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ABSTRACT

Software requirements written in natural language may have different meanings from the stakeholders’ viewpoint. When designing
an architecture based on quality attributes, it is necessary to accurately classify quality attribute requirements because the efficient design
is possible only when appropriate architectural tactics for each quality attribute are selected. As a result, although many natural language
processing models have been studied for the classification of requirements, which is a high-cost task, few topics improve classification
performance with the imbalanced quality attribute datasets. In this study, we first show that the classification model can automatically
classify the Korean requirement dataset through experiments. Based on these results, we explain that data augmentation through EDA(Easy
Data Augmentation) techniques and undersampling strategies can improve the imbalance of quality attribute datasets, and show that they
are effective in classifying requirements. The results improved by 5.24%p on Fl-score, indicating that handling imbalanced data helps
classify Korean requirements of classification models. Furthermore, detailed experiments of EDA illustrate operations that help improve

classification performance.
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FEI, SR 4 4 97ARRE 49 71 FHE e
A", 3] 4 &4 87ARRS 7IHEe R ATEof
oFelA A Al Fie| e EE At B &4 AA s
(Tactic)& AFESof 8402 HAAY 4 qlof Hgst 8+
A B2t o9 S35 o AZITHAL
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QTANGE FAYOR FHH e £/E skt ole B2
AlZr o] H Q3 1H|89] Folrt. ofof we} Azo=
AnEQJo] QFARNS BERdhe AdoiA e HEo] A
1 AH5-71

AT EY0] QFARNE i ZEA Enjr) 2] AFUO]
21 2R 7)Eche 8 TARY 289 40 gEbA
etk HlolgAlS sk Aol A gk 87ARY B
¢Ioll gRtH o g AMg-El= PROMISE NFR 8-FARS H|olE
Alo] QloH] Hlole =27|7F #al 7He| x| 11| HlolE E+F
FZ o|F Ut 7|E AFolAE AZE ] QAR
s EHE AT Adojx g mdo] Wo] At gIA|gt
tlol 7 7'M ol&tt H4 &4 HlolgAle] E+F /A
of Tt A7 AL, B&o| Fhao] ATE o] QAR B
o dsir= oHF AUA YLt

2 AtolAs HA AEE B9l 5 2EEe] ¥l 8
TAR "ol Al A5 o2 BRd & USS Hlrh o] 2
7= vero & EDA(Easy Data Augmentation) 7] [9]&
B HlolE 743 4 HlolE SHAE 7IECE AuiE
#(undersampling) A2 285 8FA HlolEAle] &
T3 MAE & U2 AWsta, A¥E &5t o] AEFE
o] 7He| e & ARt ofde A & 45 A
37 S-S Btk E3F EDA 7Y AR dAF BEYE
Bol 7 R4 5ol =Lo] He Hol tish At

E =59 142 o33} gt 2404 T A4=E 374
T &5 T4 A3t Aot E4F tlolgof gt Aol sk
7l1&et oA 2 B2 37AR &R0 &30l H
7] 913l TlolE Bt 7ok ol el Attt 4%
A= 3FolA At HHES AFs] 9 A 40l
sl 2Hgdstar, AEe Aue}l avdo] ol 71&gitt. 5o
Me A2 &5 AT UFE AL olF F6 AZE 0]
[FARY 25 Bdo] AFO R o] ALEo] QAR
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ATEo] QAR B Hdof U3t A= E41F 8
TAFE dolgo Bk Aq-E0] Ut

Dias et al.[101& k-FHZH o2 de]E(k-Nearest
Neighbor, k-NN)#} AZE #l¥ WAl(Support Vector
Machine, SVM)™} Z-2 E%7]|2 PROMISE_expl11] Hlo]g
AE EFoke A& st 715 874K H7)5 84
ol gt o]X EFlA F1 H4F1-Score) 715 91%%} H|7]
T 8FARNE ARSI thE ERolA Fl1 A 718 78%E

24 stgloy, B3 HolHE Adsks WS AAISH] &
LI

Navarro-Almanza et al.[12]2 45355(Deep Learning)
g = SHF AlFHY(Convolutional Neural Network,
CNN) 2 &g o]-85}o] PROMISE NFR Ho[E|AlS EHol=
ATE stath H7s 8FARRE AlEsRe thE ERolA
F1 A& 718 77%% 24 stlou B3 dHlolg Aol
et B2 7lestAl ¥ Utk

Hey et al.[13]2 Fo] §}<5(Transfer Learning)°] 7+s-3t
BERT(Bidirectional encoder representation from trans-
former) 719t NoRBERT(Non-functional and functional
Requirements classification using BERT) Z@-& A A5}
ob4] shgofH A gk Ho|El(unseen data)oll Het &7 45
< ol A& BHE 5131, PROMISE NFR o[BS E5
she AT APt £ HlolE AYE At LHE
B(oversampling)?t AHEY 7|HS &8l 75 A7ARY
I} B7]s 8FARNS IR o £5700l4 F1 F 718 90%
£ 7SSk

Lima et al.[11]9] WE2W QFAY} BF A9 g3
Al A9 8FARY HlolEAlo] HQsitt. URtH o g ARG
%= PROMISE NFR HJo|EJAlE tlo]8 7} 23l Ho]& 7}
EwPE o|FaL Qlo] gFgo] "asittal x|Hstl, o] 5]
MzE Z2HAESO 27} S S35 PROMISE NFRO
344719] o8& 3713t PROMISE_exp Ho|EAI-S A A5}
At ol ARE WE w4l SolA gl AP o A7 B
“d%5°] PROMISE NFR Elo|&4lo] gt 257 Rt F1
= 71& 0.01%p7F FAH AL

T A4S A ESIA|RE o] QAR o] wWih
Ae TR UA] Ptk 2 =RolA= g E4F HlolH
hd B F AdiEe R 1 EFETE W2 AuMER 71H
I S FAISPEA dlol S22 She EDA 7oz 8+
AR} ElolgAle] EwtE= At £ R gt 8
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1) PROMISE NFR do[E{Al £4

2 =RoAe I AFE0lA oA 92 gh=o] 974t
3} do|gAlS THE, R Zdo] & QFARGIET FAFSH
Al o] RFAFE AFo 2 ERT & AUSS A=
Hoto] Helot

FE HolHAlE B Aolx dRkHoR ARESH=
PROMISE NFRZ o|-&3ttt. PROMISE NFR2 157 T2 A E
9] AZEJ0 QFAR; WAIA(Software Requirement
Specification, SRS)OIA QFAY} EAES &0t HA|
6257119 HlolH = FH/dgt glolEAleltt. HolH & 255719] 7]
5 8TAR 370709 BI7ls AR R FAE ] UL,
H|7]5 QAR 212t 11719] #4 &4 S A(clas) 2 &
FEof ot SRAHE Hlolg & H|WojEH Table 17}
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Table 1. Data Distribution of the PROMISE NFR Dataset
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Table 2. Requirement Sentence Examples of Translation to
Korean by Google Translate

No. Class Count
1 F (Functional) 255 Type Requirement sentence Class
2 A (Availability) 21 Original The system shall refresh the display PE
3 FT (Fault Tolerance) 10 every 60 seconds.
4 L (Legal) 13 AARLE c0zAtt HAE oS M2 Yt
5 LF (Look and Feel) 38 Translated | [siseutem-eun 60chomada PE
——— diseupeulleileul saelo gochibnida.]
6 MN (Maintainability) 17
7 O (Operational) 62
8 PE (Performance) 54 Table 3. Performance Results of Multi-class Classification
9 PO (Portability) 1 Using CNN and BERT Models
10 SC (Scalability) 21 Metric CNN BERT Base BERT Large
11 SE (Security) 66 Precision (%) 81.00 83.91 85.40
12 US (Usability) 67 Recall (%) 78.50 83.97 84.62
Fl-score (%) 77.00 83.92 84.46

o] 2z A 25570, F4& 171 glel8E 7HAAL 1o
=03 °olFL AU

2) gh=to] dlojelAl 4343

L7t 41 HiEE o] 87N HolEAlE A3
St A77F AlEE Fo] gi7] wiiol], £ Aol 2 |
1S 0]-&3] PROMISE NFR HoJE|AlS] J& QAR £
< gho|2 HAsto] AYAgeict. dubEo R Ao ALE
ol a7AGS 2 of 0= [SO/IEC/IEEE 29148:
2018[1415 w=HA 74 BAL 28 74 TES FASH
2Hg5t7] wigol| 8FARES A/dske b kol Gojrt A
A tt2A] okt Eg H]goj@o 4 PROMISE NFR dlo|&{Al
< ¥Wosto] JL[15]5}a Yo E = FHolZ HAHE Q1A
T HojEAlS Sole 2 AL foush A=t € ZHojch

HA2 QAR BT Wk, 7F 749 S (Table
1 FA2)e= Y& 98 IHE FASE PROMISE NFR H[o]
E|AlY] 8 7AR} EE0] 71429l ©@ol] AR RIEr Wil
olgh £ o g ZHgE|o] glojA MH #Ao| ofdioh= ]
EAQE 202 AL dE Eof, 37AROIA £F
AAr"EEHo g2 ALEEE= ‘ChoiceParts’ @F 22 1I-GHANY
HIML 3} 22 ol 9 JEE I9= HIdF,
‘display’ 9} Z2 &0l th2 ghgol2 HIstA] ¥ Qo]
H7|HAY Hagdol 2 HIFt. o] wE HIH
E0] ojMskA] gom ojujFo R FQ3 JHE |FAS
1 Qe Ao morHch

gy A3} A= Table 294 2t} Table 20] HH

~

Sh=to] Aol 22 MY TTS(Text-to-Speech) ¥H2-S ¥
715 gAo=2 Zo] 7|5t Y7 Hde5ol= o]

2 82 W22 3% Holelet Y Holel2 Bejsto] At

3.2 ADEY 2FAME 27

BERT(Bidirectional Encoder Representations from

1) https://translate.google.co.kr/

Transformers)[16]= 204 3713t tf-85F dolEl& AR
1<53H(pre-trained) 1o REE of&] o] A AT
(task)ollAl £2 J5& EQth 8 £F oAz &2
¥ glolgAM oz tMqZA(fine-tuning) dto] E-8o] 7Fs
Sitt, B A7Lo]] BERT o] Zdlo] ARgo] H-3kA] ERIsl/]
95 BERT Base ®@¥} BERT Large ZE@Z PROMISE
NFR dlo|gAlS EFsk=s APd AEE sttt Table 33
Zro] Navarro-Almanza et al.[12]0] SHAH A1AY 2
B oS ERolA 244% F1 A4l 77%ET =2 84.46%
£ Hof BERTZI & AollA ARgsh o AoteE & 4= it

O|& HIF O 3hato] #42 EFd & e T BEES
AY ndg 445}

1) Multilingual BERT

Multilingual BERT[16)= ++2°] LRI th=to] B 2
2 10471 4019] Y71 tolE AREsto] AFA 5o, o
&t dojollA Lutst dsol w2 ALE A Ut

2) bert-kor-base

bert-kor-bases= g0l Z¥HX(corpus)E AH <58t
BERT Ag9 2Ez Jjzo= 2 FAd FA0k 1 58
AMA 2, BFRY WeX]|, 971 rotet YEL)7] tlolEE
k5ol TH17]. A= base R F7iEo] Tt

3) kcbert

kcberte gH=o] Hlo|EE AR k5%t BERT AIEY o
o] XEZ bert-kor-base?= 24 £4 7|7t Higdo] @
2 F& 74 HEES 3T o H Tt sHESHATH 18],
kebert-base 293} kcbert-large 2do] Z7i=] o] Qlof ut
g o] ©E g5 H|Z7t 7Fssitt
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Table 4. Korean Sentences Generated by Each
of EDA Operations

Operation Sentence
2 HiAs AFFFE 71 FA Ay
None [gyeolham bogoseoneun yeonjungmuhyulo gisul

buseoe jegongdoebnida.]

A% HiAE AFERE A5 FA AsEU

SR [gyeolham bogoseoneun yeonjungmuhyulo jaeju
buseoe jegongdoebnida.]

AF AF BIAE AFFRE 7Is FA Alggydh
RI [iaeju gyeolham bogoseoneun yeonjungmuhyulo
gisul buseoe jegongdoebnida.]

71& BN AFEFE A% FA AU
RS [gisul bogoseoneun yeonjungmuhyulo gyeolham
buseoe jegongdoebnida.]

HIAE AFERE 7€ FA ATEUh

RD [bogoseoneun yeonjungmuhyulo gisul buseoe
jegongdoebnida.]

A7l 7Idelth. AFH HA EofollAs EdstA ARHE ST
A5k, Aol lole WMy Al £49] ou|7t gebd 4= Qlo]
tlolg F74o] A Akt Ado] Hlo|HE SA = o
Z1§o] 1oy %ol EDA= HE 2 7HA Y] AARE S5
49 29E fA5HHA HlolEE $75t= 71Holth

EDA 72 47}A] 4kE B3l Hlolelg 743ttt 499
590] & stU=E wAsH= F-9lo] 2A|(Synonym Replace-
ment, SR), Y& A3t Tol] F-2oJojF AEsto] 9199
Ao Adek= A AUd(Random Insertion, Rl), F2HY2
T oolg Adolal A= 2§ wAlske WY wA(Random
Swap, RS) 18|11 E4 &EE &4 WY 7} dolEg d9=
2HA|5H= @Y AFAl(Random Deletion, RD) GAto 2 o]F
ojA ot FLojut §-9o] WAE sl Yv| oFEER] Y=
4l S0l KAIST(Korea Advanced Institute of Science and
Technology, e=aal7|&)olA F70EE gh=o] YEUll
KWN(Korean WordNet)[19]& o]-&gtt}. dlo]e] 37 Al
49 SHA7 oY 247 2 & et & AFolAe
tlojg] &4o] EHojung PP 29 SHAE A= Tt
ShA] 9, & 29 E9AE IR o83t

7k AARE S A= A o] 289 A= Table
49} 231, B Ao A= EDA 94HE E5 o|-838it}. Table
4ol M= APE =0l Zdnit 2 H TTS 3=
15715 g4 o' Zo] #7]5tith EE7| 5 REskEo
£ o] &HA Y=rh

2) ACHEH

tlole Ex3E sfasty] 913 o2 o R AGMED
71 ol-&3ttt. dlolE £7} 17]Q1 PO(Portability) S21A
9] ol Aot ko= 2 1071 HolH & F4€
FT(Fault Tolerance) EHAE 7|&C02 thE A9 H|o]
HE Y= ArjiEsto] 2E ZA9 HoleE 7+ 10
M2 48& 2=t

4. M3 74 Y N ZY

4.1 971 EHZ(Research Questions)
D [RQ1] gH=o] AZEGo] QFARYE BRIt HErl?
T2 HYES FoiA AT S0 QAR HolHAlE o]
o] B Zdlo] §h=o] AT E o] gFAY) ERol: A3t
F2] &Rlshy] o EF LE=E BER7 A5 SAdHL 7|1&
E 374} HoleAe BF At Blwgitt
2) [RQ2] £ dlole 7f4o] S7AR) 57 o] 45
P A7I=7R

EDA 7193} AuME 7|8 4-835to] §h=o] ATEY]
o] QFAK Hlo|gAlS] ErE-E JAlstHA Ef ndo] &

7 52 45t A A 2R e vudth

o

of ok

42 Y &4 74

Google Colab29l|l4 A% $73& 745kl ColabolA A
33F= Nvidia Tesla T4 GPU2} 8GB GPU Memory= °©]-&
sto] WHS Sh53itt

25 299 slojrjuietn|E s HEoA 2o g HAst
& k9l 2e-5 learning rate, 32 batch size, 32 epoch<
A5k, EDA 94 8 ¢ tiEfiEE 25 0.12 AAgitt
ojff ¢ TEtrH= MAE 2F U 9ol HE&E 0%FFH 1
Atol9] gro =z AT 4= olrt. B9 Zoj9t ¢ TEtrHE
Foto] ¥steEl= Tol9] &8 Aota, HIlElE ol g0
A HESHA Gzt

2 =2oA= o)A EF A¥y v £F A% gt
o|xl £ AdoA= WA 75 87ARY] obd Y| H]7
5 97AREY 9245 NFR(Non Functional Require-
ments)2 AAFI, T8 7% QFARIS ulst= F
(Functional) A9} NFR SAE 535t A5 371 A

= w5 HAIA F2 AMgste % FZ(Confusion
Matrix)= ©]-&3ttt. Hole Extg o= Qs gk (Accura-
cy)Z A% Bt oj219] FUE(Precision), A& &(Recall), F1
S S4SHL F1 A5E ol 88l 57 2d 7H 45 HIE
3ttt Table 591449 o]%] 5% A= bert- kor-base,
kbert-large, Multilingual BERT7} H]$:3t 452 Hol Q]
O} kcbert-large?} F1 4= 71& 92.73%=2 7V £2 &5
5= B, kebert-base”t F1 A= 7|& 89.55%% 71

@2 Fss 2

oF 5 A¥2 7120 HolgAlo 71549 SHAE EF
k= Aglolt, il glolElE 17] 7HAZ Qi PO Edlae
F243% glo|g 2t dElo] A|ASt ATt Table 6
3} Zo] tkE BFE= bert-kor-base’} F1 A4 7]& 80.15%
2 714 £2 452 Bk E3, PROMISE NFRS A3eH
Table 39] BERT Base Et}t oF 3.8%p7} @A Ugk=tl ol=
goJgAle] MY 72 Qg 45 Afol= A=) of7he]

i)

r

o)

2) https://colab.research.google.com/
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Table 5. Binary Classification Results for Each Classification Model

Classification Precision Recall Fl-score
Model %) (%) (%)
bert-kor-base 92.27 92.00 91.91
kcbert-base 89.60 89.60 89.55
kcbert-large 92.98 92.80 92.73
Multilingual BERT 92.08 91.11 91.60

Table 6. Multi—class Classification Results for Each
Classification Model

Classification Precision Recall Fl-score
Model %) %) %)
bert-kor-base 81.45 80.41 80.15
kcbert-base 72.46 73.60 72.16
kcbert-large 74.30 75.00 73.76
Multilingual BERT 74.19 74.36 73.04
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Table 7. Binary classification Results for Each Classification Model
with Dataset Augmented by EDA

Classification Precision | Recall Fl-score diff

Model (%) (%) %) )
bert-kor-base 92.27 92.00 91.91 0
+EDA 92.59 92.60 92.58 +0.67
kcbert-base 89.60 89.60 89.55 0
+EDA 88.77 88.80 88.76 -0.79
kcbert-large 92.98 92.80 92.73 0
+EDA 91.27 91.20 91.14 -1.59
Multilingual BERT 92.08 91.11 91.60 0
+EDA 91.94 91.90 91.93 +0.33

Table 8. Multi—class Classification Results for Each Classification
Model with the Balanced and Augmented Dataset

5 Aol= AN RQ1T} ARSI 9] AF ZAE Higo=R
7 Zdo] o] 37AY ERol AFEE & 4 AUtk

kcbert-large B@o] o]X ERoA= 7P £2 52
HAAG oh5 £70l4 F1 A 712 73.76%E bert-kor-
base?] F1 H< 71& 80.15%Eth ¥ A2 2t oA
5= 7 2929 dHold &7t 386 43S oIF AL
& 5 oy, thE EFolAE= kebert €0l B3 HlolE
2 Q8] &F Asol Ade= ¢ £2 Zo= AZHr
kcbert-base @ E kcbert-large®} vR7IA 2 &3 d]
ol o tigt A7} QlaL, AP &5 Hloly 7t Ao s
ZolA BER Aol ¢F =2 Aoz gt Multilingual
BERTE °o|%l £FoAE v RHET FARE 52 B
oy, thE ERA ¥ 452 BT, Eisenschlos et
al.[20] °f 9J5FH Multilingual BERT7} tF5 5 AJof| go]

o 47t oW BR 4ol Wolye & 4 rk.

= Al
T =2

44 4 HO|H X2 & 27 ZYE
D dlolg 374 71 28 23
EDA 71%& 283}o] A3t 272 B Table 704 B
ZAAY oW E& AFojAE= bert-kor-base”} 0.67%p, Multi-
lingual BERT7} 0.33%p 55 Eo|1, kebert-base?} 0.79 %p,
kcbert-large7} 1.59%p steol= 2IHE H ATt ofv] H]7|5
[FARY HolElE sh=E EEetHA Tlold ExF3o] 4+
N4 Azt EDA 7182 57 24| £7 A5 i 2
T3o] HA] gk= Ao =2 BRItk Wei et al.[9]o]] 2J51H o+
IHAE APH 853 Qlo] BElolx= EDA 7o H8 &
S QIThy Sl & A FEI o] 9lo] Heldh
EDA 7]¥1S Hgsto] A5t Z3E B Table 804 B
AAE tF 5 AgoAe B BEY EF 450] TH
A}, bert-kor-base”} 3.6%p, kcbert-base”} 2.46%p %353}
3!, Multilingual BERT7} 1.44%p A%< Ho]il, kcbert-
large7} 0.23%p=2 7t 453t 23HE E ot RQ29} st
o] E44 Hlolg7} 1S Wl EDA 7S 53 £ Hlolg 7y

Aol &7 Bde] 57 5 Pl =0l HE AT =+ At

HI
0gt

Classification Precision | Recall | Fl-score diff

Model (%) %) %) )
bert-kor-base 81.45 80.41 80.15 0
+EDA 84.36 83.97 83.75 +3.6
+UNDER 81.82 77.27 76.34 -3.81
+UNDER+EDA 82.06 75.00 73.23 -6.92
kcbert-base 72.46 73.60 72.16 0
+EDA 74.50 75.60 74.50 +2.46
+UNDER 80.30 68.18 69.09 -3.07
+UNDER+EDA 80.30 77.27 76.32 +4.16
kcbert-large 74.30 75.00 73.76 0
+EDA 74.95 75.00 73.99 +0.23
+UNDER 83.33 77.27 76.97 +3.21
+UNDER+EDA 82.92 79.55 79.00 +5.24
Multilingual BERT 74.19 74.36 73.04 0
+EDA 74.91 75.32 74.48 +1.44
+UNDER 62.27 68.18 62.77 -10.27
+UNDER+EDA 82.06 75.00 73.23 +0.19

2) oSS 71 A8 23

Table 894 AHMER 7| E ol&sto] AES AHE
B kcbert-large ZE-S A Qlotal X5 Ad5o] sEhelint.
ol= HolE Y #32 w3 ot A Holy 7 W&F
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Table 9. Classification Results for Each Class in the Dataset (F1-score, %)

Classification Model F US SE (@) PE LF A SC MN L FT Avg.
bert-kor-base 84.4 76.9 72.7 69.6 | 100.0 85.7 | 100.0 50.0 28.6 75.0 66.7 73.6
+EDA 88.0 88.0 69.0 78.3 95.7 87.5 | 100.0 80.0 66.7 75.0 0.0 75.3
+UNDER 100.0 66.7 80.0 50.0 | 100.0 50.0 66.7 80.0 | 100.0 80.0 66.7 76.4
+UNDER+EDA 88.9 85.7 88.9 75.0 88.9 57.1 66.7 66.7 80.0 75.0 66.7 76.3
kcbert-base 86.0 74.1 56.0 60.0 80.0 71.4 60.0 333 33.3 75.0 0.0 57.2
+EDA 86.6 76.9 60.0 60.0 85.1 73.3 66.7 53.3 333 71.4 0.0 60.6
+UNDER 100.0 66.7 | 100.0 66.7 66.7 80.0 66.7 66.7 66.7 40.0 40.0 69.1
+UNDER+EDA 100.0 85.7 85.7 66.7 75.0 88.9 66.7 72.7 85.7 50.0 50.0 75.2
kcbert-large 85.6 73.7 60.6 56.0 88.9 53.3 80.0 75.0 0.0 57.1 80.0 64.6
+EDA 84.9 74.3 64.7 66.7 82.8 53.3 72.7 66.7 80.0 85.7 66.7 72.6
+UNDER 100.0 | 100.0 | 100.0 80.0 66.7 66.7 | 100.0 | 100.0 66.7 66.7 0.0 77.0
+UNDER+EDA 100.0 88.9 85.7 88.9 72.7 85.7 75.0 88.9 85.7 85.7 28.6 80.5
Multilingual BERT 83.7 72.2 73.3 56.0 923 28.6 61.5 75.0 28.6 85.7 40.0 63.4
+EDA 40.0 74.3 67.8 66.7 84.2 45.2 66.7 66.7 53.3 72.7 84.4 65.6
+UNDER 100.0 0.0 66.7 66.7 | 100.0 66.7 66.7 57.1 0.0 66.7 | 100.0 62.8
+UNDER+EDA 100.0 40.0 80.0 72.7 88.9 75.0 66.7 72.7 57.1 66.7 85.7 73.2
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