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3# 21 Ce A48 dA Z=a

void foo(int x, int y){
int z = 2%y,
if(x==1000){
if(x<z){
fprintf(stderr,"GOAL\n");
}

ddos 9= Wy x, yatol gk Bl AE HolHE A ITHIHAL.
ojuf AMAFHE xoF ygkol Oclgta 7FAFTHA 2% &7]elA z9] el 0=
2 Qo= 3W £7]9 212 0#1000& SHEHA £t BB Au
(concrete execution). olw] Tzl A2+ [27 2] O 2ot o9k FAl9
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ot 3W 2719 Ao AREE F-5A x=1000€ 715 HIA2). ©] As

2 Ak ole} g,




ag]a oldel] Ay mrad Azl Aok A x=10000 FA
(negate) 4He T8t x=10004 =&SHIAI). olFA R A= AF =
A% wske HAE dolHE AAshd x=1000, y=00] Brhzt44). ojw) Tz
WMol ARe (29 219 @9 ol A3 H2Ed At €At AFA BAHE
B AE HolEHE o] &a) 7]&Y AR Aok x>79 A (negate) dAre] ZA}el
x<zg F7Ftsto] z=2y, x=1000, x<zeh= A= AFAS EE8 Arh(#A5). vpA
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=Y d¥S AAsty z2ad A8 FE mE AeE A2 23d4s
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2.3 CRESTS] +4 84
¢ 19 CRESTY 28 74 248 Hojzt

# CIL: C Intermediate

Language written in Ocaml
test.c

simulation ‘-V

program
CREST Library
symbolic_path

symbolic_predicate

basic_types

. . SMT solver with yices
symbolic_expression

symbolic_interpreter
Data Structure

Symbolic map

constraints

testdata

a9 2.2 CRESTY 74 =

HA OcamlZ ZH/J ¥ CIL(C Intermediate Language)o1E ARE-3le] HAE
ool s Eeide] Z2ng Aslel Al Bed Teagon Wi
g Ea AdoR 4RE HAE dolHE ol Zzude Agsh P
Ak A4S Agek olF mEe A dolHE AP S8l SMT
solver® ol-§3) Aef £4L WSS H2E ol B Qs o HPL wEe

W 2o ol EAlehs BE RS dgeki Hiss FRspl Bk



7}. CIL(C Intermediate Language)

CILS CZEa%9 =g Wakste] £4317] A el 459 1d %o
o BZE CaEe 725 v sty dEd Fx2 Ul e
of Col sl #& 2 7}AH low-leveldl Al A&7} & o] st}

Ir

. CREST Library

CRESTOl & o9 C =& C+2 7jdd
HoQlE ZRIOPS FAsY Aol 5F # =
AR AY H2E dolHE o &8 HdA ZRafs Fadsin AZ Ao

A4 AAdssd AgHT

kY
o
a |z
%_m_
y 5 om
— \d
N
2!

=
g oo
i
£ o
o}

5 3o
ﬂJO
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t}. Yices solver
Yicest= SRI UMDl A 7%st a5 SMT A 7lo tH9l
vices Fol 7 WA 2] o] w=A] (Satisfiahility)S A A3t ol 3 HAAELS

A A ol 3 A9 A 2,00, A Ao vE-NE, A4

Yices® ¢} #¢lo]E= SAL(Symboloc Analysis Laboratory)el o] ¢ A3t
b g SMT-LIB g2 20z HAE dgoz wolsd 4 ot
Adwtxg o7 SAT #Hg7|& A& F£% i CNF DIMACS 9oz #

= = A
Egd TAEE AT F Ao Yicesdl A Ar&ste 99 doe %

delge ERE obd Ee o
X 22 AAdE
AdE TE 47
g9 Aol (define type [namel) A T A F=(uninterpreted) E}Y
]S Aodth [typel # Ao
B 49 (define type [name] [typel) (well-formed) 138 F8 (type
expre-ssion)]t}. [namel& A= A
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Zlolar ol AL €Y F& [typeldl WE
HAe] "
A, g, £0] 7)55L BE AFAH
5 A (define [name]::[type]) AT [namele AR ARzle]a
[type]& # Ao 1Y Hdolth
] o QEe Adzolw ©.z)
4 49 | (define fnamel:ltype] fexpr]) | WMk JHEE Aol lypcked
E}O‘(Types)
Yices®] 1oli= d4s] BFdg} Hof 9lom o= RE FdE0] v Eelew

H
Hol 495l Sk sbloleh Yicess] Fh] A ool 4 ) T
4 5L Jiow Ak e Eisle [ Dl 5
Ejolo] Falaitil 2o Q4% Mtk Elgle E 239 2ok

¥ 23 B
g 9 T A
712 B} real, int, nat, bool®] T}
real A4 BFYJo] AL nati= AHAF,
7] g4l real, int, nat, bool | bool> &< TS YER = EFglolth
Yicesoll A= 242} © Atolo] fo|=
STt
(subtype B AA7E 54 189 9 gl
A B EF) (lid]::[typel) 8471 He ZE dIA S AHE] o
[ expr]) gty
a2 gl (> [domain_1] ... [domain_1]3} [rgnge]-l—fA -O?;o] t}.
[domain_n] [range]) Yices M= wido] oA A,
2 ay | (welopell e 2 goln, fype il BSlole
ng H4 1o, [idilEs 24
(record
2= EFY [i[d_l]:]:[t[ype_l]]) [type_il&= A¥A}e|t}, [idile 2=
.. lid_nl:[type_n B
! Ehdol ] W ehgjolet Reth
~7ba} ge) | (scalar [name 1] .. HolEErg el Sash Aol ne H:
T ) [name_n}) 1013, [name_il& AM=2¢ 2@Atolt),
H) E-# g 1A A7) A E-WEolt}, size:
(bitvector [size])
E}9] Frolth
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2l (Expressions)

PN

T

e BEd AR, B4, 0, let, §4 % Foh A
A

R R

9, FE) dme vE-wEE s oldeh 2o,

® 24 29 AL, SX 8 H]E A
g ¢ T % A4
Akl A AMAZE and, or,
. Eg;lgr_[%()p 1 not, =>(implication)e] At [expr_i]
I s = #e9 Holth 55 #A% XOR
L fom] ey | B HEAR olgdkl e
ot
T2 _
v | A Ao WA ek
3 2.5 if-then-else, Let
g 9 T % A4
(f [c-expr] [t-expr] Z27124& YedTh [c-expr]e &8
. R le-epxr]) | & Aol [t-expr]T} [e-epxr] &
(ite [c-expr] [t-expr] | 71°] EF}F} o] TL3 E}‘Q% Q
[e-epxr]) | 7%tk

Let

(let ([binding_1] ...
[binding_nl]) [expr])

e 22 gASs 2e
([name]::[type] [expr]
(name expr)

- 12 -




E 2.6 AR, e

5 9 7E 4n
(forall
([name_11:[type_11 ...
[ _nl:[type_n]) .
[nam;n e TS Uehlle 4 forall ) existsE
wn | A4,
ist
. o5 Ao EFIS boolo|Th.
([name_11:[type_11 ...
[name_nl:[type_nl)
[expr])
(define x:int)
(define y:int) N N 7he] HEale -
(define t1::bool §st AF el oA S S5
A & (=xy) |boole] T} 71Z +, % / div, mod:
{define (oot 27t S0, A, S, e A ke
o fand © B, BEZ Al S
+x(*2y)bH
>=x1) K=y 2)
¥ 27 ¥4, @ 4
E ¢ T T Ay
AAF al, .., ans § fo 483 th
f= 5 7187 gl&e FYsiek e
g4 |[(fal. an) update 7AHE o] &35t 7]FAoE
o= @ 4 stk PR olals) 2k
(update f pos_1 ... pos_n) new-val)
(l[ambda - |
a4 | (mame 11:[type 1] ... | syp1 a0 ol 2ol ol ahos
1:’]:]' 1 [name_n]ii[type_n]) 1:’]:]' - o]uo] HAT %TE 1/}’]:4'%“_]:}
[expr])

- 13 -




bv-shift right0 [bv] [n])
bv-shift rightl [bv] [n])

¥ 28 ¥ d3a=
E ¢ T A
ne #2013 [expr_ile 2lolth FZ to
iHA FHRAE dEsts o2 ol
Fdguy
. (select t 1)
e (mk-tuple [expr_1] ... ilsf:e e’gx}o]ﬂ ATUEY W (2
[expr_n]) A A, S update RS A}E-5)o]
71502 dHelE 3 4 Tk
olzfj e} 7ty
(update [tuple] [index] [new-vall)
=+ update S AR 754
(mk-record o2 dolE 3 & 9ty ¥ ol¢}
A [name_1]:[expr_1] ... | 2T}
[name_n}:[expr_n]) (update [record] [field—namel]
[new-val])
% 29 HE-dY, Y- g
E ¢ T A
size(H|[E 9] 7g)= 49
HE-#H | (mk-bv [size] [value]) A4ola values 02 X
o3t o] Aol
(bv-concat [bvl] [bv2]) HE 7&?}}
(bv-extract [end] [begin] [bv]) HE F&
(bv-shift left0 [bv] [n])
Ae-gw A%xo =2 o] F
i (bv-shift leftl [bv] [n])
e (
(
(

bv-sign extend [bv] num-copy])

- 14 -




24 CRESTE ol&3 239 H2E 53 74
210 ZAAdE oA ZEOAE o HAES FYsitta 7HA )
W gEor S0z foocT=E ¥ 2103 o] £A48te] CRESTOlA A}
48 & Jd=Es HdATY. CRESTAA AFss 45 AL AsiA
FH 39S includedtir 18 ol AMEE W F x, yo ol A5l
=AM S WAIsH7] 9l CREST.nt( ) #48 A3tk
3210 AA AMES 9l FAE oA 2R

#include <crest.h>
#include <stdio.h>

int main(void){

int X, y, z

CREST _int(x);
CREST _int(y);

Z = 2%y,

if(x==1000){
if(x<z){

fprintf(stderr," GOAL\n");

aga UA CILS ol &8 Z2rE 4Fslet
o] foocilolgh= o] AdH™ wWehd
Hd offep 2
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@clg @ foocile Iﬁ foo.c |

int main(void) j
{/int = ;

int ¥y ;

int 2 ;

int retresd ;

{
_ globinit foo();
_ CrestCall(l, 1):
¥line 8
_ CrestInt (& x);
#line 9
_ CreatInt(c y):
_ Crestload(d4, (unsigned long )0, (long long )2);
_ Crestload(3, (unsigned long ) (& v), (long long )y);
_ CresthApply2 (2, 2, (long long ) (2 * v)):
_ CrestStore(S, (unsigned long ) (& z)):
#line 11
z=2*y;
{
_ CrestLoad(8, (unsigned long ) (& x), (long long )x):
_ Crestload(7, (unsigned long )0, [long long )1000):
_ CrestApply2 (6, 12, (long long ) (x == 1000));
#line 13
if (x = 1000} {
_ CrestBranch (9, 3, 1):
{
_ Crestload (13, (unsigned long ) (& %), (long long )x);
_ Crestload (12, (unsigned long ) (& z), (long long )z);
_ Crestlpply2 (11, 1&, (long long ) (x < z)):
$line 14 -
1E Eia) |
_ CrestBranch(14, 4, 1):

#1line 15
fprintf ((FILE * _ restrict |stderr, (char const ¥ _ restrict )"GOAL!\n") ;
_ CrestClearstack(16):
} else {

CrestBranch (15, 5, 0)

H
}
ke
_ CrestBranch (10, &, 0);

CrestLoad (17, (unsigned long )0, (long long )0); “J:J
1 ]

Ready [ It chat [ 145 [ ASCILUNKC [READ [REC[COL [ovR
a9 23 CILZ ¥3E oA Z=19

_ CrestInt(& x)
intd ¥ xge Aty A& W &9

- 16 -




_ CrestlLoad(_ CREST_ID, _ CREST_ADDR, _ CREST _VALUE)
HEE A7) 908 CREST_ADDRel ¢+ _ CREST VALUEE &&=

_ CrestStore(_ CREST_ID, _ CREST_ADDR)
AF&3E W2 CREST_ADDRo A%

_ CrestApply2(__CREST ID, __CREST OP, __CREST_VALUE)
AXAHCREST_OP)dl| w2} ¢12ks =3

_ CrestBranch(__ CREST_ID, _ CREST_BRANCH_ID, _ CREST BOOL)
__CREST_BRANCH_IDE 7HA|&= #7] A

* 211 dA Z2 2R cfga Y

236
345
47
57
67
738

- 17 -



cfggtdell A vetbs S22 Z42be] branch idE wWERE 3 AA id
WR e (parent)®] idE WhERAI F A idiE A2 =S (child node)
idE yerdt 9 Ho A= Ao 55 2 JHE AAZE 19K
2% 249} o] Yepd 5 gk

.z§§°

a8 24 A ZEa9 Aol 55 =
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o
o,
)

33} symbolic mape] HHE o] &3fe] ol 19 259 9]

Fad gl

=,
[
|m
il

root@|ungbandvmware: /home/jungband/crest-0.1.1/test

ot HEE 221V E0E@m =2ZH)
+ 2]
Read 4 branches.
Read 9 nodes.
Wote 2 branch edges.
r oot @ ungband- vrwar e: /hore/j ungband/crest- 0. 1. 1/test# .. /bin/run_crest . /foo 10 -dfs
Iteration O (0s): covered O branches [0 reach funs, O reach branches].
Iteration 1 (0s): covered 1 branches [1 reach funs, &4 reach branches].
Iteration 2 (0s): covered 3 branches [1 reach funs, 4 reach branches].
GOAL!
Iteration 3 (0s): covered 4 branches [1 reach funs, 4 reach branches].
Execution time : 0.010000 sec.
Execution time : 0.010000 sec.
Execution time : 0.010000 sec.
r oot @ ungband- vrwar e: /hone/j ungband/crest- 0. 1. 1/test # .. /bi n/pri nt_execution
(= x0 1000}
(= x1 501)

(=(+-1000 (* 1 x0)) O
(<(+0(*1x0) (*-2x1)) O %i 21]9'}: 57‘1&]

Lt
P zZ2ay 49 A=

-2

r oot @ ungband- vrwar e: /hore/j ungband/crest- 0. 1. 1/test # I

a8 25 H2E A3 3d
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25 Adgst= "HEE 4

=29 HE2EES S48 54 Zz2ad 275 49

x|

e H2E HeHE Ze B4 AF 229 HAE Y(GCT,

Goal-oriented Concolic Test)ell thall 7)< 3o}

A12d & 3

R4

o] Aol B2 A& ZFY H2E, = GCT 3 dxto o3 &

A Il EHO}Oﬂ pairend(I)e] A3 H=Z gl

1 IE EE Hx w7 ] 2EE g e ZRa9 ARV AT
7 ©

= 27159 /S dEhith

D(s)= & siold Aod W 1S yehla Uls)e &3 soll A AR e

3 =

T J¥¢e veith = H2E &4 poll tis) o]dA o= Ao

(transitive control-dependent)q! 45 Sl q7F 282 of dgd = gl

EFEoIt g GCT7 7|wtoz sta Qe AR 58 et gojol).

o
BN
A,
rir
g

Sl b
o
oot
tlo
i
fuj
5
=
S
N,
T
=
Q.
K3
=
:°L_’l
A
\V4
flo
Mo
o
@]
il

B
X
rlr

1o, ot
Y
2

rlr

(o] 1] 24 s= sl U 235 WS W) A2 p(sy, s, .., )5 E3H0] A

veU(s)ola veD(s)<j)Ql WM vzt EA3tY,

BE sp(G<m<d)d dal v&D(sy)
[89] 2] A2 p=(su, siy, ., sp)ZFH g 20E WHeke AR~ g, ky, .y
kr>% %%g‘l" 1]:].13:] X}- SllL Smoﬂ %’750‘735- U]E]Ell—ﬂ Ua]-‘c:sl-]j-

Sil:kl, Sin=Kr
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8) wef EE Wl dlE 7 o flvkd GBu(no)7h 8@ el 2 wizbA )W %

9-1) wkeF #7] 7F 9] Ade 43S FAGH F, <>NAFF(l)= @ 29

2 5 Fol 5 AAHE St

9-2) THeF <I>NAFF()=@ o] <paired()> N AFF() = @ 28 9-1)3 w37}
2 12 F4% Foll 5 AARE et

9-3) THeF <I>NAFF()=@ ©]al  <paired()> NAFF()=2 2d 28 FZ 1Al

d

A 271 1 kR ool AdE 27 el wel A e d'= 47 ol of &
AE W pHET vk node] H o] de B EAlsA derhd A
g TRt

COTH 1 9% 438 3E] 49 ol QU9 9% )54
AR 5% ARE o83t AT 9-)F 99) FAS A BE Wl 9
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Zledorr: 54 2715 271 18 Rothermel®] 97+ 7|€ HAE HolH7}

TG Efo]x HRE o] &AN B =itoAE AR EF ARE o&d &
bS]
A

A 3Ad dA ==Y

B odo| e otgel e F 319 testdFolA E7] (8, 95 Ayse
H2~E doleE GCT ¢4 FA—?—% o] gste] F= FJrﬂg AoREE 3
otk o] e T K AE widallet bllE o7 wromn oju w
Aol A7]E 100 7}@ bt} o] #71E él@o}ﬂ A A= v LDallol
A F stk 100]ofoF sHA W bllghe el gl

® 31 oA =23

void test(int a[l, int b[], int n) {
1 1=0
20 fa=0
3 th=0
4:  while(G < n){
5 if(ali] == 10)
6: fa =1,
(i 1=1+1;

}
8 if(fa == N1
9: fb = b
10: 1 =05
11 while(i < n){

if(b[i] != 10)
12: b =0;
13: 1=1+1;
}

}

14 if(fh == 1)
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15: } fprintf(stderr,"GOAL\n"); /* &% #7] */

A A a0, alll, .., al9l, blo], ..., bOld HAFSe=E s ddsle] Z=a3Hs A
A 1), whef B 0o stgEo] Zzadoe] AaEgoid A W
A Ao A Hx 77 AdEA @a #7118, 14)7F AyETH(EA 3).
paired((8, 14))= H3x &7 (8, 9 2o} o] Afole= f&e wIEE
AR vk alil(0<i<9)¢t blil(0<i<9)7t z+zt A2 3 a9 Bol &3

Holrh thesh e A AR Brh A4 frke 6)

AR Ak E=(ap= 100 A (ar = 10) A ... A (ag# 10)

olu W facl thd AEY HAA, e, notlfa= 1)L Eol wdo] H7) e
7 olfr farh 9 WMol #e EAAoR EARA @] whield. weby B2
BEGe BE ol ddon Zzade dgsdln ofd Bzs A% At

of GAA A A= FellM £7] (8 14) oldel APFHUA £7] 1=("al9]=
10", 'i=i+l)ell el BlAE FF(fa==Del 9FE WA= THe 2AET oH 3
AL <ol EAEA] 281 <paired(l)>, ie, a1l EAJ8}7] B 9-2)EA
7b e kA 5), O SARFH Het 22 AR F2 Aokl 4dd

=

AR Ak E=(ap=10) A (= 10) A ... Anot (ag=10)
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=
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A1Ad A2AZEY X

CREST+= ¥4 &daglF 255 AASY] search EEO F718tH 24

1 75 e 9% ¢ Ak CRESTY Fx+ 19 413 o

crest

dfs random uniform_random get

19 4.1 CREST®] +=x

¥ wRdAE GCT RES F7Htel 1 715g #3sgon 220
B A A AEET 9 F8 G5E
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Al 2 A Goal-oriented Concolic Test Module

|
Flow Graph)olA AR E F=& #Egdoez H2EES Syt 2 4
ol A= GCT €+ Fdated Zash AeE3 ko dis)] 7]&3h

.

21 CIL s+ 54
BAEES $3317] dol CRESTE Hdstd ®
BAAET SARE o] ARVIoRE R HE F
o] ag JEE FE3H7] A CIL#dS +4 3t
=8 W7 &

cfgdd& A3t

236 X
345 x72
47
57
67
78
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ool M= GCT LdagF< sty 283 Ar 8 Aa=od el

7} cfg_
AR HAE FHolHg Zezads AgvA HAEE £

A Ao =5 aefze] HrI} %J}lé}tt] GCT Eso] 52 W i 4.

f

2
oF ol cfg_ WHA At olu cfg ME O indext HFHRE=EZ9
branch_idE 9 v|3tH Z @4+ A2 %==9] branch_idE ¢ w] gt}

¥ 4.2 cfg W H
[0] [1] [2] [3] [4] [5] [6] [7] [8]

cig 2 36| 45 7 7 7 8
. cfg_rev_

2 Aedxe U AF A4 2 A, z2ade] HARE o FHT
f AL8-H W cfgHEle] ARE o]&3to] AAdETE ® 425 o] &3] AA
H cfg rev_HEHE ¥ 437 Zu}

¥ 4.3 rev_cfg W
[0] [1] [2] [3] [4] [5] [6] [7] [8]

cig_rev 1 2 3 3 204,56 7

t}. vars
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¥ 4.4 vars_¥H

0] (1] (2] 3] (4] [5] (6] (7] 8]

z X X, Z

cfg_rev

2}. paired_branch

Aoz WAH paired_branch™ € o] t},

¥ 45 paired_branch® €]

paired_ [0] (1] 2] [3] [4] [5] [6] [7] [8]
branch 6 5

v}, branches_
A4z RO APHAS o T HEE
o ok ¥ 249 2E& CFGE 7HA
W 23y 277} 49 A9 branches_#®E ol A
&2 % 467 2ok old WEe =& branch_ide #(paired)

g e 2ol daAE AgEn 99 2719 49E AR

(Kl
fr
e

lr =

o

(K

o
= o o

o3
i

7

i

L

(o]

rr

1

§

¥ 4.6 branches_™ €

0] (1] (2] E
-1 3 4 2

branches_
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v}, constraints_

A H2AE HeolHE A& HEEE sty A9 4= A
214 E AFste AsTxE dudEss T ), 45 5o | &+
719 A= Ak 21& FA AL W o] &H. 1§l 249 22 CFGE

NAe Z2a8E gadez AAE constraints. M E &= ol o} 2ok

X 4.7 constraints_™ ¥

[3] [5]
wr] 39 AR Al 24 w7] 59 AR AR 214

constraints_

23 W% R 5

obefell M= GCT dargFol AHgH= F8 W 3 g ts) 7<=

A5Y HeEH A
vector<value_t> input A H2E dolHE A%
string var A w=oA AHEH WFE A%
string cause Ui \E7E A7 HAAYRS o sld W A%
branch_id_t p_branch | A == H(paired) =71& A%
branch_id_t branch_idx | @A =9 branch_idxE #7
branch_id_t cur_node | @A =9 branch_idE A7
vector<string> | cause_vector | 3t} o449 UlF ¥t EAT o H5EES AR
SymbolicPath& path F o] aE HAES] 209 HAZE A
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o4

obefoll M= GCT LarelFold +dE Fsd teis 7led.

3 49 GCTHl A& §
Lial A g
CheckNode w7 TR AR EAjshEA A
CheckConstraint w9 A7 Aok o] EAst=A A=A
isBranch =E=0] H(paired) 717F A=A Al
getPairedBranch =29 F(paired) 719 branch_idE 7}
cfgitds dHOE o} Q% HYHES ARz
readCfg
Rk
getParentVars oo AbEd WSS TR
getVars FE9 HSE 7L
getBranch_idx %+=9] Branch_idxE 7} <
getConstraint_idx rx9o AR Ak A9 indexE 72
getParent -5 w=-=9] branch_idE 7FA <%
SolveAtBranch_Modify | A= Ak Z7A A0l 24 (negation) A4S 33
GCT dad]Fel wEt dAl 54 AF 2 HAE 57
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AS5F A9 2%

o] ZolA= oy 7HA] oA ZEIaE o= CRESTOlA 7]+
o2 AFE = strategye] 2 92 E AWeta B =FoA] AL

X
A ZEY HAE Y W Z8A4S Bol7] fal 7IEdd AT

[e)

S T

Fdstg ot 1 313 o] wEds AMEete AAE AE
—/:—1 OH%%ET %Xﬂ ]'

A Ho] o] & ZA3d1x Linux Ubuntu 9.042 ¥ A3 Pentium 4( 4GB

o] wel wlxa] 25GHz) PColA 4=3&+3]th
A 23 CRESTAA ATHE= &4 ¢igF

CRESTO A 7|EH oz AFEE @ dugE&e 2% 7715 oln o}
g o} 2ot

0]

2.1 random strategy

dgoz 48 deolgs Adste] HAES F33 Fo Aze 2718 e

R4

E=)

vi Sl 218 HAES 4 g HAE dolHE A4 HaES S
of e VHolA default AR A5F 2HsY o] WA HAE

s AR ALHE HAES T Fadt oz geom

i

O
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S8 oA ZzaPel wjde AV]= 10013 5H 7S AdPsr] 93]

AE wg alle] 847 2% 108 wEdjof s}

3# 51 wjE Abgshs oAl == 9

void test(int a[]){

int a[10];
int flag = 1;

for(int 1 = 0; i< 10; 1++){
if(ali] = 10){
flag = 0;

if(flag){
fprintf(stderr,”GOAL\n");
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root@junghband-vmware: /home/jungband/crest-0.1.1/test

SUE BIUE 27V EOED S8

r oot @ ungband- vrwar e: /hore/j ungband/crest- 0. 1. 1/test# .. /bin/run_crest . /loop 9 - random
Iteration O (0s): covered O branches [0 reach funs, O reach branches].

RESET

Iteration 1 (0s): covered 4 branches [1 reach funs, 6 reach branches].

Sol ved 3/9

Iteration 2 (0s): covered 5 branches
Sol ved 6/9

Iteration 3 (0s): covered 5 branches
Solved 7/9

Iteration 4 (0s): covered © branches
Sol ved 5/9

lteration 5 (0s): covered 5 branches
Solved 3/9

Iteration 6 (0s): covered 5 branches
Sol ved 5/9

Iteration 7 (0s): covered 5 branches
Sol ved 6/9

Iteration 8 (0s): covered 5 branches
Solved 2/9

Iteration 9 (0s): covered 5 branches [1 reach funs. 6 reach branches].

Sol ved 9/9

r oot @ ungband- vrwar e: /hore/j ungband/crest- 0. 1. 1/test# .. /bi n/print _execution

[=x0 0)

([=x10)

(=x2 10)

(=x3 11)

[=x4 0)

(= x5 11)

(= x6 11) H
[=x7 10)

[(=x8 0)

[=x9 0)

1 reach funs, & reach branches].

1 reach funs, & reach branches].

[

reach funs, 6 reach branches].

[

reach funs, & reach branches].

1 reach funs, 6 reach branches].

1 reach funs, 6 reach branches].

1 reach funs, 6 reach branches].

1%] 51 random strategy 23 23}
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2.2 random_input strategy

Aoz qi= dolEE Aty HAEES et & ddom §1g dioHE
Atz 3 513 7o) Alof 23 wiES ARshs g L A717F 5 H
2E tolHE Adsh=d B Hlgo] &rf 1§ 52% % 519 oA Z2a9s
oz HAE A3 S5 10000 wHEgh Aajolrt HAE Ads dyEw
H2E dlo|g7} 72912 AAE7] wjifol HAES HAsE 71 §loh

root@jungband-vmware: /home/Junghband,/ crest-0.1.1/test

oig| =HIFE =22/ HOEOM =32HH)

Iteration 10000 (96s): covered 4 branches [1 reach funs, 6 reach branches]. |ﬂ
root @ ungband- vrwar e: /hore,/j ungband/crest- 0. 1. 1/test# .. /bin/print_execution
(= x0 - 1875143741)

(= x1 - 1096739028
(= x2 167467124T)
(= x3 - 1514728837)
(= x4 929085242)
(= x5 1231581619)
(= =6 - 452734432
(= x7 - 2137561431)
(= %8 1020788363)
(= x9 - 1621555208)

(/=(+-20 (* 1x01) O
(/=(+-20(* 1x1}) O
(/=(+-10 (* 1x2)) O
(/=(+-20(*1x3)) O
(/=(+-20 (* 1x4) O
(/=(+-10 (* 1x5)) Q
(/=(+-10 (* 1x6)) O
(/=(+-20(* 1x7}) Q)
(/=(+-10 (*1x8)) O
(/=(+-20(* 1x9) Q

[=Y

[+2 Do e PR (o o R U e » U0 I o RS

1% 5.2 random_input strategy A3 23}
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2.3 cfg strategy

HEES F3spr] A 8 Z=ade digk ARE FEds A A9
cfg branches U2 HE 4z g ao] Ao &5 T1YE(CFG) AHE 71}
HAEZS ity o] W2 7 27|59 2Fo 2 HAEES F7d35M default=
AAZE Sl4E Zdstd o] d7kA e HAE A3E gAlsta A SHH H)
2EE tA F8%th. aelag 279 sfFg 9A =] o]Ate] wHW
HAEE BAGS 71 gl :L% 532 % 519 oAl Z=IS thde

Ll

= H2E A8 314+= 1000

root@junghand vmware: , home/jungband, crest0.4.1, test

odE ®EFE =27V EHOEn =22H)
Sol veAl ongCig( 8, 1) [2]
Iteration 996 (13s): covered 5 branches [1 reach funs, 6 reach branches].
Sol veAl ongCf g( 6, 3)
Sol veAl ongCrg( 7, 2)
Sol veAl ongCfg( 8, 1)
Iteration 997 (13s): covered 5 branches [1 reach funs, 6 reach branches].
Sol veAl ongCig( 8, 1)
Iteration 898 (13s): covered 5 branches [1 reach funs, 6 reach branches].
Sol veAl ongCr g( 20, 8)
Sol veAl ongCrf g 21, 7)
Iteration 999 (13s): covered 5 branches [1 reach funs, 6 reach branches].
Sol veAl ongCf g( 6, 9)
Sol veAl ongCf g( 7, 8)
Sol veAl ongCig( 8, 7)
Sol veAl ongCf g( 9, 6)
Sol veAl ongCf g( 10, 5)
Sol veAl ongCr g( 11, 4)
Sol veAl ongCf g( 12, 3)
Sol veAl ongCf g( 13, 2)
Sol veAl ongCf g( 14, 1)
Iteration 1000 (13s): covered 5 branches [1 reach funs, & reach branches].
Sol veAl ongCf g( 14, 1)
root @ ungband- vrwar e: /home/j ungband/crest- 0. 1. 1/test# .. /bi n/print_execution
(=x00)
(=x10)
(= x2 10)
(=x30)
(= x4 0)
(=x50)
(= x6 10) H
(=x70)
(= x8 10)
(=x8 0)

1% 53 cfg strategy 23 23}
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2.4 cfg baseline strategy

cfg strategyES 7|§to 2 &1 H|AEES Fiste wHor 7 17|
score?ke AASY default2 A A & score #e ZHstA o] d7tA o] H &
E A3E gAst ASHE HAEE oA Fddn. ageRE 27]9
Me7E 4R A7) ool HW H2EE AT b gl 19 548
3# 519 oAl Zrads hHeR HEE A 355 1000 g Ajo]
t}.

root@jungband-vymware: /home/Jungband/crest-0.1.1/test

ofUE "HEE =27)M HOIdI) =S

Iteration 982 (12s): covered 5 branches [1 reach funs, & reach branches]. ES
Iteration 983 (12s): covered 5 branches [1 reach funs, 6 reach branches].
Iteration 984 (12s): covered 5 branches [1 reach funs, 6 reach branches].
Iteration 985 (12s): covered 5 branches [1 reach funs, & reach branches].
Iteration 986 (12s): covered 5 branches [1 reach funs, 6 reach branches].
Iteration 987 (12s): covered 5 branches [1 reach funs, 6 reach branches].
Iteration 988 (12s): covered 5 branches [1 reach funs, & reach branches].
Iteration 989 (12s): covered 5 branches [1 reach funs, 6 reach branches].
Iteration 990 (12s): covered 5 branches [1 reach funs, 6 reach branches].
Iteration 991 (13s): covered 5 branches [1 reach funs, 6 reach branches].

RESET

Iteration 992 (13s): covered
Iteration 993 ( 13s): covered
Iteration 994 (13s): covered
Iteration 995 ( 13s): covered
Iteration 996 (13s): covered
Iteration 997 (13s): covered
Iteration 998 (13s): covered 5 branches [1 reach funs, reach branches].
Iteration 999 (13s): covered 5 branches [1 reach funs, reach branches].
Iteration 1000 (13s): covered 5 branches [1 reach funs, 6 reach branches].
root @ ungband- viwar e: /hone/j ungband/crest- 0. 1. 1/test# .. /bin/print _execution
(= x0 10)

(=x10)

(=x20)

(=x30)

(= x4 0)

(=x50)

(= x60)

(= x7 Q)

(=x80) |E|
(=x9 0)

(=(+-10(* 1 x0)) Q)

(/=(+-20(* 1x1)) O [~

1% 54 cfg baseline strategy 23 23}

branches [1 reach funs,
branches [1 reach funs,
branches [ 1 reach funs,
branches [1 reach funs,
branches [1 reach funs,
branches [ 1 reach funs,

reach branches].
reach branches].
reach branches].
reach branches].
reach branches].

(51
6
5]
51
5]
& reach branches].
5

6

5
5
5
4]
]
B
5
5
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2.5 hybrid strategy
uniform random strategy & 7|¥ro 2 dlal BH|AEE FdaleE Wy o=
HHELE ) Bo] EAjshs H7]2 A8E ) random strategy e} o] wid e %
< 84 T AE ALASA Hol B4 EVE AT 5 A Ad 2
=R

Y 555 X 519 oAl 23S UgeR HAE A 35E 10008 vHy

root@]mghaﬁd-vmware: jhome,ﬂ']lmﬁband /cres t-l:l.i.i_,-’ test

oUE BHE 270 HIED =2TH)

Iteration 995 (12s): covered 6 branches [1 reach funs, 6 reach branches]. EI
o 10

Iteration 996 (12s): covered & branches [1 reach funs, & reach branches].
010

Iteration 997 (12s): covered & branches [1 reach funs, 6 reach branches].
o 10

Iteration 998 (12s): covered 6 branches [1 reach funs, 6 reach branches].
o 10

Iteration 999 (12s): covered & branches [1 reach funs, & reach branches].
o 10

Iteration 1000 (12s): covered 6 branches [1 reach funs, 6 reach branches].
o 10

r oot @ ungband- vrwar e: /home/j ungband/crest- 0. 1. 1/test# .. /bi n/print _execution
(=x0 11)
(= x1 10)
(= x2 10)
(=x3 10)
(= x4 10)
(= x5 10)
(=x6 11)
(= x7 10)
(=x8 11)
(=x9 11)

(/=(+-10(* 1x0)) O
(=(+-10(*1x1)) O
(=(+-10(* 1x3)) O
(=(+-10(*1x3)) O
(=(+-10(*1x4) O
(=(+-10(* 1 x5)) O
(/=(+-10(* 1x6)) O
(=(+-10(*1x7)) O
(/=(+-10(* 1x8)) O
(/=(+-10(*1x9)) O

[«

713 55 hybrid strategy 23 43}
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2.6 uniform random strategy

HAx YD H2E dHolHZ AAW A2 Ao £74E o]&dlo] HAES
otz o R HEER U] EAlsks 2718 23T 9 random strategy €}
Zol wjdel e 94 s AE AEASHA Hol 54 2E A9
T A "o 29 562 % 519 oA ZEaHES gdeRE HAE A3
S92 1000 WHEgE Aajolty,

root@jungbandvmware: /home/Junghand/crest-0.1.1/test

oigdip HEE 22|V HOEmL Z=2ZHH)

10 constraint s. [~]
Sol ved constraint 1/10.

Iteration 999 (14s): covered 6 branches [1 reach funs, 6 reach branches].
Solved constraint 2/10.

Iteration 1000 ( 14s): covered 6 branches [1 reach funs, 6 reach branches].
Sol ved constraint 3/10.

Sol ved constraint 4/10.

Sol ved constraint 5/10.

root @ ungband- vrwar e: /home/j ungband/crest- 0. 1. 1/test# .. /bin/print _execution
(=x011)

(=x111)

(=22 10)

(= x3 10)

(=x4 11)

{=xb 10)

(=x6 11)

(=27 10)

(=x8 11)

(= x9 10)

(/=(+-10 (* 1 x0)} 0
(/=(+-10(* 1x1)) O
(=(+-10(*1x2)) O
(=(+-10(*1x3} O
(/=(+-10(*1x4) O
(=(+-10(*1x5} O
(/=(+-10(* 1x6) 0
(=(+-10(*1x7)} O
(/=(+-10 (* 1 x8)} 0
(=(+-10(*1x9) O H

-1
6
9

L

&

71%] 56 uniform random strategy 23 A3}
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2.7 dfs strategy

Ao oY volHE AAsto] HAEES Fagh Fo AdE A= AF =4
A3 Z2 9] depths FAA7IHA BIZES Fdshe WHoE % 513 2o
A7 Ak 20l shte] W AFgete ARt obdel ® 313 o] st
oo MES AHgetE AR BT HZAE

519 oA Z2adL gAow HAEE

4y M
O%

rot
Y
K

o

Ko

root@]unghanﬂ-mware: /Mmeﬂlmg]jand/creﬁt—ﬂ.i.i_{teﬁ'i

e =HEE =27/ HOED =S

GOALL [~]
Iteration 11 (1s): covered 6 branches [ 1 reach funs, 6 reach branches].
Execution time : 0.040000 sec.
Execution time : 0.040000 sec.

r oot @ ungband- vrwar e: /hore/j ungband/crest- 0. 1. 1/test# .. /bi n/pri nt _execution

(= x0 10)

(=x1 10)

(=x2 10)

(=x3 10)

(= x4 10)

{=x5 10)

(= x6 10)

(=x7 10)

(=x8 10)

(= x9 10)

(=(+-10(*1x0)) O
=(+-10(* 1 x1}) O)
(=(+-10(* 1 x2}) O)
(=(+-10(*1x3)) 0
(=(+-10(* 1 x4})) O
(=(+-10(* 1x5)) O
(=(+-10(* 1 x6}) 0O)
(=(+-10(* 1x7)) O
(=(+-10(* 1 x8})) 0O
=(+-10(* 1x9) 0

g i
6
10
; -
10
6
10 ~

r
[

1% 57 dfs strategy A3 A3}
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A 3Fd GCT ¢xdgdF s 4¥

£ 9

o AFEEE oA TZEade ZE 137Fxojn o]
Al TRIWES] FFS BFetH opaeh 2k

el oa Tzagel Y Aot AREE

[K

21

flag_assigment.c, flag_multiple.c, trityp.c &

e Aoz wrol 3o we} A3 A7t 245

loop.c &

rlr
[
fr
4
=

rr

TEA W4 9 pEA Nd o8 Zeade 43 F2rt 249
2N

handle_new_job.c, netflow.c &
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32 oA Z2IWE o] 83T

7}. flag_multiple.c

=

T 7Hel WE-WHS initialized?} has_been_firedol]l ¢l&] T w1 A3 7

27 AAEE 2 ado|t), 2 I ¥ 529 723 AoEE 1

e 29 587 b 2 AT St o] UlFHSTE EA1Y
]

S u GCT gl Zo] Az 5213557

i
>
U U
rol
e

3 5.2 flag_multiple.c

void test(int a, int b) {

int a, b;
int initialized = 0;
int has_been_fired = 0;

if(a 1= 0)
initialized = 1,

if(b 1= 0)

has_been_fired = 1;

if(initialized){
if(b == 1)

has_been_fired = 1;

if(has_been_fired)
fprintf(stderr, "GOAL\n");
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a8 5804 24 B2 13H w7} ¥ o]E 7] 93 HAE A
v o= ol et 2}
1) 223398 Adste] HAE deolgHE At olwf a = 0, b = 0]
T3 A HARE 1-2-4-5-57->8—15—16—17°] Ft}

2) U AdolM =4 L7l 7] i reerle AFOs f=
w71e Ak 214 0)= FATI] HAEES WA s

2-D) AT FEEse A 2ol EANA Wo} oA Tz

d

=
2-2) ZTZ 1

2-3) initializedgtell FEFS MHE =TS o} Y =9 AF= At =4
< 73t H2ES st a = 1, b = 0] L
—2—-3—-5—7—-8-9—11—-12—14—16—17°] Ht},

3) =t WWEHS has_been firedS 2] 9l3HA 2)

24 2712 A BAES FRaT

)
k%)
ol
o
rE
ez
_0|L
2
iih
N
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ole] 19 59& H2ES 48 AAE HolFH A W] Hgor BF RIE
1

2 ATse] A $REHUSS HAT 5 vk

root@jungband-vmware: /home/Jungband/crest-0.1.1/test

Ff%{ﬂ HE(E) =22|(v)I HOID Z=22HH) -
14 [~]
-2

r oot @ ungband- vrwar e: /home/j ungband/crest- 0. 1. 1/test# .. /bin/run_crest . /flag_multipl
Iteration O (0s): covered O branches [O reach funs, O reach branches].

Iteration 1 (0s): covered 3 branches [1 reach funs, 10 reach branches].

Iteration 2 (1s): covered 7 branches [1 reach funs, 10 reach branches].

GE0oAL!

Iteration 3 (1s): covered 10 branches [1 reach funs, 10 reach branches].

Execution time : 0O.010000 sec.

root @ ungband- vrwar e: Shome/] ungband/crest- 0. 1. 1/test# .. /bin/print _execution

(=x01)

(=x11)

(/=(+0(*1xD)) O
(/=(+0(*1x1}) O
(=(+-1(*1x1)) O

B R R P Ay

]

r oot @ ungband- vrwar e: /horme/j ungband/crest- 0. 1. 1/test# I IEI
19 59 HAE &3 23 34
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ot ZrIade|tt & A

ARE g oz ol A7yl Je & Aot
© 2 Sidel, Side2, Side3E wrom UERHS triOut’} AFES= 53

® ZEIRs goR GCT duelFel Avs FAHeAE 4w =20

3 5.3 trityp.c

int test(int Sidel, int Side2, int Side3){

int triOut = 0;

int Sidel, Side2, Side3;

if(Sidel <= 0 || Side2<=0 || Side3<= 0){
fprintf(stderr,”Not Triangle1!\n"); /A28 ¢] o}

return 0;

if(Sidel == Side2)
triOut = triOut + 1;

if(Sidel == Side3)
triOut = triOut + 2;

if(Side2 == Side3)
{riOut = triOut + 3;

if(triOut == 0)f
if(Side1+Side2<=Side3||Side2+Side3<=Side1||Side1+Side3<=Side2){
fprintf(stderr,”Not Triangle!\n"); //4+2}3¢] o}
Jelse{

fprintf(stderr, Triangle!\n"); //3H7%

return 0;
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if(riout > 3)f
fprintf(stderr,"Equilateral Triangle!\n"); //7 428
Jelse if(triOut==1 && Sidel+Side2>Side3)]{
fprintf(stderr,"isosceles Trianglel!\n"); //©]5 #4213
Jelse if(triOut==2 && Sidel+Side3>Side2)|
fprintf(stderr,"isosceles Triangle!\n"); //©]5 ¥ 4213
Jelse if(triOut==3 && Side2+Side3>Side1){
fprintf(stderr,"isosceles Triangle!\n"); //©]%5 ¥ 4213
Jelse{

fprintf(stderr,”Not Triangle!\n"); //4+Zt3 ¢] o}d

return 0;
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E BE@D, 349
3) 5 ol A% EAE

MNot Triangl el
Iteration 96 (1s): covered 25 branches
Mot Tri angl el
Iteration 97 (1s): covered 25 branches
Mot Tri angl el
lteration 98 (1s): covered 25 branches
Mot Tri angl el
Iteration 99 (1s): covered 25 branches
Mot Triangl el

Execution tirme : 0.010000 sec.

(=x0 1)
(=x1 1)
(=x20)

(= (+0(*1x0) O
(>{+0(*1x1}) O
(==(+0(*1x2) 0

=Y

BB

'
;4]

oid(n #=HEE =27 EOEO =224H)
[1 reach funs,
[1 reach funs,
[1 reach funs,
[1 reach funs,

Iteration 100 (1s): covered 25 branches [1 reach funs,
r oot @ unghand- vrwar e: /home/j ungband,/crest- 0. 1. 1/test# . . /bi n/run_crest

Iteration 3 (0s): covered 5 branches [1 reach funs,

- 48 -

ct

Iteration O (0s): covered O branches [0 reach funs, O reach branches].
Not Triangl el

Iteration 1 (0s): covered 1 branches [1 reach funs,

Mot Tri angl el

Iteration 2 (0s): covered 3 branches [1 reach funs,

Mot Tri angl el

r oot @ ungband- vrmar e: /home/j ungband/crest- 0. 1. 1/test# .. /bin/print _execution

34 reach branches].

34 reach branches].

34 reach branches].

34 reach branches].

34 reach branches].

34 reach branches].

34 reach branches].

34 reach branches].

ftrityp 100 - g




9l 1HE AHEY oy e HAES 3

A el HAES FREE FAT 5 Atk

rol
o
I
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i
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QL

[ root@junghandvmware: /home /Jungband/crest0.1.1/test
odip ®HEE 27V g Z=2ZHH)

i soscel es Triangl e2! [~]
Iteration 8 (0s): covered 23 branches [1 reach funs. 34 reach branches].

i soscel es Tri angl e2!
Iteration 9 (0s): covered 23 branches [1 reach funs, 34 reach branches].

Target exist in Path!

Execution time @ 0. 000000 sec.

r oot @ ungband- vrwar e: /hore/j unghand/crest- 0. 1. 1/t est # .. /bin/print_execution

(=x02)

(=x11)

(=x22)

(=(+0(*1xO0) O

(=(+0(*1x1)) O

(=(+0(*1x3)) 0

(/=(+0(*1x0) (*-1x1)) O
(=(+0(*1x0 (*-1x2)}) O
(/=(+0(*1x1) (*-1x2)) 0O
(>(+0(*1x0) (*-1x1} (*1x2)) O

nGREYEBBREE D

r oot @ ungband- vrwar e: /home/] ungband/crest- 0. 1. 1/test # || E
19 512 54 E=0% 43HS AAS HAE A3}

a9 4vRY ofF wel HaE

=
=
Ho HliEZ FRES FAT 5 vk



obe] At A4S Uetdle E5o 2 369 HdAsideon 43 4

= 19 5139

root@junghand-ymware: /]iome/]imgh and/crest-0.1.1/test

oiiEp BHEE 27V HOEd =2ZH)

return : 19

return : 18

18 nore parent!!

return : 16

return : 15

return : 14

Equil ateral Trianglel

Iteration 4 (0s): covered 11 branches [1 reach funs, 34 reach branches].
Target exist in Path!

Execution time : O.000000 sec.

r oot @ ungband- vrwar e: /home/j ungband/crest- 0. 1. 1/test# .. /bi n/print _executi on
(=x01)

(=x11)

(=x21)

(>(+0(*1x0)) O
(=(+0(*1x1) 0
(>(+0(*1x2) 0
(=(+0(*1x0 (*-1x1)) O
(=(+0(*1x0) (*-1x2)) O
(=(+0(*1x1) (*-1x2)) 0)

nBEREERE®L

r oot @ ungband- viwar e: /home/j ungband/crest- 0. 1 1/test#

9 513 24 EE20F 36HS AAS HAE A7

a9s Avrd Yy

of HxEst FREL FAY 5 g

]
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root@junghand-ymware: /]iome/]imgh and/crest-0.1.1/test

IE EIE 27 HOED ES2HH)

return : 29
Tri angl el

Target exist in Path!
Execution time : 0.010000 sec.

(= x0 4)
(=x13)
(=x2 2

(> (+0(*1x0)) 0

(>{+0(*1x1)) O

(> (+0(*1x2)) 0

(/=(+0(*1x0) (*-1x1)) O
(/={(+0({*1x0) (*-1x3) O
(/=(+0(*1x1 (*-1x2)) 0

(> (+0(*1x0) (*1x1) (*-1x2)) 0
(> (+0(*-1x0) (*1x1) (*1x2)) 0
(> (+0(*1x0) (*-1x1) (*1x3)) 0

nEBREBBREE® K

Iteration 8 (1s): covered 26 branches [1 reach funs, 34 reach branches].

r oot @ ungband- vrwar e: Jhore/j ungband/crest- 0. 1. 1/test# .. /bin/print _execution

r oot @ ungband- vrwar e: /hore/j unghand/crest- 0. 1. 1/test # ||

a9 514 54 =507 31Hs A

I9e AuRY oy Mol HAED
Hol HAEZ FREE AT+ Ak
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t}. loop.c
T oHgs gy o=w o
= X2

it 54 loop.c

int test(int all, int b[I){
int i
int a[10],b[10];
int fa, fb;
i=0;
fa=0;
th = 0;
while(i < 10){
if(ali] == 10)
fa=1;
1=1+1
}
if(fa == D{
fb =1;
i=0
while(i < 10){
if(bfi] != 10)
tb = 0;
1=1+1;

- 52 -



if(fb == 1)
fprintf(stderr,”GOAL!\n");

91 dAdA wiEe] AV= EF 1082 AASH L vt 2ol A
b7t 1, &, Fol e AS7F 53X &7l oF Adgstr] fdAes o
2 o allol 94 F9 surk 108 72wl bl BE 9aEo
100] ¥ Aoty W fad} fho} o] Folu AAE 7= Hedd

a1

WMoz Z2ade] 7] 2318 AHgdhes 2=
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19 5169k 5172 247 DFS &ag]a3 GCT dag &< o83 H&

root@jungbandvmware: /home,/jungband /crest0.1.1/test

oip HEE 27|V EOgd =2ZH)

Iteration 20 (1s): covered 11 branches [1 reach funs, 12 reach branches]. [=]
GOALI L

Iteration 21 (1s): covered 12 branches [1 reach funs, 12 reach branches].

r oot @ ungband- vrwar e: /home/j ungband/crest- 0. 1. 1/test# .. /bin/print _execution

(= x0 10}

(= x1 109

(= x2 10)

(= x3 100

(= x4 10)

(= x5 109

(= x6 10)

(= x7 10)

(= x8 10)

(= x9 10)

(= x10 10y

(= x11 10)

(= x12 10)

(= x13 109

(= x14 10)

(= x15 10)

(= x16 10)

(= x17 10}

(= x18 10)

(= x19 10)

(=(+-10(*1x0)) O =
(={+-10(*1x1}) O

(=(+-10(* 1 x2)) O)

(=(+-10(* 1 x3)) O)

(=(+-10(* 1 x4)) 0O)

(=(+-10(* 1 x5)) O

(=(+-10(* 1 x6)) 0)

(=(+-10(* 1 x7)) O)

(=(+-10(* 1 x8) O ||
(= (+-10(* 1 x9)) O |
(=({+-10(* 1 x10)) O} |
{(={+-10(* 1 x11}) O ]

19 516 DFS &agj&3 o83 HaE 23
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root@junghand ymware: jhome;‘]lmﬁiandfcrest—ﬂ.lif test

ot H=EE =27V BHOEO =2ZH)

GOAL!! [~]
Iteration 12 (0Os): covered 12 branches [1 reach funs, 12 reach branches].

Execution time @ 0.010000 sec.

r oot @ ungband- vrwar e: /home/j ungband/crest- 0. 1. 1/test# .. /bi n/print _execution

(=x0 0)

(=x10)

(=x2 0)

(=x3 0)

(= x4 0)

(= xb 0)

(=x6 0)

(=x7 Q)

(=xB 0)

(=x9 10)

(= x10 10)

(=x11 10)

(= x12 10)

(= x13 10)

(= x14 10)

(= x15 10)

(= x16 10)

(= x17 10)

(= x18 10)

(= x19 10)

(/=(+-10 (* 1x0)) 0
(/=(+-10(* 1x1)) O
(/=(+-10(* 1x3)) 0O
(/=(+-10(* 1x3)) O
(/=(+-10(* 1x4) 0)
(/={+-10(* 1x5)) O
(/=(+-10(* 1 x6)) O
(/=(+-10(* 1x7)) O
(/=(+-10(* 1x8) 0
(=(+-10(* 1 x9)) O
(=(+-10{* 1 x100) O}
IS )) O) [~]

a9 517 GCT &g ss o83 HEE A
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loop.c

int test(int all, int b[I)X{

int 1;
int a[10],b[10];
int fa, fb;

i=0;
fa = 0;
fb = 0;

while(G < 10){
if(ali] == 10)

fa=1;
1=1+1
}
if(fa == D{
tb = 0;
i=0
while(i < 10){
if(bli] == 10)
fb = 1;
1=1+1;
}
}
if(fb == 1)

fprintf(stderr,”"GOAL!"\n");
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Al A Mg a7 BT 1002 A4SUn BE 1% 293
7 SaAs 9 e alel 92 Fo st 108 AR T
A4 F9 sk 100] W Agolth 19 5189 5198 217}

el %P GOT el 5e ol g4 HAES Fad Avolw)

root@junghandymware: ﬂiom e ﬂirngb and/ crest—D.:L.if test

otdip  #HEE 22V Eiﬂl'“é'{Tl EE29(H)

Iteratlon 11 (1s): covered 10 branches [1 reach funs, 12 reach branches]. [~]
GDAL!

Iteration 12 ( 1s): covered 12 branches [1 reach funs, 12 reach branches].
root @ ungband- vrwar e: Shorme/j ungband/crest- 0. 1. 1/test# .. /bin/print _execution
(= x0 10)

(= x1 10)
(= x2 10)
(= x3 10)
(= x4 10)
(= x5 10)
(= x6 10)
(= %7 10)
(= x8 10)
(= x9 10)
(= x10 10)
(=x11 0)
(=x12 0)
(=x13 0)
(= x14 0)
(= x15 O)
(= x16 0)
(= x17 O)
(= x18 O)
(=x19 0)

=(+-10(* 1 x0)) O
(£+-10(*1x1)) O
(+-10 (* 1x2)) Q)
(+-10 (* 1 x3)) O
+
.'_
+
+

-10 (* 1 x4)) 0O
-10 {* 1 x5)} 0)

-10 (* 1 x6)) 0)

-10 (* 1x7)) O

(=(+-10(* 1x8)) 0O

(=(+-10(* 1x9)) O

(=(+-10(* 1x10)) O
(/=(+-10(* 1x11)} 0

19 518 DFS ¢igl&s o &

(=1
(=4
(=1
(=1

(<]

ot
=
[
fm
i
&
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root@junghand-vmware: /home/Junghand/crest0.1.1/test

oUE EEE =271 HOED =S2HH)

GOAL!
Execution time : 0.010000 sec.

(= x0 0)
(=x10)
(=x20)
(=x320)
(= x4 0)
(= x5 0)
(= %6 Q)
(=x7 0)
(=x80)
(= %9 10)
(= %10 0)
(= x11 O)
(=x12 Q)
(=x13 Q)
(= x14 0)
(= x15 O)
(= %16 0)
(= x17 Q)
(= x18 Q)
(= x19 10)

Ilteration 1 (0s): covered 5 branches [1 reach funs, 12 reach branches]. EI
Iteration 2 (0s): covered 10 branches [1 reach funs, 12 reach branches].

Iteration 3 (0s): covered 12 branches [1 reach funs, 12 reach branches].

r oot @ ungband- vowar e: /home/j ungband/crest- 0. 1. 1/test# .. /bin/print _execution

(/=(+
(/=(+
(/=(+
(/=(+
(/=(+
(= n+
(/= i+
=t
(/=(+

-10 (*
10 (*
-0 (*
-10 (*
-10 (*
-10 (*
-10 (*
-10 (*
40 (*

1 x0))
1 x1))
1 x3))
1 x3))
1 x4))
1 x5))
1 x8))
1 x7)
1 x8))

0)
0)
Q)
0}
0}
0)
0)
Q)
Q)

(=(+-10(*1x9) 0O

(<]

a4 519 GCT dagss o83 HaE A
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flag_assigntmen.c

int main(int a, int b){
int flag = 0;
if(a == 10)
flag = 1;
if(b == 10){
if(flag)
fprintf(stderr, “GOAL!!!!\n");
}
}

flag_multiple.c

int main(int a, int b) {

int a, b;
int initialized = O;

int has_been_fired = 0,

ifa 1= 0)

initialized = 1;

if(b != 0)
has_been_fired = 1;

if(initialized){
ifb == 1)
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has_been_fired = 1;

if(has_been_fired)
fprintf(stderr, "GOAL!\n");

loop.c

int main(void){

int a[10];

int flag = 1;

for(int i = 0; i< 10; i++){
if(afi] != 10){

flag = O;
}
}
if(flag){
fprintf(stderr,”"GOAL!\n");
}
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loop2.c

int main(int all, int bI){

int i,

int fa, fb;

while(i < 10){
if(ali] == 10)

fa=1;
=i+l
}
if(fa == 1){
b = 1;
1=0;
while(G < 10){
if(b[i] != 10)
thb = 0;
1=1+1
}
}
if(fb == 1)

fprintf(stderr,"GOAL!\n");
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loop3.c

int main(int a[], int b[]){

int i;

int fa, fb;

while(i < 10){
if(afi] != 10)

fa = 0
i=1i+1
}
if(fa == 1){
fo =1;
i=0;
while(i < 10){
if(b[i] != 10)
fb = 0;
i=1i+1
}
}
if(fb == 1)

fprintf(stderr,"GOAL!\n");
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loop4.c

int main(int a[], int b[]){

int i;

int fa, fb;

while(i < 10){
if(afi] != 10)

fa = 0
i=1i+1
}
if(fa == 1){
fo = 0;
i=0;
while(i < 10){
if(b[i] == 10)
fb = 1;
i=1i+1
}
}
if(fb == 1)

fprintf(stderr,"GOAL!\n");
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loop5.c

int main(int a[], int b[]){

int i;

int fa, fb;

while(i < 10){
if(a[i] == 10)

fa = 1;
i=1i+1
}
if(fa == 1){
fo = 0;
i=0;
while(i < 10){
if(b[i] == 10)
fb = 1;
i=1i+1
}
}
if(fb == 1)

fprintf(stderr,"GOAL!\n");
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trityp.c

int main(int Sidel, int Side2, int Side3;){

int triOut = 0,
int Sidel, Side2, Side3;

if(Sidel <= 0 || Side2<=0 || Side3<= 0){
fprintf(stderr,”Not Trianglel\n"); /A28 o] obd

return 0;

if(Sidel == Side2)
{riOut = triOut + 1;

if(Sidel == Side3)
{riOut = triOut + 2;

if(Side2 == Side3)
{riOut = triOut + 3;

if(riOut == 0)]
if(Side1+Side2<=Side3||Side2+Side3<=Side1||Side1+Side3<=Side2) {
fprintf(stderr,”Not Triangle2!\n"); //4+2}3¢] o}
Jelse{

fprintf(stderr, Triangle!\n"); //4+2}3

return 0;

if(triOut > 3){

fprintf(stderr, "Equilateral Triangle!\n"); //7 4213
jelse if(triOut==1 && Sidel+Side2>Side3)}
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fprintf(stderr,"isosceles Triangle1!\n"); //¢]5 HA23
Jelse if(triOut==2 && Sidel+Side3>Side2)]
fprintf(stderr,"isosceles Triangle2!\n"); //¢]5 23
Jelse if(triOut==3 && Side2+Side3>Side1){
fprintf(stderr,"isosceles Triangle3!\n"); //¢]5 HA23
Jelse{
fprintf(stderr,”Not Triangle3!\n"); //4t213] o] o}

return 0;

handle_new_job.c

struct Job {
int state;

int priority;

int main(Job joblist[]){
struct Job joblist[10];

int check_work = 0;

for(int i = 0 ;i < 10 ; i++){

CREST _int(joblist[i].state);

for(int i = 0 ;i < 10 ; i++){
if(joblist[i].state != 7)

check_work = 1;
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return 0;

if(!check_work){

fprintf(stderr,"GOAL!\n");

simpleloop.c

int state, i;

int main(char c[], char s[]){

forG@ = 0; i < 30; i ++){

state = 0;
if(c[0] == [ && state ==
if(c[1] == ’(C && state ==
if(c[2] == ’{* && state ==
if(c[3] == '~ && state ==
if(c[4] == ’a’ && state ==
if(c[5] == X’ && state ==
if(c[6] == "}’ && state ==
if(c[7] == ") && state ==
if(c[8] == ']’ && state ==
if (s[0] =="'1" &&
s[1] == "¢’ &&
s[2] == s’ &&
s[3] == ¢’ &&
s[4] ==t &&
s[5] == 0 &&

0)

2)

State

state

state

State

state

State

State

State

State

—_

I R T SRS
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state == 9 ){

printf(“error”),
scanf(" %d" &state);
}
}
return 0;
}
netflow.c

int main(int low[], int high[]){

inti=0;

int violation = 1;

while(i<10){
if(low[i] >= high[i]){

violation = 0

i++;

if(violation) {

fprintf(stderr,"GOAL!\n");

return O;
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alltrue.c

int main(int a[]){

int alltrue = 1

for(int i = 0; i< 10; i++){

alltrue = alltrue && afil;

ifalltrue)

fprintf(stderr,"GOAL!!1\n");

return 0;
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ABSTRACT

Goal-oriented Concolic Testing.

Park Jung kyu

Major in Computer Engineering
Dept. of Computer Engineering
Graduate School

Hansung University

Concolic testing generates test data by combining concrete program execution
and symbolic execution to achieve high test coverage. CREST is a representative
open-source test tool implementing concolic testing. Currently, however, CREST
aims at exploring all possible execution paths. In case of testing a specific
branch or block, thus, it can be ineffective. This paper suggests a goal-oriented

concolic testing that generates test data to execute a given branch or block.
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