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BHEAZ (Model Checking)

» AARIS| QREXFOE F=T(a
» AIELQ0]/SHESI0] CIXERL,
ZZES CXIRI, AA AE, -
« CIISH REIAS 31 =X
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= Algorithmic challenge: /Elif =2 24| (state space explosion)
» Modeling challenge: CIFgt AZEQI0] A|ARIO| HHHA|

= =2f 7|8t DRHS

Model Logic System Verification
AIAZ A 235 oY
M — Rwm DEAS
—
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Boolean logic
= CBMC, NuSMV, -

Satisfiability modulo theories (SMT)
= nuXmv, MCMT, -

= Rewriting logic
= Maude, KEVM, RV-Predict, CafeOBJ, -

= Temporal logic of actions
« TLA+
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= Algorithmic challenge
» =2 A|ARIS| A2 |E I XS} T AL Rewriting logic  SMT
= STAAR: TiE 7|t DRAAS L02F

= Modeling challenge
s CHA gpél/g_gr QU A|AEI| X X5t DEIZ U MM 7S

[eReNe]
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= Rewriting logic:

= Rewriting logic2Z HA|E Al



Rewriting Logic Specification

= State
term t (algebraic data type)
= Transition

rewrite rule t — ¢ if @ (patterns t and t', and condition )

= Example
= By rule AN) — AN+ 1) if N < 10, term f(5) is rewritten to A5+ 1)



Example: Lamport’s Bakery Algorithm

422...
number 42?

= Each process receives a ticket number to enter the critical section.

= Process with the smallest ticket number enters the critical section.
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Example: Lamport’s Bakery Algorithm

= Each state with N processes:
n; m; [iy,di]. .. [in, dp]

= n: the current number in the bakery’s number dispenser
= m: the number currently served
= [ij, dj]: process with id d; in status d) € {idle, wait(ticket), crit(ticket)}

= Rewrite rules (in the Maude syntax)

rl [wake]l: N ; M ; [K, idle] PS => N + 1 ; M ; [K,wait(N)] PS
rl [crit]l: N ; M ; [K,wait(M)] PS => N ; M ; [K,crit(M)] PS
rl [exit]: N ; M ; [K,crit(M)] PS => N ; M + 1 ; [K, idle] PS

= Variables: N, M, K for numbers, and PS for process sets

11



Example: Lamport’s Bakery Algorithm

= Rewrite sequences with one process

0; 0; [0,idle] 1;1; [0,idle] 2;2; [0,id1le]
J/ wake /// l/ wake /// \L wake
e e
. ~ . e
1;0; [0,wait(0)] ‘f’f/ 2;1; [0,wait(1)] 7 3;2; [0,wait(2)]
// //
- ~
\L crit // l/ crit // \L crit
// //
1;0; [0,crit(0)] 2;1; [0,crit(1)]
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Symbolic Representation Using Logical Terms

= Symbolic state
t] ¢ a pattern t with variables constrained by a formula ¢

expresses a set of (potentially infinitely many) concrete states

= Example
= N;M;PS|N>M
= 0;0;]0,idle], 1;1;][0,idle[1,idle], 3;2;][0,idle][2, wait(0)],
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Computing Symbolic State Space

= Symbolic transition ~

w t| p~ || @ if an instance of t|| ¢ can be rewritten to t' by some rewrite rule
= a.k.a. constrained narrowing

= Example: constrained narrowing sequences with one process

N;M; [0,idle] N;M; [0,crit(M)] N;M; [0,wait(M)]
[N=wM IN=K+1AM=K [N=K+2AM=K+1

N;M; [0,wait(M)] N;M; [0,idle]
[N=K+1AM=K [N=K+1AM=K+1

14



Research Topics

. MA9| Tl Tl B
= Heuristic search for rewriting and (constrained) narrowing
= Learning heuristics from previous model checking attempts

. TiE 7|8t Al Z7ESA
= State-space reduction using patterns
= Learning patterns from previous mode checking attempts

» IHE 78 HAYEA|
= Formal specification using constrained patterns
= Programming languages, system APls, -
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» PLC ¢0{o| RHIAS(ZAH) (O[RHA)

= PROMELA 210 & AADL Q10{e| REAS (25 /0|xHE)
» QEHA= o2 Qo= Aol L =32 Jlg

= TEE API2Q| HYYAM L DHAAS(ZAH) (B2Y XS

» TLSO HAEYAM L D 7|5t HIARI(ZAH) (O|M=)

. NOHBZNAY U AEAHY DUAS
= Signal Temporal Logic 2EAE AR (ZAH) (O|x|o} 2o
. HBUZPY DY AS AR (TAR/EAE) GES TN
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Thank you!



