ract

and biiulation tool.

1. rocion

a

initially developed by lain atin 2. a

ynthei ith the TT deign lo 12, 14.

rmaatf t s

C Environm ent r s s

S

Figre 1 Foral veriicaio lo or HP a veiication igue 1. 2 3 4 a 5 and peent ou concluion.

2. Te TT eig Flow

ynchonous yntheis

ynchonous L netlit adaon by imulation

Bhvo L

C peccaon

+

andad deign tools

Cicuit

L imulator tools

Figre 2 e TT eig low

a

A a and backend poceing uing commecial C tool.

aliaio o aycroo circi eciicaio ig F/P

ominique Boione^1, enoue Boubekeur^1, Lauent ounier^2, ac Renaudin^1, ntoine iianni^1

1 T, 46 avenue �lix iallet, 38031 enoble Cedex, ance 2 ER, Cente Equation, 2 avenue de ignate, 38610 i�e, ance {uname .ame}@imag.

HP e TT eciicaio Lagage

a a a a intance peciication like in L.

a vecto in an aay, epectively.

independently o the peciion o the machine.

by poce vaiable.

a a

n

uppoted, channel can only cay out vecto value.

pocee. ntance ae imila to L. a a a a a

pocee.

elected andomly. a in a given deign context.

3. Te F valiaio eviroe a a a motivated by to main objective: ! a independent o any highlevel deciption language;

! a a a labeled tanition ytem.

ytem, telecommunication potocol, etc. 18.

3.1 Te F iereiae orat A a

gate, o via haed data.

implementation being povided in C. a

a

a

conideed atomic. a a

uch a L 10 and L poile 19.

3.2 Te F valiaio oolox

The toolbox i patitioned into to laye: !

analyi and pogam licing. ! A

a a a imulation checke.

the toolbox thi poblem i tackled at eveal level: !

eicient ince peomed at the ouce level; ! a equence till peeving ome tace popetie; ! a aociated to each pat o the peciication.

4. Tralaio o HP ecriio io F

tanlation into the omat ae biely peented.

4.1. oce i irec correoece , ytem , gate, var and poce in .

thei tanlation mut be decided individually. a identical yntax and emantic in C and : var_Id := expression vaiable aignment In_port ? var_Id ead an input pot into a vaiable Out_port ! var_Id ite a vaiable to an output pot

4.2. oce o HP a ee a raoraio ep

a Fro cael o ycroizaio exreio a

channel diection in the ytem.

Proce or

a a pot o a peviou poce.

c Proce oy a tanition.

4.3. aee a eir cooiion

n the olloing, let 1, �i denote geneal tatement, RWi imple ead o ite communication action.

a) eeial cooiion

;

depending on 1 and 2 tuctue:

Figre 3 ! eeial cooiion 1: tate mut be intoduced. n yntax: from ei do S1 to ej ; from ej do S2 to ek; 2: a yntax: from ei do A1, A2 to ej;

3: a

aignment. n yntax: from ei sync RW1 do A2 to ej;

Parallel cooiion a paallelim exit only beteen pocee. [ , the a , a all the model pocee.

Figre 4 ! Parallel cooiion A a

a tate o the oveall model igue 5.

S1 S2 A1, A2

sync RW1 do A2

P

sync init_c

S1 ek sync end_c sync init_c

S2 ek sync end_c op

;

e

e Figre 5 erleavig geeraio or 1, 2, 3]

c) eeiion a A a a S tate ae the ame cae 2.

Figre 6 eeiion

eeriiic / o eeriiic elecion

talled; i Ci i tue, i i executable.

@ a a a o tanition beteen the ame to tate ee igue 7.

P IF

@[ C1 => S1 ; break C2 => S2 ; break � � �

Cn => Sn ; break ] from ei if (C1) do S1 to ej; from ei if (C2) do S2 to ej; � � � from ei if (Cn) do Sn to ej;

C1/ S1 C2/ S2 � Cn/ Sn

ej Figre 7 elecion

, thoe tatement igue 8.

P IF

@[ C1 => S1 ; loop C2 => S2 ; loop � � �

Cn => Sn ; break ] from ei if (C1) do S1 to ei; from ei if (C2) do S2 to ei; � � � from ei if (Cn) do Sn to ek;

Figre 8 ! eeiio i elecio.

4.4. Exale

poce: ux_3L , taken om the cae tudy o ection 5. ( )

( , i_buf2 )

i_1_buf1.

HP coe o Mlilexer �Mx_3L�

ss u ufII ufuII V V u uf ufuf uf ; The gaphical epeentation o the coeponding pogam i hon on igue 9.

Figre 9 ! F rereeaio o Mx_3L

S S

� ek C1/ S1 C2/ S2 Cn/ Sn

o uL In :

: , , tF loundL?l

l=/ l=/ l=/ L?in Libu?in Libu?in1

Libuin1 Libuin1

5. ae y E ip a

a ixteen iteation a peciied by the E algoithm 20.

text i output though the 64bit channel TT.

IP he g a

C1

C2

S a

Cont r

T/ ET

TT ey

TL

64 64

64

1

Figre 10 ycroo E i arciecre

4 poce i epeented by an poce.

5.1. oe veriie roeries

a

typical popetie ae lited belo : 1: eedom om deadlock 27:41.23 ; 884 B) 3 utput i alay poduced 27:31.93 ; 865 B)

26:25.64 ; 885 B)

ynchonize coectly. 26:25.65 ; 879 B)

5.2. eriicaio y eavior recion ynchonization on channel SubKey.

Figre 11 ece LT or roery P3

5.3. Halig ae exloion

veiication expeiment: - a inluence the popety at hand. - , eatue, the model geneation ace LT ize exploion.

6. elae or

! a ;

a

implementation model.

have been exploed: languagebaed and gaphbaed. a

3 2

7

6

! ! ! !

0

! ! ! !

1

A

6, 13, 16.

cot o eiciency in the yntheized eult.

taking a input a hadae deign language. a

a a a

validate the initial peciication.

7. oclion a a

a omal validation o initial C peciication.

a

a equiement.

a

a eae the deigne acce to the veiication toolbox.

8. eereces

[1] M. Renaudin, "Asynchronous Circuits and Systems: a promising design alternative", Microelectronics-Engineering Journal, Elsevier Science, Vol. 54, N¡1-2, Dec 2000, pp. 133-149.

[2] A.J. Martin, "Programming in VLSI: from communicating processes to delay-insensitive circuits", in C.A.R. Hoare, editor, Developments in Concurrency and Communication, UT Year of Programming Series, 1990, Addison-Wesley, p. 1-64.

[3] H. Zheng, E. Mercer, and C. Myers, "Automatic abstraction for verification of timed circuits and systems", Proc. CAV’01, LNCS 2102, Springer, pp. 182-193, July, 2001.

[4] A. Cerone, G. Milne: "A Methodology for the Formal Analysis of Asynchronous Micropipelines", Proc. FMCAD 2000, LNCS N¡ 1954, Springer Verlag, pp.246-262

[5] D. Borrione et al. "An Approach to the Introduction of Formal Validation in an Asynchronous Circuit Design Flow". Proc. 36th Hawai Int. Conf. on System Sciences (HICSS�03). Jan. 2003

[6] G. Delzanno and A. Podelski,"Model Checking in CLP". Proc. 5th Int. Conf. TACAS�99. R. Cleaveland, ed., Springer Verlag LNCS N¡1579, pp.223-239,1999.

[7] http://www.inrialpes.fr/vasy/cadp/

[8] J. Cortadella et al. "Petrify: a tool for manipulating concurrent specifications and synthesis of asynchronous controllers." IEICE Trans. on Information and Systems, E80-D(3): 315-325, Mar. 97.

[9] K. Van Berkel, "Handshake Circuits — An Asynchronous Architecture for VLSI Programming", Cambridge University Press, 1993, ISBN : 0-521-45254-6

[10] M. Bozga, J.-C. Fernandez, et al. "IF : An Intermediate Representation and Validation Environment for Timed Asynchronous Systems". Proc. FM�99, Toulouse, LNCS, 1999.

11] , .ovine, !!eiication utomata,oc.

TT02 Wokhop, !!Elevie cience ub. pil 2002.

[12] A Dinh Duc, L. Fesquet, M. Renaudin, "Synthesis of QDI Asynchronous Circuits from DTL-style Petri-Net", IEEE/ACM Int. Workshop on Logic & Synthesis, New Orleans, June 4-7, 02. [13] A. Kondratyev, J. Cortadella, M. Kishinevsky, et al.: "Checking signal transition graph implementability by symbolic bdd traversal". Proc. EDTC’95, pp 325-332, Paris, March 95.

[14] M. Renaudin, J.B. Rigaud, A. Dinhduc, A. Rezzag, A. Sirianni, J. Fragoso : "TAST CAD Tools", ASYNC’02 TUTORIAL, ISRN: TIMA--RR-02/04/01� FR, 2002

[15] R. Manohar, T.K. Lee, A.J. Martin. "Projection: a synthesis technique for concurrent systems". 5th Int. Symp. Advanced. Research in Asynchronous Circuits and Systems, Apr. 99.

[16] V. Khomenko and M. Koutny: "Towards An Efficient Algorithm for Unfolding Petri Nets". Proc. CONCUR’01. Springer-Verlag, LNCS N¡2154 (2001) 366-380.

[17] M. Yoeli and A. Ginzburg, "LOTOS-based Verification of Asynchronous Circuits", Tech. Report, Dept. of Computer Science, Technion, Haifa, 2001.

[18] M. Bozga et al. "Automated validation of distributed software using the IF environment", Proc. Workshop on Software Modelchecking, El. Notes in TCS vol. 55 Elsevier Science Pub. July 00.

[19] http://www.agedis.de and http://www-omega.imag.fr

[20] NIST, Data Encryption Standard (DES), FIPS PUB 46-3, National Institute of Standards and Technology, Reaffirmed 1999 October 25. http://csrc.nist.gov/csrc/fedstandards.html