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Integration of BERT and GCN for Automatic Software Requirement Classification
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Abstract: Considering the unique domain-specific information inherent in software requirement texts, as well as the
important contextual relationships and inherent ambiguities they contain, this study proposes a rrig)del that integrates graph
convolutional network (GCN) with BERT for automatic software requiremenfs classification, named BERT-FGCN
(BERT-FusionGCN). This model leverages the advantages of GCN in propagating information and aggregating features
from neighboring nodes to capture the contextual relationéhips between words or sentences in requirement statements,
thereby improving the classification results. Initially, a text co-occurrence graph and a dependency syntax graph of
requirement texts are constructed. These graphs are then fused to capture the structural information of the sentences. The
GCN is then employed to pérform convolution on the graph structure of the modeled requirement statements to obtain
graph vectors. Finally, these graph vectors are fused with the vectors obtained from BERT feature extraction to achieve
automatic classification of software requirement texts. Experiments conducted on the PROMISE dataset demonstrate that
BERT-FGCN achieves an F1-score of 95% in binary classification, and increases the F'1-score by 2% in multi-class
classification tasks.

Key words: software requirement classification; BERT; graph convolutional network (GCN); non-functional requirement
(NFR); PROMISE
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xcomp obj
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det aux det mark compound compound
e l o]
The product  shall allow the usr to save the property  search result
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A I A R T A B A L R, s i P A
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TOCR AL RREN B, ALK GON BN T
AFERSCAR G . TR 7 E R B I, L
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e 3 ) SO AR LB B R AR AR A A5 2 PN
L, B EEHHT IR &L 5 . R
I B 4R ok R RS M, JERE M A GETT T SCASEEL
15 2, FEREAT AR AAF 23 Hr Ik TR A g R 1) 2 TR) 4 A7
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PMI (pointwise mutual information) F 1 & # 1
W ETE R B E’\JT@E%E?;“‘]%‘Q BEO L A8 R
(R EC AR, PMI % PR T M SO SEBLE oh, T 40 0 S0 A
el o R 2 W R L 4R 5k BB M i
S PMI RA T FEAT IBURAE. PMI (TS RE A0 T

P(wi,wj)

P(w;)- P(w))
b, P(wy, wy) 2T w; AT w; SLILEIHEE, P(w;) A
P(w)) 735335 w; A1 w; RIIDGREA. PMI T2 L
S, K B B Y 0, AT RRI 1 IEAHSCHE, DR T
B 73 A 45 SR B 2

weight;j= PPMI(w;,w;) = max(PMI(w;,w;),0) (2)

PMI(w;,w;) = log (1)
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1) preprocess(W); /47 T AL #
2) Edge=list(), M=[1[1, pmi, pmi_list, G //¥]44Li0 E, 5% R M, KL
FEHIR pmi_list, pmi FE G
3) window_size=m [/ B 13 T H K/
4) for i in range(len(S)): //FEB K R AT
for j in range window _size:
Mpww ] += 1
E.append((w;, w))).
5) dep=nip(S) I/5ERTES BT
for w; in dep:
Mw,][w;.child] +=1
E.append((w;, w;.child)).
6) for w;, w; in E.items(): /it 5 PMI
pmi_list.append(pmi(w;, w;)) %
7) G.add_edge(E) ”
8) G.add_vertex(W)
9) G.addiweig_ht(ﬁni_'list) ’
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AEE %, BRI GON AR 7Y £ 2 =) 3 5 41 (f) 3%
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TR 22 ) 2% v (R A AR B A, (HRIE T BRI 5 s, —
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A AT R G, WG 5 A0 B R E 5 i1 Al
MVRRAE AT 854, AR OB BT SRR, B af FORRRAE
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HOIEAT HR LA e, 435 55 2 AR 27

2.3 fHERRE

BERT [ A2 5 #6017 i 5k, B 16 5 030 1) Bk
3 NSy, BT 1 H VR 2 1 N S, B R
R A A ) I RN, 7 B 1 B R i A o
o o2 157 LR B T R 4 i BERT A
&, BT 27 0 ICLSIHBRBRIC, 45 2 /L [SEP]
FRid, BRI BERT 2MJ5 25 A Wigre={[CLS],
Wi Was Wiy =y Wy [SEPT}. FESCAS AT S h— ik L
AT, [CLSTHR T # i F 1 A1) T (03 U
. TERCR B Y R A5 e R e SOt I F[CLS ] i,
FIRN Reps.

6 AR, SO PRI e 4 — AN S R SR IR T
HHHR, X F R AL % SR B S B, BRI
2 R A 45 SRR, 138 T A A %
7~ H:

H=)"H (5)

ieN

Hob, 1 Bon R E S FBE R SORH SR § AR

FR, N BRI SR 0 S RSO, BRSO
GIEEST T

A5 30 A B B A BERT R-E S H) Rey g
AT R 160 5 Tl DR A R 25 R R 5 8,
T 5 AR AR ), AR K, A B AL
SRS LA A 91 R Ao L A L
R B R, TR IR0 58 N M % 5] R A B
2 TATB IR (Y 1 A L) S 2 VA
A 1) B2 AL PR 4 M) 25 B 2 7, AR R (6)
VR R

T

. oK
A = Attention(Q,K,V) = Softmax(
Vd

b, o BRI T2 0 = 0 2 B b ) i Ee 4 BT

)V (6)

d it QMK R, KER 084 TP
I Rl £, 555 4 B A SOR I R TN S8 12 R AN
I bR B AT YN R RAT SO ) 50 2R PR 25, W 2RI 2 i
NS P ST UN TS

R =aH + (1-a)RcLs N
y = Softmax(c(WR + b)) 8)
loss = —yyye log(y) )

ok, R IERE, b 21 Es o ReLU i M 4L,
¥ AR TR, yiuie CAII AR
¥

3 SEE M
3.0 BiRE

SN S5 B AT LRI R 77, 48 H PROMISE
HARER, BRI TR 75 5Kk 395403 PROMISE
RSt 625 2 7 RFR A i, FP L HE 255 4
IhAE KA 370 NAETHRET K. NFR #Aric oy 11 2K
B, e ATRE (A), BEVE (L), SN (LF) , AT 44
PE (MN), #AEHE (0), PERE (PE), P &ML (SC), %4
P (SE), AT (US), &5 (FT), Al MM (PO). 2
WA 15 NAFEIE 4%, IRz e fiieft 1
FLR,
3.2 HELiER L\

97 VP4 BERT-EGCN BAL g fe, 5 UK 14 77
ROy FBURIARE 7 AR AR AT IR AT LU

CNN: BB N CERUZ . BTl 2

« ANN: 1 Word2Vec Fl4: %42 2 4 R

Att-BiLSTM: ZAR @ I Glove 343 HLia Ko, Xt
Hi] [a] 2 ] BiLSTM, 73 & 1ML M BiLSTM JZ 12
Hy B ], B S AR A R TR

NoRBERT: #iT#% % 2] J7 7% A1 BERT #5418 FH T
TR IUTSS, I HE T 7 R Th e An 5 & 5 .

DBGAT: &8 454 1 Bl = Il (GAT) #
BERT 8 FH 301 75 2R (10 43 2500,

BertGCN: ¥ BERT % 84 fy% tH AF 5 GCN BIHiIA
AT SCAR G 27,
33 TLWRERIFNIER

R e B VR B 54 SIAEZE PyTorch SEEL, ¥ B 77k
5 F DGL J. i F #7345 K% NLP T B R4k
PR 3 v 1 5 SRAE A1), I8 7R SRR R R KA TR R IR

System Construction &4t 13 149

© TEREBIK R

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


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

it E RGN

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

20254F #5344 551

BN 30. X H“BERT-base-uncased”# B4 #]451¢. BERT
POALE. 5% T Bilik N, (I TJE I 251 GloVe [ &,
Horb k=200 SRATLA A RN, 1RIER N (O0V) A
We B4y UNK, 3E M55 46[-0.01, 0.01] BENLHHEE.
BRINTE UL T, HEB W2 GON AR, GON F&k 2 K/ ik
BN 200. dropout K/NRE N 0.5, 5 25N 1E-5, fff
F Adam Ak 2%, StFIELRAE R {5 FHBRININ S E R .,
5 R 460 SCESEILOR R — 5, R R SO A
gER

XFFWA S RALSAE A F1 o5 (F1) 1B RNITEN 4R
P, BEAIE ARSI A A0 o Ao PR A 5 R 4 [l SR A A 2
3.4 KIGLERSM

I AL 3 MESS KPP B8 /£ PROMISE A3t
i L rERE.

(1) FR/NFR 732 '

f£% 1 %ﬁ;’é%ﬁ‘é%k (ER) FHETLfET K (NFR)
P25, 8l PROMISB#4E 52 - 4T & Fr i NFR T 28K
F78 NFR, LA NFR 4 370 £5iE4). #A17E PROMISE
AL BT I GRAt, CATN FR I NFR £ 5 5
RN RIGERI N IREFIE . HRRM F1 5%, F 5
b 7 SR AR LA, VAN, R0 1 Fow.

%1 PROMISE ¥#54% — 35 F1 0%

Approach FR NFR
ANN 0.40 0.96
CNN 0.74 0.82

Att-BiLSTM 0.81 0.87

NoRBERT 0.90 0.93

BertGCN 0.92 0.94

DBGAT 0.92 0.96

BERT-FGCN 0.94 0.95

ANN 7E FR L[ F1 535009 0.40, i {E NFR I
1 F1 735004 0.96, 2 W] ANNVE Y 7E 4b PHUIX L6k 8 AT
5N, R ik 28 1) 9 A M R HE R 5. NN 28
PN IR ILBC N 41, AT T ANN A 553 1 1
REFETE, A CNN AR5 56 4 Hh $& HUS SRR 1E . Att-
BiLSTM 7EF AN 5 FIR OB A, F1 5500
A 0.81 A1 0.87. Attention AL F5 B R 5 4 Hhdf 42
FIHK R B A5 ., #2871 £ BE. NoRBERT 7£ FR L
() F1 580521 0.90, R FIZRIE 5 BAL 58 E
= BRAR RS A A A 2 R AR ST R S5 I R LA S
BertGCN #H LT NoRBERT K F1 $-75427t, %81 BERT
5 GCN By HAMIL#. DBGAT HIE It — B4 T, 76
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NER | F1 23335 0.96, o 1 B4 & b
)45 %% 45 4. BERT-FGCN 7£ i 45 f 24 p R B i £, 7
AN B FL A3 73 08 0.94 F100.95. X RIS &
BERT W58 K15 5 HAE AL 71 A GCN [RHAIE 2 B g
AR VR T SR AP AT 55 10— FhAT 2807V,

(2) 4 > NFR 250432

PROMISE HA] FI A 67 2FEAR, %4 66 %
FEA, ATHEAETER 62 ZFEA, TEREHR 54 FFEA. It
4 J% NFR Hi o0 A 245, 7 LURE G s 8 ) A1ty
KT L, 76454 2 4 fil % 4/ NFR T-3/F
SR o S 45 F AR TR 43 ST . 20 5o TR 911 5, 4530
4 NFR 3 F1 535460519 0.86. 0.95. 0.96. 0.89,
Jfi 4 K SR AR AT LR, FL 8 S ] 4
Fi7R.

M L AN [ 4y A BLAE 4 A KR bR B
F1 4341, BERT-FGCN HEAIE &AM Fabr BRI B
F L H. ML T ANN, BERT-FGCN 7E i1 6 255 L)
535y 3%545 BTt JHAE PE A SE 45 _E, BERT-FGCN
SYAEETET 0.31 A10.35, Eon e 52 4 R
K% B Bt #. AL CNN, BERT-FGCN 7£ PE
SE 285 E43 4T T 0.16 F10.37, B T HAEALFE 7
A1 B4R R K PR B AR OG R T R EE ). 5 Att-
BiLSTM # kb, BERT-FGCN 7£ PE il US #&#x_E 43 5
JRTET 0.22 A1 0.21, F WL AR M. RAg
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