Series: Monografias em Ciéncia da Computagao

Ne 4/81

VERIFICATION AND TESTING OF SIMPLE

ENTITY-RELATIONSHIP REPRESENTATIONS

Antonio L. Furtado
Paulo A. §. Veloso
José M. V. de Castilho

Departamento de Informatica
PRTR—————————————___.———
PONTIFICIA ‘:UNIVERSIDADE CATOLICA DO RIO DE JANEIRO

RUA MARQUES DE SAO VICENTE, 225 - CEP-22453
RIO DE JANEIRO - BRASIL



Series: Monografias em Ciéncia da Computacgao

NO 4/81

Series Editor: Marco A. Casanova April 1981

VERIFICATION AND TESTING OF

SIMPLE ENTITY ~ RELATIONSHIP REPRESENTATIONS®

Antonio L. Furtado
Paule A. S. Veloso
Jose M, V. de Castilhof

* Research paftly sponsored by FINEP and CNPq.

§ On leave from Universidade Federal do Rio Grande do Sul



ABSTRACT

» A methodology is proposed for representing a data
base application on a simple entity-relationship data model ,
based on formally specifying both as abstract data types. This
- methodology inludes the verification and testing of the repre-~
sentation, which are simplified by the usage of procedural .
specifications. An example data base application is used to

illustrate the general discussion.

Kez words:
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RESUMO:

Propoe-se uma metodologia para reprgsentar uma apli-
cagao de banco de dados em um modelo de dados awidmk§”“relacig
namentos simplificado, a qual se baseia em especificaQEes for

(mais de ambos como tipos abstratos de dados. Esta metodologia
inclui a verificagao e o teste da representagao, que sio  sim
plificados pelo uso de especificagoes procedurais. Um exemplo
de aplicagao de banco de dados & usado para ilustrar a discus-

sao geral,

PALAVRAS CHAVES:

)

Tipo abstrato de dados, banco de dados, modelo de da
dos, representagio, enfoque entidades-relacionamentos, corretu

de de representagao, verificagao, teste.



1. INTRODUCTION

Capturing the iintended behavior of a data base applica-
tion from informal descrlptlons Jupplned by its prospective users
is a critical task., Misunderstandings are often perceived only
too late, e.g. when an executable zmplementatlon becomes

available after lengthy and. costly efforts.

Qur approach to this problem lnvolves the follownng

steps

a) Express the informal description of the data base appllcaticn
formally .as an abstract data type [GTW,GUT], keeping however .
the very same terminology of the data base app]icatibn.

b) Represent the application data type by an abstract data type
corresponding to the data model.

¢) Verify formally the correctness of the representation.

d) Test the representation against the orlgina! specification.

Notice that we stress testing as an opportunnty for
the users to confirm the faithfulnéss of the specification to
their perhaps vague mental image. Since it is.jmbossible~to
prove the equivalence between the initial informal specification
ahd the formal ones, the availability.of experimental usage is
paramount to confirming that the original intentioﬁs were
captured [SHA,VCF].

in line with the above remarks we shall use the formal-
ism of procedural specifications [FVE]l. It presents the advantage
of allowing zarly usage and testing by means of symbelic
programs.

As data model we shall ‘employ the‘entit§~fe1afichshiﬁ
data model ECHEJ. It is important to note that the entity-
relationship view has been praiéed for its closeness to real-
world situations but has been regarded as informal [ULLI,
whereas we shall present it here in the same precise data type
formalism. For the sake of simplicity, we shall confine ourselves
to a simplified veﬁsion of the entity-relationship model presented

in section 2.

I section 3 we introduce a simple data base applica-



tion, which will' be used as a running example in order to
illustrate the main ideas involved in representing a data bése
agpjjcétion.by the data model as well as verifying and testing
‘the.repcgsentation; |

2. SPECIFICATION OF THE S-ER DATA MODEL

In order to simplify the presentation, we shall confine
ourselves to @ restricted version of the entity—relationshfp
data model  ‘to be denominated the S-ER data model. The S-ER
data model supports only binary relationships and ‘allows
attributes for entities but not for relationships. The remaining
features of the full ER model appear to be easily incorporated.

Its update operatlcns permit to anltlallze (nhl) the
data base to an empty ‘state, create and delete (cr de!) ent:tles
within entity-sets, modify (mod) values of attrabuﬂes (**' stands
for the wundefined value) and ‘1ink or unlink (Tﬁ*ulk) entities =
via a're!ationship The query operations ‘are Qredtcates referring
to ‘the existence {exs) of entities within entity- sets, values '

(hv) of" attributes and. relatedneSS*(xsr) of erftities.

~ An obvious |ntegrrty constraint ‘is thgprpnly eniif%és“
that exist in the data basé’may have defined values for attri-
butes and may be related to other ‘ewii ties. / Dynamically this
-constraint is enforced by céU%ﬂﬁg”thé”%ﬁé%&ﬁ%bns that assign
values to attributes or “establish Tinks to Have no effect if:
the entities involved do not exist. On the other hand, an-
enti;x:;hat exists. in only one entity~set cannot be deleted
unifi_a}l its attribute~values are set. to undefined and all.

incident links are removed.

Any ser-object ‘can ‘be created through - and can there-
fore: be denoted by ‘expressions ihvblVinﬁﬂapplﬁcdtibns of the
‘updateoperations. It is possible tbfidehfﬁfy”geﬁéfof‘expfé§§?6ns
- that ‘denoté uthe; 'same: 'ser-ob ject, but one’ may ‘choose ‘représénta- -
tives for each one of those sets, defining a convenient:

canonical form  containing only some . of the update .operations.

-These operations are phi, cr, mod ‘and lk. The canonical terms



will therefore contain only these operations, arranged in the

sequence
Tk{...k(mod (...mod{(...cr(...cr(...phi{ )".)".)".)".)”.)n.)

Occurrences of the same operation are ordered lexicographically
with respect to their arguments (apart from the canonical term
érgument), in increasing sequence, from left to right; the
implied order of execution being inside out: the f?fsf is phi

and the last is the most axterna1'aperation.

However, not ai!'expressions conforming to the above
syntax correspond to canonical terms. The procedural specifica-
tion [FVE] given in Figure 1 can be shown to generate only
expressions that are valid with késpett to the integrity

constraints.

Each procedure has commands corresponding to . the
réwriting rules which transform a data base expressed by a
canonical term into another canonical term, when an additional
operation corresponding to the procedure) is applied. Whenevér
~update operationsvdepend on integrity constraints for their
applicabitity, tﬁese are checked at the outset and the canonical
term given as argument is refurned unchanged in case of failure.
The remaining part of the procedure bodies is a case-like
statement, inside which occurs the recursive scanning of the

. canonicadl term argument.

The language features are selféaxplanatory‘except
perhaps for "?", which stands for any valid value of an argument,
and "“?<variable>" which, in addition, assigns'the'Value found
to a variable, as in PLANNER [HEW]. |In order to improve
readabiltity, the canonical terms are writtén using square

brackets instead of parentheses and "|" instead of comma.

;rﬁ'theioperatidns anthe'epression below
"mod (A,ATTR,10,1k(A,B,REL,det(B,ES2,cr (A,ESTcr (B,ES2,phil+))))))

are executed, the resulting canonical term fis



txee ser

sorts = ser,ent,eset,attr,val,rel,logical-

op phi( ):ser
=> phi

endpg

op cr(x:ent,t:eset,s: ser):ser
' var yient,z:ent,u:eset, a attr,i: tval,rirel,sl:ser
exs(x,t, s) =353
match s
LKCylzlris1] #>LK[ylzfrlcr(x t,s1}1
“MOD[ylalils1] £>MOD[ylals!cr(x,t st)]
CRIyluls1] = if x.t > y.u then CRIyluler(x,t,s1)]
else CRIx[t|sT
.otherwise = CRIx[tls]
endmatch

endog

op mod(x ent,azattr,i:{val,{*}),s:ser):ser
var y:ent,zrent, b attr,j:val,rirel,sl:ser.
A {exs (x, ? ,s) A hv(x,a,i s)) 253
match s
LKiy!zlrls1] = LKLylzlrimod(x,a,i,s1)]
MOD[beles?] = if x.a = y.b then
then st
lalilst]
y.b then
oDLylb!jimod(x,a,i,s1)]
else MOD[xlalils]
otherwise S MOD[xiaI [s
endmatch

endop

op lk(x:ent,y:ent,r:rel,s:ser):ser
var z:ent,w:ent,q: rel sl:ser
“lexs(x,17,s) A exs(y,? s) A |sr(x YaF,s)) =s;
match' s
LK[zlw]qis1] 2 if x.y.r > z.w.q then
T LKL zlwlg) 1k (x,y, r,s1) ]
else LKIx|ylris]
otherwise J'LK[xlyIrIs]
endmatch

endop

op del(x:ent,t:eset,s:ser):ser
var y:ent,z:ient,u:eset,v:ieset,a:attr,i:val,r: re? sl:ser
Wexs(x,t,s) A (|n0thereset(x,?v t, s) v
v oisr{x,?,?,s) Nbxsr(? x,7,s). avhv(x,?,2,5)))) $’s,

(p_.

if
els

)
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a'y
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match s
LKyl ziris1] = LKlylziridel(x,t,s1}]
- .MODLylalils1] =>MOD[yla[iidel(x t,s1)]
CROyluls1] = if x.t = y.u then o1
- else CRLy|uldeT(x,t,s1)]
endmatch

endop



op ulk({x:ent,yient,r:vel,s:ser}:ser
var z:ent,w:ent,q:rel,sl:ser
W isr(x,y,r,s) =s;
- match s _
KCzlwigls1] = if x.y.r = z.w.q then si
else Lk[zlwiglulk{x,y,r,s1)]
endmatch

, endop

op exs(x:ent,t:eset,s:ser):logical
var y:ent,z:ent,v:eset,azattr,i:val,r:rel,sl:ser
match s ‘
WKlylziris1] = exs(x,t,s1)
MOD[ylalils1] = exs(x,t,s1)
CREyIvis1] = if x.t = y.v then true:
else if x.t > y.v then exs(x,t,s1)
. - else false
otherwise = false
endmatch '
endop

op hv(x:ent,a:attr,i:va},s:ser):iﬁgicai
var y:ent,z:ent,bzattr,j:val,r:rel,sl:ser
“match s ' B ’ o
LKLyl zl¥ls1] = hv(x,a, 1,81} :
MODLyibljls1] = if x.a.i = y.b.j then true .
else if x.a > y.b then hv(x,a,i,st)
. else false ' C
otherwise = false
endmatch ‘ o
endop

op isr(x:ent,y:ent,r:rel,s:serj:logical

var z:ient,vient,q:rel,s!:ser

match s

LK zlwlglst] = 1f x.y.r = z.w.q then trye
: else if x,y.r > z.w.q then isr(x,y,r,sl)

"else false ' o
otherwise = false S
~ endmatch
endop

hidden op inothereset (x:ent,v:eset,t:eset,s:ser):logical
S exs{xgvys) AV #uT '

endqg,
endtype

FIGURE 1



MODLAJATTRI 10| CRIAIEST|PHIT] .
which would also be the result of executing
mod (A,ATTR, 10,CREATEST|PHIT)

This‘“backtracking” property of canonical term specifications
LGTW] will be found useful in the sequel.

3. SPECIFYING A DATA BASE APPLICATION

As an example of a (simplified) data base application,
we shall use the data base of an employment agency, where persons
apply for positions, companies subscribe by offering positions,
and persons are hired by or fired from companres. A person
applies only once, thus becoming a candldate to some position;
‘after being hired, the person is no longer a‘candldatevbut
regains this status if fired. The same combahy can subscribe
several times, the (posct:ve) number of positions being added up.
Only persons that are currentiy candidates can be hired and only
by companies that have at least one vacant position. One
consequence of these tntegraty constraints is that a persoh can
work for at most one company.

Apply, subscribe, hire and fire, together with. lnttag

(which creates. an initially empty agency data base) are ocur
update operations. As query operations we shall use the predi-

cates iscandidate, worksfor and haspositions, which refers to

the number of unfilled positions in a company.

Any agency data base (agdb) object will be created
through - and can therefore be denoted by - expressions involving
applications of the update operations injtag, apply, subscribe

and hire. The canonical terms will therefore contain only these

operations, arranged in the sequences

hire(...subscribe (...apply (..initag{ )..)..)...)

Occurrences of the same operation are ordered lexicographically



with respect to their first argument {person for hire and apply,
company for subscribe), in Increasing sequence, from left to
right; the order of execution is'from the inside out: the

first is initag and the last is the most external operation.

Figure 2 shows the procedural specification of the

agdb data type. |If the operations in the expression below

~fire(Ez,cz,hsre(Ez,cz,hire(El;cz,subscribe(cz,x,h;re(s1;c1;
hire(E4,C1,appiy(Ei,hire(E3,C2,apply(E2, apply(Eh,subscribe(C2,3,
apply (E3,subscribe(C1,2,initag( }))))))))))I)))

are executed, the resulting canonical term is

- HIRE[CE1JCT] HIRE[E2|C2IHIRELE4ICT|SUBSCRIBELCT]2]
SUBSCRIBE[CZ2|4|APPLYLET|APPLY[E2|APPLY[E3]APPLYLEH|INITAG]I11]]]1]]

Notice that the same resuif qu}d,be obtained, in view of the

"backtracking' property, with the execution of, e.g.

hire(E1,C1,hire(E2,C2,hire{EL,Ct,subscribe(C1,2,
SUBSCRIBELC2|4[APPLYCET {APPLYLE2TAPPLY[E3IAPPLYLEA! INITAG]ITII1))))

4. REPRESENTING THE DATA BASE APPLICATION BY THE DATA MODEL

v We are viewing both the data application and the daja'
model as abstract data types. Thus, representing the former by
the latter consists of imp}emgnt{ﬁg:ﬁnevdata type by another
[GTW,GUT,HOAT.

In our example of the employmentfagenCy data base, it
seems natufal to represent persons (candidates and émpldyees)
and companies as entities and agdb-objects as”SeF4bbjeéfs. This
establishes a correspondence from the non-primitive sarts of.
type agdb into the sorts of type ser (mirrored in the sort defis
nitions of Figure 3). We now have to refine thiélcorrespondence
to a function rep assigning to each agdb-object an ser-object

representing it. This can be done as follows.



type agdb

sorts agﬁb,perSon,Combany,hatural,logicai

op initag(}:agdb
= IN1TAG
endop

op apply(x:person,s:agdb):agdb
var z:person, wicompany, minatural, t:agdb.
~{Wiscandidate (x,s) A% worksfor (x,7,s)) =53
" match s ‘
HIRELz|wlt] = HIRE[zlwlapply{x,t)]. _
SUBSCRIBELwim|t] = SUBSCRIBE[{w|m|apply(x,t)]
APPLY[zit] =
if x>z
then APPLYLz|apply(x,t}]
else APPLY[x|s]
INITAG = APPLY[x[s]
endmatch

endop

op subscribe(y:company,m:natural,s:agdb):agdb
var x:person, t:agdb, w:icompany, n:inatural
Am>0) = s;
match s
HIRELx|wlt] = HIRE[x|w|subscribe(y,m,t)]
SUBSCRIBEfwIn{t] =
1€ you
" then SUBSCRIBEL Y| n4mlt]
else if y>w
" then SUBSCRIBE[w|n|subscribe(y,m,t)]
else SUBSCRIBE[yim{s]
APPLYIx|t] =.SUBSCRIBELy{m|s”
CINFTAG .= SUBSCRIBEL[y{m]s]
endmatch
endop ‘

op hire(x:person,y:company,s:agdb):agdb-
var m:natural, zsperson, w:company, tragdb, n:natural:
a{iscandidate(x,s) A (haspositions(y,?m,s) A m>0) = s;
match s .
“SUBSCRIBE[w|n|t] = HIRE[x|yls]
- HIRE[z|w[t] = ’
ifixo> 2z
then HIRE[z|wlhire(x,y,t)]
‘else HIRE[x!yls] :
endmatch

endpE




op fire(x:person,y;company,s:agdb):agdb
var t:agdb, w:company, z:person '
Nmmrksfor(x,y,s) 2 g
match s
T HIRE[Ziwl t] =
if x>z
then HIRE[z|w|fire(x,y,t)]
else t
endmatch

endop

op nscandldate(x.person s: agdb) logical
: var z:person, w:icompany, t:agdb, m: natural

match s
T HIRE[z|wit] =
|f X=Z
then false

else iscandidate(x,t)
" SUBSCRIBE[wim]| t] %>|scand|date(x t)
“APPLY[zlt] =
jf{x=z
then true
else Tscandidate(x,t)
INITAG 2 false
endmatch '

endogu

op haspositions (y:company,m:natural,s:agdb):logical
var z:person, w:company, t:agdb, n:natural
match s
HIRE[z|w|t] =
if w=y.
then haspositions(y,m+1,t)
- ‘else haspositions(y,m, t)
SUBSCRIBE[w|n|t] =
if wy
then haspositions(y,m,t)
else,li m=n
then true
else false
APPLY[z|t] = false
" INITAG = false
-endmatch

endog

op worksfor (x:person,y:company,s:agdb): logical
yar ziperson, w: company, t: agdb m: natural
match s
T HIRE[z|wlt] =
if x=2z and y=w
then true
else worksfor{x,y,t) .
SUBSCRIBE[w|m|t] J>false
‘APPLY[z|'tT ®false
INITAG® = false
endmatch

endop
endtype FIGURE 2
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For €ach basic operation op~agdb, an operation op-ser
is defined by ‘means of a procedure using the basic operations of
the ser data type, so that the following diagram commutes.

agdb op-agdhb agdb
repf , rep
ser v ‘ Lsér
‘ op=ser -

Figure 3 shows a procedural specification of such a representa-
tion. Some points are worth mentioning. FirstTy, the represen-
tation is independent of any particular implementation of the
data modé].Secondly, the representation function rep is defined
imblicitly only by viewing a sequence of agdb operations as
calls to the corresponding procedures in the representation.
Thirdly, the data model needs only the entity-sets‘CAND,-EMP

and COMP, only one attribute NPOS (associated with entities from
the COMP set), and only one relationship set, WORKS, linking
entities from EMP to entities from COMP. Lastly, the integrity
constraints of agdb are to be respecfed in the representation,

the data mode] having of course its ewh integrity constraints.

5. VERIFYING THE REPRESENTATION

, ~ As stated in section 4 a representatlon of agdb by
ser lmpIIC|tly defines a map rep:agdb » ser and verlfylng the
correctness of the representation amounts to verifyihg the
commutativity of a diagram for each basic agdb-operation.

An expanded version of such a diagram appeats in Figure h
where the upper and the lower paths have been deaqmposed>:nto
three steps each. We have to start with é generic agdb-object
C; which will be mapped to a ser-object g, via the supper path,
and to a ser-object g, via the lower péth In order to check
the equality of e and g (whlch are given by sequences of ser

‘operatuons) we use the procedural specification of ser and



FeEr of agdb by sef

sort definitions
agdb : : = ser
person ::= ent
company ti= ent
{sorts natural and logical are primitivel

op initag{ ):agd
~ = phi( ) '
endop

op apply(x:person,s:agdb):agdb
(v exs(x,CAND,s) avisr(x,y,WORKS,s)) = s;
= cr{x,CAND,s)

endbg

op subscribe(y:company,m:natural,s:agdb):agdb
var n:natural ,
v{m>0) =>s;
hv(y,NP0S,7n,s) = mod{y,NP0S,n+m,s);
= mod (y, §ROS3m,cr (y,COMP,s))

endop

op hire(x:person,y:company,s:agdb):agdb
var n:natural ‘
 W(exs{x,CAND,s) A hv(y,NP0S,?n,s) A n>0) =s;
k(R Y, WORKS ,mod (y,NPOS, n=1,cr (x ,EMP,dél (x,CAND,s))))
{the value of n in the last command is obtained by the ?n construction,
as in PLANNER}

endop

op fire(x:person,y:company,s:agdb):agdb
var n:natural ‘
~isr(x,y,WORKS,s) =s;
hv(y,NP0S,?n,s) =iulkéx;ysWORKSymod(y,NPOS,n+1;
cr{x,CAND,de1(x,EMP,s))})) :
{the effect of the condition hv{y,NP0S,?n,s) is simply retrieving the
value of n} g :

endop

op iscandidate(x:person,s:agdb):logical
‘ £>exs(x,CAND,s§

endop
op haspositions (y:company,m:natural,s:agdb):logical
: = hv(y,NPOS,m,s)

. endop
op worksfor (x:person,y: company,s:agdb): Jogical
2 isr(x,y,WORKS,s) :

endop

endrepr agdb/ser
FIGURE 3

11
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check whether. the corresponding canonical terms, A and B, are

syntactically identical.

The steps involved are as follows

~-upper path

la: operation op-agdb given by the prodecural specification
(Figure 2),giving

D = HIRELEIC|...|SUBSCRIBEEC|n|... {APPLY[E[... | INITAG.. 1. .T...]

Ib: application of the backtracking property for agdb ‘cafonical terms;
yielding

d =_hire(E,C,...,subscribe(C,n,..,apply(E,,..,initag(,)...),..)...)

lc: execution of the procedures according to the representation (Figure 3),

giving

e = 1k(E,C,WORKS ,mod (C,NPOS,n~1,cr (E,EMP,del (E,CAND, ... ,mod(C,NPOS,n, . ..
eo.cr{E,CAND,...,phi( }...)...0...000N

- lower path

2a: épplication of the backtracking property for agdb canonical
terms, yielding

c ;_twire(P,D,.,.,spbscrib@(DW.,,,qpply(P,.‘.,initag( Yool el
2b: execution of the procédures according to the-rgpresentatipnA(Figurel3)
giving
f's']k(P,D,WORKS,mod(D,NPOS,j—!,cr(P,EMP;del(P,QANb,.;.,...,

mod (D,NPOS,k, . ..,cr{P,CAND,...,phi( }...)...)...)))

2c: execution of the procedure op-ser on f according to the representation
(Figure 3), yielding g.

‘Notice that both e and g are sequences of basic ser

operations. By-applying to them the procedural specification
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for the data model (Figure 1} we obtain the canonical terms A
and B which are to be identical if the representation is
correét.

As an illustration consider the simple case of the
operétion of firing E2 from C2, on the agdﬁ state given by the

canonical term

C = HIRE[CE1|CT{HIRE[E2[C2{SUBSCRIBE[CT|2|SUBSCRIBE[C2|3
APPLYLET|APPLYLEZIAPPLYTES] INITAGTIIT1111]

By applying to this term the agdb operation fire(E2,C2,.),

we obtain

D = HIRECE?T|C1{SUBSCRIBE[C2|2|SUBSCRIBELC2|3|APPLY[E1[APPLY[E2]
APPLYLE3IINITAGII]11]

which, by the backtracking property, is

d = hire(Ei,C?,subscribe(C},2,sub§cribe(62,3,apply(E1,appIy(E2,
apply(E3,initag( })}))})))

The aboye terms pertain to the agdb level. Now, the representa-
tion of Figure 3 applied to d, gives an ser term representing d,
namely

e = Tk(Ei;C!,WORKS,mod(Cl,NPOS;Z—?,cr(El,EMP,de1(ET,CAND,
mod (C1,NP0S,2,mod{(C1,NP0S,3,cr{ET,CAND,cr (E2,CAND,cr(E3,
CAND,phi { IVININ))

which, according to the data model procedural specification,

corresponds to the canonical term

A= LKLE1IC1{WORKS|MODLC1|NPOS]ITIMOD[C2|NPOS|3{CRLETIEMP]
"CRLE2|{CAND|CRLE3ICAND|PHIJ]1]]]

On the other hand, along the lower path, the canonical term €

is, by the backtracking property
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¢ = hire(E1,C1,hire(E2,C2,subscribe(C1,2,subscribe(€2,3,apply(Et,apply(E2,
apply(E3,initag( }}))))}))

which is represented, according to Figure 3, by the ser term

f = 1k(E1,C1,WORKS,mod (C1,NPOS,2-1,cr(E1,EMP,de-{E1,CAND, 1k (E2,C2,WORKS,
mod (C2,NP0S,3~1,cr (E2,EMP,de 1 (E2,CAND ,mod {C1,NP0S,2,
mod {C2,NP0S,3,cr (E1,CAND,cr(E2,CAND,cr (E3 CAND,phi{ 1))

By applying to f the procedure fire(E2,C2,.) of Figure 3, we

obtain
g = ulk(E2,C2,WORKS ,mod{C2,NPOS,3~1+1,cr (E2,CAND,del (E2,EMP,f)}))
whose corresponding canonical term is

B = LK[EJ|CT{WORKSIMOD[CI|NPOS| 1 |MODIC2{NPOS|3ICRIET|EMP|CRIE2]CAND]
CRLE3|CAND|PHI1D3111

which is identical to the above A

In general, the representation will be verified to be
corrected by proving, for each agdb operation (initag, apply,
..., worksfor) and for every agdb canonical term, the syntactical
identity of the corresponding A and B, as above. This can be
a laborious task, but the very form of the procedure texts

suggests how to break it iInto cases.

6. TESTING THE REPRESENTATION

In order to provide experimenta! usage and testing
of a specified data type, we developed a SNOBOL-based processor,
which is a single program with three identifiable parts:

1. initializations and utilities

2. operations

3. interactive handler for test programs

Part 2 varies according to the data type to be tested.
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In our. present case, -two sets of operations where separately
included:

- for running the original specification: operations

of the agdb data type (Figure 5);
- for running the representation: operations of the
- ser data: type (ngufe 6)‘and operations of the
representatnon of. agdb by ser (F:gure 7). '

Parts 1 and 3 are given in Appendnx A. Part 3 is
essentlally a 100p which keeps promptlng the user to submit
SNOBOL programs, complles and runs them. One or more programs
within a session can utilize the operations for initializing, updating and
querying the data base in its canonical term representatuon Terms are
traversed using the CURSOR [DAT] feature, anaiogous to the |terators in [LIS].

0f special interest is the ability to introduce and
test operations intended for the external schema level [ANS].
Such operatuons handle. the data. base by in .turn |nvok|ng its
(conceptual level) data type operations; they are a simple case
of enrichment {GTN] and therefore cannot dls}urb the data type

Also due to the characteristics of 'SNOBOL, it is
possib‘e to redefine a data type operation and investigate the
overall consequences of the redefinition.

Appendix. B contains a sample session, involving
Qaripus‘tf§tvprogramsvwhichvhave been executed -over: the ser.
representation. . We regard the processor as a short=sized and’
uﬁsophisticated (as compared to OBJ [GTAJ, for instance)
but useful tool. Since it is entirely contained in this paper
and given the wide availability of SNOBOL, it becomes easy for

others to reproduce and extend the experiment:

7. CONCLUSION

We have presented a methodology for the crucial task
of producing, verifying and testing a preéfse\spe;ification of a
data base application. After this becomes available, the way Is
paved for an orderly sucession of design steps, leading to a
final implementation with some-data base management system (DBMS)
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CEFLNE(* INITAG() ') : [TNEND)
THI™AG INITAG = 'INIPAG! 2 (RETURN)
TNEND
E:3
£
CEFINE({'APPLY(X,S)2Z,%,N,51") : (APEND)
APPILY APPLY = ~(~ISCANDILATE(Y,S) ~%ORKSFNR {{,ARG,S))
+ ‘ S :S (RETURN)
S 'HIRE{' ARG . Z ',* ARG _ W f,' ARG ., S1 f)' :F{APY)
APPLY = 'HIRE(®' 7 *,* W ', APPLY(YX,S51) *)*' :{RETURN)
AP S *SUBSCRIBE(' ARG . 7 t,Y ARG . N ',' ARG . S1 ')' :F (AP2)
APPLY = 'SUBSCRIBE(® e SN T, APPLY(X,S1) ') :(RETORY)
3 D7 S YAPPLY(' ARG . Z ',' AR 5. s 'yt :T(AP3)
APPLY = LGT (X,%) ' APPLY Y(' 7 ',V APPLY(X,STY ')' :S{RETURY)
APPLY = 'APPLY(® X *,® § )7 : (RETURY)
303 APPLY = FAPPLY (' X *,? S )¢ '(RPTURN)
APEND
*

DRFINB (" SUBSCRIBE(Y,H,5)7,%,N, 517} : {SUEND)
STASCRIBE SUBSCRIBE = EQ{(H,0) S : S {RETURN)
S YHIRE(' AKG . 2 '," ARG ., W ' ,* ARG . S1 ")' P (SUT)
SUBSCRIBE = 'HIRR(' Z ', %' W t,*

+ SUBSCRTBE{Y,M,S51) ! ( RETTIRN)

ST1 S YSUBSCRIBE(® ARG . ¥ *,' ARG , W v,V ARG , S§1 )¢ 7 (302)°
SUBSCRIBE = IDENT(Y,¥) 'SUBSCRIBE{' ¥ ',

3 N+ Mot v 51ty 1S {(RETURN)
SUBSCRIBE = LGT(Y,¥) !'SUBSCRTBE(' W *,! N 7, ¢

+ 'SUBSCRIBE(Y,M,ST) ")? tS (RETURN)
SUBSCRIBE = 'SUBSCRIBR(® v ', * M %1 S 1301 : (RETORY)

]2 SUBSCRIBE = !SUBSCRTBR(® ¥ ',* ® V,1 5 ¥} T (RETURYN}

STEND

*

L

DEFINE{) ATRE(X,¥,S)Z,%,51") : (HIEND)
YIRE HIRE = ~{ISCANDIDATE(X,S) HASPOSTTIONS(Y,ARG . NUH,S)
+ GT(NUM,0}) s :S{RETURN)

S 'HIRE(' ARG . Z ',' ARG . W ',' ARG . ST )" :F{HIY)
HIBE = LGT(X,2) 'HIRE(' 7 ',' W ',!

+ HIRE(X,¥,S1) '}* +S (RETURN)
HIRE = JHIRE(* X *,* ¥V ?,' S ')! 2 (RETHURN)
11 HIRE = YHIRE(® X *,"' Y *,' S ¥)°* :+ {RETURN)
4TIND .
sk
Ae
DEPINE(' FIRE{X,Y,S)%,¥,51") + (FTEND)
FIRT FIRE = ~WORKSFOR{X,Y,S) § \ :S (RETURN)
S YHIRE(' ARG . Z '," ARG , W ¥," ARG ., S1 ')
FIRE = IDENT(X,2) 51 +S (RETURY)
FIRE = 'HIRE(' 2 *,' ¥ ',' PIRE(X,Y,51) ')' :(RETURY)
FTEND
&

*
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DEFINE(' ISCANDIDATE(X,S)7') , : (TSEND).
FSCANTICATE S, ARB 'APPLY (' X & 7 .
¢ . ¥ (~WORKSFOR (7, ARG, 5) ) :S{RETURN) F (FRETIRN)
TEEYD
CEFINE{'HASPOSITIONS(Y,M,5)-W,¥") * {HAEND).
42SPNSITIONS S ARB “SUBSCRIBR(' Y $ ¥ ',' ARG 3 N
¢ *COMPARE ({ (N - NHIRED(¥,S)) *,' ),™) :S{RETURN)F (FRETURN)

AT,
o

%

 DRFINE(' NMLREG (Y, S) §17)

. T (NHEND)-
HLREN -3 ARB 'HIRE (' ARG ', v ', ang ., 851 Ty 'P(NH1)
 NHIRED = NHIRED(Y,S1) ¢ 1 + (RETHRY)
RN NHIRED: = 0 SERETURN)
VHEND:

DEFINE(' COMPARE(S,P) ') s (CMENT) '
CMoATE s B :S{RBTURN)F(FR:TURw)
‘wwvv :
DEFINE(® WORKSFOR (X,Y,;S) ') T (WO ENTDY
FORKSFOR S ARB VHIRE(' X *, vy ‘2S(RETURN) F (FRETURYN)
HIOOWND

FIGURE 5
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DEFINE(' 241 ()") : (PEND)
PRI PAL = 13 ¢ (RETURN)
ViEND :
E°

DEFINE(' >3(X,T,S)¥Y,%2,U,A,I,R,S17) : (CREND)
CR cR = EXS(X,T,S) S :S (RETUEN)
' .

S 'LX{(* ARG ., Y ',* ARG . Z ','" ARG . R ",

t ARG . S1 ") TF(C1)
S o= YLR(Y Y r,v 2 ¢, ROV OZR(X,T,ST) ')' :(RETURN)

o S *43D(*" ARG . Y ',' ARG . A ',' ARG . I ',V :
+ ARG . ST 1)y T F{C2)

CZ3o= VHOD(Y Y ',v R %, Lo, CR(X,T,31) Y)Y :{RETURN)
o S 'CR(" ARG . Y ', ARG L U ',' ARG . S1 ')' :FP(CI)

' 'CR

,-'U
38 = LT T,Y U (* Y ', U
C

T R({X,T,S$1) ')' =:S{RETURN)
‘ 23 = IR X ',r T v,V 5 1yt : {RETURN)
C3 CR = 'CR(" X ',* T 1, * g 1)t 2 (RETURN)
Ca ZND
¥
X )
DEFINE{'1)D(X,A,1,S)Y,Z,8,7,R,S1') * (MEND)
MOD M) = ~(BKS(X,ARG,S) -~HV(X,A,I,S)) S ¢S (RETURN)
S 'LK(* ARG . Y '," ARG . 2 ',' ARG . R ',!
+ ART . S1 1)1 TF (A1)
1D = YLE(Y Y %,' Z ',* R ',' MOID(X,A,I,S1) ') ' : (RETURN)
11 S 142D{' ARG . Y ',' ARG . B ',' ARG W -J',0 -
¥ j ARG . S1 ") o L TR ()
IDENT(X A,Y B) ‘ T F(M2)
HOD = IDENT(T,**?) S1 : S (RETUERN)
MOD = TMOD{' X *,Y A Y, I ',' St *)' :(RETURN)
M2 10D = LGT(X A,Y B) 'HOD(' Y ¢,*- Bivt,?. g v, ¢
* : . MOD(X,A,L,31) ')V :S(RETURN)
10D = "MOD(Y X Y, A t,t I t,' S ) : {RETURN)
M3 MO) = *HOD(Y X ', A *,t T 1,0 g ¥ : (RETURN)
HEND -
sk
b
DEFINE{(*LK(X,Y,R,5)7%,%,Q,51") : (LEND)
Li LK = -{2Y¥5(X,ARG,S5) EXS(Y,ARG,S) -ISR(X,Y,R,S)) S :S(RETURN)
S YLX{('" ARG . Z ',' ARG . W ',Y ARG . Q ',!
¥ ~ AR3 . S1 )¢ } :F (L)
L = LGT(X Y R,Z # Q) 'LK{* Z *," W *, v 9 10
# B ' LL(X,f,R,51) *)' :S{(RETURN)
Ly = fLK(" X ',V Y *,t R v,t g ) : (RETURN)
LY LEL = PLK(Y X ', Y ', R ', 1 5 1) : (RETURN)

LEND
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3

PNy

ULK

ULEND

*
*

EiXs

BELND

o
A

Hv
H&ND

x

ISR

TEND
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DEFINA( D& (L 3) Y, 5, 0,4, T,0,81) : {DEND)
DI, = =3I3(L,T,5) S :S (RETU BY)
¥t = T
BX3({,ARS 3 V2 *DIFFER(V2,V1),S) - :5(DY) -
D3, = ~{~ISR{X,ARG,ARG,S) -ISR(ARG,X,ARG,S)
~d¥ {X,ARG,AR3,S5)) S +S.{RETURK)
S 1LR{Y ARS . Y ', ARG . 2 ';' RRG . R ',
ARG . S1 1) :F (D2)
JEL = CLK(Y Y1,V 7 Y,V R Y, DIL(X,T,31) ") i (RETURK)
S t4ID(* ARG . Y ',' ARG . A ',' ARG . I '.' '
ARG . S1 'y ’ . , :F (D3) :
JEL = YMOD{Y Y ', A-',t I *,0 DIL(X,I,S51) ')*' :(RETURN)
5 NCR(' ARG . Y ', ARG , U f,%' ARG .0ST ')f ..
98L = LDENT(X T, U) §? 1S (RETUEN)
yEL = VOR{* ¥ ', u ',* DEL{X,T,81) ') :(RETURN)

DAFINE(VILK(X,Y,R,3)%,%,2,51") 2
75, = ~I3R(Y,Y,R,5) S :S
5 PLX(' ARG . % ',' ARG . W ',' ARG . 2 ',

ARG . ST 1)¢

IDENT(X Y R,Z2 ¥ Q) S1 : S (RETURN)

SLE(Y 2 ', W L, 0 Q 'Y ULK(X,Y,R,S1) '} :(RETURN)

EWD)
(RETU BN)

i1

YEFTYE (F 3%3(%,1,5) 1) : (EZND)

§ yV3MCRYY X ', T + S (RETURN) F (FRETURN)
DEFINE(' 171(X,A,T,35)") : (HEND)

S 413 '43D(* X ',* A ',v I : S(RETURN) F (FRETURN)
DEFINT (* [3R(X,Y,R,5)") , , s (IEND)

5. 343 'LE{Y R ',t ¥V e m :S{RETURN) F (PRETURN)

FIGURE 6 S-ER data model operations.



DEFINE(' LILTAG() ")
INITAG TIL03I3 = 21IQ)
INEND
*
3
DEPLNE(" VEPLY(X,3)")
APPLY A®2>,{ = ~{~ISCANDIDATE(X,S)
+ 3
, AP2.,1 = Ca (X, CAND,S)
APEND
b3
%
DE EIN"('>133‘?LR"( fM,5) )
SUBSCRIBE® $J33CRIBE = EQ(M,0) S
ST133CATRE = HY (Y, 'NPOS',ARG . N,5)
+ 433 (Y, "NeDSY,N ¢ M,5)
ST3I3L2IBE = HMOD (Y, 'unvs',A CR(Y,'CD
SULND
R
*
DEFINE(* IR (X, Y,S5).")
HIRE CUHIRE = «(L>C3&01Dnva(x 5)
+ : S {ARG: 3 N *GT (N;0)),S5)) ~°S
HTR 2 = LX(X,Y, '"OPK%*,DLL(X CCAND!
* . MO (Y HROS N - o, S5Y YY)
BIEND
¥*
*®
_ DEEIN&(’”It_{( ¥,3) 1)
. FLRE FI12Z = -HO2KSFOR{X,Y,S) S
HY({,"NDO3*' ,ARG . N, 5)
FIid = OLK{(X,Y,'WORKSY,DEL{X, 'LMpP'
+ ‘ MIO (Y, NPOSY.N + 1.5)1)))
FLEND
¥
*
Lo BWIBBRFING (WLSSANDIDATE (X, S) *)
ISCANDICATE 243(X,'CAND',S) :
ISCEND
*?
*®

DEFINT (VP Y3POSLTIONS (Y, M, 5§ ")

HAbLCbeIOVo AT(LTNRAS Y, MeS)
HAENC
73
E
“LINP('iJQ~J"JW(Y,.,S) )
 WOKKSFO IS (AeY , A D RS ,S):
WOLNT ) :

FIGURE 7

HASPOSITIONS{Y,

,CR (X,
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NEND)

It
: (RETUR N}

: {(ARPEND)

~HORKSFOR(X,ARG, 3} )

+S {RETU EN)
+ (RETURN)

: {SUZND)
:S(AETURN)

:S (RETUERN)
4pt,Sy) i (RETURN)

:(HI BN L)

“S{RETURN)
] ‘h{pl'
TRETD RY)

IRND)

T (F
s S (RETUTN)

+CR{X,'CAND?,

: (RETURN)

¢ {ISCEND)
SS{RETURN) P (FRETIRN)

: (HAEND)
i S{RRTYRN) F ( FRETURN)
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manipulating a file structure convenient in terms of efficiency

considerations.

The transition from the purely behavior-oriented
specification to one where data.structurin§ céméé to the fore
is faci]iféted by the properties of the entity-relationship
"view, whose translation into the more data-structure orlented
models has been for a long time under anestigation [CHE].

It is also to be expected that DBMSs directly based on the
entity~relationship model, as proposed in [P00], will become
available.
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* AP2RNDLL A: THR SNOROL-RASED PRITESIOR
%
* [LITTALIZATLINS AND UTILITIES
3
e
SFULLSZAY = 1
SARCHDI = 1
TNPYI{. LITERN, ' INTERY',B0)
oﬂTpUT(.)uraaﬁ TouTIRAY, Y (1X, 72A1)')
A = 323K, (") (Y BAL tyr o B?nA&(',)‘)
3
DEFLNS (' ZIRSOR{C) ") : (CBED)
CURs0x (2 1) =9 .
£ 2 ARG POUR XGT(COR,CURT) d(S5(C 1)) i (RETUEN)
CEND
. DEFPINE{ 1IXT(Z) %) : (UX END)
NEXT TRt = 5(Cn L ;
IR TR & S 6 "t (RETURN)
NXEND : =
DEF tl"(')Ln)Lti(‘\n) V1) (UIFND)
DISPLAY o= _
DL v iacﬁ:(*,f) A ;F{DIZ)
To= [V & o= ' oRyor 't (DI 1)
DLZ2 COUPARY = T VAR ' o= ' BVAR : {RETURN)
DLEND
IPSTN(TE VL DTISRLAYY,T)
*
* ' {113RACTIVE HANDLER FOR TEST PROGRAMS
5k .

¥2RS = )
CONTSESS . N213 = NPRG + 1
STKT OUTERM. = 2

v

TEST = V¢
CONT Ky TI3L = T3ST TRIM(INTERH)
TEST A3 'CANCAEL! B 5 (STRT)
5

TEST AR3 '"INIJ ‘
TEST A13 'ILD(' ARG . P %)
NP3 = 1213 - 1

TSV TEST A3 . LD 'SAVE(' AR5 . SV ")} .= LD
A5V = 4213 '

5 (ENDSESS)
?(TSV)
<S{TPAGT 32} >
F{N4RQ}

v to b '9 (X}

TS *; = (COHTSE

Nabhy TEST A3 . TS f.' Rpus () = 35)t 2 F{CONTR)
i 2 = COYI{T3iST) , tF{(CFAIL}
5{YoRGY 122Gy = 2 22>
CFRALL CUTIAN = TIOUPLLATION FALLED! s {STRT)
alNLSESS
AR

24
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APPENDIY 3: SAMPLE SESSION

3
LI

"processs:s a s2cies of updates
recordiny taz corrassponding vanonlcal tarm™;

Z = Ei:e('ei','c2',hlca('eZ','CZ',hlra('et','c2',
sugscribe('CZ',1,hire('e1‘ 'cl',hira(taldd,'ciy,
~apply{'el' ,hire(*23", 'c2‘.apply('az'.wply('*a'
3abs r;b»('~2- 3,apply ('e3!,subscrinz{'c1',2,
, ltl*al()))))))))))))) ;
7zt
Z = LX{i1,C1,#3RKS,LK(82,52,40RKS, LK("‘J C1,#0RKS,
MOD(ZY, NP)Q,Q WJ){C?,JP3S,? CrR(C1,Conp,ZR (L2,
COM2, 2R(321,EMP,CR(E ":‘!P,CR(EB,C;’\ND,:R(Eu,BMP,
MINIIN)

222

"querias
1. finils 31 caniidatan;

iscanlidats(arg . canlidate,z) ; !'candidater’.

CANDIDA?

(]

= 73

-

??

4

“M2. finls a conpany with no vacant positiosns®;
haspysitioas{arg . coapany,0,z) ; !tcompany!t.
COMPANY < 1

?

-

?

"3, list s for =2ach coupany its vacant positions and employees";

cusisc{'coap'); ' :
contcomp bx;iositions(next('comp') - Company,irg . vacant,z)
!'company,vacant? :f(emp.comp. end) ;
, carsor {taapt);
contz2ap warkJLor(nAxt('Amp')., 2uployae,company,z)
Itaenploysaet ‘ ..b(contcmp)f(confcomp),
ehp.Ccomp,. 21 .
CCHUPAYY = 21 VACANT = 0
BMELOYAS = 81
SMELOYR S = 34
= 3

COUPANY =-22 VACANT
EMELOYE 4 R2 )

h
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"dafinzs 131 uses an 2xternal schena oparition
allowiny coapany <2 to hira people who hawe not applied vyet
providel that at leiast 1) openings remain®;

definz('c2.hice (x,5) ") t{z2hend);
c2.hira 2.0ice = haspositions({'c2',(aryg np *gt {np,10}}),s)
hxre(x,’cz‘,apply(x(sl) ss{return) ;
c2.hicae = hirelx,'c2t,s) s{return) g

Z = sabscrib=2{'c2',17,2);

z = 2. hice{fa%,n);

woresfor {'#5' arq . company,z) :
ouc:ca = teb works for ' conmpany.

L5 A0RK ;5 223 C2

sava{try);

Z = aire{talt?, AT

stacays = warksfor( et ,'c2%,Z) thirzdv;
status = -~wdrksfor(Ya4?,%c2',2z) 'aot hirelt:
out 22 a = status,

“"redaefiars a copceptual schema operation
Ts30n whd has appliad always remains a candidate':

dﬁfL1=( iszandidate(x,s)*) s {iszend) ;
iscandidat? »2xs {x, ('cand? | fampt),s) :s{r2torn) £ {(Ereturn);
iscand,
2?72

"tries ajsia to hir, the already employzl pecsan®;

old{z=y)

HIRED

277?

“teraminas z3 tha 5ﬁ5319v"'
finl s



