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Infinite Loop Detection Based on Path Analysis
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Abstract  This paper proposes a method for detecting infinite loops in C programs. The method
is based on some static analysis techniques, including loop unwinding and path feasibility chec-
king. By traversing the program’s flow graph, it firstly generates a set of diagnosis paths for a
specified loop. Then it analyzes all the paths according to their test data and relationship, to de-
cide whether there is a subset of the paths matching some non-termination pattern. A prototype
tool called LoopAnalyzer is developed to illustrate the feasibility of this method. The experimen-
tal results on some benchmark programs show that the tool can detect infinite loops effectively

and accurately.
Keywords infinite loop; loop unwinding; path feasibility; test data
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— 4R B (AR G AR — BT R .

ARSCH 2 T e G S ARAE A A H E
NS TEINPOSE E va F e R AR IR R R (2N el
i I HEAT T 5 4 T i — A B )T R R
Lol fofE FET AT 0 O 6 G T SRR o R BE A 2R 9 45
H— 21 BE AR T ) S0 B s B S A A S A S T
VE I X5 A SCHEAT S 45 e 2.

2 ETHRENERFISHIHRAR

TES 8 FEAE A I J5 5 Z 10 AS 1 45 AR 1
ARAEIEA 53 B 2ok A8 o 55 2 T 2 1 L T BR AR AR P
IR,

2.1 EAXEHE

F T A 8 43 A 0 3 A R AR HE AT
G, ar — e ] A AL, 4% ] 3 1] (Control Flow
Graph, CFG) J&—Ff ¢ F () v [i] B 784

EX 1. il B 0w R DL A
(basic block) 7 s B9 1] . Br il S A B, & RE P
o LA E— AT R E — Y O 35 A e A, o AN A
R RSB R SRR Y b (0 ) AR R T AT i R
2 R ERIAT » B A A AT T AL b Ut
TR EE—DHE G=(N,E,s, ), i N 21
RIES BB PN EAYGECNXN Rl
MEES  WRF T A N BELm B, iEa), WAE G

A BB B, A L E e= (B, B) €
Ess 43 5 3 7m 45 it 1 A e i R 50, R R T
TR B EA A AR B

5 3 A B P AR (path) $ 38 T 2 7 19— Ik B
RAT L 2.

ENX 2. B{RE. EEARTE R i — A AT
FEA p=Cnysmy s eeesm, s o m 2 BRAR KB,
(nisni ) € EQL=i<Tm). B my = s (1 45 Ry 3 4
& (partial path). 43R n, =5 3F H n,, = [ EATFR p
TR F Y — & 5E B % 42 (complete path). ££ T CH
W TCRR IR U T FRATT T U A AR AR R A 4 i AR
GHB 43 642 p AT AT HY (feasible) , 24 HAL 2 17 7F —
2 A AN (A5 2 7 BE WY 3 AR BR AR PAT. L B R
1% p =017 4% (feasible path) . & WIFR B AS 0] 47 4%
1% (infeasible path)t.

JUF i A R Y B A7 AE B UG 38 B2 T o B 406 B
AT DAIE 3 45 i 1 ) T PR R A A

EX 3. W EHEE PR e= (B, . BO#H
[ 31 (back edge) » 24 HAL 24 ML 5, s 2| B, W4T 0] #%
B# 23T B, RIEFR B, B, By 2 555 a3 E
R (B B LT — R ZAH B
FrE NGt B, 23k B, 7 554 A DL R $25k s
T 320 T AR PR s o R A L X T
PP — DG ER. 8 5 H (B, B SR AR IR A~
I B TE AN B SRR IE R T DL A A
B R R AR,

SRR T PR E A 3 P EEATE L AR
# (simple loop) . & $24F #F (concatenated loops) Fl
H B ER (nested loops) ™. g il 3t (&1 (1 41 T =X
WE 1) (b)) in. K 1 iy S.S1.S2
1S3 HR S — DR AR, KT RS AR N E
A B E5HE IR E 1 R AR .

EX 4. Kk pgie. 7 m i (B, B # & 1
o, HORG 09 #% 12 (diagnosis path) #8 )\ s &3 B;
FN35 B — AR B 4. A7 Bk U, A B B AR — SR
Gy AR A RN AU AR Y W — A8 B AR
F

R TR RS — AN TE MR T4
— A HAR 5
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int ged(int m, int n)

{

while (m 1=n){ Jx1x%/
if (m>n){ /%2%/
m=m—n; /%3 %/
}else {
n=n—m; /x4 %/
} /%6%/
}
return m; /%5%/
}
B 2 —BoR Bl

HiP 3 AR, BREL ged A — B IR, o R
1.2.3.4 F1 6 t9 1. #5142 p1=1(s.1.2,3,6,1)Flp,=
(s21.2.4.6, 1) AP 00 254 50 B A2, EATHY TG
AHE A ANTE 4 Ca) A1 (b)) Bz s [ @7 3R i T2
—NAE X PSR AR R AT AT L T AT 4 Co) 2
T — ZRAEATERAR B0 T W LR A S AT 1 5

(b) HBE I
3 MR I IE X

B 3 REL ged M4 i i IE

DTS TR IR 4 A B B AR A . IR B AR A
P={true} ; i34l s4 ., 155 P={;<4}; il 3, %
Py 1358 P={i+1<4); R4 s2, F &k P
)1 1338 P={+2+1<4} LB P={i<1};
WG s R IN&1F2] P38 P={;<1A\i>3}. B
FEAR A P IO L ISR o R AN AT Y.

int m, n; R o
int m, n; inti, j;
{ @ (m '=n) { {
(a; ml=n); @ (m'=n); @ (i>3); /wslx/
Cim>n); @ 1 (m>n); i—it2; Jxs2 %/
m=m-—n; n=n—ms; j:i+1; /*83 */
@ (m!=n); N o o
@ (ml=n); @ G<4); [xsdx/

) ) )

(b) W47 842 P2

K4 pEAEmR

(a) AT AT AR p1

(o) RAAT AR ps

EX 5. FEIFFHE. 3 loop i BLALAE #H 1 ®1 BEBHEFETRER
LA T B A 1) 2 U 5K TR TE A BR A =
X1 B I | R R PR A BRI TR A B AR (A L) T R) (B, Cy(S.C)*)

W 1R M PENG PR P AT 55 47308 01k
WA RKE AR« "R LR E ). . & 1
() JIT 72N f14 167 BT 20 401 SR 1 BTG FRAJG 36 IR 4 HL A 346
25 A C % AN BT 506 2 70 B 4 St S 1B 5 4R AT

B A 1(b) BF )

(E,A,(S1,A)*)
(E,(A,SD)+,-A,B,(S2,B)*)

HEMERCNE 1o fimR)

(E,(A,S1,(B,S2)+,-B,S3)+,
A,S1,B,(S2,B)*)

(E.A,(S1,(B,S2)+,-B,S3,A)*)
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AT LA 56 AR N AT B AL CE L CL (S, O) %)L
HR 1PN S DR ARk, A SR 5 —
ANREE I SEA B o i 2. QR B 1 Ca) (9IRS 1R rp
A 53 3B LATA— A3 SCH AT LA S R0,

B2, XFE L R RE ged, WA H BLE A
W Rl RE R A 1 FORMIE IR R — W R B
BEARY 1 Z 5 WG B R AR W AT T & SE B 9 1 2R
RER AT LLIE K (s, 1. (1B 1) *) (Hidh 1B 3678 HE A
P 1 Z 5 a3 40 .
2.2 BEBAITHHER

R TN BRT o 8w S BRREAR
LA B4R AN ATAT B AR AR AE R R HL R AR T /2 )% 40
BT 803 T ] 40 DB A 3 v ) B AR I 5 T AT, B B AR
8 ] P I RE  AR  RR OT 4 A —
HE . 7E— BT L B AR AT AT MR A W] )
(AR IR AT AT LAGE b B A AR T ) A e R Ak R R
5 AR H R A AN ) . T H PATS J& — A4
X CIET FEMBAITEN E TR HH TS
PHAT R 2 TR AR B AR o I — A5 Ry b 0 1 40 W 7 1.
B BE AL F 11 B 2 R A G R A AR R MO SR R
B, EPAT X% T2 — A9 8 (i H A A
PREGEF A A T BT, EPAT B8 AL HAY 221k X
T A ALHE A R 2 58 DA e M B 2 o Cn il 4 s
3 SR B4R, IR B A2 2 T AT Y EPAT iR BB 45
— 20 i A\ T ) B B A R W) G (BT BE
W& X AR AT, T EPAT M4 iFie il A=
% 3CHkL2,5].

3 FEfEIMRNTTIE

IERUP S Y A (B P R 35 By NP R 2 LR [ EAN:U)
E N TS PR (FEIN N € AR S e S D)
5 AR SOR 25 90 M 18 I ik A ARG I A5 I o 1) SE A0
P DA FRERBR AR B A o BRI R BLAEAE 3 2
B —Fh 4R 45 2 (bug pattern) , B S b - 3R 40 %
T ol B R AE A T S A o DA T I R RS 11 e A A
(AR R B b PRt SR A (EINIIEPSE

HE T 25 20 B B9 SEATE R AGE I 5 3% W1 LA TR] B8
TR < 6 SR G 20 R TT S o B 03X A48 B 7 A= ) —
R IV AR 5 1 — 20 L L8 2o o0 M R B A Y T AT
Ph LA e A 22 18] A HK AR A A 5k 26 % 42 2 75 AT A A
P IR, T 24 Hh H AR AR 7 P2 5 A LA BR

4518

R (DR N BT NN £ N o WO
3 A o i i b B LA A BN ST AT PR IR )

L.l S A B AT ORI e A O O 4 e R ol
(o 3 5

2. AR L AR — S W L B R A AT AT R R
Bt s

3. BRARIR UL 53 bR 00 6 0 4 T2 AT 56 2 90 0
B 1525 R PR A T U O 15 8 3 — 0 1 B A

R 75 T 43 W 28
CRT 3

PEAT L B

B 5 BT 8 A 0 Hr 9 778 B o

PRI 3 AS/NTOR HAR B X 3 PR Y
Tk,
3.1 ETERALEE

A o3 A A A O AR S g A R 2E A, R
S8 JOO R R T 4 1 v N SR A ] B A e ) 3R
7N TR I s 7 A5 o O L 3 ER A3 v, FRATT 8
1 gee2. 95. 3 THE IR SO (parse.y) . Jf i B 5 1
BhYE . I F A Bison™ T.H [ 3h Hb Ak 8008 5 4 Wi 45
2o 3 A 0 I AL R R TR A S i
T340 5 V8 R e 46 i 8] 27 B i s b ) s il A
S FEAR B Sy s L AT Z e S Ay
7 XAy TAE FEAE B SR b A a5 a .
3.2 BIREMN

PR AR A ol R AR A A T O I A R — 2R 0
Fa s HAS T b g 2 o P 45 o O 1 Y e AR AR X R )
oA BRI ) 2%

(D) PEFR AT B, el T4 i O &1 b A 26, W] B
238 A TCRR AR B AR o TR I 5 X6 908 B 1 PIA T IR B i
1 R E . 0 T S A B 110 496 B AT LA MR e 954 4
FERRAT OB SR XS TR 22 808 B, AT IR BT 2
ARMEAG B0 SR 1 0D 43 B AR A 3R S 70 2 R T 11
AR TR BEAT T 25 75 8 B 908 PR A R KA T IR
TESE BT, T B LoopAnalyzer R i 217 2 4. H
FH P48 78 70 P 14 d5c KA T IRBL.

(2) PEAR A WL OR W 1 Ay g B30 7 3 B 9 B

5 (BFS) 15 BE A 58 (DES) B AP, FRATS2 8 T X

@ GNU Bison. http://www. gnu. org/software/bison/



1754 it =

Bl

e IR 2009 4F

PARR SR, O Ji i S 0 e AL ol . FRATT R B 24 70
i B YR b B 2 1 I e, 9 B A SR Bk AR AT
TRZ BT 5, i R N AF. T H LoopAnalyzer
IR T R EEAR S R m.

(3) ANAJAT B AR M B, Ry T 4% e 8% A% 2 Bk
IR S AT RUTE B AR Az G i P A A B AR Y Al AT 1.
HARAO% I 2 B B Fe b 59 23 ST A I AR AR S
S T 24 AR R A T AT Y R AR R
AT I A — 2 R

B GenPath(loop ,maxTimes) H 5 45 & B 1
I loop PG KIPAT IR EL maxTimes , & T H
AT RO I B AR L JF R AG 56 B AR A B S, Horp
initNode s FE ] i B A T 51, 85 SS fF i
HR ) SO . 2R P 58 88 10 S5 AN BE A S ol D SRk
SS 73R H A FHERR R 52 L. SS T R & — 1
=JG (bbIndex, path,times) , ., bbIndex 3N
YHIT ST 5 pach S AR BT AR RO L RN
— kAR s times R KL n BB, RoR B AE path
PR A T 1R UK, e A5 I P A R

&%k 1. GenPath(loop,maxTimes).

1. SS<—{(initNode,[ initNode],[1,0,0,++,0])};

2. S<;

3. while (1isEmpty(SS) |

[ NG SS IR — i IF A SS H i ER < /

4. (bbIndex, path,times) <—extract Node(SS) ;

5. if (isBranch(bblndex)&.8&. VisFeasible( path))

6. continue;

/% S 3N RO BANEIAT BRI AR+ /

7. else if (isDiagnosisPath(path,loop))

8. S<SU{path};

/xR B AR WS N B B AR A R </

9. if (isLoopHead (bbIndex) &.&.

times[ bbIndex |™>max Times)

10. continue;
/o JEAE R OT 46 1 R B AT IR BOR T
EF o/
11.  newNodes<extendAll(path) ;
[ T RBAR IEIINEIR G SS H x /
12.  SS<-SSUnewNodes;
13. }
14. return S;

/xR B ARES Sx /
3.3 ZEEIFRA]
TEAE AR 2 )5 T BN X B B AL R AT A0 b )

W7 FL R 7 2 — SR AR . — R U A5 5 [
— A BEAE PR 3 78 53 B A W A G B AR AR 1 1
AR ] B — A A R s s qa)L i an kT
B 1 g R ged TSR (s, 1, (B D ¥ Y
AR LB AR 25 1 B I 3K 8 1) 8 1 s T
{m=7n N n=0V n=0)}. ZEMFMNT . BFHELL
Ik

H2 . B sl T $00X — 24 3 743 1] R AR I HE
f8. TR X — [l L, FRATT SR ] — AN ALY 5
R G R —2H R 43 s A B A — A [R] A D X Eate (Rl LA
FHEEAR 44T T H SR A5 2D W e A1 ] 5 H A A 7] 19
FEAE PR, 33X — b A AT AR S8 3R S LA W25

LRI BARGES. X B ARG S 4= B W) D ik £ 45 3
128, LS SR C=<{S ). Hh S
US/=SItHVi#j(S NS, =), M A4 S i
A2 BT AR ) 0 i A

2. EIAA A A X T C R E S HIWT H b i 42
BB LUHA N — D IR . R AR C RS
S b Ay AR AT LLUIE 24 Dy SEAE BRARE XL UG ] true, 75 DU SR [
{alse.

B CheckPattern(S;, loop) HR I 45 & 0 B& 72
BB SIHEE Loop  FINTIZ BRI B R B/ E Loop
A FEAE B A 2, A 2R 2 IR [9] true, 75 ) 5R ] false.
PREX ReducePath W) IIRE 2 6% i 12 09 2w T Xtk 17
A LA 1AL 4 b G (b)) T 7 (Y G 38 B A2 po I
PoANGIR (s 1, 1B, 1) B BE AR po L po L R
RER A AT — K. BB RemoveSame ( pattern) 75 351
HY T AR Al g T B A AR (AR 4 TR AR
1 p AR AL B — 45 B85 48) . BREX isLoopPattern
Wi % )5 00 B A2 2 W AT S R 1R R /Y SE AR
Fi

&% 2. CheckPattern(S;,loop).

1. m<|S;|;

2. for G=0; j<<m; ++j)

3. pattern[j]<ReducePath(S;[j], loop);

[ x MR ERIER + /
4. RemoveSame( pattern) ;
[ BEE A« /
. if GsLoopPattern(pattern, loop))
/o PR AT A FER A » /

6. return true;

(<21

7. else
8. return false;
EEWDW
X B M A GenPath 1 CheckPattern

3.4
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1) B[] 52 2% .

B¥L GenPath J7 4= T A B F 30 P& 42, R &2
AREZ R TR AN EH. BT IRATR S 796
A1 e KARAT U B M, TR R, 560 % A 2 A R DA
1M H.3% GenPath JEREZ L. X T EME A, th F
P A2 B 1 AT U O ST 10 5 A0 )2 1 38 14 706 B
TR B BT W Z IR AR AT BE AT MW, (R
SR A R R MY (TR TR, AR A 2R R R Rk
GenPath XHik B 46 55 7= 4 K 560 I A% 19 2 2% B 5 1 AN
RIREARAGHE R . B TRFPERE
1 i 12 S B b AN BT AT AL B DA I LR AR
) MM AR R R . NS 45 R R 5 E
TR I A58 A ol BT (1] #7E PT 42 A2 3 L N

4% CheckPattern 52 fR T #i A B2 4 G 19 K
JIN ST AR AR A R /N 2 BT R R AR SR B
MM AH R AT 7E B8 906 28 B R A 22 R o %
A2 B AT AT M EE AT R T TR AR B AR e BRI R
#4753 98 AE B 1 CheckPattern Hr, ¥ %42 9F 47 4l
ZOF L BUE W AR X AT LUt — 25 00 By TR
IR v B 3 ST Al R 04 8 BORR . TR AE R kR
$isLoopPattern K45 F 12 2 5 45 & JEHG I8 X A
MALGTHAENEEHIFARIRZ. FET 2
L.

4 RETHEEXHER

BT R RUAR L FATEH C++1f 5 S 14t
PRI T H LoopAnalyzer, i T. H 7] DLX 25 7 19
C 15 & R B, FIWT H o2 5 & A SEP6 26, L R B %
MR 5 il r HE 223 7 B8, 3F HL 92 B T GenPath
M CheckPattern 8 . 7E 32 8l GenPath 575 I, 8
b SE I AL B A T TR BE I Sl ke I R O i
i A2 A R T R FUAIE B0 U B8 08 FR AR 1 B R BhA T
UK [R) I FE A7 i b AR A AR R 5 IR R T
AR i B PR AP AT U E /N B B . A S B
B3k CheckPattern B}, 30 3¢ T %72 4 A 1 I 3 %
5. r Lk CheckPattern iR [#] true B}, iff GE 45 H X 4>
HEAE B4 10 I 2 A AR
4.1 T ERHG

6 Fir 7 o — B & JEAE BRI — 77 £ 4k Bina-
rySearch B H R A 42 i 3 (&1 an 1 7 R

# define N 10
int binarySearch(int A[N], int x)
{
int mid, present=0, left=0, right=N—1;
while (left<<=right & &. present==0)
{
mid= (left+right) /2;
if (A[mid]>x) right=mid;
/ % B N K right=mid+1 * /
else if (A[mid]<<x) left=mid;
/o L NA left=mid—1 % /
else present=13
}
if (left>>right) return —1;
else return mid;

%l 6 BinarySearch f{i%

% 7 BinarySearch $z i i &l

JH BinarySearch.c fE N A1z 47 T. A LoopAn-
alyzer, I FR 196 PR AT e R IKECH 12,78 0. 065
WA T 95 ZRATAT R ARG B0 A8 . X 3k 46 B A% R A7 4y
Br 432 1 6 ZHAE{d 74 BinarySearch JC R 47 14
s, Ho— s A 8 . H A LoopMode
— A7 2R SEAE I AL A TestData — 47 378 T %L
i A bR 19728 B R v DT .

F-8h#hA7 BinarySearch, ZBLA U1H 4524 .

1. left=0, right=9, mid=4, A[mid|]=A[4]=2,

x=1, Almid]>x;

2. left=0, right=4, mid=2, A[mid]=A[2]=2,

x=1, Almid]>x;

3. left=0, right=2, mid=1, A[mid]=A[1]=0,

x=1, Almid]<x;

4. left=1, right=2, mid=1, A[mid]=A[1]=0,

x=1, Almid]<x;

IE 4 AT LG WAL EPE A AT 3 Z )5 . left
M right M EHEAREEA 1A 2, [ 2500 Almid]<<x
ks — B2, DAY A 2 WA H R RN — BT
FRIF A T FEAE A,

K8 s 45 KW, (s, 1,2, (2B, 2) %) 2
BinarySearch ) — > 1§ ¥ #5 =, BinarySearch 7£ $4
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There are 6 test data for dead loops.

777777777 Output Dead Loop Data --------

LoopHead: 2

TestData: int AL1]=0; int AL2]=2; int A[4]=2; int x=1;
LoopPattern: (s, 1,2, (2B, 2)%*)

End of Output Dead Loop --------

€l 8 BinarySearch K il 2% 5§

4.2 LR

BT bk S g5 R A AT IR X H
HEAT 70 A A5 PR HE P Partition pR %A
JRASSE I 10 A F . T H LoopAnalyzer #f fig
R IX SE R o ) SEAE BR

Ik, Velroyen 75 SCHRL7 45 th 1 — 41 5 i 72
7 R PEFN AR 2 0k M U8 20O K T B FATTR M
X SO I R e HEAT 1 O R S G 2 R S SCHRLT
MR L ANTESR 2 . o, SCIRL7 TR iz
A IS 1) SO ™/ 7 3R 75 B8 I A b ) W o A 2
WAL, Ji O FF 5 - RN A BE W AR e
b, % RN B R AT — AL L FeA 52
M B B Intel Core 2 Duo E6550 2. 33G CPU,
2GB Memory,Fedora 8

S
=
A

Linux.

x2 ZHRER

ik 7 ik 7

ex01 <0.01s N alternDivWide <0.01s

ex02 0.02s </ alternDivWidening <C0.01s ---
ex03 0.01s N twoFloatInterv 0.07s
ex04 <0.01s N upAndDownlIneq 0.07s </
ex05 <20.01s N whileIncrPart <0.01s </
ex06 0.02s N upAndDown 0.06s /
ex07 0. 04s N alternatingIncr 0.04s </
ex08 0.11s N narrowKonv 0.02s
gauss <0.01ls </ complInterv2 0.01s </
even <0.01s N complInterv3 <0.01s </
fib <0.01s N mirrorlntervSim  <C0.01ls </
lem 0.05s N mirrorInterv <0.01s ---
flip <0.01s N moduloLower <0.01s </
flip2 0.01ls  --- complxStruc 0.06s ---
plait <0.01s -~ whileNested 0.01s /%
sunset 0.04s </ whileNestedOffset 0.04s /*
narrowing  0.34s </ alternKonv 0.03s ~/
ex09half 0.11s --- moduloUp 0.02s /%
trueDiv <0.01s N whilelncr <0.01s </
marbiel <0.01ls  / whilePart <0.01s </
marbie2  <C0.01s </ whileTrue <0.0ls ---
alternDiv = <C0. 01s N whileDecr 0.02s ---
cousot 0.02s </ whileSingle <0.01s </
middle N whileBreak 0.01s </
whileSum --- doubleNeg

collatz --- --- complInterv - N

FEZR 2 W, whileDecr 8 )3 & ME— 9 X TAE B i
A E L IR FET . B 52 ARy AF7E TR
TE¥R. NFK 2 AT LLF i LoopAnalyzer g i 2y Hb 6
W 1A HATZOE R T R 47 D IETE AR T
Wik B 902 Lh b (i STk 71 /9 o 8 % A 5
80%0). #£ LoopAnalyzer fEKE I H (1 FEAE 5 v, A1 55
A S AR S5 R 1 S (A complxStrue) FAE F
E MR P (U0 whileNested %) , X 3 86 82 F¢ i A
SCHRL7 Jrb i J7 A — o 1 TR A

LoopAnalyzer AN 88 1F iy K5 I 1) 72 77 A 75 4
B0« —EB o> FE A OB RN R B R ks B DL N — gk
HEmMAEL i 5 1M )5 b & 42 20 i T2 EPAT %
A AN R AL JHL 5ok SR 2R R s 55 O — W R Y AR IK
AAELMEEE B R TR TERMT T —
SL T {R) Y SR BE CIRU AT SC2E 3. 3 17D, 38 3 I B 48 ok
R 03 T4 IXAE AR SEA ] REAFE— BB 0 B AR
(FRZ N TR IFATE T XA IEME AL T4
PEAR A AE 15 X B8 AR B AN RE 45 — 1 SETE B
B, DT AT BB 325 8 AL B A T 41 » 3X A 1E 2 AR SO
B — AR Z AL R SCERL7 ] — AT m L REAL
REEHIWT L FE 7 Collatz J& 3 & A SEAE I (X 4> i
P e B REA Ik s 24 A 1 R A T 1) [R] D

5 MExXI*E

HEAE ¥ AH OC 1 A B R AR WA T T AR
18 2 1 I B RO R T 1 AR 28 1k S5 A

KT LA E BT AR 2 #1025 T8 7 A A2 X
(loop invariants) Fl B 2K %% (ranking functions) , fJ
FRE R s A L Z U B R 5 DL R 4 S
k7™ B R B 5 vk (6 Bk Al B Cook 4§
NP2 BT Abstraction Refinement ff) 75 35 S 1iF
BFE P 2 k. b . Kapur ™ 45 T —F R A 200
B Z 45 (term rewriting system) 3 4 B 1E 2 A 28 5
()77 35 » LAIE B AR 3 A9 26 1 ) A8

KFARL LM U5 AT Z A i AR 45
TP REAG I s a7 B B bt B SE A BR ARG T8 ) AR
F. Velroyen'™ 45 1 T — Fl 3% F 96 204 22 2 9 Oy
ORAGI B BB AR, R i T — S
PRI . 3% W5 5 v 1 R Ak BB 96 B . S REAR

@ Collatz Problem. http://mathworld. wolfram. com/Col-
latzProblem. html
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B st A6 ) S ek S BR R A BEAE BR. A Velroyen (1)
F A TC IR AL S A R AR A5 A B )Y . Gupta
GENGH T —Fh 3 FE R (lasso) B 5 5 E B 2 7
B AE 28 1k Y. lasso A 4 41 Bl BT 28 (stem) Fll
¥ (loop) »stem Fil loop #BJ& A FR 19 B 42, [8] ) loop
A ok BN Sl S S B N 3 s o T s R v
NP 1 lassos SR X lasso 1 AT 47 1 3 47 43
M 15 BE 5 AR 2R, Gupta 45 H HI T lasso
RRATH F G A A AE N B, XA
(O S RO PO W Y S 2 = An B 5 e Bt
lasso, i iX %8 lasso Jf A — & 3 BFLAE I, [A] B, 3C
st g L IF R S I A Y FEAE BR R BE 4 lasso K
I H ke

6 ZRkir—FHTITIE

ASSCHR T — P TR S 23 A 69 SR A BR
I 75 % o BV G A B R T A0 % AR W] AT 1R O M 4
A R P PR A AR — 2 R fiE Lk
PR b — AT T &, Ll e R LWL &,
11849 77 15 RE 06 Ak FHL— 26 3¢ 1] 45 ¥4y 52 % L R A i
BRI IRR T JF R I HE R ) SEAR 3. FRATSE B
THAZE TR & . fEAL BB I C i 5 R
J7. SR 25 SRR A T AG I SEATE B 114 255 3 R Ay

B ok i AR 24 PIATr I, — J5 T TR —
ol 9 P P8 B A 1 O vk L ol e T PR B AR R
AT AR E — 20 R e T HAG 56 BTG PR 1) o A .
375 0 %5 S8 &% J5 i A 2 RE A% A B A 7 )Y
X A eR RO T R R R BT AR pR RO
FLAitlh b AT 50 B i 2 4R 3 R K0 B AR 3 50
i 0368 LAY B A 9 T A7 4 s 0 T A I e T A e
R =z 8] JG PR i3 VA T 3 2 SEAE BF.
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Background

Program correctness is one of the most important issues
for computer scientists and engineers. For the past 10 years,
we have been working on the automatic generation of test da-
ta for programs, and on finding bugs in programs through
static checking.

Termination is a key property of programs. While many
methods and techniques have been proposed to prove the ter-
mination of programs, there has been little research on how
to show that a program does not terminate. Based on the au-
thors’ previous works, this paper proposes a new method for

finding possibly non-terminating programs. The method is
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automatic and static. It generates a set of paths from the pro-
gram’s flow graph, and compares the program’s behavior with
a set of non-termination patterns. Like previous approaches,
the method is not complete; but it can deal with programs
having nested loops, and the experimental results show that
the method is quite accurate and efficient.
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