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~—Instantiating
a?,b? : N
et N

cl=a?+(2*b7)

[ o L. @ o @ { 1 <
NAAT9 Instantiating $au1)5 a2uaz b2 Hudwlshiliawds mazdlu

@

o Y [ XY I o {o ] 1 I
dulsiidludoyadivoudisie uadauls o Wudulsidalifin msiziluda
A 9 Y [ 3 2K d‘d
w5 N uTeyaeenYAAITNAITUMALETAL ¢! = a? + (2 * b?) T umALaAINT
v
[ o o o I o
MIUNUAT W IZHAIDINMITIINUYDIMALAANIAY duls ¢! dznaneilud)
uilsniien
d’a . A A d'dw d‘w = 1 é v
® MALAAINAA (Invalid Predicate) AomaLaasnianlsndslidamuinniviiean
9 Y )
wdsvull i limareaaiuldamnsaiiaula diesnn luaunsanlsoume

1w A 1o Yo o Ao = Y o 3 1 ]
My ﬁi@ﬁ'lﬂ'l@nuﬂiﬁh’iﬂ'iJ@]'JLL’].Ii‘VIENVllI‘JJﬂWWQNULEN AIDYNLYU

——Inwvakid
at:
bl

ol =a? + (2 * bl

' A o N Y P 3 o { g
1IR30 Invalid @015 a2 dudmlsnliawds mziudulsiiu
1 1o < @ {0 ' ' IS @ {
Foyardvoud1s 1 uadauils bl uag o Hudlsadaluiion mszidudualsh

1< 1 @ aa: [ {a
iWhudoyaoonveuminauiumanans ¢ = a2 + 2 * b)) Judumaudasiiia
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I o
W Input Wuyevesdusdn
I @
Output tHuFaueId 00N
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p Wumauang
Tumsosdiduisunoudade 11
n  ludnadsemsadals Taaunls var? ogluma nput @uls var! uaz vard eglu
1%& Output
w)  1¥nn p ludwdannioglu p
a) 1P & lunua
{81 p Wumanaainsrvaey
Td p lududaneyd
al p 99NN P
h
(& p Sumauaasiiinsimud
§reduals var! 150 vard 'lﬂﬁxcm Input
au@ILls var!l M50 vard 9ONINLYA Output
Td p Juaudanay
al p 99NN P
}
(&1 p ilunauaasiia
i p sio'll
h

10819515 89819 LN IAUEA

AddBirthday1
known!, known' : P NAME
birthday', birthday : NAME —=> DATE
name? : NAME
date? : DATE
known! =dom birthday @ = =mmmemmmemeemmeeees (1)
name? & known! . o o 0 memecsmeecmaeeee @)
known!' = dom birthday' =~~~ = -mmeememeemceeeoes 3)
birthday' = birthday U ({name? > date?}) -------------- )

HA9IANINTITERIAUMALE A
= AddBirthday?2
| known!, known!" : [P NAME

birthday', birthday ; NAME —+ DATE

name? : NAME

date? : DATE

known! = dom birthday =~ wememreeeeeee——een 1)
name? € known! wemenemnmnenene 2)
birthday' = birthday L} ({name? > date?}) ~--s--sm--m-amcus (3)

known!' = dom birthday! =~ = - —eee-eemeeseeeen @)
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NAAT19 AddBirthday! @3)503Aa2 1AUARYS birthday, name? 1a date? daudal5h
[ = Y 1o . Y . d"d ::
&' l3ifian 1Aun@ 115 known! known!' 1ag birthday' luid1519 AddBirthdayl HimALE@AINIHUA 4
MALAA
KR e : o 4 . -
mavaasn 1 dumasaasiimsunua msiznamnmauaasn 1 han s ldaous
3 @ $ 1
known! 1ludauilsnzian
~ I o ~ dyd o A Y
mauaaa 2 Humanaasasnaey msrzaualslumanaasi 2 didudwlsidiawd)
A I Aa J 091} . 1< @ AN 1
mauaae 3 Humauaasnag 3123199 known!' 1ag birthday' 1 udush litian
~ I~ A 1 @ A o o Y v
mauaaan 4 Wumanaesnimsunual magnannmauaasn 4 mau sz ldaauls
. 3 o i
birthday' tHualsnum
v o ° = P pt o & o 0o q ¥
auiu mnihmanaasn 3 nBaennmauaasil 4 msizndannmanaasn 4 iaueili
Y . 1 ) { I { 1 o @
f1ls birthday' Ta1 wazezshliimauansn 3 naeflumauaasiimsunua wazilnauls

s %

& o A Y g s
known!" 1Wludlsiiian deuaaelinis e AddBirthday2
3.3. saumsuaaduldsupsulnsden

[l I < 1 I 091} 1
arumsulautuTisunsuTnsaen ldmiseanilu 2 Tunsudesas msadialausiaveaniun
< 4 o 1 < % o
Tnsden mewnlslumsmlas wazadrumsudaauiiuldsonsyInsdon Fazdesimsuilasld
v Y
doandoany lausanlaad ey
1 Y = <
3.3.1) dumsaiielausamu Insaen
[l Y = < I 1 A o 0l Beone 2 o o 1 v o A
drumsaielavsam Insdondudmndtomaduiunsvesdaynsslsaunaz A iy
9 | < zﬂ o a o v o a o 1 9 1 =
mamnaiudunglunwilnsden mesiinisadvismsiinuvasaIniumsaina eglugiln
< o p) v R '
Twsdendnls vazenuisorinlilsau'la mswsenlausidanmInsaenid ideilo (Manual) &4

Y o

<3| ) & 1Y ° o o o
Wumsiesufemazannsaldlanudemuagiiielugldynsaina lanndesimua
' = = Y = 3 & 9 = a 9
neunvziimsadelausidveamu Tnsdoniiu 1dodimyeonuuuriaueitoyavod
o C4 Y <] ' o o A ' Y a A
dynsaialiogluginuvsesnmInsdenton msedynsalainguuosdoya 5 wiiado 1wa
o o ) o w ] a < : v I a o
anuduius Weidu §1eu sazudn Tuvazhluav Insdenszuesnguuesdoyaiuuuudad
~ 1 = @ 3 = 9 = 1 9 J 3 o a J
10 1aIRen Ay Jedeslimsndainguupidayaie q vesdansaliwalugiuuuddaavesnim
< o {
TW3aNAINNTINN 3.1
:: z o 1 1 ¥ o A I 1 § a
nniuluduaeumsulassziimsuinguuesdrduiumseeniiu 5 nqudsiiaisaningl
3 v o o w < 4 1 v o A 091}
suvvestoyaldun e aAnuduiius S uiin wazdu 9 Tudrwmsadenguesdaduiumsiiu
Y a o ¥ o A 1 = <3 YAy
wasulaginsannnmshauvesdaduiums  Tasdawmsdeunglunm nsaenaz1935ms

Sondes Taeh 1 dduiiumsondesldnatenglumsefuienisiiau
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{ a o o 3
Gl'li'l\iﬁ 3.1 Llﬁﬂ\iGU"HWISJJE]Ha“llENﬁmﬂiml“ﬂﬂ!LﬁZﬂ?H'ﬂWiﬁﬂﬂ

nquvasdoya dayn3sitsa A Insden
Ef {a,b,c} [a,b,c]
ANUFURUT al 1l 12 [(a,1),(b,2)]
Handu (12002 [(1,1),2,2)]
dau ©ab,c) [(1,2),(2,b),(3,0)]
ugin ®a,b,c™ [a,b,c]

i1 1 £ ]
uAaznnUeIRIRuIUMS azilszneuiede aals uazdeu lvveangiiu 9 Fovesngoziinn
A v o A Jd o A o Y o ' A
NFOVOIAIAUUUMININUNAVOIAUNNT drudsaziiaausn wazdulsean ﬁaumauﬂm
I 1 { a o ) a nﬂ//
ludiunoFuems M uYesdIA BHUMT Y 9

= <
Ulﬁ‘]J‘ﬂaﬂJENﬂTHﬂWiﬁ@ﬂ

] ]
A o =

D nquea Sungudaduiumsiiaufesudoya s
o dadnual # (luwiniinequlity) (91 AZB UEaIILLsa A Alawhruee B Featraily
nglunnTnsaen ldsail
neq(A,B):- \+ (A=B).
o Fudnual & (luiluaun¥n:Non Membership) 151 A & B uaasi A Lildifluaundn
vousa B Faatradiunglununlusden Idad
notin(A,B):- \+(member(A,B)).
o Fudnual C (tyAden:Subset) 1TU ACB udnsa A iluimndesvesdnisa B Faad
Lﬂuﬂaiumyﬂwsﬁ@ﬂ"lﬁﬁqf:
subset([],L).
subset([H|T],L):- subset(T,L), member(H,L).
o Fadnual L (Msgiiou:Set Union) 1 AB 1Humsioiandnuousn A uazisa B
15w FeadhaiunglusnTnsaenldaad
cup([],List,List).
cup([H|T],List,Union):- \+ (member(H,List)), cup(T,List,U1), append
([H],U1,Union).
cup([H|T],List,Union):- member(H,List),cup(T,List,U1), append
([1,U1,Union).
o Fadnual M (MIdWADTIYA:Set intersection) 1HU AMB Fumsereaunsnveasa A /
wagiwa 15Tz Aimieuiy c‘ﬁna%’mﬂuﬂ;;]sluﬂwy1TWi§aﬂ”lﬁ'ﬁaf;

cap([],List,[]).
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cap([H|T],List,Intersect):- \+ (member([H],List)), cap(T,List,U1), append
([1,U1,Intersect).
cap([H|T],List,Intersect):- member([H],List), cap(T,List,U1), append

([H],U1,Intersect).

@

® do@anual \ (MIausa:Set Difference) 11 A\B Humstoramsnvoasa A 1y

o

: < < o &
wa B easruiiunglunwInsaen ldasi
setminus(List,[],List).

setminus(List,[H|T],Different):- setminus(List,T,R1), delete(H,R1,Different).

v v t4

o daanyal U (Msgiiauisn:Generalizaed Union) 151 A Wue1aansnlunnealy A
o 4 & < o~
sy ssaradunglunw Insdenladui

bigeup([L[D-
bigcup([H|T],Gunion):- bigcup(T,L1), cup(H,L1,Gunion).

v v 4 a 4 : . ] ) a
® FuANHA (M (NIBUNDILYALYA:Generalizes Intersection) (¥UW (M A uumﬁuwnium

~

y @ & <3| < Y J
walu A mwigimioun dadruiungluniw nsden lddail
bigcap([L].L).

bigeap([H|T],Gintersect):-bigcap(T,L1),cap(H,L1,Gintersect).

¥ @

4 '
® qYanyal first (NTNIN

v W

WA UAN:First) 15U first A 101FFNAWINVDIGANY A F9

2
Vo A
f

a
<
a il

afuflungluaninsden'

first(P,First):- P=..[A,B,C|D], First=B.

[ [

@ 4 198 e, 1 a o y J
® FANHU second (mimﬂmﬂumwm : Second) U second B P1ANIFNAIN 2 VDA

'
@ =2

o 2
Ay A

9
saddlungluneninsdonlddsi

second(P,Second):- P=..[A,B,C|D], Second=C.
U v o o & 1 v o A A o v o
2)  AguANUANTUS 1WungudId iU IheITUANNTURUS
o I 4 1o o ] I 1 1o o
o daanvai—>(msudasgdrauMaplet) wn A—>B fumsulasldeglugigdaua,p)

U

Faadrudlung lunwiInsdenlddsil
mapsto(A,B,C):-C=[(A,B)].

[

o ¢ . ' < v o
yansal dom (M3 la:Domain) 13U dom A 11UMTH1 TAMUYDIAMINAUNUS A

1 E4

d
FaaruiunglunmInsdenlddil

dom([1,[D).
dom([H|T],Domain):- H=..[A,B,C|Z], dom(T,D1), append([B],D1,Domain).
o ué’ﬂmf ran (M3ININFe:Range) 19U ran B 1Hunsnndovesnnuduius A Faag
Lﬂuﬂg]':lumyﬂwaﬁ@ﬂ"lﬁﬁqff

ran([1,[D.
ran([H|T],Range):- H=..[A,B,C|D], ran(T,R1), append([C],R1,Range).



17

@

o o 4 v o . . ' . J aw
yanyl (milﬁd]f@imimﬁuwuﬁ:Relatlonal Composition) ¥U AJB Aumsmndeovos

A A v Ao = v [ < Yo g
%9 B ﬂﬂiﬂl“ulﬂn@uﬂﬂv‘lﬁﬂmﬂ%“ﬁﬁ A G]NﬁiNnJuﬂgﬂuﬂ”mﬂW’iaﬁ]ﬂllﬂmu

o=

comp(P,Q,R):- ran(P,R1), funran1(R1,Q,R).

oy &Nl O (MIMANNFURUTHUDNOEHE:Backward Relation) 151 AOB Hl1ms#1

A o A

Tamuveusa A fifidemiieusyTanmveusn B FiadruiunglunnTnsdenldss

£4

circ(P,Q,R):- dom(Q,R1), fundom1(R,P,R1).

Toya dnval < (M31na AU Domain Restriction) 191 A<IB Lﬂumimﬂammmgw A

=1

i Tamuiluaundnvouses B cmzﬁmﬂuﬂg“lunmﬂwaa@ﬂ"lﬂmu
dres([],Relation,[]).
dres([H|T],Relation,Domres):- domone(H,Relation,R1),

dres(T,Relation,Rel), append(R 1,Rel,Domres).

dnval D> (M3dnaiide:Range Restriction) 131 AD>B Lﬂuﬂﬁmﬂmﬂmmm@ AW

=~

oifluainFnveasa B cmﬁsmﬂuﬂgﬂumyﬂwmaﬂ"lﬂmu

Toyal
Snd

rres(Relation,[],[]).

rres(Relation,[H|T],Ranres):- ranone(H,Relation,R 1), rres(Relation, T,Re1),
append(R 1,Rel,Ranres).

wi‘llu ﬂ‘]elm < (mmﬂﬂmum"lummﬂﬂ :Domain Anti Restriction) U A< B Lﬂuﬂﬁ‘mﬂ

QU

@ @

Sdvveann A i Tamu ifumnnveuan B dsadraunglunmn Tnsdon 1886
ndres(B,[],B).
ndres(Relation,[H|T],Domantires):- domantione(H,Relation,R 1), ndres

(R1,T,Domantires).

[

o t4 Ao A [l o w . - 1 I 1
Uany B (ﬂﬁ‘l’ﬂW’s’fﬂ‘V]lliJQﬂmﬂﬂ:Range Anti Restriction) %1 A BB Lﬂuﬂﬁ‘l’ﬂ@'
o AAa o 1 3 a £ 9 | [ Yo dy
ANAVVDUBN A V]ZJWﬂ’EthJL‘]JuﬁiJ"I“])'ﬂ"U?NL‘WI B “Nﬁ'iNLl]Llﬂ;ﬂ‘L!ﬂTHﬂ‘Wiaﬂﬂ“lﬂﬂﬂu
nrres(B,[],B).

nrres(Relation,[H|T],Ranantires):- ranantione(H,Relation,R 1), nrres

(R1,T,Ranantires).

@

@ I'd [ @ 4 ] I~ [ o o

ganbal ~ (MIdounnuduWus:Relational Inverse) 15U A~ ifumsmanuduius
v W £ Y & 3 Yo &
uuunduiuves A FeasrudunglunmInsaen ldaail

inv([L[D).
inv([H|T],Inverse):- H=..[A,B,C|D], inv(T,I), append([(C,B)],I,Inverse).

@

anvel <1 D> (I¥aduRUT Relational Image) 191 A<IBD>1umsrusavoaide e

o

i
H 1 4
A i Tamu B FatraflunglunmInsdonladil

limg(Relation,[],[]).
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limg(Relation,[H|T],Relimage):- domran(H,Relation,R1), limg

(T,Relation,R2), append(R1,R2,Relimage).

¥ @ @

aanual @ (M3unuii:overriding) 1951 ADB Wumsunuigsduluma A Areosa B

U

Aa A o & v < < Y o g
i Tawumiouiu dsadraiunglunw Insaenldaail

oplus(F,G,R):-dom(G,R1),ndres(F,R1,R2),cup(R2,G,R).

' o w | ' ¥ o A A A v o
3) nauaIay uJuﬂqummmumimﬂﬂmuamu

[

daydnual ~(M3ABSIFY:Concatenation) 19U A ~B 1HumMIThd ey A Maer 1Ay B
FeahruiunglunnTnsdenldsail

cat(List1,[],List1).

cat([],List2,List2).

cat(List1,List2,List3):- append(List1,List2,List3).

[

o ¢ 9 o o ' < 9 o w £ 9 g
aanual rev (doud1AU:Reversal) 19U rev A (Hlumsdouaduves A daairuilungluy
< Yo &
muInsaenldded
rev(List, Reversed) :-rev(List, [], Reversed).
rev([], Reversed, Reversed).
rev([Head|Tail], SoFar, Reversed) :-rev(Tail, [Head|SoFar], Reversed).

v v 4 Y ' | a o o w 5
Fudnual head (f2U50:Head) 1914 head A 1WUMIHIAMITIAUTNVOISIFY A Faada

o

WunglunwInsdenlassil
head([Head|Tail],H):- H=Head.

v ¢ o Y 1 I~ A o B o w &£ 9
3 yanya last (AN18:Last) I¥U last A nJumsmﬁm%ﬂmqwmmmmﬂu A BIFTN

E4
=

WunglunenInsaon ldds
last([Head|Tail], Element) :- last(Tail, Head, Element).
last([], Element, Element).

last([Head|Tail], , Element) :- last(Tail, Head, Element).

@

@ o | 1 | [} ! < a 3 o o v
Aaydnuel tail (AR 18:Tail) 159 tail A umsaunFnianueeniudusnuosd iy A
: < < o A
FaasruilunglunwInsaenlddad

tail([Head|Tail],T):- T=Tail.

v v 4 <

Y
anbal front (@2UnT:Front) 15U front A ilumsamFnianuasniudigaieves

E4
=

saadiunglunmninsden @il

1
@ =<

AU A
front([H],[]).
front([H|T],Front):- front(T,F1), append([H],F1,Front).

[

o t4 1 . ] 1 1< A o o A o W &£
yanyal (M3ueN:Extraction) 54U A ' B WUMsmansnaaun A Glua’lﬂ‘ll B 43

4
audiungluainInsden 14
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extract(N, List, Element) :-integer(N), !,N >= 1,N1 is N-1,nth0i(N1, List,
Element).
extract(N, List, Element) :-var(N),nthOv(List, Element, 1, N).

o Fodnual " FomosFiten 15 A | B fumsmianFoddudt B ud iy A St

Hunglusmn Insdenldaail
filter([],List,[1).
filter([H|T],List,Filter):-filterone(H,List), filterdel(H,List,List1),
filter(T,List1,F1),append([H],F1,Filter).

filter([H|T],List,Filter):-filter(T,List,Filter).

v o 4 — . 1 < v o w o w
® FUANHA squash (N139AA1AV:Compaction) (YU squash A Wumsdamauluaay A

Y
v A

Tna FaadradlungluninInsdenlddsil
squash([TLIT]).
squash([H|T],S):-sort(T,S1),sqin(S1,H,S).

@

o 4 o w = v . [} I o o w
o dydnual ~/ (MINTZAwAAY:Distributed Concatenation) 11 ~/A 1flumsthdsy

E4
=1

Tuddu A niFoaiu deaadlungunmnInsden lda
deat([1.[D-
dcat([H|T],List):- deat(T,List2), append(H,List2,List).

' 3 & 1 v o A A A o =
4) ﬂqmmﬂ uJuﬂqummmumimﬂammmﬂ

v v 4 1

o dadnual # (Mamddn:Multiplicity) 54 A#B Wumsmansnluudn A fAffuu

o
1 E4
N~ =

o

B i Faaadung luaenInsden lddsi
beount([],Element,N):-N=0.
beount([H|T],Element,N):- H=Element,bcount(T,Element, Temp),

Nis Temp+I.

beount([H|T],Element,N):- \+(H=Element), bcount(T,Element,N).

o Fodnual ® (ﬂﬁﬂmu‘ﬁﬂ:Bags Scaling) 151 A®B Wumaiiuansnluuiia B $1uu

A pd FaatraiunglunnTnsdon 18s il
otimes([]1,N,[]).
otimes([H|T],N,List):- scalbagone(H,N,L1), otimes(T,N,L2), append
(L1,L2,List).

@

@ t4 a < 1 I U I a
® dyanual in (@U1¥nuLinN:Bags Membership) (%Y A in B 11umsuaaddn A dluaundn

E4
=1

yoaudin B FaaraflunglunimnInsdenldds
memberbag(X,[X|_]).

memberbag(X,[ |L]):-memberbag(X,L).
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@ 4 <3 1 [ I~ 1 I 3 (] [~
dayanual C (uDngoo:Sub Bags) 15U ACB Humsuaasi A luniingesvesuiln B
; & < o
FaasrailunglunwInsaenlddad

@

subbag([],L2).
subbag([H|T],L2):- member([H],L2), deleteone(H,L2,1.3),subbag(T,L3).
subbag([H|T],L2):- \+(member([H],L2)), fail.

@

o dodnual ) (M3giilountin:Bags Union) 131 AYB Humsuaaniudin A vasudn B
15wy Faadaiiunglusn nsdenldaad
uplus(L1,[],L1).
uplus(L1,[H|T],L):- uplus(L1,T,L3), insertbag(L3,H,L).
o dFudnwal \J (msavufin:Bags Difference) 191 A\TB Humsmandaniluuiin A
ua i luutin B Seadratiunglunmn Insden1ded
uminus([],L.[1).
uminus([H|T],List,Intersect):- \+ (member([H],List)), uminus(T,List,U1),
append([],Ul,Intersect).
uminus([H|T],List,Intersect):- member([H],List),deleteone(H,List,L), uminus
(T,L,U1), append([H],U1,Intersect).
5) ﬂf;jmdiu g ﬁJuﬂtjuﬁm"uﬁuﬂﬁﬁ;ﬁmﬁ’uﬁmammzmﬂuﬁmﬁ'u )
° ér’mué’ﬂyaf+ (M3VIN:Addition) 151 A+B UM HIHALINUDY A 11 B cfaa%quﬂuﬂg
TunnTnsdon1dgad
plus(A,B,C):- C is A+B.
o Fadnual — (Mau:Subsiraction) 151 A—B iumsmkaavves A fu B eadraiy
nglunmnTnsdonladail
sub(A,B,C):- C is A-B.
e dydnual * (M3ga:Multiplication) 151 A¥B 1funisvinagaund A fu B Feardraii
nglunmeTnsden deail
mul(A,B,C):-C is A*B.

v @ ¢ . i | ' . I o &£y o
[ amuaﬂym div (N13¥115:Division) I ¥U A div B L‘]J’LJﬂﬁ‘lfﬂNﬁ?ﬂi"llE)Q ANU B maimﬂu

E4
=

nglunmnInsaonlang
div(A,B,C):- C is A/B.

o 4

o dydanual mod (AHIINMINIT: Modulus) 151 A mod B 1T UMIHUABIINNITNITVRI A
1 E4
U B dsauiiungluniInsden adail
mod(A,B,C):- Cis A mod B.
v @ 4 Y ' 1 < 1 Y 1 &£ 9 IS
o daanwal < (Wounin:Less Than) 15U A<B iffumsneanain A foendn B deadrailung

Y
Tunmm Insaenldgail
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lessthan(A,B):-A@<B.
o dadnual <= (Youniw3en1iu:Less Than Or Equal) 15U A<=B Wlumsuaasii A Yoo
Il 4
aimSoiiy B dsadailungluninsaen ldasil
leq(A,B):-A@=<B.
[ o o 1 ] I 1 1 £ 9 I
® dyanyal > (WNNI1:Greater Than) 15U A>B 1HUMInaaId1 A 110021 B Baas1uilu
4
g luamnInsaonlddsil
greathan(A,B):-A@>B.

v o 4 1 1w 1 IS '
® gany >= (3NNNIMT8NNU:Greater Than Or Equal) U A>=B Humsuaaein A

4
=

wnnmsenniu B FeadrailunglumenTnsdon 188
geq(A,B):-A@>=B.
o dadnval .. (¥23:Number Range) 13U A..B 1TUMsM1395e1I19 A U B Faaaiiy
nglunnTnsdonIda il
upto(A,B,C):-integer(A),A@<B,Next is A+1,upto(Next,B,C1),append
([A],CL,C).
upto(A,B,C):-A@<B,name(A,Num),Nextl is
Num+1,Nextl=91,Next="a,upto(Next,B,C1),append
([A],C1,0).
upto(A,B,C):-A@<B,name(A,Num),Next1 is Num+1,name(Next,

[Next1]),upto(Next,B,C1),append([A],C1,C)

v
[ =

& < . 1o il A 5 S o Ay =
® {dydnwal min (AMAIGA:Minimum) 15U min A [HUMsrIsuNlsngaluwg A 9

L)

v
Y v A

ahudlung lumenInsden Iddst
min([Head|Tail], Min) :- min(Tail, Head, Min).
min([], Min, Min).
min([Head|Tail], Element, Min) :-Head >= Element, !,min(Tail, Element,
Min).
min([Head|Tail], , Min) :-min(Tail, Head, Min).

@ 4 1 . ' I~f o ~ A &£
o {yanyal max (A1GIGA:Maximum) (HY max A (JumMsmimnnnigaliuse A &

v
Y v A

audlungluainInsden 4

max([Head|Tail], Max) :- max(Tail, Head, Max).

max([], Max, Max).

max([Head|Tail], Element, Max) :-Head =< Element, !,max(Tail, Element,
Max).

max([Head|Tail], , Max) :-max(Tail, Head, Max).
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v @ 4 v Jdo . . ] I~ A Ao ]
e doanwal ~ (WeaA%u:Function Applicable) 19U A~B Hlumsvilamuniondeveds

1 k4
v K 9 v

S FeatrailunglununInsdonladail
function(Relation,Domain,Range):
var(Domain),fundom(Domain,Relation,Range).
function(Relation,Domain,Range):-funran(Domain,Relation,Range).

@

° iyé’ﬂmf € (@Fn:Membership) 1414 A€ B 1Wumsnanii A HuanFnues B &9

4
=

afudunglunnInsdenldes
member(X,[X|_]).
member(X,[ |L]):-member(X,L).
v o o A - : ' 2 o = DN
o dyanwual V (30:Conjunction) 15U AVB 1HumMsInIALaas A 11 or fi Feas1ailung
v
TunwnInsaen lddai
lor(P1,P2):-(P1;P2).
v o t4 . 4 1 I o @ £ Y I
o daydnwal A\ (taz:Disjunction) 151 AAB 1HUMs1INIALEAS A 11 and fu Feadrailung
TunnInsaenlddail
land(P1,P2):-P1,P2.
o Fuydnual = (@WduImplication) 151 A=>B Humahinauaas A W1 Imply fu ¥4
9
afraflunglunnInsdenladil

implies(P1,P2):<(P1->P2).

€

o Fadnual — (Adeiile:Equivalence) 151 A—B iilumsihniauaas A 11 Equivalence 1
Featafunglusminsden lddsi
iff(P1,P2):-(P1,P2);(+P1,\+P2).
3.3.2) daumsutaailuldsunsuInsdon
drumsntaniuldsunsuTnsden Wudidivinmsudaatisume q vesdedmuagihiolu
sidynsaliwaioglugiimavesaunnd i TsunsuInsfon Tasvgimanlasiiazdiig &

msutas 1 s ludynsaliaenz e LaglulisunsyInsden
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Domain) AYol ran (WaB:Range) doyanyal — (Hia5:Not) 1Wuau drednansuilag

o

W
= o A @ Y 1
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MALAAIN
a=— b uiaa 1@ty not(B.A)
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o dduiumsiil 2 dwls Avdrdutiumsnidussidudeyain 2 dudls nazlidauns

Y o

] o A A d' ) o Y Y o
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Do

adyy oy 9 o ' ¥ o A = Y 1 v W 4
lavsanldadeld  drwdwvosdaduiumsnll 2 dwnlsisu dydnval €
a v v J 1 [N 4 . < o
(F11¥N:Member) dyanb C (¥ngoY:Subset) dyanyal U (gL‘f!EJu:Umon) Wudu @9
1 d’dw o a o
pg1MItlasmauaaIniaIAuiums 2 duls
(<]
a=b € culadldiilv in(B,C,A)
<
d=e U futlaslailu cup(E,F,D)
o dnjalsna vV (Forall) 3 (Forsome)
a :1’ 1 g 4 { o '
— Forall vzaulvaunsnnevnualusa lamaniainiu 1l ldawSeu lvismualinseli
¥ o A 1 IS 1 1 @ 1 4
AR iU forall vzttiimaudasoenilu 2 diude diuilszmadiuls wazdiulon
. o Sy Aq Y ° v A Y
lo  dadsgmadanlsvzdudiudldlumsimuasauesdoyanaz 4 Tumsasm
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Y declaration part @ condition part
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CRLEANG AT

r—ForallExample
| name? ; [INAME]

| date! : {DATE]

known! : P NAME

| birthday : NAME —> DATE

known! = dom birthday
i : known! @ name? ¥ i

ansontlasldidu
forallExample(Name,Date,Known,Birthday):-

dom(Birthday,Known),\+((in(I,Known),\*+(neq(Name,I)))).

— Forsome  azaruloamndmnedrlumalamanisindu audou lviidmua13nse lid
§I1N3 Forsome astithninudasoondu 2 daufe datlszmadanls uazdiuitonly
dalszmasulsendudnilflumssmuamavesdoyaiiaz ¥ lunsasandey  dau
ﬁau'lmfuzﬁjudauﬁi%’iumimnﬁauiw%y’aiudauﬂﬁzmﬁﬁmﬂﬂfuﬁﬁﬂﬂﬁmﬁuﬂu
auidtenlvnielu driidoyadladiuituiiu llnunieulumauaaaiifes 1Hmese ud
S¥oyannd luaa lidlu laideuly manaaaiifez AR §uilums Forsome
sefigtinudade i

3 declaration part @ condition part
annsadiuldii

(declaration part),(condition part)

ADE1UFY

—ForsomeExample
name? : [NAME]
date! : [DATE]
known! : P NAME

birthday : NAME —+> DATE

known! = dom birthday
i : known! @ (birthday(i)) = date?

annsautladldiiy
forsomeExample(Name,Date,Known,Birthday):-

dom(Birthday,Known),in(I,Known),function(Birthday,I, Temp1),Temp1=Date.
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H ax < < . .
TupoudimsulauilulylsunsuInsaen(Z-to-Prolog Transforming Algorithm)
I 4 1
W SchName 11 u%0v0 1715149
1] o [
Var 15 ud 50341519 SchName
3 1
P i unIAuaaIve U139 SchName
I [ ~ [ =
InSchUn 15 eignsaumuvuaaiug linJasunia
| o Y
InUnVar 10 ué159991A1519 InSchUn
I 1 ~ =
InSchChange T3 19Ngns mnpuanuznlasunia
I % Y
InChVar 11Ut 599901319 InSchChange
v Y
Tumsulasdivuaousane hil
. 1
) 1# SchName 1iu¥avaang
I o
¥) % var ifhudulsveang
= 1 < %
) B11M3559UA1319 InSchUn 1# InUnvar 1fludaulsvesngaae

)

De  De

T @ I @
18M352M1319 InSchChange 19 InChVar taza@01uznawes InChVar 1Hudauls
YDINYAY

9) mmsuiaap

fedrumanlastesmuagihiolugldynsalimadiulasunsyInsden

—BirthdayBook——
known! : [P NAME
birthday : NAME —> DATE

| - known! = dom birthday

— AddBirthday
A BirthdayBook
name? : NAME
date? : DATE

name? E known!
knovm!' = dom birthday'
birthday' = birthday | ({name? —> date?})

nnfmedudeimuagiiivlugidynssliganngli 32 awsawlaaduldsunsy

Twsaenladegilii 3.3



birthdayBook(Birthday,Known):- dom(Birthday,Known).
addBirthday(Name,Date,Birthday,Known,Birthdayp,Knownp):- birthdayBook
(Birthday,Known),notin(Name,Known),Temp1 = [(Name, Date)],cup

(Birthday, Temp1, Birthdayp),dom(Birthdayp,Knownp).

@ 1

51/ 3.3 dedeT)sunsuTnsaen
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—BirthdayBook—
“&nown! : P NAME
birthday : NAME —» DATE

known! = dom birthday

— AddBirthday
A BirthdayBook
name? : NAME
date? : DATE

name? & known!
known!' = dom birthday’
birthday' = birthday U ({name? > date?})
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5) Suveududoyanadns

6) unnlsunsuInsdonaslundumadns

\begin {schema} {BirthdayBook
known! : \power NAME \\
birthday : NAME \pfun DATE
\where

known! =\dom birthday

\end{schema}

\begin {schema} {AddBirthday}
\Delta BirthdayBook \\

name? : NAME \\

date? : DATE

\where

name? \notin known!

known!' =\dom birthday'

birthday' = birthday \cup (\{name? \mapsto date?\})

\end {schema}
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:-use_module(library(z)).
birthdayBook(Birthday,Known):- dom(Birthday,Known).
addBirthday(Name,Date,Birthday,Known,Birthdayp,Knownp):- birthdayBook

(Birthday,Known),notin(Name,Known),Temp1 = [(Name ,

Date)],cup(Birthday, Temp1,Birthdayp),dom(Birthdayp,Knownp).
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aglugin 5.2

[ BirthdayBook
known! : P NAME
birthday : NAME —> DATE -

known! = dom birthday

— AddBirthday
A BirthdayBook
name? : NAME
date? : DATE

name? & known!
known!' = dom birthday'
birthday' = birthday U ({name? = date?})

—FindBirthday——
& BirthdayBook
name? : NAME
date! : DATE

name? € known!
date! = birthday name?

—Remind
¥ BirthdayBook
today? : DATE

cards! : P NAME

cards! = { n: known! | today? = birthday n * n }

— Init_BirthdayBook—————
A BirthdayBook

known!' = @
birthday' = &

{ @ ] o o [ 4 |
710 5.1 uaasiredsveste fmuagzihivlugildynseiiamuedseun Birthday Book
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waasedluglin 5.3

—PhoneDB
| members:P person
telephones;Person —> Phone

(dom telephones ) C members

—AddEntry
A PhoneDB
name?: Person
new_number?:Phone

name? € members

(name?, new_number?) & telephones

(dom telephones') C members'

telephones' = telephones L ({name? — new_number?})
members' = members - -

:NotMi:mbm F
& PhoneDB
name?: Person
rep! : Report .

name? & members
rep! = Not_a_member

—EntryAlreadyExists—
% PhoneDB '
name?; Person
new_number?:Phones
rep! : Report

({name? > new_number?}) € telephones
rep! = Entry_already_exists

—Success
rep! : Report

rep! = Okay

DoAddEntry = ((AddEntry /\ Success) V NotMember) \/ Entry AlreadyExists

=~ o l Y o o 3 L4
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—maxloans=
‘ N
maxloans !

| maxloans < 10

:LibLOaub
| = maxloans

issued : COPY — READER
shelved : FCoPY

Vr: reader » (#(issued D> ({r2)))) € maxloans
| (shelved M (dom issued)) = %)

Library
é LibDB
X, LibLoans

(dom stock) = ((dom issued) U shelved)
(ran issued) C readers

r—init_Library
A Library

stock'=@

| readers' =
issued' =

‘ shelved‘=@ .

Eg

—Stock Trangaction—————-—
A Library

| issued' =issued
| readers' = readers

L oanTransaction——
ALibrary

stock' = stock
readers' = readers

{ @ l o o 3 4
17 5.3 naasiedsvesdeimuagiislugldynsalimavesszuuioseays
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name? \notin known!

bVl B

RFindBirthday \defs [FindBirthday {land Success] jlor NotKnow
RRemind \defs Remind {land Success
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5.5. wamsnagevldsunsu

J A A dy o Y Y o o o L4
nAMINAgeUNUIUAIeINe Ha s nmmsulasieyaainveimuagiislugildynsal

< < \ &l o .
wailul)sunsuIwsden Taseglugilueany 113l 91MsNAT@UAVIZUY Birthday Book a111350
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asuilungaie q 1éanua 12 ng Aredrelilsunsy Tnsdenuesszuy Birthday Book taaslugii

1 Y
5.7 Fanwazideaved Tsunsuninuataadeg lunanauan n.

1 :-use_module(library(z)).

2 birthdayBook(Birthday,Known):- dom(Birthday,Known).

3 addBirthday(Name,Date,Birthday,Known,Birthdayp,Knownp):- birthdayBook
(Birthday,Known),notin(Name,Known),Temp1 = [(Name , Date)],cup
(Birthday, Temp I, Birthdayp),dom(Birthdayp,Knownp).

4| findBirthday(Name,Birthday,Known,Date):- birthdayBook(Birthday,Known),in
(Name,Known),function(Birthday,Name,Date).

5| remind(Today,Birthday,Known,Cards):- birthdayBook(Birthday,Known),Temp2 =
Known,is2((function(Birthday,N,Temp4),Today = Temp4),Temp3),is2((Temp6 =
N,Cards = Temp6),Temp5),land(Temp3,Temp5).

6 | init BirthdayBook(Birthday,Known,Knownp,Birthdayp):- birthdayBook

(Birthday,Known),Knownp=[],Birthdayp=[].

A o ' < .
317 5.7 uaasdrednalilsunsn Ins@envees e Birthday Book



38

@ 1 <3 ~ = ugzl ~ | A A 9
nndedli)sunsyInsasnaingili 5.7 Ungiavua 6 ng lasngh 1 azilungniGenly
2 g Ayy vy & ! A A A = I 7o
TavsrdannInsaenilaadndu diungou 9 Amdeuennnngn 1 zdumsuaasilaidu
. o < . 4 I~ 7o
(Function) M3711911v03 1)5unsuTnsaonve35 VY Birthday Book avziflumisnaadilandunms
9
Hamesdeimuagiiielugidynsalisavesszuy Birthday Book wui uazdiediei Isunsy
< o . . . . .. .
Tnsaenansam birthdayBook, addBirthday, findBirthday,remind (/8¢ init BirthdayBook 18 Taelu
v 1 v
ng addBirthday 1uazidraumstauvesleuluiaiennduniiumse AddBirthday W31z
Swumauaavesduntiuf1ie AddBirthday lugndes tazwdsnnduduaeumsisesdivuna
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1 :-use_module(library(z)).
2 phoneDB(Members, Telephones):- dom(Telephones, Temp1),subset(Temp1,Members).
3 addEntry(Name,New.number,Members, Telephones, Telephonesp,Membersp):-

phoneDB(Members, Telephones), Temp2 = [(Name , New_number)], notin
(Temp2,Telephones), Temp3 = [(Name ,

New_number)],cup(Telephones, Temp3,Telephonesp),Membersp = Members,dom
(Telephonesp, Temp4),subset(Temp4,Membersp).

4 notMember(Name,Members, Telephones,Rep):-
phoneDB(Members,Telephones),notin(Name,Members),Rep = not_a_member.

5 entryAlreadyExists(Name,New number,Members,Telephones,Rep):- phoneDB
(Members,Telephones),Temp5 = [(Name ,

New_number)],in(Temp5,Telephones),Rep = entry already exists.

6 success(Rep):- Rep = okay.
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o < v i & a &

ng dredeTilsunsuInsdonvesszunriosaya uaaslugziln 5.9 Gaseaziveavoauedl1suniuia

nua uaageglunanuIn a.

1 :-use_module(library(z)).

2 maxloans(Maxloans):- <(Maxloans,10).

3 reader(Reader).

4 copy(Copy).

5 libDB(Stock,Readers).

6 libLoans(Issued,Shelved,Maxloans,Reader):- maxloans(Maxloans),reader

(Reader),Temp5=(Templ = Reader,member(R,Temp1),\+((Temp4 = [R],rres
(Issued, Temp4,Temp3),#(Temp3,Temp2),leq(Temp2,Maxloans)))),\+(Temp5),dom
(Issued, Temp7),cap(Shelved, Temp7, Temp6), Temp6=[].

7 library(Stock,Readers,Issued,Shelved,Maxloans,Reader):-
libDB(Stock,Readers),libLoans(Issued,Shelved,Maxloans,Reader),dom

(Stock, Temp8),dom(Issued, Temp10),cup(Temp10,Shelved, Temp9), Temp8 =
Temp9,ran(Issued, Temp11),subset(Templ 1,Readers).

8 init_Library(Stock,Readers,Issued,Shelved,Maxloans,Reader,Stockp,Readersp,Issuedp,S
helvedp,Maxloansp,Readerp):- library(Stock,Readers,Issued,Shelved,Maxloans,

Reader),Stockp=[],Readersp=[],Issuedp=[],Shelvedp=[].
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n-1

[NAME,DATE]

REPORT ::= Ok | Not_known | Already_known

—BirthdayBook
known! : P NAME =
birthday : NAME —+> DATE

known! = dom birthday

— AddBirthday
A BirthdayBook

‘name? : NAME
date? : DATE

name? & known!
known!' = dom birthday' ,
birthday' = birthday U ({name? —> date?})

>

[ FindBirthday
& BirthdayBook
name? : NAME -
date! : DATE

name? € known!
date! = birthday~ name?

r'"_l}emind
4 BirthdayBook
today? : DATE

cards!: P NAME

cards! = { n: known! | today? = birthday n e n }

— Init_BirthdayBook
A BirthdayBook

known!' = @
birthday' = &

[l
=

o o o J .
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— Success
result! : REPORT

| result! = Ok

[ AlreadyKnown
& BirthdayBook
name? : NAME

result! : REPORT

name? € known!
result! = Already_known

'_I.sOtKnuwu

»% BirthdayBook
name? : NAME
result! : REPORT

name? & known!
result! = Not_known

RaddBirthday= (AddBirthday A Success) V AlréadyKnown
RFindBirthday = (FindBirthday A Success) V NotKnown

RRemind = Remind A Success

A Y o v @ Jd . 1
57 n-1 narasdedmuagiiielugildaynsalisasziuy Birthday Book (s19)

§ ' Y 4 '
9IN52 V1 Birthday Book asaglugildaynsaiimaannsonaslieglugiumavesaumnd Id

\begin{zed}
[NAME,DATE]
\end{zed}
\begin {zed}
REPORT ::= Ok | Not\ known | Already\ known
\end{zed}
\begin {schema} {BirthdayBook}
known! : \power NAME \\
birthday : NAME \pfun DATE
\where

known! =\dom birthday

\end {schema}

=~ Y o o o s X o
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\begin {schema} {AddBirthday}

\Delta BirthdayBook \\

name? : NAME \\

date? : DATE

\where

name? \notin known! \\

known!' =\dom birthday' \\

birthday' = birthday \cup (\{name? \mapsto date?\})

\end{schema}

\begin {schema} {FindBirthday}

\Xi BirthdayBook \\

name? : NAME \\

date! : DATE

\where

name? \in known! \\

date! = birthday~ name?

\end{schema}

\begin{schema} {Remind}

\Xi BirthdayBook \\

today? : DATE \\

cards! : \power NAME

\where

cards! =\{ n : known! | today? = birthday~n @ n\}

\end{schema}

\begin {schema} {init\ BirthdayBook}

\Delta BirthdayBook

\where

known!' =\emptyset \\

birthday' = \emptyset

\end {schema}

\begin {schema} {Success}
result! : REPORT

\where

[l
=1

Y o o 3 o . AP
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result! = Ok
\end{schema}
\begin {schema} { AlreadyKnown}
\Xi BirthdayBook \\
name? : NAME \\
result! : REPORT
\where
name? \in known! \\
result! = Already\ known
\end{schema}
\begin {schema} {NotKnown}
\Xi BirthdayBook \\
name? : NAME \\
result! : REPORT
\where
name? \notin known! \\
result! = Not\ known \\
\end{schema}
\begin{zed}
RAddBirthday \defs (AddBirthday \land Success) \lor AlreadyKnown
\end{zed}
\begin {zed}
RFindBirthday \defs (FindBirthday \land Success) \lor NotKnown
\end{zed}
\begin {zed}
RRemind \defs Remind \land Success
\end{zed}

A Y o o [ o . AP
717 n-2 umasteivuaziielugildynsaitsaszun Birthday Book lugilunavesannnsg (se)
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:-use_module(library(z)).

birthdayBook(Birthday,Known):- dom(Birthday,Known).

addBirthday(Name,Date,Birthday,Known,Birthdayp,Knownp):- birthdayBook
(Birthday,Known),notin(Name,Known),dom(Birthdayp,Knownp),Temp1 = [(Name ,
Date)],cup(Birthday, Temp1,Birthdayp).

findBirthday(Name,Birthday,Known,Date):- birthdayBook(Birthday,Known),in
(Name,Known),function(Birthday,Name,Date).

remind(Today,Birthday,Known,Cards):- birthdayBook(Birthday,Known), Temp2 = Known,
is2((function(Birthday,N,Today)), Temp3),is2((Temp5 = N,Cards =
Temp5),Temp4),land(Temp3,Temp4).

init_BirthdayBook(Birthday,Known,Birthdayp,Knownp):- birthdayBook(Birthday,Known),
Knownp=[],Birthdayp=[].

success(Result):- Result = ok.

alreadyKnown(Name,Birthday, Known,Result):- birthdayBook(Birthday,Known),in
(Name,Known),Result = already known.

notKnown(Name,Birthday,Known,Result):- birthdayBook(Birthday,Known),notin
(Name,Known),Result = not_known.

rAddBirthday(Name,Date,Birthday,Known,Result, Birthdayp,Knownp):-
Schemal=addBirthday(Name,Date,Birthday,Known,Birthdayp,Knownp),Schema2=succ
ess(Result),Schema3=alreadyKnown(Name,Birthday,Known,Result),land
(Schemal,Schema2,Temp6),lor(Temp6,Schema3).

rFindBirthday(Name,Birthday,Known,Date,Result):- Schemal=findBirthday
(Name,Birthday,Known,Date),Schema2=success(Result),Schema3=notKnown
(Name,Birthday,Known,Result),land(Schemal,Schema2,Temp7),lor(Temp7,Schema3).

rRemind(Today,Birthday,Known,Result,Cards):-
Schemal=remind(Today,Birthday,Known,Cards),Schema2=success(Result),land

(Schemal;Schema?2).

4 2 ,
517 n-3 uaaalilsunsu Tnsdenvedsz Y Birthday Book
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[PERSON,PHONE]
REPORT ::= Okay | Entry_already_exists| Mot_a_member] Unknown_name|
Unknown_number] Unknown_entry| Already_a_member] Unknown_command

COMMAND ::= Am[Em|AeRe/Fp[Fna
—PhoneDB:
members:F PERSON

telephones:PERSON +—+ FHONE

(dom telephones ) T members

r—AddEntry
A PhoneDB

name?; PERSON
new_numhber?:FHONE

(name? — new_number?) & telephones

{dom telephones’) © member

telephones' = telephones L) ( {name? — new_number?})
members' = members

— otMember
& PhoneDB
name?: PERSON
rep! : REFORT

name? & members
rep! = Not_a_member

—EntryAlreadyExists
& PhoneDB

name?: PERSON
new_number?:PHONE
rep! : REPORT

(name? > new_number?) € telephones
rep! = Entry_already_exists

T e ——
rep! : REPORT

rep! = Okay

v
I=)

Y o o @ o
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DoAddEniry = ((AddEntry A Success) V NotMember) V EntryAlreadyExists
|—__Findl’lw“n
Z PhoneDB
name?:PERSON

numbers!: P PHONE

name? € (\dom telephones)
numbers! = telephones { ({name?}) )

_UnknownName—————————
& PhoneDB
nameT:PERSON
rep!:REPORT

FindNames
& PhoneDB
names!: PEF

rq:!=-Unknun11_bu' ____,__
DGFiﬂiNV

Aphoneds’.
o
old i ONE

tmme?Hom nmunﬂlemm

QWWNW]’JVI R

name?:PERSON
repl:REPORT

(name? , old_number?) & telephones
rep! = Unknown_entry

{ ° o o C4 T
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DoRemoveEntry =(RemoveEntry A Success) V UnknownEntry
—AddMember

A PhoneDB
name?:PERSON

name? & members

'
members' = member U {{name?})

telephones' = telephones

—AlreadyMember
& PhoneDB
name?:PERSON
rep!:REPORT

name? € members
rep! = Already_a_member

DoAddMember = (AddMember A Success) V AlreadyMember

RemoveMember
A PhoneDB
name?:PERSON

name? € members
members'= members \ ({name?})
telephones' = ({name?}) < telephones

DoRemoveMember = (RemoveMember A Success) V. NotMember

—Init_PhoneDB
A PhoneDB

members'= {0 .
telephones' =

—AddMemberCommand———
c¢md?:COMMAND

cmd? = Am

ComAddMember = AddMemberCommand A DoAddMember

RemoveMemberCommand
amd?: COMMAND

amd?=Rm

ComRemoveMember = RemoveMemberCommand A DoRemoveMember

—AddEntryCommand—————
cmd?: COMMAND

cmd? = Ae

ComAddEntry= AddEntryCommand A DoAddEntry

{ o o o J 1
UM -1 naasdoimuagihislugidynsalisavesszuy PDB (Ap)
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—RemoveEntryCommand
emd?: COMMAND

cmd?= Re

ComRemoveEniry = RemoveEntryCommand A DoRemoveEntry
FindPhonesCommand
emd?: COMMAND

J emd?=Fp

ComFindPhones = FindPhonesCommand ¥/ 11 imdPhones
FindNamesCommand=————
P:]dl'f COMMAND

cmd?=Fna

ComFindNames = FindNagés@bmmand 1 Do FindNames

— UnknownCammand -
emd?: COMMAND

rep!:REPORT

emd? £ Am

emd? F Bm

emd? & Ae

cmd? #F Re

cmd? F Fp

cmd? # Fna

rep! = Unknown_Command

{ o % (2 dJ '
U -1 namsdoimuagiielugidynsalisauedszuy PDB (Ap)

1nszuy PDB lugildynsaiise annsoudaslieglugiunavesaunnd1d dagalii v-2

\begin{zed}

[PERSON,PHONE]

\end{zed}

\begin{zed}

REPORT ::= Okay | Entry\ already\ exists| Not\ a\ member| Unknown\ name|
Unknown\ number| Unknown\ entry| Already\ a\ member| Unknown\ command

\end{zed}

= Y o o o k3 s
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\begin{zed}

COMMAND ::= Am|Rm|Ae|Re|Fp|Fna
\end{zed}

\begin {schema} {PhoneDB}
members:\power PERSON \\
telephones:PERSON \rel PHONE
\where

(\dom telephones ) \subset members
\end{schema}

\begin{schema} {AddEntry}

\Delta PhoneDB \\

name?:PERSON \\

new\ number?:PHONE

\where

name? \in members  \\

(name? \mapsto new\ number?) \notin telephones \\
(\dom telephones' ) \subset members' \\
telephones' = telephones \cup (\{name? \mapsto new\ number?\}) \\
members' = members

\end{schema}

\begin {schema} {NotMember

\Xi PhoneDB \\

name?:PERSON \\

rep! : REPORT

\where

name? \notin members \\

rep! = Not\ a\ member

\end{schema}

\begin {schema} {EntryAlreadyExists}
\Xi PhoneDB \\

name?:PERSON \\

new\ number?:PHONE \\

3
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rep!:REPORT

\where

(name? \mapsto new\ number?) \in telephones \\
rep! = Entry\ already\ exists

\end{schema}

\begin {schema} {Success}

rep!:REPORT

\where

rep! = Okay

\end{schema}

\begin{zed}

DoAddEntry \defs ((AddEntry \land Success) \lor NotMember)\lor EntryAlreadyExists
\end{zed}

\begin{schema} {FindPhones}

\Xi PhoneDB \\

name?:PERSON \\

numbers!: \power PHONE

\where

name? \in (\dom telephones) \\

numbers! = telephones \limg (\{name?\}) \rimg
\end{schema}

\begin {schema} {UnknownName}

\Xi PhoneDB \\

name?:PERSON \\

rep!:REPORT

\where

name? \notin (\dom telephones) \\

rep! = Unknown\ name

\end{schema}

\begin{zed}

DoFindPhones \defs (FindPhones \land Success) \lor UnknownName

\end{zed}

3
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\begin {schema} {FindNames}

\Xi PhoneDB \\

names!: PERSON \rel PHONE \\
number?:PHONE

\where

number? \in (\ran telephones) \\

names! = telephones \rres (\{number?\})
\end{schema}

\begin {schema} {UnknownNumber}

\Xi PhoneDB \\

number?:PHONE \\

rep!:REPORT

\where

number? \notin (\ran telephones) \\

rep! = Unknown\ number
\end{schema}

\begin{zed}

DoFindNames \defs (FindNames \land Success) \lor UnknownNumber
\end{zed}

\begin {schema} {RemoveEntry}

\Delta PhoneDB \\

name?:PERSON \\

old\ number?: PHONE

\where

(name? \mapsto old\_number?) \in telephones \\
(\dom telephones' ) \subset members' \\
telephones' = telephones \setminus (\{name? \mapsto old\ number? \}) \\
members' = members

\end{schema}

\begin{schema} {UnknownEntry}

\Xi PhoneDB \\

old\ number?:PHONE \\

3
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name?:PERSON \\

rep!:REPORT

\where

(name? ,old\_number?) \notin telephones \\
rep! = Unknown\_entry

\end{schema}

\begin{zed}

DoRemoveEntry \defs (RemoveEntry \land Success) \lor UnknownEntry
\end{zed}

\begin{schema} {AddMember}

\Delta PhoneDB \\

name?:PERSON

\where

name? \notin members? \\

members' = members \cup (\{name?\}) \\
telephones' = telephones

\end{schema}

\begin {schema} { AlreadyMember}

\Xi PhoneDB \\

name?:PERSON \\

rep!:REPORT

\where

name? \in members? \\

rep! = Already\ a\ member

\end {schema}

\begin{zed}

DoAddMember\defs (AddMember \land Success) \lor AlreadyMember
\end{zed}

\begin {schema} {RemoveMember}
\Delta PhoneDB \\

name?:PERSON

\where

3
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name? \in members? \\

members'= members \setminus (\{name?\}) \\
telephones' = (\{name?\}) \ndres telephones
\end {schema}

\begin{zed}

DoRemoveMember \defs (RemoveMember \land Success) \lor NotMember
\end{zed}

\begin {schema} {init\ PhoneDB}

\Delta PhoneDB

\where

members' = \emptyset \\

telephones' = \emptyset

\end {schema}

\begin {schema} { AdddMemberCommand}
cmd?:COMMAND

\where

cmd? = Am

\end {schema}

\begin{zed}

ComAddMember \defs AddMember \land DoAddMember
\end{zed}

\begin {schema} {RemoveMemberCommand}
amd?:COMMAND

\where

amd?= Rm

\end{schema}

\begin{zed}

ComRemoveMember \defs RemoveMemberCommand \land DoRemoveMember
\end{zed}

\begin{schema} {AddEntryCommand}
cmd?:COMMAND

\where

51% 42 uaastofnuagihivlugidynsaliwavesszuy PDB lugdunavesaunnd (do)
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cmd? = Ae

\end {schema}

\begin{zed}

ComAddEntry \defs AddEntryCommand \land DoAddEntry
\end{zed}

\begin {schema} {RemoveEntryCommand}
cmd?:COMMAND

\where

cmd?= Re

\end{schema}

\begin{zed}

ComRemoveEntry \defs RemoveEntryCommand \land DoRemoveEntry
\end{zed}

\begin{schema} {FindPhonesCommand}
cmd?:COMMAND

\where

cmd?=Fp

\end {schema}

\begin{zed}

ComFindPhones \defs FindPhonesCommand \land DoFindPhones
\end{zed}

\begin {schema} {FindNamesCommand}

cmd!:COMMAND

\where

cmd!=Fna

\end{schema}

\begin{zed}

ComFindNames \defs FindNamesCommand \land DoFindNames
\end{zed}

\begin{schema} {UnknownCommand}

cmd?:COMMAND \\

rep!:REPORT

L1)
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\where

cmd? \neq Am \\

cmd? \neq Rm \\

cmd? \neq Ae \\

cmd? \neq Re \\

cmd? \neq Fp \\

cmd? \neq Fna \\

rep! = Unknown\ command

\end {schema}

{ o 9 o s P
U7 v-2 naraadoiuagihislugldynsoiwavesszuy PDB Tuglunavesaunnd (ao)
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:-use_module(library(z)).

phoneDB(Members, Telephones):- dom(Telephones, Temp1),subset(Temp1,Members).

addEntry(Name,New number,Members, Telephones,Membersp, Telephonesp):- phoneDB
(Members, Telephones),in(Name,Members),mapsto(Name,New number, Temp2),notin
(Temp2,Telephones),dom(Telephonesp,Temp3),subset(Temp3,Membersp), Temp4 =
[(Name , New_number)],cup(Telephones, Temp4,Telephonesp),Membersp = Members.

notMember(Name,Members, Telephones,Rep):- phoneDB(Members, Telephones),notin
(Name,Members),Rep = not_a_member.

entryAlreadyExists(Name,New number,Members, Telephones,Rep):- phoneDB
(Members, Telephones),mapsto(Name,New _number,Temp5),in(Temp5,Telephones),Rep
=entry_already exists.

success(Rep):- Rep = okay.

doAddEntry(Name,New number,Members,Telephones,Rep,Membersp, Telephonesp):-
Schemal=addEntry(Name,New_number,Members, Telephones,Membersp, Telephonesp),S
chema2=success(Rep),Schema3=notMember(Name,Members, Telephones,Rep),Schema4
=entryAlreadyExists(Name,New number,Members, Telephones,Rep),land

(Schemal,Schema2,Temp6),lor(Temp6,Schema3, Temp5),lor(Temp5,Schema4).

findPhones(Name,Members, Telephones,Numbers):- phoneDB(Members, Telephones),dom
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(Telephones, Temp7),in(Name, Temp7),Temp8 = [Name],limg(Telephones, Temp8,
Numbers).
unknownName(Name,Members, Telephones,Rep):- phoneDB(Members, Telephones),dom
(Telephones, Temp9),notin(Name, Temp9),Rep = unknown_name.
doFindPhones(Name,Members, Telephones,Numbers,Rep):- Schemal=findPhones
(Name,Members, Telephones,Numbers),Schema2=success(Rep),Schema3=unknownName
(Name,Members, Telephones,Rep),land(Schemal,Schema2,Temp10),lor
(Temp10,Schema3).
findNames(Number,Members, Telephones,Names):- phoneDB(Members, Telephones),ran
(Telephones, Temp11),in(Number,Temp11),Temp12 = [Number],
rres(Telephones, Temp12,Names).
unknownNumber(Number,Members, Telephones,Rep):- phoneDB(Members, Telephones),ran
(Telephones, Temp13),notin(Number,Temp13),Rep = unknown_number.
doFindNames(Number,Members,Telephones,Names,Rep):- Schemal=findNames
(Number,Members, Telephones,Names),Schema2=success(Rep),Schema3=unknownNum
ber(Number,Members,Telephones,Rep),land(Schemal,Schema2, Temp14),lor
(Temp14,Schema3).
removeEntry(Name,Old_number,Members, Telephones,Membersp, Telephonesp):- phoneDB
(Members,Telephones),mapsto(Name,Old_number,Temp16),in(Temp16,Telephones),do
m(Telephonesp, Temp17),subset(Temp17,Membersp),Temp18 = [(Name , Old_number
)],setminus(Telephones,Temp18,Telephonesp),Membersp = Members.
unknownEntry(Old. number,Name,Members, Telephones,Rep):-
phoneDB(Members, Telephones),mapsto(Name,Old number, Temp19),notin
(Temp19,Telephones),Rep = unknown_entry.
doRemoveEntry(Name,Qld_number,Members, Telephones,Rep,Membersp, Telephonesp):-
Schemal=removeEntry(Name,Old_number,Members, Telephones,Membersp, Telephonesp
),Schema2=success(Rep),Schema3=unknownEntry(Old _number,Name,Members, Telepho
nes,Rep),land(Schemal,Schema2,Temp19),lor(Temp19,Schema3).
addMember(Name,Members, Telephones,Membersp, Telephonesp):- phoneDB
(Members, Telephones),notin(Name,Members), Temp20 =
[Name],cup(Members, Temp20,Membersp), Telephonesp = Telephones.
alreadyMember(Name,Members, Telephones,Rep):- phoneDB(Members, Telephones),in

(Name,Members),Rep = already _a_member.
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doAddMember(Name,Members, Telephones,Rep,Membersp, Telephonesp):-
Schemal=addMember(Name,Members, Telephones,Membersp, Telephonesp),Schema2=s
uccess(Rep),Schema3=alreadyMember(Name,Members, Telephones,Rep),land
(Schemal,Schema2,Temp21),lor(Temp21,Schema3).

removeMember(Name,Members, Telephones,Membersp, Telephonesp):- phoneDB
(Members, Telephones),in(Name,Members), Temp22 = [Name],setminus
(Members, Temp22,Membersp), Temp23 = [Name],
ndres(Temp23,Telephones, Telephonesp).

doRemoveMember(Name,Members, Telephones,Rep,Membersp, Telephonesp):-
Schemal=removeMember(Name,Members, Telephones,Membersp, Telephonesp),Schema
2=success(Rep),Schema3=notMember(Name,Members, Telephones,Rep),land
(Schemal,Schema2,Temp24),lor(Temp24,Schema3).

init PhoneDB(Members, Telephones,Membersp, Telephonesp):-
phoneDB(Members, Telephones), Membersp=[], Telephonesp=[].

addMemberCommand(Cmd):- Cmd = am.

comAddMember(Name,Members, Telephones,Rep,Membersp, Telephonesp):-
Schemal=addMember(Name,Members, Telephones,Membersp, Telephonesp),Schema2=d
oAddMember(Name,Members, Telephones,Rep,Membersp, Telephonesp),land
(Schemal,Schema?).

removeMemberCommand(Amd):- Amd = rm.

comRemoveMember(Amd,Name,Members,Telephones,Rep,Membersp, Telephonesp):-
Schemal=removeMemberCommand(Amd),Schema2=doRemoveMember
(Name,Members, Telephones,Rep,Membersp, Telephonesp),land(Schemal,Schema?).

addEntryCommand(Cmd):- Cmd =ae.

comAddEntry(Cmd,Name,New number,Members, Telephones,Rep,Membersp, Telephonesp):
- Schemal=addEntryCommand(Cmd),Schema2=doAddEntry(Name,New_number,
Members, Telephones,Rep,Membersp, Telephonesp),land(Schemal,Schema2).

removeEntryCommand(Cmd):- Cmd = re.

comRemoveEntry(Cmd,Name,Old_number,Members, Telephones,Rep,Membersp, Telephones
p):- Schemal=removeEntryCommand(Cmd),Schema2=doRemoveEntry(Name, Old
number,Members, Telephones,Rep,Membersp, Telephonesp),land(Schemal,Schema2).

findPhonesCommand(Cmd):- Cmd = fp.

comFindPhones(Cmd,Name,Members, Telephones,Numbers,Rep):-
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Schemal=findPhonesCommand(Cmd),Schema2=doFindPhones(Name,Members, Telepho
nes,Numbers,Rep),land(Schemal,Schema2).

findNamesCommand(Cmd):- Cmd = fna.

comFindNames(Cmd,Number,Members, Telephones,Names,Rep):-
Schemal=findNamesCommand(Cmd),Schema2=doFindNames(Number,Members, Teleph
ones,Names,Rep),land(Schemal,Schema2).

unknownCommand(Cmd,Rep):- neq(Cmd,am),neq(Cmd,rm),neq(Cmd,ae),neq(Cmd,re),neq

(Cmd,fp),neq(Cmd,fna),Rep = unknown command.
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[COPY,READER,BOOK]

REPORT ::=Furthercopyadded[Newtitleadded| Readerhasmaxloans| Readernotregistered|

Copyalreadyissued| Copyonloan| Copynotinstock| Readeralreadyregistered| Ok
—Maxloans

maxloans : N

maxloans < 10

—Rcadc;
readers : F READER

e . imw
wupy

copy : F copy

—LibDB
stock : COPY — BOOK
readers : F READER

—LibLoans
E Reader

| E Maxloans

issued : COPY —+ READER
shelved : Fcopy

V't : reader o (#(issued > ({r}))) € maxloans
(shelved N (dom issued)) =

_,_{Jibra.ry
E LibDB
. LibLoans

(dom stock) = ((dom issued) U shelved)
(ran issued) C readers
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—init_Library
A Library

stock' = Qj

readers’ = ()
issued' = @
shelved' = &

|—Smc kTransaction
A Library

1ssued' = issued
readers' = readers

—LoanTransaclion’
.'fn.Lw'LI:Jr.'arg.-r

stock’ = stock

readers' = readers

—Registration
A Library

stock’ = stock
shelved' = shelved
issued' = issued

—Issue
= Maxloans

= LoanTransaction
c? : COPY

7 : READER

c? € shelved

1?7 & readers

(#(issued L2 ({2H) <maxiodns
issued" =\ssued @-({cMmapsto r\})

':WhnHaSEupy
% Library

c?: COPY

rl : READER

¢? € (dom issued)
r! = 1ssued~ ¢?
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—AddKnownTitle
= Copy

A Library

b7 : BOOK

rep! : REPORT

b? E(\ran stock)
3 c:copy |(c Ecopy) A (¢ E(dom stock)) » (stock’ = stock@({c —* b?})) A
(shelved' = shelved\U({c}))
issued' = issued

readers' = readers

rep! = Furthercopyadt N N

(fe b)) A

BNy

issued' = issued POy ¥

AL/
AR N

AddCopyl =
—AddCopyR
stock : COP?
b? : BOOK
rep! : REPORT <

by J
((b? € (ran stock)) = (rep! = Furthercopyadded)) v ((b? € (ran stock)) = (rep! =
Newtitleadded))

—RUIINEUINI )
RSN IUNKTINERE

¢ :copyl (¢ Ecopy) A (¢ & (dom stock)) » (stock' = stock @ ({e = b?})
A (shelved' = shelved U ({c}))

AddCopy = EnterNewCopy A AddCopyReport
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—HasMaxLoans
= maxloans
issued : COPY —* READER
readers : F READER

r?: READER

rep! : REPORT

r? & readers
maxloans = #(issued [> ({r?}))
rep! = Readerhasmaxloans

—NotRegist

readers : [ mnz%
r? : READER

rep! :REP(}RT7—'

Normallssue = ﬁmh 1cce M

InStock = [stock : COPY — BOOK; ¢? : COPY | ¢? € (dom stock) |

i taja) SEVaELI fjam bt

Max = [E Maxloans, issued : COPY' = READER:#% READER | {#[i&ﬁgd B (et

=N T1IEUN T IVIE TN E

ToStock = [AStockTransaction; ¢? : COPY: b? : BOOK | (stock’ = stock @ ({c? — b?}))
A (shelved' = shelved M ({c7}))]

FromStock = [ﬂStoci:Tmnsnnlinn; ¢? : COPY | stock' = ({c?}) < stock ]
ToReader = [ARegistration; r? : READER | readers’ = readers U ({r7}) |
FromReader = [ARegistration; r? : READER | readers’ = readers \({r7}) ]
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Loan = [ALoanTransaction; ¢? : COPY; r? : Reader | issued’ = issued @(\{c? —r?}) |
Retun = Iﬁ[.nalﬂ'run.&ac[im'l; e?: COPY | issued' = ({c7}) < issued ]

RemoveCopy = (InStock A (— OnLoan)} A FromStock

—CopyOnLoan
rep! : REFORT

rep! = Copyonloan

OnLoanError = OnLoan A CopyOnloan
—CopyMNotInStock
rep! : REPORT

rep! = Copynotinstock

NotInStockError = (= InStock) A CopyNotlnStock
—AssignNewCopy
& StockTransaétion
b? : BOOK
¢?: COPY

¢? & (dom stock)
stock’ = stock @ (je? +2 b2})
shelved' = shelved U ({c?})

r—RegisterReader
X Registration
7 : READER
rep! : REPORT

{(r? & readess) = ((readers' = readers M ({ r?})) M (rep! = 0k))) ((r? € readers)
= ((readers' = readers) ~ {rep! = Readeralreadyregisiered)))
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\begin {zed}

[COPY,READER,BOOK]

\end{zed}

\begin {zed}

REPORT ::=Furthercopyadded|Newtitleadded| Readerhasmaxloans| Readernotregistered|
Copyalreadyissued| Copyonloan| Copynotinstock| Readeralreadyregistered| Ok
\end{zed}
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\begin {schema} {Maxloans}
maxloans:\nat

\where

maxloans<10

\end{schema}

\begin{schema} {Reader}

reader: \finset READER
\end{schema}

\begin{schema} {Copy}

copy: \finset COPY
\end{schema}

\begin{schema} {LibDB}

stock : COPY \pfun BOOK \\
readers : \finset READER
\end{schema}

\begin{schema} {LibLoans}

\Xi Maxloans \\

\Xi Reader \\

issued : COPY \pfun READER \\
shelved : \finset COPY

\where

\forall r : reader @ (\#(issued \rres (\r\}))) \leq maxloans \\
(shelved \cap (\dom issued)) = \emptyset
\end{schema}

\begin{schema} {Library}

\Xi LibDB \\

\Xi LibLoans

\where

(\dom stock) = ((\dom issued) \cup shelved) \\
(\ran issued) \subset readers
\end{schema}

\begin{schema} {init\ Library}

\Delta Library
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\where

stock' = \emptyset \\
readers' = \emptyset \\
issued' = \emptyset \\
shelved' = \emptyset
\end{schema}

\begin {schema} {StockTransaction}
\Delta Library

\where

issued' = issued \\
readers' = readers
\end{schema}

\begin {schema} {LoanTransaction}
\Delta Library

\where

stock' = stock \\

readers' = readers
\end{schema}

\begin {schema} {Registration }
\Delta Library

\where

stock' = stock \\

shelved' = shelved \\
issued' = issued
\end{schema}

\begin {schema} {Issue}
\X1 Maxloans\\

\Delta LoanTransaction \\
c?: COPY \\

r? : READER

\where

c?\in shelved \\

r? \in readers \\
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(\#(issued \rres (\{r?\}))) < maxloans \\

issued' = issued \oplus (\{c? \mapsto r?\})
\end{schema}

\begin{schema} {WhoHasCopy}

\Xi Library \\

c?: COPY \\

r! : READER

\where

¢?\in (\dom issued) \\

r! = issued~ c?

\end{schema}

\begin {schema} { AdddKnownTitle}

\Xi Copy \\

\Delta Library \\

b? : BOOK \\

rep! : REPORT

\where

b? \in(\ran stock) \\

\exists c:copy |(c \in copy) \land (¢ \notin (\dom stock)) @ (stock' = stock \oplus (\{c?
\mapsto b?\})) \land (shelved' = shelved\cup (\{c\})) \\
issued' = issued \\

readers' = readers \\

rep! = Furthercopyadded

\end{schema}

\begin {schema} {AddNewTitle}

\Xi Copy \\

\Delta Library \\

b? : BOOK \\

rep! : REPORT

\where

b? \notin (\ran stock) \\

\exists c:copy |(c \in copy) \land (c \notin (\dom stock)) @ (stock' = stock \oplus (\{c?
\mapsto b?\})) \land (shelved' = shelved\cup (\{c?\})) \\
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issued' = issued \\

readers' = readers \\

rep! = Newtitleadded

\end{schema}

\begin{zed}

AddCopy! \defs AddKnownTitle \lor AddNewTitle
\end {zed}

\begin {schema} {AddCopyReport}

stock : COPY \pfun BOOK \\

b? : BOOK \\

rep! : REPORT

\where

((b?\in (\ran stock)) \implies (rep! = Furthercopyadded))\lor((b? \notin (\ran stock)) \implies
(rep! = Newtitleadded))

\end{schema}

\begin {schema} {EnterNewCopy}

\Xi Copy \\

\Delta StockTransaction \\

b? : BOOK

\where

\exists ¢ :copy | (c\in-copy)-\land (¢ \notin (\dom stock))-@. ((stock' = stock \oplus (\{c
\mapsto b?\}) \land (shelved' = shelved \cup (\{c\})))) \\
\end {schema}

\begin{zed}

AddCopy \defs EnterNewCopy \land AddCopyReport
\end{zed}

\begin{schema} {HasMaxLoans}

\Xi Maxloans \\

issued : COPY \pfun READER \\

readers : \finset READER \\

r? : READER \\

rep! : REPORT

\where
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r? \in readers \\

maxloans = \#(issued \rres (\{r?\})) \\
rep! = Readerhasmaxloans
\end{schema}

\begin {schema} {NotRegistered}
readers : \finset READER \\

r? : READER \\

rep! : REPORT

\where

r? \notin readers \\

rep! = Readernotregistered
\end{schema}

\begin {schema} { AlreadylIssued}
issued : COPY \pfun READER \\
c?: COPY \\

rep! : REPORT

\where

¢? \in (\dom issued) \\

rep! = Copyalreadyissued
\end{schema}

\begin {schema} {Success

rep! : REPORT

\where

rep! = Ok

\end{schema}

\begin {schema} {NotRegistered}
readers : \finset READER \\

r? : READER \\

rep! : REPORT

\where

r? \notin readers \\

rep! = Readernotregistered

\end{schema}
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\begin{schema} {AlreadylIssued}

issued : COPY \pfun READER \\

c?: COPY \\

rep! : REPORT

\where

¢? \in (\dom issued) \\

rep! = Copyalreadyissued

\end{schema}

\begin {schema} {Success}

rep! : REPORT

\where

rep! = Ok

\end{schema}

\begin{zed}

Normallssue \defs Issue \land Success

\end{zed}

\begin{zed}

InStock \defs [stock : COPY \pfun BOOK; ¢? : COPY | ¢? \in (\dom stock) ]
\end{zed}

\begin {zed}

OnLoan \defs [issued : COPY \pfun READER; ¢?: COPY | ¢? \in (\dom issued) ]
\end{zed}

\begin{zed}

Registered \defs [readers : \finset READER; r? : READER | r? \in readers ]
\end{zed}

\begin{zed}

Max \defs [\Xi-Maxloans; issued : COPY \pfun READER; r? : READER | maxloans=(\#
(issued \rres (\{r?\}))) ]

\end{zed}

\begin{zed}

ToStock \defs [\Delta StockTransaction; ¢? : COPY; b? : BOOK | (stock' = stock \oplus (\
{c? \mapsto b\})) \land (shelved' = shelved \cup (\{c?\}))]

\end{zed}
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\begin {zed}

FromStock \defs [\Delta StockTransaction; ¢? : COPY | stock' = (\{c?\}) \ndres stock ]
\end{zed}

\begin{zed}

ToReader \defs [\Delta Registration; r? : READER | readers' = readers \cup (\{r?\}) ]
\end{zed}

\begin{zed}

FromReader \defs [\Delta Registration; r? : READER | readers' = readers? \setminus
M) ]

\end{zed}

\begin{zed}

Loan \defs [\Delta LoanTransaction; c¢? : COPY; 1? : READER | issued' = issued \oplus
(\Mc? \mapsto r2\}) ]

\end{zed}

\begin {zed}

Return \defs [\Delta LoanTransaction; c¢? : COPY | issued' = (\{c?\}) \ndres issued ]
\end{zed}

\begin{zed}

RemoveCopy \defs (InStock \land (\Inot OnLoan)) \land FromStock

\end{zed}

\begin {schema}{CopyOnLoan}

rep! : REPORT

\where

rep! = Copyonloan

\end{schema}

\begin{zed}

OnLoanError \defs OnLoan \land CopyOnLoan

\end{zed}

\begin {schema} {CopyNotInStock}

rep! : REPORT

\where

rep! = Copynotinstock

\end{schema}
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\begin {zed}

NotInStockError \defs (\Inot InStock) \land CopyNotInStock
\end{zed}

\begin {schema} { AssignNewCopy}

\Delta StockTransaction \\

b? : BOOK \\

c?: COPY

\where

¢? \notin (\dom stock) \\

stock' = stock \oplus (\{c? \mapsto b2\}) \\

shelved' = shelved \cup (\{c?\})

\end{schema}

\begin{schema} {RegisterReader}

\Xi Registration \\

r? : READER \\

rep! : REPORT

\where

((r? \notin readers) \implies ((readers' = readers \cup (\{ r2\})) \land (rep! = Ok) ))\lor((r? \in

readers) \implies ((readers' = readers) \land (rep! = Readeralreadyregistered)))

\end{schema}
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:-use_module(library(z)).
maxloans(Maxloans):- <(Maxloans, 10).
reader(Reader).

copy(Copy).

libDB(Stock,Readers).

libLoans(Issued,Shelved,Maxloans,Reader):- maxloans(Maxloans),reader(Reader), Temp5=

(Temp1 = Reader,member(R,Temp1),\*+((Temp4 = [R],rres(Issued, Temp4, Temp3),#(

{ <
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Temp3,Temp2),leq(Temp2,Maxloans)))),\+(Temp5),dom(Issued, Temp7),cap
(Shelved, Temp7,Temp6), Temp6=[].
library(Stock,Readers,Issued,Shelved,Maxloans,Reader):- 1libDB(Stock,Readers),libLoans
(Issued,Shelved,Maxloans,Reader),dom(Stock, Temp8),dom(Issued, Temp10),cup
(Temp10,Shelved, Temp9), Temp8 = Temp9,ran(Issued, Temp11),subset
(Templ1,Readers).
init_Library(Stock,Readers,Issued,Shelved,Maxloans,Reader,Stockp,Readersp,Issuedp,Shel
vedp,Maxloansp,Readerp):- library(Stock,Readers,Issued,Shelved,Maxloans,Reader),
Stockp=[],Readersp=[],Issuedp=[],Shelvedp=[].
stockTransaction(Stock,Readers,Issued,Shelved,Maxloans,Reader,Stockp,Readersp,Issuedp
,Shelvedp,Maxloansp,Readerp):- library(Stock,Readers,Issued,Shelved,Maxloans,
Reader),Issuedp = Issued,Readersp = Readers.
loanTransaction(Stock,Readers,Issued,Shelved,Maxloans,Reader,Stockp,Readersp,Issuedp,
Shelvedp,Maxloansp,Readerp):- library(Stock,Readers,Issued,Shelved,Maxloans,
Reader),Stockp = Stock,Readersp = Readers.
registration(Stock,Readers,Issued,Shelved,Maxloans,Reader,Stockp,Readersp,Issuedp,Shel
vedp,Maxloansp,Readerp):- library(Stock,Readers,Issued,Shelved,Maxloans,
Reader),Stockp = Stock,Shelvedp = Shelved,Issuedp = Issued.
issue(C,R,Maxloans,Stock,Readers,Issued,Shelved,Reader,Stockp,Readersp,Issuedp,Shelve
dp,Maxloansp,Readerp):- maxloans(Maxloans),loanTransaction(Stock,Readers,
Issued,Shelved,Maxloans,Reader,Stockp,Readersp.Issuedp,Shelvedp,Maxloansp,Reader
p),in(C,Shelved),in(R,Readers), Temp14 = [R],rres(Issued, Temp 14, Temp13),#
(Temp13,Temp12),<(Templ2,Maxloans),Templ5 = [(C, R)],
oplus(Issued, Temp 15, Issuedp):
whoHasCopy(C,Stock,Readers,Issued,Shelved,Maxloans,Reader,R):- library
(Stock,Readers,Issued,Shelved,Maxloans,Reader),dom(Issued, Temp16),in
(C,Temp16),function(Issued,C,R).
addKnownTitle(B,Copy,Stock,Readers,Issued,Shelved,Maxloans,Reader,Rep,Stockp,Reade
rsp,Issuedp,Shelvedp,Maxloansp,Readerp):- copy(Copy),library(Stock,Readers,Issued,
Shelved,Maxloans,Reader),ran(Stock, Temp17),in(B,Temp17),Temp18 = Copy,member
(C, Temp18),in(C,Copy, Temp20),dom(Stock, Temp22),notin(C,Temp22,Temp21),land

(Temp20,Temp21,Temp19),is2((Temp25 = [(C , B)],

51091 a-3 uaaaldsunsuInsdonvesz Ui aya (7o)

U a




81

oplus(Stock, Temp25,Stockp)), Temp24),is2((Temp27 = [C],cup(Shelved, Temp27,
Shelvedp)), Temp26),land(Temp24, Temp26,Temp23),land(Temp19, Temp23),Issuedp =
Issued,Readersp = Readers,Rep = furthercopyadded.
addNewTitle(B,Copy,Stock,Readers,Issued,Shelved,Maxloans,Reader,Rep,Stockp,Readers
p.Issuedp,Shelvedp,Maxloansp,Readerp):- copy(Copy),library(Stock,Readers,
Issued,Shelved,Maxloans,Reader),ran(Stock, Temp28),notin(B, Temp28), Temp29 =
Copy,member(C,Temp29),in(C,Copy,Temp31),dom(Stock, Temp33),notin
(C, Temp33,Temp32),land(Temp31,Temp32,Temp30),is2((Temp36 = [(C , B)],oplus
(Stock, Temp36,Stockp)), Temp35),is2((Temp38 = [C],cup(Shelved, Temp38,
Shelvedp)), Temp37),land(Temp35,Temp37,Temp34),land(Temp30,Temp34),Issuedp =
Issued,Readersp = Readers,Rep = newtitleadded.
addCopy1(B,Copy,Stock,Readers,Issued,Shelved,Maxloans,Reader,Rep,Stockp,Readersp,Is
suedp,Shelvedp,Maxloansp,Readerp):-
Schemal=addKnownTitle(B,Copy,Stock,Readers,Issued,Shelved,Maxloans,Reader,Rep
,Stockp,Readersp,Issuedp,Shelvedp,Maxloansp,Readerp),Schema2=addNewTitle
(B,Copy,Stock,Readers,Issued,Shelved,Maxloans,Reader,Rep,Stockp,Readersp,Issuedp,
Shelvedp,Maxloansp,Readerp),lor(Schemal,Schema?2).
addCopyReport(Stock,B,Rep):- ran(Stock, Temp41),in(B,Temp41,Temp40),is2((Rep =
furthercopyadded), Temp42),implies(Temp40,Temp42, Temp39),ran(Stock, Temp45),notin
(B,Temp45,Temp44),is2((Rep =
newtitleadded),Temp46),implies(Temp44,Temp46,Temp43),lor(Temp39,Temp43).
enterNewCopy(B,Copy,Stock,Readers,Issued,Shelved,Maxloans,Reader,Stockp,Readersp,I
ssuedp,Shelvedp,Maxloansp,Readerp):- copy(Copy),stockTransaction(Stock,Readers,
Issued,Shelved,Maxloans,Reader,Stockp,Readersp,Issuedp,Shelvedp,Maxloansp,Reader
p),Temp47 = Copy,member(C,Temp47),in(C,Copy,Temp49),dom(Stock, Temp51),notin
(C,Temp51,Temp50),land(Temp49, Temp50,Temp48),is2((Temp55 =[(C, B)],oplus
(Stock, Temp535,Stockp)), Temp54),Temp53 = Temp54,Temp52 = Temp53,land
(Temp48,Temp52).
addCopy(B,Copy,Stock,Readers,Issued,Shelved,Maxloans,Reader,Rep,Stockp,Readersp,Iss
uedp,Shelvedp,Maxloansp,Readerp):- Schemal=enterNewCopy(B,Copy,Stock,
Readers,Issued,Shelved,Maxloans,Reader,Stockp,Readersp,Issuedp,Shelvedp,Maxloans

p,Readerp),Schema2=addCopyReport(Stock,B,Rep),land(Schemal,Schema2).
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hasMaxLoans(Issued,Readers,R,Maxloans,Rep):- maxloans(Maxloans),in(R,Readers),
Temp57 = [R],rres(Issued, Temp57, Temp56),#(Temp56,Maxloans),Rep =
readerhasmaxloans.

notRegistered(Readers,R,Rep):- notin(R,Readers),Rep = readernotregistered.

alreadylIssued(Issued,C,Rep):- dom(Issued, Temp58),in(C,Temp58),Rep =
copyalreadyissued.

success(Rep):- Rep = ok.

normallssue(C,R,Maxloans,Stock,Readers,Issued,Shelved,Reader,Rep,Stockp,Readersp,Iss
uedp,Shelvedp,Maxloansp,Readerp):- Schemal=issue(C,R,Maxloans,Stock,Readers,
Issued,Shelved,Reader,Stockp,Readersp,Issuedp,Shelvedp,Maxloansp,Readerp),Schema
2=success(Rep),land(Schemal,Schema?2).

inStock(Stock,C):~ dom(Stock, Temp59),in(C,Temp59).

onLoan(Issued,C):- dom(Issued, Temp60),in(C,Temp60).

registered(Readers,R):- in(R,Readers).

max(Issued,R,Maxloans):- maxloans(Maxloans),Temp63 =
[R],rres(Issued, Temp63,Temp62),#(Temp62,Temp61),Maxloans = Temp61.

toStock(C,B,Stock,Readers,Issued,Shelved,Maxloans,Reader,Stockp,Readersp,Issuedp,Shel
vedp,Maxloansp,Readerp):- stockTransaction(Stock,Readers,Issued,Shelved,Maxloans,
Reader,Stockp,Readersp,Issuedp,Shelvedp,Maxloansp,Readerp),is2((Temp65=[(C, B)],
oplus(Stock,Temp65,Stockp)), Temp64),is2((Temp67 = [C],cup(Shelved, Temp67,
Shelvedp)),Temp66),land(Temp64, Temp66).

fromStock(C,Stock,Readers,Issued,Shelved,Maxloans,Reader,Stockp,Readersp,Issuedp,She
lvedp,Maxloansp,Readerp):- stock Transaction(Stock,Readers,Issued,Shelved,
Maxloans,Reader,Stockp,Readersp,Issuedp,Shelvedp,Maxloansp,Readerp),Temp68 =
[C],ndres(Temp68,Stock,Stockp).

toReader(R,Stock,Readers,Issued,Shelved,Maxloans,Reader,Stockp,Readersp,Issuedp,Shel
vedp,Maxloansp,Readerp):- registration(Stock,Readers,Issued,Shelved,Maxloans,
Reader,Stockp,Readersp,Issuedp,Shelvedp,Maxloansp,Readerp), Temp69 = [R],cup
(Readers,Temp69,Readersp).

fromReader(R,Stock,Readers,Issued,Shelved,Maxloans,Reader,Stockp,Readersp,Issuedp,S
helvedp,Maxloansp,Readerp):- registration(Stock,Readers,Issued,Shelved,

Maxloans,Reader,Stockp,Readersp,Issuedp,Shelvedp,Maxloansp,Readerp),Temp70 =

: S .
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fromReader(R,Stock,Readers,Issued,Shelved,Maxloans,Reader,Stockp,Readersp,Issued
p,Shelvedp,Maxloansp,Readerp):- registration(Stock,Readers,Issued,Shelved,
Maxloans,Reader,Stockp,Readersp,Issuedp,Shelvedp,Maxloansp,Readerp),Temp70 =
[R],setminus(Readers, Temp70,Readersp).
loan(C,R,Stock,Readers,Issued,Shelved,Maxloans,Reader,Stockp,Readersp,Issuedp,Shelve
dp,Maxloansp,Readerp):- loanTransaction(Stock,Readers,Issued,Shelved,Maxloans,
Reader,Stockp,Readersp,Issuedp,Shelvedp,Maxloansp,Readerp), Temp71 = [(C,
R)],oplus(Issued, Temp71,Issuedp).
return(C,Stock,Readers,Issued,Shelved,Maxloans,Reader,Stockp,Readersp,Issuedp,Shelved
p,Maxloansp,Readerp):- loanTransaction(Stock,Readers,Issued,Shelved,
Maxloans,Reader,Stockp,Readersp,Issuedp,Shelvedp,Maxloansp,Readerp),Temp72 =
[C],ndres(Temp72,Issued,Issuedp).
removeCopy(Stock,C,Issued,Readers,Shelved,Maxloans,Reader,Stockp,Readersp,Issuedp,S
helvedp,Maxloansp,Readerp):- Schemal=inStock(Stock,C),Schema2=onLoan
(Issued,C),Schema3=fromStock(C,Stock,Readers,Issued,Shelved,Maxloans,Reader,Stoc
kp,Readersp,Issuedp,Shelvedp,Maxloansp,Readerp),Inot(Schema2, Temp74),land
(Schemal,Temp74,Temp73),land(Temp73,Schema3).

copyOnLoan(Rep):- Rep = copyonloan.

onLoanError(Issued,C,Rep):- Schemal=onLoan(Issued,C),Schema2=copyOnLoan
(Rep),land(Schemal,Schema2).

copyNotInStock(Rep):= Rep = copynotinstock.

notInStockError(Stock,C,Rep):- Schemal=inStock(Stock,C),Schema2=copyNotInStock
(Rep),Inot(Schemal, Temp75),land(Temp75,Schema?).

assignNewCopy(B,C,Stock,Readers,Issued,Shelved,Maxloans,Reader,Stockp,Readersp,Issu
edp,Shelvedp,Maxloansp,Readerp):- stock Transaction(Stock,Readers,Issued,Shelved,
Maxloans,Reader,Stockp,Readersp,Issuedp,Shelvedp,Maxloansp,Readerp),dom
(Stock,Temp76),notin(C,Temp76), Temp77 = [(C,B)],oplus(Stock, Temp77,Stockp),
Temp78 = [C],cup(Shelved, Temp78,Shelvedp).

registerReader(R,Stock,Readers,Issued,Shelved,Maxloans,Reader,Rep,Stockp,Readersp,Iss
uedp,Shelvedp,Maxloansp,Readerp):- registration(Stock,Readers,Issued,Shelved,
Maxloans,Reader,Stockp,Readersp,Issuedp,Shelvedp,Maxloansp,Readerp),notin

(R,Readers, Temp80),is2((Temp83 = [ R],cup(Readers, Temp83,Readersp)), Temp82),is2

§ < 1
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((Rep = ok),Temp84),land(Temp82,Temp84,Temp81),
implies(Temp80,Temp81,Temp79),in(R,Readers, Temp86),is2((Readersp =
Readers), Temp88),is2((Rep = readeralreadyregistered), Temp89),land

(Temp88,Temp89,Temp87),implies(Temp86, Temp87,Temp85),lor(Temp79,Temp85).
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y J wh: ] : ﬂdoﬁtﬁin' dom x \dom x
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P \wh;re backward xOy x \circ y

end{schema} composiﬁon

horizontal schema SE=R Sr\defs R domain restriction x<ly X \dres y
set comiprehension | {D|Pe E} \{DIP@E\} range restriction x>y X \rres y
universal V STeS | \forall ST@S | domain anri xdy x \ndres y
quantification restriction
existential 38T S \exists ST@ S | range anti xpPy x \nrres y
quantification festriction

Set relational inverse | X~ \inv x
inequality XFy x \neqy relational image xq:;b x\limg y \ring
non-Membership x&y x \notin y overriding x@y x\oplus y
emptyset (%] \emptyset Bags
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set union xUy x\cupy bags scaling x®y x \otimes y
set intersection XNy Xx\capy bags membership Xiny x \inbag y
set difference x\ y x'\setminus y | sub bags xCy x \subbag y
geﬁemlized union Ux \bigcup x bags union xy x \uplus y
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Set Bags
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ABSTRACT

An alternative of simulating software requirements specification in Z is proposed
using the modified procedural approach. We present several algorithms to prepare Z
specification in appropriate order and to translate into Prolog program. In the early
stage, the software developer will be provided with a scheme to demonstrate the
functional behavior of the target software system from requirements specification. In
addition, a set of Prolog rules is designed for each Z notation as to simplify the
translating process.

1. INTRODUCTION

Formal specification becomes widely used in software engineering because of its
advantages. Formal specification is not only precise and unambiguous but also easily
found errors since discovering errors late takes high costs to correct them which is the
problem of natural language. Formal specification defines all characteristics of system
to be developed so that it can be as part of the contract between customer and
developer as well[3]. Among these advantages, formal specification still has some
problems. Using mathematical notation makes it difficult to understand especially for
the beginner and customer[2].

One approach to solve this problem is simulating formal specification using
executable language. The simulated specification can demonstrate all characteristics
of systems including functionality[5]. The customer can understand specification
easily and give feedback to developer immediately. Consequently, it helps developer
to reduce errors in writing specification. Moreover, this approach can validate the
specification before implementation|2].

In general, there are two research concepts to simulate Z specification: direct and
indirect. The first concept such as Zans [4], does not use the other language to
simulate specification. Specification is executed to demonstrate the result for users
directly so there is no source code. The latter concept uses other executable language
to simulate specification. Specification is-transformed to-other executable language,
such as Prolog [18][9], Lisp [20], Ada [21], Mercury[22] and SQL [23], and executed.

This paper proposes an alternative to simulate Z specification using Prolog bases on
[18][9]. While Z notation bases on mathematical and predicate logic, Prolog is
executable programming language that based on first order predicate logic as well.
Thus, using Prolog could reduce the complicated method in simulating.

This paper is organized as follows. Section 2 introduces Z notation. Section 3
describes existing approaches to simulate Z specification using Prolog. Section 4 is
birthday book case study. Section 5 describes method to simulate Z specification.
Section 6 is conclusion.
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2. ZNOTATIONJ11][25]

2.1 Z Schema

Using Z notation, specification is divided into modules called schema. Each schema
has 3 parts, the schema name, declaration part and axiom part. The schema can be
written in 2 formats, vertical and horizontal, as the following:

Vertical format:

—SchemaName
{ Declaration Part

AxiomPart

Horizontal format:
SchemaName | [Declaration Part | Axiom Part]

The schema name consists of letters and digits, starts with uppercase letter. It
becomes global in the specification. The declaration part defines all variables and
other inclusion schemas, which are used in this schema. Each variable has a name and
type. The variable consists of letter and always starts with lowercase letter. The type
of variable appears in the right side of ‘:’. It consists of letters and start with
uppercase. Although, the variables are local, other schema can used them by schema
inclusion. The axiom part indicates the operations of schema, which is an optional.
Each operation is called predicate which is connected by operators ‘and’, ‘or’, ‘imply’
and ‘equivalence’. Each predicate refers to one or more variables in declaration part.

2.2 Decoration

The variables can be decorated by the symbol ?(input), !(output) and >(after state).
The after state variable is used when the value of a variable is changed. In Z notation,
the sentence ‘x:=x+1’ is wrong. It changes to ‘x>=x+1’, that x> is the after state of x.

2.3 Global variables
The variables in declaration part are local variables for each schema. In Z notation,
the global variables are declared in the axiomatic box as the following:

‘ Declaration Part

‘ AxiomPart

It looks like the Z schema but there are no line at the top and the bottom. The
declaration part defines variables and type, which is similar to the Z schema. The
Axiom part is the constraint of the variables such as ‘date 10°.

2.4 Types
The basic types that Z notation defines are integer(Z), natural number(N) and positive
integer(N;). Otherwise, user can define abstract data type as a given set. The given set

name is uppercase letter. For example, the given set Name can defined as [NAME].
The declaration likes ‘n:NAME’.

2.5 Schema inclusion
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In Z notation, schema can reuse other schemas by referencing their names in the
declaration part, which is called schema inclusion. There are two kinds of schema
inclusion: state changed schema(A) and state unchanged schema(Z). The state
changed schema has the after state variables of the included schema. For example,
schema 4 includes schema B, then schema A is shown as follows:

”—A -
Declaration Part of schema B

|AxiomPart of schema B

o

s equivalence to

A
GBor =B

AxiomPart

3. EXISTING APPROACHES

There are two approaches to simulating Z specification using Prolog: generate-and-
test approach and procedural approach. The first approach is presented by Magaret M.
West and Barry M. Eaglestone in [9] and the latter presented by M.A. Hewitt in [18]

3.1 The generate-and-test approach.

The generate-and-test approach transforms both declaration part and axiom part of Z
schema to Prolog. The values of variables are trially generated from declaration part
and tested by the predicate in axiom part. While the result of testing is false, other
new values are generated again. See the example below.

Examplel:
—Examplel

a:[1..10]

ata=10

The schema Examplel can be translated to the following Prolog program:
examplel(A):- givenset(A,[1..10]), A'is 10.

From the Prolog program, the predicate ‘givenset(A,[1..10])’ trially generates the first
value of given set, which is 1, to the variable 4. Then the variable A4 is tested by the
predicate ‘A+A is 10’ which is false. Consequently, the program backtracks to
instantiate the next new value from given set and have it tested again. The program
has to backtrack 10 times, variable A is finally instantiated to 10, the predicate will be
true.

3.2 The procedural approach.
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The procedural approach is similar to the generate-and-test approach but the
procedural approach transforms only axiom part of Z schema. See example below:

Example2:
~Example2_____
| ab:[1..10]

b=10 A ---(1)
a=b+15  ----- 2)

The schema Example2 can be translated to following Prolog program
example2(A,B):- B is 10, A is B+15.

From this example the program does not backtrack to find the result. Consequently,
this approach takes time less than the generate-and-test approach. However, because
of using only axiom part and Prolog processing is sequential, the sequence of
predicate is important for transforming to Prolog. If the predicates in axiom part are in
the wrong order, they cause errors in the program. See the example below:

Example3:
—Example3
~ab:[l.10]
a=b+15 A  --=(1)
1 b=10 —-(2)

From the Example2, we change the order of predicate to the example3 and transform
to following Prolog program

example3(A,B):- A is B+15, B is 10.

From the example3, the predicate ‘A is B+15’ causes an error because the variables A4
and B are not instantiated. So the program can not find the value of 4.

4. BIRTHDAY BOOK:CASE STUDY

In this paper, we present birthday book[1][8] as a case study. The birthday book is the
system that records the birthday of friends. It keeps the name of person and his
birthday. The user can add and find friend’s birthday from system. The system is able
to remind the user that today is whose birthday. The birthday book system can be
represented by the following Z specification:

irthdaybook
birthday? : Name-Date
known! : PName

known!=dom(birthday?)
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The schema Birthdaybook declares birthday as the one-to-one function from Name to
Date and known as power set of Name. This schema finds domain of birthday and
keeps in known.

JnmlﬂimhdayBook______
| EBirthdaybook

known=0

The schema InitBirthdayBook initializes birthday book by setting known to empty set,
so birthday in schema Birthdaybook is empty too.

—Addbirthday.
ABirthdaybook
name? : Name
date? : Date

name?¢ known! A
knownp = dom(birthdayp) A
birthday'=birthday? U {name? —>date?}

The schema Addbirthday adds the new name? and date? to system. Before adding, the
schema checks whether there is the same name? in birthday or not because birthday is
one-to-one function.

— Findbirthday.
EBirthdaybook
name? : Name
date! : Date

name?e known! A
date!= birthday?(name?)

The schema Findbirthday is used to find the date! of the input name?. Before finding,
the schema checks whether there is the name? in birthday or not.

—Remindbirthday__.
EBirthdaybook

today? : Date

cards! : PName

cards!={n:known | birthday(n)=today?}
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The schema Remindbirthday reminds the user that today? is whose birthday because
the person can have the same birthday.

5. SIMULATING Z SPECIFICATION USING PROLOG

In our approach, we divide the processes of simulating Z specification using Prolog
into 3 subprocesses, 1) Create Prolog library, 2) Reorder Z specification and 3)
Translate Z to Prolog as shown in figure 1.

1.
Create
prolog
library

Z notation Prolog library

y &

Rules

7 ificati
s(?,? ﬁ;{‘;i)'on 4»@ Trans!ate z Prolog
ecrflcatlon to prolog

Figure 1: A scheme of simulating Z specification using Prolog.

5.1 Create Prolog library.

The first subprocess is to create library of Prolog. Each Z notation is assigned with a
set of Prolog’s rules. For example: The member(e) symbol of Z notation can be
translated to Prolog rules as follows:

member(X,[X| ]).
member(X,[ |L]):-member(X,L).

Consequently, we can translate predicate ‘aeb’ to ‘member(A.B)’ in Prolog.

5.2 Reorder Z specification.

In general, the order of predicates in Z schema is not significant. Unfortunately, since
Prolog is sensitive to the order of predicate rules, reordering predicates is needed. The
algorithm for reordering predicate is shown as follows:

Algorithm 1: Reorder Z specification

Let  Inputbe the set of variables that are instantiated.
Output be the set of variables that are not instantiated.
P be the set of the predicates in axiom part.
Var be the set of variables in each predicate.
v? be input variable
v! be output variable
p be the predicate in axiom part

a) Consider the declaration part; then put all input variables v? into Input set and put
all variables v! to Output set. Put all predicate p in axiom part to P set.

b) While (P is not empty set)
If p is negative predicate
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{ If vin p are in Input set then
{ put p in axiom part,
delete p from set P. }

b
else
{ Ifvin the right hand side of operators is in /nput set then

{ put the v in left hand side of operators to Input set,
delete the v in left hand side of operators from Output set,
put p in axiom part,
delete p from set P. }
}

Example4:

__Addbirthdayl
known! known’ : PName
birthday?,birthday : Name—Date
name? : Name

date? : Date

known!=dom(birthday?) -<e-eceeeeev 1y
known'=dom(birthday’) = ~--m--eee-e- Q)
name?¢ known! e )

birthday'=birthday? U{name? -»date?}-- (4)

Considering the schema Addbirthdayl, the line(2) is in the inappropriate order
because birthday> and known! are output variables that are not instantiated. Thus, line
(2) should be moved to the line after line(4) as shown below in the schema
Addbirthday2:

—Addbirthday2
known!,known’ : PName
birthday?,birthday’ : Name—Date
name? : Name

date? : Date

known!=dom(birthday?) = = lecemeeee. 1)
name?¢ known!  aeeeee. 3)
birthday =birthday?u {name?—date?}-----(4)
known'=dom(birthday’) = = © = ceieee- )

5.3 Translate Z to Prolog

We modified the translating scheme of procedural approach in [18]. We still exploit
the variables and the inclusion feature in the declaration part. Unlike procedural
approach, during translating, inclusion schema will be performed before the predicate
of schema. Moreover we use the variables in declaration part as arguments of Prolog
rules. The algorithm for translating Z specification to Prolog is shown as follows:



Algorithm 2: Translate Z to Prolog

Let  SchName be the name of schema
Var be the variables in declaration part of SchName
P be the predicate in axiom part of SchName
InSchChange be the changed state inclusion schema
InSchUn be the unchanged state inclusion schema
InChVar be all variables of InSch
InUnvar be all variables of InSchUn

a) SchName will be name of rules.
b) Var will be arguments of rules.
C) For InSchChange, InChVar and after state of InChVar will be arguments of
rules.
d) For InSchUn, InUnVar will be arguments of rules.
e) Name and arguments of /nSchChange rules and InSchUn rules will be
condition of this rule.
f) Each P will be condition of rules with some syntactical transformation.
Example5:
_Birthdaybook
known! : PName
birthday? : Name-»Date
" known!=dom(birthday?)

Considering the schema Birthdaybook, Birthdaybook becomes the name of
rule,birthdaybook. The variables in declaration part, known and birthday, become
arguments of rule birthdaybook, Known and Birthday. The predicate ‘known!=dom
(birthday?)’ becomes ‘dom(Birthday,Known)’ as an condition of rule birthdaybook.
The rule birthdaybook is shown as follows:

birthdaybook(Known,Birthday):- dom(Birthday,Known).

’_Addbirthday
ABirthdaybook
name? : Name
date? : Date

name?e known! A
birthday’=birthday? U {name? —date?}

From schema Addbirthday, Addbirthday becomes the name of rule, addbirthday. The
variables in declaration part, name and date, become arguments of rule addbirthday,
Name and Date. The variables and the after state of variables of birthdaybook rule
become arguments of addbirthday rule. The head of birthdaybook rule becomes
condition  of  addbirthday  rule. The  predicates ‘name?™known!’,
‘birthday>=birthday?Y {name?&date?}’ become ‘/+(member(Name,Known))’, ‘union
(Birthday,(Name,Date),Birthdayp)’ as conditions of rule. The rule addbirthday is
shown as follows:
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addbirthday(Known,Birthday,Birthdayp,Name,Date,Knownp):-
birthdaybook(Known.Birthday),
\+(member(Known,Name)),
union(Birthday,(Name,Known),Birthdayp).

From the algorithm1 and algorithm2, we can translate the birthday book system in Z
specification to the Prolog program shown in the figure 2:

birthdaybook(Known,Birthday):- dom(Birthday,Known).
addbirthday(Known,Knownp,Birthday,Birthdayp,Name,date):-
birthdaybook(Known,Birthday),
/+(member(Known,Name)),
union(Birthday,(Name,Date),Birthdayp),
dom(Birthdayp,Knownp).
findbirthday(Known,Birthday,Knownp,Birthdayp,Name,Date):-
birthdaybook(Known,Birthday),
member(Known,Name),
function(Birthday,Name,Date).
remindbirthday(Known,Birthday, Knownp,Birthdayp,Today,Cards):-
birthdaybook(Known,Birthday),
member(Known,N),
function(Birthday,N,Today),

append(N,[],Cards).

Figure2: The Prolog’s rules for birthday book system.

6. CONCLUSION

In this paper, an alternative of simulating Z is proposed by using Prolog language.
Each Z notation is assigned with set of Prolog rules. Several algorithms are proposed
to prepare Z specification in appropriate order and translate into the final Prolog
program. We expect that the validation of Z specifications can be conducted by
execute the final Prolog program. The developer will be able to demonstrate the
functional behavior of the target system in the early stage. Our future work is to
enhance our algorithms to cope with compound expression in a predicate.
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