME f OR THE IMPORTANT THINGS. 

......... _._ ......... 

-:. ! ; .• 

" ... how about we show all the 
data graphica lly?" 

ORMS O, roRE~ 1994 

---
: := =:. ~ ::-:.:..-----, 

" It's periect. It's b~autifu l. 
We love 1t. .. " 

"Dad~ Hu rry up. We don't 
have all day." 

ORACLE 
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TABLE 1. Stale of the mt (selected 1969 rellllianal features) 

11 

I 
I 

I 

ftohtrl 

Sepa1a1,on of ln1tmol ond &:emol 
•' \osr" lonqllOIJt (HJ 
pny"col implemen101ion defined in H 
orilhmtlk (ood 01htrJ fun<lions dtr.ned ic H 

I Oo10 mdep.enatnce 
por11al rtdundcn<y permiMed Hi int11nd vitw 

I j «•llll""'Y ,.•orced in internal YltW 
<onn11c1ioni dklincl fEom rtlat?on~ps 

I 

1 

indcpet111ette al iolen!OI ordenngs 
indept11dence of indexing 
iodept...lo11u of ocxess polil 

I storogt dedaral'ion in H 
uoconuolled Ultrnol r~"Y forbidcltn 

" N 
M 
p 

~ 

N 

y 
p , 
N 
M 

I • t)·l)l·-s. and ~ubr}'f>t'~ 
• a:s:;ociation relauon~ 

I • gene:-alizauon and ~~.ali1 ... 111011 

I • ..;;.ingle ;ind mull ip1e 1nhc:ritan.._·t­
• cov~r aggrtgation 

I 
• graph OJ)t'rat1on~ 

I • dornain operation-, 
operations on C'ollt"Ction~ 01 relaunn-. 

1
1 

• t!venc-cype rt"1ac.ioniiil., \\'ith pred1.·1,,·t.·:-::;,>r 
and suc(.·ess.or functiuns 
• vanoustypt'\ofint~t) lo ... uppnn tlw 

11 
n.:-w funl't ionnlity 

or this frst. pan.al <uppon in cornm.r· 

I 
ci al RO BMS. ha> been prov:ded for 
Codd» 3\ 1. (much to the detriment '~ !.'le 
products. in my opinion). Also. a wt.-ak 
ened vtrsion of surrogate k•Y" calkd sy-. 
tern-generated keys. has b~•n added to 
ROBMS products during the intervening 

S1rwtv1al J l years. All the other feature. explained in 
omodeti....d .. .....,Rlaticns M 19i9aresnlllacking. 

11 Fi111 Hormafformonlorud P Related Technical Work 
m row npr-on•""* ol • IHl'f rtlanoo p 11 A large portion oi the massive work done 
ordK of rows h immoteriol Y on transaction isolation. database rtco' · 
order of calumm is ilMloltrio1 M ery, database consistency. database desi;rn 
of,.., are dis1irKf N 11 (dependency tlu!Ory and nommli=ion th(' 
domoinnomelobelngofcolumns H Ory) . and query optimizauon ;inct !%~ 

I 
has benefited from and be•n a benefit w 1 

noproaxalliniformloiiondegr" N the rela1ional model. Academic and 1n-
IUJlllOr1 for nwnt1 of relcllonshiiis P dusuial research have made it POS>ible ro 

I ac1M......, M implement most of the rela1ional feature• 
sim~e ilomoills N in practical ways. The •iab1liiy of Codd·, 
....... ._. K early goal oi logical data mdependence con· 
rekmons os dootalt........, N tinues to improve: with most views and de-' I rived tables now being updatable (St'e Reis. 
prirnrr( leyrnquired K 8. 9. and 10). lhere 1s little operalionnl rea· 
laroign leys ~ P son to differentiate derived tables from 

· gontramn idomifion far relallam M l base tables. To the user. all denved tabb 
---'......,...,. P (includi11g query results and view') work 
P ·• • ·- ·-, . ~· 1'~~,.J'.-F"' ..... · :...: the sarne v.<i ... as baSC" tabl~ 
~ · .~~:,:,,.;,?_ ·;- . ·;,; 1 I These adv'ances have iound onlv partial 
onivtrsald11111 sohb..,.~!'.;.-;,~" ,;,.,;.-~~ °'"·"' ·• ~ P implementation in commercial RDl:l):fS< 
_.....,. ;·~,~~~-~· ·•.;;;-. ·.:-" y 

1 

For ex.1JT\ple. real queryopumiurs !Ol(iar 
- t.Cts.d "" frstftr·;..-~-) t~~~ ~ -~~ -: . ., p I behind the thtory. panially becau~e the 

"'... .. ~ ... ,. ,. :~~ . .~ · • theory deals with relation~ while produc~~ 
1iDffoooio,w111Biiiii.,._,..,._.. :::; ~;. de-al v.1th nonrelational table.. lack ul sup- J 

joill tmius "'"5) •.. w~Q~_i: · ".."X •• N 11 port for the relational model is a crippling 
,....,. .~:;:-..t;11- ' ,~ ... ··~·.._ --'·- -• M disease that •fftdor.; and u~ ;hould not 
"",,,_ . ·.;M:~~~ ~a., . --;::. ... : ... -.. I 
rlSlrid :~" -!;.._-.' .::~ .. £::" "' Y toleralt. 

piodud .,,, • . 7: '":~~·'•"",]i'. ·' - ··- ;.-:'. ·· P 11 The 12 Rules and Beyond 

1 
~..::-;.~~- ::- ·~-c M I I In rnb5. Codd gav~ a popu l•r summa· 

· :::'.j_.'.',~~ ... ~\f;"i y II rization of lhe relational modd in h1~ no"· 
~cuiUDRQl8 ~· P mrr.ou~ .. T .. ,·("i\~Ruil::'"l'"(~Re-i. til . Titt-

. 115111 1o doclorenlafionsmdpMoiy.k..,., ._ P rule< gave tlw "'er commun ity. rn th < 
· .,.,i1ofNd~.iMbilioi • · '".·· N •

1 

l cont"xtotth•'t...:hnolu~·y of;heda) a-.-t 
""'*1Sliti-lml.... k 1 lk fqlllltos, ittsorliam. dolot1ons, anrl oprla!f!) y •ll )!'.Jidelinc' for qu><kly drlerm1nii1)! 

... Y~". wheth<r a DB\IS product cl<<et">ed to be 
\~dolotlons~.,....i...r1_ord1L ioridts ::.,-~....,.;_. .• f ,·ailed r.·1ational. ln1~nunotd\'. bu1 pr•· j 
. . e,.a !f·~- ... ~-,.--- .:.::. . :."~:- . "" y :_ 11 uictabl)'. vend<"' ,.;zed upon the 1>ap,·r 
tme&t list'WI · 1s:l t · ""-'--:ti,"!'~~~.'wt··~ ,.,.;t • ..... ~f 1 •1~:..:"< J'-amarketau:toolandgavt>:ta\i.lr.~£\ 
~:-. • • ~ .... • .. : ..:--.- ~:: • .;~. .....-·~ .... ~ _._ - ~ 4 .;: 

:...:1.....L-:.1 ~ 'ir" -1£_. _ ~."' .£- ~;..::t--, .. --::- p ~--. ; oi ':'>l1lll>listi<". "4.':f.st-r1.'ing intrrpn:tc1tion ... . 
~ ..... . .- -.~,; - .,,. ·1 b .~~..---...c .... ~.... ~ ~_:;;:, ~-~ . _,.·_;. 1~...... S1dfi;.•c: it lo sav the--.t ru!t'' -.hould 1?ot t' 

~~ . " . ,,, "• •. - d ~~ h h l ..I - • • ~~4 - · ~--i.. .! ,,.-:,,;. ·"'~._-,,. i.'"00~1 l"(cv l t" •.,_.-,:, nH:a. uf•llr.iuon ul :~t" .,, } . -;,;}:~~:,;,;Itlll•!;,~ rt'lativnnl rnodc.--l Be\,·:ire of 1h~1=-e \\ hu dt· 
T.w fint: the.· nlodt-1 '() !'-11nplb,tk·all\ Tt"!l ~!u:n1 

10 read Codd' 1%9 and 1Y7•i µa1~··-
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\unl·Lht>:e~-.. thit 12 n.1i~s dui St:rve a!'< I ho\v succe:-.i,1u l even th~ pnrc1nl in1plt'- I It is runazinR: thaE. a.lter2'5 yt:ars. RDBi\tS 

a ralh·ing point. They are probably re· menl..."ltion oi th .. : relational m.c->de: has b...'t'n vendors ha\'t ht~dr:d "iO litth.> of Codtfi 
spon<:ble for emph0>1> in :he late :w>- \"rndor... m their qu,-,.t :v bnng prod· 1 l!l'".f.I paper 1~Tab:t I. page"> 56 ar.d •fl: 
or. rt1e:-enua •. nte6-11'Y and ;>rimary key!ti urt~ 10 market Q\lickly, ~a\•f bt"'t-n forctd HoJA'eVf'r. lhL' reason becomes dear v.·hen I 
Tht..')' nlso ~.·•1vL'd <.i!'< :.i platfonn 1.0 spread I co hire lndi\'iduaJs who do nol un<ler~Land [ a::ik relational professionals if they ha\'t' 
a belier unde"tar.din~ of the prohibition the model The<e wclknear.ing indi' :du cwr ~ dth.-r L':e :9ti9 paper or the '.971) 
a~31n;: sub,crsion of 1he relauonai Ian· als have marketed, defined. and des1g:i<'1l I vel"\1on oiit. ~fosi say they ha,•1• nee 
gvage aJ1d I.ht- nt>ed for relationaJ c!o~urf' I products . ..:hanging forever th1,: 1nark<·l ''i PcrhaP5 •1.•c.: need a nev; naint: for :he l'f.'- I 
The prohibilion against subversion re· understanding oi what i• reiauonal Sim· lational model. Let the existing produet> 
q.,.,..,., L'lat ,.,..:i; b.'. ai]owed 10 access and ilarly, u>ers ~ave had to obtaoo tra1111ng nave the old no me. il"e 11 cen.ily rhem a> 
manipulate data only through the re'IO· from thitse ve-ndors, re-.i,uitin~ in applica· I "truly relational.·· 111ey can aOvenisf" as I 
uonal oµerators. Closure requin's that th~ tions design~d 10 use an)'thing but the re- >u<h. Then well explain 10 them !ha: what 
re.,ult oi any relational operauon on a rt lational model. f •" >c><aile<i r~lational we want and nc-ro. and whar they wQ protit 
lauon iield another :-e!aoon. thereby gunr· prole<sionais really unrierstanrl rhe the· from the most. is something called the 
an. 1<·1.?in'! tha1 operations can l>t: nested I "nt!f>·reiationnJ rnodtl."Tne ne<>re!ationnl I 

G""' that Codd defined 333 rJ les in • I have to a don It that model "iiho1''l' aos1. J not all.of the prob-
ho> 19!JO":>ook ·~Ref. !2). v~dorsoften lems we ha,•e with "truly re!ationar prod· 
complam lha1 the number oi rc'Quireme111s I have never seen a I ucts. Best or all. this great model was tn· i 
keep> g.owing Tnis "a misunde!'SWld· relational DBMS. can e-'l'n show them hisdefiniti"e research 
ior :heir ;iroducts to qualify a> relarional I . vented in l9ti9 by a guy named Coad. ll'e 

+:ng. \"e-rston 2 oi the relational model con· pa.peTs! TI1ey are public!y availnble. 
sist• pnrnarily of the reacures of rhe 1969 ory. nnd therefore cannot as~ss the root 
pal)<r. along with a few feacu,..,• from th• \ cau.e of product or application tailurH- References 
1979()3Jle1" ... ithcons1derabledetail adde-d. This suuauon. ultimately caused by the I. Codd. E. F .. -i\ Relational Model of 
In other ·.vords. vendors should ha\•e bet>n µre rnature success of pseudo·relarional Data for Large Shared Dal3 Banks." re· 
able 10 implement the greate' ponion of products. has le<i to consideroble dissot· 1 pnnted in Rtadi'W' 1• Databast Systtms. 
\"~ion 2 ba><:<I on 1he 1969 and 1979 pa- l isiaction among useM The r•,uit is cries M. Slonebraker. ed .. Morgan Kaufmann. I 
IX''-· Reading the pretace to Codd"s 1990 for denornialization. navigational access. 1988. (Originally published in 1970.l 
book. you can detect consideroble trus· and object databases 2. Codd. E. f. "Derivabiliiy. Redundancy 
L-ation and disappointment in Cocici"s per· 1 l and Consi.iency of Relations Stored in 
cep11on oi the stare of the industry. I The Neo· Relational Model Large Data Banks:· IBM Rtstarclijo11r· 1 
heanily sympathize with these ieeiings. i have to admit that l have never seen a re- nal. RJ 599 c.•t2343l. August l9. 1969 

I 
:ational DBMS. l have seen many gr~•t 

1

3. Codd. E. F .. -Extending the Databa>e 
Well, What Do You Know? pseud<>-relouonal (or SQLJ DBMSs: tho1 Relational Model to Capture :vtore Mean· I 
Perhaps ~,. greatest failure oi the RDBMS is. products lnbeled relational that imple· ins: · reprinted in Readings in Database :,ys-
induscry is inadequate training. Through· ment a few of the ideas in the relauonal iems. '.\I. 5'onebraker. ed .• '.\10l"Jlllll Kaul· 
out :he corrnnerc:al exis1eoce oi relational l model. but >1mply ignore man)' of the cru· j •nann. 1988. tOriginally published in 1979) I 
;iroducts. there has not been a time when d al ones. :-ionethelcss. I can't say I want 4. :VlcGovcran. D .. "Nothing f rom :;01h· 
either users or vendors have had access to go back to the days of :he ~re--rc!a· :ng for. What'• Logic Cot to Do With it'l•. 
toagood>-upp))'oftr:linedrelationalpro-1 oonal"DB'.\IS. \\'ri.tir.gandmaintaining~ I Database Progra mmi•g & Dtsign. 
te'>1onals. N<ither vendors nor users can plications with prerelational DBMSs was 60 ~):32-41. December 1993. I 
be held rJ lly responsibl• for this problem. just too hard and coo uncenain Designing 5. MtG.Jvernn. D .. "Classical Logk: Noth· 
in a ;en_~. iti.<XiS<ence isa measure oijust and maintaining the da!abase was wo.-..:. I ing Compares 2 i;: Databast Program-

m111g & Design, 7(1):54 -61. January 199,1. 
6. :vtcGoveran. D .. "Nothing From Noth· 1 
ing Part Ill: Cant Lose What You Never 

TABU I. Stale of the art (selected 1969 relational features) (conduded) 

,.,..., 
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Had.· Databast Programming & Dtsign. 
7(2):42~18, i'•br'Uary 1994. 
7 '.\icCovernn. 0 .. "Nothing from Koth· 
mg Pan fV· h's in the \\"ayThat You L1se 

1
1 

~1 .. • f?ata~oSt Programming & Desig11. 
. (3):o4-63. '.\larch 1994. I 
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