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Abstract: As operating systems mature and the variety of software packages increases, higher requirements are imposed on the management

and system construction of software packages for operating systems. Traditional methods of managing and building software packages often rely

on manual subjective judgments, which are inefficient, difficult to systematize, and require a high level of technical expertise from relevant

personnel. Therefore, it is particularly important to explore an efficient and accurate method for hierarchical classification of operating system

software packages. This paper proposes a method for hierarchical classification of operating system software packages based on the BERT mod-

el, which has a bidirectional Transformer encoder that is more suitable for language understanding. This method enables automatic and accu-

rate hierarchical classification of software packages, providing support for the management and construction of operating system software pack-

ages to make them more efficient and convenient.
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Table 1 Classification of software packages
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Table 2 Hierarchical structure of software packages

R2 BHESERR
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L1 83
12 360
L3 1961
14 4355

22 FTEEER

ST IR BT B AR : CPU K Intel Xeon 4core; GPU K
Nvidia-RTX 3060Ti-8G; Intel Corporation Device 9b43; Py-
thon LA} V3.7 ; Tensorflow WA S V2.9.1 ; Keras A~ V.
2.9.0;nltk LA A V3.7 ; transformer R4~ V4.21.1, B4
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Fig. 1 E-R diagram for software package
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Fig. 2 Flowchart of algorithm implementation
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Table 3 Hyperparameter information for classification
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learning_rate le-5
epochs 20
maxlen 192
batch_size 8
droupout 0.8

1 389-ds-base 389 Directory Serve- 389 Directory Serve-
2 389-ds-base 389 Directory Serve--- 389 Directory Serve:
3  389-ds-base-devel Development librar--  Development Libra---
4 389-ds-base-devel Development librar---  Development Libra---
5 3B89-ds-base-legacy---  Legacy utilities for - Legacy (and deprec---
6 389-ds-base-legacy- Legacy utilities for--+  Legacy (and deprec--
7 389-ds-base-libs Core libraries for 38---  Core libraries for th--
8 389-ds-base-libs Core libraries for 38--- = Core libraries for th---
9 389-ds-base-snmp SNMP Agent for 389--  SNMP Agent for the -
10 389-ds-base-snmp SNMP Agent for 389---  SNMP Agent for the -

Fig.4 The summary and description fields in the packages table
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Fig. 5 Training situation of classification
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Table 4 Classification prediction results
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[Nz precious recall F1-score support
HAhk 0.95 0.97 0.97 91
TR 0.86 0.9 0.81 1432

S 0.93 0.93 0.9 1288
Jhes5 2 0.83 0.7 0.80 385
accuracy 091 3196
macro avg 0.89 0.90 0.90 3196

weighted avg 0.90 0.91 0.91 3196

e, T AR A B T 83% .86% .93% F195%. 1%
4 LB I AR TR RS BE % o 0 310 1 45 28 ) B R A S
T HTTZ B9IE F SR R A2 AL RE
222 JkFBERT A 5 I 615 2

AR SCHEH —FP L T BERT B (30 R G M50 2
MIIT¥s o T LB S5 0T 55 HeAR— 3
{EL7E SCAS T Ah 2R B BE 5 SRR R AL B . fR T SCAR A K
BRI, 75 AN N A AL A BE | B A AR M B S R
5B B AR S R AL S A 25 SR an K 6 T s BERT

directories

directories

Fig. 6 Hierarchical input information
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Table 5 Hierarchical hyperparameter information
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learning_rate le-5
epochs 30
maxlen 192
batch_size 8
droupout 0.8
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Table 6 Hierarchical structure of software packages
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L1 L2 L3 L4 ALL
AL B 83 360 1961 4355 6759
Z: 505 IR RAL B 83 360 1961 4355 6759
Sy 2 IER R 57 271 1699 3710 5737
Oy R 26 89 262 645 1022
PPV 0.687 0.753 0.866 0.852 -
TPR 0.693 0.768 0.859 0.867 -
ACC - - - - 0.849
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Table 7 Software package prediction results
®7 BHEETNER

B EY% K5
hunspell-ia 2 ;

elfutils—default-yama-scope

texlive—textpos

o -
& m F om

google—noto—sans—coptic—fonts

N W NN

python3—networkx JE
freeradius—mysql ik 55
java—1.8.0~openjdk—devel-fastdebug JiE

AR GHARTE T 12 WK AEBRAE R G253 2
IR B R ALRE , B AL T BERT BB A B 1F (00 J=
MR AAEL A TERER B, LI A5 R R W], 2T BERT
B B R GERRA L BEAT 20 )2 73 JER O IR U T 3%



74

BAE 5 A

2025 4

TR, IO A AR e 80% . X —PERER LIAIE 1
JO7 A 22 I 2850 T AA) 25 52 B R SR Y A
TP RNy DT B2 i 1R A B R A P . R
K, BEF B AT A ST 75 >R B H 4338 0, fi 2 1)
IRALERAE RGP R PR SN2 MR A . HRE, AR S0
B — 5 E B R AT R LA T T 30iE , AR 2ilimR g 2
fR A AT, AT e B 1R A 62 S S5 R T 1

SE
[1]  MA Y. Research on package management for secure operating systems

[4]

[5]

(6]

[7]

[8]

[14]

[D]. Beijing:Institute of Software Chinese Academy of Sciences ,2007.
L5, R RASMFQETEMT(D]. TP BAF AR
At ,2007.
LU S N. Operating system tutorials[ M ]. Beijing: Publishing House of Elec-
tronics Industry, 2014.
TEANF . BRAF A AHE[M]. AT e T Tk th i, 2014,
ZHENG X L, ZENG D, LI H Q, et al. Analyzing open—source software
systems as complex networks[J]. Physica A: Statistical Mechanics and its
Applications, 2008, 387(24) : 6190-6200.
MA J, ZHOU K, REN Y, et al. Package dependency analysis for operat-
ing system distribution building [J]. Computer Engineering and Science,
2021,43(11):1926-1933.
A, RO ARG 5L B @ 3RAR B R AR A 0 AR AR H K R AT
[J]. #2544 ,2021,43(11):1926-1933.
LI Z Z. Research on text classification method based on CNN and RNN
[D]. Jingzhou: Yangtze University,2021.
RAEAE . & T CNN A= RNN 89 XA £ 77 AF R [D]. #l Koz K5,
2021.
REN M, GAN G. Sentiment analysis of text based on bi-directional long
short—term memory model [J]. Computer Engineering and Design, 2018,
39(7) :2064-2068.
FE S, H R kT A e LSTM AR 89 SUR o (0], i o2 5
%3t 2018, 39(7):2064-2068.
CHEN Q, HAN L, WANG S G, et al. Multi-label classification of op-
tions based on seq2seq model of hybrid attention[]J]. Computer Engineer-
ing and Applications, 2023,59(4):104-111.
B, sk, 5,5 AT RAEE ) Seqseq A ML $ Fr % 5
E0L Ay g A, 2023, 59(4):104-111.
EKVALL M, TRUONG P, GABRIEL W, et al. Prosit transformer: a
transformer for prediction of MS2 spectrum intensities [ J]. Journal of Pro-
teome Research, 2022, 21(5):1359-1364.
QIJ,LIAN Y, LEIZ, et al. Classifying packages for building Linux distri-
butions [ C]//Torino: IEEE 47th Annual Computers Software and Applica-
tions Conference (COMPSAC), 2023.
DEVLIN J , CHANG M W , LEE K , et al. BERT: pre—training of deep
bidirectional transformers for language understanding [ DB/OL]. https://
arxiv. org/abs/1810. 04805.
BEEKMANS G, DUBBS B, MOFFAT K. Linux from scratch [M].
Bloomington : Iuniverse Inc, 2024.
QIU X P. Neural networks and deep learning [ M].
chine Press,2020.
FRA MG AP 2 %5 R E S T (ML AR AU Tk A iR
2020.

CHEN R. Research on text classification algorithm based on neural net-

Beijing: China Ma-

work and domain adaptali(m[D] Zibo: Shandong University of Technolo-

gy, 2024.
FhAs . R TAY 2 W % Ao bk & g LR £ HAR[D]. %1
b R F T K F,2024.

TREISMAN A, MGELAD G. A feature—integration theory of attention

[15]

[19]

[20]

(23]

[24]

[25]

[26]

[27]

[28]

(1. Cognitive Psychology, 1980, 12(1): 97-136.
FENG X J, ZENG Y Z. Joint deep modeling of rating matrix and reviews
for recommendation [ J]. Chinese Journal of Computers, 2020, 43 (5) :
884-900.
LA, G=EF. AT EE LR UARWRERFRE[T]. 4+
SR, 2020, 43(5):884-900.
CHOI E , BAHADORIM T , SCHUETZ A ,et al. RETAIN: an interpre-
table predictive model for healthcare using reverse time attention mecha-
nism[ DB/OL]. https : //arxiv. org/abs/1608. 05745.
XU D M. Principles of operating systems: Linux edition[ M. Beijing: Na-
tional Defense Industry Press,2004.
IRAE R, BRAF R YR Linux 5 [M]. 3677 BBy Tk g4, 2004,
ZHANG J. Theory and application of Linux operating system[J]. Manu-
facturing Automation,2012,34(4) : 154-156.
RE . Linux #F 2 R L 5 A )] #3&k A 3H18,2012,34
(4):154-156.
ZHANG Y X, SONG H, ZHANG G. Tutorial on computer operating sys-
tems (4th edition) [M]. Beijing: Tsinghua University Publishing House,
2013.
REF, RIC, K& . AR R AR (B 4RO M. BT FER
A, 2013
ZHOU D H. Research and implementation on optimization technology of
packet classification based on Netfilter[D]. Changsha: National Universi-
ty of Defense Technology,2024.
J R ¥ AT Netfilter 89 6L 5 £ RALK R 9B 5 RA[D]. Kb
Bt R AR K #2024,
GUPTA P ,MCKEOWN N. Algorithms for packet classification[ ] ]. IEEE
Network, 2001, 15(4):24-32.
TAN S B. Research on high—performance text categorization[ D ]. Beijing:
Graduate University of Chinese Academy of Sciences (Computer Archi-
tecture ) ,2024.
WA . B R £ EAT R (D] R BAF B AT A R
GHAHARBRIT) 2024,
REN H, WANG X G. Review of attention mechanism[J . Journal of Com-
puter Applications, 2021,41(S1):1-6.
A, A0k & AR G [T, SEALR B ,2021,41(S1) - 1-6.
GAO G, ZHAO Y, YU S J, et al. Research on text classification algo-
rithm based on GNN[J]. Computer Technology and Development, 2023,
33(5):138-144.
B, R, TAHE, 5. AT ONN# A £ a5 1] 3
HARL L, 2023, 33(5):138-144.
XIAO C, XU L L. Loosely coupled graph convolutional neural network for
text classification [J]. Journal of Chinese Computer Systems, 2021, 42
(3):449-453.
BB, kA H . RS B AR A ERMA[)] AR EA G H AR
%,2021,42(3) :449-453.
ZHENG C, NI X H, ZHANG S H, et al . Information fusion combined
with GNN is used for inductive text classification [ J]. Journal of Chinese
Computer Systems,2023, 44(6):1170-1176.
FRm, LR, IR RAL, . A GNNZ ko A TIRAX LAy
E[T]. DA A IR L, 2023, 44(6):1170-1176.
HU J N, XU W R,GUO J, et al. Study on feature selection methods in
Chinese text categorization [1l. Study on Optical Communications, 2005
(3):44-46.
YRR, IRETRINE . P XA E PRI R[],
HABAZHFR, 2005(3) :44-46.
XU X X. Multi-label text classification based on neural network [D].
Chengdu: University of Electronic Science and Technology of China ,
2024.
IRAEA . R TAER% 0 SARETA S EID] A b T AR K,
2024.

(FTtE% 4 2 4t)



