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Abstract As object-oriented development technology that increases extensibility and reusability
has been widely spread, it can shorten development period and enhance quality by reusing verified
object-oriented artifacts. Thus we can construct high quality component-based system at short time
transforming component-based model using verified object-oriented artifacts.

In this paper, we propose techniques to transform available object~oriented design model into
component-based model using formal specification techniques in order to increase accuracy of
transformation. First, formal specification language for component is defined for formal specification
of component-based design. And, techniques for formal specification of object-oriented design using
Object-Z, a formal specification language, is proposed in structural, functional, and dynamic aspects.
Next, we present techniques for transforming formal specification of object-oriented design into formal
specification of component-based design. Through a case study we apply the proposed transformation
techniques and show the transformation process of object-oriented formal specification into
component-based formal specification.
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3ol AXWUE Jpik A9 Herd FH_AS
712og FYYA AAE AMASHI, 430 A
A% AA9) dEgEd THRAS VIEOR FYPHEAS
1Hg AAEET. £ FoAe 3389 AFXJE R
A EHE V12 AAAF AYPANA FHIHE
YAz ARVIYE AL

AANAE BAE o|&st] HEIUE vt HAZ WA
317l AaMe 4 AXRIES At AAs,
QEHolx A, AFXUE YR F2 dA 5o A}
& ARt "ok AAAY HAE HEVE 7R A=
Wy el FEHEE F23t= 3o 718
th. AAERS] AYRE FEIHA AXNEE FEse A
AXE 2de HEJIeS o] FUHE HFxdhe
FUE 7bke] Rdn APto] gt AU FAIFUE
< ogA 9= BAZE 2Rt HE FX
EE 237 A8 ANE T A5E XY WAE
€ 238 "8} Atk

£ =FdAMe AEQE Aoy dyHe|x F
5 7AZY AXYE V9 HAYHES AAs=
< Aok oyl A AWE A8 e
2 73g Aok

$4 298 8% ol ARAY HAZFEH FEd A
A7y AXFAEZ AEEGITk Sk

1

(A )

il e

=



AAAFE dANM FEFAE o143 AT AE HA 2] HP 7Y 891

2% 8 AxYE A9
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SetofObjects = {classA, classB, classC, classD,

classE}

A AN AEAE(Comp)E AEste 45
Groupel2t st o33 At

Group(Comp) = { {dassB, classD}, {classA, classC,

classE} }

AEE AXUENA QEHo|AE AWl s
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5.3.1 Local Definition ¥

ARG dA FYHYA F FUW2S Local Defi-
nitiono] A A 23 Blgle 19 1248 HAIFUE 27|}
otel e 29 Local Definitione® thZ vl
211

331 AAXE FYFAAA Feis <ol Fojd
Local Definition® 5 FEYUE 27|} WA <ol &
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A A AsPH e Zeh2 Local Definitionolr A
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AXAE <l &8k 829 Local Definitiondl
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t}. LTYPEY &3t 28 94 19 W8] LcTYPES)
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5.3.2 Component State Schema W3
Component State Schemat: AR AN =

A3k State Schema$t HAITAE|Xe 7pAA(Vari-
ation Point)& HASHE 27)vlelth orjeA 7
& ARAAEE HdANA Qe HEolmE State Schema
9] wghe] digt A AFSh
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W, FEFh2 [ ] O 238 AAXTFEA Z9H
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[F34] AAANZE FRPAANA FeP2 <kl Hod
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STATE = { STATE,, STATE,, STATE;, ..., STATE, }

AXIE BN Arlsd RE Stated] JFE
CSTATE®} 3chd, €}l W@3s hEe STATENA
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E 94 s 9 ) CSTATEC 3l 924 ¢ 71 3kt
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State®) FEl ¥4 28]y, STATE J¥Y =&
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let Vsl, s2 : dom STATE *h(sl) =cl € CSTATE
A h(s2) = c2 € CSTATE
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Initial State Schemat® FEGUE 7|k AA HAA



894 ARAEI A AZEg0] D S8 A 31 A A T ZQ0M7)

AXUE <ro] Initial State SchemaZ ZIthz vj3¥
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[735] AAAE AFPAA Fae2 <o) R
Initial State Schemat ET AFJE A <te)
Initial State Schema® tiz 3@

AAAGE Fe~ FPYAH F Initial State Schema
qA FoFsd RE 2713t AL INITOlE 3R,

INIT = { INIT:, INITs, INIT3, ..., INIT, }

AXIE HFAolA BFYrHsd EE Initial State?]
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object3.message3
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7;object8. message8
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e o5 2o
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a9 19 frzAolxsg AEs B 2

7. Akl A

43NN B ARAFE 2A9 FYEHAE 71Ee
2 5394 ANGE | 7EE HEstd wdsie o
A& AH ATE B FAge = AP 3
24E AFE

7.1 AR dH| FHHNM

HAAE dAe ZYBAE A5 DT ¥ M=
H9e 7AslE Stk WA Ao 143 Y A
#H#EY F JkA Ziee] Utk mAe] 94 Axws

Enumeration :

NO OPENING ACCOUNT VARIANT = NOT_BADCUSTOMER | NOT_EXCEED_ACCIDENTMAX
GRADE VIP | SPECI'AL | GENERAL | BLACKLIST
ACCIDENT_TYPE =LOSS | BAD_CREDIT | BLACKLIST

O FEE_VIP | DISCOUNT

P

CustomerManagerControlier

registerCustomer(CUSTOMERID : id, NAME : name)

searchCustomer(CUSTOMERID : id) : Customerinfo

register Accident( CUSSTOMERID : 1d, ACCIDENTID : accidentld,
ACCIDENT TYPE : type)

searchAccident(CUSTOMERID : id) : AccidentInfo

AccountManagerController

<<v-'uhon
KgIT feeVariant

N : accidentMaxNum
<<variaf
OPENACCSUNT VARIANT : accountVariant

nAonourl(ACCOUNTlD accourtld, CUSTOMERID ; customerld)
gﬂ eposi(N : amount, ACCOUNTID : sccountid, DATE : date)

wnthdra N : amount, ACCOUNTID : accountld, DATE : daT}

: amount, COOUN'ITD toAccmmtId,ACCOUN D : fromAccountid))

ACCIDENT TYPE accidentType

getAccident() : AccidentInfo

trmd'er(
: formula;
Customer selectOpenAcconnt Variant(OPENACCOUNT V)AR!ANT variant)
CUSTOMERID : id 1 U] by srlblry i s G
NAME : pluginFeeCalc(FeeCalc : fec)
GRADE : gmdc T
getCustomer() : CustomerInfo
- 0.*
y TO R Account
— foco : accountld
Accident . fotalAmount
sit(N amount
CUSTOENnD accidentld :‘vﬂdm(w(N ) )

% 20 WA AR ARAYF ATEE
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AR AzFd AARE NERTE 123, 147 A
Zz3e uA#Eed 8983 7lsolth

NzEle] HAE ndHee] As X LY
A iz e A2gd old Y-S AMA AL
3ta, ©]¥ ’‘CustomerManager'Zh= FEE Sl Ao
AT W) A2de aASE 8 dF, JAE, oA
AU 2Ag AT old AMul:gE ARt ok
Azl e] A ‘AccountManagerzhs HEE &
23 FHEEAY 28 202 B A&y dATEREE
HaFEn) ol o] &dte] nA®e HE YA st

7.1.1 Type Definition

Wz A" nAge]E A H4g 718 B
e AoF AHolth, GRADEE 149 N&53%
Ehlls Aog HeguA(VIP)H, $5Il2(SPECIAL),
AT A(GENERAL), AEEFIH(BAD)SZ et
CustomerInfo= TARRE YehlE Elles a4y
Z9 A, AESFY PRE e

[ACCOUNTID, CUSTOMERID, NAME, ACCIDENTID)

GRADE := VIP | SPECIAL | GENERAL | BAD

ACCIDENT_TYPE := LOSS | BAD_CREDIT | BLACKLIST

Customerinfo = {id : CUSTOMERID ; name : NAME ; grade : GRADE]

Accidentinfo = [accidentid : ACCIDENTID ; customerld : CUSTOMERID : accidentType : ACCIDENT_TYPE}

7.1.2 Class

Wiz Al&EolA mage] FElae ‘CustomerMana-
gerCTRL’, ‘Customer’, ‘Accident’® TFA%o] Ut
‘CustomerManagerCTRL & 1 #a] AEE Zg22
IMARE S=53= Q9 HolAR) ‘registerCustomer’
270t 23, 39 AAVIES SESe Lol
Ql ‘registerAccident 27)w} 7}Rt},

Customer.

1 (getCustomerinfo)

{id : CUSTOMERID, name : NAME, grade : GRADE}

getCustamerinfo = [info! : Customerinfo | infol.id = id A infol.name = name ~ info! grade = grade}

Accident.
1 (getdccident)
faccidentld : ACCIDENTID, customerld : CUSTOMERID, type : ACCIDENT_TYPE]
getAccident =
finfo! : Acci info! accidendld ninfo, ~ infol.type = tvpe]
C CTRL
1 (registerCustomer, registerdccident)
[cusiomers : P Customer, accidents : P Accident}
~registerCustomer-
A (customers)
id? : CUSTOMERID, name? : NAME
Veusiomer & cusiomers - customerid = id?
let customer : Customer id = id? A = name? n = GENERAL

A Customers” = cusiomers U cusiomer

A (accidents)
id? : CUSTOMERID, accidentid? ;: ACCIDENTID. type? : ACCIDENT TYPE

3 customer & customers - customer.id = id?

Y accident & accidents - accident.accidentld = accidentld?

let accident, : Accident. accident, customerld = id? naccident, accidentld = accidentld? naccident, type =type”
A accidemts’ = aceidents U accident

7.1.3 Use Case Diagram
W AlzseA nAd@e fRAClL telojaig
HAg Aoluk A (Tellers F2AC)L= 27 o)A

registerCustomer, registerAccident % ¥AE Z+&

B
teller - ACTOR
registerCustomer: USECASE
registerdccident: USECASE

teller <relation> registerCustomer,
registerAccident

7.1.4 Sequence Diagram

W7 Aagol b fzAC L diF AlE2 the]
ol WA Holth registerCustomerSD 2:27]v}
¥ registerCustomergts F=Aoj2o] g AP
tholojiy} A7nR, wAA7}F AEEe SANE 27
kg WAL WAA AF|elEe customerManager.
registerCustomer 3 27|vjg Qo] F3) FaQ 7
AYL wAEe <AAE> <27vpE> FElE FAF
t} 283, AR &M A7) Alold § 4kt
g A3t EAg

—registerCustomerD.
customerManager, customer : ORJECT
registerCustomer. gefCustomer : MESSAGE

customerMamager registerCustomer §
customer gerCustomer ¢ customer registerCusiomer

_registerdeciden®SD. B b
customerManager. customer, accident : OB/ECT T T I
registerAccident, searchCustomer : MESSAGE i i

customerManager regisier Accident

7.2 YRHUE HEHNZEO Bt

o] Alel A7 19 219 Wi AlAdd dE AE
JE 7\l A4 2REE 7Zo g 6149 AAAE A
FPAE 5N AN HIAVPHE H L3t HEd
E APy z Hggc

721 BHY Ao HE

ARG JYAANAM FJg BdAe] REL 2
2 AXIE 7 FFA A REoz HE
gk AHR 89 A9 ACOUNTIDY CUSTO-
MERIDE W& &AXR, A7 ety 39 s 2
g2 AAL AXUE AA A el Ao FEde
AR Aol gl 7PEAY B HAE 718 5 ok

(ACCOUNTID, CUSTOMERID. NAME, ACCIDENTIA

(ACCOUNTID, CUSTOMERIT, NAME, ACCIDENTIDY
GRADE ::= VIP| SPECIAL| GENERAL 84D

GRADE :; VIP| SPECIAL | GENERAL| BAD

ACCIDENT_TYPE = LOSS| BAD_CREDIT| BLACKLIST = ACCIDENT TYPE:= LOSS - BAD_CREDIT| BLACKLIST
Customerino 3 (i : CUSTOMERID ; name - NAMS ; grade Customerinfo 2 |td : CUSTOMERID : name : NAME - grade
GR4DE GRADE}

identinfo = {accidentld - ACCIDENTID : customerld

e Accidemtinfo 5 laccidentld . ACCIDENTID : customer! 1d
CUSTUMERID: aceidemType : ACCIDENT_TYPE]

CUSTOMERID: accidentType : ACCIDENT_TYPE)

7.22 A Ho2 HA HE

g2 AP ML Visibility Listell g2lg 2w o]
A FAA fFzAcls thelojade A HAeH S FE e
sl fzAolxg FEH ol AXVE st
A2 Provide Q1E]#Ho]~ 2¥gojog MBIt
CustomerManagerCTRL 271ul¢re] Visibility Listol
A" oWy ol FolA CustomerManagerUC 227)
ofell A ME]  Tellerst A3ALEE LHyolde
registerCustomer, registerAccident ©|t}. o] Q.1
o]E-L Provide IEIHo)AE FEF9 Customer-
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System Variants
OPERN]

Enumeration :

N NG ACCOU'NT VARIANT sccout Variant = NOT_EXCEED_A CCIDENTMAX NO_OPENNING ACCOUNT VARIANT =NO_BADCUST OMER | NO_EXCEED_ACCIDENTMAX
FEE_VARIANT fecVariant =DISCOUNT FEE _VARIANT = NO FEE VIP | DISCOUNT
IntaesFommula interest Varisnt = new Intact Formule_A au\mz = VIP | PECTAL | GENFRAL| BLACKLIST
Fee_Caleulstion feeCalcVerimt = new Fee_Caloriation A ACCIDENT VESINO BAD. T | BLACKLIST
I ! _Lmm—
<<provide>> <<provide>>
I1ProvCustomerManager IProvAccountManager
registe Custor wsromnm;«tmmz n-m) opnlAeGowl(ACCOUNTD weovntld, CUST OMERID : customerld)
scarchCitomer(CUSTOMERID : ld). i on(N -nomt,ACCOU'NTlD scoowntld, DATE : date)
reginter Accident(CUSSTOMERID EN'nD sccidmtld, ACCIDENT_TYPE:type) ut, ACCOUNTID: accountid DATE : deto)
searchAccident(CUSTOMERID : id) : Amdmlhf um -mn ACCOUNTI:D toA ccoukld, ACCOUNTID : fromA ccowld)
) A )
CustanerManagertCOMP ! H '
A ManagerCOMP | H
i
H
<<Controller>> <<Confroller>>  |{oooeod i
CustamerManagerController B M
n.ﬁcmommc%ugs;%%xﬁ%n id, NAME ‘x;‘m) N: ncndntMan\m
Custor et <<y i .
::n(Aea::‘(WSS'I‘OMERﬂ)ld)d, amecio O CCOUNT_VARIANT : sscovat Verismt <<required>>
ACCID! : acvidentld, ACCIDENT TYPE: type) ST pOUET e IReqCustomization
warchAceiden(CUSTOMERID : id): PAecidentinfo -~ o Varis -
Js erest Formuls ; formule)
T opees ol D !‘dlul(F)p‘-}Acenm ;.;:(oym.&ccom VARIANT : varian)
a-g;:m"’-nmo’m“c;‘ngcc%gm?bm-mm&gﬁn s i e ROV
w o UNT) ace o]
it : et ACCOUNTID oA s, PlugheeCalc(FecCale fee
N COUNTID ; fro wald i
0. pludmualhm\l(hmibm\ s : omule) T
ulmOpnAmmv..u(omNAccom 'VARIANT :varian) }
Custamer seloctFeeVarimi(FEE, VARIANT - varinat) !
- o Nean(N : uuanPNun) »
CUSTOMERID tid Ell_:EuCnlcEeeCulefn) H
NAME 1 H
RADE : gmde 1 I e
getCustomer() : CustomerInfo 0.2
Accowt
1 ——— -
ﬁqcomm ; accountid
Mount
fo (N(ﬁ amon)mz
0.1
0.* <<variaion point>>
Accident
ACCIDENTID accidentld canputelnterest(N amount) : N o1

CUSTOMERID :
ACCI'DENT _TYPE : accidentTypel
getAccident() : Accidentlnfo

<<variation point>>
FeeCalculation

getFee(GRADE :type): N

¥ 21 W AxEe) RXUE 7N AATFRE

ManagerlG QlE]Hlo]2= 2F] Provide QUE|Ho|EE
BAE 3, IprovCustomerManager SEI#o]x2] z}+
27]vt BAE CustomerManagerCTRL 27)vfo] o

SchemaZ Idl& AU

i {wr&-—c accidonts : P dcciden)

AE Aoz W@gdct ARG AEHA F FP= 27101 Customer,
i = 2 Accident, registerCustomer, registerAccident= =
i Toller <roloton> registor Custommer customer : BPYevCurtomerhianager <

e docden T AXVE CustomerManagerCOMP ¢te] e~
| (ragistorCustpamey, regisser Accidens)
pyrmn T 27192 22 HEFHACH
+ CUSTOMERID 2 : CUSTOMRIID
nme? : NAME _-Y NAME =
[ — - Ot — S nwamaiy [ ——
e O oo GENERAL] g < e o g d » 50‘..‘“’““,.”“.&- m....m'f‘h‘;-u° ot mame
ey p—— infol nome = mame n nfc’ grade = grade] ncome il grade = grode]
- 4 ( CupouserSease)
B S —— 7 Accident
A (ueridaats) accidemtid? ; ACCIDENTID i wash-l-ﬁ; | (qetAccidemtinfo)
i? : CUSTOMERID ope? : ACCIDENT_TYFE Lmccidendid : ACCIDENTID, custowerid : CUSTOMERID, [accidemeid : ACCIDENTID, cusiomerid : CUSTOMERID,
: acodentype : ACCIDENT_TYPE} acolentiype ;. ALUDENT r_TYPE)
type? : ACCIDENT_TYPE 3 cucstemer  CustowserSieve customers + curtomerd = 167 geihccidencinfs & pesdccident =
3 cetiomer & catomr + caiomerid 6?7 openl s [ el e A cidantid ninf) o
e e =aamad? ol accident Type = accidentType) infol accidentType = occidentType},
= accidentid? naccident,
ype? A aockimes” = accides J acciden Bcustomers) Howriomers)
al? : CUSTOMERID, name? : NAME W : CUSTOMERID, mame? : NAME
Vugiomer & cussomers » cusiomer.id = id? Va-«-.sm«mmﬂ:;ﬂ’;« .
723 ZE:‘E‘T:‘_E "‘5‘ }"ﬂ ﬂ@l’ --vrm.m,.e-cmmn “ marme? . cusiomecgrode ~ GENERAL,
ettt Joiibevinpus vbirae
AXJE 27|vlE 743 24E Local Defini- e e e
. .. m:amnwucclbmn Hpe?: id?: CUSTOMERID. acif? : ACCIDENTID. type? ‘ACCIDENT_TYPE
tion, Component State Schema, Initial State Sche- Accar [ pm——
N 3m:m. NA—'JJ ? e :M:w:mnﬂ&x‘f:?"ﬁ
ma, Class Solt}. £ A x| FYPA F Local il Aol b= priernais sl
A sccidents’ = accidents U accident

Definition¥} Initial State Schema #2-& Fo® o]
gomz oA WL AR}

AAAE FYPA F Fe el AHoyE State
Schemax= 25 AFXWVE =] ¢+ Component State

724 AEZS HE
AA A FAA NN Hejot Fagste FzA |z
HFehe Al Tololay FPPAH= AXUE 7R
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A9 wlolazg AT WABHIJT register-
CustomerSD 27lvl= AXUE 27)u) Qo2 & 7A
B customerManager 33 IProvCustomerManager
2 uo] wEEEZ
Customer< IProvCustomerManager.register Customer
Z 399k

E?f f;“'_: i = "
curtomerMamageregisier Cuttomer o gRCaton” Jcxskmer Uit
Cxriomer guCiiomer § cxsiume egiaierCostomer

et Cuntomer § oo agistwdecidens
Cussomrencgerregisertcciden §
cusiomen search Customer 7.

7.3 Mg HS

72739 AATNM ARAF BEBAHE 549 ¥
7R FHLdlo W AXIAE FYPYYM(Trans-
formed Component-Based Formal Specifications,
Trans CBFS)7} A2 HYeA didt AF Wi
2 AINE BA RIS o]&3td HXIE WA
(Component-Based Formal Specifications, CBFS)&
TP 3, 72804 AP A} vmete "HEAIY
o] AGAHE AFdy EARE Folth HEJIE 4
A9 FYPAE & 7289 19 2139 2 £Hle]
AFee FEXIE HAE o83t FFEA ¢k 2
2 212 W7 Az"le H¥AES] AEHo|
7had AAE RAFETL olF ol&3te uAT|E HE
YA WS PAS) vt glgio)h

WA ANEHES FAEH] $1g 71 89] Fe Ui
HA BEE 72149 WEE A FXIE s A
AoA Fejgt WAz dAsH 1 HAle o3 2

{ACCOUNTID, CUSTOMERID, NAME, ACCIDENTID)

GRADE ::= VIP| SPECIAL | GENERAL | BAD

ACCIDENT_TYPE :» LOSS | BAD_CREDIT | BLACKLIST

Customerlnfo © {id : CUSTOMERID ; name : NAME ; grode : GRADE}

Accidentinfo = [accidentid : ACCIDENTID ; customerid : CUSTOMERID : accidentType : ACCIDENT _TYPE)

customerManager.register-

clejslo] 2 BA REL 72279 HEd HAH(Trans
CBFS)9t ZIEWE 7|9 HAGA Feld Aeiso]~
BA(CBFS)7} CustomerState l?—*‘?'% Astue Y
3o} olAe QEF o)A 75 A= state A7)
ul2 [ProvCustomerManager "JENHO]Z:Q] e Hzl
2 vehlE d A" o] state 27)ulE Customer
el 270 A state FE-& FERsId Ao o
o, AguhEe sgAiaEe] AAof wet Zekx|v)
2ol w3 Heo) ¥EA gert npehA o] FEE
3 A AgE QEIHo) 2 Bl B} upg} wAgich
dEiHola 159 WA FEe 72289 HIH A
(Trans CBFS)s} HAFXAE 7]at A FH3h ¢l
Hol2 18 BAH(CBFS)7} U shch

AEXVES AT FEES 72319 wIg w4
(Trans CBFS)¢}t AXUE 78k AAGA RH3 AL
AE WA(CBFS)7F #E5E2 9x]3i)

Trans CBFS

_regisrerCusione

& (CustomerState)
ud? : CUSTOMERID
name? : NAME

CBFS
P Customerinfo
setOfdccidens : P Accidentinfo
Vacellni & SO dent 3 cistomer < O sstomr

= customerid
Vamdem aectdm“le eiOffeciden . acides = accdens

899

CustomerStaie” customers = Customer State. cusiomers U [id%;
aame?; GENERAL) o o smo]Cu.wm(r customer, »
i o < mernd
& (CutomerSue) AoVt
? ; CUSTOMERIL e o
Gcid? : ACCIDENTID & cu"’ﬁifuﬁb

type? : ACCIDENT_TYPE name? : NAME

CiomerSiate-cusomer = CatomerSiae cusioners J .

3 curtomer & CustomerSiatr.customers +
CustomerState accidents = CustomerSiate. mﬂd:nuu[w %, GENERAL)
A ( CusiomerStote)
id?: CUSTOMER,
Cs acid) : ACCIDENTID
3 type? - ACCIDENT_TYPE
customer : IPrevCustomerManager ey
e Mstomer -+ Cuomer S ol - e e

T

[Lmn < [ProvCustomerManager
isterCy

Trans CBFS CBFS

ry <
CustomerManagerlG CustomerManageriG
[customers : P Customer, accidents : P Accident] leusiomers :P Customer. accident - P Accident]

isterCustomer. A (customers)

Alcustomers) i CUSTOMERID
id? ; CUSTOMERID, name? : NAME name? - NAME
grade”;

Veusiomer  customers «customerid #id?
o Veusiamer & customers « customer.id = d?
et customer ; Customer « _ usiomerid = i » customername =
ACusiomers” = cusiomers\) cusiomer name” A customer grade =

Customers” = customers \J cusiomer

& facidens)

IMERID, acid? | ACCIDENTID. A {accidents)
s ACCIDENT TVPE id? ; CUSTOMERID
accld? : ACCIDENTID.
ope? : ACCIDENT_TYPE

ttomers « customerid = 7 A
acridents »accidentaccld = acid? A
Accident « accident customerld = i) 3 cutiomer € customers - cusiomer.
= acid? » accident,ype =pe? n ¥ et & e acedensaced sacet
accidems lzta«:rdtnl A«‘ldul accident. nulmﬂld

mm ts” mldmuumdal
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