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OXk LEP ' ?K2iQ/vVT QTuU2FH / pvK2x2M0 FQk
Q#H biB I2bF0?Q xM FQpiu?Q D xVvF

aQmi bMw bi p TOQXMEMQ mMF xmD2- "2 2tBbimDQ /p TuQbim
U2iB, "QXxTQXMEMQ BxQHQp Mw+? :2bi FQMiIiBMMEHMQ "QxTC
T €+2 M2/€p€ T'pMQ xKB3Qp Mw bKvbH- M2#Q#- | b2 D2/M€
"Qx/QHvV K2xB xM FQpwK D xvF2K KHmp2MQm i2iQX EQMiBM
u2 Q bM "Q b2 D2 TQF wiX w€ Qp2S b2 D2/M€ Q p2HB+2
p TQbH2/MQ+? TyiB H2i2+? /Qbi€p€ bTQmbim TQxQ MQbiBX w
FOMIBMMEHMQK "QxTQXxMEMQK i2bF0?Q xM FQpl?Q D xvF X

IFQHBpP 2tBbimDQ FQMIiBMmMEHMQ / iQplb /vT Q MyK2+Fw- F
i2bFw xM FQpw D xVF i FQpw Xx/'QD M2K€X S°’pMQK F'QF2K F T
D xvF #v KYyHQ #wi pvipQu2MQ / iQpl b /v- Fi2"Qm TiD/2 T Q iz
b/ #v-TQ pxQ m DB” 2tBbimDQ+Q+?- KyH KQi QK2x2MQm bHQ
bT2Fi- M2#Q# [IFQHBp DbQm TuQbimTv bi'QDQp0?Q TU2FH /m
D2 TQiu2# Tu2/2p QK p TQI€i+Q+? pwpQD2 QK2xBii'GMQp +Q T

A /HQ Fw'2M0O pH biMQbiB Hx2 i2°'T i DB" x 2tBbimDQ+
SM#HBKFR+2-(d) mF€x Hv- "2 TiB TQmM™"BiQ bQ}biBFQp MyD Q+7?
Fmi2MQ pvm Qi TQmx2 bH #y MQiQp M€/ i X hQDbQm/ i -Fi2
2T 2x2Mi +B UpB/2QV DQ Q/TQpQ/ DQ+Q i2tiQpQm 2T 2>
MQiQp M€/ i 9THMY pvM2+?2€p DQ K2xB@TuU2FH /M ;HQbv- D:
D2/ MQiHBpwK KQ/2HiKX .QFv pvM2+?€EMQ K2xB@TuU2FH /m |
XM FQpU?Q D xvF #2x D2?Q xM HQbiBX

.QTQbm/ Tu2/bi p2M0O / iQplG b /v Q#b ?Qp Hv F €iF0 pyiv M2:
#VHQ QK2x2MQ i GMQp +Q?2Q T°'QbiQ m- TQ/Q#My D FQ D2 xKQ
TQmx2 F €iFWK b2Fp2M+QK- bB KQ/2Hv M2TQiu2#mDQ m/ "Qp
iQKm KQ?Qm #wi K2M Q miBi b2 "v+?H2DBX . iQp€ b / Tu2/bi
PYMQp i /2H QK i2tiiK p U€/2+? MYFQHBF pyiiBbQmpyiQX h FQ
TU2FH / xM FQplO U2IBQTYyi QTE F ilFi/€H x€ Qp23 TuBMObi T
D xvF- M2#Q# b2 #m/2 Q/ 2tBbimDQ+Q+? / iQpw+? b / Q/HB Qp i

aFmi2iMQbi- "2/ iQpE b/ M2#m/2 Q#b ?Qp i MQi +2 ;HQb |
M2 T pFv 2tBbimDQ+Q+? / iQpw+? b /- mKQ"SmD2 miQK iBxQp
M miQK iBx +B iQ?QiQ T ' Q+2bm #v KyH #wi FH /2M /i® x- M2#
Q#2+My T €+2 Db/ ivD21 bQpy 2ti KMy ME'QIMw 9FQMX .QFv
i2MiQ I bm 2ii2M x€°Qp238 #v KYHQ #wi "2H iBpMy D2/ MQ/m+7?2
"Qx QuBiX

a KQiMwTU2FH /i2bFi?Q xM FQpU?QD xVF b2 Q#/Q#My D FQ
bFHE/€ x2 /pQm i€biQ, 2ti° F+2 TUQXxM Fi D2DB+? FH bB}F +2X
#m/2 QTYi pvm™Qp i FHQIQpGO #Q/v T!xv xM FmDQ+Q?QX .QFvV iQ
TQmM™Bi m xM FQpl #2+2/v- #m/2 KQ"M0O pvm Qi M #vid xFm 2M
LB+KOMY xM FQp€ ;2bi DbQm FQKTH2tMyD Q 7Q°K FQKmMMBF -
#v p?Q/M0O M2DT p2p HB/Qp i- "2 i FQp€ 2ti° F+2 TUQxM FiD2b
P?2Q/MEX

."m?w F'QF bTQIQp€ p FH bB}F +B TuUQxM FiX ox?H2/2K F
/ iQpld b /v I2bF0?Q xM FQpi?Q D xvVF #m/2 MmiMO pvm Qi
h FOQOpwK KQ/2H2K D2 Fim€HMYy M TUQFH / h> Mb7Q K2 - Fi2 w
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DFpTi2FH /Im xM FQp)?2Q D X QFH( bi2+? bi'QDQpa?Q TU2FH /m-
TUB Qx2M0?Q D xVF B :2M2  iBpMQ+? KQ/2H2+?X
Ip2/2M0 mTU2bMyMQ iQ?QiQ +QH2 Hx2 p #Q/2+? bmK "BxQp i D F

REQMiIBMmMEHMQ / iQp€ b / [2bFd?Q xM FQpa?Q D XxVF - Fi2 €
pH biMQbiB,

C QK2x2MQm FQKMMBF IiMQ Q#H bi iQK B bHQPMQ X€bQ#m-
CbH #y MQIiQp M€-im/Q” #2x MQi +Q ;HQDb-

C/2H Q b2Fp2M+2 M2~ 2tBbimDQ+Q / iQpG b /v-

Cp+Q M2DpVyi Q KQuU2 miQK iBxQp Mw T ' Q+2b ipQ #vX

kXJ2iQ/ T°Q FQMIBMmMEHMQ TU2FH / I2bF0?Q xM FQpa?Q D xVF
TUQXxM Fip TQ/Q#Yy FHQIQpw+? #Q/i T!xv xM FmDQ+Q?Q FH &
h Mb7Q K2 X
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8 OXTOXME€MQ FH bB}F +2 1
XM FQpu #2+2/v

S°’pMQ +QH /Bb2°i IMQ T €+2 b2 pyMmD2 "QxTQXMEMQ FH I
h2MiQ Q#2+Mw +QH #vH /€EH2 bT2+B}FQpEM "Qx/yH2M M MVF
hiQF TBIiQH TQTBbmD2 2 2MQ D2/MQiHBpw+? /QHIQ+? [€biQ
XM FQpl #2+2/v- Ti2b ipQ #m KQ#BHMQ THBF +2- ~ TQ "Qx
0 2+?Mv iviQ [€biB M b2#2 M p xmDQ i F- "2 pwbimT D2/MQ (€bi
owbimT2K +2HFm D2 K2iQ/ - Fi2 ' € D2 b+?2QTM€ "QxTQxM i FH
XM FQpQm #2+2/m pi2iMy /B F'BiBFvp 2EHMOK | b2X

8XR OxXxTQXM€MQ FH bB}F +2 bi iB+Fv
D2/MQ mIMQ I2bF0 xM FQpG #2+2/v

12bFE€ D2/MQ " mMiMQ xM FQp€ #2+2/ b2 bFH€/€ x kd xM Fi F "/
oyi BM iy+?2iQ xM Fi D2 bi iB+Fw+?- pwDBKFQm D2 TQbK2MQ ¢
BTQbK2MQ 0EG6X P#V iviQ pwDBKFvV Q#b ?mDQ TQ?v# mFv #y?2
TQp "Qp iip mMFvxx MmMMBF€IMQ #y?2K +2H0?Q TQ?v#mX w iQ?
xD2/MQ/m Bi M FH bB}F +B bi iB+Fw+? Q# xQpw+?/ iX
hiQi€bi/Bb2i IMQ T €+2 pvm "Qp€/ iQpQmb /mi2bF0d xM FQ
P TMH#HHBRXB2DQ Qxb€?HQbi xT  +QpEMQ DbQMM p2HB+2 /Q
/Qbi IMDQ+Q T Q9i2HVINIQ T €+2X a? "MmiQ "2H2p MBW®R+? T °
TQ/"Q#MYD Q TQTBb mMF€XFv xiQ?QiQ /i b2imjKKHv Tu2/bi p2]

SQIi2i bMQKFi 8N8 k8e Upi2iMy m;K2Mi +2V
SQIi2i F M£€Hi ju_:"v

SQi2i xM FmDQ+Q+?jR URd "2M- R9 Km~|iV

oyF XM FmDQ+Q+? kR 8j H2i

_QxHB 2MQ kk9tkk9

h #mHF 8XRK2i'v/ iQplUb /v Tm#HKBRQp MO p (

L p"2Mw TUQbimT- Fi2 w b2 bi "€ D F Q "QXxXTQXMEMQ- i F C
Q# €xXxBWMRCE/ 2K K2iQ/v D2 2ti° F+2 TUQxM Fi x TQKQ+Q FM
> M/bX owbimT2K iQ?QiQ F'QFmM DbQm bQmi /MB+2 FHQIQpw-
bQmiu /MB+2 DbQm M€bH2/My FH bB}FQpPEMvV TQKQ+Q /QTu2/
+2HO?Q T°Q+2bm D2 T '2/BFQp MO TQbK2MQ T°Q/ Mw Q#  xQpw

8XRXR 1ti° F+2 TuQxM Fi

S€i20Q M2D2M 2ti° F+2 TUQxM Fi- H2 +2H0?Q H;Q'BiKm D2 FM
JS>VX h bHQM Q F HQF HBx +B 2ti° F+B FHQIQpw+? #Q/i "n
J2/B SBT2- +Q° D2 bFmTBM {2 2MQ T°Q M2D'ixMyD Q 9HQ?v
aQmi€biQ D2 B BKTH2K2Mi +2 p D xv+2 Svi?QM- Fi2 € #vH piQi
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P# €x2F 8X@bimT T°Q "OQXxTQXMEMQ FH bB}F +B i2bFd xM FQ

JS>x DB #mD2 2ti° F+B FHQIQpw+? #Q/i "'mFQm TQKQ+Q /pQm F(
bQiQX S'pMQ K€ x 9FQH M DQi Q#H bi p2 pbimTMQK Q#  x2-p2 Fiz
" M?2€EDbQ#D2i"OMQPEM i F- #vpilGiQ Q#H biB/2i2FQp H kR FHQIQ
/H2 Tm#HBE- 420MQpEMV M / i b2i2+? D F p2 p2MFQpMQK- i F pMB
aQmi€biQ i 'OMBMFQpw+? / i #vH B bvMi2iB+F€/ i X IFEXFm pBxm |
/[ i2+? x/ iQp0 b /vIi2bFO D2/MQ miIiMQ xM FQpl #8»¥R/v Hx2 pB/yi M

P# €x2F 8BXxm HBx +2 2ti° ?2Qp Mw+? FHQIQpw+? #Q/i- xH2p , 0¢

S'2/BF+2bQmiu /MB+ T'Q#Q?€ p2 p 2+? iU2+? Qb€+?2X >Q " BxQMi€
DbQm MQ K HBxQp MO /Q BMi2'p Hm Q/ MmHv /Q D2/M0X >HQmM#F
"2H iBpMy F bQmiu /MB+B X€TybiQX o 2+? KR FHQIBw+? #Q/i Hx2 p

o €K+B 2ti° F+2 TuQxM Fi DbQm p 2+?Mv ?2Q BxQMIi€HMQ |
i° Mb7Q KQp€Mv i F- #v #vHv "2H iBpMQ F bQmi /MBE x€TYybiQ
pVQ#® x2M (2 p2MyX h2MiQ F'QF M2D2MQK mMB}FmD2 bQmiu /MB+
i FOx DB #mD2 BM/B72 2MiMQbi 2ti> ?2Qp Mw+? TiQxM Fi pilB TQxl

9k



P# €x2F BMQIQpO #Q/v 2ti° 2Qp MO TQKQ+Q JS>X

M iQK- F/2 p Q#  x2 b2 "'mF M +?€xQ- H2 TQmx2 M “2H iB
FHQIQpw+? #Q/i pilB x€TybiQX

E"QKYy xKBSQp Mw+? KR bQmu /MB+ #Q/1iJS>p +Q T p/yTQI/C
p Q# x2 TUQIiQKM x/ b2 D2/M€ Q H2pQm-iB T pQm "mFmX hC
P2HB+2 M "Bi2IMEBM7Q K +2 mKQ"3mD2 FH bB}F +B H2pQ ' mF
/2i2FQPEM H2pQ mFw xM FmDQ+Q-bi iIQ TOQmx2 xKyMBi xM KaOM

o0x?H2/2K F x€pBbHQbIiB M p""2M0?Q H;Q ' BiKm M JS>- #vH
XFQmMKEM FQM};m +2 FMB?QpMv D2DQ pHBp M pwbH2/MQm |
Fi2'w #VH TQXxQ Qp€M- #VvH TQIi2i /IBK2MxQX C F #vHQ DB~ xKQ
i02+? /IBK2MxQ+?- MB+KUMy bQmu /MB+2 ?HQmM#Fv D2- x p2HF
mp€/yDQ- "2 #vH i"GOMQp€M Tu2/2p QK M bvMi2iB+Fw+? [/ i2+?
i2bii #VHQ +QH2K QpyuBi-D Fw U D2biHBV K€ x 2" MmiQ ?HQmM#
FH bB}F +BX

.. m?2wK xFQmK MwK T ° K2i 2K #vH ixpX /[ipy [2i2F+2 UX
+QM}/2M+2VX C2/M€ b2 Q pbimTMQ T ~ K2i JS>- Fi2 'w b2 x /€p
D2/Ma BM/BFmD2- D FE D2 KBMBK€HMQ /ipy - #v KQ?H #
9bTy MQmMX ow+?2QxQ ?Q/MQiQm /ipy v [2i2F+2 D2 y-8yX w€
K MMEHMQ+? 2tT2 ' BK2Mi2+? b FMB?QpMQm JS> #VHQ TQxQ Q]
TU2bMyD Q 2biBK +B FHQIQpw+? #Q/i "'mFQmX o "€K+B iQ?Q
TUQXM Fv x +2H0O?Q /i b2im T Q [liviB ixM0d FQM};m™ +2 iQ?(
TQIliv 9bTy My 2ti° ?2Qp Mw+? TUQxM Fi T'Q D2/MQiHBp€ TQbk
Q# E€XFXM2#Q p | #HNHFRI2 € b? " MmD2 FHQIQpU BM7Q K +2X

owbH2/MO ?Q/MQiv bF ' wp DQ MYyFQHBF F'BiB+Fw+? BM7Q K
Q# xi T'QD2/MQIiHBpE€ TQbK2M b2 TQ?v#Qp HQFQHQ KR iBbQ
Xpv mDQ+Q b2 ?2Q/MQiQm T ~ K2i'm /ipy v /[2i2F+2X S°Q M2Dp
lipy v y-3 FH2bH T iKy " Mw TQIi2i Q# > xi- x2 Fi2 w+? #VHv 9bTVy |
M Rk 8jeX L pQ+ TuB pv Q+? ?2Q/MQi€+? /ipy'v /2i2F+2 Xxi €
"QPMQKY MO "QxHQ 2MQ- M2#Q# JS> KyH | biQ T 'Q#HOKv b /
Fi2 " wKB #vHv Tu2/2p QK 0J6- o0LO 0ZoX o 2+?M i iQ iuB TQbk

9]



P# €x2F 8MBp T ~ K2i'm /ipy v/2i2F+2 M 9bTy MQm 2ti° F+B T

FOQOHKQ F TQxQ Qp i2HB- im/Q” D2 T°Q JS> | biQ Q#iQ MO pi#2+
/"' m?2Qm bi> Mm T Q MB™ Q ?Q/MQiv /ipy v /2i2F+2 y-8 y-e Xibi€
b 9bTy MQm 2ti° F+Q "2H iBpMy pvbQFw Uky y9e R3 NANVX LB+K{
#VHQ xDB iyMQ- "2 [€bi 2ti° ?2Qp Mw+? TuQxM Fi #vH FpiHB M2-
M2bT €pMYy /2i2FQp€M X

ipy /2i2F+42 STiKy® JBMBKmK
@ kR j3R-d R3 NN9
y-8 Ky y9e-j Re Nd9
y-e R3 NdN-j R8 998
y-d Re de8-3 Rk jke
y-3 Rk 8je-e e j9j

h #mHF 8MBp T ~ K2i m/ipy v /2i2F+2 M 9bTy MQm 2ti- F+B TUu

[FQHBp M  pidiQ 7€xB mF€x Hv MyFi2 G FQM};m  +2 bpd M2/Qbi i
T°Qi'GMBMF FH bB}F€iQ mX

8XRXk EH bB}F +2

S'Q FH bB}F +B #vH pvm"Bi FH bB+F€ /QTuU2/M€ THMY T QTQD
i2biQpEMQ MYyFQHBF "ixMw+? iQTQHQ;BQ- Fi2 "G b2 HB BHv p2 p2H
P2HBFQbiB/"QTQmMimX 6BMEHMQ iQTQIER;B2 D2 xME€XQ MyM p i #i1

S€i20Q IQTQHQ;B2 DbQm jTQ bQ#y D/Qm+Q THMY T QTQD2M0 b
p bi2p pvm"Qp€ FiBp IMQ 7TmMF+B 2vT2 #QHB+Fw i M;2MbX obim
?2Q/MQi Q/ KBMmb D2/M0 /Q D2/M0O /QFViQKm D2 pvm~™Bi +2Hw 7mN
TMMF+2X *2HE€ iIQTQHQ ;B2 pvm ™ Qp€ / QTQmi p bipv- +Q" DbQm "2;i
TU2i " OMQpPpEMQX >Q/MQi /"QTQmim #vH M bi p2M M Ry W- +Q°
pv# . Mw+? Ry W M2m QMi Tu2/2 HGO p bipv D2 pvTMmMiQ D2DB+7? p\
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02HBFQbi pbimDmbip 02HBF Qi X 7TmMFE2HBFQbi pwbimTm
9k f ej SHMy T'QTQBRME  tanh 8RK
8Rk "QTQm| Ry W @ 8Rk
8 Rk SHMy T°QTQh3M € tanh k8e
k8e . QTQOmM Ry W @ k8e
k8e SHMy T'QTQIRXM€  tanh Rk3
Rk3 .. QTQm Ry W @ Rk3
Rk3 SHMYy T'QTQkaM€ softmax kd

h #mHF BBMEHMQ iQTQHQ:B2 T°Q FH bB}F +B i2bFd xM

.QFV iQKm D2 bQ# b+?QTM HOT2 ;2M2 HBxQp i miBi b2 M2]
p bipQm p iQTQHQ;BB D2 pwhimTMQ p bip D2/M€ b2 Q THMY
7mMdeftrgax X o bip K€ kd M2m QMi-F "/w 2T ' 2x2MimDQ+Q D2/M(
bQiy D2 im/Q” kd ?Q/MQi 2T 2x2MimDQ+Q+? T  p/yTQ/Q#MQb
[/ MO idaQ/vX

ow 2 TQTb M€ M2m QMQp€ bQ# #vH BKTH2K2MIiQpEM) TQKQ:
p D xv+2 Svi?QMX h "GMBMF pvm " Qp€ biQ+? biB+Fw QTiBK F
U/ TiBp2 JQK2Mi 1biBK iBQMV- +Q" D2 bi M/ /My TQm Qp M
‘'v+?HQmM bi #BHMQ FQMp2 ;2M+BX wi €iQp€ TmMF+2 D2 "2 HI
"2bT2FiBp2 D2DQ p "B Miv bT b2 + i2;Q°'B+ H + Qbb2Mi"QTv-
FH bB}F IMQ 9HQ?vX 02HBFQbi D2/MQ?Q # i+?2 #VvH M bi p2M
Q TQIi2i pxQ Fi- Fi2 0 M2m QMQp€ bQ# xT  +mD2 #y?22K D2/N\
pP2HBFQbi p2/2 F pyi Q p B #BHBiy ;" /B2Mim- iQK x K2xmD2 r
oyi Q p2HBFQbiB TQbFvimDQ bi #BHMYyD Q T i#y?- MB+K0OM\}
ME QIMYyD QX

S i#y? i'GOMBMFmM b2 [ biQ m imD2 TQ D2/MQiHBpw+? 2TQ
XM K2M€ T i+?2Q/ +2H0O i"GMQp +Q KMQ"BMv M2m ' QMQpQm bQi
p2HB+2 "v+?Hw "ibi Ti2bMQbiB p T pMQ+? 2TQ+?€+?2X SQ /p -
X bi p2MQ- M2#Q# x | HQ /Q+?2€x2i F TU2i OMQpPEMQX 02 F2 0 2
M TQIQi iBb T Q+2bQ 2K J. vx2M b jk :" T KyiB _ J M e9@#E
bvbiGKm gBM/Qrb RyX a KQiMG pwTQIliv TF T'Q#Q? Hv M /p!
:26Q +2 hs jyey-F /€ b Rk:":.. e JT KVyiBX

8XRXj owbH2/Fv

OWbH2/M€ M2m " QMQp€ bQ# #vH i2biQp€EM M /i b2im /2MQiQy
Q I€bi / iQpl b /v- Fi2 € D2 p "2H iBpMy /Q# 0 Fp HBiy D2 Q/ :
bQmIi€biQ i'GMQp +Q KMQ"BMvVX owbH2/MO Tu26®MQbiB DbQm b?

S m?w lipliw GE/2F 8 X¥HIHM/omDQ 9bTy MQbi FH bB}F +2 b m
IpQm i0Q /BK2MxQX owbH2/Fv mF xmDQ- "2 pv Q ?Q/MQi [/ip
Tu2bMQbi FH bB}F +2 T Q FQM};m  +B y-3 /Qb ?Qp H Tu2bM
LB+KOMY p TUuQT /y- "2 p2xK2K2 p TQi x B bMQKFv- x2 Fi2'w
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