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ABSTRACT A new approach to the reachability analysis of communication protocols is presented using a modified
maximal progress state exploration for two communicating finite state machines. The task of generating all reachable
states is divided into two independent subtasks. In each subtask, only the states which are reachable by forcing mo-
dified maximal progress sequence for one machine are generated. Modified maximal progress state exploration saves

space and time over maximal progress state exploration.
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HAAIA o] 5 XA 2 A nonprogress o
ASE 4 vk oloh e wbyl g Abd] g
4} (state exploration) g} grep @
o} Al & wAAL 22E O HiEsh wob
= w Abef A o g A Al okdr reabhable state £]
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T o wolgl 7R o2 alsled =
+ nonprogress (deadlock, overflow, unspeci-
fied reception) & eFx|3}z] Ed}+= AL 7FAl
th. Gouda$h Y. T.Yud: 4rel 444 FH | %
ol subtask® vho] ZH7F2] taskoll A maxi-
mal progress& & 43}+ reachable staterha
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& FAbsh wb g alokehod o,

B oeBo 4 Goudadl Y.T.Yu?| uldleA
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1, Sy, ...,sr0| EMEcte Azt A FEE M
3+ N 2] A} s7} reachableojgtil sle4-L& %
714 e} 245 reachable oleh& A3 WEskeh,

M3z} Napolo] F Ado] f3t £3E A=
2 R.E reachable state AIFE A4} §&31ct,
wep 4 FAA ol Ae g4 1 e98 A gale
EE reachable state % A A1 H o] E2Xe] of
w Abel 7} nonprogress Al 912 & ZAME 9l
t}. nonprogress A} 2] f-& o]+ deadlock s-
tate, unspecified reception state2} overflow
state7} JTH” o=l Ael s=(v, w,x,y) & v}
w =7} 25 receiving LEoli x=y=E o
o deadlock state2}ir gt} = oja] Ale s =
(v, w,x,yJ7} unspecified reception state 2+3L
e AL oY F 24 F o= duE BEE
& wfor}, :

i) x=gi'gs. .. groli v 7} reveiving 0]
™ 1 output edge?| label o] receive(g:)8l #
o] qivh

i1) y=gi-gs...grolZ w7l receiving o]
™ 1 output edge| label o] receive(g:i)dl A
o] givh.

ofw] 4tel s=[(v,w,x,y) 7} overflow statez}
2 e AL oheY F2A F oA FE ul

59 woleh,

i) 2= v7} sending =o0|™ |y|=Ko|r},
ii) =Ew 7} sending =0l |x|=Ko|t}

. Modified Maximal Progress Sequence

Y.T.Yu+ maximal progress sequence & ©}
L3t zrol AL stGeH”. Mol i3t maximal pro
progress sequence+ th-&3k 228 Mz No| o
g Aol A AsgEAolet, | s, Me] b3t
A2 Agstcl. ZF M9 93 #d o] empty )
7 receiving nodedl] T & =7tz 2 &3c)
28]l A No| Mol HEshAl g2 w4 =)
T FAE a7k AREet ;F M| Ago] A
ME 5 ek olg} 22 kA o] 5 Fo] vl

o2} 7te] H2jxl MPS (maximal progréss se-
quence) & ¢]-83}ed nonprogress state &) A
AE A4 R AFE F v ¢negsFd A
ksl giet,

2 =Fol A+ Y.T.Yus} Gouda 7} Algkgk M
PS 9 Mg Asle el 42 A2 state
2 A nonprogress Q4§ HAFdv dinelE g
Al k7] 2 ghet

Modified MPSE t}&-3 el A &gt M3t
No| %3t &3 W& o] &3ld FAlste 7142
d2b el obg3l e 2AE g QF
modified MPSe} 9|}

i) Q=q1*q2...qn,n=1
aG=1,2,....n)% 714 M &2 N re-

ceiving & & sending edgeo] i empty 4 F
ol o

AA T .
ii) k=1,2,..., me] 43} sequence q,

‘qa. . . qr(k<n)-& HFEA] Abel (v, w, x, y)dl
525 m vE receiving =Eo|i x=FEo|t},
'iii) ji=k+ 1, kt+ 2, ..., nol A5t seq-
uence Qusi'Gusz. . . gn A [V, w, x’, y’)
o] &= v/ receiving Eo]i X +E

SES

ofafe] 37§ A2l oJ«l nonprogress state
7} reachable o] ™ I nonprogress state-+
modified MPS ¢l ¢]a 4% reachable 3-8 H.Q)
ct,

A2 1 . deadlock state 7} reachable ¢} ™ mo-
dified MPS ol &3} 4% reachableo)
o}, :

A 2] 2 ! unspecified reception state 7} reac-
hable o} H modified MPSolf  2f#f A
X reachable o]},

A e 3 . overflow state 7} reachable o] % m-
odified MPSdl| 28] 4% reachable
ot
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M3t No| #& &3 2d-& o838l FAlsd}
5 7l A]a} & o} nonprogress stateo| 9] X
F B2 At g ohgd 2l ol
a ]% M3} No| mixed =2=2%F 72+ A%

3128+ modified MPS o] 93t 2 reac-
hable state & A Aste ZAbsl= 715& Zerh
o 714 PRO+= o]n] %=4}5l reachable state &
Easts Ao, INITE 3 zdl= &714H
2 Ftx v de|Ee] 3= 4 reachable s-
tate B _*-'_39:‘}{— A gte| 2, NON-& nonprogre
gress state® At Aoz 4y FZE
Z (null) o] et

procedure detectnonprogress ;

ruiﬂl ne rlr

Var PRO, INIT,NON/ * set type
varibles % /
procedure maximal (X) /% X is a
machine * /
while INIT is not empty do
remove one state s from INIT
if s is a nonprogress state then
add s to NON and skip
if s is in PRO then skip
else add s to PRO;
case s= (v, w, x,y) of
a . v is a sending node or
v is a receiving or mixed no-
de and x ¥E !
generate all states s’ such
that s—e—s”,
and e is in machine M ;
add all s” to INIT
b: v is a receiving node and x
=E:
generate all states s” such
that s—e—s’,
and e is in machine N;
add all s to INIT
¢ . vis a mixed node and x=E !
generate all states s” such
that s—e—s’,
and e is in machine Mor N;
234

d
o
f:
endcase ;
endwhile

for each generated s

do let s—e—s’ ;

if e is in M then add s’ to
INIT ;
elseif s” is in INIT or PRO
then skip

else write s’ as (va, w',x’,
y')

and add it to INIT ;

/% vy is a receiving mixed
node * /

. v is a receiving mixed node

and x=E |

generate all states s’ such
that s—e—s’,

and e is a receiving edge in
M

add all s” to INIT

vis a receivi1ng mixed node
and x=E and
w is a receiving node and y
=E:
skip
v is a receiving mixed node
and x=FE and
(w is not a receiving node or
yxE):
generate all states s’ such
that s—e—s’,
and e is in machine N ;
for each generated s’
do let s'= (vs,w’, x’, ¥’
if (v, w’x’y’7) is in INIT or
PRO
then skip

else add s’ to INIT

end maximal;

set PRO, NON to empty ;
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set initial state to INIT ;
call maximal (M} ;

call maximal (N] ;

print PRO

end detectnonprogress ;

A s 499 Al s=[v,w,x,y]2Y4
S8 714l M3} No| F4]7k ohvie} 2tk 2l
T vk A A EHe gHak dhvke] Al ko)
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modified W¥ell A 714 NE o4 A 2}
TN AASEE 549 7] W) -Folch, =g
EE nonprogress state®] F2}7} sb53ic},

__{

V. Atel A R HE

™1, (@2 b) 9 F 54l 714 M, N& 4
28kzp, o] 71 A M3 N 9] % 1-¢ mixed node
ojth, XE Mzl N& 5 2d$ o|f3td FAlst
o S abd o) f3ke zhzk 3oleta sl

a2y 1.(c)= 7IA MOH o &k modified maxi-
mal progress sequence & H-£3le J.& rea-
chable state & B o], Nol & 2 218 1.
(d) o] 2-<lek.

29 1.()et (d)el ¢
gress stateo| 2% M3} N-& nonprogress sta-
teoll E=dbx] vk w4l wlAlA] g, ga o
= 2 ™alA 1, 22 EEsch

2182, (a) & (b) ol Y.T.Yu2| &ae|&
2]gt 7]A M3} No| =}&F reachable state tree
7 BedAef T F by wlaste Y. T.Yuoldt
Fe|Foll As B 40702 Alefsb A=l dbe of),
+ =30 daFd A 25 2570 Arej s}
B =] o 37%2] 7o F2F L Ajzke| Meks

[eXKe] 2=
e ¢+ ek

o+ BE state 7} pro-

of

+u

V. 8 £

TA ZEEEL R3 Ae JAR Ed sl
A5o]l shsslel. EdE® R Al ZiA
E o] &3t £ sHudt RE AT F4leo
progress o5& ZA5de g 4w shaby
Holel gheh. o ubyjo] whA-g Abe) S F Al
o]t

£ A7 4= Y. T.Yud] &
mal progress sequence?] & Ao
A B Ao Age) Aelule gy L2EF
Zol 7S Holoza Al Els} ul-v] o]
A i FAE Bok FEA0R 44

L2 R AT Ae 208 AL 7)A
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€ v 4 LYo ME HE shed ZRE
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L
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receive (gs) receive (g:) send (gs )

send (g: )

receive (g;) r receive (g: )‘

receive (gs)

receive (g.)

(aM

3,1,E,12

‘3,2,34,12’
3,2,E,122’ 3,2,E,2

3,2,8,22 (2,2,8,2)
\
3,2,44,E (3,2,44,8)

{¢) state exploration for M (d) state exploration for N

a2l 7IAME Ne oo
Example for machine M and N.
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‘ 3,1,E,12 > 3,3,E,E

3,3,3,12 3,3,E,2

1,3,3,E

2,2,34,1

Geen)  Gawa) (Gass
3,3,34,E 3,3,B,E

3,2,4,2

3,3,4,E

2,2,E,2

‘ 3,2,44,E ’

(a) state exploration for M (b) state exploration for N

82 Y. T. Yu2| reachable 4e] =
Reachable state tree of Y. T. Yu.
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