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Text Style Transfer Based on Matrix Transformation
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Abstract: Text style transfer is always a hot spot in Natural Language Processing (NLP). In”teéent years, as the
development of sequence generation methods, many researchers focus on style transfer on non-parallel corpora.
Specifically, this task wants to change the style of the sentence while keeping thé;original content. To achieve this target,
many works have been proposed which based on the generativeladversarial network. But due to the instability of
adversarial training and the limitation of the independence assumption between the style and semantic information, these
methods are hard to learn an effective and efficient transfer model. In this study, motivated by statistic learning methods, a
definition of the text style is given. The style of the corpus can be captured by the covariance matrix of its sentences’
semantic vectors. From this pepspective, the text style is dependent on all the semantic information. We then propose a
learning free transfer method where the only thing we need is a pre-trained auto-encoder to produce the semantic vectors.
With a pair of matrix transformations, including whitening transformation and stylizing transformation, performing on
these vectors, we achieve text style transfer.

Key words: Natural Language Processing (NLP); representation learning; text style transfer

AR, SR RASIER A2 B RIE S B —A4 FE A RF AR BT 55 7, R R SE % 1 7 VR R 2E A
R, IR ZI R A R 2 NLP B R e, thin IR R R, SR R RS () H b SRR B

© YSeHa I E]: 2019-10-27; 1& SN TA]: 2019-11-20; I [E]: 2019-12-05; csa £E24& H i H]: 2020-09-04

136 4 AR 5% Software TechniquesAlgorithm

© EREERREST  hup/iwww.c-s-a.org.en


http://www.c-s-a.org.cn/1003-3254/7433.html
mailto:cas@iscas.ac.cn
http://dx.doi.org/10.15888/j.cnki.csa.007433
http://www.c-s-a.org.cn

20204F 55294 5591

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

i H AR SN A

A 9 SRR 39 SR, 9 SCA B2 38 2, IR
B SO R 5 KU T 2 B A B £ L. 25131 5,
Yelp Ui 4 AT LASE S FH 2 0487 10 VP i, JRA175 28
4 330 M P M TE T 2409 B0 T, Ok S 1 XL B A
o P IS BE. T IRAME S5, A B I A A
S 7 T 5 P A ) 2 SC A, BT AT LR 28 5
BEEE—A> Seq2Seq MBI, U B HEAT VI 5. JATH,
PERCHB Y UK SR (1037 55, 36 B O R0 S22 2k £,
TRAR S 5 24 8 U B Pkt ) 7 F 4 0 2 )
SRS SRS L,

TE O I SO KUK B8 OB 90 R, 40302 T4
AN 9 — SRR I KU — AR R A58, T
AR SCA S A E BRI 2. ELInRt T Yelp 50
%, WA KT ONT)3 VIR B Dy E T (516 A&
BE. MK R, — i LI B 2 S T 5 R
K I SR, SRR LA % 7 — i
F R ) 2 S S b R ) T
A SRR 13 R ARSI . FLAAROR B, T T
TP 00 5804 A 04 IR B0 ) S 45 51— A 52
SR L, AR B AR R SRR SCAR I R 4
AFHEAT S 55, AT LU BTN 2 8 S0, 40 950
P 43 H ) B, T 140 0 5 R e A 49
3, GRS, BB R A R
HebRAE 1S 5.

LR F 3R TSI AR T DA AR 2 B
R, HRZ IEWISCHER [5,6] B i, 328 TRk RAR I 24
A5 R 3 FLAR B BLAR O XUAE B e gk i, i T

) AR R AR R A AR 2 7 R AR FE S I, |

ST (BT SRR & B . AL, SEF AR 77
AL AL ISR, dE R AERT. ' .
PEASC R, S SO 1 KOs, AT T 9
£ AT UK AT A S U BUR R AN E
e ) o OO 46 80 ) L T % T AR I X
5 B 82— L) T 1 R, T B ot 7 S
f G B 5 T AR 2 LA (S o, AT
T W5 2 0 SR R SC A 1 KUK L 1 o, AT
Yelp o BT 1 142 B X I8 157 VF 53 4 43 1 AN 1 SC A< 4k,
I L4 B o I 4 B 7 2 R, SRR BRI X A
35 f DY /48 B 47 5 GE AU 50, 8] T 45 11 AT 50 4
AL 1 4 85 A D PR AT LA B, B V18 5 P 1
A5 Ak, 5 00 R A 16 5 0 T 2 0 A 3K )

TV T 2 0 S RE W 4 S SCA AR, B & AT DLIX
g HH XK PR 5 5

RS R4 -- R2 - Rl

Positive Negative
L Yelp SR IS4 0304 TS 0 7 22

FEF IR WA, FATHR T A B ST
N ) TR AN ), A R R SO
)T IE SRR A T A0, 2 R AR T — XS
AR ST K SR R 283k AR R A e
LS IKU EE F.

JESCHAUIN T 5 1 A S 313 AR
IR, 8 2 WA - KU AT RS S0 58 3 4
A A BB DA R SC S 5 4 AT A
50 2E4 G 1) A 44 0 B. FErR RS X A% I T O VR4
FISCARSE, R1 XS S T VAR FISC A 4.

1 SREOUA ﬁﬁ_ﬁ"]ﬁk*ﬁ% JS
11 AFHIEXEE
ST T = (a0, xa), H P SR A 26 o (Y B
W, BATE AT ER A FIRABELLSH. #AHTC
R AR AR NSRS (BN 7 T3k 4T 5 48
HIARET RS TAE, FRATTRE EZ 25 a0 2 LA AN 26 A
(1) AR PLZAE TR ) AT DU = A .
(2) AR SCAEELT 2 [m) & NZ 2 W] 4 1.
HAE— A EWE Z W R EA ST 2E
B, DUET-FRATM A B IR E R a6 6] 15 58 R
R, SR B AR SCAREE 0 0] 70 12 25 8] K4 B 0 A B2
R ATREAES.
BATE S i B BE - x - ze RY, 4] T R
BB [RRE d AEIESRAER). 9 Tie s (1), AR EE
—NEFI YR BRED < 2z — y, EECAKyY = (y1,y2.-++ V)
Wiy = x, XPHBR R RS—A B b g, TR0

Software TechniquesAlgorithm #fF4 AR 5%: 137

© TEREBIK R

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


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

it E RGN

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

2020 4F 529 % 59 1

R R SCAHT A BRI T 41, FRATTIE B UL Seq2Seq
REAIT SRS ELXAS EH AL 2. Seq2Seq MY —FhL T
PRI AR ZE P28 (RNN), 0T 3ox (1) 7 51 o e /b B
R 22 AT i B I SR B Y, L ML AR B R AT 55
B YRR —— X BRI ZREE, w3 aT LUE ] Seq2Seq
FERI AT I 2. 18 Seq2Seq A7 AT LAk AN R O 73R
BTG, TEASCI SIS 2, FRATTESAE 148 KA g2
M 2% (LSTM), [ 1#IEFF L IT 2% (GRU), BAA AL ] 1)
GRU Z5# 0] LR G 1) 38 BUCSC A (1) AUk T R ATT BA
LSTM i, Xt B gmhd#& Il 2k B bridb A7 i 8.

FHAE Rt 28 G PR B TG0 N LS T Mg, S5k A0S
PRI B Bl lh;, 233 F AR mid it i, R iGA) ¥
W WS 8 S 2

{hi = LSTMEg(xi, hi-1)
z=LSTMg(xy,hy—1)

P AR 0 05 57 3 TEIE LS TM p, 135115 B
T s MY .

s1=LSTMp(x1,2)

si =LSTMp(x;,si-1)

N T BRI B AR A, T RL A it — A4
R E 2 J5 P Softmax A8 ¥, IXFERIF 2] [ iRR VA
FAN R AT AL B IR ER, DX AN o SR AT
TR R A B )
p(yilsi) = Softmax(Wys;)
Hrp, Wy e RV,

I Gt 5 1 b A B L N R SOAS, AT B e

/MG A SR K R EOR SEEL:

lres = — Z Z IOg(P(xi|Si))

xeX i

AR RS AR NI 5 1F, N TR
AN R SCARBE 1 1 1 43 A )R AT RES EEL A8, W DU
— AN AR B N B A SCARSEX R
Xy, BATRIF ] — AN [ G i 2% R 75 20 S A e it 31 )
—Ad Y3 8], TEIEA 2 B FRBRATT e ST R 4 2R

{p(l = 12) = Sigmoid(W, f(zz"))
pt=0z)=1-p@=1lz)

o, £ARER fatten MR, VB AR B P B — )
W) € R J& — MR PEAR e, T LA AR — AN bR, XA AR
40 Sigmoid MR B — /MR, KoRizh) Tk

138 4 ARH % Software TechniquesAlgorithm

5 — A ORI REME. TATA A SO S0 A
BRAERRES ¢ 9 0 B 1, ARG FIF AR b R B0 47 11 5
las = = ) | (t7log(p(t; = 120) + (1 = 1)) log(p(z = 0[z7)))

BN B AR

L =l +algs

Hr, o VA T 4 AR AR F R S
1.2 CAREHRIE

18 FUH B A v, AT A T DA L 2 3 A )
SCA IR 25 5. FEAREE B 2600 ik, D2
T — e (g T SR A 5 P R LS. S T 4
B2 T UABR A ) SCAR MR 1 33, A48 4 ik
TR R MR, X S R S RAT 1 2R B — SR

B, UM R R —Fh G R, S — )T
TR — R KU, T & AN T SCA R P 2 5 A
ST DL ) R R R A 1 2 B s A SO A
ORI 35 0. 35—, SCASH AR 28 5 78 SCAR IR X, 2
ke, XtF3Ei8“The food is awful and I will not come
again.” KL, W1 R A G — R0 R, FoATTARAE X 4
“not come” 7& 1) T B S 433 /& KRG 38 4, IX 47
= B RAR AL ). B 5, SCAR IR 2 AN
SR FE ), WS E T )R] T 2R “The food is so awful

and I will never come again.”, E%ﬁl%ﬁﬁ%iﬂ?m, i

N T SRR, FRAE T RSO A Sl
Hey s 2 MR SLAR I KU T4 N AR TR SO
A, BT A7 1 SRR RS 4 NZ = (21,20, 2] €
RN, U7 24Ky

S =7Z"/(N-1)

R T W IE T B T R B SO U, AT
F Yelp $HEE RV 1. 20 40 5 IV E L
SCASE, WX 4 A SCARBER B )7 ZRBERIRT SO AEREGE
B, AT T ATALAL. B 1 S, B4R th B 5
A BRSO 4 SRS, L8 T L DX 43 L R

2 RIS S R E RS T i

N T I BRATIHR UKD JRURS 27 125 ) SCAS B 1) XU,
FATIR T — P2 40 B2 e 1) SOR XRE I 5 5
G SR SR B T 22 R AT DA SOA R IR KU,
FATRT VL E 4 55— A SOR SR (10 P Iy 22 R 2 R0

© TEREBIK R

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


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

20204F 55294 5591

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

i H AR SN A

AEEAAR], WA SEHIL RS (1) 5 557,

BP0 07 ZE R R 21 1E € 1, T DAEAT R 70

S = PAPT

For, AJE B S RFAEAE R4 BT A AR R, P BRI PR R
AIE [ 2 ) RS T A2 R R

WERAE A SCAREX FIX,, IRIEH 1 %, &
ATAT AR 2% XA R IRS (RIS 5. BUAEARZDIG 35 — A
SCACER () RAS TR AN 5 — AN SOARBERETR], e AT Tk
B ANSUAREEIE U A Z S 5 3T a0 R A 4

ZCA A AR 2 4R i [ 8 o5 4E B 2 1) ) AH
Ktk 23 Ak 2 5 1) e B Wl 77 2 6 B Dy B o

Z =P A_%PT(Z—A 17
2089 22 d)

o, 2 R I Az I R, AR ez R R

-

ZWRZ'ZT = 1.

IR s DKL 2 1 A 0 A5 45, 7 LA 25— A

SO 1 XK T A TR A

A PIA%PfZ' +217
For, 2R SO ) R I A 6 R, DR AL
R EI 2L 2T =S ).

R T WA S A XA B X (R, R
LI, BAER IR 53 B 1 o
S, T AT A R e P AR B 1.1
R SUH 28 AT A, BV BT 1 ST R 2 SR H )

.;fg/rﬁﬂ‘zmm‘@ 2, il J7 HE 6 75SC A 4, BT
HEZE 0% 76 T 010 ) e 5 140, o0 77 HE 6 7% SEBLRUKG
SERS 10 (1 PR AL T A2 B

s ™ el A ~
Worst service I've ever had! [ Best service I’ve ever had!
We will not be back. —| —-@— L We will be back.

\ ) ‘Whitening Lo .

Encoder stylizing Decoder|
N

( h transform ( .

Sandwiches are excellent. Saqdw1che§ are awful.

I will definitely be back. [~ +— I will definitely not be back.

T
\ ¢ L™ ~ A J

A
.
—{ zzenr ]
) Y

K 2 %%zmm%ﬁ?ﬁ&a‘

S 1L A RS A5

(1) TNZ5: 38T 22O 4 43 349 TEN B 1 S 88, U 4 58
HEAT 2 2, (R 2 B 2 2% T e P — 2 238 4 B 1 V1 45, A
[IRE el AE

(2) HEHURUS o7 TUNBRUC S LA, FIAEBIA0  SCia i, 4851/ 3
ARV ST 20 .

(3) UKL 8 L E IR LSBT PN SCAR S B 8 S
HEAT R XE RS, SE 5 0 1 ) FE 2 20 V1) 25 A 1A T 353 1 4T A0

3 SR
3.1 XWE

BAMEH T Yelp BT 179250, ZH I
7 Yelp Wk B P& T IO, Hoh & —a)vPAY
#HE—ANM 1B S W EARSCEK, JrE R & R R 1%

VPR IE . A% T 3 RO A 4 I T
SCAR KT 3 B 4 SRR SOAR, A4S 21— 4K
R XS SL I SCAER, FEIX — X SOARSE b, AR R $2 HH
FI - UL R HEAT RS 10 RS . &0 IR FEY Yelp
SCAREE IR KN 9603, YILREEH 5 173000 MFE
45 ETH ) 1A 26300 /ME 25 f T 1) 5] 1, Bk g 4y
LS 37 614 F1 24 849 AM)1-, AL 5> 7l G145 76392
150278 M) T

FAVER T LA RS0 Bl Zrir SE 2 A A

CrossAligned": IZA% B 15 A /] KUI (1 SC A 247
FE—N LML 5 RS TG ORI T S5 [A], 125 A i
X Bt R Y R R 55 A [ S AR B AE 3X AN 2 1) (19 43 A7, A
1K B F R KA A 2 1 H .

StyleEmbedding": 145 % & 50t 2 >) 7 R[] KRG

Software TechniquesAlgorithm #1F4 AR« 5%: 139

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

© TEREBIK R


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

it E RGN

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

20204F 55294 59

IHR N, 4 UK S N R S ) B — VR 9 R A 25 1 %
AN, AN T 2 Fl xRS, R TR — A E g 2.

ASCAF T DA AN FE b SR 1Ak A5 B AE AN ORT SC
AN IER EHIRI:

Accuracy: N T VAl AR R SCAR B 156 T X
6, TATE RAEVGRE LI T — A SO RS 5326
B %Y HAHE ] TextCNN AU ZEiliR4E F o2k
TERZE AL R 97.23%. TATHIZ D KEERITFRE 2 f5 I3
Ao R A AT AR, ke it, IR 513
A2 T DL Bich A 73 5, X —JRbR iR IR

BLEU: A T VPl A2 BRI SCARTE 2508 1 KUK 14D 7] B
R THCA NG R, BATUE LA NS %

YA E T B 4-gramBLEU {H. BLEU i, Wk

YR SCAS B AR,

IEARSCHR [5,6] B2 B, IX PR R BR < [AMEAE 1 1
M. EIVUSRE, MO B 4 T IR 2 TS
[44ik BLEU /4. Fﬁ?ﬁfl‘]%%*’l‘é%ﬁ%’éﬁ%% b A5
TR, BT AN FR AR 1 DX TR AF [R], AR 5 (R H
TERVEAL, HAM I ZEA PG I 5L B 2 Ja B TAEIR .

TAPEHEER T AR AR, A R B 25
B [RISKPEA. BT SEBGERAE R —A Linux k%54 HI21T,
ZARSS 55 Ubuntu 16.04 2%:, /8] Intel theanoXeon
E5-2620 v4 1] 32 #Z AR AP EL NVIDIA GeForce
GTX 1080 k.

3.2 LWHER
A CBOW HyEP B RFR A E]—14 300

100 [[] Cross aligned [] Style embedding
[7] WS-BiGRU  [] WS-attention

90 -
80F
70 ¢ -
60 -
50 F
40 +
30
20+

YL LA (Al v, AR 5 58 5 2N, R A4
H R A - RS AT 78 SBVE AR 2 PR T BT T
SEOG . B 09 44 45 0 B 45 300 4E/ LSTM(WS-
LSTM), 300 4] GRU(WS-GRU), L K A J5 [ %
150 4k 307 GRU(WS-BIGRU), FATH L 75N T
R IR BCR (WS-attention). XFFT7E F 4544, 76
TR B S 5o #B R BN 1, YI1Z5 50 4 epochs, It
SN W E T — M RA I EAE BRI H (WS-
unsupervised), B Za Bt B N 0; ﬁtz(’fﬁﬁ@ﬁfl\fﬁ, BT
LSTM $f#% 1 F2 R RS IR ST F) 1 600 4E )T
X )& ﬁ:ﬂﬁ%f@%ﬂzﬁ’ﬁﬁ 300 2 1 B EHIR A5 1F 94 T
i } = =

g R R AN B T AN R 5 R I A - AU A B
E R R AE 3. T LLE B A S B R A
WS-unsupervised £ & B 15 XN 2 b &CR R 4, B
T WU IE 7% 1 e D3 22, 3 2 DR R A8 Tl 2R B B i
AN R R IS T, X R B S S ]
AR BATR B A%, A RSCARELS FHE
XA fEGIN T M EBE 5 )5, Accuracy 13 £
M E KB4 5, R BLEU A B R B, 286 R
T WS-unsupervised. 71 & F|, I & F 9 25 5544 K 3
TR B AR AR TP N B 2R B A1), B T WS-attention,

56 2 DR 9 31 N 1B, 49 81 1 1 28 1R i
FEIRATHR th B 55— 2, T B R AR A
VB %2 18] L R % 13 S 0 B 58 T PR 4R (L
THERL YL

WS—unsup\ervised 7

WS-GRU [ WS-LSTM

Accuracy

K3 sigs R

RN T AR SR B S 8], W LAE
B, FATHORETL AL T ZR B B 2 v 1 o ) 5 ] —

140 A4 ARH % Software TechniquesAlgorithm

AN B iy, KMAKIERE IR BOR AN R 222 ST, ARk
FRI I vy 1 PR A R 2.

© TEREBIK R

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


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

20204F 55294 5591 http://www.c-s-a.org.cn PHEN R g N

R 1 AFEBR IR ] (AL s)

A Cross Aligned Style Embedding WS-LSTM
P ] 20812 27562 8027
4 G5

AT T — P SRS S BURURS A5 S I T %,
BV K ) 7 RN BE L 101 SCASR], A AT IX 238 SO &
T BIR7 2 REL I SR Al B XU R FH B B 8 XU 3R,
It — 2B PR 1 — P2 AR AL ) RS IE 72 T3 1%,
B A XU A Bk, SRR R M, 2 SR B RCR I
ALY, RN IEAS IR OR B R A

B3R

Yan R. I, poet: Automatic poetry composition through

—_

recurrent neural networks with iterative polishing schema.
Proceedings of the 25th International Joint Conference on
Artificial Intelligence Q.UCAI‘-16\)“ 2016. 2238-2244.
2 Fu ZX, Tan XY, Peng NY, et al. Style transfer in text:
Exploration and evaluation. Proceedings of the 32nd AAAI
Conference on Artificial Intelligence. New Orleans, LA,
USA. 2018.663-670.
Shen TX, Lei T, Barzilay R, et al. Style transfer from non-

w

parallel text by cross-alignment. Advances in Neural
Information Processing Systems 30. Long Beach, CA, USA.
2017. 6830-6841.

4 Hu ZT, Yang ZC, Liang XD, et al. Toward controlled

generation of text. Proceedings of the 34th International

W

oo

Conference on Machine Learning. Sydney, NSW, Australia.
2017. 1587-1596.

Li JC, Jia RB, He H, et al. Delete, retrieve, generate: A
simple approach to sentiment and style transfer. arXiv:
1804.06437, 2018.

Xu JJ, Sun X, Zeng Q, et al. Unpaired sentiment-to-
sentiment translation: A cycled reinforcement learning
approach. arXiv: 1805.05181, 2018.

Arora S, Liang YY, Ma TY. A simple but tough-to-beat
baseline for sentence embeddings. Proceedings of ICLR
2017. Toulon, France. 2017. B

Kiros R, Zhu YK, Salakhutdinew R R, er al. Skip-thought
vectors. Procq:e(i’ings of'the 28th International Conference on
Neural Information Processing Systems. Montreal, QC,
Canada. 2015. 3294-3302.

Sutskever I, Vinyals O, Le Q V. Sequence to sequence
learning with neural networks. Proceedings of the 27th
International Conference on Neural Information Processing
Systems. Montreal, QC, Canada. 2014. 3104-3112.

Bell A. Language style as audience design. Language in
Society, 1984, 13(2): 145-204. [doi: 10.1017/S00474045000
1037X]

Kim Y. Convolutional neural networks for sentence
classification. arXiv: 1408.5882, 2014.

Mikolov T, Sutskever I, Chen K, et al. Distributed
representations of words and phrases and their
compositionality. Proceedings of the | 26th International
Conference on Neural Information Processing Systems. Lake
Tahoe, NV, USA. 2013.3111-3 119.

Software TechniquesAlgorithm FX AR H% 141

© EREERREST  hup/iwww.c-s-a.org.en


http://dx.doi.org/10.1017/S004740450001037X
http://dx.doi.org/10.1017/S004740450001037X
http://dx.doi.org/10.1017/S004740450001037X
http://dx.doi.org/10.1017/S004740450001037X
http://dx.doi.org/10.1017/S004740450001037X
http://dx.doi.org/10.1017/S004740450001037X
http://dx.doi.org/10.1017/S004740450001037X
http://dx.doi.org/10.1017/S004740450001037X
http://www.c-s-a.org.cn

