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File Edit Shell Debug Options Window Help
Python 3.6.7 (v3.6.7:6ec5cf24b7, Oct 20 2018, 13:35:33) [MSC v.1900 64 bit (AMD6

4)] on win32
Type "help", "copyright", "credits" or "license()" for more information.
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I"pip install numpy

=

Microsoft Windows [Version 10.0.18363.628]
(c) 2019 Microsoft Corporation. All rights reserved.

C:\Windows\system32>pip install numpy

o,dn,c ,Y<BWN VELEY ,5% -1'Zng »° Offhnz%, c ITh
mtj jhnz% c IThrm »nil », c+] xlz* -zZg jhnzfs,c lThrm »
, A-iY ,Yc JT-Am T1,™ (i j.d%,,c A,A E,nS- O 3g -

Traceback (most recent call last):
File "<stdin>", line 1, in <module>

ImportError: No module named numpy

Jupyter Notebook
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In [1]: print('Hello World!')
Hello World!
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'+6"0)* .+6"()*"-(&'6".+6"()*"-(&'6".+6"()*"-(&'6
p%&,)"'====75"3&--"#$%'&L*6"7'&$"#+7"(&"S>?kggS:"-.L#+1"$&6*3"(&

" B*#1)(-FB*#1)(-8*%&,)8==783&--8S>7kggS>)67¢

" 45%67899

" p%&,)"??Ff==
" 2==Ff?kbS'I>>>>>>>>>>>>>>>>>>>>>>>>>> > pR15"?5Sh'0' 3&--5"?>SfS?
" f?kbSF?7kbhS"J<<<<<<<<<<<ILLLILLLLLLL L < BB S$-F-(*%" O 3&--5"?>SIkf
" el"D.".+6"4*.*5
VWV H#6" (), &2+(*--"B.-". - (AL (- S (HE* (), &2+ (*--"B.-". 3.6/
M**+".+6"- #6"().(")*"B.-"-&" (A& (), &2+(*--"B.-".3*.6/"M**+".+6"
tOOM- S HSF (), &2+ (F--"B.-". 3.6/ M +" +6"- #6
" p%&,)"'===75"3&-"#$%'&L*6"7'&$"?>Sb?II"(&"?>SIKff."- L#+1"$&6*3"(&
" B*#1)(-FB*#1)(-8*%&,)8=7?83&--8?>Slk{>)67g

" 45%673!

" p%&,)"g?Ff==
" f?kbSFf?kbS"J<<<<<<<ccgri<<<<<<<<<<<<<<<<b-"S$-F-(*%" O 3&--5"?>?ghS
" el'D.".+6"4*. *5
NNQJ4Np>.1".L*NN"(&"-**"#$".+6"()*"-.$*" ¢+ 1"#-"()*"-. $*" ) #+1"(&")#$ "+6"
0= S+ 1" (- S O+ L " (- S+ 1" (8IS +6" (). "()#+1"
O SO LE-" )R- SR L (& $".+6"()*"-. $*"#+1"()*"-.$
" pY%&,)"'===0g?5"3&--"6#6"+&("#$%'&L*"7'&$"?>?IShk

" 45%6 789!

" p%&,) ?=?Ff==
" f?kbSFf?kbS"J<<<<<<<cccccg<<<<<<<<<<BBR"S$-F-(*%" O 3&--5"?>7hfb
" el"D.".+6"4*.*5
<" $F()#H 1" (& ME-&I6HF H (). $* B/ (& ()" -&36#*-".+6 " ()*"
-0+ 11" () - B (&S (&SRS A6 () - S O+ 1 - (). B "(&"
TS (&ES" A6 () S H L") (&S
" p%&,)"'==?=25"3&--"6#6"+&("#$% '&L*"7'&$"?>??0k?

UUNfEE€,c (% ,zh¥ |°/E eflf€n

45%678<<=<>:8(%$$8302G8PB0B8A&LY%289B9<CDE
45%678<<=<>:8"F&(G8%$7%550#1

i,n-.c eo,dn,c *A c s*C¥%.

B)#,)"B.-" (A1 +6" A HE2-FCU - HEAET T H +6")&2(H#+1" +6 - #6"
0.( 0% &2+(*-"B.-"-(+6#+1" M*-#6*" )#$> VB).("."ML((BH"#-" - +1%" 46"
FHEDN 46" (41 +6"-&"().("O* &2+(*-"B.- |
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dAAdzvaNg %d @3] 2% 18 $ndAsgid~ & e, zYAm

- LY 0eeA Cv, &NNc e Gk Aud ciidm -} ¢% -—=Y %eEg O

E€%.c mtj ed¥%nj-c »¢m fREINms oG£tz Z% ¢ ~znSi

j1zZ%,c ALA D/ dESTY -r¥s -"diA c »T1%'m »m jid!t, 30z
LSTM

j% fdYYs CE€ 2 T0ZE™ kdi¢hn VMO ¢ &, j&aBz@ yd A ¢ ¢ Vs

jAucC%, E€%,c i,I’° kdi¢h®,CEndemia ZVs, Ojhysd A~ -

/ECJ98:, 0B94S, $*4&, &*&94< E€% ¢ jLIC™ i, ¢, ©§hdpecd»1€+m

ej'd} i, ce jit} Cu/k fhSg E€%I3R7 |11 ™; B3RT¢hm ¢T1Cum

dA1zITA
kd¥%C1¢% , c jgdrceldshie j, d%cojd3270A8, j1%d% "c i,u-,c
#9 -z7¢€ F1°Cr, A,Aj,dz,c jit} ,Azm xI," -zZ

BL &9yDys E7yT, Exy;,
L &:9Dps E 7gT E >;,

= L —f «8¢0ys E 76T, E 2
K L €:93005 E 72T, E >;
"QL%U?; E%U‘

QL KU-

LSTM jifd¥%:tYz-



BABZEA Y EINeY E°rc LZA] St e\zw,z

kd¥aCi¢¥% c -+A dA -} ¢ % »ni37AT¢judkdide)C gliTTim™: z% 1-3
joc€gfd}e?c GcHLdM5ihckdgcCyg 0-q &IBR70u G4k, Ic

, * Sc,}2c

j.dz,c jit} xS¥ €1,A dA Y |SAelIEQgen AEX cf jgoCh . ¢
°c€~nTSAimdz, c k-BE2j£dl S, ¢ kdu,~%,c m?j jISA% c jgcC
s,~Y%1g e,—.c ,I-Am »nl j dz,c jit} e,’Aj sigpmoyc £ &£ ,-*
jAT~vs JCAC, cYkdiSRystFgeE Yc £ j¥1° oAcnud]|Silgeas git) £
j.dz, c jit} ,Aj ekd¥%Ci¢¥%t, Y@ zgdetiddSAccio A el %dzcd
dAg ed~,c j,dz, c jit} Avn¥ ¢¥% j1’ d3REtes Y lodT ¢ c
o,dn,d jBdCHA ¢/
BL &9yDus E 7y, E 3
o= 3 e« »nl i,’c,.c jit} m,] iqiclrakdjfjchrs jgd€lh,c f.+
REEAvNY, c °cdAnd€zm nt,%, c »Ix,c VAdZA] »»gidAui€zm
xe,%,c Avn¥% ICnzl j,dz,c jit} o- dAAT%—n, ¢it%nzY
Avnys -izZn, j+gdS, c ji-~%, cAgli€th}, 6. fEdiz G € mS| A’
j18} ,1¥$BR§ . c*» °c€~n%cC »nl O xe,% c Avn¥% ,c c,A VdZA
jT.dn.c k=ed¢% c 0- ji1%¢ c
L &9 Rys E 7T, E
= L-f °:90Q¢?5 E 70Tg E >,
ej,dz,c jit} pi€znCdpT ejlAzsc. jit} pl&an$SHcEm «€
jlT.dn,c j,~d¢ite 33 ,hj jTAY
2% L B U%5 E E U=,
j,dz J8?CA jit~, oadAA,c tmdA, cscskaé? g €idgad Yg ¢ Chme
AvnY:  csignbls 29 € ~ IORAME TR AD,s ,}Zm sc,} e jigedgc
j,dz, c jit} jwele ¢lieng dA%° »q jIA%T c iC3~,c ej,dz,c
j fdZY% »egmoplzggph&du, ~%g c%,1}Y thAm 2R 7- jmd J% ,
oA¢T AMIMA@Y¥OHm - jii~ cspl32cdudAc¢l sc,}@c ejgC¥, %, «
jl,dn,c k-ed¢%,c ,Azm jit~,c sc,}] m,] dAs&A2enl jit~
Advm=-c c,A

|@ L é:géD;?S E 7éT§ E >én
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RLKUO-f-2
IAd ABsdiSA c jgcCg IAd ocemARY ccydAlbgzfrEné ¥%!c
Cz¥s dAAz%1 %diSA,c jgcCg "+- iC3~Q@ MH3r@hjgdGgit-
,Jrie™ iyn-, LTTim %AE 03 ¢ jvdn&md¥ev.d Bl jit~,
AdAsYel2Z_c p3%7,%gn- ji-T" “@Gi»ials

»nl 30, mtj fd}e2c jgTRGER{zNAL, j%1° VdBjlcsi c

»nl 3, , m¥%diSA thpgelhini,gdme@s~t, jhSA dg »q jl%dz,

kdgcCO, €& YC1¢Y% 1Y j-de] »nm -/& kcC3~,c A,A VdA
AT m Y% Ee madvMEmna]/Ac,}2c jgadfogs; st nfi™ Ch—Y,

LSTM polaaiswl (aj adgi

fdr¥ . dg jAfdm% d$Siry,c TQ@8%7 iedntly GAIEELCE~A | C
SEQ_LENGTH i€1€v cTi%I+fidEn, c kdiC%v¥% VdAg iedj*g dAY
=160

*+G83*+1()"<"?b="
+8G <"H+(9+8,). " F*G8I+1()@ "

I"<"+%>A*'&-99+8-*G:"-*G83*+1():"+8L&,. M@ @
S"<"+%>A*‘&-99+8-*G "-*G83*+1():"+8L&,. M@ @

7&"'#"#+ +1*9+8-*G@5"

C8- *GZ*+ *8&)* <' +%>A*& 99- *GS3*+1() +8L& M@@
7&"'1"#+ +1*9-*G83*+1()@5 "

,)."<"C8-*G2*+,*JK

#+6*C"<")).'8(&8#+6*CJ,).'K

C8-*G2*+,*8&)*JjKI#+6*CK"<"?>"
1J#K"<"C8-*G2*+,*8&)* "
/8—*Gz*+,*"<'".BS(*C(J#"P"—*683*+1()"E“?"5"9#"E"?@"P"—*GB3*+1()"E"?K
/8-*G2*+,*8&)*"<"+%>A*'&-99-*G83*+1():"+8L&, M@ @
7&"'1"#+ +1*9-*G83*+1()@5 "

).<"18-*G2*+,*JjK

#+6*C"<").'8(&8#+6*CJ,).'K

/8-*G2*+,*8&)*JjKI#+6*CK"<"?> "



BAJEZEA Y EineY E°Ac LZA] OB e\zw,z_

SIHK"<"/8-*G2*+,*B&)*

i1t} mtj %diCnzm ¢imf, unY QTo®BBY sldvLus B i A jDEfdntS
fd¥%nydg oacCZj a,y& jIl

T'&P" OF.->3. >, 2 w4 (" #59%& ("c[Re
M.(,)8-#A*"<" ==

+83./4"<" S

J#66*+82+#(-"<" 0==

+8%96&,)<'T=="

6'8%82("<"=>

dA¢T%vmA jzhZ ¢ VAdZANc

$&6*3"<"[*G2*+(#.39@
$&6*3>.669C[Re9)#66*+82+#(-:"#+%2(8-).%*<9;&+*"+8L&,.M@:"
*(2'+8-*G2*+,*-<R2*@@ "

$&6*3>.669]'&%&2(96'&%&2(@® @

T&"#'#+" +1*9+83./*" O ?@5

" $&6*3>.669C[Re)HB66*+82+#(-"*(2'+8-*G2*+,*-<R'2*@@ "
" $&6*3>.669]'&%&2(96'&%&2(@ @
$&6*3>.669R#S*H-(HM2(*69]*+-*9+8L&, M@ @@
$&6*3>.669\,(#L.(#&+9_-&7($.C_@@

»1¢m @\MSpiay €~ 0SS z%HRSA dg

&Y (HPHAY"'<"O*'.->&(HSHAY-> Ue[%'&BB* '+#+18'.(* <=>==7")&< =>k"
*0-#3&+2*C-0."6%,./< =>=@

$&6+3> &SUH3O38--Y, . (F1&',.38, &+(&UWIN  "&U(HSHAX<EUWHSHA® @
Cnt, AadAIBY dAs%C%Ace~1A dACj-

$&6*3>-2%$%.19@
8888388388838883883888388338835883888588388838835883888888388838
C(%* @ T2(%2("]).%*"4. $" "
<LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL <<
3-($8?"9C[Re@"9;&+*:";&+*"0==@"Shigh=="
88888883888888888888888883888385888838888888888888888888888888888
6'8%6&2(8?"9] &%&2(@"9;&+*:";&+*"0==@"=
8888888888888888858888888888883888888388 AHEHIB03885838888858888
3-($8S"9C[Re@"9;&+*:";&+*"0==@"g?SIS=2
88333333338888588888888333333338888888888888883333333338888888888
6'€%6&2(8S"9]'&%8&2(@"9;&+*"&+*"0==@"=
83333333338888888888883333333338888888888888883333333388888888888
(H$*86#-(#M2(*687"9R# $*|#-("0;&+*:";&+*""gh@"Ighgh "
88888888888888888888888888888388888838888888888888888888888888888
(L. (H&+87"0\ (HL.(#&+@" 98+ " ,&+*"gh@"= "
<LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL<<<<<<
R&(.3'%.'$-5"h:k?ligh "

R #+.M3%'%. $-5"h:k?l1  gh'

&HQ #+ M3*'%. $-5"= |

“gBRIMc seCYA adeeY j¢gfOYfeepdbdbayo ALy €ucC
fif€En,c YEhA,

$&E*I>TH(IL"S:"M.(,)BHA*M. (,)8-HA*"L¥ ME-*<?:"*06&,)-<+8*0%&,): "
""""""""""""""""""" ,.33M.,0-<JU*-23(q)*,0¥9$&6*3:"  2="S==@:",)* 0%&H#+(:"*.'3/8-(&%K@
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kcfA§ dpji.dn kctfaHEnAzca,y ¢% d=ACz% d%'A € C!
£ A

" 45%673R 9!

p%&,)" 2g?Ff=2
?kkhbF?kkhb" J<<<<<<<<cgc<<<<<<<<<<<<<<<<FKSg=-" ?S$-F-(*%" O 3&--5"
=>hf=="

e/"D.".+6"4*.,*5

#+1"(&"()*", &2+(*-->"V#").L*"+&()#+1"(&"6&" B#() N#H$".+6"H#").L*"+&()#+1"(&
6&"B#()"()*"1*+*.3:V"- #6' %#+ * +6"*B>

V" B &M TE ()< ' F- B "&NH Y BH3Z & ("M*.M3*"(&"-./
.+/()#+l>u#u_.Bu)#$u3&+1u.l&>u#u-$u_& n _#+’*|*3/n().(|l#ll.$n+&(|l(& n M3-$*||7&|n
#(>||#|l .$|l_2l*ll().(u_&$*()#+1"#_n_&l|$2‘)u(.30".M&z(ll()*u*$%*l&l n .S*C.+6*I_'"

%*'-&+.3".((*+(#&+>V "

VB)/" &II/&ZII /n() (V " 6” )*m* &1+#A*6n#+n)# " &+ II%I*_*+’*> n
VB33:".+6' )&B ‘H#-' -)*vV -0*6"%#*"*> "

VO*'%'#+ " #-"L*"'18&&6"(&"$.0* "

PY&,)"'==2075"3&-"#$% &L *6"7'&$"=>hf?hg"(&"=>hf==f."- L#+1"$&6*3"(& "
B*#1)(-FB*#1)(-8*%&,)879?83&--8=>hf==>)67¢g"

45%6 789!

p%&,)"S=?Ff=2

?kkhbF?kkhbJ<<<<<<<<<<<<<<<<<<<<LL << << < B EHO-"?S$-F-(*%" O 3&--5"

=>bhkl"

e/'D.".+6"4*.*5 "

B.-".33"()*"-.$*" (&")#$>")*""* H#L*6"."-(&'["%'&L*6" ().(" ()*" &2+( ).6"+&(

P ()2 &2+ (*--".+6" ()" &()* 46".-0%6" (&"M*" . M3* (&"-(.'("." (*+6*

$.+"().+"()*'B&'36>"-)*  "B.-"+&("."7.$#3/".77 #" +6"B.-".("()*"-. $*" (#$*".- "

#H+" (- S B> TB $H+2(X-" 3.0 ()", &2+(").6" M (&S BH ()" )H#- "

-$#3*" +6"-.#65 "

V#".$"-&"13.6N"B*33:"B).("6&*-"().("$*.+v"/&2"B#33"-**"().("/&2".'*".3B./— "
-V

VI&2"0+&B"#').L*"+&(", &$*" (& " (™" &+, 32-#E&+"().("H'-)8:236"3H0™"(&

*+6"$/"% HL(F"*- 23(>"()*"%'#+

P&, )"'==S=75"3&--"#$%'&L*6"7'€$"=>b0o==="(&"=>bhkfh:"- L #+1"$&6*3"(&"
B*#1)(-FB*#1)(-8*%&,)8?2¢?83&--8=>bhk{>)67g"

45%678 9!

p%&,)"Sg?Ff==
?kkhbF?kkhb"J<<<<<<<cccccccc<<<<<<<<<<<<&SK"?S$-F-(*%" O 3&--5"
=>bfbk"
e/"D.".+6"4*.,*5
+6"()*",&2+(*“"B.'“'#((#"’1"#+”."'#+13*"3&&0"&+ n

*M7. ,*> "

VB)/"-)&236"/8&2"M*".-) $*6VV
VB)/"6&"/&2"-.I"().(WW"- #6" %+ *-"$.'[>"VB)/"6#6+_("/&2"-./" "B&'6"&7

OV #6"%0'H+ " +6"B"BH()" "-$#3*> "
VI&2"B&BE"+&("3HO"(). ("T& /" 0% V' i+ 'L 43 "-&+:").LH/&2"+++

O *-("&7"(Q*"(B&WV "

VB*33: " $ - 27T+ #+1:V " 034#6" ()* Yo th+ *--"B#()"."-#1)>"VB*33:"B).(".
6*3#1)(723"+& W) &2(*6>

(" &+L&/" +6"GHLHHL" B T3.$5"&T () M. ((-3#&+-"&7"()*" TH-( "
6./"&7"()*"&' () &6&C"2-#.+



vAipgedny eirey Eonc LzA] 9w oY1 YZID NN

PY6&,)"==Sg?5"3&--"#$% &L *6"7'&$"=>bfh 2g"(&"=>bfbok:"- L#+1"$&6*3"(& "
B*#1)(-FB*#1)(-8*%&,)859?83&--8=>bfb0>)67g"

Z5~&Ai fiIf€n . c «F@E® & O c%,I}Y
e,z,¢i °d¥%nA-¢ icfAqlEY]] °€guhsnBPO jAY —-g
cA12a y'c €1, @ONMMNIZ?7 kdzhentm - O 3.« mP°-$-dARdg

L3 e m, PR ME?7] rHI'AkdAdig 1Y &% »i¢n.c »

J3?7 laaiwl alolcllaacio gaidl A

LAC8ng °C+A% i*€¢nY kdu,~%g A «IB3R#s€CBA VdZ,

Tf1enjdyente, c kd%-¢ . c % €1€¢ . dg ZhAnTAE d%i’A d=+

@oxic 11¢m -z, sc,}okm¥i-fTIfEN,c ej%€~nS% c kdAdih, c jj
AA -~ m,] TTt¢n, QoBvdkesnYuIt:Bréatdbscene€evere_toxic

3Az] kd¥%-¢,c ijELBH el WA A, jii,-,c kdb-,c EY |

«lY, °E~Q$AE Ao eKagded fTAE °CY% ¢¥% A,A kdAdih,c jiC
" £ —trafh.csv

kdhnz%,c -}€1 o,dn,c *Cz,c kdAdih,c jiC%v¥% -A%zA

jgGs¥e,c

78S +2$%/ H%& ("

78S 0F ->%*0'&, *--#+1>(*C("  H%& ("&+*B)&("

78S 0F -S> Y&, *-#+ 1>+ G254+ X HEY68 ('%.68-*G 2%+ *- "
785" 0% ->$&6*3-" #BY& ('[FG2*+(#.3 "

78S 0% >35> &% HS& (", (HL.(HE&H] &I&2(*+-*
78" 0% ->3. /4 -"HE%& ("X3.(*+"c[Re "
78S 0% >34 #9968 (""3&NBe.CA&&3H+17]
783" 0% ->$&6*3-" #3068 ('e&6*3

78S 0¥ >3 S EMABE#+1-"  #$V& ("PSM*EEH+T

783" -03% '+>$&6*38-43% (H&+" #$&('(' #+B(*-(8-%3#( "
78S O ->% %' &, *-H+1>(*C("  #$%& ('REO*HHA™
78$" 0% >3 /4" #S06& ("W+%2(

T&S" 0¥ >3 FSEHLF  H%& ('q&F,.(F+.(* "
H& ("% +6.-" " %B

HE%8 ("+2$%/"-" +U%

HEU&!("™ "

#5968 ("$.(%38&(3H#M>%6/%63&(" %3(

kdAdih,c jiC%vY¥ -i%zng
(&CH,8,85$*+(-"<"%6>* 68,-LOV( #+>,-LV@
kdAdih, c §d@gdb t,6Cz,c
%64+ (9(&CH,8, 838 +(->-).%*@
9?2gkgh?:"0@

1 https://www.kaggle.com/cljigsatoxic-commeniclassificationchallenge/overview



https://www.kaggle.com/c/jigsaw-toxic-comment-classification-challenge/overview
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i €% iE>=¢v® m?j kdAdlh,c jiC%v¥% ICnzm ¢
sc,}-kdAdig mtj jir¥% " c Obgdjif fc3AzEsin %o dg
(&CH,8,85$*+(->)*.69@

#6" ,&$$*+(8(*C( " (&CH#, -*L**8(&CH#, ' &M-*+* ()*.( ' #+-23(' #6*+(#(/8).(* '
pC%3.+.(#&HA+D)/"()*"
= ====kkhkfS6hhhN *6#(-"$.6*"2+6*"$/" = = = = = =
2-*4>>>"

1_.BBN"a*"$.(,)*-"()#-"

? ===7=f7=6k,7Mb= M.,01'&2+6",&3&2"'W_$"
->>>"
ar/"$.+:"W_$"*.33/"+&("

S ===?22f7=h*==ST7¢ (/#+1"(&"6#("B.>" = = = = = =

W(E>2
Wh+e&™*ntW",.+_("$.0*"
' ===?MI?M? bMMf .+/"*3"-211*-(#&+-"&+" =" =
>>3
S&2:"-H# G &S"
===?6kgo,gl,b*fg ' \+/")).+*"/&2" = =
M S>> "

j1S1% EY j¥fd- jel° mtj dAT- «' -7 1@k ld@ec k-5, c
j¥fd-

|

|
1L
L
1L
I

-

I8
I8
I8
IR

T#H3(*"<"(&C#,8,8$$*+(-IV,&$$*+(8(*C(VK"N<"VV "
(&CH#,8,&$$*+(-"<"(&CH#,8,&$$*+(-JT#3(*K "
(&CH#,8,&$$*+(-"<"(&CH#,8,&$$*+(->6'&%+.9@

T[1¢n,c kd¥-i E,A »q d==71¢m comidntadkg * Cpb'¢A ok d & hiztim
%04+ (9(&CH,8,&$$*+(-JV,&$$*+(8(*C(VKI?b K@

S&2"-)&236"M*" T#*6:"/&2_"*"."$& &+#,"B#$%"B)&"#-"(&&"3.A/" (&"6&"*-*.",)>"
W("$.0*-”$*"-#'O"()_ ('l%*&%3*ll3#0*lI/&2Il*c#_(ll#+ll()#_IIB&I36> "

“Ti¢n,c c,Ag jShm,% c kdW-dnetmit; Mz gxtA

%'#+
%'#+

OVR&CH,5\E"-('9(&CH,8,88%*+(-IV(&CH#,VKI 2b K@@
OV[*L**8(&CH,5V" E"-('9(&CH,8,8&$$*+(-JV-*L**8(&C#,VKI ?bK@@
%'+ (QVTM- *+*5V E"-('9(&CH,8,8&$$*H(-JVE&M- *+*VKJ ?boK@@
%#H+(OVR)*.(5V" E'-(9(&CH,8,&8$+(-IV()'™*.(VKJ  ?bK@@
0%'#+(OVW+-23(5VE"-(9(&CH,8,&$$*+(-JVH#+-23(VKJ 2b K@@

% H+OVWE*+(#(/8).(*5V" E"-(9(&CH,8,8$%*+(-JV#6*+(#(/8).("VKJ ?bK@@

R&CH#,57?
[*L**8(&C#,5= "
TM- *+*5="
R)* (5= "
W+-23(5?
W6*+(#(/8).(*5= "

Pl =

jYa-i -z, kdxd€¢mxeCA dAjs %lc

(&CH#,8,8$$*+(-83.M*3-"<"(&CH,8,8$$*+(-JIV(&CH,V:"V-*L**8(&CH,V:"VEM- *+*V:"
VO™ (V"VE+-23(V:"VHG*+ (#(/8). (VKK "

TH18-#A*'<"%3(>'4."$-JV 7T#12">TH#1-#A*VK

TH#18-#A*FK"<"?2="

T#18-#A*J?K"<"0"

%3(>',4.".$-IV  TH#H12">TH1-#AVK < THLIB-#A™
(&C#,8,8$%*+(-83.M*3->-2$9.C#-< =@>%3&(>M.'9@



vAiBgedny irey Eonc LzA] 9w Yl yZ) R

16000

14000

12000

10000

3 3 H 8 2
2 2 5 E
[ 8

identity_hate

kdAdih,c jiC%v¥% -Itzm edA3$9806€jb- d% B, npr VY Az
A,A kdAdih,c jiC%vY%, kd¥%-¢, c O6awm¥.a AN ¥idseT¥%A
sc,}] jxh™ ©°c€~n%c k%G e\ ZA¢n¥d ORiggY Zd A A
dAAz2& m , A+t,5,c e -Ydz,dg ji'nY% ie€¢nY% sc,}] kdxh™ o
Z&}j-i-dBmBid -1¢-n.c Veckdul%¥s ¥ -Yadz.dg ji'n¥ jth™ o
kd¥-¢E€y] tmdA -Y%dz dg ji'nY% . c jth§, c™dikhig fELh A-cY%
jei° IAd” ce] jihzE jililg simbri-1¢-n. c uomidi” 1S c
Tram »nl on,c jb-,c m,] oAl Wit ¢m’ ¢ Bl i jhiPi- Cs¢ Ve
dAg j'd~.c jih'¢ c di-~
sdraxfdrés Ape-i-z, -Y%dz,dg ji’'n¥% sc,PjiApNS/ daZd] ¢ z%1
dAg jsthmoidj, cdA, jHhs®t, }EA; -Ydndkd+UAZA] m ]
c€¢nYs «A «A'Yy seCwHA pZAALE A A kdAdih,c jjC¥%vi,
A cizAr ce VdDR BB sc,}] j+thig kd¥
67" %' &,*--B(*C(9-*+@5 "
mURSE LA %02+, (2. (#&+-" A6 +H2SM -
"""" (RS OMO JL QAGK @
" +13%) (M S&L.3 "
(R M<">2MO'V . n-BEJ. AA\G-K-EV: TR F@
"U*$&L#+1"$23(#%3*"-%. ,*- "

'*+(*+,*"<'"*>'2M9'_ n_E_:n_ll_:n_*+(*+,*@ 0
uuuuuuuu .*(2.+.. _*+(*+,*

CA Tlien,c fd}e] dAg j'd~.c kdu,~%,c/& k-}€¥%,c [iCY

kdu,~YktyaEeY, c,1in% ¢ ekd=i1¢n, c comtantidit - GdseCe: A

JinYs, c ekdu,~% c (11~ mycxcbmmentd jdeRe~0SAg jAT~Y
c,A xegidnGesc

I"<"JK™



IIIIIIIII Ce€fRI¥. .Y EZJEBYYY

(R4 *"<"3H-(9(&CH,8,8&$$ +(- IV, &$$*+(B(*C(VK@ "

TE" *+" H+"FH(*+ x5 "

"""" I> %60+ +69%% & *--8(*C(9-*+@@

I"<"(&CH#,8,8$$*+(-83. M*3->L.32*

dAg j'd~,c sc,}2@endt¥st Y4 u] m, PAJBREAd+h,c jiC¥%VvY o

m,] dAmOAId T £Sdadhet T1%,m kdAvn¥ m,] -¢- dg dA?
fdhn}c/E fif€m kdAdig kd

18 #+:"18(-("/B( #+:IB(*-("<"( #+8(*-(8-Y3H(OL:"/:" (*-(8H#A*< =>S="
+68$8-((*< 1S@

OfdrisAcm.] -+nAA %Y -he c,. ji+€i kdAv@¥ «m¢y dAm-}
»¢n, c kdi¥... fvo@lembeddigm kd %21z, ¢ &lpeim¥% . ¢ »1¢nA df

Av%A- (Y jzhZ ,c ¢z%nm mn@jrAFEATC zkd AdThd g, »A- 7

ICA¢%,c -Iran,c m,] 2€Am on,c kg¥kzm Ai%Anyd g™

jAgdZn% c kd°diS,c&£E oAd¢yQd Kideg R Yz : 2 «- erkain bzl
i't cjv.dev ejiad’yac fi d%"c ¢% ' YkdReEymo k@dvns,

dAde=EJ €Y ONd Gpfovnk Bd%2UYfY m,] kd%iz,c -ICzn,

td% qezckd%lz ¢ (1% -m €¢1 kd%lz,c ¢lg jiCzA c/E jI,-
cl%—m TT+zm ¢z%1 “1%¢ ., c »i¢n,c °€~nSm ®hic ji¢Ths

Yy €yc/E |°/E emBB4FEIGEMexniin-tn~Y ¢intl,™ ;1 «C'At,

kdAvn¥%t, ji%e°, ¢ »O4xd,Rd& A jRRZEX $InflEm VdAqY jiS

jzhZ,c kdxh™ .r% ¢1Szn,c -} ¢% »lx,¢c A,AzZl€zm »nli
fasttext -r¥% j‘d} kdi%...fcC} °c€~n%dg fif€n,c T-} ¢% of
¢Ya dATLj C’z,c »m on,c %c...E"Cc °CE~n%OHE AI'A, c kd/
, kdT%...fcC~,c A A

, A% % kdAvnYs m ] A, c k-}€% TCzA

(RO +#A*"<"R&O*#A*9+2$8B&'6-<g===1®)
(&O*+#A*>TH#(8&+8(*C(-9I8( #+@ "

18(' #+"<"(&O*+#A*>(*C(-8(&8-*G2*+ *-9I8( #+@
I8(*-("<"(&O*+#A*'>(*C(-8(&8-*G2*+*-918(*-(@
L&,.M8-#A*'<"3*+9(&0*+#A*>B&'68#+6+*C@"E™

$.C3*+"<"g=2

18(' #+"<"%.68-*G 2%+ *-QI8(' #+:"%.66#+1<_%&-( :"$.C3*+<$.C3*+@ "
18(*-("<"%6.68-*G 2%+ *-OI8(*-(:"%.66#+1<_%&-(_:"$.C3*+<$.C3*+@

cCz.kY jldBnizA m.] A c k-J8M -k@®riz, c %EALABA %o
AtitAn, AdAeY

NBL*(")((%5FF+3%>-(.+7&'6>*62F6.(.F13&L*>hQ>AH%
N2+A#%" 138 L*P>AHY%

011 d%49KlC £ AES N %o -



LAJEYEAYsY EiNeY E°nrc LZA] it

7'&$"+2$%/"#$%&'("."./
7'&$"+23%/"#$%&'(".-."/
7'&$"+23%/"#3%& ("A*'&-"

*$M*66#+1-86#, (#&+.'"<"6#,(9@ "
13&L*87#3*"'<"&%*+9_13&L*>bQ>?==6>(C(_:"*+,&6#+1<V2(ToV@

T&"3#+*"#+"13&L*B7#3*5"

o I*,&‘B'"<"3#+*>'%3#(9@ "

- BR'G<"* &'6-]=K "

L (&'86HS*H-H&+-"<".-."./9*,&'6-J?5K:"6(/%*<_T73&.(fS_@ !
nnm *$M*66#+1-86#,(#&+.'/JB&'GK"<"L*,(&'86#$*+'#&+' "
13&L*87#3*>,3&*9@

*$M*BO#-+185,(#C"<"AY&-99L&, MB-HA*"?==@@

78"B&'6: #H+6*C H+" (RO +H#A*>B&'BBH+E*C>H#(*$-9@5

e SGMABE#+LBLE (&< *SM*66#+1-86#, (#&+./>1*(9B&E@"
T SMABEH+18L* (& A"+ &(" &5

"""""""" *$M*BBH#-+188. (HCIH+E*CK"<"*$M*66#+18L* (&

O ¢i%—m jeth™ & O fd}+] jh™«@2;ddAis CTHAA VICHA T Yo

okd¥%-i dATE, %~ O jidAgds$c)}] jxh™ £ didam jji£h ™ £
sc,t?c

6**%08#+%2(-"<"W+%2(9-).%*<9%$.C3*+:@ @
*$M*66#+183./*"'<"pSM*66#+19L&,.M8-#A*:"?2=:"B*#1)(-<J*$M*66#+18%.(‘#CK:"
(" #+.M3*<X.3-*@96**%8#+%2(-@
c[Re8c./*'8?"<"c[Re9?So@9*$M*66#+183./* @
6*+-*83./*'87"<"[*+-*Ob:" . (L. (#&+<_-#1$&H#6_@9IC[Re8C./*'87@
$86+3"<"e&6*30H+%62(-<6**%BH+%2(-"&2(%2(-<6*+*83./48?@

$&6*3> &$YHI*3&-<_M#+./8, &+ (&Y% _"&Y(HSHAY<_.6.$_"$*(#,-<] .., K@

°Q

SeC¥%A c +~1Y% h3A dAC

%'#+(9$86*3>-2$%./9@ @

e&6*35"V$&6*3V
88888888888888888888888888888888888888888888888888888888888‘888888
4. 8"

"C/I(%@ T2(%2(").%
<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<
"HH962(82"OW-HIO2(C. /¥ @ IO AR IS == @K
"AGMABEH+1"IPSMHBEHHL @9, &+ "S== "9 == @" 9| oSl f==""

" 3($7IC[RE@"™ G QAR SO @ " 9 h S
" 6*+_*“g]*+_*@ 3’&+*Ilb@ ”hl

<LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL LK LLLLLLLL
R&(.3"%.".$-5"?1:kIS:fSS

R'.#+ M3*'%." $-5"??0:=SS "

&+ #+.M3*"%.".$-5"2]:0S:f==

0,dn,c +Cz23g Jek—n%q iy ¢, A gz hEBzenijl A
788" 0% ->2H3>LH-B2(H3-" #5068 ('%3&(886*3

%3&(8$&6+39$&6*3:"(&8T#3*<_$&6+38%3&(1.>%+1_:"-)&B8-).%b*-<R'2*:"
-)&B83./*8+.$*-<R'2*@



m Ce€fRI¥. .Y EZJEBYYY

input_1 input:

[(None, 200)] | [(None, 200)]

l

(None, 200) | (None, 200, 100)

l

(None, 200, 100) | (None, 128)

l

(None, 128) | (None, 6)

InputLayer | output:

embedding | input:

Embedding | output:

Istm input:
LSTM | output:

dense | input:

Dense | output:

dAg -%dz dg ji'nY% i€yc/&E jxh™ % %Cunm sc,}ac j£hT
seClYelfecAje %ic jinh’j di-}

V-(&1"<"$&6*3>TH(ONB(".#+:"18(".#+:"M.(,)8-#A*< 250" %&,)-< g"L¥*M&-*< 71"
L.3#6.(#&+8-%3#(<=>@

pP%&,)"?Fg

hkoFhko'J<<<<<<<<<<<<<<<<<<<<<<<<<F & "?h$-F-(*%" O 3&--5"=>?7kf" O'.,,5"=>kbol" O'L.383&--5"
=>=hfk"O'L.38.,,5"=>kkl? "

p%&,)"SFY

hkoFhko"J<<<<<<<c<c<e<<<<<<<<<<<<<<QRK ?h$-F-(*%" O 3&--5"=>=blf* O'.,5"=>kkSh" O'L.383&--5"
=>=gkk'O'L.38.,,5"=>kkIf

p%&,)"fFg"

hkoFhko"J<<<<<<<<<<<<<<<<<<<<<<<<<<< QK ?h$-F-(*%" O 3&--5"=>=ghS'0 .,,5"=>kkfo" O'L.383&--5"
=>=ghf'O'L.38.,,5"=>kkfg "

p%&,)"IFg"

hkoFhko"J<<<<<<cgccccg<<<<<<<<<< @K ?h$-F-(*%" O 3&--5"=>=¢glo" O'.,,5"=>kkfk" O'L.383&--5"
=>=gbbO'L.38.,,5"=>kkl f"

p%&,)"gFg

hkoFhko"J<<<<<<c<ccccccccecc<<<<<<<<&RK ?h$-F-(*%" O 3&--5"=>=gSf"'O0'.,,5"=>kkl=" O'L.383&--5"
=>=gIS"O'L.38.,,5"=>kkIS "

fdhn}pr@¥%vY oe»3tEMGAYICc »+ A,
L &SR 6354 32, (*OI8(- (IB(* ("L M&-+<?@

%'#+(VR*-("[&*5V:"-,&*] =K@

%'#+(9VR*-("\,,2".,/5V:"-,&™*J K@

kkoFkko"J<<<<<<<<<<<<<L<L<LLL<LL << << GRDS-F-(*%" O 3&--5"=>=gSk'O .,,5"=>kkfo "
R*-("[,&*5"=>=gS0gSSkk=blfkho? "
R*-("\,72'_7/5"=>kkfhkgkk:k|fk20h "

»%,9 dAY%° O cB, fldvhn}octn b Qyvipisly OEeeiC ¥ Aty €1
m,] Es¥Ce&rALa" ce] dfthjm}®ieEn, c kdiCwX¥r §P€, ck
9C*4;%%$$%8:

#5068 ('$.(%38&(3HM>%/%38&(" %3[

%3(>%3&(9)H-(&/>)4-(&'1I_.,, K@ "
%3(>%3&(9)#-(&/>)#-(&11_L.38.,, K@ "

%3(>#(3*9_$&6*3".,.2'.]_ @
%3(>/3.M*39_.,2'./ @ "

%3(>C3.M*39_*06&,)" @
%3(>3*1*+69J_(#+ & (*-(_K:"3&<_2%%*"3*7(_@"
%3(>-)&BI®



BABZEA Y EINeY E°rc LZA] St e\zw,z

0995 1 — train

0990

0985

8 0980

0975

0970

00 [ 10 15 20 25 30 35 40
h

%3(>%38(9)#-(&>)#-(8/]_3&— K@"
%3(>%3&(9)#-(&/>Y#-(&'1J_L.383&- K@"

%3(>(#(3*9_$8.6*3"38-_ @

%3(>/3.M*39_3&- @

%3(>C3.M*39_*06&,)" @
%3(>3*1*+69J_(‘#+ & (*-(_K:"3&,<_29%6%*"3*7(_@"
%3(>-)&BI@

model loss

9C*4;%$$%8& ] si€% A, cO A-iY fC',c 0~ %A
LSTM &o dalnlcdl JudAj

jT,Zh ,c kd¢¥nv¥Q o jidlthyn le@hYc -ad %A fCRAeEsY fCAe -
A A ou€~nS¥% -h° (% kdAdlih,c ¢¥% jtadA kdi% sdnA] r
mij 1C'zt, dA%cE€~n%c ¢z%I1 on,cE d%Yc€~n%c kdAdI
% j-‘n~% _ c dA ,dzeZg ojd%nu-c -‘cCn,c -ad% /&£ le\m
229 kdAdih,c ¢¥% i 0B «kd] W YsAnkdziidgn, c °cCY%AE kdA
kd",Z,c/& kd%€~,c 1Cy ,ZA kdAuZE AL kcedtnAcAk kdzl
dA%€+T on,c kdzxli¢n,c kdjC+eC¥% c/A& kdlazAls AL «d-
BY Od®InAxG ,vn¥ e jit%i&E c=€u j%AY jijd¥%nu-c kd



m Ce€fRI¥. .Y EZJEBYYY

2%l O mATUWAR ¢ def ECnSY% d¥% tnAY Cy j-'n~% c ,?
¢Ys radA . c »z,c c,A »TZAmAE «TAMZYRS adavgéacel >=¢T,p!
fdv¥% fCAe m,] Vcflc %v, K 0B W dZA WC 4Chd T Coy kokdg 1 /E
0% cCfe 7,ddZ% ¥ Sentiment analysis ,jdZ¥ilem¥% ST €1€u pzg
€+A c/E °dzy'c/k fdu-"ck&E «°cC¥% ,c/E Vcflck ,idZ%, c
ze el Zig-a/Ee 3 o m,] d%U/E oc€y'cAE kd%zA% c/E kdA
i€1dz% kdb- A£Y 1h1% /&)
%dvAA d%A <A c o~ %@Iehcc«lAAYLE~NST %c,t ¢ %d-
»ad+ c tAA c 17,1 ¢TAg-c (%% o¥vikaR, ;W ctA&ifdlk B yen
Advmc o- «TA’n,c jit%i AuCm %Y ¢z%I1l on,c kcfdh¢, c #
kce kd%lz c «,S% T-} ¢% Auc,~n%c »nl «€z% o0, -+ Vf;
Yoz, ¢ —dxA jade] TT,™ ¢ -¢-MgIdAVTTS mi-yvd © nc ok g
mij 1C’z,c »nl O jh,dS,c/& jhuC¥%,c kdAzZ,c kce kd¥%1lz
,idZ% c -Ttzn, ®,™ i€¢g AYc€~n%cCcA o0,!c »1¢n, c tAA
fifEM kdAdig jiC¥%viadd] fhPnise€d; A «d~ ¢ »1¢n, c /&
jAucC¥% o- jgf€%,c kdAdiht, AgdZ¥%I -zd=gt RS ¥, ¢ /A ¥
jia,% .c ,i¥ kdAdih
»1¢n,c mlj »ad*,c -Ir¥an,c sed%A %Y %c/AE ®ISA m?j
1% ¢, c »t¢n,c tAdAY «d%njc u,l ,jd%%-c,kKTA Nigrgxed
on,c/& O d%lad+xm kctli%,c »2¢m mtj "1%¢ c »2¢n,c Se
°c€~n%c EsY O ji¢ing, c jit,c jv,d¢Y% k-dv¥% (% €1€¢, c
fl,d% c/E o0,!c »i¢n,c j8%cCg d=+xgd%lpUisemss, c 31
jlad’yac
0- ,idZ% c -itzn, ssC%A VdAhg »+At- O ,jdZ% c -1tz
IMDB kdAdig jiC¥%v¥ °€~USBA @ hi-iken dcS ot %4 v v
R*410 kdAdig jiC%Vv¥% jhnzY% o- -¢- dg jA%-% dAAY o-

o,dn,c *Cz,c ,hj Keéedfig +tA | OC RvEY
78S 0% 56" HSUE ("HEEM"
(&%8B&'6-"<"g==="
9IB("#+:"/8( #+@:"IIB(*-("I8(*-(@"<" #$6M>38.686.(.9+2$8B&6-<(&%68B&'6-@
»nl 1,,c I°C,fdh}igEm ¢iniCl¥%vY¥% m,] kdAdih,c jjC%vY

kdAdih, c jiC¥%v¥% mtj i,2A o0+!A dA4¥ jReryvsAiz, ]

18(".#+



BAJEZEA Y EineY E°Ac LZA] OB e\zw,z_

"?hf:"fb:"Sgb:"g:"
hS:"??S:" 7bh S7bf9 "ffb:"fog:"
M ?kS=

"./9J3#- (9J7 "?1:"SS:"?b:"If:"gf="khf." "bSS °fog bg 'Ilgo:" IIbO bb ki?:"
Sg "?==""If."of0:"??S:"g=""1 ' : : g7
fk:' I ”hS Igfb 9?7,

?2?:"1?S= Skgk Ig
ghg:"fS "f
Sgh 'fk="g: bk 'Shf:' g’)l

272:"l0=f"25?:"Sg:"h=:"flbo:"
: kISSgth'??S?I 'S=S:"7 = "?S:"b:"
gS:"go: ’)’)I?o 'k SI=2"hS0:"?S: k2l 'Sg?:"0:"?9:"Sg?:"g: "$252f:"2S:"fo:"ol:"0=: ’7SI "?S:"k:"
SfK@"

—"— (93'7 "?h:"b:" °kI:"ffh "h:":"S=1:"SS:"lg:"Sgl:"0:"?=b:"?|:"?Sf:": "°So°g 'Sh=:"?lIfh:"g:"
?bkSf:"?SSgg:"hfS:"S=ko: 2f?="k:"??9:"g=: f—g "?S:"lh:"l:"?bo:"g:"Sfg:"
h:"fo:"???:"bkk:"?=S:" : ' =kk "?h:"Sflg:* °bggf 'S?:"Sh:’ kbog "b2fk:"
g:"Sk=If:"?b=f:"kS:"??0f B "fg: SS’7 o=k Sk ’JSh Sh ’>’>o "o kh

S2kh:*h=k=h:"?=hgg:"gll

Sh:"Sfk:"k:"If:"ofbo:"S=k:"I=g:"?= 9=rog: th = SIO"'S:""?S ’7b g "2hl:"2hk?: hS ' g’)
b:"?hfk:"SS:":"S=I:"?f2:"kK@K: "
w610 < M (@

kd%lz,c T1%u -¢-,dg dAnv, 6 d¢ ¥ O%m &° kiddddd hh cc nd, Y kog
midAfc,umSyEjhm, % kd%lz c jziz’ c *c€ij’c -r%mAE O |
LI77C jSYd~,c jYEZO dBYME~N%C ,rTYemj¢@cldecYj¥elz]h
jvlz, .. Giz%c *€¢ . c/E O jle€kizj%-¢€¢.,CuzzAE O d¥%
Ahn” d¥% j- JodtEc8@ihg,2A Vds. ] €1, m BAOcph AECEZ ,1¥

d%—-1Y Advm=-c c,A "pj 3Az%I1 O

B&'68#+6*C"<"#$6M>1*(8B&'68#+6*CO@"!"1*("YB&'6"5"#+6*CZ
#+6*C8B&'6"<"YL"5"0"7&"™ O:L" #+"B&'68#+6*C>#(*$-9@Z""1*("Y#+6*C"5"B&'6Z
H+6*C"<" "

%'#+(9V"V>j&#+9I#+6*C8B&'6 J#6CK™" #6CH+"C8(" #+I#+6*CKK@ @

%' #+(IVO&-H#(LNV"H#T"[8( #+IH+6*CK<<?" *3-*" VA 1*(#L* V@

0*"(821)("-&3#6"()&21)("*+.(&"6&"S.04+1"(&"H-"-%&("+&$  #+.(#&+"--2$6"B)H3*)"&T"
J., 0" #+" B O, 06" T¥((#+1" &+" B.-" 646" ).+6-"7.,(" ).\, (*-" (&" .3B./-" 3#T*"
(V#33-H&(" .S (" (L MUET 2% &2 B " & T (3 H("-(&+ 13/ +6&S”
(&"L#*B"&7“3&L*"#(" & HUI*"RT L 21 (246 %' 862 K URT BY,  H(U&T") &+ THIS"
&T"&2(H6*" (868 (*.33"2+HG2X"-&$ BHON & T 6 (H&A"H("HT"&2(")"#$. 14+ . (#&+"M*3&B"
0F40" &7" G2+ R BHLY A" (&"$.0%-" (J#-"-(*(,)"-(*7.+" &7"-&3HE" #(" () &21) (" M* 1#+-"M"
(&S, i+ (H&H-"M261*(" B&'()B)#3*" ()821)" &0"M'&O*6&B+" B, #(#+1"7&"*L*" M*((*"
B**"321#."6#L*-*"7& " M261*("3&&80"0#,046". +/"(&"&7"$.04+1"#("&2("M&-B&'()_-"7&33&B-"
T&FTTH (M-)&B"(&"-)&B", (" #-"T SH3["2-"- ¥+ S& ("L O+ 1"+ (& (&
BHLH(_THE(L(+6" (&7 S 116 ) (#+ 1B+ M2(T2)* " M* O34 23("-"
#(' 1" THE"Q B8 1826 LHE" "=, ¥ [ (#4778 (&3 ¥ &T" 4% 78" 'B#()"&7"B#36" (&"

&+ #-"L*["B&'0"6.0"()*/"6&+_("6&"6L6"BH#()"()&-*"()*$

+*1*(#L* 1

j¥%t TEYCmc}»1S+m €1,A dAARdCQ T Hhde i, g%
IAd” ce] jih’¢,c dAnzhe 0= dA d}e] ¢¥% ¢z%nA mny TC
g dA-T-A O §%*,’°Y kd¢uc,%, c

5



I Ce€°fBI¥. .YV EZ]EEYYY

dA[c,u] ¢z¥Hh®ris ¢ jv,dt% c kecVe,u] ¢RMIGERVY ,-CT A
, dA, jhSA dg j, CA!

B&'68#+6*C"<"#$6M>1*(8B&'68#+6*CO9@"!"1*("YB&'6"5"#+6*CZ
#+6*C8B&'6"<"YL"5"0'7&™ O:L" #+"B&'68#+6*C>#(*$-9@Z""1*("Y#+6*C"5"B&'6Z
H4G+C <"

%'H+(9V"V>|&#+9I#+6*C8B&'6 IH6CKL" #6C'H#+"C8('.#+J#+6*CKK@ @
%'#+(IVO&-H(LNV"#T7"[8(" #+IH+6*CK<<?" *3-*" VH*1*(#L* V@

A-iY «Cz,c At¢-~ d¥% E,A/LE oacCZj -zZg kdAdih,c .
18 #+J ?7SK

""p=k:"0SI=?""' Iogof:
"?ko:""f ?: Ilob """"" ff:
e g
gkbf kab

— D[ gy bS: " P0=:"""g: .
— g "0:"fk=SS:"fo=2?:"f2gfh: "
g“Iogof""""?k "f'7o—— ""'70 b:"?2?gS?:"""g:""hobf: "
Q08 09: | gl bg: " f=:"""0: " Skoo: """ : "
S h S ==y SSrs|: “"ngo G = "
= G SISO S0 200: " Sg: " 2k Sh: "
=g o "Ski""gbS:"""ko:""b2g " S?; "
og==:""k:"""fo:""Shkh: I glo:"" 2fk:"""bS: "
— g ] g =y gy e G =gy e
" g gy S ;) I:""bggb | gy
Sh:"ig2g=:"""0: " bk Sh: S ok: "
w s .




vAiBged Y eirey Eonc LzA] 9w oY1 YZDN N

oh:""k=S:"'S?gS:
b:"Ib?b: ™™ SS2:

%Czl, A>174ﬂ1/4-VE »nl QY#LY %d ¢, A 1CS,c V% %~ C¥%,7/
ﬂ(;§,c -V %o
ssC¥»WAdAg o- VEh,c %lc dAAz%IA -%an'c €° dATE, kdA

785" 0% ->$&6*3-" HE%E (TFG2HH(#.3 "

78S OF SBIF HE%E (pSMAEBHHL

78S OV >3/ #S06& ("C[Re A
*$M*664#+18L*,(&'83*+1()"<" {S""

$&6*3"<"[*G2*+(#.39@"
$&63>.669p$M*664#+19(8%8B&'6-"*$SM*66#+18L*,(&'83*+1():"
#+%62(83*+1()<$.C8*L#*B83*+1()@ @"
$&6*3>.669c[ReP=-@@"

$&6*3>.669]*+-*9 7", (HL.(#&+< _-#1$&#6 @@"
$&6*3>,&$Y6#3*03&-<M#+.'/8,'&*+('8%]  RIHSHAX< 6.5 "
$*(#,-<J .2 K@" "

%'#+(9$86*3>-2$$./9@ @

e&6*35"V-*G2*+(#.38SV
88888888888888888888888888888888888888888888888888888888888888888

"C.Y(I%r@ T2(%2(]). 9> 4.8

<L LLLLC L CCL I LLLILLLLLLLLLL L eeeeea
" *$M*66#4+1"IpSM*66#+1@" " 9;,&+*:"g=="fS @™ ?h===="""

" 3-($"9c[Re@" " 9;&+*"2==@""" gfS=="""

B RIGPEE@ 9,8+*"2@ ?=7

<LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL L <<<<<
R&(.3"%.".$-5"S?f:f=?

R'.#+.M3*'%.".$-5"S?f:f="?

&+ #+.M3*%." . $-5"=
888888883888388883838888888388888888388888838888883838388888838888
;&+*!

kd¥%gzs€dAYs€~n%c gdS, c 1dr¥%dozol; MkidAtk © dE4 g %
¢ 1 VEmbedding j+h ™ embddding jth™ °€~nSA Hdhs % e,ffeBc
kdAdih,c jiC%Vv¥Ys ¢% |
seCURA€n%!c 1°C,c %dy

$&6*3>TH(OIB( #+:"18( #+:"  L.3#6.(#&+86.(.<9I8(*-(:"18(*-(@:"*%&,)-< g
M.(,)8-#A*< fS@
p%&,)"?Fg
hoSFhoS"J<<<<<<<<<<<<L<<LL <L << B oK ?=f$-F-(*%" O 3&--5"=>lbo?" O'.,,2".,/5"
=>h0?g'O'L.383&--5"=>th=S"0'L.38.,,2".,/5"=>0lf= "
p%&,)"SFY
hoSFhoSJ<<<<<<<<<<<<<LL<LLLLLL <L L < <G HK " ?=?$-F-(*%" O 3&--5"=>ff=" O'.,,2".,/5"
=>0b?0'0'L.383&--5"=>fkol" O'L.38.,,2".,/5"=>0Skk "
p%&,)"fFg"
hoSFhoS"J<<<<<<<<g<<<<<<<<<L<<< <R o=K ?=S$-F-(*%" O 3&--5"=>Sbbk"O .,,2".,/5"
=>0kgl"O'L.383&--5"=>fShS"O'L.38.,, 2'.,/5"=>0bgh "
p%&,)"IFg"
hoSFhoS“J<<<<<<<<<<<<<<<<<<<<<<<<<<<@ocK'?:S$-F-(*%"O’ 3&--5"=>SSgk'0 .,,2".,/5"
=>k??h'O'L.383&--5"=>f?SS"O'L.38.,,2".,/5"=>0h?f "
p%&,)"gFy
hoSFhoS"J<<<<<<gg<<<<<<<<<<<FhkK?=?$-F-(*%" O 3&--5"=>?k?S"O .,,2".,/5"
=>kKSh="0O'L.383&--5"=>ffkk" O'L.38.,,2".,/5"=>0b=| "



Ce€fRI¥. .Y EZJEBYYY

, S*C¥%A c VceoY »1T£n, 1°C . c %dy O s*C¥%A

- &*"<"$&E*3>*L.32. (I8 (*- (/B (*-(:"L*M&-*< -@"
W H#+(OW,,2.,/5">  STHV'{"9-,&*-J?2KP ?7=-@@
\,,2".,/5"0b>=K

m.] ,ZA dg ..dn¥¥%c Gy Yo QAR %@ E€2mA ¢ ¢cz%m €+- O»
3Az%l OAIngd¥sYs seC%LA -—=Y "1, seC%A c ¢c,A % -~ O 3,
3Azyd d%-1Y Vce'c o,dj+akcyedejddving A -}-Lris WwadnA ¢
d1C*4:9%$5%81 ] 1+\m sed%A c IAd € 2% jo Gk skdps A

OC*4;%$$%&act c Gh=3ldgf d¥% O A-jY s<CY%A

Juollanlla
, i1, 'njjeadw%yY jih’'¢,c kdzhZ, cifo,4unidh e, oc AdENZfrep—+m
, E€%.c jiTC™ kdi¢hn.c »'OMMnkdzhed® 18T, j&i
dA1zTA o- j'd} i, ce jit} Cu/E fhSgRHERS e i¥G™ kdich

Juaal

UdAAY, -~ j3gr. CdAd¥mAm on,c kdgcCh,



1O ¥e__8e&

NV YVak YAYr ABKY K Ya ¢ %l]f ©

EEH-Af-Y E»AQ;Y €E fi

E»Ae®- WE«|f-F

EE|I-Af-Y E»AY¥Y1zYTEPNI-Y —2z] FEI-Af»




10 EE|I-Af-YEESA4Z Y

doa0.oJl
jhepl. 2 A »TAd-Y "8 Cisea %A dAl jiC % D4 » i€ Amoutne A
¢ig T1i%n, c j-joag pidegAmMfem j£1,™ oA »Ag j'd~,c j
kdAT; ,}W YOORSAMNADEYEBAC 2 Y0 -} ¢% j-11T% ,cAE ji+tixz
YEET ,OokBAYOKdzWZgD fd n}tige€n,c kdAT; Y% d%kAgdZm
c=€u i€lu taOR AN dtZIdg AL OkdzZy-

Calgollgagoiiga lo

generative €,C%:C¥0A!c »1¢n,c 0~ sed%A,c ¢¥% %diSlaf ¥

O A% % c olyiGdss @M ddiscriminative model T 1% &> @A

d=+-/& kdAdihtdv%kamegAM © edntizZg r'Y £Y ¢inb- ¢
€.Cl AAz £ O kEh Q@B Attmh - O3, « (% "ue¢, . c mij
111 % @RCY%seClA ¢ig Ti1%nt, j1A% j£1,™ 2dAA jAIC

, kdAdih,c T..€nCies&¥% Anti, 1
kdAdih,c -'-, €icC°tEMs=EBA fdvAig

UFc ZY%fuYUk}YAYs e U Q ABHM-PA

hnm kdAdih,c kdiC%v¥ j-~dr  ,I€+h X dtbAdEC M T..
ekd-,d~%.,c £Y —d%A"c d¥klad+im «Z&zQ Yb,at?Ph o«
kdAdih,c jiC%v¥% ,Th” €y m,] AhZm i€1€u kdAdig VdZA]
ekdAdiht, ol¢- c €.C@rayjp , tBEFERAUE mtj jit' c

k-T€¢n,c "¢g Y i€1€u kOAIAQECavALV dZA
jiC%v¥% kdAdih, ol¢-£cCis:@%n/ic Y€ PAY CRAU ¢¥% oSiTa,,
»1enl %Y seC%AY sz%l - ¢z, k-T€¢n,c Y i€1€u kdAdI
03,,§dipxi+z,¢c kdAdih,c T..Cn, AqudAm doeddm, ij.u g g
1..Cn,c m,] seC%A c bgCont¢hxmiARz%IljdhZ c j-,¢%

olt- c

LZES EI"1T ESE » O-S ¥|/&Ee Ef-VY |kPZMKZ Y HbEE)

NEe|f-B, uE» LZAIO \Ee|f-Y cZ¢ZI] EYAYn» t7¢ ¥
€ E | - ¢(DErSity estimation E§Zj°-Y €E|-e E |>E&%KYAYNMA?Z



BABZEA Y EINeY E°rc LZA] St e\zw,z

EWEY,-Y €1£ WZ%fu® V2 BEREZ|ZE[C€L(@ €E|-e L YESLS
LZE<ACIE|m cOlj» %EA°d - AYRYROEZ G A°E @ DYan B/
C{AmAY-Y x ¢ {

Coclhanll A3l Judiuiog algoll galod

c=€Tx¢m ,r'Y -z @¥BNeWdkydhiic ¢z%% c ¢% -¢vm j%d
t1v%%el%++zm %Y ¢z%] d% ...Advnl ojd

mtj jrad-,c if€+x,c ¢j de,,dg ,CZA %Y fVB#EY dAEYE |
VdZA] ji-Tz, B-d%n'c ,r'Y »A= m,] 0¢S,c d¥%-1Y fvi
®,8.C ¢V ,irzg f¢'Y j1zZ% ¢ AA -y %kdBidihec diays
on,c fl,d% "¢ "-A (¥ €1€¢,c °c€~n%c d¥%-1Y ¢z%l O E,
#E CY%sd%A j8%cCg “1%¢ c »t¢n,c -r¥% jIt11%n, c j
0- ,}W Voo 1Y (¥ jjlglic g, gdheAYYC U HBTAdGL C ¢ Y
,...T¢% c »t¢n,c -r¥% O o,lc »¢n,c ¢% E,}Y k-dv¥% o0-
.Te% c »1¢n,c °c€~n % cNorhod 94579865, FTd8YD:c -Th% m?j
oY j1gC%UdAd GAvede c tAA, ¢ jATCY j28AY 0~ 0Z2%,cC
j-tn~% kdivimc,n%c -1'C,c dATI- f4&dzl on,c efdvn,c
o,dn,dg/&E dA,T¥ ¢% d¥%ydvA ,r""c kdivimc,n% -c mtj
i €+¢Y% %Cum d¥% d%h _ d¥ jbih,c Vditi- %Y oA tAA,c c,A
jT,dn,c AmCS&} f,x1, -I'"C,c m,] kd%Ct¢% c i-dj2 iC8}
m,] sdnidi;Cam Q%A T-} ¢% Anbig id dz¥% (% -1'C,c ¢z%
o~ »t¢n,c AAz%Il ¢z, /&£ O otl+xz, c »,d¢,c o~ £Y ,mClh}
jTtT~n,c Anblg
AnAfd+¥ ¢z%I1 Vd',,c TdzeY ¢% -z« |hSAsgIJYW dATAg
—aY €yY -z,c ¢Yd&LGd Al Zr@gm %Y fvi- O 1,Zh,c
«°Cm ednz,c c,A Y, x11,,c ~E CHBIAC A 1zl jdrhccc o
STAT] "%'m %Y Azvwl Al CAsdnd jAMdYco- ,u-n, jiz,
j-in~% c kdidAA c ¢% <€ -T-m 3Az%l jAzvnY jifkc..
Al- - %¢ c/k 3iClhy—BY-3Az%ITA O -~—-% ,c 0ACTt-1n,c 3\



I($ EE|I-Af.-YERSA{Z oY

dA% A~ 3Y ji,dz,c ed’j"c »j ji,ZA ,AZAm 3'+j o~ -hx

d¥%g EE\BE®z ¢ dAm-}€Y% mtj -%¢l jid!t, c=€+¢Y c¥tl!

d¥% Yacemd W& A6 | Qind c%c A% AhTfE€mg>MIALAZA s-CLA
, -hxnS% ¢ Y

(GAN) éuagil ogail 641D

snfvimc,n%c -1€¢ng 1%° -¢-,c +&L£f mighklzenfE~-d¥% dIE
mtj 3%zy ¢% omzl €° fSz,c £Y »,'c £Y €+A c -z+ kdz
¢Y iefcC,c kd+1t¢n,c oA i€ad-O3r* % Ad=RBdrY ¢*% G UHE
3 e e3ydvA E€%, 0 «GfiG#mYdAARZ «4d 0N B~ o

.z ekdZy-¥% ,Zh,c Tdpsrd% wivpi,mCih%” ...dAu fif€m
e, »1¢m -r¥% j31Sg jLAY %Cum d%UE€A;] - A% YWiddzgy-% ¢ A
Oc=€iEWmokys E 78} 0€y «1” j°€g ,mCih¥%z.c fdh}] j.

AheY Mghgdh&’ . c -A jgCe* ,r'Y kd2Q 88 fC » NedtA K ht Ve
TvSm ¢’ c @¥Esdddiad’ yac ,1-Am ¢z%Il UshmMe¥ fig Vo2
ei,h~.c oY% ,iQf€HATEg, s ¢z%] jitizy ifC' .c -¢vm o
oY R-€g jid!t, jimce dAmd¥%Iil+mj¥eCnEdYc ozibtm d!
03,€¢g jvnA% c/& jitixz, c fC’, c ¢lg tiimphe, sAYs »1
"¢h,c d¥%A-¢g ¢% »t¢nt, j',-.c tTv2sCaMES{ihiel jzh
ji1€i,Cn,c ja¥LA~jhctt c A,A %dh¢im %dnt, c %dnzh?

CY% f d’ QINEB*4EYeC*, 1+C*4014%!", M*$S@EAB T, Cins €' ~.c kdzhs

€.CY% €yc/k I1°/KE e¢IgEfEY ¢TusC%A (% @@lunm on, c ¢
jixT+xz.c kdAT¢ c&E j-Tt%,c kdAdih,c ¢lg tii%nt, eEf*
»1¢nm on,c kdAdih,c €%n¢m i€l€u k8ACIHEVIIAEMN s-C
-1M Yovm %O fdrepyescant; fIf€n,c jjC¥lvy-iMin}c mtj d

jThT f56HY8>%,14%k dAdig i€id°O€6ZASBIZdAACH (g

e1,t.c ¢lusC%A ¢ ¢lg jy.,adv@Esglat | paQVT~ xpSod A ¥Z in | ]

dATT1%am ¢z%I1 -~ kdATj VdIRt % ik ANE L%, &4 ™g KezZ1
0ZA-ce kdyC, AhZm kyg&e dd@BA]cofCloo, % ejite- ¢ kdA
jixl+xz . c kdAT¢,c ¢% €,C%, c dAvnAilsdm 6 [-l1e:, dkdATA
»T£1 0A-tithyofomd Ag diifz€n,c kdAdig jiC%v¥ ¢ % dATLj f



BABZEA Y EINeY E°rc LZA] St e\zw,z

d¥%A-¢g Yc€} fc,%n%dg ¥%dnzhZ c fA£dzm o0ZA-ce m,
t17%n,c e-—=Y ®fdojkt %o@&d 1Y% W dZIA] edisiYi €, Coh c ¥%d
#H-1t%,c kdAT¢ c/& jiti+xz c k
drvan, ade 2729 j%€~nSY%, c jdh'a »d¢ & Zat & Qi Tjloy- m | ]
jTh’¢ . c kdzhZ,c ¢ YAMAE cInAMYE x 02 E€Ys n€ljCésiedYan
c=€i+¢m ,r "cjYeC-Aidthpy BYhZ, cimn], ¢3j8Mmd&c
ekdAfdt% c (DoEIESY,, ¢ eBMICYkdzhZ, jT1% d% "¢ kdledT,,
0A- fAETYO; gdifdrezne-BV-A%dzhe »A- -¢vm %Y oxl+z ¢
%dA-, cOodY,idA°j-TT1% c kdyCt, c IAd  d¥%l” €tBW:Y% O0A-
e-—=Y 0A-_c ,ih~.c %d d¥%ip- d%—1Y xi2r %@zt & YdAr
eYC°C.,c fAvn, %@l AzZ2migl %LOjATYG, j,d'Y mij 2 ¢n,c
l- .c

fif€n,c kdAdig jiC%v¥ sad’'} x+Cm kdAI@® siththlgCA €«
S*C¥%A" € C%.,c fdhnjc ¢z%1l fif€n,c kdAdig ¢ij dAvnA
fC',c ei*CuC¥%,c —d%A"c kdAadz,c mtj 2,¢n,c kdi¥%...f
oYa d% % d% Y dAOV-d@AN R 2Ce#n cc bE@hR-EGnzY% mtj 2,¢n!
€,C%,c »t¢nl oacCZj »°f Avn¥% ¢¥0 ¢y, €, QY5 Ad}e]
j AT ud” co] dYiT€4%2m “CiRIc % % dAd+inl on,c kdxit¢n,
O3,,d=+-& @QACHZAFHPWCETY fIfe€n, c koBWIFii vy &Y
°od° AAY Q@®igPpA¥Im:; j-T11% fifeVecdA Al »nl i,% -~
on.c ifC’',c xtTivLwkfg-~ "-,1€Q¥ +¢% "u¢.c mi; €iu -%¢
t1%%YenST d%” ¢1Szn,c m,] sdn@jmil KbAYYmE] ELCeés nT+dl
jizi+z, c jixi+£z,c kdi%Sn,cAAMAVKA MY rds®5-Sen, & »
¢lg TEMme Sz@fi+ikdAdig sdnA] e &M fgdFB/mec 4 Y
€Eyc/E I°/E efCsn,c e njdrP+ed Adih ,¢4m ML, c K
°fE Ef-Y C|-AY%-Y Elre .Y E°"EEE |ERLAZACFPVe
E'E,%-Y cZAl YL IN " EEYE» TjY%fe E"E,» cZAl
ES€ Y- \Ee|f-Y cZAIY Zvg pOy %» ®-} |E|ve °fE
%OAZVE %ENE YcE2A % e EI, "-Y cZAl .Y %Y E
E-AETNVaYs H°NE- ¥ TEE VI WYEYs-Y ES§ A Y ZYU/E
Cl|AzZm E |8AA%EYY<« % e °i |-A¥%-Y Z/EnfAE Ef-Y I



(& EE|I-Af-YEESA{Z Y

kzfeS A-AZVE °E£¢S El-alav-Y cZ¢ZIN-YA EnfA?
,® 2> AlYaYy B°AE- YOEINT ZOE|ve\E«A-JZAEYZY» €24
Zf,” t§ZAfe ZAQZE:S °e Ef-Y cZ AWVN¥EPE« (DY
CZAl Y %] | 11%f - YYEEEFPA tne Ofu ' " Y ZYA " |
Ei,«1YIic2PAYLEY ¢ Z/EnTf)
, gl Je wujadl
"¢h,c drA-¢g Y DISFaj&iE g s RAY CVE @MC¥qe fifE€m
jil+i+z,c kdAdih,c 1..Czeropdrada s’ KH@W Vgh dd] AG -
IAd” COjhnikggAdig T..Cm ¢%% dANMY E€hG Yk dA Vs dnAG
jitey oy j-11% kdAic¢,c IAidb % dVQedAwic CA
O, MACYl Yo W S HY ..IECQWs e ¢ n, c ¢ YOZE A zat 36/ AdE
Jrenti@be e . ,c -—-Y @2 Ahpud, T on,c Vd3}'c €
r¥% ¢ ¢YaE o,..dAm eEdAm °c€~nGfdy, e Xse€AY Cz
TAEdzId%AYEE CY% c TAdzl E,}Y jzhe jLItA f/&Edzm j
% -S c/AE CI€l-.c/& KkC' . c/E fC' cOck NE¥MicskdAdin,
c=€ke¢tieYs ¥ YE~m %Y €,C%,Cc ¢
k-}1€%" 1..Cn,c Y% d=xhS¥% «€zv% T1Qdn4lyd NacgC%i kd/
agAnS% . c 1..Cn,c ¢¥% omZm dAAY A
-IM  j8%cCg jl,dn,c kcCS8~,c ,

, fC'.c €CME o, d%ymec (Y HaCBZh-kdEm
, T1%%zbs m,] dA[dZA] »m on,ctfC’,c A A ,
jiC%Vv¥ ¢% ieC}Z% ., c fC',cAE dA[ldZAZb»mitthiipt fC’ . c ¢
, jite-.c kdAdih, c
, Sc,}-€A| k-d¥mie st
j-Tt%,c fC'1 djgPEdrAY%G CcM| %V ZAg &dG¥% benTi-tun, c j,¢
, d¥%z . d* t1% A%, c dA,hne¢l o
j-Tt%.,c fC’'t, je™d+nY% c digk,Zh~cedhSy %BNVIdAg tiv%
, jz,d" ,hn¢m on,c jixlxz, c fC't, je™d+n% c dig/E,nA-c
, d¥AadBremzpZ . c dnt” ¢iSzm (»nl O i,n- -
jit¢-.c Td}e2c fC* o'dzl oadAA s,~%" fC’ ¢ c=€lu ef€Y



vAitged v eirey Eonc LzA] 9w oY1 yZl

o,dn,ce¥N cs*C%A “, Oiz@ell , Cn, Tdr¥’

€5C17/25!C

j-Ttva ifC
- |
—_-’-H '

T..Cn,c ¢% jI
otihc

@)
O

EAE: VA%

%% ¢

{

«1t¥s ¢ o |
jT€i. i€’} jzhZ, °d¢gczzIA,C
, GAN wujaji

c,A, iecaM Chs; fORMJAdIg jixi+ty fC' kc€,C¥% VAZA] C.
.C%,,c "¢ EHARGA ©1t% e“C~,c -h° !,

(Yadz,c AWWBAL|ZhC Acas o LyEVE9AS% cCg €,CF2,c m,] ,1ZA
random jlacCZj if,h" ,%" c 0= ,u- €laevvector}€%  -%¢T 1, ¢
%Czl I ;¥E8Q0,d%nyd IICn@M fmCi,c sdreed jit%i VEh,
tnAl random uniform d Y% Tac C Z jraddériynbmAlYs dEM+d | d%lacCZi =ie-d
Lg:T; o= ,Tu-n,egTAAMbany-c T.TH%AA kdAli €,C¥%,c

, €,C% . dg "t¢nl d%i- ji£i+xy kdAdih, o,
jlxi+z, c kdAdih,c 3Z¥WijYWRZTaE ;¥ S%adem q [1ZA
CAI%YALGT, i€,C%,c RUAbES AY.Cm kMW



1( EE|I-Af-YEESA4Z Y

s,~Yil+xl+xy Td}e2c ifC"' |Hedd2AYd@ M indAT oadAq «A'Ys
. jzh&@,ev%dA[dZA] pah ZEY
0.cCn, &M% Q5%eQps, cESHeA, | ,IZA O fife€n c VdAc
dAAz%T ¢inzhe dATE, %" jlusCYHALMETYA] fi§m j«jnhd f1f€
Tt VEAECHh |~ ¢ Merapame, 1&* Ol,-* YCwn, dAfdhnic
tA,8Z.c fc,¥ mlj O fcA "¢ ¥sequentainio3Sh$mc %Y oAc¢l
“he TT,™ ¢ 3 ,g °diz,c "2~ AA0Y%®B A2 2100 jic€h c oA
A O %c../E"Cc “he "¥Hu AbzteB »2€¢Q €3,C%cc. FEAZI
, kc,¥ i€j jit%e . c AA f, unr
jA..cCn% ¢ihij-.c €yY ifHctolsuBY xg@® V.Fvpovei c, A
t1% % ,c/E €,C%L, ji, d%udc ifdS~,c %Y oA¢l c,AE ,}lc
, d%%ace 0A
AL R
T+ mEOQYAAE "¢ fi-,c jivimc, nibhiaicna Y ods Tod 1.
¢1Szm mtj giembifehy-°Q HAVdmBA| EC £ ,c juf€,c
O€.CY% . c fif€Eng °CAA diveenh | jOPt v €¢& jizitz, c kdAic¢ ¢
JhpfigdeT d% GO CxA d*ilegE83%, oo f TAEdzT AA~-
. j-tum8j, %Y 0@Y%B%&!I2Z4he, “,¢A i,%nSY jSHHAYs 0= ¥dnzl
BEECEICE T IETY
olz¥%,c mASA Ezi8g-" %Cz1% O jtit° fIf€m kcC3} €¢g A
«dA ¥ ... c Qlash edhitibrium <dA ¥%m.AGregiEhzt c -y m% ST »q
Y%..cCm o€zl ,}lc -r¥a%,c Ar¢-1 d%j ,ZA,c "!g O Alvj
c¥%fed® ®fd-.c €¢1 », pizg cEEU cHETNdELCH-ccdkA’'T d¥
, JvnAAY c/ jit¢- c kdAl¢ c ¢ig -

JHoodloyjyai
SFEACE~DO¥ndufted, & dg AvOd mjmtheAe o ™E ¢ T 1p4kh ¢
Ve (TEASNY: VetuY ¢ VORI pemoE! 1 C V¥ d&reGaEnm - c
fife€n,c jit% | edAv¥e ¢ zi%e] G T&HRA cd ACAYC ¢

, VacfdSYW AATEYs £Y oxlizy Td}e2c "%A mt!j ¢
& VdZA2 dAUEsqukicoE, ¢ kdAdih, cfe% jATe c €y



vAipgedny eirey Eonc LzA] 9w oY1 YZlN G

Avnig YEhA i€yc/E jzhZ T % ek BV, sdn]l O dA/
k-1€% dAY%ETNIEACH . c jAT¢ ¢ VAXAGaRGE+NSA I, ,c/E O
, &):V;; oadAA c trdAelc €1,Cn,
, jThif&mdAdih, c jlucZ$=~ g cuenSon , c
Od¥%¢Y ¥%-%e¢m ¢inzhZ c %Y ¢% »¥,.¢c mti$ %c...E¢c pl
c, A TT1v%%e.. £Y pl€zng "+- B¢ €AGHECQ AR 1YY »A] %o
TTvWoeeY ¢1Szng °C+A dAAY ¢ ¥

j¢™d+nts Z5G] gemt ¢ A ~ CNIAGZIZRS A |
4
% LaM L Fi LgT, Z %4 T;
uab
fd%nylyd; G jb- Epp-.c m,] 0%nAl I, ¢ tmgdApdy,T1€xm Td

cz@baddA'e,c j,dy @infigndckAe h ™ @ASH rotni+z | ¢
omc CzA ¢ mtj j'i".c AJA~
% LML F:LT, 2 %T, E:sFL:T;;Z'%F MT;
| kdATj ¢% jlatujjiCemigyim JdAAz%I
S'a

% "Lav L FI

KLkT0Z ‘ WkT,0E :sF L: ;07 ‘ % F MKT0]
vau
t1%Z5pere€zA dACjs c,A -zg »¢,
3/21 S vl T s v .
) L F_t Oe1aiig; Z %%.T,OF—t di Z %8 F &.k) 'V, 0A

k-dZ¢g Y% oadAq «AZ%3. dig AQOAEREH] €° AAY (Y% »¥,
, -IM kdzhe ¢ % j'd~,cC

aJgoll wyjai

dnt” m Dxdgdh+:, AAISimLWEElml; € C% c fif€ng
j-Tt% Rruddeg »1¢A on,c QxliBszbZfCc, ¥ m

, &):Vi; tmdA c sdnA?2 t1%Y A 6aCGZT-} % & "AV,nAAL YEhA



I(* EE|I-Af-YEESA4Z Y

T1+n ¢IAUMEA dAA dA-EA BIREO-A @B4L A #,Co
, TT1vewWae} €1,A dAA”
3 o dA axTmle “+- dAAI%WEC... £Y uc,pid, %o -
t1%¥eeY - Cu ¢¥% R-€g €, C¥%, c ¢ISIB-pd}m’ °'c €z, ¢
Y C %Y
YudenZds jgce Viu %Czi% “+- dA[dZAJlypthoh c-kdAdI
o,dn,c CzA c mtj dAsdSlvkmidek Az %d Adih, c
AL g 2 % F &K) :V.0A
&k :VioNT j-T1% c/&E ji+i+xz, c kdAT¢,c ¢ig j RS- 1di%n,c
sfe€n,dg 2,0 %tY%EBEE»1¢m m, ] T\ ¢c,A ,-",c ¢% d%hi
j-in~Y% ifdS} j,ce °c€~n% dgdipizighed geadenth «yd AA¥%Rz 21
JAL Fop 2 988k) VoA

c¥%,Th" sf€n, c % QK VQNs %C o B € K § 2 fe AT c t
%Gzl ¢Ojdz G VY |h@Sechems » d=-T¢+ € Gl c VeoY %
, 1M i fd™] mtj ol% ,IqZm

%Y Y AZ | vA%IWE Q ¥
Yad” -zZg mAe«'c €z, c ZiKTEELM doNA ALl ¢ Y
IEJI=T,8:) &; |_—tsqé151.|.iBi Z‘%&:T;oE—qu Z' @ F &K) :V.0A

%Y ¢V »¥,, c MANARY Egz0aeMigrtm €, Cafd fiEyzi
mtj fvl 3 h1§leezselt+m CA 2€A ¢ %N-YOAMFAS }ce Y -2
, AL Thieaws  c
GAN UMNIST 6222 jgun 2 Jg]

R -2B094;"9@ AR*40 °c€~n%kedgfaCcijzhe ,1-Am €1,A »S+ ¢ ¢
jgCr3wmCcqd}e"g °C£A

78S (+-&'TI&B>0M ->6.(H(-"  HEU& ("$+H-("
78S (*+-&'TI&B>0M ->3. /4" HE0& (WHY2(:*+-*:"U*-). %% "X 3. ((*+:"]' &%6&2(
78S (+-&'TI&B>0* ->3. /4" HE%& ("Q.():&'S. FHA. (H&+"\, (HL. (H&+:"~*&4.664#+1S]
7'&$" (+-&'TI&B>0* ->3./4-"  #$%&("c*.0/U*cd



vAipged Y Eirey Eonc LzA] 9w oY1 YZ

7'&%$" (*+-&'73&B>0*".->3./*-" #$5%E&'("d%[.$%3#+1S]:"g&+LS]
7'&3$" (*+-&'73&B>0*.->$&6*3-" #$%&'('[*G2*+(#.3:"e&6*3 "
7'&3$" (*+-&'73&B>0*.->&% (#SHAX-" #3%&'("6.$ "

7'&$" (*+-&'73&B>0*.-"#S%&'("H#+#(#.3#HAY- "
#$%8&.("$.(%3&(3HM>%/%3&(" %3[

#B%&' (/- "

H#P%&'("+2$%/"-" +%

#$5%&'("(G6S

MNIST kdAdig jiCSami®ezng »° »q

9I8(".#+:"8@:"98:"8@"<"$+#-(>3&.686.(.9@ "
18(" #+"<"9I8(".#+>.-(/%*9+%>73&.(fS@" O ?Sh>@FSh>g

jiC¥%v¥% °€~nSA ¢zA fdhn}c kdAdig kdjC¥%v¥% EY kd¥%

oA dA%€~nSA% on,c i€lyC,c kd¥%-¢ . c %Y piy O jgCtsy

jYa-i oI’~m »m 3, O jizxlizy fC* A A jiiT¥z cc Kdhae 00
»AAYt Y <

O »vzg x83% Avn®%  ifC' AiS¢AE kdthd c +€¢n¥%

fif€n,c kdAdig -TCzng °¢

5 1y

I8(.#+"<"I8( #+>*-).%*9  b===2" hol @

89%0<,+§ACZK+}€Ys 0+1m CA €,Cl%.c ¢% “,!.¢c chtivw/E
'nYs j8%cCg VdeC—_c fd}e] »vy €1€zm »nl fif€n,c kdA
j¥.1° dA,hn}c Qnii-Aghe »nl d¥% iedj jY%ichdb¥iDimm,] AnbTAr
LeakyReLU “TZAm Y% jih’j 498p* j-1r" jth™ 9qd}e2c c,A -}€I
jthd c dAitm O ji-~dApgiye¥idyam ji'nY% E,}Y jth™ «1-A
jit} vsc,}-prh™ c¥% I}YA O pihkijIgagm on,c ji-~%,c
iAc€,lnm «i” jI[fA& ji-~%,c kd+h§,c YAz¥h ¢l di-~,c
fif€n,c fC' 0~ -Szh,c *€j ¥ sc,}] i€y&E -z, jih'¢,c di-~

o,dn,c CzA c mtj € (

L+68SIHS <" 7=

1*+% (&"<"[*G2*+(#.39@ "

1%+* (&'>.669]*+-*9  Sgh"#+%2(86#%<'.+6&$H#$@ D"

1*+* (&'>.669c*.0/U*cd9  =>50@

1*+* (&'>.669]*+-*9 (?S0@

1*+* (&'>.669c*.0/U*cd9  =>50@

1*+* (&'>.669]*+-*9 ?=SI@@

14+ (&'>.669c*.0/U*cd9  =>@@
1*+* (&>.669]*+*9  hol ", ,(#L.(#&+<_(.+)_@@

fC .c £Y fIf€n,c jiC ¥y sek %7 A T34 AF C’
CEyc/k Ilg mitndéz %"~ OCA.T#3A42c »vy %’ -~ c,, O €,Cl%,



N EE|I-Af-YEESA4Z Y

jiC¥v¥s ¢Y% ifC I ®.C¥% . c j$%cCg dA[dAATIAm j-1
jTfEkdAdig

BH-, HSH+.(&"<"[*G2*+(#.39@ "

B#-, HSH+.(&'>.669]+-92=S|:"#+062(86#$<  hol "

O +*38H+H(#.3HAF <H+#(#.3#AY->U . +68$,8'$.39-(66*L< =—>-D@@
B#-, HS#+.(&'>.669c*.0/U*cd9  =>@@

B#-, HSH+.(8'>.669]&%&2(9 =>T@@

B#-, HSH+.(&'>.669]*+-*9  ?5D@

B#-, HS#+.(8'>.669c* .0/U*cd9 =>@@

B#-, HSH+.(8'>.669]&%&2(9 =>T@@

B#-, HSH+.(&'>.669]*+-+9  SoL@@

B#-, HS#+.(8'>.669¢*.0/U*cd9  —>@@

B#-, HSH+.(8'>.669]&%&2(9 =>f@@

B#-, HOH+.(&'>.660+*0 7" (HL.(H&+< _-#1$&#6 @@

trainable j$T% C.c ¢ 11¢aANT -geanw: BzZn, t1%Y% c/AE €.C¥% . c t¥
tiv%We... £Y w-‘Falg¥me€iZnA O

I"G&SMH++6"++(B&0"

BH-, HSH+.(&'>( #+.MB<" X3+
1.+W+262("<"W+%2(9-).%*<9' . +6&$]#$:@ @

C'<"1* 4+ (&'91.+W+%2(@

1.4T2(%2("<"6#-, #$#+.(&'9C@"
1.4"<"e&6*39#+962(-<1. +W+%2(:"&2(%2(-<1.+T2(%2(@

hi jVadgRg~nSA ¢zA - tiAl-e&rg R - AM foEA &1 Ndzcc
c,A oGl fdf €L 1E, GeezESiYavng °CtA O 3.« €¢g Tiv
€. CWIEEM m ] Te\1

G-, HS#+. (8>, 8SUHI*IB8-<_M#H+.[8, &--*+('8%]_:"8&U(HSHA*<.6.$@

14> &SUH3*O3&--<_M#+./8, &—*+('&%/_"&U(HSHAT<.6.3@

O €.C%, c 89%0e Al A B IQ RiFAEYz [hZAEOLT A, h ¢ %'ic YEL
Yy i€yc/E jb- o= jixlizz c fif€n,c fC'E j-TT%.c fC’ c t}

is€z% c jbt-itethbf€n, dA%E~NnSALE dAg j'd~,

BC&--*-"<"JK "

1c&--*-"<"JK

657"( #+9*%&,)-<?:"M.()#A*<?S0@5 "

"""" M.(,)082+("<"#+(9I8 (" #+>-) %+ I=K"F"M.( ) HA*@

%' H+("9_p%&.)-5_"*%e&,)-@'

"""" %'#+("9_Q.()"H#AS_"M.()HA*@ "
"""" 9%'#+("9_Q.()*-"%*"%%8&.,)5_"M.()q82+@

""""" TR +1597:048,)-E2@5 "
---------------- %#+("9_0 P2g:" D%&.)'(6_"{"""_ O P?g®

vvvvvvvvvv AR +B&SH("&T HH o2 "+ & +6"HS. 1*-

vvvvvvvvvvv QA H> +B&S>+E'S.39=1"2 " HAR<IM. () [HA* " +6&SHSK@
vvvvvvvvvvvvvvvvvvvvvvvv #$.1*Q.(,)"<"I8(" #+J+%>" +6&$>" +6#+(9=:"18(".#+>-).%*J=K:"
HARM. () [FA*@K

........................ kg (117 0% e WIR"H$, 1%-



BABZEA Y EINeY E°rc LZA] St e\zw,z

TH* (*6WS. 1*-"<"1*+* (&' >%"*64#, (9+&H-*@
1"%0"#+("+%>-). %*9#$ 1*Q.(,)@:"+%>-).%*91*+*", (*6W$ 1* @ "
I"<"+9%> &+,.(*+.(*9J#$.1*Q.(,):"1*+*.(*6WS.1*-K@

I"C.M*3-"7&" 1¥+¥ (*6".+6"*.3"6 (.
[J#-"<"+%>A*&-9SPM.(,)[#A*@"
I"T+* O#6+6"3.M*3"-$8&&()#+1 "
N#-J5M.([#ARK <"=>Kk "

I"R"#+"6#-,'"#SH#+ (& "

6#-,"#SH#+.(&'>(#+.M3*'<"R'2*

638&--"<"GH-, HH+.(&'>( #+8&+8M.(,)91:[#-@

€. C%.c dAvnAl on,c fC’ . c mtj @, ¢iorcjxhAy %W © X'€ C:
€. CWhl, JE€EV% YVl @CA| dAvnYs °E~nSATPLYE@B ¢iEd+y d
oxl+z,c VozZ, ctdh¥ivinf gaaAg SO f€ng °Cx1 »q j-TT¥% ifC* Vd

tmdA ¢

rm—————_— 'R H#+"1+* (&' "

+&H#-F"<"+%>" +6&$>+&'$.39=:"2:"-HA*<IM.(,)[#A*:". +6&S[HIK @
[M*4"<"+%>&+*-9M. () [HA*@"

6#-,"#$#+.(&'>( #+.M3*'<"X.3-* "
13&--"<"1.+>("#+8&+8M.(,)9+&#-*:"I"*+@

O3,+ €¢g jvmdATdG coE £ 0EY TAYHIIO 3 ¢ 0o f¥, m A’
if/Ees -~ €Cg€iCE mEEzZS~ slt~ng °C+A
"""""""" M(&*"3&--"&7"$&-(""* *+("M.(,)"7'&$" ) #-"*%&,)

T 6C&“*'>.%%*+6963&“@
T 1C&“*'>.%%*+6913&“@

i #7II*Il<<Il?l!&l!l*ll{llS:II<<ll:5 "
T - L*A*+*'.(*6W$. 1*_9*@

O ¢ImgiMETBzA O€1,¢c "~g jgCnz¥, c °dVds) sdkddZA]
0,dn,c CzAg esaveGenerAtedimagdplotLoss

1"43&("()*"3&--"7'&$"*.,)"M.(,)

6*7" %3&(c&-9*%&,) @5

- h3(>TH12*9THI-HA<I?="0 @@

"""" %3(>%3&(96C&--*-"3.M*3<_#-, #$H+#(#L*"38&—-_@"

"""" %3(>%38&(91C&--*-:"3. M*3<_*+* (#L*'3&--_ @ "

" 063(>C3.M*39_p%é&,)" @

%3(>/3.M*39_c&—-_ @

%3(>3*1*+69@

e 0e3(>-. LA T#19_#$.1%-F1.+83&--8*%&,)8{6>%+1_"{"*%&,)@

g (=, "B.33"& 7" L5+ (6" WR " #$. 1%
B57"- L4+ (SBWS. 15-0%06&, ):"C.$9%3*-<?==:"6#$<97=:"2=@: " THL #A*<9?=1"
?7=@@5
+RHH<" 1> +E8F>+8'$.39=1"2."HARIC. $%3*- 1" +6ESHSK@ "
LR (FBWS, 15-"<" TR (806 6H, (9+8HF@ "
"L (SBWS. 1< TR (FBWS. 1%->1%-). 9%6+9*C $%3%-"S0:"S0@

%3(>7#12 *OTH1-HA<THL- #A*@



NS EE|I-Af.-YERSA{Z oY

---------------- %3(>-2M%3&(96#$I=K:"6#$I?K:"#E?@
---------------- %3(>#$-)&BIL*+* . (*6WS. 1*-J#K: "#+ (*'%&3.(H&+<_+*."*-(_:"
$%< 1/8' @"
"""""""""" %3(>.C#-9_&77_'@
" %3(>(#1)(83./&2(9@
"""" %3(>-. L*7#19_#8.1%-F1.+81*+*.(*6848.1*8*%&,)8{6>%+1 _"{"*%&,)@

d¥%e¢v, «Cz,cC

78S (H-&TIEBS0%.->6.(H("  HEU%& ("S-

78S (H-&TI&B>0%.->3./%-"  HEY6&! ("WHY2(:TH-*:"U%-) Yo+ "X 3. ((*+:"
1&%82("

78S (H-&TI&BS0% >3/ H5%E ('Q.(,);&'S. IHA (HE&H:"\, (HL. (H&+:"
~*&4.66#+15]"

78S (+-&TI&B>0* >3/ #$%& ("c*.0/U*cd

78S (-&TI&B>0% >3[4 #$%& ("d%[.$%3#+1S]:"q&+LS]
78$" (+-&T3&B>0% ->$&6*3-" #5068 (FG2*+(#.3:"e&6*3 "

78S (*+-&T3&B>0" ->&Yo(HSHAY " #5%& (\6.$ "

78S (-8 TI&B>0 -"HBV6& ("H+H(#.3HAR- "

#5968 ("$.(%3&(3HM>%/%3&(" %3(

#%& (-

HS%& (+2$%/"-" +%%

#$%&("(G6$

' +68 S <" ="

"c&.6"e;W[R"6.(. "
9I8(. #+:"8@:"98:"8@"<"$+#-(>3&.686.(.9@"
I18(" #+"<"9I8(" . #+> -(1%*9+%>73&.(fFS@" O ?Sh>g@F?SH>g

1*+* (&"<"[*G2*+(#.39@ "

1*+* (&'>.669]*+-*9Sgh:"#+%2(86#3<'.+6&F|#S@@":"
O*'+*38#+H#(#.IHAX <#+#(#.3HAY->U.+6&$;&'$.39-(66*L<=>=S@ @@
1*+* (&'>.669c*.0/U*cd9=>S@@"

1*+* (&'>.669]*+-*9g?S@@"

1*+* (&'>.669c*.0/U*cd9=>S@@"

1*+* (&'>.669]*+-*9?7=SI@ @ "

1*+* (&'>.669c*.0/U*cd9=>S@@"

1*+* (&'>.669]*+-*9hol:".,(#L.(#&+<_(+) @@

6.8"<"\ 6.$93*.'+#+18".(*<=>===S:"M*(.8?<=>g@

6#-, #SH#+.(&"<"[*G2*+(#.39@ "

B#-, HSH+.(&'>.669]*+-*92=SI:"#+%2(86#$<hol:"

O*'+*38#+#(#. IHAY <#+#(#.3#HAY->U.+6&$;&'$.39-(66*L<=>=S@ @ @
6#-,'#$#+.(&">.669¢c*.0/U*cd9=>S@ @

6#-, #$H+.(&'>.669]'&%&2(9=>f@ @

6#-,'#S#+.(&'>.66 9]*+-*9g?S@ @

6%#-, #$#+.(&">.669c*.0/U*cd9=>S@ @

6#-, HPH+.(&'>.669]'8%&2(9=>I@ @'

6%#-, #$#+.(&">.669]*+-*9Sgh@@"
6#-,"#$#+.(&'>.669c*.0/U*cd9=>S@ @

B#-, HSH+.(&'>.669]'8%&2(9=>I@ @'

B#-, HH+.(&'>.669]*+-*97:" (HL.(H&+<_-#13&#6 @@ "

B#-, HH#+.(&'> & SYHI*O3&--<_M#+.'/8, &-*+('8&%%/ _:"8&Y(H$H#A*<.6.$@
I"g&$M#+*6"+*(B&'D"

-, HSH+. (&> ( H+ M3*'<"X 3
1.4W+9%2("<"W+%2(9-).%*<9" +6&$]#S$: @ @

C'<"1¥4* (&'91.+W+%2(@



BABZEA Y EINeY E°rc LZA] St e\zw,z

1.4T2(%2('<"6#-, #$#+.(&'9C@"

1.4"<"e&6*39#+9%62(-<1. +W+062(:"&2(%2(-<1.+T2(%2(@

14>, 8$%#3*93&--<_M#+.'18, &--*+('&%/_"&Y%(HSHA*<.6.5@ "
6C&--*-"<"JK "

1c&-*-"<"JK

1"43&("()*'3&-"7'&$"™*..)"M.(,) g

6*7"%3&(C&--9*%&.,)@5

m 003(>THL2*9THL-#A<9?=1"0 @@

00 3(>9%63&(96C&-*-1"3. M*3<_[#-, HSH+H(HL*"3&- @"

m 0/03(>063&(91C&-*-1"3. M*3<_MA¥ (HL* "3&- @

m 063(>C3.M*39_p%e&.,)" @

m 063(>/3.M*39 C&- @

e 0/63(>3*14+69@

" 063(>- L¥TH#19_#$.1%F1+838--8*%&.)8{6>%6+1 "{"%&,)@

"G (<. "B.33"& 7" TH . (6" e W[R"H#S$. 1*-

6*7" Lrnepx (6\WS.15-0%06&,):"*C $%63*-<?==1"64#$<9?=1"7=@:"
TH1-#A*<9?="2=@ @5

- GHFC 1> +B&S>+E'S.39=1"2: HAR<I*C. $%3* - +6&SHSK@ "
m kg (GGWS, LX< T (&ISYREH, (&A@ "

me kg (SGWS, LX< TR (FBWS. 15->15-) 96*9%C.$%3*-"S0:"So@ "
m 0 3(>THL2*OTHL-HA<THL-HAY@

m 7 @A 41 %9 1R (FGWS.1*->-).%*I=K@5 "

0035 2 M 3&(96#$I=K:"64$I?K "HE? @
%3(>H#$-)&BOL*+* (FBWS. 1*-JHK:"H+(* %8 3. (H&+<_+*.*-( "
$.%< 1./8 @"

mi 0305 C#-9_&T7 '@

m 0/63(>(#1)(83./82(9@

e 063(>- LATH1O #$.15-F1.+81%+* (*684$.1%8%%6&,)8{6>%+1_"{"*%&,)@
67" ( #+9*%&,)-<?"M. (,)[#A*<?S0@5

m ML) Q&2+ H+(QIS( #+>-). %* =K' F'M.( A @
("9 pY&,)5 :"*%&,)-@"

("9 Q.()HARS M.()[HA*@

m o4 ("9Q.( "% *0%&,)5_"M.()q&2+(@ "

7 +1%92: 0 &,)-E?@5 "
%'#+("9_0 P?g:"_p%&,)"{6_"{"*:"
- 7&M8"H#AM . +1*9M.(,)q&2+(@5
PAxC M +6&P-F("& T HAY2("+&H-" . +6"HS. 1*- "
"""""""""""" +HEHF< 00> +68F>+&'S.39=1"2 - HAXIM. () [HA*:"
L +6&SJHSK@

"""""""""""" #$.1*Q.(,)"<"I8(" #+J+%>".+6&$>".+6#+(9=:"
I8(".#+>-).%*J=K:"-#A*<M.(,)[FA*@K "

O P?¢@

n—— iy 0 (007 O \W[RHS. 15 "

TR4% (FBWS. 15-"<"TH+% (&'>%'*6#, (9+&H#H*@ "
I"Ob'H+("+9%>-). %*O#$. 1+Q.(,) @:"+%>-). %6*91*+* (*6W$.1*-@ "
I"<"+06> &-+,.(*+.(*OIHS.1*Q.(,):"1*+* . (*6WS.1-K@ "

I"C.M*3-"7&™MI*+ ¥ (*6".+6"*.3"6.(.
[J#-"<"+%>A*&-9SPM.(,)[#A*@"
I'"T4+* O#6*6"3.M*3"-$&E&(JH+1 "
g JEM()[#ARK <"=>K "

T !IIR|.#+"6#_,I#$#+.(&I n
BH-, HSH+. (&> ( H#+ M3*'<"R'2*
63&--"<"6#-, HH+.(&'>(.#+8&+8M.(,)9I:"[#-@ "




N&. EE|I-Af-YEESA4Z Y

m—.w_juQyy gynyhpw (&' "

m—en——_ @, 4#_*#'<"4 065! +6&$>+8&'$.39=:"2:"-#A*<IM.(,)[FA*:"
+6&SIHSK@

"M H00> & +-OML () [HA@"

6#-, " #SH+.(&'>(H#+.M3*'<"X.3-* "
138--"<"1.+>("#+8&+8M.(,)9+&#-+:"I"*+@ "

!ll[(&'*"3&__"&7"$&-("'*’*+(“M .(,)"7'&$"()#_“*%&’) )
6C&--*->.%%*+6963&--@
1C&--*->.%%*+6913&--@

[T #7n*u<<||?n&|u*n{uS:u<<u:5 n
- L (6WS.1*-9*@ ¢

"1"43&("3&-- *-"T'&SLF M%&)
""" %3&(C&--9*@

GAN flf€mi!c dAAzwI

(#+9 S=="7?Sa@

PY%&,)-5"S=

Q.()"#A*5"2S0

Q.()*"%*"*%&,)5"Ibo
000000000TPBRYB'000000000000000
000000000CPBRYPS'OO0000000000000
000000000CPBRYPH 0000000000000 00
000000000CPBRYPD 0000000000000 00
000000000CPBRYY'000000000A00000

0000000000PBRPBko"OOO0OO0O0000000000

0000000000PBRPBKK"OOOOO0O0000000000
0000000000PBRPS==000000000000000

AhTfHEm -iMc §1v48 €25 eoAdihgcji{Po3Az%T O AdAeY -z;

[} -3 50 I3 100 125 150 75 200
Epoch

0ll d¥% " oAk¢-fiAdadMI€ dAnvnAY on,c €i,¢c "~g jgC

45%678d9 45%6 78!



N,
e
P

[5)
3
®

BAJEZEA Y EINeY E°Ac LZA]

A7y 2754979571

SE T3 EHE

e X
t

Qe Y (b
NAWRA DY Hn
QN YIS
DT NEQu S M
R P NI IR VS
WY W s e )y — D
SN NO NG
QNNQO &=~
e I S U N

42 9

55 R R e
(L e BN CE
A e iy AN
R L
FEoe T O ewm
LI SO W
i F s 7. oy Uy rﬂ M
F RO S T~
(ST SO
KrEhwamse e

by

45%678<<!

45%6 /B<<!

MmN~ —~Qm N
TN~ NN
M U@ 3 M=% YN
AQaslhormnnes>h
NS> — - — T M QYR
IT—NOOTCENANANST
ANQORRQITO~0Mm
STV ETQS -3
—~O0"nVIPIDSDI
NN~ TROCTO

NN OSENLO Y
VoV adFAXITO
ONXN=0¢NO =N~
TSI T-ITONXNG
Y MW~ TOTE ™D
NTrm—Q ¥ o
M=V o 2N\
SN PFFUN— NV O
~NMIS v gTOWWn N
ey NN Q e -

on,c €l,c "} °d°fY lzh'Y O jlhif€n,c KcfAE€,c *€j *cC...

ST GAN +dAwn Am

-

nr

EE|I-Af-Y EZArZ \E¢|f] E-, fVY-Y cZ

cY%, %Y i€yck jIBAN jzVhe ALEMEAC KIdEEZN ,c ¢ Y €1

d¥%he¢*

.ihz,

G HE iIFWA @Y% —nY,c kcfdi~,c ¢V

¢i1Szn,c jiva...

kcfdi~,c A€A, @' jc kdzheoajodzAat,c 2,z,c T€C¢Y%/AE »i¢n

edACY4s€~n%cC on,c ekTCihmgan.c m3%lL€C/Ei€1€u kcE€lT£tm

| = mny E,}'c kdzhZ c

¢Sznm - on.c fc,xn%-c YCly ¢¥% i,ace e¢inzhe YC°A&E

- €EY E,}'c ¢¥ d%AAY 1Y »i¢n



( EE|I-Af-YEESA4Z Y

a ¢Am ji¢°cAE TCly edviad "+~ dAUE~NSTI% £ jAz%Y% c -
&9+*>9™160* fAdTAA-0%~dF j,dz, c A A

jixi+z c k-dz,c ¢¥% "= i,i1" jlj,- jiC%v¥% € ,C%, c »t¢nl
»1Crel @iz WIS+ ¥.C' sdnAny @ calif dodith % mii jl¥%nzd,
ed%gOE , }kendz c€]@¥ 1 ,1'+.c ,¢Z . c kce VceCS, c "§+1,

E.}'c %cC, c kce "§%.¢c 3,
kd¢-A€ c jICOMzZB Bdyagdes, kdivime,n%o-c ¢¥% €1€«
IY OkdAdihl ckd%-¢ . c j~de]jih]fme€htih coEm . ] kd¥%-¢ c |
fC' VAZA] »1¢m ¢YAIMR~&glzhlds Wk tmQdSttramd A.T1S+m
“§2Qq dr¥kh B OfiGSdnA] A% ¢ ¢ YO YdGzAg¥iYifud kdAcCizt

H#fCIS,c/E e-z,ck
Jnalldnlla
S*CHAG4L L YD, lc »1¢n,c 0~ sed¥%A,c ¢¥% %difTaf %dijcC
, tin, c
, dA’ad’'~, d=+-/& kdAdil;&-lddbAgtihAn, c m
, jAT¢Y: jb- o- i€CQT KAR]¥ERO kdb-1, kd% % ¢Fi¢m €,C¥%
kd-,d~%,c £Y —d¥%A"c d¥%ladzim «&rCibeJaycA?chna «d-~
, dAtTizm »nl on,c kdAdih
kdAdih,c jiC%VvY, o0l€ Q%IdYin cCAYYAI@A ¥ oSia,,
, fif€n c jiC¥%VvY,

, JudAl
, UTT%:64 GadcihTpEA, ¢ GlArdFQ@RAY ¢ Y
, UtTvd¥fem »nk «I1°
JUE C¥-XEYs 0/ d¥s
UFfdTAAECA DYs



&l Lol

OFAHIT 1. O %c, ABRIEIS d-AE £T A - VG G4  Q, BAS O%cC.L/E -TY
O%c, AnESHERdAfctgeSECIAc O» RAds- %10 EERIST»dYs O¥%cC.../E *-TY

AEAC W
B4 Q,FdS ...c Aeld %a feecn ki FEALF SEEAA xh &M g @ BAESMD O U O 3acFa £
%dih % <...CY%W  Yah KT BE FBB=CPG 24t ~AgT, -METOLEEAD

Rh’i Azhe ...cl A @ddfsct A gkQShdl 5y #Q dg8u Qo . E P O U WD 3% &k, £
<..CY¥aW  ¥%nQ thIE AN AT G 24t ~ALT-A8,0xf €EA§+h ™ &, CAd

Yad nl%odqf 1
Goodfellow, I., Bengio, Y., and Courville, A. (2016). Deep Learning. MIT Press.
*RRGIHOORZ ,DQ - HW DO 3& KDOOHQJHV LQ UHSE

RQ WKUHH PDFKLQH OHDUQLQJ FrRAl/dd WMl ,Q ,QV
Information Processing. Springer

Sutskever, llya et al. (2013). On the importance of initialization and momentum
in deep learning. In: ICML (328.11391147, p. 5.

Siegelmann, H.T. (1995). "Computation Beyond the Turing Linsiclence238
(28): 632637.

Alex Graves and Greg Wayne and Ivo Danihelka (2014). "Neural Turing
Machines".

Valentino, Z., Gianmario, S., Daniel, S., & Peter, R. (2017). Python Deep
Learning: Next Generation Techniques to Revolutionize Complitéon,
Al, Speech and Data Analysis. Birmingham, UK: Packt Publishing Ltd.

Aljundi, R. (2019). Continual learning in neural networks. arXiv preprint
arXiv:1910.02718.

Gupta, P., & Sehgal, N. K. (2021). Introduction to Machine Learning in the Cloud
with Python: Concepts and Practices. Springer Nature.

Alpaydin, E. (2004). Introduction To Machine Learning. S.L.: Mit Press.

Bishop, Christopher M (2006). Pattern recognition and machine learning.
springer.

Brudfors, M. (2020). Generative Models for Preggssing of Hospital Brain
Scans (Doctoral dissertation, UCL (University College London)).


https://www.researchgate.net/profile/Milad-Vazan/publication/349928501_Deep_learning_principles_concepts_and_approaches/links/614997cb519a1a381f71bca2/Deep-learning-principles-concepts-and-approaches.pdf
https://www.researchgate.net/profile/Milad-Vazan/publication/358263339_yadgyry_mashyn_w_lm_dadh_mbany_mfahym_algwrytmha_w_abzarha/links/61f90216007fb504472c5dc1/yadgyry-mashyn-w-lm-dadh-mbany-mfahym-algwrytmha-w-abzarha.pdf
https://www.researchgate.net/profile/Milad-Vazan/publication/358263339_yadgyry_mashyn_w_lm_dadh_mbany_mfahym_algwrytmha_w_abzarha/links/61f90216007fb504472c5dc1/yadgyry-mashyn-w-lm-dadh-mbany-mfahym-algwrytmha-w-abzarha.pdf

Iy* !

Charte, F., Rivera, A. J., & Del Jesus, M. J. (2016). Multilabel classification:
problem analysis, metrics and techniques. Springer International Publishing.

Chen, Z, & Liu, B. (2018). Lifelong machine learning. Synthesis Lectures on
Artificial Intelligence and Machine Learning, 12(3)}207.

Dulhare, U. N., Ahmad, K., & Ahmad, K. A. B. (Eds.). (2020). Machine Learning
and Big Data: Concepts, Algorithms, Tools ancpfigations. John Wiley &
Sons.

Friedemann Zenke, Ben Poole, and Surya Ganguli. (2017). Continual learning
through synaptic intelligence. In International Conference on Machine
Learning (ICML).

Gan, Z. (2018). Deep Generative Models for Vision and Langlraghigence
(Doctoral dissertation, Duke University).

Jebara, T. (2012). Machine learning: discriminative and generative (Vol. 755).
Springer Science & Business Media.

Lesort, T. (2020). Continual Learning: Tackling Catastrophic Forgetting in Deep
NeuralNetworks with Replay Processes. arXiv preprint arXiv:2007.00487

Marsland, S. (2015). Machine Learning : an algorithmic perspective. Boca Raton,
Fl: Crc Press.

Mitchell, T.M. (1997). Machine learning. New York: Mcgraw Hill.

Rhys, H. (2020). Machine Learningith R, the tidyverse, and mlr. Simon and
Schuster.

Zhou Z. (2021). Machine Learning. Springer Nature Singapore Pte Ltd.

Weidman, S. (2019). Deep Learning from Scratch: Building with Python from
First Principles. O'Reilly Media.

Gulli, A., Kapoor, A., &Pal, S. (2019). Deep learning with TensorFlow 2 and
Keras: regression, ConvNets, GANs, RNNs, NLP, and more with
TensorFlow 2 and the Keras API. Packt Publishing Ltd.

Vasudevan, S. K., Pulari, S. R., & Vasudevan, S. (2022). Deep Learning: A
Comprehensive Gde. Chapman and Hall/CRC.

Zhang, A., Lipton, Z. C., Li, M., & Smola, A. J. (2021). Dive into deep learning.
arXiv preprint arXiv:2106.11342.
Ekman, M. (2021). Learning Deep Learning: Theory and Practice of Neural

Networks, Computer Vision, NLP, and Traoshers Using TensorFlow.
AddisonWesley Professional.

Huang, S. C., & Le, T. H. (2021). Principles and labs for deep learning. Elsevier.

Wilmott, P. (2019). Machine learning: an applied mathematics introduction.
Panda Ohana Publishing.

Kelleher, J. D., MadNamee, B., & D'arcy, A. (2020). Fundamentals of machine
learning for predictive data analytics: algorithms, worked examples, and case
studies. MIT press.



Du, K. L., & Swamy, M. N. (2013). Neural networks and statistical learning.
Springer Science & Busise Media.

Ye, J. C. (2022). Geometry of Deep Learning: A Signal Processing Perspective
(Vol. 37). Springer Nature.

Howard, J., & Gugger, S. (2020). Deep Learning for Coders with fastai and
PyTorch. O'Reilly Media.

Stevens, E., Antiga, L., & Viehmann, T.0@20). Deep learning with PyTorch.
Manning Publications.

Saitoh, K. (2021). Deep Learning from the Basics: Python and Deep Learning:
Theory and Implementation. Packt Publishing Ltd.

Ghatak, A. (2019). Deep learning with R (Vol. 245). SingapSpeinger.
Calin, O. (2020). Deep learning architectures. Springer International Publishing.

Sewak, M., Karim, M. R., & Pujari, P. (2018). Practical convolutional neural
networks: implement advanced deep learning models using Python. Packt
Publishing Ltd.

Liu, Y. H., & Mehta, S. (2019). HandSn Deep Learning Architectures with
Python: Create deep neural networks to solve computational problems using
TensorFlow and Keras. Packt Publishing Ltd.

Ma, Y., & Tang, J. (2021). Deep learning on drapCambridge University Press.

Buduma, N., & Locascio, N. (2017). Fundamentals of deep learning: Designing
nextgeneration machine intelligence algorithms. " O'Reilly Media, Inc.".

Ramsundar, B., & Zadeh, R. B. (2018). TensorFlow for deep learning:ifiear |
regression to reinforcement learning. " O'Reilly Media, Inc.".

Hope, T., Resheff, Y. S., & Lieder, I. (2017). Learning tensorflow: A guide to
building deep learning systems. " O'Reilly Media, Inc.".

Osinga, D. (2018). Deep learning cookbook: prattiegipes to get started
quickly. " O'Reilly Media, Inc.".

Trask, A. W. (2019). Grokking deep learning. Simon and Schuster.

Wani, M. A, Bhat, F. A., Afzal, S., & Khan, A. |. (2020). Advances in deep
learning. Springer.

Bhardwaj, A., Di, W., & Wei, J. (2(). Deep Learning Essentials: Your hands
on guide to the fundamentals of deep learning and neural network modeling.
Packt Publishing Ltd.

Gulli, A., & Pal, S. (2017). Deep learning with Keras. Packt Publishing Ltd.
Aggarwal, C. C. (2018). Neural networksdadeep learning. Springer, 10, 938
Chollet, F. (2021). Deep learning with Python. Simon and Schuster.

Foster, D. (2019). Generative deep learning: teaching machines to paint, write,
compose, and play. O'Reilly Media.



1%l

Patterson, J., & Gibson, A. (201 Deep learning: A practitioner's approach. "
O'Reilly Media, Inc.".

Glassner, A. (2018). Deep learning: From basics to practice. Seattle, WA: The
Imaginary Institute.

Pointer, I. (2019). Programming PyTorch for Deep Learning: Creating and
Deploying Deep Larning Applications. O'Reilly Media.



Deep Learning

From Basics to Building Deep Neural Networks with Python

Milad Vazan

Translated Into Arabic by
Dr. Alaa Taima



