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Mystract

~4With th2 algsbraic approach to ab~tract Aata fypes; data
base 2onlications can be formally specified, by describing
the - inptaractions among onzrations meanlngful “to the
‘apn1i a+von area specialists. . - S ' '

o The'.oriqinal'b spacification covets  the behavioural -
aspacts of = thes data base application, ~ and also,in a
~provisional way, othar aspects suﬁh as accessibility, usage
’in erface and representation. : : :

At later _stages, the last three aspects are decoupled
and r=fined, giving origin to a ‘modulart architecture. The
~molulas provide  set-structurad access paths, interfaces for
differant classes of users, and rcprpsentatlon bv a version
of ths entlty—rﬁlatlonthp data model.

A1l molules are expressed ~ in a procedural style of
alyebraic pressntation, which is easvy to translate into some.
,symbol—man1pu1a+10n language (GMOBOL, Icon, TISP, etc.). This-
leads to sarly tas sting and experimantal usags, in addition to
verifications of correctness. ' - '
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1. Introinzrion

"Tha . main 25p2dt stressed  bv tha algsbraic approach to

.th$'sp>cificationvbf{aﬁéfract-data' typeé*is'the Qghggiggg éf
555  dgté' t?pQ  nbﬁééts;» as:det@:miﬁeﬁ by ,ihe' operations
» BT A e ST ‘

‘dafinel  on  them. This is of',intetést ‘to  data base
.§tacti£ionars” si§cev..itizppéns'2 ﬁhé'f9aY to  the _f0rg§;-

Lt

‘spocification of data  hase applications as abstract data

typas using the same terminology of the applications.

"Qﬁf ;freafﬁahf of: th§ -prbblemv,of'forﬁélly“ épeciffing
6atéha§e"applicatibns 15 .based on;,§éQg§i£gl Eg;g glggggg§
61, fdlléﬁinq the ﬁéthédolbgy propbsed:in {1}]; We shall use
the bprocbﬂuraivstylé vof  algebraic _sﬁecificaiion that was
-intrhinged in 'r5]. A épetification.followinq this style can-
‘be‘easily-translatéd‘iﬁtob'somefstrinq'manipﬁlaﬁion lanQﬁagé;
thareby mékinqi'fthe‘lséecificafion éiedﬁtable' l{5,8}' fdp7
expefiménﬁal‘uéadg ahd teéfinq. e ~ | =

'Sush'approadh-may be used to treat other aspects of data

base applications as 'well, of which we shall iunvestigate

accessibility, usage interface and representation. At later

stages, thase aspects can  be decoupled from the original
_spacification  and  refinsd,. but +tha  resulting nmodular

architacture ‘is reguired to preserve the behaviour initially
’snecified.‘wultilével,architectures are advocated in. the data

‘base area T11 ani alsowhere [31.



wyr a comprebensive bihlicgranrhv on tha subiject,  the

‘reader is. raferrnd *o [2].  Furthsr results acve raported in

r1o, 141
?, Rirst stage : snecification of th2 gggiiggzi;g
: s : -
As an example of a (sim 1 fied) data base applicatian;
~wa -shall” use throughout -the paper *the data base of an

'emplovmeﬁt .aqency; .‘where‘ persons applv for posxtians,
companiésﬁsubscfﬁbe bv offering positions, and persons are,
hifed[bf-bf-fireﬁ'from.companiek. A ncrson ap pllos only oncp,
thuz . hecoming ‘a.céﬁdidate  to7 soms ,p051t10n: after.-belng‘
hired, thevperéonv is no.lbnqér é candidaie »bﬁt regains this
situatioh’if fifed.‘The »ééme"companv can"subsctibe‘seve?al

t

Q-.n
0

tha (posmfwve) "number of positions heing added up.
On]v psroonﬁ' who are currently"candidates can be. hired and

' only’bv'comoan 'fhat have at. laa 5t ona vacant posxtlan.'mna‘;

vcon ecuenca of these‘ﬂnféar1+v cows*ralnts is .that a. person

‘can wofk'for'at most one company.

" Apply, uUbaCflb@, her and Eire; together Wlth 1n1tag ‘

{which 5reates an -init la l}y omp*v aqency data’ base) are our

“uplate operations. s ;gu;gx _g srations wve vtshall -use
iscandidate = canl  worksfor, - which  ars predicates,  and

gg.gositioqa, vhich returns the nopber of unfilled positions

in a companv}

“Anv . agency ‘data haseb {agab) obiect = will be created

through - and can therefore be danoted by - -expressions



involving avplications cf +he update operations. It is

pnas3ible to identify set

1Y)
rn

) ﬁxpres ionq that ]enotp the sane

agib ohiec%, hnt one mav chcove representatives For each Gne"

“of  +hase gntv,.‘defining Ta convenient‘  canonical form -
“eontain g only scme of  the upaate'operations; desiqnat&d as -

gdﬁqt nctors mha consfrucrors used to genpratn our canoalcali

represantatives will be"the operatxons‘ ‘initag, apply¥, -

subscribe an

4 hire, arranged - in th=2 sequence :.

. - e - e
- hire (...suhscrihé (vo.apBly (.o .initag().ea)eeel..z)

[T

.

_#ﬁér97 1,j,k  ~are  greater 'than{‘or‘ e@ual fto zero;
occnrrences  of  the sane operation , §re v' ordered -
ievicoqraghically ’Qitb r@onct to:fthair firéﬁ grgument
v(éeréoﬁ Edr.vhife_ and apply, vovpany ‘for suﬁscribe);‘ in:
incréa:ihq séqﬁence, from left to rlqht, for any -person p,
.ﬁhafé‘:anlhé_at_ most éné apply and one-hlre havmnq P as ane. .
;Qf'the arqﬁments; for.any thpAny’c;:there‘can be at most one”
sghscribe_having'é ééﬁone7bf the argumehts;vif”a.éerson plan&V-
é‘company c éppeér‘as arqumenté of a hire,jtﬁen'p must appear -
in an apnlv ~and c in a suﬁscribe- the nﬁmber of.appearanceSf
of a company © aq'arqument of hlre operation$ nust not ercée&';
+h (u35l+1VL)vnumber m of nosmtlows oFfered in the subscrihe

cCorres non% nq +o o,

A symholic representation of a canonical representative

[

s 2 zaponical term. 1If aqdb -objects ' are represented by

canonizal. terms, we can specify the effect of applying one



op“cation as fo1low (note  how uplate andu.que:y?operations

aFFac+ »=:1c‘1 ofhﬁr)

 '.3 ;A ﬁpdate oéerafionsj;éab thé ‘set ofltcanoﬁical'tefms
:iﬁto:ifseif;"Fér*éfamhie;»a';ﬁhsgrihé OQeration féf‘a coﬁpaﬁy'
that   ‘5as> g alrcaﬁv : »subscribed‘ simply v:‘adds:‘  its
numhar ~of~ anltlonq argumenf to the‘ 6umhér in: thei(éinglé)
>quhscr1ba For that comoany appo arlng in fhp canonical term~'é
fira operatlonb- cancels; the: corresponding hire-’ in the
éanoni:al térm,‘ Tﬁe é§plica£ion‘.of'an update: operétion may
Aepand. on‘.cbnditionsﬁ tﬁatv]can he chéckei thrOugh query
bperatioﬁs. We ' adopted the deciéioh‘;tuaf,. whenever +the
_conﬁitions Fail,“anlupdate cperafion has no nffect i.e;r‘it.
w111 y1al7 as tésult.fhe . samne ranonlcal termp suyplied as

argument.

“h - Qunery oparations vield a 1ogica1 value, in the case
of mte&icafes,,or some valne ob*alnad from componants of the
‘agib ohw 2Ct, ThQV»are  ecu*ed bv in pdtinqv the,canon;cal

- term qunplled as argumnnt.-

Faiiéwinq the ‘étfle in :ts]l figure- 1‘:shous  the
@rocedura1 s§écifica£ionv of:thenadency.'ﬁéta base as .a Qgga
typ2s madnla. A q+r1k1nq diff fence bét%é standard algebtalcv
pfeseﬁtétlans and_ thelr‘nrocc ural countorparts lies in the
'OCcufrénce‘ Qf n=>n"  ip stead ‘of Véﬁzv'tae rawrltlng rules
ombndizd in ifhe operations. afé' adw banylled.ln a--sxngln_

diraction, Tn order *o  improve readability the  canonical

terms ara - written using square - brackets instead of



§§tenthnées 3ﬁﬂ myn ins%c%d.of conna . ,Th9 iaﬂ§ﬁa§e featurés"
ars éélf' axplanatory ex;éﬁf, perhéés,‘for‘ "o, whiéh.étaﬁdé.
fbr*anv,ﬁélid valué'of-‘ap arqnmqnf,'and_"?<variahie>ﬁ uhicﬁ; -‘
in'addition;v”assiqns thg_.ﬁalue fddnd,to ‘a variahle, “as in

 PLANNER (sea [15T).. . -
HexpRRFLqure TRESERkE
If the operations in the expression below are executed:

fire (¥3,C2,h

 Sadd

re(E2,C2,hire(E1,C2,subscribe (C2,1,hire(E1,C1,
hire{EQ,CT,apply(E?,hire(EB;C?,apply(E2,app1y(Eﬂ,subscribe{CZ,B.

apply (£ 3,subscribe(C1,2,initag(1))11)))1)1)))

the resulting canonical tarm is :

HIRE[®1 | C1 | HIRE[ T2 | C2 | HIRE[EG | C1 | SUBSCRIBE[CT 1 2 }
SUBSCRTBEFC2 | 4 | .APPLY[®1 | APPLY[E2 | ARPLY[ E3 |

APPLYIEL | INITAG'JITJJ]]]}‘ 

.5

‘Thé' éépéctsv of_iiéccessibility,  uséqe'.intérf&ce :aA&
fepresantaﬁidn;vﬁeﬁtiqned'in the introdubtibn;“apevcovere& in'
fa“fudimentéry form in 'fhis .originai' épecificétibn- hé’ a
pféliminarv:phasé'in fheir application, the queryfana update
‘oparations 'afe aSsumed.'to be able‘tO'faccéss.thé relevant
cémpon?nfﬁ‘ of agab Objécts.‘UsaQe intérface‘is vcové:e& in
.*fﬁat tha »éﬁerations‘Supplied ~can be used aé eleménts in a
_languaqé for the'vmanﬁpula%ionvof. such objecfs.‘jFinaily,‘,
canoni:al tarms Aare ‘a form ‘of répresentatidn -fé}v'agdba

ohiacts,



'3

‘HDWQV@t;“ the siza and complexiﬁv :pf',most'ﬁatag b;se
a§w11c1+~nno raquiret‘furthér ﬁavoWOnmawtv of tﬁe‘~f9;ture§ of
th@»spécf cation +haf 6011 wlth. the-a5pechs_abo§é. In-ordef
fo ‘s9Técﬁ’ {aﬁd"sometimes _'ordorf'jtﬁe conoonent “to be
archaﬁi,‘Qe ma§ néed’té3breat aﬂﬂ malntaln othar structures’
05  appropriate typés,‘ suparimposed - on Vthé - data base:

application, .which share  the  components involved. These

éuxiliary structures éré said té pfoviae’accaqa péths.‘since
dafa basé applications are Handl@d by d*fferﬁnt élasses of
nsars with differentAﬁeeds anﬁ degrees of a uthorlzatlon, thoy.
nust abe  '§iven :infetfaceé ‘tai16red>'£Q  their distinct'

chara +@ristics.

dost obvwous]y;b theifeprésentation.‘of agdb objects §y 
canonizal terms must‘be‘répléced, perﬁapé thiough a series of
levals, until some representation is obtained that can be

'implemanted'iéfficiently.'This rejuires considerable - effort
tﬁat one'is not willing ~to spend. " except fo:"impaftant,o:ﬂ

extraordlnary apnlﬂcatlon Hence, we should look”'for‘some-

data 'nodel, 'whlgh ‘ue Kﬁiew as’ the noqt gcneral- {leSs"
rebfr:ct > ) »member gf a.family of data hasn appllcatiohs;

ssuminq‘ t&at;itha -daié' ﬁodei : has fbeen ~‘effectiveiy:“
.iﬁpiemeﬁtéd, all we ‘have 'fo dé is tévauild‘”upon.itf the

raprasantation of our data basa-appl tlon.

3. TafAr qfﬂqm* : decoupling ani rafinesnent

#> now ' ‘devalop a mcdular aréhitecture, centered on the

agibh data type  nodule. The ad itio “of -modules for adeguate



accassihility, us3ge interface  and representation should not

Aisturh the nriginal set cf valid éqdb'ohjects.

- us shall use set-structured access paths. Since sets of
alaments are a well-known  (parametric) data type, the -

respective‘data_type nodule is not included.(sée'{S]). 

~In our ‘modular architecture the connection between two

data type modules for the definition of access paths is done .

:thrnugh. a. transference  mrodule, ‘vhose operations . are
@ssentially a _ composition of  (in the example) query

operations from the agdb data type and constructors from the
set data typa. Figure 2 shows one such operation - sempcomp -

whizh gives the sat of enployees working for a company.

kR rRRf igure 2%kdokE Rk

3.2. Usage interfaces

By

~

- Usage - interfaces are  provided as  interface modules,

vhose operations are ce:tain-‘data]  basé 7 application
operations, that ‘can be restricted hy incorpbrating further

applicability conditions and ¢

égggggg;.‘by triggering other

data base application cperations [131.

‘Fiqur2 3 shows one operation - C-hire - of the interface
"of a particular companvy C. The oparation allows C %o hire a
. person who has not applied to the agency, provided - that at

1=ast 10 Vacantvpositions“will remain; as a triggered action,



an apply is made on'the parSCn's7behalf._*n the case of less

than 10 vacant poqwt*nnn, the simple hire operation is
. . , . . . B . !

invoked,

.

dedk % <=""‘*¢1qura 3******,

3.3 Reoresentation

As[v a data A'quelwv we chose a version of  tﬁe

gﬁgit rnlatlonahlpvvhodel [u;12j,' supporting 'énly binary.

elati nships and allowing atribuﬁés fdr ehtitiés but not for
r91a+10nsh .:

Tha ‘ﬂata'lmodol cérresponds to. *th2 data type module
(erm); shown invfiqﬁré 4. The.operations:allowlfo create and
délete"‘entitiés within éntity-sets, 1mdﬁify' values  6£1
attributeé {1 sfands for +he nnlof’nmﬂ valup) and link”dr'
ﬁnlinﬁ’ enﬁitiééivvia ;a"relatlonshlp. Ccrraspondlng query’

pcrdfwons lal] are pred1cateq) are DtOVliad.
CxkkREET]qurelkE ek
The «connection betwean the data type modules  .(of the

data baée ‘application and of the data madel) defining the

'raoragunt +1on, iz done vtﬁrouqh'a "renresentatioﬁ moﬂule;
partlyivshown ’in fiQureil5 (see‘also> [7], .pgf 75). The
oparations in representation modules are qreCLfled as  the
sub itu+10n of programs inVOIV1nq"data nndel operatlons for

each data base avnlication operation,
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Tha Aat

a1}

: médel can Ee,sesn ﬁo be fully compatible with
‘thé'déta‘base anplicatidn; ?ersonﬁ'(canﬁidates and empioyeesyi
anﬂvcéﬁnan{es are entitiés} hum@g; of positions'dfferediis a#
atffibute df vcomnaﬁies and':woRKS is a»:relatiqﬁship‘beiﬁeén
 §grsons and comuanies.iThe 'hasic‘ihteq:ity constraint éf the.
' datavmoﬂe1 - links can >cnly'be'maintained if both eniities'
“flinkeﬁ exist (in_a£ leasf Yone-entity-set) - is compiemented,-

but not countradicted, by the special constraints governing

the WORKS relationship.
'**#***fiqure'ﬁ******

Thé' proposed architecture: {figure 6} caque ‘further:
axtendad . by incorpotétinq éther :access' raths (based,_'for
'example,.on 1ists:‘and mavopings [91), which can, in turn,vbe
reptésentei at Lower levelé._Of particulaf interest is to
"mové_  d6wn" the transferenéé “between the défa  base
'_applicition ‘and ths 'acéess.paths,_ along their -1owér-leveli
repregentatiohs, for reasons  of éfficiehé§ (thiﬁk,_ for
examplé,TOf‘settinq inversicn reqotds to point‘ito éata file‘
.rechdé).';Aiso, users of édsgbate degreas df, expartise nay

gain interfaces at various points in the architecture.

4, Nngoing work

5ince all kinds of nmodulas discussed here are specified

" using the same formalism, the corractness of the architecture



can  ho verified as it is’ devnlopad, W2 'are currently

“investigating appropriate methodologies.

T+ i3 especially ' important to. ‘verify ~that  the
architacture',precerves. the bshaviour of  the <data - base
applicatioﬂlinitially specified, This involves, among other

"problems, proﬁing the faithfulness of representations and the
sufficisncy of interfaces to jointly handle the entire data
base application. We would also like to determine how the

exscution ©of ‘operations at each interface affects or  is

affectad by operations exeCuted at the other interfaces.
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type agdb

ég;initag( )fégdB
‘= INITAG .
endop ‘

op apply(x person,s agdb) agdb
Var z:person,w:company,n: natural,sl:agdb
(v 1scand1date(x s) M worksfor (x,",s)) > 5.
mateh s .
THIREL z}wl s1] bHIR“Ez'wlapply(x sl)] Lok
. 'SUBSCRIBE[w|n|sl] = SUBSCRIBE[win|apply(x, sl)] :
APPLY[zlsl] = if x > z then APPLY[z|apply(x, s1)1
g ‘ else APPLY[x]s]
: otherwise = APPLY[XI s].
: endmatch
~endo

.op subscrlbe(y company,m.natural CH agdb) agdb
var z:iperson,w: company,n natural sl:agdb
m = 0 =>s- . :
match s ‘ ' '
HIRE[zIwIsl] —>HIRE[zlwlsubscr1be(Y,m sl)]
SUBSCRIBE[wln! s1] = if y = w then SUBSCRIBE[yInmIsH e ‘
else ify > w then SUBSCRIBE[wIn!subscrlbe(y,m,sl)]
. ‘ ' ' ~else SUBSCRIBE[yIml s]
" otherwise =3>SUBSCRIBE[yImIs] .
endmatch
endop .

op hlre(x person,y company,s agdb) agdb
. var z:person,w:company,sl: agdb
’b(lscandldate(x,s) A hasp051t10ns(y, ) > O) > g

“match s
‘ HIRE[zle s1] ->1f x>z then HIRE[zlwlhlre(x,y,sl)]

else HIRE[xlyls]
othervnse = HIRE[XI yI s]
endmatch '
endop

op f:.re(x person,y.company,s agdb) agdb
var z:person,wicompany,sl: agdb
~ worksfor (x,¥,s) @ s
match s ' a
' HIRE[zlwIsl] —>1f X =2z then sl :
: ' else HIRE[zlwlflre(x,y,sl)]
endmatch
- endop



'op lscandl.date(x pPersom,s: aOdb) ].OC’lC:.l
var z:persom, sl agdb
match s o E
‘ HIRE[zI"Isl] »1if x = z then F
else iscandidate (x, s1)

SUBSCRIBE["I”Isl] 2 iscandidate(x,sl)

: APPLY[ZISIJ —>1f x = z then T
: else 1f x>z then 1scand1date(x sl)

. A ‘ else F
“otherwise .ﬂ'-F_- o
endmatch LR T

. endop

op hasposntmns(y company,s aodb) natural
‘ var w: company,n tnatural,sl: aodb
match s : ‘ ‘
HIRE[VIWI sl] —>1f y w then haspos:.tlons(y,sl) - 1
‘else haspositions(y,sl) »
SUBSCRIBE[wln|51] >if y = w thenn
: else if y>w then hasposxtlons(y,sl)
— else 0 .

‘othefwise =0
endmatch
endop

op worksfor (x person,y company,s agdb) 1og1ca1
. var zipersom,w: company,sl avdb
match s
- TTHIRE[z|wls1] Sif x.y = z.w then T
o v . ‘else if x > z then worksfor(x,y,sl) :
else F.

A otherwise =’-7F‘
endmatch
“endop

endtype R

FIG. 1.



transference agdb to set

op sempcomp(y company,s agdb):set
= buildsetz(y,s, emntV( ))

endop B
'hldden op bulldsetz(y company,s agdb z: set) set
. wvar xiperson

1fanotheremp(’7x,y,s z) =>bu11dsetz(y,s 1nsert(x z))
R .
: endog o
'hldden op 1fanotheremp(x person,y:company,s:agdb,z: set) loglcal

$>worksfor(x,y,s) AV has(x z)
endo

eeseveesassssscsenye

endtransference

FIG. 2

‘ interface'ggfc
op CFhire(x'peréon,s.agdh) tagdhb
. haspositions(C,s) > 10 $>h1re(x c apply(x s))

=>h1re(x C, s)
endop

lesepesnemseoe E ) . Rt

endinterface

EIG. 3 .



type erm-

Cop ¢ dern
=>$ .
endop

op cr(x ent, t: eset,s:erm) term :
var y:ent,z:ent,ul eset,a: attr 1.va1 T2 rel sl: erm :
exs(x,t s) >3 : '
.. match.s . - o :
LK[ylzlrlsl] ﬁLK[ylzlrlcr(x t, s1)1
- -MoD[ylalilsl] = MODLylaliler(x,t, st)1 . '
CR[yIulsl] = if x.t > y.u then CR[y!ulcr(x t, sl)]
S : else CRIxltlsT :
" otherwise CR[xltls:! _ ‘
v endmatch S
' epdop

op. mod(x ent a: attr i:(val, {7‘}) ySterm)ierm -
. var y:ent,z: -ent,b:attr,j:val,rirel,sl: erm
" A (exs(x,?,s) AV hv(x a,i, s)) > s
. mateh s - ’
T 1KLy! zlrlsl] =">LI\LyIz|r1mod(x a 1,:1)’1 ,
MOD[beI;Isl] 2 if x.a = y.b then
1f 1 = % then sl

eise MOD[x|alilsl]
else :foa>ybthen :
MODLy|bljimod (x,a,1 31)3
else MOD[xlalll gl
otherwme -»«"MOD[xIa]lls] '
endma"ch
. endop

o 'op lk(x ent,y'ent,r rel s: erm) erm’
» var zient,wient,q: rel,sl:erm _
.'\a(exs(x,.,s) A exs(y,",s) F4Y 1sr(x,y,r s)) —>s
match s .
LKEzlwiqlsl] =>1f X.Y.X > Z2.W.q then
' IX[zlwlqlik(x,y,x,s1)1
S st else LK[xlyIrls] SR
‘ othertuse =>1K[xly]rlS]
endmatch ’
endop

. op del(x:ent, t: eset;s: em} erm . o
var y:ent,z:ent,uteset, v:eset,azattr, 3_.va1,~ rel sl:erm
»‘\J(exs(x t, s) A (lnothereset(x v,t,s) V ' '
: SR 1sr(x, 2,7,5) A’blsr(7,x,",8) Mh\r(x,-,-,s)))) s

match s

T1K[ylzlrlsl] =>LK[ylzlr|de1(x t, s1)1

- MODLylalilsl] = MODEylalildel (x,t,s1)]

CR[ylulsl] > if x.t = y.u then sl

s else CR[yluldel(x t,s1)]
endmatch :
endop



op ulk{x:ent,y:ent,r:rel,s:erm):erm
var zient,w:ent,q:rel,sl:erm
v 1sr(x,y,r s) =>s
match s - '
Lh[zlwlqlsl] =>1f X. y r = z.w.q then sl
else LI’[zlwlqiulk(x,y,r 31)3
endmatch
endop

op exs(x: ent t:eset,s: em) loglcal ;
‘ var y:ent,z: ent,v eset,a: attr 1.va1,r rel sk: erm
- match s R
: T 1R[ylzlr]sl] =>exs(:x,t sl)
- MOD[ylalils1l] > exs(x,t sl)
' CR[yIvIsl] > if x.t = y.v then T
: else if x.t > v.v y.v then e*cs(}s t sl)
S “else F
otherwise = F
endmatch
endop

op hv(x.ent asattr,i:val,s:erm):logical
var y:ent,z:ent, b attr,3 ival,r: rel sl:erm
_ match s : :
TTIKLylzlrls1] > hv(x,a,i,s1) :
MOD[ylblglle 2 if x.a. o=y, b .J then T
: else 1f X.a > y b then hv(x a,i, sl}
‘ : else ¥
otherwise = F
endmatch .
endop

op isr (x ent,y: ent rirel,s: erm) logical
var zient,w: ent,q rel,sl:erm
“match s o
. Lk[zlwiqlsl] =>1f X.Y.T = Z.W.q then T
else 1f X.¥.r > z.w.q then isr (x,y,r sl)

: g v . else F
otherwise =% :
"~ endmatch -
endop

i h:gdden op :mothereset(x ent,vieset,t: eset st erm) 'Lovlcal
= exs(x,vys) Av # t :
endop . : : AR

endlty;pe'

FIG. 4



representation agdb by erm

op. hlre(x person,y compaﬁy,s agdb) agdo
- var sl:erm
‘N(lscandldate(x s) A hasp031t10ns(y,s) > 0) e
match s
- REPAGLs1] »REPAG[lk(x,y,WORKs cr (x EMP del(x CAND sl)))]
endmatch - ¢ . ,

~endop

Q".'."-‘CI.O o

o op hasposxtlons(y company,s agdb) natural
. var x:ent,n:natural,sl:zemm .
match s
TREPAGLs1] = if 1sr(‘7x,y,W0RKS s1) then
hasp051t10ns(y,REPA Glul k(x,y,WORKS s)]) - 1
- else if hv(y,NPOS, ?n sl) then n :
else 0 e

" endmatch
. endop

eessose s

. endrepresentation -

FIG. 5

: transfer.

1 agdb - set
represent.)
ern
. type



% - Jh - ADPPRNDTY _ ~ . AR
* SHOROT, LYISTTNG OF THE DETA PODET, OPSRATIONS
£3 . ’ : : .
' EPULLSCAN = 1
SANCHOR =1 - .~ = SR TR _
ARG = BRERX (', (') '{' BAL ')7 } BREAK(',) ")
* : S g
DEFINE(* PHI()') 2 (PEND)
PHI PHI = ' & "2 {RETURN)
PEND o _ R
o
' _DVFINE(‘CR{Y T, S)Y 7z U &,_,R s1') o 2 (CEND) -
CR CR = EXS{X,T,S) S _ :S{RETURY)
s S LK (' ARG . Y ', ARG . z.'iv ARG . R v,
* ARG . 81 v , ‘ 1P{CH) :
' CR = "LK(' Y *,'Z %, R %,' CR(X,T,S1) ")" :(RETURN)
(oo S 'MOD{' ARG . Y 3, ARG . A ',? ARG . X °,?
+ ARG .. S1 %) ' -V(cz) ' :
CR = YHMOD{' Y ¥,%v B *,% T ?," CR(X,T,S1) *)" :{RETURN}
c?2 S TYCR{' ARG . Y *,' ARG . U ',% ARG ._51 1y :F{C3) -
CR = LGT{X T,Y U) ?CR{(* Y *,* U *,° L
+ ' CR{X,T,51) 3)? =S {RETUBN)
CR = *ca(t X 1,% T v,v . § 1)s < {RETURN) :
£3- CR.= 'CR(’ v, 1,1 5 1y : {(RETURYN)
r"q:) . : . : -
‘ DEFINE('®OD{¥%,3,I,5)Y,%,8,J,R,51") s {HEND) ,
MOD ' HOD = - {EXS(X,ARG,S) ~HV(X,A,I,S)) S - :S(RETURN) .
'S 'WK({' ARG . Y '," ARG . Z ',' ARG . R %,1
+ - ARG . s 1y ' , SF (1) . :
MOD = YLK{(' Y *," Z ',* R ',' MOD(X,R,X, 31) i} * : (RETURN)
M1 S YMOD{' ARG .-Y '1," ARG . B 1,7 ARG . J ',V L
+ - ARG . S1 W) S TP{M3) - . '
IDEWT(X A,Y B) . CaF(u2y PREREE
~ MOD = IDFNT(I,’*') s1. :S(HETUEN) ’ '
_ MOD = ‘HMOD{' X ',' A ', I °®,* S1 %) :(RETURN}
nz MOD = LGT(¥ A,Y B) "MOD(* Y ',' B ', J i, S
+ - B g MOD{¥,A,Y,S1) "}?! :S{RETURN}
a MOD = *MOD({* X ',* A ',* I ',' S5 ') : (RETURN)
n3 MOD = YHOD{' X ',' A ',T I ',t 5 ' : (RETORW) .
HMEND ' : ' R : -
%
. DEFTNE{* LK (X,Y,R ,SY7,%,0, s11) .t {LEND) ‘ :
L% . LXK = =~ {BYS (X, nnn,S) EXS(Y,ARG,S) ~ISR(X,Y,R, S)) S :S{RETURY}
8§ MWK(' ARG . Z ',' ARG . W ',' ARG . Q ', ’
+ - ARG . ST 1) S TF(LY)
LK = LGT{X Y R,Z W Q) FLK(' Z ', u v,rqQt,t :
+ S LK (X,Y,R,S1) ')'  :S(RETURM)
S LX = YLX(' X ',' Y ', v R, V5 M) T {RETURY)
1.1 LK = 'LK() ¥ T,V Y ', R,V S 1) 2 {RETURN)
.oN



lge U3

HY

HEND

- DEFTH

n“vtwr(vnen(x T,5)Y,%,0,3,I,R,57%) = (DEND)
DEL =-wrys(x,L,J) S . :S{RETURN)
Y] =T S ' o
 EYS(X,ARG $ V2 *DIFFER(V2,V1),5) 2S{D1)
. DEL = ~(-~ISR(X,25G,ARG,S) -~ISR{ARG,X,ARG,S)
. .. =HV{X,kRG,ARG,S)) S. :S{RETURY)
' § 'TX({' ARG . Y ', ARG . 2 7,7 ARG . R %,7.
.. ARG . S1 9)° . 2F(D2) : :
©  DEL = *LK(* Y ',V Z %, R",’ DLL(X 7,51 *}* = (RETURY}
5 1MED (' ARG . Y V,* ARG . A ARG . I %, - '
' © ARG . 51 7)? : *F {D3) Lol
DEL = *MOD{' Y *,? R *,? I ',? DEL{¥X,T,S%) '} Y ¢ {RETURN}
s ch(v'ch . ¥ ¥," ARG . U 7, ARG . ST ") % :
DE, = IDENT{Y 7,Y U) S1 = S{RETURY)
DEL = ‘CR(’ Y 1,000, DLL(X T s1} N : [RETURN}

E('ULK(X Y R,S)Y w,o,51v)
OLE = -'qut\yvy-\ps) S

S 'LK("KPF -~ Z Y,

ARG . S1 ')v
_IDENT(Y Y R,Z2 W O)
TLK{Y Z Y," W L

SOLX
- LK

1wl

DEFTIY ?(’“Yq(x,~,5) )
_ S ARB YCR{' X 7,7 T 1,°

4 L

‘DBETNE('HV(X AL T, S) )

S . ARB ’MOD(' ',"A 1,

DEFTNE(® ISR {X,¥,R,S) ")
S BRB LK(' X f,' ¥ 7,0

ARG .

= (U END)
o : S (RETORY)
¥, ARG . Q 7,7
51 . +S (RETURY) -
0 v,t ULK(X,Y,R,S1) ') :(RETURN)
Cs(EEAD) '
: S (RETURN) T (FRETURY)
oz (HEED)
I ) 'S(RETUPN) (FRETURN)
..(IEWD)

‘S(RETURN)F(FPETURN)



