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Systematic Transformation Method from UML to Event—B in Web Application

ZHI Yuhua, ZOU Shengrong, LIU Xiaoying, GENG Xue
(School of Information Engineering, Yangzhou University , Yangzhou 225009, China)

Abstract: In the process of object—oriented software development, UML is widely used in modeling, but because of its semantic imprecision,
it is difficult to verify the model formally.At the same time, as a formal method based on mathematical logic, Event-B is accurate but difficult
to understand.In order to give full play to the advantages of the two methods, a solution combining UML and Event—B formal methods is pro-
posed. For medium—sized Web application systems, five UML diagrams to Event—B conversion methods are proposed, including use case dia-
gram, class diagram, sequence diagram, component diagram and deployment diagram.By applying these methods to the actual Web applica-
tion system and using the prover of Rodin platform to release the proof obligation in the model, the feasibility and effectiveness of this transfor-
mation method are verified.The application of this method not only improves the accuracy of UML and the reliability of the system, reduces the
risk of failure, but also enhances the comprehensibility of the formal method, which is helpful to its promotion and application.
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Table 1 Use case diagram conversion rules
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Table 2 Class graph conversion rules
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Table 4 Component diagram conversion rules
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CONTEXT CO
SETS COMPONENTS
CONSTANTS RELATIONAXIOMS
axml: finitea(COMPONENTS)
axm2: RELATION € COMPONENTS xCOMPONENTS
END

VARIABLES state
INVARIANTS
inv1: state € COMPONENTS — {idle, active, finished}
EVENT Activate C1
WHEN
grdl: state(C2) = finished
grd2: state(C1) = idle
THEN
actl: state(C1) := active
END

Fig.1 Component and interaction transformation abstract
modeling
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EVENT Initialize
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END
actl: state(C2) := active

Hk4: BOEALE CLRET C2 5%E
B WG C1, A HCRZE M idle Ny

3. e C2 ek C2 RS, K
LIRS M active 2224 finished.

active. EVENT Finish_C2
EVENT Activate_C1 WHEN
WHEN grdl: state(C2) = active
grd1: state(C2) = finished ! THEN
grd2: state(C1) = idle actl: state(C2) := finished
THEN | END
actl: state(C1) := active i
END

Fig.2 Abstract modeling of dependencies between components
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Table 5 Deployment graph conversion rules
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Sets
NODES
COMPONENTS
Constants
DEPLOYED
COMMUNICATION
Axioms
axml: partition(NODES, {Nodel, Node2})
axm2: partition(COMPONENTS, {Compl, Comp2})
axm3: DEPLOYED = {(Compl, Nodel), (Comp2, Node2)}
axm4: COMMUNICATION € NODES x NODES
end
Fig.3 Conversion of software components and hardware
nodes
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machine DeploymentMachine
Variables
deployedComponents
activeCommunication
invariants
inv1l: deployedComponents & COMPONENTS x NODES
inv2: activeCommunication € NODES x NODES

Fig.4 Preliminary conversion of component communication
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Event_Load
any comp node
where
grd1l: comp € COMPONENTS
grd2: node € NODES
grd3: (comp, node) € DEPLOYED
then
actl: deployedComponents := deployedComponents U {(comp, node)}
end
end

Fig.5 Component deployment transformation
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actl: activeCommunication := activeCommunication U {(nodel, node2)}
end

Fig. 6 Path activation
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Fig.7 Job application use case diagram
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Job_Application tionController , ApplicationInformationService , I X L& 25 1
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o ) Fif.
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L. B LR ApplicationInformationController FTHFERSH
act3 : association :€ {user} — {post} W (3 I B o i ¥
act4 : userReq := anyStatement PR B WAL P67 TR Event-B L
END R F . TE R e >k B9 ApplicationInformationCon-
troller F {4 i, T BRI — 280 anyStatement F 7/ F F i
Fig. 8 Event Job _ Application implementation . =
SR é%\ u_‘\ 5 1 o
8 {4 Job_Application SZI] RAGEA I 10 B
€ = ApplicationInformation € = BaseService<E>
m ‘= Applicationinformation() f entityManager EntityManager
Pl applicant Integer f eClass Class<E>
P application_information_id Integer f table String
<P = business address String f 4 Jog Logger
P create time Timestamp m % BaseService()
<P = curriculum vitae String A ’}\
P enterprise name String i
P enterprise_telephone String i
2P enterprise type String i
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4P work classification String /i\
N |
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m = ApplicationinformationController(ApplicationinformatienService)
Fig. 9 Job application class diagram
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Fig. 11 Job application sequence diagram
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Fig. 12 Information transmission of job application
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Fig. 14 Package of components
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Fig. 16 Node deployment
E16 TRAE

4 1EANFRR

AT ik T2 A9 UML 2 Event—B # & 4t 5%
#7777, IFHE Rodin “F- 5 H R N EARIE R 8L, Rodin -
B S EERE S, v LUK R B Al - 3 A R 3
ATHAUE . AR Rodin 6t A 7 IE I 25 1 Atelier B
S PR (Y A1 ERUE B AR, 0BT rf e A IR B S 55 EAT

W S R S0 UML 5% 34 Event-B JE XAk
JE AR T — R R UE FE B 55, anE
170 E17(a) JBR T HME LA m0o H= AR 1Y 12 55 UEH
S5, X8l 55 SN R G BETT Y O v R AT 00 ) B
K HAR TR B R R A — B FUE R . R LR
IR X 55 282 5 R Ge I FEA M R SR OG, R JE 22
KL R T s Rl 1R 17 (b)) R T e AL PL R
m1 H A 1 9 SRR BH U5 X8 55 S T T I ELAR Y S B
YT AL RESEAIE . 3% BB TE I 55 (104G A4 it gk 2 3 i B =X
A UE B A AE BRI 08 7 3ok S, i R T R R A AN [ )22
WM IERPER AT o a3 — 3 B AN 5 T AR A
B AT HEE 38 R S R e BT H AR AL T A B PR B, A
T Ay b 47 B 3R 5 1 B 0y St B T A

5 #iE

A SCHE T Web W Y UML 2] Event—B [ 2 46 14 7%

Element Name Tot. Aut. M.. Rev. Un..
RS_m0 12 12
INITIALISATI... 7 7
inv1
inv2

Element Name Tot. Aut. M.. Rev. Un..
RS_m1 9 8 1}
INITIALISATI...
JobApplication
ResumeDeliv...
JobPosting

SystemFaults
SystemMaint...

inv3
JobApplication
i 2
0
0
0
2
2
invl 0
0
0
4
1
2
4

inv4

inv2
inv3
inv4
SystemDeplo...
AppserverSta...
invh

EoElcBcocR-B-BcE-Bl-BlcocB-8lc
©ocoooooo®o@o@o®o@o®c®o® o
©OocooooooBoooo®o®oEo®o0 o o
©ocoooooooooo®o®ooo®oe ol o
W == hh OO0 NNODOODOMN

S O O O O G © G © & ©

B O B O BN O R © R © BN O S

Bl R=3 - K= - =3 - =N - E=N -

(a) Formal verification of abstract machine  (h) Refined machine formal verification

(a) MBHETE XML IAE (b) KEALHLAE AL TR E
Fig. 17 Formal verification of abstract machine and refined machine

B 17 #EyBEEAMEIEFEANERXURIE

Bk RGERPREIE AR AR F UML 40 ) Event—
BIEA ATk o RIS R 2% 2R Ge 0 5% 07 vk N 21 _E 4R
ARG, FET Rodin V-5 1 9 1 H0 15 28 g B, XS0 vh
7oA BYE B 55 HEAT IR o

RGN e 3 07 152K UML 5 Event-B B XAk 7 ik
2, XM RAEZ RENE . — 0, iR e
A AL A AT 7 UML BEAT A5 A AL AL B, BEAS 7 4R 33t
A S B Bus B S AR R R AT I SUAG SR IE o R B I
AL A B TSROV 7 1 [ BRI 52, 388 s S PR B A ] 5
PEANAERA 1, DA T AR S 0048 S A, Al P B o Jo ) 4
PR o XA BT T A DOl BT 2 D oy HLRE
B By AT T AE AT FF i B B R - fige e [ L 5 X 122
A CHE AR G (INBE T Rl T2 S5 4080 , Event—B 2 {1
TR R AL AL UE DI BE | REWE X RETAY 4 4 | m] HEE
SO AT ™M B, AT PR 22 G745 T e i R 1
oL T ABRE R SEB 7. 5 —TJr 1, 454 UML Al Event—B 3
S 1B A T vk B AT B R AT B B AT T R A A
BAFARIE AT 2 N 5y T 9z He sz AN AT 4 3
HARAFIT S R B o S R 45 AN S B 0T &
PR TR R 5 TR T B SR BRI TR A T R
IR, f2 2 1 e o B AR T K

ARSCRA T IR 2SR T 2R A R AR A
RGO UML 300 Event-BIE AL 75 120 X T — i
I Web ZEGUTN L 1X 5 0 & E REBSARGF b b AT R05 . X
BE P AN [ 24 3 4 T b R 3K 1 Web W &R G209 4% 7
T, 5 BT A2 AT BATE TG SR AT (LT 528 R i g v I
R — 0Pk 5 b B2 A v N T DR R e T RE R0 S B 28
P B DA KPR I T A

A ZALAE T, 118 UML 3] Event-B %% #t i)
DE T Web NS5, S EUTT S Y 10 56457 i sl A0 £ 3
b 5T 3 1 2 30 R, P ER FPE ROR R A o A, A
SCHFFER ) UML 3] Event-B %46 5 2 ARO8E K 1 T 20 i 72



120

BAE 5 A

2025 4

B A2 A BN AT, SRR 5 34 BT 2 52 B R A
FEEAE R R Gl 200 H b, 2 T s A T g
BOICRIRTS  BR TATTIER 2 B o AKX %5
B T7 AR IR ) 28 58 A5 o0 A X AR 48 v il BT
— BT

S
[1]  QI'Y. Design and realization of library management system based on UML

(2]

[4]

[5]

[7]

and Java[J]. Electronic Technology and Software Engineering,2020(20) :
137-139.

F AL AT UMLAe Java 89 B 4 % 32 R 8093501 5 L[], w5 #H A
5 %4 T 42,2020(20) : 137-139.

ZOU S R,ZHOU T, GU A H, et al.. UML object-oriented requirements
analysis and modeling tutorial [ M]. Beijing:Science Press,2018.
SRBR, R R, S UML @ @ 3 2% RoAr b sz (M), 4
WA R AR, 2018,

SEIDEWITZ E. UML with meaning: executable modeling in foundational
UML and the ALF action language[]]. Ada Letters,2014,34(3) :61-68.
GENG X, ZOU SR, YAO ] Y, et al. Event—b modeling for use case dia-
grams and application in immune system model [ C]//7th International Con-
ference on Computational Intelligence and Applications, 2022:6-10.
MESSAOUD A ,RENAUD R ,CHOUKRI-BEY B Y, et al. Formal model-
ing and verification of UML Activity Diagrams (UAD) with FoCaLiZe[J].
Journal of Systems Architecture,2020,114:101911.

XIE J C,JIANG J M,CHEN H H, et al. Consistency analysis of UML class
diagrams[]] Software Guide,2024,23(2) :40-47.

Wk, AR, RAE R, F . UML % B8 — S0 47[0]. St 55,
2024,23(2) :40-47.

GENG X,ZOU S R, LIU X Y, et al. A systematic conversion method from
UML to Event-B[J]. Computer Technology and Development, 2023, 33
(12):113-120.

WE A, B, S UML 2] Event-B 9 & e st 4 ik [J]. 3
FAAHAR S KM ,2023,33(12) : 113-120.

LIU X Y. A formal analysis method for system requirements based on

[10]

[11]

[12]

[16]

[17]

UML [D]. Beijing:Beijing Jiaotong University,2015.
xR, AT UML) 2% KB X drorx[D] w b w il
X #,2015.
70U S R, GENG X, YAO J Y, et al. Systematic transformation method
from UML to Event—-B [M]. California: Scientific Research Publishing,
2024.
ALTURAS B . Connection between UML use case diagrams and UML
class diagrams: a matrix proposal [J]. International Journal of Computer
Applications in Technology,2023,72(3):161-168.
VIESCA A R, LAIL M A. Automated mitigation of frame problem in
UML class diagram verification [C]//2023 ACM/IEEE International Con-
ference on Model Driven Engineering Languages and Systems Compan-
ion,2023:841-850.
HAMROUCHE H, CHAOUI A, MAZOUZI S. A graph transformation ap-
proach for modeling and verification of UML 2. 0 sequence diagrams [J]
Computing and Informatics, 2022,41(5): 1284-1309.
GENG X, ZOU S R, YAO J Y. Systematic transformation method from
UML to Event-B [ C]//IEEE 22nd International Conference on Software
Quality,2022: 770-771.
BELLETTINI C , MARCHETTO A, TRENTINI A. WebUml: reverse en-
gineering of web applications [ C]/Italy: Proceedings of the 2004 ACM
Symposium on Applied Computing,2004.
SUN W X,ZHANG H,FU Y Z, et al. A method for the translation from
UML into Event-B [ C] //International Conference on Software Engineer-
ing and Service Science, 2016:349-352.
HAN P,CHENGLIE D, LEI R, et al. Modelling the embedded control sys-
tem using iUML-B pattern state machine [J]. Journal of Control Science
and Engineering,201 8(1):1468172.
YOUSRA B H, AHLEM B Y, LEILA J B A, et al. From sequence dia-
grams to Event—B: a specification and verification approach of flexible
workflow applications of cloud services based on meta—model transforma-
tion. [ CJ//IEEE 41st Annual Computer Software and Applications Confer-
ence (COMPSAC),2017:187-192.
(=% 4% Tk Y3k )



