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Abstract. In this paper is presented an update of the model checker CTL. The minimal modifications which
appear represent the fundamental concept for model the dynamic system. In the paper used five primitive
operations discompose from the operation of a CTL update used already by [1] which are presented their
approach of knowledge update the structures of single agent S5 Kripke. Then is willed defined the criteria of
minimum change for the update of model CTL based on these primitive operations. The final in this section
paper is willed present the algorithm of implement the model CTL updated. The paper [10] is the base of

results obtained.
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1 Introduction

The verification tools to automated formal, such as
model checkers, shows delivered a diagnosis to provide
a thorough automatic error diagnosis in complex
designs, examples in [5]. The current state of the art
model checkers, as of example SMV [3], Cadence SMV
[6], uses SMV as specification language for both CTL
(Computational Tree Logic) and LTL (Lineal Temporal
Logic) model checking. [2] used the abdicate model
revision the techniques mended the errors in the
concurrent programs. Progressing the update of the
method of the model checkers, begun to employ a
formal method for approximate for repair the error. In
they work [4] the model checking is formalized offence
with a updating operator satisfied the axioms U;-Ug
what represent the classical proposition knowledge of
updated KM. [1] are presented their approach of
knowledge update the structures of single agent S5
Kripke.

The arguments using of these with approach their
knowledge can be incorporate with the technology the
model checkers with the aim generalized more the
modification of the automatic system. In this paper, we
considered the problem of the update of model CTL
from both theories and the views of achievement.

In substance, as in the traditional knowledge is
based the update [9], we consider an update of model
CTL subdue a principle of minimum inferior change.
More, this change the minimum burn is due to is definite
as a process based on of some operational process which

so a concrete algorithm for the update of model CTL to
can to be implemented.

Is defined the principle of minimum change for the
update of model CTL. Then research a necessary
semantic and then calculating properties for an update
the model CTL. Based on these ascertainment developed
the algorithm for the execution update of model CTL.
Presenting a study of case, we shown how the prototype
of found system is applied for the system modified.

2 CTL model. Syntax and semantics

To begin with, we briefly review the syntax and
semantics of CTL. Readers are referred to [3] and [8] for
details.

Definition of a Kripke model [3] let AP is a set of
atomic propositions. A Kripke model M over AP is a
triple M = (S,R, 7 :S22*) where S is a finite set of
states, EcSxS is a transition relation, P:S=>2"" is a
function that assigns each state with a set of atomic
proposition.

An example transition state graph is represented

with form: (y S,
(= (e
Sl SZ

For more lightness for understand the methodology
using CTL model checker we present an algebraic form
presented in paper [7]. A model is defined [1] as a
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directed graph M=(S, E, P:AP—25 ') where S is a finite
sets of states also called nodes, £ is a finite sets of
directed edges, and P represents proposition labelling
function which labels each nodes with logical
proposition. For each s&S, use the notation
succ(s)={s’eS |(s,s) €E}. Each state in E must have at
least one successor, that is Vs &S, succ(s)=< A path in
M is a infinite sequence of states (sy, 5;, S5, ...) such that
Vi, i>0, we have (s, s;+;) €E. The labelling function P
maps an atomic proposition in AP to the set of states in S
on which sentences is true. The Figure 1 exhibits a
model [1] the behaviour two processes competing in the
entrance the critical section. The atomic propositions 77,
N;, and C; denote, respectively, process i, /<i< 2, try to
enter into critical section, not to enter into critical
section and to executed in the critical section.
The CTL formulas are defined by the following rules
[1]:

1. The logical constants true and false are CTL

formulas.
2. Every atomic proposition, apeAP is a CTL
formula.
3. If f; and f; are CTL formulas, then so are —f;,

Jinfe, fivlh, EXf1, AX f1, E[f1Uf>], and A[f,Uf].

Fig. 1: Model example

Syntax definition of a CTL model checker [8] A CTL has
the following syntax given in Backus near form:

S TPl IO iV 120 AX fi] EX il AG fi] EG
fil AF fi| EF filA[fi ]| ELfi f>] where Yp eAP.

A CTL formula is evaluated on a Kripke model M.
A path in M from a state s is an infinite sequence of
states from definition 7= = [sy, 55, ..., Sip, i, Si+1, .../ such
that sp=s and (s; s;+;) € R holds for all i > 0. We write
(s;, si+1) < mand s;e m. If we express a path as = = [sy, s,
s 8ip o, S, ...] and © <j, we say that s; is a state earlier
than s; in 7 as s; < s;. For simplicity, we may use succ(s)
to denote state s, if there is a relation (s, s4) in R.

The following definition represents semantics the
CTL Kripke model.

Semantics definition of a CTL model checker [8]. Let M
= (S, R, P : §22") be a Kripke model for CTL. Given
any s in S, we define if a CTL formula f'holds in state s.

We denote this by (M, s) &f. The satisfaction relation Kis

defined by structural induction on all CTL formulas:

1. (M,s) =7and M, s L foralls €8.

2. (M, s) Epiffp € F (s).

3. (M, s) =~fiff (M, s) #f.

4. (M, s) £f; Afoiff (M, s) £f; and (M, s) Ef>.

5. (M, s) o VLiff (M, s) =fi or (M, s) E/>.

6. (M, s) =f; 2Lt (M, s) #f; or (M, s) 1.

7. (M, s) FAX fiff for all s; such that (s,s;) €R,
(M, s1) £f.

8 (M, s) £ EX [ iff for some s; such that s-s,
M, s1) E£f.

9. (M, s) £AG fholds iff for all paths /sy, s;, 55, .../,
where sy =s, and all s; along the path, (M, s;) &f.

10. (M, s) =EG fholds iff there is a paths /sy, s, 52, .../,
where sy =s, and all s; along the path,

(M, s)Ef.

11. (M, s) £ AF f holds iff for all paths [sg, s, 53 .../,
where s, = s, there is some s; in the path such that
M, s) H.

12. (M, s) = EF fholds iff there is a paths /s, 5, 52, .../,
where s; = s, and for some s; along the path
M, s) £f.

13. (M, s) = A [f;f3] holds iff for all paths /sy, s, 52,

...], where sy = s, the path satisfies f;_ /5. For
example there is some s; along the path, such that

(M,s;) > and for eachj < i, (M,s)) ~f;.
14. (M, s) = E [f;fy] holds iff for all paths [sy, s, s2,

...], where s, = s, the path satisfies f; /5. For
example there is some s; along the path, such that

(M,s;)=1> and for each j < i, (M,s;) ~f1.

The interpreting tree from the transition graph is
represented in the below graph:
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Without a detailed declaration we presupposes all
the five formulae CTL presented in the contextually as
the by-path satisfied. Toward example, we consider to
update a model Kripke with CTL formulae, beginning
from the fact as f is satisfied.

A CTL Kripke model give which satisfies the CTL
formulae, we considered as a model what can be updated
satisfied formulae gives. In the beginning is shall give a
general definition of update the model CTL.

The next definition presents just a prerequisite for
requirement the update of the model CTL and not tells
how the update burn is due to is directional. In
substance, as in the traditional knowledge is based the
update [9], we consider an update of model CTL
supposed a minimal change principle. More, this change
the minimum burn is due to is defined as a process based
on some operational process so concrete algorithms for
the update of CTL model to can to be implemented. To
this end, we fall consider five the primitive operations
on the model CTL which delivers a base for all updates
of complex models CTL.

Definition CTL Model Update. Given a CTL Kripke
model M = (S, R, 7ZJ and a CTL formula /. An update of

M= (M, s4), where sy € S with fis a CTL Kripke model
M'=(S' R, ') such that M' = (M’, 5,"),
(M', 50") = f'where sy'e S'. We use Update(M, f) to denote

the result M" and Update(M, ) =M if M &f.

The figure presented as has been stated above
explanation this definition.

3 Primitive Operations.

Py. Add an only relation. Given M = (S, R, 7, its
updated model M’ = (S, R’, #) is the result of M having
only added one new relation. That is §'= S, #' = 7, and
R" = RUA(Saddret, Saddreiz)} WHET€ (Saddret, Saddreiz) R~ for

one pair of Sugdres Saddrei2 €S.
P,. Remove an only relation. Given M = (S, R, 7J, its

updated model M’ = (§', R’, #") is the result of M having
only removed one existing relation. That is, S'= §, 7' =

?? and R' = R'{(Sremreb SremrelZ)} Where (Sremreb Sremrel2) eR

for one pair of S,epre Sremrerz €S.

Ps. Substitute a state and it’s associated with an only
relations. Given M = (S, R, 7, its updated model M’ =
(S', R’, 7”) is the result of M having only substituted one
existing state and its associated relations. That is, §' =
S[s/Saupsiate] - S' 18 the set of states where one state s in S is
substituted by Ssubstates R' = RU{(S[, Ssubstate); (SsubstatexS/)|
Sfor some s;, 5;€S }-{(5.,5),(5,5))| (515).(5,5;) €R } and F'(s)
= F(s)for all seS N S" and F '(Sapsate) = T (Ssubstare)»
where 7 is a truth assignment on S, szare-

P, Add a state and it’s associated with an only
relations. Given M = (S, R, 7, its updated model M’ =
(S, R', ") is the result of M having only added one new
state and its associated relations. That is, S’ = §
U Sadastaref- S' 18 the set of states where one state s in S is
added by Saddstates R' = R u{(sb Saddstate); (Saddstate;S/)|
S;,85,€SNS} and #'(s) = #(s) for all seSH S’ and #
'(Saddstate) =

T (Saddstare)» Where T is a truth assignment on S 4szare-

Ps. Remove a state and its associated with an only
relations. Given M = (S,R, 7J, its updated model M' =
(S"R', #') is the result of M having only added one
existing state and its associated relations. That is, S’ = S-
{Sremsiate| Sremsare € S}. S’ is the set of states where one
state s in S is removed bY S,emsiaes R’ = R-{(Si, Sremstate)s
(SremstateS;)| for some s;,s;,€S} and F'(s) = F (s) for all
seS NS

We present hereinbefore five operations atomic to
all change on CTL model can to be in terms of with five
these operation. Can to be argued that P; can to be in
terms with P, and Ps. Anyway, we treat state substitution
differently from a combination of state addition and state
removed. That is the context, whenever substitute it a
state is needed, applied P; directly more than P,
followed of Ps. This thing will simplify definition of
minimal change of the CTL model.

For defined the criteria of minimal change of update
CTL model, we need to consider the changes for both
states and relations for the underlying CTL models. We
achieve these specifying the differences among states
and relations on the models CTL using the primitive
operations. Given any two sets X and Y, symmetrical
difference among X and Y be denoted as Diff(X, Y) = (X
-Y) v (Y - X). Given two CTL models, M = (S, R, 7,
and M' = (S', R’, 7") for each primitive operation P; with
i = 1,.., 5 Diff PAM,M') indicates the differences
between one of two the CTL models where M’ is a
resulting model from M, that make clear this difference
between this operations the types may occur. Since P
and P, only changes relations, we define DiffP,(M,M') =
(R-R') U(R-R) where i = I, 2. For the operations P;, P4



Proceedings of the 11th WSEAS International Conference on COMPUTERS, Agios Nikolaos, Crete Island, Greece, July 26-28, 2007 435

and Ps, but then, we define DiffP;(M,M') = (S-S') /(S"-S)
with i = 3, 4, 5. Although any state changes caused by
P;, P4, Ps will imply also correspondence changes on
relations, we only count the modifications states and
take the state change as the primitive factor in order to
measure difference between and M'. For the operations
P;, we should consider the case which a state is
substituted with a new state. For this is necessary
difference between these two states to be minimal before
the condition of formulated update. In the next place is
specified Diff(M,M') = (DiffP;(M,M'), DiffP,(M,M’),
DiffPy(M, M), DiffP.(M,M), DiffPs(M, M)

Let M, M, M, be three CTL models. We denote
Diff(M,M,) <Diff{M,M,) iff for each i with i = I,..., 5,
DiffPy(M,M,;) cDiffP(M,M,), or we denote
Diff(M,M,) <Diff(M,M,) iff DiffP,(M,M,;)c DiffP:(M,M>)
fori =1, 2, 4, 5, and |DiffP;(M,M;)| = |DiffP;(M,M,)|
implies for each state s in M substituted by s; and s, in
M, and M, respectively, Diff(s, s;) < Diff(s, s2).

The Definition of Admissible Update is give by
assertion: Given a CTL Kripke model M = (S, R, 7ZJ, M

= (M, sq), where sy €S, and a CTL formula f, Update(M,
) is called admissible if the following conditions hold:

(1) Update(M, f) = (M', sy') ~fwhere M' = (S',
R, 7') and sy’ &S’;

(2) There does not exist another resulting model
M" = (S", R" F")and s, &S"; such that (M", s') £f
and M" <, M'.

So S0
S :f %S3 S1:§ S3
v Q)

M,

S2 S>

So

S
M, */

§2

In example as has been stated above is presented an
illustration of minimal change rules.

We denote M; <), M, if M; <y M, and M, &, M,.
Given tree CTL Kripke models M, M,;, M, where M, and
M, are obtained from M by applying Py, P,, P;, P4, Ps
operations. M, is closer to M as M, denoted as M; <y

M, iff Diff(M,M,) < Diff(M,M>).

4 Characterizations of Semantic

From definition as has been stated above which
enunciate the admissible update given for the CTL
model, observed as for the model CTL Kripke give M
and a formula f, there we can be many admissible
updates satisfy f, waves some updates are simpler than
others. In this part, are shall present a variety of
characterizations semantic the CTL model updated that
present the solution possible achieved the admissible
updates under certain conditions. At large in order
realization as will be shown in the following, for many
situations, a single type primitive operation will be
enough to achieve an admissible updated model. These
model characterizations also gamble an essential role for
simplified the implementation of update CTL model.

For beginner we shall return to definition of CTL
Model Update. The algorithm is designed following a
similar style of CTL model checking algorithm SAT [8],
where an updated formula is parsed through its structure
and recursive calls to proper functions are made to its
sub-formulas.

CTLUpdate(Mf)
/* M= (M, s4) #f. Update M to satisfy f. */
Input: M = (S, R, Z/ M= (M, sy), where sy € S and M #f;
Output: M' = (S, R’, 7), M'= (M', 5)), sy'€ ', M ="
{ case

fis L: return {M};

[is atomic p : return {Update,(M, p)};

[fis =f; : return {Update-( M, f1)};

fisf; Vf; return{CTLUpdate(M, f;) or
CTLUpdate(M, 15)};

fis f; N fo: veturn {Updatea (M, f, 5)};

fis EXf;: return {Updateg (M, f1)};

fis AXf;: return {Update ; (M, f1)};

fis EFf;: return {Updategr (M, f1)};

fis AFf;: return {Update v (M, f1)};

fis EGf;: return {Updatego(M, f1)};

fis AGf1: return {Update6(M, 1)},

fis E(f; Uf3): return {Updatery(M, 11, )},

[fis A(fyUfy): return {Update (M, f, 12}

/

function Update,(M, p);
{ /* M gp. Update s to satisfy p */
Psis applied:
1. sy =g Uiph
2. S’ = S—{SO} (_/{Sg’},'
3. R':=R—{(sys)| for any s; =succ(sg)}
{(s0"s))| for any s; =succ(sg)} — {(s;50)|
Jor any s; =pre(sg)} U {(s;sy')| for any s;
pre(so)};
4. Frs 22 where for any s S/,
if seS then F'(s)= F15);
else s=s;, and 7{5,') := the set of
atoms occurring in s,' as defined above;
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5. M:=M'sy), where M' = (S", R’, #)
and
sp'e S’y
6. return { M};
/

From definition of Admissible Update as has been
stated above which enunciate the admissible update
given for the CTL model, observed as for the model
CTL Kripke give M and a formula f, there we can be
many admissible updates satisfy f, waves some updates
are simpler than others. In this part, are shall present a
variety of characterizations semantic the CTL model
updated that present the solution possible achieved the
admissible updates under certain conditions. At large in
order realization as will be shown in the following, for
many situations, a single type primitive operation will be
enough to achieve an admissible updated model. These
model characterizations also gamble an essential role for
simplified the implementation of update CTL model.

We enounce the first theorem which provides two
cases where admissible CTL model update results can be
achieved for formula EX f. Let M = (S, R, 7J, be a

Kripke model and s be an initial state in S and M = (M,

sg) #EX f, where f is a propositional formula. Then an

admissible updated model M' = Update(M, EX f) can be
obtained by doing one of the following operations:
1. P;5is applied to any succ(sg) once to substitute it

with a new state s~ = f and Diff{succ(sy), s°) to be
minimal, or P, is applied one time after adding a

* . *
new state s ~fand a new relation (s, s );

2. If there exists some s; € S such that s; =f and s;

# succ(sg), Py is applied one time to add a new
relation (s, s;).

Function Updategy (M, f)
/* M eEX f. Update M to satisfy EX f */
{

1. select state s;=succ(sq)such that M;=(M,s;)

#.
2. Update the state s; with minimal change
rule:
(1) Applying P;: return
{CTLUpdate(M,f)},
(2) Applying P;:
then S":=SUs;, where s €S’ and s £S;
R":=RA(pre(s}),sy), (s, succ(s;))}, where
prec(sy),succ(s;) eSNS’;
F7:8' 22 wwhere Vs &S, if s €S, then
F'(s):= ), else F'(s,):=1 (s)), where tis
a truth assignment on s.
return { M'};

/

In the first case is defined as can select a state s, and
which is a successor and substitute it with a new what
state satisfies f. For example we could apply one time
the primitive operation P;, or adding a new which state
satisfies f as successors of sy. For example we could
apply one time the primitive operation P4. The second
case indicates that if there am some states and from S
which already satisfies f, then it is sufficient in order to
simplified the add a new relation (s, s;) to make it as a
successor of s.

It is easy to see that both cases shall carry the show,
to new the CTL models which satisfy Ex f. Theorem
show thus presents the new what models the by-paths
also minimum keeping the original model CTL.

The following theorem in first case considers a
special form of path m where the first i states starting
from s, already satisfy formula /. Under this situation,
we can simply cut off the path. For example we can
apply one time P, or Ps to disconnect all other states not
satisfying f.

Let M = (S, R, 7, be a Kripke model and M = (M,

so)# AG fwhere sy € S and fis a propositional formula.

Then an admissible updated model M' = Update(M, AG

f) can be obtained by the following: for each path
starting from sy: 7 = [sg, ..., S;...]

1. ifforalls <s;inm, s ~f buts; £f, P, is applied

to remove relation (s, s;), or Ps is applied to

remove s; and its associated relations;
2. Psis applied to all states s in 7 not satisfying fto

substitute s with s'= f and Diff{s, s) to be
minimal.

Function Update,6(M, f)
/* M AG f. Update M to satisfy AGf */
{
if M, = (M,sg) #f, then P; is applied to s, such
that M' =CTLUpdate(M,, f),
else

{ 1. select apath = [sy,s;,...], where Fs;e
such that M, =(M,s))#f;
2. select a state s;€ m such that 7 s;<s; with

(M,s)) # fthen

(1) Applying P, to remove relation
(pre(sy),sy), then S":=S; R':=R-{(pre(s;),s))},
F'= F since is removed a only relation;

or
(2) Applying Psto remove state s,, its

associated relation, then S':=S-{s;}; R':=R-

{(pre(sy),sy), (sisucc(s;))} where if associated

relations of s;;

F7:8' 22 since S'c S, Vs €S' such that

F'(s):= Hs), is removed a only relation;
or
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(3) Applying P; M'=CTLUpdate(M,f);

}

if M'=AG f'then return M';
else return { Update,/M'f)}; }

The implementation used hereinbefore can be
formulated in a short form as follows:

Function Update 46(M, f)
/* M e AG f. Update M to satisfy AGf */
{

1. select a path n = [sg,s;,...], where s,e T
and M.=(M,s;) i f;

2. M'=CTLUpdate(M,f);

3. if M'EAG fthen return M';

else return Update /M’ f);
/

Next theorem characterizes three the typical
situations for the update with formulate EG f. In
substance, this theorem says as formulated marked EG f
so that is true, we in the beginning am due to select a
path, then we can do a new path based on this path as the
all states from the new his path satisfies f (Casel),
arrange the path from the state whence all previous his
state satisfies f (Case 2) or simply to don't replaces all
states satisfying f'in the new property what path satisfy f
(Case 3). Proof of this theorems as the resulting the
model is presented the in the work [10] whereat resulted
the models from these what operations admissible by-
paths.

This theorem is enounced here below.

Let M = (S, R, 7], be a Kripke model, M = (M,

s #EG f, where sy € S and fis a propositional formula.

Then an admissible updated model M' = Update(M, EG
f) can be obtained by the following: Select a path =7 =
[So, Sy,...] from M which contains minimal number of
states not satisfying f, and then

1. if for all s" € m such that s'# f, there exist s;, 5; €
m satisfying s; < s’ < s; and s; £/ and s; &1, then
P, is applied to add a relation (s; s;), or Py is
applied to add a state s~ = and new relations (s;,
s)and (5, 5));

2. if there exists some 5; € # with i > [ such that
for all s' < s;, 5" £fand s; #f, then P, is applied

to remove relation (s, s;), or Ps is applied to
remove state s; and its associated relations;

3. for all 8" € n, s" # f, then P; is applied to

substitute all s’ with new state s ~ f and Diff{s,
s") to be minimal.

The short implementation is:

Function Updategg(M, f)
/* M 2EG f. Update Mo satisfy EG f ¥/
{

. select a path t = [sg,sy,...], in M;
select a state s;€ r such that M, =(M,s,) i f
M'=CTLUpdate(M,f),
if MEEG f'then return M';
else return Updatepg/M'f);

N Wb

5 Conclusion

In this paper, we presented a formal approach for the
update the CTL models. Specifying five one primitive
on the CTL Kripke models [10], the definite minimal
change criteria arrived at the model CTL updated. Also
in this paper presented semantics and the calculating
property of approach used. Base were developed a CTL
model update algorithm and implemented a system
prototype of system improved an update of model CTL.
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