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Method foryGenerating Code Comments Based on-Structure-aware
Hybrid Encoding Model

CAI Ruichu,ZHANG Shengqiang, XU Boyan
(Scheol of Computers, Guangdong University of Technology , Guangzhou 510006, China)

[ Abstract] Code comments improve the readability of program codes, enhancing software development efficiency and
reducing costs.Existing methods for code comment generation feed the sequence form or Abstract Syntax Tree( AST) form
of a program code into encoder networks with different structures , which/cannot fuse the structural characteristics of different
abstract forms of program codes.This results in poor readability of the generated comments.This study proposes a Structure-
aware Hybrid Encoding( SHE) model. The SHE model considérs’both the sequence form and structure form of the program
code.This includes capturing the context information\and the grammar structure information of the program code by the
sequence encoding layer and the graph encoding 1ayeryrespectively, and effectively fusing the above two aspect information
into the decoder through aggregation encoding Thissstudy further proposes a Structure-aware Graph Attention( SGAT ) network
to effectively improve the learning ability of the SHE model for the complex grammar structure of a program code by
integrating the hierarchical and type information of the grammar structure of the program code into the learning parameters
of the graph attention network.The{experimental results show that compared with the Structure-induced Transformer(SiT)
baseline models, the SHE model improves the Bi-Lingual Evaluation Understudy(BLEU ) , Recall-Oriented Understudy for
Gisting Evaluation-Longest.common subsequence (ROUGE-L), and Metric for Evaluation of Translation with Explicit
Ordering( METEOR ) scores by 2.68%,1.47% ,and 3.82%, respectively,on the Python dataset.Moreover, the SHE model
improves BLEU, ROUGE-L and METEOR scores by 2.51%,2.24%, and 3.55%, respectively, on the Java dataset. The
experimental results demonstrate that the SHE model can generate more accurate code comments than the baseline models.
[Key words] code comment generation; hybrid encoding model; graph attention network ; deep self-attention network;
natural language processing
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Table 1 Performance comparison results of different

models on Python dataset %

LAY BLEU ROUGE-L METEOR
CODE-NN 17.36 37.81 9.29
DeepCom 20.78 37.35 9.98
Tree2Seq 20.07 35.64 8.96
RL+Hybrid2Seq 19.28 39.34 9.75
API+CODE 15.36 33.65 8.57
Dual Model 21.80 39.45 11.14
Trans 32.85 46.93 19:86
SiT 33.84 48.14 20.67
SHE 34.75 48.85 21.46

F2 ATEEBTE Java HRE LR REXT L 45 R

Table 2 Performance comparison results of different

models’on Javadataset %

LAY BLEU ROUGE-L METEOR
CODE-NN 27.60 41.10 12.61
DeepCom 39.75 52.67 23.06
Tree2Seq 37.88 51.50 22.55
RL+Hybrid2Seq 38.22 51.91 22.75
API+CODE 41.31 52.25 23.73
Dual Model 42.39 53.61 25.71
Trans 44 .87 54.95 26.58
SiT 45.76 55.58 27,58
SHE 46.91 56.83 28.56

i 2 1 F135 2 7] 401, SHE 7& Python 204k 42 #l Java
Bl 5 LI T8 AR A O3 3 RS T AT AL R 5
SiT # # A It , SHE 7 Python 3 #& % I 19 BLEU.
ROUGE-L fl METEOR #4343 il £ & T 2.68% .1.47%
H1 3.82%, 7F Java 0 #% % I 19 BLEU, ROUGE-L #
METEOR 1§ 43 43 il £ 51 1 2.51%.2.24% Fl 3.55%.
SCuG A LU SHE RE S 5 4 A AR U AR A 19 45 5
FilME BE L B L S5 1 B
3.5.2  HERVIC S BT A3 b

S A (10 WA S0 B e S A AR K B e AR M RE IR T T
I IE) B K B, S R R AE Java VI 25 4R - B i S50E
XFLe g R 3 o . il % ® ROUGE-L fil BLEU
PERES LM, SHE 75 2 29 90 Ml Zr it 5 338 &

F2k M SIT W T2 25 175 DI 248 0. Al WL, SHE
B 25 A B IR A i 25 4, X B A TR A5
R RR S S BE Ty B AU TR A W SO B
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Fig.3 " Comparison results of convergence speed of

different models on Java training set
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22 3 VE B AL Y Sk BORT B30 T B 5 )
R BE B S5, X PR AT g i )2
1Y 22 3k T = 7 LAY Sk B0 BB ST B i E
AH ] A AE

A ] Sk B R AR 7 Py thon B0 46 4 I 0% 5L 56 45
2R 3 pron , 24 & Sk R I ) Y ReORE 2 B ot Bk
B R 64 B Bl SRk i 1, AR ) 1 e R AT
XU IIAE — R |3 0 Sk R Re 6% 11 75 X 2% DA [F]
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Table 3, Experimental results of models with different

number of heads on Python dataset %
P BLEU ROUGE-L METEOR
1 32.96 46.68 19.79
2 33.55 47.50 20.37
4 33.82 47.89 20.53
8 34.75 48.85 21.46

R 4 Fr 7R A 2 3 1 I WL Y Sk H0k s 8
AT BT, Bl G2 B0 o B A H A, A TR A AN (] 9
M AR L AT 20 o B R B Ry XU A — E AR
H i BT B TR RE 8 B T 0 2% 7 K B BE
R4 TRREERTHHEEE Python BIEE LW
Table 4 Experimental results of models with different

number of hidden layer units on Python dataset %

B )2 20T 40 BLEU ROUGE-L METEOR
8 33.22 47.07 20.02
16 33.62 47.76 20.43
32 33.71 48.02 20.65
64 34.75 48.85 21.46
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Fig.4 Experimental results of models with different code

lengths on Python dataset
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Table 5 Experimental results of models with different

node arrangement orders on Python dataset %

£6 R AHFUIRR MAREIZE Java BB E RO R LR

Table 6 Experimental results of models with different

node arrangement orders on Java dataset %
FL 1 HE51 755K BLEU  ROUGE-L  METEOR
T 3k 3 451 45.76 55.58 27.58
SiT i I T 3k T3 HE 5] 45.73 55.54 27.56
52 J2 ) 38 13 HE 51 45.69 55.51 27.55
TG 38 s 451 46.91 56.83 28.56
SHE )i ) ik JJj HE 4] 46.87 56.80 28.54
i )22 )7 3t [T 1R 41 46.85 56.78 28.54

3.6 HELKIG ST

KT il — A TR 5 BN 45 AL R o WA L T
TH i S 567 O Python B0 HE 45 T (9 T fl 52 56 25 S
s HER oM R B R 45 R, No-SGAT &
AN R A 1 1Y P 8145 B No-ET-NT £ R
X 43 A% R0 2SR A 26 A No-ET £aRA %
Y 2 RS B, No-NT R A LR P
B 2R AL E B, No-AEL % 78 A % B Transformer
RE w2

R7 FEPythonHIBELHERMTRE R

Table 7 Results of ablation expériments

on Python dataset %

LAY BLEU. ROUGE-L METEOR
No-SGAT 33.82 48.14 20.66
No-ET-NT 34m2 48.28 20.86
No-ET 34.56 48.60 21.26
No-NT 34.50 48.56 21.23
N6-AEL 34.48 48.40 21.25
SHE 34.75 48.85 21.46

LT HEF) J5 X BLEU ROUGE-L  METEOR
i Y 38 g 451 33.84 48.14 20.67

SIT ) )y 38 i HE 571 33.81 48.09 20.65
i 2 ¥ 38 15 H1E 51 33.79 48.07 20.64
i Y 38 15 HE 51 34.75 48.85 21.46

SHE #7773 JJ HE 4] 34.72 48.83 21.46
i 2 Y 3 15 HE 41 34.73 48.82 21.45

1 7 AT LU A SRR A 19 1 S 51 1E
S K T BUBERL M BE R R TE R XA AR T B A Y AR
FERI AN BN BT A B IR 1 3 B 48 AR A
YA Fr 52 71, 3 U8 R AR B 1k O AR T 18] B 6% 4
e AU Y R BLRE ) s 7% BT R AR BB e A
FR RIS OO B B PR RE TS B g — B4R T X R
I R A AE BN 28 U D RE A 2 T G B AR X A2
Fe AR T 1Y 45K 2] 58 01 s AN K ] Transformer 5 45 %
T R A AR B T A AR A AT 2 I E R BEAR T
AL AT AR PR AR 1 15 27 UF ERE R SRS R
AE T
3.7 RBOIRR

R T 20 G BT R R T A ) R Y T,
T B ER . Python /i i fil Java 7 9] HAKR N R

1) Python 71 14l

def safe_decode(s) :

if isinstance(s, unicode) :

return s

elif isinstance(s,bytes) :

return s.decode(defenc, 'surrogateescape')
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elif(s is not None) :

raise TypeError ('Expected bytes or text, but got %' %
(s,))

2% 11 B¢ « safely decodes a binary string to unicode.

SiT:decodes a unicode string to unicode.

SHE :safely decodes a binary string to unicode.

2)Java 7 fil

public String toString( )

return double.toString(get() ) ;

f

2 % 1% B : returns the string representation of the
current value.

SiT : obtains the string representation of this object.

SHE : returns the string representation of the double
value.

B LR LUA 1, SHE BT AR Bl 04 v B T o o
Wil o XF T Python 7 ] , f AR IR ACRS 354 H B
il “binary” , {H SHE JIr A4 Ji A9 1 B AT A E S84 1 1l T
T H B3R “binary” o XF T Java s ), N AL iEHERY
T3 44 A8 LU R 2 AR B 32 2 D Rg N Ut SIT A=
R R BT i %S o (HAR LSHE A2 R TR REAT) 9K
A58 vy 14 AT 5 R o A

4 HFRIE

R SO IR FR B A AT 5, Bt — i 4 g U
AR 5 2 1 (SHE ) BT |, i it /i 45 17 47 2 B )22 A1l
Pl 2 B )22, BE 0[] I 4 A0 AR e RS 1) 39 5 P 51 45 R,
LS AR S SN R F MR ERAGER,
BT — Tl 48 A A0 R A [V 3 ) (SGAT) M 4%, 32 7
T g BRI TR AR AU R S kg e S e T, Sk
53 5 5 2 M g AR T A0 AR TR A i g R R AR
B UE T SHE R X b i vfi M3 80 7 £ 71 2808 , BLREA:
8 IR e ) A L R (] P 9 SR 5 R IE T SGAT
PO 2% A M o A R Ok 19 AR T SR ke 20 i R
F FEL B A 2 Oy X A R O I A TR T LR R
LA S 2 e e AR A S ARG K o T e T o TR,
K it — 2L UL AL 7 91 4 TR 20 18 )2 1)l 07 X
DL 4 M 4l 2% 7 AR B 7 81045 R RN 1 A A
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