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Consistency Checking Between UML Models and Code Based on
Graph Theory and FSM
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(School of Mechanical Electronic and Information Engineering, China University of Mining and Technology, Beijing 100083, China)

Abstract: A unified modeling language (UML) model and code consistency checking method based on
graph theory and finite state machine (FSM) was proposed. The basic idea of this method was given; the
static consistency checking and the dynamic consistency checking algorithms between UML models and
code were discussed respectively; a support tool for this method was implemented, and C + + project
UMLChecker 1.0 was checked by using this tool. The experimental results show that this method can
check consistency between UML models and code, and has a high checking accuracy. For consistency
checking in behavioral aspects, checking accuracy rate is improved obviously.

Key words: consistency checking; checking accuracy; graph theory; finite state machine; software veri-

fication

% — # R 1E 5 (UML, unified modeling lan-

FH O AR ZRR UML EZ 8] ) — Sk i

guage ) 42 X G 45 HL 2 41 (OMG, object management
group ) RN Y — FbR AR &, D@y 5L 1
T ) X G2 AR T 75 At . ZESPETT R R b kR
UML A8 5 P A 2Z 18] 1) — B0k, o T8 E
JEHIE KRB A0 H e 39 B e3P A A AR A
TR, TR 2R GE R MUBGBOR B UML A5 2
SR —EAS I p AT AR R AR A S AHE

W FE EHA: 2018-11-16

(K —Z A I ) 12 B UML A58 R AR ] A 22 7]
(1 — SR (2 B — BRI ) ik sy
5 ERURE X UML BRI By i) — EOPEAGI , AR
Kl UML B8 5 PR AR Z 8] Y — Bk, A 2%
feih 7 —2e il UML KO8 9 3 2R i — oAU 4 5
P e )y AT R TE % E A W TR RS A UML
BT — BG4k A F P D UML

BEETH . BRAKFEILETH (60873093) ; EZFHE E AL IIN H (20172X05018-005) 3 FEZ KRR H (YDY2019-16)
EERAN . £ FH(1988—), B, Y, E-mail ; wanglei0823 @ foxmail. com.



54 1 £

. EET RS FSM 1) UML B8 5 AR — b Aem) 71

R AR =2 i) ) — SBOHE A 3% SR, ik 8
BRI T IR A A I 32 1 7 10 8] S s e A4 1) 5 1
S UML SR B — 300k 7E 3 0 d T o 5 T2 A R
HAKHRY.

BEXT LA b T) A £ ) — T e A FROR S
HL( FSM, finite state machine) ) UML # A ( % F
UML SR FINUY & 2 f5 i R 2 Ff UML &, H i
H 2% & UML 2[RI (&) 5 P5 AR — S0 A6 Il
T, JF9 Tz SR TR ZOrnE & B El
AR B D10 Sl D R ][] ) o B0 X UMIL A
TEAAD AT — Bk i A , -4 48 17 33 ) S PR &
AW RS UML Y B 545045 21 1 FSM #6147
DCECR AN 2 AT M I — Bt SCI 2 R i
i AT LAXS UML B8 5 A5 ) — Btk A A, B
BAR SR ISR, XS s BT i —
BRI SR IE H ] .

1 EARRRK

K TR 45 5 UML 57 55 5 A0 R — 3
RDRG By S5 By T A Y BB A ok g €] [ ey
FIE T UML BOAY 5 AR 37— B P e A
. FESEAT— B S KIS, f Bh FSM Y50 0E H AR
Kl UML B 5 AR B sh AT —Bobk. %
LA R | 3% R  UML #6580 R 47 5841, A A UML
R R — B HOIE 69, B S A I R — B, LA
UML 578 Sy o A e A U

2 UML #EE 5/ —E RSN

2.1 EXRE

UML #5750 55 05— S0 8 25 0 T 7 356 A 3t i
S E XA A T SR B AN R AR HE AR
S S E B AR ST RAE S AR5 KR4GS
H1UML 25 B S 540 — Bk #7 A E A — 2 )
BRSBTS R FS S5 5 UML 28K 52
23 B AR B A0 R BE L 2 i 7 R & () ) 4
SR X R A e 48045 21 () A7 1) [E1 R UML I 51 5
A BT o] BT T — BRI 25 A AR A — 2, )
BREACHS , B RIS B F ST NS UML 351 [E
SEe—3, A 1 PR,
2.2 EREBEHSEEHLE

C+ +RIBBESHFEEAUT 2 2K

1) FASEMER. BRENINE KL R
At P L R AT 8.

R
AT UMLK

{5 AL HL
Y v
Kl RS RIUMLE [E #5745
SRR — B
N @ Y S
) . BT
4 A —E .
% ' HIEG K UMLIFF
&% BB G,
£ ¥
g

1% B AtV E O Sl 1 PR R
SRR [ 2 GG A T— B M

N Y

e T

K —Ekg s

2) ESATAEE. FEREERBHACR.

C+ + ISR B PRI 2 AR LLﬂ
B0 BT AR 3 B R R IR B e 44 o1 78
FP3 801 pR U A LA R ek B0 DG R AR R TR
X EAF AR K.
2.3 WSEH—HBERN

AR SR 1) i A S5 R AR R, UG T A A
I UML 2R EI YA R 284 b3 A8 7 81 (22 4
2 AT UL AT R BREUT S (RS AT L
RMIEH SR 3 ) I — 3tk AR —3 N
A — U], JF T B SRS, B Y
FASZE R 5 UML 2K 58 22— 3L
2.4 BESITA—EERDN

UML R A5 e = A5 8 19 18 S 45 0]
AL A ShR I UML B R R A AD 19 51T
F—BPEAR S RIME. FE UML B RLFD PR AR A ) #R 25
17 R e A A A 1o BT FR R R — oA S8 i e 56
R0 SRR R T B (R B0 ) T AT 1) TG T ok
FeR TH R CeREIA ) B B[R] P T5L s 22 8] 64 31
ko JFH =ondl

(tClassName, rClassName, msgName )

bric AT . Hid tClassName 7R T8 B & £ X4
Fr @250 45 F%, rClassName 227K 5 & IR 2 7 J&
K FR, msgName F7nTH BB FR. LA, B8 n—
AW BRI A2 R A

|t A sk e |
A




72 Sl AN AN %42 %

T DLZE T AE SR 2 E % ) UML B R G E
PRI T EL UMLChecker 1. 0 513588 UML i /%
B FEAR RS 2 A7 [ ] A0 B 4. A T 110 B [

CEasyRecognizerDlg —m_oUMLModel CRelationship

LA R S A B, M 1 3 B g Cheshe | -

S A XML K3t A UML SCEEEFF AT, M 3B l -1

DA [ B 5 22 5 8, IR 7E 573 DX 22l A T

T (928 PR (S 9] 14 1, B3 725 5 A 1 R R0 I e R ey i

R4 2 FfiiE 3 B, ~ Zm_AllCIass
*ETEJ:JLK%%%%LW A5 UML I (& % i A B2 RIS A SNRER UML 2K

[P G R A Xt 7 (045 140 P G 43 S 1] 4 ()

H4(b) FiE. Pxt UML T P RS HEA 7 R 25T — B Rl

HEREROI UML U P AR AR P B Ay i AIPRA It A REREXE UML U B XS0 44 10
T BT LA 0 R O Sl e g PRI RO A7 1 P A TR L6 8 7 fieic e

dlg:U2CChckerDlg res:CResolve m:CModel rel:CRelationship
|

| GetUMLFromXML(strPath, oUMLModel)|

o |
D GetClassFromXML |
SetColor(nColor)
|
loop J

Y

SeX(fX)
SetY(Y)
[l

Y

y

SetWidth(fWidth)
SetHeight(fHeight)
1

Y

Y

SetAllOperation(vetAllOperation)

A\

SetVetAllAttribute(vetAll Attribute)

y

T
SetName(strName)
|

GetRelationshipFromXML(vecAllRelationshipNode, vetAllClass,
vetAllRelationship)SetColor(nColor)
| 1

Y

\

Y

SelRela;ionshipNo(nRelationshipNo)
1

v

| SetType(nType)

Y

I

i SetFromX(fFromX)
: SetFromY (fFromX)
! SetToX(fToX)

i SetToY(fToY)
I

i

|

1

|

y

L

y

Y

SetFromClass(strFromClass)
SetToClass(strToClass)

Y v

SetXY (vetXY)

Y

SetAllClass(vctAllClass)

L
|
L
|
I
I
|
[
(
|
I
l
|
|
|
|
|
|
|
|
t
t
T

1
SetAllRelationship(vetAllRelationship)

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
| loop
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
t
|
|

|
]
|
|
|
t t
al
I > DisplayUML() ' : :
| GetAll(ﬁlass() | I
[ | "l [
| | | |
:> DrawRelationship(nColor, nType, vetActXY) | |
| | |
________ r-—-———"~""~"~>"""~""~"~""~"~"~""r """ T"°”"~"T"©”"@”"@”"" " ~" /¥ /™ U~ T~ T T T T TTrT T T T T T T77I
t t } } }
| | | | |

K3 RES ATIRER) UML T &



54 1 £

T LTS FSM ) UML B 5 R — S bkl 73

(CEasyRecognizerDlg, CResolve, GetUMLFromXML)

(CResolve, CResolve, GetClassFromXML)

(CResolve, CClass, SetColor)

(CResolve, CClass, SetX)

(CResolve, CClass, SetName)

(CResolve, CResolve, GetRelationshipFromXML)

(CResolve, CRelationship, SetColor)

(CResolve, CRelationship, SetRelationshipNo)

(CResolve, CRelationship, SetXY)

(CResolve, CUMLModel, SetAllClass)

(CResolve, CUMLModel, SetAllRelationship)

(CEasyRecognizerDlg, CEasyRecognizerDlg, DisplayUML)

(CEasyRecognizerDlg, CUMLModel, GetAllClass)

(CEasyRecognizerDlg, CEasyRecognizerDlg, DrawRelationship)

©

(a) UMLILF B XL A 11 B Gy,

& 4

L 111975 IR SR L S ol S G S 2 v
LD LU ) 37 0 R0 24 Wi U ) 15 0k B H 2 ] Ay a4
LAY 2 A ] P2 A (R4 (5 R T SCRR[ 9 ] iy
P [ ey ) B R A T T )

R LA UMLChecker 1. 0 S5 15688 UML i
FIFIRACHS () AT R — BRI, 3 g 21 K] 5
FR BB E o, 1 G B9 5510 1), B D510 35 5 A
MR AR A R LS 6L ANFER W A
— {5 B “UML i ) &l ( CResolve, CClass, Set-

(CEasyRecognizerDlg, CResolve, GetUMLFromXML)
(CResolve, CResolve, GetClassFromXML)
(CResolve, CClass, SetColor)
//
/ (CResolve, CClass, SetX)

(CResolve, CClass, SetName)

(CResolve, CUMLModel, SetAllClass)
(CResolve, CResolve, GetRelationshipFromXML)
(CResolve, CRelationship, SetColor)

(CResolve, CRelationship, SetRelationshipNo)

(CResolve, CRelationship, SetXY)
(CResolve, CUMLModel, SetAllRelationship)

@ (CEasyRecognizerDlg, CEasyRecognizerDlg, DisplayUML)

(CEasyRecognizerDlg, CUMLModel, GetAllClass)

(CEasyRecognizerDlg, CEasyRecognizerDlg, DrawRelationship)

©

(b) FACHL T L A 17 B G,

I ) A o AR A K ) A 1 ]

Name) 57#1%H% ( CResolve, CClass, SetName) /A—
B b AU AR AN TT EA for TR Y
PRELE F oClass. SetColor ( BLACK) it A T for 7
. SCHk[ 6] F 42 H 1Y SD-CG (sequence diagram
call graph) B8R 7] DL 3RS 18 77 A UY 4544, 20 T i
FNIEIRGE M FIEPELE G | PRI IO R %A — 2

ORI 5, BB T 3 Gy, 95 11 i,
Fr 3 A ( CResolve, CResolve, GetRelationship-
FromXML) , T G. #H R 45 55 89 45 32 4 ( CResolve,,



74 Sl AN AN

%42 &

CUMLModel, SetAllClass) , W% tH A~ — {5 & “ UML
il F¥ B ( CResolve, CResolve, GetRelationship-
FromXML ) 5 J& 1 % ( CResolve, CUMLModel,
SetAllClass ) A~—%(".

3 UML #&8 5/RE—EFHEI N

FEXT UML B3 5 RAD AT — SOt S S A s
PEE AT —EPE S AS AT | ASRE s ARG A R 1 R

UML A 55 045 — 350 ) A5 Kl ) 67 3
B E SN UML WUT B 5% 40 FSM( % 1 SCHk
(10 ] G35 X Htb AT T 4ifk ) s 485 AL
EAEST TR T eR R KB AT 1S UML T &
FERAS B FSM HEATUCEL. 5 VCECR T, W35 A
FEEA—B B CHS , RS R sh 1T b S
UML Iy & 56 4 — 3.

UML JIF 2] FSM )3 40 i 46 7 12 A J UML
B 5 R0 o 25— BOHEAG I B PR AN B B AR R 220
5T P AT

4 KBRERSH

HaT$E 5 5 1 32 £ T H U2CChecker 1.0 B
29, T HRH MFC JF &, S A UML #i8 JE
A5 KRR B iy A —BUE B, Uil
RO A SO 8 SCHR [ 6-8 1 TR AR S i %o
UMLChecker 1. 0 #:£7 7 UML #4584 5 540 A% — 25 1
RO, &1 F0 T AN [ 5 3 A 8 AN — 3
L

1 HWUHAR BN
SCHR[6] SCHR[7] SCHk(8]  4Rih
I ik gk ik

A B B

RS — S I 12 12 12 12
FRASAT A — R 5 — — 13
BB T A—EEST — — — 6

st 17 12 12 31

HI5 1 AT, B 7kl AXS UML AR5 A5 i
— BT, ELRA B R IS . X T
AT AN AT R —ECP AR , B 77 1k R IRS B
W] Rt

5 ZRiE

AT B UML AR — SO AG I 5 12 Kk 22 8 x
UML RIS By (i — SO AG I 5 UML B8 3 3) 2

I —BEACRS , A — LTk BE X UML A5 A
A — A I, (ERAG IR BEAN . BT 2t i 7 vk
A e P R P S i R T [ g ) B A A
H S HESAT R I — 2k, IF R B FSM i B iEH AR A
MBI — B, A B m R RS 2. % T
AT NN ZSAT R — BRI, RS IS B B
Tt

FIRZ07 22 KRB It UML 54 5 AU A7 A8
A —ZL, T AN BE B 3h X7 1A — BUE AT B Bl
UnAar XA I S (AN — Bt AT A S B O N — T
A

S E Lk

[1] Ekanayake E M N K, Kodituwakku S R. Consistency
checking of UML class and sequence diagrams[ C] /8"
International Conference on Ubi-Media Computing. Jeju:
IEEE, 2015 98-103.

(2] ERAL, MU, JH B3, A% R TR LY BT A
RSB [J]. RPN RS, 2014, 31
(5): 1452-1455.
Qian Cheng, Yan Xuefeng, Zhou Yong, et al. Model
checking consistency of sequence diagram and state
machine based on state reduction [ J].
search of Computers, 2014, 31(5) . 1452-1455.

[3] Straeten R V D, Mens T, Simmonds J, et al. Using

Application Re-

description logic to maintain consistency between UML
models [ C] // Lecture Notes in Computer Science. Seat-
tle: Springer Berlin Hei-delberg, 2003 . 1-15.

[4] TLong Q, Liu Z, Li X, et al. Consistent code generation
from UML models [ C] //16™ Australian Conference on
Software Engineering. Brisbane: IEEE Computer Society,
2005 ; 23-30.

[5] Chama W, Elmansouri R, Chaoui A. Model checking
and code generation for UML diagrams using graph trans-
formation [ J]. International Journal of Software Engi-
neering & Applications, 2012, 3(6) ; 39-55.

(6] ®—, ki, XIEH, 5. UMLAIEIF Java U522
[T — SR ik [T]. THEBLER, 2015, 42
(4) . 151-155.

Zeng Yi, Li Hanyu, Liu Huijun, et al. Consistency
detection method between UML model and Java source
code [J]. Computer Science, 2015, 42(4) ; 151-155.

[7] Pires W, Ramalho F. UML-based design test generation
[C]//ACM Symposium on Applied Computing. Fortale-
za: DBLP, 2008 . 735-740.

[8] Chavez H, Shen W, France R, et al. An approach to



54 1 £

T FET LA FSM 19 UML AR 5 R A — S0tk A 75

(9]

checking consistency between UML class model and its
Java implementation [ J]. TEEE Transactions on Software
Engineering, 2016, 42(4) . 322-344.

PR, BlibE. A IR A A RN ].
W BIRBIZERR) |, 2006, 45(4) ; 480-484.

Li Feng, Lu Tao.

B H 7

Isomorphism judgment of arbitrary

[10]

graphs and its application [J]. Journal of Fudan Univer-
sity, 2006, 45(4) . 480-484.

Wendehals L, Orso A. Recognizing behavioral patterns
at runtime using finite automata [ C | // Proceedings of
the 2006 International Workshop on Dynamic Analysis.
Shanghai. ACM, 2006 33-40.

(L#% 37T W)

[10]

[11]

LiuJ, Wang Z, Yao M, et al. VN-APIT; virtual nodes-
based range-free APIT localization scheme for WSN[ J].
Wireless Networks, 2016, 22(3): 1-12.

Lasla N, Younis M F, Ouadjaout A, et al. An effective
area-based localization algorithm for wireless networks
[J]. IEEE Transactions on Computers, 2015, 64(8) .
2103-2118.

[12]

[13]

Yaghoubi F, Abbasfar A A, Maham B. Energy efficient
RSSI-based localization for wireless sensor networks[ J .
IEEE Communications Letters, 2014, 18(6) : 973-976.
Tateishi, Kazuya, lkegami, et al. Estimation method of
attenuation constant during localization in RSSI [ J].

International Journal of Radiation Oncology Biology

Physics, 2015, 91(5) : 1026-1033.



