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UML-B Modelling Environment

Event-B:

EVENTS
INITIALISATION
STATUS

ordinary
3¢ ejectCardiithCash BEGIN

Al s Ceos
< active atm_sm.init : atm_sm = o

hi . R :
s e Statemachines idle sm.init : idle sm = o
| - - . By .
o ¥ insertCard | active_sm active_sm.init - active_sm = @
B init ' ‘

<> idle

: ¥ insertCard —
% offline % pinEntered

* Snine 4 ejectCardWithoutCash insertCard
¥ insertCard # Transaction STATUS

* ej.ectCardethCash ¥ ejectCardWithCash ordinary
% ejectCardWithoutCash | REFINES

insertCard
¥+ ejectCardiithoutCash %+ Transaction ANY

self /7 contextual Instance of class C

WHERE
self.type - self e C

idle sm isin available wd - selfe dom(idle sm)
idle_sm_isin available : idle_sm(self) = available
THEN
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ProB Animator and Model Checker
=_U\h||| ﬁ £ 4 7 =0

v |3 Name Value Previous value
v ATM_A
P insertCard C_SET2 C {C_SET1,C_SET2} {C_SET1,C_SET2)
@ init atm_sm {(C_SET1mactive),(C_SET2w»idle)] {(C_SET1mactive),(C_SET2widle)}
I» ejectCardWithCash  C_SET1 v + ATM_R
@ Transaction © active_sm {(C_SET1n»dispensing)} {(C_SET1mvalidating)}
@ ejectCardWithoutCash idle_sm {(C_SET2m»available)} {(C_SET2m»available)}
P offline C_SET2 C {C_SET1,C_SET2} {C_SET1,C_SET2)
@ online atm_sm {(C_SET1mactive),(C_SET2»idle)} {(C_SET1mactive),(C_SET2w»idle)}
@ pinEntered v Formulas
¥ invariants

» idle_sm ¢ C <+ idle_sm_STATES

» active_sm ¢ C <= active_sm_STATES

» dom(idle_sm) = atm_sm-[{idle}]

» dom(active_sm) = atm_sm-[{active}]

't Event-B 83\[2_ RoAdin Pro] = M) » atm_sm ¢ C — atm_sm_STATES
ofi|sE~
> 2 ATM | A

> =2 ATM_unlifted " History 53\

b 1= ATM_unlifted.eventB ATM_R ATM A

¥ = ATM.event8 Transaction Transaction
» @ ATM_A_implicitContext pinEntered

» @ ATM_R_implicitContext insertCard insertCard
> @ ATMA init init

e @ ATM_R init init
INITIALISATION

(uninitialised state)
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Power of Two: UML-B and ProB
|4, ATMATM_R.C.atm_sm.stateDiag.anim_diag £

P insertCard C_SET2

ok it ) ienan [FE
P ejectCardWithCash C_SET1 | INSHINCES e instances

. C.SET2 '_ . CseTy

Event Parameter(s) & ejectCardWithCash I

@ Transaction ‘
@ ejectCardWithoutCash & ejectCardMithoutCash 4 Transactice
P offline C_SET2
@ online

PR (19 State 83\ £ 4T =0)

Name Value Previous value
v + ATM_A
= {C_SET1,C_SET2} {C_SET1}
- - - atm_sm active),(C_SET2»idle)} {(C_SET1»active)}
E Event-B 25\[1 Rodin Pro] S0l |v « ATMR
o<i|gr active_sm {(C_SET1mdispensing)} {(C_SET1mdispensing)}
idle_sm {(C_SET2»available)} @
|o - {C_SET1,C_SET2} {C_SET1}
v ZATM © atm_sm active),(C_SET2»idle)}  {(C_SET1mactive)} .
S ATM.ATM_A.C.atm_sm.state
® ATMATM_A.classDiag L U SSS———
S ATM.ATM_R.C.atm_sm.acti .
Q ATM.ATM_R.C.atm_sm.idle.i ’D History 23\
S ATM.ATM_R.C.atm_sm.state ATM R ATM A
.Q- ATM.ATM_R.classDiag init init
@ A.T.MAI:;::;““D“Q Transaction Transaction
» = ATM_unlifted.eventB ::::g:: insertCard

- € AWARAL c.iaaa

Rodin User and Developer Workshop 2010, DUsseldorf




UNIVERSITY OF
Southampton
School of Electronics
and Computer Science

Implementation

Animation Metamodel (EMF)
Customised Graphical Metamodel (GMF)
® org.eclipse.ui extension
® de.prob.core.animation: <listener> extension

dependencies: e AnTaonRoR 0.+ [ AnimationDiagrar

e translationType
e UML-B Metamodel

diagrams = className

states

transitions nstances

® org.rodinp.core API 0.2 s

=i AnimationStatel..1 source || AnimationTransition
© active e enabled £ Animationinstance

de.PI‘Ob.COI"e API < initial 1..1 target | . gperations
= final iIncoming = initial
outgoing

o”o

de.prob.ui.perspective

0..* instances
0. ¥ .

| AnimationDiagramElement =i NamedElement
& name

adéc D, , ﬂy
" -
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Animation Example:ATM

-

3¢ ejectCardWithCash

4 C < idle

Statemachines Statemachines

Statemachines
< atm_sm < jaiecEm ¥ insertCard | active_sm
g 1nit % init
¥ init . * * ¥ insertCard

% insertCard *} ofﬂfne % pinEntered
¥ ejectCardWithCash 3 online ¥ ejectCardWithoutCash
¥ Transaction ¥ insertCard

i e With h
3% ejectCardWithoutCash -¢- eJ‘ectCard vft s
% ejectCardWithoutCash

AN
3¢ online

¥ init . :
. il < awaitingPin ¢ pinEntered |4 validating % Transaction 4 dispensing

<» active

¥ Transaction
3% ejectCardWithCash

3¢ ejectCardwWithoutCash 4% Transaction

4 ejectCardithCash |4 available ¢ offline |4 notAvaliable

¥+ insertCard 3¢ ejectCardNithoutCash ¥ ejectCardiithCash

.4;;- ejectCardWithoutCash % insertCard .
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Animation Example: ATM (start)
b Event-B8 2\ [2 Rodin Pro| = O|(id) ATMATM.RCatm.sm.s &30 ) ATMATM RCatm_sm.a |”1

|~

] ] o 2 ejectCardWithCash

v 2 ATM & init & idle -

i t

S ATM.ATM_A.C.atm_sm.state . . - Abmarhiroats A
@ ATM.ATM_A classDiag

S§ ATM.ATM_R.C.atm_sm.acti | ¥ ejectCarddithoutCash |/l % Transaction
S ATM.ATM_R.C.atm_sm.idle.i
S ATM.ATM_R.C.atm_sm.state
?.ATM.ATM_R.cIassDiag - ===,
s s ATM.packageDiag , P

» % ATM_unlifted

» = ATM_unlifted.eventB

» =% ATM.eventB

Previous value

» | &, A
7

Parameter(s)
© insertCard '

© init |
@ ejectCardWithCash

© Transaction |
@ ejectCardWithoutCash -
© offline | ™ History 52 \_
@ online ATM_R

& pinEntered | (uninitialised state)
P INITIALISATION 2,0,2,2
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Animation Example: ATM (initialisation
b Event-B 2\ [2 Rodin Pro| = O|(id) ATMATM.RCatm.sm.s &30 ) ATMATM RCatm_sm.a | ™1

| v

] ] o 2 ejectCardWithCash

v ]gATM & init e idle -
‘ ¢ t
§ ATM.ATM_A.C.atm_sm.state .—> Aokt [ ot
@ ATM.ATM_A classDiag ;

2

§ ATM.ATM_R.C.atm_sm.acti i ejectCorddithoutCash /], % Transaction

S ATM.ATM_R.C.atm_sm.idle.i
S ATM.ATM_R.C.atm_sm.state
@ ATM.ATM_R.classDiag
= » ATM.packageDiag ] State 83\ & & 7 =0
> 2 ATM_unlifted
» =% ATM_unlifted.eventB
» =% ATM.eventB

Name | Previous value
v - ATM_A
G
atm_sm
ATM_R
active_sm
idle_sm

Parameter(s)
@ insertCard ' S

P init (x2) |C_SET1 s

I eCERICRA invariantok
© Transaction |
@ ejectCardWithoutCash =
@ offline | ] History 23\
@ online ATM_R ATM_A

@ pinEntered | INITIALISATION INITIALISATION
(uninitialised state)

Lo
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Animation Example: ATM (animation I)

b Event-B Lo ATM.ATM_R.C.atm_sm.a ]"1 =T mlj

e dnit |Tiﬁe{
[C_SET2] % ejectCardeithCash

[C_SETI] | % insertCard \¢ active

instances —
| C.sem1

S ATM.ATM_R.C.atm_sm.idle.i¢

S ATM.ATM_R.C.atm_sm.statel|

@ ATM.ATM_R.classDiag -

a » ATM.packageDiag [ State 83\

3 lgATM_unlifted w Narne Value Previous value
> = ATM_unlifted.eventB v+ ATM A
» = ATM.eventB c | {C_SET1}
) =
e atm_sm {(C_SET1wridle)}

| = - J
] Events 83\ =l ATM_R

el | R o || B active_sm -
Event e—— idle_sm {(C_SET1ravailable)}
C {C_SET1}

P> insertCard C_SET1
P init 'C_SET2 atm_sm {(C_SET1widle)}

R el | ivariantok

© Transaction '

@ ejectCardWithoutCash
| f .

b offiine |C_SET1 = History 88 \__

@ online ATM_R ATM_A

@ pinEntered ||| init init
INITIALISATION INITIALISATION

(uninitialised state)

% ejectlardWithouvtlash 1 % Transaction

:epio
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b Event-B 28\[:_ Rodin Pro] = A)

o<l @t
| |o

v 2 ATM
S ATM.ATM_A.C.atm_sm.state
@ ATM.ATM_A.classDiag
S ATM.ATM_R.C.atm_sm.acti
S ATM.ATM_R.C.atm_sm.idle.i
S ATM.ATM_R.C.atm_sm.state
@ ATM.ATM_R.classDiag
= = ATM.packageDiag

> = ATM_unlifted

» = ATM_unlifted.eventB

b = ATM.eventB

Parameter(s) |

P insertCard C_SET2
@ init

@ ejectCardWithCash

@ Transaction

@ ejectCardWithoutCash

(ARMADSRCREEREER & A™MATM R Catm sma )™

= E\

%5 ejectlardWithCoash

4 idle

| % insertCard
Instances

. C_SET2
A % e)ectCardwithoutCash

—
-

4 active
Instances |

c.sem

% Transaction

Value

{C_SET1,C_SET2}
active),(C_SET2ridle)}

active_sm
~ idle_sm {(C_SET2»available)}
C {C_SET1,C_SET2}
active),(C_SET2»idle)}

Previous value

{C_SET1}
{(C_SET1ractive)}

{(C_SET1mawaitingPin)} {(C_SET1mawaitingPin)}

2
{C_SET1}
{(C_SET1»active)}

P offline
@ online
> pinEntered

C_SET2

C_SET1

ATM_A
init

insertCard insertCard

init

init
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Animation Example: ATM (animation I
b Event-B 52\ [2 Rodin Pro| = B’ W ATMATM_R.C.atm_sm.i |™1 =)

e~
] 1 ] o 4 swnitingPin 4 pirEntered |4 validating 4 Transoction (4 dispensing

=
Instances
Y 2 ATM lr . C_SET1
S ATM.ATM_A.C.atm_sm.state
m ATM.ATM_A.classDiag % inserpCard % ejectlarcWithoutCash % ejectlarcdWithCash
§ ATM.ATM_R.C.atm_sm.active| . .
S ATM.ATM_R.C.atm_sm.idle.ic ’ .
S ATM.ATM_R.C.atm_sm.statel|
@ ATM.ATM_R.classDiag -
s » ATM.packageDiag [ State 33\
> Ig ATM_unlifted Name Value Previous value
» =% ATM_unlifted.eventB A ’

v ATM_A
» = ATM.event8 — C {C_SET1,C_SET2} {C_SET1}

atm_sm active),(C_SET2w»idle)} {(C_SET1w»active)}
ATM_R
D | B active_sm {(C_SET1mawaitingPin)} {(C_SET1mawaitingPin)}
' idle_sm {(C_SET2mavailable)} 2
Parameter(s) =
b insertCard C_SET2 {C_SET1,C_SET2} {C_SET1}
@ init active),(C_SET2ridle)} {(C_SET1ractive)}
@ ejectCardWithCash
@ Transaction
@ ejectCardWithoutCash
P offline \C_SET2
@ online
P pinEntered (C_SET1

—
el

ATM_A
init
insertCard insertCard

init init
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b Event-B SS\L,_ Rodin Pro} =)

E<f|EgE~

] |@
v 2 ATM
S ATM.ATM_A.C.atm_sm.statelr
@ ATM.ATM_A classDiag
S ATM.ATM_R.C.atm_sm.active
S ATM.ATM_R.C.atm_sm.idle.i¢
S ATM.ATM_R.C.atm_sm.statel|
@ ATM.ATM_R.classDiag
s « ATM.packageDiag

» 2 ATM_unlifted
» =% ATM_unlifted.eventB
» = ATM.eventB

T4 »

(C] Events 23\

=D\

ne fh [T - |- |-

v | L, v
5~

Event
P insertCard

@ init

@ ejectCardWithCash

P Transaction |C_SET1
P ejectCardWithoutCash C_SET1
P offline |C_SET2
@ online

@ pinEntered

Parameter(s)
C_SET2

(ADARMRGRIIAEN @ AT ATMR Catm smi | ™

ingPi inEntered T 43 : :
< owoitingPin ¢ pinEnte -¢ validating ¥ Transac on <4 dispensing
b { g

. CSEM1 |

o e)ect(ar&thout(ash % ejectlarcWithCash

X

7 State 53\

Name Value Previous value

v ATM_A
(& | {C_SET1,C_SET2} {C_SET1,C_SET2}
atm_sm pactive),(C_SET2w»idle)} .»active),(C_SET2»idle)}
- ATM_R |

active_sm {(C_SET1w»validating)} C_SET1»awaitingPin)}
idle_sm {(C_SET2»available)}]  {(C_SET2w»available)}
C {C_SET1,C_SET2} {C_SET1,C_SET2}
atm_sm mactive),(C_SET2widle)} .»active),(C_SET2widle)}

f= History 23\

ATM_R
pinEntered
init init
insertCard insertCard

ATM_A
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Animation Example: ATM (animation V)
b Event-B SS\L,_ Rodin Pro] )@ AT™. ATM_R.C.atm_sm.a Ml

Elﬁﬂ"’"[?v ¢_-onl1ne

] ]0 . 2 init

v EZATM lr _ , & ovailsble # offline (4 notAvalishld
$ ATM.ATM_A.C.atm_sm.state .*' ¢jectioratithCosh
@ ATM.ATM_A classDiag 11 cser
S ATM.LATM_R.C.atm_sm.activel
S ATM.ATM_R.C.atm_sm.idle.i¢ . ojcctCardiithoutCashT I;g_ insertCard .
S ATM.ATM_R.C.atm_sm.statel| —
@ ATM.ATM_R.classDiag
a a ATM.packageDiag ] State 33\
5 IgATM_unlifted Name Value Previous value
» = ATM_unlifted.eventB v ATM A

P AL LLLL N — C . {C_SET1,C_SET2) {C_SET1,C_SET2}
- - atm_sm pactive),(C_SET2w»idle)} .»active),(C_SET2»idle)}
] Events 23\ Ll ~ ATM_R |

ne L | Te - | 0~ | v D | By active_sm {(C_SET1»validating)} C_SET1»awaitingPin)}
e re—s idle_sm {(C_SET2»available)}]  {(C_SET2w»available)}
P insertCard C_SET2 C {C_SET1,C_SET2} {C_SET1,C_SET2}
@ init atm_sm pactive),(C_SET2ridle)} .»active),(C_SET2w»idle)}

© ejeciCardWithCash | ivariantok

P Transaction |C_SET1

P ejectCardWithoutCash C_SET1
| ( .

P offline |C_SET2 T History 23\

@ online ATM_R ATM_A

@ pinEntered | | pinEntered

init init

insertCard insertCard
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|~

] |@

v 2 ATM
S ATM.ATM_A.C.atm_sm.state
@ ATM.ATM_A classDiag
S ATMLAATM_R.C.atm_sm.acti
S ATM.ATM_R.C.atm_sm.idle.i
S ATM.ATM_R.C.atm_sm.state

b Event-B 52\ [2: Rodin Pro| = O|((d) ATMATM.RC.atm.sm.s £30 ) ATMATM_RCatm_sm.i |1 ==l

4 cjectCardWithCash

% insertCord 4 active
S

/ L " .
; Thansaction
. C_SET e
4 ejectCardwithoutCash lc" -|
A

@ ATM.ATM_R.classDiag

s « ATM.packageDiag

$+° -0

» 2 ATM_unlifted
» = ATM_unlifted.eventB
» = ATM.eventB

T4 »

& 5 )
™ Events 23\ ==l ~ ATM_R

mlB R | B active_sm
idle_sm

Event Parameter(s)

b insertCard C_SET2 <
e init i at m_sm

Value Previous value

} {C_SET1,C_SET2} {C_SET1,C_SET2}
pactive),(C_SET2w»idle)} .»active),(C_SET2w»idle)}

!
{(C_SET1w»validating)} C_SET1»awaitingPin)}

i {(C_SET2»available)}]  {(C_SET2w»available)}
{C_SET1,C_SET2} {C_SET1,C_SET2}
mactive),(C_SET2widle)} .mactive),(C_SET2widle)}

@ ejectCardWithCash
P Transaction |C_SET1
P ejectCardWithoutCash C_SET1

b offiine cset2 ||[3 History 3\

@ online ATM_R
@ pinEntered [ ||| pinEntered
init

j insertCard
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b Event-B 23\[:_: Rodin Pro] =T Tmy

<~

) |o

v 2 ATM
S ATM.ATM_A.C.atrn_sm.statellT
@ ATM.ATM_A.classDiag
S ATMLATM_R.C.atm_sm.active
S ATM.ATM_R.C.atm_sm.idle.i¢
S ATM.ATM_R.C.atm_sm.statel|
@ ATM.ATM_R.classDiag
a » ATM.packageDiag

» = ATM_unlifted

> =% ATM_unlifted.eventB

» = ATM.eventB

T4 »

¢ —9
'™ Events 23\ =l

e L | To~|owv | o
Parameter(s)
C_SET2

L.
v \1?'
| “»

Event
P insertCard

@ init

b ejectCardWithCash
@ Transaction ;
@ ejectCardWithoutCash

- offline |C_SET2
@ online

@ pinEntered

C_SET1

(DATMATMRCRISINEIN. @ A™ATY R Catm smi ™

=) E\

4 oweitingPin 5 pinEntered 4 wvalidating ¥ Transaction |4 dispensing
- g’ . - Il
. CSET1 |

e 3 eject(ar%ﬂsh

o ejectCarcWithoutCash

|

Value Previous value

{C_SET1,C_SET2} {C_SET1,C_SET2}
pactive),(C_SET2»idle)} .»active),(C_SET2»idle)}

ATM_R |
active_sm {(C_SET1ndispensing)} {(C_SET1w»validating)}
idle_sm {(C_SET2»available)}  {(C_SET2wavailable)}
C {C_SET1,C_SET2} {C_SET1,C_SET2}
atm_sm mactive),(C_SET2widle)} .»active),(C_SET2widle)}

‘5 History 23\

ATM_R
Transaction
pinEntered
init init

ATM_A
Transaction
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Animation Example:ATM (animation VIII)

b Event-8 SZ\L,_ Rodin Pro} B

a<fi|gE v

|@

v 2 ATM
S ATM.ATM_A.C.atm_sm.state
@ ATM.ATM_A.classDiag
S ATM.ATM_R.C.atm_sm.acti
S ATM.ATM_R.C.atm_sm.idle.i
S ATM.ATM_R.C.atm_sm.state
@ ATM.ATM_R.classDiag
= = ATM.packageDiag

> = ATM_unlifted

» = ATM_unlifted.eventB

» = ATM.eventB

(ARG @ ATV AT R Catm smi ]| ™

B\

4 awaitingPin ¢ pinEntered & validating % Transaction |4 dispensing

% ejectlarcWithoutCash

¥

H5 ejectardWithCosh

Value Previous value

{C_SET1,C_SET2} {C_SET1,C_SET2}

ATM_R

Parameter(s)
P insertCard (x2) C_SET1
@ init
@ ejectCardWithCash
@ Transaction |
@ ejectCardWithoutCash
P offline (x2) 'C_SET1
@ online
@ pinEntered

active_sm @ (C_SET1wndispensing)}

idle_sm

G {C_SET1,C_SET2} {C_SET1,C_SET2}

atm_sm

i»ldle),(C_SETZ»idle)) active),(C_SET2ridle)}

2)(C_SET2w»available)} {(C_SET2w»available)}

1vidle)(C_SET2ridle)} active),(C_SET2widle)}

(=] History 23\

ATM_A
ejectCard

Transaction

ATM_R
ejectCardwithCash

Transaction

pinEntered
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Animation Example: ATM (animation IX
b Event-B 2 \_[2 Rodin Pro| = O|(ld) ATM.ATM_R.C.atm_sm.a Ml =)

E]qj|@@v 31{50«%1:’.1‘51:

]-—]0 . 2 init

v 2 ATM lm

¢xmil.l.ble % offline & notAvalisble

$ ATM.ATM_A.C.atm_sm.state R
@ ATM.ATM_A classDiag . C_SET2
§ ATM.ATM_R.C.atm_sm.active| . CSen

s ATM.ATM_R.C-atm_Sm.id'e.l‘ . ejectc"“’_‘mcash ,¢_ innrt(ord\ .
S ATM.ATM_R.C.atm_sm.statel| <

@ ATM.ATM_R.classDiag -
a a ATM.packageDiag [ State 83\

> = ATM_unlifted w re— Value Previous value

» = ATM_unlifted.eventB A ATM A
> W5 ATM.events X C {C_SET1,C_SET2} {C_SET1,C_SET2}
-~ ; - atm_sm 1»idle)(C_SET2»idle)} active),(C_SET2w»idle))
O - ATM_R
. active_sm 2 (C_SET1w»dispensing)}
idle_sm 2)(C_SET2r»available)} {(C_SET2»available)}
Parameter(s)
b insertCard (x2) C_SET1 C {C_SET1,C_SET2} {C_SET1,C_SET2}
@ init atm_sm ;»idle),(C_SETZ»idle)} active),(C_SET2ridle)}
® ejecCardWihCash invariantok
@ Transaction
@ ejectCardWithoutCash -
P offline (x2) 'C_SET1 T History 23\
@ online ATM_R ATM_A
@ pinEntered ejectCardWithCash ejectCard
Transaction Transaction
pinEntered

Rodin User and Developer Workshop 2010, DUsseldorf




Animation Example:ATM (animation X
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b Event-B 23\[:; Rodin Prow =Ta))
<&~

| |o

v 2 ATM
S ATM.ATM_A.C.atm_sm.state
@ ATM.ATM_A.classDiag
S ATM.ATM_R.C.atm_sm.activel
S ATM.ATM_R.C.atm_sm.idle.i¢
§ ATM.ATM_R.C.atm_sm.statel|
@ ATM.ATM_R.classDiag
= « ATM.packageDiag

» 2 ATM_unlifted

» = ATM_unlifted.eventB A

b = ATM.eventB v

== - Tal»
™ Events 23\ Ty

el | R~ |- |y -3
Event Parameter(s)
P> insertCard (x2) C_SET1
© init |
@ ejectCardWithCash
© Transaction |
@ ejectCardWithoutCash
P offline (x2) 'C_SET1
@ online |
@ pinEntered |

|

(ADARMRGRIRAEN © AT ATMR Catm smi | ™

25 ejectardWithCash

4 active

o

B insertCard

/'

& ejectCardithoutCash

% Transaction

v

ATM_A
C
atm_sm
ATM_R
active_sm
idle_sm
C
atm_sm

Value

| {C_SET1,C_SET2}

Previous value
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Summary

Developing a useful tool that extends the functionality of other Rodin
tools is relatively easy

State-machine Animation elaborates the visualisation of UML-B
diagrams with the aid of ProB Animator

Animation and verification of Event-B models becomes more obvious

Future Plans

Maintain Animation tool after the realisation of UML-B refactoring
plans

Consolidate Class diagram animation ideas and integrate them into
existing Animation tool

o [ aplo 1%
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Thank You!

Rodin User and Developer Workshop 2010, DUsseldorf



