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PROVING INVARIANCE PROPERTIES OF PARALLEL

PROGRAMS BY BACKWARD INDUCTION

Radhia Cousot

ABSTRACT

[Je oiscuss induction principles for provlng invariance Isafety) propert-ies
of programs. We next show that a sound and complete invariance proof methot-
can be mathematically constructed out of an operational semantics, an induciion
princlple, an assertion language and its semantics.

This approach is applied to the construction of invariance proof methods
by backward induction for para11e1 processes vJith shared variables and syrrchro-
nized by conditional critical sections. For partlal correctness, we obtain a
generalization of lYorris &Wegbreit's subgoal inductlon. For freedom from dead-
lccK, mutual exclusion, non-termination, thls introduces bacKward proof
methods by reductio ad absurdum. Backward invariance prcof methods are finally
compared with the classical forward ones i la Lamport-Owicki & Gries.

RESUI4E

Nous presentons divers principes d'induction permettant de d6montrer des
propri6t6s d'invariance des programmes. Nous montrons ensuite cornment const-
ruire for-nrellement une mSthode de preLjve d'invarlance 6tant donn6s une s6man-
tique op6rationnelle, un principe d'induction, un langage d'asserlions et sa
s6mantique.

Nous appliquons ensuite cette approche E 1a constructlon de m6thodes de
preuve ci'lnvariance par lnduction en arribre pour des programmes compos6s de
processus peralldles partageant des donn6es coTnmunes et synchronis6s au moyen
de sections critiques conditionnelles, Dans 1e cas de 1a correction partielle
ceci nous conduit d g6n6ra1i-ser la m6thode de lYorris & fdegbreit ['subgoa]
inductlon' I , Pour l, absence dtinterblocages globaux permanents, 1'excl-usion
rnutuelle, la non-termlnaison cette approche nous permet d'introduire des
m6thodes de preuve par ltabsurcie et en arrj-bre. Nous comparons finalement las
rn6thodes de preuve d'invariance en arridr-e aux m6thodes d 1a Lamport-Owicki L

Gries qui procddent en avant.
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PROVING INVARIANCE PROPERTIES OF PARALLEL

PROGRAMS BY BACKI^IARD INDUCTI0N

Radiria Cou:ot

1. INTRODUCTION

Inuariance properties of para11e1 programs include partial cov'r'ectriess,
ttott-tey,minati.on, clean-beitaut or Iabsence of run-ti-me errors) , ltreedoin JlTom

deadlock, mutual exclust,on. FloydIt7-t-l]aur[66]-Hoare[6S]'s method for
proving invariance properties of sequential programs has been generalized to
the case of para1le1 programs by Ashcroft[75], Keller[76], Nev'rton[75], Orvicki

& Gries[76a], Lamport[77]; Hoare[75], 0wlcki & Gries[7Eb]; Apt,Francez &

de iloever[80], Cousot & Cousot[80], Levin[73], All lhese proof methods

use a 1'ot:Ddrd inciuction step [ln the ciirection of the program's control f loi,l] .

l"'e introduce tn',an,iance ptoof methorl,s using a bac/"i,;ard tnci.uction s'bei;

Iin the opposite direction of the program's conti-ol floi''']. Therefore !^ie

generalize subgoal induction 0'lanna[70], i'lorrrs & \rjegbreitLll l, King[731) and

contrapositive induction tKing[79J) to the case of para11e1 processes sharing
g1oba1 variables and synchronized by conditiona.l critical sections.

llost proof methods have been empirically designed and sotite of them have

been a posteriori shown to be sound and complete. In contrast we have been

able to mathematrcally construct the prooi metlrcds which will be introduced.
This systematic construction a prlori ensures their soundness and completeness

This approach is explained 1n the first part of the paper. We shoti that
an irrvariance proof method for a programming language is determlned by the
choice of
- an operational semantlcs,
- an inductic,n princlPle,
- an assertion language and its semantics '

Then the design cf the corresponding verification conditions amounts to forrnal

* Attach6 Cc Rec --rche au
** Thls worK was supported

CNRS. CRIN!-LA "262.
by ATP-CllRS "Intelllgence Artiflcielle"
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