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Abstract
In this paper we investigate an approach to perform a distributed
CTL Model checker algorithm on a network of workstations
using Kleen three value logic, the state spaces is partitioned
among the network nodes, We represent the incomplete state
spaces as a Maximality labeled Transition System MLTS which
are able to express true concurrency. we execute in parallel the
same algorithm in each node, for a certain property f on an
incomplete MLTS , this last compute the set of states which
satisfy f or which if they fail f are assigned the value

L .The third value L mean unknown whether true or false
because the partial state space lacks sufficient information
needed for a precise answer concerning the complete state
space .To solve this problem each node exchange the information
needed to conclude the result about the complete state space. The
experimental version of the algorithm is currently being
implemented using the functional programming language Erlang.
Keywords: Author Guide, Article, True concurrency semantics;
State space explosion problem; Distributed model checking;
three value logic.

1. Introduction

Model checking is powerful technique for verifying
reactive systems able to find subtle errors in real
commercial designs, it is gaining wide industrial
acceptance. Compared to other formal verification (e.g
theorem proving ) Model checking is largely
automatic[1][2].In our approach the application to be
verified is firstly specified by means of the formal
description technique LOTOS[3][4] . This specification is
translated, using the maximality based operational
semantics, to a graph called Maximality-based Labeled
Transition System (MLTS)[5] . This graph is used for the
properties verification.

The main limiting factor of Model checking
technique is the so called explosion problem where
translation from the specification of the application to a

state transition graph usually involves an exponential
blow-up. State space does not fit into memory or state
space fits in memory, but is too large for being explored
entirely (e.g., access to hash table becomes slower as the
number of states grows).

Three approaches has been proposed in the literature
for tackling this problem, the first one uses some
equivalence relation to reduce the number of states and
transitions in the model (bisimulation relations, alpha
reduction relation, partial order based relations,
..)[6][71[8]- The second approach consists of coding the
model in an efficient representation like binary decision
diagram (BDD) [9][10][11].

To overcome hardware limitations, a third approach
is deeply investigated currently. This approach consists of
using a cluster or a network of workstations. This last
technique has showed its efficiency since it can preserve
the result of the first and second approach with increasing
performance[12][13] [14].

In this paper we continue our work for the
parallelization of the model checking based on the
maximality semantics the first step for the parallelization
of the construction of the state space, which is modeled as
Maximality Labeled Transition System has achieved with
success, for more information we refer the reader to [14],
in this paper we present the second step which is the
parallelization of the Model checking verification
algorithm discussed in [1].

First the state graph is partitioned among the network
nodes, i.e. each network node owns a subset of the state
space. Each node executes an instance of the parallel
generation algorithm which computes partial MLTS[14].

Secondly we execute in parallel the same CTL
Model checker algorithm in each node on these
incomplete structure, this last use three value logic of

Kleen [15][16] and return L only when the partial state
space lacks information needed for a defined answer about
the complete state space. The algorithm exchange
information about Border States which is not present in
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the node to conclude the result about the complete state
space; if an arbitrary node has new information he need to
make a re-computation.To the best of our knowledge our
Algorithm of verification is the first fix point algorithm of
model checker which can be executed in parallel on
Maximality Labeled Transition System.

2. Maximality Semantics

We assume that the reader is familiar with
behavioural part of LOTOS and its interleaving semantics.

2.1 Maximality based Labeled Transition System

M being a countable set of events names, a
maximality-based labeled transition system of support
M is a quintuplet (Q, A, 1,&,w ) with :
Q=(S,T,a, ) isatransition system such that :

S the countable set of states in which the system can be.

T : the countable set of transitions indicating the change
of system states.

o and B are two functions from T to S such that : for
any transition teT ; «a(t) denotes the origin of the
transition and A (t) its goal.

(Q, A) is a transition system labeled by an alphabet A.

w .S — 2™ :is a function which associates to every state
a finite set of maximal event names present at this state.
1.T — 2™ :is a function which associates to every

transition a finite set of event names corresponding to
actions that have start their execution such that their
terminations allow the start of this transition.

&:T—>M :is a function which associates to its
transition an event name identifying its occurrence. Such

that for any transition L€ T, u(t) ey (a()) ,
St) ey (a(t)) —u(t) and
v (B1) = (w(a(t) - u(t) u{St)}

2.2 The intuition behind the Maximality semantics

The semantics of a concurrent system can be
characterized by the set of states of the system and
transitions by which the system passes a state to another.
In the approach based on the maximality, transitions are
events that only represent the beginning of the execution
of actions. Consequently, the concurrent execution of
several actions becomes possible; hence we can
distinguish sequential executions and parallel executions

of actions. Being given that several actions have the same
name can be executed in parallel (auto concurrency), we
associate, to distinguish the executions of each action, an
identifier to every beginning of the execution of that
action. In a state, an event is said maximal if it
corresponds to the beginning of the execution of an action
that can be possibly always executing in this state. In order
to illustrate this semantics let us consider the following
example :

F=a;b;stop[]b;a;stopE=a;stop]||b;stop
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Fig.1 F=a;b;stop[]b;a;stop.
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Fig.2 E=a;stop ”l b ; stop

Fig.1 represents the MLTS of the LOTOS behavioral
expression F and Fig.2 represents the MLTS of the

LOTOS behavioral expression E . Itis clear that in states
2 and 4 of Fig.2 actions a and b are currently executed
in parallel this fact is represented by the presence of the
two event names X and Y in each states . However, in

states 2 and 4 of Fig.1, only one action may be in
execution, this fact is captured by the presence of one
event name in each state. A detailed presentation of the
maximality semantics can be found in .

The maximality based operational semantics of
LOTOS is defined on configurations associated to
behavior expressions. For illustration, let us reconsider the
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behavioral expressions E and F . In the initial state, no
action has been executed again, therefore the sets of
maximal event names associated to the initial states are
empty, hence the initial configurations associated to the

behavior expressions E and F are ,[E] and ,[F].

So a configuration represents a state. When applying the
maximality base operational semantics, the following
derivations are possible :

@by

el LIstopl|ll, [b;stop] e m
,[stop]|ll, [stop] (1)

X (respectively Yy ) being the name of the event
identifying the beginning of the action "a ™ (respectively
"b ™). Note that nothing can be concluded on the

termination of the two actions a and b in the
configuration :

«Lstop]|ll, [stop] (2)
X and Y are said maximal in this configuration. Let's

note that X is also maximal in the intermediate state
represented by the configuration:

«[stop] ||l [b;stop] (3)

For the implementation we can implement events as
integer.

Definition 1. A Kripke structure M is a tuple
(S,L,R,1) , where S is a finite set of states,
L:Sx AP — {true, false} is an interpretation that
associates a truth value in {true, false} with each
atomic proposition P e AP the set of all atomic
proposition, for each state in S, RcSxS is a
transition relation on S, and | = S is a set of initial
states.

3. Maximality Labeled Transition System as
Kripke Structure

let M=( Q,A &y ) be an MLTS such that
Q=(S,T,a,p) and let K=(S,L,R,1) be a kripke

structure, it is clear to see that if we take from M the
maximal events as atomic proposition we can consider M

as a kripke structure defined by : (S,w,T,1).

Example 1. : we take the example of the MLTS in Fig.2
this MLTS can be seen as kripke structure like this :

o YN :
\@/’

Fig.3 The MLTS of E =a; stop ||| b ; stop as Kripke structure

The atomic propositions are based on the content of states,
since we can define each state as a function:

This function answer the question: "is the arbitrary action
"a" currently executed in the state i?" to make an idea let
consider the MLTS of Fig 2:

state,(a) = True; state, (b) = True
Whereas:
state, (a) = True; state, (b) = False

for example if "a" = A-InCriticalSection and "b" = B-
InCriticalSection we can see that the state 2 violate the
principle of mutual exclusion ( safety property : some
thing bad never happen ) . We make the remark that the
model of MLTS is very rich of information and also can
be used for the scheduling in multiprocessor platform,
since it represent also the dependence between action. The
main advantage is that this graph can be generated
automatically by a compiler. Our use of MLTS here as
logical Model for verification is very simple than
scheduling since we don't need all the information
contained in it.

Definition 2. Let M =(S,L,R, 1) a Kripke structure,

the set of border states in M is
border(M)={seS|—3s.(s,s ) € R}.[19]

Definition 3. Let M =(S,L,R,lI) be a Kripke
structure, T < S . We define the partial kirpke structure
® ,(T)=(5; L;,R;, ;) as follows:

S, ={s|seTords eT:(s,s)eR}
Ry ={(s,s,) eR[s, €T s, €5}
I; ={seS;|sel}

L, :S; x P — {false, L, true}
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We call the partial Kripke structure @ |, (T) a
fragment of M , the states in the set T are all present in
the Node and S; —T is the set of border states of
® ,(T) ie border (® ,,(T) ) . From the definition
of R; we can see that the fragment ® ,, (T) know all
the immediate successors of the states present in the node
i.ein T [19]. The truth function L; for the fragment of
M and a CTL formula ¢ is a total function

L; :Sx¢p —>{True, L, False}.
L, (s,p) =True iff M,sllp and L, (S,¢) = False

iff M, sl/lp we use L;(S,¢) =L if we don't know the

truth value at certain stage of computation of the truth
function for example in the start of computation of the
truth on border states.

The truth function on the complete Kripke structure M is
a total function L:Sx¢@ —{True, False}. since all
the information for the computation needed are available
we don't need the third value unknown represented by L .
Definitions .4 Let M =(S,L,R,I) be a Kripke

structure,and @ |, (Z) afragmentof M we define :
T(p) ={seS|L(s, p) =true}
U(p)={seS|L(s, p)=1}
F(p)={seS|L(s, p) = false}

for seT,inT(s)=(1,s)
for seU,inU(s) =(L,s)
for se F,inF(s) =(0,s)

T7(p) ={inT(s)[ Vs eT(p)}

U™ (p) ={inU(s)| vseU(p)}

F*(p) ={inF(s)[ Vs e F(p)}
S*(p)=T"(p)wU (p)UF"(p)

Ve, e, €S" wehave &Be, iff snd(e,) = snd(e,)

We Interpret the logical operators A and V on
partial kripke structure using Kleene's three value logic .
An accurate and compatible interpretation of Kleene's
connectives was given by Korner [15].Korner defined the
notion of an inexact class of a given non-empty domain A
generated by a partial definition D(P ) of a property P of

elements of A as a three-valued "characteristic function'
X, A—>{-1,01}
X, (@)=
—1 wherP (a)accordintp D(P) is false
0 wherP(a)isD(P)—undecidadl
1 wherP (a)accordinp D(P)istrue

Any family of inexact classes of a given domain A is a de
Morgan lattice, the algebraic operations U, and — :

(XuY)(@)=max{X(a),Y(a)}
(X nY)(@) =min{X (a),Y (a)}
(—=X)(a) =-X(a)

being counterparts of the Kleene connectives[15]. We now
consider our theory based on the theory mentioned above :

Let B | ={false, L, true}.
Let (B |, <) beatotal order such that :
false <1< true

Ve ,e, € S” inthe case when €Be, we have :

e, A€, =(min(fste, fste,),snd e)
e, ve, =(max(fste, fste,),snd e )
Let ScS" and G <= S* we define:

S(G ={e, ne, | Ve, €8S,Ve, €G suchthat e,Be,}
S/ G ={e, | Ve, € S and Ze, € G such that e Be,}
v {e,| Ve, eGand Ae €S suchthateBe,} U
{e,ve,|Ve €S,3e, € Gsuchthat eBe,}

Let succ be a function defined as follow :
succ: St — 2%
succ(e) ={e " |(snd(e),snd(e)) € R}

4. CTL model checking on fragments

Theorem.1 Given M =(S,L,R,lI) a fragment of
Kripke structure and a CTL formula, the following
recursive algorithm compute the set of states H(f) < S

which satisfy f or it may satisfy f and exclude all
states which not satisfy f .

1JCSI
www.lJCSl.org



1JCSI International Journal of Computer Science Issues, Vol. 7, Issue 3, No 1, May 2010 5

www.l1JCSl.org

«H(p)=T"(p)wU "(p) suchthat p is an atomic
proposition
* H(-) ={inT(s)| s (S—maygsnd H(f)) } " (f)
*H(fAg)=H(f)H(g)
-« H(fvg)=H(f) H(g)

H(AXf) =
({InT(snd(e))| Vee S™(f).succ(e) =T *(f)c H(f)}
w{inU(snd(e))| Ve e S (f).succ(e) c (T (f)uU™(f))
and Je esucc(e) such that e (f)})

{inU(s)|s eborder(M)}

H (EXf ) = ({InT (snd (e)) | Ve e S*(f).3e e succ (e)and e *(f)}
U

{inU (snd (e)) |[Vee S*(f).succ (e)c U (f)c H(f)}

[

{inU (s)|s e border (M)}

« H(AGF) = vZ.(H(f) [AXZ)

« H(AFf) = uZ.(H ()] AXZ)

-H(A(fUG)) = 1Z.(H(g)l (H(f)(AXZ))
After the application of the above recursive algorithm we
have Vs¢ H(f) = L(s, f)= false . The other

operators like EG can be all deduced from the operators
cited above, for example H(EGf) = H (—(AF-f))
for more information we refer the reader to [2].

proof

« For the atomic proposition we can see that H(p) is the
set of states where the formula hold or where the formula
may hold i.e where we are not sure that the formula is
false

« For the case of H(AXf) : The set
({InT(snd(e))| VeeS"(f).succ(e) =T " (f)cH(f)}
represent the set of states where all of there successors are
statess where the formula f holds, and the set
{inUsnde))| veeS*(f)suc) (T (f) ' (f)) and e

e succ(e)such that e (f)} represent the set of

states where there successors may satisfy f , hence this
set is the set of states where H (AXf) may be satisfied.

Furthermore because we don't know the successors of the
border states we add this sates to the result of computation

{inU(s)|s eborder(M)} because this states may

satisfy the formula H (AXf) .

« We will prove the fix point characterization of the
operators AGf , the fix point characterization for the
remaining CTL operators can be established in similar

S .
manner. The set 2  of all subset of S form a lattice

under the set inclusion ordering. Each element S of the
lattice can also be thought of as a predicate on S where
the predicate is viewed as being true or may be true L for

exactly the states in S . The least element in the lattice is
the empty set, which we also refer to as False , and the
greatest element in the lattice is the whole set S , Which
. . . S
we sometimes write as True. A function that maps 2’ 1o

2° will be called a predicate transformer. We follow the
same manner as in [2] first we can see that
7(Z) = H(f) [AXZ is monotonic, and [ -continuous
by the theorem of Tarski and Knaster we can conclude that
AGH is the great fix point of. 7(Z) = H(f) [AXZ

proposition 1:The predicate transformer
7(Z) = H(f) [AXZ is monotonic
proof

let P, < P, To show that 7(P,) = 7(P,), consider

an arbitrary sate sez(R) Then S satisfy f or it may
satisfy fie(L(s, f)=true or L(s, f)=1) ,4

for all states S such that (S’S)ER and S EPl.

Because 1S 2,5 €P aswelithus s e 7(P,)

proposition 2:The  predicate transformer
7(Z) = H(f) [AXZ is [ continuous

proof

We want to proof that 7( (P = [,z(P).

first we can see that (P (PZ)gPl because 7 is
monotonic we have 7(P, (Pz)gr(F’l) the same for
(R R) c7(R,) which mean that
(P, (P,) = (z(P) (7(P,))) more generale we have
t((;P)c (;z(P) . Furthermore we have for an
arbitrary state S € (z7(P)) rr(Pz) r...r(Pn)) this mean

that : .. - .., and Sez(PR,)..sez(P,) this mean
that: (ser(P) < s, f and Vs such that
1JCSI
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(ss)eR implies  that S € Pl) and
(se T(P”) < SDmayf and Vs such that (s,s)eR
impliesthat S € P,).

Hence sez(PR,)..sez(P,) implies s . f and

may
s e(P, er...(Pn) which mean that S e 7( (,PI) i.e

(iz(P)c([[P)Q

With an informal way we can see that at the first iteration
we have all the state which satisfy f or it may satisfy f ,

lets said that this set is Z,, at the second iteration we
compute the set of states which is in Z, and there
successor satisfied f or it may satisfied f i.e there

successor is in Z,, we forward the computation on the
successors until we reach a fix point. Hence we
understand that we have giving to the operators AGf the

semantics, that we look for the states S, which has the
property that all the states of the paths stemming from S

satisfy f or it may satisfy f . 2

Example 2 lets take the fragment of the Kripke
Structure M shown on Figure 8 in node 1, and the property

to be checked on this fragment is AG(a v C) :

H(@)=T"(awuU"(a) T'(a)={(1.2)}

U™ (a) ={(L.3),(L4)}

H(a) ={(1,2),(L,3),(L.4)}

H(c) ={(L3),(L4)} H(avc)=H (@) H(c)
H(ave) ={(1,2) A4 (L3)Vv(L3),(L4)v (L4}
H(avc)={(1,2),(L3),(L,4)}

H(AG(avc)) = oZ.({(1,2),(L,3),(L4)}[AXZ)
Z,={(1,1),(1,2),(1,3),(1,.4)}

AXZ, ={(1,1),(1,2),(1.3), 1.4} {(L.3).(L4)}
AXZ, ={(1,1),(1,2),(1,3),(1,4)}

Z, ={(1,2),(L,3), (L4)} (AXZ,
Z,={(1,2),(L.3), (L4}

AXZ, ={(1,1),(L,2)¥ {(L,3),(L4)}

AXZ, ={(1,1),(L,2),(L,3),(L,4)}

Z, ={(1,2)(L3)(LAHAXZ ={(L,2)(L3) (LA}
Zy ={(L1.2),(L.3),(L4)}

ZS = ZZ

Fix point reached, the algorithm stop the computation,
from the precedent theorem. we conclude that,

L(1,AG(avc)) = false so the final result of

computation on the fragment in node 1 is :
{(0,1),(1.2),(L.3),(L.4)}

5. Distributed CTL Model checking

The main idea of the distributed verification algorithm is

that if we want to check some formula % in some state S
see figure 4, it is clear that the truth of formula depend on

the truth of this formula in S which is in node II. Hence
L(s,p) =L

we start the computation in node | with i.e

we consider that the formula ¢ may hold in S . when the

node 11 finish the computation, if the formula hold in S |
the node number | make a recomputation and found that

the formula hold in S for example in the case of
o <{EGT, AGf, AFf  EFf, A(fUg), E(fUg)}

the result of the first computation in node I is L 1f the

and

formula don't hold in S and the result of the first

computation in node | is L this mean that the formula
don't hold in S . The main difference between the
reasoning algorithm on fragments and the distributed
Algorithm is that in the case of

¢ {EGf, AGf, AFf ,EFf, A(fUg), E(fUg)} we
consider in the fragments algorithm that f may hold in
border states, but in the distributed version we consider
the whole formula ¢ not only f may hold in border

states and the truth on border states is parameter passed to
the predicate transformer as follow :

CAFP =AY Z.(pvY v AXZ)
CEFp=AY.uZ.(pvY vEXZ)
CAGP= AYWZ.(pvY A AXZ)
_EGp=AY.LZ.(pvY AEXZ)

1JCSI
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JA(pu) =AY 1Z.(gvY v(p A AXZ))
JE(puq) =AY uZ.(qvY v(pAEXZ))

where

Y ={s eborde(M)| L(s,) =True or L(s,p)=1}

and ? is an arbitrary formula represented by one of the

six operator described above respectively, here Y
represent the missing part of information in border sates ,if
some one give us the set of border sates where the formula
to be verified is valid we can conclude the truth of the
formula on the whole Kripke structure, this fact can be
represented as the application of model checking function
to the given information.

s
I // | 7
T @ | /‘.,
LS e S 4
\ wf fogny " /)
\ \ o s >
- \_T/ ///
e
b / .
i N\
’__/" Node I ‘,’
&
S hY
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\Q I~ N
) il =
s T |
- ~ f
TSN N
14N
s
I
v
Fig .4

Theorem .2 Given M =(S,L,R,I) a fragment of
Kripke structure , a CTL formula ¢(f) and
Y =H,o(f) the set seborder(M) which satisfy
o(f) or it may satisfy @(f) , the following recursive
algorithm compute the set of states H(@(f))< S
which satisfy ¢(f) or it may satisfy ¢@(f) and exclude
all states which not satisfy ¢( ).

« H(p)=AY. T (p)uU"(p) such that p is an
atomic proposition

o H() =AY {InT(s)| s e(S—maggsnd H(f)) x U™ (f)

« H(f AQ)= AY.H(f)[H(g)

« H(fvg)=AY.H(f) H(g)

H (AXF) = AY.({InT (snd (e)) | Ve € S* (f).succ(e) = T* (f) = H(f)}u

{inU (snd (e)) | Vee S (f).succ(e) = (T " (f)uU " (f))
and Je" esucc(e) such that e (f)})]
{inU (s)|s e border (M)}
H (EXf) = AY.({InT (snd (e)) |
Vee S*(f).3e esucc(e)and e*(f)}u
{inU (snd (e)) | Ve e S (f).succ(e) cU* (f)c H(F)}DI
{inU (s) | s € border (M)}
H(AGF) = AY WZ.(H, ()] Y) [AXZ)

- H(AFf) = AY 2Z.(H, (F)] Y)] AXZ)
- HA(FUG) = AY.Z.(H,(9)] Y) (H,(f) (AX2)

Note : H(f)= Hp(f)fY where H (f) is the set
of state S¢ border(M) which satisfy f or it may
satisfy T Q

Lemma .1

The result of the above recursive algorithm can be
influenced only by the truth value of formula to be verified
on border states thus we need a recomputation only when
the truth value on border states change.

proof
The proof is easy, we can see that the model checking

algorithm is a function depend only on Y the truth value
of the formula to be checked on border states. €2

Lemma .2

The distributed termination is reached when no change of
the information on all border states.
proof

using lemma.1 we can see that if there is no change in all
border states, each instance of the distributed algorithm
don't need to make a new computation , a hence the

distributed algorithm reach a fix point and terminate. {2
Lemma .3

When the termination is detected and still some value has
undefined truth on some sates S ie L(s,f)=1,
example in the case of cycle, this implies that :

1. Inthe case of f = AG¢ , L(s, f) =true
2. Inthe case of T = AF¢ , L(s, f) = false

1JCSI
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3. In the case of f =A(gUg,) , L(s, f)= false
proof

The proof is easy, we can see that the transition relation is
a partial order, in the example of figure 5 we have
1<2<3<1i.e that the truth of the formula in state 1
depend on the truth of the formula in sate 2 and so on,
since we know the truth of the immediate component of
our formula (in the example is just atomic proposition P)
in the state present in the node, which must be true for
arriving to this situation, we conclude the result about the

whole Kripke. €2

() Qi ‘\4\

I o

L
12
S

Fig .5 The Fragments of M distributed over Nodes

ol

Fd
A \
/ 13y

P

Fig .6 The Kripke structure M with cycle

Example 3.
Structure M shown in Figure 7, property to be checked on

Mis AG(avec) :

ol B g g N
(b} “pla} abCg = [ C e
S e ST N ™

O >
\\ \\\ P e \\\\
‘b.c} 4
e

Fig .7The Kripke structure M

S={1,2,3,4% AP={ab,c},
R={(1.2)(2,3)(3,5)(5,5)(5.1)(2,4)(4.2)(1,4)(3,4)]
. LA L2)-{a L3)-{a b, L(4)={b.c} L5 -{c}

The partitioning of the system on three network nodes
using the following partition function h is shown in
figure 8 :

h:{s,.s,,S;,S,,S.} —{node , node,, node,}

h(1) = h(2) =1,h(4) = 2,h(3) = h(5) = 3

Fig .8 The Fragments of M distributed over Nodes

The application of the Algorithm on the complete M give
the same result as in [2], H (AG a v ¢) ={2,3,4}, since

all the information needed for the computation is
available. We make the remark that in the case of the
application of the algorithm in the complete Kripke, our
Algorithm can be simplified to the Algorithm in [1],

because Y ={} and the operations [ ,] will be N, U
respectively .

iteration 1:

Node | :

H,(a)={(1,2)}

H,(c)={}

H,(avec)={(12)}

Y =Hg(AG(avc)) ={(L,3),(L4)}

H(avec) =Y/ H, (avc)={(1,2),(L3),(L4)}
H(AG(avc)) = vZ.({(1,2),(L,3), (L4} (AXZ)
Z,={(1,1),(1,2),(1,3),(1L,.4)}

AXZ, ={(1,1),(1,2),(1,3), 0.4} {(L.3),(L4)}
AXZ, ={(1,1),(1,2),(1,3),(1,4)}

7, ={(1,2),(L,3), (LA} AXZ,
Z,={(1,2),(L.3), (L4}

AXZ, ={(1,1),(L.2)¥ {(L.3).(L4)}

AXZ, ={(1,1),(L,2),(L3),(L4)}

Z, ={(1,2),(1,3), (LA} AXZ, ={(L,2),(L.3), (L 4)}

Zy ={(L1.2),(L.3),(L4)}
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ZS = ZZ
Fix point reached, the algorithm stop the computation and

wait new information, if possible, about his border states,
from the theorem 2.  we conclude that,

L(1,AG(avc)) = false so the final result of
computation on the iteration 1 in node 1 is :

{(0.1),(L.2), (L.3),(L.4)}

Node I1 :

H,(avc)={(14)}
Y = H,(AG(avc)) ={(L.2)}
H(ave)=YIH, (ave)={(L2),(14)}
H(AG(avc)) = vZ.({(L,2),(1,4)} (AXZ)
Z,={(1,2),(1.4)}

AXZ, ={(L.2),(L4)}

Z, ={(L.2),(L.4)}

AXZ, ={(L,2),(L,4)}

Z, ={(L.2),(L.4)}

Z,=12,

Node 11 :
H,(avc)={(1.3),(15)}

Y =H_(AG(avc)) ={(L,1), (L4}

H@ave) =Y H, (ave) ={(1,3),(15),(L1),(L4)}
H(AG(av ¢)) = vZ.({(1,3),(1,5),(L,1),(L4)} (AXZ)

Z,={(1.1),(1,3),(1,4),(1,5)}
AXZ,={(1,1),(1,3),(1,4),(1,5)}

Z, ={(1.1),(1,3),(L4),(L.5)}

AXZ, ={(L1.3), (L5} {(L1),(L4)}

AXZ, ={(L,1),(L,3),(L,4),(L5)}

Z, ={(L.1),(L.3),(L.4),(L.5)}

Z, ={(L1),(L.3),(L.4), (L.5)}

Z, = Z, Fix point reached .

iteration 2:

Node 111 : we can make recomputing only in node 111
since from Lemma 1. only in node 3 we have a change in

the truth of border states, because the truth value in sate 1
is changed:

H(avc)={(1,3),(1,5),(L4)}

Z, ={(1,1),(1.3).(1,4).(1.5)}
AXZ, ={(1,1),(1,3),(1,4),(1,5)}

Z,={(1.3),(L,4).(1,5)}

AXZ, ={(L1,3),(L,4),(L1)}

Z, ={(L.3),(L.4)}

Z,=27,={(L3).(L4)}

from theorem 2. we conclude that

L(5,AG(a v c)) = false so the final result is in node

m:{(L,3),(L,4),(0,5}

using Lemma 2. because no change will happen in border
states, the computation terminate , and the distributed
algorithm halt in the iteration number 2.

using Lemma 3 . we conclude that :

L(2,AG(avc)) =true L(3,AG(avc))=true
L(4, AG(a v c)) =true. The final result of the whole
computation on the three node is : {(1,2),(1,3),(1,4)}

6. Conclusions and related work

We have developing a theory of reasoning on fragments of
MLTS using a three value logic as a base for a parallel
model checker and presenting a natural approach for
distributed model checking on MLTS, to the best of our
knowledge, our algorithm is the first algorithm that use fix
point model checking with three value logic on
maximality labeled transition system. Closest to our work
is the work of [19].In fact, the main problem of the
distributed verification discussed here has been treated in
their work, using the notion of Assumption, which is not a
natural and easy approach for treating the problem , since
they present there idea using an imperative paradigm
which make the proof difficult . Furthermore they don’t
show how to get fragments of the system to be verified,
for that reason | think it is not easy to apply their result
directly to the industry. Our approach has several
advantages, First we have showing how to get the
fragments from a standard language and with a semantic
model which allow the design of systems by action
refinement, second we have making a little change to the
approach of verification, all this make our idea easy to
apply it for industry. Another work similar to our work in
the principle of using three value logic of Kleen on partial
Kripke structure was introduced by [16] but our algorithm
is different from their Algorithm since they use a two pass
, the first one is optimistic which consider the _L as true,
the second pessimistic which consider the 1 as false,
hence the result of the Algorithm have four results (false,
false) <(true, false) < (false, true) < (true, true), for that
reason we think that our approach is the best since it is
easy to adapt it for distributed Model checking. another
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interesting work is the work of [20] which define a multi
valued model checking , which is more general than our
work, this work miss an application, our work can be
considered as an application with special case using three
value logic.
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