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ABSTRACT

The thesis consists of@bpages and containkl tables, 17 figures and 23
literary sources.

The object of research is the algorithm of text steganography. The subject of
the study is the method for generatiegt stegocontainers using recurrent neural
networks.

The main methods of research imstvork are methods of machine learning,
as well as to evaluate the algorithms used statistical methods for analyzing the
results. Existing methods of concealing imf@tion in text sequences were also
analyzed.

The result of this work is the algorithm for the automatic generation of
steganographic texts, which can be used for the safe transfer and storage of priva
information. Further research to improve the abogerithm is the study of the use

of artificial intelligence for text generatio

RECOVERY NEURAL NETWORK, LANCY MARKOV,
STEGANOGRAPHIC ALGORITHM, MATHEW OF TEXT
STEGANOGRAPHY, DATA COLLECTION, TEXT SEQUENCE



1 f we v

ljtejdz ¢ bkdssoded m f 5 deeuf i dz , M § 5 Ugsdsgiztdzo .,
IMs&§éééééééééééééééééééééééééééd. 8
1JedWH * fdzze ydr ®RjbtsH' 6. sgefhHbBBseBE s
1. Mdgso dz' 1 tsdzv Is |$Wé &fiflsd jECEGROBIREEBENE &' é . 10
1. 96Pdz 20 R OOSIsjtod Mlsd B@ el jéCérpldtsolts ™ f
1. 8zestedlsdzd Isj C il Hedts’'é ifle R BRBEEO W2,
IdMdzse € HEéEEeat&Eéééééééééééé. 2]
21dC sted Mls Odzdz  dzjHdes dedgdddj tafizjoedgdzy  ff =B dz' H
2. s dzdo tsiils*® ttsetslsd ¢ dzd B ts5S % d thzj @Rz dzc
2. 2Cztej dzlsdz'  dajéRétbrbdpde é édRj i éné é 6 é é . 26.
2.3 tefjy" Hiso EsfistetsC t50 ts5 6/ ECEtBtEtBIBCEE BPIS 6 1S
2. Mt Bso Odz' toj S Ztcd &zb dzé é dzf B BB A«
I fdzse €  H2® StetBLEHE édBld 6 6 6 6 6 6 6 66 6 6 6 32
31sBZHtS9 O Oten ' IsjClkzted daj 2 totsdedzets’  d333tsj N

3. jHMmlsOo dzjédedevé éHéRedpdéné ¢ € é é 6 6 é é é é .37

3. Lrdlsj CIsztcO dzjéRt@Rdadate é édgjétajéxé é é .40

3. b8 OdZsgded¥} OédEcésdca]dsédr é € 6 é éé é é é . 41.

ldMmdztse € d H3L étdtLLEHE édBle 6 6 6 6 6 € € é € é é é 43
Arsfmog'jwzdz? tlsted B3Odzdzg e ete ple2dzéle@le’'ese .44

4. WO@z' L tjL kzdz IsOIs' 9 dZOd aOEzE é dvd rddl 2 v ¢

4 . 2200z L 8] o Iz dzOBjOSOEEZ  dzls dzts© 3] o) Y ‘4B e e é

4. 8z0¢z" L MisjcOdzsctcOR e gz é 6 ¢éOdzé BB dis BBz

///////////////////////////

ljtojdz € HyYJ o @R &f dodéfexOER ¢ 6 6 6 6 6 6 é 6 & 57
[SHOIET | dO b0t ndzjls tEtisdzdpts] o3 6 ¥ ' 66565.666.6 6 &



lrtrfJws ofJl1irm T 110y ?, R[] [] wl
gsftdyr1? w vt f w wl

OCR-opti cal character recognition(tfisd
CFGicontext free grammar ( dzOlst® ddfste BE ( ¢z
odetstedMmMistso e Is* Mw Hdzvw Mlso st dzdgv h OB dzts d
RNNirecurrent neural network(tj¢lztej dzlsd
LSTM - Long shortterm memoryd3j tc JHs® ¢ ts Mt 'tc SLCHEtmts Is ISt ) Is to ts
fOd39vis

CBOW- Continuous Bagof Words Isj S flstso © dsH j dz¢ c¢cd3" N
ER-Embeddi ng Rate(w¢'Mmls! oBEZHto o OdadzV )



lawuvul
S lszOdz dz' k! dZ®BBB O EZ LooWLCE L totsL o
CdaW stedzOy " ftoesB dzj ZO * deW sStedzgOyY "' 2 dzts’ B Jj
sy deséts Hd2" L O HBlsMiisdzsk #kjiEjyqdO Is: mw
o jdzdyjLdz0 €' dzr € Mmls! CdeW BtedzOy ' T, h s
CdW stedsOYyT T . 1 G T Hdes L L OCtsdz 9 C sy dzO dz¥

dzj H sSIssteC Odedz' Mls,’ i tact(le JO IsdigsletisH "Yof IsUsBB J L
sO¢ BPEBEPHEBScLOY ' v TL OBgEd@ A @ON S sdisc
BJLYJydsets fjtej HOOOIsd HOdAz . 10 HBH sdiRset
MmO f so ' Htsd3dz] dzdza" sOCdds yd dzts ds, h =8B
mMfjy Odz dzs@ts My Ctej sk tc ts 3tz KizgAd” © Ols { B d3\
Ctedf ssetcOW¥ " " fsdwecO' o sz, Mt Istej Isv
dzj LteL 2d3" dzz ftcdtesH iz f s ' H d3dzj dzdzw . o
ftedrtsobks yd ftYtso' Hsdidzj dedzv o dzj 2 IstcOdz! datsc

v O0Cddz yd detalgs cus® Hntstfits Odes g tcOW * °  ftodntso b
f tso ' Htsdzdzj dzdzv .

vj CMmls ZzO02B ' dzh hdsCts odCtstcdMmilstse
fsomMwWCHj dzdzEdse Y dIslis” dzs H | 2, stsdzz o d ¢
ftodntso lzo Odada” AW stedzgOy " BO* o j dadjS j
oS stedMmlsOdzdzy. whdzz® B OGOt d3j stsH' 9, Vv
ftosBdzj BO ¢ jdzgj @Oy’ ~ IbkjSCMmlskz Motsysets do

HOdz' , hj daj BO' Htod2devlsdesegts to' h j dadav .
[ JBHsMdz' HYJ dedetc By ‘CHis-Isy se s dzO  dzt H My

ftcdntso Odzdg¥ d3 9o B,EG torotOfdisfigjs PHEIEHES ™ o3 toj X * .
1 O9 H CgiipWts Is d

1.l deoyj dgdrz s yd s Odze ts tdiyldsjdy’ @dztdsgjtEGPIs 50 ts

2.0 dzOdz' L " Mzt yde Otn ' Isj Skt dzj 2 totsdedzed

otsded L OMlstsmMso zs st Mmw

3.1 dB " to, OdzO dABLe,ts BYCEDY {f tmjj wi fodsCdrefidydzdievtc j dzlz o (

dzj 2 tetsdzdzts.” o3 t6d ) °



4.t sLtcsBSC O Oton ' IsjCIsktcd dzj 2tctsdzdats’ A3 toj
fsfdz' Hiso desfyls j 2
5i5L totsiplLjOs Odets g o OW * Ydesets Odzéd sted Is 3z
6.1 tOCIsdydzO toj Odz' L OY' v Odzestedlsdiz dBtsH j d
Mls das@ tcOW ' ydesets Odze sted Is Bz
7. (R2OdB jifMisd Bt BOEPE ' o
[B' " Cls H tsipddzcHsitgjddisddyd Isj S Mistsats’ filsj @ C
] toj H dptdsydz' H.yjljjdedvtc iz © Odzdzy  Isj S filstso d o |
Hsf sd3tse s  dgj 2tctsdedad » d3j te j Y
[ jlstsHd Hisfdd Hcjsdedz's tc 5L G dzigQigkzdsdatizts d-
dzO o WOTEd Is d ) l§ dB3fdz tc disy@iz" d3j SSH ]
1 OkC s O ditshCdts talpOinds jOCdiatty | diglsiatsts dzdzts &3 te
slstcd &3O dzdzy Isj CMlstsoatsets MisjetsCtsdzlsj 2 dzj O,
1 cOCIsduyded .L dOQdZda"Oy' v HscteOdd, W
Isjifistseo * f tsfrdz" fHidscp~ddsoi@sdzdzy d3 9 B ZH S Odzd = HC
[ Istcd &30 dz' tej L zdz sOIs( d3ts ¥ dzO o @& tsto
HsfMdz' HfIGUAE ON j dzdzy BBy IssH " B E Misg Odeisd gt
Ctsdzlsj 2 dzj 5O OolstsBBOIydets L Gj dgj tctso Odzed 2 I



10

1f1Jcr welvoOYRM pradyul [w sor o1 f1t
1.1 [Mdzseods fsdWilslsw flsj cOdetsGteOW *

glsj cOdatsaoytg OWdsdvinls j ylseo s f ted rn ts atfizte Oisey iz o' O
OV En B ZH 59 Odats’ CdaW stedsOYy "t . l sdz0 YO
LOrdMmilsk fso ' HEdgdzj dadav , dz' Ctedf Ists@ toC
f s9 ' HBd3dzj dadzv , O dzj * fdzlz o O dzdzv f s " HI
fedEssomytcjHdd detsfy WCo'ls @8 [z dzlf fgdlz) etz iz
fsd3 sdisd

ststed Mis MpjGoy@tj tcdzi s yYOMmlsts  sSlste’ Bdzets L B
sltcd Bzo Olsd ftcdo Olsdzz * deW stedkOy" 6. 1 ©2 8B
fjteilsotstedlsd HOd o "dhk WtstdRkkz. [ktedd
Is d d3, nlsts f sdzPtodzzlevede R 9 fsyObStsok Wk

WstcdzsOy' ° dzOL doa O Is! v h dWtclzeo Odadz” d3.
h s ' Mmdzing © tegats@atid-~ dziz* o ®az , W <¢' BlRzdd
nsYyo dzij uydlboOsis! mpw, ' oMy C'h jL @ffitizikte iz
etsL i Ctejtis'dhisiddedzy &3 y* ° °  f to s Grfp g O b dzfls g
ftedntso zo Odzdzy fdp * wiocddttingitgizts s @§ o 5 B Iz dzts
[ st Mmisj c JdeE[ts@Wz'o Odzdzy ' Mdzkz o Odzdz” f 59
Cted ff Is ts clftg Q" Isve tfstbaH ‘s d3dzj dzdz™ sO¢, hsB 215G
LieL 2d3' Isd .

l1jteJH oddzOatsHBBAR ydqWtetseoda L OMBB 9 od!
O H ) d dzO dzdz” O ts  tslsted dzO dzda” fso' HE®BE
Ctsdew " HJj dzay' 2dz Mis! BkdzO f jtehsyjtcetso sy,
dzOfmls iz f dzd &3

1.1 de 't fsmdzOdzdzd $ ©, LHOIdets dzOH' ' 2 dzts

210 dMm o' Htsddzj dadz” , odSstedmlstso z¥ yd
L dzOyJ dedz? s ' Hisdgdzj dedew dzj By dzd o s B k dzts

3.ltcdrtso Odzdz? ff 59 H sd3dzj dadmyd fidzxALdz’ fiflsts B dap!
Bkzdzs { j tc JbH6R Oy dlIs (.



11

v MEyomdz 2 MlsjcOdSctOY "~ OdetedIsd;
MisOdzd MIsOdzH Otclsded d3d ° dzOB kzdzd MIlsOdaz s te

- BEZHB Odff SaH OlIsd3dlzj dzdzv, W Cj (tslste’ B dzts

- s j ¢ ¢ tsedipjj @ jdaj oo dphdjS, stedistso z* s MW H &
oBlkzHtso Odzgdr HOdzdr, dOftedSs dzOH Isj ¢ fyls,

- Misj ¢ siCdEEY, wCd2 odSttdmissolkzeo O Is! Mw
HOdzedr © Mmisj;etsCtsdalsj 2 dzj to

- fik jE8s0 ‘- CUgj sB' ‘' Cls, wed2 o3 tc dE ldste qzdg O
oBEkZHBo Odzdr HOdzgdr o Ctsdzlsj 2 dzj to

- b jecC-QeMdz s WCtsdikz fHpto[7i8BB' Is! v Ml

CreroknioM Creroknio-

| 1

CTeraHokonep

KOHTERHED

h
v

KOHTERHED

h 4

. CTerasofexonep
CTeroKoHTelHep

Y

BSypoeani naHi CrerokaHan

L 4

BSypoeani naHi

{ Pz di|) Oc Odz! dz® BsH j dzr Mlsj ¢ s

1.2 10cOd dz0 SO©OClk,jttdmisdsO IkjCMmisto t

Hlsj GOdsctcOW " ¥ sy dzO § sH" dzdlsd dzO Is§ ¢ f
L sBtcOy j dz&' , OzH' ' &5 O 9" HjB Mlsj cOdzasc tcO
oditstedmistsolz’ Is* MW Hd&zW oBERZHSo B &QPgedz d g fs
odSstedmlssolz’ Is+ v | § tsdEUIls BgAzOHE P3P dzd & C N
HB tcj L G,J W igdEle Odz'o O C 5 [HadZPICdzO YK Is df. st * ¢
L SBtOY J dadgw d3 OkH' t5, Isji CSMmisd d3O¢ Is: |



12

‘Al stekOy T, "t tudbiEtemPEihdh s Ete o KW
Hsfdls! S oz dEjsidls 2 W ¢ dzsf' W W dzw
bz stedlsdsd IsjCMmlssats’ MlsjcOdscEOy "~ L

' & L O detseHO dz' 20 W st kOl ko Odzdz' [3]. ' s
-f istsHd LOMdztseo Odz' dzO W st d3OIs z 9 O dzdz'

1C dze yoe g dzgz W' L d ydetse ts ftej HiMlsOo dzj dzck
CdeW stedzOYy " . Aj2 dijlstsH &O° 4o dz dzj H
sjChmssodd fesyj Msesd, Iss BEHbkl! odwe
1B dgj dz tetsL d3 tod htodWis' o sy kzlsds b€ =z €
stcd e’ dzOdz' dzgd?2 o HCtedlsd?2 IsjSCMmls HtsMiskzY dzd
L ' HBLEE 90ddd Misj cOdsetcOW " yddd Isj ¢ M
HisfmdlIls! o dHddddad.

- [ JlstsHd LOMdetseo Odzg' dzO € sdzlsj dzls

z2tsB bkdzdCdzzlsd f stc’ o dgv dzdzy C fils bd3,H ts Ut GEC (
Yyofmlsts oaHO8Is: v Hts Misotstej dadz? o dzOMmdad = Is

ftedrtsolkzo Odzdzgy ' deW sted3OYy" ° bk o df OHCSO
odSstedmlssolzs st MsOIsdmisd ydze o dzOMmisdo sl
sj CMstsegQsdlj?2dzjtc Bkzo ®HBOCMdBOdz dzs Mr s

1.3 dketstedlsdsd kjCMmssots’ fMisjcOdsctoy "

-f dIstsH dz' dz' 2 dzse s L Mo kz

v ' sz d3j IstsH ' md Cted Isdzj f s HBAAz]
L d3" M j dedgV d3 teM HSQ 'daD ylg JAOM stz dz' v B3O 5 HIBH dz'dZ
sBtsn Miststc' dz HdzW o dw o dzj dadzg?y dzOf oW BEC 2 ok

0, tcW HBC L Mzo Osb! iiMcd8 &sBs®EBEd B ' Is 1, (
l dL dzOyj dzdgv L 3" M jdgdgw dz' d2@° ocGtstckz OBB 9
"' HfMis Odz Y J des@os) Bt odz'Hdz' f sSLISO dz' dz'

fJtejfdmMOdes OBt odSEttdMmlssalz’ Is: Mw f teisG



13

ftodiso Odz0® ' deW stedBOY" W BEZHJ] Ldedn j dzO. st
LO HBYftdRsetss M jy' Odz' dzd = [11].dzfistclz d3j dzls * o

- JIssH L MmMkek MmMdz o

L Y! sz Mftshmtse Md Stej Isdzay Y ts9 ' HESA3dZ]
CotodL sdzZlsOdz! dzs, IstsBlsts dz' atstelzy OBt 0O
o' HY §3I1H dzts Mzeo Mdz' © odwoedzw ' Is! Mw L O HIE
B StSH s yWdeCE P oHQIstgs ddzd dz" j, tmM¢ " dz2 € d L &3
L Of sodgj dgdz? W HCO HBtsMdIls! f§tshdtoj dzO. ¢ dzj
o' dz Byl f s jsg &eMds@lslaf stcd s Bsdz tsls te d o3l
odz' Mis, odSstcdmlssoalzy yd to' L dzgtp® .0 d£ ts'todf Ml
ftosctcOdg OCR LdzadhP k2 ftedrtso Odgz ' daW stc 3Oy

-4 Jdzls OS¢ Md yded 2 o34 IstsH

AW BjlsHdCO oadStstcdMmistsoalz’ ©® ddO.C), fifztelai®
htsB ftedrtsoaOIlsd B'Isd 0 ' 1. ¢dzj ¢ tetsB dzi O
o BOCO' "HjdlsdW' SOy ftOoddz degdr &3 M
Mz H HEBlstcd BBzo OlsdmMw B jtoj Y desis® E o d¢ts
By 2! §d Isdds d o de§ 1 wadsh i@ dizis o [H13]. L dzOS ° o

- White stegd3j Is S H

KJ2 d3J IstsH oditstcdMmlstso z° ftctsB ' dzd H
ftso' Hsdgdzd dedzv . widzz® Isted M tsmsed ftodn t
l fjtwehsddz odSstedmistsolz’ Is! Mwictsdak'j el 'OdiAs ¢
ftetsB ' dz, hse ftcdrtsoOIsd B 'Is 0 Ho O f{ to
odetstedmlstsolz’ Is+ Mw ¢ dad y! W HCO, CSH Iz
odetstedmMlstsolz’ fHtosMls' 6 &3 ¥ Mdzse OBd. ¢ dz,
doj ° (B dd

- 4 bsH -y ©Ofg3s 2

[ dzv dzt sets oadStstcdMmlssokzels: mMw WOAdzd HTI
cSChts tc' L dz' f syols¢tse ‘ LOCted o O '
9 ' HCtedIslsw LOCtedlslsw odCtstedMmMistsolz’ Is+ My



14

tdgh 2 sy rEl'lyy 0 ftijHMsOodzi dzd?2 o' HfREIsd
tetsL 3" M jdedzv 53 f tesB[13e o MjtejHddz IsjcO

-f JsBH S BHEZ9Odzdz? GfMtsB dzd o sfMisy 2

v B3 StSH CtSH ko Odzdz' sfMse dzd o sfyls j 2 mJ
Ld3" dzt ¥ yd wsHdzz OB ¢ dz' ek dOdzlstOhg e dadiad R Is@
ode yo HiSGC Zd3d dzls odBdcO’ oM Wkzds§S y°
ftcdrtsolzo Odzdzy ' deW stcdzOy* . 1 Of ted ¢ dzOH , \
OBt L d3 dz¢t 9 Olsd $diIPslsiei Blsd Cby! 6 sh i3j Ists
hts wefSstcdmistsolkz’ Is! MY ftescteORBO tesL f " L o
L dzd h.j dzts

-fdlssH CtdCjlsdesets B3Ol ykz

L Y' sz B stsH® HOd HTwdrtsoOd o mMdMm
HSHO® ydq ozzdz' sed?2 dzzdzr ( jtejH ydmdztsds,
yd gzl ¢ wszse * , h tsB B 48]. OMIsOo dlIsd

-f JIssH L 3 dzdzts’ HBoyddzd Mmdztse O

L Y BBz displOwgtzjfiplz” dz¢ H d df@ o @edsslz’ BO" Hdf
Htso ) ddz o L dzOfiglsd e OFOo d yoO2 o tHdzj Mdzse s
W tstodpohy HHILIARRE 1 Of te € dzOH, Mdzso O H 59 Y
By k! L dOYOId Ctsd3B ' dOy-"0 B" ,Is-"610'0 ' 1 07
11 gzl 8" . wddzseo O, Ctttslsh | adis'Oonas-asidj B azH
dzj ¢ fnd '\ dztscetdsO dgCds of pdgEt” & Y zdzdf Jetsc QBB H j 6 B
f totsmlis &z o' CdslYts to

-f il fjth s’ d'lsjtcd

L2 ®HBoOsmdHHYUO?2 SCSBHES HsMmd s oJdzdtlkz ¢
mdztse * : LOOBEYB®2 BYFDP A3 mEE L OBFO Yy sz 3
5B d3d 3 J dzdz? o) § fddsoddO HOsoda] dfizi oh &z [14ktsy da
1 OLoady®?2 tHdEz 2 stz Oz 900 tstlgBC Q@IzO B |
&ZOf ted ¢ dzOH f "10It5dg R ‘daRQ P Is! Mdzse O, "M § sYd
""", ApMgPazdClz EBBBESHEISS ¢ jdgj ez’ Isj Cf



15

- JsB®mMdztseo Odzed 2 dzO M desdz® BO~ ditse
ltetso j H ] dg' Hsfdz" Hd odwedddhy tcf BdeH dz¢ ' d
Mddcdtsg'dd 20 ' Hd@gdesy ddz2' HEste' 9adgs* 2. 56.
o zdztsy d dz' Histe' o dz® 2, 0O ®&OSC Mmd zsOdz dzO
f ' Hd3dets ) d delzz BB O: ff s Gz HEZ W o dz) dzdaly’ tc € z & JO dzdzY
dzOo j Hj dz' 2 fsfdz’ HsaR@SMIs” 1 Sdigy ddy d3dfddrsenty
HsLotsdz?W ' L OCtSHEZO OIS Ctydzj Mztseo B ZIE W d
¢ OOffetse dzv ¢ IZlWép,dzfF dzdzMid®) e @ dzdzw ¢ 1 1e. )} SH ' B dzj
HisL 8 sdzw * sBdtcOIsd tsHdzj L ytslsdte! sn Mmdz'
ftsidz" Hise dztsls ' . stejBO LOEZaOYdIsd, h 5
O sodgj dedza" ) ftso " Hisdidzj dadzy dzj L a3 dzd s’ fw
tsB tc Odzj
[ dzw ssets hse ftedrtseo Olsd fsls' &3 o
' HftcOQodzd ¢ ' thteddizzo Oy ftsoddzdz® dGFOIsd
ltesyj HEGGO ftodn 5o Odzdz” :
1)9 " HftcOoadzd ¢ BBJO’ Isj SMlstsad?2 W O2 dz,
Ctsdalsj 2 dzj to;
2)f sdz' H soldlz] IQdECIE Ly sets WOz, ¢ (
weO R0 N fMddasdz &3 o ;
JysBtcOntso Iz y' dze yOomlsd &l zm S lsmislivog2 (1
LOCtSHEZOOIsd oadBtcOohd tHddz 'L Mdz' & L
Aftsolsstesd HSCd 2dzi BEZH] ftodmrtso Odzz kM
b Ozse ' ydz2' H' ' odSEdzkz’ Its?2, A"l 7 BYJ
v 0OC MOBts ftsmdz Hiso des OdzOdz' L E° Isj ¢ M
Mdztse dzd ¢ 2.

2)] Mzseodzgd S k2 tSlsteddBz o' HsBtOY j dzdz" Mdz
)1 solststes-2 WSCd 1dzaj HJIMBEsBEtE G’ WP dzk
ltetslsy WwWEhts MmMAzsousdzOlgQ@ dz' H JHAS'HAz'BSdE] CtSH Iz
dzj dztsy dzd o d d3. vOC By daj sy dzdeoj 4 SH' B dzj
MCEkZOHO" Is! Mw L HoeBR (OBt B"'dzt hj) Mmdz' o,



16

UOC Y HOdjCt dzj! Lippdemids df ‘otz 1S @ise dzg d
tcsL Gdzv dzd B35 3 dgdetsy dded, HBs9 ) Jdets® 3, 3,
LG '  Hdes L tSBtOnlzo OdzdeW d3 y' dzts®™ yOMmlisddzlz o
4 B' O "dWttedzOy' 2. I Its?2 yoOfm w¢ {tslsizy
= 45 PBB@&dEd, B  dz2 hj dz" 3y 5 B'Is ' dg¥ StcdzO-

[ dzv Issets htsB LB dZ hdlsd tBO ' d3 ' daW tstc d3C
odCtstedMmistsozs Is! MmMdMmilsj dsdz B Yd Mdzj dadz? L °
ftcOys & Is! dzd L SHdz' ° & ' Hd3detsy d dats s 0]
1 Of e dH dzv  Iste! 5~ dgdztsy ddz, W G&' BRAZB tBSL
BkH] LOCtSHEO®9OIsd [log2(45)] = 5 B'Is ' d
L L3 N jdetst Bhdetse s L Iste! 57 ydwts, )
ftcd?2 di30Isd L dzOyd dzdzv o "2HBO0 H ®zRunj,dzd® 29 ']
dzOo j Hjdets HIs®B dAfjytt j osHEZ L Ho ' 2Ctsoatsdts ¢
ts ) dzts[@dlks ¢

v OB dzd yvl "H.flse " Hdz Mis! By He' ' 2Ctsoddy
shdzso 58

[ SQ'Ef ¢ 100000/ 00001 | 00010| é 01110| 01111| & 11111
H

S H
L iB' hoj 000 | 001 002 é 042 100 é 201

ts ) dzts 9

[ iBHS & &
[ jlstsH o jBlCiml " L &5 Missoded?2 IsjCfls, od¢§
s dMOdts’ of EFBso bk’ ' dW stekOY' ¢, BJOE y

CFGisHddz 'L M siteed d? SSd@®H e diyy L fls
okL dz' 9, Hd BBy Jd Bzl jf tdifdetdavds j ydic ' W g @
GOMsbf dzedzES o' v Mlso sty *° B dzOtodzj HJ S ot
CFG, ' Bdw©Osyd ' L d&dhlc HAH j D, H
fslste' Bdes f tod n 501@IOdL 0dk@fyls g d'ts tead fijdsds © 2 ¥ Y.«
HJ]te] ots:

dlsOtels " d@3j dzgded & | H' ' Mdzse ts



17

wdzj dzelzd §f dzj ¢ | v OttOMm
r ' mdzfasts - O bk of'zHtevifitg | A6y Shmsdgsy zo |
S zH-o duO{ tegvtsigc j “dzO|ff tef 'dylzj MEsls iz

1 Of ez " o dz' ydzkz | f° oHJ dedzlz
5 OB tzd % Sl B2 o O dzidztsj sty iStinds o' &5' S 6
I " HfBo H' . [ledise
Z Oa _ I'de' t6 ftetsyy
ftesyd i’ B' Is
1 e Okl : T B) deed € |
2 Cdgd dzdzd €& | ¥ 1 wd3d dzelzds © tc Oy

[ Myt - Oo

3 s Ot ) dzts o 0 _
9 ' Htew HY L HizfizW

4 voLOnh I 1 S zHx daO{ tefw'dslzj M
9 "' HteW HY L Hizflz

v OtcOf 5 1
5 9 ' H oW H IZOdEdsw 0 1 Of w3 ' o dz’

[ " de Mslskz

sOCdd yddesds Slicd Bz’ s tj yj ddz: v OO0

[ " dzgd Mssz.
1dJHBd CORRd yY' sets dBjIssHlz ' dzgj d3tsy dzd o
HOdedr, dedL ' €O HftosHEZCIsdoadz Mis! * dzj 8 d Mt

-f JlssH L OMdzse Odzd 2 dz2O d&zOdzy® ¢z [ Ote§ 59 O

L cOdzzL sBtetsBCd §odicH dzts”’ csed L OL

d3tsjH dz Btse d H dzw B3 H § dz¥ 9 O dzdzW Isi € Mis* 9.

2dise  todetsMisj 2 dzOH sz Hise desmisw &3 Mmdz' o

W ste 3z dzts &

P(S) = p W1, Wz, W3, € , Wn) = p(Wa) * p(wz| wa)  * € *n| wp W3, €na), W
(1.1)

Hd S L dzQ Q@ ‘dzdzy’ dzjs o yidletsdzOlpQ ' hMEzsw 5 o

p(S) fo dzOy o 2 d@se " todz Mis! ofm! et toj Yy  dadz



18

HsB ZIsEdgsondzd 7 2 Bse ' tedesfisj 2, Sy d® L Iz
tesL f SH " dz 2 ditise 'Mes®iPls © Srs dzd -1 dzGnesigtsHgi@&iatEHs f 4§
W1, Wo,W3, €n1) W U3z HdzZ" OoaltsdizOlsd ydes'™ ¢ j dz
dzj sBR ' Hdzts BlsteddB3Olsd cOtedzgz By' dzgS k2 Mlisc
dz0Oo yOdz! dzdf. 9 dB " tots€
J Isj stg" ’ RBse  tedesfilsj 2 d&zOdzyt ¢ [ OteS 5
s dmzsmdz’ Hise dz' Mis! sy dzdoadr §tSH' 2, )
L Odzj % d s s dz2 ¢€d o' H MmlsOdalz, o s jtoj
f " HatHdIs! HA&Y osHjdz8 9 Odzedz? Md e dzOdz' 9 y~C
s " Mdelz®  fesMix,Xs o0&} dzcksdorizcRX &) {qfmists~ Ofml
L B dzedzO f sfpdz" Hise dz' Mis! L dz2Oyj dedzv W EC '
dzO o j H | dztstftsL dz®rqdip@ste j-aidsizw ) 1§ O, dzlzls @ Kt 05 X 0 XS
CChts 3 92900 s, Mt L dzgOyj dedz? fls Odzkz
fso' WL Odzgj L' MlsOdesdy kM - (| th=a tc jém)dz dE s
ZzOdzyt ctso © BHJjdz2 [ OEtsoO® oadedzwHO' dOT

P@=X) = f(P@-1=X"), PG2=x"7) ,  @,=x"P( (1.2)

0n w pH oN®

r f-WedSy' v fjtejHOYy 2dtse’ todetsmlsj 2. uts
By d BEIsSd 9Oy J dO dOMmiskzf ddd yd dssd:
PQ =p @ & & €é)=pE=x)p[@=xX) € P& p(d) * p(telch)
e npof @0 €na) Q (1.3)
St oy Wstedkdakz (1.1) L WYsttdRzdss (1.
sl ¢ dzZ% H Olsfo  fidEydadq? Clffed3 | Hizls W tyts BBl dz* i) dttsP)ts,
ted U dedz’ , sts o' dz sy j btsydes Htoj HMIsOs
Coydetsets Mdzsoa © o IsjCMmls, vl ovadwsl g H)MiE OB
fsls' &3 o' dz By j Y' SCtdB &sHj dt o Okd MO
YJ teyw M " dz dz' Mmis B Hj dz zOdzyt ¢ O [ O
BsHjds o Ocdgdlz? IsjSflskz * hdesCts oadCtstedmlst
Bsed, theBdzdets o B d&OMIS' 0OolstsdiOIsd ydztsc



19

CS ftQoddzts, o tjOdzt dzgdr MdbizOy' Yink of
fsmMdz" Hiso dzsils’ dzO dz2OMIskzy dzd?2 MJdGe dzOdz tsB 2
LO 7 &BINOBd dzj BEREHJ ftotsHtsoykzo OlsdMm!
odfOHSCE ftedfkzms Os s | hts Hd&vw Mmde dzOdzkz
Mde Oz yOMmMEkz of dd® Of j td'' ddz@ Cd4O iz Cdadd2 ok
o jdzdyddzze MdcecdzOdzz o Ctyded?2 dtsd3zj dals o ff dzc
Bs 3] daBO 8§ < EFEH jHAD L d 9 O Istc womk ‘to SddgIs Y J B Iz s
o d te OsidgOdp ls iz f dzd o Y d dzts d3:
P(Q=x] Q:1=Xe-1, Q-2=Xe2, € , 178) = P(Q=X Qu1=Xe-1, Q-2=Xe2, € ,  t:nRXem),
H n > t > m (1.4)
lted odStstedmlsOdzdz’ dBsHj &2 [ Ot s9 O H dzW
Hdzw o j dzd S sets dzOQo yoOdz! detse s dzOB tstclz H Odzd -
BkHE  Is* mMw o j dzd € d 2 d3 fifgiltscpleizd ¢ o fip, fMydR(aR0,
dzO o Yy Odz' dzts dzlz [BzO{wdsds:, worchis woBdis,is5 € , pnwi § d wio r d
f 8L dzGyO ' Mdetso 5 o -LiifEtodazddgCz ¢'° dN &' Mis! Mmdz
D 9" HfB9 "  HO' L dzOyJ dzdzV a3 { tetsfls stiplbs OXlz' " 15 4
Ctsy daj tYREPHEED' tetsL 6 dzW H Olsd W Els jff tSriipiis eHits 9adzt
Bllsd ftej HMIsOQoadzj dzts W ¢ MdedzOdz o d3tsdid dzls
S = {wordsi, wordsy, worcss, €, sgwor d (1.5
H wordsiN D,wordsio € OL-l&zj) Mdzsoets k2 tej yj dedz® S ° L
Qo lstsBOISdydesets W istcd3lzo Odzdg Isj S Mlskz dzgj B R
Coydzesets MAzse P! C plzv zGBBEc s’ dsHJ dz' L
LOLo dyo? oditstedmistsoz’ Is! MWwdzOg BfGlS ts ISHOO dA
dzOB dzd % J dzdzv 2 sso " tdzsMmils' . 1 Of e € dzOH , H
fstewHCEZ Wtz dzO oL tcOrnkzdSkz oadedzwHO' s
DOET Q VET QET QM ET Q

WEOHOI QRO ET QhUET Q

DEODOI QROET Q
(1.6)

"B NUETQ OETQETIQMET Q p



20

WEOGBHT Qhvél QR ET Q- € dzr €' fls fswe 1
dzOB tste* H Odzd - .

CChsfdstc’ Bdets oBRZzHtSOolzo Olsd ' deW stcdzgOy "' &
ftcdiesHdzsets Isj S Miskz, LOLoadyo?2 o9dBdtcO® Is!
odnmn Hdzgg dO Ctydz 2 " IsjtOy"’

rdzv  ftoednmtso o Odgddy dzlr ' deW is Jo 3Odz" € © O dzG st C
L Ofdetse Odzd 2 dzdlZO L R®HBE@HEZO. Ho ts fry dgts asdz'ts
O dze s Y tsHigz 8 O dzdz™ :

1) wlsottc] ¢galtwh dBQdEQ oLO Mddzosdz' 9 99 tsHIz.

2) dlsOodzjdgdz" k2 o  HYtse ' Hdz Mmis! Mmd dzo tsdzC

stesCd HdzvW Msotstcj degdz? Hjtejo O | OWW di3ZOdz

Il 2" H@dz : BOMde Ekdz COdzr degdrm M dBo sz’ 9

ldr" " H: 1 jtjots | OWW BOdzO.

1. dvbottc@dapimls®fL decdzv C sy desets kdz € Odz
B dz' B@R'zAEENE = o kL dz' o ( dzd Mmis® o) .

2. JldlweOdzdz" Hotsrh o lsilsdR'¢dapd d3F' dz2' d3O dz! «

3. uilsdadigteoc sdzz s e Sz Oz YyOMistsistss hts H
yomissisn o eddz'deOtj wzdasd Is v s daiddidz o 5 HJIs(
O ‘sdgtsd s EcRiSO-df tcOo 5 HJIs § @eztets crtsprlds
cckzfde

4. 1 poddmctde? ' 3 Hts Ischzddz] e 2 SCdgd P j
oL &zO. M d@ed hodBisjedr dzj oddi2j @bty L [@o j teh j dats

1dduy dOktcdmMlPdzdistsy dzO@  sBtPEmffdR'JH &eCdz' of
Hsf siBtse s (O dg® @@zddnls Qo dIs: Mw Iz dp " frHls ts ofif
WCO fsjlsOfdets G jdgj ez’ s MW BOwS ' 9 M C sk



21

Bit Stream: 1 0 1 0 0 1. 0 1 1 1 0 1 1 1 weeess
—— B e e e Generated
> vl W S . W Sentence
Markov Chain Y/ & /4 V4 V< N S
= 9 -~ 7 X AN B / \ 7/ B
Model (1) (wi11) [ be (happy (with [ the product
\ / \ A \ 7// g / Newzs A Ne - . /s
- 0)""\.1 2 1 N 0/l N Y (YN
p 2 P\ > y < > /“\‘ S <‘ >
&/ - A o A 4 w W - / X & >
Huffman | /0 *1\* _/0 LY ,/0 ‘IA ! . 0 > /\O/ l
Tree O C (_\/ O . @@
will 0\ happy with 07 N product
é o
be the

t iz 277 OcOdzr dzgO Mr j BO OdkzetstedIlsdBz, L OMm
ZzOdzys ¢z ' CtsHEZzo Odzdz | OWW k3O
l dmdeseo € d HIs ttsL H' dzlz

] HOdzs iz tetsL H ' dzf Bzt tetsL e dzW dzlzlsts
Ml cOdetsmdMmisj BO, O SOCtsYy 99 jH]dts Is]jted3
I BHO®RZO L OCOd dizO rOKOSIjtedMmMisdS O Mmilsy 6 C
CkzoOmdw * COy' v .

I sdz' Hmideey yd dz@ dzdsEdhistso ts™ Misj 6 Odets@ tcC
LOMOHd d&O wWedr otded L OMdetse Odz' , O kO
Odze stedIlsd3’ 8. dnJ d3z tedz® ISES ' IZzdz'OMdze &Sl s @3z’ dzd
shdetso s HdzW Milseo stej dedg?y o dZOMdzse 5 d3j ISSH Iz



22

2l Rsft ROV C 1UBELIVIRM frtrr 1rfJcCc 4t
Y {efwrJlyfwur B
2.1 [ B dzés siplgzd B ¢ d A dzj 2 tots dfdef r3ts ity

f sh dtcj dadav

dlzyoOmdzgy cdzde S| dz0o yOdedzw (et sdzlz® tot
oydlsjdzj d3. 1 OeaHWwCd HEBSH Gadflsdkdzte s HIF IsjP=o
Cdzd B tsC OO petgd N tej HMMIsOo dzw Isd o M B' dzt h

1 dzr ht iyls L O HOdz , hts LeotsHWIs! Mw H S
odnrn  Hdzd 2 ,d dzs HYE®tcdNdf tcOo dzv ‘' Is! MW dzj ¢ ¢ 5

odtc’ h jdzs 3jEsStSHEOEE  dZQ@ady O dzdzw fted dzOW o
BsHjdzj 2 ¢ dzOBtste’ 9 L dzOyjdedr ftod $ dzOH '
w e Offdsdgdzs otsH dzsets o zOfgbtlc@ € d ' a0y, , "
yom Hdzw T RYsg bz dtie" HH OB IS! MW . cdzd B 5SS B
| &zdB ¢ BJ tod f oW ddsets  tsh dtcj dedzv , v

Bjtej OB Htewdksets ftsh dtcj dadgv, OB s - B O
ZO2Isdftseo " " JtedS d&zOHd dBsHjdzj?2 cdzdBBEB
fch dtojde@y esC Md Bzo Olsdt y 'HE WEf@Y ..ok B dzOH g

C dzp' COIststcO® o =HIIB WO ([ ®zflzv o~-tsSHE Xx 9
ftovw Bsets fYtshdioj dzedgv o dL d&zOyoO* 9 HBBWGOY J
L ZOrtsHdIls! L dzOyj dzdzy f OtcOdzj ste* @ d, hts H
sdzsoa O ¢ tow d3j f8YQtclp dgdz eh s sLfdsh d toj dzd

f syqddzO® Is+ mw L X, ftotsn tsH ( Is! YJ ted L i t
odL dzOyj dzgdzv f ‘ LOC  dzykz’ s Mw o dn-BHBA
odratsHd dsHj dz' f sH O Isi Mw d&z0 9n' H.

o Cdzt yBoOkE! Lotsteslsdzg L o' wiL Cd[l5].dzOL do Ot Is!
rdzv f syObkSlz ttsL cdzv dzd B M~ J i03kO 2 Wikt frplsdz
Mrd B BHMscts hiskydtsets dzj 2 tctsdzz -6W0GE teasiE d
B dzz dztse s Misstc’ Yyl , A Of @y gdellsiid’. 1 H Odz
odattH' & Bltcddikz' &ds ‘ Hddzj L dzOyj dzdz" o u



23

» output

t qilz®Li g n j BO BHdSEs hiskzydsets dzj

I dz0e j Hojdlsdt 2 Up f Stosdz 5O° FkB.dR3 .o S K H
LOc @ o 1 @HC kilsdksyojrn soil BV 58 LHB ud fi)dzj
CjLbd sOk' s osoBHdl! MY L O HEfBESEEE o
By ks “dsjticjlskze Olsdmw . wd dLtdeyciRBiipksc
cle, L Odzj 3 dIs' , o oiEzO s s dztiz'B Voce o Pzl § s te gelts o
" stediskz 2 dzegz o d € dz

..., mB L 6 A aQ

E00NO8Bom 06 62 B aQ
zsB MitetsMisdlsd M fslftc & dz'saBf@d’ {SRCXE a Q
LOLOdyO?2 LOfRE BT dd uddzsEBy @w,H jw' X-
9jJCks@d,' ornBH.UDCAYH O oxfdg®©?2 L] dagyly ‘dzdz’
o' dzg" & MmMtstetsdzz dzf tols'd desdigB M | dzuglf Gifigtbulztz
0 O 6.Q J& sty o' " | deig s te Rk 0 (2. 1)
9dHL:

(2.1)

VR OXO e NENA T |
Eoonodamay & n
5OC Y MEyOmdy dzjtetsded L OE fMls! ISt

L dzOyj dzdz? L ®Odzts 41, ff tstcE@s o 'zdz'W 2 HEQC ¢ L o

(2.2)

OClkdoOy' ' . [Hddd L ftodC k@ Or b dzEiCl dz
stedikz s' v LO LOK % Ob WEOEEGE> k& mv  fd
WldSy s, ° eodLdOYO' kst fw:

AU Kk — (2.3)



0.8

0.6

0.4

0.2

0

—6

24

CCh O Mis! Z § nfmlsOodlsd SkT.FHRBOdE 2" o

L dzOyjdzr 90c¢d wl, w2 , ... BlstedBO' difs:
A Uk (2.4)
l S stedMmlsOdzdzy dz20 o dmatsH' WEkdSy' ' 6 Isc

L dzOyj dedz? o dratsHbEZ, Hdzv Iktsets htsB fted dzOo
9 jCltstolz L o8 Ndzjdzdds OOBfsd dr'Odzs o f dzd & OO iz
IStc j dzlz ©o Odzdzv  dzj ? tots dzdats B3 ©H]Y " 1 O’ A8 e O
CoOWfEdBs’ Hd ° WYekdSy' ' CStsChk ftjHfkOs

1

0.8

0.6

0.4

0.2

0

—4 —2 0 2 4 6 —6 —4 —2 0 2 4 6
t qieRidd e s HOdz! d&zO0 W k2 dgk gpRBi Az dzC y' W C ot

[dzv ftsBlzHBod daj Qetsdadzs’ d3jtejy' , ©Sto
dzj 2tetsdz' ¢, y' hOwd L hksls! §sfd HisE
E oy 2 dBitejy' ZOL do O Ist v o R Hdeddg N ¢

zOL do Ot Is! Mwdzj @ Ac'tsuiafadizdsd stO2dz' 2 §tcOo d?

odnr ' HdZ dzj 2 tots dzd . djtejHdz 2 MOt dzOL d o (

dzj 2tetsdzgd ©® yY! sz " Ot dgj ' dg o -BHOM,

BB 6 " Az Mlstelz’ tdmizdasE 2. 4. 1 Odzy’ Bt
dzdh j BHddz dzj Qtetsdz dzO o - tSH '



25

hidden layers

output layer

input layer

{ dipzi@ @i ] OC Odz' dz®@ MR j BO dzj 2 tots dzdzts
| dzd B 58S dd3d dej ? esdzdzd 3 B 6 Y O  dzOL d ©
ficdrtsoOdzdr NO'9. styjd L ydas h Ot & d
ZO odrtsH Olod Sts'terddy'ls sWobizdas yb s c ©C ¥k dS BYd3

Yy ' dz alABidie " Ote’ & O WMdaizf ¢ 'efjledrd € dz" s, € 5B O

tej Cztej dzlsdz' , o' Hf' ¥ 9 Odzdg Istsh 5. 1l ZHEZ 9 C
HtsdIlst M EZOH®RZO L OHOYO, BB B®jB® BRHIEG A
fticj HMisOoadlsd or " HdzZ HOdZ , htsB tjLkzdz ISC

wdzh ddzs 9 Oy dzdeodds OMY j Clstsds dzj 2 & 'sHzBz & O d3s
"n Istej dzlz o Odzdzv O MOBS LB d2ZO0O 9o CIlstste’ o
M ofOHOs L dzgjtsBR ' HdzddB tjL kd OB dg.
fsBd,2ZCHYSCO fs8COLE W6 o' HE' Ld' k! My
[ dzv  dzOe yOdzdzy  dpj 2 teasdifiaste d Mdsjste 2 5! Odzg
fshdtej dedgv, wECd2 MC PO s w L OCda ¢

1.1 0 927" Hdzgd?2 N CHedzMf tsda@e UsO dpdz .H O dz

2) smdz' Hiso dagts H dzw Coydesegts h Otclz Bt OR IS
LOMtsmMsokz’ Is' Mw WEdly' W 0OCIsde Oy"'

3[BE®o ' Is! MW L dzOyJ dedz" 4§ sdi3ddz¢ d dzO o (.



26

4] LoBBlsdz 2 Moz Hiso dztslis Hdzw C sy d
B d&zCd ° GtOH' ‘ dals dz@ wCd2 L g dgt‘ Is! fmw
22t jSktej desdzs’  dzj 2 tetsdade B o

tdSktej dzlsdz” dzj 2 tofdzdg'y dgy teRjj R 'M,ls o @B telzj (e 5
sBtesBCd YoMmdz Hsodzdm HOdzdm x (1),

ZO dzOB OcE Olsts Htsoh ' fsdz' Hise detsfyls " dz'
1 dzr b mlst e Skted dzlsdzgd e A3 e L HOIAZO s
Htso ) ddz] .

rdzv  fjtejrtHEZ ©"  H BOGOIth Otetsoadna d3j to]
sHdz ‘85 L t©Odzadzg' 7 " Hj2 &BOMNJdadesets dzOo yOdz
fOLOR) ste” & d3" ¥ o' Ldddd UYOMlsddzOB3d &k
L OMmMistskzo Olsd isH Y dzdlzts H sW e R dzO o H 1B © tizts dglf )
oS sdzOIsd HdzvW dzedr kL OGCOdz! dgj dgdzg" . cSBd
sCtcj 3 f OtcOd3j Istcd , Iss o&i3d daj L Bscdzd B
fsfmdz' Hise desMmisj 2, hts dgj LEMmlste' yodzd mw ¢
fisOlIsdMmisd ydzk Mz O tshdz Hiso detsis® to' L
s O0¢Cd?2 ftsH' &z BB dzdets o 0y dzd e ts, wehts
LEMmlste” yolsdmw o HJGC dz 57 & Mywr §Mmdz
fsmdz' Hise desMmisj 2 .

I tjChkte] dlsdzd®j e RIS datlgd Do ' H 3 gz o H
fitejHO Is' fw dzj Is'dzr €d GYsMmdz Hisodats o
fshdtes " s v &3 3§ dzj 2ue@deOd3dy dsdatsizls Gots & jOudgjlz
CHO®R. Wik j&§' dzv° S OwOS KyaS o5 i HadeEseddz? 15 Is
Btsdgd o ‘OO dz' L zo Olsd Hf isHy6zth Fotsizg Bty fn & @R dzd o d
fsEeY.sC1 0 twdmkzdSkz 2.5 &sydd BOydld,
odzizlste’ Ndz' 2 " Ot dzj Qtetsdz’ 8 Slsted dzlz’ dzOB
fsfjtjHdy sd3z MisOdz® o dzbidst®© oM dz' yisa&stss e @ telig |
h.



27

0
T T
A A

b b 0
[ |
A A A
{ ARSI e D j BO sHoBSh Otese s’ toj § Ztej dzls dzts
[BYUdmdzj dzdz? of sBsetzOsigsL S EMIsd d20 Ikt
OmMsy 29 0dz’ L dedadsd f jtej Iso stej dzdeV d3d :
1) 'L ontHEZ o ftdhite Odz MlsOdz
2)f B jtojHdy St flodrSo Odgsets MlsOdzgz o d
3) L fteditoOdscts MisOdkz o odn' H
] BedvHE @O y' fitejlkott) ddt cdzdBsCL
Lesedlsd cdde st 16 LtoddmedzSiry ©f 68 Qdefd.o j
90t Oy' 2 cdzdBts@GIE]J qdzj 2 1c @ dzdp A sV O &ts 6
ftc d ¢ 2@ gzS Iz tefjofigls @igle Y d&zO tetsL H' dzdlsd dzO ' ‘&
CobfiP tdM@SE N2 oEsHEsd® ' fodhtso Odedds
ftedntsoOdzd BB t' osdegw B Htedrtse Odztsets fls O dzk
Bsy dz@3° Misdlsd cdzde" LJ se3gd fdifddatse 3 dlsd
hdzw B, hts L' Hdz' | © L i Z@efiseD. @R ki<
fsHso Y jdgdg?" h v Rl sy dz® L e dzOHdlsd & dzwr
B " .



28

7~~~
N’

5%

tdigpdzi®67 1 tod ¢ dg@eddB 5¢ d» RNN

ltetsls S dz®@fmdyded s toj Cktoj dalsdedn  d3j toj ) OR
Hso e sfistetsC tso d A L Odzj 3y detsyls § 2. [ Mdzts 9 dzO
CGteOH ' “ dzlsd, Mt fshdeessls: mMwv yYjtjL BOGCO
odfOHSC "  9), OBt tsyddzOsls: odeubBEOSSHKEI
sflsdd3’ LOYy" " ). 109" s vkids ffRYPEMHEHGL,
Bjejfifsd 260 (&Y j LBjt' ¢Od MIsScOHd B
ofj GHds LOdkJhO' k'MW ftesBdj O §tdL dzo
Jj Sy sdzj dzy’ OdDakts dfjxdzh tsitc @EC shistesC s d o

()

23/ jtejpgtoctistesC o’ / CoteslsS sMstes S50 s

ltetsBdzj 3O L dzd € O ytsgts o JBzEd=G sdzfsL @
odwodzj dzO HJjGC ' dzt CS5BO HGMdz" Hd2d S OB . [ t5
ftoesmists L Odzdh O ydm*! o B dOMIs' fJtesMmiststck
dzj twtshmiskzls! odBlkzatsets. 1 0 Y0O0dzr, Hdzv 1



29

HiS 3Odzd Rt yfBizteg dialzdz® ko' 21sd o tsB &OMls:

GtcOH " ‘' dzlsd L dzd C O8 Is! . vtsydz N § Oy kzud,
HoecsMistetsC s L Odzj  dztsyls * sts OB Mtsdzt Is
oLO ddsH "’ JOCMYf sdzj dzgy' Odzd dzts d3j dz" JO° ,dz' K ts

d3j o] Y Iz oL Oc¢ Odz dzj d3tsy dzd o ts dz0oe ydisd, 1
LOdzj ydesisj2 dsyj LO2dwIsd HEZY )] BOGOITt
BEZHJ LOBBOMS s9 Odzd 2 RZO2Ht' Bdz' " dasd W dziz
CteslsC sMistesC s ° L Odzj ¥ dptp)@leZ’ . o StBittdsd d3
(1994), fC¢OLkslsy, s 2O ftOSIsdy’ ftod
fslstc" Bdzgs L OJ O Wistsoalzo Ols(, GteOH ' * dzls dzC
Q2 ditse ' todz' Mis! Mt " hdes OB sdscRBER O
GtcOH ' ' dzlsiifsls sh oifffHzC &5 Mt OH O His O, ¢ ts dz
Histc' oadz¢* oM sets 10 OBt 20.

[ dzw odtc' M j dada” y' ot ftotsBdzj di3gd fo,d S &
L Ofdzso Odz' dz0 ' Hj~  § tetsQ dzOuCHpzdz dzGs O€ Y A
SB dgle iew v ' dzj MY tsW dptedsketizls ' ) s '@ e® dz’ dzt

" H B¥zZSC ' 9 LdzZ®@ ddsBEF AL o' WL "9, WC' d&Bsyk
Yyomse sdfts]. Ctesy’

1 dzsCd L odltsCtsd3 HBLoatsdzWw s Ist  d3j tej ) '  daC
Mo HYlseo O dzO0 Cstaddydst d SAeds] toQi@dsy lowsetas d3 I
yBk ¢dzj ‘desH' Cttdhmds, Htse ' v od¢
Bjtejy O L Aeiplsddz. M0 g C ZOH, WwWCh s § shd

fsimdz" Hiso dztsfilsj 2 3d ~rBYJ B, hsB B dzis!
oMty Hddf ' Histifigels Hiseo dzgsMis’ , Ists dz 5B~ " H dz
MsOdE dH Odzdzy 2 ets © dgkzdz2 . w HtsBWj B, H

Yyji skt Bdes tsedlsd, dzgj tBlwy ks yd dzOfm
ftedL dzOyJ dz' Jfo.j dzlsddz dz2' {1

[Hdg * ¢ OY'td Odzj dzlq LETMatE] 611 O. -5 TR
o dzzIstc’ M dz' d3Q@izjIR tc sadzd o t5° d3kz ) edsiHfdizrd= g Helge O dzdz'
sOC Y Cwdeyj fy' ‘¥ hosd'dsdpdddetsijtss s Oz 1 H



30

fOk vis' . | Skt lsl sadOdiositesasy dls! d s Cug) Is d
"W S ROYO s | st k@Y dd5 Wi dewds, 58 dOs yd
of dzddzj O tjLbkd SOk, wCd2 Lc¢jdj@r® R
L SBOY jdzs Mojdkz hOwk LSTM, w¢d2 {(HsOy
LSTMh O@ZEY s L yd l¢ oeoasiklE fils Sidigzddz

& Q) 6

t t t

s ™ N ~

— {3 {+r P —»

danhD
A ® o A
[ ] [tanh] [a ]

— . =

\ y A ‘. A

&) ® &)

t i@V nj @30 LSTM d3d ted ) °

241 o s tew diitso Odz' toj Ckztoj dzlsdz’ dzj 2 tots dzdz’

Il tsLredvdkzls' Hts Mdas " tc t6j Cktoj dzlsdz
ssBlsts dzO MIsOdz 8 dsdzd dzls t o f dzdzss G dzls ° dzy
X1, .. %1 Y lstsyded 29 dajr "oHL BX@ & 6 K- &GAy J B tsSists
fdtejHBOA) ddBEY | L Odzjy0ld o' H ofp" °°
1 Of ted € dzOH , 9 LOHOY' tetsL f " L dzOo Odzdzy i3ts:
LobkCE w( Wisde d3d  dBtsy Lol e B d W B tzp d3
CsOtelsd ¢ & dzwda@ ot' Is ! 9" H HYy G dz2 €8 d2OMiIskz
L Odzj X dats'fipls Mz’ Hde' i3 Mzsodasizdsy e o o3
"dzlsj ef e SOy T, f BistsydztB dstB  fipdzts 6O L dzdzO H 5B ¢
LOcdzv dzzlIsd HOdzj S8 © dBO2BLEIsd (OBt 9
oLl LdzOo Odzdzd GkCBYI dMdzd E Ods @dg'ls * edz09 Y @
f smdz' H  @HDdztsfpleZs s ©  ° dzh



31

[ o s oW zjs® Bz dzls dz' dzj 2 tc s dzdz’ 3d 6 B

Mok vy''. (&Sbwdfdzdes @ ‘L MOBs'  dzOL
Csdge ' dzOy' ‘6 (1), hts ko O Is! il rwotajdssfmls
C dayw), ° t1f, "t BEZRO k'MW 98 Lok
sdfso©® HotsMmif tWiktsp @&EQYOt | MOtz s° ° ° t1{,
OQWgls'* ", his ko O' Is! Mw dzOL OH .OA judmEz » ©

ftojHimd®@o,dj wCj LOd&iyxdls! WwW¢C o' Hn &ddk dt
ZO2B "' dz2h yYykbdzdeots Hts on ' Hdedrm L dzOyJ dz'
o' Cdzgs W' (Mo Odzsets L B telz dz0o § tsdzts ¢
ftow Bsets §shdtej dedzy, LetstelsCimajdnL i3p&y
W CMse Odzs €18, L &5 k)

(D)
OND-O-C

0%

FTOO-O-C
ce:“e
o

{ APz 81 1 o 5 tedz@3s{o10]



32

l dmMdese € d H25 L H' dziz

l HOdsH@Ez L H' d 0@ Qdztsdzjc sa dzE@V sz 4 B dzdz™
cSddz yddetsdz oatsdzO ftcOye* * hts 9adCtstcdMmist
vOCtsy BRdzs HEMd HYJdzs SHJM 615 &g dzls
dzj Qtctsdade’ BBjtojy', WwWEC' wBtotsBdEBls! f tsMd
GOdzzL ', HJ] ' A HBY dz des o disstedMmistsoalzo
dzj 2tesdzgdzd m Bj toj Y On 59O, dP @YY F 6l dedizi
slstcd 3Odzdz?y CtcOh dr tejL zdz! sOIs’ 9.



33

¥ farvor fld ¢t mwusrsvuvtrR 1t f11idw [t
gu L o1 1t oAnwyr L1 oLt RUS U
.1 [fdMm dzOB st © HOdzd n

dzv LV HE BRkzdzts tSBtcOdats 3 dzOBBtcd H(
IMDB Dataseti dzOB ' .6 HOdzdr & MisdBcd HBzHON
W'odz &3d, G dm wwlv.gnéb.comudze fiff @2 IsC sdzj € Yy
30 9" HGESC VWL swdrw WB HM B, sz hts o
Yofmlsts 3O Is! Ctstej dz' so Ode' toj 21Isd dzc d.
Twitter sentimentl407 dzOtc O~ 59 Iz ° 16000000 Is J
CstedMmMlszo Oy’ 9 ABRcizPB ' tcwHOUdE. BEZdzs5 M
L odSttedmMOdziz) &5 t wi tter API

News dataset d3' Mmis d Is ¢ 143 000 MmlsOlsj?2 L 15
o Cdzte yor yd New Yor k TlOne'sdzh B ei t bar

s jtcjHdWw BB O HOdM]-R:

T odHOdzj dets " § sfmd dzO dzdaw

T adHOdzj detg chft ml

T oadHOdzj degs M j y* Odz' dz f sL dzOyJ dedzo
(1 0ftced S dzOH @user)

T odHOdz] dzs tBBL H' W dztso * L d&20Cd md dzo ts
OdzW 09 " Isk yd; dzaf ° yYydwtcOdd

Tofm' IsjSMmMisd Bzt ftedo jHj des Hts dady
TLO HBfBsetss IssCjdedL Olsste’ 8 dBBtse d
6 Yd dzdz¥  § SH ' dzj dzs  dg@ )y dB)S 6 ey y ) dRddt
9' HWstc3EOIsso Odzgj ISOCddz yddesdz, h B 2
mdz o

T rd&zv fqdz' @, wC&' LEMmlste’ yodzdm: o Isj ¢ 1
Qo lssdBOIs d ydats’ steW sBegtcOW ' ydats” Ctstoj !
Hef B3O OdzO Ekfmj tj yj dzdz®@dzd § H O dzv dzts iy


http://www.imdb.com/

34

10 tdmkzdCkz 3.1 d&dsydd BOYdIsd, w C L C
sBtesBSCd HAzW Ctydesets dzOB tstclz.
le8

count of strings(dirty)
count of stringsiclean)

twitter 4
NEWs
imdb -

tdigde8di s " dz: €' Mis! MdBotsdz' © dzO dzOB
vOCBYy HhYW Ctydsets L dzOBBtc' 9 HOdzdr E
mMdz' o, ¢ dzr €' Mlst dz" COdz dgdm Mmdz' & tc
C'dzr €' Mls+ Mmdz' ® ' o yddz@ dzOG2B" dz' MO Hdz
z02B ' dzvhz C' dzt €' Mils! ' f©dd & d'L OC®@ddzdis= |
dzO2B ' dz' "tsets5 L dzOyj dedg? Hdz¥W dzOB Stz At wit
9 dHOdzj dzdzv dzj L dzOydets®™ €' dzv Ctsfyls’ tej yd o
B 'dz2hj dzy o 3 twOL(. Aj dswidzs “ Is! mw
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100

EEE average length of sentence(str)

(a) MjtejHdw HBoyddzO Mdzse O
t qEzt88i v Mmj o] H dzj dz’ nOtcOCIsjtedMmisdsd
U tsydz ydmyg dzi dg L dzO Yy J dzdzW Em" A 9 J dzd
ftcj HMIsOo dzj dzs © I1sOB dzd Yy 4 . 1.
vsOB dZd UMOELOLIsjtedMmMisd S d dzOBBt' 9 HOdz] n
count of | count of count of average | average
: : count of : count of | length of | length
?érilrr:g)s (s;lrér;%si words l\j\;g?;: sentences| sentence| of word
y (str) (str)
Twitter 11824417 68273863| 17186326 130799 | 2173882 | 31.40 | 3.97
News 6293;4913 464:;5989 97451830| 195132 4839065 95.96 4.76
Imdb 65471551| 46044728| 10352835| 148210 526909 87.38 4.44
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L' wL S 9 By Ctsdlsj ¢MlsOdd Mdz' @ L 6" Hdzts
9 Matydmn Codsi CMlsOR, BZOs Is! IsJ dzH § dzy ' ¢
fnj 3O dzls d Y dats CES dztfsts tc 3@ dgplCEs@o H O dzdz" d fi3ls 5| (f Isizts o
BOSC Mdd3’' L Oges” GEAd izEpMIs ' o3 LydeOn] S HMSEE ETHY0
sHddze L BHddd, = d&3 dzg' i3 L Oy v < tsmd dzlz iy dat
L dZO- SH W Iss Mmw HOdzj Ct5 1 dreffid dgbs ‘0 "HHO dztisdg rlzts & g
tetsL ¢ dzv H OB dzd LifyleC sl | € Mis OR .

1 Of ted,S dAPzseo O clkzdz o jtemdlsjlse ' ¢* dzisdls
Cdzls j CMsOR, dzO0 ChlsOdzls culskhjdadsd L Edg
" degisdlsklsk  Hshd W @Eae a0\ d Zvsads j € ils d
odMmMdzsotsC, s Mzso © ¢ckzdz o jtemMdIlsjlse ° ¢
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33ptern " Isj CIsztc©O dzj 2tetsdzdats’ d3d tod N

10 tshdetsea ' 0OdzOdz' L 2 ff I2,dzC0s zIs @C ] {f diz@Qizikaas
fOROftsd Mistets s 2O weCtsdkkz fYls' @3 beldao
f sBkzHBo Odzts Is @ShjA jQ@ids " dEQjoljlHzjitmdiass o HBH OISE |

Layer (type) Output Shape Param #

embedding_1 (Embedding)  (None, None, 100) 14821000

bidirectional_1 (Bidirection (None, None, 200) 160800

bidirectional_2 (Bidirection (None, 800) 1923200
dense_1 (Dense) (None, d) 3200*d
activation_1 (Activation) (None, d) 0

Total params: 16,905,000 + 1923200*d

- di€" dz €' Mlsy Mdz' 9 9 Mzseodzed S k2 kdz' ¢ Odz

- embedding 1M Otc, wCd2 ftjHMlsOodzw' MmMdztso s
BEHJ dz' ;

- bidirectional Il ff j tch d2 Ho tdzOff tow d3dzj dzd2 | st m

- bidirectional 2 Htcze d2 Ho tdOfhtc@telRdzj dzd2 | st m

- dense IftsodesLob6wL ded?2 M Otg;

- activation Fwz2dz¢ y'' v .0¢Isde Oy"



41

1 Oc0dzr dzO@ ¢ ' &zt €' Milsy OOy Iste* &, wC'
1923200*d otsdzO L Odzj y dIs+ 9" H Mdztuwsdgds &z W lizdh
OCIsdo Oy’ ° Bk dztzs GLBdiaI® dasd dgodgttama’ ' x . d3d slisted
wed?2 oo’ Hsoayyddzz d ' Hdzv Ctydsets Mdzse
0 Hts 1 Ist@ s, hts otdes BEZHj] dzOMiskzy dzd c
sparse_categorical_crossentrepyd WEkdSy' v olstcOls, w e O
o d'dict 9 Odedzv dzj Mratsy sMIs’ By L H' dEZtd
fdtdHBOY] dd d3d 2 d3ts of" teafordChylisi ¥ dgets fklsdzO M ts o ts

l dStstedMmisOdzdzy B ° dzt hdgd -~ SL ST ¥ 5 @ wilsdzdf s 9
h OQddj toj  OBts LB dz' h jdedzd G todzL © sl dzts dzji ¥
f s 6dd Odz f ORBOWISIss dzO ftedmlstets™ , HJ yw
f OtcOdzj Istc” o .

34ulsj cOBBScLEOY " Yydd?2 OdctEdld

1 j teh 2y tjOdz' LkzoOld Odectstedlsds f tcodn
LHtSBEISIY " dW stedgOYy" ° "L Isj SmigMlscj B @
we' dg02 yomlst hj LEMmiste’ yosls! mMw dzO0 f j toh t
Mzsoded ¢, w¢ first_popular _words.
ANzdzS y' w ftedrmtseo Odzdzgy ' dzWW sted3O Yy’
10 9ntSH'

fsfdz" Hsedz" MiIs! MjSCtjlsdzdr B ' Is' 9,

Mzsoedzed ¢ first _popul ar _words,

G j dzj tc OlH[joddzO, 3ts

word2vec WdBHJ dz' ,

n-¢ " dz € fMmls? B 'I"9, WwWCj hdWtk' Hddj M

lteddzydf tetsBlsd:
NcChs HEoyddzO figj Cthj EdafcHs dasls 2 * s v o
Gzdv 3 & €' dzy'
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2)l dJfOHSC et tsBtO' Is! Mw tsHdzj L Mmdz' o
Hist sSd3twsasrd 2 vec RBsH J dzf ftcj] HiNlsOo dzw * s
LOdzsmdIss mw o d&OMde word _ i dxs;

31 0O tshy&dpdiolz d i dxs d@sHj 22 tetsBdls!  f jt
9JC gt ¥ ddatss d.

1 9 j Sylswteftc O Is! fwzn 2 € Mh o, W Q' L d®vylg dzdz
P9 " tedzsMmls' 1 L Odzgsmwis! mMw ® candi da
) f sz Hiso desfls B'Is'e tBdtcOt Iss Mmw
HiMwisEC otz oadedzwH', L d&OYJBs wE
] candi date_pool sBdtcO’ Is! Mmw Is ts 2
M a9 OHO" L L dDjg fedad¥ @dzefgfls 'bipw o BOT
ljtwh' n B'Is MjCtojlsdzes’ §tsmdz' Hise dzsfls
4)z 0 3 fcolststes ' Iss fmw HsCd ftsMmdz HEse
fstotsy dz' 5% .

5){ sted d3Odzed 2 BOMdoe " dzgHJ SM" ©® word_i dxs
fjtejosHdls: mMw o IsvCMmMistso] ftoj HMIsOso dzj

10 adatsH' : Ooalst®BOIsdqudzs LG dzj etso OdzO Is§

ANzdzC Yy W LHBBEISIY ' dgW stedzOy*

1 @ ~BH'

phrase Qo Ists 3O Is d ydztOIs | € s gtd @ dgo dz' Mis! |
G J dzj tc@iigsgHojddz! |

word2vec WdBHJ dz' ,

n-C'dz €' Mils: B' ' fzsw &) h dWittk' H]

lteddzydt B tSIsd:

HLO HEBftsdBsets¥ word2vec dSHJ dz'phrdsdizj H M
odedzv H' “deH j S MME L Odesfyd Is! fyw 9 d
fsmdz" Hso dzsis®™ t ext odqHOdW ‘' Ist Mw .
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2)1 0 sMmdzse® word_idxs d&sHjdz tseBdls!
YHEB9 Y ddaetse d.
] Yy! sets 9 jCIsstez tsBdeOE Is! Mw 2* *n
dzOyJ dedzv 2 3o ' tedetsMmls ' . K ‘dzH j € Md
Odesmw s+ Mw o d&OMde candi date pool .
) cdaadate_ pool sBdteO®’ s mMw Ists?2 Jdzj d3
dzOyj dedzv &3 f j tphrases 5 fMdztso O o
1 sfmdz Hsedzgd?2 detsdzj tc y! sets jdzj dzj delskz
L Odzts M dise i’ wtso dz' Miss " |/ C o Isdzd
wdzH § ¢ Y+ sets jdzj d3d dzlslz L OdzsmdlIs! mw o
1 jteh j Mmddzsets L Mmdz HisedesMmis'® t e xt
3206 2 fwsoltstes ' Is! MW HBCd EMw ftsmdz Ht
10 oadratsH’ : Mz Hsodz' MIs! MjCtejlsdzedma B

-

-

-

l dimdeso € d H3 ttsL H' dzkz

J Yy! sz tesL H' dzf BHzEalz' |, te'sPO'dz0O éz{ € ts & § bp
Istcj dzlz® OdzdzV daJ 2 tetsdedets’ d3j ted " = 2 dz2O BMdz
fsmdz' Hiso detsis’ . v OGSty BRdAs HMd HYJ dats
Istcj dzlz ® OdzdzV dzj 2 tetsdzdzts’™ d3d t6d X °

[fdMOdes Otern ' IsjClskztck dzff ¥ st dedizts s 0 iy jQalg
GjdzgjtcOYy" ' IjSCMmMsadr ftsmd HsofzbfEHa O dzé
9" Hdztso dzj dzdzgV ' dgW Sted3Oy "
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Arfegfwrrril1c Vvt RIOIVIRM t[YU] P00
4.1 ¢dzOdz' L tjLlzdz' sOIs' 8 dzOo yOdadz" wor c

rdzv ftoj HiNIsOo dzj dedzy i) dzs 0 ARBSLHQ da 5§ tudy tncias
Bkzdzs tsB tcOdats: n=100, sOCdd3 ydadzsdy H dzw

BOIstcd Yy totsL o3 tets3E (dz'0D', Misk) , & d&' j$ Odlz! dzd =
BsH j,dzjHdzv S By dese 5 dzOB Stelz tetsL d3' tedz” Mm.ls!

[ BdzO0 Bkzdzs fsBlzHEZo Olsd tHddzz d&BOIsted y¥ H dzv
L dzOB B 89 dBBO' MmMets’™ M JjydwW ' ydzg mMdzse O,
tcOL " Mzsodzd S odwoedoemw B L OdzOHIsts dzlf oz@ &
Gjdzj tcOIsdo.dzts’ dBtsH | dz

s OgdpY THABLA todetsmis® odr" Hdegdrm dBOIsted y-

1 OB " t6 HOdzd R t sLd3 tdz Mmis!
twitter (130799, 100)
news (195132, 100)
imdb (148210, 100)
dzv Sty des™ L dBBOItedy!, GltedBdOddrs o to

ftcd ¢ dzOH fshz2CE Md BOdzlsd ydzs L Bz@F isH § g &
CosmMdazzmdes” o HMEBOdRZOBBEHI g YT 6 Btc OdBd
[ dzv d&zOBBtelz HOdZzdr ¢t witteré:
hi: hello (0.83), hey (0.71), hii (01), heyy (0.66), quothiquot (065,
today: tonight (0.67), yesterday (0.62), todays (0.60), tomorrow (0.59), 2day (0.54
);
try: attempt (0.63), continue (0.57), manage (0.56), stick (0.55), maybe (0.54).

[ dzv d&zOBBstkz HOdZd~ ¢newseé:
security: securitys (0.73), counterterrorism (0.@t)Jardsmen (0.62), cybersecurit
y (0.60), reciprocity (0.57);
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technologysoftware (0.79), ai (0.76), computing (0.76), technologies (0.75), bloc
kchain (0.75);

institute: center (0.81), institutes (0.78), thinktank (0.70), university (0.68), univer
sitys (0.64).

[ dzv dzOB Btelz HOdzdr #i mdbo:
film: movie (0.95), documentary (0.75), picture (0.74), flick (0.69), films (0.62);
good decent (0.80), great (0.77), bad (0.75), cool (0.68), nice (0.68);
review. comment (0.82), reviews (0.70), summary (0.68)nments (0.68), imdb (
0.67).

420 20z’ L tjLbkd kO’ o dgdasnQdzdzy tj Ckts
sty dz® BSHj &z dz0o YO diny ts CIMidia GERPreGTXRZO
1060 3GB, ftislsj LoOYOsyd dzO Ilsj, hts Gt

dzse dzd S 2 't L dghis to® ‘o @dL il s Tseg fziy btz S 55
ZOBtsStc" ®8 BRZIZO 9" HMB dedets® . v OCtsYy L fJtedot
SHdz ° o, f Hsjots ® @Andslafsls’ tctsdg fifgfp@iadl€ 'z, ¢ ° Mmd

L o3 dz¥ 9 Odztsfy! L dgOyg dzde” CGteOH" ‘ dals©O Hdzw
o' Htc' L dgW dzd M+ ) L Oddj tg Hdtsindsts d3 o dz@ o yYdROAEIAY tc
odCitstecdMmMlstsozo @GEOMQUr BEBBJEBOL OO EZ Is1 MW

O WO i OB (4.1)
Hy TPdzOyj dzdz? oS dzOH" @, Hdzw wCdR BBH
ZOMskf descts Mdzse O.

I LOGOdz dzO €' dzv € ' SndsizO otfy©fiEOd @ H "dpts H j A W
dzOB tstc’ 9

) 20y pdgdeD® tc O By tets ' ezOzQ O fzdzy dzs o sOB dzd y' d
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v OB dzd yY OO0 Istced dzOo yOdzdz? dBsH j dzf

1 0B t sL 3 t6 1 06 Odz! dzd

| Accuracy
H O dzq f Otcls* dzO o Y O dadz
twitter 200 150 CBH 82.4%
news 150 400 GMBH 73.8%
imdb 200 50 eBH( 91.5%

lted S dzOHd IsjSfls' @9, LGjdzj oo Odzdnrm BSHJ C
- 1 Jdzgitczo Odzdzy Isj SfMlsk HBoyddetss 5 Mmdz' o
Imdb:

Amaybe professor entirely change ¢
Ashe i s agreeable housewife and gi
Aall sofmatenrd ad sloi d

News:
Acome under pressure from advocat e

Afsee crime scenes gone col do
Aaccordinygprtk®dd a new

Twitter:

-

starting report time totally chan
give I mproved subject for alerto
wor st bonus sweat result againo
jdzjtclzo Odzdzv Isj CfipdR'zo Hs0 ¥ ddetss 10

~— ot N

Imdb:

1]

she is professional killer and re.

1]

Mi ke completed programming only w

-]

his delivery was appreciatedssate

News:

-]

I f in washingtonetvomorrowwageai pre

-]

upon taking office the trump admi



a7

Awhite house said that the spendi n
Twitter:

Ausually it give I mproved subject

N

beauti ful srdhl ewetsshifngpwenr it all

N

funny scenes from this video rly

4.3 ¢ dzOdz’ L "pdstg O dABd2detOW d Is a3z
4.3.1Embedding Rate

[HdZ "% L By dss¢ ° &jswedSO Embeddi n
" dW StekOY'  omsEH o ®dztsde sjSMilsd, Mt ¢ o
sy' de$d fsHECIlsdodtsmls' Misj dscwOl  Ydesd
fsd"cO' o ksdkk, "B ©oLH' ddlsd W OSCIsdyc
B'lk'e of' Bet ¢jdzj eso Odzgsets Isj Sz 4] .

[ Ol j 30Isd ydatf? BRI c®®' HsOSCd2 odcdv H:

oy -B —— -B 4.2)
B &

Hd -N° dz2 €c jfipis) te s 9 Odzd - Hidgjowyjddase)j Q. dddky o € O
yqdmdzts B' I 9, 9B LkHBO OBYM-E I z6 szl U § dztizy
MG dz ¢ CtsydzO Odzadz' 2! €O BEZGCOO WOCI
stselsts 8 B'Ils, yYydmdzts B ' Is, L O2dgv Isg~ =C 8

B ¢p, mijvodv' Msets ¢ d ¢' s Bpdsa's i

toj Y. dbdz" a f sL dzOy®y ts6j H dz® Hiso ) ddzkz ¢ 5y dzt
MY sckce Odesdgz sj SMls' ° MjtejHdr ¢ dz €°
f dztd

| sOB4BJPO jHjdes tojLbd 5O Hd&Y ' L d
fOwOd s d2MB CLT] B' s h duf OB dediwlzj 4 d
L 2Oy j dedz® ERdz@dz'dzdeyy W S5 " dg" d5 Odedstdlsd
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v OB A3 JEMbeddi ng Rate Hd&v ' Ldd~ dOB

ER fortwitter | ER forimdb ER fornews oY
k=1 2.75% 2.67% 2.4% 2.63%
k=2 5.50% 5.34% 4.9%% 5.27%
k=3 8.25% 8.01% 7.48% 7.91%
k=4 11.00% 10.68% 9.98% 10.55%
k=5 13.75% 13.36% 12.47% 13.19%

s OB &z YERA ! dzh 5 Odcstedlsds o IsjCflso s’

[ JIssH( ER
[ JIssH L Of etsf B dzts 0.3%
[ jbsH L Of tc R dzts 0.35%
[ JIssH L Of 2B dzts 1.0%
[ jssH L Of tcts B dzts 1.57%

1 s’ oade* 58 yd L dzOygd dzdalv dgtssda®@ dzd@uv 20 ¢ d 18
LOf osf hzs@@dastcdIsdz BO' HEsMdE! o6 gigpsdzz b
fsfjtejHdz » Odze thisq l€d® das ClicjONf)Stso 5°

432z 9 d Hifls! ttsB SIS

l Oydzdoaddz H OtOd3j Istesdz hodHC" Mis! L
ftedrtsoOdedav d3 o dg! sz M Ctog Isdaets’ ‘e s te
9 " Hdzsoadzt * MmjCtejls. 1 dqdg e ' Is! Mwv oBdz0 Lk
‘deW sted3Oy" T By 2O ftedrsoOlsd/ 9" Hdeso dIsd 1

Il kOBd&dYy' 4.5 deOoiagddbtsiisic’ ©um tds d
Odzestedlsdzdz L " mdaz¥ yddzd OdzOdzse O d3qd
sOBdZdy2o4dHS " Mis! ttsBtsls(

a3 StsH Encoding time Decoding time
1 Of ey sdats o Odzd = 1.2 kB/s 1.15 kB/s
fidbbtsH LOfwtsy tsd 0.2 kB/s 0.2 kB/s
[ idbbtsH LOfs] t5(¢ 0.1 kB/s 0.1 kB/s
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4331 j o dzjvs f

[ JIsts8 | Mlseo Stej dats’ mMdmilsj d&3d ‘ ftcdnmtso
Ctsdals j 2 dzgj to° HdzZw L OBJLY J qadeded3OB j Lt j B@PES
BZOMS zo Odzdzy ' det sSted3sOy ' ‘ dz02 9 Oy dzde " h d
mMdmilsj &3 ftcdntso lzo Odzda” . vtsBlIsts fMilsj ¢ O dzt
ftcdLotsHdIlsd HEB 9o HA3 dzdesMmisj 2 E ttsL f sSH'
ldasHwyd L Y tsfjtcjded tofftsafd dzd’' s toj yj dadz’

BtsH j dzdz® HisfMisOlsdz ts Bdzd L' € ddsd H S dz4
Stej dgz o Ocz! dzd & jSMls o) O MlsOldmlsdyds
fjefdjShm' v * odd ©*oOdd"ds kseEts, dzOMS
? d3dcodz’ MdzO d3tsH j dz f jtcj HBOYO' LtcOL 5C .
fjtefdzjSf'w * fsOdHOklsds® &jlsedCs® H
oqdL dzZOy0O’ Is! fmw -2 A€o ‘Migde jmlskzy LdBchdzso sd3 o
ROl faQQQed ¢~ 0 @

c " B s h I8 (4.3)
Hy Siawe,Wws, €, .} iw G j dzj tadsjon@jdezdzw | p(S) 98¢0l
IBe  wdsflsj2 b Mhse OF o toj yj ddz , 2 GBS

dz0o yOdz! ded ~ S s zC MIlsms: MmMdz' @ k& ¢ j dzgj tetso Odzd
v OCdd3 uyddesds fjwefdg ' v wsBYJMdE" 671
Bso dzs’ ' dBgH § &zG j dzj 5o Odzgd B I j CMisOBR] IsC
B dzh ddz *° 2ttt L dgOyjdedev, Isdds B' dzr h &
MisOlsdMmisd ydese s tosL ftsH" dzz dzOo yOdz! dets @ s
fjtefdjCMm' s Bkds Lcjdjtss Odts s palio 00
C'd& SsMmls' B'l, WGC' hgWtksls': M o ©HS
HOdzd ~ . ¢ JtcOs yd ! O tlstcd 30 dz toj L zdz
sOB dzd ys 4. 6, H J L dzOyd dzdzvy f j tef dzj S " °
L dzOyj dzdzw d&3d o j toff dzj Cdgs o O dadonts ndzQ@i3j ds@steiC tH o, fr) /|
BsHjd&'. vO0Cty dO ttdhmkzdkikz 4.1 fsBRZHSO O
Odze stedIsdz' © Hdzw Ctydesets L dzOBB' 9.
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s OB dzd W dz@uf dedzv  ff jteff dzj Syt 0 Hdzw  ts' L dzd
Il =" Hdg [JltsH LO|[] Jss@fte|[ jJIstsH, L
08" © | bpw 90dzd? bk dzso Odzd2| 5o Odzd2 &
sls
1 430.38 212.58 23.10
2 432.16 269.51 28.64
IMDB 3 430.61 304.71 32.44
4 436.19 332.32 35.26
o 433.95 348.36 36.25
1 485.47 243.57 17.63
2 487.65 302.43 30.27
News 3 483.03 326.62 44.32
4 493.30 368.07 72.00
o 485.31 382.99 103.25
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s'dzai y! kOBdAdY' 4.6
445.16 184.09 11.15
445.64 257.36 16.33
Twitter 448.52 302.66 21.11
4 440.26 333.20 24.76
440.08 349.78 27.85
e v //7//\\\ 225
7,,/—/\/\ > /
430 /
@f istsH LOftesf sdzso@flzd bt [ PIlty sdtso Oz
T
2 PO
/
©f jssH, LOftetsf sdtso Odzgd?2 k& y* 2

{ dMzdzE e s&! b dzv dedz” L dzOyj dz’

§dwfdism
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c ¢ By 2O BOYdIlsd L sOB dzd y ' 4. 6, L Of
fticdmMssmMsokz Is! MW HB toL ftsH' dzz2 dzOe yOdz' d
Odze sted Is dG3O d3d .

vsOCtsy Y $C0eats YssHdodIlsdm L dzOy J dzdzv |
Istcj dgz ® Odz! des Bz dzOB Bt , O dzO ' dg" sz, W
[ dzv y!' séts 9 Wotodzdz 4. 3 L dzOyj dedz? 2 dstso
BBsHjdzZ' Hoeatnm ' dz" ffm EOBEG WS 06,5, o 'daCd3’ Wddis d3iz
B eiNO, O tojyd dedzv G Jj dzj czo Odzd m! dzO € 5y
slstcd d30Odets, dzOo jHjdzs o IsOBdJYy' 4.7, 0O I

v OB dzd Uy de®Oyg dzedzvy f jtetf dzj S " 0 dzO ' L dzd A
bpw IMDB model Newsmodel Twitter model
1 94.35 87.42 80.44
2 143.01 144.00 144.00
3 159.78 195.36 221.32
4 176.06 240.51 168.89
o 186.10 284.049 243.87

—+— |MDB model
275 - News model
®— Twitter model

250

225

200 1

175 A

150 1

125

100 1

75 1
0.0 05 10 15 20 25 30 35 40

{ Mz 26T s&! 2 dgv dzdzy L dzgOUj dz' § j teff dzj €
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CS dBsydO BOYdlsd tlsted &30 dz tcj L zdz IsOlsc
sOBdzdy' 4.6, hts Me' Hydl' 4fJtts Isj, hts C
odSstcdMmistsea zo Odzd M H dzw dzO & y O dzdz" . U tsd
slstcd iz Is' Mw dzO o drtsH " , B Haxdf ' etsB & ] H dad & C
Bzlsd HBMIsOIdy s o dzd € d 3, O IsOC Yy HdAW
OCIskzOdzr dgdd3d vyjtejr HJWECd2 yoOfm, dsH  d
hsB tosLh dtcs 9 Olsd Mzsedzd & = tsdetso dz¥ 9 Olsd
4341 S j elsdzO tsy' dz€ O

wdzh qzBlssH sd3 Yy' dad Is -6 J dejstpts o O dgPh d lslzpdism Is
dzs Hp! €O sy’ dzb O. 1 Of e tsdatseo OdzO fmd fmls
MsjcOdescgtcOW "85, * " &BjlsO fsdzveO' o Ist
LOkEyOlsd ' HtLted L BSCE |oE] lso dsS s tpldiEsd
L 020 d3] dzd Is d 2 IsiMmls u©v4 st dzc O HdzW sy’ dab «
LOf totsf sdeso Odets fMmEzHdlsd, yd BEdd y° Isj ¢
dz¢ H d dzts & . l " Hftseo ' Hdzt HEs JdE@dad fcts9@dzds O ¢
"HyjdalsdW"' Skelst mw, w ¢ diffls o dBtey fafsts dzs y ' dizfsls
Isj SMis® &9, MW stcdiso Odzdrn dzOM dd3 d3j SBH A Ml
[ dzv sy de€d Bhkdzs odSstedMmlsOdes 18 Isj S
LG jdgj toso Odzgd s HOdzts® BSHj dzdzs HjooWwWls!
dzs Hddetss . 1 wEsdbhisE§ dzd el zH j dzls d, 0]
I11. tiLkd sOkd ftojHmsOodj dts o OB dzd 1
OB &Y SHTGlsdz® BY' dS O jLbkd Ok’ o
WHj desd W' QuwH] desd¥ ' Cso
s Hi! €1 e Odg RO
GjSMmisd LcJ dzj to 33% 67%
[sHmMBECMisd 79% 21%

1 Ooyd a3tz hts d3j ssH MdzOBSC s fs2htse Isj
sBHEtGdIsd dz#Hj2 dafj dBIJd" ] d2y d&O 30%
Isj SMisd B dz# h t5° Hiso Yy ddzd , osdzd ~BY B
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ftosls] Ld®tdsasdzijjdzdzy yY! sets Isj CMmMisk dai GO
tcOL' odtsCtcj dBdlsd OoalstsdOIsdydets L ¢ j dzj tetso C
l dmdeso € d HAS totsL H' dzlz

) HOdesdzz totsL H " dz Bzdzs totsL ¢ dzVv dzlzls ts
word2vec dsHYf tzsOdz@ dz'lsLOfLatsQdzts Istcj dzlz 9 O dzdz
0o jif oS ZOHd LG jdzj eso Odzdn IsjSMmis' o .
[Shd HYyjdt MisjcOodsctol ' ydd?2 Odkettdls:
f stc' o daw dzdz' L dz@@ JuikE izt Ptcb @R sty ' Isizk i listg a
Gjdzj COfto@Umz" 5 o y' Sk Isj S’ fjCtejlsdat
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Il Ry [ ] sR

J] " dzc o Misdydz® Milsj cOdzsctcOW " v L Ofdzaso O dal
HsfMdls! HJitemMfjSisdodese, O IOCtsYy ME dzOH dat
SO 3 dg" &2 deW stedzOy ' 2 dgz H Hzlp i dzff) § €z | tzigls + f t
ftocdnrtso Odedz? ' daW sted3OYy' ~ o dg! sz dzO Hts9 @

U HOdZ 2 BOCOZzOoatefMm! €2 HAf dzsdzgds' 2 totsB
BilssH @ IsjSMssas’ MlsjcOdsctcOW "™ "~ .  BL C
ftcOys s ls! , f totsOdzO ddzj LHEsedDd ety € sty Joas@dsd L' da
1 O jHjdes B dMOdzdzy Istsets, wWE§ ffteOys s Is!
BjlssHd, w¢' odittedMmssokztls! MW HAY odtc’
fjodedrn WEkdCy*' 2.

[ J sOdz dzgts HBMdz HY jdets toj S ztcj dzlsds © Isdzj 2
fsfdz" Hise datsls” " BBlkzM®so dzj dzs yssdsz MO
Isj CMissoeda HOdzd R . it sLedzv dzzIsts f tetsB dzj O3«
odtc' " jdzdgy ydr ftesBdzj dF, MlsOdzdz’ Otcrn ' Is|
fsCteOh dlsd odr' Hdz §Mmdz' Hise desls” .

) oo@diz L 59 Odzes M sMsed it HilsOo dzj dadaw
Bsy dz0@ " dzlsjcftcilszoOlsd o ojCltstcdzssdzz o
ZO2CtOh j odStstedMmMissoalzo Olsd HdzWw dzj 2 tots dzdzd

v HOdz' 2 tetsB SIS Bkedzs L Of tetstf sdetso Odzts
OWlsROIs d ydets ¢ j dzj clzo Olsd Mlsj cOdzesetcOW * y dac
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