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Method of Software Defect Prediction Based on Mixed
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Abstract: Software defect prediction technique is used to locate code module with possible defects in software, which helps devel-

(Shanghai Electro-Mechanical Engineering Institute, Shanghai

opers test and fix bugs. Traditional defect prediction features are manual static code metrics based on software scale, complexity and
language characteristicc. However, these features cannot directly capture defect information from program context. resulting in the
degradation of defect prediction performance. To take full advantage of syntactic and semantic features in program context, a method
called Defect Prediction via Mixed Attention Mechanism (DP-MHA) is proposed in this paper. Firstly, DP-MHA first extracts the
AST tree-based syntactic and semantic sequence from program modules and performs word embedding and positional encoding. Then
the contextual syntax and semantic information is learned by the Multi-head attention mechanism. Finally, the global attention mecha-
nism is used to extract the key syntactic and semantic features, which are used to build a software defect prediction model and identify
code snippets with potential defects. In order to verify the effectiveness of DP-MHA , six Apache open-source Java projects are select-
ed to be compared with the state-of-the-art methods including classical static code metric method based on RF, unsupervised learning

method based on RBM+RF., DBN+ RF and deep learning method based on CNN, RNN. The experimental results show that DP-

MHA improves F1-Measure by 16. 6%, 34.3%, 26.4% ., 7.1% and 4. 9% , respectively.

Keywords: software defect prediction; syntactic and semantic features; static code metrics; Mixed attention mechanism; global

attention mechanism
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6. End
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8. End

9. End
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20. End
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23. End
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29. End
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jedit 4.0,4.1 309 25.0
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Optimizer Adam
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T U DP-MHA J7 i R8T 25 T S oo ik )
DUBEE . A SCIHERCT 3T 20 A5 5 U A9 RE J7 ik
HEATXT M. & 6 B T DP-MHA 53 F #5248 5 & ou 4
fEJ7 % RE Z I8 F1LXF AR . M TR THESEREITN
RF J5%. DP-MHA 1£ F1 1§ W/T/L B2 G, 72 F1 1
FEIE LRI T 16.600. 54 RIR LA R, A HI15 DP-
MHA J7 % (8 B PF B e PO A TR A5 8 P RE 2S00 T 2 T i A5 5
R TCRRAE 9 R B T %

# 6 DP-MHA 53T E R % Z B F1AE

i H DP-MHA RF
camel 0.491 0. 396
jedit 0.597 0.555
poi 0.730 0.669
synapse 0.597 0.414
xalan 0.654 0.638
xerces 0.263 0.185
W/T/L 6/0/0
AVG 0. 555 0.476
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4.3 SEFRBES I ENEELE S 2 95 U MR IR VK VU E 1 75 1 A5 4R

T B DP-MHA Jy B TR FRISH 206 5 goeim
PLALEE . AL T I AR (U W AL 153 )ik 8 ST IR P G B T R 4R T BT

RBM 7l DBN Sk 42 O 5 (9 1 325 38 SCHERAE . SR 5 0 W 3 2
2 B FFE 53 BB RE 4326 85 U1 2545 3] f 26 1) e B T 485
A, R T7H W T DP-MHA 55 F J6 B2+ > Jrik RBM+
RF # DBN-+RF Z [ f) F1 {5 %} L4558, DP-MHA [t RBM
+RF £ F1 {8/ W/T/L BB T 6 % ##F DBN+RFE,
AR . BEAM N FL T Y E KA. DP-MHA # 4 +
RBM+ RF f1 DBN+RF J5 &40 42+ T 34.3% . 26.4%.,
LR DL R A B T A5 A Gl B 0 A A AR o Oy T
DP-MHA #2370 Wi B 2 > 77 ¥ 48 IR o 1 o e

LR 7 i R A AL
K7 DP-MHA 53T I W B %) Ik Z 9 F1H A
15 H DP-MHA RBM+RF DBN+RF
camel 0.491 0.310 0. 330
jedit 0.597 0.468 0. 500
poi 0.730 0.639 0.652
synapse 0.597 0.303 0. 360
xalan 0.654 0.628 0.623
xerces 0.263 0.128 0.167
W/T/L 6/0/0 6/0/0
AVG 0.555 0.413 0.439

4.4 S5ETFREFIFEMMESRLLE

T Uk B DP-MHA J5 75 AB 8 T JE T HAh R B 2 5 7 1k
PR . A Sk BT B A AR 3R 0 PR R R R 2R ) 7 ik
CNN I RNN SR £BUR ¥ (918 75 38 SCFRAE I A shil 45 5 3
M, CNN R 1 4k 45 % 38 BB 47 1, RNN SR A Bi-
LSTM F) 3 i) 416 PR il 28 190 4% 2 o] B 18 v 18 AR AE .

F 8 H T DP-MHA 5 5 F ¥R ¥ 2% > J5 ik CNN F1
RNN Z @) F1 {Exf 458 . DP-MHA £ CNN fil RNN 78
F1{H W/T/L L4301 m T 5 K. AN F1EFH1E
%%&. DP-MHA M # F+ CNN 1 RNN k45 57 T
7.1%. 4.9% ., HA DL L RS, R4S 7 BB T A
RIFRE 71, DP-MHA 3% AT CNN FI RNN f R B

%8 DP-MHA 53F IR k2 FLE &

15 H DP-MHA CNN RNN
camel 0. 491 0.473 0.506
jedit 0.597 0.596 0.595
poi 0. 730 0.734 0.722
synapse 0.597 0.424 0.487
xalan 0.654 0. 639 0. 606
xerces 0.263 0.243 0.262
W/T/L 5/1/0 5/1/0
AVG 0.555 0.518 0.529

TR TE T 0 HLR 9 B Bk B 15000 05 1 DP-MHA, 38 1Y
A SO0 g S H R R AST B ER B, A Z kiR
J3JE A N R R SR IE TR SCIE B AR5 T 4 R T
REIHUH S O BERF AL - A 00 i 1 )2 o kAT I 25 A5
I %72 2D 1 B AR P 0 TR TR SCRAMIE A R T T #
BB MR Y (9 PERE . %07 DA — S AR A5 Jn 2T
e, BARTE . (1) % 185 T H Hrk B b 1 69 6 H
Yysw s IR T LR W AR T BN AE s (2) FESLPR T
PRI 2 R B bk — A SR 2 R B T s i OR
PEfE .
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