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ABSTRACT

This paper introduces an algorithm which uses MUIO and the shortest paths to minimize the length of test se-
quence. The length of test sequence is equal to the total number of the edges in a symmetric test graph G*. There-
fore, it is important to make a G* with the least number of the edges. This algorithm is based on the one proposed

Shen[2]. It needs the complexity to make shortest paths but reduces the test sequence by 1.0~9.8% over the Shen’s
algorithm. And this technique, directly, derives a symmetric test graph from an FMS.
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B e A" ¢M g F37] ftg MUIoS
shortest path(MUSP)ES o] &3le MEE W&
Aeotstch 1 A 7]Ee) dhguch AL ARHE A
A F7 e B3 Al ol FAT

B ye) 7L vpgd) 7} 27864 Rural Chinese
Postman/UIO(or MUIO)E o] &3] A% =24 &
e W 3Ed golE et 3FdAMe
MUSPE ol &3l= AM2& PHg Atste A&
14 2432 B Foh Fog 43 e A48S 7]
Fide s

%

I. Al =M 4y Yy

Quizlog T2 EF AP AP TEEF
e Molw o] BE edged Al @ ste]of bt defH

o] %= directed graph G =(V, E)°l ¢}&)l Finite State
Machine(FSM)2 2 H8% 4 Qlth FSM2| & 4 &
29 Lol Jepdch @ 8 o 82 71 edgee
Wi, Viialo)& B8 4 Q).

8! 1. FSM 9] &t o ;-null output, {d,, d,} 2] 29| 2.
Fig. 1 A graph representation of an FSM ;-represents null
output and the length of {d\. d,} is two.

FSMo g HHE ZzeFo AJAAILE &

edge S-S A A3 Ao BM, edge Vi, V)ia/o)E A

etk sHg s, =2 ohe el kA dAE

Ecr AN A 1 FSM2| Al & 8 V2 7}
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l gt A E FSMO 48 a8 2 43ld 290

2 APk FSMol| 28 whEoizl 8o 733
%xw}xl gow Age Aste, Y sHE FSMo
Mze e Ve Aolstdex g gldte AU
wAE e gt

Mol & Soa 73 A GAE 53437
91skel UIOS] AHg- Atttk 19 1o] Folzl
FSM 2| ¢l ¢ 9] UIOE # 1o Yehidrh

H .19 12 FSMell th & SUIO.
Table 1. SUIO Sequence for the FSM Shown in Fig. 1

State SUTO Sequence Tail

vio | v,

v, b/- V)

|25 ‘ - f/a, g/h Vs o
Ve | {dld2}/j v

A3 AFS A% A oA A e 24 o
€9 3ctAlE FAEH1] WA test edgeEE T4 E
test graph G'=(V, E0) & F-3tc}. o 71 4] test edgee G
] edge?] 9]l -1 edge®] HHA(tai)E &she= 9
HUIOH £)& Afstal ¢ A 22 edges W3t
Ec2] 7+ edges GO 7} edgeel]l hbd s @A Ty
7 zrol ebd 5= Atk Ec={(Vi, Viiafo - UIO)):
(Vi. Vi;afo)EE and @illUI0)=Vp}. X 1& <&
sted 23k 1@ 1o e 6 29 200 YrEREUTH

U E GO edged Hol F7181S test graph G
2 symmetricstA] yHizth ojwl PrElR M2 E 1
2 3 & symmetric test graph G*2F &t} G*9] edge®]
% W4 Hav) vloleok ahaL, 7t Ahel 2| in-degreet
out-degreet= 7rotol ghoh(c1 {2 g symmetrico| 2} &
th. 1y 20 WS G Vil A VLR, VoA VR,
a2)3 Vool M Vi zbz) 1,1,471 9] edged 2713t
T8 4t thgde oA 73 symmetric lest
graph & X E| Euler tourg #eth 2 234 A9 &4
& 3 20 vehdch

Rl M= 2t defel HaZelo) UIozt 9874
g ¢ den, AFE Ulos] Hde Ajge) zols
Y F Atk A EZRE MUIOQ] AHEE Aot
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I. tatbab), {m/-, a/b} 7. {/a, b/h} 12, {ci-, ab}
24U, -} 8. {b/c, a/b) 13, {vf b/-y

3. {lfa, g/h} 9. (Wb, (di.d2}j) 14. {08, g/}

4 (bl b} 10 {{d1.d2)/e, flaghy 15. {gh, g/}, tik.Magrh)
S, {m/-, Wb} {fra, g/} 16. {b/c. b}

6. i, {d1.d2y/5) H1. ((d1.d23/5.(d1.d21 ) 17. {1%, (d1.d2}}

a2 ad 1 F G
Fig. 2 The graph G’ for the graph shown in Fig. 1.

H 2.SUIOE ol &3te] 7 29 19] A g ¢A
Table 2. An Conformance Test Sequence for the FSM Shown
in Fig. 1(To be Read from Left to Right)

{a/b, a/b}, {m/-, a/b}, {i/f, b/-}, {b/-, b/-}, {m/-, a/b},
i/f, £1/b, {d1, d2}/j}, {{d1, d2}/j, {d1, d2}/j}

{i/f, b/-}, {f/a, g/h}, {g/h, g/h}, {i/k, f/a, g/h},
{b/c, a/b}, {f/a, g/h}, i/k, {b/c, a/b}, f/a, i/k,
{{d1, d2}/e, f/a, g/h}, i/k, {f/a, g/h}, i/k,

{1/b, {d1, d2}/j}, {f/a, g/h}, {1/b,{d1, d2}/j}, {v/-, a/b},
Total = 54 inputs

A 29 1o} £z FSM2 MUIOE H 30 ve}
Wt

{VIE EclAM Vi2 Eo12% edged] A9} Vol
M U7he edge A5l Aol, & (V) =dEV)—dgg
(voet stab, ©oF B E oA ((V)=001" G*E
27 9l GOl oH edgerx ¥rHE HAvF ot
ey (V) # 09 et Ao, GHE wEY Al
Gl R edgevt HrtEofof g}

¢ V;olA minimum-fength UIO sequence®] 7A
F7 7 (> 07k ATk &Ab. UIO[E AHel Vol v

g 2HA 2 2t Ulog 83, MUIO;={UIO]', -,
UIo 7yt 842, 2@ multiple UIO sequence ¥4
EA e 7t edge Vi, V) € EAl 3t Ty 1LV &
HA# ke UIOje MUIOE Fve A3 7hon o
2o AaHE werH2]

G7} 5ol A&, Graph Gu=Vw, Ev)E T8}
o 71A,

Vu={S, TIUVyUVy,
Vy={Xi, Xo, -, Xp} 2RI Vy={Yy, Y2, =, Yul.
Eu=EsUE;UE; UE",

Es={(S, X);X;€Vx}, E;={(Y;, T);Y;EVy}, Ef=
{(Y;, T):Y;€EVy}, 28|22 E™={(X;, Y ;}: There exists
UIO!}. (S, X)€ EsSl edges= 0 w]&(cost) 3} dEV )
£ 23 (Y,, TVEEFS) edges —1 W &3} 4,
V) %L et (v, TVEELS edger= ~1 H &
I Fa gake zheo) (X, V)€ E79 edges 0 1)
43 ¥ &% S zterh 19 1o e 6ue 2d
3o vhER AT

f g " UNETY ‘Q:»»;§§\

/

- NE :
R Cr
AW

m

X4
[cupab\hl)xml\ (INE
INFanfinite

.%«:,«n '

8 3 29 1o e Gu.
Fig. 3 The graph Gy for the FSM of Fig.1.

Gue flow Fy= Ul g0 &

¥ AY;, T)

WD €E;

> RAY;, Dt~

0.7 EE]

& 74 vheel 4 wEBTHT s

HS, X)=Yx.voeer FXi,Yj) for Xi€Vx m
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RY;, TY+RY;, T)”

=Y . meer FXi, Y;) forY;EVy 2
FS, X)<diV) for (S, X)€Es (3)
Y, T)" <di,W)) Sfor (Y;, TYEET (4)

G2 minimum-cost maximum flow f7} Fo] 8 &
] MUIO sequence &3 &4l V.2 §°] 2+ edge
o UIO{& f(X;, Y/ @23 test graph G'& 1
e AR ZoH2]

¥ 3¢ MUIOE o| &3l 28 19 AlY &A4E
a9 40 YEIE FA o2 RE EE 5 At

H 3. 2% 1o} di g MUIO
Table 3. The Multiple UIO’s for the FSM Shown in Fig. |

State UIO Sequence Tail
v, a/b ¥
V, b/- V,
Vs {d1, d2}/e Vs

f/a, g/h Vs

Vs ¢/-, a/b v,
i/f, b/- v,

{d1, d2}/j Vs

Vs g/h Vs
i/k Vs

win F(Yy, T 4 FO2, )+ FOL T + FOYL T+ FOL T
~ F(Y1. Ty~ = F(Y2, 7)™ = FOR, T - F(Y(, 1)~ - (Y. T)~

st F(S, X1} = F(X), 1)

F(S,X2) = F(X2,Y2)

F(S,X3) = F(X3,Ya) + FXa, 13)

F(S,X4) = F(X4. 11) + F(X4,¥2) + F(X4, 1)

F(S,Xs) = F(Xs.Y3) + F(X5.13)

F(i.T)* + F(¥1,T)™ = F(X1, 1} + F(X 1)

F(Y2.T)* + F(¥2,T)™ = F(X2,Y2) + F(X,.Y2)

FYR.T)Y + F(¥3, T)™ = F(X3,Ys) + F(Xs.¥a)

F Tyt + F(VL T = F(X4,Y0)

F(Y5, Tyt + F(¥5,T)~ = F(Xa,Ys) + F(X5.,¥s)

F(8,X1)<6 F(¥;, T)~ < 4
F(8,X2) <3 F(Y;,T)" <4
F{8.Xa)< 2 F(Ys, T)- < 4
F(S, X} < 4 F(Yo, T)" <4
F(5.Xs) <5 F(Y,, T)" <4

Solution: f{Xy,11) = 4, f(X2,¥2) =3, f(Xa,¥3) =2,
X Y) =4, (X V) =4, f(X,. V) =1

J- A5 W)IE HAR sle A8 @
Fig. 4 Equations and solution to minimize ¥; | {(V;)|

Solution f(X], Y)=4 V08 "é—o‘]iE 47} 2
edgeEl UIO|=a/bE& ¥ZF3tele A& vehdc
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21 A7 Yo test graph G’ 2 5ol ey 2t}
29 59 G'E (V)=2, {V)=—1 (V)= —19)
e 7HAE 29 59| test graph S symmetricd}A] o
E7) 98t VoA VoE, ViAo VsZ, 18] 3 Vol
Al Va2 77t shie o) edgeE Frbabaiof @it 2
A3} symmetric test graphZ Y-8 Aol A)E &A=
H# 4e) Jehddtt SUIOE o] &atef 78k ZH}t
Hol7t #5& % 4 Ut

1. {abab), (m' abl 7 {fa bh} 12. {c/- Wb} 18 {1, 1d1.d2) 7
2 1L 0 8 (tdld2iediag, O WERA

3. (e, g/ {f/a, k! 14 {f/a. g}

4 {b b 9. fbic, a} 15, {gh, ghi

S, /-, Wb} 10 (I, d1.d23: 16 {gh. gh!

6. {1, (d1.d2}/4) 17 {ik. {d1.d2)/e}

11 4{d1,d214.1d1 42041

38 5. MUIOE o] && 23 1o g G
Fig. 5 The graph G’ for the graph shown in Fig.1(using MUIO)

E 4. MUIOE o] &3to] g 19 1o i gk A% &4
Table 4. An Conformance Test Sequence for the FSM Shown

in Fig. 1(Using MUIO)

{a/b, a/b}, {m/-, a/b}, {i/f. b/-}, {m/-, a/b}, i/f,
{b/-, b/-1, {1/b, 1d1, d2}/j}, {{d1, d2}/j, 1d1, d2}/i},
{i/f, b/-1, {f/a, g/h}, {g/h, g/h}, {b/c, a/bl, {f/a, g/h},
{1/b, {d1, d2}/j}, {f/a, g/h}, Li/k, {dL, d2}/et,
{{d1, d2}/e, {d1, d2}/e}, {T/a, i/k}, {1/b, {d1, d2}/j},
{c/-, a/b}, f/a, i/k, {b/c, a/b},
Total = 51 inputs

19 590 edge Vs, Vs; g/h, g/R)THA) edge (Vs, V3

;&/h, /RS A48t B & test graph G'E WS
o] ARG (Vs, Vs; g/h) edgedll UIO; W4 UIOYE
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%% /MUIOS} Shortest Path& o] €8 7A€ AHEM 4 A

ALg-Ete] A& F Qdth. o] GTE (V)=2, (V)=
—194 (= —19) g& Ze F, 679 L 1)
9] 78 G A 7} 221} test graph G sym-
metricdtA THE7] AAE VoM Vo2, a8V,
oA V& Zhzt shy, & 2709 edgewt g FHEitt
wetA] test graph G”E symmetricd A THE 7] 9381
27 5 &= edged) A7 G'RY ZHE8 4+ Ao

M. MUSPE 0|2 Test Sequence 4]

&AM AR T )& HAR gt A2 A
9] o1& AR A & & Avke AL XAtk
Index variation ¥9+2 3124 &}3 test graphE sym-
metric%}?ﬂ GE A8t FzisE oo T edged A

& 2 &= ¥okrs] ol

dEW)-Y; f(X;, Y)>02 el v} di, (V-
X, Y>>0 Ael Vyol Atk dak. A Vie
dEW) - f(Xi, Y )N 9| outgoing edged B R Z &}

3 Ve dLW)-E AX, Y)Rel incoming
edgeE WA T 3} o] ApE RE GO ¥ 79
edge (V;, V)€ EE F7}5a] symmetric3 graph G*
2 7% 5 et} o|d edge Vi, V)7t Eol 4814
oW Vol A 1,2 7b& shorest pathE ¥ A 8l edge
E& o] &8l symmetricd graph G*E T+ F 2
t}. o] Al & BE ¢ B9 Gus thE3 Zo] Graph
Gy=Vy, F2E vE F At} A7]A

Va={S, TIUVyUVy,
Ey=EsUErUE"U Egy,

Esn={(Y:, Y;);Yi, Y,EVy}olt Egyoll 438} edge
E9] v 8- jo] A jZ 9 shortest pathe] Z o3l ai;0)
T 2% &% 71Ac} Eroll £k edged] ¥ 420
o|i, LB JE (V)E 712 Gy flow F= (2w
g

LAY, Y)+RY;, T) =L FX;, Y) + L AYi, ¥)
4 1 : (5)

3} 7ro] vl v L& VY iay FY;, Y )3 3ol uv}
e LAY L Gy A T3t}

Theorm 1: /& Gx*t2] minimum-cost maximum flow
2 3l G*E 2 RE ©ER 289 test graphE
symmetricd}7] SHE 7] $]8] Al Eo] HrtE oo} sl
edge®] AF7F H&7) @t

Proof: 7} XolX HAe Y;2 7T BFE ; =
edge?} Slem 2 £(S, X)=dEW)7} APt &
TidL,Wy=L,de V)t 7t Yol X B YR #—zz
|FEL ZhE edgert oBg f(Y,, T)=45. ;"
ALt

dEW)=dLl,vy) 283 dEW) =5, X, ¥
AHdE BE WAL di) +LRY,, Y)=dE
W) +LRY;, Y)E 88E & Ut o2& LAY
i Y T RYs, Y& 27} test graphE symmetric
atA wE7) 918k Vol Al 20] H7HEl = incoming,
outgoing edge®] A& Jebdh AY,, Y&
Holof gk Vol A V29 pathe] A& Jepdh
a¥B2 3 jai; Y, Y& test graphE sym-
metricd A BE7] Y3 HE £ edged] F ASFE
vepd o). O

) 1;

~

2 10] F0]71 FSMo| MUSPE o] 3t A ¥
M E FHBEA 219 6& GyvE YERIY 29 72
¥ G2 minimum-cost maximum flow f& 78 &
sl o] flow f+ FSM graph& 2 ¥ symmetric test
graph & FHH SE=HHGy2 flows TA test graph
e FESTH. 2 AAAE eM e & S e A
om #4810 2% EJRE ¢ F ALH

{INF,0)

{INF.0)

(capability vost)
INFanfinite

a2l 6. 29 19 i3 Gy;Edges(Y:, Y;) € Espvx= UYER A
%5
Fig. 6 The graph Gy for the FSM of Fig.1; Edges(Y;, Y
€ Esy are not shown. Those edges have infinite ca-
pacity and cost a;; .
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min F(Y7, Y1) 4 F(V1,5%) 4+ 2800 Y0) 4 20V, ¥a) 4 F(Y, V) + F(Y,, 1)
+ F(Y2 ¥2) + 282, Ya) + (Y Y + F(Y2. Y5 ) + F(Ya, Y1) + 2F(Ya, Ya)
+ PO, Ya) + F(Ya, Yo) + F(Ya. Yo) + F(Ye, Y1) + F(Ye, Ya) 4 2F(¥y, Ya)
+ F(YGLYa) + F(Y,Y0) + (Vs Y1) 4 2F(Ys,Y2) + F(Ys, Ya) + F(Ys,Yy)
+ F(Y5, ¥s)

st. F(S.X1) = F(X1.Y1).
F(S, X3) = F(X2,Y2).
F(5, X3) = F(X3,Ya) + F(Xa,¥5).
F(5,X4) = F(Xa.Y1) + F(X4, X2) + F(Xg. Ys).
F(S. X5) = F(X5.Ya) + F(X5,¥5).
FY1.TY+ F(YL.Y)) + FOYWLY) + F(Y, Ya) + F(Y1, Ya) + F(YL YY)

=FX1u M)+ FYL, Y+ FOR N+ F(Ya, V) + F(Ya, V) + F(Ys, 1)

F(Y2, T)+ F(Y2, Y1) + F(Y2.Y2) + F(Y2, Ya) + F(Y,, Ya) + F(Y2.Ys)

= F(X2, Vo) + F(X(. ) + (Y1, Y2) + 1(Y2,Y2) + (Y3, Y2) + F(Ye, Y ) + F(Ys,

F(Ya.T)+ F(Ya. 1) + F(Ya. Y2} + F(Ya. Ya) + F(Ya, Ya) + F(Ya,¥s)

Ya).

= F(X3, ¥3) + F(Xa, Y5 ) + (Y, Ya) + F(V,, ) x)+f(h. W)+ F(Ye, Yay+ F(Y5,Y3).

F(Yo. T)+ F(Ye. Y1) + F(Y(,Y2) + F(Y, Ya) + (Y, Ye) 4 F(Yy, V)
= F(Xa YO+ FVLYO) + F(Y2. Y0 + F(Ya, Y + F(Yy, Yo) + F(Ys, Y4).
FOYo, TY+ FOB )+ FO V) + F(Ye ¥a) + F(Ys, Ye) 4+ F(Ye,Y5)

= F(X5,V2) + F(X5, ¥5) +1(Y1. B+ (Yo Vo) + F(Ya, Yo ) + F(Ye, Ys) + F(Ys, Ye
F(S, X1y <6 F(Y1,T)< 4
(S, X)) <3 F(Y,, T)«< 4
F(S, Xa) <2 I(h, <A
F(5 X4) <4 (Y, T) <4
F(S Xs) <5 ( ,, 1) < 4

sol: f(X1,Y1) =4, f(X2,Y2) =3, f(X ’MY } =2, f( X4, Ye) =4, f(X5,Ya) = 2,
f(Xs,¥5) =3, f(1,Y2) = L. f(V1.¥s) = 1,

T8 7 1R N GE 3] g A gL
Fig. 7 Equations and Solution lo find a G* from the G

5 ).

H 5. MUSPE o] -g3to] 23 13 1o )3t A7 &4 2989 % 4 Aok
Table 5. An Conformance Test Sequence for the FSM Shown
in Fig. 1(Using MUSP) E 6. MUIOSt MUSPS ol -§8to] 448 A8 A1 9] Ao
{a/b, a/bt, {m/- ajbl, {i/f. bj-1. {(m/- a/b}, i/f, Table 6. The Length of Test Sequence Generated using
{b/-, b/-1. (1/b, {dL, d2}/j}, (4d1, 423/}, 1d1, d23/j}, MUTO and MUSP
{4/6, b/-1, {f/a, g/h}, {bjc, afb}, {f/a, g/h}, | PSM [ IVELTEL 1T 101 Ec | MUIO | MUSP
{1/b, {dL, d2}/j}, {f/a, g/n}, ik, (d1, d2}/e}. FSM.1 | 7 l20 0 5 | s t41| 76 70
{{d1, d2}/e, {dl, d2}/et, {f/a, ik}, {1/b, {dL, d2}/j1, FSM.2 | 10 1 43 | 10 [ 10 | 86 | 105 102
{c/- a/b}, f/a. Lg/h, ik}, {bjc. afb . FSM3 | 10 |49 |10 | 10 |103| 114 112
Total = 50 inputs FSM4 | 10 {38 {10 | 5 |80 | 105 94
FSM.S | 10 | 4305 | 5 |97 129 17
¥ 62 WAP3A AAHH FSMo| MUSPE o] &3} vz B
o AFE £AME P AR ARE BAF L
th MUIOE o] 43 2R} 1.0~9.3%2] A& 2o]7} Hirol T2EF A4 AEL Asld AY 44
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#3/MULOS} Shortest PathE o] &t A E A @& A4

& AAste o8 7HA g Bl AltE ol &kt Aho
& ZREF FHE sdste AHd deAE
HZ8l7] 913 W o2 Unique Input/Output(UIO
or SUIO)E o] &3l 2 & AlQtadtt. Shend 7t 4
Blol] i3l sl UIO7F 9law, 333 UIo9]
Ade AHe ZeolE FY & Utke AMHREREH
multiple UIO sequence(MUIQ) A} &8 A|otat gt
o] Wr¥ & 7+ Ateol] A& index ((V)), A V9] in-
degree®} out-degree®] AE =9} 3le] test graphol A
2} ALl 9] index variation® Folv % UIOE M43
th 28y o] M2 test graphE symmetricd}r] 1t
E7) 938 A7HE edgeE-& vl dhA @t okt
A B Qe MUIOE o] &3ldq FSMEZY-E sym-
metric test graph& WEW], AV}5 = edged] & AT
E HAE e AEL BEE AQT Ak W
Y& Sheno] At W & AA FANA ¥ A
o] 7ol & 1.0~98%BE U & UL} =d &
o) Wb E @y FSMo 23R AH symmetric test
graph& + =+ gloh.

#dnes

1. IEEE Transaction on Communications, VOL 39.
Noll. Nov. 1991, Alfred Aho, Anton T. Dahbura,
David Lee, and Umit Uyar,

Technique for Protocol Comformance Test Gener-

“An Optimization

ation Based on UlO sequence and Rural Postman
Tours”

2. Protocol Specification Testing and Verification, 1X,
North-Holland, 1989, Y.N. Shen, F.Lombardi,
“Protocol Testing Using Multiple UIO Sequence”

3. IEEE M.Umit Uyar, Anton T.Dahbura, “Optimal
Test Sequence Generation Protocols:The Chinese
Postman Algorithm Applied to Q.931"

4. Computer Networks and ISDN Systems, VOL 15,
1988, Krishan Sabnani and Anton Dabura, “A
Protocol Test Generation Procedure™

5. IEEE Transactions on Software Engineering. Vol.
15, No 4, April 1989, Deepinder P. Sidhu and
Ting-Kau Leung “Formal Methods for Protocol
Testing: A Detailed Study”

£ & 7{(Beom-Kee Hong) A3l4
=S A 83 =8 A #2049 AT Fx
A HFAREAAT L 22 &FA7A

A & 3(Yoon-Hee Jung) 239
fa%% z:w =R A20Y A4Z Pz
AR AT ARENA T2 2T ERATA

1199

www.dbpia.co.kr



