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bm#KBii2/ 7Q° Tm#HB+ /272M+2 7Q  i?2 .2;°22 Q7 .Q+iQ Q7 S?BHQbQT?v QM
2+2K#2" kyk8- i yN,yy BM 6j- GBM/bi2/ibp ;2M ke- aiQ+F?QHKX
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Eh> _Qv H AMbiBimi2 Q7 h2+?MQHQ ;v
aiQ+F?QHK- ar2/2M kyk8
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a K, Aiob HHr'QM;X "v 'B;?ibr2 b?QmH/M0oi 2p2M #2 ?
"mir2 "2X Aiob HBF2 BM i?2 ;°2 i biQ'B2b-J"X 6°Q/QX
QM2b i? i "2 HHv K ii2°2/X 6mHH Q7 / "FM2bb M/ / M;2"°
r2'2- M/ bQK2iBK2b vQm /B/Méir MiiQ FMQr i?2 2M/-
#2+ mb2 ?2Qr +QmH/ i?2 2M/ #2 ? TTv\ >Qr +QmH/ i?2 rQ
i Q# +FiQi?2r vBirbr?22M bQ Km+?2 # /2?2 /2?2 TT2M2/\
"mi BMi?2 2M/- Biob QMHv T bbBM; i?BM;-i?Bb b? /Qt
/ "EM2bb Kmbi T bbX M2r/ vrBHH +QK2X M/ r?2M i?2
bmM b?BM2b Bi rBHH b?BM2 Qmi i?2 +H2 "2°X h?Qb2r2
biQ'B2b i? i bi v2/ rBi? vQm-i? i K2 Mi bQK2i?BM;X 1pz
vQm r2°2iQQ bK HH iQ mM/2 bi M/ r?vX "mi Ai?BMF- J°
6°Q/Q- A/Q mM/2 bi M/IX A FMQr MQrX 6QHF BM i?Qb2 I
? /HQib Q7 +? M+2b Q7 im"MBM; # +F- QMHv i?2v /B/M¢
"2+ mb2 i?2vr2°2 2QH/BM; QM iQ bQK2i?BM;X

6°Q/Qg? i '2r2 ?2QH/BM; QM iQ- a K\

a K,h? ii?2°26b bQK2 ;QQ/ BM i?Bb rQ H/- J'X 6 Q/QX
M/ Biéb rQ i? }:?iBM; 7Q X

6°QK S2i2° C +FbQMéb / Ti iBQM Q7 CX_X_X
hQHFB2M®6b 6h?2 GQ / Q7 i?2 BM:b, h?2 hrQ hQr2 b






#bi +i

h?2 #BHBiviQ 2{+B2K#BA/ BB M@ /BK2MbBQM H p2+iQ" "2T 2b.
Q7 +QKTH2t/ i ? b#22M +2Mi° HiQ "2+2Mi /p M+2bBM K +?BN
/i KQ/2Hb-r?B+? 2T 2b2Mi 2MiBiB2b UMQ/2bV M/ i?2B" "2H
pB/2 TQr2 ' 7mH7  K2rQ ' F7Q bim/vBM; /Bp2 b2 bvbi2Kb-7 QK
BM7 bi'm+im 2iQ KQH2+mH *~ #BQHQ;vX "Qi? “2b2 "+? M/ T
#2M2}i2/ ;72 iHv7 QKT Q; 2bbBM2K#MB R 2K Z2/BEBNT L @Bi?
iB+mH ~2M #HBM; /QrMbi"2 Ki bFbbm+? b MQ/2 +H bbB}+ iB
/2i2+iBQM- ;> T? HB;MK2Mi- M/ HBMF T 2/B+iBQMX

>Qr2p2 - MQi HH M2irQ ' FivT2b ? p2 b22M 2[m HT Q; 2bbX
/IBM; KQ/2Hb M® +iBQM M2Q X F/b#v /B;Bi H T vK2Mib-i> Mb72"
2t+? M;2b 2K BM mM/2 /2p2HQT2/- /2bTBi2 i?2B" bB;MB}+ Mi
iBQMb bm+? b }M M+B H + BK2 /2i2+iBQMX a2p2° H K2i?Q/Qt
BM H2 "MBM; MQ/2 2K#2//BM;b 7Q i Mb +iBQM M2irQ Fb- b |
+ Tim 2/ r?BH2 HbQ K22iBM; 2bb2MiB HKQ/2H /2bB/2 i X h?E
bm+? /2bB/2" i, KQ/2HImMb@mmB/pBH 2/ 2bb i?72 H +F Q7 H #2H
/i cM Hvb-#82Mbm 2 BMi2 T 2i #BHBiv BM mMlbm TH2#HBDb 2/ b
iQ? M/H2 i?2 bBx2 M/ +QKTH2tBivQ7 "2 H@rQ H/i° Mb +iBQNM

:mB/2/ #v i?2b2 ;Q Hb-i?2 i?2bBb BMi ' Q/m+2b MQ/2 2K#2//B
iQ + Tim'2i?°22 2bb2MiB Hi° Mb +iBQMR/M2HQZFE X (B HB@B2b,
iBQM-HRIKmMHIB@b+ HXbAMAQBN; bQ- Bi T'QpB/2b #Qi? K2i?!
/lp M+2b M/ M HviB+ HBMbB;?ibX 6Qm™ F2v }M/BM;b "2 i? i
H2 "M MQ/2 2K#2//BM;b i? i 2T 2b2Mii° Mb +iBQM ~Qr- bQK2
[2KQMbi® i2/c UBBV MQ/2b i? i QMHv "2+2Bp2i° Mb +iBQMb UL
2K#2//BM; [m HBiv- #mii?Bb + M #2 KBiB; i2/ #v +QK#BMBM; /B
T°'QT ; iBQMc UBBBV bi M/ '/ K2bb ;2@T bbBM; K2i?Q/b + M H
? "KBM; 2K#2//BM; [m HBiv-r?B+? + M #2 "2bQHp2/i?2°"Qm;? M
K2bb ;2 ;;°2;ciB@MUBpV 2K#2//BM;b + M #2 K /2 BMi2 T 2i #H
72 im2+Q "2bTQM/BM; iQ K2 MBM;7mH bT2+i Q7 i?2 M2irQ"

T2 bBbi2Mi T° +iB+ H +? HH2M;2 BMi° Mb +iBQM M2irQ F
"2 bQM 7Q° Bib HBKBi2/ T ' Q; 2bb Bb i?2 b+ "+Biv Q7 ++2bbB#
b2+m Biv M/ T'Bp +v+QM+2"Mb bm > "QmM/BM; }M M+B H/ i X
i?Bb Bbbm2 #v 7Q+mbBM; QM i?2 mM/2 " HvBM; K2i?Q/QHQ;B+
#2/IBM; KQ/2HHBM; 7Q  i° Mb +iBQM M2irQ ' FbX 1ti2MbBp2 2}
+QM/m+i2/ QM #Qi? T Qtv/ i b2ib- +QKT ' BbBM; +QKKmMB+ iB(
i?7 i b? "2i?2 b K2 F2v KQ/ HBiB2b b "2 H@rQ H/ # MFBM; / i
p BH #H2 +'vTiQ+m "2M+v M/ bBKmH i2/i° Mb +iBQM M2irQ"F
#Q /2  p HB/ iBQM Q7 i?2 T QTQb2/ KQ/2HbX






a KK M7 iiMBM;

6°°K"; M ii2z2FiBpiBIM# 6BMBN2i pBHH b ; H ;/BK2ZMbBQM2HH
2T b2Mi iBQM2® p FQKTH2t/ i -? “p "Bi+2Mi° H7° /2 b2M &
K bFBMBMH "MBM;X L ip2 Fb# b2 /2 /i KQ/2HH2 - bQK "2T"2
/12°VQ+? /2 b 2H iBQM2  UF Mi2 V- mi;° 2ii F> 7i7mHHi p2 Fi
ivT2' p bvbi2K-7""M bQ+B H BMi2° FiBQM2 Q+? BM7" bi'mF
""12 7TQ bFMBM; Q+? T FiBbF iBHH KTMBM; °~ p /2bb M ip2’I
p7 Kbi2;2M BMQK BM# //MBM;bBMWHQ/B B M ;/- MB MK DI-HBBI;i @
;DQ"i 2z2FiBp iBHH KTMBM; p MQ/FH bbB}+2"BM;- MQ/FHmbi
;C T@K i+?MBM; Q+? H MFT 2/BFiBQMX

.Q+F ? "BMi2 HH ivT2" p M ip2'F;DQ'i HBF biQ ™ 7" Kbi2;
# IIMBM;bKQ/2IHHR2D FIBQMbM QK2#BH/ b ;2MQK /B;Bi H #2i HN
°p2°7°°BM; T Q+? p Hmi p tHBM; ~ 7Q’i7 ° M/2 mM/2 mip2+FH
TQi2MiB HB iBHH KTMBM; ~bQK 2t2KT2HpBb }M MbB2HH # Qi
bi’"> ~2° K2iQ/QHQ;BbF miK MBM; * pB/ BMH "MBM; p MQ/BN
FiIBQMbM ip2°F- 27i2°'bQK +2Mi° H KQ/ HBi2i2° K'bi2 7"M; bt
KQ/2HHF  p mTT7vHHbX .2MM p? M/HBM; #2 Fi ~i"2 b’/ M F
p Q°p2'p FT72; " mM/ p# Bbi2M T mTTK "MiHNvVbD2/¥E8C ii
b F2'bi HH iQHF# "?2i/ 2t FiFp MiBi iBp mip /2 BM;H@p "iB

# - 7° iiFmMM ? Mi2° /2M biQ ' H2F Q+? FQKTH2tBi2i bQK F |
i Mb FiIBQMbM ip2 FX

J2/ /2bb K'H bQK p ;H2/MBM; BMi " Q/m+2° > p? M/HBM;2M N\
[2HH2 mi7Q K /2 7° {ii7"M; i"2+2Mi°" H KQ/ HBi2i22Bli° Mb F

K2HH M MRQMiIb BFQWERNM bF HB; biXnFiB;2MQK #B/ " /2M K2/
#712 K2iQ/QHQ:BbF 7 Kbi2; Q+? M HViBbF BMbBFi2 X 6v' 2r
ii, UBV /2i "~ K°DHB;i iiH > MQ/BM# //MBM;  bQK 2T 2b2Mi
/2M- M :QibQKiB/B; "2BMi2? pBb ibc UBBV MQ/2 bQK 2M# °
Ub"F HH /2 6b MFQ 8V 7°b K° ~BM# //MBM;bFp HBi2i2M- K2M
MQK ii FQK#BM2  ‘BFi /Q+? Q'BFi /BM7Q K iBQMbT QT :2°B
/2> 7°° K2//2H M/2@T QT ;2'BM; F M H2/ iBHH  M;# Bbi- pBH|
Fp HBi2i2M- K2M /2ii F M H°b b ;2MQ KK2V/ Rk N FMEB E;E2HH B M ;
b Ki UBpV BM# //MBM; " F M ;° b iQHF# -/  p ‘D2 2;2MbF T
MBM:b7mHH bT2Fi pM ip2 F2iX

1M i2 °FQKK M/2 T  FiBbF miK MBM; BMQK 7Q bFMBM;2M QK
Q+? 2M ?mpm/Q b F iBHH /2bb #2;° Mb /2 7" Kbi2; ~ # Bbi2l
i K M;/2°-iBHH 7°HD/ p/2b F2'?22ib@ Q+? BMi2; Bi2ibF  p bQ
2MM  p? M/HBM; F'BM;; " /2ii T Q#H2K ;2MQK ii 7QFmb2° T
K2iQ/QHQ;BbF miK MBM; "M pB/KQ/2HH2 BM; p MQ/BM# //M
M ip2 FX PK7 ii M/2 2KTB BbF mip /2 'BM; "~ ;2MQK7° b T  #/
/2> #2bi’2M/2 p FQKKmMBF iBQMb@ Q+? bQ+B H M ip2 F bQ!
KQ/ HBi2i2  bQK p2 FHB; # MF/ i b KiT Qz2MiHB:iiBHH; M;
iQp Hmi Q+? bBKmH2" /2 i° Mb FiBQMbM ip2 F- pBHF2i K°DHB
/2 7°°2bH ;M KQ/2HH2'M X






S 27 +2

MVQM2 r?2Q ? b bT2Mi KQ 2 i? Mi2M KBMmi2b rBi? K2 Qp2" i?2
ii2biiQi?27 +ii? iA? p2MQIi7QmM/ Km+? TH2 bm 2BM i?2 /C
+QKTH2iBQM Q7 i?Bb i?2bBb ? b MQi +QK2 rBi?Qmi b +' B}+2b
K2iQ Kv HBKBib BMi?2Q 2iB+ H 2 bQMBM;- Q" ; MBx iBQM H
i?72+m "2Mibi i2Q7i?2 + /2KB+ bvbi2K- M/ T bbBQM 7Q " i?2
T2 bBbi2/- b /B/i?Qb2r?Q ;" /m i2/ #27Q 2 K2- M/ b rBHH i?2
Q7 i?2 7mim 2X AM2pBi #Hv- i?2 [m2biBQM "Bb2b, r?v\ q?v
q?v 2vQm2M/m " BM; K2Mi H? “/b?BTb i? i “2- 7i2° HH- 2Mil

h?2 Mbr2° A Hr vb "2im M iQ Bb i?2 /2bB 2 M/ /'Bp2 iQ + 2
QM26b QrM K FBM;X g?BH2 b+B2MiBbib bi'Bp2 7Q° Q#D2+iBpE
BM2pBi #Hv #2+QK2bBM7mb2/BMiQi?2B rQ Fci?BbBbBM?2"
AMi?Bb i?2bBb-i?722zQ iiQ T Q/m+2 2b2 "+?i? iBb#Qi?i?2Q
2 /IBHv TTHB+ #H2iQ '2 H@rQ H/ T Q#H2Kb-i?2 bi'BpBM; 7Q
Q7 rQ F- M/- BM2pBi #Hv-i?2 H2M;i? Q7 i?Bb /Q+mK2Mi- HH I
T2/BbTQbBiBQMb- # +F;"QmM/- M/ T2 'bQM HBivX AM/22/- Q
i?Bb T "iB+mH ~i?2bBb- M/ BM i?Bb b2Mb2- Bi Bb Kv QrMX

P7 +Qm b2- QrM2 b?BT QMHv ; BMb i'm2 p Hm2 r?2M b? "2/
?2QT2i? ii?22zQ ib BMp2bi2/ BMi?BbrQ FrBHH #2M2}i 7mim™
BM MQ/2 2K#2//BM; KQ/2Hb M/i° Mb +iBQM M2irQ " FbX q?BH2 ,
+ MMQi Mbr2" i?2 [m2biBQM Q7 r?2i?2 r BiBM; i?Bb i?2bBb r
B7 2p2M bBM;H2 T2'bQM- MQr Q" BM i?2 7mim 2-}M/bp Hm2 E
rBHH ? p2 #22M rQ i? BiX






+FMQrH2/;K2Mib

ArQmH/ HBF2 iQ #2;BM #v i? MFBM; Kv bmT2 pBbQ'b M/ /pB
vQm 7Q° i FBM; K2 QM M/ K FBM; Bi TQbbB#H2 7Q° K2 iQ +Ql
iQ 6HQ B M-i? MFvQm 7Q BMi"Q/m+BM; K2 iQ i?2 7 b+BM iBN\
;0 T? "2b2 "+?2X A K HbQ /22THv ;" i27mH iQ E K#Bx- r?Q bl
i?72 KQbibi'BM;2Mi + BiB+ Q7 KvrQ ' FX Pm >  BMi2Mb2-v2i Hr vl
Tmb?2/K2iQi?BMFKQ 2/22THv M/ 'B;Q ' QmbHvVX h? MFvQm [
#2HB27 BM Kv #BHBiB2b i?2°Qm;?2Qmii?Bb DQm M2vX

ial"-ArQmH/HBF2iQi? MF H - KBM- M/a HH 7Q  #2BM;
M BM/mbi'B H S?. bim/2Mi +QmH/ ?2QT2 7Q - M/ 7Q° /IQBM; v
K2 77QK i?2 KQ 2 "vx MIiBM2 bT2+ib Q7 +Q ' TQ i2 HB72X hQ
i? MFvQm7Q  b? "BM; i?BbbBt@v2 "DQm " M2v i?2 i BmKT?b-
T°Q; ' 2bbr2K /2iQ;2i?2 X

aBKBH "Hv- ArQmH/HBF2iQ i? MF HHKv +QHH2 ;m2b i _S
Ao6p2 K /2 i?2°2X uQm 2 HH K xBM; T2QTH2- M/ A 722H i'n
;QiIi2M iQ FMQrvQmX

bT2+B Hi? MFb ;Q2b QmiiQi?Qb2rBi? r2QKAbT2Mii?2 KQ
H7°2/Q- :BQp MMB- M/ 6 “x M2? i? MFvQm 7Q i?2 b? “2/ Hi
;QbbBT- M/ 2?2 Hi?v /Qb2 Q7 +vMB+BbK ?2HT2/ 2 b2 Qm’ b?
H#2i M/JB;m2H vQm r "Ki? M/;QQ/bTB Bib "2 2K "F #H:
K x2/ #v ?2QrvQm K M ;2iQbi vQMiQT Q7 vQm  "2b2 "+? r?BH
Km+? 2M2 ;vBMiQi?2bQ+B HHB72 Q7 i?2;°QmTX hQ JQ? KK2
7Q #2BM; ;QQ/ Q{+2 K i2b- M/ 7Q b? "BM; i?2mTb M/ /QrMb

hQ oH /- _Q#27i- M/ J "+mb vQmr2°2i?2} biT2QTH2 A ;Qii
M/ vQm ; p2 K2 b2Mb2 Q7 #2HQM;BM; /m"'BM; i?2 T M/2KB+
72r Qi?2°bX hQ 62°2B/QQM-J "+2H- JB[m2H- M/ _ z i? MF
i?72 T "iB2b-i?2 ""Zb- M/ i?2 7°"B2M/b?BTX * p # "2M A6HH 21|
J ii2Q- G2Q- M/ J M/v i? MFvQm 7Q i?2 K MVvH m;?b/m BM
gasS +Qm b2 T°QD2+iX AO6HH ;2i # +FiQ vQm #Qmi ?Qr iQ bTH
b2HH i?2 6KBbTH +2/ Hm;; ;2 /2i2+iQ 6 iQ "H M/ X M/ iQ S2i
+°2 iBM; 7TQM/ K2KQ'B2b Q7 Kv QMHV T T2 +QHH #Q  iBQM /m
;7 /m HHv im"M2/ BMiQ /2 /?2Q b2V- M/ 7Q° Hr vb TmiiBM; K2

?2 Ti72Hi i? MFb HbQ ;Q2b Qmi iQ HH Kv 7°'B2M/b QmibB
?2HT2/ F22T K2 b M2 /m BM; Kvbim/B2bX hQ G m~ M/ JB+?2H:
b?BT i? i/2}2b #Qi? /IBbi M+2 M/ iBK2X P+? HBFM M/2 i +F iBI



HHiIiB/ }MMb / - Q pb2ii?m > H M; iB/ bQK ;7iiX

hBHH KBM ; KBM;@FQKTBb ° ""mMQ-6"2/"BF- Ap M- GBMM
7°° HH #mz - 2?2 Hb- "2bm "2+iBQMb Q+? "2bT rMb- Q+? 7°" H
+HQb2 + HHb /" /2i FBiiH i B ? Hb;"QT2M- Q+? 7> K7° HHi- i
H' M; [ ; X

hBHH K iFHmM##b; M;2i H#BM- > MM - PbF - hBH/2 Q+? a
# ° #Dm/Bi T° Qi HB; 7 Mi biBbF K'HiB/2'-mi M Q+Fb” pBb i
M "D ;  HD2 iQKb KK T Q#H2K " miQ+? "BMX liib "bFBHi
bQK D ; HHiIB/ FmMM i p M/ KB; iBHH K2/ 7 7;Q /2 b2M bi2 ™"
Ki2K iBF Q+? HBp2i T al"X oB/ "2 pBHH D ;i +F MM - 7°° i
HvbbM "2- Q+? PHBp2'-7°" ii/m HHIiIB/ " ;2MmBMi BMi 2bb2"
7 FiBbFi ? M/H ~ QKX

hBHH SQH2M@ Q+? 6 BbFBb@; M;2i U6 MMv- CQ? M- CmHB

i +F 7°° }M KBMM2M Q+? 7° ii MB }+F KB; ii F MM KB; p HF
b KK M? M;/ "Q+? /" -mM/2° T M/2KBMX P+?i +FiBHH #QFFHm
*BHH - *H °~ - aBKQM Q+? h2/ p°° K°%2M Q+? BMi 2bb Mi /BbF
KB; ii?Bii iBHH# F iBHHH b M/2i Q+? 7 Mi bBM-bQKD ;b F

aHmMiHB;2M pBHH D ;i +F KBM 7 KBHD KBM K KK "'Bii Q+7
b Ki KBM mi°F /2 7 KBHD- bQK BMFHmM/2" * *?°Bb Q+? C MM2X
KB; Q+? ? “ bi%i i KB; M D ; #2?2°pi /2i bQK K2bi- B p"ii Q+?iQ
2mKe X LB ? ° HHIB/ i"Qii T KB:;- Q+? /2i ? * :2ii KB; biv'F M
bHmMi2i p/2M ? > “2b MX h +F5

aBbi- Q+? p2M KBMbi- pBHH D ;i +F AbbB2- bQK HHiB/ F(
KBii KBMM2X

*Br M *2vH M
1MbF2/2 :" "/
LQp2K#2  kyks8



GBbi Q7 S T2 b

G2 "MBM; LQ/2 _2T 2b2Mi iBQMb IbBM; ai iBQM v 6HQr S
QM G ;2 S VK2Mi M/ * b? h® Mb +iBQM L2irQ Fb

*Br M *2vH-M HH 6> MxOM- 6HQ B M hX SQFQ Mv

S Q+22/BM:bQ7i?2j3i? AMi2 M iBQM H*QM72 2M+2 QM J A
KykR4iT,ffT Q+22/BM;bXKH XT 2bbfpRjNf+2vH MKR

" BbQ#2vBM; .B'2+iBQMb, arBi+?BM; _ M/QK g HF 6BHi2 b
T2 pBb2/ LQ/2 1K#2//BM; G2 "MBM: QM .B 2+i2/ :> T?b
*Br M *2vH-E K#Bx :?2QQ +?B M- . MB+ E  ;B+
h Mb +iBQMb QM J +?BM2 G2 KWR&iTRP2QF2M 2pB2rX
M2if7Q mK\B/4vM;D_ ;o0 8

*6mHH@ _ MF IMbmT2 pBb2/ LQ/2 1K#2//BM;b 7Q° .B 2+i2/ :
J2bb ;2 ;;°2; iBQM
*Br M *2vH- M K#Bx :?2QQ +?B M-. MB+ E  ;B+
h> Mb +iBQMb QM J +?BM2 G2 KWR&-iTR2QF2M 2pB2rX
M2if7Q mK\B/4jl*#1w;kA7

a+ H #H2 IMbmT2 pBb2/ 62 im 2 a2H2+iBQM rBi? _2+QMbi’
:m ~ Mi22b pB ZJ_ .2+QKTQbBiBQM

*Br M *2vH-E K#Bx :?QQ +?B M-. MB+ E  ;B+
S'Q+22/BM;b Q7 i?2 jj/ *J AMi2°M iBQM H *QM72°2M+2 QI
EMQrH2/;2J M ;2K2M{i kyldE IO ,ff/QBXQ ;fRYyXRR98fjekded
jedNNN9

Pi?2° +QMi'B#miBQMb MQi BM+Hm/2/ BM i?2 i?2bBbX

1:° T?2.* 6° K2rQ'F 7Q° LQ/2 .Bbi'B#miBQM *QKT "BbQM
2 H M/ avMi?2iB+ :> T?b
*Br M *2vH MS2i° SQFHMmMF * - > MM >mHiBM- H2t M/2" E

M bi bB o p-. MB+ E  ;B+
"sBp T 2T KMRiiTh,ff "tBpXQ ;f #bfkkykXyj339

6 .B;" T?r p2, a+ H #H2 1ti° +iBQM Q7 ai m+im> H LQ/2 1K#:
pB .BzmbBQM QM .B '2+i2/ :° T?b
*Br M *2vH-E K#Bx :?QQ +?B M-. MB+ E" ;B+
"sBp T 2T KWBMRiiTh,ff "tBpXQ ;f #bfkkydXRyR9N


http://proceedings.mlr.press/v139/ceylan21a
https://openreview.net/forum?id=yngjRgVA5A
https://openreview.net/forum?id=yngjRgVA5A
https://openreview.net/forum?id=3ECbEZg2If
https://openreview.net/forum?id=3ECbEZg2If
https://doi.org/10.1145/3627673.3679994
https://doi.org/10.1145/3627673.3679994
https://arxiv.org/abs/2202.03884
https://arxiv.org/abs/2207.10149




*QMi2Mib

#bi® +i pBB
a KK M7 iiMBM; Bt
S'27 +2 tB
+FMQrH2/;K2Mib tBBB
GBbi Q7 S T2'b tp
*QMi2Mib tpBB
+ " QMvKDb ttB
y SQTmH " a+B2M+2 amKK v R
R AMi ' Q/m+iBQM d

RXR h?2*? HH2M;2b Q7 LQ/2 1K#2//BM; G2 "MBM;MQ  h™ Mb
RXk S 'Q#H2K ai i2K2Mi X X X X X X X X X X X X KkX X X X
RXj h?2bBb P ; MBb iBQM M/ *QMi ' B#miBQMb X RjX X X X

k h> Mb +iBQM L2irQ ' Fb M/ i?2B° STQT2iB2hb R 8
kXR g? iBb h™ Mb +iBQM L2irQ'F\ X X X X X X R& X X X
kXk J i?2K iB+ H 2T '2b2Mi iBQMb M/ hQQHb 7Q° JQ/2HH
M/ :" T?2aiim+im2 X X X X X X X X X X X X XkR X X X X
kXj JmHiB@ai2T M/ JIJmHiB@a+ H2 :" T? ai m+im PRX X X X
kX9 .B'2+i2/:" T?2aiim+im2hb X X X X X X X X X X X X X
kX8 h™ Mb +iBQM L2irQ ' FB6HQr X X X X X X X X X9X X X X

i LQ/2 1K#2//BM; JQ/2Hb 98
jXR h?2q? i M/ g?vQ7LQ/2 1K#2//BM:; JQ/2HDb X9% X X X )
Xk LQ/2 1K#2//BM; JQ/2Hb 7Q  h> Mb +iBQM L2irQdFb X X
iXj LQ/2 1K#2//BM; JQ/2H G2 "MBM; X X X X X X ¥NX X X X
iX9 S QtBKBivpbai'm+im  H1K#2//BM;b7Q  * Ti@BM; LQ/
iX8 Pp2'pB2r Q7 1tBbiBM; LQ/2 1K#2//BM; JQ/2HIBS8X X X X

3
y



jiXe _ M/QK q HF@# b2/ JQ/2Hb X X X X X X X X ¥& X X X
iXd > T? *QMpPQHMIBQMb X X X X X X X X X X XeX X X X >
jX3 J2bb :2@S bbBM: JQ/2Hb X X X X X X X X X &8X
iXN a2H7@amT2 pBb2/:  T?2L2m > HL2irQ Fb X XK
iXRy .QrMbi*2 Kh bF TTHB+ iBQMb Q7 LQ/2 1K#2B/MBM:

G2 "MBM; LQ/2 6HQr 1K#2//BM;b pB ai iBQM v 6HNQr S*2/B
9XR ai iBQM "v6HQr S'2/B+iBQM M/ i?2 :" /IB2MidHQr JQ/:
9Xk :i2/:" /IB2Mi 6HQr JQ/2H X X X X X X X X X XK X X X
9Xj G2 "MBM; rBi? GQ; Bi?KB+ HHv .Bbi ' B#mi2/ NeMb +iB(
9X9 " b2HBM2 6HQr S'2/B+iBQM JQ/2Hb X X X X MNMNX X X X
9X8 1tT2'BK2Mi H1p Hm iBQM Q7 i?2 : i2/:" IB2RNRBHQr JQ
9Xe *? Ti2 " *QM+HmMbBQM X X X X X X X X X X Ry¥d X X X

S'QtBKBiv M/ J2bb ;2@S bbBM; 1K#2//BM;b pB R2ZN? #BHE
8XR _2 +?L1b, _2 +? #BHBiv LQ/2 1K#2//BM;b XRR¥Y X X X
8Xk q HF G2M;i? .Bbi B#miBQMb X X X X X X X RRKX X X X
8Xj JmHIiB@a+ H2 M/ JmHiIB@.B 2+iBQM H _ 2 +RR& X X X
8X9 S QtBKBiv 1K#2//BM; _2/m+iBQM M/ ai m+imRH 1[mBp
8X8 J2bb ;2@S bbBM; 1K#2//BM; _2/m+iBQM M/RRIQKQ T?
8Xe *QKTmi iBQM H *QKTH2tBiv Q7 _2 +?L1b X XRKRX X X X
8Xd *? Ti2>*QM+HmMbBQM X X X X X X X X X X KkXK X X X

.BbQ#2vBM; .B'2+iBQMb 7Q" 1z2+iBp2 LQ/2 1K#2//BM; G2

QM .B;" T?b Rk8

eXR M HvbBb Q7 GQ+ HaBMFb BM .B;” T?b X X RkX X X X

eXk .BarBi+?, arBi+?BM; 2 +? #BHBiv 6BHi2 b R{yX X X X
eXj .BbT2'b H M/ 1tT 2bbBpBiv 1tT2'BK2Mib X RjR X X X :
eX9 .B'arBi+? 1K#2//BM; Zm HBiv 1p Hm iBQM XRX9X X X X
eX8 "2M+?K "F *QKT "BbQMb iQ Pi?2  LQ/2 1K#2R8M; JQ/2]
eXe *QKTmi iBQM H*QKTH2tBiv Q7 .B arBi+? MRI9®M hBK?Z
eXd *? Ti2" *QM+HmMbBQM X X X X X X X X X X K9X X X X

6mHH@_ MF JmHiB@a+ H2 J2bb ;2@S bbBM; 1K#2//BM;b p
b ;2 ;;°2; iBQM R8R

dXR 1K#2//BM; _ MF .2}+B2M+v X X X X X X X XR8K X X X
dXk h?2L2; iBp2 1z2+ib Q7 _ MF@.2}+B2Mi 1K#2REBM;b X |
dXj h?2 **JQ/2H M/ J2bb ;2 ;;°2; iBQM X X X XR8NX X X X
dX9 7 T? HB;MK2Mi 1tT2 ' BK2Mib X X X X X X R&j X X X X
dX8 >2i2°'QT?BHB+ LQ/2 *H bbB}+ iBQM "2M+?K REIN X X X
dXe **p2 bmb .B arBi+? X X X X X X X X X X XRAX X X X
dXd *? Ti2° *QM+HmMmbBQM X X X X X X X X X X K38 X X X

ZJ_62 im 2 a2H2+iBQM 7Q" ** 62 im 2 AMi2 T 2IRBHBIiv
3XR ZJ_62 im 2 a2H2+iBQM X X X X X X X X X K38 X X X



3Xk 62 im'2 a2H2+iBQM 1tT2'BK2Mib X X X X XRAK X X X
3Xj **@zZJ_ M/ 1K#2//BM; 62 im 2 AKTQ i M+2 MMNevbBb X
3X9 *? Ti2>*QM+HmMbBQM X X X X X X X X X X KX X X X

N *QM+HmMbBQM- GBKBi iBQMb- M/ 6mi
NXR h?2bBb *QM+HmMbBOM X X X X X X X
NXk GBKBi iBQMb M/ 6mim 2 qQ F X X X X Xy® X X X .
NXj hQr /b _2 H@qQ H/ TTHB+ iBQM 7 LQ/2 1K#2//BM;k
iBOM L2irQ Fb X X X X X X X X X X X X X X XkRKX X X X

m 2 qQ F kyj

X X X KyK X X X
X X
b Q

272 2M+2Db kRS
LQ/2 *H bb .Bbi'B#miBQMb 7Q° G #2HH2/ L2irQ FkjNb2ib

" M HvbBb Q7 _2 +?L1b _ M/QK q HF G2M;i? .Bbi BHARIBQMb
"XR h?2 SQBbbQM .Bbi B#MIiBQM X X X X X X X XDRX X X >
"Xk h?2 :2QK2i B+ .Bbi'B#miBQM X X X X X X X KOX X X X
“Xj _2H iBQM "2ir22M i?2 "BMQKB H .Bbi"B#miBQMeM/ a2H7

* //BiBQM H .B arBi+? 1p Hm iBQM _2bmHib k9N
*XR //BiBQM HLQ/2 *H bbB}+ iBQM _2bmHib X X9 X X X
*Xk //BiBQM HLQ/2 *Hmbi2 'BM; _2bmHib X X X X8% X X X
*Xj >QKQT?BHV BM i?2 SQF2+ . i b2i X X X X X X8 X X X

)
)

** +4+4m’ +v M HvbBb QM i?2 a[mB ™ "2H . i b2i k8d






+ QMVKDb

+ " QMvK J2 MBM;

** 17725 i2-*QKT 2bb-*QM+ i2M i2, i?2 K2bb ;2@T
2K#2//BM; KQ/2H T°QTQb2/ BM *? Ti2"

Y @ZJ *mbBM; ZJ _@6a7Q 72 im"2b2H2+iBQM BMbi2
T '2bbBQM-T°QTQb2¥ BM *? Ti2"

/ K ;0 /IB2Mi /2b+2Mi QIR BKBx2™ (

/ Kq p2 " bBQM Q7 kJ K (

JG MIiIB@JQM2v G mM/2 BM;

Kb;" / ~ 5 7Q° 1 KX

SS T QtBKBiv MQ/2 2K#2//IBM; KQ/2H # b2HBM2 (

| * "2 IM/27i?2*m p2- +H bbB}+ iBQM 2p Hm iBQM

" G aa:LL MQ/2 2K#2//BM; # b2BBM2 KQ/2H (

"G .1 T QtBKBiv MQ/2 2K#2//BM; K@/2H # b2HBM2 (

** @aa: aa:LL MQ/2 2K#2//BM; # b2 BM2 KQ/2H (

*L 6a M mMbmT2 pBb2/72 im2 b2H2+iB)QM # b2HBM?2

*S| *2Mi° HS ' Q+2bbBM; IMBI

*0 **Qbb@o HB/ iBQM

L T QtBKBiv MQ/2 2K#2//BM; KQNH # b2HBM2 (

.B;" T? B 2+i2/ ;" T?

.BTarBi+? 2 +?L1b# b2 MQ/2 2K#2//BM; KQ/2H i? i mb:

iBQM brBi+?BM;- BMi"Q/me+2/ BM *? Ti2°
.B arBir+? @ .B arBi+? mbBBVI2+i2/ r HF bi2Tb #27Q 2 brBi+?
mM/B 2+i2/ T°QT ; iBQM

6X1XYJIGS 62 im 2 1M;BM22'BM; Y JmHIBH v2  S2 +2Ti (
# b2HBM2 KQ/2H

6 X:X h?2 6 B M2bb :QQ/M2bb ~Qr T'2/BH<HBQM # b2H

:h T T? 1i2MiBQM L2irQ ' F U:LL "+RRBi2+im 2V (

:*S QQ;H2 *HQm/ SH i7Q K

c*L S T?2 *QMPpQHMIBOQM H L2irQ ' F U:LRk +?Bi2+im’2

16 7 /IB2Mi 6HQr UKQ/2HV bim/B2/ BM *? Ti2"°

116 12/ 7 /IB2Mi 6HQr UKQ/2HV T°QTQH2/ BM *? Ti2"®

:LL T T?2L2m” HL2irQ F

;S| T T?B+b S'Q+2bbBM; IMBI



T T?a :1 > T?2a KTH2 M/ ;;72; i2 U:LL "+RBi2+im 2V (

>PS1 T QtBKBiv MQ/2 2K#2/FBM; KQ/2H (

E@J2 Mb GHQV/6b H:Q Bi?K 7Q° TK HEHBIQIREM( / i BMi

G>a G27i@? M/ aB/2

Ga G TH +B M a+Q 2- M mMbmT2 pBb2/ 72 im 2 b
K2i? QR

GazZ_ G2 bia[m "2b Z_/2+QKTQbBiBQM H;Q Bi?K

J1 J2 M #bQHmi2 1°°Q°

JGS JMHIBH v2  S2 +2Ti"QM

JS P++ bBQM HHv mb2/iQ ## 2pB i2 J2bb ;2@S bb]

Jal J2 Ma[m "2/1°Q"

JMmHIBrB"@ JmHIB@/B '2+iBQM H "2 +? r#BHBH X Q/i2H b BM?
MQ mMmM/B 2+i2/ brBi+?BM;

L.6a M mMMbmT2 pBb2/ 72 im 2 b2H2+iB®M # b2HBM?2

L1 . T QtBKBiv MQ/2 2K#2//BM; KQ/2H (

LIJA LQ K HBx2/JIJmim HAM7Q K iBQM- +Hmbi2 " BM;

LQ/2ko2+ T QtBKBiv MQ/2 2K#RMNBM; KQ/2H (

S* S'BM+BT H *QKTQM 2 * X HR/BIb) (

S* S bb K2bb ;2@T bbBM; MQ/2 2KdR//IBM; KQ/2H (

ZJ_ Ki'Bt/2+QKTQbBiBQM T QT@b2/BM *? Ti2"

ZJ_@6a ZJ 62 im 2 a2H2+iBQM K2i?Q/-b+ H #H2 mMbn
b2H2+iQ T 2b2Mi2/3BM *? Ti2"

_J _ M/QK ++2bb J2KQ' vV

_16 _Qr1+?2HQM 6Q K

_2Gl _2+iB}2/ GBM2 " IMBIi

2 +?L1b _2 +? #BHBiv LQ/2 1K#2//BM;b, ;2M2° H 2K#.
rQ'F mbBM; "2 +? #BHBiv@# b2/ bKQQi?BM; T Q
i2°8

_>a _B;?2i@? M/ aB/2

q P++ bBQM HHv mb2/iQ ## 2pB i2 _ M/QK g HF

a:*L aBKTHB}2/ :" T? *QMpQHMIBQM H L2irQ F- 2K#?2
T QTQb2KkRv (

asSi1* M mMbmT2 pBb2/ 72 im 2 b2H2+iBQM # b2HBM?Z

aS@ ao. aBM;H2@S bb _ M/QKBx2/ aBM;mH >~ o Hm2 .2

+B2Mi p2 ' bBQM Q7 ao. TOQMQ mB/2#vBM T QtBKBiv
2 +?2L1b BM *28Ti2"

aa:LL a2H7@amT2 pBb2/:" T? L2m" H L2irQ F

ao. aBM;mH "o Hm2 .2+QKTQbBiBQM

l.6a M mMbmT2 pBb2/ 72 im 2 b2H2+iBKQM # b2HBM?2
16a IMbmT2 pBb2/ 62 im 2 a2H2+iBQM

la6ald M mMbmT2 pBb2/ 72 im2 b2H2+iB@YM # b2HBM?2

p*Sl 0B im H*2Mi° HS Q+2bbBM; IMBi|









*? Ti2 vy

SQTmH " a+B2M+2 amKK v

h?Bb i?2bBb +QMi'B#mi2b iQ i?2 7mim 2 Q7 }M M+B H + BK2 /2
i +FHBM;i?2 H;Q Bi?KB+ +? HH2M;2b Q7 2T 2b2MiBM; ++Qm
BMrvbi? i "2 #Qi? 2{+B2Mi M/ 2z2+iBp2 7Q° K +?BM2 H2 "MB

h?Bb QM2@b2Mi2M+2 bmKK v K v #2 HH i? i Bb M22/2/ 7Q"
BM i?2 i2+?2MB+ H /2i BHbX 6Q  i?Qb2 rBb?BM; iQ mM/2 bi M/
i?727QHHQrBM; +Q 2 +QM+2Tiib M 7#MB/AQ MK MNRIIQD2 RIK#2//BM;
KQ/2-HIM/QrMbi 2 K XbFb

h> Mb +iBQMb- L2irQ Fb- LQ/2 1K#2//BM; JQ/2Hb- M/
TTHB+ iBQMb

6Q° 2 b2 Q7 mM/2 bi M/IBM; 7Q°  mM7 KBHB ~ "2 /2 b- ArBHH }I
i277Qm;? M M HQ;vX AK ;BM2 #H +FbKBi? 7Q°;BM; iQQHb N
h?2 /i bim/B2/ BM i?Bb i?2bBb i?2 i° Mb +iBQM M2irQ ' Fb TH
i72B°"QM M/ bi22H, i?2v "2 i?2  rK i2°'B HbX h?2 MQ/2 2K#2/
bTQM/iQi?2 bKBi?BM; T Q+2bb Bib2H7 i?72 7?2 iBM;-? KK2'BM
i Mb7Q Kbi?2 rKi2'B HBMiQ mb27mHQ#D2+ibbm+? bbrQ"
h?2b2 }M H T °Q/m+ib 2T 2b2Mi i?2 MQ/2 2K#2//BM;b- r?B+7? +
/Bz2'2MiTm TQb2bX arQ /b "2mb2/7Q" };?iBM;-?2Q2b 7Q THC(
7Q Hm+Fc i?2b2 mb2b +Q "2bTQM/iQ i?2 /QrMbi 2 Ki bFbX

h?Bb i?2bBb K BMHvV +QM+2 MK BA2 BM /VIQFIBBR- i?72 MQ/2
2K#2//IBM; KQ/2HbX P7 +Qm b2-i?Bb "2[mB 2bmM/2 bi M/BM; i
i?2bi'm+im'2 M/ KQ/ HBiB2b Q7 i Mb +iBQM M2irQ°Fb M/ bQ
i?72 "2bmHIBM; T°Q/m+ib- i?2 MQ/2 2K#2//BM;b- "2 BMi2M/2/ i
/2i BH2/ FMQrH2/;2 Q7 i?2 TTHB+ iBQMb Bb MQi bi'B+iHv M2+
7Q+mb Q7 i?2 i?2bBbX

Lim> HHv-i?Bb M HQ;vBb bBKTHB}+ iBQMi? i# 2 Fb/QrN
+QM+2Tib b?QmH/ i?2°27Q°2 HbQ #2 mM/2 ' biQQ/ BM i?2B" (C
"2 7 KBHB T iQ 2p2°'vQM2, r?2M2p2° vQm #mv bQK2i?BM; Q"
7°B2M/- 7TmM/b KQp2 7°'QK QM2 ++QmMiiQ MQi?2 X *QMbB/2"

R



k *?2 Ti2 yX SQTmH " a+B2M+2 amK

;0 T?X

e

2 ° 6 %’o

2 4 6 8 10 0 2 4 6 8
U#Mi " m+im> H 2K#2//BM;bX U+8 QtBKBiv 2K#2//BM;bX

6B;m 2 yXR/, UB 2+i2/ bm#;  T? 2ti’ +i2/ 7°QK i?2 "Bi+QBM + vTiQ+m
+iBQM ;> T?X LQ/2 bBx2 +Q "2bTQM/b iQ i?2 MmK#2" Q7 i° Mb +iBQ
*27°2b2Mib i?2 T°'QTQ iBQM Q7 “2+2Bp2/ p2 bmb b2Mi i Mb +iBQMb |
#Hm2 BM/B+ i2b KQbiHv BM+QKBM; i° Mb +iBQMb- HB;?i Q" M;2 KQb
+QHOM b KQ 2 # H M+2H¥RQ@EEQK2KbBQM H T QD %48 QM Ib iU i+ % (
im> HMQ/2 2K#2//BM;b U *8Y X?LNiZb rBi? bBKBH " /2;°22 M/ BMfQmi
T QTQ iBQMb +HmbUNSQDi2Ri2N¢ T QtBKBiv 2K#2//BM:;b U_8V+?2L1b- *"
"2~2+iBM; M2B;?2#Qm ?QQ/ T QtBKBiv BM i?2 ;> T?-r?2°2 MQ/2b ;" Qn
Ci?2°i? M b? "2/ bi'm+im 2X



Butch
A Winston

Vincent

Jimmie Jules [0.39,-0.14,-0.71,0.57]
Vincent [0.15,0.38,0.74,0.54]
Mia Winston  [0.71,-0.33,0.18,-0.59]
Marsellus _ Jimmie [0.71,-0.33,0.18,-0.59]
N, T Embedding Model  J-----=---- > Marsellus  [-0.56,0.3,-0.77,-0.02]
Jules  {Vincent, Winston, Jimmie, Marsellus} Mia [-0.16,0.88,0.04,-0.44]
Vincent  {Jules,Winston, Butch, Mia, Jimmie, Marsellus} Butch [_0 58.-0.45.0.53. 0 42]
Marsellus  {Jules,Vincent, Mia, Butch, Zed} T T
Mia {Marsellus, Vincent} Zed [-0.61,-0.55,-0.12,-0.55]

Butch  {Marsellus, Vincent, Zed}
Zed {Marsellus, Butch}

Jimme  {Winston, Jules,Vincent}
Winston  {Jules,Vincent, Jimmie}

6B;m 2 yXok,7i, bK HH mM/B 2+i2/ bQ+B H M2irQ ' FX 1 +? MQ/2 Bb /2)
iBQMb iQ Qi?2° MQ/2b +QMi2ti@+2Mi 2/ 2T 2b2Mi iBQMX _B:?i, MQ
i iBQMb Q7 2 +? MQ/2-r?2°2 2p2°v MQ/2 Bb /2b+ " B#2/ #v p2+iQ Q7
2K#2//BM; KQ/2Hb T2 7Q K i?Bb i’ Mb7Q K iBQM- 2M+Q/BM; +QMi2ti
[2T2M/2Mi p2+iQ" "2T 2b2Mi iBQMbX Uh?2 2K#2//BM; p Hm2b 2 BHH

iQ;2i?2-r2 + MBK ;BM2 r2# Q7 +QMM2+iBQMb r?2°2 2 +? +
2 +?2 i° Mb +iBQM M 2/;2 #2ir22M MQ/2bX am+? +QHH2+iBQN
FMQrM p TX bK HH 2t KTH2 Bb b?QyKIKBM @B im+2M HbQ #2
2M°B+?2/rBi? //IBiBQM HBM7Q K iBQM-bm+? b ++QmMi/2i I
Q iBK2bi KTbX hQ;2i?2-i?2b2 7Q K r? M IB b iBMQQF M 2brQ " F

L2irQ'Fb "2 ;2M2 " H M/ TQr2 ' 7mH r v Q7 KQ/2HHBM; "2H
/QK BMb #2vQM/ }M M+2 7Q" 2t KTH2- bQ+B H +QMM2+iBQMb
#BQHQ;B+ H KQH2+mH2b- Q  2p2M i?2 r2#T ;2b Q7 i?2 qQ H/ q
rQ’Fb "2 MQi bi® B;?i7Q°r '/ iQ mb2 BM K +?BM2 H2 "MBM;- Z
+QMi BM KBHHBQMb Q° #BHHBQMb Q7 MQ/2b M/ 2/;2b- b Bl
iBQM M2irQ ' FbX h?2 +? HH2M;2 HB2b BM #ZRM7 2#i @ 2 N2 M f DMF |
Dmbi b rQ'/; BMb K2 MBM; 7°QK Bib b2Mi2M+2- MQ/26b K2
+QMM2+iBQMb iQ M2B;?#Qm BM; MQ/2bX h?Bb /2T2M/2M+vV [
iBQM Q7 K Mv K +?BM2 H2 "MBM; H;Q ' Bi?Kb i? i2 +?2 /i TQB!
BM/2T2M/2MiHv r?B+? Bb + m+B H7Q 2{+B2Mi H ";2@b+ H2 +

L2irQ'F "2T 2b2Mi iBQBRIKHAQMBM:+QK2 i?Bb T Q#H2K #v T°
BM/2T2M/2Mi /i 2T 2b2Mi iBQMb Q7 M2irQ"F MQ/2b r?BH2 b
i2tim H BM7Q K iBQMX h?2b2 "2T 2MIZMP iBK¥N2 b/ BN/, 2?12 H2/
H;Q Bi?Kb i? i ;2M2" i2 i?2K MDFMZK¥2/BBM XKD AZHM Q /2
2K#2//BM; Bb p2+iQ° HBbi Q7 "2 H@p Hm2/ MmK#2 b i? i +Q
MQ/26b T QT2 iB2bX h?2b2 p2+iQ°'Bb2/ 2T 2b2Mi iBQMb K FZ
K i?2K iB+ HQT2" iBQMb M/ K +?BM2 H2 "MBM; i2+?MB[m2b-
bBKBH "BivxBHHMbi~ i2b i?Bbi° Mb7Q 'K iBQM 7 QK +QMi2tif
iQ BM/2T2M/2Mi 2K#2//BM;bX

mb27mH K2Mi HTB+im"2BbiQ BK ;BM2 HH MKHQBM#2//BM;
?B;?@/BK2MbBQM HDbOT +2-r?2"2MQ/2bi? iHB2 +HQb2iQ;2i?:



9 *?2 Ti2 yX SQTmH " a+B2M+2 amK

6B;mYORM/yXRRPQr bBKTHB}2/ irQ@/BK2MbBQM H 2t KTH2b C
7Q irQ /Bz2 2Mi 2K#2//BM; ivT2bX h?2 pBbm H/Bz2 2M+2b #2i
p BQmb KQ/2Hb + Tim 2 /BbiBM+i MQiBQMb Q7 bBKBH "BivX

PM+2 MQ/2 2K#2//BM;b ? p2 #22M H2 "M2/-i?2v+ M #2 TTH
Q7 i bFb- FMQrM b /QrMbi’2 K TTHB+ iBQMbX 6Q" 2t KTH2-
miQK iB+ HHv B/2MiB7v ++QmMib BM i° Mb +iBQM M2irQ Fb i
iQ ;’QmT i?Qb2 i? i "2 +HQb2HvV +QMM2+i2/X h?Bb- BM im M-
[2i2+iBM; mMmbm HT ii2"Mb Q7 #2? pBQm i? i K vBM/B+ i2 Bl
B+ H2t KTH2 mb2/i?2°"Qm;?2Qmi i?Bb i?2bBbX b +QKTH2i2Hv
2K#2//IBM;b + M #2 mb2/ iQ K i+? MQ/2b #2ir22M /BbDQBMi M2
2KTHQv2/ BM 2pQHmMIiBQM v #BQHQ;v iQ bim/v ?2Qr M2irQ Fb
"2H i2 +°'Qbb bT2+B2bX

h?2bBb :Q H M/ *QMi B#miBQMb

> pBM; mM/2 biQQ/i?2 #Qp2 7QmM/ iBQMb-r2 + M MQr im M |
i'B#miBQMb Q7 i?Bb i?2bBb BM T "iB+mH "X q?BH2 MQ/2 2K#2
+2Mi° HiQ K +?BM2 H2 "MBM; QM M2irQ Fb-i?2B° TTHB+ iBQ
2K BMb mM/2 2tTHQ 2/X J MV QT2M [m2biBQMb M/ +? HH2M;:
/[1"2bb2b b2p2° H Q7 i?2KX Ai 7Q+mb2b QM /2p2HQTBM; MQ/2
2mMbmT2- B H2/b- #MB+ H #HEZ i? i+ M 2T 2b2Mii° Mb +iBQM
br2HH b /B 2+i2/ M/ KmHiB@b+ H2 ;" T? bi'm+im 2bX
IMbmT2 KBRbRVb i? ii?22K#2//IBM;b "2 MQii> BM2/7Q" bT2+E
i bF bm+? b7Q 2+ biBM;HQ M /27 mHib #mi "2 BMbi2 //2bB;M
M;2 Q7 M2irQ'F T ii2"MbX Hi?Qm;? i?Bb Bb KQ 2 +? HH2M;
KQ/2Hb KQ 2 ~2tB#H2 M/ p Hm #H2 7Q" 2tTHQ iQ'vi bFb HB
i Mb +iBQM #2? pBQm b-r?B+? Bb F2v iQ /2i2+iBM; }M M+B H
M Hvb KB2Mb i? i i?72 KQ/2Hb "2 bBKTH2 2MQm;? iQ HHQr
"2 bQMBM; #Qmir? i i?72v H2 "MX h?Bb Bb T "iB+mH "Hv BKT(
b2iiBM;b-r?2"2 QM2 Kmbi BMi2 T '2i M/ mM/2 bi M/i?2 T ii2 Ml
Ti?227i? M bBKTHv "2THB+ i2 FMQrM H #2HbX PM2 BKTQ' i Mi
bi m+imM/MA QtBKEBI#2//BM;bX ai'm+im™> H2K#2//BM;b ;"QmT MQ
bBKBH " "QH2b BM i?2 M2irQ F-2p2M B7 i?2v 27 ~ T "i-r?BH
;QmT MQ/2bi? i "2 bT iB HHVMXRHIQPZKi6B2Imi2Bb, \WMRSEB; m™ 2
MQ/2brBi? bBKBH "bBx2 M/ +QHQmM U '2~2+iBM;/2;°22 M/i N
iQ;2i?2 -r?BH2 BMEBR;,Im 'R2 MQ/2b "2 TH +2/7 ° T "i #2+ mb2
MQi M2B;?#Qm b BM i?2 M2irQ FX
a+ H #BBAB2vb iQ +QKTmi iBQM H 2{+B2M+v ?2Qr HQM; i?2 KQ
M/ ?2Qr Km+? K2KQ v Bi "2[mB 2bX hQ #2 T® +iB+ HHv mb27m
+iBQM /i - MQ/2 2K#2//BM; KQ/2Hb Kmbi 2{+B2MiHv ? M/H2 ¢
Q7i2M #v H2p2® ;BM; T ° HH2H T Q+2bbBM; M/ :SIbX
h?2i?2bBb T 2b2Mib bmBi2 Q7 KQ/2Hb i? ib iBb7vi?2b2i?":
+ TimBM; BKTQ'i Mi 72 im 2b Q7 i° Mb +iBQM M2irQ ' Fb ~Qrb-
b+ H2 bi'm+im>2- M/ MQ/2 ii'B#mi2bX aQK2 Q7 i?2 K BM BMbl



UBV BiBb TQbbB#H2 iQ H2 "M 2K#2//BM;b i? i 2T 2b2Mii° M
MQi T 2pBQmbHV /2KQMbi™ i2/c

UBBV MQ/2bi? i QMHV "2+2Bp2 i Mb +iBQMb UbQ@+ HH2/ 6t
i?2 H2 "M2/ 2K#2//BM:b- #mii?Bb + M #2 KBiB: i2/ #v KBt2/
M/ mM/B 2+i2/ 2/;2b 7Q  BM7Q K iBQM T QT ; iBQMc

UBBBV bi M/ '/ K2bb ;2@T bbBM; K2i?Q/b + M H2 /iQ ~ MF /2]
#2//BM; [m HBiv-r?B+? + M #2 Qp2 +QK2 i? " QmK2b@2r i2+*
b ;2 ;;°2; iBQM

UBpV 2K#2//BM;b + M #2 K /2 BMi2 T 2i #H2-rBi? 2 +? 72 im":
K2 MBM;7mH bT2+i Q7 i?2 M2irQ FX

h F2M iQ;2i?2 - i?Bb i?2bBb K F2b bB;MB}+ Mi T°Q; 2bb iQ
i2°T 2i #H2- M/ b+ H #H2 MQ/2 2K#2//BM; KQ/2Hb 7Q° M Hvb
M2irQ Fb M BKTQ i Mi bi2T iQr /b KQ/2 M iQQHb 7Q" }M M+E
M/ T 2p2MiBQMX gq?BH2 Km+? rQ'F “2K BMb- T “iB+mH "Hv B
“H/vM KB+b Q7 i° Mb +iBQM M2irQ Fb-i?2 7QmM/ iBQMb 2bi
bi*QM: # bBb 7Q° 7mim"2 “2b2 “+?2 M/ 2 H@rQ H/ TTHB+ iBQ






*?2 Ti2 R

AMi Q/m+iBQM

2T 2b2Mi iBQMKH2 KABWBM; i?2 i bF Q7 H2 "MBM; HQr@/BK2M
/IBM;b Q7 /i i? i 7 +BHBi i2 /QrMbi'2 Ki bFb bm+? b +H bbB}
? b#22M +2Mi° HiQ K Mv Q7 i?2 #2 Fi?2’Qm;?b BM K +?BM2 H
/2+ /2 M/ ?kBX @?BH2 K2/B +Qp2" ;2? bT'BK "BHvV ?B;?HB;?
v /Ip M+2b BM +QKTmMy2/Rp BWB MM™ HH M;m ;2 TK-Qi42bbBM; (
*2T°2b2Mi iBQM H2 "MBM;? b HbQ 7mM/ K2Mi HHvi® Mb7Q K2
M/ M2irQ S (

Hi?2Qm;?2 i?2j2TKIM/M2irQ R Q7i2M mb2/ BMi2 +? M;2 #Hv-i?
/IQTib /IBbiBM+i /2}MBIBRAMRXb iQ b2i Q7 MQ/2b +QMM2+i2/ ;
+Q "2bTQM/BM; iQ i?2 iQTQHQ;B+ H Q#D213) bMii/[BRKBMIiK i?2}
b+B2Me)X (M2irQ BM +QMi” bi- 272 b iQ /i b2ii? i+ M #2 KC

;0 T? HQM; rBi? mtBHB v/ i X am+? /i Kv BM+HmMm/2 MQ/.
72 im'2 p2+iQ°b bbQ+B i2/ rBi? MQ/2b M/ ivTB+ HHv biQ 2/
ii'B#mi2b- bm+? br2B;?ibX

L2irQ'Fb "2T2 p bBp2BMKQ/2 MbQ+B2ivX h?Bb m#B[mBiv
BKT +iQ7i?2 AMi2 "M2i- Bib2H7 M2irQ ' F +QKTQp2r2@B#B2 p2" |
? b2M #H2/i?2 2K2 ;2M+2 Q7 /IBp2 b2 bvhi2KY); 2KTBHHRB RIIFQ "
M2irQ Blg {R- +Bi iBQM M2k Q)FbM/ QMHBM2 bQ+B H M/ / iBM
7Q KX Pi?2° 2t KTH2b BM+HM/2BM7" bi'm+im 2 M2irQ Fb bm
iBQM bvb93KB Qr2" ;" Bb M/i° MbTQ i iBQMM23ipQI-Fb (2HH
b #BQHQ;B+ H M2irQ Fb- bm+? b3#  BMT+QMMBA+ITQRLEDBM BMi:
iBQM M2ir@QREDX 1 +? M2irQ'F + ""B2b Bib QrM BMi2 T 2i iBQNMN
2/;2b- br2HH b /BbiBM+i 7Q Kb Q7 mtBHB "vBM7Q K iBQMX
M2irQ"F- MQ/2b 2T 2b2Mi Tm#HB+ iBQMb-2/;2b "2T 2b2Mi +B
bbQ+B i2/ rBi? i2tim H/2b+ BTiBQMb-ivTiB+ HHv 2RI}XQ/2/ mbl

aBKBH “iQ Qi?2° "2 b Q7 2T 2b2Mi iBQWRHD "MBM; 2 b2M;@
i iIBQM H2BBMBMH2 "M 2K#2//BM;b i? i+ Tim 2 i?22 bi m+im 2 N
+QMi BM2/ BM M2irQ Fb- 2M #HBM; 2{+B2Mi bQHMIBIXMb iQ /
h?Bb + Mi F2 b2p2° H7Q Kb- b 2K#2//BM;b K v #2 bbQ+B i2/
?B;?2 @Q° /2" bBKTHB+2b- Q  bm#;> T?bX h?BbQrQ FK#HQAG@ b 21

d



3 *?2 Ti2° RX AMi'Q/m+iBQ

/IBM-5?2°2 DbBM;H2 2K#2//BM; p2+iQ " Bb H2 M2/ 7Q" 2 +? MC
h?Bb 7Q+mb Bb KQiBp i2/ #vi?2bi " QM; T +iB+ H 2H2p M+2 Q7
+QMi2ti'QMb +iBQM MR2irQ Fb

h> Mb +iBQM M2irQ ' Fb "2 7Q K2/ #v i?2 KQM2i v M/ }M M-
+QM/m+i2/ #v BM/BpB/m Hb M/ Q ; MBx iBQMb +°Qbb i?2 ;HC
K2Mib- KQM2v i® Mb72 b- H2ZM/BM;- M/ i?2 2t+? M;2 Q7 ;QQ/b
i Mb +iBQM M2irQ'Fb "2 KQM;i?2KQbi+ BiB+ H M/BKT +i7n
bQ+B2ivX

LQ/2 2K#2//BM;b Qz2" bB;MB}+ Mi TQi2MiB H 7Q" i* Mb +iB
+QK#BM2/ rBi? /i KBMBM;- K +?BM2 H2 "MBM;- M/ bi iBbiBH-
bmTTQ'i rB/2 " M;2 Q7 TTHB+ iBQMb- BM+HmM/BM; K + Q2+C
bb2bbK2Mi- #Q"°"Qr2° "BbF 2p Hm iBQM- M/ "2+QKK2M/ iBQM
+mbiQK2 b rBi? K2 +? MibX

S2°?2 Tb KQbi BKTQ i MiHv- MQ/2 2K#2//BM;b + M #2 H2p2" ;.
+ iIBQM-+Hmbi2"BM;- M/ MQK Hv /2i2+iBQM KQ/2Hb iQ +QK# i
KQM2vH mM/2'BM; Bb 2biBK i2/iQ ++QmMi7Q° BBWMY7 MMm
7> m/ Bb +m "2MiHvV i?2 7 bi2bi ;"QrB¥MyX "BMEBMBB2P2M Q+2b|
i?2p biK DQ'BivQ7}M M+B Hi° Mb +iBQMb- "2 +2Mi° H +iQ'k
QP2 "MK2Mib BM };?iBM; } )M XIB+ABMRKR22( " MBM; KQ/2Hb # b2/
2K#2//IBM;b + M TH v F2v "QH2 #v B/2MiB7vBM; MQK HQmb T
M2irQ FbX

.2bTBi2 i?2 +'BiB+ H "QH2 Q7 i Mb +iBQM M2irQ ' Fb M/ i?:
H2 "MBM; TTHB2/iQ }M M+B H + BK2 T'2p2MiBQM-i?2°2 Bb b
"2b2 "+? 7Q+mb2/ QM 2T 2b2Mi iBQM H2 "MBM; BM i?Bb /QK
Bbi?2 b2MbBiBp2 M im 2 Q7 i° Mb +iBQM /i -r?B+? Bb T ' Qi2+
2;mH iBQMb M/ /i T Qi2+iBQM H rbX b "2bmHi- Tm#HB+H
M2irQ F/ i b2ib "2 b+ "+2X

6m’i?72°KQ 2- +QHH #Q" iBQM #2ir22M BM/mbi'v- "2;mH iQ"t
77 HH2M b?Q i Q7 //°'2bbBM; i?2b2 /i @b? "BM; # B2 bX 6
HbQH +F ++2bb iQ bi M/ "/Bx2/ 2p Hm iBQM T ' QiQ+QHb Q" p
K "Fbi? i +QmH/ 2M #H2 KQ/2H #2M+?K "F +QKT "BBOXb rBi?(
PMHv "2+2MiHvVv ? b i?2 bBim iBQM T Q; 2bb2/-rBi? i?2 Tm#HB
b+ H2 bBKmH i2/ i° Mb +iBQM M2ArQG@Fr2p2b2ii?2 2z2+iBp2M2b
i Mb72°"BM; KQ/2Hb M/ BMbB;?ib 7°QK i?2 bBKmH i2/ b2iiBM
2K BMb M QT2M "2b2 "+? [m2biBQMX

*VvTiQ+m "2M+v M2irQ Fb-r?B+? "2 Tm#HB+Hv p BH #H2 #\
QTTQ ' imMBiv 7Q " bim/vBM; "2 H@rQ H/i> Mb +iBQM M2irQ Fb
B+ HHv MQMvVKBx2/ M/ H +F H #2Hb- M2+2bbBi iBM; 2tTHQ"
*QMb2[m2MiHv- i?2v /Q MQi T'QpB/2i?2 ?B;?@[m HBiv #2M+?]|
7Q° 2{+B2Mi K +?BM2 H2 &eMBM; T Q; 2bb (

++2bb iQ "2 H@rQ ' H/i° Mb +iBQM M2irQ ' F/ i 2K BMb bB;
"2b2 "+?- M/ i?Bb i?2bBb /Q2b MQi b22F iQ /B 2+iHv "2bQHp2
i?72;Q HBbiQ /p M+2 MQ/2 2K#2//BM; K2i?Q/b 7Q i° Mb +iBQI



RXRX h?2*? HH2M;2b Q7 LQ/2 1K#2//BM; G2 "MBM; NQ  h™ Mb

#v [/"2bbBM; F2v KQ/2HHBM; +? HH2M;2b i? i "2 HbQ +QKKQ
Q7 M2irQ'Fb 7Q r?B+? 2p Hm iBQM #2M+?K "Fb "2 p BH #H2)

RXR h?2 *? HH2M:2b Q7 LQ/2 1K#2//BM: G2 "MBM;
h> Mb +iBQM L2irQ Fb

LQ/2 2K#2//BM; H2 "MBM; 7Q  i° Mb +iBQM M2irQ " Fb BMpQHp2
"2[mB 2b ii2MiBQM iQ bT2+B}+ KQ/2H T QT2 iB2bX 6B hi- i?z
Kmbi b iBb7v +2°i BM +'Bi2'B iQ #2 T +iB+ HHv TTHB+ #H2
a2+QM/- i?2 KQ/2H b?QmH/ #2 + T #H2 QM2BNQ2F KIiBMH B2BI2Ip
K2 MBM; i? i Bi b?QmH/ 2z2+iBp2Hv + Tim 2 i?2 ivTB+ H ii'B
T QT2'iB2b Q7 i° Mb +iBQM M2irQ FbX

JQ/2H S'QT2 iB2b

h?Bb i?2bBb B/2MiB}2b M/ //°2bb2b i? 22 F2v KQ/2HHBM; +Q\
b2MiB H7Q  TTHVBM; MQ/2 2K#2//BM; KQ/2 Hin M® in Ti2 bp B bR2Q M
H2 "MEQ/2H M Hvb MBHBHV#BHBIvV

IMbmT2 pBb2/ G2 'BWb, +iBQM / i b2ib ivTB+ HHv H +F H #2
/IQrMbi"2 Ki bFb- "2[mB'BM; mMbmT2 pBb2/ bQHMIiBQMbX 1t
/2i2+iBQM 7Q° MiB KQM2v H mM/2°'BM; 2zQ'ib M/ +Hmbi2 ' BM

#2?2 pBQm’ 7Q K "F2i BMbB;?ibX JQ 2Qp2 - i  Mb +iBQM M2
+QKT BbBM; KBHHBQMb Q" 2p2M #BHHBQMb Q7 MQ/2bX gq?BH
/QK BMb K v #2 H #2HH2/ pB &}RQi?BOMBB-BM72 bB#H2 7Q" i \

M2irQ"Fb QrBM; iQi?2B  b2MbBiBp2 M im 2 M/i?2 M22/7Q" 2tT
/Im"BM; MMQi iBQMX b "2bmHi- bmT2 pBb2/ 2T 2b2Mi iBQM
TTHB+ #H2 BM i?Bb +QMi2ti- M/ mMbmT2 pBb2/ MQ/2 2K#2//
M2+2bbBivX

IMbmT2 pBb2/ 2T 2b2Mi iBQM H2 "MBM;- ?Qr2p2 - T 2b2Mi
bmT2 pBb2/ H2 "MBM;- i?2 KQ/2H + M }Hi2> Qmi B 2H2p Mi B
72 im'2bi? i 2T 2/B+iBp27Q  i?2i bF i? M/IX AM +QMi" bi-r
Kmbi “2i BM #'Q / bT2+i'mK Q7 BM7Q K iBQM- bBM+2 i?2 2 B
iQ BM/B+ i2 "2H2p M+2X *QMb2[m2MiHv-i?2 KQ/2H Kmbi +QKT"
Tii2”MbBMi?2/ i iQ pQB//Bb+ "/BM; BM7Q 'K iBQM i? i K v #
/IQrMbi 2 Ki bFbX

/[IBiBQM HHv- ?2vT2'T ° K2i2° imMBM; M/ KQ/2H b2H2+iBQI
}+mHi BM mMbmT2 pBb2/ b2iiBM;bX h?2b2 T°Q+2bb2b ivTB+
7Q° 2p Hm iBQM- M/ Hi2 "M iBp2 i2+?MB[m2b "2K BEMXM +iBy
h?2°27Q°2- mMbmT2 pBb2/ KQ/2Hb b?QmH/ #2 "Q#mbi iQ ?2vT2
i?72?2vT2°T ° K2i2 b i?2Kb2Hp2b b?QmH/ ? p2 BMi2 T 2i #H2 22
+QMi"QH Qp2 i /12@Qzb bm+? b T2'7Q°K M+2 p2° bmb 2{+B2M



Ry *2 Ti2° RX AMi"Q/m+iBQ

AMi2 T 2i #BHBiv M/ M HWeBBHBIBBb 7Q+mb2b QM MQ/2 2K
KQ/2Hb i? iM HvbX#RRZQ 2 /2}MBM,; i?Bbi2"'K-BiBbBKTQ i Mi i
rovBMi2 T 2i #BHBivK ii2°’bBMi?2 +QMi2ti Q7 i Mb +iBQM M2
"2 irQK BM 2 bQMbX 6B bi-BM mMbmT2 pBb2/ TTHB+ iBQMb
MQK Hv/2i2+iBQM- K FBM; b2Mb2 Q% j-?2.272b&n)bli bMB bl ¥ bBb Bm H |
#2 #H2 iQ T2'7Q 'K KQ/2H b2H2+iBQM rBi?Qmi ++2bb iQ H #2
i?72 }JM/BM;b iQ +QKKmMB+ i2 "2bmHib 2z2+iBp2Hv iQ bi F2?Qt
rBizQmi i2+?MB+ H 2tT2 iBb2X

a2+QM/-i?2}M M+B H M/ # MFBM; b2+iQ b "2 bm#D2+iiQ [
bB;?6de9- QrBM; iQ i?2B° bB;MB}+ Mi BM~m2M+2 QM i?2 HBp?Z
i?72 7TmMM+iBQMBM; Q7 i?2 #°Q /2" 2+QMQKvVX AM i?Bb +QMi2ti

F2v +QM+2"M- b Bi ?22HTbh mM+Qp2" #B b2b Q  /Bb+ BKBM i
KQ/2HX

g?BH2 BMi2 T 2i #BHBiv Bb "2H2p MiiQ i?Bb i?2BBb2B&® # C
T 2i #HD DbT2+B}+ mb ;2 BM i?2 HBi2° im 2 i? i /Q2b MQi HB;I
BKb Q7 i?BbrQ ' FX h?2°2Bb MQ mMBp2 b Hdkv/28-MTKXJ /2HM B i |
BMi2 T 2i #BHB#BHBIii%2iQ 2tTH BM Q" iQ T'2b2Mi BM mM/2 bi
?MK-M?BH2 QKT? bBx22i?22 iQ r?B+? ?mK M + M mM/2 bi N
+ mb2 Q7 /2¢BMBOQMWiB+2-BMi2 T 2i #H2 M/ 2tTH BM #H2 K -
i2M 7Q+mb QM b2Mb2@K FBM; Q7 #H +F@#Qt KQ/2Hb i?"Qm;?
pBbm HBbdB®Mkd) M/ bm " Q; i2 KQ/@H?MNiB M);X(

AM +QMi” bi-i?Bb i?2WBllybh2¥BAB2A#BHBIv iQ K i?2K iB+ HHv
bQM #Qmii?2 2K#2//BM; KQ/2H M/ iQ bi i2 M/ T ' Qp2T QT2'iB2
Q7 Bib #2XpP2QM2 b i?2 BMi2 T 2i #BHBiv HBi2" im 2 BKb i ?m
BM; BM ;2M2° Hb2Mb2- M Hvb #BHBivi ";2ib K i?2K iB+ HH\
M Hvbib r?2Q 2 2tT2+i2/iQ TTHv MQ/2 2K#2//BM; KQ/2Hb B\
BM;Hv-i?Bb i?2bBb 2KT? bBx2bi?2Q 2iB+ H M HvbBbi? i2M ¢
KQ/2H b2H2+iBQM- " i?2 i? M "2HVBM; QM TQbi ?Q+ b2Mb2@K
BM BMi2 T 2i #BHBiv M/ 2tTH BM #BHBiv "2b2 "+?X

a+ H #BHBIVI " 2pBQmbHvV MQi2/- i° Mb +iBQM M2irQ Fb "2 ivT
PM2 + M BK ;BM2 ?vTQi?2iB+ H ;HQ# Hi° Mb +iBQM M2irQ" F
+QmMib rQ H/rB/2- M im>H M/ H2; HT2'bQMb HBF2- r?B+?r
2p2M ?mM/2/b Q7 #BHHBQMb Q7 MQ/2bX AM T +iB+2-2 +7? [ |
bm#;" T? Q7 i?Bb H ;2" M2irQ F- bBM/BpB/m H# MFb Q#b2 p
BMpQHpBM; i?2B° QrM +mbiQK2 'bX LQM2i?2H2bb- 2p2M i?2b2
i BMi2Mb Q7 KBHHBQMb Q7 MQ/2b M/ ?mM/ 2/b Q7 KBHHBQM

am+? b+ H2 T'2b2Mib K DQ +QMbi° BMi QM KQ/2H /2bB; M,
2Hb rBi? ?B;? iBK2 Q' bT +2 +QKTH2tBiv 2 BKT® +iB+ H 7Q"
M2irQ"FbX 6m’i?2 ' KQ'2-T ~ HH2H M/ /Bbi " B#mi2/ T°Q+2bbBM;
2MiHv +? HH2M;BM;- b i?2/2T2M/2M+B2b #2ir22M MQ/2b M/ 2/
+QKKmMB+ iBQM #2ir22M +8)KThi2 MBRBY2h?2 2MiB 2 ;- T? b?Q
BMiQ K2KQ'vQM bBM;H2 +QKTmi2 MQ/2-#mii?Bb Bb Q7i2M B
? p2 HBKBi2/ K2KQ v + T +BivX b “2bmHi- #2vQM/ i?2Q 2iB+



RXRX h?2*? HH2M;2b Q7 LQ/2 1K#2//BM; G2 "MBM;RR  h" Mb

iBH2M;BM22'BM; 2zQ i Bb "2[mB 2/ iQ BKTH2K2Mi MQ/2 2K#
+?B2p2 ++2Ti #H2 "mM iBK2b BM T® +iB+2X

L2irQ F JQ/ HBiB2b

h?Bb i?2bBb 7Q+mb2b QM i? 22 BN22r QQF/K/BHBH BROM HBiv
KmHIiB@b+ H2-I2 #P+Qiil 2AB+? Bb 2bb2MiB H 7Q  KQ/2HHBM; i |

1/;2 6HQrl1 +? i Mb +iBQM BM i° Mb +iBQM M2irQ ' F Bb bbQ+
2i "vpHmM2- 2T 2bDVOBRT;i?72 ;- T? i? i + Tim 2b ?2Qr KQM2v K
#2ir22M ++QmMibX h?2b2 ~Qrb "Bb2 7°QK i?2 +iBpBiv Q7 M2
i?72°27Q°22bb2MiB HIiQ 2T 2b2Mi ~Qr T ii2 "Mb ii?2 MQ/2 H2p
"2b2Mi iBQMb + M "2p2 H #2? pBQm  Hi° Bib Q7 ++QmMib M/
#MQ K HT ii2"MbX 6Q 2t KTH2- M im> HT2 bQM 2t?B#BiBM
Q7 "2;Bbi2°2/ +QKT MB2b +QmH/ BM/B+ i2 BHHB+Bi +iBpBivX
Bbi?2°27Q 2iQH2 M MQ/2 2K#2//IBM;b i? i 222+iBp2Hv + Tim

1/;2 ~Qrb HbQ TT2 "BMQi?2 /QK BMb-bmed)? M iQH2 M2irQ"
+m T 2Mi KQ/R¥b>Qr2p2 - KQM2i "vi® Mb +iBQM M2irQ Fb T 2t
+? HH2M;2, ~Qr K ;MBim/2b Q7i2M bT M b2p2° HQ /2°b Q7 K ;
BMi?2 "Bi+QBM i~ Mb +iBQM M2irQ F-i?2 /Bz2'2M+2 BM iQi H
K2/B M ++QmMi M/ iQT@iB2" ++QmMi2t+22/b 2B;?iQ'/2"b
2ti"2K2 /BbT "BiB2b Kmbi #2 + "27mHHv ++QmMi2/ 7Q" iQ pQ
rBi? H ";2i° Mb +iBQM pQHmMK2bX

1/;2 .B'2+iBQM HBHYi° Mb +iBQM BMpQHp2b b2M/2° M/ "2+72
i Mb +iBQM ;" T?b BM?2 2MiHv /B 2+i2/X .B 2+i2/ ;" T?b U/B;"’
#V M im 2- TQbBM; +? HH2M;2b 7Q"  +QMp2MiBQMdlX» TR+i" H@
"2bmHi- Bi Bb +QKKQM T® +iB+2 iQ i"2 i/B;" T?b b mM/B 2+iZ
BKTQ'i Mi "2H iBQM HdBM7Q K iBQM (

Hi?Qm;? "2b2 "+? QM MQ/2 2K#2//BM;b 7Q" /B;” T?b ? b ++
v2 "PO-(R3dk dy e-dp- 2tBbiBM; K2i?Q/b ~ "2Hv K22i i?2 "2[mB"~
i Mb +iBQM M2irQ"F KQ/2HHBM; M K2Hv- mMbmT2 pBb2/- M I
T°Q +?2bX 6Q° BMbi M+2- r?BH2 "2+2Mi rQ'F /BbiBM;mBb?2b
bi'm+im™ H 2K#2//BM;b b +QKTH2K2Mi v ivT2b- bm+? M Hvb
2biTB+i2/iQ mM/B T 24i2H JQT2RK2 - bi'm+im 2b mMB[m2 iQ /B;
bHQ+ HbBMFb UMQ/2b rBi?Qmi Qmi;QBM; 2/;2bV- "2K BM mM

h?2 "2HB M+2 QM mMbmT2 pBb2/ H2 "MBM; 7Tm i?2" ?2B;?i:
KQ/2HHBM; +?QB+2b iQ pQB/ mMBMi2M/2/ #B b2bX F2v 2t K
KmHiB@/B'2+iBQM H MQ/2 BMi2" +iBQMb- r?B+? BMpQHp2 T i
Mim>H M/ 2p2°b2 /IB’2+iBQMbX AM bmT2 pBb2/ b2iiBM;b- H
b2H2+iBM; r?B+? T i?b iQ T'BQ BiBb2X "v +QMi~ bi- mMbmT:
2tTHB+BiHv /2bB;M2/iQ + Tim 2 i?Bb /Bp2 ' bBiv Q7 /B'2+iBQM
Bb;2M2° HHv mMFMQrM BM /p M+2 r?B+? "2 KQbi "2H2p Mi 7C



Rk *2 Ti2° RX AMi"Q/m+iBQ

JmHIiB@a+ H2 aim+#dnH@bQ H/ M2irQ ' Fb Q7i2M 2t?B#Bi ?B2" °
b iBQM {?X R9XdXk)- M/i° Mb +iBQM M2irQ'Fb "2 MQ 2t+2TiB
T2°'bQM K v 2t+? M;2 7TmM/b rBi?BM HQ+ H+QKKmMBiv- Tm +"
rBi?BM +Biv- M/ T 'iB+BT i2BM # Q /2" M iBQM H2+QMQKv
i° Mb72°bX h?2b2 T ii2"Mb 2KB+ HAMD2Z 2¥MH2 #v 2t KBMBM; M
M2B;?#Qm ?QQ/b i BM+ 2 bBM; bi2T /Bbi M+2bX AMi2;" iBM;
b+ H2b 2M #H2b i?2 + QNIH I BI@MIRQM2K# 2//BM ;b bi~ i2;v b?Qrl
iQ#2 T "iB+mH "Hv 2z2+iBp2 BM mipMnT2 pBb2/ b2iiBM;b (

Hi?Qm;? bm#bi MiB H #Q/v Q7 rQ F 2tBbib QM KmHIiB@b-
KQ/2HEB(dd3dN3ykR- KQbi TT Q +?22b /Q MQi b iBb7v i?2 7mHt
2HHBM; /2bB/2° i QmiHBM2/ #Qp2X AM T "iB+mH - / TiBM;
mMbmT2 pBb2/-b+ H #H2- M/ M Hvb #H2 7" K2rQ Fb 2bT2+B
2K BMb M QT2M +? HH2M;2X

VM KB+ M/ h2KTQ  H bT@BM HHv- Bi Bb BKTQ i Mi iQ +FMQ
M2irQ F KQ/ HBiv i? i- r?BH2 BM?2 2Mi iQ i° Mb +iBQM M2irQ
b+QT2 Q7 i?Bb i?2bBb, i?2 /vM KB+ M/ i2KTQ  H bT2+ib Q7 i
+iBQM M2irQ Fb- 2 +? Q#b2'p2/ 2/:2 Bb bbQ+B i2/ rBi? QM2
BM/B+ iBM: r?2M i° Mb +iBQMb Q++m "2/X //BiBQM HHv- MQ/
M2irQ F Qp2  iBK2 b ++QmMib "2 +°2 i2/ M/ +HQb2/X
h2KTQ' H /VM KB+b "2 +'BiB+ H7Q K Mv TTHB+ iBQMb- b
iBQM Q7 +? M;2b BM ++QmMi #2? pBQm  U2X;X- B/2MiB7VBM;
Q MM+Qp2'BM; T2 'BQ/B+ i  Mb +iBQM T ii2 "MbX >Qr2p2 - KQ/
BMiQ/m+2b bm#bi MiB H+? HH2M;2b BM #Qi? KQ/2H /2bB;M N\
BivX 6Q  i?2b2 2 bQMb-i?2i2KTQ  HKQ/ HBivBb MQi //°2bb2
/B 2+iBQMb 7Q  7mim 2 “2b2 “+? rBHH #2 /Bb+mbb2/ BM i?2 +Q

RXk S Q#H2K ai i2K2Mi

h?2 BK Q7 i?Bb i?2bBb Bb iQ /2p2HQT MQ/2 2K#2//BM: KQ/2H|
KQ/ HBiB2b Q7 i’ Mb +iBQM M2irQ Fb 2/;2 ~Qr- 2/;2 /B 2+iBQN
bi'm+im 2b r?BH2 HbQ K22iBM; i?2 "2[mB 2K2Mib Q7 #2BM; m
M/ b+ H #H2X *QM+ 2i2Hv- i?2 i?2bBb //°2bb2b i?2 7QHHQrBI

ZXRQr+ MMQ/2 2K#2//IBM;b #2 H2 "M2/iQ 2T 2b2Mii?2 2/;2 -
i Mb +iBQM M2irQ Fb\

ZXk>Qr + M MQ/2 2K#2//BM;b #2 H2 "M2/iQ 2T 2b2Mi /B 2+i2
KQ/2Hb i? i "2 mMbmT2 pBb2/- M Hvb #H2- M/ b+ H #H2\

ZXj>Qr + M MQ/2 2K#2//BM;b #2 H2 "M2/iQ 2T 2b2Mi KmHiB ¢
M2irQ " Fb mbBM; KQ/2Hb i? i "2 mMbmT2 pBb2/- M Hvb #H

KQM;i?2b2- 2b2  +ZZKBIohBQMB}+iQ i  Mb +iBQM M2irQ Fk
2b2 "+? Zm2DKBQIMX | "2 KQ 2 ;2M2° H M/ TTHB+ #H2iQ rB/



RXjX h?2bBb P ; MBb iBQM M/ *QMi B#miBQMb Rj

Q7 "2 H@rQ H/ M2irQ FbX h?Bb #Q /2" b+QT2 Bb HbQ '2~2+
M Hvb2b T 2b2Mi2/ BM i?2 i?2bBbX

RXj h?2bBb P ; MBb iBQM M/ *QMi B#miBQMb

h?Bb i?72bBb Bb Q°; MBb2/ BMiQ MBM2 +? Ti2 bX *? Ti2 R Bb
vQm "2 +m "2MiHvV "2 /BAM;RQpEB/2R# +F;"QmM/ M/ /2}MBiBQMbD
iQ:  T?b M/M2irQ Fb-rBi? T iB+mH ~2KT? bBb QM i  Mb +iE
i27yBMi'Q/m+2b mMbmT2 pBb2/ MQ/2 2K#2//BM; KQ/2Hb- QmiH
2°iB2b- M/ "2pB2rb bi i2@Q7@i?2@ i K2i?Q/bX Ai HbQ T 2b:
K +?BM2 H2 "MBM; M/ /i KBMBM; i bFb MQ/2 +H bbB}+ iBQM-
;7 T? HB;MK2Mi r?B+? "2 H i2° mb2/iQ 2p Hm i2i?2 T QTQb2/

h?2 Q'B:BM H +QMi B#miBQMb Q7 i?Bb i?2bBil® " Q2mBER2b2Mi2/
1 +?2 Q7 i?2b2 +? Ti2 b #mBH/b QM QM2 Q" KQ 2 Q7 i?27Qm  Tr
BM iBBbi Q7 XTMb //BiBQM-2 +? +?2 Ti2' //°2bb2b QM2 Q"' KQ
2HHBM; +? HH2M;2b M/ /2bB/2 i /2}M2/ BM i?2 T QRKRK bi i2
T'QpB/2b M Qp2'pB2r Q7 i?2 +QMi2Mi Q7 *? Ti2'b 9 3X :°22M
K DQ iQTB+b-Q  M;2 THmb bB;Mb /2MQi2 KBMQ iQTB+b- M/ i
i?72 bbQ+B i2/ Tm#HB+ iBQMUbVX

h?2 +QMi ' B#miBQMbIQ7 ©@MF22M#2 bmKK "Bb2/ b 7QHHQrb>

*? Ti2°9 //°2bb2b _2b2 "+? ZXRBBQMWBM; QM i?2 mM/2 2tTHQ®
H2K Q7 H2 "MBM; MQ/2 2K#2//BM;b i? i+ Tim 2 2/;2 ~QrbX h?z
i?72: 12/ ;> IB2Mi 6HQ6V KQ/2H- r?B+? H2 "Mb 2K#2//BM;b 7Q " 1
M2irQ " Fbr?BH2BM72 "BM; KBbbBM; ~Qrp Hm2b QM 2/;2bX ::6
H2 "MBM; rBi? HQbb 7mM+iBQMi BHQ 2/iQ i?2 HQ; "Bi?KB+ |
IM/2° "2 bQM #H2 bbmKTiBQMb-i?2 KQ/2H Bb b?QrMiQ #2 ml
Q7 M2irQ ' F ~Qrb- "2bmHi 7Q°'K HHv T°'Qp2M BM i?2 +? Ti2 X

h #H2 RXFR2 pB2r Q7 i?2 iQTB+b +Qp2'2/ BM 2 +2 +? Ti2 Q7 i?2 i?2b
+ iBQMb QM r?B+? i?2v /" rX :"22M +?2+F K "Fb BM/B+ i2 K DQ  iQTB-
bB;Mb /2MQi2 KBMQ  iQTB+bX

*? Ti2® JQ/2H T QT2 iB2b L2irQ"F KQ/ HBiB2b
IMbmT2 pBb2/ M Hvb #BH#iv a+ H #BHBiv 6HQr |.B'2+iBQM HBiv

wao Mo ©




R9 *?2 Ti2° RX AMi'Q/m+iBQ

*2 Ti2 8 +QMi 'B#mi2b iQ _2b2 ZXEMROXBHYMD 2b2MiBM; i?2
2 +?2LIM K2rQ F 7Q  mMbmT2 pBb2/ H2 "MBM; Q7 MQ/2 2K#2/
KmHiB@b+ H2 bi'm+im 2 BM /B 2+i2/ ;" T?bX h?27+?2Ki2BA & Bk
Biv K i-Bt M/QK r HF # b2/ ;> T? }Hi2 i? i T2°7Q Kb KmHiB@b
Qp2  MQ/2 M2B:?2#Qm ?2QQ/bX _2 +?2L1b vB2H/b irQ ivT2b Q7 21
# b2/ M/ K2bb ;2@T bbBM; # b2/ HBMF2/ iQ irQ /BbiBM+i MQi
H2MBR m+imMMHMiQKQ X ?B +

*?2 Ti2'e#mBH/b QM i?72 _2 +?L1b 7 K2rQ F rBi? 7Q+mb QM /
i?72°2#v /p M+BM; i?2 BMp2biB; iBQM QXX AR2 +R?TZ2h2BIBQNB @
}2b F2v +? HH2M;2 bT2+B}+ iQ /B;  HTbt H? RBIMEMRDM-B2 AJ/m i

Qmi;QBM; 2/;2bVi? iBKT2/2BM7Q°K iBQMT QT ; iBQM M/ BM
hQ Qp2 ' +QK2 i?Bb-r?BH2 biBHH + Tim BM; i?2 /Bp2 bBiv Q7 Kr
?QQ/b- iB2arBik®/2H Bb BMi"Q/m+2/X .B arBi+? T2 '7Q Kb /B"
r HFb Qp2 b?Q°i " M;2biQ T 2b2 ' p2/B'2+iBQM HBiv-i?2M brBi
; IBQM iHQM;2 " M;2bX h?Bb /2bB;M# H M+2b 2tT 2bbBp2 "2
bi'm+im 2 rBi? "Q#mbi BM7Q K iBQM ~Qr #2vQM/ HQ+ H bBMFL

*?2 Ti2°d //"2bb2b 2b2 "+? ZHREYI@QMWVbBM; QM b+ H #H2 KQ/2|
KmHiB@b+ H2 K2bb ;2@T bbBM; 2K#2//BM;bX h?2 +? Ti2 B/
T BQ ?B;?@7 2[m2M+v KmHMFRI/R}+BB M QURHRH [BM ;b + mb2/ #v
2/mM/ Mi 72 im“2b ;2M2° i2/ /Im"BM; K2bb ;2@T bbBM;X h?Bb
[mMm HBiv M/ /QrMbi"2 KT2'7Q°'K M+2X hQ "2bQHp2 i?Bb-i?2 +°
*x U :;°2: i2- *QKT 2bb- M/ *QM+ i2M i2V KQ/2H- r?B+? pQl
M/ T°Q/m+2b ?B;?@[m HBiv 2K#2//BM;bX ** +?B2p2b bi i2@ (
1+ iBQM ++m” +v r?BH2 #2BM; dy kyy iBK2b 7 bi2" i? M +QKT.
;T T?2M2m™ HM2irQ'F KQ/2HbX

*?2 Ti2°'32M? M+2b i?2 BMi2 T 2i #BHBiv Q7 **-i?2 2#v HbQ +
b2 "+?2 Zm2bXBKQAM Bib Q ' B;BM H7Q K- ** "2HB2b QM S* @# b2
2/Im+iB@MAX RKXK)-T ' Q/m+BM; 2K#2//BM; 72 im"2bi? i “2 HBI
Q7 K Mv Q'B;BM H 72 im 2b M/ i?mb ? /iQ BMi2 T '2iX h?2 +
rBi? M mMbmT2 pBb2/ 72 im 2 b2H2+iBQM K2i?Q/- 2M #HBM;
/IBM;b r?2°22 +? IBK2MbBQM +Q "2bTQM/b /B 2+iHviQ M BMB
KmHiB@/B 2+i2/ M2B;?#Qm ?2QQ/X h?Bb "2[mB"2b b+ H #H?2
Im+2/ 7 @6a?2 +? Ti2 6b +2Mi° H+QMi'B#miBQMX

6BM HHv- *R+QRI+HmM/2b #v /Bb+mbbBM: i?2 #°Q /2  BKTHB+ |
M/ QmiHBMBM; T'"QKBbBM: /B 2+iBQMb 7Q  7mim 2 "2b2 “+? (
7Q i° Mb +iBQM M2irQ FbX



*?2 Ti2 k

h Mb +iBQM L2irQ Fb M/ i?2I
S'QT2'iB2b

bQHB/ mMM/2 bi M/IBM; Q7i° Mb +iBQM M2irQ " Fb- br2HH b ;" -
#°Q /Hv-Bb 2bb2MiB H7Q i?Bb i?2bBbX h?Bb +? Ti2 " BMi"Q/m
"2H2p M+2 7Q 7 i?2 KQ/2HHBM; +? HH2M;2b //"2bb2/ H i2 X

h?2 +?2 Ti2® #2;BMb BAMRBA?iB\QRQp2 pB2r Q7 i° Mb +iBQM M2
i?2B° K BM T°'QT2'iB2b- M/ bbQ+B i2// i KQ/ HBiB2bX h?Bb
i?72 p BH #BHBiv Q7 /i b2ib7Q" "2b2 "+?2X iT 2b2Mi- MQ "2 H(
/i b2ib "2 Tm#HB+Hv p BH #H2X *QMb2[m2MiHv- i?2 2tT2°B
"2Hv QM +QK#BM iBQM Q7 bi M/ "/ #2M+?K "F /i b2ib- + vTiC
"2+2MiHvV "2H2 b2/ bBKmH i2// i b2iX

h?2 "2K BM/2" Q7 i?2+? Ti2 " BMi'Q/m+2b i?2 M2irQ" FT QT2
i? 1 7Q°Ki?2 # bBb 7Q" i?2 KQ/2Hb /2p2HQT2KkEBM @B/ 2D2bBb
;2M2° HBMi"Q/m+iBQM iQ ;- T?b M/ M2irQ ' Fb- BM+HmM/BM; i
"2b2Mi iBQMb- +QKKQMHV mb2/ bi iBbiB+b- M/ /2}MBiBQMb Q
h?Bb b2+iBQM HbQ T '2b2Mib M Qp2 pB2r Q7 HH /B 2+i2/ M2
i2°Qm;?2Qmii?2i?2bBbX

a2+iBIQMBb+mbb2b KmHiIiB@bi2T M/ KmHiB@b+ H2 ;7 T? bi
+2Mi° HiQ _2b2 "+?2ZZX2 aiBQBRQM/ 2bb2b /B 2+i2/ M2irQ Fb N
i?72 KQ/2HHBM; +? HH2M;2b i?2v T 2b2Mi- "2H2YXMEB® FHH2- "+
a2+iBKXBMi Q/m+2b 2/;2 ~Qr-i?2 7Q+mb QZXRb2 "+? Zm2biBQ

kXR q? iBb h” Mb +iBQM L2irQ F\

i* Mb +iBQM Bb 7 KBHB * +QM+2Ti- Q++m "BM; +QmMiH2bb |
rQ H/ BM i?2 7Q K Q7 T VK2Mib- /2#i b2iiH2K2Mi- M/ KQM2v H
i* Mb +iBQM Bb i° Mb72° Q7 7mM/b Q" bb2ib #2ir22MirQ ++Qn
HQM:iQirQ /Bz2 2Mi T2 ' bQMb-r?2i?2 M im> HQ  H2: HX h?Bt
“2H iIBQMb?BT #2ir22M i?2 irQ ++QmMib, QM2 Bb i?2 b2M/2" Q"

R8



Re *? Ti2 kX h” Mb +iBQM L2irQ ' Fb M/ i?2B" S

h #H2 kKXRHHmbi® iBp2 2t KTH2 Q7 i° Mb +iBQM 2/;2 i #H2X 1 +? °
i Mb +iBQM 2p2Mi- +QKT 'BbBM; b2M/2 - "2+2Bp2°'- i° Mb +iBQM ¢
azm/2° | _2+2Bp2° \ o Hm2 hBK2bi KT

HB+2 Uyt78jRXXX72d8V "Q# Uytjkl9y XX XyjkoV Ny kykj@
* "QH UytR+37XXXdd8 V . p2|Uyt eN#XXXd3+V 8y kykj@\
1p2 Uyt8+dkXX|X/7+3V 6° MFE UytRRN/KY@dal@k3 yk,9R,j8 Ih*
T +2 UYytN33/XXX#e7yV >2B/B Uyte8RjXXXj#dV Rky kykj@
Ap M Uyt3R+eXXXe 22V Cm/yv Uyt #2 XXX7#27V Rj kykje

i?72 "2+2Bp2'X b i’ Mb +iBQMb ++mKmH i2- i?2Md RiB QBQMb
M2irQX F

i Mb +iBQM M2irQ'F/ i b2i Bb Q7i2M 2T 2b2Mi2/;BM i #H
i #KK2h #KH2BR?Qrb }+iBQM H 2t KTH2X 1 +? "Qr +Q "2bTQM/b i¢
2p2Mi M/ Bb "2T'2b2Mi2/ b [m /I'mTH2i-r?B+? + M #2 r'Bii2M

i° Mb +iBQM 2p2Mi [(j;fimTHiZj,): UkXRV

h?2 }7biirQ 2H2K2Mib Q7 i?2 [m /"mTH2i 2 i?2 b2M/2° M/~
1 +? ++QmMi? b mMB[m2B/2MiB}2 -bm+? b MA" LQ  ? b?F
T2°'bQMX J i?2K iB+ HHv- B/2MiB}2'b "2 2T 2b2Mi2/ #v M im
#M M X 1 +? ++QmMi +Q "2bTQM/biQ MQ/2BMi?2i° Mb +iB
T Bij) 7Q Kb /B 2+i2/ 2/;2- BM/B+ iBM; i? i i Mb +iBQM ? b
iqQ X

AM //BiBQM- 2 +? i° Mb +iBQM ? b MQM@M2; iBp2 p Hm2
i° Mb72°"2/- M/ iBK2bi KTBM/B+ iBM; r?2M Bir b T°Q+2bb2/)
#Miznj, Mbtizj, - 2bT2+iBp2HvX hR2BWMB B +2B0Ti? i KmHIBTH2 i™ M
iBQMb K v Q++m” #2ir22M i?2 b K2 b2M/2® M/ 2+2Bp2 X

S'QT2'iB2b M/ JQ/ HBiB2b Q7 h> Mb +iBQM L2irQ Fb

a2p2° HBKTQ'i Mi T°' QT2 iB2b 2K2 ;2 7°QK i?2 # bB+ /2b+ BTi
rQ FbX

T T? aim+im™® Mb +iBQMb /B'NM2i2/ ;- ARI? b2M/2°b M/ 2@
+2Bp2'b b MQ/2b M/ i> Mb +iBQMb b 2/;2bX :> T?b "2 "B+? K
rBi? 2MiB 2 }2H/b /2pQi2/ iQGiB2BIMHBNFZI K Mv Qi?2 /i 7Q K i
bm+? b "Qrb BM i #H2 Q° BK ;2b BM +QKeE)mirZ?Bp-RbB QM / i |
K2 MBM; BM/BpB/m HHv ;> T? MQ/2b "2 K2'2Hv BM/B+2bc K2 |\
QMHV i?°Qm;? i?2B° "2H iBQMbX

T T?b "2 ;2M2° H M/ ~2tB#H2 /i KQ/2Hb- + T #H2 Q7 "2T°
r2HH #2vQM/ i° Mb +iBQMbX aQK2 ;" T?b "2b2K#H2 i Mb +iB
bQ+B H M2Er@Q3Rb Bi iBQM M2kQ)FbM/ 2K BH M2jiKQ 3Pb (
Pi?2 b 2T 2b2Mi 2MiB 2Hv /IBz2 2Mi Q#D23kbz))BMI+Hm/BM; K
K2b?2B 39X



KXRX @? i Bb h Mb +iBQM L2irQ F\ Rd

mb27mHr viQ ?B;?HB;?i bi m+im™ H/Bz2 2M+2b #2ir22M b1
i?72B2;°22 /Bbi B¥XmABIQKZb?2b M/ KQH2+mH2b- /2;°22b "2 +Q
T?vbB+ H Hrb, 1m+HB/2 M ;2QK2i'v BM K2b?2b- M/ iQKB+
LQ/2 /2;°22b i?2°27Q 2 p v HBiiH2- rBi? K2b? MQ/2b ivTB+ H
M2B;?#0QOm b- M/ KQH2+mH ~ MQ/2b #2ir22M QM2 M/ 2B;?iX "\
M2irQ'Fb "2 mM+QMbi®> BM2/ #v ;2QK2i'vX h?2B /2;°22 /Bbi E
Hrb QM HQ; "Bi?KB+ b+ H2b- bBKBH "~ iQ Q)X2JQhhdiMQi/M2irQ
? p2 HQr /2;°22b- r?BH2?2nv#B i7Q2K "2K2Hv ?B;? /2;°22b- ivTB
+Q "2bTQM/BM; iQ +QKT Mv ++QmMib "2+2BpBM; H ";2 pQHmMEK

h™ Mb +iBQM ;° T?b HbhH2BT@BHBH2 b12nb#im+2Am ™ HT QT2 iB
Q7 MQ/206b M2B;?#Qm " ?QQ/ +? M;2 rBi? i?2 "2bQHmMiBQM- B
7°QKi?2MQ/2X h?BbBb HBMF2/iQ TQr2 " @H r/2;°22 /Bbi B#mi
2tT M/-?B;?@/2;°22 MQ/2b "2BM+"2 bBM;HvHBF2HvViIiQ TT2 °
HQ+ Hbi'm+im 2X h?2b2 KmHIiB@b+ H2 bT2+ib KX2{/Bb+mbb2/

Tmi?2° F2v T°QT2%iv Bb i? ii° Mb +BBOQM2/ANM?/MB 22i2/
;0 T?b- 2/;2b "2 bvKK2i'B+- ;BpBM; Bb2 iQ /BbiBM+i BM@ M
M/ +Q "2bTQM/BM; /2;°22 K2 bm 2bX .B'R@i2 V2B BRI RMHDND; + " 2 i
MQ/2b rBi? QMHv BM+QKBM; 2/;2bX h?2b2 M/ Qi?2" /B;” T?@¢k
/IBb+mbb2/ BMka&®+iRQMb2Mi iBQM H2 "MBM; QM /B;> T?b ? b
ii2MiBQM i? M QM mM/Bu2+iR-/K FIB?M;(Bi K DQ 7Q+mb Q7 i?Bl

1/;2 6HQr b2+QM/ KQ/ HBivQ7 i  Mb +iBQM M2irQ Fb Bb 7Q K
iBQM KQfwMibK2 MBM; i? i 2 +? 2/;2 Bb bbQ+B i2/ rBi? [m M
b2MiBM; i M;B#H2 i> Mb72  77QK QM2 MQ/2iQ MQi?2 X AM i’
Bb KQM2v- #mi ~Qr HbQ "Bb2bBM /QK BMbbm+? b~mB//vM
M/ i® {+ bvbi2KbX

i}°bi;H M+2-~Qrb 22p2K2B+2imi i?2 /BbiBM+iBQMBb + m+B
iviTB+ HHv 2M+Q/2 T QT2 iB2b bm+? b bi'2M;i?- i ' mbi- Q° bBK
MBi2 "2bQm +2bX 6HQrb- BM +QMi" bi- "2 //BiBp2- mM#QmM/
KmHiIBTH2 i° Mb +iBQMbX 6Q 2t KTH2- M2i ~Qr Q7 x2 Q #2ir
MQi BKTHv M #b2M+2 Q7 BMi2® +iBQMX AM i° Mb +iBQM M2
p Hm2b bT MK Mv Q' /2°'b Q7 K ;MBim/2- TQbBM; +? HH2M;2b 7

h2KTQ ™ H .vM KBhWwbMb +iBQM M2irQ " Fb "2 BM?2 2MiHv /vM KB
TT2 ° b ++QmMib BMi2"® +i- M/ MQ/2b 2Mi2° Q° H2 p2 b ++(
+HQb2/X h2KTQ " H bT2+ib "2+ m+B H7Q K Mv TTHB+ iBQ!
? pBQm™ H +? M;2b Q"  mM+Qp2'BM; T2'BQ/B+ T ii2"MbX >Qr2
/IvM KB+b Bb +QKTH2t M/ HB2b QmibB/2i?2b+QT2 Q7RX?Bb i?2]|

LQ/2 ii'B#mi20BM HHv-i> Mb +iBQM M2irQ Fb "M@7R2N@M B+
i"B#nXi2oM # MFBM:- i?2b2 BM+HmM/2 EMQr@uQm @*mbiQK2" Ul
b :2- Q++mT iBQM- "2bB/2M+2- Q" TQHBIiIB+ H 2tTQbm 2X C
i"B#mi2b M/ bi'm+im> H72 im2b Bb MBKTQ i Mi bT2+i Q7 MC



R3 *? Ti2 kX h” Mb +iBQM L2irQ ' Fb M/ i?2B" S

AM bmKK “v-i> Mb +iBQM M2irQ Fb +QK#BM2 b2p2° H KQ/ HI
2/:2 ~Qrb- i2KTQ  H /VM KB+b- M/ MQ/2 ii'B#mi2bX h?Bb i?:
#2//BM;b i? i "2T 2b2Mi ~Qrb M/ bi'm+im" H T°QT2iB2b 2bT2
M/ KmHiB@b+ H2 bi'm+im 2 r?BH2 HbQ BM+Q TQ  iBM; MQ/2
h?2 7TQHHQIBM; b2+iBQMb 2t KBM2 i?2b2 KQ/ HBiB2b BM KQ 2
K i?2K iB+ HMQi iBQM mb2/i?2°Qm:?2Qmii?2 i?2bBbX

p BH #BHBiv Q7 h> Mb +iBQM L2irQ F . i b2ib 7Q" _2b2 °

.2bTBi2 i?2B° bQ+B2i H BKTQ i M+2- i° Mb +iBQM M2irQ Fb ?
HBiiH2 ii2MiBQM BM + /2KB+ K +?BM2 H2 "MBM; "2b2 "+?X h
H +F Q7 Tm#HB+Hv p BH #H2 i° Mb +iBQM /i b2ib 7Q° M Hvb
b+ "+Biv Bb mMbm T BbBM; ;Bp2M i?2 b2MbBiBp2 M im 2 Q7 }N\
KM ;2 KQbii> Mb +iBQMb- "2 H2; HHv #QmM/ #v3#QM/:.S_ " 2;
# MFBM; b2+ 2+v "2[mB ' 2K2Mib iQ T 'Qi2+i "2+Q /bX

h?2 #b2M+2 Q7 "2 H@rQ H/ # MF i° Mb +iBQM / i b2ib Bb
TTHB2/ "2b2)X+AM T "iB+mH "-i?2H +F Q7 #2M+?K "Fb Bb b
7Q° K +?BM2 H2 "MBM;-r?2°2 b? "2/ /i b2ib "2 2bb2MiB H 7Q
eyX 6Q  i?Bb "2 bQM-i?2 2tT2°'BK2Mib BM i?Bb i?2bBb "2Hv QN
i? i-r?BH2 MQi # MF i° Mb +iBQMb- b? "2 K Mv Q7 i?2B" KQ/
T'QT2'iB2bX h?2b2 /i b2ib b2 'p2 b T QtB2b 7Q  2p Hm iBM; i

Hi?Qm;?# MFi° Mb +iBQM /i 2K BMBM ++2bbB#H2- "2b2
Hi2"M iBp2b, +'vTiQ+m "2M+v M2irQ"Fb M/ bBKmH i2// i X h
QmiHBM2 i?2 bi'2M;i?b M/ HBKBi iBQMb Q7 i?2b2bQm +2b M/
BMi?Bb i?2bBbX

*yTiQ+m "2M+v L2irQ Fb

*vTiQ+m ™ "2M+B2b "2 H;Q Bi?KB+-/Bbi'B#mi2/- M/b2H7@ " 2
h?2B° +Q°2 7TmM+iBQM HBiv Bb 2M #H2/ #w # HDBHF2+ 2 NBVini 267 |
/Bbi'B#mi2/ p2'B}+ iBQM Q7 i° MBMBBRIMMIiZMIBQM HHv +QKT
iBQM HHv +QbiHVv T°Q+2bbX JBM2 b "2 “2r /2/ rBi? + vTiQ+m

+ m+B H72 im 2 Q7 + vTiQ+m "2M+B2b Bb i? iT2BHiB+ Mb -
bi> MbT "2M+v Bb "2[mB 2/ 7Q" #HQ+F+? BM p2'B}+ iBQMX *
"2+Q°/b 272 /IBHvmb #H27Q" "2b2 “+?- M/i?2/ i Q7 HHK DC
++2bbB#H2 pB :QQ;H26b "BR-ZKNEBM 2IPQEBHQMpP2MB2Mi iQ T (

h?Bb i?2bBb K F2b mb2 Q7 i?°22 + ' vTiQ+m "2M+v M2irQ Fb
M/ .Q;2+QBMX "Bi+QBM Bb i?2 KQbi rB/2HvV mb2/ +'vTiQ+m
a Hp /Q  /QTi2/Bi bH2; HiZXABMIKYKQ (F bi' m+im 2 ? bi?2
"2+2Bp2/ +QMbB/2° #H2 + B2KKB*Qri2dR2iBOQRI{QBMOb mb2 Q7 i?:
KQ/2HY +QKTHB+ i2b T°'Q+2bbBM; BMiQ 2/;2 i #H2b- bBM+2 2

R2iiTh,ff+HQM/X;QQ;H2X+QKf#B;[m2 viTm#HB+@/ i
KPp2 ' pB2riiTh,ffrrirXBMp2biQT2/B X+QKfi2 ' KbfmfmitQX bT
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BMpQHp2 KmHIBTH2 BMTmi M/ QmiTmi //"2bb2b- Q#b+m BM;
M/ HB;MBM; rBi? "Bi+QBM&b ;Q HQ7 MQMVKBIivX

1i?2°2mK- i?2 b2+QM/ KQbi T'QKBM2Mi +' vTiQ+m+@M+v- B
+QmMi KQP2H2 i° Mb +iBQMb BMpQHp2 QMHV irQ T "iB2bX h?B
+HQb2Hv rBi? +QMp2MiBQM H # MF bvbi2Kb M/ r b i?2 "2 bQN
mb2/ BM S TR M/- +QMb2[m2MiHVIXBIM HB F22"Bi+QBM- 1i?2 2
HbQ bmTTQ ibiQF2Mb-r?B+? K v "2T 2b2Mi Qi?2° +m "2M+B2
UL6hbVX hQF2M i® Mb72'b "2 B;MQ 2/ BM i?Bb i?2bBbX

b i?B'/TQBMi Q7 +QKT "BbQM-.Q:2+QBM Bb BM+HmM/2/X P’
BMi2 " M2i KKB{(bi® Mb +iBQM /vM KB+b HBF2Hv /IBz2 7" QK i?Z
+'vTiQ+m "2M+B2b- K FBM; Bi M BMi2 2biBM; + b2 bim/vX .2b"
2K BMb QM2 Q7 i?2 KQbiTQTmH "+ vTiQ+m "2M+B2b-rBi? 2M

h?2 T'BK v "QH2 Q7 i?2b2 M2irQ"Fb BM i?Bb i?2bBb Bb iQ B}t
2°iB2b ivTB+ H Q7 i° Mb +iBQM M2irQ " FbX hrQ p2°bBQMb Q7
p2°bBQMb BM+HmM/2 HH i Mb +iBQMb mTiQ T BH kyk9, "Bi+Q!
M/ .Q;2+QBM Ukyk9VX h?2b2 /i b2ib "2 K bbBp2, "Bi+QBM Uk
R #BHHBQM MQ/2b- RX3 #BHHBQM 2/;2b- M/ kX8 #BHHBQM i’
+Hm/2b RNd KBHHBQM MQ/2b- 93d KBHHBQM 2/;2b- M/ R #B}F
Ukyk9V +QMi BMb 89 KBHHBQM MQ/2b- RRj KBHHBQM 2/;2b-
am+? bBx2b "2 iviB+ HQ7 i Mb +iBQM M2irQ Fb- M/ 2p2M B
ar2/2M-# MFBM; M2irQ'Fb +QKT'Bb2 KBHHBQMb Q7 ++QmMib

IM7Q imM i2Hv- M2irQ'F H;Q Bi?Kb Q7i2M b+ H2 TQQ Hv- K
Q7K Mv M2irQ 'F bi iBbiB+tbBM72 bB#H2 QM i?2b2 H ;2 /i b2ib
p "B Mib "2 i?2°27Q°2 "2[mB'2/X IMB7Q 'K * M/QK b KTHBM; |
?2 pv@i BH2/ /2;°22 /IBbi'B#miBQMb- bQ i2KTQ  H }Hi2"'BM; r
i Mb +iBQMb #27Q°2 C Mm v kyky r2°2 "2i BM2/- pQB/BM; i?
im {+ /m"BM; i?2 *PoA.@RN T M/2KB +Xi Ba22+ QI K/ 26BWHH m /2 /-
/12}M2/ b i?Qb2 rBi? i H2 bi Ryy / vb #2ir22M i?2B" }"bi M/ H
h?Bb 2t+HmM/2b QM2@Qz Q b?Q i@HBp2/ ++QmMib-r?B+? ~2°
"2bmHiIBM; /i b2ib "2 "Bi+QBM UkykyV- 1i?2°'2mK UkykyV- M/
a2+iBQ?2b2 "2 +QKT "2/ rBi? bi M/ "/ MQ/22K#2//BM; #2M+ 7?1
BMi2°'Kb Q7 M2irQ F bi iBbiB+bX

AM //BiBQM- }Hi2°2/1i?2°2mK /i b2i-1i?72'2mK U9%6V-Bb
h?Bb /i b2i- 2KTHQvV2/ BIW-BMZ2HN/2b 1i?2°2mK i° Mb +iBQMb
KyR3iQ .2+2K#2  kykyX w2 Q@ p HI2tirHVB24iBRMPMHY 2/;2b rE
i H2 bii2Mi° Mb +iBQMb "2 "2i BM2/X

GBKBi iBQMb Q7 *'vTiQ+m '2M+WHL2Qm®: Flp Hm #H2 7Q"° bim/v
bi'm+im> H T QT2 iB2b- + vTiQ+m "2M+v M2irQ Fb 7 HH b?Q" i
6B bi- i?2v/Q MQi ++m’ i2HvV 2~2+ii?2 /i b2ib Q#b2 p2/ #v #

iw2'Q@p Hm2 i° Mb +iBQMb "2 +QKKQM BM 1i?2'2mK- b i?2 #HQ+F+? BM
+Q/2 M/iQF2MbX
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T'BK 'v7Q+mb Q7 TTHB2/ K +?BM2 H2 "MBM;X *'vTiQ+m " 2N
/B 2+iHv #v K2 +? Mib- M/ "2 BMbi2 / T'2/QKBM MiHv i 2 i2/ |

a2+QM/-i?2 MQMVKBIiv i?2v T°QpB/2 K F2b i?2K ii° +iBp2 7
bm+? b/ m; M/ ?2mK M i {+FBM;- 2tiQ iBQM- M)XQR@v H m
? pBQm> HT ii2"MbBM + vTiQ+m "2M+v M2irQ ' Fb i?2°27Q 2 /B
i7Qb2 BM +QMp2MiBQM Hi° Mb +iBQMbX

JQbi BKTQ' i MiHv-7Q MQ/2 2K#2//BM; #2M+?K "FBM;- + vTi
"2H ";2HvmMMH #2HH2//m2iQ i?2B° MQMVKBivX h?Bb b2p2 2
bBM+2 KQ/2H 2p Hm iBQM ivTB+ HHv "2[mB"2b bQK2 7Q K Q7 ;
/i b2iN) Bb T “iB H 2t+2TiBQM- T'QpB/BM; H #2Hb “2H i2/ iQ
>Qr2p2° -Bi? bMQi #H2 b?Q i+QKBM;b, MQ/2b 2T 2b2Mii> Mt
+QmMib-2/;2b+Q "2bTQM/iQ "Bi+QBM |hsP ~Qrb- M/ i?2 H #2
iB+ HHv- + biBM; /Qm#i QM i?2 bmBi #BHBiv Q7 ;" T?@# b2/ K
+H bbB}+ iBQM i bFX

aBKmH i2/ . i

hQ KBiB; i2i?2 H +F Q7 #2M+?K "Fb- "2b2 "+?22°b ? p2 /2p2HQT
iBQM M2irQ ' Fb mbBM; ;2Mi@# b2/ KQ/2HHBM;X h?2 K BM /p
Bbi? iBHHB+Bi +iBpBiB2b bm+ 2 }o+tKIQ M2 BM D2M 27 BiM/2° 7mH
+QMi " QH- vB2H/BM; H #2HH2// i b2ibX 1 "HW2t MTHZb@ M +Hn
aBKNQ@- rBi? JGaBK mbly B (T'2HBKBM v JG@7Q+mb2/ ;" T?
>Qr2p2° - #Qi? bBKmH iQ°bbi'm;;H2iQ ;2M2" i2 "2 HBbiB+ i~ M
A"J "2+2MiHv BMiJQ@g@+8BN- KQ 2 /p M+2/ bBKmH iQ i? ib
bi MiB HHv BKT ' Qp2b "2 HBbKX JGgQ H/ bmTTQ ib KmHiBTH
b+ H2b 7 ~ #2vQM/ JGaBK- M/ KQ/2Hb +QKTH2i2 H mM/2 ' BM; T
Hv2'BM;- M/ BMN2 a2BRMA) i?72 2#v T Q/m+BM; B+?Hv H #2}
HQM;bB/2i?2bBKmH iQ - bBt/ i bBip-rREM2itQH2 B2MBAMU(>B ; ?
AHHB+Bi M/ GQr@AHHB+BiV M/ i?°22 bBx2b UaK HH- J2/Bm
/i b2ib +QMi BM "QmM/ R3y KBHHBQM i® Mb +iBQMb M/ 2t+
2bQm +2b p BH #H2 ?2°2X h?2aK HHU8 d KBHHBQM i® Mb +i
jy KBHHBQMV / i b2ib "2 i?2°27Q°2 mb2/ BM i?Bb i?2bBb 7Q"
/i b2ib BM+HmM/2 i Mb +iBQMb BM KmHIBTH2 +m " 2M+B2b- Q
la. "2 "2i BM2/ 7Q  bBKTHB+BivX
KBMQ  BM+QMp2MB2M+2 Bb i? i H #2Hb "2 ii +?22/iQ i° M
MQ/2b-r?BH2i?Bbi?2bBb7Q+mb2b QM MQ/2 2K#2//IBM;bX h?Bl
H #2Hb, MQ/2b BMpQHp2/ BM H mM/2°BM; i° Mb +iBQMb "2 K °

GBKBi iBQMb Q7 JGqBIiMQmM;? p Hm #H2- JGgQ H/ + MMQi 7n
biBimi2 "2 Hi> Mb +iBQM M2irQ FbX 6B bi- Bib T'QT2iB2b 2
bB:M- M/H mM/2 BM; T ii2 Mb "2~2+ii?2 mi?Q b6 +QM+2TiBQ
T +iB+2bX "2M+?K “F "2bmHib Q#i BM2/ QM JGqQ H/ K v i?2
/B 2+iHViQ T  +iB+2X



kXkX J i?2K iB+ H _ 2T '2b2Mi iBQMb M/ hQQHb 7Q° JQ/2HHBNM
aim+im-2 kR

a2+QM/-/ i b2i bBx2 TQb2b //IBiBQM H +? HH2M;2b- bBM+2
KQ/2Hb b+ H2 TQQ HvX 6Q i?Bb "2 bQM- KQbi 2tT2°'BK2Mib B
#2M+?K "F ;7 T?b iQ 2bi #HBb? # b2HBM2b- r?BH2 JGqQ H/ /i
BM *? TdiQM+2 b+ H #H2 KQ/2Hb ? p2 #22M BMi Q/m+2/X

kXk J i?2K iB+ H_2T°2b2Mi iBQMb M/ hQQHb 7Q "
L2irQ'Fb M/ :" T? ai m+im 2

hQ /Bb+mbb i?2 T°'QT2 iB2b Q7 M2irQ Fb "B;Q QmbHv- Bi Bb M2
KiB+ H/2}MBiBQMb M/ MQi iBQMX "2;BMMBMGHFRIN,V)2 ;" T? bi
/I12MQi2 /B 2+i2/ ;" T?2 rBi?Qmi bRHBDM@ MDIZN QR # MIQZiZ2 M/
b2i Q7 2/;2bX h?2 ;" T=HRM @B/E@b nmvE/jMj 2/;2bX

b MQi2/ BM *?RTi2irQ+tRMbBbib Q7 ;> T? iQ;2i?2 rBi? //B
MQ/2 Q" 2/;2 ii'B#mi2bX 6Q" 26 KQK2BM;2/TBi? KINMBRt/Q7
ii"B#mMX2PR" 9- 7Q Kb M2Nr©(GX)X aBKBH “Hv- r2B;?i2/ ;" T
+ M #2 2tT 20D 2(Chw)- r?2wW2 R", Bb p2+iQ Q7 2/;2 r2B;?ib- rE
QM2 2H2MGZ MR o 7Q " 2 +?2 @])2 M X

+2Mi° H K i?2K iB+ H "2T2b2Mi iBQM BM i?Bb i?2bBb Bb |
A2R","-/2}M2/ b

(
wizni  B(i) 2 M;
0 Qi?2 rBb2

Aij = UkXkV
>2 297 Bb i?2 r2B;?i Q7 i?2 RhQ-7TrRi®~» =1 BM mMr2B;?i2/
;0 T?bX
h?2 /D +2M+v K i'Bt Bb 2[mBp H2Mi iQ i? 2NNIQ #2miIMB2/;2 b
KQ'2 +QMp2MB2Mi 7Q" K i?2K iB+ H M/ +QKTmi iBAQM H KQ/2
"2+Q /b r?2i?2° M 2/;2 2tBbjib @ MMEMIOQQMb2[M2MiHV- +QHmMKNM
A +Q "2bTQM/ iQ Qmi;QBM; 2/;2b- M/ "Qrb iQ BM+QKBM; 2/;2
+QMp2MiBQM Q7@ L 2?PK &XQ) M/ Bb /QTi2/i? " Qm;?Qmii?Bbi?2k
++mbiQK2/iQ i?2 QTTQbBi2 +QMp2MiBQM b?QmH/ i F2 + “2X
IM/B 2+i2/ ;" T?b "2i°'2 i2/ bbT2+B H+ b2b Q7 /B 2+i2/ ;" 1

Aij = A 7Q7 (IHMW2 M:

1[mBp H2MiHv- /B;" T? + M #2 +QMp27i2/ iQ M mM/B 2+i2/ ;]
"2p2°b2 @fi)27Q" 2pRj¥2 M- VB2H/BM: i?2 bvKK2i Bb2d,&X/;2 b2i
AMK i'Bt 7Q KAiaBd Bb Al X

Ai Bb HbQ mb27mH iQ /2}M2 MQi iBQM 7Q° MQ/26b Qmi@ -
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JGgQ H/ aK HH UpAV 8RNE e93E R Xj R R yXdkl RRBE e¥N3E8yd k yXN9 aBKmH iaj
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TtBp @ u2N )( RdyE RXkJ e XN 9 R RXy R RO9RE yXyRd 8XxXd Rk3 8 yxkN *Bi iB
*? K2H2 MY kXjE jeE R8X3 N y R Xy R RX9E yX98 8X3 kjk8 8 yXk&g >vVT2'HB
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1M QMY( dXNE R9KE R3 j d yXNN 83 3eR yXRe iXR K BH
11@1K BHy) RE k8 E k8 R9 Rd yXN3 ky kyj yXkN kXe 9k yX9d = 1K BH
6HV G "B Y)( jE RReE iN ji ji R Xy 8 Rje yXjy kXd Nj yXR9 *QMM2+iQK2
SQH#H®Rb ( RX8E RNE Rj 9 k yX3k ke3 e33 yXk8 kXd k yXNRg>VvT2 'HBM
SQF2M I RXeJd jRJ RN 3 3 R Xy R jkeE yXy83 9Xd e8 j yX9j Q iBM;
SM#K2R kyE 99E k X k y R R Xy R kyE yXy89 exX9 j yXdN ZBi iBQM
_QK M 1KTBVR ( kiE JJE RX8 R R RXy R kjE yXk3 kX9E jyy R3 yXys8 h2ti
aM T S i2Mip ( kXNJ R9J 9X3 j j yXN9 R3RE kXNJ yXyee exX3 keN 8 kaz'I-{ *Bi iBQ
a[mB "R Hy( 8XkE KkRdE 9k RR y R Xy R jyke yX98 jXN ky3N 8 yXk >vT2 HB|
gBFBOQRYY dE RyjE R8 k y yXNN k9 83Re yXR9 jXk ogiBM;
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"Bi?KB+ b+ H2bX h?2 THQib b?Qri?2 MmK#2 > Q7 MQA2¥" Bi+QBM+iBQ M
UKykyWV.Q;2+QBM UKWKYiV2 2mK UKYRYVEBpVSQF2+- UWAM T

S i2MibX HH /Bbi'B#miBQMb 2t?B#Bi 22 pv@i BH2/ #2? pBQm - rBi?
rQ Fb bi'QM;Hv T2 F2/ i x2°Q M/ QM2- r?2°2 b i?2 Qi?2 /i b2ib /B
M2 Q7 MQ/2/2;°22bX

TT QtBK i2ZHv HBM2 "Hv BM HQ; HQ; bT +2- H2 pBM; 72r MQ
p Hm2bX

h?2 "tBp- SQF2+- M/ aM TS i2Mi M2irQ ' Fb /BbTH v bBKBH
iQ+m "2M+v M2irQ Fb- ?Qr2p2°- "2b? "THv T2 F2/ ix2 ' Q M/
Qmi@/2;°22b-r?BH2 Qi?2 /i b2ib+QMi BM KQ 20KQH2BWbBi? /2
Hii2 " Tii2M KQ 2 +HQb2Hv "2b2K#H2b "2 H@rQ H/ # MF i M
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IM2/ #R ()X h?2 2B;?i +QM};m  iBQMb "2 BHM&bi  i2/ BM 6B;m"
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PKXNV
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i?72 +H bbB}+ iBy@EM BM (

h #HRXk?Qrb i? i #Qi? i?2 + vTiQ+m "2M+v M2irQ ' Fb M/ i?2 bl
gQ " H/ /i b2i ? p2 p2°v HQr +Hmbi2'BM; +Q2{+B2Mib- BM/B+ il
M2B;?2#Qm ?2QQ/bX h?Bb /Q2b MQi M2+2bb "BHv "2~2+i "2 H@T
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q?2M KQ/2HHBM; M2irQ Fb- Bi Bb Q7i2M mb27mH iQ FMQr ?2Qr |
“2X h> Mb +iBQM M2irQ Fb b? "2 irQ bi'm+im> HT QT2 iB2b +
rQ H/ M2irQ Fb, i?2v iVvTBOMB VB QMi+BMM2+i2/(HQKPQM2Mi
RYyXR)- M/ i?Bb +QKTQBR MiH@ZRABIBQM*?TX RyXKk)X

‘B Mi +QMM2+i2/ +QKTQM2Mi K2 Mbi? ii?2 p bi K DQ Biv C
i?72 b K212 FHV +QMM2+i2/ +QKTQM2MiX h?Bb Bb ivTB+ H BM
"2~2+i2/ BM+i?2 iBbiB+ BMXK®HB2? 2TQ ibi?27 +iBQM Q7 MQ/
H “;2bi +QMM2+i2/ +QKTQM2MiX PMHV irQ "2 H@rQ H/ M2irQ F
7 HH #2HQr NyWX "v +QMi" bi-i?2 bBKmH i2/ JGqQ H// i b2ib
bK ik« p Hm2b- HBF2HvV "2~2+iBM; HBKBi iBQM Q7 i?2 bBKm
H ;2bi +QMM2+i2/ +QKTQM2Mi Q7 "2 H# MF i  Mb +iBQM / i bz
r?2M Q#b2 pBM: i° Mb +iBQMb + Qbb KmHiBTH2 # MFb- b JC
bBKmMH i2X

LQ/2b QmibB/2 i?2 G** i2M/ iQ 7Q K p2'v bK HH +QKTQM2M;
Q7 Dmbi QM2 Q" irQ MQ/2bX h?mb- 2p2M r?2M i?2 G** +QMi BN
MQ/2b-i?2iQi HMmK#2 Q7 r2 FHv +QMM2+i2/ +QKTQM2Mib +

h?2 T°2b2M+2 Q7 ;B Mi+QKTQM2Mi HbQ /BbiBM;mBb?2b i’
+2°i BM Qi?2" ;" T?@H2 "MBM; #2M+?K "FbX 6Q" 2t KTH2- KQ|
ivTB+ HHv +QMDbBbi Q7 K Mv /BbDQBMi KQH2+mH " ;" T?b- 2 +
72ri?Qmb M/ MQ/2bX h?2b2 + M#2 /BpB/2/BMiQ # i+?2b M/ T C
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BbKm+? KQ'2 +? HH2M;BM;- bBM+2 Mv bTHBi BM2pBi #Hv BM+
#2ir22M +QKTmiZRNR/2b (
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+?22 T2 iQ TT QtBK i2 i? M i?2 /B K2i2°- bBM+2 QM2 + M b K
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h # HIR2XXK

b b?2QrM- #Qi? +'vTiQ+m "2M+v M/ bBKmH i2/i° Mb +iBQM
KQbi#2M+?K "F/ i b2ib-? p2bK HH p2" ;2T i? H2M;i?b Q7 "Q
bi2TbX h?Bb ? b BKTQ i Mi BKTHB+ iBQMb 7Q° KmHIiB@bi2T 2
"2~2+ib?Qr [ mMmB+FHVv BM7Q K iBQM + M T QT ; i2iQ "2 +? HH
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K M1KTB 2-i2M/iQ7Q K+? BM@HBF2bi'm+im 2b- "2[mB " BM;
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h?2 +QM+2TQKQT?BHPR2i2 QT?BHVM+B Hr?2M TTHvVvBM; MQ/2 :
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+H bbB}+ iBQM Bb T QKBM2Mi 2t KTH2- M/ i?2b2 +QM+2Tib
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>SQKQT?BHvV Bb QMHV rZHHZBHRAPM MRILb MIK2 H #2-H b2i
M/ i? i 2 +?2 MQ/B M bbQ+B ig2 #2BQHH2+i2/ BMiQ H #2H p
y2Y"X h?2b2 H #2Hb "2 MQi Hr vb Q#b2 p2/BM T +iB+2X 6Q"°
+iBQM M2irQ'F-2 +? ++QmMi+ M +QM+2Tim HHv #2 bbB;M2/
r?2i?2°Bi? b #22M BMpQHp2/ BM }M M+B H + ' BK2X Hi?Qm;? |
mM p BH #H2-i?2v "2 biBHH r2ZHH@/2}M2/X

:Bp2M H #2HHBENKGQT?BHB+BM QM2 BM r?B+? MQ/2b rBi? i?2
H #2H "2 KQ 2 HBF2HviIiQ +QMM2+i-i?2"2#v 7Q KBMW2t@KKmM
2°QT?BHB+MRMi@Q@Q26b H #2H Bb 2Bi?2 mM+Q "2H i2/rBi? Q" M2
rBi? i?2 H #2Hb Q7 Bib M2B;?#Qm bX

bBKTH2 r viQ K2 bm 2 i?2 ?2QKQBMB MNMvnQVI/BIQM2i2/ M2irQ F

iQ +QKTmi2i?2 7 +iBQM Q7 M2B;?#Qm b rBi? i?2b K2 H #2H,

1 X (1 BY
) N _ YO =Yi:
/Z(I) 1Yi:>’j’ r?2 21YFYJ' -

(B )2Mmmie:

UkXRKkV

hi(i) = 0 Qi?2 rBb2

h?2 :HQ# H?QKQT?BHv Q7 M2irQ F Bbi?lﬁ!.zp#Pi'Q%iQ(p'J)Z( HH MQ
MQi?2° +QKKQM K2/bm?DEBRTABEHA? K2 bm 2b i?2 7° +iBQM Q7



k3 *? Ti2 kX h” Mb +iBQM L2irQ ' Fb M/ i?2B" S

+QMM2+iBM; MQ/2b rBi? iRB)W K2 H #2H (

>QKQT?BHV T°QpB/2b M BMimBiBp2 K2Mi H KQ/2H- M/ Bi B
r?2i?2° M2irQ ' F Bb 2tT2+i2/iQ #2 ?QKQT?BHB+ #27Q 2 TTH
KQ/2HbX 6Q° BMbi M+2- +QKKmMBiv /2i2+iBQM K2i?Q/b # b2
72+iBp2 BM ?QKQT?BHB+ M2irQ ' Fb #mi MQi BM ?22i2°"QT?BHB+
/IB+?QiQKv #2ir22M ?QKQT?BHv M/ ?2i2°QT?BHv ? b HBKBi iB

6B bi- 2QKQT?BHV b+Q 2b "2 b2MbBiBp2 iQ #Qi? i?2 MmK#
i?2B° /Bbi BRMBQW (# H M+2/Mh L PENNHE/ #2 +QKT 2% ; BMbD]
iQ bb2bb ?QKQT?BHVX gBi? BK# #2 MQR2B HBEbENHI iQ BMi2 T
h?2 H #2H /Bbi’B#miBQMb 7Q " i?RX/Ki2b2?IQ BW B4 6¥2RBTM 2
TT2M/BX JQbi "2 +HQb2 iQ# H M+2/-#mi BKTQ i MiHv-i?2 JC
"2 MQi # H M+2/- M/ M2Bi?2° "2 .:° T?6BM M/ 6Hv G "p X h
Tmi?2° #2HQrX

hQ //°2bb +H bb BKERKkM®Z-Qb2/ M /Dmbi2/ p2°bBQM Q7
KQT?BHVX >Qr2p2 - i?Bb biBHH "2/m+2b #2? pBQm iQ bBM;H
?QKQT?BHvK vp v +'Qbb H #2H +H bb2b- + ' Qbb /Bz2 2Mi M.
BM/B;  T?b- +°Qbb 2/;2/B 2+iBQMbX h?2b2 Bbbm2hbl X /Bb+m

a2p2° H #2M+?K "F / i b2k BM2h " #HM 2t?B#Bi ?QKQT?BHvVX *
M2irQ Fb U "tBp- *Bi2b22°- *Q*Bi2- *Q " - *Q° @JG- *Q° Uam#
b?Qr Km+? ?B;?2° ?QKQT?BHvV +Q2{+B2Mib i? MrQmH/ #2 2tT?2
/IBbi'B#miBQMb HQM2- bBM+2 H #2Hb +Q "2bTQM/ iQ "2b2 "+
1K BH HbQ /BbTH vbi'QM; 2QKQT?BHVX

"v+QMi® bi- "tBp@u2 "-*? K2H2QM- _QK M1KTB 2-a[mB "2
"2 7?22i2°QT?BHB+X h?2B " H #2H /Bbi'B#miBQMbX®R-"2W iBp2H:
i?72B° ?QKQT?BHv +Q2{+B%I\AiEbM‘/B+HQM2|VQ'\)+Q“2H iBQM #2irz
Q7 M2B:?2#Qm 'BM; MQ/2bX

6Q i?72 JGgQ H// i b2ib-i?2H #2H ;2M2" iBQM T @%2bb Bb 2
1 +? KQM2v H mM/2°'BM; BMbi M+2 +QMbBbib Q7 b2[m2M+2
MQ/2b QM i?2 +Q "2bTQM/BM; i Mb +iBQMT i? "2H #2HH2/ b
+°2 i2b /2;°22 Q7 ?QKQT?BHv- bBM+2 MQ/2b BM i?2 b K2 b2]
H #2HX >Qr2p2°-i?2b2 MQ/2b HbQ +QMM2+iiQ K Mv Qi?2 b MC
M/ /Bz2 2Mi H mM/2'BM; BMbi M+2b "2 Q7i2M /IBb+QMM2+i2/
i Mb +iBQM ;" T?X AMi?Bb b2Mb2-i?2 H #2HHBM; HbQ BM/m

"2+ mb2i?2 /i b2ib "2 ?B;?HvBK# H M+2/-i?2  hPQKQT?B
"2 /B{+mHiiQ BMi2 T 2iX h?2 /DmbiRRRTDRBKROTKBRVBMMbB ;"
p Hm2b "2 2tT2+i2/iQ #2 +HQb2 iQ QM2 7Q° ?QKQT?BHB+ H
?2i2°'QT?BHB+ QM2bX +°'Qbb i?2 JGqQ H/ /i b2ib- /Dmbi2/ |
yXy8 M/ yXR9- +QMbBbi2MirBi? KBtim 2 Q7 ?QKQT?BHB+ M/
[2b+ B#2/ #Qp2X

h? 22 Qi?2 /i b2ib "2 HbQ /B{+mHi iQ +H bbB7vX AM .:°
H #2HH2/ MQ/2b #2HQM; iQ bBM;H2 +H bbX *QK#BM2/rBi? Bib
URXReV-i?2 "2bmHiBM; ?QKQT?BHv +Q2{+B2Mi Q7 yXN3 Bb ?
HBF2rBb2 ? b bF2r2//Bbi'B#miBQM- REVW QMR @/ 22V+HH @M {b B
Nk Qi?2°b Q7 bBKBH ~ bBx2X aQK2 +H bb2b K v 2t?B#Bi ?2QKQ"



kXkX J i?2K iB+ H _ 2T '2b2Mi iBQMb M/ hQQHb 7Q° JQ/2HHBNM
aiim+im’ 2 k N

>—1 K d 3

>

9 N Ry

6B;m 2 KAHHmMbI® iBQM Q7 bi'm+im> H M/ miQKQ ' T?B+ MQ/2 2[mBp }
b K2+QHQm U2X;X-MQ/2bR M/jV “2bi'm+im" HHv 2[mBp H2Mi- K2
+QMM2+iBQMb iQ i?2 b K2 b2i Q7 MQ/2bX LQ/2b rBi? i?2 b K2 b? T2
M/ NV "2 miQKQ T?B+ HHv 2[mBp H2Mi- K2 MBM; i?2v "2 BM/BbiBM;
T2 bi'm+im 2-rBi?Qmi MQ/2 H #2HbX

7772, 12+Q2{+B2MiBb/QKBM i2/#vi?2H “;2+H bb-r?B+? #27?
IbBM; i?2 /Dmbi2/ 2/;2 ? QKRKLTLB@IPV.Q7T(?6BM M/ 6HVG 'p TT2
iQ +QMi BM KBtim 2 Q7 ?QKQT?BHB+ M/ ?22i2 "QT?BHB+ T ii:
M/ yXyN "2bT2+iBp2HvX

6BM HHv-i?2SQF2+/ i b2iBbmbm HHv /2F+fB#R272Db2HBIQT
Bb KQ'2 Mm M+2/- b 2tTHQ RRABM/T TTR2MYBXK q?BH2 SQF2+
i2+?MB+ HHv ? b i?K2B-ZRKb-BI2BNUQM @ ABM) WHV Rej Q7 i?2 RXe
MQ/2b "2 MQM@#BM "vX h?mb-i?2 2QKQT?BHv +Q2{+B2Mi b?
MQi yXjjX h?2 QbR432m;;2bib ?2i2 " QT?BHB+ #2? pBQm - r?B;
BM [/ iBM; M2irQ ' F B7 KQbi mb2'b "2 bi® B;?iX >Qr2p2°-r?2M
M2B;?#Qm ?QQ/b-i?2 +Q2{+B2Mi 'Bb2b iQ yXeR- "2p2 HBM; K¢
iH ;2" b+ H2bX h?Bb ?B;?HB;?ib ?2Qr 2QKQT?BHvV /2T2M/b QN
AMi® Mb +iBQM M2irQ Fb- bBKBH "~ T ii2"Mb K v Q++m” 7Q" 2t
BM/2T2M/2MiHvi ;2ii?2b K2;"QmT Q7 pmHM2" #H2 mb2 b rBi-
iQ QM2 MQi?2 X

ai'm+im > H M/ miQKQ T?B+ LQ/2 1[mBp H2M+2

LQ/22[mBp H2M+2 RQ/2HDbmH i?2Q 2iB+ HIiQQHb 7Q" M HvbBM
M/ i?2v "2 +'BiB+ H7Q mM/2 bi M/BM; i?2 #2? pBQm~ M/ BM
2K#2//IBM; KQ/2HbX h?2v T'QpB/2 "B;Q°Qmb K i?2K iB+ H /2}1
irQ MQ/2b BM M2irQ'F+ M #2 +QMbB/2 2/ B/2MiB+ HX h?Bb i
bim/B2/ MQiBQMb Q7b2]mBimmH HV2{n,Big H2QKQ T?B+ 2[KiBp H2N
"Qi? ? p2 #22M 2ti2MbBp2Hv M HvbR/RBM-B?2-dHB-i 2M /i " 2v (
rBHHH i2 " #2 mb27mH 7Q BMi2 T 2iBM; 2K#2//BM; KQ/2HbX A
i? ii?2b2 "2 MQii?2 QMHvV 7Q KERRZBAKMBp H2M+2 (

6B bi-i?72 7Q°'K H/2}MBiBQMb "2 BMi'Q/m+2/- M/ i?2M BMi
2M+2b Bb T°QpB/2/ mkbOBM; 6B;m 2



iy *2 Ti2° kX h° Mb +iBQM L2irQ Fb M/ i?2B" S

6Q K H .2}MBiBQMb

.2}MBiBQM KK XR+im" H 2 [nXBpQH2®/RDVBM M 2briQmFii®2 HHv
2[mBp BZM?2v ? p2 B/2MiB+ H +QMM2+iBQMb FQRiR X K2 b2i Q

AM i2°Kb Q7 i?2 /D +2M+viK MBt-MRQi/2btim™ HHv 2[mBp H2]
#Qi? i?2B" "Qrb M/ +QHmMKMb ‘2 B/2MiB+ H,

Ai.= A5 MIA; = Ay

MiQKQ T?B+ 2[mBp H2M+2 "2H t2b i?Bb "2[mB 2K2MiX HH
MQ/2b "2 miQKQ T?B+ HHv 2[mBp H2Mi- #mi i?2 +QMp2'b2 /Q

2}MBiBQM KXKXRKQ T?B+ 2[NBQHEMLDVBM M2imiG@ 2
KQ T?B+ HHv 2B@BP2H2RiBbib M miQKQ T?BbK UBX2X- ;T
K TTBM; i?2 ;" T? QMiQ Bib2H7V i? i K Th QWRFAR2 iQ i?2 Qi?.

6Q K HHv:MRIiN #2 T2 Kmi iBQM Q7 iR2 WQJ /P& i?2
+Q "2bTQM/BM; T2 Kmi iBQMBK iNMBitQ K ZIMDEBIEKN; M) B 7

@Giy2M 0 @) G) 2™
Q 2[mBp H2MiHv- B7i?2 /D +2M+v K i'Btb iBb}2b
A=P AP !:

hrQ MQi2Mj "2 miQKQ T?B+ HHv 2[mBp H2Mi B7 i?2°2 2tBbib
bm+? i2ij=j X

AMIimBiBAMmMBiIBp2HvV- miQKQ T?B+ HHv 2[mBp H2Mi MQ/2b (
HQ;B+ H QH2 BM i?2 ;" T?X h?2vb? "2 HH ;" T?2@i?2Q 2iB+ T
+2Mi° HBiv- M/ +Hmbi2"BM; +Q2{+B2MiV M/ + MMQi #2 /BbiB!
H #2HbX ** m+B HHv- i?2v M22/ MQi #2 +HQb2 BM i?2 ;> T?, i?
2p2M BM /Bz2 2Mi +QKTQM2MibX

ai'm+im’ H2[mBp H2ZM+2- #v +QMi " bi- BbiB2/iQ MQ/2 T QtE
;0 T?-bi'm+im”> HHv 2[mBp H2Mi MQ/2b "2 i KQbiirQ bi2Th T
b? "2 HH M2B;?#Qm bX

6B;mkX?B;?HB;?ib i?2b2 /Bz2 ' 2M+2bX LQ/2b rBi? i?2 b K2
M/jV "2bi'm+im> HHv 2[mBp H2Mi-r?BH2 MQ/2b rBi? i?2 b K2
"2 miQKQ'T?B+ HHv 2[mBp H2MiX ai m+im™ H2[mBp H2M+2
2[mBp H2M+2- #mi MQi pB+2 p2°b , 7Q" 2t KTH2- MQ/2b R M/
#mi MQi bi' m+im> HHv 2[mBp H2MiX

6BM HHv- #2+ mb2 miQKQ T?B+ 2[mBp H2M+2 Bb MQi +QMk
#2//BM:b i? i + Tim 2 Bi HHQr 7Q° K2 MBM;7mH +QKT "BbQMb
;0 T?-Q° 2p2M +°Qbb /Bz2 2Mi ;" T?bX h?Bb T QT2 ivBb 2bb
bm+? b ;" T? HBRMKIMMIMQ/2 bBKBH "Bkb2 "+7? (



kXjX JmHIiB@ai2T M/ JmHiB@a+ H2 :" T? ai m+im 2jR

kXj JmHiB@ai2T M/ JmHiB@a+ H2 :" T? ai m+im 2

> pBM; BMi"Q/m+2/i?2 7mM/ K2Mi HK i?2K iB+ HiQQHb 7Q" /2
M2irQ Fb-i?Bbb2+iBQMim " MbiQi?2iQTRmb fREWKIHTHIBEBb i?
b+ W2 m+im 2bX h?2 iQQHb +QMbB/2°2/ bQ 7 ° "Qrb M/ +QHmI
K i'Bt- MQ/2/2:°22- M/i?2HQ+ H+Hmbi2 BM: +Q2{+B2Mi +? °
BKK2/B i2 M2B;?2#Q @ QKRQi* Qr2p2 - 2 +? MQ/2 HbQ 2tBbib rBi
H ;2 +QMi2ti Q7 i?2 7TmHH ;> T?- M/ Bi Bb Q7i2M /2bB" #H2 i
Q7 M2B;?#Qm ?2QQ/b i? i 2ti2M/ b2p2° H bi2Tb #2vQM/ i?2 QI
2722/ iIOMBiB@bi2T Ki'm+im 2b

6Q K HHV-@D22T M2B;?2#Qm ABM QVMN/R 2+i2/ ;" T? Bb /2})
b

N L(i;r)="fj 2N: /pfi;j) ro; UkXRjV

r?2 2pfi;j) Bb i?2 b?Q i2bi@T i? /Bbi M+i2 #¥M2ir2 MM BIQI2D
" /Bmb Q7 i?2 M2B;?#Qm ?0Q@MNXbh222" KBWZbHZR "2bQHMIiBQM)
Q7 i?2 M2B;?2#Qm ?2QQ/X b M®Rke? BWM a2iiBQMB;?#Qm ?2QQ/ Q
i Bb HBF2HV iQ bT M KQbi Q7 i?2r2 FHV +QMM2:2BQMIEKX QM2 N
h?2 i2’KmHIiB@b+ H2'B+2n+ibm™?2 7 +ii? ii?2 Q°; MBb iBQM (
#QmM ?2QQ/b +?2rM;ZxxrblX h?Bb Bb BHHmMbik>X®/ ANV 668 D2
i?72b K2HQ+ H+QM};m® iBQM- K2 MBM; MQ/2rBi? irQ M2B;?4%
iIQT@H27i +Q°"M2'- TT2 "brBi?BM i?°22 p2'v /Bz2 2Mi KmHIiBC
b+ H2bX AMKEB#MM2bi2/ ?B2° "+?2v Q7 MQ/2 +QKKmMBiB2b 2k
"/Bmb BM+"2 b2b- "2p2 HBM; /Bz2 ' 2Mi H2p2Hb Q7 bi'm+im™ 2 |
g?BH2 i?2b2 2t KTH2b "2 bivHBb2/-i?2 T'2b2M+2 Q7 KmHIiB
Q; MBb iBQM BM "2 H@rQ H/ M2irQuRBb*BX RKHI@RIN &mMBB DA
im2+ M Q7i2M #2 2tTH BM2/ #v M2irQ ' F 7Q K iBQM T Q+2bb2|
i Mb +iBQM M2irQ Fb- +QKKmMBiB2b M/ +Hmbi2'b K v "Bb27
+ iBQMb Q7 ++QmMi ?2QH/2 b, T2QTH2 "2 KQ 2 HBF2HviQ K F
BMimM7Q KHQ+ H+Hmbi2 bX i #°Q /2 H2p2H-i" Mb +iBQNM
rBi?BM M iBQM H #QmM/ "B2b- ;BpBM; "Bb2iQ MQi?2" ?2B2" "+
h?2 T°2b2M+2 Q7 KmHIB@b+ H2bi'm+im 2bBM "2 H@rQ H/ ;
K2 bm BM; bi iBbiB+b QM i?2BM/m+2/bm#;" T?b7Q K2/#v KmH
N (i;r) i /Bz2 2MirX BB 2t KTH2-ke®;Qeb ?Qr i?2 2/;2 /12MbBiv
Q7 i?2b2 M2B;?2#Qm ?Q Q/ 7 Qp Qalp Bz 2B PWMX MEB/I2h mM/B 2+i2/
2/;2b-i?2 2/;2 /2MbBiv Q7 i?2 WA 2iB)?BHOMNIRMQRD /b

< LmK#2 Q7 2/N2@B M _
< LmK#2 Q7 TQbbB#HER)/32b BM

21 4ir) = UKXROV
h?2 iQT "Qr Q7 BRBHEmbi  i2b i?2 + vTiQ+m " 2M=V-M2irQ F
M2B:?2#Qm ?QQ/b "2 ivIB+ HHv 2Bi?2 B/RML2 k®2bb T2 022X 2 pQ H
/Bz2 2MiHv, BMBiB HHvV /2Mb2 M2B;?2#Qm ?2QQ/b i2M/iQ /" QT E
r?BH2bT "b2 QM2b 2Bi?2  BM+'2 b2  /m HHvQ /BbTH vb? °T



ik *? Ti2 kX h” Mb +iBQM L2irQ ' Fb M/ i?2B" S

U VBz2'2Mi KmHIiB@bi2T bi m+imUZMmHIB@b+ H2 +QKKmMBiv bi ' m+im"”2}

6B;m 2 kXAHHmMbi  iBp2 2t KTH2b Q7 KmHiB@bi2T M/ KmHiB@b+
UVb?Qrb i? 22+ b2br?2°2i?2b K2HQ+ HR@bi2Tbi'm+im'2U MQ/2r
M2B;?2#Qm b- ?B;?HB;?i2/ BM 2/V Bb 2K#2//2/ rBi?BM p2'v /Bz2 2Mi
H2 /BM;iQ /BbiBM+i KmHiB @iRTQuib m2Ba 2B+ H Q' ; MBb iBQM Q7
MBiB2b, b i?2 M2B;?2#Qm ?QQ/ " /Bmb BM+'2 b2b- T°Q; 2bbBp2Hv H
"QmM/i?2 b K2 MQ/2bX

# mTi bi'm+im> H+? M;2b BM i?2B" bm " Q nrMyJ/B M; X 2llp PMim |
p2° ;2 T i? HAM;#?2 HH M2B;?#Qm ?2QQ/b +QMp2 ;2 iQr /b i?2
/2MbBivX

h?2 #QiiQK "Qr Q7kEB2Td i? 22 #2M+?K "F M2irQ ' FbX h?2b?
bBKBH " KmHiB@b+ H2 T ii2 " Mb-i?2Qm;? rBi? H2bb T"TQMQmM+
+'vTiQ+m ™ "2M+v ;" T?bX h?2 p "B iBQMBMi® D2+iQ'B2b ; BM
Q7 KmHiB@b+ H2 bi'm+im 2bX 6Q° 'tBp M/ aM T S i2Mib- r?B
Ti? H2M;i?b U8Xd M/ eX3- "2bT2+iBp2HvV- +QMp2 ;2M+2 iQ |
KQ'2 bHQrHv i? MBM i?2 Qi?2 /i b2ibX

_2T°2b2MiBM; JmHiIiB@ai2T ai m+im 2b pB q HFb

mb27mH IQQH 7Q° "2T 2b2MiBM; KmHIB@bi2T M2B;?2#Qm ?QC
+2M+v K A'BX-aT2+B}+ HHVAK22QmMib i?2 MRI@ARA2QT i?b
bi "iBM; i MQM22M/BM; ijMBM 2?22 ;> di?*@X eXRR)X hH?PMmb- i?22
+QHMKM+QMi BMb i?2 + Qi@ b2@ 7T HH 2K M iBM|-7r BHMQ /2
i?72i? "QAK.. +QMi BMb i?2 +Qr@bi2q7T MM i2"KBM iBM; i MQ/
6Q"° mM/B‘2+i2/A;k‘;;iE?AH<-!;:-#mi i?Bb bvKK2i'v/Q2b MQi ;2M2" HH:
/B 2+i2/ ;> T?bX

B 2+iHv A'bBM:Q7i2M BKT  +iB+ H- b 2Mi'Bxkb HRYBM;B/Hv
iQ MmMK2 B+ H BMbi #BHBivX AMbi2 /- MQ K HBx2/ /D +2M+v |
THQvV2/X q?BH2 K Mv MQ K HBx iBQMb 2tBbi- i?Bb i?2bBb rBI|
T "iB+mH "Hv "2H2M/RQK i?RF MQ K HEX1BDMW ;2@T bbBM; MQ"
K HBx BBQM? "2 r2HH@/2}M2/ 7Q /B 2+i2/ ;> T?bX

6Q  /B;  T?b-i?2"> M/QKr HF MQ'K HBx iBQM ? birQ M im" F
BM; QM r?2i?2 r HFb 7QHHQr Qmi;:QBM; Q  BM+QKBM:; 2/;2bX I



kXjX JmHiB@ai2T M/ JIJmHiB@a+ H2 :> T? ai m+im’2jj

10 10 ¢ 10

0%, 10 1 el % 101 %
2102 N/ 2102 N 2102\ A
@ (7] 7] N /
$10° $10° $10°%
T 10 4 T 10 4 T 10 4 X,
5105 5105 5105
he] ke] ke]
w0 ® wiob /o wio®

107/ 107 /.~ 07 /5

02 4 02 4 O T g
Num. steps Num. steps Num. steps
U VBi+QBM UkykyV U#VQ;2+QBM UkykyV U+¥i?2'2mK UkykyV

10 10

10 % 101 %
2102775 2102 Y
2103 g10%
S 104 S 104 /,- -
5105 5105/
o ke] /
R wio 7

107 / 107 /,/‘

0~ 2 4 0~ 2 4 0~ 2 4
Num. steps Num. steps Num. steps
U/VvV tBp U2QVQF2+ U7&M T S i2Mib

6B;m 2 kX8,2 /2MbBivi® D2+iQ B2b Q7 KmHiB @b{i2] MRBb2HQmi 2/Q Q /!
MQ/2b + Qbb /Bz2 2Mi M2irQ FbX 1 +? +m ' p2 +Q "2bTQM/b iQ QM2 |
/2MbBiv Q7 Bib BM/m+2/ M2B;?2#Qm ?QQ/K2? WBMy i B22MmB#D Q7 bi2T
7°QKi?2 BMBIiBUHQIQ /@MW yTiQ+m "2M+v M2irQ Fb /BbTH v #Qi? ;> /m |
b?B7ib M/ bm//2M bTBF2b- “2~2+iBM; # mTi +?UM@ibQEM 8O H bi
"2M+?K F M2irQ Fb b?Qr bBKBH * KmHiB@b+ H2 #2? pBQm - i?Qm;?
i* D2+iQ ' B2bX AM HH + b2b-/2MbBiB2b +QMp2 ;2 iQm 2b+H22/bHQ# H :
i?72 p2° ;2 T i? H2M4 R

+2b "2 /12MQAZX/HQMIVAMUBMV-rBi? 2Mi'B2b

(
1 BiZ=j M/ /2)=0;
Agj = " a, UkXR8V
W i Qi?2°rBb2- ®
( A
1 BiZ=] M/ /2)=0;
Ani = a, e UkXReV
AT Ams Qi?2°rBb2X ©

6Q  mMM/B 2+i2/ ;" T?b-i?2  M/QKr HF MQ 'K HBx iBQM Bb ;Bp.

(
1 Biz=j M/ /%j;)=0;
A mwmiaj PR
/2;(’1.3)’ Qi?2°'rBb2X
h?2b2 i?°22 K ABAZD-MA |- "2 +QHH2+iBp2H X /B MV 2H H
b iBR7R[0;1' " M/ 2 +QHMKM@DbiQ+? biB+- K2 MBM; i? ii?2 2
+QHMKM bmKHRROMRIXd)X *QMb2[m2MRHp2B b? ~ M/QK r HF
i MbBiBQM K i BtX
Bp2M T Q# #BHEW2p@4PQ r?2 ) /2MQi2b i?2 T Q# #BHBIiv
 M/QK rr HF2  #2BMi; 7iNMQUR2Tb-i?2 /Bbi B#kHB®NTDIiBD

A|i;j = UkXRdV




i9 *? Ti2 kX h” Mb +iBQM L2irQ ' Fb M/ i?2B" S

Q#i BM2/ #v
pk*d) = A p): UkXR3V

1 +?2 MQ 'K HBx iBQM /2}M2b /BbiBM+i  M/QKr HF #2? pBQm"
/B 2+iBQMb),

C gBiRp-i?2r HF2  7QHHQrb i?2 ;" T?6b Qmi;QBM; 2/;2b Ui?.
iBQMVX

C qBiRa-i?2r HF2 BMbi2 /i’ p2 ' b2bBM+QKBM; 2/;2b UBX2X-

C gqBiR&,- 2/:2b 22 i2/ bmM/B 2+i2/- M/i?2r HF2 + M KQ
/B 2+iBQMX

M HQ;QmbiQi?2 mMMQ 'K HBx2/ /D +2M4+v RKinkB@-bi27TQr2°
M2B;?2#Qm ?2QQ/ BM7Q K iBQMXp& Dk i pM2+B1 7QMHBDrb i? i-
;Bp2M M BMBiB Hp®BbiirB#miBQKbi2Th Bb

p) = AKpO: UKkXRNV

h?mb-2 +?R%i"2T 2b2Mib i?2 T'Q# #BHBivi? i r HFBbbi "iBM
i MQj27i2° 2t kiBli2 TbX IMHBRP2b2 MQ K HBx2/ TQr2 K i'B+2b "
#QOmM/2/ rEi2IBMBpBM: i?2K Km+? #2ii2° MmK2 B+ KXbi #BHBiv

Ai BbiQ 2Mbm 2 +QHMKM@biQ+? biB+Bivi? i iR2 R ;QM H
b2i iQ R7Q  MQ/2b rBi?Qmi H2; H2/;2biQ 7TQHHQrXBMF? MQ/.
MQ/2bBM+2 >~ M/QKr HF2 i? i 2Mi2 b i?2K + MMQi H2 p2X >Qr
iQ MQ'K HBx2 i?2 /D +2M+v K i'Bt rBi?Qmi i?Bb bT2+B H i 2 i
i?2k2bb ;2@T bbBM; M® 'K HBx iBQM

M HQ;Qmb iQ i?2 ° M/QK r HF + b2- i?°22 K2bb ;2@T bbBM
+2M+v K i'B+2b + M A2-A2}MBRIA X h?2b2 +Q "2bTQM/iQ BM7Q I
702, iBQM HQM; i?27Q°r /1 2/;2 /B 2+iBQM-i?2 "2p2°b2-Q  #
iBQM- M/ Qp2 mM/B 2+i2/ 2/;2b- "2bT2+iBp2Hv,

A= AlD L A.= AD pt; AL=AnuB L UkXkyV

22 Rp-Da- MD "2 /B ;QM H K i'B+2b Q7 MQD2,/2;/2gih- BX2X-
Da = /24i)- MDy = /2¢()X 6Q  bBMF MQ/2b- i?2 +Q "2bTQM/BN
2Mi'v Q7 i?2 BMp2 hiXQBp®Bi iBpBbBQM #v x2 QX

IMHBF2 i?2 " M/QKr HF K i'B+2b-i?2 K2bb :2@T bbBM; K i
#BHBivi® MbBiBQM K i'B+2bX AMbi2 /- i?2v +i b p2  ;BM; Q"
T bb2/ HQM; 2/;2bM aRTT®bX2bb ;2 K irB2°2 'iQrQMi BMb
i?p@/BK2MbBQM H K2bb ;2% hRiZM-Q?MQTRHI BXOMbE M/



kX9X .B'2+i2/:" T? ai m+im 2b i8

AlH T°Q/m+2 MQ/2@H2p2H p2  ;2b Qp2  7Q r /- # +Fr /- M/
#Qm ?2QQ/b- "2bT2+iBp2HvX q BiBM;:bhiPRKBVMi MQMMD/Q /2: 22

1 X
[AlH i = YE¥0) Hi UkXKRYV
i 2NKi)
1
ALH . = - Hij UKkXkkV
/ZAI)jZN,;(i)
1 X
[AlHT;. = 20 Hj . UkXkjV
P2Ni(i)

h?mAs p2° :2b K2bb ;2b 7°QK MQ/2b rBiB RIi QP BAB p2B@ ;
:2b Qpa@b Qmi;QBM; M2B;?#Qm bX

MQi?2  BKTQ'i Mi /BbiBM+iBQM Bb i?2B" #2? pBQm  rBi? bB
T bbBM: K i"B+2b ‘2 M2Bi?2° +QHMKM®@ MQ' "Qr@biQ+? biB-
M/ i?2°27Q°2 + MMQi b2'p2 b p HB/  M/QKr HF i MbBiBQM K
* M/QK r HF b2iiBM;- Mv r HF2 i? i 2Mi2 b bBMF MQ/2 rQmH
UBib T'Q# #BHBiv K bb p MBb?2bVX

>Qr2p2 - BM ;> T?b rBi?Qmi bBMF MQ/2b-i?2 > M/QK r HF M
MQ K HBx iBQMb 2 /B 2+iHv "2H i2/,

Ae=Ag A.=Ag A=A UkXKkO9V

h?Bb ?B;?HB;?ibi?2+HQb2 +QMM2+iBQM #2ir22Mi?2irQ TT Q
bi2T bi'm+im 2X h?2B° +QKTH2K2Mi v "QH2b rBHH #2 2tTHQ
M/ *? Ti3X

kX9 .B '2+i2/:> T? ai m+im 2b

h?Bb b2+iBQM 7Q+mb2b QM i?2 BKTHB+ iBQMb Q7 2/;2 /B 2+i
Qi?2 K DQ  7Q+mb Q7 i?Bb i?2bBb BM KQ/2HHBM; ;> T? bi™m
U/B;” T?bV ? p2 H 2 /v #22M bbmK2/i?2 " Qm;?2Qmi iX2H 2b2Mi
M/ i?2°27Q°2-bQK2 Q7 i?2F2v/Bz2 2M+2b #2ir22M /B;" T?b |
? p2 H2 /v#22M 2M+QmMi2 2/X

6B bi- i?2 /D +2M+v K i'Bt Q7 /B;  T? Bb ;AM2A/HHv bvK]
r?2°2 b Bi Bb Hr vb bvKK2i'B+ 7Q° mM/B 2+i2/ ;> T?bX h?Bb
TQ'i Mi +QMb2[m2M+2b 7Q° MQ/2 2K#2//IBM; KQ/2Hb i? i "2Hv C
bBM+2 M 2B;2M/2+QKTQbBIiBQM Bb MQi ;m ~ Mi22/ iQ 2tBhi 7
K i'B+2hX

a2+QM/- bvKK2i'vBKTHB2b i? i2 +? MQ/2BM /B;" T?? bb
im> Hbi iBbiB+bi? MBMi?2mM/B 2+i2/+ b2-bBM+2Qmi;QBM;
#2 +QMbB/2°2/ b2T " i2HvX 6Q 2t KTH2-2 +? MQ/2 ? b #Qi? |
BM@/2;°22- br2HH b 7Qm  /BbiBM+i HQ+ H +Hmbi2'BM; +Q2



je *? Ti2 kX h” Mb +iBQM L2irQ ' Fb M/ i?2B" S

bm+? b ?2QKQT?BHvV M/ ?22i2 QT?BHvV #2+QK2 KQ'2 Mm M+2/ |
Kmbi /BbiBM;mBb? #2ir22M Qmi@ M/ BM@M2BFX#Qm ?2QQ/b-
HH Q7 i?2b2 /Bz2 '2M+2b "2H i2 iQ i?2 BKK2/B i2 M2B;?#Q
/IB;” T?bX AM M mM/B 2+i2/ ;"> T?-2 +? MQ/2? b bBM;H2 M2l
BM /B;  T? 2p2'vMQ/2? birQ, Bibb2i Q7 Qmi@M2B;?#Qm b |
Qmi;QBM; 2/;2bV M/ Bibb2iQ7BM@M2B;?#Qm b U 2 +? #H2 #v
h?Bb /BbiBM+iBQM +QKTQmM/b r?2M KmHiIiB@bi2T M2B;?#Qm"

JMHIBTHB+Biv Q7 .B 2+i2/ L2B: PMPQIKhPHIGTHB +Biv Q7 /B 2+i2/
#Qm ?2QQ/b Bb BHHmMbik X2/ *®MMBB/M 2 FBM; irQ bi2Thb bi "iBM
MQ/2 RX PM2 QTiBQM Bb iQ 7QHHQr i?2 Qmi;QBM; 2/;2 /B 2+iB
PPb?QrM BM BB MQi?2 QTiBQMBbiQ 7TQHHQr BM+QKBM; 2/
AADb?QrM BM &BXr 2i?B°/ M/ 7Qm’i? QTiBQM 2 iQ Hi2 M i2
"BpBRAUGB MY/ MAPUGB;mXV¥X 1 +? Q7 i?2b2 7Qm T i?b H2
/IBbiBM+i M2B;?2#Qm ?2QQ/X AM ;2M2° H- 2 +? MQ/2BM /B;"
/BbiBMEHi2T M2B;2#Qm ?2QQ/bX

AM +QMi> bi-i?2 mM/B 2+i2/ kX &PV @BHhm BB M;H2 K@bi2T M
#Qm ?2QQ/X h?Bb 2tTQM2MiB H ;"Qri? BM i?2 MmK#2 Q7 /BDbiE
2QQ/b TQb2b K DQ  +? HH2M:2 7Q " KQ/2HHBM; /B;" T?b rBi?
Bbbm2 Bb i'2 i2/ 7m i?2° BM MQt? *Pi&Xi 2"

GQ+ HaBMBbmkXeHbQ ?B;?HB;?ib MQi?2  T?2MQK2MQM mMB|
i?722tBbi2M®2 Q’XBMBb HbBMFBb MQ/2-Q° bK HHb2iQ7 MC
MQ H2; HT i?biQ Qi?2° MQ/2b 2tBbi mM/2~ ;Bp2M 2/;2@/B 2+
BM 6B ;kX@#MQ/2 k Bb HQ+ H bBMF, Hi?Qm;? Bi ? b BM+QKE
Qmi;QBM; 2/;2b-r?B+? "2 i?2 QMHvV H2; H 2PP0 20 FJGHIIBQMXM
*QMp2 b2Hv-1r?2M 7TQHHQrBM; BM+QKBM; 2/;2b- MQ/2b rBi? Q
2/;2b #2+QK2 HQ+ HbBMFbX

GQ+ HbBMFb TQb2 +? HH2M;2 7Q° KQ/2Hb i? i "T2Hv QM ~ N
T bbBM;iQ+ Tim 2KmHIB@bi2Tbi' m+im 2-bBM+2i?22v Q#bi™ m
M/ T 2p2Mi 7mHH 2tTHQ  iBQM Q7 KmHiIB@bi2T M2B;?2#Qm ?Q
/IBbT ' QTQ'iBQM i2 BM~m2M+2- #B bBM; i?2 "2bhKeBMY 2K#2//
BMbi M+2- MQ/2 RQMHv "2 +?2b MQ/2 k-r?BH2i?2 "2bi Q7 Bib |
2K BMb ?B//2M- b BiBb ++2bbB#H2 QMHv pB BM+QKBM; 2/;.

h?Bb T"Q#H2K Bb 2t +2°# i2/ BM "2 H@rQ H/ M2irQ Fb rBi? T
i"'B#miBQMb-r?2'2 K Mv MQ/2b ? p2 x2 ' Q Qmi@/2; R2RR" x2°Q
h #HRX[2TQ ib i?2 T'QTQ'iBQM Q7 bBMF MQ/2b BM i?2 +'vTiQ
M2irQ"Fb M/ BM b2H2+i2/ #2M+?K “F /kik 2B 2-QK ho#BM F
Bb /2}M2/ b MQ/2,4BR? M/;/2,=0- M/ BM@bBMMQ/2 rBi?
12, 2 M/ 1270X

HH M2irQ"Fb +QMi BM bQK2 bBMF MQ/2bX AM .:" T?6BM NV
T QTQ iBQM Bb T "iB+mH "Hv H ";2-r?2"2 bi?26Hv G "p M2ir
h?2 #b2M+2 Q7 bBMFb BM 6Hv G "p Bb BMimBiBp2- bBM+2 |
M2+iQK2 r?2°2 +QMM2+iBpBiv #2ir22M M2m QMb Bb 2bb2MiB
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6B;m 2 kX2eHHmbi~ iBQM Q7 M2B;?#Qm ?2QQ/ KmHiBTHB+Biv BM /B; T
p HB//2}MBiBQM Q7 i?2 k@bi2T M2B;?2#Qm ?2QQ/ Q7 MQ/2 R U#Hm2V- r
#Qm’ b ?B;?HB:?i2/ BM #H +FX IMHBF2 mM/B 2+i2/ ;> T?b-r?2°2i?2k
mMMB[m2- /B;" T?b HHQr KmHiBTH2 /BbiBM+i M2B;?2#Qm ?2QQ/b /2T2
2/;2 /B 2+iBQMb 1QMHQrRa/dX@2 mM/B 2+i2/ £+?2R22U2/;2b "2 i2 i2/ b

#B/B 2+iB@WM7BKHQrb Qmi;QBM; PR2br72B2MQ/2 k +ib b HQ+ H bE
M/ #HQ+Fb 7m i?2° 2AV7QIHBI@MIX BM+QKBM AN XY iHB2XMUI2b Qmi@

'QBM; M/i?2M BM+QKBW r2BBBWi2 M i2b BM i?2 QTTAREKI2 §?/2° U

/B 2+i2/ M2B;?#Qm ?2QQ/ + Tim 2b BM/2T2M/2Mi bi"m+im> H BM7Q K
TQM2MiB H ;" Qri? BM TQbbB#H2 M2B;?#Qm ?2QQ/b b bi2T H2M;i? BM

i Mb +iBQM M2irQ Fa&W Q@nM\Q//2b "2 bBMFb bm{+B2MiHv K Mv.
i2°2/i?2°Qm;?2Qmi i?2 ;7 T?- iQ /Bb"mTi BM7Q K iBQM T QT ; |
1i?2°2mK UkykyV ? b p2°v 72r BM@bBMFb- HBF2HvV /m2 iQ bT
1i?2°2mK #HQ+F+? BM-i?2Qm;? i?2 T 2+Bb2 + mb2 Bb MQi v2in

IM HQ#b2 p iBQM Bb i? ii?2irQ +Bi iBQM M2irQ Fb- "tBp
7 " KQ'2BM@bBMFb i? M Qmi@bBMFb- "2~2+iBM; i?72 M im™ H
+Bi2 Qi?2'b#mi ? p2 MQi Uv2iV #22M +Bi2/i?2Kb2Hp2bX

h F2M iQ;2i?2 -i?2b2 Q#b2 p iBQMb mM/2°b+Q 2 i? iHQ+ H
Q 2iB+ HHv bB;MB}+ Mi #mi HbQ 2KTB B+ HHvV T '2p H2Mi- M,
BM7Q K iBQM T QT ; iBQM Kmbi #2 2tTHB+BiHv //°2bb2/ BM i?
IBM; KQ/2Hb 7Q" /B;" T?bX

.BzmbBQBIzmbBQM T Q+2bb2b QM ;> T?b "2 +HQb2HvV “2H i2/i
KmHIiB@bi2T M2B;?2#Qm ?2QQ/ KQ/2HHBM;X h?Bb +QMM2+iBQ
2 +?2L1b 7> K2rQ F BMi Q/m+2/ BM24PHTiR 7Q  BMi2 T 2iBM; b
i?2 2tT2 ' BK2Mi H "2bmHéX B/MBiBQWMH /2i BHb "2H i2/iQ /Bzml
2 +?2L1b Bb T°QpB/2/ BMK TT2M/Bt



i3 *? Ti2 kX h” Mb +iBQM L2irQ ' Fb M/ i?2B" S

hQ #mBH/ BMimBiBQM- BK ;BM2 TH +BM; mMBi Q7 22 i QI
/IBzmb2 Qp2  i?2 ;" T?X AMi?2 mM/B 2+i2/ + b2-i?2 7?2 i/BbT2
HH MQ/2b BM i?2r2 FHv +QMM2+i2/ +QKTQM2Mi Q7 i?2 BMBIil
i?Bb #2? pBQm Bb + Tim 2/ #v i?2 ?2 i /BzmbBQM 2[m iBQM QI

#2 L p; Li=1n Ay UkXk8V

r?2'R@2[0;1]" Bbi?2 ?2 ibi i2 pBhiQrQMiBMmQmb iBK2," K2i2" -
Bbi?2 mM/B 2+i2/ " M/QKr HF MQ 'K HBx2/ G TH +B MX h?2 bi
Bb /2i2°KBM2/ #v i?2LF2TMBH?QBb Hr vb mMB7Q K rBi?BM 2 +
+QMM2+i2/ +QKIKQRAII X i (

B 2+i2/ ;" T?b #2? p2 p2°'v /Bz2 2MiHv, ?2 i /Q2b MQi bT 2
BMbi2 / ~Qrb ?22i2°Q;2M2QmbHv mMiBH Bi ++mKmH i2b i bBMF
7°QK i?2 bi "iBM; TQBMiX 6Q° 2tkkTiB2BBBI H6BXxBIM2 MQ/2 k "2
BM ? H7 Q7 i?2 ?2 i ~QrBM; iQ MQ/2 R M/ i?2 "2K BMBM; ? H7Y
MQ/2bj M/ 9X h?2 F2v Q#b2 p iBQM Bb i? i r?BH2 i?2 bi iBQM
mM/B 2+i2/ /IBzmbBQM Bb ~ i M/ i?mb mMBM7Q K iBp2- /B 2+
bi'm+im 2/ bi iBQM v /Bbi'B#miBQM i? i "2~2+ibi?2 ;" T?06b b

.BzmbBQM /vM KB+b + M HbQ #2 Hi2 2/ #vKQ/B7vBM; i?2i":
BMi?2 MQ K HBx2/ /D +2M+v K i'Bt- M/+QMb2[m2MiHvBM i?2
2 112/1iQ MQ/2b rBMAHEDMABMD T i?727i? MiQ MQ/20mB;iQBKMj
2/;2b- bBM d2¢kiBOAMN " M2H Q7i?2G TH +B MBbMQHQM;2" /2i2
#mi BMbi2 / #v i?2 iQTQHQ ;v QA PRbLXT?6Db +? Bb K tBK HHv
"2 +? #H2 b2i- BHHmbi kX2 BB 8B ;Qrb irQ bm+? "2 +?22bX q?BF
M HvbBb Bb #2vQM/ i?2 b+QT2 Q7 i?Bb i?2bBb- i?2b2 Hi2'M
mb27mH T2 bT2+iBp2 QM /B k)27 @B Zmb B2 QM £2b 2BRH(b X

h #H2 kX$, QTQiBQM Q7 HQ+ HbBMF MQ/2b + Qbb /i b2ibX 6Q~ 2 +?
2 QOmi@bBMWE@b2b rBy? 2;M/ /2,=0V MBM@bBM®b2b rBL? /2;

M/ /2,=0V Bb "2TQ i2/X h?2 "2bmHib ?B;?HB;?ii?2 m#B[mBiv Q7 bBMF
rBi? MQi #H2 p "B iBQM #2ir22M M2irQ ' FbX 6Q 2t KTH2- +Bi iBQM M
M/ *Q" +QMi BM H ;27 +iBQM Q7 BM@bBMFb-r?BH2 /2Mb2 #BQH
G 'p +QMi BM p2'v 72rX

"Bi+QBM UkykyV .Q;2+QBM UkykyV 1i?2°2mK UkykyV 1i?2°2mK U::6V “tBp
Pmi AM Pmi AM Pmi AM Pmi AM Pmi AM Pmi AM

GQ+ HbBMF MINEKW 3XykW OXNRW 8XjeW 8XkOW yX3jW jX9RW jXyyW  eX9yW k3X9eW

*Q° iM'QM 6HvV G "p SQH#HQ;b SQF2+ aM TS i2M
Pmi AM Pmi AM Pmi AM Pmi AM Pmi AM Pmi AM

GQ+ H bBMF Ma¥BpW kdX9eW 9XkRW yX83W RXj8W RX3jW eXk9W RRX89W eXdNW jXNd)

*Q' @JG *Bi2b22° _QK M 1KTB 2 *2 K2H2QM a[mB " 2H
Pmi AM Pmi AM Pmi AM Pmi AM Pmi AM

GQ+ H bBMF MAXFOW keX39W RRXjdW kRX8jW yXyy9W yXyy9W yXyNW 8dXNdW yXy9w 89XN




kX9X .B'2+i2/:" T? ai m+im 2b iN

@%

6B:m 2 kXt ,KTH2 Q7 /B;  T?rBi? 7Qm  bi'QM;Hv +QMM24i18/ +QKTQM
f2g-f3;49- MI15;6;7gX h?2 ;" T? +QMi BMb 412@;2;3;49 MI/f3;4;5;6;7g X

1 +? 2 +? Bb K tBK HHv "2 +? #H2 b2i- BHHmbi® iBM; ?2Qr "2 +?2b 2tiz
a**bX

ai'QM;Hv *QMM2+i2/ *QKTQMRXM2b +QM+2Ti bT2+B}+ iQ /B;" T-
i? iBbp2'vKm+? "2H i2/iQ bBMFb-Bbi?2 2tBbi2M+2 Q7 bi " QM;|
Uaa*VX aa* Bb b2i Q7 MQ/2b BM r?B+? 2 +? MQ/2 + M "2 +7
GBF2r2 FHv +QMM2+i2/ +QKTQM2Mib- aa*b 7Q°K MQM@Qp2°
;0 T?2X 6Q° 2t KTH2- i?2 ;0 TRXEBWQKEBBME 7Qm™ bi'QM;Hv +QN
+QKTQM2Mib2g-f3;4g- MI56;7gX LQi2 i? i 2p2°v bBMF Bb bi'Q
+QMM2+i2/ +QKTQM2Mi- #mi MQi HH bi"QM;HV +QMM2+i2/ +Q'

g?2'2 br2 FHv+QMM2+i2/+QKTQM2Mib7Q K ;B Mi +QKTQM:
rQ Fb-Q7i2M 2M+QKT bbBM; +HQb2iQi?22MiB 2 M2irQ F-i?2
d39 *?2X RyXRXR)X GBF2rBi? /I BzmbBQM-i?2 /Bbi'B#miBQM Q7
KQ'2?2i2°Q;2M2QmbX h?Bb + MMX#k2bbi22NMMBM 24 HZ a**b Bb Km-
H ;27 i? Mi?22 MmK#2" Q7 r2 FHv +QMM2+i2/ +QKTQM2Mib 7Q"

6B;mMkXBHHmMbi® i2b i?72 60#Qr@iB26 /2+QKTQ@uBBBRRMBMIi Q
bim/v Q7 2vT2 "HBMF M2irQ ' FbX gq?BH2 i?2 2t +i T'QTQ'iBQMb
/i b2ib-i?2#Qr@iB2 T ' QpB/2b mb27mH K2Mi HKQ/2H 7Q" a**
ii?72+Q°2HB2b H ;2 a**- ~BMER+GFK QFMLQIi2b i? i + M "2 +7?
i?72a**#mi+ MMQi #2 "2 +?22/ 7 QKi @i+ QUDEN2XMRb i? i + M #2
"2 4?22/ 7°QKi?2 a**#mi+ MMQi "2im"MiQ BiX "2vQM/i?2b2 HB
+QKTQM2Mib M/ /IBb+QMM2+i2/ bm#;" T?bX h?Bb bi'm+im™ H
i?72 /2p2HQTK2Mi Q7 i?2 S ;2_ RKB KIQEBBIiPBM(; i?72 BMi"Q/m+iB
i2H2TQ i iBQM K2+? MBbK iQ T ' 2p2Mir HF2 b 7°QK #2+QKB
MmMM' 2 +? #H2 +QKTQM2MibX

*V+H2BBM HHv- /B 2+i2/ +v+H2b "2 MQi?2 /BbiBM+iBp2 72 i
"2+i2/ +v+H2 Bb bBKTHv /B '2+i2/ T i? i? i "2im"Mb iQ Bib bi °
"2 H@rQ H/ M2irQ ' Fb- bm+? +v+H2b + v K2 MBM;7mH BMi2 T
M2irQ ' Fb-7Q BMbi M+2-i?2v ? p2 #22M HBWNeFM/ iQ2}iM2M2@® H +
7Q°2 2tTHB+BiHVBM+Q ' TQ  i2/ BMI@RHEKmMH i2// i b2ib (
6°’QK K i?2K iB+ HT2 ' bT2+iBp2- +v+H2b 2 +QMM2+i2/iQ
Q7 i?2 2B;2Mp Hm2 bT2+i° Q7 #Qi? i?2 /D +2M+v K i'Bt M/ i’
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One-way
— —components

~

/’ -~
‘// ./ - \

Disconnected
components
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@O

6B;m 2 kX22 6#Qr@iB26 /2+QKTQbBIBQM Q7 /B 2+i20MRinQ2F- / Ti:
> T?2 Bb Q'; MBx2/ "QmM/ +2Mi> Hbi"QM;Hv +QMM2+i2/ +QKTQM2M
KB//H2X BN +Q K F@OWDMibib Q7 MQ/2bi? i+ M 2 +2i?2 a** #mi + MMQ
7 QK Bi- r?BE®i@2 QK F@WDMBibib Q7 MQ/2b i? i+ M #2 "2 +22/ 7 QK i?:
+ MMQi "2im M iQ BiX //BiBQRMRI@vBRKA@M2RibQMM2+iiQ 2Bi?2
i72BM@ Q  QmMi@+QKTQM2Mi rBi?Qmi /Bb+TBWM 22224 *+Q KTBRAP2 Mib

*2 BbQH i2/ 7°QK i?2 “2bi Q7 i?2 bi'm+im 2X h?2 T2 +2Mi :2b b?Qr
2vT2 ' HBMF M2irQ F M)Hvkai B2 Qp2 HH T ii2 M b2 p2b b ;2M2" |
KQ/2H 7Q  a** T “iBiBQMb BM /B 2+i2/ ;" T?bX

h?2B° T 2b2M+2 + M HbQ + mb2 +QMp2 ;2M+2 Bbbm2b 7Q" H;
7Q° mM/B 2+i2/ ;" T?bX

*V+H2 /2i2+iBQM Bib2H7 Bb "B+? "2b2 "+? "2 - M/ /2bB;ME
7Q° B/2MiB7vBM; M/ }HiIi2 ' BM; +v+H2bkiRK)3B MR +P?? B b 2’ 1B -(
/2i BH2/ BMp2biB; iBQMb Q7 +v+H2b 7 HH QmibB/2i?2 b+QT2 (

kX8 h> Mb +iBQM L2irQ F 6HQTr

aQ 7 -i?Bb+? Ti2 2 b T BK "BHV7Q+mb2/ QM i?2; T?2@bi m-
+iBQM M2irQ Fb- "2~2+iBM; i?2 7 +ii? i MQ/2 2K#2//BM; Q7 ;
K DQ 7Q+mb Q7 i?Bb i?2bBbX >®QpMiQ@iKMM 2[BQMV 2bb2Mil
KQ/ HBivX 6°QK K i?2K iB+ HT2 bT2+iBp2-i?2b2 KQmMib +
~QrQp2 i?22/:2b Q7 i’ Mb +iBQM M2irQ FX

AM ;2M2° H- ~Qr "272°b iQ i?2 i° Mb72 Q7 bQK2 [m MiBiv
MQi?2 - Q7i2M bm#D2+i iQ +QMb2 p iBQM H rbX h?Bb Bb i?2 +
M2irQ Fb- bm+? b ~mBYWNM BB2ki( B+ HREM*?2XMib (2272 i?22
iQi HpQHMK2 Q7 ~mB/ Q" iQi H 2H2+i'B+ +? “:2 Bb +QMb2 p2/



kX8X h> Mb +iBQM L2irQ F 6HQTr 9R

M2irQ"Fb HbQ /BbTH v +QMb2HRBQM+I2 QT2 QBRI BF2 T "FBM
2 ++QmMi2/ 7Q° X

h> Mb +iBQM M2irQ Fb- ?2Qr2p2 - T 2b2Mi KQ 2 +QKTH2t T|
B7 QM2 +QmH/ T2 72+iHv Q#b2°p2 HHi" Mb +iBQMb rQ H/rB/2
i?72 ~Qrb rQmH/ #2 TT QtBK i2Hv +QMb2 p iBp2 Qp2 b?Q i iB}
iBQM H +m "2M+B2b- QMHvV # MFb BM +QHH #Q" iBQM rBi? +2N\
KQM2v- r?BH2 BM + ' vTiQ+m "2M+B2b M2r mMBib 2 +°2 i2/ p
i?72b2 K2+? MBbKb- ~Qrb rQmH/ TT2 ~+QMb2 p2/X

AM T +iB+2- irQ +QKTHB+ iBQMb 'Bb2X 6B bi- i?2'2 "2 |
+m > "2M+B2b BM +B"+mH iBQM ;HQ# HHv- M/ i?2B" 2t+? M;2 °
rBi? bm#bi MiB HpQH iBHBivX h?Bb K F2b Bi/B{+mHi#Qi?iQ i’
+m "2M+B2b M/ iQ /2}M2 bi #H2 MQ/2 # H M+2bX

a2+QM/- M/ KQ 2BKTQ'i MiHv- MQ/ i b2i T°QpB/2b T2 72+i
rQ"H/ i° Mb +iBQM ~QrbX 1 +? # MF "2+Q /b QMHV i?2 i° Mb +
bvbi2Kec 2 +? + ' vTiQ+m "2M+v QMHvV "2+Q /b i° Mb +iBQMb rBi
M/ + b?i° Mb +iBQMb "2 H ";2HvmMMQ#b2 ' p2/X b "2bmHi- M
i Mb +iBQM M2irQ'F /i b2i K v 2z2+iBp2Hv +i b 2Bi?2° bBM
bQK2 ~Qrb BM2pBi #Hv "2K BM QmibB/2 i?2 b+QT2 Q7 Q#b2 p i

.2bTBi2 i?2b2 HBKBi iBQMb- K Mv Q7 i?2 M HviB+ HiQQHb
Qi?2° ~Qr M2irQ'Fb+ M#2 "2Tm " TQb2/7Q i Mb +iBQM M2irQ"
2tTHQ 2/ BM *X hi22 "2K BM/2° Q7 i?Bb b2+iBQM BMi " Q/m+2b i’
b2imT 7Q° H i2° ~Qr KQ/2HHBM; M/ 2t KBM2b /2b+ BTiBp2 bi
~Qrb 7°QK i?2 +vTiQ+m "2M+v M2irQ ' FbIBM Q/m+2/ BM a2+iB

1/;2 6HQr _2T 2b2Mi iBQM

b /2b+"B#2/ ii?2 #2;BMMBM; Q7 i?Bb +? Ti2 - i° Mb +iBQM -
[m /"mTH2i Q7 i?R-& KW-r?22N Bbi?2bQm +2jNQVR?2M/
i ;2 MQ/2-fiBi2 R o /12MQiBM; i?2 MQMM2; iBp2 ~Qrp Hm2 Q"
Mt i?72 iBK2bi KT ir?B+?i?2i° Mb +iBQM Q++m™"2/X i° Mb -
i?72M 7Q K2/ #v b2[m2M+2 Q7 bm+? 2p2MibX hQ /2MQi2 HH ~C
i iQ MQF2i?2 TmM+iBOQM;iMQ@i BBQMW2/- r?B+? M im™ HHv ++QKK|
#Qi? +QMiBMmQmb M/ /Bb+ 2i2 ~QrbX AMfi?2t) BB bBBbiBQM-H b
i FBM; i?2 p7Hmi22M2p2 1t X

b 2tTH BM2/ BM RXH?BDb i?2bBb /Q2b MQi KQ/2H i2KTQ  H
2tTHB+BiHvX AMbi2 /-i° Mb +iBQMb 2 ;;7°2; i40;Q0pp2Q }t2/iB|
Q#i BM bi iBQM "v ~QrX @Q) iB#R72/i2 Mb +iBQMb BM i?2 rBM/(
i?72 ;;°2; 12/ ~Qr Bb +QKTmi2/ b

Z K i
fi7!j= fi7!j(t) It = fi7!jk: UkXkeV
0 k=1

h?2mhn; 2R o "2T 2b2Mib i?2 iQi H~QriQ QRA/NP22i?2 rBM/QrX
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AM /B 2+i2/ M2irQ Fb- i?2b2 MQMM2; iBp2 ~Qr p Hm2b + M
BMIiQ ~Qr g22RQ,- rBi? QM2 2Mi'v 7Q" 2 +? /B 2+i2/ 2/;2X

Hi2 "M iBp2Hv- QM2 K v "2T°2b2Mii?2 bi iBQM v M2i ~Qr QM
#v bbB;MBM; /B'2+iBQMb "2H iBp2 iQ }t2/ + MQMB+ H Q B2N\
2 +? mM/B 2+iRf)2rB2? j-i?2 M2i ~Qr Bb /2}M2/ b

KX7!j KX7!i
fi71j: fi7!ik fj7!ik: UkXkdV
k=1 k=1

>2°2- 1?2 bBiM QZi2"'KBM2b i?2 /B 2+iBQM Q7 i?2 M2i ~Qr "2}
+ MQMB+ H Q°'B2Mi iBQM, TQbBiBp2 g Hon2 b ?BB\H/B M 22 HBpr27"°
p Hm2b +Q "2bTQM/ iQ jMIiZJ X Q?2" GKQHmMjf2npf HM2+B}2b i?2
~Qr K ;MBim/2X

h?Bb bB;M2/@~Qr 2T 2H2MR™ B-@QW-i T BMBM; QM2 2Mi'v T2 +
B+ HHv Q' B2Mi2/ 2/;2- 2M #H2b ;2QK2i'B+ M/ iQTQHQ;B+ H
RjkRj)- M/ BiBbi?2 QM2 /QTi2/ #vi?2:i2/:" IB2Mi 6HQr KQ/2
BM *? T92?B;?HB;?iBM; Bib +2Mi° H "QH2 BM i?2 H i2° +QMi B#

P#b2 p2/ 6HQrb QM * vTiQ+m "2M+v L2irQ F . i b2ib

L2ti-i?Bb b2+iBQM 2t KBM2b i~ Mb +iBQM ~Qr bi iBbiB+b 7" QK i
Ukyk9V- "Bi+QBM Ukyk9V- M/ .Q;2+QBM Ukyk9V i Mb +iBQM |
Im+2/ BM a2 @R +QKT "BbQM- i° Mb +iBQM KQmMib 7°QK
JGqQ H/ /i b2i "2 HbQ BM+HmM/2/- Hi?Qm;? i?2b2 p Hm2b b
T °2i2/ b ;7 Q@mM/i'mi? 7Q° "2 H@rQ H/i° Mb +iBQM M2irQ Fb>
HH + vTiQ+m "2M+v i  Mb +iBQMbr2°2 +QMp27i2/iQla/QHH
p2° ;22t+? M;2 " i2b- M/ ?BbiQ;" Kbr2 22ti® +i2/rBi?:QQ;H2"
HQ:; 'Bi?KB+ #BMD iQlGK la.X 6B;nmk2No?Qrb i?2 /Bbi'B#miBQM
BM/BpB/m H i Mb +iB@M- KBHKIGBEXNBOTH vb ;;°2; i2/2/;2
~Qribin;- b /2}M2/ BM 1[riXB&RMQ@" i?72 bBKmH i2/ JGqQ H/ / it
r’7B+? BM+Hm/2bi® Mb +iBQMb BM KmHIBTH2 +m ™ "2M+B2b- QM
T2 2tiT +i2/ M/ pBbm HBX{MBM 6B;m’ 2
bi'BFBM; T°QT2'ivQ7i° Mb +iBQM KQmMibBbi?2B HQ; "B
K Mv Q' /2'b Q7 K ;MBim/2X h?Bb T ii2°M Bb +QMbBbi2Mi +°Q
"2M+v /i b2ib M/ Bb HbQ 2pB/2Mi BM JGQqQ H/X _2 H@rQ H/ ;
"2 HBF2rBb2 2tT2+i2/iQ 7QHHQr bm+? KmHiB@b+ H2 /Bbi B#n
+ " m+B H7Q KQ/2HBM;- b Bi '2[mB'2b + "2 BM /2bB;MBM; "2;°
T QT2 ? M/HBM;-H ";2@p Hm2i> Mb +iBQMbK v/QKBM i2i?2
Qp2 }iiBM;X h?Bb +QMbB/2" iBQM Bb +2Mi° HiQ i?2 ~Qr KQ/2H
h?2K DQ'BivQ7 + vTiQ+m "2M+vi  Mb +iBQ M. 2rB2?2KQmMil
T2 F "QmM/ Ryyla.X h?2 JGqQ H// i b?Qrb bBKBH ~ T ii2’l
T2 FQ++m'b M2 " Ryyy la. M/ Bb b? "T2  i? M BM i?2 + ' vTiQH+
HBF2Hv "2~2+iBM; bT2+B}+ /2bB;M +?QB+2b Q7 i?2 bBKmH iQ"
iBQM 7°2[m2M+B2b /2+°2 b2 bi2 /BHv b KQmMib BM+ 2 b2X |



kX8X h™ Mb +iBQM L2irQ 'F 6HQr 9j

—— ETH BTC e DOGE
" " 1¢
510 810 g
8 % ‘(jl(f
s Py 3
S ¢ g o & 10
£t et =
3+ 1+ B ~—— Small
10
].01 1 ]-01 1 i
0 10! 100 1¢ 10 10 0 10! 100 1¢ 10 10 0101 1¢ 16 16 10
Amount (USD) Amount (USD) Amount (USD)

UV vTiQ+m  2fMmB2b U#V vTiQ+m  2MwB2b U+WBKmMHIfia{,

6B;m 2 kXNMb +iBQMp Hm2 /Bbi'B#miBQMb 7Q i?21i?2 2mK U1h>V-
.Q;2+QBM U.P:1Vi° Mb +iBQM M2irQ ' Fb-rBi? p Hm2b +QMp27i2/iQ la.
p Hm2b "2 HQ, @#BMM2/ MAF2 2. XUVb?Qrb /Bbi'B#miBQMb Q7 BM/B
i Mb +iBQM K@mMiBBHAb?Qrb p Hm2b ;;°2; i2/fF2 2QXK-1[m @

iBQMXWeXUV 2TQ ib bBKmH i2/ JGqQ H/ i° Mb +iBQMb Ula. QMHVV 7C
HH /Bbi'B#miBQMb 2?2 pv@i BH2/-bT MMBM; K Mv Q' /2 b Q7 K ;ME
107 10° la. X **vTiQ+m "2M+v /i HbQ +QMi BM bm#bi MiB H 7> +iBQNMN
2p2M x2°Q@p HmM2/i> Mb +iBQMb- "2~2+iBM; #HQ+F+? BM@bT2+B}+

H “;2bi #BM KQmMibl1eft% P2/BMm#bi MiB H MmK#2> Q7 i° Mb +i
"2 Q#b2 ' p2/X 6Q° "Bi+QBM Ukyk9V HQM2- KQ 2 i? M Ry-yyy |
2t2+mi2/X
F2v /IBz2 2M+2 #2ir22M i?2 bBKmH i2/ JGqQ H/ /i M/ i?
"2M4v /i b2ibBbi?2T'2p H2M+2 Q7 p2°vbK HHi® Mb +iBQMb E
yXyyR la. X J Mv Q7 i?2b2 "2 2t +iHv x2°Q BM p Hm2- "2~2+iBN
K iBQM i? i HbQ Q++m QM #HQ+F+? BMbX M HQ;Qmb i Mb
"2 H@rQ H/ # MFBM; bvbi2Kb- r?2°2 +QKT MB2b Q b2 pB+2b
Bbbm2/ +°2/Bi + /b #v BbbmBM; Oy +? ";2X Hi?Qm;? MQ KQM
i?72b2 BMi2" +iBQMb 2K BMp Hm #H2- bi?2v 2bi #HBb? HBMF
+QMi"B#mi2 iQ i?2 mM/2"HVBM; ;> T? bi m+im 2X
h?2 i° Mb +iBQM ~Qrb + M HbQ #2 bim/B2/ i i?2 MQ/2 H2p
KQmMib + Qbb 2/;2bX h?Bb + M #2 /QM2 b2T ~ i2Hv 7Q° KQm

X

h KQmMi b2Mi #i MQ/2 finy; UkXk3V
k2>£\lp(i)

h KQmMi “2+2Bp2/ity MQ/Bii; UkXKNV
k2N Ai)

Q' #v +QMbB/2#BMM&PR2 +? MQ/2- [2YM2/ b i?2 /Bz2 2M+2 #2]
KQmMi “2+2Bp2/ M/i?2 KQmMi b2MiX

6B:mMKXR2TQ ibi?2b2 MQ/2@H2p2H bi iBbiB+b 7Q" i?2 + vTi
mMbBM: HQ:; "Bi?KB+ #BMHIMABIN22X b rBi? i° Mb +iBQM@H2p2H .
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—— ETH:Sent = BTC:Sent DOGE:Sent

ETH:Received BTC:Received DOGE:Receivec —— ETH BTC e DOGE
10 10
10 b
8 i//""“\ - “ % 1(?
ERR: 3
S1 \ 2
#* N #1060
16 Y
06 10 16 160 10 10 ¥ 161610 0 17 16 16
Amount (USD) Balance (USD)
U Va2Mi M/ “2+2Bp2/ U#V++QmMi # H M+2b

6B;m 2 kXR@/2@H2p2H ~Qr bi iBbiB+b 7Q i?2 1i?2 2mK Ulh>V- "Bi+Q
;2+4QBM U.P:1V + vTiQ+m  2MY¥YvBW2iBEFBQMb Q7 KQmMib b2Mi M/ "
#V 2 +? MQ/2- b?QrBM; b? "T T2 F i x2 Q- +QMbBbi2Mi rBi? i?2 H
+iBpBiv ++QmMibX 6Q  1i?2 2mK- M //BiBQM H MQK Hv Bb Q#b2"|
K “F- bm;;2biBM; i?2 T 2b2M+2 Q7 miQK i2/ i UM bBbiBE¥N B QM MHX
++QmMi # H M+2b- /2}M2/ b “2+2Bp2/ KBMmb b2Mi KQmMibX h?2 /B
iQr '/ TQbBiBp2 # H M+2b- "2~2+iBM; i?2 BMp2biK2Mi@Q B2Mi2/ M i
rBi? b? "TT2 F ix2°Q+Q "2bTQM/BM; iQ i° MbBiBQM ++QmMibX

#miBQMb-i?2 MQ/2@H2p2H KQmMibbT MK Mv Q' /2°b Q7 K ;N
M22/iQ ++QmMi 7Q  bm+? KmHIiB@b+ H2 #2? pBQm BM KQ/2}F
6Q° i?2 b2T "~ i2 b2M/f'2+2Bp2 /Bbi ' BXRyBX2MD BIM 6B2 mT2
T2 F i x2°Q-b?QrBM; i? i H ;27 +iBQM Q7 ++QmMib 2Bi?2
"2+2Bp2 Mv +vTiQ+m "2M+vX h?Bb Bb +QMbBbi2Mi rBi? i?2 F
i° Mb +iBQM ;" T?2XMh BIHK v 2~2+i ++QmMib +°2 i2/ 7Q° bBN
+iBQM Q° miQK i2/ ++QmMibi? i2t+? M;2BM7Q K iBQM QM i

i Mb72°"BM; TmM/bX
bi'BFBM; MQK Hv TT2 b BMi?2 1i?2'2mK /i, #Qi? i?2 b

/IBbi'B#miBQMb 2t?B#Bi b? "T bTBF2 i 2t +iHv ORy-yyyX +
bK HH2 -T2 FBb HbQ pBbB#H2 BM i?2 i  Mb +iEK@M@?HBDdp2H /E
bi"QM;Hv bm;;2bib i?72 T'2b2M+2 Q7 miQK i2/ bvbi2Kb Q" bi M
Tii2’Mb QM i?2 1i?2°2mK #HQ+F+? BMX >Qr2p2'-i?2 2t +i + m
12/ X

6BM HHv- i?2 # H M+2 /Bbi B#MWRB@MbFBRM 6BQmM 2 TQbBiBp2
p Hm2b- +QMbBbi2Mi rBi? + ' vTiQ+m "2M+v mb2 b M BMp2biK
++mKmH i2 bb2ib Qp2  iBK2X b? "TT2 F ix2°'Q7m’i?2° BM/
+QmMib +i bi® MbB2Mi ?m#b-rBi? BM~Qrb M/ Qmi~Qrb # H M
Q7i?20Ry-yyy MQK Hv?2°2bm;;2bibi? ii?2MQ/2b/"BpBM; Bi
i MbBiBQM ++QmMibX
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LQ/2 1K#2//BM; JQ/2HD

LQ/2 2K#2//BM;b ? p2#2+QK2 +Q M2 biQM2 Q7 KQ/2"M M2irQ"
TTHB+ iBQMb 7" QK bQ+B H M2irQ'F KBMBM; iQ #BQHQ;B+ H |
THvVBM; i?2KiQ i Mb +iBQM M2irQ ' Fb TQb2b /BbiBM+i +? HH2!
M/ KQ/2HHBM; "2[mB 2K2Mib QX HPBBA/+BMT12 ®2;BMb iQ // Z
i?2b2 +? HH2M;2b #v BMi Q/m+BM; i?2 2bb2MiB H +QM+2Tib |
#2//IBM; H2 "MBM;-iQ;2i?2 rBi? F2v KQ/2Hb 7" QK i?2 HBi2 im
;T QMM/IrQ F 7Q  i?22 bm#b2[m2Mi +? Ti2 bX

a2+iBABMi Q/m+2b-/2}M2b M/ KQiBp i2b MQ/2 2K#2//BM; K
a2+iBj@M?2M +QMbB/2 b i?2B" TQi2MiB H 7Q  i° Mb +iBQM M2
“2Bi2° iBM; i?2 /2bB/2° i BMi Q/fMQBRM K% I/IBM: KQ/2Hb Km
#2mMbm T2 B bA/b- #MB+ H #®1 22 mb27mH BM i?Bb /QK BMX h?|
HbQ "2pB2rb T'BQ  rQ ' F QM MQ/2 2K#2//BM;b 7Q" i° Mb +iBQN\

hQ 7m i?2" /2p2HQT i?2b2 /2bjBYiBMi Qd+iBQINM2 i?°22 T'BM+
H2 "MBM; T " /B;Kb "2H2p MiiQ MQ/2 2K#2//BM; KQ/2Hb, bmT2]
M/ mMmMbmT2 pBb2/ H2 "MBM;X Hi?Qm;? i?72 K BM 7Q+mb Q7 i’
pBb2/ K2i?Q/b-7 KBHB "BivrBi? HHi? 22T ~ /B;KbBb BKTQ'i
i?22#°Q /2" "2b2 "+? +QMi2tiX aBKBHZHb2m2F2BQIMI 2+i Q7 KQ/:
M Hvb #BHBiv, i?2 /BbiBM+iBQM #2ir22M T QtBKBiv@# b2/ N\
KQ/2HbX

qBi? i?2b2 T'2HBKBM “B2b BM TH +2- i?2 +? Ti2  bm p2vb i
2K#2//BM:; KQ/2Hb 7Q" ;" T2 bi'm+im'2 M/ MQ/2 ii'B#mi2b- M
Q7 "2b2 “+?X :Bp2M i?2 #°2 [i? Q7 i?Bb }2H/- +QKTH2i2 "2pB2
+QKT 2?2MbBp2 bm p2vb- i?2 “28BR|BB|YIX72°2/iQ (

6BM HHvV- §2ZRBBMIMY /m+2b +QKKQM /QrMbi“2 Ki bFb 7Q  r?B
#2//BM:b "2 2KTHQV2/X AM T ‘iB+mH - Bi KQiBp i2b i?2 mb2
MQ/2 +Hmbi2 BM;- M/ :° T? HB:MK2Mi b #2M+?K 'Fi bFb 7Q
BMH i2° +?2 Ti2 bX
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iXR h?2q? i M/ q?v Q7 LQ/2 1K#2//BM; JQ/2Hb

b bii2/BM *? FiIQ/2 2K#2//BM; KQ/2Hb "2 +QKTmi iBQM H K
H2 "M p2+iQ  "2T 2b2Mi iBQMb Q7 M2irQ F MQ/2b- r?B+? 2M #
Q7 K +?BM2 H2 "MBM; M/ /i KBMBM: KQ/2Hb iQ M2irQ FbX J
2K#2//BM; KQ/2H Bbf TMMKIBRMM2iND i@ MQ/2 2K#2//BM;

K i"BZA2R" P rBi? 2K#2//BM; bT +2 /BK2MBBQ@MvVH Bitv H H v

Z=f(N): UjXRV

Ai Bb mb27mH i iIBBMFQQ7 K- i? i +QK#BM2b K i?2K iB+ H
iBQMb M/ Bi2 iBp2 T'Q+2/m 2biQ +QKTmi2 i?2 2K#2//BM; K
BMpQHpP2b BM+Q TQ  iBM; KmHiB@bi2T BM7Q K iBQM BMiQ i?
iBTHB+ iBQMb rBi? MQ'K HBb2/ /D +2M+v K i 'BdX{ b /2b+ B#
K i?2K iB+ HKQ/2H i?2M +QK#BM2b i?Bb BM7Q K iBQM rBi? Qi
M/ +QKT 2bb2b Bi BMiQ MQ/2 2K#2//BM;bX

"27Q°2 2t KBMBM; bT2+B}+ KQ/2Hb- Bi Bb BKTQ i MiiQ +H °
iBQM 7Q  MQ/2 2K#2//BM;bX h?Bb Bb +2Mi° HiQ i?2 i?2bBb- M

ai i2K2Mi jXRXR2 Sm TQb2 Q7 LQ/2 XKZ2/TBIMTRW2 Q7 MQ/2 2K
#2//BM:b Bb iQ 2T 2b2Mi MQ/2b BM M2irQ'F b HQr@/BK2M&
i?2b2 p2+iQ'b "2 BM/BpB/m HHv BM7Q K iBp2 #Qmi i?2B" +Q"

>2'2- #2BM; 6BM7Q K iBp26 K2 Mb i? i M2irQ 'F KQ/ HBiB2b-
im'2- MQ/2 ii'B#mi2b- M/ ~Qr p Hm2b- "2 BMi2;" i2/ BMiQ i?z
H2 "M2/-2 +? 2K#2//BM; + M#2i 2 i2/ BM/2T2M/2MiHv Q7 i?2 M
BM/2T2M/2M+2 Bb i?2 + m+B H 72 im 2 Q7 MQ/2 2K#2//BM;b-
Ip Mi ;2b QE2KTHWR22rQ " F "2T 2b2Mi iBQMb bm+? b &P, +2M+v

RX AKT Qp2/ +QKTmi iBQM H 2{+B2M+vX
kX 1 bB2 T ° HH2HBb iBQMX
iX JQ/mH "Biv7Q  BMi2; iBQM rBi? K +?BM2 H2 "MBM; KQ/2

h?2 } bi /p Mi ;2 + M#2 BHHmbi~ i2/ #v bBKTH2 [m2'v, 6>Q

M/ "\66 IbBM; M2irQ'F 2T 2b2Mi iBQMb- i?Bb "2[mB 2b + H
Q7 bi2Th #2ir22M i?2 MQ/2b- 7Q" 2t KTH2 pB .BDFbi® 6b H;Q
+QKTHD(BiwWN HQ), M/ Bb MQiQ BQmbHV /B{+mHXAM +QGM2HBb 2
rBi? 2K#2//BM;b i? i + Tim 2 T'QtBKBivjX¥H ilB QMb Q 6RK i EBB@N
Q7 +HQb2M2bb Bb Q#i BM2/ pB M BMM2 T°Q/m+i Q" /Bbi M+
irQ MQ/2 2K#2//BM;b-rBi? iBR@)HMQKTBI2?Bi;WwHB;?ib ?2Qr 2K#2//E
BMi2;" i2bi'm+im> HBM7Q K iBQM- pQB/BM; "2T2 i2/i  p2'b

MQi?2 2t KTH2Bb H #2HRT)QTP2 PBMM/ R H #2Hb "2/Bzmb2/
i?72 ;" T? mMiBH +QMp2 ;2M+2- DHDYHI2T+QMIiBBMQM+2 2K#2/
/IBM;b "2 +QKTmi2/ M/ +H bbB}2  i° BM2/- +H bbB7vBM; bE
"2[mB 2O@MBTV2" iBQMbX



jXkX LQ/2 1K#2//BM: JQ/2Hb 7Q  h Mb +iBQM L2irQ9R@b

AM //BiBQM iQ 2/m+2/iBK2 +QKTH2tBiv- MQ/2 2K#2//BM:b
iBQMX "2+ mb2 2K#2//BM;b 2M+ TbmH i2i?2 M2irQ"F +QMi2ti-
BM/2T2M/2MiHVX *QMp2 b2Hv- H;Q 'Bi?Kb QT2 iBMTQM i?2 71
T iBiBQM T BHIBM; i?2 ;> T? + Qbb T°Q+2bbBM; mMBib 2]
i?2 MmMK#2 > Q7 2/;2b + ' QbbBM; T "iBiBQMb iQ pQB/ +QKKmMB+
LS@+QKTH2i2iQ bQHRRRTIBK HHv (

6BM HHv- MQ/2 2K#2//BM;b "2 /2Mb2 p2+iQ" "2T 2b2Mi iBQ]
?B;?Hv KQ/mH > 7Q° /QrMbi’2 KK +?BM2 H2 "MBM;X 02+iQ"b
7Q°Ki7Q +H bbB+ H H;Q Bi?KhBKIQG/2BMBIi@B2MiI®EQQbi2/ K
2Hb bm+? b GBRX)¥JIM/ +HmMbi2 " BM; K2i?Q/b B A/ B@ & Mb (
a* L (R9YX h?2v "2 2[m HHv +2Mi° HBM /22T H2 "MBM;- BM+Hn
kN M/ i° Mb7QJK2 1?22 2 p2+iQ  2K#2//BM;b 2M #H2 KmHIiBKQ.
U2X;X i2ti@QiQ@BK ; RIPMRQBBQ M2¢i pBbm H m/BQR®mM/2 bi M
M/ ? M/HBM; KBbbBM; / i R iBK2 (

AM bmKK “v- MQ/2 2K#2//IBM;b T'QpB/2 +QKT +i- BM/2T2M/.
Q7 M2irQ'F BM7Q K iBQMX h?Bb BM/2T2M/2M+2 2M #H2b 2{+E
b MBMi27 +2 #2ir22M M2irQ ' F/ i M/ K +?BM2 H2 "MBM; KQ
MQ/2 2K#2//BM;b mM/2 " TBM rB/2 " M;2 Q7 TTHB+ iBQMb- +Q
/QrMbi 2 K iBoMFBh?2 HBi2  im 2X aQK2 Q7 i?2b2- rBi? T "iB+ml
i° Mb +iBQM M2irQ Fb- "2 BMi Q¥R 2/ BM a2+iBQM

Xk LQ/2 1K#2//BM; JQ/2Hb 7Q  h> Mb +iBQM L2irQ

LQ/2 2K#2//IBM; KQ/2Hb 7Q i° Mb +iBQM M2irQ 'Fb "2 /2bB" #H
b BM Qi?2" /QK BMb, i?2v2M #H2 i?2 2{+B2Mi TTHB+ iBQM Q
/i KBMBM; K2i?Q/b iQ M2irQ'F MQ/2bX 6Q # MFb- i?Bb ~2t
ii° +iBp2X h™ Mb +iBQM /i b2ib "2 p bi- M/ i bFb bm+? b K
[2i2+iBQM-7" m//2i2+iBQM-FMQr@vQm @+mbiQK2" M HvbBb
T°'2/B+iBQM + M HH #2M2}i 7°QK 2K#2//IBM;bX **m+B HHv- 21
+QKTmi iBQM, QM+2 H2 "M2/-i?2v + M #2 "2mb2/ + Qbb K Mv
+QKTmi iBOM H +Qbi M/- KQ 2 BKTQ'i MiHv- /2p2HQTK2Mi 2z
?2QrH ;2H M;m ;2KQ/2Hb ? p22M #H2/ 2@ mb2 Q7 2T 2b2Mi
Q7 i2ti TTHB+ iBQMbX

>Qr2p2°-7Q° 2K#2//IBM;biQ #2 T° +iB+ HHv mb27mH BM i° M
Kmbib iBb7vi?2 /2bB/2 i BMi  QRmiP2V/BW2 27 iDNAPM T2- pBb 2/
M Hvb-#MB+ HXH22b2 "2[mB 2K2Mib #2+QK2 2p2M +H2 "2 r?:
MQ/2 2K#2//IBM;b rBi? Hi2 "M iBp2 TTjR®RX?2b Ub22 6B;m 2

PM QM2 bB/2 Q7 i?2 bT2W/i@K HR2 7242 Q/2b "2 2T 2@
b2Mi2/i?2°Qm;? K Mm HHv +QKTmi2/ K2 bm 2b bm+? b /2;°22b
+B2MibX h?2b2 22 bviQBMi2 T ' 2i#mi BM?2 2MiHv HBKBi2/-
QM2 bT2+i Q7 i?2 M2irQ " FX

i i?72 Qi?2° 2ti 2K2M/@iQ@2M/ /22MK®Q/DHDb T? M2m™ H M2i
rQ"Fb M/ ;" T? i° Mb7Q K2 b-i°" BM2/ /B 2+iHv7Q" bBM;H2 il
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i #H2

"2b

iB+b

6B;m 2 | XTOM+2Tim H TQbBIiBQMBM; Q7 MQ/2 2K#2//BM; KQ/2HbX >
“2 BMi2 T 2i #H2 #mi "2bi"B+i2/ BM r? i i?2v + Tim 2X 1M/@iQ@ 2N
‘LLb M/;  T?i Mb7Q K2'bV '2?B;?Hv 2tT 2bbBp2 #mi Q7i2M #H +F@
IMbmT2 pBb2/ MQ/2 2K#2//BM;bbi'BF2 # H M+2 #2ir22Mi?2b2 2ti 2K:
2tT 2bbBpBivi? M? M/@+" 7i2/72 im 2brBi? KQ 2BMi2 T 2i #BHBiv
2M/@iQ@2M/ KQ/2HbX

?B:?HvV 2tT 2bbBp2 #miiviB+ HHv "2[mB 2 H “:2 H #2HH2// i b
T +iB+2 M/ i?2B #H +F@#QtM im 2 K F2b i?2K /B{+mHi iQ N

IMbmT2 pBb2/ MQ/2 2K#2//BM;b Q++mTv i?2 KB//H2 ;"QmM/X
KQ 2 ~2tB#H2i? M? M/@+" 7i2/ 72 im 2b- v2i KQ 2 BMi2 T 2i
i? M2M/@iQ@2M/ KQ/2HbX h?Bb # H M+2 2tTH BMb r?2v i?2v 71
i?Bb i?2bBbX

1tBbiBM; LQ/2 1K#2//BM; JQ/2Hb 7Q  h” Mb +iBQMIQ22/Q Fb

BM *? Tk2¢Ri?2 b+ “+Biv Q7 Tm#HB+Hv p BH #H2 i° Mb +iBQM N\
?2BM/2°2/ “2b2 *+? BM i?Bb 2 X q?BH2 i?2 #°Q /2> HBi2 im 2
KQ/2Hb BBEjBiR(¥- M/i?2 2 2tBbib bm#bi MiB H#Q/vQ7rQ F



JXjX LQ/2 1K#2//BM; JQ/2H G2 "MBM; 9N

K +?BM2H2 "MBM; M// i KBMBM; iQ +QKHi'AWM+HB? QM BR2Z
2K#2//BM;b bT2+B}+ HHv 7Q  i° Mb +iBQM M2irQ Fb 2K BMb H
BM+ 2 bBM; /2K M/ 7Q" 2z2+iBp2 iQQHb ; BMbi }M M+B H + B
p BH #BHBiv Q7 + vTiQ+m "2M+v / i b2ib M/ i?2 bBRfjiH i2/ JC
2 bbTm "2/ M2r +QMi " B#miBQMb BM "2+2Mi v2 "bX

1 "HvrQ'F? bH ;2Hv 7TQHHQTr2/ i?2 2M/@iR @2#2 T2i /B; K>
HX BMi"Q/m+2/i?2 1HHBTiB+ + vTiQ+m "2M+v i° Mb +iBQM /
iI2KXRM/ T QTQb2/ ;7 T?2 +QMpPpQHmMIiBQMkH MBRNIIZY " FMJ @LY @ 2 M
QM i?2 T°QpB/2/ H #2HbX "QmM/ i?2 b K2 iBK2pQHPR:*2i HX -
(R9e r?B+? 2ti2M/b :*Lb iQ i2KTQ  H b2iiBM;b #v mT/ iBM; i??2
i?2°Qm;? "2+m "2MiM2m > HM2irQ ' F U_LLRYXMQ?2b 2M20/k HY |
1;°2bbv 2iIRB\XZp2HQT2/ /B 2+i2/ K2bb ;2 @-Td R 2BMNP; MLH2 [
rBi? TQ i MMK#29)BM;/ 2;Q0 ARB) BM+"2 bBM; 2tT ' 2bbBp2 TQr2"
KQ/2Hr b 2p Hm i2/ QM i?2 JGqE@ M/ /RKQMbi{ iBM; Bib TQi2Mi
7Q /2i2+iBM; KQM2v H mM/2 BM; X

h?2b2 TT ' Q +?2b HH "2Hv QM :LL "+?Bi2+im 2bi°> BM2/ 2M
/i -TH +BM; i?2K BM i?2 mTT2 @H27jiXDm ¥QNMbZJm BEikv2i?2B
#2? pBQm  Bb /B{+mHi iQ M Hvb2 T BQ B- 2[mB BM; TQbi@
[2T2M/2M+2 QM H #2HH2/ i° BMBM; /i HBKBib TTHB+ #BHBI
r?2°2 mMbmT2 pBb2/ MQK Hv /2i2+iBQM Q" +Hmbi2"'BM; Bb Q7

hQ "2/m+2 "2HB M+2 QM HREHM/ GEQQRbAHXREBHK QTQb2/
iQ Mmb2H7@bmT2 pBb2/ ;" T? WRBHNX H?MBR2r®&2FBQ/b T B™ bi M/ °
:LL "+?Bi2+im 2b rBi? b2H7@bmT2 pBb2/ Q#D2+iBp2b- 2M #|
/IB'2+iHv 7°QK i?2 BMTmi /i X aT2+B}+ HHv- GQ 2IR&®BX + QK#E
rBi? i?72 .22T :° T? AM7Q¥3)e HOBB2( * "/QbQ 2i HX 2KTHQv2/
ii2MiBQM L2irQ FRRRrBV?( ;" T? miQ@2M+Q/RBFHDR+TBRH{I @
bmT2 pBb2/:LLb "2 /Bb+mbb2/ BM KQXX /2Q Bp Bvima 2B-QB/Q N& Q
HX mb2/i?2 1HHBTiB+ /i b2i-r?2°2 b * "/QbQ 2i HX +QMbi™ m
7°QK T QT 'B2i 'vi>  Mb +iBQM/ i -rBi? +mbiQK2  MQ/2b QM QM
MQ/2b QM i?2 Qi?2 X b bm+?- M2Bi?2  bim/v 2p Hm i2/i?2B"
M2irQ ' Fb b /2}M2/ BM i?Bb i?2bBbX

6BM HHv- M 2 "HB2 bim/v #\R8QEGH+MMB2b P2 HQr2 @ B; ?i
TMi Q7 6BX¥R2HVBM; QM ? M/@+" 7i2/ MQ/2 72 im 2b "~ i?2" i?
#2//BM:;bX h?2v M Hvb2/ 7Qm’ M2irQ ' Fb /2 'Bp2/ 7°QK /i T'Q
7 +iQ°BM; +QKT Mv- mbBM; bBt K Mm HHv /2bB;M2/ 72 im 2b T
T'2b2M+2 Q7 }M M+B H + ' BK2X q?BH2 bm+? 72 im 2b "2 ?B;?|
HbQ "2bi'B+iBp2 M/ BMbm{+B2MiHv 2tT 2bbBp2 7Q" /QrMbi
/'i KBMBM; i bFbX

iXj LQ/2 1K#2//BM; JQ/2H G2 "MBM;

MQ/2 2K#2//BM;fKBB2AR}M2/ #v b2i Q7 H2 "M #H2 T ~ K2i2°
b2T ~ i2 b2i Q7 ?2vT2'T °~ K2i2'bX hQ;2i?2°- i?2b2 ;Qp2 M i?2
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M/ mHIBK i2Hv /2i2"KBM2 i?2 [m HBiv Q7 i?2 2K#2//BM;b Bi T°
2K#2//IBM; KQ/2Hb K T MQ/2b rBi? bBKBH " T°QT2'iB2b iQ M2
#2//IBM; bT +2-r?BH2 /IBbbBKBH ~MQ/2b "2 TH +2/7 ~ T "iX

h?2H2 "MBM; bZi2BR}2b ?Qr i?2 KQ/2H T ~ K2i2'b "2 BM72 "2
BM Q' /2  iQ +?B2p2 bm+? 2K#2//BM;bX h?Bb b2+iBQM /2HBM
i?°22T°'BM+BT HDb2iiBM;b 7Q " MQ/2nMn2T /28 lvid B2/ p BIBM ; ,
b2H7@bmHZ PBIBM; X b /Bb+mbb2/ M/ KQiBp¢iRR7BbMi >2bBil2 "
7Q+mb2b T'BK "BHVv QM mMbmT2 pBb2/ KQ/2HbX L2p2 i?2H2b
bmT2 pBb2/ TT'Q +?2b "2 +QKKQM BM i?2 HBi2" im 2 M/ rBH
i2°bX IM/2°bi M/BM; i?2B" "2H iBQMb?BT- HQM; rBi? i?2B" "2b
HBKBi iBQMb-Bb i?2°27Q°2 2bb2MiB H7Q" TT 2+B iBM; i?2 #

h?2 /B ;" Kb BM pBbmKK "Bb2 i?2 i?°'22 H2 "MBM; b2iiBM;bX
pBb2/ KQ/2Hb b?QmH/ #2 /IBbiBM;mBb?2/ 7°QK mMbmT2 pBb2/
bi?27Q K2 "2[mB "2 H #2HH2// i iQ ;mB/2H2 "MBM;X AMi?2
/IBM;b-H #2Hb "2 KQbi Q7i2M MQ/2@H2p2H-#mi 2/;2@H2p2H (
"2 HbQ +QKRKXM b BHHmbi™ i2/jBM 6Bin2"2Bb2/ KQ/2Hb QTiB}
i?2B° T ° K2i2°biQ T '2/B+ii?2b2 H #2HbX h® BMBM; T'Q+22/b
2 iBQM-i?2 KQ/2H T°Q/m+2b 2K#2//BM;b mbBM; Bib +m " 2Mi -
"2 K /2- M/i?22°Q  bB;M HBb # +FT QT ; i2/iQ mT/ i2i?2 T
iBK2- 2K#2//BM;b Q7 MQ/2b rBi? i?2 b K2 H #2H "2 Tmb?2/ +H
2K#2//IBM;b Q7 /IBz2 ' 2MiHV H #2HH2/ MQ/2b "2 /°'Bp2M T "iX

amT2 pBb2/H2 "MBM; ? b#22Mi?2/QKBM MiT * /IB;KBM "2+
#Q/v Q7 rQ F p BHEHRKRR23(-RRR8-ReReRydRRe)X Aib TQTmH "Biv
bi2Kb 7°QK Bib 2z2+iBp2M2bb, #2+ mb2 2K#2//BM;b "2 QTiBKE
bi'2 Ki bFUbm+? b MQ/2 +H bbB}+ iBQMV-bmT2 pBb2/ KQ/2t
mb2 M/ /2HBp2 bi i2@Q7@i?2@ i #2M+?K "F "2bmHibX

>Qr2p2°-i?2 "2HB M+2 QM H #2Hb HbQ BMi"Q/m+2b BKTQ"
[m HBivH #2HH2/ M2irQ"F/ i "2b+ "+2 M/ +QbiHVvViQ Q#i BM-
+ HHvH ;2 M/H #2HHBM; "2[mB~2b 2ti2Mb B p28BRVBTZE) X" QK /Q k
h?Bb +? HH2M;2Bb 2bT2+B HHvT QMQmMM+2/7Q i° Mb +iBQM
iBQMb-/i T Qi2+iBQM- M/ # MFBM; b2+ 2+vBKTQb2 //BiBQM
M/ /i b? "BM;X

PM2 T "iB H 2K2KBE®DbmMT2 pBbR/jeH2- MPBRM2 QMHYV 7% +iBQ
Q7 MQ/2b M22/iQ #2 H #2HH2/ M/ i?2 KQ/2H BM72 b i?2 "2K E
"2/m+2b i?2 H #2HHBM; 2zQ i- Bi /Q2b MQi 2HBKBM i2 i?2 M2:
b2KB@bmT2 pBb2/ K2i?Q/b biBHHbmz2 7°QKi?2 ;2M2" HBb il
[2T2M/2Mi H2 "MBM; X

IMHBF2 Qi?2° /QK BMb bm+? b +QKTmi2° pBbBQM Q" M im"
r?2°2 /i /IBbi'B#miBQMb K vb?B7i + Qbb/ i b2ib#mii?2 mM/Z
2K BMb "2H iBp2Hv bi #H2 U2X;X BK ;2b b TBt2Hb- i2tib b iQ|
7°2[m2MiHv 2t?B#Bi /QK BM b?B7ib #2ir22M / i b2ibX gq?BH2
H "BiB2b + M #2 Q#b2 p2/ +°Qbb /Bz2 '2Mi M2irQ IEXIBM2b- b L
*? Ti2kKXki?2B" /2i BH2/ T°QT2iB2b M/ ii'B#mi2b Q7i2M /Bz2"
MQ/2b Q7 i° Mb +iBQM M2irQ'F "2 MQi BMi2 +? M;2 #H2 rBi?
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Labels Loss function

def LossFun(labels, z):

pred = make_prediction(z)
loss = norm(labels - pred)
return loss

Minimize
loss
function

def GNN(graph, x, wl, w2):
adj = get_adj(graph)

2=x@wl+adi@x @w2 _> =
o
o

return z

Network Embedding Embeddings
model

U VamT2 pBb2/

Loss function

def LossFun(graph, z):

adj = get_adj(graph)
loss = norm(adj - z @ 2.T)
return loss

Minimize
loss
function

def GNN(graph, x, w1, w2):
adj = get_adj(graph)

Network Embedding Embeddings
model

U#M2H7@bmT2 pBb2/

def EmbModel(graph):
adj = get_adj(graph)
_> adj = add_self_loops(adi) _>
u,s,vh = svd(adj)
return u * sqrt(s)

Network Embedding Embeddings
model

U+WbmT2 pBb2/

6B:m 2 jX&2 "MBM; T * /B;Kb 7Q° MQ/2 2K# 2/VYBM; knQT 2 HBbO 2/ H2 M (
BM;- 2K#2//BM;b "2 QTiBKBb2/ mbBM; H #2HH2/ / i WWWAM bBR@®T 2+
bmT2 pBb2/ H2 "MBM;- 2K#2//BM;b “2i° BM2/ #v KBMBKBbBM; M mM|
# b2/ QM "2+QMbi" m+iBQM Q° +Q MUVRAINK m2Mb#hDR22+ iBBpl2Db/XH2 "MBM ;- 2
/IBM;b "2 +QKTmi2/ /B 2+iHvBM bBM;H27Q'r /T bb-rBi?Qmi ;" /B2l
K FBM; i?2K ?B;?Hv 2{+B2MiX




8k *2 Ti2  jX LQ/2 1K#2//BM; JQ/2H

i MbTQ'i iBQM M2irQ F- M/ 2p2MirQ i Mb +iBQM M2irQ Fb K
#Hv BM i2°Kb Q7 p BH #H2 MQ/2 ii'B#mi2b M/ bi'm+im™ H /2i
6Q  i?Bb 2 bQM- MQ/2 2K#2//BM; KIQ/2Mdi KM TRME2Bb 2/
KQ/2Hb i?mb ? p2 irQ /BbiBM+i mb2 + b2bX h?2 }"bi Bbi bF@b
2K#2//IBM;b "2 QTiBKBb2/7Q" ;Bp2MH #2HH2/ T 2/B+iBQM i
72°iQ [/Bz2 2Mi /QrMbi2 Ki bFX >Qr2p2'-i?2 H ii2° Bb QMH
p BH #H2 H #2Hb "2 "2H2p Mi7Q i?2/QrMbi*2 K TTHB+ iBQNM
2K#2//IBM;b + MMQi ;2M2" HBb2X 6Q" 2t KTH2- 2K#2//BM;b QT
+QK2;"QmTbh BM i° Mb +iBQM M2irQ ' F K v MQi2M+Q/2i?2BM
[2i2+i KQM2vH mM/2'BM;X JQ 2Qp2 -/ m2iQi?2r2HH@/Q+mK:?
KQ/2Hb iQ Qpe}bfim+? i Mb72" b2iiBM;b Q7iZM)X BH BM T  +iB-
hQ pQB/ i?2 +Qbi Q7 H #2HHBM; M/ i?2 HBKBi2/ ;2M2" HB
KQ/2Hb- "2b2 "+?2°'b ? p2 BM+ 2 bBM;Hv im M2/ iQ mMbmT2 p
H2 "MBM;X q?BH2 b2H7@bmT2 pBb2/ H2 "MBM; Bb bQK2iBK2b
T2 pBb2/ H2R@-BIM2y 2 ?2°2i°2 i2/ birQ/BbiBM+i T  /B;KbX
AM bmT2 pBb2/H2 "MBM;-H #2Hb /2i2 " KBM2 r?B+? 2K#2//B]I
Q TmHH2/ T "iX "v+QMi bi-b2H7@bmT2 pBb2/ H2 "MBM; H2|
M2irQ'F Bib2H7 iQ ;mB/2 2K#2//IBM; H2 "MBM;X ;2M2°  HT BM
/IBb+mbbREBMI BK ;2 2K#2//BM;b-BbiQ KBMBKBb2 HQbb 7ml

TQbBM; i2 Kb, QM2 i? i Tmb?2b 2K#2//BM;b T “i- M/ QM2 i? il
r?2M MQ/2b "2 /22K2/ bBKBH X gBi?Qmi i?2 "2TmHbBQM i2"k
H Tb2iQ bBM:H2 TQBMic rBi?Qmii?2 ii° +iBQM i2 K- i?2v /B

+? HH2M;2- i?2M- HB2b BM /2}MBM; HQbb i2 Kb i? i 2z2+iBp2t
r’BH2 K BMi BMBM; bm{+B2Mib2T * iBQMX AMT" +iB+2-b2H7(
KQ/2Hb ivTB+ HHv 2tTHQBIi p "B Mib Q7 MQ/2 T QtBKBiv Q" +(C
ii'B#mi2bX *QM+°2i2 2t KTH2b Q7 bm+? HQbb 7TmMXMQMb "2

bB/2 7°QK MQi "2[mB"BM; H #2HH2/ /i - i?2 i° BMBM; b2in
KQ/2Hb KB " Q b i? i Q7 bmTRgyB b2 b KQr/M HBM(j6<B; i 7 2ok
AM#Qi? + b2b-i?2 2K#2//BM; KQ/2H Bbi® BM2/ Bi2  iBp2Hv-ivT
# b2/ QTiBKBb2 bm+R-Bv/ Kig M iBM; #2ir22M +QKTmiBM; 2K
M/ 2p Hm iBM; i?2K mM/2° HQbb 7mM+iBQMX

"V +QMi" bi- mMbmT2 pBb2/ KQ/2Hb mbm HHv /Q MQi "2[mB".
2K#2//BM;b "2 Q#i BM2/ BM bBM;H2 7Q°r "/ T bbX h?Bb K F2
KQ 2 2{+B2Mi i? M b2H7@bmTkZ)'pBARH KQiPAQN @[mB 2 ?mM/ 2
2p2M i?7Qmb M/b Q7 i’ BB ;R2TWQMXb Q" i° Mb +iBQM M2irQ"
r?2°2/ i b2ibBx2b "2 BKK2Mb2- 7 +iQ Q7 RyyBM mMiBK2 +
#2ir22M +QKTH2iBM; i BMBM; BM ?2Qm b p2 bmb / vbX

h?2 #b2M+2 Q7 Bi2" iBp2 i° BMBM; Bb HBMF2/ iQ i?2 "2H i
T2 pBb2/ KQ/2HbX q?2°2 bb2H7@bmT2 pBb2/ K2i?Q/b "2 ivTB

RaB;MB}+ Mi ii2MiBQM Bb +m " 2MiHvV /B 2+i2/iQr /b 7QmM/ iBQM KQ/2Hb 7
(ReyX h?2b2 KQ/2Hb BK iQ 2bi #HBb? +QKKQM 6pQ+ #mH “vé i  Mb72" #H2 -
pQB/BM; i?72 M22/ 7Q T2 " @M2irQ'Fi° BMBM;X q?BH2 bm+? TT Q +?2b ? p2b
2/;2 ;" T?B3 Bi "2K BMb M QT2M [m2biBQM r?2i?2" i?2v+ M ;2M2° HBb2iQ
M/ i° Mb +iBQM M2irQ"Fb BM T "iB+mH "X



jX9X S 'QtBKBiv pbaim+im™ H 1K#2//BM;b 7Q" * Tim8BM; LQ/2

> T?2M2m> HM2irQ Fb- mMbmT2 pBb2/ TT Q +?2b Q7i2M “2Hv
/BK2MbBQM HBiv "2/m+iBQM i2+?MBFMRIRKXKPX thBBb(bBKTHE
Bb M //BiBQM H /p Mi ;2 BM i?2 +QMi2ti Q7 i’ Mb +iBQM M2ir
M Hvb #BHBiv Bb + m+B HX

X9 S QtBKBiv pb ai'm+im> H 1K#2//BM:b 7Q" * Tim
LQ/2 1[mBp H2M+2b

M bT2+1iQ7 2K#2//BM; KQ/2H M Hvb #BHBivi? iTH vb M BKT(
bBb Bb i?2 #BHBiviQ /2i2 ' KBM2 r?2iB2 " m + @20 @ KIQMT 2B +
MQ/2 2[mBp H2M+2X b 2tTH IBMP/QBMQ /2 Di2th+im> HHv 2[mBp
H2Mi7 i?2v ? p2 B/2MiB+ H+QMM2+iBQMb iQ B/2MiB+ H M2B;
MQ/2b MIQKQ ' T?B+ HHVBZ[mPRy BI2M2 HH ;" T?@i?2Q 2iB+ T (

*Q T2bTQM/BM;Hv- mMbmT2 pBb2/ MQ/2 2K#2//BM; KQ/2Hb -
BMiQ irQ7 KBHB2b, i?Qb2i? i+ Tim'2bi'm+im> H2[mBp H2M+
MiQKQ T?B+ 2[ mBp&EHR2eM)HX2W?2 i2 "' KBMQHQ;vBM i?2 HBi2" im 2
i?Bb i?2bBb- KQ/2Hb i? i BKiQ+ Tim'2bi'm+im> H2[mBp H2M
T QtBKBiv 2K#2//BMBMH2HXR v 2K#2/ MQ/2b ++Q /BM;iQi?2B"
QM2 MQIi?2°X AM i?2 +QMi2ti Q7 mM/B 2+i2/ ;" T?b-i?2b2 2
bTQbBIiBQM H 2K#2//BM;b

h?2 b2+QM/ 7 KBHv- r?B+? BKb iQ + Tim 2 miQKQ T?B+ 2
“272°°2/ iQiTMm+imT H 2K#2//BNMQKO/@HBM)X h?Bb M KBM; mM7Q
imM i2Hv +°2 i2b bQK2 K#B;miBiiva+bBdIri2/ BM irQ /BbiBM+i-
BM7 +iQTTQbBM;-b2Mb2b, QM+2 BM "2H iBQM iQ T'QtBKBiv@
BM "2H iBQMiQ miQKQ T?BbKX LQM2i?2H2bb-i?2i2°'KBb Ti
bB;M2/iQ 2T 2b2Mii?2HQ+ Hbim+im 2 Q72 +? MQ/286b M2B;
'2QK2i'B+ M/ iQTQHQ;B+ HT QT2 iB2bX AM T “ib Q7 i?2 HBIi:
"2 BMbi2 / T272°"QHIBD2K#2/(RBMX b

6Q'K HHv- i?2 /BbiBM+iBQM + M #2 2tT 2bb2/ b 7QHHQTrbDb,

.2}MBiBQM jMSX@IBKBiv 2K#2//BM;TRQIBKBiv 2K#2//BM; KQ/2F
f:G7/'R" P 2Mbm 2b i? i irQ bi'm+im> HHvi2NnBP P2 BII2WMQB2bH
2K#2//BM;b=Z; . X

.2}MBiBQM jMaXkni+im  H 2K#2//BKMbK@AIMY H 2K#2//BM; KQ/2
f:GT7IR"P 2Mbm 2b i? i irQ mMiQKQ T?B+ HHiv MMBPppR2Mi MQ
B/2MiB+ H 2K#2,/H24; X-

6B;mj2]BHHmbi" i2b i?2 "2H iBQM #2ir22M MQ/2 2[mBp H2M
KQ/2H +H bb2bX ii?2jp)QT28BBm28B i?2 ;- T? 7 kK& ? Z+42HH
i? i MQ/2b b? "BM;i?2b K2+QHQmM™ "2bi'm+im’> HHv 2[mBp H2
b K2b? T2 "2 miQKQ ' T?B+ HHv 2[mBp H2MiX h?2 irQ ?2 iK -
2K#2//BM; /IBbi M+2b- (i3 2Q@M2WT QkZib iB; ky X

AM 6B;nXj2 /Bbi M+2b "2 b?QrM 7Q° T QtBKBiv 2K#2//BM;b:
bi'm+im> HHv 2[mBp H2Mi MQ/2b vB2H/ x2 ' Q /Bbi M+2 U#H +F



89 *2 Ti2  jX LQ/2 1K#2//BM; JQ/2H

>—1 K d 3

9 N Ry

UV 2T2iBiBQM QX®B;m 2

109 8 76 5 4 3 21
109 8 76 54 3 21

123 456 7 8 910

123 456 7 8 910

U#\B QtBKBiv 2K#2//BM; /Bbi M+EbXn+im H 2K#2//BM; /Bbi M+2bX

6B;m 2 jXjVNHHmMbi® iBQM Q7 bi'm+im> H M/ miQKQ ' T?B+ MQ/2 2[mB
i?72 b K2 +QHQmM  U2X;X- MQ/2b R M/ jV "2 bi'm+im> HHv 2[mBp H2M!
+QMM2+iBQMb iQi?2b K2 M2B;?#Qm bX LQ/2brBi?i?2b K2b? T2 U2
"2 miQKQ ' T?B+ HHv 2[mBp H2Mi- K2 MBM; i?2v "2 BM/BbiBM;mBb?
bi'm+im 2- B'"2bT2+iBp2 QAVMBY/2MHZ22HDBt 7Q° T QtBKBiv 2K#2//
KQ/2HX "H +F +2HHb BM/B+ i2 B/2MiB+ H 2K#2//BM;b- b?QrBM; i? i
MQ/2b "2+2Bp2 i?2 b K2 "2TU2IRIMIMBRMX "Bt 7Q° bi m+im™ H 2K#2//
KQ/2H-r?2"2 miQKQ ' T?B+ HHv 2[mBp H2Mi MQ/2b "2 K TT2/iQ B/2N

KQ/2H bbB;Mb B/2MiB+ H 2K#2//BM;bX Xvw Qi b bim 6iBn;, mH2
2K#2//IBM;b-r?2"2 miQKQ T?B+ HHvV 2[mBp H2Mi MQ/2b +QHF
b2Mi iBQMX 6Q" 2t KTH2- MQ/2b k M/d "2 /Bbi MimM/2 T QtB
+QBM+B/2 mM/2  bi'm+im> H 2K#2//BM;bX

h?Bb 2t KTH2 ?B;?HB;?ib r?v /BbiBM;mBb?BM; T QtBKBiv 7°
/IBM;b K ii2’b7Q°  mMbmT2 pBb2/ TTHB+ iBQMb # b2/ QM 2K#2
MQ/2+Hmbi2 " BM;X S 'QtBKBiv 2K#2//BM;b "2bmBi2/iQ; QmTB
bBKBH “~M2B;?#Qm b-r?B+? Bb /p Mi ;2Qmb 7Q" +QKKmMBiv /
Q ?QKQT?BHQmb +H bbB}+ iBQMX ai'm+im> H 2K#2//BM;b- #
rBiz M HQ;Qmb +QMM2+iBpBiv T ii2"Mb + Qbb /BbDQBMi "2;E
i?72Kp Hm #H2 7Q" ;" T? HB;MK2Mi- MQ/2 bBKBH "Biv b2 "+?-
bB}+ iBQMX

6Q° MQK Hv /2i2+iBQM- #Qi? T2 bT2+iBp2b K v #2 mb27m



jX8X Pp2 pB2r Q7 1tBhiBM; LQ/2 1K#2//BM; JQ/2HDb 88

MQK Hv ivT2X *QMbB/2° BHHB+Bi K2 +? Mib /2 HBM; rBi? M A
/IBM;b Kv 2p2 H+QKKmMBiB2b Q7 #mv2'b +Hmbi2"'BM; "QmM
7vBM; i?2 b2HH2 b i?2Kb2Hp2b- ?Qr2p2 - Bb KQ 2 M im™ HHv
im> H2K#2//BM;b- bBM+2 b2HH2 b Q7i2M b2 p2 /BbiBM+i ;" Qm
Qp2 ' H TX

Ai Bb BKTQ i Mi iQ bi'2bb i? i MQi HH MQ/2 2K#2//BM; KQ/.
2Bi?2° + i2;Q'vX AiBbi'BpB HiQ +QMbi m+i KQ/2Hb i? i + Tinr
S'QtBKBiv M/ bi'm+im’> H2K#2//BM;b b?QmH/i?2°27Q°2 #2 pB
iBp2 T "iBiBQM- #mi b irQ ;mB/BM; KQ/2H +H bb2b i? i ?22HT |
2K#2//BM; #2? pBQm X

6BM HHv- "2+2Mii?2Q vbm;;2bibi? ii?2irQ +H bb2b "2 KQ":
T'2pBQmbHvV bbmK2/X SQtBKBiv 2K#2//BM;b K v "2H i2iQ bi’t
i?2b K2rv }MBi2b KTH2 "2H i2biQ Bib mM/2 " HVBM{)K Q# #B|
h?2 T +iB+ HBKTHB+ iBQMb Q7 i?Bb BMbB;?i- 2Qr2p2° - "2K B

JQ/2H 1tT 2bbBpBiv

h?2 /BbiBM+iBQM #2ir22M T QtBKBiv M/ bi ' m+im™ H2K#2//BM;|
Q7 2[mBp H2M+2b KQ/2H Bb /2bB;M2/ iQ T 2b2tTp2X% EpBIlik 2 K
+QM+2"Mbr? i KQ/2H + M/BbiBM;mBb?, Bib #BHBiviQ b2T °

MBKTQ i Mi/2i BHBM i?2 /2}MBiBQMb #Qp2 Bb i?2 QM2@
H2Mi MQ/2b Kmbi K T iQ B/2MiB+ H 2K#2//BM;b- #mi B/2MiB+
M2+2bb "BHv BKTHvV 2[mBp H2M+2X AM T "iB+mH - ;m ~ Mi22
/IBM;b + Q BMHBWIR72b "2 miQKQ T?B+ HHv 2[mBp H2Mi rQmH/
i?72 ;" T? BbQKQ T?BbKdk QHOM @bi M/BM; QT2M +? HH2M;2X

6Q  i?Bb "2 bQM- KQ'2 T® +iB+ H K2 bm’ 2 DtT RO bBH Briv HB
K2 MBM; Bib #BHhBBMiWBb? MQM@ 2{mB?R REMR2BEBRBiv Q7 MC
2K#2//IBM; KQ/2Hb Bb M +iBp2 R29RQ)- MM/2Bi#Hb(+HQb2HvV HBI
iQi?2B  + T +BiviQ + Tim2 KmHiB@b+ H2 M/ KmHIiB@/B 2+iE
h?Bb Bbbm2 Bb "2pBbBX2/ BM *? Ti2"

X8 Pp2'pB2r Q7 1tBbiBM; LQ/2 1K#2//BM; JQ/2Hb

h?2 7TQHHQrBM; b2+iBQMb "2pB2r i?2 HBi2° im 2 QM MQ/2 2KH#
b2MiBM; ;> T? bi'm+im 2 M/ MQ/2 ii'B#mi2 KQ/ HBiB2bX h?2
2 Bbp bi- M/ +QKTH2i2 ++QmMi Bb #2vQM/ b+QT2X AMbi:
QM KQ/2Hb i? i "2 KQbi "2H2p MiiQi?2 ;Q Hb Q7 i?Bb i?2bBb,
b #2M+?K "F # b2HBM2b BM H i2° +? Ti2 'b- M/ i?Qb2 rBi? T (
mb27mH TQBMib Q7 +QMi~ biX

hQ bi'm+im 2i?2 "2pB2r- KQ/2Hb "2 2t KBM2/BM "2H iBQM i
BiB2b M/ /2bB/2° i BMi"Q/m+2/2 "HB2'X AMT "iB+mH "-i?2"°
i?72 KQ/2Hb + Tim 2 KmHiIiB@bi2T- KmHiB@b+ H2- M/ /B 2+i2/
i72vBM+Q ' TQ  i2MQ/2 ii'B#mi2bX h?2B  T°272 "2/ H2 "MBM;
a2+iB@M "2 HbQ ?B;?HB;?i2/- HQM; rBi? b+ H #BHBiv +QMbB|



8e *2 Ti2  jX LQ/2 1K#2//BM; JQ/2H

h?2 M Hvb #BHBiv Q7 2 +? KQ/2H Bb bb2bb2/ BM irQ r vbX
r?2i?2 " Bi+ M#2 +H GbQiIBK@by m+i@KMH2//BM; KQ/2H- 7TQHHQTr
i?72 /12}MBiBQMb BMXa2a2iBQM/- #v +QMbB/2 'BM; Bib #°Q /2 M\
mMM/2 ' biQQ/ bi?2 #BHBiviQ K i?2K iB+ HHv "2 bQM #Qmi i?!
M/ T°Qp2 T°QT2'iB2b i? i BM7Q K Bib #2? pBQm X h?Bb 7Q+
M22/ 7Q°  mMMbmT2 pBb2/ KQ/2H b2H2+iBQM BM i® Mb +iBQM MZ
7Q° ?2vT2°T ° K2i2  imMBM; Bb ;2M2° HHv mM p BH #H2X

AMT  +iB+2- M Hvb #BHBiv Bb 2p Hm i2/ #v 2t KBMBM; i?2 +
2vT2°T ° K2i2 b2imT M/ i?2 2tBbi2M+2 Q7 i?2Q 2iB+ H "2bmH
#2? pBQmM X h?2 bbmKTiBQMb "2[mB 2/ 7Q° bm+? M Hvb2b
b2bbK2Mi Bb MQi 2MiB 2Hv Q#D2+iBp2, 7Q° KQ/2Hb rBi?Qmi }

Dm/;2K2Mi Kmbi #2 K /2 #Qmi ?Qr i +i #H2 bm+? M HvbBb r
BMi2 T 2i #H2 ?2vT2 T ~ K2i2  2z2+ib TT2 "BM T +iB+2X h?r
b+?2K2 b?QmH/ #2 b22M b "2 bQM2/ ii2KTi iQ ;°QmT KQ/2H
+QKTH2tBiv- " i?2 i? M /2}MBiBp2i tQMQKvX

h #HXBmMKK "Bb2b i?2 KQ/2Hb BM+HmM/2/ BM i?2 "2pB2r- ;" Q
2 H K2i?Q/QHQ;B+ H TT° Q +?X b /Bb+mbb2/ ii?2 2M/ Q7 i
2K#2//BM; 2tT 2bbBpBiv #2;BMb rBi? + Tim BM; KmHIiB@bi2T "
b? "2/ #v M2 "Hv HH KQ/2Hb BM i?2 i #H2X a2p2° H KQ/2Hb 2ti
2K#2//IBM;b-r?BH2 "2H iBp2Hv 72r QT2  i2 QM /B 2+i2/ ;> T?b-
ii2MiBQM i?Bb "2 ? b "2+2Bp2/ BMpX?2 T bi/2+ /2 (

6BM HHv- r?BH2 b KTHBM;@# b2/ > M/QK r HF K2i?Q/b M/ k
TT Q +?2b "2 ivTB+ HHv +H bbB}2/ b 2Bi?2" T QtBKBiv Q" b
K2bb ;2@T bbBM; M/ ;" T? +QMpQHmMIiBQM H KQ/2Hb "2 KQ 2
/IBM; T°QT2'iB2b /2T2M/ bi'QM;Hv QM KQ/2H /2i BHb- TQBMi
BMi?2 b2+iBQMb i? i 7TQHHQTrX

AMi?2 M2ti b2+iBQMb-2 +? Q7 i?2 KQ/2H + i2;Q]BBtb M/ KQ/
/IBb+mbb2/-/2i BHBM; i?2B  T°"QT2 iB2bi? i "2 bmKK "Bx2/ BM

iXe _ M/QK q HF@# b2/ JQ/2Hb

h?Bb }'bi "2pB2r b2+iBQM i°2 ib KQ/2Hb i? imb2 " M/QKr HFb i
bi2T bi'm+im 2b BMiQ MQ/2 2K#2//BM;bX " Q /Hv- i?2b2 TT®
+ i2:Q B2KTH2/ > M/QK r HFrRB#2HRHV QM 2tTHB+Bir HF b KTF
K i'Bt "2/m+iBQMIRBA2HOQKTmMi2 M HviB+ T QtBKBiv K i'B+2b
7 +iQ ' Bx2/ BMiQ 2K#2//BM;bX h?2b2 irQ 7 KBH&23b BIBHIOb2H
#2 /Bb+mbb2/ H i2°X 6B bi-i?2b KTH2/ > M/QKr HF KQ/2Hb :

a KTH2/ _ M/QK q HF JQ/2HDb

IM/B 2+i2/ :> T?hb?°22 b2KBM H b KTH2/ > M/QK r HF K2i?Q/b

g HER(A)3 LQ/2koR} (M/ GAHHX HH /B 2+iHv QTiBKBx2 i?2 2K#
Ki'BZ2R"P pB b2H7@bmT2 pBb2/ HQbb i? i 2M+Qm" ;2b 2K:
b? "BM; r HF@# b2/ +QMi2ti iQ #2 +HQb2- r?BH2 mM 2H i2/ M



JQ/ HBiB2b 1K#2//BM; hvT2 .2bB/2" i

) . JmHIB@HIB LQ/2 G2 MBM;M Hvb #BHBiv a+ H #BHBiv
* 2 + + E ; N —
SiziQ IQI2H ot b+ HzE’@2 2l B#mi2pQIBKBIvV ai'm ”Bzﬁ"\élm; [m HBiv +QMbB/2" iBQMb X
o |
®
D 22Tr HRR@E) 3 7 7 7 3 7 a2H7@bmT2 pBb2/ 1 bW/QK r HF b KTHBM; M/ 3¢
1% LQ/2ko2R 3 7 7 7 3 7 a2H7@bmT2 pBb2/ J2/BmKB®2A HBpP2 QTiBKBx iBQM
S© GAL1d®E 7 3 7 a2H7@bmT2 pBb2/ 1 bWi2  iBp2 QTiBKBx iBQMl
T ss (9) 3 7 3 7 3 7 a2H7@bmT2 pBb2/ 1 bW/QKr HF b KTHBM; =
EL 1 . (rRY 3 7 3 7 3 7 a2H7@bmT2 pBb2/ 1 bWBi2 iBp2 QTIBKBXIBQM
_— _Bq HFR@U)} 3 7 7 7 3 a2H7@bmT2 pBb2/ J2/BMmK) b#@;" T? "2H #ZHH@M;
E g L2iJ6 Rd)} 3 7 7 7 3 7 IMbmT2 pBb2/ 1 bv A
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bT2+B}+ HHvV €?MIi2iBB+? 2p Hm i2 2K#2//BM; KQ/2Hb 7Q ;" T?

Lim> HHv- MQ/2 2K#2//BM;b ? p2 7 > #°Q /2° TTHB+ #BHBi
/QrMbi“2 Ki bFb BM@K /2 /2i 2R BIM MHBMF T 2/B+iBQ M
r?B+? "2 /Bb+mbb2/ BNK:? Ti2"

LQ/2 *H bbB}+ iBQM

LQ/2 +H bbB}+ iBQM Bb QM2 Q7 i?2 KQbi rB/2Hv mb2/ #2M+?K
iQ@2M/ bmT2 pBbR/RR2IMIBMM( 7Q° 2p Hm iBM; mMbmT2 pBb
2K#2//IBM; KQI2H4B(R d-kRd)X h?2 i bF bbmK2b b2i Q7-MQ/2 H
rBi?2 +? MQ@RQ+B i2/rBiy 2Hy ¥2HP2 H #2Hb "2bTHBIBMiQ i Bl
2p Hm iBQM b2ib- M/ +H bbB}2 Bbi?2Mi° BM2/ QM iQT Q7i?2
Z mbBM; i?2i° BMBM; H #2Hb- M/ ++m’ +v Bb "2TQ i2/ QM i?2

F2v "2 bQM 7Q " i?2 TQTmH "Biv Q7 MQ/2 +H bbB}+ iBQM Bt
T°QpB/2 M mM K#B;mQmb ;"QmM/ i mi?- M/ bmT2 pBb2/ +H &
"2 rBi? K Mv "Q#mbi Qz@i?2@b?2H7 H;Q Bi?Kb- bm+? b i?(
H2 *MjjX

h? ib B/- MQ/2 +H bbB}+ iBQM M im> HHv HB;Mb KQ 2 +HQ
b2KB@bmT2 pBb2/ KQ/2Hb- bBM+2 i?2 bbmKTiBQM Q7 H #2H
2M/@iQ@2M/ i BMBM; 72 bB#H2X AM T +iB+2- 2M/@iQ@2M/
+m° +v i H2 bi b ?B;? bi? i Q7 +H bbB}2'bi° BM2/ QM 7 Qx
i?72v b?QmH/ ;2M2° HHv #2 T 272 "2/ B7 H #2HH2/ /i Bb TH2M
++m’ +v Bbi?2 ;Q HX

L2p2 i?2H2bb- mMbmT2 pBb2/ 2K#2//BM;b "2K BM p Hm #H?2
BMb2iiBM;br?2°2H #2Hb "2b+ “+2-2tT2MbBp2-Q  M22/2/ +°
6Q 2t KTH2- BM H ";2@b+ H2 }M M+B Hi° Mb +iBQM M2irQ F
T Q#H2Kb "Bb2 +°2/Bi "BbF b+Q"'BM;- 7" m/ /2i2+iBQM- +mbi
M/ FMQr@vQm @+mbiQK2  UEu*V +H bbB}+ iBQM-iQ M K2 72
2M/@iQ@2M/ KQ/2H 7Q" 2 +? i bF rQmH/ #2 +QKTmi iBQM HHv
bmT2 pBb2/ 2K#2//BM;b + M #2 +QKTmi2/ QM+2- biQ 2/- M/ 2{-
i bFb- ++2H2" iBM; KQ/2H /2p2HQTK2Mi TBT2HBM2bX

*H bbB}2 b M/ 1tT2 BK2Mi HMa3RAMBr Qi?2 rBb2 bi i2/-i?2 2p Hr
T QiQ+QH Bb b 7QHHQrb, 2K#2//BM;b "2 +QKTmi2/ BM 7mH
bi M/ “/Bx2/- M/ 7°Qx2MX *H bbB}2°b "2i° BM2/ QM iQT Q7 i?
j "2T2 i2/8@7QH/ +'Qbb@p HB/ iBQM- M/ K2 M M/ bi M/ */ ]z
iBQM ++m’ +v "2 "2TQi2/X

hrQ +H bbB}2°'b "2 mb2/ BM i?2 #2M+?K "F 2tT2 BK®2Mib, HCQ
*2X RX9Xe) M/ i?2 ?BbiQ;" K@# b2/ ;"  /IB2Mi #QQbiBM; +H bb
TH2K2Mi iBQM Q7 @BjRi:bJBHHmMbi™ i2/BMH@;BlbB+ “2; 2bbBC
vB2H/b HBM2 "~ /2+BbBQM #QmM/ "B2b-r?BH2 ;" /B2Mi #QQbiBI|
+QKTH2t +H bb #QmM/ "B2bX AKTQ'i MiHv- #Qi? ? p2 BMi2 ' T°



jXRyX .QrMbi*2 Kh bF TTHB+ iBQMb Q7 LQ/2 1K#2/3BM:b

Input data Logistric RegressionGradient Boosting
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6B;m 2 jXeHHmbi® iBQM Q7 HQ;BbiB+ 2;°2bbBQM p2 bmb ;" /B2Mi #Q (
iQv k. / i b2ibX GQ;BbiB+ "2;:°2bbBQM T ' Q/m+2b HBM2 "~ /2+BbBQM #
#B b- r?BH2 ;" /B2Mi #QQbiBM; + M H2 "M ~2tB#H2- MQM@HBM2 ~ T
#QQbiBM; T "iBiBQMb HB;M rBi? 72 im 2 +QQ /BM i2 t2b #2+ mb2 Q7

;BbiB+ "2;°2bbBQM /B 2+iHv K2 bm 2b HBM2 " b2T *~ #BHBiv Q7
#QQbiBM; "2p2 Hb 2K#2//BM; BM7Q K iBp2M2bb #v 2tTHQBiIiBM

h?2b2 +H bbB}2 b i?mb b2 'p2 +QKTH2K2Mi v "QH2bX GQ;B
"2~2+ib MQi QMHV ?Qr Km+? H #2H@ "2H2p Mi BM7Q K iBQM i?
HbQ ?Qr r2HH@bi m+im 2/ i?2 2K#2//BM; bT +2 Bb mb27mH
i bFb i? i "2Hv QM 2K#2//BM; /Bbi M+2bX AM +QMi" bi- ;> /B2
T'BK "BHv "2~2+ibi?2iQi H KQmMi Q7 H #2H@ 2H2p Mi BM7Q
Bi r2HH bmBi2/ 7Q" +QKT "BM; KQ/2H 2tT 2bbBpBivX

LQ/2 *Hmbi2 BM,;

LQ/2 +Hmbi2°'BM; Bb bBKBH "iQ MQ/2 +H bbB}+ iBQM BM i? ii-
Vi iQ 2 +? MQ/2 BM i?2 M2irQ'FX h?2 F2v /Bz2 2M+2 Bb i? i +Hnm
QM H #2HH2/ i BMBM; / i X AMbi2 /- Bi Bb mb2/ 7Q" 2tTHQ" i

T'2T ' Q+2bbBM; bi2T iQ bBKTHB7v bm#b2[m2Mi KQ/2HHBM; X
M im> H/QrMbi’2 Ki bF7Q mMbmT2 pBb2/ MQ/2 2K#2//BM; KC



39 *2 Ti2  jX LQ/2 1K#2//BM; JQ/2H

4 4

2 A 2

0 0

2 2

4 25 00 25 4 25 00 25
5 WQ r2BiaMBM, S#wBi® 2B i2MB M,

6B;m 2 joBbm HBx iBQM Q7 i?2M22/7Q r?Bi2MBM; BM 2K#2//IBM;@#
AWMV I?2;Q HBbIiQK i+?i?2#HmM2 THmb rBi? i?2#Hm2 +B " +H2X >Qr2p
7 BHb iQ ++QmMi 7Q" i?2 /i 6b MBbQi'QTv- + mbBM; i?72 Q° M;2 bl
g?Bi2MBM; +Q "2+ib i?Bb Bbhwv2- b b?QrM BM

.2bTBi2i?Bb- +Hmbi2"BM; Bb H2bb +QKKQM b #2M+?K “Fi
Bbi? i +Hmbi2"BM; [m HBiv Bb Q7i2M K#B;mQmb, /i b2i K v
T "iBiBQMb- 2 +? "2~2+iBM; /IBz2 2Mi b2K MiB+ BM7Q K iBQM
ivTB+ HHv 2p Hm i2 ; BMbi bBM;H2 b2i Q7 H #2Hb-r?B+? 7Q
HB;M rBi? i? ibT2+B}+ H #2HHBM; BM Q /2" iQ +?B2p2 ?B;?

h?2 +Bi iBQM M2irQ'F / i b2ib "tBp M/ "tEpXWBHHMBER H2¢H
i?Bb Bbbm2 +H2 "HvX "Qi? b? "2 i?2 b K2 mM/2 "HvBM; ;° T? bi
H #2Hb /Bz2 X AM "tBp-H #2Hb +Q "2bTQM/iQ i?2 "2b2 “+? }:
BM “tBp u2 - H #2Hb +Q "2bTQM/ iQ i?72 v2 " Q7 Tm#HB+ iBQ
+Hmbi2 b r2HH #v "2b2 "+? }2H/ K v MQi +Hmbi2  r2HH #v v2 -

"2+ mb2 Q7 i?Bb K#B;mBiv- B;Q Qmb 2p Hm iBQM Q7 2K#2/
BM; B/2 HHv "2[mB 2b [m HBi iBp2 M HvbBb Q7 i?2 /IBb+Qp2"?
?Qr2p2°- Bb iBK2@+QMbmKBM; M/ BKT™ +iB+ Hr?2M +QKT "I
KQ/2HbX L2p2 i?2H2bb- +Hmbi2 ' BM; "2K BMbp Hm #H2 b +Q
AM i?Bb i?2bBb- MQ/2 +Hmbi2'BM; Bb TTHB2/ HQM;bB/2 MQ/
T QtBKBiv@# b2/ 2K#2//BM; KQ&2HW/ BIMT*?iTQZ bvMi?2iB+ 2tT?2
K2Mib BM *?9XiBA?2 bT2+B}+ +Hmbi2"'BM; 2p Hm iBQM T QiQ+Q
i?7Qb2 "2bT2+iBp2 +? Ti2 bX



iXRyX .QrMbi*2 Kh bF TTHB+ iBQMb Q7 LQ/2 1K#2/3BM:b

T? HB;MK2Mi

" T? HB;MK2Mi Bb i?2 7TmHHvV mMbmT2 pBb2/i bF Q7 }M/BM;
#2ir22M irQ ;'GT?M/G, i?7 i "2 bBKBH ~ #mi MQi M2+2bb "BHv B/
bQHp2/ 2t +iHv- ;> T? HB;MK2Mi HbQ bQHp2b i?2 RdR® BbQKH
AM T +iB+2- QMHv TT ' QtBK i2 TT Q +?2b "2 i +i #H2X :° T
TQ'i Mi TTHB+ iBQMb BM #BQHQ;v- bm+? b }M/BM; T 'Qi2BM
+°'Qbb bT2+B2bX 6Q i° Mb +iBQM M2irQ Fb-BiBb "2H2p Mi 7Q
MQ/2 B/2MiB}2 'b- bm+? b +'vTiQ+m "2M+v M2irQ FbX 1{+B2N
HbQ TQb2 T'Bp +v 'BbFb- b i?2v+ M /2@ MQMVKBxXx2 Th2m/Q
i X

h?Bb i?2bBb 7Q+mb2b QM 2K#2//BM; @#)K2AM iT?B bH B TM Q 2-\Pi-
2K#2//IBM;b "2 +QKTmi2/ 7Q" #Qi? ;> T?b M/ MQ/2b "2 K i+*
M2 "2bi@M2B;?#Qm" b2 "+? BM i?2 2K#2//BM; bT +2- 2{+B2M|
E.@i 22h)X :QQ/ T2 ' 7Q°K M+2 "2[mB 2b 2K#2//IBM;b i? i "2 #(
M/ "Q#mbiiQ bi'm+im> HT2 im # iBQMbX

+ m+B H bi2T Bb r?Bi2MBM; i?2 2K#2//BM;b #2BMHRnkb @ ?B

iTi2br?vX h?2 ;" v TOBMIiXBM?QB ;vhQ22 2K#2//BG :brBi® K
i?72 2HHBTb2 K "FBM; i?2B  T'BM+BT H+QKTQM2MibX h?2i bF
UMQ/&RMBIi? i?2 #Hm2 +B " +H2 U+Q RWXQMBEBMTM B/ BM+HB/:
/Bbi M+2-i?2 Q° M;2 b[m "2b TT2 ° +HQb2 - H2 /BM; iQ KBb |
2[m HBx2b p "B M+2 HQM; HH t2b- bQ /Bbi M+2 "2~2+ib i'm
m 2Xd¥% h?Bb bbmK2b i? i /IBbTH +2K2Mi +Q "2H i2b rBi? 2K#2.
b? T2-r?B+? Bbi?2 + b2 7Q  i?2 K2bb ;2@T bbBMMIDKQ/2Hb bim

a2imT mb2/ BM 2tT2 BKZMibHB;MK2Mi ? b T'2pBQmbHvV #22M |
#2M+?K "F7Q°  MQ/2 2KB2//BMA2(i?2bBb /QTib bBKBH " b2im’
;T TH - b2+QM/ & BB ;2M2° i2/#v M/QKHv "2KQpBM; R8W Q7
T2°'KmiBM; MQ/2 BM/B+2BEX MKZ2//BMDM +QKTmi2/ QM i?2 mMI
S TB[G2- 2Mbm ™ BM; i? i T'2T ' Q+2bbBM; bi2Th bm+? b bi M/~
"2 TTHB2/+QMbBbi2MiHVX h?2 2K#2//BM;b “2r?Bi2M2/- M/
rBi? E.@i 22bX

S2°7Q°K M+2 Bb 2p Hm i2/ mbBM; HB;MK2Mi ++m” +v- HbQ
77 +iBQM Q7 MQI20B2M+HQb2bi X;iBB BB i'm2 +Q " "2bTQM/2
g?BH2 kQF® 2b bm+? b >Bib!8 Q° >Bib!/Ry "2 TQbbB#H2- QMH
i?72i?2bBbX hQ Q#i BM p2° ;2b M/ bi M/ "/ /2pBGIBQWbDb }p2 BM
"2 b KTH2/ T2 2tT2 BK2MiX

.Bb+mbbBQM QM >vT2'T * K2i2  hmMBM; M/ 6 B JQ/2H
*QKT "BbQM
+2Mi° H[m2biBQM r?2M #2M+?K "FBM; MQ/2 2K#2//BM; KQ/2l

7TQK?2vT2'T ° K2i2° imMBM; Q" iQ "2Hv QM /27 mHi p Hm2bX
Ip Mi ;2b M/ > r# +FbX



3e *2 Ti2  jX LQ/2 1K#2//BM; JQ/2H

hmMBM; PMHv i?72 ST QTQb2AMQ72H2H7@bmT2 pBb2/ :LL HBi2
Bb +QKKQM iQ imM2 i?2 M2rHv T QTQb2/ KQ/2H T2/ i b2i r?E
"2bmHib 7Q° #db2 RBM2HX h?2 T?BHQbQT?v Bb i? i 2 +? KQ/2
#2 2p Hm i2/ BM Bib #2bi TQbbB#H2 7Q K- M/ i? i imMBM; Bb i
KQ/2H6b mi?Q 'bX h?Bb TT ' Q +? Bb +QMp2MB2Mi, Bi pQB/b
QH/2" KQ/2Hb-r?B+? K v #2 /B{+mHi /m2iQ HB#  "vBM+QKT iB
/1 7Q K ib- Q" MM 2TQ i2A¥M2bPUNAR7XQMMIb r?22M ? M/HBM;
BbQH i2/ MQ/2bVX

>Qr2p2°-i?2°2 "2 b2p2  H/ r# +FbX 6B bi- i?Bb T" +iB+2
[ "IBx2/ #2M+?K "Fb- K FBM; Bi BKTQbbB#H2 iQ mb2 M2r/ i b2
"2bmHibX AM //BiBQM- KmHIBTH2 p2 ' bBQMb Q7 i?2b K2/ i b2
BM; BM bBx2- ii'B#mi2b-Q  /B'2+iBQM HBivX 6Q 2t KTH2-i?B
*Q' p "B Mib, *Q° @JG-*Q " - M/ *Q  Udm.kZHDV?QbBRZIQ M2
Hr vb bT2+B7v T 2+Bb2Hv r?B+? p2"bBQMr bmb2/-H2 /IBM;iQ
"2bmHib "2 +QTB2/ +°'Qbb T T2 bX

a2+QM/- T 2/2}M2/ i° BMfp HB/ iBQMfi2bi bTHBib bbmK2 i?
HQQF 1i2bi T2 '7Q°'K M+2 #27Q 2 Tm#HB+ iBQMX AM T  +iB+?2
i?Bb- M/ Bi2  iBp2 "2}M2K2Mi Q7 KQ/2Hb M/ T T2 b "BbFb i2bi

h?B/- i?Bb T® +iB+2 /Bb+Qm" ;2b i?2 BMi"Q/m+iBQM Q7 M2
i iBM; T°Q;"2bb QM ? M/7mH Q7 r2HH@rQ M/ i b2ib M/ H2 /B
Qp2 }ii BN X(

6BM HHv- 2p2M r?2M imMBM; Bb T2 7Q K2/- 6#2bi KQ/2H®d
bi BM2/ #v +QKTmi iBQM H #m/;2ib M/ "#Bi  'v b2 &? +?2QB+
"2biTB+ib iQ i?7°22 K2bb ;2@T bbBBddmH 242 7 mr 2B B KBH " Hv- (
MT iQ 8RK 2K#2//BM; IBK2NMNUIB @D RykBEK2"Qi? ?2vT2 T ~ K2i2'b
FMQrM iQ +Q "2H i2 rBi? ++m’ +v Ub22RS)N2b60 TQRM/Btb(QME
#2+QK2 T "iHv 7mM+iBQM Q7 p BH #H2 +QKTmi2X

hmMBM; HH *QKT "2/ JQMRMMBM; ?2vT2 T ~ K2i2°  imMBM; 7Q" |
"2bQHp2b K Mv Q7 i?2b2 Bbbm2bX Ai 2M #H2b 2p Hm iBQM QI
MMB7Q K T'QiQ+QH- M/ HHQrb 7 B 2  ?2vT2'T * K2i2" ;"B/b +

.2}MBM; 67 B'M2bb-6 ?Qr2p2°'- Bb MQM@i ' BpB HX a?QmH/
i?72 b K2 MmK#2> Q7 +QM};m” iBQMb\ P* b?QmH/ +QKTmi2 #m/;
BM; bHQr2" KQ/2Hb bK HH2" ;"B/b\ 1p2M /2+B/BM; r?B+? ?vT!
M/ Qp2 r? i~ M;2b-Bb /B{+mHi B7i?2 Q°'B;BM HT T2 b/Q MQ
Qp2 - i?2 +QKTmi iBQM H M/ BKTH2K2Mi iBQM +Qbib Q7 imME
#2M+?K "Fb + M #2 T'Q?B#BiBp2X

IbBM; .27 mHi M/ ai M/ “/Bx2/ >vT2'T "PkR2XK vy HbQ [m2biBQM
r?2i?2> imMBM; Bb K2 MBM;7mH7Q mMbmT2 pBb2/ KQ/2Hb i
pBb2/ H2 "MBM;-?2vT2 T ~ K2i2 ' imMBM; 8p-MBMX*BRB ¥ H@/B P+
p HB/ iBQM Bb mM p BH #H2 #v /2bB;MX h?Bb bm;;2bib i? i 2
i?2B° /27 mHi b2iiBM;b K vT ' QpB/2 KQ 22 HBbiB+ TB+im 2 C
HH- i?Bb Bb ?2Qr T +iBiBQM2'b "2 HBF2HviQ mb2 i?2KX



iXRyX .QrMbi*2 Kh bF TTHB+ iBQMb Q7 LQ/2 1K#2/38M:b

.27 mHib + M #2 +QKTH2K2Mi2/ #v bi M/ /Bx2/p Hm2b 7Q" 2\
"2~24i T2 7Q K M+2 2{+B2M+v i /2@QzX hPBDKR2/+BIN; /@K :
2bi 2t KTH2, BMp+ri@b mBIMHYV BKT Qp2b ++m > +v #mi HbQ BM+"
b?QrM BM S R2)+* HKQbi HH aa:LL KQ/2Hb M/ / i b2ib /BbTH v
QzX >2M+2p}tBRbb KQ/2Hb M// i b2ib Bb b2MbB#H2r viQ #
M/ T  +iB+ HBivX

S +iB+ H TT'Q +? BM i?Bihhh®@R6BdbBb /QTib T :K iB+ +QK
KBb2X 6Q° 7 bi # b2HBM2 KQ/2Hb- ;"B/ b2 "+? ?2vT2 T ~ K2i2"°
US T2'b M/ "VX 6Q  bHQr2' KQ/2Hb- bi M/ “/Bx2/i I12@Qz T
#2//BM; /IBK2MbBQMV "2 }t2/ + Qbb KQ/2Hb- r?BH2 Qi?2" ?v
"2+QKK2M/2/ /27 mHib 7°QK i?2 Q' B;BM H mi?Q°'b US T2 b *
+QKT °~ #BHBiv rBi?Qmi 2t+2bbBp2 +QKTmi iBQM H Qp2-22 /X

HH 2tT2'BK2Mib "2 "'mM mM/2° mMB}2/ #2M+?K "FBM; 7 K
/ "/IBx2b 2p Hm iBQM T°QiQ+®Hb + Qbb KQ/2HbX

920iTh,ff;Bi?m#X+QKf+Br M+2vH MIMQ/2@ 2K#2//BM; @ #2M+?K “Fb


https://github.com/ciwanceylan/node-embedding-benchmarks




*?2 Ti2 9

G2 MBM; LQ/2 6HQr 1K#2//BN
pB ai iBQM 'v6HQr S 2/B+iB¢

h?Bb +? Ti2° //°2bb2b 2b2 ZXR2ZQ2LEBAR M MQ/2 2K#2//BM
i? 12T 2b2Mi i?2 Q#b2 ' p2/ 2/;2 ~Qrb BM i° Mb +iBQM M2irQ"F
*?2 Ti2RXX8 h?2 Q#D2+iBp2 BbiQ /2bB;M MQ/2 2K#2//IBM; KQ/2H|
BM7Q 'K iBQM 7°QK i?2 2/;2/QK BMiQ i?2 MQ/2 /QK BMX

h?2 KQiBp iBQM 7Q " bim/vBM; bm+? KQ/2Hb Bb +H2 "X J Mv
i Mb +iBQM M2irQ ' Fb-bm+? b7 m/Q KQM2v H mM/2'BM; /2]
MQ/2 H2p2H 2X;X-B/2MiB7vBM; bmbTB+BQmb # MF ++QmMib
+iBQMbX AiBbi?2°27Q 2 /2bB" #H2 iQ Q#i BM MQ/2 2K#2//BM
#2? pBQm X h?2b2 ~Qr@# b2/ 2K#2//BM;b + M i?2M #2 +QK#B
7°QK Qi?2° KQ/ HBiB2b-bm+? b ;> T?2bi'm+im 2- M/ DQBMiHv
+H bbB}2°b Q° MQK Hv /2i2+iBQM KQ/2HbX .2bTBi2 i?2B" mi
"2b2Mi iBQMb Q7 2/;2 ~Qrb "2K BMb mM/2 2tTHQ 2/c Km+? Q7
BMbi2 / "2HB2b QM 72 im 2 2M;BM22 BM; X

h?Bb +? Ti2" //°'2bb2b _2b2ZxBEM2b2BO@MTbX 6B bi-i?2 B/
2T 2b2MiBM; 2/;2 ~Qrb rBi? MQ/2 2K#2//BM ;b BHIRFT QK ;ABx2/ E
i?2bi iIBQM v MQ/2 TT2BHHBIOM h?2 7Q KmH iBQM bbmK2b /B
[2}M2/ QM iQT Q7 M mM/B 2+i2/ ;7 T? bi'm+im 2- bXxBMi Q/m
2Mbm ' BM; +QKT iB#BHBiv rBi?i?2:" /IB2Mi 6HQr U:6¥XXRQ/2H /2

a2+QM/- r?BH2 i?2 :6 KQ/2H Bb bi " QM; # b2HBM2 7Q" H2
i iBQMb 7°QK 2/;2 ~Qr- Bi Bb "2bi'B+i2/ iQ KQ/2HHBM; ;" /B2
2tT 2bbBpBivX h?Bb Bb //"20BiBMW 2BMB@VIM+iBQM Q7 i?2 :
" /B2Mi 6HQr U::6V KQ/2H- r?B+? b2'p2b b mMBp2'b H TT°
~QrbX

h?B /- a2H9iB M bB/2 b i?2+? HH2M;2 Q7 H2 "MBM; MQ/2 2K#
+iBQM M2irQ Fb-r?2"2 ~Qrp Hm2b bT M HQ; k>8R KIBR+Tb 2@ 2b
p2Mi Qp2°}iiBM; iQi?2H ";2bii° Mb +iBQM p Hm2b- "Q#mbi HC
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mM/2  i?2 +m p2 iQti2R2-HBNVM®Z "2H iBpBRTI"®@pB HHvV +?B2p2/
T 2/B+iBM; x2 QX h?2 ::6 KQ/2H +H2 "HvQmiT2 ' 7Q Kb i?2 # b2

AM +QMi” bi- i?2 :6 UJalV KQ/2H T2 '7Q Kb TQQ Hv- #Qi? B
#bQHMiI2 2°°Q° M/ "2H iBp2 2°°Q  /8XjhRP®OMHBIQMXBOBOM Kb
Q7 T °2/B+i2/ ~Qr p Hm2b ; BMbi i?2 2KTB'B+ H ~Qr /Bbi ' B#mi
}iiBM; rBi? Jal #B b2b :6 iQr /b i?2 H “;2bi ~Qrb- ii?2 2tT2M|
Q7 bK HH2  i* Mb +iBQMbX "v +QMi" bi- ::6 M/ :6 U ' Q#mbiV .
#Q/v Q7 i?2 /Bbi'B#miBQM #mi 7 BH iQ + Tim 2 i?2 2ti 2K2 i E
[1"2bbBM; i?Bb b?Q i+QKBM; "2K BMb M QT2M /B '2+iBQM 7(
6 KQ/2H M/ i?2 "Q#mbi HQbb 7mM+iBQMX

AMi2 2biBM;Hv-i?2 #2bi@ T2 7Q KBMp=5X Q™B bnB M BB}Mi 2ntb :
i? iQp2'}iiBM;-"i?22 i? MBMbm{+B2Mi 2tT 2bbBpBiv-Bbi?2 K
T°2/B+iBQM QM 1i?2pZmMKRXR ¢BiMQ/2 TQi2MiB HR T ~ K2i2"
u Bbb+ H @p Hm2/- K FBM; i?2 H2 "M2/ T ~ K2i2'b /B 2+iHv B
iQ pBbm HBb2X

6B;mIXD?Qrbi?2H2 M2/ MQ/Z Di2MiBTHHvBM; i?2 TQr2 i |
7Q'KBM 1[m9iBM®M M/ ; i2 T > KRK2I'F2 bBx2 M/ +QHQmM ™ 2M-
MQ/2/2;°22X LQ/2b rBi? ?B;?2 /2;°22 ;2M2° HHv 2t?B#Bi H ;2
jzij- b+QM} K2/ BMBB#mMB2? ?B;?HB;?ib MQ/2brBi?/2;°22 ;"2 i2

JQ 2Qp2 -i?2H2 "M2/ TQi2MiB Hb bTHBiIi MQ/2b BMiQ irQ ;" Q
+?Qb2M +QMp2MiBQMz Ip HR M2+ QBP2b TQM/ iQ Mo@/rab@FHBM; b
1i?2°-r?BH2 H ;2 pQbB 2Bp2Q " "2 bB@HILIEDM; M QMHBM2 #HQ+F
M HvbBb HA?@Bi2M ?B;?2bi@/2;°22 MQ/2b r2°2 K Mm HHv H #2
KBM2  MQ/2b U#Hm2V +Hmbi2 QM i?2 H27irBi? H ;2 M2; iBp2
1i?72  bmTTHv- r?BH2 + vTiQ+m "2M+v 2t+? M;2b UQ  M;2V +H
H ;2 TQbBiBp2 TQi2MiB Hb- +QMbBbi2Mi rBi? i?2B° "QH2 b b
la.- Q" BMiQ Qi?2  iQF2Mb QM i?2 1i?2°2mK #HQ+F+? BMX

i2iiTh,ff2i?2 b+ MXBQf

h #H2 9Xk2bi T2°'7Q°K M+2 QM bvMi?2iB+ ~QrbX _2TQ'i2/ "2 K2 Mb
/2pB iBQMb Qg K2/IBIQL "2H iBp2 2°°Q° +°Qbb Ry ;2M2" i2/ ~Qrb T2  ;°
p Hm2b BM/B+ i2 #2ii2° T'2/B+iBQM ++m~ +vX

IMBKQ/ H JmHIBKQ/ H
JQ/2H *Q* "Bi+QBM *QKTH2i2 *Q° "Bi+QBM *QKTH2i
116 yyd yyy 0:06 0:01 v k3 yyd Rjk yyk v 3R yye kkk yR3
16 yyd yyy yyd yyR 0:14 0:03 0:57 0:00 0:56 0:02 0:62 0:04
6X1XYJGS yyd yyR 004 001 0:12 0:03 0:63 0:06 0:01 0:02 1:20 0:15
LQ/2ko2+YJGS0:00 0:00 0:.02 0:01 0:26  0:05 0:00 0:00 0:00 0:00 0:92 0:48
6 X XR(y 0:01 0:00 0:00 0:00 0:02 0:01 0:00 0:00 0:00 0:00 0:00 0:00
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Ry9*? Ti2  9X G2 "MBM; LQ/2 6HQr 1K#2//BM;b pB ai iBQM v

F2pool
4

2 Sparkpoal
Nanopoel
o Ethermifie

u i

4 degree
100
6o 1000 o
8. 10000
4 2 0 2 4
sign(z ;)log 1o(1 + 1z i)
U MG2 "M2/ ~Qr 2K#2//BM;b U#G2 "M2/ ~Qr 2K#2//BM;b

6B;m 2 9X¥G2 M2/ MQ/2 2K#2/UBM; QK i?2 ::6 KQ/2H QM i?2 1i?2 2mK
i Mb +iBQM M2irQ FX SQBMi bBx2 M/ +QHQm  "2~2+i MQ/2 /2;°22- N
i Mb7Q K Bb TZH®2/2®2 H bi'm+im 2 + Qbb HQ ;U \Bi?KB 2@ H2bX
#2//BM; THQi “2bi'B+i2/ iQ MQ/2h5FBiRi?2i;?222M ?B;?2bi@/2; 22 MQ
MMQi i2/X "Hm2 H #2Hb +Q "2bTQM/ iQ 1i?2°2mK KBM2'b UbQm +2
H #2Hb /2MQi2 + vTiQ+m "2M+v 2t+? M:2b UbBMFb Q7 1i?2 VX

1tT2 " BK2Mib QM avMi?2iB+ 6HQr . i

L2ti-i?2::6 KQ/2H M/ # b2HBM2b "22p Hm i2/ QM bvMi?2iB+ ~
T 'QpB/2i?2 /p Mi ;2i? ii?2/ i @;2M2" iBM; T ' Q+2bb Bb 7mHH\
#Qi? p2 ' B}+ iBQM i? ii?2 1i?2°2mK }M/BM;b ;2M2° HBx2 + Qb
iBQMb- M/ M HvbBb Q7 r?2i?2i?2 ::6 2K#2//BM;b "2+Qp2 [m
Q7 i?2i"m2 ;2M2" iBp2 K2+? MBbKbX

avMi?2iB+ ~Qrb "2 +°2 i2/ #v b KTHBM; ~ M/IDKMW®Q/2 2K#2/.
M/ TTHvVBM; i?2 ; i2/ ~Qr KQ/2HIBMWQm JB2QQYM Ur? bi' m+im 2X
h?°22 ;" T?b "2 +QMbB/2 2/,

RX i?2 mM/B 2+i2/ *Q" +Bioil]pBMPM201®) MM =86 E 2/;2b-
kX i?2 mM/B 2+i2/ "Bi+QBM i kMprBiBo1 E MM(E=36 E-
iX +QKTH2i2; T? QMn&y78aQX2b U

hrQ /Bz2 2Mi b2iiBM;b "2 mb2/ 7Q  i?2 ;2M2" iBM; T ~ K2i2
M/ 1?22 Qi?2° KmHIBKQ/ HX

C h?IMMBKQ@RHBM; pel82M/ b KTH22..477 QK aim/2Mi@i /Bbi B
#MiBQM UK2 My- b=2 M2MRZ .2 7 QK aim/2Mi@i /Bbi B#mi
UK2 M- b+ H2=R-VX

C AM iRENHIBKIDZiHBM;- KBtim 2b Q7 aim/2Mi@i /Bbi ' B#miBQ N
i7°22 +QKTQM2Mibp2 2X M72 +2Mi @B0 ImD)-(0;0)- M/
(0; 50) 7Q@ - M@®;4)-(0; 5)- M( 51) 7QS Ub+ H20#V X



9X8X 1tT2 BK2Mi H 1p Hm iBQM Q7 i?2 : i2/ :  /IB2MRYBHQr JQ/

oBbm HBx iBQMb Q7 i?2 ;2M2" iBM; /Bbi'B#miBQMb M/ ~2bmH
i?72 TT2M/Bt Q7 SNRX" (

1 +?2 Q7 i?2i?°22 ;° T?b +QK#BM2/ rBi? i?2 irQ T ~ K2i2" b2i
b2imTbX 6Q 2 +? b2imT- Ry /Bz2 2Mi ~Qrb "2 :2M2" i2/- M/ bT
M/ KyW i2bi b2ibX

_2bmHib #H2XE?Qrb i?2 K2 M M/ bi M/ '/ /2pB iBE&R/BMi?2 HQ
"2H iBp2 2°°Q Qp2  i?2 Ry ~QrbX *mKmH iBp2 "2H iBp2 2°°Q°
2T 2b2Mi iBp2 ~Qr T2 b2imT ~2968QrM BM 6B;m" 2
AMi?2KmHIBKQ/ Hb2iiBM;-i?2::6 KQ/2H +QMbBbi2MiHvV Qm
+?B2pBM; HQr "2H iBp22 "Q'b +'Qbb HH i?°'22 ;" T?bX h?2 m
+? HH2M;BM;-rBi? ?B;?2 2°"Q b Qp2  HHX >2"2-H ;2" ; Th #:
2°°Q°b "2 HbQ Q#b2 p2/-bm;;2biBM; Qp2 }iiBM; TH vb "QH2X
i?72 /Bb+72i2 M im 2 Q7 KmHIBKQ/ H/Bbi'B#miBQMb “2/m+2b b
BK BMi?2i° BMBM;H M/b+ T2-K FBM; ;2M2" HBx iBQM 2 bB2"
b2p2°'2 QM i?2 bT b2 "Bi+QBM ;> T?i? M QM i?2 /2Mb2" *Q~ N
HBF2Hv #2+ mb2 MQ/2b rBi? 72r M2B;?#Qm b "2 H2bb +QMbi"

G2 "MBM; JBtim 2 ai m+iBiRQM H 2tT2 ' BK2Mib "2 T2 7Q K2/ |
iB; i2r?2i?2 i?2 ::6 2K#2//IBM;b "2+Qp2  i?2 KBtim 2 +QKTQM?Z
KQ/ Hb2iiBM;X oBbm HZBMpZ 2HhBRYMX)/BbiBM+i +Hmbi2 b- +Q"
iQi?22;QmM/@i mi? +QKTQM2MibX hQ[m MiB7vi?Bb-E@J2 M
#Qi? i?2i1i'm2 MQ/2 2K#2//BM;b M/ i?2 H2 M2/ 2K#2//BM;b- M
BM; ;°22K2Mi b+Q 2b UT2'Kmi iBQM@BMp "B Mi Qp2°H T Q7 -
bmHib BMMYXP$RAQr i? i ::6 +?2B2p2b i?2 ?B;?2bi ;°22K2Mi QM *
"Bi+QBM- M/ Bb QMHvV bHB;?iHv #2HQr ? M/@2M;BM22°2/ 72 ir
h?Bb /2KQMbi® i2b i? i ::6 2K#2//BM;b H ";2Hv + Tim 2 i?2 KQ|
i?2;2M2° iBM; /IBbi'B#miBQMX

>Qr2p2°-i?2H2 "M2/ +Hmbi2 b /Q MQi 2t +iHv K i+?i?2i"m2
Q7 i?2 KBtim 2 +QKTQM2MibX u2i- ::6 biBHH +?B2p2b HQr "2}

h #H2 9XHmbi2 ' BM; ;"22K2Mi #2ir22M ;"QmM/@i mi? M/ H2 M2/ MQ/
i?72 KmHIiBKQ/ H b2iiBM;X E@J2 Mb +Hmbi2'BM; Bb TTHB2/ b2T "~ i2F
/IBM;b- M/i?2 bbB;MK2Mi Qp2'H TBb K2 bm 2/ UT2 ' Kmi[0RRQM BMp "B
rBi? ?B;?2° BM/B+ iBM; #2ii2° "2+Qp2°'v Q7 i?2 ;"QmM/@i mi? KBtim~z
"2 p2° ;2/ Qp2° Ry ;2M2° i2/ ~QrbX

JQ/2H *Q" "Bi+QBM *QKTH2i2
16 0:92 0:00 090 0:03 095 0:10
:6 0:69 000 071 004 057 005

6X1X 0:68 0:00 062 0:01 100 0:00
LQ/2ko2®:34 000 034 000 041 0:04




Rye*? Ti2  9X G2 "MBM; LQ/2 6HQr 1K#2//BM;b pB ai iBQM v

UWVQ ;" T?- mMBKQ/ H U#VQ ;> T?- KmHIBKQ/ H
U+VBi+QBM ;" T?- mMBKQ/ H U/V'Bi+QBM ;> T?- KmHIBKQ/ H
U2¥QKTH2i2 ;" T?- mMBKQ/ H U7YQKTH2i2 ;> T?- KmHIiBKQ/ H

6B;m 2 9XBKmH iBp2 "2H iBp2 2 °Q  /Bbi'B#miBQMb 7Q  bvMi?2iB+ ~
QM2 "2T 2b2Mi iBp2 ~Qr Qmi Q7 i?2 i2M iQi H 2tT2 BK2Mib T2 b2imT
K "Fi?2K2/B M2 Qb +Q "2bT ONBIMY i Qi P2#/1BX 2 2tBib b+ H2b BM i?2
KmHIiBKQ/ H + b2bX



9XeX *? Ti2" *QM+HmbBQM Ryd

Ubb22M BMM#RB;?HB;?iBM; i? i /IBz2 ' 2Mi 2K#2//IBM;b + M T
iBM;mBb? #H2 ~QrbX h?Bb bvKK2i'vBM i?2 ~Qr 2T ' 2b2Mi iBQ
BM KBM/ r?2M BMi2 T 2iBM; ::6 2K#2//BM;b BM T  +iB+ H TTI
mM/2  i?2 bmTTHv /2K M/ T2 ' bT2+iBp2 /IBb+mbb2/ 2 "HB2 X

9Xe *? Ti2  *QM+HmMbBQM

h?Bb +? Ti2° ?2 b 7Q K HBx2/ MQ/2 2K#2//BM; KQ/2HHBM; Q7 2
bi iBQM v ~Qr T'2/B+iBQM i bFX >Q/;2i?2Q vr bb?QrMiQ T™
“2iB+ H7 K2rQ'F7Q  mM/2 bi M/BM; M/ M HvbBM; M2irQ F ~
;Bp2b "Bb2iQi?2:" /IB2Mi 6HQr U:6V KQ/2HX h?2 :6 KQ/2H Bb #
2H2; Mi M/ T® +iB+ HHv bi'QM; b # b2HBM2X "mBH/BM; QM
6HQr U::6V KQ/2Hr b BMi'Q/m+2/X "v 2ti2M/BM; b+ H " MQ/2 T
p Hm2/ QM2b M/ BMi"Q/m+BM; ; iBM; K2+? MBbK- i?2 ::6 #2
TT QtBK iQ" 7Q° ~Qrb QM ;> T?b mM/2" "2 bQM #H2 bbmKTiB
i?Bb //2/2tT 2bbBpBivi® MbH i2b BMiQ BKT Qp2/ ~Qr T 2/B+iB
iQi?2 :6 # b2HBM2X
F2v +? HH2M;2 BM TTHvVvBM; bi iBQM v ~Qr T ' 2/B+iBQM iQ
Bbi?2B" HQ; "Bi?KB+ ~Qr /Bbi'B#miBQM- r?B+? K F2b KQ/2Hb
H ";2bi Q#b2 ' p2/ p Hm2bX hQ //"2bb i?Bb- "Q#mbi HQbb 7mM
# H M+2b H2 "MBM; + Qbbi?22MiB 2 ~Qr/Bbi'B#miBQMX PM i
HQbb bB;MB}+ MiHv BKT Qp2/ #Qi? "2H iBp2 M/ K2/B M #bQH
i?72i° /BiBQM HK2 Mb[m "2/2 "Q mb2/rBi?i?2 :6 KQ/2HX
a2p2° HQT2M +? HH2M;2b "2K BMX 6B bi- Qp2 }iiBM; Bb i
;2M2° HBb iBQM- M/ i?2 2tT2"BK2Mib bm;;2bii? i #Qi? i?2 ~Qr
mM/2 HVBM; ;" T?iQTQHQ;v z2+iBibb2p2'BivX q?BH2 GR "2;n
T Q#H2K- KQ'2 2z2+iBp2 M/ H2bb "2bi'B+iBp2 K2i?Q/b bBKBF
M2m™ H M2ikQUIFHQMH/ 2M #H2 i?2 i° BMBM; Q7 H ;2" ::6 KQ/2
QTiBKBb iBQM Q7 i?2 DQBMi MU BDi2B {bt2matli, i BMBM; Q7i2M
BM HQ+ HKBMBK Q" bi iBQM v TQBMib- "2[mB'BM; + "27mH
/IB*2+iBQM Bb iQ "2TH +2 i?2 H2 "M2/; i2 p "B #H2b rBi? T '2@i
2K#2//BM;b- TQbbB#BHBiv /Bb+mbbR/ 7m i?2°  BM *? Ti2"
6BM HHv- i?2 7° K2rQ ' F +QmH/ #2 2ti2M/2/ BM b2p2° H /B 2
"2+i2/ ~Qrb- (A2 MALj;i) + v b2T T i2 p Hm2b- rQmH/ #2 ?B;?Hv
#mi 7 HHb QmibB/2 i?2 "2 +? Q7 >Q/;2 i?2Q'v M/ K v "2[mB 2
+ H7QmM/ iBQMbX aBKBH "Hv- ~Qr KQ/2Hb i? i+ M+ Tim 2 K
rQmH/ QT2M mT M2r QTTQ ' imMBiB2b 7Q° M HVvbBM; +QKTH2t I






*?2 Ti2 8

S QtBKBiv M/ J2bb ;2@S bbB
1K#2//BM;b pB _2 +? #BHBIiv

h?Bb +? Ti2  BMi"Q/m+2b +2Mi° Hi?2K2i? i "2+m'bi? Qm;?Qnm
i?2bBb, MQ/2 2K#2//BM; KQ/2Hb Q7 ;" T2 bi'm+imRX?2b QmiHE
Q#D2+iBp2 Bb iQ /2bB:M 2K#2//BM;b i? i 2Bm/IBi M2B@NM H/B+v
U 2b2 “+? Zm2bHVBQKmMHIB@b+ H2Ubi2m2 im 2Z m2bVXKQ M

h?2+?2 Ti2 6bK BM +QMi BR#mIB«BW BViRQ/2 1K #2/+BM1bV
7° K2rQ FX "mBH/BM: QM T BQ rQ FQM MQ/2 2K#2//BM:b 7Q"
b S?laAPL)( M/ ;> T? +QMpPQHMIBQM RBHRdK2i2Q4PLLb BM@
i"Q/m+2b +H bb Q7 i?2Q 2iBM/IHKvVr; HFmMMT2K} HP2'th2 }Hi2 b
T Q/m+2 #Qi? KmHIB@bi2T M/ KmHiB/® W2+ i22T2H&K2//IBM:b 7Q"

2 +?2L1b +QKT Bb2b irQ +QKTQM2Mib, UBV "2 +? #BHBi\
2M+Q/2b KmHiB@bi2T MQ/2 "2H iBQMb- M/ UBBV "2/m+iBQM
#2//BM;bX a2%FB@W2b 2 +? #BHBiv }Hi2 b 7°QK > M/QK r HFb
p "BQmbr HF H2M;i? /Bbi ' B#miBQMbX h?2b2 /Bbi B#miBQMb /2
BM; T'QT2iB2b M/ T°QpB/2 mMB7vBM; +QMM2+iBQM #2ir22
MQ/2 2K#2//BM; KQ/2Hb /Bb+miXb2/ BM *? Ti2"

hrQ “2/m+iBQM K2i?Q/b 2 i?2M BMi Q/m+2/8M%QW bR/M@ /X
2 W QtBKBiv 2K#2//BM= b2QuBiNB.QMr i?2 2bmHiIBM; 2K#2//BM:]|
bi'm+im> H MQ/2 2[mBp H2M+2X "§X@QMi2MDPba2;Ri@TMbBM;

2K#2//BM; “2/mriBOM+ Tim 2b miQKQ T?B+ MQ/2 2[mBp H2M
i72b2 b2+iBQMb /2KQMbi® i2 2Qr > M/QK r HF ;° T? }Hi2 b 2M #
M/ bi'm+im 2@Q B2Mi2/ 2K#2//BM:;b- 2bi #HBb?BM; 2 +?2L1b
7° K2rQ FX Aib miBHBiv rBHH #2 ¢2pBLRiBI BM *PTRIR2/ iQ //°2
+?2 HH2M;2b bT2+B}+ iQ 2K#2//BM; KQ/2Hb 7Q" /B 2+i2/ ;" T?b.

6BM HHv- 8246\ GIMb2b i?2 +QKTmi iBQM H +QKTH2tBiv Q7 _
T QTQb2b bi> i2;B2b 7Q" KBiB; iBM; i?2 b+ H #BHBiv Bbbm2b B
i iBQMbX

RyN



RRy *? Ti2 8X S QtBKBiv M/ J2bb ;2@S bbBM; 1K#2//BM;b |

8XR _2 +?L1b, _2 +? #BHBiv LQ/2 1K#2//BM;b

2+ HH 7 QK *?2XRiR/pXd? i +QKTmiBM; K i ' Bt TQHVMQKB Hb Q
D +2M+v K i'Bt Bb +QKKQM TT'Q +? 7Q ° KQ/2HHBM; KmHiB
6Q° BMbi M+2- i?Bb i2+?MB[m2 mM/2 HB2b i?2 +QMpQHmMIiBQI
iBOQMCB/&X h?2 b K2 T'BM+BTH2 7Q Kb i?2 # bBb Q7 i?2 _2 +2?2L1
2p2 - " i?22°i?2 M ;"QmM/BM; i?2 K2i?Q/ BM i?2 i?2Q v Q7 +QMjy
r?B+? bbmK2b bvKK2i B+ MQ/2)-21 i8BQANb BBTR(Bp2/ /B 2+iHV
* M/QKr HFb QM /B 2+i2/ ;" T?bX

h?2 7Q KmH iBQM 2KTHQvb i?°22 ° M/QK r HF MQ K HBb2/
Ap-Aa MA - /2}M2/ BM 1[mkiBRME We MKXNed M/ +QHH2+iBp2H
/2MQIR/2[01 "X 1 +? Q7 i?2b2 K i'B+2b Bb + GHAICM@ Kid) +? b1
M/ b2 p2b b bi i2@i° MbBiBQM QT2  iQ  7Q° ~ M/QK r HFX
bi i2 p2pfQ2[0;1] - r?22p8) /12MQi2b i?22 T Q# #BHBiv Q7 i?2r HF2’
MQI27iX bi2Th-i?2 M2ti bi i2 Bb ;Bp2M #v

p(k+l) = A p(k)

6Q° /B 2+i2/:  T?-i?2i? 22K i'B+2b +Q "2bTQM/iQ /Bz2" 2
Q7 2/;2 /B 2+iBAMX?®BiHF2 7TQHHQrb Qmi;@RM22/r 2bE2rBi?
i p2°b2b BM+QKBM; 2/;2b BMA2p27p2c N/itBi2/ b mM/B 2+i2
HHQrBM: i  p2'b HBM 2Bi?2 /B 2+iBQMX

b QmiHBM2/ BMk»3 iRi2 K i'Bt T®Y2M+QK@obi2T bi"m+im" H
BM7Q K iBQMX aT3+BFHOHMWKMX@#Q /b i?2i MbBiBQM T Q# #
Q7 H2MyiM® bi "iBM; jMOQIMbBDbiI2Mi rBi? i?2 bi i2@i° MbBiB(
#Qp2X ++Q /BM;H Uiz )?QARMIAMQRE/ ijk)- Bb i?2 T Q# #BHBiv
Q7 r HF 7°QK MOQMZ/BM 2t kiBM2TbX

1 +?2 K i'BtT@¥272°27Q°2 2T 2b2Mib bM Th?QiQ7i  MbBiB«
i Jt2/r HF H2M;i?X >Qr2p2 - +?@QDBIMB +ibEB™M2H2T 2b2Mi iB
Q7 M2B:?2#Qm ?2QQ/b M/ K v BMi"Q/m+2 #B=2% B&KBMBbi2M +2 -
M2B;?2#Qm b +QMM2+i2/ QMHvV #v bBM;H2 2/;2 "2+2Bp2 x2°Q
bm+? b2MbBiBpBiv- QM2 + M A} ®pRQ K mHQBTBH B kp 2N 21 Q 7
+QMbi'm+iBM; bKQQi?BM;: QT2  iQ i? i ::2; i2b BM7Q K iBC(
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_QbbB 2idHX (edXRr&s3s 9eXjBxj9| 8dXNKsg eRXj9xk3
.B arBi+? @R ykRX 0 e9 R X lkIk3 edXRe&jo| jNX9Njy
.B arBi+?@|] dRXNywxd3 | 9eXeBxjr| edX8dxkg 8dXNMNkR

U#V' T?J 1pk- 2QKQT?BHB+

1/;2 /B 2+iBQMb *Q  @JG *Bi2b22" *Q° “t

.27 mHi dMXedR 3y X RRjxkd 8NX933eR 8NX3IRks
IM/B 2+i2/ | 3eXyRx9k NyXdfxNk e3X89Pxdg dy X9 Nxkj

_QbbB 2idBHX 3RXXN9 3dX&Xjy| jIXj®x9k e8X8gyjxsk

.B arBi+? @R RB@X dBIN X WRXRN e3XywR3j| eNXNSBkR
.B arBi+? @|] &Mk B eXerkye eeXjiRx3y e3XYKk|

U+V¥Y* @aa:- ?22i2°QT?BHB+

1/;2 /B°2+iBQMb QK M 1KTB 2 "tBp u2 ° SQF2+ aM
.27 mHi 8 jyakjo 98 XyRke 83Xykkd 9eXjgxks
IM/B 2+i2/ BkXB8B | j8X3kxk3 eyXjxdg [j3XeyxRj
_QbbB 2idHHX (8jXdyXds 9e X3jx99 eyX8yXgy e8X8Bxk3
.B arBi+? @R keeX d d98 X RXjs| eeXkjxdy] 9NX3JQey
.B arBi+?7@|] eeXjMxk9 | 8kXedxjy| edXk8xkrR e9XWXRN

U/V* @aa:- 2QKQT?BHB+

1/;2 /B 2+iBQMb *QW @JG *Bi2zb22" *Q° "t

.27 mHi eRXBdly eNX®Rkdd jNXdwyxNg jeXdRxge
IM/B 2+i2/ | 3kXe@xsN 3yXdiXjel 8kXj8Xjyl] 98XMNRXR3

_QbbB 2idHHX dyX%ANg eI XekX9R jRXKBXkR j9XNKkxsg

.B arBi+? @R RddXyddXjBxsgj| 8kXdrxk3d eRXegKj3
.B arBi+?@|j BkXKk B8 Xkexjk eRXyyx3y ejX83Xjy




eXeX *QKTmi iBQM H *QKTH2tBiv Q7 .B arBi+? M/R@8V hBK?2

i?2 bi’QM;2bi "2bmHibX h?2 QMHvV / i b2i r?2°2 _QbbB 2i HX b
aM T S i2Mib-r?B+? HbQ 2t?B#Bi2/ ++m > +v /' QTb rBi? mM/B"
2 "HB2 2 +?L1b 2tT2 BKXBXb Uh #H2

eXe *QKTmi iBQM H *QKTH2tBiv Q7 .B arBi+? M/ _
_2bmHib

hQ +QM+HM/2 i?Bb +? Ti2 -i?2 +QKTmi iBQMrHBbQKTHIEB/v Q7
TQHHQr2/ #v T +iB+ H mM iBK2 K2 bm 2K2MibX
*QKTmi iBQM H *QKTH2tBiv
h?2 +QKTH2tBiv Q7 .B arBi+? /2T2M/b QM i?2 7TQHHQrBM; p 'B
Cn, MmK#2 Q7 MQ/2b-
Cm, MmK#2 Q7 2/;2b-
Cp, 2K#2//BM; IBK2MbBQM HBiv-
Cr, MmK#2 Q7 KmHIiB@/B 2+iBQM H bi2Tb-
Cs, MmK#2 Q7 r HF H2M;i? /IBbi B#miBQMb-
CK, MmMK#2 Q7 r HF bi2Tb U 2 +? #BHBiv i2 KbV-
Cb, # i+? bBx2 BM aS@ ao. UT ' QtBKBiv p2 BB®WM QMHvc b22
Cd, MmK#2> Q7 MQ/2 72 im 2b UK2bb ;2@T bbBM; p2"bBQM C
S'QtBKBiv M/ K2bb ;2@T bbBM; p "B Mib "2 M Hvb2/b2T "~ |
i?72 K2bb ;2@T bbBM; + b2-r?B+? Bb bBKTH2  /m2iQ i?2 #b2M

J2bb ;2@S bbBM; .B 'aXBbhb?;2@T bbBM; rBrnh2Bi#??2@ H;Q Bi?K
BM 1[m iBRAM-U?B+? T2K7TO@TKH2 /2Mb2 KmHIBTHEXMB QMb i +(
2 +7- ;BPBME) T2 r HFEX

1 +? "2bmmMiBIMK i "Bt Bb i?2M ‘2/£a+/B/KiQMbBQMb mbBM; S* p
ao.- rBi? +@bd?) (Kki *?X 8X8Xe)X _2T2 iBM2i»BIK#BM HBIQMb
Q7 r HF H2M;i? /Bbi'B#miBQMb M/ /B°2+iBQM H M2B;?#Qm"?
+QKTH2tBiv Q7

O s2"(Kmd + nd?) :

aT +2 +QKTH2tBiv "Bb2b 7MOM @MX2BRbIQZ i?2 /D +2M+v- i
i2°K2/Bsi22 +? #BHBIiv i2Mb@ bdQ 7M/2iT2}M H 2K#2//BM; K i Bt
Z2R"PX aBMKMHIB@b+ H2 r HFb "2 +QKTm22/B'M +Ti B QiWH BH #
T ii2>Mb "2 T Q+2bb2/ b2[m2MiB HHv-i?2iQi HbT +2 +QKTH2

O(m + snd + np):



*2 Ti2  eX .BbQ#2vBM: .B 2+iBQMb 7Q" 1z2+iBp2 LQ/2 1K#
R9e B;  T?b

S QtBKBiv .B arB$+Q@tBKBiv .B amQHH®@rb i?2 H;Q Bi?K BM 1
iBQEIXWX qBi? # i+B-bi@R2T Q+2/m 2T BN BRIQMbX 1 +? # i+?
+QKTmi2b bHB+2 Q7 i?2 "2 +? BHBIib2K/PMBbDEmMHIBTHB+ i
+QbiBMmb)X S QD2+iBQMROMIR/ i?2 mT/ RRDF? (bnp X

_2T2 iBM; + DEbi+2Bb vB2H/b

O(Kmn + n?p):

aS@'ao. i?2M +QKTmi2b i?2 }M H 2KHBp?)B(MIb M2+ BBiB#H 2
r?2d nX brBi?i?2 K2bb ;2@T bbBM; + b2- i?Bb kkmdbi #2 "2T2
+QK#BM iBQMb- :BpBM:;:

O s2'(Kmn + n?p) :

6Q bT +2-i?2 H;Q Bi?Km 220 M2bHB+2 Q7 i?2 "2 +? #BH
K i'Bt- M/n?» bF2i+? K i B&GZFbX gBs?+QTB2bBMWM T ~ HH2H- i?2
iQi HbT +2 +QKTH2tBiv Bb
O(snp+ snb+ m):

.Bb+mbbBQ® aS@ ao. bbnpKTnBBEbM+ BiB+ H- M/ ++m > +v K v/
"BQ ip!bnX 6Q° bK HH ;° T?b-RQKTHBBBiHvV M/ TTHVBM; 7mt
Bb T°272° #H2-rBi? iBKEsZXKMHDERivM/ b T @(@n? + m) X

Hi?Qm;? aS@ ao. KBiB; i2b K2KQ v /2K M/b- T'lQeaKBiv .B
BM+m b [m /° iBniBR2'BM K2bb ;2@T bbBMb+BHabBHBMER "HvV’
>2M+2- K2bb ;2@T bbBM; Bb #2ii2° bmBi2/ 7Q " H ;2 ;" T?bX

T QKBbBM; ?2v# B/ TT Q +?2rQmH/ +QK#BM2 ao. QM i?2 bT
BMBiB H T QtBKBiv 2K#2//BM;bV rBi? K2bb m@EBM™MbhBAM;2.Bb ar
MQ/2 ii'B#mi2b- bBb bBKmH "HWMEZHEMB®;.iP2 2z2+iBp2M2|
b+ H #BHBiv Q7 bm+? ?v# " B/b Bb H27i 7Q  7mim 2 rQ FX

_mM hBK2 2bmHib
hQ p HB/ i2 T +iB+ Hb+ H #BHBiv- bK HH@b+ H2 mM iBK2 2t
QM bvMi?2iB+ " ° #€bB HWHNU;p?2R2((/2=222X .B arBi+? "mM
iBK2b r2°2 K2 bm 2/ r?BH2 p "vBM; QM2 Tn;KRZdV- rBiiBK2 U
Qi?2 b }t2/X
6Q° T'QtBKBiv .B arBi+?,
n=2%%=65:536 r=2; s=3; p=256:
6Q K2bb ;2@T bbBM; .B arBi+?,
n=220=1:048576 r=2; s=3; p=512; d=128:

1 +?2 2tT2°'BK2Mir b "2T2 i2/i?°22 iBK2bX



eXeX *QKTmi iBQM H *QKTH2tBiv Q7 .B arBi+? M/R®uoM hBK?2

h #H2 eXNmM iBK2 Ub2+QM/bV 7Q° +QKTmiBM; K2bb :2@T bbBM; _2
rBip=1024 /IBK2MbBQMbX *QHMKMb +Q "2bTQM/iQ / i b2ib M/r HF H2
"Qrb +Q "2bTQM/iQ 2/;2 /B 2+iBQM bT2+B}2 bX P#i BM2/ mbBM; :Q¢
rBi? M LpB/B GO k9:" :SI- jk p*Slb ! kXky:>x- M/ RKk3:" Q7 K2KQ vX

1/;2 IB 2+iBQMb

*Q' @JG

:2QK SQBb :2QB&QK®@]j

*Q‘
20K@9 :2QK SQBMBMQLRA@:2QK@ 9

.27 mHi kb kb 9b eb 3b RK k9b RK k8b kK 9Nb 8K jjb ek
IM/B 2+i2/ kb 9b 9b db 3b RK kjb RK k9b kK 9Nb 9K keb 8
JmHiIB.B @R jb 9b 3b Rjlb Rdb kK 9db kK 9Nb 8K jeb NK 9jb

JmMHIB.B @k db db  Reb kdb j8b 8K jjb 8K jdb RRK Ryb RNK Rjt
JMHIB.B  @]j RNb RNb  9jb RK Nb RK jyb RyK 89b RRK kb kRK 8db jdK
.B'arBi+? @R ib b 3b R9b R3b kK 9db kK 9db 8K j8b 3K 8kb

.B'arBi+?@k db db  Rdb kNb j3b 8K j8b 8K jdb RRK Ryb RdK 83|
B'arBi+?2@j R9b R8b jjb 8Nb RK R8b RRK eb RRK Rjb kkK Reb jeK I
1/:2 /B 2+iBQMb SQF2+ aM T@S i2Mib

;20K SQBb :QBEQK@] :2Q0K@9 :2QK SQBBMQRA@:2Q0K@9

.27 mHi R3b  kkb kjb kRb kRb keb  keb 98b 8db :
IM/B 2+i2/ kkb  R3b RNb kRb kRb iRb  jdb 9kb 8jb R
JmHiB.B @R 99b  99b 9db 8db RKjb 8Nb RKk9b kK 3b kK 98t
JmHiB.B @k RK 93b RK jyb RK 89b RK 9Rb RK 9eb RK 83b RK 8Nb 9K 8db e
JMHIB.B @] 9K Ryb 9K RRb 9K kRb [9K jdb 9K 93b 9K 8eb 9K 8eb eK jNb 3K
B arBi+?@R job  9jb 9eb 93b 9kb RK 89b RK Rb RK kjb kK 8jb
.B'arBi+?@k RK keb RK kkb RK k3b RK Rdb RK kkb kK 9b kK kb 8K db jK 8
.B'arBi+?@] kK 89b kK 89b jKyb jK/3b jK keb eK jkb dK R3b 8K kNb RRK 9y

S QtBKBiv .B arBi+?r b i2bi2/ QM i?°22 :QQ;H2 *HQm/ 2MpB

RXSI@k,k LpB/B G9 Uk9:"V :Slb- k9 p*Slb ! kXky:>x- Ne:" _ J
kXSI@RR LpB/B G9 Uk9:"V :SI- Re p*Slb ! kXky:>x-e9:" _ J-
iX*Sl@yRe p*Slb ! kXky:>x-e9:"  JU*SI@QQMHvVVX

J2bb ;2@T bbBM; .B arBi+?r b2p Hm i2/ QMHvVQM :SI@R M/ *S
BKTH2K2Mi iBQM H +Fb KmHIB@:SI bmTTQ iX

6B;meXd2TQ ib p2° ;2 "'mM iBK2b, T'QtBKBiv .B arBi+? UiQT
T bbBM; .B arBi+? U#QiiQKVX :S| ++2H2  iBQM T QpB/2b bm#t
‘MM iBK2b r2 2 T'Q1B#88 B2 T@WtBKBiv .B arBi+?- H2 /BM; iQ
"mMMbX g?BH2 KmHIiB@:SI b2imTb // Qp2 2?22 /-i?2v "2 #2M2}+]

P#b2 p2/i"2M/b K i+? i?2Q@Xvd+ @BILIMKD [m /° iB+ m+7@BM; BM
T QtBKBiv .B arBi+?- reBR#BH2@BhmBRM2 " b+ HBM; 7Q i?2 K2bb ;
p "B MiX 6B XNdR&MeXd?Qr 2tTQM2MiB H2b-+r MBHEZ BBENXdZb
M/eXd?Qr bm#HBM2 “s7T@27@M ° HH2HBx iBQMX



*? Ti2 eX

.BbQ#2vBM; .B'2+iBQMb 7Q" 1z2+iBp2 LQ/2 1K#
R93

.B;" T?b
—@- CPU-0 -%- GPU-1 -l GPU-2

X X
27 ///._. /
D) - w2 % n
g g /
c c X
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2 E , /

w
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Num. nodesn

Num. multi-directional stepsr,

U VS QtBKBiv-:" T? bBx2 U#\B QtBKBiv- ImiB@/B 2+iBQM

Run time (s)
N
Run time (s)

./' e e

Va s 22 % 27 2 2
Num. scaless Num. embedding dimensionp,

U+8 QtBKBiv- ImiB@b+ H2 U/VS QtBKBiv- 1K#X /BKX

—~ ,\26
@ n
= = 2 x/
e
22 x/

0 1 2 3
Num. multi-directional stepsr,

T? bBMZ¥2bb ;2@T bbBM;- ImiB@/B 2+iBQM

Num. nodesn
U2VJ2bb ;2@T bbBM;- :°

26
ops Zp
(0] (0]
E Ex !
x T
”
23 x/x/ 22 /
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Num. scaless Num. node features]

U;Wi2bb ;2@T bbBM;- JmiB@W?W2bb ;2@T bbBM;- LQ/2 ii'B#mi2b

6B;m 2 eXd, H #BHBiv Q7 rE APRI+Q®7Qm T M2Hb b?Qr "2bmHib 7Q"
.B arBi+?- M/ i?2 #QiiQK 7Qm" 7Q" K2bb ;2@T bbBM; .B arBi+?X 1 -
‘MM iBK2 Ub2+QM/bV ; BMbi F2v T K2i2 7°QKi?2 +QKTH2tBiv M F
p2° ;2b Qp2 i?°22 "'mMbc b? /2/ 2;BQMb BM/B+ i2 bi M/ //2pB iBQM

iQ +QKTmi2 2MpB QMK 2MibS | @SW@ O BIMMHE =SII@R/- M/ /m H :SlI
USIl@ kv X



eXdX *? Ti2  *QM+HmMbBQM RON

M BMi2 2biBM; /2pB iBQM BXh2RMDEBKBB;nB2arBi+? "mM iB
Bb M2 “Hv BM/2Tp2 M/EM+XFF?2Qbi Bb /QKBNMNmME/X#aBKBH “Hv-
BM 6B;eX@?mM iBK2 ;"Qrb HBM2 2HR +BB®™M; i?2 /QKEM M+2 Q7
Qp2ad2X h?2b2 }M/BM;b bm:;2bi i? i QTIiBKBXBM; "2 +? #BHBiv
iQ BKT QpBM; 2{+B2M+vX

h #HE@XN2TQ ib K2 bm 2/ "mM iBK2b 7Q" i?2 2tT2XB&2Mib BN\
i?2 bHQr2bi /i b2ibX PM i?2 Qi?2 /i b2ib- "'mM iBK2b ivTB+ H
b2+QM/bX h?2b2 “2bmHib +QM} K i?2 i"2M/b Q#b2 p2/ BM i?2 |
aBM+2 i?2 BKTH2K2Mi iBQM T ~ HH2HBX2$6VQPB H 2 2 i K 2B 1Q 7
/Bz2 2Mi /B 2+iBQMVbDPIRARMPB WHOB;MB}+ MiHv ;2 i2°  BKT +
"MMiBK2$X M?2 *Q° /i b2ib vB2H/ i?2 HQM:2bi "mMiBK2b- T E
i?2v +QMi BM i?2 H “:2bi MmK#2  @Z8IA2X ii B#mi2b U

6BM HHv-adXBHQRKT “2b "mM iBK2b Q7 T QtBKBiv KeQ¥@Hb 7°Q
.B arBi+? Bb KQM; i?2 7 bi2bi- HQM;bB/2 "G .1 M/ L1 _.XLQ
p VvV #v/ib2ibBx2 M/ ?2vT2 T K2i2 b2iiBM;bX

eXd *? Ti2  *QM+HmMbBQM

h?Bb +? Ti2 " BMi Q/m+2/iMQB221B#2P/@M; KQ/2H b bQHMIBQ
T Q#H2K Q7 HQ+ HbBMFbBM /B;" T?b-i?2 2#v+QMi 'B#miBM; i
Zm2biEQ@M "v 2KTHQVBM; brBi+?BM; ° M/QK T HF2-" pRa HEJ + ?HR
KmHiB@/B'2+iBQM HBiv r?BH2 pQB/BM; i?2 KQ/2HHBM; #B b
r HFb #2+QK2 i° TT2/ BM bBMFbX

+QKT 2?2MbBp2 2tT2'BK2Mi H 2p Hm iBQM +QM} K2/ i?2
TT Q +?X qBi?BM i?2 2 +?2L1b 7 K2rQ F-.B arBi+?r bb?QrM
#B b #v BKT ' QpBM; ° M/QK r HF /IBbT2 b H- K2 bm 2/ pB "2 +7?
M HvbBb K /2 TQbbB#H2 #v i?2 2tTHB+Bi M Hvb #BHBiv Q7 _
6m’i?72°KQ 2- .B arBi+? +QMbBbi2MiHv +?B2p2/ ?B;? ++m’  +E
BM+Hm/BM; MQ/2 +H bbB}+ iBQM M/ MQ/2 +Hmbi2 ' BM;-QmiT2
M/ mM/B 2+i2/ 2 +?L1b # b2HBM2b br2HH bbi i2@Q7@i?2@
KQ/2HbX Aib TTHB+ #BHBiv 2ti2M/b #2vQM/ 2 +?L1b, BMi2
T T?a 1 /2KQMbi® i2/i? ii?2 b K2 T'TBM+BTH2b 2M? M+2 T2
bmT2 pBb2/ :LLb 7Q /B 2+i2/ ;" T?bX

h #H2 eXRyM iBK2 Ub2+QM/bV 7Q" T QtBKBiv@# b2/ MQ/2 2K#2//BM;
M/ bi M/ //2pB iBQMb "2 +QKTmi2/ Qp2 8 M/QK b22/bX

JQI/2H 6HV G 'p 11@1K BH SQH#HQ:b  *Q*Bi2 Sm#K2/ *Q°
>PS1RY 83b Nb db 9RK 9db |RyK 9eb 9K 98b
SS ) R8b jb R 3K 9Rb RK 89b kK R9b
Ll . (R} Nb k3b 9b Rkb R3b RRb

i L(N kKNK Rylb eK RNb KK k9b R? jjK dK k8b 8RK 9db
"G .1 (e) 8D Rb R klj b RRb kRb

B arBi+7 db eddKb| k3dKb kK jRb jeb job




*?2 Ti2  eX .BbQ#2vBM; .B'2+iBQMb 7Q" 1z2+iBp2 LQ/2 1K#
R8y .B;" T?b

6BM HHv- i?2 b+ H #BHBiv Q7 .B arBi+? r b 2t KBM2/X h?2 }
Mir b ?B;?HB;?i2/ 7Q Bib HBM2 " iBK2 +QKTH2tBiv BM ;" T? b
7Q  p2'vH ;2 M2irQ'FbX h?2 T'QtBKBivp "B Mi- r?BH2 BM+n
2K BMb i +i #H2 rBi? :SI ++2H2  iBQM M/ T  HH2HBb iBQM
rQi?viM/BM; r bi? ii?22KTB'B+ H mMiBK2 Q7 T'QtBKBiv .B
mM z2+i2/ #v 2K#2//BM; IBK2MbBQM HBiv- bm;;2biBM; i? i i?2
i iBQM /QKBM i2bi?2 Qp2° HH +QbiX

AM bmKK “v- .B arBi+? /p M+2b i?2 i?2bBb ;Q H Q7 /2p2HQ
M Hvb #H2- M/ b+ H #H2 MQ/2 2K#2//BM; KQ/2Hb i? i+ M "2T"
bi'm+im 2b#v //’2bbBM; i?2Bbbm2Q7HQ+ HbBMFb M/i?2 /Bt
Qz BM /B 2+i2/ ;" T?bX h?mb- Bi T°'QpB/2b T BM+BTH2/ M/ p
# B/;2b i?2Q 2iB+ H;m ~ Mi22brBi? T° +iB+ HT2 ' 7Q K M+2- [
BM; MQ/2 2K#2//IBM; KQ/2Hb iQ i® Mb +iBQM M2irQ FbX



*?2 Ti2  d

6mMHH@ MF JmHIB@a+ H?2
J2bb ;2@S bbBM; 1K#2//BM;b
J2bb ;2 ;; 2; iBQM

h?2 T 2pBQmb +? Ti2 " 7Q+mb2/ QM KQ/2HHBM; /B;” T?b-BMi Q
/IB'2+iBQM H 2K#2//BM;b i? i pQB/ i?2 #B b BM/m+2/ #v bBMI
2tT2°'BK2Mib BMe®eHTKDMbi~ i2/ i?2 bm#bi MiB H #2M2}ib Q7 K
KQ/2HHBM; 7Q K2bb ;2@T bbBM; 2 +?2L1bX h?Bb +? Ti2 b?B
/IB°2+iBQM HBiviQ KmHIB@b+ H2 2K#2//BM;-i?2 2#uXK/ ' 2bbBN

AM 2 +?L1b- KmHiIiB@b+ H2 2K#2//BM;b "2 Q#i BM2/ #v TT
H2M;i? /IBbi ' B#miBQMbiQ ;2M2" i2 +QKTQM2Mib bKQQi?2/ ip
+QKTQM2Mib "2 i?2M +QM+ i2M i2/ M/ "2/m+2/ BM /IBK2MbB(
T Q+2bbBM;X q?BH2 2z2+iBp2-i?Bb /2bB;M #2+QK2b BM2{+B 2
BM+'2 b2b- bBM+2 2 +? "2bQHmMIiBQM "2[mB 2b b2T " i2 bKQQ
;- BM2/ b KTHBM; Qp2° K Mvr HF H2M;i?b Bb i?2°27Q 2 +QKT|
KQ'22{+B2Mi Hi2 "M iBp2 Bb iQ 2ti~ +i 2K#2//BM; +QKTQM2Mi
}1t2/ bi2T Q7 i?22r HF-T'Q/m+BM; ?B;?2@7 2[m2M+v KmHIiB@b+

b+ H #H2 K2bb ;2@T bbBM; KQ/2H i? $* 2S HBfbhR2b B B bQB®D2 B
Im+2/ 2 "HB2 BMX®R Bi2S5 bb ;;°2; i2b 2K#2//BM;b i 2 +? Bi2"
iQ 7Q°K M2r 72 im 2K2hD K2PB+? "2 +QM+ i2M i2/ rBi? i?2 +m
2K#2//BM;bX hQ T 2p2Mi 2tTQM2MiB H ;"Qri? BM /BK2MbBQM
K i'BtBb +QKT 2bb2/rBi? S* Xh?Bb K2+? MBbK K BMi BMb bB
i"Btr?BH2 T Q; 2bbBp2Hv BMi2;" iBM; KmHIiB@b+ H2 +QKTQM?2
Hi2 M iBp2iQ 2 +?L1bX
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T Q/m+2b QMHV K2bb ;2@T bbBM; 2K#2//BM;b-r?BH2 .B arBi+"
T bbBM; M/ T QtBKBiv 2K#2//BM;bX h?Bb M im> HHv ~ Bb2b i?
** 4+ M#22ti2M/2/iQ;2M2° i2?B;?2@7 2[m2M+v- KmHIiB@b+ H2
/B 2+iBQM 2tTHQ 2/NBf *?2 Ti2"

AM i2"KbM)Hvb #B.BBavBi+? Qz2 b +H2 "2° BMi2 T 2i #BHBi
M/QK r HF 7Q"KmH iBQM- r?B+? /B '2+iHv HBMFb 2 +? 2K#2/
bT2+B}+ +QK#BM iBQMQ7r HFH2M;i? M/ 2/;2/B 2+iBQMX "v +
S* +QKT 2bbBQMb +°2 i2 HBM2 ~ KBtim™2b Q7 ii'B#mi2b M/
+QKTQmM/ Qp2° Bi2' iBQMbX q?BH2 ** 2K#2/b BM7Q K iBQM
Bib72 im2b + MMQi #2 b 2 bBHv ii'B#mi2/iQ bT2+B}+ MQ/2
M2B;?#Qm ?2QQ/bX



*?2 Ti2>dX 6mHH@_ MF IJmHiB@a+ H2 J2bb ;2@S bbBM; 1K
R3e 702, iBQM

h?2 M2ti +? Ti2 [/ '2bb2b i?Bb HBKBi iBQM #v BMi ' Q/m+BWN
#2//BM; KQ/2H i? i "2TH +2b S* @# b2/ +QKT 2bbBQM rBi? ml
b2H2+iBQM- i?2 2#v T 2b2 pBM; i?2 7mHH BMi2 T 2i #BHBiv
/I BK2MbBQMbX



*?2 Ti2 3

ZJ 62 im 2 a2H2+iBQM 7Q" *
62 im 2 AMi2 T 2i #BHBiv

h?2 ** K2bb ;2 ;;°2; iBQM bi® i2;v M im> HHv bbQ+B i2b 2 +7?
im'2rBi? bT2+B}+ MmK#2 Q7 K2bb ;2@T bbBM; bi2Th- +Q " 2b
BMi?2 ;" T? Ub22 1dxk dB/QMMX >Qr2p2'-7Q" 2 +? bi2T-i?2 +Q
iBQMb 7' QK /Bz2 ' 2Mi BMBiB HMQ/272 im 2b M/ KmHIiB@Dbi2T I
KBt2/ /Im2 iQ i?2 S* @# b2/ +QKT 2bbBQMX gq?BH2 S* @# b2/ |
Qp2° HHBM7Q K iBQM +QMi2Mi- Bi Q#b+m 2b i?2 +QMi ' B#miB
Im+BM; BMi2 T 2i #BHBivX h?BbBb T "iB+mH "Hv HBKBIiBM; 7Q
+BbBQM #QmM/ "B2b-bm+? b ;" /B2AA)HXY @bi@BH j B G\ T 2 b If (
Mim> H TT ' Q +? iQ Q#i BMBM; 7TmHHv BMi2 T 2i #H2 2K#
"2TH +2 S* rBMMEmMT2 pBb2/ 72 inUIB 2 K24 PRI N? i "2KQp2b
2/mM/ Mi 72 im2b rBi?Qmi 7Q KBM; HBM2 °~ +QK#BM iBQMbX
l6a H;Q 'Bi?Kb #2+QK2 +QKTmi iBQM HHv BMF2xbBBHZ2QM H
#2+ mb2 Q7 i?2B  [m /° iB+ iBK2 +QKTH2tBivnBQI' iR2+MmtK2t 2" C
i?72v "2Hv QM Bi2" iBp2 QTiBKBb iBQM T ' Q+2/m 2b i? i Kmbi "m
hQ Qp2 +QK2i?2b2 HBKBi iBQMb-i?Bb +? T43_  B®Riim/2n+2b i~
a2H2+KBOMQ/ UZJ_@6aV BEXARR?PBRAENI?Q/ Bb # b2/ QM MQp2t
i "Bt /2+QKTQbBIiBQM i2+?MBI M2 KIRIRPBIM+QK#BM2b Z_
2+ QKTQbBKBXEM KXR)rBi? M //BiBQM H: mbbB M2HBKBM iB:
+2/m 2 2{+B2MiHv B/2MiB}2b M/ "2KQp2b "2/ mM/ Mi 72 im 2 +C(
T QtBK i2Hv "2+QMbi'm+i2/ 7°QK Qi?2 b rBi?BM T 2/2}M2/ "2
a2+iB®Mep Hm i2b i?2 ZJ_@6a K2i?Q/- /12KQMbi® iBM; i? i I
bi'QM; b+ H #BHBiv r?BH2 K BMi BMBM; ?B;? 72 im 2 b2H2+il
iBQMKBMi2;" i2b ZJ_@6a rBi? **4Q@ad K KQ/2H i? i H2 "Mb
K2bb ;2@T bbBM; MQ/2 2K#2//IBM;b r?2°2 2 +? 2K#2//BM; 72 ir
i2°T 2i iBQM BM i2°'Kb Q7 Bib Q' B;BM iBM; MQ/2 ii'B#mi2- M2
Biv- M/ b+ H2X h?2 M HviB+ mb27mHM2bb Q7 **@2J_Bb ?B;?
BKTQ'i M+2 M Hvb2b QM i?2 .:" T?6BM KQRWKVI®/H2 M /BB@M 2irC
gQ H/ bBKmH i2/i> Mb +iBQM M2irQ Fb (

R3d



R33 *?2 Ti2° 3X ZJ_ 62 im 2 a2H2+iBQM 7Q° ** 62 im 2 AM

3XR ZJ_ 62 im 2 a2H2+iBQM

h?Bb b2+iBQM /2b+ B#2b i?2 Z)J_@6a K2i?Q/-r?B+? T2 7Q Kb
iBQM QM /i K i'BBMHP M+2b7MIimXBR" ¢X aBM+2 i?2 7Q+mb
Bb QM b+ H #BHB#+i7R/Bb+m@bbBQM Bb HBKBdX/ iQ i?2 + b2
ZJ_@6a TTHB2b ;°22/v7Q'r '/ 72 im 2 b2H2+iBQM- T 'Q+2b
iB HHv 7" QK H27iXi@ WB,2iBMBbBQM iQ "2i BM 72 im 2 /2T2M/
Q7 T 2pBQmbHvV "2i BM2/ 72 im 2b- ;mB/2/ #v i?2 T' BM+BTH2 C
h?22i? 72 im™ 2 +@HMKMBb +QMbBI/BM2/ "Hv /2 QMWIi2MT 2 @
+2/BM; 72 im2 +QHmMKMb B7 Bi + M #2 2tT ' 2bb2/ b HBM2 * +C
+QMbi Mii2 K, _
Xl
Xj = Xk + bly; U3XRV
k=1
r?2°a Mb "2 +Q2{+B2MipBM/H2Mp2@Q " Q7 QM2bX h?Bb + M
r'Bii2M +QM+BR2HV(MI:::;X; 1;1n) X A7 MQ bm+? +Q2{BRIMib 2tBE
HBM2 "Hv BMAQ R2IMI/ @MW i ;X 1510)- M/ b?QmH/i?72°27Q 2 #2 "2i E
hQ /2i2 " KBM2 i?2 BM/2X;2 MB2MHRi QTTHB+BiHV +QKTmiBM; i
+B2BibMb i?°Qm;? +QbiHv HBM2 ~ KQ/2H }iiBM;- i?2 7TQHHQTrE
r?B+? 7Q Kb i?2 7QmM/ iBQM Q7 i?2 ZJ_@6a K2i?Q/X

G2KK 3XREBX2R" 9 M/ 2, 2RY b iBEX7vU 57 M/_ 27 UYX -
r?2°2,7BbBM "Qr 2+?22HQM 7QUR B" §®Vb "MWHH > MF M/ H27i@
BMp2Ub2RY "X h?22M

Xj2 bT (My;:i;x; 1) Bzrj2 bT (M1 1) U3XkV

7Q° My 1- 1?2 2 R" Bb iP2? +QHmMKM QM/; 2 RY Bb ipe?
+QHmMKM, X7

S'QO2Q2 T°QQ7 T°Q+22/b BMirQ T “ibX
6B bi- +QMbB/2"

Xj 2 bT (Kh;:ixj 1) =) rj 2 bT (M;::5r; 1): UusXxjv
P
bbmK2i?2 2 2tBbi +eQ 2{R BMiDI + |_'ajxi X 6 QK= U _ 57
Bi 7TQHHQxib=iBrj 7Q2f1;:::;dgX >2M+2-
X1 X1 X1
Urj:xj: aj Xij = ai;,-Uri:U QI
i=1 i=1 i=1

JmHIBTHVBM; #QU? BR/RDHZiI2b i?2 }"bi BKTHB+ iBQM,

X1 X1
I = UYu Qi ry = aj ri:
i=1 i=1



3XRX ZJ_62 im 2 a2H2+iBQM R3N

L2ti- +QMbB/2  i?2 "2p2°b2 /B 2+iBQM-
ri2bT(M;:iory 1) =) X532 bT (My:ix; 1); Uu3xov
M/ mb2 #HQ+FK i‘Bt‘2TX21a2JMi«jBQM’>CQ;)?M BM1[@XNBQMU

1
r11 ri2 X KixXor fl* X KX

0
%J|1XX‘|L”I‘ J’% %‘ J*?(XJ& &) rzzxi(h,glrm }x;&: U3X8V

G2h /2MQi2i?2  MFQy i22PHmMKKb QB+? +QBM+B/2b rBi? i
MmK#2" Q7 "Qrb +QMi BMBM; TBpQi 2JHRKM2Mila B MAQBD BQIH MK M
16h j 1- M/ #vi?2 bme?lBD(’M""; i 1)-r + MMQi +QMi BM
TBpQi 2H2K2MibX

h?2 +QHmMKMM #2 r° B||>2,I\A= bllur.J UuQ  M;2 M/ # QrM BM 1[m
iBQBMXBVX hQ 2uT BMh2 Kb Q7 i?2 XQHMEMDBIZ  i?2 #HQ+F 2[m i
?B;?HB;?i2/ BM #Hm2 M/ # Q3MBBM 1[m iBQM U

X:;l:j 1= U.1n _2T:h1j 1- u3XeV
Aff> 0- i?2 bm#K i*Btqy; 12 R" 0 D 2 b TBpQi 2H2K2Mib BM 2p
"Qr #v +QMbi'm+iBQM U_16V- BKTHVBM; 7mHH "Qr ° MFX h?2°

BMp2SBR(I D " b iBb7VByiyy 1 S=1n n (K9} *?2X kXR)X JmHIiBTHVB
1[m iBQ@MEY QK i?2 "BS2B#H2b,

X:1j 1S= U _2Tm1j 1 S=) U.th=X;15 1S

>2M+2- i?AFQHMKMb QF#2 2tT 2bb2/ b HBM2 * +QK#BM iBQM
i 1+QHMKKb Q7
b(l
uj = Xk Py ; i2f1:::; hg
k=1
S g
am#biBimiBM§MzBM|{Qirij VB2H/b

U Xt X X1
Xj = kak;iri;j = Xk Pk;iri;j = Ci;j Xk u3xdv
i=1 k=1 k=1 i=1 k=1

P
r?72°@&; = |, Pwifj X h?mbh¥Q-
rj2 bT(M;iiiir 1) =) Xj 2 bT (M%) U3X3V

h?2 + b20 Bb i'BpB H- b Bi "2[mB 2b ,HBi?@MiRMbbQDK HH?2
i? MiQ#2 x2 QX *QMb2[m2MiHv- HH +QX Z1T M M/MB;M--H+m B M |
i 72 x2 Q- BKXjRVEBM¥;:::;X; 1) i BpB HHvX O



RNy *?2 Ti2° 3X ZJ_ 62 im 2 a2H2+iBQM 7Q° ** 62 im 2 AM

"V G2KK3XRXAR2 HBM2 "Hv BM/2T2M/2 MH QG Q HmTKQWL BB 2 +iHv
iQi?72 HBM2 "Hv BM/2T2M/2MAd #rABHMRAKMN B2 B/2MiB}2/ #v HQ +
i?72 TBpQi 2H2K2MibX >Qr2p2 - i?2 H2KK "2[mB'2b K i'Bt /2
TQX=U _»27r?22W2? b H27i@bB/2 BMpBHBMM/Qr 2+?2HQM 7Q
U 16VX h?2 r2HH@FMQrM Z_X Z+HQRK-TRQ IBiB/QK - M im™ H bi "iBl
TQBMi EBMR2Y 2 b Qi?QMQ 'K H +QHmMKMb M/ i?2°27Q 2 H2
Ql RkR*?2X kXR)X >R2R2*Bb QMHV mMTT2 @i'B M;mH ~ M/ MQi

hQ b iBb7vi?2 +QM/BiBQMb @7 i?2/2 HQKKQ-bBHBBM Q/m+2/X
>2°2- 22 KR Bb 7Tm i?2° /12+QKRTOM2/ -&ymbBM; : mbbB M 2HBK
BM iBQM- bm+24R4 9 Bb BM _16M M/RY ¢ Bb M BMp2 iB#H2 K |
i"Bt +QKTQb2/ Q7 BMp2'i2/ "Qr@ 2km#BPEAMXXK)R" aBQMB}t HH
M=MQ2:MPAMP?-r?22°2 2M?2+Q "2bTQM/b iQ QM2 Q7 i?°22 BMp?2
2 iBQMb, "Qrbr T- "Qr //BiBQM-Q KmHIiBTHB+ iBQMiQ7 "“Qr ;
*?2X jXkXe)X h?2 "2bmHIiBMX RQQKTRBIBQMUIi2Z QM
? b H27i@bBWYBMpPp2Qb2i?22 2#v TmMH}HHBM; i?2 + BIBOBR Q7 G
*QKTmi iBQIM ®I7_-,7Bb BKTH2K2Mi2/ mbBM; Qmi2 " @T Q/m+i :
M iBQMi(*?X jXkX3)- bb?QrM BM HBM2b9Rk R8 Q7 H;Q Bi?K

TT QtBK iBp2 GBM2 * AM/2TAM/RM#iB+2- 2t +i HBM2 ~ BM/2T:
+ M #2 Qp2 HV bi'B+i- H2 /BM: iQ i?2 "2i2MiBQM Q7 KQ 2 72 ir
KBiB: i2 i?Bb-ZJ_@6a /Bb+ /b72 im 2b rBi? bK HH “2+QMbi n

G2a /2MQi2 i?2 HBbi Q7 "2i BM2/ +XHmicN B @7 B22bQ MVB M ;
Ki'Bt Q7 "2i BM2/ 72 im 2 +QHMXMbXo .2}MQMbi m%xiBQM Q7
7 QX., MbBM; +Q2{+B2Mbp2+2 Q? |

Xji= j+ j; U3XNYV

r?2°2 Bbi?2 2bB/m H2 "Q p2+iQ X ZJ_@ 6§ RKPR2R bR mQH m
2°°Q b iBb}2b

k jko kx; ko; U3XRyV

r?2°22[0;11 Bb "2H iBp2iQH2  M+2 T ° K2M2; X Mi#ZDQ#P BM2/
pB H2 bi@b[m "2b}iiBM;-i?BbrQmH/#2 +QKTmi iBQM HHv 2tT
7Q K 2tT 2bbB @M /2QBp2/- T'QpB/BM; M mTT2  #QmM/ QM i?2
2 Q" X

hQ /2°Bp2 i?Bb 2tT 2bbBQM- +QNMbB2 2 ;BMMBIMKQT Bi2" iBC(
rBip=ja+1X "vi?2 ZJ_ /2+QKTQbBMBO.MRyj - r?B+? + M #2
[12+QKTQb2/ BMiQ irQ i2 Kb,

Xj = QM :;l:leR 1:p91;j + QM Lpi Rp:j;j . U3XRRYV
h?2 }'bi i2°K Bb HBM2 °~ +QK#B M i BIQMD 8 KMV § 200D “b Q7

r?BH2 i?2 b2+QM/ i2 K +QK#BM2bpi?2 +DKHBKMBMX Ai 7QHHQrb
i?72b2 irQ i2 Kb +Q "2pTM/M/ iQbT2+iBp2HvVX



3XRX ZJ_62 im 2 a2H2+iBQM RNR

H:Q Bi?KM22 ZJ_@6a H,Q Bi?KIBi? R# b2/ BM/2tBM:X
AMTmib,K i'BX 2R" ¢ M/ iQH2  M+2 i?2270 2]@H/

R /27[K n7%U V,

k X=bQ intQHMKMbn#Wn2\W2bQ@ZM/B M ;~
j X =[1,;X] O S'2T2M/ +QHmMKM rBi? +QMbi Mi p Hm
9 QR=["n/I2+QKTQHB)BQM
8 M =14 4 O AMBIB WBx® i?2 B/2MiBiv K i'BtX
e a= HBBip=1 O AMBIB HBM/pX
d 7Q°BM M;2{R »? T2(R)V
3 i =QM (,- RDP),D-D) O 6Q KmH T QpB/2ABXRR[X
N Blzjkg kakz,
Ry R(T,D=MD) O 1Mbm 2 MQ T 'BpQi 2H2K2MibX
RR 2Hb2,
O : mbbB M 2HBKBM iBQW TN K Q@Xn K M
Rk =R(TYR,R-(D) D) oj p 1) 1]
Rj R(TYR,D=,) R(T-,) o p 1) d
RO M(,-F M (,-TYR,D) O[d 1]
R8 p+=1 O AM+ 2K2Mi TBpQi +QmMi2 X
Re a TT2W/ O // 72 im2iQ b2H2+i2/ b2iX
Rd a"2KQp?2 O 2KQp2 +QMbi Mi p Hm2 +QHmMKM

R3 T2im M 4

hQ +QM} K i?Bb- MQi2 i? ii?2 }'bi i23KNBMQ[2bBQM/b iQ
HBM2 ~ +QK#BM iBQM QX.i22 GRMMRKMbD.BMQi2 i?2 bm#K i Bt
+QMbBbLIBM; Q71Li?QrIbRI7M/ i?2 +QHMKMb BaK/2v2/@Mbi m+iBQM
R°Bb BM _16 rBi? 7mHH “Qr ° MF M/ i?2°27Q 2 R W(9i{B;?i@Dbl
*2X kXR)X JQ'2Qp2 -

X a= QM 1.501R%= QM -1.p91R 1:p01: a U3XRkV

h?Bb 2[m HBiv 2QH/ BMBMBBbHHV ZR2 p2/i?2°Qm:? 2 M?-Bi2" iBQ
Rp- MA “2mT/ i2/X A7i?2+QM/BiBQM QM2ApBME NEDHORZ;: Q Bi?}
: mbbB M 2HBKBM iBQM T Q+22/b MQ K HHv- T 2b2 pBM:; i?2 2
Bi 2p Hm iRbmiBR?2 2H2KMib 2 b2i iQ X2 Q- 2Mbm BM; i? i +QF
H +Fb TBpQi 2H2KXMiBBM i?2b2 2H2K2Mib "2 MQi mb2/ BM H
M Mj BbMQi //24-iQ[m iBEMRW2K BMb p HB/X

*QK#BMBM; i?2b2 TQMih.B2K /P - BKTHVBM; i? i i?2 } bii2 K
BM 1[m iBRMR[m Hb

QM :1:po1R 1:po1j = X :;aP Ruporj = Xat= U3XRjV
>2M+2-i?2 b2+QM/ i2 K BMMRQ i BADM QUM b iQ

6BM HBXBM: ZJ h@622 //BiBQM H+QMbB/2" iBQMb "2 MQi2rQ"
iQBib; 22/vb2H2+iBQMDbi  i2;v-ZJ_@6aBbb2MbBiBp2iQi?2E



R Nk *?2 Ti2° 3X ZJ_ 62 im 2 a2H2+iBQM 7Q° ** 62 im 2 AM

X -rBi? 72 im 2b TT2 'BM; 2 "HB2 #2BM; KQ 2 HBF2Hv iQ #2 °
M 2z2+iBp2 BMBiB H Q' /2°'BM; + M BKT ' Qp2 T2 '7Q°'K M+2X ¢
72 im2BKTQ'i M+2 Bb p BH #H2- Bi b?QmH/ #2 mb2/iQ /2i2 k
2°rBb2- 72 im2b "2 Q'/2 2/ #v aRRABMTDDMKXNRI) QHBM?2 kV- 7QH|
2bi #HBb?2/ 2Mi"QTv@# b2/klB%k 22 EXbiBpB (?2H2bb- 2M? M+
72 im2Q/2°BM; 2K BMb M QT2M /B 2+iBQM 7Q" 7mim 2 rQ"F
a2z+QM/-iQ ++QmMi 7Q  i?2 +QMbi NMXR ' KQBWN @lpPEBQ@M U
T 2T2M/2/ b i?2 }'bi XQHHABMQj7BM HVQ BN?HKHBM; "2KQp H C
72 im*2bi? i "2 HBM2 ~ +QK#BM iBQMb Q7 Qi?2°b THmb +QM
6BM HHv- i?2 iBK2 +QKTH2tBO(nd3)7 KJit@BMBb? i Q7 i?2 Z_
12+ QKTQbBKkBOMK(8XKkXk)X h?2Z /2+QKTQbBIiBQM UHBM2 9V
iBK2- 7TQHHQr2/ #vi?2K i'BtKmHIiBTHB+ iBQMbBMHBM2 3X : 1
QM i@2d K i'BHRbMM rBi? +QKTHAdBiw?B+? Bb M2;HB;B#H2 m|
i?72 bbmKTHIBQX

3Xk 62 im 2 a2H2+iBQM 1tT2 " BK2Mib

hrQ b2ib Q7 2tT2'BK2Mib "2 +QM/m+i2/ iQ 2p Hm i2 i?2 2z2+i
h?2} bi/2KQMbi® i2b b+ H #BHBivmbBM; 7Qm ~ H ";29) b2ib, |
:Bi>m# Jla 1k@Pp- aL S S i2NigH M/ E..*IS URNNSNX (2bmHib
2 °2TQi2/ BMXRH2 @6a +QKTH2i2b BM Dmbi Qp2° jy b2+QM/b
p*SIib!kXk:>xV M/kyb2+QM/bQM :SIULpB/B G9V 7Q i?2E..
i?72 H *;2bi rBi? Qp2° QM2 #BHHBQM 2H2K2MibX h?Bb Bb TT'C
i? M 2+2Mi b+ H #H2 16a3R29RQUDB(+? “2TQ i "'mM iBK2b Q7 kyy
QM / i b2ib +QMi BMBM; "Qm;?Hv ? HZ6RK d¥O@N2KRX¥Mib U

h?2 b2+QM/ 2tT2°'BK2Mi 2p Hm i2b 72 im"2 b2H2+iBQM [m HI
6a T2 7Q Kb +QKT ~ #Hv iQ bi i2@Q7@i?2@ 'il6a K2i?Q/b /2bT
6QHHQIrBM; i?2 #2M+?K "E8K QiZH2XX}H2Q 72 im 2b "2 2p Hm i2/
aoJ +H bbB}+kBBOQMW/ E@ K2 Mb +HRiX 2 BM; (

6Q° +H bbB}+ iBQM- p2° ;2 ++m’ +B2b "2 +QKTmi2/ pB 8¢
+°'Qbb }p2 ° M/QK b22/bc 7Q° +Hmbi2'BM;- p2° ;2 MQ K HBX:
ULJANWKk() Bb +QKTmi2/ Qp2 k8 b22/bX 6BpX /2 mAid/7 @K 7 QK

h #H2 SXRMMiBK2 Q7 ZJ_@6a UBM b2+QM/bV QM 7Qmi2MQi20 ii?B2ib-r
MMK#2> Q7 "Qrb UMIQP2Z2bMmMMAE2" Q7 +QHmMKMb U72 im"2bVX b2H2+iB
=0:1r bmb2/- "2bmHdiB®i; BM2/ 72 im 2bX

S'Q#H2K bBx2 _mMiBK2 UbV
. i b2i n d dzp *S S|

la *2Mbmb URNNyYV kX9elJ 436 0@ 275 011
Bi>m# Jla 1 jdXdE 9yye | PB&ENO0:18 139 0:45
aM TS i2Mib kXNkJ ke N26:4k ®5 137 0:06
E..*IS URNNNYV dX33J Rkd 339RPR2 202 0:.06




3XkX 62 im'2 a2H2+iBQM 1tT2'BK2Mib RNj

h #H2 3XR,ji BHb Q7 / i b2ib mb2/ 7Q°  mMbmT2 pBb2/ 72 im 2 b2H2+iE

. i b2i n d O +H bb2b
MiQKQ#BH2 ky8 k8 e
>2 Ti@* ivi Rj 8

>2 'i@bi |[HQ; kdy Rj k
aQM ° ky3 ey k
gBM2 Rd3 Rj i
AbQH2i R8ey eRd ke

i?72 1*AJG _2TQbBER VHQM; rBi? i?2 rB/2Hv mb2/kBBRQFE2i / i b2
k8)X . i b2i/2i BHb "2 T ' QpB/X BbMb wWHB+ H 7Q i?216a HBi2"
i?72b2 /i b2ib "2 bK HHX

h?2 # b2HBM2 K2i?Q/b BM+HmMK2PacGC@EMaRIM)- la@
6al k9-1.6aK9- M/ L.6&Yf- TQHHRIPMhQ 2Mbm~2 #°Q /2  +QKT
BbQM- i?2 KQ 2 "2+2Mi MU 6aAI6&a8B H;Q Bi?Kb 2 [/2/- #Qi?
p BH #H2 BM i?2 J iH # 168))QQH#Qt (

1 +? # b2HBM2 T°Q/m+2b 72 im 2 MFBM; M/ "2[mB 2b T°
TQ'iIBQM Q7 72 im 2biQ "2i BM- mMHBF2 ZJ_@6a-r?B+? miQK
MmK#2" # b2/ QM i?2 iQH2  MX2hD 2KI2#H2 7 B +QKT "BbQM-
bm#b2ib "2 2ti° +i2/ 7°QK 2 +? # b2HBM2 ° MFBM;- +Q "2bTQNM
72 im 2bX 6Q° AbQH2i- }t2/ MmK#2> Q7 72 im 2b ~ M;BM; 7 1
+QMbBbiIi2Mi rBi? TKBQeRQSIX(IJMHIBTH2 p Hm2p @ i2/ 7Q°
Z)J @6aiQT Q/m+2 +QKT ~ #H2 +Qp2 ;2 + Qbb 72 im 2 +QmN

h?2 +QKTH2i2 "2bmHib "2 /BBXHRBR7? BA2 GB;m2Mi ;2 Q7 "2i BN
72 im 2b QM i?2 t@ tBb UMmMK#2 Q7 72 im 2b 7Q° AbQH2iVX
BM/B+ i2b +H bbB}+ iBQM M/ +Hmbi2 ' BM; T2 ' 7Q K M+2 r?2M r

ZJ @6a " MFb KQM; i?2 iQT@T2 7Q KBM; K2i?Q/b 7Q" +H &
BM; T 'iB+mH H2rid@2M@ai iHAQQM- MABNM26Q +Hmbi2 BM;-
Z)J @6a T2 7Q Kb +QKT ~ #Hv iQ i?2 # b2HBM2 K2i?Q/b- b?QrE
p Mi;2Q /Bb /p Mi ;2X LQ bBM;H2 K2i?Q//QKBM i2b + 'Qbb

h #H2XbmKK "Bx2bi?2 "2bmHibi? " Qm;? p2° ;2KQ/2H  MFBM
1 +? K2i?Q/ "2+2Bp2b ~ MF 7 QK R U#2biVIQ NT2 /i b2i- M,
Bb +QKTmi2/ +'Qbb HH /i b2ibX _ MFb "2 2p Hm i2/ i 9yW
"2i2MiBQM 7TQHHQPBM2(AbQH2i mb2b 8y M/ Ryy 72 im 2bX

Z)J _@6a +?B2p2b p2 ;2 MFb Q7 kX3 M/ kX87Q  +H bbB}+
+'Qbb HH KQ/2HbX h?Bb "2bmHi "2~2+ib i?2 K2i?Q/06b b2H2
[2T2M/2Mi 72 im 2b T QpB/2 HBiiH2 miBHBivBM bmT2 pBb2/ +F
VB2H/b 2{+B2Mi- /Bb+ BKBM iBp2 bm#b2ibX

h?2 T'TBK "vbi’2M;i? Q7 ZJ_@6a- ?Qr2p2 - HB2b BM Bib +QK
Ai2t?B#Bib i?2 HQr2bii?2Q 2iB+ HiBK2 +QKTH2tBiv KQM; HF
Bb 2KTB ' B+ HHv i?2 7 bi2bi QM AbQH2i- i?2 H ";2bi #2M+?K °
ZJ @6a K i+?2b Q" 2t+22/b Qi?2  16a K2i?Q/bBM 72 im 2 b2H2
Qz2°'BM; K "F2/HvbmT2 ' BQ b+ H #BHBivX



im2 AM|
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62 im'2 a2H2+iBQM 7Q°

*? Ti2" 3X Z3J

RN9
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Accuracy
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% features kept
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0.9

Accuracy

06 55 50 75 100
% features kept
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Accuracy
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% features kept
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< 0:02%
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-
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Accuracy
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# features kept % features kept # features kept

UBM bbB}+ iBQM- gBM2UDAH bbB}+ iBQM- AbQH2IFYHmMbi2 'BM;- gBM2 UHMHmMbi2"BM;- AbQH2i

6B:m" 2 3XMbmT2 pBb2/ 72 im 2 b2H2+iBQM #2M+?K “F "2bmHibX 1 +? K “F2" 2T 2b2Mib i?2 p2° ;
UH27iVQ E@K2 Mb +Hmbi2 BM; LJAU B;?2iV-rBi?b? /2/ 2 bBM/B+ iBM;i?2bi M/ /2 Q"X h?2bQ
Q#i BM2/ mbBM; i?2 7mHH 72 im 2 b2i URyyW Q7 72 im 2bVX



ZJ_@6a ao. 1M Ga&) aS1%(]) la6alkd |.6akd L.6aR) *L 6a) 6JAI6EY

*HbB7X p;X0WAWR:B 1.8 55 28 58 26 83 05 30 22 55 1.8 43 19 50 14 37 26
*HbB7X p;X60WWR:B 1.6 50 1.8 57 21 65 26 58 28 47 28 32 17 53 31 52 31
*Hbi X p;X 20WHR/80 2:2 67 21 65 26 70 1.7 37 21 60 28 33 23 55 16 28 1.3
*Hbi X p;X B60WH/&I5 2:9 4:3 20 48 24 72 1:3 48 25 55 26 30 27 42 34 4.8 23
hBK2 +QKTH2tB{vO(nd?) 0O(nd?) O(n?d) O(n2d) O(n3d) 0O(n2d) 0O(n2d) 0O(n2d) 0O(n2d)

_mMiBK2 UAbQH2iV Rjd@10b 1:2 16 22764 11 44 2950 13635

IT NOGl+ZHZe 2. Wl 29 XYXE

_|
h #H2 3XAMKK v Q7 mMbmT2 pBb2/ 72 im 2 b2H2+iBQM #2M+?K F “2bmHib mbBM; 9yW "/ eyW "2
7Q  AbQH2iV- ZOHHQ@BM2(C MFb M/ bi M/ “/ /2pB iBQMb "2 +QKTmi2/ + Qbb bBt /i b2ibg/Q  #Qi?
+Hmbi2 ' BM; i bFbX hBK2 +QKTH2tBiB2b 2 bBKTHBd2/ 7@M2ZB MiB2 bDmKIRIBIBM2 K2i?Q/b i?% "mM mMi
+QMp2 ;2M+2X _2H iBp2 "mM iBK2b "2 °2TQ'i2/ 7Q  AbQH2i-i?2 H “;2bi/ i b2i QM r?B+? P%H # b2HB

o

8Nd



RNe *?2 Ti2° 3X ZJ_ 62 im 2 a2H2+iBQM 7Q° ** 62 im 2 AM

H:Q Bi?K 8?2 **@ZJ_ H,Q Bi?K 7Q° /B Q+BRP . MO?2 i@
i*B#mX28 R" ¢ mbBHI:K2bb ;2@T bbBM; Bi2' iBQMb- "2H iBp2 °
2°°Q  iIQH22 & X

R /27 **nZJGX -K - =10 1V,
K M © = [K'nDb; )

. HO=MO
9 70K BM M; 2K +1V,

O *QKTmi2 ;:;°2: iBQMb BM #Qi? /B 2+iBQMX
8 MK = aAdM&D aAlpm Kk D
e M (k) [K nw )

O *QM+ i2M i2 rBi? 2tBbiBM; 2K#2//BM;bX
4 HIO= &k D MK
3 Y2im )

MQi2rQ i?v "2bmHi TT2 b 7Q BNORM2I BEI6B6E D?Qrb
bi22T ++m  +v BKT Qp2K2Mi b i?2 MmK#2 Q7 72 im 2b BM+"
BKT QpBM; Bib ° MF KQM; I6a KQ/2HbX h?Bb #2? pBQm  bm;
2bi b2H2+i2/ 72 im 2b "2 bm#QTiBK H- r?BH2 H i2° b2H2+iBQJ
?2B;?HB;?iBM; TQi2MiB H #2M2}ib Q7 BKT Qp2/ 72 im 2 Q /2 B!

3Xj **@2zZJ_ M/ 1K#2//BM; 62 im 2 AKTQ i M+2
M HvbBb

h?2 T°2+2/BM; b2+iBQMb BMi'Q/m+2/i?2 b+ H #H2 ZJ_@6a K2
72 im 2 b2H2+iBQM M/ /2KQMbi  i2/i? i Bi +?B2p2b +QKT2iE
r?BH2 K BMi BMBM; 2t+2TiBQM H "mM iBK2 2{+B2M+vX AM i
+QK#BM2/ rBi? **iQ T°Q/m+2 MQ/2 2K#2//BM:b BM r?B+?2 2 +?
BMi2 T 2i #H2 BM i2 Kb Q7 M2B;?#Qm ?2QQ/ b+ H2- /B 2+iBQM
MQ/2 ii'B#mi2X

**@ZJ

H;Q Bi2K2}M2b i?2 **@ZJ_KQ/2H-r?2'2 ZJ_@6a b2 'p2b b
"2TH +2K2Mi7Q° S* rBi?BM i?2 **7° K2rQ'FX AMi?Bb 7Q Kmt
OmiTmi i?2 KMB+2wM - r22°2 2 +2 "2i BMb bm#b2i Q7 i?2 Q
72 im 2 +QHMKMb-d BWQ ik /G ? K

b “2bmHi- MQHBM2 " KBtBM; Bb T2 7Q K2/- M/ 2 +? 2K#2/,
ZJ_+ M #2 2tT 2bb2/ b

X
W

Z.s= Al X.¢ U3XR9V
I=1



IXjX **@z2J_ M/ 1K#2//IBM; 62 im 2 AKTQ'i M+2 MRIN®BbD

"v K BMi BMBM; i?72 b2H2+i2/ 722imBi2BBM/Qb biBhHIZ iQ +QMbi
/IB’2+i K TTBM; 7°QK 2 +? 2K#2/iiBBibt QHMKM@T bbBM; Bi2" i
ii'B#mi2 BM/RIY i?2 +Q "2bTQM/BM; b2[m2M+2 Q7 2/;2 IB 2+il
r?2°22f6"%IlgX h?Bb T°'QpB/2b bB;MB}+ Mi BMi2 T 2i #BHBIi\
**. BM r?B+? S* KBt2b +QMi'B#miBQMb 7' QK KmHIBTH2 ii B
iBQMbX

MQi?2  /Bz2'2M+2 7°QK i?72 Q' B;BMjW BY i@ HiDZ2BIQKT 2b@
bBQM bi2Th BM **@ZJ_ /Q MQi 2M7Q +2 }t2/ QmiTmi /BK2M
i?72 "2H iBp2 iQHQpPMMb 72 im 2 T"mMBM; #v "2KQpBM; 72 im".
TT QtBK i2Hv "2+QMbi " m+i2/X h?Bb HHQrb i?72 2K#2//BM; /Bl
i2°’KBM2/ miQK iB+ HHv- T'2b2 pBM; QMHV MQM@ "2/ mM/ Mi B

TQi2MiB H /™ r# +F Bb i? i i?2 MmK#2™ Q7 “2i BM2/ 72 im"2
+'Qbb Bi2° iBQMb r?2M KmHIBTH2 ;;°2; iBQMb "2 +QM+ i2M |
i?72 /B 2+i2/ p2°bBQM Q7 **@ZJ_X h?Bb 2z2+i- HQM; rBi? TQ
KBiB; iBQM-Bb /Bb+mbb2/ 7mXK2° BM *? Ti2"

62 im 2 AKTQ'i M+2 M HvbBb

“T?6BM JQM2v "Q "QrBM; 6AQWRKQMbi  i2i?2 T  +iB+ H miBt
**@Z2J_ T2 Kmi iBQM 72 im 2(BKEQKBMAZTHB2/iQ B/2MiB7vi?2
BM~m2MiB H2K#2//BM; 72 im 2b 7Q  /2i2+iBM; 7 m/mH2Mi #27
/i b2iR(XX h?Bb /i b2i 2T 2b2Mib /B 2+i2/ ;> T37Q7 TT Qt
MQ/2b #Q "Qr2°b M/ +mbiGBMbQHMIBD NI AFHTB 2+i2/
2/:2b I2MQiBM: /2+H "2/ 2K2 ;2M+v +QMi +i "2H iBQMb?BThX
MQMVKBxXx2/ M/ T 2T Q+2bb2/ ii'B#mi2b "2H i2/iQ +mbiQK2"
"2 p BH #H2 7Q° bm#b2i Q7 #Q "Qr2°b-rBi? #Qmi RXjW B/2\

62 im 2 BKTQ'i M+2 Bb +QKTmi2/ #v }'bi i’ BMBM; +H bbB}
**@ZJ_ 2K#2//BM; 72 im 2b mbBM; i?2i° BMBM; bTHBi- M/ 2
+H bbB}+ iBQM b+Q 2 QM i?2 i2bi bTHBiX 6Q 2 +?2 72 im 2 +Q
* M/QKHvV T2 Kmi2/ M/ i?2 +H bbB}2  Bb "2@2p Hm i2/ QM i?2
BKTQ'i M+2 b+Q 2 Bb /2}M2/ bi?2/2+ 2 b2BM T2 7Q K M+2 ¢
b+Q 2X h?Bb T Q+2bb Bb "2T2 i2/ }p2 iBK2b T2 72 im 2iQ + T

h?2 ;" /IB2Mi #QQbiBM: +H bbB}2  Bb mb2/- b Bib tBb@ HB;
U*? TiPRRYK F2 Bi T "iB+mH "Hv bmBi #H2 7Q 72 im 2@H2p2H
}+ iBQM T2 7Q K M+2 Bb K2 bm 2/ mbBM; i?2 "2 mMi2 i?2 _P
*2X 8XdXk)iQ ++QmMi7Q i?2bi'QM; +H bb BK# H M+2X

6B:m3XK 2b2Mib i?2 T2 ' Kmi iBQM BKTQ'i M+2 b+Q 2b 7Q" i-
7Q°K iBp2 **@2ZJ_ 2K#2//BM; 72 im 2K-=@#K BiVb2[2@i? bbBM;
Bi2  iBQMbX 1 +? 72 im 2 Bb H #2H2/ QM i?2 v@ tBb mbBM; i?:

IBMBiB H 72 im 2=clbRTb=cl

r?2°2 @BM/B+ i2b M MQMVKBx2/ MQ/2 ii'B#mi2 BM/2tX "2+
K2 MBM;b Q7 i?2 ii'B#mi2b "2 MQi Tm#HB+Hv p BH #H2- BM/



RN3 *?2 Ti2° 3X ZJ_ 62 im 2 a2H2+iBQM 7Q° ** 62 im 2 AM
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Na27;1,B =
Na40;3;BFB <

Nal;0; &
In-Deg;3;FBF §
Na31l;3;BFB &
Na26;3;BFB ¢

Nal5;0; &

Naz28;0; &

000 001 002 003 004 (OO05
Permutation importance

6B;m 2 3K Kmi iBQM BKTQ'i M+2 b+Q 2b 7Q" i?2 ir2Hp2 KQbi BKTQ
2K#2//BM; 72 im 2b QM i?2 .:> T?6BM / i b2iX 1 +?IBMBiB2HBM & /22H2/
72 im 2=cIMmK#2 Q7 Bi2PRER| ## 2pB i2b 6MQ/2 ii'B#mi2Xo

Feature description

/2b+ BTiBp2 M K2bX h?2t@ tBb b?Qrb i?2 72 im 2 BKTQ i M+2
+ TimBM; i?2p 'B iBQM +'Qbbi?2 }p2 T2 'Kmi iBQMbX

bb?QrM BM i?2 };m 2-i?2irQ KQbi BM~m2MiB H 72 im 2b +
ii'B#mi2 Rjo M/ i?2 MQ/2 Qmi@/2; 22X q?BH2 i?2 b2K MiB+t
Rj6 "2 mMMFMQrM /m2 iQ MQMVKBx iBQM- i?2 ?B:? BKTQ i M-
:2bib i? i 7° m/mMH2Mi #Q "Qr2'b /Bz2> BM i?2 MmK#2' Q7 2K2°
/2+H “2X a2p2° HQ7i?2iQT 72 im'2bU> MFb9-e-3-N- M/RyV
# +Fr °/ ;;°2; iBQMT ii2 " Mb-BM/B+ iBM;i? i **@2ZJ_2z2+iBp2
TH2t- KmHIB@/B 2+iBQM H M2B;?#Qm ?2QQ/ BMi2" +iBQMbX

AKTQ'i MiHv- "2TH +BM; S* rBi? ZJ_@6a/Q2b MQi/2;" /22K
h #H2X2TQ ibi2bi@b2i I*b+Q 2b QM .:" T?6BM7Q  KmHiIiBTH2
** +92B2p2b M I* Q7 yX3yj- r?BH2 **@ZJ_ bHB;?iHv bm T b
h?2b2 "2bmHib "2 +QKT2iBiBp2 rBi? i?2iQT i?°22 KQ/2Hb QM i
H2 /12 #8r7B+? ~2 HbQ HBbi2/XBM i?2 i #H2X

ROIiTh,ff/;" T?2XtBMV2X+QKfH2 /2 #Q "Abi4+2b5B2BKyk8@yN@k8VX
KAKTH2K2Mi iBQMb p BH #H2 iRiiTlb, fd;RAAUN#X+QKfbiQ v M/TBM2f:1 _a ;2
CT?6®M 2 T? h Mb7Q K2IThbUf;Bi?m#X+QKfum M+?22M"2Bf:" T?h" Mb7Q
S T?26®M M/ aA:RiUTh,ff:Bi?m#X+QKfh>1.Jf+Q:/Hfi"22fK bi2 f2VKTH2bf/:" T?



IXjX **@z2J_ M/ 1K#2//IBM; 62 im 2 AKTQ'i M+2 MRINNBb

h #H2 3X9, T?6BM I* +H bbB}+ iBQM b+Q 2b QM i?2 T 2/2}M2/ i2bi
K “F2/ rBi? "2 i F2M 7 QK i?2 Q{+B H H)}2i2Q 2/if2b2 KQ/2Hb * MF
KQM; i?2iQT i?°22 b Q7 kyk8@yN@k8X LQi2 i? i H2 /2 #Q “/ KQ/2Hb
KQ/ HBiB2b Q  /Bz2 2Mi 2K#2//BM; /IBK2MbBQMb X

JQ/2H | *
LQ KQ/ZH - 0:724
** @aa: U_Qhlbdi| (0:784
S* S bbk@E 0:789
.BarBi+?@k 0:802
* * 0:803
*F@ZJ_ y:3y9
1 _a ;2 0:846
TT? h Mb7Q K2| 0:784
aA:L 0:782

JGQQ H/ h® Mb +iBQM L2irQbBKKBH 72 im 2 BKTQ i M+2 M H
+QM/m+i2/ QM PPBGqQ H/ / i b2ib-rBi? "2bmHib b3XYMBM 6B ;r
i?72 aK HH@>A M/ aK HH@GA p2'bBQMbX

hQBMi2 T 2ii?2 "2bmHib- "24XMH 77QKr*?/ KRDbb ;2@V bbBM;
+Q "2bTQM/b iQ T'QT ; iBQM HQM; i?2 /27 mHi 2/;2 /B 2+iBQ
MQ/2 ;;°2; i2bBM7Q K iBQM 7°QK Bib BM+QKBM/;2MZB2D#Qm " |
K2bb ;2@T bbBM; BM i?2 "2p2°'b2 /IB'2+iBQM- bQ i? i 2 +? MQ
7°QK i?2 M2B;?#Qm b Bi TQBMib iQX h?2 7Qm TQbbB#H2 irQ
BHHmbi™ i2/ B3W8&B;m 2

h?2 "2bmHib "2p2 H i?2 BM@/2;°22 iQ #2 T 'iB+mH "Hv BM
akKk HH@>A- MQ/26b QrM BM@/2;°22 " MFb b i?2i?B / KQbi Bk
Bi ° MFb b2+QM/ BM aK HH@GAX JQ 2Qp2AM@Q22ciRcid2ib B/2N
Bb-i?2BM@/2;°22 Q7 QM2@bi2T 7Q'r '/ M2B;?#4®b- b BHH]
i?72 KQbi BKTQ i Mi 72 im 2 Qp2°  HHX h?2 bB;MB}+ M+2 Q7 B
i?72 BMD2+i2/ bm#;" T? T ii2 "Mb mb2/iQ bBKmH i2 KQM2v H m)
JGgQ H/ /i b2ibX b b?QrM BM&BB; M2R2K GITH  mM/2 " BM; i2KTFH
2KTHQV +? * +iR2 \B@BBMW M@R@iB7b- K FBM; /2;°22@ 2H i2/ T
b HB2Mi /Bb+ " BKBM iQ bX

"2vQM//2;°22@%# b2/ 72 im 2b-i?2 JGgQ 'H// i b2ib HbQ T Q
MQ/2 ii'B#mi2bX 1 +? MQ/2 Bb bbQ+B i2/ rBi? Bib # MF {HB
ivT2 U2X;X-+Q°TQ  i2- BM/BpB/m H- Q" T "iM2'b?BTVX h?2 Q
H ;2 MmK#2° Q7 mMB[m2 # MFb Qp2 kd-yyy BM aK HH@GA K |
+Q/BM; BKT® +iB+ HX hQ 7 +BHBi i2 2K#2//BM; H2 "MBM; M/
"2 +QMbQHB/ i2/ BMiQ 8yy ;" QmTb #v "2KQpBM; MmK2 B+ B/2N
6Q 2t KTH2- 6:2°K Mv " MF 0j9806 #2+QK2b 6:2 XXKIVTb MFX6 h
MQ/2 ii'B#mi2 BM/B+2biQ i?2 +Q "2bTQM/BM; # MF M/ QrmM2"|
BM 6B ;3142



Kyy *2 Ti2° 3X ZJ_ 62 im'2 a2H2+iBQM 7Q" ** 62 im 2 AM

In-Deg;1;F ———————— In-Deg;1;F
Na38;2;BB ———m———— In-Deg;0;
_5 In-Deg;0; —E— _5 Out-Deg;2;FB
B Na386;2;FB —— B Na420;1;8
g Na501;0; &> g Out-Deg;1;F -
% Out-Deg;0; - % Out-Deg;0; —————
o Na48l;2;FB @ o Na501;0;
g o
2 Na270;2;BF @ 2 Na228;2;FB
S Nal132FB @ S Na502;2;FB ——==
L out-Deg;2;FB @ L out-Lec;l;B s
In-Deg;2;FB Na501;2;FB —=-
Na228;2;FB @ In-Lcc;0; €
0:00 0.01 0.02 0.03 0000 0005 0010 0015 0020
Permutation importance Permutation importance
U VJGgQ ' H/ aK HH@>A U#VJIGqQ H/ aK HH@GA

6B;m 2 3552 Kmi iBQM BKTQ i M+2 b+Q 2b 7Q  i?2 ir2Hp2 KQbi BKTQ
2K#2//BM; 72 im 2b QM i?2 JGQqQ H/ aK HH / i b2ibX 1 +? 72 im 2 H
7Q KIBMBIiB H MQ/2 72 im 2=cIMmK#2=QP? 2R TEMQi2b 6MQ/2 i@
i"B#mi2Xo

T 'iB+mH "Hv MQi #H2 72 imL2jBdkaK+IQH@bBbA@W/BM; iQ irQ
bi2T # +Fr "/ K2bb ;2@T bbBM; 77QK ++QmMiMFb@R*@HRAKM@ i?
#mbh?Bb bm;;2bibi? i bBKmH i2/ H mM/2"BM; +iBpBiB2b BM i?
+iBQMb "Qmi2/ i?"Qm;? i?Bb # NFec kxBKBMiBHXb MQ/2b i~ Mb
+iBM; rBi? i?2 b K2 "2+BTB2Mib b p "BQmb3XWkbBQMbB #H b L
BM/B+ iBM; bBKmH i2/ b M+iBQM@2p bBQM #2? pBQm X 6BM
L 9KkNcR@T 2b2MiBM; QM2@bi2T # +Fr ~/ +& MBI i BQWF QQ i?
G " KBRb 7QmM/iQ #2 ?B;?Hv T 2/B+iBp2 Q7 KQM2v H mM/2 BN
i72BM~m2M+2 Q7 bT2+B}+ bBKmH i2/H mM/2°'BM; + b2-r?B+
im 2BKTQ i M+2/m2iQ i?2/ i b2i6b 2ti’'2K2 +H bb BK# H M+2 |
"2 H #2H2/ b KQM2vH mM/2 ' BM;VX

amKK "vh?2 72 im 2 BKTQ'i M+2 M Hvb2b QM i?2 .:° T?6BM |
/i b2ib mM/2°b+Q 2 ?Qr **@ZJ_6b BKT Qp2/72 im2BMi2 T 2
i BH2/ BMbT2+iBQM Q7 2K#2//BM; +QKTQM2MibX g?BH2 i?2b.
+H bbB}+ iBQM 7Q° +QMp2MB2M+2- i?2 + T +Biv iQ i +2 2K#:
T'2i #H2 M2B;?#Qm ?2QQ/ bi'm+im 2b Bb T™QR +HwvH/ 2H2+ pBIQr ¢
+QMi2tib-r?2°2 KQ/2H i° MbT "2M+v M/ b2MED&EK FBM; "2 2b

3X9 *? Ti2  *QM+HmMbBQM

h?Bb +? Ti2" [//°2bb2/ i?2 +? HH2M;2 Q7 BKT ' QpBM; i?2 M H
BMi"Q/m+BEAJ_iB2 im 2 a2HPZIBQ@BaV K2i?Q/ MY@ZI _

2K#2//IBM; KQ/2H-r?B+? iQ;2i?2  T°Q/m+2 ?B;?@7 2[m2M+v Kr
/IBM;bi? i "2BMi2 T 2i #H2 BM i2'Kb Q7 MQ/2 ii'B#mi2b- b+ H.



3X9X *? Ti2  *QM+HmMbBQM kyR

U V66 u#v" u+g" u/v'e

6B;:m 2 3XAHHmbi® iBQM Q7 irQ@bi2T KmHIiB@/B 2+iBQM H K2bb ;2@
h?2 #Hm2 MQ/2 /2MQi2b i?2 [m2'v MQ/2- M/ i?2/ F ;2v MQ/2b HB2
/B 2+i2/ M2B;?#QUVDQQIK= 66 r?2°2 K2bb ;2b T°QT ; i2 HQM; 7Q"r
2/;2b- MVD?Qrb T°QT ; iBQMBM i?2 "2p2U\2 KRI+iBRMXIAMQT ; i2
7Q°r / M/ i?2M # +Fr /- M/ pB42p2'b BM

M2B;?#Qm ?2QQ/bX h?Bb 7Q K Q7 BMi2 T 2i #BHBiv Bb T “iB+m
K FBM; bi ;2 Q7 MQ/2 MQK HvV /2i2+iBQM KQ/2Hb-r?B+? +QMb
BMi> Mb +iBQM M2irQ'F M HvbBb i bFb bm+? b KQM2v H mM/

h?2 ZJ_@6a K2i?Q/ T°QpB/2b b+ H #H2 TT ' Q +?2 iQ mMbmT
H2+iBQM # b2/ QM _ MXFEKTQBBPBAOM +QK#BM2b Z_ /2+QKTQDb
rBi? : mbbB M 2HBKBM iBQM iQ B/2MiB7v TT QtBK i2Hv HBM?2
IMHBF2 +QMp2MiBQM H mMbmT2 pBb2/ 72 im 2 b2H2+iBQM K:
QTiBKBxXx iBQM Q  [m /" iB+@iBK2 bBKBH "Biv +QKTmi iBQMb-
rBi? i?2 MmK#2> Q7 MQ/2b- 2M #HBM:; Bib TTHB+ iBQM iQ H °;
BK2Mi H 2p Hm iBQM +QM} K2/ i? i i?Bb 2{+B2M+v /Q2b MQi -
[m HBiv- rBi? ZJ_@6a T2 7Q KBM; +QKT2iBiBp2Hv : BMbi bi i
r?BH2 #2BM; M Q /2 Q7 K ;MBim/2 7 bi2 X

"mMBH/BM; QM i?Bb 7QmM/ iBQM- ZJ_@6ar b BMi2; i2/ BMiQ
iQ7Q"™@2ZJ- 2TH +BM; S* +QKT 2bbBQM rBi? 72 im 2 b2H2+i
+ iBQM T 2b2 p2bi?2 BMi2 T 2i #BHBiv Q7 2K#2//BM; /IBK2MbB
iQ #2 2tT 2bb2/ 2tTHB+BiHVBMi2 Kb Q7 Bib Q"B;BM iBM; MQ/2
/2Ti?- M/ /B 2+iBQM H ;:;°2: iBQM T ii2 "MX *QMb2[m2MiHv-
#2//BM;b i? i "2K BM 7mHHvV M Hvb #H2 r?BH2 “2i BMBM; i?2
K M+2 /p Mi ;2b Q7 **X

h? ' Qm;?2 T2 ' Kmi iBQM@# b2/ 72 im2BKTQ'i M+#2 M HvbBb G
bBKmH i2/ JGqQ H/i> Mb +iBQM M2irQ F/ i b2ib-i?Bb +? Ti2"

h #H2 3XBTTBM; Q7 MQ/2 ii'B#mi2 +Q/2b iQ # MF M K2b M/ QrM2 b?

Lj3 L RRj L kk3 L kdy L j3e
" MF Q7 *QHmK#mb *2BM " MF 2K Mv*" MF CTM" MF _mb
L 9ky L 93R L 8yR L 8yk

a pBM;b" MF Q7 G ~ KB2 arBix2 'H M/" MF *Q'TQ iBQM AM/BpB/m




kyk *2 Ti2° 3X ZJ_ 62 im'2 a2H2+iBQM 7Q" ** 62 im 2 AM

**@ZJ_2M #H2b }M2@ ;" BM2/ BMi2 T 2i #BHBiv ii?2 72 im 2
“2p2 H2/i? ibT2+B}+ M2B:?2#Qm ?QQ/ bi'm+im 2b- bm+? b /B"
# MF@ bbQ+B i2/i° Mb +iBQM T i?r vb-+ vbi'QM; T 2/B+iBp.
7° m/mH2Mi Q° MQK HQmb #2? pBQm - i H2 bi rBi?BM i?2 bB
IM/BM:b BHHmMbi  i2 2Qr 2K#2//BM; BMi2 T 2i #BHBiv + M /B 2
"2 bQMBM; BM ?B;?@bi F2b /QK BMb bm+? b }M M+B H + BK2



*?2 Ti2 N

*QM+HmMbBQM- GBKBi iBQMb-
6mim 2 gQ F

NXR h?2bBb *QM+HmMbBQM

h?Bb i?2bBb ? b //°2bb2/i?2 T"TQ#H2K Q7 mMbmT2 pBb2/ MQ/:
i2°Qm;?i?2H2Mb Q7 M2irQ'F KQ/ HBiB2b M/ KQ/2HT QT2 iB2]
M2irQ"FbX aT2+B}+ HHv- Bi ? b T°'2b2Mi2/ b2i Q7 mMbmT2"
KQ/2Hb i? i "2 #Qi? M Hvb #H2 M/ b+ H #H2- + T #H2 Q7 KQ
r2HH b /B 2+i2/ M/ KmHiIiB@b+ H2 ;" T?2 bim+im '2X *QHH2+iB
i?72i?°22 2b2 "+? ZARRZIBIQ MEZ X QmiHBM2/ BMRX? Ti2"

*? Ti29 //°2bb2/ 2b2 "+? ZAWHBVBAIMKmMH iBM; #2i QM &ZH
'V ~Qr T'2/BFiR@M2K 7Q° H2 "MBM; MQ/2 2K#2//BM;b i? i+ Til
M/ #v BMi Q/m+Bid/ i?2B2Mi 6BIQ6BV KQ/2HX ::6 2ti2M/b i?2 M(
HviB+ HHv i® +i #H2 :° /B2Mi 6HQr 7° K2rQ'F ;"QmM/2/ BM >Q/
2tT 2bbBp2 KQ/2HHBM; Q7 2/;2 ~Qr T ii2"MbX AMT "iB+mH ~- |
p2'b H TT QtBK iQ> 7Q" 2/;2 ~Qrb mM/2" "2 bQM #H2 bbmKTi
i? i MQ/2 2K#2//IBM;b+ M#2 H2 "M2/iQ 2T 2b2Mi2/;2 ~QrbX A
i2°i +FH2/ i?2 +? HH2M;2 Q7 H2 "MBM; 7°'QK HQ; "'Bi?KB+ HH
p Hm2b bT MMBM; b2p2°" HQ /2°b Q7 K ;MBim/2 #v T'QTQbBM
i? i pQB/b Qp2 }iiBM; iQ H ;2 ~Qrp Hm2b M/ 2K BMb "2bBH
?B;? "2H iBp2 2 "Q°X

h?2 bm#b2[m2Mi +? Ti2 b /2p2HQT2/ M Hvb #H2 M/ b+ H #lI
BM+Q ' TQ  iBM; /B 2+iBQM H M/ KmHiB@b+ H2 ;> T? bi'm+im"
IBM;b-i?2 2#v //"2bbBM; 2bZXkRMZAXbhBQ™MBb 2M/- 8?2 Ti2"
T '2b2Mi2/2?2?2LTb K2rQ F-r?B+? 2KTHQvb ° M/QKr HF@# b2/
?2Q00Q/bKQQi?BM; }Hi2"biQH2 "M#Qi? T'QtBKBiv@ M/ K2bb ;2
IBM;b i? i+ Tim 2 +QKTH2K2Mi v MQiBQMb Q7 MQ/2 2[mBp H
*?2 Ti2éeBMi Q/mB2drBi+?0T2+B}+ BMbi MiB iBQM Q7 _2 +?L1b/
KBiB; i2 KQ/2HHBM; #B b + mb2/ #v HQ+ H bBMFb BM /B 2+i2
7°QK KmHiB@/B 2+iBQM HiQ mM/B 2+i2/ > M/QK r HFb 7i2°

Ky]



Ky9 *2 Ti2> NX *QM+HmMbBQM- GBKBi iBQMb- M

.B arBi+? "2i BMb HQ+ H /B '2+iBQM HBM7Q K iBQM r?BH2 2N
T°QT ; iBQMX h?Bb TT ' Q +?vB2H/b /B 2+i2/ T QtBKBiv 2K#2//
iBp2rBi? bi i2@Q7@i?2@ i K2i?Q/b- M/ BibbrBi+?BM; K2+? M
#°Q /2° TTHB+ iBOM #2vQM/ 2 +?L1b-7Q 2t KTH2BM b2H7@
M2irQ FbX

*?2 Ti2d BMi"Q/m#24 b+ H #H2 KQ/2H 7Q° ?B;?@7 2[m2M+v
K2bb ;2@T bbBM; 2K#2//BM;bX _ MF /2}+B2M+v BM +QKT ~ #|
12/ b F2v HBKBi iBQM i? i /2;" [2b 2K#2//BM; [m HBivX **
Bbbm2 i?2°"Qm;? K2bb ;2 ;;°2; iBQM- r?B+? T ' 2p2Mib "2/ mM/ M
M/ T°Q/m+2b +QKT +i- ?B;?2@[m HBiv 2K#2//BM;bX 1tT2 BK2
bi®i2/i? i ** +?B2p2bbi i2@Q7@i?2@ "iT2 7Q K M+2 r?BH2 |
b+ H #BHBivX h?2 +? Ti2 > 7m’i?2° +QKT "2/i?2irQ T'BM+BT H
2Hb /2p2HQT2/ BM i?Bb i?2bBb- ** M/ .B arBi+?X 1tT2 BK2M
JGgQ Hif Mb +iBQM M2irQ ' F /i b2i b?Qr2/ i? i #Qi? TT Q +?2
7°2[m2M+v KmHiB@b+ H2 /2bB;M Q7 ** M/ i?2 M2B;?2#Qm ?2Q (
.B*arBi+? "2 2z2+iBp2 BM B/2MiB7vBM; BHHB+Bi +iBpBiv- bt
rBi?BM i Mb +iBQM M2irQ FbX

6BM HHv- *32IM2 M+2/i?2 BMi2 T 2i #BHBiv Q7 ** #v "2TH +
# b2/ IBK2MbBQM HBiv "2/m+iBQM rBi? MQp2H- b+ H #H2- m|
iBQM K2i?Q/ iZJK@6Kah?2 "2bmHi@M) KQ/2H T ' Q/m+2b 2K#2/(
/IBM;br?Qb2 72 im2b "2 /B 2+iHVvBMi2 T 2i #H2 BM i2 ' Kb Q7 I
*2+iBQM HBiv- M/ +Q "2bTQM/BM; MQ/2 ii'B#mi2bX h?Bb 2M?
bB;MB}+ Mi TQi2MiB H7Q BKT QpBM; i?2i° MbT "2M+v M/ b2
/2i2+iBQM K2i?Q/b-r?B+? Bb 2bb2MiB H7Q +QKTHB M+2 # 2 +
M2irQ FbX

"“Q /2° AKTHB+ iBQMb

WQQKBM; Qmi-i?Bb i?2bBb +QMi B#mi2b KQ 2 # Q /Hv iQ i?2}
iBQM H2 "MBM: #v /2KQMbi' iBM; i? i KmHIBTH2 T +iB+ H /2Dl
/IBM: KQ/2Hb M/ /Bp2°b2 M2irQ ' F KQ/ HBiB2b + M #2 b iBb}2/
T°QTQb2/ KQ/2Hb "2 7mHHV mMbmT2 pBb2/- "2[mB BM; MQ "
i"mi? MQ/2 H #2HbX h?2v "2 HbQ K i?2K iB+ HHv M Hvb #H?2
MMBp2'b H~Qr TT QtBK iBQMi?2Q 2K 7Q  ::6-i?2 HQ+ HbBM|
i?72° MF@/2}+B2M+v M HvbBb Q7 **- M/i?2 TT QtBK i2 HBM
i #HBb?2/ i?2°Qm;? i?2 ZJ_/2+QKTQbBIiBQMX JQ 2Qp2 - i?2 ¢
rBi?Qmi +QKT QKBbBM: b+ H #BHBivX G “:2 M2irQ Fb 2 +QMt
2tT2 BK2Mi H 2p Hm iBQMb- b?Qr+ bBM; #Qi? i?2B" 2{+B2M+v

h F2M iQ;2i?2 - i?2b2 +QMi'B#miBQMb TQbBiBQM i?2 MQ/2
p2HQT2/ BM i?Bb i?2bBb rBi?BM /BbiBM+i MB+?2 #2ir22M i?:
72 im"2KQ/2Hb Q72 "HB2 2 b M/i?2KQ/2 "M-mHi~ @T ~ K2i2
i2+im 2b- b pBbm HBKX &M KB?BbB2KB//H2 ;°QmM/-i?2 KQ/2Hb
i?2bi'2M:i?b Q7 #Qi? T * /B;Kb #v +?B2pBM; 2tT 2bbBp2M2bb-
M/ b+ H #BHBiv- K FBM; i?2K r2HH bmBi2/ 7Q  7mim 2 BM/mbi



NXkX GBKBi iBQMb M/ 6mim 2 qQ F ky8

NXk GBKBi iBQMb M/ 6mim 2 qQ F

Hi?Qm;? i?Bb i?2bBb ? b K /2 bB;MB}+ Mi +QMi ' B#miBQMb iQ
T2 pBb2/ MQ/2 2K#2//IBM; H2 "MBM; 7Q " i° Mb +iBQM M2irQ Fb
+2°i BM HBKBi iBQMb- H2 pBM; KTH2 QTTQ imMBiB2b 7Q" 7nm
?B;?HB;?ib b2H2+iBQM Q7 i?2b2 /B 2+iBQMbX Ai} bi/Bb+mb
TQHHQr@mT bim/B2b "2H i2/ iQ i?2 KQ/2Hb T '2b2Mi2/ BM i?B
iQ MQ/2 2K#2//IBM; KQ/2HHBM; 7Q" /vM KB+ M2irQ Fb- KQ'2
p2Mm2X

GBKBi iBQMb M/ AKT Qp2K2Mib iQ 6HQr 1K#2//BM; G2

h?2 ::6 KQ/2H T 2b2Mi2/ BM b?KIQPBp i2/ #v i?2 ;Q H Q7 BKT Q
~Qr 2tT 2bbBpBiv +QKT "2/ rBi? i?2 :6 KQ/2HX >Qr2p2°-i?2 2tT
‘2p2 H2/i? i Qp2 }iiBM; #2+ K2 HBKBIiBM; 7 +iQ  7Q" ::6- T °
+'2 bBM; i?2 /IBK2MbBQM HBiv Q7 i?2 p2+iQ 'Bb2/ MQ/2 TQi2M
KQ/2H +?B2p2/ bm#bi MiB HHv HQr2 T 2/B+iBQM 2 "Q b QM i~
MQ BKT Qp2K2Mi QM i?2 i2bi b2iX
K DQ  +QMi'B#miQ  iQ i?Bb Qp2 }iiBM; Bb i?2 7Q ' KmH iBQI

BM ::6- r?B+? 2KTHQV H2 "M #H2 T ~> K2i2'b 7Q 2 +? M2irQ F
/2bB;M T QpB/2b ;"2 i ~2tB#BHBiv- Bi HbQ K F2b i?2 KQ/2H T C
MmK#2> Q7 7°22 T > K2i2°b+ M[mB+FHv 2t+22/i?2 MmK#2" Q7
r?2M i?2 /IBK2MbBQM HBiv Q7 i?2 TQi2MiB Hb BM+"2 b2bX

PM2 TQbbB#H2 “2K2/v Bb iQ "2TH +2 i?2 H2 "M #HI2; i2 2K/
2K#2//BM;®ZfPI™M*2 R @ J2MQi2 K i'Bt Q7 ;° T? 2K#2//BM;b 2B
T QtBKBiv@# b2/ Q> bi'm+im> H- 7Q" 2t KTH2 7°QK _2 +?L1b (
106 KQ/2H i F2i?27Q K

oy = zPrmigermd g7, UNXRV
h?Bb 7Q "KmH iBQM /® biB+ HHv "2/m+2b i?2 MmK#2" Q7 7 22
TmMM+iBOQM #2+QK2b T " K2i'B+K TTBM; 7°QK }t2/BMTmibiQ ;
i Mb7Q K iBQM Q7 BM/2T2M/2Mi T ~ K2i2'bX JQ 2Qp2 - Bi 2
#B bi? iMQ/2brBi? bBKBH "T ' QtBKBivQ bim+im> HT QT2 iB
. iBM; #2? pBQm' X b "2bmHi-i?Bb TT'Q +?2 ? bi?2 TQi2MiB |
r?BH2 T°2b2 ' pBM; i?2 M HviB+ Hi  +i #BHBiv Q7 i?2 ::6 KQ/2}
MQi?2  HBKBi iBQM Q7 i?2 +m "2Mi::6 7Q " KmH iBQMBbi? i
~QrQM M mM/B 2+i2/;" T?2bi'm+im 2X p Hm #H2 2ti2MbBQM r
i72Qmi;QBM; M/BM+QKBM; ~Qrb Q72 +? MQ/2b2T * i2HVX P\
iQBMi"Q/m+2 /BbiBM+i MQ/2 p2+iQ  TQi2MiB Hb 7DC®mi;QBM;
MEZBMX /B 2+i2/ p2 " bBQM Q7 ::6 +QmH/ i?2M #2 2tT 2bb2/ b

fag = z(Pimg ol ziem z(em, UNXKV



Kye *2 Ti2> NX *QM+HmMbBQM- GBKBi iBQMb- M

r?2°2i?2;° T?2 bi'm+im 2 2K#2//BM;b b2'p2 b BMTmib iQ i?2 ;
b+ B#2/ #Qp2X B2 MZPM2M #H2b i?2 KQ/2HiQ + Tim 2 bvKk
~Qr T ii2"Mb- T QpB/BM; M im ™ H 2ti2MbBQM Q7 ::6 iQ /B 2+iz

Hi2 M iBp2 _2 +?L1b _2/m+iBQM J2i?Q/b

*?2 Ti28 M Hvb2/irQ /Bz2 2Mi "2 +? #BHBiv "2/m+iBQM K2i?Q/
#2//IBM;b pB ao. M/ K2bb ;2@T bbBM; "2/ m+iBQM 7Q  bi'm+im’
2K#2//IBM;bX >Qr2p2°-i?2b2irQ TT Q +?2b "2MQi2t? mbiBp2
b+2M "BQb BM r?B+? Hi2 M iBp2 "2/m+iBQM K2i?Q/b K v T Qp.

_2/m+iBQM K2i?Q/b7Q " H2 "MBM;bi'm+im> H2K#2//BM;b “2T
7Q BKT Qp2K2MiX "2+ mb2i?2b2 K2i?Q/b Kmbi#2 T2 Kmi iBQI
MiQKQ T?B+ 2[mBp H2M+2- i?2v BM?2 2MiHv BMpQHp2 HQbb
iQ T'2b2 p2i?2 2tT ' 2bbBp2M2bb Q7 i?2 "2bmHIBM; 2K#2//BM;
Km+? bi'm+im> HBM7Q K iBQM b TQbbB#H2X

AMi?Bb i?2bBb- MQ/2/2;°22 M/ +Hmbi2 ' BM; +Q2{+B2Mibr2"
BMBiB H bi i2b 7Q" ;2M2" iBM; bi'm+im ™ H 2K#2//BM;b pB K2l
2pBi #HVvHQb2b BM7Q K iBQM- bi?2+?2QB+2 Q7 ;" T?@/2 Bp2/
"2b2Mi iBQMX AM +QMidpi--:S7Magpen- M/ .B:° T?q p2 US @
T2 6NQd2KTHQV i?2 1KTB B+ H*? ~ +i2 "' BbiB+ 6mMW¢+RBRQGM U1*6
reB+? TT2 "biQ #2 KQ 2 T'BM+BTH2/ +?QB+2- bBM+2 i?2 +
+ M #2 BM/2T2M/2MiHV +QMi"QHH2/X MQi?2° QTiBQM rQmH/
i?72 "2 +? #BHBiv K i Bt +QHmKMb ;RIbinppRAM2Db b 2K#2//BM;b X
T  +iB+2-?Qr2p2 - T'2HBKBM v 2tT2 ' BK2Mib b?Qr2/i? i K2bb
;. T?2@/2°Bp2/ 72 im™2b T2 7Q K2/ bm#bi MiB HHv #2ii2° BM ;
K "Fbi? M #Qi? i?2 1*6 Mp i22+REFBHBiv TT Q +?2bX IM/2 bi
i?72 "2 bQMb 7Q" i?Bb #2? pBQm" M/ B/2MiB7vBM; KQ 2 T'BM+
im> H 2/m+iBQM K2i?Q/bi?2°27Q'2 +QMbiBimi2 T QKBbBM; /

6Q T QtBKBiv 2K#2//BM;b-ao. +QmH/ #2 "2TH +2/ #v Qi?2 1
"B Mi/2+QKTQbBIiBQMbX PM2 BMi2Q ¥MAMR M i BlpQRblb B'#BB H B+ V(B IB x
iBQUWLJI6W¢)- r?B+? Bb TTHB+ #H2 #2+ mb2 HH p Hm2b BM i?2
"2 MQMM2; iBp2X LJ6M im® HHv /Bb+Qp2°b +Hmbi2°'b /m"BM
+QmH/ #2 H2p2® ;2/ 7Q° +QKKmMBIiv /2i2+iBQM Q~ M2irQ ' F T °
+? HH2M;2- ?2Qr2p2 - Bb ++QmMiBM; 7Q i?72 +QKTmi iBQM H
T QtBKBiv@# b2/ _2 +?L1b-7Q r?B+7? i?Blk9X2bBph2miR2/H2D®@ - ¢
2{+B2Mi M/ QMHBM2 p "B Mib Q7 LJ6 H 2 /v 2tBbi M/ +QmH/ ¢
"2b2 TkegkepX

S 'QtBKBiv J2bb ;2@S bbBM; 1K#2//BM;b

b/Bb+mbb2/BMB»d TR2BK2 +QKTH2tBivQ7 T QtBXMim+ 2 +?2L1b
n2p+ np?) - r?2°2 i?2 ikAK Q B;BM i2b 7 QK i?2 "2 +? #BHBiv K i E
i iBQM M/ i?2n32 KBb2b 7 QK i?2 bBM;H2@T bb ao. "2/m+iBQI



NXkX GBKBi iBQMb M/ 6mim 2 qQ F kyd

+QKTmi iBQM HHv 2tT2MbBp2 QT2 iBQMb- M/ i?2 b+ H #BHB
rOmH/ #2M2}i ;72 iHv B7 i?2v +QmH/ #2 pQB/2/X
"G .1 (e) U*? Tij2XW T°QpB/2b BMbTB" iBQM 7Q° M Hi2 M iB
BM r?B+? T'QtBKBiv 2K#2//BM;b "2 T ' Q/m+2/ pB K2bb ;2@T b
? b bm#bi MiB HHv HQr2  iBd QKmii2tBiBF QMHYV "2[mB 2b i?
T°QD2+iBQM Q7 i?2 "2 +R @OBHBIWE MBt2 ii B#MPR2RK GXBt
h?2 +Q°2 B/2 Bb iQ }'bi +QKTmi2 BM2tT2MbBp2 BMBIiB H T Q
mb2i?2b2 b MQ/2 ii'B#mi2b-i?2M ;2M2° i2 KQ 2 2tT 2bbBp2 K
i?2°Qm;? K2bb ;2@T bbBM; bKQQi?BM;- BX8b+ " B#2/ BM *? Ti2"
hQ T°'Q/m+2 i?2 BMBIiB H T QtRKBIi2 ZIQ¥XKBRMAaAD. QM i?2 /D
+2M+v K ABIQ" Bib MQ 'K HBb2/ p "B MibV TT2 b iQ #2 M 22z:
IMHBF2 i?2 "2 +? #BABBbD KvTrB+t-HHv p2'v bT "b2- K2 MBM; i? i
" M/QKBb2/ aep ¢ M #2 TTHB2/ 2{+B2MiHv rBi?Qmi "2bQ iBM;
b2imTb Ub22 8XaXih?Bb T Q+2/m 2 ? b i BI(AdHQHT-H dDIEMK @
BM; i?2/2bB 2/ BMBiB H 2K#2/dBMQKKBABMRHYBER M BR2bb ;2@T bb
i?72 Qp2° HH +QKTH2tBiv #2+QK2b

O (K +1)md+ Knd + nd? ;

r?B+? Bb bB;MB}+ MiHv KQ 2 2{+B2Mi 7Q  H “:2 ;> T?b i? M i?:
2 +?2L1b TT Q +?X

6m i?2° BMp2biB: iBQM Q7 i?Bb TT'Q +? Bbr > Mi2/- #Qi?
i #HBb? i? i Bi T°2b2 p2b bi'm+im> HMQ/2 2[mBp H2M+2- M/ 2
“2bmHIBM; 2K#2//BM; [m HBivX h?Bb rQmH/ #2 bmBi #H2 T QD
Q K bi2 6b bim/2Mi b22FBM; iQ ; BM 7 KBHB "Biv rBi? MQ/2 2K

.Bz2 ' 2M+2b "2ir22M SS M/ _2 +?L1Db

AM i?2 2tT2 ' BK2Mib BM8*B A&rBi H?@+QKT "2/ rBi? i?2 ° M/QK
rHF@# b2/ KQ/2¥ USS8 Tij2X¥¢X b /Bb+mbb2/i?2°2- BM i?2 HBK
}IMBi2Hv K Mv ° M/QK r HF M/ M2; iBp2 b KTH2b- SS +QMp2°;
KQ/2H rBi? ;2QK2i'B+r HF H2M;i? /IBbi'B#miBQM M/ i?2 /27
"2+iBOQM bT2=®BX2h?Bb 7TQHHQrb 7' QK i?2 /2°Bp iBQMb BM i?2
r?B+? "2 # b2/ QM "~ ZFodmadbiX#v (

>Qr2p2°- BM T +iB+ H }MBi2@b KTH2 b2iiBM;b- +H2 ~ [m }
#2ir22M _2 +?L1b M/ SS 2K#2//BM;bX h?Bb Bb mMbm T BbBWN
THB+Bi K i'Bt /2+QKTQbBIiBQM2H2R2\Vtb@Qi?HH +? #BHBIiv K
r?2°2 b i?2 MmK#2° Q7 ° M/IQK r HF M/ M2; iBp2 b KTH2b mbz
bK HH2  i? MrQmH/ #2 "2[mB '2/iQ 2T 2b2Mi HH T B'rBb2 MQ

AMi2 2biBM;Hv- SS2K#2//BM;bbQK2iBK2bQmiT2 7Q K i?2 4
2K#2//IBM;b- 7Q° 2t KTH2 BM MQ/2 +Hmbi2 'BM; i bFb QM +27i E
i?72°2 Bb MQ 2bi #HBb?2/ i?2Q 2iB+ H 2tTH M iBQM 7Q" r?v } M
T°Qp2 2K#2//BM; [m HBivX PM2 TH mbB#H2 ?vTQi?2bBb Bb i?
BMi'Q/m+2b 7Q K Q7 "2;mH "Bb iBQM- T 2p2MiBM; Qp2 }iiBN
2H2K2Mib Q7 i?2 "2 +? #BHBiv K i'BtX A7 i'm2- BMbB;?ib BM
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BM7Q K r vbiQ BM+Q ' TQ  i2 bBKBH ~"2:mH "Bb iBQM BMiQ
mb2/ BM _2 +?2L1b- TQi2MiB HHv 7m i?2  BKT QpBM; 2K#2//BM

_ MF .2}+B2M+v M/ J2bb ;2 ;;°2; iBQM 7Q  :LLb

*?2 Ti2d M Hvb2/ M/ [//"2bb2/ > MF /2}+B2M+v BM i?2 HBM2 "~ |
b2iiBM; X M im> H[m2biBQM Bb r?2i?2" i?2b2 }M/BM;b ;2M2"
K2bb ;2@T bbBM; "2;BK2 mb2/ BM ;> T? M2m™ H M2irQ Fb U:L
BMp2biB; iBQM Q7 i?Bb [mM2biBQM Bb T ' 2b2Mi2RBM AM2M/Bt
i?Bb bim/v- MQM@HBM2 "~ :LLp "B Mib Q7 S* S bb M/ **r2 2 B
i BM2/ mbBM; i?2 :° T?J 1pk b2H7@bmT2 pBb2ZXKWRODHB?ZMM+iE
bBM;mH “p Hm2b Q7 i?2 "2bmHiBM; 2K#2//BM;b M/ i?2B" ;- T
r2°2i?2M 2p Hm i2/ 7i2  y- ky- M/ kyy i BMBM; 2TQ+?bX

h?2 "2bmHibb?Qri? iBM+Q TQ  iBM; MQM@HBM2 ~ +iBp iB(
T bbBM; HH2pB i2bi?2 2tTHB+Bi~ MF/2}+B2M+v Q#b2 p2/ BM
S* S bb@:LL HbQ +?B2p2b ?B;?2 ;> T? HB;MK2Mi ++m’° +vi?
S bb KQ/2HX >Qr2p2°- ++m’ +v biBHH /2+°2 b2b b i?2 MmK#:
Bi2° iBQMb BM+'2 b2b M/-BMi2 '2biBM;Hv- HbQ b i?2 MmK#2
h?Bb/2;" /| iBQM TT2 "b+Q "2H i2/rBi? MBM+ 2 bBM; +QM/Bi
#2//IBM; K i'Bt i? iBb-i?2 " iBQ #2ir22M Bib H “;2bi M/ bK HH2
AM Qi?2  rQ /b- HiIi?Qm;? S* S bb@:LL MQ HQM;2 2t?B#Bib i?
i? i /2}M2b >~ MF /2}+B2M+v- Bib 2K#2//BM;b biBHH /BbTH v BH
r?B+? Bb MQi Q#b2 p2/iQ i?2 b K2 2ti2Mi BM **@:LLX

h?2b2 Q#b2°p iBQMb r °° Mi 7m’i?2° BMp2biB; iBQMX AM T
b?QmH/ 2tTHQ 2 r?2i?2  bBKBH " T ii2"Mb T2 bBbi + Qbb /Bz2
TmM+iBQMb M/ :LL “+?Bi2+im ' 2b- M/ mM/2 i F2 KQ 2 "'B;Q " (
vbBb iQ #2ii2° mM/2 bi M/ i?2 mM/2"HVBM; + mb2b Q7 i?Bb BHF

1ti2MbBQMb M/ AKT Qp2K2Mib iQ ZJ_@6a

ZJ_@6a 2HB2b QM "2H iBp2 2 Q"  iQHQ +N2i T H K222M-m K # 2
Q7 “2i BM2/ 72 im 2bX h?Bb Bb /p Mi ;:2Qmb BM M mMbmT2"
b2iiBM:- bBi T°QpB/2b M miQK iB+ K2+? MBbK 7Q" /2i2 ' KBM|
iQ F22TX >Qr2p2 -BM i?2 +QMi2ti Q7#2*@ZIMHi iQ imM2 bm+7? i
M TT QT B i2 MmK#2> Q7 72 im 2b "2 "2i BM2/ BM 2 +? K2bb
aT2+B}+ HHBW BZi iQQ HQr- i?2 2K#2//BM; /IBK2MbBQM HBiv K
r?2M K Mv M2 "Hv HBM2 “Hv BM/2T2M/2Mi 72 im 2b "2 T°Q/m
:°2; iIBQMX AM bm+? + b2b- 72 im 2 b2H2+iBQM K2i?2Q/i? i
Q7 72 im 2b K v #2 KQ 2 /2bB" #H2X

M Hi2 M iBp2iQi?22J_/2+QKTQbBIiBQM rQZ.i? 2@ /2 B
TQbBiBQM rBi? +QHthAKMSBHQIBMEXIXK)X h?Bb H:Q Bi?K BMi
T2 Kmi iBQM Q7 i?2 % QHmRND Qi?2 /B ;QM HR2M2 BQbi 27
BM /2b+2M/BM; Q' /2 X AM i?Bbrv- 72 im 2 T°'BQ Biv ' MFBN
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T2M/2M+2 Bb Q#i BM2/- HHQrBM; QMHV i?2 iQT@" MF2/ 72 im
Bi2  iBQMX

>Qr2p2 - rB/2Hv /QTi2/ Z_*S BKTH2K2Mi iBQMb /Q MQi miB|
QT2 iBQMb- M/ i?2B" +QKTmi iBQM iB K2hQ+2M i#22 MniT? 2Qb R yy@
I 1Z_12+QKTQbENBQWPBb Bb +QmMi2  iQi?2/2bB;M ;Q HQ7 ZJ
Kmbi 2K BM b+ H #H2 7Q° mb2 BM **@ZJ_X [k2)¢ ?H2Mi 7" |
2p2 - T'QKBb2b iQ +HQb2 i?Bb 2{+B2M+v ; T #v H2p2  ;:BM; - N
iQ ++2H2 i2 Z *S +QKTmi iBQMX h?2b2 2{+B2Mi bm# QmiBI
/2p2HQTK2Mi*@@ ZM*SKQ/2H i? i “2i BMb }t2/ MmK#2" Q7 T BC
HBM2 “Hv BM/2T2M/2Mi 72 im 2b i2 +? Bi2  iBQM BMbi2 / Q7
i2°2b?QH/X

6m i?22° "2M+?K "F 1p Hm iBQMb

b /2b+ B#2/ BM fXRNMVi2Bb i?72bBb ? b 7Q+mb2/ QM i?°22 /QrMb
7Q° #2M+?K "FBM; MQ/2 2K#2//BM; KQ/2Hb, MQ/2 +H bbB}+ |
M/ ;> T? HB;MK2MiX Hi?Qm;? i?2b2 i bFb "2 ?B;?Hv "2H2p |
MQ/2 2K#2//BM;b K2 Mb i? i K Mv Qi?2" /QrMbi*2 K TTHB+ iBQ
BM; #2M+?K "FBM; 2p Hm iBQMb + Qbb rB/2° " M;2 Q7 i bFb |
+QKT 2?2MbBp2 TB+im' 2 Q7 i?2 bi’2M;i?b M/ r2 FM2bb2b Q7
T "iB+mH "Hv "2H2p Mi i bFb 7Q° 7mim 2 2p Hm iBQM "2 MQ
T 2/B+iBQMX

LQ/2 MQK Hv/2i2+iBQM BKbiQB/2MiB7v MQ/2bi? i/2pB i2
b2 p2/ M2iIrQ'F T ii2°"MbX IbBM; MQ/2 2K#2//BM;b-i?Bb + M #2
bi M/ 7/ MQK Hv M/ QmiHB2 /2i2+iBQM H;Q Bi?Kb iQ i?2 2K#
b /Bbi M+2@#HB2RMbBiva#£)b2Q (i 22@#IRK2(?7Q/bX gq?BH2
T2 '7Q KBM; 2K#2//IBM;@# b2/ MQK Hv /2i2+iBQM Bb bi® B;?i7
BMi2 T 2iBM; i?2 "2bmHib Bb KQ 2 +? HH2M;BM;X hvTB+ HHv-
HB2b "2 Q7 BMi2 2bi 7Q" 2t KTH2- MQK HB2b bbQ+B i2/ rBi~
7" m/ Q° KQM2v H mM/2°BM; BM i Mb +iBQM M2irQ FbX >Qr2p
i BMK Mv Qi?2 ivT2b Q7 MQK HB2bi? i "2 HbQHBF2HViQ #2
b2Mb2@K FBM; M/ +QMi2tim H M)KKvABRDLT 2B B2B+MQK Hv /2
iBQM KQ/2Hb Kmbi #2 +QMiBMm HHv "2}M2/ iQ i “;2i bT2+B}+
BMi2 2bi- b /Bb+mbbl@KBM a2+iBQM

"2+ mb2 Q7 i?2b2 +? HH2M;2b- i?Bb i?2bBb 7Q+mb2/ QM KQ
iBQM i bFb bm+? b MQ/2 +H bbB}+ iBQM M/ ;" T? HB;MK2Mi
"2b2 "+? ?2 b T°QTQb2/ bi M/ "/IBx2/ b2imTh M/ #2M+?K "Fb 7Q
/2i2+iBIQIMR(NX M BKTQ i Mi +QMiBMm iBQM Q7 i?BbrQ F Bb iQ
_2 +?L1b- .B arBi+?- M/ ** 2K#2//IBM;b T2’ 7Q°"K mM/2" i?2b2 ¢

IMHBF2 MQK Hv /2i2+iBQM- HBMF T 2/B+iBQM Bb bi M/~
T QtBKBiv@# b2/ MQ/2 2K#XRHIBMI- RQNXHb?2(2 ;Q H Bb iQ T 2/B+
KBbbBM; 2/;2b BM M2irQ F 2Bi?2  mMQ#b2 p2/ 2tBbiBM; 2/; 21
T2 "BMi?27mim 2X h?Bbi bFmM/2°"TBMbK Mv T  +iB+ H TTHI
"2+QKK2M/ iBQMb BM 2@+QKK2 +2 M2irQ"Fb M/ 7°'B2M/ Q" 7Q
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6B;m 2 NXRh+ 2i2@iBK2 2T 2b2Mi iBQM Q7 /vM KBNiM2iTQ2@X PM i
b2Mib i?2 bi iB+ M2irQ F +QMi BMBM: HH 2/:2b :;2: i2/ Q@2 i?2 2Mil
QM i?2 "B;?i +Q "2bTQM/b iQ i2KTQ  HbHB+2 +QMi BMBM; QMHV i?:
BMi2 ' p HX 6°QK 2 +? bHB+2- MQ/Z2K#R/#BN#K BMB2Z/ mbBM; i?2 KQ/2
T°QTQb2/ BM i?Bb i?2bBbX h?2 “2bmHiBMfZgLm2M* 272Q ¥ 24# W/B/M ; b
7Q° KQ/2HHBM; i?2 i2KTQ H /VvM KB+bX

HBM2 bQ+B H M2irQ FbX Hi?Qm;? HBMF T 2/B+iBQM Bb H2b
M2irQ " Fb- M 2z2+iBp2 KQ/2H +QmH/ TQi2MiB HHv BM72" i* ML
QmibB/2 # MFOb +mbiQK2™ # b2X

IM7Q imM i2Hv- HBMF T 2/B+iBQM #2M+?K "FBM; bmz2 b 7°
i?72H +F Q7 bi M/ "/Bb2/ 2p HnkdBQM T2M+BK2bFBM; "2bmHib Q
7 BHIiQ '2~2+i "2 H@rQ H/ T 2/B+iBp2 T2'7Q'K M+2X 6Q" BM
ivTB+ HHv 7Q KmH i2/ b #BM v +H bbB}+ iBQMi bF-rBi? TQ
b KTH2b /> rM 7°'QK i?2 Q#b2 p2/ M2irQ ' FX >Qr2p2°- M2; iBp2
b KTH2/ mMmMB7Q KHv i M/QK-K FBM; i?2i bFmM 2 HBbiB+ H
2tBbi2Mi 2/;2b "2 2ti'2K2Hv mMHBF2HvVX

"2+ mb2 Q7 i?2b2 HBKBi iBQMb- M/ i?2 #b2M+2 Q7 r2HH@ 21
i?72 +QMi2tiQ7i° Mb +iBQM M2irQ ' Fb-HBMF T 2/B+iBQM #2M+"
BMi?Bb i?2bBbX L2p2 i?2H2bb-HBMF T 2/B+iBQM 2K BMb p
22T QTQb2/ MQ/2 2K#2//BM; KQ/2Hb T "iB+mH "Hvi?2 T QtBK
KQ/2Hb M/ 'B;Q°Qmb 2p Hm iBQM 2tT2 ' BK2Mib b?QmH/ #2 +Q

VM KB+ L2irQ Fb

h?Bb i?2bBb ? b7Q+mb2/ QM MQ/2 2KBR iEHi;rQOQF A HBIPMt Z/Q "
;0 T?2 bim+im 2 M/ MQ/2 ii'B#mi2bX AM "2 HBiv- ?2Qr2p2 - i
"2/lvM KB+HH i?2B° T°QT2'iB2b 2pQHp2 Qp2  iBK2X h?Bb M in
;7 T? bi'm+im 2- b 2/;2bBM i Mb +iBQM M2irQ'F "Bb2 7 QK
BM/BpB/m Hi" Mb #jijBFQN 2g2Mibb /Bb+mbb2/ BMXRLTI22b
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HbQ TT2 ° M//Bb TT2 ° b ++QmMib "2+°2 i2/Q  +HQb2/- M/
bm+? b ++QmMi@?QH/2° ;2 Q" MMm HBM+QK2 +? M;2 Qp2° i

+QKT 2?2MbBp2 KQ/2HHBM; Q7 i Mb +iBQM M2irQ Fb Kmb
i?72b2 i2KTQ" H/vM KB+bX AM7Q K iBQM bm+? b i> Mb +iBQN
b2 bQM HBiv- M/ iBK2 Q7 /v Bb + m+B H 7Q i bFb HBF2 7" n
/2i2+iBQMX Ai Bb i?mb M im> HiQ +QMbB/2 > ?2Qr i2KTQ" H KQ
Ti2/ BMiQ i?72 mMbmT2 pBb2/- M Hvb #H2- M/ b+ H #H2 MQ/?2
/2p2HQT2/ BM i?Bb i?2bBbX

M im> Hbi "iBM; TAHBVIBBIh @ MBIMQQ+?X iBK2 rBM/Qr Q7 bBx?
Bbmb2/iQT Q/m+2 b2[m2Npx2: Q7 M2i2Q2 RN+?;;°2; i2b HH
2p2Mib Q++m "BM; rBi?BMWi?2X8BM?BIp7H) " Kb /Bb+ 2i2@iBK2 /v
M2irQ 'F "2T °2b2Mi iBQM-r?B+? ? b #22M rB/2H¥kdKHEX M/ bin

h?2 /Bb+ 2i2@iBK2b2imT2M #H2b /B 2+imb2 Q7 bi iB+ MQ/2
b _2 +?2L1b Q" **-r?B+? + M #2 TTHB2/iQ 2 +? iBK2 bHB+2 iC
Q7 MQ/2 2K#2//IBMZK:i;B+2bb BHHmMbi" i2/ BMKRGEB pBN; Q#@
i BM2/ i?2b2 p2+iQ" 2T 2b2Mi iBQMb i? i + Tim 2 KmHiB@bi2
BMi2® +iBQMb- bi M/ "/ b2[m2M+2@KQ/2HHBM; i2+?MB[m2b +
i?72 i2KTQ " H/vVM KB+bX 6Q" 2t KTH2- M miQ 2; 2bbBp2 KQ/:
T'2/B+ii?2 M2ti iBK2 bi2T,

Z\t=f(Zt 1,000 21); UNX;jV

r?2 2, Bb i?2 KQ/2H6b T Z{B+MEFQMVQ#H2 Mv r2HH@2bi #HBb?2
[M2M+2 KQ/2H-bm+? b JK) @b7Q@KB "2Mi M2m RE)M2irQ " F (
h?Bb TT ' Q +? Bb TT2 HBM; 7Q Bib ~2tB#BHBiv M/ KQ/2HF
Bi Bb ;MQbiB+ iQ i?2 bT2+B}+ bi iB+ 2K#2//BM; KQ/2H mb2/-
;7 12 KmHIBTH2 M2irQ'F KQ/ HBiB2b- bm+? b 2/;2 ~Qr M/ 2/;2
/IvM KB+b KQRHQ HHQrb 7Q° /Bp2 b2 +QM};m” iBQMbX 6Q" 2t
/2°Bp2/ 7°QK i?22MiB 2 ?BbiQZB+ ®ImH/ 2MB@@M7?Q2mb bQH2HvV
QM KQ/2HHBM; i2KTQ™ H+? M;2b-r?BH2BM+HmMIMBMQnPAbi iB+
+ Tim2HQ+ Hi2KTQ  HaRX end iBOKO®QF2nH/ BM+Q TQ  i2 b2i
T K2i2'Bb2/i2KTQ  HMQ/2MR{K2/PBM2b" M2/ DQBMiHvV rBi? Qi
KQ/2H T ~ K2i2 b-iQ 2T '2b2Mi i2KTQ  H/vM KB+b 2tTHB+BiH
MQi #H2 /" r# +F Q7 i?2 /Bb+ ' 2i2@iBK2 TT ' Q +?-?Qr2p2 -
i?72 rBM/Qr EXxBRB7 Bb iQQ bK HH-2 +? NN2QIKQV FOMBBM iQQ 72r
2/;2b 7Q " i?2 bi iB+ 2K#2//BM; KQ/2Hb iQ + Tim 2 KmHiB@bi2
Qp2 - i?72 +?2QB222Q@VBp2Hv /2i2 " KBM2b i?2 iBK2b+ H2 Q7 /vM
+ Tim 2/X h?Bb TQb2b +? HH2M;2 7Q i Mb +iBQM M2irQ F
+m° + Qbb KmHIBTH2 i2KTQ™ Hb+ H2b 7°'QK b2+QM/b M/ ?2Qm
*QMb2[m2MiHv- /IBb+ 2i2@iBK2 TT ' Q +?2b "2 HBF2HviQ "2[m
2zQ7i M/ +QKTH2K2Mi v ?2m BbiB+b iQ + Tim 2i?2 7TmHH ~ M;
M Hi2 "M iBp2+BIMiBM M QMI@2BXMi i B)XMAM i?Bb T ~ /B;K-
BM/BpB/m H 2p2Mib M/ i?2B" iBK2bi KTb 2 /B 2+iHv BMi2;"
2K#2/IBM; T°Q+2bb-"i?2 i? M#2BM; ;; 2; i2/ BMiQ iBK2 bHB-
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i?Bb /B 2+iBQM ? b 7Q+mb2/ QM /v M KRN BKF TT 23 B BitBBOW (
7mim 2 /B 2+iBQM Bb iQ 2tTHQ 2 r?2i?2  i?2b2 KQ/2Hb + M #2
pBb2/ MQ/2 2K#2//BM; H2 "MBM: 7Q  #°Q /2  /QrMbi 2 K i bFbX

6BM HHv- M BMi2 2biBM; 2ti2MbBQM Q7 _2 +DI1iBQE@nH/
i2KTQ  H > M/QKko#EbBKk3yk3RX AM i?Bb b2imT- /Bb+ 2i2@iBK2
+QmH/ : BM #2 [QTi2/- r?2°2 2 +? i2Kg@ BbH2T Db DMIR+ 2V
*M/QK r HF@MQ 'K HBb2/ /D ¥2M+K @LIiBT i 'mM+ i2/ i2KTQ" |
2 +? #BHBiv K i'Bt +QmH/i?2M #2 /2}M2/ b

X
) X A

RY(G tS; )= S(0)l,+ Sik)y  AC Y UNX9V
k=1 1=1

h?Bb 7Q KmH iBQM T 2b2 p2b i?2 > M/QK r HF 7QmM/ iBQM Q7
TQ iBM; i2KTQ> HBM7Q K iBQM- b 2 +? bi2T QT2  i2b BM #Q
bT +2X >2°2QMi ' QHb i?2 "2H iBQMDb?BT #2ir22M bT iB H M/ i2
r?BH2 i?2 r HF H2M;i? /BbMB#BniBQBIQM bT2+MBIM i?2B" "QH2b
7°QKi?2bi iB+ _2 +?2L1b 7Q KmH iBQMX am+? M TT Q +? +Qn
2°v Q7 bT iBQ@i2KTQ  H +QKKmMBiB2b i?°Qm;? T ' QtBKBiv@ 2
2M #H2 K2bb ;2@T bbBM; 2K#2//BM;b iQ /Bz2 2MiB i2 #2ir22M

>Qr2p2 - i?Bb 2ti2MbBQM rQmH/ HbQ BMi2RTR+HiBBMB M-
MQ/2WQ/2b i? i BM7 2[m2MiHV T2 7Q K Q" "2+2Bp2i  Mb +iBQN
iBHDOBMF MQ/2b M HviE2bBIM?>*?P2KRQ" H bBMFb K v BM/m+2 K
#B b i? ir " Mib 7m i?2 BMp2biB; iBQM- QT2MBM; mT T QKB
“2b2 +2X

NXj hQr /b _2 H@qQ H/ TTHB+ iBQMb Q7 LQ/2 1K;
BM h Mb +iBQM L2irQ Fb

hQ +QM+HmM/2 i?Bb i?2bBb- i?Bb b2+iBQM /Bb+mbb2b i?2 TQi2
#2//BM; KQ/2Hb BM "2 H@rQ H/ # MFBM; 2MpB QMK2Mib- bT2
Q7 BHHB+Bi +iBpBivBM i Mb +iBQM /i X

6B:mNXpgBbm HBb2b i?2 2MpBbBQM2/ b2imTX gqBi?BM # M
"2 biQ 2/ BM M 2/;2@i #H2 7QOKRI MP222 M2HHQ F@H2p2H T QT
"2 MQi /B 2+iHv ++2bbB#H2X h?2 BMbiBimiBQM ivIB+ HHv B
Q7 /i b+B2MiBbib M/ QM2 Q7 +QKTHB M+2 Q{+2'b "2bTQMbE
“2TQiBM: bmbTB+BQmb +iBpBivX h?2b2 "2TQib "2 i?2M T |
Hr@2M7Q +2K2Mi ;2M+B2b 7Q  7m’i?2  BMp2biB; iBQM M/ T

aQK2 T Q+2bb2b BHHmbi  i2/ BM i?2 };m 2 2 7 bi- r?2BH2
bHQr M BKTQ'i Mi /BbiBM+iBQM 7Q " mM/2 bi M/BM; i?2 /p Mi
/IBM; KQ/2HbX 6Q° BMbi M+2- +QKTHB M+2 Q{+2'b + M T2'7Q"
#mibm+?2 rQ ' FBb iBK2@+QMbmKBM:; M/ HBKBi2/iQ bK HH 7"
i Mb +iBQMbX GBF2rBb2- i?2 "2TQ iBM; HQQT rBi? H r@2M7
i72 "2+2TiBQM Q7 p2'B}2/ 722/# +F QT2 i2b Qp2  r22Fb- KQM;



NXjX hQr /b 2 H@qQ H/ TTHB+ iBQMb Q7 LQ/2 1K#2//BM:b E
L2irQ Fb KRj

6B;m 2 NAKHmMbi® iBQM Q7 TQbbB#H2 # MFBM; rQ ' F~Qr mbBM; MQ/
. i b+B2MiBbib +2 i2 M/ K BMi BM /i # b2 Q7 MQ/2 2K#2//BM;b rBi
T QT2'iB2b- 2ti° +i2/ 7°QK i Mb +iBQMb / i # b2X h?2b2 2K#2//BN\
+ Qbb KmHiBTH2 TTHB+ iBQMb-bm+? b MQ/2 +H bbB}+ iBQM- MQ/2
i2+iBQMX "2+ mb2 KQ/2Hb + M #2 i’ BM2/ M/ /2THQvV2/ /B 2+iHv QM |
QTK2Mi M/ Bi2  iBQM "2 2{+B2MiX 6Q BMbi M+2- +QKTHB M+2 Q{+2
2tT2iBb2 7Q° K Mm H BMp2biB; iBQMb + M #2 T QpB/2/ rBi? HBbib
iQ T'BQ BiBb2X h?2B 722/# +F Bb mb2/iQ "2}M2 MQK Hv /2i2+iBQ
iBK2b+ H2b- TQHB+2 M/ :Qp2 MK2Mi ;2M+B2b +QMi B#mi2 //BiBQM
r?B+? "2TQ i2/ ++QmMibr2 2 BMpQHp2/ BM BHH2; H +iBpBiB2bX

h?2 +2Mi° H B/2 Q7 i?2 b2INXBBM?8B-m PBQM M/ K BMi2M
Q7MQ/2 2K#2/IBM; { K#Mb;2/ #v i?2 /i b+B2M+2 i2 KX h?Bb /i
Kv+QKT ' Bb2 +QHH2+iBQM Q7 +QKTH2K2Mi v 2K#2//BM; KQ
M/ bi'm+im> H2K#2//BM;b iQ 2T 2b2Mi ;> T? bim+im 2- ~Qr 2
i2ZMiB HHv /vM KB+ M2irQ F 2K#2//BM;bX Hi?7Qm;? ;2M2" iBN
2K#2//BM; /i # b2+ Mi F2?2Qm b Q" / vb-/2T2M/BM; QM M2irQ
+QKTH2tBiv- QM+2 +°2 i2/ i?2 2K#2//BM;b #2+QK2 ?B;?Hv " 2r
i bFb bm+? b MQ/2 +H bbB}+ iBQM M/ MQ/2 +Hmbi2 ' BM; + M |
THQv2/ rBi?BM b2+QM/b Q° KBMmi2b- 7 +BHBi iBM; Bi2  iBp2
“2IM2K2MiX

h?Bb 7° K2rQ'F HbQ 2M #H2b 2{+B2Mi M/ |/ TiBp2 MQK Hv
+mbb2/ BM aR4iBI@WK Hv /2i2+iBQM KQ/2Hb Q7i2M T Q/m+2 7 F
bQK2 /2i2+i2/ QmiHB2 b K v MQi +Q "2bTQM/ iQ BHHB+Bi +iB
i?72 MQK Hv /2i2+iBQM }Hi2 b Bb i?2°27Q°2 2bb2MiB HX h?2 M
7 +BHBi i2b i?Bb 722/# +F HQQT, i?2 /i b+B2M+2 i2 K+ M ;2



kRO *2 Ti2> NX *QM+HmMbBQM- GBKBi iBQMb- M

bmbTB+BQmb ++QmMib 7Q" i?2 +QKTHB M+2 i2 KiQ "2pB2r K
BM; 722/# +F + M #2 mb2/iQ BKT Qp2 KQ/2H ++m~ +vX h?Bb
i?72 +QKTHB M+2 Q{+2 bd BMp2biB; iBp2 2zQ'ib M/ T°Q; 2bbB
T2'7Q'K M+2X Pp2°  HQM;2 T2 'BQ/b- M2r MQ/2 2K#2//BM; KQ
T2/ iQ + Tim™ 2 /Bz2 2Mi 7Q°'Kb Q7 MQK HQmb #2? pBQm - |
77QKHr@2M7Q +2K2Mi ;2M+B2b i?2 mHIBK i2 bQm ™ +2 Q7 ; (
QM +QM}°K2/}M M+B H + BK2bX

h?2 b+2M "BQ T '2b2Mi2/ ?2°2 Bb QM2 Q7 b2p2° H TQbbB#H
Q7 MQ/2 2K#2//BM; KQ/2Hb- #mi Bi HB;Mb +HQb2Hv rBi? i?2
BM i?Bb i?2bBbX hf?RI K72 MbBEBm22 K F2b i?2K ;2M2° H@Tm TQ
| Ti #H2 +°Qbb p "BQmb /QrMbi*2 K i bFb- BM+Hm/BM; MQK
M Hvb #BHBTW ib BMi2 T 2i #BHBiv- b2Mb2@K FBM;- M/ BM7(
Im"BM; KQ/2H /2p2HQTK2Milx+6HB M BHNHIRG i 2BB? | 2K#2//BM;b +
#2 2{+B2MiHvV "2+QKTmi2/ 7' QK H ";2@b+ H2 i  Mb +iBQM / i 1
i?Bb b2Mb2-i?2 KQ/2Hb T QTQb2/ BMi?Bb i?2bBb "2 "2 /v7Q"
M/ i?2 T°'QbT2+i Q7 i?2B° /QTiBQM BM "2 H@rQ H/ }M M+B H
bi2T iQr /b KQ '2i> MbT "2Mi M/ 2z2+iBp2 /2i2+iBQM Q7 BHHB
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(R) .XSXEBM;K M/CX" -6/ K, J2i?Q/7Q aiQ+? biB+ PTil
A*G_ 6R& R8X

(k) AX GQb?+?BHQp M/ 6X >mii2 - 60.2+QmTH2/ r2B;?i /2+ \
A*G- kyRNX

(j) aX CX _2//B- aX E H2- M/ aX EmK - 6PM i?2 *QMp2 ;2M
"2vQM/- & BMM &R3R3X

(9) *Xw?Qm-uX GBm-sX GBm-wX GBm- M/ CX: Q-06a+ H #H
bvKK2i'B+ STQtBKBiwWR@pQHX jR- MQX R- kyRdX

(8) aX h? FQQ - *X h HH2+- JX :X x - JX x #Qm- 1X GX .\
SX 02HBIFQpPBE- M/JX o0 HFQ-6G “;2@a+ H2 2T 2b2Mi iB
pB "QQibi® TTBWG 668Ky k k X

(e) aX oB'BM+?B M/ X a H /B- 6"G .1, "B b2/ L2B;?#Q ?2QQ/
S T?2L2m> HL2irQ'F7Q" .B 2+i2/a. ) BRp-DTBMIK 8y- kykjX

(d) >Xw? M;-2ZXgm-CX u M- .XgqBT7- M/ aX uX S?BHBT- 66"
"2H iBQM M HvbBb iQ a2H7@bmT2 pBb2/ L2M?A3mékiRL2ir
kykRX

(3) Xum M-JX uQm- .X >2- M/ sX GB- 6*QMp2t MQM@M2; iB
iBQM rBi? [/ TiBp2 ;" T? 7Q  mMbmT2 pBA2LTiMIR b@H2+
iBQMb QM *v#2p@BMB&b- MQX e- TTX 88kk 88j9- kykkX

(N) aX w?m- CX GB- >X S2M;- aX g M;- M/ GX >2- 6 /p2'b "B
1K#2//IBM;-8 0KRpQHX j8- MQX 8- TTX 9d9R 9d93- kykRX

(Ry) aXEmK “-6XaT2xx MQ-oXaXam# ?K MB M- M/*X 6 HQ
S'2/B+iBQM BM g2B;?i2/ aB;MAFLIBRQT FX-KKRMKjy- kyRe X

(RR) SX 02HBIFQpPBE- :X *m+m mHH- X * b MQp - X _QK2'Q
'BQ-06:" T? ii2MiBQM L2NRQIFMOIiBQIM H *QM722M+2 QM ¢
2T 2b2Mi-iBDMWb_2pB2r- kyR3X

kR8



kRe 272°2M+2b

(Rk) hXLXEBT7 M/JX q2HHBM;- 6a2KB@bmT2 pBb2/*H bbB’
pPQHMIBQM H L2IAOGEBRIBMM _2pB2r- kKyRdX

(Rj) gX > KBHIiQM- wX uBM;- M/ CX G2bFQp2+- 6AM/m+iBp2 _
QM G ;2 " T?h2mBNMSapRHX jy- kyRdX

(R9) IJX Pm- SX *mB- CX S2B- wX w? M;- M/ gX w?m- 6 bvKK
S'2b2'pBM; :7 T? 1K#2HEBM;R&éBMRRY8 RRR9- kyReX

(R8) .X "i?m° M/ aX o bbBHpBibFBB- 6E@K2 MbYY, h?2 /p M
BM;-6aPM 6ydTX Rykd Ryj8- kyydX

(Re) sX >2- . X *B- M/ SX LBvQ;B- 6G TH +B M b+Q 2 7Q" 7
LASasyBX 8yd 8R9- JAh S 2bb- kyy8X

(Rd) wX GB-uXu M;-CXGBm-sXw?Qm- M/ >X Gm- 6IMbmT2"
MbBM; MQMM2; iBp2 bT2+i" N0 RKHX RB/ked BWk- A S 2bb-
ky Rk X

(R3) JX E?QbH - CX G2QM? “/i- qX L2D/H- M/ X M M/- 6LQ/
G2 "MBM; 7Q" .B 2+i2/1*JTB®H. BMRNTX jN8 9RR- kykyX

(RN) X :°Qp2° M/ CX G2bFQp2+- 6MQ/2kp2+, a+ H #H2 62 in
rQ Fb-&EBMReTTX 388 3e9- kyReX

(ky) EX SX JmI' F?2BM2 G2 "MBM;, S 'Q# #BH8WiAK B2WH-2+iB
kyRkX

(kR) EX a /QrbFB-JXax 'K +?- M/ 1XJ iiB - 6.BK2MbBQM HBI
J2bb ;2 S bbBM; 7Q" :° T? LQ/2 1K#2//BM;b-8 kykkX

(kk) 686X gm- XaQmx - hXw? M;-*X6B7iv- hXum- M/ EX q2BM#
> T?2 *QMPQHMIBQM H LA} G oRANOXBeMBe R e3dR- ky RN X

(kj) wXw? Q M/ >X GBm- 6aT2+i" H72 im 2 b2H2+iBQM 7Q" &
pBb2/ H2 "MBMIGHBHIX RR8R RR8d- *J- kyydX

(k9) gX um- uX :m- CX GB- aX GBm- M/ uX GB- 6aBM;H2@ S ¢t
.BK2MbBQM H AIC*6M&Rd X jj8y jj8e- kyRdX

(k8) uX u M;- >X hX a?2M- wX J - wX >m M; @ WQ KX & 2@k - @
Bx2/ /Bb+ BKBM iBp2 72 im 2 b2H2+iBQM 7@ Crh MBRR2 pB I
TX R83N R8N9- A S 2bb- kyRRX

(ke) aX aQHQ BQ@62 MEM/2x-CX 6XJ “iQM2x@h BMB/ /- M/
M2r mMbmT2 pBb2/ bT2+i° H72 im 2 b2H2+iBQM K2i?Q/ 7¢
TT'Q +8-02°M _2+Q-MERIBRMk- TTX jR9 jke- kyRdX
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(kd) hX a BM#m ;- GX J*+AMM2b- M/ hX ZX :2MiM2 - 6S  K2i
/IBM;b 7Q° _2T 2b2Mi iBQM M/ a2KBHa™2 pBIQN THRi iBBM:;-
POQHX jj- MQX RR- TTX k33R kNyd- kykRX

(k3) uX "2M;BQ- X *Qm pBHH2- M/ SX 0BM+2Mi- 6_2T 2b2Mi
M/ M2r T2 bT2#ABP2M-6Mb +iBQMb QM S ii2°M M HvbBb M
AMi2HHBgQMX2j8- MQX 3- TX RdN3 R3k3- kyRjX

(kN) uX G2*mM- uX "2M;BQ- M/ :X >BMiQAMim62pDHK BRRBM;
TTX 9je 999-J v kyR8X

(jy) XE'Bx?2pbFv- AX amibF2p2°- M/:X1X>BMiQM- 6AK ;2L
22T *QMpQHMIBQM HL2m IR ARaFRREHRBME- *m™ " M b@
bQ+B i2b- kyRkX

(jJR) hX *?22M- aX EQ M#HBi?- JX LQ ' QmxB- M/ :X >BMiQM- 06
7Q *QMi® biBp2 G2 "MBM; Q7 oBbm A*I2F6RG2AGiI XBQMb-6 |
kykyX

(jk) X o br MB- LX a? x22 - LX S 'K - CX IbxFQ 2Bi- GX CQN
IX E Bb2 - M/ AX SQHQbMF?BM- 6 ii2MiBRQM RIS aHFRdQ m
POHX jy-*m > M bbQ+B i2b- kyRdX

(jj) hX ""QrM- "X J MM- LX _v/2'- JX am##B ?- CX .X E TH M
XL22H F Mi M- SX a?v K-:Xa bi'v- X bF2HH-aX ; 'r H-
X E'm2;2°- hX >2MB;? M- _X *?BH/- X _ K2b?- . X wB2;H2"
i2°- *X >2bb2- JX *?2M- 1X aB;H2 - JX GBirBM- aX :> v- "X
*X "2°M2°- aX J+* M/HBb?- X _ /7Q /- AX amibF2p2 - M/ .
;m ;2JQ/2Hb "262r@a?Qi G2mMXIE & PN jj- TTX R3dd RNy
*m°" M bbQ+B i2b- kykyX

(j9) gX GX > KBHiQM- _X uBM;- M/ CX G2bFQp2+- 6_2T 2b2
> T?b, J2i?Q/b M/ TTHBALIBIQMb-AM:BM22 BM: "mHH2]
POQHX 9y- MQX j- TTX 8k d9- kyRdX

(i8) _X.B2BiZRHh?2QpQHX RUj@7i2 h2tib BM J i?XKTBBM;2"
"2 HBM >2B/2H#2 ;- e 2/X- kyk9X

(je) hX >X *Q K2M- *X 1X G2Bb2 bQM- _X GAXM.iBp/2h+iBRIM*IQa
H;Q BiRKIBh S 2bb- 9i? 2/X- kykkX

(jd) JX 6 HQmibQb- SX 6 HQmibQb- M/ *X 6 HQmibQb- 6PM TQ
i72 BMi2 M2 iQFQH@:¥P3J *QKTmi2  *QKKmMB+ iBQM _2p|
POHX kKN- MQX 9- TX k8R kek- RNNNX

(j3) _X mBK2 "- GX . MQM- X .Q x@:mBH2" - 6X :B" Hi- M/
bBKBH "~ +QKKmMBivbi'm+im 2 BM M2irQ BE®QbXmRMNKBMi
1- pQHX e3- kyyjX
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(jN) "X EHBKi M/ uX u M;- 6h?2 1M QM *Q Tmb, L2r. i b2i 7¢
bB}+ iBQM _2b21*3G-0y@AM "BM:2" "2 ' HBM >2B/2H#2 ;- kyy9

(9y) X "'Q/2°- _X EmMK "-6XJ ;?2QmH- SX _ ;? p M- aX _ D ;Q°
X hQKFBMb- M/ CX gB2M2 - 6:" T? bi mQiKThIRM V23 @2 # -
rQ FPQHX jj- MOQX R@e- TTX jyN jky- kyyyX

(9R) GX X / KB+ M/ LX :H M+2- 6h?2 SQHBiIB+ H "HQ;QbT?2
1H2+iBQM, .BpB/2/ h? BB MFE.-66F M je 9j- KyysX

(9k) XEXJ+* HHmK-EXLB; K-CX_2MMB2- M/EX a2vKQ'2-6
bi'm+iBQM Q7 BMi2"M2i TQ i Hb rBi®MK @ ?1B MRQH\R - "M BB/, p 6
pPQHX j- TTX Rkd Rej- kyyyX

(9j]) EXgqM;-wXa?22M-*X>m M;-*X@>Xgm-uX.QM;- M/ X E N
+ /2KB+ 7 T?, q?2M 2tT2 ib "2 M@i MVBJmBp-Da+B2M+2 air
B2IpQHX R- TTX jNe 9Rj- yk kykyX

(99) GX hF + M/ JX w #QpbFv- 6. i M HvbBb BM Tm#HB+ b
AMi2 M iBQM H b+B2MiB}+ +QM72°2M+2 M/ BMi2 M iBQM
i"2M/b Q7 BMM @ @ HEXQM Ik y R k X

(98) CX G2bFQp2+ M/ X E2pH-06aL S . i b2ib, ai M7Q '/ H ;2
+QHH2+?PBIQOMMXOM TXbi M7Q /X2/kyfR9X h2H2+QK :° T? T QG
pB/2/ #v :HQ# Hh2+?MQHQ;va2 pB+2b /2T "iK2Mi Q7 >m r2

GilX

(9e) X H#2'i- AX H#2i- M/ : X GX L F > /Q- éai'm+im”> H pn
MQ i? K2'B+ M TQr2?vbBA&H 2pBQRHX eN- MQX k- TX yk8
kyy9X

(9d) SXa2M-aX . b;mTi - X*? ii2°'D22-SX a 22 K-:XJImF?2" I
6aK HH@rQ H/ T°QT2'iB2b Q7 i?2 BMSB?WhBBHr_@-MR2ArQl F
pPQHX ed- MQX j- TX yjeRye- kyyjX

(93) EX G22- gX@aX CmM;- CX aX S '"F- M/ JX *?2QB- 0ai iBk
K2i"QTQHBI M b2QmH bm#r v bvbi2K, L2irQ'F bim+im 2 N
S?vbB+ , ai iBbiB+ H J2+? MB+b M/pRiHXTBHBMIBQ KD-
TTX ekjR ekj9- kyy3X

(9N) X" ;H2- 6 M HvbBb Q7 i?2 B 'TQ i M2irQ"F Q7 BM/B b
M2irQ ' /B-d%vbB+ , ai iBbiB+ H J2+? MB+b M/pBHX TIHB+ |
MQX Rk- TTX kNdk kN3y- kyy3X

(8y) JX qBM/BM;- "X .X S2/B;Q- *X GX " "M2b- >X :X S ibQHB -
BKB2 b- X 6mb?BFB- AX oX M/  /2- X E? M/2Hr H- CX o F
LX _ M/2H-1X" "bQiiB- X*Q 2B - _X .X 62ii2°-0X > “i2Mbi
CX hX 0Q:2Hbi2BM- X * “/QM - M/ JX WH iB+- 6h?2 +QMM:
#° BMa-9OB2MpQHX jdN- MQX eeje- kykjX
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(8R) oX a  T? M/ hX JBH2MFQpPBE- 6J :L , J tBKBXBM; ++m
L2irQ'F HB;MKBRIBRM7Q K @Bbjy- MQX Ky- TTX KNjR KNQy-

(8k) "X@CX "'2BiF'2mix- *X ai "F- hX _2;mHv- GX "Qm+?2 - X
iQM2- X Pm;?i2/- . X>XG +FM2 - CXi" P¥hR?2 ¢BQQ@/-BM@
i2° +iBQM/ i # b2, kyyBm#TH2R+6 +B/b pD2X #e2 MQX bmTTH
TTX .ejd .e9y- kyydX

(8j) gX >m- JX 62v- JX WBiMBF- uX .QM;- >X _2M- "X GBm-
CX G2bFQp2+- 6PT2M :° T? "2M+?2K "F, . i b2ib 7Q" J +?B
CT?b-6 BMM+2b BM L2m> H AM7Q K iBQM -SpQ+2bhBM; a
TTX kkRR3 kkRjj-*m > M bbQ+B i2b- AM+X- kykyX

(89) SX *mB- sX q M;- CX S2B- M/ gX w?m- 6 bm p2v QM M2]
Al1l1 h> Mb +iBQMb QM EMQrH2/;2 M/ pQHDM|jBM2ARQRBMS-
TTX 3jj 38k- kyRNX

(88) IMBi2/L iBQMb Q{+2QM /" m;b M/ + BK2-46ILP.* 2TQ"i, 1
IM M+B H ~Qrb "2bmHiBM; 7°QK /'m; i° {+FBM; M/ Qi?2" i’
MBx2/ + BK2b20iKPRIRXr XmMQ/+XQ ;fmMQ/+f2Mf7 " QMIT ;2
P+iQ#2 fBHHB+Bi@ KQM2vn@?Qr@Km#¥X?@Bb@Qmi@i?2 2

(8e) ap2'B;2b _BFb# MF- 66 m/ Bb i?2 7 bi2bi ;"QrBM; ivT?2
[2MX6 ?iiTh,ffrrrX BFb# MFXb2f2M@ ;#fT vVK2Mib@ @ + b?f
BM@br2/2MfT vK2Mib@ 2TQ i@ @kyk9fb 72iv@277B+B2M-
++2bbB#BHBivf "2@T vK2Mib@BM@br2/2M@b 72f7° m/@
7 bi2bi@;"QrBM;@ivTI2@ Q7@ + BKR @XBMkBX2/2Mf+2bb2/
CmHv kR- kyk8X

(8d) 1m QT2 MS "HB K2Mi M/ *QmM+BH-6_2:mH iBQM U1IV |
T2 MS "HB K2Mi M/ Q7 i?2*QmM+BH Q7 jRJ v kyk9 QM i?2
mb2 Q7 i?2 }M M+B H bvbi2K 7Q  i?2 Tm TQb2b Q7 KQM2v t
IM M+BM; Uh2ti rBi? 11 “2H2p M+2V-06 kyk9X

(83) JX P2#2M- CX :Qm/bKBi- M/ 1XJ “+?BQ B- 6S 2 2[mBbB
7Q° KQ/2H@# b2/ MiB@JQM2v & MQM/2QBB ;o R/ @ AC*
kyRN qQ F-bPDX R 9- kyRNX

(8N) 1X HiK M- CX "H Mm - GX oX LB2/2°?2 mb2 M- "X 1; 2b
EX i bm-6_2 HBbiB+ bvMi?2iB+ }M M+B H i  Mb +iBQMb 7
BM; KQ/2HD2BBM@b2p2Mi? *QM72°2M+2 QM L2m" H AM7Q"
avbi2Kb . i b2ib M/ "2M+?2K kKFkjX +F

(ey) JX"2+?H2 @aT2B+?22 - "X 6BMF2HDb?i2BM-6X 6" b+ - GX .
m/BM- oX w p2 FBM- JX JX ""QMbi2BM- JX LB2T2 i- "X S
M/ *X JQ "Bb- 6SQbBiBQM, :> T? G2 "MBM; qBHH GQb2 _2t
"2M+?K "Fb6Q@BW@b2+QM/ AMi2 M iBQM H*QM72°2M+2 QM
SQbBiBQM S T2KyK8XF
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(eR) CX .2M;-gX .QM;- X aQ+?2- GX@CX GB- EX GB- M/ GX
H ;2@b+ H2 ?B2° "+?B+ H BKyyN/ AT D2QOMEM 2M+2 QM *Q
Tmi2  oBbBQM M/ S ii2 MTRXxQ@IBBB&MyYyN X

(ek) IX ZXJ -uXw? Q-sXw? M:- M/ GX FQ:Hm-6h?2 L22/ 7
PmiHB2  JQ/2H a2H2+iBQM, _2pB2r M/ 1p Hm iBQM Q7
ai’ i2;B2bI@A:E.. 1tTHQ iBQMb L2pH2AiR8- MQX R- TX RN
kykjX

(ej) GX FQ;Hm->X hQM;- M/ . X EQmi’ - 6:" T? # b2/ MQK H
/[2b+ " BTiBQM, .bimKMBM; M/ FMQrH2/:2p(BbX@N2MQX j-
TTX eke e33- kyR8X

(e9) " b2H *QKKBii22 QM " MFBM; amT2 pBbBQM- 6" b2H 7" K

(e8) .B'2+iQ  i2@:2M2° H 7Q° 6BM M+B H ai #BHBiv- 6BM M+
J "F2ib IMBQM-6 BBM}M M+2X6 11 L2rbH2ii2 - kyk9X

(ee) 6X .Qb?B@02H2x M/ "X EBK- 6hQr /b _B;Q Qmb a+B21I
J +?BM2 G2 "MBM;-6 kyRdX

(ed) *X JQAMI2- T 2i #H2 J +?BMaBR7T@BM#HBbD?2/- j 2/X- kyk

(e3) CX CB - JX hX a+? m#- aX a2; *> - M/ X _X "2MbQM- 6:
bmT2 pBb2/ +iBp2 H2 "MBM; EHQ. @RRTIXrde®RBdMI R- Ky R N>

(eN) JX hX a+? m#- X X "2MbQM- SX >Q M- :X GBTTM2 - M/
/QK g HFb QM aBKTHB+B H *QKTH2t2b M/i?2 LQ K HBx2/ >
aA J _2pBPQHX ek- MQX k- TTX j8j jNR- kykyX

(dy) sX w? M;-uX >2-LX ""m;MQM2- JX S2"HKmii2 - M/ JX >I
L2m™ H L2irQ ' F 7Q° .B ' 2+i2/L2nmMSagBRIX j9- TTX kdyyj
kdyR8- kykR X

(dR) 1X _QbbB- "X *? "T2MiB2 - 6X .B :BQp MMB- 6X 6 b+ -
JX IJX ""QMbi2BM- 61/;2 .B 2+iBQM HBiv AKT Qp2b G2 "M
S T2b-0BM 6kkykjX

(dk) wX hQM;- uX GB M;- *X amM- sX GB- . X _Qb2M#HmK- M
AM+2TiBQM *QMpQHMIiBON i ABia@KB X6 BMTX RdNyd RdAN
kykyX

(dj) CXw?m-sXGm-JX>2BK MM- M/ .XEQmi® -06LQ/2 S°QtBK
IMB}2/ aim+im> H M/ SQbBiBQM HLQ/2 M/ a.JokRK#2//BN
TTX Rej RdR- kykRX

(d9) JX L2rKLM+Q ¥ WPt7Q / mMBp2 bBiv T 2bb- kM/ 2/X- kyR3X



_272°2M+2b kkR

(d8) "X _Qx2K#2 +XFB-*X HH2M- M/ _Xa 'F - 6JmHiB@a+
#2//BMCO@M M H Q7 *QKTH2p QBRXQ-FMQX k- kykR X

(de) CXh M;-IXZm-J3JXgqgM;-IXw? M;-CXuM- M/ZXJ2B-06G
AM7Q K iBQM L2irQ F 1K¢Qq¢/BRIS-OyRIB X

(dd) aX * Q- gX Gm- M/ ZX sm- 6:" 2T, G2 "MBM; ;> T? 2T 2
"HQ# H bi'm+im> H BM7® Q+2B(BWHd BM i?2 k9i? *J AMi2
iBOQM H QM *QM72°2M+2 QM AM7Q K iBQM MFAEBIQrH2/;2
5R8- TX 3NR Nyy- bbQ+B iBQM 7Q " *QKTmiBM; J +?BM2 v-

(d3) "X S2°QxxB- oX EmHF "MB- >X *?2M- M/ aX aFB2M - 6.Q
H2 "MBM; Q7 KmHIiB@b+ H2 M2ir@PE IK#R2dTEM ;b88 R M8 -
kyRdX

(dN) *X .QMM i- JX WBiMBF-.X> HH +- M/ CX G2bFQp2+- 6G2
1K#2//BM;b 0B .BzmbBQM F.p@R2TH6 BjMy RjkN- kyR3X

(3y) . XCBM- X X QbbB-1X EQ?- aX EBK- X Q- M/ .X EQ
rQ’FamKK "'Bx iBQM, ""B/;BM; L2irQ ' F 1K#2//BM; M/ amKK
E..ORNTX N3d NNd- kyRNX

(3R) aX :QMX€H2x@" BH!M-CX "Q ;2@>QHi?Q272 - X _Bp2'Q
M KB+b Q7 T°Qi2bi "2+ mBiK2Mi i? Qm @+ B2 ¥ MHBM2TIP2ibQ
POQHX R- MQX R- TTX R d- kyRRX

(3k) . X . mp2M m/- . XJ +H m BM-CX ;mBH2  @AT ~° ;mB "2-_
hX >B"'x2H- X bTm m@:mxBF- M/ _X SX / Kb- 6*QMpQHmM
> T?b7Q° H2 "MBM; KQH2+mHS QM 22/B\BMiQ70iBRMKkNi? AN
M iBQM H *QM72°2M+2 QM L2m" H AM7Q K iBQM S Q+2bbeE
L2m ASadR8- TX kkk9 kkjk- JAh S 2bb- kyR8X

(3j) CX:BHK2 -aXaX a+?Q2M?QHx- SX6X BH2v-PX oBMv HI
J2bb ;2S bbBM; 7Q°Zm MimKA?2GBKRUVXORBKM|] Rkdk- kyRd>

(39) EX GBM- GX g M;- M/ wX GBm- 06J2I5?Q+2R?RNMKR Q7 B
i?2 A111f*06 AMi2 M iBQM H *QM72°2M+2 QM *QKTmi2"
TTX RKNjN RKN93- P+iQ#2  kykRX

(38) X GQM;?BMB-JX JQH2ii - X _2B+?HBM-JX *X q2HH2- .X
X E® ;B+- 61/Q@M2i, G2 "MBM; 2H biB+ T'QT2'iB2b Q7 /2
> T? /VM KB+IkykBML11 AMi2 M iBQM H *QM72°2M+2 QM _
miQK iBQM UAFTXVj3d8 j33R- kykjX

(3e) 1m QT2 M S "HB K2Mi M/ *QmM+BH- 6_2:mH iBQM U2m)
T2 M T "HB K2Mi M/ Q7 i?2 +QmM+BH Q7 kd T 'BH kyRe |
Mim > H T2 bQMb rBi? "2; '/ iQ i?2 T'Q+2bbBM; Q7 T2 bQN\
7°22 KQp2K2Mi Q7 bm+? /i U:2M2  H/ i T Qi2+iBQM “2:m
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(3d) . X u; - SX J2HH- LX _Q#v- M/ EX a+ "7QM2- 0"HQ+F
Qp2 pB2r-6 h2+?X _2TX LAahA_ 3kyk- L iBQM H AMbiBimi
h2+?MQHQ;v- P+iQ#2 kyR3X

(33) 6X 1X Hp “2x-.X “;2Mi2- M/.X0o M S ii2M-6 “2* vTiQ+m
+B2b\ "Bi+QBM b G2; Hh2M/2 BM 1H a Hp /Q -6 qQ FBM; S
"m'2 mQ7 1+QMQKB+ 2b2 “+?2- T BH kykkX

(3N) JX 6B'2 M/ *X :m2bi'BM- 6h?2 "Bb2 M/ 7 HH Q7 M2irQ'F
KBHHBQM ;- T?b iQ "2p2 H ?Qr ?B;?2@/2; 22 pAMFLR 2K 2"
K iBQM S Q+2bbBM; M/ J M ;2K2Mi, M AMdiQHK i&BdQ W GIXCIQ
kykyX

(Ny) aX .2H; /IQ@a2;m" - *X SO0'2x@aQH"- : X Lp Q@ 'B#
CQ M+QK "iQ-6 M HvbBb Q7 i?2 "B BEMB M +HBsP &2vITa @M T ? v
M/ . i a2+m BTX d3 NR-aT BM;2" "2"HBM >2B/2H#2 ;- kyR

(NR) *X *2vH M- aX 6" MxO0M- M/ 6X hX SQFQ Mv- 6G2 "MBM;
IbBM; ai iBQM v 6HQr S '2/B+iBQM QM G ;2 S vK2Mi M/ *
L2irQ Fb-a*BIG 6kBQHX R$NQR@22/BM;b Q7 J +?BM2 G2 "MB
b2 "+7TX RjN8 R9ye- SJG_- kykRX

(NK) X L MB- 6h?2 /Q;2 rQ i? 33 #BHHBQM /QHH b, + b2
*QMp2 ;2M@RBX k3- MQX e- TTX RARN Rdje- kykkX

(Nj) aX E2i?BM2MB M/ uX * Q- 6h?2 "Bb2 BM TQTmH "Biv Q7
bQ+B i2/ + BKBM HAMiPBMBiB-®M H *"BKBM H @@HBMBFR-_2p
MQX j- TTX jk8 j99- kykyX

(N9) JX q2#2 - :X .QK2MB+QMB- CX *?22M- .X EX AX q2B/2H2- *
M/ *X 1X G2Bb2 ' bQM- 6 MiB@JQM2v G mM/2 BM; BM "Bi-
rBi? :° T? *QMpQHMIBQM H L2irQ Fb 7Q"° 6EM. MRBI H 6Q" 2
qQ Fb?QT QM MQK Hv .2i2+iBROMEM 6BM M+2

(N8) JIJX G2pB M/SX _2mi2 - 6JQMBKER mMC2vBIBHR j9- MOX R-
TTX k3N jd8- kyyeX

(Ne) 1X GQT2x@_QD b- X 1HKB'- M/ aX t2HbbQM- 6S vbBl
KQM2v bBKmH iQ" 7Q" 7° mKk3P12mBQ™- MBIND/2HBM; M/ aB
HiBQM avKTQbBmK- 13dlaFXGk9W k88- .BK2 IMBp2 bBiv Q7
kyReX

(Nd) hX amxmKm’ M/ >X E M2x b?B- 6 MIB@JQM2v G mM/2
SHmMbG # MIB@KQM2v H mM/2 ' BMT ,ffiBiPm2dbXQKTA"If
JGaB-KKykR X



_272°2M+2b kKij

(N3) JIX g2#2°-CX *?2M-hX amxmKm™ - XS 2D -hX J ->X E N\
*X 1X G2Bb2'bQM- M/ hX "X a+? “/H- 6a+ H #H2 ;" T? H2
H mM/2 BM;, } bi HQSaFkpRBVIqQ 'Fb?QT QM *? HH2M:2b M
imMBiB2b 7Q° A BM 6BM M+B H a2 pB+2b, i?2 AKT +i Q7 6
++m° +v- M/ S'Bp +v U61 S@- A9BBM IgRRBY?QT T T2 ¢ H
p BH #H2 QM “sBp b "sBp,R3RkXyyydeX

(NN) .X GBK-6X >Q?M2-sX GB-aX GX >m M;-0oX :mTi -PX"? b
6G *:2 a+ H2 G2 "MBM: QM LOQM@>QKQT?BHQmb :° T?b, L
ai’QM; aBKTH2 J2i2Qrhb A0SBMilk RR X

(Ryy) >X S2B-"X q2B-EX *X@*X *? M;-uX G2B- M/"X U M;- 6:2Q
 T? *QMpPQHMIBQM H LA4GQ biklyy & yBXV

(RyR) X "QD+?2pbFB M/ aX :CMM2K MM- 6.22T : mbbB M 1K/
IMbmT2 pBb2/ AM/m+iBp2 G2 ~MBAM;GB&R3MRBBM ;-6 BM

(Ryk) sX >m M;- uX uM;-uX qM;- *X gM;- wX w? M;- CX sm-
6..° T?, G ";2@a+ H2 6BM M+B H . i b2i 7Q  :>" T? MQK H
BM2m ASadkk . i b2ib M/ "2M+2KykkiXh™ +F

(Ryj) >X uBM- X _X "2MbQM- CX G2bFQp2+- M/ .X 6X :H2B+?
> T? *Hmbi2 BH,-6BM X 888 8e9- kyRdX

(Ry9) CX G2bFQp2+- .X >mii2MHQ+?2 - M/ CX EH2BM#2 ;- 6a
J2/B -6*BM O0RKYyRYX

(Ry8) :X 6 ;:BQHQ- 6*Hmbi2 ' BM; BM +Q K TH?2th/EB+ H+i 2-pMB 2ir @ " F
POHX de- MQX k- kyydX

(Rye) aX EX G K- X SBi'"Qm- M/ aX a2B#27i- 6LmK# , GGoJ@
+QKTBH2S-®@BM/BM;b Q7 i?2 a2+QM/ qQ Fb?QT QM i?2 G(
AM7" bi'm+im 2 BMoIS6R8- bbQ+B iBQM 7Q° *QKTmiBM;
kyR8X

(Ryd) *X *2vH M- EX :?QQ +?B M- M/ .X E' :B+- 66mHH®@ _ MF
1K#2//BM;b 7Q" .B 2+i2/:" T?b pB J2bbh:2M} "2i:Bi@® X i QM
J +?BM2 G2 "MBM;: k38X +?

(Ry3) AX ai MiQM M/ :X EHBQi- 6ai'2 KBM: ;> T? T "iBiBQMBM
> T?b-0SB®+22/BM;b Q7 i?2 R3i? *J aA:E.. AMi2 M iBQM H
QM EMQrH2/;2 .Bb+Qp2'v M/E.i 6FBMBM:Rkkk RKjy- bbQ+]
iBOM 7Q° *QKTmiBM; J +?BM2 v- kyRkX

(RyN) . X CX g iib M/ aX >X ai"Q; ix- 6*QHH2+iBp2 /vM KB+b C
rQ Fbl6im=2pQHX jNj- TTX 99y 99k- DmM RNN3X
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(RRy) CXw?m-uX u M-GX w? Q-JX >2BK MM- GX FQ;Hm- M/
>SQKQT?BHvV BM " T? L2m™ H L2irQ Fb, *m "2Mi GBKBIi iB(
.2bB;Mbl@BMASa @ikkyX

(RRR) > X g M;-CXw? M;-ZXw?m-gX>m M;-EXEr m+?B- M/
S bb *QMi’ biBp2 G2 "MBM:; * M qQ ' F 7Q" "Qi? >QKQT?BHB
"T?-8° Mb +iBQMb QM J +?BM2 G2 KMIGM; 2b2 “+7?

(RRk) PX SH iQMQp- . X EmxM2/2H2p- X " #2MFQ- M/ GX S'Q
i2°BxBM; :> T? . i b2ib7Q  LQ/2 *H bbB}+ iBQM, >QKQT?B
+?7QiQKv M/ "2vQM/NMBM BML2m™ HAM7Q K iBQM-S ' Q+2bk
PQHX je- TTX 8kj 893-*m " M bbQ+B i2b- AM+X- kykjX

(RRj) *X *2vH M- EX :?2QQ +?B M- M/ .X E* ;B+- 6.BbQ#2VBM;
BM; _M/QK q HF 6BHi2 b 7Q " IMbmT2 pBb2/ LQ/2 1K#2//E
B 2+i2/:° TRAbAMb +iBQMb QM J +?BM2 G2 KMIBAK; 2b2 “+?

(RR9) aX SX "Q : iiB M/ JX :X 1p2 2ii- 6LQiBQMb Q7 SQbBiB(
M HVbBR#BQHQ;B+ H KRIPHXXKQTTX R j8- RNNkX

(RR8) _X X _QbbB-.X CBM- aX EBK- LX EX ?K2/- .X EQmi -
S QtBKBiv M/ ai'm+im> H _QH2@" b2/ 1K#2//BM:b BM L2ir
iBQMb- h2+?MB[m2b- M/ *DTHEB + i HQMK-B9- MQX 8- kykyX

(RRe) CX CBM- JX >2BK MM- .X CBM- M/ .X EQmi - - 6hQr /|
1p Hm iBM; ai'm+im> HLQ/2 tKHAE/./BMpRHX Re- MQX j- kyk
(RRd) aX SX "Q; iiB M/ JX :X 1p2°2ii- 6hrQ H;Q Bi?Kb 7Q" +

2[mBp H2WQHB oH L2ir QAKX R8- MQX 9- TTX jeR jde- RNNjX

(RR3) 6X GQ " BM M/ >X *X q?Bi2- 6ai'm+im" H 2[mBp H2M+2
M2irQ Fb2® CQm M H Q7 K i?2K iBpQHIXQRBRBR®:R- TTX 9N
RNdR X

(RRN) JX >2BK MM- >X a?2M- hX a 7 pB- M/ .X EQmi - 6_2;
G2 "MBM:;@" b2/ : T? HBMKIBRITX RMd Rke- kyR3X

(Rky) CXZBm-ZX *?2M-uX .QM;-CXw? M;->Xu M;-JX.BM;- E>
O0:**, ;" T? *QMi~ biBp2 *Q/BM; 7Q  : T? L2m  H L2irQ F S .
BM.. 0ky TTX RR8y RRey- kykyX

(RKR) _X X >Q M M/ *X JXi(BQ?M HXMBK# B/:2 IMBp2 bBiv S 2b
KM/ 2/X- KyRkX

(RKK) X _X *&TFeMi: H ;> T?X?2Q@XvWNk BM _2;BQM H +QM72 2M+
K i?2K iB+b- K2'B+ M J i?2K iB+ H aQ+B2iv- RNNdX

(RKj) IX pQM Gmt#m ;-6 imiQ B H QM &iT 2BiiBH b HVVb+ ®'KBTMn i B M
POQHX Rd- MQX 9- TTX jN8 9Re- kyydX
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(Rk9) CXCXSX022°K M M/_XGvQMb-6 S'TBK2"QM G TH +B M
T T?b-06 kykyX

(Rk8) GX S ;2- aX ""BM- _X JQir MB- M/ hX qBMQ; /- 6h?2 S
_ MFBM;, ""BM;BM; P /2  iQ i?2 q2#X-0 h2+?MB+ H _2TQ i
AM7QG #- RNNNX

(Rke) GX > D/m- JX E dbx- *X S T i?2Q/Q Qm- GX "2HH i 2+7?:
/Qp - JX "B2HBFQp€- PX "Qmbb [/- hX J2 imM-CX . "KQMi-
"X * i MB - 6h2KTQ  H M2irQ"F M HViB+b 7Q 7  m/ /2i2+iB
b2+iQ -0"BM- hS.G M/ 1. kyky *QKKQM qQ Fb?QTh M/ .Q+
*QMbQ iBK X RKOKRMMB+ iBQMb BM *QKTmi2" M/ AM7Q"
2M+ITX R98 R8d- aT BM;2° AMi2 M iBQM H Sm#HBb?BM;

(Rkd) 6X /°B 2Mb- *X bH v- hX .2 "B2- X :BQMBb- M/ CX GE
BMi2 2biBM; +v+H2b BM /BS2QiR22/BW:b-Q@BM 2 k3i? *J AMi
M iBQM H*QM72'2M+2 QM AM7Q K iBQM MtABRQIRR2 J |
TX RRNR Rkyy- bbQ+B iBQM 7Q *QKTmiBM; J +?BM2 v- k

(Rk3) CX "H Mmb - SX A2MM2- M/ EX i bm- 6a+ H #H2 I1M2@ ;"
K2 iBQM H;Q BBE?RB2®AEM b Q7 i?2 j9i? *J avKTQbBmK Q
H2HBbK BM H:Q'Bi?Kb MAS+AKiR+TAX2kod k83- kykkX

(RKN) EX :mbi 7bQM M/ X > "iK M- 6:> T? i?72Q vaAMl~mB/ /vl
CQmMm M HQM H;2# B+ .BbpQHZX £2iMQM9- TTX e9j e8e- RN

(Rjy) "X "QHH@2EM-:" T? h222@KX R39mM72 h2tib BM J i?2K i@
BXbaT BM;2 @02 H ;- R 2/X- RNN3X

(RjR) :X JX *Q+HBi2-JX:  p2HHQ- M/"X SB++QHB- 6h> {+ ~Qi
aA JCQm M HQMJ i?2K iBpOHMjdvBDX e- TTX R3ek R33

(Rjk) GX@>X GBK- 6>Q/;2 G TH +B Nb_QMBAOQH>b k- MQX j-
TTX e38 dR8- kykyX

(Rjj) JX hX a+? m# M/ aX a2; > - 66HQr bKQQi?BM; M//2MQB
T Q+2bbBM; BM i?2 2/KQR@IA142-0HBM H *QM72°2M+2 QM aB
AM7Q K iBQM S Q+2bbBN TN :dH® # H\a- AR 3 X

(Rj9) >X * B- 0X gX W?2M;- M/ EX *X@*X *? M;- 6 *QKT 2?2l
> T? 1K#2//BM;, S'Q#H2Kb- h2+?MB[m2bA1M1 FTWMB®@ iBQ
+iBQMb QM EMQrH2/;2 M/ . i piIQHRNR2MEMK N- TTX ReRe
kyR3X *QM72°2M+2 L K2, A111 h® Mb +iBQMb QM EMQrH?2,
M22 BM;X

(Rj8) CXw?2Qm-GX GBm-gX g2B- M/ CX 6 M-06L2irQ'F 2T 2b2l
T 2T Q+2bbBM;- 72 im 2 2ti° +iBQM Q MK 22K/ /2BM @0
p2vpPQHX 88- MQX k- kykkX
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(Rje) JIXE BM2® M/ CXGXh z-6JQ'2T > HH2HBbK BM /BDFbi
2bi T i? H;Q ' Bi?K-06 kKyRNX "sBp,RNyjXRky38X

(Rjd) sXw?m M/wX :? ?2° K MB-6G2 "MBM; 7°QKH #2H2/ M/ n
H#2H T QT ; iBQM-6i2+?X "2TX-* "M2;B2 J2HHQM IMBp2"

(Rj3) X"mHmi->XJ2v2 ?22MF2-AXa 7 Q- SX2a M2 kp MMHHX a+
BM:> T? S "iBi-BIOMNKBRRd R83X aT ' BM;2  AMi2 M iBQM H Sn

(RjN) 6X S2/°2i:QWX¥a+BFBi@H2 "M, J +?BM2 G2 CMBM; BM Sv
POQHX Rk- TX k3k8 k3jy- kyRRX

(ROY) :X E2- ZX J2M;- hX 6BMH2v- hX g M;- gX *?22M- gX J - Z>
GBm- 6GB;?i;#K, >B;?Hv 1{+B2Mi :° /B2Mi "QQbiBM; .2+
L2m ASadRdRON jR8d- kyRdX

(R9R) GX J*+AMM2b- CX >2 Hv- M/ aX bi2Hb- 6?2/#b+ M, >B2°
+HMbi2 BM:; QM M H Q7 PT2M a@ mQ+HXaQ MQXRR- kyRdX

(R9k) X _ K2b?-JX S pHQp- :X :Q?- aX :" v- *X 0oQbb- X _ /7
M/ AX amibF2p2 - w2 Q@b?Qi i2ti@iQEBR2/BN;N2Q 7 BTV
j3i? AMi2°™M iBQM H *QM72 2M+2 QN QH BWMRGEZ2/ BINB \b;
Q7J +?BM2 G2 MBMTTXb23k{R? 33jR- SJG_- kykRX

(R9j)) uX@>X >X hb B- aX " B- SX SX GB M;- CX wX EQHi2 -
X aHF?mi/BMQp- 6JmHIBKQ/ Hi° Mb7Q K2 7Q°  mM HB
;m ;2 b2[mM2MRQH62BMBM ;b Q7 i?2 8di? MMm H J22iBM; Q7
iBQM 7Q *QKTmi iBQM H GBM;mBbiB + b UnlQQxBK PBR),MGAIM ;
*QKTmi iBQM H GBM;mBbiB+b-d kyRNX

(R99) SX SQFHMF - JX 0 b+Q- >X uBM- 6X aX J2HQ- X S Bp -
K2i'B+ KmHIBKQ/ H +QMi’ biBp2 2T 2B2@+2B/@GM H2Q MiB @
iNi? AMi2 M iBQM H *QM72 2M+2 Q MQHX? RMQ G2 'BMB;M ;
Q7 J +?BM2 G2 MBMTTXbRdd®k Rd3yy- SIJG_- kykkX

(R98) 1X L; B-uX >m-uX gQM;- uX *?22M- M/ sX amM- 6h?2 T
KBMBM; i2+?MB[m2bBM}}M M+B H7  m//2i2+iBQM, +H bb
M + /2KB+ "2pB2r Q7 HBHBOBRM-aOMTTQ p@QHK Bb MQX |-
TTX 88N 8eN- kyRRX PM [m MiBi iBp2 K2i?Q/b 7Q" /2i2+iB(

(R9e) X S 2D - :X .QK2MB+QMB- CX *?2M- hX J - hX amxmK
hX E H2 - hX "X a+? “/H- M/ *X 1X G2Bb2 bQM- 61pQHp2:*
+QMPQHMIBQM H M2irQ Fb 7Q° B/ND#PR+BM B?Q70iBM h?B i
6QmM'i? A *QM72°2M+2 QM ‘iB}+ByKYyAMi2HHB;2M+2

(R9d) aX >Q+?°2Bi2° M/ CX a+?KB/?m#2° - 6GQRmMaH*Q& @ K .
Tmi iIBQ®HX N- TTX Rdj8 Rd3y- RR RNNdX
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(R93) "X 1;°2bbv- GX pQM LB2/2°? mb2 M- CX "H Mm - 1X Hi
M/ EX i bm-06S Qp #Hv TQr2 7mH ;> T? M2m™ H M2irQ Fb
;0 T?b-06SB@I+22/BM;b Q7 i?2 h?B iv@1B;?i? A*QM72 2M-+
AMi2HHB;2M+2 M/ h?B’iv@aBti? *QM72°2M+2 QM AMMQp
iB}+B H AMi2HHB;2M+2 M/ 6Qm’ i22Mi? avKTQbBmK QM 1/
"iB}+B HAMi2ZHHMBGRMA2 A6k9fl AOk9- A S 2bb- kyk9X

(RON) X aiQ-JXuK /- M/>XE b?BK -6 TT'QtBK iBQM " iBQ
M2irQ Fb 7Q  +QK#BM iQ BLRN QI -HMBOQ+B i2b AM+
ky RN X

(R8y) CXuQm-CXJX:QK2b@a2HK M-_XuBM;- M/ CX G2bFQp?2
M2m™ H M2ir GHb28/BM;b Q7 i?2 A*QM72°2M+2 QM "iB}
2M+PQHX j8- TTX Rydjd Ryd98-J v kykRX

(R8R) gX gX GQ- :X EX EmH iBHH2F2- JX a "2 M- aX G v2;?v-
6AMbT2+iBQM@H, a2H7@bmT2 pBb2/ ;MM MQ/2 2K#2//BN\
/2i2+iBQM BM #BIHBBMAM i 2HIQBL2 M 2MQX Re- TTX RNO9ye
kykjX

(R8K) JX * /QbQ- SX a H2B Q- M/ SX "Bx Q- 6G mM/ Q; T
> T2 °2T7°2b2Mi iBQM H2 "MBM: 7Q° MiB® RO®M2B M;m@72"
i?72h?B/ *JAMi2 M iBQM H*QM72 2M+#2> QN 64 B-MI &BR yM +:
Rj3- bbQ+B iBQM 7Q " *QKTmiBM; J +?BM2 v- kykkX

(R8j) uX GBm- JX CBM- aX S M- *X w?2Q@m- uX w?2M;- 6X sB -
a2H7@amT2 pBb2/ G2 "MBIM h'amMbp2MBOMb QM EMQrH2/;:
.0 1IM;BM22  BMEX j8- MQX e- TTX 83dN 8Nyy- kykjX

(R89) EX sm-gX >m- CX G2bFQp2+- M/ aX C2;2HF - 6>Qr SQrz
"H L2irQ ' Fb\AMBMM iBQM H *QM72 2M+2 QM G2-MBM; _
A*G_O6RN-PT2M_2pB2rXM2i- kyRNX

(R88) SX 02HBIFQpPBE- gX 62/mb- gX GX > KBHIiQM- SX GBA- uX
6.22T:° T? AM7QKAMI®BW iBQM H *QM72°2M+2 QM G2 "MBM
iBQ-MW*G_6RN- KyRNX

(R8e) hX LX EBT7 M/ JX q2HHBM;- 60 "B iBQM H; T? miQ@?2

(R8d) X 6°QMx2iiB *QHH /QM M/ 1X 2KQM/B- 61bBM; bQ+B
T 2p2Mi KQM2v H mM/2 iBaWpi® Kb rBi? TTHBHXBRQMDBTX 9N
83- kyRdX

(R83) gX >m- JX 62v- JX WBiMBF- uX .QM;- >X _2M- "X GBm-
CX G2bFQp2+- 6PT2M :° T? "2M+?2K 'F, . i b2ib 7Q" J +?B|
S T2b-0BM+22/BM:b Q7 i?2 j9i? AMi2 M iBQM H *QM72 21
7Q°K iBQM S Q+2bbBIMm WS aKky- *m > M bbQ+B i2b AM+>
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(R8N) aX #m@1H@> BD - "X S2°'QxxB- X E TQQ - >X > "mivn
EX G2'K M- : X oX ai22;- M/ X : Hbiv M- 6JBt>QT, >B;?2" (
*QMpQHMIBQM H "+?Bi2+im 2b pB aT "bB}2/ h2B;?#Q ?C
h?Biv@bBti? AMi2™M iBQM H*QM72 2MA2JGM RN ? BIMNG2

(Rey) aX umM- JX C2QM;- X EBK- CX E M;- M/ >X CX EBK- ¢
M2irQ Fb-fBWH2b BM L2m> H AM7Q K iBQM-SLDm2A8BM; a\
8RN- TTX RRNey RRNdy- kyRNX

(ReR) *X JQ 'Bb-JX Bix2'i-JX 62v-gX GX > KBHIQM- CX 1X G2
JX :°Q?2- 69q2Bb72BH2° M/ G2K M :Q L2m  H, >B;?2 @P"/
L2irQ Fb-$ BM22/BM;b Q7 i?2 h?B iv@h?B/ A *QM72 2M+
AMi2HHB;2M+2 M/ h?B iv@6B bi AMMQp iBp2 TTHB+ iBQI
*QM72°2M+2 M/LBMi? AavKTQbBmKQM1/m+ iBQM H /p
AMi2HHB;2M&#RN- A S 2bb- kyRNX

(Rek) *X .2M;- wX um2- M/ wX w? M;- 6SQHVMQ K2, SQHVMQFk
h> Mb7Q K2  BM GBM2h?RBBW2H7BPMAMi2 M iBQM H *QM72°
G2 "MBM; _2T 2b-2MMGiBQhBb kyk9X

(Rej) gX >m- "X GBm- CX :QK2b- JX wWBiMBF- SX GB M;- 0X S \
6ai’ i2;B2b7Q S 2@i° BMBM; :° T? LAMG HokBykyXFb-6 BM

(Re9) >X J Q- wX *?22M-gX h M;- CX w? Q-uXJ -hXw? Q-LX
M/ CXh M;-6SQbBIiBQM, :" T? 6QmM/ iBQM JQ/8HM@ 2 H
+22/BM;b Q7 i?2 9Rbi AMi2°M iBQM H *QM72 RM-E0QM J +?|
CJG_XQ ;- kykoX

(Re8) JX : HFBM- sX um M- >X JQbi 7 - CX h M;- M/ wX w?m-
iBQM KQ/2Hb 7Q° FMQrH2/;2 ;" h?222h bZHIBMANMIBMW iBQM
*QM72°2M+2 QM G2 "MBM; - RTG2 b&KWI- ikKBy@ 90

(Ree) uX _QM;-gX >m M;-hXsm- M/ CX>m M;-6."QT2/;2, hQr
+QMpQHMIBQM H M2irQ"Fb QM MA@MIi2'H1W i BR}M HB QQMaG 2B R
QM G2 "MBM; _ 2T 2b2NGi_i8kKyMHkyky X

(Red) hX g M; M/ SX AbQH - 6IM/2°bi M/IBM; +QMi” biBp2 "2T°
i?2°Qm;? HB;MK2Mi M/ mMB7Q KBiv QN iQ222BMMIrQZ i2-d
jdi? AMi2°"M iBQM H *QM72 2M+2 QMAJIJIGDBEKM2 CGI2G~ NKBM;; -
kykyX

(Re3) EX > bb MB M/ X >XE? b ?K /B- 6*QMi’ biBp2 JmHIiB@o
G2 "MBM; QM :° R?DGHBFTX 9RRe 9Rke- kykyX

(ReN) wX >Qm-sX GBm-uX *2M- uX .QM;- >X u M;- *X g M;- M/
J 1, a2H7@amT2 pBb2/J bF2/:" T? nEQA@M+TDTIX 8N® BM
ey9- kykkX
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(Rdy) wX >Qm-uX>2-uX*2M-sX GBm-uX.QM;-1XE? "H KQp-
J 1k, .2+Q/BM;@1M? M+2/ J bF2/ a2H7@amT2 pBb2/ :° T
gqqgoékj- TTX djd d9e- kykjX

(RAR) "X a'BMBp b M M/ "X B#2B Q- 6PM i?2 2[mBp H2M+2 #
2K#2//BM;b M/ bi'm+im> H; T? 2TA262Nk§BKYMb-6 BM

(Rdk) JX :°Q?2 M/ SX a+?r2Bix2 - 6h?2 ;" T? BHQKRMMB@K T°
+ iBQMb Q7 i2PpQHX ej- MQX RR- TX Rk3 Rj9- kykyX

(Rdj) *XJQ "Bb-JX _Bix2'i-JX62v-gX GX > KBHIQM-CX 1X G2
JX :°Q?2- 6q2Bb72BH2° M/ G2K M :Q L2m" H, >B;?2 @P"/
L2irQ Fb-6 BMRN AS6RNfA ABRNfl AS6RN- kyRNX

(Rd9) "X S2°QxxB- _X H@_7Qm- M/ aX aFB2M - 6.22Tq HF,
+B H 2T 2b2Mi BBQWRIT BMdyR dRy- bbQ+B iBQM 7Q" *Q
J +?2BM2 v- kyR9X

(Rd8) sX J - :X ZBM- wX ZBm- JX w?2M;- M/ wX q M;- 6_Br HF
LQ/2 1K#2//BM; pB _QH2 A/2MiBJ6RBIIM-8dBMI3d- ky RN X

(Rde) CX ZBm-uX .QM;->XJ -CX GB-EX g M;- M/ CX h M;- 6L
bJi'Bte +iQ'Bx iBQM, IMB7vBM; .22Tq HF- GAL1- Sh1l-
BMa.J6R3TTX 98N 9ed- kyR3X

(Rdd) *X *2vH M-EX:?2QQ +?B M- M/.XE" :B+-6.B;  T?r p2, a
Q7 ai'm+im> HLQ/2 1K#2//BM;b pB .BzmbBQM QM .B 2+i2/

(Rd3) wX w? M;-JX g M;-uX sB M;-uX >m M;- M/ X L2?Q B-
F2"M2Hb # b2/ QM "2im "M T Q# #BHBIiB/DbND#72'b B M) IK2rmH R -«
AM7Q K iBQM S Q+2bIpEBMi;Xapb-i2Kb™ M bbQ+B i2b- AM+X-

(RAN) 1X Abm}-6X : K - . X AX a?mK M- M/ aX a2; "~ -06: T?6
S°'Q+2bbBM; M/J +?BM2 G2 "MBIM1GMMbT#?iB-@Mb QM aB;N\
S'Q+2bbBMH X dk- TTX 9d98 9d3R- kyk9X

(R3y) . X AX a?mK M- aX EX L~ M;- SX 6°Qbb /- X Pi2; -
[27;?22vMbi- 6h?2 2K2 ;BM; }2H/ Q7 bB;M H T Q+2bbBM; QI
?B;?@/BK2MbBQM H /i M HvbBb iQ M2irQ'Fb M/ Qi?2"
Al1l1 aB;M H S Q+2bbBMQHX xBMR2QX j- TTX 3j N3- kyRjX

(R3R) IJX .2z2 " "/-sX " 2bbQM- M/ SX o M/2;?22vMbi- 6*QMpQ
rQ"Fb QM ;" T?brBi? 7 bi HQ+ HBx2/ HRn-iA S pHRI&A XBIWN -6 B
kyReX

(R3k) JX 1X >Q+?bi2M# +?2- 6 C +Q#B . pB/bQM ivT2 K2i?Q/ 7
bBM:mH “p Hm2 GBOMRH2 K+ # M/ Bib -TT®IBX 9BR-MBQ X |-
TTX 9dR 93d- kyyNX
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(R3j) X 62m2°p2 ;2> M/ _X X Jm 2BF - 6h?2 1KTB B+ H *? A
M/ Aib TTHB+ HB®)MMMOHD Q7 aip@BiB8b MQX R- TTX 33
RNddX

(R39) JXJX ""QMDbi2BM-CX ""mM - uX G2*mM- X axH K- M/ SX
QK2i'B+ .22T G2 "MBM;, :QBM; #2vQMY1llm +aBB M W $ Q@
+2bbBM; J - PRMX j9- MQX 9- TTX R3 9k- kyRdX

(R38) X P M Q/m+iBQM iQ :° T? aBXV*HKE @ +2b BB 2 bBiv
S 2bb- kykkX

(R3e) GX LX h"27Zi®2BK iBQM h?2Q v M/ TT QtBK iBQM S°
i2M/2/ 1/BXBRA®2 " hBiH2b BM TTHB2/J i?2K iB+b- aQ+B2iv
M/ TTHB2/J i?2K iB+b- kyRNX

(R3d) *X JQH2" M/ *X 0 MGQ M- 6LBM2i22M .m#BQmb q vb iQ
M2MiB H Q7 J i'Bt- hr2Miv@ 6BapR 02 2p BSpiQH 98- TTX j
9N- C MX kyyjX

(R33) CX w?Qm- :X *mB- aX >m- wX w? M;- *X u M;- wX GBm-
JXamM-06:" T?2 M2m™ H M2irQ Fb, "2pB2r Q7 K2iAQ/b M/
PT2MpQHX R- TTX 8d 3R- kykyX

(R3N) wX g M;- CX *?22M- M/ >X *?2M- 61; i, 1/;2@62 im 2/ :°
L2irQ'F-6 BB}+B H L2m™ H L2irQ"Fb M/ J +?BM2 G2 "MBM
kykRU*? KV- TTX k8j ke9-aT BM;2° AMi2°"M iBQM H Sm#HB

(RNy) 1X _QbbB-"X*? K#2'H BM-6X 6" b+ -.X 1vM /- 6X JQMi
6h2KTQ  H ;> T? M2irQ Fb 7Q" /22T H2 "MBM; @M GVM KB+
kyky qQ Fb?QT QM :° T? 2T 2b2MKkyRQM G2 "MBM;

(RNR) ZX GB- wX > M- M/ sX@JX gm- 6.22T2° AMbB;?ib AMiQ
L2irQ'Fb 7Q a2KB@amT2 pBb2AGR3KMBBX-6 BM

(RNk) . X *?22M- uX GBM- gX GB- SX GB- CX w?Qm- M/ sX amM
HB2pBM; i?2 Pp2 " @aKQQi?BM; STQ#H2K 7Q" :> T? L2m™ H
hQTQHQ;B+ H oBa@kypPrQHX j9- MQX y9- TTX j9j3 j998- kyky>

(RNj) :X*Q ' bQ-GX* p HH2'B- . X "2 BMB- SX GBA- M/ SX 02HB
#OQm ?2QQ/ ;;°2; iBQM 7Q" " L2ML2AiIDadkBiy X

(RN9) uXu@Qm-hX*?2M-uX amB- hX *?2M-wX g M;- M/uX a?2M
H2 "MBM; rBi? m;K2MBiB®@MBBMBIMQ7 i?2 j9i? AMi2 "M iBQ
72°2M+2 QM L2m" H AM7Q K iBQM ISAQa2bkyBMmaviM2KbQ @
+B i2b AM+X- kykyX

(RN8) . X _X > "/QQM- aX ax2/K F- M/ CX a? r2@h vHQ - 6* M
M HvbBb, M Pp2 pB2rrBi? TTHB+ iBQMiIlQQ@2 HMBK@J2i?
Tmi iIBEWHX Re- MQX Rk- TTX kejN kee9- kyy9X
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(RNe) uX GBm- uX w?2M;- . X W? M;-0X G22- M/ aX S M- 6"2vQl
T2 pBb2/:  T? 2T 2b2Mi iBQM G2 "MBM; rBi? 1/;2 >2i2 Q1
BM;-6 BMokj TTX 98Re 98k9- kykjX

(RNd) 1X C M;-aX :m- M/ "X SQQH2-6* i2;Q°'B+ H 2T ~ K2i2 I
bQ7iK t-ABNM "M iBQM H*QM72°2M+2 QM G2- MBM P RATF 2b2
kyRdX

(RN3) EX GBm- uX .Qm- sX .BM;- sX >m- _X w? M;- >X S2M;- G

6SV:P., SVi?QM HB#  "v7Q : T? QmGBZ M H 2x71BIQMP-BM 2
G2 "MBM: 2bRQHX k8- MQX ROR- TTX R N- kyk9X

(RNN) JX w? M; M/ uX *?22M- 6GBMF T 2/B+iBQM # b2/ QM ;" T
BM2m ASapRMX jR- KyR3X

(kyy) CX GX "2MiH2v- 6JmHiB/BK2MbBQM H "BM v a2 “+? h 2
a2 "+?BMOKKMMB+ iBQMb QPQ*2X RI3- MQX N- TX 8yN 8Rd-

(kyR) *X *X S B;2 M/JX Xa mM/2b-6Gb[, M H;Q Bi?K 7Q" |
iBQMb M/ bT b2 H2 BUb{mMMRb-iBQMb QM J i?2K iB+ HaQ7
UhPJaWQHX 3- MQX R- TTX 9j dR- RN3kX

(kyk) SX 0B i M2M- X :QKK2'b- hX 1X PHBT? Mi- JX > #2 'H M/-
M T2 m-1X"m QpbFB-SX S2i2°bQM-qX q2+F2bb2'-CX ""B;
JX ""2ii- CX gBHbQM- EX CX JBHHK M-LX JvQ ' Qp- X _XC
X E2'M- 1X G "bQM- *X CX * "2v- "X SQH i- uX 62M;- 1X ¢
/2°SH b- . X Gt H/2-CX S2'FiQH/- _X*BK'K M- AX >2M BFb
*X X > ""Bb- X JX "+?B# H/- X >X B#2B Q- 6X S2/°2;Q
#°2;i- M/ a+BSv RXy *QMi B#miQ b- 6a+BSv RXy, 6mM/ K2
a+B2MiB}+ *QKTmiBM;LBiVh 5 12QMpHX Rd- TTX keR kdk- k-

(kyj) EX>Q MBF-JX aiBM+?2+QK#2- M/ >X q?Bi2- 6JmHIBH v2°
"2 mMMBp2'b H TT QBK HLRi6QTHX k- MQX 8- TX j8N jee-

(ky9) aXJIJX E F /2-JXE2 "Mb- M/ GX 1X P iBx- 6: AMIB+@H 1+C
M iBQM H*QM72'2M+2 QM *QKTmi iBQWMXHRG2jkM8™ BWM?,2Q-
kyy9X

(ky8) aX JX E F /2-JX E2 "Mb-GX 1X P'iBx-_X S2K MiH2- M/ ¢
S'QT2'iB2b Q7 aQ+B HUL2Z2irQA' FbpEBBEM Rd- TTX ejj e9y- JA
S 2bb- kyy8X

(kye) LX m#B/Q- *X :"2#Q:B- M/ JX aX " TiBbi - 6_2bBHB2M
/2K M/ M2irQ FovbX _2ppQHX 3N- TX yRk3yR- kyR9X

(kyd) EXGX G M;2- _XCX X GBiiH2- M/CXJX:XhVvHQ - 6_Q#n
mbBM; i?2 i /Bbi B miBQM-Q7 i?2 K2'B+ M ai iBbiB+ H b
PQHX 39- MQX 9y3- TTX 33R 3Ne- RN3NX
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(ky3) X S bxF2-aX :'Qbb-6XJ bb - X G2 2 -CX " /[#m v- :X *7
WX GBM- LX :BK2Hb?2BM- GX MiB: - X .2bK BbQM- X EQ
0BiQ- JX _ BbQM- X h2D MB- aX *?BH KFm'i?v- "X ai2BM.
M/ aX *?BMi H - 6SvhQ +?, M AKT2 iBp2 aivH2- >B;?@ S
G2 "MBM; GB#L2moABM GRNX 3yk9 3yj8- kyRNX

(kyN) . X SXEBM;K M/ CX" -6/ K, J2i?Q/7Q aiQ+? biB+ PT|
A*G- kyR8X

(kRy) AX amibF2p2 - CX J "i2Mb- : X . ?H- M/ :X >BMiQM- 6PN
BMBiB HBx iBQM M/ KQK2MimK BAMJIG20RFZ X R B MW -R BBM -
SJG_- kyRjX

(kRR) "X w?m- uX sB - M/ sX@CX w? M;- 6q2B;?i T'2/B+iBQM
# b2/ QM M2B;?#HQ@BBMIi-B}+-"pDRXbe- MOQX R- TTX R Ry- kyR

(kRk) _X ;7 rH M/ GX /2 H7 "Q-6G2 "MBM; 2/;2T°QT2iB2b B
7702, iIBQMh-02BgD "H/ gB/2 q2# *QMTRX2RI8+Xk8- kKyRNX

(kRj) EX >2M/2°bQM- "X : HH ;22 - GX GB- GX FQ;Hm- hX 1HB
*X 6 HQmibQb- 6Aidb r2Q vQm FMQr, ;" T? KBMBM; mbBM;
72 im 2bE6.BRIRTTX eej edR- kyRRX

(kR9) GX FQ:Hm-JXJ+:HQ?QM- M/ *X 6 HQmibQb- 6Q//# HH,
q2B;?i2/ ;> T?bSOEBMKYRYTTX 9Ry 9kR- kyRyX

(kR8) AX@EX u2Q M/ _X X CQ?MbQM- 6 M2r 7 KBHv Q7 TQr
BKT ' Qp2 MQ K HBiv Q "BOKIRAIBFPH X 3d- MQX 9- TTX N89
kyyyX

(kRe) JX 6B 2 M/ *X :m2bi"BM- 6h?2 "Bb2 M/ 7 HH Q7 M2irQ F
KBHHBQM ;> T?b iQ “2p2 H ?Qr ?B;?@/2;° 22 pAMFQR@2K2"
K iBQM S Q+2bbBM; M/-JpRHZKBAMMQX k- kykyX

(kRd) LX a'Bp bi p -:X>BMiQM- X E'Bx?2pbFv- AX amibF2p2"-
6.°QTQmi, DbBKTH2rviQ T 2p2Mi M2m" H M2ih@2Fb 7 QK
DQm'M H Q7 K +?BM2 H2 pQIBXMR®2bBEQX?R- TTX RNKN RNB8?:

(kR3) *X 1X a? MMQM- 6*QKKmMB+ iBQM BSVMIQ22 2/ B2\ 2MQ 2 Q2 |
A_1pQHX jd- MQX R- TTX Ry kR- RN9NX

(KRN) hX > biB2- _X hB#b?B° MBE-?MIIECXKE B KQ Mai iBbiB+ H C
BNK; aT BM;2  L2r uQ F- kM/ 2/X- kyyNX

(kky) X hbBibmHBM- .X JQiiBM-SXE > b- M/1XJCHH2 - 602" 1
#2//BM;b 7°QK bBKBH “BiSKQ+R@/BK:d BM i?2 kyR3 qQ H/
q2# *QM72:2MgBR3- TX 8jN 893- AMi2 M iBQM H qQ H/ gqB/:
72°2M+2b ai22 BM; *QKKBii22- kyR3X
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(kkR) uX u M-uX >m-ZX w?2Qm-GX GBm- wX wW2M;- uX *?2M- JX
M/ >X hQM;- 6S *1°, L2irQ F 1K#2//BM; 6" QK SQbBiBQM H
BMqq 6k TX k938 kONe- bbQ+B iBQM 7Q  *QKTmiBM; J +7

(kkk) aX *? MTm Bv M/ *X Jmb+Q- 6AM}MBi2r HF, .22T L2irQ
G TH +B M 1K#2//BM;b rBi? L CEMH®BW T XBRjk8 BRNjj- kykyX

(kkj) :X >X :QHmM# M/ *X 6XJoiMBIG'QKITmi XBQREBEMb >QTFBMb
IMBp2'bBiv S'2bb- 9i? 2/X- kyRjX

(kk9) JX 62v M/CX1X G2Mbb2M-66 bi:> T? 2T 2b2Mi iBQM G2
'2QK2i'B+AFBMqQ Fb?QT QM _2T 2b2Mi iBQM G2 "MBM; Q
J MB7QHKYRNX

(kk8) LX > HFQ- SX@:X J 'iBMbbQM- M/ CX X h QTT- 66BM/BI
/QKM2bb, S°'Q# #BHBbiB+ H;Q Bi?Kb 7Q  *QMbi m+iBM: T
+QKTQhBIBQMb2pBPQHX 8j- MQX k- TTX kRd k33- KyRRX

(kke) hX JX *Qp2° M/ CX 1HBRQMKib-Q7 AM7Q KXiBQMhGRE 2w
aQMb- Gi/- KM/ 2/X- kyy8X

(kkd) GX . MQM- X .Q x@:mBH2" - CX .m+?- M/ X 2M b- 6*
MBiv bi'm+im 2 B/2Mi@ MBM-76ai iBbiB+ H J2+? MB+b, h
1tT2 ' BK20MIH X kyy8- MQX yN- kyy8X

(kk3) uX EQ 2M- _X "2HH- M/ *X oQHBMbFv- 6J i"Bt 6 +iQ Bx
_2+QKK2M/2  avB@KDPmaDPQHX 9k- MQX 3- TTX jy jd- kyyNX

(kkN) X@GX "~ #€bB M/ _X H#2'i- 61K2 ;2M+2 Q7 a+ HBM; B
a+B2MpQHX k3e- MQX 89jN- TTX 8yN 8Rk- RNNNX

(kjy) SX *X > MOWRAVM@.2}+B2Mi M/ .Bb+'2i2 AHH @S OBD2IvST Q¥ H
AM/mbi*B H M/ TTHB2/J i?2K iB+b- RNN3X

(kKjR) GX LX h 272i?2MLMKX B4mH GBM2X a@ +B2iv 7Q  AM/mbi |
M/ TTHB2/J i?2K iB+b- RNNdX

(kjk) X 1X >Q2'H M/ _X gX E2MM /- 6_B/;2 _2;"2bbBQM, "B t
LOQMQ i?Q;QM H SHED#HR®K20pBHX Rk- MQX R- TTX 88 ed- F

(Kjj) *X *X ;; 'r H-JBMBM;, h?2 hXtaflOBM;2 - } ' bi 2/X- kyR8X

(kj9) X GX ;M ME2bbv M/EX ai'BKK2 - 6PTiBK HQq?Bi2MBM;
h?2 K2'B+ M ai iBpi@BH®B dk- MQX 9- TTX jyN jR9- kyR3X

(kj8) EX aFBib b- EX P "QrbFB- CX >2 K MMb- .X JQiiBM- M/
T 2?22MbBp2 1p Hm iBQM Q7 H;Q Bi?Kb 7Q  IM 2bi ' B+i2/ :
1."hokj kykjX
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(kje) >X sm- .X GmQ- M/ GX * "BM- 6a+ H #H2 :"QKQp@gq bb2
> T? S "iBiBQMBM; M/ J L2nBMSa& 8RRIN X

(kjd) sX *?2M- JX >2BK MM- 6X 0 ?2/B M- M/ .X EQmi - 6*PL
bBbi2Mi L2irQ ' F HB;MK2Mi rBi? S QtBKBiv@S 2b2 pBM; L
*AEJ 6kyTX RN38 RN33- kykyX

(kj3) X"QKK F MiB->X X 0QMi2'B-EX aFBib b-aX_ Mm-.X JQ
66l: G, 62 m2@7Q iB}2/IM 2bi"B+i2/:" T2mHBSMKXMi-0 B
kyk9X

(kjN) . X GBK-6XJX>Q?M2-sXGB-aXGX>m M;-oX mTi -PXS
GBK-6G ";2a+ H2 G2 "MBM; QM LQM@>QKQT?BHQmMb :~ T
M/ ai " QM; aBKTH2 J2L2Qn bA 8 B88WRR X

(k9y) PX SH iQMQp- .X EmxM2/2H2p- JX .BbFBM- X " #2MFQ-
6 + BiB+ HHQQF i2p Hm iBQM Q7 ;MMb mM/2  ?22i2 QT?B}
T Q; 2bb\AB@B MKy kjX

(KO9R) 6X hX GBm-EX JX hBM;- M/ wX@>X w?Qm- 6AbQH iBQMC
*JhE.. - pQHX e- MQX R- kyRkX

(k9k) >X >m- _X g M;-sXuM;- M/ 6XLB2-6a+ H #H2 M/ 6H2tI
62 im 2 a2H22B0QNH-8QKTmipBHMMjR- MQX j- TTX 8Rd 8jd- k

(k9j) *X _X :2@2° HBx2/ BMp2'b2 Q7 K i'B+2b XM/qBH2v@r HB
AMi2 b+B2M+2- RNdRX

(k99) X o "'b? pbFv- X :QiiHB2#- JX GBMB H- M/ .X >Q M- 61
62 im 2 6BHi2"BM; Q7 "BQBIQBBH @ -Ki@Bd»bkk- TTX 28yd 28F
yd kyyeX

(k98) AX :mvQM M/ X 1HBbb22z-6 MBMi"Q/m+iBQM iQ p "B #}
CQmM'M HQ7 K +?BM2 H2 pRBM;j-MQX 8?2 - TTX RR8d RR3k

(k9e) JX . b?- >X GBm- M/ CX u Q- 6.BK2MbBQM HBiv "2/m+i
/i -0 BMQ+22/BM;b LBMi? A111 AMi2 M iBQM H *QM72 2N\
“iB}+B H AMi2H AR 2M+N- A111- RNNdX

(k9d) *X J22F- "X h?B2bbQM- M/ .X >2+F2 K M- 6la *2Mbmb .
J +?BM2 G2 "MBM; 2T QbIBTQ ¥/ QBYRX ;fRyXk99Xf*80S9k

(k93) IX JX GX _2TQbBiQ v- 6:Bi>m# Jla 1X6 I*A J +?BM2 G2 |
KyYRRXTh,ff/QBXQ ;fRyXk99kf*8wyk"

(k9N) CX G2bFQp2+- CX EH2BM#2 ;- M/ *X 6 HQmibQb- 6:> T2tk
Hrb- b? BMFBM; /B K2i2'b M/ TQbbBELH B RS EH. Myi®QMb-06
TX Rdd R3d- bbQ+B iBQM 7Q  *QKTmiBM; J +?BM2 v- kyy8
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(k8y) aX aiQH7Q- gX 6 M- gX G22- X S 'Q/ ' QKB/Bb- M/ SX °
RNNN . i X6 I*A J +?BM2 G2 "MBM; _ 2TiQ bBfif@QOB XRN NN X
RyXKk99jkf*8®R*dL

(k8R) >X >m- _X g M;- 6X LB2-sX u M;- M/ gX um- 66 bi mMbm
b2H2+iBQM rBi? M+?Q @M KM2;mH "BmHBXMIB hQQHDb
TTHEQHX dd- MQX Rd- TX kkyNN kkRRj- kyR3X

(k8k) aX aQHQ ' BQ@62 MEM/2x- CX X * > b+Q@P+?2Q - M/ C
6 “2pB2r Q7 mMbmT2 pBb2/ 72 im 2 biBH 2 Bi BIQA K2H MHEB/;12-N
_2pB2pQHX 8j- MQX k- TTX Nyd N93- kykyX

(k8j) *X *Q'i2b M/ oX o TMBF- 6amTTQ @928 M2 H2iNDB M- ¢
POQHX ky- TTX kdj kNd- RNN8X

(k89) JX E2HHv- _X GQM;DQ?M- M/ EX LQiiBM;? K- 6h?2 I*A
_2TQbBIiQ v-BikykOX " +?2Bp2XB+bXm+BX2/m

(k88) JX 6 Miv M/ _X *QH2- 6aTQF2M H2/ip2M ¥2-bGB; M B 2B1Q M+ 6 BI\
7Q K iBQM S Q+2bbBMQHX i KX kky kke-JQ ; M@E m7K N

(k8e) .X * B- sX >2- M/ CX > M- 6aT22/ mT F2 'M2th?Bb+ BKB
0G." CQMM@HX ky- TTX kR jj- KyRRX

(k8d) uX GBm- .X u2- gX GB->Xq M;- M/ uX: Q-6_Q#mbi M2B
/IBM; 7Q° mMbmT2 pBb2/ 7 2EMQ 2H2/H2@ i'B IQ2Vt -gdbH XKR N j -
TX Ry89ek- kykyX

(k83) wX um M- >X *?2M- SX w? M;- CX q M- M/ hX GB-6 MQp
T°Q +2iQ ?22i2°Q;2M2Qmb 72 im 2b2H2+iBQM # b2/ QM 7mx
A111 h> Mb +iBQMb QM 6mpQ@iA % \ii2NMK@ X N- TTX jjN8 jOyN- k

(k8N) 6X #2/BMx /2?2 hQ ;? #2?2-uXJQ/ '2bMB - M/aX X >Qbb,
M miQK iB+ mMbmT2 pBb2/ 72 im 2 b2H2+CBQWM MQK) BZQt |
A M/.i IJBMBIMQHX RR-MQX 9- TTX 8Rd 8k9- kykjX

(key) aX g M;- gX S2/'v+x- ZX w?m- M/ gX w?m- 6IlMbmT2 pB
iBQM pB K tBKmK T°QD2+iBQM M/ KBEMBRMHK2722 @M /b B+ v-
avbi2KpQHX d8- TTX RN kN- kyR8X

(keR) aX g M;-gX S2/°v+x-ZXw?m- M/ gXw?m- 6am#bT +2 H2
pBb2/ 72 im"2 b2H2+iBQM pB K $ B27M+iQ +Bx-MEXHER 83 -
MQX R- TTX Ry RN- kyR8X

(kek) GX ""2BK M- 6_ M/QK+@BNDiB26 MBHIX 98- TTX 8 jk- kyyR

(kej) .X .X G22 M/ >X aX a2mM;- 6G2 "MBM; i?2 T ib Q7 Q#D?2
K i'Bt7 +iQ BxLiBQ¥p@HX 9yR- MQX ed88- TTX d33 dNR- R



kje 272 2M+2b

(ke9) X*B+?Q+FB M/ X@>XS? M-066 biHQ+ H H;Q ' Bi?Kb7Q
K i'Bt M/ i2MbQ 7 +iQARR*BOMhad*hAPLa QM 6mM/ K2MG(
i HbpQHX INk@ - TTX dy3 dkR-J "+? kyyNX

(ke8) X G27 p 2- 6X " +2- M/ *X 60pQii2- 6PMHBM2 H:;Q Bi-
K iBt7 +iQ Bx iBQM rBi? i?2 Bi Fm @b BiQ /Bp2 ;2M+2-5

(kee) PX G2pv M/ uX :QH/#2 ;- 6L2m  H qQ / 1K#2//BM; b AKT
iQ Bx iBQIM-da B\ a pRHX kd- kyR9X

(ked) JX J2ZHMB+?2MFQ- _X Jm " v- gX EBHHB M- CX .2KK2|
SX Gmbx+x2F- M/ JX : i2b-6 M iQKv Q7 ?B;?@T2 7Q K M-
[ /2+QKTQbBIiBQM-6 kyk8X

(ke3) IX JIX ""2mMB;- >X@SX E'B2;2H- X hX L;- M/ CX a M/2
/[2MbBiv@# b2/ HQ+ HSQQwi2PBRM;+1d @Mi?2 kyyy *J aA:JP. B
i2°M iBQM H +QM722M+2 QM J MTXKE2RyD7klyyyX

(keN) EX:?2QDb?-JX*XL H/B-CXa M/2 - M/1X*?2QQ-6IMbmT2"
QmMiHB2 /2i2+iBQM mbBM; ?/#b+ MyRQIMAHBR2 AMIQIM2iB QB N
*QM72°2M+2 QM "B; . i-UTBX dyRR dyjy- A111- Kyk9X

(kdy) EX GBm- uX .Qm- uX w? Q- sX .BM;- sX >m- _X w? M;- [
>X S2M;- EX a?m- GX amM- CX GB- :X >X *?2M- wX CB
0"PL., "2M+?K "FBM; mMbmT2 pBb2/ QmiHB2" MQ/2 /2i2+
i"B#mi2/ ;° T?b/l-® BM2b BM L2m" H AM7Q K iBQM -S°'Q+2bb
pPQHX j8- TTX kdykR kdyj8-*m " M bbQ+B i2b- AM+X- kykk

(kdR) CX GB- >X a?QK2 - >X J Q- aXw2M;-uXJ-LXa? ?-CX
61p Hm iBM; ;> T? M2m" H M2irQ " Fb 7Q° HBMF T 2/B+iBQM
M2r #2M+?K "FBM; MM BM L2m™ H AM7Q K iBQM-S'Q+2bb
pQHX je- TTX j38j j3ee-*m " M bbQ+B i2b- AM+X- kykjX

(kdk) CX uQm-hX .m- M/ CX G2bFQp2+-6_PG L.,:"  T? G2 "MB
.VM KB+ :" T?bS0@BH22/BM;b Q7 i?2 k3i? *J aA:E.. *QM72 2]
EMQrH2/;2 .Bb+Qp2'v M/-.H..JBAMBMWMX kj83 kjee- bbQ+B iB
7Q *QKTmiBM; J +?BM2 v- kykkX

(kdj) aX JX E x2KB- _X :Q2H- EX C BM- AX EQ#vx2p- X a2i?
SXSQmT "i-6_2T 2b2Mi iBQM H2 "MBM; 7Q " /@RInKBHH T2l
Q7J +?BM2 G2 MBMpQHIRKR?MQX dy- TTX R dj- kykyX

(kd9) X GQM: - 0X G +?B- :X a MiBM-JX "B M+?BMB- "X G2T"
M/ XS bb2 'BMB-6:" T? M2m  H M2irQ Fb 7Q  i2KTQ" H ;"
“i- QT2M +? HH2M:2b- M/ QTTQ imMBiB2b-6 kykjX

(kd8) GX um- GX amM- "X .m- M/ gX Gp- 6hQr /b #2ii2° /[vM KB
L2r "+?Bi2+im2 M/ mMB}2//dB#+2bv-BMBM2m™ H AM7Q K i
S'Q+2bbBM; apRiEKhe- TTX ede3e eddyy-*m "~ M bbQ+B i2
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(kde) aX EmK - sX w? M;- M/ CX G2bFQp2+- 65 2/B+iBM; /vM
D2+iQ v BM i2KTQ " H BMi2  +iBDM MN2BINQ; - IQ-D iP@ k8i?2 *J
aA:E.. BMi2'M iBQM H +QM72'2M+2 QM EMQrH2/;2 /IBb+Qp
*J- kyRNX

(kdd) gX*QM;-aXw? M;-CXE M;-"Xum M->Xgm-sXw?Qm->X
/ pB- 06.Qr2 "2 HHv M22/ +QKTHB+ i2/ KQ/2H “+?Bi2+im’2
rQ " Fb\-hBM1H2p2Mi? AMi2"M iBQM H *QM72°'2M+2 QM G2

i BQ-Mty kjX
(kd3) JX ai "MBMB- X " "QM+?2HHB- X " "7 i- M/ _X S biQ @
r HFb QM i2KTQ ™ H M2VNRXFR-gpXQHX 38- TX y8eRR8-J v kyR
(kdN) LX S2°° - X" "QM+?2HHB- .XJQ+ Mm- "X :QMI Hp2b- _X

X 02bTB;M MB- 6_ M/QKr HFb M/ b2 “+? BM iBR2I@p VBN
_2pX G2piIXHX RyN- TX kj3dyR- .2+ kyRkX

(k3y) wX GBm- . X w?Qm-uX w?m- CX :m- M/ CX >2- 6hQr “/b }I
M2irQ'F 2T '2b2Mi iBQM pB iBK2@ 2BMVMQ®222BM;M/QK ir? Bl |
A*QM72'2M+2 QM "iB}+B-HhAMX2JIHBTXMMNdj 9N3y- T X

(k3R) GX . HHO KB+Q- X" " i- M/*X* iimiQ-6 M2K#2//BM; @
i2KTQ  H ;> T?bmd2 *QKKmMB + QBHXVS- TX NN89- kyk9X

(k3k) "X *X > HH- 6h?2 J i'Bt 1tTGRR2MBMA LG BB2 H:2# b-
2T 2b2Mi-iBDMBM: 2" *? K- kyR8X

(k3j) EX "X S2i2°b2M M/ JX aX S2/2°b2M- 6h?2 J i'Bt *QQF#Q¢
kyRKRRR 8 X

(k39) JX >X .2:'QQi M/ JIX CXa@PZpBBN M/Xai iBbbhBN@
gq2bH2v- 9i? 2/X- kyykX
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G #2HH2/ L2irQ F . i b2ib

6B;mXm?Qrbi?2+H bbH #2H /Bbi'B#miBQMb 7Q i?2 mb2/ MQ/:
mb2/BMi?2i?2bBbX 6Q i?2 JGqQ H// i b2ib-i?22 T ' QTQ iBQM
KQM2v H mM/'v MQ/2b 2 RXkW 7Q  aK HH@>A- yXd9W 7Q" aK
>A- M/ RXKW 7Q  J2/BmMK@GAX 6Q  i?2 .:° T?26BM KQM2v #Q "
i?2 T2 +2Mi ;2 Q7 7> m/bi2 b Bb RXkWX

kjN
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TT2M/Bt "

M HvbBb Q7 2 +?L1b M/QK
g HF G2M:i? .Bbi'B#miBQMb

h?Bb TT2M/Bt T 2b2Mib /2 Bp iBQMb M/ i?2Q 2iB+ H M Hvb
H2M:i? /Bbi B#(iB@MB/SBM 2 +?2L1b- i?2 2#v 2tT M/BM: i?2 /I
BM *? T820 a2+iBXQa KBM2b i?2 SQBbbQM /Bbi"B#miBQM- /2 B
bTQM/BM; K i'Bt 7TmM+iBQM 7Q" i?2 "2 +? #BHBiv K i'Bt M/ M
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