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int main() {

int x, y,z, max_num=0;

SYM_INT(X); // Declaration of x, y, z
SYM_INT(y); // as symbolic integer
SYM_INT(z2); // variables
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if(x >= y) { 7/ SYM_COND(X,y, '>=");

if(y >= z) { // SYM_COND(y,z, '">=");
max_num = X;

} else { // SYM_COND(y,z, "'<'");

if (x >= 2){ // SYM_COND(x,z, '>=");
max_num = X;

} else { // SYM_COND(X,z, "<');
max_num = z;

}

} else {...}

printf(""%d is the largest number among\
{%d,%d,%d}", max_num, X,y,Z);
// SMT_Solve();
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void test_analyze () {

char str[10]={0,};
for(i=0;1 < 9; i++)
SYM_charlil; // 4129 942 A

analyze(str);

}

oS £ 99 test analyze() T5E HW
9 o Holg ze £AE str & AEY o
AAste] H2E A Z2713Ql analyze
T8tk vFeF analyze() $H7F de] 10
TAES Xske d o oF/ Ut ot
test_analyze() =& °]¢ & R{FE ¥4
gl AW = 24 HolE 10 oS
vy, 1o oe 2o 4y s 4=t
Bolxal, 4 AEE o] = § B
Alzbel  AYAl ddh. webM HE dB &a3s
=izt sbrl ffeid AREAE Bl ZEads
olgfistar HAHeo AEE dHe AAS o sk
wA7E ol

BhE fd G 49 AAdEe dF
doly Fiol Adrgre] & FFs WA &

o

w2

0,

¢

O o
oz x

x
2

&

MR AP B 9P YPAES T 5 dn
webd QY HAL AAAE F9 A Fel
A gneEnd o Be A4 A4 T

g 7bsAe] Woldthn ¥ 4 gluh

RR

Aeld = 9l

A Aed ) UMY A 28d 7 Sle

A AR EA Ve AR AlF 23

wds] S1F = wwel gtk AR A
71 <1

MeRe BE A Ve dE2E 948
DFS 7|9, 7] qE
stolH = 7|9

A e 7R FEl g 71H[19]

_

B o
=5
o
k)
kD
iy
ON
et
4

Z] 2=

el ol O mE
o to rlr fo ko ot o
.
(]

Hls] © ©e

o
>
(m
ox
oX,
B
ol
=2
>
>
ofo
i

r
o
[
(m
hY
o
[>

N
e

Arelof kL

A, )

9 A&
g7ystaL,  old
AR&EA HEE
Aelglol gl 4 A=Y 3
wHl, EA™e] 7ol 5G]
Aol oty 7] el Bl ZEaH
A Ay A9 Bmu A%
=
=)

rR oot

R b
2
oL @

Cie)
X

_ﬂ%m}ﬂm
it
N

N

N
N o
0, 1 g no

:

o
o

=

jus)
==

O:

:91:1‘

[

o

rok

kv

E Rl R oE ok

e Ted

°

2 o

=

)
of WEAE % % EH
AgAE MANSE 2ESE W o Be
Fofof gt
webd A4 g

X
i)
=
Y
i>
SR
J8 Hd

o



ERAE AMpE AE AL B4 BE o
4 4ue el #4
o

RN
7FeAdel wval & 5

42 &3} "
4 AEY 3 7|HY AS AEY A=
A4S AT & gAY, S AEEY A=
A28 AAsHEE SMT solver & %7] o8&
T H2E A mairt "old 5 gtk AEE
2 2045 AT F e A9 UE s

S AREalA probe
AEY AR 2704 ZdA Rahe Ao
o] xHay] ofye HJT

ES
IEEE 754[20] %

x#EL F F JE SMT

solver 7} ob# s =] ¢Fok7] wiitel FE A

Arke ARg3 ool AEY AR NS
A 5 gloh

A dugFe A9 HZRE  AolxE

SRS 3
Ak Fiol s AlkE

N2y 49 Bt WolAE TRIAS HAE
s ZRHY 5+ A AW 4 Az
Fas @y FY RS Sdse HiE

S CRNE
o

if (a==10)
if (b==15)
if(c==20)
/* target */
=4 AeY s3] 45 FHdl 4 Mo A= Ak
F1E F31 YW I ==5 Y% A
T3 daegs ARgstd A, wHj, EAWolE
ol 293 o FES FHEoF HRF =5 FIY
7 Utk 53 A daglge Ades 71
AdE HAE AelAE Hrlsked B AREEA
A2 HEE AolaE sk d AFSH A %7
wol anj, WMol Aol A o F2 Ad=S
Zte H2E Alo]2E AA v+ 1Al vt

T4 AEY 8 7|HY Ad5 SMT solver 7}
dupr; w2 AIZE Yol AR Al 23S EoA
HAE Ao|2E AT = =7l 24 #A5-Hrt

2 off

webd A ARY FA9 wus hed AR
Aok 2AL EASH] 9% =4S FAL
Ag el e Aol A A9Ht A8 A
zddoz wAd A% 249 AF 3}t wgAd
d ol ARHerpl] 48 45 maNow
NER F ofE 42 A% 2ae AYEA 2]

A3 xdS AR Ak
2R Ak A Heolzt o FHruh wEhA
Adnkd oz FAgk Ay AR ds] A= Ak
Z7AL AL SMT solver & AF&3lA & T+
) z@AoR AR AF A&

bit-vector =

7138t Aol bit-vector & A& A= Aok
21& 7Este A By ade "oX AN A5
FAAIA U

A daugFe AF Ad=E AAtsr] 918
HAE Aolze dis] Al Z2as Adshe
AlZre] HZE Aol2E AAsEd =& AREY
s 2 gk weba] Bl AE Aol Jok E9
A71E Hoe=m AR A AAY dviy B2
SRk 3 AAS =T ARIAVE ded &
FEFS PAA Aok wepA #He s AHES Sl
T2 HXEE FAo]2E we F JLEF A9,
Holel e wjyjwge] HAAS Z sHA st
Hge] SlgE Fola HAEE Aojxe Hd E&
A FAMA 2 HE gAY AFEE FoFe
Aol dagFE AHES HAE Aol AA
oS A7 d Ego] Hrt

41 AolA 43 AAA, BH AEY Fan §3
HAE A4 P8 SdelA

L EE ER)
AxdE Fystd o5 £ 13 2ok
54 48 59 F4 g E
o1y 2= 0
[ ] H %T“] ° o1 : tﬂ_),:gl
dolst JH = N
7]% uﬂu]g] X];_]‘Hol: % O]Q]r %]EHO] =
= -
48 by ° AFS WA e
7‘_:.}\—] H Y ﬂ}% u7%/\
Fod | g mppus zgo |® % 00NS
i & 49
A FoA &S




otl7l g 7o
¥RIE A, ® £/l =219
REasd A, s 53
w3k | S kel Aloj 28
52 e
AHgaE A% 237} gold
E3t7} "ol
e A3} 9 HolE
o Hud Ax x4 gﬁ;;AEE
RS o)A o
iy ) Al =E A&
4 AAgshe .
o A ata Aashs
B Agtel &

H B AZto]

ul

@ X FFo

O~
. = = & Asrt
= A M=ol =
G 4 el F EZ AlEg
o 1 1= =T |

AHE3H71 7 4l _
© THEG A5
o e ¥QlH
A, FEasd
o A =]
a4, ﬂf ® y~ E A o] 2
is] e <
o} A 142 = A ey @3
B S A IR
of—
T2aPS ° -
Ao R HX2E
atA et

5. 48

BoERdAE H2E Fox s A4 7
Zo A de AMEHA Qe BH AEEY 53
4 dngEe 2A4san &, 9de
BT a4 A uHs 285 %
A 2 aze zdol AL B AEY 53
4 gugFel Hl& Hg HeAol o Ege
g3 wudAME FH By 7z =23
seadel e FEH  AEeE  Fgo], 9
gtolnge 425 wol Fgata B ¥
A W BEASEH dike] BS ALdE f

daglFe]l W Asiivh de mlale A=

4y ox 1o 1o 10 off IN Tz ook H O poh k| W gE

7o wiNHGE ofgA AAs vk wep A
ztol7b AA F 4 Jdow T4 AEY 59 7Y
745 SMT solver & A5 o], fd dag+
A5 s gk Slge HAE Aolx FJu E
A71E =olv Fol HAZAR HAE Aolx A
s Foled A =& = s ¢

A AT

2o=dA Aol w4 AEY Sy

FAx daeFEe HAE AeolxE AAse d
ol Mz Aeldt 5A4& zta slen H2E
Aol A adE Hugds o M2 s nad
T e 7heAds Hola ok wEbA AF dATE
s, T4 AEY FHol o FEE #A
TaEEE, A daeFsol FF FE2 54
e FS @83k hybrid HEE AX 7[HS
Wate] &3 F2 HZE Aol A VWS
Wdg = 9le Aotk

Fagd

[1] National Institute of Standards and Technology,
“The  Economic Impacts of Inadequate
Infrastructure for Software Testing,” Planning
Report 02-3 May 2002.

[2] P. Godefroid, N. Klarlund, and K. Sen, “DART:
Directed Automated Random Testing,” ACM
SIGPLAN 2005 Conference on Programming
Language Design and Implementation, 2005

[3] K. Sen, D. Marinov, and G. Agha, “CUTE: A
Concolic  Unit Testing Engine for C/”
International Symposium on the Foundations of
Software Engineering, 2005

[4] CREST Project Page
http:/ /code.google.com/p/crest

[51 p. Godefroid, M. Y. Levin, and D. Molnar,
“Automated Whitebox Fuzz Testing”, Annual
network and Distributed System Security
Symposium, 2008

6] N. Tillmann, and J. Halleux, “Pex-White Box
Test Generation for NET,” International
Conference on Tests and Proofs, 2008

71 c. Cadar, V. Ganesh, P. M. Pawlowski, D. L.
Dill, and D. R. Engler, “EXE: Automatically
Generating Inputs of Death”, ACM Conference
on Computer and Communications Security,
2006

[8] C. Cadar, D. Dunbar, and D. Engler, “Klee:
Unassisted and Automatic Generation of High-
Coverage Tests for Complex Systems
Programs”, USENIX Symposium on Operating
System Design and Implementation, 2008

[9]1 A. Baresel,

H. Sthamer, and M. Schmidt,



[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

“Fitness  Function Design to Improve
Evolutionary Structural Testing,” Genetic and
Evolutionary Computation Conference, 2006

L. Bottaci, “Instrumenting Programs with Flag
Variables for Test Data Search by Genetic
Algorithm,”  Genetic and  Evolutionary
Computation Conference, 2002

N. Mansour and M. Salame, “Data Generation
for Path Testing,” Software Quality Journal, Vol.
12, No. 2, pp. 121-134, 2004

G. McGraw, C. Michael, and M. Schatz,
“Generating Software Test Data by Evolution,”
IEEE Transactions on Software Engineering,
Vol. 27, No. 12, pp. 1085-1110, 2001

J. Wegener, A. Baresel, and H. Sthamer,
“Evolutionary Test Environment for Automatic
Structural Testing,” Information and Software
Technology, Vol. 43, No. 14, pp. 841-854, 2001

J. C. King “Symbolic Execution and Program
Testing,” Journal of the ACM, Vol.19, No. 7, pp.
385-394, 1976

SMT-LIB: The Satisfiability Modulo Theories
Library,
http:/ /combination.cs.uiowa.edu/smtlib/.

M. Kim, Y. Kim, and Y. Choi, “Concolic Testing
of the Multi-sector Read Operation for Flash
Storage Platform Software,” Formal Aspects of
Computing, in print

R. Majumdar and K. Sen, “Hybrid Concolic
Testing,” International Conference on Software
Engineering, 2007

J. Burnim and K. Send, “Heuristics for Dynamic
Test Generation,” International Conference on
Automated Software Engineering, 2008

T. Xie, N. Tillmann, P. Halleux, and W. Schulte,
“Fitness-Guided Path Exploration in Dynamic
Symbolic Execution,” International Conference
on Dependable Systems and Networks, 2009

IEEE Standard for Floating-Point Arithmetic,
IEEE Std 754-2008

B. Dutertre and L. Moura, “A Fast Linear-
arithmetic Solver for DPLL(T),” International

Conference on Computer Aided Verification,
2006



