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ABSTRACT

This paper presents an implementation of model checking tool for LTS process specification, which checks
deadlock, livelock and reachability for the state and action. The implemented formal checker using modal mu-calculus
is able to verify whether properties expressed in modal logic are true on specifications. We prove experimentally that
it is powerful to check, safety and liveness for the state and action on LTS. The tool is implemented by C++
language and runs on IBM PC under Windows NT.

1.M B & Foljd maEF AR 1 sk AZdA AFEE

Au] 24 Aleke] 1173t} ¥ Al AAES 4E S2o] 3

Ao APEA gd 2uEYO] Axdse vy ol Mupx *}"% WESEstE e g,
M 7o o O A= —aE fus . %

Hol A Bweja R wal A TE ZREZH #HfAel duwizel 3 ¥4 (general

z correctness) BEAS WG b g TRLEE ALY

o9 $24 % 234
of Ag wEow 4
ashl s,

3% 7% 714 F 4 9449

4
on Easxn, R
<
3

t4 3 9 BARENAFY
R P PR
t 4 8 9 SR JLEA s

=P 19974 99 184, AHAbehE 11998 24 69

v:“o} FAojrt, TEER WA= deadlockevd
3 EAeEA] edolof = ohA A (safety) it
A8 F97} wi=A YJojupof 3= B (liveness)
\g

. model checking2

EEL st ¢e B4E 454 B4don
Baah 71l 1)
B Rl gae EHel oo} &g, old &



9% stEFEMElED =FX MOT M4=(984)

A 9 o] Lol |LHEY EYHoR v|eHT
ZREZH AMulze WA Ao s
LOTOS(Language Of Temporal Ordering
Specification) AFBWA7IH-E AME#TE LOTOSE
HEE ZREF PAZRE vy EAdi Fyo] &
olgt FalZjgrIy F dolE Hol A2gl(LTS
Labeled Transition System)& AAstdd, g
LTS B4 #AF7lel d#€stn o] E™9 modal
mu-calculusi=g] 4 & 83l AF71%g e
LTS 39 34 A% =7 78 s 7]&si),

LTS 39 A4 AE=7+ LOTOS 93 =2
2 /e $74e LOVTE(LOtos Verification and
Testing Environment)Wo) F@=slo] dm, (2H1)
o Ae BB sjmaig.

(238! 1) LOVIE sy
(Fig. 1) LOVTE Development Environment

(™19 Be FEol sigsie LTS 39 w54 A
Z579 715 &l B =59 2FdAMes AE A
UGl ds Zledta, 3¢S 2REZ A9 HAE

Z37) sl&l AreE O B2A 71 F 39 54
744 st Jebd modal mu-calculusel o)
sict 43S 458 93l AH8-¥ model checking
g]Zo] &) 71&38ta, Borland ¢ 2 7349 A
7]0‘] 913}] Mzﬂ LTSE A].%g}o:] TZEF .‘_E‘_A—LO— A
ghe} wvix|Eto 2 54 7igre A2 &% A A}
oA dish 7|&8t.

K o
ol

ook OiN ol M2 oX Mo mL

s MY % OiY

x
\‘ rir
[kl
it}

E
i
Al

Al ZREFo] A FAL 7] 98
~+ele] deadiock, HIAGHS &5
A dl#7t glolek s, ARgA &?*P%M

V=2 ARsta, thE Zzaxee 9483 Talo]

™
i) l‘l!}*il ol

Oll

ojFojal=A 4

ZIEZ [4FL EiE% BAel A8y, kAt
A4 D AP E doti= A2 2 model check1
ngollA Bop PHACE HEdlolof ¥ LrEFTY &
A& ofeieh Zh(3](4).

o deadlock : & AEioA ThE o Y29 Holr}
EAEA 47 GE o PAE T F gy A
<. 2 1 AN Urhis Helzt ExslA ¥e

® livelock : T‘EEE(%‘W) FeHEY FEIFE Wl
A gk Rt piERo g ol A
24 2 -r%ﬂ*%lfﬂ' ojglel f2 MR Holr} &
AsA et

e reachability : Z2EZo] }EH7| A uf, =
ZZEZ9 A ZN AHosolA e B e
2N EAQsted, o) 27 AHREH Z2E

2L 399 FHolol A o8] YR =& EE
E AHdl =ddlA du T2EZo] Hog A

of &AM o3 A" dejE =g¥hH I Ao
9} Aol dha) of A vlE T2EZoT)

® liveness: “ii’-«] ou Agst A (MY £
gol)ol Ax AEEOIA= RO, dFde x¥
sojok ste Ao Ht=Al wdAsor sl YHE
vl

ko

b

(18D FE=AA LTS 39 A5E g 7
B A2 g2 EDH 29

(E 1) 2EY Y W8
(Table 1> Development Contents of the Related

Modules
a7 A%
oE a7 AL e
- p-calculus &4 T8
p-calcul | - deadlock FAF 54 7@
us 547] | « livelock #AF 54 &

- reachability #AF 54 74

29 - deadlock, livelock, reachability 74}
A7) gxnglE 7E
© - LTSY 3 A4 binding”ls 78

- deadlock W& & 7@
- livelock A% 28 44
- reachability 3% 2% 79

- Windows NT #&7slelX GUI 7]l
Z¥7) a8 AR 23 M/M dE#Hol~ 74




3. Modal mu-calculus

3.1 LTS
2 doMe= EZE Agste 4% #HA 719
3 Eiii— 10”53 “§*ﬂ%§_"~ A ofv] 22N wol A}
&5z LTSE th&3 Zo| Hogri(s].
LTSE ™ 449 222 748 #HolEsd o

Alz=g "LTS =
714
=S AHES AR (a set of states)
-L: #Evbsst d9Ei(a set of observable
actions)
-T<SxX(LU{z})

(S, L. T. So)" 2.2 HeolH =], o

XS : Ho] &7 (transition rel-
ation)

-80€8 © 7] F|e] E(initial state)

o] HejolA] 8 "r"= vHAAHY L9 (non-deter-

& Hal ol 8E = A 2R S

3‘7}}"‘5@ 2& #9(internal &< inobservable act

-lon) & YERATE

minant model)

3.2 Modal mu-calculus

Modal mu-calculus¥ external fixed point&
7} modal logicold, Z2EZ EAS /1A vk
4 ¥¥sle 93 temporal logicolth TE
atomic proposition, A{conjunct). V(disjunct). {
J(necessarily), < >(possibly), #{minimum fixed
point). v (maximum fixed point)& FAISe] glo
W ddksld modal mu-calculus? =4 g3}
2t (6]

O :: = ttlfflZ| @ A @ol D,V Dol K] D<Kk OIVZ. BpiZ. @

o714 tte BE Al dia) “’L A& Yehx
ffe A3lde Jehe 7 WAz 9 ZE A
vrepdiTh ki 9l J7Y ‘%oh‘ ASEEE |
EX4S Jehd g doltt 7+ maximum fixed

point operatore]

-‘IN tlo

[

2, wuZ+v= minimum fixed point
operatoro|th,

g ZT2eE Y9 248 98 gdaxds kA
S F¥3% modal mu-calculus =g 4e]t}

3.2.1. etx A

LTS Tl AES 2Ist 29 BE7| My 997

ol Hogk Ael % deadlockoly livelock
772 e dis] wAgs Uil 54o=
modal mu-calculus®] A& &3 2t}

e AHgd Aulg JshlyE Aol o
vZ.OAN[—1Z2 BEE UM e 28 s
LIERdTE

(2382)E 2A#7] vend e LTS 24, o
LTSS ExstA g shie) Al A9 $+R/71 5
Aol HAsHE Aol o] Aejd] g kHA =g

<]

L

Bl

VZ. ([ coffeelff v [milkff) Al —1Z

2 REH. 9 Ao oA ol o] drkE AL (1
d2)9 LTS7F Aelol g ¢HdAdS 7HAa I&
ojujgtc}. ¢ 2o] o] 7] Al ( coffee]ff %
(milk)fDet [-1Z7} W=A #o]  Hojof  &ui,
(coffee)ff9 (milkiffis o= & Fo] Fo| AU &
v} o] Hojof 3}, [-1Z& LTSN Hod & &
ol o3 Z2AM 2 22 Ho|gg oju|str}

(38 2) XH™7| ven LTS
(Fig. 2) Ven LTS for Vending Machine

ol2lgh LTS Z2olA 9o g <duyd 88

r{o

V2. ([kIEA[—12

74

e e Wy

1= [e]

rlo

ko

kL3

opy, Ao WA go] Fo] Hrhe
LTS7t flel oigh etdAd g 713 ou
k7t Mo LASA oS- Jehdd A7) venol
MW tearr d3 AR gow. vZ.((tealff
AR R EdET, Ao} Zol 57| 8 [tealffed
(-2 WrEA] #o] oo} it}

} %, 8

e m]o rir



998 St=FEXEI=T =EX H5H M4=(984)

Z wEyoiAle Aoy A FEFo|Hdol &l
Aol Hh=A] whAslop shE FE UEpdn

1
LTS 29z Fag T3aze Al tat HdA

rlo

HZ. OV ({—H>ten[—1Z)

Z HEF 2 o= A 0o AYFE Fde Y =Y
slojzol g vEbich =3 LTS Eda g3e =
2A| 2= 9ol g AN =
HZ. —>unl-1Z

2 xdsed, 25 39 ke o E% F Hol gge
vrebdch, delol tigk A Aol Fo] 57 sl
pZ.0% (e A (F1Z2)7 A Aol €+ 9
1z, gl Eﬂfﬂ 2o ol w7} 8 (k]Z ‘&;:’\1

_u o
i

o] gt} dodAdo] gigh o] o] &
Ae oy LTS7} 44 54E 7T Sl
guigth o714 (kIZE $$ koll o8 22~ Z2
Holajok sjot & ouista, (Hite ofH A of
HHNE AL ofnjgich,

oA 7)1e3 ZREZ] EA(liveness, safety)
< #¥3%+ modal mu-calculuse 2eZXRE] 23
3 Agv)e] T 74A EAl] thE BHAY o2 39
10c7b 23k 9= Al coffee. b9l coffee’t A& o
& 2hA88)a, deadlock® livelockol ¢leS Uehl+=
modal mu-calculus® =4& th&z Zom, Aol
ol H7) Y& [F1Z, pY.(coffeedttd} [coffee.bliz
Tl Fhe] Hlojof it}

ol
no rlo

#Z.[10.J(1Y . < coffee > tt A { coffee . bIY)A[ —1Z

w3k, 8248 20col o# milk. bE WHEA] A
H= Ao, olol diFt =gl vZ.(uY.A V
(milk.bHtt A (20c]Y)) A (FZ &, A={S2} 2. &
o] At

4. Modal mu-calculus® &% LTSRY

48

41. 4

ol
ne
kI
o
oM

Modal mu-calculus=2] 422 8E  deadlock.
livelock. reachability 83 liveness#5%& ZA+
371 98 B.cleaveland®t B.steffenol ¢]s] sjtsd
model checking ¥38E SolveE AME3IT(T),
Solve ¥¢318& & modal mu-calculus® AAH E4
& o] 8% AeR, =74 LE &7 2ol ErL

K.AA(a]X) v (pY.BVv{alYA<att)

maximum fixed point vX. 0 =&4] @ 23
Z2 A2 X7t e F9S 9Wstil, minimum fixed
point® HHF uY. 0 =84 0o 93 ZgAx
Y7 REHoR #AE ondtct, ¢ =84 Lee
9] avhe 7HAlE LTSl oi#ll atomic proposition A
= in“ll RBEAOZ atomic proposition BE

A EFEV’ Luo did #ey X1s 448t
maximum fixed point®t minimum fixed point®
35‘4% B =g vX 03 pY. 0 i W X29

g A4ert X1& e FH maxiXl = X2V
XB}?J %7} max block& A, W X298 T4
(X4 A X5)& A48 max blockel H7[}. max
blockol A  =g]2] vX 0o sl ¢ FAHE WEA
o2 Histy thie] ¢d¥ max block® derh

max{X; = Xo V X3
Xo = X4 N X5
Xy = A
X5 = (a)Xq}
W4 X3¢ #AF minimum fixed pointE @
® F =g oY oo B3 min blocks o 3
& Hgete] thgy o] AT

min{X; = X¢ V Xy

X6 = B

X7 = Xg A Xo
Xs = [(a)Xs
Xa = {a)Xio
Xig = tt}

29 AAA Lee max® min® F blocke g 1}
o, LTSY 7t el folA s Xigh ¢
H¥ bit-vector?} counter® 7R ol x7|3}



RS ubdh 27188 ohg el 2laEgl
4 Ml..ml& #FAdstyn, AAdgE ¥y Xio Hol #
As b}F/M edge-labeled directed graph G& 7=
¥ 8 daHEFe] 98 wd MY g FR%
{empty)el € w742 bit-vector®t counter?l &
< AAF

Bit-vectore 7§2d Azl ofs] LTS A7)
e Xigl 54E BwEseEAE Jdehad &
deadlock¥ =% 7bgdt el 2 24 753 d9E
H4&3h. 34" counter® W& livelockel 24
g LTSe dHE  #AEHD. g2y, Aad
bit-vector®t counter®] W& LTS Aelsl Ba
® BEE Y,

22 bit-vector, counter, ¥E Mol it x7)

5 oo,
411 43 1

7} bit-vectorg Z7|sshe 73 ohga 2}

D max blocka¥ie) ¥4 Xist R bit-vector
e true(DE Z7ISEC Y 9o
atomic propositionolx, A8 Xi7} 1 atomic
propositiong WZ3}x| °}.°«“‘3 false(0)E %7
shgich. pRe] (XjdElela, el Sivt aHol
£ 7R o false(0)E Z7]83Hch

@ min block #¥9 W¥5Xioh #HH bit-vector
s false()2  zJlghetct,  whd S0l
atomic proposition®]Z. &l Si7} atomic
propositiong T3l true()E z7|ssta,
ol (alXjd ol AEISI7E aXlolE XA
o9 true(1)E 27|33t}

. Counter® Z7|&st= 73 olegiet 2o}

L max blockWe] 2ol tfgyt & wf H&s
=3

« ek Xi = XjvXkel® S.CliJi SOl Xi $¥9
disjunctgo] F ALT Zrgheid

< g Xi o= (a)Xjol® S.Cli)el AeiSdl 23 a
el9) AxE 2783}

@ min blockW#] &%520] thgst 2& o Hag
=3

LTS SN HE& I8 28 H#S57] i 999

«okek Xi o= XjaXkel'®w S.Cllell Xi $®e]
conjunctEe] AR AFE 27|83},

sk Xi o= (a)Xjold S.Clilel Aeisol 9§ a
Hole] A& 27)8H8d

e Mol the FHE theat 2t
Ne-us el @sEel WG M(l.n)e SX)
ol Wsk Wkt (S, XDE 0 Mol @7uek

A9 2718k A o8] BF 27|87} soigha,
otefel A YuelEe YE3lo wgMe (S, Xz}
g™ w714 bit-vector, counter, HjE ME wE
Moz Halgt

4.1.2 74 2

7b. Xi7} Max Blockdl ZA¢td gwnzEe v
=7 2t

D Xk7} Max Blockell &3t}

« Xix Xk Xk7F max block® Zwe] &aN8hd.
S.Clkle 1z438ka, S.Ck}7} 0o, S.X(k)
= A0 ez AAsn, (S, XoE Mo H7t

« Xin X8l Xyol ois) wkek Xy 7} max block®l
Aol E45n, S.X(k)J7F FH1D)o)w S.X(k)
& AACE upEi, (S, XoE Ml #7}

« Xz Xp Q) Xiol o3 weF X7} max block9)
ol EAFi. 2.8 AE Sol WH
S .CKE 12 ZaA7m, wd 0o #oa
S'.Clkl= A0z HFstzm, (S, XoE
Mol #7}

+ Xitas X)) Xiol tial e Xi7F max block
FHdo EAsa, S'»,891 Ay 8ol wE
S X(k)E zAbsle 1ojw 0oz dAdn (S,
Xi)& Mol H7b

2 Xk7F Min Blocktfol] &4

+ XiwXx® Xk7} min block®] FHWe] &Alsta,
S.X[k)7F A0, S Xkl HDem A
Asta (8, Xw& Ml #Evh

*Xi2Xke! Xi7b min block®) F#e] <luhn,

Clk]E 174 A7, wd S.ClkJ7F 0o,
SXkle #Hpez dAsla (8, XoE Mo
#7h



1000 St=EBHolEts =88R Mo M4z (084

« Xi=22 Xy ¢! X¢7F min blockel W} &3,
§'a.8¢ S'el digt §' X(k)7F AAlelW #Hon
AAsta (87, XoE Mol H7t

« Xia X, 21 Xi7F min blockel #del lopd, 8
2,891 8% "ig S .ClkIE 1 i, ¥
ol polw 8" X(klJi= F(1)ez Az, (8.

Xl<>% MOH %! 7}‘

Xz g Mol AFd 820]3, edge-labeled
directed graph Goll 2l8] Xi= Holgrh olm Ap&
iz dibabel oel e} 3 F shsh MEE &
g S 89 aol o) SE HelslE HeHE Jebd
},

. X7} Min Blockell #Alstdhd dne £ ohg

i gk
D X7} Min Blockue] &

s X Xe® Xeol Wil S.Clk)y 1A st w
ol 8.Clk]7} 0oJ®, S.X(k}&= (D2 %
atal (S, XioE Ml H7t

o X Xeo! Xeolh sl S.X{kI7F AAelw, S X(k)
ez Agata, (8. XoE Mol vt

« Xt X9 Xyl a8l 872,890 S'efl dj# §°.Clk]

& UAsta, ¢l ool 87Xkl F1)ew
dAsa (87 XE Mo #H7t

e XXl Xeoh oisl STaS9l STell sk
S X(k)7E ARlelH oz MAst (8, X
% Mol #7t

2 Xk7F Max Blockulell &)

XXk Xl WiEl S.XkI7E @ (1)eld
SXKIE Aslez ¥Asm, (8. XodF M
#7t

« Xi v Xk9l Xoll dhal S.Clk]w 174star, =hdd
Oolwl SX(kl& A0z HAgstw, (8,
XE Mol #H7}

s X Xl Xl disl ST S AE|S el it
S .CKIE AR Dol AR e A
et (S'. Xip& Mol 7}

cXi=eXeel Xl disl 8789 S'dl g
ST CKIE 1] R gk Qo] #Hrhy
S ClkJi: AR or HFsln, (S8 Xk&
Mol #7t

il
e
o

il

w2

i

i

A

hs

42 Borland C" 8 ojg%h <&

InitDeadfock & | [ InitReachability | 1 initReachab: ity

Liveness Check

Livelock S Action

Determinist Check

Reachabitity Reachahitity

check

State check Acton

(38 3) 84587 28 M=
(Fig. 3) The Configuration of Model Checking Modules

2Ee AA¥ezr LTS AA,  deadlock
livelock A%, et B9lel tidt reachabilitydZ.
liveness, deterministic 59 7|%& F33= *+&
o7 s Sint.

EERE

=25
ot}
D LTS Generation
A Al (S, N (Action), oHE AE(So)E F
e ojE #HolNxve =4 yZ2E wRyY
o 719
@ InitDeadlock & livelock
Deadlock & livelocks #AAHel7] 918 modal
mu-calculus =224
vZ. (Y. A AN ARYNDAIZ, A = {80}
2 Solvedxe#lFol weh max, min block &2
i)
@ InitReachability State
Aefel] & reachability® HAREE7] 918+ modal
mu-calculusi=#) &)
vZ. (1 Y.AV ({action2) ttAlaction1}Y)) A[-)Z,
A = {state} & SolveZzelF wel max. min
u

blocko.& &
@ InitReachability State

wlo
ol
mx
ol

rlo

% 7 mEdl Aq@ 7|



B9l e reachability T #24&H7
mu-caleslusi=g 4
vZ.factionl](x Y. (action3ttlaction2IY))
()28 Solvedite}Fol wiel max. min block 2
g By

& K.initialize
Bit Array® Solvednz]FHe
z7|3

® C.initialize

218 modal

z718t A et

Counter ArrayE Solve¥a#l&el 27|18k 739
uheh Z7)s

@ B.graph
Modal mu-calculusimgjrle] #@dy &8 744

i edge-labeled directed graph® 44

® Deadlock and livelock check
Fol2 LTSS deadlock™ livelock HelE #E

@ Reachability for the State check
T g9t sle delg 9E 2 Fdd g9
7} Fojd delol By rbeeA g@at

10 Reachability for the Action check
AHe #9E e F dEd Ae #Hvt &4
2 st g}

1% Liveness check
Z7) Aoy =g bedt RE A 95 §
wo] 22

10 Deterministic check
ofe delel 54 Wsiof

ol A=A A4

el w5 et kA

Fag dadsd s &7H¥ Bit arraysth
Counter array® AN& ¥ 1 Ag2yy Foial LTS
7} =eae gEslea) gAY, A goeiEe
A o Aoy U g2 EYad

43 HE g2 o
BoadeMs LTSel theh deadlock, livelock.,
‘ reachabxhty livenessH 3ol dis] & £HAA 7l
& dndsg Hestd 4E ARE FEet

4.3.1. Deadlock R livelock #%

(184 (282 LTsSoks e Sid
deadlock. ek S3ohA livelocke] #% LTSRY
o3, atomic proposition® =} Sgelch

LTS gMl HEs 218 S% H87] 783 100

{28 4) Deadiock % Livelock LTS 29
(Fig. 4) LTS Model for Deadlock and Livelock

Deadlock 2 livelockol ©3 modal mu-calculus9

Ao e

v (Y AV ALY AIZ &) A= {80

welale LTS ¥4 9 So xatel g @9ist
wrdshety 1 LTSE  wEsjer dal,  atomic
proposition AE WHTE vehiict

o e #4e duss 988w g g
(2’5 Wb Xigd  #Hel #AE e
edge-labeled directed graph GE vjepdich

(22 5) Edge-labeled directed graph G
(Fig. 5) Edge-labeled directed gdraph G

Bromm{X, = XV X | Ba=maxiXo = X0 X5 |
Xo = A Xz = [-}X5}
X3 = X4/\X5
Xa = {-}X) ]
X5 = <>X, !
Xs = ) ]

(38! 6) Max block, Min biock
(Fig. ) Max block, Min block

{(71986) 2 maximum fixed point$ minimum



1002 StnEEXMISE] =FX HoE H4z=(984)

fixed point® Ab&ste] 4A4¥ max block®} min
blockE Wby, (287)& 2718 F4e 93] %7)
3} ® bit-vector. counter, MG M[(i)& JEpdD)

(xIx[x[x|x[x]x%]|x]x
sojl ot jolofo 1]
Istloflolol 1o 1]1]1
.
s2lololoflolol1] 1]
s3| oo oo 1111
salofJololojo 1] 1|1
clx %] x| XX | X%/ X
so]olo|2]2lo0lo0olo]o
st|io]o |t ]o]olololo
20 ol2]1lo0olololo
s3]oloj2l1Tololo]o
sa] oo |2|2]o0lo0ololo

M{1)=4{{S80, X2), {81. X4), {S0, X6>, {81, X6).
(82. X67. (S3, X6). {84, X6))
M[2)=<)

(32! 7) Bit-vector, Counter and Array MLi]
(Fig. 7) Bit-vector, Counter and Array M[i]

(C1g8)& W M(i)7h 8%l 2 #7x] Solve
ot EE A &etod, bit-vector® counters 73AIEH
Adtolty. Deadlocke ot 9o disiMm #A &
VERE Ha X562 B2l (HttE TSR @ A
(81, X57t 0oz FMgoezy AgFoldr =g

123

livelocka #el¥l Jelel counter8zel ofs] derd
cho (CLE8) e} counteroll A AFEf S39F #HEE g4
132 gAgu) o)y el S37) safety s Efﬂfﬂ‘ 5o
2l p Y AVIUA-IY) ) e Be X3 9 X4
2 nEgr gouz livelocke] A AE S3E
HEdr

X X X Xz X3
S0 1 1 1 1"
S1 1 0 1 1
52 1 0 1 1
53 1 0 1 1
S4 0 0 0 0

(A9 2918 29

S0 0
St| 0
"]
831 0
0

S4

S |lo|lo | OO
(sl e B Hen B N an 3 [ an)
(ool Kl el [ an 3 R an]

i

¢y ME2)=C)

2l 8) Bit-vector, Counter and Array M[i]
(Fig. 8) Bit-vector, Counter and Array M[i]

MI[1]
(a

4.3.2. Reachability

reachabilityd3-& LTSe %7] HelzHH Hod
Hole] $Aol s YR W= RE O Agd =g
7FegAl gAksint.

A AAE (LE2)9) AdE S0l He] 10c,
coffee.b, coffeedl <& =&®i= Jel7} LTSE =%
e Jehlle modal mu-calculusis the 23
t}.

Z.[10c) (Y. {coffee) ttA[coffee.b]Y)A[-)Z

889 modal mu-calculus#=a)dS UM &
& WHO R bit-vector® counterd 7§Alsti o A
HzH Folxl LTS thal =gH& wFateal #A
15]- %p}

4.3.3. Liveness % deterministic
(z83)olA AAE RAAY livenessBEH deter-
ministicdE2 Solve@ e FL AHE3A ¥1 H5Y

Hom sy

rin

LivenessZd &< Z7[AHANA Td7bsst 2E A
e Aoz, (a¥2)d A% 7152

e o 2

S0->10¢->S1->coffee b->S3->coffee—>S0
S0->20¢->82-)milk.b-)S4-)milk->S0

ra

yee) E3AA chal

Deterministicd &2 ¢
A ol EAFeErtE AAEe Ao

e A7 £}
2. (23829 4

=

¢ deterministicd AFZ =t

58 8

2 =82 LOTOS #HAY @9 #HA F2£& F7



L2 wEel elo]d Hol Al k) mEAE f-
Abe} Fojzl Mol Alzglo] Qloje] Atejol| tistd %
7] el A Eg 7bedhA AAbsh: 71% & Borland
C''g ol&3d9 IBM PC 287|5oM sRens
TastEch olHE Vs FEsky] 8 AHEAL] o
& dgE =adg ol BAMn g EANAE AW
% B.cleaveland® B.steffenol] s} 7§ model
checking &2el&S Solved d&ate] waAe #
B9o)el gl sl 2] FedlA =2 shedt
A #AREvh. £ ARG A tE
AEZ Windows NT#A slellAl GUIZIT <8 7
THIE Windowol YRttt 7€ AF7id o
g A PHEE (2999 2t

BN

g

ol

1. Deadek ¥ tivelock ZA!

EH 7 2R

og 23| }

3 AEH S ey 2IA

J 3 S O ity ZAF

LTS Off 28
HA

(28 9) HB7| &M A=
(Fig. 9) The Whote Configuration of Model Checker

$E A7 Agoz i) oldel fixed pointE
A3 37 7b# modal mu-calculusi=g] ol tfs)
Z8 5 A= V)5S sk Aot ®I At

=
Mol Frhel AR *V\E“ﬂ e A37e d=

#EH

1] D.schwabe, Formal Techniques for the
Specification and Verification of Protocol,
Ph.D Thesis, Univ. of California Los
Angeles, Apr.. 1981,

[2) Ashankar and S. Lam. Specification and
Verification of Time-Dependent Communica
-tion Protocols. Proc. of the 4rh IFIP Intl

LS B & 210 29 E&71 1E 1003

Workshop on DProtocol Specification, Testing
and Verification, North-Holland, Jun, 1984.
{3] A.teng and M.Liu, A Formal Model for Auto-
matic Implementation Logical Validation of
Network communication Protocol, NBS Comp-

uter Networking Symp., pp.114-123, 1978.

[4] J.M. Ayache, specification and Verification
of Signalling Protocol International Switch
-ing symposium, May, 1979.

{51 P.V.Koppol and
Testing of Protocol specification as Labeled

K.C.Tai,Conformance

Transition system, International Workshop

IWPTS95,
pp.143-158, Evry. France, September.
1995.

[6] R. Cleaveland. M. Dreimuller and B.steffen.
Faster Méde%checking for the Modal Mu-
Calculus. To appear in Processings of the
Workshop on Computer-Aided Verification.
Lecture Notes in Computer Science.

on Protocol Test System.

[7] A.Arnold and B. Crubille. A Linear Algori-

thm To Solve Fixed-Point Equations on Tr-
ansition System. Information Processing
Letters 29:57-66. 30 September 1988.

g 2 HH
S

=

1986 4Edstu HAFEH
&

1989 g=e)7) & HAket
|

st Yug
YEE
2 9 A

2
[~
2
;
|
i)



1004 st=mdEX2(Eel =FX MoT M4z=(984)

242
1989 AX sty AxpEaElst

(334
1990 =Z=&bA agdate] 7 oist
i HE-FI(F A AL
1993y =Zga yse] 7 o
st HREEA(FE

s ap)

1982 ~1985%1 FHZAAEANATLS dolHEANAT

198613 ~1995d 3= EAl AN (HYA+ Y,

199003 ~199341 T~ AV EArlEd A (R4
79)
1995\ ~ &l A dEw A1 E M8 e}
Bypol ZEEg aﬂwqa dole £
2EEAY, ARHIEA



