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 Problem: large and complex models and proofs

e Some solutions : Refinement, Generic
Instantiation, Decomposition

e Decomposition in Event-B :

" Model Decomposition

= Atomicity Decomposition : a technique augmented to
Refinement in Event-B



event E21
where
@grd1l VareE21 = FALSE
then

@actl VarE21 := TRUE
end

event E22
where
@grd1 VarE21 = TRUE
@grd2 VareE22 = FALSE
then
@actl VarE22 := TRUE
end

event E23 refines E1
where
@grd1 VareE22 = TRUE
@grd2 VareE23 = FALSE
then
@actl VarE23 := TRUE
end
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[ Root, abstract event, is decomposed into sub-events]
[ Eventl ]

[ dashed line: refine skip] - [ solid line: refinement relation]
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[ The sub-events are read from left to right and indicate sequential control ]

* Butler, M. (2009) Decomposition Structures for Event-B. In: Integrated Formal Methods iFM2009, Springer, LNCS 5423.



EventB

Translation Rules

[ EventA
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EventC
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( _event EventB

where
@grd1 EventB_Bool = FALSE
then
@actl EventB_Bool := TRUE
end

event EventC
where
@qgrd4 EventB_Bool = TRUE
@grd2 EventC_Bool = FALSE
then
@actd EventC_Bool := TRUE
end

event_EventD refines EventA
where
@grgi EventC_Bool = TRUE
@qgrd2_EventD_Bool = FALSE
then
@actl EventD_Bool := TRUE
end




Translation Rules

| event EventB

[ EventA(pl) ]

EventB(p1l) EventC(pl)]

[EventD(pl)]

Invariants

@inv®& EventD € EventA

any pl
where
@grdl pl1 € PARAMETERS | EventB
then
@acti.EventB := EventB U {pl}
end

event EventC
any pl
where
@grd1pl € EventB | EventC
then
@actlE&ventC = EventC U {pl}
end

event EventD refines EventA
any pl
where
@grd1pl € EventC | EventD
then
@actl EventD := EventD U {p1}
end
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[ EventA ]

event EventB refines EventA
where

OR @grdl - - -
end

event EventC refines EventA
EventB EventC where

end




EventB(p1l)

[ EventA(p1l) ]

Event.C(pl)]

Loop

[EventD(pl)

event EventB
any pl
where
@grdl pl1 € PARAMETERS | EventB
then
@actl EventB := EventB U {p1}
end

event EventC
any pl
where
@grd1(pl € EventB | EventD
then
@actl . ..
end

event EventD refines EventA
any pl
where
@grd1(pl € EventB | EventD
then
@actl EventD = EventD U {p1}
end




EventB(p1l)

[ EventA(p1l) ]

Replicator, All

EventC(p1, p2)

[EventD(pl)]

event EventB
any pl
where

@grd1l pl € PARAMETERS | EventB
then

@actl EventB := EventB U {p1}
end

event EventC
any pl, P2
where
@grd1l pl € EventB
@grdZ pl~p2 € EventC
then
@actl EventC := EventC U {pl~p2}

oand
A\ R AW |

event EventD refines EventA
any pl
where
@grdl pl & EventD
@grdZ vp2. pl~p2 € EventC
then

@actl EventD = EventD U {p1}
end .




[EventB(pl)

Replicator, Some

[ EventA(pl) ]

EventC(pl, p2)

EventD(p1)

event EventB
any pl
where
@grdl pl e PARAMETERS | EventB
then
@actl EventB = EventB U {p1}
end

event EventC
any pl, P2
where
@grdl pl £EventB
@grd2 pl~p2 € EventC

then
@actl EventC := EventC U {p1~p2}
WAV LL L=V UliIlN LV UlIWLY Lr.l-l- PLJ
end

event EventD refines EventA
any pl
where
@grdl pl & EventD
@qgrdZ 3p2. pl~p2 € EventC
then
@actl EventD := EventD U {p1}
end
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Qedia Channel SysteD

establishMediaChanneI] [ modify ] [ close

o 15t Refinement: Breaking the Atomicity of Establish
Media Channel

o 2 Refinement: Breaking the Atomicity of Modify
Media Channel

o 3'd Refinement: Breaking the Atomicity of Close Media
Channel

* Pamela Zave and Eric Cheung. Compositional Control of IP Media. IEEE Trans. Software Eng., 2009.
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Multi Media Protocol, Close

—/

[closeRequest

closeRequestAtol || closeRequestitoA

-
-
-
-
-
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-

closeAck

or

closeAckAtol ]

closeAckltoA

A

()

e Guard Lines (pre-condition)
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Multi Media Protocol, Modify

modify

modifyBySelector

modifyCodecByinitiator modifyCodecByAcceptor
modify
==
modifyCodecByDescriptor respondBySelectortoCodes

modifyCodeclListBylnitiator modifyCodecListByAcceptorI respond BySeIectortoInitiatorCodes][ respondBySelectortoAcceptorCodes

()
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Space craft, Development Architecture

extends
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Space Craft, Atomicity Decomposition

BepiColombo(tc)

[ ReceiveTC(tc) ] TC_Validation_Ok(tc) ] TCValid_GenerateData(tc) [TCVaIid_RepIyDataTM(tc) ]
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R g [ TC_Ge)‘uerate Data_i n:Device(tc, d) ] TC_TransferData_Device_to_Core(tc)

/7 <
7/ \ \\
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y ~

[TCCheck_Ok(tc) ] TCExecute_Ok(tc) [TCExecOk_RepIthrITM(tc) ]

OR

[TCCore_Execute_Ok (tc)] [TCDevice_Execute_Ok (tc) ]

SendTC_Core_to_Device (tc) CheckTC_in_Device_Ok (tc) || SendOkTC_Device_to Core (tc) @ '©




Atomicity Decomposition Plug-in in

Rodin Platform

EMF/Emfatic

AD EMF
Meta Model

% Event-B EMF
Meta Model

Rodin DB

Automatic Event-B model generation
Decrease modelling effort

Reusability via patterns

Overall view of the refinement process
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Overview of refinement process

Visual refinement strategy

Explicit events ordering in Event-B model
Evaluation via couple of complex case studies
Reusability via refining patterns and constructs
Tool support and automatic model generation
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Questions ?
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