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ABSTRACT

When a new protocol designed and implemented, a conformance test should be done. It verifies that an imple-
mentation conforms to the protocol specification. The quality of the conformance test depends on the test sequences.
Test sequence generation methods based on the Euler path can not cover all paths. In this paper, we propose a new
subtour generation method, TPT(Transition Possibility Tree), which has extended test coverage. The length of the
test sequences of our method is longer than that of Euler, however it guarantees higher quality of the conformance

testing.
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EEech b F)Ee YRy 34 o 2 A
2JA & e WE AMEY Zol& o XA "
o EZF o] =EoN AgE AFddle HA HF
4 AlRelA 87ER g AlEEo] X8 8 4 9
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o] =89 FAL 28N APY NEL 97 A
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3%ZdMe TPT PyPS Ageth 4= 729
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FE AF9Ee Ve
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II. HEMAIEE ?I8 MR MYy

2.1 FSM

o] =i A8E T2ES wde N QnI g
o] BejEle #AAA FSMelth olg} ZL FSMoz®
Bl ThE-dE] #<r(next state function) NS 4] (2.2)9}
o] Hel=lz, &3 g4(output function) Z&= 4] (2.3)
o o}

FSM = {S, 1, O}, S:4e3g, 1:YY label,

0O: 33 label Q2.1
NS:S*iI—>S§ 2.2)
Z:S*1 -0 2.3)

FSM& {88 G = (VE)E FA"ch ZF 7+
ME YT 2Ho2 Fol8yHn, 2 x=& A
E BEARE Z2EZ FSMe] digk IUTE Y29
¥ E(port)E ZH= black box 2 M3En, IUTe] iy
e #2Y + glemz A} APLe 27 &Y
TEE Y % Y(external behaviour)S w3}
oczAnt shsdith EE RE Aue R7)dan
H =g@vlsstn £ olu AU HEIEXA] resetd B
& 2Eglo] 27|44 =28 5 Urtm 713§k

2.2 228 JZE 0|88 MES0| MUy

248 adEZe 9EE 2 e ML sRE
A Zo|ti3]. F Lol 2zt o] Y Mg
Heet 28 e Agrl 2=E 14E Flsto
24, 99 =i RE ML #IER 74
9, 271 k=M Al 2] &z sEo}
2ve 98 719 MBEFo|2 A= transition tour
E ANT & At 29y e o8 ApE
g HE ¥ 19 YeEIA

struct myfsm|
int flag;
int current_st;
char *inout;
int next_st;

} fsm[MAX1] ; 1988 ez o=

Euler_subtour_gen()

|

struct myfsm euler[MAXI1]; J/ Transition tour$o] ojaf MAg Ay

Fol A%
J/ initial tour

I olr) gaE g FA

euler[0] = fsm[0] ;
fsm{0).flag= 1 ;
i=1;
while (j < ZH49] 49
{
for (i = 1 ; i<7bAe] &4, i++)
{
if({euler{j-1].next_st == fsml[i].cumrent_st) && (fsm(i].flag == 0))
{
fsm[i].flag = I;
euler(j} = fsmfi];
j++;
break;
oot g2 o2 HHelHA M jld] olojz]
£ g 20}
1
|/ while
)

a8 1. 297 a4 E o83 MB¥o] Y4 dmelE
Fig. 1 Subtour Generation Algorithm using Euler Graph
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3 2. TREF FSM
Fig. 2 Sample of Protocol FSM
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e 12 Zriddelng B WA A=t dddnt
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a3 3. TP 9§ #3224
Fig. 3 Loop Detection by TPT Mcthod
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3.2 ¢uelE

AN dEgt dneEFE I 49 JERRA
th. ¥ 49 dmEdE ¢y ZZEZ9 FSME
ezl $138 AR rze ME FolE 4] 9% B
gle] wZof i3t AlmtEvE 71sEe] st

struct edge| /| FSMe] EdRMd| tig AR
int ini_state;  /f #AAE
char input(5] ;  // 9% label
char output{5] ; /| ¥ label

int next_state;  // URE3E
} o ocdges[ |; f }iEE ZEEZ FSM
struct treef
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int nodenum ; JI =E(global state) W3

int edge; /I HExE2HE HolH EY
A4 Wz

struct tree *par ; I} FRxsd g 28

struct tree *child(10) ; J/ APIx=Eo| thg ¥QlE
int childcount ; fI 2 xxe

1

I =58 A%

if edged] 7%

/1 7+ =29 indegrec AXE
Jf tree) root node A4}

number_of_edge = input_fsm();
number_of_node = count_node();
comput_indegree() ;

root = make_root();

mk_child(roof) ; If wee A4
maketour() ; I Eld xS2¥E Y2 A
g peHA

It MEkel 29

void mk_child(struct tree *node)
{
for(i=0 ; i< number_of_edge ; i++)
{
if (edgesfi).ini_state == node->nodenum)
|
n = cdgesli].next_state;
comp = node; count=0;
while (comp != NULL)
{
if (n == comp->nodenum) count++;
comp = comp->par;
} lwhile RExTE Ag 28@M &
#3]4 count
if (count < indegree(n] )
temp = (struct trec *) malloc(sizeof(struct tree));
tempE node?] childol] 37};
} f* if(edges[i).ini_state == node->nodenum) */
}* for ¥
if ( node->childcount == 0 )
return ;
for (i=0;i< node->childcount; i++ )
{ xnode = node->child[i] ;
if(xnode->nodenum == 1)
{
terminalterminal_count] = xnode;
terminal_count++
reum;
}
mk_child{xnode);
}

T8 4. TPT] 9§ MERo] ¥4 dnelF
Fig. 4 Subtour Generation Algorithm using TPT Method

F8 2ARQ mk_child)& =2 SojeE 7t

A9l 42 indegreerE A4 k=& Al Frhd
AHrEe ASHA e 2 =g PAE
EE A4

AR dnefFe] A} Bz 3 & n
olg} dtu U9 xx2| Hul outdegree’} mY )
omMelx, & HIA=E 71F WY F4§ Om)
ojtt.

IV, &8 % 7t

o] =Rl 4% ¢ Hrle EWAATE Z2EF
(transport protocol) & AH8-8le] e ATl 7lukgt
transition tour#iel ojs] MHEFEOIE YA s, At
3 TPTH Ol o8 YA€ Xu¥ole oujg Ha
3718 gt

Y 5& ERAFE T2 EFo] FSMolth. 1y 5
9] FSME o] 83l A HFo] MAA] AT FE(self
loop)&= A AMEFo] ZFof Fuigt JehtA sl
g Mo £ 7l o]ide] 9iFE o] AW ¢
ofe] laEn &8 AMEEl] AMBEolE BT
{3].

~
CAITCONng TCONraq/CR

DC/TDIScONS, terminated
d
waitlorCC

terminated/Y BiScont

waitforTCONresp

J

CC1/TDISING. OR /

CC/AVCONCMI

waitforDC /

#i12/T018ind,OR
T0tSaq/DR

TDISraq/DR

TCONresp/RC
closing

DR/TDISind,0C

TOATAr#q/DT
DTITDATAING
AKfnit

al1AK

12| 5. Transport Protocol2] FSM
Fig. b FSM of Transport Protocol

B 1& transition tourtdiel] 2o|§F MEFo] A
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TPT "ol ol MuFo] 44 AxE Jehfiich
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18] AHES |, 2, 3, 4, 5= ¥ 39 MHE
1, 2, 3, 4, 58} ztzt BYslth B vhEA] F7iE o]
of 3= ¥ 28 ¥ 39 AHEo] 6ojt} o]} o]
TPT Wy €3} MBEERS 4L o & Ay
& Zte AREE AHE + vk

At wwle ARgShH AdE 23ol xE 27l
o} o] B AMBEFoE 44T 4 Utk o] i
My [BlollAleh o] MBI E HFw AEShe] A
HEOE AR oY, o A=A wiAAH
B 39] AMlBEO] 2, 3, 5, 69 LRI} 2718 A

BEOE o] A4 & 4 slth 3 transition tour®

¥ 1. Transition TourPgol] 2]% MH. 5o
Table 1. Subtour by transition Tour Method

subtour | state input output
closed TCONreq CR
sublour | waitforCC CC1 TDISind,DR
waitforDC DC TDISconf, tcrminated
closed
closed TCONreq  CR
waitforCC CcC2 TCONconf
open TDATAreq DT
open DT TDATAind
subtour 2 | open AK nil
open nill AK
| open TDISreq DR
1’ waitforDC DC TDISconf, terminated
| closed
closed CR TCONind
waitforTCONresp  TCONresp CC
subtour 3 | open nil2 TDISind, DR
waitforDC DR terminatcd
closed
closed CR TCONind
subtour 4 waitforTCONresp  TDISreq DR
closing terminated  TDISconf
closed
closed CR TCONind
waitforTCONresp  TCONresp CC
subtour S | open DR TDISind, DC
closing terminated  TDISconf
closed
H 2. F7l8jor & MERO
Table 2. Subtour to be added
subtour | state input output
closed TCONreq CR
waitforCC cec2 TCONconf
subtour 1 | open DR TDiSconf, DC
closing terminated TDISconf
closed
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E 3. TPT #hgol ojgt AjHFof
Table 3. Subtour by TPT Method

subtour | state input output
closed CR TCONind
cubtour | waitforTCONresp  TDISreq DR
closing terminated ~ TDISconf
closed
closed CR TCONind
waitforTCONresp TCONresp  CC
subtour 2| open DR TDISind,DC
closing terminated  TDISconf
closed
closed CR TCONind
waitforTCONresp  TCONresp  CC
subtour 3] open nil2 TDISind, DR
waitforDC DR terminated
closed
! closed TCONreq CR
subtour 4 wa?tforCC CCl1 TDISind, DR
waitforDC DC TDISconf, terminated
closed
closed TCONreq CR
waitforCC cC2 TCONconf
open TDATAreq DT
open DT TDATAind
subtour 5| open AK nil
open nili AK
open TDISreq DR
waitforDC DC TDISconf, terminated
closed
closed TCONreq CR
waitforCC CcC2 TCONconf
subtour 6{open DR TDISind, DC
closing terminated  TDISconf
closed J

Wog xHEE gAAsleiw ABAAHE transition tourE
HAstA 7}gejob spAINE AQd WHE AREEPE A
HEo7} A3 AAEthes AHel ok @, TPT

WS JHed B8 BRE Qs Wi 34
ATEAl 8RR oF ARt Yelid 5= St o]

3 ARy AR AAs oguigle AEE
FZdlof gtl A8 BW, MHYRC] 59 2= A
uh AR g 7k b 7429 closed — waitforCC
- open —> waitforDC --> closed+> AL RIEZ zh= A
HEo] 5o ¥37] wjie] 919 ARk Ve
A ¥t

o] =FoA Akd TPTE o] &3 MRFo] y4
o] Age EAdte € HEE g@Mstnz A
Hejx 7t grhe Aot B8 AlgEe] Zolr}l Aol
Az dngFe B3zrt Saeidcks vk £
gt stAgE o] G AR AlEHol BE A
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