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#bi® +iXh?2 2M? M+2K2Mi Q7 M2r i2+?MQHQ;v BM i?2 b2MbQ  M2irQ F b?Qrb bB;MB}+ Mi “2bmHi
KBHBi v bm p2BHH M+2- ?2QbTBi Hb- KBMBM; M/ ?QbTBi Hb 2i+X h?2 MQ/2b "2 b+ ii2 2/ M/QKHv
Bb i MbKBii2/ iQ " b2 ai iBQM U"aV mbBM; i?2 KmHIB@?QT i2+?MB[m2X h?2 gB ' 2H2Kp aMMbQ " L2ir
"2b2 "+? }2H/ 7Q" +? HH2M;BM; T'Q#H2Kb b 2M2 ;v +QMbmKTiBQM- 2{+B2Mi +Hmbi2" 22 / b2H2+iBQ
bi’2M;i?-T +F2i HQbb-2M2 ;v HQbb M/ bQ 7Q°i?X h?2 ;2M/ BMi?2T T2 BbiQ 2M? M+2 _2bB/m H 1
HB72iBK2X h?2 T'Q#H2K Bb bQHp2/ #v mbBM; M 2{+B2Mi +HmMbi2"BM; M/ *Hmbi2?2>2 2G> BQM2 +iB
Bb # b2/ QM i?2 K tBKmK MQ/2 "2bB/m H2M2 ;v M/ i?2 KBMBKmK /Bbi M+2 7°QK i?2 # b2 bi iBQMX h
BMirQbi ;2bX h?2 M2r h? 2b?QH/ p Hm2 hU>V Bb + H+mH i2/7Q  i?2 +Hmbi2  X2hPR2HI2 7iBBQ™ Q +2
K2i?Q/ # b2/ QM i?2 i'mbi 7mM+iBQM Bb mb2/iQ ;2i ++m  i2 /i BM i?2 b2+QM/ bQ ; ZAnh®2i2M2 ;v K
2t+2bbBp2 2M2 ;v i° MbKBbbBQM BMbB/2 i?2 M2irQ ' FX h?2 S°QTQb2/ T'QiQ+QH Bb +QKT 2/ rBi? ai
99W HB72iBK2 BKT Qp2K2Mi- 8NW bi #BHBiv BKT Qp2K2Mi M/ R8W BM bm pBp H " i2 "2bT2+iBp2Hv)

E2v rQ /b*Hmbi2"BM;- *Hmbi2" >2 / a2H2+iBQM- 1M2 ;v 1{+B2M+v- qB 2H2bb a2MbQ"  L2irQ F- h'n
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RX AMi ' Q/m+iBQMNX ;" Qri? BM i?2 }2H/ Q7 i?2 KQ#BH2 BMi2 M2i M/ b2MbQ " |
KQiBp i2/i?2 KBM/b2i Q7 T2QTH2iQr /b M2ri2+?MQHQ;v (R)(k)X h?2 a2MbQ" " LQ
i?72 M2irQ'F "2 M/BMi2® +irBi?i?2 2ti2"M H2MpB " QMK2Mi mbBM; +2°i BM +QKK
HBKBi2/ # ii2°v TQr2 X h?2 KmHIiBTH2 aL "2 "2[mB '2/iQ T2'7Q°' K 2 H@iBK2 i -
AM i?2 ir2Miv@QM2 +2Mim v-i?2 gaL ? b TH v2/ bB;MB}+ Mi BKT +iQM ?mK M H
2M;BM22°'BM; M/ /p M+2/i2+?MQHQ;vBM K Mv /Bb+BTHBM2b BKT Qp2 b2MbQ " |
HB72 MQr / vbX AMv2 " RNdyb-i?2} bi;2M2 iBQM b2MbQ  M2irQ Fr BBIMi Q/m-
+QKKmMB+ iBQM iQ i° Mb72  i?2 /i iQ "aX h?2 M2ti ;2M2" iBQM b2MbQ ™ M2irQ"F
M/ QT2 i2/BM/2T2M/2MiHv rBi? i?2 +QQT2 i BQMQ77Q K2 MQ/2b M/ +QHH2+
RNNyb-i?2i?B°/;2M2° iBQMb2MbQ™  M2irQ'Fr b BMi"Q/m+2/BMi?2 K "F2irBi? /
KM ;2> M/ #mb +QMM2+iBQM bvbi2K iQ +QHH2+i i?2 BM7Q K iBQM BM i?2 M2ir(
M2irQ ' Fb ? p2 M /p M+2/ +? ~ +i2'BbiB+ r?B+? T2'7Q°'Kb KmHIiB@?QT TT Q +°?
i?72 M2irQ"F7Q /i i° MbKBbbBQM BM i?2 galL (j)(9)X h?2 b2MbQ  M2irQ ' F +QHH:
bQm ™ +2b M/ b2Mi iQ "a pB bBM;H2fKmHIBTH2 ?QT 7 b?BQMX h?2 b2MbQ ™ Q#D
"QH2iQ;2i?2° 7Q" 2bi #HBb?BM; +QKKmMB+ iBQM pB i?2 +QKKmMB+ iBQM HBM
/[2THQvV2/ BM i?2 +'BiB+ HxQM2 2 7i2° "2;mH "BMi2'p HQ7 iBK2 #2+ mb2/ i
/IB{+mHiX h?2 HQ+ iBQM Q7 2p2°vaLBMi?2 M2irQ'F Bb MQi 2 bBHvi® +F2/X h?2
iQ FMQr i?2 2t +i HQ+ iBQM BM i?2 M2irQ ' FX h?2 b2MbQ™ M2irQ'F ? b TH v2/ M
b+2M "BQ b /2THQV2K2Mi bi®” i2;v-T'QiQ+QH /2bB;M M/ ;"22M +QKKmMB+ iBQN
2?2 M/IH2/ "2KQi2Hv M/ 2K#2//2/i?2°27Q 2-"2[mB 2K2Mib Q7 b2MbQ ™ M2irQ F |
M/ "2b2 "+?2 Tm TQb2 (e)X h?2 KQ/2"M b2MbQ™ M2irQ ' F i2+?MQHQ;v Bb Km+? K
M2irQ"FX h?2 MQ/2 2M2 ;v M/ 2MpB " QMK2Mi HBMi2 " mTiBQM z2+ib i?72 +QKK

2T "iK2Mi Q7 *QKTmi2' a+B2M+2 M/ 1M;BM22'BM;- J / M JQ? M J H pBv IMBp2 bBiv Q7 h2+?M
WBTMHMTb BMB Mk9dyIXK BHX+QK
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2z2+iBp2 "Qmi2 QTiBKBxXx iBQM i2+?MB[m2 M/ miBHBx iBQM Q7 "2bQm +2b BM
K tBKBx2b # M/rB/i? miBHBx iBQM M/ K BMi BM ZQa BM i?2 gaLX h?2 MQ/2b "2 T
2 x /Qmb "2:BQM M/ bQK2iBK2b mM #H2iQ +Qp2  i?2 M2irQ'F "2 /m2iQ b2p2°
bQHp2/ #v MbBM; 2M2 ;v 2{+B2Mi@+Qp2 ;2T QiQ+QH M/BKT Qp2b M2irQ F HB7
i72 +m  2Mi TQr2° Q7 i?2 bB:M HX h?2 +QKTH2i2 +Qp2° ;2 M/ QTiBKmK miBHBXx
i?72 /i BMBM i?2 M2irQ F #2+QK2 BKTQ i Mi "2b2 “+? BM i?2 T 2b2Mi b+2M "BQ
i* MOKBbbBQM BM i?2 b2MbQ" M2irQ ' FX h?2 }'bi Bb i?2 +im Hi> MbKBbbBQM |
AM +im Hi> MbKBbbBQM i?2 /i Bb HQbi/m2iQ 2MpB QMK2Mi 7 +iQ b M/ /i +
?22HTb BM MQ/2 +QKTmiBM:- biQ ;2 +QKTmiBM: M/ 2/m+2i?2 +QMbmKTiBQM Q7
2 > M/QKHv /Bbi'B#mi2/ BM M2irQ F M/ 2p2'v iBK2 HQM; /Bbi M+2 MQ/2 mb2 K
/Bbi M+2X

h?2 T T2 T°QTQb2/ T QiQ+QH i? i mb2b M2r h? 2b?QH/ p HM2 7Q° /p M+2/
T 2p2Mi > M/QMKM2bb BM i?2 b2H2+iBQM T Q+2bb Q7 *>X h?2 M2r h? 2b?QH/ p }
/Bbi M+2 " iBQ iQ T 2p2Mi *>UbV M/ HQr MQ/2 7 BHmM 2X h?2 /i 7TmbBQM K2i?Q
+4+m> i2/i M/2M2 ;v KQ/2H "2 miBHBx2/iQ "2/m+2i?2 2M2°;vi  MbKBbbBQM |

h?2 2K BMBM; b2+iBQM Bb /2}M2/ b 7QHHQrbX h?2 .2bB;M Bbbm2b M/ _2H iz
h?2 G1 *> T QiQ+QH BM b2+iBQM jX h?2 S'QTQb2/ S ' QiQ+QH Bb T 2b2Mi2/ BM b
"2 T2 7Q K2/ M/ +QMi’ bi2/ rBi? alS BM b2+iBQM 8X *QM+HmMbBQM M/ 7mim 2 |

kX .2bB;M Abbm2b M/ 2H iR78KAXQ i Mii bF BM i?2 b2MbQ" M2irQ"F Bb iQ 2
Q7 i?2 aL M/ gaL HB72 #v mbBM; QTiBKmK 2M2 ;v +QMb2 p iBQM i2+?MB[m2bX
i?72 MmK#2 Q7 "2;BQMb #v mbBM; HQM;Bim/BM H /Bbi M+2iQi?2 "aX AM (N)i?2 "z
/i iQ"apB i?72KmHiIiB?QT b+?2K2X AM (Ry) T2 7Q K2/ bi iB+ +Hmbi2"BM; iQ "2/
h?2MQ/2? pBM; K tBKmK _1Bbmb2/7Q i?2b2H2+iBQM Q7 *>BMi?2qaLXh?2BM
"2;BQM 2M? M+2/i?2 1 Q7 aL M/ HB72iBK2 Q7 bvbi2K (RR)X AM (Rk) T°'QTQb2,
bi iB+ +Hmbi2'BM; 7Q" i?2 *> b2H2+iBQM #v miBHBxBM; K tBKmK 1 Q7 aL M/
T K2i2° BMi?2 M2irQ"FX AM (Rj) T'TQTQb2/ KBMBKmMK bT MMBM; i'22 H;Q Bi
i MbKBbbBQM Q7 /i iQ "ambBM; bBM;H2@?QT b+?2K2 BM i?2 M2irQ"FX AM (R
7Q° M 2{+B2Mi +Hmbi2® ?2 / b2H2+iBQM T°'Q+2bb M/ mb2/ E K2 Mb +Hmbi2 BM
Q7 +Hmbi2°b MQ/2 BMbB/2 i?2 M2irQ'F M/ BKT Qp2/i?2 T2 ' 7Q°'K M+2 Q7 i?2 gal
i2+?MB[m2 7Q " i?2 Q°; MBx iBQM Q7 aL M/ 2{+B2Mi "QmiBM; b+?2K2 7Q" i° MbK
Bb T "iBiBQM2/ BMiQ /Bz2 ' 2Mi "2;BQMb M/ *> Bb # b2/ QM i?2 aL ? pBM; K tBKm
7°QK "a r?B+? 2M? M+2b i?2 M2irQ'F HB72iBK2X AM (Re)mb2/ /Bbi M+2-2M2";v
iQ BM+'2 b2 i?2 HB72bT M Q7 gaLX AM (Rd) 2M2 ;v T'Q#H2K BM G1 *> T QiQ+Q
7Q°KmH # bb2/ QM /Bbi M+2 M/ 2M2 ;v bBKTQ i MiT * K2i2°b BMi?2 M2irQ FX
7mM+iBQM iQ 2H2+i + M/B/ i2 *> BM i?2 M2irQ'F 2 M/ i’ MbKBbbBQM Q7 /i iC
r?B+? KBMBKBx2b i?2 2M2 ;v +QMbmKTIiBQM BM i?2 M2irQ " FX AM (RN) BMi Q/r
i?72 b2H2+iBQM Q7 +HmMbi2 b BMbB/2 i?2 M2irQ " Fr?B+? 2M? M+2/i?2 HB72bT M (
K2i?Q/QHQ;vi? imb2b i?2 7TmbBQM K2i?Q/ # b2/ QM i?2 T'TBM+BTH2 Q7 BM; 2/BzZ
i?722M2 ;v Bbbm2 BM i?2 M2irQ"FX AM (kR) mi?Q b b B/i? imM2[m HMQ/2b 2M2
T°Q+2bb Bb ° M/QKHV T2 7Q K2/ BM i?2 M2irQ " FX h?2 T'Q#H2K Bb bQHp2/ #v
r?B+? 2M? M+2/i?2 MQ/26b _1 M/ i?2 HB72iBK2 Q7 i?2 gaLX AM (RN) T°'QTQb2
T 'iBiBQM2/ BMiQ 2[m H bBx2 2;BQMb M/ bi iB+ +HmMbi2"BM; b+?2K2 Bb mb2/ |
KmHIB@?QT b+?22K2 7Q  i° Mb72  i?2 /i iQi?2 "aX AM (kk) T'TQTQb2/ T QiQ+Q
"2 b2H2+i2/ ++Q°/BM;iQi?2 _1 Q7 aLX h?2 K tBKmK p Hm2 Bb +?Qb2M b *> KQ
+QMbmKTIiBQM Q7 2M2°;v BMbB/2 i?2 M2irQ"F M/ BKT Qp2 bvbi2K T2 ' 7Q K M+2
T°QiQ+QH Bb MQi TT QT B i2bQ + mb2bp 'BQmb T 'Q#H2KbX

AM (kj) BMi'Q/m+2/ i'mbi KQ/2H 7Q  b2+m 2 /i i° MbKBbbBQM M/ KBMBKBX.
AM (k9) i?2 i'mbi KQ/2H Bb mb2/ iQ b2+m 2 p "BQmb H v2'b Q7 +QKKmMB+ iBQN
/'i TmbBQM T Q+2bb "2HVBM; QM i?2 /2;°22 Q7 i mbi iQ 2M? M+2/ i?2 bvbi2K T2
/i TmbBQM K2i?Q/ # b2/ QM KmHiBp "B i2 bi’2 Kb Q7 /i iQ /2i2+i M/ pQB/ Qmi
T°QTQb2/ h"mbi@.Bbi'mbi T QiQ+QH M/ mb27Qm” bi ;2b biQTQHQ;YBEKMM ;2K 2]



LQp2H TT'Q +? 7Q  *Hmbi2  >2 / a2H2+iBQM mbBM; h>mbi 6mM+iBQMjBM gal

M/ b2+m 2/ i i° MbKBbbBQM # b2/ QM ;> /2 TQBMibBM i?2 M2irQ'F7Q /i ~Qmi
b2+m*'2 +QKKmMB+ iBQM # b2/ QM i " mbi 7mM+iBQM M/ 2M2 ;v 2{+B2Mi +Hmbi2
T°QTQb2/ T QiQ+QH 7Q" i?2 b2H2+iBQM Q7 *> # b2/ QM i mbi 7TmM+iBQMX h?:
MmiBHBx2/iQ pQB/ mMM2+2bb "'vi® MbKBbbBQM M/ +?B2p2 ?B;?2 T +F2i/2HB

X GQr 1M2 ;v [/ TiBp2 *Hmbi2 >B2° "+?vHPRIGI>YXBb i?2 }'bi +HmMbi2 "' BM; T
+QHXh?2 b2H2+iBQM Q7 *> BM i?2 T'QiQ+QH Bb T2'7Q K2/ > M/QKHv M/ p2" ;.
MQ/2b iQ pQB/ 2M2 ;v Bbbm2b M/ M2irQ'F bm 'pBp HT2'BQ/X AM i?2 T'QiQ+Q
KQM; i?2K- QM2 Bb 2H2+i2/ b *>X h?2 "2bi MQM@*>UbV MQ/2b b2Mi/ i iQ 2 +7?
2/mM/ M+v T'Q#H2K Q++m "2/ BM i?2 /i X h?2 *>UbV ;;°2; i2i?2 /i M/ b2Mi I
? p2i?2 +Hmbi2  ?2 /2" BM7Q°K iBQM M/ bK HH "QmiBM; i #H2 Bb K BMi BM2/ #
+QMbmKTiBQM BMbB/2 i?2 M2irQ'F Bb pQB/2/ #v mbBM; “QmiBM; i #H2 BM i?2
/p Mi ;2b b r2HH b /Bb /p Mi ;2biQQX AMG1 *> T QiQ+QH r?2M +Hmbi2® 7Q°K
Bb QTiBKBx2/ BM i?2 bi #BHBx iBQM T? b2X h?2 > M/QK MmK#2'b "2 HHQ+ i2/
i?72 "2bmHIBM; MmK#2" Bb ;72 i2° +QKT “2/iQ i?2i? 2b?QH/ b2i hUMV rBHH #2 +7
+HmMbi2 " BM; T°'Q+2bb ? birQ T? b2b FMQrM b i?2 2bi #HBb?BM; T? b2 M/ bi #Bl
+Hmbi2 b i F2b TH +2 M/ K2bb ;2@B/ Bb # Q /+ bi BM i?2 M2irQ"F mbBM; bB;M
MQM@*>UbV MQ/2b BM i?2 M2irQ"FX h?2 *>UbV "2[m2bi HH K2bb ;2b M/ i?2 *
7TQHHQri?2h.J b+?22/mH27Q" HH +Hmbi2'bX h?2 /i ;;°2; iBQMBb T2 7Q K2/ C
M/ }M HHv-i?2/ i Bbb2MiiQ "a (jy)(jR)X

9X STQTQb2/ IQ2HXLIS T QiQ+QHr bBMi"Q/m+2/iQ KBMBKBx2 2M2 ;v Bbbm2|
h?2 alS T°'QiQ+QH mb2b r2B;?i2/ T'Q# #BHBiv 7Q" *> 2H2+iBQM BM MQ 'K H b1
T QIiQ+QH /Q2b MQi 2Mbm 2 r?2i?2  i?2 MQ/2b 2 2z2+iBp2Hv /2THQvVv2/ Q  MQi E

h?Bb T T2 T°'QTQb2b M2r T°'QiQ+QH BM r?B+? qaL Bb T "iBiBQM2/ BMiQ "2;I
aLX h?2 MQ/2b 7Q" ?B;? 2M2 ;v "2 FMQrM b /p M+2/ MQ/2b M/ 7Q HQr 2M2 ;v
h?22 T°"TQTQb2/ T°QiQ+QH Bb 2t2+mi2/ BM irQ T? b2bX AM i?2 }'bi T? b2- /Bbi B#
pHmM2 7Q° +Hmbi2® ?2 / b2H2+iBQM BM i?2 gaLX AM i?2 M2ti T? b2 i?2 ++m’ +v
i?72/ i 7TmbBQM K2i?Q/ # b2/ QM i mbi 7mM+iBQM iQ Q#i BM2/ ++m” i2/ i X h?2:
i?72 mMmMM2+2bb v 2M2 ;v i° MbKBbbBQM BM i?2 gaLX h?2 T°'QTQb2/ T°QiQ+QH n
K2+? MBbK r?B+? pQB/b > M/QKM2bb 7Q" *> b2H2+iBQM T ' Q+2bbX h?2 b2H2+iB
K tBKmK 1 Q7 aL M/ KBMBKmMK "a /Bbi M+2X h?2 M2r hU>V +QMbBbib Q7 /Bbi M
r?B+? pQB/b2M2 ;v 7 BHM 2 T Q#H2Kb BM i?2 *>UbV M/ HQr MQ/22M2 ;v T Q#F
i?72*>UbV MQ/2b _1X h?2*>UbVr Bi7Q  i?72 +QKTH2IiBQM Q7 i?2/ i +QKKmMB+ i
h?2 T°QTQb2/ T'QiQ+QH "2/m+2b i?22M2 ;v +QMbmKTiBQM BM gqaL M/ BKT Qp2

9XRX L2irQ'F bbmKTiBQMb 7Q" .2bB;MBM: i?2 ShQZQ@RMHHQBR+DERYMKTIBQ
+QMbB/2°2/ 7Q  /2bB:MBM; i?2 T'QTQb2/ T'QiQ+QHX
h?2 aL "2 b+ ii2 2/ BM ° M/QK 7 b?BQM BM i?2 _QAX
h?2"a? b +QMiBMmQmb TQr2  bmTTHv M/i?2 aL "2 /2i2°KBMBbiB+ BM M
h?2 aaA SHvb K DQ' "QH2BM i?2 /Bbi M+2 2biBK iBQM #2ir22M irQ MQ/2
h?2 # ii2 v Bb MQi "2+? “:2 #H2X

9XKkX 1M2 ;v JOW2BXM2 :v KQ/2H 7Q  i?2 T'QTQb2/ T'QiQ+QH b?QrM BM i?2 6
+ iBM#Bib Qp2  /BlbiiM+i2 MbKBbbBMV2BIR 2fdB 2/ b 7QHHQrb (Re),

(
+ 2.
Te = C Eeect C Egs ds; B7<do U9XRV
C EeectcC Emp d4; 2HDb2

1?2 Foecd LH2+i'B+ H BM2 2[MUB 2/ 7Q  i?2 +QMp2 'bBQM Q7 R ERi4GBQIA" iQ bB;
KQmMi 7Q" 7 E2, b SKQ@r2° KQmMi 7Q° KmHIBT i? KQ/2HbX

S

Efs
Emp

do = U9XkVv
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e e . s i d --------- Rl

¢ bits | . : ! % 1

Message Transmit Tx _:_T I:r Receive :

—Pll Electronics [~ Amplifier | 1| Electronics 'I

] 1

{ c. Egee c, I':amp-{d]cl | L €. Egjec :

__________ o s
Transmitter Receiver

6B;X 9XR, 1M2";v JQ/2H

h?2 2M2 ;v "2[mB 2/ 7Q ¥B2b BRpBM,QHHQrb,
Erx = C Eelec U9XjV
h?2 2M2 ;v "2[mB 2/ #Vv i?2 *HEMWE ¥ TQK#QKKmMMBBitBBG b 7QHHQrb,
CMg =C Eeec*C Egs o U9XxovV

r?2°@py 4 /IBbi M+2 iQ *>X
h?2 2M2 ;v "2[mB 2/ #3Hi?2 B ¥ H+mH i2/ b 7QHHQrb,

r?22@m=+QmMi Q7 +Hmbi2dgd2/BH2 b2 7 QK " bZEgd UBQ;M2; iBQM 1M2 ;vX

9XjX h>mbi 6mMGiBIQMWX bbmK2 i? ii?2 b2i @7sal sh BB +Qp2 'BM; i?2 2MiB 2 M2i
"2 X h@2 M/d Bb i?2 /i +QHH2+i2/ #v i?8 bBIMbQ bMKR XQK2MiX A7 i?2 ++m’ +\
b2MbQ d Bb ?B:?2 - i? M i?2 i'mtiBb;:22iQ7i? M i?2 "2bi Q7 i?2 b2MbQ /i X q
d Bb i'mbi2if #v? B +Qp2'b HH i?2 TQbbB#H2 /2;°22 7Q" b2MbQ /i X h?mb i?2 i
“2T 2b2Mi2/ b (k8),

tp = fG(d )i U9XeV
r?2°g = f((d d)j) 2 [01] MAj =1;2::0;nX " b2/ QM i?2 i mbity mMW2iB@Mi K i Bt

+Q  2bTQOMABWMK®2 Q7 b2MbQ" MQ/2b +QKTmi2b HHb K2 T * K2i2'b mb2/ ii?2
2 3

t11 tin
T=9 % % ¥ uaxXdv
tnl tnn

h?2 r2B;?2i Q7d/M HQHH2+i2/ 7" QK i?2sh? MIPQAM Q72 KTitBt 2T 2b2Mib i?2 i mbi
12;°22dQ7Q - #mi /Q2b MQi b?Qr i?2 i'mbi /2;°22 Q7 HK Xih?Ri?imbM peHIM2 Q7
Bb “2~2+iQ/-t::: tin X h?2°27Q°2- r2BRiHQKBEM?2 HH i?2 +ifh riBi® HM2i Q77 1?2

MQM@M?2; iBAp2rBI? BtHan-2ap-::: a, X
2 3 2 3
by a1
v az
=T Uuoaxi3v
bh an

b = ajtjs + artio + i+ antin U9XNV
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X0
h = q; tjj U9XRyYV
j=1
h?2 K i'BtMA "2b+ H > KmHBBTHARH-ABX >2 2Bb i?2 1B;2Mp Hm2 7Q " i?2 +Q "2b
2B;2Mp2AXi@?mb i?2 /2;°22 Q7 i'mbi Bb K2 bm™ 2/ b,

B=i;i;j=1;2;:::;n U9XRRV
b 3
h?2 MQ K H B2,/
h = & U9XRKV
aita+ ..+ ay

h?2/i 7TmbBQM Bb i?2 T°Q+2bbiQ +QHH2+ib/ i 7°QK KmHIBTH2 bQm +2b M/
Bb MQi T2 7Q K2/ #v Mv bBM;H2 b2MbQ  MQ/2X h?2 Q#D2+iBp2 Q7 /i 7mbBQM

“2HB #H2 M/ ++m  i2/i i° MbKBbbBQM BM i?2 QAX h?2/i 7mbBQM T Q+2bb
T Q#H2Kb M/ KBMBKBx2/i?2 2M2 ;v +QMMBTIiBQM BM i?2 gaLX h?2 /i 7mbBQM
X
D= hd UIXRjV

i=1

6°QK 2[m iBQM 9XRj/ i 7mbBQM Bb HbQ 2tT 2bb2/ b,

U9XR9V
ytatiilta

9X9X *Hmbi2 >2 / a2H2+iBHPM S b2K2H2+i2/ #v mbBM; K tBKmK MQ/2b _1 M.

/Bbi M+2 7°QK "aXh?2 MQ/2b "2 + i2;Q Bx2/BMiQirQT ibXh?2} biBbMQ K H M
MQ/2bX

P
A —L(1+N) U9XReV
P T 1+ N,N, n

r?2 Np 4a2H2+iBQM T Q# #BHBiv Q7 MQ2KaBHR@IBQM*B-Q# #BHBiv Q7 /p M+2/ N
Na 4 /p M+2/ LQ/2 T2 +@M4 :RQmMi Q7 2M2 ;v ?B;?2  i? Mi?2 MQ K H MQ/2X
h?2 i? 2b?QH/ Bb + H+mH i2/ b b?QrM #2HQr,

(
P . .
T(H): l- P (r mod Pl)’ B 72M:

U9XRdV
0; Qi?2 rBb2
r?2 2(H)=h? 2b?QH/ oHmM2-2Mi MmMK#2  ®Z RiQnMbB 2/ T2 +2Mi ;2 Q7 MQ/2iQ #

h?2 MZ(H) Bb + H+mH i2/ #v KQ/B7vBM; BM 2[m iBQM 9RRdXI /hBbr2B+42i2/iRW 2
OV "2+ H+mH i2/ b 7QHHAQr,

E = (REcurrent (Ea+ E¢+ Ey)) U9XR3V
p = D8s UIXRNYV
DL

r?2 REcurew Bb +m "2Mi _2bB/nEHBIM23:25 iBQM 1B Bhvh® MbKBbbBQE BM2 ;v-
_2+2TiBQM 1MPRasvBMIi?2 /Bbi M+2 7 QK BI2i?@2-HQM;2bi /Bbi M+2 7 TOH) "BIXh?2 M:
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mb2/iQ pQB/i?2 HQr 2M2 ;v T'Q#H2K M/ BKT Qp2b *> bm pBp H > i2X "v miBH|
9XR3- 9XRN bBKmHi M2QmbHv BKT Qp2b BM /Bbi ' B#miBQM QHLFK HQMI Hp M+
M/ /p M+2/ MQ/2b "2 :Bp2M BM 2[m iBQM 9Xky M/ 9XkR #2HQrX

(

Npx —(@ E+b D); B72m
N'p

T(H)y= ! Ne (r  mod U9XkyV
o Qi?2 rBb2
( Apx . .

T(H)= % Ar (r mod (@ Exb D) BraM U9XKRV

0; Qi?2 rBb2

r?2 Bpx 2T 2bRMitBiI? r2B;?i T ~ K2ARx s2T 2b2MitBi? r2B;?i T °~ K2i2M4&;b
21?72 +Q2{+BaMDBRK2X0;1] MAa+b=1X

1[m iBQM 9Xky M/ 9XkR BKT ' Qp2b 2M2 ;v +QMbmKTiBQM BM i?2 gaLX h?2 HQ
KQ'22M2 ;v +QKT "2biQ b?Q i /IBbi M+2 MQ/2bTKH)?2Q2 MXQ 2K&#WH mM B Mp M2/ MQ /.
BKT ' Qp2b i?2 /Bbi'B#miBQM Q7 aL M/ 2M? M+2/i?2 MQ/2 _1 BM i?2 galLX

IXB8X STQTQb2/ S PPR+@HX? i 7Q  i?72S ' QTQb2/ T QiQ+QH Bb b?QrM BM 6B;
h?2 M2irQ'"F +QMbBbi Q7 /p M+2/ MQ/2b M/ MQ K H MQ/2bX h?2 M2r i? 2b?(
/IQKM2bb BM i?2 *> b2H2+iBQM T ' Q+2bbX h?2 /i 7mbBQM ~ i2 Bb mb2/iQ ;2i +-
h?2 2M2 ;v KQ/2H "2 mb2/iQ pQB/ mMM2+2bb "v2M2 ;vi>  MbKBbbBQM BM i?2 N\

H;Q Bi?KMH2 . i S'2/B+iBQM S? b2

AMBiB HBXdBQIMQ/2 >B;? 1M2 ;v- >4 h  Mb7Q K2/ >B;? 1M2 ;v- G 4 h  Mb7Q K
I1M2 ;v- *> 4 *Hmbi2  >2 /-"a 4" b2 ai iBQM ¢
Nodeg "M/ Uy-RV c
BNodg >Hg i?2M
| a2i >Mode >B:;? 1M2 :vLQ/2¢c
2Hb2
| a2i Glvde GQr 1M2 :vLQ/2c
*H+mH i22M2°;v " /BQr2B;?ic
*H+mH i2 /Bbi M+2 T ° K2i2 b ¢
h> Mb7Q  Koda > c
h Mb7Q KoGeh G c
BUUx hu>V & huU>\VY2M
"“Q /+ bi*> K2bb ;2 ¢
LQ/2b "2+2KRdb ;2 c
2Hb?2
| LOQMn*> MQ/2bBi iBHH K2bb ;2 #°Q /+ bic
LQ/2b "2+2Bp2 BM7Q K iBQM BMi2MbBiv ¢
LQ/2b "2+2Bp2 K2bb ;2iQ DQBM *> ¢
*>"2+2Bp2 "2[m2bi K2bb ;2 ¢
*>p2ih.J b+?2/mH2 ¢
""Q /+ bih.J b+?2/mH2¢c
*>"2+2Bp2/ i ¢
*>6mb2// i ¢
*>pb2M/ /i iQ "ac
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Generate a random number for
nodes
i=rand()

Set Set
L_Nodej~— Low Energy Node H_Nodej+— High Energy Node

|
|

Calculate Energy Radio Weight

Calculate Distance Parameter |

Transform
H_Nodej —H
L_Nodej+—L

Broadcast CH message |

Non CH nodes wait till message v
broadcast ‘ Nodes recieve message |

[ ]
|

Nodes recieve information intensity |

A4

Nodes recieve message to join CH |

¥

CH recieve request message |

A 4
CH set TDMA schedule
A 4

| Broadcasr TDMA schedule

A4

CH recieve data |

A 4
CH fused data
A 4

CH send data to BS

6B:X 9Xk, 6HQr *? i Q7 S'QTQb2/ S QiQ+QH
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h #H2 8XR, S ° K2i2  7Q  aBKmH iBQM

S " K2i2 b Ib2] o Hm2b
LQ/2b ULV R8Yy

L2irQ F "2 UR8y-R8yV
SQbBIBQM Q7|"a UR8y-d8V

Ets Ry TCf#Bif

E mp YyXYyyRj TOi#Bif
o V yX8 C

Brx V 8y MCT#Bi

Epn V 8 MCf#BifbB{M H

Allocation of energy to all Nodes
150 o

o o
o] (=] ° o ° &
b Bo%po o ¢
O 5 B 8 ? 0" 000, 00 o
100 |90 g OVIO 0 o8
00 o
o By 0 o o o @
2 ¥ ¢ 0 5 o o
8 © 6% & 20°, QJA
5 % o 09 % o ° o
> ¢ c8 o0
50 ogo @ o
A 04) %o 2
®» @ o o
o o o” © o
QJO o o o OO 039
0 (e ¢ 0 L OA °0 o]
0 50 100 50

Horizontal Axis

6B;X 8XR, h?2 /2THQVK2Mi Q7 LQ K HLQ/2b M/ /p M+2/LQ/2b

8X aBKmH iBQM _2bmHib M/ 1t2+miBQWWP 2bbBRKMK2 MBIOXI Bb T2 7Q K2/ BM J ik
h?2 QA Bb LRRB8y 2 M/i?2/Bbi’B#miBQM Q7 MQ/2b "2 /2i2°KBMBbiB+ BM i?2
*> h2H2+iBQM Bb RYyWX h?2 T°QTQb2/ T°QiQ+QH Bb +QKT "2/ rBi? i?2 alS # b2/
b?QrM BM h #H2 8XRX

h?2 BMBiB HM2irQ'F/2THQVK2Mi Bb b b?QrM BM i?2 6B;m 2 8XRX

AM i?2 6B;m 2 8XR i?2 #Hm2 +QHQ ™ 2T 2b2Mib i?2 /p M+2/ MQ/2b M/ i?2 "2
MQ/2bX h?2 "a Bb HQ+ i2/ i URSyBW8M/QwmI2tBD "2bT2+iBp2Hv M/ "2T 2b2Mi2/ rE
+QHQ X h?2 2z2+iBp2M2bb Q7 i?2 T QTQb2/ T QiQ+QH Bb +QKT "2/ rBi? "2bT2+i
BM6B;m 2 8Xk-/2/ MQ/2bBM6B;m 2 8Xj- MMK#2 Q7 T +F2ii° MbKBii2/iQ "a BM
BM 6B;m 2 8X8-T2 +2Mi ;2 Q7 2M2 ;v +QMbmK2/ BM 6B;m 2 8Xe- T2 +2Mi ;2 Q7
bm pBp H  i2 T2 +2Mi ;2 BM 6B;m 2 8X3 "2bT2+iBp2HvX

h?2 "2bmHibBM 6B;m 2 8Xkb?QrMi? ii?2T QTQb2/ T°QiQ+QH ? bkN HBp2 M(
Bb #2ii2° i? M alSX

AM i?2 6B;m 2 8Xj b?QrMi?2 T°QTQb2/ T°QiQ+QH "2p2 Hb #2ii2° T2 '7Q K M+
i?72T°QTQb2/ T°QiQ+QH }°’bi MQ/2 /B2b i NN3 "QmM/br?2°2 bBMalS T QiQ+QH

bb?QrMBM i?26B;m 2 8X9-i?2T +F2ib II8MWKBQ2i?2Q TaQTXQb2/ T QiQ+QH r?
alS T 'QiQ+QH iP2 dOHMD mb2/ 7Q T +F2ii° MbKBbbBQMX

b b?QrM BM 6B;m 2 8X8-i?2 T°'QTQb2/ T'QiQ+QH ? b KQ'2 MmK#2> Q7 MQ/2
T QIQ+QHX Ai + M #2 Q#b2 p2/ 7°'QK i?2 };m 2 i? i i?72 MmK#2" Q7 *> bi “ib /2+
alsS M/ 7Q i?22T QTQb2/ T QiQ+QH MmK#2™ Q7 *>bi 'ib/2+ 2 bBM; 7i2° Ryyy '(
bi #BHBiv T2'BQ/ Bb ?B;?2  7Q  i?2 T°'QTQb2/ T QiQ+QH +QKT "2/ rBi? alSX

AMi?26B;m 2 8Xe b?2QrMi? ii?22M2 ;v +QMbmKTIiBQM Bb "2/m+2/7Q i?2 T
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Dead Nodes

Packet sent to BS
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Death Rate in Percentage

]
-

Rate Percentage(%)
B
=]

6B;X 8X3, h?2 .2 i? _ i2 Q7 L2irQ F

alS T QIQ+QHX Ai Bb Q#b2 p2/i? ii?2 2M2 ;v +QMbmKTIiBQM Bb "QmM/ Ryy W
r?72°2 bBiBb "QmM/ 3yW 7Q° R9yy "QmM/bBM i?2T QTQb2/ T'QiQ+QHX

AM i?2 6B;m 2 8Xd i?2 T°'QTQb2/ T'QiQ+QH ? b KQ'2 "2K BMBM; 2M2 ;v +QKT
? b HKQbix2°Q2M2 ;v7Q 2 +? MQ/2X

AMi?26B;m 2 8X3i?2bm pBp H  i2Q7i?2T QTQb2/ T°QiQ+QH Bb "QmM/ RE
+QKT 'BbQM rBi? alSX

eX *QM+HMMBPQMBRTQb2/ T'QiQ+QH T 2p2Mib * M/IQKM2bb BM i?2 b2H2+iBQ
h? 2b?QH/ p Hm2 +QMbBbib Q7 r2B;?i2/ 2M2 ;v M/ /Bbi M+2 ~ iBQ r?B+? T 2p2
b2MbQ  M2irQ'FX h?2 /i 7TmbBQM K2i?Q/ Bb mb2/ BM i?2 S°QTQb2/ T QiQ+QH iC
TmM+iBQM M/ i?22M2 ;v KQ/2H Bb miBHBx2/iQ KBMBKBx2 2M2 ;vi'M bKBbbBQ
“2bmHib ? p2b?QrM #2ii2° HB72iBK2- bi #BHBiv T2 'BQ/ M/ bm pBp H  i27Q i?
i?72alS T QIQ+QHX AMi?27mim 2 7mxxv HQ;B+ TT ' Q +? rBHH #2 mb2/7Q" i?2 *:
MiBHBx2/ 2M2 ;v +QMbmKTiBQM BMbB/2 i?2 M2irQ'F M/ 2M? M+2/i?2 bvbi2K T2

_161_1L*1a

(RYmMB - a / ?K2/ M/ _2M- "B Q M/ CB Q- g2Br2B M/ q M;- "BM BMMsBM{ JQ-MCB MD¥BH 2
rB'2H2bb b2MbQ™ M2irQ ' F, "+?Bi2+im 2 M/ 2M #HBM; i2+?MQH @ mBRIR 7 QQ Kk Bi[B\B;i-Qkntulj W-QTKTTX
RRj Rky-UkyydVX aT'BM;2" X

(k)oX L v M- X . MBR2®p2H T'QiQ+QH 7Q" /2i2+iBQM M/ QTiBKBx iBQM Q7 Qp2'H TTBM; +Qp2" ;2
UKYyRNVX

(j)) _Qv-LB? °_ MD M M/ *? M/" - S'MBIMKBb Q7 /i ;;°2; iBQM i2+? MBHmMDH2BMQKWMMXiBM;- kkUjV-
TTX 8dR 83R-UkykyVX aT ' BM;2 X

(9)L " v M- oBTmH M/ . MB2H- E M/ _ B- b?QMBmMK I¥+B2Mi hrQ hB2' *Hmbi2 " b2/ S'QiQ+QH 7Q"
a2MbQ " L2irQHmMbi2° *QKTmiBM;- kkUjV- TTX 8d9 8dN-UkykyVX aT BM;2 X0

(8)*? im'p2/B- SQQD M/ . MBXHmbEX b2/ MQ/2 b+?2/mHBM; T°QiQ+QH 7Q i “;2i +Qp2" ;2 BM rB 2H
*Hmbi2® *QKTmiBM;- kkUjV- TTX Rej Rdj-UkyR8VX aT ' BM;2 X

(e)*? im'p2/B-SQQD M/ . MB2HmbEX b2/ 2M2 ;v 2{+B2Mi +Qp2° ;2 T 2b2 pBM; T'QiQ+QH 7Q rB 2H
*Hmbi2® *QKTmiBM;- kkUjV- TTX 3ey 3e8-UkyR8VX aT ' BM;2 X

(d)*? im'p2/B- SQQD M/ . MB2HHh BB EX%2/ h *;2i *Qp2° ;2 S'QiQ+QH 7Q  qB 2H2bb a2MbQ  L2irQ"F
GQ;B*Kmbi2® *QKTmiBM;- kkUjV- TTX R33 RNk-UkyReVX aT'BM;2" X

(3)h"BT i?B- #?Bb?2F M/ :mTi- > "B S* #? i M/ .mii - h MBK M/ JBWP a?mPmMH EE M/ CBi-
aiv # iX*Qp2' ;2 M/ +QMM2+iBpBiv BM galLb, bm p2v- "2b2 “+?ABbb m2b2 b/ €D jWH 2ZIM X b X
keNdR keNNk-UKkyR3VX A111X

(N) DTQQi- S'BM+2 M/ .rBp2/B-FTiBKEXx2/ M/ HQ / # H M+2/ +Hmbi2'BM; 7Q  rB 2H2bb b2MbQ" M
i72 HB72iBK2 Q7 gqaL mbBM; J .J 0B QH2bDbX2irQ Fb- keURV- TTX kR8 k8R-UkykyVX aT BM;2

(Ryuw / p- _pB M/ . MB2H- 6EBiXxv # b2/ bK i 7 "KBM; mbBM; rB " 2H2bbHMMBQ* KRITNQ BAK; - kkUjV- TT)
R e-UkyR3VX aT'BM;2 X



Rk oBTmHL v M- XEX . MB2H

(RRGmM- um@/BM; M/ *?2M- u Q@/QM; M/ *?2MRIZ2BKA@ V@pRK2Mi M/ bBKmH iBQM 2b2 “+? Q7 rB2
M2irQ F G1 *>T QiQOH®HXH Q7 M?mB SQHVi2+?MB+ IMBp2 bBiv- kkU9V- TTX Rj-UKkyRKVX aT’ I

(RkR?QFQm?B7 - JQ? KK/ M/ C H HB2r BB&HmiBQM ‘v # b2/ TTHB+ iBQM bT2+B}+ "QmiBM; T Qi
rB 2H2bb b2MbQ" M2I@AMHBX M iBQM H CQm M H Q7 1H2+i'QMB+b M/ *QKKmMB+ iBQMb- eN
1Hb2pB2 X

(RjW?2MtBM;- ¢ M; M/ g2BHB- sBQM; M/ " QG ®> $hiXbi2  h'22 L2irQ ' F _QmiBM; H;Q Bi?K _2b2 "+
*QKTmi2  J2 bm 2K2Mi *QMi"QH- RRUjV- TTX 83RR 83kj-Ukyy3VX aT ' BM;2 X

(R9CB M;- CB MJBM; M/ a?B- :.mQ.QM; M/ w? Q- .2 M M/ GB- w?2M;JBMwMQauB- 'MB; 2i HX
AMi2HHB;2Mi KQMBiQ 'BM; bvbi2K Q7 [m +mHim 2T ° K2i2l Q¥ 2 QB B2 s'm 2 Q4R QMIX X iB Q N
Q7i?2*?BM2b2 aQ+B2iv7Q" ;’B+mHim> HJ +?BM2°v-98URRV-TTX k3e kNR-UKkyRO9VX *?BM2b

(R8BB-6 M;7 M; M/ g M;- CRBRINB1 *>@" b2/ _QmiBM; H;Q Bi?K 7Q" qB 2H2bb a2MHMX bl22Cr@mF M (B ) X
Q7 a2MbQ'b M/ +im iQ'b- RyUjV- TTX 83RR 83kj-UkyRkVX aT BM;2 X

(Rey M- *?2m M72B M/ .m- a? MARMQP2K2Mi M/ bBKmH iBQM Q7 H2 +? BM rBCREN2 DR MB R ; VMM Q °
vm _m MDB M- k3U9V- TTX RRj RRe-UkyRRVX a? M;? B AMbiBimi2 Q7 *QKTmiBM; h2+?MQHQ;

(Rd)Qb? M- EQK H M/ a? 'K - E'BiBAKT BK2/ G1 *> T'QiQ+QH rBi? + +?2 MQ/2b iQ BM+'2 b2 HB72i
b2MbQ  M2irQHRIbX2" *QKTmiBM;- kkUjV- TTX Nyj Ny3-UkyR3VX aT ' BM;2 X

(R3W? M;- GBX2 BKT ' Qp2K2Mi M/ bBKmH iBQM Q7 G1 *> +HmMbi2 'BM; "QqmBMMTIMBR2Q®BiVv@ 7qal
h2+?MQHQ;v- gqm? M- kkUjV- TTX R d8-UkyyNVX aT ' BM;2 X

(RN vQm/- J ? M/ #/mHb H K-> M /vJ M/ H@ui K - M/ E PVBM2BHBI M/ K2 ;2 H2 +? # b2/
_QmiBM; H:Q Bi?K 7Q  rB 2H2bb BRI Q" iRQIMQHFE®M M H Q7 *QKKmMB+ iBQM L2irQ Fb M
a2+m Biv- RYyURV- TTX R88 Rek-UkyR3VX aT ' BM;2 X

(kysm-u M M/um2-w? Mr2B M/ Gp- GBMbHBBM, QmiBM; H;Q Bi?K M/ bBKmH iBQM Q7 BMi2"M2i Q
Hv2 # b2/ QM 2M2 ;vAE1H M+H2bb- dUjV- TTX R98eed R98ede-UKkyRNVX A111X

(kR)r /2- _Q?Bi. M/ L H# Hr - a MD v €2Mi" HBx2/ 2M2 ;v 2{+B2Mi /Bbi M+2 # b2/ "QmiBM; T'QiQ+
b2MbQ ™ M2ir€QmbM H Q7 a2MbQ b- kyReUjV- TTX 83RR 83kj-UkyReVX >BM/ rBX

(kkym- q2MHB M; M/ sBQM;- L Btm2 M/ qm-ARMME22X%Hmbi2 BM; H;Q Bi?K # b2/ QM 2M2 ;v +QM
rB'2H2bb b2MbQ  MR2IUrRITRBKb- eUjV- TTX 9d 8j-UkyRdVX Al1hX

(kj).? M/- :22iBF M/ hv ;B-akIXl_, a2+m 2 KmHiB@iB2  2M2" ;v 2{+B2Mi "QmiBM; T'QiQ+QH 7Q" ?B2"
M2irQ FbB 2H2bb S2°bQM H *QKKmMB+ iBQMb- Ry8URV- TTX Rd j8-UkyRNVX aT BM;2"Xd

(k9)rBp2/B- E M/ a? 'K - E M/ EmK "-vMXKB+ h mbi J M ;2K2Mi JQ/2H 7Q " i?2 AMi2"M2i Q7 h?BM;b
a2MbQ b, h?2 *? HH2M;2b M/ _PFHEB+ SBOMIHX*QKTmiX a+B- RkUjV- TTX 83RR 83kj-UkyRNVX

(k8 amM- :mBHBM; M/ w? M;- wBv M; M/ w?2M;- "Qr2M MInGBB@E2WMQX . i 6mbBQM H;Q Bi?K " b~
h>mbi .2;°22 M/ AKT Qp2/ :2WhQ+HbXRNUNV- TTX kRjN-UKkyRNVX JmHiB/Bb+BTHBM v .B;Bi H

(ke EQHQKp ibQb- EQbi b M/ M ;MQbiQTQmMHQb- *? 'BbiQb M/ > /DB27i? VKB BDM aMI22DX@k 7mxxv
BM72'2M+2 BM +QMi2tim H/ i bi'AKIKQMWBIGiBRMb QM avbi2Kb-J M- M/ *v#2 M2iB+b, avbi?2
TTX R3jN R38j-UkyReVX A111X

(kdE i?B+F- amv KEmSX MQPpP2H b2+m'2 M/ 2M2 ;v r "2 "QmiBM; T'QiQ+QH 7Q AVMB22M 2BIQM2MbQ " I
CQm M HQ7 AMi2HHB;2Mi 1M;BM22°BM; M/ avbi2Kb- RRUkV- TTX de 39-UkyR3VX aT'BM;2 X

(k3p? 'K - _B+? M/ o b?Bb?i- obm/? M/ aBM;22KIePX , b2+m'2 M/ 2M2 ;v 2{+B2Mi +Hmbi2" ?
b2H2+iBQM BM rB ' 2H2bb bR22MHR2GOMKImMMBEHBABQM avbi2Kb- kkUjV- TTX R Re-UkykyVX aT ' BM;2

(kNJ)Bb?" - JmF2b? M/ :mTi- :Qm™ # a2M M/ mB-nsBi@" X2/ *Hmbi2® >2 / a2H2+iBQM IbBM; i?2 E
H;Q 'Bi?K 7Q  qB 2H2bb a2Mb8imb22rQFHKmMiBM;- kkUjV- TTX 3RN 3k8-UkyRNVX aT ' BM;2" X

(jy) H@>mKB/B- L/ M/ *?2Qr/? "v- :B'BM2 oX@ r "2 TT ' Q +? 7Q° "QmiBM; T'QiQ+QH #v mbBM; +2M
+Hmbi2'BM; H;Q Bi?K BM rB 2H2bBbHm2IM D Q* QKZIinQ BAWL; X kkUjV- TTX keR kd9-UkyRNVX aT BM;:

(jJRXQT H F'Bb?M - " pBM/ EQi M/ S B-J MQ?JmHiBX@b2 pB+2 / Ti #H2 "QmiBM; T'QiQ+QH 7Q" rk
M2irQ PKmbi2® *QKTmiBM;- kkUjV- TTX 83RR 83kj-UQ+i 6 kjd kyRkVX :QQ;H2 S i2MibX

(jk)>2BMxXx2HK M- q2M/BTZHB+ iBQM@bT2+B}+ T'QiQ+QH “+?Bi2+imrRmmGFIQ" rR'KRHEA bW 2 kiQU Pvb-XT T
83RR 83kj-UkyyyVX aT BM;2 X

(jj)aK > ;/ FBb- :2Q ;BQb M/ Jii - A# ?BK M/ "2bi p Q@HS x2bK#H2 2H2+iBQM T QiQ+QH 7Q" +Hmb
2°Q;2M2Qmb rB'2H2bb b2MB@bOM2itQKFAMXiBM ;- kkUjV- TTX 83RR 83kj-Ukyy9VX aT BM;2 X

(j9).rBp2/B- Mb?m EmK °~ M/ a? "K - r /?2b? EmK ~ M/ J2? - Sr NNMaBMW, 2X+B2Mi a2MbQ" LQ/2
.2THQVK2Mi a+?2K2 7Q" hrQ ai ;2 _QmiBM; S'QiQ+QH Q7 qB 2H2bb la#hMbmQ "M i+(BE@MbbQBIbi2/
1H2+i'B+ H1M;BM22'BM;- 1H2+i'"QMB+b- M/ *QKKmMB+ iBQMb- R3UkV- TTX R83 ReN-Ukyky'

1/Bi2/ #vM S2i+m

_2+2B 2T jy- kyky
++2TiZX2,M j- kykR



e
.. a+ H #H2 *QKTmiBM;, S +iB+2 M/ 1tT2 B2M%i2T, fAara X IRISTN2X@Rde d -
UkykR a*S1X 0QHMK2 kk- Abbm2b R- TTX Rj k3- .PA RyXRkeN9,fb+"-

JAhA: hAL: J GA*APla ALaA.1_ hh *Ea AL h>1 ALhl1_L1h P6 h>AL:a laAL:
alS1_oAal.J *>AL1 G1 _LAL: hl1*>LAZIla

JA_a>>Lqw >J. L. a> >A. J1>_ C a> ¥

#bi® +iXh?2 BMi2 +QMM2+iBQM Q7 H “;2 MmK#2" Q7 bK i /2pB+2b M/ b2MbQ'b 7Q" +'BiB+ H BM
Qp2 i?2BMi2 "M2i? b ;Bp2M 'Bb2iQ i?2 AMi2"M2i Q7 h?BM;b UAQhV M2irQd FX ' BK2 22 M7 QB KoZbH pABMN; °
/Bp2'b2 2 H@HB72 T'Q#H2Kb #v T'QpB/BM; bK i M/ zQ'/ #H2 bQHmMIBQMbX h?2 AQh M2irQ F ?
+QKTmi iBQM H+ T +Biv Q7 b2MbQ 'b- ?22i2°Q;2M2Biv Q7 /2pB+2b- HBKBi2/ 2M2 ;v "2bQm +2 M/ # M
i?72mb2 Q7 ?B;?7@2M/ b2+m BivK2+? MBbKb-i?mb K FBM; i?2b2ivT2 Q7 M2irQ"Fb KQ 2 pmHM2" #H2
K HB+BQmb BMbB/2" ii +FbX HbQ- Bi Bb p2°'v /B{+mHi iQ /2i2+i bm+? K HB+BQmb BMbB/2'b BM i
#2? pBQm® M/ i?2 m#B[mBiQmb M im 2 Q7 AQh M2irQ'F K F2b i?2 i bF KQ 2 /B{+mHiX hQ bQHp2 b
i2+?MB[m2b + M #2 mb2/ b i?2v ? p2i?2 #BHBiviQ H2 "M i?2 #2? pBQm Q7 i?2 bvbiBK iM2 T 2/B+i
bvbi2KX aQ-BMi?Bb T T2 r2? p2 /Bb+mbb2/p 'BQmb b2+m Biv 2[mB 2K2Mib M/ Hb® HRWHBE/BM i?
p 'BQmb bmT2 pBb2/ K +?BM2 H2 "MBM; i2+?MB[m2b QM p BH #H2 AQh /i b2iiQ /2/m+2 r?B+? KQM
K HB+BQmb BMbB/2" ii +Fb BM i?2 AQh M2irQ FX

E2v rQ /b AMi2"M2i Q7 h?BM;b- ii +F /2i2+iBQM- b2+m Biv- K HB+BQmb BMbB/2 - bmT2 pBb2/ K +

Ja bm#D2+i +H bbB}+ eBBQR® X

RX AMi"Q/m+iBRMX2Mi /p M+2K2MiBM p 'BQmb i2+?MQHQ;B+ H}2H/b? b H2
2MQKQmb /2pB+2b Qp2  i?2 AMi2 M2i-i?mb ;BpBM; "Bb2iQ i?2 AMi2"M2i Q7 h?B
AQh M2irQ ' F 2p2M i?2 Q' /BM v /2pB+2b U2X;X r2 ~ #H2b- bK "1 K2i2 b-bK “ir i2
#2BM;b BM/ v@iQ@/ v HBpBM; + M #2 mb2/iQ ; i?2 i?2BM7Q K iBQM 7°'QK bm"
r?B+? + M #2 mb2/iQ bQHp2 p "BQmb "2 H HB72 T'Q#H2KbX AQh ? bi° Mb7Q K2
HBF2, bK "i?2 Hi?+ “2-bK "ii° MbTQ i- bK i ;"B/-bK i ?2QK2-bK “ir bi2 K M ;2k
>Qr2p2°- M AQh M2irQ'F? bbQK2 +QMbi® BMib HBF2- HBKBi2/ +QKTmi iBQM H -
Q7 /2pB+2b- HBKBi2/ 2M2 ;v "2bQm +2 M/ # M/rB/i? 2i+X h?2b2 +QMbi® BMib 2|
K2+? MBbKb BM AQh M2irQ ' F M/ i?2 2#v K F2b bm+? M2irQ ' Fb KQ 2 pmHM2" #H:

K HB+BQmb BMbB/2  + M #2 2KTHQV22 Q° M 2t@2KTHQVv22 Q° #mbBM2bb
QM+2 2 / M mi?Q ' Bx2/ ++2bb iQ i?2 +QKT Mvob /i Q M2irQ'FX J HB+BQmb E
iQH mMM+?p "BQmb K HB+BQmb ii +Fb BM i?2 +QKT Mvdb M2irQ F (j)X LQM@ mi
2 bviQ /2i2+i bBM+2 i?2v ? p2iQ# 2 Fp BQmb mi?2MiB+ iBQM M/ mi?Q Bx il
+QKT MvX gq?2°2 b- M BMbB/2"Bb H'2 /vFMQrMiQ +QKT Mvéb b2+m ™ Biv K2+7? N\
i?72 +QKT Mvoéb M2irQ'F M/ + m+B H/ i -i?mb K FBM; Bi? '/ 7Q i?2 H 2 /vBKTH
iQ /2i2+i bm+? ii +F2'b BM i?2 M2irQ ' FX gBi? i?2 BM+" 2 bBM; mb2 Q7 AQh /2pB
BM+'2 b2/  biB+ HHv #2+ mb2r2 "2bm "QmM/2/#v H ;2 MmK#2 Q7 AQh /2pB+
HQr@2M/ /[2pB+2b rBi? HBKBi2/ "2bQm +2b ?2M+2 Bi #2+QK2b 2 bv 7Q" i?2 BM|
ii +Fb BMi?2 M2irQ FX

hQ bQHp2 bm+? T Q#H2K Q7 /2i2+iBM; BMbB/2" ii +F2°'b BM M AQh M2irQ F-
#2 mb2/ b i?2v ? p2i?72 #BHBiviQ H2 "M i?2 #2? pBQm ™ Q7 i?2 bvbi2K M/ T 2/B
bvbi2K(9)X AMQ /2 iQ mb2p 'BQmb K +?BM2 H2 "MBM; i2+?MB[m2b iQ /2i2+i K

*QKKmMB+ iBQM *QMi"QH G2 "MBM; G #- .2T "iK2Mi Q7 1H2+i'QMB+b *QKKmMB+ iBQM 1M;BI
h2+?MQHQ;v- a'BM ; - CKEBB AM/MABMUXr U333!;K\BHX+QK

Y*QKKmMB+ iBQM *QMi'QH G2 "MBM; G #- .2T iK2Mi Q7 1H2+i'QMB+b *QKKmMB+ iBQM 1M;B]
h2+?MQHQ;v-a'BM ; - C E- AM/B X

Rj
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IoT Security

- Attack Examples
Requirements
- Malicious inputs
Authentication (ransomeware, viruses, spam,

Etc.)

- Impersonation
(sybil, spoofing,
man-in-the-middle attack)

Authorization

Integrity - Data tampering

- Denial of Services (DoS)

Availability -Botnet attack

Collecting Data (eavesdropping)
Tracking Users

Avi

Confidentiality

6B; X kXR, ii +tFbi? i+ M z2+ii?2 b2+m Biv "2[mB 2K2Mib Q7 AQh /2

r2 M22/ bQK2 /i b2iiQi> BMi?2 H;Q Bi?KX PM2 bm+? /i b2i Bb L2irQ'F a2+m"’
.Bb+Qp2°vBM . i # b2b ULaG@E..VX LaG@E.. Bbi?2 H i2bi p2"'bBQM Q7 E..NN /
;2M2° i2/ BM RNNN b "2bmHi Q7 BMi2°M iBQM H +QKT2iBiBQM 7Q° EMQrH2/;2
mbBM; . S N3 M2irQ'Fi {+X h?2p 'BQmb ii +tFb BM+Hm/2/ BM LaG@E.. / i b2i
a2 'pB+2bV ii +F-1b2 " @iQ@_QQi ii +F- _2KQi2@iQ@HQ+ H ii +F M/ S 'Q#2bX
#22M rB/2Hv mb2/iQ bb2bbi?2T2 ' 7Q°K M+2 Q7 MQK Hv@# b2/ ii +F/2i2+iBQM

AMi?Bb T T2 r2 TTHvp BQmbbmT2 pBb2/ K +?BM2 H2 "MBM; H;Q Bi?Kb Q
i?72T2'7Q°K M+2 Q72 +? H;Q Bi?KX " b2/ QMp 'BQmbT2'7Q°'K M+2 K2i'B+br2 B
i2+?MB[m2 7Q° K HB+BQmb BMbB/2" ii +F /2i2+iBQMX

h?2 "2biQ7i?2T T2 Bb Q" ; MBx2/ b, a2+iBQM k /2b+"B#2bp "BQmb AQh b2+n
a2+iBQM j ?B;?HB;?ibi?2 +? * +i2'BbiB+b Q7 K HB+BQmb BMbB/2 - BibivT2b N\
Qmi #v bm+? ii +F2° BM M AQh M2irQ Fc a2+iBQM 9 /2b+ B#2b p "BQmb bmT2"
mb2/ BM Qm* bim/vc a2+iBQM 8 QmiHBM2b i?2 ii'B#mi2b Q7 LaG@E../ i b2i M/
T K2i2°biQK2bm'2i?2T2'7Q°K M+2 Q7 2 +? K +?BM2 H2 "MBM; +H bbB}2" 7(
6BM HHv- b2+iBQM e +QM+HmM/2b i?2 T T2 X

kX AQh b2+m Biv "2[mB 2K2Mib MAQ@R BIHEN2;BMX2;" iBQM Q7 T?vbB+ H Q#D2
M BMi2°"M2i BM Q' /2 iQ +'2i2 bK i HBpBM; 2MpB " QMK2MiX h?2 AQh /2pB+2]|
2MpB " QMK2Mi iQ b2Mb2 Q" ; i?2  i?2 /2bB 2/ /i -r?B+? + M #2 mb2/iQ ++QKTl
iQ bm++2bb7mHHV ++QKTHBb? i bF mbBM; AQh M2irQ F- Bi Kmbi K22i p "BQr
?22i2°Q;2M2Qmb M im 2 Q7 AQh M2irQ ' FK F2bBibmb+2TiB#H2 7Q p BQmb ii +F
2bQm +2b Q7 AQh /2pB+2b- Bi #2+QK2b +QKTmi iBQM HHv /B{+mHi iQ mb2 +QK
/2i2+iBQMX h?2 AQh /2pB+2b "2 mbm HHv +QMM2+i2/ Qp2° rB ' 2H2bb K2/Bmk
K HB+BQmb BMi'm/2°bX 6B;m 2 kXR b?Qrb bQK2 Q7 i?2 ii +tFbi? i+ M z2+ip "B
M2irQ ' F-r?B+? "2 bmKK "Bx2/ b,
mi?2MiB+ hBB/2MiBiv Q7 AQh M2irQ"F mb2  b?QmH/ #2 } " bi p2°'B}2/ M/ QN
HHQrb iQ ++2bbi?2 M2irQ " FX >Qr2p2°'-/m2 iQ HBKBi2/ "2bQm +2b Q7 AQt
"Q#mbi mi?2MiB+ iBQM K2+? MBbK Bb +? HH2M;BM; i bFX h?2 mi?2MiB+
i"/2@Qz #2ir22M "Q#mbiM2bb- ~2tB#BHBiv M/ AQh /2pB+2 +QMbi® BMib (R
mi?Q Bb MB@W+HmM/2b i?Qb2 b2+m ' BivT Q+2/m 2br?B+? ;> Mi T2 'KBbbBQ
i?72v+ M ++2bbp "BQmb AQh /2pB+2b BM M2irQ F (k)X
AMi2;"B™2 b2Mb2// i #v AQh /2pB+2b Bb mbm HHv i® Mb72 "2/fb? "2/ pB r
r?B+? Bi + M #2 2 bBHv ++2bb2/ #v BHH2;BiBK i2 mb2'b i? i+ M i?2M KQ/



JBiB; iBM; J HB+BQmb AMbB/2" ii +Fb BM i?2 AMi2 M2i Q7 h?BM;b mbBM; amT2 pR82/J +?BW

BMi2; Biv Q7 AQh M2irQ F /i M/ b?QmH/ #2 ~2tB#H2 2MQm;? iQ /2 H rBi?

(k)X
p BH #BRHB2v2 pB+2b T ' QpB/2/ #v p "BQmb AQh /2pB+2b b?QmH/ #2 "2 /B
i?7Q°Bx2/ mb2°b-#mi ii +Fb HBF2 .2MB H Q7 a2 'pB+2b U.QaV M/ D KKBM;

#v Qp2 r?2HKBM; i?2 AQh /2pB+2bX aQ-r2 M22/ iQ BKTH2K2Mi bm+? K2+?
ii +Fb BM AQh M2irQ F- #mi i?2b2 ii +Fb 2 /B{+mHi iQ /2i2+i M/ i?2 ?2
+QMbi> BMib Q7 AQh M2irQ F K F2Bi Km+? KQ 2 +? HH2M;BM; i bFX
*QM}/2MiBGIBA2,Qi?2° M2irQ Fb-i?2 b2+m Biv Q7 : i?2°2//i BM AQh M2irC
h?2 +QM}/2MiB HBiv Q7 /i + M #2 /QM2 #v BKTH2K2MiBM; p "BQmb 2M+ v’
BM pB2ri?2 "2bQm +2 +QMbi’ BMib Q7 AQh /2pB+2b-i?2b2 H;Q Bi?Kb b?Q
AM i?Bb T T2 r2/2 HrBi? ii +Fb "2H i2/iQ p BH #BHBiv 2[mB 2K2Mi 7Q  i?2

jiX J HB+BQmb AMbB/2" ii +AM BPBARHIXIiBOQM r2 rBHH #2 /Bb+mbbBM; BM /2i Bl
BMbB/2  ii +Fb-i?2B  ivT2b M/ ?Qr i?2v+ M z2+ii?2 AQh M2irQ FbX

jXRX J HB+BQmb ARMBIBK/2Z Xi HX (Rk) /2}M2b K HB+BQmb BMbB/2> b mb2" C
QM+2 2?2 / Q° ? b +m "2MiHv M mi?Q Bx2/ ++2bb iQ i?2 Q" ; MBx iBQM&éb +QM}/2
M/ mb2b i?2b2 mi?Q Bx2/ T'BpBH2;2b iQ H mM+? p "BQmb ii +Fb BM i?2 M2ir
?b M mi?Q ' Bx2/ ++2bbiQ i?2 M2irQ F-bQ i?2 mi?2MiB+ iBQMf mi?Q Bx iBQM
Q'; MBx iBQM H H2p2H Bb mM #H2 iQ /2i2+i bm+? ii +F2'b BM i?2 M2irQ ' FX .m2
ii +F2° MQ/2- Bi #2+QK2b p2°v +? HH2M;BM; 7Q° b2+m 'Biv K2+? MBbK iQ /2i2H+
HbQ- B7 i?2b2 ii +F2°b "2 H27i mM/2i2+i2/ BM M AQh M2irQ F- Bi K F2b AQh N\
MQ/2X AM Q /2  iQ 7Tm i?2° mM/2 bi M/ i?2 /2i BHb Q7 BMbB/2" ii +F2 b-r2 rBF
K HB+BQmb BMbB/2°b BM i?2 7TQHHQrBM; b2+iBQMX

i XkX hvT2b Q7 J HB+BQmb?2AMbBR+BR®mb BMbB/2 b + M #2 + i2;Q Bx2/ K BMI
;Q°B2b, i” BiQ'-K b[m2" /2> M/ mMBMi2M/2/ BMbB/2 bX KQM; HHi?2b2 BMbB/2
bvbi2K M/ Bb "2bTQMbB#H2 7Q° " H mM+?BM; "QmM/ NKkW Q7 iQi H ii +FpXQmi Q7
h?2 i BiQ'b "2 i?Qb2 ii +F2'br?Q ? p2 mi?Q Bx2/ ++2bb iQ +QKT Mvob "2bQr
iQH mM+? p "BQmb ii +Fb BM i?72 +QKT Mvdéb M2irQ'FX h?2v + M #2 KQ 2 b2p2
pmHM2" #BHBiIB2b Q7 M2irQ'F M/ "2BM/2T2M/2Mi Q7 MviBK2 +QMbi° BMi 7Q"
Q7 BMbB/2" ii +F2°b Bb K b[m2" /2" (R9) r?Q /Q2b MQi #2HQM; iQ M Q ; MBx iE
iQi?2 Q ; MBx iBQMdb M2irQ ' Fb U2X;X #v ;m2bbBM;f bi2 HBM; i?2 T bbrQ '/ Q7
BMbB/2'b+ M HbQ #2 + i2;Q°'Bx2/ b K HB+BQmb BMbB/2 -r?Q i? 2 i2Mb M Q7;
i?72 b2+m Biv K2+? MBbK (R8)X

jXjX *H bbB}+ iBQM Q7 J HB+BQmb AMBBRmb+iBBREBRY i? i K HB+BQmb |
T2'7Q°KBM Q' /27iQ? 'K MQ'; MBx iBQM K BMHv BM+HmM/2b, Ah a #Qi ;2- h?27
M/ 1bTBQM ;2 (N)X AM Ah b #Qi ;2- K HB+BQmb BMbB/2 K F2b mb2 Q7 T Bpt
mb2b Bi iQ /B'2+iHvp M/ HBb2 M Q°; MBx iBQM Q- M BM/BpB/m H #v HmM+?BM
KB//H2- #QiM2i M/ p BQmb Qi?2" ii +FbX aBM+2 K HB+BQmb BMbB/2  + M ++
Bi+ Mbi2 Hp BQmbBMMQp iBp2 B/2 b-b+?2K2b M/ Qi?2" 2bb2MiB H "i27 +ib I
T°QT2'iB2b Q7 M Q°; MBx iBQMX K HB+BQmb BMbB/2" + M HbQ T2 '7Q K 7" |
M Q' ; MBx iBQMX h?2 2bTBQM ;2 BM+Hm/2b HH i?Qb2 +iBpBiB2b rBi? r?B+?
M2irQ"F/ i M/b2HH i?2 Q" ; MBx iBQMob +'BiB+ HBM7Q K iBQM iQ Qi?2" "Bp H

HH i?2 #Qp2 /Bb+mbb2/ K HB+BQmb +iBpBiB2b #v M BMbB/2  + M + BiB+ HF
Q' ; MBx iBQM mb2b AQh M2irQ F-i?2M i?2b2 ii +Fb #2+QK2KQ 2+ i bi'QT?B+ /1
Q7 AQh /2pB+2bX aQ- QM2 M22/biQ mb2 b2+m 'BivT Q+2/m 2i? irBHH MQi QMH
#mi HbQ Tmib H2bb HQ / QM AQh /2pB+2bX h?2 +? ~ +i2°'BbiB+b Q7 K +?BM2 H2
7Q° /2i2+iBM; bm+? K HB+BQmb ii +tFb BM i?2 AQh M2irQ FX

9X amT2 pBb2/ K +?BM2 H2 "MBM; H;Q Bi?Kb 7Q" /2i2+iBM; K HB+BQmb BM
AM i?Bb b2+iBQM r2 rBHH /Bb+mbb p "'BQmb bmT2 pBb2/ K +?BM2 H2 "MBM; i2+?



Re JB a? ?Mr x ?K /-a? ?B/J2? D a? ?

9XRX _B/;2 _2;"2N/BIQRX i Bb ;BpAIM rB2 X = (Xi1;Xi2; ;Xp)' Bbi?2 BMTmi M/
yi Bbi?2 Qmi+QK2-i?2M HBM2 °~ "2;°2bbBQM KQ/2H + M #2 r'Bii2M b,

U9XRV Yi = X1t 2Xi2+  + pXjp

r?2°21; 2, ; p 2T°2b2Mib i?2 "2;°2bbBQM +Q2{RB2IMiD 7BX QFzABMNIA ~ "2;°2bbBQ
+?2QQb2i?@Q2r?B+? i?2 "2bB/m HbmK Q7 b[m "2b KBMBKBxXx2X >2M+2 i?2 QTiBK|
2 3
X X
U9XkV min 4 (yi i Xij )25
i=1 j

"mi-i?BbKQ/2H/Q2b MQi ;2M2° HBx2r2HH 7Q i?2 M2r/ i UBX2X-i?2/ i rBi?"
BMiQ Qp2 }iiBM:X hQ Qp2 +QK2 i?Bb T Q#H2K- i?2 "B/;2 2. 2bbBQM Bb mb2/- r?
*2:°2bbBQM +Q2{+B2Mib M/ ?2M+2 T°Q/m+BM: bi #H2 KQ/2H (Re)X h?2 "B/:2 "
#v I//BM; +QMbi’ BMi 7Q° QTiBKBX iBQM T Q#H2K Q7 9XkX >2M+2 i?2 QTiBKB)>
"B/;2 "2;°2bbBQM + M #2 r ' Bii2M b,

2 3

X X X
U9aXjV min4  (y, i )®sst j? 1

i=1 j j

LQriQ bQHp2 i?Bb QTiBKBxX iBQM T Q#H2K- r2 BMi" Q/Q+ E NBQ;r MM 12 R pmiH B B Bl
+QMbi MiX >2M+2- _B/;22piB%;i2;70" Bb ;Bp2M b,
2 3
Uaxov =argmin 4 (y; i X )20 + jji?
i=1 j i

P P P
bm#D2+i2/ iQ i?2 +QM/BiBQM-1?2,%ZQ=D +®M/ x;2=N =1X q?2 2] j2 Bb i?2
"2:mH "Bx iBQM iBIK+RMbi Mi r?B+? +QMi ' QHb i?2 KQmMi Q7 2;mH 'Bx iBQM
? p2 b2l M/ HHQr2/ K tBKmK Bi2" iBQMb iQ RyX

9XkX G bbQ _2;" 2AMB®@X2H r?2°2 b2iQ7 72 im 2b "2 ?B;?Hv +Q "2H i2/i?2
/Bbi*B#mi2 r2B;?ib 2[m HHv iQ HH i?2 +Q "2H i2/ 72 im 2bX HbQ- "B/;2 “2; 2bl
H2bb BKTQ'i Mi T 2/B+iQ b- #mi M2p2 K F2b i?2K x2 ' QX h?Bb ?BM/2 b i?2 T Q+:
hQ Qp2 ' +QK2 i?2b2 HBKBi iBQM G bbQ UG2 bi #bQHmi2 a? ' BMF ;2 M/ a2H2+iBQ
r2B+? M "Qrb /QrM bQK2 Q7 i?2 KQ/2H +Q2{+B2Mib M/ b2ib Qi?2'biQ x2 Q (Rd)
Q7 'B/;2 2;°2bbBQM M/ bm#b2i b2H2GiBYQMX26@ = (XBp@M /;%p)T Bb i?2 BMTmi
MAi Bbi?2 Qmi+QK2-i?2 G bb'@ehiBK i2"9QBb ;Bp2M b,
2 3
R oW X X
UgxsvVv =argmin 4 (y, P X )29 + il
i=1 j j

bm#D2+i2/iQ i?2 +QM/BiBQJI\APii?xiji:7\IQ:‘02 M’Ppiﬁg“ 2=N=1X r?2 " 2Bb i?2 +QMbi Mir?B+?
+QMi"QHb i?72 KQmMi Q7 "2;mH "Bx iBQM TTHB 2% bm2T2KM2HiIVi125Ri 7Q +2b b
Q7 i?2 +Q2{+B2Mib iQ 2t +iHv x2 ' QX @?MHb-;22HHBM QBEM p "B #H2 b2H2+iBQM M
KQ/2HbX AM Qm™ bim/v-=r0i9p Mbh2HHQr2/ K tBKmK Bi2" iBQMb iQ R8yX

9XjX 1H biB+h?2i% bbQ QMHV b2H2+ib QM2 p "B #H2 KQM: ;"QmT Q7 p "B #H
M/ /m2 iQ +QMp2t QTiBKBX iBQM Bi b2H2+ib HBKBi2/ MmMK#2"> Q7 72 im 2bX h-
T2'7Q°K M+2X hQ Qp2 +QK2i?Bb Bbbm2- 2H biB+ M2i "2;mH 'Bx iBQM i2+?MB[m:
+QMiBMmMQmbHV b? BMF i?2 KQ/2H T * K2i2'b M/ + M HbQ b2H2+i ;'QmT Q7 p "



JBiB; iBM; J HB+BQmb AMbB/2" ii +Fb BM i?2 AMi2 'M2i Q7 h?BM;b mbBM; amT2 pBd2/J +?BN

1.0

0.8 4 /

~—

Sigmoid(X)
—

o
S
~——

0.0{ —m——

-10.0 -72.5 =50 -25 {}.0 25 5.0 15 10.0
x

6B; X 9XR, aB;KQB/ 6mM+iBQM

A7 i?2/ i Bb ;B@IMrd2 ®-=(X1;Xi2; Xp)T Bbi?2 BMTymBbMR?2 Qmi+QK2-i?22M i?2 2H
M2i 2biBK i27Q;"; ;)" Bb:;Bp2M b
2 3

. SN X , X X

UuoxeV =argmin 4 (yi iXi )25+ o iRt o1

i=1 i j j
o P P, Py, . .
mM/2"i?2 +QM/BIBQM &0+, _; xj =0- M/ L x32=1-7Q=1;2 ;pX r?22'2 M/,
"2 MQM@M2; iBp2 +QMbi MibX AM QmOBirWAN; 2@ rB2D2HHQr2/ K tBKmK Bi2" iB(
iQ R8yX

9X9X G bbQ rBi?GG ' bbBXb H2 bi@ M;H2 "2;"2bbBQM i2+?MB[m2 r?B+? ?22HTb iC
?B;? /BK2MbBQM H/ i X AMQm bim/vr2? p2mb2/i?2 +QK#BM iBQM Q7 G bbQ rl
bi2T@rBb2 "2;"2bbBQM T Q+2bb- #mi i 2 +? bi2T Bi b2H2+ib i?Qb2 2biBK i2/ +Q
2[mB M;mH " rBi? i?2 b[m "2 Q7 "2bB/m H2 "Q  (RN)X AM Bib BKTH2K2Mi iBQM
AQh/ i b2i-r2? pPHQMbi Mir?B+? +QMi"QHb i?2 KQmMi Q70:@; nMH KBtB KBHKM T Tt
Bi2° iBQMiQ 8yX

9X8X GQ;BbiB+ _2;'2bb®@;MBHIB+VX; 2bbBQM /2b+ B#2b bi iBbiB+ H K2i?Q/
KB H2p2MiX GBF2 Qi?2° J +?BM2 G2 "MBM; +H bbB}2'b- i?2 BMTmi /i + M +Q
h?2 Qmi+QK2 7Q " i?72 #BM v HQ;BbiB+ "2;'2bbBQM Bby Q"  Ri? i T2 ' 7Q Kb /Bzz
7 QK i?2M2; iBp2 +H bbX hQ ;Bp2Qmi T Q# #BHBbiIiB+ p Hm2- aB;KQB/ +m™'p2 b
"2;°2bbBQM (ky)X

h?2 ?2vTQi?2bBb 7mM+iBQM mb2/ BM HQ;BbiB+ "2;°2bbBQM BM b?QrM BM 2[m

uoaxdyv h(x) = S(wg + WiX1 + WaXo + 111+ WynXp)

bB;KQB/ 7TmM+iBQM B/2MiB}2/ #v,

1

U9X3V S@2)= a7

h?22 " M;2 Q7 Qms(iTBIh @Q7QK y iQ RX HH i?2 p Hm2b #2HQr yX8 272 iQ M2; iBp
7°QK yX8 iQ R BM/B+ i2 TQbBiBp2 +H bbX g?BH2 BKTH2K2MiBM; HQ;BbiB+ "2
K tBKmK Bi2® iBQM Q7 RYyMR/knbQ/ "2;mH "Bx iBQM- HbQ r2 ? p2 mb2/ "6:a U™’
:QH/7 "# a? MMQV QTiBKBx iBQM H;Q Bi?K (kR)X



R3 JB> a? ?M r x ?K /-a? ?B/J2? D a? ?

9XeX E@L2 "2bi L2B;?#Q RWMMHEULUVX;Q Bi?K-i?2 BKBbiQ +H bbB7v Mv M2r-
TQBMi #v M HvxBM; i?2 /i TQBMib UKQbi bBKBH " iQ i?2 BMTmi Q" 72 im 2 bT
h?2 H;Q'Bi?K rQ Fb #v }M/BM; i?2 E@M2 “2bi M2B;?2#Qm b Q7 i?2 M2r /i TQBM
i?°22 /Bbi M+2 K2 bm™'2b7Q° +QMiBMmMQmb p "B #H2 pBxX 1m+HB/2 M /Bbi M+2 |
i?72 JBMFQrbFB /Bbi M+2 UJB.V 2T 2b2Mi2/ #2HQr,

u

{JX‘
U9XNV EuD = (xi  vi)?
i=1
x
U9XRyV MaD =  jX; Vij
i=1
..)@ i,
U9XRRV MiD = (i yi)d

r22 = (XX, 0:%n)T  y=(yy2;::5y0)" "2T 2b2Mii?22 /i TQBMibX

g2 ? p2 BKTH2K2Mi2/i?2 ELL +H bbB}2 7Q p 'BQmbp Hm2b Q7 E QM i?2 ;Bp2M
p HmM2 Q7 Er2 Q#b2 ' p2/i? ii?2 ++m > +v Q7 ELL H @nBii 7THQBWD+i"22b2b mBi®vV
b im > i2b- ?22M+2 +?2QQb2 i?2 p HmM2 Q7 E b RyX g2 ? p2 mb2/ 1m+HB/2 M /Bbi M
7Q° M2r/ i TQBMiX

I9IXdX amTTQ i 02+iQ" J +?BMRIi B®0JYX?BM2 G2 "MBM; +H bbB}2 i? i Bb +m™°
i?72 KQbi bB;MB}+ Mi ii2MiBQM /m2 iQ Bib ?B;? T2 7Q K M+2 (kj) M/ i?2 #BHE
+H bbB7vBM; MQM@HBM2 ~/ i X hvTB+ HHv aoJb 2i?2 MQM@T Q# #BHBbiIB+-
?vT2°TH M2 i? i /IBpB/2b i?2 irQ +H bb2b Q7 i?2i° BMBM; b2i rBi? i?2 ?B;?2bi K °

A7 i?2 /i Bb ;BRAINIrB2 2% 2T 2b2Mi i?2 BMTmipBbiQ@2 QMhi+QK2 r?B+? BM/B-
iQ r?B+? T "iB+HRHQM;bX h?2 aolJ i'B2b iQ }M/ K tBKmK@K “;BM 2 BMIiTH M2 r
/IBz2 2Mi +H bb2b bm+? i? ii?2 /Bbi M+2 #2ir22M i?2 ?2vTR THKI2BW2?2HBb 2tb i
K tBKBx2/X h?2 2[m iBQM Q7 ?vT2 ' TH M2 Bb ;Bp2M b,

U9XRKV w %x b=0

r?72 %27 2b2Mi i?2 BMTwnBp222Q@2+iQ° MQ'K HiQ ?v B TH BMiMA2Ti U#B b i2°
h?2 Q#D2+iBp2 Q7 aoJ Bb iQ KBMBKBx2,
" #
. 1 X
U9XRjV ’ max(0;1 vyi(w % b)) + kwk®
i=1

r?2 max(0;1 yi(wx b)) 2T 2b2Mii?2 ?BM;2 HQbb 7mM+iBQM-r?B+? "2im™M p Hm2
7°QK K ";BM-i®7 Bb KBb+H bbB}2/- Qi?2 rBikak? 2iaT " Mb22iQX?2 T2M Hiv 7Q " BM
+H bbB}+ iBQM-r?B+? Bb +QMiXQHH2/ #v +QMbi Mi

T 17 QKHBM2 *~ +H bbB}+ iBQM- aoJb T2°'7Q°' K MQM@HBM2 *~ +H bbB}+ iBQ!
BMTmip "B #H2 BMiQ ?B;? /IBK2MbBQM H ii' B#mi2 bT +2b mbBM; F2 "M2H i B+F |

bbm+? aoJbi’'B2/BMQm rQ'F "2 +H bbB}2/BMiQi? 22 + i2;Q B2b, GBM2 °
6mM+iBQM U_"6V F2 " M2H M/ aoJ rBi? i?72 TQHVMQKB HF2 " M2HX h?2 BM7Q K |
#2HQrX

_ /B H" bBb6mM+iBQM U_"6V Bb i?2 +QKKQM F2"M2H +?QB+2xi?MABbBKTH2K
i?72BMTmi 72 im 2 p2+iQ b-i?2Mi?2 _"6 F2"M2H Bb ;Bp2M b,

UIXROV K(xy)=exp( jix yi?)



JBiB; iBM; J HB+BQmb AMbB/2" ii +Fb BM i?2 AMi2 M2i Q7 h?BM;b mbBM; amT2 pRbM2/J +?BW

r?2°2-/2}M2b i?2 BM~m2M+2 Q7 bBM;H2 i° BMBM; 2t KTH2 BM 2K @ il -BBVK DXQ B2V
}iiBM; M/ /2+°2 b2/ p Hm2 "2bmHib BMiQ rn>|\/|02‘@}iBEbl\/Q7QZI\J(G)/2|KXi:‘I%$g—2/ #v
r?2°2Bb 722 BM/2T2M/2Mi T ° K2i2°'X h?2°27Q 2-i?2 _"6 F2 " M2H #2+QK2b,
N o
U9XRS8V K(x;y) =exp JJX272VJJ
hQ /2}M2 i?2 bBKBH "Biv KQM; i?2 BMTmib KTH2b- SQHVMQKB HF2 "M2H MQi
72 im 2b- #mi HbQ i?2 +QK#BM iBQMb Q7 b KTH2bX TQHVMQKB HF2 M2H Bb ;

U9XReV Kxy)=(x" y+t)°

r?22°2y /12MQi2 BMTmi 72 imt ' Bhp2 +i@QRKOBH2tBiv T ~ K2i2  r?B+? i /2b@Qz #2ir22N
M/ HQr2 " @Q /2  i2°Kb BM i(?2 Q HUMMBIKB?B BMi2;2" 2tTt@M2MIXMAI?2 F2 "M2H Bb
?QKQ;2M2QmbX

AM Qm’ bim/v- 7Q" aoJ- rR??MQ WA "2;mH 'Bx iBQM BM HH F2 'M2H ivT2bX
K tBKmK Bi2® iBQMr b b2iiQ Ryyyy M/ FA=N2H2Q BHB2NiiQb H 72 im " 2b BM / i |
6Q°  TQHVMQKB HF2 "M2H ivT2i?2/2;°22r b +?Qb2M iQ #2 jX

9X3X G_ M/ aoJrBi? aiQ+? biB+:" /B2Mi/2+2MBUaM¥Z2Xi2M/2/ p2°bBQM Q7 :~ /I
.2b+2Mi H;Q ' Bi?K i? i/2+°2 b2b i?2 MmK#2 Q7 +QKTmi iBQM T2  Bi2  iBQM #v B
H2 "MBM; T Q+2bbX Ai "2T2 i2/Hv +QMbB/2°b bBM;H2 Q  # i+? i BMBM; 2t KTFH
HQbb 7mM+iBQMiQ "2/m+2i?2 KQ/2H6b "BbF- M/ ?22M+2 mT/ i2bi?2 T ~ K2i2'bm
bi'B+iHV +QMp2t T Q#H2K Q° MQM@+QMp2t QM2-a:. T2 7Q Kb #2ii2° M/ bmTTQ
h?2 K BM Q#D2+iBp2 Q7 a:. H;Q 'Bi?K Bb iQ KBMBKBx2 i?2 “2;mH 'Bx2/ i’ BMBM
Q7 2KTB'B+ H "BbF M/ i?2 "2;mH "Bx iBQM i2°'KX h?2 2KTB "B+ H "BbF i2"K K2
b2i mbBM; HQbbh{(yMHMBQAMp2b i?72 +Qbi QF T ;B/BMBWM;;b i?72 +im H QmiTmiV X
"2;mH "Bx iBQM i2 'K /2+B/2b i?2 T2M Hiv 7Q " i?2 KQ/2H6b +QKTH2tBiv- r?2Qb2 |
UMQM®@ M2; iBp2 ?2vT2 T °~ K2i2 'V (ke)X

g2 ? p2 bim/B2/i?2 T2 7Q K M+2 Q7 a:. mbBM; aoJ M/ HQ;BbiB+ "2; 2bbBQ!I
+H bbB}+ iBQM- 1?22 +Q "2+i+ i2;Q'vb+Q 2b?QmH/ #2 H ;2  U#v T 2/2}M2/ K
+i2;Q°v b+Q 2bX GQ; HQbb UQ  + ' Qbb@2Mi"QTv HQbb Q  i?2 HQ;BbiB+ HQbbV
T'2/B+iBQM BM+"2 b2bX .mBM; bBKmH iBQM- K tBKmK MmK#2=Q:I-Bi22 PBQMb r

Bb +QMbi Mir?B+? Bb KmHIBTHB2/iQ "2;mH "Bx iBQM i2°'KiQ +QMi"QH i?2 /2
r2? p2 mb27Q" "2;mH "Bx iBQMX

9XNX _ M/QK 6Q ' 2biU_6V *H MHbBK26Q@ 2bi *H bbB}2 " Bb M 1Mb2K#H2 K2i?Q/ Q
r?B+? +QK#BM2b i?2 QmiTmib Q7 p "BQmb /2+BbBQM i'22b iQ ;2M2" i2 KQ 2 ++
i?72 bBKTH2 T?BHQbQT?vi? ii?2 +QHH2+iBQM Q7 +H bbB}2'b rBHH Hr vb T2 7Q
+H bbB}2" rQ ' Fb r2HH 7Q  H ;2 /i b2ib- ;Bp2b M 2biBK i2 Q7 2bb2MiBbH 72 in
"Q#mbiM2bb 7Q° MQBb2 M/ QmiHB2 b (kd)X Ai HbQ /2+ 2 b2bi?2 ;2M2" HBx iBC
72 im ' 2b/m°BM; i?2 bTHBIiiBM; Q7 MQ/2Ur?B+? HbQ /2+°2 b2bi?2/2;°22 Q7 +Q
i"22bVX _ M/QK 6Q 2bi mb2b i?2 :BMB AM/2t U:AV b M TT QtBK iBQM iQ +?2QQb
i'22 7Q K iBQMX

X
U9XRdV Gl =1 (pi)?
i=1

r?2°p-Bbi?2 T°Q# #BHBiv rBi? r?2B+? M 2H2K2Mi Bb +H bbB}2/iQ T "iB+mH ~ +F
i'22b-bQK2 Q7 i?272 im2bBMi?2/ i b2iKv#2 mb2/KQ 2i? MQM+27Q i?2i"
i?72 +H bbB}2  bi #BHBiv #2+ mb2 bHB;?i +? M;2 BM BMTmi K v MQi + mb2 Myv +
?2M+2 K FBM; Bi KQ 2 "Q#mbi M/ ++m’ i2 (kd)X

AM Qm bim/vr2? p2 +?Qb2M i?2 #2bi bTHBiI i2 +? MQ/2BM /[/2+BbBQM i 22
HHQr2/ bTHBib i 2 +? MQ/2 b kX h?2 +H bbB}2  r b Bi2® iBp2Hv "'mM QM i?2 i’
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MmK#2" Q7 i'22b BM i?2 7Q 2bi M/ K tBKmK i° BMBM; b KTH2b iQ #2 mb2/ iQ i’
Q#b2 p2/i? iB7r2 BM+'2 b2 i?2 MmK#2 Q7 i°22bBM i?2 7Q 2bi #2vQM/ Ry M/ K
mb2/7Q # b2 2biBK iQ i BMBM; #2vQM/ Ryyy-i?2Mi?2 2r b MQ +? M;2 BM +H
MmK#2" Q7 i '22b BM i?2 7Q°2bi b Ry M/ K tBKmK i° BMBM; b KTH2b iQ #2 mb2/
RyyyX

9XRyX [/ "QQbi U/VRQbi Bb MBi2 iBp2 K +?BM2 H2 "MBM; i2+?MB[m2 r?B+"
+H bbB}2 b Bi2" iBp2Hv (k3)X h?2 T °Q+2bb bi "ibrBi? mM@r2B;?i2/i° BMBM; b K
i BM2/ M/ i?2M i2 +? Bi2 iBQMi?2r2B;?ib "2 #QQbi2/ M/ i?2 +H bbB}2  Bb i’
i?72r2B;?ib Q7 i?Qb2 2t KTH2b "2 BM+'2 b2/ 7Q r?B+? i?2 +H bbB}2" i T '2pBQm
M/i?2r2B;?2ib7Q i?Qb2 2t KTH2b "2 /2+°2 b2/ 7Q r?B+?i?2 +H bbB}2" iT 2pBC(
h?Bb T°"Q+2bb +QMiBMm2b mMiBH HH i?2 /i 2Mi'B2b "2 +Q "2+iHv +H bbB}2/ Q
T'2/B+i H #2H 7Q  mM+H bbB}2/fKBb+H bbB}2// i X AMi?Bbr vi?2}M H +H bbk
Q7p BQmb +H bbB}2'bmb2/ i2 +? Bi2  iBQMX

AM Qm  bim/v-r2? p2mb2/.2+BbBQMi°'22 +H bbB}2" bi?2r2 F+H bbB}2" i2
Q7 2biBK iQ U ir?B+? Bii2 " KBM i2bVr bb2iiQ kyyX h?2 H2 "MBM; ~ i2r bb2iiQ
Uai ;2@rBb2 //BiBp2 JQ/2HHBM; mbBM; JmHIB@+H bb 1tTQM2MiB HHQbb 7mN
#QQbiBM; T'Q+2bb (kN)X

9XRRX :" /IB2Mi "QQbiBM; \BZMX#QQbiBM; Bb HbhQ 7Q K Q7 2Mb2K#H2 K2i?Q
2Mi /2b+2MiiQ KBMBKBxXx2 i?2 KQ/2H6b HQbb 7mM+iBQM #v BM+Q TQ" iBM; r2 F -
i2 +? Bi2° iBQMi?2 ;" /IB2Mi /2b+2Mi H;Q Bi?K b2H2+ib i?Qb2 +H bbB}2 b r?B+
i?Bb i2+?MB[m2 2 +?r2 F+H bbB}2  Bbi° BM2/ QM i?2 "2bB/m2 Q7 bi'QM; +H bb
i?72i° BMBM; /i - HQbb 7mM+iBQM Ur?B+? b?QmH/ #2 /IBz2 ' 2MiB #H2V M/ MmK
Bi +QKTmi2b i?2 "2bB/m H2 "Q  7°'QK bi'QM; +H bbB}2 'b- mb2b Bi iQ }ii?2r2 F
r?B+? KBMBKBx2b i?2 HQbb 7mM+iBQM M/ }M HHv mT/ i2b i?2 KQ/2HX

g2 ? p2 mb2/ .2+BbBQM i'22 +H bbB}2" bi?2r2 F+H bbB}2" i2 +? bi2T M/ HC
T2 Q7 yXR BM Qm” bim/vX LmK#2® Q7 #QQbiBM; bi ;2b r b +?Qb2MTiH)B# B KMyy N
/[2+BbBQM i"22r b /QM2 mbBM; K2 M b[m "2/2°"Q UrBi? M BKT Qp2/b+Q 2 #v 6°

9XRkX "iB}+B HL2m  HL2irQ'FU LLW®AH bbB}®2X+H bbB}+ iBQMTr2? p2 mb2,
Hv2 T2 +2Ti'QM UJGSV +H bbB}2°X JGS Bb KmHIB@H v2  722/@7Q°r "/ M2m"
T°QT ; iBQM H;Q'Bi?K (jJR)X h?2 }'biHvVv2 Q7 M2m " QMb +ib b i?2BMTmi H v2°
BMTmibU72 im 2 p2+iQ V- M/i?2}M HH v2  Bb "2bTQMbB#H2 7Q" ;2M2" iBM; i?
irQ Hv2 b-i?2"2+ M #2 KmHIBTH2 H v2'b Q7 M2m " QMb- FMQrM b ?B//2M H v2 .
M/ ?22HTb i?22 QmiTmi H v2 iQ ;2M2  i2QmiTmiX AM ?B//2M H v2 b 2 +?2 +QMM2+
bbQ+B i2/ rBi? r2B;?i p2+iQ X 6B;m 2 9Xk b?Qrb M 2t KTH2 Q7 JmHIB@H v2 T
Hv2 Q7 M2m " QMb M/ bBM;H2 M2m QM ii?2QmiTmiH v2 X

1 +? M2m " QM Bb bbQ+B i2/rBi? M +iBp iBQM 7mM+iBQM-r?B+? ;2M2" i2b N
Q7 T '2pBQmb H v2> M2m " QMb M/ i?2 bbQ+B i2/ r2B;?ibX h?2 i° BMBM; H;Q B
+QK#BM iBQM Q7 r2B;?i p2+iQ p Hm2b iQ "2/m+2 i?2 HQbbX

6Q° BKTH2K2MiBM; JGS-r2 ? p2 mb2/ bBM;H2 ?B//2M H v2 Q7 M2m QMb UrB
i?2 +iBp iBQM 7mM+iBQM b "2+iB}2/ HBM2 ~ mMBi 7TmM+iBQMVY M/ bBM;H2 N\
i?72BMTmi/ i BMiQ K HB+BQmb U #MQ K HV Q  MQM@K HB+BQmb UMQ K HVX ¢
H:Q Bi?K rBi? H2 "MBM; iZ MYXKyRQM/2;mH "Bx iBQMX

8X LmK2 B+ H “2b@nMKKT "2 i?2 2{+B2M+v M/ TTHB+ #BHBiv Q7 p "BQmb J
"Bi?Kb 7Q" /2i2+iBM; K HB+BQmb BMbB/2  ii +Fb BM AQh-r2 ? p2 mb2/ TQTm
LaG@E..- i?2 /2i BHb Q7 r?B+? "2 ;Bp2M BM M2ti bm#@b2+iBQMX

8XRX AMiQ/m+iBQM iQ LaG@E.. /i b2i M/ /i TL2@®B.+BibBN:X i2bi p2 bB
Q7 E..NN/ i b2i M/? b#22M rB/2Hv mb2/ #v 2b2 "+?22°biQ 2p Hm i2i?2 T2 7Q K
bvbi2K BM AQh (e- d- 3)X AM LaG@E../ i b2i-i?2i°  BMBM:/ i Bb p BH #H2 BM 6
Rk8Ndj /i 2Mi'B2b- Qmi Q7 r?B+? edj9j 2Mi B2b 2T 2b2Mi MQM@K HB+BQmb N
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6B;X 9Xk, JmMHIiB@H v2° S2 +2Ti QM rBi? bBM;H2 ?B//2M H v2" M/ QMHv QN

h?2i2biBM; /i Bb p BH #H2 BM 6E..h2biY® }H2- +QMbBbiBM; Q7 kk89j 2Mi " B2b-
K HB+BQmb M/ Rk3jj2Mi'B2b "2T 2b2Mi K HB+BQmbX 1 +?/ i b2i? b9R 72 im~ 2|
BM};m 2 8XRVX 7i2° M HvbBM; i?2 72 im 2 Q7 / i b2i-r27? p2+ i2;Q Bx2/i?2K |
A 2T 2b2Mib i?Qb2 72 im ' 2b r?B+? "2p2 Hi?2 T°'QT2iB2b Q7 h*S +QMM2+iBQ
MQ/2X *i2;Q'v AA ?B;?HB;?ib i?2 # bB+ 72 im 2b Q7 i?2 /i i? i Bb #2BM; b?
#2ir22M bQm ™ +2 M/ /2biBM iBQM MQ/2bX *i2;Q°v AAA 2T °2b2Mib i?Qb2 72 i
p BQmb +QMM2+iBQMb BM i?2 M2irQ ' F rBi? iIBK2 7 K2 Q7 kb2+QM/bX ii'B#m
+QMM2+iBQMb BM M2irQ ' Fr?B+? ?22HT iQ M Hvb2 M ii +Fi? iH bi2/ 7Q  KQ 2
#v + i2;Q'v AoX h?2 H bi 72 im 2 2T 2b2Mib i?2 +H bb H #2H 7Q 2 +? /i 2Mi"\
BMi?2 /i b2iX KQM; HH i?2 72 im 2b- bQK2 Q7 i?2K 2T '2b2Mi p 'BQmb bm#@"
6S’QiQ+QH ivT206- 6a2 pB+26 M/ 0~ ;6- M/ 7Q i?2 +QKTmi iBQM HTm TQb2b r?
/T X AMOBT QiQ+QH ivT26r2 ? p2 mb2/ R-k M/ j7Q  "2T 2b2MiBM; A*JS UAMiI2 ]
h*SUh” MbKBbbBQM *QMi " QH S"QiQ+QHV M/I.SUIb2 . i ;" KS'QIiQ+QHV T QiQ-
ii'B#mi2 +QMi BM2/dy /Bz2 ' 2Mir2# b2 pB+2b mb2/#vi?2/2biBM iBQM M2irQ FX
"2 b?QrM BM };m 2 8XkX

aBM+2 i?2 p BH #H2 /i BMi?2 /i b2i Bb KmHIiB/BK2MbBQM H M/ iQ 2M? M+
G2 "MBM; H;Q Bi?K-r2? p2 MQ 'K HBx2/i?2/ i mbBM; bi M/ "/ b+ H °

X

USXRV X =

r?2° 2 Bbi?2 MQ'K HBx2/ p Hm2 Q% rBii? KX MHR bi M/ */ /2pB XBAIMBb 2pB/2Mi
7°QK i?2 #Qp2 2[m iBQM i? ii?2 ai M/ "/ a+ H2° MQ K HBx2b i?2/ i #v "2KQpBM
M/ b+ HBM; i?2p B M+2iQ RX

8XkX S2°7Q K M+2 S ° KQi2pbKm i2 i?2 T2'7Q K M+2 Q7 2 +? i° BM2/ K +?BM?
+QM7mbBQM K i'Btr b mb2/-i? i Bb b?QrM BM h #H2 8XRX

IbBM; i?2 p Hm2b Q#i BM2/ 7°QK i?2 +QM7mbBQM K i'Bt 7Q 2 +? +H bbB}2 - i
2i2°br2°2 mb2/iQ M Hvb2i?2 T2 7Q K M+2,

TP+ TN
TP+ FN +FP+ TN

Uu8XkV Accuracy =
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6B; X 8XR, 0 BQmb 72 im2b Q7 LaG E../ i b2irBi? +Q "2bTQM/BM; p Hm:

OTH (1 RSTOSO0 (4)
No SYN(se)en SE RSTO (3) Source send SYN
Connection attempt Connection reset by followed by RST
SH (11) Iejected Source because SYN-ACK

Connection half open was not received
RSTR (5)
Connection reset by
Destination device

SF (10)
Normal establishment
& termination

S3(9) S2(8)
. . s1(7) S0 (6)
Connection Connection i
; : Connection Connection attempt
established & close established & close blsiied St

attempt by destination attempt by source

6B;X 8Xk, ii'B#mi2b Q7 6H ;72 im2BM LaG E... i b2i
; L TP
usXxjv Precision = TP+ FP
TP

Uu8Xxov Reca”zm
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h #H2 8XR, *QM7mbBQM J i Bt
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J HB+BQmb LQM@K HB+BQmb
J HB+BQmbh m2 SQbBiBp2 UhSV 6 Hb2 L2; iBp2 U6LV
LQM@K HB+HB®Mb2 SQbBiBp2 U6SV h m2 L2; iBp2 UhLV

+im H o Hm(2
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g2 ? p2 HbQ mb2/ "2 IM/2 i?2*m p2 U I*V Q7 _2+2Bp2 PT2 iBM; *? ~ +i2 E
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}+ IBQM T2 ' 7Q° K M+2r b 2p Hm i2/ mbBM; E..h2biY / i b2iX 6Q i?2 BKTH2K2Mi il
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++m’ +v Q7 p BQmb +H bbB}2  7Q /2i2+iBM; K HB+BQmb AQh M2irC
p "VBM; MmK#2> Q7 i° BMBM; b KTH2b mb2/iQi° BM # b2 2biBK iQ"

h #H2 8Xk, S2°7Q 'K M+2

M HvbBb Q7 p "BQmbJ +?BM2 G2 "MBM; *H bbB}2

J +?BM2 hsS 6S hL 6L ++m@| S 2@ HB@@ 6R@ h BM®@ h2bi | *

G2 "MBM; To+v bBQM + HH| b+Q 2 BM; hBK2

*H bbB}2'b uwyv hBK2 Ua2+yV

Ua2+V

G bbQ NjNR 9dk8 3Ry3 jRN | ddXek yX3j yXd3| yXdd| yXNj yXyykRy X3y

_B/;2 N939 9d3e 3y9d kke | ddXdd | yX39 yXd3| yXdd| yXkk yXyyKRy X3y

1H biB+ L2i] N9y9 9ey9 3kkN jye d3Xkk yX39 yXd3| yXd3| yXek yXyykRy X3y

G bbQ rB{?Nj3N 9d8K 3y3R jkR ddX8 y X3j yXdd| yXdd| yXy3 yXyyk yX3y
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G_ Nydy 93NN dNj9| e9y | d8X9k | yX3R yXd8| yXd8| RRXj3| yXyyKRyX3d

E@LL N93k ONdd d38d kk3 | deXNR| yx39 yXdd| yXdd| d9XjN| R39X[BX38

GBM2 " aoJ| NydR 9N8j d33y ejN d8XRN| yX3R yXd8| yXd8| 9RyXkRyXyykkyX3d
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T T?2v 2[m iBQM 2bi #HBb?2b "2H iBQMb?BT #2ir22M HBMF K2 bm ' 2K2Mib M/ i’
M mM/2® /2i2°KBM2/ bvbi2KX .m2 iQ i?Bb BHH TQb2/ T Q#H2K- MmK2 Qmb rQ"
iQKQ;  T?v K2i?Q/ rBi? Qi?2 K i?2K iB+ HKQ/2HbX h?2:" pBivKQ/2H +QMbi m+
.2biBM iBQM ~Qrb T°'QTQ'iBQM HIiQ i?2 BM+QKBM; M/ Qmi;QBM; i {+ Q7 MQ/2k
BKT Qp2b i?Bb T°Q+2bb #v +H bbB7vBM; i?2 i" {+ ~QrbX h?2 iQKQ; pBiv KQ/2H
T?vKQ/2HIQ BM+'2 b2 ++m  +v Q7 hJX /p M+2/iQKQ; pBiv K2i?Q/BMi Q/m+2¢t
BKT Qp2i?2 2biBK iBQM b BM (kk)X h?2 +Q@p "B M+2 K2i?Q/ (kj) mb2b +Q@p E
K F2mT7Q BMbm{+B2Mi BM7Q K iBQMX hJb "2 2biBK i2/ 7' QK i?2 HBMF +QmM
T°QpB/2b HB;?i r2B;?i 2biBK iBQM +QMbBbi2Mi rBi? +im H HBMF K2 bm 2K2M
bBp2 *QM/BiBQM H >2i2°'Qb+2/ biB+Biv KQ/2H (k9) /2 Hb rBi? i?72 BHH TQb2/ M |
TT ' Q +?2iQ + Tim 2 b2H7 bBKBH "BivBMi® {+ #2? pBQm X *QKT "BbQM Q7 /Bz:
b?Qrbi? iiQKQ; pBiv M/2Mi'QTv K tBKBx iBQM T2 7Q Kb #2ii2°i? MHBM2 ~ T
2ti° +QMbi° BMib BM 2Mi ' QTv K tBKBx iBQM 7m’i?2° BM+°2 b2 i?2 T2 ' 7Q 'K M+2
Q7 aBKTH2 L2irQ"FJ M ;2K2Mi S'QiQ+QH 7Q" +QKTH2i2 i {+ +QHH2+iBQM rBi?
BKT ' Qp2 ++m’ +vX h?2 [/ TiBp2 BM7Q K iBQM ; BM K tBKBx iBQM HbQ 7Q+mb?2
K2Mi BM ++m” +vX h?2 KQbi BM7Q K iBp2 ~Qr 7' QK i" {+ Bb /2i2°'KBM2/ 7Q" 2biB
BM+'2 b2b i?2 ++m” +v rBi? bK HHBM+'2 b2 BM K2 bm ' 2K2Mi "2bQm +2b (kd)
hJi F2b ?B;? +QKTmi iBQMiBK2 7Q  r?B+? /BpBbBQM Q7 M2irQ " FBb QM2 Q7 i?2tL
/IBpB/2 M/ +QM[m2  K2i?Q/7Q  2biBK iBM; hJ 7Q " H ;2 bBx2 M2irQ"FX h?2H ;2



1biBK iBQM Q7 h* {+J i'Bt 77QK GBMFb GQ / mbBM; :2M2iB+ H;Q BjRK

h #H2 jXR, M AMbi M+2 Q7 h” {+J i'Bt7Q /m  iBQM Q7 8 KBMX QM yR

D1 D> D3 D4 Ds Ds D7 Dg Do D 1o D11 D1
S Ryyyy RNB83kl3 eR88yk Rk83N[3 R8933/d R3jdyj|] RjeNyd jyedyR ReNB8Kk|j k3ykdld R98eRINRRdA3R|R8
S, ReeNjRYNNdd3BRRyeReMNj3j3[3R9d9kd&yk8eNeR3Re8RE3jeNee93yRI3j8jjky3 jjBNYy8eRNI9y88Nk
S; | ROkkej89dd8dIRyddNReBRRB8R3Pge3ejd¢e N33INREIBRe3®RYIRBNeGk3e3dde3R|8] Re38dkHNNked8
Sy 3e88k 3d3y8eR9999]kRIRYydPgR8jk3p kdykNYjRI93y3jd3yRB83j3kR9ekdBjNI8YNNI389NI8BNjjk
Ss | 3Ne9RRRy3dNE]jjIjR]j| Rj3933kkRykjekj9k3Ne[9ked]3R|jjeNKRAKKJkI9dRRy8kleS]jNyNNjR3NNNO
Sg | Rd3d8NPdyskB98deedReyRe3kRKkOOYReN8e3 NejdyNyelBNRSRINFBK]RYJRKNNINBKyN8dR89ked38
S7 R8d3gyReeejjeRYRR9¢yWykk3e9ky8j8JN jyyee8NR8y383dk8k8N993RB8NYyDP83NYydNReeyk98R3RE9
Sg | Rkdjd] dkdkNdRje9ej3RjjANdeB jj3e8d8Reykyy[N89y333999kej9kPkkNjeeBdBee3k|3N8eNdNBY3NdjN8
Sy | R9eReRB3jjkKNYKYyRKkd3[BBRKNjN8NN8IKkyRkIdyDNk3ddjjRceejjo9elyBRkN3g§R&NedBd3kk898MRN9ddd3
S10 RyyyY jNy98K R3Nkk#gNyk8Nk 8j3d8g RI9I93Ry9d3e9yk d8yydN 3kNKkN[B8j8RRyjRkjeeR3d98jNY
Si1 9Rejk 8N8883y399kkkyRekdNPRKkj38j3 k339RN939d3R[BeeekjNyNjRdyR&Rd3jRkdj3Nj39 jN99yRd
Si2 | 9OkydREPdkkee9BINBKNRY8kjd3j8d3Nddkj89jR3IRkkIRYKSjd3jey8yRkjykdddkdReRRReyydigjdyyge

T "ibi?2M +QK#BM2/ i?2K 7Q" i?2 7TmHH 2biBK iBQM Q7 hJX h?Bb TT ' Q +? /2 HEk
HHQrb T > HH2H T Q+2bbBM; r?B+? BKT Qp2b +QKTmi iBQM H iBK2X "iB}+B H
iQ BKT Qp2 2biBK iBQM Q7 hJX AM (k3)- mi?Q b T°QTQb2/ _2+m ™ "2MiL2m  H L2
hJX h?2 _2+m "2MiL2m™ HL2irQ ' Fi F2b "2 HrQ H// i 7Q i BMBM; Q7 i?72 KQ/2
72 im2b Q7 hJX *QMpQHMIBQM HM2m™ HM2irQ'FBb MQi?2 }M/BM; 7Q  bT iB t
P'B;BM@.2biBM iBQM ~Qrb(kN)X h?2b2 "iB}+B HM2m™ H M2irQ"Fb TT Q +? 2
hJ- Hi?Qm;? Bi "2[mB'2b H “;2i° BMBM; /i X hJ 2biBK iBQM Q7i2M BM+Hm/2b

r?B+? Bb /B{+mHii bF i°2 HiBK2X AM(jy)- mi?Q b T " QTQb2//Bbi'B#mi2/J T _:
Q7H ;20" {+~QrbX h?2J T 2/m+2 TT'Q +? mb2biQTQHQ;vBM7Q K iBQM iQ B,
7Q° 2 bB2" ;;72; iBQM Q7 i° {+ ~QrbX h?2 BMTmi 7Q  i?2 J T "2/m+2 Bb +QHH2+
KQ/mH2 M/ i?2 "2bmHi b?Qrb M2 °~ "2 HiBK2 2biBK iBQM Q7 hJX

X STQTQb2/ KQ/2H 7Q " : # b2/ h” {+J i'Bt 1biBK iBQMX

jXRX " bB+b Q7 h™ {+ J i'Bt g@/2pXmb2/ r2HH FMQrM M2irQ'F 7Q"  hJ 2biBK i
#BH2M2 M2irQ ' F +QHH2+i2/ #v uXw? M;-r?B+? +QMi BMb /i b2i Q7 +im H i [+
7Q° e KQMi?b (jJR)X 1 +? BMbi M+2 Q7 hJ +QHH2+ib 8 KBMmi2b Q7 i” {+ #2ir22M
"QmiBM; K i'Bt M/ iQTQHQ;v "2 BM+HmM/2/ BM i?2 /i b2iX Ai +QMbBbi Q7 Rk M
mMB@/B 2+iBQM HHBMFb #2ir22M MQ/2b M/ 2 +? MQ/2b ? b M BM#QmM/ M/ Q
HBMFbX h?2 hJ Q7 XY BiMbk.MK+2 Bi2QI2 BM bBx2- M 2t KTH2 Bb b?QrM BM h #H2 jX
Xj BM i?2 K i'Bt/2MQi2b i?2 i° {+ ~Qr VTQQRbIBMDi{BRWBi? 2H Th2/ iBK2 i- i?2 i ({
K i'Bt 2ti2M/iQ +QKTH2i2 j. i  §n;KojiXBt:;X; X

6Q /2i2°KBMBM;ihQ BMTmib 2 "2[mB 2/ M K2HR- MYNMHBMF ¥ Q2B 2+iBp2HvX
h?2 "2H iBQMb?BT KQM; i?2KBb b 7QHHQrb-

AX =Y UjXRYV

6Q  i?Bb- HH HBMFb HQ / "2 K2 bm 2/ 7Q" M2irQ F- 7°QK r?B+? /Bz2 2Mi K
T 2+Bb2 hJ p Hm2bX AM #BH2M2 M2irQ F- 89 MmK#2'b Q7 HBMF HQ /b "2 p BF
"2 /B 2+i +QmMi Q7 T +F2ib 7Q° HBMFX 12B H2MNM VKR#2QbBFQZ bFHRD T QUbbB#H2 +Q|
Q7 &aQm +2- .2biBM iBQM' 7Q° HH Rk MQ/2b M/ 89 MmK#2 b Q7 p "BQAnb HBMF|
Q7l@ 54' BM /BK2MbBQM bBx2X\ h?2 DWiQB2bQQ B -

(
A = 1; B? HI‘BEM)leBHBXZ/ BM &aQmj+R@?.2biBM IBQMUijV
0, Qi?2'rBb2
1[X jXR Bb HBM2 " bvbi2Kr?2 2 i?2 MmK#2> Q7 mMFMQrMb "2 H ;27 i? Mi?2
"2 KmHIBTH2 bQHmMIiBQMX7® QT2pnHml20@ 7KK i?2K iB+ HKQ/2Hb bm+? HBF2-:" p|
+HQb2 2biBK iBQM-v2i 7m i?2  BKT ' Qp2K2Mi Bb TQbbB#H2 BM i?2 bQHmMiBQM X
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6B;X jXR, #BH2M2 M2irQ FiQTQHQ;v rBi? p "BQmb HBMF i {+ /B’

6B;X jXk, 6HQr+? i 7Q T °QTQb2/ :

iXkX " bB+b Q7 ;> pBivHd®I2HKBiv KQ/2H b i?2 M K2 bm;;2bi Bib M / Ti iBQM
* pBiv KQ/2HX h?Bb KQ/2H Bb TTHB2/ BM /Bz2 2Mi i MbTQ i iBQM T Q#H2Kb
BMi2 M2i hd HbQ Bi Bb TTHB2/iQ 2biBK i2 i’ {+ K i'Bt #v i FBM; i?2 BM; 2bb N
1 +? 2Mi°v Q7 iX2 RAT 2b2Mi 1?2 {+ 7i' QKMAIZAI Bb +QMHB/2° 2/5 QTQ iBOM H |
~QrBM; Qmi-TMOKM/ HH i’ {+ ~QrBMT/BM hQ2 iQi H Tof+=" R T =" L, T -
Bbmb2/ 7Q° MQ K HBX iBOMX h?2 2tT 2bbBQM 7Q" i22 hd 2Mi*v Bb b 7QHHQrb,

Tiout T]_in
Xij = T total U]XJV
r?2°2 Bb MmK#2° Q7 MQ/2b BM i?2 M2irQ ' F M/ i?2 QmiTminBbBK 2 Nb KQIMBtrQZ 2&
1 i n MA | nX

iXjX S°QTQb2/ hd KQ/2HXQM+2Ti Q7 : - r b BMi'Q/m+2/ b M QTiBKBx iBQM
KQ/2Hb 7i2° i?2 2pQHmMIiBQM Q7 #BQHQ:B+ H #2BM; BM i?2 M im  H rQ H/X :
IM/b bm#@QTiBK HbQHmMIBQMX h?2 1} bibi2T Q7: Bb BMBiB HBx iBQM-r22"2 b
QTiBKBx iBQM Bb :2M2" i2/X : # bB+ QT2 iQ'b-HBF2 + QbbQp2 M/ Kmi iBQM
h?2 #2bi bQHMIBQMb "2 b2H2+i2/ 7°QK i?2 TQTmH iBQMX h?2 QT2 iBQMb "2
iQr /b bm#@QTiBK H bQHmMIBQM (jj)X h?2 ;" pBiv KQ/2H bQHmMiBQM Bb TQbbB



1biBK iBQM Q7 h* {+J i'Bt 77QK GBMFb GQ / mbBM; :2M2iB+ H;Q BjPK
+HQb2 K i+? i?2 HBMF K2 bm 2K2MibX h?2 QTiBKBx iBQM rBi? i?2 ?2HT Q7 1[X

JBMX kAX FYk+WkX Xem k
am#D2+iiQ PJr::l Xj =1
iz Xi = Jj . _
Xij 0 i=1l:xn  j=1:2n:

Ujxov

r22°%- MO, "2i?2iQi HBM+QKBM; M/ Qmi;QBM/i MG/ ZZTRQIRp2HVX h?2 } bi T
Q7i?2 Q#D2+iBp2 7TmM+iBQM ;Bp2b i?2 /Bbi M+2 Q7 + H+mH i2/ HBMF HQ / 7" QK
T i+ H+mH i2b i?2 hJ bQHMIBQM /Bbi M+2 7 QW BD2 r2BB KIQIBIXN h@2?2 /Bbi
rBi? ;> pBivKQ/2HBM Q' /2 iQ /Dmbii?2 bB;MB}+ M+2 Q7 :" pBiv KQ/2H BM i?2
+QMbi> BMi K BMi BMb i?2 +QMb2 p iBQM Q7 i’ {+- BX2X iQi Hi  {+ Bb +QMbi Mi
i?72 i {+ #2ir22M Mv irQ MQ/2b Bb Hr vb TQbBiBp2X h?2 /2i BHb Q7 i?2 T QTQb2
jXk- 7Q  QTiBKBx iBQM Q7 1[X jX9 "2 /Bb+mbb2/ #2HQrX

iXjXRX AMBiB HRXxMIBQIM¥X2i Q7 ° M/QK bQHmMIiBQM FMQrM b BMBiB H TQTmH
TQTmH iBQM- }'bi BM/BpB/m H Bb ;2M2" i2/ 7°QK :" pBiv KQ/2HX h?2M 7i2°
'2M2° i2/ #v K FBM; ~ M/QK +? M;2b iQ i?2 }'bi BM/BpB/m H r?BH2 K BMi BMBM;
BMi'Q/m+2 K QBtBK2MbB@M2B+? Bb /2}M2/ b,

(B] B] . .
B] B Ujxsv

B Bb K i'BtQEbBWV2U?2°22 +? 28 2iKRMi ~ M/QK p Hm2 7°QK i?2 b2i &@R- R'X h
+QMi BMb > M/QK 2H2K2Mib Q7 R Q" @R- M//m2iQ Bib ~° M;2K2Mi ;Bp2M BM UR
Bb 2[m HiQ yX  M/QKrKBbH;iBMBEBRZ2LiQ + H+mH i2 ° MKQK DDHRbHE @ MXi 227h J
Q#i BM2/ #v ;> pBiv KQ/2H-i?2M i?2 "2bi Q7 BM/BpB/m H + M #2 + H+mH i2/ b-

X =Xgm +7r UjXeV

1[X jXe Bb TQbbB#H2 iQ 2p Hm i2 rBi? KmHIBTH2 “2T20B i BAM2 7 QB M B K2n & M8 TfH P
/BpB/m HbX aBM+2 i?2 bmK Q7 "QriBbM/- +QHMRMBNYBpB/m Hb b iBb7v i?2 } bi
+QMbi’ BMiX

iXjXkX a2H2ABEBWB/m Hb 7Q° + QbbQp2° "2 b2H2+i2/ mbBM:; i?2 b2H2+iBQM
"QmH2ii2 r?22H Bb BKTH2K2Mi2/X _QmH2ii2 r?22H b i?2 M K2 bm;;2bi i F2b B
BM/BpB/m Hb "2 TH +2/ QM i?2r?22H b TB2 +? “ibi'm+im 2X h?2 }ii2° BM/BpB
r?22HX }t2/ TQBMi2 Bb TH +2/ QM i?2 r?22HX q?2M i?2 r?22H Bb bTmM i?2 BM
QM Bb b2H2+i2/X h?2 "QmH2ii2 r?22H T°QpB/2b ° M/QK b2H2+iBQM r?BH2 ;BpB|

iXiXjX **Qbb@P2 X QbbQp2 i F2b irQ BM/BpB/m Hb M/ 2t+? M;2 BM7Q K iBQ
M2r BM/BpB/m Hb Q° QzbT BMBRX MR BMBBHBAM2HIL T “2RMiBbr?22 2ii2° T "2Mi M/
i?72;2M2° i2/ QzbTTBMD X2 ° M/QK ;2M2 HQ+ iBQM rBi? BM/2t B M/ D Bb b2H2+i2
b #2HQr-

Gij

pij + (P G) UjxdV

g + (Pj  G)

re2°2 Bb ° M/QK MmK#2" BM i@ X M?22QZK BMBM; ;2M2 HHQM/DBQMbBB2+iHYV
+QTB2/ P QKQ "2bT2+iBp2HvX h?Bb + QbbQp2°  Bb FMQrM b i?2 ?22m ' BbiB+ + Q|
HBF2- p2" ;2- "Bi?K2iB+- #H2M/ 2i+X- "2 HbQ TTHB+ #H2 BM i?Bb T ' Q+2bbX
7Q° }M/BM; M2r bQHmMiBQM +HQb2 iQ i?2 }ii2 " T "2Mi M/ i?2 > M;2 Q7 p Hm2b 7«
bX h?2 b K2 Bb b?QrM BM 6B;X jXjX
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6B;X jXj, **QbbQp2 QT2 iBQM

iXjX9X Jmi iBx@®@Xmi iBQM K F2b * M/QK +? M;2 BM ;2M2 p Hm2bX h?Bb T Q-
iQ T'2p2Mi i?2 bQHMIBQMb +QMp2 ;BM; iQ HQ+ H QTiBKmK TQBMi Q" T 2K im"
Kmi iBQM Bb T2 7Q°K2/iQ T°Q/m+2 QM2 QzbT'BM: * b 7QHHQrb-

Gj = Pij UjXs3v

r72°2Bb °~ M/IQK MmK#2 BM[0?&dX M?22 @M2 HQ+ iBQM MB[i? RBM/RIYQKHvV b2H2+i2/)
h?2 "2bi Q7 i?2 ;2M2 "2K BM mM+? M;2/X >272-i?2  i2 Q7 Kmi iBQM Bb F2Ti iQ y.
jXjX8X *QMbi® BMi o HB72IBQMMbOQp2° M/ Kmi iBQM r?2M TTHB2/iQ bBM;H?Z

iQ pBQH iBQM BM } " bi M/ b2+QM/ +QMbi> BMibX h?2b2 pBQH iBQM Q7 +QMbi~ B
2tTH BM2/ BM (j8)X h?2 QzbT'BM; Q7 +'QbbQp2° M/ Kmi iBQM 2 iﬁ‘QMbeZ/ 7 Q
Xj 12MQi2b i?2 QH/ M/ mT/ i2/ p Hm2b 7Q  QzbT BM; s-i?2 +? M;2 M x%MZ p Hm?Z
*2 M;2b "2 K X BBMPQHHQTrb,

8

2 Xkl » Bi=k Mj =1

XkI:>XkI+W; B7 ZBiiﬂfR\Qj\=| UjXNV
.Xk|+(n+l)z; Q|’)2‘er2

r?2'R=1:::n MA=1:nX h?Bb K BMi BMb i?2i" {+ +QMb2'p iBQM Q7 } ' biirQ +QMb

Bb ? M/H2/ #v bbB;MBM; T2M HiviQ i?2 }iM2bb 7mM+iBQM r?2M +QMbi~ BMi Bb

9X 2bmHib M/ M MHVDBDXMHib Q#i BM2/ 7°QK :” pBiv KQ/2H M/ i?2 T ' QTQb2

i {+ "2 +QKT "2/X h?2 i {+ Bb +QHH2+i2/ 7°QK #BH2M2 M2irQ'F p BH #H2 BN
mbBM; _QQiJ2 Ma[m 21 "Q'U_JalvX h?2 JalBb+ H+mH i2/ b 7QHHQrb-

r

1
RMSE = H (X estimated X raw )2 U9XRV

SQTmH iBQM bBx2 TH vb M BKTQ i Mi "QH2 BM i?2 T'QTQb2/ KQ/2HX h?2 H
TQTmH iBQM bBx2 7Q " i?2 btK2 iBKW2@MbBM+#6B;m 2 9XRX Ai Bb Q#b2 p2/i? i #C(
i?72 JalBb 2 +?BM; iQ HQr2bip Hm2X TQTmH iBQM bBx2 Q7 jyy Bbi F2M b i?
i?72 +QKT "BbQM Q7 hd p Hm2b 7Q " i?2 T'QTQb2/: M/ hQKQ; pBiv T QTQb2/ B

2biBK iBQM "2 +HQb2 iQ i?2 "2 Hp Hm2-r?B+? Bb "2T 2b2Mi2/ b /B ;QM H
2°7°Q° +QKT "BbQM Bb b?QrM BM h #H2 9XkX Ai Bb Q#b2'p2/i? ii?2 _Jal p Hm2



1biBK iBQM Q7 h® {+J i'Bt 77QK GBMFb GQ / mbBM; :2M2iB+ H;Q Bj8K

6B:X 9XR, PmiTmi Q7 T°QTQb2/: rBi? SQTmH iBQM bBx2 7Q  iBK2 BM

h #H2 9XR, 1z2+ib Q7 T ~ K2i2'b BM: QT2 iQ'bX

UV 1z2+iQWM;2 BM Kmi iBQMX U#V 1z2+iQM;2 BM + QbbQp2 X

oHm2®7:2M2° iBQM MmK#2" o HmM2IQ7:2M2° iBQM MmK#2"

yXk8 9Rd R ed3
y X8 j99 k jjid

R kod 9 kNR
k k8] 3 k9y
9 k3y Re kjd
3 kN ik k8R
Re je8 e9 k3d

i?72 p2° ;22 "Q BKT Qp2K2Mi Bb H2bb2 X h?Bb b?Qrb i? ii?2 T QTQb2/: 2biBK
H ;2i {+ ~Qrbr?B+? +QMi B#mi2 KQ 2 iQ i?2 2MiB 2 i {+X h?2 ht=22biBK iBQM
8y b?Qrb i? ii?2T QTQb2/: T QpB/2b BKT Qp2/ 2bmHib Qp2 i?2 BMBIiB H:" pB
"2bmHib b b22M BM 6B;m 2 9XjX

h?22z2+iBp2M2bb Q7 Kmi iBQM M/ + QbbQp2 /2+B/2bi?2T2 ' 7Q 'K M+2 Q7 : X
KmHIBTHR2 7 QK i?2 "[AMaj2M[0;h] z2+ibi?2 T2 ' 7Q 'K M+2 Q7 i?2 T QTQb2/: BMK
+ ' QbbQp2° "2bT2+iBp2HvX h?2 QTiBK Hp Hm2 Q7 i?2 TaQIIRH2/b:?2 @M BBM B 2M2 p
9XRX h?2 T°QTQb2/ H;Q Bi?K Bb 2t2+mi2/arBMD-/BM2 12R iQumKHyRKW2Q7 "2 K2 bm 2/
i?72 MmMK#2™ Q7 ;2M2° iBQM iQ +QMp2 ;2 iQ M QTiBKBx2/ bQad#mlBbPQPXb 6Q2 Kmi
#2bi "2bmHi- Q#i BMBM; i?2 bQHmMIiBQM i k9d ;2M2° bBQBIbXQE® i 22 G2h@ p2b rh Htik-
Q#i BMBM; i?2 bQHmMIiBQM i kjd ;2M2" iBQMbX
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UV : pBiv U#V hQKQ;" pBiv

U+V : 2biBK iBQM

6B:X 9Xk, *QKT "BbQM Q7 p 'BQmb hJiQ ~rp Hm2 7Q " BMbi M+2 i

h #H2 9Xk, *QKT "BbQM Q7 _Jal M/ p2 " :22°°Q hJ BMbi M+2 i4RX
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8X *QM+HMWBRMXi Bt + H¥+mH iBQM 7Q " H ;2 AS M2irQ F Bb /B{+mHii bF /n

K iBQMX AM i?Bb T T2 r2? p2 T°'QTQb2/ rviQ BKT Qp2 2biBK iBQM 7Q" i’ {+
T QpB/2b "2 bQM #H2 2biBK iBQM #mi + M #2 BKT Qp2/ rBi? : QTiBKBx iBQMX
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2H2K2Mib- bm+? ?B;? /[BK2MbBQM H b2 “+?2 bT +2 "2[mB 2b H ;2 TQTmH iBQ
bQM #H2 "2bmHi i TQTmH iBQM bBx2 #2vQM/ Ryy- M/ b Bi7m i?2  BM+'2 b2b #2
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6B;X 9Xj, Jal Q7 :° pBivKQ/2H M/ T'QTQb2/: 7Q° /Bz2 2MiiBK2 BMbi M+2b i4
bBx24 jyyX

Bb Q#b2 p2/X Pm T QTQb2/ KQ/2H b?Qrb BKT Qp2K2Mi Qp2 i?2 ;" pBivKQ/2H B
rBH2 +QKT "BbQM rBi? iQKQ;  pBiv ' 2bmHib b?Qrb BKT Qp2K2Mi BM _Jal p Hm?2
i?72 p2° ;22 QX h?Bbb?Qrbi? ii?2T ' QTQb2: 2biBK iBQMBbKQ 2b2MbBiBp2
"2 KQ'2bB;MB}+ MiiQi?2 Qp2° HH K i'BtX Pp2®" HHi?2 T ' QTQb2/ KQ/2H T QpB/
KQ/2H M/ i?2Q 2iB+ HHv Bi + M #2 mb2/ rBi? Mv hd KQ/2H #v "2TH +BM; i?2 ;"
"2bmHiX
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(RBSX hmM2- JX Qm;? M- >X > // /[B- M/ PX "Q&AM2MINZRI" {+ K i'B+2b, P¥RII -/p M+2b BM
L2irQ " FBMQHX R- TTX R 8e- kyRjX

(k)uX o "/BOL2irQ 'FiQKQ;  T?v, 1biBK iBM; bQm ' +2@/2biBM iBQM i® {+ B2 MbIBiB2b 772 Q2HBMMKA /
bi iBbiB+ H bbQp@HBQMMR- MQX 9jj- TTX je8 jdd- RNNeX

(i)*X h2# H/B M/JX gXiv2bB MBM72 2M+2 QM M2irQ F i’ {+ mbBRMHBMFEQQIMMi K2 8+ M ai iBbiB-
bbQ+B IBO@NHX Nj- MQX 99k- TTX 88d 8dj- RNN3X

(9)CX * Q- .X . pBb- aX o M/2° qB2H- -MWhBKR@p 'VBM; M2irQ ' F iQKQ;  T?v, @@ MBMF7/iP26
K2'B+ M bi iBbiB+ H bpQHEK NBBQM QX 98k- TTX Ryej Ryd8- kyyyX

(8 uX w? M;-JX _Qm;? M- LX .m77B2H/- M/ X a62RM#2Zm"  i2 +QKTmi iBQM Q7 H ";2@b+ H2 BT i {
7°QK HBMF H@ A 1h_A*a S2°'7Q°K M+2 1p Hm iBQ@QRQHXGBR2MQX R- TTX kye kRd- kyyjX

(e)>X w?2Qm- GX h M- ZX w2M;- -Mh*X+qk i'Bt 2biBK iBQM, M2m® H M2irQ'F TT Q +? rBi? 2ti2M/2,
2tT2+i iBQM K tBKBx iBQM B " MBR®ZL2irQ ' F M/ *QKTmi22 pQHMXBey iBFQAMkky kjk- kyReX

(d)aX 1mK-CX JIJm T?v- M/ _X& 7' Bb ++m” i2HT TT ' Q +? 7Q" i {+ K i BtAMIiBHI i BBQQMF HHBMN2 H2i~ {+
*QM; 2bb ARKM8X

(3)PX :QH/b+?KB/ADT # +F#QM2 i’ {+ BM72°2M+2 K2i?Q/b iQ bmTTQAMI2{M2MaB VRI2i BBH\b; -BI BM i B +b
M HvbBb UAaJ V qQ TFbRX RY¥ej Ryd8- kyyyX

(NYX CB M;-sX qgM;- M/ GX6:M@TIBKBx iBQM K2i?Q/ Q7 H ;2@b+ H2 BT i° {+@AIMB2 M iiBKQM EM-5
CQmM'M H Q7 1H2+i'QMB+b M/ *QRKXMB-+NMBXMbB TTX e38 e3N- kyRyX

(Ry)X PKB/p > M/ >X a? ??QB2BNMBHHB;2Mi BT i’ {+ K i'Bt 2biBK iBQM #v M2m" H M2irQk§RR/ ;2M2iB
All1l di? AMi2°"M iBQM H avKTQbBmK QM AMi2HHIB;X Ri eBAM1H -SKPRRXbBM;

(RR3X JX G22- .X aX EBK-CX >X G22- -M/.Zi2®BGMR7 //Qb ii +Fb mbBM; QTiBKBRE/Timi+ K i Bt-0
J i?2K iB+b rBi? TTHBpQBRMp MQX k- TTX 8yR 8Ry- kyRkX

(RkhX PiQb?B- uX P?bBi -JXJm i -uXhF ? b?B- EX Ab?B# b?B6hM{+EX 2B QBQMY7 Q" /vM KB+ i™ {+
2M;BM22 " BMGTFni2" L2irQpRIX 38- TTX je 8y- kyR8X

(Rj)CX amM- aX amM- EX GB- . XGB Q- X EX a M;-B -+ B2MWXH?QUBIi?K 7Q i" {+ 2M;BM22°'BM; BM +HQ|
M/ 2/;2 +QKTmiBQKTni2'b 1H2+i'B+ H I-MpBMRZMMITX eRy ekd- kyR3X

(RO9¥X wmQ- uX gm- :X JBM- M/6GR *mBM;@# b2/ M2irQ"F T i? TH MMBM; 7@miim{2 22MBRMPRQBM ;-6
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*QKTmi2 avbipRBI X Nk- TTX 8N ed- kyRNX

(R8JX AbH K- JX X _ xx [m2-JX J KmM@P @_ b?B/-JX JX > bb M- X H2H @rB{+ M ;R MR 2K BBV ;
BM +Q;MBiBp2 K2b? M2irQ Fb, CQBMi HBMF@+? MM2H BDHKI# BQ M QMK ifi QiR+ p BHEMIRRBQM-6
TTX kRk kk9- kyR3X

(RedX :mQ- wX g M;- sX UBM- sX a?B- oM/ CXXMIBM22 BM; BM ?v# B/ b/M M2irQ Fb rBi? KmHiBTH2 i"
*QKTmi2' L2irQpBb X Rke- TTX R3d RNN- kyRdX

(RAAX >X / Ji M/ SX _X:m /BDB2BQm +2 HHQ+ iBQM 7Q  i?2 Hi2 mTHBMF # b2/ QM ;2M2iB+ H;C
2MpB ' QMK2®KF@i2' *QKKmMMB + (BHXVRYd- TTX Rk8 Rjd- kyRdX

(R3pX 1°i K M/ 1X p406 M2r TT'Q +? 7Q BMi2 M2ii* {+ +H bbB}+JiBOM 2K @MOB2HIB-6TTX Rj8 RIk-
kyRdX

(RN)X JQ? KK /B- "X _ ?2KB- X F# "B->X JQ2BMx /2?- M/ *X01L2M2iB>@B7 b2/ KBMBKmK +H bbB}+
2°"Q K TTBM; 7Q° ++m’” i2B/2MiB7vBM; T22 ' @iQ@T22" TTHHER iBayMb2EK iB2?B MiT2H B2 ii B Q{M E
PQHX j3- MQX e- TTX e9Rd e9kj- kyRRX

(KyCX S "F- >X@_X hv M- M/ *X@6X @% BE2VQ@MIi2 M2i i° {+ +H bbB}+ iBQM i2+?MB[m2ky¥Qe [Qb T Qp
AMi2 M iBQM H *QM72°2M+2 QM AMi2HHB;2Mi AM7 Q -KT TBXQK\8 R B</®BIM ;A MU/1I nkiyB X 2/B

(KREX h M;- : X w? M;-uX g M;->X g M;- M/66X\GBB/ TT Q +? iQ BMi2;  i2 Tmxxv +@K2 Mb # b2/ Bl
K2i?Q/ rBi? ;2M2iB+ H;Q'Bi?K 7Q" KBbbBM; i® {+ pQHMKRETQ i2iB 8K iR@®R-&? S i *, 1K2 ;BM
h2+?MQHQIBRIIX 8R- TTX kKN 9y- kyR8X

(kkPX w?Qm-GX h M- 6X :12- M/@X *{2 M i'Bt 2biBK iBQM, /p M+2/@iQKQ;  pBivK2i?Q/# b2/ QM T .
KQ/2HAMi2 M iBQM HCQm'M H Q7 *QKKmMBHX KQMMQ@KIRKHOTTX RdyN Rdk3- kyR8X

(kKj))AX Cmp - aX 0iQM- M/ CX 6BMB&F i’ {+ K i'Bt 2biBK iBQM # b2/ QM HBMF HQnMiAtQp ‘B M+2
AMi2 M iBQM H *QM72 2M+2 QM- *iQxHOMM BT KB\ ley3- A111- kyyeX

(K9)X CB M; M/ :X-%m +? KQ/2H@# b2/ H “;2@b+ H2 BT i’ {+ K 118t *2XDKEHKn MBEXHMi-85Q M kp G B X 2R p-
MQX R- TTX 8k 89- kyyNX

(k8PX JIX _ ?K M-aXa ? -IX*?22M; M- M/ X&XT H7{+ K i'Bt 2biBK iBQM K2i?Q/b, *QKT "BbQMb M/ |
K2Mib-okBWwe A111 AMi2 M iBQM H *QM72'2M+2 QMO BXKRMmMBX NEOWED A111- kyyeX

(ke)X :mMM - JX CQ? MbbQM- M/ hXOM2HF KTi'Bt 2biBK iBQM QM H ;2 BT # +F#QM2, +QKT "B
/i -6 BMQ+22/BM;b Q7 i?2 9i? *J aA:*PJJ +QM72'2M+2 QM AMTZXMR D K 2Rlem - XK g MX

(kd)X GB- *X sBM;-LX . B-6X.B- MIOXWBKWiBM; b/Mi* {+ K i'Bt# b2/ QM QMHBM2 / TiBp2 BM7Q
K tBKBx iBQM K2%2Q7/@iQ@ S22 L2irQ ' FBM; M/pOHKXBRkiBMQOMO k- TTX 98 93y- kyRNX

(kBCXw? Q->XZm-CXw? Q- MOhQEB/Mi° {+ K i'Bt T 2/B+iBQM rBi? HbiK "2+m "2MH MWAnQ MBMRirQ  F
G2ii222pQHX 89- MQX N- TTX 8ee 8e3- kyR3X

(KNJ)X 1K KB- _X F# 'B- _X C pB/ M- M/- K WIRrMBT ' Q +? 7Q  i> {+ K i'Bt 2biBK iBQM BM ?B;? HQ /
M2irQ ' Fb # b2/ QM ;" T? 2K#2//BM; M/ +QMpQHMIBNQWH MBQMH QIR AKX :8M; h2H2+QKKmMB +
h2+?MQHQBERIKX jy- MQX e- TX 2jey9- kyRNX

(jy)gX CX Zm2B Qx- JX X * T 2ix- M/ JX-% .KMT®R/m+2 TT'Q +? 7Q i  {+ K i'Bt 2biBRAIBDM BM b/N
++2BIPQHX 3- TTX R9Nye8 RONyde- kykyX

(JRUX w? M#BH2M2 . i b2i- ?2iiTh,ffrrrX+bXmi2t bX2/mf vx? M;f-2lyy9X?f #BH2M2hJf

(jk)JX _Qm;?-MaBKTHB7vBM; i?2 bvMi?2bBb Q7 BMi2*MaAi*RIK*QBF@H20 *QKKmMB+ iBQM _2pB2r
PQHX j8- MQX 8- TTX Nj Ne- kyy8X

(jj)IX IBi+?2-HM BMi ' Q/m+iBQM iQ ;2M2iBYAH; QD " BiFKBRNN3X

(j9) X >X q'B;2i6:2M2iB+ H;Q'Bi?Kb 7Q" "2 HT * K2i2 6QTiBKBRQBIQN-D;BM2iBpQGHR RBiTRKX ky8
kR3- 1Hb2pB2 - RNNRX

(j8)'X ** 2M2M- X 1B#2M- M/ 1X } d+TBQQB? M/H2 +QMbi’ BMib rBi? 2pQHmi®'QMBw HH> QW B4 QIQH- 6
P7 :2M2iB+ H;Q Bi?Kb, TTHEK+HIBQGKR- kyyRX

1/Bi2/ #vM S2i+m

_2+2BpoXp Rj- kyky
++2TiZ2,M kR- kykR
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#bi® +iXh?Bb "2b2 "+? T'QTQb2/ MQp2H /2+QKTQbBIiBQM K2i?Q/ 7Q" 27 +iQ'BM; KQMQHBi?B+
TTHB+ iBQMb mbBM; M2m > HM2irQ FKQ/2H U+Q/2kp2+V 7Q  + 2 iBM; +Q/2 2K#2//BM;b 7 QK i?2 KQ
_2bmHi- b2K MiB+ HHv bBKBH ~ +Q/2 2K#2//BM;b "2 +Hmbi2 2/i?°"Qm;? ?B2° "+?B+ H+Hmbi2 'BM
+ M/B/ i2b iQ "2b2K#H2 i?2 /QK BM KQ/2H KQ 2 2{+B2MiHvX h?2 [m HBiv +? ° +i2°'BbiB+b Q7 i?2 "2
K2i'B+b 7Q° K2 bm BM; +Q?2bBQMX h?2b2 K2i'B+b r2°2 *Q?2bBQM i J2bb ;2 G2p2H B*¥XV M/ *Q?
HbQ- 7Qm° TTHB+ iBQMb r2°2 mb2/ b i2bi+ b2b rBi? /Bz2 2Mi bBx2b * M;BM; 7°QK bK HH iQ #B; T
b?2Qr2/ T"QKBbBM; '2bmHib BMi2 Kb Q7 +Q?2bBQM r?2M +QKT "2/iQ Qi?2  /2+QKTQbBIiBQM K2i?Q/hb>
b+Q'2b BM 8 Qmi Q7 3 i2bib +QKT "2/iQ Qi?2° K2i?Q/bX HbQ- p2" ;2/*>., M/ *>] "2Bp2Hb-r2Q2 yX8k
72 T°QTQDb2/ K2i?Q/- #2ii2° "2bmHib r?2M +QKT "2/iQ i?2 Qi?2  K2i?Q/bX

E2v rQ /b KB+ Qb2 pB+2b /2+QKTQbBIiBQM- KB+ Qb2 pB+2b- "27 +iQ BM;

Ja bm#D2+i +H bbB}+ eBBQR® X

RX AMi'Q/ mHiQMXb-i?2 BMi2 " M2i "2[mB 2b KQ'2 ~2tB#H2- b+ H #H2- M/ m
"+?Bi2+im2X h?2°27Q°2-K Mv +QKT MB2b M/ Q" ; MBx iBQMbbi "i2/i?2T°Q+2b
"+?Bi2+im"2iQr 7/ KQ'2bmBi #H2 "+?Bi2+im 2 i? i K22ibi?2 /2K M/bQ7i?2 +m
K "F2i "'2[mB 2b M “+?Bi2+im 2 ~2tB#H2 2MQm;?iQ7 +2i?27 2[m2Mi+? M;2b BN\
T+?Bi2+im"2iQ 7 +2i?2 K bbBp2 MmK#2™ Q7 mb2'b (k)X h?2b2 "2 bQMb H2/ K M
/IQTii?2 KB+ Qb2 pB+2b "+?Bi2+im 2X h?2v +?2Qb2 KB+ Qb2 pB+2b "+?Bi2+im
K BMi BM- M/ 2 bB2 ' iQK M ;2 TTHB+ iBQMb (j)X JB+ Qb2 'pB+2bBb M "+?Bi2+
rQ ' FBM; BM/2T2M/2MiHvV 7 QK 2 +? Qi?2° M/ +QKKmMB+ iBM; rBi? 2 +? Qi?2  i? (
/Q i?2i bFb Q7 M TTHB+ iBQM bmBi2X Hi?Qm;? KB+ Qb2 pB+2b T'QpB/2 /Bz2°
#mi i?2 T°Q+2bb Q7 KB;' iBOQM BMi"Q/m+2/ KmHIiBTH2 Bbbm2bX PM2 Q7 i?2b2 Bl
M 2tBbiBM; KQMQHBiIi?B+ TTHB+ iBQM BMiQ KB+ Qb2 pB+2b- r?B+? "2 HQQDb:
b K2iBK2- ++Q /BM; iQ L2rK M (9)X JmHIBTH2 "2b2 "+?2 b ? p2 BMi Q/m+2/ b2p
KQMQHBiI?B+ TTHB+ iBQM (8- e- d- 3- N- Ry- RR- Rk- Rj- R9- R8- Re-iRd)X h?
TT'Q +?2b bm+? bbi iB+ M HvbBb Q7 i?2 TTHB+ iBQMo&b +Q/2 (3- NMR®2- R9)- |
Q7 i?2 TTHB+ iBQMb (RR- Rk- R8- Re)- M/ M HvbBb Q7 i?2 TTHB+ iBQMb BN
T°QpB/2 bbBbi M+2 7Q" /2p2HQT2 b iQ ?2HT i?2K BM i?2 T ' Q+2bb Q7 KB;  iBM;
KB+ Qb2 pB+2b TTHB+ iBQMX aiBHH- i?2 "2bmHi Q7 i?2b2 K2i?Q/b + MMQi #2
"2b2 "+? BKbiQi +tFH2 i?2Bbbm2 Q7 KB+ Qb2 pB+2b B/2MiB}+ iBQM mbBM; p2+
+Q/2X >2M+2-i?Bb T T2  T°QTQb2/ MQp2H TT ' Q +? iQ /12+QKTQb2 KQMQHBI?
TTHB+ iBQM #v mbBM; M2m"> H KQ/2H (kk) iQ 2T 2b2Mi bMBTT2ib Q7 +Q/2 b -
+Q/2Q7i?2 KQMQHBiI?B+ TTHB+ iBQMrQmH/ #2 +QMp2°i2/ BMiQ p2+iQ" "2T 2b2
i?2M +2°i BM +H bb2b rQmH/ #2 ;" QmT2/iQ T'QpB/2 KB+ Qb2 pB+2b + M/B/ i2bX

6Qm  KQMQHBiI?B+ TTHB+ iBQMb rBi? /Bz2 2Mi bBx2br2°2/2+QKTQb2/ mbBM
iQ p2°'B7vi?2 2z2+iBp2M2bb Q7 i?Bb TT Q +?X h?2b2 TTHB+ iBQMb r2 2 i2bi2/
i?72v "2 +QMbB/2 2/ #2M+?K 'F TTHB+ iBQMb 7Q° KQMQHBi?B+ TTHB+ iBQMb3§
/Bz2 ' 2Mi K2i'B+b iQ +QKT "2i?2T QTQb2/ K2i?Q/6b T2 7Q°K M+2rBi? Qi?2" K2i’

2T TiK2Mi Q7 1H2+i"QMB+b h2+?MQHQ;v-"m/ T2biIMBp2 'bBivQ7 h2+?MQHQ;QKK7 HYQMQKB+b- "n
;K BHXYQK
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r2 miBHBx2/ Qi?2° K2i'B+b iQ +QKT "2 i?2 bBx2b Q7 i?72 K2MiBQM2/ TTHB+ iBQ
Q7 +H bb2b- MmK#2" Q7 K2i?Q/b- HBM2b Q7 +Q/2 UGQ*V- M/ i?2 MmK#2" Q7 KB+
mb27mH B/BM; iQQH 7Q" /2p2HQT2'b BM i?2 T°Q+2bb Q7 KB;" iBQM 7°QK KQM
r?B+? bm;;2bib bT2+B}+ /B 2+iBQM 7Q  i?2 /2+QKTQbBIiBQM T ' Q+2bbX

h?2;Q HQ7i?Bb T T2 BbiQBMp2biB; i2i?722z2+iBp2M2bb Q7 mbBM; +Q/2 2K#
BM; KQMQHBiI?B+ TTHB+ iBQMb BMiQ KB+ Qb2 pB+2b QM2bX HbQ-T QpB/2 M
7°QK KQMQHBI?B+ TTHB+ iBQMbX

h?2 "2bi Q7 i?Bb "2b2 "+? Bb Q; MBx2/ b 7QHHQrb, i?2 HBi2° im 2 "2pB2r T
? M/IHBM; KB+ Qb2 pB+2b /2+QKTQbBIiBQMX h?2M- i?2 K2i?Q/QHQ;v b2+iBQM
K2i?Q/QHQ;v M/ ?Qr i?2 /2+QKTQbBIiBQM K2i?Q/ r b +QMbi " m+i2/X 7i2° i?2 K2i
rBi? i?72 "2bmHib M/ i?2 /IBb+mbbBQMX 6BM HHv- +QM+HmMbBQM b2+iBQM ?B;?
M/ Qi?2  TQbbB#H2 BKTH2K2Mi iBQMbX

kX GBi2  im 2 _2pB2tX "2 b2p2°  H "2b2 "+?2 T T2 b "2H i2/ iQ KB+ Qb2 pB+2b
+QKTQbBIBQMX h?2b2 "2b2 "+?22b T'QpB/2 /Bz2 2Mi ivT2b Q7 K2i?Q/bi? i+ M #
}bi;"QmT Bb # b2/ QM i?2 bi iB+ M HvbBb Q7 i?2bQm ™ +2 +Q/2 Q7 i?2 KQMQHBI?
# b2/ QM i?2 /vM KB+ M HvbBb Q7 i?2 KQMQHBi?B+ TTHB+ iBQMX 6BM HHv- i?
i?72 TTHB+ iBQM T'Q;° KBMi2'7 +2b Q" TTHB+ iBQM BMi2 7 +2bX

#/mHH ? 2i HX (R8) +°2 i2/ /2+QKTQbBIiBQM K2i?Q/ i? i +QMbB/2 b i?2 b+
i?72 TTHB+ iBQM M/ BKT ' Qp2 Bib T2°'7Q°K M+2 7i2° /2+QKTQbBiBQMX h?2B" |
+?BM2 H2 "MBM; TT'Q +? M HvbBM; ++2bb HQ;b Q7 KQMQHBi?B+ TTHB+ iBQ
MiQK iB+ HHv bbB;Mi?2ivT2 Q7 pB'im HK +?BM2b M/ i?2B" "2bQm +2b iQ i?2
“+?Bi2+im 2X h?2B  K2i?Q/ Q7 /2+QKTQbBM; KQMQHBiI?B+ TTHB+ iBQM # b2/
#2 KBbH2 /BM; #2+ mb2 Bi /2T2M/b QM ?2Qr i?2 TTHB+ iBQM + M #2 mb2/ Q" ?Qr i
i?72 K2i?Q/b # b2/ QM T2 7Q°K M+2 M HvbBb M22/iQ ? p2 p2'v/2i BH2/i2biBM;

J xH KB 2i HX (N) T°'QTQb2/ /2+QKTQbBIiBQM K2i?Q/7Q°  KQMQHBi?B+ TTH
+QMi"QH "2TQbBIiQ'vQ7i?2 TTHB+ iBQM M/ +QMp2'iBM; Bi BMiQ ;" T?b 7Q " /2i.
;7 T? +Hmbi2"BM; H;Q Bi?KX h?2B" K2i?Q/ +QMbBbi2/ Q7 i?°22/Bz2 2Mi 2ti" +i
*QmTHBM; ai’ i2;v- a2K MiB+ *QmTHBM; ai” i2;v- M/ *QMi ' B#miQ> *QmTHBM; a
K2i?Q/ Bb i?2 mb2 Q7 +H bb2b rBi?Qmi +QMbB/2 'BM; K2i?Q/b M/ i?2B  BMTmi M

E KBKm™ 2i HX (3) +°2 i2/ K2i?Q/ 7Q" 2ti° +iBM; KB+ Qb2 pB+2b + M/B/ i2
+HmMbi2"BM; H;Q Bi?KX h?2v i2bi2/ i?2B" K2i?Q/ QM irQ /Bz2 ' 2Mi TTHB+ iBQMN
i?72B° "2bmHibX HbQ-i?2v pBbm HBx2/i?2 T°QpB/2/ KB+ Qb2 pB+2b 7Q  i?2 2 b
"+?Bi2+im2 6BM/2° Ua 6V K T7Q pBbm HBx iBQMX

GB2i HX (e) T'QTQb2/ /i @~Qr /' Bp2M TT Q +?27Q /2+QKTQbBM; KQMQHB
+ M/B/ i2bX h?2v ?B;?HB;?i2/ ?2Qri?2 /2+QKTQbBiBQM T Q+2bb Bb /Bz2 ' 2Mi #2iI
UaP V M/ JB+ Qb2 pB+2bX 6B bi- b2 'pB+2b BM aP "2 +Q "'b2@;  BM2/ r?BH2
a2+QM/-i?22 T°Q+2bb Bb #QiiQK@mT BM aP M/ iQT@/QrM } ' bii?2M #QiiQK@mT
+QMbBbib Q7 9 bi2Tb- }'bi M HvbBM; "2[mB 2K2Mib Q7 i?2 KQMQHBi?B+ TTHBH
/IB ;" Kb U.6.VX h?B'/- +QKT 2bb .6.b BMiQ /2+QKTQb #H2 .6.bX 6Qm’i?- T'QTQ
i2°Qm;? /2+QKTQb #H2 .6.bX

6mM i?2°'KQ '2-i?2vmb2/+Q?2bBQM M/ +QMTHBM; K2i'B+b iQ 2p Hm i2i?2B"
M/ SA M HvbBbX h?2 Bbbm2 rBi? i?Bb TT Q +? Bbi?2 M22/7Q" ii2MiBQM iQ /2
6. iQ K F2i?2T°Q+2bb Q7 B/2MiB7vBM; TT QT B i2 KB+ Qb2 pB+2bX 6m’i?2 K
TTHB+ iBQM 7Q  i?2 2p Hm iBQMX

h B#B M/ avbi (RR) T°'QTQb2/ /2+QKTQbBiBQM K2i?Q/ mbBM; [ i @/ " Bp2N\
KBMBM; #v miBHBxBM; HQ; }JH2b b /i bQm +2X h?2B  /2+QKTQbBiBQM K2i?Q/ -
i?72 2t2+miBQM M HvbBb T i?ci?2b2+QM/ bi2T Bbi?27 2[m2M+v M HvbBb Q7 i?
[2T2M/2M+B2b Bb i?2 i?B°/ bi2TX h?27Qm i? bi2T Bb B/2MiB7vBM; /2+QKTQbBIE
i?72/2+QKTQbBIiBQM QTiBQMb # b2/ QM K2i'B+bX 6BM HHv-i?2 bBti? bi2T Bb b2H
mb2/ +QmMTHBM; M/ i?2 MmK#2 Q7 +H bb2b b K2i'B+b 7Q  bi2T }p2X h?2B" 2p H
+QmMTHBM; K2i'B+ Bb H +FBM; #2+ mb2 i?2B" K2i?Q/ M22/b Qi?2  K2i'B+b bm+?



JB+ Qb2 pB+2 .2+QKTQbBIiBQM J2i?Q/ h? ' Qm;:? IbBM; .Bbi'B#mi2/ 2T 2b2MIRBQM Q7 a

h #H2 kXR, GBi2" im 2 _2pB2r amKK v

“2b2 42 AMTmi 2+QKTQbBIBQM J2i?Q/ u2 ° h2bi2/ TTHB+ iBQM
#/mHH ? 2i HX (R8) GQ; 6BH2b S2'7Q' K M+2 " b2/ KyRN *J1 B

J xH KB 2i HX (N) “QKKBib 02'bBQM *QMi"QH M HvbBb rBi? :° T?b kyRd JmHIiBTH2
E KBKm® 2i HX (3) aQm +2 *Q/2 a "6 bQ7ir "2 +HMbi2 BM; H:Q Bi?K KyR3 S2i*HBMB+
GB 2i HX (e) i BHQr.B ;> Kb M HvXBM; .6. kyRN * :Q TT

h B#B M/ avbi (RR) GQ; 6BH2b M HvbBb Q7 i?2 2t2+miBQM T i?b kyRN AM/mbi B
a B/ MB 2i HX (R9) aQm +2 *Q/2 MQM/QKBM i2/ bQ iBM; ;2M2iB+ H:Q'Bi?K KkyRN CS2ibi
CBM 2i HX (Rk) GQ; 6BH2b KyR3 CS2ibiQ 2-aT BM;"HQ;- C6Q mK- _
LmM2b 2i HX (Ry) aQm'+2 *Q/2 *Hmbi2‘BM;+HH;‘T;E?SJQ#LQF:ZM/Z/ KyRN

a2 pB+2 *mii2" (Rd) a\‘ﬁg'ffiTNB}‘L*HBm Mo Bm: Q7 T2b kyRe * :Q TT

H@.2# ;v M/ J "iBM2F (d) SA *Hmbi2 'BM; Q7 PT2" iBQMb KyRN *;Q TT-E M#
a MiQb M/ aBHp (8) J2i?2Q/ * HHb *Hmbi2 BM: + HH ;" T2b kyky G/Q.-"H2M/2/

a B/ MB 2i HX (R9)BMi"Q/m+2/ M2r /2+QKTQbBIiBQM K2i?Q/ + HH2/ Jalti’
+Q/2 Q7 KQMQHBi?B+ TTHB+ iBQMb iQ 2ti~ +i +H bb2b M/ ;"QmT +H bb2biQ + 2
2p Hm iBQM Q7 i?2B" K2i?Q/- i?2v mb2/ +Q?2bBQM M/ +QmTHBM; K2i'B+bX 6m
/IQKBM i2/ bQ iBM; ;2M2iB+ H;Q ' Bi?KiQ B/2MiB7v KB+ Qb2 pB+2b 7' QK i?2 bQm
iQi?22T ' QTQb2/ K2i?Q/ Q7 i?Bb "2b2 "+?2 T T2 X

CBM 2i HX (Rk) T°'QTQb2/ 7mM+iBQM H Q'B2Mi2/ /12+QKTQbBiBQM K2i?Q/
KQMBIQ  i?2 TTHB+ iBQM /vM KB+ #2? pBQm~ M/ +Hmbi2 b 2t2+miBQM HQ;b Q°
iBQM K2i'B+b 7Q° +Q?2bBQM M/ +QmTHBM:;X h?2 HQ:b "2 :2M2" i2/ mbBM; bT?2
i2bi + b2b + MMQi +Qp2° HH i?2 #mbBM2bb 7TmM+iBQM HBiB2b-r?B+? K v H2 /i
7TmM+iBQM HBiB2bX h?2 K2i'B+b T°'QTQb2/BM CBM 2i HX "2 mb2/BMi?Bb T T2
Q7i?22T°QTQb2/ K2i?Q/iQ Qi?2  /12+QKTQbBiBQM K2i?Q/bX

LmM2b 2i HX (Ry) /2p2HQT2/ K2i?Q/i? i +QMp2 ib i?2bQm +2 +Q/2 Q7 KQ
;0 T?bX 7i2°i? i- /IQK BM 2MiBiB2b "2 B/2MiB}2/- M/ +Hmbi2"BM; H;Q Bi?K r
rQ'F? bb2p2° HHBKBi iBQMbbm+? b-BiBb/2p2HQT2/7Q" bT2+B}+r2# TTHB
+°2 i2b+ HH ;" T?b/Q2b MQirQ'F +Q "2+iHv rBi? HHC p p2'bBQMbX

a2'pB+2 *mii2° (Rd) Bb /2+QKTQbBIiBQM iQQH i? i mb2b /QK BM KQ/2Hb M,
BM7Q K iBQMX h?Bb +QmTHBM; BM7Q K iBQM r b /2}M2/ #v i?2 mi?Q b M/ r b
mbBM; 1TB/2KB+ G #2H S QT ; iBQM +Hmbi2°'BM; H;Q Bi?KbX

H@.2# ;v M/J "iBM2F (d) BMi"Q/m+2/ /2+QKTQbBIiBQM K2i?Q/i? i " 2HB2b Q
SAX h?2v mb2/ SA QT2 iBQM M K2b iQ B/2MiB7v i?2 KB+ Qb2 pB+2b i?°Qm;?
QT2 iBQM M K2b mbBM; ?B2° "+?B+ H+Hmbi2 ' BM; H;Q Bi?KX

a MiQb M/ aBHp (8) T°'QTQb2/ /2+QKTQbBIiBQMK2i?Q/i? i +QHH2+ib ;> T? +
M/ +QMp2°ibi?2KBMiQ/QK BM 2MiBiB2bX h?2M bBKBH "Biv7mM+iBQM K2 bm":
M/  +Hmbi2"BM; H;Q Bi?K ;"QmTb bBKBH ~ 2MiBiB2b iQ;2i?2" iQ +°2 i2 KB+"C
T°QTQb2/ +QKTH2tBiv K2i'B+iQ p2°'B7vi?2 p HB/Biv Q7 i?2bm;;2bi2/ KB+ Qb2

h #H2 kXR bmKK "Bx2b i?2 K2i?Q/b K2MiBQM2/ BM i?2 HBi2  im 2 "2pB2r b2+i
ivT2b Q7 BMTmib M/ i?2 ivT2 Q7 /2+QKTQbBiBQM i?2v mb2/X

iX J2i?Q/QHQ@:wR®BM2 H2 "MBM; 7Q  +Q/2 27 +iQ"BM:r b mb2/ QM b2p2" H Qi*
#27Q°2 (kj- k9- k8)X >Qr2p2 -Bi+ M#2 TTHB2/BM KB+ Qb2 pB+2bd 2MpB QMK
M2r /2+QKTQbBIiBQM K2i?Q/ 7Q  /2+QKTQbBM; KQMQHBi?B+ TTHB+ iBQMb BMi
h?2 TT°Q +? mb2b MQp2H TT Q +?2 7Q KB+ Qb2 pB+2/2+QKTQbBiBQM #v mbB|
i?2 bBKBH "BivrBi?BM i?2 TTHB+ iBQM +H bb2b M/ +Hmbi2 b2K MiB+ HHv bBK]
pB+2b + M/B/ i2bX *Hmbi2 ' BM; b2K MiB+ HHv bBKBH "~ +H bb2b iQ;2i?2"  BM Q" /2
2{+B2MiHvX
h?2 T°'QTQb2/ K +?BM2 H2 "MBM;@# b2/ K2i?Q/ +QMbBbib Q7 i?2b2 bi2Th,
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RX 2ti° +iBM; i?2 K2i?Q/b M/ Bib +Q/2 7'QK i?2 KQMQHBiI?B+ TTHB+ iBQM-
kX +QMp2'iBM; i?72 +Q/2iQ +Q/2 2K#2//BM;b Q"  p2+iQ " 2T '2b2Mi iBQMb-

jX ;;°2; iBM; i?2 +Q/2 2K#2//BM;b Q7 QM2 +H bb-

9X ;°’QmT iQ;2i?2  b2K MiB+ HHv bBKBH *~ +H bb2biQ Q#i BM KB+ Qb2 pB+2hb

iXRX 1ti> +iBM; *Q/2 1K#2/JBM®M "2 2ti° +i2/ 7°QK +H bb2b M/ +QMp2i2/ B
#2//BM;b mbBM; i?2 +Q/2kp2+ (kk) KQ/2HX *Q/2 2K#2//BM;b "2 bMBTT2ib Q7 +Q/:
2T 2b2Mi iBQM 7Q° K +?BM2@H2 "MBM; H;Q Bi?KiQ mM/2 bi M/ i?2b2 bMBTT

1K#2//BM:b "2 K TTBM: Q7 M Q#D2+i 2T 2b2Mi2/ b p2+iQ bX 6Q 2t KTH2-
b2Mi iBQMb Q7 rQ /UQ b2[m2M+2 Q7 rQ /bV b p2+iQ b Q7 2 HMmMKEB#He)X
7Q i2tim H/ i iQrQ FrBi? K i?2K iB+ HKQ/2HX *Q/2 2K#2//BM:b ? p2 bBKBH
IBM:bc i?2b2 2K#2//BM;b + M+ Tim 2i?2 b2K MiB+b Q7 i?2bQm +2 +Q/2X h?2Db2
b2p2° Hi bFbbm+? b K Hr 2 /2i2+iBQM- mi?Q  B/2MiB}+ iBQM- M/ 27 +iQ BM

JXkX *Q/2 1LK#2//IBM;b JR72HXQTQb2/ K2i?Q/ mb2b i?2 +Q/2kp2+ KQ/2H +°2 i2
(kk) iQ Q#i BM +Q/2 2K#2//BM;b Q" +QMiBMmQmb /Bbi"B#mi2/ p2+iQ b Q7 i?2 2ti
;Bp2 mbi?2 #BHBiviQ }M/ bBKBH "Biv #2ir22M i?2 2ti° +i2/ +H bb2bX

*Q/2kp2+ Bb /22T 2T 2b2Mi iBQM H2 "MBM; K2i?Q/-r?B+?r bmb2/7Q T 2/B
+Q/2kp2+ +Q/2 2K#2//IBM;b + M #2 mb2/ BM Qi?2 i bFb b r2HHX *Q/2kp2+ +Q My
Q7 #bi® +i avMi t h'22 U ahV T i?b M/ bmKb i?2b2 T i?b mbBM; M ii2MiBQM K.
i2+?MB[m2 rQ Fb #v ;BpBM; KQ 2 r2B;?i 7Q  i?2 BKTQ i Mi ah T i?bi? i 2T 2b2
p2+iQ° 2T °2b2Mi iBQM Q7 7mM+iBQM Bb M ;;°2; iBQM Q7 r2B;?i2/ ah T i?bX |
i?2BKTQ i Mi ah T i?bi? iM22/ KQ 2 7Q+mbi? Mi?2 Qi?2° p BH #H2 T i?bX

ah Bb "2T 2b2Mi2/ rBi? # M+?2b M/ H2 p2b bBKBH "~ iQ i°'22X h?2 TmM+iB/!
Bb "2T°2b2Mi2/ #v ah BMbi2 / Q7 /2i BH2/ /2b+ BTiBQM Q7 bQm +2 +Q/2X 6Q°
2T °2b2Mi iBQM Q7 7 +iQ°B H7mM+iBQMX h?2 miBHBx iBQM Q7 ah BKT Qp2 i~
H2 "MBM; KQ/2H (ke)X

h?2;Q HQ7 +Q/2kp2+ BbiQ ;2M2" i2 +Q/2 2K#2//BM;b i? i F22T i?2 b2K MiB+b
2T 2b2Mii?22bQm +2 +Q/2 b # ; Q7 ah T i?bci?2b2 T i?b "2;2M2" i2/ #2ir22M
ahTi?Bb T i? #2ir22M irQ H2 p2b BM M ah i'22X 6Q" 2t KTH2-i?2 +QHQm 2/
T i?bX S i7@+QMi2ti Bb b2i Q7 i? 22 iQF2Mb- +QMbBbIBM; Q7 irQ iQF2Mb 2T 2t
iQF2M "2T 2b2Mi i?2 T i? #2ir22M i?2b2 irQ H2 p2bX 6Q" 2t KTH2-i?2 "2/ T i? BN
b 7QHHQTrb,

fn; Times # MethodCall # Minus # ng

h?2 bB;NT 2b2Mii?2 T i? :Q BM: iQr */ "?2A22p2Mi2BBM; iQr /i?2 "QQi Q7 i?2 &
6Q° KQ 2 /2i BHb M/ BM7Q K iBQM +?2+F i?2 Q'B;BM H T T2  (kk)X 6B:X jXk b"
KQ/2H rBi? HH i?2 T°Q+2bb2b /2b+ B#2/ 2 "HB2 X

iXjX ;:°2; iBQM J2im®@Bb bi2T +QK#BM2b i?2 +Q/2 2K#2//BM;b Q7 i?2 K2i?Q/b
i?72 2T 2b2Mi iBQM Q7 i?2 +H bbX JmHiBTH2 ;:;°2; iBQM 7mM+iBQMb r2°2 mb2
KBMBKmMK- bi M/ */ /2pB iBQM- M/ p "B M+2X h?2 K2 M 7mM+iBQM ; p2 i?2 #2bi
Q7 i?2 +HmMDbi2 ' BM; 7mM+iBQM BM i?2 M2ti bi2TX 6B;X jXjb?Qrbi?2 T°Q+2bb Q7
BMiQ QM2 p2+iQ" "2T 2b2Mi iBQM mbBM; i?2 K2 M 7mM+iBQMX h #H2 jXR HBbDitk
i2bi2/iQ }M/ i?2 KQbi TTHB+ #H2 :;°2: iBQM K2i?Q/7Q  i?2 T°QTQb2//2+QKTQ

7i2° i?Bb bi2T-i?2 ;;°2; i2/ +Q/2 2K#2//BM;b "2 b2MiiQ i?2 M2ti bi2T- r?B+?
r?2°2 Bi rBHH :2M2" i2i?2 KB+ Qb2 pB+2b + M/B/ i2bX

iX9X *Hmbi2 BM: JBPHHRIBM: i?2 +QMp2 'bBQM Q7 i?2 bQm +2 +Q/2 BMiQ +C
+Q/2kp2+ KQ/2H M/ ;;°2; iBM; +Q/2 2K#2//BM;b- +Hmbi2 BM; K2i?Q/r b TTHB
i2°2/iQ;2i?2  mbBM; i?2 +Hmbi2 ' BM; K2i?Q/BM Q /2 iQ :2M2" i2 bmBi #H2 KB+
S'QT ; iBQM (RN) H;Q Bi?Kr b +?Qb2M 7Q  i?Bb T Q+2bb #2+ mb2 Bi B/2MiB}2b
bBiviQ BM/B+ i2 Bi BM /p M+2X JB+ Qb2 pB+2b + M/B/ i2b 2 B/2MiB}2/ mbBM;
+QK#BM2/ rBi? i?2 +Hmbi2 ' BM; H:;Q Bi?KX



JB+ Qb2 pB+2 .2+QKTQbBiBQM J2i?Q/ h? Qm;? IbBM; .Bbi'B#mi2/ _2T 2b2MIjiBQM Q7 a

6B;X jXR, ah 2T 2b2Mi iBQM Q7 7 +iQ'B H7mM+iBQM

h?2 {MBivS QT ; iBQM H;Q Bi?KBb# b2/ QM irQ +QM+2Tibi? i 2T bbBM; Kz
M/ }JM/BM; 2t2KTH b (RN)X 1t2KTH b "2 i?2 +2Mi'2b Q7 2 +? +HmMbi2 - r?B+?
+Hmbi2> +QMi BMb bBM;H2 2t2KTH "X HbQ-i?2°2 "2 irQ ivT2b Q7 i?2b2 2t+?
TQBMibX h?2 } biivTi2 Bb 2t+? M;2/ #2ir22M i?2 /i TQBMib M/ i?2 + M/B/ i2 2t2
K2bb ;2b "2 + HH2/ U 2bTQMbB#BHBivV K2bb ;2bX h?2v 2 mb2/iQ }M/ i?2 bi 2|
TQBMib M/i?2 2t2KTH “bX

h?2 U'2bTQMbB#BHBivV K2bb ;2ii;k)2BRT2Ph ABM #XR BK KHE2bi BZ F 2 BW i
2t2KTH ~ 7QiXQBMIQMbB#BHBIB2b "2 2t# ?PQM2RAKTBK K@ BMi

r(i;k)  s(i;k) k0Ln):’;li)gﬁmf_)a(i;kO)+ s(i;k9g UjXRV

h?2 b2+QM/ ivT2 +?2+Fb i?2 bmBi #BHBiv Q7 M 2t2KTH ~ BM #2BM; M 2t2KTH
2t2KTH > + M/B/ i2b iQ Qi?2 /i TQBMib BM i?2 +Hmbi2 X h?Bb ivT2 Q7 K2bb ;
K2bb ;2bX h?2 U p BH #BHBiaWk)2BM BRM i QM jXk b?Qrb NB D THBAKIT @ BM i
2t2KTH "X p BH #BHBiB2b 2 2t+? M;2/ #2itR 2W/ 2 t2 KITQHB bvi+ M8/ { kK2Q K
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6B;X jXk, +Q/2kp2+ JQ/2H (kk)

h #H2 jXR, ;;°2; iBQM J2i?Q/b

©:°2: iBQM J2i?Q/ 1[m iBQM

17 n
J2 M pooiz1 Xi
amKK iBQM L Xi
J tBKmK Xi X X;;i6]8i;j 2n
JBMBKmMK Xi X Xi;i6]j8i;j 2n
Sox )2
ai M/ */ .2pB iBIQM%
.o )2
0 B M+2 e
8 9
< X =
a(i;k)  min_ O;r(k;k)+ maxf0;r(i%k)g. UjXkV
’ i b Xii%f ik g ’

1[m iBQM jXjb?Qrb i?2 K2i?Q/ Q7 mT/ iBM; b2H7@ p BH #BHBiv 7Q" M 2t2KTt

X
a(k; k) maxfO;r(i%k)g UjXxjVv
i0 b Xii% k

h?2M T B rBb2 bBKBH "BiB2b 2 mb2/iQ B/2MiB7v i?2 bBKBH "BiB2b #2ir22M
#2 7QmM/ #v K tBKBXxBM; i?2 iQi HbBKBH “Biv #2ir22M i?2 2t2KTH b M/ i?2B" /

J2x 1 (ky) /2b+ B#2/ i?2 bB;MB}+ M+2 M/ 2z2+iBp2M2bb Q7 K2bb :2 T bbBM;
T Q#H2KbX h?mb- {MBivS QT ; iBQMr bmb2/7Q Qm  "2b2 "+?2 T T2  7Q +Hmb
KB+ Qb2 pB+2b + M/B/ i2bX

{MBiv S°QT ; iBQM H;Q Bi?K BM+Hm/2b i? 22 T ~ K2i2 b r?B+? z2+ii?2 T2"
H;Q Bi?K,



JB+ Qb2 pB+2 .2+QKTQbBIiBQM J2i?Q/ h? ' Qm:? IbBM; .Bbi'B#mi2/ 2T 2b2MI8BQM Q7 a

6B;X jXj,J2 M ;;°2; iBQM J2i?Q/

RX h?2 }'bi T > K2i2°Bb/ KTBM;-r?B+? +?2+Fb i?2 BMi2 ' +? M;2 Q7 K2bb ;2b
p BH #BHBiviQ pQB/MmK2 B+ H~m+im iBQMbr?BH2mT/ iBM;i?2p Hm2b
(kR)X
kX h?2 b2+QM/ T ~ K2i2 " Bbi?2 K tBKmK MmK#2" Q7 Bi2" iBQMbX
jiX h?2i?B°"/ QM2 Bb i?2 MmK#2 Q7 Bi2  iBQMb rBi? MQ +? M;2 BM i?2 MmK#2"~
i?72 +QMp2 ;2M+2X
H;Q Bi?K R b?Qrb i?2 bi2Th Q7 i?2 {MBivS QT ; iBQM H;Q Bi?KX

H;Q Bi?KfMBivS QT ; iBQM H;Q Bi?K

R,AMTMS$(i;j )0 2r1on g / | DBKBH BiB2b M/ T 272 2M+2b

kK, PmiTmi+Hmbi2" bbB;MK2Mib
i, p BH #BKBiv

9,'2T2 ia MfF mT/ i2b mMiBH +QMp2 ;2M+2
8, r(i;k) s(iik) maxkobxﬁ’oskfa(i;ko)+ s(i;k9g o
e, a(i;k) min O;r(k;k)+ iOinio}gfi;kgmaxfo;r(i‘l,k)g

d, BK6i i?2

3, a(k; k) 10 b xiog k Maxfo;r(i%k)g

N, 2M/ B7

Ry mMiBEMp2 ;2M+2
RR,_ 2im &= argmax, [a(i; k) + r(i; k)]

{MBivS QT ; iBQM ;' QmTh bBKBH " +Q/2 2K#2//BM;biQ;2i?2  BM Q /2 iQ ;2M?2
h?2 T'QTQb2/ KB+ Qb2 pB+2b + M/B/ i2b "2 M Hvb2/ mbBM; +Q?2bBQM K2i B+l
"2bmHib Q7 Qi?2  /2+QKTQbBiBQM K2i?Q/bX

jX8X J2i'B+b 7Q  1p Hm iBM; *Hmbi2 BM; J2i?QBIS2QMXR IK2M*22{+B2Mi- T 2+B

+ HH- M/ 7@K2 bm 2r2°'2mb2/iQ/2i2°KBM2 i?22{+B2M+v M/ i?2i? 2b?QH/ Q7 i~

aBH?Qm2ii2 +Qp{kBpBb p HB/ iBQM K2i?Q/7Q +HmMbi2 2// i X Ai K2 bm '2bi?2

rBi?BM Bib +Hmbi2"™ M/ +QKT "2b BiiQ Qi?2  +Hmbi2'bX M Q#D2+i Bb T2 72+iH"

b+Q°2 Q7 R- M/ Bi Bb BM+Q "2+iHv K i+?2/ r? X0l Bi+ Q1B - IMQb27QFKA@®R hQ R X

bBH?Qm2ii2 +Q2{+B2Mir b mb2/iQ 2p Hm i2i?2 2z2+iBp2M2bb Q7 i?2 +Hmbi2 B!
b2imTX h?2 bBH?Qm2ii2 +Q2{+B2Mi Bb b?QrM BM 2[m iBQM jX9X

. b(i) a(i) .
s(i) = m Ujxov

r?2°&i) Bb i?2 K2 M /BbbBKBH i BHRQKT Q@#DQ+P2 Qi?2° Q#D2+ib BMi)?Rbbi X2 +Hm!
bK HH2bi p2° :2 /Bbi M+R/4#QiP22M i TQBMib BM /Bz2 2Mi +Hmbi2 ' bX HbQ- : B/
BM Q /2  iQ }M/i?2 KQbi bmBi #H2 p Hm2b 7Q" i?2 +Hmbi2> H;Q Bi?K T > K2i2 b’

"2bB/2b i?2 bBH?Qm2ii2 +Q2{+B2Mi- T'2+BbBQM M/ 2+ HH (kN) r2°2 mb2/ ic
+Hmbi2 ' BM; H:Q Bi?K M/ Bib T > K2i2 'bX h?2b2 K2i"B+b K2 bm 2 i?2 2{+B2M-
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K2i?2Q/ M/ ?2Qri?2 "2i"B2p2/ 2bmHib #v i?2 K2i?Q/ "2 "2H i2/iQ i?2 “2[m2bi2/ / i
b?QrM BM 2[m iBQM jX8X

TP

S L UjX8V
TP+ FP 1x8

r?2°R2 Bb T'2+BBBQWM-2b2Mi i'm2 TQbBiBFR “20mHiBMiM/7Z Hb2 TQbBiBp2 "2bmHib
/2}MBiBQM + M #2 7QmM/ BM 2[m iBQM jXeX

TP

=P UjXeV
TP+ FN Ine

r?2°RN "2T 2b2Mib 7 Hb2@M?2; iBp2 "2bmHibX AM Q /2 iQ ;2ii?2? 'KQMB+ K2 M
6@J2 bRIY UQ + H+mH i2i?2 p2 ;2 Q7i?2 T 2+BbBQM M/ 2+ HH K2i'B+b-r?2"2
M/y Bbi?2 il b2XMBiBQM + M #2 7QmM/ BM 2[m iBQM jXdX

P R
P+R

F1=2 UjXdv
jXeX 1p Hm iBQM JRQ B#BXY b2+iBQM-r2 +?2Qb2 K2i'B+bi? ir2°'2 mb2/ #v Qi?2°
b “2bmHi-i?2 +QKT "BbQM + M #2 bmBi #H2 rBi? Qi?2  /2+QKTQbBIiBQM K2i?Q/
(R9) mb2/i?2b2 K2i'B+bX
h?2 }"bi K2i'B+ Bb *Q?2bBQM (ICHMV r2B2ptih2b i?72 p2° ;2 +Q?2bBQM Q7 KI
BMi2 7 +2b ii?2 K2bb ;2 H2p2HX Ai Bb "2}M2/ p2 ' bBQM Q7 G +F Q7 J2hib ;2 G2¢
HX (RBMX p Hm2 + M #2 + H+mH i2/- b b?QrM BM 2[m iBQM jX3X

P i CHM
CHM = —15p ‘

8 p =1 M

< ) fsimM  (Opx;0pm)
(km ) T .
(22 CHM, = . RO i jlijel UjX3v
1 if jlij=1
T T
jresk g resmj + Jpaskqpasmj)
. jres reSmj jpas pasmj
fsimM (Opk;Opm) = ‘ 5 ‘

N "2T 2b2Mib i?2 MmK#2' Q7 i?2 BMi2 7 vk 'QT 2KBMiDb22pBmXK#2° Q7 KB+ Q|
+ M/B/ i2bi? ir2°2:;2M2" i2/7 QK i?2 KQMCHMB i RB+b M T2bBi? 2BQMXbBQM Q7 KB+
i i?72 K2bb ;2 HOPP2MYOpn 2T 2b2Mi i?2 QT2 iBQMb i? i "2 T QpBlIid @V i?2 BMi
KB+ Qb2 pB+2X h?2 bBKBH “Biv #2ir22M i?2 QmiTmi T ° K2i2'b M/ i?2 BMTmi T
bBKBH “Biv 7TSmM+XBIQA2 ?B;?2  p HBHMQKR2?2B+ Bb i?2 #2ii2 X

h?2 Qi?2° K2i'B+ Bb *Q?2bBQM GHIMWY-BEWBG2pRH Wm 2b i?2 p2 ;2 Q7 i?2 BM
+Q?2bBQM ii?2/QK BM H2p2HX Ai Bb KQ/B}2/ p2'bBQM Q7 G +F Q7 .QK BM G2
HX (R3)X h?2 7Q K H /2}MBiBQM Q7 i?2 K2i'B+ Bb b?QrM BM 2[m iBQM jXNX

< (km ) SMD (OpPk:Opm)

r?2 2XHD; = T GhT D=2 if jlij&1 UjXNV
1 f jlii=1
jTOpk Topmj

fsimD (Opx; Opm) =



JB+ Qb2 pB+2 .2+QKTQbBIiBQM J2i?Q/ h? ' Qm;:? IbBM; .Bbi'B#mi2/ 2T 2b2MIdBQM Q7 a

6B:X jX9, >B;? @ G2p2H _2T 2b2Mi iBQM Q7 i?2 S'QTQb2/ H;Q B

h #H2 9XR, .BK2MbBQMb Q7 i?2 h2bi2/ TTHB+ iBQMb

TTHB+ iBQM *H bb2b J2i?Q/b GQ* Ja MmK#2' b

CS2iaiQ 2 k9 kNy ky8N 9
aT ' BM;"HQ; 9e R88 R88j e
C6Q mK ji8 kdyk 8k-dRN 3
_QHH2" R8j d3y kN-R89 RR

N “2T 2b2Mib i?2 MmK#2" Q7 i?2 BMi2 7 i+ Q@7 20BMIQh22pBI#K#2 Q7 KB+ Q|
+ M/B/ i2b i? ir2°2:2M2" i2/ 7°QK i?2 KQMikB i 77Br+M FiBHBW 4 B-O\IDH i2b i?2 bBKI
i?72 QT2  iBQMb ii?2 /QBMMBRP2HK 2b2Mib i?2 /QK BM i2 Kb i? i "2 2ti> +i2/ "
QT2 iBQMbX h?2 ?B;?XTHD HKR2 BF BIRi?2 #2ii2 X

CHM M/CHD K2i'B+b r2°2 BMi"Q/m+2/ #v CBM 2i HX (RK)X h?2b2 K2i'B+b "2
+Q?2bBQM i K2bb :2 M//QK BM H2p2Hb Q7 i?2 KB+ Qb2 pB+2bi?2 ' Qm:? M Hvbl

6B;X X9 T 2b2Mib ?B;?@H2p2H /2b+ BTiBQMQ7i?2T QTQb2/ H;Q Bi?K-r?B
+Q/2bMBTT2ib 7 QK i?2 KQMQHBi?B+ TTHB+ iBOMbQm +2 +Q/2X h?2M i?2b2 +
MbBM; i?2 +Q/2kp2+ KQ/2HX 6m i?2 KQ 2- :;°2; i2 i?2 K2i?Q/b +Q/2 2K#2//BM;L
2T 2b2Mii?2+Q/2 Q72 +?2 +H bb Q7 i?2 2H i2/ K2i?Q/bX 6BM HHv- KB+ Qb2 pB-
+Hmbi2 ' BM; "2H i2/ +H bb }H2b mbBM; ?B2 +?B+ H +HmMbi2 ' BM; H;Q Bi?KX

9X 1tT2'BK2Mib M/ _2lbM@HBBKMT Q7 i?2 2tT2 'BK2Mi +QMbBbib Q7 i2biBM; 7
+QKT "2i?2T27Q°K M+2 Q7i?2T°'QTQb2/K2i?Q/ ; BMbiQi?2  K2i?Q/bBMi?2H
Bb CS2i8BP 2T2i biQ 2 +QKK2 +B Hr2#bBi2 r'Bii2ZMBM C o - M/ BiBb KQMQHBI-
Q7 k9 +H bb2bX HbQ-BiBbi?2bK HH2bi TTHB+ iBQMBMi?22tT2 ' BK2Mib2imTX
r2B+? Bb #HQ;;BM; r2#bBi2 i? i Bb r'Bii2M BM C o +QMbBbib Q7 9e +H-bb2bX h
r2B+? Bb K2bb ;BM; #Q /b TTHB+ iBQM +QMbBbiBM; Q7 jj8 +H bb28X h?2 H
r?B+? Bb KQMQHBiIi?B+ TTHB+ iBQM i? i HHQrb KmHIBTH2 mb2 b iQ +72 i2 #H(
TTHB+ iBQMb * M;2 77QK bK HH iQ #B; TTHB+ iBQMb rBi? /Bz2 2Mi +H bb MmK:
+Q/2bX a22 /2i BH2/ +QKT 'BbQM Q7 i?2 i2bi2/ TTHB+ iBQMb BM h #H2 9XRX

12iiTh,ff;Bi?m#X+QKfKv# iBbfDT2ibiQ 2@e
22iiTh,ff;Bi?m#X+QKf_ vbKQM/faT ' BM;"HQ;
32iiTh,ffbQm +27Q ;2XM2ifT ' QD2+ibfD7Q mKkf
42iiTh,ff;Bi?m#X+QKf T +?22f " QHH2"
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h #H2 9Xk, ::2: iBQM J2i?Q/b ++m  +v *QKT "BbQM

©:°2: iBQM J2i?Q/ ++m’ +v S '2+BbBQM 2+ HH B6R aBH?2Qm2ii2

J2 M yXdy yX83 yX9e yX9N yX9d
amK yXyd yXyd yXyy3 yXyR8 Lf

J tBKmK yXR8 yXjj YyXRy yXR9 yXkd
JBMBKmK yXR8 y Xjj yXRy yXR9 y Xkj
J2/B M y XkKj yX8e yXkd yXjy yXRd

ai M/ °//2pB iBQM yXR8 yXy8 y Xjj yXyN Lf
o B M+2 yXR8 yXy8 y Xjj yXyN Lf

h #H2 9Xj, CS2iaiQ 2 J2i'B+b a+Q 2b

TTHB+ iBQM J2i'B+b CBM2i H Pm J2i?Q/

> y X8k y X8k
CS21alQ 2.5  yxds y X 3k
9XRX ::°2; iBQM J2&@@PX H ;;°2; iBQM K2i?Q/b r2 2 i2bi2/iQ }M/ i?2 KQbi 2z

7Q  i?2 T°'QTQb2/ H;Q Bi?KX h?2b2 K2i?Q/b "2 K2 M- bmK- bi M/ / /2pB iBQ]I
KBMBKmMKX h?2 b2imT 7Q i?2 2tT2 'BK2Mi +QMbBbi2/ Q7 +QKT "BM; i?2 ++m’
+Hmbi2 ' BM; "2bmHib : BMbi i?2 QTiBK H KB+ Qb2 pB+2B+2bBpd Q@2 &TQ B HB D3
TTHB+ iBQM M/ i?2 KB+ ObRipEHXoW2BB2RMmHib Q7 i?2 2tT2 BK2Mi "2 b?QrM B
i?72K2 M 7mM+iBQM Bb i?2 KQbi bmBi #H2 :;°2; iBQM K2i?Q/7Q i?Bb 2tT2 BK2M
7Q° ++m’ +v- T'2+BbBQM- M/ 2+ HHX

9XKkX *Hmbi2 ' BM; J2i?Q/ S "hR2iZT°bX2i2°'b 7Q° "2}MBM; i?2 T2 ' 7Q 'K M+2 Q7
S'QT ; iBQM H;Q Bi?K "2/ KTBM;-i?2 K tBKmK MmK#2" Q7 Bi2  iBQMb- M/ +QM
7Q i?2b2T ~ K2i2°br2°2yX3-8yy- M/8y- "2bT2+iBp2HvX h?2b2p Hm2br2°'27Qm
rBi? /IBz2 ' 2Mi b2imTbh- +QM};m” iBQMb- M/ i2bib ; BMbii?2 KQMQHBi?B+ TTHB
K2MiBQM2/ T 2pBQmbHvX h?2 "2bmHib 7Q" i?2b2 i2bib "2 /BbTH v2/ BM h #H2 ¢
i?72 bBH?Qm2ii2 +Q2{+B2Mi b+Q 2X

9XjX .2+QKTQbBIiBQM 720 mHQIMXm+iBM; i?2 T 2pBQmb 2tT2 ' BK2Mib M/ i2bib
QTiBK H :;°2: iBQM K2i?Q/ M/ i?2 KQbi 2{+B2Mi T * K2i2  p Hm2b- Bi Bb i?2 im"|
i72 T°"QTQb2/ /2+QKTQbBIiBQM K2i?Q/QHQ;vX br b K2MiBQM2/ #27Q 2 BM a2+i
rbi2bi2/ rBi? 7Qm’ /Bz2 2Mi TTHB+ iBQMb UHBbi2/ BM h #H2 9XRXV

h?2 }’bi TTHB+ iBQM Bb CS2iaiQ 2- r?B+?2r b i2bi2/ #v CBM 2i HX (Rk) M/ a
TTHB+ iBQMr b +QKT "2/ rBi? CBM 2i HX TT'Q +? BM/2i BHX 6Q 2t KTH2- 6B;)
i72/2+QKTQbBIBQM “2bmHib Q7 Qm" TT'Q +? M/i?2B° TT'Q +?2X Pm" TT'Q +7?;
CBM 2i HX TT ' Q +?; p2i?' 22 KB+ Qb2 pB+2bX 6B;X 9XR /BbTH vb i?2 KB+ Qb2

6Q i?72 +Q?2bBQM bB/2 Q7 i?2 +QKT "BbQM- #Qi? Q7 i?2 TT'Q +?2b ? p2 bB
2 b bHB;?iHV #2ii2CHM Q@ 2 72Zp2 “2bmHib BM h #H2 9Xj 2 +QM+2 "MBM; i?2 “2bn
TTHB+ iBQM #2+ mb2 i?2 /2+QKTQbBIBQM "2bmHib 7Q" CS2iaiQ 2r2°2 /2b+ B#
2i HX (RKk)X

h?2 "2bmHib 7Q  i?2 +QKT "BbQM Q7 i?2 T'QTQb2/ K2i?Q/ M/ i?2 Qi?2"  K2i?Q
TTHB+ iBQMb ‘2 p BH #H2 BM h #H2 9X9X

52iiTh,ff;Bi?m#X+QKfbT BM;@T QD2+ibfbT'BM;@T2i+HBMB+
62iiTh,ff;Bi?m#X+QKfbT ' BM;@T2i+HBMB+fbT'BM;@T2i+HBMB+@KB+ Qb2 pB+2b



JB+ Qb2 pB+2 .2+QKTQbBIiBQM J2i?Q/ h? ' Qm:? IbBM; .Bbi'B#mi2/ 2T 2b2MINBQM Q7 a

6B;X 9XR, CS2iaiQ 2 _2bmHib

h #H2 9X9, .2+QKTQbBiBQM _2bmHib

TTHB+ iBQM J2i'B+b CBM 2i H a B/ MB 2i HX Pm J2i?Q/

N R R
ek, P K 3
coome I, R yime e
Lmnz IZ, MK VN3 e

h?2b2+QM/ TTHB+ iBQMBb aT BM;"HQ;-r?B+? +QMbBbib Q7 9e +H bb2bX h?:
TT Q +? ? p2 #2ii2° T2 °7Q K BHM KMIiiBKHQIYKT "2/iQ i?2 Qi?2° /12+QKTQbBiBQ
#mi Qm® TT Q +?? b H2bb +Q?2bBpCHD+Q+B-"2-b2Q IQM 'iZ2/2iQ i?72 Qi?2° TT Q +7?:

6Q  i?72C6Q MK TTHB+ iBQM-i?2T°QTQb2/ K2i?Q/ T2 7Q K2/ i?2 #2biBM i2"
M/ /IQK BM H2p2H- b BiBbb?QrMBMh #H2 9X9X GHD+ MWRHM2+IQKH+QIAQD BB MQ i
2i HX M/ a B/ MB 2i HX K2i?Q/bX h?2°27Q°2-i?Bb K2 Mb i?2 T°QTQb2/ K2i?Q/
“2bmHib BM i2'Kb Q7 +Q?2bBQMX

h?2}M H TTHB+ iBQMBb T +?2 QHH2 -r?2°2Qm"> TT Q +? ? /G6HB:?iHv BK"
r2BH2 2?2/ ;QQ/ "26WHMHIKIAQ)"B+bX h?2b2 "2bmHib b?Qr i? i i?72 T’ QTQb2/ K2i?Q,
TTHB+ iBQMb bm+? bC6Q'K M/ T +?2 QHH2 rBi?Qmi Mv Bbbm2bX

h?2 Qp2° HH "2bmHib 7Q" i2bi2/ TTHB+ iBQMb bm;;2bi i? i Qm™ TT Q +? ? L
+Q?2bBQM BM i?2 KB//H2 M/ ?B;? > M:2 TTHB+ iBQMbX 6Q" 2t KTH2- h #H2 9X9
;QQ/ K2i'B+b p Hm2b r2 2 "2H i2/iQQm”™ TT ' Q +?-2t+2Ti BM i?2 bK HH iB2 ™ TT|
TT ' Q +? b+Q 2/ i?2 #2bi "2bmHib BM }p2 i2bi 2tT2"'BK2Mib Qmi Q7 3-r?BH2 a B/
3- M/CBM 2i HX b+Q 2/ yX h?2b2 "2bmHib b?Qri? i HHi?2 K2i?Q/b ? p2;QQ/ "2
? /[ #2ii2° QM2b r?2M +QKT "2/ rBi? i?2 Qi?2 K2i?Q/bX h?2 T°QTQb2/ K2i?Q/ b?Q
i2°’Kb Q7 +Q?2bBQM-r?B+? Bb QM2 Q7 i?2 2bb2MiB H 2[mB 2K2Mib7Q° ;QQ/ KB
KB+ Qb2 pB+2b TTHB+ iBQMb M22/iQ #2 HQQb2Hv +QmTH2/ M/ +Q?2bBp2- ++

6B;X 9Xk b?Qrb M BMi2 T 2i iBQM Q7 i?2 "2bmHibi? i "2b?QrM BMh #H2 9X9
BbT2'7Q KBM; bBKBH "iQ CBM 2i HX (RK)#mi BM 9 + b2b ? b #2ii2° T2 ' 7Q K M+
(R9) ~m+im i2b #2ir22MyXR M/ yX3-r?BH2i?2 "2bmHibQ7i?2T ' QTQb2/K2i?Q/
i?Bb K2 Mbi?2T°QTQb2/ K2i?Q/? b KQ'2bi #H2 TT Q +?r?2M +QKT "2/iQ a B
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mJin etal m Saidani et al. m Our Method

6B:X 9Xk, J2i'B+b _2bmHib *QKT BM; i?2 S2°7Q K M+2 Q7 i?2 .2+QKTQ|

h #H42 9X8, p2° ;2 _CHDNHMICEM J2i B+b

J2i"B+b CBM 2i H a B/ MB2i HX Pm J2i?Q/
*>, p2° ;2 yX8R yX9e y X8k
*>J p2° ;2 yXdk yXe8 yXde

h?2 Qp2° HH "2bmHib b?Qr2/i? ii?2 T°QTQb2//2+QKTQbBIBQM K2i?Q/ Bb #2i
2i HX M/ a B/ MB 2i HX K2i?Q/bX 6Q 2t KTH2- Qm" K2i?Q/ ? / #2ii2° “2bmHib
a B/ MB2i HX ? /j- M/ CBM2i HX 6b K2i?Q/ T2 7Q K2/ i?2rQ bir?2M +QKT "2
MQi?2  BMi2 T 2i iBQM Q7 i?2 "2bmHib- h #H2 9X8 T 2b2Mib i?2 p2  ;2/ 2bmHik
“2bmHib Q7 CBM 2i HX "2 #2ii2° QM p2" :2 +QKT 2/iQ a B/ MB 2i HX- #mi Qm
“2bmHib BM i?Bb + b2 b r2HHX

8X *QM+HMbBERAMIXT2 T°QTQb2/ MQp2H/2+QKTQbBIiBQMK2i?Q/7Q 27 +iQ"
BMiQ KB+ Qb2 pB+2b TTHB+ iBQMb mbBM; M2m  H M2irQ F # b2/ KQ/2H 7Q"
KQMQHBiI?B+ TTHB+ iBQM bQm +2 +Q/2X b _2bmHi- b2K MiB+ HHv bBKBH °
?2B2" "+?B+ H +HmMbi2 ' BM; H:Q Bi?K BM Q /2 iQ ;2M2 i2 KB+ Qb2 pB+2b + M/B
i72 "2bmHibr2 2 K2 bm 2/ mbBM; irQ K2i'B+b 7Q " K2 bm BM; +Q?2bBQMX

h?2 T°QTQDb2/K2i?Q/b?Qr2/ T"QKBbBM: "2bmHib BMi2 Kb Q7 +Q?2bBQM r?2M
K2i?Q/bX h?2 “2bmHib r2°2 +QKT "2/ rBi? irQ Qi?2" K2i?Q/b T°QTQb2/ #v CBM 2
(R9)- 3 i2bi+ b2br2°2 +QM/m+i2/- M/ i?22 T°QTQb2/ K2i?Q/ ;Qii?2 ?B;?22bi b+Q" 2

AM +QM+HmMbBQM- i?2 T°QTQb2/ K2i?Q/ + M #2 22HT7mH //@QM 7Q" /2p2F
7°QK KQMQHBIi?B+ “+?Bi2+im 2 BMiQ KB+ Qb2 pB+2b “+?Bi2+im 2X h?Bb K2i?(
/B 2+iBQMb QM i?2 T i? M/i?2/2bB;Mi? ii?2 /2p2HQT2 b M22/iQi F2BM Q /2" i
/2bB;MX

6Q  7mMim 2rQ F-i?Bb K2i?Q/+ M#2/2p2HQT2/7m i?2° M/ + M#2i2bi2/ rBi? Q
bm+? b SVi?QM- *- *YY- 2i HX h?2i2bi2/ + b2b Q7 i?Bb "2b2 “+?2 r2°2 HH r Bii2l
K2i?Q/Bb QMHvV + T #H2 Q7 ? M/HBM; +Q/2 r'Bii2MBM i? i T°Q;  KKBM; H M;m ;2



JB+ Qb2 pB+2 .2+QKTQbBIiBQM J2i?Q/ h? ' Qm:? IbBM; .Bbi'B#mi2/ 2T 2b2MBRBQM Q7 a

KQ/2H + M #2 i° BM2/ QM i?2bQm +2 +Q/2b Q7 i?2 KB+ Qb2 pB+2b TTHB+ iBQM

161 _1L*1a

(R)'KBM " H H B2- ## b >2v/ "MQQ'B- M/ SQQv M€ ®b2ByBX2b “+?Bi2+im'2 2M #H2b .2pPTh, JB
+HQm/@M iBp2 "+?Bi2+im 2X A111 aQ7ir "2 jjUjV,9k 8k- kyReX

(k)*2°Mv- hQK b M/ .QM ?QQ- JB+? 2H CX M/ h"MEBMUIB#HE HXM/2 bi M/BM; Q7 JB+ Qb2 pB+2 “+?E
*m*T2Mi M/ 6mim 2 .B°2+iBQMbX *J aA: SS TTHB2/ *QKTmiBM; 2pB2r RdU9V,kN 98- kyR3X

(i).” ;QMB- LB+QH M/ :B HHQ 2MxQ- a p2'BQ M/ G 7Tm2Mi2- H#2'iQ GHm2H M /IJIQMi2-bB M
6 # BxBQ M/ JImbi 7BM- _mbH M M/ a 7BBW -QBZ2ZBtB X2b, v2bi2 / v-iQ/ v- M/iQKQ "Qr AM, J x.
J2v2® "X U2/bV S 2b2Mi M/ IHi2'BQ  aQ7ir "2 1M;BM22°BM;X aT'BM;2 - *? K- kyRdX

(9)a KL2rKk MXmBH/BM; JB+ Qb2 pB+2b, .2bB;MBM; 6BRNPZ@2BBM2/J2YBIi2ZKIM+Q TQ i2/X kykRX

(8)LMmMQ a MiQb M/ Mi MBQ _BiQ+aBKHipHRtBiv K2i'B+ 7Q° KB+ Qb2 pB+2b "+?HKiRkyiMMP21KB;  iBQI
AMi2 M iBQM H *QM72°2M+2 QM aQ7ir “2- T+2?Bd Rd M R dBA Hay Ny X

(e)a? Mb? M GB- >2 w? M;- wX CB - wX GB- *X w? M;- CX GB- ZX :?2QQ EB/NDM;i:2Qr@/ BPBM
TT'Q +? iQ B/2MiB7vBM; KB+ Qb2 pB+2b 7°QK KQMQHBi?B+ TTHB+ iBQMbX CQm'M H Q7 av

(d)PK ° H@.2# ;v M/ S2i2°J "iBMMRX /2+QKTQbBIiBQM K2i?Q/ 7Q" /2bB;MBM; KB+ Qb2 pB+2bX S2°
1H2+i'B+ H 1M;BM22'BM; M/ *QKTmi2  a+B2M+2 ejuU9V,kd9 k3RX kyRNX

(3J M #m E KBKm® - E2BbmF2 u MQ- hQKQKB > i MQ- M/ EB?BFBM; ibmMQX/ i2b Q7 KB+ Qb2 pB+2b
KQMQHBi?B+ TTHB+ kBRMKk8Q?2KBA®S +B}+ aQ7ir "2 1M;BM22 'BM; *QM22 2¥R BByS & § RB X

(NY2M+ J xH KB- C=":2M *BiQ- M/ S?BHBTfli 'G2BIQMN X7 KB+ Qb2 pB+2b 7°QK KQMQHBi?B+ bQ7ir °
AMyRd A111 AMi2 M iBQM H *QM72°2M+2 QM qJ#;2D §BYH BhRU AcygRadvX

(RyBmLb LmM2b- LmMQ a MiQb- M/ Mi MB® QBiQKaBMQ@HKBi? iQ KB+ Qb2 pB+2b “+?Bi2+im'2, |
# b2/ QM i Mb +iBQM H +GEMimtid X Qidb BM *QKTmi2' a+B2M+2 UBM+HmM/BM; bm#b2 'B2b G2+i
AMi2HHB;2M+2 M/ G2+im 2 LQi2b BNQ'BQRRMRReKIRBGb*Na- T ;2b jd 8kX aT'BM;2" 02 H ;- kyRN

(RR)pB/2 h B#B M/ E "B a¥WbRK KQMQHBi?B+ bvbi2Kb iQ KB+ Qb2 pB+2b, /2+QKTQbBiBQM 7 K2I
KBMBM; X @M 2/BM;b Q7 i?2 Ni? AMi2°M iBQM H *QM72'2M+2 QM *HOQB2ZMBRXIMRBMW Re\d/Xa2 pB
a*Ah1lS _laa @ a+B2M+2 M/ h2+?MQHQ;v Sm#HB+ iBQMb- kyRNX

(RkymtB CBM- hBM; GBm- ZBM;?m w?2M;- .B *mB- BhMmiBIGMI HBBX@ Q B2Mi2/ KB+ Qb2 pB+2 2ti’
QM 2t2+miBQM i’ +2 +HkyRi2 BIMIXAAWM2 M iBQM H *QM72°2M+2 QM gqd#;2D pBR2LRBA ky&R\B X

(Rj}Gm+B MQ " "2bB-J 'iBM: 'B; - M/ H M .2B2\NDbRBEB+2b B/2MiB}+ iBQM i?2 ' Qm;? BMi2 7 +2 M H
.2 S QHB-ai27 Ma+?mHi2- M/ 1BM " " Q+22CQRMM@M-B2RBiQ/ bM/ *HQmp Q@ K KB iBWIes8- T ;2b
RN jjX aT'BM;2° AMi2 M iBQM H Sm#HBb?BM;- kyRdX

(R9AbH2K a B/ MB- HB PmMB- JQ? K2/ qB2K JF Qm2 - MQWK/DM mi®@K/X2/ KB+ Qb2 pB+2b 2ti® +iB
MbBM; KmiB@Q#D2+iBp2 2pQHmMiBQM v b2 “+?X AM a KB u M;mB- AbK 2H "Qm bbB/ _Q/ B;l
2/BiQar-pB+2@P B2Mi2/ *QRHMBMRR3NS- T ;2b 83 ejX aT'BM;2° AMi2°'M iBQM H Sm#HBb?B!

(R8Jm? KK / #/mHH ?- q 222/ A[# H- M/ #/2HF "BKIMbmMBX pBb2/ H2 "MBM; TT Q +? 7Q  r2# TTF
miQ@/2+QKTQbBIiBQM BMiQ KB+ Qb2 pB+2bX CQm™M H Q7 avbi2Kb M/ aQ7ir "2 R8R,k9j k8d

(ReymtB CBM- hBM; GBm-um M7 M; * B- _B+F E xK M- _ M JQ- Xd2 Z0BW 2 m MVB2M2 B/2MiB}+ iBQM 7°
KQMQHBi?B+ bvbi2Kb # b2/ QM 2t2+miBQM i +2bX A111 h Mb +iBQMb QM aQ7ir "2 1M;BM22"

(Rd)JB+? 2H :vb2H- GmF b E'H#2M2 - qQH7; M; :B2 b+?2- M/ PH27 pBBHRKZMKIi MM Xbvbi2K iB+ TT Q +
iQ b2 ' pB+2 /2+QKTQbBiBQMX AM J "+Q B2HHQ- 1BM "~ ""Q+? CQ?Mb2M- a+? 2 K .mbi/ - I
a2'pB+2@P 'B2Mi2/ M/ *HQmpOBKKRZiIB®9e- T ;2b R38 kyyX aT'BM;2° AMi2"M iBQM H Sm#HBb

(R3)BQMvVbBb i? M bQTQmHQb- TQbiQHQb oX w “" b-:2Q";2JBbFQb- 0 Hh2o B®»RHB *'@bdXb BIQ 8 @ Q
/"Bp2M /2+QKTQbBIiBQM Q7 b2 pB+2 BMi2 7 +2b rBi?Qmi ++2bb iQ bQm +2 +Q/2X A111 h™ N
3U9V,88y 8ek- kyR8X

(RN')Y2M/ M CX 6°2v M/ .2H#2"i .h2mBX2 ' BM; #v T bbBM; K2bb ;2b #2ir22M /i TQBMibX a+B2M+2 jR!

kyydX
(kyP "+ J6x /X*QKTmi2  b+B2M+2X q?2°2 "2 i?2 2t2KTH b\ a+B2M+2 jR8U83R9V, NIN N8R- kyydX
(kR)X _27B MiB- X "X JmiB *~ - M/ X X av IsEm7@QmR X1+2 2p Hm iBQM Q7 {MBivT QT ; iBQM TT Q -

+Hmbi2 ' BM;X AMi2 M iBQM HCQm'M HQ7 /p M+2/ *QKTmi2 a+B2M+2 M/ TTHB+ iBQMb dUj

(kk)'B HQM- J2Bi H wBH#2 bi2BM- PK2' G2pv- MHAQ/2kp2%?,p¥2 "MBM; /Bbi'B#mi2/ 2T 2b2Mi iBQ!I
S'Q+22/BM;b Q7 i?2 *J QM S'Q;° KKBM; G M;m ;2b j,R kN- kyRNX

(kj)"> ?K H22M E m" aB/?m- Er HD22i aBM;?- M/ L22  IX a?BKIZXH2 "MBM; TT'Q +? iQ bQ7ir "2 K¢
*27 +iQ°BM;X AMi2'M iBQM HCQm'M HQ7 *QKTmi2'b M/ TTHB+ iBQMb yUyV,R Rk- kyky

(k9YQmF?/?B° K H-J "Qm M2 E2bb2MiBMB- aHBK "2+?BF?- CQbb2HBM/®M M2CGnKD D/7"RM 2B M2
H2 "MBM; M/ b2 "+?@# b2/ bQ7ir "2 2M;BM22°BM; 7Q° BHH@/2}M2/ }iM2bb 7TmM+iBQM, + b2
*H B2 G2 :Qm2b M/ a?BM u@Q-+2/@'Q6®-aQ7ir 2 1M;BE2PMBMLQi2b BM *QKTmi2  a+B2M+2-
jR 98X aT'BM;2° AMi2°M iBQM H Sm#HBb?BM;- kyR9X

(k8u b2KBM EQbF2'- "m™ F hm ? M- M/ vbaVM"2MI2Z'X bvbi2K 7Q" /2i2°'KBMBM; + M/B/ i2 bQ7ir "2 +F
27 +iQ°BM;X 1tT2'i avbi2Kb rBi? TTHB+ iBQMb jeUeV, Ryyyy Ryyyj- kyyNX

(ke) ?2vb *QKTiQM- 1B#2 6° MF- S MQb S i'Qb- M/ #K#BHEM), OXp +H bb2b rBi? +Q/2kp2+, AKT Qp:
7°QKp 'B #H2 Q#7mb+ iBQMX AM S Q+22/BM;b Q7 i?2 Rdi? AMi2 "M iBQM H*QM72 2M+2 QM JE
kykyX



8k PK ™ H@.2# ;v- S(i2°J "iBM2F

(kd)"B HQM- J2Bi HwWBH#2 bi2BM- PK2  G2pv- M/;2ZMBI uH?Tpi@ @# b2/ 2T 2b2Mi iBQM 7Q T 2/B+iB M
T QT2 iB2BXQARR/BM;b Q7 i?2 jNi? *J aA:SG L *QM72°2M+2 QM S Q; KKBM; G M;m ;2 .2bB;M
i iBQM ;2b 9y9 9RN- kyR3X

(k352i2° CX _Qmbb22BHXQm2ii2b, ;" T?B+ H B/ iQ i?2 BMi2 T 2i iBQM M/ p HB/ iBQM Q7 +Hmb
*QKTmi iBQM H M/ TTHB2/J i?2K iB+b ky,8j e8- RN3dX

(KNE B JBM; hBB X+BbBQM M/ 2+ HHX AM *H m/2 a KKmi M/ :2QzM2v AKQR/B- TYBiRIPBM2 G2 "MB
T :2b d3R d3RX aT'BM;2  la- kyRyX

1/Bi2/ #vM S2i+m
_2+2BpXQp R3- kyky
++2TiZ2, M KR- kykR



e
.. a+ H #H2 *QKTmiBM;, S° +iB+2 M/ 1tT2 B2M%i2T, fAara X IRSTNX@DRde d -
UkykR a*S1X 0QHMK2 kk- Abbm2b R- TTX 8j ee- .PA RyXRkeN9,fb+T

LPol1G alLhAJ1Lh L GuaAa 6P_ J wPL . h
gAh>ha " al. 61 hl_1alGl*hAPL

LL.CPalsS> . LA1G .XL. CL EAJ11L JX

#bi® +iXa2MiBK2Mi M HvbBb Q7 QMHBM2 T Q/m+i "2pB2rb ? b #2+QK2 K BMbi'2 Krv7Q #mbBM
iQ T'QKQi2 i?2B" T°Q/m+ib M/ BKT Qp2 mb2' b iBb7 +iBQMX >2M+2- Bi Bb M2+2bb ‘v iQ +QMbi m:
7Q0° miQK iB+ B/2MiB}+ iBQM Q7 b2MiBK2Mi TQH "Biv Q7 i?2 QMHBM2 T Q/m+i “2pB2rbX h* /BiBQN
b2MiBK2Mi M HvbBb bmz2'2/7°QK b2p2° H ++m" +vBbbm2br?BH2 K +?BM2 H2 "MBM; i2+?MB[m2b "2
BMiQ/m+2b ?v# B/ b2MiBK2Mi M HvbBb 7° K2rQ F iQ #QM/ i?2 ; T #2ir22M #Qi? K +?BM2 H2 "MBM
MQp2H imMB+ i2 br "K H;Q Bi?K Uha V # b2/ 72 im 2 “2/m+iBQM Bb BMi2; i2/ rBbRHM2 T?QTQb2/
b+ H #BHBiv Bbbm2 i? i "Bb2b /m2 iQ H ;2 72 im 2 b2iX Ai 2/m+2b i?2 72 im 2 b2i bBx2 iQ 9jW
UNjWVX "2bB/2b- Bi BKT Qp2b i?2 b+ H #BHBiv- "2/m+2b i?2 +QKTmi iBQM iBK2 M/ 2M? M+2b i?2 Q
7° K2rQ ' FX 6°QK 2tT2°BK2Mi H M HvbBb- Bi + M #2 Q#b2°p2/i? i ha QmiT2 7DMBHNRAB hiBM2 712 im’
T "iB+H2 br 'K QTiBKBx iBQM M/ ;2M2iB+ H;Q Bi?KX JQ 2Qp2'-i?2 T°'QTQb2/ TT'Q +? Bb M Hvb2
b 2+ HH- T'2+BbBQM- 6R@b+Q 2- 72 im 2 bBx2 M/ +QKTmi iBQM iBK2X

E2v rQ' /bhmMB+ i2 ar 'K H;Q Bi?K-62 im 2 QTiBKBx iBQM- b2MiBK2Mi M HvbBb- +H bbB}2 - K +

Ja bm#D2+i +H bbB}+ EBO WD X

RX AMi"Q/m+iBRMMQ KQmb ;"Qri? Q7 bQ+B H M2irQ"Fb BM+HmM/BM; #HQ;b-
+QKK2'+2 bBi2b ‘2 mb2/ KQM; T2QTH2 iQ b? "2 i?2B° QTBMBQM #Qmi QMHBN
h?2b2 QMHBM2 "2pB2rb + M #2 mb2/ #v K Mv Q ; MBx iBQMb iQ 2M? M+2 +mbiQK:
[m HBiv M/ B/2MiB7v i?2 bT2+ib Q7 T°Q/m+ib iQ #2 mT;  /2/X Ai HbQ ?2HTb iQ
iQr /b mb2° BMi2 2bi M/ T 272°2M+2 i?2 2#v ;2M2" iBM; KQ 2 T 'Q}ibX 6Q" 2t KT
"2pB2rb #Qmi i?2 T°Q/m+ib Q b2 'pB+2bX aBKBH "Hv- bQ+B H M2irQ 'Fb HBF2 hr
iQ b? "2i?2B QTBMBQMb QM Mv iQTB+ HBF2 2p2Mib- 2H2+iBQMb- T'Q/m+ib Q"
K Mm7 +im"2°b br2HH b +mbiQK2 b (R)X h?2 K Mm7 +im 2°b+QHH2+ii?2 M2; iE
"2+iB7v i?2K iQ BM+°2 b2 i?2 b H2bX h?Bb FBM/ Q7 M HvbBb Bb mbm HHv + HH
bi?2 +QKTmi iBQM HQTBMBQM bim/v 7Q b2p2° H2p2Mib-iQTB+b-T Q/m+ib-
Bb M2+2bb 'viQ +QMbi'm+i b2MiBK2Mi M Hvb2 7Q i?2 +H bbB}+ iBQM Q7 T
b2MiBK2Mib M/ 7Q° miQK iB+ B/2MiB}+ iBQM Q7 T Q/m+i bT2+i b2MiBK2Mib 7"

"b2/ QM i?2 K2+? MBbKb mb2/- a Bb K BMHv +H bbB}2/ mM/2  i?°22 7Q Kb I
H2tB+QM@# b2/ M/ ?2v# B/ (k)X AMJG@# b2/ TT Q +?2b-p BQmb H2 "MBM; H
miBHBx2/ iQ i BM i?2 +H bbB}2" 7Q"° B/2MiB7vBM; i?2 b2MiBK2Mib (j)X AM H2t
TQH "Biv Q7 i?2 /i b2i Bb + H+mH i2/i?°"Qm;? i?2 b2K MiB+ Q°'B2Mi iBQM Q7 rQ
mbBM; mMH #2HH2/i° BMBM; b2ir?2°2i?2 H2tB+QMb "2 /2}M2/ BM/2T2M/2MiHv
BMbi M+2 + M #2 T 2p2Mi2/ (k3)X Ai b?Qr2/ "Q#mbi T2 '7Q K M+2 + Qbb i2tib M/
T2 7Q°Ka QM KmHiIBTH2 /QK BM / i b2ib (e)X h?Qm;? i?Bb TT ' Q +? TQbb2b KQ
K BMi2M M+2 M/ H2bb ++m” +v #2+QK2b K DQ  /Bb /p Mi ;2X JQ 2Qp2 - Bi +Q
BM MQM@bi M/ */ 7Q K r?B+? ‘2 K BMHv mb2/ BM TQbib /m2 iQ HBKBi2/ +Qp:
i?72 Qi?2° ? M/-i?2JG TT Q +? Bb p2'v bmBi #H2 7Q° BM7Q K H i2ti M/ mMbi"

a+?QQH Q7 *QKTmi2' a+B2M+2 M/ 1M;BM22'BM;- 02HHQ 2 AMbiBimi2 Q7 /hIMMMERKKYWNN?2MN
'K BHXY®K

Ya+?QQH Q7 *QKTmiBM; a+B2M+2 M/ 1M;BM22 BM;- 02HHQ 2 AMbiBimi2 QD h2+P?BKRR@; X-K*?2 M
IPBiX +WBM

8]
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KQ 2 ~2tB#BHBiv M/ ?2M+2 2HBKBM i2b T '2/2}M2/ H2tB+QMbX Hi?Qm;? JG TT
K Mm HHv MMQi i2/i° BMBM;/ i b2i(3)X b "2bmHi-?v# B/ K2i?Q/b "2BMi Q/nm
JG M/H2tB+QM@# b2/ TT'Q +?2b (N)X AMi?Bb T T2 -p H2M+2 r "2 /B+iBQM v
Bb mMiBHBx2/ 7Q" H2tB+QM@# b2/ TT'Q +?2b M/ HBM2 "bmTTQ i p2+iQ K +?BN
TT'Q +?2bX

aBM+2?B;?2@[m HBivrQ '/ 2K#2//BM;b+ M#2 Q#i BM2/ 7' QK :HQp2 (Ry) M/ 7 b
rQ"F miBHBx2b i?2b2 KQ/2Hb iQ ;2i BMBiIiB HrQ / 2K#2//BM;bX >Qr2p2 - BM+Hn
;7Qr i?2 72 im™2 bBx2 i? i rQmH/ MQi }i BM i?2 K2KQ'v M/ + mb2 b+ H #BHBiv T
#2ii2 b+ H #BHBivrBHH #2 #H2 iQ K BMi BMBib T2 '7Q 'K M+2 2p2M rBi? H ;27 /
/IQTiIiBM; bmBi #H2 72 im"2 b2H2+iBQM K2i?Q/b (Rk)X h?2 K BM BK Q772 im 2b?2
bm#b2i Q772 im 2i? i+ MBKT ' Qp2i?2T2'7Q°K M+2 Q7 +H bbB}2 rBi? #2ii2" b+ |
bBKmMHi M2QmbHVX *QMp2 b2Hv-72 im2b2H2+iBQMi? Qm;? QTiBKBx iBQM H;
rBi72Qmi K Mm H BMi2 p2MiBQM M/ 2HBKBM i2 H ;2 [m MiBiv Q7 mMM2+2bb “v
++m° +vX

*QMp2MiBQM H 72 im'2 b2H2+iBQM i2+?MB[m2b # b2/ QM +QM+2Tib HBF2 / i
T2 #2ii2°BM “2/m+BM; i?2 72/mM/ Mi72 im2b#mi? p2H2bb ++m’ +vX 6m i?2 KC
MQM@TQHVMQKB H? "/ Bbbm2 r?B+? "2/m+2b i?2 bvbi2K 2{+B2M+v QM b2H2+i
MQr #22M b?B7i2/ iQ BMi2HHB;2Mi H;Q Bi?Kb iQ 2M? M+2 +H bbB}+ iBQM M/ i
BMi2HHB;2Mi H;Q Bi?Kb "2 M im2@BMbTB 2/ H;Q Bi?Kb i? i "2 2z2+iBp2 7Q
+H bbB}+ iBQM (R9)X Ai "2/m+2b Mv FBM/ Q7 T 'Q#H2Kb "2H i2/iQ ++m° +v-
S "iB+H2br "KQTiBKBx iBQMUSaPV (R8) M/;2M2iB+ H;Q Bi?KU: V(Re) "2irQi
iQ 2bQHpP2 K Mv +QKTH2t T'Q#H2KbX SaP Bb BM~m2M+2/ #v irQ MQi #H2 /" r#
Qmi/ i2/ K2KQ v (Rd)X h?Bb + M #2 Qp2 +QK2 rBi? MQpP2H M im2@BMbTB 2/
H;Q Bi?K Uha V (R3)X Ai Bb 2z2+iBp2 rBi? "2/mM/ Mi [ i M/ b2H2+ib i?72 TT (
2t2+miBQM iBK2X

h?2 K BM BK Q7 i?Bb T T2  BbiQ T'QTQb2 ?v#°'B/ a K2i?Q/ #v +QK#BMBM;
T°Q +?2bX h?2 /i BbBMBiB HHv H #2HH2/ #v mbBM; o .1_ b2MiBK2Mi H2tB+QM
+H bbB}2'X 62 im 2 b2H2+iBQM Bb + B2/ QmirBi? MQp2H imMB+ i2 br "K H;Q" I
b?Qr i?2 T2 7Q°K M+2 Q7 T'QTQb2/ K2i?Q/ rBi? K xQM T Q/m+i "2pB2rb 7°QK 7
i " QMB+b- hQvb-6m " MBim 2 M/* K2° X h?2T2 ' 7Q°K M+2Bb 2p Hm i2/ BMi2 Kb Q
T'2+BbBQM M/ ++m” +vX JQ 2Qp2°-i?2 +QKTmi iBQM iBK2 +QKT "BbQM Q7 T Q
rBi? 2tBbiBM; K2i?Q/b HBF2 : M/ SaP Bb HbQ T ' QpB/2/X h?2 2tT2"BK2Mi H " 2|
rBi? K xQM/ i b2ib?Qrb #2bi+H bbB}+ iBQMT2 ' 7Q°' K M+2BM 2 +?i2bi/ i r?BHZ
h?2 "2bi Q7 i?Bb T T2 Bb " M;2/ b 7QHHQrbX a2+iBQM k /2i BHb i?2 "2H i2/ rQ
QTiBKBxXx2/ 72 im 2 b2H2+iBQMX a2+iBQM j 2tTH BMb i?2 T'QTQb2/ K2i?Q/QHQ;"
9X AM a2+iX 8-i?2 "2bmHib Q7 2tT2 ' BK2Mib "2 /Bb+mbb2/X a2+iBQM e +QM+Hm

kX _2H i2/ qQ AMXi?Bb b2+iBQM- i?2 "2H i2/ rQ Fb + ~'B2/ Qmi BM i?2 "2 Q7 |
JG # b2/ TT'Q +? M/ ?v# B/ TT Q +?2 rBi? 72 im 2 b2H2+iBQM 2 /Bb+mbb2/X

kXRX >v# B/ a2MiBK2Mi WP HHARBBXQM@# b2/ b2MiBK2Mi M HvbBb K2i?Q/b
BMiQ irQ TT ' Q +?2b, UBV /B+iBQM v # b2/ M/ UBBV +Q Tmb # b2/ (RN)X AM /B
rBi? i?72B° TQH "Biv b+Q 2b "2 miBHBx2/ 7Q  b2MiBK2Mi M HvbBbX AM +Q Tmhb
b2i Q7 rQ /b iQ;2i?2 rBi? i?2B  T'Q# #BHBiv Q7 b2MiBK2Mi Bb miBHBx2/X o .1 _
a 7  K2rQ ' Fi? iT2'7Q Kb 2[m HHv Q" #2ii2  r?2M +QKT “2/iQ 2tBbiBM; a H2tB+
(kR) TTHB2/i?2 0 .1_b2MiBK2Mi H2tB+QM rBi? bmTTQ i p2+iQ° K +?BM2 UaoJ\
+mbiQK2® "2bTQMb2X h?2B" K2i?Q/ Bb 2z2+iBp2 rBi? K2 M |* Q7 yX3Ne M/ 6R
(kk) TTQTQb2/ bmT2 pBb2/ H2 "MBM; K2i?Q/ 7Q  a X 6Bp2 p "BQmb JG K2i?Q/k
i?72 +H bbB}2° 7Q° K xQM T 'Q/m+i "2pB2rb M/ ii BM2/ +H bbB}+ iBQM ++m’ > +v
/IBz2'2Mi JG +H bbB}2 b- GaoJ b?Qrb i?2 #2bi T2 7Q°'K M+2 +HQb2Hv 7TQHHQr2/ 1
+QKT 'BbQM Bb T 2b2Mi2/ BMi?2 T°QTQb2/ rQ F7Q  +H bbB}2 T2 '7Q K M+2 2p

AM H2tB+QM@# b2/ K2i?Q/b-i?2 TQH "BiB2b M/ 7°2[m2M+B2b Q7 i?2 M2; iBr
iQ ;2i i?2 b2MiBK2Mi Q7 ™M Hvb2/ i2ti mbBM; T 2/2}M2/ /B+iBQM v Q7 rQ /b (
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72 im'2b "2 ;2M2° i2/ 7°QK i?2 i2ti M/ mb2/ #v /IBz2 '2Mi H2 "MBM; H;Q Bi?Kb i
TT Q +? Bb M2+2bb "viQ 2HBKBM i2 i?2 /Bb /p Mi ;2b M/ iQ +QK#BM2 i?2 K2 I
?v#° B/ +H bbB}2 Bb /2bB;M2/ #v mbBM; JG M/ H2tB+QM@# b2/ K2i?Q/biQ +H bb
i?72b2MiBK2Mi +H bbB}+ iBQMX h2 'K TQH "BiB2b 7' QK H2tB+QMb "2 miBHBx2/ b
?2v# B/ TT Q +?2b (kj)X *QK#BM iBQM Q7 i?2b2 K2i?Q/b ?2HTb iQ BKT Qp2i?2 "
T '2b2Mi2/ ?2v#°B/ TT Q +?rBi? i?2 +QK#BM iBQM Q7 #Qi? JG M/ H2tB+QM@# b
(k8) BMi"Q/m+2/ +QK#BM iBQM Q7 M Bp2 # v2b UL"V M/ H2tB+QM®@# b2/ K2i?Q
:QpBM/° D M (ke) BKTH2K2Mi2/ +H bbB}+ iBQM@# b2/ ?v# B/a TT Q +?rBi? "+
Q7 #Qi? L" M/ : 2Mb2K#H2 +H bbB}2'b "2 M Hvb2/BM i2°'Kb Q7 ++m > +vX :22iE
TT ' Q +?22b iQJG rBi? H2tB+ H M HvbBb 7Q  i?2 T ' Q/m+i "2pB2rb M/ b2Mi2M+2 -

?v#°'B/ a i2+?MB[m2 QM 6 +2#QQF iQ miQK iB+ HHv M Hvb2 b2MiBK2Mib C
#22M T QTQb2/ #v P iB;Qb 2i HX (k3)X wQm 2i HX (kN) BMi"Q/m+2/ K2i?Q/ 7
+H bbB}+ iBQMX ;" rH M/ L M/B (jy) TTQTQb2/ H v2 2/ ?2v# B/ K2i?Q/ 7Q  a X
T°'BK v Hv2 Bb # b2/ QM i?2 H2tB+QM@# b2/ K2i?Q/ M/ i?2 b2+QM/ v H v2"
_ D; M2b? 2i HX (jJR) BMi"Q/m+2/ ?2v# B/ K2i?Q/7Q a Q7 722/# +F@# b2/ 2+Q
K2i?Q/ ? b #22M BKTH2K2Mi2/ 7Q  a Q7 T 'Q/m+i "2pB2rb 7' QK K xQM (jk) X AN
? b#22M BMi"Q/m+2/ #v BMi2;"  iBM; #Qi? JG M/ TQH 'Biv@# b2/ H2tB+QM K2i?Q
MQi 2KTHQV Mv QTiBKBx iBQM H;Q Bi?Kb BM i?2 72 im 2 b2H2+iBQM i bF iQ B!
Q7 ?2v# B/ a X

kXkX PTiBKBx2/ 62 im 2 a2H2+b6R2QM BM&AHR+iBQM BM b2MiBK2Mi M HvbBb T
BM bvbi2K ++m’ +v 2M? M+2K2MiX J Mv bim/B2b ? p2 #22M /QM2 BM i2ti +H bbl
72 im 2 b2H2+iBQMX "BQ@BMbTB 2/ H;Q Bi?Kb ? p2 M BM+ 2/B#H2 #BHBiv BN
(jJ9)YX E H > MB 2i HX (j8) T°'QTQb2/i?2} 2~v H;Q ' Bi?KUB6V 7Q 72 im 2 2/m+iB
iQ +H bbB7v i?2 b2MiBK2Mib Q7 KQpB2 "2pB2rbX h?2 2tT2 ' BK2Mi HQmi+QK2b /I
"2/m+2/i° BMBM; iBK2X E'BbiBv MiB 2i HX (je) BKTH2K2Mi2/i? 22 H;Q Bi?Kb +
US* V- SaP M/ : # b2/ 72 im 2 "2/m+iBQM rBi? aoJ +H bbB}2 X h?2 ++m” +v Q7
2M? M+2/rBi?i?2b2i?°22 H;Q Bi?KbX h?2vmb2/ K xQMT Q/m+ib6 "2pB2rb 7Q"
rBi? : M/ S* -SaP H;Q Bi?K b?Qr2/ ?B;?2° ++m  +v 7Q +H bbB}+ iBQMX

6 " F?mM/ 2i HX (R) BMi"Q/m+2/ MQp2H : # b2/ 72 im 2 b2H2+iBQM i2+?MB
Bbbm2 i? i 2 TT2Mb r?2M i?2 72 im2@b2i bBx2 BM+ 2 b2b BM i?2 a X ?v# B/ ¢
AJ."- u2HT M/ K xQM Bb miBHBx2/X h?2 T2'7Q°'K M+2 Bb M Hvb2/ BM i2 Kb C
6R b+Q 2 M/ bBt/Bz2 2Mi +H bbB}2" H;Q Bi?KbX h?2 "2bmHib T Qp2/i? i: # b
Q#i BMb ?B;?2° ++m’ +vi? M Ga UG i2Mi b2K MiB+ M HvbBbV M/ S* K2i?Q/b
?2v#° B/ 77 K2rQ ' F Bb miBHBx2/ 7Q  a rBi? MQp2H ha # b2/ QTiBK H72 im 2 b2H2Z
AM b2MiBK2Mi +H bbB}+ iBQM- SaP rBi? aoJ +H bbB}2  Bb i?72 KQbi +QKKQMHvV r
7TQHHQr2/ #v Mi +QHQMv QTiBKBx iBQM U *PV (j9)X "mi SaP # b2/ QTiBKBx iBQ
i?72 M22/ 7Q  KmHIB@Q#D2+iBp2 QTiBKBx iBQM- }M2@imMBM; Q7 T ~ K2i2 b p H
Q7 KmHIB@/QK BM (jd)X

h?Bb T T2 T°QTQb2b MQp2H ha # b2/ 72 im 2 "2/m+iBQMBM a X h?2T'QTQ
Bb 2M+Qm~™ ;2/ #v br "K M/ D2i TTQTmHbBQM #2? pBQm'b Q7 imMB+ i2b i? " Qm;
T°Q+2bb (R3)X ha + M "2/m+2 HQ+ H QTiBK T Q#H2K M/ /2HBp2" 7 bi +QMp2°
T2 ' 7Q°K M+2 BM 2tTHQ  iBQM M/ 2tTHQBIi iBQM bi ;2bX 6m’i?2 ' KQ 2- Bi ? b i?
#2ir22M 2tTHQBI iBQM M/ 2tTHQ ™ iBQM #v b2 "+?BM; i?2 H ";2bT +21iQ ;2ii?2 #
rBHH #2 #2ii2° bQHMIBQM 7Q 72 im"2 b2H2+iBQM i bFb iQ Qp2 +QK2

iX STQTQDb2/ J2i?Q/QP@WX¥2+iBQM 2tTH BMb i?2 ?2v# B/ a rBi? ha # b2/ QT
b2H2+iBQM TT Q +?X h?2 T°QTQb2/ K2i?Q/QHQ;vrBi? 0.1_b2MiBK2Mi H2tB+Q
h?2M ha # b2/ QTiBKBx2/ 72 im 2 b2H2+iBQM Bb 2tTH BM2/

jXRX >v#°B/a rBi? PTiBKBx2/62 im 2 a2H2+iBQBb TVi# BARXi?Q/BM+HmM/2b H:
# b2/ /B+iBQM v 7Q i BMBM; i?2 JG +H bbB}2" M/ # :@Q7@rQ /b b 72 im 2b 7
ha # b2/ 72 im 2 b2H2+iBQMX +QKTH2i27 K2rQ ' FQ7 T°QTQb2/rQ F Bb /BbTH
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6B:X jXR, "HQ+F /B ;" KQ7 T°QTQb2/ ?2v#'B/a K2i?Q/QHQ;v

AM i?22 T°QTQb2/ K2i?Q/-i?2 K xQM T Q/m+i/ i BbmiBHBx2/7Q a X AMBiB H
iQ 2HBKBM i2 mMM2+2bb v/ i X o.1_b2MiBK2Mi H2tB+QM Bb T2 7Q K2/ iQ H #
72 im 2 p2+iQ'b "2 ;2M2  i2/ 7Q  H #2HH2/i° BMBM:; /i mbBM; :HQp2 M/ 7 bil
i?72 72 im 2 p2+iQ°b "2 /B 2+i2/iQ i?2 JG +H bbB}2 - b+ H #BHBiv Bbbm2 K v B
3yW Q7 i?2 BMTmi/ i X bi?2/ i b2i bBx2 ;"Qrb #B;;2 - i?Bb T'Q#H2K rQ b2Mb >
M 2{+B2Mi ha # b2/ 72 im 2 b2H2+iBQM T Q+2bb Bb BMi'Q/m+2/ BM i?Bb T T2
p2+iQ  Bb KQ/2HH2/ QM ha 7Q b2p2  H ?mM/ 2/ :2M2" iBQMbX ha bBKmH iBQM
P2+iQ b iQ ;Bp2 BKT Qp2/ ++m  +v7Q a Xh?2b2 b2H2+i2/ 72 im 2b "2 miBHBx2
GBM2 > amTTQ i 02+iQ " K +?BM2- .2+BbBQM h 22 U.hV- L [p2 " v2b M/ F@L2 "2
JG +H bbB}2 b miBHBx2/7Q  +H bbB}+ iBQMBM i?Bb T'QTQb2/rQ FX h?2/2b+ B
J Mm HHV H #2H2// i b2i Bb miBHBx2/iQ p HB/ i2i?2 T2 ' 7Q 'K M+2 Q7 T°QTQb2/

GaoJX aoJ Bb QM2 Q7 i?2 KQbi mb2/ bmT2 pBb2/ H2 "MBM; i2+?MB[m2b r?B+
+H bbB}+ iBQMX >Qr2p2 - aoJ Bb rB/2Hv miBHBx2/ 7Q" +H bbB}+ iBQM BM JGX &
/i b2ib rBi? ?B;?2° ++m > +vi? M Qi?2" H;Q Bi?KbX AM +H bbB}+ iBQM- aoJ i’
IM/ 2vT2 TH M2 rBi? K tBKmK K “;BM 7 QK KmHiBTH2 /2+BbBQM #QmM/ "B2b iC
/IBK2MbBQM H bT +2 mbBM; i?2 F2'M2H i 'B+F i2+?MB[m2X h?2 TQHVMQKB H- H
MiBHBx2/ iQ KBMBKBxXx2 i?2 +QKTmi iBQM H +QKTH2tBiv "2H i2/iQ i?2 T 2/B+iB
aoJ rBi? HBM2 > F2'M2H Bb [mMB+F2  i? M rBi? Mv Qi?2  F2'M2HX L", Ai Bb HbQ
K BMHv miBHBx2/ BM i2ti +H bbB}+ iBQMX L" +H bbB}2'b "2 # b2/ QM i?2 " v2
T iB+mH 72 im 2 Bb BM/2T2M/2Mi Q7 Q++m " 2M+2 Q7 Qi?2 72 im 2bX Ai Bb
KQ/2H i? i T 2/B+ib# b2/ QM i?2 T Q# #BHBivQ72 +?2 72 im2X L"Bb + T #H2 Q7"
/i b2ibX

ELLX Ai Bb HbQ QM2 Q7 i?2 bBKTH2bi bmT2 pBb2/ H2 "MBM; i2+?MB[m2b i? i
+H bbB}+ iBQMX hQ +H bbB7v M2r/ i i?Bb H:Q Bi?K bbmK2b i?2 bBKBH “Biv #2
h?2M +H bbB}2b i?2/ i # b2/ QM i?2 bBKBH "BivX h?2/ i Bb bbB;M2/iQ i?2 + i2;
K tBKmKX hQ bbmK2 i?2 bBKBH “Biv-i?2 /Bbi M+2 #2ir22M i BMBM; /i M/ i2biE
1m+HB/2 M /Bbi M+2X h?2 MmK#2 Q7 M2 “2bi M2B;?2#Qm b Bb + H+mH i2/7Q" i2
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6B:X jXk, "HQ+F /B ;" KQ7 T°QTQb2/ ?v# B/ a K2i?Q/QHQ;v

b2H2+i2/ 7Q r?B+? /i ? p2 ;2 i2° MmK#2 Q7 M2 "2bi M2B;?#Qm bX

.hX AiBb HbQ bmT2 pBb2/H2 "MBM; i2+?MB[m2i? i+ M#2 miBHBx2/iQT2'7
iBQMX .h miBHBx2b i 22 bi m+im 2iQ +H bbB7vi?2/ i # b2/ QM ;Bp2M +QM/BiBQ
r?QH2 i BMBM; / i b2i- /2+BbBQM "mH2b bm+? b "QQH2 M 7mM+iBQM 2 “2T 2
H #2H Bb "2T 2b2Mi2/ #v 2 +? H2 7 MQ/2X h?2 .h H;Q Bi?K bi "ibrBi? "QQi MQ/2
h?2 #2bi ii'B#mi2b "2 b2H2+i2/ mbBM; i?2 ii' B#mi2 a2H2+iBQM J2 bm 2X h?2 /2
ii'B#mi2bX h?Bb T°Q+2bb Bb "2T2 i2/ mMiBH }M/BM; i?2 H2 7 MQ/2 7Q° HH # M

jXkX 62 im 2 a2H2+iBQM nmyi’BM;m@aBX1; H “;2° /i b2i-b+ H #BHBiv Bbbm2 "Bb
BM i?2 72 im 2 p2+iQ bBx2X h?Bb Bbbm2 + M #2 2HBKBM i2/ rBi? 72 im 2 p2+i
bBx2 r?2M F22TBM; i?2 ++m” +v rBi?Qmi 2/ m+iBQMX h?Bb T 'Q#H2K Bb 7" K2/ |
T QTQb2/ #v miBHBxBM; ha TT Q +7?X

jXKXRX S Q#H2K 7Q WMMH2iBEIMNmM/2 HH i?2 TQbbB#H2 72 im 2b BM i?2 i2biBI
BM i?2 bBx2 Q7 / i b2ib rBHH +'2 i2 H “;2° 72 im 2 bBx2 i? i + 2 i2b b+ H #BHBiv
T Q#H2K- i?2 72 im 2 b2H2+iBQM QTiBKBx iBQM i2+?MB[m2 Bb "2[mB 2/X M Q
MmK#2 Q7 b2H2+iBQM Q7 72 im 2b 7' QK i?272 im 2@b2i Q7 H ;2 bBx2X b /Bb+
bm+? b +?B2pBM; QTiBKBx2/}iM2bbp Hm2 M/ 2 "Hv +QMp2 ;2M+2 +QKT 2/iQ «
SaP M/: X HbQ-i?Bb QTiBKBx iBQM H;Q Bi?K /Q2b MQi M22/ H #2HH2// i b2i

iXkXKX J i?2K iB+ H KQ/2H M/ QTiBIQKxiPRQMEMBM; / i - i?2 72 im 2 p2+iQ"|
i +i2/ M/i?2 QTiBK H72 im 2 bm#b2i Bb b2H2+i2/ #v mbBM; ha TT Q +?X 6B;X
T°QTQb2/ ha # b2/ 72 im 2 b2H2+iBQM TT Q +2?2X

AM i?2 T°QTQb2/ TT ' Q +?2-i?2 QTiBK H72 im 2 bm#b2i Bb b2H2+i2/ ++Q /BM
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(FS)X h?272 im"2b "2 BMBiB HBx2/ b iAR)MMB2 72 TQ ThbH iBG®2T Bib TQbBiBQM
#2bi 72 im 2X h?2 #2bi 72 im 2 Bb 2tTHQ 2/ 7i2 i?2 +QKTmi iBQM Q7 }iM2bb p H
TT'Q +?2-i?272 im 2 bm#b2i? pBM; KBMBKmK 2°°Q" " i2 BM T 2/B+iBQM Q7 b2Mi
#2bi 72 im 2X h?2 }iM2bb p Hm2 Bb + H+mH i2/ mbBM; 1[X jXRX

UjXRYV fitness = min(1 accuracy)

>2°2- ++m° +vBMi?2 T 2/B+iBQM Q7 b2MiBK2Mi TQH "Biv Bb +QMbB/2°2/iQ -
iXR 2tTH BMb i?2 }iM2bb 7mM+iBQM + H+mH iBQMX

H;Q ' Bi?K@&BiM2bb + H+mH iBQM
S Q+2/m*QKTmi2 6BRAYZbb U
7Q° 1toN /Q |
| 6Bi (B) 4 6BiM2bB)aiM4HNBQM U
Fitpest Best(Fit[]) c
L \Zim\FMtbest
S Q+2/mS2Q+2/m°2 "2bi U6BiV
Best Fit[0]c
7Q° 1toN /Q
LB(]Fit[i]<Best) i?2M

| Best Fit][i]

L "2im Mbi

| |
h?2 TQbBiBQM Q7 FSpBH22iMHD 2/ 7i2° i?2 +QKTmi iBOADQB L IR B /p HiR 2 X
/IBbi M+2 #2ir22M i?2 72 im 2b M/ i?2 TQbBiBQM Q7 #2bi 72 im 2X Ai + M #2 /2i2

UjXKkV (PD)= I(FS)  Tang (Pp(X))]

r?2°2 "2T 2b2Mib 1?22 T 2b2WiBi22 TROBIMib ~ M/QK MmK#2' BM 1?22 ° M;2 #2ir2:
(A) Bb + H+mH i2/ mbBM; 1[bX jXj- jX9 M/ jX8X

1
UjXxjVv 'A:!E
M
. I I
UjXov "G=c+teg F
I
ujxsyv "F =2

s2'® 27 2b2Mib i22 7Q +2 !q—7‘;2Tp‘$ib/2W|i/b ri2° ~Qr /p2+iBQM BM/@aTQ+2 M (R
"2 M/QK MmK#2  p "B #H2b #2ir22M iP2Q0rMi2AymRIB& i2b b\ BB M HG R KX/ b
b?QrM BM 1[X jXeX

|
UjxXeV ‘M = bPmin + C1:Pmax  Pmin C

22 Rmn MPra b?2Qrb i?2 BMBIiB H M/b2+QM/ "vbT22/b iQPRn2 iMBRQ+PE MBI 2" +i
"2 +QMbB/2°2/ b R M/ 9 (RbJ)2BbBIP2HVAbBIBQM Q7 72 im 2 r?B+? Bb + H+mH i2

I ! N .
UjXdv Pp(X) = FS +! A!PD, Bréng 05
FS "A'PD; Brégn < 05
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| |
h?2 TQbBIiBQM Q7 2Pyd Bd mT2b2/ ++Q /BM; iQ i?2 T Qb BB MbBM# At K 7jX 306 2

!Pp(x) + i:’p(x +1)

. | —
UjX3V Po(x +1) = o

h?2mT/ i2/ 72 im 2b;QBM; #2vQM/i?2 QTiBK H72 im"2bBx2 "2 /Dmbi2/X h?z
i?72mT/ i2/ TQbBIiBQMRY B mMI2iRXiBHH bQHMIBQM Bb 7QmM/ #2ii2"i? Mi?2 T
h?Bb T°Q+2bb Bb "2T2 i2/ mMiBH i?2b iBb}2/biQTTBM; + Bi2"BQM Bb Q#i BM2/X
Bb Q#i BM2/ 7°QK i?2 P"G@ha # b2/ 72 im 2 b2H2+iBQM T ' Q+2bbX H;Q Bi?K j
bm#b2i b2H2+iBQM rBi? P'"G@ha # b2/ 72 im2b2H2+iBQM T Q+2bbX

H;Q Bi?K&2 im 2 b2H2+iBQM rBi? hmMB+ i2 ar "TK H;Q Bi?K
BMTmi62 im 2 b2i bimMB+ il'zppT-QT/rﬁmzirBQWQM Q7 72 im 2bX
QmiTnHQbBIBOQM Q7 QTiBK HS#2bi 72 im 2b

S Q+2/mS2Q+2/hBARnfeature nselection

ffAMBIiB HBx iBQMc

AMBIB HBx2 'TPQICI'rPHIiI?QM
AMBIB HBx2 i?2 A GIKZM bMMaxie ¢
aZIPp . Y-Pmin , R-Pmax ,9¢C
r?BHXMax ior /Q
ff*QKTmi2 }iM2bbc |
* H+mH i2 TQbB{BQM FB#2BM2 1fX JKRC
FS ComputeFitness(P,) mbBM;c
ffC2i T QTmHbBQM M/ br "K #2? pBQm ¢
C1;C2;C3ifang  Rand() c
.212 KBAD2ZMbBM; 1[X jXk-]X]j-]X9-jX8 M/ jXeXc
* H+mH i2 i?2 TQbBiBgK)QW b/RMi;ml'[2b jXdc
IT/ i2i?2 TQbBiBQM Q7 72 im 2b mbBM; 1[X jX3c¢c
L ‘2im‘|FMS

9X 1tT2 BK2WMPBY b2+iBQM /2i BHb r?B+? /i b2i mb2/ BM i?Bb rQ F-2Qr/ i b2i
"2KQpBM; i?2 2/mM/ Mi/ i M/ HbQ 2tTH BMb ?2QriQ 2p Hm i2i?2 T°QTQb2/ KQ.

9XRX . i bR /i b2i miBHBx2/ 7Q" i?Bb 2tT2 BK2Mi Bb K xQM T ' Q/m+i "2pB:
bm+? b1H2+i"QMB+b- hQvb-6m " MBim 2 M/* K2° X Ai +QMbBbib Q7 TT QtBK i2l
7°QK K xQ M(KttpQ K==s3:amazonaws:com=amazon reviews pds=tsv=index:itxt) X h?2 / i b2i 7i2°
K Mm H/ i +H2 MBM; T°Q+2bb ? b#22Mi F2M7Q° M HvbBbX h?Bb +QMi2BMb Ryy
"2pB2rb 7Q7 2 +? + i2;Q°'vX 1 +? '2pB2r ? b BM7Q K iBQM rBi? " iBM; Uy 8 bi "b\
2pB2r/ i2 M/ iBiH2- T'Q/m+i M K2 M/ i?2 "2pB2r i2tiX h?2 /i b2ir b mMH #2H|
r?BH2 mbBM; b i2biBM; /i X 6Q i? i Tm TQb2-i?2 " iBM;b Q7 T°Q/m+i "2pB2r
+ i2;Q°B2b- "2pB2rb rBi? " iBM;b =j H #2HH2/ b TQbBiBp2 M/ i?2 "2pB2rb rBi?
h?2b2 "2pB2rb;Qi?°Qm;?/ i +H2 MBM; M/ T 2@T Q+2bbBM; #27Q°2 ;Bp2M b BN
MMbi ' m+im 2/ 7Q K iX

9XKX . i S'2@S Q+2bbBM; M/AMI2?BBKI2%iBQM- T Q/m+i "2pB2rb 7i2° K Mm |

F2Ti BM i?2 K2KQ'v7Q T 2@T Q+2bbBM; M/ +H2 MBM:X S 2@T Q+2bbBM; Q7 /

r2# //°2bb2b-1_Gb M/ QMHBM2 HBMFbX h?Bb KQ/mH2 HbQ BM+Hm/2b iQF2MBX
_2KQp HQ7 mMr Mi2// i X h?Bb bi2T "2KQp2b mMr Mi2/ MQM@ +? ~ +i2 b +(
r2# //°2bb2b- /B:Bib M/ QMHBM2 HBMFb 7 QK i?2 “2pB2rX



ey M M/ CQb2T? . MB2H .X-C M FB J22M JX

h #H2 8XR, JQ/2H S ~ K2i2'b

H;Q Bi?h S " K2i2'bl o Hm2b
SaP g2B;?i y Xk
*QMbi Mi k
_i2Q7 *"QbpbQypx3
_12Q7Jmi iB@XyR
STQTQb2/|ha Prmin R
Prax 9

_2KQp H Q7 biQT rQ /bX JQbi Q7 i?2 KQ 2 “2;mH "Hv mb2/ biQT rQ /b BM 1
6vQmMoO- 6i?26- 6 M/6- 2i+X h?2b2 "2 bQK2rQ /b i? i /Q MQi ? p2 Mv K2 ME
:2M2° HHV B:MQ'2/iQ BKT Qp2i?2 ++m’ +vQ7a X h?2b2rQ"/b ‘2 +QHH2+]
i?72 /i b2iX

hQF2MBxXx iBQMX AM i?Bb T Q+2bb-i?2 b2[m2M+2 Q7 bi'BM:;b Bb b2T " i2/ I
rQ /b- bvK#QHb-T? b2b M/iQF2Mb # b2/ QM i?2 bT +2 Q7 b2T * iBQMX 6m
/Bb+ /2/ BM i?Bb T°Q+2bbX

* p2 +QMp2 bBQMX HH i?2 2pB2rb b?QmH/ #2 +QMp2'i2/iQ HQr2 + b2 #2-
T Q+2bbX iH bi- bi'BM; Q7 K2 MBM;7mH rQ /b Bb Q#i BM2/X

9XjX S2°7Q K M+2 JAMBPBY T T2 -7Qm T2 7Q K M+2 K2 bm 2b r2° 2 miBHBX:
2p Hm iBOQM Q7 T°QTQb2/ TT'Q +?, T'2+BbBQM- ++m" +v- "2+ HH M/ 6R b+Q 2X
b 7QHHQrbX
h"m2 SQbBiBp2bX Ai Bb i?2 +QmMi Q7 TQbBiBp2 +QKK2Mib +H bbB}2/ +Q 2
6 Hb2 SQbBiBp2bX Ai Bb i?2 +QmMi Q7 M2; iBp2 +QKK2Mib +H bbB}2/ r"QM:;
h'm2 L2; iBp2bX Ai Bbi?2 +QmMi Q7 M2; iBp2 +QKK2Mib +H bbB}2/ +Q  2+i
6 Hb2 L2; iBp2bX Ai Bb i?2 +QmMi Q7 TQbBiBp2 +QKK2Mib +H bbB}2/ r QM:;
++m° +vX Ai Bbi?2 " iBQ #2ir22M i?2 +Q " 2+iHv +H bbB}2/ +QKK2Mib M/ i?
bb?QrM BM 1[X 9XRX

U9XRV accuracy= TP+ TN=TP+ TN + FP + FN

S 2+BbBQMX Ai Bb i?2 " iBQ Q7 T'QT2 Hv +H bbB}2/ TQbBiBp2 +QKK2Mib
+H bbB}2/ +QKK2Mib b b?QrM BM 1[X 9XkX

U9 XkV precision = TP=TP+ FP

2+ HHX AiBbi?2  iBQ Q7T QT2 Hv +H bbB}2/ TQbBiBp2 +QKK2Mib Qp2°
i? i+H bb bb?2QrM BM 1[X 9XjX

Uuoaxijv recall = TP=TP+ FN
6R@a+Q 2X AiBbi?2r2B;?i2/ p2° ;2 Q7 "2+ HH M/ T'2+BbBQM b b?QrM B
Uuoaxov F1=2 precision recall=precision + recall
8X S * K2i2 a2iiBM2DdXRtT2 BK2Mib "2 T2'7Q K2/ QM >S H TiQT rBi? gBM/Q
bvbi2K- AMi2H *Q 2 B T'Q+2bbQ" ? pBM; kXj :>x 7°2[m2M+v- 9:" Q7 _ JX h?2 b
Q7 i?22T°QTQb2/ 7 K2rQ'F Bb J hG " kyky X h?2 KQ/2H T ~ K2i2'b mb2/iQ p HE

p "BQmb QTiBKBx iBQM i2+?MB[m2b BM a Q'B2Mi2/ 72 im 2 b2H2+iBQM /QK BM
Bb ;Bp2M BM h #H2 8XRX



LQp2H a2MiBK2Mi M HvbBb 6Q° K xQM . i rBi? ha " b2/ 62 im'2 a2H2@iRQM

h #H2 eXR, S2°7Q K M+2 K2 bm 2b +QKT "BbQM Q7 /Bz2 2Mi +H bbB}2 b |

*H bbB}2++m™ #6 2+BbBQRQM HBIR b+Q*RKTmi iBQM hBK2 Ub2+V
GaolJ N j N9Xj| NdXe Ne k k

L" 38 3NXd NO9IXj| N k k3

.h 3k 33X3 33XHP 33Xe jk

ELL 3d NkXN NeX|8 N9Xd k8

h #H2 eXk, S2°7Q K M+2 K2 bm 2b +QKT 'BbQM Q7 0 .1_ H2tB+QM K

S'Q/m+jb++m” + 6 2+BbhBQRM HBIR b+Q "2

6m MBim 2e3 dRXj| e8X e3X]j
hQvb ek ejX8| 8eXB 8NXN

1H2+i QMBep) e8Xj| 8dXd eRXH

* K2° 8N eR 83XP 8NXd

eX 1tT2 ' BK2Mi _2bmHib M/ .Bi22mBtFROBKRMi “2bmHib M/ /Bb+mbbBQM "2 ;B
iBQMX h?2 T2'7Q°K M+2 Q7 i?2 T'QTQb2/ a TT Q +? Bb 2p Hm i2/ mbBM; 7Qm
GaoJ-L"-.h M/ELLX h?2 ++m" +v- "2+ HH- T'2+BbBQM M/ 6R b+Q 2 ‘2 mb2/ b
+H bbB}2 bX

eXRX S2'7Q'K M+2 *QKT 'BbQM Q7 hG@2HQB}IBHEM Q7 7Qm  p 'BQmb JG +
i?72 T°QTQb2/?v# ' B/a TT Q +? Bb T2 '7Q K2/ #v TTHvBM; ha M/ MQM@ha 2M
i2bib "2 T2 7Q K2/ 7Q i?2 "2pB2rb Q7 7Qm~/Bz2 '2Mi T°Q/m+ibi? i ? p2 #22M /B

h #H2 eXR b?Qrb i?2 ++m’ +v- T ' 2+BbBQM- "2+ HH M/ 6R b+Q 2 +QKT "BbQM
"2bmHib "2 i F2M7Q  a Q7 6m MBim 2 /i b2iX h?2 ++m’ +v Q7 GaoJ Bb ?B;?2"
+?B2p2/ KQ 2 i? M NyW ++m” +vr?B+? HB2b #2HQr NyW 7Q° "2K BMBM; +H bbB
+H bbB}2'b "2 Q#b2 p2/iQ #2 KQ 2 i? M 38WX >Qr2p2 - T '2+BbBQM " i2 Q7 Gao
Qi?2° +H bbB}2'bX h?2 "2+ HH K2 bm 2 M/ 6R@b+Q 2 Q7 HH +H bbB}2 b 2t+2T
"2+ HH " i2 Bb RW ?B;?2° 7Q GaoJ +QKT "2/iQ ELL TT Q +?X GBF2rBb2-6R@b+
BM +QKT "BbQM iQ #Qi? L" M/ ELLX q?2M +QMbB/2'BM; +QKTmi iBQM iBK2- Gaft
+H bbB}2'bX 6’QK i?2b2 "2bmHib-Bi+ M#2 Q#b2 p2/i? iiQi HT2 ' 7Q K M+2 Q7 C
+H bbB}2'bX AMi?2 T QTQb2/rQ F- GaoJ +H bbB}2 Bbmb2/7Q  +H bbB}+ iBQM
++m° +vi? M Qi?2° +H bbB}2 bX

eXkX *QKT "BbQM Q7 i? 22 /Bz2 '2Mi ah?TZ2Q +7RDBXQ +?2b "2 BKTH2K2Mi2/ |
T°QTQb2/a 7 K2rQ ' FX h #H2 eXk b?Qrb i?2 T2'7Q K M+2 +QKT 'BbQM 7Q" o .1
h?2 ++m” +v Q7 HH /i b2ib 2t+2Ti * K2° /i b2i ii BM2/ KQ 2 i? M eyW X h?2
/1 b2i +?B2p2/ e3W r?B+? HB2b #2HQr e8W 7Q" Qi?2 /i b2ibX AMi2°'Kb Q7 T 2+
i?72 K tBKmK T'2+BbBQM Q7 dRXjWX aBKBH "Hv-i?2 6R b+Q "2 Q7 6m MBim~ 2 / |
Qi?2 /i b2ibX h?2 2+ HH " i2 Bb e8XjW7Q 6m MBim 2/ i b2iX

h #H2 eXjb?Qrb i?2 T2 7Q K M+2 K2 bm 2b +QKT 'BbQM Q7JG TT Q +?27Q G
72 im2b2H2+iBQM TT Q +?X h?27 bih2ti M/ :HQp2rQ / 2K#2//IBM; KQ/2H Bb mi
6’QK h #H2 9- Bi + M #2 Q#b2 p2/i? i * K2 [/ i b2i? bi?2 KtBKmK ++m” +vi? N
T'2+BbBQM * i2 Q7 6m"MBim 2 /i b2i Bb +QKT " iBp2Hv ?B;?2" i? M Qi?2 /i b2
/1 b2i b?Qrb ?B;?2 "2+ HHi? M 1H2+i " QMB+b / i b2iX h?2 6R b+Q 2 Q7 HH /i
i? MdyWX h?2 6Rb+Q 2 Bb bHB;?iHv #2ii2° 7Q  * K2 /i b2i BM +QKT "BbQM iQ

h #H2 eX9 b?Qrb i?2 "2bmHib Q7 i?2 T QTQb2/ KQ/2H rBi? ha M/ rBi?Qmi ha X
iQ +H bbB7v i?2 K xQM T°Q/m+i/ i b Bi b?Qrb #2ii2° "2bmHibX 6 QK h #H2 8-
++m’ +v Q7 ha M/ MQM@ ha # b2/ TT ' Q +?2b 7Q° 6m " MBim 2 /i b2i +?B2p2



ek M M/ CQb2T? . MB2H .X-C M FB J22M JX

h #H2 eXj, S2°7Q K M+2 K2 bm 2b +QKT "BbQM Q7 JG TT Q +? rBi? Gac

S'Q/m+jb++m” +6 2+BbhBQRM HBIR b+Q "2

6m MBim 2dN 3RX3 ek dRXN
hQvb do d8Xkl dRX|e djX9

1H2+i QMB¢dB d3 d3XB d3X9

* K2 38 dyXk| 3dXk d3XdKXd

h #H2 eX9, S2°7Q K M+2 K2 bm 2b +QKT 'BbQM Q7 T°QTQb2/ ?2v# B/ KQ/2H rBi? h
/i

gBi? ha gBi?Qmi ha
S'Q/m+ip ++m| S'2+B_2+ HHR ++m| S°2+B_2+ HHR
+v | bBQM b+Q'2° +v | bBQM b+Q 2
6m MBim'I14]j N9X9 NdXe| Ne NR NjXN| NdXj| N8Xe
hQvb 3e NkX8 N8Xj| NjXN| 39 3NX3 NRXe NyXd
I1H2+i " QMEBN-b | Nj NeXk| N9X¢g 33 3NXj| N8XR| NkXk
* K2 38 3dX8 NjXR| NyXj| 3k 38X9 NkX3| 3NXR

Qi?2 /i b2ibX h?2 T'2+BbBQM "~ i2 Q7 HH/ i b2ib +?B2p2/ #Qp2 NyW 2t+2Ti * K
MQM®@ ha QTiBKBx iBQMX h?2 2+ HH M/ 6R b+Q 2 Bb KQ 2 i? M NyW 7Q° HH
qBi?Qmi ha QTiBKBxXx iBQM- i?2 2+ HH " i2 Bb #Qp2 NyW 7Q° HH /i b2ibX GB
7Q° HH /i b2ib 2t+2Ti * K2° /i b2i rBi?Qmi ha QTiBKBXx iBQMX h?2b2 “2bmHib
K2 bm 2b Q7 ha # b2/ QTiBKBx2/72 im 2 b2H2+iBQM Bb HKQbi bBKBH " iQ MQM
72 im 2 bBx2X h?mb-ha # b2/ QTiBK H72 im 2 b2H2+iBQM “2/m+2bi?2 b+ H #BI|
i? M MQM@ ha # b2/ TT Q +?2bX h?mb-h #H2b j- 9 M/ 8 b?Qrbi? ii?2 T°QTQb?2
ha # b2/ 72 im 2 b2H2+iBQM QmiT2 ' 7Q Kb o .1_ H2tB+QM M/ JG@# b2/ TT Q +

eXjX 62 im 2 bBx2 +QKT "BbQM Q7 ha # b2/62GinT2 IB*x2% QKT "BbQM Bb T2
iQ b?Qri? iha # b2/ 72 im 2 b2H2+iBQM BKT Qp2b i?2 b+ H #BHBiv #v "2/m+BM
i?2b K2 ++m’ +v b MQM@ha # b2/ a X

6B;m 2 eXR b?Qrbi?2 72 im 2 bBx2 #27Q°2 M/ 7i2  a QTiBKBx iBQM QM b2H:
/i b2i-i?2 bBx2 Q7 72 im 2b #27Q°2 2KTHQVBM; ha Bb jkN8X 7i2°  2KTHQVBM;
KBMBKBx2/ iQ kReN r?B+? Bb M2 "Hv jOW H2bb BM i?2 bBx2X 6Q  i?2 hQvb / i
2KTHQVBM; ha Bb 9y98X 7i2° 2KTHQVBM; ha -i?2 72 im 2 bBx2 ? b #22M KBME
keW H2bb BM i?2 bBx2X 6Q  * K2 /i b2i-i?2 bBx2 Q7 72 im 2b #27Q 2 2KTHQVE
ha -i?272 im 2bBx2? b #22M KBMBKBx2/iQ Rd89 r?B+? Bb HKQbi 9yW H2bb BN
/i b2i-i?2 bBx2 Q7 72 im 2b #27Q°2 T2 7Q KBM; ha Bb jO9NKkX 7i2 T2 '7Q KBM;
KBMBKBx2/ iQ RN3k r?B+? Bb M2 "Hv 9jW H2bb BM i?2 bBx2X g2 ? p2 H 2 /v b2
K2i?Q/b Bb bBKBH "~ #mi QTiBKBx iBQM mbBM; ha :Bp2b KBMBKBx2/ bBx2 Q7 i?2
2z2+i QM i?2 bvbi2K b+ H #BHBivX gq?2M / i b2i rBi? H ;2 72 im 2b Bb mb2/ 7Q"
#QiiH2M2+FX

eX9X *QKT "BM; Q7 ha rBi?: Mh32aPXbmHib "2i F2ZM QMHv 7Q" GaoJ +H bb
GaoJd ;Bp2b #2ii2° Qmi+QK2 7Q" #Qi? ha M/ MQM@ha K2i?Q/bX hQ K F2 +QK
"2bmHib Q7 ha -irQ 7 KQmb 2tBbiBM; H;Q Bi?Kb, : M/ SaP "2 +QMbB/2 2/X

6B;m 2eXkBHHmMbi® i2bi? iha }M/bi?2QTiBKmKbQHmMIBQM7 bi2 i? Mi?2Qi
M/ Bi? b MBKT Qp2/ +QMp2 ;2M+2 bT22/X h?mb-i?2T ' QTQb2/ha # b2/ 72 im".
i?72# H M+2 #2ir22M i?2 2tTHQ  iBQM M/ 2tTHQBIi iBQM M/ 2b+ T2 7' QK HQ+ H

6’ QK h #H2 eX8- Bi + M #2 FMQrM i? iha # b2/ 72 im 2 b2H2+iBQM b?Qrb #2ii
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6B; X eXR, 62 im 2b bBx2 +QKT 'BbQM 7Q p BQmb /i b2ibrBi? ha M/

6B;X eXk, *QMp2 ;2M+2 +m ' p2 +QKT 'BbQM 7Q" SaP-: BM ;2M2° H72 im"

h #H2 eX8, S2°7Q K M+2 *QKT 'BbQM Q7 p "BQmb 72 im 2 b2H2+iBQ|

S2°7Q°K M+2 K2 bm 2b
h2+?MB ++m] S’ 2+B_2+ HHR *QK@ 62 im 2
[m2b +vV bBQM b+Q 2Tmi iBQKBxXx?2 2@
iBK2 /Im+iBQM
uwyv
ST QTQbANS N8X9 NeXe| Ne R8 b2+| 9j
P'"G@
ha
ha N j N9Xj| NdXe| Ne kk b2+ | 9y
SaP 3N NRXR NeX8[ NjXd| j8 b2+ | |3
: Ny NkXR NeX8] N9Xj| j3 b2+ | j8




e9 M M/ CQb2T? . MB2H .X-C M FB J22M JX

h #H2 eXe, *QKT "~ iBp2 M HvbBb rBi? "2H i2/ rQ Fb

J2i?Q/b . i b2i +4+m° +v
uwyv
a rBi? S°'Q# #BHBbiIiB+ J +QRM¥MA 3kXN
G2 "MBM; 7Q° K xQM _2pB2bhi QMB+BeXe
(i3) .0. 3jXd
EBi+?2M 3NXR

a 7Q #mbBM2bb M HVIiB+beBIPQ B2b3yXRR
M/ +2HHT?QM2 K xQM | 2pBETR GMR dkXN8

a 7Q° K xQM S Q/m+i * K2° ek
_2pB2rb M/ 72 im 2 b2H2+iBQM M/ | 3y
K2i?Q/b (9y) e3
JmbB+ H ek

BMbi mK2MiBy

e3

"QQFb dy

dy

3y

STQTQb2/JQ/2H 1H2+i QMBH+BN
hQvb 3e

* K2 38

6m MBim 2| Nj

#2ii2°i? M SaP M/ : # b2/ 72 im 2 b2H2+iBQM rBi? H2bb +QKTmi iBQM iBK2 UKI
72 im 2b "2 KBMBKBx2/ mbBM; ha # b2/ a X h?2}M HT i Q7 i?Bb /Bb+mbbBQM
72 im 2 "2/m+iBQM QmiT2 7Q K2/ #Qi? : M/ SaP # b2/ 72 im 2 b2H2+iBQM TT
Bi + M #2 +QM+HmM/2/ i? i i?2 T'QTQb2/ ha # b2/ TT Q +? Bb 2{+B2Mi i? M Qi?:
H;Q Bi?Kb 7Q 72 im 2 b2H2+iBQMX

h #H2 eXe b?Qrb i?2 +QKT " iBp2 M HvbBb Q7 i?2 T°QTQb2/ K2i?Q/ rBi? i?2
++m° +vX h?2 "2H i2/ rQ Fb 2KTHQvV2/p "BQmb T 2@T Q+2bbBM; M/ 72 im 2 2ti
TT'Q +? 2v#°B/ TT'Q +? Bb 2KTHQV2/ rBi? QTiBKBx2/ 72 im 2 b2H2+iBQMX 6 Q
#Qp2 “2bmHib- Bi + M #2 Q#b2 p2/ i? i i?2 T'QTQb2/ TT Q +? Bb KQ 2 2z2+iB
H:Q'Bi?Kb 7Q° 72 im 2 b2H2+iBQM M/ +QmH/ :Bp2 #2ii2° "2bmHibi? M 2H i2/ r

dX *QM+HMABQMRO T T2 - MQp2H ?v# B/ KQ/2HrBi? 72 im2b2H2+iBQM mbBNM
M/ 2p Hm i2/X JQ 2Qp2 -i?2T QTQb2/?2v# B/ i2+?MB[m2 Bb 2p Hm i2/7Q b+ H
+QKT 'BbQMX AM i?2 iQi H 2t2+miBQM iBK2- QTIiBK H 72 im2@b2i b2H2+iBQMW
2/Im+2/72 imm2@bBx2 mTiQ 9jW rBi?Qmi Mv +? M;2BM ++m’ +vUNjWVX 1tT2 B
T°QTQb2/K2i?Q/rBi?i?2/ i Q7 K xQMT Q/m+i "2pB2rb 7' QK 7Qm ™ + i2;Q B2b 1t
M/ hQvbX h?2 2p Hm iBQM Q7 i?2 T°'QTQb2/ rQ'F Bb /QM2 rBi? T2’ 7Q K M+2 K
T 2+BbBQM M/ ++m” +vX h?2 "2bmHib BM/B+ i2/i? ii?2 ha # b2/ QTiBKBx2/ 72
BKT ' Qp2/ ++m” +vi? M SaP M/: H;Q Bi?Kb rBi? H2bb +QKTmi iBQM iBK2X h?
? b?B;?2° ++m’ +v M/ #2ii2° b+ H #BHBiv7Q a Q7 QMHBM2 "2pB2rbX h?2 7mi
i?72 T QTQb2/ rQ F QM KmHIB@/QK BMa rBi? p " BQmbbQm +2b Q7 /i b2ibX

_161_1L*1a

(RBX A[# H- CX J [#QQH- "X *X JX 6mM;- _X " iQQH- X JX E? ii F- aX H22K >MMHSK/ X K2 romM;
70" a2MiBK2Mi M HvbBb mbBM; :2M2iB+ H:;Q ' Bi?K AbD21 62+2b1R- R@rR-i B PAVN X



LQp2H a2MiBK2Mi M HvbBb 6Q° K xQM . i rBi? ha " b2/ 62 im'2 a2H2@i®BQM

(k) aX E mb - sX >m ?m-JX u a? #B° M/ gXa2KiBK2Mi SQH "Biv * i2;Q°'Bx iBQM h2+?MB[m2 7Q" PM
_2pB2rA111 ++2bb- 3- j8N9 jey8- kykyX

(j))1X "QBv M/ JX@6X-JQRMBBM2 H2 "MBM; TT'Q +? iQ b2MiBK2Mi M HvbBb B M MHCH KB HBQMm H
_2i'B2p H- RkU8V- 8ke 883- kyy3X

(9)YIJX h #Q / - CX ""QQF2- JX hQ7BHQbFB- EX 0oQHH2MIi/BXR2Mi2/ HvbBb BM 6 +2#QQF M/ Bib TTH
2@H2 "MBNKTmi2 b BM >mK M "2? pBQ - jdUkV- ked jyd- kyR9X

(8) X P'iB;Qb - CXJX J 'iLM M/ _XJIXG2tBOQM@" b2/ J2i?Q/b 7Q" a2MiBHR2MIimMiBVBH GBM;mBbiB+
jR- 8kd 89R- kyRRX

(e):X E ix- LX P72F M/ "X a?>TT@BMa2Mi, *QMi2ti@# b2/ b2MiBKE2WIrHR2 H2EB'bb2/ avbi2Kb- 39- Rek Rc
kyR8X

(d)SX .m+ M;2-JX 6 XxXXQH "B-JX S2i'Q++?B M/NXa2+HBxRQ 2+BbBQM amTTQ i avbi2K 7Q  bQ+B H K2
# b2/ QM +'Qbb@bQm '+2 b2MiBK2-MIiMyVB M22BB M;Q/MHLHB+ iBQMb Q7 "iB}+B H AMi2HHB;2M+2-d

(3 WX um M-aXgm-6Xgm-CX GBm -MIK>XBMMiMMIiBQM KQ/2H 7Q  KmHIB@/QK BM bEMIBHI2Mi2+@ bbB}
" b2/ avbi2Kb-R88- R Ry- kyR3X

(NGX a? M;- wX w?2Qm MI/SXiBBH2 br 'K QTiBKBx iBQM@# b2/ 72 im 2 b2H2+iBQMaBMibDMKIBK2Mi +
TmiBM;- kyURyV- j3kR j3j9- kyReX

(RYEX S2MMBM;iQM- X aQ+?22" M/-*XQp@MBMQ# H 02+iQ'b 7Q" qQ'/ -2 Qb2@IBIBMQ7 i?2 kyR9
*QM72°'2M+2 QM 1KTB'B+ HJ2i?Q/bBML im"HG M;m ;2 S°"Q+2bbBM; U1JLGSV- R8jk@R89j- k

(RR$X "QD MQrbFB- 1X :" p2- X CQmMHBM M/M®@ BB+P@HWQmQ '/ 02+iQ b rBi? am#rQh) MM 7+ BIKQ MBQ M
Q7 i?2 bbQ+B iBQM 7Q" *QKTmi iBQM H GBM;mBbiB+b- 8- Rj8 R9e- kyRdX

(RK)X Mb "B- hX 2K/ M/ JXLX->B B/ 6BHi2" g TT2 62 im2 a2H2+iBQM J2i?Q/ 7Q" a2MiBK2Mi
"#B M CQm M H7Q a+B2M+2 M/ 1M;BM22°'BM;- kyRNX

(RjjuX GBm- *X :Q - wX w? M;-uX Gm- aX *?2M- JX GBQMpBW/; &8 @K '/ S’ Q#H2Kb rBi? S?vb "mK@" b
*QHQMvV avbA2K1f *J h° Mb +iBQMb QM *QKTmi iBQM H "BQHQ;v M/ "BQBM7Q K iB+b- ROURV-

(R9)X L # 2B-JX > KB M-JX_X S b 2B-_X a 7/ '"B-hX a K /@aQHi MBM#XXa: K B G2kqEIT MHBQ ;B2 b
M/ T2 ' 7Q K M+2 Q7 BMi2HHB;2Mi H;Q Bi?Kb,- hQUIQHQ?BMb BW2T 2pBRYK M+2 Q7 BMi2HHB;2M
+QKT'2?22MbBp2 "2pB2rX ‘iB}+B H AMi2HHB;2M+2 _2pB2r- 9NURV- dN Ryj- kyReX

(R8)X 1#2 ? i M/ CX E2MM22y QTiBKBXx2  mbBM; T "iB+H2Jbadl 82X @+22/BM;b Q7 i?2 aBti? AMi2™M
avKTQbBmMK QM JB+'Q J +?BM2 M/ >mK M a+B2M+2X

(ReCLX>X >QHH/M/i iBQM BM L im> H M/ ‘iB}+B H avbi2Kb, M AMi Q/fMFH® *viB/Q MbbiRb"BBQMHQ;v- *QMi’
M/ "iB}+B H AMi2H#HB+2BI;+8 S 2bbX

(RdaXaX :"BHH- _X "mvv - AX *? M - JX aBM;? MVTIGG ¥, SKiB+H2 ar "K PTiBKBx iBQM " b2/ a+?2/m
h2+?MB[m2 7Q° S°'QpBbBQM2/+*B8Qm/ M2B @i "t2irQ"F M/ avbi2Kb J M ;2K2Mi- keUkV- jeR 9yy- |

(R33X E m - GXE r bi?B- XGX a M; H M/:KmMBK M ar 'K H;Q Bi?K, M2r #BQ@BMbTB 2/ # b2/ K2i
T /B;K7Q  ;HQ# H QT-iBKBRMB®MNMM; TTHB+ iBQMb Q7 ‘iB}+B H AMi2HHB;2M+2- Ny- Ryj89R-

(RN)X . 'rB+?- aX XJIJX LQ ?- LX PK ~ M/ LX*BBbRKmM@" b2/ h2+?MB[m2b 7Q" a2MiBK2Mi G2tB+QM :2]
_2pB2CQM'M H Q7 .B;Bi HAM7Q K iBQM J M ;2K2Mi- Rd- kNe- kyRNX

(kyyXCX >miiQ M/ 1X :BW#2i, S "bBKQMBQmb _mH2@# b2/ JQ/2H 7Q° a2MiBK2Mi M HvbBb Q7 a
S'Q+22/BM;b Q7 i?2 3i? AMi2 M iBQM H *QM72°2M+2 QM q2#HQ;b M/ aQ+B H J2/B - A*qaJ- kyl

(KR)X "Q"; M/ JX "QHAbBM; 0o .1_a2MiBK2Mi M/ a0l 7Q  S'2/B+iBM; *mbiQK2 - 2bTRMba2bd2 KIbBK2Mi
rBi? TTHB+ iBQMb- RRjd9e- kykyX

(kkhXIX > [m2- LXLX a #2° M/ 6XJxX2MI1BXK2Mi M HvbBb QM H ;2 b+ H2 K xQMLT1Q¥MiH2"MpBQmb H
*QM72°2M+2 QM AMMQp iBp2 _2b2 “+? M/ .2p2HQTK2Mi UA*A_.V- kyR3X

(kj)>X *?2Q- aX EBK- CX G22 M/ CX@/XBP2M BMi2;" iBQM Q7 KmHIBTH2 b2MiBK2Mi /B+i BERRIMB2b 7Q"
+H bbB}+ iBOQM Q7 T 'Q/BEMQT2pB 22 ®" b2/ avbi2Kb- dR- eR dR- kyR9X

(k9) X sB - *X wQM; ML-aM@K#H2 Q7 72 im'2 b2ib M/ +H bbB}+ iBQM H;Q Bi?Kb ARQ7Q2HiBRM i +F
a+B2M+2b- R3RUeV- RRj3 RR8k- kyRRX

(k8P X E M;- aXCX uQQ M/-a@2MIB@H2tB+QM M/ BKT ' Qp2/ L [p2 " v2b H;Q Bi?Kb 7Q° bRMMiBK2Mi M
"2pB2rbtT2'i avbi2Kb rBi? TTHB+ iBQMb- jNU8B8V- eyyy eyRy- kyRkX

(kepX :QpBM/ ° Da@MiBK2Mi M HvbBb Q7 KQpB2 "2pB2rb mbBM; ?v# B/ K2i?Q/ Q7 M-BpRIX €Xb M/ ;
IpX *QKTmiX _2bX-jUu9V- R{NR98- kyRjX

(kdYX : mi K M/ . X u/ pa2MiBK2Mi M HvbBb Q7 irBii2° /i mbBM; K +?BM2 H2 "MBM; BBQ +?2b M
a2p2Mi? AMi2°M iBQM H *QM72°2M+2 QM *QMi2KTQ" ™ v *QKTmiBM; UA*jV- kyR9X

(k3)X P'iB;Qb - CXJX J iLM M/ _XJXa2Mi®K2Mi M HvbBb BM 6 +2#QQF M/ Bib TTHBKTIBIQMiQ 2@H
BM >mK M "2? pBQ -jR- 8kd 89R- kyR9X

(KNZX wQm- aX sB2- JX gm MABBM/BM; i?2 "2bi *H bbB}+ iBQM h?2b?QH/ BM AK#B+ M#2/ *H bbB)]
_2b2 +7-8-k 3- kyReX

(jy)oX L M/B M/ aX ;"  +3QHBiB+ Hb2MiBK2Mi M HvbBb mbBMiZWtIBQNMTHQ 24522 "+?2 CQm ™M H Q7 1M;
M/ h2+?MQHQ;v UA_C1hV-jU8V- RekR Rekd- kyReX

(JRILX _ D; M2b?- *X b? - XhX E22'i? M M/ -EX?ath'B/N722/# +F@# b2/ #QQF "2+QKK2M/ iBQM bvhi
b2MiBK2Mi M Al@adBtalAh-jUjV- k98e jjyd- kyR3X

(jk). X ImKi x M/ "X ?mDG2tB+ H M/ J +?BM2 G2 "MBM;@" b2/ >v# B/ avbi2K 7Qaia?E@PBKBRMi M
*QKTmi iBOQM H AMi2HHB;2M+2- Re8 Rd8- kyRdX

(jj))AX :mTi M/ LX GQW?BM+2/ hrBii2® a2MiBK2Mi M HvbBb IbBM; >v# B/ TT'Q +? MMi2Ztim+H+QmMiBM
a2K Mi-BBQm M H Q7 AMi2HHB;2Mi avbi2Kb- yUyV- kyRNX



ee M M/ CQb2T? . MB2H .X-C M FB J22M JX

(i9) Xu/lp M/ .XEX oBb?r F-"K+QKT " iBp2 bim/v QM #BQ@BMbTB 2/ H;Q Bi?Kb*H@bb2MIGK@&Mi M
TmiBM;- kykyX

(j8)SX EH > MB M/ aX "mmEMiBK2Mi M HvbBb #v SPa M/ DQBMi b2MiBK2Mi iQTB+ 72da@72b mbBM;
*QKTmiBM;- kyR3X

(je).X X E'BbiBv MiB M/ JX g-82miB2 b2H2+iBQM # b2/ QM :2M2iB+ H;Q Bi?K-T "iBI+H2BOM+BTQHIiBKB
+QKTQM2Mi M HvbBb 7Q° QTBMBQM KBMBM- &iQbAKRIBMTIRQN+H 2Q0BZ2 2M+2 QM *v#2° M/ Al
J M ;2K2Mi U*AhaJV- kyRdX

(jd)>X CB M;- *XEX ErQM;- gXuX S "F M/ EXxdXKB@Q#D2+iBp2 SaP TT ' Q +? Q7 KBMBM; bbQ+B iBQM
/2bB;M # b2/ QM QMHBM2 +milOQK2M Blp@2rbM;BM22°'BM; .2bB;M- kNUdV- j3R 9yj- kyR3X

(j3)_X sB - 6X sm-CX um- uX ZB M/ AXQ*HK¥#Bi® b?B7i /2i2+iBQM- 2HBKBM iBQM M/ 2Mb2K#H2, i?":
/Q+mMK2Mi@H2p2H b2MiBKEMQ M HVQBIbS Q+2bbBM; J M ;2K2Mi- 8kURV- je 98- kyR3X

(jNY¥XaX 1HHB M/ uBK@6QW _2pB2rb- #mbBM2bb M HviB+b rBi2kfRMKBK2Mi M HvbBb

(9yhX a? BF? M/ .X .2@Zim 2 a2H2+iBQM J2i?Q/b BM a2MiBK2Mi M HvbBb M/ a2MiBK2Mim* bbB}+ i
_2pB2mMi2°M iBQM HCQm M H Q7 *QKTmi2® h"2M/b M/ h2+?MQHQ;v- jeU9V- kk8@kjy- kyReX

1/Bi2/ #vM S2i+m

_2+2BpXQp ke- kyky
++2TiX,M kj- kykR



e
.. a+ H #H2 *QKTmiBM;, S° +iB+2 M/ 1tT2 B2M%i2T, fAara X IRSTNX@DRde d -
UkykR a*S1X 0QHMK2 kk- Abbm2b R- TTX ed dN- .PA RyXRkeN9,fb+

.Aah_A"lhl. SSGA* hAPL *>1*ESPALhAL:
6P _ _1SGA* hl.ahhlJ *>AlLla

LAu wA 'w.ALT T1GAELG hPG: PohJ L ¢

#bi® +iX TTHB+ iBQM +?2+FTQBMiBM; Bb rB/2Hv mb2/ '2+Qp2'v K2+? MBbK i? i +QMbBbib Q7
T2'BQ/B+ HHv iQ #2 mb2/ BM + b2 Q7 7 BHm 2X AM i?Bb bim/v r2 BMp2biB; i2 i?2 miBHBb iBQM Q7
bi i2 K +?BM2bX *QMp2MiBQM HHv- 7Q" "2THB+ i2/ bi i2 K +?BM2b- +?2+FTQBMiBM; BM7Q K iBQM
i?72 "2THB+ b Q" b2T " i2Hv BM bBM;H2 BMbi M+2X TTHVBM; /Bbi'B#mi2/ +?2+FTQBMIiBM; T ' QpB/:
iQH2® M+2 Q7 i?2 +?2+FTQBMiBM; TT ' Q +? #v ;BpBM; rv 7°QK "2+Qp2'v iBK2Mp®Z QibR2VHQ® H +1|
2t KBM2 i?2 2z2+ib Q7 /Bbi'B#mi2/ +?2+FTQBMiBM; BM bBKTH2 bi i2 K +?BM2 2t KTBQMMH +QKT °
TT Q +?2bX b 2tT2+i2/- /Bbi'B#mi2/ +?2+FTQBMIiBM; ; BMb 7°QK K2KQ'v +QMbmKTiBQM M/ miBHB
r2BH2 T2'7Q KBM; rQ b2 BM i2 ' Kb Q7 2+Qp2'v iBK2X

E2v rQ /b, TTHB+ iBQM *?2+FTQBMiBM;- _2THB+ i2/ ai i2J +?BM2b- *HQm/ *QKTmiBM,;

Ja bm#D2+i +H bbB}+ eBBQR®Xe3qR8

RX AMi"Q/m+iB@BNWX i?2 T bbBM; 72rv2 "b-b2 p2 'H2bb +QKTmiBM; ? b #2+QK2
i?72 +HQmM/ b2 pB+2 T'QpB/2°'bX 02'v # Q /Hv- i?Bb i2°K "272'b iQ BbQH iBM; |
[2p2HQTK2Mi bi +F 7°QK b2 pB+2 /2p2HQT2 #v T ' QpB/BM; b2 pB+2 KQ/2HHBM
"v mbBM; i?Bb b2 pB+2 /2}MBiBQM KQ/2H- /2p2HQT2  KB;?i KQ/2H M/ 2t2+mi2 |
#Qmi i?2 +QM};m” iBQM Q7 bQ7ir "2 bi +FH v2 'bX

6°QK +HQmM/ T QpB/2°6b T2 bT2+iBp2- mbBM; "2THB+ i2/bi i2K +?BM2 U_alJ\
7 pQm’ #H2 Hi2°'M iBp2 (R) (k) bBM+2 Bi Bb rB/2HV@FMQrM M/ BKTH2K2Mi2/ -
i?72°2 2p2M 2tBbib K Mv 7" K2rQ ' Fb 7Q " # +F@2M/ T Q;  KKBMXbmattb bBKTHM; a
2t2+mi2 "2THB+ b Q7 bii2 K +?BM2iQ ? M/H2 “2[m2bib BM /Bbi'B#mi2/r vX .m
? M/H2b /Bz2 2Mi "2[m2bib M/ 2t2+mi2b i?2K b B7 i?2v "2 #2BM; Q /2 ' Hv T Q+2

M 2t KTH2 Q7 bi i2 K +?BM2 "2THB+ iBQM + M #2 b22M BM 6B;X RXR-r?2"2
"2THB+ i2/ Qp2°i?°22 "2THB+ bX ai i2K +?BM2b i MbBi #2ir22M /2}M2/ bi i2b bn
2p2Mib bm+? b 1R-1k M/ 1jX IbBM; K bi2° "2THB+ UQ bii2 K +?BM2V Bb /2T2
g?2M MQ K bi2°> Bb mb2/- "2THB+ b "2 2tT2+i2/iQ 2p2Mim HHv #2 Q +?2bi” i2/ |
K +?BM2X h?2 "2THB+ b+ M #2 /2THQV2/ BM T ' QtBK i2 HQ+ iBQMb br2HH b BM
i i Kv z2+ii?22T2°7Q°K M+2 Q7 Q' +?2bi° iBQM KQM; i?2 "2THB+ bX

PM2 Q7 i?2 BKTQ' i Mi bT2+ib BM /2THQVBM; _aJb Bb 7 mHi "2+Qp2'vX _2THB
bi i2- FMQrM b +?2+FTQBMib-iQ '2+Qp2 iQ T bibii2BMi?2T 2b2M+2 Q7 bvb
MiBHBb2/7Q  i?2+ b2br?2°2 M2r "2THB+ BbBMi'Q/m+2/iQi?2bvbi2KiQ mT/ ic:
bi i2Q7i?2 aJX 6Q° _aJb- mbBM; /Bz2 2Mi +?2+FTQBMiBM; TT Q +?2b KB;?i ?
i2°Kb Q7 MQM@7mM+iBQM H T QT2 iB2b Q7 i?2 bvbi2KX 6Q  BMbi M+2- B7 2 +*
bT2+B}+ iQ i?2 "2THB+ - "2/mM/ Mi "2THB+ i2/ +?2+FTQBMiBM; BM7Q 'K iBQM 1
2p2Mim HHv ;Q i?°Qm;?i?2 b K2 2t2+miBQM T i? i mM@iBK2X PMi?2 Qi?2" ? M/
"2THB+ rQmH/ "2bmHiIi BM bBM;H2 TQBMi Q7 7 BHM 2 7Q" +?2+FTQBMiBM; QT2

h?Bb rQ F Bb bmTTQ i2/ #v h?2 a+B2MiB}+ M/ h2+?MQHQ;B+ H _2b2 *+? *QmM+BH Q7 hm F2v Uhl

YADI M#mH h2+?MB+ H IMBp2'bBiv .2T "iK2Mi Q7 *QKTmi2" 1M:BMWMRR2BMBABImMKEHHXKm F2v U

ZAbi M#mH h2+?2MB+ H IMBp2 bBiv .2T "iK2Mi Q7 *QKTmi2  1MQP MR 2MBBIi mAIRY/ i % hH @B ) FRwy @
YYYR@8NR3@jR98X *Q "2bTQM/BM; mi?Q X

12iiTh,ffT°QD2+ibXbT BM;XBQfbT BM;@bi i2K +?BM2f

ed



e3 LBv xB 1x/BMIi- hQH; Pp iK M

6B; X RXR, ai i2 K +?BM2 "2THB+ iBQM

AM i?Bb bim/v-r2 miBHBb2 +? °~ +i2"'BbiB+b bT2+B}+ iQ bi i2 K +?BM2b iQ BMi
TT Q +?27Q _aJb U.*7_aJVi? ibBKTHv /Bbi'B#mi2bi?2 +?2+FTQBMIBM; QT2 iE
KQM; "2THB+ bX Pm’ TT'Q +? K F2b Bi TQbbB#H2 iQ miBHBb2 /Bz2 2Mi H2p2Ht
K iBQMiQH2p2 ;2 2+Qp2'vQp2 ?2/ M/7 mHiIiiQH2 M+2X g2 mb2 bBKTH2 bi i
mbBM; bT'BM; bi i2 K +?BM2b iQ /2KQMbi® i2 M/ 2p Hm i2 Qm~ TT ' Q +?X g2 mb
"mMMBM; BM HQ+ H +Hmbi2> M/ BM K xQM r2# b2 pB+2b b2T ~ i2Hv iQ K2 bm
"2THB+ M/ "2+Qp2°'v iBK2 7Q° #QQiBM; bi i2 K +?BM2 "2THB+ X g2 +QKT "2/
2Mi TT'Q +?2b- M K2Hv +QMp2MiBQM H +?2+FTQBMiBM; M/ +2Mi° HBb2/ +?2+F
BM mbBM; /Bbi'B#mi2/ +?2+FTQBMIiBM; 7Q° _aJbX _2bmHib 7' QK i?2b2 2tT2 BK
/Ip Mi ;2 BM i2 ' Kb Q7 K2KQ'v +QMbmKTiBQM +QKT "2/ iQ +2Mi° HBb2/ +QMp2Mil
? M/-.*7_alJ T Q/m+2b ?B;? "2+Qp2°viBK2r?2M Bi Bb +QKT "2/iQ +2Mi° HBb2/
#2+ mb2 Q7 i?2 2ti° +QKKmMB+ iBQM Qp2°?2 / M22/2/7Q  +QHH2+iBM; T "iB H 2?1l
+HmMbi2 X >Qr2p2°-r2 #2HB2p2 i?Bb Qp2'?2 / Bbi?2 +Qbi Q7 Q#i BMBM; ?B;?2
rBi? "2bT2+iiQ +2Mi° HBb2/ +?2+FTQBMiBM;X h?Bb bim/v 2tT M/b Qm™ 2 "HB2"
BKTH2K2Mi iBQM /2i BHb Q7 i?2 .*7_aJ TT ' Q +? M/ 2bmHib 7°QK 2tT2 BK2Mib

h?2 "2biQ7i?2T T2 Bb Q ; MBb2/ b 7QHHQrb, AM a2+iX kr2 "2pB2r "2H i2/ H
i?72 .*7_aJ TT Q +? BM KQ 2 /2i BHX 1tT2'BK2Mi H "+?Bi2+im ' 2- BKTH2K2Mi2/
Tm TQb2b M/ bBKmH iBQM 2MpB " QMK2Mi "2BMi"Q/m+2/BMa2+iX9X a2+iBQM 8
M/ i?2 T T2 Bb +QM+HmM/2/ BM a2+iX eX

kX 2H i2/ qQhP® 2 2tBbib MmMK2 Qmb bim/B2b iQ QTiBKBb2 T2 ' 7Q K M+2 M/
TQBMiBM; TT'Q +?2b BM /Bbi'B#mi2/ +QKTmiBM:X AM i?Bb bim/v-r2 bim/vQM T
Bb TTHB2/ BM KQ'2 bQ7ir 2@ :MQbiB+ r v #v '2HVBM; QM QT2  iBM; QM K2K
/IBb+mbbBQM #2ir22M bvbi2K M/ TTHB+ iBQM H2p2H +?2+FTQBMiBM: + M #2 7¢
bi i2b i?2 M2+2bbBiv 7Q " "2THB+ i2/ bi i2 K +?BM2b iQ ;m ~ Mi22 i? i K DQ Biv (
+QKKmMMB+ i2 rBi? 2 +? Qi?2° M/ #2 T°QM2iQ MQ/2 7 BHmM 2bX AM + b2 Q7 7 BH
iQ KBMBKBb2 +?2+FTQBMiBM; +Qbib- (d) T'QTQb2b MQp2H "2THB+ iBQM i2+?M
+Qbib r?BH2 (3) T'QTQb2b M2r TT'Q +?2 7Q" "2/m+BM; biQ" ;2 +QbibX

.m2iQi?2 2pB2r #v (N)- b2p2  HH v2'b Q7 7 MHI@iQH2 M+2 K v #2 /2}M2/- Db
M/ +QMb2'p iBp2 7 mMHIi@iQH2' M+2 K2+? MBbKbX h?Bb bim/v HbQ bi i2b i? i-
K2+? MBbKDb-i?22Bb bi'QM; +? M+2 7Q " 2Mbm BM; "2THB+ +QMbBbi2M+v 7Q’
+QMDbBbi2M+v- Bb HbQ QM2 Q7 i?2 72 im 2b T°QTQb2/ #vi?2 .*7_al TT Q +2X

h?2 B/2 #2?BM/ mbBM; "2THB+ i2/ bi i2 K +?BM2b BM Q /2  iQ KQ/2H /Bbi B#
H 2 /v bi i2/ #v (k) M/ (Ry)X _2THB+ i2/ bi i2 K +?BM2b + M #2 K /2 7 mHi@iQ}



.Bbi'B#mi2/ TTHB+ iBQM *?2+FTQBMIiBM; 7Q° _2THB+ i2/ ai i2 J +®EM2b

BMTmibiQ KmHIBTH2 +QKTmi2 b r?B+? Bbi?2 TT ' Q +? mb2/ b7mM/ K2Mi HT B
Q7 i?Bb bim/vX AM i?Bb bT2+i- MQi?2° BMi2 2biBM; bim/v Bb #Q i #H2 bi i2 K
BKTH2K2Mi2/ b M 2ti2MbBQM 7Q " wvxxvp (Rk)r?2°2 mi?Q b T QpB/2 #vx MiB
bmTTQ i BMi2 " mTiBQM Q7 2t2+miBQM BM "2THB+ i2/ bi i2 K +?BM2bX

JQ 2Qp2'-i?2bim/vBM (R) bii2bi? iBM+'2 bBM; i?2 [m HBiv Q7 i?2 mb2" 2tT
K FBM; bvbi2Kb "2THB+ i2/ + Qbb ;2Q;  T?B+ HHv #v mbBM; "2THB+ i2/ bi i2 K
HbQ 2tT2°'BK2Mi QM +HQm/ bvbi2Kb iQ #2 #H2 iQ 2t KBM2i?2 /p Mi ;2 Q7 .*7_a.
/IBbi"B#mi2/ M/ "2THB+ i2/ bi i2 K +?BM2bXh?2bBb bim/v BM (Rj)- HbQ 2T 2b2
HQM; rBi? M2{+B2Mi +?2+FTQBMIiIBM; KQ/2H-r?B+? Bb 2t2+mi2/BM T > HH2H |
+QM+m " 2Mi +QKK M/bX "vmbBM; i?Bb TT Q +?- MQi QMHYV "2+Qp2'vT Q+2bb B
Bb T2 'bBbi2/ +QM+m "2MiHv BM HH "2THB+ bX

6QHHQrBM; ;2Q;  T?B+ H/Bbi' B#miBQM- MmK#2 Q7 bim/B2b ? b HbQ #22M
TQBMiIiBM; BM +HQmM/2MpB " QMK2Mib M/ BM bi i2K +?BM2b "mMMBM; QM +HQm/ ?Z
b +HQmM/ b2 pB+2 ? b #22M T°QTQb2/ BM M 2 "HB2 bim/v-r?2"2 mi?Q b ? p2
iQ BKTH2K2Mi +?2+FTQBMiIiBM; QM +HQm/ 2MpB QMK2Mib (R9)X Hi2 bim/v 2t
b+2M "BQb M/ T QpB/2/ H;Q Bi?Kb iQ BKT ' Qp2 T2 bBbi2M+2 M/ "2+Qp2'v b2 p
bBKBH " /QK BM rBi? 2/;2 /IQK BM- T bi bim/v mb2b bi i2 K +?BM2 KQ/2Hb Q7
b2H2+i QTIBK HTQBMib 7Q" +?2+FTQBMIBM; M/i'viQ 2/ m+2 2M2 ;v Qp2 ?2 / Q

MQi?2° "2 Q7 HBi2° im 2-"2; "/IBM; +?2+FTQBMiBM; BM i?2 +HQm/- +QMbBb
"MMMBM; i bFbX "2+2Mibim/vT ' QTQb2b bvbi2KBMi?Bb bT2+ib M/ 2p Hm i2b
H2p2H ;°22K2Mi pBQH iBQMb- "2+Qp2 viBK2 Q7i bFb M/ 7 BHm 2 " i2b (Rd)X p
+?2+FTQBMi "2+Qp2'viBK2b7Q # ;@Q7@i bFb DQ#b Qp2° K xQM q2# a2 pB+2b
/IQK BM-i?2°27? b #22M T bi "2b2 "+? QM KQ/2HHBM; i bFb b bii2 K +?BM2b M/
iQ b+?2/mH2 +?2+FTQBMiBM; T°'Q+2bb iQ QTiBKBb2 "2biQ" iBQM iBK2 (RN)X

_2/m+iBQM Q7 +QKKmMB+ iBQM #2ir22M "2THB+ b Bb MQii?2 T'BK "v+QM+2"°
BM HBi2° im 2 7Q+mbBM; QM M2irQ ' FBM; bT2+ibX 6Q  BMbi M+2- i?2 bim/v B
"2THB+ i2/ bi i2 K +?BM2 +?2+FTQBMi M/ "2+Qp2'v TT ' Q +? BMbTB 2/ #v S tQk
HbQ Qi?2 bim/B2bi? imiBHBb2 S tQbbm+? b (kR)-r?2°2 mi?Q ' bT QTQb2 M 2{-
M/ "2+Qp2 BM; +m > "2Mi bi i2 Q7 i?2 bi i2 K +?BM2X

AM Q' /2 iQ KBMBKBb2 Qp2° HH +?2+FTQBMi Qp2°?2 /-i?2 bim/v BM (kk) T°'QT
i bFb BM Q' /2 iQ KBMBKBb2 i?2 MmK#2™ Q7 +?2+FTQBMibX gBi?BM i?2 b+QT2
+?2+FTQBMib 7i2° QMHvV +2°i BMi bFb- bbm;;2bi2/ #v (kk)-r2iQ $#2 #r BQ2M/iQ T
Dmbi 7i2° 2p2°vi bF 2t2+miBQM BMbB/2 bi i2 K +?BM2bX

gBi?i?2 BK Q7 "2/m+BM; i?2 +?2+FTQBMi/ i bBx2-i?2bim/v/2TB+i2/ BM (kj)
K2+? MBbK #v KQ/2HHBM; /2+BbBQM H;Q Bi?KBM Q' /2 iQ "2p2 Hi?2 M/ T2b
bBM+2 H bi +?2+FTQBMi iBK2X q2 2KTHQV i?2 iBK2 iB+Fb M/ 2t2+miBQM ?BbiQ v
BM; TT ' Q +? BMi ' Q/m+2/ #v (kj) M/ biQ 2 2p2Mib Q++m "2/ rBi?BM T 2/2bB;M i2
2t2+miBQM bi2Tbh-BMbi2 / Q7 7Q +BM; HHi?2 "2THB+ biQ +?2+FTQBMi HH i?2 |
bi i2bbQ 7 "X MQi?2 bim/vBM (k9) T'2b2Mib +QM+m "2Mi "2THB+ iBQM i2+?MB
M/ +QKT2Mb i2 MQM@/2i2 " KBMBbK rBi? i?2 ?2HT Q7 bi iB+ M HvbBbX AM Qm’
biQ" ;2 +Qbib #v i'vVBM; iQ 2HBKBM i2 “2/mM/ Mi +?2+FTQBMiBM; BM7Q 'K iBQM 1

MQi?2° BKTQ i Mi bT2+i Q7 BKTH2K2MiBM; +?2+FTQBMIiIBM; TT Q +? Bb i?
M i2/ TT ' Q +? Bb ;QBM; iQ QT2 i2QMc bm+? b BM mb2  H2p2H (k8) Q" F2"M2H |
BM i?Bb T T2 QT2 i2b b mb2® H2p2HX AM i?2 bim/v /2TB+i2/ #v (k8)- bi i2b
BM; Bb T2 7Q K2/ 2tTHB+BiHv #v 2ti2°"M H TTHB+ iBQMb M/ ?2M+2- mb2 " @H2p
+?2+F@TQBMi2/ Q" MQiXPM i?2 Qi?2" ? M/-i?2 bim/v BM (ke) T'TQTQb2b M BM
+Q@b+?2/mMHBM; r?B+? Bb BKTH2K2Mi2/ i F2'"M2H H2p2H- ?2M+2 ? b mM 2bi B
2bQm*+2b 2 bBHv bQi? iQT2 iBM; bvbi2Kéb bB;M HK2+? MBbK + M 2 bBHv #2

Hi?Qm;? +QMbB/2" #H2 KQmMi Q7 rQ'F ? b #22M T2 7Q K2/ QM K2KQ v +7?:
bim/B2b 2tBbib i? i T"QpB/2b M TT ' Q +? miBHBbBM; bi i2 K +?BM2bX p2'v "2+
+?2+FTQBMiIBM; BM T2 'bBbiBM; /Bbi'B#mi2/ H2; +v BM K2KQ v bQ7ir "2 #v i?2 Bl



dy LBv xB 1x/BMi- hQH; Pp iK M

# b2/iQQH (kd)X MQi?2" "2+2Mibim/vBM MQM pQH iBH2 K2KQ v bvbi2Kb mb2b /I
2M2 ;v 2{+B2M+v (k3)X 1p2M i?Qm;? bi i2 K +?BM2b "2 MQi 2tTHB+BiHv mb2/ BM
/IBz2 ' 2MiB H +?2+FTQBMIiBM; Bb T ' 2b2Mi2/X

*?22+FTQBMiIiBM; BMBM@K2KQ v T Q+2bbBM; ? b#22M 7Q+mb Q7 "2+2Mi bim/E
B/2 Q7 TTHvBM; T°Q# #BHBbiB+ +?2+FTQBMIBM; QM i?2/QK BM Q7 bi'2 KT Q+2
KmHIiB@H2p2H +?2+FTQBMiIBM; TT ' Q +? M/ 2p Hm i2/i?2B° TT ' Q +? #v 2tT2 B
2 "HB2 bim/v T°'QTQb2b bvM+?2"QMQmb +?2+FTQBMiBM; TT Q +? iQ #2 mb2/ E
/[2}MBM; pB'im H +QMbBbi2M+v TQBMib BM TTHB+ iBQM "mM M/ TTHv +?2+F°
6°'2[m2M+v Q7 +?2+FTQBMiBM;-H i2Hv ? b/  rMbQK2 ii2MiBQM b r2HHc “2+2N\
bQK2 /i p Hm2b BMbi2 / Q7 "2+Qp2 BM; T2 bBbi2Mi +QTv K v /2+2 b2 +?22+F"
2M27 ;v 2{+B2M+v (jJR)X

"2bB/2b +?2+FTQBMiBM; TT Q +?2b-i?2"27? b HbQ #22M BMi2 ' 2bi BM "2+Qp2
K +?BM2 2t2+miBQM +QMi2tiX .m2 iQ i?2 bim/v BM (jk)-i?2°2 "2 p "BQmb BM/ml
"2+Qp2'v TT'Q +? BM i?2 +QMi2ti Q7 bi i2 K +?BM2b BM /Bz2 2Mi bT2+ibX M
Bb 6/2+H " iBp2 bvbi2K mT/ i26- i? i rQ " Fb #v /2}MBM; i?2 /2bB 2/ bi i2 Q7 bvbi
KQ/B}+ iBQMb iQ +m "2Mi bi i2 BM Q'/2  iQ +?B2p2 i?2 /2bB 2/ bi i2 #v mbBM;
/IBiBQMiQi?Bbbim/v-i?2bim/vBM (Rj)BM+ 2 b2bi?2T2'7Q°K M+2Q7i?2 2+Qp
i?72 +?2+FTQBMiBM; QT2 iBQMX S ° HH2HBb iBQM- BM i?Bb bim/v- Bb +?B2p2/
mM/2° +QQ /BM i2/ M/ mM+QQ /BM i2/ KQ/2b Q7 2t2+miBQMX h?Bb TT Q +7? T
+QMbBbiIi2M+v 7Q" #Qi? 7 mHiv M/ "2;mH "UMQM@7 mHivV "2THB+ bX h?2 bim/v
"2+Qp2'v TT Q +?2bi? iT°Q/m+2 H2bb Qp2 2?22 //m"BM; "2biQ” iBQM BM 7 mHiv "
HbQ BMbTB 2/ 7°QK i?Bb bim/vBM "2/m+BM; i?2 KQmMi Q7 Qp2'?22 / T 'Q/m+2/ #
Q7 2ti° T Q+2bbBM; "2H i2/iQ +?2+FTQBMIiBM;X

1{+B2Mi +?2+FTQBMiBM; M/ 2+Qp2'v K2+? MBbKb BM i?72 +QMi2ti Q7 "2THE
TTHB+ iBQM "2 b br2HHX M2t KTH2iQbm+? M TTHB+ iBQM 2 + M#27Qm
2t12+miBQM Bb BKTH2K2Mi2/ BMi?2 T 2b2M+2 Q7 "#Bi° "v7 mHibX h?2bim/v /2T
M/I@+QM[m2° TT ' Q +? 7Q  i?2 7 mHIi@iQH2  Mi "2THB+ i2/ bi i2 K +?BM2 +Hmbi
BM (je)- /2+BbBQM bvbi2K BMbB/2 bi i2 K +?BM2 +Hmbi2> K v T '2/B+i i?2 2t2+
Q AfP@#QmM/X ++Q /BM; iQ i?Bb /2+BbBQM- bm#b2[m2Mi KQ/B}+ iBQMb "2 I
+?22+FTQBMIiIBM;X A7 i?2 bT2+mH iBQM Bb +Q "2+i-i?2M +?2+FTQBMi Bb K /2 /nm
+Hmbi2" "QHHb # +FiQ T '2pBQmb bi i2iQi?2 +?22+FTQBMi M/ "2@2t2+mi2 7m i?
h?Bb TT Q +? Bb bi i2/ b #2M2}+B H B7 i?2 iBK2 BMi2'p H Q7 +?2+FTQBMiBM
T2'7Q°'KBM; QT2 iBQM r?B+? ;2M2" i2b i?2 2tT2+i2/ "2bmHiX

iX .Bbi'B#mi2/ *?2+FTQBMiBM; 7Q° _2THB+ i2/ ai i2 J +7E0M Bt itdi27 +PDVWF @
TQBMiBM; TT'Q +? 2KTHQvVb /2THQVBM; M/ b2'B HBbBM; “2[m2bi ?BbiQ v ? M
/m BM; T2 bBbiBM; +?2+FTQBMibX h?Bb r v- 2 +? _aJ BMbi M+2 K v biQ 2 bT2
7mMHH 2t2+miBQM ?BbiQ vX .m BM; '2+Qp2'v- r?QH2 ?BbiQ v Bb :QBM; iQ #2 ;
bvbi2K- r?B+? HbQ K2 Mb- HQ;B+ H K bi2  ?2BbiQ v rBHH #2 b? "2/ #2ir22M HH i

.27BMBIiBQMIijXRIU+?BMDi i2 K +?BM2 Bb +QKTQb2/ Q3 BOUBBHRR+QMBBbiBM; i-
bi i2b BM i?2 BvBD2iR2 b2i Q7 2F2BIib iMMbBiBQM 7mM+iBQM i? i 2T 2b2Mi i" MbE
bi i2b-2 +?2 i'B;;2°2/ #v M 2p2MiX

M =fS;E;Fg
S="fsp;s15:::0
E = fep;er;:::0
F S E S

hQ 2tTH BM i?2 /Bbi'B#mi2/ +?2+FTQBMiBM; TT Q +? BM KQ 2 /2i BH r2 2KT
KQ/2H r?2 2 bii2 K +?BM2 Bb /2}MR/=rB83E;Fg BMH2i b BM .2}MBiBQM RX AM i?E
S 2T 2b2Mib i?2 b2i Q7 bi i2b BM i? i+ @b R bET@W by hQ2i>-2 b2i Q7 H #2Hb mb2/



.Bbi*B#mi2/ TTHB+ iBQM *?2+FTQBMiBM; 7Q" _2THB+ i2/ ai i2 J +7BRM2b

i MbBiBQMb #2ir22M iF2BDi ii2Zbi MMbBIiBQM 7mM+iBQM #2ir22M i?2 bi i2bi? i/2}
bvbi2KX

JQ 2 T 2+Bb2Hv- 2 +? M/ 2p2°v _aJ BMbi M+2b BMsHINI2Ih QKK Hb# 2Bb BiQi22
bTQM/BM; iQ2pR MiB;;2"BM; i° MbBiBQMb #2ir22M bi i2 Ksﬁ”?ﬁMZﬂ?iZinl\/bknB%BQtM
TmMmM+FBBRM/2}M2/DpRT SX 6Q°  BMbi M+2 7Q " i?2 K bi2  bi i2 KS=dBMB2XBM 6B ;X F
r?2'RB=fEL,E2,E3g MF =f(A;ELB);(B;E2C);(C;E3;A)gX

g2 K vmb2i?2 ;2M2°B+ K +?BM2 /2}MBiBQM BM T 2b2Mi2/ BM .2}MBiBQM R i
+?2+FTQBMiBM; T'Q+2bbX g?QH2 2t2+miBQM ?BbiQ v 7Q" i?2 _aJ BMbi M+2 +
1[X jXRX "vmbBM; i?Bb 2[m iBQM- Bi Bb TQbbB#H2 iQ bi i2i?2 ?BbiQ v #2;BMb r
bi i2K +?BM2 +QMiBMm2b #v 2p2Mib i? ii'B;;2" i?2 K +?BM2iQ i° MbBi #2ir22M i

H =(si;&,;S;€ ;S &;Sm)::: UjXRV

M2t2+miBQM ?BbiQ v BMbi M+2 +QMi BMb bQK2 MmK#2 Q7 2p2Mibi? i 2bmH
bi i2b BM M Q /2 Hv K MM2 X AM Q' /2" iQ 2T 2b2Mi i?Bb Q' /2> Q7 2p2Mib r2 K
Qm ?BbiQ v /2}MBiBQMb bX+22 2 BM IJXEXK?2 bm#b+ BTib i? i /BbiBM;mBb? #2i
2p2Mibfbi i2b 7Q  bBKTHB+BivX AM + b2 Q7 “2THB+ i2/ bi i2 K +?BM2- 2p2Mim
K +?BM2 Bb bmTTQb2/iQ 2t2+mi2i?2b K2 Q /2 Q7 2p2MibX >2M+2- BM bvM+? ¢
/Bbi"B#mi2 i?2 "2bTQMbB#BHBiv Q7 b pBM; bT2+B}+ T "ib Q7 ?BbiQ v iQ bT2+B}-

H O 59 :(so,eo,sl;el;sz;ez;:::;s5g,e59,36°)

HY ™= (s%e%stet;ii;81% 69 8%) :

H[20 39] _ ;o20. ,20.c21. 21, .. .. 39. <40 UiXkyv
i =(s7;e7; s e e 8™

Hg;o 59] _ (s4°;e4°;e41;e42;::';e59;36°)

P2 v bi® B;?2i7Q°r /2t KTH2 rQmH/ #2i?2 QM2 BM 1[X jXk-r?2"2i?2 ?2BbiQ v B
H2M;i? T ibX /BpBbBQM HBF2 BM 1[X jXk KB;?i #2 ++QKTHBb?2/ BM i?2 T 2
2t2+mi2/ ey 2p2Mib bQ 7 X 1 +? '2THB+ b p2b bT2+B}+ TQ iBQM QH,?2BbiQ" v r
r?2°2°2T°2b2Mib i?2 "2THB2TRbMMib i?2 iBK2 BMi2 p Hr?B+? "2THB+ M22/biQ
i72 +?2+FTQBMiBM; Tm TOBERX PM2R2i?Rb /2i2 ' KBM2/ 7Q" i?2 Qp2" HH bvbi2K-
KB;?i bBKTHV T2 7Q K ?BbiQ'vb pBM; /2+BbBQM #v bBKTH2 'Bi?K2iB+ QT2 JiE
bvbi2K r?2BX /2bB;M i2/ b ky-i?2 "2THB+ rBi? B/ y b?QmH/ #2:BM b pBM: ?BbiQ
i72 KQ/mHmb Q7 i?2 2p2Mi MmK2[2 MHpBIiB/QM B/X 1[m iBQM jXj 7Q K HBb2b i?F
2T 2b2MiBM; "2TdliBL2pBMAEWMMKE 2 MEWI MK#2 Q7 “2jRHB22R#¥Q "2bTQM/b iQ i?2
“2THB+ b2iX

ra ==((& /Bp) KQJRJ) UjXjVv

AMi?Bb /2+BbBQM T Q+2bb- MBKTQ i Mi bT2+irQmH/ #2i?2 M2+2bbBiviQ #
M2r "2THB+ DQBMb i?2 "2THB+ b2i Q" T '2b2Mi "2THB+ H2 p2b i?2 "2THB+ &
bT2+B}+ TQBMib BM ?BbiQ v r?2°2 "2THB+ bi 'ib b pBM; ?BbiQ v 7Q" +?22+FT
/IBbi'B#miBM; i?2 ?BbiQ v TQ iBQMb BM i?2 7Q 2K2MiBQM2/ r vrQ Fb +Q  "2+iH
DQBMb i?2 bvbi2K#mi BM + b2 Q7 7 BHM 2-i?2bT2+B}+ TQ iBQM Q7 i?2 ?BbiQ"
HQbiX AMQ'/2 iQ/2 HrBi? i?Bb Bbbm2- M //BIBQM HT ~ K2i2° K v #2 BMi Q/m
"2T°2b2Mib i?2 "2THB+ iBQM 7 +iQ "X
_2THB+ iBQM 7 +iQ T ~ K2i2 /2bB;M i2b?QrKm+?2 +?2TQ iBQMQ7i?22t2+m
"2THB+ bX q?2M T2 '7Q ' KBM; ?BbiQ'vb pBM; /2+BbBQM-2 +? "2THB+ +?2+Fbi?
iQ bi "ibb pBM; ?BbiQ'vX 6Q  BMbi M+2- 7Q"  i?2 bi" Bh?R7TEBM+222 KT H D~ #BIPM C(
?BbiQ'vBbb p2/#v bBM;H2 "2THB+H X iR2WM222d?BTRQ iBQM b?QmH/ #2 b p2/ #v ir

292 mb2 bBKTH2 #° +F2ib iQ 2T 2b2Mi M Q'/2°2/ b2iX
3g2 bbmK2 "2THB+ B/6b bi i 77QKyBM i?2 +QMi2ti Q7 i?Bb T T2
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6B;X 9XR, 1t KTH2 #QQF biQ 2 bi i2 K +?BM2X

S " K2i2+ M #2 / Ti2/ b BM1[X jX9 bBKTMmMK#2]/@¥;//BiBQM H +QM/BiBQM r?2°
?2 M/ bB/2 Q7 i?2 2[m iBQM Bb BM+ 2K2Mi2/ QM+2 7Q 2 +? //BiBQM H +QM/BiBQ

N
(ra ==((e& /Bp) KQJRj)+ k) UjXxov
k=0
6Q° BMbi M+2- 7Q° K9y 2p2Mi 2t2+miBQM- B7 i? BIMM2KZXKBMR2/ 2B kBB \b/Bb ¢
/2i2°KBM2/ b k- "2THB+ rBi? B/ 9 Bb ;QBM; iQ b p2 ?BbiQ v 70~ iRIMikyIp2Mib #:
M/ kk¥2p2MibX //BiBQM HHv- "2THB+ rBi? B/8Bb ;QBM;iQb p2?2BbiQ°®v 7Q  ir2l
RKY- M/ kKy2p2MibX aBM+2r2 bbmK2 i?2 2t2+miBQM ?BbiQ v +QMbBbib Q7 k9y 2
b pBM; ii?2 2MPQpPBXMy#mi 7Q° + b2 rBi? HQM;2 2t2+miBQM ?BbiQ B2b Bi Bb ;(
Ky 2p2Mib bi "iBM;?72@2Mi9% r2HHX h?Bb TT'Q +? Bb bBKBH " iQ KB "Q'BM; M/
BM _A.RYy BKTH2K2Mi iBQMb (jd)X
IM H 2K "FKB;?i #2 iQ MIQ12Ki2i2  b?QmH/ MQi 2t+22/i?2 MmK#2> Q7 "2THB+ |
T K2i2° T°'QpB/2b 7mHH ?BbiQ v b pBM; #v HH i?2 "2THB+ b r?2M Bi Bb b2i iQ i
KBMBK H H2p2H Q7 "2HB #BHBiv rT2MKXiIiBbBRibP2Q KX RA7Z/Bbi'B#mi2/ +?2+FTQB
mb27mH QMHvV 7Q" i?2 DQBMBM; "2THB+ b iQ i?2 "2THB+ +Hmbi2" #mi Bi rBHH #
b?QmH/ HbQ #2 MQi2Zib?H b2  Bi rBHH T°Q/m+2 KQ 2 Qp2°?2 / QM 2 +? "2THB+
M/ 2+Qp2'v QT2 iBQMbX

9X 1tT2'BK2Mi H 1MpB " QMK2MiX

9XRX Pp2° HH “+?B@2+mm22X%BKTH2 #QQF biQ 2 bi i2K +?BM2- b b?QrM QM 6
2tT2 °BK2Mib QM /Bbi"B#mi2/ +?2+FTQBMiBM; TT Q +?X q?2M #QQF Bb "2 /v i
bi “ib rBL?S Abi i2 M/r BilSIiA2p2MiiQ #2 i'B;:2°2/X q?2M i?2 #QQFBM; M/ T vK2
"2 T2 7Q K2/ QM iS2A2@QMi Bb i'B;;2 2/ M/ bi i2 ? b #22MS+Ai.@S 2L 7A RIKi 2 X
AM i?Bb bi i2- #QQF biQ 2 r Bibi?2 "2+2BTi 7°QK +mbiQK2  BM Q /2  iQ b?BT i?2 :
#v #QQF bi@*2AS3p2Mi Bb i'B;;2 2/ M/ bi i2 BbS1IMBBQRS/AX QK Qm  2tT2 BK2Mib r
mb2 M BKTH2K2Mi iBQM Q7 i?Bb bi i2 K +?BM2 mbBM; aT ' BM: ai i2J +?BM2bX

g2 b2i M 2tT2'BK2Mi H 2MpB " QMK2Mi mT mbBM; +QMi BM2'b M/ K2bb ;2 [m
1 +? bi i2 K +?BM2 Bb BKTH2K2Mi2/ mbBM:; aT BM; ai i2 J +?BM2 7" K2rQ F BMb
Q7 i?2 #QQF biQ 2 bi i2 K +?BM2X *QQ /BM iQ  MQ/2 Bb "2bTQMbB#H2 7 QK :2M
"2THB+ b M/ +QQ /BM iBM; #QQiBM; b2[m2M+2b Q7 i?2 bi i2 K +?BM2 BMbi M+
:2Mib i?°Qm;? bBKTH2 K2bb ;2 [m2m2X g2 HbQ mb2 +QQ /BM iQ'b M/ ;2Mib i
"MM@iBK2 K2 bm 2b i? ir2 mb2iQ 2p Hm i2i?2 T2 7Q K M+2 Q7 i?2 2tT2 BK2Mi2
“+?Bi2+4im 2 BM Qm  HQ+ H 2tT2 ' BK2Mib b r2HH b +HQm/ 2tT2 BK2MibX

ivIB+ H2t2+miBQM Q7 M 2tT2 BK2Mib FB+Fb Qz rBi? #QQiBM; HHi?2 "2THB
+Hmbi2 X .m BM; i?2B  #QQiBM; b2[m2M+2- "2THB+ b T 2T “2bi?2Kb2Hp2b iQ T ¢



.Bbi'B#mi2/ TTHB+ iBQM *?2+FTQBMIiBM; 7Q  _2THB+ i2/ ai i2 J +T§M2b

6B;X 9Xk, Pp2®" HH "+?Bi2+im 2X

p B #H2b M/ bQ QM@- M/ i?2M- #2;BM HBbi2MBM; iQ BM+QKBM; 2p2Mib BM Q" /-
K +?BM2 bi i2bX *QMi"QHH2  MQ/2- + 2 i2b M2+2bb v 2p2Mib M/ b2M/b i?2K iQ
K2bb ;2 # QF2 " BM Qm~ "+?Bi2+im 2 Bb "2bTQMbB#H2 7' QK i?2 7TQHHQrBM; +iB
1p2Mi +QKKmMB+ iBQM #2ir22M i?2 +QQ ' /BM iQ  MQ/2 M/ "2THB+ b-
+FMQrH2/;BM; +QMi"QHH2 MQ/2 Q7 "2THB+ HB72 +v+H2-
*QKKmMB+ iBM; +?2+FTQBMiIBM; BM7Q K iBQM #2ir22M "2THB+ b M/ i?2 +
J2 bm BM; M/ 2TQ iBM; MmK#2" Q7 K2bb ;2b T bb2/i?2°"Qm;? /m"BM; 2p2Mi
PM+2i?2} bi2p2MiBb b2M/iQ bi i2 K +?BM2b-Bi T Q+2bb2b i?Bb 2p2Mi- T2 7
p B #H2b M/ }MBb?2b Bib 2t2+miBQMBM Q /2 iQ T Q+2bb M2r2p2MiX 7i2 2p2
QT2 iBQMb "2T2'7Q K2/X .m'BM; Qm’ 2tT2°'BK2Mibr2 mb2 "2THB+ biQ biQ 2 +°
+QQ°/BM iQ°  MQ/2 r?2M2p2° M 2ti2°M H 2MiBiv Bb M2+2bb 'v 7Q  i?2 +?2+FTQB
+?2+FTQBMIiIBM; TT ' Q +?2br2 ? p2 BKTH2K2Mi Bb 2tTH BM2/ BM KQ 2 /2i BH Bl
r2 biQ 2 i?2 +QMi2ti Q7 i?2 bi i2 K +?BM2 r?B+? BMpQHp2b BMTmib M/ QmiTm
+QMbBbi Q7 BM+QKBM; 2p2Mi- 2p2Mi iBK2bi KT-bQm +2 bi i2Q7i?2bi i2 K +?BN
b? "2/ p "B #H2b- /2biBM iBQM bi i2 Q7 i?2 bi i2 K +?BM2X b "2bmHi Q7 +?2+F
r’QH2 2t2+miBQM ?BbiQ v Bb "2+Q°/2/ b b2[m2M+2 Q7 bi i2K +?BM2 +QMi2tib E
[2T2M/BM; QM i?2 TTHB2/ TT Q +?X

9XkX AKTH2K2Mi2/ TT @Q+2@mX 2tT2 BK2Mib r2 BKTH2K2Mi2/ 7Qm" /Bz2 2N
+QKT "2 i?22 T2 7Q K M+2 Q7 i?2 /Bbi'B#mi2/ +?2+FTQBMiBM; TT Q +?X AMBI
+?2+FTQBMIiBM; TT'Q +?2r?2°2 +?2+FTQBMiBM; BM7Q K iBQM Bb biQ 2/ QMHV ¢
BKTH2K2Mi2/ +QMp2MiBQM H TT Q +?2 r?2°2 2 +? "2THB+ DbiQ 2b HH i?2 +?22+
BKTH2K2Mi2/irQp "B Mib Q7 Qm* TT'Q +?, bi'BT2/.*7_alr?2°22 +? "2THB+ ¢t
2t2+miBQM ?BHIQ MU bi'BT2/ M/ KB "Q 2/ .*7_aJr?2°22 +? "2THB+ biQ 2b irC
2t2+miBQM ?BBAQX vV U

AM + b2 Q7 +2Mi> HBb2/ TT ' Q +?- MQM2 Q7 _alJb biQ 2 Mv Q7 i?2 $?22+FTQ
K2bb ;2b "2 biQ 2/ #vi?2 +QMi"QHH2  MQ/2- 2Mbm BM; HH i?2 2p2Mib T Q+2bb
hQ pQB/i?2 +QMi"QHH2  MQ/2 iQ #2 bBM:;H2 TQBMi Q7 7 BHmM 2- +2Mi> HBb2/
H27i BKTH2K2Mi iBQM M/ T2 7Q K M+2 2p Hm iBQM Q7 bm+? b+2M 'BQ 7Q° 7
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PM2 Q7 i?2 +?2+FTQBMiBM:; TT Q +?22b i? i Bb mb2/ 7Q° #2M+?K "FBM; .*7
+?2+FTQBMiBM;X AM i?Bb TT'Q +? HH i?2 "2THB+ b T2 7Q K +?2+FTQBMIiBM;
biQ ' BM; 2t +iHV i?2 b K2 +?2+FTQBMib BM7Q K iBQMX AM + b2 Q7 Mv 7 BHm 2
+?2+FTQBMi BM7Q K iBQM b?QmH/ #2 ; i?2°2/ M/ TTHB2/ BM Q /2  iQ DQBM # -
7°2b?HV #QQiBM; "2THB+ b?QmH/ +QKKmMMB+ i2 rBi? fbQK2 "mMMBM; "2THB+ |
J2KQ v Qp2'?2 / Q7 i?Bb TT Q +? Bb 2tT2+i2/iQ #2 H ;2 i? M Qi?2° TT Q +22k
“2 °2/mM/ MiHv biQ 2/ #v "2THB+ bX

b2tTH BM2/ BM a2+iX j-r2 BKTH2K2Mi2/irQ p "B Mib Q7 .*7V. 82i i®@iQ M2T WB + |
irQ "2bT2+iBp2Hv-iQ "2 bQM #Qmii?2 KQmMi Q7 BM+'2 b2 BM i?2 Qp2°?22/ b
:2ib ?B;?2 X b /Bb+mbb2/ 2 "HB2 - 2KTHQVEBM;B/ 2B }0Q 2H 202 #H2 +?22+FTQB\
?2B:?2° Qp2°?2 /iQ "2THB+ bX

g2 T°QpB/2 Qm  BKTH2K2Mi iBQMb 7Q" i?2 # QW F+ I NbkiQ KA bi2/ BM
+HQm/ 2TQbBiQ vb2 pB+2iQ K F2 Qm 2tT2 BK2Mib 2T Q/m+B#H2 #v i?2 b+B

8X 1tT2'BK2Mi H 1p HEQIBIQMXt2+miBQMb Q7 i2bib-r2 mb2 irQ /Bz2 2Mi 2Mp
+Hmbi2>™ M/ +HQmM/ # b2/ 2MpB " QMK2MiX HH i?2 2tT2 " BK2Mib "2 +QM/m+i2/ rE
2tT2'BK2Mi H2MpB ' QMK2Mi Qp2° Ry "2T2iBiBQMb 7Q" 2 +? 2tT2 ' BK2Mi #v b2M/Et
7Q  i?2 K bi2  bi i2 K +?BM2 Q7 i?2 "2THB+ i2/ +HmMbi2 X q2 b2i i?2i@QRHB+ 0b 7~
2p2Mib #2BM; +QKKQM KmHIBTH2 7Q 2 +? /Bz2 2Mi MmK#2 Q7 "2THB+ b mb2/
/IBpBbQ™ Q7 iQi HMmMK#2 Q7 "2[m2bib mb2/BM i?2 2tT2"'BK2MibX
.m BM; i?2b2 2tT2 " BK2Mib p2" ;2 KQmMi Q7 K2KQ'v +QMbmKTiBQM mb2/ #
Bb K2 bm 2/ b r2HH b p2° ;2 Q7 "2biQ°'2 /m’ iBQM Q7 M2rHv DQBMBM; "2THB
+QMbmKTIiBQM Q72 +? "2THB+ /m BM; bi i2K +?BM2 2t2+miBQM- M 2ti2"M H HE
+?22+FTQBMi Q#D2+ib BM K2KQ vX C p®@dbBivbwRi/ mK BN ; ilBIQR KSA?BM2 2t2+miBQM
M/ HQ; K2KQ v mb ;2 r?2M2p2° +?2+FTQBMiBb #Qmi iQ #2 T2 bBbi2/X M Qp2
2tT2'BK2Mib + M #2 bmKK “Bb2/ b 7QHHQrb,
AMBIiB HBb2 +QMi"QHH2  MQ/2 M/ K2bb ;2 # QF2 -
AMBIiB HBb2 i?2 M2+2bb "v MmK#2> Q7 "2THB+ BM i?2 +Hmbi2" -
h B;;2° K2bb ;2b 7' QK +QMi QHH2 MQ/2-r Bi 7Q  "2THB+ biQ }MBb? 2t2+n
PM+2 HH i?2 2p2Mib "2 T°Q+2bb2/- +QKT "2 HQ+ H M/ b? "2/ p "B #H2b C
2Mbm 2 i? i "2THB+ b 2t2+mi2/ +QMbBbi2MiHv-
"QQi M2r "2THB+ BM Q/2  iQ DQBM i?2 +Hmbi2 -r Bi 7Q" i?2 "2THB+ iQ
7°QK "2bT2+iBp2 MQ/2fMQ/2b
PM+2i?2 M2r "2THB+ }MBb?2b Bib 2t2+miBQM- Bi K2 Mbi? i} bi " QmM/ Q7 i?2
HH i?2 2tT2'BK2Mib 7Q  i?2 "2bT2+iBp2 "2THB+ b2i Bb}MBb?2/- "2TQ ib+ M #2
iQi HK2KQ v +QMbmKTIiBQM Q7 i?2 +Hmbi2 " Bb + H+mH i2/ 7Q  i?2 "2THB+ bX h’
"2T2 12/ 2tT2°"BK2Mib "2 + H+mH i2/X

8XRX 1tT2'BK2Mib QM HQ#H HH@®MBiZ2HKmbi2 r2 mb2 +QKTmi2 b rBi? kXey :>x
bQ'b-9:" J M/Ryy:"aa.b mMMBM; /2#B M HBMmt/Bbi B#miBQMbX q2 #2;BM T
Qm  HQ+ H +Hmbi2  #v 2t KBMBM; K2KQ v +QMbmKTiBQM Q7 2 +? TT Q +? QM
T 2b2Mib M/ +QKT "2b i?72 K2KQ'v +QMbmKTIiBQM 7Q° TT ' Q +?2bX b 2tT2+i2/
bi MiHv +QMbmK2b i?2 ?B;?2bi KQmMi Q7 K2KQ v bBM+2 HH i?2 "2THB+ b BM i7
i?72 iBK27Q  i?Bb TT'Q +?X GBF2rBb2-+2Mi° HBb2/ TT ' Q +? +QMbi MiHv +QMb
bBM+2 "2THB+ b /Q MQi F22T Mv +?2+FTQBMiBM; ?BbiQ v 7Q  i?Bb TT Q +?X
bi M/ BMi?2 KB//H2 #2ir22M +QMp2MiBQM H M/ +2Mi° HBb2/ TT ' Q +?2b M/ bT2
"2THB+ b BM+°2 b2 bBM+2 i?2 ?BbiQ v rBHH #2 /BpB/2/ KQM; KQ 2 MmK#2 ™ Q7 °
iQT Q7 bi'BTBM; BM+ 2 b2b i?72 KQmMi Q7 K2KQ' vV +QMbmKTIiBQM- b 2tT2+i2/X

6Q° "2biQ°2/m> iBQMBM6B;X 8Xk-i?2 "2bmHibBMi?2HQ+ H+Hmbi2" "2 +HQ!

42iiTh,ff;Bi?m#X+QKf+2HBF2HQx/BM+f.Bbi'B#mi2/ai i2J +?BM2
52iiTbh,ff;Bi?m#X+QKf+2HBF2HQx/BM+fGQ /" H M+2"
62iiTh,ff/Q+bXQ" +H2X+QKfD p b2fdf/Q+bf TBfD p fH M;fBMbi " mK2MifAMbi mK2Mi iBQMX?iKH
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6B;X 8XR, p2 ;2 K2KQ'v+QMbmKTIiBQM #v "2THB+ bX

6B;X 8Xk, _2biQ 2 /m" iBQMX

i?72 p2° :2°2biQ 2/m"> iBQM 7Q  +2Mi’ HBb2/ TT ' Q +?2 T2 7Q K2/i?2 #2birBi? 2
i72#QQiBM: b2[m2M+2 "2[mB 2b H2bb +QKKmMB+ iBQM M/ QMHVrBi? +QQ /BM i
i?72b2+QM/ #2+ mb2 Q#i BMBM; ?BbiQ ' vBM7Q K iBQM 7 QK MQi?2 "2THB+ “2[n
BMQm BKTH2K2Mi iBQM +QKT “2/iQ +2Mi> HBb2/ TT'Q +?, /m BM; #QQiBM: b2]
iQ #2 +QKKmMMB+ i2/ 7°QK "mMMBM; "2THB+ iQ +QQ /BM iQ " M/ i?2M 7°QK i?2
h?Bb Qp2°?22 / K v #2 pQB/2/ #v 2M #HBM; i?2 #QQiBM; "2THB+ iQ /B 2+iHv Q
"MMMBM; "2THB+ X .Bbi'B#mi2/ +?2+FTQBMiBM; TT ' Q +?22b T2 ' 7Q K rQ b2 #2+
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6B:X 8Xj, p2 ;2 iBK2bT2M/ 7Q 2 +?2 T? b2b Q7 "2biQ BM;

6B;X 8X9, ga l*k "+?Bi2+im 2 7Q +HQM/ 2tT2"BK2MibX

rBi? Qi?2° "2THB+ b KQ 2i? Mi?2 +QMp2MiBQM H M/ +2Mi> HBb2/ TT Q +?2bX
KB Q'2/ M/ bi'BT2/ TT ' Q +? #2 iBM; i?2 bi'BT2/ TT'Q +? 7Q " "2biQ 2 /m" iBQM
KQ'2 MmK#2' Q7 Hi2'M iBp2b iQ Q#i BM +?2+FTQBMi/ i TQ iBQMb /m BM; “2bi
#QiiH2M2+F- "2THB+ Bb 2HBKBM i2//m2iQ i?2 T'2b2M+2 Q7 Hi2 M iBp2b iQ Q#
KB Q BM; Bb TTHB2/X

6m i?2 KQ 2- r2 BMp2biB; i2/i?2 iBK2 bT2Mi /m BM; i?2 "2biQ ' BM; Q7 #QQil
#2 D22M i? i i?2 /Bz2 2M+2 #2ir22M /Bz2 2Mi TT'Q +?22b Bb ;"2 iHv /m2iQ i?2 +?
T? b2X

8XkX 1tT2 'BK2Mib QM +HQmM/ 2¢PpBHR@KR2M2Xi Qm" 2tT2 BK2Mib QM ;2Q; T*
i"B#mMiPXK2/BBMbi M+2b "mMMBM: QM K xQM gq2# a2 pB+2b 1H biB+ *QKTmi2 *H
6B:X 8X9-e pBim HK +?BM2b 7°QK j /Bz2 2Mi “2:BQMb 2 mb2/ 7Q" 2t2+miBM;
q?BH2 2t2+miBM; 2tT2 ' BK2Mib- +QMi"QHH2  MQ/2 M/ K2bb ;2 # QF2 b2 pB+2 E
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6B;X 8X8, J2KQ v +QMbmKTIiBQM 7' QK i?2 2tT2 ' BK2Mib BM +HQn

6B;X 8Xe, 2biQ 2 /m’ iBQM 7 QK i?2 2tT2 'BK2Mib BM +HQm/X

72°2Mi "2;BQM r?B+? Bb iQi HHv T i 7°QK _aJ BMbi M+2bX HH i?2 _aJ BMbi M-
K +?BM2b M/ ?2M+2-bT 2 /iQk "2;BQMbX 6°2b?Hv #QQiBM; "2THB+ b "2 DQBM
i?72 "2;BQMb Q7 +iBp2 "2THB+ bX "v /QBM; bQ- r?2M2p2° M2r "2THB+ DQBMb
+?2+FTQBMi bM Tb?Qib 7°QK /Bz2 2Mi K +?BM2b QM ;2Q;" T?B+ HHv /Bbi 'B#mi2

6B;m 2 8X8 b?Qrbi?2b K2 /p Mi ;2Q7 .*7_aJ TT Q +? BMi2 Kb Q7 K2KQ v +(
TT'Q +?2b bT2M/ H2bb K2KQ'v bBM+2 i?2v /BpB/2 i?2 ?BbiQ v /i iQ KmHiBTH
*2Mi® HBb2/ TT ' Q +? Bb i?2 #2bi BM i?Bb "2bT2+i- M im> HHv- bBM+2 Bi /Q2bM
+?2+FTQBMIBM; /i X

bT2 6B;X 8Xe- "2bmHib 7' QK 2tT2 ' BK2Mib BM +HQm/ 2MpB " QMK2Mi b?Qrb b
/Im> iBQM BM +HQm/ 2MpB " QMK2MibX *QMp2MiBQM H TT Q +?2b T2 ' 7Q K rQ b
i?72 #QQiBM; "2THB+ Bb Hr vb BM ;2Q; T?B+ HHv /Bz2 2Mi "2;BQM i? Mi?2 "2
BM7Q K iBQMX GBF2rBb2-7Q i?2+2Mi> HBb2/ TT Q +? BiBb;m ~ Mi22/i? ii?2;
"2BMi?2b K2 2;BQM-r?B+? T QpB/2b M /p Mi ;2 Q7 +QKKmMB+ iBQMH i2M+v
"2 HBbiB+ b+2M "BQb i?2b2 K2 bm 2K2Mib KB;?i +? M;2 7TQ K + b2 iQ + b2X #(
IM/ i?2 +?2+FTQBMi /i BM +HQb2 "2THB+ BM i2°'Kb Q7 ;2Q;  T?B+ H HQ+ iB
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Qm® 2tT2'BK2Mib T ' QpB/2 i?2 #2bi M/ rQ bi + b2 b+2M "BQb mM/2  +2Mi° HBb;
"2bT2+iBp2HvV iQ b?Qr i?72 TH +2 Q7 /Bbi ' B#mi2/ +?2+FTQBMiIiBM; TT Q +?2b rl
+?2+FTQBMIiBM;- "2biQ 2 /m” iBQM Bb Hr vb #2ii2  i? M +QMp2MiBQM H TT Q +
BM /Bz2'2Mi "2;BQMi? M HH i?2 Qi?2° "2THB+ bX h?Bb bBim iBQM Bb /m2iQ i?
Q7 2HvBM; QM bBM;H2 "2THB+ X PMi?2Qi?2  ? M/-7Q +HQmM/ 2tT2 BK2Mib- bi
#2ii2 1?2 Mi?2bi'BT2/ M/IKB "Q 2/ TT Q +?27Q bK HH MmMK#2 Q7 "2THB+ b #mi
T2 ' 7Q K2/ Km+? #2ii2° bi?2 MmK#2 Q7 "2THB+ b "2 +?2/iQ RyX h?Bb bBim iBQNMN
Hi2M+v KB Q' 'BM; KB;?i HQb2 Bib TQbBiBp2 2z2+i QM "2biQ 2 /m” iBQM 7Q  bK

eX *QM+HmMbBQM M/ 6mimAM i@LFX T2 - /Bbi'B#mi2/ +?2+FTQBMIiBM; 7Q" i?
K +?BM2b Bb 2t KBM2/ M/ +QKT "2/ rBi? +QMp2MiBQM H TT ' Q +?2bX 1bT2+B +
+?2+FTQBMIiBM; / i M/ mbBM; bBM;H2 MQ/2- /Bbi B#mi2/ +?2+FTQBMiBM; TT
iQ H2p2™ ;2 #2ir22M i?2 KQmMi Q7 7 mHi iQH2  M+2 Q7 i?2 +Hmbi2 p2°'bmb "2b
2tT2'BK2Mib b?Qr i? i mbBM; /Bbi ' B#mi2/ +?2+FTQBMIiBM; T'QpB/2b +2°i BM
/p Mi ;2 M/ T°QpB/2b rQ b2 U b 2tT2+i2/V #mi +QKT ~ #H2 "2biQ 2 /m  iBQMX
/Bbi'B#mi2/ +?2+FTQBMiBM; TT Q +? BbiQ /Bbi'B#mi2i?2 +?2+FTQBMiBM; BM7
/IDmbi #H2 H2p2H Q7 7 mHi iQH2  M+2 /m"BM; "2THB+ i2/ bi i2 K +?BM2 2t2+miB

Pm > bim/B2b + M #2 2ti2M/2/iQ /2+ 2 b2 "2+Qp2°'viBK2 Qp2'?2 / b Km+? b TC
#2ii2° i /12@Qz #2ir22M /Bbi'B#mi2/ +?2+FTQBMiBM; M/ Qi?2° TT ' Q +?22bX h?Q
QTTQ imMBiB2b 2tBbi BM Qm > BKTH2K2Mi iBQMb- HHQrBM; "2THB+ biQ +QKKm
i?72 M22/iQ mb2 +QQ'/BM iQ  MQ/2 KB;?i i?2 KQbi BKTQ i Mi QM2X MQi?2" T
T HH2HBb2 i?2 "2+Qp2°vT? b27Q /Bbi'B#mi2/ +?2+FTQBMiBM; bBM+2 i?2 TT°
TQ iBQMb Q7 i?2 2t2+miBQM ?BbiQ vX JQ 2Qp2 - p "BOmM// BZR; 2iMi2pntHb22h@Q Q°
IM/ QTIiBK Hp Hm2b 7Q" /Bz2 ' 2Mi b+2M "'BQb BM _aJ +?2+FTQBMiBM;X 6BM HH
TQ'iBQMb #v mbBM; T "BivBM7Q K iBQM BMbi2 / Q7 KB "Q 'BM; KB;?i #2 MQi?2"
H2bb +?2+FTQBMiBM; BM7Q K iBQM BM i?Bb +QMi2tiX
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*] bvKTQbBmMK QM TTHB2/-+RQKImMRBBE3@R8ek- kyysX

(NX w? QS2°7Q K M+2 QTiBKBxXx iBQM 7Q" bi i2 K +?BM2 "2THB+ iBQM # b2/ QM QT MBH (BQM b:
avbhi2Kb M/ aQ7iRRE,Ne@RyN-kyReX

(RYyPpX"X a+?M2BARTH2K2MiBM; 7 mHIi@iQH2" Mib2 pB+2b mbBM; i?2 bi i2&K*QXM2 BIM;,"@m+p2vhmiQ |
U*ral_V

(RR)M2°° QmB- X- EM2,2pBA- LX- Zmo6K - oXh2MMQHBAy IJ8h T QiQU+IQHWK +iBQMb QM *QKTmi2"
avbi2KbQHX jk- LQX 9-T ;2b Rk,R Rk,98- kyR8X

(RKEQiH - _X- HpBbB- GX-. ?HBM- JX- *H2K2MiwvXxvgpQMsTAXmH iBp2 #vx MiBMB 7Qm2d/BIM D" M+2
Q7 ir2Miv@} ' bi *J aA:PSa bvKTQbBmK QM PT2" iBM-; bvBboB BBMyBTK2b



.Bbi*B#mi2/ TTHB+ iBQM *?2+FTQBMiBM; 7Q" _2THB+ i2/ ai i2 J +7BW2b

(RjPXIX J2M/BxX-#6Hi "2+Qp2 v BM T °~ HH2H bi i2 K +2@MPB72JHB +H MBQRMB/ /2 * i{'HB+ /Q BQ :° M
amhtkyReX kkU9V , kKNN@jRN- RNNyX

(R9) Q- CX- aBKQMBM=- JX- *QQT2 K M--:X223@ TBMEMBM; b b2 pB+2 BM ?22i2 Q;2M2QRBH?*+*HQmM/ 2N
All11f *J AMi2°M iBQM H avKTQbBmK QM *Hmbi2 - *HQMT ;@b €B/dyQ KTV R8KM;

(R8W?QmM- X- amM- ZX-1GIB-MG»8M; "2HB #BHBiv pB +?2+FTQBMiBM; BM?B8HQ ni QK& K ThBi-8 VB M b i 2 K
Al11 pQHmMK2 R9- MmK#2  d-T ;2b R Ry- kyRdX

(ReJB ' ?Qb2BMB- X- _Qm? MB- "X .X- aQM;?Q B- 1%-BEQmb?22MFTOBMIBM; HQM; +QKTmi iBQMb Q
Bii2MiHv 2M2";Bx2/ BALVU2HhBMHXiBQMb QM JmHIB@a+ H2 *QIKQMHmM EBM kawWmXKie™ 9- T ;2b kdd
kNy- kyReX

(RdJ2°'Qm72H- "X- "2H H2KTiBKBx iBQM Q7 +?2+FTQBMiBM;f'2+Qp2 v bi® i2;v BM +HQmM/ +QKTmiBI
KM ;2K2MiXM+m™"2M+v M/ *QKTmi iBQM, S® +iB+2pQHAMK2jB2MmX#2" k9- T ;2b 29Nye- B
PMHBM2 GB#" “v-v2 "4kyR3X

(R3N2VHQ- GX- ""mK- _X *X- ° Mi2b- GX- a2Mb- SX- . " mMKKQM/2HRX BM;. X?2¢FTQBMiBM; M/ _2+Q
S'Q+2/m 2b rBi? i?2 aiQ" ;2 a2 'pB+2b Q7 K Q@M 2Mia2MpBBHQMXH *QM72'2M+2 QM S *~ HH2H
A*SS, qQ ' Fb?QT;Rb R 3- kykyX

(RNG2pBiBM- :X- SBM;- GXC GBMNI-@HBK H +?2+FTQBMiBM; M/ 2Dmp2M iBQM TQHB2WBQ¥BRBEH@iBK
1M;BM22°'BM; avbi2K a 72iwQHmRABER23k- T ;2b ej dk- kyRNX

(kydX u M?m - SXCX 6H pBQ- JXM2Bin?h, #mBH/BM; 2{+B2Mi "2THB+ i2/ bi 3?Kad1B\M 2y KDQ h B.rh K
QM PT2' iBM; avbi2Kb .2bB;M M/ AKTH2K2Mk)yBIM UPa.A y3V

(KREX EQM+Xx F- LX6X /2 aQmb a MiQb- hX wm FQrbFB- SX qQD+ES+P@rbRBi2X a#?7?BV2 " 2THB+ iB(
# b2/ QM i?2S tQb TIGEGH@MKWX* @ a+?QQH Q7 *QKTmi2" M/ *QKKmMB+ iBQM a+B2M+2b- Ga_ @
G #Q " iQ'v- h2+?MB+ HQXRTQ@SingP_E- kyRRX

(kk)'X :?Bi- . X 1T2K2ii2 b 72i? MbQ "v, :" TTHBM; rBi? 7 BHmM 2b Q7 BM@K2K Q@ W/+R22/8 M;\bi B7b 7"
i?72 kei? AMi2 M iBQM H avKTQbBmMK QM >B;?@S2°7Q K MOXSmMiBM2Ab IRy SEDR Met-mki PR d X

(kj)LX L FbBM2? #QQM-uX GBm-*X G2 M;bmFbmM- _X L bb-"-2MNE #BW-BiX@X aRQTiT'Q +?, MBM+ 2K
+?2+FTQBMif 2bi i KQ/2H BM ? TkyyQ dB;Q MKRMibXAMi2 M iBQM H avKTQbBmMK QM *Hmbi2" *(
i?72 "B/ U**: AV ;2b d3j@d33X A111- kyy3X

(k9 X:X aH2K#2 - SX L *bBK”MM M HvbBb J22ib .Bbi'B#mi2/ 6 mHi@hQH2" M+2, 1M #HBM; ai i2@
rBi? LQM/2i2  KBMB bxDkyyeX

(k8CX*X a M+?Q- 6X S2i'BMB- : X CQ?MbQM--1XKM6i?R2?72M#R#BHBIiv Q7 BM+ 2K2Mi H +?2+FTQBMiB
+QKTmMiBRMiX AMi2'M iBQM HS > HH2H M/ .Bbi'B#mi2/ S'Q+2bbBEMVMaVKP2@BIBBAKL ky k9 XK Q+2

(ke) X :BQBQb - CX*X a M+?Q- aX CB-My- MKTS22MBMBM+ 2K2Mi H +?2+FTQBMiBM; i F2"M2H H2p2H
7 MHiiQH2  M+2 7Q T ° HH?24y8 Q8 TOIH22BM ;b Q7 i?2 kyy8 *JfA111 +QM72 2M+ZT QRbamT2 +Q
N@N- A111- kyy8X

(kdWw? M;- gX- a?2MF2 - aX- wBMbBAX2Mi ai i2J +?BM2b 7Q° _2+Qp2° #H2 AM@K2KQ v aiQ" ;2 avbhi
R9iPlalLAg avKTQbBmMK QM PT2' iBM; avbi2Kb .2bB;M M/PRKAHIKIMP2bBRYMN Ry9e- kyky X

(k3)?K2/- aX-"? iiB-LX X- HBx B-JX >X-aB//B[mB- CX1$XB2WQiiiBQHi 2 " &Rii2Mi +QKTmiBM; rBi? /Bz2
+?2+FTQBEBIBM2X/BM;b Q7 i?2 kyi? *J aA:SG LfaA:"1. AMi2°"M iBQM H *QM72 2M22bQM G M;r
M/ hQQHb 7Q" 1K#2//2f dvhaBKdy 3R- KyRNX

(KNE v b2F ° - aX- > 'rQQ/- X-E 'mM b2FRiBKaK JmMHIB@G2p2H AMi2'p H@# b2/ *?2+FTQBMIBM; 7Q
S'Q+2bbBM; avbhiBKbBIX2T ' BMi "sBp,RNIRKMXNHERek

(jy)_2M- EX- .B KQM/- hX- # /B- .X CX- hBOXKE@IQMW2 X2 / bvM+?°"QMQmb +?2+FTQBMiBM; BM K BM@
bvbi2K®YQ+22/BM;b Q7 i?2 kyRe AMi2'M iBQM H *QM72 2M+T2 ;QM R8YN; RBBRi QYR eiX

(JR)FIim F- AX- E “Tmx+m-*IX KM2bB+ *?2+FTQBMiBM; MV112+QWP2VM iBQM H avKTQbBmK QM >B;?
7Q°K M+2 *QKTmi2® "+?Bi2+imT2;b y* ¥j- kykyX

(JKkYh X Emr ? > - hXEm'Q/ -JXL F MQv -uXuFmr-uXaiQ-uX hi@KM2/ SH MMBM; Q7 avbi2K _QHH#
BM .2+H * iBp2 Ah avbi2KylIRN iR&XASfA111 avKTQbBmK QM AMi2;" i2/ L2irQ'F M/ a2=pB+2 J M ;
T :2b 9k3@9j9- KyRNX

(j))CXwX EQM+x F- SXhX qQD+B2+?QrbFB- LX a MiQb- hX wnZfQpBFRB-HXQaBPBIR7Q" S tQh@# b2/ a
J +?BM2 _2THBALBIQMXMb +iBQMb QM .2T2M/ #H2 M/ a2k ymRAXQKTmiBM;

(j9)CX _mb2#2+QM};m> iBQM M/ i° MbB2Mi "2+Qp2 v BM bi i2SKQH?RNEM b 2B 2 MKiim2 biXavK TQbB mK
6 mHi hQH2  Mi *QKTm2BM@R8- A111- RNNeX

(j8)6X"X a+?M2B/2 - GXAKTEBMK2MiIBM; i mbirQ i?v b2 ' pB+2b mbBM; "2AHB} a2# i BAvK S?BM 2HnX
jusVv,j9@9j- kyy8X

(je)"X g2bi2'- CX X *QrHBM;- 1X"X LB;?iBM; H2- SXJX *?2M- CXQ6H+2B NIB/M ;"% GBWFWYBM _2THB+ i2/ a
J +?BM2b h?°"Qm;? *HB2Mi dB2ANMH; 2B@M&K@ key- kyyNX

(jd)SXJIX *?22M- 1XEX G22- :X X :B#bQM- _X>X E ix- . XAX,S>B2?I@M2"7Q K M+2- "2HB #H2 b2+QM/ v
*J *QKTmiBM; am p2vb UkelURW ,R98@R38- RNN9X

1/Bi2/ #vM S2i+m
_2+2Bp2H j- kyky
++2TiZxXZ,M kR- kykR
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.. a+ H #H2 *QKTmiBM;, S +iB+2 M/ 1tT2 B2M%i2T, fAara X IRISTN2X@Rde d -
UkykR a*S1X 0QHMK2 kk- Abbm2b R- TTX 3R Nk- .PA RyXRkeN9,fb+
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L *>AE1lh h _aA - JIGu _ hL aq AL % aP>J P& L. I.AhL _ulL E X

#bi> +iX bi M/ */ gB 2H2bb a2MbQ" L2irQ " FbUqgaLbV +QKT ' Bb2b Q7 HQr@+Qbi b2MbQ" MQ/2b 2K4#
hQ 2M? M+2 i?2 M2irQ F HB72iBK2 Q7 gal- i?2 MmK#2° Q7 +iBp2 MQ/2b KQM; i?2 /MTHQVBi#MQ/2b b
i?Bb- Bi Kmbi #2 2Mbm 2/ i? i +Qp2° :2 Q7 i?2 i *;2i2/ "2 rQmH/ MQi ;2i zMQZ2HX i2QMNB/ 2 NNV
/Bz2 2Mi TTHB+ iBQMb Q7 qalL- i?2°2 Bb biBHH /2K M/ 7Q° 7mHH +Qp2° ;2 Q" T "iB H +Qp2" ;2 Q7
i?2 +B +mKbi M+2b- T QT2 bH22T b+?2/mHBM; H;Q Bi?K M22/b iQ #2 7TQHHQI2/QMHQZ-i P22 +iB|
# ii2°vX _ M/QK /Bbi'B#miBQM Q7 i?2 b2MbQ  MQ/2b BM +QKKQM "2 K v ? p2 KmHiBTH2 +iBp2 N

i?72 2/mM/ Mi MmK#2' Q7 +iBp2 MQ/2b M/ Tmii?2K BMiQ bH22T iQ +QMb2 ' p2 2MQ/QMXQh¢BBZr 212" 2 |
i?72 +iBp2 b2MbQ  MQ/2b 7Q°'K ?B2° "+?B+ Hbi'm+im 2 i? i ?2 Hb Bib2H7 #v 7TQHHQrBM; H2p2H@r
/2i2+ib i?2 iQi HMmK#2" Q7 "2/mM/ Mi MQ/2b BM i?2 +Qp2" ;2 "2 X h?2T2'7Q2% Mm2iQ7 mdPBM;QTQ
i?72* bi HB bBKmH iQ°'X h?2 bBKmH iBQM "2bmHib b?Qri? ii?2 T°QTQb2/ H2p2H@rBb2 T2'BQ/B+ i 2
M2irQ " Féb /m* #BHBiv BM +QMDmMM+iBQM rBi? i?2 H2p2H rBb2 TT ' Q +?X

E2v rQ'/b,gB " 2H2bb a2MbQ  L2irQ ' F- aH22T a+?2/mHBM;- *Qp2" ;2- 1M2 ;v 1{+B2MiX

Ja bm#D2+i +H bbB}+ eBBQR® X

RX AMi"Q/m+jB@WRbb a2MbQ™ L2irQ " Fb UgqaLbV ? p2 #22M ;2M2° HHv +QMbB
BKT2  iBp2 BMMQp iBQMbX “2;mH "~ gB'2H2bb a2MbQ  L2irQ F +QKT Bb2b K M\
MQ/2bX h?2b2 KmHIB@T™ +iB+ Hb2MbQ MQ/2b ? p2 HBKBi2/# ii2"vHB72 M/ "2
BMi2 2bi (R) (k)X h?2b2 b2MbQ  MQ/2b ? p2 BM#mBHi KBMB im"'Bx2/ +QMi " QHH?2
b2MbQ MQ/2b + M/2i2+iQmibB/2 2p2Mib-T Q+2bbi?2/2i2+i2/ BM7Q K iBQM- M
#Q /Hv miBHBx2/7Q 2+QHQ;B+ H+QM/BiBQM KQMBIiQ 'BM;-b2+m Bivbm p2BH
Mim> HHB72-2i+X (j)X a2MbQ  MQ/2b- b ;2M2> H- "2 /2Mb2Hv /2THQV2/BM M
iQm;? iQ K BMi BM i?2 MQ/2bo # ii2'v+ T +BivX hQ Q#b2'p2 M/ +QMi"QH i?2 T2\
/172bb i?2 TQHHQrBM; irQ "2[mB 2K2Mib, UBV b2MbBM; BM i?2 BMi2M/2/ xQM2
UBBV T°'QT2  +QKKmMB+ iBQM b?QmH/ #2 K BMi BM2/ KQM; i?2 b2MbQ  MQ/2b
T QT2 Hvi® MbKBii2/iQi?2 bBMF MQ/2X 1Hb2-i?2 Qp2° HH +QHH2+iBQM Q7 i?2

AM gqalL- b2MbQ MQ/2 + M b2Mb2 Bib /2i2+iBM; ~ M;2- r?B+? Bb + HH2/ b b
h?2 M2irQ F +Qp2° ;2 (j) (9) +QmH/ #2 i° MbH i2/ bi?2 ;;*IRAad2b2QpQ ;MAV2bX
aBKBH "HW\nAMIMQ/2 b?QmH/ b2M/ i?2BM7Q K iBQMiQ MQi?2  MQ/2rBi?BM Bib
Bb i?2 MmMK#hAQIMQ/2bc KQ 2 Bb i?2 +QMbmKTIiBQM Q7 2M2 ;vX hQ #QQbi i?2 t
HQ;B+ HiQ HBKBi i?2hMmKM D/ Zb/r?BH2 ++QKTHBb?BM; i?2 KQbi 2ti’'2K2 +QM+2
T /BQ +Qp2° ;2X

.2T2M/BM; mTQM i?2 M2+2bbBiB2b Q7 i?2 TTHB+ iBQM-i?2 b2MbBM; M/ /B
M TTHB+ iBQM HBF2 BMi'mbBQM /2i2+iBQM Q" KQp2K2Mi*AB+bRMNM QB MQiBi ?
7Q°2 +? HQ+ iBQMX a®h KQAM@2b2rXBHH mM Qmi Q7 # ii2 vp2 v TB/HvX aBKBH
HBF2 ?mKB/Biv Q i2KT2 im"2 KQMBiQ ' BM;- Bi Bb "2[mBAQLIM®?2b2 7RiIr2 HBA MEiR2
+Qp2° ;2X L2p2'i?2H2bb- BRAMN/QQ/2HBM; /m”> iBQM- Bi Bb M2+2bb v iQ ? p2

EAAh .22K2/iQ #2 IMBp2 bBiv- "?m# M2brbB ABV/K BHX+QK
YEAAh .22K2/iQ #2 IMBp2 bBiv- "?2m# M2 BM KMWAB ;K BXNX+QK
ZEAAh .22K2/iQ #2 IMBp2 bBiv- "?m# MEbk8]3 KK /BHM¢ QK
XEAAh .22K2/iQ #2 IMBp2 bBiv- "?2m# M2BiM - AMMBE U;K BAKX+QK

3R



3k L +?BF2i h " bB - KmHv _ iM ar BM-aQ? K _Qv-1/BiL > v ME"

b+?2/mMHBM; K2+? MBbKIiQK M ;2i?2r?QH2 M2irQ"FX TTHvVvBM; bH22T b+?22/mt
i?72 b2MbQ  MQ/2b iQ b? "2 i?2B  /miB2b KQM; i?2Kb2Hp2bX h?Bb K2+? MBbK +
i?72 2M2 ;v Q7 i?2 b2MbQ" MQ/2bX h?2°'2 K v #2 BMbi M+2b r?2°2 KmHiIiBTH2 b2M
+QKKQM "2 -r?B+? mHIBK i2Hv "2bmHiIiBM; BMr bi ;2 Q7 # ii2’vX AMbm+? b+2M
2/ mM/ Mi MQ/2bX h?2b2 "2/mM/ Mi MQ/2b + M KQp2iQ bH22T KQ/2iQ 2M? M+2 i
i?Bb-gaLb Kmbi 7QHHQr M TT QT B i2/miv+v+H2 K2+? MBbK i? i;Qp2 " Mi?2 +v-
KQM; i?2 b2MbQ™ MQ/2bX

AM i?Bb K Mmb+ 'BTi-r2? p2T°QTQb2/ bH22T b+?2/mHBM; K2+? MBbK r?2°2
M/ Tmi i?Qb2 MQ/2b BMiQ bH22T KQ/2 iQ +QMb2 ' p2 2M2 ;vX Pm T °QTQb2/ T°Q
/2bB 2/ "2;BQMX h?2 T°QTQb2/ TT ' Q +? mb2b H2p2H@rBb2 ?B2° "+?B+ H bi'm
i?72Kb2Hp2b HQ+ HHv BMi2M/BM; iQ b p2 2M2 ;vX h?2 "2bi Q7 i?2 T T2 Bb Q ; M
bi i2Q7i?2 "i- 7TQHHQr2/ #v T QTQb2/ TT Q +? T 2b2Mi2/ BM a2+iBQM AAAX I
"2bmHib- M/ M HvbBb Q7 i?2 ;2M2" i2/ ;"  T?b "2 T 2b2Mi2/ BM a2+iBQM AoX 6B/
a2+iBQM oX

kX ai i2 Q7 i?2 I'MR ;v +QMb2p iBQM Bb QM2 Q7 i?2 bB;MB}+ Mii tQMQKB2b (¢
Qp2° HH HB72iBK2 Q7 i?2 qaLb-2M2 ;v +QMb2 p iBQM b+?2K2b "2 #2BM; +QMb|
#v "2b2 "+?2°b +°Qbb i?2 ;HQ#2X >2M+2-i?2°2 Bb M #mM/ Mi MmK#2"~ Q7 "2}
# +F;"QmM/X h?2°2 2tBbib +QMbB/2" #H2 /Bz2 2Mi +Qp2° ;2 QTiBKBx iBQM TT
M/ |/ TiBp2 bH22TBM; US1 aV-T Q#BM; 2MpB " QMK2Mi M/ +QHH #Q iBM; / TiB
Hv2 /2THQVK2Mi U*G.V-" M/QK # +F@Qz bH22T T QiQ+QH U_"aSV- M/ bQ QMX
? b#22M 2ti2M/2/ #v 2K#® +BM; # bB+ j@KQ/2 TT Q +?-BX2X-bH22TBM;-T Q#
'2;BQM- M +iBp2 MQ/2 ? b 2K BM2/ BM +? ;2 Q7 +Qp2" ;2- M/ BM i?2 K2 MiBK
BM bH22T KQ/2 iQ bT "2 2M2 ;vX h?2 bH22T MQ/2 ;Q2b BMiQ i?2 T'Q#BM; bi ;2 7
i?72 ++2bbB#BHBiv Q7 i?2 +iBp2 MQ/26b T 2b2M+2 #v b2M/BM; T Q#BM; K2bb ;
KQ/2iQ bT "22M2 ;vX h?2 S1 a? bbQK2 BKT2/BK2Mi- BX2X- b2MbQ > MQ/2-r?
BM bBKBH " bii2 HH i?2 iBK2 iBHH Bi/"B2b Qmir?B+? K v "2bmHi BM HQTbB/:
S1* a(d) Bbi?2 2ti2M/2/ p2 " bBQM Q7 S1 a-r?22Bi Qp2 +QK2b 72r HBKBi iBQMt
BM S1* a;Q2b iQ bH22T KQ/2 7i2° biBTmH i2/ T2 ' BQ/- #mi Bi b? "2b Bib "2K B
#27Q°2 Bi ;Q2b iQ bH22T KQ/2X h?Bb BM7Q K iBQM Bb mb2/ #vi?2 T'Q#BM; MQ/Z
+iBp2 ; BMX

h?2 + b+ /IBM; 2z2+i Bb i?2 KQbi +QKKQMHV 7 +2/ Bbbm2b BM qgal #2ir22M i?2
MQ/2b +HQb2" iQ i?2 bBMF "2 2M; ;2/ BM i° MbKBIiiBM; /i KQbi Q7 i?2 iBK2 +Q
MQ/2bX A7 Mv 2p2Mi Q++m'b 7 > rv 7' QK i?2 bBMF-i?2M KQ 2 BMi2'K2/B i2 MC
i?72 M2irQ"F6b HB72iBK2X h?2 S1 a H;Q Bi?K ? b #22M KQ/B}2/ BM *G. (3) TT Q
MQ/2 /2THQVK2Mi iQ +QmMi2° i?2 + b+ /IBM; 2z2+iX AM *G.- 1?2 p2° ;2 /Bbi M+2
K BMi BM2/ b k' fj-r?2°2 " Bb i?2 b2MbBM; ~ /IBmbX aH22TBM; MQ/2b bm > "QmM/
feX JQ 2 MmK#2 Q7 bH22T MQ/2b "2 TH +2/ M2 " i?2 bBMF MQ/2 iQ Qp2 +QK2 i
BKTH2K2Mi2/ BM i?Qb2 TTHB+ iBQMb r?2°2i?22i ;2i "2 BbFMQrM #27Q 2?7 M/

_"aS (N)Bb T'Q#2@# b2/ H;Q Bi?K i? i mb2b BM7Q K iBQM “2; "/BM; i?2 "2
T '2b2Mi +iBp2 MQ/2X >2'2- # +tF@Qz bH22T iBK2 Bb + H+mH i2/- r?B+? Bb miB
M2B;?#Q BM; MQ/2b iQ +?2QQb2 r?2M iQr F2 mT M/ 2t KBM2 i?2 +m "2MiHv +i
TT Q +?-r?2M M +iBp2 MQ/2 ? b ?B;? Qmibi M/BM; 2M2 ;v- M2B;?#Q BM; MQ/
M/ i?2 Qi?2 rv "QmM/X

h?2 mi?Q°b (k3) "2+QKK2M/2/ bH22T b+?2/mHBM; H;Q Bi?K Bb BMi2M/2/ iQ E
#v "2/m+BM; TQr2 /Bbi B#miBQM /m2 iQ i?2 T bbBp2 HBbi2MBM; Q7 MQ/2bX h?2
2K BMBM; TQr2° Q7 b2MbQ" MQ/2b M/ / TiBp2X bH22T b+?2/mHBM; TT Q +?
/IKBMBbi® iBQM #v miBHBxBM; i?2 H2 bi 2M2 ;vX /Bbi'B#mi2/ bH22T b+?2/mHB
2MiB 2Hv b iBb7v i?2 b2MbBM; ~ M;2b M/ brBi+? Qz i?2 MQ/2 B7 i?2 +QMp2°b iB
/2[m i2 2M2 ;v (kN)X

PM2 Q7 i?2 bB;MB}+ Mi +? HH2M;2b BM 7Q KmH iBM; bm+? bvbi2Kb HB2b rBi?
iBQM H bb2ib ++2bbB#H2 iQ b2MbQ™ MQ/2bX h?2b2 +QMbi° BMib Kmbi #2 i F2M
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bvbi2K T Q;'2bbBQMX h?2 "~ M;2K2Mi Q7 b2MbQ MQ/2b Bb i?2 T'BK "vbi2T BM |
gaLb +QMi BM K Mv b2MbQ ™ MQ/2b-i?2 MQ/2b Kmbi #2 TH +2/ BM +Hmbi2 b (jy)-
MQ/2 + MMQi #2 r?QHHV 2Mbm 2/ T BQ BX AM i?Bb K MM2 - i?2 MmK#2" Q7 MQ
Q#b2 p2/ xQM2 Bb KQbiHv ?B;?2 X h?2 mi?Q b BM (Ry) ? p2 T 2b2Mi2/ M H;Q"
b2ib Q7 b2MbQ  MQ/2b-r?2"2i?2 mMBQM Q7 i?2b2 b2ib+Qp2°'bi?2 Q#b2 p2/ "2;B
HH +QHH2+iBQMb- M/ QM2 Q7 i?2 ;"QmTb Bb +iBp2X h?Bb H;Q 'Bi?K ++QKTHE
rBi? mHIiBK i2Hv T'Qi2+iBM; +Qp2° ;2X

AM (RR)-i?2 mi?Q b /2}M2/i?2 +Qp2 ;2 Bbbm2 b +?2QB+2 # b2/ T Q#H2KX
r?2i?2° 2 +? TQBMi rBi?BM i?2 /2bB 2/ "2;BQM Q7 i?2 b2MbQ"  M2irQ'F Bb b2+m
+QmH/ #2 T 2/2}M2/ 2bi22KX h?2 b2MbBM; ° M;2b Q7 MQ/2b + M #2 mMBi /BbFl
/IBbTH v2/ TQHVMQKB H@iBK2 + H+rmH iBQMb BM i2°' Kb Q7 i?2 MmK#2"> Q7 MQ/2l
BM /Bbi'B#mi2/ +QMp2MiBQMbX h?2 bBKmH iBQM "2bmHi b?2Qr2/i? i 2M2 ;v +Qm
iQH2® Mi KQ/2H BM M "2 r?2°2 MQ/2b "2 /2THQv2/ M/QKHvVvX AM (Rk)-i?2 m
+?QQbBM;i?2H2 bi MmMK#2> Q7 bbQ+B i2/ b2MbQ  MQ/2biQ +Qp2° /Bbi'B#mi2/ |
H;Q Bi?K "mMb #v Bi2" iBp2Hv TT2M/BM; MQ/2b i? i K tBKBx2 K2 bm 2 + HH2/
b2i Q7 MQ/2bX h?Qm;? mMMBM; rBi? i?72 H2 bi MmK#2> Q7 b2MbQ MQ/2b /Q2b
K tBK HHB72iBK2X gBi?Qmi ;HQ# H QTiBKBx iBQM- Mv MQ/2b i? i + M +Qp2 K
rQ"F K bbBp2Hv- M/ i?2vrBHHbQQM "'mM r v 7 QK 2M2 ;vX

AM (Rj)-i?2 mi?Q b /Bbb2KBM i2/ bBM;H2 bi2T " M;2K2Mi H;Q Bi?K i? i /E
BMiQ irQ 2[m H M2irQ ' FbX h?2 MQ/2b "2 /2THQvV2/ iQ TQbb2bb 2 +? TQBMi BM
M/ +QMM2+i2/X hrQ bi® i2;B2b ? p2 #22M T°'QTQb2/ 7Q  i?2 /2THQVK2Mi Q7 b2 M
TH MM2/ b T2 i?2 bBim iBQMbX h?2 mi?Q b BM (R9) ? p2 T°QTQb2/ M TT Q +
i?72 +Qp2° ;2 ?2QH2 #v TB+FBM; MQ/2b 7' QK i?2 +Qp2 ;2 2 r?2 2 2/mM/ Mi MQ/.
b2MbQ™ "2HQ+ iBQM #v "Q#Qib iQ K2M/ +Qp2" ;2 ?QH2b ? b HbQ #22M T QTQb:
TT Q +? BM ;"B/bi'm+im 2 Q7 BMi2 2biX AMi?Bb TT ' Q +?-7mHH +Qp2° ;2 Bb
MQ/2b BM +Qp2° ;2 ?2QH2b rBi? i?72 ?22HT Q7 "Q#Qibi? i° M/IQKHv KQp2 BM i?2 M2

AM (Re) M/ (Rd)- M2M2 ;v@2{+B2Mi +Qp2" ;2 TT ' Q +? ? b #22M T QTQb2/ r
MmK#2 Q7 b2MbQ  MQ/2br2 2 /2THQv2/BM i?2 "2 Q7 BMi2 2biiQ +?B2p2 +Qp2
Q7 b2MbQ™ MQ/2b Bb ?B;?Hv TQTmH i2/c i?2b2 MQ/2b "2 /BpB/2/ BMiQ b2p2° H |
i?72 M2irQ"F HB72iBK2 Bb #v TmiiBM; i?2 "2bi Q7 i?2 MQ/2b BMiQ bH22T KQ/2-r?z
bT2+B}+ "2 7Q  +Qp2" :2X h?Bb K2MiBQM2/ H;Q ' Bi?K 7QHHQrb +2Mi> HBx2/ T
H;Q Bi?K (R3) + HH2/ LQ/2 a+?2/mHBM; b+?2K2 " b2/ QM i?2 1HB;B#BHBiv "mH
TT Q +?2r?2°22 +? MQ/2 /2+B/2b iQ #2 BM 2Bi?2° +iBp2 Q  BM bH22T KQ/2X i
7Q° +Qp2'BM; i?2 "2 Q7 BMi2 2bi- M/ i?2 "2/mM/ Mi MQ/2b "2 BM bH22T KQ/2)
i'B2biQ M/ M Hi2 "M iBp2 MQ/2-r?B+? rBHH +Qp2 i?2 2 Q7 BMi2°2biX A7 i?2
+iBp2 MQ/2 + M ;Q iQ bH22T KQ/2X h?2°2 Bb MQ bBKmH iBQM T " QQ7 Q7 i?2 bi iz

a2MbQ  a+?2/mHBM; 7Q°  F@*Qp2" ;2Uaa*V (RN) KQMBIiQ'b irQ@/BK2MbBQM
/IQ MQi ? p2b2MbQ” MQ/2b KQ 2 i? M QM2X E MmMK#2> Q7 b2MbQ~ MQ/BaBRXmbi ;m
aa* Bb +2Mi° HBx2/ H;Q Bi?K- r?B+? BbLS@? /X h?2 2tBbi2M+2 Q7 qalL Bb /
Im*BM; r?B+? i?2 2MiB'2 "2;BQM Bb F@+Qp2'2/X h?2 mi?Q b BM (ky) "2+QKK2M
BM bvM+?2 "QMQmbgalL-r?2"2"  /BQbi'2M;i? Bb2[m HiQi?2b2MbBM;  M;2X h?E
b2MbQ > MQ/2 FMQrb i?2 2t +i HQ+ iBQM Q7 Bib M2B;?#Q  MQ/2bX h?2 T 2+Bb2 H
/2+B/2 miQMQKQmbHv 2Bi?2  iQ #2 BM +iBp2 Q°  BM bH22T KQ/2X MQ/2 + M ;Q
Bb +Qp2 2/ #v Bib M2B;?#Q" MQ/2bX # +FQz H;Q Bi?K Bb #2BM; 7TQHHQr2/iQ
bH22T KQ/2X >Qr2p2 - i?BbK v z2+ii?2 MQ/2 +QMM2+iBpBivX

+2Mi° HBx2/ H;Q Bi?K ? b #22M T ' QTQb2/ #v (kR)-r?2"2i?2b2MbQ"~ MQ/2b

h?2 MQ/2b Q7 T "iB+mH "~ b2i "2 +iBp2iQ +Qp2 i?2 "2[mB 2/ TQbBiBQMbX b
MQ/2bo bi i2 Q7 #2BM; Hi2 M i2 #2ir22M +iBp2 M/ bH22T iQ 2ti2M/ i?2r?QH2 M
2M2°;v@2{+B2Mi b2MbBM; +Qp2° ;2 T°QiQ+QH mbBM; /Bz2 2MiB i2/ KQMBiQ BNM
#v (kk)X >2"2-2 +? MQ/2 2Mbm 2b +2°i BM +Qp2° ;2 /2;°22 #v Q#2vBM; /vM K
T°QTQb2/ T°QiQ+QH mb2b i?2 ;"B/@# b2/ TT Q +?-r?22"2i?2 /2THQv2/ "2 Bb b
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;’B/ Bb HHQ+ i2/ rBi? b2MbQ MQ/2X 1 +? +iBp2 MQ/2 +Qp2°'BM; Mv ;'B/ HbC
i?7 i+ M HbQ +Qp2 i?2b K2 ;"B/X A7 i?2 M2irQ"F Bb /2Mb2-i?2M i?2 iBK2 M/ bT
HBbi +QMi BMb i?2 b2MbQ> MQ/2 /2i BHbX

h?2 mi?Q  BM (kj) TTQTQb2/ ;°22/v H;Q Bi?K i? i K tBKBx2b i?2 M2irQ'F HB
b+?2/mHBM; TT ' Q +?X h?2 bi i2 b+?2/mHBM; TT ' Q +? ;Bp2b miQMQKv iQ MQ/
BMBiB HHvX h?2 T°'QTQb2/ TT Q +? i?2M i'B2b iQ +Qp2  i?2i ";2i "2 rBi? i?2 |
i?72 H;Q ' Bi?K "2bi "ibX >Qr2p2°-i?2 H;Q Bi?K +QMbmK2b KQ'2 2M2 ;v +QM+2"
(k9- k8)X Aib?QmH/ #2 MQi2/i? i HHi?2 "2 /IBM;b/Bb+mbb2/2 "HB2" //'2bbi?2
"mi MQi i?72 +Qp2° ;2 T'Q#H2K-r?B+? 2Mbm 2b +QMM2+iBpBivi? ir2 +QM+2Mi" i
b2MbQ  MQ/2bd b+?2/mHBM; Q#bi +H2 iQ Q#b2 ' p2i?2 7TmHH +Qp2° ;2 M/ +QMM2

iX STQTQb2/ gQ7FX i?2 BMBIB Hi'22 +QMbi m+iBQM rBi? +m > "2MiHv b2H2+i2/
+ i2;Q°Bx2/ BMiQ irQ ivT2b- pBxXtye2\BMM2 H\2 H M@/ 2XKUhQ;2i?2  i?2v K BMi BM 7
+Qp2° ;2Q7i?2r?QH2/2THQVK2Mi "2 X aQ-i?2v "2 HbQ 272 °2/iQ bi?2 +Qpz
"2 Hr vb +iBp2 bi?2v "2+2Bp2 /i T +F2ib7°'QK i?2B" +?BH/"2M M/ b2M/ Bi iQ
i?72 H2 7 MQ/2b HQMM@/i2b /Q i?2 DQ# Q7 b2MbBM; i?2 2p2Mi M/ b2M/BM; K2bk
h?2 H2 7 MQ/2b bi v BM bH22T KQ/2 KQbi Q7 i?2 iBK2X h?2b2 H2 7 MQ/2b im M
b2Mb2 QT2 iBQM BM + b2 Q7 M 2p2Mi-T bbi?2 K2bb ;2iQ i?2B" T "2Mi- M/ ; B

6°’QKi?2 #Qp2 /2b+'BTiBQM-Bi+ M#2 b22Mi? i HHi?2b2MbQ MQ/2b T "iB+
T ' Q+2bb b r2HH b K2bb ;2 T bbBM;X >Qr2p2 - BM galL rBi? ?B;? +QM+2Mi" iBC(
" /Bmb Q7 b2MbQ” MQ/2b "2 Qp2°'H TTBM; rBi? 2 +? Qi?2° Q' +QK#BM iBQM Q7
b2MbBM; "2 Q7 bQK2 Qi?2 " MQ/2bX AMbm+? b+2M "'BQ-r?2M HHi?2b2 MQ/2b b
b2Mb2// i iQi?2B T "2Mi MQ/2b-i?2v T2 +2Bp2i?2b K2 Q++m "2M+2 Q7 i?2 2p
iQi?2 bBMF-r?B+? Bb 2MiB"2HVv mMM2+2bb "vX h?Bb H2 /b iQ BM2z2+iBp2 mb2 C
MQ/2b "2 mb2H2bb ii?2 2tT2Mb2 Q7 i?2i°226b HQM;2pBivX

hQ 2Mbm ™2 7mHH +Qp2° ;2 Q7 i?2 /2THQv2/ "2 - HH i?2 b2MbQ™ MQ/2b /Q N
/2i2+iBQMX aQK2 Q7 i?2 MQ/2b + M +QKTH2i2Hv "2K BM BM bH22T KQ/2 M/ /Q M
biBHH i?2 7TmHH +Qp2° ;2 + M #2 2Mbm 2/X am+? MQ/2b "2K BM T "iQ7i?2i 22
+Qp2° ;2X >272-i?2Qb2 MQ/2b the2MB /28 Xb b?RQM; b MQ/2 Bb +QKTH2i2Hv BM
Bb 2[mBp H2Mi iQ /2 /] MQ/2X

AM galLb-i?2 b2MbBM; * /Bmb Q7 KQbi Q7 MQ/2b Qp2'H TbrBi? 2 +? Qi?2 X N
Bib b2MbBM; "2 Bb rBi?BM i?2 b2MbBM; " M;2 Q7 QM2 Q°  KQ 2 b2MbQ MQ/2bX ¢
B/2 BbiQ}IM/i?2 "2/mM/ MiMQ/2bBM "2[mB 2/ "2 -r?B+?Bb H 2 /vmM/2 i?2
M/ Tmi i?Qb2 "2/mM/ Mi MQ/2b BMiQ bH22T KQ/2X E22TBM; HQM;2pBiv M/ +Qp
? p2T°QTQb2/ MQp2H TT' Q +?i? i BMBiB HHv +QMbi " m+ib ?B2° "+?B+ Hbi'n
HQ+ HHv rBi? +QMbmHIi iBQM Q7 M2 “#v MQ/2b # b2/ QM MQ/2bd H2p2HX Ai }M/b
+m "2MiHv +? M;BM; "2 QMHv rBi? i?2 BMpQHp2K2Mi Q7 KBMBKmMmK MmK#2™ Q7
Bb2Mbm 2/ QMHvV #v 2M; ;BM; i?2 MQ/2b Q7 i?2 +QM+2 M2/ "2 rBi?Qmi BMpQHp

iXRX *QMbi' m+iB®YMMXM BMBiB Hi'22 +QMbi ' m+iBQM-i?2 b2MbQ" MQ/2b "2 +
p Bxtype -type; - Mtype;, MQ/2Tyey MQ/2b "2 i?2 “2/mM/ Mi bH22T MQ/2b r?B+? "2 +m’
KQ/2 M/ /Q MQIi T i F22Bi?2° BM 2p2Mi /2i2+iBQM Q" BM "2 +Qp2° ;2X h?2B" #
MQ/TX¥pe MQ/2b "2 i?2 BMi2M H MQ/2b M/ Hr vb "2K BM +TBgm2 MQJ2b}t22 /m" |
+ HH2/ MQM@ "2/mM/ Mi H2 7 MQ/2b i? i "2K BMb BM +iBp2 #mii F2 T i BMi?2 +
i?72b2 1?22 ivT2b QpasMQ@2db +QMbmK2b KQ 2 2M2 " ;typdy +IDKde, RIIGRbX .m BM;
T2'BQ/B+ i°22 “2+QMbyipen MBQM- ir?B+? K22i i?2 + Bi2'B iQ ;Q iQ bH22T- rBHH
KQ/2- Byp& XM Q/2b rBHH #2 im  Mppej @BB,?MQ/2b /2T2M/BM; mTQM i?2 M22/ Q7 +(
i?72 HQ+ H2X JQ 2Qp2 - #27Q 2 i?2 "2+QMbi)th+i®BOMW/ TBibRb7ZMEM22/ i? i i?22 i 2
mM/2> 7mHH +Qp2° ;2 M/ +QMM2+iBpBiv Bb KNBMQBM2X iBHH i?2 2M/ Q7 i?2

g2 mb2i?2 /Bz2 2Mi ## 2pB iBQMb iQ /2b+ B#2 i?2 T°'QTQb2/ T QiQ+QH b ;B

6Q iI?Bb T°QTQb2/ T 'QiQ+QH-i?2 bBMF MQ/2 Hr vb "2K BMb +iBp2 /I m"BM; i~
"27Q°2 i?2 #2;BMBN . QmMM/ Q7 i'22 "2+QMbi m+iB\QM-Tr?BHL2 r MQG@MbB/2° 2/ b
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h #H2 jXR, ## 2pB iBQM

a?Q’i L K2 .2b+'BTiBQM
LUBV ih MQ/2
aaULUBVYV aH22T bB;MHWIQY 2
_1ULUBVV _2K BMBM; 2M 2" WTQ 2
G101GULUBVYV G2p2HhQMQ/2
ShULUBVV LQX Q7 T +F2ib i’ iMbmM®/2BM “QmM/
GAOl1ULUBVYV h>m2iB7MQ/2 Bb HBp2
*PLaULUBVV LQX Q7 +QMb2+miBp2 "QmM/b MQ/2 B Bb +iBp2
* GUMV *m T 2Mi H2p2H "2+QMbithm>Q m@ 7 X? 2
* GUMV 4 U*_GUM@RYV YRV W K tnH2p2HX
* GpHM2Q7jK2 Mb H2p2H R-k-j rBHH #2 "2+QMbi m+i2/X
*>1*En_1.IL. L*uULURKPVMQ/2 +?22+Fb 7Q" “2/mM/ M+v KQM; Bib|M2B;?#Q bX

types MQ/2 BM'"?i222 "2+QMbi"m+iBQM T? b2 M/ bT2M/b bB;MB}+ Mi KQmMi Q7
bH22TBM; T Q+2bb # b2/ QM b iBb7vBM; Mv QM2 Q7 i?2 TQHHQrBM; +'Bi2 B X
RX LmK#2> Q7 T +F2ibi° MbKB)iBMAVRIQWE™ 2RMM/- BX2X “2TPZOWi2/ b
Bb ;2 i2°i? Mi?2i? 2b?QH/ p Hm2X
kKX LmK#2° Q7 +QMb2+miBp2NQ@mBWw/ b+iBpBQBX2X ~20oraiNIiY)i-2Bbb2[m H iQ
i?7°22X
jX h?22 H2p2H MmKMNZ) @b MQBD i? M Q™ 2[m HiQ i?2 +m "2Mi HZp2B mM/QMbi r
reB+? Bb 2T 2ICRMIM X bh?GRL(N) p HM2 TH vb M BKTQ i Mi "QH2 bi?2 T QTQ
+H BKbi? i i?2 i? M TTHvVBM; i?2bH22TBM; T°Q+2bb Qp2° HHi?2 MQ/2b
T? b2-Bi TTHB2b QM MQ/2b T 2b2Mi BM +2°i BM H2p2H Q7 i?2i 22 BM /Bz:
M2+2bb v #2+ mb2 HH i?2 MQ/2b BM i?2 /Bz2 2Mi H2p2H Q7 i?2 i'22 /Q M(
K MM2 X h?2 MQ/2b r?B+? "2 +HQb2 iQi?2bBMF +QMbmK2 KQ'22M2 ;v b
277 rv7 QK bBMFX aQ-i?2 MQ/2b T '2b2Mi BM i?2 ?B;?2° H2p2H Q7 i?2
7°2[m2MiHVBM i°22 "2+QMbi " m+iBQM b +QKT "2/iQ MQ/2b BM HQr2 H2p2t
r2 +QKTmiZRRe)=(CRL(n 1)+1)%maxlevel i? i BM/B+ i2b mT iQ r?B+? H2p2H i?
rBHH T "iB+@T iQnBM/ Q7 "2+QMbi " m+iBQM T? b2X 6Q" 2t KTH2-B7i?2*_G p
i? i MQ/2b BM H2p2H R- k- M/ jrBHH T "iB+BT i2 BM "2+QMbi m+iBQM T? b
PM+2-typ& MQ/2 LUBV BMBIiB i2b Bib bH22TBM; T'Q+2bb- Bi b2M/b DbH22TBWN
M2r T "2Mib 7Q° HH Q7 Bib +?BH/ 2M #27Q tZ2p& i @ipped MQr2/Xi @ 72 MM TV / 2
bi "ibrBi? # Q /+ MINDMNWPARENT K2bb ;2 T +F2iiQ Bib +?BH/"2M iQ }M/ i?2B" M2r T
b T2  i?2 H;Q Bi?K@R- i?2 +iBp2 MQ/2 LUBV r Bib 7Q° ~ M/QK KQmMi Q7
;21 M2r T "2Mi #27Q 2 Biypes QMipp&WQ /2 /2T2M/BM; mTQM r?2i?2° Bi Bb +QMbB
2/mM/ Mi MQ/2 rBi? i?72 bmTT QypeQ 7MBtybeM BRI Q#2bX PM+N(M-QPB+? Bb +?BH/ Q7
MQNXi)- "2+2BpEIND? 2PARENT T +F2i- Bi BMBIiB i2bBibT ' Q+2bbiQ M/ M2r T ~2Mi
gLhnS _1Lh T +F2i M/ r Bib7Q° ~ M/QK KQmMi Q7 iBK2 iQ /2+B/2 Bib M2r T
red+? "2+2Bp2b g LhnS _1Lh T +F2i- Bb 2HB;B#H2 iQ #2+QK2 T "2Mi QMHvV r?2
BX2X aaULUFVV Bb 7 Hb2- M/ Bi Bb +m "2MiHv HBp2- BX2X GAo0lULUFVV B
2HB;B#BHBiv + ' Bi2'B - Bi "2THB2b # +F S _1Lhn_1SGu T +F2irBi? BM+HmM/BM;
M/ 2K BMBM; 2M2 ;v r?B+? 2 2T 2b2Mi2/ #v G101GULUFVV M/ _1ULUFVV "2b
iQ #2+QK2 T "2Mi Q7 Mv MQ/2 B7 Bi Bb +?Qb2M #v MQ/2 LUDV- r?B+? Bb HQ(
KB;?i "2+2Bp2 KmHIBTH2 S _1Lhn_1SGu T #bh&ilype; QAAypB,z IMTQMNIbX Pmi Q7 HH i?
S 1Lhn_1SGu T +F2ib 7°QK Bib M2B;?#Q BM; MQ/2b-i?2 MQ/2 LUDV +?2QQb2b i
#2 Bib T "2Mi # b2/ QM i?2 7TQHHQrBM; + Bi2 B X
LQ/2 LUDV rBHH ;Bp2 ?B;?2 T°'BQ BiviQ MQ/2 LUFV iQ #2 Bib T "2Mi I
GlolGULUDVV@R " i?2 i? M G10l1GULUFVV Bb 2[m HG101GULUDVVX
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L2p2 i?2H2bb- Bi rBHH Qmi@ B;?iHv "2D2+i HBHGLQLIBULWHBWBX G1l0l1GULU
"b2/ QM #Qp2 +'Bi2'B - A7 MQ/2 LUDV ? bKQ 2i? MQM2 TQbbB#H2 MQ/2b
2K BMBM; 2M2" ;v Bb ?B;?X h?2 MQ/2 LUDV +?QQb2b LUFRV Qp2' LUFkV
G1lolGULUFkVV M/ >1IULUEBNFRVV X
7i2° MQ/2 LUDV b2H2+ib Bib T "2Mi 7°QK i?2 KmHIBTH2 S _1Lhn_1SGu T +F2i
1.:1J1Lh K2bb ;2 iQ MQ/2 LUFVX q?2M MQ/2 LUFV "2+2Bp2b i?2 *ELPQqG1l.:1.
+ib /2T2M/BM; QM i?2 ivT2 Q7 MQ/®p&i QX2 A2 Bli Bibiypad bMi@/2 M/ b2ib Bib
*>1*En_1.IL. L*uULUFVV iQi m2X bi?Bb MQ/2im Mb +iBp2 7"  gebM2BT XKD /2- |
#Q b KB;?i ? p2i?2 TQbbB#BHBiv iQ #2+QK2 "2/mM/ MiX aQ- LUFV T2'7Q Kb 2
KQmMi Q7 iBK2 t@MN BBh?#Q b- M/ HH MQ/2b7QmM/iQ #2 hypesnM®Q N2ib 72 Qrii™ M 2,
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btype;, Mitype, "2 #Qi? +Qp2° ;2 MQ/2b AMi2 " @+QMp2 bBQM #2ir22M i?2b2 irQ ivT2
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Q7 K2bb ;2T bbBM; iQ M/ 7 QK Bib M2B;?#Q b iQ /2i2°KBM2 r?2i?2 Bi? b#22M
aiBHH-B7 LUBV ? b +?BH/typ&2MBim2MM @it/ b Bi ? b MQi #22M #H2iQ HQb?2
MQ/2bX aQ LUBV ? typeQ 7K iB®1M™ "QmM/ iQQX LUBV ; BM i'B2b iQnAiQYQ bH22T
"QmM/ 7i2° 1?2 +QKTH2BQOM@MiIX2>Qr2p2 - B7 2p2°v +?BH/ LUDV Q7 LUBV + M °
LUBV ;2ib "B/ Q7 HH Bib +?BH/ 2M- typé,+\ QM 22 D@28 "iQ md1/ X
PM+2 i?2 T "2Mi b2H2+iBQM T ' Q+2bb typeb MQKIHB27-T HHKP12" *>1*En_1.1L@
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MQ/2b "2 +QMmDPe2 MQTmMi i?2K iQ bH22T KQ/AX1§?20MniMZ bi ib- *PLaULUBVV 7Q
i?2%pe;r MQ/2b Bb BM+"2 b2/ #VvRiIQF22Ti' +FQ7i?2MQ Q7 +QMb2+miBp2 "QmM/b
bi i2;2ib /2+#Bk2/-Mtype, MQ/2b + M "2bmK2 Bib i bF Q7 2p2Mi /2i2+iBQM M/ b2M/
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H;Q Bi?KARM h?2i°22 "2+QMbi m+iBQM T? b2 #2ir22M irQ "QmM/
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BLUHMyBy i?72M
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i'22 "2+QMbi'm+iBQM b b?QrM BM };m 2 9XeX h?Bb };m 2 2Mbm 2b i? ii?22 M2ir(
T°QTQb2/ TT ' Q +? Bb 7 ~ #2ii2" i? Mi?2 2 "HB2  H2p2H@rBb2 i'22 +QMbi m+iB
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8X *QM+HmMABIQ®Bb T T2 -r2 //°2bb2/i?2 T'Q#H2K Q7 b+?2/mHBM; b2MbQ" 4
+Qp2° :2X AKT QpBM: i?2 M2irQ F HB72iBK2 #v BM+'2 bBM; i?2 MmK#2" Q7 bH22
"2 +Qp2 :2Bbi?2Tm TQb2 Q7 i?Bb "2b2 "+?2X g2 TT ' Q +22/i?2 H2 bi 2M2 ;v 2
T°QTQb2/ H2p2H@rBb2 bH22T b+?2/mHBM; K2+? MBbK- M/ K BMi BM2/ +Qp2" ;
AM i?Bb T°QTQb2/ TT ' Q +?2- "QmiBM;i'22 Bb #mBHii? i K BMi BMb +Qp2° ;2- M
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“2bmHib HbQ 2Mbm 2/ BKT Qp2/ M2irQ F HB72iBK2 #v K FBM; KQ 2 MQ/2b BM i?
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(RCX wW?2M; M/ X C K HBEF'@H2bb a2MbQ" L2irQ Fb L2irQ"FBM; S2°bT2+iBp2X CP>L gAG1lu M/ aF
L2r C2°b2v- kyyN

(K)WX *2m M- wX *?mMHBM- aX G2B- b p8 vMQMBRQp2" ;2 M/ +QMM2+iBpBiv Bbbm2b BM rB 2H2bb |
L2irQ'F *QKTmiX TTHX j8- eRN@ejk- kyRk- 1Hb2pB2'X

(i))JMHHB; M- _X- KK 'B+*QX}2X:2 BM rB 2H2bb b2MbQ  M2irQ Fb, bm ' p2vX L2irQ'F S'QiQ+QHb H
kd@8jX

(9) KBi- :X- a D H-*Xp2" ;2 M/ +QMM2+iBpBiv Bbbm2b BM rB"2H2bb b2MbQ ™ M2irQ Fb, bm p2vX :
*QKTmiX 9- jyj@jj9- kyy3X
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(e)6 M u2- 6X- w?QM;- :X- *?22M;- CX- Gm- &¥ykw? aM;aGX-Q#mbi 2M2 ;v +QMb2 pBM; T'QiQ+QH 7C
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(NYQ'2- X- _BbBM;? -MBROX _ M/QK # +FQz bH22T T'QiQ+QH 7Q" 2M2 ;v 2{+B2Mi +Qp2" ;2 BM rB
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