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Verification of Liveness Property for C-FSM’s with
Transitions depending on State Visiting Numbers

KENTARO MIzZUNO,t AKIO NAKATA,t K0zo OKANO,!
TeERUO HicAsHINOt and KENICHI TANIGUCHIt

Many communication protocols are modeled as finite state machines (FSM’s). In general,
since the size of states becomes large in order to treat parameter values such as sequence
numbeérs, the state explosion problem may occur. In this paper, we will propose an FSM/C
model where the execution of each transition may depend on the number that its starting state
has been visited, and propose a technique for verifying a liveness property. In this model, a
counter Cs; holds the number that state s; has been visited. Many communication protocols
can be modeled in our FSM/C model. If two communicating FSM/C’s eventually return to
the pair of their initial states and the communication channels become empty, then we say
that they have the liveness property. For verifying the liveness property, we use an integer

linear programming technique so that the state explosion problem does not occur.
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Lawv [HREE] ORIEEZRET .

ZDEFNVOEIRE s; 13, ZOREOFEE %
RKTHT 5 Cs, 2FD. FSM/C DBRIZIZ, B
HUETTRLGER L AT EER LIS . KE s,
PODEANEERIL, 108 C,, O (LI
Cs; DIEZ B HEE ms, TEIo72HEA Cr,,) "D 5
Bk, KMOLEORETTRELBRE k, UL
DEEDAEFTRLZBEDO 200D, Wihhy
—HOBRPEERICEIEND. ks, 2 ms, TV
52 Li2kY, FSM/CEFLT, ¥ =7 v AEE%
EDNRG A=yl Fo/-BETTFaDNL O
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LT, 220 FSM/C SR AMDBERK THITN,
EBEBFFIFO ¥ 2— & LTCEFIMETEL L%
WERRPER, FOEFNVETOEERY [ RBER
BT, D220 FSM/C BENFNDOREIIREE
POBBEEELEE, ok d & OWEIREEL
WKRY, 220t Z2OZBRBEIEL LD L) M
Bl LEHT5.
RELCVBRIEFETIE, FSM/CH2 5% %8
BROLEBROETEE LAY V5 C,, DEEDH
th (BB OEBRBMRCETEE R SIS 2568, %
5N, EF 5 OZERMAREREY EHL 2 nE
L% EFSM/C B OBEROTKCET 2 45M8:) & &
TEEBREASR (HRRX) 0fs ¢ TET. 2h
L OB LT, BERFIORS 2R THNBEK
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FEAT LA, K s; (BB, cond 75(Cs; < ks;),
(Cs; > ks;), (Cs; mod my; < ks;), (Cs; mod
ms; > ks;) DHBEIL, FOFHEVRYIDOL &
DHEYE ap HETTREL B 5.
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s
@{ue,a-’@?\ b Cs3 mod 8>=1,¢-
rue,b+
Cs2<5,c- 3)
true,k+_Cs2>=5,h- 7 e
6 Cs3 mod 8<1,d-
Cs5 mod 8<1,9+ frue,s+
Cs5 mod 8>=1,f+ o)
{89 "true,f+
‘ Channel (FIFO Queue)
T t
rue,a+ true,b-
true,c+
truek~__ trueh+

true,d+
. Ct4 mod 8<1,9~ true,e-\

Ct4 mod 8>=1,f- @)

M1 FSM/CtHk S (EB), T (T&)
Example FSM/C specifications S and T.

true,f-

Fig. 1
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TWB LI LRHUE] LERT 5.

3. EHEMEORIE

PFTIRD &) S+l ol L 2R
Tk, EHEMORIEET).
[HAEROKRIE] S BXUT 5% %581 FSM/C
BUTOLEE? T_TlEE, EFEFERDY L.
(Bl) vy Fuvy (§,T LdICEDBRLENT
EpnwIl) PFiwv
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(B3) S HHOTHHIREBIIR -7z &, T b9
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(B4) S, T »"HIRKEFICR-oTE/A-L & 10, ©
T Y R VHETH S

ERE 4 £HDFERIT, 52 5Nn78E FSM/C 28
DFWT & HHRE LR TBRD & 2B
BAERDP L 2 5mBERTERL, TNOOTLEREEN
LHNBBORKENERTH L R EERTIE
INEUE TN

3.1 #FHXDER

3.1.1 EBROEMKBARDY 585 h 341K
ZUOIC, FSM/C AR S(T) 2 ICEZ b &
12, EBRRFIHT (S(T) LOEEDOEBZTIC
DWTE D ILD) & (HIHR) tonwTELL, »
I SVLHLBRATNEEFT L CIRE s \ELA-LE
R, TORBEBRIERELT S, TTEH Xsjan
Y F, ZEATS. BH Xosja, s 25 55 N0
B o) PETLLERERET L (BER2ODON
FELZVIBEIR0). B F,, &, S OBILEIRED
5 DEERITL, TP DOL ZI2012%5 L5 2EK
EF 5. D, TRCOBHIIFEERKEEET S.
AL T, RO aHlHRE2E2 5,

(FS) %%@ BIKEEIZ 1 o TH B2

(Si) s; ICAZEBBOESTEEORIIL s; OFFRE
BC, L5Lv. —F, s 2O HLBROEST
BEOBANL, s; PHBZREL 2L E&DAhs;
OFMEH Cs, £V 1 D% RDBH, 200
LERC,, DIEIHELLRAD. £oT

n m
Z Zijsiah = C
j=0 h=1

= Z ZXS sjap + F

7j=0 h=1

BIsL L LT, FIBRIREE 5o ICDWTIR

n m
Z Z XSjS()ah = CSQ
J7=0 h=1
n m
Z Z sosjap +F30 -1
0 h=1

. ((Csi<k5i)a) {(Cs;>ks; )sap)
(Sl-COnd) Si — Suy Si — ap Sy

D EHITIREE s DEFMEE Cs; & ks; DA
LD BRHPRT B L) R5MT S BR L ROIRE
8 IZDWTIE, G, DL 2 DOBBOEITH
HOBR» SR &9 HHBHRAH Y 0.

(C <k )=>(Xs iSulq —CS, Fsi)
( ) => (Xs iSyap — O)

(C > ks,) = (Xs suag = ksl - )
(

(&WF@;&—%—m
(Si-cond’) s; (G mOdln—i)ds“)’aq) Su, BEU
g (Crmed a2 o B B IR
5; WXDWTIE, Oy, & my, TH oKW Cds, &
FIR Crs; OMICRD & 9 HIHRATR Y 7.
Cs; = mg; x Cds; + Crg,
ms;, —12>Crs; >0
(Cs; LT Cds, & Crs, 3—FEiCETH) %
7z, Si-cond & FI#EIC, R X I RHIFHAR Y
A=K
(Crs; < ks;) =
(Xsisuaq = ks, x Cds, + Crs, — Fy,)
(Crs;, < ks;) =
(Xsispap = (mg; = k ;) x Cds,)
(Crs; > ks;) =
(Xsisuag = ks, x Ods; + ks, — 1)
(Crs; > ks;) =
(XSisuap = (ms; — ks;) ¥ Cds, + Crrs,
= Fo; — (ks; = 1))
BIF, FSM/CH:A% S 1235 % Lokl 04 (F
HE) % CE(S) TRTZLilT 5. M1 DFSM/CH:
BSIIH LT, B2 TRT &) 2HIRRO%ES CE(S)
PELND. CE(S) TiL, (Cs, mod ms, < ks;) @
HKOBBEEMER (Crs, < ks;) OFBOEHTRENT
W5, LR, (Crs, < ks;) OO S BB M LIE
KT EIZT 5.
3.1.2 FLERETIERD 5185 h 35lHK
—#12 1 2D FSM/C CBBO BB LM & B
Wholeb LTh, ZFRETHY ) LWEEDD S
EREHFOMI»PZYVBRESNS, E21E, K1
D FSM/C 4% S Tid 3 20 BBEMH (Cs, < 5),
(Crey < 1), (Crsy < 1) (BHIZFNLDERE)
BhHB. FMEHRTENLY, S HFED L) R BHA
FleET LT, KEE o3 ICEREL 2L S0OBEBEM
(Cs, <5), (Crey <1) DERFORICETHZ I LA
RIEEND. 20720, K2 OfHR CE(S) 2% 2
B35ES, BIEIREDN s5 OBE, CE(S) Ol
KDI B (Csy <5) & (Creg < 1) HEBICEDBE
D oK ROAEZEZ T L v Bk, B
BEORBIEDWRIZE 2 ZRELEOHEEZBE T L
BTE5.
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—HIC FSM/C £ 7 )V T O RE 72 TE T (IR EEC
HDHDT, UTFTIRD L) RE SR EFET (+5
&) PRV, BRETTETRVWEBLEHOME
RoaZbizss. £, E—FSM/C DIRELE
BEGHOEBOAIELBLTHS O L) 2T ER

TEHALI 2 SRR ICRE

(FS) Fog+ Fay + Fay + Foy + Foy + Foy + Fyg =1
(S0-1)  Xegogk = Cop = Xogaya + Fsg — 1

(Sl'l) Xsosla - Csl = Xslszb + Fsl

(82'1) Xslszb + Xs4sze + X3532g = CSZ

(52'2) Csz = X3253c + stseh + F52

(52-3)  (Csy < 5) = (Xapagh = 0)

(S2-4)  (Cs3 <5) = (Xsps3c = Csy — Fsjp)

(82:5)  (Caa 2 5) = (Xupage = 4)

(82:6)  (Csg > 5) = (Xapsgh = Csp — Fap —4)

(53'1) sts3c+Xs3s3c :ng

(53'2) ng = X3333c + stseh + F32

(S3-3)  Chy = 8Cdsy + Crey

(53—4) 7> CT'33 >0

(S3-5)  (Cray < 1) = (Xogae = TCduy)

(53-6) (Crsy <1) = (Xo304a = Cday + Crsy — Fsy)
(S8-7)  (Croy > 1) = (Xogepa = Cdyy)

(S3-8)  (Cray 2 1) = (Xogane = TCday + Cray — Fuy)
(84'1) X3354d = 034 = X5435f + Fs4

(35-1) X3435f + Xs5:35f = 035

(S5'2) Css :X3555f+X3532g+F55

(S5-3)  C., = 8Cdyg + Cryy

(S5-4) 7> Cryy >0

(S5-5)  (Crag < 1) = (Xagags = 7Cds;)

(S5-6)  (Cray < 1) = (Xogogg = Cdyy + Cros — Fug)
(S5-7)  (Crag > 1) = (Xupepe = Cdy)

(S5-8)  (Cray > 1) = (Xsga5f = TCdag + Cray — Fay)
(86-1)  Xapogn = Cig

(S62)  Cag = Xagaok + Fog

H2 S OEBEFE, LN BHER CE(S)

Mar. 1998

MARZERT 5. TOWNERTAOZLH AT, HIBE
REEL ZOREBTRY LOoOBBEHEROMETERL L
THD. ROH ./ — FIZFEIIREE L o IRRE TR D 32
OBBEMEOMETH ), FEEOREDSETITRE
LEBEFEIT LD L ORE L BBEHHOEE TH
He LTINS 5. BEOEBRRINLFELT LBEORK
RE L BMAMOEBOMIZZ OFETREERICE IR
7oREE L BREEOHOWTNITH Y, TOTMER
MARICEN R VIR L BREEAGORICEEB L2V
EVRFETE S, WEBHAOERIILTO L 51247
J. T, BAZEBRISEMAN EERTLWE BT,
BEHEORBLOA Y FOBEBTETLTEBT LR
BEIBERMAHEFEAL TS, BATERS S
B 2 BROBEIL, BREGORREIELT %
B (7221, (Cs, < ks;) DEVETH S L ik
W5 (Cs, > ks,) DEDPETH 3 & I BIREAE
TAEEE) LELEVEHED 2@ ) ITHET 574
BEED (221, BEOHETTTIZ (Cs, > ks;)
DENFETHLHEE, (Cs, <ks,) PEVPEILLD
L BTFERIES R V), B —F 2O IERTE S
DERETEYETH, T CICHARIREL BBEGH
DREER LIIEE, 5L, MR L BBt
HOMICERZEL 258, FOBRETTEF/ —F AR
2B E, —RICTEHEOERICEL T, EBE&H
DEBEISVLTELT A EIIBL RV THERE L0
ERFAOTRCOEBIIHL T HIRE L BRSO
HICHERET B LIRS 2V, o X HicER L
TR N WIREE & BN OMIC IR 12

Fig.2 Constraints CE(S) obtained from spec. S.

s0

start

Cs2<5
s2
Crs3<1
Crs5<1i sl Cs2<5
- - Cs2<5 Crs3<1
Cra3<l Crs5<1
Cras5<1

82
s6 Cs2>s5
C82>=5 |, Crs3<l
s0
Crs3<1 Crs5<1
€82>=5 ! crase1
Crs3<l i
Crsg5<1 ‘ 82
| C82<5
end Cra3<1
Crs5<1

a3 83 (already visited)
Cs2<5 »
C82<5 crs3s>=1|
Crs3>=1 Cr35<ﬂ
Crs5<1 T s5
Cs2<5
s3 Crs3<l
C82<5 (85 pflomssm
Cra3<l | 1 C82<5
Crs5<1 | Crs3<1 85
{’ ' Cxs5>=1 C82<5
Py Crs3<1
ce2<s c_rss<:£
Crs3<1 : r
crs5<1; s2 82
Cs2>=5 | Cs2¢5
Crs3<l Cre3<l
Crs5<1 Crs5<1

Fig.3

B3 S ouEERA
Reachability graph for spec. S.
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reachability table of S

conditions states
Cs2 (Crs3 i Cra5! s0 81 82 83 a4 85 a6
<5 <1 <1 o (o] o (¢} o o --—
>=5.0. 1.5 <1.]. 9 o O | !
<5 i »=l <l L. e -~
>=5 | »>=1. <i_| (un hable) ;
<5t o>=1 S, SR o ol
>=5.1.<1 >=1 ( hable)
<5 »=1. i >=1 ( hable) .
>=5 1 >=1{ >=1 (unreachable)}

®a S OWEHHAR
Fig.4 Reachability table of spec. S.

(UN-1) not((Cay > 5) A(Crsy 2 1) A(Crsg < 1))

(UN-2~4) 80 3 #) OFERRZE FHMOBES (UN-1) &
TRk,

(RE-1) ((Csy, < B) A(Crsy; < 1) A(Crsy < 1)) =
(Fsg + Foy + Fay + Foy + Foy + Foy =1)

(RE-2) ((Cs, > 5) A(Cryy < 1) A(Cryy < 1)) =
(Fsg + Fsy + Fsg) =1

(RE-3,4) ftio 2 @) OE&HE0HE S Fik.

B5 S OWERNSLELNLHBKX RA(S)
Fig.5 Constraints RA(S) obtained from reachability
table of spec. S.

FELRZWV., COMEEFALT, WETRVEEE
HOMERET S, %8, TOTERBITAROY A X1
VAT
O(REES X 27)
P = &HMN 2 BREFOREBOK
TR ON, BB A—5 1 (BBLEICED
NTWD ks, X ms, OME) IIREFEL 2V,

M3 DX LRIMEFRFIAOABT, S, KBREMH
LT, 2OBBEBHOMEY TRTCEKLTS LD
LUHEMDH HIREL RO DL EDTEL. K4 3%
DFRERTH 5. OHOIRETIIEMICTZEL 2B E
BEEDEITRTEICR ZAREEDSD Y, EEOIRE
TIERMICTIE L - B EGHOEI T XTHILEZ S
Z & id7%\ (unreachable DATIZTRTOIRET, £
BICFIEE L BB LB OENTRCEIL RS LT
v, ZEERELTWVS),

M4 OWEBTERIS, B5 0L ) 2HHRO
#£4 (LLF, RA(S) &&L) #ELNS.

3.1.3 XZEOHL SES5n5HIKKX

RiZ, WEOREEE L ZEREWTHHR T
£25. ST FMOBREF v A NVEERLE, §
RTDESEFS ap 1220V, T W ap 2RELE
B S A an 2RAELABEEEZS I LTV
DT, EEOBBRFUCOVTROHBR A Y 70
(T— S COWT b ).

[S—T Hico>nT]
(Chl-a) Xsys;a — Xtgtga 20
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(Chl-d) Xg,e5n — Xtgtsn >0
(Chl-h) X.zaua — Xtp134 >0
[T— S fliconT] (48)
Eée Sk TMOFxRVCHT5HHK CHy(S,T)

Fig.6 Constrains CH (S, T) for channels between
S and T.
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(RA-S) RA(S)
(RA-T) RA(T)
(CH-ST) CH5(S,T)

7 #EFSM/C (S, T) 2&DG#Hx Cons CFSM(S,T)
Fig.7 Constrains Cons_-CFSM(S, T) for communicating

FSM/C (S, T).
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3.2.1 FyROyINEH
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T R10 S OBERER 51,84, 5,856 D4OTH5.
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72, (Cs; < ks) BBYILDE SIEZEHELS
FEIFTERVD, (Cs; > ke,) PIRY LD E EERE
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BRI OFEE AV THEMAICHETE 5.
3.2.3 REBRBENI GV EDEA
RIZ, REBRZEILOVWTELL. EFVOMEL
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R ILRE
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T IRRE ¢ [CAo7bT 5, BHFEOL &,
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Z DIREERCEDOMGEAR D LD, 8 B TR W
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TS XY RICMBIREBICRNE, S 2@ TI0E
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4. EFMRELY X7 LOTER EARERERIER
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