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30th of Marh, 2001 AelerationOverview

� model heking and regular languages� transduers� iterating transduers� onlusion
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30th of Marh, 2001 AelerationModel heking

� suessful veri�ation tehnique� show that M has property ':
M j= '

� \push-button"� via state exploration) state-spae explosion problem
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30th of Marh, 2001 AelerationModel heking (ont'd)

� spei�ally nasty1 instane of too big state spae: in�nite many states� reasons: in�nite data, in�nite ontrol (e.g. parameterized systems), time . . .� sores of approahes:{ use your own brain (and your own time . . . ): theorem proving{ abstration{ symboli tehniques (many):symboli = don't explore states one-by-one, but represent sets ofstates \symbolially" and explore them all at the same time

� 3 questions:1. how to represent in�nite sets of states2. how to represent the redution relation?3. how to alulate the reahable states in a �nite amount of time?1and quite ommon, for that matter 3
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� very suessful �nite desription/symboli representation of in�nite \objets":regular languages) regular model heking (e.g., for parameterized systems P1 k P2 k : : :, (f.[7℄[9℄[1℄[8℄. . . ):represent{ loal state as letters of an alphabet{ global states as linear arrangement of loal ones = word) in�nite sets of states = reg. language) omputation step, i.e., non-det. hange of language = transdution
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Example 1. [Token array℄ \Parameterized" proesses: eah one either has thetoken or not (states T and N). Token an be passed between neighbors from leftto right, initially, the token is owned by the left-most proess.

Initial on�guration: TN�one step: TN ! NT

5



30th of Marh, 2001 AelerationExample (ont'd)

� E�et of one-step redution relation: aptured by a transduer

0 T=NN=N 1 N=T 2N=N ?=?

� e.g.: T (NTNN) = fNNTNg) exploit for symboli exploration: T n Æ A= ft0 2 T n(t) j and t aepted by Ag= ft0 j t!n t0; t aepted by Ag
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30th of Marh, 2001 AelerationGoal: iterating transduers

� assuming that you know how to alulate T1 Æ T2 by a produt onstrution:alulate T � as �xpoint �X:T Æ(X [ Tid)?, but1. T � may not be representable as �nite transduer (e.g.: dupliating the numberof letter a: q0a(x) ! aaq0(x))2. even if: alulating �X:T Æ (X [ Tid) iteratively will in general divergefollowing page
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30th of Marh, 2001 AelerationExample: �rst 2 iterations

0 T=NN=N 1 N=T 2N=N ?=?

00 T=NN=N 01 N=N 12 N=T 22N=N ?=?
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30th of Marh, 2001 AelerationA �nite representation for T �?

� a sound in�nite representation T <! for T � is straighforward (using Q� as set ofstates)) for a �nite representation: build a quotient T <!=�=) remains:1. What to take for �=?2. How to ompute T <!=�= ?
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30th of Marh, 2001 AelerationKey observation for quotienting

Theorem 2. [Soundness℄ given F;P � Q�� F and P two bisimulations (future and past)� F and P swap, meaning that F ;P = P ;F

) [[T <!℄℄ = [[T <!=F ;P ℄℄
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30th of Marh, 2001 AelerationExample, revisted

0 T=NN=N 1 N=T 2N=N ?=?

00 T=NN=N
�p 01 N=N
�p 12 N=T
�f 22N=N
�f

?=? q01�pq1�fq12
11



30th of Marh, 2001 AelerationBut still: how to ompute T <!=F ;P?

T <! is in�nite! (for Q� is)� way out:{ alulate bisim's P and P on �nite appoximations T �n{ \extrapolate" to T <!� How to extrapolate?) use rewriting theory, replae P and F by $�F and $�P .{ bisimulations are ongruenes wrt. to the monoid Q�{ extrapolate swapping ondition (for instane): if $P and $F are onuentand swap, then so are $�P and $�F .) bisimulations found in �nite T �n an be used to quotient T <! 12
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i nput T = (Q;Q0;�; R)X = Tid ;r epea tX := (T Æ X ) [ Tid ;dete rmine b i s imu l a t i o n s F and P on X s . t .$F and $P swap and eah po s s e s s the diamondp rope r t y ;u n t i l X=� �f (T Æ X=�) [ Tid
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� Rewrite system after 2 iterations:00 ! 001 ! 112 ! 122 ! 2

i.e.[0℄ = f0; 00; : : :g,[1℄ = f1; 01; 001; : : : ; 12; 122; : : :g,[2℄ = f2; 22; : : :g.

[0℄� T=NN=N [1℄� N=TN=N [2℄�N=N ?=?
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� library of transduer-operations (iteration, omposition, transdution)� in oaml� eÆieny: suÆient for small examples
Absynt

Basic Bottom

Io

Layout

Lexer

Parser

Pp

Symbol

Join

Mtt

Red

Sanalysis
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30th of Marh, 2001 AelerationConlusion and further diretions

� haraterize iterable transduers, omplexity?� �-transitions and weak bisimulation?� Compare with{ monadi string rewriting [3℄{ olumn-transduers of k-bounded depth [9℄� possible to speialize: T �n ÆA. The onstrution arries over? Does one bene�tfrom that?� more ompliated examples, dynami proess reation� implementation: eÆieny, various optimizations� further into the jungle of tree transduers2 . . .2for takling data, one needs trees not just words. 16
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