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Automated Test Data Generation for Testing Programs
with Flag Variables Based on SAT

In-Sang Chung’

ABSTRACT

Recently, lots of research on automated test data generation has been actively done. However, techniques for automated test data
generation presented so far have been proved ineffective for programs with flag variables. It can present problems when considering
embedded systems such as engine controllers that make extensive use of flag variables to record state information concerning devices.
This paper introduces a technique for generating test data effectively for programs with flag variables. The presented technique transforms
the test data generation problem into a SAT(SATisfiability) problem and makes advantage of SAT solvers for automated test data
generationtATDG). For the ends, we transform a program under test into Alloy which is the first-order relational logic and then produce
test data via Alloy analyzer,
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gk 7)o FHa ¥MFEE Fold ARG e R
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Asle A3 ot SATE ojwdh 0|7 =2]4(Boolean
expression)®] & W 1 =L o] HES 3= 2
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2do|d Fojz =24 FHo| HA e WFEY @9
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void flagProcl(int x) {

int flag;
flag=(x==5);

if (flag)
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o1 A A2 diAshe T2y W S A
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a2 FA9 f¥ol wet g ¥ Wyse] ga7dE

Bottaci= &Fd 2 ¥4 @& ZFse 49 &7 Ad
g vlg Adstd AFstn A4 FPart AHREHE £7
ZZAA HFAL Hrlsr] Y8 ALgsE Wy e Algkst
HTH3L (28 1)(a) flagProclolA 28 =AM ALEE+=
g ¥F flage 18 EFA Fdch oA 18 &
Folx Fa AFE F¥ d 7] AL “5xI"g v
ANE] F3 o)& 2 B ZPNA HPA FHOE ALE
g} o] Aol AFA T (3™ 20 24 €

E g WyYo2 Baresel?}t Sthamero] A 28 &
F BAE o] 83 wWye] UoH12] (28 2)(a)9 flagProc2
M £F F3Zo] A7 s 34 £7] 2] FHe] H
oo} gt o8 s 3 EAe] A7 He 2¥ EF
o] Adxlo] A% flag7t Fol & "oyt ot o] IR
AR 3§ B4 7YE o839 ¥g F U deA
EX 242 Ads: HAE HolHE 7] 93 $4 14
2718 #o] HA = HAE dolHE ¢4 L »art
Ack. 1¥W 7] 279 EVAYR FoiAe AFPAH I+
“b-xI"e (I )% 2oH o] HAiZse YUY xE
QoA g gulel o] HA SAE & Qo

o] BE HHEL EsAE (29 3)a)e Foiz ==
a3 o] wEEYAN o d57t FoHE A9
t H4¥ & ¢k Baresel 52 °] £48 A3y 9430
N2 T2y AW Wy L AUsAcHI3] o WEe F
/el ¥4 fitness®}t counter® AHE-FTh (2@ 3)(b)e ¥
g Z23PL BoFED A fitnesst FE FFL A9

void flagProc2(int x) | void flagProc3(int x) { "Ey
int flag=0; int flag=0: 10
1o if (x==5) 1: if (x==5) 5
2 flag=1; 2 flag=1:
3 if (flag) (/28 2% ) 3 if x==5) {/ & &% ..} 0
} } -0 -5 0 S 10 15 20
(a) (b) (c)

(38 2) (a) oM =202 (p) HEE of|8] =22y (c)XEA &5

void flagProcd(int al), int n) {
int flag=1;
int i

for (int i=0; i<n; i++) |
if (ali]!=0)
flag=0;
}

if (flag) { // 58 &%)
)

(a) W3 A

void flagProc5(int a[], int n) {

int flag=1;

int i,

int counter=0;
double fitness=0.0;

for (int i=0; i<n; i++) {
if (ali)!=0) {
flag=0;
else fitness+=1.0;
counter++;
}

if (counter==fitness) { // Z& &% )

(b) ¥g ¥
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AEE HtBo] AFHog £yd o vl 19F F713}
WS counter: ©f wHEwelt} 19+F 743 (29 3)(b)
oA} go] Fef1 WFE AHEF £7] = “if (flag)"E
“if (fitness==counter)’2 wA|sld EF FFL HAPd=
H2E dlo|HE #7] A% AP &5 /Mg

T

3. SATH 7|28 HAE HO|E 44

o] ZdlA= Alloydl dhiaf ZetdtA 24F Fo H2E
dolel & Asoz A7 fgto (64 AtE C ==
a23¢ Alloy2 @@= el dgto 7led

3.1 Alloy

Alloy= MIT9 Daniel Jackson® 19| F8Ee] 93 7§
g 13} BA =2 (first-order relational logic)ell 7]¥H&
T 2d3g dojerd{9]. 7[BH o2 Alloys ¥4 HA A9
Q1 Zoll o3 ¥ woton oed AlAH HAE 7E
7] A% Aozt ol 7led RS #4 ¥ F UES
AEEAk Alloye A¥ #A 719E Fu A2de
71€8 £47158 AFsE7] Y3l Aloy #4717 7
Hoith Alloy 2471 98 =g 4o2 FA4€ Aloy B4
E Fo] HA e RdE AL =T oA B
42 gAo e =YAEL Fol HEE A Yehd
e BASAA FAHA @ES vRIYE e AE 2
3o Alloy BAE 3A F F&, A2 d(signature
paragraph)? A4 @& o2 FAH

A2 H(signature) & 3 M2 & o o
€ People®} Fish& 42§ ootk

sig People {} sig Fish {}

o]Z People¥} Fishzts AAES ARES 42 39
Aoz ¥ F k. Y, MAE o] A= ATUAY
HeEEL 53 F4T £ 71 sld dE &9, AHgEC] &
1718 L F Udthe AL People®} Fish 7S 7He]
@7 (e, People->Fish)E Peopled] catchgls R=8 A<
o] Og3 go] B8 F Aok

sig People { catch: Fish }

uhoF B37]8] £FE AE3sld EEE Yot e A
2= g o] Aoy F3(signature extension)S F
3 7l 3k

sig CatFish, Mullet extends Fish {}
o] ¢l CatFish$t Mullete &% 948 AUx ¥

Fishe #E3%9¢ Jehdt} s+¢ Fish7l “abstract sig
Fish {}"¢} Zo] A= o] glthd Fishe CatFish®t Mullet

o=t 7AE ARYS Yehdt

AFHEL ‘fact'st &o(predicate) & AHE3A BT
fact's 2 3ol Hok e &4, F ¥ (invariant) &
@ g5 “BE a7l Zol7t 0ol dolojef o}
T AR "ol @ Ea7lE V1A ok BAE T FE F
A "= EWAYE EAE Aotk

fact {

all f: Fish | int flen >0

all f: Fish | lone d: People | f in p.catch
}

°]% Fishol BE leno] o5 Zo] Aofse] AL 7}
A% Aotk

sig Fish { len: Int }.

471914 ‘in'e WAEHEAE dehlde dAzeln Int’
£ 378 MAE Jedd ‘Int’ BFE AAAM HA4
T %2 'int’ 7|NEE ALEIA 78 5 A

Alloydlq ol ‘pred & A&t RHPT} dE 50
“AHEES HaE & vl o4 BIV|E FEWTHE A
€ Alloy €91 AHg8t] Yehid oS3} 2o

pred doFishing {
all p: People | some d: Fish | p->d in catch
}

714 ‘p->dE p%t d2 T4 FF (p, & e

o} Zo] ZdE Alloy BAHIE E4317] #& Alloy ¥
471€ o] &t Alloy £471€ Alloy 919 994 &4
< AFste =Tl Alloy #4471 =24E Fo=
gt 2de §437] i 71RH ez Alley £47]e
2 gA7)e 28 4 o 24 g4 ¢d aF3E
A# Alloy 2471 AHEAZE AlFds 94 9 elA
£4¢ sy

& Eof AAM FolA E°] “doFishing"S Foz T
= Q292E A7) AH4 iR 22 B¥Le T
g & A

run doFishing for exactly 3 People, 4 Fish

o] BHol People AT AY3HA 3718 AHE-33L Fish
MAE 4708 AHE8t9 “doFishing” €0l& Ho=Z P=EE
24 gAste vje|rt. o|s} o] Z AlauvFHe A
F8e 2718 9Y(scope)elet ¥-Ech. & People, Fishe]
dge 47} 3, 47} H1 o] People, Fishd#s9 2712}
3 Az s Fusich (2¥ DS Y9 d#Ho dig Alloy
479 AAE B ok
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sig People extends univ = {People_0, People_l, People_2}
catch : some models/shape/paper]l/Fish =
{
People_0 -> Fish_0,
People_1 -> Fish_l,
People_2 -> {Fish_2, Fish_3}
}
sig Fish extends univ = {Fish_0, Fish_1, Fish_2, Fish_3}
len : alloy/lang/Int/Int =
{
Fish 0 -» 1, Fish_1 -> 3, Fish.2 -> 3, Fish.3 -> 2
}

(22! 4) Alloy BMQl 84 Ha2H)

(2% 4ol 2 & A%o] Alloy £47]= Peoplec] A 3
/Mgl 7HA (e, People 0, People_1, Peopl_3) Fishe] 47}
WA (ie, Fish 0, Fish_1, Fish 2, Fish 3) 221 Int(ie, 1,
2, oM 3 AAME AHESt Folzl =eA e FL
2 gel volg g BAEo

olg} Zo] AHEAZE AFTE Y WA FH4E& 37
fEo] 4% 2dg & F gd¥AAE Fo =4
wES £ gdn 22YE F Qg o] ZAfole 999
a71& o 58 2A4E OA AZE & UAT BE Fe 9
M =e4e 58 F Adte dF As AcHI4)

al[i] |

(a) Aloj2§ Y=
(38 5) &= 'flagProcd'e| Hof 8 J2f=e} Alej 2

T2 HAES 28 HAE OO0 XS dd 375

rr

32 Alloy 7|8t E|AE djole] A

o] Ho|AE HXAE dHolEHE AFo2 A4 $td
C Z2a%L Aloy2 ¥H@ss Wyd distd 7led.
24 H2E o] He Z2aPo2REH Ao 5§ 19
ZE 3283 o] A Ho] RdZ wEd}: WY &
et Ae) Aol Rd2 RE Alloy BAZ W37 AT
L 2% ol& et ¢4 T2 MTFES Aloy
2 B3Y 9871 ok A o] =&AME BFY, 72A,
ZAE T 1237] G| o]E WFE i AlloyzE X
g3 st whol dis) A

3.2.1 BeRdsy

(29 5% (¥ 3)(@)9 ‘flagProcd'e] Ao 35 Y=
ot A Ho] Rdg HoFEr} Ao 5F T F
E(node)= Z2a374e] Ao H(control point)E YERHI
Hd(edge)e Z2aYe] Z FFolu AL e
Ao 58 2Pz RH e Ho] RdE FH3E AL
¢ et Ao F oz 7 x=& dH Mol
do ez HEHT S A e Helz gdd
ot Aol Holg EHY o M9 EFolY ZUo
Alloy €0l2 ¥gso] Ed9d o FAF L2 Ao &

Q
Q
G

2

<n
aﬁl-\ﬂ—®7

afij==0

e

flag==taise

AD

(b) 4ef} Ho] 2

RILY
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& a1 =M 2AZE 7+ (out-going edge)o] e :=Elie,
F8 x5)d #Fee e Aoz Hol7t EAgr

A Ho] oM AElE Z2aPAe] Z Ao]HelA
Wz 7ka £ e #3E Yehdd Alloy2 o9k 22 A}
AL BHE7 AN Z2aYe z ¥fd Fse U=
€ Ze A2UAE BYF22HA YErd F Qo o
59 (1Y 3)(a)9 ‘flagProcd’ ¥ ATFE wid a, AF
g W flag, i, no] AH Jevz HeHe (27 6)F
Zo] o] MFEd #HIFse WEE 7 E A|2UAHE A9
st g@E

abstract sig State {
a seq Int,
n: one Int,
flag: one Int,
i : one Int
}
sig S0, S1, S2, S3, S4, S5, S6,57, S8 extends State { }

(3% 6) &% 'flagProcd'e| HEf EH

AaYA ‘State’olM a, n, flag, i Y= FE} T2
¥ w4E dZste BASoIY FEEA 74 AedA &
wgo dAEAE Ut EAFof ke AMHE FAA
‘one’e AHgate] EAEAL o o FFY ¥y Alloyol
A 712H oz AFdE Int'E ol8ded RdYsn FT-E
g AHF2E Yehls ‘sed & AMEE RYIHIHACD
‘State’ A|ZUAE 4§ S0, .., S102 4 (21 5)9 4
g 0, .., 89 3Fs= AlaYA S o E S0, s7F Al
yA S3¢9 & AFd sie (2¥ 5olA Aojzt 4H 3
(£ A4 3ol o2 o ¥ i9 @ vehdoh

3.2.2 o] =d3

F8 Ad 2doA A ko] Hole Tz T
R EoIY 2A44)E HBF Ally =0l o #H
g}, (2@ 7)) ‘doAssign'e (¥ 2)9] ‘flagProc2’ &l
A ‘flag=1'8 Alloy €12 ¥E&F 4F RAEd oA
¥ 4 950 ¥ag Alloy #ol& A8 el(s)2t FHH

pred doAssign(s, st State) {
int s'.flag = 0 ()
5'.X=8.X (2)
}

(33 7) HEEE Aloy2 HEst of

pred ruleForCondition(s, s': State) {
int s".v, relop int s.exp
s .viEsv

s .Vn=S8.Vy

(a) 274 U@ 73

(s"E QA= 7hA.

(2" DA ()& wjZ & &3] ¥ flag7t 73415 7] of
ol wjAEo] Ay Fo| 4], & F Fe s'oA flag
o e AF 0 Zojo} e AMEE FEHSL & 3
AT o3 9FS A g MF(E)e AY A
ok 3 Aol WA golof Frie AMEE EHG A
ojth. A9l Aol W x7t old Pl W&o A
3 Fel(s)ol e x ghat FHFE(s)A 9] xo] Fro] W3}
A gotof ks AMAE (204 BHS ), T o] F
dAHog2 FPsA ¥od Aloy £47]7F ¥4 xol 99
o @& F3 Aefol &I Hol AdA ¥ A} @
Ag 4 9ok oy 2HE& ZY < Z(frame condition)
olgt g} (IY 8) WiAFE “vizexp’l wisl Alloy &1
2 dgsts gk #3E HAFED A97]A vy, .., va
& AZEFAN v A AL EHE W5 S|

ZA4E A9 FYE Pz HEd & Qo WAL
& U wio} O HE @A o3 A" ¥ET} 9l
o= Folth el g Z2IaPM AlLEHE RE B
Fofl dis] =g =AL Zledde Holdh (28 Yae
AutH 0 F v, relop explE FHHE ZAAL Alloys ¥
g3 732 8odFh g7]0)A relops TAAMA O, <,
==, >=, <=}& YEdtt T Z2IYPA AHEHE ¥F
(vi, Vg, ..., V) EOC] ZUAE AP o}FH FHF& ¥
A e AEE Ty 2AL i 2 E A F2
g7t Atk (28 9)(b)E flagProc2 §9 244 'x==5
E Alloy2 @3 o8 BeFc)

o] EAE 12 AFY wldx n2st7] g o]
g Aloy2 29y 3 o] Fasich 321004 ofv] Bk
%o] Hde AlloydllM Af22 EHE 5 ok wof i
adl idA 94, 3 ‘alil's Alloydld A¥2 a9 iHA 9
A2 293 Ho ol (sam)si] EHE 97]dA s&
‘ali] 7} AHEEE e do] RddAe] AeHE Yehd. o
£ 5o A solA ‘alilcexp'& T Fo] Fe7} '
Alloy2 ‘int (s"arr)[sil=int exp' 2 29} & o] vjF

pred ruleForAssignment(s, s': State) |
int s'vl = int s.exp
s'.va=s. Ve

;’.V.—FS.V“
}
(2 8) HWYES AloyZ Belsts 74

pred performCompl(s, s" State) {
int s'x =5
s' flag=s.flag
s .X=s.X

(b)'x==5'8 ¥# o

(22 9) ZZAE Aloy2 HEshs 78 % of
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Ae] o3 % WA ¢ BE WSS diF Y =
E gE9 7|&Hojof @t

Wdo] BEE AL AW 214 B3¢9 Zo] §Y3
A Mk, §4 flagProcdoll A ‘ali] 1=0'e ©EF 2ol
Alloy2 293 €ch (1)~Q)2 Zdq 2|0

(s’.am)[sil '= 0

s'.arr=s.arr (1)
s'i=si (2)
s’ flag=s.flag (3)

£ wjge Arle AE29A AHgHE BEE AY2E
9o 7)ol dii A%L Vet PP & EW W
9 Aa7)7} 5 ASl b3} Zo] AT,

fact {
all s! State | #(s.arr).inds = 5
}

%, EE oA wW4E ‘ar'y) 27]& 52k AMIE BE
& Aotk o7]9A ‘inds'E Al@29 A2 FFE A
sh= gaoln AR WE B QY= ¥ AV|E F
Lis

3.2.3 Alds =YY

o] AoflME & el 2de Alo] £FE AloyE Ed
8= Wyl dis] 7ledch B S, Sp, Sp7t Y T2
ol ¢ax ez Agddn 7M. F, S Sp Sid.
ol9} o] FAH o AYHE EFELS (1Y 1007 2L
e 2 e Mol7t o]FRT A7) A By, Py, Pae &
Z Sji, Sip, SpE o oA AP W A ue} AF
g Alloy 00|t

(23 10014 Yebd e Ho] EFL uf§ HdstA
oth&3l o] Alloy2 WEE F 9t

s in Sjp => Puls, s'] && s’ in S
s in S5 => Pols, s'] && s’ in Sp
s in S => Pygls, s'] && s’ in S

# Alloy A2 ©eF @A 27 Spk=1, 2, A d&
Ad Sk 2 717l YMME P BEHoldte ANE
g8 gl A7) =>, &&S 242 implication, and&
Jehl 7] 98 Alloyol M ALgdte =28 itz

e Hole £AHo R A7 =HAT dgHor @
A +x ok Z2a] if 2AF0] e Sl @

© 2C

P )
%)

(38 10) =X e ol o

A AeolA 2 & gl A7t 48 A EARY. dE E
o ZZaYol'if C then Sjl else Sj's"l' 2L ZAEL £F
i Yot o] 2AFL (29 17 o] EEEL

(28 1D)A PE Z2AE Goll 8iFsl= Alloyol €0
H QE ZAE G/ #EHA ¥t 4 5E 29YF Aloy
&ojoltt, £ Pyt Ppe S SpE AlloyZ W8 A3
oltt. (2 1DoIM EAE g HolE Alloy =242
Hgsiy ogat g

sin Si => Pls, s'] && s' in Siy || Qls, s'] && s’ in Si;
s in Sy => Pils, s'] && s’ in §;
sin Sp => Pgls, s'] && s’ in Sp

A dA Alloy 42 84 A7t Sigtd o& ZEHE Sa
o]AY Spoltt. o|g} o] deHoz Fe) Hol7t He 3
£ =dd942 (Alloydll A AH-3kE ordll B8 =
AR E AHEste] @R F5 flagProcdol M AT if
(ali] 1=0) flag=0;"& Alloy2 ¥&% Z37} g3 Zoh(P
g d43= (29 5l Foi7 e Ho] S FX).

s in S3 => doComp34[s, s'] && s’ in S4 || doComp35
[s,s'] && s’ in S5
s in S4 => doAssignd[s, s'] && s’ in S5

pred doComp34[s, s State] {
(s".arr)[s.i] =0
doNothing[s, s']

}

pred doComp35[s, s": State] {
(s".arr)[si] =0
doNothing[s, s']

}

pred doAssigndS[s, s': State] {
int s’.flag=0
s'.arr=s.arr
s'i=si

}

pred doNothing[s, s': State] {
s’.arr=s.ar
s'i=si
s’ flag=s.flag

(38 1) Medx ey Moo of
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9 Wg Auo]M doComp3dt ZA ‘alil'=0'% Alloy2
Hekgh Aato] 3 doAssgndhs HIAE ‘flag=0'S M &3 Alloy
£ojo|t}t. Alloy €9 doComp3s: #le Zzad %A
‘y<p->data’7} WEHA ¥ FFol sAFstes Aloy €1
ojc},

add 7] F5E HE doComp349t doComp3s 7+
o] #Aolct A% EH doComp34E !doComp35(Sd 7] A !
< note] 9Jv|E zZt= Alloy =@ d4tatelth)s} Zolok 3
A AA2E 382 F5E 9 W8 oM AT £
k. 2 ol Z#Y A dEold. doComp3ds =3
‘aill=0'e] AFEE= Fojoln o] A & od WFE
G wx ¥7] "o o]& BAHoZ J|e¥ dav}t
glth, o] W&o Alloy &°] doNothinge] =&t F,
doNothing RE ¥F7} A8 A3} Felx HAHA Yo}
ofgitt= AMEE EAF ol A ‘ail=0'¢ WFdHA
%E Aidx BE ¥F7 9§ B Yojo} EE o
34 ‘s in S3 => doComp3ls, s'] && s' in S4 ||
IdoComp35ls, s'] && s in S58x WEF F 9o} whef
olg} Zo] WMBFUTIE ZY =UE 7|EF Aloy =9
doNothing[s, s']= !doNothing[s, s']2 ¥$g Zlo|t}, o]&
od T2y ¥HFe AT Ao s 4FS ¢
5 okE HE uidi Hez ARd A3RE 29
F ok

(2g 12 olHd ol WEdd Fejz gl Ho|7}
HAstE A% BARE Aol ogd A Z2IY
wiE o] EAE o Yeldr (29 12)8 AlloyZ ¥W#s}
= AL (2™ 1) Agd A3 2 Aol7t gk wf &
A A7 SEtd ohg AtElE olu] WS AE Spolofof
3ty Aozt dojupr] M E PuE U of @t (29
12)¢] A o] 2dg Aloyz E@sE o3 Zoh

sin Sy => Puls, s'] && s" in Sp |l Pds, s'] && s' in S
s in Sp => Pyals, s'] && s’ in S
s in S => Puls, s'] && s’ in Sj
s in Spp => Pgls, s'] && s’ in ...

710 A & 7kx FEF o] Aok WEHE TS
FHELS H4F w8 3FuIFo AAE A Y4 7}
Ao} g}, o EW (Y 1294 <Sj, Pg, S, Pa, Sis

(38 12) gk=ef of

Pu>7t 4% nd 9EEG /14T o AH S, Sp S
47 A4 oY AAES EgsF o 2y o
5| dUo] Z+ Aol dhsf B i A7 FFEH o oF
ke & "avt gk owt A do] R yeid 2
T AHEo] 82 3= HA Asws vestd @
Alloy #4719 SAT s|ZA=F7} e Ho] Rd2 Y
=4S BHAY 5 UEF AFHE Z FHo HHE G
M A EE 2uiety] d&eltt. o]y @ HS SATE
Tl 2E  Ae FTRE o|Holth o]d wha H= ]yt
H2EJANE SdF A2E JASof stmz wEgo]
5= e ATY o7t Qi

33 SE 2¥9 B

239 53 %, § SE ¥ A= "H2E
HelHE A7 AfMe EE £32 Aloy BA 71
€3 Ao "edh. 48 €W (28 3)@ddH F& ¥
e Adse HEE dHolHE 4437 HHME (od
13)3} Zo] S0E 7] 2 F3 S7E T3 FHZE B
atd €k 97]elA S0 (2 5)(b)S] 09 #Fet ST
79l M3t Feolrt

sig S0, S1, S2, ... extends State {}
fact {

so/first() in SO
}
pred testlt() {

so/last() in S7

}

run testlt for 6 State, 5 Integer, 5 Int
(38 13) 27| Mef % X YE4E Aloy= EBiH of

SO ‘fact'®& AME3te] z7] FejdE 71edt S7&
‘pred' & AHE3Y ZlEdtth 1 olfE 27] ddHe 3
o] AT 53 dee 2d F A7l dEelt. (2™
13)3 Zo] FAE FAL W Aloy 471 43 712 3
BE AAEH 53 S7d =" A% P29 949 @ A
BE AMEG.
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o] AolME o] =RAA AL SAT 71Ut HEE dlo]
g AAuye Z84E Bo] A8 (28 3)(a)d Foi
4 “flagProcd™l s WY HZE dlojE P
dg H28)F vastd 4¥e £IT 2AHE Ve
Aol ALE e 7189 BYE] ARHOE HLE
HolHE& BAA X dEAHQA T2adely ¥lAE 9
do WY H2ARE AP olfE 17N dFARo| 7]
£ H2E dojg 44 #WiEo] EFa b7 e X
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2288 HaEdE ASde d9 H2"E #3393 AL
o FY37] wEo|c

i “flagProcd"s A58 Wld e Y¥oz Ptk TH
Bo] B2F FRold o8 Agsr] M dY w4d
EC] BF 00 HE FReld ol EF1 ¥F ‘flag
o &8 53 ¢ F Qldh EYa WS flag's HF DL
%713} 5o glon] HHEEo]A wjde] o= g grolgtk (
o] sfUgtd ‘flag’7} 0o] 7] wWlEe 6 F=UA o] AAlo|
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A ME 8 AFe S TME F (64 ~ 63)9 W
= Agstgon wjde A7|x 3REH 10742 ek
ety Ha 4 Fzhe A7) gy 27171 39 woly
o] AgollE 128%]c}. ude] A 4 Fe A7)E WY
9 277} 102 9 128%=10")e] €. 78 FFL AP
F Qe 98 g2 wde RE 947t 0(al0)=all]=..=al8]
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oz uj$ Fuksic,

<E 1> ¥Y HAH(RAND)Z o] =EojA At
SAT 7]4F 812" (SAT)E ¥jEel 27]o] met 93t sl
E dloJHE AT AzE FHF Aoy Z wid 27
of dis] SR Fstd PGS 7|EF Zolth HoA
4= 1AZk0] AREoE Y8 HAE dolHE A £
g A$E Jedd (28 14e <E 1>9 Z23E ag=
2 BEg Aol

<E oM B 5 %ol 48 g4 Fho] viny e
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TIME{ms)
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