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An Analysis Scheme for Protocols Specified in SDL
Using Reachability Graph
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ABSTRACT

SDL has been standardized to specify behavioral aspects of communication systems based on the formal descrip-
tion technique, and it is powerful and user friendly in the sense of supporting human communication and under-
standing, formal analysis and comparison of behaviors, alternative implementations and design optimization, and
its structural decomposition. However, SDL is not sufficient for an efficient handling of entire system descriptions
because the communication systems are generally very complex, and composed from the various interactions
among sub-systems. Also, it is very difficult to explicitly verify dynamic views such as liveness and reachability. It
leads the demands on analysis scheme to verify dynamic behaviors of specified systems. This paper presents
modeling concepts of Petri Nets from SDL and transformation rules to Numerical Petri Nets to provide efficient
techniques for verification of dynamic behaviors, and proposes the reachability graph that is able to trace all

reachable states of a modeled system and reduce an information loss on the reachability tree.
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® Generate Symbol Table and Extended Finite State Ma-
chine from SDL, Specifications.

¢ In Petri Nets, system status is represented by marking.

o In the case of Numerical Petri Nets derived from SDL
Specifications, marking is composed of state places which
occupied control tokens, and the content of queue places.

® Let Fis the set of frontier nodes to be processed.

¢ Let A is the set of state nodes which has been generated,

previously.

While (F is non-empty)
{
e Let fis an element of F.
® The notation of [F]Si means the identity of ith state
place is occupied by a control token.
¢ The notation of [F]Qi(no) means the number of ith
colored token of the queue place in frontier node F.
For all transitions which are enabled in marking F, cre-

ate a new node N.

If (marking [F]Qi(no) = many)
i
new marking [ N]Qi(no) = many
t
Else if (exists an internal node I on the path from the root
node to F, and marking [1]Si= marking [N]Si
for each state place, and [1]Qk(no) < [N]Qk
(no) for each token type in a queue place)

new marking { N [Qk(no) = many;
}
Else
{
ith new marking (N ]I = next marking([F], tj)

Y (marking [ F]Si= marking [N]Si for each state piace,
and marking [n]Qk(no) =many —1 for each colored

token in a queue place)

delete marking [N]Qk(no) in the new node N ;
}
® [t means that a state transition concerned with an arbi-

trary status can trigger more one times.

For a new node N, construct parent list and children list.
If (N is an error status) generate error report ;

Else

{
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If (NisnotinAorF)add N to F:
delete f from F;
add fto A;
}
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Node 1
S:= (START,START)
Q:= st(#1},5r(#1)

Node 2
S:= (S1,START)
Q:= st{#1), sr{#1}

Node 19
S:= {START,S3)
Q:= sf(#1), sr{#1)

Node 11
S:= (§1,83)
Q:= sf{#1}, sr(#1}

Node 3
$:= (52,START)
Q= sr(#2)

Node 12
S:= ($1,54)
Q= st(#1), nr{#1}

S:= (82,83
Q:= sr(#2)

sr sf

nr

A 4

Node 6
S:= {c=len,S4)

True False

Node 20
S:= (START,S4)
Q= sf(#1), sr{#1}

A 4 Y
Node 5 < St Node 13
= (82, = (82,84)
= nr Q nr(#1), sr{#1)

Node 14
S:= (c=len,S
Q:= sr{#1)
sr True
A 4

Node 15
= (STOP,S4)
O sr{#1), eol(ﬂ)

}_

Node 7 Node 8 Node 17 Node 18
§:= (STOP.54) S:= (52,54) S:= (52,54) S:= {c=len,S4)
Q:= eof{#1) Q:= sr(#1) Q:= sr(#2) Q:= nr{#1)
eof 44 False
nr
Node 10
Node 8 .
S:= (STOP,STOP) g; ("S”Z“S)A)
True

Sr

eof

Y

Node 16
S:= (STOP,STOP)

a2 10. 1@ 79 Q13 Q200 zhzt Aoy o9k & %
& e xgy gL

4R AENS e BH EAS BAY 4 Al AL BFE o F vAAE 24 s RE N

FA A2 HES RAD AL B2 5HS B o Ho] A2E HoFE wey 2 ne FHF

Aek7] st ASd =gy 2 ze HER UE wg:aq. olel st 98 vAX|& SDLE WAI3 4

o] =g N dxeFe 578 ES AFE ey Z2E@o §3 B4 BAde 48R A8 F

CwAES BYsY, FEA A2 HHE BRFE At =g 2 EZE ol g3te &4 sted FF

oz He Aol £AE B} YA FHY & 548 ohg3 o

At oA, g 2B EZE ol &% F4 54 &

A e g 2 AEAT e EAS Rg4  Deadlock 71543 (no further progression)

7 71 3 FUEA A &-sle] BAEHA ErH2) gy e oA 9] deadlock 7Hs A& 2l o] A
FA AEE WER RAS A2 58 2/ 7t 28] Fefv) oln] ANE o2 Aelet FEEA GO
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BWX/E9A 22 E o] 43 SDL FH T2 2 24 7Y

A o o] Aul Mol Bited wER FHY &
glt}h. Deadlock el v S€4 2 X A Fo] 27)
S ZHE A Hol7t Brted kENAY ARE
B 52 AR} 2} 25 A A R}HE o] §Ee] 2§
o 23 A 28 9] deadlock 7HsA & HAFA €}

o u] A} e} o) $H4(inexecutable transition)

2% 99l B AAY, SDLE FAF A2
el AE3 e Hol #§F s +i(hash) Fr-E o
35t A EHA |k 2eu, ey Yz 24 F
of FHAE ALE-5HA] & A Ho] gt EA ST
Holg AAIdY 2F2 & F Ak vl AL e A
o] & A% LF WA= e 2HEZE A
3t o A Mol el e s EE AFTL
24 7HE st

o Z 3 W (Joopback)

A o FAF goe] Al2d e k=
7} olm AAE kol thE Alad JEHE A
olg 4 A Mol A2/ UL AL, ol Al E
FEWog Y F U} FE-HE AlAH F37
Aol 0FE B g odoy, 34 2HFE IFE e
Aot A, g e ol Fx-do] WA}
AZ Eol B8 o e o] ARE B =
AMae}h 2 B AANAE o] B3t AFFHoR
Al 2" AAA7E LFo) dis 3dE § F A%
Eid=
o = &4 (reachability)
Folgl 7] A ERE o] AAE e of
g g §F H A dol AEe 19 99 mEA
2P ZE A3 s BE o] &5t HF ol et
Alzg] AAztE o83 ARG o] &8l AlAH e
T2 548 AA A NA AFse ol 7he s

o X (nodr

v.d &

SDLE HAs E4 Z2ede gvtyow
Holy EFFAT oz & MHE 87
st BAde] Utk olejg B0 R st AlAH
T olHf A dANNAY F3 EASE B
& FEs A e ALde) AFAE Y U
& BEE, Aad Ad v g A4S Sdg £ A
} B =%olrME SDL B8 T g 53 54

£ odo

< B4 57 913te] SDLe) HER WE 2dg Ad
3 3 HED EZ W YI-& AAEAd.
E3 T3 49 £4¢ st =€ UFE A
M3 w94 ade dudEe Agssen, 59
A g o]g3ly ¥ e TR EHX L B
A 7Y & 7)gstdeh 2y, HE- WECAY F
I EA BN e 284 2y zE A |, =
g 7 BE A2E FEE A7) o B Al
W oadeje) AA A7 P WEY AL Eugow
87 F U B =R @4 HE o) 8T =
g 2= A g AHS o A A g
We 87 AMgS e slg o, ol& HHY &
Ae B4 71U 44 X% SDL Ad€ A% =Y
Y e A7t Agsojol & Aot

g
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