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Research on Abstract Memory Model of Classes in Automated Unit Testing

DU Wanying, WANG Yawen
(State Key Laboratory of Networking and Switching Technology, Beijing University of
Posts and Telecommunications, Beijing 100876, China)

Abstract: Due to the polymorphism and other complex characteristics of object—oriented programs, it is difficult
to judge the specific types of objects pointed by pointers and references only by static analysis in software unit testing.
In order to solve this problem, the abstract memory model of classes is studied, and an operation semantic simulation
algorithm of classes is proposed. During path analysis, the class scope to which the variable belongs is limited by con-
structing and updating the abstract memory model. For unit testing, the random testing based on the input domain is
optimized. and a path based random testing method is proposed to obtain the type set of input variables. Experiments
show that the abstract memory model of classes combined with the operation semantic simulation algorithm can effec-
tively extract the constraints related to classes in the path, and the path based on random test method can significantly
improve the efficiency of testing compared with the input domain based on random test method.
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R, DU X S 2 A R RO A ) AT AT .

H i A/ e & A s ool TH . gt
%t C/CH +1& = i Parasoft C+ + Test fl4l%f Java
W& 1Y Randoop, HAF & A .0 IF AN 76 bR Ei A S
HEXT G BARZE A, Yl B 48 ST S 5] R A
W, AR ZHE QO BER X RAE U . RO B X R R
BCIBE . O AT IR A2 280 R AR R . DA B xR 2
B HEAT 29 5 A2 OB, 33 = A 3 T 491 A 18 =X
EAE 0 R AU ' L 55 TR
4 KBS

Y B UE BT A 2 0 1R A T OB kA
T EE AR R BE LIRS R B AT AT v, 4R TR DLIA 2 iy
B BR K Sy 191 S AR O B Pl RN A R S AR i
P R Qi A] Ao 28 1 it 2 PN A A B R R R

2
ik o

/ % B ERSEER T Rveight IFE
int totalWeight = 0;
int totalFoodWeight = 0;
void stock(Goods *goods) {
totalWeight += goods =-> weight * goods =-> ratio; / L1
cout << goods << endl;
if (Food *food = dynamic_cast<Food *>(goods)) { /] L2
totalFoodWeight += food -> weight * food =-> ratio; // L3
cout << food << endl;
}
4

B2 kT A ACHS B

PREL stock O MHI A S E & Goods 245 4t
goods., H.pR AR PN A7 78 X A8 5 19 28 7 5% i ) L2,
B AR, PIMGE, CEBETRESN
2, L2 R E S, AR FEd AN RELHE
AT AR Path, L1—>12—>13, fEMZMER
WA, HARER goods FEFRET MR N AE X A3 Ll 2 N
FEHLIT Mp, s FRERIE i A S50 10 Ad 45 B HUE
T, B LR EHIRAE 8 NOT _ SURE, 4b #
TR E MG NAERPIR SR 9 iR,

9 BEMEANEXRE—

virAddr | name | source type PT state

Mp, goods |PARM| Goods * NOT_SURE
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2

Fhgize, 45 BT A S P Rl R A BRI RT 5 - 91

BT L1 iE A i 3E — #4551 goods Fir 48 XF 4
PRI B 5t weight #il ratio A 3. JF ¥ e 5 2 5
A5t total Weight #0019 45 B {H 45 totalWeight, H
FRET M AR BCE AT, o AR AR S 2
W, HAFE AR AR p X 2 A R A
BEAY, 28 Goods X N Y 25 45 14 41l 52 P4 A7 A5 B g o ik
B, AHAER ISR N X A B R N AF T
Mo, . HEXF R AL B R N AERERL, S Be N
fEHIC Mey ., 2444 * goods, 7% 5 o I 2 HUk
B, HSEPRTE 2 Goods, AZEXT 4 * goods U
J G goods — >weight fl goods— >>ratio, ‘B {THI %k
P S Y 43 5] Jy R BURN VR S B, AEFEA R N A X
MR NAEE I Mn, F1 Mn, . H1 T weight 2 52 i
ik, H5 x goods X AN HAK S ¢, # H s
F| Me, (9 I s T ratio N FRFASAL R, 5KAH
Ky HAES Goods HE S, H L4 5 N A7 15 1 £
it 1748 55 44 4 Goods: : ratio, IS ANE] Me, 19K
R, &I, EERE 5 totalWeight B @i 2 N
fEHLIC Mn,, AR RIE A 2R/ R, JERHE R
FBREEHRHMA S, PATE X EE, RN
PRSI R 10~12 firs .,

F 10 WMEMBAAFORE

HORT A — P R A R OC Mpy s 48 SR TR R AR
i, BRMRBXGR N E, N R goods BB
AT IRV . XHRE food M 2 LY R,
X4 x goods Wy 5| F BT J& 28 F0 52 B i J& 28 34
Goods 2%, 2k Food & 2% Goods 1 F 2k, A4 *
goods [ 5Z Br fr J& 25 i AL T K )2 1) Food 25, N
Food RAEZ M4 5 W A7 X 23 i — B i R N A7 0T
Me, . Me, WSEFBRT G 2E46 10 B . A48 goods 12
TR AN S o B IR, B i 8 20T g 9 b ik
AR5 food N5 ] /] — 2K XF 4, Mp, F1 Mp, BY45
PR Me, . PATE X EEEAEG . MR N RE
Nk 13~15 oK.
# 13 BRI ORE =

virAddr | name | source type PT state
Mp, |goods| PARM | Goods * | Mc, | NOT_NULL
Mp, food |LOCAL| Food * Mec, | NOT_NULL

F U RMEANTRRE=

virAddr name source |realCType| members
Mc, Goods DECL {Mn, }
Me, * goods MEM Me, {Mn, }
Me, Food DECL {}

virAddr | name | source type PT state

Mp, goods | PARM| Goods * | Mc¢, | NOT_NULL

1L KM R A ORES

F 15 EAMBATRRE=

virAddr symbol name source| type
Mn, g w goods— >weight | MEM| INT
Mn, G_r Goods: :ratio | MEM |FLOAT
Mn, |tw+g w=x*G_r totalWeight  |GLOB| INT

virAddr name source |realCType| members
Me, Goods DECL {Mn, }
Mc, * goods MEM Mec, {Mn, }

* 12 EAMBNAXRE

virAddr] symbol name source type
Mn, g w goods— >weight| MEM INT
Mn, G_r Goods: :ratio | MEM | FLOAT

Mn, |twt+g w=x*G_r total Weight GLOB INT

et L2 A TE ¥ Goods JE 45 B AL
goods [6] T 5684 2y Food 28 1Y 4 £ I WA (H 25 J=) 8 72
food. HW food & N a5 4. AA=ARE I EH
SCHRSENAT L3, AR EH R food TSR BHINR AT IX

JrMT L3 A K5 £ food BT 411
AN B weight Al ratio 136, 0% e L 42 s 28
totalFoodWeight #H Jill 19 45 R Wt {H 45 totalFood-
Weight, f§%t food 48 M B EXT L K * goods, Fit ¥
P B weight F1 ratio BB/ E &0, Hav,
weight RS2 48 B, O 29U I ik 28 Sl 52 o8 A
BT Me, B9 8 01 880 s ratio O i A A, 7R 2R
Goods W 5E X, 52 H 4N Goods:: ratio, fF 3
AR N AF X O &G0 8T M N8R N AR T
Mn,, SR EIFBA S * goods 1 52 br fir J& 2& Food
XF R R A5 A R N AF A Me, fEN7 OCIROC &R, 3%
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. 92 . PR AL 5 4 )

%30 &

HA A Me, MR . fela. NBIAZR total-
FoodWeight Bt il & W A7 H.I0 Mn, , AR I 42
FyAg s, R R A A B HO AT S . TR
SRR . R NAFRPIRZS IR 16~ 18 Pk .

£ 16 ABEHIG A7 ORI

virAddr| name | source type PT state
Mp, | goods | PARM | Goods * | Mc¢, | NOT_NULL
Mp, food |LOCAL| Food * Mc, | NOT_NULL

AT REH R AT KORAS I

virAddr name source realCType members
Me, Goods DECL {Mn, }
Mc, * goods MEM Mc, {Mn, }
Mc, Food DECL {Mn, }

18 HEARMR AT KRS

B SR, AT CTS {9 575 45 22 A0k 52 9 A7 A A
HEATY R . W 28 W45 A 1 SR ADLAR 3 0 B 1 B A8 114 i
ML 55w i T e C+ 2 F 9 B skl T A
CTS—CPP #1, ffi CTS— CPP g% £ {1t 3 T iy A 3k
P14 it AL 0 3 35 T A ) B AL K 2 R
5.1 SKIGINIE

APRAE CTS—CPP 58 Ji il i F 491 28 s g
HiZ217F CentOS 7 G, JDK AN 1.8, fiiH
Java i H 7€ Eclipse ¥ & T & . MBI K A7 1
A 2G,
5.2 XBANAF

T IR AR PR A R R R R i AT AT R
Bk, ARTEXFTE 19 P 5 A RBHEAT T TR
BEBLI A, et si I kAot 8 e A B ) 865 A 0 249 4 LTS
B s IR D45 A [ 35 T i A S Bl L P LA

F 195 A R R T

virAddr symbol name source| type INESIES AL - N
Mn | ew | goods —weight |[MEM| INT THA | mEk (g o mnkl )
Mn, G_r Goods: :ratio | MEM|FLOAT S RS AR Al
Mn, |tw+g w=*G_r total Weight GLOB| INT CoffeeM | choose() 7 2 4 10 46 | 184
Mn, |tfw+g_w * G_r| totalFoodWeight |GLOB| INT Shop |addThing()| 9 3 7 11 69 | 202

MainA |dynamicA()| 6 2 6 12 71 | 217
. . . Segment | jumpTo() | 7 4 9 15 91 | 283
AR Paths L= =12= =13 Srfrse il - 1% Compiling| compileBO) | 5 2 6 13 67 | 230

FIX R EL stock O Y% A 2% goods 1Y 29 A5 K.
RIFG B B i 100 % 42 B9 28 BB ol Food R a H+ 28, Ik
4b Food ZRFAEHIG 2L, H X H AL A i 2 A~ 52 4]
TEXTG . TR X G b hk % 33 25 45 41 goods. ¥k A
As i goods, totalWeight il totalFoodWeight 18 56 #1
HAGREZHWK B, ARAFFNEPIATE . RIEE
PR B R EME R E S iR E S AR E mITRE
G WMEEER, BT LIEAE] 10020, AT AN [
R B G O R T 5K, S5 R
5 LBWHERKTW

Rk 24 (CTS, code testing system) J&
—aKii ) CifE BFm A ool TR, EX
Mh#as G772, SR AR B Ey T AT 3 T
g A BEAILIN 3K 3 S 0 A T g g AR 1 N
CTSE&s® X Cili F RMREAMT TR, MR
A BRI v SRS R Bt 5 9 . CTS—
CPPJ& CTS iy C+ A, 7E HEEA b J2 it 1 %) 3¢

5.3 LHHER

N T IR KRB R N AR AL S A R AR SR
VA A5 BEAE B D) 4R B AR A e I A . 15 F
RXT G L BR r Jg 25 DL choose O BRECH ], 4
FRT A M BEYLI K . choose O &% M H A 72
A RS B coffee. balance. time 1 ff J& 2% Shop
A% Bt A% 43 sales. bean., milk. choco, H 4% &
coffee J& Coffee 251454t . Coffee RTEAE T KK R
1, J& Instant, Latte, Mocha, White & R £ 2K 1Y
NI FEREUCN TR 5 A BB T 2, XY
4 NTE I FE . KR coffee J8 10 Y T2 2B W A ],
SPAT AT 43 3. L AR A B A 24 R TRUI 50 Gn 5%
20 7R o

)2, 5 >IN0 B 50 o A2 2 IR 249 T4 T L
mE 21 fiR.

X P AT ER S 0T BRSO R i A
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%2 Fewiag, . Boc A sl i 2 i 3 5 ) 7 B AL B 5T + 93
7 20 chooseO) bR AR A2 A 24 o 2 BUI L
)52 - - % coffee 5| * espresso | & 74 W |78 55 K 2
7 S22 eyl _ A N - =
g MELE HeAeI A BRBTR |S2BRFT R | BORLO | 5
, _lo—1—2—3—5—6—8—15—23—24—26—27—29—30—33| _ . . .
1 |if_head_26_159 35— 37— 38— 4] — 44— 46—47— 48— 49—5] —53—54 Viennese Coffee I =
. ., ]0—=1—=2—3—-5—6—8—15—16—18—19—20—22—32—35 o o
2 |if_head_19_151 47— 38— 4]— 44— 46— 50—52—53—54 Mocha Espresso = =
. 0—1—2—3—5—6—8—9—11—12—14—34—37—38—41 Latte o o
3 |if_head_13_144 Ad—46—50—52—53—54 5§ White Espresso = =
0—1—2—3—5—6—7—36—38—41—44—
4 |if_head_10_14 Espress Espress L L
if_head_10_140 46— 50—52—53—54 Spresso Spresso e e
221 5 APl eR B AR AR R AN 2 AR ER TR 1O 22 LR
. R | ARRES | ERRR W7
PRE 44 BAEK T 4 H TR FE T i A 357 BE HL I 3K ST AL
N 5 N B N 255 a2 Y
chooseO) 1 B R R Zﬁﬁfﬂf ﬁ%’zﬁﬁfgﬁ; FIRIRIEES
addThingO 7 P 2
F— ; B i P [ | | [
; 5 o Bl /% (BB /% (Bl /%
jumpTo() 7 S FE
compileBO 6 ) B choose() 28 33.3 56 100 40 100

HEAAM SR, AR, A5 T PR s
SR HR AT T SR DU ok Ay T 5 BRI 288 119 4t 5 P A7 AR
T N0 R ) i A B TR X G S PR L R AT
ZUT, HRHE S0 Ar 25 2R O 5 A i A AR AR UL DX (R Y
Az BCEEALE I by e A5 B B4R & . AESh BT S
Guit R A LR D0, 1R A T AR 1 BE AL Y
TR . H A X Xk G 9 S B T T 28 A T B E R
G B TG SR I B AT B e T AR . 2R
ARIBGE — 248 AL LR R AL S8 1 5 T i A Y B
PLIRAY 3G . X TR AR R P A R, ol DLk 4% A
5| P J 2 A S A xor 42 .t mT AR % 4 51
JE R BT A T A L R . il X —J7 U AR
AT LR G A RO R R ] R R A T A0 I
BRI R A AT /N

R TS AR P A Xk S A il 5 P A R AT T 5
Jai - 5 AL T B AR B BE AL IR B T 3 T A Y
Bt AL 00 3o B e 0 Ak R Ty o ) DB 5 43 SR
P 7 2S5 AR e& BT B S, A 2R Ak
22 .

addThingO)| 36 18.8 132 87.3 44 87.3

dynamicA () 24 36. 4 88 100 48 100

jumpTo() 28 13.2 124 75 60 75

compileBO| 20 47.7 100 100 52 100

5.4 HRSMW

FSC IR 2 2R AT A, I 2R P e T i A SR ) B AL
. FO 5] BT T 2 0 0 R AR TR BE AL A5 21 A X
R0 AL S R I A s XF 51 BT IR S BT A 5 28R
G REPLE S AR RE RS AT B AL R A B 2 R . SR TT AR
B I B R REAR . SRR, SR T AR
B AL 00 330 e X 20 R Y BARR R AT R E . REAS LI
SE I s B B i R B R . AR R AR,
AR 0 3 R BN

g5 TR AR I R A R RS SR I
T3 1) A BT o ) I AR AR R SRl R A A7 A
BTN T SORE PSR 05 RE A8 2N 10 3 B AR T 280 R 1Y
T SCMAARAS R R e TR T2 T A2 1 BE AL I 3
. RERSAT B A 5 SR A 45 4 0 A AT E I A f
(B SN = A O DO S5 2 vl R R B2
e
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