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A Program Test Path Generation and Complexity Metrics Based
on Execution Path and Program Activity Characteristic
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ABSTRACT

Efficient softwarc complexity metrics and test path generation are important problems. Mostly we uses
independent method of test path generation and complexity metrics. In this paper we propose a combined method
to generate test path and complexity metrics based on petri nets. First, we generates test path using dynamic
combined analysis of FPG which on extended petri nets graph after modeling PUT using EPG. And we propose
EV(G) using mean-frequencies of each control structure based on execution path. EV(G) reflects different program
control structure of PUT and execution characteristics of PUT, and EV(G) based on really execution path of a
program. [f we use EV(G), we can reduce the cost and effort and improve the software quality.
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I} Baig 2o 38 AAXNA ] 99
A4 7Vs3lck PUT] Aajshe Ay=ql dEay)
=g sa4l aexe) EPGE AHEIelen ol
o] =t 2% o]43) ST BAE Eilo
z2ade] dar F2E AAdsigich =3 o
F3 ARoA Jehd Aojtzd FFNESE v}
FAR o488 ik H: EV(G)E AeeEisich
EV(@)= AA Z2oasge] A3 A2 7k 53
7] Wil xZ2awge] AT 2ol Sex x
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Batze] A AxE vhehd Aok w14 H=

dg A= 24

=i g‘?f]tﬁ‘% ol8qt el2E AHRel Balwel P4

PUTE ZA|](preprocessing) 2418 A3 Sdlo]x
7} A4l€ 29 PUTY) Sk 335 PUT ZA
2] Al e =] padePds Fee|laE
ARJgic). 84k PUT: EPn(Extended Petri-net).2.
2 udaldl & EPGE 3%k =3 o)4& =g
2389 A4 $3 5A4& E43] 9 Riree
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25 PUTS] HlAE 7229} Ay AR 2 Ao
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I. PUTY H8siet HAE HZ9| My

2.1 PUTS| M¥st

PUTE A3ty Haix PNto} Eaialde =
2ade] AelrzEe P8 Y45 EPn(Extended
Petri-net)-g AM8%Hh EPnd A9 13} 3] 6714
FEE A=Y ol7lg o83l A2 29 mA)H
X 39l EPG(Extended Petri-net Graph)S FA%lich

[#4]1] EPn = <P, Ts, Tc, Ti, F, B, t>
P = {ps, pf, pl, p2, -, pm}, P = &
Ts = {ts, tf, tsl, ts2, -+, tsn}, Ts * &
Tc = {tcl, tc2, -, tcn},
Ti = {til, ti2, .-, tin},
PNTsNTe NTi= &,
F:PXT—NB:TxXxP—N

74e] 1904 EPne FHo|~2] {134 E P, 3}
ERxAQe] f3F A% Ts, Ad EQzAS 43 3
& Te, W =EdxAde 3 A3 T, AW 9%
F<r(Forward incidence function) F, S4}sF < &}&}
“Backward incidence function) BE JTAFth o]
o Ts= ¢AFE#R]4(sequential transition), Tci
Bzl 2 2)(choice transition), Tiw W =&#lz]
Al(iteration transition)o]c}. I N 87} oyl
Aol Ts, Te, Tid shlo]i 1= B2 B¥9)
1=

o) 19he Folal PUTS) A4 el ps, &
= ool pf, A% AR s, B2 SR o
7 2796 gl oAe EPndl mAld EHA
EPG7} 27Vl 389 4 9l ek
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s} o)A Falo)xe] glHe] & 4 gltk
[Ae2] 4% HEaUE 2% EPG=(V, E)

1. V& xoEe] Agleq V={Vp, Vi, Vio},
VpnVir=@ele}. ole Vpi F#o]2 rxroln]
A 843 (ps, pl, - pn, pfjel™ Vird ERAA
wroln] LARAE ts, tl, -, tm, tf}o]rh =ZF
Vios EZE 7R Fdo)a koelck HEAe]
S ZEadgd EEE ojn A4 shie]
Zalo]A ke EASIEE n(VpNVio)=1o]ck

2. B ZH1Ee Aieln Ede]2e]) FHdlA
E@A42] qlge] == 21 PoTel EaR)A
ZHol|lA Fdo]28] jHe]| FH= 74l TPolrk

(A=) 1] EPnd} EPGE =)oz Flsicl

(Z7) EPGY EPn¢} zejx Eslo]m¥ EPGo
4 EPngd -f=¥ 5 glowl ®vl A EPG=(V,
E)elld] V={Vp, Vir, Vto}olx. Vp2} 74 Q4=
{ps, pl, -, pn, pfle]|ER VpicVpel thsl EPne
A piePql AL Agidicl. weld] EPné| P2l
EPG®] Vpi= F3o|c}, m7lR|2 Vird] 74 ]
B s, tl, o, tf}O]RE VtieVird] & EPn
o4 tie<Ts, Te, Ti»ql A Adghek wjeba
EPne] Eallz)4de) #ljlel <Ts, Tc, Ti»2} EPGY
Virg F=lo]r}

EPGollA] Vioy & AlAdA EZE 7]l &)
2 reoln BEFEE vk EHolae e Y
22 zZe 2g9x4de] Ay reshe Jshlias,
weado] e ZEaedol e pie] BEFe] A
ol izt AE Jleehe Jehiel oE el
EPne] EZ2| $AE vehlis t¢} FUsicl a2
3. E={(T—P),(P—T)} o4 (T—P)e} (P—T)L EPn
9] Px T—N, TxP—No|iig Au}sf o33 F
oF oulak 93 I Byl gk webd EPGoIA
EPn $-%3F 4 9)em® EPn3} EPGE g|z|o
2 B "

2.2 EPGE 0|8¢t Mol7=Y =2

EPGE o83t 2o Ao 7= 2w
SAE, 2AF, E|Eeg ] A4 4 gk
oln Z7] B Al Hze EHo)sdl A
Fhela 7R gk

(1) =x2
a3 29 (a9} AL oA 11 29 )%t
o] == 4tk
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Si : statement i;
Si+l : statement i+1;

Si+n . statement i+n;
5j : statement j;

@ =22 o

(b) #3129 EPG
a7 2. pERRE

(2) #2712

E71Ee &3t 3ol Aol Fzol vt Al 7]

2 Pre] muly Wk

8i : if(condition){
Sj : statement j; ------
Sj+n : statement j+n;

Sk : statement k; ¢+
Sk+1 : statement k+1;
b

Sn: statement n;

@) £71€ 1

- -
4] Sjrn
a1 - Gn
2K Sh4l

() ¥71E 12| EPG
I3 3. el

Si : if(condition){
$j : statement j;
Sj+n : statcment j+n;
1
Sk : statement k;

(a) ¥71¢ 2

(b ¥71% 22| EPG
a7 4. B71F2
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Si : switch(conditon){
case() : Sj : statement j; -
Sj+n : statement j+m;break;
case() : Sk : statement k; ------
Sk+i : statement k+ijbreak;
1

Sm : statement m;

(@ &L 3

LY T
s} Sign
B - hd Sm
X T
Bk

SK+I

(b) &71% 32| EPG
a3 b #IE3

(3) u=e
¥71Es sz Aol Fze] wet Al 7
2 sl mda) o)

Si : while(condition){
Sj : statement j;
Sj+n : staterment j+n;
1
Sk : statement k;

(a) HHEE 1

L
8] §)+n
ai
5k

() 4HE-E 12} EPG
a3 6. HFER |

dof

Si : statement i;

Si+n : statement i+n;
8j + }while(condition)
Sk : statement k;

(a) HME-E 2

31 Si+n ] 5K

(b) WEE 29) EPG
0% 7. R 2

Si : for(Z7|g; Si+L:FERA; Si+2: 3 H AN
5 : statement j;
Sj+n : statement j+n,
1
Sk : statement k;

(@) RHE-E 3

Sk

(b) MH-E 32 EPG
B 8. Wk 3

I 9% {¥s PUTE 2§ 19 AAg] A
F AA Fdelart AqiE Aleleln ¥ 102
a3 99] dAle] gt EPGE vjehdr) a3 10
< ¥A434 P = { ps, pf, pl, p2, -+ p7, p8 }°]
TTs = {ts, of, 3, t4 17, 88 }, Ti = { t1, t5 },
Te = { 2, t6 } ojtk ¥ 12 ¥ 102] EPGY)
N3t 4 EdxAds) pinAivie] @A Jehd
e},

pl : while(x){
p2 : if(cl){
p3 : then Al
p4 : else A2
1
p5 : while(y){
pé : if(c2){
p7 : then A3
p8 : else A4
}
1
1

T3 9. AAE oA zagy

28 10. oA %} EPG
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# 1. 94 =218l th¥} transition

transition

transition®] &%

<7} transition

is, tf, t3, 14, t7, 18

t1, t5 HEE {ransition

2, t6 £7] transition

E 2. oA Z=ade 34

¥ ¥ A%
place®] 10
sequential 6
transition®] <+ choice 2
iteration 2

2.3 TEA E2|9] AN

EPGS] A8 AZE B3y $isle] AEzliE
9] FARAM AHe =24 EE o483t
delF 12 BPGE JHoE EF0| o]l WE
ERRde A sl o4l A ERE
ke daelgelr)t. Aol 3L EPGH T o
& =i ElRoee)E AR AN Al
AR Fg 2L 9% sPdERAAe] Aot
a7 10904 g EA]AL (1, 15}e]w, 28] 11
i} Zro] Rteed TAE wf Al AAFA A2
gt ZRFAL 0|5 EdAAd| EZo] FajslA
W, E8 =y e Ao 9, 109 AL 23
A7} 2% do|c}. Ae] 4= EPGE| AloftzellA
E7lgolt HME-RollA] wAlEhe A EdAAY
#8jo]c},

(A2 3] ek EadlR])4(complete transition)

oj E#|AA FREPAHLRE Holrl o
ofud = gl& o, & EHFs (O(t), PH7F S
o o) =alz4lg gk EaiA) el gl

[Z9] 4] ¥A)E=0=)4(civiling transition)

EPGolA AIRFEMA| el 4] Fol7h dofd o) 1
ERAAA7A)S] ol Zo|(AM)r) 2L EdAA
& YA EfA) 3oz} gt

[A9] 51 gJ=jKr(input function)
4T (B, 1) Fdlo)x Pig] o] EA
A4 2 o] HE A5 Wik
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[34] 6] 2233 (output function)
854 (0t), P BRI 1ie] £8e] Z4
o]2 Pj8] 4o e A5 Wk

(A€] 7] Rtree

Rtree= EPG2| 4:3) #2 P Jehls &
WA o)A EZe] HF JeEE el B4
HElE e 35 FRREE KSR e E
gleck

Riree] QAL PUTY AAQ #4& F& o|F
olZld, PUTS] F3jal 542 dxelF2s] A9A
2E Take 3elA 48k old HgAde]
£ A9 B2 e T k=dd i) El
Aot Eagiel. ¢aelE 19] Rueed] Aol
€ EPGE| 7} Fdo|ie} EJAMLS EF LEE
HFste] olw =9 {HL ps—ts—pl—tl—p2—
2—-2] £o8 Fojcin 7Rl webd 7
Fdolzelld] EfAd o] qiHxE] WA
a2 EPRAAe] HEHe AR et

[¢22]F 1] Rireed] A4
input=EPG
output=Riree
node()={a set places, a set of transitions}
algorithm make_Riree()
{
if(node(i)=place)
discard(node(i));
else if(node(i)=transition)
{
if(node(i)=ts){
Rtree(root_node)=start transition of EPG;
}
if(input_function of transition is child node of
Riree(root_node)) {
node(i) is child node of root_node;
s3:flag=1;
while(flag){
if(node() is not complete transition){
if(input function of node(i) is
output function of parents node){
node(i) is child node of parents
node;
| /% end of if */
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else if(node(i)=final node){
complete make node of this path;
flag=0;
} /% end of else if */
else if(there is not_complete transition)
flag=0;
} /* end of while */
if((generate_node is complete transition)||
(there is civiling transition(i){
exit();
} /% end of if */
else goto s3;
1 /* end of else if */
} /* end of algorithm */

dae]Ze] fas Avrw WA EPGelA Azt
Zdflo]z] AREPAEE £y E2)9] FE =
=2 ot a8z o oE fEET kvl 29
o]xolq] Rireei= E#MA| M4 EBFe] E¥gioz
AR 1 Feelsd] P EfA|de] of
& g AL AlbEe|xe EdxAdY] £
Hire FHo|ad YHeE Z= EWAAL
FE] kro] A4 xeolw ool APAEHE ARx
ESE RE o] L Hde] glewz 3
ruv) Aok w7k ol EdxjAde] opd nsel of
& o =AY EHEibre] Edo|&E EET
2 Ze BEgaAde 2 xxe a4 kur) gk
aea ol AelM AE x=rl F8 OERA
Ael AT 2 k= A xEe] YL gy
Rod, AT k= F A 2o opd k2
7} 2% A5l o)A Aol MY k= F
& Edxjide] ohd ket EAlY A4 1 k=
o A9 xEE FelA 2 xmef e xEst 9l
ox] o 7R FE FEI) ooz A
¥ yoge] vF FHEMAHelAY 1 A x
EE o 2E ki) Qe Aol e 2
gsla o tae)Sg Al FasA ek

a3 112 27 109 EPGE 9]¢ owelZ]
wje} £94) =22 AR AHolck 7zt ke EPG
oA EalR)M(ts,t1,12,t3,14,15,t6,t7,18,th 2] H3} 7%
A& vehlle B2 £39) BAWEE Yehid 1
9] g sl EQAAL HA BEES AT 9L
= A} 7Fe3he vepdich <18 53 (0000010000)
< EdzA 159 91 2] EABlnE =)
Al t57F A3} 7FEe vehdck

2.4 Ho| =oi chgl HAEH=Z 5

PUTS] £34) At Bl2E 728 5 A2 o
g Ao F25 mEisle 48 5 Qlok WA &4
Follde B2 e A2 & wlle 4y A=)
AP lreg 2o Sz nofolch

B7)Fol|4]& IF THEN ELSE F-=2o)| thsid IF
THEN2] 722] 47} nsleo|xw, ELSES] AZv}
m/el 73§ eHAE AR S ntmelth IF
THEN®] FZo| djsix= ELSE®] mrje] HZE
g 9o} gok et 2L WSAT)A @
£ sl A=y} EAlEA Hez dHie 3z
= n+l A7

HRE-Fol| A Fxuje] Al A2}t A9l ale}
Ae T 2 4 glenR AA AY AR
A B OHAEE Wlesith wmepd] = oge
A A8 A7 FolA ok AY HRE Hox
3L Asstn PUTWR-S] FA3H8 A= e
2% & gl Az AR APE T A
Z8% EAlo)r)

2.5 HAE Z2o| ¥y

d3ElE 14 A3 AR == PUTY
Al 54¢ vehd Zlole} PUTY 543l B4
AAE Riree 9] FAollx] dejrlet da2lF 2
delE 1oM Y Rireed FH3 53
AYA=E Adste daeiFolt

e rle

]

.

[d2e2]E 2] =24 Eeldx A BFEe] 44
input : Rtree
output : a set of exe_path
algorithm exe_path_generation()
{
node={node of Rtrec};
flag=1;
clear(path); /* path is a set of node */
while(flag){
dof
append_path()=getnode();
} while(not final node of current path);
if(final_node=tf){
exe_path=root_node to final_node;
append(exe_path);
flag=0;
}; /% end of if */
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else if{final_node #tf){
if(there is a same node of current node in
a child node){
exe_path=root_node to final_node;
append(exe_path),
flag=0;
b /* end of if */
b /% end of else if */
s2:if(there is a different node of current node in child
node but it is civiling node of current node)
{switch(path){
case(there is direct loop):
insert loop to. make new path between loop:
flag=0;
case(there is indirect loop):
insert loop from ti to tj to make new path;
flag=0;
case(there is no loop):
make new path from ti-—#j~tk;
flag=0;
}; /* end of switch */
}; /* end of if */
if(the final node of extended_exe_path is tf )
exit();
else goto s2;
} /* end of while */
} /* end of algorithm */

Rtreex= 13 11¢)4]el o] Zb EdR4ldA E
Fo| Bxatern A o)A Efe] $1xdt
s Euz|de] At rbEd-e vhebdcl =¥ =
2asde] A Ay ARE AT wel &
HPAE 71 4 len wlekx AL 99f A 10
4 e BaRdTg 28 F oW sHAE
Aojg 4= qlck

(9] 9] A4 %% 7 =direct loop)

=94 =29 AZ O ¥ EWAM x5 0, 4
A tims e i8] AR EASR G e —ig)
AB B A% A £8 A2} SAh

(A9 10] 714 <& 7 Z(indirect loop)

24 2] AR o B2allR)A] k=, ), tk
A} ti— - —tke] AHBe th— - i HEA}
WAg A Aol d— - —j2| 3 WAt 9l
oo ojnf AR H=r} EARch
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1000000000

0100000000
0000060001 0010050000
| Colsovem
900153000 1000100000

000001 0000 0000010000
-

—
0000020001 Qoo 1000 0000000001 0000001000

DUOOYOT0Y DUVOLPOOTY OUUDTUUI Q0 DDDOT’WDV 1]

DOOVOIOGOE QUOLG10000 0000010000 0000010000

a7 11, =24 Ea

abae]Ze] Al AbER Rueeolr] 3y
o ol FB kvl RRERAMA ASE
2E rEdi 1 F8 XER7) shie) Al A
Rolng AR FrRRIch =g FE EAA
ol9je] E#izlHel FRE k=l He 74 AM,
2M418) rEot 24l B xTE Foll A2 kT
7b EAFFE( L — e — 1)L Alo]ol] EAfsle =
=% M9 xEr o Ae ARE 7Y d
ARjlsle Aze AW A2E ek E4, A9
] rogF Foll AMlY ke vEAE AR
9] kool g EdAAY s ol o] Al
1A AR el Az 5 gl

1) A A} 1S S oHAAE olF
€ T 225 AR ke5g 28 kvl G
A3 ARG AY o Alsle] Q=23 Ae A=
5 ek

2) 7 <8 #AT) slE A5 AR HE F
X el g2 2K £RIAE ol RSl d
We] BE HAE AR tix=o] 2] FEhEle
=g Algleled ARl k=4l ti =R A&
Ak 3) & WAL §E AF 0 MR o
XT t, tj, koA ti— o —tk] A28} tk— .
—tj¢] A2} EA4% Aol o# FAF S}
A o} olmje] Alf ARE i —tk—-—tj7}
ek As), #5 Ad AR ZE Fikes=r}
FREPA Lo A A=) AL FrEH F
Ay Pold FEER| o] opd x=r} EAE
A9 step2E &l ¥ 32 13 119) Riree
old AT ARl Ad HRolw, F 4+ L&
F 29 o3 AR FABAE uEF AY AR
olm] o]7f 2 Fe] FAEAS VEhirle 9
ulel|lA] FAQl Al#§7 2 (dynamic execution path)
g} & 9= qlek
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=i/ 2RO AT Add4R 7k HAE A2 QA B4 e

E 3 4H<l AW A=z

Azds ARz

ts tl tf

ts t1 12 t3 t5 tf
ts tl 2 t3 t5 t6 17 t5
st t2 3 t5 t6 18 t5
ts t1 t2 t4 t5 tf

ts tl 12 t4 t5 t6 t7 15
ts t1 12 t4 t5 16 t8 t5

~N O R U R

dve]E 38 4we|E 204 AE A8 A=
oA el HlAE ARE PAsHs Uze|Eolth |
2B A2 AL dxelE 33 o] duelF 29
3 AAdE =49 AY AZE 7 xEgAE
ol43it}. & At 1 A2RE Fikele ofE AR
of gEo, S Be H2E IR 429 H)
2E7F O AR TP vl E BE ey x7
o] HE-S 343 e HAasspl Ho o
2t 7l e ARE TP AZE Addsied |
AE ARE QAT E 444 AE2HE 338 A
21, 2, 31, 32% 233! dH2E AL} He A
2 42% AR, 2, 4, 4.1, 438 T HAE
#A=27} gk

E 4 FRAE zeg A A=

AR A g A4 =

1 ts t1 tf

2 ts t1 t2 t3 t5 tf

3 ts t1 12 t3 t5 t6 t7 15

3.1 ts t1 2 3 5 t6 t7 5 tf

32 ts tl 12 t3 t5 t6 t7 t5 t6 t7 t5 tf
33 t5 t1 62 (3 t5 (6 7 t5 t6 t8 t5 tf
4 ts t1 12 3 t5 16 t8 15

4.1 ts tl 12 3 t5 t6 t8 5 tf

4.2 s tl 12 3 t5 t6 t8 t5 16 t7 t5 tf
43 ts t1 t2 t3 t5 t6 t8 t5 t6 8 t5 f
5 ts t1 12 t4 5 if

6 ts tl 2 t4 t5 t6 t7 t5

6.1 ts t1 t2 t4 t5 t6 t7 t5 tf

6.2 ts t1 12 t4 t5 16 t7 15 6 t7 t5 if
6.3 ts t1 12 t4 t5 16 (7 5 t6 t8 15 of
7 ts t1 t2 t4 t5 6 (8 t5

7.1 ts t1 t2 t4 t5 t6 t8 5 tf

7.2 ts t1 12 t4 (5 t6 18 .15 16 t7 t5 ¢f
73 ts tl 2 t4 t5 t6 t8 t5 t6 t8 5 of

[ &elE 3] HAE Ao 44
input : dynamic execution path
output : a set of test path tp(k),
k=1, ---, number of dynamic execution path

{
k=1;
for i=1 to end of dynamic execution path
|
if (path(i) is included by other path)
{
select execution path which include
maximal other execution path;
} /% end of if */
else if(path(i) is independent of other path)
select path(i);
tp(k)=path(i); k=k+1;
} /% end of for */
} /* end of algorithm */
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Folz] Zg e iy A A= B ot
AR 48] HAE AR AYAol|ajte] ohzt &
Zwe] 2w H4% 5 gick

B =AM E olE HRE o483t B3] AHE
¢l EV(G)(Extended V(G)E Aok}l EV(G)=
McCabe[15]9] V(GYE gt Zoly =3t of=
zgazge] AelTxel 44 a2 g3t B4
& 7% AR 7k T3 9tk BEVG)=
Zgade] Aejtze] 7HkE Fi glem EV(G)
£ EPGY E=2AERE o473t BAL o] §3ly
zaode] AAd B2 B4 3ElR AYAEEE
7k g 3] wiiell =zl AlA A Aol
A BAS A dbedElm glen Halwe] EA¥ak
o] ohje} ®lxE Az A4A =3 el
EV(G)ollx] Zaao] EBalxe] d3s mAle &
Q12 g5t zick

NTs : the number of sequential transition
NTe : the number of choice transition
NTi : the number of iteration transition
NP : the number of Places
ZNi: HAE A=A vhE-ENAA1 2] w55 ¢
IF : HAE 2o whE-Fol WAt AR5 &
SN : H|2E A 2el4] E7]| 2l ide] BAslee) g
ZFc : §l 2K AR B Ee] WAF Hrpe
m : [ XNi/ JFi]

(A8 AzAeM o] uhEEe] s 2 =)
t: |INc / IFc]

(B8 A2ANAY 712 Ha g A=)
Co : 4844 5

o]7]ell4] NTs& PUTE] EPGell4 viehd €3}
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EV(G) = NTs + tXNTc + mXNTi - NP + 2Co
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PUT21

PUT23
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