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[Abstract]

Git's commit message is closely related to the project life cycle, and by this characteristic, it can greatly
contribute to cost reduction and improvement of work efficiency by identifying risk factors and project status
of project operation activities. Among these related fields, there are many studies that classify commit messages
as types of software maintenance, and the maximum accuracy among the studies is 87%. In this paper, the
purpose of using a solution using the commit classification model is to design and implement a complex
classification model that combines several models to increase the accuracy of the previously published models
and increase the reliability of the model. In this paper, a dataset was constructed by extracting automated
labeling and source changes and trained using the DistillBERT model. As a result of verification, reliability
was secured by obtaining an F1 score of 95%, which is 8% higher than the maximum of 87% reported in
previous studies. Using the results of this study, it is expected that the reliability of the model will be increased

and it will be possible to apply it to solutions such as software and project management.

» Key words: Commit Message, Multi-Label Classification, DistilBERT(Bidirectional Encoder Representations
from Transformers), Source Change, Auto Labeling
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I. Introduction
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II. Preliminaries

1. Related works

1.1 Software Maintenence Type

b B 12 AZEQo] gXRIS A 71K HEl2
283 Zloi2].

Table 1. Software Maintenance Type

Type Description
Corrective Fix Bug
Perfective Performance Improvement
Adaptive Feature Addition
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1.2 Commit Message Classification Model By
Utilizing Source Code Change
S 3% 12 A2 W7 HolEE o|g3t B R

o] maA2olct

Crawling Github
I

Data Pre-processing

Data Labeling
Input :
! - Detect Word Frequency

from _Commit Message
= Extract Source Changes Frequency
Output: -
] - Software Maintenance 3 Types

Model Training
(Multi-Class-Classification)

Model Validation

1

Model Establishment

Fig. 1. Classification Process Using Source Change

fAITe) R0 71 Bol Sl
L8y )9 es 2Estn A9 HAKA Vg v
UEs oghs L35t} E35t Flurie] A4 W7 35
=791 AR ~g2)(ChangeDistiller)& 0|83 42
232 2E5t0] e ¥US WE0] 20| Hlole)
2 ol8aici6-9]. ZWAS olEE olgsto] Hate
(Accuracy)= 6%77}7<] SFA} ShA olAICH 3],
SHARE A2 W7 549 HlojElE "§5}7l Yol A=
F5loA B3+ ii%ﬂr 2 ol BAlo] AA| U=



Implementation of Git's Commit Message Complex Classification Model for Software Maintenance 133

ol Zagh siF 7 R 7P F5= ol AU B
= DI2ANEO WAl B& HARSHO] Ol%ii}. ol2{gt
2 T 2H9 s Adole 78
o} o] Wt

2 =rollAE A WG {39 Hlo]E Y o825 sl
sid A8 Git CLI(Command Line Interface)& 0]&
3l sl ﬂpﬁg tAaskety WQst A4 mholuke A s}

1L Hole £& WIS HIR|= 7hdsto] AFsStA|ZATh

ol 82 22 A2t glolad Z2A|A0fA A}

Als] 2ot

1.3 Commit Message Classification By Utilizing
DistilBERT
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Data Labeling

Data Pre-processing Input:
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y 1 |Output:

Model Training - Software Maintenance 3 Types

(Multi-Label-Classification)

Y

Transfer Learning
Model Validation 1 - Pre-training
with the DistilBERT Model
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Model Establishment

Fig. 2. Classification Process Using DistilBERT Model
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1.4 Source Change Type By ChangeDistiller
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Table 2. Source Change Type

Idx Type

ADDITIONAL_CLASS

ADDITIONAL_FUNCTIONALITY

ALTERNATIVE_PART_DELETE

ALTERNATIVE_PART_INSERT

3
4
5 | ADDITIONAL_OBJECT_STATE
6
7
9

ATTRIBUTE_TYPE_CHANGE

10 | CLASS_RENAMING

21 | METHOD_RENAMING

22 | PARAMETER_DELETE

23 | PARAMETER_INSERT

25 | PARAMETER_RENAMING

33 | REMOVED_CLASS

34 | REMOVED_FUNCTIONALITY

42 | STATEMENT_DELETE

41 | STATEMENT_INSERT
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III. The Proposed Scheme

1.1 System Configuration
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Model Learning
Server
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Fig. 3. System Configuration
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1.2 Target Projects
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Table 3. Target Projects

No Project Name Star Fork

1 elastic/Elasticsearch 61.4k 22.3k

2 oracle/Graal 17.6k 1.4k

3 aosp-mirror/Platform 101k 6.2k
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1.3 System Process
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’7

Model Training
(Multi-Label-Classification)

!

Model Validation
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Transfer Learning
- Pre-training
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Fig. 4. Proposed Classification Process
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1.3.1 Auto Labeling
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Fig. 5. Auto Labling Process
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1.3.2 Manual Labeling
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commitMsg changeType |Corrective|Perfective| Adaptive

add file delete retry to
testcluster

elasticsearchnode [0,0,0000,

(#89095) add retry|0,0,0,0,0, 0, 0,

logic for cleanup / 0,000,000,

deletion in testcluster's |0,0,0,0,0,0,0, 0] 0] 1
elasticsearchnode, to 0,000000,

tolerate the 0,000,000,

asynchronous nature of |0,0,0, 0, 0, 0, 0]
deletions  on the
windows file-system.
fix object equals for

sglqueryrequest's 0,0,0.0,0,0
b?nc; zmiﬁunicaﬁon 0.0.0,0,0,0,0,

v 0,0,0,00,0,0,
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owenn'\cel'\j 0.0.0.0,0.0.0.
<owenniceliu@tencent.c 0.0.0,9,9,9,9

~10,0,0,0,0,1, 0]

om=

Fig. 6. Labeled Data

commitMsg F&3t 751 HIAX]0] 4L, changeType
2 HHAATL 1.4 Source Change Type By
ChangeDistiller GoflA dEeh AJAXHAZF o
28t aswlz 93] olgaoltt 12w 352
Corrective,Perfective, Adaptive= B o 1.1
Software Maintenence TypeoflA] At A X EQo]
SRRl A7 efoln st A 1, sidsta]
O 79002 #o| 2t Holsolct.

& 3000719] HolEt B BN 4T LSOl
RA =71R0] AT go|2al At ISR,
oA Ao WEro 2 AR BRY cojelt vl2]
ASID 014 DIxI1Ze BRoIA 821 AL A o
olF= oJu|7t gle 1dd AlAR HIAIRZ] dizofl AMA|
(ﬂUr. 25 gol=d A = FF HolH e 2162710]

1.3.3 Data Pre-Processing
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f = open{"all.csv", "r'")
df = pd.read_csv(f)
df [ ' labels' ]=#

df[['T1Y, T2, 'T3' ] 14

values. tolist()
df ['text'] =#

"[CLs]

+ df['commitMsg']W

" [SEP] "#

+ df[ changeType']W

+ " [SEP]"
df=df[['text', ' labels']]
train, test = train_test_split(df, test_size=0.20)
train.head(3)

Fig. 7. Pre—Processing Source Code
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1.3.4 Transfer Learning
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Table 4. Hyper Parameter Config Values

Config Value
num_train_epochs 10
learning_rate 2e-05
train_batch_size 8
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gpoch 10 of 10: 100% [ 10/10 3:06<00:00, 19.035/it

Epochs 0/10. Running Loss: 0.3424: 100% [N 2177217 100:17 <0000, 16.18it/5]
Epochs 1/10. Running Loss: 0.2612: 100% [N 2177217 100:15<00.00, 15.951t/5]
Epochs 2/10. Running Loss: 0.9283: 100% [N 2177217 100:15 <0000, 16.12it/3]
Epochs 3/10. Running Loss: 0.0249: 100% [N 2177217 100:15 <0000, 16.241t/3]
Epochs 4/10. Running Loss: 0.0108: 100% [N 2177217 100:15 <0000, 16.36it/3]
Epochs 5/10. Running Loss: 0.0114: 100% [N 2177217 100:15 <0000, 16.101t/3]
Epochs 6/10. Running Loss: 0.0109: 100% [N 2177217 100:15<00:00, 15.34it/3]
Epochs 7/10. Running Loss: 0.0073: 100% [N 2177217 100:15 <0000, 15.88it/3]
Epochs 8/10. Running Loss: 0.0102: 100% [N 2177217 100:15 <0000, 16.20t/3]

Epochs 2/10. Running Loss: 0.0073: 100% [N 2177217 100:18<00:00, 15.81it/3]
(2170, 0.15516003419622847)

Fig. 8. Learning Progress
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1.3.5. Model Validation & Evaluation
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Fig. 9. Loss & Learning Rate
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weighted avg 0935
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i i i
precision recall fl-score

Fig. 10. Model Evaluation
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Table 5. Compare Model Results

Dataset F1-Score H-Loss
Proposal Model 95% 0.04
M. U. Sarwar et al. 87% 0.11
S. Levin et al. 76% -
Gharbi et al. 71% 0.22
Mauczka et al. 50% 0.31
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IV. Conclusions
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