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Recognition and Classification of Non-functional Requirements in Chinese

JIAYi-Di, LIU Lin

(School of Software, Tsinghua University, Beijing 100084, China)

Abstract: Non-functional requirements state quality related expectations to a system, is used as important criteria for software design
decision making and design evaluation. Comparing to functional requirements descriptions, non-functional requirements statements are
often scattered and implicit, which may require much effort to group and interpret manually. This study proposes an automated
non-functional requirements recognition and classification approach, which identifies the sentences that are likely to include information
about non-functional requirements, to save manual efforts. Then, given non-functional requirements statement is classified into five
possible non-functional requirements types, including: performance, reliability, usability, security, and maintainability. The training of
classification model and experiment are based on a requirements dataset from the past projects, and then the proposed approach is
validated with an industrial project requirements data.
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SRAEETh e T R R AT B se 2. HERfHL R R HOK. 5 1R R GURE 7110 D68 75 KA LE, T 200K R G0 &)@ Y 1 EE
TR 75 R TE 2% 5w 2, F R i T VR 2 T E B & R Bajpai S NPT R AESCBR AW AF H T R 45
HRET L 4% WA AR Th R 7 R AR 1000 H B AR T RE TR AT I 0 H S/ RIR L E i 60%. 28 RS % A\ PI3e
H T ol M5 B A B A 3 AT AE T B 7 SR 77 % Boehm 25 A RORIF 50 045 L 5B 7 SR 22 1] R RE AR AE O,
5 L REAT AT RO A B . O AT L ZE P T R I AN I B O A Th A8 5 oR, I LR 7E B0 T 10 i 4 B A
S P J i e, 4 %ot T ) e £ 5 SR P AR AR I S

T B4 v BB (K D e 7 R BME I AR ThRE T SR H R B A R BB S EARFIEA) . Bk U2,
DAL L B8 25 5 o 220 00 G T 52 2% 1) R G0 R K I SCAC B, N 0 AT S AR T B 75 SRR 38 DK (9 I T R A, L
HMe LLBE G B 2 AL BT DAKs BRI RRAE — s R AR b B B Ak, RV iE 5 B A B e AR Th RE 7 SR RN L AR R AR,
ot R B 85 SR 23 A e R A R R T B L R N

AT B8 75 R AR 5% M 2 A s R 43 A BRI 2 7E 1] N AT — 5 1) Sl AR FE B 1 AR s e b H P E R IR
Thee T SR B W HROEP LA S E S gt R AT SEbE . AT MR, e abE. AT4EPRIX S B B LY
AE Th it 75 SR B T B 70 76 L5 AE Th A 75 SR 1 SE A 1K 301 43 B I A I AL AR 40 28 LA SR U, AR SO 3 B BT
R ELFE:

(1) BFXFPERE. ATEEME. ATAME. 224tk AI4Edr X 5 SR ThRe R 3 T 0 F /53R 180, 9 F 51 X
SO SROUA B T ThEE T SRR T B 75 R A 4.

(2) BFXFH SRR SR SCAR B T —Fh B B IR T B 7R SRR D5 ik, R R AT T SE Rl

(3) P Xt SCARThRE T SR AR 2 T —Fh B B4k 1 43 207 1k 0 HSCR AT T SEBR .

EAF— 4R A, PR 7 v 3 & F T 3 66 76 SRR Th 6 75 SR 3 PR AS7 Wh7 1) Hh S 75 SRl A JF 25 #4014 T
RO, H P PRIR . B KRE WEE M A M AR R F5 R SO BH C A X 7 T IhRE TR R MIEThAE F R L £ X
o T AE TN RE T R K A0 2 AR IXFE RN B0 R, — A mT DA B 3 A 408 75 SRR 1) A =B AR IR P 25, 6 75 R FH AR SC I
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U Ah A SCHRE H (R VR 3 7 9k 3 TR o =l 4 A A 1) R S R SRS g, T DA R SR SO PR RN 2R U5 SR
ARSI VR 3 05 s 1R 3 R T BB AL B AR T RE R SR RS A, AT 48 /N N A 2 4 9 BRI AR ST H 1 43 205 v
FA itk — 25 1 5 AR DhRE 75 3R A0 40 25 1 Ak ek N A & Sl T g 75 R K18 ), B0 2 X 4 T 6 75 SRATEE T B
5 SR A A SRS, RT LA FH A D7 9 5 A TR T B 7R SR ) 190 28 31 K1) 43 AR SRR ARURI 3 2K 1 3 AR 43 T SE R, — T
T, AT DA B3R D VR AE AN (7] (¥ B FH 3% 37 R 588 RS 55— 9 T W FE AR TR A 4 2 0k AR 2 TR I ON N R I 25
5,01 B 8% USRI N 0 AR RO B T 43 288 38 L A 4 1 1 R R G S 36 &85 SR 7E J5 ST b AT 1 3R

ARSCE 1 WRER I AN BRI TSR B 2 1 SEB HOE SRE AT R B 3 WA R T SO T AR T B
TR 5 4 W R AR T R 0 A BARE AR5 5 45 4 S IR R ST HEAT BT R AR AT R
Bt

1 HRE=

T R R RO 8 R SR A AT B AR, B B A B 7R SR SCAR AT R — R R R SR AR A
HIF 0 24 Bl SR R e A 7 55 2 A, Sl T R 5 R 1Y) T A 3 T R Sk

B HE SO SR OSCA, B R Wi 78 B S AR T BE 7R SR (B HUR 43 28 B FF . Cleland-Huang %5 NHR H 7 —Fh3E
TRRAE IR B A D RE 75 SRk IR0 5 i, NN ARV R i 2R B0 v B2 B 28 A T e 75 SR KRR AR 1A, AR A R 3R 1
BT 0F SCARHEAT 43 98 TE TR 37 10 ATk SCAR IR, 3 773 vl UIE B 79.9% 10 A 151 2, BB 65 A 204 /N N TR I
0 AR 2, FORE A 28 U 20.7%, 9F B f BN THRVE SR 7 80 A4 B e BUEARN 2R, R AR R ER Z WA LS 5.
N T BRI 7 A Casamayor 26 N VMR T —Ffrfe B0 22 5] 07335, 3F BLIE B T 70% v i % Hindle 25 A% H
TSR 1 SEL 6, T 10 RIS B SR AGH IV 41 2, 3 5 L ef I8 380 4% 28 Al T B 7 R LI 4 5K, Sunner 45 A PM 3 3
T30 AL R 2 X 4%, S B T AR Th RE TR SR AN T BE T R 940 26 Ramnani 2 A3 S0 ABE 2 5B T AR T BE TR
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SRR T AR R U0 fry i) A 7 v B AE T AR 75 SR 4 2 i 43 31 1 Aos A U

BEARORAE B X 9L 30T SR SCAS B S AR I A BIF 78 O R 8 JE ARS8 2 1K K 22 7t 1 I S AF 90 A
RICVE B 3 RSO FEESCR A SCRAE T2 o B SO R S0im) e R S50 a5, B2 T
F T FURSAT () 52 2 M R A R 1 i 4 A N U2V SRR A3 7 R0 2 R 0y M PR AT 45 4 15 5,2 T IMDBL RCV1 X A4
SESC KA R IRV A IICHT 173 3 vh SCHE £, 20 9l I A% GE AL 8 2 20 75 5 AR B 2 2] J5 T AT S .
5 FH A% GE O LS 29 0 TR AT 15 10 28, S ST 20 SR UETR FIB B 1 90.70%, 1 ST 73 R AET AL 84.00%.
GINTR L 5 21 J7 35 , BRI 6 45 SR WY v SCAT RE AR AS: S ot 10 1 1 5 (EL 2 D S0 70 6 I BE AR R AR IR 4 1
H 3.2 RS B AN ST A Y A I e e A A TR R = )RR e 7 B AT A EE R SRR AR SR HLAS 2 20 U5 i AR
XA A D 8 75 SRARA B 7 v VR Th e e FR R ARV L R DL T Pt AR Th BE 7 SR 10 IZ i
AR R 5 [ S A L B SCAR T AR 5 SR K B B Ak 23 4T 75 vk B TR S A e A AR T —
BT FH P VP8 A AL T SRR I 572,38 3 T 93.32% 10 F B RE 6 52 R 78.42% 10735 B m1 & T34 R A R
FRE0 o SCAR D RE R SR BEAT E 320 2 B 5 AT R BRATT Y S 56 45 SR K 2 XS L bk [ AR O¢ AR A E A
{ o S SCA 3 S TAR 25 1 B FATT A I R DA R I SR B 1 v SESCAR AR B X PR R ATT I Oy ) B 1
T IR S HOR ) 45 R YT AT 2 /.

AT SR AT PN T LB IR TR SO RSO I AR D RE 75 R A SC D2 PR B B X AR T BE R R 1K
MREAE BN 7 8, BARA FTRERS S T R ST M DhRE A 2 v il n, R e AE F P 8 S A v 96k L By AU RR
A, B T 2 VR AR T RE R R T8 SR ) A o SR el N T 5 A, U R KR N T A R
AR SCREE SRR AR T RE 75 SR (19 H SR B 5, IF AR X — B B 5 5 R A D RE 5 SR A0 A 1813 DU 4/ N T AR
(1 7 B2 0 5 Sl T BE 7 SR T A, AT AR D e 7 SR AR AR S8 B IR R R S A TR RE . TEE
Pey AT Zaxth. AT4EIP IR 5 RARTHRE A R T 2L — SEERE J L2, Il 1 M 0] 23 S 45 R AT VRO

2 LIRS

AR ST A A S B A AT R B Oy 3 ANER A

W1 ER R T R SCASHE, 32 BERUR TIE R AT T SR LR URAE A A A AR, A 8 40 SR VR T FLIE Y L
FR TR 2 A SRS JRATR B B s AT 1R A B R TR R A ERE RS . MEEFER. 5
ST EEREE R WA WG ANET . THUR AR5 2 Bl 28T AT ReH (RUE A F 502 1)
T H Atk bR 28 4 1 AR 3o A5/, B 4 A R AT L G 55 SR A R O A T BRATT S B R T e 75 SR Bt
TR — DY RE TR JU A L BOE R W T SEB0 10 1 5680 e 28 3RAN AR I R84 400 %, b T RE 75 SR #h
RANHE T RE 77 3K % &7 200 2%, A [ 28500 R T A 75 SR 10 B0 & W2 178 18 309 1 HE D 8 75 3Kk mT DK %5 28 0 B
B A A b & T g3 2 TR R T AR T 6 75 SR 20 288 JU) 26 T 400 4 R AAE 1) AN 1 ) v R O B A IR o X — e i
A b BEAE G 2 ST AN R K

Table 1 Amount of data for various NFRs

® 1 KRARDRET RO E IR &

AR ThRE 7R PERE CIE A3 A H A T B
ot 1 (5%) 65 30 51 31 23

552 #r T AR T RE 7 5K 2 AR AR RRAE 1] AR S LR SR TR U800 D e 75 5K 10 F Rl 1)y 5t
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TR AT BEXT N 22 A e SCRR K, PR, A T 2 BEAT T R SR 78 A R LR 2.
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Table 2 NFRs and descriptive words
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BRI | NS IS e I 5 e SO e S 0 B O i e R R R U Y R O R R

H O AEIR D s, /N b, 2 B min, R IF R, R 25 R HE
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A, TR A2 52 50 B A B R AR B AR, O TR, B B R RO AE AT R A IS 0,1 B

FUF NP D B 8 0, B 102, R A2 i i
AV, g2 A WU OREE BB I, U7 104 ), 0 4 ), A B A B LB, 5, B0, B 473 06, A
et IE, B AIE, 3500, 00 R B 47, N AR TR 0 8, 6 i J 100 k8, 114 B Ot IR, FR A, R AR, 50 BB
A AE B AR, PR DR B 48 50, B HR R 1
AT b ARG A DA, B WA U AT I AB AR T, AT, B TR A, N SRR, PO R R A T R B, T R
_ TR, W R R AT A%, S, T 0 R AR, SR, T e v R A o, B A MR R, PO 7R M R R A

3 BT XAMIETNRERKIRA G A

S SR SCA AR DI RE 7 SRR AT RE 70 B, B 72 25N i A P (EABAT B 20 8 ) S AR D RE 7 SR G K. 1
0P AT LA SCAHEAT 27, 3600, 00 B3k, 0 0 S5 8 A0 . A2 00 (1 T RE 3 AT b, 7 22 S8 IR Bt S AR T RE
SRAR G 1A ), BIGE T8 ) 2 15 B 35 AR 2 B 5 SR BEAT AW, AR it b A — A 0 S [ A 1 K B o 2R R SR T g
i SRR ) B AU, O X S B RSCR AN 45 R R AT e G5 A U WD TR T RE M A /N N AR A R VI L X — By
AR e i AR Th RE 7R R 1K) A4 [0 36
3.1 JETnREFERIARRIREZ

T SCAR D BE 7 SRR AL 55 0 1] M SR IO B 1A . S SCARRAE . ISR R L K SCA 7 2RI 4 A
LR ILTAE W 1 PR BT R BA TR B — P BR (K SE BT A AT RAR A 4.
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Fig.1 Chinese non-functional requirements identification process
1 AR RE AR SRR iR

(1) ] A B SR 1]

A SCR T AR D 8 5 SRR 7 103 T SO S B 8] 0, 1 NS 5 SR SCA BEAT 43 A i PR A v b PR, 5
FRILH D58 17 ICTCLAS!") . HanL PPV 45 SR 132 B2 1) i SCSC AR A 7 TR 4R 45 1 B3R Tk, R e, A
SCKF B HanLP T H 58 Bl 3R T4E.

(2) HLFECAKFIE

FE AT 5 SR SCAS (0 50 88 1] J , 75 B0 52 SCA R AR ) 208 U7 3K T O SCA R AE B R AL BoW (bag-of-
words) M TF-IDF % BoW 8 455 v SO v 417 YL 1t B0 K, I (8 YO8 9] 4R 45 3 26  SORS. TF-IDF 527
R LB B R — AN R — SO S I OB %, L L B T Y SORS B b 12 3 1 SO Y [X
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(3) &k A

SO DURHAE T 203 7R 5 B R] 2 T I 5 3 AR 2R FRATT 20 0 22 7 I 4 00 3% B U (LR) . Ab < DLmt i
(NB). NBSVM(Naive Bayes-support vector machine)?"V45 73 547 576 2 B 48 Jm i B 7 S LA Y ) 1 g 448
BRSO AR 93 28, B AR IR SE 0 45 SR AR TESE 3.2 4R

(4) MECA K

A5 FH 25 BR (1) 1 43 30 R G4 1] 4 B 7 v I A5 BR (2) HP 1) SCAR AR ARE 3 455 77 25, 0 DA S A DUARRAGE 1) T SNk AT
TR .G A RFAEAE Jy 73 FEBETY (RN BT 2 45 B R D B8 75 SR AL 5 HE D BB 75 3R P 85 %%
32 KPHERRBLE

FRATVER AT FAS [ (0 SCAS R A AN 43 A5 R s AR T 6 55 SRR I, ISR A T4 38 SCERAIE 1) 5 3 AT Ik, B
B A EEARF RN 5 A BRI 4 4 T4k, 6 1 K. S0 A a5 SR A AR 2 ST R TR
Bite.s RIS . DB R HIE N 3.

Table 3 Results of non-functional requirements identification

3 ARThRER R AL R 45 R

AR e 4 7 7 B Sy AR AL SHAE
) - P 1 S 2 B 3 S 4 S 5 FHE
BoW+LR “Recall by s750° % s7s0 9750 o000 9250 100
BoW-NB “Recall % . 000 7230 %000 000 8300 8150
BoW -NBSVM “Recall %) ' 8000 3000 9000 8250 3000 230
TR-IDF+LR “Recall 0% . 750 3300 9500 o000 9750 3100
TF-IDF+\B ‘Recll%) 8000 7350 5250 &250 8500 §0.50
TEDRNBSYM  TREONY TS0 8500 sy sso0 a5 350

T R S0 45 SR R WA R A A DAY (¥ 35 R T B AN~ 35 A [ e DUSBRRR AR T T 1 o LS L 3
iR 2 froR. T LUE BI,45 5 BoW F1 NBSVM AU T & =1 (100 6 %8 Fl BoW B TF-IDF R/ 3L
AHEAE, LR AT ZR45 3] T 91.00% 01 4 [0 2.

BT RATFISEI AR C A B S T 5 2 FITH 538, 3 BXI 7 B0 1 i 7 o R T B AL e ) 7 3%, DRtk 5
SRR A — SR 3 A SRR S 45 B AR E — i R T L B BRATT A W AR R A AN R S 3
4 R mtze .

100.00% - M Precision
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30.00%- | | I
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Fig.2 Average precision and average recall rate for different models
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ek

5HENFR FFAE ]
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Fig.3 Chinese non-functional requirements classification process
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Table 4 Results of non-functional requirements classification
F 4 AEUIRETE R KM LI R
HEiA FiR B HETH % (%)
FITHRERT R IRARRE TR AT WA WA i
0 70.00 60.00 50.00 100.00 50.00 66.00
50 70.00 60.00 50.00 100.00 40.00 64.00
100 80.00 70.00 60.00 100.00 40.00 70.00
150 80.00 70.00 60.00 100.00 50.00 72.00
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Fig.4 Accuracy for non-functional requirements classification
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Table 5 Results of non-functional requirements classification (test with full dataset)

5 ARTURE R SR> HM I 25 R (4 E K i)

e S 2 e g T 2 (%)
R T TR T ENT TR W
0 80.00 60.00 66.67 96.77 60.87 74.00
50 83.08 60.00 66.67 90.32 60.87 74.00
100 83.08 63.33 68.63 93.55 60.87 75.50
150 84.62 60.00 68.63 93.55 60.87 75.50
200 84.62 60.00 68.63 96.77 60.87 76.00
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Fig.5 Accuracy for non-functional requirements classification (test with full dataset)
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Table 6 Results of requirements classification (contains functional requirements)
RO FORDEHLIE R(BEINREFR)

- HEH (%)

o e CIEcA Al A wAN DE A gk
2.00 83.08 50.00 62.75 90.32 47.83 21.00
4.00 80.00 50.00 60.78 90.32 47.83 37.50
6.00 80.00 50.00 60.78 90.32 47.83 42.50
8.00 80.00 50.00 60.78 90.32 47.83 43.00
9.00 56.92 30.00 35.29 67.74 13.04 67.50
10.00 47.69 30.00 37.25 58.06 13.04 81.00
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