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Software Defect Prediction 'via Heavy Son Node-based. Abstract Syntax Tree
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[ Abstract] In the, actual seftware project development, software defect.prediction can assist testers to find possible
defects in the project. Through the Abstract Syntax Tree (AST) sthe hidden structure and semantic information in the
project module can be obtained, which helps to improve the accuracy)jof defect prediction. This paper proposes a defect
prediction method using Heavy Son (HS) node-based abStract syfitax tree. In node information extraction, the type
information of the node and the value information of the, corresponding code semantics are retained, and the nodes
without value information are replaced with a special string. Then by using the idea of tree chain division, the AST is
divided into HS nodes and Light Son (LS) nodé€s. The HS nodes are selected in preference as the nodes in serialized
vectors. At the same time, the deep learning nétwork is used to learn the source code structure and language in the node
sequence to realize software defect prediction. Experimental results show that compared with the DFS method, the
proposed method improves the F1-measure. by 3% and the AUC value by 4%, has a better defect prediction effect.
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Fig.1 Defect prediction framework viasheavy son node-based abstract syntax tree
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S AR S A AST 195 5 node, F1 15 5500 B Y
Thr nextyy” Hi & LU 5O AR 19 8 KN size, FlZ
TS MY E F Y 4 son,.

BiE1 EH WA EIRE

I\ node,, next,

B size,, son,

l.initialize: Set size, = 1

2.for index in next; do

3.MarkAndCountSize node, .,

4.Set size; = size, + size; .,

5.if the heavy son of node, is unmark then

6.Set son; = index

7.else if size, ., > size,, then

8.Set son; = index
9.end if
10.end for

11.return

e B AR A S gt AT B AST (1 3k 72 oy, A 5 AR
B v B 22 SCOA A B AR AR R B0 7E AST e
SR 5 B B R TR B 3K — 8 3 S A R] BE R Bk I o
A A AL b IR AR A bR A2 AT R AT
e & RE MR EA R A ARIC . ik, £
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115 55 node, AT 55 X6 B A% R A% next, 17 4 A E £
S5, son, Hl ¥ #1 4k [a] 5 1 B KK E MaxSize. i i 2
Fe oA IG B 1) fE Vo SR AR B 9 2% rb i 3 4 Sy Tl
I 25 10 B 3R] 7 i R BR S e f5 Ty e 1

Hik2 ®ErHokEERL

I node, next, son,, MaxSize

B Serialized Vector( V)

lL.if len(V) > MaxSize then

2.return

3.end if

4.Adding node, into V

5.ProcessingSubtree of node,,,

6.for index in next; then

7.if index # son; then

8.ProcessingSubtree of node;, .,

9.end if

10.end for

11.return
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Table 1 Dataset information of Java project

it H i ik JEAS (AT, J7) RECPELE - Bt B /%
Camel Enterprise integration framework 1.4,1.6 789 52.4
Lucene Text search engine library 2.0,2.2 217 56.7
Xalan A library for transforming XML files 2.52.6 829 50.0
Synapse Data transport adapters 1.1,1.2 290 41.8
Poi Java library to access Microsoft format files 2.53.0 455 57.9
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AUC 8 22 LR ROC iy 28 RS AR b il [l s ) Tim
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W SHGH TR 26 . BARTF , CNN & 10K
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W RUECR 16 58 R BREUT RLBUN 8. BAFEAIE
A T DAL 2 KB (2 000) i A B A b BT A
T ] i A 2 K BT ) R A AR B R 30 1 4
Wi, R2MFEILHM TEMBAESATH T MisfT

S5, Won TR — I H Ay kTR A ) TR A
W26 (0 R gt B b RUA WoR T AT E
1Y e A TN 25 SR, B S — AT WoR 1T PR O IR X 5 A
T H P 25 R B . R 4451 T HSAST 5 DFS
DFEAE 5 ATUE T A I (8] A X L 45
F2 ETHSASTHIDFS HiEMREZIEEFIELE
Table 2 Comparison of F1 values of deep learning

models based on HSAST and DFS methods

HSAST- DSF-  HSAST- DFS- HSAST- DFS-

i H
ARNN ARNN RNN RNN CNN CNN

Camel 0.531 0.506 0.517 0.494 0.554 0.519

Lucene 0.700 0.635 0.720 0.700 0.748 0.676
Xalan, 0.609 0.632 0.616 0.624 0.604 0.619

Synapse 0.503 0.436 0.519 0.477 0.541 0.484
Poi 0.741 0.736 0.726 0.746 0.728 0.758

Average 0.617 0.589 0.619 0.608 0.635 0:611

®3 ETHSASTHDFSTTERIRES SR AUCHIER
Table 3 Comparison of AUC values of deep learning
models based on HSAST and/DFS methods

HSAST-  DSF- / HSAST- DEFS= HSAST- DFS-

it [
ARNN  ARNN RINN RNN CNN CNN

Camel 0.677 0:614 0.629 0.612 0.669 0.632

Lucene 0.675 0.664 0.661 0.673 0.679 0.677
Xalan 0.711 0.688 0.686 0.712 0.731 0.767

Synapse 0.729 0.689 0.706 0.632 0.722 0.693
Poi 0.773 0.719 0.712 0.760 0.672 0.704

Average 0.713 0.675 0.679 0.678 0.695 0.695

R4 HSAST 5 DFS 77 7% 09 A i8] B A% bb 3%
Table 4 Comparison of time cost between HSAST

and DFS methods s

i H HSAST Hik DSF J5 ik
Camel 40.0 821.0
Lucene 15.0 1 404.0
Xalan 32.0 2358.0
Synapse 14.0 767.0
Poi 72.0 4242.0
Average 34.6 1918.4

35 ZWERSW
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FIIH 3 Fp IR BE 2% 2] £ (CNN . RNN Fl ARNN)
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AN T2 FH R T 2 > A B (R AR Ol o
LA X ST H E AT S0 8, BT H R
A RRAS RS S 0 AR R I 2R 800 AR R T I 25 0
5 AU | WA 5 S5 09 R S D 3K £ i 4R T T Al AR A
PERE .



Fa1E B2

B GER VU AR BRI Y A G A A A B R T 235

250 H T 4y 5K FH HSAST Fll DFS J5 32 14 3 Ff
W22 IR AT H L FI{E . LA Camel N
) , % F HSAST J5 ¥ 4k ¥ AST, ARNN, RNN i
CNN 43 5 BUAS i F1L{H M 0.531.,0.517 1 0.554; % H
DFS 4t ¥ AST B} , ARNN .RNN £1 CNN 43 5| T Bt 45
) F1{H 4 0.506.0.494 F10.519, 4K, 7E 3 MR JE %
S HSAST /7743 LL DFS ik RM B4t .
T2 — 4T A L 1 HSAST J7 78 F1 7 %4
J5 it DFS 5 v R E 4, 76 ARNN V¥4 5t
2y 3%, XUELE LRI T R HSAST J7 ¥k i IR 2%
> e o 000 A AR LA B ) TN 1 B

F 35 THEAWHA AUC{E . HSAST ik
[FRELE KRR/ T0 H b DFS J5 vk R I B 4, A
& HSAST J5 3576 11 ] ARNN 4 Ji 2 ) #7005
S AETERE ML T A R B I BERUEY , 5 DFS 7k
HAEMEMIERR. AEINRE 1T LLF 14
HSAST J7 35 78 AUC “F- 2 {8 J5 It 1 b DFS J7 1% R
W4 76 ARNN T2 4%,

M 4T LLFE H HSAST J5 i H DEST 2 F 1
Z AT T 5548 BB B LA | 32 A Kalan Fl Poi JiL Fl
AR T Z BB A A . HSAST Jiietf Lt DFS
D5 VA VR 45 48 F R A B AT o5 AT 7E G 1R
A8 SR T 2 0 B ) A SR AR A2 1 KN B I
H IR ACAS (1) ST R /N ]

SIS TR (1) B 2 I AE o VR B 2 ) O 4
B A A B {5 I A s Ab T B Be . HSAST J7 ik
XF AST [ BT A1 s e A7 A ¥ IR e R B vl e B
2R (R B AEE T PINIE HSAST Jrik i B 7
Z W IIARE BOXME B &= T KA o 254
FESLE A5 Ry AEA W H E DFS ik B AT
It HSAST H ik Lt fg o 2 F L S0 Ar s s LA
TGS SR R 2 20 A R AR AR R B ) S A
B HEAT I H N B SR 0 R HSAST J7 2k i
F DFS 7%,

3.5.2  &F%FRQ2 L, B4

43 BT HSAST X AN [A] € B 27 ) B 780 (1 5 ) 7
J& , % ] ARNN RNN HI CNN % J£ 257 f& 50 5 4l 45
A BRI A B 45 8 o TR BRI 2% R H ] —
AN BLE AL BRZE AR R A T T $ B AH () 4 B 1Y)
Y n) B EATRRAE 2 2T

M FE 2 R % 31T DLE e ONN T 5 24 5] fi AU 7
F1484n FYERER A, ARNN IR B 2% ) BB AE AUC $5
b FYERE A A, IXSLZE IR U] TR LS R A
HERRA &R0 st T, S0 50F 51 s 3 R 1 1Y
CNN TR B 2 ) A5 R 5 AT 0 4 %) Pk B8 17T R X 555 B iz
50, 13k BT SUF BB ARNN IR B 2% ) B A 2
B PERE, P ARNN I B 27 ) 5 78 =5 A g 1%
F CNN ¥F i 2% 2] B (1) F1$8 A5 25 5 FI 0% 25 F CNN
TRPE 25 S BRI AUC TR ARZ5 IR .

4 HERIE

AR SCAR T H 1 A A T R A A Bk B
TN J5 3% T AST o i 38 SCR S5 R A5 B, i ad 7 it
ML S A1 ) i A 7 1 8 R R URLACRS B ASTT % 4 i 4
B g, JFRE 25 B L ARNN FI CNN TR B2 2% 2 KL
B 3R RS AL [ i SCIR A SRR W %07 ik R
BT 2 AU R B v i 25 K R SR L O TR
JBE 2 o BERL 4 IOOC B RR AL, B T B e T P RE
Ja SR BT HE T AST B I 25 4, DF 122 AU 2 Bl i
ASJE A IT , 20 4w BT b T RE
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