Refining Model Checking by Abstract InterpretationPdeCOUSOTdeÉBlaedeérieolu34 lorr1rgb Black 1 00Xcol˙gb Black 1 02389 20 b(a(45)64(derue)f(d’Ulm34 lorr1rgb Black 1 ˙0Xcologb Black 1 020 b(2332(a(75230)i(P)-5(dea)-7ris)64on)cedex)e(0534 lorr1rgb Black 1 00Xcologb Black 1 02644˙2581(a(F)-5(derancu34 lorr1rgb Black 1 00Xcolologb Blackcmyk˙2294 2830 34nA(cousot@dmi.ens.fr34 lorr1rgb Black 1 ˙0Xcolologb Blackcmyk 18FFF3036(a(http://www.dmi.ens.fr/)3446˙308b(y)~)3517F3036(y(cousot34 lorr1rgb Black 1 0colol˙gb Black 1 0110i 1598 34nB(Udine,)65(deItaly)- v b(,)6bon)Gio.)8v b(24)64(deSep.)f(1998,)i(15h00–16h0034 lorr1˙gb Black 1 0 0 TeX 0 TeXlo3970 34nz(P)-8(de.)30 deCousot3203bon)—)31 de1/31)f(—)2034(deUdine,)30 deGio.)40 b(24)30˙deSep.)h(1998)lack 1 0eo 1 1˙1 0 bb(2˙2 1k Black 1 0 0 TeXcolorrgb Black 1 0 0 TeXcolorrgb˙1306 16 32531 159034ninCombi(Mo)7 4(dem)82˙b(Che-c621 672 y539˙408(y(%%E7 b(dea(Interp)-7ib(retati n)p 4474 932613 749˙y(Why)la2613 82FFE71 9 v(?)lack 1 0lorr1rgb Black 1 ˙ck 1 0lo1393 34ny(›34 lorr1rgb Black 1 098 w4nB(l)85on)Che-c621 672 lack 1 (:34 locologb Black 1 0ck 1 0462˙1685034nD(-)-9act)-34 locologb Black 1 098 w4nB(83 b(Mtu34˙ck 1 064(w(s447e)6b(despace;)lack 1 0462 1975034nD(-)-9a˙t)-34 ck 1 098 w4nB(sou%E764(de%%E7f(complete)h(p)-5on)pop)5(deert)-5(dey34 locologb Black 1 064(w(veri83 bc474 934˙ck 1 e.)4 lorr1rgb Black 1 0ck 1 0lo2266 34ny(›34˙lorr1rgb Black 1 098 w4nB(g(Interp)6b(de˙b(retat5 n)p 4474 934˙ck 1 e:34 locologb Black 1 0ck 1 0462 2556034nD(-)-9a˙t)-34 locologb Black 1 098 w4nB(in83 b(Mtu340ck 1 065˙w(s447e)6b(despace;)lack 1 0462 2847034nD(-)-9act)-34˙ck 1 098 w4nB(Sou%E764(debut7f(uncomplete)h(p)-5 n)pop)5˙deert)-5(dey34 locologb Black 1 064(w(determin474 934˙ck 1 e.)4 0 TeXlo3970 34nz(P)de.)30 deCousot3203b n)—)31˙de2/31)f(—)2034(deUdine,)30 deGio.)40 b(24)30 deSep.)h(1998)l˙ck 1 0eo 1 1˙1 0 b3 3˙3bb( Black 1 0 0 TeXcolorrgb Black 1 0 0 TeXcolorrgb˙1306 16 32531 159034ninCombi(Mo)7 4(dem)82˙b(Che-c621 672 y539˙408(y(%%E7 b(dea(Interp)-7ib(retati n)p 4474 9326b)-749˙y(Ho)-7w)la26b)-78b(454 9 vXcow(?)lack 1 0lorr1rgb Black 1 ˙ck 1 0- v 1393 34nB(1.)4 lorr1rgb Black 1 099 w4nx(l)85on)Che764(de%(Interp4 934 ck 1 e:34 ck 1 0462 1685034nD(-)-9a˙t)-34 ck 1 098 w4nB(The)6b(de83 b(Mtu3hem)85 n)Che764˙t)is)g(%%)e(%(Interp4 93j(of)e(the)g(system;)lack 1 ˙ck 1 0630 1975034ny()34 locologb Black 1 062 w4nw(Exa)-5on)rp)68(depr)-5(deoA4˙)- v b(ties)6i n)of)g(%%)g(%ppr)-5on)o)-7xima)- v b(te)68(demoChe74 ck 1 0nB(.)4 lorr1rgb Black 1 ˙ck 1 0- v 2266 3(2.)4 lorr1rgb Black 1 099 w4nx(g(Interp)6bon)symb85 n)olic)65(demeth)85 n)Cs34 ck 1 e:34 ck 1 0462˙2556034nD(-)-9a t)-34 ck 1 098 w4nB(Use)60 desymb85 n)olic)61ondesupnoDMI,pBDDs,3heconvexp-dec%%makOneApprteties%%exade.PdeUdine, 24 Black 1 0 0 TeXcolorrgb Black 1 0 0 TeXcolorrgb˙1306 16 32713 159034ninA1998 combi(a74 9.)44(de.)c(.)4048˙ 4(y4nz(1)lack 1 0lorr1rgb Black 1 ack 1 0202e727 34nB(3.34˙lorr1rgb Black 1 099 w4nx(P)-5(dea)-7rallhe764(decombi(a74 9)h(of)e(m)8˙5˙b(Che-c621 672 65(de%%E7eea(Interp)-7ib(retat5 n)p 4474 934˙ck 1 e:34 locolologb Blackcmyk ck 1 0749 10i9034nD(-)-9a˙t)-34 locolologb Blackcmyk 98 w4nB(l)85˙b(Che-c621 672 4˙ck 1 e:34 0 TeXc081 1350 34ny(~34 ck 1 098 w4nB(Exarp)61on)symb85 n)olic)65(dep tat5 n)p sen4474 9)65(deof)f(p)-5on)pop)5(deerties;34 0 TeXc081 1620 34ny(~34 ck 1 ˙98 w4nB(The)62(dem)85 n)Che764 t)is %% deof the deoA4˙tiesexag(Interp)6b(deib(retat5on)p 4474 934 ck 1 e:34 0 TeXc081 2E71 34ny(~34 ck 1 ˙98 w4nB(Prelimin4)-7ry/pa)-7rallhe775(de%%alysis)d)ofdey371(dea(Interp)-7ib-)c282 2720 y((retat5on)p 4474 9;)lack 1 0 TeXc282 29 4234ny()34 locolol˙gb Blackcmyk 62 w4nv(Limip)5i n)thestdechdece74 ck 1 0nB(.)4˙0Xcologb Black 1 0ck 1 0499 3280034nu(=)-34(d4ny()34˙0Xcologb Black 1 0960w4nw(Exa)-5 n)rp)67(depr)-5(deoA4˙)- v˙b(ties)6i n%%exaAutoma7ed1),de.P— 24 IFt : st47e, −: transip4 9

PCousot 5/31 — 24 Sep. 1998

maximum delay p2Find the maximum delay to reach a final st47e st4rti72 from some st47e

2 Halbwachs, N. Delays analysis in synchronous programs. CAV ’93, LNCS 697, 1993, pp. 333–346.

P. Cousot — 6/31 — Udine, Gio. 24 Sep. 1998

Pre- and post-images

pre[t] P^{def}= {s | ∃s′ : ⟨s, s′⟩ ∈ t ∧ s′ ∈ P } pre-image ~pre[t] P^{def}= ¬ pre[t](¬P ) dual pre-image = {s | ∀s′ : ⟨s, s′⟩ ∈ t =⇒ s′ ∈ P } post[t] P^{def}= {s′ | ∃s : s ∈ P ∧ ⟨s, s′⟩ ∈ t} post-image ~post[t] P^{def}= ¬ post[t](¬P ) dual post-image = {s′ | ∀s : ⟨s, s′⟩ ∈ t =⇒ s ∈ P }

pre[t]{3} = {0, 1}

~pre[t]{3} = {0, 4}

post[t]{1} = {2, 3}

~post[t]{1} = {0, 1, 2}

P. Cousot — 7/31 — Udine, Gio. 24 Sep. 1998

Maximum delay algorithm “maximum1”^3

procedure maximum1 (I, F ); R′ := S; n := 0;

R := (S − F );

while (R ≠ R′ ∧ R ∩ I ≠ ∅) do R′ := R; n := n + 1;

R := pre[t] R′ ∩ (S − F ); od; return if (R′ = R) then ∞ else n;

3 Campos, S., Clarke, E., Marrero, W., and Minea, M. Verus: A tool for quantitative analysis of finite-state real-time systems. Proc. ACM SIGPLAN 1995 Workshop on Languages, Compilers & Tools for Real-Time Systems, La Jolla, Calif., jun 21–22, 1995, pp. 75–83.

P. Cousot — 8/31 — Udine, Gio. 24 Sep. 1998

Execution trace of the “maximum1” algorithm

It is useless to explore the states which are not:

• descendants of the initial states; • ancestors of the initial states.

P. Cousot — 9/31 — Udine, Gio. 24 Sep. 1998

Descendants of the initial states I which are ancestors of the initial states F