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Motivation

Discovering/Ascertaining properties of the system

Example Property: Lift Controller System
After OpenDoor:

Allowed events: CloseDoor and PushCallBtn
Disabled events: MoveUp, MoveDown, etc.

Animation

Scenario analysis

Hierarchical Representation:
Easier to ascertain properties just by quick visual inspection.
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Hierarchical Visual Representation

INV

dirUp = FdirUp = T

doorOpen=F

doorOpen=T

cf = botFloor

cf=topFloor

cf < topFloor

cf > botFloor

INV

doorOpen=T doorOpen=F

dirUp=T dirUp=F

cf=topFloor cf<topFloor cf=botFloorcf > botFloor

States

Transitions

Pre-state and Post-state

Transition Guards

Transitions originating from a superstate

Transitions terminating in a superstate

Our Goal: Generate Hierarchical
Representation from Event-B model

State-partition Tree



Lift Controller: Event-B Model

Constants:
botFloor , topFloor
Variables:
cf , doorOpen, callbtns,
dirUp
Axioms:
botFloor ∈ Z, topFloor ∈ Z
botFloor < topFloor
Invariants:
doorOpen ∈ BOOL
callbtns ⊆

(botFloor ..topFloor)
dirUp ∈ BOOL
(doorOpen = T )
⇒ (cf ∈ callbtns)

cf ∈ (botFloor ..topFloor)

Initialisation =̂
begin
cf := botFloor
doorOpen := F
callbtns := ∅
dirUp := T
end
PushCallBtn =̂
any f where
f ∈ topFloor ..botFloor
f /∈ callbtns
f 6= cf
then
callbtns := callbtns ∪ {f }
end

OpenDoor =̂
when
doorOpen = F
cf ∈ callbtns
then
doorOpen := T
end
CloseDoor =̂
when
doorOpen = T
then
doorOpen := F
callbtns :=

callbtns\{cf }
end
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Lift Controller: Event-B Model - II

MoveUp =̂
when
dirUp = T
doorOpen = F
upRequested
cf < topFloor
cf /∈ callbtns
then
cf := cf + 1
end

MoveDown =̂
when
dirUp = F
doorOpen = F
downRequested
cf > botFloor
cf /∈ callbtns
then
cf := cf − 1
end

ReverseUp =̂
when
dirUp = F
doorOpen = F
upRequested
¬downRequested
cf /∈ callbtns
then
dirUp := T
end

ReverseDown =̂
when
dirUp = T
doorOpen = F
¬upRequested
downRequested
cf /∈ callbtns
then
dirUp := F
end
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Interactive Generation of HASTM

INV 
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Interactive Generation of HASTM

INV 

Partitioning

Partition the state INV with predicate (dirUp = T )

Results in two substates
INV ∧ (dirUp = T ) and INV ∧ (dirUp = F )
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Interactive Generation of HASTM

INV 

dirUp=T dirUp=F
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Interactive Generation of HASTM

INV 

dirUp=T dirUp=F
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Interactive Generation of HASTM

INV 

dirUp=T dirUp=F

Strengthen the Pre-State of MoveUp transition(t)

INV ∧ t.K ⇒ (dirUp = T )

MoveUp transition is disabled for (dirUp = F )
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Interactive Generation of HASTM

INV 

dirUp=T dirUp=F
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Interactive Generation of HASTM

INV 

dirUp=T dirUp=F

Strengthen the Post-State of MoveUp transition

t.Pre(v) ∧ t.K (v , u) ∧ BA(v , u, v ′) ` t.Post(v ′)

Post-state = (dirUp = T ): Proof Obligation discharged.

Post-state = (dirUp = F ): Proof Obligation NOT discharged.
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Interactive Generation of HASTM

INV 

dirUp=T dirUp=F
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Interactive Generation of HASTM

INV 

dirUp=T dirUp=F
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Interactive Generation of HASTM

INV 

dirUp=T dirUp=F

Strengthen the Pre-State of CloseDoor transition

INV ∧ (OpenDoor = T )⇒ (dirUp = T ) is not valid

INV ∧ (OpenDoor = T )⇒ (dirUp = F ) is not valid
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Interactive Generation of HASTM

INV 

dirUp=T dirUp=F
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Interactive Generation of HASTM

INV 

dirUp=T dirUp=F

Strengthen the Post-State of CloseDoor transition

t.Pre(v) ∧ t.K (v , u) ∧ BA(v , u, v ′) ` t.Post(v ′)
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Interactive Generation of HASTM

INV 

dirUp=T dirUp=F
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Interactive Generation of HASTM

INV 

dirUp=T dirUp=F
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Automatic Generation: Main Challenge

Selection of right partitioning predicate.

Different predicate choices result in different diagrams.

INV 

dirUp=T dirUp=F

INV

doorOpen=F

doorOpen=T
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Automatic Generation of HASTM

INV

Score: Number of transitions whose pre-state can be

strengthened without splitting the transition.

dirUp = T

- ReverseUp
- ReverseDown
- MoveUp
- MoveDown
score = 4

cf = topFloor

-ReverseUp
-MoveUp
score = 2

cf = botFloor

-ReverseDown
-MoveDown
score = 2

doorOpen = T

- ReverseUp
- ReverseDown
- MoveUp
- MoveDown
- CloseDoor
- OpenDoor
score = 6
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Automatic Generation of HASTM

INV

doorOpen=F

doorOpen=T
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Automatic Generation of HASTM

INV

dirUp = FdirUp = T

doorOpen=F

doorOpen=T
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Automatic Generation of HASTM

INV

dirUp = F

dirUp = T

doorOpen=F

doorOpen=T

cf < topFloor

cf=topFloor
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Automatic Generation of HASTM

INV

dirUp = FdirUp = T

doorOpen=F

doorOpen=T

cf = botFloor

cf=topFloor

cf < topFloor

cf > botFloor
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Automatic Generation Algorithm

function Main()
BuildPrimitiveHASTM()
PartitionAbstractState(I )
for transition t in T

StrengthenPostState(t)
StrengthenPostState(t0)

function BuildPrimitiveHASTM()
v := variables of M
Σ := Event signatures of M
I := Conjunction of invariants of M
S := {I}
� : = ∅
T := {〈Evt : Em, Pre : I ,K : Gm,

Act : Actm, Post : I〉|m ∈ 1..r}
t0 := 〈Evt : init, Pre : Null,

K : True, Act : Act0, Post : I〉
function PartitionAbstractState(X : abstract state)

p : =SelectPredicate(X )
if p = Null

return
X1:= AddSubState(X , p)
X2:= AddSubState(X ,¬p)
PartitionAbstractState(X1)
PartitionAbstractState(X2)

function AddSubState(X : abstract state, q: predi-
cate)

X ′(v) := X (v) ∧ q(v)
S := S ∪ {X ′}
�:=� ∪{X 7→ X ′}
for t in T such that t.Pre = X

if (X (v) ∧ t.K(v, u)⇒ q(v))
t.Pre := X ′

t.K = K ′

return X ′

return X ′

function SelectPredicate(X : abstract state)
score := ∅ //score ∈ P → N
for p in P

if X (v) already has conjuct p(v) or ¬p(v)
continue

eT :=

{
t ∈ T

∣∣∣∣ t.Pre = X and t is amenable
to partitioning of X with p

}
score(p) := |eT |

if score = ∅
return Null

bestPred :∈ arg maxp score(p)
if score(bestPred) = 0

bestPred := Null
return bestPred

function StrengthenPostState(t: transition)
Y = {Y ∈ S|t.Post � Y}
if Y = ∅ //t.Post is a basic abstract state

return
for Y in Y

if

 proof obligation for

{t.Pre}
t.Evt[t.K ]/t.Act
−−−−−−−−−−→ {Y}

is discharged


t.Post := Y
strengthenPostState(t)
break

return



Alternate View

INV

dirUp = FdirUp = T

CloseDoor
OpenDoor

doorOpen=F

cf>botFloor

cf<topFloor

MoveUp

MoveUp

MoveDown

MoveDown

ReverseDown

ReverseDown

ReverseUp

ReverseUp

doorOpen=T

cf=topFloor

cf<topFloor

cf=botFloor

cf=topFloor

cf>botFloor

cf=botFloor

PushCallBtn

Init
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Related Work

From visual specifications to B models.

[Ledang and Souquières, 2002, Sekerinski and Zurob, 2002,
Snook and Butler, 2006, Snook and Butler, 2008]

Structured Event-B. [Hallerstede, 2010]

ProB: [Leuschel and Butler, 2003] Can generate state-space graph of
a B machine by traversing the state-space of the machine.

GeneSyst: [Bert et al., 2010] Builds symbolic labeled transition
systems from Event-B specifications

Supports refinement
Requires the invariants associated with the states in the transition
systems to be specified by the user.

FlowGraph: [Bendisposto and Leuschel, 2011]

Useful for uncovering implicit algorithmic structures.

Chaudhari and Damani (IITB) HASTM June 2011 26 / 32



Future Work

Implementation

Support for refinement

Partitioning the local state-space defined by event parameters.
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Thank You !!
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