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Fig. 1. The overall pipeline of Tree-Transformer.
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. Research Question

RQ1 : Tree-TransformerlIFBEX R L ANILDFEZF XD T
EDEHOLTEEEZTRT H
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POJ Java250 Python800 C++1000 C++1400
Train samples 36,400 45,000 144,000 300,000 252,000
Validation samples 5,200 15,000 48,000 100,000 84,000
Test samples 10,400 15,000 48,000 100,000 84,000
Avg. nodes 189.58  339.33 232.27 376.90 472.04
Avg. children per node 1.90 3.05 2.77 3.09 3.12
Avg. depth 13.32 17.26 14.48 15.46 16.43
Vocabulary 44 222 161 346 346
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TABLE III
PROGRAM CLASSIFICATION ACCURACY(%) ON CODENET AND POJ DATASETS.

Java250  Python800 C++1000 C++1400 Overall | POJ

GCN 89.06 91.81 93.54 9289  91.83 | 93.93 — — s
° \Y \

GIN 90.76 93.17 95.54 9450 9349 | 95.76 ETOT—FEY MZEWT

GGNN 88.46 89.92 89.75 88.01 89.04 | 93.22 S IBER—SA( >

Tree-LSTM (root) 93.19 93.95 95.79 9520 9453 | 94.70

Tree-LSTM (attention) 93.71 93.83 95.79 95.24 94.64 | 94.95 RKEEN—RFAM & LES

TBCNN 90.32 91.10 93.17 93.03 91.91 | 94.15

TreeCaps 91.42 90.26 93.55 9324  92.12 | 95.88

Tree-PE [19] 91.65 91.11 92.30 88.97 91.01 | 94.19

GREAT 93.15 93.30 93.46 9372 9341 | 92.64 . s o T o

GCN+Graph [29] 92.70 93.82 95.76 0526 9439 | o551 D AMBRIGEFRHIFE F H

GIN+Graph [29] 93.26 94.17 96.34 95.95 9493 | 95.96 =

GGNN+Graph 93.61 92.23 91.72 9248 9251 | 94.80 Transformer & (LB L T %,

HPG+HGT [21] ? 93.95 94.99 - - - |- BRSNS

Tree-Transformer (Ours)  95.32 95.30 97.11 96.98 96.18 | 96.12

Transformer 93.49 93.99 89.93 67.87 86.32 | 88.13

C-BERT [29] 97.40 97.09 93.79 91.83 95.03 -

CodeBERT 96.47 97.41 86.13 83.05 90.77 | 98.40




. Research Question
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Wrong Operator

Train samples 155,628
Validation samples 16,868
Test samples 86,231
Avg. nodes 222.39
Avg. children per node 2.84
Avg. depth 13.28

Vocabulary 286,456
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TABLE V

THE ACCURACY OF WRONG OPERATOR LOCALIZATION AND REPAIR. — —L_ -
* ¥¥1Z, Loc&RepDFaEFRE T

Model Loc Acc(%) Loc & Rep Acc (%)
GCN 84.97 60.44
GIN 85.69 61.61
GGNN 84.77 58.71
Tree-PE [19] 78.65 53.99
GREAT 85.43 59.32
GCN+Graph 86.37 65.05
GIN+Graph 86.48 64.66
GGNN+Graph 84.11 61.01
Tree-Transformer (Ours) 88.26 68.58
Transformer 73.13 45.22
CodeBERT 94.61 83.89
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. Research Question
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* TypeScript® &5k All F D B # 5@

Type Inference

Train samples 608,156
Validation samples 24,424
Test samples 27,870
Avg. nodes 652.53
Avg. children per node 3.03
Avg. depth 17.09

Vocabulary

100,128 (manually set)
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TABLE VII

ABLATION STUDY ON PROGRAM CLASSIFICATION (JAVA250) AND WRONG

OPERATOR LOCALIZATION AND REPAIR.

WrongOp
Model Java250 Loc Loc & Rep
Tree-Transformer 95.32 88.26 68.58
-position encoding 9499 85778 63.32
-fraternal attention 94.66 86.26 63.91
-fraternal attention +position encoding 94 .95 87.18 65.64
-top-down propagation 94.01 N/A N/A
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TreeCaps [9]
5 |\' Code2Vec [17]
Code2Seq [18]
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TABLE I
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A COMPARISON OF EXISTING TREE/GRAPH-BASED PROGRAM

REPRESENTATION LEARNING TECHNIQUES.

Approach Global Nodes  Order

Original

GNN+AST

Child-Sum Tree-LSTM [16]
N-ary Tree-LSTM [16]
TBCNN [6]

ASTNN [7]

Tree-PE [19]

Code Transformer [5]
TreeBERT [20]
Tree-Transformer(Qurs)

GNN+Augmented AST [10]
Devign [3]

GREAT [13]

HPG+HGT [21]
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