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Strong Connectivity Decision Method using Graph
Rewriting System in Conformance Testing
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ABSTRACT

Test gencration from the communication protocol specified in 1/OFSM protocol is based on the assumption
that the specification § and implementation 1 are strongly connected, minimal and deterministic. Tn this paper,
we identily why these assumptions are necessary for minimal fest cases generation from I/OFSM protocol speci-
lication, and we propose a Graph Rewriting System and its application to the specification I/OFSM for
verifying its strong connectivity, We prove that the suggested algorithm is more efficient than the traditional
strongly connected component find algorithm.
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inguishing Sequence) ¥, 218]32 CS(Characterizat-
ion Set) Y FTo 2 o] Arh ojHFH WHEL
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[ 2] 6] o] &(neighbor)
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43 Fof dats “€¥Y"S 7¥E [JOFSM2 X E
AL ALgdx 7E IJOFSMo] s Arelel 3§13
Ged 2 g grhs Aot A WA ZAS Ay
&7 (controllability limit)a} &z, % HA EAS I
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autFH oz Ao A ZAE sl dHA
27] 4 so=5E AlFete dde AHkA A
& ¥ Z(shortest path)E ©| &5 <] o] T&E
F g delg A EA Hx, #F4 A4 TAHE
A7 A A @t Aol Fo =g Aee #
4% 98/28 NEAE AlE Ado THPAA FH &
& & 7% J/OFSM¢| 23t 391& #sh= Hye
Abgghdd. o8 E #4F 49/&28 AEA= UIO
MdZ, DS AA L, CS Al fA 58 ALgir

I/JOFsM 292 X3y Z2EZS2RE Ay
A AL 98 RE BEAE A3z TR
A E 100% A1 99 A (test coverage) Z B4 s
7t B Zolg]l N Ad: AN BAE J24
T} 0@ § oj2] EASL I/OFSM WAl =H 7} 7Fs}
A BEF o o, el 27 Haojol s, T
AR Yolojol Fith= FHEE M2 WS #AE 7
At g 2B ME ol M2 A disfA
=g

3z AT L 2|4 A o, 2EE 1JoFsM
A 29 AHA FolE t}E= o] GE wge
2 g8 JdE £ stk

(el 16] g4 = T2 4 o

A 9] 18 %3 I/OFSM2] Ho| JH Taf oA,
o= @ Aeid s F2 g icld g 23 &
11e] RAolgt BA ST, T.& T =1L =Y o
I/OFSM& AR ot}

Y 8 51, €8, 1€]1, 01, 0,€0:(s—ifor~> i As—ifo,—s7)

—>0|=02/\S|=Sz .

{«] 2]

wef TR g2 REEH BHA I/OFsSMe v} +8
I/OFsMe<] A3 ¥ o] obd A5 dsix Lmxz.
(=¥ 2)3= (3 Dl Vebd A7) JOFSMel o st

X #td

(s)
CEREN +4uE
179 195
Ak Al

® ©,

(3% 2) (O nofl Lept Z2H7] I/orsmel = COf2 T8
(Fig. 2) Anather |/OFSM for specification V shown in (Fig. 1)
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eAE & gl 53] 99 1€ ¥ [JOFSM
A ZF AE AE “FAE AE A, o= A 4n
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v 2dAFc= 9o 2 ARE A6 HAHY
FA 1/OFSM¥} ¥ 2% ¥ 74 I/OFSMel & Al
E e da Beo] EFEHE AT, 2 =Fd94
© AR g9 A st g

A9 165] FA %] 713 <9 1/OFSM M9 4
H Sit 4% oL A fas 28 E 45

Folt}. F, v=igh - ie—1°]& FH

T(Si, v)= t}& “} el (next state)
Siv)=29 A4

2 35, g8 AfE2 vol dlF I/OFSM M9] E
g o] Z(trace)= S.(MEA 253, o] & I/OFSM
8] 27] HdedA AFE ZE EF e AT gv]Fitt

FA ¥ ¥ I/JOFSM<] (M, My) isomorphic % 2]
T 271 AEA AlFd 2E Edol2 Vo g3
M7 M; Atojg] Efo]2 FA & w3y, ol &
g FA 9 72 AQdd F I/OFSMe] H§A A2
£ WE5A & A ot

[ 17] 23 448 = & 39
A 12 T=FE IJOFSM M| 7+ 2 A
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(el 3)
o} I/OFSM-& 7% dA e} opc).

Al Z-el

Ao o= g 179 Fg A2 FSA TS, P
(s0)) =s5.)2 UEAF]|R] ZED2 23 Q@] ol
3, ol A g oM 51029 Ho] "FA/e™) BT
=3 e #9 AR EAEA g, T2EZ
BA &7} deadlock-g £]n|ds HgHL HAH =
#olx FX AAE 2zl glojd @4 A o
T A& WE 7 /ldk

g 482 Fo] AFF AP 24 HEA 7}’5}
27 W4 E2& 73 I/OFSMe} 28 44 o1
I E YR A2 ofs] AgEE E4H *ﬂ
2§ g Fol disiA 48

33 0 Z AHEA A|AH S=2

I/OFSM M| 7§ 47 4el & 89387 94 =2
Hx Ak A2HSs HLHc) 4 I/OFSM M=
€S, 50, L, O, t)& W33 @ 29 Z(oriented graph)
G=(V,B)Z 718 = fled, o714

V=352] delof HF3t= o] FH
E=Zo] &4 tol #F3l ksl 9 olae] I

L2 F3, 0] 712 s @ 2] xEd ol
£ F7tste] = A7) AL g EodE)
WA 27] BH sool sF3te o A7 HolB

IBO0IM OB Z XNE7| Al~Y S BSE 2is o428 mCH g 1333

(27, 4 E P45z, YA e=de 47 g
olE BHZE, =2F)E F5id, 422 #olgd @
IRt A ke A7 ARE CV)={z=,
B} {28, fggio|r}. olg} Zre] dojA M=
Holgs @ 2o uhge] = AFs] PY
R15} R2E FHE g0}

«AX7 YEAR,

a, BE{RE, ojF, Bi)}elE) 3o, == X, & A
2 (25, 99 Zo] of2 X, X)ol 98] ==EX,, &
472 (27}, pe 940 glod Xe N2 47
dolL (27, 2)& Ho ot

of WL ohe 2= ¥y YHog £ AF
"o

, (=7,p) (=<, a) (=%.p
F—a — B—A
X X2 X X2

«AH¥7 HH R,y

T k2 X, F 42 (o, 2F)0] oFZ (X, X))
A8 X X,, F A7 (B, W) 4= e,
Xi & N2g A ol E (a HF)E Fofdy.

o] AL g Y= AH7] Yoz A8

@EF) @ F) o I @ I
nr——n > W———N
X X, X s

AN ANY 2AZ AE7) WA RFH RE D4
SHA 2z A7) N2 4 APL e S
WA Z o] Fo] ).

(A% 44 9% AF 24l

MEZEZ FG4 2A= GV, B)Y] &7 m2d=
(27, 5&h) 47 #FL sz, WA ==F
& (28, 28) 47 AL Rosy golEst @
=S AT F Qs Yo

@Heled @ T2EE A 2= A A (8,
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P (o, 22) Felz @ otz EASE QL
sHat, (2%, )—(%7, £ FHZE & ol=
7} 2AsE @ P 3t Tef o AF
e o} ofArt A A FoUG)E FHTH

3)(8, )~ (a, %) B 9] o83 & ot=9
HF =89 (8, BF) (e 7F) FHE o]
Bg yysia Q) st

@ (2%, (27, £ G ¢ Ho) B3 € otz
HF ==Ed (27, o~ (%73, p FH= dHol
Bg wgss QF s9Ed.

@G #Eeles ¥ A3 afZe] B =280 (%
7, #3) deolE Fu 472 Fo2 FA4HY
sled TREF o4 W= GV, B A
A7 Pejol 2§A o A 42 FH7t
ot} |

sjelA Fojg A A4 9% AR & AT FF
@Ae A7 HY R RE Qod 9F 49
Fo] Y3 irreducible 28] X I{G)7} doiA=H,
371 HE7] PA L HLE g 245 7
d3e ¢az|Eg verdo

(A=l 1]

AE7 Hol § o4 HALE F ge 42249
o235 @ I GF irreduciblezt} o] o}713HH,
QA Fold AT GEVE 9 AV HH
g2 Hgsinz A @x sht}e irreducible 2 E
I(G)7t el

Zu)ujdl $19] AE7 ¥H Rl & R2E HET
ofjujc}, 28 47o] sy AR a4 2=
#ol2z} 9 2L GV, E)o A7 WL AL
£ FE 20-D9 Qd, 9471 0 x29 F5e
o}, A 85 20— 1) A7 FH F I(G)7 4
o} o2 AME FHL o 42 7IEES |

34 2]

F7] A s Dt 9] FEA dEE 8
atE I(G) 2 =2 (%7, 03) 47 o1& 7t
A ez Agelth )

2 ()Y 87 (a FF)E /1A o= =2y
27] Au 2R yol ol2& AP A2t TAEG

T I{(G)e] A7 (%7, £ 71 o= k& yx o]
=2 RE &7 G4 o2 AR A2rt EAF
Tk MEA, 1G] (27, 4F) 4Z2L AAe ke
Ye £27] FHEEH y & y2EH 27] JHE 3
A A 27t 245, o|R-E y7t 7] Fel =] Z3A
AFH 8298 n g} ]

(4l 4]

(=g Do 2] [JOFSME A7 =2 Fol &3] &
aPE G=(V,E )2 ™5, O3] A 2R=Ls
Zro] Elx A7 ¥ R R H&31W Aty o
2 353 Ze] veEiy 3eA 944E component
= IdG) gz (27, w3 472 g8 7
=o] F¥olrh

z7] (w7, ®Fh (¢Z, g o, T

#(x)

Ao 2AME 2= AHE7] A= 2§ A
AZg 2428 A= ¢IHEL FAFHY 2= <]
Ed A F3A 428 842F e G Fd
Hlsh o2 EFFolth ks, ZAFY “strongly
connected component find” A4 @] FE O(Max
(@, e)(F71A ne 58] FolR, e= o9 )9
A7t BAEE a7l vR], Sl dgd dad
FL 0Qm—-1))E 879G dWtFoE 4 X2
EZL [JOFSM(Z-& a8 )2 Po] FA s A
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