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Abstract: Software statistical testing is concerned with testing software systems based on their usage models. In
the context of UML(unified modeling language)-based development, it is desired that the usage models can be
derived from the UML analysis artifacts. This paper presents a method that derives the software Markov chain usage
models from the reasonably annotated UML artifacts. The method utilizes the annotated use case diagrams, the
annotated sequence diagrams, and the use case execution sequence relations. These annotations and the use case
execution sequence relations are called statistical testing constraints. The method presents an algorithm that derives
the Markov chain usage models from the UML artifacts and the statistical testing constraints. The framework of the
support tool, UMGen, is also presented. The usage models can be used to generate software statistical test cases and
estimate the software reliability.
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1.2 UML
UML . s
(instance), ; (lifeline),

1 m

iNsty={i1,iz,...,in}-
2. (location).

[olomy m i ,domy, m
10Cmi={0,....Im;};
domg={(i,|,X)|i einsty,| elocp;, I ,  x=l, X=7}.
3. , )
Messagelds
Messagel dscMessageNamesxParameter ListsxN.
4. .
ReturnMessagel ds
ReturnMessagel ds—Messagel dsxReturnVal ue.
5. Messages m :
Messages= Messagel dsuReturnMessagel ds.
6. , . mMsgm
m .
msg:dom,—P(Messages).

7. source  target :

source,target: Messages—inst,.
V(i,l.xyedom,, Vm_ideMessages,
source: p—i,if z=m_ide msgy((i,l,!)),
target: u—i,if g=m_idemsg((i,l,?)).
5 XX xX'e{l,?}.
8. m <cdomxdomy,
(1) L)<, I+1,x;
(2) m_idemsgy((i,|,!)Am _idemsgn((i’,17,2)=(1,1, D' 17,2);

3 @O @
MSgm
(1) .
V(L1017 Xy e domyy:if m_ide msgn(¢i,1,x)Am_idemsg((i', 17, x)=<0,1Lx)=(i",1",x).
() , ,
V(i,l,x) e domy,m_ide msg((i,|,x)):if card (msgm(¢i,l,x)))>1=x=!.
3)

V(i,l,?) edomy,if ve ReturnValuea{m_id,v) e msg((i,l,?))=
(i, Iy edomy,s.t.m_idemsgn((,1, )AL, DY(LL?).

@) .
V{m_id,v),(m_id',v') e ReturnMessagel ds:3(i,l,x),(i",l',x) e dom,:

if({m_id,v) emsgm((i,|,x)A{m_id' vy emsg,((i',I' X)) Aam_id=m_id")=i,l1,x)=(0"I', xX)Av=V'.
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9 < m

, < cMessagesxMessages,

Vm_id,m_id’ e Messages,3(i,l,x) e domy, s.t. msgm({i,I,x))=m_idA3(i’,l’ X"y edomy,
s.t. msgn(¢i', 1", X" )=m_id":if {i,|,x)<(i’ " xY=>m_id<m_id'.

m .,
(object constraint language, OCL)
10. m :
rT‘]:(I nStmsdomrm mst’ pOStm’ pfm)>
iNsty, doNyy, MSgm, ;poStm m Pfm m
11
UC=(prey, D Setye),
~D ety »Préyc
((extend)) ((include)) , .
, , toJ.
12. UML UCExecRelation= (UCSet,S¢art, Send» V»£2,5€0),
o UCSet ;
® Sgart »Send 5
® V= {Syart,Send} VUCSELV 5
e D R
® Seq SquX.QX (091]_)V7 . Seq(V,a)J,pj):V', Zp]:l .
13. UML
system=(actors,UCSet,UCExecRel ation),
actors ,UCSet ,UCExecRelation
13
(satellite control system, SCS) t,
(ground control system, GCS) (uplink site, UL) (downlink
site, DL)4 , 1 SCS .SCS :GCS Connect,
,SCS Connected, Transmit 3 ,SCS Idle. Transmit ,UL
SCS ,SCS DL.SCS , Close , UL,DL
GCS ,SCS Idle. 2 SCS ,
1.
UL Connect
% [Connected]
T it
o
/% 0.99
VPR
GCS Close Close @ S
Fig.1 Use case diagram of SCS Fig.2 SCS use cases execution sequential relations

1 SCS

2 SCS
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SCS SCS=(actors,UCSet,UCExecRelation), actors=(GCSDL,UL), UCSet=(Connect, Transmit,
Close), 2 UCExecRelation.

Connectz((l dl e>a<mConneci,l ,mConneci,Q,mConnecm»a
Transmit=((Transmitting or Connected),{ M angmit.1,Mransmit.2))

Close=({ Transmitting),{Mciose,1))-
3~ 8 SCS

[scs][ UL ][ L |

uG
TGE
DG

(mConnecL 1)

Fig.3 Scenario 1 of Connect

3  Connect 1

[scs J[ oL || o |
DI ‘

DO

(mTransmit, l)

Fig.6  Scenario 1 of Transmit

6 Transmit 1

SCS || UL || DL
[scs] [oL][BL]

U'IC"}GF UB l

DB
(mConnect,z) (mCOnnect,3)

Fig.4 Scenario 2 of Connect Fig.5 Scenario 3 of Connect
4 Connect 2 5 Connect 3
[scs J[u J[ oL | [cos][ses J[uL |[ pL |

DI TC
DO TCF
PB L_TCF |
PBF
DI Do (Mciose 1)
(mTransmil,Z)

Fig.8 Scenario of Close
8 Close

Fig.7 Scenario 2 of Transmit

7 Transmit 2

Table1l Execution probability and postcondition of each scenario in its associated use case

1
Scenario 1 Scenario 2 Scenario 3
pfy post; pf, post, pf3 posts
Connect 0.8 Connected 0.1 Idle 0.1 Idle
Transmit 0.8 Transmitting 0.2 Transmitting - -
Close 1 Idle - - - -
2 UML Markov
UML Markov
UML . s UML Markov
21 UML
UML
()] UML
2) UML Markov
3) Markov R
14. Markov (ST1,0,00,F),
oS ;
o , tel” (TransitionType,Name,pf), ,TransitionTypee {event,
action} ,Name ,pf ;
L) O:SXIS ;

© PEBEEBI IR

http:/ www. jos. org. cn



UML Markov 1391
* Qo ) ;
o F
seS (State,,m,Label,Notation),
o State,um ;
e Labele {“Initial”,“Final”}, o F ;
* Notation s
22 UML
UML Markov S UML R
) , OCL
2 ;
(3)
2.3
Markov
1. Markov
Step 1. 1 Markov :
1. Markov S, CurrentSate S.pf ;
2. , m :
(1) m , t=(event,m,pf); t=(action,m,pf);
2) S t CurrentSate S CurrentSate S
3. CurrentSate  Label “Final”,Notation
Step 2. Markov s
1. CurrentSate S, pf , postC ;
2. s m :
(1) m , t=(event,m,pf); t=(action,m,pf);
2) CurrentSate  Label “Final”,
S CurrentSate  Label  Notation
CurrentSate  Label Notation, pf’ CurrentSate pf;
(event,null,pf") CurrentSate S
3) CurrentSate tr t pf , tr R
CurrentState tr R S t CurrentSate S CurrentSate S
3. Markov , Notation  postC, CurrentSate ;
CurrentSate  Label “Final”,Notation  postC;
Step 3. R 1.
24
2. Markov .
Step 1. do 0o Label “Initial”;
Step 2. TargetuC
UCExecRelation , TargetUC  Sgart R

© R

http:/ www. jos. org. cn



{event,null, 1) ‘

O (action,UG,

(action, TGF,1)

(event,UB,0.1)

(event,DB, O 11)
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1) pf  UCExecRelation  Sggt TargetUC ;
2) Sn TargetUC  Markov ;
3) (event,null,pf) do Sw
Step 3. SourceUC  Markov Sout
1. TargetUC s St Notation TargetUC
UCEXxecRelation seq(SourceUC,Notation of Sy, pf)=TargetUC,
€9 Sn  TargetUC  Markov ;
2) (event,null,pf) St Sn, St Label;
2. UCExecRelation seq(SourceUC,Notation of Sy, pf)=Seng pf=1
(1) s, S Label “Final”, St Label;
2) (event,null,pf) Su S
25
UML Markov s UML
Markov
\ Markov S
UML ,
Markov ’
S Markov Markov R
s , Markov ,
Markov
9 SCS  Markov o Label “Initial”, 1
2 Label “Final”Notation “Idle”.

(actlon DG,0.89)

(event,null,1)

O (event,null,0.99)

(event,DI,1)

(action,DO,1)
—’

event,null,0.8)

(action,PBF,1)

O
(event,PB,0.2) +
4

©

(action, TCF,1)

(action,DO, 1)

C event,DI, 1) Q

Fig.9 Markov chain usage model of SCS

9

SCS  Markov
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3
3.1
Markov . R
, Label “Initial” Label “Final” s
null s
9 2 3 b
[TGF].(UG).[TGF].(DG).(DI).[DO].(DI).[DO].(PB).[PBF].(DI).[DO].(DI).[DO].(TC).[TCF].[TCF].
[TGF].(UG).[TGF].(DB).
(%) [*] ,
X Markov s
[13]
3.2
, UMGen. UML s
UML Markov .10  UMGen . ,XMIParser UML XMI
UML ,UMLParser UML API UML ,STCnstrts
UML , UCCnstr UCExecRelation.UC2MC
UML Markov ,MClntegrator Markov
.UserInterfaces
UML model
| i
L L Userlnterfaces
XMIParser UMLParser
1
7 = 1.% :
1 1 UCCnstr I
uczMC UCPrecondition ‘ 1 i
UCMarkovChain [————pScnPostcondition 1
+UC2MarkovChain() -ScnProbability STCnstrts
1
MClntlcgrator UCExecRelation
SoftwareMarkovChain === ! 1
+IntegrateUCMarkovChain()
Fig.10 Class diagram framework of automation tool UMGen
10 Markov UMGen
4
UML Markov R UML
Markov . UML ,
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R Markov
, Markov
, Markov
s UML Markov
UML Markov R ;
UML , R
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