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Language-agnostic vs. Language-specific
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(b) JavaScript code snippet and its AST

Language-agnostic information: The information can
be directly extracted from the source code or AST by
a unified model across different languages, without
relying on any language-specific feature.

Language-specific information: Language-specific
underlying syntactic rules, the language-specific API
names.

Motivation
Multilingual training improves the performance of
language models compared to training the models
on single-language datasets separately.

Existing multilingual training strategies overlooks the
language-specific information

We want to train a model that can extract both
language-agnostic and language-specific information.

Approach
* Meta Learning From in Our Approach: Learning to generate parameters.
* Mata Learner: Generate parameters for the Base Learner based on
the language type (e.g. Python, Go).
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* Variants:
* MetaTPTrans-a: Generate parameters for context token projection.
* MetaTPTrans-f: Generate parameters for path encoding projection.
* MetaTPTrans-y: Generate parameters for both context token
projection and path encoding projection.

Experimental Setup

Samples per partition
Train Valid Test

e Tasks: Python 412,178 23,107 22,176

. Codes _— Ruby 48,791 2209 2279
ode Summarization JavaScript 123,889 8253 6,483

* Code Completion Go 317,832 14,242 14,291
Total 902,690 47,811 45,229

* Dataset: CodeSearchNet [2]. Language

[1] Integrating Tree Path in Transformer for Code Representation. In NeurlPS 2021.
[2] CodeSearchNet Challenge: Evaluating the State of Semantic Code Search. arXiv:1909.09436, 2019.

Experimental Results
Experimental Results of the Code Summarization task

Python Ruby | JavaScript | Go
Prec. Rec. Fl | Prec. Rec. Fl | Prec. Rec. Fl | Prec. Rec. Fl

Model

code2seq (Single-language) 3579 24.85 2934 | 2323 1031 14.28 | 30.18 19.88 2397 | 5230 4343 4745
GREAT (Single-language) 3507 31.59 33.24  24.64 2223 2338 | 3120 26.84 2886 | 5001 4651 4820
CodeTransformer (Single.) 3640 33.66 3497 3142 2446 2750|3506 2961 3211
TPTrans (Single-language) 3839 3470 36.45 | 33.07 2834 3052 | 3368 2895 3114

5510 4805 51.34
5567 5131 5339

code2seq (Multilingual) 3449 2549 2032 | 2397 17.06 1993 | 3162 2216 2606 | 5270 44.36 4817
GREAT (Multilingual) 3675 31.54 3394 | 3005 2433 2689 | 3358 2778 3041 | 5265 4830 5038
CodeTransformer (Multi.) ~ 38.89 33.82 36,18 3393 2894 3124 | 3695 2998 33.10 | 5600 5044 53.07
TPTrans (Multilingual) 3971 34.66 37.01 | 39.51 3231 3555 | 3492 30.01 3233 | 5648 52.02 54.16
MetaTPTrans-o 4022 3622 3812 | 40.62 34.01 37.02 | 3787 3192 34.64 | 58.12 53.82 55.89
MetaTPTrans-3 3997 3612 37.94 4044 3369 3676 | I8BBT 32.66 3550 | 58.86 5424 5645
MetaTPTrans-y 4047 3519 37.65 | 4058 3204 3581 | 3790 30.11 3356 | 5820 5338 55.68

Ablation Study of Code Summarization w/o Pointer Network

Model

Python Ruby | JavaScript | Go
Prec.  Rec. FlL Prec.  Rec. Fl | Prec. Rec. Fl | Prec. Rec. F1

CodeTransformer (Multi.) 3891 33.12 3578 | 3452 2731 3050 | 3721 2975 33.07 | 56.07 50.76 53.28
TPTrans (Multilingual) 3878 3472 3664 | 3805 3235 3497 | 3635 30.06 3290 | 5649 51.99 54.15

MetaTPTrans-c 3926 3657 37.87 | 3922 3455 3674 | 3729 3250 3473 | 57.14 5448 5578
MetaTPTrans-3 3834 3732 37.82 | 3887 3607 3742 | 3735 34.06 3563 | 5656 5514 5584
MetaTPTrans-y 3850 3696 37.71 | 3838 3399 3605 | 3772 32.62 3498 | 5649 5430 5538

Experimental Results of the Code Completion task

Python | Ruby JavaScript | Go
Top-1 Top-5 | Top-1 Top-5

Model
Top-1 Top-5 | Top-1 Top-5

\

\
Transformer (Single-language) 47.57 69.86 | 4439 62.24 | 37.57 53.15 | 4021 59.65
CodeTransformer (Single.) 6245 76.73 | 51.63 69.96 | 47.56 68.88 @ 47.71 61.35
TPTrans (Single-language) 63.71 7799 | 6442 7250 | 64.67 7342 | 57.15 6781
Transformer (Multilingual) 47.02 7882 | 47.16 77.32 | 38.77 70.84 | 4201 7295
CodeTransformer (Multi.) 68.19 8298 | 67.67 83.47 | 59.32 80.07 | 57.12 77.67
TPTrans (Multilingual) 69.81 84.10 | 72.14 82.27 | 6745 81.17 | 6045 79.03
MetaTPTrans-a 77.13 9428 | 78.05 9542 | 73.52 9288 | 6747 91.15
MetaTPTrans-3 71.75 86.26 | 73.82 86.85 | 72.71 8690 | 66.74 85.21
MetaTPTrans-~y 67.12 9072 | 71.89 93.61 | 69.55 9097 | 61.60 88.99

Visualization of the Representation Learned by MetaTPTrans-«a (left) vs.

TPTrans (right)
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More language-specific information and more semantic information learned by our approach.



