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Automatic Function Naming Based on Graph Convolutional Network

WANG Kun, LI Zheng, LIU Yong
(College of Information Science and Technology, Beijing University of Chemical Technology, Beijing100029, @hiﬁa)

Abstract: Automatic method naming, as an important task in software engineerﬁing, aims to generate the target function
name for an input source code to enhance the readability of program codes and aceelerate software development. Existing
automatic method naming approaches based on machine learning mainly encode the source code through sequence
models to automatically generate the function name. However, these approaches are confronted with problems of long-
term dependency and code structural encoding. To better extract structural and semantic information from programs, we
propose a automatic function naming method called TrGCN based on Transformer and Graph Convolutional Network
(GCN). In this method, the self-attention mechanism in Transformer is used to alleviate the long-term dependency and the
Character-word attentién mechanism to extract the semantic information of codes. The TrGCN introduces a GCN-based
AST Encoder that enriches the eigenvector information at AST nodes and models the structural information of the source
code well. Empirical studies are conducted on three Java datasets. The results show that TrGCN outperforms conventional
approaches, namely code2seq and Sequence-GNNSs, in automatic method naming as its F'1-score is 5.2% and 2.1% higher
than the values of the two approaches, respectively.
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A AR ARG I L. SR T J5 A2 PRI Transformer 527 3 %
T B RE S BT, A RE S 78 45 1 PEAR 5 ) AR
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ISR, RGN AST BRAZERE, Jf B3I N EE SIHLH,
ST 3T R B RN AST 2% 4% 2 17111 5% 22 R AT B 8
LT, BARFET AST WIFR R 5 7 A 2RI T
TR IS B, HEIFAR 288, b o B i UK 4
A IR

Bl A B2 2% (GNN) B, B8N G 22 lf
TE VR AR B 5 4k g PR T 20 e A7 . LAk
77 AGIEE 4 AST 38905 22 300, {7546 04 W] LA 7
(I ER AR 5 2 I [ 5% 2. Allamanis 2527 42 7 — Rt
F 145 2 R 4 (GGNN)Z2 BERY ) P 1 ok
TR UEARTY, i M R ARG i) AST 9 A
IR, Horh B 75 2% AST 741 token, B

I 54 4 2 [ M T X . Fernandes %1%

FEARADERAT 5 #2 t— Mok GNN'5 Seq2Seq 45 &
R, H el A BiLSTM}ﬁE?iwﬁﬁ%ﬁ%, (CEIER
fE M EFRR, SR G A GNN X Hk 47 @, & 515 3
FRAE 7] 2 A AR T R AE SR 7 . (2 S 1 i i 9 i A
F R AT S RNNL LSTM £ i ¥R il 22 N 4 A Y | 17
FER RO ) A, 5 SO AR RFEAS B I S AN 58
B ORCRIH T Transformer H' 2 Sk H VE R I HLHI 0 4r
PER G 1X A ] 7.

N TR G RAE B R SR IS SRR RO 0] R 45
B, ASCHR Y T — T Transformer #5878 [ B 35 A A
Z:M2% (GCN) F28Y TrGCN, {5 F A5 R SR IS ) 25 4
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# Encoder-Decoder (£ B NE S5 Z Sk HIER I E4
FHTF, NS, By el L. yamsellb fig o i B
Byt y8S ey K, VR R .
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N T R EAE SURBUSCR, TrGON {1 1 H54Hm 4™,
2 2% AT L DA BR Hi s v A2 s B3] SRATE Dy T o) £
S (R AR G B 3 TR, i 2% T DAE SR Ry
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P HBE 5, B R A AR 8 B — 2 R AT 1 47 2%
MeEAL, SRJ5 8T Sigmoid B RLH FEA L PR A
o UV 40 BRI O B 1A . A S AT DU 24
]2 T B B w I, B Pyocan(w) = 0, 1% 25 77 LU
BR 0 e AT 2637 00 52 1, B5RE FT LU A8 Out of
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TEFREF W25 FEAT Him] S, OATE AST Hh2e 4k
R &R IR UG R, IEAS TS BP mE G
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ACAE Java pR# AT 44 4E 55 ThVEAl TrGCN, 8L 45
JE Java J7 V5 )RR B, SRTIUIN R B 44 . SERT B ST AR
B, 12— MR R HEAE 55 R HERE SE1E H Github
TR Java I H , o i) e& 2500 LA DA A =2 HE R 1
FHIR ), I%lﬁ%,%‘\%i%ﬂ%%%%‘ﬁﬁ$ﬁ. [ AT
SR R AL AT AL B, R AL NS 1 token [T A,
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N 1 R, RS 3 ANASFEHEL Java 2095
KPR Java-small, Java-med, Java-large!®”.

® 1 HHEREgT
LTS Java-small ~ Java-med Java-large
#project-training 10 799 8998
#project-validation 1 100 250
#project-test 1 96 307
#example-training 691911 3080 595 13219 981
#example-validation 23 844 418 902 327437
#example-test 57 088 419 945 424 333

Java-small B, 12 AN KB Java L H, Hd 9 A
EAE RIIZRER, 1 AN E R ARESE, 1 DNITEAEN
MHASE. ZEAE RS2 770 k 26 FF61.
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PR AT B AN [ AR 48 I 24 B8 21 B =
B 4584 {E B, 1 B character-word ¥ & 1L LA 48
B I 28 ] DA UK B THE SCRE IR O HR AR
T A A KA P 18 O, FRATTASE AL $2 T R AL IE W
TCHAE B4 Java-large H, Precision MK T code2seq
WAL, PR T 0.56%. FIRERIE A (1) BE A 2
TR K, B B 5 e FE AN, BARUR HE ik — 0 A
PE R B 27 205 (2) =T B #0282 A5 Y ER AR

TRR A RS ), (ER th LA B A 4. BRI

S, HA e 3 MR R ISR AR BT T
B 40 S BR. 2 /MBS AT 4 /J\lfﬂL;}(S) SEE % W Bk, SR
FAAEHIB 12 G BA7H (NVIDIA)TITAN Xp &K, B
ERAEEIGR, WA LR AR ki R I SR EE K, T
PLH B L9/ batch size SR v AR 85 U8 1) @, {H 2
batch_size I K/N— 78 F£ B 52 M SL UG 45 1.

[FINF, FRATTAE B 1 — AN 5= T I 25 o 8% 11 5 o A
A, Fernandes 1'% $2 H 1) Sequence-GNNis #7 | i% 4
A Y L i 2 I 2 SR G A P R AT S . 35 3 1 W 3RAT]
(IR E VP bR iE F1, ROUGE-2 LL & ROUGE-L #fk
T 7 Sequence-GNNs. 7E code2seq &= 1 HE F,
Sequence-GNNs 7E#(#f5 £ Java-large E F1 {HAK T

code2seq, AT LAFRATT A Al H T 24 4E Java-small #E4T
Lk,

#* 3 5 Sequence-GNNs {EH#i4E Java-small [ LA

e F1 ROUGE-2 ROUGE-L
Sequence-GNNs 514 250 ° 50.0
TrGCN 53.5 2957 53.6
SR L 424 +0.7 +3.6

) JA# 3 HA[ LUE ) TrGCN 7E F1 {4 s Sequence-
GNNs #27t T 2.1%, $# TrGCN TEANE FE T 45 5 4
A NP R 15 0 S A B K I B /05 /£ ROUGE-2 Al
ROUGE-L 4} 54 T 0.7%- 3.6%, i L& H TrGCN
E 7 R TRUIN 25 SR L] 5 1R 15 5L T [RIFEAR T Sequence-
GNNs. LA TrGCN #BYFE il & Transformer. E#&H
A} character-word ¥ & I ML 5 0 TN e 77 32 =
FEH .

5 HinS5REYE

AP T —A TrGCN AR vk bR 50 E h ik
i % AE4%. TrGCN F)F Transformer A7 FIVE & JIHLHI K
G A I 2R ) 388 21 1 KRR RO ) 5 ) FH G AR p
W S I N E S5 ME B, AR I RRE [m)
BE B N5, Rl character-word J3 2 JIHLHI LA A

Research and Development fJf 73 & 263

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

i E R %N

http://www.c-s-a.org.cn

2021 4F #5304 25 8 1

TRET IR R PP I SUE . SR 45 AR W, TrGCN
F bR B i 44 RSCRAR T At B HER R 72 J5 BRI BIE T o,
VR AL A [F o g R 18 5 Bt 2R, DR A 0 AXA
AT 55 R T 15 A 2k

10

11

12

S 30k
Host EW, Ostvold BM. Debugging method names.
Proceedings of the 23rd European Conference on Object-
Oriented Programming. Genoa, Italy. 2009. 294-317.
Sutskever I, Vinyals O, Le QV. Sequence to sequence
learning with neural networks. Proceedings of the 27th
International Conference on Neural Information Processing
Systems. Montreal, QC, Canada. 2014. 3104-3112.
Cho K, Van Merriénboer B, Gulcehre C, et al. Learning
phrase representations using RNN encoder-decoder for
statistical machine translation. arXiv; 1406.1078, 2014.
Bahdanau D, Cho K, Bengio Y. Neural machine translation
by jointly learning to align and\translate. arXiv: 1409.0473,
2014, '
Luong MT, Pham H, Manning CD. Effective approaches to
attention-based  neural machine translation. arXiv:
1508.04025, 2015.
Allamanis M, Peng H, Sutton C. A convolutional attention
network for extreme summarization of source code.
Proceedings of the 33rd International Conference on
Machine Learning. New York City, NY, USA. 2016. 2091—
2100.
Alon U, Zilberstein M, Levy O, et al. A general path-based
representation for predicting program properties. ACM
SIGPLAN Notices, 2018, 53(4): 404 —419. [doi: 10.1145/
3296979.3192412]
Alon U, Zilberstein M, Levy O, et al..Code2vec..Learning
distributed representations,of code. Proceedings of the ACM
on Programming Languages,"20f9, 3(POPL): 40.
Alon U, Brody S; Lévy O, et al. Code2seq: Generating
sequences from structured representations of code. arXiv:
1808.01400, 2018.
Fernandes P, Allamanis M, Brockschmidt M. Structured
neural summarization. arXiv: 1811.01824, 2018.
Bengio Y, Simard P, Frasconi P. Learning long-term
dependencies with gradient descent is difficult. IEEE
Transactions on Neural Networks, 1994, 5(2): 157-166. [doi:
10.1109/72.279181]
Vaswani A, Shazeer N, Parmar N, et al. Attention is all you

need. Proceedings of the 31st International Conference on

264 7 H K& Research and Development

15

17

18

20

21

22

Neural Information Processing Systems. Long Beach, CA,
USA. 2017. 5998-6008.

Niepert M, Ahmed M, Kutzkov K. Learning convolutional
neural networks for graphs. Proceedings of the 33rd
International Conference on International Conference on
Machine Learning. New York City, NY, USA. 2016.
2014-2023.

Allamanis M, Barr ET, Bird C, et al. Suggesting accurate
method and class names. Proceedings of the 10th Joint
Meeting on Foundations of Software'Engineering. Bergamo,
Italy. 2015. 38-49.

Iyer S, Konstas I, Cheung A, et al. Summarizing source code
using a neural ‘attenfion model. Proceedings of the 54th
Annual Meeting of the Association for Computational
Lir;guistics (Volume 1: Long Papers). Berlin, Germany.
2016.2073-2083.

Hu X, Li G, Xia X, ef al. Summarizing source code with
of the 27th
International Joint Conference on Artificial Intelligence.
Stockholm, Sweden. 2018. 2269-2275.

Li J, Wang Y, Lyu MR, et al. Code completion with neural
attention and pointer networks. arXiv: 1711.09573, 2017.

transferred api knowledge. Proceedings

Liu C, Wang X, Shin R, et al. Neural code completion.
of International
2017
France. 2017. 1-14. \
Sun ZY, Zhu QH, Xiong YF, ef al. ?Tre'eGen: A tree-based
transformer architecture for code-genefation. The 34th AAAI
Conference on Artiﬁcial Intelligence (AAAI 2020), the 32nd
Innovative-Applications of Artificial Intelligence Conference
@@AAT 2020), the 10th AAAI Symposium on Educational
Advances in Artificial Intelligence (EAAI 2020). New York,
NY, USA. 2020. 8984-8991.

Sun ZY, Zhu QH, Mou LL, et al. A grammar-based
structural CNN decoder for code generation. Proceedings of
the 33rd AAAI Conference on Artificial Intelligence (AAAI
2019), the Thirty-First Innovative Applications of Artificial
Intelligence Conference (IAAI 2019), the Ninth AAAI
Educational Artificial
Intelligence (EAAI 2019). Honolulu, HI, USA. 2019.
7055-7062.

Allamanis M, Brockschmidt M, Khademi M. Learning to
represent programs with graphs. arXiv:1711.00740, 2017.

Proceedings Conference on Learning

Representations Conference Submission. Toulon,

Symposium  on Advances in

Beck D, Haffari G, Cohn T. Graph-to-sequence learning
using gated graph neural networks. Proceedings of the 56th

Annual Meeting of the Association for Computational

© TEREBIK R

http://www.c-s-a.org.cn


http://dx.doi.org/10.1145/3296979.3192412
http://dx.doi.org/10.1145/3296979.3192412
http://dx.doi.org/10.1109/72.279181
http://dx.doi.org/10.1145/3296979.3192412
http://dx.doi.org/10.1145/3296979.3192412
http://dx.doi.org/10.1109/72.279181
http://www.c-s-a.org.cn

20214 #5304 55 8 1

http://www.c-s-a.org.cn

i H AR SN A

23

24

25

26

Linguistics. 2018. 273-283.

Ba JL, Kiros JR, Hinton GE. Layer normalization. arXiv:
1607.06450, 2016.

He KM, Zhang XY, Ren SQ, ef al. Deep residual learning for
image recognition. Proceedings of 2016 IEEE Conference on
Computer Vision and Pattern Recognition. Las Vegas, NV,
USA. 2016. 770-778.

See A, Liu PJ, Manning CD. Get to the point: Summarization
with pointer-generator networks. Proceedings of the 55th
Annual Meeting of the Association for Computational
Linguistics. Vanconver, BC, Canada. 2017. 1073-1083.

Lin CY. Rouge: A package for automatic evaluation of
of 2004 Workshop on Text

summaries. Proceedings

27

28

Summarization Branches Out. Barcelona, Spain. 2004.
74-81.

Kingma DP, Ba J. Adam: A method for stochastic
optimization. Proceedings of the 3rd International

Conference on Learning Representations. San Diego, CA,
USA. 2015.

Tai KS, Socher R, Manning CD. Improved semantic
representations from tree-structured long short-term memory
networks. Proceedings of the 53rd Annual Meeting of the
Association for Computational Li{lgu-istics and the 7th
International Joint Conference on Natural Language
Processing of the Asian Fedefation of Natural Language
Processin_g. Beijing, China. 2015. 1556-1566.

3

Research and Development fJf 7S & 265

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

	1 引言
	2 相关背景
	3 模型结构
	3.1 Encoder-Decoder结构
	3.2 AST编码器
	3.3 输入序列的特征表示方法
	3.4 AST编码器结构
	3.5 解码器
	3.6 模型训练

	4 实验评估
	4.1 数据集
	4.2 评估标准
	4.3 实验设置和环境配置
	4.4 实验结果和分析

	5 结论与展望

