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Program comprehension oriented construction algorithm of
system dependence graph
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Abstract; To reduce the complexity of program comprehension such as program standardization and program
matching, a program comprehension oriented construction algorithm of system dependence graph is proposed.
This algorithm can be divided into three stages: program information extraction, control dependence sub —
graph construction and data dependence sub-graph construction. Control dependency and data dependency are
independently computed. Data flow is directly analyzed based on control dependent sub-graph without extra
control flow graph, and computed on demand, which reduces the algorithm complexity. Selection statements
and loop statements are uniformly represented, and expressions are represented as abstract syntax trees, which
can facilitate program transformation and analysis. The system dependence graph has been used in automatic
grading system of student programs and program recognition. Application results show that it can facilitate
program comprehension and analysis and reduce the complexity of program comprehension and analysis.

Key words: program comprehension; system dependence graph; program information extraction; control

dependence ; data dependence

PRI HAR R i R AT A G Rt BRI — NS R, T O i
R LU AR B YE 3 AN T7 T A TR figp R i 28

W EH: 2012 -02 - 03. T B ) A S e LR R ot o ] 27

EEWA: FHKARBHEE Y BIH (61202092,61173021) 5 & IR f%ﬁmﬁffi?ﬁfﬂﬂé?
S B B B A TR BF I8 4 U B A K. J. Ottenstein 5 = 452 i 1 23O 41 9 6
(20112302120052) ; e B e AR 5 B i 4 2. S. Horwitz 255 DR R KM 3 R 0 & B ik i
TN o s IR ETT W R TG R. RS R
TR EE SRR AT Bl . 2 N N — o

{Iﬁgﬁﬁ j:ﬁﬁﬂ( 1980*) 7% ,@iﬁﬂ?ﬁi, ﬂ:[gﬂ:/ﬂgqjlﬁj%ém b ﬁb{ﬁ Mﬁ‘ﬂﬁ%é/j_\‘ Hj%\ﬂ‘:r? I:Fl [‘3@%
HUNEL (1966—) , 4, 0, -2 i Tl T AR R B TR AR O 3R SRR P TR 518
HRIE6 ) 5 AU LA &R UL g PRSI AL " R F O et

BISI1EE: LEEE, sweetwtt@ 126. com.



1

FEvee, S5 T R AR 4 2R GEARO A AR Sk =79 -

IE =R L R S B N R 2
RBAGI2 ~" LhB HRB AG ~ A A
BT TZ BRI 2R GO AT iR 2 D5 5 A 2
T RS AR R T X R T )
g LA B R BRI R G M 11 B
Tk

SR AR BRAR L AR R R Y
ST, AR PP MUK, AR XE— U B AR 23 A
JITAT 9 2R GEMORE 1Y 1 St s AN, TR =
ATEE AR, Rl — AN g R AT 55 n) th 2 Rl iR 1L 4G
P SEBE, X AR BEG AR A Z R4, 3 T Fe e
SR AR REETE . AT I, AR SR IBUF Al AR AT R MRS 2
TSR A, 7532 AR 18] B HE At , $75 EA T4
PO BEAR T FR SR 2 3 A T A kR
AR s F PRI R AR IR I S — 2R K 3R
IR MG LR, D9 SERR P AR e AL i 2E 4T
T SCRE R B4 AR P DR OB AL 1 7 fiE.

1 AR EHBS

EX 1 7K E ( Program Dependence
Graph, PDG) i # R ¥ P i) PDGG = (V,E) &
—AE I EL Hrp Vo SRS, BRI
ERFVEIE CV x VogIARS , 2R sl 1)

EX 2  RGAK#E (System Dependence
Graph, SDG) £ R F P 1) SDGG = { GPDGs,
Elnterpro | J&2— 1 [n] &, H /. GPDGs - PDG &
&, B (RO %78 —4> PDG; Elnterpro
gt FE ] FH 32 55 KA i B, S R T A 3 ]
0¥ pRECE 7 B 5 B pR ALY entry A%, 2T 72
(1] () S RS 0 s 2 2 B 2 ) Y B0 -

FRGEMCR 1 A, 15 42 1 A0 1] 0 B 4 A
T K.

EX 3 HIK T ( Control Dependence
Sub-graph , CDS) Hy 17 i FI45E A AT 44 B,
P B4 i A5 R

EX 4  FdE K # 7 K ( Data Dependence
Sub-graph, DDS ) H 15 53 FHECHE A 2044 B, K
PP R G .

MO ) 2 AT 4 R R OC R - 1 R
TR P B ARORSE A R R AR 2> v, 0,
I3 R R Hh B AT R, 20 ST

EX S (M) Wk v, FPAT R 0,
PR BB TALEPRAT N B 52 1, IR 4 v, PRI T
vy AN DR A o] 42 a3 ] 4 7 4 AR
entry A,

EX 6 (ki) WA —FM v, B o, 1Y
BEAE, HATAE—ME v, HE SOFAE o, TGAZ
i, HiZAE A o, 2] v, BEAR 1A HAMAEAT 3
7 A R HTE S MFR v, TAKIST 0,

XTI M BARAS R AT /o,
FUJG A A5 SCZAE B KL 0y 18] B FFER 19
PAEIT

RE X 8 (i ik )
FIB A BT 8 v, B3

2 TERFEMEN SDG B RAER

2.1 3tf&%: SDG RYBLisH

1) f&48 SDG Bliint 43 B i S A4 B ey , AN idE &
TRIBEERAL 5387, A SR SDG 43k CDS
1 DDS , BEAHAEIL T CDS, RAET 2 X5 B
i), 7E CDS AYELAl bt 38U AR S, X AR RE AT
FIF SDG fefl Fn )7 iR vk 51k UF B X E T
PP DR L AP A, ST RIS i 0 A ) S 2R 2
4G 7S [ RIS [R] (5 22 3E 5 T4 A KA.

2) %58 SDG LIA [i] ) JE X 3R7R #5 Fh e 45
F T ) PR B) , A F TR UEACERAE , Dt
ASCAE SDG HTHE AN T e £S5 1015 s FIE PR 45
P 2RI PR Y R A4 selection 5 g FI
selector 7 i, 48— | T A IEFERLE I TE ) if |if-else |
switch FI £ H A7 (7:) MR RIE X, Hrp.
selection 7 f A B PRG54 ; selector 5 i1 Je BT
FUORIRTEST 3 R EE K19 fi AL 4 iteration 5 A
1 init _sub 5 5,4 — 1 for, while I do-while F
Fn B H iteration 1 1 78 B P45 A, HF
W RN E AR 154, init_sub 75 5T do-
while /AP 58— T PRI A FIE BTG A R
T T R G 5 45 1 AN B0 45 40 Y TR 1 SRR 1 2
FEAL.

3RS SDG K ik R R R sl
token &t X FhERIR T AN REFE 0 R n Rk A n 15
A5 A SO R IR W RIEER , EF
FEADT R b R, AR R RO ANE ] LR
FE , B W] LA FE A R iE25 B 8 T AT
G BT R T e 4tk
2.2 BEhAEEE

WRIGIEAESE SDG HYRF L, A SCHE T 12y B AR
A [ DR RS SDG A 8l AR i #E R 23k -
Fef5 B CDS (144 & F1 DDS ()44 3. [ 1
gy 7T e R REAR Y SDG A Bl AR B R A,

TG B AR BUR M SDG By HLRT, i 1 17 35
FEE S b U A JR AR e A R B, A

BRI T A 0,



- 80 - [ S S D | /A N S O a5 5
FEFFHY token B FF 5 R M pRELY R, M AL BEAE B HZOm 0 S R B BRI, SR 5 AR ) 4y

J () — L85 FITE A R R

CDS AR 77 B 42 U BRI Y token
H A5 A RS FR A FE BT R SE CDS
A T IR Ak PR e 9 BE BT R

DDS {44y i AR o b g S 7 3 MR A A B
MR, TR ES IR T B0k — E (E AR B AR
1T CDS A il 5 8, nlad it CDS 2R354
Z AN AR O 2, DT R A 25 A~ 1 A5 A 2k
- A S, AT eI 58 CDS J5 Xt HhAT%
oA, # 7 DDS.

promemme e s STttty
i SAE ST ERFRRMRR
E B4 token H :
I R % - S g BRI
D gk ;
i l i
1 . e 1
i BEDT i
i Bl . BEE Y !
| TR ;
e ———— -d
I )
i CDS BIHIE §
; !

y o n 1
! B 2 AR B H b3 ;

— — DDS g
| kst |

| LB R AL

E1

3 CDS #yAyz

PE— 2o A R P A5 S AR U B B A token
H TS RN eR S FR A CDS, Sk 2 fr
7. o GS O TEIEER IR OR AT 70 M i 7 v 7 22
LR ATRIE LR B hQ S F il AR A1y sl BA S, FH LA
O ] A A AR G 2R I RIE U AR P Y
TEIRIUE , HE S AT A1 A Th) 18 42 fhl 4 G
A, i 4 p CDS.

4 $:% DDS M

TG MR 1 2N T ) 22 ) 58 14 7 L
I 56 28 BEARASTRT 23 AN TR O 28 28, Al
P AR A5

ARSI b4 0 B 26 18 A P AR (1 R A
P AR X 4 s Ry B ) R ORI T L, 5t

E @R FEER SDG B 314 HEE

A% R AR 4] o5 B PR RS0 M, 4 2% i 4 A
FEZA™ VR RN, R AT 2815 5 — I, i
R M2 s i R, TR 2 R P 7 DL
A 4 E R Y BT R A A o A
WEIE T 70 M R IR AR 7

BT G A AU DA BT 22 L R A QA
WM %, 75 CDS {9 BE Al b 3153 K o 498 15
KL A7 DDS, HAG @B AN (&l 3 /i

B CDS [,
HA AR P XS LAY token B iTstr 45 3R HI R ELS) K.
Hi < YRR T4 N CDS.
|
InitStack ( GS) , ric HAR TG £y TOP;
BIFE—A head 9 SRR H R TI AR, WitQueque(hQ) ;
while( GS A%%)
f
ICCRE || RS | A2 || BB B AR bR )
IR RZETY 5 25 ABK hQ;
IDX = ZIFA SR ;
Else If( sEA HH5E)
BIEE entry 47 £ ABA hQ;
entry 5 5 AKR GS;
IDX = pRBOThR, TOP 457 [m13% 715 5
iUt BB 2 R B0
YNSRI vdeclare 5 5 I A BN hQ;
Else f( H Al m) fbRE)
I ARSI 5 5 ABK hQ;
IDX = JHAIZ A
(T RTE iTstr AL EAL T TOP B8 19 mTE iTstr gL
EEEN)
A7 BLABA TOP Jir5 19 s B BAF 5
Else
R BB ALE iTste op () 0 4b T TOP T 45 5 81 7E
iTstr rfT A7 B AL Y 5
A7 B ABA TOP JIr 45719 251 B 5
TEC 22 ] R A4 50
IDX = ZIB A 45 AL
TOP $ [ BRTHUIC 3R Y 25 R 0L 5
Else if (4 Fi/EE AT 8D
IDX 45 [a] S 1) (AR O AR 0 55
T ERIIAR GS;
TOP $8 [0 AR 151 7T Z X oL 19 155

2 A% CDSMEEHEE

4.1 KREZE-EEER
SO NL AR RS MO L SER T R a] Y
B - EEAE R BIE - E R & R 1



1

FEvee, S5 T R AR 4 2R GEARO A AR Sk - 81 -

B

|/}<REF L DEF %4

I
:
I
!| 45 GEN M KILL 44 | | L IN A1 OUT 4 |
1

itk DDS

B3 %4 DDS #@Eiasy
R1 BIERAEREX

2 FR FE i
OUT[N] = GEN[N] U N X} iiEa) G —&
s
BERRSTRE (NCNT S KILLOND) s — s
GEN[ V] GE‘N[N] ={<x,N>: ?DS EF‘%‘IE\ N % [
NEMT « TR A

KILL[N] = { <x,N, >
NEﬁTx»Nl! =NH
Ny g2 N HTHRY

N X B TE R

KILL| N
[N R (A

IN[N] =UOUT (precessor(N)), N X

IN[V recessor( N) & N %9
N precessor O NIy apc et
L HTIRSS A

Hr

1) AR WY SE A —NE ), B R =k AT AE
MRAEL 4 . Fpe i 300 110 (R AT o Pt e (L 3 o
).

2) WSRA AN E IR 4 195303 p, IF HAE
XARAR b d WA, WEME d 255

3) WRFEA L o B’Jmﬁd ks p B4 p
%‘IFH 1) B T fH ] fig R R X Ak
TR HEP AR TE @ dZXT a EI’JJ”&HE V[ RE R
Ea%Eﬁi
VIR AR b AR TE ) Y 8 E 1 4R
G 8 TR R E A5 S, 2R 5 i 2 i R
AT AR B I A5 2 T LA g S Ry Rk
Hﬁz%,l_%ﬂﬂf%ﬁﬁ?fﬂ‘ LGS
%%%ﬂ/}lu@ﬁf* EAE IR AR RIS B
FTEX AN ﬁtljfﬁiﬂ’ﬂmu, S AIE R TF IR B
I HBEA WX A TE AR 0 B B I 7
AIE SR B G SEAE T &1 i A1 S GEN
FKILL 245 93550, i A i GEN i KILL 4400
LI 25 RUE A T IR s AR i
DEF 5 REF 4 k£ 5.
4.1.1 715 REF 5 DEF 4
CDS 5 /5 GEN KILL . IN .OUT &4 i1
HHGEEE T4 A0 REF 5 DEF {3 889, it LA
M CDS (#4555 i € REF 5 DEF {5 B4 F 25K
— EAE TR T G B
CDS &4~ 15 5 &8 45 — 41~ REF il DEF £
H. A 'ﬁE‘J REF £ 5005 T kA5
AR EHOE TR IR
S ﬁn%% 2 Ffr/T
F2 EARFREKXB REF £E5EX
g Fakael REF 45 X

EI’J

1 HE REF (const) =0
2 AR REF(var) = {var/|
3 —JC REF (unary _ op exp) = REF (exp)

REF (expl binary _op exp2) =
REF (expl ) UREF(exp2)

TEFESL 4 CDS J5 , A m] LAJS AR Fr ik iy CDS,

FRYETT S BN F SR, SR 2% 3 HAH R g E X
sk H REF 1 DEF ££4.

®3 J[MHARZKERIERR REF 71 DEF £5E X

A2 REF 287 X DEF 525 7% X
YLD REF (var = exp) = REF(exp) DEF (var =exp) = { var{
scanf REF(scanf(var)) =@ DEF (scanf(var) ) = {var{
printf REF (printf(var) ) = | var] DEF ( printf(var) ) = @
return REF( return exp) = REF( exp) DEF ( return exp) =

scanf J% printf &4 o6 507 REF(MRH (£2) ) = | £S5 RK PR AR DEF( B4 (%)) =

break FlI continue
1B IR A
entry M head 7 55

REF ( break/ continue) =
REF ( Predicate _exp) = REF(exp)

REF (entry/head) =@

DEF ( break/ continue ) =
DEF ( Predicate _exp) =@

DEF (entry/head) =@




<82 .

&
=
S

T

I %45 %

4.1.2 3} GEN fI KILL 4

TEFRTS CDS W&/ &1 REF Fl1 DEF 84
R 5, GEN 84 1A Bk 40 B 3% 728 )
CDS I}, A0S S 115 U MBS 7)Y R B scanf 1
AT R AR SR © 1) DEF 224, SRR 19 25
1 DEF 28 g # 4 ) GEN £ 5 b — 1 Io R,
&S, GEN 44

KILL 55 1A B 5 220 44~ CDS w5 A%
AT Iy . AR WA 4 Bk

H: :SetKill (V)
A BN S DEF REF il GEN 44 iy 45 il 4 i1 &
By < SRAS AN ALY KILL 454 13 i O 7 &
!
1) 3 g s L ARf 7 1, 8719 05 NV I T A ORI A, RRIT A
TE N ZRTPATII A5, IS 2 LeftNodesList H1
2) for( LeftNodesList |7 {47 & P)
!
if (P JRMRAETE A 5 B scanf (B4 1)
|
Ki#x DEF [ P] H2&H GEN [ V] s 2, ik
b x, WIFE KILL[ V] M AZJt4 < «,P >
}
if (P J2EFE A A" ITERATION" )
!
3 55 5 P AR KA T B P e R R T
A9 85 scanf {EA]F4 4 Q 19 DEF [ Q] HEAAT GEN [N] iy
At AR L ARBEA x, WIFE KILL [ V] imA—ot4l < x,Q >
}

B4 KILL £&KRBEE

4.1.3 18 IN f1 OUT 4

N TR AR B ET R B - S EE
AR IN fOUT 4. — A1 &0 IN 4
A B ERIZ R BT — s E (AL, OUT S5
A ERIZTT S T — e A BT —A a4
R IN R OUT 4E4 AT REAN IR, A 3L CDS
(BRI TE R 9 s AT TR X N

R AL SR A A5 S IN A OUT 44
FERFUGEACET X CDS s &4~ 15 s N, fifi ] KILL
1 GEN #2418 IN 5 OUT 4. IN [ N] ZF345
N FE CDS Hiif 3k 45 s ) OUT 4£4, OUT [ V]
&M IN[N] | GEN [N] | KILL [ N] A4 ffir. Fk
ik unE 5 piR.

F A 1k, CDS gAY R EA - E IS
BT EEe T

H% : Reaching-Definition
A TSI AR DEF REF (GEN I KILL ££45 i 4% K i
FH
Bt SRARAANT S B9 IN R OUT 484 BR A AN 45 S B3k -
(ERESNiNE ST R
{
for (475 Tl 4081 T 181 P A B 5 V)
{
IN[N] =¢
OUT [N] =GEN [N]
!
change = true
while ( change)
{
change = false
for (FERMRME T B g5 51 N)
{
IN[N] = OUT[P] //P J& N BYRi9KY 5
OLDOUT[N] = OUT[N]
if (N J&"ITERATION" 5" SELECTOR" )
{
OUT[N] = OUT[C]//C J& N iy feAs 577 i
}
else if (N J&" SELECTION" 5 %)
i
OUT[N] = U OUT[C] //C & N 735 5
f
else if (N J2MRHIEH)EY scanf F4) 15 )
i
OUT[N] = GEN[N] U (IN[N] - KILL[N])
f
else
OUT[N] = IN[N]
if(OUT[N]1 = OLDOUT[ N])

change = true

5 EiA -EEERIKRBEER

4.2 EIIHBKIIL

FESAFTEANT A IN F1OUT £ 55, J5
M3 [T CDS, F F 45717 & IN 425 F1 REF 48
B BIVRT AT a0 1) P 5 i G 3R LA Ay 1L )
SRR M HT Y A REF 454 b B A48 5 44 A IN
A PRA I b AR B AR K 2 Hi
A IN 25 TR — A ZondlH 45 AT R 22 0]
FEFETARMIC R, FERF A LW I AR 56 JR A 36
Ha i ST AR RS 2 R B RO 0 7 Bk A
Kl 6 i,



1

FEvee, S5 T R AR 4 2R GEARO A AR Sk - 83

4  DataDependece
B ORI S BE - (A B R K
e ST T BRI O 2R 1 R G HOIE
| for (2 1l #1715 5 V)
| if(REF [ V] 7%5)
| for(REF [ N] #4818 «)
| for (IN[N] thpA—Jc8H < y,M >)
| if(y = =2
| BN M F N AL

DEF[N] w8 &t o, 7E P O 7 1] o A 4R
AR I R M A MO RBUA S & A N

6 TEEFZRZDDS Eir&Ek
5 RGREE W AE K E

WP 7,8 w7 B A7 R Y , 45 52 AT
Al A D RE , (EARFR A5 H R SR 254 R T AN ALY
TEEFRIE A, Horwitz J5 i R AN TR T U3 m
KPR, A SCRIEE R SDG DR IX P A1 5
SR Ry 2 B R OIE X, InIE] 9 Bz, BT a)
PAGE— A BRAR X R, A T Ay 2R Y
SLORPE. AEMEERE 1, AT DL — 2D AT AR e b A
e PRI ZHEL.

HeAh, 5 Horwitz J7 A7 L, A S007 i B
TR T B s B Bds i 5 6 I Hoal 2 Bk
it (R T, WA T B IR A I S 2,
A5 5 () R 8], (6 208 A T B R LA A,

void main( ) int add(inta, int b)
{ i
int sum; if (b ==0)
inti; inc(&a) ;
sum =0 else
i =1; a=a+b;

while (i < = 10)
! }
sum = add(sum, 7) ;
i = add(z,0);

| {
| t

return a;

void inc(int * x)

printf(" % d " ,sum) ; Txo= x4+ 1
printf("% d ", i) ; }

7 THIER1

void main( ) int add(inta, int b)

% |

int sum; switch (b) |
inti; case 0:

sum =0; inc(&a) ;
for (i =1;i <=10;7 = add(i,0)) break ;

{ default ;

sum = add(sum, 7) ; a=a+b;}
} return a;

printf( "% d " ,sum) ; }
printf ("% d ", i); void inc(int " x)
! |

fxo= x4+ 1y

%
B8 LERBIRERF1EXENRRAIER2

TR
LD EREDEY
SR
Pl
WA

7 A

9 RERBIELB

6 SDG 742 J7 72 i o iy Jr Al

ASSCHR T ) ARG AR AR C A S T
JYEUR) C i S MR F ShPPor R A" AR R TR
FL BRI 3 A B R AR AU A it
Ji SDG s ARl AR T SDG EA TR L%
e R VERCHR AL 5 1027 R R S A A R P42 il
AT B RIS VE RSS20 . ditbal 3 21,
Sl H S0P RETHYEERLFISCHEZ SDG.

AL T 8 SRR RE R
IR RUS R T h 1 SR L R AR
FEAR AL < 70 A 1 RGN 1) P B AS A oA 7
BRA G AT AP , 05 A T AR
BRUEAL s P E R BT VA PR BRI AR AU b A
e A T AR 18 o AR AR 5 3 $i
AL ACRS , A T R R A, SR A T s A



-84 MR

S

T

$45 &

TSP RAEALERAE s TS SRS SRAFAR LB 45 2R
TR SO AR AR A

N FEESR R BH A SO Y SDG BENS 7843 3%
TRFRJT BTEIRANE S, BE AT N T 50 B /N B A AR
JEARHS L RT W T o A KRR A A, % AT 4k
AT HET B T B, AT BRI 52 4% B RN v 1)
HERYE I R R EAL S5 15 S Br At T .
7 % #

g

1) St 1 — Ml i 1] £ e PR ) SDG F i 3
%A ST B A EC CDS /YR 2 F1 DDS
ey 3 BB

2) Btk TARGER) SDG, HAEAE T CDS /3 Hrik
MG R G — PR B A AR E ), s
ER NG

3)$RHY SDG F i 5vk i T2 T AR
Jy B A A R A Sh P00 R GERN R Fy (1
SCHPIRE AR 25 2R R W 2% SDG RERS 7T
Or T I TR RN S, B A T R T
AT B D5 12 AR T R e B AN 0 B Y S 2R L

[1] EXTON C. Constructivism and program comprehension

strategies [ C |//Proceedings of the 10th International

Workshop on  Program Comprehension ( IWPC' (02 ).

Washington, DC: IEEE Computer Society, 2002 282 —283.

[2] OTTENSTEIN K J, LOTTENSTEIN M. The program
dependence graph in a software
environment [ C ]//Proceedings of the First ACM
SIGSOFT/SIGPLAN Software Engineering Symposium
on Practical Software Development Environments. New
York: ACM, 1984.177 - 184.

[3] HORWITZ S, REPS T, BINKLEY D. Interprocedural slicing
using dependence graphs [ J ].
Programming Languages and Systems,1990,12(1) : 26 —60.

[4] MATSUMOTO T, SAITO P, FUJITA P. Equivalence

development

ACM Transactions on

checking of C programs by locally performing symbolic
simulation on dependence graphs[ C]//Proceedings of
the 7th International Symposium on Quality Electronic
Design ( ISQED’" 06 ). DC:. IEEE
Computer Society, 2006:370 —375.

(5] e, BRI, 90/ DALL 85 SRR 2P S S E
BRI % [T WG 7K Tk R 2 2 4l , 2011,
43(3) .62 - 66.

[6] SRIDHARAN M, FINK P J, BODIK R. Thin slicing
[ C ]//Proceedings of the 2007 ACM SIGPLAN
Conference on Programming Language Design and

Implementation. New York: ACM, 2007, 112 - 122.

Washington ,

[7] ANDERSON P, ZARINS M. The codesurfer software
understanding platform [ C]//Proceedings of the 13th
International Workshop on Program Comprehension.
Washington, DC: IEEE Computer Society, 2005:
147 - 148.

[8] MILLER J, REFORMAT M, ZHANG H. Automatic test
data generation using genetic algorithm and program
dependence graphs [ J]. Information and Software
Technology, 2006, 48(7) : 586 —605.

[9] WANG Tiantian, SU Xiaohong, MA Peijun, et al.
Ability-training-oriented

automated  assessment in

introductory programming course [ J ].
Education, 2011, 56(1) ; 220 —226.
[ 10 ] WANG Tiantian, SU Xiaohong, WANG Yuying, et al.

Computers &

Semantic similarity-based grading of student programs
[J1.
49(2): 99 -107.

[11] 3522, ERHAR, J5/NEL. BT R 7 B i g Fi i
Hahit oy Jrik (], A PLEE IS 5 & i, 2009,
46(7) . 1136 - 1142.

[12]45%k, IREEE, MRz, 5. FETAT NBURHIE A9
TR AR AP BT i [T ] ARk 2 4k, 2011,
22(10) ; 2438 —2453.

[13] WANG Tiantian, SU Xiaohong, MA Peijun. Program

normalization for removing code variations [ C |//

Information and Software Technology, 2007,

International Conference on Computer Science and

Software  Engineering. =~ Washington, DC. IEEE
Computer Society, 2008 ; 306 —309.

[ 14 ] SNELTING G, ROBSCHINK T, KRINKE J. Efficient
path conditions in dependence graphs for software safety
analysis[ J]. ACM Transactions on Software Engineering
and Methodology, 2006, 15(4) : 410 —457.

(15 R R, F /N, S B 25, R Py b AL 5% e h i 45 £
SRS [J]. W T oA ik, 2009.37 (5)
1104 - 1108.

[16 DU Lin, XTAO Guorong, LI Daming. A novel approach
to construct object-oriented system dependence graph
and algorithm design [ J]. Journal of Software, 2012,
7(1).:133 -170.

[17 ] ZHAO Jianjun, RINARD M. System Dependence Graph
Construction for Aspect-Oriented Programs|[ R]. MIT-LCS-
TR-891, MIT: Laboratory for Computer Science, 2003.

[18]SILVA J TAMARIT S, TOMAS C. System dependence
graphs in sequential erlang [ C]//Proceedings of the
15th  International ~ Conference on Fundamental
Approaches to Software Engineering. Washington, DC:
IEEE Computer Society, 2012, 486 —500.

[19] EHEE, BB, I/ her, 48 — RS TR 7 IR AL
WSy A B A TR L RE A I Ty k. R I

200910073094. 4[ P]. 2009.  (4REE 7k 4r)



