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294 7 (model checker)2] G348 Wdstr] HE Wilog ojv] dUA A5 d Wty
EdMAY AAE o q el Wile] A& & Urh fevt 7Y TdAAE AY
olg& utete zate] AU WEA 2 YHUGE AA FIE F U, T2 Yuirty
aatA =eit 7] W&ol W& 2beh(reliable) R FHolr} o] RAH A FE AHEL o} E
sAAAES JGHE B 7)) € 5 AE 2o

1 HE

2 i) A(model checker)y= F}EHoj} AZEHo] AJAW
o AGAE AFde T4 275 Y shvielnh M, 2
A Ao JAAML 2 2AMNAE At AFEH A
2¥lol FutAo] S vl ¢ Y TR EAoich

At e g, waHA JYHE UFehe el =
£ &) (testing) ¢} =42} A ) F = (theorem proving)& o} 4
3 4§ 75 (formal verification) 2] =7} x| uhbw]-& A 7
¥ 4 onh azht, BlAE diolgE $F02 g e
RE HE doj obch. TH H2FHE o] £ YT HEF
fg B2 £ HE7HE 4982 3t 29 AIZHE 85l &

ojt}.

S8zt A st W e HeE UE w2y
AANE HED 2 2EAAZYE HAE doletE XFL
2 A5t ofE Rl AHEY JUHE HEEsE o A}
4% & UXE & Zold

AYE ofgaled wE RdAAHE A 1 Y¥HE T
4 se Ao ek Rl AY Y E FeojA = 1Y
3 AR st 4AE e sy S vge g 2y
APALE e 2 AYE Bojrls wiiez 298 3
A8 = Q). o) {A whEol A A AHE ksl s
AN 2o 4A A3 7Hssicl]

o] =EolMe AYE o &8 XdAAHE A8, 2 B
YA} B2 E doletE WEE 4 U& WF A HY
£ AL 58 RolaA ot

2 pu-AMY : puC

uCx =4 =2 (propositional logic)e] Al# 7] % (action
symbol)ell A€ o4t (al, (o), §% 4 (fixpoint) |4t u, vE
238 o)}

uCe) B4 X (syntax) e oh&3} Fr}.

¢ = pl-d|oAnd|oVe]lale|{a)e ] uped|vpo
TR ATE HYAEE FAHATHEAY 2022 Qo) AR

Te-mail: {poisson; shilov; kwang}@ropas.kaist.ac kr

4C €149 oz)(semantics)s 28 M = (Dpg, Ing)ol
o8l &Kk Sl Dy el UL EL Zaol 71 & sl
A (state)E-& <T)RTh A Iy (p)e FAME pol et
#4402 pr} HolEl = AHES HYE gvigtn, In(e)e
AY7)E adf) HY HHOR ao] Ao eley WHsles A
¥ Au g BAE vt

2™ Mol 412 =2]|3] ¢ ofu] M{g)= B Mo ¢7}
Fo)se AhEs Jyoe. ok wol ARz B

M(p) = Im(p) M(~$) = Dm\M(¢)
M(¢1 Ade) = M(&1) N M(g2) M(¢1V d2) = M{d1) U M(g2)
([ald’)—{SEDM}Es €Dus> NS € M)}

M(la)g) = {s € D | Vs’ € Dy.s =+ 5’ = 5" € M(¢))

(Pl ¢) N{S C Dy | Mg/ (¢) C S}

M(vzg) = U{SC Dm | SC Mg/ (8)}

trues} falsex vr.a®y urcd TRY 4 9t}

3 A4

A, B F A¥el 9% AY G tge HE(tuple)
(Pa,Pg, Mg, Mg, Fa,Fg)& R 951 At}

o Pap : ASt B9l 91 3|(position), P41 P =0

o Map C (Pss\(FAUFB))x (PaUPg): A%} B9} &
% ) (move)

o Fyp C(PyUPg): A%} B9 43¢ A (winning posi-
tion)

AQe @ Mol shte) SANM AYsielnTh 1 A
7 Pa(Pp)ell et A(B)E Ma(Mp)ol et Aol & o
& 22 WHAIY 5 s W, A o] Fa(Fg)ol o) 2
si® A(B)7 2 AoJelAl SelalA Hob A(B)S B2 d
Y (winning strategy) o) A} A(B)7} $21¢ 4 A of
ol 5 3l A(B)e) £ o)tk

#(fnite) AY G= che 3 o] #8 LW Mgz et
Weid 4 9ot
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input formula ¢ € uC

!
input model {
M e FM £ € SOEPDL
N v
1
finite game G(M, §)
!
‘—— WiN e

output set M(£)

2% 1: 2 A3 Winner

BEGIN
x := EMPTY; y := wna;
WHILE x<>y DO
x :=y;
y = x U (<mva> x) U ((<mvb> all) & ([mvb] x));
ab
END

3¢ 2: =ed WINS £ uC 2l A3 MC

® Dy = P,UPg
L4 IM(a)=MA andIM(b):
L] IM(p)ZFA and IM(q)=FB

WA 1 E AHG A Bel) o8t BE £ A Gofl4] A7} ¥
% dgg spdohE AL uC = WIN = pz.(pV(a)zV
((Dtrue A [blz) 7} & eehe A ot

4 SOEPDL

SOEPDL(Second Order Elementary Propositional Dy-
namic Logic)& EPDLej ofAH(modality) 0, O2} o] 433
7] & (second order quantifier) vV, 38 3% Aoz o9
TR ov)7xE 7Hh

¢ u= true| false|p|-¢|dAP|dV
| lalé | (a)¢ | O¢ | Od | Vp.g | Ip-s
M(Q#) = D ifVs' € Du.s’ € M(¢)
M(©$) = Dy if3s' € Du.s’ € M($)
M{z.¢) = {s€ Dum|VSC Dm.s€ Mg;z(9)}
M(3z.) = {s€Dn|35C Dm.s € Ms/a(e)}

A4 2 B E uC =24 oS53 go] SOEPDL =2l 2

2 X5l
ur.¢ = Vr.(Q(p - z) = z) va.g e 3r.(0(z — ¢) Ax)

5 ¥ A # Winner

29 &7 Winnere 21313 7o) FC, GC, MC2] A3 &0
2 o]Rojxir}.

e =2]4] 372 {formula compiler) FC= g oz F
o}%l uC =2 A& HA 20|42 o] SOEPDL &3
4oz Wgcl M SOEPDL &2j4 & =g 23}
o WAl bz} o(-)& HAAY =2 dFLE H3
EA gt (-) A Gt 25 WU

(=(=¢)) = ¢
(=(e A9)) = ((-¢)
(=(0¢)) = (B(~¢))

A=) (m({a)9)) < ([al(—¢)

(=(3p.¢)) = (vp-(~¢))

o 7% 7542 (game compiler) GC= 98 Z&(M)3}
My dy =& dE2zHA 2T
AY GM, & soidch A GM € 9
| (position) = s7} Mol 418 & AbeR, Sy, ..., S.7} &
w4 (bound variable) x, ...,z W& 4], v;7} £9)
3}$] =) 4] (subformula)d o} (s, S, .., S, )7t Hch
As A s, 84 Sy, ., S0 A =] Yok Fols)i=
WaFe g Ay S AYsta, Be 23E W slr] A8
AUdE FHP3r} Ak B A YL ohEH

(8, Sy ey Sy (1 ¥402) = (5, Sy ey Sar i) Vi € {1,2)
(s, sz,...,sz,(ig;w) — (8,82, S ) V(s,t) € Ins(a)
(3¢)

(SaSzn--,Sz, 5 "’(tvsz»---:Szaw) vtEDM
(5,Sz--Sy.Sz, (Fy-¥) = (8, 85...5...5:,9) YS C Dy

Ast Bl 2191 A& thes} At

true

S, Sxa st false)

(

(s, Sz ..., Sz, p) where seM( )

(8, 8z4 ..., Sz, 7p) where ng(p)

(s, S, ..., Sz, y) where s S

(8, 8z, ..., 55, ~y) where sis

(S.8z, ..., Sz, 124) where {t | (s,8) € Ing(a)} = 0

o 2.3 #(model checker) MC= GCE 4| gtE %
AY GM, &)l A "5H8Y WIN = pzp Vv
{ayz V ((b)true A [blz)o] EXste= HXEE Fec)
QurAe ZAA A v)8 MO 2499 shig &2
A WINo| s At Ld& 2bebe sj2 2 1% 29}
Zo| Wl §- ztdkate A HF 7Hssich

el 1l 2 #3 2d M = (Dy,Im)3 ZE SOEPDL
=2/4] Eofl e F Aty A9 BY £ AlY G(M, {7 &
AHatw, A7F A (s,8z, .., S ) ol A e H & 71
A& =] P} 4 soff 4 ’EJ"’/HEH: A EXo]ct. d7}
Moj gl Ae g2 5, p7t Lol Yl FEFEA 5, [} =
2]4] €2 27)e} g, o AYL O2Y7 x dx f)of wHEo]
H 4 3l

) 2 MCoF 22 A3 Edof dfdf pC &2t WINE
FHArele LA AHelE, o] MCE 29 15} Zo] BE A%
2dof giaf ZE puC =ej] & HApste EWA A2 ALE7}
& 3fct

of AL d x 29°P x frE el | A E FHAIT webd,
o) ezt wxl 1074l T ol 24, wejael 2
717k 2081 =2l Aol hs A of Aol 7HE & e AXE
10 x 220 x 20 = 2097152007) 7} = o] Ajzk, F7HA Q] Hel A
ol % & & olch.
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6 Winskel?] u-A 44y : uCy
Winskel®] j-# 44 pCw(2]& o}-2-¢] $4itxE 7hdlct
pu=pl-d|dAd|dVellae] (a)e|up{ut.é|vp{u}.é

UubH Q) uCot @) uCwis 254 AALE o o, ARi7
Al2) A4 SAHE el Aol 7hA T chlw A g Aldbel A}
gk 29 Mo N8 uCr =24 uz{u}.¢9h pofu).o8l
ool b8 et
M(uz{u}.¢)
M(vz{u}.9)

N8 € Du | Ms;z(9)\u C S}
U{SC Dum|SCuuUMs/,(e)}

[

7 2937 Revenger

SOEPDL# o] 43 A o] sla g o|gld 713 & olfe
4 Z& w4 (bound variable)Eof] W3t A& 7}x
I chiel #7] wFelct.

pCw & ol-&&d ol et M 7tx 1 chie el
ofvj g}, xg(substitution)g ALL38}7] S Fof REHo| 4
2 A %% A 2&4 Aibo] shsatcth

o FCx 3i¥oz Foiil uC A& uCw wejYo
2 gy 3717 fo pC £ 27]8 Aol
0247 x f)al uCw EgH o2 HE =

GCe o REM)d wgd U¥ =8 H(p)E YUY
2zEA ZHAAAAY GM, p)E sHEAd} AY
G(M, )8} $l A& s7t Mo+ ] & Abel, ¥} oo 5
A da (s,9)7F foh. Ax Abel soll 4] =2]4
Yot Holsle Wk e g AU AUYsn, Be 1S
e stela gof. A%l Be) £x9& og3 g1,

(s (Y1¥%4h2) — (5,%;) for every i € {1,2}
H'z/}) — (t,9) for every (s,t) € Ing(a)
s, (Ez{u}g) — (s, ¥(Ez{u +5}.9)) s ¢ u

A%} Be 29 A ted ot

true
(S’ Talse

(s,p) where ng( )

(s, ﬁp) where ng( )

(S, {) where {t | (s,t) € Im(a)} =
(s, (‘ix{u}.w)) where s € u

o MC+ Winnere)| 4 &} 2}

Ael 3 ¥E AU BEY M = (Dy, In)H BE puC =24
ool W3 = Abg A9l B 731 Al G(M,¢)7F Ex8t1,
A7t 1A (s,9)oll A W5 d &g FHxithE AR =24 Yo}
e sofl 4] Folgrte HF FAolrt g4 ¢ 7|7}
[, #5He A5t p, RAY Aok difeld, o] AL
O(d x 24%F x f)off utgofd 4= 9jr}.

Ao 1 ¥54 up.o(vp.¢) 7t HFH vay(pey) 9 38l &g
Aolm, W g7t poll A AAFA A5 gt HEY
o) A2 Ha3lx ghriz Yok

M1 M2

1 P2 & 2
W| AZH(FC) 0 0 0 0
A]7HMC) 33831 34336 26853 29915
uh e 3) 4 jp) i3 ] 10
LK EX 8912896 | 9437184 | 8912896 | 9437184
R | AZHFC) 3864 2 3811 2
A 7HMC) 19521 34 16795 11
WhE 4 56 ) i g
Ay 2] 1564712 12272 | 1564712 12272
W:Winner, R:Revenger, x| Zbct9]: &, Aol 27): ¢ 2|44

E 1 AY A

CTL, LTL3} 22 A|7b=g(temporal logic)E& 254
o] M2 & X W& p-A s 2 319 =2l (sublogic)ztar
AZE 4 ek o|FA X F5 Mol M2 F33lA 4g HSol
pCw& o] 4% 7% g A elst o] 35 Fol Ayl
ol agHo g RUAYAYE HE & st

el 4 e Y 2W MA REFo| 42 eisx) ¢
2 277} fol uC =2l 4] ol Ui, BAHZ AL BE
H 8 A4 poll 4glo] O(d x 2¢ x f)o] THE o Tt

8 7d R AYA

294 Winner2} Revengeri= nMLE T8 ¢t} Win-
ner9} Revenger?] 3 7]+ 6008 A X9 nMLIA = 2 o]20of
A glom, Int32, Array, List, Set, Map, Hashtbl g}o]H
2l & Abg3tslot

&9 2l My, Mol o8 ¢1, ¢oF XAl Botet

o O o O

! ! ! !

O-® ®«0

My ] Il My | 13

®~0 O~®

1 T

O O O ©

¢ = va(p A [alpr(qVar)
¢2 = p A vg(lalg A pr.(pViar))

=4 612 F FFH v}t uro]l HE ¥HUE A S0
A, w4 ¢ov 1A & Aol =2 o1 g F
R FA o Mi(¢1) = Inm,(p) ol2, Ma(¢1) = 0 o]z}

F 1o A & 4 si%ol, ¥5Hel HE HHUA L ¢29
73% Revenger= "% 35 AAE Rt

9 ¥+ 49

Winner®} Revenger?] X #4€ A )&= (theorem prov-
ing)® FalA AFsa, b TUAASY YUY @
4§ e HAE doetEE e d A Yol

I3 A7

(1] Nikolay V. Shilov and Kwangkeun Yi. Easy-to-verify
model checker for propositional mu-calculus in finite
models. (draft), 2000.

(2] Glynn Winskel. A note on model checking the modal
p-calculus. Theoretical Computer Science, 83:157-167,
1991].
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