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Automatic Classification of Non-Functional Requirements in App User
Reviews Based on System Model

LI Xue-ying, WANG Tian-lu, LIANG Peng, WANG Chong
(School of Computer Science, Wuhan University, Wuhan , Hubei 430072, China)

Abstract:  App user reviews are an important source of user requirements. The requirements obtained from user re-
views can not only help developers maintain the existing systems, but also quickly and accurately locate new user require-
ments. This work focuses on non-functional requirements in App user reviews, and further classifies them into behavioral re-
quirements and representational requirements based on system model with machine learning and deep learning algorithms.
When using machine learning to classify non-functional requirements, we combined two feature extraction techniques with
five machine learning algorithms. When applying deep learning to classify non-functional requirements, we used two deep
learning algorithms based on word embedding and one deep learning algorithm based on character embedding. We com-
pared machine learning models and deep learning models from the performance and time consumption perspectives. The re-
sults show that, machine learning models perform better than the deep learning models. In addition, the combination of SVM
(Support Vector Machine) and TF-IDF(Term Frequency-Inverse Document Frequency) achieves the best performance of clas-
sification, with a precision of 0.941, a recall of 0.990, and an F1-score of 0.965.
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Abad %‘%}\[g]fﬁﬁﬁ{j%%m (Decision Tree, DT ) ¥ 73K 40 M
Uife s R FAE D RE T 2K . A # F LDA (Latent Dirichlet
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App is not responding
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TR including the behavioral of inter-
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face, architecture, and state.
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If there is another ver-
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o sion released called
Rl struction, implementation, and
s ibooks classic with the
=R execution of the system (i.e., the
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Jo i T SR AR RS N TARE A T e T ok M AE T RE 75
K RRT 1278 & AETIRET R RIS, X
1278 45 “AEThBET SR FH P IS B AR SCH B 48 .

ARSCK 1278 Z5AE DI RE T SR iEAT N ThRie . HAKS
FULF 2B (D) FARIC . M 1278 & 0Fi8 P Bl HLIh
B 50 25 AF Ry WS 90 55005 L iR 3 07 4 25 20 A i ik Se 44
P K 50 XV IEMAT MR SRR R TR B e
3PEAE B — S Ve R e bR T L B T A A
ZAE ARG B R 3 AEE X T R G R I T R
4328 BB A AR (2) IESUARIE . FEXF AR SO AT
S5 3R I — BT A 1 244 B ST AR T HA G
1228 5L T RE TS oK 9748 . f#iH Cohen’ s Kappa &
B 2 R A A R — B K 2K 0.86,
FE 2 AN P PR i AR D RE TR R UEAT 4> A it
PIZE R —3. fda, A 3R I E R 2 i AE# 1Y
FRICES R, 3 M VEH — R IHE i bR ic 25 B sh A e 1)
OB SRAR IR AR bR IC 25 Rk i — 3K

I 2 BATIAE 1278 Z5AE DI RE T SR h 151 T 899 2%
F1 R RITE SR 379 4 m BITE SR . FRAT DR B0 22 %1 4
FNZREE (1022 4%, 1 80%) B IE4E (128 4%, 15 10%)
AU 4 (128 45, 5 10%). A SCHI B4 45 € 7F 4k
%’ﬁ"\:”]-
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AR SCAE FHLARF > FR i 2 2 X HE D RE R R 1A 7
o325, B2 R 353 B T LA 2% > FiR 2 2
BRI T AR DI RE TS K 2 2 3 AR R A A TR T i Y
FAR. EREEIB D, BT Word2Vec F FastText
FEYINZhin] ) S B, ANTG 24 bR2E AR 4 , L IRATRE
WA 2 BT P IS (OR B iBooks 1) 6696 4% i 46
FIITE FI3E | WhatsApp F8 4400 25 J5. 56 P8O /E R
RV 25 Word2Vec Fl FastText i) i) 5 . ZE VI 2545
i) F i, AT T SCiHk (1832 4L Y 69 AN F 4T KA

one-hot Zi % , LI IAS 8 7455 ) i . A SCHI G 48 06 1R B
FH BB B LU 7€ TextCNN ,RCNN 1 CharCNN A5 5 (i 3
WSH . 3R EE S g2 RKIME4
Ji7

AR WA PPES
(1278%%)
v
AR WALHE A
(SCA/NE AL . SCAR S A B R iR )
v
HR3 . SREURHIE
( TF-IDFFIBoW )
v
HHR4: oy
(NB. LR, DT, RFFISVM )
v
HIRS: PR
Ot . A B2 FIF1-score )

P2 i IRLAS S S FE AT AR DB oK A 2 26y i 7

IR F AR PSR T BCAS
CRE AR PATREATSCA /NG B . SCAR -l RS TR )

v
L2
iR A ( Word2VecHilFastText ) FIF4Fix A
v

IR MEIFUN SRR 2 2] A
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F2 TextCNNZBIFFEEESE

Hyper-Parameter Value
Dimension of word vector 200
Length of word sequence 200

Number of convolution kernel 128
Size of convolution kernel [3~5]
Learning rate 0.001

Batch size 64

Epoch 10

*3 RONNEEMFEBSH

Hyper-parameter Value
Dimension of word vector 200
Length of word sequence 200

Size of hidden layer 128

Learning rate 0.001
Batch size 64
Epoch 10
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Hyper-Parameter Value
Dimension of character vector 70 5 z?:': % 5 ﬁ 1:}?
Length of character sequence 1014 Sy YR 3 R S TS R, AT T
(256,73 BLaR 2% 53 B0 (e 5 0% ) RIVR 2% 2 O (1 6
[256,7.3], 7 ) AL EEI AR A5 B RS % A 9] 35 F F 1-score.

[256,3,None],
[256,3,None],

Size of convolution and pooling layers

R5 (ERNFREIREAPIEEPHIETEE RKETHEHLER

[256.,3,Nonel, TF-IDF BoW
[256,3,3]) Precision | Recall | Fl-score | Precision | Recall | Fl-score
Size of fully-connected [1024,1024.2] NB | 0914 | 0980 | 0.946 0.989 | 0.908 | 0.947
Learning rate 0.001 LR 0.931 | 0.969 | 0.950 0.941 0.979 | 0.960
Batch size o4 DT | 0934 | 0867 | 0899 | 0939 | 0949 | 0.944
Epoch 10
RF | 0922 | 0.969 | 0.945 0.922 | 0.969 | 0.945
AT MG SR IBIE R IE S, LR AT SRk 2k SYM | 0941 | 0990 | 0965 | 0941 | 0980 | 0.960

FE R 2. R, KSR (Precision) 48 14 2 4 FH A8 SC
143 BRI B AT R KRB T P Pg b BOE &
FAT R RITGSR A HL B . A3 180 (Recall) 45 (1) 2 fiff
FHAS ST 43 AR5 B (4 ELOE 8 T4 7 B SR 251 Y
FETIRET 3K L o B AR i AT B SR S B AR D RE S
KA . F1-score f2 A% B 3 F1 AT 1] 58 14 fin A 3] 71
BIME L 4 Fl-score (H 4 i b, — B idd B 0 2R AR A 15 7326
ROREAE . (1) ~3) 20 525 ) TR 2 1 R
Fl-score FITHEA.

Hodr, TP(True Positive ) 278§ 43 ISR BRIC 1T
HAVFE R AE DI RE R K o, SEBR & TAT A B SR 1T
B E . FP(False Positive) N 8 FRic W4T A AITE K1Y
EDyaed K, PR E TAT A AR K PP A
FN(False Negative) 3275 8% 73 FAE AU bR i Ry 3R B K
AT RER K v, SEPRAR B T RoR Al R B PR AR

.. TP
Precision = TPLFpP (1)
TP
Recall = TP +FN (2)
2 x Precision x Recall
F1- = —
score Precision + Recall (3)

4.4 ZIGIRE

SIS FRE I E K Intel (R) Core(TM) i5-7200U CPU
PLJ 8 GB RAM Y- 55 =it 541, i2 17 Windows 10 (64
BOEE RS . A SCE I NLTK T EL(RRA S 3.4.5) k17
A1), JEMER T EE/NTAET 3 ] . FEPL s 2 B
B di H scikit-learn T H (RS 0.22.1) $2 AL R HRAE$2
I AR R (BN S B AT 5056 . fEIRE 2%
) Bl gensim FE (RUAS 5 3.8.1) HEAHE 114 1) e AR
I 2k a] [a) &, 36 FH Tensorflow HE4E (A5 1.14.0)
A g AU 2 R B 2 S AR AL . A SCff A A NLTK T A |
scikit-learn T. H: | gemsim J&E L) Kz Tensorflow HE 28 34 3L T

®6 (ERREFIERMARTRPRIENREEREITILENER

Precision | Recall | Fl-score
TextCNN + Word2Vec 0.950 0.969 | 0.959
TextCNN + FastText 0.989 0.898 | 0.941
RCNN + Word2Vec 0.931 0.959 | 0.945
RCNN + FastText 0.766 1.000 | 0.867
CharCNN 0.876 0.867 | 0.871

RQL: AT LLEL 1 5 Rl > Bk 40 5 5
TF-IDF F1 BoW 454 B 153 2] 19 F1-score {HL , Z5 5 an /& 4 Jir
N BERIR BR T SVM A aRAh oAt i 43 2 R AE
5 BoW 454 W13 3] 1 Fl-score {H , 3 kb 5 TF-IDF 45 &
F4EN Y Fl-score {65 . SVM 432628 5 TF-IDF 41544 5]
T % 5 ) Fl-score, {BAY . 5 BoW 4H & 15 3] Y F1-score
5 0.05.

RQ1 4518 Bk B rT LIk 7 H P PR T i Ak
DIRes oK A 3l 7328 0 s AUTG SR ANAT R BT SR, 1
B BoW HAR LY TR-IDF FORF I B4 X R, 12T
SKOF AT 55 BURRIE S BT B, W58 N B0 A e 1R 4
FILTUF 1) BoW BEAR . (HIZAS IR T3 2 Af FH TF-IDF
HAR BRI B HAF i ERE .

RQ2: FRATIH AN LA T 5P BLER 2% ST B A 5l 4y

0.98
0.96
5
S 0.94
— 092
[
0.9

0.88
NB LR DT RF

—@— TF-IDF —@— BoW

SVM

4 R[EBLES 2 S 503 5 TF-IDF F1 BoW 41415 214 Fl-score {H 1
X L4
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HJE A5 BN ARG 0 2% A3 1] 38R0 Fl-score, 45 R AN 5 Jr
N EERER BT oy AR AR o A RE RS
B ZRH Fl-score { JL-F-#F7E 0.9 LL | (DT 5 TF-
IDF 41 & B9 45 R 40 ). K5 BoR, 5 /432548 5 TR-IDF
A B, SVM 3R A5 T d5c A RS B 5K (0.941) | A 1] 3%
(0.990) il Fl-score (0.965). DT 3k 15 T # K 4 o] &
(0.867) Fll Fl-score(0.899). XKW, 7E7 R 3J H 54
AT 55 v, {1 ] TR-IDF $5AF $2 BUE: AR B Ry 4R e % 1E
SVM 702588 . Bl 6 o, 5 Fl /02K 88 5 BoW 4 & 0,
SVM F1 LR 3815 T #5cF Fl-score (0.960). SVM 3K1% T %
FEA [14.(0.980) , H. 5 LR (0.979){Y AH 2% 0.01. 1fii NB
AR T R R 5 22(0.989). B 6 5 &l 5t 4 R
I, DT 345 T 8K A Fl-score (0.944). X FH , 7F
oK H 35 ZAT 55 b TR ] BoW FRAE S A, AR
e B SVM LR 40 284e . [RIAHto i SC AR I NB )2 75
REAS 1S 2 5 4 1 P RE

TF-IDF

098
0.96
0.94
0.92 \./’\0/.
09
0.88
086
DT NB LR RF SVM

—@— Precision —@— Recall Fl-score

5 KRS S TRIDE LA M A E R % | 7 E%A
F1-score {EL [ %] L &5 2R

RQ2 4515 #44k - ,SVM 5 TF-IDF 415453 1 B
43 111 2.(0.990) Fil iz 43 F1-score (0.965) , 1fif NB 5 BoW
A AT B R R A% (0.989). Ak, AR5 TF-
IDF it J2& 5 BoW 20 &, DT 73 L A7 4815 2] T & X F1-
score. UL, FATA N AE4G FH P T rh i AR T g ws oK o3
N F R RIT SR ANAT A BT SR B, SVM 4328 25 & A
RERAT .

BoW

0.98

0.96 -

0.94 g \o\'/o
0.92 \/

0.9
DT NB LR RF SVM

—@— Precision —@®— Recall Fl-score

Fl6 AREHLEY: B S BoW 41 A W52 R a2 . [0l A0
Fl-score AR XT L 25 F

RQ3: FATIHH T TextCNN . RCNN 433 55 2 F il 1]
HHAEFEERE Fl-score (B, 55 WK 7 i . SLE4E
R, I 2 TextCNN 32 RCNN, 5 Word2Vee 45

e 1% Fl-score fH ¥ 5 T 5 FastText 4 & 15 2 1Y F1-

score.

0.97

0.94 .\.

0.91
0.88

0.85

Fl-score

TextCNN RCNN
—&— Word2Vec —@— FastText

7 REE B 2 ) Bk 5 Word2Vec 1 FastText 2H 4 45 5 1 F1-
score {ELI X} b 25 S

RQ3 456 : Bk ok A TEkr AR D RE T K o 2Kk
IR BV SR AT R BT SR B, Word2Vece #E RY [E FastText
PRI S -

RQ4: 3813 5 T TextCNN, RCNN 5 # 43 1] 55
Word2Vec . FastText 14, UL M CharCNN F B A8 i 2%
B [E RN Fl-score, Z5 R ME 6T~ . FISHRT
TextCNN F1 RCNN 43511 5 Word2Vec 21 & 1 CharCNN 3
ANFE R BORE A 2R M2 F0 F1-score (H AN ELZ5 5 . 45
BB IR, TextCNN 5 Word2Vec 21 & MR 1 %.(0.950) |
H 8] #.(0.969) Fll F1-score (0.959) ¥ 15 T HoAth 2 MR
o) FEAL . K9 WK T TextCNN FI RCNN 43 51 5 Fast-
Text 414 Fl CharCNN 3 M HUAT B ARG 1% 4 [0 R 0
Fl-score (HIXT g5 B . 458 R, TextCNN 5 FastText
Y45 B 02 (0.989) Fl Fl-score (0.941) i F HoAth 2 4
B A, RCNN 5 FastText 4 & 38 44 1 f5 & A4 ol %
(1.000).

RQ4 2518 . %K E & , TextCNN 5 FastText 4145 3%
19T e BRI 6%.(0.989) ,RCNN 5 FastText 21 A 4K 18 T
A% (1.000), TextCNN 5 Word2Vec 25318 T
15 Fl-score(0.959). R4 RCNN 5 FastText 205 3k 15
T i A 111,000 , A2 DUST A B8 rh e AR 4
7. (0.766) A B . 25 8 FAT 9, FeATIA A TEHS
Ak T Ak 7 oK 43 28 g s BT SR A AT O B K
TextCNN B AV AR PERE ST . AR IZE S, Y e
7 5% Ht , RCNN 5 FastText 41 A el 7 AR 15 4% .

1
0.95 %‘Q‘
0.9

0.85

Precision Recall Fl-score

—@— TextCNN + Word2Vec —@— RCNN + Word2Vec

CharCNN

8 TextCNN 5 Word2Vec 4 4 . RCNN 5 Word2Vec 4 & .
CharCNN f3 2] (AE AR . 43 IR A F 1-score {H A X L4855
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0.95 W
0.85 ./
0.75

Precision Recall Fl-score

—&— TextCNN + FastText —@— RCNN + FastText
CharCNN

%19 TextCNN 5 FastText 214 . RCNN 5 FastText 214 . CharCNN
RG-SR . PR A Fl-score {EL X Fbak 5

RQS5: AT L4 T 2 2B b 35 A5 45 5 Fl-score 41
A BRT AR R B A Fl-score, Z5 HEANE 10 s . 45
R R, SVM 5 TF-IDF /9 A [7] % (0.990) 1 Fl-score
(0.965) {H [t TextCNN 5 Word2Vec 4 & 8 18 & .
TextCNN 5 Word2Vec 15 2] (/)4 i % (0.950) Lt SVM 5
TF-IDF 15 2] AR5 i % 55 (0.941). 1R ZWF98 %M, M
THLAS 2 I BAL CNN A B4 (0 43 285008 . R4 AT
B LAt S ML S R AR 31 T 3 s A A TR AR -
score. TRPEF > BIRLIG 3 AR AT B W 0 AR 35, mT g
FJEPRA < (1) AR SCHE I O BUR A FUBE A5 /N 5 (2) TR S 2
IR TAE AL 35— 2 R SO IR B T 4 JERCR
)] R

0.98 ‘\'

0.94 ./.

SVM + TF-IDF TextCNN + Word2Vec

—@— Precision —@— Recall Fl-score

K110 SVM 5 TF-IDF 44 . TextCNN 5 Word2Vec 21415 2 (10K i
A B FN F1-score {H 1Y X] 4k 5

BATBET R AL T i HLas# I A& SR E 2%
> 20 ) B[] VP R CHEASRE B RSS20 I RE BT ) | 45
k7 FRSMEK P . Horh  HLasa= S B R FERT
SE R 2 TP AR 1 ~4 BT (R IR ], VR BE 27 o) GRS RE B hy
SERIE 3 A R 1~3 BT B TR] . AR TR AR B 43 5]
SEILIE 2 A 3 HhdRe e — A IR T BT R] . FEAL AR
AL EBFER A K A2 RF 5 BoW ZH45 (994 ms)
HRFEN RS2 DT 5 BoW 404 (514 ms). B HLES
2 3] B AR TN AR B AR 3 20 ms. FRATTIERE R,
PLES 2 2 BYETE 5 TF-IDF 24 i Al B R I L 5
BoW 414 i Y AR FE I (R R AN ), 1A 750 333000 e s
JUF—50. mTREM R UE T3 BoW ) & H i 43 TF-IDF
Tia) i fA7 B [ St DA [0 14 6 £ 3 50 00E T RQ1 A 1 2%
“TATBAY) BoW $ AR He TF-IDF 4 AR FE 3 5 4.

TEVRFE 2% 3] S th |, CharCNN #5750 (1) 28455 K I f%

R7 HBRFEIEENBREFR (B UREBFNFER(P)  ms

TF-IDF BoW
Bt Pt Bt Pt
NB 548 4 491
LR 853 4 848
DT 585 3 514 3
RF 880 17 994 18
SVM 604 9 540 7

RS REFIIEE(TextCNN . RCNN) FI B FE I (B A R BB TR
M FERT(Pt) ms

Word Embedding
Word2Vec FastText
Bt Pt Bt Pt
TextCNN 94575 27817 135659 27694
RCNN 224776 82282 277075 72534

K9 REFIEE(CharCNN) FZAEFER (BY) URAREIFUMFER (Pt)

ms

Character Embedding
CharCNN Bt Pt
514391 85078

1 (514391 ms) H A5 R 151 0 FE B 2 5 K (85078 ms).
TextCNN F1 RCNN 5 FastText 2H 75 i @ BLFE 0T, 1 5
Word2Vec ZH & FERFK T 5 40000 2 50000 ms. 1 GEFY
Jit A 2 FastText 16) [n] & 2% J& 7 5 0] (4 P 8 45 44, i
Word2Vec P17 14> 5¢ 54 B ia] (14 ] (] £ . {H 7R AR 03X
i}, TextCNN 1 RCNN 5 FastText 204 B FUINFERT , L 5
Word2Vec ZH & #EW} 45 100 3] 10000 ms. TextCNN 435Il
5 Word2Vec . FastText 2H 5 I A FE N2 G IR 24 )
HEEARY R S S 11, AR SR R o B A Y . mTRE Y
JE AL 2 TextCNN B #2ff FH T 10011 25 (%) 3] [ i A 7
L, RCNN 76 T 25 98] [] o ) S Atk 1 3687 1158 T 1] 1)
it , CharCNN WU 35 T SCAR A RF T3 SOA 1) i, PRt 3 2
A LE TextCNN AR AL FE 5T 22 (1) AR () . 3K DA KR
8] 77 FE £f B2 IR IE T RQ4 By [l 2 “ TR i 2 > Al vy |
TextCNN fFERISL AV fE e i

FERT R FE 7 T, TR 4 ) AR B K, B2
2R (D) ZERFIE RIS B, WL > AL o 1278
Z P IS TR A, TR 2 ) BRI i 11096
S P PR TS ) B A I i (2) TR 2R 2 AR
T B2 ) NS 2 S AR B &2 | T G e RS )
FVR TR T FE I HEAIL 28 27 ST AR ARE R B

RQS5 2518 Bk I WLas 2% I BRI SE 1 1 IR 4 2519
A (] {75 500~1000 ms, ¥R B 2% 2 155 B FE B 100000~
200000 ms, £ R AL 4% 27 2 BB FE T A9 200 %5 . TCIRTE
H B Fl-score [ HLHLE I, i & AERT RIVEFEMT HLEL L,
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Bl IR TR B 2 ST AL, JE R 2 B AEFERT
ERERZE . IR A A AR AR RET R 73N
PR VTR FNAT Ry BUFT SR IS, HLAS 2% S R LU IR 2
R R I F, I H AR TG R SCAR I3 S/ 73 28 0 T
ST Josid LA o I B FEPEREA S A D0 1, R
el G IR B A B ALAS 27 2T B e i P TR B2 ~J A
U, 75 28 DA R 1IN [1] 9 8 28 J3E 0] R AT B A 2
DA

6 ZERHVNESHRME

AR SO SCHR (20 ] 9 (8 R00RE 43 B 4 D), DR 35 55K
FE NTRRLE AR FAT SRS HE XA B S S5 A
SR AT BE U | T G FRATT N 2 A 1 6l i T SR B
14 it
6.1 MHIEBEMESH

P 5 305 O A s 7 O A L S R A
AR SO TE U R N T 2 Fe b ok i 45 4R T
AEF SR BN N EWE . g T 2 i, AT
Sy FE B 3 N [R] S8 G (R TR S At - A A
Ui IR 2R 20, 3 N SERELIEE T 50 4% FH T
WA FIEAT 4028, 5 A6 o0 I 2 L % P PR 4]
T3 B THE R AR —EE N . EX K2
Tior 200 2 4001 A S B A T 2 26 bRie A TR 42
R 55 3 N (M) S , I & A 43 85 1 E kg
— B Y — IRV SR R R T AR S T (8 4
WRB RS A EASHE, N T A%, A 1
1o ML B 7 =2 MBS 8 7 FH v B P PR AR AR R
Ve AR5 BB AE
6.2 NEBESH

PR IR DG R B 9 45 R S 15 1T LA P AR AR 5 B 15
h, DUSOR A e m g R R 2R R A
PR R B R ML A 27 2 Bk PR B 2 2 L R B AT
e A B AU . A T IR R RS, A 1 4E
FH 2 PR AE S EUE R 5 5 R LAS S ki AT 4l &, O
i FF 2 Pl T i A TR 2 2T B RN L R T A
T (R TR B 2 ) B, e VEAG A L TR A
PEREARS (I THFE . 70 SRR EUE R S5 360, 78
Xt AE D) RE T R 20 e EA T o ST, WL 27 > A AL LU R B
= ) BEARLTE Pk RE AN A () T AE 7 1 R I AT . (HAS BB
FE TE R S BB T, JE A RE AR B 5 AR C— 3
gh IR T i U — A SRR AT
6.3 SMERUE SR

AN RAEFR WIS A 2 KRR E alE T HE
BRI EE . AR SO 2 48 FH B9 FRS 30 182 FH B9 T
WA TAE DI RET K 432, i 3 iy S0 N7 5 PR 8 1
SR A U BIF 5 B o AR PR A (R B (SR

WhZFHEIA ARG 2R FH 1 8% 8h g FH 200 Bl A B
U AN BB S 7 (8 FH HL B 2800 7 FH AR 1y (i A3 8 28) 1)
AP PFR AT AR DI RE 5 3K o0 2 m) 25 R 2 — 2. b
A, AR OB S IR T AN RS 3h 0 R 3 SC R P e
PA] I 1 JIG 32 AR IE 2 % o S P e fe A (] A A 5
Dy I REAS 15 2 AL ] (R BIF 5T 45 5 .
6.4 W EMESHT

AL SEPEFE S ILA 8 N A B E AR R B A1
FIAH R AR LA S5 R . AR SC A T 2 bridid B 3
A TR SR 58 N 53 2[R 58 B, I BR A T 2 25 hr
O R, DUS AT BEHus D A A WX 73 24l SR A 52
BEAh A SCHEAE T AR5 il FH A BR 467, BB T S8 4
BEMSHOARE T LI AT o 51 (8
GG UEANIFE TAE, 3T T ARG LT EE M. &
FEULE S, AR SO B AMW RS 3l 0 P e
TTRRGE , WIFFE 45 5 1 oA 55 7 FH A FF & T BAEA T A
L ¥ I 325 7 5 T 5% 68 TR s 2 A o FH A of A B AR
JIT 7= M B 52

7 B

IRy =1

AR SCHRAE Broy' ™ 45 A H H 9 R G, 4 iBooks Al
WhatsApp 2487 R T 19 1278 25 AE T RE T oK FH P iTE
N AR AT BB SRR R BT oK . I T HLde
o) GRS S L AT 2R L TR I PLAR A ) AT
I3 ZEmS  ff TF-IDF #1 BoW 2 AR 73 5 NB LR . DT . RF
DL SVM AT 2 . TRl IR B2 2% T AT 03 25, 4%
Word2Vec . FastText 43 3| 5 TextCNN . RCNN #H%5 4, J
P A A 2 T T A 1] 5 1Y CharCNN ¥ B2 2% 2 £
B FRATTE ] FR A 458 1278 2R AR D e K 02K
RAT R BT SRR R BTG SR fJa XA A 1 42
P BE A [A) I #E AT PPAL , o rp FE R Oy T AT
FLLE T A A G BRE 2% F BRA Fl-score. 453
W] TER AR DI BE T 5K 432 AT R B T SR AN s AL
SRS CH AR 2R 12055 5 5053 56 W RQ1 2 RQS Y 45
CHYSIESE e OF

(1) FEHLAS 7 B ep 5] B BoW K [E TF-
IDF FORLEAFESE IO T R B 4

(2) FENLER2E I BIAI R SVM 4325 28 i B AR 1k g
53308

(3) TEREZ WA Word2Vec i H L FastText
BEAIAE 5 R] (7] 5 07 T R B

(4) FEIRBE 2 2] LAl h | TextCNN (1) 5% {4 1% RE
53500

(5) TEVEBERIET IVHFE 2 e I, Ml 2e > i
FETR B2 SRR R T 4

(6) TF-IDF 5 SVM H & 15 3] T & 1F Fl-score
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(0.965) ,BoW 15 NB 4145+ FastText 15 TextCNN 41453545
T ek H%(0.989) , FastText 55 RCNN 2H & 3815 T f¢
#9544 1115 (1.000).

BETASCE A R AT AR 5405 Tk
U FRAT A

(1) ARSCHLER 7 > BRG] T RN S5, TR
SRR G 28 56 T T B LA E S,
AT AT R 38 3 S 6 e A X AR ) B AR SR
IR 2 e A KRR AT IR RE oK 1Y
H 843255256, W1 DCNN (Dynamic Convolutional Neural
Network ) \HAN (Hierarchical Attention Networks ) %5 .

(2) AHFFE s Aok BRI IS T 2 A4S 2 50 4 R
FARRERE S 1 e WF 50 25 R 19 38 I DL e A 3l 03 2840
T IR RE  FRATTHUAE Hi A B b 38 A% 3l iz 12 )
R .

(3) AWFFEEE I AR AT BE 222 e A 373285501
PIVIGRAACR , 2D 52 73 BRI . A TiHRIbRiCE 2
Hid 1R s I P PR a) -, DA/ X SR A0 1Y
JAH

(4) BA SRS iBooks Fll WhatsApp L H
9 TT % A FEAT AN, fE— 2D 4 TR A SCHF 58 25 SR i )
FEME.

(5) A SCHTPIAS MRS 3l 0 095 SCH P T
WHEATAEDIRE® 3K A 3-8 p9 5T, AT TR A
[ A TT & 19 sl TG o SCH P YRR AT I SE 3 T
WFFE S R L | A 3h 7 ORI SN AR AU DL R F
FEAE R AT
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