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Evaluation of Sentimental Texts Automatically Generated
by a Generative Adversarial Network
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ABSTRACT

Recently, deep neural network based approaches have shown a good performance for various fields of natural language processing. A
huge amount of training data is essential for building a deep neural network model. However, collecting a large size of training data is a
costly and time-consuming job. A data augmentation is one of the solutions to this problem. The data augmentation of text data is more
difficult than that of image data because texts consist of tokens with discrete values. Generative adversarial networks (GANs) are widely used
for image generation. In this work, we generate sentimental texts by using one of the GANs, CS-GAN model that has a discriminator as
well as a classifier. We evaluate the usefulness of generated sentimental texts according to various measurements. CS-GAN model not
only can generate texts with more diversity but also can improve the performance of its classifier.
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Algorithm

1: Initialize the parameters of G, ngand D,

21: until model convergence

Require: generator G, ; policy G, ;discriminator D, ; Classifier [, ; Dataset S= W,

2: Use the positive samples W to pre-train the generator

3y f)g

4: Generate the negative samples using G, for training D, and D,

5! Pre-train discriminator and classifier

6: repeat

7. for g-steps do

8: Generate a sequence dl:n~%,,

9: for t in 1T do

10: Compute Qf*})” D, > using Eq. (10) with policy samples

11: end for

12: Update parameters of generator in Eq. (11).

13:  end for

14: v« 0g

15:  for d-steps do

16: Update the parameters of discriminator with the generated sentences and real sentences using Eq. (12)
170 end for

18:  for classifier-epochs do

19: Train the classifier with generated labeled sentences and the real labeled sentences using Eq. (13)
20:  end for

Fig. 4. The Training Algorithm of CS-GAN
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Table 1. Information of Training Data Set

Average number of Average number of
Number of . . .
sentences morphemes in a sentence Eojeols in a sentence
(Positive/negative) (Positive/negative)
Train data 6000 14.58/13.38 6.82/6.31
Test data 2000 14.49/13.51 6.76/6.33

Table 2. Examples of Training Data
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o14 o] <SP> & <SP> W& <SP> # & <EOS>
B =z +7)F =2 22259
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Table 3. Examples of the Sentences Generated by LSTM and CS-GAN Models

Model G (LSTM)

Model G+D+C+RL (CS-GAN)

AR Ak oA s et
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Table 4. Accuracy of the Classifier Models

Classifier models Accuracy
Model C 84.0%
Model C+G 86.7%
Model G+D+C 85.5%
Model G+D+C+RL 87.5%
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Table 5. The Ratio of Unique Sentences Generated by the Models

Ratio of unique Average numbers
e sentences (Morphemes/eojeols)
G (LSTM) 25.17 1358 / 6.93
G+D+C 11.12 13.23 / 6.80
G+D+RL 20.88 14.37 / 7.33
G+D+C+RL
(CS-GAN) 21.08 14.05 / 7.28

Table 6. The Number of Unique n-grams in Sentences
Generated by the Models

Models Uni—gram Bi-gram Tri-gram
G (LSTM) 945 3,580 13,431
G+D+C 994 3,769 14,539
G+D+RL 840 4,014 18,603
G+D+C+RL
(CS-GAN) 996 4,074 19,337
B4 mdol A% AT BIEL F0 ABI B

e

52~
§.u

o l-rlm

\__

un o ok mY

K
é:lo‘
_\.LrEL'

s b o

22
oX,

i rlo gL

ox my o
o
1o ox

Mooy

oz
=
ozi

o

il

function; J)

AR o

07H 4 _‘%X]—_O_ ]j]

=
[

A A (novelty) 3 ok
(perplexity) & H7Fs] Bt
teolE = AME-gF 6,00071 9] g3 7 2dlo] A
sle 713kt Table 5914 AF&
oA Y ©ol7t 33] o} HHEHE
0NE F29= F5

8

o

o) g

ket A wolth
Fo] g} AH(Bag of words)9} FEo]

19he] A7h=

btk FalA e ghol

[10]. %

o

sl
24 9o] Aok} A2g BAE

'A'I—/\] Al o

kA (diversity), 2] aL
A3 g, &

=2y

Equation (14)%}

FAF=(Jaccard similarity

Novelty(G;) = 1-max J(G,, §,)1=!7

252 A2e Bl

14)



EQIZZ Xt

N U

MK
SO

AH

= |
SO 63 RN B B DN T K P H ®o HM 3
R TrIRCRFesL TErrrorEIIsE LEE 29 || g = X
N ! _ — m = .
=X RSN E g RS v a8 AL W® g Do - 53| S Mo g o

i 7 N - o] 4
L;Jo ﬁamymﬂoﬁa ald] ﬁlﬂ_ ﬂogm}u BE R T o o .MHArﬂoﬂrﬂﬂﬂum ™ TR S WaM 3 g ol OM.E|E
W R o ﬂ%mruﬂorﬂomﬂ‘ut%;om.ﬂwfrzﬁﬂuﬂwuum%@ﬂ%@a A 9 - - MEW
= o o R B - = A e S L OF
~ ! pe X X ~a ~ . foase] —~ =S - | el
o mm.%%ﬁr%lﬁ%%ﬂ»Eﬁowoﬁeﬂrdm@%g B GRR| 5 E9 | gl g RN
o © ~ al el o 0 © nh ®o T T "W OR T wm X R = o F2] s = S =1 O BN
° A e SR o R R oy = 8% | 8| & —

. R e e i) T N TGN B E T T B . 3 8z > o H o
o o X nk o o 9] n iy ) 2 pvg & Ll
STELE mef i PeoT oo 4w S gAY s &F| Be | B T g
=~ = KT o = g e NSl o = ol =5 % s | < ~
nR T 0 W S ew R E NS - o B opp W o & g ~ ? o PR — B = P = 5 T
Mw%éoe Mmﬁalnxrnw%%n%z#?mwﬁzzﬁo%ﬂﬂ?ﬂﬂ%w%?moﬂ S = %wszo

KO 7 . oF —_ — T %) — ) ~ oF © =

LR Mo BT P IS ey e TER IR T m e e T SE g8 | | o M T
ORI __ur_n.vuMOW_M,of%ﬂou'uthututﬂro?ogmo%ﬂmaﬂumﬂﬂﬁﬂoEJahmﬂ_] SE 885|253 Ho#%
S BN — T2 ook T e wR b %o XOB Gl S i B wl o 2w D s | €23 S| o Mo do
N = 20 e - o X OELA s at I o %O oW 2] S @ T T e
THFY FTPErcaficlRRERTARARLTRTSED ST 23 (B2 Z ==
T M P o o N RS ws e — o gx = S wp op
~ T AR 0K A ST o TS g N WL - ) o . o 0 = - X ) A < o =
I T - TR Yol pgPresr IS @ TR =R
oI 0 Mox%ﬁﬂwﬂoVﬁmﬁu'ﬂH%ﬂ'@%xﬂﬂoovmoﬂo%oﬁ Moo o wmm w X2
~ el y [ a —_ = 0
ﬂreﬂmbﬂc mo%fﬂfﬁ&mamﬂﬁi%@ﬂﬂ&@r%ﬂr%ﬂ%%ﬂﬁ%M%aﬂ 2 £ | 5(03 Wﬂom

< mo B — — = ,
S %ﬂﬂogﬂﬂﬂwﬂw@ia%}%uﬂmrmmmwm%%arﬂm@fuﬂa = = 12188 m ®a S
— I.I1r11 = o ) — o 7 —_ e} R — <
A o EEg T e R g e By ® A= R © < o3
Dprr [HEpTrogPhpd oS ogynwy i o
B W o ™ oy BT RN D BT W RO R T R oo o T R
) T w ) T o T RO K EY o B
N RO IO o woar e w W W e MWEEW%; x g 5ol
o =0 60 = 5T o M - = - N Weooom Dy X = 2 18|glg
_ — 2oy Az =0 5 =0 =5 ] %Orm RS % 8 o= ™ ouy oo T o o g ,d.lﬂ o = S
e . SIS X © s3] S 7 ol Mo o s Koy P <

P e —= ‘_.J-_E‘WL ~ o 22N |S x W T B - o X T

A 2 pp ™ W% = 5] °om g X Moo 2 e 3 1%}

=) ~ o A | _— o) X e [&] =
e s SRR S pREG EL Aowg e Z| 2 5|5y
o - ~ N ojn K 9o SR ) . S 5! ach = )
momeﬂ ¥ %%%5%%@ 8 erwro 7mﬁod|ﬂwmw%wﬂew T 2 |5 |58

T LTI . I R A S |& Pro BT ET T T RT S O
PogWemp S sxalh- £ |Bls|2|g| ¢ no_/meum#mU*%wm%mm7 LS
~ ~ < o S ~ [0 R}

X0 214 NS K X o v} glS|Is|s| o = B B = N =5 T 557 | o
2235 F fZczIrEl 52 |5 Plege DB gu 3T 5|7 258
gt O BRIEuas. 3 trtiiiesiiedgt 3|8|°|°°
5.8 o e : . o = o r L o= + T =2 O

LLO.IE#O G — == 0 1 T G+1OIA S

S an bl ﬂ_mo — ‘:0 o 1 = ‘ul o a ) lnw j— O#E To =o — . EE s

TSR o =S T utdrﬁ?ﬂ' $2 |5 o EQET%Mmu%wwoxnm%E M = I Y

(SENS < [T AN Ew || |R|el ©r 5 Gut G ) ot s 5 | 1S 28
- K o < m TG W S > |3 S| o o B =~ ™ T so 2o MY W @ o e el W

= o’ = of o] = ) ) o|lo|o o M = A =1 =3 = NO O A %o 3 (s} S|l s
mﬂrocwwo Woeomm R A =] = W aﬂma]oﬂawwa%%+mn sl =
FreEy L dewgeToe 3 ﬂMEzE_W%J@rW%GﬂM c s
T T TEy F N - TcaE - N < - 1 [ R
e T - VIR I, B Y o Ry rwyrHEE &IEEE|IEE
M oW & = H T X o = S = o '© o AK o 5
2] w — Mg = 2o T 5|2 - mmm o o W o = O oy o % oo |-

o T > o AW H R gy RO ~ RIS S s dvm b0 pwpy 2R H o

0 0 = fu o oF L ok H Slnn|¥T|IFITC n X B 7o Jo o I3 et = _ + -

Ho%mﬁfrm » Wmﬂrée = W ~O m =2 m m mr\_u S Tmﬂ@quMNL T Zo ‘%owat HM_. s T MLmum

Fo X X RN e $ , S |k

m_m_c%z 2 L pHREST CloBIeE]| MEwzwmEgE R g T E - =15 &
3 s = o — — N

B M S T % S @uu b T B E H e B I Nk o N X

2) http://www.speech.sri.com/projects/srilm/download.html




264 ZEMeSR=2A/A2ZER0 2 HOIH 33 M8z XM6=(2019. 6)

t = LSTM Zd& 3
A3 &E% gHE7] Wiz A

B Ao E dEv)er B9 FH3E AeesolA
=7 ﬂ Hkgto 2 AMgstltt ZAeletg e BAdgke] FHujst
HE= g5aby] uiel Tl ok BAgs oj9A 54
2|7} M- Fesit &% HaAle £G4 AR ol B
g}8lsyol] ojg A kg Ao gk AFE S g7 md
o] 45s FYA7IE Aol & Aol

References

[1]1 GOMEZ-RIOS, Anabel, “Towards Highly Accurate Coral
Texture Images Classification using Deep Convolutional
Neural Networks and Data Augmentatio,” Expert Systems
with Applications, Vol.118, pp.315-328, 2019.

[2] Zhang, Xiang, Zhao, Junbo, and Lecun, Yann, “Character-
Level Convolutional Networks for Text Classification,” Advances
in Neural Information Processing Systems, pp.649-65, 2015.

[3] KOBAYASHI, Sosuke,
Augmentation by Words with Paradigmatic Relations,” arXiv
Preprint arXiv:1805.06201, 2018.

[4] Deschacht, Koen and Marie-Francine Moens, “Semi-

“Contextual Augmentation: Data

Supervised Semantic Role Labeling using the Latent Words
Language Model,” Proceedings of the 2009 Conference on
Empirical Methods in Natural Language Processing: Volume
1-Volume 1, 2009.

[5] Goodfellow, Ian, et al., “Generative Adversarial Nets”, Advances
in Neural Information Processing Systems, pp.2672-2630,
2014.

[6] Goodfellow, Ian, “Generative Adversarial Networks for Text,”
http://goo.gl/Wg9DR7, 2016.

[7] YU, Lantao, et al,, “Seqgan: Sequence Generative Adversarial
Nets with Policy Gradient,” Thirty-First AAAI Conference
on Artificial Intelligence, 2017.

[8] C. Y. Park and K. J. Lee, “Automatic Generation of Training
Corpus for a Sentiment Analysis Using a Generative
Adversarial Network,” Proceedings of the 30th Annual
Conference on Human and Cognitive Language Technology,
pp.389-393, 2018,

[9] L. I Yang, et al., “A Generative Model for Category Text
Generation,” Information Sciences, Vol.450, pp.301-315. 2018.

[10] Wang, Ke and Wan, Xiaojun. “SentiGAN: Generating
Sentimental Texts via Mixture Adversarial Networks,”
IJCAI, pp. 4446-4452, 2018.

[11] SRIVASTAVA, Rupesh Kumar, GREFF, Klaus, SCHMIDHUBER,
Jiirgen, “Highway Networks,” arXiv Preprint arXiv:1505.00357,
2015.

[12] MIKOLOV, Tomas, et al., “Recurrent Neural Network Based
Language Model,” Eleventh Annual Conference of the

International Speech Communication Association. 2010.

b M 2
http://orcid.org/0000-0002-8166-2166
e-mail : Sdpcy0520@gmail com
2019L:] EHSLE 23 JJFZJ EEA]J-ELJ,HEL/\].)
20199 ~& A Fdistal

AR T RZA 8 A AL

B4 F-oF : Natural language processing

S =
https://orcid.org/0000-0002-7889-8004
e-mail : yongseok.choi.92@gmail.com
201691 Soistal A B 541 E 3 (3
20189 Fdoigtw

AR 714 B2 2B A

2018 ~& A T%'EHQ'—‘T-
/\

Ol o _I_
https://orcid.org/0000-0003-0025-4230
e-mail : kjoolee@cnu.ac.kr
1992 A7 ghal A 2 A AFeE A (SFAL)

1904 @516 Arska(FetAAD
1998 @357)% %lﬁﬂilk%§%4)
1998 ~2003\d 3= u}o] AZE(F)

A4
2003y olstoi At HEE S o9 AL
2004 B AARFA S A H A A DAL
20069~ Al Fedidta Aag HEAE st wg
AR AR, ATNE, 1FA%, AR

ox

)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


