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module LIST [ X :: TRIV ] {
[ Elt < List ] --Elt0O TRIVOUOOOOOOOOOOOO
signature {
op nil : -> List
op __ : Elt List -> List

gubodgtubogubobdgubobubobogubooubboounooonbg
(00OO0)OoooDbOooooDoobOoOoOobobOoooObOOobOoooOobbDOooobOoo
gogogoodd
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OO000DDDOO00ZO000D0 (sequence) 000D OODOOOOOODODDOODOZ
00000000000 0O00DODODOODODD (sets)U00D0ODO0OO00O0ODODOOOO
gobgobbobgoboubobbobobobboboogboooooboobboo
goobogbboogboobodggbodgbboubo zbooboooobogbbda
goog

seq X =={f: N+ X |domf =1.#f}

O00+000000004f000 fO0O00O00DOOOOOOOOODOOOODOY{1 -
A2 -5 B,3-B}000000ODOOOO0OO0OOOOOOODDOOO

oougn

gooomobooooboooboobobbbbbooooooboobobobon
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module TREE [ X :: TRIV ] {

signature {



[Elt < Tree < Treelist] -—— ¢ JOoooooobogoooo

op <_,_> : Elt Treelist -> Tree -- OO0O0O

op nil : -> Treelist

op __ : Treelist TreelList -> Treelist {assoc} -- 0O OOOO0O
}

+

ZO0ooooboooboooboo
s00gooobobobooouoobboboboobbooboobboonm

TREE[X]| == { f :seqN; + X |
<>€c dom f
A (V path : seq; Ny | path € dom f e
frontpath € dom f
A (lastpath # 1 = frontpath
™ < lastpath — 1 >€ dom f))}

gooubbobggobobbdouououobuooouboobobb ooong
OOoO0o0ooooooooooo(@ooo)ooooooooo

root <>

A
(Y =
()

<1,1> <1,2> <1,3>

OD00zZ00000OD0OD0O (FreeTypes) JODODO O

[X]

TREEFE ::= leaf (X))
| node{(seq TREEY))
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000000000000 (constructor function) 000000000000 DOOOOOO
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Ooooooooobooooooooooooooo

z0000D0DODODOOODODOOODOOOOOOOOoOoOOoooooooboobooDoDboDD
ooobobobbbooobbooooboobbbdooobooooooooobooobobDboD
O000000000D00 (FreeTypes) DO0OOOOBNFOOOODOODOOOOODOO
Ooooooooooooo Xpoooooooooooooboo Xoooooooo
Ooooooooooooooooogo
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gobododgbgbbbobobobaubboboobboouuoboooboon
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CafeOBJ UL UODOOOOON

CafeOBJULOUOUOUOOOOOODOODOOOOO

module STACK [X :: TRIV] {
[ NeStack < Stack ]
signature {
op empty : -> Stack
op push : Elt Stack —-> NeStack
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op pop : NeStack —-> Stack
op top : NeStack -> Elt
}
axioms {
var S : Stack
var E : Elt

eq pop(push(E,S))
eq top(push(E,S))

]
=1

view NAT-as-TRIV from TRIV to NAT {
sort Elt -> Nat
T

module NAT-STACK {

protecting (STACK [ X <= NAT-as-TRIV ])
b

CafeOBJ U U DOUOUOOUOODDOOODLOODOUOOLDOOOLDDLDOOLbOODLDOO
gbogboduoguboodiview DOO0OOODUOOOOOOOOO STACKDOU
oot NATOUODODOogbooboooboobooooobbbUview O U
ONATODOOODOOODOOOOOOOOOOOOObOOoOobOoO(DO)bboogoo
00000000000 0000000D00ONeStack(Non Empty Stack) O Stack O 0O
UO0dubodlpop U topU UL NeStack HUUUDDUOUOODOOOODOOOOONO
oo ououbol pepUd topU 0o oboooogg
OOooo0oOoooooooooooooooooooooobooooo

2000000000000

z00goooooubouboobbooogbuoobobooboon

e OO (FreeTypes) DO O OOOODOOOODODOO

e 1000D (axioms box) 0O O O0O0O0O0ODOO

gogooogooobogod
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Do0O0o0oooooooooon
[X]

STACK ::= empty
| push((X x STACK))

000000000 popd top000

pop: STACK — STACK
top: STACK — X

Vs:STACK; z: X e
pop(push(z,s)) = s A
top(push(z,s)) =z A
push(z,s) # empty

700000000000000000000000000000000000000
000 0Opush(x,s) J000000000000000000000000000 pop,top
0oo0ooooo

Joooobbboboobobbooboooooood

gbobobobodgbobooodooboobobobboboobobuboobo
gogodboobooboobbobooboodibcafeOBJUODUOODOOODOOOODOOOONO
godbogouzibououbogbobouoobodobououbooooooo
OD0000000D0O000 (axiomatic box) D000 OO0O0O000O0DOOOOOOO
UOCateOBJ UL DOOLOODOOOOOODLDOUODOODLDOODOOOOOOOOOOON
oz00odd CafeOBJUDUOOOOOOODODOOODODODODODO

odbooooodgoboobotot peptopl oo noogy
godbdicCateOBJULD UOULDDUDULDUOOOLUOOUOLODOLOOOZOODOOOON
goboodbob0ozoobdooobobo #£0bb0b0obobobobbooboooo
gogoguboobobobobobbuobobgbo
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CafteOBJ UUOUOOOOOO

CafeOBJUOUOOO OBJ3LUOUUOLOOUOOODDOOODOODOLOOObOODOOn
gobguboguogubgubouboobubugbbooboobooooooon
goboodbggoooobooboooogogbobgbobotobooooon
gubodatgbudggbbogubboogonbooooboobooonbooono
Oobddbd CafeOBJ UL ODUOODUOODODOODUOODUOODOOOUOn FAD
NrFAODOODODOOOOooooooooooouboooboboboboobon

Oo00doopooobooooboooouoooooooooo
FLAGDDDDDDDDDDDDDD(constructorfunction)DDDDDDDDDDD
Oooogoond

module FLAG {

[ FLAG ]
op init : -> FLAG
op up : FLAG -> FLAG

op down : FLAG -> FLAG

gobgoubggboubobobooubobboouoboboooboooooa
gogbdoboobobogboooobobiboboboobobobobooooogn
goog

20000000000

subguoouooboobobboobboobooboubooooboob boon
gbogbddobobogbooboobobobobouboboobobonooogn
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FLAG ::= up | down

Jooooooooooon
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CafeOBJUULUUOUOLDOOODOOULOOLDOOOOOCfeOBJ UL DO ODOODDOO
O0D0O0000DOOO0DOODOODOODO0000000000000 Oloose semantics(O
O000)00000 tight semantics(CO0000)00000000OOODOOOOODOO
gioogbogbbobbobbddbview 0o ooboobbonn
U0OD0 mstantiate JU O OO0 DUOOOODO0OODOOOODOO0OODOO0OODOOOOO
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protecting U U U00ODOUOOOOO0O0ODOOOOOOODLOO0OOOOLOODLOOOOOLO
O00O0000000oooooOo@uooooon)

extending 0000000000000 O00D0O00O00OCOODOODOOOOOIOO)

using U OO O0OO0OOQOQ

15



Z000oooogod

zodbogoouooodboboboubooououbobobonboobobo
godbgoogoubogonbobuooobonoooobobboboooon
goguobouogboboboooobooooobgad

OO0O0ooo0oooooooooo(o,0ooo0oO0)ygooo(oo,ooo0d
oooO)ooooobOoOooooooDoobobbooooooooobDoDo

__Aplly

AAgency
p? . Person

s?: Skills

p? ¢ dom cands

vacs' = vacs

cands’ = cands U {p? — s7}

O0D000000000DO00DO00O00bOObODOO0oOg(boboooooooo)™

Apply = [vacs, vacs' : Agency; cands, cands’ : Agency;
p?: Person; s?: Skills |
p? ¢ dom cands A
vacs' = vacs A

cands' = cands U {p? — s7}

]

goougbugbogooobobboboobbabboobogboon
gobgbdbdbobuobouooobooboobobuobobobuoooooon
gbogboogbobobgbgbgoboboboboboobouobuobod

3.5 0000000 ((@OD)

obodubbobbooboobiboizd CafeOBJOUODODOOODOOOOODOO
goudgbougoogboooouboboobboobbobn
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gobodgugboodbbooguboggboogbboooboounbooobo
gogoooogbobgbobdobbubobobobooon

googbod gbogbooboobooboooboad
gooud gbbodbuodooubouoauo

gogodd gbobdgugooobobooan

odbodgouogboood

googbbobouoobbobbbdduguoonoobooboobooaggo
CafeOBJOO0O00O0O0ODODOOOO(DOODOOOO)O0 ZODDODOOOODOODODOO
gobdougooubouoooboboobboad

g goobn |oguobd
googooogo 0] U
gogooggo (] o
ggod N U

CafeOBJUO U UOOOUOOOOUODOLOOOOOOOLOOO0LOOOOLObLDLObOOOn
gogbogobobogngobbboobboubobobouzgboboboba
guobbodgbboubdbobogouzibggboboobbonbooboobaoba
gudbduoobboodbuogooobooboboobobobobuobonoooboon
gobogbboobooboobbuboobooboobooboobobbboaon
gogdbobdogoubgboogbobobobbobgobobobobooboobo

csogogoooobobobooobooobboboboobobobooobo
godboodbooabnogogooboobgbooououououooogn
gobdgboogboggbudgibcateOBJUODDUOODUOOOODOOULOOOUOOOnO
goboobouogbouboboboobbobooubobooboobouon
gogoouoozbodb dobdbooobobobboobobobbboonon
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ogbodoogoooan

gbodbduoubodgbogboubobodgbboobdaubdgtoBd U Uloose
semantics [J tight semantics U U 00O OO0 0OO0O0O00O0O0O0O0O0OO0O0OOO0O
0000000000000 D0O0D0000Z00000000000000 (FreeTypes)
gobgobodoboobboobooboobooboobobobboobbooobo
gogoooboobobobobobg

ooooooon
gboogbuotboobootbbooboubgbogboobbogboobooboan
o LD UOODOLDOO
e UUDUOOOODLOOD
e LD OODO

gogdbobobogobgbgbgbgobobooguboboboboooboobo

goodgbooogooonood

godbguutbuobdbobooobouooooboobooououonozaon
godubogbooboobgoooobbuboubbboobgobbooboaon
gogbdobobbbogbobooboobtobobobobboobooooogn
godobdgobodboodbogboubobobobobonooooooooan
gobdggoggbbdbdcCfeOBJUDUOODUOODUOOOODOOOOOOOOOO
goubgobggboobooubgobobbbobooobbbouobooboboon
gobubgubogobobbooooobboddboouboboobouoboon
gogbdgboobobobogbobobobobobobobooogoogogn
googooooogod

googoooodgd

gogodbgboboboboooooooooongbgogbboobbobgn
gobbguogoboogoobobouoobouooobobooboboboobogn
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goddzubobbdbuooouoouboobouboooobooouboubobooo
guobgugbdgobobbbobbobbooobbooubooobbouoooboon
gogboboboobogboobobgobbboooobobobbobuboboogb
gbougoauudbouogboubobogbouboobogboubobnobboua
gogbdoobooubbodbobob=t0ububbudim=u0bgbgnbobooog
goboggbobdbbguoboudguboubogbuobubodggcafeOBJO OO
gobggoboobotbboobboooubouboobooouboobobbuooo
gobogbbooooboon

HRERN

ooduzibdd CafeOBJUDUOODODUOOODOODUOOOOOLODUOObOOODOOOO
gogoouboobobobobobboobbbgbo

2000 CafeOBJODODOOODOODDZO00000000000O0O0O0OO0DO UOCateOBJ
godbogodbobonuoodboouoobobooobnbbzobobago
OO000000ooDbOoOogpocafeOBJOOO0OOODODODOOOOOODOD(DO)DODO
bbb oboobbbboonoooooooooon
gogoouboobgbdgbgogubobobobbobouobubao

Uobodbdbddbobobobb 2000 CateOBJOODOOOOOZODOOUO
gbbdbbbotdbotdbbibcCateOBJ O UODUODUOOOODOOODOOOONO
gogbduoobooogboboogbobboboboboboboooobooobon
gogoobbogbobdgbobuboboboboboobbbobn

CafeOBJUOUOOOOOOUOODOOOOUODODOODLOODLDODObDObLObLObLOn
gububgoogubogbugbobuoboboboobboboobuobouoboon
gubgogbodbgbodboboobouobonoboobobdbddcCateOBI
Oo0D0OO000O000((O0)0oooooooooooon

e D OODLOOODLOUODLOODLOODLOODLDDO
e LD UODLUOOOOODLOLDLOULOLO

e JUOUUOUODODDUODOOLDOObLUOLOODLOOO
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L] 4[]

state(0000)000000O0

0000000000 (D0)00o0b0o00ooO0oooooooooogooo (o
OO000000DO)0D0000000o0b0O0oooooDOstateI00O0O0mOoO
OOooobobooooo0ooo(booboooobobo)ooboooOobboooDbooo
godbduoogbboboboboonobobboboooobobonoooon
O0000000DOD0D0OO (state) DODDDOOOODOOOODODOOOODODOOODOO

UO0O0Ostate O ODODODO0ODOODOOOOO0OODOOOOODOO state OO U
googoooboodobd

4.1 000000000
000o0o0oo0oooo
e 00DOD
e 000D
e 00000000000 000000 (operation)
000000000

0000000000000 (labelD0)00000 (pre-state) 0000000 (post-
state) 00000 O0state J0000000000000000000000000
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000000000000 00000DDO0O00000AO (transition diagram) 000 0O
gobbgbgubgobouoooooogbbobooboborubgbguboon
gooobooooobon

4.2 stateJUUOOOOOON

gododogobbbuouooogogbgbgbobgbgbdgbgbaadgn
godbduoobobouoooooboobobboubooboboooooooooon
gobogbboooobbbbobobobbobbboboubooboobouon
goog

googgugod b ogoubogboobnoonb g
gooud goboguoooboobooboonbg

good dbdtbbdUloperation JUUOOOODOO0OO0OO0OOOOOODOOOOOO
gbodbobboobbooobogbooboboobooboboobono
gboogbooggoo

0000 0000 (000000000 bo0o0boooboooo)ogoood
0000 DOooo(@oOooooOopoooOooobooobobooo)oooood
U0 Dodbbddoperation HOOODOOOOOOOOOOUON

b gboobdobdobooobobobobbooboobobod

googbbtdooobobobogboobogbbogboon
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googoogo

goodn jogbo (gb jbobooodaod
god

googoogo

goo (gboo (gboo (gbodo jbodgo
god
gog

gt (oot jguboubouboooon
ggo ogo
godg |bod

4.3 0O0O: 00000 (Employment Agency)
state 000000 0O0ODOOOODOCODOCOOOCOQD (Employment Agency) 0000

gogoon

ooooooogn

O000000000 (Person) 000 (Company) 00000000 OOOO (Agency)
O0000000000D000000 (Name) JOO (Skills) DODDOOO0O0O0OO0OOO
000000000 (Skills)ocooooood

Agency W
Person APPIY _ |set of (Person, Skills)| o S4oser /~ Company
Skills Vacdata consist of W
(Num,Company,Skills)

googbooooboobbobooobogbogoogon

o LD OODOOOLODLOUODOULOLDLDLOLObOLOObLObUDLObLLOODLOn
googad
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dbodbodbogbuouboguobubooubobooboobbobooa

0000000kl 00000000 O (skills)
e UO0DOOODODOOODODOO (vacancy number,Vacno) 000000000000

gupouuubgbuobobouobogbobooooboooobooban
oo Apply oo oobboodoobbbbbbdodin Subser
gboogoboo

4.3.1 UOUOOOOOOOOOOOOO

420 0000000000000 bbb boouobooonog

0000 DOD0OO0O0O000OO0O0OD0D0OO (Agency)

00 000000 (PersonList) 000000 (CampanyList) O 00O

good Doobooboobooboooo

ood Oootbotoooooodotbddododododdd operation, apply,subscrl]
J000 eapplyl00D00O000O0OO0DOO0ODOO0OOODOOODOO

Ubobd subscc UUOUOOUOOOOOODOOOOOOOOOOOO

0o apply U0 OO O OO skillldsubscr DO OO0 0O0OOO skillld

g subscr U OOUOOOMO VacnoU O OO OO Q

googooog

googd goog g googobooood

Agency 00000 empty | PersonList,CompanyList apply,subscr

googoooo

god god gog good godn
apply Person,Skills g Person U UJ 0O 0O 0
subscr | Company,Skills | Vacno HEN Vacno U U0 O
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g g googboogoaood

apply PersonList O0D0D0OOO0 (Person,Skills)
apply | CompanyList HERRERN
subscr PersonList goog

subscr | CompanyList | 000000 (Company,Skills,Vacno)

4.3.2 OU00OOO0OOO0OOO

oo oboonbboooobouboobooon
PersonList OO0 O0000O0O00O0CODOO (sex)00D0O000O0DDOODOODDOODO
apply U OName [J Sex U Skills UO OO0 OO O UOAgency UO O OO OO OO operation
gooobobubouoouooooo

gogoboood

gog god god goodg goodg
apply | Person,Skills,Sex | U [ Person U LI 1 U 0o
subscr | Company,Skills | Vacno ug Vacno U 00O
goo goo googboogognood
apply PersonList OO0O0O0000 (Person,Skills,Sex)
apply | CompanyList HERRERN
subscr PersonList goaod

subscr | CompanyList | 000000 (Company,Skills,Vacno)
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1 50

Z 10000 state U 1 U U L

Uobguzbgbdlstatel D UO0OOO0430000:0000000000000
gooogd

5.1 200000 state OO0

0000000 state DU OO0 bouozunonooonoog
O0D00000000D0ODO0000000000000((CODO0O0 dashOOODODODO)
goobgbogbgbbziobooouogbdooboobouboboboboon
googon

Input a? b! Output

Operation Schema

— _——
pre post

Z0 000 Ostate O

e LD OODO

e LD UOODOMO
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e LD OODO

oo oooboubogubgubuubibU statespace O UOOOOOOOOO
oo ouobbboboooognboon stated 0 d
000000 implicit state approach U [ [ [

5.2 zZUUOUoobbouooobood

Ooooonn

000 (D0O) 000 OPersondSkilld Company OO 00O OSkills O Skill OO0 OO O
Vacno(vacancy number) 000000000 00000O0

[Person, Skill, Company|
Skills == T Skill

Vacno ==

00 (state space) 000

godbogddogboggbgbouboonbbogbbouozbogbobodan
godboodbgoubooooudn AgencyU0 oo goooonoogn
guobguobooboddbDVacdata DD OOOUOooooooooooooooon
O0000000D0O0000000DO0O(vacnoO0OO vacdataDOOOO0O0O0OO)

Agency

persondata : Person -+ Skills

campanydata : Vacno - Vacdata

Vacdata

comp : Company

skalls : Skills
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ogoodn

U0 Empty U OAgency U initial state U U U U OO OOO00O0O0O0OOOOO00O
J000000000 Agency UDODUOOOOOOOOO0OODOODOONO persondata
U companydata OO0 O00O000000 Agency D OOOOOO

_ Empty
Agency
persondata = &

companydata =

gogog

z000bouo0boobboobooooooooLobLbxoboboooobom g
godbogbogobbbogum oo gbonouoobogbbodUAAgencyd
Agency U Agency’ U U DUOUOOOLOOOOOOOUODDOOOON Agency U OUODO
O00000000DAgency 000000000000 DOO0OOOOOIOOOOO
Oooooogg)

__Aplly

AAgency
p?: Person

s? . Skills

p? ¢ dom persondata
companydata’ = companydata

persondata’ = persondata U {p? +— s7}

Apply U persondata U U U OO U UOOUOODUOOODUOOOODOODOOOOO0OOOOO
U Person U OUOOOOOODOOO
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_ Subscr

AAgency
c?: Company
s? 1 Skalls

n!: Vacno

persondata’ = persondata

n! ¢ dom companydata

companydata’ = companydata U {n! — u Vacdata | comp = ¢? A skills = s7}

Subscr U companydata U0 O OO0 00000000000 OnI0D00O0OOO0OO0OOO0O
vacdata 00000000000 OOOOO

200000

guobobbziubooboubouboobiboouboooobbooooad
gogooubooboodboboooboobobad

Sex ::= male | female

Agency

persondata : Pdata + Skills

campanydata : Vacno - Vacdata

— Pdata
person : Person

sex : Sex

00000 apply 000000000000
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_ Aplly

AAgency
p?: Person
s? 1 Skalls

sex? : Sex

{p Pdata | person = p?} ¢ dom persondata

companydata’ = companydata

persondata’ = persondata U {u Pdata — s? | person = p? A\ sex = sex?}

s0ngogobobobooboobouboobobbobooboobbobon

200000 stateJ 00O O

zZ0000Ustatespace U OO OOODOODOODOODOUOOOODOOOOOOOOOO
O (apply,subscr) 0000000000000 DO0O00OOOOOODOOOOOODO state
gobbogotgbogboobooboboboubgbbzoboboooobobd
godbdogugobboubobobobonooboboobboboboobogn
bbb oboogoooubouooubobbooobbobooobnoo
0000000000000 000D00000D0O0O00000DO0O000000O0O0 (state
invariant) 0000000000000 OO0OODOOOOOOOCDOOOOOO

000000 budbodbol statespace U D ODOODOOM
000000 statespace 000 (DDODOOOO)00000000OOOODOOOO
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1 6L

CateOBJ [ [ [ state [ [ [ L] [

O0000CafeOBJOUUOO state HU DU UOUOOODOODOOOOOODOOOOOOO
00000doooooobddbodddndn Uexplicit state approach [ Baumeister
0000000000000 00OHidden Algebra 0D ODOODOOOOOOONO

6.1 explicit state approach

O000ooooodo state 00 00O OO0 O Oexplicit state approach U U U 0 [
J0odoobboouboobbobboobouod stateJ00dgooonooooonoo
0 OO Oexplicit state approach U U 00 0O 0O O 0O O O operation U state O 0O 0O 0000
bbbt dbouboboububoubobubuU state g
00o0oooobooooobbooonbioooboboddn explicit state approach U
0on

O00000oodUtstate 00000000 oooon

e U DUOUDLOUOLUUDLDOLUUbLULDbLUbLLUUObDOLUbLUObLUODLOn
gougooogad

e JOUOODOOODDDOODOODODODOODD(D)OUODOO

e JUUUOUOOUOODLOUOULDUOLODLOLOLOLOLOOLObLDObLObLOObDD
gopoopooobooboood

e JOUDDUOOUODUD stateJ U UDULDODLDOOOOOOOUODOOOODO
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6.1.1 explicit state approach U U 0O O0OOOOOO0OOMN

UUodin CafeOBJ U U OO Uexplicit state approach U U U OO OOOOOOONO
Judoooodoboobobooooouon CafeOBJUUD OUOODOOOOOOO
OUOstate OO0 ODOOOOOOOOOOOO

e UOUODUOO AgencyUDDUODDOODO Agency HOODODOODOOOO
g

0000 Agency UOUOUOUODO empty U O U

O00000000 apply O subscr OO OOOODO Agency OO DO OOOMOO
0000000 Agency DO OO ODOO0OOOOOOOOOO

000000000 O0ogonDbOd isPersonUskillsFordisVacNoOvacFor O O
googogoond

e UUDUOD Vacno UnewVNo U L D OUODOOOOOOOONO

module AGENCY {
-- 000 Dobooooobooooo
import {
protecting(SET[X <= view to SKILL { sort Elt -> Skill }]
* { sort Set -> Skills })
protecting(NAT * { sort Nat -> Vacno 1})
}

signature {
-- 0ogg "Agency" ------
[Person, Company, Agency, Vacdatal

- [000dd -——-———=——————
op empty : -> Agency -- ggood
op apply : Agency Person Skills -> Agency

op subscr : Agency Company Skills -> Agency
op vacdata : Skills Company -> Vacdata
R L B e



op isPerson : Agency Person —> Bool

op skillsFor : Agency Person -> Skills

op isVacNo : Agency Vacno —> Bool

op vacFor : Agency Vacno -> Vacdata

op newVNo : Agency Company Skills —> Vacno
b
axioms {

var A : Agency vars P P1 : Person

var C : Company vars S S1 : Skills

var N : Vacno

-- dgency PLUOOODOOOOODOOOODOOOO? --
eq isPerson(empty, P) = false
eq isPerson(apply(A, P, S), P1) = if P == P1
then true
else isPerson(A, P1) fi .

eq isPerson(subscr(A, C, S), P) = isPerson(A, P)

-- P10 skillsU0O0O0O0 (DOO0OOpO0O0DOOODDOOO)Y --

eq skillsFor(empty, P) = { nil } .

eq skillsFor(apply(A, P, S), P1) = if P == P1 and isPerson(A, P1) == false
then S
else skillsFor(4, P1) fi .

eq skillsFor(subscr(A, C, S), P) = skillsFor(A, P1)

-—— N[O Agency DO OOODOOODOOOOOO? -~

eq isVacNo(empty, N) = false

eq isVacNo(apply(A, P, S),N) = isVacNo(4A, N)

eq isVacNo(subscr(A, C, S), N) = if N == newVNo(subscr(A, C, S), C, S)
then true

else isVacNo(A, N) fi .
-- VacNo O U0 Agency U U vacdata U0 0D O (DODOOONDODO) --
eq vacFor(empty, N) = vacdata({ nil }, C)

eq vacFor(apply(A, P, S), N) = vacFor(A, N)
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eq vacFor(subscr(A, C, S), N) = if N == newVNo(subscr(A, C, S), C, S)
and isVacNo(A, N) == false
then vacdata(S, C)
else vacFor(A, N) fi .

-- OO00vVvacNoOOOOOO DOOOo (DODOOO) --

eq newVNo(empty, C, S) = 0 .

eq newVNo(apply(A, P, S), C, S1) = newVNo(A, C, S1) .

eq newVNo(subscr(A, C, S), C, S1) = if N == newVNo(subscr(A, C, S), C, S1)
then N
else s(newVNo(4, C, S1)) fi .

explicit state approach [ I [ ] [

000000 explicit state approach O 000 OOOOOODOOOOOOOOOONO
signature J OO0 0000000

[ Person, Company, Agency, Vacdata, Sex ]
op apply : Agency Person Sex Skills -> Agency
O00000000000 apply 0000000 Dapply 00D OODDODDOOOOOO
oot ooooooodoooooooooon
oo ooodddddodoooooooddonoooouoon
goooobooouooooooood

explicit state approach [ [ [

explicit state approach 00 000000000 O state 00 OO0 (DOO)OOO
OO0 (0)OOoOoOooooooooooooooooooOoDOO operation 0 OO0
00000000 (constructor) 00000000000 DODODODOOODOOOOOOOO
Odb0O0Ustated U000 boubounbo
oo booboooooboonbooooo
gobdbobgbbobdbobobodoooboobouoboooooooon
gooo
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bbb uoobooboboobooadad

e 1O0D0OUOODODOOODODDOODOOOOODOUODODDOODO(DDOO
gbotdbgbbogbdoobobnboobooboboobobbobobnboobb
O0000000Ooooon)

e DD state UL OUUDOOLDDOODLDODODOOODOODLOOODLOOO
gbgdbobogbodboubobodgbouooboobobnoobogo
gbogboouoobooooboonbg

o LD UODLUODLUOLOLUDLOULOLULOLLUUObLUObLbLObLObLDD

6.2 implicit state approach

implicit state approach [ [J [explicit state approach U OO OO OZ O0O0OO0OOO0O
0oooooobooodoboddbodoboddbodOd implicit state approach 0
00000000000 00D00000D0000D0O Baumeister OO B|OOOO0O
J000000 Lacch DO0O0O ZO00OOD0O0ODO state 000 O000O00OOOO CafeOBJ
00000000000 0000O0(LarchdCafeOBI 00000000 DOOOOOODOO
Larch DO 0O0O00O00O0ODOO0OOOO0ODODOO0OOCafeOBJODUOOOOOOOOON
gD onoonoooon
OoODOO0O00000oobooooObDbDOoooooooon)

6.2.1 Baumeister 0

Baumeister  Ustate U U U0 DU OO0 O0O0O0O0OOO0O0OO0O0OO0OO0O0OOOUOZ
00000 state 0000000 0OO0OOOOOOOOOO

e UDDUODOODN signature U OO XOODOOOO

e UO0DOIDOOODOOOODO (abstruct datatype) 000000 OOOOO0ODO sig-
nature 0 00 0X00000(00000)0000O

e UL ODLLOOODLOODLDLDOLDDLOUOODLOOLDLObLDDLOODLLOOUXO0n
g
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e U DLDOLOOLULDLOULUOLUOLbUOUObLObLDbLbUbLUUObLOn
OOstate 00000 (0DO0)ODDOOOOOOO

0. doodn

Baumeister U U 0O U OUOUOOO0ODO0OO0OOOOOOOCateOBJOUDOOONO
goodbougouubdd CafeOBJUDUOODUOODOUOODOu oo

module COUNTER {
extending (NAT)
opc: ->Nat --000cO0000O0O0O0O0OOOO

module ZERO {
using (COUNTER)
eq c =0, - dgod c¢=0

-- Z0 delta U000 pushout function
module DELTACOUNTER {

using (COUNTER)

using (COUNTER * { op ¢ => ¢’ })

module INC {
using (DELTACOUNTER)

eqc’ =5 (c) .

module DEC {
uSing(DELTACUUNTER)

ceq s (¢’) = c :if mnot ¢’ ==

gododibUstate 000 cOOOODOUOcOODOODODOOOOOOOOOONO
oo oaubuodgoud COUNTER U O U signature U 0 U
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YUOuuuooooooodod COUNTERUXOO ZEROUODUOUUDUOOOOOOO
U INC,DECUUOUOOUOXububdgbdn cobgbobobddcbgbonoonogog
O0O0stated cOOOOODOOOOOOOOOODOOOOOOOOODDOO cOOO
gogboguobgodbdodbddzubbddbobdobodibdl Baumeister
googooo

goooogd

000000000 Relation as Abstract Datatypes Approach U U U O U Baumeister
ODOo0O0O ejooobobooobDo00ooboobboooooooo

20000000000000DO000 base institution 0 000 O institution 0 00O
goobooobbobooubobooobboboooobobo0bobon
00o00oooooooooooooooooooooon s..s,000 2..2,0 000
state [0 Ostate invariant OO0 000 OO0 OO0 signature ¥ =< S,0p >, 5 ={s; | i =
l..m},Op={z;:s|i=1.n€S}000000000000O00O00O00O0O00OOO0OO

6.2.2 Baumeister U UUOUODUOOOO0OOOOO

U0000 Baumeister U U U O 00O O Employment Agency D OO0 OOODOOON
Jo0o0odooobodbdPRODUCT,FUNCTIOND OO OUOODOOOUOOOOOO
U0 CateOBJULDUDOOOODOOODOOO UOpersonlist U companylist [J 1 0 U
googoooo

module AGENCY {
[Person, Skills, Company]
import {
protecting(SET[X <= view to SKILL { sort Elt -> Skill }]
* { sort Set -> Skills })
protecting (PRODUCT [Company, Skills] * { sort Prod -> Vacdata})
protecting(NAT * { sort Nat -> Vacno })
using (FUNCTION [Person, Skills] * { sort Rel -> PersonlList })
using (FUNCTION [Vacno, Vacdatal * { sort Rel -> CompanyList })
+
signature {

op personlist : -> Personlist

36



op companylist : -> CompanyList
b
3

00000000 Opersonlist I companylist OO O ODOOO0O0OOO0OOOOOONO

module EMPTY {
using (AGENCY)
axioms {
personlist = { } .
companylist = { } .
}

gbodugubgbuoguobboooguzuogguuonobAgogn
DELTAGENCY O UODODOODO

module DELTAAGENCY {
using (AGENCY)
using (AGENCY * { op personlist -> personlist’ }
* { op companylist -> companylist’ })

Apply,Surscr 0 0 00 DELTAAGENCY U UOUOUOUOOOOOOOOOO Oupdate-PL [
update-CL [ 0O OPersonlist [ companylist D OO0 OO0 0000000 OOO OisPerson
U isVacNo U explicit state approach U U U U OO0 DOOOOOOOOOON

module APPLY {
using (DELTAAGENCY)
signature {
op p-input : -> Person
op s—input : -> Skills
3
axioms {
cq campanylist’ = campanylist :if not isPerson(p-input) .
cq personlist’ = update-PL(personlist, p-input, s-input)

:if not isPerson(p-input) .
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module SUBSCR {
using (DELTAAGENCY)
signature {
op c-input : -> Company
op s—input : -> Skills

op n-out : => Vacno

b

axioms {

cq personlist’ = personlist :if not isVacNo(n-out) .

cq companylist’ = update-CL(companylist, n-out, [c-input, s-inputl])

:if not isVacNo(n-out) .

Baumeister 1 00O OOOOOONO

Baumeister U O OO OO0O0O0OO0O0OOO0OOOO0OOOODOOOOODLOOOOOO
odbodbodbobdbibd AGENCYU UOUO Sex O uuod Pdatall
000 OPersonList U Pdata U0 Skills U0 O OOUOOOOOOOOO

[Person, Skills, Company, Sex]
protecting(PRODUCT [Person, Sex] * { sort Prod -> Pdatal})

using (FUNCTION [Pdata, Skills] * { sort Rel -> PersonList })

U0t APPLY U USexU U U O UOUOOL UOUOUOULD Uupdate2J [Person,
Sex,Skills U O uwpdate U DU O OUOOOOOOOOONO

module APPLY {
using (DELTAAGENCY)
signature {
op p-input : -> Person

op s—input : -> Skills

op sex-imput : -> Sex

b

axioms {

cq companylist’ = companylist :if not isPerson(p-input) .
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cq personlist’ = update-PL2(personlist, p-input, sex-input, s-input)

:if not isPerson(p-input) .

Baumeister U OO O00OD0OO0OO0O0O0OOOOO ZO00OO00OO0O0ouoboooboOoO
gooo

Baumeister 1 0000 stateJ 0 OO

Baumeister U U 0000000 OZO00 state OO OOO0DOOOOOOOOO
gogboboboobgubobobbuobbobobobobobobbooboogn
oot udlUBauwmeister OO OO0 stateJ U0 DOOOOOOOO
gogooooboogoon

e DU DUOULODLUOUbLObLUOLbLObLOULObLDOUUbLUbULUbLLOn
goodd

e JOUOUOUOOOLODLOODLODLOUDUDODLOULDUObLUODLOLObOOOOD
gooooooo

6.3 UUOUugoooggno

6.3.1 U0UOOO

CafeOBJUUOLDOUOOOOOOOOODOOODOOUOOUOObOOObLbOObLbOOODO
O00OMeseguer 00000 (13| 000000000O00DO000COOOO0O0ODOODOO0O
O0000000D000D00000 (rewriterule) D00 O00OO0DOOCOODOOOCODOO
goboobouboboooboooboobbioboobobdobobbUdcCateOB)
googbogboogooagbogboad

gooon

CafeOBJU O UO0O0OODOUOODOOOOODLDOOODLOODLDODOOODLODLODOD
googboogbodbboobodgbd CateOBJULDUOOUOOOOUoonDon
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rule UJUOOOOOO0O = 000O0OOOOO
crule JUUO0OOOOO = O00000ggo
:if 0000 and OOOO

godboboubobooooboogboboboboboonoboooooooban
goboogbogbodboobdobodgbd

X X

START
Y

module AUTOMATON {
signatureq
[ State ]
ops A B C : —-> State
}

axioms{

rule [Y]: A => A
rule [X]: B => A
rule [Y]: B => C
rule [X]: A =>C

}

6.3.2 UUO0O0OOOOOOOOOOOoOoOoUoOobO

gogodboubdbgbobobobuuouooouoobobooboonoan
gogoguboobgbgbobboboboboboboood

e JUUIDUOODOD AgencyUD DD UODOUOOODODOODOODOOOOOODO
0000000 addPerson,addCompany D OO OO OO OO

e JO0IDDODODOOOOCODUOCODUOOUOODUODOUOODUOD(DOO)DODO
googog
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e UUUOUOLDDOOLDDLUOODLDUOLUODLU Uapply,subsecr OO0 OOON
gubdbobobobobboobobgobooo

e U UOLDUODLUUODLUOOLOObLOObLOD

000000 apply,subscr OO O OOOOOOOOOMO Happly O OO OO OO Person
OSkillsOOOOOODO0OAODOODO A’D000000Osubscrd00ddoonnn
Oo0o00oodoboooooooon

crule operation U (UOOO, OO0 1, OOO 2) = 0O0O0OO
:if O0O0O0 and OOOO

googbobdgoogboubooboboobbobd

module AGENCY {
import {
protecting(SET[X <= view to SKILL { sort Elt -> Skill }]
* { sort Set -> Skills })
protecting(NAT * { sort Nat -> Vacno })
}

signature {

-- OOgOogd "Agency" ------

[Person, Company, Agency, Nat < Output]

- 0ooggn --—-—————————————-

op empty : —> Agency

op o-empty : -> Output

op addPerson : Agency Person Skills Output -> Agency
op addCompany : Agency Company Skills Vacno Output -> Agency
e I I I

op apply : Person Skills Agency -> Agency

op subscr : Company Skills Agency -> Agency

e I I I R

op isPerson : Agency Person -> Bool

op skillsFor : Agency Person -> Skills

op isVacNo : Agency Vacno =-> Bool

op vacFor : Agency Vacno -> vacdata
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op newVNo : Agency -> Vacno
}

axioms |
var A : Agency vars P P1 : Person
var C : Company var S : Skills

var N : Vacno var O : Output

--Qoooooogn

crule apply(P, S, A) => addPerson(A, P, S, o-empty)
:if (not isPerson(A, P)) and true .

crule subscr(C, S, A) => addCompany(A, C, S, newVNo(A) ,newVNo(A))
:if true and (not isVacNo(newVNo(A)))

-- Agency U 00O Person OO O0OOODOODOOODOOOOOO --
eq isPerson(empty, P) = false .
eq isPerson(addPerson(A, P, S, 0), P1) = if P == P1

then true

else isPerson(A, P1) fi .
eq isPerson(addCompany(A, C, S, N, 0), P) = isPerson(A, P)

-- 0O00vVacNo OO QOO0 OOOO O ==

eq newVNo(empty) = 0 .

eq newVNo(addPerson(A, P, S, 0)) = newVNo(A) .
eq newVNo(addCompany(A, C, S, N, 0)) = s(I)

ogbodboobgboaobobogn

godbgbobogutdbodboboboouoobigd Ssexbgbggogn
U addPerson U U U Sex U OO OUOOODOOODOOOOOOOOO sexOOOOOUO
gog

[Person, Company, Agency, Nat < Output, Sex]

op addPerson : Agency Person Sex Skills Output -> Agency
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op apply : Person Sex Skills Agency -> Agency

crule apply(P, SEX, S, A) => addPerson(A, SEX, P, S, o-empty)

:if (not isPerson(A, P)) and true .

J000o0dboooboooooobodod addPerson DO OOOOO0OOOO SEXDOO
Joo0ooobobobboooboobbooboobooboboboobboob oo
0000 Oexplicit state approach 1 0 OO0 000000 OON

Joooooboooooboood

goboboobogdbouogubogubogubbooooboounboooboo
gobdbgbdogoogbgbobobobobobboobobobobooobobon
godgbdogbogoboboooboboobobobboooboboboboboogn
gubdboboobobuboboboboobobobobobooooauooan
godbduodbooooobooboobobobobbobobonouoooooan
goudbugboouboouboubg zooobooooboad

6.4 Hidden Algebra 100 U L[

Hidden Algebra 0000000 [4] 0000000 OHidden Algebra 0 0O O hidden
sort U U OO0 uooogogoobbobooonoogo
godogddboduibibUhiddensort UOUOOOOO0OODOO0OODUOOOOOOOMO
googooobogbodgbd

6.4.1 hidden sort U000 stateJ OO OO

googuogboddt stated oo

e UUUDU hiddensort UL UDUODUOODOOUOOODOOLDOOOOUOOOODN
gooo

e UUDUUOUdden sort UL DOUDOOOOODUOODODOODUOOODOOONO
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e OO UUDNUUO hiddensort UOUOUOUOUOUOO O hidden sort 0 O 0 method
goooocooood

e JOULUOOOUDUDUODLODLOLODLODDODLODODN attribute 10O U

U0O:FLAG

U0 hiddensort O UODOOUOOOOO FLAGUUOUOUOUOUOUOUOOFLAGO O OO
000000 0Ohiddensort UOUOOUOODOOOOOOODODOOOODO0O0OOOO0O
00000000000 method OO (up,down,rev) O attribute(up?) 00000000

module FLAG {
signature {

hidden[ Flag 1]

ops (up_)(down_)(rev_) : Flag -> Flag -- method
op up?_ : Flag —-> Bool -- attribute
}
axioms {

var F : Flag .
eq up? up F = true .
eq up? down F = false .

eq up? rev F = not up? F .

00000 OO Ostate space O hidden sort FlagO O OO OOOO0OOO0O (Flag) OO
method UO0OO000O0O00O00O0OO0OOOOOOOOO0O0O0OOO0OOOOOO
DoododbooougobobbodbdmethodJ00000O0O0O0O00OO0OO0O0O0OO
gobbooobobobooodogooobobooboddoodbibidOd methoddd UP OO
FlagOOOOOOODOOOOOOOD(ODOO)bO0ODO0ODOO0O0OO0O0O0O00DO0O0
O0000(Upr)ODOOOOOD FLAGODOOOOOOOOOOOODODOOD OFlag
O000 method D0 (DO0DOO0OO0DOO0)0000000000O0OOOCDO

6.4.2 hidden sort U OO0 ODOO0OO0OOON

hidden sort U U U OUOUOOOOODOODOOODOOOOO
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module AGENCY {
import {
protecting(SET[X <= view to SKILL { sort Elt -> Skill }]
* { sort Set -> Skills })
protecting(NAT * { sort Nat -> Vacno 1})
}

signature {

hidden [ Agency 1] -- Agency DO UUDU hidden sort
[ Person Company ] -- visible sort

-- initial state -- hidden O OO0 0O0OO0OO0OOOOOO
-- method 1 0J

op apply : Person Skills Agency -> Agency
op subscr : Company Skills Agency -> Agency

-— attribute OO

op isPerson : Agency Person -> Bool
op pskillll : Person Agency -> Skills
}
axioms {
var A:Agency var P:Person
vars C C1l:Company vars S S1:Skills

var N:Vacno

-- attribute
eq isPerson(empty, P) = false
eq isPerson(apply(P, S, A), P1) = if P == P1
then true
else isPerson(A, P1) fi

eq isPerson(subscr(C, S, N, A), P) = isPerson(A, P)

eq pskill?(empty, P) = { nil }

eq pskill?(apply(P, S, A), P1) = if P == P1 and isPerson(A, P1) == true
then S
else pskill?(4, P1) fi
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eq pskill?(subscr(C, S, N, A), P) = pskill7?(A, P1) .
}

hidden sort U U U IO UOOOOOOON

O00000000000000000O000 Ohidden sort Agency OO OOOOO
0000000000000 0odubbbO0DOdOSex O visiblesort OO OO O
O00 Omethod OO apply OO OO Sex OO Happly OO OOOOOOO attribute
0o00o0oooooooooon

[ Person Company Sex ] -- visible sort
op apply : Person Sex Skills Agency -> Agency
-— attribute
eq isPerson(empty, P) = false .
eq isPerson(apply(P, SEX, S, A), P1) = if P == P1
then true
else isPerson(A, P1) fi .

eq isPerson(subscr(C, S, N, A), P) = isPerson(4, P) .

hidden sort U DU ODOOOU

hidden sort UL U OO UOUOOOOOOODNO UOAgency LI hidden sort U 1 U U 0O [0
00000 explicit state approach OO OOOOO0O0O0O0OO0OOOOOOO UOHidden
Algebra U DOO0O0O0OOOOUOO method DUDOUOUOOODODOOOOOOOOOOO
0000000 Oexplicit state approach D O 00000 OOO0O0OOOOOOOOOO0O

hiddensort 00000 ODOOOOOOOOOOOOOOOO0OOODOOODOOONO
Joodooodoooobobooobooooobobobobouooooon
googoooon

hiddensort U OO DOUOOO0OOO0OOOOOOOOOOODODOO Oattribute 00
gooobooodooooobobobbbooouoboooobboobobobon
g odbobooooobobono oo oobooon
0 O Oexplicit state approach DO OO 0000000000 0OOOOOOOONO
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JUb: state O U DO HOOOOOL

gooobubogbobdggooubd statel g ooooogn

7.1 O0OO0O0oon

ooooooon

420000000000000000LOLODLDOLOOLDOLDOLLDObObLOODO
gubbdtgbboogbnboguouoguobooobbooobbooubooobo
gobbgboogoubgbobouobbbbobouooboobobuoboubaon
gobodgbboooobboobboobobobbooboobouboobouon
godbogbogboodoobobobbbbobooboobbobobbooobood
googoogoogboogbooboboobd
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googodn
googodaood
pre.post OO OOMN
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gobubdgbobobooooogugbobogoogd
object U U D OOOOOUOOODOODOODODLOOOOOO

oooooan goodbooonoodooobooooogo
Oooooan Jo0o00ooopodooobooooooo
goooo gbogbougboogbooobodaboogao
goaoo goodbooonooobooobooooooo
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sogboooobboboboobob bbb obooboobobobbobo
gboodogbodbooabnogoobbbgbbbobobooooobuooogn
gogbogoobobooboogbobouobouobonoooooobobooan

gogogooooobn

gogodbgboboboboboboobobubbobboooooboboobgn
gbodbdodbooooggbooooboobobgbobobonouooogogn
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googbodguoobodgbuogboguboubooboobbooboubbbboonoa
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godbdbdbbobdbooooboboboobobobobouoonboooo o
googoudboubouboubobboobbobooog

implicit state approach U0 0O 0 Baumeister U U OO OO0 O0OO0OO0O0OOOOO0O
godboboboboobooooobobobbbobonooboobooooon
J0o00dzooooooooobooboooooboobooboobooo

explicit state approach U 0 00000000 0O0O0O0OOOO0OOOO0OOOOOOO
godbdboobboobodboboboboooboobobooobouobooooon
oo onooooooon
Joooooooooboooooo

Hidden Algebra OO OUOOOOOOOOOOO0OOOOOOOOOOOO0OOOO
oo obobobboboobooo oo
godbdbobobobboboboooobobobobooonobonboooon
g oboboboboooooon
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googd
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gzuodbbodbooobuooubooubbooubboobboobboobbooooo
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7.2 stateUUOOO0OOOO

O00D0O0O0D00OO state 0000000000 OODOOOOO(OOOOO)0ODOO
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gobdbgubotbbooboobobbobboboboboobnboon
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Z CafeOBJ
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Jodzoboboobooooboobooooboubobobobobonbobooo
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0o ooooon
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7.3 stateUUOOOOOOOOO

Joobooozboooooobobooboooooobobobobouooooo
googod CafeOBJUUOULOUODOOUUOOODUOODOOODOOooboooonbon
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Joobodoobooooooboooboobobooboooboozuooooood
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googoogooobooobod
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00000000000 DO Hidden Algebra 000 0OO0OOO0OOOOOOOOO
goooooooooo
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CafeOBJ U U DO UOOUOOOOOOOONO
[ state [ 1 LI 0 0 O [

Jobdo42000000000000D00000DLO0OOLO0ODOOO0O Ostate 00
gobgobduboogouooboboobboboobbobouboobouog
gopoguoogooobooaon

8.1 UDOUOUOUOOUUUUOOOOOONO state 00O

guobogbooboobboboobibobuoboobboboobooouoaa
gobggboguboubobbobbooooooboobouboobobboon
gbogogbodgbogbooboobgboobbboobooboboobono
state space U U U O U OO UOOOODUOODODOOODOUOODOO0OOOOODOOOOO
googodoubo43bggoobooboboouboboobobnbobonn
goguoouboobgbbbobdgbboobobobobon

8.1.1 CafeOBJULUUIULOOODOON

CafeOBJUUO DOUOOUOOOOOLDOOODOOLDDLDOODLDLDOODOOOLLODO
goodbougoogboouoouooouogoa

class JOOO {
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godd - oogoogd
gobd - bgbdgoon

gudbboudogoubboobogbbobobbodguboooobnoboboboobog
gougogbogboboooooouobgbgoogoood

<pgbboobodod - goobg |
goog good,
good good,

8.1.2 UUUUDUOLUOstateJDUOOOOOMN

state HUUOODOODOOODOOODODOODOOOLOOLOOUbLOouboubagnogon
gboobobuogbooggboouboooobd

auoot)

class O UOOOO A
ooooog - 0oo
ooooog - ooo

god : 0ogd

(ouoooooao)

rule operation U (UUOO,0000,0000) = 00y

crule operation Ul (WU U0, 0000, 00O00) = 0O0OOO
:if O0O00 and OOO0O

gbogboubodboobodboobgobbobooboobogbogg
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gbobgdooooguboboobobuobboobubooboobooon

e LD UODOUODLUOLUbUDLUDLbLUObLUbULOO

gboodbobooboodgbogboubobboobbobboboobono
g

e 1OUO0OD cruleO0OO0DODOOD(DOODDOOODOOOOON)

00000 cule 00000000 OOODOOOODOOODODOO)

gooububdgbgbooooooon

Uobd output U0 ooooogonbooon

8.1.3 UUUUUubuobuuoubbooouog
googouuogubb4stbogbonbonoonogd

module AGENCY {
import {
protecting(SET[X <= view to SKILL { sort Elt -> Skill }]
* { sort Set -> Skills })
protecting(NAT * { sort Nat -> Vacno })
}

signature {

[ Person, PersonSet, Company, CompanySet, ObjectId, Output ]

- 0o0dgdn --—-————————————

op p-empty : —> PersonSet -- [0 PersonSet 00U

op c-empty : -> CompanySet -- [ [ CompanySet 0000

op o—empty : -> Output --oooooooooooon
op addPerson : PersonSet Person Skills -> PersonSet

op addCompany : CompanySet Company Skills Vacno -> CompanySet

- gooboobbobobobdoooooon
class Agency {
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p—set : PersonSet

c-set : CompanySet

out : Output
b
- poooouoboooobobobobobobon
- goooooobooobodab
op apply : Person Skills Agency -> Agency

op subscr : Company Skills Agency -> Agency

-- others -—-———=————-——-——————
- pooobooboboobobobooobo
op isCand : PersonSet Person -> Bool
op isVacno : CompanySet Vacno —> Bool
op newVNo : CompanySet -> Vacno
}
axioms

var PS : PersonSet CS : CompanySet

vars P P1 : Person 0 : Output

var C : Company var S : Skills

var N : Vacno vars Id Id’ : ObjectIld

- bodoboooooobboobood

-- apply —————————————
crule apply(P, S, < Id : Agency |

p-set = PS,

c-set = CS,

out =0 >)

=> < Id’ : Agency |

p-set = addPerson(PS, P, S),

c-set = CS,

out = o-empty. >)
--Dooooon

:if (not isCand(PS, P)) and true
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-= 8UbSCr ————————— -

crule subscr(C, S, < Id : Agency |

p-set = PS,
c-set = CS,
out =0 >)

=> < Id’ : Agency |
p-set = PS,
c-set = addCompany(CS, C, S newVNo(CS))
out = newVNo(CS) > .

--Dooooon

:if true and (not isVacno(newVNo(CS)))

-- others -——-————H—4—4—1471""1-----+———1-----———-----

-— Agency U U0 Person OO O0OUOODOOO0OODOOOOOO --
eq isCand(p-empty, P) = false
eq isCand(addPerson(PS, P, S), P1)
= if P == P1 then true
else isCand(PS, P1) fi .

-- Agency U0 0O Vacno O 0o ooobooboooboo --
eq isVacNo(c-empty, N) = false
eq isVacNo(addCompany(CS, C, S, N), N1)
= if N1 == newVNo(addCompany(CS, C, S, N))
then true

else isVacNo(CS, N) fi .

-— OUO0OvacNoOOOOODO DOOO O -~

eq newVNo(c-empty) = O .

eq newVNo(addCompany(CS, C, S, N)) = if N == newVNo(CS)
then s(newVNo(CS))
else N fi .
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guobgbubbbobboobdbboooboboobboobedbgonbgon
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godbdodbooogobooboobobobobobuobobonouooooan
gubodbogbodudo43sbgugoboubauboobonboboooon
googoooboooboogoon

8.2 Hidden Algebra Ul 00O OOOOOOONDN state
gooogoo

U000 OHiIdden Algebra U D O OUOOO0OOOOOO0OOOO stateJU OO OO
googon

8.2.1 [UUU hiddensort OO0 ODOOOOOOOMN

O00000OHidden Algebra 00000000000 O0COO0OCOOOO (Agency) O
hiddensort U U DO U UAgency UL U U U OOODOODOOOUOOOODOOOOOOOOO
gogbduoobbuobubobobobooobnoobobobobouboooan
gogoouogbgbdgodn

U0bddubobbOobOddl DHidden Algebra U 00 hidden sort O OO OO O
UO0dbdudUhiddensort UO U D UDUDOUDOUODL hidden sort U L UL U hidden
sort HUOUOOOUOUOU methodUDUOUUOODODUOOOODODOOLOOOOOOONO
gogogoobdd

oo

O00Agency D00 OO00O0OO (PersonList,CompanyList) 0 hidden sort 00 00O
goooobooodoooooouoood
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state ] 0 O hidden sort

initial state D00000mtial D OOOOOO

JUb0o0ooddnd  hidden sort U U U OO O hidden sort U U U method U [
EEN method U 00O U0

RN goooooooonood

gogn 0oooooood

goon goooooood

googboodgoobbogbboboboobogoogod

module AGENCY {
import
protecting(SET[X <= view to SKILL { sort Elt -> Skill }]
* { sort Set -> Skills })
protecting(NAT * { sort Nat -> Vacno })
}

signature {

hidden [ PersonlList CompanyList ] -- hidden sort U0
[ Person Company ] -- visible sort

-- initial state -- hidden O OO OOOOOOOOO
-- method 0 U

op apply : Person Skills Personlist -> Personlist
op subscr : Company Skills CompanylList -> CompanyList

-- attribute 0[O
op isPerson : PersonlList Person -> Bool

op pskilll] : Person PersonList -> Skills

¥

axioms {

var PL :Personlist var P :Person
vars C C1 :Company vars S S1 :Skills
var N :Vacno

-- attribute
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eq isPerson(empty, P) = false .
eq isPerson(apply(P, S, PL), P1) = if P == P1

then true

else isPerson(PL, P1) fi .
eq isPerson(subscr(C, S, N, PL), P) = isPerson(PL, P) .

eq pskill?(empty, P) = { nil } .

eq pskill?(apply(P, S, PL), P1) = if P == P1 and isPerson(PL, P1) == true
then S
else pskill?(PL, P1) fi .

eq pskill?(subscr(C, S, N, PL), P) = pskill?(PL, P1) .

oooboobooboboooobobobobboobibh attribute DO OO0 OO
gogbduodbooogoooboobobobobobobnboooooboboodgn
UUOmethod OO OOOOUOOODUOON hiddensort UODOUOUODOOOOOOOOO
gogogoobdd

UO00D00b00bO0bOdnbd Dhidden sort 0 metohd O OO0 OOOOOOOOO
gbouggdbogbbubobgbbioobgubdobudondd hidden sort U
OO oddPersonList U Agency U U UOUOULOOODUOODLOOOODODOODOOOOO
goooooog

8.2.2 UUUUUOUOUUUUUNO hidden sort UL UUIOON

Hidden Algebra U U OO UOOOOO0OO0OOOOOOOODOOOOOOOOOOO0O
gbobdboggoooboobooobosibgoouooboobooboooooboon
UO0000 hiddensort U U OUDOOOODOOOOOOOOOOOOOO0OOOO
gogbbtbooggbogubogubbogubooubbooobbooobo
googon

000000000000 hiddensort OO OOOOOODOO

gobdgbooooogir2bgbgboooboobobobbonooboboooobo
booouuddibid hidden sort DU U OO Umethod DU UOODOODDOOOON
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bbb bodbodlhiddenssort U OO0 ODOOOOOOO
odoguoooboboibdn attribute D00 OOOOOOO

(hidden sort O 0O)
hidden [ OOO0O0O OO0OOOO ... ]

(moooo)

class OO0 {
000000 : hidden-sort
00000 : hidden-sort

-— methodl ——————————

- googgng -------
op UOOOD:1 . OOODOODO OOOO ... > 0000000
op OO : 00000 OO0 ... > 00000

-- method2 ----—————————-

-- attribute -———-———---
op OODO : hidden-sort UUO OO OOOO -> Bool
op UODOO

op UOOOODNO : hidden-sort U OO OOOO -> 00O
op HODOOODO

-- axioms —————————————-

- Q0ogogoggg
crule JO0OO0O (QOOOODOO OOOO ...y = 0000000
:if (O0O00) and (OO OO)

—— attribute JO O OO
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UOoO0dbodbibdd hidden sort U OO0 OUOOODOOOOO
odn

googdbouooboouboguboouoobogbboobogd

module AGENCY {
signature {
hidden [ PersonlList CompanyList ]
[ Person Company Cdata ObjectId, Nat < Output ]

class Agency {

p-list : Personlist
c-list : CompanyLlist
}

op o-empty : -> Output
op p-empty : -> PersonList
op noPerson : -> Person

op cdata : Company Skills Vacno -> Cdata

-- method of apply ----——---------------—————-
op apply : Agency Person Skills -> Agency
op apply : Personlist Person Skills -> Personlist

-- method of subscr -------—-----------------—-
op subscr : Agency Company Skills -> Agency
op subscr : CompanyList Company Skills -> CompanyList

-- attribute ------------——-———— oo

op out : Agency -> Output

op isPerson : Personlist Person -> Bool
op getPdata : PersonList Person -> Skills

op isVacno : CompanylList Vacno -> Bool
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op getCdata : CompanyList Vacno -> Cdata
op newVNo : CompanyList -> Nat

3
axioms {
var PS : Personlist var CS : Companylist
vars P P1 : Person var S : Skills
var O : Output var CD : Cdata
var N : Vacno var A : Agency
vars Id Id’ : ObjectId var C : Company

-- axioms of apply

crule apply(<Id : Agency |

p-list = PS,
c-list = CS >,
P, S)

=> <Id’ : Agency |

apply(PS, P, S),
c-list = CS >

p-list

:if not isPerson(PS, P) and true

-- axioms of subscr

crule subscr(<Id : Agency |

p-list = PS,
c-list = CS >,
C, S)
=> <Id’ : Agency |
p-list = PS,

c-list = subscr(Cs, C, S) >

:if true and not isVacno(newVNo(CS))

-- attribute ----------
eq out(apply(A)) = o-empty .
eq out(subscr(< Id : Agency |

PS,
CsS >))

p-list

c-list
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= newVNo(CS) .

rule isPerson(apply(PS, P1, S), P) => isPerson(PS, P) .
eq isPerson(apply(PS, P, S), P) = true .
eq isPerson(p-empty, P) = false .

rule getPdata(addPerson(PS, P1, S), P) => getPdata(PS, P) .
eq getPdata(addPerson(PS, P, S), P) = S .
eq getPdata(p-empty, P) = noPerson .

goobooooudbogboubgbboboubobgbogbouboboaa
000000000 (DDO0O0 hiddensort)D00O0O0ODODOOOOOOOOOO0OOO
googboboubobbodbgboubouboobuubouoond CateOBJ U
00000 hiddensort U DO UDOUOODOUOOOOOOOOOOOOOOOOOOODO
guobobobdoobdooboobobd

gogubgboogbbugbgbbgbuououoobobobobouooogn
gobgbodgbuoogubouboobbogbbbboodbibodl hidden sort U0 U
0000 OHidden Algebra OO0 0000000 OODOODO (refinement) 0000000
googbooogbogogbogbogbobboobouboobooboobonoo
gogobdgbgbgbobobobonoboooobbbbobobobobobogb
googoogoogbodgod
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1 90

U

gobdoubgbobbooboobooboobouoobooooobboboa
googbgubogooobooboboobd

boodbdgzudl CafeOBJ U LU UODLOOOOUOOLOOUOLOOOUOOOOLOOOONO
godbogogboobouobooboboboooozboboubobobooon
gbgodguogogobobdbgdgubdgbibcafeOBIOUODOLDOOOOOOMO
gobogbbugoobbobooubouooooobouboooboobouon
goobbgubotubotoboobobooobobbobooboago

gobodguboodgubobogubbboognooboguobbogubozonn
CafeOBJUUOUOOUOUOOUOOODODOODOUOObOOUOLOOObLUobuoubboboon
goboobguogoboubobooboobooboobboobouboobouon
googboogogbbodbotobonbdbbbbtestboobgboobonn
gboboogbogbboogooag zouobodgbooubooubogbboooo
godoodbooboubonoobogosaugnbooboboobooboooo
godbggogbobobogooubobobouboozuobobooboobobg
gobobououobubd CafeOBJUDUDUOUOODUOODOOOODO

UO00d0boobdboodbdbOlOd Hidden Algebra DO O OOO0OOOOOOOO
ooddbddbibdib il Hidden Algebra OO D OOOOODODOO0OOOOOO
godbguoogbobdobooooboobobobonooboboobouobooon
goguoububgboububobgoogs22b0bgoobogbgooogoon
gogbdoboogbbobbogbtobubobobobobobooobobobgob
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hiddensort U O OUOUOOUOOOOOOUOUOOOOO CafeOBJUUOUOOODOON
00000 hiddensort U O OOOOOOOOODOOUOOO0OOOOOOOOOOO
godgbgboogbooboobbooboboboboobobobonobogn
gougougoouboouboguoboobooboobn

gbogbuubgubouoouoobogbogboag

e JUULOOOUOODODUODLODLODLODLODLOOLODO
e UDUODOUODUODN hiddensort UL D OUUDOUODOOOON

e UMD hiddensort U UUDUOUOOUUOOLDUOOODOOODOOOLDDOOOO
guobooboabdoabd
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