1

’LIIHUHQF H�FRPSUHVV LRQ�LQ�63 ,1

Benoît PARREAUX

Laboratoire d´Informatique de Besançon

Université de Frache-Comté

Route de Gray

25030 Besançon Cedex

E-mail: parreaux@lib.univ-fcomte.fr

SPIN 98 WORKSHOP

Summ ary: One of main problems induced by the technique of model-checking is state explosion.

Some work aim to improve the rate of covering the graph of accessibility. Different approaches

have been proposed : bitstate hashing [ Hol 95] , partial order[God 96a] , collapse mode

[ Hol 97] , methods based on BDD [God 96b] [Mil 93] and compressing state vectors[ Hol 92]

[ Vis 96] .

Our work originates from this problem. We propose a new compression method using a hash-

table. This technique comes from methods for processing animated images. The state compression

is done in two steps. Given a hash-code, the first vector using it is chosen as reference vector.

First, we compute the difference between the state vector and the reference vector. Second, we

compress the resulting vector using a RLE-like technique. If a more sized vector is generated, the

reference vector is enlarged with additional bits. Modifying the reference vector this way

preserves the method´s reversibility since a vector is always compressed with respect to the same

part of the reference vector and always yields to the same compression even if the reference size is

increased. This reversible technique can be viewed as an exhaustive way to put model-checking

into action.

We get compression rates close to other classical methods with a quicker graph traversal. In

addition, some improvements could be done.

Then we sketch three possible improvements. Significant improvement can be got with using a

suitable hash function, e.g., a hash function that chaining elements including identical subparts.

Second, a dynamic choice of the reference vector would result in increasing the compression rate.

For example, the reference vector could be chosen among several reference vectors for a collision

chain. A third improvement would be to modify the implementation so that it becomes compatible

with the collapse mode.

Key words: Model Checking, Compression and memory storage.

�,1752’8& 7,21

The technique of model checking [ Ger 95] allows verif ying the communicating process behavior

byrealizing all possible rendered executions bythe model and b yverif ying properties on these

states. During this verification a graph, called graph of accessibility, is created. The former contains

all states alread ymeet. This type of verification, told exhaustive, demand a lot resource memor y

[ Cou 92]. It is necessar ytherefore to use the former at best so as to obtain from rate goods of cover.

Manyworks of research have been realized so as to increase the number of accessible states

[ Hol 97]. Especiallyall a series of works have tackled the problem b ydecreasing the size of the

representation of states in memor y. Man yspecific or traditional techniques to the problem that one

2 seeks to solve have been presented and tried. We register our called technique compression b y

difference in this last. Different techniques of compression have been used to reduce the size of the

representation of states in memor y. Some of these techniques as the bitstate hashing [ Hol 95]

[ Maj 96] are not reversible. These methods are very efficient in term of compression because their

no reversibilityis the consequence of the loss of a part more or less important of the information

contained in the vector of state. This t ype of compressions does not allow knowing if the whole of

the graph of accessibilityhas been reached. The obtained result is therefore partial since one can

not pull conclusions that if an error has been found. Others methods have not this defect and are

therefore reversible although less efficient. On the other hand these techniques allow alwa ys

concluding when it ends. Among the former, one can find traditional compression methods as the

byte masking, compression R LE or Huffman, or specific as the Collapse has brought into pla y.

These methods, in addition to the reversibility, have all a propertyin common: it is necessar ythat

the compressed representation of a state remains the even all along the execution, to allow the

comparison of states. Techniques resting on dictionaries, such that Huffman, are little efficient due

to the fact the difficultyto realize an optimum dictionaryfor all problems. These are these reasons

that have given birth to two passes methods. The first passes server to create the dictionar y, the

second realizing the verification b yusing this dictionar yto code vectors of state. An alternative to

traditional methods has been found b ymeans of the utilization of the Collapse. This technique

implanted in SPIN gives ver ygood results. In the paragraph following we are going to stud y

methods of compression reversible. We explain director ideas of these algorithms to finish by

concluding on advantages and disadvantages of these techniques. In the third paragraph appears our

proposal. We begin bypresenting underlying ideas and reasons that us have elaborate to develop

this technique. We give some implantation details of this technique. We finish in the fourth

paragraph b yconcluding b ygiving obtained results and b yreleasing some perspectives to these

works.

�&21& /86, 216� $1’�3 (563(& 7,9(6

We have obtained some results. The obtained gain varies between 20 and 60% according to problems processed. These results have been obtained without touching the hash function. The obtained gain varies in function of the problem processed, especiallymore the number of states is important, best is the rate of compression. That explains bythe fact that in the second case the number of collisions is more important. The technique of compression using the former, this result is not surprising. When the number of states is little important a solution is to reduce the size of the hash table. That has indeed a ver ygood influences on results obtained the gain is often important enough. However, put aside some ver yspecific problems the obtained maximum gain situates around 50%.

We think interesting in the future to work on the hash function used. We think indeed that b y improving this function of results again more interesting could have been obtained. It can also seem interesting to implant the compatible variant with the collapse mode. A possible solution is realized in a first time it collapse then to practice the compression bydifference independentlyon each part of the vector. A light adjustment of the method would allow obtaining this result. It us has not however been possible to realize necessar ymodifications in the code of SP IN to be able to test this option and to compare results obtained to these of the other methods.

7

Others works are to lead in this direction. It seems indeed that a function of ver ysimple compression working on data pretreated gives good results so to the level of times of compression, that to the level of gains obtained.

�%,% /,2*5 $3+ <

[ Cou 92] C. COURCOUBETIS, Mr. VARDI, P. WOLPER, Mr. YANNAKAKIS, "Memor y

efficient algorithms for the verification of temporal properties", Formal Methods in

S ystem Design I, pp 275-288, 1992.

[ Ger 95] R. GERTH, D. PELED, Mr. VARDI, P. WOLPER," Simple one - fl yautomatic

verification of linear temporal logic", Proc. PSTV95 Conference, Warsaw, Poland, June

1995.

[God 93] P. GODEFROID and G.J. HOLZMANN, "One the verification of temporal properties",

Proc. IF IP / WG6.1 S ymp. One Protocols Specification, Testing and Verification,

PSTV93, Liege, Belgium, June 1993

[God 96a] P. GODEFROID, " Partial order Methods for the verification of the Concurrent S ystems " ,

LNCS Vol. 1032, Springer Verlag, 1996.

[God

96b] P. GODEFROID , " S ymbolic protocol verification with Queue BDDs " , Proc. Logic in

Computer science, Rutgers Univ., New Brunswick, New Jerse y, July1996.

[ Hol 91] G.J. HOLZMANN, "Design and validation of protocols", Prentice entrance software

series, 1991.

[ Hol 92] G.J. HOLZMANN, P. GODEFRO ID and D. P IROTT IN, "Coverage preserving

reduction strategies for reachabilityanal ysis", Proc. 12 th Int. Conf. On Protocol

Specification, Testing and verification, PSTV 92 , Orlando, FI ., 1992.

[ Hol 95] G.J. HOLZMANN, " An anal ysis of bit state hashing " , Proc . IF IP/WG6.1 Symp . on

Protocol Specification, Testing, and Verification, PSTV 95, Warsaw, poland.

[ Hol 96] G.J. HOLZMANN, "The model checker SP IN", IEEE Trans. One Software Engineering,

Flight. 23, n° 5, 1996.

[ Hol 97] G.J. HOLZMANN , " State Compression in Spin " , Proc. Third Spin Workshop, Twente

University The Netherlands, April 1997.

[ Hol a] G.J. HOLZMANN, "B asic Spin manual", Bell laboratories - Murra yhill, NJ 07974.

[ Hol b] G.J. HOLZMANN, "Overview of the Spin model checker", Technical Transfer,

Computing Principles Research Department, Bell Laboratories.

[Jul 98a] J. JULLIAND, B. LEGEAR D, T. MACHICOANE, B . PARREAUX, B. TAT IBOUET,

"Specification of year integrated circuits card protocol application using B and Temporal

Linear Logic", 2 nd Conference one the B method, Montpellier, April 1998.

[ Knu 73] D.E. KNUTH, "The Art of Computer Programming", Vol. 1 Addison-Wesley, 1973.

[ Maj 96] B.S. MAJEWSKI, N.C. WORMALD, G. HAVAS and Z.J. CZECH, "A famil yof perfect

hashing methods", The computer Journal, Vol. 39, No. 6, pp 547-554.

[Mil 93] K. M c MILLAN , " S ymbolic model checking " , Kluwer Academic Publishers, 1993.

[ Vis 96] W. VISSER , " Memor yefficient storage in SP IN " , Proc. 2 nd SPIN Workshop, DIMACS,

Rutgers Univ., New Brunswick, New Jerse y, July1996.