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complete TA A7) wFolt) ¥ ofyzE} SAT
FAE ot FA4 Eolol Ee] &85 AUtk
FolZ FAE SAT EAE 7hste] sldsts

1 352 ofef 9 Atk Foiz A=
SAT A#719 948 34 CNF(Conjunctive
Normal Form)Z & stch Thek SAT *2]7]
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ZzHY

918 (safety-critical) A2®S Fd3l= dd
ZAbehE AL oy x| we TR Eo
v E g HEEQ FopolA WY T2 IS
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no | no solution
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Diagram) & W AE5F22 AM-SIA 24 A4
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I Bd e A7 o) Hlsi A AR okd e

It AFFoR ZylEte Msﬂﬁum]gyu

Finite State

Process FluentLTL

gerer ation compilation

tabelled propositional
Trans. System | sompiation formuta

error
fourd
composition
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SAT solver s JAT e i
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e Z2AH 2 FSPA(Finite State
ITH1] Zdofl ok A8 $202 LTS
(Labeled Transition System)® WERAT X2
I A2HS olelE FLTL(Fluent Linear
Temporal Logic) 2 A&ty 293 374 HA)
wEl Ao Hateich Mk =842 SAT A
2719 4= el CNFo.g Held v, SAT
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g w3, dFY HolM 4 HeA 1 F
A& Helth
31 SE] ZE2AA

£3 Ae] Z2AAE 19899 U (Milner) ol
o) A At CCS(Caleulus of Communicating
Systems) 4 1985 2.0 (Hoare) ol olajA] A<t
# CSP(Communicating Sequential Processes)
9} 7& = maEA2 AR (process
calculus) oItk FSPE B =& fAdel oA
4E) Aol7b dojusdl M Z2IHe B
Pt F2s17)o AFgstet ol (& 1>
FSP F&& 8.9t Zlojt),

At T2 dojof A ALEEHE MFE X
ZALZ B, vy o] RdF fr)
const= A MAdste FiEolth & N 2%
goja Al ARSI THE Seolth rangew WA E
AAQsHE BHEAJY T2 M E 058 N7/HA
sz vE 9veltt, VAR ZEA Ade YiL 2
HMo] 71e=o] =l ZH2 ustk veke
WEE ARSI A 0 271219 e 25 ¢
ALIE HALE 4 Q.

2
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const N
range T

nn

VAR = VAR([O],

VAR[u:T] = (read[u] ->VAR[u]
|write[v:T]~>VAR[v]).
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<E 1> FSP 1129 2%

Nz 05 A
5 A HEA ”J%'_ 7}% {2 P7} ZZA A (-)P)is B L
43 B0 ZRAA P TSI $YE B,
| el QH ¢Sk y7F AMOIR (->Ply-)Q)= AN xhy 5 ot
- LIE 94 485l zzq A0/,
{When B x-)Ply=>Q)2 7IE B7t HOJ2fH %M xSy &
when JIE %A | o HEE 4 IRITH BIL A 0J2E %M E ’ﬂilli
%Sg dnfEich
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g Ut
forall e forali1. N PEY2 82 & @I - HPNDolct
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o aP= PO 2 YIS HFHZ oF 20ICL
oz
TEhA P PY YIMCZ Y= BE ng an,
29 a. nE HERCE 3, P2 2E 0| (1-Q)9 Bt {
°r aun 102 wREd,
ZZNA if B then P else Q Z74 Bt 2O/ Z2HA
if then x7o P ER5{1 JHA QoW Z2HA PHY SHTHY,
o TEE | ol else Q7HARE[R B2} ATOlIR!, X2 TRA
STOPZ 20| Hct.
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/ @a‘.‘: - | @Hoisye S2NL o wusdl oi8g was
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write

(38 5) Z2AH|A VAR thEH J2i= Y

o Wl FSPE 493t 7ad RdY
shugich, 12t eles FSPel ¢lvle o)
@ do] N2 LTSE 499 4 AT FSPY
7} 7| o8l LTSZ WBEE Aol tHE 2
A Uge (119 %2 CcolM B2 # At

Aol 1. LTS Mg th3 7ol W] 719 /&
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« S AHEY 3 JE

A MOIA AHEEE ARE AT,
P ACSAUS : AH7t AR Thi o 4
B2 Polahs Ho) A 1k YNIAE

T @5 g UR 44,

«qES 1 MY Z7] AH.

LTS M = (SAAgel 344 ad 2

LTS M = (SAAG)CT Aols w, M-S

XE3L, )AL (gag)eAF} ok

9 (18 59 LTSE A9 19 5302 &7)
o o&3 2ok $={012}, A={read0, readl,
read2), A ={(0,read0,0).(0,write.0,0) (0,write.
1.1).(0,write2.2) (1,read 1,1),(1,write.0,0), (1, wri



tel,1),(1,write2,2),(2,read2,2) (2, write0,0),(2,
writel,1),(2,write2,2)}, PFAH O 2 g=(°|T},

M o] A&H o= WA ghol] mpapa] AlXx
Ho] FAsH Hed d&58 A 9siA
HAEE Holgd d&5E APAE 52 A

ag,..aol 9% Hole] A&E ok 3AL
0 =< (81,0,,85)+(89,09,85 )51 (5,,,0,, 8,4, ) >©] TF .
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34l gherhd, L AR E wlEE AEielsl sk,
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Hetd oF tig HEela ok

LTSEY {My,...M,} o] A& W, o]52] ¥E
AFS Ml M2 s@sch ¥E 49 LTS
MAA z}2ye) LTSS FA3 Ao #AE
ol = FAl(synchronous)o] #10]3
LTSAE golE € fMo] AT wel
LTS% ZZHinterleave) 3h= W2 & # 3t
At HE AT LTS AlA e 3 e3b gt
o AT WA s Bt

Aol 3. g A¥Y LTS M=M..IM, &
Mi=(SAi0:>% ™, th3t 7ol Fejat
C8=8, %X 8,

S A=A4,U..UA4,,

s o ={{s,-n8, Lty
(a€4,=(s,,0.t))Via&E A=s, =1.))}U

{sys 08,1 m It s t, DES xS FL < i < n(s; 7t ) E

AMAVIZj<nizj=s =t} ,

rq= [qla 7qr,].

A AolMAHF nAle) LTS BE 4%
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A AFEL v 22 0P A WFEAE §)
o] A4 Hgew wHE HE Aghd LTS
Aol o Mo] wAEH, Y HAS ZHAAL 3
= 2t LTSS 9] HHE-E HolsiL g Ao
gl LTSE HEch Ui a4 o] BAshd, 11
o st LTST Holgt

ol el e Wy AFE ZZA LS oo
ok 056 27149 ke Ast =
& VAR =zZEAXzst IEs EdY9
TURNSTILEe| 2l 2429 A
Aol

!
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i,
&

const N = 2

range T = 0

VAR = VARIO]},

VvaR{u:T] = (read[ul ->VAR {u]

{write[v:T}->VAR[v]).

TURNSTILE = (enter -> INCREMENT),

INCREMENT = (read[x:T] -> write[x+1]-> TURNSTILE
y+{write[01}.

| [TURN VAR = (TURNSTILE || VAR).

264 TURNSTILE®|2h= T2 A 2= enfer
A o]Fo] INCREMENTE+= ZgA 22 2
=t INCREMENT ZZAAE read[x] o
A3 writelx+1] q4ME FYs TURN-
STILES. 2 Eolzbt), 714 x&) W7 Tol2
2 o] ¥ AAE read[0] -> write[1], read[1]
-> write[2], read[2] -> write[3]3} 72 442 ¢
g0 AMEt 2 02 9 18 23,1
Ay 28 A= Re wdgs Ao} ojm,
TURNSTILE®# VARE ZATAAAM GUNY
shot A o] =3 JFE VAR Aehol A%
sl= AL 798 3ok (19 6)& GUN Z=2A
25 LTSE vebd Zoltt

ThA] TURNSTILE Z2A)20 Aol 2y
Be Qo F +Hwrite[0]jo] Btk
TURNSTILE &= $1E A9 writel0]& 7}
A 9, VAR writel0]A A 7 718} =]
A W AgE TR AAAE HERA 7
gt} o] dAldA 0 Zrhe AL on7t §L
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ong dupy AL FIA Ao AlAL
ok e AgE TrAXY LTSE (" 13
oy ¥ Z2A2 359 AL Z read[T]
o} write[ Tl &% 5713t €t}

enfey

(72 6) TURNSTILE ZZM 29 LTS

sntey resd0 write 4 enter md ! wiite 2 enter rewd 2

B B o B
[ EEORMORMORMEOREO OO

s
-
e

(22 DHTURN_VARY LTS
3.3 HE| Agle g

Garden

West people East
Turnstile Turnstile

(18 8) A=

r{o

ol HollM (19 8)9 HEl ¥ =9
g8 oA 2 19939 &g Mok 13 oy
of oafix 2E AEd £AE 1] o
é]”940ﬂ AlgEo] YAFE 4 gl Fo] okEd]

3 A A AAER] Hed
=

5
2

o 8 @) Aun, 2AE
AN AR AR s
A o) 4B YA 58 A
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ni:@ SR E Hg
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o, 7+&E AAE FIHARITL

const N = 4

range T = 0..N

VAR = VAR{O],

VAR{u:T] = (read{u] ->VAR[u]

|write [v:T]->VAR[v]).

TURNSTILE = {(go  -> RUN),
RUN = (arrive-> INCREMENT
|end -> TURNSTILE),
INCREMENT = (value.read[x:T}
-> value.write[x+1] ->RUN
y+{write[0}}.

DISPLAY =(value.read[T]->
DISPLAY) +{value.write[T]}.

[|GARDEN = (east:TURNSTILE || west:TURNSTILE
|| display:DISPLY
|} {east,west,display}::value:VAR)
/ { go/{ east,west}.go,
end/{ east,west}.end }.

29 EA2 248y S 47 2
7] 2L BASHE VAR Z2AAE TEAZ
o} of Fo sgats 7zt U= AAE
east$} westZ #lo]&3 g TURNSTILE= %
Atk T4 W VARS east9 westi® oY
g}, AA} 2R o2 AMS-HE displaydl M E R
Htt DISPLAY X 2A2AE VARZE ojE AFH
o JEA Ye 9%S FRI

He] AT oA ozt deA 27 4
A= B2 AU o2 Tk gk A E
27) e e ARE TFse ZEA
A2 Rogor st} 38 T RIS KA
g ma A st dHE A ZRAAE WY
AFET olBA B AFY ZRA LA O
=g &7 dREZ HasA Aok dEHE 27
Q& Aos ZEMAA TESTE thad 2

£
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get VarAlpha = {value.{read[T] write[T}}}

TEST = TEST[0],
TEST[v:T] =
(when (v<N) {east.arrive,west.arrive }->TEST[v+1]
| end~ >CHECK [v]
Vs
CHECK [v:T] =
{display.value.read[u:T] ->
(when (u==v) right -> TEST[v]
|when (u!=v) wrong -> ERROR
)
)+ {display.VarAlpha}.

99 ZRMAE eastarrive®} westarrive HA
o] AA) 5 Atk end B0 A AL ), T
’\1 é

FE Atk
§ e o] BRS ), T4 R
4 [}

o}, ‘E%“ﬂ dA s d=vhd, ERROR Fei®
olF3hE ozl AR7E 44¥d. ERRORE
FSPo|A Aola o ckofo]y LTSAAME s
el -1o] Heold #nt, LA~ TESTE of
#ot o] AEY FdF AgE

| \TESTGARDEN = (GARDEN || TEST) .

A1 B BME 210 et}

T aa NG TEE o Hige

CEEREE

r

PYy Y 2

1z

25

ol4) TESTeIA ERROR Atejol Tkt 2 )
A Loluy] el B =72 FM A4

LN

g g 5 Qiek olE] AR oE ot 2k

go

east.arrive
east.value.read.O
west.arrive
west.value.read. 0
east.value.write.l
west.value.write.l
end
display.value.read.l
wrong

oA, 71 vkthol
Aotk (18 9F BAETE AFEIM o

e st
VD R—
ettt
vk 10035
]
B ke PR
ot

hsphiyoRe 1t
oo

7L et RS w o

(12 9) TESTGARDEN &4 Zx}
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A3 ol oA Y A2 A2 77
TEST, east: TURNSTILE, west: TURNSTILE,
display: DISPLY, {eastwest.display}: :value:
VAR 59 Z2M2Eo|th T 22 9o
A E YRy, FHES ol vehdt) 22
Moz mHHE Hol7t ofle] Are sFsh= Aol
Eolt}, o|¢} & 5L Ze o2 E dEHY
o o&f WA 3l ZHA (interference) o] 2Fal ghot,

Aoh e BAE AAE F F oA 2%
ojtt. UM AFRY v} o] T = A
£ Z2 Y HlA ey, dise £
o] AL 7Hxof & Wyt Ewl, 919
& whdEkA] 2ok Ak A
Hojshs Fiol A sk

Frhoz 4 &

o2 fgoox ot X

)

=

x

o
o3

2,
o
b

rlo
b
1‘2 e
ol

ot
3L

QL

ir

=

o

i

L

LOCK = (acquire->release->LOCK).
| |LOCKVAR = (LOCK || VAR).

GARDEN Z2A2~9 VARE LOCK#
VARE A3 LOCKVARE A8t} 23
Aspel o] ¢l VarAlphas F7+gth mpx] et
o7 HhEA] WMol ] Aol locks 5

3t HE 3o lockS SHAFIES WMAsIA

TURNSTILE = (g0 -> RUNJ,

RUN = {arrive-> INCREMENT
lend -> TURNSTILE),

INCREMENT = (value.acquire
-> value.read|[x:T] ->value.write[x+1]
-> value.rslease->RUN) +Varalpha.

get Varhlpha = {value.{read[T] write[T}, acquire, release})

34 BMYH

of HolAE BAjo] oFA o) oA =Ad
geiA e 24y Rde 48 2o
o 7} 29E UEhlE =2 a0 % £4 el
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g wa
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o5le 7t 2 LTSEA 2717089 e
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Ak 13y 27) e shuel 2R ¢ 7 L
o] 7] Aty & o, off o o] JAET
Ak inlg.0)E g dE7E 02T FHel
o eke 9ol

/\ inlg,1)

l<i=zn
(2) 7zt LTS HeEe 28 694 &4 &t
o) Aeato] Ad Hrh cordi{.-} & HE W
A F A3 STt A o Fo] He

sofolnh

/\  card{in(s,0)1s€ S}

1<i<n

(3) 22 LTSN ARES A & A 7pxT
e

TR 5 ATk cardy!- A e da



T Aox st A9 of Fo] He wojo]

o ex(aif) = 22 A o7t 1A LTS

A 28 g AsjEtke onjé) gojolth
A\ cardéE{ew(a,i,H)\aEAi}

1<i<n

(1) 22 Aot hsd AU ARy
s Fo LTS LY #o \QQ AFAA %
B sE AAYEHE ste dolgd S

:{(s a,s’) EA}E gojstty 183
wt(i) = Aol 9] 4R FAFE Yol

A [inls,0)0=\/ exlact(t),i.6)

tEA]

(5) oAl 228 SnSe) B 2AL A=Y
Bk 22 A4 w3 & 24 7148k
shbe] AT AR eala,0)= F2
A a7t 28 go] LT SJulg] Fojolth

(6) 1212 22 440l wyEA ekow,
_;;_HEJ AT HL}\‘Es}X] O}yﬂ Hr/]-
/\ /\ —exr a29 :>—xez(a,6’))

<i=naE4

oA FEW olHo] WA

st} e

5;

(9) Wk LTSRY Mol oig Q12E L o
o 7o) ()ARE B)ANA EelBoD %

e o] Atk

1

2] (1), (2), (3), 4= 2H LTS 3t 2
2l Aol A 2 7}‘:—6‘_} ANES
4 (), (6), (e 222 4o 2
2 Nl A ekAtela vy Z

134 4 (7 )” E7]§}°ﬂ o o}ﬂ %

rO_lZOHI'm‘L

oo e

onm.ﬂé
>

_&
L
R
159
3
o
?L
&
49
of
~
b g

2 12 e orlf e o X o
Hu
i
12
>.

24 9ol 494 W, 22 94| 4
SqElE Aclsz 228 9He) AR
AR VA BE el

g 99 73 (9
4% SAT A&7l 4

}‘

10 )

oo S

o R
o
g
0,
2
rr

l€6<kl\acsd

2 (1), (2), (3), (= 2# LTSl gt 4
o2 A A AeelA A Thed JAEE
Agstek 4 (5), (6), (1) 22 o4 &
3 2o Z 2 A Aefatgat T =
g @G A (7)' F718k oA &
= 24 q4E F shivh 24 g b 5713
B AHE] T8 Hol T4 o, ==

A g ofof gtk Ola) & F718
re ooln HEHE gl
=, a€A¢:>/\15i¢jgn(a@Aj)olq .IIJFE]F}\i
ac4; 4 W, Cla)=iolth & (8) 22 A
Sh 27 9Ho] AEE ), I o] ol

bl pss

12
e
rlo

Jud)

T,

I

>

2
Y
£
Ol
&8
2
&



28 FEAMIEHIX A14H H65(2007. 11)

W e dHE dojstal =Y dAe] ARl
bl

BYE 99 73 ©AF Fas
%42 SAT M7 4oz Eds) Fofo}
P Wz ee 4o 20]4 AR visl 2
VAE SR @ geelt 0|3

23 on;q_c_o] EI QX] oy

H, olAl=
3

N J°
o,
mu

32

W 2 N 2o

ojAl £A4E Hrp UdRMHOZ RHY ¢
FLTLS A i = ¢
2 LTSHY ofuist 13 AHE [89]E
at7] wgt # =
GA AT AFG HEA
Cis

LTSe A 7]ke] 24 Qlojolr} wpebA =
H7] 7oA LTLAHS EdstY siA st W
WE LTS vtz 488 = sith getA ¥
L YAHAR AHESE LTLE $48 71s
st 4 40 MF A2 A9 A o Fd
Sl A9 gho] Wl wAl Wpolth

e 4 i e A A L Tp=E o
g ob o] Heldnh o71M A A L
Tpe 7zt A S e Fa448 Aol
gy FEX AY 39 A9 FEFsrolth
b {true, false} = A9 Z7|%ko]th

Fl= Iy Tg) by

FZ LTSAA A& el Seh= 34
o WA o FHol HA, FRAAH H
= gAde] B o, Aol A N Tr=o

oL
o
2 o
-0,
ru

O
-
O
)
o
N
-
By

o

ot
r\r
O
k=)
R
1o
>
>
=
s
U
L
l
::L

.

Xl J

(10) s,a A (\/ (exlai)=H) A \/ (exlaiy=>nAl)
Paoiw at Ti

"\ee Iy

A \{ (e (@) F,_ \=HF) A \4 (e:r,(a‘i)/\ﬁH_l:é-vﬂl))

ohjol ) 7148 Waks FLTLY SR @ A9
29e PASE, $9% AAE 4L 5 3

fluent Fl = <end>
fluent F2 = <wrong>
assert A = <>(Fl1 && <> F2)

A A FNA (end>e AR Aol 3
o) Q4 end2 o RojH S Ju@ oY
A AR AL /16T 4, FEAEE

-

4. B E

2 =82 53 @A e 2ZE
Aog A3 Sa AF =29 A H &=
Edo] A% €& & ZHRyth 4¥ =2e
dF o Y A2, AP 2" 2
g RS APk 02N Y dolg A
A2 FAET A £y Fol 7HE ol £
ol =E7F WA w=elolth HAl =el= 71AA



i)
N
)
rh
B3
o ok
in}
k
b
it
ox,

g
o) £obg TR FATH TR 4T4

[1] J. Magee and J. Kramer, Concurrency -
State Models and Java Programs,
Chichester, John Wiley & Sons, 1999.

[2] E. M. Clarke, O. Grumberg and D. Peled,
Model Checking, MIT Press, 1999,

[3] A. Biere, A. Cimatti, E. Clarke, and Y.
Zhu, "Symbolic model checking without
BDDs", In Proceeding of Workshop on
Tools and Algorithms for the Construction
and Analysis of Systems, LNCS, Springer-
Verlag, 1999

¥E=2IE 088 7Y ¥

HI
1x

29

[4] A. Biere, A. Cimatti, E. Clarke, Ofer
Strichman, and Y. Zhu, “Bounded Model
Checking”, Vol. 58 of Advances In
Computers, 2003, Academic Press (pre-
print).

[5] M.W. Moskewicz, C. Madigan, Y. Zhao, L.
Zhang and S. Malik, “Chaff: Engineering
an Efficient SAT Solver,” In Proceedings
of Design Automation Conference, 2001.

(6] http://www.cs.chalmers se/Cs/Research/
For-malMethods/MiniSat/

[7] T. Jussila, "BMC via dynamic atomicity

analysis,” In  Proceedings of the
International Conference on Application of
Concurrency to System Design, IEEE
Computer Society, June 2004,

(8] T. Jussila, K. Heljanko, and 1. Niemela,
“BMC via on-the-fly determinization,” In
Proceedings of the st International Work
shop on Bounded Model Checking, 2003.

[9] T. Jussila, “On Bounded Model Checking
of Asynchronous System,” PhD thesis,
Helsinki University, 2005,

(10] S. Park and G. Kwon, "SAT based
Verification Tool for Labeled Transition
System,” In Proceedings of SERA2007,
IEEE Computer Society, pp.221-226, 2007,



30 FEA/EEA| M14d M62(2007. 11)

R
gt Nt
20014 737@% BArkaHEA)
20034 7710181 AWM AR
200413 ~ fﬂxﬂﬂ?lq% &3 AArets WAy
AR} wd A7, AU/, AzEde] T

o] ml ¥ : sachem@kyonggi.ac.

A

19854 71 gk A&

1879 FohEan AAESHISAAD

1901 FFgha gAY

19991 ~20006 B3 7|71 E B ofEh AAA S R

200614 ~20074 )= A2 AAALE Ly

1913 ~3AA 37 st BRAHIR wF

PR} 2ZEY 0] Ry LITES S EX Y
7Y, 2ZEgY 8

o] Wl ¥ : khkwon@kyonggi.ackr



