Deductive Model Checking
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Figure 1. Theoretical model of suspension bridge.

Hirai's research on lateral torsional buckling of suspension bridge starts at the Equation 1.

d'n d* d*y d*
B G- 2, - th G+ x M)+ (C.lpbo=0
d’n d'n Hb \d’n d’y
= M—-EC,—-| GK +—2— —bh,—5-S,pbp” =0
. DsjolAo] Lukxiol [ oo @ G se

Where, 1] and ¢ mean main girder’s buckling displacement in vertical and torsional



~
Al
N
-

s

Formal Methods (

HE didq
od

FESI0f i
M 22 ERE AA"> Z7o] CHer A2

u
o

5}

iS5t AZEQ 0]/

=l

4

Sk

= Formal specification (

M| 7|82 HE HIAE

= Formal analysis (



» CHSHS H2|Z5Y (Interactive theorem proving)
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DHAS2| e S (1981)

“The task of proof construction is in general quite
tedious and a good deal of ingenuity may be required to
organize the proof in a manageable fashion. We argue
that proof construction is unnecessary in the case of
finite state concurrent systems and can be replaced by a
model-theoretic approach which will mechanically

determine if the system meets a specification expressed

Edmund Clarke E. Allen Emerson

in propositional temporal logic.”
» REHMEN SAlE AARIO CHEE HE[EHe| 0122 S s A5 | I8t 7= =2 H|eHE

= 2007EH%= ACM Turing Award: Edmund Clarke, E. Allen Emerson, Joseph Sifakis

Clarke, E. M., & Emerson, E. A. (1981, May). Design and synthesis of synchronization skeletons using
branching time temporal logic. In Workshop on logic of programs (pp. 52-71). Springer.
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AAEDAE: CHH X2 (inductive data types)
term t
FEN BHSE: THZ & (rewrite rules)
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Example: Lamport’s Bakery Algorithm (1)
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Example: Lamport’s Bakery Algorithm (2)

= NHQ| ZEM|IATE U= HE] 2

<n> m, {[dl]a ooog [dN]}>

» n: HSE UF7(|Q S S
. m SR RIlO] BavKs S
o {[dh],...,[dn]}: ZEMASC] B= T (Multiset). d; € {idle, wait(k), crit(k)}

» MEHY A
wake: (Vn, m, ps) (n, m,{[idle]} + ps) — (n+ 1, m,{[wait(n)]} + ps)

crit:  (Vn,m, ps) (n,m,{[wait(m)]} + ps) —> (n, m,{[crit(m)]} + ps)
exit: (¥Yn,m,ps) (n,m, {[crit(m)]} + ps) — (n,m+ 1, {[idle]} + ps)
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Example: Lamport’s Bakery Algorithm (3)

= Z2MIA 1742] Z<R0f| Ciiet HEH H3)

(0,0, {[idle]}) (1,1, {[idle]}) (2,2, {[idle]})
\Lwake ) //////7 l/wake B //////7 \Lwake
(1.0, {[wair@)]}) % (21, {wait( ]} =5 (3,2 {[wair2])
(1,0, {[cnt(O) 1 (2,1, {[erit(1)]})

o SCHUE] A[AEL o m, ZEMA
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Example: Lamport’s Bakery Algorithm (4)

= Z7|0HE

(3n, ps) y = (n, n, ps) A allProcldle(ps)

(3n, m, k, I, ps) y = (n, m,{crit(k), crit()} + ps)

(3n, ps) y = (n,n, ps) A allProcldle(ps)
(3n,m, ps) y = (n,m, ps) A noProcCrit(ps) A n> m
A (Vk € tickets(ps)) m < k< n

(3n, m, ps) y = (n, m,{crit(m)} + ps) A noProcCrit(ps) A n> m

A (Vk € tickets(ps)) m < k< n
25
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