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Systematic Transformation Method from UML to Event-B

GENG Xue,ZOU Sheng-rong * ,LIU Xiao-ying, YAO Ju-yi
(School of Information Engineering, Yangzhou University , Yangzhou 225009 , China)

Abstract; In object—oriented software development, UML has become a de facto modeling standard. However,although UML is easy to
understand and apply , it has inaccurate semantics,and UML is a semi-formal modeling language, which cannot be formally verified.
Event-B is a formal method based on a large number of mathematical predicate logic, which is precise but difficult to understand and
apply. Therefore ,how to combine the advantages of UML diagram and Event—B method is the focus of the research. The previous trans-
formation methods are based on the transformation from UML scatter diagram to Event-B,, and lack of systematic transformation
methods. The systematic transformation method can realize the unity of elements in UML and elements in Event—B. Medium - sized
system can be clearly expressed by using use case diagram, class diagram, state diagram and sequence diagram. With the above four
diagrams, the requirements acquisition , requirement analysis, design and detailed design of the software life cycle can be fully expressed.
Based on the elevator case study, the feasibility and effectiveness of the system transformation method from UML to Event-B proposed
are verified. The system transformation method from UML to Event-B not only improves the accuracy of UML and is easy for software
practitioners to use,but also enhances the comprehensibility of formal methods and is conducive to the promotion and application of
formal methods.
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Use case diagram Event-B Part of Event-B
actor constant set
use case constant set

generalization event/axiom machine/context

association event machine

extend event machine

include event machine
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CONSTANTS
actorl

usecasel

AXIOMS

axml . partition( ACTOR, {actorl | --+)

axm2 : partition( USECASE, | usecasel } ... )
END

2.1.2 X %
FHBIEE b i OC Z2 AR AT LUFE # BiG Event—B (14 55
PF o PGP e ) G35 O 2R 55 4 i Event—-B S (1 B
PR AT 2 R AL A A A i actor,
usecase DA & basic_relation 43 Jll Fn FHBIE h i) 2 5
H HOIFOCHR &R . HK  TEAZ = A iR =4
AR ) 2 B H | basic _relation 7 B i actor %)
usecase Z [H] IYIIF OC R, RN UIZ RIK K RIS 5
HHB], Event-B BYAL AR £ s SR OC R 1Y 748 B A
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INVARIANTS
invl . actor e ACTOR
inv2 . usecase € USECASE
inv3 : basic_relation e { actor} — { usecase |
¢ J5 1€ Event-B H (AL & i B £ 5 1 3R S B¢
KFR, WTFF7RK usecasel Fofh KRS 5 actorl il
FH1 usecasel ZRIFSCHRICHR . FHAFM BRI actl -
act3 X XRS5 FH LB OCHE G 7 1Y A8 1 WA .
JHA5 1] v iy A DG 2R 5 DI OC ZR 46 )ik Event-B JE X
WITESRAL . FRAI, B 2538 0 ) G OC R TE 1
TR E A BT RS
usecasel &
BEGIN

actl . actor : =actorl

act2 . usecase : =usecasel

act3 : basic_relation; e {actorl | — | usecasel |
END
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Class diagram Event-B Part of Event-B
class set/constant/variable  context/set/machine
attribute constant/ variable set/machine

method event machine

inheritance constant/ variable set/machine
association constant/ variable set/machine
aggregation constant/ variable set/ machine
composition constant/variable set/machine
dependency constant/variable set/machine
realization constant/variable set/machine
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Sequence diagram Event-B Part of Event-B
object constant set
message constant set
activation action event
lifeline variable event
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MESSAGE
CONSTANTS

messagel
AXIOMS
partition
END
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invl . source_obj € OBJECT
inv2 . target_obj € OBJECT
inv3 . message € MESSAGE
inv4 . order e N1
e P R ) G 22 1817 S5 B4 % 328 0o R e 45 i Event —
B R, W o messagel TH B A& i RE G,
B F s, SF T4 grdl Sl ad ) W A
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actl —actd W1 714 B AL R IR X4 | H bR ARG
BCRiDRIE RSN
send_messagel &
WHEN
grdl ; order=1
THEN
actl ; message: =messagel
act2 . source_obj: =objectl
act3 . target_obj: =object2
act4 . order: =order+1

END
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State diagram Event-B Part of Event-B
state machine machine machine
submachine state constant set
composite state constant set
activity action module event
action action event
event event machine
transition guard & action event
junction guard event
fork action event
join action event
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M HLES mO Y RequestElevator 51 i1 H 41 & El-
evatorUser 2 5 # il RequestElevator F {51] %% 4 1ij % .
£ RequestElevator S5 K75 F P i KRS 19 244
any_request B EIHE , SHIVERIIL actl —actd Sy 7R EHK K
FIAE e S BURAE

RequestElevator &
ANY
any_request
WHERE
grdl . any_requeste BOOL
THEN
actl . actor: =ElevatorUser
act2 ; usecase: =RequestElevator

act3 . association : € {ElevatorUser| — {RequestEleva-

tor |
act4 . control_request; =any_request
END
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<+ User

o use

EIRESIE 2 P YN e s 3 WS 00
TICH YRR X5 ] TR R 28 22 18] B Al Ok &R
#ﬁo

<+ Elevator

o Elevator_state: State

(% RequestElevator ‘ r.n
#* RequestMaintenance
#* MaintenanceElevator

o ElevatorUser © SecurityPeople

° control_request: BOOL
° Elevator_door: BOOL

1.4 14
°© possess
£ © indugction
+ Elevatordi'r}troller n

% StopElevatorAtFloor

<+ ElevatorSensor

* DispatchElevator

[* induceElevator |
#* ReponseElevator ! |

M2 wHEALE

User 25 #1 1) RequestMaintenance J7 ¥ & 7~ FH 7 i
SRYEAEH S s B S 0 R s, IZF R S
FEBR actl —act2 14 X} A8 & control _request, Elevator

state HEATIAAEL, 27 L A T80 bR 28 B G v 12

FUYTE K o
RequestMaintenance &
ANY
this_User //  generated class instance
WHERE

instanceType_this_User_User : this_User € User
THEN

actl : control_request ;: € Elevator — { FALSE}

act2 : Elevator_state ; € Elevator — { fault]

END
5
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ElevatorUser

3.3

ElevatorContorller ElevatorSensor

Elevator

T
. i
! 1
! 1
H 1

— RequestElevator — PassRequest

JudgeRequest

DispatchElevator

SendFloorMessage

InduceElevator

!

1

1

1

i _,_SendInduceMessage
<

<

‘StopElevatorAtF loor

-
—

———— |

A3 R E

JudgeRequest 4 B i 1% 3 ioF 2 5% 4 gl A A 40 T
i, B e, SF M erdl £ARYEZS & order MY{H HI
WriF BB, HAR, S actl —act3 W 11414
BT N JudgeRequest, T B 1% 128 19I5 X5 4 F0 H Ar okt
SAB R HI A . 2, acd ¥ order [{EIYE —, %
R IURE P R B 1 T R A5 R

JudgeRequest &

WHEN
grdl

THEN

. order = 3

actl . source_obj; =ElevatorController

act2 . message: =JudgeRequest
act3 . target_obj: =ElevatorController
actd . order: =order + 1

END

3.4 RKEHE

KA 0 RS B RLIR S LI AN 4 fros, E 2R
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o FL B R BGA AN BB 2 . BT LA, running AR
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InduceElevator 5 {4 % 45 ) Event-B J5 3% o A9 35 14
TR

InduceElevator &
ANY
any_Induce
WHERE
isin_running . Elevator_Statemachine = running
any_Induce_type ; any_Induce e BOOL
THEN

actl . isInduce ;: =any_Induce
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enter_induce ; Elevator_running; =induce

END
HUBRAEIE AT I R v | B A S i R Ak T R

A, DU LB R B BRI R . SRR a1

RequestElevator
@__INITIALISATIONidle

stop

BOOL Z5 A i 2481 any _Induce, L B4 any_Induce A
L H VT PR A2 RS 2 5 R 7 3] PG 11 B3, A 1
TL2&AF isin_running FIZHAE actl B 1 HLEL AL T HRR
PERARAS

RepongeRequest

Elevator_door = TRUE

running [
dispatch
—
DispatchElevator
induce | StopElevatorAtFloor

InduceElevator

+ Elevator_door = FALSE

fault

maintenance
—

+ control_fequest = FALSE

MaintenanceElevator

RequestMaiptenance
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mo 26 10 16 0 0 INITIALISATION
INITIALISATION S0 210 3 Wl Requestilcyator
RequestElevator 5 2 3 0 0 '::::::;’:i:éf:;’:z‘:
RequestMaintenance 5 2 3 0 0 EO T
MaintenanceElevator 5 2 3 0 0 induceElevator
StopElevatorAtFloor 3 1 2 0 0 invl
attribType_Elevator_state 6 0 6 0 0 DispatchElevator
attribType_control_request 4 0 4 0 0 f“"z
inv1 6 0 6 0 O LiiE]
inv2 0 0 0o 0 o ::::
inv3 0 0 0 0 O o
ReponseElevator 3 1 2 0 0 ReponseElevator

()L mO FIEE SL55

(b)HL#% m1 [IEH X 4%

fE , AT L2l A AR Y S (g A TR R DL SR TE A
AU ] GBS B4 (7] 880, 14 5 A 78 (1 ] 352 R T L
PE. P, {5 B) T ProB 1Y 3l &L 40L D RE , 275 Hi L 4L
T HLBR R R R BT AR
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5T Rodin V- 6K BB RGEHY UML [ 46
Ji Event-B JEAL ik 5, 080 rh = AR R BT 45 2R
B5 fims, BS(a) b B amBilas mo k=47
26 A5UERH LS5 B 5 (b) P B R RS ARALES ml e T
17 Z5UEW] 55 i SEk B 55 4 2 it A Sk R Ag
SRR E) T B, A ALIE A G 25 0 E T I R 5

N = ,|~
BT ER AT AT
Tot. Aut. M.. Rev. Un.. 72 Model Checking finished o x
17 6 11 0 0
5 2 3 o 0 Model Checking finished
2 1 1 0 0 (i )
1 0 1 ) 0
3 1.2 0 0 ( oK | <<Details |
N0l L off o No errors found
2 1.1 0 0 Model Checking finished, all states visited |
0 0o 0 0 o
2 1 1 0 0 Co |
6 0 6 0 0 Lig
0 0 0 0 0 o
3 0 3 0 o e
2 0 2 0 0 I
0 0o 0 0 o |
1. 0 1 0 0

(c)ProB BIRLAS A 45 1L

K5 RAERALER

4.3 ProB GIE4R

5 (c) TR T HLBR S AL b (4 44 A B AR AT
oA IR T 45 AT FE X B I B 4 1Y) 0o
r, ProB JE R & HERR 1 RIAL AT 58 25 ) B AY JE B A5 A
SRR, By 1A RS B Sk T R e i
IEwTE,
4.4 FHEE

ProB A D)2 25 Hb ABE FUUAS A v 544 () hA T 2o A DA
K F 58 AT AR IR B8 1 fink i 0 A LU AL 1Y
Fi Sk Bon L s RS KR R YT RIRA . &

6(a) M R R G Y AT AR R idle, KL 2 7 19 A
4 RequestElevator, B FH P AT DATE SR {f FH B A6, (H 2 i
TS O TR A AN R 2R A ] B8 T ¥ v 1o,
B K, I, ReponseRequest S 1/f-fiil & AU FT 42 J& Reu-
gestElevator {4 L) =% TRUE fif X . ReponseRequest
H4w b & J5, B 6 (b) 2 78 running, dispatch F
induce R B EH, Horp | running RPN TR
75 Elevator_door = FALSE , {4 31F B3, 86 [ 75 H1 B 48 17
PR T OCHPIRES . FUBR R I SR AR 1% A &
PR AE B S, A kAR 2 R,



12 1 Bk

5 UML 5 Event-B (1 R G AL 6407k - 119 -

StopElevatorAtFloor 3514 fi & A% B $2 /& InduceElevator
FH ML= % TRUE fih &, B8 45 1k J5, B
StopElevatorAtFloor F {4 it & J5 , K1 6 (¢) H i 7~ B 6
Jb T stop HRAS, HI TR 2 AR OB A AN B 2 M BT LA

- Elevator_door = TRUE

RequestMaintenance F5{F EATAIR AN #R AT LARE firh %
Bl 6(d) i Tz g E il A 5, faule RSB,
%5t control_request 115 i FALSE, 375 B 6 4b T
BRASTR |, Jovkme A - 3K

[+ Elevator door = TRUE |

fault

‘maintenance
 —

ReponseRequest

MaintenanceElevator

Faming i

control fequest = FALSE

fspac s S
E—
—— RequestMaitenance
DispatchElevator

finduce | StopElevatorAtFloor

»

InduceElgvator

Flevator door = FALSE |
b) IUHEIZATIRES

i stop

Elevator_door = TRUE

ffautt

ator

ReponteRequest

Tunning

fault
control_fequest = FALSE
{dpatch |
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