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Abstract: At the core of MDD (model driven development) are the concepts of model and its transformation and
refinement. Unified modeling language (UML) is selected by object management group (OMG) as a standard
modeling language and model driven architecture (MDA) is constructed on it. However, UML models are not
precisely described, especially in semantics. Thus the models developed in different phases or constructed in
different views are not easily to be integrated together in MDA. In this paper, based on Hoare and He’s unifying
theories of programming (UTP), a method is proposed to combine the refinement calculus of object systems (rCOS)
with UML is proposed to increase the precision and transformation ability of the models. Models at different
abstract levels and different views are constructed and integrated together to form a unified modeling system.
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OMG UML s UML MDA R
UML 51, UML ,UML
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.UML 2.0 MDA B UML 2.0 ,
OCL(object constraint language) ,
.UML , , UML
7 MDA , MDA
UML ,
,Garlan ~ Kompanek UML Bl:Giese
(non-orthogonal aspects) Bl paige UML
(19 Amalio UML (1)K im Carrington UML
Z, (.13, UML ,
(refinement calculus of object
systems, rCOS) UML [4-16, UML
0, UML [18]. (9,
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7

11
1.1
R=(CN,Att,Ass,<—,Meth).
:CN ;Att CN C {Tay,...,T,a,};Ass ,  CNxANxCN
, (M¢,C,4,D,Mp) C D AMc Mp , A C
D AN R A LA:C+(AN-+ PNxCxPNx{direct,undirect}), PN
N ,LA€ AN, A(CY=M¢,D,Mp,directy, A cC D , A(Cy=M¢,D,Mp,
undirect),A C D Meth CN ,
m(paras){c},paras ;<4— ,<<—cCNxCN.
18], 23] , Mana UML
Java rcosit4 . R
Class N extends M {T a; // for each attribute T a in Att(N)
Method mi(paras)){ci}; ...; mdparas){c;};} // for each m; in Meth(N)
M N CN M N ;Att(N) N ;Meth(N) N a
N T a ,acAtt(N);mi(parasy) N ;my(paras;) e Meth(N),parasy,
(UML ) , UML ,
. ,C D A >
Class A{ PC c; // the role C of 4
PD d; // the role D of A}
< d A S (o D . A CxD.
. , C D, A C . A D A
D s D:
Class C extends M { //*M is the direct super Class of C;
T a; //* for each T a in Att(C)
PD A4;} /I* or D A depending on multiplicity
0={0¢,0,4|C and 4 are class and association names}.
,Oc C ;0 Oy A
A:P(O¢, %O, ) C,i=1,2 0, A(O) O,
A(0)=y{oiw1]0i1 O, @1/ (01,02)€4},
A(O, ):dfuoeocl A(o).
1®1=2281=1. R . M, M, Int R M,

M, OC1 ( Oc2 ) Oc2 ( Oq )
Multiplicity(A)=qni -1 2V oi€ O, (|4(0i)|Mie)).
A4 : D A:P(O¢, x O, ),
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LinkObjects(4)=4A( O, )= O¢, A( O, ) O, -
A Multiplicity(A)  LinkObjects(A4),
R . Multiplicity(A)  LinkObjects(A) A
UML

, CM=(A, @), A , @ . £
, & 6 @ . CME ¢ cM £

12
UML s >

1.2 Q0
Msg=(Ns,action,Mt,sord,rord).

:Ns_ N S, saction s g—act, g act

t;sord rord Q0 s s

sord <rord.
s source(Msg);action Action(Msg);g  source(Msg)
s target(Msg);m(paras).Mt _ t,t M,
target(Msg);sord  rord Sord(Msg)  Rord(Msg), sord<rord. : Msg;
Sord(Msg;), Rord(Msg;), Sord(Msg;)<Rord(Msg;).
g (false) g—act act . : Action(Msg)
, source(Msg)=target(Msg),
13
Sd=(Ss,Start,MSG).
:Ss Start Start Ltarget(Start)=Ss. Msg, Msg,
Rord(Msg,)<Sord(Msg»), Msg Rord(Msg,)<Sord(Msg)<Sord(Msg,), Msg,
; target(Msg,)=source(Msg,),Sord(Msg,)<Sord(Msg,)  Rord(Msg,)>Rord(Msg,),
Msg Sord(Msg,)<Sord(Msg)<Sord(Msg»), Msg, Msgr, MSG R
Msg Sord(Start)<Sord(Msg), Msg Msg Msg.
Ss (actor). , s
rCOS
oN Msg, target(Msg)=o0:N,Action(Msg) g—a.m(paras), g a
paras m . MS(Msg) Sm=Msg,...,Msg, Msg, Msg
sMsgin Msg; ; Msgy

Act(Sm)=Action(Msg,);...;Action(Msgy), N m(paras):

Class Ne:m(paras){  q smemsmsgyAct(Sm)}
Sd Sd

1.3
OMG UML 2.0 (241

OnND—¢&

Msg,

MSG
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14. s
Component=(Intf,M,A,MImpl,Init).
ntf M A M sMImpl Intf
(,0),0 rCOS ,a A , Intf /
Jnit
Intf Intf=(intf\,intf,,.. . intf,), intf; s
intfi=(ID,Prov;,Requ;,Priv,Beha;,Msgs;,Cons;,Nonf;).
:ID ;Prov; i ;Requ; i
SPriv; i ;Beha; i
;Msgs; i ;Cons; i N
.Nonf; i ,
14
, R / (client/server protocols) (pipe)
(procedure call) . s [25.26]
1.5.
Connector=(ID,Role,Beha,Msgs,Cons,Nfun).
:ID ;Role ;Beha ;Msgs
Role ;Cons s R
Nfun
Role role=(Id,Action,Event,Lconstrains). Id  role ;Action  role
( ) Event  Role ;Lconstrains  Role . Role
, .Nfun
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21
RUP
SP P,
ZP()
1 2
1(b)

o @) Py

i

1

(@)
22
c
intf;elnf} , C
221
C
R;

F(M) M

SPOQSPIQ
izl,...,n,SP[,lgSP;
SP
C, 1(b)

A B

, 1@
,:':, Psys
.“.Delegate

{(Component)) C
c -
(b)
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1(a)

.cSP,.

;SP,

; 1(c)
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SP,

SP,

“Delegate

((Component))
C

Connnector

({(Component))
A

((Component))
B

Fig.1 Refinement of software architecture

1

(provide interfaces)P
P=U{Prov; | JieProv;eintf;. Prov,nintf;e Inf} ,R
[cn

(required interfaces)R,P C

C

[[CIIR, P Y=y RZ>C) P,

. '
s B

Prov,R>>C

(Prov,F(M),A,MSpec).

5

MSpec

R=L {Requ,-| JieRequ;cintf. Requ;n
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MSpec(op)=H(MImpl(op)) 1 op(inexp,outvar);inexp ;outvar
R=(Requ,Mp,Ag,MSpecy).
s (o s (closed component). R>>C s (closed
program),C
, . (  Java) ,
Prov
M; // the declaration of the design model
Class C implements Prov {
attr:4;
public:m=4MImpl(m); // for each me Prov
private:op=,MImpl(op);} // for each opePriv
rCOS , ) RCOOD!?,
intfielntf,cp <, Requ  Prov . ,
< €N <=M,
(&) C s C,cC,.
222
Ri=RonP1=PoA[[G]]=[[C1]], G G
, C; C, Requ, C, Prov, C, Requ Priy,

(1) Dom(Cy)=Dom(Cy);  (4) Priv(Cy)cPriv(Cy); (7) (Cons(C,)=Cons(C)) or (Cons(Cy)=>Cons(C));
(2) Prov(Cy)=Prov(Cy);  (5) Beha(Cy)=Beha(Cy); (8) (Nonf(Cy)=Nonf(C,)) or (Nonf(Cy)=Nonf(C))).
(3) Requ(Cr)=Requ(C1);  (6) Msgs(Cr)=Msgs(C);

2.23
C={Intf;,,M;,A;,MImpl, Init;) R =1,2. Inf;
Prov(C),Inf, Prov(C,).C;,  C, Priv(Cy)  Priv(Cy),
Requ(Cy)  Requ(Cy), Prov(C)NProv(Cy)=3,Priv(C))NPriv(Cy)=3,  Requ(Ci)NRequ(C,)=L.
Cil|Cy 5 g

C\[|C=4£0,0,,Prov(C)UProv(C,),Priv(C)UPriv(Cy),Requ(C,)\Prov(Cy) URequ(C,)\Prov(C)),
Beha(Cy)nBeha(C,),(Msgs(A)uMsgs(B)),Cons(A)NCons(B),Nonf(A)NNonf(B)),

0
(CHC)\(Requ(C)NProv(Cy))\(Requ(Cy)NProv(Cy)).
2.2.4
C G, , IxeProv(Ci)ATyeRequ(C,) (x=y)A(pre-cons(Cy)), s C
“invocation” C, Prov((,), “invocation” [27.28] Inv(Cy,Cs), C,®C,.

* , , , [29].
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G G

} Cl CZ s

(1) Dom(C1®C,)=Dom(C,)uDom(C,);
(2) Prov(C1®Cy)2Prov(C,)UProv(Cy);

(3) Requ(C1®Cy)cRequ(Ci)URequ(Cy);

(4) Priv(C,®C,)Priv(Cy)VPriv(Cy);
2.2.5
a G ,
(1) Dom(Cy)=Dom(C);
(2) Prov(Cy)=Prov(C,);
(3) Requ(Cy)=Requ(Cy);

G

UML

Conrepius] Arshiiesiars Badel

ol
i, cormyecLer =
B J4mrn

s b L
Ordar
I

i

S ERmp= el

mie

Cent e

G
(4) Priv(Cy)=Priv(C,),
(5) Beha(Cy)<=Beha(C,);
(6) Msgs(C1)=Msgs(Cs);

I
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(5) Beha(C®C,)=Beha(Cy)ABeha(Cy);
(6) Msgs(C®Cy)=Msgs(C)uMsgs(Co);
(7) Cons(C,®C,)=Cons(C1)ACons(Cs);
(8) Nonf(C,®Cy)=Nonf(C)ANonf(C5).

5 C1:C2.

(7) Cons(C)=Cons(C,);
(8) Nonf(C1)=Nonf(C,).

> (delegate)
UML ,
, 2
Store (RecordItem),
CM UD
Condrate Ershelestais Badal
— et LTI R
Clzmmpeannh Shars
Gerdar
Egduchecord
- i
i ] :1 g F3dacfAncors 1
inpidr | ST
s
Ui | Fe adiil | 1 ¥ E
I - gen® agin
{irmapnran L}
Tt o
Camfossr|y p|Sials
hau
]
| makEn
ﬂ-h]l.:lll.ll.l-

Fig.2 Refinement of the model

CM

2

Class Store {String name,String address,String id};

Class Product{String name,String id};

Class Item {String name,String id};
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Class Owns{Store s,Product p}; //Association classes
Class Contains {Product p,Item i};//Association classes
:PStore Sto={s};PProduct Pro=C;Pltem I+=J;POwns Ow=0;PContains Co=C.

) . DM
s . : Recordltem
, RecordItemHandler
UD
CM; // import the conceptual model
Class RecordItemHandler {
Method RecordItem(val(String iid,String pid)){
var Item I,
dpeProep.id=pid +
i:=New [tem(iid);
1t:=Itu{i};Co:=Cou{{p, i)};
end i, p}};
Use Case Recordltem:: {
var RecordItemHandler A,String iid,String pid,
h=New RecordItemHandler( );
read (iid pid);
h.RecordC (iid,pid);end h,iid,pid};
main( ){var Bool stop,Services s,stop:=false;
while —stop do {read(s);
if {(s=“Recordltem”)—>Recordltem;} fi;
read(stop)};end stop,s}
Services . :UML S
Store S o1,
DM DC SD s 3 s
s . Owns Store Product
,Contains Product Item
RecordItemHandler Controds Naj:;fring p:Product |mrnl-setiﬂ
RecordItem(pid,iid) | ! 1 Address:String| ||:RecordltemHandler i [m i ({(New)) E
Add(pild,iid) Recordltem()i add()i I_E_r E lIt_elm i
Product Item 1 : ; Ii::creat():l :
Name:String 1 + |Name:String i i Makelt:em() : : i
1d:String Contains 1d:String I ! I H add() ro
MakeProduct(id) ' ' ' ! b
Design class diagram-DC Sequence diagram-SD

Fig.3 Design class diagram and sequence diagram
3

PC add( ),delete( ) find() C
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3

. Pro
Class Store {String name,String address;PProduct Pro; // newly added

Class Publication {String id,String title,String manufacture,Item-Set It;
M ethod makeltem (val String id) {var Item i; i:=New Item(id);It:=It.add(i);end i} }

It
Method add(val (String cid,String pid)) {var Product p; p=Pro.find(pid); p.makeltem(iid);end p} }

Vol.17, No.6, June 2006

main( )

StringL storeattr= {String namexString address}.

Class RecordItemHandler {Product-Set Pro,Item-Set /z,Contain-Set Co;

Class Item {String id}
Method RecordItem(val(String iid,String pid)){It. add (iid pid)}}

StringL.

5

store:=Store New(storeattr);

Store
main( ){var Bool stop=false,Services s,StringL storeattr,RecordltemHandler 4, Univ univ;

h:=RecordItemHandler New();
while —stop do {read(s); if {(s=“Recordltem”)—Recordltem} fi; read(stop)};end stop,s,rch}

4

Customer  Order
i3 | | ({Interface))
{(Component)) ™ Sale
Store OrderRequest()
OrderConfirm()
7
((Interface)) = ((Interface)) |'||
Person ((Use)) ((Componentyy = | | (Use) ProductRecord _({Componenty)
L Order — e -] Store
MemberRegggist() RecordItem()
MemberConfirm()
Fig.4 Components composition
4
R s Store Order, Store
ProductRecord Order ProductRecord R s ProductRecord
System::=Store||Order||Customer.
) . DM
CM R CM DM R CM DM
, CM R >
4
, rCOS
. UML
[17,22]
> , UML

UML
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