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Abstract: In the context of component-based software development, this paper proposes an approach to
transforming UML diagrams of software architecture to Markov chain for the quantitative evaluation of reliability.
Based on the component-based software architecture, it utilizes four types of UML diagrams: use case, sequence,
activity and component diagrams, extending them and annotating them with reliability related attributes. Then, the
diagrams are transformed into a Markov chain based analysis model by constructing an intermediate model called
Component Transition Graph (CTG). Result of this transformation can be directly used in the existing analysis
methods to predict software reliability, which facilitates the analysis task of software designer.
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<<RAActor>> & Open the door <<RAActor>> ElectricLockController Y!
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UseRate=0.8 UseRate=0.2
Fig.1 Annotated use case diagram Fig.2 Annotated component diagram
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<<RALifeline>>

SystemController <<RALifeline>> <<RALifeline>>
isStart = true FingerprintManager DatabaseAccess

isEnd = true

<<RAActivityNode>>

Show register screen <<RAActivityNode>> i Register fingerprint ‘ Identi ‘
Inform electric controller «RéAe?]"tY]'éyd’\ég?e» fi fy. t |
RC = SystemController to open the door p i ingerprini i
- i H Is exist?
RC = SystemController RC = ElectricLockController | : }
<<RAActivityNode>> : i
Indentify fingerprint o Eal[ P— No | }

RC = Fingerprint manager . OccProb =0.8

<<RAActivityNode>>

S <<RAActivityNode>>
Display error message

Return to idle

<<RAActivityNode>> D< Register success

Judge existence of the

RC = SystemController RC = SystemController

fingerprint : OccProb = 0.2 ' Yes :
RC= DaaBasences ﬁE_‘E‘EE(F_’_'_‘EEE!E??_‘?_V_E?_‘?}H """"""""""""""" {
Fig.3 Annotated activity diagram Fig.4 Annotated sequence diagram
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Annotated activity | Transition Transition probability N lized
diagram - - L Model Original Normalization ormalize
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Annotated sequence | | [ preprocessing sequence diagram
diagram
Annotated UseCase k|
agram M C—
F algorithm
Annotated component
diagram System CTG
UML models annotated | 3
Markov chain based
with reliability related i{ ) reliability analysis
information transition model

Fig.5 Basic transformation framework
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Vi Vi RAActivityNode>>
<<RAActivityNode>> <<RAActivityNode>> << t
[Show register screen [LQ Indentify fingerprint |9 Judge existence of the

<<RAActivityNode>>
Inform electric Controller to |*
open the door

<<RAActivityNode>>
Open the door

1.0

RC = ElectricLockController <<RAActivityNode>>

RC = SystemController
Return to idle

fingerprint

RC = SystemController RC = Fingerprint manager

RC = DataBaseAccess

RC = SystemController

<<RAActivityNode>>
Display error message

RC = SystemController

Fig.6  Transition probability preprocessing of activity diagram
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© TEBEABRSAAIST  hitp/www.c-s-a.org.cn



PR S —FF AN UML AR B T S AT AL o 454 o ik 293

Z48, 5. Markov i [ R AR 1 55 B L 2%, A SO RS 5 T T VR R A,
3.2 WiEFEMtERBE

TEHE T MEZR TRAL 3 56 58 i, B T R 3 2R 4 4% Jd 308 (00 A A2 5 75 ) AR 403 358 20 1) sl el g 3 J= 8 ) e e
BETEZN WL E 1 DR B T S-S 2 0] 00 %A 3 50 B w3 8 1] (0 % A5 A6 3 AH RV 19 4 44
FRIVR A 0] V) % B , 25 % A 20 10 MO 2R AR AR V5 2 L B P el e 0 A 1 % 5 At 236 B R AR I sk il e . IX — 2D 1
AR A e S QVT I I A FH B A % i 15 | 8 S (L S (1 RS54 A4 il 1) Jm) A - e 4 el o
TFAEAH R IR 45 s (AN B sk IR — AN A0 28 58 1) B [ (0 320 (PR AN R 1 0D 72 A T 22 IR G ), TR I 75 0] 55
1 B = A 1 gl AT IS AL, AP SBYE AL 5 (0048 25 75 B YA I PR 75 20 B30 JEAT 1 SR AR B A SC @
SURC AT S5

BT QVT ZEsR 53k A H 7 35 1 8 254 MOF(meta object facility) 7o B2 () 2 o PR b A S 9 S5 LT AN
AREMEAE S UML oY DL R R R I K Te RS 28 AR 5 A B an T Jd QT RO AN ARV R S B 45 A
L
321 FRIEMITESIE . G R 1 R B ) oA

UML TR TR A B 52 24 4 MOF I 31 16140, (EL A S A B Fl R 30 el mb b N T T S A G (5 5, AT e 7 22
X HL OB BEAT i i A SOR) FH T 41 56 (profile) ™ AL ISk & S N AT SEPEAR S 145 2 B R ] ¥ 76
PR A 7 A 8 iR,

Interaction
<<Stereotype>> <<Stereotype>>
Activity RAActivity |7 1 | RAUseCase
<
<<Stereotype>> <<Stereot <<Stereotype>>
ype>> RAUseCase
1 1 RAComponent RA_SDInteraction 1 S
1,* 0,* T -OccProb: double
<<Stereotype>> <<Stereotype>> <<Stereotype>> 1 1,* 1 1 0,*
RAComponent | 0,1 RAActlwtyl‘\lode RA/—\CIIVI'tyEdQE‘ <<Stereotype>> P <<Stereotype>>
= -relatedComponent: Component -OccProb:double RAActivityNode 11 RACeg%’p)(/)[r)]eent RAMessage

¢ -relatedComponent:Component -OccProb:double
ActivityNode AGTVityEdge v "
Lifeline ExecutionSpecification | | ActivityEdge

Fig.7 Metamodel of extended activity diagram Fig.8 Metamodel of extended sequence diagram
K7 imshEY R n oo K8 I &l i oA Y

P e 2 £ 1) AR TG 25 A B v UMIL TR BRI, 1 2 VS I mT S AR OGS ES BT 3% L2 Y R 5 1
BCHE . N THIX IR ICHE X A0 IF A LR — N BT E KA FRAT N BT “RA” (reliability analysis) T 4%, #
I 26 0 38 -1l S e Al

BTGB — A3 B SRR 7R, E 5 5 A T B0AH R, B0 R AR TR R Rk 2 1% B K AR T M R
ActivityNode H198 TR 8 P2 X . FF 42" T SR 3R R AT 12 45 i Bl 1 B A8 4 Activity Edge A8 i Ja 1k A= 1
W 267" 3 TR K 45 TR IV () 5 4 5 2 TR MR 6 5 P, 15 SR A FH OO0 A oF 2, G R A4 R R 25 A2 S5 B R 90 ) A gk 5
B A B N A — AN, HL43 5 FH R P isStart 1 isEnd Sk 26 7 1% 44 fir 28 2 15 AT R IR SURTZR A AT
LRI AR iy £ P (9 3R B VR AR A TRl o 9 R AT AT L, AT B AR A R AE R

Ko 1 3t o e 1 T2 p ) A1 R R 4 (8] (0 e o 4 e, L oo B R 11 9 iz o v CTGComponent 2 f 3= ZE 1 &5 £t
‘B UML B8 R (R 25 LR 6 Y 56 3R, 4 - R0 A] S M 41 55 6] B A4 44 [7]; CTG Start 1l CTGEndNode 4>
BTN P LA IR R 2R &5 )R 26 11 25 05 AT T SR b W AL - 5 75 TR 1) AR 26 0 B N 617 B, 5 52 o TR A 4
BN NG R MEA, A T B 0 I R AT A B AR SOEAE R E R NN T 414 45 i (CompositeNode), LA
FORBEAN IR B E B A0 3085 RV AN 43 S5 1R N — AN R R 19 3, 9F B AT B AR R — AN R
B #:% H CTGTransition k&R, AR AAT A O R AR, & 5 0 155 0 0 17 & A: 16 56 78 MR 20 2 X6 B 1)

© TEBEABRSAAIST  hitp/www.c-s-a.org.cn



294 Journal of Software &3 4% Vol.21, No.2, February 2010

ComponentTranstionGraph

(CTG)
-name:String

L 1 1,%

— CTGNod source  outgoing CTGTransiti
CTGStartNode S Node BT ransition
-name:String argel Incoming N A
P reliability:double |1 ~ | -Probability:double

CTGEndNode Z% .
CTGComponent CompositeNode |1 2.«[ ParallelSplit

|

Fig.9 Metamodel of component transition graph (CTG)
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Fig.10 Examples of transformation rules from activity diagram to local component transition graph
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Fig.11 Non-Normalized local component transition graph corresponding to Fig.3
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Fig.12 Examples of transformation rules from sequence diagram to local component transition graph
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Fig.13 Non-Normalized local component transition graph corresponding to Fig.4
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Fig.15 Merged component transition diagram (i.e. system level component transition diagram)
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Fig.17 Examples of transformation rules from component transition graph to Markov chain
17 RS B 2 Markov B (1 % e 0 7= 4]

ElectricLockController DataBaseAccess

Fig.18 Markov chain corresponding to a simplified fingerprint control system

B 18 i J5 fFegrd il R Gik) R (1 Markov 4
5 WEREGZHHLFRALIE

FENTSEPE > BT Markov B, RGUAE TR I 2L REAL T 1 ANRES g2 A — 20 R g H e 1
PEAEIZAT BRI ANE S P B b ) S0 L IR 5T Bl (parallel), i 2 3 2l € o ) 53 22 (fork) A9 5 (join) 5 £,
R IR RGP AFAE I I R DL, L BT R G b A2 7] — I 20 7] B 22 S AFAE I8 1T IX AE Markov B 1 ANfE LR
71~ (9, e 4 o R s T S I I 5 LA TR ) F) AR L

ASCHIR T S RAERIIE R T SN & S i MBS R IR BB R B — N &4 i L2 5 R
P PEFE RS B AR 3G, P 19 o JCHE A 41 A I R BRI A R e 2 P IO A IS AR AR 13 T — AN SEAR [ ANt A7 I
R B e At i R, 52T I BT 3 KD 2 8075 2l vl R 5 A AL A KD Markow BE. 2 i 11 0T 2 45 AT
MhALBE . TR PR A T vh G SR AN G5 5 B0 T SEVE AN S R AL RO R, B A T U R AL
ST SEPE R RT3 L e 241K Markov B T EL— AN B 1 R 49 24T 1.

Bl 20 & — ANl I R R BRI 2l B L ORIRE AR 23 e — AN IR AR T BL g I NALE 45 0 e R B 7 2 A5
IR JLAS P BR(L) H5 305 30 B Fe 400 A6 10 Jm) A A e 38 1 AR R 55 56 3.3.2 A I, B AN 18 0F 5 7 B
TR AR B 25 RN 21 B (2) R IF AR BOB A A — D ALE S5 i (W] 19 o), 04T Jey B R 1 e 32 B 1 R
TuAL AL B, G AN 205 R AL S5 RO N TR G (3) Rty A7 AL & G (0 B 03 K P B A T > A — B R S o3 R
e R Vel 5 SR I A8 o W A e A8 B 5 RS B R GER i 0 R AS 19 (4) Reali AT A 45 4 R K R SR 1 e A8 T e
He o Markov B I 43 H K ) Markov B8 2 & A7 — AN AL & 46 i, FE TSR PR RSN 10,30 7 B 41 45 45 05 (10
PR AR AT T A

© TEBEABRSAAIST  hitp/www.c-s-a.org.cn



300 Journal of Software %3 4% Vol.21, No.2, February 2010

CompositeNode 1

Component 4

Component 5

|| CompositeNode 1 Il

Component 6

\ Component 2

Component 1

Component 8

‘.

Component 8

Component 1

Component 10

"

Component 10

Component 11

Component 11

Fig.19 Original local component transition graph after introducing CompositeNode
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