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Specific Convergence Sublayer(SSCS)A %ol &3} test sequence® F3t1 field trialdld SF ZAE
of et AFF. EF fault coveraged T3t WHT YoM 7 test sequenced] HEF ANE 71&3A
o},

ABSTRACT

The correctness of a protocol implementation is vital to the operation of communication networks. Conformance testing is an
important approach to granting correctness. Conformance testing is generally done by applying a test sequence, , to an implemen-
tation under tester(IUT) which is constructed from the specitication of the standard. The observed outputs of the IUT is compared

with the expected ones to detect errors.
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WX/SUIO % MUIO# °l4% Test Sequence 44 : B-ISDNdml UNI SSCSAH|#=1 & 115

In this paper, a technique generating a test sequence for protocol conformance testing is presented. The approach is based on a

well-known concept in graph theory as the Chinese postman problem and SUIO and MUIO sequences. A test sequence for

Service Specific Convergence Sublayer(SSCS) at User Network Interface(UNI) in Broadband Integrated Service Digital

Network(B-ISDN) is generated. The experience with generating test sequences are described. And the fault coverage of the result-

ed test sequences are compared by means of simulations.

I.M B

ZREF FHUEEL 394 ¢ 4% stedE 5
A717] 45t Feld FHT) A ARE NP
of gt} YwtHoz ITZEZ AYA AlPe Ydde
input& 2489 o|2RE AL output®ol FHAN
71t t=(expected) output® YAdex§ &A&e
Hzgt ¥ 4 vt InputEE FAE test sequence
£ finite state machine(FSM)®l 2t transition®
Holx #¥ Y3 A& EA3E approximation
algorithmel ol&f YA &rct.

Z2EZ AP NEE A3l test sequence® A
Adte A7k By Eel AdHo 4t Z2EZ 3
#Eo] 7l statee] AeANE AFH7 8o
unique input/output(UIO or SUIO) sequences}
Rural Chinese Postman algorithm& ¥4 4%
WY& D AE test sequence® AFTETH(1). (2]
t FSM¢ # stateslAl SUIOWHA! multiple mini-
mum-length UIO sequence(MUIO))& #<etside
b ol& o]&3RB 4%~37%H =9 test sequenced]
Holg ¢ F U

£ oM e test cased dE, B-ISDN UNIg
SSCSAI2 2 g &d SUIOY MUIOE #Z 243
o test sequence® AP oA old Yrle FAA
£ 71¢89c. £ simulation®& F# olE test
sequence? fault coverage® uwlm3t¥ch & 39
T2z 2%qM¥e B-ISDN UNIY SSCSAH 3ol
3 test sequencedA Wy R 4AA UNI SSCSH
Fo A2 A& Holm 4FMe fault coveraged
Tt 3y 3FoA H 8 o9 fault coverage
ZA7%E simulationdl 2& wlwgd,

I. UNI SSCSHIE =28 9 MEe| Ho|g

ITU-T+ OSI reference model® #=so B-
ISDNIA AHese 28234 Auda ded UNI
signalling® ¢#% T2 &¢& physical layer,
ATM layer, SAAL ¥ network layer%l Q.2931
2 F4 ¥t} 8SCS(Service Specific Convergence
Sublayer) Al 32 SAALE TA%e @ FEozA
SSCOP(Service Specific Connection-Oriented
Protocol) ¥ A 4 3% SSCF(Service Specific
Coordination Function)®# %22 MEdd,
SSCOP¥ A 3& ATM virtual channel& AM8-81oj
network layerAtelel AR E ALde 715 & Y3
o £3 AAFo A% error recovery’ls, E&H ol
9} keepalived 71%& ¥}, SSCFRAZL
SSCOP# A %3 SSCOPH-A ZALEAL Alo]9] Za)ujg]
HEg ojyite 71%ES %

SSCSA &2 4w HEE ITU-TY Q.2100,
Q.21108 Q.21309 #Ac2RH fx8td E 19 o}
ehfich. AW & eventol®, AWA HL& com-
pound state P/QE%, P+ SSCF ¥4% 181 Q
¥ SSCOPHA %9 A& 24 Jvebdch E 14M9
Z} entry¥ remote test& 71U, #F com-
pound statedd #MZFH+ eventE ALY
B2 action(output)€ JeER® next statee
entry® 22%o] vetdigltt. E 19 entry%F ille-
gal2 BAE A& dRE 2AFYE fAXNE e
o, g7 E 1 event’t AdEH¥olE YoINA ¥m
output® AR %o FAHe Aoz 7
ol SSCSA%: Z2EZL A 4/1091A inpute®
SD. POLL, STAT ¥ USTATE ¥& 2% Uy
Wl ol wal outpute] P22 F extended
finite state machine(EFSM)22 t}Rojo} ot
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¥ 1. UNI9 SSCS A29] 48 HolX
Table 1. Transition table of UNI SSCS

Compound State Event | 1/1(V1) 2/2(V2) 4/1(V5) 3/4(V3) 2/5(V5)
AAL-EST .req BGN 272 Tlegal RS 2/5 BGNN 2/2 Ilegal
AAL-REL.con END END END
AAL-REL.req llegal
1/1 3/4 3/4 3/4
SD
AAL-DATA req Illegal llegal Illegal
1/1 4/10
AAL-UD.req UD 1/1 UD 2/2 UD 4/10 uD 3/4 UD 25
BGAK,END BGAK,RS
BGNo BGREJ 1/1 2/2 BGAK 4/10
410 2/5
BGNx BGAK 3/4 BGAK 4/10 BGAK 3/4 BGAK 3/4 BGAK 3/4
BGAK END 11 4/10 4/10 4/10 2/5
BGREJ 171 111 4/10 11 1/1
END ENDAK 1/1 2/2 ENDAK1/1 ENDAK 1/1 ENDAK1/1
ENDAK 1/1 2/2 /1 1/1 1/1
RSo RSAK 4/10 2 2/5
RSx END 1/1 2/2 RSAK 4/10 #2 3/4 RSAK 4/10
RSAK END 1/1 2/2 4/10 3/4 4/10
ER END 11 2/2 ERAK 4/10 3/4 2/5
ERAK END /1 2/2 ERAK 4/10 3/4 25
USTAT.ER or-
SD END 1/1 2/2 3/4 2/5
4/10 F1
STAT.ER or SD
POLL END /1 22 o 3/4 205
4/10 F1
ER. SD or-
STAT END 11 2/2 ° 3/4 25
4/10 #1
SD or ER
USTAT END 11 2/2 3/4 2/5
4/10 1
UD UD 11 UD 2/2 uD 4/10 uD 3/4 upD 25

1 :Testd ¥ systemo] ERE $4% Foll= AH2 2 4/99) Heh& A0 ERAKE FAl3loof 4/109] e e
72 Test® e systemol RSE $AIE Fole YAH o2 4/99 Jel& AXY RSAKE FAatoiof 4/109] ez it}
O: 43848 A, X: Mgz A4dE A

SSCF 1 : AAL CONNECTION RELEASED SSCOP 1 : 1dle
2 : AWAITING ESTABLISH 2 : Outgoing Connection Pending
3: AWAITING RELEASE 4 : Outgoing Disconnection Pending
4: AAL CONNECTION ESTABLISHED 5 : Outgoing Resynchronization Pending

10 : Data Transfer Ready
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#x/SUIO 9 MUIO® ©l 8% Test Sequence 44 : B-ISDNdml UNI SSCSH &< A & 117

a8y M e H5E n8da @1 94, o489 ke
& output¥ g Yol FHE VFite Ao
7133t SSCSAHZ Z2EFE FSMez AHasixg,
o]l ZAF Wi iy AP YL ¥ & Yornz o
g sldsteof gk, AH$EE BGN EE RSl i@
A& tester’l BGN £+ RSE Mgoz $A¢ 3
1 statedld FAEF outputd Bolx ol E wA &
Aoz HAste Al FY# BGN £t RSE Ruol
Aegd, z2ln X 19 F 13 F 29 Jel el
test® TE systemo] ¥AHQ FEE Ay o7
ME ol& madA Ut dustd, o] EAE
SSCOP# SSCFE& #7A AlYsy] gid A7le A
2M SSCOP¢ SSCF& &9 block box® HW B
o]z %E statecl2ZZ F AZE A APEoE B
AN & U7 o)},

. Test Sequence 44

ditdod Z2eEZ AP AYL 7ted A Mo
& 5% &8 oof gt ZelHol& directed graph

G=(V. E)ol 98 FSMez2 m#EE 5 g o714
VE #8712 non-empty?! vertex? goln E
& edged ARS dehivd Vol V29 edgee
(Vi V55 ay/o )2 BE8E = lon a9 o 47
input® output operation® Yeldth Inputd
lower$} upper layer? interface® %-E] W& vA
Aol outpute EAM BZE st E eventolH
nulld % Ug.

FSMoz HHd Z2EZY AP AYL vertex
ViellA ViEe] edged H2ERTIz 8, WX FSM
o] AeE vertex Vol #lEsle stated] HA A1H,
input operation® A&3%4 outpute]l FAZ YA
Gexlg HEsd AT AE FSMol A& state
Vel flA8leig #Age e olfojant, mats L
ZEZ APAY AYE 94 d2y 39AE Yl

1. Test edge® FA ¥ test graph G'& F¥t}.
4714 test edget G2 edged inputedl 2
edge? tail& #J&e inputd A YA
¥ NMEE edged Loty G9 2t edged A
g g}, Test edged HFYE E 8z, (2

A3 Z2EZ HUA ANYE 98 test
sequencet ZE test edge® AT @9 =
U Chinese Postman Problem® F& A3
Eige

2. G'& G edge® AH439 symmetricdAl W
€t o] o HwEAR A2E graph® sym-
metric test graph G*& 3A.G*8& WVEF ¢
8 t}39 equation® Fro}.

min Za” cdye(‘]fj + Iii)

s.t. Zall incoming edges of V.(Jii + ]ii)
Jij =1 for all 1,3

- Zall outgoing edges of V.(Jij + I"f) =0

A7MM JyE Vielld Vel test edge € E,. I
€ ViolA Vi edge € E B2E i8l ol di3ld
Jy =19 g&E de AL 2E test edge® TH
Avte AL Jepdie 3 2sbA & ol fe
E.2 edge®t} cost7} ¥|&7] o Eolt},

3. 29A A ¢ graphs® RE Euler Tour®&
#e=tt (Stronly connectedol® symmetric
& graphel* Chinese Postman Problem&
Euler Tour& #e A 21(5).)

1. SUIOE 0|8% Test Sequenceiid

(1)& gN dF% 32AF, 194NN tails &
ol 37l st & stateeld 3hte] UIOE oj &8
RAE ALy, UIOE ol&3std test sequenced
Tt WHE FSMel minimal, strongly connect-
ed 238112 fully specifiedd 7}8% VZslojof g}
{5). Graph G state7} G% equivalentd oj:
graph®l stateel Rt #AU 22¥ minimalola}
$t}. Stornly connected®l A& /1R FSMe F
Mo MZ 8 g9 edge pair V& Vel disiod
VielAl VE29 path7t 2A%d. 2 statedld 2
inputel W3t transitionel A&A fully speci-
fiedzt &k, FHel outpute] HWHE Fos] 9UA
%< inputel thdted FHEC] error& TEINAY o]
& FAIgTY o FSME A3 fully specifiedsith
& 4= qloh(1].

E 19 Al HolEE g oz UNI2 SSCSAZe
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118 BEHESABEE '95-4 Vol 20 No. 4

v2

HE INPUT/OUTPUT

1 BGN o/BGREJ, END/ENDAK, UD.req/UD, 11 I'END,112/-

2 |EST.req/BGN

3 BGN x/BGAK

4 UD.req/UD, 12/-

S BGREJ/- |

6 |REL.req/END

7 BGAK/-, BGNxBGAK

8 BGN o/{BGAK,RS}, RS/RSAK, UD.req/UD, I31/-

p-

END/ENDAK, 132/-

10 |REL.req/END

13 BGN xBGAK

12 BGN o/{BGAK,END}, UD.req/UD, 14/-

13 ENDAK/-, BGREJ/-, ENDJENDAK

14 EST.req/BGN

15 BGN xBGAK
16 BGN o/BGAK, BGN wBGAK, DATA.req/SD, RS o/RSAK, RS x/RSAK, ER o/ERAK, ER x/ERAK,
UD.req/UD, SD/{USTAT, ER or -}, POLL/{STAT, ER or SD}. STAT/{ER,SD or -}, USTAT/{SD or ER}, I51/-

17 END/ENDAK, 152/-

18 |EST.reqRS

19 REL.req/END

<:NULLo: MH$ 2 A x: A=A & A

111 : BGAK, RS, RSAK, ER, ERAK, SD, POLL, STAT, USTAT 112 : BGREJ, ENDAK, UD

12 : END, ENDAK, RS, RSAK, ER, ERAK, SD, POLL, STAT, USTAT, BGN o, UD

I31 : BGAK, RS o, ER, ERAK, SD, POLL, RSAK, STAT, USTAT, UD

132 : BGREJ, ENDAK 14 : BGAK, RS, RSAK, ER, ERAK, SD, POLL, STAT, USTAT, UD

151 : BGAK, RSAK, ERAK, UD

a3 1. UNI® SSCSA%e FSM
Fig. 1. FSM of UNI SSCS
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@X/SUIO $ MUIO# o] %% Test Sequence 44 : B-ISDNdml UNI SSCSA &} B4 119

HE

INPUT/OUTPUT

{I11/END, BGAK/END}, {112/-, BGAK/END}, {END/ENDAK, BGAK/END}, {UD.req/UD, BGAK/END}, {BGN o/BGREJ,
BGAK/END}

{EST req/BGN, END/-}

{BGN xBGAK, ER/ERAK}

{12/-, END/-}, {UD.req/UD, END/-}

{BGREJ/-, BGAK/END}

{REL.req/END, BGN o/{BGAK,END}}

{ BGAK/-, ER/ERAK}, {BGN x/BGAK, ER/ERAK}

{END/ENDAK, BGAK/END}, {132/, BGAK/END}

{REL.req/END, BGN o/{BGAK,END}}

10

{BGN x/BGAK, ER/ERAK}, {I31/-, BGN wBGAK, ER/ERAK}, {BGN o/{ BGAK, RS},
BGN x/BGAK, ER/ERAK}, {RS/RSAK, BGN x/BGAK, ER/ERAK}, {UD.req/UD, BGN x/BGAK, ER/ERAK}

11

{14/-, BGN o/{BGAK,END}}, {BGN o/{BGAK,END}, BGN o/{BGAK,END}},
{UD.req/UD, BGN o/ {BGAK,END}}

12

{ENDAK/-, BGAK/END}, {BGREV/-, BGAK/END}, {END/ENDAK, BGAK/END}

i3

{EST.req/BGN, END/-}

14

{BGN x/BGAK, ER/ERAK}

15

{EST.req/RS, BGN ¥BGAK, ER/ERAK}, {BGN o/BGAK, ER/ERAK}, {BGN xBGAK, ER/ERAK}, {DATA req/SD,
ER/ERAK]}, {I51/- ER/ERAK}, {RS o/RSAK, ER/ERAK}, {RS wRSAK, ER/ERAK}. {ER o/ERAK, ER/ERAK}, {ER ¥ERAK,
ER/ERAK}, {UD.req/UD, ER/ERAK}, {SD/{USTATE, ER or -}, ER/ERAK}, {POLL/{STAT or ER}, ER/ERAK}, {STAT/{ER,

SD or -}, ER/ERAK}, {USTAT/{SD or ER}, ER/ERAK}

{END/ENDAK, BGAK/ENDY}, {152/, BGAK/END}

17

{REL req/END, BGN o/{BGAK,END}}

1% 2. SUIOE ol 4% UNI9 SSCSAI%9 test graph
Fig 2. Test graph of UNI SSCS using SUIO
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FSME& ¥ 1o =Alstdo. 218 19 FSM2
deterministicdl®l ol A7A AFE =y TEF
%}, Deterministic FSM& S/ M2 v
edge(V,. Vi aw/o)€ E% (Vi Vi ag/ogle
Edl W&l vl o, H o,7F BUSUARE a7 ay,
v Mg & A& £=¢r}. FSMel deterministic 4
AL Aol AuAelE Z7ZHE d¥Q input
operatione® 7" # U 2¥ 19 FSM2
reset capability(olx stateels 3ol input
operation® Z start state® Hel& & UAHH reset
capability® 7Fdvtn @th & 7HAA ged ofl =
ZEZL 7 stateo] self-loop edge’t U3 stronly
connectedol® minimum-cost] test sequence®
7% A1),

SUIOE o] &3 UNIe SSCSAZF4 test
sequence® TR WA E 2+ UNI® SSCSA
%9 UIOE Yeldz, H 28 ol43d 7T test
graphG”& 1% 20 vehldid. G"% symmetric
A WE7] 98 BL8F equationd solutiond 19
3o) UeRAAH. solutiondl WeEhd ¥lE symmetric
test graph G*E 787 #38ld edge(V,, Vol 4
M, (V,y, Vool 270 283 (Vs Vol 1871 edged
Ztzt G"of Zrtslebe AE 9vlelt. B 3& gelA
+% symmetric test graph® Euler Tour. %
UNI9 SSCSAZ9 zZzed AT AdE 4%
test sequence® RAFT hon inputd F 2454
ojct,

F 2. UNI9| SSCSAl%¢] tig UIO sequence
Table 2. UIO sequence of UNI SSCS

NEXT
STATE UIO SEQUENCE STATE
V1 BGAK/END V1
V2 END/- V2
V3 BGN x/BGAK, ER/ERAK V5
V4 BGN o/{BGAK,END!} V4
V5 ER/ERAK V5
944

2. MUIOE 0|88 Test Sequencedd

MUIO & ol 4% test sequence A Y& taild
3olsty] ¢lste] o719 minimum-length UIOE
ol &gt} L(V)E GolA V& EoLv edged AF
gk Vol U7he edgeZBS9l Aol, & [(V)=di(V))-
d (vper ébab mbek G'el RE stateolA L[(V)=0
ol® (3*% wEY & G'o ¥ edger® H7IEY I
S7F Ak au L(V)+£0 9 stateZt 12® edge
& A7hstodof gt

UIO{E state Vol V& tail state® ZE min-
imum-length UIO& &z, z8id MUIOE o] &%
test sequence A WHE 7z state Vel £,
(V)& 342 & UIOE #3t. o & 93 o9
294 8wt

1. Graph Gy=(Vy., En) & 78t}

J71A Vy={S, TIUVUV,

V(X Xgoo Xpb and V=Y, Yoo, Yol
Ey== EsUE:UELUE",

Ee={(S. X0 X €Vyl, Exl(Y, T):YEVy),
E={(Y; T):Y€Vy}, and E={(X;. Yp}:There
exists UIO}.

(S, Xi)eEs? edgee 0 cost & df(Vi)capac-
ity, (Y T)EEE -19 costs diu(Vj)capac-
ity, (Y, T)EE+Te +19 cost9 infinity
capacity® 2la (Xi, Y)EE"Q edger 0

MIN Ll oy 4l ety L Lo o gL
ST -ha-letl g+ + =8
Loy Ly Lo+ =2
Ly Lyl =18
Lyl Lo L+l =2
Lthacthgtl el Tl =-14
1,>=0, integer  forallij
Sol @ I,=41,=4.1,=2.1,=18

78 3 Symmetric graph& T8h= equations® solution
Fig. 3. Equations and solution finding a Symmetric graph
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2.

—

— BN

16
yl12
1t

y12,y24

yis

y53 {BGN x/BGAK, ER/ERAK},

y53 { BGAK/-, BGN ¥/BGAK, ER/ERAK},
y53 {ER/-, BGN »BGAK. ER/ERAK},
y53 {SD/-, BGN x/BGAK, ER/ERAK},
y53 {RSAK/-, BGN ¥BGAK, ER/ERAK},
y53 {USTAT/-, BGN ¥’BGAK, ER/ERAK},

E 3. UNIel SSCSA %2 test sequence(Euler Tour)

Table 3. Test sequence of UNI SSCS

{111VEND, BGAK/END}, {112/-, BGAK/END}, {END/ENDAK, BGAK/END},
{UD.req/UD, BGAK/END}, {BGN o/BGREJ, BGAK/END}

{EST.req/BGN, END/-}
{12/-, END/-}, {UD.req/UD, END/-}
{BGREJY-, BGAK/END}

{BGN x/BGAK, ER/ERAK}

{EST.req/RS, BGN ¥BGAK, EREERAK}, {BGN o/BGAK, ER/ERAK}, {BGN x/BGAK, ER/ERAK},

{DATA.req/SD, ER/ERAK},{151/- ER/ERAK}, {RS o/RSAK, ER/ERAK}, {RS X/RSAK, ER/ERAK},
{ER o/ERAK. ER/ERAK}. {ER »/ERAK, ER/ERAK). {UD.req/UD, ER/ERAK}, {SD/{USTATE, ER or -},
ER/ERAK}, {POLL/{STAT or ER}, ER/ERAK}, {STAT/{ER, SD or -},ER/ERAK},

{USTAT/{SD or ER}, ER/ERAK}
{END/ENDAK, BGAK/END}

{REL.reg/END, BGN o/{BGAK,END}}

{14/-, BGN o/{BGAK,END}}, {BGN o/{BGAK,END}, BGN o/{BGAK,END}},

{UD.req/UD, BGN o/{BGAK,END}}
{ENDAK/-, BGAK/END}

{EST.req/BGN, END/-}
{ BGAK/-, ERERAK}
{BGREJ/-, BGAK/END}

{BGN x /BGAK, ER/ERAK}
{ENDAK/-, BGAK/END}

{BGN x/BGAK, ER/ERAK}

{REL.req/END, BGN o/{BGAK,END}}
{BGREJ/-, BGAK/END}

{REL.req/END, BGN o/{BGAK,END}}
{END/ENDAK, BGAK/END}

y53 {BGN o/{BGAK, RS}},{ BGNx/BGAK,ER/ERAK}
y53 { RS o/-, BGN x/BGAK, ER/ERAK},

y53 {ERAK/-, BGN ¥BGAK, ER/ERAK},

y53 {POLL/-, BGN x¥/BGAK, ER/ERAK},

y53 {STAT/, BGN x/BGAK, ER/ERAK},

y53 {UD/-, BGN ¥BGAK, ER/ERAK},

y53 {RS/RSAK, BGN ¥BGAK, ER/ERAK}, y53 {UD.req/UD, BGN ¥’BGAK, ER/ERAK}

y53 {END/ENDAK, BGAK/END},

y15,y53

{ENDAK/-, BGAK/END}

cost® infinite capacity& Zet}.

F& Gm9 flowe &2 LI(Vi)|E minimizedt
e UIOE 37 f3ld d-g9 equation® &
o} (2].

min 3V, ryvepr F(Y;,T)*

- Zwm-es; FOGT)T 5

www.dbpia.co.kr

y15, y$3 {BGREJ/-, BGAK/END}

8.t F(S, XI) = Z(X_,Yj)eEA F(xix Y])

Jor X; € Vx W

FOG,T)* + F(Y;,T)” = Lix, voeen F(XiY5)

forY; e Wy (2)
F(S, X:) < dE(V5) for ($,X;)€ Es (3)
95



122

®EEEEARE 95-4 Vol. 20 No.4

F(Y;,T)” < d8(V5)
for (¥;,T) € Ex (4)

(D (2)e] 4L GueY RE statew B0l
flowe] &% Urzbe flowd 4ol e RS Ve
o B2 7lad § 7129 edge F(Y;, T) & AU
g ol &3txm AjRe] FItHE edged AF F(Y;, TV
g A2 e AL Jdepig. 28 ET 9 Ere infi-
nite capacity® 7FA2& f(Xi, Yy=dh(V). & G
o] 2} edgeol shtel UIO7 @95+ RS Jehdt
wet R A9 equation® EFolM AL solution
f(Xi, Yo Vig E92¥ edgedl UIOIE f(X: Yy
7l assigndted test graph G'9 @& FaIdes A&
o] o] get,

MUIOE& o[£3%d UNI9 SSCSAFY test
sequence® THHEZ} WA E 4v UNIS SSCSAZE
9 minimum-length MUIOE JEe WA 2H
Gu=(Vu. Em)& 28 4o vehlidd. £|8(V)IE
minimize3dl”] 98 Y3} equationd solutiond
2d 59 JeEHU solutiondl M E YER R0l Vg
Eol2¥ 17709 edgeol UIOL, V22 Eolo= 1579
edged] UIO3, Vi Eol2¥ 14709 edgecl UIOS,
Va2 Eoj2v 15709 edgedl UIO 28l Vi3 &
o2& 21709 edgeol UIO} A&-38la] test graph
G'& 3t

Symmetric test graph® g7 98 3. 1¥eA
9} zto] solution® 3% edge (Vi, Vool 27,

(Vi, Va2)ell 678, (Vi, Va)el 470, z28lz (Vi V2)
o 2709l edge& A7Istdol & & 4 Utk wabA
% 14709 edge’t AM=z2o] HrMETr. ® 5% mini-
mum-length MUIOE ©|&% Euler Tour, &
UNI® SSCSAFY Z2EZ AP AL o8
test sequence® YEMY inputd F 2317/M0lH o]
¥ SUIOE o183l 7§ AHGD o 6%HE test

sequence? Hol& 4t

E 4. UNI9| SSCsA %= MUIO
Table 4. MUIO of UNI SSCS

STATE MUIO o
V1 BGAK/END Vi
V2 END/~ V2
V3 BGN o/{BGAK, RS} V3

BGN x/BGAK, ER/ERAK V5
ENDAK/-, BGAK/END Vi
V4 EST.req/BGN,END/- V2
BGN o/{BGAK, END) V4
Vs HR/ER3HlIt Coverage V5
EST.req/RS V3

(capability, cost) @

UINE, U}

37 4 UNI®| SSCSA29 Gy(Vy, Ey)
Fig. 4. Gu(Vy. Ey) of UNI SSCS
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MIN F(YLT)' + F(Y2,T)+ F(Y3,T) + (Y4, T)' + F(Y5T)- F(Y1,T) - F(Y2,Ty- F(Y3,T)

S.T.

Sol

17

yl2
7
17
3
18
8

11
19
i2

15
17
yis
yis
y1s

F(Y4,T) - F(YS, Ty
()Y FS, X1)= F(X1, Y1)
F(S, X2) = F(X2, Y2)
F(S. X3) = F(X3, Y3) + F(X3, Y5)
F(S, X4) = F(X4, Y1) + F(X4, Y2) + F(X4, Y4)
F(S, X5) = F(XS, Y3) + F(XS, Y5)

@) F(Y1,TY + F(YL,T) = F(X1, Y1) + F(X4, Y1)
F(Y2,T) + F(Y2.T) = F(X2. Y2) + F(X4, Y2)
F(Y3.T) + F(Y3,Ty = F(X3, Y3) + F(X5, Y3)
F(Y4.T) + F(Y4,Ty = F(X4, Y4)

F(YS,T) + F(YS,Ty = F(X3, YS) + F(X5, Y5)

() E(S, X1) <= 25 (A F(YLTy <= 17
F(S.X2)<=15 F(Y2,Ty <=17
F(S,X3)<=14 F(Y3,Ty <=18
F(8,X4)<=15 F(Y4, Ty <=17
F(S, X5)<=21 F(YS, Ty <=21

REHSL =0T 2 AV Z2integer
: fY1LT) =8,

fYLTY =17, RY2,T) = 15, Y3, T) = 14, RY4,T) =15, (Y5, Ty =21
RX1, Y1)=17, X2, Y2) = 15, X3, Y3) =14, fiX4, Y4)=15,{X5,Y5) =21

a8 6. £,4¢(V)|E minimizedted Y8 # equations® solution
Fig. 5. Equations and soluttion minimizing Z;/{(V})|

B 5. MUIOE °)4% UNI2 SSCSHI%4 test sequence
Table. 5. Test sequence of UNI SSCS using MUIO

{BGN o/BGREJ, BGAK/END}, {END/ENDAK, BGAK/ENDY}, {UD.req/UD, BGAK/END},
{111/END, BGAK/END}, {112/-, BGAK/END}

{EST.req/BGN, END/-}

{UD.req/UD, ENIY-}. { 12/-, END/-}

{BGRE}-, BGAK/END}

{REL.req/END, BGN o/{BGAK, END}}
{EST.req/BGN. END/-}

{BGAK/-, ER/ERAK}

{BGN o/BGAK,ER/ERAK}, { BGN »/BGAK.ER/ERAK}. { DATAreq/SD.ER/ERAK},
{RS o/RSAK.ER/ERAK}. {RS ¥/RSAK. ER/ERAK}. {ER o/ERAK, ER/ERAK]},

{ER X/ERAK. ER/ERAK}, {UD.req/UD, ER/ERAK}. {SD/{USTAT, ER or -}, ERERAK},
{POLL/{STAT, ER or SD}, ER/ERAK}. {STAT/{ER.SD or -}, ER/ERAK]},

{USTAT/{SD or ER}, ER/ERAK}, {IS1/- ER/ERAK}

{END/ENDAK, BGAK/END}

{BGNx/BGAK, ER/ERAK}

{BGREJ/-, BGAK/END}

{BGN »/BGAK, ER/ERAK}

{EST.req/RS, BGN o/{BGAK,RS}}

{BGN o/{BGAK.RS}.BGN o/{BGAK.RS}}. { RS/RSAK.BGN o/{BGAK,RS}},
{ UD.req/UD, BGN o/{ BGAK,RS}},{ I31/-, BGN o/{BGAK,RS}}

{BGN x'BGAK, ER/ERAK}

{REL.req/END. BGN o/{BGAK, END}}

{BGN o/{BGAK,END}, BGN o/{BGAK, END}}, { UD.req/UD, BGN o/{BGAK, END}},
{14/-. BGN o/{BGAK, END}}

{BGN x'BGAK, ER/ERAK}

{ENDAK/-, BGAK/END}

,v53.9  {END/ENDAK, BGAK/END}
.y53.9  {BGREJ-, BGAK/END}
.y53, 9  {ENDAK/-, BGAK/END}

y15,y53 10 {REL.req/END,BGN o/{BGAK, END}}

13
y1s§

y1s

{ENDAK/-, BGAK/END}

, y54, {BGREJ/-, BGAK/END},
,y54 {END/ENDAK, BGAK/END}
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ZZEE TUEC TFEFA dAG=AE BH 3=
test sequences] FH& 13lol AAE 4 v fault
v oerrord Ml oE@ch. 12 test sequenced
fault coverage® estimation& Algstddol &
machine® 7 %7 @& A& FAHg. &
€9 n7le state. m7/AY input# psiel outputol
Ae FHL (np)"™le AE 7tEd F8EC UE F
Uk,

oty ol e RE AY 7ted FUEE AU
E AL Biledt. a32g RE JME§ faulty +
HE A 739 tail state(s}}t dhte]de output
£ #A3%ld YA @ random faulty machined THE
o] NP3 1 categorys TS Zri(4). 97149
edget random edge® vl g},

1. 832l edged output® %

2. 819 edge tail state® 3%

3. $/M9 edge® outputd +

4. T4 edge? tail states& 3

5. &9 edged output® F THE edged tail
state® 4%

6. 839 edged output¥ tail state® +%

7. $/19 edged output® tail stated &3

8. sh}el edge? output® T ot F9 edged
tail state® %

9. ¥ edged output® = & F719 edged
tail state® +%

10. M9 edged] output®m T & 5749 edged

tail state® +

ZE HA¥ 7Hed faulty 7EES X7 3o
extra =¥ missing state® zeisladol o}, miss-
ing state® TE7] $3tod FMe stated mergedt
ook @t} Merge® stater ZF inputel dide] FA
¢l 9 outputz g YAt Extra stated
el A el statew splitslolor 3 split
? FHe A2E statex Yol inpute] BHEA Y
oA output2 Hahe A P} Test sequence
9] fault coverage®& A3+ File 93 #rh(4)
1. #49 FSM< ¢glett.

2. 449 test sequenced YT,

98

3. 994 AFE random faulty machine® &
o},
4. 3¥A BAF machined] test sequenceE A&
&t A4 cutputH YAsteA vlw gt
5. 49% 53% machined] W3t 44 FAE con-
form3£X & (equivalent) A 2}, ol & A
459 algorithm& A4l isi¥ machine
F19l initial stateg} 3t3L is»& machine F29]
initial statez} 8kxt.
Set={ }
Set2={is1. isz}
while (Set2+{ }){
Pick an element(si, s2)€Set2
for (each outgoing edge e1 from si) {
if (there exists an outgoing edge ez from sz
with the same label as e1)
tuple={tail(el), tail(e2)}
if (~(tuple€Set1) and~(tuplecSet2))
set2=Set2U tuple
set2=3et2-{(s1, s2)}
set1=Set1U{(s1, s2)}

else F2 does not conform to F1

}
F2 conforms to F1

Random®A %E machine® 222 faulty
machine®] obd # 9222 Fault coveraget A
Al faultel Wated detect® faultsl ¥ &2 F},
et r& faulty machined A4, c8 #4343
equivalentdltz #e¥® machined 24 8z d
% test sequenced 9 & faultetn HBEd
machine® A4 3A. 23W fault coverage:
d/(r-c)et & + 3lth.

SUIOSH MUIOE o] &3t +& B-ISDN UNI¥
SSCSA %9 test sequencec} A& fault cover-
ages] AAZM, FAF FYF AFY stated ZHE
10000702 faulty machinee] tatd foA Ags
1074119 fault class& 4T Ade B 6 el
Q11 extra state® Z+ faulty machinedl W& 2
Fe 74 JeEhdth Merge stated BA$+ BZE
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ol tiated 100%9 fault coverageg Zet},
Extra state®& 7} 788 & test sequence
9] fault coveraget 71t ups} o] dwiH oz o
de& ¢ 4 g SUICS MUIOE ol g3td 33
test sequence 25 class 13 3o #Zee faultE
100% 42%E & & Uk Class 2 dade 24
85%% 97%< fault coverage® Hojx slow Es

M2 fault(class 4~class 10)9 W3de 4z

98.9%% 99.4%9 fault coverage® Holm git}.

mety SSCSAIZe ZZEE FHEY APY ANPE

8 SUIOE ol&&+ ARY MUIOE ol &8 +§

test sequence® A 43te 2ol F5& & + U
V.28 B

E 6. SUIO® MUIO fault coverage(34 % 449} STATEE 7He 23$)
Table. 6. Fault coverage of SUIO and MUIO(When the implement has the same number of states as the spec.)

Test Class AEsHA Y€ m/ed & Test Seq. & 4% & m/c Equ. & 53¢ &
SUIO MUIO SUIO MUIO SUI10 MUIO
1 10,000 10,000 481 481 481 481
2 10,000 10,000 3,198 2,175 2,027 1.975
3 10,000 10.000 3 8 3 8
4 10,000 10,000 1,004 461 392 an
5 10,000 10,000 151 131 95 75
6 10,000 10,000 153 336 9 109
7 10,000 10,000 6 10 1 1
8 10,000 10,000 7 16 6 7
9 10,000 10,000 6 1 0 0
10 10,000 10,000 0 0 0 0

B 7. SUIO® MUIOY fault coverage(EXTRA STATEE 7He 3%)

Table. 7. Fault coverage of SUIO and MUIO(When the implement has one more states than the spec.)

Test Class A3t AAE m/cd] F Test Seq. & 3% ¢ m/c Equ. & 3¢ <
SUIO MUIO SUIO MUIO SUIO MUIO
1 10,000 10,000 2,096 2,249 509 509
2 10,000 10,000 4,276 3.328 1,997 1,954
3 10,000 10,000 313 358 6 7
4 10,000 10,000 2,003 1,168 300 383
5 10,000 10,000 844 704 95 103
6 10,000 10,000 1,692 1,797 82 83
7 10,000 10,000 312 336 1 2
8 10,000 10,000 167 159 4 6
9 10,000 10,000 67 33 4 1
10 10,000 10,000 30 12 1 0
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Z2EF AP AP A3td test sequenced A
Aale od8 Wy Eel AdHAUTG. Test sequences
FSM9 7} transitiong A= @ Aue g E
8t approximation algorithmel 2j& A€t
(1eMe Z2EFZ FEEY ARY AYE fatd T
ZEZo] JIdHE stated] deAE AFEI Hdd
SUIOE ol &43t= A& Adadn (2)dAe MUIO
g ol&de e Adado

£ ndME case studyd FHEM, B-ISDN9
UNI SSCSA% Z2EZd PollAl AFF 2714 ¥y
& A 489 test sequence® TEHILH, olw 4]
= FAAE MAEETH 58 R Had 3% FAe
Ao Adglel o] 7He# outputd dHE wolk
FHE ¢Fe Ao2 sHYstd 3SCSAZY Z2E
Z FSMoz Hastdou, o WHE yF He 74
E 943 #AdF Aol opuZ oo Widtd o B
o

MUIOE ol8&a T3 test sequenced Aol
SUIOE olgsld 73 RAEY 6%F= #AUch =@
F/M9 test sequencex Y faultlclass
1~class 3) whsld 95%2F 99%, a8lz H4ld
faultel wiate] 98.8% 9 99.4%9 fault coverage
2}k, ole SSCSAZe ZREZ FYES AY
NP SUIOE ol&dte AEY MUIOE ol &3
78 test sequence® A &3 Aol FHE e
. gelA dFF wgew AAE test sequence
e zAglel AFHoz AFY £ v I
test sequence®2M, WA errorg LAY Folx
A& Agde AL AlHE Buldtes Yol o o] ¥
A& test sequenced L HYUE test script®
o #48ed o] A%l alignment part &, &
test7} f3he statedlM ARAHEE e x3E& W8
2 @ g2iM 745§ alignment part® AA 3
A Bge =YE test scriptd T A7 ol FolA

o]

Mo & R ox

of & Ro|o}.
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B £ ¥ (Yoon Hee Jung) 4
19674 129 1594
19904 : Regdiata AUF (Y
Ah
19924 : A7) e Al e
(A1)
19924~ %A : @R AABHATFL
2144RENET
23 2n49a74
!

# 7 % (Beom Kee Hong) 334

19824 240 : FHG R ARALYTH(EAD

198441 89 : ST A SEH(HAD

1982 38~¥A : PFANFAATL 2nEYATY HY
374

F it B (Kyung Hee Lee) 389

19839 29 : AHd%n A&

(#h
1990 24 : $doidtn ALEAY
HHAD
1993 849 : Fdigw ANG
(=
1993d 394 ~¥A : FFAARNETL 2359974 A9

a7

951
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