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Anomaly Removal for Efficient Conformance Test
Hyun-Chul Lee' - Gi-Taek Hur''

ABSTRACT

The protocol conformance testing is to check whether an implementation of a protocol conforms to its specification.
And it is important to improve the interoperability of protocol and the efficiency of cost. In general, protocol is
composed of the control flow representing observable behaviors and the data flow representing internally used variables.
Until now, research for generation of test suite has been realized only consideration the control flow of protocol or
separation control flow from data flow.

Case of considering control flow, contents of test was simple and definite. Length of test was short. But it was of
little application, and it didn't manage each kind errors in data flow. Therefore, we must generate test case that can
manage control and data flow simultaneously. If errors was included in protocol, anomaly of vanable showed in
processing data flow. So, anomaly of variable must be removed for efficient conformance testing. Therefore in this
dissertation, we proposed algorithm which can remove anomaly of variable for efficient conformance testing. And it
showed that anomaly of variable was got rid of applying this algorithm to real protocol.

LM oA £ B4 ZzEZo] Was] YT olg AN &

gHoz mzE®e AAsu Tdse, 48¥ +

BN =dio} A Fzo EaAMo| Zrlgd w ATE 37 &M ZIEFZ dAAH FERAAE &

G4 Z2EEY %Yo g aFSm Af4 9 WHOZ BAY & oloh ¥ gk zEse Yu
qoz Moz ¥ A5E 95& Ui A

425‘;3 Eﬂﬁiﬁ :g:g:}}j ;ﬂ BEH /R o HFHoE ARdE
B4 1908 1149 99, AlAbel® : 19984 129 299 H4ES HE8+= AREELE EEE 5 A 2]



2374 AND dFE AAEE il AP
52 ANse yEd FHHoz oF4x £z,
A83EE FEAONY 5L dFo AU F
AATH2L 22 Aoz ERE aefd AP AP
Y gl I thF et &0 TEHA &=
B 2R de] EAgal5], &4 Az WEd A
EASAE 89U & 5 o, 448 AE 9Fo
7 seH11].

%, A55E EAY F v 4F LFE AHYY
fleng Aojsgute nAF JFAY AEL B
ZAEL YEsiz Qo gy sisdez ¢A
AEL e Z2EZ Aojg ABIFL FA
o He¥ 4+ U AlPYEo] WAook Frt

& o 4

B =RdME 71sdoz fAdsa, A8Y YA
AES AAA Z2EZo] AR5 Ay o vE
¢ e HAAE AAT £ dE gudEFE AN
sk 22l Estelle2 FAAE M Z2EEY o
A ZEE A HEsto, Ag HWAHL AAY
2, UIOWYE ol gsld Nd3ES 448t

2. gy AlY

ofm

AEZZEEZS FHEY 1 FEUAAA ANE T2

EZY d3 M 9 Y9 SHE TH AFEY
43 E84E Folv] # AlY A gadd =
HEF M2 BE EZZEZ g FTHEAHTY

HFL2EZ did AFPY u g A8 gag ¥
A 87AES 2dsln gk Z2ege Y A
e TdY Z2EZ Y99 Yo L2EF FF
oz oy QTFALe Afs FFAH=E AF
e Aoz fEd P99 439 97 dXEe
Ve AEshe AL wed F 7E Aol oY
A LTSS FFANIE 7HE FAEE AdE
2 8 4 9ok uweEly HEHL FHHA FH9 BA
2, 7do] 74 didte LEE FFE Aom
2 gy A oletas B 5 gIvH3 4]

FeE AFe A R4 WL ) AN
= ARE A% HREL vY Fulselol o Ay
92 AU oiH Fasl meisiololy Ay

ZENO DEES MM AIEE 9IS WA HA 751

o

< AYPu| g 184 % 27 HE THE o B
F Ak Y AgE @ o ANPAYe 7R =
ZEZY LFE 7] A AR FRwe Abde
BYutx Agoz F4drt. o] UTY i de 3
A g2d + YA, dYFRAA AFRES HE
B F EFEAA 2 YAYEA ) d@ 29
FEL HAAF Fol 1 29E BFY 5 Ao

21 Z2EE Ho|EED XIRSE

Z2EZ9 Az E ARIZE g AFAA
ATE F2 APH2Y 44 Wyd dEiN F2 o F
o}, dHole Aeo] #F AFE oA ANz @A
oleh o)A HolelE Mg & uje) AojEEH AREF
& Bt Azl wia FAlel nelske el
At Aoz gH A85EL FIYHA nEsie ASE
Azgy H85EL 47l ¥ aHEE el
Subsequence® AAF) o] A4 e AFE E
FA&A YT 5 vk ojHo| glE W F Y ¥
Fold HARE Rl 44 4 ke @de] AUk

AAEEH} A23EE TAA s F4E
olH 9] el EAA dE F2E 4FE & UL,
Aoz gd AREES BF X¥HE Bt A2 MY
FELZ A+ ke FHol Aot dHeze A
°o]3 g3 ARZEL EF 1EHA 1HAZE TEY
o sfmg, 27t o BFHE + Ao

2.1.1 A&

HZ I ANEY Aol ZdelA s 243
ANYHEE AHE Y= UIO sequence Wiyo] ¢
Fattn g3 3 EE ol ¥ UIO sequence %
¥ 2lo] Transition(T) ¥d, W ¥4, Distinguishing
Sequence(DS) "4, RCP W, UIO sequence® %A
2e 7o) PUIO £+ Signature ¥, UIOEA
AgaEe 2elE 22 SUIOS MUIOHE Sol ¢
o olg} e woz AYFZA YA B3
ATE NYIFEL Holg Fojm, F{E7tsAE H
3o, o F AEWAE $Asis Wgez A1t A
&5 3 o}

2.1.2 A85 8
Ykl AZEYolE R ZRE AR Y



752 St=FEXMeISD =EX HMED HI3=(99.3)

o os] A Az HHE AN 28L& YAy
WiHoz Aojsgs A8sEL e FE4H
71418 7122 @ AYIE QYL ZEEZ9
AREE F 29 &2 AL v EE F ¥3
g #etulg, Holg FYsirl A” &of, WA
Egd ¢4 #4944 A, iRgdse go] Z2EF
AN Fad FEL A9 AFEES FEHoR
2AIFAAY A5EES TN Z2EE AHA
Aol o] AgzEL FaF ouE Az YA
ok oj7)M ALgsE H¥5E O e BoEHE ghol
tefata Ayayo] Bysto Qe g @Waz
e B R4S X Utk E AL HE B
Fob WY AN AEFEYHolE B o gl
g}

22 uAAT

AFAA A7 AosEol AP AHEEE 44
3t 7Idel $HE Fu, AE FE @ zES
4283 Hol gk I2EE A ¥ SJE APLE
AEE + g3, FEHez HY Brhsd Aet &
Astez APde Aol AstHa, udAYdL W
e AL Alsg FAToz 2EHA AlYe| B
7hesitt. metd ded AY gel HE &Y g9
e BE3E AojzEY AW ohet Z2E
29 A%< F, ¥GE, 2UE, B4 59 T
vt A =HYE7kel g Aldel dastA €

Aols g ARZES AT MPIATE HY,
Sarikayas < A73€ Estelle2 56 Hol #3& 9
& Agoly A9, 39 MF T} L A2IF A
27t 7bed EAEE AREAGIL ol B
d HARYEH AsEI} A8sE 2YZE 474 B
23] FYgatn ol &g olfdtd Y ¢ME A3t
£ $iolrh AolsE # =& Estelle®] FROME S
PAZHZ TOEE RN E s4 o]gg ddsl=
dAg M oHzg Ydstez Yee Hy
€ Yehlcd o8¢t} Estelleo] o3 HAE &4
€ e 289 ARAME 7€ o] EEUY BE
Fig 7ledd

WU%<2 EBE(External Behavior Expression)e]@}
t 2YE 7|22 § ¥4 Z2EZ YHAZEH AE

¥E5E F52 F e PHE ANSAUHI0L EBEE
d&d M9 olge =2lH FAE o fdtd =2
EEZ R JATE B4 P} o]E AF ANPYEL
¢ AYe A% NEEEE 9A A4, 44
HAEEE T RAAY AEE A ANEgES A
) mpxgtoz 3 5@ AP EE A Al
e d93te ¢H2 sddd

Urale Z2EZY #Aoz&3 2A2EEL FA
A £ e FY A55E 2AYHE Agsiant
(6l ole ZREZY Ao 353 AREES YEhd
F e 1YEE 42 ad 3 afE As =2
EZ WA A Hog RE U459 AR £X & 9
A vebd 5 ot m2tbA o] FRE o83 o
Aof o] LAHAL o]F NFHa= NPFEL A
48 5 A doh

Rapps, S52 949 #4& 7122 319 all-nodes,
all-edges, all-defs, all-p-uses, all-c-uses/some-p-uses,
all-p-uses/some—c-uses, all-uses, all-du-paths/all paths
5 AldAg Y 97k BHE A% cH1L)

Fabureauw= HojZE& TEWA FAd AE5E
NAE nedsted 2YPZE Yo P Aosidn
[9. AlzE 29=g e o RABEE 71XEF 19

sz dAER e W4E FZIVEA, AR
e A% gol w4 EASA o

£ A% TeaA Yols Ht ool 3k

e e

23
4r
e
x
2
ok

3. HaY HA Un2AF

31 HyY

ArEFO|E W] deHst I APEY 4
&£ gvisy], A5 EAPA 93t IUTH 42€
A de dAdste, 49 HS delA dal 9Hd
574 & PDUEHE A g@7o H&3tnzHi Ay
"ot Ut AusFelA v HEYe
dE ¥ AHA @& UFE =2, AEEHA @
= UFE 3o, Aodd ddodAM A 5& & F
At

WA JeeE B thg AoH2TL



@© D Define® A&}
@ U : Computational use, Predicated use® A&l
@ K : Killed, Undefined® A€l
@ A : Anomaly® AHef
(32 1) Aizs2e WEN
(Fig. 1) Anomaly of data flow

ni.,a_?;_"% 715Hoz FAP AP YA &
9 Y ¥l disA ZE MWL HAbEolk
aM Z2EZY 7R/ FA AN Bges o,
olzig gL W g Yoln, AUAA e A
T3 =8¢ gag dde EAHel v Zzed
544 Ad9Le FDTZ 7148 Z2EZ9 7 Y
Holg THoZ UYL ol 29 F4Hoz ury
SeAE BAFEEZA Aleld] A 4= 2w 5F
ZyoiMe HANL FAGT T QFE osle A
g 1 2oz ¥t

%%4@am ARsEL Jltoz @ Tz
Ware AYsel 297k AARgAA 7 &
de AEHYE Ted gol wAY

@ A< (Definition or Initialized, def)
- A& 93, Function Call, 2959 #Zo] A&
He 3¢
@ AH&(Use)
- AXA AL8(Computational Use, c-use) : Z+&9)
29, ¥3E9] $34 A" AE
- 23U Al4(Predicated Use, p-use) : ZA T A}
£8 A4+
@ =% (Reach) : FolF Al Qe =& 7153 A9 9
A5
® HE(Live): Y99 B
A EYF AS
® A¥(Killed or Undefined, K) : A9 A9 FollM
A BAHRAAY Be=RA e AL

Zol4 ALgatel e S

ot
o
L
re
IH
Hu
Hn
JE
0>
[39'
40

1ot Al A 753

® ¥4HY ZA(Anomaly) : AHEHA 4E BFE
Ao, Bojd el AR, F& FT Fo Stk

durHl zze] AP A YL EFSMAelA e
e As 58¢ 280 AR 389 AEEE 4
e Az 5859 AEE AHEEe AAAREEEH
€ T8 AURES YYD o] A8 F9 ¥4I
EHE dA3E7 Fo|RE A YARE oA T
A+ U ArsE WS FAGE Held

32 Estelle HAMIBE I Z2EF

Estelle® #34el714 =& 7|22 3ln gled,
A A2 E A8 Hoze] Yo BPY TIEF
YA A2 REL AF FRE o)FH, AYdolge
Ae o]~ F2E F3le] PDUHEIY A =2 Ay
28 Fals FRAFM Ao olth

Aol5F 28 TE Estelled) FROMES A 4H
2 TOES 534 2z #iA oleg dZ3e dAE
BgsEAM JYLE AYstez, e Bde g

Ed ol8¥t} Estellee] o1& HAe £48 zts
289 AN 2EL] HE5FAS et

Estelle 3M3e 2% 454& Addeg =25
13 Af T3 A Ao AUAA BE =
ol a9 wid Zd DAl = EstelledAl
e HUREPANE ndgde AAFd H2E2H
E 348 Hojxze dEdE F v & 2
o9 Aol A3 ojFojAuH, He] 2L g 2
o] BAg

@® From A : @A9] Ao 4

@ When A : 48 4353

® Provided 3 : Boolean ¥ &

@ ToA : & Alo] AehE A

® Begin-Endd : 3%, 32, T2AA ¥

281 AREFE 2AZE ¥WEy GE AAHE o
g mEv|e gho] oR A é%ﬂ% 72 ez, 1
gtol wtebd 29 stetole] ghol Asch e A
Hde dA Aoz F 2YZE V|FoR 8= BE
AYge dAstn AHEEE adZoA dae MY



754 B FEXNEIEZ =2X MeH H3=(99.3)

2 A% A2 Fe FoE SHE olFolqL orlA
Agshe 2ATE YA (Vertend oA (edge) 59 #
#URoT 7HY L) olo] o] Roly
84 22 = (Dgraph) I},

33 HEM A gn2EF
A€ Z2EFEE FHEE7] HMME ABEE
ol X3d ZF wAAE AAH o o] & A3
A ogs 2L w34 AA dudFE AAH
Algorithm
Step(1). Estelle2 ¥ 7} Z2EZ& FSMo.2 Wy,
Step(2).
Search Subtour
while {
if ( Variable = Anomaly ) in single transition block
then Variable remove ;
if (Dgraph Condition '= ok)
then Variable remove;
)
Step(3).
while {
if ( Subtour != Valid ) remove ;
)
Step(4). EXECUTE UIO Sequence Program ;
/* Creat NYHE +/
END ;
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user.reason du du| u
qts.req du du
local.refer du
source.refer du
in.buffer d d
option du | duu
out.refer du uu
dest.refer du
remote.reason du
out.buffer u uu
disc.reason d du
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[$R] Estelle? HAseE J14 T2EF

when tcreq(to.addr)
from so

provided to.addr = ok
to s1

ti: begin

tpdusize:= . .
in.tpdu.size'= tpdu.size:
output(in.tpdu.size)
end;

when tcreq(to.block)
from st

provided in.tpdu.size < > ok
to so

ta: begin
user.reason:=...;

output disp(user.reason);
end;

when tcres(qts.req)
from so

provided qts.req = nil
to s2

t3* begin

option:=...,

to.block:= . . .
out.refer:=option;

output disp{out.refer);
end:

when cr{option)

from sz

provided option < > ok
to sp

t¢ begin

local.refer:= option;
source.refer:= local.refer;
inbuffer:= out.buffer;
output cc(source.refer)
end:

when tcreq(user.reason)
from s

provided

to s3

ts begin

disc.reason:= to.block;
dest.refer'= user.reason;
output disp{dest.refer);
end;

when tcres(qts.req)
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from s2

provided qts.req > user.reason
to s3

ts' begin

remote.reason:= . . . .
out.refer'= remote.reason;
output disp(out.refer);
end;

when data

from s3

provided out.buffer < > nil
to s3

t7: begin

in.buffer:=...;
remove(out.buffer);

end;

when ndind(disc.reason)
from s3

provided

to so

ts* begin

output tdind(disc.reason);
end;
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