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"? /r D2i HX BMi?2T T2 iBiH2/6 6° K2rQ FiQ avbi2K iB+ HHv M Hvb2i?2
7Q° a2+m " BM; AQo AMi2  +iBQMbb6 T2 ' 7Q K2/ HBi2° im 2 QM AQo M/ h"mbi M/
i? i b2T2 i2bi?2 K HB+BQmb M/ i mbi2/ MQ/2b iQ b2+m 2 i?2 BMi2 ™ +iBQM Q7 ¢
bBKmH iBQMr b +QM/m+i2/ QM p "B2/i? 2b?QH/ p Hm2bX M/ "2bmHib Q#b2 p2/
r?B+? Bb ?B;?2° b +QKT "2/iQS._ Q7 K HB+BQmb MQ/2 r?B+? Bb yXR8X M/ QI
p BH #H2 ?2QTb M/ h mbi .vM KB+b i?2 K HB+BQmb MQ/2b "2 B/2MiB}2/ M/ /Bb+

a MBv w ?2QQ° M/ _QQ?B2L xJB BMi?2T T2 iBiH2/6 S HH2HBx iBQM" b
rQ'F7Q S22 p bBp2 AQh TTHB+ iBQMbod ?B;?HB;?i2/i?2 2+2Mibim/B2b M/ 2H i:
7Q° T2 p bBp2 AQh TTHB+ iBQMb ? pBM; HBKBi2/ "2bQm +2bX h?2 T T2 HbQ T
KM ;2K2Mi 77 K2rQ ' F7Q" "2bQm +2@+QMbi° BM2/ T2 p bBp2 TTHB+ iBQMb Q7 /
7° K2rQ'F Bb /QM2 rBi? i?2 b2[m2MiB H TT'Q +? i?°'Qm;? bBKmH iBQMb M/ 2KTI
b?Qr M BKT Qp2K2Mi BM 2M2 ;v- T'Q+2bbBM;- M/ biQ" ;2 "2[mB 2K2Mib 7Q" i?
[2pB+2 BM i?2 T°QTQb2/ 7" K2rQ'F b +QKT '2/iQi?2b2[m2MiB H TT ' Q +?X

S i2H 2i HX BMi?2 T T2 iBiH2/ 6S2°7Q°K M+2 M HvbBb Q7 oB/2Q PL@.2K |
IbBM; *HQmM/ " b2/ a2 pB+2b6 T 2b2Mi2/ "2pB2r Q7 pB/2Q M HvbBb Qp2 i?2 Goa
"2b2 "+?2°b +QKT "2//Bz2 ' 2Mi K2bb ;BM; # QF2 b r?B+? ?2HTb iQ /2HBp2 2 +? 7
M Hvx2 i?2 BKT +iQMirQ K2bb ;2 # QF2'b7Q pB/2Q M HvbBbiQ +?B2p2 Goa o(
AM //BiBQM-i?2 "2b2 "+?2°'b HbQ M Hvb2/i?2E 7F +QM};m” iBQMT ~ K2i2  7Q

a MBv w ?QQ° M/ _QQ?B2L xJB BMi?2 T T2 iBiH2/ 6.2bB;M M/ JQ/2HBM
AQh " b2/ "Q/v "2 L2irQ ' Fbd T ' 2b2Mi2/ i?2 /2bB;M M/ KQ/2HBM; Q7 "2bQm’ +2
M/ HbQ /Bb+mbb2/ i?2 p "BQmb b+2M "BQb Q7 " L BM +QMi2ti Q7 "2bQm +2 +(
T°QTQb2/ M /p M+2/ 1/;2 *Hmbi2"BM; U 1*V TT Q +?2iQK M ;2i?2 "2bQm +2b b
T°Q+2bbBM; Q7 " L /2pB+2b r?BH2 T2'7Q 'KBM; "2 H@iBK2 /i + Tim'2 Q7 + BiB+
Q7 #MQ 'K HT ii2"MbX h?2 +QKT 'BbQM Q7 i?2 1* TT'Q +? Bb/QM2 rBi? i?2 ai
i2°Qm;? bBKmH iBQMb M/ 2KTB'B+ H/ i M HvbBbX h?2 "2bmHib b?Qr M BKT Q
M/ biQ" ;2 "2[mB 2K2Mib 7Q  i?2 T°Q+2bbBM; Q7 /i QM" L /2pB+2b BM 1* b +Q

L22H Ka H22K E? M M/JQ? KK / ?b M *?Bb?iBBMi?2 T T2 iBiH2/ 6a2+m Bi
AQh- "HQ+F+? BM h2+?MQHQ;v M/ *2HH h'22 aQHmiBQMb, _2pB2r6 QmiHBM2/
K Ti?2B" 2tBbiBM; bQHmMiBQMb M/ 7m’i?2 i #mH i2 6Q; M/ AQh b2+m Biv HQC
T 2b2Mib "HQ+F+? BM- /2+2Mi  HBx2//Bbi'B#mi2/i2+?MQHQ;v b QM2 Q7 i?2b
AQhX AM [//BiBQM- i?2 "2b2 "+?22 b /Bb+mbb2/i?2 bi'2M;i? Q7 "HQ+F+? BM i2+?
/IQTiBQM BM *PoA.@RN };?2i M/ i #mH i2 p 'BQmb +? HH2M;2b BM "HQ+F+? BM
T°QTQb2/ *2HH h'22 "+?Bi2+im 2 b MQi?2  bQHmMIiBQM iQ //'2bb bQK2 Q7 i?2 k
/p Mi ;2b Qp2° "HQ+F+? BM i2+?MQHQ;v M/ i #mH i2/ bQK2 7mim 2 +Qm b2 iQ b

"?2 /r H2i HX BMi?2T T2 iBiH2/6 J +?BM2 h” MbH iBQM avbi2K 7' QK >BM/B
“mH2" b2/ TT ' Q +?26 T°QTQb2/ 'mH2@# b2/ K +?BM2i° MbH iBQMbvbi2KiQ # B
>BM/B M/a MbF'BiG M;m ;2 #v +QMp2 iBM; Mvi2bi BM >BM/BiQ a MbF'BiX h?2
Q7 irQ +QM7mbBQM K i'B+2b r?2°'2BM iQi HQ7 8y " M/QK b2Mi2M+2b M/ Ryy i
r2°2i F2ZM 7Q bvbi2K 2p Hm iBQMX h?2 b2K MiB+ 2p Hm iBQM Q7 Ryy iQF2Mb T (
T ;K iB+ M HvbBb Q7 8y b2Mi2M+2b T°Q/m+2 M ++m” +v Q7 "QmM/ 3eWX >2N
mb2/iQ mM/2 bi M/ i?2r?QH2i° MbH iBQM T°Q+2bb M/ + M 7m’i?2" #2 2KTHQv2,
i2 +?BM;X 6m’i?2 - i?Bb TTHB+ iBQM + M #2 2K#2//2/ BM HQ+ H+QKKmMB+ iBQ
UAQhV /2pB+2b HBF2 H2t Q  :QQ;H2 bbBbi MiX

jod



Mb?m EmK ~ .rBp2/B M/ XEX a? 'K BM i?2 T T2 iBiH2/ 6L116, LQp2H 1M
GQ;B+" b2/ *Hmbi2"'BM; STQiQ+QH 7Q gB 2H2bb a2MbQ  L2irQ" F6 T'QTQb2/ /.
T7mxxv HQ;B+@# b2/ +HmMbi2 ' BM; T QiQ+QH UL116V r?B+? +QMbB/2 b T'BK v
bvbi2K r?BH2 b2H2+iBM; +Hmbi2" ?22 /bX 7i2° b2H2+iBQM Q7 +Hmbi2  ?2 /b- M
7Q° T"m/2Mi b2H2+iBQM Q7 i?2B" +Hmbi2" ?22 / 7Q  +Hmbi2> 7Q°K iBQMX L116 B
T2+2Mibi 12 Q71?2 i T QiIQ+QHb-M K2Hv a*>6hG M/ .6*_ mM/2  irQ b+2M "BQb
#2ii2° T2 ' 7Q°'K M+2 #v# H M+BM; i?2 HQ / M/ BKT Qp2K2Mi BM i2°'Kb Q7 bi #BH
i?72 # b2 bi iIBQM-BKT Qp2/ p2° ;22M2 ;v M/ 2ti2M/2/ HB72iBK2X



e
.. a+ H #H2 *QKTmiBM;, S° +iB+2 M/ 1tT2 B2M%idT, fAara X IRSTNX@DRde d -
Ukyky a*S1X 0OQHMK2 kR- Abbm2b j- TTX j9N j8d- .PA RyXRkeN9,fb+

JPLAhP_AL: L. S_1.A*hAPL P6 aG 6P_ APh " al. *GPI.

oAolE EIJ _S_a. L. J .>I_A . ">o0a

#bi® +iXAMi2°M2i Q7 h?BM;b UAQhV M/ +HQm/ +QKTmiBM; "2i?2 2tT2iBb2 + TiBp iBM; i?2 i2+?]
i?7BM; Bbi?2B° BMi2 /2T2M/2M+2X AQh /2 HbrBi? i?2T°Q/m+iBQM Q7 M //BiBQM H KQmMi Q7 BM7(
/i-biQ" ;2- M/ ?m;2 BM7" bi'm+im> HT Q+2bbBM; TQr2 - TQbBM; bQH2KM /2HBM[m2MiX h?Bb Bb
b+2M "BQX *HQm/ +QKTmiBM; + M #2 i°2 i2/ b i?2 miBHBiv 7 +iQ> MQr / vb M/ + M #2+miQni/#v T v t
Bb KmHiB@i2M Mi TT ' Q +?- M/ i?2 "2bQm +2b rBHH #2 mb2/ #v KmHIBTH2 mb2 'bX h?2 +HQm/ "2b
K BMi BM2/- M/ +QM};m 2/ M/ b2i@mT b T2 i?2 M22/ Q7 i?2 2M/@mb2°bX h?Bb T T2  /2b+ B#2b i?
mbBM; i?2 +QM+2Ti Q7 "2BM7Q +2K2Mi H2 "MBM; M/ T 2/B+iBQM Q7 i?2 +HQm/ "2bQm +2b-r?B+? 7¢
BM bmTTQ i Q7 +QMi'QHHBM; M/ 2pQHmMiBQM Q7 i?2 Ah “2bQm +2b M/ ? b #22M BKTH2K2Mi2/ mb|
bvbi2K +QQ /BM i2b i?2 Ah "2bQm +2b KQM; i?2 +HQmM/ T°QpB/2° M/ i?2 2M/ mb2'bc ++Q /BM;Hv- |
M/ KM ;2/ b T2 i?2 /2K M/ M/ p BH #BHBiv Q7 i?2 bmTTQ i BM i2°Kb Q7 "2bQm +2bX h?2 T'QT2
rBHH ;2M2° i2 “2p2Mm2b iQ i?2 T°QpB/2° M/ HbQ BM+ 2 b2b i?2 i"mbi 7 +iQ > QFT22BKZNBH2" Q7
M HvbBb- 7Qm™ T ° K2i2'b ? p2 #22M mb2/ BX2X *SI miBHBx iBQM- /BbF "2 /fr'Bi2 i2°Qm;?Tmi M/ K
i?Bb "2b2 "+?2 T T2 " BbiQ KM ;2i?2 *HQmM/ *QKTmiBM; "2bQm +2b /m"BM; i?2 T2 FiBK2 M/ pQB/i?

mM/2 @T QpBbBQMBM; T'Q +iBp2HvX

E2v rQ /b,AMi2 "M2i Q7 h?BM;- *HQm/ *QKTmiBM;c JQMBIiQ'BM;c _2BM7Q +2K2Mi G2 "MBM;c S 2/
;2K2Mic h mbi

Jabm#D2+i +H bbB}+ eBBQN® X

RX AMi'Q/ mHBRNMIXHQO M/ +QKTmiBM; +QK#BM2b rBi? i?2 ?2B;?ib Q7 AQh-r?B+
i?72BM7Q K iBQMf/ i bi'2 K-i?Bb +QK#BM iBQM T Qp2biQ #2 #QQMiQi?2 #mb
HHQrBM; i?2 b2 ' pB+2biQrQ ' F 7 QK Mvr?2°2- MviBK2- M/ 7°QK Mv /2pB+2bX
7°QK bbB;MBM; BM}MBi2 TQQH Q7 "2bQm +2bi? ' Qm;? pB im HBx iBQM-? M/H2
h?2 +HQmM/ "272°biQ M Ah 2MpB "QMb r?B+? Bb /2bB;M2/ 7Q" "2KQi2 T'QpBbBQM
b+ H#H2r vb (R)X Jm+? Q7 i?2 BMi2"M2i Bb /2pQi2/iQ i?2 ++2bb Q7 +QMi2Mi ;
qqgq UgQ H/ gB/2 q2#VX h?2 +HQmM/ + M #2 ;QmM/2/ QM Mv T QiQ+QHb i? i T2 KI
i?72BM7 bi'm+im 2f "2bQm +2bX h?Bb T°QpB/2b K BMHv i? 22 b2 'pB+2b M/ Bb F
S aUSH i7Q°K b b2'pB+2V M/ A a UAM7 bim+im 2 b b2 pB+2V (k)X AM
T°'2/B+iBQM TT' Q +? Q7 i?2 +HQm/ Bb /2b+"B#2/X h?2 +HQmM/ "2bQm +2b K M ;2|
2bQm +2b M/ Bib K M ;2K2Mi "2[mB 2/ #v #Qi? i?2 2M/ mb2'b M/ i?2 +HQmM/ T (
b K2rBHHBb T2 7Q K2/ #voB im HAM7 bim+im2J M ;2  UoAJV r?B+? +QQ /B
+°2i2i?2 MmK#2 b Q7 0B 'im HJ +?BM2bUoJbV Q"  BMbi M+2b b T2 i?2 mb2" /2K

6QHHQrBM; "2i?2 miQK i2/i bFbi? ib?QmH/ #2 BKTH2K2Mi2/ 7Q" "2bQm +2

**2 iBM; b2 p2° BK ;2b #v K M ;BM; oB'im HAh "2bQm +2bX

_2H2 bBM; M/ HHQ+ iBM; i?2 pB'im H Ah "2bQ@m +2b BMiQ i?2 p BH #H2
bTQMb2b-bm+? b Ah 2bQm +2 BMbi M+2b i2°KBM iBQM- "2bmKBM;- bi "iB
*QQ /BM iBM; "2bQm +2b bm+? b "2THB+ iBQM Q7 i?2 "2bQm +2b 7 mHi iQ
TTHvBM; b2+m Biv TQHB+B2b M/ mb ;2b Q7 +HQmM/ b2 pB+2 BMbi M+2b
JOQMBIQ ' BM; QT2 iBp2 +B +mKbi M+2b Q7 i?2 Ah "2bQm +2b Q7 i?2 +HQm/

h?2 "2bQm ™ +2b b?QmH/ #2 Hr vb p BH #H2 r?2M i?2 mb2" M22/b i?Bb- 7Q" i~
; 722K2MiV b?2QmH/ #2 K BMi BM2/ (9)- aG Bb 7Q K Q7 i?2/Q+mK2Mii? i +ib

LB'K IMBp2 bBivpBWNMZBXU b /IMB'K mMBX +XBM- K /?m ' BX#? b "'!MB'K mMBX +XBM
ioN



j8y 0Bp2FEmMK S b /-J /?m B ."? pb "

b2"pB+2 T°'QpB/2° M/ i?2 2M/ mb2 X h?2 aG /2}M2b i?2 bi M/ "/ b2 pB+2 (8)i? i
Q#HB; i2/ 7Q X
h?2 T°2/B+iBQM (e) 7Q  i?2 /p M+2 pBQH iBQM 7Q i?2aG b+ M #2 7" mBi7mH
rvbX h?Bb Bb M 2M+Qm" ;BM; i bF #2+ mb2 i?Bb HHQrb i?2 +HQm/ b2 pB+2 T
T bi/Bb TTQBMiK2Mi #mi +im HHv pQB/i?2K BM i?2 }"bi Q++m "2M+2-i?Bb Bb
2bQm +2 miBHBx iBQMX
aG JQMBIiQ", h?2 aG KQMBIiQ ' BM; K2+? MBbK (d) Bb + biQz iQ rBiM2bb i?2
+HQm/7 +BHBiB2biQ 2Mbm 2 i? ii?2v "2b iBb7vBM; i?2 +QMi  +im HZQa M22/b
/i +QHH2+i2/ #v i?2 aG KQMBIQ'BM; Bb ;;°2; i2/ BMiQ i?2aG "2TQ 'iBM; K2i B
BM~m2M+2b r?B+? KB;?i +°2 i2 /QrMiBK2 BM i?2 +HQmM/X h?2 bvbi2K + M T 'Q +iE
7 +BHBiB2b r?2M BM+QKT ~ #H2 +QM/BiBQMb Q++m  UB/2MiB}2/ #2+ mb2 Q7 i?2
HBF2 br?2M i?2 aG KQMBIQ BM; BMi2ZHHB;2M+2 7QmM/ i?2 +HQm/ 7 +BHBiv b
KQMBIiQ BM; +QMbi m+iBQM F2v +QM+2 "M Bb iQ T°Q +iBp2Hv KQMBiQ i?2 aG B
pPBQH iBQMb #27Q 2 i?2v ? TT2MX
h?2 "2T2 i2/ pBQH iBQM Q7i?2aG b2tT2 ' B2M+2/ #vi?22M/ mb2 ' 6brBHH / K ;?
T'QpB/2°X >2M+2 Bitéb /miv Q7 i?2 T°QpB/2°iQ "'2/m+2i?2 pBQH iBQMb ? TT2M
;QQ/ KQMBIQ'BM; M/ T 2/B+iBQM i2+?MB[m2 rBHH bQHp2 i?2b2 ivT2b Q7 /2HBM
JQiBp iBQWM KB+ T°QpBbBQMBM; pB "2bQm +2 b+?2/mHBM; Bb /B{+mHii bF
K2Mi Q7 +HQmM/ 2bQm +2bX b*HQm/+QMi BMb MBM}MBi2 TQQH Q7 '2bQm +2b
Bb MQT2M "2b2 "+? +? HH2M;2X >2M+2 KQiBp i2/ #vi?2b2- b2H7@H2 "MBM; #
i?2°Qm;? +HQm/ "2bQm ' +2 KQMBIiQ ' BM; mbBM; _2BM7Q +2K2Mi H2 "MBM; M/ T
GQM; a?Q i h2' K J2KQ'v ? b #22M M Hvx2/ QM AQh # b2/ *HQm/X h?Bb 7 K2rQ"
i?72 Qp2° M/ mM/2 T QpBbBQMBM;X Ai 2Mbm™2b i?2 iBK2Hv K M ;2K2Mi Q7 +HQ!|
7Q i?72 *HQmM/ a2 pB+2 S'QpB/2°X
*QMi"B#miBQMb
h?2 T T2 /2 Hb rBi? i?2 T'Q +iBp2 i2+?MB[m2iQ K BMi BM i?2 aG b rBi? i?
b2 pB+2 T°QpB/2° X
h?2 T°2/B+iBQM i2+?MB[m2 rBHH K F2 mb2 Q7 i?2 ?BbiQ' B+ H M/ T 2b2Mi
7TMHIHH2/ #2+ mb2 Q7 i?2 KQMBiIQ 'BM; K2+? MBbKX
h?2 +HQm/ b2 pB+2 T°'QpB/2° + M +°2 i2 i'mbi M/ 2Tmi iBQM 7Q" i?2B" b2
72 im 2bX
h?2b2 i2+?MB[m2b rBHH #2 mb27mH 7Q° /KBbbBQM +QMi"QH M/ + T +Biv |
h?2 +QM/BiBQMb HBF2 Qp2  T'QpBbBQMBM; M/ mM/2 " @T QpBbBQMBM; + |
h?2 bi'm+im 2 Q7 i?Bb T T2  Bb bvbi2K iBx2/ b 7QHHQrbX a2+iBQM k /2bB;M
HB#2' i2b bvbi2K “+?Bi2+im 2 M/i?2T°QTQb2/ TT ' Q +?X a2+iBQM 9 /2HB#2" i:
a2+iBQM 8 +QM+HmM/2b i?2 T T2 rBi? 7Tmim 2 rQ FX

kX 2H i2/ bim/B2MX2i H (3) /Bb+mbb2/i?2 +Qbi KQ/2H i? i# H M+2/i?2 aG b
M/ 1?22 +Qbi Q7 1?2 "2bQm +2bX aBM;? 2i HX(N) /2b+ " B#2b i?2 p 'BQmb + i2;Q E
+HQm/ TTHB+ iBQM “2[mB 2K2MibX AM MQi?2" "2b2 “+?2 /QM2 #v v / 2i HX (Ry
i?72 p BH #BHBiv Q7 pB'im HK +?BM2b 7QmM/ iQ #2 mMb iBb7 +iQ°v M/ i?2 BMi
i?72 /IDQBMBM; ?2 Hi?vpB'im HK +?BM2X

EQmbBQmM ' Bb- : X 2i HX(RR)- T°'QTQb2/ bQHMmMIBQM 7Q T 2/B+iBQM r b Bi T
i?2°Qm;? iBK2b2'B2b M HvbBbX BK H2i HX(Rk) *QKT "2/i?2 +HQm/ K2+? MBbK
# H M+BM; i27’ KBMQHQ;v- b2+m Biv- i?2 7° K2rQ ' F Q7 i?2 T'Q;" KKBM;- biQ" ;2
TT'Q +? "mvv 2i HX(Rj)h?2 '2bQm +2 K M ;2" +ib b M /KBbbBQM +QMi"QHH.
b M/ r?2Mi?2 "2bQm +2b /2pB i2X

iX SSQTQb2/ TT Q +? M/ Aib “+?Bi2+im 2X _2BM7Q@ +GN2Bwi GI2 QBNM22 T QI
M2Mi "2 b Q7 K +?BM2 H2 "MBM; (R9)X Ai Bb #Qmi+ TiBp iBM;i?2 TT QT B i2
bT2+B}+ +QM/BiBQMX Ai ? b #22M /2THQV2/ #v p 'BQmb K +?BM2b M/ bQ7ir "2 ic
Bi b?QmH/ BKTH2K2Mi BM i?2 bT2+B}+ b+2M 'BQX h?2'2 "2 MmK2'Qmb “2b2 "+
M/ Bb r2HH bmBi2/iQ +HQm/ 2MpB QMb b i?2v /Q MQi M22/ T BQ B BM7Q K iE



JOMBiQ 'BM; M/ S 2/B+iBQM Q7 aG 7Q  AQh # b2/ *HQm/ i8R

Ai H2 "Mb i?2 2MpB " QMK2Mi b i?2 i bFfDQ# "mMbX hQ rQ ' F rBi? G i?2 TQHB+I
TQbBiBp2 M/ M2; iBp2 "2r /b rBHH #2 ;2M2" i2/-r?B+? i2M/biQ +? M;2 Qp2 iBK
#2 "2+2Bp2/X _GrQ FbrBi?i?2 7mM/ K2Mi Hb Q7 i?2 "2HHK M 2[m iBQM- b /2b+

UjXRV Q(s;a)=r(s;a) + mng(so; a)

Q(s;a) Bb i?2 i r(&ia Bbi?2 2r "/ Q7 i FBM;i? i +iBQM ii? i+Q  2aL,QMY8M; bi i2
Bbi?2 /Bb+Qm®Ei@/Hm2 KQM; HH TQbbB#H2 +iBQMb 7°QK M2ti bi i2X
GahJ,GQM; b?Q ii2°’KK2KQ 'vUGahJVBb M2ti2MbBQM Q7 i?2 "2+m "2MiM2m"
2ti2M/b i?2B° K2KQ v (R8)X h?2b2 2ti2M/2/ K2KQ 'B2b "2 mb2/iQ biQ 2 i?2 BKT
2tT2°B2M+2b i? i ? p2 p2°v 2HQM; i2/ iBK2 T mb2b BM #2ir22MX h?2 GahJoéb + N\
7°QK Bib K2KQ'vX Ai ? bi?°22; i2b-r?B+? 2 M K2/ bQmiTmi-7Q ;2i M/ BMTm
; i2b "2;mH i2r?2i?22° Q MQiiQH2i7°2b? BMTmi BM-H2i BiBM~m2M+2i?22 QmiTm
i?72/ i bi?Bb KB;?Ii MQi mb27mH 7Q  i?72 iBK2 #2BM;X
"+?Bi2+im"2 M/ J2i?Q/QHQ;B2b mb2/,
JQMBIQ ' BM; ;2Mi M/ _2BM7Q +2K2mi2GQ iMeBo\B#™ MiQ +? M;BM; M im 2 Q7
HQ /b M/ i?2 +QKTH2tBiv Q7 i?2 +HQmM/ 2+Qbvbi2K- Bi Bb /B{+mHi iQ b2i m
i?72 2M2 ;v@2{+B2Mi "2bQm +2 T'QpBbBQM TQHB+vX h?2 H +F Q7 2{+B2Mi
iBK2 /vM KB+ K M ;2K2Mi Q7 "2bQm +2b Bb ? M/H2/ rBi? i?2 B/ Q7 KQ/2H@
K2i?7Q/QHQ;vX h?2 _G BMi2HH2+i rBi? i?2 2MpB " QMK2Mi H +B +mKbi M+2
++QKTHBb? i?2 #2bi bmBi #H2 K M ;2K2Mi TQHB+B2b rBi?Qmi T '2+Bb2 /
i Mi22 i?2 #2bi 2zQTi iQ i?72 "2bQm*+2 HHQ+ iBQM T ' Q#H2K BM i?2 +HQn
IVM KB+- M/ i?2 T°'QpB/2°b "2 p2°'v +QKTH2tiQ ? M/H2 i?2b2 "2[m2bib BM °
bmBi #H2 + M/B/ i2 iQ ? M/H2 bm+? bBim iBQMbX
aG M Hvx2® M/ J i+? J FBM; H;Q Bd2Ky, +HQmM/ mb2'br Mi iQ #2 bm~2 #
[mMm HBiv Q7 i?2B" b2 pB+2b- r?B+? Bb Bbbm2/ #v i?2 +HQm/ T°QpB/2 X AM
;m ~ Mi22 BM+Hm/2b bbm™ M+2b QM b2 pB+2b 2M +iK2Mi M/ T2 ' 7Q K M+2
Bb mb2/ iQK M ;2i?2T2 ' 7Q K M+2 Q7 i?2 b2 pB+2bX h?2 aG M Hvx2' K M
Q7 b2 pB+2b #v mbBM; K2i'B+b M/ p 'BQmb i? 2b?QH/ p Hm2bX h?2 K i+?K
2bQm*+2 HHQ+ iBQM K2+? MBbK #v +QKT "BM; i?2 MmK#2" Q7 BM+QKBM
M/ p "BQmb "2bQm +2b p BH #H2 BM i?2 *HQm/ 2+Qbvbi2KX aG mb ;2b i
/2}M2 Bib K2i'B+b M/ + H+mH i2 p "BQmb T2 7Q K M+2 T ~ K2i2 b iQ K BMi
*HQmM/ I M ;2?2 +HQmM/ K M ;2 i F2b + "2 Q7 i?2 +HQmM/ "2bQm +2b M/ K FZ
rQ FBM; QTiBK HHv M/ Bb BMi2; iBM; rBi? i?2 +HQm/ mb2 b M/ i?2B" b2 p
S'2/B+iBQM J M ;2° M/ GahJd, M Hvx2b Q  Q#b2 p2b i?2 7Tmim 2 b+QT2 UT"
+HQmM/ 2bQm +2b M/ B/2MiB}2bi?2 #2? pBQ Q7i?2 '2bQm +2 /2K M/ # b2/
bb?QrM BM 6B;X jXR i?2 2MiB 2 "+?Bi2+im 2 M/ Bibi bFb+ M #2 + B2/ Qm
ai2T RIQMBiQ ' BM; ;2Mi U_2BM7Q +2K2Mi G2 "MBM;V rBHH KQMBIiQ  i?2 “2bQn
bi KT Q° 2TBbQ/2b #v r?B+? i?2 T iB+mH ~rQ " FHQ / rBHH #2 }MBb?2/ #Vv k
"2 +?i?2IM H;Q HX h?2 ;2Mi miQK iB+ HHv B/2MiB}2b i?2 bi M/ "/ +QM/m-
M/ rBHH 2tTHQBiIi Bib T2°'7Q°K M+2X
ai2T kaG M HvxBM; b2 ' pB+2 rBHH BMp2biB; i2i?2p "'BQmb T ~ K2i2'bi? i M22/
i72aG M/ 7Q Ki?2 TQHB+v #v K FBM; mb2 Q7 K2i'B+bX
ai2T jJ i+?K FBM; H;Q ' Bi?Kb rBHH +i b + T +BivK M ;2K2Mi T Q+2bb M/ rBt
p BH #H2 b T2 i?2 +m > "2Mi /2K M/X HbQ B/2MiB}2b i?2 i bFb /2i BHb M/
"2[mB 2K2Mi-r?2i?2° Biéb p BH #H2 Q° MQi- bi2Tbh iQ # BM; i?2 "2bQm +2b
ai2T 9h?2 "2bQm +2 K M ;2 rBHH +QMi BMi?2/ i # b2iQ+ "vQmii?2 2bQm +2
"2+2Bp2i?2BMTmi 7°QK i?2 K i+?K FBM; X
ai2T 8, b2/ QM i?2 /i +QHH2+i2/ #v i?2 "2bQm +2 K M ;2 -i?2 T '2/B+iBQM TT°
BKTH2K2Mi2/iQ B/2MiB7v 7mim 2 "2bQm +2 /2K M/X
h?2 "+?Bi2+im 2 /Bb+mbb2/ ?2°2 rBHH BKT ' Qp2 i?2 p BH #BHBiv M/ i mbi 7
i?72 BM+°2 b2/ 2p2Mm2iQ i?2 +HQmM/ b2 pB+2 T QpB/2°X
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6B; X JXR+t?Bi2+im 2 Q7 i?2 *HQm/ 7Q" aG K M ;2K2Mi

9X AKTH2K2Mi iBQM M/ 1pMHMBHB@MKX2/ BM b2+iBQM ji?2 2BM7Q +2K2Mi H2
i iIBQM ? p2 #22M + ""vBM; Qmi BMiQ i?2 /i b2i Q7 Rd8y oJb Q7 /Bbi'B#mi2// i H+
b2 pB+2b i? imb ;2b AQh TH i27Q K 7Q i?2/ i T Q+2bbBM;X 6Q i?2 M HvbBb C
# b2/ T°Bp i2 +HQmM/ ? p2 #22M mb2/- rBi? ALh1G s1PL aAGol_ *SI rBi? 3 *SI| +Q"
i?°2 /b M/ Rk3:"Q7 _JX h?2T " K2i2° mb2/ Bb /2b+"B#2/ BM h #H2 9XRX h?2°
9XR M/ 6B;X 9Xk r?B+? K F2 mb2 Q7 i?2 *SI miBHBx iBQMX >2"2 i?2 rQ"FHQ / ?
M/ ;7202 1?2 Mi?2 i?°2b?QH/ /2}M2/X h?2 _G BMi2HH2+i rBi? i?2 2MpB QMK2Mi
2+Qbvbi2K M/ ++QKTHBb? i?2 #2bi bmBi #H2 K M ;2K2Mi TQHB+B2b rBi?Qmi T
i?Bb ;" Mi22 i?2 #2bi2zQ iiQi?2 "2bQm ' +2 HHQ+ iBQM T Q#H2K BM i?2 +HQmM/X
i?722H biB+ M im2Q7i?2+HQm/ 2bQm +2bX b BMi?2+ b2 Q7 6B;m 29Xji?2*S
M MQi?2° + b2 HBF2 BM 6B;m 2 9X9 i?2p "B #H2 T2 F "Bb2b mT iQ 8y T2 +2Mi Q
PM+2 i?2 "2bmHib Q7 i?72 KQMBiQ'BM; rBHH #2 B/2MiB}2/ # b2/ QM i?2 2TQ+
TT ' Q +? mbBM; GahJ rBHH /2i2°"KBM2 i?2 7mim 2 /2K M/ Q7 i?2 "2bQm +2b 7Q"
T°Q +iBp2r v b/BbTH v2/ BM 6B;X9Xj- M/ 6B;X9X97Q /Bz2 '2Mi "~ M;2b Q7 *SI
M Hvx2/i? i BM 6B;X 9Xji?2 M;2 Q7 i?2 *SI miBHBx iBQM Bb mTiQ j8 W M/ b
? b#22M "2 +?2/ iBHH 8y WX h?2b2 T2 +2Mi ;2 Q7 i?2rQ'F+ M #2 i'2 i2/ b /Bz:
T K2i2° mb2/?2°2Bb /2TB+i2/ BM h #H2 9XkX iQi H Q7 }p2 GahJH v2'b ? b #2
i?72 M2m"QMb ? b #22M BM+"2 b2/ rBi? T2 +2Mi ;2 Q7 RyyX h?2 ;"B/ b2 "+? i2+?]
+ vQmii?2 2tT2'BK2Mi HrQ'F M/ iQ B/2MiB7v i?2 ?2vT2 T ~ K2i2 bX

h #H2 9XR
S " K2i2°b 7Q° '2BM7Q +2K2Mi H2 "MBM;

S " K2i2'b o Hm2b
.Bb+QmMiU V y X3

h m yXyR
"i+? bBx2 ik

G v2'b U8y-8yV

G2 "MBM; " i2 yXyyR
1ITbBHQM /2+ v 7 yXiBOM
J2KQ v 7" +iBON yX3y
J2KQ v ivT2 2[m2
S'Q+2bbnQ#b2 p aB QM "/BX
STQ+2bbni ;2i | LQ K HBX

N

N
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CPU Utiliztion - MAE

— Real CPU Utiliztion
= Predicted CPU Utiliztion
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6B;X X€92/B+i2/ p Hm2b mbBM; GahJ 7Q " *SI miBHBx iBQM rBi? “*S®I2B@7% iQ 8y T2 +2Mi Q-

Timesteps Vs Error

8 —— Mean Squared Ermor
—— Mean Absolute Error

1 2 3 4 5 B 7 8 9 10
Timesteps

6B;X X¥8 B iBQMb BM 2°°Q  rBi? +? M;BM; iBK2bi KThb

_2bmHib M/ .Bb+mbbBQM

h?2 "2bmHib /Bb+mbb2/ + M #2 r2HH bmBi2/ 7Q" + T +BivK M ;2K2Mi Q7 i?2 +
"2 H@iBK2 KQMBiIiQ'BM; M/ T 2/B+iBQM 72 im"2br?B+? mb ;2bi?2 "2BM7Q +2K2|
70 K2rQ'FX h?2 KQMBiQ ' BM; "2bmHib rBHH B/2MiB7v i?2 TQbbB#H2 b+2M "BQb
+ M #2 +QKTH2i2/ BM B/2 HbBim iBQMb rBi? K tBKBx2/ 2M +iK2MiX h?2 T 2/B+
U'QQi K2 Mb[m 22 "Q°V " i2b b RXyN7Q 6B;X 9Xj M/ RXk3 7Q  6B;X 9X9X h?
6B;X 9Xj M/ 6B;X 9X9 "2 yX3N M/ yX38X

h?2 +? M;2b BM i?2 iBK2bi KT Q  b2iiBM; i?2 rBM/Qr bBx2 7Q  i?2 T 2/B+iBQM
i?722"Q biQQ M/ ? p2 #22M b?QrM BM 6B;X 9X8 M/ i?2 b K2+ M #2 B/2MiB}2/ :
i?72T ° K2i2°bbm+? b .BbF 2 /i?2°Qm;?Tmi(E"fb) M/ .BbFr ' Bi2i? " Qm;?Tmi (E"ftL
+QM+2Ti Q7 GahJr2°'2 BKTH2K2Mi2/Xh?2 J 1 M/ Jal 7Q .BbF _2/7i?2°'Qm;?Tmi
RXdN M/ kXy9 M/ BbBib ;" T? Bbb?QrM BM 6B;X9XeX bBKBH "Hv 7Q" .BbF r'Bi2
~Jal "2 RXje M/ kXR8 M/ Bib ;" T? Bb/2TB+i2/ BM 6B;X9XdX

h?2 MQi?2° T ° K2i2  r?B+? ? b #22M i F2M BMiQ i?2 +QMbB/2" iBQM Bb K2K:
M/ 1?2 2tT2 ' BK2Mi Hp Hm2 7Q°J 1 M/ _Jal p Hm2b Bb + H+mH i2/ b yXN3 M/
BMi?2 6B;X 9X3X "vmM/2 bi M/BM; i?2 7mim 2 mb ;2 /2K M/ 7°QK i?2 +m " 2Mi
2bQm T +2b-i?2 +HQM/ b2 ' pB+2 T°'QpB/2°+ MK M ;2i?2B" "2bQm +2bX h?2 T 2/E
[iIBHBx iBQM- .BbF 2 /h?'Qm;?2Tmi- .BbFr Bi2 h?2"Qm;?Tmi- M/ J2KQ v miBHBX
? M/HBM; /vM KB+ b+ HBM; Q7 i?2 "2bQm +2b bmTTQ iX Ai rBHH +?B2p2 2M? M
+Qbi +QMbmKTiBQM- M/ i?Bb HbQ K BMi BMb i?2 ZQaX

h #H2 8XR b?Qrb i?2 p "'BQmb +? °~ +i2°'BbiB+b Q7 *HQm/ *QKTmiBM; M/ Bib K
T°Q +?X Ai bB;MB}2b i? ii?2 T°'QTQb2/ TT' Q +? + M ? M/H2 a+ H #BHBiv (Re) -
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Disk read throughput

= Real disk read throughput
50 | = Predicted disk read throughput

Disk read throughput
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6B; X XXBbF r'Bi2 i2’Qm;?Tmi(E"b) T'2/B+iBQM mbBM; GahlJ

MiQMQKB+Biv (RN)- *QKT 2?2MbBp2M2bb (ky)- M/ p BH #BHBiv (kR)X h?2 1t
_2bBHB2M+2 (k9)- M/ _2HB #BHBiv (k8) biBHH M22/b iQ #2 B/2MiB}2/ M/ i2bi2/
6Q  i?2 TMH}HHK2Mi Q7 i?2 +HQmM/ b2 pB+2b rBi? T°'QT2  ZQa "2[mB ' 2K2Mib-
T°QpBbBQM2/ #v i?2 *HQm/ a2 pB+2 S'QpB/2°'X >2M+2 # b2/ mTQM i?2 ZQa- i?2 ¢
7Q° i?2 bKQQi? +QM/m+iBQM Q7 i?2 b2 pB+2b (ke)X 1p2M i?2 aG pBQH iBQMI
i?72 T2M Hiv KQM; i?2 T "iB2b (kd)X aQ i?2°2 Bb "2[mB 2K2Mi iQ T'QpB/2 M
/IvM KB+ HHv #v i?2 b2 pB+2 T°'QpB/2° M/ Hr vb pQB/i?2 aG pBQH iBQMb T Q
rBHH T°Q +iBp2Hv pQB/i?2 +QM/BiBQMb Q7 i?2 aG pBQH iBQMb M/ i?mb rBHH

br2HHX

8X *QM+HmMbBQM M/ 7mh@ B iBBFX i?2 2M/ mb2 b- aG pBQH iBQMb b?QmH/
+HQmM/ b2 pB+2 T°QpB/2 X JQbi Q7 i?2 "2b2 "+?2 T°QTQb2/i?2 bQHMIBQMb Q" 2
?2 p2 Q++m "2/-i?2 "2b2 +2 T T2 bQHp2b i?Bb #v K FBM; mb2 Q7 T°Q +iBp2 T
KQMBIQ 'BM: M/ T 2/B+iBQMX _2BM7Q +2K2Mi H2 "MBM; M/ GahJ ? b #22M mt
T°QTQb2/ bQHMIBQM i F2b i?2 BMTmi 7°QK i?2 KQMBiQ 'BM; /i M/ ++Q /BM;H
“2bQm +2b M/ K M :2b i?2 + T +Biv Q7 i?2 "2bQm +2b b T2 i?2 /2K M/Xh?2 T°Q
iQ bQHP2 K Mv "2 H@iBK2 T'Q#H2Kb BM i?2 +HQm/ 2MpB QMK2Mi- bm+? b + M #
aG K M ;2K2Mi-+ T +Biv TH MMBM;- M/ /KBbbBQM +QMi QHX
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Memory Usages

Real
— Predicted
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6B:X K632/B+i2/ p Hm2b mbBM; GahJ 7Q" J2KQ' v miBHBx iBQM rBi?7 J2MX Qly @ Ry T2 +2Mi

h #H2 9Xj
*HQm/ *? * +i2 BbiB+b M/ Bib K TTBM; rBi? Qm > T°QTQb2/ TT'Q +°?
*HQm/ *? ° +i2 BD|BFMTQb2/ TT Q|+?
a+ H #BHBiv u2b
1H biB+Biv u2b
| Ti #BHBIiv u2b
miQK iB+Biv u2b
*QKT 2?2MbBp2M2hbu2b
p BH #BHBIiv u2b
1ti2MbB#BHBiv LQ
AMi " mbBp2M2bb LQ
_2bBHB2M+2 LQ
_2HB #BHBIiv LQ
161 _1L*1la

(RCQb2T- X .X- E ix- _X- EQMrBMbFB- X- :mM?Q- GX 1X 1X- S ii2 " XQMB2X-QMAHQ@GRBMOKI MiBM;.
*QKKmMB+ iBQMb Q7 i?2 *J-8j U9V UKyRyVX

(k) AQbmT- X- Pbi2°K MM- aX- uB;Bi# bB- JX LX- S°Q/ M- _X-6 ?2"'BN;22-TX-K M/+2TMKHv.bBb Q7 +H(
+QKTmiBM; b2 pB+2b 7Q K Mv@i bFb b+B2MiB}+ +QKTmiBM;X A111 h® Mb +iBQMb QM S * HH
NjR@N98 UKkyRRVX

(HJu2mM;- JX-1H D HIQmMB- 1X- S?BHHBTb- X-I1XMX BI/i2ZM2M-TEB+ iBQM LQX R8fe88-eyd UKyRNYV

(9)mTi - aX- :mTi - aX *X-J DmK/ - _X- M/ _ i2QJ2-buuX BM; *HQm/ a2+m 'Biv 7" QK "BbFb T2 bT2+iE
ei? AMi2°M iBQM H *QM72 ' 2M+2@*HQm/ avbi2K M/ "B; . i 1M;BM22'BM; U*QM~m2M+2V UTT)

(8) bQH - 0X- .2 "2M2/B+iBb- X- 1" Em- JX- JQ/B+- BEXmi®K iB+ B¥v 2M7Q +BM; b2+m Biv bH b BN\
Al111 h® Mb +iBQMb QM a2 pB+2b *QKTmiBM;- RyuU8V- d9R@d88 UkyRdVX

(e)G2BiM2 - SX-62"M2 - CX->mKK2 - gX- M/ .m®@i/ Bpak M/ miQK i2/ T'2/B+iBQM Q7 b2 ' pB+2 H2p
pBQH iBQMb BM b2 ' pB+2 +QKTQbBIiBQMbX .Bbi"B#mi2/ M/ S > HH2H . i # b2b- jRUjV- 99d@ 9¢

(d)IK2 F "Q? - 0X *X- L2iiQ-JX X-"" M/B+- AX- M/ .X_OBBRB*XiBQM@H2p2H KQMBIiQ 'BM; M/ aG
/2i2+iBQM 7Q° KmHiB@i2M Mi +HQm/ b2 pB+2bX AM 1K2 ;BM; _2b2 "+? BM *HQm/ .Bbi ' B#mi2/
A:A HQ# H UKkyR8VX

(3)S” b /- 0X EX- M/ "? pb “4{s82Mi _2bQm '+2 JQMBiIiQ'BM; M/ S'2/B+iBQM h2+?MB[m2b BM M A
*QKTmiBM;, am p2vX AM AMi2"M iBQM H *QM72°'2M+2 QM 6mim 2 AMi2"M2i h2+?MQHQ;B2b
*2 K UkyRdVX

(NaBM;?- aX- M/ *? MQaXr '2 miQMQKB+ '2bQm +2 K M ;2K2Mi BM +HQm/ +QKTmiBM;, bvbi:
*QKTmiBM; am p2vb U*al_V- 93UjV- 9k UkyReVX

(Ry)v /- X- .BTT2H-IX, ;2Mi@# b2/ KQMBiQ'BM; Q7 pB AM ,HK (Ry?BMi2ZbM iBQM H avKTQbBmK BM Al
h2+?MQHQ;v UAhaBKV- pQHX R- TTX R eX A111 UkyRyV

(RREQmMbBQmM ' Bb- :X- J2Mv+?i b- X- Ev'B xBb- .X- :Q;QmpBiBbvMXBot-p#2B;@BIQ hKM@# b2/ 2biBK il
Q7 '2bQm +2 T°QpBbBQMBM; # b2/ QM ?B;?H2p2H TTHB+ iBQM i2 ' Kb BM +HQm/ TH i7Q KbX ¢
UKkyROV

(RK)BK H- "X SX- *?QB- 1X- MX GMKIM@Kv M/ bm ' p2v Q7 +HQm/ +QKTmiBM; bvbi2KbX AM kyyN 6F
CQBMi *QM72°2M+2 QM AL*- AJa M/ A.* UTTX 99@8RVX A111 UkyyNVX

(Rjymvv - _X-""Q#2 ;- CX- M/ :QbH»BMbFB/ +QKTmMiBM;X S'BM+BTH2b M/ S ' /B;KbX qBH2v UKyRRV
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(R9) Q- CX- "m- sX- sm- *X wX- g M;- GX-X MYPUBM- I XBM7Q +2K2Mi H2 "MBM; TT ' Q +? iQ pB im
mMiQ@+QM};m> iBQMX AM S 'Q+22/BM;b Q7 i?2 ei? BMi2'M iBQM H +QM72°2M+2 QM miQMQl
UkyyNV

(R8F B-*X 6X-*?B2M-gX *X-u M;- GX hX- UMMy RBI\WMX GephJ M/ 1/;2 *QKTmiBM; 7Q  "B; . i 62 im 2 _2+Q
Q7 AM/mbi'B H1H2+i'B+ H1[mBTK2MiX A111 h> Mb +iBQMb QM AM/mbi'B H AM7Q K iB+bX

(Red M;- CX- ZBm- CX- M/ GR}HX@# b2/ TT Q +? iQ Dmbi@BM@iBK2 b+ H #BHBiv 7Q" +HQm/ T
AMi2°M iBQM H*QM72'2M+2 QM *HQmM/ *QKTmiBM; UTTX N@ReVX A111 UkyyNVX

(RAYQMiBM?Q- 1K Mm2H 62 °2B" - 6H{pBQ _m#2Mb /2 * 'p H?Q aQmb - S mMHQ BRIV BQME2 Hp 2R ;Q -
:QK2b- M/ CQbo L2mK M /X d@nm»xB+Biv BM +HQmM/ +QKTmiBM;, bm p2vX MM Hb Q7 i2H2+Q
/2b iCHO+QKKmMMB+ iBQMb dy- MQX d@3 UkyR8V, k3N@jyNX

(R3E? M- amH2K M- Jm? KK / a?B’ x- BMm//BM q ?B/ #/mH q ? #- ZBmHM-? MMBmHF M BM "BM
#/mH _ ?KM +QKT 2?2MbBp2 "2pB2r QM / Ti #BHBiv Q7 M2irQ ' F 7Q 2MbB+b 7> K2rQ Fb 7Q
h?2 a+B2MiB}+ qQ'H/ CQm'M H UkyR9VX

(RNY "QK2H- .X'Q +iBp2 S ° HH2H amBi2, JmHIiB@+Q 2b iQ *HQm/b iQ mMiQMQKB+BivX AM kyyN A1l1
QM AMi2HHB;2Mi *QKTmi2  *QKKmMB+ iBQM M/ S'Q+2bbBM; UTTX tB@tBBVX A111 UkyyNVX

(ky)m® Q- 6°2/2°'B+Q- CQb2 62°M M/Q aX * 'p H?Q- M/2°bQM 6QMb2F - M/ oBMB-bRmMi2K iBGbQ : "+
"2pB2r QM +HQmM/ +QKTmiBM;X h?2 CQm M HQ7 amT2 +QKTmiBM; e3- MQX j, RikR@Rj9e Uky

(KRBE2B- GX- . ; M;- GX- GB Mr2M- CX- MFAQGHBQK:+iBXI; ?B;? p BHB #H2 T°Bp i2 +HQm/ biQ" ;2 TH
PT2Mai +F arB7iX 1tT2 ' BK2Mi H h2+?MQHQ;v M/ J M ;2K2Mi- U8V- jd UkyR8VX
(KK¥YQTBH- :2Q ;B M - . MB2H JQH/Qp M- >QM;@GBM? h'mQM;- MAw#R,? MK2ti2tMbB¥H2 H M;m ;2 7¢

+QMi"QHHBM; 2H biB+Biv BM +HQm/ TTHB+ iBQMbX AM kyRj Rji? A111f *J AMi2 M iBQM H a
B/ *QKTmiBM;- TTX RRK@RRNX A111 UkyRjVX

(kj)"QHi2- Jii?B b-JB+? 2H aB2p2'b- :2Q"; "B'F2M?2m2 - PHBp2  LB2? "bi2 - XM/QM@ & MiB i lf-Bp &1 M
pBim HBx iBQM K M ;2K2Mi mbBM; HB#pB iX AM kyRy .2bB;M- miQK iBQM M/ h2bi BM 1m~(
U. hl kyRyV- TTX 8d9@8dNX A111 UKyRyVX

(k9am+Bm- :2Q";2- H2t M/'m omHT2- aBKQM > HmM; - P+i pB M 6" im-My Q@B vilQQ /anX+HdKn " i
+BiB2b #mBHiIi QM "2bBHB2Mi +HQm/ +QKTmiBM; M/ b2+m 2 BMi2"M2i Q7 i?BM;bX AM kyRj RN
bvbi2Kb M/ +QKTmi2  b+B2M+2- TTX 8Rj@8R3X A111 UkyRjVX

(k8) “;- Bim- M/ J Ki JBiiX_2HB #BHBiv M/ 2M2 ;v 2{+B2Mi rQ ' F~Qr b+?2/mHBM; BM +HQm/ 2MpB
TmiBM; kk- MQX 9 UkyRNV, Rk3j@RkNdX

(kepBp2F EmK S b/ M/ J/?2m B "?®@2b2'pBM; aG S * K2i2'b7Q  h"mbi2/ A a*HQm/, M AMi2H}
iQ°BM; TT Q +?6-_2+2Mi S i2Mib QM 1M;BM22°BM; UKyRNV Rj, RX

(kd® b /- oBp2F EmK - M/ J /?m'B . X " pOMBIiQ ' BM; A a *HQm/ 7Q° >2 Hi?+ "2 avbi2Kb, >2 Hi-
K iBQM J M ;2K2Mi M/ *HQm/ _2bQm +2b |iBHBXx iBQMX AMi2°M iBQM HCQm'M HQ7 1@>2 H
UAC1>J*V RRXj UkykyV, 89@dyX

1/Bi2/ #WM M/ L vv

_2+2Bp2/# Ry- kyky
++2Ti2/,v jR- kyky






e
.. a+ H #H2 *QKTmiBM;, S° +iB+2 M/ 1tT2 B2M%idT, fAara X IRSTNX@DRde d -
Ukyky a*S1X 0OQHMK2 kR- Abbm2b j- TTX j8N je3- .PA RyXRkeN9,fb+

*PJS _ hAol ahl.u P6 aS1 E1_ _1*P:LAhAPL hl1*>LAZlla AL APh .10A*1a
6P_ hlsh AL.1S1L.1Lh L1: hAol _1*P:LAhAPL

Ll1> _X E ahl_1- SPPC C ALL. hSLEIJ_ ?

#bi® +iXaT2 F2' "2+Q;MBiBQM Ua_V Q' B/2MiB}+ iBQM Bb i?2 bm#b2i Q7 # Q / "2 Q7 S ii2 M "2+Q
i?2 pQB+2 T'BMi- i?2 "2+Q;MBiBQM bvbi2K B/2MiB}2b i?2 bT2 F2  7°QK i?2 FRMriP2//2 G7biZR B™M2 F2
iQ/ vob rQ ' H/ r?2M K Mv Q7 Qm rQ'Fb "2/QM2i?2°Qm;? pQB+2- "2+Q;MBiBQM Q7 i?HbDQ2Z BMBb M2+
BKTQ'i M+2 BM AMi2 ' M2i Q7 h?BM;b UAQhV HBF2 b2iiBM; mT Q7 bK i 2MpB " QMK2Mib 7Q" ?QK2- BM
TTHB+ iBQMbX h?2 " +2 7Q" ?B;? ++m” +v M22/b K FBM; i?2 /2pB+2b mb2/ BM i?2b2 bK i 2MpB Q\
+ T +Biv b TQbbB#H2X aT2 F2' B/2MiB}+ iBQM Bb KQbiHv mb2/iQ 2bi #HBb? M2; iBp2 '2+Q;MBiBQ
bvbi2K /2+B/2b r?2i?2" T2°'bQM Bb r?Q ?2 /Bb ;°22b iQ #2 i?mb T ' 2p2MiBM; TKEiB B2 WX QKRKMHVHQ I
#BQK2i'B+b rBHH #2 bmBi #H2 iQ 2bi #HBb? bm+? B/2MiB}+ iBQMX h?2 72 im 2 2ti° +iBQM Q7 pQB+2
Q7 Bib K2i?Q/b Bb Q7 7mM/ K2Mi H BMi2 2bi BM i?Bb T T2 X q2 i'viQ +QKT "2 i?2 BM7Q ik 72 Q7 7
'ibT2 F2® "2+Q;MBiBQM KQ/2Hb M/ M Hvb2 p "B Mib Q7 J2H 7°2[m2M+v +2Tbi mKBR Z{ZBAMibUJ6*
2ti° +iBQM r?B+?2 + M #2 7m’i?2  BM+Q 'TQ" i2/ M/ mb2/BM p 'BQmb bK ‘i /2pB+2bX

E2vrQ'/b,aT2 F2°  B/2MiB}+ iBQM-S ii2"M "2+Q;MBiBQM- J6**- 62 im 2 2ti° +iBQM- AMp27i2/ J6**-

Ja bm#D2+i +H bbB}+ eBBQREBX

RX AMi"Q/m+dBRM®X Q  pQB+2 Bb /QKBM Mi KQ/2 Q7 +QKKmMB+ iBQM BM 2p
AMi2"M2i Q7 h?BM;b UAQhV /2pB+2b M/ +QKT ' Bb2b Q7 mMB[m2 72 im'2b "2H2p M
TmM+iBQM Q7 bT22+? BbiQ +QMp2v i?2 K2bb ;2-i?2 b K2 bT22+? Bb HbQ mb2.
i?72 B/2MiBiv Q7 i?72 T2'bQMXh?2 H bi 72r /2+ /2b ? p2 rBiM2bb2/ bT2 F2" "2+Q;
p 'BQmb +QKK2'+B H/QK BMb HBF2 #BQ@K2i'B+-# MFBM; TTHB+ iBQMb- BM/2
M/ .B "Bx iBQM(k)X h?2 2K2;2M+2 Q7 bK "i /2pB+2b M/ ?QK2 bbBbi Mib HBF
#Qm;?2i BM KTH2 QTTQ imMBiB2b 7Q° mi?2MiB+ iBQM M/ mb2 Q7 bT22+? b KT
BMi?2 T2 bQMOb pQB+2 + M#2 mb2/iQ +QMi"QH i?2 AQh /2pB+2bX miQK iB+ bT
"2+Q;MBx2 bT2 F2° M/ ?2M+2 mi?2MiB+ i2 Bi 7Q° K FBM; Mvi> Mb +iBQM (9)X
#2 #° Q /Hv + i2;Q°Bx2/ b, bT2 F2° B/2MiB}+ iBQM M/ bT2 F2 p2'B}+ iBQM (8)X
iQ }M/ 6r?Q Bb bT2 FBM;6 7' QK b2i Q7 FMQrM bT2 F2'bX h?Bb K2i?Q/ Bb HbQ +
#2+ mb2 i?2 MMFMQrM bT2 F2° #2HQM;b iQ i?2 ;"QmT Q7 bT2 F2'b BM i?2 /i # |
/Ip M+2 7Q° K i+?BM;X AM PT2M b2i B/2MiB}+ iBQM T Q#H2K-i?2 bT2 F2  + M #
IMBi2 TQQH Q7 bT2 F2'b FMQrM iQ i?2 bvbi2KX aT2 F2 ' p2'B}+ iBQM /Bz2'b 7°C
+QM} Kb B7 ?2fb?2 Bb i?2 mi?2MiB+ i2/ T2 'bQM #2?BM/i?2 bT22+? b KTH2X

6m’i?2°KQ 2- bT2 F2° "2+Q;MBiBQM + M HbQ #2 /BbiBM;mBb?2/ b i2ti /2T2M
[2T2M/2Mi bT2 F2° B/2MiB}+ iBQM "2[mB"2b bT2 F2 iQ mii2 > T 2/2}M2/rQ°/ Q" T7?
r?BH2 i2ti BM/2T2M/2Mi bT2 F2' B/2MiB}+ iBQM Bb KQ 2 ~2tB#H2 M/ /Q2b MQi "
F2vrQ /X h?2 "2b2 "+? T T2 (e) 7Q+mb2b QM i?2 b+QT2 Q7 i2ti@BM/2T2M/2Mi
mii2° M+2bX

h?2bT2 F2° "2+Q;MBiBQM bvbi2K QT2  i2bBMirQ T? b2bX h?2}'biBbi?2i B
r?2°2KQ/2HBb +°2 i2/7°QKi?2bT22+? b KTH2b Q7 i?2/Bz2°2MibT2 F2'br?QrB
Bb mbm HHv +QKTH2i2/ #27Q 2 i?2 bvbi2K ;Q2b HBp2 7Q " pQB+2 B/2MiB}+ iBQM

2T TiK2Mi Q7 *al- AAAh L ;TM2?AMbBBmMU23e! ;K BHX+QK
Y.2T "iK2Mi Q7 *al- AAAh-L ;TRFQQAM{B BM!+b2XBBBiMX +XBM
2.2T "iK2Mi Q7 1*1- AAAh L ;TimT- MMDBBM!2+2XBBB/iMX +XBM
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6B:X RXK / *H bbB}+ iBQM Q7 62 im'2b

p2'B}+ iBQM T? b2r?2°2 bB;M HBb K i+?2/ rBi? i?2 KQ/2Hb Q7 bT2 F2° p BH #H
bbmKTiBQM ?2°2Bbi? i2 +? b KTH2 #2HQM;b iQ QMHvV QM2 bT2 F2 X aB;M Hb
i?72 bB;M HBb "2+2Bp2/i?2 7TmM/ K2Mi HBMi2 2bi HB2b BM 2ti" +iBM; b2i Q7 72
62 im 2 2ti° +iBQM Bb QM2 Q7 i?2 T'2HBKBM v bi2Tbh Q7 +QmbiB+ KQ/2HHBM; r~
bT22+? bB;M HX

AMi?BbrQ Fr27Q+mbQMbim/vBM; M/ M/ M HvbBM; 72 im 2 2ti° +iBQM i2+7?
rQ"FBM; rBi? /IBz2 ' 2Mi aT2 F2' "2+Q;MBiBQM KQ/2Hb HBF2 >B//2M J "FQp JQ/2H
JQ/2H U:JJVX h?Bb bim/v BKbiQ +?2QQb2 #2ii2° +QK#BM iBQM Q7 72 im 2 M/ KQ
bT2 F2° "2+Q;MBiBQM r?B+? + M #2 i?2M 2KTHQv2/ BM p 'BQmb b+2M "BQb Q7 >

kX +QmbiB+ 62 im 2 1ti62iBQRAXRti° +iBQM Bb + m+B H iQ 2ti° +i +? ~ +i2°Bb
mii2> M+2b "2+2Bp2/7°QKi?27 QMi2M/ Q7 i?2KQ/2HX 62 im ' 2b+ M#2 # Q /Hv +
UKV pQB+2 bQm +2 UjVbT2+i"Q@i2KTQ  HU9V T ' QbQ/B+ U8V ?B;?@H2p2H 72 in
(3)X h?2 mi?Q b (N) /2i BH i?2 H M;m ;2 KQ/2Hb 7Q" "2+Q;MBiBQM Q7 i KBH H
b2;K2Mi2/ i T?QM2iB+ H2p2Hb QM i?2 # bBb Q7 i?2B° +QmbiB+ +? ~ +i2 ' BbiB+bX
[mM2M+v +QMi2Mi Q7 M "#Bi° "vbB;M HX aT2+i° H72 im 2b + M #2 Q#i BM2/ #v #)
BMiQ i?2 7°2[m2M+v /QK BM mbBM; i?2 6Qm ' B2 h® Mb7Q K- HBF2, 7mM/ K2Mi H
bT2+i> H/2MbBiv- 2i+X h?2b2 bT2+i" H72 im 2b + M #2 mb2/iQ B/2MiB7v +? ~ +
M/ K2HQ/vX

h?2 KQbi TQTmH ~ 72 im 2 2ti° +iBQM i2+?MB[m2 mb2/ "2+2MiHv BM i bFb Q7
TTHB+ iBQMb Bb J6** (Ry)X "mi Tm 2 J6** TT Q +? KQ/2H2/ QM ?mK M m/BiC
#2 2{+B2Mi BM MQM@MQBbv 2MpB " QMK2MibX qBi? i?2 BM+"2 b2 BM pQ+ #mH "\
J6** 72 im 2b b22Kb iQ /2+HBM2X >22r2 M Hvb2i?2p "B iBQMb Q7 J6** 72 im"
M im'27Q i?2i bFQ7 a_Xa22 a2+iBQM kX



*QKT " iBp2 aim/v Q7 aT2 F2' _2+Q;MBiBQM h2+?MB[m2b BM AQh /2pB+2b 7Q" h2tj@RI/2T2M/2\

Pre-processing

Bark Wavelet
Transformation
: X
5 rum
Windowing /—nl FFT I | mai . | Mel Scale Warping

I
L
Logari[hnjuc |Log|
Inverted Compression

Mel Scale
Discrete Cosine Bark Wavelet
Transform Transformation

v v
MFCC BWMFCC wcc

Discrete Cosine
Transform

Log & DCT

L

IMFCC

6B; X RKSBT2HBM2 Q7 62 im 2 1ti~ +iBQM

KXRX S 2@T Q+#2ABM2X+?2 r p27Q K b KTH2/ i 3 E?x Bb mb2/ b BMTmi 7Q"
BQHHQIBM; bi2Th "2 +QKKQM 7Q" 2ti° +iBM; J6**- AJ6** M/ 6mb2/ J6** (RR)X

: . (03" j(t+1)8" (yie)
i ()= Pt = EXeaa = Jlysviw; ) = PPy A §~ Un

UKXRV
= o 10" )R (V)

KXRXRX S 2@2KMPBIBL2XT Bb TTHB2/iQ BKT Qp2aB;M HiQ MQBb2  iBQX >B;"
"2 KQ 2 bmb+2TiB#H2 iQ MQBb2 i? M HQr2  QM2bX >2M+2- ?B;?22" 7 2[m2M+B 2k
Q' /2  }MBi2 BKTmHb2 "2bTQMb2 UBA_V }Hi2  Bb TTHB2/7Q bT2+i  H~ ii2MBM;

H(z=1 z ' 09 1 UkXkV
h?2 p Hm2n®2/ 7Q" 2tT2 ' BK2Mi iBQM Bb mbm HHv yXNdX

KXRXkX 6 KBMKXb b?QmH/ MQi #2 iQQ HQM; Q" iQQ b?2Q iX GQM;2 7" K2 "2|
bB;M HT QT2 iB2b + Qbbi?2rBM/Qr-i?mb M2; iBp2Hv z2+iBM;i?2 iBK2 2bQHn
i +Qbi Q7 z2+iBM; i?2 7°2[m2M+v "2bQHmMIiBQM Q7 i?2 bB;M HX aQ-i?2 2 Hr
M/ 7 2[m2M+v "2bQHmMIBQM (Rj)X aQ 7Q bm+? MQM@bi iBQM v bB;M Hb b bT?2
+ M #2 +?2Qb2M rBi? Rk3 Qp2 H TTBM: b KTH2b BM i?2 /D +2Mi 7" K2b rBi? i?2 B
BM7Q K iBQM Q++m "BM; ii?22/:2bQ7i?27 K2bX AMi2 Kb Q7 iBK2/m" iBQM |
rBi? Qp2'H TQ7 R8KbBb TQTmH -~ TT Q +?X

KXRXjX gBM/QrBIMQXCIiBQMb BM i?2 7" K2#QmM/ "B2b+ M ;Bp2 "'Bb2iQ mMr Mi2
"2bTQMb2X rrBM/Qr 7TmM+iBQM rQ Fb rBi? bB;M HBM bm+? r vi? i Bi bKQQi?h
2M/ i M2 "Hv x2°Q iQ K BMi BM i?2 +QMiBMmBiv (Rk)X J Mv rBM/Qr 7TmM+iBQMb
rBM/Qr M/ ? KKBM; rBM/Qr M/ ? MMBM; rBM/Qr "2 p BH #H2 iQ BKTH2K2Mi i?Bt
QTiBQMb > KKBM; rBM/Qr Bb i?2 KQbi TQTmH " i2+?MB[m2 mb2/ BM K DQ Biv Q7
BMi'Q/m+2b KBMBKmK /BbiQ iBQMX h?2 2[m iBQM kXjb?Qrbi?2 ? KKBM; rBM/Q!

8
< 2n
0:54 O:4GCOSW; 0O n N

hin] = UkXjV
L 0; Qi?2°rBbh2X



jek L2? _X E bim'2-SQQD C BM-h T M EmK °

kXkX J6** 62 im 2@X%i Q7i?2aT2 F2° _2+Q:MBiBQMi bFbiQ/ v2KTHQV J6** K2]
Q772 im 2b (Ry)X AMi'Q/m+2/BM 2 "Hv RN3y6b-i?2b272 im 2b# b2/ QM ?mK M
J6**6b "2 2T 2b2Mi iBp2 Q7 pQ+ Hi' +iBM7Q K iBQMX h?2 bB;MB}+ Mi72 im 2
BMbTB 2/ J2H@bT +2/ }Hi2  # MF T'Q+2bbBM; Q7 i?2 6Qm B2° h> Mb7Q KX MQ
+?2B2p2/i?2°Qm;? +2Tbi" H M HvbBbX 6QHHQrBM; 2 i?22 bi2Tbh 7Q  i?2 2ti° +iBQ

kKXKXRX 6Qm B2  h GMbi7€QKXB2  h> Mb7Q K iBQM U66hV Bb ;2M2" HHv TTHE
+ H+mH i2i?2 +QKTQM2Mib Q7 7°2[m2M+v 7°QK i?2 bB:M H BM iBK2 /QK BM + H
Bb b2i Q7 +QKTH2t MmK#2 b +QMi BMBM; #Qi? "2 H M/ BK ;BM v T ‘ir?2°2-"
BK ;BM "vT iBbB:MQ 2/X AM rv-QmiTmi Q7 66h M/ .6hi  Mb7Q K iBQM Bb b
i2°Kb Q7 +QKTmi iBQM H +QKTH2tBiv (R8)-66h BM+"2 b2bi?2 T'Q+2bbBM; " i2Q
b?Qrbi?2.6h7Q BMIm QY7 K82 b KTH2bX k8e@TQBMi66h+ M#2 mb2/iQ +QMp2_i
BMiQ Bib 2[mBp H2Mi .6hX

"(l j2 kn
X (k) = x(njee v ; 0 k N 1 UkX9V
n=0

kXkXkX J2H a+ H2/ 6BHPZ H#TFX mK Q#i BM2/ 7 QK i?2 #Qp2 bi2T +QMi BMb |
M/ MQi i?2 r2QH2 bT2+i " mK /2i BHb "2 mb27mHX PMHv i?2 2Mp2HQT2 Q7 i?2
i?72 bT2+i° H2Mp2HQT2 Bb Q#i BM2/ #v KmHIBTHVBM; i?2 bT2+i mK rBi? J2H b+
}Hi2°# MFBb i'B M;mH "~ }Hi2 r?B+? Bb mMB7Q KHv bT +2/ QM i?2 J2H 7°2[m2N
HQr 7' 2[m2M+v "2;BQM M/ H2bb MmK#2"> Q7 }Hi2 "' b BM i?2 ?B;?2  7°2[m2M+v ~2;I
+HQb2 iQ ?Qr ?mK Mb T2 +2Bp2 bQmM/bX HbQ- Bi Bb T'Qp2/ #v 2tT2 BK2Mi iBGQ
KQ'2 iQr /b HQr 7°2[m2M+v i? M ?B;? 7°2[m2M+vX h?2 pQB+2 mii2°- M+2 /Q2b M
rB+? Bb mb2/ BM 66h ?2M+2-J2H b+ H2 Bb mb2/ r?B+? Bb HBM2 " mTiQ RF>x M/
h?2 2[m iBQM b i2/ #2HQr b?Qrb i?2 "2H iBQM #2ir22M GBM2 ~ b+ H2 M/ K2H b+

f
Mel(f) =log 1+m UkX8V
kKXKkXjX GQ; "Bi?KB+ *QKh7?2hBRMXBKDb iQi F2 HQ; Q7 bT2+i" H 2Mp2HQT2 ¢
bi2T #Qp2- bBM+2 ?mK M2 b+ MMQi ?2 " bQmM/b BM HBM2 "~ b+ H2X 1 +? +Q@
ky iQ ;2ii?2bT2+i° H2Mp2HQT2 BM /"X

kKXKkX9X .Bb+'2i2 *QbBM2 m?BIb3® KXbi2T 2Mbm 2b +QMp2 bBQM Q7 HQ:; J2F
bT iB H/QK BMX h?Bb Bb +?B2p2/ #vi FBM; .Bb+'2i2 *QbBM2 h> Mb7Q K U.*hV
BMiQ /Bb+"2i2 p2+iQ Xh?mb- .*h vB2H/b +2Tbi® H +Q2{+B2Mib (Re) b 7QHHQrb,

NS 1 @
Ch = Sk cos n(k E)? n=1;2:L UkXeV
k=1

r?2°R Bbi?2 MmK#2 Q7 HQ;@bT2+i" H+Q2{+B2Mib+ R+4MHHIQ/® BTIZ Rip BH) m® fi-2B
ML Bb "2[mB 2/ MmK#2" Q7 +2Thbi° H +Q2{+B2Mib i? ir2 r MiX h?2 J6** 72 im 2
HQr2bi RKk@R8 .*h +Q2{+B2MibX

kKXjX " "F q p2H2i J6** 62 inmh?2X.*h M/ 66h H;Q Bi?Kb mb2/BM J6** 72 im 2 2t
/Q MQi T'Qp2 iQ #2 ;QQ/ QTiBQM B7 i?2 bB;M HiQ #2 T ' Q+2bb2/ Bb MQM@bi i
BMi"Q/m+2/ #v (Rd) T°'Qp2b b M MiB@MQBbv 72 im 2 i? i+ Mbm#biBimi2 J6**
Q7 }t2/ iBK2@7 2[m2M+v "2bQHmMIBQM Q7 .*hX >mK Mb T2 +2TiBQM Q7 bT22+7?
mb2/ #mi HBM2 ~B7 " "F 7' 2[m2M+v Bb mb2/X h?2 "2H iBQMb?BT #2ir22M HBM2
#2 2T 2b2Mi2/ b b?QrM #2HQr,

7 2
b=13 arctan(0:76Y+3:5 arctan =5 UkXdV

(6]



*QKT " iBp2 aim/v Q7 aT2 F2' _2+Q;MBiBQM h2+?MB[m2b BM AQh /2pB+2b 7Q" h2tj@&jM/2T2M/2\

r?2°B 2T7T°2b2Mib # "F 7°2[M2NM+22b2Wib HBM2 ~ 7°2[m2M+vX 6QHHQrBM; bi2Th +C
T?BHQbQT?v #2?BM/ # "Fr p2H2i,
: mbbB M 7mM+iBQM Bb +?Qb2M b KQi?2 7mM+iBQM Q7" "Fr p2H2iiQ b iB
H2 biX
hQ K BMi BM +QMbBbi2M+v rBi?i?27 2[m2M+v ;" QmT-KQi?2 r p2H2iBb +?Q
BMi?2" "F/QK BMX
IMBi # M/rB/i? Q7 R" "F F22Tb i?2 +QMbBbi2M+v rBi? i?2 7°2[m2M+v ;" QmT

KXjXRX S'2@T QH2DISBRM@X "Q+2bbBM; bi ;2 +QMbBbiBM; Q7 S'2@2KT? bBb- 6
b K2 bi? iQ7 2ti” +iBM; J6** 72 im 2bX

kKXjXkX " "F q p2H2i h> Mb7Q"KHABRQMX¥2i h> Mb7Q 'K iBQM + M #2 T2 7Q K2/ #
7QHHQrBM; 2[m iBQM QM 2p2°v 7" K2,

X 1 2 MH
sk(n) = S( Wi ()™

HO

UkX3V

r?2°2 L Bbi?2 MmMK#2 Q7 x2MDBIBMWBFh2E2M+v bT2+i mK Q(R)ag 2 222 bhB2RI+H -
bT2+i"mK @ b2#@# MW(NHWBD /Bb+ 2i2 WK TE+? Bb 2tT 2bb2/ b 7QHHQrb,

Wi (7= 2 4[13arctan(0 :76 #3 :5arctan( ~%)? (b+k b)) UKXNV

r?72°2 MQ K HBx iBQMM #2Q H+mH i2/ b

I’Xl
& We(=1: 0<b, b b UKXRyV
k=0

r?2 M) Bbi?2 " F 7 2[m2M+v # M/rB/i?X
KXjXjX aT2+i mK *QK# B 2i[Bi@NWIX¥v avMi?2bBb Bb Q#i BM2/ mbBM; i?2 2[m iBQ

IX 1
s(n) = sk(n) UkXRRYV
k=0

r?2°4n) Bbi?2 7°2[m2M+v bvMi?2bBb bT2+i mKX

KXjX9X J2H 6BaE2M Bb T bb2/i?2°Qm;? K2H }JHi2 b iQ "2/m+2i?22 2z2+i Q7 iQN
72 im 2 +Q@2{+B2Mib M/ 2KT? bBx2i?2 Q'B;BM H 7Q K Mi Q7 bT22+?X

KXjX8X GQ: "BiZRXHQ; Q7 bT2+i'mK Q#i BM2/i?°Qm;? K2H }Hi2 b Bbi F2M b

l’( 1
dm)=log(  js(n)j®*Hm(n); 0 m<L UKXRKV
n=0

r?22@m(n) BbiB M:mH * K2H 7 2[m2M+\L#B K6 Min Kl 2H (27 B iR2bbb MT H2 Nn)Ke 2°

kKXjXeX " “F q p2H2i J6** 72 iGBMbKHYV i?2 " "F q p2H2i J6** 72 im 2b U"qJ6**V
i BM2/ #v T2 7Q KBM; " “F q p2H2a{n) M F D HKQQ M,

le
BWMFCC (n) = is(NPWa(m) dim); 0 m L 1, 0 n<M UkXRjV

m=0



je9 L2? X E bim'2-SQQD C BM-h T M EmK °

kX9X g p2H2i *2Thi® H *Q2MB82MiXb?Q i i2°'K 72 im 2 p2+iQ i? i Bb 2z2+iBp2

2z2+ib Q7 MQBb2 i# vBbq p2H2i*2Thi® H*Q2{+B2MiUQg**Vi? imb2b .Bb+ 2i2r
/2i BH2/ ;mB/2HBM2b 7Q" .qh BKTH2K2Mi iBQM Bb K2MiBQM2/ BM (R3)X ivTB+

Zl

Wx(a;b):pl—, x(t) t b dt UkXR9V

a ; a
r?2°2i?22 7TmN4)iBOMKQi?2  r pB2b+ HBM; 7b+BQ i  MbH iBQM T ~ K2i2 X .gh Q#i
i?2bT2+i'mK mbBM; KmHiBH #2H "2bQHmMIiBQM i2+?MB[m2X AM +QKT "BbQM rBi-
i?72 bB;M H BMiQ bK HH2® 7°2[m2M+v /QK BMb iQ Q#i BM i?2 HQ+ H 7°2[m2M+v
/12+QKTQbBIiBQM Bb-B7 i?2 T ib Q7 bB;M H Bb /BbiQ i2/ #v MQBb2- i?2 r?QH2 7
Km+?X h?mb K FBM; .qgh KQ 2 "Q#mbiiQr /b MQBb2X g p2H2i T +F2ii° Mb7Q K U
"2bQHmMIBQM TT Q +?2r?B+?2 + Mp "vi?2rBM/Qr H2M;i? iQ bmBi #2ii2  iBK2 Q" 7°
BM #2ii2° iBK2 7°2[m2M+v +? ~ +i2 ' BbiB+b Q7 qSh #mi ii?2 +Qbi Q7 +QKTmi iBf
gSh /Q2b MQir "T 7°2[m2M+B2b b T2 ?mK M m/BiQ'v T2 +2TiBQM bvbi2KX h?:
(RN) ? b +QK#BM2/i?2 /p Mi ;2b Q7 KmHIB@ 2bQHmMIiBQM gSh M/ J2H b+ H2 iQ
6°2[m2M+v *2Thi~> H62 im 2bX

KX9XRX S 2@T Qu?2bbB22X? Bb BMBiB HHv b KTH2/ M/ bm#D2+i2/ iQ +QKKQ
bi2Th b K2MiBQM2/ 2 "HB2  +QMDbBbiBM; Q7 S'2@2KT? bBb-6" KBM: M/ qBM/Qr

kX9XKX J2H b+ H2 rJ2HBBME X2 r "TBM; +QMbBbib Q7 j bm#@bi2Th,
6 bi 6QmM B2  h° Mb7Q K U66hV Bb mb2/iQ i Mb7Q K i?2 T2@T Q+2bb2/ bB
[mM2M+v /QK BMX
h?2 7°2[m2M+v bT2+i ' mK Q#i BM2/i?°Qm;? 66h Bb J2H@r T2/ mbBM; i'B M
h?2 bB;M HBb ; BM +QMp2'i2/iQ iBK2 /QK BM #v AMp2 b2 66h iQ + v Qmi

KX9XjX q p2H2i T +F2i /2+QKAT20BTRQMXbB;M H Bb /2+QKTQb2/ i /2Ti? d Uk
. Mm#2+2B2b ivTI2 U/#9V r p2H2iX h?2 "2bmHi Mir p2H2i +QMbBbib Q7 K tBKmK 7
Rk3 bm#@# M/bX

kX9X9X "2bi # bBb 7Q KentbimiB@M#M X /b Qmi Q7 Rk3 iQi H 7°2[m2M+v bm#@# M
Tm'i?2° T°"Q+2bbBM; bBM+2 ?B;?2° 7°2[m2M+v +Q2{+B2Mi 2T 2b2Mib K tBKmK
bB;M H2M2 ;B2bBM 2 +? 7° K2+ M #2 +QKTmi2/ b

P .
) WPt ()2
Nj ’
kX9X8X GQ; M/ 6B HHv- h?2 HQ; "Bi?KB+ +QKT ' 2bbBQM Bb T2 7Q K2/ M/ .
i?72 /BK2MbBQM Q7 bm#@# M/ 2M2 ;B2bX

KX8X AMp2 i2/ J@%* 2z2+iBp2Hv + Tim 2b i?2 HQr 7°2[m2M+v "2;BQM i? M ?B
>2M+2 Bi Bb + T #H2 Q7 2ti> +iBM; i?2 7Q K Mib(ky) HVvBM; BM i?2 HQr2" ° M;2 Q
Q7 7Q K Mib BM HQr2  7°2[m2M+v > M;2 M2;H2+ib i?2 7Q K Mib B7 Mv HvBM; B
2bb2MiB HHv ? TT2Mb #2+ mb2 Q7 }Hi2  # MF bi'm+im 2 (kR) r?2°2 ?B;?2° MmK
i*B M:mH ~}Hi2 b TT2 BMHQr2 7°2[m2M+v 2:BQM Q7 J2H }Hi2  # MF M/ H2bk
JHi2 b BM ?2B;?2° 7°2[m2M+v "2 X h?2 TT ' Q +? Q7 (kk) Bb # b2/ QM “2p2 bBM; i
bi'm+im 2 iQ + Tim 2 i?2 +? > +i2 ' BbiB+b BM ?B;?2 7 2[m2M+B2b KBbb2/ Qmi #
AMp2 i2/ J6** UAJB6**VX h?2 BMBIiB H bi2Th Q7 S 2@T Q+2bbBM; M/ 66h "2 +Q
p B iBQM BM BKTH2K2Mi iBQM HB2b BM i?2 +QKTH2K2Mi v r v BM r?B+? }Hi2" ¢

KX8XRX AMp2 i2/ J2H?@+ ®RXH2K2Mi "v}Hi2 # MFbi'm+im 2Bb Q#i BM2/ #v "2
7°QKi?2:2M2° HKB/ TQBMiQ7 7 2[m2M+v > M;2BX 2X-y@9F>x BM bT2 F2' "2+Q
Bb /QM2 i kF>x TQBMi Q7 Q B;BM H }Hi2  # MFX i i}3RiR B MF Q¥Ti"2D bBKRM+71Q #
'Bp2M b,

E; = j =1::35 UkXR8V

\(K)= ou i —+1 k UkXReV



*QKT " iBp2 aim/v Q7 aT2 F2' _2+Q;MBiBQM h2+?MB[m2b BM AQh /2pB+2b 7Q" h2tj@&®1/2T2M/2\

r?2°P(k) Bb i?2 "2bTQMb2 Q7 BMp2 i2/(K)2Bbhi®? HQ JBLREM- H J2H b+ H® BHi2?22bTQI
MmK#2 Q7 MHiR Q) Ms Bb i?2 MmMK#2 Q7 TQBM(@b KM MGh h®2 "2H iBQMb?BT #2ir2:
BMp2'i2/ K2H b+ H2 M/ Q' B;BM H+ M #2 2tT2bb2/ b,

s, Fo

— f kXRdV
2 " M. U d

tdmel(f):fmel (fhigh)"'fmel(flow) f mel
122 Bne(f) Bbi?22 "2H iBp2 TBi+? BM i?2 BMp2 i2/ B+?R2+i@ H2D T2 M2BM yiBM >x X |
K BMi BM mMMB7Q KBiv BM .6h + H+mH iBQM AMp2'i2/ J2H a+ H2 Bb K /2iQ ? p2 -
i72 +im H J2H a+ HZrf52) B2fhe Flow) M e (Frigh ) = fmel (Fhigh ) X h?Bb ~BTTBM; BM i?2 J
b+ H2 ;Bp2b }M2 2T 2b2M i iBQM Q7 ?B;? 7 2[m2M+v "2;BQMb MQi Qi?2 rBb2 MQ
QmiThelibgd, "2 +QKTmi2/ 7 QK 2M2 jW(jf2hi mK

Me =2
&) = iY(0i° Bi(k) UKXR3V
k=1

kX8XkX GQ; M/ GQ@X Bi?K Q7 }Hi2  # MF 2M2 ;B2b Bb i F2M b,
flog, [&(i)]g2, UKXRNV

h?2 H bi bi2T Bb iQ Q#i BM i?2 BMp2'i2/ J6** +Q2{+B2Mib #v i FBM; i?2 .*h Q7 HC
bb?QrM #2HQr,

r Q
Q( 1
é|=o log[é(i +1)] cos m % ) UkXKkyV

Ibm HHvV rBi? J6** 72 im 2b r2 +?2QQb2 i?2 }'bi RN +Q2{+B2Mib b 72 im 2biQ KQ/
AJ6** r2 +?2QQb2i?2 H bi RN +Q2{+B2Mib iQ KQ/2H i?2 bT2 F2'bX

jiX aT2 F2° JQ/2HBM;, : mbbB M JBtih?2 #QBHX m TQb2 Q7 i?Bb bi2T Bb #mB#+
7Q° Mv bT2 F2 6b6 bm+?i? i 6td 72 im 2 p2+iQ~ 2ti~ +i2/ 7' QK i?2 mii2° M+2 Q7
#v mMB[m2 KQ/2HX h?mb- K i+?BM; M mMMFMQrM pQB+2 b KTH2 rBi? i?2bT2 F2
Q7 i?2 +Q "2+i bT2 F2°'X PM2 Q7 i?2 KQbi mMBp2°'b HKQ/2HBM; 7° K2rQ ' F mb2/
JQ/2H U:JJIV(kj)X :JJ6b 2 p2°v TQTmH " BM i2ti BM/2T2M/2Mi a_ TTHB+ iBQM
"2biTB+i2/iQ mb2 Mv T 2@/2}M2/ T?> b2 b pQB+2 b KTH2X : mbbB M /Bbi B#n

K2 M M/ /2pB iBQM #Qmii?2 K2 MX 6Q° .@/BK)Q—k/kaQfM:H 72 My-2ip2+iQ°
KBtim 2 /2MbBiv mb2/ 7Q  i?2 HBF2HB?QQ/ 7mM+iBQM Bb /2}M2/ b (k9),

Cn =

hd
p(xj )= wi i (X) UjXRV
i=1
r?2°2:3JBb/2MQi2M#Bb Bb i?2 MmMK#2" Q7 : mbbBiMbh QTR BOMIL-Q# #BHBIv Q"
r2B;?i QA" 22mbbB M +QKTQM2Mi +QNibw =BM2Migdx) Bb ;Bp2M #v
)

X
pOO= —tp exp ix DY ) Mx 1) UjXkV
@) zj iz 2 i

P
r?2 g(x) Bb Bb i?72 .@p "B i2 : mbbB ,yl [2MbBiv 7mM + i BMY M QBi ? BK 1 M2 g% 1 Bt
*QHH2+iBp2Hv i?2 :JJ KQ/2H Bdw2 M;Qig/r® ' 2=1:::M X h?2 p2° ;2 HQ;@HBF2HB?
72 im 2 pX+iBi? 2bT2+i iQ KB@/2HM2/ b-

. 1 X . .
LLag(Xj )= T log  p(xtj ) UjXjVv
t=1 k=1



jee L2? X E bim'2-SQQD C BM-h T M EmK °

Training | Testing

Identified

4 Maodel
EM Training GMM —ML 3
| SCORE

A BM

' LEN MAP A,
UBM ’ , ;
- : Adaptation > GMM's ;\:.

A

6B;X ¥R BMBM; M/ h2biBM; mbBM; :JJ@1"J

r?2°@x¢j ) Bb+ H+mH i2/ bb?QrM BM 2[m iBQM jXRX Ai? b #22M 2KTB B+ HHv
:JJb "2 #2ii2° BM T2 7Q K M+2 M/ HbQ +QKTmi iBQM HHvV KQ 2 2{+B2Mii? M 7r
i?72 T~ K2i2°'b Q7 7mHH@+Qp 'B M+2 :JJ Bb p2'v 2tT2MbBp2 (k8)X >2M+2- /B
mbm HEv mb2/X J tBKmK GBF2HB?QQ/ UJGV 2biBK iBQM Bb mb2/BM i® BMBM; i?
4fwi; 5 9r?2'iz21:::M 7Q° 72 im 2XpR+iQ°

PM+2i?2i° BMBM; p2+iQ'b "2 2 /v-i?2 Bi2  iBp22tT2+i iBQM K tBKBx iBQM
K tBKBx2 i?2 HBF2HB?QQ/ rBi? "2bT2+iiQi?2i BMBM;/ i (kd)X :JJT *~ K2i2'b
Q7 1J H;Q Bi?KiQBM+'2 b2 i?2 HBF2HB?QQ/ Q7 i?2 2biBK i2/ KQ/2H 7Q" i?2 Q+#
T QpB/27Q  i?2 BMBiB HBx iBQM Q7 1J H;Q ' Bi?K (k3)X AM ;2M2" H-}p2 Bi2" iB
T K2i2° +QMp2 ;2M+2X AM TTHB+ iBQMb T2'i BMBM; iQ a_ KQ/2H b?QmH/
bT2 F2'b-i?2B° 2MpB " QMK2Mib- bT2 FBM; bivH2b 2i+X >2M+2 BM :JJ # b2/ a_
# +F;,"QmM/ KQ/2H UI"JV Bb + 2 i2/X h?Bb I"J Bbi> BM2/ rBi? 1J H;Q Bi?K 7°Q
bT22+2 /i ; i?2°2/ 7°QK H ;2 MmK#2 Q7 bT2 F2'bX g?2M M2r bT2 F2° Bb 2M
["J / Tib BibT * K2i2'biQi?272 im 2 /Bbi'B#miBQM Q7 M2rHv 2M"QHH2/ bT2 F2
b KQ/2H 2T 2b2MiBM; i? i bT2 F2°'X h?mb- T°'BQ  FMQrH2/;2 Bb miBHBx2/ 7Q"
K tBKmK TQbi2"'BQ B UJ SV K2i?Q/ (kN) Bb mb2/ iQ 2ti~ +i bT2 F2'@bT2+B}+ :
h2biBM; T? b2-i?2JJ S@ / Ti2/ KQ/2H M/ i?2 1" "2 +QK#BM2/- M/ i?2 "2+Q;MBX
KBtim 2 KQ/2H @ mMBp2'b H# +F;"QmM/KQ/2H-Q 6:JJ@1"J6X h?2i2bi72 im 2b
"2 +QKT "2/ rBi?i?2bT2 F2° KQ/2Hb p BH #H2 BM i?2/ i # b2 M/i?2 KQ/2H rBi?
UGG_V Bb +?Qb2M,

1 . . .
LLR avg (X; target » UBM )= T flogp(xt j target ) logp(xtj usm )9 UjXxov

t=1

9X .Bb+mbbBQM M/ +QNMMHMBIB QMEX2 "2pB2r2/irQ "+?Bi2+im 2b Q7 a_ M K
>JJr?2M rQ FBM; rBi? J6** 72 im 2b M/ Bibp "B MibX Aib +QKT " iBp2 T2 7Q K
i #H2X h?Bb bim/v 7Q+mb2b QM i?2 T2'7Q K M+2 M HvbBb Q7 J6** M/ Bib p "B
h #H2 9XR b?Qrb i?2 "2+Q;MBiBQM "~ i2 mbBM; i?2 /IBb+mbb2/ 72 im 2 2ti° +iBQN\
"qJ6** M/ gq** b 2tT2 BK2Mi2/ #v p "BQmb "2b2 "+?22°bX h?2 /i # b2 mb2/ #v i’
hAJAh (JR)- uP>P (jk)- oQt6Q ;2 (jj) M/ HbQ mi?Q  +°2 i2/ K Mm H /i # b2X *
M/ AJ6** 72 im 2b + M #2 b22M QM uP>P / i # b2 r?2°2 J6** QmiT2 ' 7Q Kb AJ6**
i?72 2ti° +iBQM Q7 BM7Q 'K iBQM HvVvBM; BM i?2 ?B;?2" 7°2[m2M+v °~ M;2 r?B+? B
2tT2°BK2Mi iBQM /QM2 #v (j9) b?Qrb i? i i?2 "2bmHib BKT Qp2 r?2M 7TmbBQM Q
g**Bbi2bi2/ QM +QKT " iBp2Hv bK HH2  +Q " Tmb Q7 jy bT2 F2'b #mi b?QrbiQ T°Q
"2bQHMIBQM 7Q° HBKBi2// i i? MJ6**X " "Fr p2H2i# b2/ J6** + M#2 mb2/ b ;C
bBM+2 Bi Qp2 ' +QK2b i?2 /Bb /p Mi ;2 Q7 }t2/ iBK2@7 2[m2M+v "2bQHmMIBQMX h-
/I2KQMbi® i2/ BM /2i BH #v BMi ' Q/m+BM; i?2 MQBb2 +QKTQM2Mi b b?QrM BM i?2
/IBb /p Mi ;2b Q7 mbBM; Mv Q710?272 im 2b K2MiBQM2/ #Qp2 + M #2 i #hbH i2/ b
Qp2 Tm 2J6**+ MBKT Qp2i?2bvbi2KT2 ' 7Q°'K M+2B7 mb2/BM TTHB+ iBQMbr"’
?mK Mb M/ bK i bbBbi Mib "2 BMpQHp2/X



*QKT " iBp2 aim/v Q7 aT2 F2' _2+Q;MBiBQM h2+?MB[m2b BM AQh /2pB+2b 7Q" h2tj@dM/2T2M/2\

h #H2 9XR
*QKT "BbQM #2ir22M J6** 72 im 2 p "B Mib
_272]2/i # b2 62 im 2| .BK2MbBQM JQ/2HBMt+m~ +v
avbi2Kmb2/ b2/ h2+?MB[m2B2p2/|UWV
(kk) uP>P AJG** Rj3 bT2 F2'b :JJ JBtBM}:J9Q@ N8XKkj
2{+B2Mi4jk
(kk) uP>P J6** Rj3 bT2 F2'b :JJ JBtBM}:J9Q@ NeX3k
2{+B2Mi4jk
(RN) | oQt6Q ;2 q** jy bT2 F2°b :JJ JBtBM;|:30@ Ryy
2{+B2Mi4R8
(RN) | 0Qt6Q" ;2 J6** jy bT2 F2'b :JJ JBtBM;|:3Q0@ |NjXjj
2{+B2Mi4R8
(iy) mi?Q  +°2i2/gQ°/ STQMMM+8BIBBOM Re bT2 F2'b aL_4*H2 M qQ |/bdJy N8XeN
(iy) mi?2Q" +'2 i2/ qQ / S'QMmMMIB*FBQMRe bT2 F2'b aL_4*H2 M qQ |/bad]y NjXd9
h #H2 9Xk
/p Mi ;2b M/ .Bb /p Mi ;2b Q7 62 im'2b
62 im 2 /p Mi ;2b .Bb /p Mi ;2b
J6** "QQ/ +?QB+2 7Q +H2 MbT22+?-_2T 2bPWEmBmM&KHYE BIMBM@Q Bbv +QM/BiBQMb- T2 ' 7Q K M-

iQ v bvbi2K-1 bv M/ 2H iBp2Hv 7 bi iQ MBQKHMI:2 " pQ+ #mH "v- PMHv HQr 7°2[m2M+B2b
bB/2 2/ M/ ?B;? 7°2[m2M+B2b "2 B;MQ 2/

"qJE** _Q#mbi iQ MQBb2- amBi #H2 7Q  H ;2| mQ+FHnmAQ "V Qr bB;M H iQ MQBb2 * iBQb- *QKTH2
//IBiBQM H " “Fr p2H2ii° Mb7Q 'K iBQ
AJ6** *T #H2 Q7 "2T ' 2b2MiBM; BM7Q 'K iBQM :BM2XB#2i722[BBMMHVD r?2M 7mb2/ rBi? J6** i? M BN\
"2;BQM- H2bb +QKTmi iBQM #m /2M b|+mKTh R/AIBQI?22°
p "B Mib
qr* 6 2[M2M+v bT2+i"mK Q#i BM2/i?°Qm;? rhg@Ha] BR2MQBBR@K KQi?2 r p2H2i- iBK2 +QMbmt

“2bBbi Mi- ;QQ/iBK2 M/ 7 2[m2M+v "2bQHmMIiBQM
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(kk)@a *? F'Q#Q’ iv- _Qv- M/ :Qmi K aAXK Qp2/ +HQb2/ b2i i2ti@BM/2T2M/2Mi bT2 F2° B/2MiB}+ iB(
K7++ rBi? 2pB/2M+2 7°QK ~BTT /MM #BMMWbX CQmM'M H Q7 a®;MROSRRQk2pREMyd X
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_2+QKK2M/ iBQM bvbi2K (j) T"TQ+2bb2b mb2 6b BM7Q K iBQM biQ 2/ BM i?2
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i?72 HBbi Q7 Bi2Kb 7Q° bT2+B}+ mb2°'X h?2°2 "2bQ K Mv i2+?MB[m2b i? i "2 mb
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2;Q°B2b T2'bQM HBx2/ M/ MQM@T2'bQM HBx2/X aBM+2 "2+QKK2M/ iBQM byv
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+QHH #Q° iBp2}Hi2'BM;- +QMi2Mi@# b2/ }Hi2 "' BM;- M/ ?v# B/ }Hi2'BM; i2+?MB][r
Bb rB/2Hv mb2/iQQH BM i?2 /2p2HQTK2Mi Q7 "2+QKK2M/ iBQM bvbi2K # b2/ C
;2M2° i2 bBKBH "BiB2bBM /i -i?2°2 "2irQ ivT2b Q7 +QHH #Q iBp2 }Hi2 b- K2K
bBKBH "BivBM +QHH #Q  iBp2}Hi2'BM; Bb+QKTmi2/BMirQ/Bz2 2Mir vbmb2 @
mbBM; +H bbB}2 b (R3) M/ +Hmbi2"'BM; H;Q Bi?KbX *QMi2Mi@# b2/ }Hi2"BM; (F
}M/ bBKBH "Biv- ?2v#'B/ }Hi2'BM; i2+?MB[m2 mb2b #Qi? 72 im 2b +QMi2Mi M/ +Q
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Recommendation
System
Content- based Collaborative Filtering Hybrid Filtering

Filtering Technique Technique Technique
Memory based

Model based Filtering

Technique Filtering Technique

Clustering Technigques
Association Techniques User-based
Bayesian Networks

Neural Networks

6B:X RXR bbB}+ iBQM Q7 _2+QKK2M/ iBQM avbi2Kb

M/ 7 +iQ b+ MBM~m2M+2 i?2 /2+BbBQM Q7 T Q/m+i Tm +? bBM:;X JQbi Q7 i?2
"2 mb2/ ?QKQ;2M2Qmb /i BMi?27Q K Q7 “2pB2rQ " iBM; (R3-Kky) ;Bp2M #v i?
"2 p2'v72rmb2'bi? i 272 /viQ i2Q "2pB2ri?2 Bi2Kb r?BH2 i?2v 2 #Qm;?i

"2+QKK2M/ iBQM bvbi2K # b2/ QM “2pB2r M/  iBM:;b (R3)Bb MQi T°'Q/m+BM; M
"2[mB 2/X AK ;2@# b2/ "2+QKK2M/ iBQM (kR) mb2/i?2 TT2 M+2 Q7 i?2 Bi2Kb i
T Q#H2K Q7 i?2 "2+QKK2M/ iBQM bvbi2K Bb i? i T'Q/m+i Bb #Qm;?i Q"  “2im M2/ ¢

kXRX JQiBp iB(BYXB H BMi2HHB;2M+2- K +?BM2 H2 "MBM;- M/ /22T H2 "MB)
i2+?MQHQ;B2bX h?2°2 "2bQK MvQTTQ imMBiIiB2bBM i?2b2 "2 b7Q i?2 2b2 "+
i2+?MQHQ;v MQr / vb /m2 iQ i?2 p BH #BHBiv Q7 ?B;?7@T27Q K M+2 +QKTmiB
AM7Q K iBQM Qp2°HQ / Bb QM2 Q7 i?2 K BM T 'Q#H2Kb 7Q" #Qi? 2Mi2 ' T°'Bb2 b
bvbi2K U_aV TH v pBi H QH2 iQ KBMBKBx2 BiX HKQbi 2p2°'v 1@*QKK2 +2 +(
"2+QKK2M/ iBQM bvbi2K /2bB;M M/ /2p2HQTK2Mi Bb QM2 Q7 i?2 F2v 72 im 2b 7
"2i0rQ TT ' Q +?22b mb2/iQ /2bB;M M/ BKTH2K2Mi iBQM Q7 _a- +H bbB+ HT Q;"
H2 "MBM; TT'Q +?X h?2 +H bbB+ H TT'Q +? Bb mb2/ 7Q  bK HH /i b2i r?BH2 i
mb2/ BM H “;2 /i b2iX >2°2r2 mb2i?2 +H bbB+ HT Q;" KKBM; TT ' Q +?X h?2
TQTmH "Biv- " iBM;- M/ 2pB2r #mi-r2 FMQri? i QMHv ky iQ jy T2 +2Mi Q7 mb2"b
T iBM; X

h?2 T°"QTQb2/ bvbi2K mb2b K tBKmK mb2" BMpQHp2K2Mi #vi?2 M pB; iBQM Q7
pB2r- b2H2+iBQM- M/ Tm +? bBM;-i?2b2?2i2°Q;2M2Qmb /i TH v pBi H QH2BI

iX J2i?Q/QHQ¥X K2i?Q/QHQ;v mb2/ BM i?2 T'QTQb2/ bvbi2K Bb b?QrM BM };
# +F#QM2 Q7 Mv T 2/B+iBp2 bvbi2KX h?2 T'BK v BK Q7 Mv bvbi2K Bb i?2 +QH|
#2 +QHH2+i2/ BMirQr vb- BKTHB+Bi M/ 2tTHB+BiX 1tTHB+Bi "2i?2Qb2/ i r?B+"
#V 2@*QKK2 +2 r2# bBi2b BM i?2 7Q K Q7 “2:Bbi’ iBQM- "2pB2rb +QKK2Mib- M,
#2 biQ 2/ #v 2@*QKK2 +2 bBi2b miQK iB+ HHv mbBM; +QQFB2b Q° Mv Qi?2" K2i
i? i+QMi BMb i?2 mb2 6b M pB; iBQM /2i BHb M/ +iBpBiB2b T2 7Q K2/ #v i?2 mtk
r2#bBi2X EMQrH2/;2 # b2 (kk) Bb ivTI2 Q7 BKTHB+Bi /i i? i Bb +QHH2+i2/ #v i
r2# bBi2 Bb +QHH2+iBOM Q7 r2# T :2b +QMM2+i2/ M/ 7Q K2/ HBF2/ [B 2+i2/ ;"
T Q/m+ii? i b?Qrb i?2 /2b+ BTiBQM Q7 i? i T'Q/m+i- ivI2b Q7 HBMFb /2b+ B#2
FMQrH2/;2 KQMBiQ b i?2 +iBpBiB2b T2 ' 7Q K2/ #v mb2 b HBF2 Tm +? b2 i  Mb +

h?2 FMQrH2/;2 # b2 Bb +°2 i2/ rBi? i?2 ?22HT Q7 FMQrH2/;2 ;" T? r?B+? Bb-
"2H iBQMb?BTb KQM; Bi2Kb@mb2'b M/ Bi2Kb@Bi2KbX AM i?2 ;Bp2M / i b2i- b:
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Knowledge base Generation

Event Data Processing

Computation of Rank for
Category of Product

Similarity Computation

Recommendation List
Generation

6B;X [XIRi?Q/QHQ;vVv

Mobile
Phone

o8

Select

6B;X XEMQrH2/;2 :° T?

#v p2 iB+2b M/ b2i Q7 "2H iBQMb?BTb #v 2/;2bX

amTTQb2 i?72°2 Bb b2[m2M+2 Q7 2p2Mib b "Q# #Qm;?i KQ#BH2 T?QM2 Q7
H2+ib i?2 b K2 KQ#BH2 M/ J v QMHv pB2rb i? i KQ#BH2 T?QM2 i?2M i?Bb BM7Q
FMQrH2/;2 ;" T?X h?2 7 +ib Q7 i?2 FMQrH2/;2# b2 7Q  i?2b2 2p2Mib "2 r Bii2M
#2HQM;bniQUJIQ#BH2nS?QM2- BS?QM2V- a2H2+ibUC K2b- JQ#BH2nS?QM2V- ot
BM};m 2 jXkX

1p2Mi . i S'2T°Q+2bbBM; Bb KQ/mH2 i? i TTQ+2bb2b i?2 FMQrH2/;2 # b2 b
bvbi2KX h?2 2p2Mi ii'B#mi2 +QMi BMb i? 22 ivT2b Q7 2Mi'B2b pB2r- b2H2+i- M,
+QHmMKMb b #mv-b2H2+i M/ pB2r bi?2 i mTH2 U#mv-b2H2+i- pB2rV-B7 Mv mb2"°
b2H2+i Uy-R-RV- M/ pB2r b Uy-y-RV "2bT2+iBp2HvX mb2 B + M BMi2" +irBi? B
#mv- HbQn#mv- 2i+X- QMHvV i?°22 2p2Mib "2 +QMbB/272/7Q i?2 +QKTmi iBQM Q
"MF Q7 i?2 Bi2KX h?2 r2B; duyrsdgreiew Bb +QMbB/2 2/X

h?2 + H+mH iBQM Q7 T°272'2M+2 b+Q 2 Q" " MF Q7 2 +? +H bb Q7 Bi2Kb Bb 7C

Cip Cip Cly ,
Cup:Xq,_,n—+Yq.r.n +Zq.r.n UjXRYV
p=1 (Clil/p 2 p=1 (CLSlp)2 p=1 (CBD 2

r?2°eY /2MQi2bumpR2r2/ Bi2KfTpQEnMmbRA b2H2+i Bi2KfP QUELimbR #Qm;?i
Bi2KfT QpX:¥M MZ “2r2B;?i /DmbiBM; +QMbi MibX7Z=®28Yi+D’5 2M @A H1:0X
H;Q Bi?K,
AMTmIMiBiv b2i1Ua2i Q7 T°Q/m+ibS M/ a2i Q7 mb2 b I1V-_2H iBQM a2i - i'BTH
b2iVX
PmiTmiGBbi iQT L T°Q/m+ib "2+QKK2M/ iBQM iQ i?2 +Q "2bTQM/BM; mb2" b T2 1
"2:BM
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ai2TRG2i L Bb i?2 MmK#2  T°Q/m+i +H bb2b M/ J "2 i?22 MmK#2> Q7 mb2 b +QKTn
T°Q/m+i+H bb #v 7Q KmH UjXRVX

ai2Tk* H+mH i2 bBKBH "Biv Q7 i?2 mb2 b #vi?2 7Q KmH U9XRVX

ai2Tj* H+mH i2 T°'2/B+iBQM b+Q 2 S 2Um-TV Q7 T°Q/m+i TrBi? "2bT2+iiQ mb2"

ai2T9a2H2+i iQT L +H bb Q7 T ' Q/m+ib # b2/ 7Q mb2 " m QM i?2# bBb Q7 p Hm2 Q-

ai2T9A7 Mv T°Q/m+i Bb H 2 /v #Qm;?i #v i?2 mb2  i?2M "2TH +2 Bi rBi? Qi?2" T
"2+QKK2M/ iBQMX

ai2T8S 2T "2 KQbi "2+QKK2M/2/ T°Q/m+ib 7Q" 2Mi2 ' T 'Bb2X X

1M/

9X 1tT2 ' BK2Mib M/ _2bvMhBinbXbim/v-r2 /2p2HQT Qm K2i?Q/ rQ FBM; rBi? "2i B
KQ#BH2 T?QM2b M/ ?QK2 TTHB M+2b QMHV 2H2+i"QMB+b Bi2Kb- #Qmi kyy mb.
QMHvV pBbBi Q pB2r i?2 Bi2Kb- ?22M+2 mb2 @Bi2K #Qm;?i Q b2H2+i /i "2 p2°v
T2 +2Mi ;2 /i "2 +QMbB/2°2/ BM r?B+? i H2 bi QM2 2p2Mi Kmbi #2 #Qm;?i Q" b
*QMbB/2® /i b2ii? i biQ 2b 2p2Mib Q7 mb2 'b- +QMi BMb kye3y 2p2Mib UBX2X
Rk9y mb2 b rBi? mMB[m2 mb2 ' nA.b QM RR9 +H bb T°'Q/m+ib rBi? mMB[m2 T Q/m-
Q7 T°Q/m+ib- Q7 irQ + i2;Q B2b UBX2X KQ#BH2 T?QM2b M/ 2H2+i"QMB+b Bi2k
aQMv- oBpQ M/ 2/J2- hi VX h?2 2p2Mi /i b2i +QMi BMb }p2 ii'B#mi2b Ib2"n
" M/- M/I*i2;Q°v bb?QrMBMi #H2 9XRX q2 mb2 CmTBi2°  MQi2#QQF 7Q T QpB
Xy 7Q° T°Q;" KKBM;-T M/ b (kj) Tvi?QM HB#" "v7Q /i r  M;HBM; Q° +H2 MbBN
pBbm HBx iBQM- LmKSv 7Q° MmK2 B+ H +QKTmi iBQM- b+B@FBi@H2 "M- b+BT
K2KQ'v@# b2/ +QHH #Q  iBp2 }Hi2'BM; i2+?MB[m2X

9XRX q° M:HBM; Q' *H2 MbBMM Q72.bi2X¥2+i2// i b2i2p2Mi ii'B#mi2 +QMi BMb
Q7 +iBpBiB2b T2 7Q K2/ #v mb2'b /m BM; M pB; iBQM Q7 r2# bBi2X q2 ? p2 iQ 4
K BM+ i2:Q ' B2b #mv- b2H2+i M/ pB2r- #2+ mb2i?2v? p2/Bz2 ' 2Mir2B;?ib BM T 2
7Q°K iBQM Q7 i?2b2 2Mi'B2b BM i?2 /i b2iX 7i2° 2tT MbBQM M/ i  Mb7Q K iBQ

9XkX *QKTmi iBQM Q7 S'272 2QIKEmi VBEQXM Q7 T '272'2M+2 ° MF Q7 2 +? +H |
bm#@b2iiBM; Q7 /i @7° K2 TTHB2/ QM T°Q/m+inA.X h?2 T 272°'2M+2 > MF Q7 i?
Q7 mb2 b BMi2® +irBi? i?2 T Q/m+iX Ai Bb +QKTmi2/ #v mbBM; 2[m iBQM UjXRV X
T Q/m+iX S°Q/m+irBi? T"TQ/m+inA. RRkd3 Bb i?2 ?B;?2bi T2 7Q KBM; M/ T Q/m+
T Q/m+ib bb?QrMBM i #H2 9XjX

9XjX aBKBH "Biv *QKTaBKBE&MERiv +QKTmi iBQM + M #2 /QM2 BM irQ r vb- mt
M/ Bi2K@Bi2K bBKBH "BivX h?2 bBKBH "Biv #2ir22M i “;2i mb2  m M/ M2B;?
S2 "bQMob *Q "2H iBQM +Q2{+B2Mi (k9) b 2[m iBQM U9XRVX A;MQ'BM; HH H2
yXd8 T 272" 2M+2 b+Q 2X
op (Fup T?)lx_(rv;p )

qp U9XRV
il (ru;i W)ZX p"P (rv;p W)z

sim(u;v) = pp

h #H2 9XR
1p2Mii #H?2
b2 A.| 1p2Mi S Q/m+iAl. "~ M/ *12,0°v
RO3Nj "mv RRkdd | bOMY 1H2+i QMB+bnBi2K
93N83 pB2r RRjd3 | _2/J2 JQ#BH2
93j8d| "mv RRkd3 | BS?QM2 JQ#BH2
88ed9d b2H2Kki RRjd3 | _2/32 JQ#BH2
93j8d| oB2r kRkdd aQMV 1H2+i'QMB+bnBi2K
93jey| oB2r RRkd3 | BS?QM2 JQ#BH2
93djy| b2H2Ki kRkdd aQMV 1H2+i'QMB+bnBi2K
93j8R| oB2r RRkd3 | BS?QM2 JQ#BH2
X X X X X
X X X X X
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h #H2 9 XKk
7i2° 1tT MbBQM M/ "BM v 7Q 'K iBQM i #H2 BM T 2T ' Q+2bbBM;
Ib2"A.| "mv| a2H2+ioB2r| S°Q/m+iAl. " M/ *i2;Q v
R93Nj R R R RRkdd bQMvVY 1H2+i QMB+bnBi2K
93N83 vy y R RRjd3 _2/32 JQ#BH2
93j8d R R R RRkd3 | BS?QM2 JQ#BH?2
88ed9 vy R R RRjd3 _2/32 JQ#BH2
93j8d y y R kRkdd aQMv 1H2+i"QMB+bnBi2K
93jey y y R RRkd3 | BS?QM2 JQ#BH2
93djy y R R kRkdd aQMy 1H2+i'QMB+bnBi2K
93j8R y y R RRkd3 | BS?QM2 JQ#BH?2
938] R R R kRjyN h i 1H2+i"QMB+bnBi2K
9e9y8p vy R R kRjy]j LQFB KQ#BH2
93j8d8 vy y R kRjyR LQFB KQ#BH?2
X X X X X X X
X X X X X X X
h #H2 9X]j
S'Q/m+i rBi? Bib S'272°2M+2 _ MF
S 'Q/m+iAl. " M/ *i2;Q°v S'272°2M+2 _|MF
RRkd3 | BS?QM2 JQ#BH2 eXRyRj8dk
RRkdd bQMYy 1H2+i'QMB+bnBi2KEX99e9
998d8 BS?QM2 JQ#BH2 kX9R9kR 8¢
j9kds LQFB JQ#BH2 kXk83kN
jj933 _2/32 JQ#BH2 iXyd8e8RjN
Rk98j oAoP JQ#BH?2 jXjyyjNeke
R98d8 BS?QM2 JQ#BH2 iXyNRj
RRjd3 _2/32 JQ#BH2 eXye88
kRkee aQMy 1H2+i'"QMB+bnBi2KXeedy
kRkdd aQMvy 1H2+i'QMB+pnBiBK9Ne83 RS8N
kk983 oAoP JQ#BH2 iX3jdRRdjR
ko888 BS?QM2 JQ#BH2 RXd8
jiyyy _2/32 JQ#BH2 yXj8j88jjN
jikdd aQMy 1H2+i"'QMB+bnBiRXNR9kRj8¢
jj9dN _2/32 JQ#BH2 RXd8
kRk89 bQMYy 1H2+i'QMB+bnBi2KRXeddR
RRkdN| BS?QM2 JQ#BH2 RXd8
kRkd3 bQMYy 1H2+i'QMB+bnBi2KeXddey
kRk3y bQMy 1H2+i"QMB+bnBi2BXe8eNy
kRk39 bQMy 1H2+i"QMB+bnBi2KBXeedk
kRk3e bQMyYy 1H2+i " QMB+bnBi2KOXNNS3j
kRjyN h i 1H2+i"QMB+bnBi2KXde3ek
X X X X
X X X X

1?22 2

Mkyp #2 ° MF ;Bp2MutvMib2Q BipK, My #2 i?2 p2° ;2°

M FuQ ™ X 2X'i

Bb #2bi bmBi2/ 7Q H2bb MmK#2 Q7 mb2 b #mii?2 K BM T Q#H2K rBi? i?2 mb2" #
Q7 mb2°bBb p2'vH ;2i?2M Bi p2 v /B{+mHiiQ }M/i?2 bBKBH "Biv KQM; i?2 mbz

9X9X 2+QKK2M/ iBQM GBbi :P0MBM;iPQMKm iBQM U9XRV-r1r2 + M +QKTmi2 i??2
/IB+iBQM Q7 Bi2K Q7Q Q?@2+4i ;2iuMb2bbQ+B iBQM Q7 T°Q/m+ib rBi? mb2" TH v
"2+QKK2M/ iBQM HBbi ;2M2° iBQM 7Q " i?2 mb2 bX Ib2 " @mb2" # b2/ +QMH #Q" iB
"2+QKK2M/ iBQM i2+?MB[m2 (Rk) Bb mb2/iQ ;2M2" i2 i?2 HBbi Q7 "2+QKK2M/ iB
/| iBQM HBbib Q7 2 +? mb2" "2 b?QrM BM i #H2 9X9X

vy SIMU V)X (rep  T)

- . U9XkV
vy Isim(u; v)j

Pre(u;p)= Ty +

r?2 Rre(u;p) Bbi?2 T°2/B+iBQM b+Q 2 Q7BB?2KIHR @miRi2 b2i Q7 HH mb2'bi? i "20b
iQU-ryp Bb ™ MFBM; Q7BpDRIiQ i?pBiZK2" +QKTmiBM; bBKBH "Biv #2ir22M Bi2Kb-



1p2Mi /'Bp2M _2+QKK2M/ iBQM avbi2K 7Q° 1@+QKK2 +2 mbBM; EMQrH2/;2 # b2/ jdBH #Q" iBp

h #H2 9X9
GBbi Q7 S'Q/m+ib _2+QKK2M/2/iQ Ib2"
Ib2"A.| S°Q/m+iAl. "> M/ *i2;Q v S'272°2M+2 _|MF
93jy RRkd3 | BS?QM2 JQ#BH2 eXRyRj8d
X kRkdd aQMv 1H2+i " QMB+bnBi2&X9Ne83k
X Rk98j 0AoP JQ#BH?2 iXjyyjNe
X jikdd aQMV 1H2+i " QMB+bnBi2KXNR9kR9
X jokds LQFB JQ#BH2 kXk83kN
X kRk89 aQMy 1H2+i " QMB+bnBi2KRKX3eeyk8
93Ny kRkdd bQMyYy 1H2+i QMB+bnBi2RBRXkkRKkN
X kRkee h i 1H2+i"QMB+pbnBi2KXeedy
X R98d8 BS?QM2 JQ#BH2 jXyNRj
X jigskj BS?QM2 JQ#BH?2 kXNj8k
938k RRkd3 | BS?QM2 JQ#BH2 eXRyRj8d
X jeyyy 2132 JQ#BH?2 kKXNROKRO
X 998d8 BS?QM2 JQ#BH?2 kX9R9kR9
93Nj RRkd3 | BS?QM2 JQ#BH2 eXRyRj8d
X kRkdd aQMVv 1H2+i"QMB+bnBi2&KX9Ne83k
X Rk98j 0AoP JQ#BH?2 iXjyyjNe
X jikdd aQMy 1H2+i"QMB+pnBi2KKXNR9kR9
X j9kds8 LQFB JQ#BH?2 kXk83kN
X kRk89 aQMy 1H2+i"QMB+pnBi2RX3eeyk8
X X X X X
X X X X X

KQbi bBKBH " Bi2Kb iQ i?2 i “:2i Bi2K M/ :2M2" i2ulX 2d BKiB Q@ M2pbm 2 QKK B &1/ i
HBbib "2 b?QrM BM i #H2 9X9X h?2 "2+QKK2M/ iBQM HBbi 7Q° mb2" +QMi BMb |
#vi?2 mb2'X >B:? T2 7Q KBM; T Q/m+ib Hr vb QM i?2 iQT Q7 i?2 HBbiX

9X8X 1p Hm iBQM JhQB2@2bdn i2 i?2 [m HBiv Q7 i?2 T°'QTQb2/ bvbi2K r2 bb2b
7Q°K M+2 mbBM; i?°22 KQbi +QKKQMHvV mb2/ 2p Hm iBQM K i'B+2b (k8) BM i?2  :
*2+ HHU1[9X9V- M/LQ 'K HBx2/.Bb+QmMi2/*mKmH iBp2: BM UL.*:V U1[ 9XeVX
b MBM7Q K iBQM “2i"B2p Hi bF BX2X 2i'B2p2 HH T Q/m+ib r?B+? "2 T 2/B+i
S 2+BbBOM K2 bm 2 Q7 2t +iM2bb- /2i2 °KBM2b i?2 7" +iBQM Q7 “2H2p Mi T°

T Q/m+ib “2i"B2p2/X
S\Z_'_BbBQIVJ:QQ/T‘Q/\m+ib\‘2+QKK.2M/2/ ‘ |
TFOT H MmMK#2° Q7 2+QKKZ2M/2/ T Q/m+ib

Ai K2 bm 2b i?2 bvbi2Kéb #BHBiviQ "2D2+i Mv MQM@ 2H2p Mi T Q/m+ib BM i?2
2+ HBb K2 bm 2 Q7 +QKTH2i2M2bb- /2i2 °KBM2b i?2 7" +iBQM Q7 "2H2p Mi
"2H2p Mi T Q/m+ibX

U9XjV

[:QQ/ T 'Q/m+ib "2+QKK2M/2/
2+ HHZ=T : . U9X9V
- jhQi H ;QQ/ TijQ/m+ib
Ai K2 bm 2b i?2 bvbi2Kob #BHBiviQ }M/ HH i?2 "2H2p Mi T'Q/m+ib BM i?2 "2i Bz
.Bb+QmMi2/ *mKmH iBp2 : BBRbUK2:Wm 2/ i?2 mb27mHM2bb Q" ; BM Q7 T Q/r

TQbBIiBQM BM i?2 "2bmHi HBbiX h?2 .*: ++mKmH i2/ i T 'iB+mH >~ MFTQbBIiB!
xP rel i
DCG, = g uoaxsyv
iy log, (i +1)

LQ K HBx2/ .Bb+QmMi2/ *mKmH iBp2 : BB 'UR.*KW+2 7°QK QM2 [m2 v iQ M2ti
#2 +QMbBbi2MiHvV +?B2p2/ mbBM; .*: QMHv ?22M+2 L.*: Bb mb2/X Ai Bb /QM2 #v |
i?72B° "2H iBp2 "2H2p M+2 T°Q/m+BM; i?2 K tBKmK TQ@bQB#MEZ T:Q PM® nX; 1L T*Q BB |
+QKTmi2/ b
DCG,

XeV
IDCG , Uoxe

NDCG, =
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Performance of top-10 recommendation
between the baselines and proposed model
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6B; X XBR'7Q°K M+2 Q7 iQT@RyYy '2+QKK2M/ iBQM #2ir22M i?2 # b2€@BM 2bQ MiBPp 2 QI H2'/B M #UE>/6 ¥

9XeX *QKT 'BbQMb rBi? " b2HBM2 3I2QQBEX+QKKQMHV mb2/ 2T 2b2Mi iBp2
i?72@ i K2i?Q/b bi?2# b2HBM2b 7Q  i?2 T2 ' 7Q°K M+2 +QKT "BbQMbX
"S , h?2"v2bB M S2°'bQM HBx2/ _ MFBM; (ke) Bb TQTmH " KQ/2H mb2/ BM iQT
Bb# b2/ QM K i'Bt7 +iQ°Bx iBQMX Ai ;Bp2b ;QQ/ "2bmHibbK HH/ i @b2iX
"S n>6h, >B//2M 6 +iQ°b M/ hQTB+b U"S n>6hV (kd) Bb K2i?Q/ mb2/7Q i2tim |
mM/2°"S_ T B rBb2 " MFBM; 7° K2rQ'F7Q 7 B® +QKT 'BbQMX
0"S_, oBbm H" v2bB M S2°'bQM HBx2/ _ MFBM; Uo0"S_V (k3) Bbmb2/7Q" "2+QK|
L22T*QLL,.22T *QMpQHmMIBQM L2m™ HL2irQ'FU.*LLV (kN)Bb "2pB2r# b2//22T"
iQ DEBMiHv KQ/2H i?2 mb2'b M/ i?2 T Q/m+ibX
C_GCQBMi 2T'2b2Mi iBQM G2 "MBM; UC_GV (jy) Bb KQ/2H r?B+? + M H2p2~ ;
hQT@L "2+QKK2M/ iBQMX
h?2 T2 7Q°K M+2 Q7 i?2T°QTQb2/bvbi2K br2HH bi?2# b2HBM2 KQ/2Hb "2k
Ub22};X 9XRVX h?2# b2HBM2 KQ/2Hb "2+ i2;Q°Bx2/# b2/ QMi?2BMTmibQm’+2
U>6h M/ .22T*QLLV- " iBM; # b2/ U"S_ V- AK ;2@# b2/ Uo"S_V- M/ ?2i2°Q;2M2Q
C _GX h?2BM7Q 'K iBQM Bb KQ/2H2/ b " iBM; i?Qm;? #mv "2H iBQM- "2pB2r i?Qn
A#QmMi i?22T°Q/m+ii?2°"Qm;? pB2r- HbQnpB2r- #2HQM;niQn+ i2;Q v- #2HQM;niQn#
6°QK i?2 2tT2'BK2Mi H "2bmHi- Bi Bb +H2 " i? i #Qi? "2pB2r # b2/ M/ iBM; ¢
T2 7Q°K M+2 Q7 "2+QKK2M/ iBQM bvbi2K b +QKT "2iQ TQTmH “Biv# b2/-#mi?2
# b2/ KQ/2HHBF2C_G T2 7Q Kb Km+? #2ii2°i? M# b2HBM2 bvbi2Kb-r?B+? ;Bp2hb
EMQrH2/;2@# b2/ +QHH #Q  iBp2 }Hi2"'BM; UE*6V T2 7Q Kb Km+? #2ii2" i? M i~
2p Hm iBQM K2 bm™2b i? i p2°B7v i?2 T°'QTQb2/ bvbi2KX h?Bb BKT Qp2K2Mi BN
BM7Q K iBQM bQm ™ +2b- M/ #2ii2 " @bi' m+im 2/ FMQrH2/;2 ;" T? iQ KQ/2H i?2 ?2
9XR b?Qrb i?2 +QKT "BbQM Q7 E*6 rBi? i?72 Qi?2  # b2HBM2b KQ/2Hb 7' QK i?2 +1
E*6 T2 ' 7Q Kb #2ii2° bi?2 b2H2+i2/ # b2HBM2 bvbi2K KQ/2Hb BM i?2 "2 Q7 “2+(

*QM+HMbBQM M/ 6mim*2Q@BOARXK /2 #v i?2 2@*QKK2 +2 r2# bBi2 Kmbi #2 +
BM~m2M+2b i?2 /2+BbBQM Q7 i?2 +mbiQK2  iQ #mv i?2 T°Q/m+ibX >2M+2 Bi Bb i?
bvbi2KX h?2 2tT2 'BK2Mi H "2bmHib QM i?2 2@a?QT bBKmH i2/ /i b2i b?Qr i?2
T°QTQb2/ TT' Q +?2bBMi2 Kb Q7i?2 ++m’ +vQ7i?2 2+QKK2M/ iBQM BM +QKT
TT'Q +?2bX h?2 T°QTQb2/ bvbi2K 7Q+mb2b QM mb2'bé 2p2Mi@/ Bp2M TT Q -
BM+ 2 b2b b +QKT "2iQ i?Qb2 K2i?Q/b r?B+? "2 # b2/ QM 2pB2rb Q" " iBM:b #2-
mb2'b T iB+BT i2/ BM 2pB2r M/  iBM; r?BH2 Qi?2°b "2 MQi BMi2 2bi2/ #mii?2\
h?2°27Q°2-i?2 T°QTQb2/ bvbi2K ;2M2" i2b KQ'2 +HQDb2/ HBbi b  2+QKK2M/ il
bvbi2KbX h?Bb "2b2 “+? p2°v mb27mH 7Q " bK HH b+ H2 2Mi2 T Bb2b HBF2 "2i B
M pB; iBQM /2i BHb iQ ;2M2" i2i?2"  MFBM: b+Q 2 Q7 i?2 Bi2K- M/ Bi2K /2i BHb i



1p2Mi /"Bp2M _2+QKK2M/ iBQM avbi2K 7Q° 1@+QKK2 +2 mbBM; EMQrH2/;2 # b2/ jddH #Q" iBp

i?72 7mim 2X 6Q° 7mim 2 rQ'F- b2p2° HBMi2 2biBM; /IB'2+iBQMb + M #2 2tTHQ 2
i?Bbi2+?MB[m2 QM H ;2 "2 H@iBK2 /i b2iBMi?2 7mim 2X

+ /2KB+ *QMi B#miBRMXQbi 2p2°v "2+QKK2M/ iBQM bvbi2K Bb # b2/ QM MvC
TQTmH "Biv- 2pB2r- " iBM;-2i+X MQr / vb-#miBM bQK2 TQTmH - M/ H “;22Mi2
iQ ?2m;2 MmK#2 Q7 mb2'b M/ #m/;2i HHQ+ iBQMX Ai "2[mB '2b TQr2 ' 7mH M/
r?B+? Bb p2'v +QbiHv- #QmiiQ mM zQ '/ #H2 #v i?2 bK HH b+ H2 Q7 "2i BHb H2b
K2i?Q/b Bb p2°v HQr BM " iBQ b +QKT "2 iQ i?2 MmMK#2> Q7 mb2'b bbQ+B i2/ rE
bvbi2K Bb p2°vmb27mH 7Q° bK HH b+ H2 2Mi2 " T'Bb2 M/ "2i BHb?QTb-r?2"2 i?2
Bb BKTQ'i MibQr2+ M? M/H2 Bip2'v2{+B2Mi K MM2  /m2 iQ +QMbB/2" iBQM Q"
i?2° MFBM; b+Q'2 Q7 Mv Bi2KX

+FMQrH2/;K2MidX} bi mi?Q  2tT 2bb i?2 T°'Q7QmM/ b2Mb2 Q7 ;" iBim/2 M/ /2
bmT2 pBbQ " ."X PXSX _Bb?B- bbQ+B i2 S°Q72bbQ - .2T “iK2Mi Q7 *QKTmi2 b+
Q7 EQi - EQi - 7Q  i?2B  ;2M2°Qmb ?22HT- T2 T2im H2M+Qm  ;2K2Mi M/ #mM/ M
rbi?2B  #2MB;M /B 2+iBQM i? ib ri?2 BMBiB iBQM- +QM/m+iBQM- M/ +QKTH2]
HbQ i? MFb i?2 Tm#HBb?2 7Q  i?2 AL6P@h2s K BHBM; HBbi 7Q  i?2 p Hm #H2 B
Bb p2'v ?22HT7mH 7Q  r'BiBM; i?Bb T T2 X

_161_1L*1a

(RWX w2M AMi2HHB;2Mi 1@*QKK2'+2 2+QKK2M/2  avbi2K * ARIIZOM gB@NBMBRM M H Q7 "mbBM:
J M ;2K2Mi UAC"JV- 0QHX 9- LQX d- TT RYy@R9- CmHvV kyyNX

(k)SBiFQr 2i -$11_aPL GAwl. al _*> +QMi2tim H +QKTmiBM; TT Q +? Kv T'Qp2 # B¥P Qm;? B
b2 "+? 2{+B2MPMILA* hAPLa P6 h>1 *J oQHX 98- LQX N-kyykX

(J)Y*X *X ;5 'r T -_2+QKK2M/2  avbi2Kb, h2aT"@®@F2 -U kyReV .PA RyXRyydfNd3@j@jRN@kNe8N@jXR

(93X " H # MQpB+ M/ uX a?QMIBEBMi@" b2/ *QHH #Q" iBp2 _2*QKKXMYJiBQMK RNNd- TTX ee@dkX

(8)aX S M ;BQiBb- XL MQTQmMHQb- XLXS T/QTQmMHQb- -MJHIN ¥QMQABRT XmBRK2M/2" bvbi2Kb, *C
#BMBM; 2z2+iBp2M2bb Mt T24+BMB#¥Kb rBi? TTHB+ iBQMb j9X9 Ukyy3V TT kNN8@jyRjX

(e)>X a /2 x KB- X bB7 M/ X JQ?>KiKR/BBp2 :" T?@" b2/ 6BHi2'BM; 7Q° AK ;2 #bi® +iBRM M/ ai\
Alll1 h® Mb +iBQMb QM *B +mBib M/ avbi2Kb AA, 1tT 2bb ""B27b- pQHX e8- MQX k- TTX k8R@

(d)uX . B- >X u2- M/ aX-SEMhQM HBx2/ 2+QKK2M/ iBQM H;Q 'Bi?K IbBM; 1b2" .2KkQyNTa2w @M7Q K i
AMi2 M iBQM H qQ Fb?QT3QM EMQrH2/;2 .Bb+Qp2'v M/ . i JBMBM;- JQb+Qr- kyyN- TTX Ryyq

(3) XIX J "iHBQM; M/ LXJXaX-AbM+BJ; " M;mM avbi2K _2FQK2M/ bB _2biQ" M J2M;;mM F M J2iQ/2
OAEP_ T/ TH i7Q K GBIMI2ZBKX *QKTmiX oQH Ry MQX R-UkyR3V-TT kd@jjX

(NWX g M;- CX GB Q- ZX * Q M/ BXMZ#QQF a2K MiB+ # b2/ 7°B2M/ "2+QKK2M/ iBQMAIQL aQ+B H
h® Mb +iBQM- JQ#X *QKTmiX- pQHX R9 MQX j- UkyR8V TTX 8j3@88RX

(RyaX*?2M- aX Prmbm M/ GX- aQ@®B H L2irQ'F " b2/ _2+QKK2M/ iBQM avbi2Kb, - b?2Q"i
/QB,RYXRRyNfaQ+B H*QKXkyRjXRj9-kyRj

(RRHX X :QK2x I'B#2 M/ LX->@IMP2 L2i~Bt 2+QKK2M/2" avbi2K, H;Q Bi?Kb- "mbBM2bb-0 Hm2- M
*Jh” MbXJ M ;X AM7X avbiX kyR8

(RkLXJXaX Abr "B- q2HH M/ -3 QibmHB_2+QKK2M/ iBQM 7Q° 2@*QKK2 +2 avbi2KA1DRAOMBMIQHQ ;v
A*P_Aa @kyRN

(Rj.X g M;-uX GB M; - .X sm - SBX 62M ;- +@Mi2Mi@# b2/ "2+QKK2M/2  bvbi2K 7Q" +QKTmi2  b+B2M+
EMQrH2/;2@" b2/ avbi2Kb R8d UkyR3V R NX

(R9)X E M FB - wX a?2M- . X 1B/2- BX 6l MH2 >v# B/ _2b2 "+? S T2  _2+QKK2M/2 avbi2K 7Q  JB+'QbQ
*J Aa"L Nd3@R@98yj@eed9@3fRNfy8X UKkyRNV ?iiTh,ff/QBXQ ;fRYyXRR98fjjy3883XjjRjdyy

(R8)X EQm /'B - PX LQm HB- JX u?v - >X- H@e?PB@B Bi2'B *QHH #Q iBp2 6BHi2'BM; _2+QKK
i2K IbBM; G2 "MBM;@iQ@_ MF M/ _-MF #B ® CBQMM H 7Q° a+B2M+2 M/ 1M;BM22°'BM; a2T
?2iiTbh,ff/QBXQ ;fRyXRyydfbRjjeN@QYRN@Y9R3y@]j

(ReJX EX aBM;?- PX SX Bb?B-aX r bi?B- X SX a'Bp bi-p’H MbBX+qiBQM M/ *QKT 'BbQM Q7 q2# 2+
K2M/ iBQM avbi2Kb mb2/ BM PMKBWWAMIiBBW 2BOM H*QM72 2M+2 QM *QKTmi iBQM- miQK iBQ
J M ;2K2Mi UA** EJV- .m# B- IMBi2/ ~ # 1KB" i2b- kyky- TTX 9dR@93yX

(RABEX uM2'bQM HBx2/ _2+QKK2M/ iBQM J2i?Q/ 7Q  1@+QKK2'+2 SH i7Q@7?HMD HB; QMX @ ky B MABNMI;Xh2
*QM7X aK i :"B/ 1H2+i’X miQK A*a:1 kyRd- oQHX kyRd@ C MX UkyRdV- TT 8R9@8RdX

(R3)Xum-uXJm- M/ uX CBBW S"2/B+iBQM mbBM; "2pB2r i2ti rBi? mM¥MZ @B VB QRINIBX2MbBM; G2ii2 b
UkyR8V- TT Ry@R3X

(RNSXGQThb- JX.X:2KKBb- M/ :Xa2@®™iZ2RQi@# b2/ "2+QKK2M/2" bvbi2Kb, bi i2 Q702?2BMi_2MRQIK&EM /b
K2M/2" avbi2Kb > M/#QQF- aT'BM;2 - UkyRRV- TTX dj Ry8X
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(kyaXaX GB M/ 1X E -2 M§MB2r M/ 7mim'2 /B 2+iBQMb QMHBM2 "2+QKK2M/ iBQM bvbi2K BM "k*
i2tKCQm'M H Q7 bbQ+B iBQM 7Q° AM7Q K iBQM avbi2Kb PMHBM2 _2+QKK2M/ iBQM avbi2K
ReUkV-UkyR8V- TT dk@RydX

(KREX J+ mH2v- *X h ";2ii- C p2M M/ XoX-AK2\N@HK b2/ _2+QKK2M/ iBQMb QM bivHARA M/ @R8biBimi:
m;mbi yN@Rj-UkyR8V- a MiB ;Q- *?BH2X

(kkuX w? M;- ZX B- sX *?2M M/ SX g?BM2 G2 "MBM; M/ EMQrH2/;2 .Bb+Qp2°'v BMaTiBM;20@S i /
UKkyR3V

(kj)% QMHBMRHo #H2, ?2iiThffT M/ bXTvA2b0Q7;a2Ti2K#2 " kR-kyR3X

(KO9PQM;- "Q- um- J2M:+?2®HH #Q  iBp2 }Hi2'BM; H;Q Bi?K # b2/ QM -+D2 2 HHi B Q MT+Q B M:B M/
TTHB+ iBQMb- LQp2K#2  kyR3- .PA RyXRyydfbyy8kKR@yR3@j38d@dX

(k8)X :mM 1/ M - :X a?-MBHmM iBM; "2+QKK2M/2 BM bi2KQKK2M/2  avbi2Kb > M/#QQF- aT BM;2 - K\
ke8 jy3

(kep _2M/H2X * 6°'2m/2Mi? H2 - wX : MiM2' - GX a+?RKB/i@W2BRKR T2 ' bQM HBx2/ ° MFBM; 7 QK BK
722/#-+AM S Q+22/BM;b Q7 i?2 hr2Miv@6B7i? *QM72°2M+2 QM IM+2"i BMivBM* MB}+B H AMi2H
R3 kR CmM2 kyyNc TTX 98k 9eRX

(kdCXJ+ mH2v- CX G2bBQRARHY 7 +iQ'b M/ ?B//2M iQTB+b, mM/2 bi M/BM; ~ iBM; /IBRIWSB@Q@b rBi?
+22/BM;b Q7 i?2 di? *J*QM72 2M+2 QM _2+QKK2M/2 avbi2Kb- >QM; EQM;- *?BM -Rk Re P+i

(k3) X >2- CX J+ m#28_, oBbm H " v2bB M S2°bQM HBx2/ _ MFBM; 7 -QAMAK TQHR2BB 6I2R/® 7+ F?2 jyi?

A*QM72°2M+2 QM "iB}+B H AMi2HHB;2M+2- S?Q2MBt- w-la - Rk Rd 62# m v kyRec TTX R

(KNBX w?2M;- oX LQ ' QQXBEQRMX 28T KQ/2HBM; Q7 mb2'b M/ Bi2Kb mbBM; "2-pBRrs NF22ABYKK 2 M/
Q7 i?2 h2Mi? *J AMi2°M iBQM H*QM72°2M+2 QM g2# a2 "+? M/ . i JBMBM;-* K# B/;2-|IE- e R
9k8 9j9X

(jy)uX w? M;- ZX B- sX*?2M- rX‘*XQB®@Vi2T 2b2Mi iBQM H2 "MBM; 7Q° iQT@M "2+QKK2M/ iBQM rBi?
K iBQM bQmAMBE Q+22/BM;b Q7 i?2 kyRd *J *QM72'2M+2 QM AM7Q 'K iBQM M/ EMQrH2/;2 J
e Ry LQp2K#2® kyRdc TTX R99N R983X

1/Bi2/ #WM M/ L vv
_2+2Bpl27,Ry- kyky
++2TiZImH e- kyky



e
.. a+ H #H2 *QKTmiBM;, S° +iB+2 M/ 1tT2 B2M%idT, fAara X IRSTNX@DRde d -
Ukyky a*S1X 0OQHMK2 kR- Abbm2b j- TTX jdN j3N- .PA RyXRkeN9,fb+

.11S *PLoPGIhAPL G L1l_ G L1hqP_E qAh> hiLaP_6GPq L.E1_a
hP *G aaA6u aEAL * L*1_ AJ :1a

>Plaa J "1L"_ >AJ - > L « > *>AJA- L. Pl hA6 JAL1®

#bi> +iXaFBM + M+2  Bb / M:2°Qmb /Bb2 b2 + mbBM; ?B;? T'QTQ'iBQM Q7 /2 i?b "QmM/i?2 rQ’
#2:BMb rBi? + “27mH +HBMB+ H 2t KBM iBQM- 7QHHQr2/ #v #HQQ/ i2bi M/ K2/B+ H BK ;BM; 2t KE
QM2 Q7 i?2 K BM iQQHb 7Q" /B ;MQbBM; + M+2 bX Ai HHQrb mb iQ Q#i BM T 2+Bb2 BK :2b- BMi2
TQbbB#H2 imKQm'b i? i i?2v T°2b2MiX h?2b2 BK :2b T°QpB/2 BM7Q K iBQM QM i?2 HQ+ iBQM- bB>
H2bBQMbX miQK iB+ +H bbB}+ iBQM Q7 bFBM imKQm b mbBM; BK ;2b Bb M BKTQ i Mii bFi? i + M ?
M/ 2b2 “+?2 b iQ K F2 i?2 #2bi /2+BbBQMbX h?Bb rQ"F ? b /2p2HQT2/ +H bbB}+ iBQM KQ/2H Q7 bl
G2 "MBM; rBi? *QMpQHMIiBQM HL2m  HL2irQ ' F# b2/ QM h2MbQ 6HQr M/E2 b KQ/2RXyly9Bb “+?Bi:
/i b2i +QMbBbib Q7 Ry-yR8 /2 K iQb+QTB+ BK :2bX h?2 “2bmHib Q7 i?2 +H bbB}+ iBQM Q7 i?2 2tT2
+?B2p2/ #v Qm  KQ/2H- r?B+? Bb BM Q /2" Q7 N9XyeW BM i?2 p HB/ iBQM b2i M/ NjXNjW BM i?2 i2bi

E2vrQ /baFBM* M+2 - AK ;2 *H bbB}+ iBQM-.22T G2 "MBM;- *QMpQHmMiBQM HL2m"  HL2irQ F-h2
Cib2iX

Ja bm#D2+i +H bbB}+ eBORWXe3hy8

RX AMi"Q/m+dBBM X M+2" Bb i?2 KQbi 7°2[m2MiHv /B ;MQb2//Bb2 b2 BM i?2 r
i?72[m HBivQ7HB72 M/BiBb+ M#2 /2 /Hv (R)X aFBM + M+2  Bb +QMbB/2 2/ b N
?2Qr2p2° - KQbi+ b2b "2 pQB/ #H2 B7 /2i2+i2/ 2 "Hv rBi? #2ii2° T '2/B+iBQM (k)X
K DQ T Q#H2K "2[mB'BM; +QKT 2?2MbBp2 TQHB+v Q7 + "2 (j)X h?2 bBim iBQM
"2 TT QtBK i2Hv jy-yyy M2r + b2b Q7 + M+2 T2 v2 "X * M+2 Bb "2bTQMbB#H2 -
r?2°2 b bFBM + M+2" ? b #22M ;" QrBM; ~ TB/Hv M/ Bi +?B2p2b b+2M/BM; MmKj
/IB ;MQbBb Q7 bFBM + M+2  Bb M2+2bb "viQ "2/m+2i?2 M2; iBp22z2+ib Q7 i?2/ I
(8)- r?B+? Bb mbm HHv T2 '7Q K2/ rBi? /Q+iQ mbBM; pBbm H BMbT2+iBQMX |
2tT2°'B2M+2 M/i° BMBM; Q7 i?22/Q+iQ X AM ;2M2" H-/Q+iQ°'b+ MB/2MiB7v bFBN\
bT2+B}+Biv Q7 3dW (e)X L2r i2+?MB[m2b Q7 BK ;2 "2+Q;MBiBQM bm+? b .22T G2
iQ #2ii2° /B ;MQb2 bFBM + M+2" /Bb2 b2X h?Bb K2i?Q/ mb2b TQr2 ' 7mH M/ p2'v
2z2+iBp2 "2bmHib (d)X *QMpQHMIBQM HL2m ™ HL2irQ ' Fb "2 i?2 KQbi 7°2[m2Mi
r?B+? "24# b2/ QM i?2?2mK M pBbm H+Q i2tX Aib K2i?Q/b ? p2#22M 7 pQm~ #Hyv
+H bbB}+ iBQM (3)X AMJQ Q++Q-i?2mb2 Q7 M2ri2+?MQHQ;B2b Bb p2°'vHQrBM
z2+ibi?2 /2i2+iBQM Q7 + M+2° BM ;2M2° H M/ bT2+B}+ HHv bFBM + M+2" (N)X
bvbi2K 7Q i?2 7?2 Hi? b2+iQ " # b2/ QM TQr2°'7mH M/ /p M+2/i2+?MQHQ;B2b (RYy)
M Hvx2 M/ /B ;MQb2 HH/Bb2 b2b M/ 2bT2+B HHvbFBM + M+2 X h?2 ;2M2" H Q
bvbi2K # b2/ QM .22T *QMpQHmMIBQM HL2m  HL2irQ ' FbrBi? h2MbQ 6HQr M/ E2
bFBM + M+2 X 6Q i?Bb "2 bQM-i?BbrQ " Fmb2/ i2bi/ i # b2 M K2/> JRYyByy- +QN
BK ;2b- M/ Bi? bd/Bz2 2Mi+H bb2b Q7 bFBM + M+2°'X h?2 mb2 Q7 M BMi2HHB;?
M/ BMMQp iBp2 i2+?MQHQ;B2b- rBHH #2 #H2 iQ ?2HT /Q+iQ b K F2 #2ii2" /B ;

"Paa@h2 K- :a@G #Q  iQ'v- L iBQM H a+?QQH Q7 TTHB2/ a+B2M+2b- A#M hQ7 @b bMBp2 bBi:
#2M# ?2BK!mMBiXX +XK V

Y"Paa@h2 K- :a@G #Q  iQ'v- L iBQM H a+?QQH Q7 TTHB2/ a+B2M+2b- A#M hQ@7? BH XMBp2'bB
? +?BKB!mMMBp@B#MiQX BHX +XK V

Z"paa@h2 K- :a@G #Q  iQ'v- L iBQM H a+?QQH Q7 TTHB2/ a+B2M+2b- A#M hQ7QBHIBMBp2 bBi:
KBM2!mBiX XK V

jdN
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rBHH BKiQ pQB/i?2 +QMb2[m2M+2b Q7 /2H vQ # / /B ;MQbBb- br2HH Db-iQ b:
BKTQi M+2 M/ i?2 M2+2bbBiviQ 2KTHQv Bib /p M+2/i2+?MB[m2b BM K2/B+ H E

kX .22T G2 "MBMIXG2 "MBM; 2T 2b2Mib +H bb Q7 J +?BM2 G2 "MBM; M/ iE
i2+?2MB[m2b r?2°2i?2 K +?BM2+ MH2 "M QM Bib QrM- mMHBF2 i’ /BiBQM H T Q;
2t2+mi2b T 2/2i2 °KBM2/ "mH2b (RR)X q? i Bb }'bii?2J +?BM2 G2 "MBM; +QM+2T
J +?BM2 G2 "MBM; UJGV Bb M BMMQp iBp2 i2+?MQHQ;v i? i ;Bp2b i?2 TQbbB#B
2tT2°B2M+2 (RK)X AM JG T 'Q;  KKBM;- i?2 H2 "MBM; T'Q+2bb Bb bmT2 pBb2/
"2bTQMbB#H2 7Q" 2ti° +iBM; i?2 +? ~ +i2 ' BbiB+b Q7 M BK ;2- 7Q" 2t KTH2 (d)X
iQ M Hvx2 M/ iQ K F2 T'2/B+iBQMb Q  /2+BbBQMb #v i?2Kb2Hp2bX AM “2+2M
r2°2 /2p2HQT2/iQ +°2 i2 H;Q Bi?Kb i? i +QmH/ H2 "M M/ BKT Qp2 BM/2T2M/2Mi
i72°27Q°2- b2i Q7 mMiQK iB+ H2 "MBM; i2+?MB[m2b r?2°2 i?2 K +?BM2 H2 "Mb
QM [m HB}2// i KQ/2HbX h?2 H;Q Bi?Kb i? i K F2Bib QT2  iBQMb TQbbB#H2 m
2bb2MiB HHv QM “iB}+B H L2m  H L2irQ'F U LLV (R9)X h?2 /p Mi ;2 Q7 .G Bbi?
i?72 72 im 2b-r?B+? K F2b i?2 i'2 iK2Mi 7 bi2 - M/ KQ 2 ++m’ i2X

kXRX S2°7Q KAMI+iZ22 ?mK M #° BM-2 +? M2m QM "2+2Bp2b #Qmi Ryy-yyy 2H?2
M2m QMb iQ /2i2+i 7Q" 2t KTH2 M Q#D2+i- QM i?Bb +QM+2Ti M/ KQ 2 bT2+B}+
.G (R8)X h?Bb M2irQ"F Bb +QKTQb2/ Q7 b2p2° H 6H v2'bd Q7 M2m QMb- 2 +? C
BM7Q K iBQM Q7 i?2 T 2pBQmb H v2 X h?2 ?B;?2 i?2 MmK#2> Q7 M2m QMb Bb-
?B;? H2p2H Q7 ++m’ +v- .G T 'Q; Kb Kmbi ? p2 ++2bb iQ #B; KQmMib Q7 i° BN\
T Q+2bbBM; K2i?Q/b-i? ir2 2 /B{+mHi 7Q T Q;  KK2'b #27Q 2 i?2 /p2Mi Q7 "B;
i2+?MQHQ;B2bX gBi? Bib irQ H i2bi /p M+2/ i2+?MB[m2b- .G T°'Q;" KKBM; ? b #
2z2+iBp2 (Rd)X

kXkX TTHB+ iBQM b@#DR+TBXIB2/iQ b2p2° H T Q#H2Kb Qp2 i?2 H bi 72r v2

iQ T2 7Q°'K HH FBM/b Q7 i bFb i BM+ 2/B#H2 bT22/X h?2 2 "2 K Mv /Bz2 2Mi T
2t KTH2b Q7 mbBM; i?Bb i2+?MB[m2 (R3)X

>2 Hi?+ "2, . G+ M /2i2+i bvKTiQKb Q7 /Bb2 b2bbm+? b+ M+2  /2i2+iBQM

QM BK ;2 /i 7Q 2t KTH2X

aT22+? "2+Q;MBiBQM, .G Bb mb2/ 7Q  p "BQ@mb TTHB+ iBQMb 7Q"  bT22+?

*Q'i M - K xQM 1+?2Q- 2i+X

MiQMQKQmb + b, .G Bb 2KTHQvV2/ #v "2b2 "+?2 b iQ /2i2+i r?Bi2 HBM2b-

Qi?2  p2?B+H2b QM i?72 "Q /- 2i+X

a2+m'Biv, .G Bb TTHB2/7Q 7 +2 "2+Q;MBiBQM M/ pB/2Q bm p2BHH M+2X
h?Bb Bb MQi M 2t? mbiBp2 HBbi-#mii?2 2 2K Mv Qi?2° TTHB+ iBQMb 7Q" 2t K-
+mbiQK2® "2H iBQMb?BT K M ;2K2Mi- "2+QKK2M/ iBQM bvbi2Kb- M/ #BQBM7Q K

iX *QMpPQHMIBQM H L2m > H AQM®@QFXiBQM H L2m > H L2irQ F U*LLV Bb ivT:
r?B+? i?2 +QMM2+iBQM T ii2°M #2ir22M M2m QMb Bb BMbTB 2/ #v i?2 MBK H&
"2 bT2+B}+ HHV /2bB;M2/iQ T°Q+2bb BMTmi BK ;2bX Ai :2ib miQK iB+ HHv M/
mb2 BM +H bbB7vBM; BK ;2b- i? i K2 Mb Bi H2 "Mb /B 2+iHv 7°QK b KTH2b (kd)X
bQT?BbiB+ i2/ K i?2K iB+ H QT2  iBQMb- *LL T2 7Q Kb i?Bb ivT2 Q7 miQK iB+
72 im 2bX h?Bb i2+?MB[m2 ? b K "F2/ ;"2 i BKTQ i M+2 QM i?2 .G +QKKBii22 BM
}2H/ Q7 BK ;2 "2+Q:MBiBQM Q" +H bbB}+ iBQM- K +?BM2 pBbBQM T QD2+ib- br

jXRX *LL7Q" *H bbB}AKBQMM bbB}+ iBQM 272 biQi?2i bFQ7 2i'B2pBM; BM
MBK ;2-r?B+?Bb QM2 Q7 i?2KQbi T'BM+BT Hi bFb BM +QKTmi2' pBbBQM M/ T
i bF Q7 +?QQbBM; i?2 #2bi +? * +i2°'BbiB+b Bb 2MQ KQmbHvV H2M;i?v M/ Bb 7 2]1
i?7272 im2b Q7 Qi?2" BK ;2b ivT2b #2+QK2 #B; i Qm#H2 (jy)X *LL + M bQHp2 M
+?2QQbBM; 72 im 2b i? i +QmH/ #2 i?2 TBt2H HQ+ iBQM-i?2 +QHQmM - Q#D2+i 2/
+QmMH/ #2i F2M 7°QK i?2BK ;2bX h?Bb T ' Q+2bbBb T2 '7Q K2/ miQK iB+ HHv #v *|
i?72 72 im* 2 b2ib 2ti® +i2/-i?2 KQ 2 ++m” i2 M/ 2{+B2Mi i?2 BK ;2 +H bbB}+ iBQ
iQIM/ bQHMIBQM iQ i?Bb T Q#H2K #v 2KTHQVBM; KQ 2 ?B//2M H v2'b (jR)X hQ
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Phase 1 Phase 2 Phase 3
Pre-processing Training Inference
O o]
> @ _ . @ \
==itB 0.9 %92 I > | Trained
_ o , °, o 4 e - model
e ——
Images Database Building CNN Classification of new image

6B;X X2 .22T G2 "MBM; T'Q+2bbX

/B;Bi B/2MiB}+ iBQM bvbi2K mbBM; *LL-i?2 .G T°Q+2bb +QMbBbib Q7 i?2 7TQHHQ
T 2T Q+2bbBM; Q7 i?2 BMTmi/ i -b2+QM/-i° BMBM; i?2 .G KQ/2H- M/}M HHV i?
i?2i° Mb7Q K iBQM Q7 i?2 BK ;2b BMiQ H2;B#H2 7Q K iX a2+QM/Hv- i?2 + 2 |
b2p2° HBK ;2bX 6BM HHv-i?2p HB/ iBQM Q7 i?2 KQ/2H #v i?2 +H bbB}+ iBQM Q
Bib T? b2bX

jXkX *LL "+?Bi2+imaM2i@2i° BMBM; T°'Q+2bb- /22T M2m> HM2irQ'F? bKmHIBT
"2 /Bz2'2Mi BM i?2ivT2 M/ i?2B° +QMM2+iBpBivX *LL ? b KmHIiBTH2 *QMpQHmMi
TQQHBM; H v2'b- M/ 7mHHv +QMM2+i2/ H v2'b (jj)X h?2 K BM Tm TQb2 Q7 i?2
QT2 iBQM iQ i?2 BMTmi/ i -r?B+? K2 MbiQ /2i2+i/Bz2 2Mi T ii2°"Mb Q" 72 im~2Z
i? i-BirBHHi° MbKBi i?2 "2bmHi iQ i?2 M2tiH v2 "X aQ-i?Bb H v2 /2}M2b }Hi2"
i?72 T°Q;" KbHB/2b i?2 }Hi2 Qp2 i?2 BK ;2 M/ TTHB2b i?2/Qi T°Q/m+i Q7 i?2}
2bmHi rQmH/ #2 M2r BK ;2 rBi? HH i?2 2/;2bX h?2 b2+QM/ U_2GmH v2 'V Bb B!
TBt2Hp HmM2b BM i?2 72 im2 K T#vx2 QX h?2i?B'/H v2 " Bb+ HH2/J t@SQQHB!
Q7 +HmMbi2 " Q7 M2m"QMb BM i?2 T 2+2/2MiH v2 > BMiQ QM2 M2m" QM BM i?2 M2ti
i?72 K tBKmKp Hm2b M/ bBKTHB}2b i?2 BMTmibX AM Qi?2 rQ /b-Bi 2/ m+2bi?2 |
KQ/2HX Aiim Mb i?2 HQr@H2p2H /i BMiQ ?B;?2 @H2p2HBM7Q K iBQMX M/ i?z
T 2+2/2Mib H v2 iQ 2p2 v M2m QM2 BM i?2 M2ti H v2'X 6mHHV@*QMM2+i2/ H v2
7°QKi?2T'2pBQmb H v2® M/ +QMp2 i i?2K BMiQ p2+iQ" (j9)X

9X h2MbQ 6HQrX/ #v i?2 :QQ;H2 " BMi2 KBM kKkyRR- h2MbQ 6HQr Bb /2/B+
i? i °2[mB'2 7?2 pv MmK2'B+ H+ H+mH iBQMbX P'B;BM HHv + HH2/ .Bbi"2HB27-
M/ i?Bb iQQH #2+ K2 M TTHB+ iBQM@# b2/ HB# "vX AM kyR8- Bir b 2M K2/
QT2M bQm +2X h?Bb bvbi2K? b M BMi2'7 +2 7Q"  Svi?QM M/ *YY M/ Bir2Mi BMi
(ky)X aBKTHv Tmi- h2MbQ 6HQr Bb HB# "vQ7JG M//22T M2m~ H M2irQ Fb- Bi
+QKTH2t K i?2K iB+ HT Q#H2KbX Ai+ M #2 +QM+2Bp2/ b T'Q;  KKBM; bvbi2K
2T 2b2Mi2/BMi?227Q°KQ7 /i ~Qr ;> T?-r?B+?2 K2 Mbr2+ M+°2i2} bi T°Q;°
b2bbBQM (kR)X h2MbQ 6HQr Qz2 b b2p2° H /p Mi ;2b7Q° M TTHB+ iBQMX Aib
+Q/2 /m2iQ *f*YY # +F2M/X Ai b?QmH/ #2 MQi2/-i? i h2MbQ 6HQr bmTTQ ib T
1S (kk)X

9XRX h2MbQ 6HQr bii2Mb@ BX Qréb bi'm+im 2 Bb #mBHi QM i?2 "mMMBM; Q7
Hbi?birQ#bB+ mMBib, i?2 MQ/2b M/ i?2 2/;2bX h?2 }'bi QM2 2T 2b2Mib ¥
i72 b2+QM/ /2}M2b i?2 KmHiB/BK2MbBQM H "> vb- FMQrM b i2MbQ bX b +Bi2/
bi'm+im 2BbiQ " mM b2bbBQM 7i2°i?2 +°2 iBQM Q7 i?2: T?X h?2b2bbBQM i’ |
2T 2b2Mi2/BMiQi?2; T?biQi?2/2bB 2/ 2MpB QMK2MiiQ mMi?2K QM :SI Q" *¢

> T? BM b2bbBQM rBi? h2MbQ 6HQrX 6Q 2t KTH2-w M/ u 2 i2MbQ bX h?2 -
QT2 iBQM Qp2  i?2 i2MbQ b w M/ uV- 7i2° i? i- i?2 QT2  iBQM // Bb mb2/- M
“2bmHi rBi? i?2 i2MbQ" sX hQ ;2i i?2 /2bB 2/ "2bmHi q- i?2 Qmi+QKBM; i2MbQ b
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6B;:X XKBRMbQ 6HQr rQ F 2t KTH2X

h #H2 9XR
h2MbQ" ° MFX

BK2ZMDbBQ@M?2K iB+ H PHDAM *Q/2

w2 Q a+ H (R)

P M2 02+10Q° (R-k-]-9-XXX)

hrQ J i Bt ((R-K-]-9-XXX)-(R-K-]-9-XXX)-(R-k-j-9-XXX)-XXX)

h? 22 h2MbQ (((R-K-XXX)-XXX)-((R-K-XKX)-XXX)-((R-K-XXX)-XXX)->

i?2 M2ti QM2 mT iQ i?2 2M/X 6BM HHv-i?2 T'Q; K+ M #mBH/ b2bbBQM iQ 2t2+
+ H+mH iBQMbX aQ-r? i K2 Mb i2MbQ '\ AMK i?2K iB+b-KQ 2 T 2+Bb2Hv BM Km
'2QK2i'v- i2MbQ /2bB;M i2b p2'v:2M2  H Q#D2+ir?Qb2p Hm2 Bb 2tT 2bb2/ BN
2T 2b2Mi KmHiIBHBM2 ° TTHB+ iBQMb Q"  KmHiBp2+iQ bX h2MbQ  Bb KmHiB/I
/IBK2MbBQMb- x2°Q@/BK2MbBQM H- QM2 /BK2MbBQM H- k@/BK2MbBQM H- 2i+)
h?2 h2MbQ b ;BpBM:; T Q;  KK2'b i?2 7°22/QK iQ 7Q K /i b2ii?2rvi?2vr Mi B
r?2M /2 HBM; rBi? BK ;2b- #2+ mb2 Q7 i?2 M im 2 Q7 ?Qri?2 BM7Q K iBQM +QMi

9XkX “+?Bi2+im 2 Q7 h2MPRIDbEHQKHXQr Bb #mBHi iQ bmTTQ i M/ 2t2+mi2 +QK"
rBi? M2r JG KQ/2Hb M/ bvbi2K@H2p2H QTiBKBXx iBQMX h2MbQ 6HQr bmTTQ ib
*YY-Svi?QM- M/ Qi?2°bX q?2M r2 +°2 i2 M/ +QKTBH2 T'Q; KrBi? i?2h2MbQ" 6
#BM/BM; rBHH BMpQF2i?2 h2MbQ 6HQr HB# v r?B+? BM+HmM/2b i?2 *Q 2 1t2+mi
iQ/2THQV p2 v +QKTH2t +QKTmi iBQMb QM *Sib-:Slb- /2bFiQT-b2 p2 -Q  KQH
T'Q:° KK2'b+ M#mBH/i?2B  T°Q;" KQM+2- M/i?2Mi?2v+ M " mMBi2 bBHv QM /I
“#?Bi2+im 2 ? b i?°22 T'BK "v bi2TbX h?2 }'bi QM2 Bb i?2 /i T Q+2bbBM;- T Q
BMb2p2  HT Q;  KKBM; H M;m ;2b- M/i?2M h2MbQ 6HQr +QMp2 ibi? i BMiQ ? °
:Sl- M/ QB/- 2i+X h?2 b2+QM/ QM2 Bb iQ #mBH/ i?2 KQ/2H BM H v2 bX h?2 H bi
i72 KQ/2H- 7Q  i?Bb "2 bQM- T°Q;" KK2'b + M mb2 1biBK iQ M/ E2 b KQ/2HX
h2MbQ 6HQr iQ bmTTQ iL2m  HL2irQ F- GQ:;BbiB+ _2;"2bbBQM- M/ GBM2 ° _2;

8X Ji2°B H M/ K2i?®VMbi®Bb bim/v- .22T *LL rBi? E2° b h2MbQ 6HQr KQ/2H i
+ M+2' BK :2b BMiQ b2p2M +H bb2br b +'2 i2/-i2bi2/ M/ p HB/ i2/X h?Bb rQ F mt
2 bb2p2M b2p2° H +H bb2b Q7 bFBM + M+2  r?B+? ‘2, +iBMB+ F2' iQb2b-# b H
H2bBQMb- /2 K iQ}# QK - K2H MQK - K2H MQ+ViB+ M2pB- M/ p b+mH > H2bBQM
2MpB QMK2Mi USVi?QM /Bbi"B#miBQMV r b mb2/ rBi? h2MbQ 6HQr M/ E2 b KQ/2
Bb K /2QM *SIrBi?Jt_JRe:"X AM i?Bb T “i-i?Bb T T2 T 2b2Mib /2i BH2/ /2
b2i M/ Bi;Bp2b ;2M2  H Qp2 pB2r Q7 i?2E2 b h2MbQ 6HQr KQ/2HX

8XRX h?2 > JRyyyy / i b22X/ i b2i 6>mK M ; BMbi J +?BM2 rBi? Ryyyy i- BMBN
;721 b2°B2b Q7 KmHIiB@bQm™+2 /2K iQb+QTB+ BK ;2b Q7 +QKKQM TB;K2Mi2/
+°2 i2/ #v S?BHBTT hb+? M/H UJ2/B+ HIMBp2 bBiv Q7 oB2MM V- *HBz _Qb2M/ ?
> H/ EBiiH2 UJ2/B+ HIMBp2 bBiv Q7 oB2MM V- mbi B (je)X h?Bb /i # b2 Q#i
+[mB 2/ M/ biQ 2/ #v KmHiIiBTH2 KQ/ HBiB2bX h?2 }M H /i b2i +QMbBbib Q7 R\
"2 "2H2 b2/ b i BMBM; b2i 7Q° + /2KB+ K +?BM2 H2 "MBM; Tm TQb2b M/ "2
AaA* “+?Bp2X _2bTQMb2 /i "2 HH2M+Q/2/ rBi?BM bBM;H2 *ao }H2 U+QKK @
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h #H2 8XR
ii'B#mi2b BM7Q K iBQM Q7 i?2 . i b2iX

*QHMKM M K2b+ BTIiBQM

H2bBQMnB/AMTmi BK ;2 B/2MiB}2 Q7 i?2 7Q K > Jn
BK ;2nB/ AMTmi BK ;2 B/2MiB}2 Q7 i?2 7Q K AaA*n
/t RX +iBMB+ F2 iQb2b M/ BMi® 2TBi?2HB H+ "+BMQK f"Qr2Mob /Bb2 b2 U FB2+'
kX " b H+2HH + "+BMQK U#++VX
jX "2MB;M F2° iQbBb@HBF2 H2bBQMb UbQH ~ H2MiB;BM2b fb2#Q " "?2B+ F2" iQb2
HB+?2M@TH Mmb HBF2 F2'@ iQb2b- #FHVX
9X .2 K iQ}# QK U/7VX

8X J2H MQK UK2HVX

eX J2H MQ+viB+ M2pB UMpVX

dX 0o b+mH > H2bBQMb U M;BQK b- M:BQF2  iQK b- TVQ;2MB+ ;" [MmMHQK b M/ ?2
/tnivT2 RX ?BbiQ

kX 7TQHHQrnmT

i X +QMb2Mbmb

9X +QM7Q+ H

;2 h?2 ;2 Q7 i?2 T iB2Mi

b2t h?2 ;2M/2° Q7 i?2 T iB2Mi

HQ+ HBx iBQ®@+ iBQM Q7 i?2 imKQm  BM i?2 T iB2Midob #Q/v

7000

6000

5000

4000

Number of patients

nv mel bkl bee akiec vasc df

dx

6B;X &KR2 /Bbi'B#miBQM Q7 /Bz2 2Mi +H bb2b Q7 +2HH ivT2X

+H bbB}+ iBQM "2bTQMb2 BM "QrX h #H2 8XR b?Qrb i?2 ii'B#mi2 BM7Q K iBQMN
8XkX E2° b JQE2H Bb i?2 /p M+2/ KQ/2H 7Q" i?2 Svi?QM .GX E2° b #H2 iQ "

bQ 6HQr- JB+ QbQ7i *Q;MBiBp2- - hQQHFBi- SH B/JG- Q  h?2 MQX Air b + 2 i:
1M;BM22" i:QQ;H2V iQ HHQr [mB+F 2tT2 ' BK2MibX Aib H i2bi p2"bBQM Bb kXjX
K2M/2/ 7Q",

_ TB/ M/ 2 bv T QiQivIBM:X

ambi BMb +QMpQHMIiBQM H M2irQ Fb M/ 2+m "2Mi M2irQ FbX

qQ Fb QM *SI M/ :SIX
6Q i?2i2bi T? b2-i?2E2  bb2[m2MiB HKQ/2H Bb mb2/ #v //BM; HBbi Q7 H v2't
i?72 *QMpPQHMIBQM HH v2 - SQQHBM; H v2 - 6H ii2M M/ .2Mb2 H v2 bX

eX _2bmHibX

eXRX . i 1tTHQ72X BKTQ 'iBM; M/ +H2 MBM; i?2 /i -1i?2 2tTHQ  iQ'v /i M |
AM i?Bb bi2T- /Bz2 ' 2Mi ii'B#mi2b Q7 i?2 > JRyyyy r b 2tTHQ 2/X h?2 /i # b2 ?
+2HH ivT2-6B;m 2 eXR pBbm HBx2b Bib /Bbi " B#miBQMX h?2 K tBKmK MmK#2" Q7
M/ i?2 KBMBKmK MmK#2" Bb Q7 ivT2 /7 URR8 BK ;2bV-i?2 Qi?2°b "2 +H bbB}2
#FH R-yej BK ;2b- #++ 8R9 BK ;2b- jkd BK ;2b 7Q° FB2+ M/ R9k BKQG22DQ@Q 7 b+
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5000

4000

3000
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DEADLOCK FREE RESOURCE MANAGEMENT TECHNIQUE FOR IOT-BASED POST
DISASTER RECOVERY SYSTEMS

MADHAVI DEVI B, SMRITI AGRAWAL Y AND R. RAJESHWARA RAO “?

Abstract. Disasters are inevitable, but their impact can be mitigated with careful plan ning. An loT-based network with
limited resources can be used in the post-disaster recovery. However, the reso urce of common interest creates contention among
its contenders. This contention leads to tussle which in turn may lead to a de adlock. Some of the existing techniques prevent or
avoid deadlock by performing stringent testing with signi cant testing overhe ad. While others propose recovery action after the
deadlock is detected with signi cant overhead. A deadlock leads to a  breakdown of the post-disaster recovery system while testing
overhead implies delayed response either case can lead to catastrophic losses. This paper presents a new class of techniques that
do not perform stringent testing before allocating the resources but still ensure  that the system is deadlock-free and the overhead
is also minimal. The proposed technique suggests reserving a portion of the resourc es to ensure no deadlock would occur. The
correctness of the technique is proved in the form of theorems. The averag e turnaround time is approximately 18 % lower for the
proposed technique over Banker's algorithm and also an optimal overhead of O (m).

Key words: Banker's Algorithm, Deadlock, Deadlock avoidance, Deadlock Recovery , Operating systems, Safety sequence,
post disaster management, 0T network, 10T resource scheduling
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1. Introduction.  The UN O ce for Disaster Reduction (UNISDR) [1] survey reveals that natu ral disas-
ters such as oods, storms, heat-waves, etc., have claimed thousda of human lives, brought misery to millions
of people and profoundly a ected the economy. The recent pandemic of theorona virus outbreak is no ex-
ception. Other than natural disasters caused due to accidents in fadries, homes, trains, roads, etc. also have
catastrophic e ects. In these circumstances, response to the dister by e ective utilization of the available
resources is critical for the mitigation of their e ects. The managemen of the limited available resources is
essential for various post-disaster activities, such as evacuating @uarantining the people to safe places, provid-
ing medical help, etc. A network can connect these resources to ndheir whereabouts, availability, etc. This
network can be established using the Internet of Things (IoT) [2, 3, 4, 56, 7, 8, 9]. The loT utilizes the internet
and can be used in post-disaster recovery [10, 11, 12, 13, 14, 15, 16, 17, 18]. Authors [10, 11,11®,14, 15],
represented the 10T for post-disaster system as an operating systemith the set of activities as processes. This
paper also considers the same.

Multiple post-disaster recovery activities (processes) of all ypes and sizes need to share resources for
their e ective utilization [11].Contention for a resource occurs when two or more processes request for it.
This contention increases as the number of processes contending atite set of resources of interest increases.
Eventually, some processes hold some resources and wait for others, igthare held by another set of processes
waiting for some other resources, forming a cycle of wait for. Hence, emghody is waiting for somebody to
complete and no one has su cient resources to complete, hence no ptess completes. The system utilization
tends to become zero as none of the processes has the resources itlege continue its execution. This situation
is referred to as Deadlock [19, 20, 21, 22, 23].

Resource sharing systems such as single processor, multiprogassystems, loT based systems, parallel
computing,cloud computing and distributed systems [15, 16, 17] with apgtations such as post-disaster man-
agement, distributed systems,automated manufacturing systems,te. can be designed without keeping deadlock
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in account. The deadlock brings the system into a standby state whik may have catastrophic e ects. Further,

it cannot be resolved on its own and requires external intervention. This is because no process will release
the resources it has acquired without completing itself. Thus, e cient resource management[24, 25, 26, 27] is
needed to manage the resources for avoiding the deadlock as well as impe the system performance by e ective
resource utilization and reduce the average turnaround time and incrase the throughput of the system.

Co man [22] suggested that a deadlock can occur only if, necessary condiths namely; Mutual exclusion,
Hold and wait, No preemption and Circular wait.Thus, the solution for a deadlock problem lies around these
conditions. The rst set of the solutions suggests ensuring that one of he necessary conditions does not hold
such techniques are referred to a®eadlock Prevention (DP). The second set of techniques is callebeadlock
Avoidance (DA), it is a look forward technique to avoid deadlock in future. The nex set of solutions advocates
reactive approach calledDeadlock Detection and Recovery (DDR) where the system is recovered after the
deadlock is detected. Most recently, authors [24, 25, 26, 27],suggested awnelass of techniques calledResource
Reservation Techniques (RR)for deadlock handling.

The Resource Reservation (RR) techniques handle deadlock with Wer overhead. They supported re-
serving a set of resourcesin a reserve pool such that these resources can be used for avoidingadilock. The
remaining unreserved resources were allocated injudiciously tany process requesting it. All these resource
reservation techniques[24, 25, 26, 27], reduce the cost for testing th@@dance condition in the deadlock avoid-
ance techniques. They reserve the resources and hence are not coetply blind as the reactive technique of
deadlock detection and recovery while allocating the resources. Aus, these techniques reduce the overhead of
the avoidance techniques and deadlock frequency as compared to deadk detection and recovery techniques.

In post-disaster recovery systems, deadlock may imply that the ecovery activities are held up which may
have catastrophic e ects. At the same time,a delayed response inesource allocation can also lead to the
unavailability of the critical resources when they are most neededThe existing resource reservation techniques
present a promising reduction in the computing overhead for resowze management. However, none of them is
100 % deadlock-free.Thus, this paper aims to propose a resource hamdii policy to ensure that the deadlock
never occurs while maintaining a low response time. This work aimgo re investigate the resource reservation
policies to answer the question ohow many resources must be reserved and how they must be allocatecvoid
deadlock completely?The correctness of the proposed technique is proved in the form of #orems.

The rest of the paper is organized as follows. Section 2 provides a furér look at the existing literature.
While Section 3 describes the system model, motivational exampleare given in Section 4 to illustrate the
various existing techniques for deadlock management. Section 5 prewsts the proposed Deadlock Free Resource
Reservation (DFRR) technique, followed by results and analysis inSection 6. Finally, the paper concludes with
Section 7.

2. Related Work.  The post-disaster response needs dynamic and instantaneous updates fvhich 10T
is one of the best solutions [10, 11, 12, 13]. Zhang et. al. [10] proposed an agent basedource allocation
in emergency management systems considering the severity of thesadisters at various levels. Authors [11, 12]
studied an IoT- based post-disaster response system and estimatedetresponse time of the resources as they
wait to be scheduled using Banker's Algorithm. In [33] uses priority tasis stable matching algorithm for
e ective allocation of resources during disasters using loT. In a pasdisaster response system, the response
time is critical and can impact lives and property. In such a system here are limited resources and deadlock of
these resources can have catastrophic e ects. This paper aims to delop a deadlock-free system with a reduced
response time of the resource management system and also estimate thesources needed for establishing an
optimal emergency response center.

Deadlock is a well-known problem in computing as well as in all those elds where resources are shared.
It attributes to major overhead in the system in both cases: disregaded or managed. In case the deadlock is
completely disregarded, it may seize the system. However, the delock management has the corresponding
overhead, it has been studied over the years. One of the earliestiglies used a graph based model proposed by
Co man et. al. [22] for inferring the conditions that must simultaneously hold for the deadlock to occur. There
are four strategies to handle deadlocks; DDR (deadlock detection andecovery), DA (deadlock avoidance), DP
(deadlock prevention) and RR (Resource Reservation).

DDR is the simplest technique suggesting to "do nothing', that is fll the time the deadlock actually occur
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do nothing. The DDR technique advocates detecting the deadlock andguggests recovering from it. Holt [21]
suggested one of the oldest technique for deadlock detection. This dknique represented the resource hold
and request as a graph and reduced it for detecting a deadlock.Cheng Xiet.al [30], used threads for deadlock
detection in distributed systems. Xiao and Lee [39], suggested a parallalgorithm for deadlock detection
on Multi-Processor System-on-a-Chip (MPSoC). Shiu et. al. [40], preented a low cost hardware solution
for deadlock detection.DDR techniques though simple yet have theoverhead of deadlock detection algorithm
running periodically, and may need to restart one or more process forecovering from the deadlock which may
not be possible in all the systems. The DP techniques target to preant one of the necessary conditions from
occurring so that the deadlock will not occur.

Deadlock avoidance (DA) methods perform forward calculation based on th&nowledge of the resources
required by the processes in future to avoid deadlock. HavenddR5], suggested to allocate all the resources a
process demands in the beginning to avoid deadlock. This methodag though e ective had serious limitation,
because the resources remained underutilized. Other methodsiggested by Havender [25] include i) ordering
the resources and ii) preempting and re-requesting. The orderingechnique ordered the resources in such a
fashion that the deadlock would not occur. The resources were preentgd and re-requested if su cient resources
were not available when an incremental request was made. Another one of ¢hmost renowned DA algorithm is
Banker's Algorithm, derived by Dijkstra [19] for a single resource type. Habermann [20] extended this algorithm
to multiple resource types. Banker's Algorithm tests all possible alocations and ensures that the request for
resources is granted only when no deadlock is foreseen. Lang [28] exteddthe Banker's algorithm using a
control ow graph to determine the resources are released before theootrol are transferred to the processes in
the next region.

Yin et.al. [37] studied the deadlock problem in multithreaded program n a multicore architecture. The
authors converted the program source code into a formal model which wassed by the discrete control theory
to automate the lock acquisition on the resources. They suggested to ptone the resource lock acquisition
to avoid deadlock. Wang et. al. [38] used Banker's Algorithm for broadcastig in wireless network, where
carrier frequency are one of the resources. Lee and Mooney [31] implenteth the DA as a hardware, for a
Multi-Processor System-on-a-Chip (MPSoC). Pyla and Varadarajan [42] eiterated the fact that deadlock can
be avoided completely only when some prior knowledge of the resourcequirement of the processes in the
system is available and it is likely to occur if the resources are abicated arbitrarily. They suggested "Sammati'a
tool for threaded applications using POSIX for automatic deadlock detetion and recovery. Youming Li et. al.
[43] proposed a modi cation of Banker's algorithm (BA). Permutation matrice s were used for each resources
and the process was selected greedily. However, their space regument was more than the original Banker's
Algorithm.

Kawadkar et. al. [44] extended the Banker's algorithm by examining the pocesses in the waiting queue.
A process entered the waiting queue when its requested resows are either unavailable or could not be
granted.They suggested to pick a process from the waiting queue bageon the resources it is holding and
needing. However, authors do not mention how selected process fronmé waiting queue should be allocated
the resources such that the deadlock is avoided. Dixit and Khuteta[45] suggested to change the resource
requirement at the run-time to prevent a possible deadlock.

All the deadlock avoidance techniques have high computation time as tBy must perform some test before
each allocation to avoid deadlock. The Resource Reservation (RR) tectiques eliminated this test for deadlock
avoidance and thus, reduce the turnaround time of the processes. EhRR techniques suggest to reserve some
resources that can be used to avoid the deadlock. Botlagunta et. al. [25]rst introduced this idea and suggested
to reserve resources based on a threshold. Agrawal et. al. [24] suggestedsstimate the resources to be reserved
based on the sum of the resources needed further.

Authors [26] suggested another way based on the shortest execution time @cess. The process with
minimum worst case execution time reserved the resources as suggestin [26]. Shubham et.al [36] extended
the technique suggested in [26] to reserve the resources based on tieenaining resource need. Botlagunta et.
al. [27] extended the RR techniques to dynamically allocate a budget afesources to each incoming process and
perform resource reservation as per the technique suggested in [25]h@se techniques are discussed in detail in
the subsequent section.
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Table 2.1
Deadlock Handling Methods
Deadlock detection and re- Deadlock Prevention (DP) Deadlock Avoidance (DA) Resource Reservation(RR)
covery (DDR)
Reactive to deadlock, does | Prevent one of the four nec- Look forward to avoid any Reserve some resources for
nothing to handle it in ad- essary conditions from occur- deadlock in future. Perform avoiding the deadlock
vance ring Safety Sequence Test

Both DA and RR techniques presume that the system resource requéament is known in advance. The DA
techniques perform some kind of test for ensuring that the deadldcwill not occur in the future. However, the
RR techniques do not perform any test rather use the knowledge of theesource requirement for estimating the
portion of resources that must be reserved to avoid deadlock. The resirce reserved by di erent RR Techniques
existing so far is not su cient for completely avoiding the deadlock. The present work extends the idea of the
RR techniques to use the knowledge of the resource requirementylthe processes for estimating the reserve
pool strength. The proposed technique ensures that all the process have the opportunity to complete with
the reserved resources.

3. System Model. The post-disaster management system resource pool is assumed as a aiset of
mresource types represented aR;; R,; Rz:::Rny, with instances as 1; 2; 3::: m of each. Further, the
post-disaster recovery activities are called processd®;; P,; P3:::P, with attributes arrival and worst-case
execution time represented asd;; ). The state of the system resources is represented in the data stctures
from Table 3.1.

4. Motivational Example. Motivational examples are presented in this section to analyze the exting
techniques.

Table 3.1
Notations used in System

Notations Meaning

P ith process

R jth resource

alpha; number of instances of resource type R

m Number of resource types

n Number of processes.

Request[i][j]) A process maximum resource requirement is indicated by Max{[i][j]. However, a pro  cess does

not need all the resources at once but incrementally. The resources reque sted by the processes
at any time instance is represented as a two-dimensional array of size n by m . Thus, Request][i]
[il= k, where k=0, 1,. . . Max[i][j].

Allocation[i][j] It is a two dimensional n by m array containing the resources assigned to each p rocess.

Need([i][j] Itisa n m array, containing the estimated resources further required by processes. Math -
ematically, Need[i][j]= Max [i][j ]{Allocation [i][j]

Available[j] A subset of the resource pool consisting of resources that can be allocated to the requesting

process. It is represented by an array of m elements. It is initializes as Available [j] =
i Reserve[j];8Rjj =1;2;3...m

Reserve[j] A subset of the resource pool is marked as reserved. It contains the quant ity of each resource

type reserved. It is represented as an array with melements. Thus, Reserve[j] equals k where

k indicate that k instance of the resource of type R; are reserved.

Max[il[j] Maximum resource requirement

Throughput the number of processes completed per unit of time.

Turnaround time(TT) the di erence between submission of a process and its completion.

Average turnaround The total turnaround time divided by the number of processes.

time(ATT)

Safety Sequence (SS) [19] A safety sequence was suggested by Banker's algorithm is an order in which th e processes

can be completed without deadlock.
Safe State and UnSafe | A system for which a safety sequence exists ensures that the deadlock will not occur is said
State[19] to be in a Safe State otherwise in Unsafe state
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Table 4.1
System initial state at start time t o

Allocation Maximum Request
R1 R> R3 R4 R1 R> R3 R4 R1 R> R3 R4
P1 0 0 0 0 0 0 1 2 0 0 0 0
P, | O 0 0 0 2 7 5 0 0 2 1 0
Ps | O 0 0 0 6 6 5 6 4 3 1 2
Ps | O 0 0 0 4 3 5 6 1 0 2 4
Ps | O 0 0 0 0 6 5 2 0 2 2 0
Available
R1 Ro R3 R4
8 13 11 10

Table 4.2
System state at time t 1 after allocation of resources requested at time t o
Allocation Need Request
R1 R> R3 R4 R1 R> R3 R4 R1 R> R3 R4
P, | O 0 0 0 0 0 1 2 0 0 0 0
P, | O 2 1 0 2 5 4 0 0 2 1 0
P; | 4 3 1 2 2 3 4 4 0 0 0 0
Py | 1 0 2 4 3 3 3 2 1 0 0 0
Ps | O 2 2 0 0 4 3 2 0 0 0 0
Available
R1 Ro R3 R4
3 6 5 4

Example 1 [9]: Consider a system consisting of resources dRR;; Ry; R3;Rs4g = 8;13,11;,10g is to
implement processe®;; P,; P3; P4; Ps with resource requests as illustrated in Table 4.1 for time §. Table 4.2
indicates the system state as the resources are allocated. Table 4.3lists a hypothetical sequence of resource
requests made by the processes subsequently. The existingctaiques discretion on these requests is as follows:

1. Deadlock Avoidance Banker's Algorithm(BA) [19]:
The requests made as per (refer Table 4.3) are considered by BA by estating the safety sequence.
Thus, request of P,, P;sand P3 are granted but the last request oP, is not granted.

2. Deadlock Detection and Recovery (DDR) [23]:
This is a reactive technique where no pretesting is done to ense that a deadlock will not occur. It will
simply grants every possible request if su cient resources are ailable as and when they are made. In
the present example,all requests as listed in Table 4.3 are granted. He resulting state of the system
is shown in Table 4.4. The system does not enter into deadlock immeately as the need of proces$;
can be satis ed. Once the proces®; completes the state of the system is as shown in Table 4.5. This
state is referred to as Unsafe state (de ned in Sect.3), as it leads to deadlock. Substantial overhead
is incurred in detecting and recovering from it.

3. Worst-Case Execution Time Based Resource Reservation (ETRR) Tec hnique [26]:
This technique is motivated by shortest job rst scheduling assigring highest priority to a process with
smallest the worst case execution time. In this example prioritiesare assigned a$P;; Ps; P,; Ps4; Psi,
indicating that the computation time of process P; is least. Hence, resources (0, 0, 1, 2) are placed in
the reserve pool. All the requests as an when they arrive (refer Talel 4.3) are granted by this technique
also. Finally, at time t4 when processP; completes, the system state can be seen in Table 4.5. Thus,
this technique also fails to avoid the deadlock subsequently.

4. Threshold based Resource Allocation (TRA) Technique [25]:
The resources are reserved by this technique based on a thresholdtienated as Threshold[j] =
diNeed[i][j]18i = 1;2:::nc, Oe . Accordingly, for this example, it reserves (2, 3, 1, 2) resources at
the onset. At time t;, when P, and P4 request for additional resources, both the requests are granted.
Thereafter, the resources in the reserve pool are (2, 3, 1, 2) while thah the available pool are (0, 1,
3, 2). However, at time t, when processP3; requests for (2, 0, 0, 2) resources, su cient resources are
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safety sequence ishP1, Pa i

Table 4.3
Sequence of requests
Time at which Process requesting Request
request is made for the resources (R1, R2, R3, Ra)
t1 P2 0,2, 1, 0)
t1 Pa (1,0, 0, 0)
to P3 (2,0, 0, 2)
ts P2 0,2, 1, 0)
Table 4.4
Snapshot after allocation to P », resources (0, 2, 1, 0) at time t 3
Allocation Maximum Need
R1 R2 R3 R4 R1 R2 R3 R4 R1 Ro R3 R4
P 0 0 0 0 0 0 1 2 0 0 1 2
P2 0 6 3 0 2 7 5 0 2 1 2 0
P3 6 3 1 4 6 6 5 6 0 3 4 2
P4 2 0 2 4 4 3 5 6 2 3 3 2
Ps 0 2 2 0 0 6 5 2 0 4 3 2
Available
R1 R> R3 R4
0 2 3 2
Table 4.5
Snapshot at time t 4 after completion of process P 1
Allocation Maximum Need
R1 [ R2 [ R3 [ R4 R1 [ R2 [ R3 [ R4 R1 [ R2 [ R3 [ R4
P1 Execution Complete
P2 0 6 3 0 2 7 5 0 2 1 2 0
P3 6 3 1 4 6 6 5 6 0 3 4 2
P4 2 0 2 4 4 3 5 6 2 3 3 2
Ps 0 2 2 0 0 6 5 2 0 4 3 2
Available Reserve
R1 R> R3 R4 R1 R> R3 R4
0 2 3 2 0 0 0 0
Table 4.6
System initial state at time t ¢ for Example 2
g Allocation Maximum Request Available
R1 R> R1 R> R1 R> R1 R>
P, | 10 0 0 2 4 1 2 4 4
P> 2 0 0 4 2 2 1
Table 4.7
System state after request granted to process P »
Allocation Maximum Need Available
R1 R2 R1 R2 Ri | R2 | R1 | Rz
P 1 2 2 4 1 2 1 1
P, 2 1 4 2 2 1
Table 4.8
System state after request granted to P
Allocation Maximum Need Available Reserve
R1 R»> R1 R2 R1 Ro R1 Ro R1 Ro
P 2 4 2 4 0 0 0 0 2 0
P2 0 0 4 2 4 2
Request of process P; is granted and P 2 is denied.
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Table 4.9
System state with reserve pool after request granted to proce ss P2

Allocation Maximum Need Available Reserve
R1 R> R1 R> R1 R> R1 R> R1 R>
P1 0 0 2 4 0 0 0 2 2 1
P> 2 1 4 2 2 1
Request of process P; is denied and P is granted.

Safety sequence ishP;, Py i

Table 4.10
a) Process P 1 requests (1, 2) resources
R; Request | Need | Available Threshold X | Y | Can_grant
R1 1 2 4 2 1)1 1
R> 2 4 4 2 0| 1 1
granted
b) Process P , requests (2, 1) resources
Rj Request | Need | Available Threshold | X | Y | Can_grant
R1 2 4 3 1 0| 1 1
R2 1 2 2 2 110 1
granted

not available in the pool. Hence, the reserve pool resources are usedda(®?, 3, 4, 4) are granted. No
deadlock occurs for this example.
5. Total Need Based Resource Reservation (TNRR) Technique:[24]
The total number of resources neededby requesting processes @nsidered for reservingbresources by this
techniqgue. Mathematically, Reservelj] = d%e where Total_Need[j] = in:1 Max [i]1[j ],
j and Reservelj] are de ned in Sect. 3.

In the motivational example 1, Total_Need[j] is estimated as 12, 22, 21, 16 for the resourcd?;; R; R3
and R4 respectively. Thus, (2, 3, 2, 2) resources are reserved at the on set.t Ame t;, when P, and P4 request
for additional resources, both the requests are granted without using ay of the reserved resources. However,
at time t, when processPs; requests for (2, 0, 0, 2) resources, only (0, 1, 2, 2) resources are in the aadile
pool which are not su cient. The resources from the reserve pool are ged to satisfy need of the process. No
deadlock occurs for this example.

This example illustrated scenario where the existing priority based techniques failed to reserve su cient
resources to avoid deadlock. The following example demonstrates ¢hlimitation of the other techniques that
survived in this example.

Example 2: Suppose in system processdd;; P, are have an upper bound of 4 instances of each resources
R; and R; illustrated in the Table4.6 request for (1, 2) and (2, 1) resources are maddy these processes
respectively. The assessment on these requests of the existitechniques is as follows:
1. Deadlock Avoidance Banker's Algorithm (BA) [19]:
The Banker's Algorithm calculates the safety sequence for each requeslit then grants P;'s request
but denies P, 's request, refer to Table 4.7, to avoid deadlock in future.
2. Deadlock Detection and Recovery (DDR) [23]:
DDR grants every request indiscreetly and does the same in this castoo. The resulting state is as in
the Table 4.7, which leads to aDeadlock eventually occurs
3. Worst-Case Execution Time Based Resource Reservation (ETRR) Tec hnique[26]
The ETRR technique reserves the resources for proce$s , because it is the shortest job(cf.Table 4.6).
The reserve and available pools thus, contain (4, 2) and (0, 2) resourcesggectively. When the process
P1 requests for the resources (1, 2), it is denied by the system. Howey, the request by proces®; is
granted, refer Table 4.9. The system is in Safe state.
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Table 4.11

Analysis of the example 1 and 2

Technique Occurrence of dead- Occurrence of dead-
lock in Example lock in Example 2

BA Deadlock does not Deadlock does not
occur occur

DDR Deadlock occurs Deadlock occurs

ETRR Deadlock occurs Deadlock does not

occur

TRA Deadlock does not Deadlock occurs
occur

TNRR Deadlock does not Deadlock occurs
occur

DFRR(proposed Deadlock does not Deadlock does not

method) occur occurs

4. Threshold based Resource Allocation (TRA) Technique [25]:
At the inception the threshold is (2, 2) based on which the request of pocessP; is granted shown
in4.10 a). It is then updated as (1, 2) (refer to table 10 b)) and the requesof P, is also granted. The
system reaches the state in the 4.7 which indicate that theDeadlock will occur

5. Total Need Based Resource Reservation (TNRR) Technique[24]: The resources to be reserved

are estimated asReserve[j] = dT?2Need__i) e a5Reserve[1] = d®, e and Reserve[2] = d®,2e,
i.e., (1, 1). The available pool will contain the remaining (3, 3) resour@s, su cient for the process P
and P, request ((1, 2) and (2, 1) respectively). Thus, the requests are gramtd leading the system into
the unsafe state as shown in 4.7.
Table 4.11 summarizes the e ectiveness of the existing techniquein maintaining a deadlock free system for the
motivational examples.The DDR technigue performs no testing befoe granting any resource to a requesting
process and hence, ends up into a deadlock most often. The overheadved by eliminating the test before
granting of resources to a requesting process is consumed by therjalic testing required for deadlock and
recovery whenever it occurs. On the other hand, the BA algorithm whch ensures that deadlock will never
occur is too costly. The sub optimal techniques ( ETRR, TRA and TNRR) are able to prevent the deadlock
in some case (table 4.11) but are not full proof. This paper proposes a resatgs reservation technique which
is deadlock free (proved in the form of a theorem). It also lowers tb overhead incurred by the BA.
The following section presents the proposed technique for a deadtk free system using resource reservation
strategy.

5. Proposed Deadlock Free Resource Reservation Techniques (DFRR). The above section an-
alyzed the performance of the prevailing techniques and summarizethem in the table 4.11. The table 4.11
reveals that the Banker's algorithm calculates the safety sequence lf@re allocating the resources on every re-
quest. The cost of such an estimation isO mn? wherem is the di erent type of resources andn is the number
of processes in the system. This overhead is considerable for ev@small system. On the other hand, newer RR
techniques such as ETRR, TRA and TNRR are cost e ective but not 100% deadbck free. A closer look at the
motivational example 1, illustrates that ETRR is process oriented, ie., reserve resources for a proce$s and
guarantee that it will complete successfully and it does. However, pcessP;reserves only (0,0, 1, 2) resources,
i.e., it reserves only one and two instances of resource typR; and R4 respectively. While all the instances of
resourcesR; and Rjpare unreserved. The remaining resources are claimed by the rest dfi¢ processes leading
the system into an Unsafe state. The resources released by the pras;on its completion are not su cient
for any other process and the deadlock will eventually occur. In othewords, ETRR although reserve resources
for one of the process but they do not restrict the remaining proceses from entering into Unsafe state.

The TRA and TNRR techniques are resource oriented, where reservadin of resources is done such that
there is at least one process requiring that resource. However, a pcess may require other resources as well
that may not be available in su cient quantity for its successful com pletion. The example 2, Sect.4, illustrates
that su cient instances of R; are available for processe®:, while for processP, ample instances of resource
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Fig. 5.1 . Proposed System Model.

R, are available. However, enter into a circular wait as they wait for the other to release the resources they are

holding.

This paper proposes a deadlock free resource reservation (DFRR) tegique which ensures that deadlock
will never occur. The system model for this DFRR can be seen in th Fig.5.1. It suggests to reserve some
resources in the reservation pool as per the theorem 5.2. The remainingsources are made available in the
available pool. Whenever a process requests for a set of resourcasailable pool resources are granted (as per
theorem 5.2). In case the request cannot be granted only from the availablpool then the reservation pool
are also used such that the maximum resources this process can eveam are granted to give this process the

chance to complete.
The theorem 5.1,claims that if a process is allocated all the resourcaswill ever need then the system will

be deadlock free again if it was deadlock free before this allocation. T@orem 5.2, proves the deadlock free of

the proposed technique.
Theorem 5.1 is stated as follows.

Theorem 5.1. A system consisting of set of resource types &1; R2; R3z:::Rp with 1; o, 3::: n
instances of each type, when scheduling a set of independent procesBes P,; P3:::P, , ifis in a safe state
will remain in safe state even after allocating all the resources ever eded by a requesting procesBeq from

the set.
Proof. Suppose at any timet the system is in safe state, then the safety sequence can be estiredtas
(5.1) hPy; Preq; Pal

wherePy = Ppy; Proii:Pox and Py = Pa1; Paz:::Pay are the set of processes in the safety sequence before and

after the requesting processPyeq .
Let, the resources available at this timet be

(5.2) I (t) = Available [j]+ Reserve[j] 8 =1:::m
Processes are in the safety sequence, this implies:

(5.3) Need[bl][] ! (t); 8 =1:::m
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It will complete and release all it's resources. Similarly, the renaining processes will complete. Reconsider if
at this time t a processPq needs

(5.4) Need[req][j]= Max [req][j] Allocation [req]][j]

resources to complete.
In worst case, initially, no resources are allocated to this requestg processPeq, i.€.,

(5.5) Allocation [req][[]=0 8j=1:::m

Therefore, substituting (Eqg.5.5) in (Eg.5.4)
Need[req][j]= Max [req][j] 8 =1:::m

(5.6) Need[req][j] !' () 8 =1:::m

If Eq.5.6 holds, then all the needed resources can be granted to thisequesting Preq process. In worst case
(Eq.5.6 will be)

(5.7) Need[req][j]="! (t) 8 =1:::m

indicates system has just su cient resources needed by the proess to complete. These resources are thus
allocated to the requesting process¢q; mathematically,

Allocation [req][j] = Allocation [req][j ]+ Need[req][j]
Substituting (Eq.5.5) and (Eqg.5.7)
(5.8) ) Allocation [req][j]="! (t) 8 =1:::m

implying that all needed resources are allocated, thus, the need cabe updated as

Need[req][j]=0; 8 =1:::m:

The processPreq can thus, complete at time t1. It then releases

Allocation [req][j]1="! (t); 8 =1:::m

all the resources allocated to it as per equation (Eq.5.8).

Therefore, the resources in the system will again be restored to bk (t) . These are su cient for process
Pp: (Eg.5.1) as suggested by equation (Eq.5.3).

The new safety sequence iBPeq; Po; Pai.
Thus, system remains in the safe state. Hence proved. O

The theorem 5.1, ensures that if a proces®; is granted all the resources it may further need to complete,
i.e. Need[i][j]1= Max [i][j 1{ Allocation [i][j] , then the system will remain/return to safe state after it's com-
pletion. Now, the question isdoes the system has the Need][i][j] number or resourcesPhe theorem 5.2, ensures
that every process in the system can acquire the needed resourcesid ensure the system is deadlock free. The
theorem 5.2 can be stated as follows.

Theorem 5.2. A set of independent processe®:; P,; Ps3:::P, when scheduled on a system consisting
of set of resource types afR;; Rz; Rz:::Ry with 1; 25 3::: n instances of each type, with Max[i][j]
as the maximum number of resources of typ®; demanded by the'! processP; during its execution time can
be done without deadlock if the following conditions hold:
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1. 8R; system reserves

8 .
28 P 1Max[i][j] -
Resel'Vd_j ] = > (P Max [i]j ]) ) P |n=1 ]
: L ! L Max[ili]
instance of its type forming a reserve pool, where; = count(Max [i][j]60;8i =1;2:::n) is the
number of processes requesting for the resourd®; .Leaving the resources in the available pool as

Available[[]= ; Reservelj]
2. 8P, Max[i][j] Reserve[j] O
3. A processP; can acquire either

(@ Max [i][j] Reserve[j] resources from the available pool,

(b) Max [i][j18R; from available and reserve pool put together such that the available pasiconsumed

rst. That is a process must acquire all the resource it might need

4. A process P; on completion relinquishes all the resourcesMax [i][j]8R;, that are returned to the

reserve and available pools as per condition 1.

Proof. A processP; can acquire resources either partially as per condition 3.a. or completglas per condition
3.b. Thus, some processes may acquire partial resourcesllpcation [i][j] = Max [i][j] Reservelj]) and some
complete set @Allocation [i][j] = Max [i][j]) -

Processes that acquire resources as per condition 3.b.

(Allocation [i][j1= Max [i1[j]; Need[i][]]= Max [i][j] Allocation [i][j]=0)

have all the requisite resources and will complete and relinquishhe resources as per condition 4. The system
remains in safe state as per theorem 5.1.

In worst case all the processes acquire resources partially as per thendition 3. a. and none of the process
can complete. Mathematically,

(5.9 Allocation [i][j]= Max [i][j] Reserve[j] 8P;

Applying,summation to equation Pf,cf.Eq.5.9); the total number of instances of typeR; , allocated to any process
is thus, i“:l Allocation [i][j] = i”:l (Max [i][]] Reserve[j]) where Max [i][j] Reserve[j]is the number
of resource typeR; allocated to processP; .
Since,Reservelj] is independent of the process, the total number of instance alreadgllocated are
I

X X
(5.10) Allocation [i][j] = Max [i][j] n Reserve[j]
i=1 i=1

ConsiderReserve[j] = d( izl éx 2]“ D eas per condition 1., here, j = n in worst case, indicating a resource

issdemanded by all the processés in the system, leading to higheog icts. Therefore, (n 1) Reserve[j] =
( L Max[i]i]) ; implies
|

50 !
(5.11) n Reserve[j] = Max [i]1[i] i + Reserve[j]

i=1
Substituting, Available[j]= ; Reserve[j], as per condition 1., in equation (Eq.5.11) implies

!

X
(5.12) n Reserve[j]= Max [i][j] Available [j ]
i=1
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gubstituting (Eq.5.12) inF(Eq.5.10), the nun“per of instance allocatedto all the processes put together is
inzl Allocation [i]1[j] = ( i”:l Max [i]1[]D ( inzl Max [i]1[j]) Available [j], implying:

Allocation [i][j] = Available [j]; 8R;
i=1

That is the number of instance allocated to all the processes put togdter are equal toAvailable [j]; 8R;. In
other words, at most available pool is emptied by the processes, howek, reserve pool resources are still unused.
Since, every process has acquired, as per equation (Eq.5.®llocation [i][j]= Max [i][]] Reserve[j], hence,

Need[i][j]1= Max [i][j] Allocation [i][j]
) Need[i][[]= Max [i][]] (Max[i][j] Reserve[j])

) Need[i][j]= Reserve[j]; 8R;

Therefore, every process needs onlReserve[j]; 8R; more resources to complete which are available in the
reserve pool. Thus, every process has equal opportunity to completOnce any process completes it will release
any resources it was holding (at leastReserve[j]8R; ), which are su cient for the subsequent processes to
complete (Theorem 5.1). Hence, there is no deadlock or starvation. Hengeroved. ]

The theorem 5.2 guarantees that the deadlock will never occur if the ystem follows it. The deadlock free
resource reservation (DFRR) technique is proposed based on thesedbrems it is stated in the form of the
DFRR algorithm in cf.Alg.1. The time complexity for resource management to decide on the resource alloca-
tion as per the request of the proposed algorithm i (m). The resource manager only refers the available pool
for the requested resources incurringd (m) overhead. In case the su cient resources are not available in the
Available pool the same are granted from the Reserve pool. This resourceanagement policy is optimal and
is proved in the form of lemma 5.3.

Lemma 5.3. No resource management policy can assign resources to a requesting mss from a set
of independent processed:1;P;;P;::: P, when scheduled on a system consisting of set of resource types as
R1;Ro;R3::: Ry with 15 27 3::: m instances of each type, with an overhead lower thad (m).

Proof. Each Process can request any resourd®;; R»; Rsz:::Rpy its request vector is thus of length 'm'.
Hence, any resource management technique will check for the requeahd availability of all the “'m' resources
at least once for a process. Hence, the overhead will not be less th&a(m) . O

The motivational examples in Sect. 2 are revisited to show the e etiveness of the proposed technique. The
resources reserved for the motivational example 1 (Table 4.1) are (2, 3, 3, 2Requests in Table 4.1 are granted
followed by the request made by the processeB, and P, as at time t; as stated in table using resources from
the available pool. However, the request of procesB; and P, at time t, and t3 cannot be granted as per the
condition 3.a theorem 5.2. The system remains in the safe state.

Deadlock Free Resource Reservation Technique, reserves (2, 2) oesces, for the motivational example 2,
cf. Table 4.6. Hence, either proces®; acquires the necessary resources and completes as per Table 4.8 or as
per Table 4.9, P, completes and relinquishes the resources. Hence, no deadlock.

The following section presents the results obtained on implemermition of the proposed technique.

6. Simulations Results. Simulations were performed on process sets to analyze the behavior tfe
proposed DFRR technique as compared to the existing techniques. e average time of the each process
spends in the system from its submission to its completion also knen asAverage Turnaround time is the key
parameter of the system.
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Algorithm 1:  DFRR Algorithm

input: Process Priority Queue
begin

=

2 for j=1 to m do

3 Reservelj]= o M?X 2][”) :

4 Available[j]= j-Reserve[j]

5 end

6 while No new Requestdo

7 \ Execute a ready process;

8 end

9 A process R requestfor Request[i][j] resourcesdo

10 if (Allocate[i][j]+Request[i][j) (Max[i][j]-Reserve[j]) 8j=1,2...m) then
11 Allocatel[i][j] = Allocate[i][j] + Request[i][j];

12 Available[j ]= Available[j] - Request][i][j];

13 Need(i][j]=Need]i][j]-Request[i][];

14 end

15 else if Need[i][] (Available[j]+ Reserve[j]) 8j=1,2...m then
16 Allocate][i][j]=Allocate]i][j]+ Need][i][j];

17 if Need][i][jJAvailable[j] then

18 \ Available[j]= Available[j]-Need][i][j];

19 end

20 else

21 Reserve[j]J=Reserve[j]+ Available[j]-Need[i][j];

22 Availablelj]=0;

23 end

24 Need][i][j]=0;

25 end

26 end

27 If a processP; completes then return the resources and goto to step 5.
28 end

All simulations are performed on a 2.0 GHz Processor. With a Resource pooff 10 resources with instances
asf 11, 14, 7, 2, 16, 8, 15, 17, 13,¢b 100 process sets for each point in the graph were generated with each
process randomly selects a execution time between 0 to 50.

Fig.5.1, illustrate the e ect on average turnaround time as the processload increases. As process load
increases the chances for the resource conict also increases and kenthe average turnaround time. The
analysis of the proposed DFRR reveals that the turnaround time of the pra@esses is relatively better than the
existing for all process loads. The improvement in the performancés even more profound for the higher loads.
This is because as the load increases so does the resource demand ®y/phocesses, leading to frequent resource
requests. The Banker's algorithm has a high overhead for serving eactequest and hence the turnaround
time increases as the load increases for it. On the other hand, the exisg RR and DDR technique face more
frequent deadlocks and spend time in recovering from the deadlé¢ which in turns increases the turn around
time. The proposed DFRR technigue has lower overhead for resource anagement and is deadlock free. The
average turnaround time is approximately 18 % lower for the proposed DFIR over Banker's algorithm.

A process can request all the resources it could need at a time or inementally as its execution processed.
Fig.6.1 illustrates the e ect of the number of incremental resourcerequests (Steps) made by the process set in
its execution on the average turnaround time of the processes. The pcess load is xed to be 0.8 for this gure.
The Steps ranges from 1 to 10, where Steps =1 indicates that the process requests all the resources at the
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inception while 2, 3....10 indicate that the processes made 2 or 3 ... liicremental resource requests. BA has
high overhead for resource management. Thus, as the processes make tipl incremental requests the BA
spends more and more time in deciding on the resource grant. Moreovethe process whose request is denied
by the BA enter into pending state which increases their wait time and hence, the average turnaround time
of the set increases. The other TRA, TNRR and ETRR techniques though h&e lower overhead for resource
management are not 100 % deadlock free. As the Steps increases the numlzdrdeadlocks encountered by
them also increases incurring deadlock resolution overhead. Therpposed DFRR technique has low overhead
for resource management as well as it is deadlock free, hence the averagenaround time for this technique
remains fairly constant.

7. Conclusion. This paper presented an I0T based post-disaster recovery technigufor managing the
limited resources available such that the system is deadlock freeA new class of deadlock handling technique
which handle deadlock by reserving a portion of the resources was proged. This class eliminates the excessive
overhead incurred by the Deadlock Prevention and Avoidance techmjues as well as the uncertainty of deadlock



Deadlock Free Resource Management Technique for loT-Based Post Disast er Recovery Systems 405

occurrence in the deadlock detection and recovery techniquesihe proposed Deadlock Free Resource Reserva-

tion (DFRR) technique ensures that deadlock will never occur. The correctness of the proposed technique is
proved in the form of the theorems. Its e ectiveness is shown though motivational examples. The simulation
analysis of the proposed DFRR indicate that it has approximately 18 % lowe turnaround time than the existing
Banker's algorithm. Thus, the proposed technique is a deadlock freéechnique with optimal overhead.
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Ukyky a*S1X 0OQHMK2 kR- Abbm2b j- TTX 9yd 9k9- .PA RyXRkeN9,fb+
**laaJ L :1J1Lh P6lal_ L. *u"l_@S>uaA* G .10A*1 AL ." a
**P__AL: hP AL.A L Ah G galaAL: "GP*E*> AL
©1_0 .11S - C:S_11h aA.>k L. _ CLA JP> L 2

#bi® +iX*QKTmiBM; QM i?2 +HQm/ ? b +? M;2/ i?2 rQ"FBM; Q7 K MFBM/ BM 2p2°v K MM2 - 7°QK
BM7Q K iBOM QM i?2 +HQm/X hQ T Qi2+i/i QM i?2 +HQm/p "BQmb ++2bb T °Q+2/m"2b M/ TQHB+B
mi?Q Bx iBQMX mi?2MiB+ iBQM K2 Mb i?2 BMi2M/2/ mb2  Bb ++2bb /i QM i?2 +HQm/ M/ mi?Q B}
QMHVi? i/i 7Q r?B+? 22 Bb HHQr2/X h?2 BMi2M/2/ mb2° MQr HbQ BM+Hm/2b HvPEFR DB +2H .2p
/i #2ir22M i?2K-72i+? /i 7°QK +HQm/X *HQm// i Bb K M ;2/ #v 2KTHQV22b Q7 +HQM2/ *B®M/MB2b X
KM :BM; +QKT MB2b /i Bb Hr vb /Qm#i7mH b bQ K Mv BMbB/2  ii +Fb ? p2 ? TT2M2/ BM i?2 T bi
BM i?2 K “F2iX . i _2H i2/iQ *v#2 @S?vbB+ HaT +2 K v +QK2 mM/2° AMbB/2" ii +FX *QKT MB2b K
HB #H2 iQ T Qi2+imb2 /i 7°QK MvivT2 Q7 ii +F mM/2  p 'BQmb b2+iBQMb Q7 i?2 AM/B M Ah +iX
#HQ+F+? BM b TQbbB#H2 bQHMIBQM iQ i° +F i?2 +iBpBiB2b Q7 2KTHQV22b K M ;BM; +HQm/X 1KT
"2 KM ;2/i?2°Qm;? i?2 #HQ+F+? BM b2 p2° X 1b2° mi?2MiB+ iBQM "2H i2/ /i Bb biQ 2/ BM #HQ+F-
r'Bii2M BM Mv _QH2f ii'B#mi2@# b2/ ++2bb H M:m ;2X h?2b2 mi?Q Bx iBQM “mH2b biQ 2b i?2 / i
++2bbiQ /i BM#HQ+F+? BMX S 'QTQb2/ rQ FrBHH ?2HT +HQm/ +QKT MBIZbQR 2 o2 # PBi2B i-BQ M+ iQ ki
?22HT BM T 2p2MiBM: BMbB/2  ii +F QM Ib2° M/ *v#2 @S?vbB+ H .2pB+2bX

E2v rQ /b,* vTiQ;  T?v- h° MbKBbbBQM *QMi'QH S QiQ+QH- aBM;H2 bB;M@QM- AMi2 M2i Q7 h?
hBK2bi KT- LQM+2- SQHB+v .2+BbBQM SQBMi- AMi2'M H h? 2 i .2i2+iBQM IMBiX

Jabm#D2+i +H bbB}+ NBAQ&MAb X

RX AMi"Q/m+iBQMX*QKTmiBM; 2pQHmMiBQMBx2/ . i biQ™ ;2iQ ST Q+2bbBM; I
M/ i2+?MQHQ;vX AMi2"M iBQM H . i *Q'TQ iBQM UA.*V(kR) "2H2 b2/ bim/v QI
b vbBirBHH ;"Qr iQ Rd8 w2ii #vi2b #v kyk8X . i Bb b? "2/ M/ ++2bb2/2p2°v KQk

AM /i biQ> :2 M/ b? "BM; *HQm/ TH vb M BKTQ'i Mi "QH2X 1p2°v +HQm/ KQ/2
ai M/ /b H B/ /QrM #v i?2 L iBQM H AMbiBimi2 Q7 ai M/ /b M/ h2+?MQHQ;v ULA
r2HH b b? "2/ QM@/2K M/ rBi? i?2 ?22HT Q7 +QM};m’ #H2 +QKTmiBM; "2bQm +2b
biQ 2/-r?B+? Kv 2T 2b2Mi MvivT2 Q7 7Q°' K Q7 AM7Q°K iBQM bm+? b AK ;2b- ¢

*HQm/ . i # b2 K2 Mb . i # b2 biQ 2/ Qp2° i?2 +HQmM/- r?B+? Qz2 b p 'BQmb b
b biQ'BM;- KQ/B7vBM; M/ K FBM; Bi p BH #H2 Mvr?2°2 BM i?2 rQ ' H/X hQ K E
Ab AKTQ i MiiQ S Qi2+i *HQm/ . i # b2b (8j)X ++Q /BM; iQi?2*A S'BM+BTH2-
rBi? *QM}/2MiB HBiv- AMi2; Biv- M/ p BH #BHBivX a2+m ' Biv*QM+2 "Mb +Qp2'b i
i?72 P'; MBx iBQM- Abbm2b “2H i2/ iQ *QMbBbi2M+v J M ;2K2Mi- ++2bb *QMi Q
1t? mbiBQM- 2i+X "2 HbQ +Qp2°2/(d)X

AMbB/2  i?°2 i K2 Mbi?'2 ib Q'B;BM iBM; 7°QK 1KTHQV22b Q7 i?2 Q" ; MBx iBC
T QpB/2/ ++2bb "B;?ibiQ ++2bbi?2 BMi2°M H bvbi2K-i?mb pBQH iBM; i?2 AMi?Z
TQHB+vX PmibB/2  i?°2 ibi'viQ "2H2 b2 i?2 +QM}/2MiB HBM7Q K iBQM Qmi BI
Q' ; MBx iBQMX g?2M i?2 * "2 h F2° Q7 o "'BQmb a2 pB+2b Q7 *HQm/ *QKTmiBM
#2+QK2b KQ 2 /B{+mHi iQ T 2p2Mi Bi (j3)X *HQm/ . i # b2 Bb MQ /Bz2 2Mi 7°Q
MmK2 Qmb /p Mi ;2b bmT2 b2/2 Bib /Bb /p Mi ;2bfGQQT?QH2b-i?2b2 GQQT?QH
z2+i2/ BMi?2 T bi bQ Km+? iQ i?2 rQ"FBM; Q7 K Mv P*; MBx iBQMb r?2i?2" Bi K
tQQ;H2X

_2b2 "+? a+?QH - .2T iK2Mi Q7 *al Ah- CIAh- aQH M- AM/B

Y bbBbi Mi S°Q72bbQ Ua2MBQ" :" /2V- .2T iK2Mi Q7 *al Ah- CIAh-aQH M- AM/B
Z ppQ+B i2 S°Q72bbQ -.2T “iK2Mi Q7 *al Ah- Cl/ADM BQKQM -MA MJ BIBYX + X B M

9yd
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6B:X RXBH2 Q7 AMbB/2> M/ mb2 b QM i?2 . i # b2 QM i?2 +HQm/

AMi2MbBQMb Q7 i?2b2 ai z K2K#2'b iQ KQMBiQ  Ib2° M/ Bib /i +iBpBiv Bb

BMbB/2 ii +Fb ? TT2M2/ BM i?2 T biX am p2v BM i?Bb 2; / 6°QK IXaX ai i2 Q
kyRe (3) 2T 2b2Mi2/- 1H2+i'QMB+ + ' BK2b bmbT2+i2/iQ #2 + mb2/ #v BMbB/2 b |
jj S2°+2Mi Q7 i?2 _2bTQM/2Mib ;°22/i? i AMbB/2  ii +FBb KQ 2. M:2°Qmb i? M

h?2 MmMK#2 Q7 AMbB/2 b /2T2M/b QM i?2 KQmMi Q7 /i i?2v 2K M;BM; Qp2°
RXRX AMbB/2'b "2 HbQ 1KTHQV22b Q7 i?2 P ; MBx iBQMX h?2v + Mi F2 /p Mi
r?2°2 /i Bb T Qi2+i2/iQ /Q BMbB/2" ii +FbX

1tBbiBM; Ib2° mi?2MiB+ iBQM h2+?MB[m2b amz2 b 7°QK o "BQmb ii +Fb M/ |
#2 :m2bb2/ M/ hrQ 6 +iQ° mi?2MiB+ iBQM IbBM; a?Q i J2bb ;2 a2 pB+2 UaJaV |
*Q/2 b2Mi QM aJa + M #2 i° +F2/ #vi?2 ii +F2° QM i?2 M2irQ F (9N)X mi?2MiB+ iE
b2Mi #v :QQ:H2 mi?2MiB+ iQ iQ '2bT2+iBp2 mb2'b pB aJa b i?2b2 *Q/2b 2 /B]
"2 +72iQ :QQ:;H2 +QmH/ HQb2 HHIb2  mi?2MiB+ iBQM *Q/2bX

P: MBx iBQM Q7 i?Blm72T2bX Q7 i?2 T T2  Bb b 7QHHQrb- mi?2MiB+ iBQM i
7Q° QmibB/2°b M/ BMbB/2'b iQ i?2 +HQm/ "2 +Qp2°2/ BM a2+iBQM kX Ai HbQ A
p BH #H2 7Q° mb2'bX a2+iBQM j +Qp2'b p "BQmb b2+iBQMb p BH #H2 mM/2" i
+Qp2°b /2i BHb Q7 b2+iBQMb /2 HBM; rBi? p "BQmb bT2+ib Q7 i?2 *HQm/X a2
Q7 "HQ+F+? BMX h?Bb b2+iBQM HbQ +Qp2'b /2i BHb Q7 TTHB+ iBQM ‘2 b Q7
h> Mb +iBQM mi?2MiB+ iBQM J2+? MBbK 7Q° ++2bb J M ;2K2Mi BM . i # b2 b
iQ AM/B M Ah G rbX a2+iBQM e *Qp2'b h> Mb +iBQM mi?2MiB+ iBQM J2+? MBbK
h> Mb +iBQM .2i BH ++Q /BM; iQ AM/B M Ah G rbX 1tT2 ' BK2Mi _2bmHib Q7 S QT
dX 6BM HHv BM a2+iBQM 3 S T2 Bb +QM+HmM/2/X

kX mi?2MiB+ iBQM M/ mi?Q Bx BRI Q7 M22XQ7 ++2bb *QMi ' QH * M #2 m
7°QKi?27 +ii? i K Mv "2b2 “+?22°bi'B2/iQ 2tTHQ 2 i?Bb }2H/ bQ i? i QMHV H2;B|
Ib2° ++2bb +QMi"QH +QMbBbib Q7 irQ K BM +QKTQM2Mib- mi?2MiB+ iBQM M/ n

h?Bb b2+iBQM /Bb+mbb2b T°'BK "BHv mi?2MiB+ iBQM M/ mi?Q Bx iBQM Q7 A

KXRX mi?2MiB+ iBQM Q7 i?2 mb2 X

KXRXRX mi?2MiB+ iBQM i2+?MB[m2b Q7 h?2 UmiTBYR2 @B2miR2MiB+ iBQM Bt
++2bb QMHV iQ i?2 BMi2M/2/ mb2 X qQ 'F 7°QK J Mv "2b2 “+22'b QM PmibB/2" i?

{ Authenticatiof
Authorization

Access Contrg

6B;X KXR+2bb *QMi'QH *QKTQM2Mib



++2bb J M ;2K2Mi Q7 Ib2" M/ *v#2 @S?vbB+ H .2pB+2 BM ." a ++Q /BM; iQ AM/BWNAh G rb m

h #H2 kXR
*QMi® biBM; mi?2MiB+ iBQM h2+?MB[m2b 7Q" PmibB/2  |b2"

amBi#HE?J%‘imH JmHIB@
mi?2MiB+ |BaBWI:H2h2+?MB[m2 2bQm+P mi’?2MiB%¢%:M2‘
hvT2 bB:M@ @M 2/ +QMbi BM™ C o i?72MiB @
APh + iBQM
. IHHBTIB+
hb B h? 22 "
: AN uz2b +m p2 LQ u2b LQ
2i HX(9N) 7 +iQ SVTi0: Tov
T o THHBTIB+
EH 20 HX(R) ¢ 7o LQ +m p2 u2b uzb LQ
+'vTiQ;  T?v
2}?B|—'\|Ax (i JMHIB@6 +iQQ >B§?BM; LQ uzb LQ
UM; 21 HX (88) hrQ 6 +iQ" | uzb 2H{2@>2HHAK M Lo LQ (o]
EimthB(jj) JmHIB@6 +|iQQ IHHBTIB+ +m ' p2 + ' yTi®Y"™ T?v| u2b LQ
3?‘ E'BFMb?KME:(gSprQGHQ‘ u2b h*BTH2 .1la LQ u2b u2b
aBKTH2@
M F i?2i HX(OWmHIB@6 +iQQ >QKQKQ T?B+ LQ LQ LQ
1M+ VTiBQM
T2 mi? v h?°22 7 +iQ u2b 1HHBTIB+ +m p2 + VTUQ;" T?v| u2b LQ
2i HX (R8) : o
EmK - - THHBTIB+
2 HX(jK) "BQK2i'B+| LQ +mp2 LQ uzb LQ
+ vTiQ; T?v
*2 1i2°D22 21 HXE@QK2i B+| LQ *Hmbi2 BM: LQ uzb Lo

h #H2 kXRX mi?2MiB+ iBQM S°'Q+2bb 7Q° mb2 K2 Mbi? i HHQrb QMHvV H2;BiB
"2bi"B+ibp "BQmb ? +F2'biQ ii +FbX

hb B 2i HX (9N) ?2 / T°'QTQb2/ mi?2MiB+ iBQM a+?2K2 7Q° KQ#BH2 mb2 bX
T'Bp i2F2v7Q" ++2bbBM; +HQmM/ b2 pB+2b 7' QK KmHIBTH2 b2 pB+2 T ' QpB/2 bX
r2HH b 7Q  i?2 b2 pB+2 T ' QpB/2° "2 ;2M2" i2/ #vaK i+ /;2M2° iQ bQi? ii?2v
X aK i+ "/ HHQrb mb2'biQ ++2bb b2 pB+2b 7' QK i?2 b2 pB+2 T°'QpB/2°'bX h?B|
MQMVKBiv- mb2  mM@i® +2 #BHBiv- Kmim H mi?2MiB+ iBQM- M/ F2v 2t+? M;2X

E H 2i HX(jJR)? /T°QTQb2/Kmim H mi?2MiB+ iBQM T QiQ+QH 6Q  AMi2 M2i
b2 p2°b h?Bb b+?2K2 mb2b >vT2'i2ti h® Mb72° STQiQ+QH U>hhSV +QQFB2b iQ |
+'vTiQ; T?2v Ul**VX AMi2 M2i Q7 i?BM; .2pB+2b mb2b *HQm/ a2 " pB+2b iQ 2M? N\
hQ ;2i mi?2MiB+ i2 rBi? i?2 b2 p2 - 2K#2//2/ /12pB+2b b?QmH/ rQ°"F b >hhS *HB:
STQIQ+QHfAMI2 " M2i STQIQ+QH Uh*SfASYV S'QiQ+QH ai +F Bb mb2/iQ +QM};m 2
"2 pBH #H2 BM i?Bb S'QiQ+QH 7' QK _2;Bbi2"BM; .2pB+2b BM 6B bi S? b2-:2ii
M/ mi?2MiB+ i2 i72K BM i?2 H bi S? b2X h?Bb a+?2K2 S'QpB/2b _2bBbi M+2 iQ
b# mi2 7Q +2 ii +F- 2 p2b/'QTTBM;- K M@BM@i?2@KB//H2 ii +F- Q|BM2 /B+iE
"2TH v ii +F M/ T°QpB/2b 7Q°r "/ b2+ 2+v- MQMVKBiv- +QM}/2MiB HBiv- M/ Kmi

KBM2i HX (j)? /T QTQb2/1b2° mi?2MiB+ iBQM7Q° KmHIiIiB K2/B+ Hb2 p2" b
"BQK2i'B+ i2KTH i2 HBF2 }M;2 " T°'BMi M/ bK i+ /X 6B bi-i?2 mb2"  +?QQb2b ?B
"BQK2i'B+ i2KTH i2 HBF2 }M;2 " T°'BMi M/ b2M/b i?2K i?°Qm;? a2+m 2 +? MM2}
"2+2BpBM;1b2°/2i BHb M/ TTHvBM; "BQ > b?BM; QM i?2K-/ i BbbiQ 2/ BMi?21lb
_2;Bbi” iBQMJ2/B+ Ha2 p2 X PM+2i?2mb2  Bb mi?2MiB+ i2/?2Bb HHQr2/iQ7
a2'p2° ++Q°/BM; iQ ?Bb "2[mB 2K2MiX h?Bb b+?2K2 S'2p2Mib a2bbBQM F2v /Bt
ii +F- "2TH v ii +F- 2M #H2b 2 "Hv r ' QM; T bbrQ '/ /2i2+iBQM M/ T QpB/2b Jmi
Qz@HBM2 T bbrQ'/ ;m2bbBM; ii +FX

uM; 2i HX(88)? / T°QTQb2/ S'QiQ+QH 7Q° HHQrBM; ++2bb iQ KmHiIiBK2/B
h?Bb STQiQ+QH mb2b hrQ@7 +iQ° mi?2MiB+ iBQM rBi? PT2M A. r?B+? "2[mB"2b
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/21 BHbX o "'BQmb *HQmM/ KQ/2Hbr2 2 mb2/ BMi?Bb b+?2K2 7Q" +?B2pBM; mi?2]
Ib2° mi?Q°'Bx iBQM TQHB+B2b r2 2 # b2/ QM _QH2@" b2/ ++2bb *QMi"QH U_" *
M HvbBbr b /QM2 HBF2 QM b2+m Biv- 6mM+iBQM HBiv- M/ 1{+B2M+vX

EmK "B 2i HX (jj) 2/ T°QTQb2/ mi?2MiB+ iBQM b+?2K2 7Q° AQh M/ *HQm/ a
JmHIB@6 +iQ° HBF2 HQ;BM /2i BHb- *QQFB2b M/ /2pB+2 /2i BHb HQM; rBi? h2]
+'vTiQ; T?2vr?B+? ?22HTb BM T ' 2p2MiBM; p "BQmb ivT2b Q7 ii +Fb HBF2 i?2 #b
ii +F- PIBM2 S bbrQ '/ ;m2bbBM;- M/ LQ b2bbBQM F2v +QKTmi iBQMX h?Bb mi?
7Q° _2bQm +2 +QMbi® BMi APhbr?2°2 Kmim H mi?2MiB+ iBQM Bb "2[mB~2/X

a? DBM M/ p " H Fb?KB (98)? /T QTQb2/ T'QiQ+QH7Q JmHIBPrM2" mi?2Mi
KmHIiBTH2 QrM2 b-:"QmT K M ;2° M/ b2 pB+2 K M ;2°"BM +HQmM/7Q  mi?2MiB+
"2[mB 2K2Mi Q7 aBM;H2 bB;:M@QMX h?2 S'QTQb2/ K2+? MBbK HHQrb i?2 K B
HHQr2/iQ // Qi?2° K2K#2'b HQM; rBi? i?2B° ++2bb T2'KBbbBQMbX PrmM2'b
7i2° +2°iB}2/ #v *2°iB}+ iBQM mi?Q BivrBi? HH 2[mB 2/ T > K2i2°'b X 0 HB/iC
Q7 1b2" +°2/2MiB Hb- hQF2M 2tTB" iBQM iBK2-b2 pB+2b ;> Mi2/-2i+X-b2bbBQM i
i?72b2 b2 ' pB+2b iQ ++2bbX

M F i? 2i HX (9) T'QTQb2/ h'mbi JQ/2H 7Q° mi?2MiB+ iBQM- BM i?Bb /2pB+
i?2MiB+ iBQM S'QiQ+QH Bb b2H2+i2/X 6Q° mi?2MiB+ iBQM Tm TQb2b- EMQrH?Z
+ M #2 mb2/X h?Bb T°'QiQ+QH mb2b SQbb2bbBQM 7 +iQ b- PM2 hBK2  MbnMX /b -
mb2° T°"Q}H2 Bb + 2 i2/ QM "B; . i JmHIB@6 +iQ  *HQm/ mi?2MiB+ iBQM UJ * V
S " K2i2°bBM 2M+ vTi2/ 7Q KX

*2 m/? 'v2i HX (R8)? / T°QTQb2/ M AKT Qp2/1b2° mi?2MiB+ iBQM a+?2K2X
T 'Bp i2F2v7Q° mi?2MiB+ iBM; KQ#BH2 mb2 b- HHQrBM; i?2KiQ mb2 b2 pB+2b"
h?Bb rQ"F Bb MBKT Qp2K2Mi rQ ' F Q7 hb B(9N)X h?Bb T T2 T 2p2Mib i?2 a2 pz
i?72 mi?2MiB+ iBQM T? b2X STQTQb2/ rQ'FBb Km+? KQ 2 b2+m™2- "Q#mbi M/ Bb

EmK ~ 2i HX (jk) 2/ T°QTQb2/ mi?2MiB+ iBM; +HQm/ mb2°'b mbBM; 6 +2 72 i
"2+Q;MBiBQMX 1M+ vTiBQM Bb mb2/ QM "BQ@K2i'B+ . i # b2 r?B+? biQ 2b 6 +
62 im 2b Q7 mb2'b "2 2ti° +i2/ 7 QK T'2@T Q+2bb2/ 7 +2 BK ;2bX h?2b2 6 +B
Q7 mb2°'bX a+Q'2b Q76 +B H72 im2b "2 + H+mH i2/ M/ Bi Bb K i+?2/ rBi? i?2
72 im2b QM i?2 +HQmM/X

*?2 ii2°D22 2i HX (Rj) T'QTQb2/ 2@ mi?2MiB+ iBQM bvbi2K # b2/ QM "BQ@K
2M? M+2b b2+m Biv H2p2H #v mbBM; F2vbi " QF2 /vM KB+b Qp2" S bbrQ '/ # b2/ n
a+?2K21b2° Bb bF2/iQ 2Mi2° GQ;@BM /2i BHb 7Q° mi?2MiB+ iBQM Sm TQb2bX
mi?2MiB+ iBQM - ?Bb E2vbi " QF2 .vM KB+b "2 biQ 2/ BM . i # b2X h?2b2 /2i BHt
p2 ' B}+ iBQM-r?B+? "2 2ti° +i2/ #v F@K2 Mb +Hmbi2°'BM; H;Q Bi?KX h2bib r2°
>QKQ;2M2Qmb- M/ ;;7°2; 1272 im 2 b2ibX

KXRXkX mi?2MiB+ iBQM i2+?MB[m2bhQ Db BMbB /2 mbl22 " Xi QM i?2 +HQm/ M/
#v QMHv H2;BiBK i2 mb2  p "BQmb mb2" mi?2MiB+ iBQM i2+?MB[m2b ? p2 #22M
mb2 /i 77QKBMbB/2°'b QM i?2 +HQm/ HbQX "2? pBQ" " H M HvbBb Bbi?2 "2 r?
7Q° /2bB;MBM; mi?Q ' Bx iBQM TQHB+B2b 7Q  BMbB/2 bX h #H2 kXk b?Qrb +QK
rQ"F2/ QM AMbB/2  h? 2 iX

AMi?2T T2 Q7 gm 2i HX (8j)? p2 T QTQb2/ K FBM; i?2 mM/2 bi M/IBM; Q7 |b
#v TTHvVvBM; 1M+ vTiBQMX . i Bb .2+ vTi2/} ' bi#27Q°2 TTHvVBM; [m2'vQMi?2 m
Bb/QM2 ; BMX 62 im 2 BM/2t 2ti° +iBQM Bb TTHB2/iQ mb2 /i #27Q 2 2M+ vT]
?2HTb BM K FBM; [m2'v QM i?2 +HQmM/X 1M+ vTiBQM r b /QM2 rBi? AM/2t :2M2"
K FBM; 62 im 2 AM/2t Q7 mb2 /i M/ Zm2 v 1t2+miQ " 2t2+mi2b i?2 [m2 vX

JOQM 2i HX (j3)BMi"Q/m+2/irQ@iB2° "+?Bi2+im'27Q° M HvxBM; i?2 #2? p
T QTQb2/ AM@JI2KQ v . i # b2 UAJ."V 7Q" [/ i # b2 T°Qi2+iBQM bvbi2KX gQ F /
BM GQ; 6BH2b FMQrM b *? M;2 m/Bi GQ;X . i # b2 HQ; S'2@T Q+2bbQ T 2@T"
Tmi?2  b2MiiQ AMbB/2  "2? pBQ™ M HvbBb a2 p2° X h?Bb BMbB/2  #2? pBQ~ M |
p BH #BHBiv Q7 ii +FX *HQm/* T #BHBiv Bb HbQ BM+Q TQ" i2/ BM i?BbX

ub22M M/ S M/ (8d- 83-8e) ? p2 +QMi'B#mi2/i? 22 T T2 b QM i?2 /2i2+iBQI
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h #H2 kXk
*QMi* biBM: mi?2MiB+ iBOM h2+4?MB[m2b : BMbi AMbB/2" ii +F
AMbB/2" mi?Q‘B.xiBQM‘mHZb _ _ p BH #I_BHBiv Q7
o one | Q/B}+ IBOM # b2 @I +?BMBI?2MiB@ | 2M+ VTIBQM QM
Jomaio{syM AMbB/2 T Q#Biv | + iBOM Q7 AMbRI2 i #27Q]2
11BQM JQMBIQ BM: [m2° VBM; QM FHQm/

qm 27 HX (8]) o [0 o) [o u2b

J0QM 27 HX (j3) | u2b u2b o) ) 0]

Ub22M 27 HX (8d)(83H(8e) | uzb o) o) o)

Qm 27 HX (K]) 0Zb uZb u2b Lo o)

a? 7 7B 21 HX(99u2b uZb o) o) o)

0@

T I7v v u2b LQ LQ LQ LQ

2i HX (R9)

g :IXHQS) u2b u2b LO LO LO

SeMe (o) u2b LO LO LQ LQ

Zi#'ﬂx(g) u2b u2b LQ u2b LQ

1#2°x 21 HX (k9) | u2b [0 o uZb o)

ii +tFX AMi?2B 6B birQ F (8d) AMbB/2 i? 2 iT 2/B+iBQM M/ BibT 2p2MiBQM K
FMQrH2/;2 Bb M Hvx2/ #v mbBM; FMQrH2/;2# b2 H;Q Bi?Ki? i HbQ +QMbB/2
*Hmbi2 -a 72 *Hmbi2 - M/ .2T2M/2M+v J i ' BtX "vmbBM; i?Bb H;Q Bi?K EMQrH2
?2HTb BM T Qi2+iBM; AMbB/2" ii +tFX h? 2 i S 2/B+iBQM :" T?r b T QTQb2/ BM i’
FMQrH2/;2# b2 H;Q Bi?KX AMIi?B /rQ F- mi?Q b ? p2T ' QTQb2/ "+?Bi2+im 2 rB
SOBMibUS1S6bV M/aBM;H2 SQHB+v .2+BbBQM SQBMiUS.SViQ/2i2+iBMbB/2" i
T QTQb2/ BM T 2pBQmb rQ Fb r2°'2 mb2/X h?Bb bvbi2K Bb bmBi #H2 iQ rQ " F r?2
MmK#2 X

.Qm2i HX (kj)? p2T°'QTQb2/ M mi?2MiB+ iBQM T QiQ+QH7Q > /QQTrBi? h
?2HTb BM "2KQpBM; i?2 HBKBi iBQMb Q7 mb2" mi?2MiB+ iBQMb M/ BMbB/2" ii
M/ Bib QT2 iBQMb r2°2 HQ+ HHv ?B//2M BM i?Bb S°QiQ+QHX h?Bb S'QiQ+QH
biQ ' 2b+m ™ "2MibQ7ir "2 M/ ? “/r "2 /2i BHb Q7 i?2?QbiBM; K +?BM2BM M BMi2"|
"2;Bbi2'bX h?Bb ST QTQb2/ T°QiQ+QH ?2HTb BM b2+m ' BM; bT2+B}+ bvbi2Kb ; BI

a? ;? ;?2B2i HX (99)? p2T QTQb2/: ";QvH2 aQ7ir "2 .2}M2/L2irQ'FUa.LV "+
rQ°Fr b/2bB;M2/iQ/2i2+i M//2i2 " bmbTB+BQmb +iBpBiB2b Q7 BMbB/2  mbBM; a
i {+ M/ 2i'B2p2b +QMi2tim H BM7Q K iBQMX J BMHv i?°22 +QKTQM2Mib r2°z
L2irQ 'F *QMi2ti M Hvb2 - _BbFJ M ;2K2Mi- M/ /p M+2/ 1M7Q +2K2Mi SQBMiX o
M/ +iBQMb + M#2 TH MM2/ ++Q /BM;Hv # b2/ QM BMbB/2 " +iBpBiv/2i BHbX h?
M2irQ F i {+X

*2 0iQT /?2vv2i HX (R9)? p2T ' QTQb2/hBK2@b2°'B2b +H bbB}+ iBQM Q7 BMb
#2? pBQ"™ M HvbBbr b/QM2 QM i +FBM; bBM;H2 / v +iBpBiB2bX h?Blp2M HvbBt
bQK2 iBK2 7Q" /2i2+iBM; BMbB/2 i? 2 ibX ai iBbiB+b r2°'2 +QHH2+i2/1iQ /2i2+i k
# b2/ QM #2? pBQ" " H M HvbBbX *H bbB}+ iBQM i2+?MB[m2 irQ@H v2'2//22T mi
iQ BKT Qp2i?2 "2bmHibX

"+ H/Q2i HX (e) TTQTQb2/i?2 :2Q@aQ+B HAMbB/2  h?'2 i 2bBHB2Mi ++
AM i?Bb T°QTQb2/ rQ F AMbB/2° KQp2K2Mi +iBpBiB2b "2 KQMBiQ 2/X h?Bb KQN
BMiQ 2M #H2 b- BM?B#BiQ b Q  M2mi®> HX _BbFv mb2'b +QK2 BM i?2 + i2:Q v Q7
+i2;Q°vQ72M #H2'b M/ p2° ;2 mb2'b# b2/ QM _BbF H2p2H +QK2b BM i?2 + i2;
mb2b S1S@S.SJQ/2H HQM; rBi? JQMBIQ BM;-*QMi2ti- AM72°2M+2 M/ ++2bb +C
+QMi"QH U_" *V Bb mb2/iQ r'Bi2 S2°'KBbbBQMb M/ _QH2bX

J2M; 2i HX (je)? p2T°'QTQb2/ i2+?MB[m2iQ T 2p2MiJ2/B+ HaK "iT?QM2 L2i
r?72°2Bi+ MH2 FS iB2MiBM7Q K iBQM K HB+BQmb /2pB+2b "2 /2i2+i2/# b2/ QN
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h #H2 kXj
*QKT ‘BbQM Q7 .Bz2'2Mi mi?Q Bx iBQM SQHB+B2b 7° K2rQNFKEMIXBM .Bbi B#mi2/ 1Mp

mi?Q Bx iBQM SQHB+v 7 |KRM@BF @M E2 M|i mMibiHB+ iBQM
#QK? ° 21 HX @R)*Uh2 K@# b2/V .Bbi'B#mi2/ >2 Hi?+ "2

H K2 HX (k)| :_" * Bbi B#mi2/ | *HQm/

> #B# 2i HX (K®* M*HQm/ bBKmH iBQM TH.BIQ B#mi2/ | *HQm/
amM@JQQM CQ )9 Bbi B#miz2/ JQ#BH2
*?22M 2i HX (Re) " * .Bbi'B#mi2/ >2 Hi?+ "2
"BHBM2 " T B'BM;b- ai QM| .B{2
a?BM 2i HX (9ep2HHK M 2T 2b2Mi iBQM-|GBMIZB#mi2/ *HQm/
2M+'vTiBQM

c #BHHQM 21 HX"(ke) .Bbi " B#mi2/ Sm#@am# L2irQ F 6Q° AQh
. . . br2° N . J N
_i?7Q2 2i Hx(ga[g)iS‘Q;‘ KKBM: .Bbi'B#mi2/ PMHBM2 aQ+B H L2irQ F

JaL "2 +QMM2+i2/iQi?2*2Mi° Hb2 ' p2 -2 +? MQ/2BMi?2 M2irQ " Fb2M/b Bib ai iB
QM i?2 J2/B+ HbK "iT?QM2X gQ FBM; STQ}H2 Q7 2 +? MQ/2 Bb +72 i2/ QM i?2 +2
QM i?2 M2irQ"FBb /2i2+i2/ #vi?2/Bz2°'2M+2BM 1m+HB/2 M /Bbi M+2 #2ir22M irQ
r2 2+ "B2/ QmiBM 2 H@rQ H/ JaL rBi? i?2 ?22HT Q7 S  +iB+ H ?2 Hi?+ "2 +2M
"H#mMm2i HX (8)? p2T'QTQb2/ i2+?MB[m2iQ T 2p2Mi AMbB/2" ii +FQM i?2 +H(
Q7 i?2 AMbB/2® M/ bbQ+B iBM; _BbF@# b2/ ++2bb +QMi " QHX "2? pBQ™ M H
.VM KB+bX _BbF M Hvb2b "2/QM2BM M Q|BM2 K MM2  rBi? i?2 bbQ+B i2/ "2b
p Hm2 Q7 "BbFX h?2b2 BbF o Hm2b "2 biQ '2/BM [/ i # b2+ HH2/ 2bQln"+2 27
amTTQ i p2+iQ K +?BM2 Bb mb2/X A7 J HB+BQmb mb2 Bb /2i2+i2/ BM i?2 bvbi:
1#2 x 2i HX (k9)? p2T°QTQb2/ i2+?MB[m2iQ T 2p2Mi AMbB/2  h?°2 iBM M
JQp2K2Mi #BQK2i'B+bX AM i?Bb rQ F- "2b2 "+?22°b ? p2 B/2MiB}2/ b2i Q7 ky 7:
mi?2MiB+ iBQM + M #2 /QM2 BM i° MbT "2Mi +QMiBMmMQmb K MM2 X oB/2Q@#
2v2 KQp2K2MiX 1tT2'BK2Mib r2'2 +QM/m+i2/ BM +QMi QHH2/ K MM2  BM G # |
Tm#HB+X S2°'bQMb r2°2 bF2/iQ T2 '7Q°Kp 'BQ@mb +iBpBiB2b QM i?2 b+ 22M i
Qi?2° T ° K2i2'bX PT2M b2i M/ +HQb2/ b2i +H bbB}2'b "2 TTHB2/iQ i?2 "2i B2]
"2T2 i2/ 7i2° bQK2 iBK2iQ i2bii?2 iBK2 bi #BHBiv Q7 i?2 T ' QTQb2/ 72 im 2bX

kXkX mi?Q 'Bx iBQM @@ ntbl2QbX mb2' iQ ++2bb /i Bb /2+B/2/ mM/2  mi?Q
HQM; rBi? mi?2MiB+ iBQM- mi?Q Bx iBQM TQHB+v TH vb p2 v BKTQ i Mi "QH
7° K2rQ F mb2/ BM .Bbi'B#mi2/ 1MpB " QMK2Mi Bb /Bb+mbb2/ BM h #H2 kXj HQM;

#QK? ° 2i HX (R)? p2T°QTQb2/ rQ F@# b2/ ++2bb +QMi ' QH UQ" *V KQ/2H
iBQM # b2/ QM i?2 "2H#BM i2 K "QH2 i?2Q vX h2 Kb BM q" * KQ/2Hb 2 b2;°2; i2/
M/ K M ;2K2Mi # b2/ QM i?2B° +QMi'B#miBQMb iQ +QHH #Q  iBp2 rQ'FX S'QTQ
+QQT2 iBp2 ?2 Hi?+ "2 2MpB ' QMK2MibX AM S iB+mH > b+2M 'BQ JmHiBTH?2
M/ ?2QbTBi Hb rQ'FBM; b i2 KQM T iB2MiX

a? 'BM; M/ ++2bb iQ i?2 22 Hi?+ "2 "2+Q°/ Q7 T iB2Mi rBi? JmHiB/Bb+BTH
mi?Q Bb iBQM +QMi'QH- b H2 F ;2 Q7 b2MbBiBp2 /i Kv? TT2M #v BMbB/2 bX
KQ/2H rBi? # bB+ 2H2K2Mib M/ 2H iBQMb- /2}M2/ p "BQmb mi?Q Bx iBQM +QM
7mMM+iBQMb 7Q° q" * JQ/2HX h?Bb rQ F “2/m+2/ i?2 +QKTH2tBiv H2p2H Q7 S2°K
_QH2@" b2/ ++2bb*QMi"QH U_" *V M/ ii'B#mi2@" b2/ ++2bb *QMi ' QH U " *VX

H K2 HX (k) ? p2 T°QTQb2/: "#H2/ "QH2@# b2/ ++2bb +QMi QH U:_" *V BN
© “#H2/ *B +mBib U:*V M/ 6mHHV >QKQKQ ' T?B+ 1M+ vTiBQM U6>1V "2 mb2/ Bl
© “#H2/ +QKTmi iBQM Bb mb2/ BM _QH2@# b2/ ++2bb +QMi'QH U_" *V K FBM; Bi |
++2bb "2 bbQ+B i2/rBi? i?2B" "2bT2+iBp2 bbB;M2/ "QH2bX HH i?2/2i BHb Q7
b2 'p2 X M ii +F2° Bb MQi #H2 iQ FMQr i?2 "QH2b 2p2M B7 i?2 :_" * Bb +QKT Q
ai’B+i a2+m BivBM *HQm/ 1MpB QMK2MiX

> #B# 2i HX (kd) ? p2 T°QTQb2/i?2 .vM KB+ ++2bb +QMi QH bvbi2K BM i?2
+QMi"QH bvbi2K +QMbBbib Q7 K BMHv 7Qm " KQ/2Hb M K2Hvi?2 . i ++2bb B;?iK
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KM ;2K2Mi KQ/2H M/ mi?Q Bx iBQM KQ/2HX h?2 /i ++2bb "B;?i KQ/2H +QMb
r2B+? ++2bb "B;?ib "2 2T 2b2Mi2/ #v ++2bb "B;?ib M/i?2 ?B2" "+?B+ H "2H iB
Bb 2T 2b2Mi2/ #v 2/;2bX
SQHB+v KQ/2H +H bbB}2b SQHB+B2b BMiQ /Bz2 2Mi + i2;Q°B2b Q#HB; iBQMb
/2 /[HBM2 U.V M/ mb2 T 272°2M+2b U6VX SQHB+B2b Kmbi "2T 2b2Mi i?2 2 am#ELC
2bQm*+2 U_bV- b2i Q7 mH2b U_V M/ T'272°'2M+2 U6VX 1p2°v TQHB+v Km
- _b- _-*-P-.-6VX ++2bb +QMi'QH K M ;2K2Mi KQ/2H +QMbBbib Q7 J Mv am#
"2 b HBF2 2[m2bi J M ;2K2Mi- *QKKmMB+ iBQM- 1b2" J M ;2K2Mi- . i J M ;2K
2i+X mi?Q Bx iBQM KQ/2H +QMbBbib Q7 i?°22 bi ;2br?2°2/2+BbBQM K FBM; Bl
SQbi@bi ;2 Q7 /i ++2bb HQM; rBi? + 2/Bi H2p2H +?2+FBM; Q7 i?2 mb2"X
amM@JQQM CQ (jy)? p2T°'QTQb2/ b2+m 2 ++2bb TQHB+v K2i?Q/ 7Q" .vM KE
UsJGV /i 2MpB " QMK2MiX h?2 mi?Q BbrQ'FBM; QM _2bQm +2 1{+B2Mi a2+m
iQ/ i Bb HHQr2/ ++Q /BM; iQ S'BpBH2;2 AM7Q K iBQM- a2+m Biv SQHB+v- mi
SQHB+vX AMi?Bb T T2 Bi 7Q+mb2b QMHv QM i?2 ++2bbB#H2 "2 b 2H2K2Mi m
2H2K2Mi mMBib p2°vbK HH ++2bb TQHB+B2b "2 TTHB2/X h?Bb SQHB+v ++2bb
2p2°v bK HH ++2bb TQHB+viQ rQ FQM i?2r?QH2 i *;2i/Q+mK2MiX
*?22M 2i HX (Re) ? p2 T QTQb2/ +QKKmMBiv K2/B+ HAMiIi2"M2i Q7 i?BM;b U*J,
T Qi2+iBQM Q7 K2/B+ H/ i BM?2 Hi?+ "2Bb T QpB/2/BMi2'KbQ7i° MbKBbbBQI
++2bb +QMi"QHX h” MbKBbbBQM T ' Qi2+iBQM Bb T'QpB/2/ #v bVvKK2i B+ 2M+"v
#v bvKK2i"B+ 2M+ vTiBQM M/ ++2bb +QMi QH Bb T QpB/2/ #v B/2MiBiv mi?2MiB
# b2/ QM i?2 "QH2 mM/2 r?B+? ++2bb Bb TTHB2/X AM +QKKmMBiv K2/B+ H A
7°QK p "BQmb AQhb "2 +QHH2+i2/ ii?2 ; i2r vb 7m’i?2  IJmHIB@S i? 7° ;K2Mi2/:
7Q° biQ  ;2X h?Bb +HQm/ /i Bb HHQr2/iQ ++2bb #v i?2 mb2" ++Q ' /BM; iQ ?
Mmi?Q Bx iBQM HHQrb /i iQ#272i+?22/ QMHvV 7°QK h?B°/S "iv*HQmM/ Q7 +QKKm|
a?BM 2i HX (9e)? p2T QTQb2/i?2 MQMVKQmb mi?2MiB+ iBQM M/ mi?Q B.
T QTQb2/rQ " Fmb2b b?Q ii” +2 #H2 bB;M im 2bX AM i?Bb b+?2K2-irQ mi?Q BiE
Bb ;" QmT K M ;2° M/ MQi?2 Bbi?2 mi?Q'Bx iBQM K M ;2°X h?Bb b+?2K2 +?B
/IBz22Mi K M ;2°b7Q" :"QmT K2K#2 b?BT M/ mi?Q Bx iBQMX h?2 "QH2 Q7 i?2
OmMT K2K#2 b?BT # b2/ QM a?Q’ii° +2 #H2 bB;M im"2bX mi?Q Bx iBQM K M ;2
# b2/ QM i?2B° "2 HB/2MiBiv- mi?Q Bx iBQM HBbi Q7 HH mb2'b HQM; rBi? i?2|
T°'QpB/2°X i MviBK2i?2 a2 pB+2 T 'QpB/2°/2i2+ib AHH2; H +iBpBivBirBHH bF
Bb T bb2/iQi?2:"QmTK M ;2° M/ mi?Q Bx iBQM K M ;2 7Q  7m’ i?2°  M2+2bb v
: #BHHQM 2i HX (ke) ? p2 T°'QTQb2/ 2?B;?Hv 2tT 2bbBp2 ii'B#mi2@# b2/
KQ/2HX h?Bb JQ/2H Bb mb2/ 7Q i?2 J2bb ;2 Zm2mBM; h2H2K2ivh® MbTQ i UJZh
Bb mb2/ 7Q° Sm#HBb?2 @bm#b+"B#2  L2irQ'F 7Q  i?2 AMi2"M2i Q7 h?BM;bX q?:
BMp BQmbiQTB+b- bm#b+ " B#2 b ;2i K2bb ;2b mM/2  i?2iQTB+b 7Q r?B+? i?2v
QMHv QM2 h"mbi2/ ""QF2 " BbrQ ' FBM; BM JZhh S'QiQ+QHX h?Bb T T2 HbQ bbr
ii?2h> MbTQ i H v2 #2ir22M HH MQ/2b Q7 i?2 AQh M2irQ"FX mi?Q b ? p2 mb2/
iQ /2}M2 i?2 T°'QTQb2/ KQ/2HX h?2 ++2bb +QMi'QH 2M7Q +2K2Mi bvbi2K BM |
IM7Q +2K2Mi SQBMi US1SV- SQHB+v .2+BbBQM SQBMi- SQHB+v AM7Q K iBC(
M/ SQHB+v /KBMBbi® iBQM SQBMi US SVX GQ;B+ Ha2+m Biv TQHB+B2b 7Q" i
.2b+ " BTiBQM 6" K2rQ'FU_.6VXS1S BMi2 +2Tib HHi?2JZhh “2[m2bib M/ 7Q"r */
?2HT 7' QK SAS BM /2+B/BM; i?2 ++2bb M/ b p2bi?2 "2bmHib BM SASX
_i?7Q°2 2i HX (9k) ? p2 T°QTQb2/ M ++2bb +QMi"QH KQ/2H 7Q° QMHBM2 bQ
rQ"Fb QM "2bQm +2b b? "2/ #v aBM;H2 Q" JmHiIBTH2 S "'iB2b QM PMHBM2 aQ+B
L2irQ'F b _2bQm +2b Bb b? "2/ #v KmHIBTH2 iBK2b- bQK2 iBK2b rBi?Qmi i?2 +Q
h mbi H2p2H Bb + H+mH i2/ KQM; 1 +? PrM2 Q7 i?2 2bQm +2X ++2bb SQHB+vVv
H2p2H- bi'mbi Bb ?B;?2° KQM; 6 KBHv K2K#2'b M/ HQr2 "  BMLQ K H 7' B2M/bX
"2T°2b2Mi2/ #v mbBM; Mbr2 a2i S°'Q;" KKBM;X

iX AM/B M Ah G rb 7Q° S'Bp +RQhT 2pXMi /i i?°2 i QM i?2 +HQm/- K Mv T Qi
/2bB;M2/ M/ BKTH2K2Mi2/ Bi + M #2 b22M 6 QK h #H2b kXR@kXjX hQ T 2p2Mi /
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h #H2 jXR
AM/B M Ah +ib QM 1H2+i'QMB+ . i M/ Bib J M ;2K2Mi
a2+iBQM K2M/2/ mH 2
a2+iBQMb ++Q /BMa2+iBQM 40 /BM|
# b2/ QM +QM+2 M2/ iQ AM/B M++Q‘/BM;iQ AM/B M
Bbbm2hb Ah +i iQ AM/B MAh +i KYRR
kyyy Ah +ikyy3 y
_2i2MiBQM Q7 2H2+i"QMB+ 2+Q /bX d g
aZz+m 2 2H2+i QMB+ 2+Q / R9 R9
1 *
*2°iB7VBM; mi?Q BiviQ 7QHHQr +2°i BMjV‘Q+2/miép..
S2M Hiv7Q / K ;2iQ i?2 +QKTmi2 - +QK5mi2‘ 9]
bvbi2K- 2i+X ! 9]
h KT2'BM; rBi? +QKTmi2 bQm +2 /Q+mK2MibX e8
ee
> +FBM; rBi? i?2 +QKTmi2 bvbi2KX ee ee*
eeb
N . . dy
S Qi2+i2/ bvbi2K dy dy"
*QM}/2MiB HBiv M/ S'Bp +v # 2 +? dk dk
2bTQMDB#BHBIV Q7 b2 pB+2 T QpB/2 | M/ mi?Q Bx2/ ;2Mitl
++QmMi m/Bi M/ AM7Q K iBQM avbi2K//72i BHb Q7 3
i?2 b2'pB+2 T°QpB/2° M/ mi?Q " Bx2/ ;2Mib
Certifying Authority
Section 30
Section
14, 70, 70A, 70B
_Soctinn
43,43A_66 72.72A
) \ Data on Section ﬁ
) Database 66, 660, 66F
i Storage "'
J' . 4 Section 7,7A I
Servics Provider Service to Users
Rule 7 and 8
6B; X ) XRH2 Q7 p BQmb Ah +i b2+iBQMb . i M/ Ah _2bQm +2b

K DQ® "QH2- #mi i?2B° "QH2 Bb HBKBi2/ r?2M G rb /Bz2> 7°QK +QmMi’'v iQ +Qm!
AM/B M Ah *h kyyy (N)BMi?Bb "2; "/BMi?2v2 ~kyyy-H i2° K2M/K2Mibr2'2/QM

i M/BibJ M ;2K2Mi Bb b?QrM BM h #H2 jXRX
o BQmb TQBMib 2T QpB/2/ 2H i2/iQ i?2 _2i2MiBQM Q7 1H2+i QMB+ _2+Q "/
*2iB7vBM; mi?Q ' Biv6QHHQr2/ S°Q+2/m 2-2i+X h?2v "2 b?QrM BM 6B;m 2 jXR
a2+iBQM2i2MiBQM Q7 2H2+i " QMB+ "2+Q°/b BM Bib Q°B;BM H ;2M2" i2/ 7Q K i Bb
iQ F22T 2H2+i"QMB+ "2+Q° /b 7Q° +2 i BMT2'BQ/7Q bm#b2[m2Mi 272 2M
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M iBQM/ i2 M/iBK2 Q7 /BbT i+? Q> "2+2BTi/2i BHbX h?Bb TQBMir b K2M/
d m/BiQ7 .Q+mK2Mib 2i+X BM 1H2+i"QMB+ 7Q K i?2°'2Bb T QpBbBQM 7Q
T°Q+2bb2/ BM7Q K iBQM fmMT Q+2bb2/ BM7Q K iBQMX
a2+iBQMaROmM 2 2H2+i"QMB+ "2+Q°/ #v i?Bb Bi K2 Mb i? i Mv b2+m Biv T'Q+2/m
"2+Q7/iQ F22T Bi b2+m 2 /m"BM; i bT2+B}+ TQBMi Q7 iBK2 i?2M i? i 1H:
a2z+m 2 2H2+i'QMB+ "2+Q° /7 QK bm+? TQBMi Q7 iBK2 iQ i?2iBK2 Q7 p2 B}
a2+iBQM3yiB7vBM; mi?Q BiviQ 7TQHHQr T°Q+2/m 2b 7°QK K FBM; mb2 Q7 Ah AM
BMi'mbBQM M/ KBbmb2- S'QpB/BM; 2HB #BHBiv BM p "BQmb b2 pB+2b
T°Q+2/m*2biQ 2Mbm* 2 i? ii?2 b2+'2+4v M/ T'Bp +vQ7i?2/B;Bi HbB;M im"
bm+? Qi?2 bi M/ /b bK v #2bT2+B}2/ #v "2;mH iBQMbX aQK2 M2r TQBMib
kyy3- "2TQbBiQ'v Q7 HH 1H2+i"QMB+ aB;M im 2 *2"iB}+ i2b Bbbm2/ mM/:
M/ Tm#HBb? BM7Q K iBQM "2; "/BM; Bib T +iB+2b- 1H2+i"QMB+ aB;M im 2
bm+? +2°iB}+ i2bX
a2+iBQMS2M Hiv7Q / K ;2iQi?2 +QKTmi2 -+QKTmi2 bvbi2K-#v MvmM mi?Q B
"2i'B2p2 Mv7Q KBM7Q K iBQM- +Q " mTib i?2 bvbi2K rBi? pB ™ mb- Mv bQ
b? HH #2 HB #H2 iQ T v/ K ;2b #vr v Q7 +QKT2Mb iBQM MQi 2t+22/BM; QM
bQ z2+i2/X J MBTmH iBQM Q" i?27iiQ /i BM Mv 7Q KBb HbQ +QMbB/2 2
*h kyy3X
h?2 M2r bm#b2+iBQM iQ i?Bb Bb HbQ //2/ b 69] *QKT2Mb iBQM 7Q" 7 BH
+Q'TQ  i2 #Q/v Bb mM #H2 iQ K M ;2 b2MbBiBp2 /i r?B+? Bi QrMb K FBM;
i?72Mi? i*Q ' TQ i2BbHB #H2iQ T v/ K ;2b#vr vQ7 +QKT2Mb iBQM- MQi 2
iQi?2T2'bQM bQ z2+i2/X
a2+iBQM &BR2"BM;- /2bi QvBM;- +QM+2 HBM; Q° Mv 7Q°K Q7 / K ;2iQ +QKTmi2"
+Q/2Bb/QM2 FMQrBM;Hv Q° BMi2MiBQM HHv-r?2M Bi Bb "2[mB 2/iQ #2 K E
BM 7Q +2-b? HH #2 TmMBb? #H2 rBi? BKT ' BbQMK2Mi mT iQ i?°22 v2 "b-Q
iQIirQH F? "'mT22b-Q rBi? #Qi?X
a2+iBQMetePBM; rBi? i?72 +QKTmi2 bvbi2K- Mv S2°'bQM r?Q ? +Fb i?2 bvbi2KJ M
BM7Q°K iBQM "2bB/BM; BM +QKTmi2 "2bQm +2 b? HH #2 TmMBb?2/ rBi?
Q rBi? }M2 r?B+? K v 2ti2M/ mT iQ irQ H F? "'mT22b- Q  rBi? #Qi?X L2r bm#
/12] BM Ah +i kyy3 b,
a2+iBQMSeeMBb?K2Mi 7Q° B/2MiBiv i?27iX IM/2  i?Bb TQBMi r?Q bQ 2p2° /
i?727i-b? HH #2 TmMBb?2/ rBi? BKT ' BbQMK2Mi Q7 2Bi?2" /2b+ BTiBQM
i?7°22v2 b M/ b? HH HbQ #2 HB #H2 iQ }M2 r?B+? K v 2ti2M/iQ mT22b
a2+iBQMSemeMBb?K2Mi 7Q " +v#2  i2° " Q'BbKX IM/2  i?Bb TQBMir?Q bQ 2p2°r
mMBiv- BMi2; Biv- b2+m 'Biv Q"  bQp2 2B;Miv Q7 AM/B Q iQ bi'BF2 i2""
Q7 i?2T2QTH2 #v mM mi?Q " Bb2/ ++2bb M/ MvbQ'iQ7/ K ;2iQ Mv +Q
Tmi2 /i # b2 Q  *v#2 +'BK2 mbBM; bm+? +QM/m+i + mb2b GQbb2b iQ >
Q /p2°b2Hv z2+ii?2 +'BiB+ HBM7Q K iBQM BM7" bi'm+im 2 BM bT2H+
TmMMBb? #H2 rBi? BKT BbQMK2Mi r?2B+? K v 2ti2M/ iQ BKT ' BbQMK2Mi 7C
a2+iBOQMUQi2+i2/ bvbi2KX h?2 ;Qp2 MK2Mi K v MQiB7v Mv *QKTmi2 bvbi2
b S 'Qi2+i2/bvbi2K ++2bb2/#v mi?Q ' Bx2/ T2°"bQMM2H QMHVX IM mi?Q
bvbi2K b? HH #2 TmMBb?2/ rBi? BKT'BbQMK2Mi Q7 2Bi?2" /2b+ " BTiBQM
i2Mv2 b M/ b? HH HbQ #2 HB #H2 iQ }M2X

AM Ah +ikyy3i?Bb TQBMi S'Qi2+i2/ bvbi2K Bb 272 °2/iQ b * BiB+ HAM7Q k
+QKTmi2" "2bQm +2-i?2 BM+ T +Bi iBQM Q" /2bi m+iBQM Q7 r?B+?- b? HH ? pZ
b2+m Biv- 2+QMQKv- Tm#HB+ 2?22 Hi? Q" b 72ivX h?2 ;Qp2 MK2Mi b?QmH/ 7TQHHQ
**BiB+ HAM7Q K iBQM AM7 bi'm+im 2X L2r bm#b2+iBQMb iQ i?Bb Bb HbQ //2/

a2+iBQM dyiBQM H MQ/ H ;2M+vX h?2 ;Qp2 MK2Mi K v /2bB;M i2 Mv Q°; MBxX |
;2M+v r?B+? b? HH #2 "2bTQMbB#H2 7Q° HH K2 bm 2bBM+HmM/BM; 2b2 A
T Qi2+iBQM Q7 *"BiB+ HAM7Q K iBQM AM7" bi'm+im’ 2X

a2+iBQM &WM7B M *QKTmi2  1K2 ;2M+v _2bTQMb2 h2 KiQb2'p2 b M iBQM H ;2\
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h?2 ;Qp2 "MK2Mi K v /2bB;M i2 Mv ;Qp2 MK2Mi ;2M+v bi?2 AM/B M *QKTm
h2 KrBi? HH i?2 "2[mB 2/ bi zX h?Bb i2 KrBHHrQ ' F QM p BQmb 2H2K2\
*v#2 b2+m ' BivX Mv b2 pB+2 T°QpB/2 - BMi2 ' K2/B "B2b-/ i +2Mi2 b- #Q/v
iQ T'QpB/2 i?72 BM7Q°K iBQM + HH2/ 7Q" b? HH #2 TmMBb? #H2 rBi? BKT"
2ti2M/iQ QM2 v2 " Q  rBi? }M2 r?B+? K v 2ti2M/iQ QM2 H F? "'mT22b Q rBi?

a2+iBQMsAM- Hiv 7Q° #°2 +? Q7 +QM}/2MiB HBiv M/ T°'Bp +vX Mv T2 bQM r?Q
2H2+i'QMB+ "2+Q /- #QQF- “2;Bbi2 - +Q '2bTQM/2M+2- BM7Q K iBQM- /Q
i?72 +QMb2Mi Q7 i?2 T2 ' bQM +QM+2" M2/ M/ /Bb+HQb2b i?2K iQ Mv Qi?2" -
BKT'BbQMK2Mi 7Q° i2°'Kr?B+? K v 2ti2M/iQ irQ v2 "b- Q  rBi? }M2 r?B+? |
"'mT22b- Q rBi? #Qi?X AM Ah +ikyy3 .2}MBiBQM Q7 Mv S2°bQM HbQ +QMb
X AKT'BbQMK2Mi 7Q° i2 ' Kr?B+? K v #2 2ti2M/2/iQ i? 22 v2 "b- Q rBi?
iQlp2H F? mT22b- Q rBi? #Qi?X

AM kyRR L2r Ah "'mH2b r2°2 Bbbm2/ (RR),

_MH2 2bTQMbB#BHBIv Q7 b2 ' pB+2 T ' QpB/2° M/ mi?Q Bx2/ ;2Mib, h?2 ;Qp2 M\
T QpB/2° M/ mi?Q Bx2/ ;2MiiQ F22T 2p2°v /2i BH Q7 2H2+i QMB+ b2 pB+:
b? HH #2 T°Q/m+2/ 7Q  BMbT2+iBQM M/ m/BiX

_mMH2 3IXQmMi m/Bi M/ AM7Q K iBQM avbi2K /2i BHb Q7 i?2 b2 pB+2 T QpB/2° M
K2Mi K v /B 2+i 2p2'v b2 pB+2 T°'QpB/2° M/ mi?Q Bx2/ ;2MibiQ ;Q 7Q" m/
+?2+F p "BQmb T ~ K2i2'b Q7 b2+m 'Biv- +QM}/2MiB HBiv M/ i?2 T'Bp +v Q7
Q7 Mv bQ7ir "2 TTHB+ iBQM mb2/ BM i?2 2H2+i QMB+ b2 pB+2 /2HBp2 v
++QmMib F2Ti #v i?2 b2 ' pB+2 T'QpB/2°b M/ mi?Q Bx2/ ;2Mib Bb K BMi B
M/ mi?Q Bx2/ ;2Mib Kmbi "2+iB7vi?2/272+ib M/ /2}+B2M+B2b TQBMi2/ Qr
i?72 iBK2 HBKBi bT2+B}2/ #v i?2 m/Bi ;2M+vX

.m2iQi?2/2+H i BQM7Q T ' Qi2+iBM; i?2/ i Q7 2p2°'vBM/BpB/m Hi> Mb +iBC

#v 2p2°'v b2°pB+2 T'QpB/2°b M/ i?2 mi?Q ' Bx2/ ;2MibX S Qi2+i2/ /i b?QmH/

BM mM mi?Q Bx2/ r v rBi?Qmi i?2 r'Bii2M +QMb2Mi Q7 2Bi?2" i?2 BM/BpB/m H

Pi?2°rBb2-i?2 :Qp2 MK2Mi Bb HHQr2/iQ i F2 M2+2bb v +iBQM mM/2  b2+iBQN

T°QpB/2°b M/ i?2 mi?Q ' Bx2/ ;2MibX

9X "HQ+F+?7BMXF+? BM T QpB/2b MmK2 Qmb #2M2}ib BM i2°'Kb Q7 a2+m Biv
r MibiQi F2 /p Mi ;2 Q7 BiX "HQ+F+? BM T QpB/2bi?2 #2M2}i Q7 AKKmi #BHBIiv-
.Qm#H2@aT2M/ _2bBbi Mi- *QMbBbi2Mi ai i2 Q7i?2 G2/;2-_2bBHB2Mi M/ m/Bi
QM+2 i Mb +iBQM Bb/QM2 QM i?2"HQ+F+? BMBi+ MMQi #2 Hi2 '2/X 1p2°'v LQ/
? b? M/ /B;Bi HbB;M im'2b "2 mb2/iQ KF2 Bi 6Q ;2°v _2bBbi MiX 1p2°v MQ/
? p2 2[m H "B;?ib HBF2 BM .2KQ+" iB+ bim+im 2- MQ QM2 Bb TQr2 ' 7mH i? M Qi
"HQ+F+? BM Bb /QM2 #v HHQrBM; iQ ++2bb 2p2°vi>  Mb +iBQM mT iQ i?2 ;2M2bB
"2 m/Bi #H2- HH T°2pBQmb MQ/2b "2 ++2bbB#H2 pB ? b? 7TmM+iBQMX

"HQ+F+? BMb "2 Q7 i?°22ivT2b, Sm#HB+- S'Bp i2 M/ *QMbQ iBmK "HQ+F+? E
+ MS "iB+BT i2-r?2°'2 bBM S'Bp i2"HQ+F+? BM mi?Q Bx2/ mb2° ' Bb HHQr2/iQ
#v +2Mi° HBx2/ mi?Q BivX b BM S Bp i2"HQ+F+? BM LmK#2> Q7 mb2'b "2 BM |
b +QKT "2/ iQ Sm#HB+ "HQ+F+? BMX AM i?2 *QMbQ iBmK "HQ+F+? BM- i?2 +Q
T 2@b2H2+i2/ b2i Q7 MQ/2b-i?2b2 b2H2+i2/ MQ/2b +QMi " QH i?2 mi?Q 'Bx iBQM

1 +? MQ/2BM"HQ+F+? BM Bb +QMM2+i2/iQBibT 2pBQmb MQ/2-# +Fr "/iQi?:
/IBbi'B#mi2/ M2irQ'FX 1 +? MQ/2 biQ 2bi?2> b?p Hm2 Q7 i?2 T 2pBQmb MQ/2- #
Q7 "HQ+F+? BMX o "BQmb T * K2i2'b "2 biQ'2/ BM 2 +? MQ/2 Q7 "HQ+F+? BM H
i?72 T 2pBQmb MQ/2- hBK2bi KT p Hm2-J2 ' FH2 i°22 "QQi? b?-.1-LQM+2p Hm2

Ai Bb ;2iiBM; /IB{+mHiiQ +? M;2 "HQ+F+? BM S 2pBQmb LQ/2 T * K2i2 b b Bi
BM MmK2 " Qmb TTHB+ iBQMb BM +?B2pBM; i?2 .2bB 2/ a2+m Biv H2p2HX h #H:
#v "HQ+F+? BM BM p 'BQmb F2v "2 bX

*22M 2i HX (Rd) ? p2 T°'QTQb2/i?2 mb2 Q7 "HQ+F+? BM BM i?2 2/m+ iBQM b
bim/2Mi "2 iQ #2 biQ 2/ BM i?2 "HQ+F+? BM BM+HmM/BM; bbB;MK2Mib- 2t K "2bn
6 m/BM2/m+ iBQM-r?B+? + M#2 ++2bb2/#vbim/2Mi A.X"HQ+F+? BM+ M#2 mb
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Index Value Index Value O Index Value
Timestamp Value Timestamp Value 8 Timestamp Value
Previous Hash Value Previous Hash Value g Previous Hash Value
Merkle Tree Root Hash Merkle Tree Root Hash Merkle Tree Root Hash

Data Data > Data

Nonce value Nonce value Nonce value

()
°
o
P
o]
=
=
T
—
n

6B; X XXRQ+F+? BM LQ/2b rBi? aiQ'2/ S * K2i2'b

h #H2 9XR
_2b2 "+? Abbm2b rBi? i?2 mb2 Q7 "HQ+F+? BM b i?2 bQHmMiBQM
2 HrBi? Bbbm2b aQHmMIiBQM T QTQb2/
*22M 21 HX (R&)m/ BM 1/m+ iBOM aim/2Mi 1/m+ iBQM /21 BH BM "HQ+F+? BM

"QIIHZM2+F Bbbm2 M/ +7 Mi2h O7 .. -
GB 2i HX (j8) +QKT QKBbBM; +2Mi° HBx2/ }BiJ'ZB'\,’\'A' ﬁgi‘éig E}Mh rBi? HH
KM :2K2Mi b2 p2° BM o L1h '

"mMbiOKBXx2/ S Q/m+i S Q+20b"HQO+F+? BM Bb mb2/iQ K BMi BM

*2mM; 20 HX| (R3) ;2K2Mi Bb /B{+mHi iQ i Q7 S°Q+2bbJ M ;2K2Mi BM
K BMi BM BM *Q;MBiBp2 J MM7Q:+MBIBW2 J Mm7 +im BM;
amM 21 Hx (gé;)‘mbi Bbbm2b BM b? "BM; "HQ+F+? BM + M #2 mb2/ 7Q] i'mbi@
b2/ aK i +BiB2b #MBH/BM; BM b? "BM; # b2/|oK i +BiB2b

Abbm2 Q7 BMi2 " HBM2 +? “;2b"HQMmAmbH?QBWM + M ?2HT BM
;2MmBM2 #QQFBM;b iQ ;2M|bkéiBME BRBKR; bBM;H2 "2+Qf/
"XoBMQ/ (8k) M/ i +FBM; Q7 #QQFBM; 7Q 7Q " BM22iHBM2 +? *;2b-
#2+QK2b i2/BQmb i bF r?2M KMHIBTH2 Q7 #QQFBM;b M/
bBi2b "2 mb2/7Q  #QQFBM;b '2+Q '/ Q7 #QQFBM;b 7Q" T QT2 ivX

S iB2Mi >2 Hi? . i biQ ;2 Bb/QM2 BM
>v# B/ "HQ+F+? BM- BM S Bjp i2

"HQ+F+? BM ii?2 HQ+ H>QbTBi H M/
*QMbQ''iBmK "HQ+F+? BM ili?2ITT2"
H2p2HX >v# B/ "HQ+F+? BM|K F2b i?BM;b
/IB{+mHi 7Q° M ii +F2°X
.B;Bi H7Q 2MbB+b BMpQHp2bAQ@2/B ;B2 MM;7Xy 2MbB+b Bb
~vm 2i HX (9j))M/ /B{+mHi T°Q+2/m 2 BM AQK 7DbBKTH2  rBi? i?2
b2Mi K2bb ;2b mb2 Q7 "HQ+F+? BM

S iB2Mi >2 Hi? . i biQ" ;2
> M 2i HX (KNBM +2Mi° HBx2/ bvbi2K Bb
T QM2 iQ +v#2°@ ii +FbX

*mTC2M+v + M #2 "2r /2] 7Q° aK ti +QMi’ +ib #2ir22M bim/2Mib M/ i2 +?2°bX h?
h2 +?22°b M/ b+?QQHb r?2°2 h2 +?22°b "2 "2r “/2/rBi? .B;Bi H+m "2M+v # b2/ QM
i2 +?BM; +iBpBiB2bX

GB 2i HX (j8) ? p2 T°QTQb2/i?2 mb2 Q7 "HQ+F+? BM BM i?2 "2 Q7 02?B+H?2
/BiBQM HHv o L1h rQ"Fb BM +2Mi°> HBx2/ bvbi2K r?2°2 Bi Bb +QMi " QHH2/ #v i?:
h?2 +2Mi° HBx2/ bvbi2K #2+QK2b i?°2 iiQ Bib K2K#2'b QM+2 Bi Bb +QKT QKBb2
i HBx2/ bvbi2KBb T QM2 iQ bBM;H2 TQBMi Q7 7 BHM 2 /m2iQ 2t+2bbBp2 HQ /
+2Mi° HBx2/ bvbi2Kb 7°QK i?2 2t+2bbBp2 HQ / M/ #QiiH2M2+F T 'Q#H2K mi?Q "t
bvbi2K rBi? "HQ+F+? BMX 02?B+H2b "2 KQpBM; QM i?2 "Q /BM ;"QmTb-i?2B" S
"2 +QKKmMB+ i2/iQ i?2 _Q /bB/2 mMBi #v QM#Q */ mMBi BMbi HH2/ BM i?2 p2?I
i?72b2 "2 H@iBK2 p2?B+H2 T °~ K2i2'biQ i?2 *2 iB}+ iBQM mi?Q Biv M/ Qi?2" bz
i pBH #H2BM i?2 +Q 2 M2irQ"FBb biQ 2/ BM S'Bp i2"HQ+F+? BMiQ K F2 Bi K

*2mM; 2i HX (R3)? p2T°'QTQb2/i?2mb2 Q7 "HQ+F+? BMBMi?2 "2 Q7 *Q;MB
+QKT2iBiBQM BM i?2 K "F2i Bb BM+'2 bBM;- *QKT MB2b ? p2 bi "i2/iQ ii  +i +mt
+MmbiQKBXx iBQM QM T Q/m+ibX h?2b2 +mbiQKBx iBQMb QM T ' Q/m+ib BM+°2 b2 "
BM T Q+2bb K M ;2K2MiX HH /i ;2M2" i2/ 7°QK T ' Q/m+i +mbiQKBx iBQM iQ K M
BM #HQ+F+? BMXBi ?2HTb BM mM/2 bi M/BM; +mbiQK2 i'2M/b M/ /2K M/X a?2
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T°Q+2bb "2 mb2/7Q°  KQMBIQ ' BM; Tm TQb2bX . i ;2M2" i2/ #v i?2b2 b2MbQ" b
#2 ++2bb2/iQ /2i2+i Mv /2pB iBQM BM i?2 "2[mB 2/ T ~ K2i2 bX

amM 2i HX (93)? p2T'QTQb2/"HQ+F+? BMBM a? 'BM; # b2/ bK "i +BiB2bX "H
>mK M- Q°; MBx iBQM M/ i2+?MQHQ;v BM #mBH/BM; i mbi BM bK "i +BiB2bX hQ
K /2 #v ?mK Mb- "HQ+F+? BM TH vb M BKTQ'i Mi "QH2X . i '2+2Bp2/ 7' QK p 'BQ
biQ 2/ rBi? i?72 ?2HT Q7 "HQ+F+? BM #mBH/b i mbi BM b? "BM; # b2/ a2’ pB+2b K
#v "HQ+F+? BM #mBH/b i mbi BM /2+2Mi° HBx2/ MQ/2b- 2Bi?2° K v #2 mb2/ 7Q"
b? "BM; # b2/ bK i +BiB2bX

"X oBMQ/ (8k)? bT°QTQb2/i?2 mb2 Q7 "HQ+F+? BM BM "mbBM2bb "2H i2/iQ h
B'"HBM2 + M mb2 /B;Bi HiQF2Mb r?B+? + M #2 ++2bb2/ #v mbBM; + vTiQ+m ~2M-
+'vTiQ+m "2M+v r?B+? + M #2 i F2M #v i?2 M2ti B'HBM2X S'Bp i2 "HQ+F+? BM +
B'"HBM2b M/ ;2Mib 7Q " i° +FBM; "2+Q /b Q7 b H2b r?B+? ?2HTb BM b2+m 2 T v
T°QT2ivBb #QQF2/ #v KmHiIBTH2 bBi2bX hQ 2HBKBM i2 i?Bb T'Q#H2K "HQ+F+7? |
i?72 #QQFBM; "2+Q°/ Q7 T QT2'ivX aK i +QMi" +ib + M #2 ;2M2" i2/ mbBM; K -
"HQ+F+? BMX

> M 2i HX (kN)? p2 T°QTQb2/i?2 mb2 Q7 "HQ+F+? BM biQ'BM; K2/B+ H “2+Q
i?72>QbTBi H+? BM-2p2' v >QbTBi HbiQ 2b S iB2Mi >2 Hi? /i BMi?2B" +2Mi" H
7Q° +v#2 @ ii +Fb HBF2 g MM * v ° MbQKr "2 ii +FX hQ T 2p2Mi *v#B"@/ii +Fb
BM /2@+2Mi° HBx2/ 7Q K mbBM; >v# B/ "HQ+F+? BMX S iB2Mi >2 Hi? . i Bb biC
>QbTBi HH2p2H-B7i?2 T iB2Mi HHQrb BiiQ b? "2 KQM; Qi?2" 2MiBiB2b Q7 i?2
*QMbQ iBmK "HQ+F+? BMX hrQ "HQ+F+? BMb "2rQ FBM; QM2 ii?2>QbTBi H H2
+? BM H2p2H T°QpB/BM; KQ'2 b2+m BivBM i?2/2@+2Mi- HBx2/ 6Q KX

~vm 2i HX (9j) ? p2 T°'QTQb2/iQ mb2 "HQ+F+? BM 7Q° APh .B;Bi H 6Q 2MbB
p M+2K2Mi rBi? iBK2- 1tTQM2MiB H :"Qri? Q7 AQhoéb ? /2 TT2M2/X AQh + M *QK
T2 "2[mB 2K2Mi- BM *HQm/- QM L2irQ'F Q  /B'2+iHvX 6Q  .B;Bi H6Q 2MbB+b F
[2pB+2b + M #2 2tTHQ 2/X .Bp2 'bB}+ iBQM Q7 AQhdb hvT2 M/ mb ;2 ? bK /2 .B;l
?2 p2T°QTQb2/ "HQ+F+? BM iQ biQ'2 +QKKmMB+ iBQM /2i BHb Q7 APhdb #v r?B+
“2}M2/ K MM2'X "HQ+F+? BM + M #2 ++2bb2/ #v Mv QM2 Q7 i?2 S "iB+BT Mib .2
a2 'pB+2 S'QpB/2° M/ AMp2biB; iQ° 7Q" .B;Bi H6Q 2MbB+bX

8X h?2 M22/ 7Q  Ib2° M/ *v#2 @S?vbB+ H .2pB+2 h®™ Mb +iBQM mi?2MiB+ iB
Ib2° ++2bb2b Bib biQ 2/ /i 7°QK *HQmM/ . i # b2b- S2°7Q°'K M+2 Q7 +HQm/ / i #
i2+im 2 Bi Bb 7TQHHQrBM;X SQHB+B2b iQ #2 BKTH2K2Mi2/ QM *HQm/ . i # b2b B
#v S1SX h?2 #2bi bmBi #H2 "+?Bi2+im 2 7Q  *HQm// i # b2b Bb .2@+2Mi° HBx2/
b?QrM BM 6B;m 2 8XRX

*HQm/ . i biQ ;2 iQ J MBTmH iBQM "2H i2/ b2 pB+2b Bb T°QpB/2/ #v *HQm/
b2+iBQMb Q7 mb2 bX ++Q /BM; iQ i?2 AM/B M Ah +i HH i?2 Bbbm2b Q7 . i
#2 K M ;2/ #v a2 ' pB+2 S 'QpB/2°X A7 Mv Bbbm2 "2H i2/iQ /i T Bp +viQ /i H2
"2bTQMbB#BHBiv Q7 i?2 a2 ' pB+2 T'QpB/2"  iQi F2 + "2 Q7X 6Q" #2ii2° +QMi " QH
+?B2p2 #2ii2° +QMi"QH BM mi?2MiB+ iBQM M/ mi?Q Bx iBQM #v mbBM; p "BQr
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h #H2 8XR
0 "BQmb mi?2MiB+ iBQM M/ mi?Q Bx iBQM SQHB+B2b p BH #H2

M/2  AM/B M Ah G rb
0 BOmb mMi?2MiB+ iBOM SQHBFR2DB QnBiH W H2 "Bx IBOM SOQHBHB2b p BH #H2 "2
THHBTIB+ +m p2 + vIiQ, T?v | q" *Uh2 K@# b2/V

"BO > b?BM; T
2H{2@>2HHK M B* M*"HQmM/ bBKmMH iBOM TH i70 K
h"BTH2 .1a sJG

aBKTH2@>QKQKQ T72B+ IM+ VvIiBOM
*Hmbi2 BM; T

bi?2/i a? "BM; #2ir22M *v#2 @S?vbB+ H bT +2 (jd- k3) Bb BM+ 2 bBM; / v
+?2+F i?2 S'Bp +v Q7 /i X h?2 "2[mB 2K2Mi iQ JQ/B7v 2tBbiBM; ++2bb M/ mi?(
Q7 iBK2X IM/2"i?2 AM/B M Ah +i kyy3 M/ Bibp "BQmb K2M/K2Mib- Bi Bb i?2 "2
K BMi BM HH i Mb +iBQM HQ;b 7Q° Mv 7mim 2 M22/ 7Q" " i?Bb a2+iBQM d M/ b2
F22Ti° +F Q7 HH 2H2+i"QMB+ i> Mb +iBQMb b2+m 2HvX

g?2M2p2° 2[m2bi Bb "2+2Bp2/ i .# a*HQmM/Bib?QmH/ #2 #H2iQ /Bz2 2MiB
b2 Q  *v#2 @S?vbB+ H .2pB+2X 1tBbiBM; mH2b aiQ 2/ BM S1Sb "2 MQi TTHB
*v#2 @S?vbB+ H/2pB+2bX ++2bb *QMi QH SQHB+B2b (Rk-8y) b?QmH/H2 #H2i
2pB+2X 1p2'v "2[m2biiQ /i BbiQ #2 b+ MM2/ M/ M2r _mH2 Bb "2[mB 2/iQ HF
K Mv *v#2 @S?vbB+ H .2pB+2b "2 "2[m2biBM; ++2bb iQ /i - 1tBbiBM; bvbi2Kb
i H ;2b+ H2 bT QTQb2/ BM (8e)X h?2°2 Bb 2[mB '2K2Mi iQ biQ 2 2p2°v i |
M/ i?2 bvbi2K b?QmH/ #2 #H2 iQ ? M/H2 G ;2L mK#2 Q7 _2[m2bibX

eX STQTQb2/1b2° M/ *v#2 @S?vbB+ H .2pB+2 h® Mb +iBQM mi?2MiB+ iBQM
*S. hJVX 1p2°v mi?2MiB+ iBQM M/ mi?Q ' Bx iBQM TQHB+v +?B2p2b Bib BMi2
H2p2H r?2M r2 b22 bi iBbiB+b Q7 . i H2 F ;2 M/ mb2° S'Bp +v + BK2b (k8- 9y- 9
mb2 /i QM .Bbi'B#mi2/ M2irQ"Fb BM *HQmM/ . i # b2b-J M ;2K2Mi Q7 mb2" /i I
i2+?MB[m2 r?B+? Bb # b2/ QM .Bbi B#mi2/ M2irQ FbX "HQ+F+? BM + M ?2HT BM
mb2° mi?2MiB+ iBQM M/ mi?Q 'Bx iBQM b b?QrM BM h #H2 eXR b "2[mB 2/ BM
+i kyy3 M/ Bib K2M/K2MibX

_2[m2bibiQ ++2bb . i 7°QKlb2" M/ *v#2 @S?vbB+ H .2pB+2 Bb "2+2Bp2/ i .¢
# a+HQmM/+ M ++2bbiQ /i BHH2; HHv M/ + Mi F2 #2M2}ibX h?2 #2M2}ib Q7 #]
pB2r2/BM (8R-ey-8N)X "HQ+F+? BM b2 p2° "+ MF22T M 2v2 QM AMbB/2" +iBpBit
AMbB/2°  GQ;:@BM *QMi"QH S 'QiQ+QH mbBM; "HQ+F+? BM Bb H'2 /v Tm#HBb?2
b2 p2° HbQ biQ 2bi?2 /i Q7 mb2" mi?Q ' Bx iBQM b r2HH b HQ;b BM /2i BHX £
mi?Q Bx iBQM _mH2b- Bib +iBpBivBb biQ 2/ BMi?2 "HQ+F+? BM MQ/2 b lb2" h°
e XRX

"HQ+F+? BM rBHH ?2HT BM KQMBiIiQ 'BM; i?2 +iBpBiB2b Q7 AMbB/2® 6°'QK m
mM2p2M +iBpBiv+ M #2 2 bBHv i +F2/ M/ "2bTQMbB#BHBiv + M #2 }t2/ rBi? 2
I'i 77QK AMbB/2" ;Q2biQ S1Sr?B+? HHQrb ++2bbiQ /i QMHvV B7i?2 mH2 7Q"
AMbB/2 X A7 _mH2 Bb MQi p BH #H2 i S1S-i? i "2[m2biiQ ++2bb /i 7' QK M B

h #H2 eXR
b2 Q7 "HQ+F+? BM i /Bz2 2Mi H2p2Hb

“2[m2bii0 ++2bb .1 7 QK Ib2 f*v#2 @S?vbB+ H .2pB+2
mi?2MiB+ iBOM mi?Q Bx iBOM
AMbBBJ 2P mibB/2° AMbBBJ 2P mibB/2°
; : . 2Q.Bx | h2+?MB[m2 rBi? "HQ+F+? BM 7Q"
HQ+F+? BM h2+?MB[m2 6Q" Ib2 mw%|.g+B'XE§B%M SQHB[H _2[m2bi%‘ FBM: Q
"HQ+F+? BM b2 p2 7Q +HOmM/ /i # b2 7Q a2+iBQM d M/ R9
UAM/B M Ah +ikyy3 M/ Bib K2M/K2MibV
IM/2° AM/B M Ah G rb
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6B; X &XXiR* h> Mb +iBQM . i BM "HQ+F+? BM LQ/2

h* +F 2 +2 "2[m2bi 7Q T "iB+mH /i -"HQ+F+? BM + M #2 mb2/ HQM; rBi? S.Sb;

AM Qm' S°QTQb2/ H;Q Bi?K R- qQ FBM; Q7 i?2 .2T2M/2M+v +?22+FTQBMi M/
T°QTQb2/BM (8d- 83-8e) BMi?2B" "2b2 "+?2rQ FBbb K2r2? p2BMi Q/m+2/i?2 +
JQ/2H HQM; rBi? "HQ+F+? BM a2 p2'b7Q  i° +FBM; 2p2°v "2[m2bi 7Q r /BM; #2i
+QMi'QH ++Q /BM;iQ a2+iBQM d M/ R9IM/2°  AM/B M Ah +ikyy3 M/ Bib K2M/K

H:Q Bi?KARIbDB/2 h? 2 iS 2p2MiBQM H,Q Bi?K 7Q .Bbi B#mi2/ S1S@S.S 1MpB
JOQ/2H

AMTmi, M AMbB/2® HB+2 "2[m2bi Z 7Q° ++2bbBM; /[ i Bi2K .- Z U HB+2 .V
"2+2Bp2b HB+2 "2[m2bi- "2[m2bi K v #2 7Q°r */2/iQ Qi?2  Qi?2° S1Sb BM i?2 av
S1Sk- XXS1SM- HQM; rBi? i?2b2 +QKKQM + +?2b U*S1SR- *S1Sk- X- *S1SMV-
+?2+FTQBMi .*S p BH #H2 i /2bB;M i2/ S.S7Q 2 +? b2i Q7 S1SbX

PmiTmi, ++2bb .2+BbBQM U:" Mi Q" 2D2+iV
R,A7 Z U HB+2- .V /Q2b MQi 2tBbi BM +Q "2bTQM/BM; S1S * +?22 i?2M :Q iQ ai2T
k, A7Z U HB+2- .V /Q2b MQi 2tBbi BM Qi?2° S1S * +?2 i?2M :Q iQ ai2T j2Hb2 :Q i
j, 6Q°r 7/ HB+2 "2[m2biiQ .2bB;M i2/S.S #v* HHBM; H;Q Bi?K k
,62i+? Z U HB+2- .V M/ 6Q°r '/ BiiQ*Q "2bTQM/BM; *S1S * +?22 M/ :Q iQ ai2T 8
,a2M/ _2[m2bi . iQ .2T2M/2M+v@*?2+FSQBMi 7Q " +?2+FBM; .2T2M/2M+B2b M/
JA7 .+ M #2 +QK#BM2/ rBi? EIQ BM72  BM7Q 'K iBQM i?2M :Q iQ ai2T d 2Hb2 :(C
,A7 *?2+F HB+2 ? b + +?22/ p Hm2 Q7 E i?2M Bi K v #2 TQbbB#H2 i? 2 i i?2]
.2bB;M i2/ S.S #v + HHBM; H;Q Bi?K k 2Hb2 :Q iQ ai2T 3
3,A7 HB+2 Bb MQii?2 + +?2/ p HmM2 Q7 ELQ i? 2 i7QmM/- "2@Bbbm2i?2 S1S + -

.i?2M :Q iQ ai2T N
NA7 .+ MMQi #2 +QK#BM2/ rBi? EIiQ BM72 " BM7Q K iBQMLQ i?°'2 i7QmM/-i?2M

7Q° HB+2 "2[m2biiQ .

o ® 0 ©

H;Q Bi?KSKLS _2[m2bi mi?2MiB+ iBQM mbBM; "HQ+F+? BM J2+? MBbKX

AMTmi, 2[m2bi Z "2+2Bp2/ i "HQ+F+? BM a2 p2° Q7 .2bB;M i2/ S.S a2 'p2° 7C
+?2+Fb 7Q° Z _2[m2bi Bb 7°QK S1SX
PmiTmi, ++2bb > Mi2/ Q" _2D2+i2/iQ0d S1S _2[m2bi #v "HQ +F+? BM a2 'p2°
R,A7 _2[m2bi 44 S1Si?2M :Q iQ ai2T k 2Hb2 :Q iQ bi2T 8
k, A7 GQ;BM A. aB;M im 2440 HB/ i?2M +QMiBMm2 i?Bb bi2T 2Hb2 :Q iQ bi2T ¢
i, A7 +m > "2Mi BM¥26 poHmM@ "2/ BM/2tp H2 > b? p Hm2 hBK2bi KT p Hm2 LQM+:
i?72M *°2 i2 L2r "HQ+F+? BM MQ/2 rBi? "2[m2bi2/i> Mb +iBQM /2i BHb M/ :Q iQ
9,:" Mi mi?2MiB+ iBQM rBi? IT/ i2iQ mb2 "2+Q°/ BM "HQ+F+? BM . i # b2 M/
a2'p2  #v* HHBM; H;Q Bi?K j
8,:Bp2 2 "Q K2bb ;2 M/ 1tBi
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i?7°2 i i Ah.l
PmiTmi,_2[m2bi TT Qp2/ Q _2D2+i2/

R,A7 .2bB;M i2/ S.S- mbBM; i?2 Ah.I- /2+B/2b i? ii?2°2 "2 MQ i? 2 i 2tBbib i?2N\
?Bbf?2" "2[m2bi2/.- HH *S1Sb "2+2Bp2 .2bB;M i2/S.S/2+BbBQM M/ *Q "2bTC
iQ ;2i ?Bb "2[m2bi2/ . X 2Hb2 :Q iQ ai2T k

k, A7 .2bB;M i2/ S.S- IbBM; Ah.l /2+B/2b i? i i?°2 i 2tBbib i?2M HB+2 Bb MQi
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6B;X 6040 FBM; Q7 S°QTQb2/ S'Bp i2 "HQ+F+? BM a2 p2'b S1S@S.S '+?Bi2+im'2

"HQ+F+? BM rBHH HbQ ?2HT BM i~ +FBM; 2p2°v "2[m2bi +QKBM; 7°QK S1Sb iQ
T QTQb2/ "+?Bi2+im 2 Bb b?QrM BM 6B;m 2 eXkX 6Q" 2p2'v _2[m2bi 7°QK AMb
2T2M/2M+v +?22+FTQBMi 7Q° TQbbB#H2 i?°2 i- B7 MQ i? 2 ir b /2i2+i2/ i?2M Al
++Q /BM; iQ + +?22/ *QTv i S1S Qi?2rBb2 "2[m2biiQ ++2bb /i Bb7Q'r "/2/iQ
S.SaB/2 "'2[m2bi Bb "2+2Bp2/#v "HQ+F+? BM a2 p2 ' r?2°'2Bir b +?2+F2/7Q" mi?
M/ aB;M im 2X A7 Bir bp HB/i?2M M2r MQ/2 Bb +°2 i2/ i "HQ+F+? BM iQ i" +F
M/ “2[m2bi Bb 7Q°r /2/iQ .2bB;M i2/ S.SX A7 Bir b 6QmM/ AMp HB/- _2[m2bi 7°
2°°Q K2bb ;2 Bb +QMp2v2/X

h?2 #2M2}i Q7 mbBM; JmHIBTH2 S.Sb Bb iQ ? p2 "2ii2° a+ H #BHBiv M/ #2ii2°
iQ 1tBbiBM; “+?Bi2+im 2 T°'QTQb2/ BM (8e)X "2ii2° +QMi"QH Q7 i° Mb +iBQMb +
a2'p2°r?2°2/2i BH #Qmi Mvi®  Mb +iBQM + M #2 72i+?2/X

dX 1tT2'BK2Mi iBQM h2@2mHI®PKQb2/ “+?Bi2+im 2 Bb +?2+F2/ QM i?2 02 B}+ il
6Q°K HhQQH a+vi?2 " #vmbBM; bvKK2i'B+ F2vbX 1 +?S1SiQS.S+QKKmMB+ iBQ
F2vbX h?Bb 6Q°K HhQQH p2'B}2b i?2 T°'QTQb2/ ST QiQ+QH ; BMbi HH i?2 a2+m
[2i2+ib Mv ii +F BM i?2 T°'QTQb2/ SQiQ+QH Bi +'2 i2b M ii +F ;> T? 7Q" #2ii2°
i?72 #2bi a2+m 'Biv _2[mB 2K2Mib BM TH +2 Bi mb2b 6Qm" *H BKb M K2Hv HBp2-
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6B;X KKR2 PmiTmi 6Q" i?2 a+vi?2" *H BK h2bi 7Q° JmHIiBTH2 S.Sb M/ S1Shb

(RN-ky-89)X AMi2M/2/ *QKKmMB+ iBQM Bb +?B2p2/#v ? pBM; bQK2 2p2Mib i? i
bi M/b 7Q° MQM@BMD2+iBp2 bvM+? " QMBx iBQM- Bi K2 Mbi? ii?2 "2+2Bp2° "2+2
bvM+? " QMBx2/ K MM2 X *QKKBiK2Mi Bb T QKBb2 i? i Bb K /2 #v QM2 T "iviQ i*
Q7/ i Bb +?B2p2/ #v mbBM; *H BK a2+ 2iX

_2bmHib Q7 i?2 STQTQb2/ STQiQ+QH BM a+vi?2° "2 b?QrM BM 6B;m 2 dXRX
i? i ai imbBb PF r?B+? K2 Mbi?2°2 "2 LQ ii +FbrBi?BM "QmM/bX HH 7Qm" +H
M/ *QKKBiK2Mi "2 +?B2p2/ M/ p2°'B}2/X AM i?Bb STQTQb2/- STQiQ+QH Ry S1:
"HQ+F+? BM b2 'p2°b "2 i2bi2/ ; BMbi TQbbB#H2 ii +FbX

3X *QM+HmMbBINBP2 +QMi"QH Q7 /i QM i?2 +HQm/ Bb i?2 M22/ Q7 i?2 ?2Qm" X

HQbb2b /m2iQ /i i?27i QM i?2 +HQmM/X ++Q /BM:iQ i?2 AM/B M Ah +i *QKT Mv
7Q /i i?27iQ++m "2/ QM i?2 +HQmM/X 1KTHQV22b rQ ' FBM; BM +QKT MB2b K v b
i72 +QKT Mv BM # / BK ;2X hQ +QMi"QH i?2 +iBpBiB2b Q7 1KTHQV22b BM +HQ
K2+? MBbK Bb "2[mB 2/X h?BbS T2 T'QTQb2b"HQ+F+? BM b bQHMIiBQMiQ +Q
mi?2MiB+ iBQMiQ mi?Q Bb iBQMX _2[m2bi7Q . i ++2bb 7 QK Ib2  M/*v#2 @
# ba*HQmM/X SQHB+B2b iQ /i ++2bb 2K M ;2/ #v *HQm/ 1KTHQV22bX 1KTHC
T2 7Q KBM; AMbB/2" ii +FX
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hQ ? p2 #2ii2° *QMi'QH mM/2  b2+iBQM d M/ R9 mM/2  i?2 AM/B M Ah +i M/
T QTQb2b i?2 +QM+2Ti Q7 .Bbi'B#mi2/ S1S@S.S JQ/2H HQM; rBi? "HQ+F+? BM ¢
7Q°r “/BM; #2ir22M S1Sb M/ S.SbX 1 +? h° Mb +iBQM #2ir22M S1S M/ S.S Bb
TQbbB#H2 "2bmHibX h?2 T°QTQb2/ S QiQ+QH Bbi2bi2/ QM a+vi?2' 6Qbk HibQ QH
Bi Bb +QM+HmM/2/i? i i?2 T°'QTQb2/ bvbi2K Bb ?B;?Hv 2{+B2Mi M/ "Q#mbiX h?2
BKTH2K2Mi2/ BM i?2 +im Hb+2M "BQ #v T QpB/BM; #2ii2° +QMi'QH Q7 i’ Mb +i

TMmim 2rQ F-rQ ' FrBHH 7Q+mb QM #2ii2°i° Mb +iBQM +QMi"QH QM i?2 S1S bB/2
_161_1L*1a
(RPX #QK? > ->X u M;- :X IX EUB2M- M/ IJX "§QGF@2;b2/ ++2bb +QMi'QH KQ/2H 7Q " +QQT2  iBp
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?Q°'b2 "B/2°b-T2/2bi’B Mb M/ +v+HBbib ? pBM; bK "ir i+?2b Q° KQ#BH2 T?QM 2l
+QKKmMB+ i2 BM "2 H@iBK2 mbBM; K Mv /Bp2 b2 i2+?MQHQ;B2b r?B+? K F2b A
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AQh # b2/ AMi2 "M2i Q7 02?B+H2bX h?2 .a_* Bb "2bTQMbB#H2 7Q" +QKKmMB+ iB
#v rB 2H2bb +QMM2+iBQM # b2/ QM qol bi M/ */bX 7i2° +QMbB/2'BM; i?2b2 rB"
K BMi BMb2+m Biv M/ 7 bi +QKKmMB+ iBQMBMi?2 AQo M2irQ ' F-bQK22bb2MiB
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AQo mb2b i2+?MQHQ;B2b bm+? b M pB; iBQM bvbi2Kb- KQ#BH2 +QKKmMB +
BMi2 +? M;2 M/ BMbi"m+iBQM bvbi2KbX *v#2 @T?vbB+ H bvbi2K U*SaV Bb +¢
T?vbB+ HU 2 HV bvbi2Kb rBi? M2irQ " FBM; M/ +QKTmi iBQM + T #BHBiB2bX
AQh TTHB+ iBQMb ivTIB+ HHvV BM+Hm/2 i? 22 # bB+ H v2'b,
a2MbQ U +im iQ Vb2 V@ mM/2 bi M/ Ub2Mb2V "Q / M/ i  {+ +QM/BiBQMbX
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AM AQh- T?vbB+ H /2pB+2b "2 +QMM2+i2/ Qp2' i?2 AMi2 "M2i bQ i? i i?2v + N
M/ K F2 /2+BbBQMb BMi2HHB;2MiHv M/ 2t+? M;2 BM7Q K iBQM rBi?Qmi Q" rBi-
2t KTH2- /"Bp2 H2bb + b Q" /"QM2bX

RXRX Abbm2b M/ *? HH2Mh2D BBMQ@Q¥mb Q7 i?2 AMi2 "M2i Q7 02?B+H2b Bb
mb2 b rBi? p2?B+H2b-/2pB+2b M/ M2irQ ' Fb- Qz2'BM; b 72 M/ b2+m 2 +QKKmN
2{+B2Mi M/ 2HB #H2X h?2 +QMbi m+iBQM Q7 AQorBi? bm+? KmHIBTH2 Q#D2+ik
i?72mb2 Q7 AQoBb H2bb /Bp2'b2 +QKT "2/iQ Qi?2  M2irQ ' Fb M/ b "2bmHi-i?2"2
"Qi? Q7 i?2b2 Bbbm2b // M2r i2+?MQHQ;B+ H +? HH2M;2b M/ i2bi i?2 "2b2 "+7?
/IBb+mbbBQM "2H i2/iQ i?2 7TmM+iBQM M/ +QMbi m+iBQM Q7 AQo- ?2"2 "2 bQl
"2b2 "+?2°b 7 +2,

a2+m Biv M/ S 'BpBM+2 AQo +QK#BM2b rB/2 " M;2 Q7 p "BQmb b2 pB+2b
"2[mBT2K2Mi 7Q T i?2 b 72iv Q7 BM7Q K iBQMX b M QT2M +QKKmMBiv M;
ii +Fb M/ ii +Fbi? i+ M+ mb2 T?vbB+ HHQbb M/ T Bp +vH2 FbX J BMi
T'Bp +v M/ b2+m Biv Bb QM2 Q7 i?2 F2v Bbbm2b BM AQoX h?2 ++2Ti M+2
iQi?2 "2+BTB2Mi Bb BKTQ i Mi (RR)X >Qr2p2 -i?2b2M/2°bd T'Bp +v "2[mE
"2HB #H2 BM7Q K iBQMX
02?B+H2b _2HBo2BBBH2b- b2MbQ b- M/ M2irQ'F b2MbQ b K v 7 BH bQKZ2iE
/2 HrBi? BM ++m’ i2/ i -THmbK HB+BQmb +QKKmMB+ iBQMb-7Q" 2t KTH?2
aQK2 i2+?MQHQ:;B2b + M #2 /2THQv2/ HBF2 AMi'mbBQM .2i2+iBQM avbi2Kt
BMi® /BiBQM HM2irQ Fb (Rk)X AM ;2M2" H-+ b 72ivBb p2'vBKTQ i Mi +C
JQ#BHBiv M/ .vM KB+ hQTQKMW;2/iQ Qi?2  p2?B+H2b BM i?2 M2irQ F- + b
Km+? ?B;?2  bT22/b- "2bmHIiBM; BM +QMbi MiHv +? M;BM; M2irQ ' FiQTQHQ
rBi? +QMb2+miBp2 MQ/2b M/ i° MbTQ ii?2 ;QQ/b 7°QK QM2 TH +2 iQ MQi
Q7 M2irQ"FiQTQHQ;v b?QmH/ #2 +QMbB/2 2/ BKTQ i Mi 7Q  AQo /2p2HQTK
PT2M ai M/ "/b?2 #b2M+2 Q7 bi M/ "/ + M K F2 bm++2bb7mH oks +QKKmME
bQ BMi2 ' QT2 #BHBiv M/ bi M/ “/Bx iBQM 2 "2[mB 2/ 7Q [mB+F b2H2+iBC(
2KTQr2 i?2 ~i@b? "BM; Q7 /i X :Qp2 MK2Mib Qm;?iiQi F2 M BMi2 2bi M
iQ;2i?72  BM i?2 BKT Qp2K2Mi Q7 BMMQp iBp2 T 2b+ B#2/ T°'Q+2/m 2b M/ C
0 B #H2 M2irQ F HQrQ F bBx2 Bb MQi?2 #B; +? HH2M;2- r?B+? + M #2 p2°
+? M;BM; i  {+ +QM/BiBQMbX bi?2b+ H2 Q7 i?2 M2irQ'FBMH ;2 m# M "
2Mi'B2bBM m'# M "2 b-K BM ?B;?r vb- M/ K2i'QTQHBiIi M +BiB2bX AM Mv
# QF2M + M MQr "2K BM 7" ;K2Mi2/-r?B+? + mb2 "Q / ++B/2MibX h?2°27Q "
bvbi2K # b2/ QM 8: i2+?MQHQ;vrBHH #2 "2[mB 2/ iQ bQHp2 i?Bb T Q#H2K (
:2Q;° T?B+ H*QKKmMMB+2HBQ@2M ,iQ /Bz2 ' 2Mi M2irQ Fb i? i mb2 KmHiB+ bi Q™
r?2°2+QKKmMB+ iBQM Bb "2~2+i2/#v T "iB+mH "A.-+ "M2irQ FbQ7i2M ?
r?B+? z2+ib "2 br?22°2 #mHF i° {+ b?QmH/ #2 b2MiX
S 2/B+i #H2 JQ#RKRBimH ~ M2irQ ' Fb 2 /Bz2 '2Mi i? M /Bz2 2Mi ivT2b Q7 k
M2irQ'Fb r?2°2 MQ/2b KQp2 > M/IQKHvVX * "b-BM im M- "2 7Q +2/ #viQTQH
iQT v ii2MiBQM iQ i® {+ bB;M Hb M/i {+ bB;M Hb- M/ #vi?2 "2 +iBQM Q7 |
r?B+? K F2b +QMbBbi2M+v b7 > b TQbbB#H2X
am{+B2Mi 1M2 ;v M/ ai@Q?222M2° H72 im'2 Q7 MQ/2b BM 02?B+mH ~ M2ir
+QMi BM KQ 2 TQr2  iQ "2;Bbi2> U+QmMi- K BMi BM M/ /DmbiV- #2+ mb2
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+QKKmMB+ iBQM "2 bX 6B bi- BMi?2 + b2 Q7 ?B;?r vb-i?2 bBim iBQM Bb ;
+ b2 Q7 +BiB2b-i?Bb ? b2 HHv T Q#H2K iB+ #2+ mb2i?2 "Qmi2b ? p2 BbQ
i'22b- M/ Qi?2  /Bz2 2Mi Q#bi +H2b (R9)X
SQQ  L2irQ'F *QMM2+iBwBiv2 KQ#BHBiv Q7 /2pB+2b M/ 7 bi +? M;2b Q7 M
H2 /BM; iQ M2irQ'F T iBiBQMBM; M/ +QMM2+iBQM /Bb TTQBMiK2Mi “2bmt
K HX ii? i iBK2-i?2 M22/7Q rvbiQ DQBMBM; # +F iQ i?2 M2irQ F Bb Hr \
>/ .2H v *QMbi° BMMAQoO- K Mv TTHB+ iBQMb ? p2 b2p2°2 /2H vb- 2p2M
?B;?2@#Bi” i2 Q" # M/rB/i?X am+? b-/m'BM; b2'BQmb BM+B/2Mi- K2bb
/IBbTH v2/ i bT2+B}+ iBK2 iQ pQB/ + ° ++B/2MiX *m " "2Mi TTHB+ iBQM
mM/2bB" #H2 /2H vb rBHH #2 BKTQ i MiX
"B; /i BM APWM2 Q7 i?2 #B;;2bi +? HH2M;2b Bb i?2 T°'Q+2bbBM; i?2M biQ B
l'i ;2M2° i2/ BMi?2 AQo/m2iQ ?B;? MmK#2 Q7 +QMM2+i2/ miQMQKQmb y
iIQ#2 R:# T2 b2+QM/ Q7 /1 T ' Q+2bbBM; (R8)X h?2°27Q 2-BiBb pBi H7ml
BM BMi2HHB;2Mi +QMM2+i2/ p2?B+H2b UA*oV mbBM; +HQmM/ +QKTmiBM; M
>B;?@_2HB #BHBiv "2[mMBVBDRK®Mi,iBQM@ 2H i2/ TTHB+ iBQMb 2 Q7i2M p2
Bb "2[mB'2K2Mi 7Q" ?B;?@ 2HB #BHBivX aBM+2 +QKTH2t bvbi2Kb- M2ir
+QMM2+iBpBiv- ?B;?@ 2HB #BHBivBM AQo Bb /B{+mHiiQ +?B2p2X
a2'pB+2 ambi BMI#BHBIBM; i?72 "Q#mbiM2bb Q7 b2 ' pB+2 /2HBp2'v BM AQo |
+ HHb 7Q  ?B;?@H2p2H T2 +2Tim Hbi  i2;B2b-Dmbi bBiBbMQi2 bviQ mN
Bb /B{+mHiv BM / TiBM; HH p2?B+H2b iQ T 'QpB/2 b2MbB#H2 ivT2b Q7 L
;7 /m HHv- b Bi Bb M2+2bb v iQ ? p2 M2irQ'F # M/rB/i?- "2KQi2 ++2bb- H
bi imbX

h?2b2 b2+m ™ Biv M/ i'mbi@ 2H i2/ Bbbm2b Q7 AQo "2 2tT2+i2/iQ #2 "2bQHp?

"2HB #H2 M/ bm++2bb7mHX

RXkX TTHB+ JROQMQ@Xi?2 AQo TTHB+ iBQMb "2BMi?2 }2H/ Q7 i2H2+QKX ++
bvbi2Kb U*SaV bQK2 BKTQ i Mi TTHB+ iBQMb Q7 i?2 AQo KQ/2H M/ i?2B  7mM+i
+H bb2b- ;Bp2M #2HQr,

a 72ivQQT2  iBp2 +QHHBbBQM pQB/ M+2-G M2 +? M;BM;r "MBM;b- miQK
L pB; iBOQMH@iBK2 i {+- _Qmi2 M pB; iBQM- GQ+ iBM; T "F2/ p2?B+H2- *Q
AM7Q K iBQM M/ AMGR@BBIB2MMi2?B+H2b 7Q" /QrMHQ /BM; Q7 KmbB+- pB.
b? "BM;

_2KQi2 h2H2KZ2i?B+H?2 "2KQi2 HQ+FBM;- *  bm p2BHH M+2

B ;MQbaR+pB+2 bTQi /2i2+iBQM- a2H7@ 2T B - 6m2H mb ;2 QTiBKBx iBQM
* 2 p? "BM;, TQQHBM;-:"QmT T 'FBM; #QQFBM;

Pi?2 ' BH2+i ' QMB+ iQHH T vK2Mib- h® {+ ~Qr KQMBiQ ' BM;- 2i+X

h?2 AMi2 "M2iQ7i?BM;b M/ *v#2 @T?vbB+ Hbvbi2Kb 2MQiBbQH i2/i2+?MQF
U*SaV M/ AQhBM i?2 AQo M2irQ ' F ? p2 bQK2 Qi?2  BKTQ'i Mi TTHB+ iBQMb- br
bvbi2Kb UAhaV- *QMM2+i2/ miQMQKQmb p2?B+H2b U* oV- aK i ;'B/- aK i +Biv-

RXjX JQiBp iBRIM22 mT+QKBM; iBK2- AQo rBHH #2+QK2 i?2 7mim 2 Q7 i?2o0 L1
bBQM Q7 i?2 r2# b2 ' pB+2bX M 2bb2MiB HTQ iBQM Q7 i?2 AMi2 "M2i Q7 02?B+F
BM+Hm/BM; BMi2HHB;2Mii> MbTQ i iBQM bvbi2K-rB ' 2H2bb +QKKmMB+ iBQM- +|
BM;- miQTBHQi p2?B+H2b M/ 2" Q7 *Sa (R3)X PMi?2 "QmiBM; M/ T +F2i/ i i
M2irQ'F b2+m Biv M/ "Q#mbi /i i° MbKBbbBQM "2 M2+2bb v 7Q  /Bz2 ' 2Mi TT
+QMbBbi Q7 p2?B+H2b-r?B+? QT2 i2 BM p2'v/Bz2 '2Mirvi? MrB 2H2bb b2MI
?bK Mv72 im2bi? i+ MBM~m2M+2 i?27Q K iBQM Q7 AQo i2+?MQHQ;B2bX aQ
7Qi?2 /p M+2K2Mi Q7 i2+?MQHQ;v- M/ bQK2 K v "2bmHi BM #2M2}ibX
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RX9X *QMi ' B#mi@@MULX/ #v 2tBbiBM; T Q#H2Kb BM AQo-r2 T '2b2Mi M2r TT
i" {+ KM ;2K2Mi M/ "2HB #H2 +QKKmMB+ iBQM BM AQo mbBM; #2? pBQ" H bim
bB;MB}+ Mi +QMi B#miBQM Q7 Qm rQ F HB2b BM bmKK v b 7QHHQTrb,
AMIi?Bb T T2 -r2? p2T°'QTQb2/ M//2bB;M2/ MQp2H 7 K2rQ ' F U*aA KQ/2F
QMi?2+m > "2Mio L1h2MpB " QMK2MiiQ T ' 2p2Mii {++QM;2biBQM- K BMi BN
K tBKBx2 /i /[2HBp2 'vX
h?2 Tm TQb2 Q7 i?Bb bim/vBbiQ M Hvx2p "BQmb K2+? MBbKb 7Q" #2ii2" °
M;2- "2bB/m H2M2 ;v- M/ p2?B+H2 +QM/BiBQM 7Q" 2{+B2Mi +QKKmMmMB + |
h?2 7mim 2 +? HH2M;2b M/ +m "2Mi Bbbm2b 7Q  i?2 /2bB;M M/ /2p2HQTK2I
Q7 #B; /i - AQh- M/ +HQmM/ b2 pB+2b ? p2 /Bb+mbb2/ BM /2i BHX
h?Bb T T2 b?2/b M2r HB;?i QM i?2 7mHH H v2 2/ "+?Bi2+im 2 Q7 AQo 7Q
KQ/2HbX
h?Bbbm p2v T 2b2Mi2/p BQmb +QKKmMB+ iBQMbi™ i2;B2b7Q AQo #v "2pl|
iQTQHQ;B2b- M/ TTHB+ iBQMbX
AM +QM+HmMbBQM- +QKT "BbQMb ? p2 K /2 7Q  i?2 T2 ' 7Q°K M+2 Q7 2tBhil
a2 pB+2 UzZQaV T " K2i2°'biQ 2tTHQ 2 #2ii2° TQbbB#BHBiIiB2b iQr /b 7 bi2"
BM AQo M2irQ FbX

RX8X P'; MBx hBBIMX T2  ? b /BpB/2/ BMiQ }p2 b2+iBQMbX a2+iBQM R ;Bp2b
AQo M2irQ ' F rBi? +m > "2Mi Bbbm2b- +? HH2M;2b- TTHB+ iBQMb- M/ KQiBp iBQI
T T2 Bbbim+im 2/ b 7QHHQrbX a2+iBQM k /2b+"B#2b M BM@/2Ti? # +F; " QmM
TT Q +?2b- HBKBi iBQMb- }M/BM;b- M/ 7mim 2 "2b2 "+? ; ThX a2+iBQM j T 2b2
AQorBi? Bib "QmiBM; T QiQ+QHb M/ b2+m Biv ' 2[mB 2K2MibX h?2 T2 7Q K M+2
T QTQb2/ MQp2H 7° K2rQ ' F T '2b2Mi2/ BM a2+iBQM 9X h?2 T T2  +QM+HmM/2b rB

kX " +F;"QmM/ amhp2viXm ' p2v Q7 2tBbiBM; rQ"F7Q i?2b2+m 2 +QKKmMB+ iBQ
KBMBKBx iBQM BM AQo Bb /Bb+mbb2/ BM i?Bb b2+iBQM Q7 i?2T T2 X
AM kyRN- Jm? KK/ bBK a H22K 2i H (R) ? b "2b2 "+?22/ BM7Q K iBQM i~ Mk
o LlhbrBi? +QM;2biBQM +QMi 'QH K2+? MBbKb M/ i?2 F2v ?B;?HB;?ib "2 HBbi2/
_2b2 "+?2°b ? b mb2/i?2 +QM+2Ti Q7 # bB+ "QmiBM; T'QiQ+QH bi M/ */b
"QmiBM; K2+? MBbK "2[mB"2b H ;2 KQmMi Q7 2M2 ;v mb2/ iQ +QMbB/2
_alb QM2 7i2° MQi?2 X
>2°2 +2Mi2° Q7 ii2MiBQM Bb iQ BMi2M/ KmHiBTH2 K2/B iQ  bvbi2K 7Q" +
K2+? MBbK BM o L1hbX .2bB;MBM; "QmiBM; K2+? MBbK Bb ;" QmM/2/ mTQM
+QKKmMB+ iBQM p2?B+H2b Q° _albV-r?B+? "2 +QQ'/BM i2/ BM }M/BM; B/
i {+ +QM;2biBQM BMbB/2 i?2 M2irQ FX
h?2°27Q°2- M 2{+B2Mi ?v# ' B/ +Hmbi2"BM; # b2/ "QmiBM; K2+? MBbK Bb
i Mb72  rBi? AQh # b2/ o L1hbiQ 2/m+2i° {+ BMi2 " " mTiBQMX
AM kyR3- Gm+v amKB M/ oB'2M/2° _ M; (k) /2bB;M2/ M AQh # b2/ o L1h 7Q" i
iQ ?2HT 2K2 ;2M+v p2?B+H2b BM bK "im'# M +Biv M/ bQK2 Q7 i?2 Q#b2 p2/ +Q
h?2 mi?Q b BMi"Q/m+2/ bi'm+im 2 Q7 K2;2/ +QM+2Tib 7°QK AQh M/ o L
T bb ;27Q T '2+2/2Mi 2K2 ;2M+v p2?B+H2b pB i?2i  {+ T i?- M/i?Bb i {+
h?2 bm;;2bi2/ bvbi2K ?2HTb i?2 2K2 ;2M+v p2?B+H2b M/ K#mH M+2b BM b
"Qmi2iQi?2B /2biBM iBQM # b2/ mTQM i?2 "2 H@iBK2 i~ {+/ i X
h?2 T°'QTQb2/ bvbi2K bmTTQ ib "2/ m+BM; i?2 /2H v BM i° MbKBbbBQM iBK:
KBb? Th M/ i?2 iBK2Hv /2HBp2'v Q7 K2/B+BM2b iQ T iB2MibX
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kyR\lCQb’7m i H)(I—(hyt)iZ‘BM"QmiBM'T‘QI 5&%7 ml mHIB@ Q#D2+iBp2 SaP rBi? |bmKK VQ#
’ S b 2bB:M2/X ' M q Ul'# MV BM AM/B X DbBKBH | 7Q K Q7 i?
' 2pQHmMIBQM v H;Q ' Bi?K mb2/7Q  ImHIB@Q#D2+iBp2
KmHIiBTH2 T'Q+2bbQ b iQ BM+ 2 b2 T2 7Q K M+2 rBi?
+QKTmi iBQM H iBK2X
h?2 mi?Q b bm;;2bi2/ M +iBp2 T "iB+H2 brl 'K M;mH °
T'QIQ+QH 7Q o LlhbUSa oVi? i TTHB2b|i?2 SaP i2+
b M;mH > "QmiBM;iQ b2 "+?2 M TT ' QT'B i2 "Qmi2X h?
br "Kb "QmiBM; 2t2+mi2b KQ 2 T'Q}+B2MiHvV i? Mi?2 .a
J°B: HB mT|-2PBiM2/ S "iB+H2 ar 'K | MQWbB/2 BM;i?°Qm;?Tmi M/ T +F2i HQbbX /h?2 T 2/B+
kyR\I2i HX (ji?) _QmiBM; 7Q" 02?B+mH ~ |@ M#A2MIITBBRYB iQ br "KH2 /2  r?Q /2T2M/b QM br "K K
USa _oVX + biBM; 7Q i?2 b 72ivQ7 T bb2M;2 bX h?2'27Q 2- HH
i?Bb T i? "2BM7Q K2/ #Qmi ? x /Qmb bBim iBQMb QN
i? ii?2v "2 H2i M/ r "2 BM /p M+2X h?2 Tmim 2 ;Q H
2biBK i2i?2T2°7Q°K M+2 Q7 Sa _o M2irQ F/b+2M 'BQb
N {+X
R < / oko #Q /+ biBM; QTIBKBXIBQM H;Q ' Bi?K #
'S°2Q;rrgl\ljlil2Tli<8/721;-|Q7+QB I(-)IIJ: & bN% BlBQMbX aBKmH iBQM "2bmHib T°Qp2i? i
KyRNsB >m 2i HX bE)pZM p22B+H2@IQ@p2 7R Y % Q\/IVIHV F22Tb i?2 ?B;?2bi TQbbB#H2 * i2
OTiERER BN o e KX /2%6% '#mi HbQ BM+'2 b2b i?2 i'| MbKBbbBQ
’ : 2/m+2|°2 p2° ,2 2M/@iQ@2M/ /2H v iBK2X
ar "K6_1.u /pBb2/ ar "K AMi2HHB;2M+2 BMbTB 2/ b+"
C K HhX M/-2bBiM2/ p2?B+mH " M2ir@QA#2hiBQM +QMi'QH BM o L1hX 6_1.u? b b?QrM ;"2 i:
kyR31M‘B[m2 v ng br "K BMi2HHB;2M+2 HoQ#BIPKIVOM/ KQ 2 QTiBQMb 7Q" /p M+2K2Mii? M .A6_
)QHH #Q  iBp2i {+X i?72 #2 +QM " i2b + H+mH i2/i?2°Qm;? i?2 } b i2+?MB[m
HQr2  i? Mi?Qb2 + H+mH i2/ #v ar "K .A6_ X
h?Bb ‘iB+H2 T 2b2Mi2/ o Ll1h # b2/ QM br [K BMi2HHB
. . . ) 0 2/i’?2 ZQa Q7 bQK2 'QmiBM; T'RiQ+QHb #
K2b? *X 6Bffhngbrb52iglgr2‘|?griAE?2AHJE d) Q HB 2M+2 HBF2 hBK2@ Mi- *P@L - >v@"_- S
kijéQQM.B (j9) T2 7Q°K M'+2 2p Hm iBQM ’)Q+X h?2v +QM+HmM/2 "22@ /@?Q+ M/ >v@"_ |
M2irQ" FX |#H2 QmiBM; H;Q ' Bi?KBMo L1h #mii?2 M2irQ F
TQQ M/ rBHH #2 BKT ' Qp2/ #v TTHvBM,; "iB}+B H BMi:
i2+?MB[m2b rBi? br 'K BMi2HHB;2M+2 i2+?MQHQ;v BM
[bBM; :aP-i?2 T QTQDb2/ H;Q Bi?K /2i2+ib QTiBK H Qr
#2ir22M j@r v +QM;2biBQM rBi? BMi2 ' b2+iBQMb- M/ T
X u BM2xa §.QD2+i2/ M2r 'QmiBM; |H2@BBiZ¥/ # b2/ QM QTiBK H "Qmi2b-r?B+?|°2 HbQ }i ]
KyRN M/ Xa 4p /Q 0 Llhb/'Bp2M :HQrrQKQM;2bi2/ bBim iBQMbX aBKmH iBQM "2bmHib b?Qr i?
(i8) ar K\P_TlBKBx iBQM U:aPV H;Q Bi?K Bb‘_#2|\|2 |\? M :aP M/ MQl?_Z 'fQ H;Q BI?K[E
H;Q Bi?KX M/ a JZX 6m i?2 ' KQ 2 h?2 :aP H;Q Bi?K "2[mB"2b H
MmK#2 Q7 ;HQrrQ Kb iQ #mBH/ M QTiBK H[T i? M/ M2
"iB}+B HBMi2HHB;2M+2 7Q" #2ii2° "2bmHibX

BMi2 +? M;2 M/ T QpB/BM;

Q iQ IM/i?2 i
"Qmi2 Q b2 ‘+

2tBbiBM; #2BM; 2M+Qm"

?2BM:
2/ 7°QK M

i?72 QTiBK HT i?X PM2 Q7 i?2 K BMi bFb BM o L1h Bl
“:2i6b MQ/2 TQbBIBQMX o
i?2 /2biBM iBQM BM o L1h BM

“B2/ °2b2 “+?2°b ‘2 i'VBM; i?2B ? M/
+QMbBbi2Mi K MM2 X LmK#2"
im'2 M/ HbQ ? b QrM p 'B2/ +? * +i2 BbiB+

7Q  bQHpPBM; T'Q#H2Kb M/ 7Q  QTiBKBxXx iBQM Q7 i?2 2bmHibX

7i2°

i?72 bm p2v-i?2 M2ti b2+iBQM /Bb+mbb2b i?2 H v2 2/
+i2°BbiB+b M/ +? HH2M;2b Q7 bK ~i

“+2Bi2+im 2 Q7 AQ
M/ b2+m 2 +QKKmMB+ iBQM 7Q" #2ii2° mM
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Layers (Functions) Representation

Perception

. Sensors/Actuator, RSUs, Video Camera, Personal devicqg
(Data Collection)

Network Communication Cellular 5G/LTE, DSRC WAVE/WiFi, WiMax, Bluetooth, IP,
(Data Transmission) UWSB, Zigbee, RFID/NFC
Artificial Intelligence Cloud/Fog computing, Big data analytics, Context managen
(Data Management) Expert system
Application Autonomous vehicles, Traffic management system, E-Tolff
(Smart Services) collection, Navigation, Smart Grid, Security services
Business

Graphics, Tables, Diagrams, Flowcharts, APIs, Advertisemgq

(Data Models)

6B:X XRQ0 8 H v2'b “+?Bi2+im 2

iX G v2'2/ “+?Bi2+im'2 M/ S QiQxQHDbX%?Bi2+im 2/2bB;M Q7 +QKTH2tM2irQ"
rBi? p "BQmMbi2+?MQHQ:B2b Bb +? HH2M:BM:i bFi? iM22/biQ B/2MiB7v M/ 2z:
bBKBH ~7mM+iBQM HBiv M/ 2T 2b2Mi iBQMX a2p2” H 2b2 “+?22°b? p2 T'QTQb

JXRX G v2 2/ "+?Bi2+}jm2@H v2°2/ “+?Bi2+im 2 Bb /2TB+i2/ BM i?Bb b2+iBQM
+2TiBQM- M2irQ'F- "iB}+B HBMi2HHB;2M+2- TTHB+ iBQM- M/ #mbBM2bb H v2
Q72 +? Hv2 ? p2 # B2~v /[2b+ " B#2/ #2HQr-rBi? i?2 T°'QTQb2/6B;X jXR 7°QK bil
AQo "+?Bi2+im 2X

S2'+2TiBQM GS2'+2TiBQM H v2' BM+HmM/2b 2 +? b2MbQ " BMbB/2 i?2 p2?E
/1 1IQK F2T°2+Bb2 /2+BbBQMb 7Q  p "BQmb /"BpBM; T ii2"Mb M/ i {+ +QN
bB;?2iBM:;b- "Q /i’ {+ KQMBiQ 'BM;- p2?B+H2 TQbBiBQM 2+Q;MBiBQM- M/ |
L2irQ'F G v2h?Bb H v2" 2bi #HBb?2b +QKKMmMB+ iBQM mbBM; ?22i2°Q;2M2¢(
8:fGhl- .a_* qolfgB@6B- gBJ t- :aJ- gqG L- "Hm2iQQi?- _ /BQ 7' 2[m2M+v
U_B6A.VbB;M Hb M/ K Mv Qi?2  KQ/2b Q7 rB ' 2H2bb +QKKmMB+ iBQM 7Q" 02
"iB}+B HAMi2HHB;2M#+BI5i®222 "iQ7i?2 AQoKQ/2Hr?B+?Bb mb2/7Q +QK
M/ biQ'BM; Q7 i?2 BM7Q 'K iBQMX h?Bb H v2" ? pBM; bm#@H v2'b HBF2 b
BMi2HHB;2Mi +QMi"QH H v2 X

TTHB+ iBQM Gh¥Bb,H v2' +QMi BMb bi iBbiB+ HiQQHb-biQ" ;2 T'QpBbBQl
iBQMb i? i "2 "2bTQMbB#H2 7Q° M HvbBb- T'Q+2bbBM;- biQ™ ;2- M/ /2+E
i {+ +QHHBbBQMb- # / r2 i?72 X >2°2 bK i "2 H@iBK2 TThb- i {+ b 72iv-
/i mb2/X

"mbBM2bb GhwBh H v2' +QMi BMb QT2 iBQM H M/ K M ;2K2Mi HQ;B+ "2H 2
K BMHvV 7Q  i?2 /2p2HQTK2Mi Q7 #mbBM2bb KQ/2Hb M/ bi iBbiB+ H M Hvbl
i bFb-p 'BQmb M HvbBbiQQHb mb2-bm+? b ~Qr+? “ib-;" T?b-i #H2b- /B

iXkX _QmiBM; S'Qi?BHPbXQr BM i?2 p2?B+H2 M2irQ F-i?2 KQbi /B{+mHii bF
+QMM2+iBQM 2bi #HBb?K2Mi T'Q+2bbX h?2°2 "2 }p2 + i2;Q°'B2b Q7 "QmiBM; T
UAQoV KQ/2H-r?B+? "2 HBbi2/ M/ /Bb+mbb2/ #2HQr rBi? i?2 ?2HT Q7 /B ;° K jXI
SQbBIiBQM Q" :2Q;  T?B+ " b2/ ubMBZ WQW,iBM; T QiQ+QHb +QMbBbi Q7 p
"Bi?Kb 7Q° 2t+? M;2 /2i BHb #Qmii?2 ;2Q; T?B+ HTQbBIiBQMBM; iQ TB+F
BM7Q K iBQM Bb +QKKmMB+ i2/iQ i?72 QM2@MQ/2 M2B;?#Qm - r?B+? Bb VN
"Qmi2 BM7Q K iBQMX aQ-i?Bb "QmiBM; K2i?Q/Bb mb27mH- bi?2°2Bb MQ "
MmMMBp2 b H Qmi2 77QKbQm +2iQi ;2i MQ/2 HBF2 HQ+ iBQM@ r "2 "QmiBN
bQ7ir "2@/2}M2/ M2irQ ' Fb (9R)X h?2 > MF# b2/ " Qmi2Bb K BMHv /BpB/2/ BN
;722/v 02?B+H2@p2?B+H2 M2irQ " FBM; M/ .2H v@hQH2  MiL2irQ " FBM; U.hl
hQTQHQ;v " bl272b2 T'QiQ+QHb mb2 i?2 /2i BHb HBMFb p BH #H2 QM i?2 -
/I2HBp2'vX h?2b2 "2 K BMHv b2T " i2/ #v S Q +iBp2- _2 +iBp2 M/ >v# B/ i
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6B:X XAQ0 _QmiBM; T'QiQ+QHb i tQMQKv / Ti2/ 7°QK (jN- 9y)

# b2/ "QmiBM;-r?2°'22p2'v?QT K BMi BMb "QmiBM; i #H2X _2 +iBp2 Bb Q
M22/iQ K BMi BM i?2 "QmiBM; i #H2X >v#'B/ "QmiBM; Bb +QK#BM iBQM |
/IBpB/2/ BMiQ xQM2b (9k) X
"TQ /+ bi" b2/Q /+ bi# b2/ "QmiBM; BbrB/2Hv mb2/ BM i?2 p2?B+mH ~ M2]
2; IBM; r2 i?2'- 2K2 ;2M+v M/ i {+ +QM/BiBQMb #2ir22M p2?B+H2b b r2
K2Mib M/ MMQMM+2K2MibX
*Hmbi2 ™ " b2/ UImHIBH+QHH2+IiBQM Q7 ?QTb /2b+ B#2b Bib2H7 b T i Q7
?QT Bb b2H2+i2/ b i?2 +Hmbi2" 22 / U*>V iQ /Bbi ' B#mi2 i?2 T +F2ibX *Hmk
QM bT2+B}+ b2H2+iBQM +'Bi2°'B X a+ H #BHBiv + M #2 ;Bp2M BM H ;2 M2ir
"QmTBM; BM KQbi p2?B+H2 M2irQ ' FbX hQ BKTH2K2Mi b+ H #BHBiv- pB'im
#v i?2 +Hmbi2°'BM; U; QmTBM; Q7 ?QTbVX
:2Q+ bi " b2/ UImHIBR2V2Q+ bi "Qmi2 Bb KmHIB+ bi@# b2/ ;2Q;" T?B+ |
Tm TQb2 BbiQ T bb i?2 T +F2i 77QK bBM;H2@p2?B+H2 i?°Qm;? KmHIBTH?2
# b2/ QM i?2B  HQ+ H ;2Q; T?B+ 2;BOM FMQrM b wQM2X IMB+ bi "QmiBN
T +F2i BMbB/2i?2i “;2i xQM2X AM :2Q+ bi- p2?B+H2b QmibB/2i?2 bBKmH il
i?72 mMr Mi2/ 2ti° @7 bi "2bTQMb2X PM2 /Bb /p Mi ;2 Q7 :2Q * bi Bb M2irQ"|
i?72 M2ti /p2°b2 MQ/2b-r?B+? + MBMi2 "mTii?2 mbm HBM7Q K iBQM /2HB
LQr / vb- o L1hb BMi2; i2 rBi? bQ7ir "2@/2}M2/ M2irQ"FBM; Ua.LV- r?B+? "2
+QMi2Mi@+2Mi'B+ M2irQ " FBM; TT ' Q +? b QTTQb2/ iQ KmHiB+ biBM; (99)X q
oLlhb b?QmH/ #2 mb2/ 7Q° mMB+ bi K2bb ;2 +QKKmMB+ iBQM i T°2b2Mic b
iBQMb i? i "2[mB 2 b2 KH2bb mMB+ bi "QmiBM;X

jXjX a2+m 'Biv "2[mB RK2MiQ¥2 bm ' p2v +QM+HmM/2/ bQK2 # bB+ b2+m Biv "2[n
i?72 p2?B+H2 M2irQ"F 7°QK ii +F2°b M/ K BMi BM b2+m 2 +QKKmMB+ iBQMb- HB
h?2 Hv2 2/ “+?Bi2+im 2- "QmiBM; T'QiQ+QHb- M/ b2+m Biv "2[mB 2K2Mib ? p2
mb2 Q7 BMi2HHB;2M+2 M22/b iQ #2 2tTHQ 2/ KQ 2 rBi? i?2 ?2HT Q7 M2r T°QTC
i?72 BKT +i Q7 "iB}+B H BMi2HHB;2M+2 M/ K +?BM2 H2 "MBM;- bQK2 BKTQ i M
7TQHHQrBM; b2+iBQMX

9X M HvbBb M/ S°TQTQb2/ 6 ANriQBmXT “i- i?2 2tBbiBM; rQ"Fb ? p2 M Hvx2
T K2i2’b HBF2i?2°Qm;?Tmi M/ T +F2i HQbb 7Q" +QKT "'BM; M/ Q#b2 pBM; p Hm
(R-k-j-9)BMi2°Kb Q7 i?2"Qm;?Tmi M/ T +F2i HQbbX h? " Qm;?Tmi iviB+ HHv "2T
i° Mb72" " i2 #2ir22M irQ MQ/2bX h? " Qm;?Tmi Bb mbm HHv BMp2 ' b2Hv +Q "2H i2,
bT+F2i HQbb H2 /biQ DbHQr i?2°"Qm;?Tmi ~ i2X h?2°'27Q°2-iQ +QKT "2 M/ M H
i?72 p2° ;2 h?2°Qm;?Tmi # b2/ QM mMBi +QMp2 'bBQM UHBF2 E#Tb iQ J#Tb Q" :#
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h #H2 jXR
a2+m Biv "2[mB 2K2Mib BM o L1h # b2/ QM(98)

S ° K2i2'b

2b+ BTIiBQM

LOM@ _2Tm/B

i[b?cﬁg PQB/b 7 m/ib 7 QK /2MVBM; i?2B° Qz2Mb2b #2H mb
: 2Mb- mM 2T2Mi Mi rBHH 2tT2/Bi2i?2 + T #BHBiviQ /

p BH #BHBiv

02?B+mH " M2irQ Fb rBHH 2[mB 2 2 H@IBK2 7Q K Mv T
Hr vb #2 p BH #H2X h?2b2 TTh '2[mB 2 ?B:? bT22/ 7 Q4
i72 /@?Q+ M2irQ F-i?2 "2bmHi Mi 2HBKBM iBQM K 4B DiK
mb2H2bb B7 i?2°2 Bb ?QH/ Q7 b2+QM/bBM p "BQmb TTH

*QM1}/2MiB HE

h?Bb b2+m Biv "2[mB 2K2Mi bbm 2/i? i BM7Q K iBQM rB|
ivM22/ 7Q° +QM}/2MiB HBiv Bb "2[mB 2/ BM ;"QmT +QKKm
2 MQi HHQr2/iQ "2 /bm+? BM7Q K iBQMX

mi?2MiB+ iB

Al bbm 2bi? 11?22/ 1 ? b #22M 2Mi2 2/ #v M mMi?2MiB+ 1
OM2 T?vbB+ H bi'2 K Kmbi #2 T 2+Bb2 M/ 2bi #HBb?2/ #v
BM AQo-i?2 2 +iBQM MQ/2b ++Q /BM:iQ /i 2bi #HBb?1

P BMi?Bb + b2 2p2\
2i2+i ii +F2 bX

m TQb2b M/ b?2Qml
b2MbQ v M2irQ Fk
02 {72 K bb ;2 + M #
iB+ iBQMbX

HH #2 2 / #v HHOQT
MB+ iBQMb-r?2°2 i

b2°X h?2 /i ++2b
?2 mMi?2MiB+ T2 b(
p/ 7°QK i?2 Qi?2° 2N

AT 2Mbm 2bi? 11?2/ 1 BMi?2b2M/2° M/i?2b2M/2 bB/2
+QMp2°'bBQM Bb /QM2 #v mi?Q Bx2/ mb2 b QMHVX h?2 *2

"2i?2b K2 J2bb ;2
+BTB2Mi mb2b i?2 |

AMi2;"Biv i22 QM2 mb2/ QM i?2 b2M/2 6b bB/2 iQ +'2 12122 b2+QM/ k HH 7 QK i?2 K2bb
+QKT "BM: BiiQi?2} bi K2bb :2X h?Bb T Q+2bb 2Mbm 21 i?2 BMi2: Biv Q7 i’
h #H2 9XR
ZQa S " K2i2'b *QKT "BbQM
axXMm mi?Q" b p2° ;2 h?2°"Qm;?Tmi UJ| S +F2i GQbb _ i2|UwV
R | Jm? KK / DBK a H22K 21 (R)X 8Xjy RKkXdd
k Gm+v amKB M/ oB 2M/2 (k) M; 8] XN9 kjxd9
i K- hQHA(]) N8XRd NX3]
9 W72Mvm w2Qm @d) A X 38X]] 3X3d
UaQK2iBK2b FMQrM b hQi H T +F2ifam++2bb i° Mb72" ~ i2VX AM i?2b2 "2b2 "+*
2 p2 + H+mH i2/ rBi? /Bz2 2Mi b+2M 'BQb- M/ +QKT "BbQMb #2ir22M i?2K 2 \

b+2M "BQb +QMbB/2°2/X M HvbBb # b2/ QM ZQa T ~ K2i2'b-bm+? b i?2 " Qm;?Tmi
h #H2 9XR iQ +QKT "2 2tBbiBM; rQ Fc i?2B" ;" T?B+ H "2T 2b2Mi iBQM Bb BM 6B;
h #H2 9XR M/ 6B;X 9XR 2T 2b2Mi +QKT "~ iBp2 M HvbBb Q7 i?2 AQo KQ/2H
p BQmb i2+?MB[m2b M/ H;Q Bi?Kb # b2/ QM i?2 ZQa T ~ K2i2'bX 6B;X 9XR U
M HvbBb Q7 Q#b2 p2/i?°"Qm;?Tmi BM /Bz2 2Mi b+2M 'BQ 7Q° AQo- #mi BM + b2
Km+? #2ii2° +QKT "2iQ i?2 Qi?2 b #2+ mb2 i?2v mb2 i?2 +QM+2Ti Q7 2biBK iBQM
b gB2M2 T 'Q+2bb #v 2tTHQBiIBM; EQHKQ;Q Qp 2[m iBQM iQ K BMi BM i?2 +(
i MbKBbbBQM HQbb Q7 2tBbiBM; rQ ' F Bb 2T 2b2Mi2/ BM 6B;X 9XR U#V rBi? +QK
7Q° AQo M/ i?2i° MbKBbbBQM HQbb Q7 rQ ' FT QTQb2/ #v (j) M/ (9) BbH2bb /m2
p2?B+H2bX 6°QK i?2 6B;X 9XR- bQK2 Q#b2 p iBQMb ? p2 b?QrM i? i i?2 KQ/2Hb
? p2i?2B° /p Mi ;2b M/ /Bb /p Mi ;2b- #mi i?2 mb2 Q7 "iB}+B H BMi2HHB;2M+?2
+QKKmMB+ iBQM BM AQo M2irQ Fb rBi? 2tBbiBM; rQ FbX
/IBiBQM Hbim/B2b "2 2[mB 2/iQ#mBH/ bK i M/ 2HB #H2 AQh # b2/ 0 L1h KQ/
i2+?MB[m2bX

9XRX S'QTQb2/ 6 K2MR/IFQAM i?2 #Qp2 bm p2v IM/BM:b M/ :; Tb M HvbBb- AC

M/ BMi2HHB;2Mi b2 pB+2b ? p2 mb2/ iQ /2bB;M T QTQDb2/ *Hmbi2 @# b2/- a2
7° K2rQ ' Fi? i ?2HTb BM bK i M/ b2+m 2 +QKKmMB+ iBQM i?2 2#v "2/m+BM; i" {
9 X k X

AQo a2imT S?.BBB:M M/ /2THQvV AQh # b2/ 0 L1h

ai2T R, AQh ? b ?2HT2/ /2p2HQT i?2 /@?Q+ M2irQ F Q7 i /BiBQM H p2?E

BMi2HHB;2Mi p2?B+H2bX

*Hmbi2  a2imT SPHRLHiI2 b 7Q K iBQM M/ . i i MbKBbbBQM

ai2T k-j, .2}M2i22 +Qp2° ;2 "2 7Q 2 +? p2?B+H2f_al MQ/2-r?B+? ?22HTb i

bQm +2 MQ/2 iQ i?2 /2biBM iBQM MQ/2X hQ bQHp2 i?Bb T Q#H2K i?2 b2H2+
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loV Setup:

Cluster
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aXMQ U mi?Q bV

bQM

K2i2'b, UV p2° ;2 h?°Qm;?Tmi

Setup:

/ 1. Deploy IoT based VANET /

Division of coverage area into Clusters

2. Clusters Formation

Clusters Head (CH) Selection in each area

3. Data Transmission

Security:

6B;X X6KQTQb2/ *Hmbi2 @# b2/ a2H7@Q"; MBx2/ AMi2HHB;2Mi U*aAV 6"

4.1s malicious
vehicle/node found in the
Clustered
network?

Yes

No

Clusters-based Hybrid routing

4.1.Consider it an abnormal vehiclg
and remove it from the route

M/ U#V S +F2i GQbb

Using Artificial intelligence (Al

4.2.Consider it a normal vehicle
for communication

5. Update route for secure
communication

6. Train the network for future
data transmission

Using Machine learning (ML)

M/ a2+m 2 *QKKmMB4 jBQM mbBM



9j3 amKBi EmK - C bT 22i aBM;?

#2bi bmBi2/ 7Q  #2ii2° /i i° MbKBbbBQMX
a2+m'Biv J2+? MIBHB+BQmb MQ/2- 1T/ i2 "Qmi2- M/ L2irQ Fi° BMBM;
ai2T 9-8-e, g?2Mi?2T2'7Q°'K M+2 Q7 i?2 M2irQ " F /2;" /2/-i?2M i?2 +QM+2°
U AV Bb mb2/iQ /2i2+i K HB+BQmb Q7 BH MQ/2b BM i?2 M2irQ F-r?B+? ?
Qi?2 p2?B+H2bf_al i?2 2#v +°2 i2i {+ +QM;2biBQMX h?2 K +?BM2 H2 "ME
T Q+2bbBM; mMBii? i mT/ i2b Bib2H7 rBi? +? M;2b BM "Qmi2b mb2/7Q  7m
aQK2 BKTQ i MiQmi+QK2b # b2/ QM i?2 T°QTQb2/ *aA KQ/2H ? p2 HBbi2/ #2H(
T Q#H2Kb BM 2tBbiBM; AQo M2irQ Fb,
h?2 mb2 Q7 +Hmbi2'BM;@# b2/ "QmiBM; TT Q +?2b rBi? i mbi K M ;2K2Mi |
7Q° i?27mim 2 BMi2"M2i Q7 p2?B+H2bX
h?2 BMi2;" iBQM Q7 'iB}+B HBMIi2HHB;2M+2 rBi? "QmiBM; K2+? MBbKb ?2
K HB+BQmb Q /2 / MQ/2bX
h?2 +QM+2Ti Q7 i” {+ +QM;2biBQM KBMBKBx iBQM rBHH #2 BMi " Q/m+2/ rBi
7 bi M/ Q#mbi +QKKmMmMB+ iBQMX
JQ 2Qp2 ' -r2? p2/2+B/2/iQ mb2 "Q#mbi +Hmbi2 " @# b2/ "QmiBM; iQ p HB/ i
7Tmim 2 bim/B2b QM i?2 +m ™ "2MiiQTB+ "2 "2[mB 2/iQ +QKT "2 M/ p2'B7vi?2 T C
QM T ~ K2i2°bbm+? bh?2°"Qm;?Tmi-S +F2i HQbb-S +F2i /2HBp2'v "~ iBQ- M/ /2H

8X *QM+HMbBQM M/ 6mim2?2 a@RAKAX B+ iBQM i2+?MQHQ;B2b 7Q" p2?B+H2b ;
BKT Qp2K2Mi Q7 # bB+ +QKKmMB+ iBQM #2ir22M 02?B+H2@p2?B+H2 M/ 02?B+F
AQo KQ/2H Bb 2 HBiv i T'2b2Mi r?B+? Bb +[mB 2/ #v BMi2 ' +QMM2+iBQMb Q7
BM+HmM/BM; T2QTH2X h?Bb T T2 T 2b2Mi2/ /2i BH2/ Qp2'pB2r Q7 i?2 AQo -
T QiQ+QHb- Bbbm2b- M/ +? HH2M;2b-r?B+? ?22HTb iQ #mBH/ b2+m 2 +QKKmMMB -
M2 "Hvbi ;2Q7 /2p2HQTK2Mi- M/ 2[mB 2b K Mvi2+?MB+ HBbbm2biQ #2 "2bQ|
M/ /2THQvV2/ BM KQ/2°M M2irQ FbX gBi?i?27 bi;"Qri? Q7 +QKTmiBM; M/ rB 2H2
AMi2"M2i Q7 02?B+H2b M2irQ"F Qz2'bH ;2#mbBM2bb M/ 2b2 "+? BKTQ i M+2 7
h?2°27Q°2- BM i?2 7Tmim 2- i?2 AQo M2irQ ' F Bb #2ii2° QTiBQM rBi? i?2 +QM+:
J +?BM2 H2 "MBM; i2+?MQHQ;v +iBM; b +H bbB}2 " mb2/iQi° BM AQo M2irQ Fb
# b2/ QM ?v#°'B/Bx iBQM M/ K2i @?2m BbiB+ QTiBKBx iBQM H;Q Bi?Kb /QTi2/7
Tm TQb2bX

161 _1L*1a

(R¥X Xa H22K-wX a?BDB2- M/ X a?MBRBbbBQM mbBM; BQi BM p2?B+mH ~ /@?Q+ M2irQ Fb BM bk
JOQ#BH2 L2irQ°"Fb M/ TTHBHXBKAIMMQX R- TTX k93 k83- kyRNX

(k) GX amKB M/ oX _ M;BQi@p M2i@# b2/ i {+ KM ;2K2Mi bvbi2K 7Q" 2K2 ;2M+v p2?B+H2HRib BM bl
6BM/BM;b BM AMi2HHB;2Mi *QKXmaBMB M22>MBRB2bITX kj jRX

(j) X hQH#*QMi2Mi ++2bbB#BHBiv T'272°'2M+2 TT ' Q +? 7Q° BKT ' QpBM; b2 ' pB+2QKTMAK HBiv BM
L2irQ"FpQHX R8k- TTX d3 3e- kyRNX

(9wX w?2Qm-*X: Q-*Xsm-uXw? M;-aXJImKi x- M/aQ¥% B BEBmRk4i @# b2/ +QMi2Mi /IBbb2KBM iBQM
Q7 p2?B+HI2IH-&° Mb +iBQMb QM AM/mbi BpiPAKMRQ-MMiBX - TTX de3 ddd- kyRdX

(8)wX LBM;- sX >m- wX *?22M- JX w?Qm- "X >m- CX *?22M;- MQIXIaXiB#B[m-HBiv@ r "2 b2 'pB+2 +
bvbi2K 7Q  bQ+B H BMi2 " MARLQY ARM?BM2bRF h?BM ;hQEHXMB MM X 9- TTX k8ye k8Rd- kyRdX

(e)CX g M-CX GBm-wX a? Q- XoX o bBH FQb-JX AKQ¥BHRI AEQrwB®WvbBM; 7Q" i~ {+ T '2/B+iBQM BN
Q7 p2?B+a2MbOPYHX Re- MQX R- TX 33- kyReX

(d) X xK M-aX uQ; "v M-aXGXgX CB M-aX6X X _ x F-EXCX _ K M-JX 6X 28Kt mHHX?2FXaX wX £
KBM- M/ EX aX JmMiQKTF 2?2MbBp2 bim/v Q7 rB'2H2bb +QKKmMB+ iBQM i2+?MQHQ;B2b 7Q" p
BMyR3 j°/ AMi2°M iBQM H *QM72°'2M+2 QM *QKTmi2" M/ *QKKm¥ BALIIBIQ MyRd-i ZRIX YR *PRVX

(33X X >[m2 M/ JIX .X >Qbb2BPMMQHQ;v bm ' p2v Q7 rB'2H2bb +QKKmMB+ iBQM 7(h?BM@p2?B+H2
AMi2°M iBQM H *QM72°2M+2 QM aQ7ir "2- EMQrH2/;2- AM7Q KiBRQN U M A2KXMRAY/L-TTHB +
kyR9- TTX R dX

(N)XLvv -"X@GX L;mv2M- M/ LX :XhR2B/MMN-M2i Q7 /"QM2 i?BM;b UBQ/iV, 6mim 2 2MpBbBQM Q°
6B bi AMi2"M iBQM H*QM72°2M+2 QM ambi BM #H2 h2+KMOIHBXER AMH+ZBM ;220 KK ykiy + BFTAM A 83y X

(RyEX *?22M- >X w?2Qm- LX w? M;- gX sm- ZX um- GX :aaBpBUH2 @QaB2Mi2/ /vM KB+ +QMM2+iBQM K
7Q  bQ7ir "2@/2}M2/ BMi2 " MAI1IQT p2 MBb+ HRPEBOQdMb QM AMi2HHB;2Mi h™ MpQRXi RBOMQ@XHRZKBTX
k3ke k3jd- kyRdX



AMi2 M2i Q7 02?B+H2b UAQoOV Qp2 0o M2ib, aK i M/ a2+m 2 *QKKmMB-O |BQM mbBM

(RR)X aQQF? F-6X _X um- M/ >ahmM2/i b? BM; 7Q° p2?B+mH ~ /@?Q+ M2irQ"Fb mbBM; +HQm/
>Q+ L2irQXFRT ' BM;2 - kyRd- TTX jye jR8X

(RkaX a? 'K M/ X E mHm p2v QM BMi'mbBQM /2i2+iBQM bvbi2Kb M/ ?QM2vTQi # b2/ T'Q +iBp2 b
p M2ib M/ p M2i +6PQ@BAMH ~ *QKKmMMBPOQHHBQRK TTX Rj3 Re9- kyR3X

(RjLX X E? M-LX C? MD?B-aXLX " Q?B-_XaX X IbK MR-"iM/ {¥ KQWMBiQ BM; bvbi2K mbBM; mMK N
2'B Hp2?B+H2b@KTp2-FQKKMMB+KYyRPMDb

(R9JX ST Bv M M/ :X IX .2@Bn p2v QM BMi2"M2i Q7 p2?B+H2b, TTHB+ iBQMb- i2+?MQHQ;B2b- +?
AMi2 M iBQM HCQm'M H Q7 /p M+2/ AMipOHE;RKM+BGX RBKDHTTX N3 RRN- kyRNX

(R8XX EmMK - >X a? 'K - :X aBM;?- L22im- M/ANKZ?M2P Q7 p2?B+H2b UBQpV, 8ip+tl@MN2M2/ + -0
TTHB+ iBQMb BM J i?2K iB+2H A +«BRWMX2b

(Re)X EmK "-EX _ D H Fb?KB-aXC BM- XLvv - M/JX ¥M@Qmp2HrBHM-" BbiB+ bBKmH iBQM@QTiBKBx i
7Q +'BiB+ HBM7  bi'm+im 2 BM bK i i’ MMI®D" M iiB@QW b IOQKEM H Q7 *QKKmWB29BNAM avbi2
kykyX

(RAEX CX "Q" ?-CX "Q" ?- M/ JX E MTBBEKMB+QMi " QH Q7 +v#2  T?vbB+ KA MR2BMK HRQM bH2BEQ M M H Q
AMi2HHB;2Mi avbi2Kb .2bB;M - MO HEKR-TMBM;j@9- TTX ky8 kRj- kyRdX

(R3AX *? # - X EmK “- _X S Mi- M/ JX2+mR2-2 M/ 2{+B2Mi F2v /2HBp2'v BM p M2i mbBM; +HQm/ M/ 7Q
kyRd AMi2°M iBQM H *QM72'2M+2 QM *QKTmi2 - *QKKmMB + i BHBMWA IM/11 I 2 R id QMIBX+ b dU K T

(RNgX sm- >X w?Qm- LX *?2M;- 6X Gvm- gX a?B- CX *?RMi-2 MR2sRQ aD2MB+H2b BMAAZR1f*i 2 -0
CQmM'M H Q7 miQK iBpQaBMBMQX R- TTX RN j8- kyRdX

(kysX g M;- wX LBM;- M/ GXP@®/BM; BM BMi2 M2i Q7 p2?B+H2b, 7Q;@2M #H2/ 2 H®@iBK2 i® {+ K
A111 h® Mb +iBQMb QM AM/mbi BpQ AXI RQ:KMIBX IRy- TTX 98e3 98d3- kyR3X

(KREX E M;- _Xum-sX>m M;-JX CQMbbQM- >X "Q;m+F - aX :D2bQBMB-QM/TuBpv?VvMii +Fb M/ /272Mb
BM +HQmM/@2M #H2/ BMi2 M21 Q7B 2AB20b2bO&KKMMBIHE@MBMQX 8- TTX 8k 8N- kyReX

(kkCX E M;- _Xum-sX>m M;- M/ uS8p My@T 2b2 p2/ Tbh2m/QMvK b+?2K2 7Q" 7Q; +QKTmiBM; bmT
p2?B+HRbEH h> Mb +iBQMb QM AMi2HHB;2Mi h® MpJPBXi RBIQM@Xb32RF X kekd kejd- kyRdX

(Kj))IX@EX G22-JX :2°H - :X Sm-1X G22- MMCX@2KGBK2?B+H2b, 6°QK BMi2HHB;2Mi ;"B/ iQ miQN\
p2?B+mH " AMiB M iBQM HCQm'M H Q7 .Bbi B#mi2Q HXMOQ MQX §:FXx R88yR9ddReee88yy- k

(k9 X w? M;- wX w? M;- M/ >X@*ROTX-iBp2 7Q; +QKTmMiBM; 7Q" /2 HBM; rBi? #B; /i BM i?2 BMi2
“+?2Bi2+im*2 M/ ?B2° "+?B+ H "2bQmA42 K*QKRKME+6iBQMb-pQKHEME- MQX Rk- TTX ey ed- ky

(k8)X S mMH- X . MB2H- X ?K /- M/ 4RQPD-iBp2 +Q;MBiBp2 BMi2HHB;2M+2 7@1IBIMA2bVK Q7 p22E
CQm MpBHX RR- MQX j- TTX RkON Rk83- kyR8X

(keSX JX EmK - : X J MQ; " M- _X amM/ ® b2F - LX *?BH KFm'iB- 2¢{ o' X\ + QH®YMv QTiBKBx iBQM
H;Q Bi?K rBi? BMi2 M2i Q7 p2?B+H2b 7Q  BMi2HHERWMmi2 {+ 2iQOPOGIKX RAB2KTX R89 Rek- kyR

(kduX ; 'rH- EXC BM- M/ PXE ' # BR;HM2?B+H2 KQMBiQ'BM; M/ bbBbi M+2 mbBM; +HQm/ +QKT
/ 2Q+ M2irQ 'AMia M iBQM HCQm'M HQ7 h” MbTQ i iBQM-ap@BRX ¢2 MYXhR+ M@ HQ;dj- kyR3X

(k3pX .2#°Qv- SX a K Mi - X" b?B - M/ JIX *?2aT22082BQi, bT2+i'mK r "2 2M2 ;v 2{+B2Mi "QmiBM; 7
iQ@/2pB+2 BQi +QKKBIMBW2BOW23iBQM *QKTmi2p GNKIRKbTTX 3jj 393- kyRNX

(KNLX JQm?+BM2- EX J MbQm'B- M/ uXMIQRHKR/2Mi p2?B+H2 "QmiBM; bvbi2K mbBM; p M2i bi" i2;v
/Bbi"B#mi2/ Mi +QHQMv QTiBKMBX VB(®BW-M BMQM72'2M+2 QM /p M+2/ AM7Q K iBQM h2+?MQl
avbi2Kb aT ' BM;2 - kyR3- TTX kjy kjdX

(jy)*X CX CQb?m - _X .m" Bb Kv- M/ oX o " /2THRiMBQM # b2/ r2B;?i2/ +Hmbi2 ' BM; T'QiQ+QH BM p I
Q#D2+iBp2 }'2~v TIQ®BH2A2irQ'Fb M/ TTHBHXBKIMMQX 9- TTX RRNN RkyN- kyRNX

(JR¥IX mTi -LX a #? 'r H- SX aBM;H - CX aBM;?- M/ CSbhC», S/'BBm2bbr 'K M;mH ~ "QmiBM; BM p2~
/?2Q+ M2irQ FBAMIiBM iBOQM H *QM72'2M+2 QM qB 2H2bb AMi2HHB;2Mi M/ .Bbi BB@MN2/ 1MpB"
aT'BM;2 - kyR3- TTX RR8 RkdX

(jk)sX >m- hX qm- M/ uX qaR+B H +Q HBiBQM®@# b2/ pkp # Q /+ biBM; QTiBKBx B\’ M{ i@ BM?K BM
*QM72°2M+2 QM ar "K AMi2HTHBMZ R +2kyRN- TTX jR3 jk8X

(ji)CX hQmiQm? M/ 1X Bb# 'K H;Q Bi?K 7Q° +QHH #Q" iBp2 i’ {+ BM p@2BB+miH MUIKXHEMBD+ iBQMb
PQHX Rk- TTX Rkd Rjd- kyR3X

(j9)_X *X SQQMBI2'7Q K M+2 2p Hm iBQM Q7 "QmiBM; T'QiQ+QHb 7Q" p2?B+mH * / ?2Q+ M2irQ Fl
AMi2 M iBQM HCQm'M H Q7 avbi2K bbm > M+2 1M;BMOHBM: NUQ X M TIK2Bfy 3j8- kKyR3X

(j8)_X u "BM2x? / M/ X a @ #R+ "QmiBM; H;Q Bi?K 7Q" p2?B+mH ~ /@?Q+ M2irQ ' Fb # b2/ QM ;HQI
KBx iBQM H;QUEJWKM H Q7 A M/ . i- pEMIBME- MQX R- TTX eN de- kyRNX

(je)aX :H bb- AXJ ?2;Qm#- M/ JIXGIARB®/BM; K M2i@# b2/ +QQT2  iBp2+ +?2/Bb+Qp2'vi2+?MB[m2b
M/ M HvbBbt& *QKKmMB+ iBQMb am ™ p2vbp QiXi@NB M X 9- TTX ke9y keeR- kyRdX

(jd)GX hmvBb2M;2- JX v B/ - aX hQ?K2- M/ GR@QXF 7BRBH2+im 2b BM BMi2 M2i Q7 p2?B+H2b UI
T°QiQ+QHb M HvbBb- +? HH2MXEIH2 MW BB M 2H *@QBIM 2 2M+2 QM AMIi@TMEMQZ” oRPB3HPBX j RjX

(j3)CX *QMi"2°  b@* biBHHQ- aX w2 / HHv- M/ CX X mR2p2MD@AH {\22X}F KQ/2H “+?Bi2+im 2 7Q" BMi
p2?B+H2Q@M M H Q7 AM7Q K iBQM M/ h2-HP@BX Rm MBX iBQWM X 9 kk- kyRdX

(INPX a2MQm+B- wX HBQmM i- M/ aXpB20@bB-QmiBM; T'QiQ+QHb BM BMi2 'M2i Q7 p2aBMHOb M/ i?2
_2pB2KyRNX

(9yCX *QMi‘2° b@* biBHHQ- aX w2 / HHv- M/ CX X :AMI2Z2M2@ A7 @2*B+H2b,  +?Bi2+im 2- T QiC
b2+m BAL-IB1 AMi2 M2i Q7 h?BM ;hQHXMBMMIDX 8- TTX jdyR jdyN- kyRdX

(9RAX 0 b?Bbi M/ aX GBMiBQM@ r "2 M2irQ'F Q7 /'QM2b 7Q" +QMbmK2' TTHB+ iBQMb, amTTQ"i
#2ir22M KmHIiBTH2AIOM2QMbmMK2' 1H2+i " QMB+HhQHX BBMID X j- TTX e3 dj- kKyRNX



99y amKBi EmK - C bT 22i aBM;?

(9kBaX EmK - . X Em'- M/ JX h HQKT " iBp2 T2°'7Q°'K M+2 M HvbBb Q7 Q/p- /b/p M/ x'T mM/2  p
/2MbBiv M/ i’ {+ BM KC2ZibM6H Q7 *QKTmi2 h2+?MQHQ:\WwQHX HBMQEQMIT TX N Re- KyRNX

(9j))dX@aX S M M/ aXx@qX HBM?ir2B;?i M/ /Bbi'B#mi2/ ;2Q;" T?B+ KmHiB+ bi "QmiBM; T'QiQ+QH 7
*QKTmi2® L2irQpRMX RRk- TTX N8 Ryd- kyRdX

(99)X :mH iB- : X aX mDH - _X *? m/? 'v- LX EmK - M/ JX22XT H2BMBM;@# b2/ +QMi2Mi +2Mi B+

/Bbb2KBM iBQM b+?2K2 7Q° BMi2 M&iRG7AAAABAMED-M BBMQM H *QM72°2M+2 QM *QXKKmMMB + i
A111- kyR3- TTX R eX

(98X aX a?2BF?-CX GB M;- M/ d¥Xgpdy-Q7 b2+m ' Bivb2 pB+2b- ii +Fb-
Up M2ie2MbOpIHHX RN- MQX Re- TX j83N- kyRNX

M/ TTHB+ iBQMb 7Q" p2?B-
1/Bi2/ #WM M/ L vv
_2+2BpZ/,kR- kyky
++2TiZImH R- kyky



e
.. a+ H #H2 *QKTmiBM;, S° +iB+2 M/ 1tT2 B2M%idT, fAara X IRSTNX@DRde d -
Ukyky a*S1X 0OQHMK2 kR- Abbm2b j- TTX 99R 98y- .PA RyXRkeN9,fb-

Ll1g SS_P *>6P_L oA: hAPL L. h_ 66A* aA:La AL.A* hAPL laAL:
J SALh1:_ hil. 1:J1Lh1l. 1 GAhu 6P_alG6@._AoAL:* _a

> a> G .1P_1- Ea>h :_gqG Y 0AolE C :GASPPC L:SG L. JulLE JP>L a> _J {

#bi® +iXa2H7@/ BpBM; p2?B+H2b "2 QM2 Q7 i?2 2K2 ;BM; i2+?MQHQ;B2bX h?Bb i2+?MQHQ;v ?
HBp2b +QK7Q i #H2X >Qr2p2°-i?2 i2+?MQHQ;v mb2/ BM b2H7 /'"BpBM; + 'b? biQ T2'7Q 'K b2 'B2b Q7
bQK2 +2°i BM T'2°2[mBbBi2b "2H i2/iQ "Q / BM7  bi'm+im 2 M/ Bb z2+i2/ #v / vHB;?i M/ r2 i?2" +Q
T'2°2[mBbBi2b "2 MQi b iBb}2/i?2M Bi +QmH/ z2+ii?22 T2 ' 7Q°'K M+2 Q7 i?2 p2?B+H2 M/ + M #2 +QN
Q7 i?2 mb2°bX h?Bb "2b2 "+?2 rQ'F Bb 7Q+mb2/ QM i'vBM; iQ }M/ M2r TT Q +? mbBM; r?B+? i?2 mM/Z
#H2 iQ BKTH2K2Mi b2H7 /'BpBM; + "b BM i?2B° +QmMivX h?2 Q#D2+iBp2 Q7 i?Bb T TMI iRRiQ T QT
i2+?MQHQ;v mb2/ BM i?2 b2H7@/ BpBM; + b 7Q T2 +2TiBQMX IbBM; i?Bb TT Q +?i?22 +QmMi ' B2br
#2 2HB;B#H2 iQ BKTH2K2Mi i?2K rBi?Qmi +QKT ' QKBbBM; i?2 b 72ivX

h?2 T°QTQb2/ TT Q +? mb2b i?2 i2+?MQHQ;v m;K2Mi2/ 2 HBiviQ +°2 i2 M/ m;K2Mi ‘iB}+B H Q
M/ i {+ bB;M Hb # b2/ QM p2?B+H2b HQ+ iBQM iQ ‘2 HBivX G i2 i?2 m;ROMiH b22ZMR22B bMERNM B @ #@® 22
/2i2+iBQM H;Q Bi?K iQ /2i2+i i?2 M pB; iBQM H ‘iB}+B H Q#D2+i2/ HQM:; rBi?HTi®M2pB2 ii2 QD2 +ib.
p2?B+H2 2p2M B7 i?2 "Q / BM7 " bi'm+im 2 /Q2b MQi ? p2 p2'v;QQ/ bB;M BM/B+ iBQMb M/ K "FBM;X

h?2 TT'Q +?2r bi2bi2/ HQ+ HHv #v + 2 iBM; HQ+ HM pB; iBQM H bvbi2K M/ bK iT?QM2 # b2/
TT ' Q +?2 T2 7Q K2/ #2ii2°i? Mi?2 +QMp2MiBQM H K2i?Q/ bi?2 Q#D2+AKI2ZB+RM2?Z BN22RDEDRRIr?
/2i2+iBQM iQ /2i2+i i?2KX

E2v rQ°/b,a2H7 ."BpBM; * "b- m;K2Mi _2 HBiv-J +?BM2 oBbBQM

Jabm#D2+i +H bbB}+ EB@MYPXe3h9s

RX AMi"Q/m+IiBDMX2 ~ ?m;2 KQmMi Q7 KQM2v Bb bT2Mi QM “2b2 “+? 7Q" }M/I
#mi T2QTH2 Q7i2M 7 BH iQ "2+Q;MBx2 K ;MBim/2 M/ +Qbi Q7 "Q /i {+ ++B/2Mi
+ mb2/ #v "Q /i {+ ++B/2Mib i?Bb K F2b Bi Ni? H2 /IBM; + mb2 Q7 /2 i? BMi?2rQ
2 +?v2 " r?B+? K2 MQM M p2° ;2 jk3d T2QTH2 /B2 / BHvQMi?2 "Q //m2iQ "Q /
iQi? i2p2°vv2 " k@8 +' Q' 2bQ7T2QTH2 "2 H27iBMDmM 2/X AM i?2b2 /2 i?bi?2 T
7Q° KQ'2i? M8yWX am T°'BbBM;Hv- KQM; R8@kN v2 b QH/ Bi Bb H2 /BM; + ml
QH/ Bi Bb b2+QM/ H2 /IBM; + mb2 Q7 /2 i? ;HQ# HHvX h?2 MmK#2 > Q7 T2QTH2 7
++B/2Mib Bb "QmM/ 9 H F?b-r?B+? K F2b Bi RyyyvQmM; T2QTH2 2 +?/ vX JQ 2
BM +QmMi'B2br?B+? "2mM/2 /2p2HQT2/ Q" ? p2 HQrBM+QK2X h?2b2 ++B/2Mib
i?722+QMQKv HbQ-Ai? b#22M 7QmM/ i? ii?2b2 ++B/2Mib +Qbib 08R3 rQ H/rB/:
M BM/BpB/m H+QmMi 'B2b :.SX h?Bb 2tT2Mb2 Bb KQ 2 i? Mi?2 KQmMi 72r mM/z
/2p2HQTK2Mi bbBbi M+2 (R)X

AMMQpP iBQM ? b BKT ' Qp2/ i2+?MQHQ;viQ ;2 i 2ti2Mi Qp2" T bi 72r/2+ /2b:
"'mTi2/p "BQmbBM/mbi'B2b 7Q" #2ii2°'K2Mi Q7 i?2 bQ+B2ivX PM2bm+? BMMQp iB
rb.22T7T G2 "MBM;X .22T H2 "MBM; ? b 2M #H2/ mb iQ # BM; 2mK M HBF2 Q" 2p2N
h?2 i2+?MQHQ;v Bbb2iiQ /Bb" mTip BQmb BM/mbi'B2b QM2 bm+? BM/mbi v Bb i
? bH2/ T2QTH2 iQ #mBH/ b2H7@/ " BpBM; + "bX a2H7@/ BpBM; + b +QM+2Ti Bb
7°QK QM2 TH +2iQ MQi?2'X h?2b2 p2?B+H2b ? p2 + K2 b KQmMi2/ Qp2 i?2K 1

KBiv IMBp2 'bBiv > ?2v'M? B/2Q 2d!;K BEXX+QK
Y KBiv IMBp2'bBiv > Rb®M iU ky!; K BHXXQK
Z:° T?B+ 1° >BHH IMBpHbBpBp2F!;K BMX+QK
X KBivIMBp2 ' bBiv>T#M;0 H!;;MX KBVXX2/m
{ WBHHQr AM+X-a M 6 MKBbMFXIK@QX MX¥b? K IVKKBHX+QK

99R
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bm "QmM/BM; M/ Bb 72/ BMiQ i?2 /22T H2 "MBM; H;Q Bi?K r?B+? /2i2+ib B7 i?2"
M ++B/2MiX h?2 p2?B+H26b +QMi " QH bvbi2K iQi HHv /2T2M/b QM i?2 /2i2+iBQ/|
Bib }M/BM;bX a2H7@/ BpBM; p2?B+H2b "2 +m "2MiHv M22/ ?mK M/ Bp2 T 2b2M
v2i TmHHV /2p2HQT2/X h?2b2 p2?B+H2b "2 BKT QpBM;/ v#v/ v M/ rBHH #2 i?2°
rQ"H/ BM i?2 +QKBM; v2 "bX
*QMbB/2°BM; i?2 bi iBbiB+b Q7 /2 i?b M/ BMDm B2b + mb2/ #v "Q / ++B/2Mil
p2?B+H2 Ub2H7 /"BpBM; p2?B+H2bV "2i?27mim 2 Q7 i MbTQ iX "QmM/ 9d +Bil
p2?B+H2b T'QD2+ibX "2TQ i T 2T "2/ #v ESJ: b?Qrb miQMQKQmb 02?B+H2b _
+QmMi'B2bX h?2 o_ABb iQQH IiQ K2 bm 2 ?2Qr r2HH +QmMi'v Bb T 2T "2/ iQ E
i?Bb iQQH +QMbB/2 b k8 /Bz2 '2Mi 7 +iQ°b M/ HH i?2b2 7 +iQ°b "2 b+Q 2/ BM
iQbm++2bb7mHHV /2THQV b2H7 /"BpBM; p2?B+H2b BM +QmMi v-i?2 +QmMi’v K
;QQ/ BM7 bi'm+im 2 7Q  b2H7 /"'BpBM; p2?B+H2b K2 Mb i?2 H M2 K "FBM; b?Qn
bB;M #Q /b b?QmH/ #2 T 2b2Mi i HHi?2 2bb2MiB HHQ+ iBQMbX h?2 H +F Q7 BN
#2?BM/ i?2 H ; BM BKTH2K2Mi iBQM Q7 i?Bb HB72 b pBM; i2+?MQHQ;v (k)X
h?2 b2H7 /"BpBM; p2?B+H2b ? p2 KmHIBTH2 b2MbQ™ M/ + K2 b KQmMi2/ QM
+ Tim2i?2bm>"QmM/BM; M/ i?Qb2 BK ;2b "DZ2HBMIBI?XDTiG22IMBM M/ "2+Q; N
p BQmb Q#D2+ibX h?2 "2bmHib ;2i z2+i2/ rBi? [m HBiv Q7 + K2° b-bm > "QmM/BN
HQr M;H2 Q" BiBbiQQ #°B;?i+ mb2b /B{+mHivBM 2 /BM; i {+ HB;?ibX HbQ 7Q
iQ rQ'FX .22T H2 "MBM; H;Q'Bi?K /2T2M/b QM / i - T'QpB/BM; Bi rBi? KQ 2 / i
"2bmHib BKT ' Qp2X >2M+2 Bi Bb p2'v BKTQ i Mi Bi ;2ib BKTH2K2Mi2/ BM KQ 2 +(
rBHH ?2HT BM +QHH2+iBM; KQ 2/ i1 M/ ;" /m HHv H2 /iQ #2ii2° M/ b 72  b2H7 /
*QmMi'B2b HBF2 AM/B  "2BMi?2 KQbiM22/ Q7 b2H7 /°"BpBM; p2?B+H2bX AM A
r?B+? + mb2/ R93-dyd /2 i?bX AM i?2 TQTmH iBQM Q7 RXjR #BHHBQM i?2°2 2
+QHHBbLBQM " i2r byX3 T2 Ryyy p2?B+H2b M/ T2 Ryyy-yyy T2QTH2i?2 2 r2"2
SQQ" "Q /BM7  bim+im'2 M/ TQQ bm "QmM/BM; +QM/BiBQMb "2 i?2 irQ T°
K "FQp2 i?2T2'7Q°K M+2 M/ b 72ivQ7 b2H7 /" BpBM; p2?B+H2bX h?2 TT ' Q +?
?2HT i?2b2 b2H7@/ " BpBM; p2?B+H2b "2 +?2i?2 +QmMi'B2br?2°2i?2v "2 KQbi M2
"2 HBivi2+?MB[m2 iQ bmTTH2K2Mi i?2 +QMp2MiBQM H K2i?Q/X
P#D2+iBp2b,
.2p2HQTBM; M H;Q Bi?KiQ +QK#BM2 /22T H2 "MBM; M/ m;K2Mi2/ 2 HBi
*2 iBM; i2bi b2imT iQ i2bii?2 T°'QTQb2/ TT Q +?
*QKT "BM; "2bmHib Q7 i?2 T°QTQb2/ TT Q +°?
h?2 T T2 BbbT'2/BM7Qm™ b2+iBQMbX a2+iBQM k /Bb+mbb2b "2H i2/ rQ F 7
jX a2+iBQM 9 T 2b2Mib "2bmHib M/ +QKT 'BbQM M/ }M HHv b2+iBQM 8 /Bb+mb
7mim 2 /B 2+iBQMbX

kX 2H i2/ qQ FbX

kKXRX m;K2Mi2/ _2oBBioXH _¥RBbwmb2/iQ+2 i2 pB'im HrQ H/rBi?i?2 mb2
;7 T?B+b r?B+?2 + M 2tT2°'B2M+2/i?2°Qm;?r2 ~ #H2 /2pB+2bX h2H2T 2b2M+2 Bb
iQ7 +BHBIi i2 bQK2QM26b T'Q#H2K bQHpBM; bFBHHb 7°QK "2KQi2 TH +2 (8)X

>Qr2p2°- m;K2Mi2/AR BIBiIMQi?2  i2+?MQHQ;v r?B+? Bb Q7i2M "®MR2°62/ b JB
?QrBirQ'Fb Bb +QK#BM iBQM Q7 #Qi? i?2 0_ M/ h2H2T 2b2M+2 i2+?MQHQ;VvX

AM - HvVv2 Q7 "iB}+B HQ#D2+ib +'2 i2/#vmbiQi?2 2 H@rQ H/ T2 +2TiBQ
+QMbB/2'2/ b 2ti° BM7Q K iBQMiQ K F2i?2 2 HrQ ' H/ KQ'2 BM7Q K iBp2X h?E
Q7 i?2 "iB}+B H Q#D2+ib /Q2b MQi +Qp2°  mT Mv BKTQ' i Mi Q° K2 MBM; /2i BH
i?72 2tT2°'B2M+2X AM bBKTH2 rQ°/b _ Bb o_ rBi? //2/ "2 HrQ H/X h?2 i2+?MQH
?2HT bim/2Mib H2 "M iQTB+b T® +iB+ HHv r?B+? "2 Qi?2 rBb2 /B{+mHiiQ BK ;2X
DQv7mH b bim/2Mib ;2iiQ b22 pB'im HQ#D2+ibBM "2 H@HB72 2MpB " QMK2Mi (e

_rbBMp2Mi2/ rBi? [/2bB 2 iQ K F2 #mBH/ B 'TH M2b 2 bB2 X AM RNNy- * n
bvbi2K 7Q  rQ ' F2 b iQ ?2HT i?2K /m 'BM; bb2K#Hv 7Q° ;mB/BM; i?2K i?2v +QmH/
h?2 /2pB+2rQmH/ Qp2 ' Hv "2 HrQ H/ rBi? ;" T?B+ HBMbi m+iBQMb (d)X
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6B;X KXk ;mB/BM; rQ ' F2" rBi? THv (d)

>Qr2p2'-i?2 BMBIiB H ii2KTibr2'2 MQi bm++2bb7mH b i?2 bvbi2K +QmH/ MQ
M/rbMQi 2bTQMbBpP2 2MQm;? r?2M T2QTH2 KQp2/ "QmM/X h?2 K BM "2 bQM
BMbB/2i?2r2 > #H27r b MQi TQr2 7mH 2MQm;? # +F i?2MX

6m i?2 KQ 2-i?2B/2 r b MQi HBKBi2/iQ BM/mbiB H TTHB+ iBQMbX AM Kkyyy
"2p2 “+?2°b /2p2HQT2/ M 2ti2M/2/ p2 bBQM Q7 /2bFiQT ; K2 + HH2/ Zm F2X h?
/2bFiQT ; K2iQ Qmi/QQ fBM/QQ  KQ#BH2 _ ; K2 (3)X

aBKBH "Hv- Bi + M #2 mb2/ 7Q" M pB; iBQM Tm TQb2 M/ T2QTH2 ? p2 #22M T
# b2/ TTHB+ iBQMbiQ ?2HT 7Q 2B:M T2QTH2 M pB; i2 i M2r TH +2 HBF2 B 'TQ"

kXkX .22T G2 "MBM;KH2 "MBM;0b #B i? + K2 7°'QK T2QTH206b bTB® iBQMiQ +°2
+i- i?BMF M/ #2? p2 HBF2 ?mK MbX AM RN9j- J+*mHHQ+? M/ SBiib bim/B2/ 7n
# BM M/ i'B2/iQ mM/2 bi M/ ?2Qr i?2v +QmH/ T°Q/m+2 +QKTH2t T ii2"Mb rBi? b
iQ2 +? Qi?2°X h?2vi?2M +°2 i2/ bK HHbBKTHB}2/ KQ/2H Q7 M2m QMX h?Bb KC
BKTQ i Mi +QMi'B#miBQM iQ /2p2HQTK2Mi Q7 "iB}+B HM2m™ H M2irQ ' FbX G i2
i?72 KQ/2H (Ry)X

6m’i?2°KQ 2- BM RN83 6° MF _Qb2M#H ii T"TQTQb2/i?2 +QM+2Ti Q7 T2 +2Ti"
/2p2HQTK2Mi BM M2m™ H M2irQ " FbX AM ?Bb KQ/2H ?2 }"bi T bb2/i?2BMTmii? QI
bbQ+B iBQM mMMBibX S'2@T Q+2bbQ ' brQ ' Fr biQ/2i2+iB7i?2°2 "2 MvbT2+B}

>Qr2p2 - BM RNeN JBMbFv HQM; rBi? a2vkKQm™ S T2'i ii +F2/i?2rQF Q7 6°
BMi“Q/m+2/i?2sP_ T Q#H2KX h?2v T'Qp2/i? i bBM;H2 T2 +2Ti"QM ;> M/T “2M
r2B+? +QKTQb2 KQ/2° M M2m™ H M2irQ'Fbr b BM+ T #H2 Q7 H2 "MBM; i?2 2t+Hml

b "2bmHi- BM RN3e . pB/ 1X _mK2H? i HQM; rBi? irQ Qi?2° "2b2 "+?2°b B
T°Q+2/m27Q M2m™ HM2irQ FbX h?2 BKQ7i?2T°Q+2/m 2r biQ KBMBKBx2i?2
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ny. & CX 1 maps 1681010
C1. salure maps 54 f maos 16005
INPUT S@28x2 P S4 1 maps 1655
32u% it

S |T_ #
I
-

|
| Full {unrj-c-cuon | Gaussian connections
Convolutions Subsampling Convolutions  Subsampiing Full connection

6B; X RXQMpQHmMIBQM HL2m ™ H L2irQ F (R9)

M/ M2m™ H M2irQ " Fb QmiTmi- iQ +?B2p2 i?Bb Bi rQmH/ "2T2 i2/Hv /Dmbi r2B;"
BMi"Q/m+2/r bp2'v/Bz2 '2Mi 7' QK i?2 T2 +2Ti'QM +QMp2 ;2M+2 K2i?Q/ T°QTQb
i?72 +QM+2Ti Q7 ?B//2M mMBib (Rj)X

am#b2[m2MiHv- BM RNN3- u MM G2*mM HQM; rBi? i?°22 Qi?2" "2b2 "+?2 b B!
L2irQ ' Fb 7Q° Q#D2+i '2+Q;MBiBQMX h?2v +QK#BM2/ /Bz2 '2Mi QT2 iBQM HBF2
72 im2b 7°QK BK ;2brBi?L2m" HM2irQ FbX h?2B " rQ"FH B/ 7QmM/ iBQM iQ + 2
H;Q Bi?K r?B+? Bb #2BM; mb2/ BM b2H7 /' BpBM; p2?B+H2b (R9)X

*m " 2Mi b2H7@/"BpBM; + "b mb2 .22T G2 "MBM; i2+?MB[m2 iQ "2+Q;MBx2 Q#
M2irQ 'F Bb i BM2/ QM KBHHBQMb Q7 BK ;2b Q7 /Bz2 2Mi Q#D2+ib-i?2 i° BM2/
QM i?2 HBp2 + K2° 722/ #2BM; + Tim 2/ #v i?2 + K2° b KQOQmMi2/ QM i?2 b2H7 / E
I rbh#QmM/BM; #Qt "QmM/ i?2 Q#D2+ir?B+? ?22HTb BM + H+mH iBM; i?2 /Bbi M+?2
p2?B+H2bX G M2 /2i2+iBQM Bb HbQ / QM2 QM i?2 HBp2 722/ mbBM; BK ;2 T Q+2l

kXjX :Sa%adéb U:HQ# H SQbBIiBQMBM; avbi2KV #B i? + K2 BM RNeyb /m " BM; i’
M/ i?2 aQpB2i IMBQMX h?2'2r b +QKT2iBiBQM #2ir22M i?2b2 irQ +QmMi ' B2b (
i2+?MQHQ;vX K2'B+ M KBHBi 'v mM/2 ' biQQ/ BKTQ i M+2 Q7 i?2 i2+?MQHQ;v r
}’bib i2HHBiI2 6aTmiMBFO6X " +F i?2M i?2v mb2/i?Bb i2+?MQHQ;viQ i +F bm#K

>Qr2p2°- H i2° BM RN3jr?2M i?2 EQ'2 M B'TH M2 p22°2/ Qz BMiQ “2bi B+i2/
/IQrM KBbi FBM; Bi 7Q  bTv TH M2X hQ T 2p2Mi bm+? BM+B/2Mib- i?2M S 2bB/2N\
"2H2 b2 :Sai2+?MQHQ;vX

6mM i?2°'KQ'2- 7i2°i?2 "2H2 b2 i?2 }'bi +QMbmK2® :SarQmH/ +Qbijyyy la.X ql
F2Ti BKT ' QpBM; / v #v / v i?2 BMBiB H /2pB+2 ° M QM b?Q i H biBM; # ii2"'B2b r
i2+?MQHQ;B2b HbQ BKT Qp2/ M/ bmTTQ i2/:Sa-rBi?i?2/2p2HQT2/ Q7 KQ#BH?2
TQTmH " i2+?MQHQ;v (Rd)X

hQ/ v i?2i2+?MQHQ;v ? b BKT ' Qp2/iQ ;2 i2ti2Mi M/ Bb p2'v "2HB #H2 /m2 |
Bb #2BM; mb2/ BM b2H7 /" BpBM; p2?B+H2b 7Q  HQ+ HBx iBQM- i +FBM; M/ "Qm

X J2i?Q/QHQAnvX 2Mibi i2Q7i?2 ib2H7/°'BpBM; p2?B+H2bBM+HmM/2 + K2" b-
Q/QK2i'v- M/ AJIb (RN)X M H;Q'Bi?K}M/b #2bi TQbbB#H2 "Qmi2iQ "2 +?i?2 b2]
+QMbi MiHvi® +Fb +m > "2Mi HQ+ iBQM Q7 i?2 p2?B+H2X h?2 p2?B+H206b + K2 b "
i?72 °2+Q°/2/ pB/2Q Bb T Q+2bb2/BM "2 HiBK2 iQ }M/ B7 Mv Q#D2+i Bb T 2b2Mi (
+ K2 b "2 HbQ "2bTQMbB#H2 7Q" /2i2+iBM; H M2b QM i?2 "Q /i?Bb Bb ?Qri?2 pz
>Qr2p2'- MB;?2i@iBK2 Q" /Bz2'2Mir2 i?2° +QM/BiBQMb BM+'2 b2b 'BbF Q7 KBbDm
++B/2MiX h?Bb+ M HbQH2 /iQT2QTH2HQQb2 7 Bi? BMi?2i2+?MQHQ;vr?B+7? |
bQK2 +QmMi'B2b +QmH/ MQi BKTH2K2Mi b2H7 /"'BpBM; p2?B+H2b #2+ mb2 Q7 i?:

Pm™ TT'Q +? QM Qi?2" ? M/ i F2b /p Mi ;2 Q7 i?2 /22T H2 "MBM; i2+?MQHQ;
BM/B+ iBQM bB;Mb M/ Qp2 +QK2i?2/Bb /p Mi ;2b mbBM; :Sa M/ _i2+?MQHQ;B.
:SaiQ ;2i HQ+ iBQM M/ KQpBM; /B '2+iBQM Q7 i?2 p2?B+H2X 6°QK Bib HQ+ iBQM
iQi?2Q°'B;BM HpB/2QX h?Bb M2r "2M/2°2/ pB/2Q Bb 72/ BMiQ /22T H2 "MBM; H;
HBF2 i {+ bB;M H-H M2 HBM2b- 2i+X # b2/ QM i?Bb /2i2+iBQM p2?B+H2 K F2b /2
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Camera |
Augmented Reality
Engine
Video
Composer
GPS / Compass /
Acceleration
Communication
Layer
Virtual Object
Manager
Return Virtual Query Virtual
Object L Object
Virtual Objects
Database

6B;X ) XRa2'p2° SH i7TQ'K "+?Bi2+im"2

STQTQb2/ _AJ H;Q Bi?KT ' Q+2bb ~Qr,

RX :2iiBM; +m "2Mi HQ+ iBQM Q7 i?2 p2?B+H2 mbBM; :SaX

kX a2M/ i?2 HQ+ iBQM Q7 i?2 p2?B+H2iQ _ 2M;BM2X

X" b2/ QM HQ+ iBQM Q7 i?2 p2?B+H2 i?2 pB'im HQ#D2+i K M ;2 K F2b “2[m

9X oB'im HQ#D2+i K M ;2" "2bTQM/b rBi? i?2 "2[m2bi2/ "iB}+B H Q#D2+iX

8X 0B/2Q +QKTQhb2  +QK#BM2b i?2 ;" T?B+ HQ#D2+i M/ i?2 Q'B;BM H pB/2Q

eX h?2 M2r +QKTQb2/ pB/2Q Bb 72/ BMiQ i?2 /22T H2 "MBM; H;Q Bi?KX

_?birQ KBM +QKTQM2Mib BM Bi, a+2M2 :2M2° iQ° M/ h® +FBM; avbi2KX
b?QrBM; i?2 i?°22@/BK2MbBQM HpB im HQ#D2+iBM i?2 "2 H@HB72 2MpB QMK
#2/QM2iQp BQmbH2p2Hb /2T2M/BM; QM i?2 "2[mB 2K2Mi#mibBKTH2 ;" T?B+b
bvbi2K Bb #Qmii®> +FBM; i?2 HQ+ iBQM Q7 i?2 mb2 -i?2b+2M2 ;2M2° iQ" HbQ/
i?72 b+2M2 pBbm Hb /2T2M/BM; QM i?2 T2 +2TiBQM Q7 i?2 mb2 X AM/QQ " M pB;
rB@}/2pB+2biQi> +F +m "2Mi HQ+ i BQM Q7 i?2 T2 'bQM M/ # b2/ QM i? i Bi b?Q1
/2biBM iBQMX

h?2 oBim HP#D2+iJ M ;2° M/ oBim HP#D2+i. i # b2 "2irQ +QKTQM2Mib Q
"2KQi2HVX *QKKmMB+ iBQM H v2'b K M ;2b i?2 +QKKmMB+ iBQM #2ir22M i?2 "2
7°QK r?2°2i?2 "2[m2bi Bb K /2X :Sa- +QKT bb M/ ++2H2 QK2i2° "2 QM2 i?2 KC(
bi?2 T°'QpB/2 i?2BM7Q K iBQM #Qmi HQ+ iBQM Q'B2Mi iBQM Q7 i?2 /2pB+2X
pB/2Q rBi? m;K2Mi2/ pB im HQ#D2+i (kk)X

h?2 /i # b2 Q7 pB'im HQ#D2+ibBb F2Ti i "2KQi2 HQ+ iBQM M/i?2 0B im HP
(kj)X h?2 bB;Mb M/ H M2 HBM2b "2 +°2 i2/ BM pB'im HM pB; iBQM H2MpB QMK
bB;Mb r?BH2 KQpBM; "QmM/ r?B+? rBHH ;mB/2 mb iQr /b i?2 /2biBM iBQMX

h?2 _ 2MpB QMK2Mi Bb + 2 i2/ mbBM; 6J1 _ bQ7ir "2 Bb 2tTH BM2/ BM (k9)
/2b+ B#2/ #2HQr,

RX 6B bi bi2T BbiQi F2 K2 bm 2K2Mib Q7 i?2 TH +2r?2°2i?2 "iB}+B H Q#D?Z

kX **2 i2 Mj. KQ/2H Q7 i?2 K2 bm 2K2Mib QM R,R b+ H2X
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Vehicle

¥
GPS Camera

l

Recording Driveway
Path Video

l

Uploading Video
to the Cloud

/ Navigation Indicator Pre-processing Video

[ I

Augmented
Reality

Detecting Location

Cloud

Deep Learning
Algorithm

l

MNavigational sign,
lane Detection

l

Sending Detected info
fo the Vehicle

l

Vehicle takes action
on received instructions

l

Steering Wheels / Brake

—

6B;X XkAJ S°Q+2bb 6HQr

iX .0r "2+i M;H2 Q7 i?2 9b?22i bBx2 bQK2r?2 2 BM i?2 +Q M2 X h?2 b?22i

9X LQr +QMp2 i i?2 KQ/2H iQ X7K2 ~mbBM; i?2 6J1 bQ7ir "2X ""BM; i?2 }H2 it
i?726J1 _ TTX

8X SH +2 "2 H b?22i Q7 9 bBx2 T T2 QM i?2 2t +i b K2 HQ+ iBQM r?2°2 vQ
T T2 BMi?2 KQ/2HX

eX J i+?2i?2irQ b?22ib Q7 T T2 #v b+ HBM;- Qzb2iiBM; M/ Qi iBM; i?2 KQ/2

LQr i?2 6J1 _ TTHB+ iBQM BMbi HH2/ BM i?2 T?QM2 b?Qrb i?2 bB;Mb M/ b+
bQm +2r?2 2 Bi Bb M Hvb2/ 7Q  /2i2+iBQM (k8)X

h?2 TT°Q +? Bb i2bi2/ QM bK HH b2H7 /"BpBM; p2?B+H2b KQ/2H +°2 i2/ mbE
h?2 KQ/2H ? b bK iT?QM2 }t2/ QM Bi (kd)X h?2 bK iT?QM2 Bb }t2/ BM r vi? iE
i* p2HHBM; T i?X h?2 bK iT2QM2 Bb +QMM2+i2/iQ H TiQT Qp2  rB@} M2irQ F |
“/mBMQ Qp2  "Hm2iQQi? M2irQ F (k3)X

h?2 bK "iT?QM2 "2+Q /b pB/2Q Q7 i?2 i  p2HHBM; T i? M/ b2M/b BiiQ i?2 H TiQ
H TiQT TH vb i?2 T i Q7 i?2 +HQm/ b2 p2  (kN)X G TiQT T Q+2bb2b i?2 pB/2Q |
H:Q Bi?K iQ /2i2+i H M2b- bB:Mb M/ Q#D2+ib (jy)X " b2/ QM i?2 /2i2+iBQM H i2
bi22 ' BM; M:H2 “2[mB 2/ iQ F22T p2?B+H2 KQ/2H BM i?2 H M2 M/ 7QHHQr BM/B
i?2M b2MiiQ i?2 /mBMQ Qp2  "Hm2iQQi?- /mBMQ i?2M i F2b +iBQM # b2/ QM
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Video Processing for Lane Detection and
Steering Angle Calculation
(Cloud Server { Laptop)

(Laptop)

Bluetooth
(Laptop)
Steering Angle "
(Arduino Bluetooth) Arduing
Maotor
(Wheels)

6B;X pXj/mMBMQ miQMQKQmb 02?B+H2 JQ/2H

Smartphone
Camera (Wi-Fi)

Legends:
Fixed
—_— Connection
Process
e
Flow

T+?Bi2+im"2

9X 2bmHib M/ .Bb+mP2bBQMBKTQ i Mi rQ ' F Q7 /2i2+iBM; bB;M Q  Q#D2+i B
/22T M2m> H M2irQ F rBi? d
Hv2b M/ MQmiTmiH Vv2'Vrbi BM2/X h?2 ?2B//2M H v2'b +QMbBbi Q7 j T B b G
Hv2'b M/ k7mHHvV +QMM2+i2/ H v2  (j9)X h?2 QmiTmi H v2 K F2b T 2/B+iBQM n

h?2 /i b2i mb2/ 7Q i?2i° BMBM; +QMbBbib Q7 8R3jN +QHQm  BK ;2b Q7 bBx2
i T ibi> BM-i2bi M/ p HB/ iBQM rBi? j9dNN BK :2b BM i’ BM- 99Ry BK ;2b BM p
i2biBM:X h?2 BK ;2b "2 Q7 9j /Bz2 2Mi +H bb2bX h?2 +H bb2b BM+Hm/2/ /Bz2 21
im M- QM2r v2i+X 7i2 i BMBM;-i?2 KQ/2H +2?B2p2/ NjW ++m > +v QM i?2 i2bi

hQ i2bi i?2 2{+B2M+v Q7 i?2 TT Q +? (j3)-i?2i BM2/ KQ/2H r b H i2> mb2/ 7¢
"2 +QKT "2/ (jd)X *QKT "BM; i?2 p2 ;2 T°

/22T H2 "MBM; H;Q 'Bi?K (jj)X hQi2bii?2 TT 'Q +?-

K2i?Q/ M/ i?2 _ K2i?Q/ M/ 2bmHib

"2+ HH THQi b?Qr2/ BKT ' Qp2/ "2bmHib rBi? i?2 T'QTQb2/

Grayscale - Accuracy and Loss of models

Accuracy vs Epochs

09 s —
08 4
oz — 5x5 training

=
[l - 5x5 validation
2 = 3x3 training

£ —— 3x3 validation

Epochs

Loss

351

304

251

201

151

104

05 4

0.0 1

Loss vs Epochs

— —— 3u3 validation

TT'Q +?2X hQ +QKT

— 5x5 training
5x5 validation
= 3x3 training

& 5%
Epochs

6B;X X¥R/2H h® BMBM; S2°'7Q K M+2

67
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One Way Sign Stop Sign
1.0 4 1.0+
0.8 0.8 -
.5 0.6 - .5 0.6 -
2 ]
o o
2 0.4 2 0.4
o o
0.2 0.2 -
0.0 T T T T 1 0.0 T T T T 1
00 02 04 06 08 10 00 02 04 06 08 10
Recall Recall
Right Turn Sign Left Turn Sign
1.0 1.0 4
0.8+ 0.8

o
-]
1

Precision
=
-
1

Precision

o
La~]
1
o
28]
!

o
o

I T I I 1 T I ]
0.0 0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0
Recall Recall

=
o

6B:X KXk2' ;2 T'2+BbBQM +QKT "BbQM #2ir22M i° /BiBQM H TT ' Q +? M/ _ TT Q +°?

T QTQb2/ TT Q +?-i2biBM; r b T2°'7Q K2/ QM 7Qm”  /Bz2 2Mi +H bb2b BX2X aiQ’
aB;M M/ G27i hm M aB;M (jN)X

a2H7 /'BpBM; p2?B+H2b /QM6i Dmbi +H bbB7v Q#D2+ib BM 7" K2 #mi HbQ }M
I rb #QmM/BM; #Qt "QmM/ i?2K 7Q  pBbm HBx iBQMX S2°'7Q°'K M+2 Q7 +H bbB}
7TmbBM; K i'Bt#mi iQ + H+mH i2 ++m’> +v Q7 M Q#D2+i/2i2+iBQM H;Q 'Bi?K K2
6Q #2ii2° +QKT 2?2MbBQM i?2b+Q 2b "2 THQIi QM S'2+BbBQM pb _2+ HH ;" T?X
Q7 T°QTQb2/ TT'Q +? +QKT "BM; rBi? i /IBIBQM H TT'Q +? QM T 2+BbBQM pb °

AMi?2;  T?i?2J ;2Mi HBM2BM/B+ i2bi?2i° /BiBQM HK2i?Q/ M/"Hm2 HBM2/
h?2 _ TT'Q +? QmiT2 7Q K2/ i?2 i° /IBiBQM H K2i?Q/ rBi? +H2 ~ "2bmHibX h?
H;Q ' Bi?K iQ /2i2+i bB;M BM TB+im 2 /2T2M/b QM ?Qr r2HH Bi Bb pBbB#H2 |
T QTQb2/ TT Q +? bB;Mb "2 Hr vb T°'2b2Mi BM r2HH ++2bbB#H2 TQbBiBQM
T 'Qp2/ M/ p HB/ i2/ #vi?2 "2bmHib Q#i BM2/X

8X *QM+HmMbBQM M/ 6mim?2 A3QTQK2/ H;Q Bi?KBbbmTTQb2/iQ #2 mb2/BM b
r?2°2b 72ivQ7i?2 T bb2M;2°b Bb Q7 ?m:2 +QM+2"M- 22M+2 Bi Bb BKTQ i Mi i? |
h2biBM: i?2 T'QTQb2/ H:Q Bi?K QM i?2 2 Hb2H7 /"BpBM; p2?B+H2br b /B{+mH
T T2 r b Q#i BM2/ #vi2biBM:i?2 TT'Q +? BM HQ+ H "2 K T#mii?2 2 Hb2H7/
K T?2M+2BiBbBKTQ'i MiiQi2bii?2 TT'Q +?2QM "2 Hb2H7/'BpBM; p2?B+H2X
Bi HQ+ HHV rBi? "Hm2iQQi? i’ +FBM;r b H2bb ++m > i2 b +QKT “2/iQ :Sa ?22M+2
i?72°2 Hb2H7 /'BpBM; p2?B+H2b /m2iQ :Sa M/ Bi+ M #2 BMi2;  i2/ BM mMBp2|

h?2 "/mBMQ "Q#Qi BKBi i2/ "QH2 Q7 b2H7 /"BpBM; p2?B+H2b-i?2i BM2//22T
QM /2i2+iBM:i?2 _ 'iB}+B HM pB; iBQM HbB:MbX bi?2 Q#D2+ibr2°2 +H2 * +Q
7Q i?2 H:Q Bi?KiQ /2i2+iX IbBM; >~ bT#2 v TB BMbi2 / Q7 /mBMQ +QmH/ BKT"
K F2i?2 i2biBM; T°Q+2bb b2 KH2bbX /mBMQ6b +QKTmi iBQM H TQr2 Bb H2bb
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Q7 H2bb +QKTmi BQM H TQr2"  i?2 "/ mBMQ mb2/ BM i?2 i2biBM; ? b+ mb2/ H ; B
AM 7mim 2rQ F- _ bT#2 'vTB+ M#2 mb2/iQ BKT Qp2 "2bmHib (9R)X

h?2 T'QTQb2/ rQ'F BKb iQ Hv # B+F T'QTQb2 +QK#BMBM: iQ i2+?MQHQ;E
/I’BpBM; #v BKT QpBM; Bib b 72iv M/ "2HB #BHBivX >Qr2p2 - i?2°2 Bb ?m;2 7m
PM2 T'Q#H2K i? ir b 2M+QmMi2 2/ /m BM; i?2 i2biBM; r b i?2 “iB}+B H Q#D2+ib
BKTQ i Mi bm "QmM/BM; /2i BHbX h?2 /2i BH BM "2 H b2H7 /"BpBM; p2?B+H2b
r?B+? b?2QmH/ #2 /2i2+i2/ iQ pQB/ M ++B/2MiX h?Bb T ' Q#H2K + M #2 “2bQHp2
H:Q Bi?KX h?2 _ bvbi2K mb2/7Q  i2biBM;r b MQi mT iQ i?2K F bi?2°2rbH iz
M/ qB@6B M2irQ FbX "v imMM2HHBM; i?2 _ "2b2 "+? TT'Q +?2 7Q " mb2 BM i?2
Km+? #2ii2° "2bmHibX

161 _1L*1la

(RYQ H/ >2 Hi? P'; MBx iBHDQ# H bi imb "2TQ i QM- "AWMDX =RiZpX- kyR8X

(K)ESJ: - miQMQKQmb 02?B+H2b _2-/BiMQibXA0P2¢ _2 /BM2bb AM/2t- kyR3X

(j) X h2B+?K M M/ aX h8 miB+ H Q#D2+i '2+Q;MBiBQM BM miQMQKQ Qb 22BRHEA M; QM /AH2IVIQMY Fb?QT
QM /p M+2/ _Q#QiB+b M/ Bib aQ+B H AKT +ib- _aP- kyRRX

(9):X L iBQM H*BK2 _2+Q ' /b*mMiB@M H *"BK2 _2+Q°/b"m'2 m-*"BK2 AM AM/B _RYQKIlQ7KYRKei?2 u2
**BK2 AM AM/B _2TQ i-L iBQM H* BK2 _2+Q /b "m 2 mX kyReX

(8)JX "BHHBM;?m bi- X *H "F- M/ BXmGR2v Q7 m;K2Mi26Q2nMBiMBQMb M/ h'2M/b BM >mK M@*QKT
AMi2° +iBQMX kyR9X

(e)>X E iQAMi"Q/m+iBQM iQ m;K2Mi2QF2BHBQWYQ AK2DB w bb?B- CQm "M H AMbiX AK ;2 AM7X h2H2pX

(d)hX SX * m/2HH M/ . X gXJBxKREMi2/ "2 HBiv, M TTHB+ iBQM Q7 ?2 /b@mT /BBTKH MmMZ+2NMQBR;Vv iQ
T Q+2blbyyh X

(3)'X h?QK b 2i -HX¥Xm F2, M Qmi/QQ fBM/QQ" m;K2Mi2/ "2 HBiv } ' bANRXeQMKMTX g B+#BRQMIKTmiX
.B;X S TX- kyyyX

(NYX L “xi2i HXm;K2Mi2/ 2 HBiv M pB; iBQUWBp2bhXKk+2bb AM7X aQ+X- kyyeX

(RygX aX J+*mHHQ+? M/ gX SBQiB+ H+ H+rmHmMb Q7 i?2 B/2 b BKK M2MmmBMXM2 ip@mB Q¥iB/mXivRN9j>

(RRHX _QDb2M#+Hh?i2 T2 ' +2Ti'QM, T 'Q# #BHBbiB+ KQ/2H 7Q° BM7Q KBI@RQMMiiP2SDVBIM@HXMBR X -

RN83X

(RkJX JBMbFv M/ aX S$2'#2Ti'QM, M BMi'Q/m+iBQM iQ +QKTIAihi BN HX 2 ®BK2BYy2- 1tT M/X 1/X-
RNeN X

(Rj.X 1X _mK2H? “i- :X 1X >BMiQM- M/ _X-GX §yBBMPB RB 2b2Mi iBQMb #v # +F@LT i@T2;- ilBWEeX Q" b

(R9UX G2*mM- SX > 77M2 - GX "QiiQm- M/P#D22M;B®Q;MBIiBQM rBi? ;" /IB2MG@+#im22 H 2) i ZbB BIV
*QKTmi2® a+B2M+2 UBM+HmM/BM; bm#b2°B2b G2+im 2 LQi2b BM "iB}+B HAMi2HHB;2M+2 M/ G

(R8)X xBK M/ PX v+- Ri2+iBQM- +H bbB}+ iBQM M/ i° +FBM; Q7 KQpBM; Q#DIhibABINZ HH.B2MWB " Q
02?B+H2b avKTQbBmMK- S Q+22/BM;b- kyRkX

(ReJX CX _v+ QT®/2 bi M/BM; :SaX S'BM+BTH2b KX TKRBX sBBXHMb@ h2 "2bi'B H S?vbX- RNNdX

(Rd¥X am;BKQRI"Q/m+iBQMa®BISRibm EQ; Fm E Bb?BfCQm M HQ7i?2C T M aQ+B2iv7Q S 2+BbB(

(R34X _ ?2BK M M/ wX w BMQi2 pB2r Q7 /2p2HQTK2Mi :Sa M pB; iBQMSTQ+ RIBMQKQMiP 2 KyRj A111
3i? *QM72°2M+2 QM AM/mbi°B H 1H2+i"QMB+b M/ TTHB+ iBQMb- A*A1 kyRj-

(RN)X EmK "-JXJIJmF?2°'D22- M/ SXJImF?82ZH/?v BpBM/p*M+2b BM AMi2HHB;2Mi avbi2Kb M/ *QKTmiBN\

(ky)yX >X G22- 6X 6 mM/Q 72 - M/ JX SITHBQM2HiBK iBQM 7Q° b2H7@/ BpBM; + b rBBM ;2M2" F
S Q+22/BM;b Q7 i?2 A111 *QKTmi2 aQ+B2iv*QM72°2M+2 QM *QKTmi2  oBbBQM M/ S ii2"M _2

(kKR)X uX *X L22- aX EXPM;-:X*?2'vbbQHQm Bb- -M7;KRMIAY' I2BbBiv TTHB+ iBQMb BM /2bB;M M/ K Mr
*A S MMX @ J Mm7X h2+?MQHX- kyRkX

(kkPX "BK#2° M/ _X _ bFT'iB H m;K2Mi2/ "2 HBiv, J2;BM; "2 H MyyBXim HrQ H/b

(kj)ZX m;K2Mi2/ M/ _X G2+Pm"@aG J, _2 H@hBK2 ++m > i2 JOMQ+mH ABGLhaWwhiXK Q#QiX- kyR8X

(k9)KBi'B " ;?2X Ukyky-J "+? yRVX m;K2Mi2/ _2 HBiv AM/QQ  J TTBM;

(k8)M M/ Lvv - "M/ M J?2Ti -.G2-:amb22MbBMm H _2 HBiv Uo_V M/ m;K2Mi2/ _2 HBiv U _V
MQHQ;B2b 7Q  iQm BbK M/ ?QbAMBii2HB iMBBM/HbC @M M H Q7 1M;BM22 ' BM; M/ h2+?MQHQ;v- ky

(keYX J iBD2pB+ M/ oX *pD2PRQpBB2r Q7 “+?Bi2+im 2b rBi? /mBMQ #Q /b b #n{BBIEEMB @MNMQ MFb 7Q
+QMi QH bBOIN2KQ +22/BM;b Q7 kyRe Rji? AMi2 M iBQM H*QM72'2M+2 QM _2KQi2 1M;BM22 BM;
_1lo kyReX

(kdpBF' K Sm B- M M/ LvVv2'H iBK2 bK i QK2 miQK iBQM # b2/ QM SA* KB+ QMYMMQRBBL - "Hm?2
i2+?MQHQAMiI2 M iBQM H *QM72°2M+2 QM *QKTmiBM; 7Q" ambi BM #H2 :HQ# H .2p2HQTK2Mi-

(k3)X *Qii - LX hX .2pB/ b- M/ oX EXLX3F@lyB "Hm2iQQi? JQ/MH2 AMi2 7 ARIIYEIR a+BBNMK;X h2+?MQ
_2bX- kyReX

(kKkN)M M/ L vv - oBF® K SmaXB'i 7 "KBM;, AQh # b2/ bK i b2MbQ b ;"B+mHim 2 biB+F 7QimnHBp2 i2KT?2
KQMBIiQ'BM; mbBM; "/ mBMQ- +HQm/ +QKTmiBHW;2 MMIQM iBQM MQRMA2 2M+2 QM *QKKmMmMB +
*QKTmiBM; avbi2Kb- kyReX
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(jy)oBF* KSm'B- M M/ Lvv - . +@L?mQM[#HQNF Q7 '/mMBQ, h2+?MB+aH?RHS b+ B2#b- kyRdX

(jR)_a " ii?- L vv - L;TH-AMi2"M2i Q7 "Q#QiB+ i?BM;b, ."BpBM; BMi2HHB;2Mi "Q2QiMB2b Q7 7mi
TTHB+ iBQMb M/ i29 PMAMIQ B2bBQM H *QM72 2M+2 QM *QKTmiBM; a+B2M+2b UA**aV- kyR3X

(jk) X EX C-B@ FBM; KQ/2H Q7 a2H7@/ 'BpBM; + " mbBM; *QMpQHmMiBQM H LZmBMQAQ#ZZMBM; IbT#2" "
Q7i?2 kM/ AMi2 M iBQM H *QM72 2M+2 QM 1H2+i QMB+b- *QKKmMB+ iBQM M/ 2 QbT +2 h2+°

(jj)6 Bb Ha 22/- M M/ S mH- S E 'i?B; BFmMK - M-MQMpQHmMIiBQM H M2m™ H M2irQ'F # b2/ 2 "Hv }'2
JmHIBK2/B hQQHb M/ TTHB+ iBQMb- kyRNX

(j9)*X uX G22- aX sB2-SX gX: HH ;22 - wX w?-M22TMY@X¥rhm2 p8R2d M2HQ7 J +?BM2 G2 "MBM; _2b2
kyR8X

(j8)LX E2iF -.22T G2 "MBM; rBi? Svi?QMX kyRd

(je)aX >Qm#2M- CX ai HHF KT- CX a HK2M- JX a+?HBP2bBNB-QMWQ7XiA{2HoB;Mb BM "2 H@rQ H/ BK ;2
2°K M i {+ bB;M /2i2+iBQM #&M+2R/BM:b Q7 i?2 AMi2 M iBQM H CQBMi *QM72 2M+2 QM L2m"

(jd)C 7> Hxm#B- M M/ L vv - Fb?BEMmRKBM2 H2 "MBM; 7°QK i?2Q'viQ H;Q KiQMbEM M Qp T DEE+b,
+QM72°2M+2 b2 'B2b- kyR3X

(j3)CQM i? M >KiBB UK2 M p2° ;2 S2+BbBQMV 7Q" PEMMii?22M+>iBBRMI2/BmK-J ~d kyR3X

(JN}¥X * > ;2 2i HXI2 M p2° ;2 S'2+BMBXMAV+HQT2/B Q7 . i # b2 avbi2Kb- kyyNX

(9yhX w2m;K MM 2iS¥X%XBbBQM M/AMHHHQT2/B Q7 J +?BM2 G2 "MBM;- KyRRX

(9R)M M/ L vv - oBF® K Sm ' BT#2 "v SB aK HH- SQr2 " 7mH- *Qbi 1z2+iBp2 M/ 1{+B2Mi 6Q K 6 +iQ"
_2pB2AMi2 M iBQM HCQm'M H Q7 /p M+2/ 2b2 “+? BM *QKTmi2  a+B2M+2 M/ aQ7ir "2 1M;BM

1/Bi2/ #W M/ L vv
_2+2Bp2Z7,k9- kyky
++2Ti2l v jy- kyky



e
.. a+ H #H2 *QKTmiBM;, S° +iB+2 M/ 1tT2 B2M%idT, fAara X IRSTNX@DRde d -
Ukyky a*S1X 0OQHMK2 kR- Abbm2b j- TTX 98R 9ek- .PA RyXRkeN9,fb-

6_J1gqP_E hP auahlJ hA* GGu L Gual h>1 h_lahgqP_h>AlLlaa P6
LP.1a 6P_al*l_AL: APo ALhl_ *hAPLa

AL.I "> _.gC - aA" _JE> Y L. S_AlahGu a>72

#bi® +iXh mbi TH vb 2bb2MiB H "QH2 BM Mv b2+m BM; +QKKmMB+ iBQMb #2ir22M 02?B+H2b BM
i‘mbi KQ/2H 7Q° AQo +QKKmMB+ iBQMX AM i?Bb T T2 - r2 BMBiB HHv "2pB2r HBi2' im 2 QM AQo
KQ/2H i? i b2T "~ i2b i?2 K HB+BQmb M/ i'mbi2/ MQ/2b iQ b2+m 2 i?2 BMi2  +iBQRQRQMLBHBMBM A
p HM2 Q7 bi MYDBRIQY 2 +? MQ/2 HB2b BM i?2 > M;2 Q7 K2 M UKV THmbfKBMmb k bi M/ “/ /2pB iBQM
#2? pBQm  Bb +QMbB/2°2/ b MQ'K H Qi?2 rBb2 K HB+BQmbX h?2 bBKmH iBQM Bb +QM/m+i2/ 7Q" /B
i?iS._Q7i'mbi2/ MQ/2 Bb yXeji? i Bb Km+? ?B;?2  i? Mi?2S._ Q7 K HB+BQmb MQ/2 i? i Bb yXR8X
2QTb M/ i*mbi /vM KB+b Q7 i'mbi2/ MQ/2b ‘2 ?B:?2 i? Mi? i Q7 K HB+BQmb MQ/2X aQ- QM i?2 # b
p BH #H2 2QTb M/ h mbi /vM KB+b-i?2 K HB+BQmb MQ/2b + M #2 +H2 "Hv B/2MiB}2/ M/ /Bb+ “/2/X

E2v rQ /b AMi2 M2i Q7 p2?B+H2b- a2+m Biv- h'mbi JQ/2H- *? HH2M;2b- J HB+BQmb LQ/2

Ja bm#D2+i +H bbB}+ eBBQRRBX

RX AMi"Q/m+#iBDMMi2"M2i Q7 p2?B+H2 UAQoV (R) Bb M2irQ' FBM r?B+? p2?B
bB/2 BM7> bim+im 2 M/ p2?B+mH ~+HQmM/ "2 +QMM2+i2/ rB"2H2bbHv iQ 2t+? N
Ai HHQrb p2?B+H2b M/ BM7 bi'm+im 2 iQ #2 +QMM2+i2/ mbBM; BMi2"M2i +QM
AMi2"M2i Q7 i?BM;b UAQhV (j) Bb TTHB2/iQ i?2 p2?B+H2bX Ai+ M #2 b B/ i? i.
M/ AQh i? i 2M? M+2b i?2 "Q / b 72iv M/ b2+m BivX h?2 T'BK2 Q#D2+iBp2 #27
HHQr +QKKmMB+ iBQM #2ir22M /Bz2 2Mi 2MiBiB2b BMpQHp2/ BM BiX AM (9)- ¢
+QKKmMB+ iBQM bvbi2Kb i? i 2M #H2b +QKKmMB+ iBQM #2ir22M p2?B+H2b M/ T
iQ@p2?B+H2V- ok_ Up2?B+H2@iQ@ Q /V- ok> Up2?B+H2@iQ@?mK MV M/ oka |
BM (8)- +QMbB/2°'b AQo bH ";2@b+ H2-/Bbi'B#mi2/-rB'2H2bb +QKKmMB+ iBQ
p2?B+H2- "Q /-?mK M M/ BMi2"M2i- bT2 i?2 ;°22// i BMi2" +iBQM bi M/ /b N
hQ 2Mbm 2 i?2 b2+m 'Biv Q7 BM7Q K iBQM 2t+? M;2b BM KQM; i?2 2MiBiB2b Q7 /

AQh Bb brB7iHv /[2p2HQTBM; bvbi2K BM r?B+? HH 2MiBiB2b Q7 M2irQ F |
AMi2 " M2iX h?2 2pQHmMIiBQM Q7 AQh ? p2 "2pQHmMIiBQMBx2/i?2 p2?B+H2b iQ i?2 ;
rBi? M pB; iBQM bvbi2Kb i? i ;Bp2bBM7Q K iBQM #Qmii> {+ D Kbfr2 i?2° +QM/B
mT/ i2i?2 " QmiBM; K Tb miQK iB+ HHvX aQK2 + “ KQ/2Hb "2 2[mBTT2/rBi? p2?I
KQ/mMH2b iQ +QKKmMB+ i2rBi? Qi?2  + b M/ H2i1i?2/'Bp2° 7" QK BMpBbB#H2 |
HQib #v i?2Kb2Hp2b M/ 2 +iiQ Mv 7Q i?+QKBM; ++B/2MiX

aBM+2 AQo 2M #H2b +QKKmMB+ iBQM KQM; p "'BQmb p2?B+H2b Ur?B+? K v
T MFbi2'bV- b2°'BQmb BMi2 "Q; iBQM "Bb2b QM r?2i?2" iQ i mbi p2?B+H2 Q"
#Qm;?i p "BQmb b2+m Biv- T'Bp +v M/ "2HB #BHBiv Bbbm2b i? i "2 BKBi i2/ Bl
2t KTH2- AQo M2irQ'F Bb QT2M M/ KQ 2 pmHM2" #H2 iQ ii +F #v K HB+BQmb |
+? HH2M;BM; BM AQo M2irQ F (d)X Ai Bb /B{+mHi iQ "2+Q;MBx2 r?B+? MQ/2 Bb i’

1p2 ' v#Q/v "2+Q;MBx2b r? i i'mbi Bb- #mi MQ#Q/v "2 HHv FMQrb ?Qr iQ /2}M2
h mbi Bb 72 im 2 i? i 2tBbi BM 2p2°v +QKKmMB+ iBQM #mi Bi Bb ? '/ iQ 7Q Km

6 +mHiv Q7 1H2+i"QMB+b *QKKmMB+ iBQM 1M:;BM22°BM;- : H;QiB b IMBp2 bBiv-
BM/m#? “/r DkyRR!; KW BHX+QK
Ya? / IMBp2'bBiv-:'2 i2° LQBIB- M#MIB2/B77K BHX+QK
Z: H;QiB b IMBp2 bBiv- :°2 i2° LOBI2bAHWIB? M!;K BXX+QK

98R
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+m "2Mii ' mbi KQ/2Hb 7Q" p2?B+mH ~ M2irQ F-r2 T 2b2Mi M 2z2+iBp2 i mbi KQ/~
M/ MQM@i mbi2/ MQ/2bX

h?2 K BM +QMi'B#miBQMb Q7 i?Bb T T2 "2 i?2 7TQHHQrBM;b,

RX g2 T°'QTQb2 7mxxv HQ;B+@# b2/ TT Q +? iQ 2p Hm i2 i?2 i'mbi Q7 QM2
TT ' Q +? i F2b BMiQ ++QmMi i? 22 /Bz2 2Mi 7 +iQ b-M K2Hv- +QQT2  iBp
bB#BHBiv 7 +iQ ' bX aBM+2 i?2 7mxxv HQ;B+@# b2/ TT ' Q +? Bb #H2 iQ ?
#2? pBQ Q7 p2?B+H2b- Bi Bb bmBi #H2 7Q"  /vM KB+ M/ HQbbv p2?B+mH °

kX g2 T°'QTQb2 Z@H2 "MBM; TT ' Q +?2iQ 2p Hm i2 BM/B 2+i i mbi Q7 MQ/2b
iQ i'mbiQ> MQ/2X M 2p Hm iBQM #Qmi MQM@M2B;?#Q @MQ/2 Bb +QM/1
"2TQibX

X g2 T°'QTQb2 7mxxv HQ;B+@# b2/ TT Q +? iQ 2p Hm i2 i?2 i'mbi Q7 QM2
TT'Q +? i F2bBMiQ ++QmMii? 22 /Bz2'2Mi 7 +iQ b-M K2Hv- +QQT@ 2" iB
bB#BHBiv 7 +iQ ' bX aBM+2 i?2 Tmxxv HQ;B+@# b2/ TT Q +? Bb #H2 iQ ?
#2? pBQ Q7 p2?B+H2b-Bi BbbmBi #H2 7Q° /vM KB+ M/ HQbbv p2?B+mH °

9X i?°2b?QH/@# b2/ i'mbi TT Q +? Bb T°QTQb2/iQ 2p Hm i2 i?2 i mbirQ"
TT'Q +? mMi?2MiB+ i2bi?2 MQ/2b #v +QKT "BM; i?2B  i'mbip Hm2b rBi? T
i?7°2b?QH/@# b2/ TT Q +? Bb #H2iQ p HB/ i2 MQ/2b rBi?Qmi BMpQHpBM; +
MQ/2 BMi2" +iBQM + M #2 2bi #HBb?2/ BM iBK2Hv K MM2"  i? i bmBib iQ i7?
M im'2 Q7 AQo M2irQ FX

8X i'mbi BMBiB HBx iBQM M/ biQ" ;2 K2+? MBbK Bb T°QpB/2/ #v i?2 T°'QTQ
bi "i TTQ#H2K M/ b+ H #BHBiv Bbbm2b 7 +2/ #v 2tBbiBM; KQ/2HbX

eX DQBMi T°'Q# #BHBiv@# b2/ TT ' Q +? Bb T°2b2Mi2/iQ mT/ i2 i?2 i'mbi i
+ H+mH i2/#v2p Hm iBM; i?2i mbirQ i?BM2bb Q7/ i mbBM;p BQmbbi iBb

dX *QKTmi2® bBKmH iBQMb mb2/ iQ 2p Hm i2 i?2 2z2+iBp2M2bb Q7 i?2 T QT
K HB+BQmb MQ/2b 7' QK i?2 i mbi2/ MQ/2b M/ /Bb+ "/BM; i?2KX "vmbBM; i?
rBHH MQ HQM;2  #2 #H2iQ ? "Ki?2 M2irQ FX

h?2 "2bi Q7 i?2T T2  Bb Q" ; MBx2/ b 7QHHQrbX a2+iBQM k BM+HmM/2b i?2 "2p

i 'mbi KQ/2Hb QM # bBb Q7 i?2B ivT2b-K2i?Q/QHQ;B2bmb2/ M/i?2M2irQ FivT2)

BM KQ/2HHBM; i'mbi BM APo M2irQ ' FX a2+iBQM j BM+HmM/2b i?2 T QTQb2/ i'm

/IBb+mbbBQMX a2+iBQM 9 BM+HmM/2b i?2 bBKmH iBQM b+2M "BQ M/ i?2 "2bmHib
i H bi- a2+iBQM 8 +QM+HmM/2b i?2 T T2 M/ T 2b2Mib 7mim 2 b+QT2X

kX _2H i2/ qQ FX

kKXRX .2}MBiBQM QR mtmkiX» /Bz2 2Mi /12}MBiBQMb BM /Bz2 2Mi +QMi2tib M/
BKTQ'i M+2 Q7 i'mbi Bb b K2 BM 2p2°v bT2+iX h?2°'2Bb MQ T "iB+mH "~ /2}MBIl
JQbi Q7 i'mbi /2}MBiBQMb "2 i F2M 7°QK i?2 bQ+B H b+B2M+2bX >Qr2p2" i?2 i
M2irQ"Fb2+m Biv M/ # bB+ +QM+2Ti Q7 i mbi+ M #2 mb2/iQ 2M? M+2 i?2 b2+m~
Bb;2M2" HHv +QMbB/2 2/ b #2HB27i? iQM2 2MiBiv? b #Qmi Qi?2 2MiBiB2b /:
/i #Qmii?2 M im'2 Q7 2MiBiv- M/ QM "2+QKK2M/ iBQMb 7°QK Qi?2  i'mbi2/ 2M
i? ii'mbiBb T BK2 +QKTQM2Mi BM 7Q ' KBM; i mbi2/ 2MpB " QMK2Mi 7Q o L1hr
M2irQ"FX AM bim/v (RR)-i"mbi Bb M 2tT2+i iBQM M/ i?2 #2HB27 #Qmi mT+QKB!
2tT2°'B2M+2bX mi?Q b BM (Rk)-/2}M2b i'mbi b "2H iBQM KQM; /Bz2 2Mi 2MiBE
Q#b2'p iBQMb Q7 T bi BMi2® +iBQMbX

kXkX 1tBbiBM; h>mbi JQB2HBR QM /2p2HQTK2Mi Q7 i'mbi KQ/2H ? p2 #22M T2
p "BQmb “2b2 “+?22°bBM i?2 }2H/ Q7 J L1h-0 L1hX "mii?2°2 2 HBKBi2/ KQ/2Hb r
7Q° AQo0 2MpB QMK2MiX

mi?Q b BM (Rj) T'2b2Mib JmHIiB@7 +2i2/ TT'Q +? iQ KQ/2H i?2 i'mbirQ i?|
/2+2Mi> HBXx2/- i bF bT2+B}+- b+ H #H2 #mi Bi 2 b MQi //°2bb2/ i?2 "Q#mbiM2b
h AS (R9)iQ /Bz2 2MiB i2 K HB+BQmb MQ/2b 7°QK i'mbi2/ MQ/2bX Ai Bb b+ H
Qp2°?2 / BMi"Q/m+2/X 6 M:vm : B (R8) T'2b2Mi2/ _ i22@" b2/ h>mbi J M ;2K2Mi
MQ/2 K BMi BMb Bib QrM "2Tmi iBQM " i2/ #v Qi?2  /m BM; T 2pBQmb BMi2" +iBQI



6° K2rQ F iQ avbi2K iB+ HHv M Hvb2 i?2 h'mbirQ i?BM2bb Q7 LQ/2b 7Q" a29BjBM; AQo £

h #H2 kXR
hvT2b Q7 i'mbi KQ/2Hb M/ i?2B" 272 °2M+2b
hvT2b Q7 JQ/2H aim/v
1MiBiv " b2/ JQ/2H (Rj)- (R9)- (R8)- (Re)
. i @# b2/ KQ/2Hb (Rd)- (R3)- (RN)- (ky) - (kk)t (kj)
>v# B/ JQ/2Hb (Ry)- (Rk)- (kR)- (k9)-
h #H2 kXk

0 "BQmb K2i?Q/QHQ:;B2b mb2/ BM i'mbi KQ/2Hb M/ i?2B" “272'2M+2b

J2i?Q/QHQ;vVv aim/v

q2B;?iBM; (Ry)- (Rk)- (kR)
_ iBM;b (R8)- (Re) - (RN)
S ' Q# #BHBiv (R3)

"v2bB M M2irQ F (Rd)- (kk)- (kj)
6mxxv HQ;B+ (R9)- (ky)
P#b2 p iIBQMbfPTBMBQM ; i?2RBM;(k9)

Mi?2Q b T QTQb2/ i'mbi KQ/2H7Q aQ+B HAQo (Re)X h?Bb KQ/2H Bb HbQ " i22
*2'iB}+ iBQM mi?Q Bivb2'p2° M/ Tm#HB+ F2v + vTiQ;  T?viQ pQB/ Mv Hi2 il
i?72 " i22X

aim/v(Rd) BM+Hm/2b [ i # b2/i mbiKQ/2H7Q o L1hiQ2p Hm i2i?2i mbirQ’i
iQ " Q /b 72ivX Aimb2/ /i i"mbi BMbi2 / Q7 2MiBiv i mbi M/ miBHBx2b " v2bB N
H;Q Bi?KiQ 2M? M+2 i?2 "Q#mbiM2bb Q7 M2irQ"FX qQ ' F BM (R3)- T 2b2Mi2/ b-
# b2/ QM >B//2MJ "FQp JQ/2H U>JJVX h?2 T°QTQb2/ b+?2K2 2p Hm i2b i?2 K2bb
i?72H2;BiBK +v7Q #°Q /+ biK2bb ;2bX mi?Q°"bBM (RN)T QTQb2/ M MMQMM+2
2Tmi iBQMbX _2Tmi iBQM p Hm2 Bb 2p Hm i2/ #v mbBM; ;0 2, iBQM H;Q Bi?K
" iBM;bX

aim/v (ky) BM+HmM/2b M2tT2 ' B2M+2 @# b2/ 7mxxvi mbiKQ/2H7Q b2+m 'BM; i’
KQ/2H 2t2+mi2bp "BQmbb2+m ' Biv +?2+FbiQ +QM} ' Ki?2 ++m” +v Q7 2+2Bp2/ BI
?2v# B/ KQ/2H BM+HmM/BM; 2MiBiv@+2Mi B+ i"mbi2p Hm iBQM # b2/ QM r2B;?i M/
# bBb Q7 2tT2°'B2M+2b M/ i?2 miBHBiv i?2Q vX GX *QM; (kk) 2i HX T QTQb2//
i?72 +Q "2+iM2bb Q7 p2?B+H2 iQ p2?B+H2 BM+B/2Mi "2TQ ibX h?Bb KQ/2H +QKT
?BbiQ'v Q7 i?2 BM+B/2Mi "2TQ i ++m" +v 7Q° p2?B+H2X a?m u M; 2iX H (kj)
MQK Hv MQ/2b BM APo 2MpB QMK2Mi #v 7Q KBM; +HmMbi2  ?2 /bX mi?Q b HbQ T
iQ? M/H2 i2KT2'BM; #2? pBQ bX *?2M (q2B T QpB/2/ _al M/ #2 +QM@# b2/ i mbi
T 2p2Mib b2M/BM; Q7 7 Hb2 K2bb ;2bX mi?Q " BM (Rk) T'QTQb2/ "2 +QM@# b2,
r2B+? +QKTmi2b 2MiBivi mbi 7°'QK #2 +QM K2bb ;2bX J2°°'B? M" /7" JQMB" 2i HX
_QH2 # b2/ i'"mbiiQ ;Bp2 * i2;Q " Bx2/i'"mbi# b2/ K2bb ;2 "2TQ iBM; b+?2K2 7Q" o

++Q /BM; iQ i?2 HBi2  im 2 "2pB2r-i " mbi KQ/2Hb 2 /BpB/2/ BMi?°22 + i2;Q"

RX 1MiBivi mbi KQ/2H @ 2p Hm i2b i?2 i'mbirQ i?BM2bb Q7 i?2 2MiBivX

kX . i i'mbi KQ/2H @ + H+mH i2b i?2 i'mbirQ i?BM2bb Q7 /i b2Mi #v 2MiBivX

i X >v# B/ i mbi KQ/2Hb T2 7Q Kb i'mbirQ i?BM2bb Q7 /i br2HH b 2MiBivX
h #H2 kKXR amKK "Bx2b i'mbi KQ/2Hb 2tBbiBM; BM 2 +? + i2;Q vX h?2b2 i'mbi KQ/
iQ KQ/2H i'mbi BM M2irQ " FX h #H2 kXk bmKK "Bb2b p "BQmb K2i?Q/QHQ;B2b m
K2i?7Q/QHQ;B2b mb2/ BM 7Q° KQ/2HHBM; i ' mbi "2 r2B;?ib- " iBM;b-T Q# #BHBIiv
QTBMBQM ; i?2°'BM;X 6" QK i #H2 kXk- Bi + M #2 +H2 "Hv b22M i? i q2B;?ib- " i
+QKKQMHVY mb2/ 7Q  i'mbi KQ/2ZHHBM; r?2°2 b T°'Q# #BHBiv TT Q +? Bb H2 bi m
i'mbi KQ/2Hb bim/B2/ BM HBi2  im 2 mb2/ T°Q# #BHBbiB+ TT Q +? BM o L1hX a
T Q# #BHBbiB+ TT ' Q +? iQ KQ/2H 2p Hm i2 i?2 i mbip Hm2X h #H2 kXj b?Qrb i?
2tBbiBM; i'mbi KQ/2Hb "2 T QTQb2/X Pmi Q7 R9 i'mbi KQ/2Hb bim/B2/ BM i?2 HE
"2 /2bB;M2/ 7Q o L1h M/ 72r 2T QTQb2/7Q°  AQo 2MpB " QMK2MiX AM Qm ™ rQ°
i'mbi 7Q° AQo M2irQ FX
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h #H2 kXj
hvT2b Q7 M2irQ'F M/ i?2B" "272'2M+2b
L2irQ F aim/v
olLlh (Ry)- (RKk)- (Rj)- (R9)- (Rd)- (R3)- (RN)- (ky)- (kR)- (kk)- (k9)
AQo (R8)- (Re)- (kj)

kXjX *? HH2M;2b BM h'mbi K M ;2K2Mi M/ S°QT2iB280 ®7;BMnbi @@/ BHIXAQO
2MpB "QMK2Mi Bb [mBi2 BKTQ i Mi bQ i? i biQ T '2p2Mi K HB+BQmb MQ/2 iQ bT
T2'2/ BM7Q K iBQMX 6 Hb2 BM7Q K iBQM +B +mH i2/ #v K HB+BQmb MQ/2b K v
"Q /bX .Bbb2KBM iBQM Q77 Hb2 BM7Q K iBQM bQK2iBK2b K v "2bmHi BM /B 2 +
+? HH2M;BM; BM AQo 2MpB QMK2Mi iQ K M ;2 i ' mbi BM AQo M2irQ"FBb p "BQmb
h mbi p2°'B}+ iBQM BM "@2RB#BERR, M/QKHv 2Mi2° M/ H2 p2 AQo 2MpB " QMK2N
?B;? bT22/ bQ Bi Bb +? HH2M;BM; iQ #mBH/ mT i?2 i mbi BMiBK2Hv 7 b?BQMX b
/IB{+mHiiQ Dm/;2r?B+? MQ/2 Bb mMi " mbi2/ M/ mT@iQ r?B+? 2ti2MiX
.WVM KB+Bp2?B+mH ~MQ/2b "2 +QMiBMmMQmbHvV KQpBM; bQ Bi Bb MQi M2+2bb
MQ/2 rBHH 2K BM b K2 Hr vbX "2bB/2b i? i- +QM/BiBQMb Q7 "Q / "2 ?B;?Hv m
I2p2HQT2/ 7Q° AQo b?QmH/ #2 #H2 iQ ? M/H2 i?2b2 p "vBM; bBim iBQMb M/ +?
G ;2b+ H2 M2irDmK#2" Q7 p2?B+H2b BM AQo "2 p2°'vH ";2X HbQ-i?Bb bBim
T2 F " mb? ?2Qm bX h?Bb bBim iBQM K v "Bb2 T'TQ#H2K HBF2 M2irQ ' F +QM;2biBQ
b? "2/ +? MM2H- M/ /i Qp2 HQ / b p2?B+H2b K v "2+2Bp2 HQi Q7 /i i QM2IiE
BM +QM:2bi2/ "2 X
.2+2Mi° HBx ilBX2M2 Bb MQ +2Mi° HBx2/ BM7  bi'm+im 2 BM AQo 2MpB QMK2Mi
i?72 M2irQ'F i MviBK2X A7 MQ/2 BMi2" +ibrBi? p2?B+H2 MQr-Bi Bb MQi;m "~ I
p2?B+H2 BM i?2 7Tmim 2X
++Q /BM; iQ i?2 #Qp2 +? ~ +i2°'BbiB+b Q7 AQo M/ +? HH2M;2b BM KQ/2HHB!
7TQHHQrBM; +? ~ +i2°BbiB+b,
6 bi +QKTmi ABQM/2  iQ2p Hm i2i mbirQ i?BM2bb Q7 2MiBiv M// i BM 2 HiBK2
BM AQo-i'mbi KQ/2H b?QmH/ ? p2 H2bb +QKTH2t bQ i? i i mbi +QKTmi iBQ
rBi? HbQ "2bmHi BM HQr +QKTmi iBQM Qp2°'?2 /X
.Bbi'B#mi2/ i mbi +QKQKIImBBWM Q7 i mbi BM /Bbi'B#mi2/ K MM2  Bb KQ 2 bmB
QT2M-/vM KB+ M/ b2H7@Q ; MBxBM; +? ~ +i2'BbiB+bX q?2M 2p2°v MQ/2r
MQ M22/ Q7 +2Mi°> Hb2 p2 ' iQ + H+rmH i2i?2 i " mbirQ i?BM2bb Q7 MQ/2bX J(
+? M+2b Q7 +QKTH2i2 7 BHm 2X
a+ H #&BM+2 i?2 i° {+ Bb mMT 2/B+i #H2 bQ-i?2 i'mbi KQ/2H b?QmH/ #2 b+ H #t
MmK#2" Q7 MQ/2b pQB/BM; M2irQ'F +QM;2biBQMX
GBi2° im 2 "2pB2r +QM+HmM/2b i? i KQbi Q7 i?2 2tBbiBM; i'mbi KQ/2H ? b #22
KQ/2HHBM; BM AQo Bb biBHH BM BM7 Mi bi ;2X AM Qm  HBi2  im 2 "2pB2r- QMt
"2 T°QTQb2/7Q° APoQmi Q7 r?B+?irQ "2 2MiBivi mbi KQ/2H (R8- Re) M/ QM2 |
Bb MQ ?v# B/ i mbi KQ/2H T QTQb2/bQ 7 "7Q  AQoX "2bB/2bi? i-i?2 2tBbiBM; A
T Q#H2K V a+ H #BHBiv @ r?2M i?2 MmK#2> Q7 MQ/2b BM M2irQ"FBM+ 2 b2b i?2
iQ K BMi BMb i?2 i"mbip Hm2b Q7 HHX #V *QH/ bi i TTQ#H2K, i?Bb T"Q#H2K "B
iQ +QKKmMMB+ i2 Qi?2° MQ/2bX Pi?2 MQ/2b /Q MQi }M/ i?2 i ' mbip Hm2 iQ mi?2
iQ i?Bb-r2 ? p2 B/2MiB}2/ bQK2 +? *~ +i2  i? i i'mbi KQ/2H b?QmH/ ? p2iQ Qp2
+? HH2M;2b BM AQoX hQ //'2bb i?2b2 Bbbm2b-r2 ? p2 T°'QTQb2/ 7 K2rQ F 7C
?2v# B/ i mbi KQ/2H7Q AQoi? iBMBiB HHvVv +QKTmi2bi?2i mbirQ i?BM2bb Q7 MQ
#2ir22Mi?2K #v+ H+mH iBM; i mbiX h?2T ' QTQb2/ KQ/2HBb /2bB;M2/iQ bQHp2i
T Q#H2K M/ +?B2p2i?2/2bB "2/ +? ~ +i2'BbiB+b Q7 i'mbi KQ/2HX

X STQTQbL2/JQH2BAX "QTQb2/i mbi KQ/2H 7Q  AQo Bb 2p2Mi/'Bp2MX h mbip F
i 'mbi2/ +2Mi 2b M/ mT/ i2/ 7i2 2p2°v 2p2MiX avbi2K rQ Fb b /Bbi' B#mi2/ T QiQ
i?72 i'mbip Hm2 Q7 Qi?2° MQ/2 rBi? r?B+? Bi BMi2  +i2/ 7i2° 2p2°v BMi2" +iBQM
#2 bbB;M2/ BMBIB Hi'mbip Hm2 Q7 yX8 r?2M2p2°  BiDQBMb i?2 M2irQ ' FX h?B|
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6B;X XRmbi JQ/2HHBM; S'Q+2bb

i?2 2tBbiBM; i ' mbi KQ/2HbX h?2 MQ/2b biQ 2 i?2 i'mbip Hm2 Q7 QMHv HBKBi2/ b
“2+2MiHVX "2bB/2b i?Bb HH Qi?2 i'mbi p Hm2b rBHH #2 biQ 2/ ii?2 QMHBM?2
M2irQ ' F KQ 2 b+ H #H2 BM i?2 b2Mb2 i? i r?2M i?2 MmK#2> Q7 MQ/2b BM+'2 b2
M22/ MQi K BMi BM i?2 i'mbi p Hm2 Q7 HH Qi?2  MQ/2b b i?2 i'mbip Hm2b rBH|
h?Bb rBHH bQHp2 i?2 T'Q#H2Kb bbQ+B i2/rBi? HBKBi2/ biQ ;2 i MQ/2X h?Bb K
“+2Bi2+im'2 Q7 APo b i?2°2Bb MQ +2Mi> HBx2/ mi?Q Biv7Q i'mbi +QKTmi iBGQ
+ T #BHBiviQ +QKTmi2 i?2 i'mbip Hm2 Bib2H7 7i2° BMi2  +iBQM M/ mT/ i2 Bi Q

JXRX h"mbi JQ/2WAPBN ;K b2p2° H /p Mi ;2b HBF2 BMi2"M2i +QMM2+iBQM- 7 bi
oL1hi? iK F2BiKQ'2mb27mH7Q b2+m ' BM; p2?B+mH ~+QKKmMB+ iBQMX LQNMN
M/ ?2 b?m;2 /i b2i BMpQHp2/ BM +QKTmi iBQMX JQ 2Qp2 - APo Bb [mBi2 /vM K
DEQBMBM; M/ H2 pBM; i?2 M2irQ"F +QMiBMMQmbHYVIiQ +QT2 mT rBi?i?2b2T QT2
iQb2+m'2 +QKKmMB+ iBQM BM APoX h mbi KQ/2HHBM; T'Q+2bb mb2/ BM T °QTQ

AM M APo i mbi KQ/2H b2M/2  p2?B+H2 ? biQ HQ+ i2 MQi?2 p2?B+H2 rBi? r
Q T 'QpB/2i?2 b2 pB+2 b T2 i?2 "2[mB'2K2Mi Q7 bBim iBQMX A7 i?2°2 "2 Km
BMBiB HBx2 i?2 M2irQ'F T? b2 /IBb+Qp2°v rBi? i?2 MQ/2 ? pBM; ;QQ/ "2Tmi iBQ
M2irQ'F T? b2 Bb Qp2  i?2 BMi2™ +iBQM #2ir22M MQ/2 i F2b TH +2X .m ' BM; i?Bb
#v __alr?B+? Bb 7m’i?2 " mb2/iQ + H+mH i2 i?2 M2r i'mbip Hm2 Q7 b2M/2> M/ 2+
mT/ i2/ i QMHBM2 +2Mi2 bX

iXkX h?2 S °QTQb2/ h mbihPQ/i2MXi KQ/2H T QTQb2/iQ b2+m 2 +QKKmMB+ iBQNM
b~Qr+? i BM 6B;m 2 jXkX h?2 S°QTQb2/ KQ/2H Bb 2p2Mi /'Bp2MX h?2 T Q+2b
rBi? Mv MQ/2 "iQ T'QpB/2 Mv b2 'pB+2 Q" :2i b2 'pB+2 7°QK BiX LQ/2 BMBiB i2
"X hQ +?B2p2 i?Bb- _al BMBiB HHv HQQFb mT iQ i?2 T bi i'mbip Hm2 Q7 LQ/2
iQ i'mbirQ i?BM2bb Q7 X A7 i'mbi p Hm2 Q7 Bb p BH #H2- _al +?22+Fb r?2i?2°
i?2°2b?QHVXIM7 7mH}Hb i?2 +QM/BiBQM 7Q° KBMBKmMK H2p2H Q7 i'mbi i?°2b?Q
MQ/2X A7 i?2 6b i mbip HH2i BDMH2bOMi®i BMi2  +i rBi? "X

PM+2 _al}M/b bi'mbi2/LQ/2-Bi BMBiB i2bi?2 T°Q+2/m 2 iQ }M/ HQ+ iBQM ¢
"2T2 ibi?2b K2T°Q+2/m 2iQDm/;2i mbirQ i?BM2bb Q7 LQ/2"X A7" HbQ K22ib
b2i 7Q° MQ/2iQ #2 H2:BiBK i2 MQ/2-i?2 BMi2' +iBQM #2ir22M " bigibX A7 "
i?2M MQ/2 + MMQi BMi2  +irBi? MQ/2 "X .m BM; BMi2> +iBQM #2ir22M #Qi? i 'mb
i?2 i'mbi bi iBbiB+b HBF2 S +F2i .2HBp2'v _ iBQ US. VX S._ Bb ;Bp2M #v i?2 7QH

hQi HT +F2i "2+2Bp2/

PDR=
" hQi HT +F2ii MbKBii2/

UjXRV

A7 i?2 p Hm2 Q7 hiVIBBIBHP WQ/2 HB2b BM i?2 ° M;2 Q7 K2 M UKV THmMbfKBMn
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6B:X X&HQr .B ;> K Q7 i?2 S'QTQb2/ h"mbi KQ/2H 7Q " AQo

Ua.VQ7S._ i?2M MQ/2b #2? pBQm  Bb +QMbB/2°2/ b MQ K H Qi?2 rBb2 K HB+B
"Bb Qp2 - _al+ H+mH i2bi?2 M2ri'mbip Hm2 7Q" #Qi? MQ/2 " #v mbBM; +QI
i?2M mT/ i2b i?2 M2r + H+mH i2/ i'mbip Hm2 i QMHBM2 +2Mi 2bX

St> m +2SD wo o . .
B7 S.<m 2SD J HB+BQmb "2? pBQm UjXkV
M/
Ss m+2SD . . "o o . Ly
B7 S, m 25D h mbi2/ "2? pBQm UjXjVv

1 +? iBK2i?2bm++2bb7mHf7 BH2/ +QKKmMB+ iBQM rBHH i F2 TH +2 #2ir22M
mbBM; +QM/BiBQM H T Q# #BHBiv M/ mT/ i2/ UBM+ 2 b2/ BM + b2 Q7 bm++2bb"
7 BH2/ BMi2' +iBQMVX AiBb iQ #2 MQi2/i? ii?2 #Qp2 H;Q Bi?K Bb BMbTB 2/ #
g2 r MiiQi F2 b2 pB+2b 7 QK i'mbi2/ b2 pB+2 T°QpB/2° M/ 7i2 i FBM; b2 pB+2
p Hm2 BM i?Bb H;Q Bi?KVX

9X _2bmHib M/ .Bb+mbbBQMX

9XRX aBKmH iBQM a?BM BBQRQM T 2b2Mib i?2 bBKmH iBQM b+2M "BQ Qm" T
APoX h?2 K BM BK Q7 +QM/m+iBM; i?Bb bBKmH iBQM Bb iQ bim/v ?2Qr 2{+B2MiH
BM T 2b2M+2 Q7 MQM@ i mbi2/ MQ/2b BM AQo 2MpB QMK2MiX hQ +?B2p2 i?Bb i
URX9Xy p2'bBQMV M/ J hG " UkyRe p2'bBQMVX alJP Bb mb2/ b i {+ bBKmH i
T ii2>Mb M/ J hG "Bb mb2/ b 2p2Mi bBKmH iQ X 6B;m 2 9XR b?Qrb i?2 i> {+ b+2
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6B;X XKR{+ a+2M 'BQ @ PT2M ai'22iJ T 7Q° J M? ii M *Biv

J M? ii M +Biv ;2M2" i2/ mbBM; alJPX h?2};m 2 9XRBM+HmM/2b iQT@pB2r Q7 i {+
irQ "Q /b? pBM; #mBH/BM;bX h?2 Q#D2+ib BM ;°22M +QHQ" "2 p2?B+H2b KQpBN

AM 2tT2°'BK2Mi H b2imT-i?2 bi imb Q7 2 +? MQ/2 Bb +? M;BM; /vM KB+ HHvX
iQi?72 bBKmH iBQM "2 HBbi2/ BM h #H2 9XRX aBKmH iBQM Bb +QM/m+i2/ #v = N
#MQ K HMQ/2bX AMBIiB HHv- HH MQ/2b "2 bbB;M2/rBi? 2[m Hi ' mbip Hm2 Q7
pHmM2 Q7 MQ'K HMQ/2bBM+ 2 b2b rBi? 2p2'vbm++2bb7mH BMi2® +iBQM M/ i?
iQi?2B° K HB+BQmb #2? pBQ X

hQ bBKmH i2 i?Bb KQ/2H- M AQo 2MpB "QMK2Mi +QMbBbiBM; Q7 jy@Ryy MQ/
K HB+BQmb MQ/2bX h?2b2 MQ/2b ° M/QKHv KQp2 BM Ryyy Ryyy K2i2 b b[m "2
+QKKmMB+ iBQMX h?2 iQi HiBK2 Q7 bBKmH iBQM Bb i F2M R3y KBMb Uj ? " bVX
KQ/2H Bb 2p Hm i2/ mbBM; i?°22 K2i'B+b BX2X MmK#2> Q7 p BH #H2 ?QTb- S._

aBKmH iBQM Bb +QM/m+i2/ 7Q  i? 22 /Bz2 ' 2Mip Hm2 Q7 i? 2b?QH/ iQ bim/v |
2p Hm iBQM K2i'B+b HBF2 S._- p2" ;2 MmK#2 Q7 p BH #H2 ?2QThbX h?Bb bim/v Q
i?72 pHM2 Q7 2p Hm iBQM K2i'B+b US. - MmK#2> Q7 p BH #H2 ?QTbV p 'v 7Q" i
MQ K Hi? 2b?QHATRelBAVHHB;?iBwKidBWi M/ ?B;?Hv bi'B+i i? 2070 TQHB+v U

9XkX M HViB+ H 1p Hm iBQMX

6 bi +QKTmi ABADNMZ / Q7 + vTiQ; T?v-i?2 T°QTQb2/ KQ/2H K F2b mb2 Q7 i’ mbi p
i'mbirQ i?BM2bb MQ/2bX h?Bb “2/m+2b i?2 +QKTmi iBQM +QKTH2tBiv M/
:2K2MiX h?Bb K F2b i?2 +QKTmi iBQMb 7 biX

Bbi"B#mi2/ i'mbi +QKTMTi@Q®H2/ KQ/2H /Q2b MQi BMpQHpP2 Mv +2Mi° H mi?Q
i"mbirQ i?BM2bb Q7 MQ/2bX 1p2'v 2MiBiv BM i?2 M2irQ ' F Bb +QMM2+i2/ iC
M/ mT/ i2i?2i"mbip Hm2 Q7 MQ/2b 7i2  2p2 v BMi2 +iBQMX h?2/Bbi B#m
i72 +?2 M+2b Q7 +QKTH2i2 bvbi2K 7 BHm 2 M/ Bb KQ 2 bmBi2/ 7Q  AQo /m2
Q' : MBXxBM; +? * +i2'BbiB+bX

a+ H #HR, MQ/2 BM i?2 M2irQ F M22/ MQi K BMi BM i?2 i'mbi Q7 HH i?2 MQ/2b B
bK HH b2i Q7 MQ/2b rBi? r2B+? MQ/2 TH MbiQ ? p2 BMi2  +iBQMX aQ-i?2 T
2MQm;? iQ ? M/H2 i?2 H ;2 MmK#2"> Q7 MQ/2b pQB/BM; M2irQ F +QM;2bil
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h #H2 9XR

S " K2i2'b 7Q  bBKmH iBQM
aBKmH iBQM S ~ K2i2'b o Hm2b
JQMBIQ'BM; "2 1000 1000 K2i2'b
LmK#2 Q7 MQ/2b UMV jyORYy
*QKKmMB+ iBQM _ M;?2 k8y K2i2'b
S +F2i AMi2'p H k Kb
G2M;i? Q7 .1 S +F2i Nkj #Bib
avK#QH " i2 k8eE"fa
"Bi T i2 8RKE"fa
aBKmH iBQM iBK2 R3y UbV
LQJ HB+BQmb LQ/2b RyWwW
~_QmiBM; STQiQ+QH @ah _
J+Gv2 S QiQ+QH 3ykXRRT
h mbi _ M;2 (y-R)
AMBiB Hi mbip Hm2 Q7 2 +? MQ/R8

Aiwar s POR of Wamal Mo ’ o il B ol e vl b

POE

6B; X XXk2® ;2 S._7Q° MQ'K HMQ/2 UH27iV M/ #MQ 'K H U B;?iV MQ/2b

T Q#H2K #v bbB;MBM; KBMBKmK i'mbiiQ 2 +? MQ/2 BMBiB HHvX

9XjX aBKmH iBQM@# b2/ hpHMBIKMHMW KXBQM b?Qrb 2 bBHv ?Qr i?2 T°'QTQb2/
i'mbi2/ M/ K HB+BQmb MQ/2b b2 /2T2M/BM; mTQM i?2 S +F2i/2HBp2°'v iBQ-Mm
M2irQ'F bBKmH iBQM Bb +QM/m+i2/ 7Q  i?°22 /Bz2 '2Mip Hm2b Q7 i? 2b?QH/ p H

9XjXRX S +F2i /2HBpAivBbiPQX iBQ Q7 MmK#2> Q7 T +F2ib "2+2Bp2/ bm++2bb"-
Q7T +F2ib b2MiX br2 FMQri? i K HB+BQmb MQ/2b rBHH MQi 7Q"r '/ HH i?2 "2+
S._rBHH #2 H2bb b +QKT "2/iQi? iQ7 i mbi2/MQ/2X h?2 +m p2b b?Qr ?Qri?2 T
M/ K HB+BQmb MQ/2b p "B2brBi? iBK2X h?2 "2bmHib b?Qri? i p2° ;2S._p Hm2
MQ/2b- p "B2b +QMiBMmMQmbHvV rBi? BM+ 2 b2 BM iBK2X A/2 HHv i?2 p Hm2 Q7
#2ii2° T2 7Q°K M+2 Q7 M2irQ " FX h?2 ;" T?b T°2b2Mi2/ BM };m 2 9Xk /2TB+ib i? i
Bb ?B;? TT QtX BX2X yXyeidBMeB 2bPQKTh 2/ rBi? i?2 p2° ;2 S._ Q7 #MQ K H
yXyR8 ii? 2h2QyXeBX

9XjXkX 1z2+i Q7 i? 2b?QH/ TQHB+BRABR PAK B2Qrb i?2 p Hm2b Q7 p2° ;2 S._Q
MQ/2b 7Q  /Bz2 ' 2Mi iZA'g¥a®idy-yXe8V i /Bz2°2Mi BMbi Mib Q7 iBK2 bi "iBM; 7°
AMBIiB HHv iidy-i?2 p2° ;2 S._ Q7 i'mbi2/ MQ/2b Bb x2iQ27iBK2b+BMHM D7 7"
idy iQ i4R9 b2+QM/b-i?2 p2° ;2S._p HM2 Q7 i'mbi2/ MQ/2b Bb BM+ 2 bBM; 7Q"
p2° ;2 S. p Hm2b "2 /2+°2 bBM; 7Q 2 +? i? ' 2b?QH/ p Hm2 iBHH idkyX Ai K2 Mk
i i4R9 b2+ 7Q° HH i?2 i? 24yXel8/BK QW r?B+? Bb p2°'v ?B;? b +QKT "2 iQ i?2 K
+?B2p2/&4yXd8 BX2X e9WX

h?2S._"2 /BM; i HKQbi2p2'vBMbi Mi Q7 iBK2 Bb H2bb 7Q" ?B;?2  i? 2b?QH/
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h #H2 9Xk
S. pHmM2 Q7 i'mbi2/ MQ/2b i /Bz2'2Mi i? 2b?QH/
$i y k 9 e 3 Ry Rk R9 Re R3 ky Jt
yXd8 y yXjR| yXjk| yXj8| yXjd| yX9R| yX98| yXe9| yXj3| yXjy| yXjy| yXe9
yXdy y yXjy | yXjj yXje| yX9y| yX99| yX83| yX3k| yX8k| yXjy| yXjR| yX3k
yXe8 y yXjR| yXj8 | yXj3| yXej| yX39| yX3y| yXNe yX3R yXj3| yXjj y XN ¢
h #H2 9X]j
S._pHmM2 Q7 MQM@i mbi2/ MQ/2b i/Bz2'2Mi i? 2b?QH/
$i y k 9 e 3 Ry Rk R9 Re R3 ky Jt
yXd8| y YXyy| yXyy| yXyy| yXyy| yXyy yny!(ByXyRy_yynykSy y yXyRy_y
yXdy| y YXyy| yXyy| yXyy| yXyy| yXyy| yXyyjy yXyR_y yXyy8k yXyyyRy yXyR_y
yXe8| y YyXyy| yXyy| yXyy| yXyy| yXyy| yXyy9k yXyRj8 yXyy8] yXyyyd y YyXyRj8

7Q4yXe8 Bb yX39-r?B+? /2y XAPBXZRYX99 M/ 7Tm i?2yKd8 BX¥2K¥ YRI9RX aBKBH
idky b2+QM/b- S4yX®8 Bb yXjj- r?B+? /24yXbdBXBDX yXjR M/ 7m i?24y/Rd82 b2b
BX2X yXjyX h?Bb /Bb+mbbBQM QM S._p HM2b +QM+HmM/2b i? ii?2S._7Q i'mhbi?Z
7°QK NeW iQ e9WV rBi? BM+°2 b2 BM i mbi i? ' 2b?QH/ UBX2X 7 QK yXe8 iQ QXd¢
i?°2b?QH/ TQHB+v Bb bi'B+ii?2M bQK2iBK2b i mbi2/ MQ/2b K v #2 +QMbB/2 2/ |

h #H4H2 9Xj b?Qrb i?2 p Hm2b Q7 S._ Q7 MQM@i mbi2/ MQY IX A -y KBlzy2 yXiB V? " [
/Bz2 2Mi BMbi Mib Q7 iBK2 bi "iBM; 77QK i4y b2+ iQ ky b2+X AMBIiB HHv iidy-i
MQ/2bBbx2 Q7Q 2X2Aip PAKMBNB x2 Q7 QK idyiQidRyb2+QM/bB "2bT2+iBp2 Q7
i4Ry b2+QM/b-i?2 p2° ;2S._p Hm2 Q7 MQM@i mbi2/ MQ/2b BM+ 2 b2b 7Q" 2 +7
7i2° i4R9 b2+QM/b- p2° ;2 S._p Hm2b "2 /2+°2 bBM; 7Q 2 +? i?°2b?QH/ p Hm?2
i?7 11?72 K tBKmK S._ +?B2p2/ i i4R9 4#¢XxQaVBb RXj8W r?B+? Bb +QKT ~ #H2 iQ i?:
S._ +?B2p2/H4yXd8 BX2 RXyWX 6Q 2 +? MQM x2°'Q p Hm2b Q7 S._ U7 QK i4Rk iQ
i?72S._"2 /BM; i2p2°vBMbi Mi Q7 iBK2Bb H2bb 7Q" ?B;?2  i? 2b?QHAXdBM2bX ¢
Bb yX9k-r?B+? /2+4AF 2P BEXR2X yXyyj] M/ 7m i?2dy/Rd8X h2BEF Bb+mbbBQM QM S..
+QM+HmM/2b i? irBi? BM+ 2 b2 BM i mbii? 2b?QH/-i?2S._7Q°  MQM@ i mbi2/ MQ
2 bQM #2?BM/ i?BbBbi? iK HB+BQmb MQ/2b ? b MQi?BM; Km+?iQ /QrBi?i? 2b
BbiQ z2+i S._X

IXjXjX p2° ;2 MmMK#2° Q7 p BH #H2 ?2QTb iQ i?2 MQM®@iBKbi2/ iMND/AX" ;2
MmK#2 Q7 p BH #H2 ?2QTbiQ i?2i'mbi2/ MQ/2b rBi? i?2 T Q; 2bbBQM Q7 iBK2 7¢
/2TB+ibi? i bi?2iBK2T Q; 2bb2b-i?2 p BH #H2 MmK#2 Q7 ?QThiQi?2i'mbi2/
'QQ/ #2? pBQM X JQ 2 MmMK#2 Q7 ?QTb ?2HTb i?2K BM ;2iiBM; b?Q i2bi T i?X a

Ai Bb 2pB/2Mi 7°QK i?2 };m 28 i? i bi?2 iBK2T'Q: 2bb2b i?2 MmK#2 > Q7 p2°
MQ/2b TT Q +?22biQ x2 QX gBi?BM }'bi Ry b2+QM/b i?2 p2° :2 MmK#2 Q7 ?2QThb
KQ 2 T'2p H2Mi BM bi'B+i2" i 2\b®&MW TQHB+v U

9XjX9X 1z2+i Q7 i?°2b?QH/ TQHB+B2b QM p BH HHBMIXHRE? @D PE2TpXHm2b
MmK#2° Q7 2QTb p BH #H2 Q7 i'mbi2/ MQ/2b #@XdBz2X2AMiyiReBW? Q Bz AU 2Mi BM
iBK2 bi "iBM; 7°QK i4y b2+ iQ ky b2+X AMBIiB HHv iid4y-i?2 MQX Q7 p BH #H2
2 +2 p HMX Qi?2 iBK2b BM+ 2 b2b 7 QK i4y iQ idky b2+QM/b-i?2 p BH #H2 MQ X
BM+'2 b2b +QMiBMmMQmbHV 7Q" 2 +?2 i? 2b?QH/p Hm2 /m2 iQ i?2B  :QQ/ #2? pBC
i 2p2°v BMbi Mi 7Q  /Bz2 2Mi p Hm2b Q7 i? 2b?QH/ b?Qrbi? i p BH #H2 MmK#2"
?2B:?2  i?°2b?QH/ p HM2bX 7Q  2X:X i i4Ry*%eBQF b kpl -Bri? B-H2 /2@ \V2XHEBKQX R3
M/ 7m i?2° /2+ 2 420dBBX2X R8X JQ 2Qp2 - p2° ;2 MQX WQXeB@Bhbk @ rB B #2HRL712"
?2B:? b +QKT "2 iQ i?24i’XidB@X2X RdX h?Bb /Bb+mbbBQM +QM+HmM/2b i? ii?2 ; «
2QTh Bb ?B;?2 Bi? BIMBPXES8Y M/ bK HH2bi /m BM; i?2 bi'B+i TQHB+vX h?Bb Bb .
mM/2  bi'B+ii? 2b?QH/ TQHB+B2b i?2 i'mbi2/ MQ/2 bQK2iBK2b K v #2 KBbmM/2"

h #H2 9X8 b?Qrb i?2 p Hm2b Q7 MmK#2 Q7 ?2QTb p BH #H2 Q7 MQM®@i mbi2/
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6B;X XXp2" ;2 MmK#2" Q7 p BH #H2 ?QTb iQ i ' mbi2/ UH27iV M/ MQM@i mbi2/ U B;?iV

h #H2 9X9
LmK#2° Q7 ?QTb p BH #H2 7Q  i'mbi2/ MQ/2b i /Bz2 2Mi i? 2b?QH/

$hBK2 y k 9 e 3 Ry Rk R9 | Re | R3 | ky p; X
yXd8 y k 9 Ry Rk | R8 | RN | kN k3 jk je Rd
yXdy y k 9 N Re R3 kd jy jj j3 9k ky
yXe8 y j N ky k9 kd jy ji 9R 98 8y ke

yXd8-yXdy-yXe8V i/Bz2 2Mi BMbi Mib Q7 iBK2 bi "iBM; 7°QK i4y b2+ iQ ky b2+X
bQK2 p BH #H2 MQX Q7 ?QTb iQ KBbH2 /i?2 Qi?2  MQ/2bX "mi- b i?2 iBK2b BM
i?72 p BH #H2 MQX Q7 ?QTh 7Q° MQM@ i mbi2/ MQ/2b /2+ 2 b2b +QMiBMmQmbH\
W2 Q iidkyX h?Bb Bb /m2 iQ i?2B"> KBb#2? pBQm  BM i?2 BMi2> +iBQMbX >QT
7Q  /Bz2 2Mip Hm2b Q7 i? 2b?QH/ b?Qrbi? i p BH #H2 MmK#2" Q7 ?QTb Bb +QK
p HM2bX 7Q  2X;X i i4R9- 2QMbX 8B #HRRQI?B+? /2y XAWBKZXQ YyXRj] M/ 7m’i
/2+°2 b2bdHXd8 BX2X yXyeX h?2 :°Qri? Q7 p2 ;2 p BH #H2 ? B HBAbPREBY BX2)
M/ bK HH2bi ++Q /BM; iQ i?2 2[m iBQM /mABXId&X2hPiBB+/iBP@MBBBQM +QM+Hm
Qri? Q7 p2 ;2 p BH #H2 ?2QTh Blb ABHPXEBN¥2NM/ bK HH2bi /m BM; i?2 bi'B+i TQ
p Hm2 Bb HKQbi M2;HB:B#H2 BM #Qi? + b2bX

9XjX8X h"mbi .vM KBiXvM KB+ Q7 MQ/2 b?Qrb i?2 i'mbirQ i?BM2bb Q7 MC
M KB+b +? M;2b /vM KB+ HHv 7i2°  +QKTH2IiBQM Q7 2 +? BMi2" +iBQMX h?2 i mb
9XjX8b?Qrbi?2 +QK#BM2/ ;" T?2 Q7 i mbi/vM KB+b 7Q i ' mbi2/ br2HH b #MQ K
i?2i"mbip Hm2b Q7 i'mbi2/ MQ/2b "2 +QMiBMm HHv BM+°2 bBM; rBi? iBK2 M/ i
/[2+°2 bBM; rBi? T bb ;2 Q7 iBK2X

1p2°'vbm++2bb7mH BMi2" +iBQM +QMi'B#mi2b 7m i?2" BM+'2 b2 BM i?2 i mbi
BM i'mbip Hm2 Q7 K HB+BQmb MQ/2 Bb /m2 iQ Bib KBb#2? pBQm X AMBIB HHv
/IvM KB+b Q7 MQ'K H M/ #MQ K HMQ/2#mi bi?2iBK2BM+ 2 b2b M/ KQ 2 2p2Mi
BM+ 2 b2biQ ;"2 i2ti2Mii? i ?22HTb BM +H2 "Hv b2T " iBM;i?2 #MQ K HMQ/2b 7
i?2KX

8X *QM+HmMbBQM M/ 6mind QY 24X i mbi BM AQo M2irQ F Bb [mBi2 +? HH2
T 2b2Mibp "BQmb +? HH2M;2b 7 +2/ #v "2b2 “+?22 b BM KQ/2HHBM: i mbi 7Q  APo
i"mbi KQ/2HX //BiBQM HHv-r2? p2 T QTQb2/ T Q# #BHBiv@# b2/ 2v# B/ i mbi K
# b2/ M/ /i @# b2/ i 'mbi KQ/2HbX h?2 2MiBiv@# b2/ i mbirQ i?BM2bb Bb 2p Hm
TQHB+v M/ /i @ # b2/ i'mbirQ i?BM2bb Bb 2p Hm i2/ #v +QHH2+iBM; i?2 bi iBb
KQ/2H mb2/ DQBMi T Q# #BHBiv /Bbi B#miBQM iQ b2T * i2i?2 K HB+BQmb M/ i’
HB2b BM i?2 ° M;2 Q7 K2 M THmMbfKBMmb irB+2 Q7 bi M/ */ /2pB iBQM i?2M Bi B
mMi*mbi2/X h?2 KQ/2H HbQ “2bQHp2b i?2 +QH/ bi i T'Q#H2K #v T 'QpB/BM: BM|
M HviB+ 2p Hm iBQM Q7 T°QTQDb2/ KQ/2H b?Qrb i?2 KQ/2H Bb b+ H #H2 M/ BN



6° K2rQ F iQ avbi2K iB+ HHv M Hvb2 i?2 h'mbirQ i?BM2bb Q7 LQ/2b 7Q" a29®'BM; AQo /

h #H2 9X8
LmK#2' Q7 ?QTb p BH #H2 7Q° MQM@ i mbi2/ MQ/2b i /Bz2'2Mi i? 2b?QH/

$hBK2 y k 9 e 3 Ry Rk R9 Re R3 ky p;X

yXd8 RXyel yXN8 yX98| yXjk| yXkR| yXR9 yXRyl yXye| yXyj| yXyy| yXyy| yXkke
yXdy RX88 RX]jN RXyd yXek| yX99| yXkN| yXRN yXRj| yXye| yXy9| yXyy| yX9kj
yXe8 RX3 RXe9 RXyyl yXed| yX9N yXkj| yXRd yXRR yXy8| yXyk| yXyy| yX9j3

Trust Drpmismicw of Trusted and Ahnormal Mods

6B;X 9K9mbi /vM KB+b i'mbi2/ M/ MQM@i mbi2/ MQ/2b r*i iBK2

+QKTmi iBQMb- bQ Bb r2HH bmBi2/ 7Q° AQoX h?2 2tT2'BK2Mi H "2bmHib 7Q" T
i'mbi2/ MQ/2 BbyXeji? iBbKm+? ?B;?2 i? Mi?2S._Q7K HB+BQmb MQ/2i? iBb
MmK#2 Q7 p BH #H2 ?QTb- M/ i mbip Hm2 Q7 i mbi2/ MQ/2b "2 HbQ bB;MB}+ N
MQ/2X h?mb-i?2 K HB+BQmb MQ/2b + M #2 +H2 "Hv B/2MiB}2/ M/ /Bb+ “/2/ QM i~
?2QTb M/ h mbi/vM KB+bX h?2 2z2+ib Q7 i? 2b?QH/ QM 2p Hm iBQM K2i'B+b b?C
MQ/2b 7Q " #Qi? i mbi2/ M/ MQM@i mbi2/ MQ/2b /2+ 2 WXrBm? BPBbH /2 b2B0\R iBb2H
bB;MB}+ Mi BM MQM@i mbi2/ MQ/2bX
AM 7mim 2-i?22rQ F KB;?i #2 2ti2M/2/iQ BMp2biB; i2i?2 7TQHHQrBM; bT2+ib,
RX h?2 +m ™ "2Mi KQ/2H b2+m 2b i?2 i  {+ BM7Q K iBQM 2t+? M;2/ #2ir22M p2
2ti2M/2/iQ b2+m 2 i?2 /i i° Mb +iBQMb BM Qi?2° TTHB+ iBQMb+2M "BQb
kX AM T ' QTQb2/ KQ/2H- p2?B+H2 M/ Bib /’Bp2° "2 +QMbB/2 2/ b bBM;FH
2ti2M/2/iQ B/I2MiB7v i?2 K HB+BQmb #2? pBQm b Q7 /°'Bp2'b M/ p2?B+H2b
X h?22 T°QTQb2/ bvbi2K KB;?i #2 2ti2M/2/ #v mbBM; #2ii2" i2+?MB[m2b iQ BK
KQ/2HX
9X AM i?Bb T T2 -r2 T'2b2Mi b2T " i2 TT'Q +?2iQ 2p Hm i2 i?2 i'mbirQ i?B
bBM;H2 TT ' Q +? KB;?i #2 mb2/iQ +QKTmi2 i?2 i'mbirQ i?BM2bb Q7 #Qi? /
i?72 +QKTmi iBQM Km+? 7 bi2 i? Mi? i BMi?Bb KQ/2HX

_161_1L*1a

(RPX E Br “iv 2i HMAMi2 M2i Q7 02?B+H2b, JQiBp iBQM- G v2'2/ “+?2Bi2+im 2- L2irQ F JQ/2H- *'
bT2+ib- A111 ++2bb- pQHX 9- TTX 8j8e 8jdj- kyReX

(K)GX M:2H2b M/ GX MANHIZBM2i Q7 02?B+H2b\, 6°QK AMi2HHB:2Mi :'B/iQ miQMQKQmb * *b M/ o
gQ H/ 6Q " mK AMi2 M2i h?BM;b- TTX k9R k9e- kKyR9X

(i) X 1H "2FF HB- JX "QmHK H7- JX 1bb B/B- M/a2¢m2BMIm?2 AMi2 'M2i Q7 h?BM;b UAQhV- S Q+.
*QM7X qB 2HX L2irQ Fb JQ#X *QKKmMX qAL*PJ kyR3- pQHX 99- TTX 8R 83- kyRNX

(9)GX JX M;- EX SX a2M;- :X EX AD2K "m- M/ -X 2JXHQuK2MinQ7 AQo 7Q  aK ‘i *BiB2b, TTHB+ iBQM
im'2- M/ *? HH2M;2b- A111 ++2bb- pQHX d- TTX e9dj e9Nk- kyRNX

(8)_X aBHp M/ _X AL#?B+ H AKTHB+ iBQMb Q7 aQ+B H AMi2 M2i Q7 02?B+H2b avbi2Kb- A111 AMi?z
TTX 8Rd 8jR- kyRNX

(e)EX w B/B M/ JX _D:@@M+mH BMi2 M2i, a2+m Biv T 'Bp +v +? HH2M;2b M/ QTTQ imMBiB2b
MQX j- TTX k8d kd8- kyR8X
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(d)_X A[# H- hX X "mii-JX 7x H- M/ EXabi K M ;2K2Mi BM bQ+B H AMi2 M2i Q7 p2?B+H2b\, 6 +iC
#HQ+F+? BM - M/ 7Q; bQHMiIBQMb- AMiX CX .Bbi'B#X a2MbX L2irQ Fb- pQHX R8- MQX R- kyR

(3).X . X EXLB; 2 i'2pB2r Q7 #H +F?QH2 ii +F BM KQ#BH2 /?2Q+ M2irQ F- AMiX CX 1M;X a+BX _2bX
jR9 jRN- kyRdX

(NaXJ M/ H-EXC2MMB-JX X L; /B-JXE Ki- M/ uXmQWwiBB#BHW; i?2 b2p2 ' Biv Q7 #H +F?QH2 ii +F
KQ#BH2 /?Q+ M2irQ Fb- *QKKmMX *QKTmiX AM7X a+BX- pQHX 9ed- TTX 8d ed- kyR9X

(RyJX JQMB - X #/2H@> KB/- M/ JX X 1IHi2xBxBx2/ h"mbi@" b2/ J2bb ;2 _2TQ iBM; a+?2K2 7Q" o«
*QKKmMMX *QKTmiX AM7X a+BX- pQHX j3R **Aa- MQX 8- TTX e8 3j- kyRjX

(RR)X "BbK2v2 - aX J mi?Q72 - EXJX"v Qm- Mb&RBOKZAMI Q7 MQ/2 i mbirQ i?BM2bb BM o L1hb mi
TH mbB#BHBiv +?2+Fb rBi? T "iB+H2 }Hi2 b- A111 02?X L2irX *QM7X oL*- TTX d3 38- kyRkX

(RkuX JIJX *?22M M/ uX **x qZR +QM@# b2/ i’ mbi KM ;2K2Mi bvbi2K 7Q° 2M? M+BM; mb2 " +2Mi B+ |
0 Llhb- CX *QKKMMX L2irQ Fb- pQHX R8- MQX k- TTX R8j Rej- kyRjX

(RjCX 6BMMbQM- CX w? M;- hX h® M- IX JX 6 'QQ{- M/KXQQ?ZR  KQ/2HBM; i'mbirQ i?BM2bb Q7
KQ#BH2 p2?B+mH ~ /@?2Q+ M2irQ ' Fb M/ Bib p HB/ iBQM i?°Qm;? bBKmH i2/ i  {+ ~Qr- BM bT
QM *QKTmi2" a+B2M+2- kyRkX

(R9BX : K2x J{'KQH M/ :X J "iLM2x SW_26- i mbi M/ '2Tmi iBQM BM7" bi'm+im ' 2@# b2/ T°"QTQb H
?2Q+ M2irQ Fb- CX L2irX *QKTmiX TTHX- pQHX j8- MQX j- TTX Nj9 N9R- kyRkX

(R8X : B-CX w? M;- wX S2B/QM;- M/ dX2@B" M2/ h"mbi J M ;2K2Mi avbi2K 7Q° AMi2 "M2i Q7 02?B+H
i72 G2+im 2 LQi2b BM *QKTmi2"  a+B2M+2 aT ' BM;2° #QQF b2 'B2b- bT'BM;2 - kyRdX

(Re®pX : B-CXw? M;- SXw?m- M/EEXn68BQW;i?2 _ i22\, h mbiJ M ;2K2Mi avbi2K 7Q  aQ+B H AMi2 M
gB 2HX *QKKMMX JQ#X *QKTmiX- pQHX kyRd- kyRdX

(Rd)X g M; M/ uX gm'A"_J, " v2bB M AM72'2M+2 " b2/ _Q / J2bb ;2 h'mbi JQ/2H BM 02?B+mH " /| >C
Al111 Rji? AMi2°M iBQM H*QM72°'2M+2 QM h mbi- a2+m Biv M/ S'Bp +vBM *QKTmiBM; M/ *Ql

(R3)X a?'Bp bip-EXa? ‘K- M/"XEX*?2>y0JF® " _2 Tmi iBOM *QKTmi iBQMBM o L1h-BM A111 AMi2
*QM72'2M+2 QM *QKTmiBM;- *QKKmMB+ iBQM M/ miQK iBQM UA*** kyReV- kyRe- TTX eed e

(RNZX GB- X J HBT-EXJXJ 'iBM-aX L;- M/ OTmP i BQM@" b2/ MMQmMM+2K2Mi a+?2K2 7Q o L1hb-
h_ La *hAPLa PL01>A*IG _ h1*>LPGP:u- kyRk- pQHX eR- MQX N- TTX 9yN8 9Ry3X

(kylaX X aQH2vK MB-2iazm 2 h'mbi JQ/2H # b2/ QM 6mxxv GQ;B+ BM 02?B+mH * / >Q+ L2irQ Fb rB
BM A111X- kyRd- pQHX j8je- MQX +- TTX R RyX

(kR¥X u Q- sXw? M;->X LBM;- -MBBM;@Bmbi KQ/2H iQ 2Mbm 2 "2HB #H2 /i +[mBbBiBQM BM o L1hb-
pQHX 88- TTX Ryd RR3- kyReX

(kkfX GB Q- CX *? M;- AX G22- M/ EX EX 02MF-i bmbi KMRH7Q  p2?B+mH ~ M2irQ ' F@# b2/ BM+B/
BM A111 8i? AMi2 M iBQM H avKTQbBmK QM qB 2H2bb 02?B+mH ~ *QKKmMB+ iBQMb- qBo2* k

(kj)aX u M;- wX GBm- CX GB- aX q M;- M/Q&XHWVM2i2+iBQM 7Q° BMi2 'M2i Q7 p2?B+H2b, i'mbi K M
rBi? {MBiv T QT ; iBQM- JQ#X AM7X avbiX- pQHX kyRe- kyReX

(k9uX@IX *Xum@*?B2HBB#BHBiv M/ 1{+B2M+v AKT ' Qp2K2Mi7Q h mbiJ M ;2K2Mi JQ/2H BM o L1ht
h2+?MQHQ;v M/ a2 pB+2 BM aK "iaT +2-bT BM;2 - kyRk- TTX Ry8 RRkX

(k8CX w? Mh mbi J M ;2K2Mi 7Q" o L1hb, *? HH2M;2b- .2bB"2/ S°'QT2'iB2b M/ 6mim 2 .B'2+iBQMb
h2+?MQHX- TTX 93 ek- kyRkX

1/Bi2/ #W M/ L vv
_2+2Bp2f,ke- kyky
++2Ti2l v Rj- kyky



e
.. a+ H #H2 *QKTmiBM;, S° +iB+2 M/ 1tT2 B2M%idT, fAara X IRSTNX@DRde d -
Ukyky a*S1X 0OQHMK2 kR- Abbm2b j- TTX 9ej 9dd- .PA RyXRkeN9,fb+

S_GG1GAw hAPL " al. . h JL :1J1Lh 6_ J1qP_E
6P_ S1_o0 aAol APh SSGA* hAPLa

aLAu w >PP_- PP>A1 L w JA_

#bi® +iXS2'p bBp2 AMi2 M2i Q7 h?BM;b UAQhV Bb “2b2 +?2 T " /B;Ki? i? b ii° +i2/ +QMbB/2" #H.
K BM BK Q7 T2 p bBp2 AQh Bb i? i BM i?2 7mim 2- i?2 2p2°v/ v Q#D2+ib U/2 MB +2N N2 YOQNHM 2 2i 24 + 2 |
BMbB/2 i?2 ;HQ# H bi'm+im 2 Q7 i?2 AMi2 M2iX "mi BM KQbi Q7 i?2 T2 p bBp2 AQh TTHB+ iBQMb- i
biQ' ;2- T'Q+2bbBM;- M/ 2M2 ;v ‘2 HBKBi2/c b bm+? i?2°2 Bb M22/ 7Q K M ;2K2Mi Q7 2bQm +2
bT2+ib "2H i2/ iQ i?2 /i bm+? b i?2 ivI2 Q7 /i - bBx2 Q7 /i - MMK#2> Q7 i’ MbKEREbBQN M/ "2+
bi'm+im 2 Q7 /i - 2i+ "2 i F2M BMiQ +QMbB/2" iBQM r?BH2 K M ;BM; i?2 "2bQm +2b Q7 T2 p bBp2
K M ;2K2Mi Bb 2bb2MiB H 7Q  i?2 K M ;2K2Mi Q7 HBKBi2/ "2bQm +2b BM bm+? TTHB+ iBQMbX h?E
M/ “2H i2/ BM7Q K iBQM BM /i K M ;2K2Mi 7Q" T2 p bBp2 AQh TTHB+ iBQMb ? pBM; HBKBi2/ 2b(
T HH2HBx iBQM # b2/ /i K M ;2K2Mi 7° K2rQ ' F 7Q" "2bQm +2@+QMbi’ BM2/ T2 p bBp2 TTHB+
i?2 T°QTQb2/ 7" K2rQ F Bb /QM2 rBi? i?2 b2[m2MiB H TT'Q +?2 i?2°Qm;? bBKmH iBQMb M/ 2KTB B+ |
M BKT Qp2K2Mi BM 2M2 ;v- T°Q+2bbBM;- M/ biQ ;2 "2[mB 2K2Mib 7Q  i?2 T°Q+2bbBM; Q7 /i QM
7° K2rQ'F b +QKT “2/iQ i?2 b2[m2MiB H TT Q +?X

E2v rQ /b, AMi2 " M2i Q7 h?BM;b- _2bQm ' +2@+QMbi° BMib- a2+m Biv- hBMv 2M+ vTiBQM- . i ;; 2;

Ja bm#D2+i +H bbB}+ eBBQREBX

RX AMi"Q/m+SBQ@MB P2 AMi2 M2i Q7 h?BM;b Bb i?2 2pQHmMIiBQM Q7 i?2 AMi2 M
M Hvx2- M/ /Bbi'B#mi2i?2/ i pB bK "i-T'Q;” KK #H2- HB;?i@r2B;?i- KBMB im~
K BM:;Q HQ7 T2 p bBp2 AQhBbiQ7Q ' Ki?2M2irQ' FQ7/ v@iQ@/ vHB72 Q#D2+ib
rB’2H2bb M/ b2MbQ  i2+?MQHQ;B2b (R)X h?2 T2 p bBp2M2bb Q7 AQh 2 b2b 2p2
#v /2pB+2b r?BH2 b2MbBM; M/ "2 +iBM; iQ 2p2MibX h?2°2 "2 MmK2 Qmb TTHBH-
7°QK /Bz2 '2Mi b2+iQ b bm+? b ?22 Hi?+ “2- ;"B+mHim 2- ?2QK2b- Q{+2b-r bi2 K
KQMBIQ'BM;-r i2° bmTTHv- 2i+X "mi BM KQbi Q7 i?2b2 TTHB+ iBQMb- "2bQm -
2M2 ;v "2 +QMbi® BM2/(9)X h?2b2 "2bQm +2 +QMbi° BMib BKT +ii?2bQ7ir "2 /2]
Q7 bm{+B2Mi ? “/r "2 72 im 2b 7 +BHBiB2b i?2 /2bB;M Q7 bK HH K2KQ'v 7QQiT B
BKT +ii?2 /2bB;M Q7 K Mv T'QiQ+QHb M/ H;Q Bi?Kb 2X;X-/i ;;°2; iBQM H;C
+QMbi° BM2/ AQh M2irQ " FbX Ai HbQ T'Q?B#Bibi?2BMi2;" iBQM Q7 K Mv /2bB" #
QM i?2 AQh /2pB+2bX

.m2iQi?2 "2bQm +2@+QMbi> BM2/ M im2 Q7 T2 p bBp2 TTHB+ iBQMb-i?2"2
T Q+2bbBM; H;Q Bi?Kbi? i mM QM M AQh /2pB+2X o "BQmb HB;?ir2B;?i/ i T~
i?72 AQh MQ/2 bi?272 bB#H2 bQHmMIBQM BM bm+? b+2M "BQb (j)X "mi b i?2 bBx:
HB;?ir2B;?i H;Q Bi?K QM AQh MQ/2 //b "2bQm +2 Qp2 2?2 /bX h?2°'27Q°2-i?2
BKTQb2b "2bi'B+iBQMb QM i?2 mb2 Q7 "2bQm +2b BM AQh MQ/2b Q7 T2 p bBp2 -
/i "2i F2ZMBMiQ +QMbB/2  iBQM r?BH2 K M ;BM; "2bQm +2b Q7 M AQh /2pB+2
ivT2 Q7 /i -i?2bi'm+im2Q7 /i -MmK#2 Q7 i° MbKBbbBQM M/ 2+2TiBQM Q7 /
/Im> iBQM Q7 /i biQ" ;2-2i+X h?2°27Q°2-/i KM ;2K2Mi #2+QK2b M2+2bb “v iC
2MpB " QMK2MibX

h?2°2 ? p2 #22M "2+2Mi bim/B2b BM /i K M ;2K2Mi bQHmMiBQMb 7Q" i?2 K M
TTHB+ iBQMb i?"Qm;? /i ;;°2; iBQM K2+? MBbKb (8)-/i biQ™ ;2 bQHmMIiBQMb (
"+?Bi2+im2@# b2/ bQHmMiIiBQMb (3)- HB;?ir2B;?i/ i b2+m 'Biv TT ' Q +?2b (N)-

2T "iK2Mi Q7 *QKTmi2" a+B2M+2 1M;BM22 BM;- L iBQM H AMbiBinlB QBa2+?QQH®;B & BMM 2iVXI
9ej
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(
2tT2 ' BK2Mi H2p Hm iBQMbX h?2°2? b #22M HBiiH2rQ ' FBM AMi2 M2i Q7 h?BM:b
i KM :2K2Mi bQHMIBQM 7Q T2 p bBp2 AQhX h?Bb T T2 T°QTQb2b T ~ HH2
7° K2rQ F iQ KBMBKBx2 "2bQm +2 Qp2°?2 /b QM i?2 BM/BpB/m H AQh MQ/2b BN\
+QKT "~ iBp2 M HvbBb Q7 "2bQm +2 +QMbmKTiBQM Bb /~ rM ii?2 MQ/2 H2p2H
“2bT2+iiQ i?2 b2[m2MiB H TT Q +? (RR)i?2°Qm;? bBKmH iBQMb M/ 2KTB B+ H /

h?2 "2bi Q7 i?2T T2 BbQ : MBx2/ b, a2+iBQM k T 2b2Mib i?2 HBi2  im 2 bm |
/i KM :;2K2Mi 7" K2rQ F-a2+iBQM 9 ;Bp2b 2tT2 " BK2Mi H M/ 2p Hm iBQM /2i BHI
M/ /Bb+mbbBQMb- M/ b2+iBQM e ;Bp2b +QM+HmMbBQMbX

Ry)X >Qr2p2 - KQbiQ7i?2rQ F? b#22M 2TQ i2/BM qB 2H2bb a2MbQ  L2irQ Fb
t
/

kX GBi2® im 2 ammp2iv@ i?2 "2bQm +2@+QMbi> BM2/ M im 2 Q7 AQh /2pB+2b- T
+? HH2M;2b Q7 /i K M ;2K2Mi BMi2°'Kb Q7 biQ " BM;-T ' Q+2bbBM;- M/ +QKKmMB
/i KM ;2K2Mi Bb "2H i2/iQ i?2 /i HB72+v+H2 "2[mB '2K2Mi Q7 bvbi2KX AM i~
;2K2Mi b2 p2b b H v2® #2ir22M i?2 /2pB+2b ;2M2° iBM;i?2 /i M/i?2 TTHB+
M HvbBb (Rk)X AM Qm > +QMi2ti-/ i KM ;2K2MiBM T2'p bBp2 AQh Bb pBbm HBXx
+QH- "+?Bi2+im'2-Q 7" K2rQ ' Fi? iT°'BK "BHv7Q+mb2b QMK M ;BM; HBKBi2/ "
T QT2 K M ;2K2MiQ7/ i X h?2°2? b#22MbB;MB}+ Mi 2b2 "+?BM/ i K M ;2K2N
i?2°Qm;? /i ;;°2; iBQM K2+? MBbKb-/i biQ" ;2 bQHmMiBQMb-/i K M ;2K2Mi KC
MB[m2b- "+?Bi2+im ' 2@# b2/ bQHmMIBQMb- HB;?ir2B;?i/ i b2+m 'Biv TT Q +?2b-
b/Bb+mbb2/ #2HQrX

kKXRX . i ;;72; iBQM J2+? MBWXRX i?2rB/2Hv mb2/ M/ 2+Q;MBx2/i2+?MB[m:
:2K2Mi BM KQbi Q7 i?2 T2 p bBp2 AQh TTHB+ iBQMb Bb /i ;;°2; iBQMX 62r +
+ B2/ QmiBM /i ;;°2; i BQM7Q QTiBKBx iBQM Q7 "2bQm +2b bm+? b M2irQ F
“2/mM/ M+v- "2HB #BHBiv- H i2M+v- 2i+ (Rj)X h?2 TQbbB#H2 K2+? MBbKb 7Q" /
+Hmbi2 " @# b2/- M/ i 22@# b2/X AM +2Mi° HBx2/ /i ;;°2; iBQM- +2Mi° H MQ/,
AQh MQ/2 (R9)X h?2rQ'FBM (R8) T 2b2Mib +2Mi> HBx2// i ;;°2; iBQM TT 'Q +
?22i2°Q;2M2Biv Bbbm2b #mi i?2 HBKBi iBQM Q7 i?2rQ ' FBbi?2 bBM;H2 TQBMi Q7
iBOQM- +HmMbi2" ?22 / Bb b2H2+i2/ BM 2 +? +HmMbi2'  iQ "2/m+2i?2 /i i {+BMi?2
i?Bb BM+HmM/2b *?BM2b2 2K BM/2™ # b2/ i?2Q 2K (Re)- +'Qbb@H v2 /i ;;°2; i
;;72; iBQM (R3)- 2i+X AMi“22@# b2// i ;;°2; iBQM-i?2BMi2 K2/B i2 MQ/2b T2
*QMbB/2® #H2rQ ' F BMi?Bb BM+HmM/2b 2M2 ;v@2{+B2Mii'22 TT Q +? (RN)(ky)-i
iQ# H M+2i?222M2 ;v M/ M2irQ " FHQ / (kR)-2i+X >Qr2p2 - KQbi Q7 i?2rQ F BM .
/i :;°2; iBQM ? b #22M "2TQ'i2/ BM gaLb M/ H +Fb +QKT'2?2MbBp2 T2 7Q K |

kXkX . i aiQ® ;2 aQHMBQMbXbBp2 AQh TTHB+ iBQMb- AQh /2pB+2b ;2M2" i2
Bi #2+QK2b M2+2bb "viQbiQ 2i?2/ i 2{+B2MiHvX 6m’i?2 -i?2?2i2°Q;2M2Biv Q7
bQm ™ +2b M2+2bbBi i2b i?2 M22/ 7Q" 2{+B2Mi /i biQ ;2 bQHmMIBQMb "2 /v iQ /2
hQ //°2bb bm+? T'Q#H2Kb-p "BQmb /i biQ ;2 bQHMIBQMb ? p2 #22M T QTQb:
BMi2;" iBQM Q7 ?2i2°Q;2M2Qmb /i pBxX- bi'm+im 2/- M/ mMbi ' m+im 2/ /i (e)
+QMbB/2" iBQM 7Q /i biQ " ;2 bQHmMIiBQMb M/ i?2b2 BM+HmM/2 i?2 ivT2 Q7 /i
biQ™ ;2-2i+X a2p2 " H/ i biQ" ;2 b+?2K2b i? i 22HT BM K M ;2K2Mi Q7 "2bQm +2
(kk)- T'Qp2M M+2@ r "2 biQ" ;2 (kj)- "2 H@iBK2 /i # b2b (k9)- +2Mi° HBx2/ biQ"

kXjX "+?Bi2+im 2 # b2/ bQHMIBBWHXQM i?2 bT2+B}+ "2[mB ' 2K2Mib M/ /2bB;
TTHB+ iBQMb- i?72 "+?Bi2+im 2 Q7 AQh p 'B2b 7' QK QM2 TTHB+ iBQM iQ MQ
AQh "+?Bi2+im 2b ? p2 #22M +H bbB}2/ BMiQ +2Mi° HBx2/- /IBbi'B#mi2/- M/ b2
+2Mi° HBx2/ “+?Bi2+im'2b "2 QM2 Q7 i?2 KQbi rB/2bT 2 / KQ/2Hb 7Q /i K M
? pBM; HBKBi2/ "2bQm ™ +2bX AM i?Bb- i?2 b2Mb2/ /i 7°QK i?2 AQh /2pB+2b
/[2pB+2 UQ HQ+ iBQMV-r?B+? +QK#BM2b- T°'Q+2bb2b M/ T 2b2Mib i?2 BM7Q K
T 2b2Mib +2Mi° HBx2/b+?2/mHBM; K2i?Q/-ehBa+>BMr?B+?i?2 KQmMiQ7 2bQC
?BbiQ ' B+ HBM7Q K iBQM #Qmi "2bQm " +2 +QMbmKTiBQMX h?2 rQ'F BM (kd) H
# b2/ QM r2# "2bQm +2b-iQ /2+QmMTH2 i?72 /QK BM Q7 ?2i2°Q;2M2Qmb /2pB+2b 7



S > HH2HBx iBQM # b2/ . i J M ;2K2Mi 6° K2rQ'F7Q  S2'p bBp2 AQh T9HB+ iBQMb

"mii?2b2 TT ' Q +?2b 7 BHiQ ;m *~ Mi22 b+ H #BHBiv M/ BMi2 QT2 #BHBiv KQN
/QK BMbX

hQ Qp2 +QK2 i?2 /Bb /p Mi ;2b Q7 +2Mi° HBx2/ "+?Bi2+im 2b-i?2 /Bbi'B#miB
BMi"Q/m+2/X h?2 /Bbi'B#miBp2 AQh "+?Bi2+im 2b T°QpB/2 b2 pB+2b ii?2 MQ/.
i?72 +QHH #Q° iIBQM Q7 MQ/2b M/ mb2'biQ +?B2p2 +QKKQM ;Q HX PM2 Q7 i?2
TT'Q +? Bb b2+m ' Biv# 2 +?2i? iQ++m b /m2iQ /2pB+2 KQ#BHBiv M/ M2irQ " F
i?Bb BM T2'p bBp2 M/ /Bbi'B#miBp2 AQh- 72r bim/B2b BMi"Q/m+2 K bi2" F2v 7Q"
MQi?2  /Bb /p Mi ;2 Q7 /Bbi ' B#miBp2 AQh "+?Bi2+im 2 Bb 2t+2bbBp2 2M2 ;v +C
i?72rQF BM (jk) T'2b2Mib /2+2Mi°> HBx2/ b+?2/mHBM; TT ' Q +? # b2/ QM S'QTQ
H;Q Bi?K i? i QT2 i2b /vM KB+ HHv M/ +QMi"QHb i?2 /i i° {+ BM i?2 M2irQ F
+QMbmKTIiBQM Q7 2M27;vX

h?2 a2 pB+2@P B2Mi2/ "+?Bi2+im 2 UaP V Bb /Bbi'B#miBp2 "+?Bi2+im 2 C
QM MQ/2b rBi? /IBz2 '2Mi b2 'pB+2 T 'QpB/2°'bX aP 2M #H2b i?2 /12+QKTQbBiIiBQM
AQh M2irQ"Fb BM r?B+? MQ/2b 2t2+mi2 M “#Bi° v MmK#2 > Q7 b2 ' pB+2b M/ 2t+
rBizQmi ?2mK M BMi2 p2MiBQM (jj)X *QMbB/2" #H2 rQ'F ? b #22M + "~"B2/ Qmi B
7Q° gaL M/ AQh TTHB+ iBQMbX h?2b2 BM+HmM/2 P aAa _272°'2M+2 JQ/2H 7Q"°
UaP @_JV (j9)- q2# a2 'pB+2 JB//H2r "2 7Q° K#B2Mi AMi2HHB;2M+2 U gl1laQJ1V
a2'pB+2@P B2Mi2/ “+?Bi2+im 2 UE aPV (je)- KB+ ' Q@bm#b+ BTiBQM K M ;2K2N
+QMbB/2'2/ TTHB+ #H2 7Q° AQh 2MpB " QMK2Mib #mi i?2 2 2 K Mv +? HH2M;2b
2i+i? i M22/iQ #2 i F2M + "2 Q7 r?BH2 /QTiBM; aP BMiQ i?2 AQh 2MpB " QMK2Mi

kX9X oBim HBx iBQM hAQhVeBpRBXMK2Mi +QMbBbib Q7 ?m;2 MmK#2 Q7 AQHh
/i Q7p B2ivBMivT2- bBx2- M/ 7Q K iBQM- M/ i?Bb BKTQb2b ;"2 i+? HH2M;2
TTHB+ iBQMbX oBim HBx iBQM i2+?MB[m2b + M 2{+B2MiHv ? M/H2 i?Bb +QKT
i'2M/ Bb iQ BMi"Q/m+2 pB'im HBx2/ 2MpB " QMK2Mib i i?2 MQ/2 H2p2H Q" i?2 N
KmHiIiBTH2 TTHB+ iBQMb mMi?2B i bFb +QM+m "2MiHv QM M BM/BpB/m HAQHh
i?72 +QMi BM2 @# b2/ pB'im HBx iBQM mb2/ QM AQh /2pB+2b 7Q" +°2 iBQM M/ B
/IQ+F2° +QMi BM2'Bx iBQM mb2/ QM 1/;2 TH i7Q Kb iQ BKT Qp2 i?2 K M ;2 #BHB
HB;?i@r2B;?i pB'im HBx iBQM 7Q" AQh ; i2r vb i? i T°'QpB/2b #2ii2° AQh b2 pB+2
"+?Bi2+im 2 i? i KBMBKBx2b i?2 +QMbmKTIiBQM Q7 2M2 ;v (9k)- 2i+X >Qr2p2 - |
Q7 _ bT#2 'vSB#Q ' /b7Q T2 7Q°K M+22p Hm iBQM M/ H +Fb +QKT 2?2MbBp2
i?72 Qi?2  ? M/-i?2 M2irQ ' F@H2p2H pB im HBx iBQM +°2 i2b oB'im Ha2MbQ L2
b2MbQ MQ/2bi? iT2 ' 7Q Kb ;Bp2Mi bF-r?BH2 Qi?2 b2MbQ MQ/2b 2K BM "2b~
++2bb L2irQ'FU_ LV pBim HBx iBQM i? i /vM KB+ HHv T'QpB/2b M BbQH i2/ N
1pQHmMIBQM UGh1lV M2irQ ' F pB'im HBx iBQM mbBM; ?2vT2 pBbQ bQ7ir "2 (99)- 2

kX8X GB;?ir2B;?i. i a2+m Biv TTIM #HPBRNX/ i b2+m " BivBM T2 p bBp2 AQh Bk
i bF /m2 iQ i?2 "2bQm +2 HBKBi iBQMb (98)X a2p2  H/ i K M ;2K2Mi bi® i2;B2]
T2 ' 7Q°K M+2 Q7 b2+m 'Biv H;Q'Bi?Kb i? “/r 2 M/ bQ7ir "2 H2p2Hb (9e)(9d)- #
BM "2bQm +2@+QMbi° BM2/ AQh M2irQ ' FbX _2+2MiHv-i?2"2? b #22M ?m;2 /2K
M/ 2M+ vTiBQM 7Q  b2+m ' BM; "2bQm ' +2@+QMbi> BM2/ AQh /2pB+2bX h?2b2 H
b2+m Biv M/ 2bQm +2 +QbibiQ +?B2p2 T'Bp +v M/ T2°7Q°'K M+2 /p Mi ;2b BM .
T Q+2bbBM; TQr2 - HBKBi2/ # ii2°v HB72- bK HH bBx2- M/ bK HH K2KQ v-i?2 H|
"2 +QMbB/272/ 2{+B2Mi 7Q b2+m 'BM; "2bQm +2@+QMbi’ BM2/ /2pB+2b BM T2 p

a2p2° HHB;?ir2B;?2iirQ@7 +iQ mb2" mi?2MiB+ iBQMb+?2K2b ? p2 #22M T QT
b22K pmHM2" #H2 iQ b2p2  H ii +Fbbm+? b "2TH v-/2MB HQ7 b2 pB+2-2i+X 621
QM i?2 +QKTmi iBQM Q7 ? b?BM; TmM+iBQM-? p2 HbQ #22M T QTQb2/ 7Q galb
iQ b2p2° H ii +Fb U2X;X- HQ;BM B/2MiBiv ii +FVX o 'BQmb b+?2K2b bm+? b T
Kmim H mi?2MiB+ iBQM- 2i+ ? p2 HbQ #22M T QTQb2/#mii?2b2 7 BHiQb iBb7yv
# b2 bi iBQM M/ i?2 b2MbQ  MQ/2 (8e)X hQ //'2bb bm+? Bbbm2b-iT2QQQ F@H (8¢
iQ b2+m*2 AQh /2pB+2b pB TQ i H+QMi"QHH2 bc i?2 T°'QTQb2/ T°'QiQ+QH T 2b
?Qr2p2°-Bi;2M2" i2b M Qp2'?2 /72; 'IBM; i?2 MmK#2 > Q7 K2bb ;2b 2t+? M;2/ K

S’2/QKBM Mi "2b2 "+? Bb/QM2 QM HB;?ir2B;?i F2vK M ;2K2Mi T QiQ+QHb 7Q"
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+QM}/2MiB HBiv M/ +QMbi® BM2/ MQ/2 mi?2MiB+ iBQM /m'BM; /i i° MbKBbbBQ
Q7i?2rQ ' FBbi? ii?2b2+m BivT QiQ+QH/Q2b MQibT2+B7v 2bQm +2 Qp2°?2 /b
BM(8N) T QTQb2b bBKBH "HB;?ir2B;?ib2+m ' Biv7 K2rQ F7Q  "2bQm +2@+QM
7 K2rQ'Fr b MQi BMi2;" i2/ BMiQ i?2 "2bQm +2@+QMbi> BM2/ AQh 2MpB " QMK21
rQ°F BM (ey) T'2b2Mib HB;?ir2B;?i mi?2MiB+ iBQM T ' QiQ+QH iQ 2M #H2 b2+m
_B6A.i ;bci?2T QTQb2/ T QiQ+QH ;m ~ Mi22b KBMBKmMK +QKTmi iBQM Qp2°?2 /rB
_B6A. i ;bX hQ //"2bb i?2 b2+m Biv M/ T Bp +v +QM+2 " Mb BM +QMbi> BM2/ AQh 2
iIQQHFBIi ? b #22M T QTQb2/ (eR)c i?2 / r# +Fb Q7 i?Bb TT Q +? Bb Bi /Q2b MQ
/[2THQvV b2+m Biv M/ T°'Bp +vbQHmMIiBQMb 7Q  /2pB+2b QT2 iBM; BM /vM KB+ A

h?2°2? b#22M HbQ i'2K2M/Qmb "2b2 "+? QM HB;?ir2B;?i/ i b2+m ' Bivb+?2K2

(ek)(ej)(e9)X h?2 rQ F BM (ek) T'QTQb2b HB;?ir2B;?i ii B#mi2@" b2/ 1M+ vTi
"2bQm +2 Qp2°?22 /BMi2 Kb Q7 +QKTmi iBQM M/ +QKKmMB+ iBQM Q7 AQh 2MpB
bBKBH * ii'B#mi2@# b2/ 2M+ vTiBQM b+?22K2i? i 2Mbm 2b i’ /2@ Qz #2ir22M +

Q7 +QMbi® BM2/ /2pB+2bX h?2 rQ'F BM (e9) /Bb+mbb2b bBKBH *~ HB;?ir2B;?i
7Q° ?2i2°Q;2M2Qmb AQh TTHB+ iBQMb rBi? [/Bb /p Mi ;2 Q7 ?B;? # M/rB/i? +Q
BM bm+? 2MpB QMK2Mib Bb b2°'BQmb Bbbm2 #2+ mb2 Q7 "2bQm ' +2 +QMbi" BM
MmK#2 > Q7 ii +Fb Bb #Bi ?B;?2 (e8)X h?2 2tBbiBM; b2+m Biv i2+?MB[m2b /Q
b2+m Biv- #mi i?2b2 i2+?MB[m2b + MMQi #2 mb2/ BM "2bQm +2@+QMbi- BM2/ AC

kXeX . i S HH2HBx iBQM ThRPX2+?2b%¥22M +QMbB/2" #H2 "2b2 "+? BM /i T
7Q 2{+B2Mi K M ;2K2Mi Q7 HBKBi2/ "2bQm +2bX a2p2°  Hb2'B H TT Q +?2b "2 i
b2ib #mi Bi "2bmHib BM BM+"2 b2/ "2bQm +2 Qp2°'?2 /b 2bT2+B HHv biQ"™ ;2 M/ T
T HH2HBx iBQM TT ' Q +?2b "2 #2BM; mb2/i? i? "M2bb KmHIiBTH2 T°'Q+2bbBM
KmHIBTH2 T'Q+2bbBM; mMBib 2t2+mi2 i?72 +QKTmi iBQM bBKmHi M2QmbHv iQ "2

AM AQh TTHB+ iBQMb- r?B+? TQHHQr BM@M2irQ'F T'Q+2bbBM; AQh “+?BiZ
Qp2 HQ /2//m2iQi?2bBx2Q7 /i (e3)X hQ //"2bb i?Bb-T > HH2H TT Q +?2b 2
TTHB+ iBQMb bm+? b K2/B+ HBK ;BM;- #BQ@BM7Q K iB+b- ;> T? KBMBM;- 2i+
+QKTmiBM; 7° K2rQ ' FiQ BMi2;" i2 /Bp2 b2 +QKTmiBM; "2bQm +2b 7Q" K Mm7 +i
BM(dy) TTQTQb2b bBKBH "7 K2rQ ' Fi? imb2bi?2 +HQmM/iQ QTiBKBx2 T ' Q+2bb

T  HH2H H;Q Bi?KiQ +?B2p2 ?B;?Hv 2{+B2Mi b2 'pB+2 /2+QKTQbBiBQM M/ Q
i?2b2 bim/B2b 7Q+mb QM bi” i2;B+ HT Q#H2Kb BM K Mm7 +im BM; 2X;X- DQ# b+
T2 p bBp2 AQh-T ~ HH2H H;Q Bi?Kb "2 K TT2/ QM 6S: iQ Q#i BM KBMBK H TQr
Qi?2°bmb2/i T > HH2HBxXx iBQMiQ "2/m+2i?2 /2pB+2 Qp2 'HQ / (d9)X >Qr2p2 -}
2bQm +2b Q7 AQh /2pB+2b Bb /QM2 ii?2? /r "2 H2p2H QMHvVX

h #H2 kXR T 2b2Mib i?2 +H bbB}+ iBQM Q7 "2+2Mi bim/B2b M/ "2H i2/ BM7Q
T2 p bBp2 AQhX

X STQTQb2/.i J M ;2K2Mi 6° K2AMHAR p bBp2 TTHB+ iBQMb Q7 AQh-i?2 "2b
b?QmH/ #2 QTIiBKBx2/ #2+ mb2 Q7 "2bQm +2 +QMbi® BMib- b bm+?-i?2 H;Q Bi
KM ;;2K2Mi 7° K2rQ'F b?QmH/ #2 /2bB;M2/ ++Q /BM;HVX AM "2bQm ' +2@+QMbi"
QMi?2mb2Q7/ i T'Q+2bbBM; H;Q Bi?Kb/m2iQ "2bQm +2Qp2°?22 /bX hQ "2/m+2
T QTQb2 /i KM ;2K2Mi 7" K2rQ ' Fi? iBKTH2K2Mib Mv HB;?ir2B;?i H;Q Bi?K rkE
h?27° K2rQ ' F mb2bi?2 +QM+2TiQ7 /i T HH2HBXx iBQM QM KmHiBTH2 MQ/2b 7¢
BM/BpB/m HAQh MQ/2 BM AQh M2irQ FbX 6Q  i?2 BKTH2K2Mi iBQM Q7 HB;?ir2E
hBMv 1M+ 'vTiBQM H;Q Bi?KBb mb2/X h?2h1l Bb HB;?ir2B;?i+ vTiQ; T?B+ H;
Q7 /2b+'BTiBQM M/ BKTH2K2Mi iBQM-i?2 H;Q ' Bi?K Bb KQ 2 bmBi2/ 7Q i?2 "2b

aBM+2-7Q  i?2 BKTH2K2Mi iBQM M/ 2p Hm iBQM Tm TQb2b-r2? p2 mb2/ /i
T QTQb2/ 7" K2rQ'F-bQ i?2 T'BK2 Q#D2+iBp2b Q7 i?2 T°QTQb2/ 7 K2rQ'F b? H
"2bQm +2 miBHBx iBQMX h #H2 jXR ?B;?HB;?ib i?2 p "'BQmb "2bQm +2 M/ b2+m
TTHB+ iBQMbX

iXRX 6Q °KmH iBQM Q7 S'QTQb2hB2 R2QT T2/ / i K M :2K2Mi 7° K2rQ F TTI
2Q0KQ;2M2Qmb BM@M2irQ F T'Q+2bbBM; “+?Bi2+im 2b Q7 AQh r?B+? BM+Hm/2|



S > HH2HBx iBQM # b2/ . i J M ;2K2Mi 6° K2rQ'F 7Q" S2°p bBp2 AQh T9HH+ iBQMb

h #H2 kXR
*H bbB}+ iBQM Q7 _2+2Mi aim/B2b M/ _2H i2/ AM7Q K iBQM BMp2iAQhM ;2K2Mi 7Q" S2°p

AQh . i J M @ _2H i2/ qQ F S2°7Q°K M+2 J2i@bbm2b _2b2 "+? SQbbB#B@
;2K2Mi "B+b HBiB2b

*2Mi® HBx2/ 1/ i ;>2@2 "Q;2M2Biv- |aaBM ;@2 TQBMi Q7 7 BHm 2

: iBQM (RN) #BHBivV

Bi? KQ/B}+ iBQMb

S0 5025 IBQM*HmMbI2® # b2/ /0| L@2° ;v 2{@B:? > /1 "2 QUi N o Bham L2e M
J2+? MBbKb 72, iBQM (Re) +B2M+v-a2+m Biy AQh‘

h'22 # b2/ /i ;;]2@irQ F HB72iBB22 +QKTmi iBQM H

; iBQM (R9) h?2°'Qm;?Tmi- .2H| v Qbi
.1 aiQ’ ;2 aQHmM@@+2Mi B+ biiQ2 ;2 miBHBx iBOM2 ;v *QMbmK|T@BEXMiI2/ rQ F B|[M AQh
iBQMb (kk)- S°Qp2M M+2@ r "2 Pp2 22/

biQ ;2 (kj)- _2 H iBK2
/i # b2b (K9)- 2it

*2Mi® HBx2/ aQHm2BQMbB+2 J M ;2K2®IM;2biBQM M/|[bBM;H2

(kd) TQBMi Q7 7 BHmM 2- a+ H @
#BHBiv Bbbm2b
T+?Bi2+im°2 # bRUIB#mMi2/ aQHMIBQM@bi? mMiBHBx aR@M-Biv "2 +a2M/ T/Bx iBQM
aQHmMiBQMb (k3) _2/m+2/ MmK#2 1&RbbBp2 2MQ@7v AQh “2bQm +2
i MbKBbbBQMb +QMbmKTiBQM K M ;2K2Mi ‘+?B@
i2+im"2

a2 'pB+2 P'B2Mi2/ 2@ ma@ MmK#2[ a@¥#m Biv " 2 +?2b

iBQMb (j3) i MbKBbbBQMb
0B im HBX IBQMLHZAZ? @2p2H 0B IMIMWERX;@ K M ;2 #BEGBKBi2/ MmK#2 | QATH@ IBQM | i?2
MB[m2b iBQM (9R- 9k) Q7 2bQm +2b MpBHZ2®@ 7Q° T2 7QbKbWMZR H2p2H

pB+2b 2p Hm iBQM

L2irQ F G2p2H oB .WMHK@ + M2irQ F GCBKBi2/ rQ F BMAIQTHQ iBQM | i?2

Bx iBQM (9j- 99)| pBbBQMBM; bvbi2K H2p2H

hrQ@6 +iQ" Ib2'| m@a2+m Biv J2bb ;2 1t+? M;2

i?2MiB+ iBQM a+?2K2b Pp2'22 |/

(8e- 8d)
GB;?ir2B;?i JiE2v 3 M ;2K2Mi $S'Q@*QM}/2MiB HBi@BKBi2/ rQ°F | ®BKBi2/ qQ F BIM AQh
a2+m Biv iQ+QHb (83- 8N) 2bQm +2@+QMHBi° BM2/

AQh

ii'B#mi2@# b2/ | GM@® *QKTmi iBOM MIfB/i? [iBHBx |[iBQM

+vTiBQM a+P2KROKMMB+ iBQM *Qbib

(e9- ej)
.i S HH2HBY BQMH2H +QKT@EBPBM;SQr2° *QMpBBR®i2/ rQ F i |bQIid ii2MiBQM
TT Q +?22b 7° K2rQ Fb (eNd iBQM r "2 H2p2H M22/2/ QM i

S " HH2H H;Q 'B|i?Kb QM K M ;2K2Mi i

6S: (dk) ? “/r "2 H2p2H

im 2b-r?2°2/i T Q+2bbBM; bm+? b 2M+'vTiBQM-/i 7mbBQM- 2i+ ‘2 /QM2 ii
7° K2rQ F-r2 +QMbB/2° AQh TTHB+ iBQMb r?2 2BM i?2 AQh MQ/2b 2 “2bQm +
7i2°i?2 /2THQVK2Mi 7Q° T "iB+mH ~ TTHB+ iBQMX

jXRXRX bbmKT6BAMBRXBM; bbmKTiBQMb "2i F2ZM BM Qm ™ AQh b+2M "BQ,
M AQh b+2M "BQ +QMbBbib Q7 bmT2 @K bi2'- K bi2° M/ bH p2 MQ/2b-
1 +? bH p2 MQK2Zrbi ? p2 mMBRR2-A.-
1 +? K bi2> MR/Rmbi ? p2 mMBJm2 A.-
_2bQm +2b Q7 bHLp3 MQ/Bb Z[mBp H2Mi iQ i? i Q7 BKyib-iQ MQi/2b &
_2bQm +2b Q7 bmT2" KibR-MQ/22&?B;?2  i? Mi? i Q7 bH, p8-NQ/2M/ &
K bi2" MQAgib-&i -JIwi '-



9e3 a MBv w ?2QQ'- _QQ?B2L xJB®

h #H2 jXR
S2°'p bBp2 AQh TTHB+ iBQMb, _2bQm +2 M/ a2+m Biv S2 bT2+iBp2b

S2°p bBp2 AQh TTHB+B®& _2bQm +2 *QM+2"M J BM a2+m Biv *QM+2 "M

iBQM

>2 Hi?+ "2 (d8) GBKBi2/ aiQ® ;2- STQ+2bbBM;/2MMIAV;vQ7 S iB2Mib- >2 Hi? "2+Ql]/b Q7 S iE
M/ " M/rB/i? S iB2Mi@.Q+iQ" *QKKmMB+ iBQM- 2i+H

h™ MbTQ i iBQM M/ GBE®i2/aiQ" ;2-S ' Q+2bbBMAMTQ M/@QM Q7 /'Bp2'fh” p2H2 - AMi2 " @p2?B+

BM; (de- dd) rB/i? KmMB+ iBQMb- "2 +?BM; h' {+ GB;?ib 7Q° ?BD

2i+X

JQMBiIQ 'BM; Q7 (2dBXKBi2/ aiQ’ ;2- S'Q+2bbBMQMLIWM{B HBiv Q7 + BiB+ H BM7Q 'K iBQM- AM

I1MpB " QMK2Mib- g biav(d'3M/rB/i? b2Mb2/ /i - 2i+X

dN)

B+mHim 2 (3y- 3R)GBKBi2/ aiQ' ;2- S Q+2bbBM2 MG H /2i BHb Q7 7 K2 b- AMi2; Biv Q7 b2M
M/ " M/rB/i? 6 Hb2 M2; iBp2 M/ 6 Hb2 TQbBiBp2b H2 / iQ /Bb
“2bmHib 7Q + QT- 2i+X

P{+2b M/ >QK2b (3k)GBKBi2/aiQ  ;2-S Q+2bbBMP M2 Mi@2MiB+ iBQM->Qmb2?2QH// | -IJQM2i "v
rB/i? Im2iQT Bp +tv#°2 +?2bBM QMHBM2 Tm ' +? b2b 7"
2i+X

.Bbi M+2 #2ir22M i?2 bH p2 MQ/2 M//iB2 iQMiZBMR2L2HB B#H2 b +QKT "2/ it
/IBbi M+2 #2ir22M i?2 K bi2°> MQ/2 M@/ K bi2"
hi 2M+ vTiBQM Bb T2 7Q K2/a#v bH p2 MQ/2b

i ;:°2; iBQM M/ /Bbi'B#miBQM Bb /QM2J#v i?2 K bi2° MQ/2b

i ;:°2; iBQM M/ /2+ vTiBQM Bb /QM2 #v bmT2 @KXi2  MQ/2 U1/;2 MQ/2V

iXRXkX S°QTQb2/ H:@MBi?KX QTQb2/ H;Q Bi?K-i?2 /i Bb /BpB/2/ BMiQ i?:
i?72 K bi2> MQ/2 M/ Bb b2MiiQ i?2 bH p2 MQ/2b i? i T2 7Q K i?2 2M+ vTiBQM Q7
+?mMMFb Bb T2 7Q K2/-i?2 2M+"vTi2/ /i +?mMFb ‘2 i?2M Tmb?2/iQ i?2 bmT2 @
/2+ VTiBQM Q7 / i X

bb?QrM BM 6B;m 2 jXR-i?2T QTQb2/ 7 K2rQ'F BKbiQT HH2HBx2 hl BKT
HBx2/ Pa +QMi BM2 b Q7 M2B:?#Q BM; bH p2 MQ/2b i? i 22HT BM K bb /i T " H
/i 7°QK i?2 K bi2> MQ/2 Bb bTHBi KQM; L bH p2 MQ/2b 2X;X- +QMbB/2" b+2M
TH BMi2ti QM i?2 K bi2> MQ/2 M/ 7Qm’ bH p2 MQ/2b "2 pQHmMMi22 BM; iQ rQ F
MQ/2 ;:2ib ke #HQ+Fb Q7 jk@#Bi TH BM i2tiX

bH p2 MQ/2 Bb b2H2+i2/ # b2/ QM p BPMB4#BHBIiv Tm®iBBWQM Q7 "2bQm +2b bn
eV M/ K2K@iV,U

A= f(e;m) UjXRYV

6Q  i?2 2M+ VTiBQM T Q+2bb-i?2 bH p2 MQ/2b BM i?2 +Hmbi2> "mM h1l BM i?:
bBKMHi M2QmbHVX 7i2 i?22 2M+ vTiBQM T Q+2bb QM bH p2 MQ/2b Bb +QKTH?2i2
HHbH p2 MQ/2b iQ i?2bmT2 K bi2 X h?2bmT2 K bi2> MQ/2 i?2M b2M/b M +FM
QM i?2 "2+2TiBQM Q7 i?2 /i X b i?2 K bi2> MQ/2 “2+2Bp2b i?2 +FMQrH2/:K2M
p MBb?2b- M/i?2/ i Bb/2H2i2/ 7°QK i?2 K2KQ v Q7 i?2 K bi2> MQ/2 M/ bH p2 M

6Q  i?2 /2+ VTIiBQM T Q+2bb-i?2bmT2 K bi2 > MQ/2 T2 7Q Kb i?2 /2+ vTiBQM
i?72 " 2bmHi2//2+ vTi2// i +?mMFb rBHH #2 biQ 2/ QM b2T * i2Pa+QMi BM2 b Q7 i
iQi?2 K bi2> MQ/2X h?2 Tb2m/Q+Q/2 7Q  i?2 T'QTQb2/ H;Q Bi?K Bb ;Bp2M BM

9X 1tT2 BK2Mi H aRiMTMXBK2 Q7 /2THQVK2Mi- HH i?2 MQ/2b bi i 7TmM+iBQMBI|
/i 7°QKi?2 T?vbB+ H2MpB QMK2MiX Ai Bb QMHvV ii?2 iBK2Q7/ i /Bbb2KBM iB
i?2 22HT Q7 M2 “#v MQ/2b 7Q  i?2 BKTH2K2Mi iBQM Q7 HB:;?ir2B;?i H:Q Bi?K
/i KM ;2K2Mi 7> K2rQ F? b#22M i2bi2/i?°Qm;? bBKmH iBQMb M/ 2KTB B+ H/
"2+ B2/ QmiBMJ hG " M/bBKmH iBQM T ~ K2i2'b 2b2i bb?QrM BMh #H2 9



S > HH2HBx iBQM # b2/ . i J M ;2K2Mi 6" K2rQ ' F 7Q" S2°p bBp2 AQh THaEBl+ iBQMb

Edge

(Super Master]

Virtual image of loT devices
on Edge device

1oT to Edge Officading
[Decryption at Edge

device lavel)

00 @ 90 @

‘o 8 1 . (08 E

] — | o | .

® o: \ ~e || ] . 0/ - \ \o

- 5 I‘_‘ . - i /

N\ . t— ./ \ ), THv?;":u:nnr . . .
5 ~. . ’. - Ry 2 el e i . .
6B; X JXRQTQb2/.i J M ;2K2Mi 6° K2rQ'F 7Q" _2bQm +2 *QMbi° BM2/ AQh 1MpB " QMK2M

H;Q Bi?KSRQTQb2/ H;Q'Bi?K
MQ/2- B +QHH2+i/ i Qp2° T2'BQ/ Q7 iBK2-i
*H+mH i2i?2 /i bBx2 T2 'BQ/B+ HHvV
bi?2/ i bBx2 Q7 i?2 MQ/2-B "2 +?2b K tBKmK bBx2 Q7 MQ/2 .
LQ/2 B +ib b K bi2’ MRI/2A J4J
Uh2KTQ ™ 'v *Hmbi2" 6Q K iBQMYV
6Q° 2 +? K bi2° MQ/2-JB i?2°2Bb +Hmbi2" Q7 p BH #H2 M2 "#v MQ/2b- B iQ +i
Ji #°Q /+ bib 2[m2bi 7Q° +Hmbi2  7Q K iBQM iQ i?2 M2 “#v MQ/2b- B
LMQ/2b ++2Tib i?2 '2[m2bi Q7 JB iQi1+®& - bXIXxX2 MQ/2b-a
& 2 b2H2+i2/ #vJB # b2/ QM p BH #BHBiv [mQiB2Mi- r?2°2,
4713V
.BpB/2i?2 /i Q7 /i bBx2-.BMiQ-ii-s?HMEb..
Ji b2M/R-.j2-.q3- XXK-iQ i?2 b2H2+i2/ bH{p-Z M/ XXpKa a
1 +?2 Q7 L b2H2BiIRTH2K2Mib h1 BM T " HH2H
1 +?2 Q7 L b2H2bi2Mkb i?2 2M+"vTi2/ /i iQi?2bmT2 K bi2® MQ/2-1
1M+ vTi2/ /i Bb +QHHBRHIi2Z/BMQrH2/;2K2Mi Bb b2M/ iQ J
*Hmbi2  p MBb?2b
i Bb /2H2i2/ QW &
.2+ ' VTiBQM T°Q+2bb Bb T2:7Q K2/ QM i?2 1
1M+ vTi2/ /i *2mMERb 72@K+avTi2/ M/ ;;°2; i2hQMi?2 1
i BbbiQ 2/ QM i?2 b2T " i2 +QMi BM2 b 7QVX+RPMWNi BIM2NVM@V2LP 2 HmT2 1K bi2™ M

h #H2 9XR

aBKmH iBQM S * K2i2'b
S K2i2® o Hm2b
LmK#2 Q7 aH p2 AQh /2pB+2b Ryy
LmK#2 Q7 J bi2 AQh /2pB+2b Ky
LmK#2 Q7 bmT2 K bi2" /2pB+2 R
AMBIiB H1M2 ;v Q7 bH p2 AQh /2pB+2 yy K ?
AMBIiB H1M2 ;v Q7 J bi2 AQh /2pB+2 yy K ?
h™ MbDKBbbBQM - M;2 Q7 bH p2 AQh /2pB+2 9y K
h MbKBbbBQM ~ M;2 Q7 K bi2” AQh /2pB+2 9y K
"HQ+F aBx2 k8e
E2v aBx2 Rk3 #Bib




9dy a MBv w ?2QQ°- _QQ?B2L xJB®

6Q  i?2 2KTB'B+ H/ i M HvbBb- M /mBMQ # b2/ AQh /2pB+2 rBi? b2MbQ b U
T 2bbm 2VBb mb2/iQ + Tim 2/ i 7°QKi?2 T?vbB+ H2MpB ' QMK2MiX h?2 T°'QTQb
iQ +?2+F Bib bmBi #BHBiviQ K TrBi? i?2 2 H@HB72 AQh b+2M "BQbX

9XRX S2°7Q°K M+2 XA2B«OKKT ~ iBp2 "2bQm ' +2 M HvbBbBb T2 ' 7Q K2/ BMi2 K
_QmMAi Bb /2}M2/ b i?2 +QKTH2i2 T°Q+2bb r?B+? bi "ibr?2M i?2 AQh MQ
BKTH2K2Mib i?2 HB;?ir2B;?i H;Q Bi?K- M/ Tmb?2bi?2 /i iQi?2 2/;2X
1M2°;Vh?22 2M2° ;v Q7 MQ/2 Bb i?2 /Bz2'2M+2 #2ir22M iQi H2M2 ;v M/ +QN
bvbi2KX hQ 2ti2M/ i?2 M2irQ ' F HB72iBK2- Bi K v #2 /2bB" #H2 iQ pQB/  'Qm
"2bB/m H2M2 ;vX Ai Bb + H+mH i2/ b,

Ei=E Ec U9XRV
r?2°Ry Bbi?2 "2bB/m EBH BWA?ZiQi H2M2 ;v Q7/E.BRI22 W2 ;v +QMbmK2/ BM
"TQmM/X
h?2 p2° ;22M27;v Q7 i?2 AQBN2Z2itQ+rmH i2/ b,

X
En = Ei=i UoaXxXkVv

r?2°2/2MQi2b i?2 MmK#2™ Q7 +iBp2 AQh MQ/2bX

G2ilrga M/2p tega Bb i?2 p2° ;2 2M2°;v 7Q° hl BKTH2K2Mi iBQM BM b2[m2]
77 K2rQ'F "2bT2+iBp2HvX

aiQ’ ,LXH 2T 2b2Mib i?2 "2bB/m HbiQ™ ;2 QM i?2 MQ/2-i?2Mr2 ? p2,

S =S So U9XjV

r?2°8% Bb i?2 iQi HbiQ" ;2 Q7S, MO /iZ2MI++mTB2/ bT +2 QMJIr2R2 M /2X G2i
Jp Tea Bbi?2 K2 bm 2 Q7 p2 ;2biQ" ;2 '2[mB 2K2Mib 7Q  hl BKTH2K2Mi i
b2[m2MiB H M/ T°QTQb2/ 7" K2rQ F "2bT2+iBp2HvX
S'Q+2bbBM;ABEKRI?2 iBK2 "2[mB '2/iQ T°Q+2bbi?2/ i BM M2irQ ' FX S Q+:
+iBpBiB2b bm+? b b2MbBM;- biQ BM;- ;; 2 BOMIQ [ /BMi?22ipR G2i

T Q+2bbBM; iBK2 7Q°  hl BKTH2K2Mi iBQM BM b2[m2MiB H M/ T QTQb2/7
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4 4 : 3
2 2
2 2 . ]
1
° Sequential 4 Slave Nodes. 0 9, 0 70 (] %0 50 ]
Number of Slave Nodes
6B;X 8&¥jQ" ;2 7Q k8e . i "HQ+Fb 6B;X 8¥9Q" ;2 p2'bmb LmK#2" Q7 aH p2 LQ/2b
0 1000 2000 3000 4000
78.61% _|metn
z
g 7068 % 70.68 %
§
¢
£ 45.42% 45.42 %
5
£
2 3520% 35.20 %
28.88%| + 28.86 %
1000 2000 3000 %000
Data Blacks (32 Bits)
6B;X &X3B; 22 Q7 AKT ' Qp2K2Mi BM aiQ" ;2 p2°bmb . i "HQ+Fb

BMT > HH2H KQ/2-i?2 H2bb2  i?2 K2KQ v "2[mB 2K2MiX

6B;m 2 8X9 b?Qrb i?2 BKT +i Q7 i?2 MmK#2" Q7 bH p2b QM i?2 biQ" ;2 BM i?2
#HQ+Fb Q7 jkK@#Bi/ i X Ai Bb Q#b2 p2/i? ii?2 biQ ;2 mb2/ Bb 7m’i?22  "2/m+2/
/'i T°Q+2bbBM; Bb BM+"2 b2/X

6B;m 2 8X8 BHHmMbi  i2b i?2 /2;°22 Q7 BKT Qp2K2Mi BM i?2 biQ ;2 Q7 hl B
TT'Q +? p2 bmb i?2 T°QTQDb2/ /i KM :2K2Mi 7° K2rQ FX Ai Bb Q#b2 p2/i? i i
BKT Qp2K2Mi BM i?2 T°QTQDb2/ 7" K2rQ F BM+'2 b2b b i?2 bBx2 Q7 BMTmi/ i BI
i72 T°QTQb2/ 7 K2rQ ' FT Qp2biQ #2 KQ" 2 /p Mi ;2Qmb BM b pBM; "2bQm +2b B
iQ d3XeRW BKT Qp2K2Mi BM i?2 biQ" ;2 "2[mB 2K2Mib Q7 MQ/2 BM i?2 T'QTQb
b2[m2MiB H TT Q +? U+ H+mH i2/ #v 2[X 9X9VX

6B:m 2 8Xe b?Qrb i?2 BKT +i Q7 +Hmbi2  bBx2 QM i?2 T°Q+2bbBM; iBK2 BM
7° K2rQ ' F 7Q° 9Rey #HQ+Fb Q7 jk@#Bi/ i X Ai Bb Q#b2 p2/i? ii?2 T'Q+2bbBM;
bH p2 MQ/2b 7Q /i T Q+2bbBM; Bb BM+"2 b2/ #2+ mb2 i?2 /i bBx2 Bb “2/m+2/
T Q+2bbQ  Bb /BpB/2/ #v 7 +iQ L MmK#2 Q7 MQ/2bX

6B:m 2 8Xd b?Qrb i?2 2t2+miBQM iBK2 Q7 h1 QM KmHiBTH2 MQ/2b Bb H2bb +
BKTH2K2Mi iBQM /m2iQ /i T  HH2HBxX iBQM 7Q T Q+2bbBM;X

6B;m 2 8X3 BHHmMbI i2bi?2/2;:°22 Q7 BKT Qp2K2MiBM i?2 T Q+2bbBM;iBK2Q
P2 bmb i?2 T°QTQb2/ TT Q +?X Ai Bb Q#b2 p2/i? i i?2 p Hm2 Q7 i?2 /2:°22 Q7
7° K2rQ'FBM+"2 b2b bi?2bBx2 Q7 BMTmi/ i BM+'2 b2b BX2X B7i?2°2Bb ?m;2
iQ #2 KQ' 2 /p Mi ;2Qmb BM b pBM; i?2 “2bQm +2b BM AQh M2irQ FbX h?2 2 Bb 9



S HH2HBxXx iBQM # b2/ . i J M ;2K2Mi 6" K2rQ 'F 7Q  S2'p bBp2 AQh TFHB+ iBQMb

o 5 10 15 20 25 30 o 2000 4000 6000 8000

3000| | "7 " Teqea| |3000 500

[
o
a
&
"
2
=]

2000) 2000
1s00| 1500
\

1000 % 1000

Processing Time [microseconds)

Processing Time (microsaconds)

o
a
=)
o
E

% 5 0 5 20 25 - -suo 0005 s w000 5000 wod°
Number of Slave Nodes Data Blocks (32 Bits)
6B;X 88eQ+2bbBM; hBK2 p2°bmb LmK#2> Q7 aH p2 /BQRBKSdQ+2bbBM; hBK2 p2°'bmb . i "HQ+Fb

0 1000 2000 3000 4000

_ ese1n _ lss61%

£ -7

E’ 60.68 % 60.68 %

g -

% 30.42% 7 30.42%

H p

§ 37.20 % J" 37.20 %

args % 41.86%
0 1000 2000 3000 4000
Data Blocks (32 Bits)
6B;X &X3;°22 Q7 AKT ' Qp2K2Mi BM S'Q+2bbBM; hBK2 p2°bmb . i "HQ+Fb

T°Q+2bbBM; iBK2BMi?2T QTQb2/ 7" K2rQ'F b +QKT “2/iQ i?2b2[m2MiB H TT"
h?2 T°'QTQb2/ 7" K2rQ'F Bb 2p Hm i2/ mbBM; 2KTB'B+ H/ i b r2HHX 6B;m 2
2M2° ;v p2 'bmb iBK2- biQ™ ;2 p2'bmb i?2 MmK#2 Q7 bH p2 MQ/2b- M/ T Q+2bbBN\
MQ/2b BM i?2 T°QTQb2/ 7 K2rQ'F b +QKT "2/iQ i?2 b2[m2MiB H TT ' Q +?X
Ai Bb 2pB/2Mi 7' QK i?2 6B;m 2b 8XN- 8XRy M/ 8XRR i? ii?22M2 ;v-biQ ;2 M
QM i?2 AQh /2pB+2 BM i?2 T°QTQb2/ 7 K2rQ'F "2 H2bb b +QKT “2/iQ b2[m2Mi

eX *QM+HmMMB\OMOKiI Q7 i?2 T2 p bBp2 TTHB+ iBQMb Q7 AQh- i?2 “2bQm " +2t
bi> BM2/ M/ /m2iQ i?2b2 "2bQm +2 HBKBi iBQMb-i?2°2 "2 "2bi'B+iBQMb QM i?:
QM M AQhMQ/22X;X 2M+ vTiBQM M/ /2+ vTiBQM Q7 /i + mb2b M Qp2'22 / Q7 |
i?2 2tBbiBM;/ i QM MAQhMQ/2X hQ “2/m+2i?2b2 *2bQm +2 Qp2'?2 /b BM bm+?
BKTQ'i Mi b/ i Bbi?2 +QKKQM 7 +iQ i? i BKTQb2b 2bi'B+iBQMb QM i?2 mb2 Q
/i KM :2K2Mi 7° K2rQ ' Fi? i mb2b i?2 +QM+2Ti Q7 /i T HH2HBx iBQM QM Kr
i72 KQmMiQ7/i 7Q  T°Q+2bbBM; QM M BM/BpB/m HAQh MQ/2 M/ +QKKmMB +

6°QK i?2 +QKT ' iBp2 M HvbBb Q7 2bQm +2b mb2/ BM BKTH2K2MiBM; HB:?i
7° K2rQ'F M/ BM b2[m2MiB H KQ/2- i?2 bBKmH iBQM “2bmHib b?Qr2/i?2 T°QTQ
b2[m2MiB H QM2 BM i2 Kb Q7 2M2 ;v- biQ  ;2- M/ T°Q+2bbBM; iBK2X "2+ mb2
7° K2rQ'F “2bmHib BM 7 B> miBHBx iBQM Q7 “2bQm +2b M/ bB;MB}+ Mi b pBM;
b2[m2MiB H TT ' Q +?2- T iB+mH ~MQ/2Bb Qp2 HQ /2/r?BH2 M2B;?#Q BM; MQ/:
/2TH2iBQM Q7 "2bQm +2b 2bT2+B HHvV 2M2 ;v r?B+? +°2 i2b 2QH2b BM i?2 M2irQ"
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6B;X 8AM2 ;v p2 bmb hBK2 6B;X 8X&RW ;2 p2 bmb LmK#2> Q7 aH p2 MQ/2b

[— 1

6B;X 8XBR+2bbBM; hBK2 p2 bmb LmK#2" Q7 aH p2 MQ/2b

2M2 ;v M/ k8W BMi?2 MmK#2 Q7 HBp2 MQ/2bBMi?2 T QTQb2/7 K2rQ F b +QK"
q2 ? p2 Q#b2°p2/i? i i?2biQ" ;2 M/ T Q+2bbBM: “2[mB 2K2Mib Q7 MQ/2 BM i?2
M/ bi?2 MmK#2 Q7 bH p2 MQ/2b 7Q° K bi2° MQ/2 BM+'2 b2biQ L-i?2 biQ" ;2
MQ/2 Bb /2+°2 b2/ #v 7 +iQ Q7 LX h?2 2 Bb k3X3eW iQ d3XeRW BKT Qp2K2Mi
bBx2 Q7 /i QM i?2 K bi2> MQ/2 BM+"2 b2b iQ 9yyy/ i #HQ+FbX HbQ- #2ii2° T2"
i2°Kb Q7 T°'Q+2bbBM; iBK2 rBi? 9RX3eW iQ e3XeRW BKT Qp2K2Mi BM i?2 M2irQ |

h?2 T °QTQb2/ 7 K2rQ F? b#22Mi2bi2/ QMi?22KTB B+ H/ i Dbr2HH M/Bi HE
BM i?2 T'QTQb2/ 7° K2rQ'F b +QKT "2/ b2[m2MiB H TT Q +?- K FBM; i?2 T QT
rBi? i?2 "2 H@HB72 b+2M 'BQb Q7 T2 p bBp2 AQh TTHB+ iBQMbX g2 HbQ +Ql
H “:2 i?2 MmK#2> Q7 bH p2 MQ/2b 7Q  i?2 h1 BKTH2K2Mi iBQM- H2bb2  i?2 "2b

T "iB+mH ~BMi2'p HQ7 iBK2 #mi i?2°2? biQ #2 HBKBi 7Q  i?2 /BpBbBQM Q7 |
+Hmbi2 - Qi?2 rBb2 Bi rBHH BM+'2 b2 i?2 QT2  iBQM H +Qbi #Qi? ii?2 MQ/2 M/

AMi?Bb T T2 -r2? p2 MQi +QKT “2/i?22T°'QTQb2//i KM ;2K2Mi 7> K2rQ F rB
#2+ mb2i?2 HBi2  im 2 p BH #H27Q T > HH2HBx iBQM # b2// i K M ;2K2Mi 7" |
AQh TTHB+ iBQMb Bb p2 v b+ "+2 M/ i?2 QM2b /2b+ B#2/BM /i T  HH2HBx iB
M/ BKTH2K2Mi2/ i? “/r "2 H2p2H QMHvVX PM2 Q7 i?2 BMi2 2biBM; 7mim 2 “2b2 °
BM +QKT "BM; i?2 T'QTQDb2/ T HH2HBxX iBQM # b2/ /i K M ;2K2Mi 7° K2rQ F i
2tBbiBM; bQHMIBQMbX HbQ-i?2 T'QTQb2/ 7 K2rQ'F + M #2 2ti2M/2/ iQ BM+H
+QMbi> BMibiQ K TrBi?i?2 2 H@rQ H/ AQh b+2M "BQbX



S > HH2HBx iBQM # b2/ . i J M ;2K2Mi 6° K2rQ'F 7Q" S2°p bBp2 AQh T9HB+ iBQMb

_161_1L*1a

(R)YB J 'iBMQ 1liXAMi2 'M2i Q7 i?BM;b 272 °2M+2 “+?Bi2+im '2b- b2+m Biv - MM RMVMZ'iQQ 2 h#ABNBhv, br
TTXNN@RRk UkyR3VX

(K)aXw ?2QQ° M/ _XLX2BQm'+2 K M ;2K2Mi BM T2 p bBp2 AMi2 M2iGQQynhM3 M ;@ 7 EfBrvi;p2wm/ IMBp2 bBi
*QKTmi2® M/ AM7Q K iBQMW ayB2WX2b

(j)YwX a?2M; 1iXGH;?ir2B;?i K M ;2K2Mi Q7 "2bQm +2@+QMbi® BM2/ b2MbQ" /2pB+2b BM BMi2 M2i
BMi2"M2i Q7 i?BM-; kW&Qm ™M XIyk@9RR UkyR8VX

(9)aXw ?2QQ" M/ _XLX2BQmM +2 K M ;2K2Mi BM T2 p bBp2 AMi2 " M2iQInhM M ;@ 7 EBM ;p2wn/ IMBp2 bBi
*QKTmi2® M/ AM7Q K iBQNM byB2WX-2b

(8)'X :mB/B M/ GX- B¥2BiBQM h2+?MB[m2b 7Q" i?2 AMi2 "M2i Q7-AMBIMZD AMVi P22 p@®2Zrh?BM;b 7Q" aK
I"# M 1+QbvbiPK¥ R8BR@Rde- aT ' BM;2 - *? K UkyRNVX

(e)GX CB M; 1iM MQh@Q 'B2Mi2/ /i biQ ;2 7° K2rQ ' F BM +HQmM/AQQK TM iBM + TBQMIQ KM AM/mbi B
AM7Q K-iB¥bkV- TTXR99]@R98R UkyR9VX

(d)SX h?m#2°i 1lixMBa*> +2Mi° HBx2/ b+?2/mHBM;, q?2-MM.BEKQ224 AQM111 *QM7X QM ai M/ /b 7Q"
KmMB+ iBQMb L2irQ FBM;- UkayR&RBV

(3) X *2H2biB 1iXLItTHQ BM; +QMi BM2' pB'im HBXx i-BAM kFReA®@hltHAMI2BM iBQM H *QM72°2M+2 QI
*QKTmiBM; UaJ _h*RJSIMWX R@e- A111 UkyReVX

(NaX GB M/ GX .-a2mm 'BM; i?72 BMi2 M2a\Qw; i2Biy,Rd V X

(RYEXhX hQrMba®m/B H pbX T > HH2H T Q+2bbBM;, aQK2iBK2b i?2v HQQF RB#Mi HP22/ H2NMmK MM/ hr?2
b?QmH/V #2 /BbiBWVABQRHQ;B+ HRYUBYMFIT X9e@89 URNNyYVX

(RRIJXCX ZmBMMIH2H T°Q; -KKIBMal- 8ke UkyyjVX

(RkYX .B2M2 K M ;2K2Mi i2+?MB[m2b 7Q° AMi2 M2?QMBH#? BMwbi2Kb M/ aB;M-HR$3 Q FXRnBM e 9
UkykyVX

(RjPX _ ?2K M 1iX*®KT "BbQM Q7 /i ;:°2; iBQM i2+?MB[m2b BM AMAMMZRO® AMIB M L RIQMPHV*QM72 2
QM gB'2H2bb *QKKmMB+ iBQMb- aB;M H S'Q+2bbBM; MTTRIRNEBEM|Yy-BABLNL WKyReV X

(R9)X SQm ™ ;?22#H2?X M/ LXCX L. pBKBRQmBQM K2+? MBbKb BM i?2 AMi2 "M2i Q7 i?BM;b, bvbi2K iB-
HBi2  im'2 M/ 2+QKK2M/ iBQMb 7QTQminv H QW2L24PQ F M/ *QKTmi2 NITHABXkjRE®M i kyRdV X

(R8AX w?m 1iX M “+?Bi2+im'2 7Q° ;;°2; iBM; BM7Q K iBQM 7 QK TEYi BMhmiBI BiHMWIZEM2i Q7 i?B
*QKTmi2'b 1H2+i'B+ H 1-MBB-MZRXBM®@ j9N UkyRdVX

(Re®X sB2* , +?BM2b2 2K BM/2" i?2Q 2K # b2/ H;Q ' Bi?K 7Q" / iM2i; Q7 iRPBM;BM BIMi2BTHB 2/
J2+7? MB+b M/ J i2dBR+bh> Mb h2+? Sm#HB+ iBQMb Gi/- TTX RYN3@RRYR- UkyR8VX

(Rd)X HF? KBbB tiX'®bb@H v2 7" K2rQ'F7Q  b2MbQ /i ;;'2; iBQM 7Q " iAKBiBRBH®BR eBAIME BM bK
AMi2°M iBQM H aK "i *BiB2b *QM72T 2 M+PTXAR Gk UkyReV X

(R3WX 6B8B72iBK2 # H M+2/ [ i 7772, iBQM 7Q° i?2-BQKRTMRA Q7 1ABMibB+ H 1-MGBMPRZXKM9 @ ke 9
UkyRdVX

(RN)X EQBF2 1iXARiI M2irQ'F "+?Bi2+im'2 mbBM; T +F2i ;;°2; iBQNM MYRBb8|?ZABQMMi2 M iBQM
*QM; 2bb QM /p M+2/ TTHB2/ AM7Q K- iBEDIUAAXARRABRR98-UkyReVX

(kyuX GBm 1iXMQp2H i mbi@# b2/ b2+m 2 /i ;;°2; iBQM 7TQABMyRMRIQANMIBNMLEBQM H *QM72°2M
*QKTmi2® a+B2M+2 1/ MFXABQMDIOjN- A111X

(kRaX:X a?BHT M/ aXJX amM/ ;K2; iBQM h2+?MB[m2b Pp2°' qB2H2bb a2MbQ UYiIRQVK@ _2pB2r

(kkuX ZBM 1iXqPM2M i?BM;b K ii2°, bm'p2v QM /i @+2Mi B+ BMI2MWRIi @7 L2BKRFE M/ *QKTmi2" TTF
+ iIBQMIE- TTXRjd@R8j UkyReVX
(kj)CX G2/HB2 18XQp2M M+2@ r "2 b2MbQ -AM KRYi 2Mi2 M iBQM H *QM72°2M+2 QM . i 1M;BM22 Bl

UA*.1q0y8VTX RR3IN@RR3N- A111 Ukyy8VX

(k9gXCX GB 1-iQnthi AQh AMi2 "M2i Q7 h?BM;b # b2/ QM i?2 6B 24MRyR3HAQLIBIKAMi2 #™MbPBQM H *QM72";
QM aK i J Mm7 +im'BM;- AM/mbi'B H GQ;BbiB+b TWMXBN@3D BM 114 JAGRBV X

(k8hX 6mDBi 1M Mi° HBx2/ biQ" ;2 K M ;2K2Miak28? (RMR8k-R99 U kyyeVX

(kepPX1X _QiibQHF M/ aXSX IBQHQWQ7i-*@Mi® HBx2/ ?2 Hi?+ "2 /i K-MX&@XK2Mi2Mi TTHB+ iBQM
Rkfj98-jj9 UkyRyVX

(kdpX EQp ib+? 1iXQpBM; TTHB+ iBQM HQ;B+ 7°QK i?2 }'Kr "2 iQ i?2 +HXQm2, h@PBIB+HM2 R2?B@" i?2
BMi2"M2i Q7-AMABbI? AMi2 "M iBQM H*QM72°2M+2 QM AMMQp iBp2 JQ#BH2 "NQ/KAINNiBM2i a2 pB
Al111-TTX d8R@d8e UkyRkVX

(k3) X _QK M 1iXPHW i?2 72 im 2b M/ +? HH2M;2b Q7 b2+m Biv M/ T Bp +v h®2NMe MBHQ KB#m 22/ AMi2"\
L2irQ'FBd- Ry- TTX kkee kkdN UkyRjVX

(KNBX w?m 1iXSHBp i2 2MiBiv mi?2MiB+ iBQM 7Q T2 p bBp2 +AMNITZMVMBIN,Q2W BIBCQMKM MR 7 L2irQ " F a2+
R9- k- TTX 3e Ryy UkyRkVX

(jy)aX a?BM 1-idMRz2+iBp2 mi?2MiB+ iBQM K2+? MBbK 7Q" m#B[nBQQ2\b2QQribH+ @& T B M ;B2 BBi Q MK
S22°'@iQ@S22° L2irQ'FBM; M/UKYRBAXIBQMb

(jJRUX GBm 1i%HF # b2/ # Q /+ bi mi?2MiB+ iBQM mbBM; bB;M im 2-XKIQ'1iBXx MBQM BQMpalMd qB 2H2b'
*QKKmMB+ iBRMeb TTX kRye kRR8 UkyRkVX

(jk)IX .QKBM; Q@S B2iQBbhiXBHmi2/ TB/@# b2/ b+?2/mHBM; 7@1EI1BHHCKVMIMBG FBQMb G2ii2 b- kyu8V
Ryye@RyyN UkyReVX

(ij)>X:QK -aQ7ir "2 KQ/2HBM; M/ /2bB;M, I1JG-mb2 + b2b-T ii2"Mb- M/ KO®TBI;22IMBRPRIBBim 2 bb
UkyRRVX



9de a MBv w ?2QQ°- _QQ?B2L xJB®

(j9)IX Emb?r 2P bBb, T°Q;° KKBM; 7° K2rQ'F 7Q" b2 pB+2@Q BAMIRMb2WbHD "MMIBOM FH *QM72 2M+:
*QKKmMB+ iBQM avbi2Kb aQ7ir 2 MAUBI/HIX' R@3 UkyydVX

(j8)hX X ai p’QTQMHQb ya®JI1l, r2# b2 pB+2 KB//H2r "27Q" K#B2MITBMi2+bHBKBMBR? TTHB+ iBQMb
9yURRV- TTX 9j3y@9jNk UkyRjVX

(je)AX *Q " 2/Q" 1EMQrH2/:2@ r "2 M/ b2 pB+2@Q B2Mi2/ KB//H2r "2 7Q" /2CABRAVEBM D7 p2bBPpFb2"
M/ *QKTmi2°> TTHBH{SBRWLTTX 8ek@8de UkyRkVX

(jd)IJX aX 6 KBHB " 141X BH/BM; b2 ' pB+2@Q B2Mi2/ bK i BM7  bim+im 2b Qp2  rB'2H2HEBr/"2Q+ b2Mb
T2 bT2+MBPRTmMi2" L2irQ8EUIV- TTX Rjyj@Rjk3 UkyRkVX

(j3) GX ixQ'B- X A2 M/*X:B +QKQ JQ #BiQ- 6h?2 BMi2'M2i Q7 i?BM;b, bm p2v 6- *QKTmiX L2il

(JNUXCX a+?22ToBbm HBx iBQM M/ +QMi BM2'Bx iBQM Q7 TTHRKTB@GMAMWKR Ibii m2Mi22aim/2Mi
*QM72 2M+2-QkRR AMkyROV X

(9y) X >mbb BM 162/R" i2/ 1/;2 *QKTmiBM; 7Q" .Bb bi2> J M ;2K2Mi BM _2K QAMalky RiNP A H1 & BCRb/ib
AMi2°M iBOQM H *QM722M+2 QM >B;? S2°7Q K M+2 *QKTmBML; RM/?> QKIK2i MBI BQBRQMBFQM72 2\
QM aK ‘i *Bivc A111 8i? AMi2 M iBQM H *QM72'2M+2 QM . i a+B2M+2ivMAaVERX NKNM@NjfaK “i*
A111 UKyRNVX

(9R)X S2i'QHQ 1iX?B /2bB;M Q7 i?2 ; i2r v 7Q" i?2 +HDW /HD7Q? BIRIHE + Q K K mdKBIR @BIOMBET TXjR@9y- kyR

(9k¥X S ?2H 1i%X HQMi BM2  @# b2/ 2/;2 +HQm/ T b “+?Bi2+im 2 # b2/AMKYRE#2T 11 DB?+AMIBI M EBQM |
*QM72°2M+2 QM 6mim 2 AMi2 M2i Q7 h?BM;b M/ *HQmT{X FRI@QRKYGRIHD MkgReV X

(9j))GX1X GB thQH/ bQ7ir "2@/2}M2/ +2HHMAM KYRkQMHT2 M qQ Fb?QT QM aQ7ir "2 -2FMR/ L2irQ F
d@Rk- A111 U kyRkVX

(996G X1X GB 1hRrH/ bQ7ir "2@/2}M2/ +2HHmMAM KWWRkQAWFQ T2 M qQ Fb?QT QM aQ7ir 2 .2FWMX/ L2irQ" F
d@Rk- A111 UkyRkVX

(98¥XuX *?2M 1idaHm BM; "2 H@iBK2 BMi2aR b@Qy-@R IB®EFe UkyR3V X

(9ePX L ;2M/° M/ IX*X a2FB2°'7Q K M+2 BKT ' Qp2K2Mi Q7 /p M+2/ 1M+ vTiBQM H;Q BBR&MnbBM; T
AMi2°M iBQM HCQm'M H Q7 aQ7ir "2 1M;BM22'BM; M/ Aib TTHB+ iBQMb- 3UkV- TTXk3d@kNc¢

(9dhX " H Km m; M M/ hX >2K-t$8i? HH2HBx iBQM Q7 avKK2i'B+ M/ bvKK2i'B+ a2+m Biv H;Q Bi?K
“+?2Bi2+imARIBE2'M iBQM HCQm'M H Q7 a+B2M+2- [WRK¥bDKyRIMXCa_V

(93X amM 1iXal+m 'Biv M/ T'Bp +v BM i?2 K2/B+ H AMi2 M2iaQ¥rh?®BiM;/ * RHBAMB+ iBOM L2irQ" F
UkyR3VX

(9N)X a? ? M/ JIX 1IM;BMdIi p2v Q7 HB;?ir2B;?i +' vTiQ;  T?B+ H;Q Bi?KQNBMBXi @ # MM QpT HBEHMIB
BM *QKKmMB+ iBQM M/ *QKTmi i-BIMBHMa2'B2BM,bTQ 2- TTX k3j@kNj UkyRNVX

(8yCX a BMBp b-GixX+k 2 M/ 2{+B2Mi mb2" mi?2MiB+ iBQM b+?2K2 7Q° KmHIiB@; -2/r¥QrB 2H2bb b
L2irQ FB9- TTXR9d@ReN UkyRdVX

(8R¥JX gm 1iX-HHB;?ir2B;?i M/ T'Bp +v@T 2b2 pBM; Kmim H mi?2MiB+ iBQM lbhbBbK2/ #Q" +2Q mi#H 2
b2 p2QKTmi2'b 1H2+i'B+ H 1-MeBMIXBAB,@R3R- kyRdX

(8kuX ZBm M/ JIX-JKmim H mi?2MiB+ iBQM M/ F2v 2bi #HBb?K2Mi b+?2K2 7Q° KNKMJKEHRKMB+ iBQ
A111i° Mb +iBQMb QM BM/mbi-BRKWBWZ T TKXkBe#B@ky38 UkyReVX

(8j)_X :BmHB MQ-hit+im Biv ++2bb T°QiQ+QHb BM AQRALTBHAMIA M2ir@7 ml? BM ;DUGQ-mMT MXH98@e8d
UkyReVX

(89AX "mimM 1iXtHm p2v Q7 BMi'mbBQM /2i2+iBQM bvbi2Kb BM +BI12IH25@Q KoM 8 + VER2QMQL Fobm “p2vb
imiQ B ROURV- TTXkee@k3k UkyRjVX

(88X *?22MM B#2@# b2/ b2+m Biv b+?2K2 QM BBW 2 "NHZ) nQ/7* @BTVMBBM: M/ AMi2HHB:2MyRkbi2Kb U*
A111 kM/ AMi2'M iBQM H-*QMI212MAX Ry9e Ry9N UkyRkVX

(8e¥X S2°2° 1iXxHMi2ti r "2 +QKTmiBM:; 7Q " i?2 AMi2 "M2i QA hPB MQIK K miX m2w’ pXREMU@ VX T T X
9R9 989UkyRIVX

(8dhX *?QB 1iXh M2 #2bi F2vBM; T°QiQ+QH 7Q -I52Vp @BNM2iMN)/ BR#BH2 * QIUBNWIBIMI;X8e9@8dR UkyRjVX

(83WX g M; 1iX-#2+m™2 M/ 2{+B2Mi +QMi'QH i° Mb72AMQ2 MQIB\BHZIOmM M H Q7 .Bbi'B#mi2/ a2MbQ
NURRV- TTX8yj9y9 UkyRjVX

(BNJX_X #/K2xB2K M/ .X h M/ IM@WB@iQ@2M/ b2+m 2 F2v K M ;2K2Mi T'QiQ+QH -"@KI@PR Hi? T-
1H2+i°X 1M9XR39 RNd UkyR8VX

(eyBX H@im DK M M/ JIX-*mM UT Q +?2 7Q  i?2 AMi2 "M2i QT HPBMN;b2 H * _ TQm  H BMi2 " M2i /2b Q#I
* MX CX 1H2+i°X *QKTIMiXRM-RR R3 UkyReVX

(eR)X L2Bbb2 Lia2HEBi, JQ/2H@# b2/ a2+m Biv hQQHFBIi 7Q-1QXAMIX M8} Fely?dBMUtky R8V X

(ekBEX u Q 1iX-HHB;?ir2B;?i ii'B#mi2@# b2/ 2M+ vTiBQM b+?2K2 7@mi®2 2A MiM 2MX i* Q K hinBWab b i X
Ry9 RRk UkyROVX
(ej)LX Pm H? M/ EXhX L:@B2Mr2B;?2i ii'B#mi2@# b2/ 2M+ vTiBQM 7Q-BiM2 BWR 2 K827 @QMi2BW iBQM I

*QM72°2M+2 QM *QKTmi2' *QKKmMB+ iBQM M/ AR21AQ FBXUR % UKy ReV X

(e9GX hQm iB 1iX@HT@ #2, *QQT2 iBp2 +BT?2i2ti TQHB+v (i B#mi2@ MR2/QZMi®BAMBQRO7 Q" i?2
AMi2 M iBQM H *QM72°2M+2 QM /p M+2/ L2irQ FBM; .Bbi B#mi 2T Xvéod BKetN -MY 1 TT M B y R B\DX

(e8BX _2bim++B 1&@4#m BM; i?2 BMi2 M2i Q7 i?BM:b, L2r T2 bT2+iBp2HJKYR3AX "+? +? HH2M;2b

(eelBX . sm1iXxAMi2 M2i Q7 i?BM;b BM BM/mKALB2, Mbm+pRQMb QM BM/mbi-BR{AUBWZ @ TKK KR i@ kk 9|
UKyROVX

(edfX E M 1iX-8 " HH2H +QKTmiBM; M/ M2irQ'F M HviB+b 7Q 7 bi AM/M®N\B KH +2\3iN 2 VBN @@ K@i BTEM
T Q+2bbBM; M/ +QM/BiB QG MBHQOBM; Mm7 +im-BK- BYKKIK@KNj UkyR3VX

(e3BXSX _bm p2v QM AMi2 M2i Q7 h?BM-6Qm?BiB+QM 2BM; a m/ IMBp2 ' bBiv@*QKTmi2' M/ AM7Q K



S > HH2HBx iBQM # b2/ . i J M ;2K2Mi 6° K2rQ'F 7Q" S2°p bBp2 AQh T9HH+ iBQMb

jyUjV- TTXKNR@jRN UkyR3VX

(eNLXaX _ ;2 p M M/ hX qg;?K.82*, M Q#D2+i@Q B2Mi2/ /Bbi'B#mi2/ M/ T > HH2H +QKTm+BM; 7 K2
imBM; TTHBAILBQMbMb +iBQMb QM "Q#QiB+b- RIZUBVQR TBEQNMR @99) UkyykVX

(dy) .X JQm'ixBb +iXQW-/ @# b2/ TT'Q +? 7Q" K BMi2M M+2 Q7 K +?BM2 iQQHDP@M QD[ mBJ MBMI B K2/ C
S'Q+2/B *BR- TTXe88@eey UkyReVX

(dR®X h Q 2hX-&@S *P@_J, T  HH2H K2i?Q/ 7Q b2 'pB+2 +QKTQbBIiB@M IQMIBK HI@bRM2-biBoQAKB M
A111 h> Mb +iBQMb QM AM/mbi BNH AW-7RT KkiBki @ kyjj UkyRkV X

(dkpX 02Mm;QT H M/ .X J MBF Mi-M ¥?BHR ++2H2 iBQM Q7 hl M/ shl H;Q Bi?Kb QM 6S: - :SI
KmHIB@+Q 2 T-OM29b@*D2/BM;b Q7 i?2 *JfaA:. BMi2 M iBQM H bvKTQbBmMK @M 6BsbH/ T Q;" K
*J- TTX kdy@kdy UkyRjVX

(dj)SX u HH M/ CXSX@BTDir2B;?i +'vTiQ;  T?v 7AMEIyN AMi2 M iBQM H *QM72°2M+2 QM _2+QM};n
TmiBM; M/ 6STHX kk8@kjy- A111 UkyyNVX

(d9RX E2 +F?Q7 LihQH /b ;°22M +'vTiQ;  T?v, +QKT "BbQM Q7 HB;?ir2B42i;v BB22-TEQB MK R? B
M iBQM H qQ Fb?QT QM *'vTiQ;  T?B+ > “/r "2 M/-BR#BMNM22avbd2KBM- >2B/2H#2 ;- TTX jNy@ 9y

(d8RrX EBK M/ aXIBBKT 272'2M+2 7Q° M AQh 2?2 Hi?+ 2 TTHB+hBREM7QKHMBA26QKRMBIB2 iBQMb
SQHBOKUIOV- TTXjy9@jR9 UkyR3VX

(deX a?2"Hv M/ .XaQK bmM/-AMi2 BI2i Q7 i?BM;b # b2/ bK “ii° MbFAMIiPBRIMBQ@Mi 2Kb2b2 "+?2 CQm M
Q7 1M;BM22°'BM; M/ R2HPMWQHPXYWRkyd@ RkRy UkyR8VX

(ddpX GBMB;2" M/ "X aBBHHBM; T 2/B+iBQM i2+?MB[m2b BM- M BQ1&hMiPR b@EM KXW R 8V X

(d3BpX JQMiQ B 1iX #QHH #Q  iBp2 BMi2 M2i Q7 i?BM;b +?Bi2+im 2 7Q° bKKQMBIEZBMWNI 2MpB QN
AMi2 'M2i Q7 h?BM:b80Q¥- MTHK8Nk@ey8 UkyRdVX

(dN®X oBb?r 'mT2 1-iQM2 bT2+B}+ r2 i?2° KQMBIiQ BM; bvbi2K mbBM; + ' Qr/bQm +BMM MRIZH2+QK
AMi2°M iBQM H *QM72°2M+2 QM AM7Q K i-BQOK SkQ@ZtkwiB M1 UA tUAKTREV X

(3yCXJ h Hp2 1iX_BApB2r Q7 AQh TTHB+ iBQMb BM ;"Q@BM/mbi’B-HQ KI/n2iM plB "I MKR22i HQMBI+b BN
S B+mHim®k- TTXk3j@kNd UkyRdVX

(3RMX ZBm 1iX6HK2rQ ' F M/ + b2 bim/B2b Q7 BMi2HHB;2M+2 KQMBiQ BMH it 2 723 KABMMRKRIBHBiv
a2+QM/ AMi2'M iBQM H *QM72°2M+2 QM ;'Q@:2QBM7Q KTiBX I8 kk @ @B -2QBIM WK KR jB Xb V

(3kpX L ; F *APh +QM+2Ti- i2+?MQHQ;B2b M/ TTHB+ iBQMb 7@ MXK2 2 M@ K Ib @+ 2 22 BRIikly Rid ¥ XQ M

1/Bi2/ #WM M/ L vv
_2+2Bp2/Q,kd- kyky
++2TiZImH Rd- kyky



e
.. a+ H #H2 *QKTmiBM;, S° +iB+2 M/ 1tT2 B2M%idT, fAara X IRSTNX@DRde d -
Ukyky a*S1X 0OQHMK2 kR- Abbm2b j- TTX 9dN 9Ne- .PA RyXRkeN9,fb

S1_6P_J L*1 L GuaAa P6 ocA.1P PL@.1J L. L. GAol ocA.1P ah_1 JAL:
laAL: *GPI. " al. al oA*la

IC a> Sh1G al.11S hLg _* L. LIC L A_?

#bi® +iXh?2 /p2Mi Q7 *v#2 @S?vbB+ Havbi2KbU*SaVvV? b# Qm;?i "2pQHmMiBQM "v+? M;2+QBM2/
+QKKMMB+ iBQM- +QKTmi iBQM- M/ +QMi"QHX gqBi? TTHB+ iBQMb BM bK i ;"B/- 22 Hi? KQMBiQ"
"Q#QiB+b-2i+X-*SaBb+m "2MiHv M "2 Q7 ii2MiBQM KQM; i?2 + /2KB M/ BM/mbi'vX h?2 /p M+2
M/ 2K#2//2/ i2+?MQHQ;v? bK /2Bi TQbbB#H2 iQ #mBH/ H ;2 b+ H2 *Sa +QMbBbiBM; Q7 i?2 BMi2 +1
/2pB+2b +QHH2+i BM7Q K iBQM #Qmii?2bm "QmM/BM; 2MpB " QMK2Mi i Mv iBK2 Mvr?2°2 # bBbi?"
bi’2 KBM; ? b T'Qp2MiQ #2 K bbBp2 BM/mbi‘vi? i Bb;"QrBM; " TB/Hv TH vBM; M BKTQ i Mi "QH2 BI
TT°Q +?2r MiBM; #2bi 2tT2°'B2M+2 rBi? [m HBiv? biQ #2i?2+Q 2 Qz2 BM; Q7 +QMiRKT,Q " Bxd/+2M "B
BMiQ oB/2Q@PM@.2K M/ ai'2 KBM; UoQ.aV M/ GBp2 oB/2Q ai’'2 KBM; UGoaV b?QrBM; i?2 +m " 2Mi bi
/Bp2 b2 TTHB+ iBQMb Q7 pB/2Q bi'2 KBM; 2 KBHBi v pB/2Q bm p2BHH M+2 mbBM; /"QM2b- HBp
QM@/2K M/ pB/2Q +? * +i2°b '2+Q;MBiBQM- KQpB2 bmKK 'Bx iBQM HBF2 B/2MiB7vBM; T 'ib Q7 i?2 K
/Bz2 2Mi mb2 b- KQpB2 M/ b2 'B2b '2+Q;MBiBQM- KQiBQM /2i2+iBQM- ;:2bim 2 '2+Q;MBiBQM- BK ;2 b
M TT'Q +?iQ/2p2HQT pB/2Q M HvbBb QM 0Q. M/ Goa mbBM; +HQmM/@# b2/ b2 pB+2b M/ M Hvx2bi
UZQ1V- +Qbi- M/ # M/rB/i? QM i?2 +HQm/X hQ +?B2p2 i?2 #2bi mb2" 2tT2'B2M+2 7Q " pB/2Q bi 2 K
.2HBp2'v L2irQ'FU*.LV Qz2 bi?2 #2bi ZQ1 ip 'BQmb M Hvx2/HQ+ iBQMb mbBM; p "BQmb +HQmM/ T
UgaV *HQm/6 QMi- :QQ;H2 *HQm/ *.L- xm 2 *.L- F K B *.L- 2i+X

E2vrQ /brv#2 @S?vbB+ Havbi2Kb- GBp2 pB/2Q bi"2 KBM;-0B/2Q QM@/2K M/ bi'2 KBM;-E 7F - _
ga a2 pB+2b

Ja bm#D2+i +H bbB}+ eBBQREBX

RX AMi Q/m+iBRM@® S?vbB+ H avbi2Kb U*SaV (R) ? b "'Bb2M b MQp2H ;2M2°
i2Kb b2 KH2bbHvV bbBKBH iBM; i?2 + T #BHBiv Q7 +QKTmiBM;- +QMi QH- +QKKm
B+ Hbvbi2KbX AM7Q K iBQM b? "BM;- Q°; MBx iBQM +QQ ' /BM iBQM KQM; T?
i?72 AMi2"M2i "2 Q7i2M "2[mB 2/ #v *SaX h?2 /p M+2K2Mi Q7 KQ#BH2 +QKKmMB
Q;v? bK/2Bi TQbbB#H2 iQ #mBH/ H “;2 b+ H2 *Sa +QMbBbiBM; Q7 i?2 BMi2 +C
/12pB+2b +QHH2+i BM7Q K iBQM #Qmi i?2bm>"QmM/BM; 2MpB " QMK2Mi i Mv iBI
pB/2Q + Tim 2X a2MbBM; TTHB+ iBQMb i? i "2 pB/2Q@# b2/ 2[mBTT2/rBi? + K:
iQ+ Tim 2- b2M/- M/ "2+2Bp2 "2 H@iBK2 pB/2Qb 7Q" *Sa Bb 2MpBbBQM2/X AM
+QKKmMB+ iBQM Q7 i?2 + Tim 2/ pB/2Qb M/ HBp2 Q  # Q /+ bi2/ pB/2Qb 7 QK |
i FBM; TH +2 BM i?2 T'QtBKBiv Q7 mb2  BM "2 H@iBK2X AM +QKT "BbQM rBi?
7Q° /QrMHQ /BM; M/ pB2rBM; pB/2Qb-b2p2° H+? HH2M;2b 27 +2/ #v pB/2Q@#
#mM/ Mi #° Q /# M/ M2irQ'F ++2bb- "2H2p Mi +QMi2Mi /2HBp2'v b T2 i?2 bm#bi
+QKKmMB+ iBQM- mMM2+2bb "v/QrMHQ /BM; Q7 bQ7ir "2 "2[mB 2/ 7Q BMbT2+]
Q7 0Q. Goa? b /p M+2/ BKTH2K2Mi iBQM K2i?Q/biQ Qp2 +QK2 i?2b2 +? HH2M
HBF2 uQmhm#2- L2i~Bt- >Qibi - 6 +2#QQF- AMbi ;7 K- aM T+? i- hBFhQF #Q biE
MTHQ /2/iQ i?2B bT +2 2p2°v KBMmi2 ? p2 /QTi2/ /Bz2 2Mi b2 pB+2b iQ +7?B2f

2T "iK2Mi Q7 *QKTmi2® a+B2M+2 M/ 1M;BM22 BM;- AMbiBimi2 Q7 h2+?MQHQ;v- LB'K IMBp2 bE
i3k93RUW#+2ReRIMB K mWKBX +XBM

Y.2T iK2Mi Q7 *QKTmi2' a+B2M+2 M/ 1M;BM22 BM;- AMbiBimi2 Q7 h2+?MQHQ;v- LB'K IMBp2'bE
i3k93RM/22TXi Mr "IMB K m#M&X +XBM

Z. 2T iK2Mi Q7 *QKTmi2  a+B2M+2 M/ 1M;BM22 BM;- AMbiBimi2 Q7 h2+?MQHQ;v- LB'K IMBp2 bE
i3k93RMIMD XM B !MB K mAWKBX +XBM

9dN
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U#V _2p2Mm2 BM KBHHBQM la0 rQ H/ rB/2 U+VvVIib2'b BM KBH

6B;X KER/2Q bi'2 KBM; K "F2i M Hvbib "2TQ ib rBi? /2i BH2/ +QKT "BbQMb (k)

pB/2Q /2HBp2 'vX Goa 272 b iQ ? pBM; MQ iBK2 /2H v- #BHBiviQ +? i- bF- M/~
KTH2- HBp2 + B+F2i K i+? bi’2 KBM; HBF2 >Qibi "bi'2 KBM; K i+?2r?2°22 +? 7" k
7i2° Bi Bb+ Tim '2/X

PM@/2K M/ bi’2 KBM; 272 biQ ?B;?[m HBivU>.V pB/2Q M/ m/BQ TH vBM; bl
r?2°2i?2 pB/2Q Bb H 2 /v 7° K2/ i /Bz2 2Mi 2/;2 HQ+ iBQMb Q7 i?2 + +?2 b2 'p
*QMbB/2°BM; i?2 +m > "2Mi b+2M "BQ- /m2 iQ i?2 *PoA.@RN pB " mb- i?2 2 rBHH ;
bi'2 KBM; K "F2i#2+ mb2 HKQbi HH2/m+ iBQM HmMBp2 bBiB2b "2KQpBM; iQr
AM i?2 2Mi2 i BMK2Mi BM/mbi'v HbQ- bi’2 KBM; b2 pB+2b "2p2Mm2 rBHH ;" Qr °
6B;m 2 RXR# (k) BM/B+ i2b ?Qr "2p2Mm2 rBHH BM+"'2 b2 BM kyky b iQi Hb2;K2Mi
rBi? "2p2Mm2 BM+° 2 b2-i?2 MmK#2" Q7 mb2 b rBHH HbQ BM+'2 b2 b b?QrM BM
mb2 b Bb 2tT2+i2/iQ #2 R-JN8XdJ #v kyk9X h?2 b2 ' pB+2b HBF2 # M/rB/i? M Hvb
2M+Q/2 7 K2- M HvbBb pB/2Q 7° K2-/2+Q/2i?2 7 K2-+QMp2'ii?27 K2 BMiQ |
biQ® ;2-mb2° M HvbBb /i - M/KQbiBKTQ i Mi+QMiBMmMQmb /2HBp2'vQ77 K2
"2 °2[mB'2/X HH Q7 i? i+ M #2 +?B2p2/ #v /BpB/BM; b2 pB+2b BM KB+ Qb2 pE
?2Qr iQ + Tim2 7° K2 7°QK H ;2 b+ H2 mb2°™ M/ M Hvx2 2 +?2 7° K2 M/ b2 p:
+HOQM/@Q B2Mi2/ b2 pB+2bX



S2°7Q°K M+2 M HvbBb Q7 0B/2Q PM@/2K M/ M/ GBp2 0oB/2Q ai'2 KBM; mbBOI3RHQm/ # b.

RXRX L22/ Q7 oB/2Q MBH2ZOEBBMXHvbBb ? b MmK2 ' Qmb /p Mi ;2b BM iQ/ vob b
iBQMbX oB/2Q M HvbBb Bb mb2/iQ M Hvx2 Q#D2+ibBM +QMiBMmMmQmb 7" K2 mt
H;Q 'Bi?KbX 6Q" 2t KTH2- BM + B+F2i Goa-r2 + M B/2MiB7v TH v2 7 +2 2 +iBQN
+?B2p2i?2 #2bi pB/2Q M HvbBb bvbi2K-r2 M22/iQi F2 + "2 Q7 ?Qr7 bir2+ Mb
JmHIBTH2 MQ/2b "2 "2[mB 2/ #2+ mb2 pB/2Q M HvbBb M22/b HQi Q7 +QKTmi il
"2 bQM #H2 mbBM; bBM;H2 i?°2 / Q  bBM;H2 *SI TQr2 X AMbi2 /- /Bbi'B#mi2/ +Q
i?72?2Qm X h? irQmH/ #2 "2 bQMr?vr2 M22/E 7F b K2bb ;BM; b2 pB+2bX M QT
bQ7ir "2 TH i7Q 'K r'Bii2M BM a+ H M/ C p +QBM2/ b T +?2 E 7F T 'QpB/2b ?E
HQr H i2M+v TH i7Q Kb 7Q" "2 H@iBK2 pB/2Q 722/bX

hBHH MQr- K Mvbm 'p2vb-bim/B2b- M/ K2i?Q/QHQ;B2b "2 +QM/m+i2/ #v b2p2
2t KTH2- S2M/HX) M Hvx2/+ Tim"BM; pB/2Q 7° K2b 7' QK /Bz2 '2MibQm +2b HBF2
KQ#BH2 + K2 b T2 7Q K2/ mbBM; rB '2H2bb 2/ ?I@2)MBMPQDbABX iIRH7?EM@PB22Q M Hyv
#2 IQM2 mbBM; E 7F M/ aT "FX h?2 pB/2Q 7  K2r b +QMp2'i2/ BMiQ i?2 CaPL Q
/IBz2 2Mi +QM};m” iBQMb 7Q  i?2 E 7F T Q/m+2  bB22 MNR)} QW BmX2 2PBr/ EX7FQ B b
?2HT7mH BM #B; /i M BRivbHd) MY EB/MQM i?2 AMi2 " M2i Q7 h?BM;b UAQhV /2pB+:
?2HTb BM M HvbBb pB/2QX "B;/ i M22/b HQiQ7 +QKTmi iBQM HTQr2 iQ M Hv
BK ;2 b?QmH/ MQi/"QT i?2B  [m HBivX >2M+2- HHE 7F M/ aT "F+QM};m” iBQN\
br2HH b i?2 b2 p22® bHEXI X IQr2/ T2 ' 7Q 'K M+2 2p Hm iBQM 7Q" pB/2Q M/ BK ;.
#v /IBz2 2Mi +HQmM/ b2 pB+2 TZiQpER M AFMALs 7Q° HQ /# H M+BM; M/ _2/8 K2/
Q K xQMr2# b2 pB+2 U gaV b2 pB+2b HBF2 K2/B 2H2K2Mi Hb2 pB+2bX _2/8 Bk
Bb /2bB;M2/ BM C p M/ T°'QpB/2b /Bz2 '2Mi b2 pB+2b HBF2 qQrx ai 2 KBM; 1M;
ai’2 KBM; M/ gQrx ai'2 KBM; amTTQ i- >hhS GBp2 ai'2 KBM; U>GaV- 6H b?- q2
i? i pB/2Q 7" K2b ;2ib /2HBp2 2/ BM p 'BQmb /2pB+2bX AM KQ#BH2 /2pB+2b- i?2
? M/HBM;- 7" K2 HQbb- M/ #mz2 BM; r?B+?r b 2i M2 /nitlyBIvh;i B BV BN ; rBM/Qr T
M/ bi M/ */ >Xke9 2M+Q/BM; i2+?MB[m2X

hQ b2M/ 77 K2 iQ i?2 mb2 6b KQ#BH2- }"bi-i?2 b2 p2° M22/b iQ FMQr #Qmi 1
i?72 b2 p2° b2M/b "2H2p Mi 7° K2 "2bQHmMIBQM 7" K2b iQ 2M/@mb2° KQ#BH2X Ib2
rQ 'H/rB/2 M/ ?22M+2-1i? i 7° K2 "2[mB 2b iBK2 iQ "2 +? M 2M/TQBMiX AM i?2 of
++2Ti2/ #mi Goa "2[mB 2b 2 +? 7° K2 iQ #2 /2HBp2 2/ iQ i?22mbRACRNB I TQMM 2Mv /2
/IQrMi? i # b2/ QM i?2 mb ;2 Q7 /Bz2 2Mi *.Lb- mb2" 2tT2'B2M+2 BX2X ZQ1 M/ pB
HH b2 pB+2b 7Q° Goa o0Q.a "2 QM i?2 +HQm/ M/ ?2M+2-i?2'2 "2 p 'BQmb i2+
/12+°2 b2 +Qbi M/ BM+ 220 2HRRXENR2bIB; i2b pB/2Q bi'2 KBM; # b2/ QM /Bz2 2N\
;2-mb2° ;2M/2°-mb2  r i+? iBKBM;- 2i+X

RXkX JQiBp i"B@M»b +QK#BM iBQM Q7 bvbi2Kb rBi? /Bp2'b2 M im 2 rBi? i?2
T?vbB+ HT Q+2bbX Aii F2b 722/# +F M/ / TibiQ M2r +QM/BiBQMb # b2/ QM "2
Q7T?2vbB+ HT Q+2bb2b- M2irQ"FBM;- M/ +QKTmi iBQMX h?2 /p M+2K2MiQ7 KQ
i2+?MQHQ;v? bK /2Bi TQbbB#H2 iQ #mBH/ H ";2 b+ H2 *Sa +QMbBbiBM; Q7 1?2
a2MbBM; TTHB+ iBQMbi? i "2pB/2Q@# b2/ 2[mBTT2/rBi? + K2 @# b2/ KQ#BH:
M/ 2+2Bp2 "2 H@iBK2 pB/2Qb 7Q " *SaBb 2MpBbBQM2/X oB/2Q@# b2/ *Sa HbQ
#°Q /# M/ M2irQ°'F ++2bb- "2H2p Mi +QMi2Mi /2HBp2°v- 2i+X ai'2 KBM; Q7 pB/2
Q 0Q.aX M HvxBM; pB/2Q Bb "2[mB 2/ BM *Sa #2+ mb2 B7 i?2 bvbi2K M22/b iC
#2BM; K2i BM "2 H@iBK2-r? i Bb? TT2MBM; BM i?2 pB/2Q 7i2° M HvxBM; BiX
pB/2Q M HvbBb b?QmH/ #2 p2°v7 bi M/ T +?2E 7F K2bb ;BM; b2 'pB+2b "2 M2
i2°Qm;?Tmi- mMB}2/- M/ HQr H i2M+v TH i7Q Kb 7Q° "2 H@iBK2 pB/2Q 722/bX
*SaX

RXjX *QMi"B#mhBQvb@ i?Bb T T2 -r2 T'2b2Mi "2pB2r Q7 pB/2Q M HvbBb Q
pB/2Q TTHB+ iBQMX g2 +QKT "2/ /Bz2 '2Mi K2bb ;BM; # QF2 b r?B+? ?2HT iQ /2
TBT2HBM2X Pm T BK "v7Q+mbBbiQ M Hvx2i?2BKT +iQMirQ K2bb ;2 # QF2'b
+?B2p2 Goa 0Q.a mbBM; ga 2H2K2Mi H b2 ' pB+2bX AM i?Bb T T2 -r2 HbQ M |
T K2i2°7Q° "2HB #BHBivQM 7mHH@b2 pB+2@JQ/2X " b2/ QM i?2 #Qp2 /Bb+m
+QMi'B#miBQMb Q7 i?Bb T T2",
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6B;X RKRk; MBx iBQM Q7 i?2 T T2 X

g2 T°2b2Mi b+?2K2i? i ?22HTb iQ M Hvx2 pB/2Q 7'QK i?2 Goa o0Q.aX Ai Q#
#2 /IBpB/2/ BMiQ KmHIiBTH2 PT2M*0 J h Q#D2+ib M/ pB/2Q ™M HvbBb i?°Qm
M/ aT "FX

0B/2Q 7 K2biQ 2/ BMi?2+HQm/i? i;2ib/2HBp2 '2/iQi?22M/@mb2" #v mbeE
h?2 T°"QTQb2/ b+?2K2 HbQ }M/bQmi ?2QriQ BM+'2 b2 Z2Q1 M/ K M ;2 +Qbi
h?2 T°QTQb2/ b+?2K2 mb2b /Bz2 ' 2Mi +HQmM/ p2M/Q b Q" BKTH2K2Mi iBQM F
M/ M Hvx2 r?B+? +HQm/ p2M/Q " Bb #2bi bmBi2/ 7Q  r? i b2 pB+2b M/ BM r

RX9X P ; MBx iB®MXm+im 2 Q7 i?2 bm p2v Bb b b?QrM BM 6B;X RXkX h #H2 |
mb2/ BM i?2 T T2 X h?2 "2bi Q7 i?2 T T2 Bb Q ; MBx2/ b 7QHHQrbX a2+iBQM R
Bib +QMM2+iBQM rBi? pB/2Q M HvbBbX a2+iBQM k 2t KBM2b “2H i2/ rQ Fb +Q\

0Q.aX a2+iBQM j T '2b2Mib BMbB;?i BMiQ pB/2Q + Tim'BM; M/ mTHQ /BM;X a2+
mbBM:; E 7F M/ aT "FX a2+iBQM 8 /2b+ B#2b i?2 BKTH2K2Mi iBQM Q7 /Bz2 2Mi
*2bmHibX a2+iBQM e T 2b2Mib T2 7Q K M+2 M HvbBb +QM+2"MBM: ZQ1- +Qbi-

kX 2H i2/ qQaR¥2" Hbm p2vb M/ 2b2 "+?2rQ°'F? b#22M/QM2BM i?2 "2 Q7
2i H®) M Hvx2/'2 H@iBK2 pB/2Q /i 7°QK KmHIBTH2 + K2 b M/ M Hvx2/i?2K |
/IBz2 2Mi K +?BM2 H2 "MBM; M/ /22T H2 "MBM; HB#® "B2bX h?2 mi?Q b mb2/ E
bi’2 KBM; M/ M Hvx2 pB/2Q 7° K2bX _2 H@iBK2 h™ Mb72" *QMi " QH STQiQ+QH U
KmHiB+ bir?B+? Bb /2b+ Bi# HRe)XM?2 bvbi2K Bb /BpB/2/ BMiQ irQ KQ/mH2b- M
bvbi2K M/ TH v bvbi2KX oB/2Q /i +QHH2+iBQM- >Xke9 2M+Q/BM;- hS T +F ;
T 2pB2r- M/ 2 H@iBK2 i’ MbKBbbBQM Bb T 'i Q7 i?2 +QHH2+iBQM bvbi2KX F
+QMbBbib Q7 /i "2+2BpBM;- >Xke9 /2+Q/BM;- M/ _hS /2+Q/BM;X h?2 mi?Q b
7i2° pB/2Q + Tim 2X h?2T ' QTQb2/bvbi2K? bbi'2M;i? Qp2  # M/rB/i? 7Q  bKQQI
2MpB " QMK2Mir?2°2 b-BM + b2 Q7 i?2 ~m+im iBM; 2MpB " QMK2Mi- i?2 bvbi2K + N\
2M/@mb2° 7Q  bKQQIi? pB/2Q2hi HRSBMBMI RNIitH 2/ 2Qr bKQQi? pB/2Q bi’2 KBM; +
rBi? ~m+im iBM; # M/rB/i?X 6B bi- p BH #H2 " M/rB/i? U "qV Bb M Hvx2/-i?2M i
i F2M M/ ii?22M/- ++Q /BM;iQi?2 p2 ;2 "q-bi'2 KBM;2M;BM2b2M/b T "iB+m

1/m "/Qi HKRK) T'"QTQb2/ /Bbi'B#mi2/ "+?Bi2+im 2 7Q° Goa o0Q.a r?B+? ?



S2°7Q'K M+2 M HvbBb Q7 0B/2Q PM@/2K M/ M/ GBp2 0B/2Q ai 2 KBM; mbBAI3fHQmM/ # b

h #H2 RXR
GBbi Q7 ##'2pB iBQMb

## 2pB iBOQM2b+ BTIiBQM
*Sa *V#2 @S?vbB+ H avbi2Kb
0Q.a oB/2Q PM@.2K M/ ai’2 KBM;
Goa GBp2 oB/2Q ai'2 KBM;
ZQ1 Zm HBiv Q7 1tT2'B2M+2
ZQa Zm HBiv Q7 a2 pB+2
* L *QMi2Mi .2HBp2'v L2irQ"F
gqa K xQM g2# a2 pB+2b
>, >B;? [m HBiv
AQh AMi2 M2i Q7 h?BM;b
>Ga >hhS GBp2 ai'2 KBM;
Glh GQQF@mT@i #H2
o* >Xke9 /p M+2/ 0B/2Q *Q/BM;
>1lo* >Xke8 >B;? 1{+B2M+v 0oB/2Q *Q/BM;
JSj JS1: m/BQ G v2 @]
* /Ip M+2/ m/BQ *Q/BM;
.@00Q. .Bbi*B#mi2/ pB/2Q QM@/2K M/
C.@00Q. Cp /Bbi'B#mi2/ pB/2Q QM@ /2K M/
*@j m/BQ *Q/BM; |
** *2 M;2 /0 + Tim'™2
_h*s 2 H@iBK2 h® Mb72° *QMi'QH S QiQ+QH
"q p BH #H2 " M/rB/i?
Jzs /p M+2/J2bb ;2 Zm2mBM; S'QiQ+QH
A a AM7  bi'm+im 2 b a2 pB+2
Z miQK iB+ 2T2 i _2[m2bi
61* 6Q°r 7/ 1°7Q° *Q "2+iBQM
1*k ga 1H biB+ *QKTmi2 *HQm/
aj ga aBKTH2 aiQ" ;2 a2 ' pB+2
>.6a > /QQT .Bbi'B#mi2/ 6BH2 avbi2K
. _2bBHB2Mi .Bbi*B#mi2/ . i b2i
aal aT ' BM; aT ' BM;Jo* Jv# iBb
JaE K xQMJ M ;2b ai'2 KBM; E 7F
_hJs 2 H@iBK2 K2bb ;BM; T'QiQ+QH
*@G* Ip M+2/ m/BQ Q/BM; @ GQr *QKTH2tBiv
>1@ ** >B;? 1{+B2M+v /p M+2/ m/BQ *Q/BM;
_hh _QmM/ h"BT hBK2
_."Ja _2H IBQM H . i # b2 J M ;2K2Mi avbi2K
Un * K2 1_G
Cobj * K2 Q#D2+i +°2 i2/ #v PT2M*o
M rw Jh Q#D2+i MmK#2 Q7 “Qrb
Mg Jh Q#D2+i MmK#2' Q7 +QHMKMb
My Jh Q#D2+iivT2
Jobj CaPL Q#D2+i
T hQTB+ M K2
P, E7F T Q/m+2° Q#D2+i
Sc CaPL b+?2K bi'm+im 2 7Q" aT 'F
Ds **2 02/ i b2i 77QK bi*2 K K2bb ;2b 7°'QK E 7F
Pdata S'Q+2bb /i
St QmT bi i2b
Ex 1tBbiBM; bi i2b
Pp 1p2Mi T°Q+2bb2/ /i
E gata Jh/i 7°QK CaPL
E key * K2° F2v 7°QK CaPL

pB/2Qb QM bK HH M2irQ ' Fb HbQX AM i?2 pB/2Q 7" K2- /ImTHB+ i2 7° K2b +QmH
i?Bb T Q#H2Xi- ¢k R) mb2/ /Bz2 2Mi /2HBp2'v b2K MiB+ M/ +QKT "2/ rBi? Qi?2
HBF2 _ ##BiJZ- /p M+2/ J2bb ;2 Zm2mBM; S QiQ+QH U JZSV- M/ T +?2 6HBMF
/Bbi*B#mi2/ 2MpB QMK2Mi M/ i?2°2 "2 K Mv +HQm/ p2M/Q b p BH #H2 i? i T°
b a2 pB+2 UA 2dVKOgR) +QKT "2b E 7F T2 7Q K M+2 QM /Bz2 2Mi +HQm/ p2M/
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h #H2 kXR
"2H iBp2 +QKT 'BbQM Q7 bi i2@Q7@i?2@ ‘i pB/2Q M HvbBb TT'Q +?2b
mi?Q° TT Q +°? P#D2+iBp2 u2 | THB+ iBQM [S Qb *QMb
"iBbi 2|.@0Q. b2 p2° M|/ Ehi@B#mi2/ 4B B@®i B#mi2/ |[S+QB@bbBM; QQHb¥2H #H2X
HXRk) |0Q. b2 p2° im'2 7Q° Goa pQ.ali2+im 2 7Q° CGpB/2Qb QM |bK HH
/Bbi'B#miBQM 0Q.a /Bbi"B#mMMRI® " Fb
uB 2i HXQQF@mMT h #HR2UGQIBW ; i2+?MBEQRBHY K i bi 2 KI[JBMNW 7 bi2" [2MQ/@MHv #2 TTHB2/
(Rj) i2+?MB[m2X K2 Mb Q7 +QMp2 ' iBMGBMK2 @ 1M/BBW ;a\Wh/@RRX98®/>2I@9 pB/2Q |[TTHB+ @
Tmi pB/2Q bi'2 K BMiZXb /m+iBQM BM |#BQNt@
#Bi bi 2 KX i° +iBQM iBK?Z
J +?B/2|aQ+BQ@A*h KQ/BBK2HvV /2i2+i |KWRB @oBHB2Mi |apBi2iQ Bb KQ*DQbZ@ M/ 2[mB ' 2b +@
HXR9) K H2p2Mib M/ brB7jitiw " p2BHH M+RBBRBRBM 2 +m°i2; /;2i
/[2HBp2 ' H2'ib jQ bZXQM@?2 Tm' TQRb2 Q7
"Biv ;2M+B2b 2Mbm ™ BM; b 712iv
GB 2i H¥a b2 pB+2b [h7@b+Q/2 b K2 |bBRRQHBpP2" KmBiBDH2 +QKTimQ2® MQi rQ F QM Goa
(R8) i* Mb+Q/BM; BMiQ /Bz2'2Mi |7Q KQihiTmi pB/2QBQMH T ‘i [2bB/2b
M/ /2+°2 b2 ZQa pB(@@; 2bbBp2 |/iQrM@Qm/ M/
H iBQM Q7 pB/2Q bi|MM®&K Q° [/ T|iBRI@2{+B2Mi M/
#Bi " i2 ZQa
q M;2i H)Q#BH2Z2 + Tim 2Go&8@i2K i? i BhyRA®2/ 7Q DbK|HBZ i MbKBBRBGR i2+?MQHQ;V
(Re) /B bi'2 KBM; 2M#BM2 # b2/ QM bi{ 2 KBBRIx2/ Q' ; MBxX2{B®XMM+v mb2/ 7Q° + Tim"BM; M/
K2/B i2+?MQHQ;Vv + +?BM;
am 2i HeCKiQ+ +?BM;- |qB.aH2bb i {+ KkYyR@BM,H2 mb2 |SH+?B@&F /m[LERQ H ;2 b+ H]2 2/;2
(Rd) ZQ1X K M/ /"Bp2M #v|o0Q.|i2z+im"2 z22+i2/ HQ+ iBQM
bi'2 KBM; M/ Gqga
S i2Ri HK BH #H2 # M/oB/l[i2Q bi 2 KBMKyRIE M #2 bmBi #HQQRQ 7Q B PR2Ab+QKTHB+ |2/ iQ
(R3) T'2/B+iBQM- ~miBipR2 iBM; # M/rB/i[dQ. M2irQ Fb /12+B/2 r?B+? T +F2i
pB/2Q bi'2 KBM] #2HQM:b iQ r?Bl+? # b2
i +HB2Mi bB/2
E M™ " 2{oB2r2° /"Bp2M DP26BBEIMW miBHBXYRE22 @iQ@T22a2 MR+@b HBFRQT AMbbD)MHvV QM K2b?
HXRN) |# b2/ KmHIiB@mb2  KQ/2H rQ'F r?2°2 # MO@2 bHQr- "PMEBRMOQ"Fb
rB/i? Bb +QMMEBI/ bQK2 MmK#2"
i 2p2°v b2bbB@M7° K2b
"?QHA HaX2 K /i - T H?B; /i bi'2 KBMkyYyRh™ +FBM; Q7 |g2#T@b2/ i ¢F@+ HHv i2bi2/
(ky) E 7F - * vTiQ+m*AM#@+m "2M+v iQ+rm "2M+v [BM; KQ/mH2b
GBn2i HaXT "BM; aT BMAI®PH KB//H2r "2[kKYRN®2/ BM AQh i(>BF@ i? Qm;?PGmiF Q7 T +2- Bhbm2 rBi?
(e) Jv# iBb UaaJV|b Y2 b2 pB+2 BM; /2pB+2b |/Bbi'B#mi2/- |[KRWbHi2 ir2 FBM
E 6E iQH2 Mi
qm 2i HaX{ 2 KBM; T Q+AKOBMi,-Q7 HH FBYW/P PZ@iQ @K N MQR®2Mi |OWmbi2 @a2 pB+2 KQ/2
(kR) T +?2 E 7F +QM};m” iBQM T " KE@MB+ iBQMEMZHB@ i2 K2bb ;2
i2° QM i?2 "2HB |#BHBIM;Q7 +QMi"QH
E 7F
qm 21 HAMTmi +QM};m | BQMNEBM; # b2/KyRNADI 2 K/ 1 HOM®@Q K M+2@@MEZM iBOM QMHvV 7Q°
(kk) T K2i2° ~Qr KQ/2H iQ T[2/B}im" iBQM T ]+HQM@:m  iBOMWHQmM/ p2M/Q b|MQi 7Q°
T2'7Q°K M+2 K2i'B+[h2Q7 +Hmbi2 @b2 pBr2 KQ/2
E 7F
hm 2i HXT "2/m+2 - ai2/B+ H bi 2 |[KBRMNQbTBI H/ i | M H@IiBK2 JvaZG p2'iB+ Hb+ HBM;
(kj) bi’2 KBM;- #B; [P2 Hi?+?Bi2+im'2 7bBb T Q+2bbBM; 1Q-  bBH2@mT
/i #B; /i ?2 Hi?
I//BNi HIXIGaT "F- PT2M*Bbi B#mi2/ pB/kQRN2P2" H Q|BM2MNMM 2b b+ HaZBHBEwW M/ T Bp +v Q7
(k9) >.6a HviB+ 7Q° BMi2HHBVAHBIM2 bm pRIBAHNMiPQH|2HR@mMZ Bb MQi // 2bb2/
pB/2Q bm p2BHH M+PB/2Qb
J? T i |aT F TBT2HBMZ2B/MADRQKTH2[B)iky7QT?B+b bQ AWM, F TBT2HBN®m® #H2 KQJ2H 7Q°
2i HCk8)K b? T iQQHb- |TBPBHEBM?2 / i bj 2 K bi’2 K ~Qr T2 'bBbiBM; 2ti2M H }H2
+ H iQQHb- M/ |bi'2 K@ bvbi2K
BM; M HvbBb ~Qr # b2
a? # BR{IbBM; /Bz2 2Mi|AHIIQOAPBM; Q7 ZRwky* M #2 mb2//hA " Qm;?Tmi [:200@HQ+ iBQM K v MQi
HXke) [p2M/Q b IBz2 2Mi 2/;2|MQR2/@iQ jNNyX9®#HQb2iQ HH|i *;2i HQ@
iBQMb rBi? /BE2f@Mi + iBQMb- //b +QKTH2t@
+HQm/ p2M/Q[b Biv iQ vQm™ r2#bBi2 7Q"
/2THQVK2Mi T Q[+2/m 2b
QM;2M{ T +?2 aT F- bjaBM@ 2 TBT2HBMZKAG 7,2 mb2 b+, ? i? Qm,;?JaBM,;H2 E /F # QF2°
HXkd) [im™ 2/ bi*2 KIBM2- KBM;
T +?2 6HBMF- |T +?2
E 7F - E 7F bi'2 Kb-
/IBbi'B#mi2/ +QKTmiBM;
Mp2b? B®+?2 aT F- G@MT 2/B+i i {+ky&y_2 H@hBK2 d22BmH2b i[> T ° K2i2° QTiB@
i?7 2i HaQ'i@h2'K J2IBMAQ 'K iBQM h> {+ M HvbB|pBK2- 2M2 ;vKB& iBQM MQi #P22M + @
(k3) E 7F +Qbi *B2/ Qmi
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+QK2b 7°QK +°Qbb /Bz2'2Mi TH i7Q Kb HBF2 JvazZzG- E 7H -HO¥yBMM-Hv#2B?I- 2|
aT "F "+?Bi2+im2rBHH T2 ' 7Q K rBi? p "vVBM; BMTmibi 2 K/ i-7Q 2t KTH2-i?2
/1 7Q° M HvxBM; 2 +? BMTmi bPi2 HRNITBMRXMIB/ /2+Q/BM; K2i?Q/ 7Q  +QKT 2
bi’2 Kr?B+? Bb jX8NW 7 bi2  i? M +QMp2MiBRQ M{KeK2i7@V/tX2a?q& BMpB+2 iQ M H
Zm HBiv Q7 a2 'pB+2 UZQaV r?B+?r b T'Qp2M +Qbi@2{+B2Mi 7Q  >GaX hQ BKT Q
Bbi?2 K BM7 +iQ°7Q° M HvbBbX h?2 mi?Q b BM (ke) M Hvx2/i?2 K2+? MBbK (
BKTH2K2Mi iRQMERamMBMp2biB; i2/i?2 mb2 Q7 + +?BM; TQHB+v 7Q 0Q. b2 pB+2
?2HTb BM TH v# +F /m” iBQM #mi Bi HbQ "2[mB'2b H ";2 b+ H2 2/;2 HQ+ iBQM 7
2i HPRN) T'2b2Mi2/ b2bbBQM@# b2/ KmHIiB@mb2® KQ/2H 7Q" # M/rB/i? miBHB,
M2irQ'Fr?2 2 # M/rB/i? Bb "2[mB 2/ i Mv b2bbBQM #mi BirQ ' Fb QM QMHv K2b?

GB®&i HKe) T'TQTQb2/ E 7F "QH2 BM AQh # b2/ TTHB+ iBQMX AQh b2 pB+2tk
i2H2+QKKmMB+ iBQM M2irQ'Fb M/ i?2 AMi2 " M2i r?B+? +QMM2+ib AQh b2 pB+2k
K Mv M/ QM2 iQ QM2 "2H iBQMb?BTb #2ir22M AQh b2 pB+2b M/ ?2M+2- KB//H2r
?2HTbiQb2M// i iQ/Bz2'2Mi b2 pB+2b ++Q /BM;iQi?2B" "2H iBQMb?BTX h?2K
M/ "2HB #H2 K2bb ;2 b2 pB+2b M/ ?2M+2-E 7F Bb mb2/ b KB//H2r "2 b K2b
"2 i2bi2/ BM KmHIBTH2 MQ/2b E 7F X h?2 aT ' BM; Jo* ? b #22M mb2/ 7Q  E 7F
T 'QpB/2b KB+ Qb2 pB+2b r?B+? K F2b 2 +? KB//H2r "2 b2 pB+2 b BM/2T2M/2Mi
/Bz2 2Mii2+?MQHQ;v M/ b+ H #BHBiv RIMHR)HRp HVX2/XE"QMBEM /Bz2 2Mi +QKTm
T K2i2'b7Q  #B; /i bi’2 KbX h?2v T '2b+"B#2/ 7Qm  T? b2b M K2Hv /i +QHH.
M/ biQ™ ;2X h?2K BM +QMi B#miBQM Q7 i?Bb T T2 r bi? iBM;2biBQM T2 7Q K 1
T°Q+2bbBM;X 0oB/2Q ™M HvbBb Bb K DQ 7 +iQ  r?2M Bi +QK2b iQ bKZii +Biv b1
HXR9) BMi'Q/m+2b bQ+BQ@A*h KQ/2H r?B+? +QMbBbib Q7 /vM KB+ M/ [m2m
/IvM KB+ HQ / +? M;2b Q|Q /BM; pB/2Q ™M HvbBbX aQ+B HbBKmH iBQM iQ M Hv
/IBz2 2Mi T~ K2i2'b HBF2 ""Bp H  i2 BM+°2 b2br?BH2 i?2 2tBi * i2 "2K BMb mM-
BM+'2 b2b/m2iQ BM+'2 b2/ 7 +2/°QT " i2X *QM+2 " MBM; QM2 pB/2Q 7 K2 iQ #2
2i HR8) BMi'Q/m+2/i° Mb+Q/BM; 7Q° Goa o0Q.aX h?2 mi?Q b biQ 2/ MmK2 Qm|
BM /p M+2 + HH2/ T'2@i° Mb+Q/BM;X h® Mb+Q/BM; b2 'pB+2b HbQ 7 +iQ Bx2 7Q
?22i2°Q;2M2Qmb +HQm/ b2 pB+2bX h #H2 kXR b?Qrb +QKT "'BbQM #2ir22M 2tB
i2+?MB[m2bX

jX oB/2Q + Tim 2 M/ mAMBbL /K2+iBQM 2tTHQ 2b p 'BQmb pB/2Q 7Q K ibX g2
?22i2°Q;2M2Bivf+QKTH2tBiv Q7 /Bz2 2Mi +Q/2+ i2+?MB[m2b mb2/iQ T2'7Q°K pB
+QKT " iBp2 bim/v Q7 bm+? i2+?MB[m2b HQM; rBi? i?2B  T°'Qb M/ +QMbX HbQ-
M/ pB/2Q mMmTHQ /BM; mbBM; PT2M*0o Bb /Bb+mbb2/ BM # B27X

jXRX 0B/2Q 7Q KBi/Q 7Q K i +QMbBbib Q7 irQ T ibX 6B biBbi?2 7Q K i M/ +
QM2X 7Q°'K i Bb bi M/ °/ b2i Q7 "'mH2b 7Q" biQ'BM; +QMi BM2 b- +Q/2+b- K2
i?72 K "F2i-/Bz2'2Mi 7Q K i 2tBbib HBF2 JS9- 0A-qJo-2i+X 1 +? /Bz2 '2Mi 7Q K i
BM7Q K iBQM rBi?BM +QMi BM2  HBF2 pB/2Qbi'2 K- m/BQbi*2 K-K2i /i U#B
iBK2 Q7 +°2 iBQMVX *Q/2+-r?B+? Bb T i Q7 pB/2Q K2i /i -Bb +QK#BM iBQM
2M+Q/2b i?2 pB/2Q M/ m/BQ bi'2 KK FBM; Bi bK HH2' M/ 2 bB2' iQ K M ;2X
/12+Q/2b i?2 pB/2Q mbBM; pB/2Q TH v2  r?B+? HbQ bm;;2bib +Q/2+X h?2 2 "2
i?72 K "F2i #mi K BMHv i?2°2 "2 j+Q/2+bi? i HKQbi HH /2pB+2b bmTTQ i HBF2
Uo*V->Xke8 >B;?7@1{+B2M+v 0B/2Q *Q/BM;U>10*V M/ 0oSNX h?2 K BM m/BQ +Q
UJsjv- /p M+2/ m/BQ *Q/BM; U *V- M/ m/BQ *Q/BM; jU *@jVX

jXkX 0B/2Q + Tim BM; mbBM; C+6 Q SBM; iQ RiMHK) C p SA ?22HTb iQ + Tim"
pB/2Qb 7 QK /Bz2 2Mi bQm +2b HBF2 AS + K2 - q2#* K- KQ#BH2 pB/2Q + K2 - 2
M/ +QKT 2bbBM; pB/2Q M/ H i2° mbBM;: KmHiBT i UAi Bb +QMi BM2  i? i ?Q
+ Tim 2 pB/2Q 7" K2V bi'2 KBM: i2+?MB[m2 iQ i’ MbTQ'i i?2 pB/2Q iQ i?2 E 7F
QT2 iBQM Bb /BpB/2/ BMiQ BM/2T2M/2Mi KB+ Qb2 pB+2bX

/@?Q+ M2irQ Fb "2 mb2/7Q  + Tim BM; H “;2 b+ H2 pB/2Q 7' QK /Bz2 2Mi mb
pB/2Q-i?2 rB 2H2bb HBMF ;2ib "2T2 i2/Hv # QF2M M/ 2@2bi #HBb?2/ ;: BM M/
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6B;X j¥oB/2Q * Tim"BM; mbBM; PT2M*o

&

Q7i?2 7 K2bX h?2 mi?Q b ? p2mb2/ miQK iB+ _2T2 i _2[m2biU _2ZV M/6Q r */
r?B+? Bb KQ/B}2/iQ "2/m+2 ?B;?i° MbKBbbBQM 2" "Q X a2M/2  bB/2 pB/2Q Bb 21
/IQM2 ii?2 +HB2Mi@bB/2X h?2 bi’2 KBM; Bbi> Mb72 "2/iQ T 'iB+mH > "Qmi2 #
i?72 "2+2Bp2 bB/2-i?2 pB/2Q bi'2 Kb "2 TmiBMb2[m2M+2 7i2 i?2 pB/2Q Bb /2+
B7r2? p2 KQ#BH2 /2pB+2 Q° Mv # Qrb2  7Q  /BbTH v- Bi "2[mB'2b HQi Q7 +C
M/ ?22M+2- /2+Q/BM; rQ"F Bb /QM2 ii?2 +HQm/X qga 1H biB+ *QKTmi2 *HQm/ U]
i?ii F2b M 2M+Q/2/ 7 K2X qa +HQm/ ?2HTb mb iQ /2+Q/2 i?2 7" K2 BMiQ /Bz2"
+HQmM/ b2 pB+2b rBHH ?2HT iQ +QKT 2bb i?2 pB/2Q iQ "2/m+2 i?2 bBx2 Q7 i?2 pB

jXjX oB/2Q mMTHQoBBRIQXmTHQ /BM; i bFb 2 /QM2 #v i?2 mb2  Q pB/2Q bi 2
2t KTH2- QM 6 +2#QQF- mb2  mTHQ /b pB/2Q r?2°'2 b BM L2i~Bt- /KBM mTHQ /b
mb2'b "2 2M/TQBMib- ?2M+2-Bi Bbi2°'K2/ boQ.aX h?2o0B/2Q bi'2 K+QHH2+iQ"
MTHQ /BM; iH “;2b+ H2PT2M*0o pB/2Q T ' Q+2bbBM; HB#  "B2biQ ?2HT +QMp2i
biQ'2b HH 7> K2b M/BK ;2bBMiQJ hQ#D2+ibi? ii?2Q#D2+iBbb2 B HBx2/iQ N\
iQ /2HBp2 BiiQ /Bz2 2Mi +QMbmK2'b 7Q  aT "F K +?BM2 H2 "MBM; HB# v 7Q°
i Mb72" "2/ BM CaPL 7Q K i rBi? mb2°  A. M/ + K2° A. bb?QrM BM 6B;m 2 jXR>
T2 '7Q K2/- HH M Hvx2/ pB/2Q 7> K2b "2i° Mb72 72/iQ b2+m 2 biQ" ;2 HBF2 qga
> /QQT .Bbi'B#mi2/ 6BH2 avbi2K U>.6aVX

9X oB/2Q M HvbBb mbBM; E 7F AMBRP2 WX B{+mHi iQ T2'7Q°KH ";2@b+ H2
T Q+2bbBM; BM i?2 +HQmM/ #2+ mb2 Q7 i?2 +QKTmi iBQM H+QKTH2tBivr?BH2 T2
/IBbi'B#mi2/ M2irQ ' Fi° Mb72'b i p2°'v7 bi  i2X 6Q pB/2Q M HvbBb-r2? p2b2H
7 bi- 7 mHIi@iQH2" Mi- b+ H #H2 K2bb ;BM; bvbi2K M/ Bb Q7i2M mb2/ BM "2 H
T'QpB/BM; "2 H@iBK2 M HviB+bX 6QHHQrBM; "2 i?2 K2 'Bi "2 bQMb 7Q°  mbBM; |
.Bbi'B#mi2/ 2MpB " QMK2Mi rBi? Tm#HBb?2" M/ bm#b+ " B#2"~ "+?Bi2+im 2X
S'QpB/2 mTiQ b2p2M@/ v biQ™ ;27 +BHBivX
_2+2Bp2 K2bb ;2bBM Q' /2  rBi? /Bz2'2Mi T "iBiBQMb rBi? i?2 b K2 iQTB+ U
amTTQ i KmHIBTH2 i?°'2 / MQ/2b 7Q° KmHIBTH2 +QMbmK2" /i /2HBp2 ' B2hb>
*QKKBi HQ; 7Q" "2i"B2p2 /i 7i2° 7 BHm 2X
>B;?2i?2°Qm;?2TmiX
J bbBp2 b+ H2/ i bmTTQ iX
gB/2°  mb2+ b2 Q7 2p2Mi@/ ' Bp2M KB+ Qb2 pB+2b-HQ; biQ 2-bi'2 KBM;- 2¢
U*.*V-2Mi2 T°'Bb2 /i TBT2HBM2X
A+?BNMQHRR) T'QTQb2/ 7° K2rQ ' Fi? iK2 bm 2bi?2/i M HvbBbi?"Qm;?Tmir?B
i?72 MmK#2" Q7 # QF2°b M/ i?2 MmK#2™ Q7 MQ/2b 7Q° +QMbmK2 'bX >272- pB/2Q
Q7 H ;2 KQmMib Q7 /i 7Q +QKTmi iBQM BM i?2 +HQmM/X h?2°2 "2 K Mv /22T |
h2MbQ 6HQr- *? BM2 - 2i+X b2[m2MiB H T Q+2bb Bb 7QHHQr2/ r?2°2BM i?2 +F
aT "F- 2t2+mi2b Bib K +?BM2 H2 "MBM; HB# v M/ Tvi?QM T°Q; K- M/ H i2 *?
biQ'2/ BMi?27Q KQ7 _2bBHB2Mi .Bbi'B#mi2/. i b2iU_..VBMaT "FX E 7F +Q
bm#b2+iBQMb-}"bi #2BM; bBM;H2 MQ/2 M/ b2+QM/ #2BM; KmHIBTH2 MQ/2 +QM}
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aBM;H2 LAM2i?Bb- QM2 i? 2 / Bb bbB;M2/iQ QM2 +mbiQK2 X h?2 MmK#2" C
+Q 2b b2iiBM; b2p2° H+QMbmK2 bX h?mb-i?2 MmK#2 Q7 K +?BM2 +Q 2b
JmHIBTH2*QM2;m  iBQM Q7 RiQ k +QMbmK2™  MQ/2b K2 Mb i? ii?2 " Qm;?Tmi
#mi +QM};m” iIBQM Q7 kiQ 9 +QMbmK2™ MQ/2b-i?2 BKT Qp2K2Mi Bb #v RX9
h?2 "2[mB 2K2Mib Q7 E 7F 6b "2HB #BHBiv "2HB2b QM /Bz2 ' 2Mi mb2 + b2bX AM i’
K2bb ;2b b?QmH/ #2 /2HBp2 2/iQ i?2 2M/TQBMiX 6Q  i?Bb mb2 + b2-E 7F T QpeE
}’bi TT'Q +? Bb i@KQbi@QM+2 b2K MiB+b r?2°2i?2T°Q/m+2" b2M/b K2bb ;2b +
Mv +FMQrH2/;K2Mi 7°QK +QMbmK2 bX h?mb- BM i?Bb + b2-i?2 K2bb ;2 /2HBp2"
Kv #2 HQbiX h?2 b2+QM/ b2K MiB+b Bb i@H2 bi@QM+2 r?2°2 i?2 T°Q/m+2 r B
i?72 b2 p2°bX aQK2iBK2b i?Bb TT Q +? KB;?i H2 /iQ /mTHB+ i2/ K2bb ;2bX h?2
b2K MiB+b r?B+? ;m ~ Mi22b r?2°2 HH K2bb ;2b rBHH #2 /2HBp2 2/ rBi?Qmi /mT
? p2 mb2/ 2t +iIHV@QM+2 b2K MiB+bX
AM i?Bb T T2 -aT "FaZG Bbmb2/7Q  ;"QmTBM; i?2 b K2 + K2 A.7 K27Q"
bi2Tb Q7 pB/2Q + Tim BM; M/ +QMp2 iBM; 7° K2b BMiQ CaPL Q#D2+ibX AM i?2
I_ G M/ QmiTmi Bb CaPL Q#D2+iX S'2°2[mBbBi2 Bb QM2 Kmbi ? p2 +QM};m 2/ T
r?B+? Bb K2MiBQM2/ #2HQr M/ i?2 2ti2"M HPT2M*o HB# v Kmbi #2 //2/ BM i?2
bQm +2 Q7 i?2 pB/2Q Bb MQi /2pB+2 + K2 -i?2M QM2 + M // pB/2Qdb +im H°-
iQ QM286b M22/- QM2 + M +? M;21_G T ~ K2i2°bBMi?2 H;Q Bi?KbX h?2b2 H;Q B
0Q.aX

9XRX E 7F +QM};m” iBQM b2iiBM; Q7 CaPL Q#D2+iJ7TRMipBNMBM ;M?RvQ@ B/RX Q
K2bb ;2b BM bBM;H2 T "iBiBQMBb K M/ iQ'vr?BH2 pB/2Q M HvbBb Bb T2 7Q K
iQK BMi BM Q' /2  #v TmiiBM; F2vp Hm2 BM i?2 CaPL Q#D2+ir?BH2 T Q/m+BM; / i
+QM};m” iBQM M22/biQ #2 +? M;2/ QM i?2 b2 ' p2 " @bB/2X 6B biHv- +QM};m 2 i?2
M/ b2+QM/HvV "2THB+ X72i+?XK tX#vi2b ib2 ' p2 " @bB/2 M/7Q°  +QMbmK2 bB/2 +
M/ K tXTQHHX 2+Q /bX h?2b2 HH +QM};m” iBQMb ?2HT iQ i Mb72" CaPL Q#D:
+QMIiBMMQmbHVX aQK2 T ° K2i2'b b?QmH/ #2 i1 F2M + "2 Q7 r?BH2 T2 ' 7Q KBM; i
TmiBM; H ;2 KQmMi Q7 /i X h?2 7TQHHQrBM; T °~ K2i2°'b M22/ iQ #2 b2i 7Q " i?z
bB/2 +QM};m” iBQMX

RX E 7F +QM};m  iBQM T > K2i2  7Q  bi'2 K +QHH2+iQ"
UV F 7F X bFb 4 HH
U#V F 7F X 2i'B2b 4 R
U+V F 7F X# i+?XbBx2 4 kyNdR8ky
U/V F 7F XHBM:2 XKb 4 8
U2V F 7F X+QKT 2bbBQMXivT2 4 ;xBT
U7V F 7F XK tX 2[m2biXbBx2 4 kyNdR8Kk

kX E 7F +QM};m  iBQM T > K2i2  7Q bi'2 KT Q+2bbQ"
UV F 7F XK tXT "iBiBQMX72i+?X#vi2b 4 kyNdR8Kk
U#V F 7F XK tXTQHHX 2+Q /b 4 8yy

i bi'2 K +QHH2+iQ bB/2-F 7F X bF 4 HH /2MQi2b r?2M i?2 T°Q/m+2" ;2ib +F
"2THB+ biQi?2H2 /2 X F 7F X 2i'B2b 4 RBM/B+ i2bi?2 MmK#2 Q7 "2i'B2b B7 M
K2 Mbi?2iQi H#vi2b Q7 K2bb :2iQ +QHH2+i #27Q 2 b2M/BM: BiiQ i?2 T°Q/m+2
i?2 T°Q/m+2° FMQr #Qmi i?2 r BiBM; iBK2 iQ T "iB+mH * Kb BM i?2 2tT2+i iBQN
‘WAS Bb ivT2 Q7 +QKT 2bb }H2i? i +QKT 2bb2b i?2 }H2iQ bK HH2 bBx2 M/ Bb
F 7F XK tX 2[m2biXbBx2 /2MQi2b i?2 iQi HbBx2 Q7 i?2 "2+Q /X bi'2 KT Q+2bb
BM/B+ i2b i?2 K tBKmK KQmMi Q7 /i 72i+? 7°QK T2 T "iBiBQMX F 7F XK tXT
+QMbmK2' FMQr #Qmii?2 K tBKmK MmK#2" Q7 “2+Q /b “2im M2/ BM bBM:H2 +QC

6B;m 2 9XR /2b+ B#2b ?2QriQ 7 K2/ i iQ CaPL Q#D2+i ~Qrbi? " Qm:;? E 7F M/
Q7PT2M*07Q" M HvbBbX aQK2 Q7i?2bQm +2b Q7 pB/2Q + M #2 AQh /2pB+2b H
Bb mb2/ iQ biQ 2 AQh + Tim 2/ /i BMiQ i?2 /i # b2X JQbi AQh /2pB+2b "2 “2[r
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PmiTmg bb CaPL Q#D2+iiQ E 7F bi'2 K mbBM; S
AMBIiB HBx*IBQMJ h Q#D2+i

RT Q+2/mMCBQM*QHH2+iBQM&V 2 K
r?BH®R? 2 /X_mMRUV
BAi'BM:IiBHbXBb\MK2MB +U|I

- X

j

9 Cobj 4 0B/2Q* Timp2UI

8 2Hb?2

e, h? Qr 1t+2TiBQM

d, 2M/ B7

3 B7ouXBbPTRMWMY

N, h? 2 /I XaH22TU8yyV

Ry, B7qouXBbPTRMWMYV

RR, h? Qr 1t+2TiBQM

Rk, 2Hb2

Rj, r?BH2% 8 2 /UJ hQ

RO, Ji+4;2i*QHbUJ hV

RS, J-r4;2i_QrUJ hV

Re, Jiv4d;2ihvT2UJ hV

Rd, G#6CaPLP"C1l*hlUgd - JivV
R3, SXb2MiICY ff a2M/ ai’2 KiQ E 6E
RN, 2M/ r?BH2

Ky, 2M/ B7

kR, 2Hb?2

kk, reBHZ2:X 2 /UJ hQ

Kj, J+i4;2i*QHbUJ hV

k9, Jv4;2i_QrUJ hVv

k8, Jiv4;2ihvT2UJ hV

ke, G#4CaPLP"C1*hUgd - JV
kd, SXb2MiIICY ff a2M/ ai’2 KiQ E 6E
k3, 2M/ r?BH?2

kN, 2M/ B7

iy, 2M/ r?BH2
iR,2M/ T Q+2/m 2

+QM+m > "2M+v- HQr H i2M+v K2bib HZEHwbbDb2K X a@B/m K2rQ FX aT ' BM; Bb M QT2M¢
7° K2rQ ' Fi? i T°'QpB/2b HQiIi Q7 7TmM+iBQM HBiv 7Q" /2 HBM; rBi? H ";2 b+ H2
+QMM2+iQ - aT ' BM; CS - aT BM; *HQm/- M/ aT 'BM; *HQm/ai’2 KX 6Q" KB//H2r
F2v@p Hm2 BM K2KQ'v M/ ?22M+2-i?2 _2/Bb /i # b2 Bb mb2/iQ biQ 2 + Tim 2/
_2/BbBb M QT2M@bQm +2- BM@K2KQ v/ i bi'm+im 2 biQ 2-2? M/2/ b [ i #Db
_2/BbbmTTQ ib #bi> +i/ i bi'm+im 2b HBF2 #BiK Tbh- bi'BM;b- HBbib- b2ib- bQ"

H;Q ' Bi?Kkb?Qrb?QrE 7F +QMbmK2 b 72i+? /i M/ Tmibi'2 KbBMiQaT 'Fb
JT6MM+iBQMUY 7TmM+iBQM iQ i"2 i 2 +? bi"2 K/ i BM/BpB/m HHvX aT "F ?2HTI
b K2* K2 A. M/ K F2bbi i27°'QKi?2;"QmT M/ T bbi?2bi i2;"QmT /i BMiQ i?:
1p2MiUV 7mM+iBQM Bb oB/2Q6° K2.2i2+iBQM BM H;Q ' Bi?K kX AMbi2 / Q7 oB/2
1p2MiUV 7mM+iBQM r?B+? M Hvx2b 2 +? 7 K2BM/BpB/m HHv M/ r Bi2b Bib QrM
;QmT"vVE2vUV 7TmM+iBQM +°2 i2b ;"QmT mbBM; * K2° A. 7 QK CaPL bi'2 KX K T
+72 i2b bii27Q i?2;°QmT M/ b2'p2b 2 +? /i 7°QK 2 +?;°QmT 7Q  1p2MiUV 7m
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6B; X XER7F bi’2 KBM; M/ aT "F 2M;BM2

H;Q Bi?KSKQ+2bb ai~2 K

AMTmi,;1 rBHH #2 BMTmi 7' QK F 7F
PmiTmbB/2Q M HvbBb PT2" iBQM
AMBiB HBxalBQR&2bbBQM P#D2+i

R, T'Q+2/mS2Q+2bbai VK -kV
k, ad. i hvT2X+2 i2ai m+ihvT2UV
r? BHE m2Q

i

9, b4 pX;TQmMT"VE2vUI TomMM+EBO MU 1
8, S i 4.0 XK T:"QmTqgBi?ai 24y V
e, BaX2tBbhraw

d, 145 X;2iUV

3, 2Hb?2

N, Sr40B/2Q6° K2.2i2+iBQWU 1l
Ry, BBr54L miRkBAM

RR, am++2bb7mH PT2 iBQM
Rk, 2Hb2

Rj, 1°""Q AMPT2 iBQM

RO, 2M/ B7

RS, 2M/ B7

Re, 2M/ r?BH2
Rd2M/ T°Q+2/m~2

9XkX S2°7Q K M+2 M HvbBOYMQWBE2TF M HvbBb “+?Bi2+im 2-BiBb 2pB/2Mii? i
Tmi K ii2°’b 7Q" b2M/BM; pB/2Q 7" K2 bi'2 K BMiQ /Bbi B#mi2/ M2irQ ' FbX AM i?B]
T2'7Q°K M+2 M/ i2bi “2bmHib i? i r2 2M+QmMi2°2/X HbQ- +QKT 'BbQM rBi? Q
#BiJZ Bb "2T 2b2Mi2/ ?22°2X 6B:m 2 9Xk b?Qrb i?2 i2bi "2bmHib Q7 /Bz2 2Mi "2bQ
M/ _ ##BiJZX iQi HQ7 8jdN 7" K2b 2T QD2+i2/ 7' QK i?'22@KBMmi2 JEo pB/z
HBF2 e9yt93y- dkyt93y- M/ Ry3ytdkyX AM 6B:m 2 9Xk- i?2 B@ EBOF 2B /2b2Mi2/ 2
i? i rBi? M Q// MmK#2  Bb _ ##BiJZ6b /i X uQm rBHH b22 i? i ;> T? Q7 E 7F [°
M2:HB;B#H2 #2+ mb2 E 7F Bb K BMHvV /2bB;M2/ 7Q"  /Bbi ' B#mi2/ Tm#HBb?2 b M,
E7F # QF2 Bb KmHiB@i? 2 /2/ MQ/2- M/ ?22M+2- BM@+ b2 B7 Mv # QF2 7 Bl
iQH2' M+2 K M :2K2Mi b2 ' pB+2bX a2+QM/Hv- E 7F + M ?B:?Hv K BMi BM Q /2" 7
b K2 iQTB+ rBi? i?2 F2vX >2M+27Q i?- i?2 "2 bQM r?v _ ##BiJZ 7" K2 /°"QT p2°
_ ##BiJZ Bb bBM;H2@i? 2 /2/ K2bb ;2 [m2m2X

_ ##BiJZ :m " Mi22b iQ /2HBp2  K2bb ;2b #mi MQi BM Q /2 X _ ##BiJZ /Q2b I
7 MHiiQH2  M+2 b2 pB+2 +QKT "2/iQE 7F #2+ mb2E 7F mb2b BMi2 M H biQ" ;



9Ny ID b? S i2H- am/22T h Mr *- MmD L B®

N TOTAL_FRAMES
DROP_FRAMES
7000 4

6000

5000

Number of Frames

4000 4

3000 4

~ m o w
Kafka and rabbitMQ

6B;X XXM HvbBb Q7 E 7F M/ _ ##BiJZ

- r? Consume
: E i as F?
\ | Service

D ~ Producer ng

Client . Kafka
__Brokers

6B; X S06RHH@a2 pB+2@JQ/2
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[mMm HBiv T °~ K2i2'bbm+? b ZQa-2ZQ1l-2i+X THv K DQ "QH27Q"° mb2 6b +QMp

_161_1L*1a

(RCX G22- "X " ;?22°B- M/ >X@ XWE2Q@T?vbB+ H bvbi2Kb "+?Bi2+im 2 7Q° BM/mbi'v 9Xy@# b2/ K |
J Mm7 +im 'BM; GRQIEXbj- TTX R3 kj- kyR8X

(k) oB/2Q bi'2 KBM; @ibThBffirsr Xbi iBbi X+QKfQmMiHQQFfkyefRRNfpB/2Q@bi-2+kBhb@& @ bpkyX@fBM/

(j)) XEi?m'B M/ aXLX SOM/2Q + Tim 'BM; M/ bi'2 KBM; Qp2’ /@&9Rd MieQMFbB @M H *QM72 2M+2
"B;.i M HviB+b M/ *QKTmi iBQM H AMi2HHIByR M-+2 THKAFd'N 58 k X

(9) X A+?BMQb2- X h F27mb - >X L F /- M{JIXil/m«@B pB/2Q M HvbBb 7° K2rQ'F mbBM; F 7F
bi*2 KBM:kyBRMi A111 AMi2 M iBQM H *QM72 2M+2 QM-"IBy;Rdi- UTB;kjNeVk9yR X

(8)SX G2 LQ +8?- X *Qbi M- M/ GXTQM@ K M+2 2p Hm iBQM Q7 T +?2 F 7F BM bmTTQ'i Q7 #B;
TTHB+ iBQkyRdBM 11 AMi2 M iBQM H *QM72°2M+2 QM-"IB,Rdi- UTB;93yjV93yeX

(e)wX um M- "X S M;- uX .m- sX GBm- CX u Q- .RIUBME@MBKTH2K2Mi iBQM Q7 BMi2 'M2i Q7 i?BN
bm#b+ " BTiBQM bvbi2K # b2/kQRINFA7IFLE BRi? AMi2°M iBQM H *QM72°'2M+2 QM *QKKmMB+ iB(
L2irQ ' Fb UA**&KIyRN- TTX eyj eyeX

(dJuX sm2- >X w? M;- M/->%X2J7Q K M+2 2p Hm iBQM Q7 BK ;2 M/ pBAy®R3IHQMI kgipBAMIE-BMBQM H
*QM72°2M+2 QM >B;? S2°7Q K M+2 *QKTmiBM; M/ *QKKmMB+ iBQMOM AL 2MREIQMAKK2 M iB
*Bivc A111 9i? AMi2°'M iBQM H *QM72'2M+2 QM . i a+B2M+2 M/ avbixkWRY->BFXfdK ddBXf.aa’

(3) WX GBm- ZX g M;- CX >m M;- uX gm- uX q M;- sX CB*HQuW//@¢*B2MpB/2Q@ QM@ /2K M/ b2 pB+2b 7
BMyRd a2p2Mi? AMi2'M iBQM H *QM72'2M+2 QM AM7Q 'K iBQM akBRM+ZTNMABR23IMQHQ;v UA*

(NaX SX h KBx?b2HpB M/ oX Jmi?7niBKX pB/2Q bi*2 KBM; BM KQ#BH2 + KYR9/ ADQKITANBM M BBIQM H
*QM72'2M+2 QM *QKTmi iBQM H AMi2ZHHB;2M+2 kMROQRTMIBMX 2b2 “+?

(RyJX g M;- X C v b22H M- M/ >XQ@BK ' BM; +HQm/ +QMi2Mi /2HBp2'v M2irQ ' Fb 7Q" / KyRB2 pB/2Q &
Al111 RRi? AMi2 M iBQM H *QM72'2M+2 QM *HQmky@RT MTEM;3E *&NPjIX V

(RR3X _ ?K M- >X JmM- >X G22- uX G22-JX hQ'M iQ'2- MAMGOBMFAB2ZI D@ M HvbBb Q7 pB/2Q bi 2 K
iQ BKT 'Qp2 '2bQm +2 K MKkyRRMI1BMi? AMi2 M iBQM H *QM72°2M+2 QM *HQm/KyRiBQ FBM; L
TTX R jX

(Rk¥JX 1X *X 6X " iBbi - hX GX a KBHiQ- GX 1X *X G2Bi2- :X GX /2 aQmx - "B/ pB/2Qb QB HK2BH
M2irQ FbX ?B2° “+?B+ H M/ /Bbi'B#mi2/ +?Bi2+im 27Q  pB/2Q kMy2 R M /AN B#Bi@ED M b
*QM72'2M+2 QM JmHIBK2/B a2 pB+2b ++2bb L2irQR¥ps-kTyEXRBaRINKy 8 X

(RJEX uB- uX G22- M/-CX ®Q@B/2Q /2+Q/BM; i2+?MB[m2 #v K2 Mb Q7 +QMp2 iBM; BMTmi pB/2Q bi 2
7Q°K i bi'2 KBM HBiiH2Z@2M/ByR& db?2KMi2BM iBQM H *QM72'2M+2 QM IJmHIiBK2/B - *QKTmi:
""Q /+ biBM; UImHKyRB- TTX R8 R3X

(R9%X J +?B/ - JX 6mDBr F - aX EQBxmKB- MPTXBEKBKBM; "2bBHB2M+v Q7 /Bbi'B#mi2/ pB/2Q bm p
7Q b 72" +BWRBM111 AMi2™M iBQM H avKTQbBmMK QM aQ7ir "2 _2HB #BHBia_18M¥BR22 BM; qQ
TTX Rd kyX

(R83X GB-JX X a H2?B- M/ JX->BOMRKB 7Q'K M+2 QM@ /2K M/ pB/2Q i’ Mb+Q/BM;;kyRBMe+MQm/ b2
A111f *J AMi2 M iBQM H avKTQbBmMK QM *Hmbi2 - *HQmM/ M/ V¥ RyR@®KTMmXBaWy Le%:X B

(ReCX g M;-gXsm- M/ CX-qMm/vQ7HBp2 pB/2Q bi'2 KBM; bvbi2K 7TRyKRK&EBHZA AIpIRI+RAM-iBNM iBQM F
*QM72°2M+2 QM *QKTmi2  *QKKmMB+ iBQM M/-i RQRavi? TM 2R LA R A

(RdyX am- aX > M- M/ *% & M2BM; TQHB+v QTiBKBx iBQM 7Q" " i2 / TiBpRyRB/AQLHi"H®BM;- BM
*QM72'2M+2 QM aB;M H M/ AM7Q K iBQM S RyRebBWVIX dRH QIR #H¥ASV

(R3EX S i2H M/ :X S M+72aKQQi? pB/2Q bi'2 KBM; BM # M/rB/i? ~m+im iBM;RAMAR | D WKIBQM BIM
*QM72°2M+2 QM AMiI2HHB;2Mi ambi BM kiyHReda ThNi g KIIN WBAXAaaV

(RNQX E M>° M/ LX EXJ M/TH QtBK iBQM Q7 # M/rB/i? 7Q  i?2 BMi2  +iBp2 QT2  iBQM BM pB/2Q Q
kyRd AMi2"M iBQM H *QM72'2M+2 QM A@aJ * UAQh BM aQ+B\WHUYU A@BBHY-RW MVIBjHY jMéXHQm

(kyyX _X >B° K M- *X 0B 2b? JX- M/ EX #?BDAN OF T +?2 F 7F BM #B; /i bi'2 K KyR32bbBM;-
AMi2 M iBQM H *QM72°2M+2 QM AM7Q 'K iBQM - *QKKmMB+ B QM* AMHBWMR2-BNMX M[X2+?MQt

(KR¥X gm _2b2 "+2 T°QTQb H, _2HB #BHBiv 2p Hm iBQM Q7 i?2 T +?RyRN FA14il 2AKIB 21 ;MbVQDMK H B
avKTQbBmMK QM aQ7ir '2 2HB #BHBiv 1M;BM22 BMy&N-FHPX RIR K Raxj X1 qV

(kkpPX gm- wX a? M;- M/ EX g@RIZQ 'K M+2 T '2/B+iBQM 7Q" i?2 T +?2 F 7F KW ARNM] kRbi2K- BN
AMi2 M iBQM H *QM72°2M+2 QM >B;? S2°7Q K M+2 *QKTmiBM; MAMQX KmiBBMiB QKR MT 2 12IM +F
QM aK "i *Bivc A111 8i? AMi2°"M iBQM H *QM72°2M+2 QM . i a+B2M+2ivil/aaVki2RKN-USTS¢*faK
R89 ReRX

(kj)uX hm- uX Gm- : X *?22M- CX w? Q- "MIBiR+«wiBh 2 /2bB;M Q7 /Bbi ' B#mi2/ K2/B+ H #B; /i TH i7Q K #
BMyYyRN A111 3i? CQBMi AMi2'M iBQM H AM7Q K iBQM h2+7RNp#+RQ* @ MM 2 2iNB } 2-Bk K RAMMAZ H H B
TTX e3k e38X

(k9pX X 1//BM- X H K-LX Xhm-JXaX AbH K- MdBIX,@ EBbGR#mi2/ pB/2Q M HviB+b 7" K2rQ F 7Q " E
PB/2Q bm ' p2BNMKK2+2pQHX RR- MQX d- kyRNX (P MiHBM2)tr ¥KBABSMHRQKfkydj@3NN9fRRfAINRR

(k8Y ? Ti' -h MKv M/ S'2?Q72 - *? ' BbiBTMB+ H ~Qr@# b2/ bT 'F TTQOMRKBHMQ7 "BpQHX d-
MQX 9- kykyX

(kegX 1X a? #'BM - .X gqBb FbQMQ am/B? 'iQ-1X 'Bv MiQ-- MI2IpPQIXBKAFQp2K2Mi mbBM; +/M 7Q  HBp



9Ne ID b? S i2H- am/22T h Mr - MmD L B"

bi2 KBM; rBi? Ayly BAWIi2 M iBOQM H *QM72°2M+2 QM aK i h2+?MQHQ;v -MykyTHBX RB®¥Mb UA

(kd}X p M .QM:2M M/ .X 0 M /2M S® Bk iBOM Q7 bi'2 K T'Q+2bbBMI ¥ h'KRIMQ+FBHOMb QM S ~ HH2H N\
.Bbi'B#mi2/ avpiQKIX jR- MQX 3- TTX R398 R383- kykyX

(k3pX Mp2b?°Bi? M/ EX G-p MH@iBK2 p2?B+H2 i {+ M HvbBb mbBM; HQM; b?Q i i2 K K2KQ" v |

bT "F- BMy AMi2™M iBQM H *QM72°'2M+2 QM 1K2;BM; h'2M/b BM AM7Q RMBOQB+H@+AMRINQ; Vv
kyky- TTX R 8X

1/Bi2/ #W M/ L vv
_2+2Bpl2k, R8- kyky
++2TiZmH R9- kyky



e
.. a+ H #H2 *QKTmiBM;, S° +iB+2 M/ 1tT2 B2M%idT, fAara X IRSTNX@DRde d -
Ukyky a*S1X 0OQHMK2 kR- Abbm2b j- TTX 9Nd 8R9- .PA RyXRkeN9,fb

.laA:L L.JP.1GAL: P6 _l1laPl_*1@*PLah_ AL1. APh " al."P.u _1
Li1hgP_Ea

aLAu w >PP_ L. _PP>A1 L w JA_

#bi® +iX.m2 iQ i?2 "2+2Mi [/p M+2K2Mi M/ /[2p2HQTK2Mi Q7 b2MbBM;- rB'2H2bb- M/ +QKKmMB
? b #22M b?B7i BM ii2MiBQM iQr /b "Q/v 2 L2irQ Fb U" LbVX PM2 Q7Q72"KQbb BKI @K ®ii2b2 pE
KQMBIQ'BM; Q7 T iB2Mib- 2M #HBM; /Q+iQ b iQ Q#b2 ' p2-/B ;MQb2- M/ T'2b+ ' B#2i?2 T iB2Mib rBi?
pBi HbB;Mb "2 #2BM; KQMBiQ 2/ #v #Q/v b2MbBM; /2pB+2b BMbi HH2/ BMbB/2- QM Q" Qz i?2 #Q/v C
"2 +QMbit BM2/ BMi2°Kb Q7 "2bQm +2b bm+? b biQ  ;2-T Q+2bbBM;-# M/rB/i?- M/ 2M2 ;v/m2iQ i~
i ?B;?HB;?iBM; i?2 F2v }M/BM;b "2H i2/iQ" L TTHB+ iBQMb-+QMbi® BM2/ "2bQm +2b- M/ p "BQmb
h?2T T2 HbQ T '2b2Mibi?2/2bB;M M/ KQ/2HBM; Q7 "2bQm +2@+QMbi° BM2/" L bvbi2K M/ /Bb+mt
BMi?2 +QMi2ti Q7 "2bQm +2 +QMbi’ BMibX Ai 7m'i?2  T'QTQb2b M /p M+2/ 1/;2 *Hmbi2 ' BM; U 1*V
bm+? b2M2 ;v-biQ" ;2- M/ T°'Q+2bbBM; Q7 " L /2pB+2b r?BH2 T2'7Q ' KBM; "2 H@iBK2 /i + Tim 2 Q
/2i2+iBQM Q7 #MQ 'K H T ii2"MbX h?2 +QKT "BbQM Q7 i?2 1* TT'Q +? Bb/QM2 rBi? i?2 ai #H2 1H2
bBKmH iBQMb M/ 2KTB B+ H/ i M HvbBbX h?2 "2bmHib b?Qr M BKT Qp2K2Mi BM 2M2 ;v- T'Q+2bbE
i?72 T°Q+2bbBM; Q7 /i QM" L /2pB+2b BM 1* b +QKT 2/iQ alSX

E2v rQ /b AMi2 M2i Q7 h?BM:b- 1/;2 *QKTmiBM;- "Q/v ‘2 L2irQ Fb-"Q/v a2MbQ" b

Jabm#D2+i +H bbB}+ eBBQREBX

RX AMi"Q/m+ABIQMM2i Q7 h?BM;b UAQhV Bb M2irQ"F Q7 b2H7@+QM};m BM; Q
/i #v BMi2" +iBM; rBi? i?2 2MpB " QMK2Mi (R)X h?2 K BM BK Q7 AQh Bb iQ 7Q"
Q#D2+ib M/ K F2 i?2K T 'Q;" KK #H2 mbBM; rB 2H2bb M/ b2MbQ i2+?MQHQ;B2b
T2 p bBp2M2bb Q7 AQh 2 b2b 2p2°v/ v +iBpBiB2b bm+? b /i 2t+? M;2 #v /2pB
2p2Mib BM i?2 TTHB+ iBQM 2MpB " QMK2Mibc QM2 Q7 i?2 KQbi BKTQ i Mi b2+iQ
gBi? i?2 /p M+2 Q7 rB"2H2bb M/ b2MbQ i2+?MQHQ;B2b-i?2"27? b #22M KQ 2 T
2M #H2/ ?2 Hi?+ "2 TTHB+ iBQMbX h?2 "Q/v "2 L2irQ'Fb Bb QM2 Q7 AQh 2M #lI
2KTHQvVb #Q/v b2MbQ b BMbB/2- QM Q  Qz i?2 #Q/v Q7 T iB2Mib 7Q" "2KQi2 KQM
TTHB+ iBQMb-i?2 T iB2Mib "2 #2BM; KQMBiQ 2/ #v mbBM; AQh # b2/ rB 2H2bb
/i iQi?2S2°bQM H .B;Bi H bbBbi Mi/2pB+2 U2/;2V7Q  7Tm'i?2 T Q+2bbBM; M
#2BM; KQMBIiQ 2/ #v #Q/v b2MbQ b r?BH2 Qz2'BM; ~2tB#BHBiv iQ T iB2Mib iQ K
+ b2 Q7 Mv #MQ K HBivBM i?2 T?vbBQHQ;B+ H/ i X

h?2 rQ"H/ Q7 " L Bb #Q / M/ KmHIiB7 +2i2/ M/ QM2 K v 2p2M }M/ Bi +QKTH2t
TTHB+ iBQMb i? i Bi 2M+QKT bb2bX 6 QK MQM@K2/B+ H TTHB+ iBQMb iQ K2/B
HH b2iiQ mM/2;:Q b?B7i BM AQh ?2 Hi?+ "2X ++Q /BM; iQ "2+2Mi "2TQ ib BM
BM RNW " L /2pB+2b #v kykR-Qmi Q7 r?B+? 9kW rBHH +QMbiBimi2 K2/B+ H AQh /:
MQM@K2/B+ HAQh /2pB+2bX a2p2° HbK HH2 bBx2/ AQh /2pB+2b "2 mb2/BM ™"
1*:-11:-6BM;2 iBT SmHb2 PtBK2i2 - AM2'iB HJ2 bm '2K2MiIMBi-"HQQ/S 2bbm"™
b2MbQ b-"Q/v >mKB/Biv- 2i+ (e)X .m2 iQ i?2 bK HH2  bBx2 Q7 i?2b2 /2pB+2b- KQ
BM i2'Kb Q7 "2bQm +2b bm+? b T°Q+2bbBM;- 2M2 ;v- biQ" ;2- M/ # M/rB/i? (d)
/2pB+2b BM bm+? bvbi2Kb + MMQi #2 +QMi " QHH2/ /vM KB+ HHv H2 /BM; iQ i?2 i’
r?B+? + mb2b 7m’i?2  r bi ;2 Q7 "2bQm +2b 2bT2+B HHv 2M2 ;v- biQ" ;2- T 'Q+2b

.m2 iQ i?2 HBKBi2/ "2bQm +2b BM " L-i?2°2 "2 QT2M +? HH2M;2b i /Bz2 2Mi
bQ7ir "2 /2p2HQTK2Mi- bbm+? 2b2 "+? Bb #2BM; + ""B2/ QmiBM }M/BM; "2bQm -

2T iK2Mi Q7 *QKTmi2' a+B2M+2 1M;BM22 BM;- L iBQM H AMbiBimub QB2 % ?MIIH QVI'B alX BAVK M 2 \A \
9Nd
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6B;X RXRTHB+ iBQMb Q7 "Q/v ‘2 L2irQ Fb

i?7 i+ MbiQ 2-T ' Q+2bb- M/ i Mb72 i?2 /i rBi? QTiBKBx2/ '2bQm +2 K M ;2K2
BM " L "2bQm ™ +2 K M ;2K2Mi i2°Qm;?2 /i +QKT 2bbBQM (3)-/i 7mbBQM (N)- +
iQTQHQ:;v (RR)- K +?BM2 H2 "MBM; i2+?MB[m2b (Rk)- M/ +Hmbi2 ' BM; TT ' Q +7
? p2 b2 KH2bb "2KQi2 KQMBIiQ'BM; Q7 T iB2Mib #v T QT2 K M ;2K2Mi Q7 "2bQm"
/1"2bb "2bQm +2 +QMbi> BMib b r?QH2-r?B+? ;Bp2b mb i?2 KQiBp iBQM iQ /:
2bQm T +2@2{+B2Mi " L bvbi2K i? i +QmH/i F2 BMiQ ++QmMi KQ 2 Q7 i?2 "2bQm’

h?Bb T T2 ?B;?HB;?ib i?2 F2v }M/BM;b "2H i2/iQ "L TTHB+ iBQMb- +QMbi’
2bQmT+2 K M ;2K2Mi i2+?MB[m2bX h?2 T T2 HbQ T 2b2Mib i?2 /2bB;M M/ KQ/
" Lbvbi2K M/ /Bb+mbb2bi?2p "BQmbb+2M "BQb Q7" LBMi?2i2°KbQ7 "2bQm"+
M /p M+2/1/;2*Hmbi2"BM; TT Q +?27Q  '2KQi2KQMBIQ'BM; Q7T iB2MibrBi? T"
AM //BiBQM iQ i?Bb- M MQK Hv /2i2+iBQM H;Q Bi?K Bb HbQ T°'QTQb2/i? i ;B
7 Hb2 H "KbX h?2 +QKT 'BbQM Q7 i?2 1* TT'Q +? Bb/QM2 rBi? alS (R9)- M/ i?
7Q°KQ7:;° T?b M/ M2+2bb v 2tTH M iBQMX

h?2 Q'; MBx iBQM Q7 i?2T T2 Bb, a2+iBQM k /Bb+mbb2b HBi2° im 2 bm p2v- |
Q7 "Q/v "2 L2irQ ' Fb-a2+iBQM 9 /Bb+mbb2bi?2 2p Hm iBQM Q7 "2bQm +2 +QMb
8 T'2b2Mib T°QTQb2/ /p M+2/ 1/;2 *Hmbi2'BM; TT Q +?-b2+iBQM e /Bb+mbb2b
M/ b2+iBQM d ;Bp2b i?2 +QM+HmbBQMbX

kX GBi2' im 2 anPp2Vvk?2 H bi 72r v2 "b- i?2°2 2 b #22M “2b2 “+?2 QM "Q/v 2
HB;?iBM; i?2 F2v }M/BM;b “2H i2/iQ TTHB+ iBQMb- "2bQm +2b M/ +QMbi" BMib
/1°2bb i?2b2 +QMbi° BMib (R8)(Re) (Rd)- b /Bb+mbb2/ #2HQrX

kKXRX TTHB+ iBQMb6Q@K MRM@K2/B+ H TTHB+ iBQMb Q7 " L bm+? b bQ+B |
2i+ iQ K2/B+ H TTHB+ iBQMb Q7 "L bm+? b #Q/v b2MbQ'b 7Q° KQMBiQ'BM; Q
mMM/2:Q b?B7iBMAQh ?2 Hi?+ “2X h?2°2 "2 MmK2 ' Qmb TTHB+ iBQMb Q7 " L r
M/ MQM@K2/B+ H TTHB+ iBQMb b b?QrM BM 6B;m 2 kXRX

KXRXRX J2/B+ H TTHBE ?BQMBEX TTHB+ #BHBiv BM K2/B+ H }2H/bX " b2/ QM
BM K2/B+ H TTHB+ iBQMb-r2 ? p2 + i2;Q Bx2/ " L /2pB+2b BMiQ "2KQi2 KQMBi|
M/ BKTH Mi/2pB+2b b /Bb+mbb2/ #2HQrX

_2KQi2 KQMBIiQ BM:; " L /2pB+2b HHQr mb iQ F22T i +F Q7 T iB2Midbh ?2
"2 H@iBK2 722/# +F iQ i?2 T iB2Mib i QK2 (R3)X h?2 BMi2Mi Q7 "2KQi2 K
iQ T°QpB/2 zQ'/ #H2 “2KQi2 22 Hi?+ "2 iQ T2QTH2 i ?2QK2 - M/ pQB/ 22+



.2bB;M M/ JQ/2HBM; Q7 _2bQm +2@+QMbi> BM2/ AQh # b2/ "Q/v "2 QNN Fb

h #H2 kXR
*H bbB}+ iBQM Q7 bim/B2b + B2/ Qmi BM " L TTHB+ iBQMb
*i2;Q v 27X 6Q+mb hvT2b *QMbi® BMib
(R3)[ JOQMBIQ BM; 22 i i2- #Q/y iZKTRi2 @QMBiQ BYKKmMMB+ iBQM AMi2 72 2M+2
im*2- "2bTB" iBQM " i2- 2i+
(RN)] JQMBiQ BM; Q7 22 i i2 " 2KQi2 JOMBIiQ BOKKmMMB+ iBOM AMiZ2 72 2M+2
(ky)| 1t2°+Bb2 KQMBIiQ BM; “2KQi2 JQMBIiQ BM, v

(KR)| h2KT2 im 2 M/ #HQQ/ T 20bmPRNQNM@MBIQ BREM Biv
BiQ'BM; U aL1hV
J2/B+ H [@K)| JQOMBIiQ BM; +iBpBiB2b Q7|b@H/BRHEBM # i[@az2+m Biv- S Bp +v M/ mi?2M@

THB+ iBQMb iH2}2H/ iB+ iBQM
(Kj) | JOMBIQ BM; 22 Hi? Q7 i?H202 = #H2 aiQ° .2 M/ S Q+2bbBM;- JQ@
iBOM AMi2 72 2M+2
(k9)| aH22T KQMBIiQ BM, g2 = #H2 aiQ° 2 M/ S QO+2bbBM;

(ke)| JOMBIQ BM; + /BQ@p b+mE2 HIBWRKAZDM|{bIMpB QOMK2Mi H +2 HH2M;2b
M/ Qi?2° #MQ 'K HBiB2b QF T?vbB+ H

*M+2 /2i2+iBQM M/ imKQ| /28K TNHQM b IMpB QMK2Mi H +? HH2M;2b
#v b2MbQ b

(kd)| "Q/v KQp2K2Mi M/ i2KT2 |[imTR QB IMpB QMK2Mi H AM72 2M+2b- a2
i BM22 +m Biv

LQM@J2/B+(Ke)| : KBM, #v #Q/v ;2bim 2b- ? MIKQ@PZ@MK2Mi| 1IMpB QMK2Mi H6 +iQ| b
TTHB+ iBQMb | K2Mib- 2i+
(G1) | "BOK2i'B+ T K2i2 b UGBMm2?’2BMBi+ iBOMIMpB QMK2Mi H 6 +iQ' b
? M/;2QK2i v- "2iBM "2+Q;MBiBQM- 2i+V
(j9) | 6B 2 H Kb- MQiBJ+ iBOM K WK22 KZWH v >212 Q,2M2Biv

iQ 72 Hi?+ "2 BMbiBimiBQMb M/ ?QbTBi HbX AM //BiBQM iQ i?Bb- "2KQi?z
i?72 +QMiBMmQmb bbBbi M+2 Q7 i?2 T iB2Miéb ?2 Hi? +QM/BiBQM #v iBK2
h?2°27Q°2-/Q+iQ b }M/ Bi2 bviQ 7QHHQr mT T iB2Mib 2Bi?2" #v pB/2Q +Q
bB/2° #H2 rQ'F BM i?Bb BM+Hm/2b "2 H@iBK2 2t2 ' +Bb2 KQMBIiQ BM; (RN)-
bi2KT2 im 2 M/ #HQQ/ T 2bbm 2 (ky)(kR)- 2i+X

q2 > #H2 " L /2pB+2b 2 MQ'K HHvV ii +?22/iQ #Q/vbm 7 +2 mbBM: bi® ThX :
BM+Hm/2b +iBpBiv KQMBiQ BM; Q7 bQH/B2'b i# iiH2}2H/ (kk)- KQMBiQ B
KQMBiQ BM; (k9)- 2i+X

aQK2 " L /2pB+2b 2 BKTH Mi2/ BMbB/2 i?2 #Q/v 2X;X- pBbm H BKTH Mib
2° iBQM T Q#H2Kb Q7 T iB2Mi (k8)-r?BH2 Qi?2'b "2 mb2/iQ KQMBiQ  p °
22 Hi? 2X;X-+ /BQp b+mH ~/Bb2 b2b-+ M+2  KQMBiQ BM: (ke)- 2i+X

KXRXkX LOQM@J2/B+ H THhAB+TIBMBMXBQMb Q7 " L "2 MQi +QM}M2/iQ K2/B+
QMHvV #mi HbQ mb2/ BM p 'BQmb MOQM@K2/B+ H TTHB+ iBQMb (kd)X gBi? i?2 /]
mb2/ BM K Mv MOM@K2/B+ H TTHB+ iBQM "2 bbm+? bbTQ ib-2Mi2 i BMK2Mi
/IBb+mbb2/ #2HQrX

"LBb K BMHvVv mb2/ BM i?2 }2H/ Q7 bTQ ib 7Q° KQiBQM "2+Q;MBiBQM M/
r?B+? ?22HTb bTQ ibT2 ' bQMb rBi? i?2 +Q "2+iBQM Q7 TQbim ™ 2b M/ BKT Q
rQ FBMi?Bb BM+HmM/2b ?2 i i2 K2 bm 2K2Mi bvbi2K (k3)-" L # b2/ FBM2K
bi’QF2b (kN)- 2i+ X
"LBb HbQ mb2/BM2Mi2'i BMK2Mibm+? bbQ+B HM2irQ'FBM;-; KBM;-;2i
T?QM2 M/ pB/2Q + HHb- 2i+ (ke)X
" L}M/b Bib TTHB+ #BHBiv7Q mi?2MiB+ iBQM Tm TQb2b bm+? b7 +2/2i
“2+Q;MBIiBQM (jk)- 2i+ (jj)X
"L/2pB+2b "2 mb27mHBM i?2 /2i2+iBQM Q7 ?Qmb2?QH/ bKQF2-1}"2-TQBb
BKTQ'i Mi "QH2 iQ K F2rQ'FTH +2 M/ ?QK2b b 72" iQ bi v BMX

h #H2 kXR b?Qrb i?2 +H bbB}+ iBQM Q7 bim/B2b + B2/ QmiiQ 2p Hm i2i?2 T

KXKX " L _2bQm +2b M/ *QMHi?2BMIBX "2 L2irQ F ivIB+ HHv +QMbBbib Q7
Q7 HQr@TQr2 - KBMB im Bx2/- HB;?ir2B;?i /2pB+2b rBi? rB 2H2bb +QKKmMB+ i
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Battery

Storage Unit

| |
| |
| Processing Unit |
l |

Communication Unit

6B; X RXRbQm +2b BM " L .2pB+2

T 'QtBKBiv Q7 ?mK M #Q/vX M BKTQ'i Mi bT2+i Q7 i?2b2 /2pB+2b Bb Bib "2bQ
iviB+ H# ii2°v@QT2 i2/ " L /2pB+2 TQbb2bb2b 2M2 ;v- biQ™ ;2- T'Q+2bbBM;-
(j8)X .m2iQi?2bK HH2  bBx2 Q7 " L /2pB+2b-i?2"2 "2 '2bQm ' +2 +QMbi® BMib B
+QMbi® BMib M/ "2H i2/ Bbbm2b 7 +2/ BM "Q/v "2 L2irQ'Fb "2 /Bb+mbb2/ b (je)
"ii2°v, "Q/vb2MbBM; /[2pB+2b ? p2 HBKBi2/ 2M2 ;v r?B+? #2+QK2b QM2 Q7
TTHB+ iBQMbX 0 'BQmb bQHMiIBQMb bm+? b +QKT 2bbBQM i2+?MB[m2b I
? /r "2-2i+ 2K DQ /2bB;M Bbbm2bBM" L TTHB+ iBQMbX
*QKTmi iBQM, "Q/v b2MbBM; /2pB+2b TQbb2bb HBKBi2/ +QKTmiBM; + T #B
M/ biQ  ;2r?B+? #2+QK2b +? HH2M;BM; iQ biQ 2 M/ T ' Q+2bbi?2/ i b2Mb
*QKKmMB+ iBQM, " L 2MpB " QMK2Mib ? p2 HBKBi2/ +QKKmMB+ iBQM M/ +C
#Q/vb2MbQ bBM+ 2 b2b-i?2 MmMK#2 Q71> MbKBbbBQMbBM+ 2 b2br?B+?
h?mb- HBKBi2/ +QKKmMB+ iBQM M/ +QMM2+iBpBiv "2 K DQ  +? HH2M;2b |
a2+m'Biv, AM" L TTHB+ iBQMb- i?2 i’ MbKBii2/ /i 7' QK i?2 #Q/v b2MbQ
++2bb2/ QMHvV #v mi?2MiB+ i2/ 2MiBiB2bX Mv i KT2'BM; BM i?2 BM7Q K
bm+? b T iB2Mi6éb /2 i?X bbm+?-i?2"2Bb M22/ Q7 b2+m BM; i?Bb BM7Q
b2+m Biv H;Q'Bi?K BM+m'b "2bQm +2 Qp2'?2 / H2 /IBM; iQ KQ'22M2" ;v +Q
I1MpB " QMK2Mi H AMi2 72" 2M+2, h?2°2 "2 K Mv +? HH2M;2b 7 +2/ #v " L T
K2Mi H7 +iQ b 2X;X- KQp2K2Mi Q7 i?2 #Q/v+ MH2 /iQ +? M;2BM TQbBIiB
Ti? HQbb M/ BM+QKTH2i2 "2+2TiBQM Q7 /i BM" L TTHB+ iBQMb-i?mb +
>2i2°Q;2M2Biv, AM" L 2MpB " QMK2Mib-i?2°2 Bb ?22i2°Q;2M2BivBM /i ivT2
iQ ?B;? +QKTH2tBiv M/ "2bQm +2 Qp2°'?2 /b BM bm+? TTHB+ iBQMbX J M
? /r 72 M/ bQ7ir "2 H2p2Hb Bb QM2 Q7 i?72 K DQ" +? HH2M;2bBM " L TTHB

kXjX _2bQm +2 J M ;2K2Mi h2+M\2BQnRBXKBi2/ "2bQm +2b BM " L-i?2°2 "2 QT:
i /Bz2 '2Mi H2p2Hb Q7 ? “/r "2 /2bB;M M/ bQ7ir "2 /2p2HQTK2Mi- bbm+? "2b2 "+
2bQm T +2@2{+B2Mi H;Q Bi?Kb M/ T'QiQ+QHb i? i+ M biQ 2- T°'Q+2bb- M/ i I
"2[mB 2K2Mib M/ rBi? QTiBKBx2/ "2bQm +2 K M ;2K2MiX JQbi Q7 i?2rQ ' F ? b #.
+QKT 2bbBQM-/ i 7mbBQM- +QKKmMB+ iBQM- M2irQ'FiQTQHQ;v- K +?BM2 H2
T°Q +?2bX h?2 K BM ;Q HQ7 HH Bb iQ ? p2 b2 KH2bb "2KQi2 KQMBIQ 'BM; Q7 T
2bQm +2bX

KXjXRX *QKT 2BbBQ@WE+2b "2 KQbiHvV +QMbi’ BM2/ BM i2 Kb Q7 2M2 :v- biQ
+QKKmMMB+ iBQMX h?2°2 72 p2 #22M "2+2Mi bim/B2b BM +QKT 2bbBQM i2+?MB[m 2
iBQMb QM " L /2pB+2b #v "2/m+BM; i?2 /i bBx2 iQ #2 i° MbKBii2/ 7°QK " L /2pB+
BMbi2 / Q7 i° MbKBiiBM;iQ i?2 bBMF /B 2+iHvX *QMbB/2" #H2 rQ ' F BM i?Bb BM+}

iQ "2/m+2i?22 MmK#2 Q7 /i i’ MbKBbbBQMb M/ 2M? M+2b 2 H@iBK2 2tT2 'B2M
Tm bmBii? i BKbiQ 2/m+2i?2 MmK#2 Q7 i° MbKBbbBQMb- M/ biQ ;2 M/ T Q-
b2MbBM; i? i BKiQ 2/m+2 /i i2 (j3)-.6h K2i?Q/i? i BKbiQ +QKT 2bb /i (jN

rQ'F QM +QKT 2bbBQM i2+?MB[m2b BM 1*: KQMBiQ BM; b r2HH M/ i?2b2 BM+H|
QM ghi? i BKbiQ 2/m+27  K2bBx2 M/HQr/2H v (9y)-Zm /" iB+ +QKT 2bbBQM
2M2 ;v +QMbmKTiBQMb (9R)- 2i+X

GBKBi iBOQ@hi Q7 i?2 rQ°F BM +QKT 2bbBQM i2+?MB[m2b 7Q+mb2b QM QTiBK



.2bB;M M/ JQ/2HBM; Q7 _2bQm +2@+QMbi’ BM2/ AQh # b2/ "Q/v "2 8%iRQ Fb

ii2MiBQM Bb T B/ iQr /b Qi?2" "2bQm +2b bm+? b biQ  ;2-T Q+2bbBM;- M/ # M

KXjXkX . i 6mbBRM®/v "2 L2irQ Fb- i?2 #Q/v b2MbQ b b2Mb2 b2p2° H T?vbl
i?2 T iB2Mi Q" 2H/2 Hv- M/ r?BH2 b2M/BM; i?2 /i 7°QK i?2 b2MbQ b iQ 2/;2- "
i?2 MQ/2 M/ M2irQ F H2p2HbX . i K MBTmH iBQM Bb QM2 Q7 i?2 K BM +? HH2N

i?Bb-p "BQmb /i 7mbBQM K2+? MBbKb "2 2KTHQV2/ i? i +QK#BM2 / i 7 QK Km
++m’ i2 BM7Q°K iBQM i? M M BM/BpB/m H #Q/v b2MbQ" (9k)X *QMbB/2" #H2
i2+?MB[m2b i? i +?B2p2 2z2+iBp2 MQBb2 }Hi2 'BM; M/ ++m  i2 BM72 2M+2b (N
2M2 ;v +QMbmKTiBQMb- KBMBKBx2 /i “2/mM/ M+v M/ BM+ 2 b2 M2irQ ' F HB72il
GBKBi iBQ@hi Q7 i?2 rQ' FBM /i 7mbBQM i2+?MB[m2b 7Q+mb2b QM QTiBKB:
ii2MiBQM Bb T B/ iQr /b biQ" :2- T Q+2bbBM;:- M/ # M/rB/i? b "2bQm +2X

KXjXjX L2irQ'F *QKKmMBAMBQIMXTTHB+ iBQMb- ivIB+ H MQ/2 Bb +? * +i2°
T2+7? ;2 #H2 M/ "2bQm +2@+QMbit BM2/ /2pB+2X .m2 iQ i?72 HBKBi2/ i MbKB
1/;2@AQh M2irQ"F Bb 7Q K2/ r?2°2BM 2/;2 MQ/2b "2 /2THQv2/ ?B2° "+?B+ HHv
bm+? TTHB+ iBQMbX AM K Mv" L TTHB+ iBQMb bm+? b BKTH Mib- #Q/v b2Mb
#Q/v- b bm+? i?2 2H2+i " B+Biv Q7 i?2 #Q/v z2+ib i?2 +QKKmMB+ iBQMb- i? i i |
7°QK b2MbQ b iQ 2/;2X h?2°2Bb "2b2 "+? ;QBM; QM b2MbQ"~ M/ +QKKmMB+ iBQM
bm+? b’ /BQi2+?MQHQ;B2b M/ Qi?2  +QKKmMB+ iBQM T ' QiQ+QHbBM" L TTHE
2M? M+2 Zm HBiv Q7 a2 ' pB+2 M/ b2+m Biv (Ry)- / TiBp2 KmHIiB@?QT "QmiBM; -
7Q° KmHIiB@?QT rB '2H2bb #Q/v "2 M2irQ F (98)- K2/B+ HBKTH Mi +QKKmMB +
T i2 M2irQ Fb (9e)- 2i+X

GBKBi iBDQW,i Q7 i?2rQ " FBMi?Bb7Q+mbQMQTiBKBxBM; # M/rB/i?-2M2 ;v mil
ii2MiBQM Bb T B/ iQr /b biQ" ;2 M/ T ' Q+2bbBM;X

kKXjX9X hQTQRDHWXVvK2Mi Q7 " L b2MbQ b Bb TQbbB#H2 BM b2p2° H /Bz2 2Mi
iIQTQHQ;vBbi?2 bBM;H2@?QT bi " r?2°2 2p2'vMQ/2 +QKKmMB+ i2b Bib b2Mb2/
KQbi +QKKQMHV mb2/ iQTQHQ;v BM " L Bbbi  iQTQHQ;v (9d)(93)X h?Bb iQTQH
#mi i?2 /Bb /p Mi ;2 Bbi? i BiBb H2bb "Q#mbi M/ b+ H #H2X 6Q  H ;2" M2irQ Fb
r?B+? /2T2M/b QM i?2 TH +2K2Mi Q" ~~ M;2K2Mi Q7 #Q/v b2MbQ b BM M2irQ F)
H2bb 2M2 ;v i? M /B 2+i "QmiBM; #mi Bi BM+ 2 b2b i?2 M2irQ ' F /2H v- i?2°27Q
BM b+2M "BQb r?2°2 MQ/2b "2 +HQb2 iQ 2/;2 MQ/2bX *m "2MiHv- "2b2 "+? Bb ;
Q7 i?2 "2b2 "+? 7Q+mb2b QM 2M2 ;v +[mBbBiBQM- ?mK M #Q/v +? MM2Hb- 2i+
AM " L TTHB+ iBQMb- i?2 MQ/2b + M #2 /2THQv2/ BM bi'm+im 2/ Q> M/QKBx
TTHB+ iBQM "2[mB " 2K2Mi (9N)X AMbi'm+im 2/ /2THQVK2Mi- MQ/2b "2 TH +2/ i
T 2/2i2 " KBM2/X AM > M/QKBx2/ /2THQVK2Mi- MQ/2b "2 b+ ii2 2/ M/IQKHvX AM
MQ/2b "2 KQ#BH2r?B+? K DQ +? HH2M;2 BM bm+? 2MpB " QMK2Mib #2+QK2bX
Bb M22/2/iQ "2/m+2 i?2 +QKTH2tBiv + mb2//m2 iQ KQ#BHBivX 6m i?2 - i?2°2 '
bm+? b 2/ mM/ Mi/ i -2M2 ;v +QMbmKTiBQM-/2H v-biQ" ;2- +Qp2 ;2-2i+i? i M
TTHB+ iBQMbX

GBKBi iBRQbLi Q7 i?2rQ'FBM i?Bb 7Q+mb2b QM QTiBKBxBM; 2M2 ;v miBHBX il
Bb T B/iQr /b Qi?2" "2bQm +2bX

kXjX8X J +?BM2 G2J MBBMR H2 "MBM; i2+?MB[m2b "2 7Q 2b22M iQ i Mb7Q"
TH2iBM; i bFb rBi? H2bb2  /2H v M/ ;"2 i2° ++m > +v #v mbBM; 72r "2bQm +2b Q7
i2+?MB[m2bbm+? b ;2M2iB+ H;Q Bi?K (8y)- 7TmxxvHQ;B+ (8R)-ELL (8k)-ao0J (8j
(88)- 2i+ "2 mb2/7Q° 72 im 2 2ti° +iBQM M/ #mBH/BM; /12+BbBQM KQ/2Hb 7Q"
T 2/B+iBQM-/QM2 #v K +?BM2 H2 "MBM; H;Q Bi?Kb- ?2HTb iQ K F2 /i @/ " Bp2N
/2i2+i MQK HB2b-r?B+? "2 mb27mH 7Q  2M/@mb2 bX *QMbB/2" #H2 rQ F BM i’
rBi? "iB}+B HM2m ™ HM2irQ Fb (8e) (8d)- ?mK M +iBpBiv 2+Q;MBIiBQM bvbi2K #
I'i (83)- "2 H@iBK2 +QMiBMmQmb ;HM+Qb2 KQMBiIiQ ' BM; (8N)- 2i+X

GBKBi iBRQW,i Q7 i?2rQ" FBM K +?BM2 H2 "MBM; i2+?MB[m2b 7Q+mb2b QM QTi
Bb T B/iQr /b QTIiBKBXxBM; "2bQm +2bX
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h #H2 kXk
amKK v Q7 HBi2° im 2 bm p2v
amKK “v _2H i2/ qQ ' F "2M2}ib
*QKT 2bbBQM H,Q Bi?K (jd)_2/m+2/ LmK#2 Q7 /1 i MbKBbbBQMD
CQBMi P i?Q;QM HJ i+?BM[ SBVm™MBILBK#2 Q7/1 i MbKBbbBQMb- AKT Qp2/aiQ’ ;
S'Q+2bbBM; Q7 /i
*QKT 2bbBQRMQKT 2bbBp2 a2MbBM; (j3)| _2/m+2 .1 _ i2

gh *QKT 2bbBQM H;Q Bi?K (j)jm+2 6 K2 aBx2 GQr .2H v
Zm /7 iB+ *QKT 2bbBQM H;QCGRIPKN2Y)V *QMbmKTiBQMb

. i 6mbBQM . i 6mbBQM BM " L (N) 1z2+iBp2 LQBb2 6BHi2 ' BM;- ++m  i2 AM72[2M+2b
.1 6mbBQM J2+? MBbKb (9))_2/m+2/ 1M2 ;v *QMbmKTiBQMb- AM+" 2 b2/ L2irQ"F GB"
GQr.i _2/mM/ M+v

L2irQ ' F *QK@i +QKKmMB+ iBQM (98) 1M? M+2/ Zm HBiv Q7 a2 pB+2 a2+m Biv
KmMB+ iBQM

J2/B+ HAKTH Mia2 pB+2 (P&9Qr /1 12 M2irQ Fb
hQTQHQ,v | ai = " L (9d)(93) G2bb /2H v
JmHIB@2?QT " L (RR) GOr2M2 v tOMbmKTIiBOM

G2, KQIiBOM +H bbB}+ iBOM rG2bb iBHB H
M2m™ H M2irQ Fb (8e)

J +?BM2 >mK M +iBpBiv "2+Q;MBIiBQM2bb22H)M "2ii2° ++m  +v
G2 "MBM; ++2H2  iBQM M/ pBi HbB;M /i (83)
*Hmbi2 ' BM] G1 *> (eR)-alS(R9)- 2i+ AKT Qp2b 2M2 ;v miBHBx iBQM

kXjXeX *Hmbi2 ' BM; TT*HmM$22bBM; TT Q +?2b 2 +QMbB/2°2/ bQM2Q7i?2 2;
iQ KM ;2 2bQm +2b BM "2bQm +2@+QMbi®> BM2/ AQh TTHB+ iBQMbX AM +HmE
+Hmbi2 b rBi? 2 +? ? pBM; +Hmbi2" ?22 / U*>V iQ "2/m+2 i?2 +QMbmKTIiBQM Q7
i?Bb BM+Hm/2b /i ;;°2; iBQM ;m ~ Mi22BM; HQr +QKKmMB+ iBQM M/ biQ" ;2 +Q
7772, iBQM b+?2K2 BM+'2 bBM; 2M2 ;v 2{+B2M+v (Rj)- 2i+X h?2'2 ? b #22M HC(
7772, iIBQM T QiQ+QHb 7Q° "Q/v "2 L2irQ"Fbbm+? b GQr@1M2 ;v / TiBp2 *Hm
(eR)- Mv#Q/v (ek)- alS (R9)- 2i+X G1 *>Bb i?2 bBKTH2 +HmMbi2'BM; T'QiQ+QH I
# b2/ QM T '2@/2}M2/ T Q# #BHBiv r?BH2 i?72 Qi?2° MQ/2b DQBM i?2 +HQb2bi
; i?72°'BM; T'QiQ+QH Bb 6 Mv#Q/ve6 i? i mb2b +Hmbi2'BM; iQ "2/m+2 i?22 MmK#2" (
# b2 bi iBQMb (ek)X h?2°2? b#22M HQIi Q7 rQ'FBM" L "2bQm +2 K M ;2K2Mi pB
0K6 /p M+2/ MQ/2bBM iQi HQ7 6Md MQ/2b "2 T QpB/2/rBi? M //BiBQM H 2M2
bi #BHBivT2'BQ//m2iQ /p M+2/ MQ/2bX h?2/Bb /p Mi ;2BbbBM+2 /p M+2/ MQ/
i?722M2° ;v Q7 /p M+2/ MQ/2b #2+QK2b H2bb i? Mi?2 MQ 'K HMQ/2bX hQ Qp2 +Q
Q7 alsS ? p2 #22M BMi'Q/m+2/iQ +?B2p2 "'2bQm +2 b pBM;bi? Mi?2 i  /BiBQM H

GBKBi iBRM,2 ? b #22M rQ " F BM +HmMbi2'BM; TT Q +?2bBM AQh #mi KQbi Q7
LQ ii2MiBQM ? b #22M T B/ iQr /b Qi?2" "2bQm +2bX

h #H2 kXk ;Bp2b i?2 bmKK v Q7 #Qp2 /IBb+mbb2/ 2b2 "+?2 T T2 ' b BMi2 Kb Q7
+ iBQMb ;2iX M/ h #H2 kXj ;Bp2b i?2 bmKK v Q7 #Qp2 /Bb+mbb2/ T T2 ' b BM i2"|
i?72b2 T T2 b ? p2 //"2bb2/X Ai Bb 2pB/2Mi i? i MQM2 Q7 i?2 T T2 b ? p2 7Q+mb
bi* BMib b r?QH2 M/i?2°27Q 2-Bi;Bp2bmbi?2 KQiBp iBQMiQ /2bB;M- KQ/2H-
"Lbvbi2Ki? i +QmH/i F2ZBMIiQ ++QmMi KQ 2 Q7 i?2 "'2bQm +2 T ~ K2i2 bX

iX .2bB;M M/ JQ/2HBM; Q7 "Q/v 2 L2MBBbX " L bvbi2K r?22°2 T iB2Mi
2H/2 Hv r2 b AQh # b2/ #Q/v b2MbBM; MQ/2b U/2pB+2bV- i? i b2Mb2 K2/B+ H T
#HQQ/ T 2bbm 2- bm; " H2p2H- 2i+iQ +2Mi’ H 2/:2i? i BMi2:" i2b T iB2Miéb K2
/i iQi?2 +HQmM/ Q  # +F2M/ b2 p2'b 7Q" “2H i2/ /B ;MQbBbX 6B;m 2 jXR b?Qrb
Q7i?°22 H2p2Hb pBxX b2MbQ  H2p2H- 2/:2 H2p2H- M/ i?2 +HQm/ H2p2HX

i 1?2 #QiiQK H2p2H-i?2°2 "2 K Mv b2MbQ b bm+? b 1*:-11:-1J:-# 2 i?BM; b:
i?72 T2vbBQHQ;B+ H T~ K2i2'b Q7 T iB2Mi Q  2H/2 Hv i ?QK2X h?2b2 b2MbQ"
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Bi = fBig;Bst;disRig- r?2°2
By 2T 2b2Mib i?2 mMB[m2 A. Q7 #® /v b2MbBM; MQ/2-
By 2T 2b2Mib i?2 bi imb Q7 #QB{b2MbBM: MQ/2-
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Ei=W w;
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7 pQ° #H2 BM bK ‘i +Biv AQh TTHB+ iBQMbX
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#2122 b2i Q7 bi iIBQM v #Q/v b EM;EBM;EM®22B2M2i Q7 bi iBQM v 2/;2 MQ/2b bm-
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HbQ-i?2 "2bQm +2b Q7 2/:2 MQ/2 "2 bm{+B2Mi 7Q" bbQ+B i2/ #Q/v b2MbBM; M
R(Ej) = R(Bi1) + R(Bi2) + R(Biz)+ + R(Bin) Uuoaxsyv
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TTHB+ iBQMb "2 H2bb "2bQm +2@+QMbi> BM2/ #2+ mb2 i?2°2 Bb QMHv QM2@
T K2i2°'bbm+? bi?2 TQbBIiBQM Q7 MQ/2b-i?2 /Bbi M+2 Q7 MQ/2b- 2i+X
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2 ;725 12/1Q 7TQ'K T QlH2- r?B+? i?2M + M #2 Tmb?2/ iQ i?2 +HQmM/ 7Q° 7m
h?2 "2bQm +2 HHQ+ iBQM KQ/2H QTiBKBx2b i?2 mb2 Q7 "2bQm +2b BM bm+? "
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9XjX JQ#BH2 #Q/v b2MbBM; MQ/2b M/ bAMBQM TV BB2XBQMb rBi? KQ#BH2 #C
BM; MQ/2b M/ bi iBQM v 2/;2 MQ/2b-i?2 "2bQm +2 +QMbmKTiBQM Q++m'b i ?
b+2M "BQbX h?Bb Bb #2+ mb2 Q7 i?2 KQ#BH2 #2? pBQ Q7 #Q/vb2MbBM; MQ/2b
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b2MbQ'b M/ 2/;2rBHHp 'v M/i?2/Bbi M+2 KQM; #Q/vb2MbBM; MQ/2b rBHH Hb
Q7 #Q/v b2MbBM: MQ/2b "2 bbQ+B i2/rBi? bi iBQM "v2/:2 MQ/2X "mi b i?2 #0Q
HQ+ iBQMb- Mv " M/QK b2i Q7 #Q/v b2MbBM: MQ/2b 2 bbB:M2/iQ M 2/:2 MQ/
Q7 /Bbi M+2 #2ir22M M 2/:2 MQ/2 M/ #Q/v b2MbBM; MQ/2bX h?2 bBx2 Q7 i?2 +H
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9X9X JQ#BH2 #Q/v b2MbBM; MQAM MIHB+*2XBQMb ? pBM; KQ#BH2 MQ/2b- i?
#Q/v b2MbBM; MQ/2iQ i?2 2/;2 MQ/2b Bb /2MQi2/ b,
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BX2X- Mv #Q/v b2MbBM; MQ/2 + M #2 bbB;M2/iQ Mv 2/;2 MQ/2 /2T2M/BM; mTQNM
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(9j)EX GBM 1iAvHi2K .2bB;M M/ . i 6mbBQM BM "Q/v a2ZMVQ2H2KZBHBM2 M/ 1@>2 Hi? a2 pB+2b- ¢
M/ TTHB+ iBQMb, /p M+2K2Mib M/ TZp R@KIB2Mih :HQ# H- kyRkX

(99)XaX Hx ?° MB M/ EX HKO2B® K M+2 *QKT 'BbQM Q7 gq" L _Qm-iBM;k§RNEMIHOMi2'M iBQM H
*QM72'2M+2 QM *QKTmi2" TTHB+ iBQMb AM7Q K- BDMR@8mARIVIYUAYRHXV



8R9 aXw ?2QQ - _XLXJB"®

(98PXJIX 1iX-HI> S, / TiBp2 JMmHIB@>QT _QmiBM; S'QiQ+QH iQ AKT ' Qp2 L2iMgB @B2RBKR/TQ" Jn
"2 L2irQrKKyRNX

(9e EXuX u x/ M/QQbi M/ X EqE'MB2bb +QKKmMB+ iBQMb 7Q" #Q/v BKTHAMiRYKR/BB I® 52pB¥2
JB+'Qr p2 *QM72TIM+R@9- A111- kyydX

(9dCXaX UQQM--BiXSK®J *, S 22KTiBp2 bHQi HHQ+ iBQM M/ MQM@T 22KTiBp2&a BWhK@WbBDM 7Q" -
M2irQ-AK kyRy di? A111 +QMbmK2® +QKKmMB+ iBQMb M{ MRXrQ @ &8-MA 1+ 1AM K 2 RAyM + 2

(93X Pi H1liX-BHHM2 ;v@2{+B2M+v M HvbBb Q7 /Bbi'B#mi2/ [m2mBM; K2/BmBQK22Bb HQMBI ZHR2FbHQ
b2MbQ ™ M2irQ'Fb BM b im” iBQQAWbHQ RFRBIBY-MbT XRkdd@ RkNe- kyRRX

(9NOX EX S M/2v 1LiXTHHB+ #BHBiv Q7 ai m+im 2/ M/ IMbi'm+im 2/ *QKKmMB2NB® MMNEB?MB K2 BM
AM AMi2 M iBQM H *QM72°2M+2 QM J +?BM2 G2 "MBM;- AK ;2 S"Q+2aHBBRNM-IUBXrRRR @R kO Biv
aT'BM;2 - aBM; TQ 2- kykyX

(BYEX*X :Qm/ 1iX H@" b2/ AMi2HHB:;2Mi h> {+ J M ;2K2Mi h2+?MB[m2 7Q" qB 2H2bb "N AN a2MbC
Lim'2 AMbTB 2/ *QKTmiBM; 7Q" qB ' 2H2bbTa2M&@ d&irad MM ;2 - aBM; TQ 2- kyky

(8RIX *B+BQ/HM M/ X EEHW2Mv@2{+B2Mi M/ a.L@2M #H2/ "QmiBM; H;Q Bi?K 7Q-rByRHAMDD #Q/v 2
*QKKmMB+ iBQMbX- kykyX

(8kPX a H2K 1iRMHBM2 MQK Hv /2i2+iBQM BM rB 2H2bb #Q/v 2 M22rRQQAbBT QA BRI B GHH 2M? B 1Qi7 +
#BQK2/B+ H M/ ?2 Hi? BRIQTARXB8PR@R88R- kyR9X

(8j)aX ; 'rH M/ :X LX S M{aweJ # b2/ +QMi2ti r "2M2bb mbBM; #Q/v 2 b2MbQ® M2irQ'F 7Q " T2 p
KQMBiQ-/BW S Q+22/BM;b Q7 i?2 6B bi AMi2 "M iBQM H *QM72 2M +2 & Q AQRHH B/L 2 M A MBIR2/Bi|
-UTTX kdR@kd3V- kyRyX

(89) X G iB7 LiXMiHVXBM; 72 bB#BHBiv7Q  /2THQVBM; p2'v 7 bi /22BDBIGRM BM7«HQnY® ibbBbi2/ q"
AM AMi2°M iBQM H *QM72°2M+2 QM AMTIXHBER@MERQAKIAMiIBM ;2 - *? K- kyR9X

(88X q M; 1iX-H?mK M #Q/v TQbim'2 '2+Q;MBiBQM H;Q 'Bi?K # b2/ QNMB"SHE2Dm #B/M2i2Q M27IQ)" Fb
*2BM *QKKmMMB+ RBQMIXRN3@ky3- kyReX

(8e) XCX ZmBM®HMXB, S'Q;" Kb 7Q J +?BM2 G2 "MBM;-JQ ; M E m7K-NRMNaxXM J i2Q- *

(8dYX VvV MHM@1 /2K 162;HKQiBQM +H bbB}+ iBQM rBi? 'iB}+B H M2m" H M2irQ 2mbQivh;RMQ b +{2TH2 | @ ¢
bB;M-aDMbQRR- TTX RdkR Rd9j- kyRRX

(83PX.X G *2MiBM2H , ?mK M +iBpBiv '2+Q;MBiBQM bvbi2K # b2bBN AS2HR biB Q@# XM QRT HiX
3-dRd dkN- kyRkX

(8NEmMp2MBH2 .B #2i2b _2b2 “+?2 6QmM/ iBQM *QMIiBMMQmb-aim+ QbR HIMBIiG BM/QKBx2/ +HBMB +
i'B HiQ bb2bb i?2 2{+ +v Q7 "2 H@iBK2 +QMiBMmMQmb ;HM+QbQ KYMBIR /BML2BM | 22 IKK2 M+;2 |
/2bB;M M/ K2i?Q/bX .B #2i2b h2RPMIIMXHRZ@jkR- kyy3X

(eyGBm 1iX WMQp2H i mbi@# b2/ b2+m'2 /i ;;°2; iBQM 7Q ABIMAZIM2N iQ 7AMIBMIbBIBQM H *QM72 2M-
*QKTmi2' a+B2M+2 1/MFABRQMDIjN- kyRIX

(eRYX >2BMx2HK M-UIM2H;v@1{+B2Mi *QKKmMB+ iBQM S QiQ+QHb 7Q " qB 2-HOM IS IG+2Q/BMbQQ 7L 2
>r BB MAMiIi2°M iBQM H *QM72'2M+2 QK& &aMbi2KbyyyB2M+2

(ekhX qii2vM2 1i% Mv#Q/v, b2H7@Q ; MBx iBOM T QiQ+QH 70OM AQMQMZ BWARX'MMEBQM H +QM72 21
#Q/v 2 M2irQ'Fb U"Q/vL2ibV- 6HITR RR2R ikl ydX

(ej)SX :X oX L > MDQ 18@H2T, T QHQM: bi #H2 2H2+iBQM "QmiBM; H;Q ' Bi?K 7QQ 2ME2hV@HBXBi2/
rB’2H2bb b2MbQ -M2ArQQFb' M H Q7 amT2 +QKTmNMBMK; kp DHX dljjyd88- kyRdX

(e9)X 62KB 1iXMH1M? M+2/ ai #H2 1H2+iBQM S QiQ+QH 7Q" *HmbK2 2/ >2i2°Q;2M2Qmb qgal

1/Bi2/ #WM M/ L vv
_2+2Bpl2&, R8- kyky
++2TiZmH e- kyky



e
.. a+ H #H2 *QKTmiBM;, S° +iB+2 M/ 1tT2 B2M%idT, fAara X IRSTNX@DRde d -
Ukyky a*S1X 0OQHMK2 kR- Abbm2b j- TTX 8R8 89R- .PA RyXRkeN9,fb
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#bi® +iXbi?2 AQh Bb KQpBM; Qmi Q7 Bib2 “Hv bi ;2b-BiBb2K2 :BM; b M 2 Q7 7mim 2 BMi2 M2i

T /B;K KQM; +HQm/ b2 p2°b- 6Q; MQ/2b M/ AQh /2pB+2b 2 2bi #HBb?BM; KmHiIBH2p2H +QKKmMB
TH i7Q'K7Q AQh HQM;rBi? Qi?2 b2 pB+2bHBF2 M2irQ FBM;-biQ" ;2 M/ +QKTmiBM;X qBi?i?2i 2

i2°2 ib HbQ “Bb2X h?2b2 b2+m Biv? x /b + MMQi #2 [/ 2bb2/ #v K2 2 /2T2M/2M+2 QM +HQm/ KQ/?2
Qp2'pB2r Q7 b2+m Biv H M/b+ T2 Q7 6Q; +QKTmiBM;- +? HH2M;2b- M/- 2tBbiBM; bQHMIBQMbX g2 |
AQh-K Ti?2B" 2tBbiBM; bQHMIBQMb M/ 7m i?2 i #mH i2 6Q; M/ AQh b2+m Biv HQQT?QH2bX 6m i?2
/2+2Mi°> HBx2/ /Bbi'B#mi2/ i2+?MQHQ;v b QM2 Q7 i?2 bQHMIBQMb 7Q° mi?2MiB+ iBQM Bbbm2b B

Q7 "HQ+F+? BM i2+?MQHQ:v- rQ'F /QM2 BM i?Bb }2H/- Bib /QTiBQM BM *PoA.@RN };?2i M/ i #mH i2
i2+?MQHQ;vX iH bir2T 2b2Mii?2 *2HH h 22 “+?Bi2+im 2 b MQi?2 bQHmMIBQMiQ //°2bb bQK2 Q7
Bib /p Mi ;2b Qp2" "HQ+F+? BM i2+?MQHQ:v M/ i #mH i2/ bQK2 7mim 2 +Qm b2 iQ biB" bQK2 ii2KTi

E2vrQ ' /bXv#2 S?vbB+ Havbi2Kb U*SaV-AMi2"M2iQ7 h?BM;b UAQhV-*2"iB}+ iBQM mi?2Q "Biv U* \
USEAV- 1M/ mb2  UllV- ii'B#mi2 " b2/ 1M+ vTiBQM U "1V

Jabm#D2+i +H bbB}+ EBQRPXe3JRY

RX AMi"Q/m+dBBMX i vBM; iQ K22i Qm™ "2[mB ' 2K2Mib M/ T°'QpB/2 2 b2 M/ [/,
"QmiBM2 +iBpBiB2b /2pB+2b "2#2+QKBM; KQ 2 m#B[mBiQmbX HHi?2/2pB+2bt
?2Qmb2?QH/b- M/ bK i +Biv 7’ K2rQ'F "2 MQr BMi2 " HBMF2/ rBi? i?2 r2#X 6 QK i
i?72rvr2 /°'Bp2 M/ 2p2M ?Qrr2 ;2i2M2 ;v 7Q Qm ?Qmb2b-i?2 AQh Bb +? M;BM
"2 HBpBM; BMX b AQh Bb /p M+BM; rBi? iBK2- *v#2 @T?vbB+ H avbi2K U*SaV-
HBF2 K +?BM2b- T2QTH2- M/ i?BM;b "2 HBMF2/ BMiQ M BM7Q K iBQM xQM2 I
aQT?BbiB+ i2/ +?BTb i? i i° MbKBi p Hm #H2 /i "2 BKTH Mi2/ BM i?2 T?vbB+ H
+QKKQM AQhi?BM;b TH i7Q°K# BM;bmbp "B2/BM7Q K iBQMiQ;2i?2° M/ # BM;|
M/ TTHB+ iBQMbiQ +QKKmMMB+ i2rBi? QM2 MQi?2 X hQ /2+ 2 b2 H i2M+v #2irZ
T Q+2bbBM; bi ;2/m2iQi?2BM+°2 b2BMDbK i TTHB+ iBQMb M/ 2[mB 2K2Mib-
i?72 6Q; +QKTmiBM;X 6Q; +QKTmiBM; 7 +BHBi i2b bK i TTHB+ iBQMb iQ + “~"v Qr
r?B+? + M #2 brBi+?2b- "Qmi2 'b- Q" ; i2r vb-BM TH +2 Q7 b2M/BM; /i iQ *HQm/ |
/i ++2bb- M2irQ " FBM;- +QKTmi iBQM- M/ biQ" ;2 M/iQb+ H2i?2*HQmM/iQ i?2
#2+QK2b M2r T " /B;KQ7 /Bbi'B#mi2/ +QKTmiBM;X 6Q; +QKTmiBM; 2KTQr2 b |
2/;2 M/ HbQ Qz2'b rB/2  M;2Q7 TTHB+ iBQMb 7Q  AQh /2pB+2bX Ai HbQ # +F
r " 2M2bb- HQr H i2M+v- ?m;2 b+ H #BHBiv- M/ ;2Q@/Bbi B#miBQMX AM # B27-
KQ/2 "2iQ +m i BH i?2 /i pQHmK2 M/ i  {+iQ *HQm/ b2 p2°b- BKT ' Qp2 i?2 [m
[2+°2 b2 H i2M+v (N)X h?2i?'22@iB2° "+?Bi2+im 2 Bb QM2 Q7 i?2 7mM/ K2Mi H
6Q; +QKTmiBM; b BHHmbi® i2/ BM 6B;X RXRX h?2iB2°'b "2 /Bb+mbb2/ b 7QHHQ

hB2° R hB2 R +QMi BMb AQh@ /2pB+2b- 116b bK "i ? M/I@?2H/ /2pB+2b U2)
M/- i #H2ibV- b2MbQ  MQ/2b- 2i+X P7i2M- i?2b2 /2pB+2b "2 + HH2/ h2"
T'2bmK2/i? ii?2b2 hLb "2 "B;;2/ rBi? :HQ# HSQbBIiBQMBM; avbi2KX

hB2" k 6Q;,AM i?Bb H v2 - i?2 6Q; MQ/2b +QMbBbi Q7 M2irQ ' F /2pB+2b HB
M/ ++2bb SQBMib U SbVX *QHH #Q " iBp2Hv-i?2b2 6Q; MQ/2b ;2iiQ b? "2

2T TiK2Mi Q7 *QKTmi2® a+B2M+2 1M;BM22 BM;- LAhM2BMN Kny kT E/-RAMMB/IX BXM2i
Y.2T "iK2Mi Q7 *QKTmi2® a+B2M+2 1M;BM22°BM;- LAh abBM!MB4IC BEXMM/B U

8R8
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6B:X RAKR22@iB2° 6Q; +QKTmiBM; “+?Bi2+im 2 (Ry)X

biQ™ ;2X h?27Q; +QKTmiBM; Hv2 Bb MQi?2°" M K2 ;Bp2M iQ hB2" kX
hB2  j *HQm/, h?2 mTT2 H v2 - hB2  jBb i?2 H v2  r?2'2BM i?72 +QMp2MiBC
i *2Mi*2b U.*V "2bB/2X h?Bb iB2° ?QH/b /2[m i2 "2bQm +2b 7Q  biQ" ;2 1
Aidb BKKBM2Mi i? ip "BQmb b2+m Biv M/ T°'Bp +v Bbbm2b rBHH 2M/m~2 bmb
2ti2MbBQM Q7 i?2 *HQm/X g?BH2 +2°i BM 2tBbi2Mi bQHmMIiBQMb BM *HQm/ +QKT
b2+m Biv M/ T'Bp +vBM6Q; +QKTmiBM; br2HH-#mi #2+ mb2 Q7 KQ#BHBiv bmT
6Q; +QKTmiBM;- Bi Bb HBF2Hv iQ T ' 2b2Mi K Mv M2r b2+m 'Biv M/ T Bp +v +? HH?
Kv?KT2 i?2 / Ti #BHBiv Q7 6Q; +QKTmiBM; BMiQ i?72 AQhX h?2 /QK BM Q7 b2
Q7 6Q; +QKTmiBM; BM AQh Bb v2i BM Bib BM7 M+v M/ Bb QT2M 7Q" "2b2 "+?Xh?~
K F2?mK M HBp2b #2ii2° M/ i? " BpBM;- 2Bi?2" #v ?2HTBM; T2QTH2 K F2 #2ii2" +
T 2bbm 2- #2ii2° r2HH@#2BM; 7Q° BKT B 2/ BM/BpB/m Hb- H2bb "2T2iBiBp2 DQ
7 K2rQ F i? i TQbBiBp2Hv z2+i bQ+B2iv-i?2 2MpB QMK2Mi- M/ i?2 2+QMQKV (
M/ +QMbTB+mQmb Bbbm2b + K2 BMiQ HB;?i 7i2° "2+2Mi ii +Fb QM AQh ; /;2i
/172bb2/X Pp2° HH AQh a2+m Biv 2tT2M/Bim 2 Bb TT QtBK i2Hv 2tT2+i2/iQ "2
2biBK i2/ #v : "iM2 X A '2bT2+iBp2 Q7 i?2 +QMbBbi2Miv2 "@Qp2 @v2 " BM+ 2 [
b2+m Biv-: "iM2 T 2/B+ibi? ii?2 H “;2bi Q#bi m+iBQM iQ Bib ;"Qri? rBHH +QK2
BKTH2K2Mi iBQM Q7 b2+m Biv #2bi T° +iB+2b M/ iQQHb BM AQh BMBiB iBp2 TH
Q7 AQh b2+m Biv bT2M/BM; #v 3y T2 +2Mi (k)X b b2+m BM; AQh ? b Hr vb #22N
TT "2Mi i? i i?2°2 Bb "2[mB 2K2Mi 7Q° KQ'2 b2+m™ 2 K2 Mb Q7 +QKKmMB+ iBC
r2°2MQi +QM+2Mi" i2/iQ bi” B;?i7Q r "/Hv //"2bbi?2 M2+2bbBiB2b Q7 6Q; +QKT
K/2+QM+2 "MBM; K +?BM2@iQ@K +?BM2 +QKKmMB+ iBQMb (9) M/ bK i ;"B/b (
i?72 1/;2 Q7 M2irQ'Fb QM #B;;2° M/ KQ 2 2ti2MbBp2 b+ H2- 2tBbiBM; *HQm/ +Q
MQi bm{+B2Mi 7Q" 6Q; +QKTmiBM;X h?2 ? #Bi i Q7 6Q; /2pB+2b Bb +QM7 QMi2/
MQi T'2b2Mi BM i?2 r2HH@;Qp2 M2/ *HQm/ (8) AM 1/;2 +QKTmiBM;- bQK2 Q7 i?
"2 b?B7i2/ 7°QK *HQmM/ /i +2Mi2°b iQ i?2 2/;2 Q7 i?72 M2irQ ' F- r?B+? KB;?i ° B
b2+m Biv M/ T'Bp +v+QM+2 " MbX aT2+B}+ HHv- T'Bp +v T ' Qi2+iBQM M/ / i b2+
2/;2 +QKTmiBM;- r?B+? Bb Qm > bB;MB}+ Mi +QM+2"M (e)X AM/BpB/m HBM7Q K
T'Bp +v 'BbF B7 MQii F2M + "2 Q7 TT QT 'B i2HvX aQ b2+m 'BM; i?2 AMi2 " M2i
J M ;2K2Mi Q7 i?2/2pB+2b b?QmH/ HBF2rBb2 "2[mB 2 2{+B2Mi mi?2MiB+ iBQM i
T QHB72 iBQMX h?2°'27Q°2-7Q b 72;m /BM; i?2 mb2> M/ i?2 #mbBM2bb / i i



a2+m Biv *? HH2M:2b BM 6Q: M/ AQh- "HQ+F+? BM h2+?MQHQ:v M/ *2HH h8RAQHmMIBQ

5/

6B;X KR i : i2r v@G v2 2/ "+?Bi2+im 2 (R3)

BMMQp iBQMb Qm;?iiQ #2 /2bB;M2/ rBi? b2+m Biv BM KBM/X gBi? H v2'b Q7 b2+
/2Ti?6 TT° Q +? Bb "2[mB 2/X h?2 "2bi Q7 i?Bb T T2 Bb /BpB/2/ BMiQ 7Qm" b2+il
Q7p BQmbb2+m BivBbbm2b M/ +? HH2M;2b BM 6Q; M/ AQh 2MpB QMK2MibX a

/2+2Mi° HBx2/ i2+?MQHQ;v b QM2 Q7 i?2 bQHmMiBQMb- /Bb+mbb2b rQ'F /QM2
+? HH2M;2b BM "HQ+F+? BM h2+?MQHQ;v b r2HHX a2+iBQM 9- /Bb+mbb2b *2H
bvbi2Kb b MQi?2 " bQHmMiBQM M/ ?B;?HB;?ib Bib /p Mi ;2b Qp2°  "HQ+M+? BM h?2
a2+iBQM 8 Qz2'b M QMIiHQQF iQr /b 7mim 2 /2p2HQTK2MiX

kX _2H i2/ gQJIEX KK / x K2iX HX (R3)B/2MiB}2/aK "i@: i2r v@# b2/ +QKK
6Q; +QKTmiBM;- i?72 K BM KQiBp2 7Q" i?2 /2bB;M Q7 i?Bb 7° K2rQ"F Bb 7Q" bK
2/Im+BM; i?2r2B;?2i QM *HQm/X Ai HbQ b2 p2b iQ KBiB; i2i?2 +QKKmMB+ iBQM
/2H v@b2MbBiBp2 TTHB+ iBQMb BM 6Q; +QKTmiBM;- i?2 #Qp2 TT ' Q +? K F2b
2 H@iBK2X HbQ-i?Bb i2+?MQHQ;vrBHH K F2 Bi mM+QKTHB+ i2/7Q  i?2 *HQm
h?Bb T2 +2TiBQM Q7 AQh-6Q; +QKTmiBM;- M/ bK i +QKKmMB+ iBQM rBi? aK ~i
Q7 b2 pB+2bX 6B;m 2 kXR /2TB+ib i?2B" +QM+2TiX
J;2/> K/ A#  ?BK 2iX HX (8) BM i?2B T T2  B/2MiB}2/ M 2{+B2Mi M/ b2+m
i?72 Dm Bb/B+iBQM Q7 *HQm/ b2 ' pB+2 T°QpB/2° HHQrb Mv 6Q; mb2° BM Mv MQ/
Qi?2° 6Q; a2 'p2 X h?2B  /2bB;M /Q2b MQi M22/ 6Q; mb2 iQ #2 bbBKBH i2/ BM
SEAX .m BM;i?2 2;Bbi” iBQMT? b2-i?26Q; mb2 BbM22/2/iQbiQ 2 K bi2"b2+"
i? i Bb+QMi QHH2/ #vi?2 *HQm/ b2 pB+2 T QpB/2 " rBHH Kmim HHv mi?2MiB+ i2
T QiQ+QH +QKT ' Bb2bi?°22 bi ;2b, U VAMBIB HBx iBQM T? b2-U#V _2;Bbi’ iBQ
A7 Mv Q7 i?2 6Q; b2'p2°'b "2 +QKT QKBb2/ M/ /2T  p2/ #v M ii +F2 - i?2B"
+QmMi2 K2 bm 2bX h?2 K bi2° b2+°2i F2v rBi? H ;2 2MQm;? #Bi@H2M;i? Q7 i?2
# mi2 7Q +2 2p2M B7 HH i?2 6Q; b2'p2'b "2 +QKT QKBb2/- M/ i?2°27Q 2-i?2"
Mv "2@ 2;Bbi° iBQM Q" "2@BMBIiB HBx iBQM Q7 M2r K bi2°> F2vX HbQ- QM+2
Kmim H mi?2MiB+ iBQM rBi? Mv 6Q; b2 p2  i? i DQBMb 6Q; rBi?Qmii?2 "2[mB
M/ i?2°2 Bb MQ 2ti° Qp2°?2 / QM i?2 mb2 '6b bB/2X >Qr2p2 - i?Bb 7" K2rQ F /Q:
M/ i? iBb K DQ / r# +FX h?2 B/2MiBiv Q7 i?2 6Q; mb2® Bb ~ ;> MiHv i® MbKBi
mi?2MiB+ iBQM T? b2X
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hQ 2M? M+2 i?2 2z2+iBp2M2bb M/ +QKT2i2M+v Q7 +27iB}+ i2 "2pQ+ iBQM /B
or H> r Bb- 2iX HX (R8) /2b+ B#2b b+?2K2 BM 6Q; +QKTmiBM;X h?2B " b+?
*2'iB}+ iBQM mi?Q Biv U* V- AQh /2pB+2b- M/ # +F@2M/ +HQmM/X h?2 T QT

+2°iB}+ i2 "2pQ+ iBQMBM7Q K iBQM /Bbi'B#miBQM TT Q +?X h?2vmb2/ #HQQ
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BM *HQmM/@# b2/ AQhX

p BQmbBbbm2b BM T Bp +v M/ b2+m ' BivBMi?26Q; +QKTmiBM;X h #H2 kXj bmK
Bbbm2bi? i "2 QT2M iQ "2b2 "+?X

AM i?Bb "iB+H2- umM;mQ :m M 2iX HX (ke) ? p2 bmKK "Bx2/i?2 K BM +? HI
M/ b2+m Biv +? HH2M;2b BM 6Q; +QKTmiBM; M/ B/2MiB}2/ p "'BQmb TT 2?2Mb
K2i?7Q/bBM *HQmM/ +QKTmiBM; + MMQi #2 H2;BiBK i2Hv / Ti2/ BM 6Q; +QKTmiBM
M/ a2+m 'Biv M22/b BM 6Q; +QKTmiBM; b /Bb+mbb2/BM i?Bb "iB+H2X

HB JQ? KK /a ;?B'B 2iX HX (kd) BMi?2B " T T2  T°'QTQb2/ b+?2K27Q i?2 .
"HQ+F+? BMi2+?MQHQ;v M/ +Q;MBiBp2 bvbi2KbX AMi?2B b+?2K2-i?2bi imb Q7
Hv2'VBb/2i2+i2/ #v i?2 +Q;MBiBp2 2M;BM2 Q7 i?2 +Q;MBiBp2 T Q+2bb H v2 X C
+QMi° +ib Bb i'B;;2 2/ #v i?2 +Q;MBiBp2 2M;BM2 r?2M Bi QT2 i2b QM +im iQ"b
77 K2rQ ' F- mbBM; T22 @iQ@T22 +QKKmMB+ iBQM T 'QiQ+QHb b2p2° H +°vTiQ -
T VvK2Mi T°Q+2bbX 6Q° 7mim 2 "2b2 "+?-i?2 i2+?MQHQ;B2b Q7 i?2 q2# Q7 h?BM;
b+?2K2X

AM MQi?2 T T2 -JQ? KK/ Hb?2?'B 2iX HX (Rd) ? b bm;;2bi2/ M2r +2Mi"
b+?2K2 7Q° AQhX 6Q  i?2 AQh h"mbi J M ;2K2Mi b+?2K2-i?2 KQbi BKTQ i Mi +?
i?72 amT2 LQ/2 UaLV-r?B+? Bbi?2 K BMi mbiK M ;2°X h?2v ? p2 2tTHQ 2/ i?2t
SAKQ/mH2- M/ _2TQbBiQ'v M/ *QKKmMB+ iBQM JQ/mH2X h?2v ? p2 BHHmbi ™ |
i?72/2bB;MrQ Fb 2z2+iBp2HviQ BM+Q TQ  i2i ' mbi BM AQh +QKKmMB+ iBQMX E°
b2+m Biv Bbbm2b BM i?°22 ivT2b, GQr@H2p2H b2+m Biv Bbbm2b- AMi2 ' K2/B i2}
BM 6B;XkXjX

Mv irQT "iB2b +QKKmMB+ iBM; rBi? 2 +? Qi?2° "2[mB 2 mi?2MiB+ iBQM #2ir
MB+ iBQM BM AQhX h?2 /2pB+2b Kmbi #2 mi?2MiB+ i2/ 7Q T 'iB+mH ~ ++2bb i
mi?2MiB+ iBQM b+?2K2b 7Q° AQhX h?2b2 b+?2K2b ? p2 /BbiBM+i ?22i2°Q;2M2Qm
"QMK2Mib r?B+? # +F AQh /2pB+2bX h?mb /2}MBM; bi M/ '/ mi?2MiB+ iBQM K2-
T°QpB/2 ++2bb "B;?ib M/ BM7Q K iBQMiQ i?2 mi?Q Bx2/ QM2b-i?2 mi?Q Bx il

av2/ _ K22K w ?° M/ JQ? KK/ ?b M *?Bb?iB (Rk3) BM i?2B T T2 i #mH i2/



8kk L22H Ka H22K E? M-JQ? KK/ ?b M *?Bb?iB

h #H2 kXj
PT2M _2b2 “+? *? HH2M;2b BM 6Q; S'Bp +v M/ a2+m Biv
Abbm2 PT2ZM [m2biBQMb M/ _2b2 +7? +? HH2M,2b
AM 6Q;L2i-1 mbi 2H iBQMDb Kmbi #2 #mBH| #v 1?2 60, MQ/2b rBi? i?2 /2pB+2b

b2 pB+2bX //BiBQM HHv- 6Q: MQ/2b i? i ‘2 [2HB; i2/ rBi? /i M/ T Q+2bbBM; °
/2pB+2b ‘2 “2[mB 2/ iQ +'2 i2 "2HB #H2 BMi2' +iBQMb rBi? i?2 6Q: MQ/2bX AN
+2 HH2M;2 K F2b i?2 /2p2HQTK2Mi Q7 i?2 i'mbi KQ/2H M BKTQ i Mii pFX

hQ bmTTQ | +OMI2{i@ r "2 b2 pB+2 HO+ iBOM- 122 26Qm +2b Q7 IM] Ib2 6b U1
#2ir22M Qi?2° iQTQ;  T?B+ HHv M2B;?#Q BM; /2pB+2b- H ;2 pQHmMK2 Q7 /i

. o | mii?2 11 M22/iQ #2 2Mbm 2/ BM 2B:?Hv b2+m 2 K MM2 X AM i?Bb| TH i7Q K-
S Bp +vS2b27p '%?Pn?ﬂ? b B/2MiBiv M/ HQ+ iBQM Q7 i?2 6Q; MQ/2b + M #2 2 bBHv “2p® H2/ /m2 i
UJAhJV ii +FX h?2°27Q°2- iQ BKTH2K2Mi B/2MiBiv M/ HQ+ iBQM T[Bp +v 7Q"
7Q KB/ #H2 +QM+2°MX

h>mbi

6Q /i ;;72;i2/7°QK 2bQm +2@+QMbi° BM2//2pB+2b-6Q; MQ/2b +i|b+QMi QH
TQBMib-i?2°27Q°2i?2 Bbbm2 Q7 mi?2MiB+ iBQM Bb QM2 Q7 i?2 bB;MB}+ MirQ""
mi?2MiB+ iBQM| i?Rb2p2° HH2p2H Q7 ; i2r vbX >2M+2-J DQ  +? HH2M;2b 7Q  6Q; +QKTmiBM ; @ # |
E2v ;'22K2Mi Ub@_ LbV "2i?2 mi?2MiB+ iBQM M/ F2v ;'22K2Mi T°QiQ+QHb M/ i?2v Qm;?i iQ
7mim 2X HbQ-iQ B/}M2@; BM2/ ++2bb +QMi " QH- mb2 " @H2p2H F2y K M ;2K2N\
BM 6Q; biQ" ;27 K2rQ'F Bb p2'v+ m+B Hi bFX

AMi mbBQM .2 2wiBQ@MBb M22/iQ/2THQV M2/;2 AMi mbBOM .2/2+iBOM avbi2Ki? i+ M BMi2;" i2i
avbi2Kb +QKTQM2Mib i? i rBHH #2 /BbT2 b2/ BMbB/2 i?2 6Q; M2irQ F (k8)X

b+’72K2 b?QmH/ #2 /2bB;M2/iQ mi?2MiB+ i2 i?2 1lb iQ i?2 M2r 6Q; MQ/2 M/ i?z
Kmbi#z T'2b2'p2/r?2M2p2° 6Q; MQ/2r MibiQ 2tBii?26Q;H v2'X h?22°° M/B
KTH2tB|v@# b2/ mi?2MiB+ iBQM #2ir22M 6Q; MQ/2 M/ 11 Bb + m+B H i bF Bl

M2|rQ FX h?2 bvbi2K b?QmH/ #2 #H2iQ }M/i?2 mb2 b rBi?i?2B " "2 HB/2MiBiv QN
"2+Q;MBx2/ #v i?2 *HQm/ b2 pB+2 T'QpB/2°X HbQ iQ T'2b2'p2i?2 MQOMVKBiv Q7

VM KB+ CQBM
G2 p2 6Q; LQ/2

GQQbebQ@zﬁb/§+AbbW6 PYo+F Qz +Qbb@#Q /2" H2:BbH iBOM Bbbm2b BM 6Q: +QKTmiBM:|Bb M 2bb:

h #H2 kX9
S'Bp +v M/ b2+m Biv '2[mB'2K2Mib BM 6Q; +QKTmiBM; (ke)

. i b2'pB+2b.Bz2 2Mi 7 QK *HQm/ +QKTmiBM; S'Bp +v M/ b2+m Biv 2[mB 2K2Mib

AMi2; Biv p2 B}+ iBQM
q?2M T Q+2bbBM; Bb +QKTH2i2/ #v i?2 6Q; H y2 - i?2 /Sm#QBM2KiBiBM;

aiQ” ;2 FBHH #2 Hi2'2/ M/ mM 2+Q:MBx2/iQ i?2/ i QrM2'X JBMBKmK Qp2°?22 /

.WM KB+ bmTTQ" i
. 712" 122 6Q; H v2' T°Q+2bb2b i?2 /i - ++2bb 1QMi QH 877 g X iIBQM "2pQr iBQM

a? BM; 'BHH #2 Hi2 2/X +2b {+BZM+v

6BM2@ ;" BM2/ ++2bb +QMi QH
. . . "2 b2 "+? #BHB|v
2?2 . 2 - 2
22y 7i2° 122 6Q: H v2 T Q+2bb2b i?2 /i - i?2 F2vfQ /b Q7% 22l obmH

rBHH #2 Hi2 2/X VM KB+b bmTTQ i

h?2 bbQ+B iBQM KQM: i?22 /i M/+QKTmiBM;7mM+|é’ékﬂ/§ Q7 QmiTmib

AN S AN ; . |v Q7 BMTmib
? : 2
Hi2 2/ 7i2°i?26Q; H v2 T°'Q+2bb2bi?2 /i X QmiTmib M/+QKTmi3M;ibe

*QKTmi iBQM

gaLdb M/ AQh 72 im 2bX h?2B" "2pB2r HbQ ?B;?HB;?ibp BQmbAQh TTHB+ iBCQC
aK i +Biv- aK i ?2 Hi?-aK "i#mBH/BM;- aK "ii° MbTQ i M/ aK i BM/mbi'vX h?2
iQ //°2bb b2+m 'Biv Bbbm2b BM AQh 2MpB " QMK2Mi- gqaLdb Q" Qi?2° /@?Q+ M2ir
h?2°27Q°2 KQ 2T +iB+ H M/ 2{+B2Mi bQHmMIiBQMb 2 M22/2/iQ //'2bb i?2b2 bz



a2+m Biv *? HH2M;2b BM 6Q; M/ AQh- "HQ+F+? BM h2+?MQHQ;v M/ *2HH h8&j aQHmiBQ

Types of security Issues

L3 1

CoAP Security with

" ot —
Insecure physical Internet

interface Replay or duplication
attacks due to
fragmentation

Insecure
interfaces
Insecure neighbor
discovery
Insecure software/
-

= SlEER Deprivation Attack firmware

s  Middle security

Insecure Initialization and

fantigUration Sinkhole and wormhole

attacks

Session establishment
and resumption

Transport level end-to-end
Security

_

Authentication and secure

communication

6B;X RK?° 22 + i2;Q B2b Q7 b2+m Biv Bbbm2b (kN)X

KXRX mi?2MiB+ iBQM AbthmBlb BM AQWK;?HB;?ib b2p2° H mi?2MiB+ iBQM Bbb
T QTQb2/ +QmMi2 K2 bm 2b #v /Bz2 2Mi "2b2 “+?22 bX

A mi?2MiB+ iBQM M/ a2+m 2 *QKKmMB+ iBQM

AKTHB+ iBQMb,
IbBM; E2vJ M ;2K2Mi avbi2Kb mb2'b M/ /2pB+2b BM AQh M22/iQ #2 mi?2M

# Mvr2 FQT2MBM; BMb2+m ™ Biv/2bB;MQ ?m;2#m /2M Q7 +QKKmMB+ iBQM |
iQ K MvpmHM2® #BHBIiIB2b (jy)(jR)(jk)X

+ h?2 Qp2°'?2 / Q7 . i ;" Kh> MbTQ'i G v2  a2+m Biv U.hGaV M22/biQ #2 "2/m
/2pB+2bX

/ hQ2Mbm 2 b2+m Biv-+"'vTiQ; T?B+i2+?MB[m2b "2 mb2/X h?2b2 K2+? MBbK
br2HH b i?2 2{+B2M+v Q7 Qi?2  "2bQm +2b (jj)(j9)X

S'QTQb2/ aQHMIBQMb,

R *QKT 2bb2/ >(9k) M/ 1aS(9j)



8k9 L22H Ka H22K E? M-JQ? KK/ ?b M *?Bb?iB

k a> R (Nk) H;Q Bi?Ki F2b H2bb iBK2 M/ 2M2 ;v KQM; /Bz2 2Mi 2M+ vTiBQNM

j *QKT 2bb2/ASb2+7Q° M2M/iQ2M/ b2 "+?2 #v _ x (jR-99-98)X mi?Q b mb2
b2+m ' Biv mbBM; ASb2+

9 .BbiBM+i p2°bBQMb Q7 a> R M/ la "2 BKTH2K2Mi2/ #v (9e) 7Q° 2M+"vTiBQ

8 hSJUh mbi2/ SH i7Q K KQ/mH2V mbBM; _a (9d- 93- 9N)

e mi?2MiB+ iBQM rBi? 7mxxv 2ti° +iQ" (8y)

d h?2 T°QTQb2/ /2bB;M #v mi?Q b BM >2Mx2 2iX HX (8k) HHQrb 7Q  i?2 +QNM
+2Mi° HHQ+ iBQM-i?mb b 72;m "/BM; i?2 AQh M2irQ F 7 QK /Bbi ' mbi7mH -

3 M mi?2MiB+ iBQM b+?2K2i? i ?2 bb2+m 2T +F2i7Q'r "/BM;-/2bB;M2/ i Q
M/ B/2MiBiv QM +HQm/@# b2/ AQh Bb ;Bp2M #v w?Qm 2iX HX (8j)X

N hQ b2+m 2/ i +QKKmMB+ iBQM #2ir22M AQh /2pB+2b- TH i7TQ 'K BM i?2 a.
HX (89)X

AA h> MbTQ'i H2p2H 2M/@iQ@2M/ b2+m Biv

AKTHB+ iBQMb,
Aib K BM ;Q HBbiQ /2pBb2 b2+m 2 b+?2K2i? i 2Mbm 2b i?2 +Q "2+i /2biBI
i?72 b2M/2° MQ/2 "2HB #Hv (j8-je)X

# hQ 2bi #HBb? K2bb ;2 +QKKmMB+ iBQM BM + vTiQ;  T?B+ HHv b2+m ' 27Q"
K BMi BMBM; i?2 H2 bi Qp2°?2 /- +QKT'2?2MbBp2 mi?2MiB+ jiBAM K2+? M

S’ QTQb2/ aQHMIBQMb,

R " +?K MM 2iX HX (j8)bm;;2bi2/hGa@SaE-7Q " 2M/@iQ@2M/b2+m Biv-r?B
#2ir22M >hhS M/ *Q SX

k hQ HHQr M2:QiB iBQM Q7 b2bbBQM F2vb- M 2ti2MbBQM Q7 .hGa rBi? MQM-

j 6Q°  hGa- mbBM; i?2 eGPgS L #Q /2" "Qmi2 UeG"_V /2bB;M i2/ mi?2MiB+ i
#v > MD H 2iX HX (je)- r?B+? T'2+Hm/2b i?2 T +F2ib- QT2  i2b QM Bi iQ
mi?2MiB+ iBQM +QKTmi iBQM- M/ i?2M 7Q°r /b T +F2ib X

9 6Q eGQgS LBM imMM2H M/ i° MbTQ i KQ/2b-i?2 mi?Q b BM (jy) T2 7Q K2
Q7i?2mb2 Q7 > M/ 1aS +QKT 2bbBQM ?2 /2  b2+m ' BivmiBHBxBM; laf**]J
Hv2 M/ M bbmK2/ TTHB+ iBQM b2+m Biv T Q}H2X

8 M "+?Bi2+im'2 +QBM2/ "HBMFhQa*Q S 7Q°  BKTH2K2MiBM; 2M/@iQ@2M/ b:

e M TT ' Q +? BKTH2K2MiBM; ?2 /2" +QKT 2bbBQM 7Q  i?2 eGPgqS LT QiQ+Ql
?2 / Bbbm;;2bi2/ #v aBMi? M 2i HX (j9) M/ _ x 2i HX (8R)X

d o BQmb 2?2 /2" +QKT 2bbBQM b+?22K2b ? p2 #22M bm;;2bi2/ 7Q°  BKTH2K2Mi
b2+m Biv (8e)X

3 M BKT Qp2/ p2 bBQM Q7 .hGa BMi2;  iBM; ?2 /2> +QKT 2bbBQM Bb bm;;2b
b2+m BM; AQhX

N HB;?ir2B;?i/2bB;M Q7 AMi2 "M2i E2v 1t+? M;2 UAE1V /2bB;M2/iQ "27Q K F:
Bb bm;;2bi2/ #v a? ?B/ 2iX HX (j3)X

AAA AMb2+m 2 L2B;?#Q .Bb+Qp2 v

AKTHB+ iBQMb,
AM AQh "+?Bi2+im 2- 2p2°v /2pB+2 M22/b iQ #2 B/2MiB}2/ bQH2HvX hQ 2Mb

i F2b TH +2i? i M22/b iQ #2 b2+m 2 iQ bbm 2i? i/ i i’ MbKBii2/ BM 2M/@iC
/2pB+2V "2 +22b i?2 T°QT2 /2biBM iBQMX
# "27Q°2/ i i° MOKBbbBQM-i?2M2B;?#Q  /Bb+Qp2'vT? b2T2'7Q Kbp "BQmb

M/ //°2bb "2bQHMIBQM (jN)X
+ L2B;?#Q  .Bb+Qp2'vT +F2ibK v? p2b2'BQmb +QMb2[m2M+2b rBi?Qmi T QT
/I2MB H@Q7@b2 pB+2 (kN)X
S’QTQb2/ aQHmMIBQMb,
R X 2i HX (JN) T'QTQb2 b2+m Biv b+?2K2 rBi? KQ/mH2b 7Q" F2v ;2M2" il
+'vTiBQM- M/ b2+m 2 M2B;?#Q  /IBb+Qp2 vX



a2+m Biv *? HH2M:2b BM 6Q: M/ AQh- "HQ+F+? BM h2+?MQHQ:v M/ *2HH h8408aQHmiBQ

k 1** Bb mb2/iQ b2+m 2 M2B;?#Q  /Bb+Qp2 v (8d)X
Ao JB//H2r "2 a2+m Biv

AKTHB+ iBQMb,
h?2 AQh KB//H2r "2 /2p2HQT2/iQ 2t+? M;2 +QKKmMB+ iBQM #2ir22M ?22i2 (
"+?Bi2+im 2 Kmbi #2 p2'vb2+m 2 7Q  i?2 T°QpBbBQM Q7 b2 pB+2b (kN) X
# hQ T'QpB/2 b2+m 2 +QKKmMB+ iBQM KQM; ?22i2°Q;2M2Qmb 2MiBiB2b /Bbi
mbBM; KB//H2r "2 2 "2[mB 2/iQ #2 BKTH2K2Mi2/ (9y)(9R)X

S'QTQb2/ aQHMIBQMb,

R hQ b2+m 2 /Bbi'B#mi2/ TTHB+ iBQMb QT2 iBM; BM M AQh 2MpB QMK2Mi-
#V *QMXQM (9y) BKTH2K2Mib 2M+ vTiBQM M/ mi?2MiB+ iBQMX

k b2K MiB+7 K2rQ'F+ HH2/PibQT +F(83)rQ ' Fb b KB//H2r "2 M/ mb2b ha* |
7Q° BMi2® +iBQM #2ir22M TTHB+ iBQMb M/ M QT2M@A. # b2/ b2+m Biv K2

i *QKKmMB+ iBQM #2ir22M ?22i2°Q;2M2Qmb AQh 2MpB " QMK2Mib Bb T°QTQb2/
b2'p2 i? i? b/ i }Hi2"BM; + T #BHBiv (9R)X

9 bi M/ /7 K2rQ ' FrBi? /IBbiBM+iBp2 Hv2 b Q7 b2+m Biv Bb bm;;2bi2/ 7Q"
(ey)X

8 PT2M mi?2MiB+ iBQM M/ 1M/@iQ@2M/ b2+m Biv TT Q +?2b "2 BKTH2K2N
;2bi2/ #v 62 2B 2i HX (8N)X

o hKT2'BM: M/J HB+BQmb *Q/2 AMD2+iBQM

AKTHB+ iBQMb,

M ii +F2 K vT?vbB+ HHv KQ/B7v M AQh /2pB+2 Q"  +QKKmMB+ iBQM HBMF.

# M ii +tF2° + M +QKT ' QKBb2 T?vbB+ H/2pB+2 M/ BMD2+i K HB+BQmb +Q/:

S'QTQb2/ aQHMiIBQMb,

R Kmim H mi?2MiB+ iBQM T QiQ+QHi? iBb/2T2M/b mTQM S?vbB+ HHv IM+}
BM; mMmTQM i?2 T?vbB+ HKB+ ' Qbi m+im 2 Q7 /2pB+2-i?2 mi?2MiB+ iBQM i F
K2+? MBbKX h?mb +HQMBM; i?2 2t +ib K2bi'm+im 2 #v Hi2 'BM; SI6 Bb BKT
i KT2'BM; br2HH b K HB+BQmb +Q/2 BMD2+iBQM (Rye)X

OA 6 F2LQ/2 AMD2+iBQM M/ aB/2 *? MM2H ii +F

AKTHB+ iBQMb,

AM Q' /2 iQ +QMi'QH ~Qr Q7 / i #2ir22MirQ MQ/2b- M ii +F2  + M/ QT K
mi?Q Bx2/ MQ/2b Q7 i?2 M2irQ FX h?Bb ii +F Bb + HH2/ 7 F2 MQ/2 BMD2+]l

# PM2Q7i?2 ii +Fb BM bB/2 +? MM2H ii +Fr?2°2BM M ii +F2° +QHH2+ib i?2
i72b2 F2vb iQ 2M+ vTif/2+ vTi/ i (Ry9)X

S'QTQb2/ aQHMIBQMb,

R BK2/ 7Q qalLéb SQ > K# ;2 2iX HX (Ryd) T'QTQDb2/ 6T2p bBp2 mi?2MiB+
S Mi?E2v Q#i BM2/ +2 iB}+ i2b 7°QK *Hmbi2 >2 /U*>V M/i?2MBM+Q TQ"  iZ
2M/ mb2'b M/ b2MbQ  MQ/2bX h?Bb b+?2K2 bm++2bb7mHHv 2HBKBM i2b 6 F
M HvbBb ii +Fb + mb2 bB/2 +?2 MM2H ii +FX

k AM#mBHi p2 B} #BHBivQ7 S mi?E2v HQM; rBi? T?vbB+ HKB+ Q bi'm+im 2 2

i HB;?ir2B;?i 2M+ vTiBQM H;Q Bi?K HQM; rBi? K bFBM; i2+?MB[m2 + M 2HB!|

oAA h” {+ M HvbBb-_6A.aTQQ}I}M; M/ _6A.IM mi?Q Bx2/ ++2bb

AKTHB+ iBQMb,
AM M ii2KTiiQ Q#i BM M2irQ ' FBM7Q K iBQM- M ii +F2  bMBzb i?2 +QM}/2
AQh /2pB+2b (Ry9)X

# AM7Q K iBQM Bb BKT ' BMi2/ QM i?2 _6A. i ; (Ry8)X h?2 ii +F2" }'bi ;2ib +-
bTQQ}M; M _6A.bB:M H M/i?2M mb2b i?2 Q B;BM Hi ; A/l- b2M/b Bib BM7Q"
h?Bb 2MiB 2 T°Q+2bb Bb + HH2/ _6A. bTQQ}M;X



8ke L22H Ka H22K E? M-JQ? KK/ ?b M *?Bb?iB

+ .1 S'2b2Mi QM _6A. MQ/2b + M#2 "2 /- /2H2i2/ Q" KQ/B}2/ #vi?2 ii +F2  /m.
iB+ iBQM b+?2K2b H2 /BM; iQ 6A. mi?Q Bx2/ ++2bb (Ry9)X

S'QTQb2/ aQHMIBQMb,

R hQ T 'Qi2+i AQh /2pB+2b ; BMbii® {+ M HvbBb GBm 2iX HX GBm 2iX HX (R
T 2b2 pBM; i” {+ Q#7mb+ iBQM U1SA*V K2+? MBbKX
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#BiX 1i?2°2mK "HQ+F+? BMr b +°2 i2/ rBi? /2+2Mi° HBx2/ TTHB+ iBQMb BM KB
kyR8 #v oBi HBF "mHi2 ' BMX AiBbi?2rQ H/6b T Q; KK #H2 "HQ+F+? BMX 1i?2°2
Q7 BMi2°M2ir?2°2BV T vkK2Mib M/ KQM2v "2 BM#mBHiIi BBV +HB2Mib + M QrM i?
vQm Q  bTvQMvQm BBBY M QT2M }M M+B H bvbi2K #2+QK2b ++2bbBEMH22iQ 2p2
+QMi"QHH2" M/ Bb #mBHi QM M2mi®> H- QT2M ++2bb BM7  bi'm+im '2X h?2 62i?
i?72 1i?72°2mKX 6B;XjXR BHHmbi™ i2b i?2rQ " FBM; Q7 1i?2 2mK "HQ+F+? BMX
h?2 1i?2°2mK i° Mb +iBQM ? b +QmTH2 Q7 T ° K2i2'b b b?QrM BM i?2 6B;X j
"2 HBxBM; i?2bi"2M;i? Q7 1i?2°2mK "HQ+F+? BM 2 b 7QHHQTrb,
Alb2  b2M/bi?2 1i?2 " 2mKhBMNMOKiBQGM2i Ub v K2i K bFVX
AA h?2mb2  ? b T Bpr?BF2WBb jk #vi2b HQM; M/ Bb ~ M/QKBx2/-e9@?2t +? = +
F2vb + M #2 ;2M2" i2/ i1i?2 mb2" 2M/ #v mbBM; b 72 M/QKBx2 X
AARX Bb b2Mii?"Qm;? 7mM+iBQM*r2B+@ BHhHBHRHB2/ +m p2 /B;Bi HbB;M im 2 H;(
TMmM+iBQM T Q/m+3BFTmB#IPBbREIVAVIZD HQM ;X 1*.a ? BA+ QIIL2iv’i2 i2/ 7°QK
S"#mB + MMQi #2 + 2 iSFUT@K?Qmi i'vBM; HH +QK#BM iBQMbVX h?Bb Bb bi"
Ao * 2 02 ? b? GBFH#A2ZMbBMER*2 F@? b? MB/FIVF2 H bi ky #vi2zb Q7TN@ XKEKRX -
h?Bb rOQmH/ #2 i?2 1i?2°2mK ++QmMi U7 QK }2H/ Q7 i?2 i Mb +iBQMVX
o hBBb bB;M3&/f%W?2 QmiTmi rBHH #2 bB;MBKi~ Mb +iBQM
0AhBb'2 "'mM i?"Qmi1? i22Pol1_ 7mM+iBQMX h?2 Qn3FnM/rBPRHLE?2 " 2mK ++QmMi
U7 QK }2H/ Q7 i?2i° Mb +iBQMVX
h?Bb rBHH K F2bm 2i? ii?21i?2°2mKi° Mb +iBQM Bb mi?2MiB+X Ai+ M #2 K
rbmb2/ BMi?2 067 QK& }2H/ Q7 i?2i° Mb +iBQM Bb i?2b K2 ++QmMii? i? bi?2n
mb2/iQ bB;Mi?2i> Mb +iBQM M/ +°2 i2i?2i° Mb +iBQMbB;M im"2X h?Bb Bb r?v |
MQ/2 + M2 bBHv p2'B7v B7 i?2i° Mb +iBQM Bb +Q '2+iX h?2 2MiB 2 T°Q+2/m 2 |
HH i?2 #HQ+Fb "2 +? BM2/iQ;2i?2  mbBM; +'vTiQ; T?B+ ? b?BM; (N3)X 1 +°
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from : [account]

Private Key

ECRECOVER

Public Key

6B;X XIM/2 bi M/BM; bi*2M;i? Q7 1i?2'2mK "HQ+F+? BMX

T 2pBQmb #HQ+F-iQ 2Mbm 2 i?2 +Q "2+i b2[m2M+2 Q7 i° Mb +iBQMb BM i?2 "HC(
? p2? b?2b Q7 i?22 T 2pBQmb #HQ+F M/ i?Bb 2Mbm 2b i Mb +iBQM BMi2; BivX
BM #HQ+F rBHH Hi2° HH i?2 #HQ+Fb i?2°2 7i2°"X AMi?2 2p2Mii? i ? +F2  ii2l
QMHV /Q2b ?2 M22/iQ KQ/B7v i?2i° Mb +iBQM BM i?2 #HQ+F- #mi HH Qi?2  #H
? +F2° //IBiBQM HHv M22/biQ TTHvi?2 +? M;2iQ 2p2'vbBM;H2 MQ/2 QM i?2 M2]
+QbiHVDQ#iIQ/QX 1 +? "HQ+F+? BM ? bBibQrM ;2M2bBb #HQ+F-r?B+? Bb i?2 B
"Bi+QBM M2irQ'F ? bBibQrM ;2M2bBb #HQ+F- M/ HBF2rBb2 1i?2°'2mK ? b Bib Qr
1p2°v T "iB+BT iBM; MQ/2 BM i?2 M2irQ'F? bi?2 +QTv Q7 b K2BM7Q K iBQM
i? 1 biQ°2i?2"HQ+F+? BMX 6B;X jX8 b?Qrb i?2 7mHH MQ/2bBM i?2 "HQ+F+? BM
JBMBKIJBMBM; T'Q+2bb +°2 i2b M2r #HQ+Fb QM i?2 +? BM mbBM; KBM2 bX |
*QK#BM2 i?2 ? b? Q7 i?2 T'2pBQmb #HQ+F M/ Bib i Mb +iBQMb iQ /2°Bp2
h?2 M2r ? b? Bb biQ 2/ BMiQ i?2 +m ™ "2Mi #HQ+F
hQ ;m ~ Mi22 i? i HH i?2 KBM2'b ? p2 M 2[m HQTTQ imMBiviQ KBM2 #HQ+F-
/IB{+mHivi ;2iBM2 +? #HQ+FX aQ- "2bmHi Q7 i?2 ? b? Kmbi K22ii?2 /B{+mHivi
iQ +?B2p2 i?Bb- KBM2'b BMD2+i MmK#2" + HH2/ MQM+2 BMiQ i?2 #HQ+FX LQr
BM Q' /2" iQ K22ii?2 /B{+mHivi ;2i #v ;m2bbBM; i?2 p Hm2 Q7 MQM+2X aQ- i?2 I
i?72p Hm2 Q7 MQM+2X
h?Bb T°Q+2bb Q7 B/2MiB7vBM; i?2 MQM+2 Bb + HH2/ S'QQ7@Q7@qQ F USQqgV
+? M;2Bb ++2Ti2/ #v HH i?2 MQ/2bX h?2 F2v B/2 #2?BM/ SQqBbi? i }M/BM; M
MQM+2 Bb 2 bv QM+2 Bi Bb 7QmM/X q?2M KBMBM; Bb bm++2bb7mH-i?2 "2bT2+]

iXkX "HQ+F+? BM M/ AQh "2H 2/ BQRFMB2:Q 2iX HX (e3)/Bb+mbb2bi? i ?Qt
7Q  /2THQVK2Mi Q7 "HQ+F+? BM Bb F2v +? HH2M:2X >QbiBM; QM "2bQm +2@ +
/m2iQ, V #b2M+2 Q7 +QKTmi iBQM H 2bQm +2b #V #b2M+2 Q7 bm{+B2Mi # M/
h?2 T T2 T2 7Q Kb 2tT2 ' BK2Mib 7Q" #Qi? +HQm/ M/ 7Q: b ?QbiBM; TH i7Q KX
*2i? i 6Q; QMiT2 7Q Kb +HQmM/X h?2 7Q; ? b HQr H i2M+v r?BH2 i?2 +HQm/ ? b ?
_2//v (Nj) /IBb+mbb2b 7Qm" +QKTQM2Mib Q7 "HQ+F+? BM b BM 6B;X jXeX

Pb+ "LQpQ (dy)BM?Bb T T2 # BM;b7Q i? bQK2 Q7 i?2 7QHHQIrBM; #2M2}ib Q"



a2+m Biv *? HH2M;2b BM 6Q;

Genesis Block

Block 2

Block 3

Block n

M/ AQh- "HQ+F+? BM h2+?MQHQ;v M/ *2HH h8JRaQHmiBQ

] \
] { ) - :
] { ) 1
' S —"
L

6B;X j[9b?BM; iQ +? BM i?2 #HQ+Fb BM "HQ+F+? BMX

6B;X [X18Q/2b BM i?2 "HQ+F+? BM M2irQ FX

BMh #H2 jXRX h?2K BM7Q+mb Q7i?Bb "2b2 "+? BbQMbT rMBM; bBM;H2bK i+
Q7 i?2 /KBMBbi® iBp2 7° K2rQ'FX HbQ-H “;2° mMBib Q7 AQh /2pB+2b i? i "2 Mt
i2+?MQHQ;v "2 BM+HmM/2/ BM i?2B" 7° K2rQ ' FX h?2 bQHmMIiBQM i?Bb T T2 T Qp
i? 1i?72"HQ+F+? BM M2irQ"Fbmz2 b BM Q'/2 iQ "2H2 b2i?2 ++2bb +QMi QH BM
BM~m2M+2b i?2 T2 7Q K M+2 Q7 i?2T QTQb2/ 7" K2rQ'FX h?2 T2 ' 7Q K M+2 Q7 i
h?2 + T #BHBiv Q7 AQh /2pB+2b rBi? "2bT2+iiQ b+ H #BHBiv Bb Qp2° HH ++2Ti ;
i?°2 ib bK2MiBQM2/BM h #H2 jXkr2'2 B/2MiB}2/ mbBM; i?2 ah_A.1 (dk) KQ/2HX
bQHMIBQM 7Q i?2b2 b2+m " Biv Bbbm2b #v BMi Q/m+BM; +2 iB}+ iBQM mi?Q Biv:
MQ/2b M/ i?2°"Qm;? i?Bb T Q+2bb i?2 AQh /2pB+2b +QmH/ +?2+F i?2 p HB/Biv Q7 i

XPm// ? 2iX HX (dj) BM i?2B " T T2 T '2b2Mi2/ 6 B® ++2bb b M2r /2+2Mi’
T'Bp +v@T 2b2°pBM; mi?Q Bx iBQM K M ;2K2Mi bvbi2K i? i mb2b i?2 bi2 /BM2
? M/H2 ++2bb +QMi"QH QM ++QmMi Q7 +QMbi° BM2//2pB+2bX h?Bb 6 B* ++2bb
++2bb +QMi"QH 77 K2rQ FX 6Q 2p2°'v 2bQm +2@ 2[m2bi2" T B - i?2B T ' QTQ
+QMi° +i7Q 7 i?2 ++2bb +QMi'QH TQHB+VX

LHH T M2MB J MQD EmK ~ 2iX HX (d9)BMi?2B " T T2 2tTH BMb i?2 T Q# #}
+QMbB/2° iBQM Q7 i?2 +QKTQM2Mi BMi2"+QKKmMB+ iBQM BM AQhX h?2 Bbbm2 E
U*.JaV Bb i? i KQ 2 T M;2K2Mib M/ TQbbB#BHBIB2b 2tBbi 7Q° "2p2 HBM; i?2 b
QmibB/2 rQ H/i?°Qm;? i?27 Hb2 mi?2MiB+ iBQM- /2pB+2 bTQQ}IM;X h?Bb T T2"
Q7 AQh bb?QrM BM 6B;X jXd BV h?BM;b rBi? L2irQ ' F2/ b2MbQ b M/ +im iQ b Ut
S'Q+2bb2/ .1 aiQ® ;2 U_A@S.aVv BBBV M HviB+ H M/ *QKTmiBM; 1M;BM2b U *
p BQmb +? HH2M;2b 7 +2/ #v i?2 BMi2;  iBQM Q7 "HQ+F+? BM i2+?MQHQ;Vv rBi~
biQ® ;27 +BHBiv- G +FBM; Q7 bFBHHb "2[mB 2/ BM i?2 }2H/- G +F Q7 rQ F7Q +2-
*T #BHBiB2b- S’ Q+2bbBM; iBK2 M/ a+ H #BHBivX

h?2 mi?Q°'b BM (ee) /Bb+mbb2/ p "BQmb Bbbm2b Q7 B/2MiBiv BM AQh r?B+7?



8jk

‘Nodes maintain transactions

collaboratively.
Records are augmentedtoa
ledgerof previous
transactions (Mining).

Distributed Database

* The database with
information blocks is
duplicated to every node in
the structure Contains:

L22H Ka H22K E? M-JQ? KK /

Distributed Ledger
= Updated after every
transaction isadded.
* Publicly assessable

= Transparent
*immutable

?b M *?Bb?iB

phy
= Uses a secure crypto-
technique, difficult totrack or
tamper.

= Proof of Work (Pow] isto be
validated by other nodes
stored on the chain.

*» Transaction list

*Timestamp

» Infarmation with links to the
previous blocks in the chain.

6B;X ¥6Om" SBHH b Q7 "HQ+F+? BM h2+?MQHQ;vX

h #H2 jXR
/p Mi ;2b Q7 ++2bb +QMi'QH BM AQh

I'p Mi ;2b .2b+"BTiBQM

hQ K M ;2 AQh /2pB+2b 2p2 v /KBMBb| iBp2 /JOK BM BM 1722 M2irQ F ? b 7 22/QK Q7 B

JQ#BHBIV | gh 5M70Q 42/ #v "mH2b BM "HQ+F+? BMX

h?2 bvbi2K HHQrb i72 ++2bbB#BHBIvV Q7 +QMi QH mH2b 1 Mv iBK2X HbQ- HH i?;
++2bbB#BHBH2bb +QMi QH Bb /Bbi B#mi2/c i?2°27Q°2 Mv 2p2Mi Q7 bQK2 b2 p2° 7 BHM 2b /Q2bM
BM7Q 'K iBOMX

*QM+m " 2MH+VUMHIBTH2 K M ;2°b "2 +QM+m  "2MiHv ;° Mi2/ ++2bb Q° #BHBiviQ mT/ i2 iP2 ++2bb +

GB:2ir2B:?i LQ KQ/B}+ iBQM "2[mB 2/iQ / Tii?2B  bQHmMiBQM #v AQh /2pB+2bX h? ' Qm;? i?2 "HQ+

MB+ iBQM KQM:bi HHi?2K M ;2°b M/AQh MQ/2b Q++m b-i?2 2#v 7 +BHBj iBM; + Qb
a+ H #BHBIiNamTTQ ib KmHIBTH2 AQh /2pB+2b BMi2 +QMM2+i2/ #vi?2 p BQmbD +QMbi |BM2/ M2irG
h™ MbT 2MFwn?2 bvbi2K +QM+2 Hb i?2 AQh /2pB+2 HO+ iBQMb M/ HBO BMr? iK MM2  [Mv "2bOQm"

"2H iBQMb?BTb- mi?Q Bx iBQM M/ mi?2MiB+ iBQM- :Qp2 "MBM; Q7 /i M/ T B

i? i Bb bK "iHQ+F i2+?MQHQ ;v r?B+? 2M #H2b i?2 "HQ+F+? BM i2+?MQHQ ;v iQ
#BF2b Q° ?Qmb2bVX h® Mb +iBp2 ;"B/ /2p2HQT2/ i2+?MQHQ;vi? i Bb +QHH #
h?Bb i2+?MQHQ;v 2M #H2b mb2 b iQ #mv M/ b2HH bQH ~2M2 ;v b2+m 2Hv 7°QK

"b2/ QM "HQ+F+? BM i2+?MQHQ;v- 6BH K2Mi ? b #mBHiIi M QT2M i2+?MQHQ
+QKKmMB+ i2- /[Bb+Qp2 - M/ BMi2" +irBi? 2 +? Qi?2° BM +QKTH2i2Hv /Bbi ' B#
"?; 2iX HX (eR)BMi"Q/m+2/ [/2+2Mi° HBx2/ T22 @iQ@T22 7" K2rQ'F + HH2/
"HQ+F+? BM h2+?MQHQ;vX gBi?Qmi i?2 "2[mB ' 2K2Mi Q7 i mbi2/ BMi2 'K2/B “v-
T22'bBM i'mbi H2bb M2irQ " FiQ +QMM2+iX "SAAPh ? b M /2[m i2Hv rB/2  b+Q
Q7 /2p2HQTBM; p "BQmb T22 ' @iQ@T22'b M/ /Bbi'B#mi2/ K Mm7 +im"BM; TTHI
#2M2}ib Q7 "HQ+F+? BM 7Q° AAQh b HBbi2/ BM h #H2 jXjX

hQ bmTTQ i i?72 b? "BM; Q7 b2 pB+2b KQM; AQh /2pB+2b M/ miQMQKQmb
(ej) /12b+"B#2/ bK i +QMi" +ib Q7 i?2 #HQ+F i? i + M 7 +BHBi i2 i?72 #Qp2 i?BM
T°QTQb2/ "HQ+F+? BM iQ +QMi"QH M/ +QM};m 2 AQh /2pB+2bX _a Tm#HB+@F
F2vbc 1i?2°2mK biQ 2b i?2 Sm#HB+ F2vb M/ QM BM/BpB/m H /2pB+2b- i?2 T°B
/IBb+mbb2b BM i?2B" 2p Hm iBQM i? iBi? b Rkb2+i> Mb +iBQM iBK2 M/ 7Q" iBK
Kv#2 /B{+mHiX HbQ iQ b p22MiB'2"HQ+F+? BM T 'Qtv Q" ?m;2 "2TQbBiQ v E
#2 bBKTH2 #mi K v D2QT "/Bx2 b2+m Biv b i?B°/ T “ivBb2M; ;2/X MQi?2  bQHr
"2TQbBIiQ v r?B+? rQmH/ #2 p2°v +QbiHv M/ biBHH MQi 72 bB#H2 iQ + i2° iQ bK

av2/ > /B >b?2KB 2iX HX (dd) /2}M2b +QKTH2i2 "+?Bi2+im 2 Q7 i?°22 H v
biQ™ ;2H v2°X h?2B rQ°'F HbQ /2}M2b/ i b? "BM; T'QiQ+QH-/i KM ;2K2MiX h?
2Mi K2+? MBbKb M/ i?2B" BKT +ii? i BM+HmM/2b /B 2+i ++2bbiQ "HQ+F+? BM- *|
++2bbX

J ii?B b J2iiH2  2iX HX (d3) /Bb+mbb2b i?2 "QH2 Q7 "HQ+F+? BM BM ?2 Hi?+
QTTQ imMBiIiB2b 7Q "  mb ;2 BM K M ;BM; Tm#HB+ ?2 Hi?-/"m; +QmMi2 72BiBM;- |



a2+m Biv *? HH2M;2b BM 6Q; M/ AQh- "HQ+F+? BM h2+?MQHQ;v M/ *2HH h832 aQHmMIBQ

h #H2 jXk
h?°2 ib B/2MiB}2/ BM (dy)
h? 2 i 1z2+i
aTQQIM; MQtBQmb K M ;2K2Mi ?m# +QmH/ BKT2 bQM i2 K M ;2K2Mi ?m#
h KT2" ++2bb +OMi QHBM7Q K iBOMi? i Bb /B 2+i2/iQ 1?2 AQh /2pB+2b + M #2 Hi2 2/
~2Tm/B i2 /2pB+2 + M +H BK i? ii?2v ? p2 MQii F2M Mv +iBpBivX
.Qa 2# b2 i?2 /i /B 2+i2/iQ M AQh /2pB+2 Q  mMp2BH mM TT Qp2// i Q7 i?2|AQh /2pB+:

6B;X pKU? 22 K DQ° +QKTQM2Mib Q7 AQh (d9)X

M/ # b2/ QM T 'Bp i2 T iB2Mi/ i X Ai rBHH HbQ ?2HT /p M+2b BM i?2 H i2bi /B;
BMBiB iBp2bX b T? x "B 2iX HX (dN) /Bb+mbb2/ bK i +QMi* +ib BM AQhX h?2
Q7 "HQ+F+? BM iQ KM ;2 M/ ++2bb K2/B+ H "2+Q /b- K M ;2 i?2 "2H iBQMb?E
"HQ+F+? BMX h?2v Tmi 7Qi? i?2 B/2 Q7 ? pBM; /2+2Mi> HBx2/ '2+Q / K M ;2K
UlH2+i"QMB+ K2/B+ H "2+Q /bV #v 2KTHQVBM; "HQ+F+? BM i2+?MQHQ;vX gq?2M
+QMbB/2° iBQMb "2 *QM}/2MiB HBiv- ++QmMi #BHBiv- mi?2MiB+ iBQM M/ [ i
i?72KX

CB2w? M; 2iX HX (3y)-/Bb+mbb i?2 mb2 Q7 "HQ+F+? BM i2+?MB[m2 BM SalLq@
?2 Hi?+ "2X MmT/ i2/p2"bBQMQ7i?208A1113ykXR8Xe .BbTH v mi?2MiB+ iBQM
iQ BMBiB HBx2 b2+m 2 HBMFbX

wvbFBM/ 2iX HX (3R)/Bb+mbb2/"HQ+F+? BM BKTH2K2Mi iBQM BM + vTiQ;"
/i X h?BbT T2 T°QTQb2b TH i7Q Ki? i2M #H2b"HQ+F+? BMi2+?MQHQ;v b M
MQz@"HQ+F+? BM biQ™ ;2 bQHmMIBQMX

L #BH B} 2i HX (de) Tmi 7Q i? "HQ+F+? BM i2+?MQHQ;v # b2/ Tm#HBb?2" ¢
++2bb T°QiQ+QH #v /QTiBM; bK i +QMi> +ibX h?Bb T T2  mb2/i?2 KQ/2H # b2/
mi?2MiB+ iBQM- K BMi BMBM; "2;mH iBQMb- M/ +QKKmMB+ iBQM KQM; p "BQ
h?2 H bi +QKTQM2Mi Q7 i?2 bvbi2K mb2b Qz@+? BM/ i # b2 AS6a (3k)X

mi?Q b BM T T2 b (39) (38) ? p2 T'QTQb2/ bQHMIBQM iQ "2/m+2 i?2 +QMi2
Hi2°M i2 +QMb2Mbmb K2+? MBbK (3e)(3d)(33) M/ mbBM; /Bz2 2Mi ;" T? iQTQHC

G22KQM " B/ 2iX HX (3N) T°'QTQb2/ >2/2" /[Bbi'B#mi2/ H2/;2" TH i7Q K b
"2bQHp2b i?2 bT2+ibi? i "2bi'B+i Tm#HB+ .Gh ++2Ti M+2 #v i?2 K BMbi 2 KX
+QMb2Mbmb BM /Bbi'B#mi2/ b2imT Bb "2 HBx2/i? ' Qm;? /i bim+im 2+ HH2/?
h?Bb T T2 HbQ ?B;?HB;?ibi?2 /Bz2°2M+2b #2ir22M "HQ+F+? BM M/ ? b? ;" T?X
[MB+F-7 B'- *A.@+QKTHB Mi- HQ@+Qbi- 2{+B2Mi- iBK2@bi KT2/- "vx MiBM2 M

a2 ;m2B SQTQp (Ny) /Bb+mbb2/i?2i M;H2i? i +QMbBbib Q7 /B 2+i2/ +v+HB-
iBQMb Bb i?2 M2ti 2pQHmiBQM v bi'B/2i? ibm++22/b BM i?2 "HQ+F+? BMX

sB Q[B GB 2iX HX (N8)BM i?2B T T2 T '2b2Mi2/ b2p2° Hb2+m 'Biv Bbbm2b
"2b2 "+? i?2v /IBb+mbb2/ 2p2°v TQbbB#H2 "BbF M/ pmHM2  #BHBiv BM "HQ+F+
+ mb2b M/ +QMb2[m2M+2bX h?2B rQ'F HbQ ?B;?HB;?i2/ bQK2 "2 HrQ H/ ii +F
i?72 2tTHQBIi2/ pmHM2" #BHBiB2b i? i H2 /iQ i?2b2 ivT2b Q7 ii +FbX



8j9 L22H Ka H22K E? M-JQ? KK/ ?b M *?Bb?iB

h #H2 jX]
“2M2}ib Q7 "HQ+F+? BM 7Q" AAQh

"2M2}ib .2b+ BTiBQM

.2+2Mi° HBx2¢ +? i° Mb +iBQM BM "HQ+F+? BM Bb p2'B}2/ M/ p HB/ i2/i? ' Qm;? i?2 +QMb2Mbmb #2
M/ h"mbi H2bb22 b bBM+2 Bi Bb /2+2Mi° HBx2/c i?2 T22 b M22/ MQi iQ i'mbi 2 +? Qi?2 X

aBM+2 "HQ+F+? BM "+?Bi2+im 2 Bb MQi +2Mi° HBx2/-i?2 bBM;H2 TQBMi Q7 7 BHm 2

—2bBHB2MIl 45 i 2/ Q" /2H2i2/- bQ "HQ+F+? BM Bb M BKKmi #H2 H2/:2 X

a+ H #A2 bK Mv M2r T22°b UQ KBEM2 bV F22T QM DQBMEBM, 72 +7 BM- TOKTmIBM, + T +BiB2b
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QM R8 K v kykyX

(NDaX g M; M/ wX Gm p2v *v#2 'b2+m Biv BM i?2 bK "i ;"B/, am BRIVAMI/2+® HBQRM RECQOm™ M H Q7 *QK
L2irQ ' Fb- pQHX 8d-TT, Rj99@RjdR- T BH kyRjX

(9)sX GB M;-sXaXa?2M MO6sHOGBM-; 22M- "2HB #BHBiv- M/ b2+m 'BivQ7 2K2 ;BM; K +?BM2iQ K +?
BM A111 *QKKmMB+ iBQMb J ; xBM2- pQHX 9N- MQX 9- TTX k3@j8- kyRRX

(8) ;2/ > K/ A# ?BH ;2/ > K/ A# ?BK- P+iQTmb, M 1/;2@6Q; Jmim H mi?BMiBMIiiB QIM B@ RM2HK 2
CQm M HQ7 L2irQ'F a2+m ' Biv- pQHXR3- MQXe-TT, RyYSIN@RRYR- LQpX kyReX

(e)gX a?B-CX * Q- ZX w? M;-uX GB1/M/ BXKImMiBM;, oBbBQM MM+RIHHZ2AMi2bM2i h?BM;b CQm M H-
j-MQX 8-TT, ejd@e9e- P+iX kyReX

(d)ixQ'B- GX- A2" - X-JQ #BIDBMi2"M2i Q7 i?BM;BM G@mpI{H Q7 *QKTmi2 L2irQ " Fb- pQHX 89- N
kd3d k3y8- kyRyX

(3)PX Pb M Bv2- aX *?2M- wX u M- _X Gm- EX EX _X *?@QKMHOM/HQ/H® *QKTmiBM;, _2pB2r M/
*QM+2Tim H GBp2 0J JB;  iBQBMaK2+8 H a2+iBQM QM _2+2Mi /p M+2b BM *HQm/ _ /BQ ++2I
8- TT, 3k39 3jyy- kyRdX

(N¥Bi?mM JmF?2°D22- _ F2b? Ji K-a?m G2 M/'Qb J ;H ~ b-JQ? K2/ KBM2 62" ;- LBFMK MB *?Qm
oBF b Emka2+m 'Biv M/ S'Bp +v BM 6Q; *QKTmiBMW, AMI2HHHBN2RG avbi2Kb 7Q° i?2 AMi2 " M2i (
CQm'M H- pQHX 8- TT, RNkNj RNjy9- kyRdX

(RyaX a "F - aX *? ii2'D22- M/ aXbbBbbK2Mi Q7 i?2 amBi #BHBiv Q7 6Q; *QKTmiBM; BM i?2 *QMi?2
h?BMBM A111 h® Mb +iBQMb QM *HQm/ *QKTmiBM;- pQHX e- MQXR- TT, 9e 8N- kyR3X

(RR3 / E? M- aBKQM S "FBMbQM M/ uQeQ:  mBKBMBM; b2+m Biv, 2pB2r Q7 +m "2Mi TTHB+ iBQ
bQHMIBMIQM™ M HQ7 *HQm/ *QKTmiBM;, /p M+2b- avbi2Kb- M/ TTHB+ iBQMb- pQHX e- MQ
(Rkp2M;72B >m-a ?° QmB .?2HBK- >m Mb?2M; LB pMdY IQB2 &Bm-QKTmiBM;, "+?Bi2+im 2- F2v i2+"

TTHB+ iBQMb- M/ QERM B8MbM2H Q7 L2irQ ' F M/ *QKTmi2° TTHB+ iBQMb- pQHXN3-TT, kd 9}
(RjJaX Mr - C bMB JQ? K/ w BM- JQ? K/ 6 /HB WQHFBTHB- w FB- AM YQFQH® 2K iMEWPYMM/
0B+iQ" *? M:6°QK BMi'mbBQM /2i2+iBQM iQ M BMi'mbBQM ‘2bTQMb2 bvbi2 K,/ Gmiti R2Mi Hb
/B 2+iBRBMB2+m Biv M/ S'Bp +v BM *HQm/ *QKTmiBM; 1MpB QMK2Mib- pQHX Ry- MQX k- TTX
(ROAX aiQDK2MQpB+ M/ RX2¢@M +QKTmiBM: T ' /B;K, a+2M ‘BQb MBM2SmMB2A2/BMym b7 62/2° i2/
*QM72°2M+2 QM *QKTmi2 a+B2M+2 M/ AM7Q K iBQM avbi2Kb U62/*aAaV- TTX R@3- a2TX ky
(R8)'r H rBb- #/mH 2K M H?Qi? BHv- *?mM[B M; >m M/ sBi@2MKTAMBM; 7Q" i?2 AMi2 M2i G
h?BM:b, a2+m Biv M/ S 'BRBMARDDARB2 M2i *QKTmiBM;- pQHX KR- MQX k- J “+? kyRdX
(ReCmM w?Qm- w?2M7m * Q- sB QH2B .QM; M/ i? M bB®d+mXBivoBM/ BOBp +v 7Q° *HQmM/@" b2/ £
*2 HH2M;2b- *QmMi2 K2 bm 2b- M/ 6BIMNAZ 1B *23KEK@WB + iBQMb J ; XBM2- pQHX 88- MQX R- (
(RAJQ? KK / Hb?2?°B M/ 6 "QQF? E? /22  >mRIMBMBXx2/ h"mbi J M ;2K2Mi J2+2 MBbK 7Q" i?2 AMi2
h?BM:b U*hJ@B\WDISVQ+22/BM;b Q7 i?2 Rki? AMi2 M iBQM H *QM72°2M+2 QM ""Q /@" M/ B 2H
MB+ iBQM M/ TTHB+ iBQMb-" “+2HQM - aT BM- 3 Ry LQp2K#2  kyRdX
(R3JQ? KK / x K- 1mB@L K-8@?*QKTmiBM; M/ aK “i:i2r v " b2/ *QKKmMB+ iBQM 7Q@Q'MiRQ@/ Q7 h-
M iBQM H *QM72°2M+2 QM 6mim 2 AMi2°M2i Q7 h?BM;b M/ *HQm/- kd@kN m:mbi kyR9X
(RN)X M/22T aBM;? aQ? H- _ DBM/2  a M/?m-a M/22T EX aQQ/-- MY#BHiZxmBM;7" K2rQ FiQ B/2MiB"



8j3 L22H Ka H22K E? M-JQ? KK/ ?b M *?Bb?iB

K HB+BQmb 2/;2 /2pB+2 BM 6Q; +QKTmiBM; M/ *HQnB/N0 Q irBait?B Bl Vb *ZKPTBn MK 2 B2 m "Biv- kyF

(ky) ' BD "2M KQ'-JQ? K2/ #B/- "27J2/82Bp +v@S ' 2b2'pBM; mi?2MiB+ iBQM a+?2K2BM M 1/;2@6Q
BM A111f *a R9i? AMi2™M iBQM H*QM72°2M+2 QM *QKTmi2 avbi2Kb M/ TTHB+ iBQMb- kyRd

(kRlp J 'LM@hQ'/2' -s pBJ bBT@" mBM-CQ'/B: "+L @ HKBe M - /K2H CmF M2M1 M2@CB2 _2M |
r2 HH 2 HHv FMQrr? i 6Q; MQ/2 Bb\ *m "2Mi i'2M/b iQrBKbCRM M2 M QIMBIBTM2 " *QKKmMB
iBQMb- pQHX RyN- TT, RRd Rjy- a2Ti2K#2" kyRdX

(kk}a? ?B/ _ x -h Kb >2H; bQM- S MQb S T /BKBi' iQb M/ m2B2KQac®bd, 1M/@iQ@1M/ b2+m 2 +QK
+ iBQM “+?Bi2+im'2 7Q" i?2 *HQmM/@+QMM28ild/ 6AMM " M2MR7 hBBM;hQKTmi2 avbi2Kb- pQHX
9y 8R- kyRdX

(kj) MiQMBQ 1b+Q# °~ M/ J ii?B b*HRmMH- 6Q;- M/ 1/;2, *QQT2  iBQM 7BM iR21Ama o+ QWM / AMi2 M iBQM
*QM72°'2M+2 QM 6Q; M/ JQ#BH2 1/;2 *QKTmiBM; U6J1*V- kyRdX

(k9YB/vmi JmF?2°'D22- _Qb? M G H L2mT M2 M/ SUM/@iB@KM/ AQh a2+m Biv JB//H2r 2 7Q" *HC
*QKKmMB+ BBMQML11 9i? AMi2 M iBQM H *QM72°2M+2 QM *v#2  a2+m Biv M/ *HQm/ *QKTmiBM

(k8hB ;:Q *"mx- GmBb _Qb - CQ ;2 STQ2ME - G2 M/'Qb J ;H > b-Jii?B2m m#B;MBW GBQWB/ IG2p- CB
S mMHQ aBKP¥#2" a2+m Biv .2i2+iBQM 6° K2rQ'F 7Q  amT2 pBbQ v *QWM Qw+bi®Bd A114[mBbBiB
h> Mb +iBQMb QM AM/mbi'B H AM7Q K iB+b- pQHX Rk- MQX e- TTX kkje@kk9e- .2+2K#2" kyRe

(keymM;mQ :m M-CmM a? Q- :mBvB q2B- M/iJad#InsBRv M/ S°Bp +v BM 6Q;BFMD KItiBM;Hv ++2bb
"iB+H2b- pQHX TTX MQX NN-TT, R@e-kyR3X

(kd)HB JQ? KK / a ;?B'B- JQMB'2? 0 ?/ iB- M/ E K' M :?Q@HBXr(@2F 7Q" *Q;MBiBp2 AMi2 M2i Q7 h?
# b2/ QM "HQ+BM?9BMAMiI2 M iBQM H *QM72°2M+2 QM q2# _2b2 “+? UA*q_V- kyR3X

(k3uX gX G r-JX S H MBbr KB- :X EQmM; - -0ME1XE2Q-J M ;2K2Mi a+?2K2 7Q° gB/2@ 2 J2 bm 2K2]|
avbi2Kb BM aK "iBMBA111 *QKKmMX J ;X- pQHX 8R- MQX R-TT, j9@9R- C MX kyRjX

(kNE? H2/ a H ?-JBM? D ?K / AQKM a2+m Biv, _2pB2r- "HQ+F+? BM aQHmMiBQBIM 6vh/imRT2 M M2 HaH2 M
iBOM *QKTmi2 avbi2Kb 3k- TT, jN8@9RR- LQp2K#2  ke- kyRdX

(jy)CX :" MD H- 1X JQMi2B Q- CGXZaXQaBKpH v2  b2+m Biv 7Q" i?2 AMi2"M2i Q7 h?BM;b BBMBM; hBM
AMi2 M iBQM HCQm'M H Q7 *QKKmMB+ iBQM avbi2Kb- kd URyV - TT, RNj3 RNej- kyR9

(jR)a? ?B/ _ x -aBKQM .m[m2MMQv- hQMv *?mM;-.Q; Mu x - h?B2KQ oQ82i-mMIMix* QKX BMB+ iBQM
BM eGQqS L rBi? *QKT 2bbBMASMPEX M iBQM H *QM72°2M+2 QM .Bbi'B#mi2/ *QKTmiBM; BM a
gQ Fb?QTb U.*PaaV- TTX R 3- kyRRX

(jJK)CX :> MD H-1X JQMi2B Q--CMa#HBAHPM2irQ ' F@H v2 b2+m Biv QM ASpe BBy RybAZIMb B QM HrQ"
h2H2+QKKmMB+ iBQMb *QM72°'2M+2 :GP"1*PJ kyRy- TT, R e- kyRyX

(ji) SXLX J ? HH2- "X M;;Q QD iB- LX_X S b /-A/2MS$Bib /mi?2MiB+ iBQM M/ + T #BHBiv@# b2/ +-
UA* *V 7Q  i?2 BMi2 ' M2BRT7CIRBW#D a2+m BivX JQ#BHBiv R U9V- TT, jyN j93- kyRjX

(j9).XIX aBMi? M- JX@aX " H Kxi2ml;iBAv mi?2MiB+ iBQM M/ + T #BHBiv@# b2/ +4+2PPANMQMIMQH UA *
Q7 h?BBIMC*v#2" a2+m X JQ#XR U9V- TT, jyN j93- kyRjX

(j8)IX "° +?2K MM- PX : "+B @JQ +?QM- JXaEBMBBMA27Q" T  +iB+ H *Q S TTHB+ iBQMb, Abbm2b M/
T'Q +?BMRyi? :AfAh: Emoa 6 +?;2bT" 2+? a2MbQ 'M2ix2 U6:aL kyRRV- kyRRX

(je)CX :> MD H- 1X JQMi2B Q- CDWX@aB@®RM/ i° MbTQ i@H v2  b2+m Biv 7Q  BMi2"M2i@B®™i2;" i2/ b2
Kmim H M/ /2H2; i2/ 2++ Tm#HB+ @ B2WA GAB2IMRIIB@ 'IBEML *QM72 2M+2- TTXR N- kyRjX

(jd):X S2°2iiB- 0X G FFMM/B- HBRPRa*Q S, M 2M/@iQ@2M/ b2+m Biv 7" K2rQ ' F 7T@M H272AMi2 M2
AMi2°M iBQM H*QM72'2M+2 QM *QKKmMB+ iBQM avbi2Kb M/ L2irQ"Fb U*PJaLlhaV-TTX R e

(j3)aX _ x - hX 0QB;i- oX GGHBpBIF2B;?i AE1pk, F2vK M ;2K2Mi bQHmMIiBQM 7Q" #Qi? i?2 +QKT 2bb2/ /
3ykXR8X 9 b2BM ' BiQ+22/BM;b Q7 i?2 A1h6 qQ ' Fb?QT QM aK ‘i P#D2+i a2+m Biv- pQHX kj- kyF

(INLX B x-EX@>X EBK- >Xa62¢ MKk M HvbBbbm p2v M/ 7  K2rQ F/2bB;M 7Q B\ ARQ M2 +HER2Q BQH S
avKTQbBmK QM miQMQKQmb .2+2Mi° HBx2/ avbi2Kb- TTX R e- kyyNX

(9y)X *QMXxQM- hX "QHQ:;M2bB- SX "BxxB- X GQiBiQ- _X hQ¥X2bdAr AKaXXBT/BIBiQ2, M sJSS
# b2/ "+?Bi2+im'2 7Q  b2+m 2 AQh BOUKKRHM BMiBQMIBQM H *QM72 2M+2 QM *QKTmi2  *QKKn
L2irQ Fb- A***L- kyRk- TTX R eX

(9RIX>X GBm- "X u M;- HX+BBMi M KBM;- //'2bbBM; M/ T°Q}H2 b2 pB+2b BM AMi2"M2i@Q7@h?BM;
BM />Q+ L2irX R3 UamTTHX *V-TT, 38 RyR-kyR9X

(9kpX E2Mi6* 9jyk @ AS mi?2MiB+ iKQWBX2?{2Tb,ffiQQHbXB2i7XQ ;f?2iKHf 7+9jykX

(9j)aX E2Mi6* 9jyj @ AS 1M+ ThbhmH iBM; a2+m BikpBy8MQilThLafS®gQHbXB2i7XQ ;f?2iKHf 7+9jyjX

(99pX _ x -hX *?mM;- aX .m[m2MMQvVv- . X u Xx - hX oQB2+MXBIP2ABMi2 " M2i Q7 h?BM;b rBi? GB;?ir2B;
BM aA*a- G M+ bi2  IMBp2 bBiv- IE- kyRRX |I_G ?iiT,ffbQ/ Xbr2/Bb?B+iXb2f9y8kfkf 2TQ i_2pB

(98RX _ x -aX .m[mM2MMQv- CX >;HmM/- IX _Qa/B:mhX*QXEKmMMB+ iBQM 7Q" i?2 AMi2 M2i Q7 h?BM;b
Q7 HBMF@H v2  b2+m 'Biv M/ ASIBM a2 me XQFdEKKmMX L2irX d URkV- TT, ke89 kee3- kyR9X

(9eCXgX >mB- SX h2nQ@#RTi 2bbBQM 6Q K i 7Q° ASpe . i ;" Kb BM eGQqS L L2irQ Fb /" jTk@RyYh6@eHQ
2iiTh,ffiQQHbXB2i7XQ ;f?2iKHf/" 7i@B2i7@eHQrT M ?2+@RjX

(9dhX EQi?K v - *X a+?KBii- gX >m-JX ""MB;- :XGak2b2/ 2M/@iQ@2M/ b2+m Biv "+?Bi2+im 2 7Q" i7
Q7 h?BM;b rBi? irQ@r v miBMVicE? iIHE@M H A111 *QM72°2M+2 QM GQ+ H *QKTmi2' L2irQ Fb @
N8e Nej- kyRkX

(93N X EQi?K v'- *X a+?KBii- gX >m-JX ""MB;-hgd #H2/ b2+m " Biv M/ irQ@r v mi?2MiB+ iBQM 7Q" i?:
Q7 h?BBM / >Q+ L2irX RR U3V UkyRjV kdRy kdkjX

(INaXGX EBMNM@AB®iI2/ SH i7Q K JQ/mH2 " bB+b, IbBM; hSJ BM BK#22(M2bvbli2KIlQM- J - la - kyyeX

(8ysX >m M;- uX sB M;- 1X "2 iBMQ- CX wQ@mbiGXn+mB@7 +iQ  mi?2MiB+ iBQM 7Q BM MIHA +QKKm|



a2+m Biv *? HH2M;2b BM 6Q; M/ AQh- "HQ+F+? BM h2+?MQHQ;v M/ *2HH h83NaQHmMIBQ

h> MbX .2T2M/ #H2 a2+m 2 *QKTmiX RR UeV- TT, 8e3 83R- kyR9X

(BRaX _ x -aX .m[m2MMQv- hX *?mM;- . X u x - hX oQ82i-mM XBM)2/BKKmMB+ iBQM BM eGQQqgS L rBi? *
T'2bb2/ ABBPAMI2™M iBQM H*QM72 2M+2 QM .Bbi'B#mi2/ *QKTmiBM; BM a2MbQ " avbi2Kb M/
TTX R 3X

(8kPX >2Mx2- "X qQHi2 b- _X J ixmii- hX wBKK2 K MMBIEXBg2®?IH2QM};m" iBQM- mi?Q Bx iBQM M/
K2Mi BM i?2 +HQmM/@# b2/ BMBVMM2AIIQ himBMWQKf"B;. i alfA*laa- TT, R38 RNk- kyRdX

(8j)CX w?2Qm-wX * Q- sX .QM;- XoXa@bBHBRQMM/ T 'Bp +v 7Q"° +HQm/@# bBMAANI I ? GKHEKIM XbJ ; X
88 URV- TT, ke jj- kyRdX

(B9LXJIX "Q?HB- X aF "K2i -JX0oXJQ 2MQ- .X: "+ - SX-&IMRAL/T@D2+i, a2+m 2 AQh/ i K M ;2K2M
7Q° bK i +BIB2Mi2 M iBQM H *QM72°2M+2 QM _2+2Mi /p M+2b BM AMi2 M2i Q7 h?BM;b U_AC

(88)X X *?2 p M- JXEX LB:@2¥m 2 *Q S mbBM; 2M? M+2/ .hGa 7Q  i?2 ABM AWMIROW heBM AMMQp iBp2 _
*QKTmiX *QKKmMX 1M;X k URKV- deyR dey3- kyR9X

(8epX _ x - . X h" # Hx - hX 0QB;i- ieGQgS L +QKT 2bb2/ .hnGBM@11Q Ji? AMi2°M iBQM H *QM72°2M
.Bbi'B#mi2/ *QKTmiBM; BM a2MbQ " avbi2Kb- TT, k3d k3N- kyRkX

(8d) X > "F MbQM- uXx EBHKB+ iBQMb Q7 2HHBTIiIB+ +m 'p2 +'vTiQ;  T?2HHBBiB# BNi 2 +MBQMmQp2v
i?72B° TTHB#BMGMD+22/BM:b Q7 i?2 Rki? MMm H *QM72 2M+2 QM *v#2' M/ AM7Q K iBQM a:
6Rd- *J- L2r uQ ' F-Lu-la -TT, e,R e,d- kyRdX

(83)X :K2x@:QB'B- SX P'/m - CX .B2;Q- ..RGQ/M AH,B@GB;?ir2B;?i b2K MiB+ 7" K2rQ'F 7Q° BMi2 'QT2"
BMi2HHB;2M+2 TBINHBOKB@Mb>mKX "2? pX jy UamTTHX *V-TT, 9ey 9ed- kyR9X

(8NPX:X*X 62 2B - _XhX /2 aQmb - 6X1X:X /2 .2mb-S1XTRD WMXD b2+m 2- /2THQvV #H2 M/ i° Ml
KB//H2r "2 7Q 1?2 AMi2 " M2BM Ni??B#2bB M *QM72 2M+2 QM AM7Q K iBQM avbi2Kb M/ h2+?M
R 9- KyR9X

(eyCX :" MD H- _X aBHp - 1X JQMi2B Q- CXaX apWpBh6AXSa@pBhHPB #H2 QTiBQM 7Q  rB 2HRMb b2MbQ
8i? A111 AMi2°M iBQM H*QM72°2M+2 QM JQ#BH2 / >Q+ M/ a2MbQ  avbi2Kb- TT, 3yk 3yd- ky

(eR)X" ?; - oXEXJ /Bb2i{'BIQ+F+? BM SH i7Q°K 7Q° AM/mbi'B H AMBNMMAR+QX_hTBWM;ReX |_G
20T, ff}H2Xb+B TXQ ;fT/7fCal nkyReRYyk3RO9YRKdAN3XT/7X

(ekEX *?'BbiB/Bb-JX .2p2iBIRBGBBMb M/ bK "i +QMi" +ib 7Q " i? 2BMVA 2 1Nl 24 @ZhIPB-M; D, kkNk kjyj-
kyReX

(ej)oX Sm 2br ° M- SX "“Q@mB+2 .2KQ+" +v @ a pBM; i?2 7Tmim 2 Q7 i?2BAM'2- MPR QX7 i ?B,Mf;ryr
YRXB#KX+QKf+QKKQMfbbBf+;B#BMfbbB HB b\?iKH}/4:"1yjekylalLX

(e9BX E K HBM2D /- *X J ? Ti -wX a?2M;- aX JB  ## bB- oX*XJIX-GRMEM2bbX®Rmw M p2biBM; 7Q" i
AMi2"M2i Q7 BMBMIAL1 *QKKmMX J ;X 8j UeV- kyR8- TT, Ryk Ry3X

(e8XGB- SXCB M;- hX*?2M- sXGC@a@-p2Xq@M i?2 a2+m 'Biv Q7 "HQ+BEM?6BMNaZhP2KDd X *QKTmiX avbi;
-kyRdX

(eeAX 6°B2b2- CX >2m2 -*2XHEHM ;2b 7' QK i?2 A/2MiBiB2b Q7 h?BM;b, AMi Q/mB M;® MB®# A2h B 2N i E
;’QmT rBi?BM E Mi ° BBWBABLIBRmD "H/ 6Q MK QM AMi2 "M2i Q7 h?BM;b Ug6@AQhV-TT, R 9- kyF

(edpX Pii2- JX /2 0Qb- CX SQimr@bix2 BM, av#BH@ 2bBbi Mi b+ BIMMBIBIiHQ+EM2 BAM*QKTmiX avbi>
kyRdX

(e3y v a K MB2;Q-Im’ib BF? C Kb™ M/Q°D M/ _ HTRAQ2iR+® BM b a2 pBBM7/RIIAQNMI2 M iBQM H
*QM72°2M+2 QM AMi2°M2i Q7 h?BM;b UBh?BM;bV M/ A111 :°22M *QKTmiBM; M/ *QKKmMB+ |
*v#2 - S?vbB+ H M/ aQ+B H *QKTmiBM; U*Sa*QKV M/ A111l aK "i. i UaK "i. i V-TT, 9jj@9je-

(eN)L F KQiQ- a iQb”B+QBM, T22°'@iQ@T22" 2H2+i QWBX + b? bvbi2K

(dyPb+ " LQpOHQ+F+? BM K22ib AQh, M "+?Bi2+im 2 7Q b+ H #H2 BM26Rth N ;A KZMAMBIN"AMPh Q7 h?I
*H bb 6BH2b- pQHX R9- MQX 3-J “+? kyR3X

(dRL HH T M2MB J MQD EmK - "+? M . b?- L22° D ErAMi2aBM™i; Q7 h?BM;b UAQhYV, M PTTQ imM
I1M2;,v@6QQ/@q i2BM2RMmibA111 AMi2"M iBQM H *QM72°2M+2 QM SQr2° 1M2 ;v- 1IMpB ' QMK2Mi
US11A*kyR3V-:G " D D-:"2i2°LQB/ - AM/B - Rji? M/ R9i? T BH kyR3X

(dkaX >2°M M- aX G K#2'i- hX Pbir H/- M/ XIM2QpR*+*B2+m 'Biv /2bB;M ~ rb mbBM; i?2 8mM A.1 TT°
Ja.LJ ; xBM2-LQpX kyyeX

(dj) X Pm // ?- X X 1HF H K- M/ X X PmhQK Mb LQp2H S°'Bp +v@S 2b2 pBM; ++2bb *QMi QH JQ/2
"HQ+F+? BM h2+?MQHBM v BMK,AAJhBM;2° AMi2°M iBQM H Sm#HBb?BM;- TT, 8kj 8jj- kyRdX

(d9y HH T M2MB J MQD EmK ° M/ S" /22T EmK-"HQHEB?BM i2+?MQHQ;v 7Q" b2+m Biv Bbbm2b M/
AQIBM AMi2°M iBQM H *QM72°'2M+2 QM *QKTmi iBQM H AMi2HHB;2M+2 M/ . i a+B2M+2 UA**
kyR3X

(d8p2vQmM; >m?-a M;> 2*?2Q M/ aQQ?iunwW;EMBKAQh /2pB+2b mbBM; "HQHM ABMEHRIFAZK m "v
RN @kk- kyRdX

(de)} #BH _B7B- 1HB2 _ +?FB/B-L xBK ;QmHKBM2 M/ L thQP2ZM/2%BM2"HQ+F+? BM h2+?MQHQ;v 7!
/i ++2bb T QiBNMBARM 1 Rdi? AMi2°™M iBQM H*QM72'2M+2 QM I#B[mBiQmb gqB 2H2bb ""Q /# M
kyRdX

(ddp v2/ > /B > b?2KB-6 " x6 ;?2'B-S mH _ mb+?2v M/ _Qv-gQ KTAZHHKTQr2 2/ AGBMIKR2L'b1 6B bi
AMi2°M iBQM H *QM72°2M+2 QM AMi2"M2i@Q7 h?BM;b .2bB;M M/ AKTH2K2Mi iBQM UAQh.AV

(d3)Y ii?B b J2iiH2'- JX X >a: "QV/I"HQ+F+? BM h2+?MQHQ;v BM >2 Hi?+ ‘2 h?2 BMQMIMiIBRB3 Aai “ib >
AMi2°M iBQM H *QM72°2M+2 QM 2@>2 Hi? L2irQ"FBM;- TTHB+ iBQMb M/ a2 pB+2b U>2 Hi?+

(dN)b T? x "B - "B2H 1F#H r- h?B ;Q 0B2B~ M/ M/ 20GB/BZFKIMBM; "HQ+F+? BM 7Q  J2/B+ H . i ++
M/ S2°KBbbBQM J MB®MKRMIi2 "M iBQM H *QM72°2M+2 QM PT2M M/ "B; . i UP".V- kyReX



89y L22H Ka H22K E? M-JQ? KK/ ?b M *?Bb?iB

(3yB2 w? M;- LB M sm2- M/ sB-Ma2mnM2 avbi2K 6Q° S2°p bBp2 aQ+B H L2irQ B®"ALZA/1>2 #2ikb "2
0QHmMK2, 9- TT, NkjN Nk8y- kyReX

(3RWVDFBM/- :mv- M/ PxXx L.P22Wi  HBXBM; T Bp +v, IbBM; "HQ+F+? BM i®@M AM22+Ti@ " BQYMM 8iBp +v
qQ Fb?QThb UaSqV- A111- TT, R3y@R39- kyR8X

(3kAS6a @ *QMi2Mi //'2bb2/- 02" bBQM2/- SRISTEBHB BVbKEBQf/Q+bf UG bi ++2bb2/ QM R8 K v kykyV

(3j)) M bmv +? v -J MQD S™ #? F ° M M/ F b? RF2®¥WHVh 22, L2r S " /B;K 7Q" .Bbi'B#mi2/ . i _2TQ
iQ°B2lwv Rd-kyRNX

(39)/ K " +F- Jii *Q° HHQ- GmF2 . b?D'- J 'F 6°B2/2M# +?2- :'2;Q'v J tr2HH- M/ 2r JBHH2" -
/"2r SQ2Hbi® - CQ;2 hBK M- M/ SB2i2-1¢/mMBHHBIN; "HQ+F+? BM BMMQp iBQMb rBi? T2;;2/
2iiTh,ff#HQ+Fbi 2 KX+QKfbB/2+? BMbX T/7- kyR9X

(38CQb2T? SQQM M/ h? //I2mbh?2D¥Bi+QBM HB;?iMBM; M2irQ'F, a+ H #H2 Qz®9%? \BRM BwhRa XMi T \
?2iiTb,ffHB;?2iIMBM;XM2irQ Ff HB;?iMBM;@M2irQ " F@T T2 XT/7

(3eY '/ MQGyR8X ?iiTh,ffrrrX+ "/ MQXQ";

(3duQbbB :BH /- _Qi2K >2KQ- aBHpBQ JB+ HB- :2Q°;BQb oH +?Qb- MHLB+MOHaB W BN/ Q{pBx+ R iBM?2
;722K2Mib 7Q° + ' vTiQ+AM SMHB2XBM;b Q7 i?2 kei? avKTQbBmK QM PT2" iBM; avbi2Kb S'BM
*J- kyRdX

(33);;2HQb EB vB b- H2t M/2° _mbb2HH-"2"M /Q . pB/- M/ _QK M RHBVAWFQP Qp #Hv b2+m 2 T Q
Q7@bi F2 "HQ+F+? BMM *Qu@h®HaT BM;2° AMi2"M iBQM H Sm#HBb?BM;- TT, j8d j33- kyRdX

(3NBE22KQM " B /- J M+2 > "KQM- M/ S mH>2/262M ;Qp2 MBM; +QmM+BH M/ Tm#HB+PREX " T? M2
2iiTbh,ffrrrX?2/2° 2 b?;" T?X+QKfr?Bi2T T2

(NyR2 :m2B SQHQR i M;KpRd 2iiT,ffBQi iQF2MX+QKf APh nq?Bi2T T2 XT/7

(NR)QK MJ ixmii- C2Mb>BHH2 - J 'iBM>2Mx2- C M>2M'BF wB2;2H/Q 7- .B'F J=HHK MMmBHBp2" >Q
q2? ' H2 [m MiBi iBp2 M HvbBb Q7 i?2 BKT +i Q7 "#Bi~ v "HQBEM XWBRMBXQMi2Mi QM #Bi+

(Nk)X1 biH F2- SX1XCONRBI9@Ila a2+m™2 > b? H;Q Bi?KRRMA*_ BVPiiTbh,ffiQQHbXB2i7XQ ;f?2iKHf 7+jR

(Nj."X "X oX _ KM _2/MMQ+F+? BM, : K2 +? M;2° 7Q" b2+mBBIMoQMHIHNK2i3- Abbm2 8- TT, 83y@833-
kyRNX

(N9aB2;2H-IM/2 bi M/IBM; i?2 . P > +F 7Q° CQinT M fHBD/IBMKX+QKf!I TmMHHM2rbfmM/2 bi M/IBM;@i?2@ /
DQm'M HBbib@kjRk//9j2NNUG bi ++2bb2/ QM R8 K v kykyV

(N83B Q[B GB - S2M; CB M; - hBM; *?2M#-sB Tm GmQ - -MdnZ B VM2 a2+m Biv Q7 "HQ+F+? BM a
eJ kyR3X ?2iiTh,ff "tBpXQ ;fT/7fR3ykXyeNNjXT/7

(Ne)Y)HQ+F +? BM /2p2H Q72T b-QfpQRIQKX i UG bi ++2bb2/ QM R8 K v kykyV

(NdyggqX1i?2 2mKX@ ;bi ++2bb2/ QM R8 K v kykyV

(N3)M/2 bi M/BM; >Qr "HQ+F+? BM qQ Fb

2iiTh,ff#HQ;XM/++QM72 2M+2bX+QKfmM/2 bi M/IBM;@"HQ+F+? BMf UG bi ++2bb2/ QM R8 K v ky

(NNQHQ+PXBb, ffbHQ+FXBi UG bi ++2bb2/ QM R8 K v kykyV

(Ryyh® Mb +iBp2?iBV,ffi° Mb +iBp2;"B/XM2i UG bi ++2bb2/ QM R8 K v kykyV

(RyR)BH K2Mi UkyReV 6QmM/ iBQMb 7Q" i?2 L2ti 1+QMQKB+ _2pQHW/IBQM ABb2 BH2MiQ/7 1t?B M b2
?2iiTb,ff}H K2MiX+QKf bb2ibf/QrMHQ /bf6BH K2Mi

(RYKYHQ+F+? BM /QTiBQM +QmH/ ?2HT BNITHPBAI@KRRQrQi H/X+QKf "iB+H2bf9j8y9k@#HQ+F+? BM@
?22HT@BM@+QpB/@RN@};?i UG bi ++2bb2/ QM R8 K v kykyV

(RYjJHQ+F+? BM M/ *Q'QM pB ' mb, +QmH/ Bi T 2p@Mb FirrmX2M2MJ2KBRKf#HQ;TQbiBM;fR38dyf#HQ-
M/@+Q QM @pB mb@+QmH/@Bi@T 2p2Mi@7mim 2@T M/2KB+b UG bi ++2bb2/ QM R8 K v ky

(Ry9M/ 2 - AX-*?2°vbQbiQKQm- *X- > /DB+HNMBDIQPZBR7X?BM;b, b2+m Biv pmHM?2" BB HBRB2AL M/ +? HI
avKTQbBmMK QM *QKTmi2'b M/ *QKKmMB+ iBQM UAa**V- TTX R3y R3d- kyR8X

(Ry8Y2K/- JXJX- a? ?- JX X- g ?BQi b2+m Biv, Hv2'2/ TT'Q +? 7Q" ii BMbkWRd/2AMW2iR@bMbBQM H
*QM72°2M+2 QM *QKKmMB+ iBQM h2+?MQHQ;B2b U*QKh2+?V- TTX Ry9 RRy- kyRdX

(RyeX M- JXLX- *?m - EX*X- aBFHB;?X@r2B;?i Kmim H mi?2MiB+ iBQM T @iQ+QR"1OP BKYiRdbi2Kb
@ kyRd A111 :HQ# H *QKKmMB+ iBQMb *QM72°2M+2- TTX R e- kyRdX

(Ryd3Q ™ K# ;2- SX-a+?KBii- *X- EmK - SX- :m’iQp- X-SHBIiMAikRH -T2Xp bBp2 mi?2MiB+ iBQM T ' QiQ
F2v 2bi #HBb?K2Mi b+?2K2 7Q  rB'2H2bb b2MbQ ™ M2irQ Fb BW ABIbhX B&m B4 i BB mTZ/HB-MiBXQ IM
Ry UdV- j8d9jy- kyR9X ?iiTh,ff/QBXQ ;fRyXRR88fkyR9fj8d9jy

(Ry3K M- JXLX-*?m - EX*X- aBFHB;?K@r2B;?i Kmim H mi?2MiB+ iBQM T @iQP+QHR"1LAOP BKyiFd/bi2Kb
@ kyRd A111 :HQ# H*QKKmMB+ iBQMb *QM72°2M+2- TT, R e- kyRdX

(RYNPQB- CX- EBIF BIKT ' Qp2/ H2 #HQ+F 2M+'vTiBQM H;Q Bi?K iQ T 2p2Mi bBI/dD@BM MWMR& ii +F
bB @S +B}+ aB;M H M/ AM7Q 'K iBQM S Q+2bbBM; bbQ+B iBQM MMm H amKKBi M/ *QM72"

(RRYGBM- CX-w? M;- *X--BTM*,uXBz2 2MiB HT Bp +v7 K2rQ FiQ /272M/bK i 2QK2b ; BMbi BMi2 M
Alll AMi2"M2i h?BM;b CX 8 UkV- TT, Rkye RkRd- kyR3X

(RRRMBM- IX- aBM;?- X- H K- JX-* 2/Q- CX--abDRHRMKQr@&+Qbi 2/;2 /2pB+2 mi?2MiB+ iBQM b+?
BMi2"M2i Q7 BMBM;Ibi AMi2°M iBQM H *QM72°2M+2 QM oGaA .2bB;M M/ Rdi? AMi2 "M iBQM H
avbi2Kb UoGaA.V- TT, 38 Ny- kyR3X

(RRIlo) "; - SX- SHQbx- aX- aQQb- :X- sa22imBiv:i 2 ib M/ Bbbm2b BMB k ikKyR dBAQMIBRYji? AMi2 M iBQM
qQ Fb?QT QM 6 +iQ v *QKKmMB+ iBQM avbhi2Kb Ug6*aV- TT,X R e- kyRdX

(RRj)HBbb - :X- _ +22/B- X- J2/{2H2+M'2 "QmiBM; T'QiQ+QH # b2/ QM "TH 78MBWMIRI MAQ@® Hi?BM
*QKKmMB+ iBQMb *QM72°'2M+2 U:GP"1*PJV- TTX R d- kyReX

(RR®m- *X- > DD -JBaK; iBM; 7Q°r '/BM; KBb#2? pBQ b BM "TH@# b2/ HQBMQ@yR3 RBiPQulbivIMEM® Fib



a2+m'Biv*? HH2M;2b BM 6Q; M/ AQh- "HQ+F+? BM h2+?MQHQ;v M/ *2HH h82RaQHmMiBQ

*QMbmK2™ *QKKmMB+ iBQMb L2irQ"FBM; *QM72 2M+2 U**L*V- TT, R e- kyR3X

(RR&R'p Mi2b- *X- SQTH /2- .X- LQ;m2B" - JX-224iQ@QM Q7 bBMF?QH2 ii +Fb 7Q°  bmTTQ iBM; b2+
eHQrT M 7Q° BMi2 " M2BM KYRBM;®HASfAL11l AMi2™M iBQM H avKTQbBmK QM AMi2;" i2/ L2irQ F .
TT, eye eRR- kyR8X

(RReaBM;?-JX-_ D M-JX X-a?Bp” D- oXGX-" H-&2'mHBK[ii-73X BMi2"M2i QBM?BW,AMBRQW iBQM H
*QM72°2M+2 QM *QKKmMB+ iBQM avbi2Kb M/ L2irQ'F h2+?MQHQ;B2b- TTX d9e d8R- kyR8X

(RR®) "F-LX-E M;-Jkm H mi?2MiB+ iBQM b+?2K2 BM b2+m 2 BMi2 'M2i Q7 #1HVH B B2 2MHRH Qb 7Q ~ +
Re URV- kyR8X

(RR3p?B# MB- uX-J ?KQm/M2X*B2Mi M/ b2+m 2 b+?2K2 7Q" bK i ?QK2 +QKKmMB+ iBQM mbBM; B
+ VTiBRRMXyRd A111 jei? AMi2'M iBQM H S2°7Q 'K M+2 *QKTmiBM; M/ *QKKmMB+ iBQMb *QM?
kyRdX

(RRNY M- JX?v *HQm/ *QKTmiBM; Ab i?2 6QmM/ iBQM Q7 i?2 AMiIiZWRAIX Q7 k
2iiTh,ffrrrXi?Q Mi2+?2X+QKfkyRdfykf+HQM/@+QKTmiBM;@7QmM/ iBQM@BMi2 " M2ii?BM;bfX

(RkydQM;- hX- GB- _X-J2B- "X-um- CX- sBM;Ts5Kp #¥22M2b2XpBM; +QKKmMB+ iBQM T 'QiQ+QH 7Q" AQ
BM bK "i 2QBMbA111 AMi2"M2i h?BM;b CX 9 UeV- R399 R38k- kyRdX

(RKR) +? /Q- *X- 6 ?HB+?- RQJXi BMi2;"Biv p2'B}+ iBQM 7Q" +v#2 @T?vbB+ HBMvhyRSbAMKBM; #H
kRbi AMi2™M iBQM H avKTQbBmK QM _2 H@hBK2 .Bbi ' B#mi2/ *QKTmiBM; UAaP_*V- TTX 3j Ny

(Rkk) ?mH K i? p M-uX-S? M-_X*X-_ D "D M-JX-JBb  -@)BpEQMITX2bX " pBM; #HQ+F+? BM # b2/ BC
i2K mbBM; ii'B#mi2@# bBMMTIILTAROMM iBQM H *QM72°2M+2 QM /p M+2/ L2irQ"Fb M/ h2H:
avbi2Kb U LhaV- TTX R e- kyRdX

(Rkjw?2M;- . X-gm- X-w? M;- uX--P+@2MX M/ T 'Bp +v@T 2b2 ' pBM; K2/B+ H/ i b? "BM; BM BMi2"M
HBKBi2/ +QKTmiBBIN RQA2A" ++2bb e- k3yRN k3ykd- kyR3X

(Rk9)QT2- SX- aBF/-GBRir2B;?i M/ T'Bp +v@T 2b2 pBM; irQ@7 +iQ" mi?2MiBBNMBAIM bAMIR2MZ)}" BQ
h?BM;b CXX kyR3X

(Rk8)B- EX-*?QQ- EX_X-ZBm- JXBwp?mv-@IX2b2 pBM; +QMi2Mi@Q 'B2Mi2/ rB'2H2bb +QKKBIWM B+ iBQN
Alll AMi2 "M2i h?BM;b CX 8 U9V- jy8N jyed- kyR3X (Rke)

(Rkeg2M;mTi - CX- _mD- aX--I'Bi-i@X2Kl/ b2+m'2 MQMvVKQmb +QKKmMB+ iBQM 7Q b2+nB® /B 2+i2/
S'Q+22/BM;b Q7 i?2 kyi? AMi2°"M iBQM H *QM72°'2M+2 QM .Bbi'B#mi2/ *QKTmiBM; M/ L2irQ F
KyRNX ?iiTh,ff/QBX Q ;fRYyXRR98fjk338NNXjkN88ddX

(Rkdg v b'22 a2M;mTi -amb?KBi _mD M/ aBTFQK®2B2MbBp2 am p2v QM ii +Fb-a2+m Biv Abbm2b M/
aQHmMIiBQMb 7Q° AQBIMNC/QArA®MhM Q7 L2irQ°'F M/ *QKTmi2® TTHB+ iBQMb-jy Q+i kyRNX

(Rk33v2/ _ K22Kw ?° M/ JQ? KK/ ?b M *?2Bb2bbBM; i?2 a2 ' pB+2b- a2+m 'Biv h?'2 ib- *? HH2M;2b
BMi?2 AMi2 " M2i BIMhEBM;#XI2 *QKTmiBM;, S° +iB+2 M/ 1tT2'B2M+2- oQH ky- LmK#2  j-TT 98

(RkN9)Bp2r vb BM r?B+? "HQ+F+? BM i2+?MQHRiVh, NMrrBXHBpZXKEMiX+QKfQTBMBQMf+QHMKMbf}p2@
#HQ+F+? BM@i2+?MQHQ;v@+ M@ B/@ @ 2+Qp2'V@RR83N9dNkjINedX?iKH UG bi ++2bb2/ Q

(Rjy) ?mH E X R Ab "HQ+F+? BM BM AM/B M ?2 Hi?+ "2 rQti? i?2 +
2iiTb,ff?2 Hi?X2+QMQKB+iBK2bXBM/B iBK2bX+QKfM2rbf?2 Hi?@BifBb@#HQ+F+? BM@BM@ B
+? HH2M;2bfe9yN83N3 UG bi ++2bb2/ QM R8 K v kykyVX

1/Bi2/ #W M/ L vv
_2+2Bp@2mM RKk- kyky
++2TiZmH Rd- kyky






e
.. a+ H #H2 *QKTmiBM;, S° +iB+2 M/ 1tT2 B2M%idT, fAara X IRSTNX@DRde d -
Ukyky a*S1X 0OQHMK2 kR- Abbm2b j- TTX 89j 88j- .PA RyXRkeN9,fb+"

J*>AL1 h_ LaG hAPL auah1J 6 _PJ >AL.A hP a LaE_Ah G L:I :1
laAL: IG1 " al. SS_P *>

L1> "> .qG -S_h11E :_qG¥% L. oAa>l J . L ?

#bi® +iXJ +?BM2 h® MbH iBQM Bb M "2 Q7L im " HG M;m ;2 ST Q+2bbBM; r?B+? + M "2TH +2 i?2
i MbH iBQMX a MbF'Bi H M;m ;2 Bb KQM; i?2 M+B2Mi AM/IQ@ 'v M H M;m ;2bX h?2°2 "2 MmK2"
BM a MbF'BiX Ai ? b HbQ #22M K2/BmK 7Q" +°2 iBM; i'2 iBb2 Q7 T?BHQbQT?B+ H rQ'F b r2HH
K i?2K iB+bX PM i?2 Qi?2" ? M/- >BM/B Bb i?2 KQbi TTQKBM2Mi H M;m ;2 Q7 AM/B X JQ 2Qp2 -Bi Bt
H M;m ;2b +°Qbb i?2rQ ' H/X h?Bb T T2 " Bb M 2zQ i iQ # B/;2i?2H M;m ;2 # B2 #2ir22M >BM/B M
Mv i2ti BM >BM/B + M #2 i° MbH i2/iQ a MbF'BiX h?2 i2+?MB[m2 mb2/ 7Q° +?@2%pBM;K?2?EFNp22b B,
i MbH iBQMX h?2 b HB2Mi HBM;mBbiB+ 72 im 2b Q7 i?2 irQ H M;m ;2b "2 mb2/iQ T2'7Q K i?2i" Mk
i?727Q°KQ7irQ +QM7mbBQM K i'B+2b r?2°2BM iQi HQ7 8y  M/QK b2Mi2M+2b M/ Ry§F2RFIMb U>BM
bvbi2K 2p Hm iBQMX h?2 b2K MiB+ 2p Hm iBQM Q7 Ryy iQF2Mb T°Q/m+2 M ++m > +v Q7 NOW r?BH?2 i~
T°Q/m+2 M ++m’ +v Q7 QmM/3eWX >2M+2-i?22 T ' QTQb2/ bvbi2K + M #2 mb2/iQ mM/2 bi M/ i?2 r?Q
7mi?2° #2 2KTHQvV2/ b iQQH 7Q  H2 "MBM; b r2HH b i2 +?BM;X 6m i?2 - i?Bb+DRKBE-MBEBQINE QMW #
# b2/ bbBbiBM; AMi2 'M2i Q7 h?BM;b UAQhV /2pB+2b HBF2 H2t Q' :QQ;H2 bbBbi MiX

E2v rQ /b, mH2 # b2/ TT'Q +?- L im H G M;m ;2 h> MbH iBQM- S “ib Q7 bT22+? i ;;BM;- a MbF
h* MbH iBQM

Jabm#D2+i +H bbB}+ eBQBIpX

RX AMi"Q/m+IB-QRBM2 i° MbH iBQM Bb /2}M2/ b i?2 # M+? Q7 "iB}+B H BMi2t
i bF Q7 +QMp2°iBM; bQm +2 H M;m ;2 iQ Mv Qi?2 i ;2iHM;m ;27 QK i?2 b2
K2 MBM; Q7 i?2 i2ti b?2QmH/ #2 T 2b2 p2/ M/ QmiTmi b?QmH/ #2 ~m2Mi b r2HI
TTHB+ iBQMb Q7 M im>HH M;m ;2 T°'Q+2bbBM; ULGSV-r?B+? Bbi?2bim/vQ78B
M/ i?2 +QKTmi2 bX Ai Bb BKTQ i Mi 7Q" i?2 +QKTmi2'biQ 2 /- M Hvx2- mM/2
BM7Q K iBQM 7°QK i?2 ?mK M M im> HH M;m ;2X h?Bb M22/b iQ #2 /QM2 BM
T i7°QKK +?BM2i° MbH iBQM-Qi?2° TTHB+ iBQMb Q7LGSBM+HmM/2b2MiBK2
bmKK "BxBM; M/ iQTB+ b2;K2Mi iBQMX

RXRX LGS T?IDPEX T? b2b BMpQHp2/ BM LGS- QM+2 i?2 bvbi2K "2+2Bp2b i?2

RXRXRX JQ ' T?QHQ;B+ HAT Bb+R2bbBIMMN Q7 "2+Q;MBxBM; ?Qr # b2 rQ'/ Bb K
rQ'/b? pBM; bBKBH ~ K2 MBM;b M/ bvMi +iB+ H bi ' m+im 2bX

RXRXkX G2tB+ H ANl BlwbBL X Q+2bb Q7 /BpB/BM; i?2 r?2QH2 i2ti BMiQ bK HH?2
h?2 H2tB+QM Q7 H M;m ;2 + M#2 T ;> T?- b2Mi2M+2 Q" rQ°/X

RXRXjX avMi +iB+ H M HvbBb RISi?BM QR bb r?B+? M Hvb2b i?2 ~° M;2K2M
r?B+? b?Qrb i?2B° "2H iBQMb?BT M/ +?2+Fb i?2 b2Mi2M+2 7Q" ;° KK *X

RXRX9X a2K MiB+ M BivhBBPX Q+2bb Q7 2ti° +iBM; M/ +?2+FBM; i?2 /B+iBQNI
rQ /X h?2i2ti Bb +?2+F2/7Q° K2 MBM;7mHM2bbX

a+?QQH Q7 *QKTmi2' a+B2M+2 1M;BM22'BM;- GQp2Hv S'Q72bbBQM H IMBpR WER?2 KR ;r°
'K BHX¥QK

Ya+?QQH Q7 *QKTmi2 a+B2M+2 1M:BM22 BM;- GQp2Hv S°Q72bbBQM H IMBp2 bBiv- S? :r * - Sml
IMBp2 Bbiv Q7 EH ;2M7mi4i2@ByelRRBe! ;K BHXQQKRbTQM/BM; mi?Q"

Z. 2T iK2Mi Q7 *QKTmi2  a+B2M+2 1M;BM22 BM;- GQp2Hv S Q72bbBQM H IMBp2 bBiv-
WBb?mK / MRKj!;K\BHX+QK

89j
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h #H2 RXR
"*B27 *QKT "'BbQM Q7 >BM/B M/ a MbF 'Bi :> KK °
" bBb >BM/B a MbF Bi
HT? #2ib 98 +? ~ +i2'b Up M bV 9e +? ~ +i2°'b Up M bV
hQi H oQr2Hb Rk pQr2Hb Ubr = bV Rj pQr2Hb Ubr = bV
hQi H *QMbQM Mib | jj tQMbQM Mib Upv MD M bV | jj tQMbQM Mib Upv MD M bV
LmK#2° kc bBM;mH ~ THm ™ H jc bBM;mH - /m H- THm  H
2M/2° kc K b+mHBM2- 72KBMBM?2 jc K b+mHBM2- 72KBMBM2- M2mi2"
S2°bQM jc } bi- b2+QM/-i?B"/ jc } bi- b2+QM/-i?B"/
P/2°'BM; Q7 a2Mi2N+&2@o0@P Uam#D2+i@o02 #@P#D2PiV¥Y2" 722 H M;m ;2
hQi H h2Mb2b jc S°2b2Mi- S bi- 6mim 2 ec Q' Bbi-S2°72+i-S 2b2Mi- AKT|2 ' 72+i-6B"b
im'2- a2+QM/ 7mim~2
02 #JQQ/ jc AM/B+ iBp2- AKT2 iBp2- am#X2AKBR?2 iBp2- *"QM/BiBQM H "2M2/B+iBp2- S
iB H
h #H2 RXk

oB#? FIB@E "~ F "2H iBQMb?BT

0B#7? FiB E F J2 MBM,

LOKBM iBp2 E i S2 7Q K2 fam#D2+i

++mb iBp2 E K PED2+]

AMDI MK2ZMi H E ~ M AMDI MKZMi

_iBp2 a KT' [ M 6Q r?QKi?2 +iBQMBb T2 7Q K2/

#H iBp2 T M 6 QKr?2 2 UTH +2Vi?2 +iBQMBb TR 7Q K2/
2MBiBp2 a K# M/? 2MQi2b TQDbb2bbBQM

GO+ iBp2 T?BF " M GO+ iBOM

0Q+ iBp2 a KFQ/? M 02/1Q /7 2bb bQK2QM?2

RXRX8X .Bb+Qm b2 BMIBD iBRMX/v Q7 i?2 "2H iBQMb?BT #2ir22M Mv irQ b:
h?2 K2 MBM; Q7 QM2 b2Mi2M+2 K v /2T2M/ mTQM i?2 T ' 2+2/BM; b2Mi2M+2 M/ F
M2ti b2Mi2M+2X

RXRXeX S® ;K iB+ MIHEDB®BX T Q+2bb r?B+? /2°'Bp2b bm+? bT2+ib Q7 i?2 M
"2[mB°2 "2 HrQ 'H/ FMQrH2/;2X h?2i2ti Bb "2@BMi2 T 2i2/iQ +QMp2v r? i Bi +in
h?2 #2M2}ib Q7 mbBM; K +?BM2 i° MbH iQ  BMbi2 / Q7 /QBM; Bi K Mm HHvV
M/ QTiBKBx2b 2zQ i M/ +QbiX Ai + M HbQ T 'QpB/2 +QM}/2MiB HBiv M/ KmHIiB (
TQbbB#H2 BM + b2 Q7 K Mm Hi® MbH iBQMX >Qr2p2° - T'Q#H2Kb K v "Bb2 B7 +C
++QmMiX aBKBH "Hv-H M;m ;2b K v#2 K#B;mQmb Q" ? p2 /Bz2 ' 2Mibi ' m+im 2b

MQi 7mHHvV ++m’ i2X

RXkX GBM;mBbiB+ 62 im 2hQZ a WbFBIiK M;m ;2 BbQM2Q7i?2 M+B2Mi AM/Q
02/B+ a MbF'Bi ? b #22M mb2/iQ r'Bi2 K Mv Q7 i?2 M+B2Mi /Q+mK2MibX h?2 +H
7 KQmb ;7 KK *+ HH2/ bi /?v vB U1B;?i *? Ti2 ' bV +QKTQb2/ #v S MBMBX a MbF
b+ BTi br2HH b BM p BQmb "2;BQM H b+ BTibX h?2°'2 "2 MmK2 Qmb rQ 'Fb Q
? b HbQ #22M K2/BmK 7Q  +°2 iBM; i'2 iBb2 Q7 T?BHQbQT?B+ HrQ F b r2HH
K i?2K iB+bX :" KK iB+ HHv- Bi Bb bBKBH " iQ AM/IQ@1m QT2 MH M;m ;2b b Bi
HM;m ;2 +QKT ' Bb2b Q7 9e +? ~ +i2°'bUp M bV Qmi Q7 i?2Qb2-i?72 2 Q22IHBQMbQ
Ubr " bvVX a MbF'BiH M;m ;2 +QKT ' Bb2b Q7 iQi HQ7 2B;?i+ b2bX h?2 2 "2 bBt
270m KQQ/b U Ti? VX h?2b27Qm  KQQ/b M/ bBti2Mb2b "2iQ;2i?2  FMQrM |
a MbF'Bi ;" KK "X AM //BiBQM-a MbF'BirQ'/ Q /2 Bb 722 r?B+? K2 MbKQbi Q7
rrBii2ZM BM 7°22@rQ° /@Q /2" X

RXjX *QKT "BbQM Q7 >BM/B M/ a MbBFBBJA/IB Blhnd M22XQ7 i?2 Q{+B HH M;m ;2b
Ai Bb i?2 7Qm’ i? KQbi rB/2Hv bTQF2M H M;m ;2 BM i?2 rQ"H/ 7i2°J M/ "BM- 1M
Bb /B 2+iHv /2'Bp2/ 7 QK a MbF'BiH M;m ;2X AiBb "2; /2] bi?2 T #? Kb? UH+
r?B+? Bb i?2 T #?° Kb? Q7 a MbF'BiX h?Qm;? #Qi? i?2 H M;m ;2b ? p2 b K2 °Q
/IBz2 2M+2b #2ir22M >BM/B M/ a MbF BiX
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Input Hindi Text
Transliteration |

_~ Root Verb Extraction
// .

-

P e
/ RUJE"? ased p—( Subject Extraction
\ Engine J i

| Arrangement of words |

- P f
— Object Extraction
'___,—l—l——h_\ ! |
i . )
1 i e
Hindi-Sanskrit | Output Sanskrit Text
Bilingual
|  Dictionary
T "

6B;X KXR?Bi2+im  H qQ F@~Qr Q7 >BM/B iQ a MbF'Bi h> MbH iBQM avbi2K U>ahV

>SBM/B ? birQ ivT2b Q7 pQr2Hb- b?Q i U>" bp bp " bV M/ HQM; U.B22% bp ' L
i7°22 ivT2b Q7 pQr2Hb- b?Q i U>" bp bp ~ bV- HQM; U.22";2 bp ~Q@r2HMX 24N M ;
a MbF Bi-i?2 H bi bvHH #H2 Q7 i?2 rQ / Bb T'QMQmM+2/ +QKTH2i2HvV mMH2bb E
6Q° >BM/B-rQ '/ Q /2 K ii2 b r?BH2 7Q  a MbF Bi Bi /Q2b MQi K ii2 X h?2°2 "2
a MbF'Bi M K2Hv- a? #/ UMQmMb- T'"QMQmMb- /D2+iBp2bV-/? im Up2 #bV M/
T 2b2Mib +QKT 'BbQM Q7 >BM/B M/ a MbF'Bi: KK X

RXjXRX LQmMb M/ :AM/2 MbF Bi- 2p2°v MQmM ? b k9 7Q Kb r?B+? Bb +QK
UpB#? FIiBV M/ MmK#2 Up +? M VX HbQ-2 +? MQmMM? b ;2M/2 X >Qr2p2 - /I
yt2/ ;2M/2°X Ai b?2QmH/ +QKTHv rBi? i?2 MQmM Bi /2b+ B#2b BM ;2M/2 - + b2 M/

RXjXkX oB#? Fi®BHX¥ M? p22B;?2i TQbbB#H2 pB# ?FiBbX aBt Q7 i?2b2- r?B+?
+ HH2/F " F bX SQbb2bbBp2 M/ /2MQKBM iBp2 "2 MQi '2H i2/iQ Mv +iBQMX
#2ir22M pB#? FiB M/ F ° F X

RXjXjX a M?BXI +2°i BM b2i Q7 H2ii2'b +QK2 iQ;2i?2" 2Bi?2" #2ir22M Q" rBi-
+2°i BM2mT?QMB+ +? M;2bX .2T2M/BM; QM i?2 ivT2 Q7 H2ii2°'b BMpQHp2/ BM +(
bar a M/?B-ov MD M a M/?B M/ oBb "; a M/?BX

h?2 T T2  Bb Q'; MBx2/ b 7QHHQrbX h?2 K BM "2bmHib "2 BM 9- i?2 T°'QTQ
+QM+HmMbBQMb 7QHHQr BM 8X h?2 T°2pBQmb "2H i2/ rQ F Bb BM kX

kX S’ 2pBQmb gXFRQ/ Bb T'2b2Mi2/ BM (R9) iQ T2'7Q K bvMit M HvbBb Q7

T "bBM; i2+?MB[m2 # b2/ QM T Q# #BHBivX h?Bb i2+?MB[m2 K F2b mb2 Q7 *uE L
H;Q Bi?KX h?Bb KQ'T?QHQ;B+ H M Hvx2 iQQH T r b mb2/iQ B/2MiB7v r?2i?2" i
r?2M bim/B2/ b2K MiB+ HHv #v + 2 iBM; T "b2i #H2b M/ K FBM; mb2 Q7 KQ ' T?Q'l
3yW ++m” +vBMi?2 bvMit M HvbBb bi ;2 "QmM/3NWBMi?2b2K MMHVMBbvbBL
T? b2 ;2M2° i2b TQbBiBp2 "2bmHibVX "mH2@# b2/ H2tB+QM T b2  Bb T°QTQb
b2Mi2M+2X h?2 >BM/B b2Mi2M+2 r b M Hvx2/ #Qi? bvMi +iB+ HHv M/ b2K MiB+
M HvbBbr b T2'7Q K2/ rBi? i?2 ?22HT Q7 >BM/B qQ /M2i #v TTHVBM; KmHiIiBTH2
T°Q/m+2 M ++m” +v Q7 "QmM/ 3NW r?2M 2p Hm i2/7Q /Bz2 '2Mi b2Mi2M+2bX 1
T B /Bp2 ;2M+2b 2T 2b2Mi2/ #v (3)X h?2 mi?Q b bim/v1iM;HBb?@a MbF Bi M,
B/2MiB7v /IBp2 ;2M+2b bT2+B}+iQ 2 +? H M;m ;2 BMpQHp2/X 02 # 7 K2b 7Q" >B
HBM;mBbiB+ iQQH Tr b /2p2HQT2/iQ M Hvx2 M/ mM/2 bi M/ >BM/B p2 #bX +H I
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1: procedure HST(W, V,,, P, C,F, T, G, N, P,,5,.F,.5,. P, 2. D)

16

25

=]
]

oty ke
- 5 &3

§a ta pa ta ta
oo i =

fia:

Ta:

w:

Set of all Hindi words given in the sentence

Vw: Set of all verb form words in Hindi

P:
C:

Set of all prepositions in Hindi
Set of all cases in Hindi

F: Set of all noun word forms in Hindi

T
G:
N:
Pv
Sv:
Pn

Sn:

P1
P2
D:
Set

Set of all tenses in Sanskrit

Set of all genders in Sanskrit

Set of all numbers in Sanskrit

: Set of prefixes for Sanskrit verb form words
Set of suffizes for Sanskrit verb form words

: Set of prefizes for Sanskrit noun form words
Set of suffizes for Sanskrit noun form words

: Set of translated Sanskrit noun words

: Set of translated Sanskrit verb words

Set of Sanskrit words in sentence after translation
Sin, Sout AS empty

FOR EACH w; in W

IFw;,; ! = NULL AND w,,, =="%|'4" THEN
IF w;.contains(’ 3% | ' &7 | ' @7') THEN
Sin 4= (w1 U wy U wyzy)
ELSE
Sin — (w; Uwyyy)
ENDIF
Compare reverse [S;,] with predefined ending plrase list E[n] from cor-

pus

Store tense ‘t’, number 't' and gender 'g’ corresponding to En]
IF substrings sy.52.53... 8y, € Simmatch with Eln] THEN
Sout +— MAX [length (s,), length (s2) ... length{sm)]
ENDIF
8y + (Sin — Su-u#]
IF S, ==V,, THEN
Store Sanskrit verb, V, corresponding to V,, present in corpus
ENDIF
IF (t & r & g) = = (T[n] & N|un| & G[n]) THEN
Store prefix, P, and suffix, S, corresponding to (T[n] & N[n] & G[n])

from corpus

ENDIF
ENDIF
B+ PBU(PUuV,UusS,)

ENDFOR
FOR EACH uw, in (W-5,,,)

|

fron

IF wi,; ! = NULL AND w;,2! = NULL AND uyy; = = (' 3R’ |
FET) THEN
w; — (w;u ' 7
Wiy 4+ (WU’ )
ELSE
wy — (wl’ 5{)
Wisg +— (Wizal) )
ENDIF
IF w;;; ! = NULL AND w;;; = =P THEN
IF wi;; ==+ THEN
¢ +— nominative
ELSE IF w;;, = =@ THEN
€ +— accusative
ELSE IF w;,, = =% o0 THEN
¢+ dative
ELSE IF wy,, = = ('@ | '@ ' |’ @) THEN
c + genitive
ELSE IF w;y, = = ("% | ' ™) THEN
¢ + locative
ELSE IF w;;, = = "% THEN
IF wisz.comains (" TR') THEN
¢ + ablative
i=i+l
ELSE
¢+ instrumental
ENDIF
i=i+2
ENDIF
Store word form wjy as last character of uy
wy 4 last [uy]
IF (c & wy & r) = = (C[n] & F[n] & N[n]) THEN
Store prefix Py and suffizx Sy corresponding to (Cln] & Fln] & Nin])
m the corpus
ENDIF
P+ (PRRUPyUwiUSy)

ENDFOR

Co

mbine two outputs to give final output D

D« (PuPy)
Display D
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M/ p2 #7 K2br2'2+°2 i2/ mbBM;i?2F ~ F "2H iBQMb?BTb Q7 i?2 p2 #bX h?2 +
bvMi +iB+ M/ b2K MiB+ /Bz2 2M+2b #2ir22M i?2 p2 #bX

Lim>HH M:m ;2T Q+2bbBM; i2+?MB[m2Bb TTHB2/ #v (RR)iQT b2 >BM/B rQ
7i2° T2 7Q KBM; bi2KKBM; QM 2 +? BM/BpB/m HrQ /X iQQH Bb BKTH2K2Mi2/
b2Mi2M+2b #v mbBM; +iBp2@T bbBp2 pQB+2 "mH2b M/bvMQMVK@ MiQMvVK 2TH
i° MbHBi2  iBQM 7 QK 1M;HBb? iQ a MbF Bi i2ti Bb T'2b2Mi2/ T"QpB/BM; RyyW -
i72 K TTBM; #v K FBM; mb2 Q7 >BM/B IMB+Q/2 +? * +i2 bX

HbQ- "2pB2rQ7p BQmbivT2b Q7 JhaBb T 2b2Mi2/ #v (k9)X AMi?2B  bm p2:
+ i2;Q°Bx2/ K BMHv mb2/ TT'Q +?2/ 7Q° K +?BM2 i° MbH iBQM bvbi2K bc mH2
K +?BM2i° MbH iBQMX AM //BiBQM- (R3) T°'QpB/2/ pB2r Q7 2t KTH2 # b2/ K +?
Airbi?2M +QKT "2/ rBi? _"Jh M/ aJhbvbi2KbX h?2 T"TQKBM2Mi +? ~ +i2 ' BbiB+b
+QKT 'BbQM Q7 1M;HBb? H M;m ;2 M/ a MbF'BiH M;m ;2r2°2T 2b2Mi2/X h?2"°
#2ir22M 1M;HBb? M/ a MbF'BiH M;m ;2rBi? i?2?22HT Q7 BHHmbi"® iBp2 2t KTH2b
PT2M aQm ™ +2V "'mH2@# b2/ Jha M K2/ T2 iBmK Bb ;Bp2M #v (d)X +QKT "'BbQM C
JhrbT2 7Q° K2/ F22TBM; BM ++QmMii?2 Q'B;BM Q7 i?2H M;m ;2b (kN)X }p2@
M/ aJh 7TQHHQr2/ #v 1M;HBb? M/ AM/B M Q°'B;BMH M;m ;2r b/QM2X

M 2p Hm iBQM K2i?Q/ Bb ;Bp2M #v (R8) r?B+? i?2v TTHB2/iQ i?2 i?°22 K D
"mH2@# b2-T?  b2@# b2/ M/ M2m™ HJhX h?2v ? p2 mb2/ + b2bim/v bi?2# bB
T2°'7Q Kb i?2i° MbH iBQM 7' QK 1M;HBb? iQ :2°K MH M;m ;2X MmK#2 Q7 "2b2 |
mM/2 i?2 2t KTH2@# b2/ K +?BM2i° MbH iBQM T * /B;K M/ ii2KTi2/iQ + i2;Q°B
h?2 72 im™2b Q7 p 'BQmb 1"Jh bvbi2Kb r2°2 /Bb+mbb2/X h?2 HBKBi iBQMb M/ /
r2°'2 ?B;?HB;?i2/X

ai iBbiB+ HK2i?Q/br2°2/Bb+mbb2/#v(e) HQM; rBi? T'2@T Q+2bbBM; M/ TQI
i?72 T2’ 7Q°K M+2 Q7 1M;HBb? iQ ~ #B+ H M;m ;2 Jh bm+? b KQ T?QHQ;B+ H iQF
Q'i?Q;" T?B+ MQ 'K HBx i BQM- KQ T?QHQ;B+ H/2@iQF2MBx iBQM- Q' i?Q;  T?B
"B+?K2Mi 2i+X MJhar b/2bB;M2/ #v (Ry) 7Q° 1M;HBb? iQ 6BMMBb?i° MbH iBQM
M2KTB'B+ Hbim/vr b T2 ' 7Q K2/ #v (kR) Q7 i?2iQT }p2bi i2@Q7@i?2@ i K +?B
;HBb? iQi?2H M;m ;2br?B+?2r2°2 +QMbB/2°2/iQ #2 ? pBM; H2bb2  "2bQm +2b M
h? BUiI?VBM#Qi? i?2 /B '2+iBQMbX o "'BQmb K2i?Q/b Q7 Jhr2°22KT? bBb2/ bm+-
T? b2@# b2/-?B2° "+?B+ HT? b2@# b2/- QT2 iBQM Hb2[m2M+2 KQ/2H bi iBk

K +?BM2 i° MbH iBQM bvbi2K # b2/ QM "mH2@# b2/ TT' Q +2 rb T'QTQb2/
1M;HBb? iQ a MbF'Bi H M:m ;2X h?2 T°'QTQb2/ TT Q +?- K F2b mb2 Q7 b2i Q7

r'Bii2M M/ +QMp2'ii?2 H2tB+QMb U+QmH/ #2 T ;> T?b-b2Mi2M+2b Q  T?  b2bV
PM bBKBH MQi2- T Q+2bb2M;BM2 M K2/ 1i° Mar?B+? ++2Tibb2Mi2M+2 BM 1]
b2Mi2M+2 BM a MbF Bi 7i2  i° MbH iBQM-r b /2p2HQT2/ #v (j)X h?22 TT Q +?2 7

/IBb+mbb2/} biHv bQK2 bvMi +iB+ H72 im"2b Q7 i?2a MbF'BiH M;m ;2 7TQHHQr2
KK S M/ *QMi2ti 6722 7 KK "X MQi?2° "mH2@# b2/ TT'Q +? iQ K MB72bi FMQ
K +?BM2 i° MbH iBQM T°Q+2/m 2 7°QK a MbF'BiiQ 1M;HBb? H M;m ;2r b T '2b2
BMpQHp2 a MbF'Bi b 2Bi?2° bQm ™ +2-i ;2iQ° F2vbmTTQ'iH M;m ;2 "2 /Bb+m
IBz2 2Mi i2+?MB[m2b mb2/ #v "2b2 "+?2°b7Q K +?BM2i° MbH iBQM-bm+? b- *Q
i MbH iBQMX h?2 T'BM+BT HQ#D2+iBp2 Q7 i?Bb T T2 r biQ}M/ Qmii?2a MbF"
M/ TTHv KQbi bmBi #H2 Jh i2+?MB[m2bX 6m i?2°'KQ'2- M . SPai ;;2 r b/2pc
rQ /b # b2/ QM T i Q7 bT22+? Q7 i?2 ;Bp2M b2Mi2M+2X "mH2@# b2/ Jh TT Q
T°QTQb2/ #v (Re)X AM ?Bb S?X.X i?2bBb "2TQ i- (R) TTQTQb2/ K +?BM2 i° MbH
H M;m ;2X
(k) T’QpB/2 M Qp2 pB2rQ7J +?BM2 G2 "MBM; ;BpBM; M BMbB;?iiQr?v BiBb |
Mi*QHQMvV PTIiBKBx iBQM H;Q Bi?K M/ Bibp "B Mib "2 "2pB2r2/ # b2/ QM p "BC(
"2 TTHB2/iQ #v (kd)X (RN) ?B;?HB;?ibp "BQmbbi i2@Q7@i?2@ 'ioB im H 2}
i2+?MQHQ;B2b i? i rBHH T ' Qp2 iQ #2 #2M2}+B H 7Q  iQm ' BbK M/ ?QbTBi HBiv
KmHIBTH2 i2ti /Q+mK2Mi +H bbB}+ iBQM H;Q Bi?Kb ? b #22M /Bb+mbb2/ #v (k8)
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h #H2 kXR
ai2Th 7QHHQr2/ #v >ha

M

Step

Description

Output

Input text provided to the | raama raavaNa ko baaNa se

system

dharma kee rakshA keliye ayod-
hyaa se jaakara maarataa hai |

Transliterat- fon of the in- | I 31901 HT 701 H €7 DI T H-

put text

oY araieEn & Sy v 8 |

POS tagging of input text | ¥/ /NNPC @ui/NNP @1/PSP

U /NN |/PSP &95/NN
/PSP THI/NNPC @& forI/NN
spTeEr/NNP #/PSP Si&w/VM
ARar/NN #/VAUX

Semantic analysis of input | T 7 @07 BT A0 F €55 DI T0E]

text

3

% o e & e 9T &

o

Explanation of the analy- | ¥ / geffer1 / 4

sis

q / v s A
o / 2
B [ Hewl Yeb A
gﬂ;f_ma
Ty oD JqTT
wE [ et/ &
@1 [ Haw qad AT
a1 [ HqaRferr / ¢
& for /| wey T Iaga
=RaT & / et

AP
wae [ R

Final translation

T AU GO SRR YRS
ST TAET &

h #H2 kXk
a KTH2 7Q° a2K MiB+ M HvbBb Q7 iQF2Mb U>BM/B rQ" /b

S.N. Input Expected Actual Match
Output Output
1 ™ : T Yes
2 AT B TS Yes
3 3R q Yes
4 o3d § : aed: Yes
5 fagae™ TaaremT [EEUIG DL Yes
6 BEEnl T No
7 AT ATMRT Tt Yes
8 =T P E : L Yes
9 LCIRGIR HEEd Hgred Yes
10 S HIEEUIG] RIEETIG] Yes
11 Henk TIALT 9T Yes
12 9 99 994 Yes
13 al B Tt Yes
14 dran Hian Yes
15 HELE HELGE Yes
16 &A1 g1feT T THT, Yes
17 Fecdt 8 RaEfd qgef Yes
18 T T EEiE No
19 a1 &1 Yes
20 dadit & fogafa feaa Yes
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6B;X ROSRQPB/BM; BMTmi i2ti iQ i?2 bvbi2K

6B;X Rk MbHBi2" iBQM Q7 BMTmi i2ti

6B;X KSjPa i ;;BM; Q7 BMTmi i2ti

h #H2 kXj
*QM7mbBQM K i"Bt 7Q" a2K MiB+ M HvbBb

PmiTmi iQF2MDb
*

A hQi H
* do ye 3y
AMTmi iQF2Mb A yy ky ky
hQi H| d9 ke Ryy

@ *Q 2@ AM+Q 2+]

TT
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6B;X Ka2K MiB+ M HvbBb Q7 BMTmi i2ti

6B;X RLBTH M iBQM Q7 i?2 M HvbBb

iX SSQTQb2/ J2i?Q/QPQ;¥BM/B iQ a MbF Bi h> MbH iBQM bvbi2K U>ahV Bb
h?2 T°QiQivT2 KQ/2H i? ir2? p2 /2p2HQT2/Bb K +?BM2 i  MbH iBQM bvbi2K 7 ¢
M/ Bi K F2b mb2 Q7 i?2 "'mH2@# b2/ TT Q +?2X "mH2@# b2/ K +?BM2 i° MbH iB
/B+iBQM B2b U#BHBM:m H Q  KmHiBHBM:m HV M/: KK b Q7 #Qi? i?2 bQm +2
BM7Q K iBQM +QMi BMb i?2 b2K MiB+- bvMi +iB+ H M/ KQ T?QHQ:B+ HT ii2 Mb
bvbi2K + M 2Bi?2° #2 /[/B+iBQM v # b2/ Jh- i° Mb72 # b2/ Jh Q° M AMi2 HBM;
bvbi2K U/B+iBQM v # b2/ JhV r?B+? K Tbh BMTmi U>BM/B i2tiViQ QmiTmi Ua Mb
? p2 /2p2HQT2/ Cp TTHB+ iBQM 7Q  BKTH2K2Mi iBQM Tm TQb2bX h?2 bvbi2
JQ'2Qp2'-i?2 ++m  +v M/ T2'7Q K M+2 + M #2 7m'i?2° BKT Qp2/ #v i?2 /IBiB(
+Qp2 i?2 Qp2° HH 72 im 2b Q7 i?2H M;m ;2X

h?2 T°QTQb2/ KQ/2H i F2b BM b BMTmi >BM/B i2ti- T'Q+2bb2b Bi M/ T Q/mH-
i2ti b QmiTmi bb?QrM BM };m 2 kXeX h?2 T°Q+2bbBM; T? b2 Bb /BpB/2/ BMiQ K
"2 /2b+ B#2/ BM i?2 7TQHHQrBM; bm#b2+iBQMb M/ H:Q Bi?K k T 2b2Mib i?2 bi2

iXRX h> MbHBi2  iBQMKRbHBEX iBQM 272 biQi?2 T ' Q+2bb Q7 +QMp2 iBM;
“2BMi?2bQm +2H M;m ;2iQ b2iQ7+? * +i2°bi? i "2BMi?2i ;2iH M:m ;2r?B-
AM Qi?2 rQ /b-i?2 T?2QM2iB+ bBKBH "BivQ7i?2irQH M;m ;2b Bbi F2M BMiQ +
mb2/ b2i Q7 mMH2biQ T2'7Q K i?Bb K TTBM; 7°QK G iBMiQ .2p M ; "B b+ BTi ;B
(RK) X

jXkX SPai ;;BM; KQAPH2XS "i@P7@aT22+?V i ;;BM; Bb 272 °2/iQ bi?2i bF
rQ°/BM i2tiiQ T iB+mH T iQ7bT22+?2bm+? b- MQmM-T QMQmM- p2 #- /D
[2T2M/b mTQM i?2 +im H K2 MBM; M/ i?2 +QMi2ti Q7 i?2rQ°/ BM i?2 i2tiX g2 ?
.QrM _mH2 # b2/V SPai ;;2 r?B+? mb2b M2 "Q @/ Bp2M TT Q +?iQ +QMbi m+



J +?BM2 h® MbH iBQM avbi2K 7°QK >BM/B iQ a MbF'Bi G M;m ;2 mbBM; _nB8R¢ b2/ TT

6B;X K68M Hi° MbH iBQM

h #H2 kX9
a KTH2 7Q° S* ;K iB+ M HvbBb Q7 >BM/B b2Mi2M+2b

#BM "v i'22 (ky)X h?21i ;;2° T°Q/m+2b M ++m’ +v Q7 N8Xdd 7Q° >BM/B H M;m
i MbH iBQM bvbi2KX

iXjX _mH2@# b2 aRI?BM2X 2 i2/ /i # b2iQ biQ 2 mH2b 7Q i MbH iBQM 7 Q|
i2tiX h?2 /i # b2 +QMbBbib Q7 KmHIBTH2 "mH2b r?B+? 2 #2BM; mb2/iQ B/2MiB
Bb/QM2 #v B/2MiB7VBM; i?2 MmMK#2  Up +? M V- :2M/2°-+ b2 M/ T2 'bQM UTm mb
i :2iH M;m ;2i F2b TH +2 #v +QKT "BM;- K TTBM; M/ B/2MiB7vBM; i?2 +Q  2bT.

JX9X QQi o2 # 2ti° +iBQM KAB/IMKQXmH2 QmiTmib i?2 2[mBp H2Mi a MbF Bi p.
>BM/B p2 #X h?2 "QQip2 #/2T2M/b mTQM T2 'bQM- ;2M/2° M/ MmK#2 Q7 i?2 MQ|1
iQX h?2 H;Q Bi?K }'bii'B2b iQ 2ti® +ii?2 T2°'bQM- MmK#2~ M/ + b2 7Q" i?2 p2":
p2 '#- +QKT “2b M/ }M/b M TT QT B i2 K TTBM; 7 QK >BM/BiQ a MbF 'BiX
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h #H2 kX8
*QM7mbBQM K i"Bt 7Q° S* ;K iB+ M HvbBb

PmiTmi iQF2Mb

A hQi H
* iy y8 i8
AMTmi iQF2Mb A vk Rj RS
hQi H | jk R3 8y

@ Q2@ AM+Q T 2+i

9X AKTH2K2Mi iBQM M/g2PmBABKTH2K2Mi2/ Qm >BM/BiQa MbF Bii~ MbH iE
BM gBM/Qrb mbBM; C p X :IAU:" T?B+ HIb2  AMi2°7 +2V ? b #22M /2p2HQT2/r?
2Mi2°  i?2>BM/B b2Mi2M+2 bBMTmi 7' QK i?2 F2v#Q /UBM G iBMb+"BTiV M/i?2
b2Mi2M+2-Bb /BbTH v2/ QM i?2 BMi2°7 +2X h?2 BMTmi i2ti Bb} ' bii® MbHBi2" i2/
b+'BTi- _BTTH2 .QrM _mH2@# b2/ S 'ib P7 aT22+? U_._@SPaVi ;;BM; Bb T2 7Q
Q7 bT22+?-BMTmi b2Mi2M+2 Bb i?2M M Hvx2/ b2K MiB+ HHv M/ }M HHv- i?2 i’
Ai HbQ b?Qrb i?2 "2bmHi 7i2° i° MbHBi2® iBQM M/ SPai ;;BM; UmbBM; _._SP
b2Mi2M+2 #27Q 2 i° MbH iBQM iQa MbF ' BiX o 'BQmbbi2Tbh 7TQHHQr2/ #v i?2 bvbi
kKXR- kXk- kXj- kX9- kX8- M/ kXeX h?2 /2b+ ' BTiBQM M/ QmiTmi Q7 2p2 v bi2T |

a2K MiB+ M HvbBb Bb TTHB2/iQ iQF2Mb r?B+? 2p2Mim HHv +QK#BM2 iQ 7Q"
"2 +Q 7 2+i7Q r?B+? b KTH2Bb /BbTH v2/BMi?27Q K Q7 i #H2 kXkX h?2 ky BN\
#v i?2 bvbi2KX aBM+2 MQ QmiTmi Bb T°Q/m+2/7Q  i?2Ki?2v "2 MQi /BbTH v2/ Bl
+QM7mbBQM K i'Bt +72 i2/7Q i?2 M HvbBb Tm TQb2X

++m’ +v 4 Ud9YKkyVfRyy 4 N9fRyy 4 yXN9y

1°"Q° _i24UeYyVIiRyy 4 efRyy 4 yXyey

S ;K iB+ M HvbBb Bb T2 '7Q K2/ QM 8y b2Mi2M+2b- Qmi Q7 r?B+? j8 "2 +Q°°
b KTH2 7Q° M HvbBb Bb /BbTH v2/ BM i #H2 kX9X h #H2 kX8 /2TB+ib i?2 +QM7r
Tm TQb2X

++m’ +v 4 UjyYRjVi8y 4 9jf8y 4 yX3ey

1°"Q° _i24U8YkVI8y 4 df8y 4 yXR9y

8X *QM+HmMbBQMb M/ 6mim?P2 rqdD X QTQb2/ #Qp2 bi'Bp2b iQ i° MbH i2 /IBz
TQbbB#H2 >BM/B b2Mi2M+2b iQ 2[mBp H2Mi a MbF ' Bi b2Mi2M+2bX HH Q7 i?2b2
mM/2 bi M/BM; Q7 i?2 BMi2® +iBQM #2ir22M i?2 irQ H M;m ;2b M/ i?2B" i° MbH
TT ' Q +? + M 2tTH BM i?2 /2i BH2/ +QKT "BbQM Q7 i?2 irQ H M;m ;2b Q7 BMi2 2|
r2"2+? T iB+mH ~ "2bmHiX h?2b2 72 im2b K F2 i?Bb i MbH iBQM bvbi2K M 2
H M;m ;2b M/ i?2B  BMi2® +iBQMX T i 7 QK #2BM; H2 "MBM; iQQH-Bi + M #2 1
h?Bb rBHH #2 #2M2}+B H 7Q i?2 bim/2Mib M/ i2 +?22°br?Q "2 BMpQHp2/ BM i?2
a MbF'BiH M;m ;2X

AM7mim 2-r2+ Mi'viQi MbH i2BMi2 "Q; iBp2 M/ KQ 2 +QKTH2tivT2 Q7 b?Z
iQ mb2 Qi?2° TT Q +?2b iQ K +?BM2 i° MbH iBQM T i 7°QK i?2 "'mH2 # b2/ TT"
h?2 bvbi2K + M #2 2M? M+2/ iQ bmTTQ i pQB+2 i° MbH iBQM i FBM; bT22+? UB!|
T Q/m+BM; bT22+?2 UBM i “;2iH M;m ;2V bQmiTmiX g2+ Mi'viQ KBMBKBx2 i?2'
"2[mB 2K2Mib Q7 i?2 i MbH iQ > bQ i? ii?2 mb2 Q7 i?2 +QKTmi2  "2bQm +2b Bb Q

161 _1L*1a

(RSX ;rH J +?BM2 h> MbH iBQM avbi2K 7Q " a MbF Bi BY >@PMbB - MEM@SZmMD # h2+?MB+ H IMBy
kyR3X

(K)CX Hxm#B- X Lvv - M/ X-BEmRBM2 H2 "MBM; 7°QK i?2Q v iQ H;Q BiTKbm M ) OF SP2bB+b,
*QM72°2M+2 a2'B2b- RR9k UkYRBVAfTTROBRRYRIIRYXRY33fRdIk@e8N&XFRROKkfRfyRkyRk

(j))SX"?/m- XCBM- M/ .X aX #?27+xPBN+im 2 Q7 2M;HBb? iQ b MbF Bi KkyRBM2 A AWb RPIHIBR;M M i
avbi2Kb *QM72°2M+2 UAMi2RAHBBVIEMI BXQRERYyXRRYNfBMi2HHBbXbXkyR8XdjeRky9

(9)_X "2;:mK- aX >mb BM- GX " B- M/ .X.29p28QKBM; p2 '# 7" K2-bBMYG?2BM/Byy3X



J +?BM2 h® MbH iBQM avbi2K 7°QK >BM/B iQ a MbF'Bi G M;m ;2 mbBM; _nmB&j# b2/ TT

(8):X QX AX .2T "iK2Mi Q7 P77B+B H*QMbiBim@iBQM H S'QpBbBQMb, P{+B H G M;m ;2 2H i2/ S i@
biBimiBQM P-7kA R 8K

(e)aX 1#° ?2BK- .X >2; xv- JX :X JX JQbi 7 - M/ aX _X-1M@{BbH?@ " #B+ bi iBbiB+ H K +?BM2 i M
ai i2 Q7 i?2*QKTmi iBQM H GBM;mBbiB+b M/ AMi2HHB;2Mi h2ti STQ+2bbBM; G2+im 2 LQi2b E
TX 8ky 879jiiTh,ff/QBXQ ;fRyXRyydfNd3@j@jRN@R3RRR@ynjN

(d)IXGX6Q + / -IX:BM2bi6@_Qb2HH-CXLQ /7 HF-CXPO8_2; M-aX P iBx@_QD b-CX XS0 2xXx@P iE
X _ KL ' 2x@a{ M+?22x- 6 XJIXD2ViBmK, 7°22fQT2M@bQm +2 TH i7Q K7Q° mMH2@#+BB/M2 +?BM?2
h> MbH iBQM k8 UkV UKkyRRMiTIXTRIIBRDPI:fRYyXRyydfbRYySNX@YyRR@NYyNy@ y

(3)SX:Qv H M/ _XJX EX-aBMbDH iBQM /Bp2°;2M+2 BM 2M;HBb?@b MbFGB+@?RM/@iBb\MB;vh *QKITBiR"
a+B2M+2 a MbF'Bi *QKTmi iBQM H GBM;mBbPPBibb, FkQBHQ TIRRXRRWVIJINd3I@j@ 3Oy@ Nj338@ N

(NX EX :mTi - LX h T brB- M/ aKM@QBM/;2 2T °2b2Mi iBQM Q7 ;" KK iB+ H +QMbi ' m+ib Q7 b MbF"
"mH2 # b2/ b MbF'Bi H M;m ;2 iQ 2M;HBb? H M;m k& Kj “ANBI2Mi i BADM HBQAM 72 2M+2 QM /p N
h2+?MQHQ;v M/ 1M;BM22 'BM; UARFi Tt M{/QBMRQV-IRYyXRRYNfB+ /i2XKyRjXe8k9d99

(Ry)X >m bF BM2M M/ CX hB2/@K2MEM b2/ K +?BM2 i° MbH iBQM 7 QK MH+PR4IBNMQb }QIMBX2? a2+QM/
*QM72°'2M+2 QM J +?BM2 h™ MbHiTBQMN/-QBRYRIYRYyXR3e8jfpfrRd@ 9djR

(RRGX C BM M/ SX ;-m2Hi BM/2T2M/2Mi "QQi rQ°/ B/2MiB}+ iBQM BM ?BM/B H M;mQ22kbbBM; M im"
AMi2 M iBQM H CQm M H Q7 /p M+2/ AMi2HHB;2M+2 SiiTB;{hQ BIXQKyFRBAK-RBYIKBY BTXkyR 8
ydjdys

(RKBX C BM M/ SX ;*I¥MtHBb?iQb MbF Bii> MbHBi2"  iBQM, M 2z2+iBp2 TT Q *®b®/PBHGWM QIQitth" H
AMi2 M iBQM HCQm'M H Q7 /p M+2/ _2b2 “+? BM *QKTmi2 ' a+B2MHT W ACQBXQ3 ;URMRHY- TTX
ff/QBXQ ;fRyXke93jfBD "+bXp3BRXk3ey

(RjCX EX M/ G¥d MbF'Bi K +?BM2 i° MbH iBQM bvbi2Kb, +QXWi2 iMpBQNMW HvBBINn"M H Q7 *QKTmi2"
+ iBQMb- Rje UKYyReVIiTBXIR@BXQ ;fRyX8RkyfBD+XkyReNy3kNy

(R9)X EmK - a m’ #?- M/ JX-axMit M/ b2K MiB+ M HvbBb Q7 /2pAMi2 ™ MBQMBH CQm M H Q7 _2-
a+B2MiB}+ _2b2 “+?2- 3 UkyRdVX

(R8)X J +F2i Mx- 1X p KB/Bb- X "m +? /i- CX >2H+H- M{JX+aBBp2bii MbH iBQM, S? b2@# b2/- "
# b2/ M/ M2m ' H TT'Q +?2b rBi? HBM- mBbIBW22B HbmMBBM7Q K iBQM h2+?MQHQ;B2b- Rd Uk
2iiTh,ff/QBXQ ;fRyXR8R8f+ Bi@kyRd@yyR9

(ReaX J HH M/ IX *X C BRPRHQTBM; bvbi2K7Q K +?BM2 i’ MbH iBQM 7°QK ?BM/B KHyRjm@i?2 iQ 2M;
AMi2 M iBQM H *QM72 ' 2M+2 QM *QKTmi2" M/ *QKKmMB+ iBQM?hPH? MQOIRXQ U AR yXR/R yWdy R j
B+++iXkyRjXeX9Neyd

(RdoX JBb?" M/ _X JBHM;HBb? iQ b MbF'Bi K +?BM2 i° MbH iBQM bvbi2KAMi2ZmM2@@M H CTAmQM+ M C
Ip M+2/ AMi2HHB;2M+2 S * /B;Kb- QRUIRKYPRIKYQBXE®ReBRYyXR8y9fBD BTXkyRkXy93R99

(R3)X JBb?" M/ _X "X JB&M/v Q7 2t KTH2 # b2/ 2M;HBb? iQ b MbF Bi KQi#PBMBAL: MbHKYB W TX 9j 8
2iiTh,ff/QBXQ ;fRyXRd8ekiT#@|d@ 8

(RNX Lvv -"XJ?2Ti -.XLXG2- M/:X amb2@BfimMWH "2 HBiv Up "V m;K2Mi2/ 2 HBiv U "V i2+?M(
iQm BbK M/ ?QbTBi HBAMBMM/MBBM HCQmM M HQ7 1M;BM22°BM; h2+?MQHQ;v-d UkyR3VX

(ky)X ZX L;mv2M- . X ZX L;mv2M- . X .X S? K- M{ aXQ#BRiKMb7Q K iBQM@# b2/ H2 "MBM; TT ' Q +? m
/QrM "mH2b 7Q T " i@Q7@ bA2ZDHKIMYEBM; iBQMb- kN UkyRed VEBTL XK 0@ RXIkkfRyXjkjjf BX@ R8yeN3

(KRYX SX S - uX EX h?m- X 6BM+?- M{ 1rahwK®7 bi iBbiB+ H K +?BM2 i’ MbH iBQM K2i?Q/b 7Q" ml
HM;m-{35Q+2/B *QKTmi2  a+B2M+2- 3R UK¥iREeb/fTRKRQP k8RyXRyRefDXT Q+KXkyReXy9Xy8d

(kkYYX S “Fp HBl "H/2Mb Ryy bi° bi bT "F kyyd Ui?2 rQ H/6b Ryy H “:2lbyyti>)¥;m ;2b BM kyydV

(kj)aX _ Ki2F2- EX _ Ki2F2- MLGRtB*QM T b2 7Q  bvMi +iB+ M/ b2K MiB+ M HvbBb Q7 /2p M ; °
?BM/B rQY/MRi2°M iBQM HCQm'M HQ7 /p M+2/ _2b2 “+? BM *QKTmi2" M/ *QKKmMB+ iBQM I

(k9pX a BMB M/ oX a 2aomHp2v Q7 K +?BM2 i° MbH iBQM i2+?MB[m2b M/ bvbikXkR& @1 BMABIIN KD M;n
M iBQM H*QM72 2M+2 QM *QKTmi iBQM H AMi2HHB;2M+2 M/ *QKiRin MB @ BEKQM; hRy-X RIRWNT ; v-
+B+iXkyR8XRK]j

(k8BaX aX a2?° M/ XLvS T2 QM H;Q'Bi?Kb mb2/ 7Q" i2tikyRjXbB}+ iBQM

(keL X a2i?B-SX ;"rH-0XJ/ M- M/aX EXMaB\? TT Q +?iQT T2 b2?BM/Bb2Mi2M+2b mbBM; M
T'Q+2bbBM{B M CQm'M H Q7 a+B2M+2 M/ h24PMQH@BXK UKkRRXRd938fBDbifkyREfpNBKk3fN3j

(kd) X aBM;? M/ XL vwWi+QHQMv QTiBKBX iBQM +QKTmi iBQM H br "k BMyREWB;2M+2 i2+?2MB[m 2

(k3pX aQK2'pB2r "iB+H2, 1t KTH2@# b2/ K +?BM2BMKHH MBOXMIiBQM- R9 URNNNVTHTITMQBR] R8d-
Q ;fRYyXRykjf , Ryy3RyRjRKdjf/QBXQ ;fRyXRykjf ,RyyXRyNjRkdjy

(kNaX a’22H2F? - SX "? ii +? 'vv - M/ .XJaHiBBB+ H pbX "mH2@# b2/ K +?BM2 i° MbH iBQM, +QK
QM BM/B M H M;/m MH2b BM AMi2HHB;2Mi avbi2Kb M/ *QKTmiBM; AMi2™M iBQM H *QM72 2M+2
M/ TTHB+ iBQMb- UkyRdW4iTX d&/QBd8Q ;fRYXRYyydfNd3@N3RK@ Ry @ 88ky@ Rn8N

1/Bi2/ #WM M/ L vv
_2+2Bp2M kR- kyky
++2TiZmH kd- kyky
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.. a+ H #H2 *QKTmiBM;, S° +iB+2 M/ 1tT2 B2M%idT, fAara X IRSTNX@DRde d -
Ukyky a*S1X 0OQHMK2 kR- Abbm2b j- TTX 888 8e3- .PA RyXRkeN9,fb-
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#bi® +iXh?2 mii2 KQbi "2[mB 2K2Mi Q7 i?2 rB 2H2bb b2MbQ" M2irQ ' F Bb T'QHQM;2/ HB72iBK2X |
+HmMbi2 2/ b2MbQ  MQ/2b H2 /iQ i?2 T°2K im 2 /2 i? Q7 b2MbQ" MQ/2b "2bmHiBM; BM H2bb2M2/ HB7
T'BK "BHV +?QQb2 +Hmbi2 22 / QM i?2 # bBb Q7 * M/QK MmK#2 - r?B+? Bb bQK2r? i /Bb+ BKBM iBN\
+ M/B/ i2b 7Q  +Hmbi2 22 / "QH2 K v #2 bFBTT2/ #2+ mb2 Q7 i?Bb ° M/QKM2bbX hQ "mH2 Qmi i?Bb
MQpP2H 2M2 ;v 2{+B2Mi 7mxxv HQ:B+ # b2/ +HmMbi2 'BM; T'QiQ+QH UL116V r?B+? +QMbB/2 b T'BK v
bvbi2K r?2BH2 b2H2+iBM; +Hmbi2 22 /bX 7i2° b2H2+iBQM Q7 +Hmbi2" 22 /b- NTQOmM/@M HbrzbH 2+ PRQ/M Q
Q7 i?2B" +HmMbi2 22 / 7Q° +Hmbi2" 7Q K iBQMX L116 Bb bBKmH i2/ M/ +QKT "2/ (BHB-iMD K2HAMi bi
a*>6hG M/ .6*_ mM/2 irQ b+2M "BQbX aBKmH iBQM “2bmHib mMp2BH #2ii2° T2 7Q°K M+2 #v # H M.
BM i2 Kb Q7 bi #BHBiv T2 'BQ/- T +F2ib 7Q r */2/iQ i?2 # b2 bi iBQM- BKT Qp2/Xp2° ;2 2M2 ;v M/ 2ti

E2v rQ ' /biAM2 ;v 1{+B2M+v- qB '2H2bb a2MbQ " L2irQ F- *Hmbi2 ' BM;- 6mxxv GQ;B+- *Hmbi2"  >2 /

Ja bm#D2+i +H bbB}+ eBBQRBXN9.y8

RX AMi"Q/m+ABIQNX2Mi T bi /2+ /2b- rB 2H2bb b2MbQ" M2irQ F UgaLV ? b 2K
Q7 Qm* / BHv HB72X gBi? i?2 /" biB+ T°'Q; 2bbBQM Q7 KB+ Q2H2+i"QMB+b i2+7
2H2+i"QMB+ +B +mBi‘v- gaL Bb TTHB2/ BM /Bp2°'b2 "2 H@iBK2 TTHB+ iBQMb F
b2MbBM;- bm " QmM/BM; KQMBIiQ BM;- # iiH2}2H/ bm ' p2BHH M+2 2i+X (R)X gal
2tT2°'B2M+2- ++mKmH i2 M/ +QKTmi2 BM7Q K iBQM 7°'QK i?2 2MpB " QMK2Mi M/
iBK2 77 K2X gaL Bb #H2M/ Q7 7Qm  bm#bvbi2Kb HiQ;2i?2 rBi? b2MbBM; K

T Q+2bbBM; KQ/mH2- M/ TQr2 bmTTHv KQ/mH2 U# ii2 vV (k)X h?2b2 aLb m
HBKBi2/ K2KQ'v7Q°  +QHH2+iBM; BM7Q K iBQM 7 QK i?2 pB+BMBivBM r?B+?i?2|
7Q° T°Q+2bbBM; i?2 /i M/ H i2 i° Mb72 " "BM; Bi iQ i?2 # b2 bi iBQM U"aVX aQ-
"2b2 "+?2°biQ/2pBb2 K2+? MBbKiQ mb2i?22M2 ;vQ7alL2z2+iBp2HvX gaL+ M
?2QKQ;2M2Qmb M2irQ Fb (j)X AM ?QKQ;2M2Qmb M2irQ " F- HH MQ/2b TQbb2bb 2]
K2KQ'v- " /BQ " M;2 M/ 2M2 ;v-r?2°'2 b BM ?22i2°Q;2M2Qmb M2irQ F- Bi K v #2
Q7 i?2 #2ii2> bQHmMIBQMb 7Q  bT "BM; TQr2" Q7 aLb M/ 2ti2M/BM; M2irQ " F HB7
r?2°2BM HHi?2alLb "2;"QmT2/ ++Q /BM;iQbQK2 +'Bi2B M/ 2 +?;"QmT Bb ?2

+Hmbi2"  ?2 / U*>V (8)X h?2 *> +QKT 2bb2b i?2 /i bmTTHB2/ #v i?2B" +Hmbi2"
TmbBQMiQ "2/ m+2i?2 "2/mM/ M+v M/ BKT QpBM; i?2 TQr2 /BbbBT iBQM ™ i2 Q7

o BQmb +Hmbi2'BM; H;Q Bi?Kb r2°2 T°'QTQb2/ BM i?2 H bi /2+ /2b HBF2 G1
(d)- alS (3)- G1 a1 (N)-1.6*J (Ry)- aSlw (RR) 2i+X AM qalL-i?2"2 "2irQ ivT2b C
b+?2K2b, >B2° "+?B+ H M/ LQM@>B2" "+?B+ HX AM ?B2° "+?B+ H b+?2K2- al
"apB *>BM QM2 ?QT r?BH2-BM MQM@?B2" "+?B+ Hb+?2K2-aLbb2M/i?2 "2+
i?72 "a pB *> "2bmHIBM; BM +QMb2 pBM; KQ 2 2M2 ;vX JQbi Q7 i?2 +HmMbi2 'BM
i? ii?2 2M2°;v /BbbBT iBQM + M #2 # H M+2/ BM i?2 M2irQ ' FX >Qr2p2 - "2; "/H?Z
i?72 *> "QH2-i?22M2 ;v BK# H M+2 i F2b TH +2 /m2 iQ +QKKmMB+ iBQM /Bbi M+
HQ+ iBQM Q7 i?2 "a //BiBQM HHvVv BM~m2M+2b i?2 HB72iBK2 Q7 i?2 M2irQ F b
7Q° +QKKmMMB+ iBQMX A7 i?2 +?Qb2M *>b "2 M2 2  iQ i?2 "a i?2M Bi rBHH /Bbt
"2 i /Bbi Mi TH +2 i?2M Bi rBHH /® biB+ HHv /2TH2i2 2M2 ;v H2p2HX aQK2 "2b:

J/ MJQ? MJ HpBv IMBp2 bBiv Q7 h2+?MQHQ;v-MR? nFREIIX/+BMIAB UK BHX+QK
888
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+QKKmMB+ iBQM iQ i?2 "a#mi Bi HbQ /2TH2i2b 2M2 ;v Q7 *> M2 "2 iQ i?2 "aX
AMi?Bb T T2 -r2?2 p2T QTQmM/ MQp2H 2M27;v 2{+B2Mi 7Tmxxv HQ;B+ UL11¢
gaLi? iK F2b mb2 Q7 /2bB;M2/ 7mxxv bvbi2K 7Q" 2M2 ;v 2{+ +v r?BH2 b2H2+iBM
M2irQ'F HB72iBK2X h?2 K BM +QMi'B#miBQMb "2 ?B;?HB;?i2/ b 7QHHQrb,
h?2 BM~m2MiB HT ~ K2i2'bi? i z2+ii?2 # ii2°v H2p2H Q7 aLb "2 B/2MiB}
b2;°2; i2/ BMiQ T°'BK 'v. M/ b2+QM/ v 7 +iQ bX
h?2 T'TBK "v7 +iQ b +QMbB/2 2/ "2 "2KM Mi2M2 ;v H2p2H M/ +QKKmMB+ i
r?72°2 bb2+QM/ "v7 +iQ'b "2i?2/2MbBiv Q7 aL M/ Bib HQQ7M2b iQ i?2 "a
hQ 2KT? bBb2 i?2 2H2+iBQM Q7 #2bi bmBi #H2 MQ/2 7Q  i?2 *> "QH2-r2B;"?
QmiTmip Hm2 U66R M/ 66kV 7i2° 2tT2'BK2Mi H2p Hm iBQM i? Qm;? bBKn
hQ # H M+2 i?2 HQ / Q7 *>- MQM@*> MQ/2b +?QQb2 i?2B" *> QM i?2 # bB
/2bB; M2/ 7mxxv bvbi2K r?B+? +QMbB/2 b i?2 HQ / Q7 *> MQ/2 M/ /Bbi M+?2
+QMbB/27 2/ *>X
am#b2[m2Mi T i Q7 i?Bb T T2 BbQ; MBb2/ b 7QHHQrb, a2+iBQM k /Bb+mbb
rBi? M2irQ'F M/ 2M2" ;v /BbbBT iBQM KQ/2H Bb /Bb+mbb2/ BM b2+iBQM jX /2b
T'2b2Mi2/ BM b2+iBQM 9X aBKmH iBQM 2tT2°'BK2Mi M/ "2bmHi M HvbBb Bb /QN
+QM+HmM/BM; 2K "FbX X

kX _2H2p Mi q@?Bb b2+iBQM /Bb+mbb2b bQK2 T2 'iBM2Mi +Hmbi2"BM; H;Q Bi
i2°BM; H;Q ' Bi?Kb mb2 "QmM/b iQ /2b+ B#2 i?2 HB72iBK2 Q7 qaLX 1 +? "QmM/ +(
Q7 +Hmbi2® M/ i?2/ i +QHH2+iBQMX JQ 2 i?2 MmMK#2 Q7 "QmM/b-i?2 HQM;2"  rE
(9) Bb TBQM22'BM; T'QiQ+QH BM +Hmbi2"BM; H;Q Bi?KbX h?2;Q HQ7 G1 *> |
K MM2 i? i2p2°v MQ/2 ;2ib M QTTQ imMBiviQ #2+QK2 *>X h?2 "2 bQM Bb i? i
2M27;vi? M MQM@*>b MQ/2b-i?2°27Q°2- MQ/2 rBHH MQi /BbbBT i2 TQr2" #v in
mb2b ° M/QKM2bb BM b2H2+iBM; *>- r?B+? K v +QMp2°;2iQ MQ *>BM "QmM/X :
HQ;B+7Q  +Hmbi2 ' BM; Q7 aL BM gaL (Rk)X h?BbrQ FBb MBKT Qp2K2Mi Qp2  G]
"2 MQ/2 /2;°22- +2Mi° HBiv M/ "2bB/m H 2M2 ;vX >Qr2p2 - Bi mb2b +2Mi° HBb2
7Q° +Hmbi2"BM;X *2Mi® HBb2/ TT Q +?2b "2 MQi 2 bBHv b+ H #H2 #2+ mb2 Q7
K2+? MBbK "2HVBM; QM i?2 6mxxv "2 bQMBM; U*>16Vr b T ' QTQb2/ #v EBK 2i HX
T Q# #BHBiv Q7 MQ/2 iQ +i b *>X Ai miBHBb2b i?2 i MbKBbbBQM ~ M;2 iQ i?2
b 7mxxv 2H2K2Mib 7Q" i?2 *> b2H2+iBQM- mMHBF2 G1 *>X h?2 +QMi" bi #2ir22M
2z2+iBp2 +Hmbi2° 7Q K iBQM BM *>16 i? M QM G1 *>X

Gl *>@6G Bb M2M? M+2/ G1 *>p "B MirBi? émxxv GQ;B+ (R9)X Ai/Bz2 b 7"
7 +iQ b mb2/- pBxX /Bbi M+2 Q7 MQ/2 7°QK i?2 bBMF-ivT2 Q7 # ii2°vmb2/- M/ i’
*> Bb +2Mi° HBb2/ T°Q+2bb- bBKBH "~ iQ G1 *>-? M/H2/ #v i?2 "a-r?B+? +QKTn
iQ #2+QK2 *>X h?2 mi?Q b Q7 G1 *>@6G ? p2 b?QrMi? " Qm;? 2tT2"BK2Mib i? ii
"2/m+2/i?22M27 ;v /BbbBT iBQM " i2X h?2 HB72iBK2 Q7 M2irQ " F mbBM; G1 *>@6
i?72 M2irQ " Fr?BH2 +QMbB/2 ' BM; G1 *>X G22 M/ *?22M ? p2(R8) T 'QTQmMM/ 7mxx\
BMr?B+? *> MQ/2 Bb 2H2+i2/ QM # bBb Q7 Qmibi M/BM; 2M2 ;v Q7 MQ/2 M/ i?
alS@6G (Re) Bb M 2M? M+2/p "B Mi Q7 alS (3)- +2Mi'2/ QM i?2 +?QB+2 Q7 *> #v
T Q# #BHBiB2b 7Q" 2 +? MQ/2X Ai Qz2'b H ;2 /m" iBQM Q7 bi #BHBb iBQM VN
i?72°2#vBKT QpBM; MQ/2 HB72iBK2X h?2 K2i?Q/Bb # b2/ QM2 +? MQ/26b /Bbi M+
H2p2HX 1 1*6 (Rd) Bb 7mxxv # b2/ mM2[m H +Hmbi2'BM; TT Q +?X Ai T 'QTQb
Q7 *>b BM T B'b bi?2v "2 2Bi?2 M2 "iQ i?2"a Q TQbbB#Hv ? p2 HBKBi2/ # ii:
bi'QM;2  QmiTmi BM i2°Kb Q7 } bi MQ/2 /2 i? U6L.V-[m "i2° MQ/2 /2 i? UZL.V M
/[2TH2IiBQM BM +QMi" biiQ G1 *>-*>16 (Rj) M/ 11l* (R3)X

JP6* (RN) Bb MQi?2" i2+?MB[m2 Q7 +Hmbi2'BM; BM KQ#BH2 b2MbQ" M2irQ"
"2bB/m H2M2 ;v-*>b "2 /2i2°'KBM2/X h?2 " /IBmb Q7 i?2 *>Bb p2'vBKTQ i Mi BM
K2 Mbi? iB7 *>Bb +HQb2 iQi?2"a M/ ? bKQ'22M2 ;v-Bi+ M; i?2° M/ +QKKr
M2M? M+2/ p "B Mi Q7 1 1*6 (ky) Bb 6"I* (kR) Q" é6mxxv " b2/ IM2[m H *Hmbi2 B
miBHBb2b T Q# #BHBbiB+ HBKBi 7mM+iBQM BMbi2 / Q7 T 2/2}M2/ HBKBi Mm
T°QpB/2b 7mxxvBMTmip "B #H2 + HH2//2;°22 Q7 MQ/2r?B+? Bb mb2/iQ b2H2+i



L116, LQp2H 1M2 ;v 1{+B2Mi 6mxxv GQ;B+ # b2/ *Hmbi2 ' BM; S QiQ+QH 7Q " §BdH2bb a2

AM /Bz2 2Mi b+2M "BQb- 6"1* 2t?B#Bi HQr2  TQr2 /BbbBT iBQM M/ HQM;2 M2i
i2° Kb Q7 }°biMQ/2 /2 i? U6L.V M/ H biMQ/2 /2 i? UGL.VX 6Q" galL iQ 2M? M+2
b+?2K2 7Q+mb2/ QM 7mxxv HQ;B+ M/ T "iB+H2 br "K QTiBKBb iBQM Bb bm;;2bi
i2+?MB[m2i? imb2b 7mxxvHQ;B+ 7Q  +HmMbi2 ' BM;X 1M2 ;v- T'QtBKBiviQi?2 "a-
iQ #2 7Tmxxv BMTmib- M/ HH MQ/2b "2 b2H2+i2/ BM 2 +? "QmM/X h?Bb i2+?MB][1
b *>"2/m+BM; 2M2 ;v +QMbmKTIiBQMX 6"1*a (kj)- QM i?2 Qi?2"  ? M/- +QMbB
7°QK i?2 "a M/ /2MbBiv b M BMTmiiQi?2 6Aa7Q b2H2+iBQM Q7 *>X Ai +QMbB
+Q "2bTQM/BM; T°Q# #BHBiv/m BM; i?2 +Hmbi2 ' BM; T'Q+2bbX 6"1*a Bb + T #H
iBK2X .6G* (k9) Bb MQi?2 T QiQ+QH # b2/ QM i?2 7mxxv HQ;B+i? iBb+ ~"B2/ Q
/IBbi'B#mi2/ K MM2 X .6G* +QMbB/2 b M2irQ"FHBF2 i°22r?2°2Bi6bMQ/2b + M
.6G* Bb +QKT "2/iQ * gqh (k8)-G1 *>- M/ *>16 (Rj)X 1tT2 'BK2Mi H "2bmHib /2KC(
2t?B#Bi #2ii2° T2 7Q°K M+2 i? M Qi?2° H;Q Bi?Kb BM i2°'Kb Q7 +?Qb2M T2 7Q"
K F2b mb2 Q7 i?2 7Tmxxv HQ;B+X h?°22 T°Q+2/m 2b ? p2 #22M mb2/iQ 2ti2M/ i?2
6Q° 7mxxv HQ;B+ # b2/ + H+mH iBQM- 1*S6 miBHBb2b MQ/2/2;°22 M/ MQ/2 +2Mi
QmiTmi 7Q° *> 2H2+iBQMX

a*>6hG (kd)-Bb # b2/ QM 7mxxv HQ;B+ bvbi2K- BM r?B+? i?2 b2MbQ MQ/2 mb2
H2p2HbX h?2 }"bi H2p2H T ° K2i2'b "2 "2K BMBM; 2M2 ;v M/ +2Mi" HBiv- i?2 b:
+QKKmMB+ iBQM [m HBiv M/ /Bbi M+2 7°QK i?2 "a M/ i?2 i?B/ H2p2H "2 iQi H:
i?72 ?22HT Q7 i?Bb T ° K2i2-bmT2  +Hmbi2"  ?22 / Bb b2H2+i2/ Qmi Q7 i?2 +?Qb2M
Qp2 HQ /-7 i HQbb M// i "2i° MbKBbbBQM-i?2 ' 2#vBM+ 2 b2bi?2M2irQ " FHB72
BbT ' QTQmM/i? i TTHB2b mM2[m H+Hmbi2"'BM; K2+? MBbKiQ bQHp2i?2?QibTC
bBx2 Q7 +Hmbi2 -i? i "2 +HQb2biiQi?2 "aX1@* 6G (kN)Bb MQi?2° "QmiBM; T
(jy) TQiQ+QH #v HHQrBM; MQ/2 /2MbBivX Aimb2b i? 22 T > K2i2 b- pBxX /Bbi M
/I2MbBiv Q7 MQ/2 b BMTmi 7Q  6Aa 7Q 2biBK iBQM Q7 > MF 7Q  b2H2+iBM; i?2 *:

AM i?2 #Qp2 K2MiBQM2/ T QiQ+QHb-2KT? bBb Bb MQi ;Bp2M iQ i?2 T ~ K2i2°
H2p2H Q7 aLbX g2 ? p2/2i2 " KBM2/i?2BM~m2MiB HT ~ K2i2'b M/ mb2/i?2KBM 7
BM M2irQ FX AM KQbi Q7 i?2 T QiQ+QHb K2MiBQM2/ BM “2H i2/ rQ F-i?2v/Q MQi
K2+? MBbKX q2 ? p2 7mxxv }iM2bb p Hm2 Q#i BM2/ /m " BM; *> b2H2+iBQM rBi? Qi
7Q KBM; i?2 +HmMbi2 b BM Qm TQ TQb2/ rQ FX

iX SS2HBKBMhBRthK2+iBQM T 2b2Mib i?2 bbmKTiBQMb K /2 BM i?2 M2irQ F |
rQF BM HBM2 rBi? i?2 2M2 ;v /BbbBT iBQM KQ/2HX

JXRX L2irQ FJQI2BI® T 2bmKTiBQMb i? i "2K /27Q i?2 M2irQ"F "2,
aLb "2 M/QKHv " M;2/BMi ";2i "2 X
7127 i?2 /12THQVK2Mi- HH i?2 MQ/2b "2 bi iBQM "vX
"a/Q2bM6i ? p22M2°7;v +QMbi® BMiX
.2THQV2/ MQ/2b "2 ?2QKQ;2M2Qmb BM i2'Kb Q7 "2bQm +2bX
1p2°v MQ/2? b QMHvV QM2 *>X
h?2 +QKKmMB+ iBQM HBMF Bb bvKK2i ' B+X
h?2 /Bbi M+2 #2ir22M irQ aL Bb /2i2"KBM2/ #v _aaA U_2+2Bp2/ aB;M H ai 21
AMBiIiB HHv-aL "2 mM +[m BMi2/ #Qmi i?2B  HQ+ iBQMX

jXkX 1M2 ;v /BbbBT iBQAWKI@2HK HvbBb Q7 T°QTQb2/ rQ F-i?2 2M2 ;v KQ/2H
2KTHQV2/X h?2 2M2 ;v Q7 i?2 M2irQ F K v #2 /2TH2i2/ BM b2MbBM;- ;; 2; iBQM-
"2+2TiBQMX 6Q i MbKBiiBsV#B M/ QRAREpBM2- 2M2 ;v /BbbBT iBQMb "2 ;Bp2M #\

SEelec + S 1s d?; d<d,

UIXRV ErS D= e+ syt d>do

I’?Z\(ﬁbBb i? 2b?QH/ r?B+? /2i2 ' KBM2b 2Bi?2 7722 bT +2 Q KmHIBT i? KQ/2H /Q
#wd, = fs=mp X

UjXkV Erx (S) = Erx elec(S) = SEelec
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U V 66R U#V 66Kk

6B; X XXRbB;M2/ 6Aa

AM KTHB}+ iBQM Q7 bB;M H-2M2 ;v /BbbBT i2/ Bb + H+mH i2/ #v

Sy d’>; d<d
UjXjVv Eamp = frrs1pd4' d>dz

h?2 +QKKmMB+ iBQM +Qbi iQ #2 #Q M2 #v *>BM "QmM/ Bb + H+mH i2/ #v
Ujxov Ech = nS(Eelec + fsdes + Epa)

h?2 iQi H2M2 ;v 2t? mbi2/ #v K2K#2 Q7 +Hmbi2 Bb + H+mH i2/ #v
UjXsv Ecm = S(Eelec + s dch )

r?2 2é&M Bb i?2 /Bbi M+2 iQ Bib *>X

9X S'QTQb2/ L116 T QhiQ2Q@HQATQb2/ L116 T'QiQ+QH +QMbBbib Q7 7Qm" bi ;
T 2@/2THQVK2Mi bi ;2- *> b2H2+iBQM bi ;2- +Hmbi2  7Q K iBQM bi ;2 M/ /i /Bt

9XRX S 2@/2THQVK2RVRI 22%X2 /2THQVK2Mi Q7 aLb BM i?2 }2H/- M2irQ F /KBM
iQ HHQ+ i2 MmMB[m2 A.iQi?2 aLbX h?2BM7Q K iBQM #Qmii?2"aBb HbQ 72/ BN
i?2"a/m BM;i?2QT2 iBQMQ7i?2M2irQ FX 6Q BMBiB Hb2imT Q7i?2M2irQ F N
h.) bHQi Bb 72/ BMiQ 2 +? aL bQ i? i +QHHBbBQM 7°22 #°Q /+ bi+ Mi F2 TH +2

9XkX *> b2H2H+iB@PW bR ;i22 /2THQVK2Mi Q7 aL Bb +QKTH2i2- Biéb iBK2 iQ b2
/B/ i2b iQ TH v i?2 "QH2 Q7 *>X aBM+2 i?2 "QH2 Q7 *> Bb p2'v + m+B H- 7mxxv
QTIiBK H+ M/B/ i2X 6mxxv HQ;B+ Bb KQbiHv TTHB2/iQ bQHp2i?2 mM+2'i BMiB2
Q7 *> BM gal-i?2'2 "2 b2p2° HQp2'H TTBM; 7 +iQ b HBF2 "2KM Mi 2M2";v- /Bb
/[2MbBiv BM M2B;?#Qm ?2QQ/- +QKKmMB+ iBQM +Qbi-2i+X h?mb- 6mxxv HQ;B+ B
b2H2+iBQM T Q#H2K b Bi + M #H2M/ p 'BQmb 7 +iQ°b /2 HBM; rBi? mM+2 i BMiE
i?72MQ/2b "2mMr "2 #Qmii?2HQ+ iBQM Q7 i?2"a- >2HHQnNSEhU"aA.V Bb #°Q
aL + M 2biBK i2i?2 HQQ7M2bb 7°QK i?2 "aX h?2 aLbrBHH K F2 #°Q /+ bi b T2
BMT 2@/2THQVK2Mi T? b2X PM+2 HH i?2 aLb "2 r "2 Q7 i?2 "2[mB 2/ T > K2i2"|
2M27;v- +QKKmMB+ iBQM +Qbi M/ /2MbBiv "QmM/ MQ/2V-i?2 +QKTmi iBQM 7Q "
hrQ 6mxxv BM72 2M+2 bvbi2K U6AaV ? p2 #22M /2bB;M2/ 7Q" +QKTmiBM; i?2 6m>
Q7 aLb b b?QrM BM 6B;X 9XRX

6Q 66R-"2bB/m H2M2 ;v M/ +QKKmMB+ iBQM +Qbi "2 +?Qb2M bi?2BMTmip
UGoV +?Qb2M "2 GQruUGrvV- p2" ;2U ;V- >B;?U>;V M/ GQrUGrV-JQ/2 i2UJ/V- :
7Q° QmiTmi p "B #H2 "2 02'v q2 F UoqV- g2 F UgV- _ i?2 g2 F U_qV-J2/BmK q.
UJKV- _ i?2 ai'QM; U _ai'V-J2/BmKai'QM; UJai'V-ai ' QM; Uoai'V M/ 02 vai QM;
TmM+iBQM UJ6V 7Q  /Bz2 2Mi Go r?B+? 2 /2°'Bp2/ 7Q "  BMTmi M/ QmiTmip "B ¢
6Aa T Q+2bb2b i?2b2 BMTmip "B #H2b QM i?2 # bBb Q7 Go M/ 2bi #HBb?2b 7m
M/ QmiTmi Go QM i?2 # bBb Q7 b2i Q7 A6@h>1L K TTBM; mH2bX h?2b2 "mH2b r
66R Bb /2TB+i2/ BM h #H2 9XRX h?2b2 A6@h>1L mH2b "22p Hm i2/ mbBM; J K/
r2? p2 HbQ /2TB+i2/ BM 6B;X 9XR M/ 6B;X 9X8X h?2 "2 bQM 7Q°  mbBM; i?Bb K
iQ2 bBHvBMIi2 T 2i M/ /" r+QM+HmMbBQM QM i?2 # bBb Q7 ;Bp2M A6@h>1L "mH:
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UV _2bB/m H1M2 ;v U#V *QKKmMB+ iBQM *Qbi

U+V 6mxxv 6BiM2bb o Hm2 U66RYV

6B; X XXE2K#2 b?BT 6mM+iBQMb

h #H2 9XR
6mxxv _mH2b 7Q° 66R

"mMH2 LOX _2bB/m H1IM2 ;v *QKKmMB+ iBQM +Qbi 66R

R Gr > oq
k Gr J/ q

j Gr Gr _q
9 ; > Jg

8 J/ JK

e ; Gr _ai’
d > > Jai’
3 > J/ ai’
N > Gr oai’

*P K2i?Q/ r?B+? Bb +QKKQMHvV mb2/ (jy- jk)X 6Q  + H+mH iBM; i?2 6mxxv }iM2b
*2 +QMbB/2°2/, MQ/2 /2MbBiv M/ /Bbi M+2 7°QK "a b b?QrM BM 6B;X 9XRX

h?2b2 irQT ~ K2i2'b? p2bQK2bB;MB}+ M+2 /m 'BM; b2H2+iBQM Q7 *> + M/B/
2biBK iBQM Q7 M2B;?#Qm ' BM; MQ/2b r?B+? + M "2/m+2 i?2BMi° @+QKKmMB+ iB
H2 / iQ KQ 2 /BbbBT iBQM Q7 2M2 ;v b r2HH b +QQ /BM iBQM Qp2'?2 /X h?2 C
Q7 *> "QH2 i T X .Bbi M+2 7°QK "a /2i2 ' KBM2b i?2 +QKKmMB+ iBQM Qp2°?22 /r"°
IM HHv 7Q°r "/BM; i?2 /i X A7 i?2 MmK#2™ Q7 M2B;?#Qm ' BM; MQ/2b Bb KQ 2 M/
KQ'2 MmK#2 Q7 T +F2ib Bb iQ #2 7Q"r "/2/iQ i?2 "ar?B+? rBHH /2TH2i2 i?2 2M
7Q° LQ/2 /2MbBiv Bb a+ "+2 Ua+'V- p2° ;2 U ;V M/ .2Mb2 U.bVX aBKBH "Hv- L.
.Bbi Mi U.iV "2 i?2 Go QTi2/ 7Q" .Bbi M+2 7°'QK i?2 "aX 6Q  QmiTmi p "B #H2 66
UogV- g2 FUqV-J2/BmK g2 F UJgV-J2/BmKUJKV- ai'QM; Uai'V M/ 02 v ai QM;L
i° T2xQB/ H K2K#2 ' b?BT 7TmM+iBQMb "2 +?2Qb2M 7Q  BMi2'BQ  p Hm2b M/ #Qml
6B;X 9XjX h?2 Tmxxv A6@h?2M mH2b 7Q" K TTBM; i?2BMTmiiQ QmiTmip "B #H



8ey XEX .rBp2/B- XEXa? 'K

UV LQ/2/2MbBiv U#V .Bbi M+2 7°QK "a

U+V 6mxxv 6BiM2bb o Hm2 U66kV
6B;X XXJ2K#2 b?BT 6mM+iBQMb

h #H2 9Xk
6mxxv _mH2b 7Q" 66k

_mH2 LQX LQ/2/2MbBiv .Bbi M+2 7' QK "a 66k

R a+’ L Jai’
k a+’ J/ Jq

i a+’ N Jq

9 ; L ai’

8 J/ JK

e ; N o}

d .b L oai’
3 .b J/ Ji®

N .b N oq

7127 1?2 +QKTmi iBQM Q7 66R M/ 66k- 2p2°vaL + H+mH i2b Bib T°'Q# #BHBiv |
U9XRYV SN (k):prob= SN(k):FF1+ SN(k):FF2 sti( + )=1

r?2°2 M/ "2 “#Bi® v +QMbi MibX

g2 ? p2 +QMbB/2°2/ i?2 MHmMB @Xd M/ yXj 2bT2+iBp2Hv b r2 ;Qi #2ii2" "2bm]|
p Hm2b b b?QrM BM 6B;X 9X9X g?BH2 + "“vBM; Qmi 2tT2'BK2MMH MrHvbBb Q
+ H+mH i2/i?2 p2 ;2*>iQ M2irQ " BR@2QmMIiBBI?2Q® 'VBM; p MMR2thQZ "2 bQM
7Q r2B;?i ;2KQ72 i? Bbi? i 66R +QMbB/2°'b +QKKmMB+ iBQM +Qbi br2HH i?2 "2
aLr?B+? "2 KQ'2BM~m2MiB HBM +?2QQbBM; 2{+B2Mi *>X 7i2° 2 +? MQ/2 +QKT
Bib *>+ M/B/ im 2-2 +? MQ/2 #°Q /+ bi Bib T Q# #BHBivX h?2 aLb rBi? ?B;?2bi T
+ M/B/ i2bXpBMHly "2 2H2+i2/ BM 2 +? "QmM/X h?2 T°Q+2bb Q7 b2H2+iBM; *> Bk
g2 ? p2/2bB;M2/ 6Aa7Q +QKTmiBM; +? M+2 Q7 2 +? *> b b?QrM BM 6B;X 9X8X

h?2°2 "2i?°'22BMTmip "B #H2b, MmK#2"> Q7 K2K#2  MQ/2b- +QKKmMB+ iBQM
}iM2bb p Hm2 66R Q7 *> MQ/2X h?2 QmiTmip "B #H2 Bb *? M+2 Q7 *>r?B+? /2i2
iQ #2 +?Qb2M #v MQM@*> MQ/2X h?2 Go 7Q BMTmi M/ QmiTmip "B #H2b "2 /2T



L116, LQp2H 1M2 ;v 1{+B2Mi 6mxxv GQ;B+ # b2/ *Hmbi2 'BM; S QiQ+QH 7Q" = RH2bb a2

6B;:X XKXOtT2 BK2Mi H 2p HM MBQMQQ7p2° ;2 *> iQ M2irQ F 2M2 ;v " iBQ

H:Q Bi?KaRH2+iBQM Q7 *>

R,hM hQi HMQ/2b

k, F A.Q7al

+HmMbi2 n+QmMi

,aLUFVX1M2Zmv 2Mi aL 2M2 ;v H2p2H

,aLUFVXLL2B;?#Qm ' BM; MQ/2b BM +QKKmMB+ iBQM ~ M;2
,aLUFVX**QKKmMB+ iBQM +Qbi B7 +?2Qb2M b *>

,aLUFV XhwT 2

,LQ'K HMQ/2

,aLUBVX."8Bbi M+2 Q7 aL iQ "a

Ry, 7Q2 +? MQ/2 allQUFV

RR, aLUFVX66mxxvUaL UFVX1M2 ;v-aL UFVX **V ff 6BiM2bb o Hm2R
Rk, aLUFVX66mxxvUaL UFVXL.-aL UFVX ."aV ff6BiM2bb o Hm2k

Rj, aLUFVXS 'Q#aL UFVX66RLYUFVX 66k VMF "2 "#Bi° v +QMbi Mib

Z wa o oo

R92M/ 7Q"

R8,7Q2 +? MQ/2 allQUFV

Re, "Q /+ biaLUFVXS Q#

Rd, BALUBVXivT2 44 6L06 aLUFVX2ZM 2 ;v=y

R3, BALUBVXS Q# = "2bi Q7 i?2 MQ/2b BM hM i?2Wmbi2° +QmMi ITW
RN, aLUBVXhvord ffaL Bb MQr *>

ky, *QmMin*>YY ffAM+ 2K2Mi i?2 +QmMi Q7 *>b

kR, 2M/ B7

kk, 2M/ B7

ki, 2M/ 7Q"

6B:X XXBAa 7Q° +QKTMIiBM; *? M+2 Q7 *>



8ek XEX .rBp2/B- XEXa? 'K

h #H2 9Xj
6mxxB}2° HBM;mBbiB+ p "B #H2b

o B #H2 L K2 GBM;mBbiB+ 0 "B #H2

J2K#2° MQ/2b GQrUGrv-J2/BmKUJKV->B;?2U>;V

*QKKmMB+ iBQM /Bbi M+2 iQ *> MQ/2 6 "U6'V-J2/BmKUJKV-L2 "UL"V

6mxxv 6BiM2bbU66V p Hm2 R SQQ'US'V-J2/BmKUJKV->B;?U>;V

*? M+2 Q7 *> 02°v ai QM;Uoai'V- ai'QM;Uai'V-J2/BmK ai ' QM;UJai V-
J2/BmKUJKV-J2/BmK q2 FUJqV- _ i?2° g2 FU_qV-

g2 FUqV-02'v q2 FUoqV

U V J2K#2  MQ/2b U#V *QKKmMB+ iBQM /Bbi M+2 iQ *> LQ/2

U+V 6mxxv 6BiM2bb o Hm2 U66RYV Uu/v *? M+2 Q7 *>

6B;X XX&2K#2 b?BT 6mM+iBQMb

TMmMM+iBQMb Q7 BMTmi M/ QmiTmip "B #H2b "2 /2TB+i2/ BM 6B;X 9XeX A6@h>1
p "B #H2b "2 /2TB+i2/BMh #H2 9X9X 1 +? MQM@*> MQ/2 +QKTmi2b i?2 +? M+2 C
+ M/B/ i2rBi? K tBKmK +? M+2 Bb +?Qb2M b QTiBKmK *> #v i?2 MQ/2X h?2 MQM,
iQ i?72 QTiBKmK *> MQ/2 M/ "2+2Bp2b +FMQrH2/;2K2Mi 7°QK *> MQ/2 rBi? h.J

/Im BM; i?72 " QmM/X h?2 +Hmbi2  7Q K iBQM T 'Q+2bb Bb BHHmbi™ i2/ BM H;Q Bi~

9XjX . i /Bbb2KBM iBQRM+22%X2 b2H2+iBQM Q7 *>b Bb +QKTH2i2/ M/ +Hmbi2"
/IBbb2KBM iBQM bi ;2 +QK2b BMiQ TH vX . i Bb :2M2  i2/ 7°QK i?2 i “;2i "2 QM
i720 :2i "2 -aL7Q'r ‘/bi?2/i iQi?2*> bT2 i?2h.J bHQi 7Q" +QHHBbBQM 7°
i?72*> +QHH2+ib/ i 7°QK HHi?2 +Hmbi2 K2K#2 b-Bi ;;°2; i2bi?2/i M/i MbK
T Q+2bbBM;X AMi?Bbr v- QM2 "QmM/ Bb +QM+HmM/2/ BM L116 T'QiQ+QHX

8X aBKmH iBQM 2tT2 BK2Mib M/ 2lbhit6iB M bHBWorBH X2/ M/ 2p Hm i2/ HQM:; rB
6hG (kd) M/ .6*_ (k3) T'QiQ+QHb mbBM; J hG "X h?2 }2H/ bBx2 B2 +@MbB/2 2/
" M/QKHvV b+ ii2 2/ aLbX h?2 QT2 iBQM Q7 i?2 M2irQ F Bb bTHBi BMiQ "QmM/b]
+Hmbi2> 7Q K iBQM M/ /i /Bbb2KBM iBQM i F2 TH +2X h?2 T ~ K2i2'b 7Q" bBK
8XRr?B+? "2 F2Ti bBKBH ~iQ a*>6Gh (kd) M/ .6*_(k3)X h?2 T2 ' 7Q K M+2 K2i B
T QTQb2/rQF "2 HBp2 MQ/2b T2 "QmM/-T +F2ibiQi?2"a- p2  ;22M2°;v Q7 M:



L116, LQp2H 1M2 ;v 1{+B2Mi 6mxxv GQ;B+ # b2/ *Hmbi2 'BM; S'QiQ+QH 7Q" @B RH2bb a2N\

h #H2 9X9

6mxxv "mH2b 7Q° +QKTmiBM; *? M+2 Q7 *>
_mH2LQX _nlM2;v ."a .2MbBiv _ MF
R Gr 6" S° oq
k Gr 6" JK or
j Gr 6° > q
9 Gr JK S° q
8 Gr JK JK q
e Gr JK >, _q
d Gr L® S _q
3 Gr L® JK Jq
N JK L > Jq
Ry JK 6° S° q
RR JK 6" JK q
Rk JK 6° > Jg
Rj JK JK S q
R9 JK JK JK Jq
R8 JK JK > Jq
Re JK L S Jq
Rd > L JK JK
R3 > L > _ai
RN > 6" S° Jr
ky > 6" JK JK
kR > 6 > ai
k k > JK S° _ai
kj > JK JK Jai’
k9 > JK > ai’
k8 > L® S° Jai’
ke > L JK ai
kd > L > obi’

H;Q Bi?K6KQ K iBQM Q7 +Hmbi2 BM L116

R.hM hQi HMQ/2b
k, hLn*> hQi H*> MQ/2b BM “QmM/
F-K A.Q7 alL

i

9,7Q2 +? MQ/2 BM NWIn*>

8, ""Q /+ bi*>nJa:UaLUFVVXA.-aL UFVXJ2K#2 LQ/2b-aL UFVX 66R
e,2M/ 7Q°

d,7Q2 +? MQMn*>nLQ/2@M hM

3, BALUFVXivT2 44 6L aLWFWiR2M2 ;v

N, PShAJIJn*> vy ff AMBiB HHv LQ *> Bb *?Qb2M b PTiBKmK

Ry, PShAJIJn*>n*> L*1 vy ff AMBIiB HBbBM; *? M+2 Q7 2 +? *>iQy
RR, 7QK4A4R iQ hLn*> HBbi

Rk, BaLUKV Bb rBi?BM *QKKmMB+ iBQIM2MM;2 Q7 aLUFV

Rj, Jtn*? M+24 6mxxv UaL UKVXK2K#2  MQ/2b-/Bbi M+2 iQ *>- aL UKVX
RO, B?d tn*? M2 PShAJIJn*>n*> L*1i?2M

RS, PShAJIJn*> K ffA. Q7 *> MQ/2

Re, PShAJIJn*>n*> L*1 J tn*? M+2

Rd, 2M/ B7

R3, 2M/ B7

RN, 2M/ 7Q°

ky, 2M/ B7

kR2M/ 7Q"

kk,aL UFVX*PShAJIJIn*> ff PTIBKmK *> Bb +?Qb2M #v alL
ki, aLUFV rBHH i MbKBi DQBM "2[m2bi iQ PShAJIJn*> MQ/2
k9,PShAJIIn*> MQ/2 rBHH +FMQrH2/;2 aLUFV rBi? h.J bHQiX




8e9 XEX .rBp2/B- XEXa? 'K

UV L2irQ’Faim+im 2 7Q" aOR U#V L2irQ'Faim+im 2 7Q" aOk
6B;X 8XR2irQ ' F bi'm+im 2X

h #H2 8XR
aBKmH iBQM S * K2i2'b M/ i?2B  p Hm2b

S " K2i2'b avK#QH o Hm2b

hQi H aLb BM 6B2H/ L Ryy-kyy
KTHB}2  2M2 ;v 7Q" 7 22sb T +210pJ=bit=m?2

"a HQ+ iBQM "a U8y-8yV-UR8y-8yV

KTHB}2  2M2 ;v 7Q " KmH#B T i? 0:0013pJ=bit=m 4
1M2 ;v Q7 aL #27Q 2 /2 THQ VK 2 Ni5J=1:0J

. i T +F2i aBx2 J 9yyy#Bib

.i 6mbBQM Epa 8MCT#Bif 2T Qi
“#Bi® v +QMbi Mib - yXd-yXj
S2'+2Mi ;2 Q7 *> T Q# #PHWBiv Ry
1H2+i"QMB+ *B +mBi Vv Egjc 50nJ=hit

ZL.- >L.- p2 ;22M2 ;v Q7 +?2Qb2M *>bX h?2b2 K2i'B+b rBHH 2p Hm i2 i?2 T Qi
+QM7Q KBM; i?72 2M? M+2K2Mi BM HB72iBK2 Q7 i?72 M2irQ'FX q2 ? p2 + ""B2/ Qr
M/ i?2 "2bmHibr2°2 MQ 'K HBb2/X h?2 ;" T?b /2TB+i2/ "2 BMbi M+2 Q7 QM2 Q7 i~
+H2 "TB+im 2 #Qmi i?2 T2 ' 7Q K M+2 Q7 HH i?2 bBKmH i2/ 7mxxv # b2/ T QiQ +¢

8XRX L2irQ F bi'mAMN+2M/m+iBM; bBKmH iBQM 2tT2 BK2Mib-r2 ? p2 +QMbB/
im2fb+2M "BQb b /2TB+i2/ BM 6B;X 8XRX AM b+2M "BQ R UaORV-i?2 "aBb TQt
b+2M 'BQ k UaOkV +QMbB/2 b i?2"aHQ+ i2/ i7 "QzTH +27 QK i?2}2H/X h?2 "
Bbi? ii?BbT QiQ+QH + Mb iBb7v HHi?2 TTHB+ iBQMb Q7 qaLr?2°2i?2"aBb 2|
i?72 pB+BMBivX

8XkX HBp2 MqBiZbX?2 7Q+mb QM HQM;2® HB72iBK2 rBi? K tBKmK +Qp2" ;2-
BKT +i QM gqaLX JQ 2 i?2 MmK#2> Q7 HBp2 MQ/2b- HQM;2  rBHH #2 i?2 HB72iBK
i?72 MmK#2° Q7 HBp2 aLb BM i?2 }2H/ 7i2° 2 +? "QmM/b 7Q" #Qi? i?2 b+2M "BC(
i? 1 L116 T2 '7Q Kb #2ii2" i? M a*>6hG M/ .6*_ T'QiQ+QH bBi? bKQ'2 HBp2 MC
2[m i2/iQ a*>6hG M/ .6*_ 7Q  #Qi? i?2 b+2M "BQbX AM b+2M 'BQ R-7Q  mT iQ
MQ/2b 2 /2 1/ 7Q  a*>6hG M/ .6* _ T ' QiQ+QHb r?2°2 b KQ'2i? M NyW MQ/2b "2
T QIQ+QHX 6Q b+2M "BQ k- 7Q°  mT iQ R8yy "QmM/b- KQ'2 i? M NyW MQ/2b 2
T'QiQ+QH r?2°2 b MQ MQ/2 Bb HBp27Q  a*>6hG T'QiQ+QH M/ KQ 2i? M N8W N
T QIiQ+QHX P#i BM2/ "2bmHi 7°'QK 6B;X8XkU -#V +H2 "Hv mMp2BH i?2 # H M+2/
aLbX

8XjX h?2 Qm:?T@QHX2+iBM; BM7Q K iBQM 7 QK i?2 i “;2i 2 Bb i?2 mHIiBK i2 ¢
+2bb7mH /2HBpP2'v Q7 KQ 2 BM7Q K iBQM iQ i?2 "a "2p2 Hb #2ii2  /2bB;M Q7 T C
Q7 bm++2bb7mH T +F2i /2HBp2'v iQ i?2 "a /m BM; bT M Q7 i?2 M2irQ FX g2 + \



L116, LQp2H 1M2 ;v 1{+B2Mi 6mxxv GQ;B+ # b2/ *Hmbi2 ' BM; S QiQ+QH 7Q" §E=8H2bb a2

UV aOR U#V aOKk

6B;X &XKkHBp2 MQ/2b rX Xi "QmM/b

UV aOR U#V aOk

6B;X &XH +F2ibiQ i?2 "arX XiX "QmM/b

?b7Q'r "/2/ KQ'2 T +F2ibiQi?2"a b +QKT "2/iQ a*>6hG M/ .6* T ' QiQ+QHX a
MQ/2b "2 HBp2T2 "QmM/BML116 T QiQ+QH-i?2°27Q°2-KQ'2BM7Q°K iBQM B
2tT2+i2/1Q7Q°r '/ bKm+? BM7Q K iBQM b TQbbB#H2 rBi? HQM;2 HB72iBK2 M
T QIiQ+QHX

8X9X p2° ;2 2M27 ;v Q7 MieQBROBT iBQM "~ i2 Q7 2M2 ;v Q7 aL K v z2+ii?2 |
M2irQ'FX A7 i?2 M2irQ'F Bb /BbbBT iBM; 2M2 ;v [mMB+FHv i?2M i?2 HB72iBK2 rE
+Qp2° ;2Q71i ;2i "2 X 6B;X 8X9/Bb+mbb #Qmi p2° ;22M2;vQ7 M2ieQ RT2 "Q
2M2;vQ7L116 T QiQ+QH7Q 2 +?2 " QmM/BbKm+?KQ '2i? Ma*>6hG M/ .6*_ T Qi
h?2 "2 bQM #2?BM/ i?2 #2ii2° T2'7Q°K M+2 Bb i?2 +QMbB/2° iBQM Q7+ m+B HT
#2 #Q " M2 #v aL B7 +?Qb2M b *> M/ Bib "2KM Mi2M2 ;v H2p2H/m ' BM; i?2 b2H2+iE
"2bmHIBM; BM KQ 2 p2" ;22M2°;v Q7 i?2 M2irQ ' FX ai #BHBiv T2 'BQ/ Q 6B bi M«
Q7 i?2 M2irQ F (3)X A7 T QiQ+QH 2t?B#Bi #2ii2" bi #BHBiv T2'BQ/ i?2M Bidb -
Bi 2Mbm 2 i?72 +QKTH2i2 +Qp2" ;2 Q7 i?2 M2irQ"F #2+ mb2 HH i?2 aL "2 HBp2 |
T2'BQ/X

8X8X 6B bi LQ/2 .2 /-Zm i2° LQ/2 .2/ M/ > H7 LQU22RIHX 2b i? i i?2 M2irQ" F
Bb "2HB #H2 b i?2 /2THQV2/ MQ/2b "2 +Qp2'BM; i?2i “;2i 2 BMi +iHvX ZL. M
/2i2 KBM2i?2 " i2 ir?B+?i?2 MQ/2b 2 2tTB 'BM:X 6B;X 8X8 b?Qrbi?2 " QmM/b B
? p2 6L.-ZL. M/ >L.X h?2 2 bQM r?vr2 ? p2 MQi +QMbB/2°2/ G bi LQ/2 .2 / UGL.



8ee XEX .rBp2/B- XEXa? 'K

UV aOR U#V aOk

6B;X 8XP2° ;2 2M2°;v UCV T2 "QmM/

UV aOR U#V aOKk

6B;X &&8B bi LQ/2 .2 /-Zm "i2° LQ/2 .2/ M/ > H7 LQ/2 .2/

/2 i? Q7 8yW MQ/2-i?2°2 Bb MQ "2HB #BHBiv #Qmi i?2 +Qp2° ;2 Q7 i?2 i *;2i }2t
r2? p2hb22Mi? ibQK2T QiQ+QHb +QMiBMmM2 mT iQ Ryyy " QmM/b KQ 2 rBi?i?2B"
bbBM;H2 MQ/2 Bb BM+ T #H2 Q7 +Qp2 'BM; HH i?2 i “;2i }2H/X 6Q  6L.- L116 ?

.6* _ #v kd3XejW M/ RReXyNW 7Q b+2M "BQ RX AM + b2 Q7 b+2M "BQEBbi?2 BK
7Tm i?2° BM+ 2 b2/ ? pBM; jN3X38W M/ RdkX3RW Qp2 a*>6hG M/ .6*_ "2bT2+iB|
L116 ? bb?QrM BM+ 2K2Mi Q7 9kNXkkW M/ RyyX3eW Qp2  a*>6hG M/ .6*_ "2bT?2
8eRXReW M/ N3Xj9W Qp2 a*>6hG M/ .6*_ "2bT2+iBp2Hv 7Q  b+2M "BQ kX 6Q°
a+2M 'BQ R-i?2 Q#i BM2/ "2bmHib "2 99yXeNW M/ RRO9Xy3W #2ii2"  i? M a*>6h(
7Q a+2M "BQ k- i?2 BKT ' Qp2K2Mib "2 8NyW M/ Ry8XdkW Qp2 a*>6hG M/ .6*_

8XeX p2' ;2 2M2° ;v Qh?BHXT2 ' 7Q K M+2 K2i'B+ 2Mbm 2b i? ii?2 MQ/2b r?B+?
2M2°;v H2p2Hb HQM; rBi? Qi?2° T°'BK v M/ b2+QM/ 'v7 +iQ°b "2im M2/ BMiQ *
p2° ;22M2 ;v Q7 *>b BM HB72iBK2 Q7 i?2 M2irQ'F b QM2 Q7 K2i'B+ #2+ mb2 Bi
"2 +?Qb2M iQ i F2 i?2 +? HH2M;BM; "QH2 Q7 *>X Ai Bb rBiM2bb2/i? ii?2 p2 ;.
Bb BKT ' Qp2/ #v N3eXj9W M/ 8NXk8W b +QKT "2/ iQ a*>6hG M/ .6*_ T 'QiQ+QH
T2 ' 7Q Kb RRYy9IXNRW M/ edXNjW #2ii2° i? Ma*>6hG M/ .6*_ T QiQ+QHX h?2 + m
Q7 a*>6hG Bbi? iBi? b+?2Qb2M bQK2 > M/QKp Hm2b 7Q  i?2 T ~ K2i2'b HBF2 .Pa
iQi H/2H v r?B+? /Q2b MQi ;Bp2 /22T BMbB;?i Q7 i?2 aL + T #BHBiv r?BH2 b2H2+
.6* T QiQ+QH-Bi +QMbB/2 b i?2 "2KM Mi2M2 ;v M/ HQQ7M2bb 7' QK i?2 "a b +
r?2°2BMi° +Hmbi2" +QKKmMB+ iBQM +Qbi Bb M2;H2+i2/ r?B+? "2bmHib BM TQQ
T QIiQ+QHX



L116, LQp2H 1M2 ;v 1{+B2Mi 6mxxv GQ;B+ # b2/ *Hmbi2 ' BM; S QiQ+QH 7Q " §=dH2bb a2

6B;X 8Xe2" ;2 1M2 ;v Q7 *> 7Q" #Qi? b+2M "BQb

eX *QM+HmMbBIBEVMBRO T QTQb2/7Q° "2bQm +2 +QMbi® BM2/ gaLX h?Bb T QiQ+Ql
}iM2bb p Hm2b Q#i BM2/ 7°QK T°'BK v M/ b2+QM/ "v7 +iQ b 72/iQ /2bB;M2/ 6m:
7 +iQ"b BM+HmM/2 "2KM Mi2M2 ;v M/ +QKKmMB+ iBQM +Qbir?2°2 bb2+QM/ v 7
M/ /Bbi M+2 iQ i?2 # b2 bi iBQMX gBi? 2tT2'BK2Mi H Q#b2 p iBQMb- T'BK v M,
TT QT B i2T°QTQ iBQM 7Q  b2H2+iBQM Q7 #2bi +Hmbi2" ?22 / + M/B/ i2bX 6Q" #
+HmMbi2" ?22 /| K2K#2 b mb2 7mxxvHQ;B+ 7Q  +?QQbBM; i?2B" +Hmbi2"?2 /bX L11
Qp2  a*>6hG M/ .6* T QiQ+QH BM i2'Kb Q7 T Qi +i2/ HB72iBK2- bi #BHBiv T2"
Q7 +?Qb2M +Hmbi2" 22 /b M/ +QKKmMB+ iBQM Q7 KQ'2 BM7Q 'K iBQM iQ i?2 # b
7Q° TTHB+ iBQMb r?2°22Bi?2 i?2# b2 bi iBQM+ M #2 Tmi ii?2 +2Mi 2 Q" #2vQ
rBHH T2 7Q K bBKmH iBQM 2tT2'BK2Mib QM KQ#BH2 b2MbQ™ MQ/2bX
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(RSX_ri-EXaBM;?->X*? Qm+?B- M/ EXBX2QRIBNBAMMbQ  M2irQ " Fb, bm p2vQM 2+2Mi/2p2HQTK?2
bvM2 ;Bi2@XCQmM M H Q7 amT2 ¢eQURMBM3- T  kyR9X

(k)JX J2?2/B 7b ° M/ JQ? KK />X hv  XMBKntbi2 " BM; BM b2MbQ  M2irQ Fb, CIKBi2M ith Q7bn2ipQVEK
M/ *QKTmi2" TTHB+eBRND kke- LQp kyR9X

(j)SXax J2?° - IXLX .QD - M/ "X MR KW+2/ bi #H2 T2°'BQ/ 7Q  irQ H2p2H M/ KmHiBH2p2H ?22i2°Q;2M2
# b2 bi iBQM BM rB 2H2bb b20MHHIN KV2jid R H ;2 d8R d8NX kyReX

(9)gX_X >2BMx2HK M- X *?2 M/>" F b M- M/ >X " HM2Bb@RWB2Mi +QKKmMB+ iBQM T 'QiQ+QH 7Q"
+ Qb2MbQ > M2irG BBFR2ABM:b Q7 i?2 jj’/ MMm H > r BB AMi2 "M iBQM H *QMZ20QMMX DM avbi
POHXR-T ;2 RyX A111 *QKTmiX aQ+- kyyyX

(8)SX aXx J2?  -JX LX .QD - M/ "Xai¢tBMHBiv 1M? M+2K2Mi BM G1 *> Ual@G1 *>V 7Q° :QKQ;2M2Qm
1M/Q b2/ h® Mb +iBQMb QM a+ H #H2 AMEQ ki V BABM lawbN2K b

(e)aX GBM/b2v M/ *XaX _ ;? B2MbBY, SQr2  @2{+B2Mi; i?2°BM; BM b2MbQ  BMI«XHBBQM B1LHil2KbX
2°QbT +2 *QM72pDMIHARK2 j- T ;2b j RRk8 j RRjyX A111- kyykX

(d)PXuQmMBb M/ aX822{yX?v# B/-2M2 ;v@2{+B2Mi- /Bbi ' B#mi2/ +Hmbi2 ' BM; TT QJP4B®2 / ?Q+ b
*QKTmiBM;- A111 h® Mb +jBOWMHe@MdN- kyy9X

(3): X aK * ;/ FBb- AX Jii - M/ X "2bi@l@bXbi #H2 2H2+iBQM T 'QiQ+QH 7Q " +HmMbi2 2/ ?22i2°Q;2M2C
M2irQ Fdb2¢+QM/ AMi2 M iBQM H qQ Fb?QT QM a2MbQ™ M/ +iQ  L2irBOQAMVMSE QaQut+R) HdyymMV TTHI
kyy9X

(NSX aX J2?° - IJX LX .QD - M/ "XGRBrkK2M2 ;v [/ TiBp2 bi #H2 2M2 ;v 2{+B2Mi UG1 alV T QiQ+QF
b2MbQ ' M2irQKFX8ARDI AMi2 M iBQM H *QM72°2M+2 QM 6mim BbiB+ H2MBb BW/ EMKIMHi2i BN M
J M ;2K2Mi- "G wl kyR82 939 933- kyR8X

(RyPXw?Qm- uXgm- uX>m- M/ MQERHXbi #H2 b2H2+iBQM M/ 2HB #H2 i’ MbKBbbBQM T QiQ+QH 7Q
rB 2H2bb b2MbQ " MRKTIMRHX QKKmMMB +jilBREWHR39] R39N- a2T kyRyX

(RR$XaX J2?" -JXLX .QD - M/ "XMiHHKXS2'BQ/ 1M? M+2K2Mi 7Q° wQM H UaSlwVv@" b2/ *Hmbi2"BM;
gaL- pQHmMK2 dN- T ;2 33d 3NeX aT'BM;2 - aBM; TQ 2- kyR3X

(RKAX :mTi - . X _BQ'/ M- M/ aX a*HmbidB&?2 / 2H2+iBQM mbBM; 7mxxv HQ;B+ 7Qjr/BMebb b2MbQ"
*QKKmMB+ iBQM L2irQ'Fb M/ a2 'pB+2b _2b2 "+? *QM72 KB\8+Rey XLALDHY8¥Kyy8X

(Rj)C EBK-a$S "F-u> M- M/ h*?maW;X*Hmbi2" ?2 /| 2H2+iBQM K2+? MBbK mbBM; 7Tmxxv HQ;B+ BM rB"
AN Q+22/BM;b Q7 Ryi? AMi2°M iBQM H *QM72'2M+2 QM /MGIHDTY QK KerB M B8 NB Ry B X+ ?

(R9)X_ M- >Xw? M;- M/ aXQUWIELXQpBM; QM H2 +? T'QiQ+QH Q7 rB'2H2bb b2MbQ CQii@ AbQiWbBM;
AM7Q K iBQM *QKTmi iBQMUW\adR2AMHB- kyRy X



8e3 XEX .rBp2/B- XEXa? 'K

(R8LXaXG22 M/ gXGXBMXMyB®HQ;B+@# b2/ +Hmbi2"'BM; TT ' Q +?2 7Q rB '2H2bb b2MbQAIMMAirQ ' Fb mb
a2MbQ'b CQMRKMMNV,k3NR k3Nd- a2T kyRkX

(ReBXW? M;- ZXuXw? M;- M/ wXddkalmFM XM BKT Qp2/ +Hmbi2 ' BM; H;Q Bi?K 7Q  rbM mbBM; ivI2@k
7mxxv HQ;B+ bvEyRYXAAM avKTQbBmMK QM qB 2H2bb h2+?MQHQ;v - TTHBRSBjBRB8K Aadh -V
a2T kyRjX

(RA)XJQbi 7 - *Xa [- M/ >X #/2°° ?K&M2Xv HQ;B+ TT Q +? iQ BKT QpBM; bi #H2 2H2+iBQM T QiC
22i2°Q;2M2Qmb rB 2H2bb b2 M HrQ7FHX2Q 2iB+ H M/ TTHB2/ AMZ7@jKiM QB jHR+?MQHC
kyRjX

(R33JXGB- JXu2- :X*?2M- M/ BXOgM2X ;v@2{+B2Mi mM2[m H +Hmbi2'BM; K2+? MBbK 7Q kM/2H2bb b2
Al111 AMi2 M iBQM H *QM72°2M+2 QM JQ#BH2 /@7?Q+ M/ adHnK2vhyIRbTJI, 28 Ky8y9- kyy8

(RN3aX Xa2'i- >X" ;+B- M/ XU@B+BXImHIB@Q#D2+iBp2 7Tmxxv +Hmbi2"'BM; H;Q Bi?KTATMBAB 2H2bb
aQ7i *QKTmij[FMR8R Re8-J v kyR8X

(kywXJIXw ?2/B- _X F# "B- JXa?QFQm?B7 - 6Xa 7 2Br "KI/BMIQHHBB2M+2 # b2/ 7mxxv "QmiBM; T Q
+Hmbi2 2/ rB 2H2bb b2Mb(I2M2vQiEWX rBi? TTHBS,jBRQMB- m; kyReX

(kR)X GQ; K#B; B M/ X E MMxMX HQ;B+ # b2/ mM2[m H +HmMbi2'BM; 7Q° rBIRRMHRHOIbANB@™ M2irQ |
kkUjV,N98 N8d- T ' kyReX

(kkyX " > MB/? °M M/ "X a MimBX, .Bbi'B#mi2/ HQ / # H M+BM; mM2[m H +Hmbi2 'BM; BM rB 2H2bb
Tmxxv TT QTAMB2/ aQ7i *QKPBmj8MNM8 8ye-J ~ kyReX

(kj)SX aX J2?° -JX LX .QD - M/ "XnmkXuX# b2/ 2M? M+2/ +Hmbi2" ?22 / b2H2+iBCN d 6M1Ka® 77 BB Mh M X
a m/ IMBp2 bBiv @ aFBRWMIRX

(k9)YX_X.X /[?BF 'v. M/ .XEXJ HHB2MR2 ;v r "2 7mxxv TT'Q +? iQ mM2[m H +Hmbi2 'BM; BM rB 2H2b
TTHB2/ bQ7i +QKTmiBM;- RjU9V- TTXQRUIMR @ RFIN-hkyRX '+? M/- RRIWBRV{BOMb- T kyRdX

(k8)X H v#2vQ;Hm M/ vb2;BBBHX B#mi2/ 7Tmxxv HQ;B+@# b2/ "QQi b2H2+iBQM H;Q Bi?RRK@ rB 2H2t
Tmi2°'b 1H2+i'B+ H 1M9RW?2¥ BRle kk8- C M kyR8X

(kegZXq M;- . XGBM- SXu M;- M/ wXWxMy@HQ;B+ # b2/ 2M2 ;v@2{+B2Mi +Hmbi2'BM; H;Q Bi?K 7Q
M2irQ FbikyR® kei? AMi2 M iBQM H *QM72°2M+2 QM aQ7ir 2- h2H220KXimQM BEH LBa@Mb* AMAV*QK T
T;2R eX A111- a2T kyR3X

(kdPX v iB- JX>X:? vvQmKB- M/ XEXJQ? KK7hBaxWMMX2 22@H2p2H +HmMbi2 ' BM; K2i?Q/ 7Q° HB72iBK2
rB'2H2bb b2MbQ" NMr@ 2mb/R2b h2H2+QKKmMmMB+ iBQMbf MM Hb Q djitPH 2 ¥ Q8 B nd &l 8-+kiyBRBM b

(k3L XJI xmK/ ° M/ >XPREi ' B#mi2/ 7mxxv TT'Q +?2iQmM2[m H+Hmbi2"'BM; M/ " QmiBM; H;Q Bi?K7Q"
AMi2'M iBQM H CQm'M H Q7 *QKKmMBHRKB/Qj cawhi 2 Kb ky R 3 X

(KNBpX aX J2?° - JXLX .QD - M/ "XAMP?KK+2/ +Hmbi2"'BM; H;Q Bi?K # b2/ QM 7mxxv H®D: B+ #HH2@* 6GV
*QKTmiBM;, S +iB+2 M/ 1KyAURBRZMR 89-J ~ kyRNX

(jy)>X 1H H KB M/ X L@B/xv GQ;B+ " b2/ *Hmbi2"'BM; H;Q Bi?K 7Q" qB 2 AXMIR &2 VBOQ@QM L2 T QmFIM F
Q7 6mxxv avbi2K TTHB+ iBQMb UAC6a V- e UkyRdV- TTX ej 3kX

(JRILX>XJ K/ MBXHB+ iBQM Q7 7mxxv HQ;B+ iQ TT QtBK i2 "2 bQMBM 1 inlb BMM bl B-VB @ Bbi B QWi @2
Tmi2-"d keURKV,RR3k RRNR- .2+ RNddX

(jk)SXLv F M/ X.2pmH T HMBXv HQ;B+@# b2/ +Hmbi2'BM; H;Q Bi?K7Q  rbM iQARIIAMI/2IMD A HirQ F F
CQm MREURV,Rjd R99- C M kyReX

1/Bi2/ #vM S2i+m
_2+2Bp2/,k3- kyky
++2TiZImH e- kyky



AJa L. a*PS1

h?2 "2 Q7 b+ H #H2 +QKTmiBM; ? b K im 2/ M/ "2 +?2/ TQBMi r?2°2 M2r Bb]
T Q72bbBQM H 7Q mKX a*S1 rBHH T QpB/2 i?Bb p2Mm2 #v Tm#HBb?BM; Q B;I
T 2b2Mi b r2HH b i?2 7mim 2 Q7 T > HH2H M/ /Bbi'B#mi2/ +QKTmiBM;X h?2
/2p2HQTK2Mi- BKTH2K2Mi iBQM M/ 2t2+miBQM QM ‘2 H@rQ H/ T °~ HH2H “+?B
M/ /Bbi'B#mi2/ +QKTmiBM; iQ i?2 bQHMIBQM Q7 "2 H@HB72 T Q#H2KbX P7 T il

1tT 2bbBp2M2bb, TTHB+ iBQMb,
?B;? H2p2HH M;m ;2b- /i#b2-
Q#D2+i Q'B2Mi2/ i2+?MB[m2b- Ok bybi2Kb-
fOKTBH2 i24?2MQHQ:v7Q T ° HH2H. )
BKTH2K2Mi iBQM i24?2MB[m2b M/ |2>Kz 57/% V\b'ZK;
+B2M+vX M .

AVbi2K 2M:BM22 BM:. {3M/mb_| BH M/#mbBM2bb-
T°Q;" KKBM; 2MpB QMK 2Mib- 2 H@iBK2- _
/2#m;;BM; IQQHb' b+BZM|B}+-+QKTm|BM;—
bQ7ir "2 HB#' "B2bX pBbm HBxX iBQMX

S2°7Q°K M+2,
T2 7Q K M+2 K2 bm 2K2Mi, K2|“H+b-'2p Hm .
iBQM- pBbm HBX iBQM- HBKBi IBQI\/Ib Q7 +m "2Mi TT Q +?2b-
T2'7Q K M+2 BKT Qp2K2Mi, '2bQm +2MHBIN22 i B®Mi 2M/b M/ i?2B° +QMb2]
M/ b+?22/mHBM;- AfP- M2irQ F i? " QmMQpRiN T ~ HH2H “+?Bi2+im 2bX

h FBM: BMiQ ++QmMii?2 2ti 2K2Hv " TB/ T +2 Q7 +? M;2b BM i?2 }2H/ a*S1 Bb
Q7T T2'b M/ b?Q i Tm#HB+ iBQM iBK2 Q7 ++2Ti2/ T T2 bX

ALah_I*hAPLa 6P_*PLh_A"IhP_a

S’QTQb Hb Q7 aT2+B H Abbm2b b?QmH/ #2 bm#KBii2/iQ i?2 2/BiQ @BM@ +?B

h?2 HM;m ;2 Q7 i?72 DQm M H Bb 1M;HBb?X a*S1 Tm#HBb?2b i?°22 + i2;Q"E
*2b2 *+? T T2'b M/ b?Q i +QKKmMB+ iBQMbX 1H2+i'QMB+ bm#KBbbBQMb 2 T°
+QKKmMB+ iBQMb b?QmH/ #2 bm#KBii2/iQ i?2 2/BiQ @BM@+?B27X 2b2 "+?2 T ]
r2Qb2 "2b2 "+? BMi2 2bib K i+? i?2 bm#D2+i Q7 i?2 T T2 KQbi +HQb2HvVX h?2 HB
#2 7QmM/ 1i?22DQm M HOgqfbBrX+T2XRQ'L +?2 T T2 TT QT 'B i2 iQ i?2DQm M
272722/ #v KBMBKmMK Q7 irQ "272°22bX

h?2°2 Bb MQ T'BQ B HBKBi QM i?2 H2M;i? Q7 Qp2 ' pB2r T T2'bX _2b2 “+?2 T T
BK i2Hv ky T ;2b-r?BH2 b?Q i +QKKmMB+ iBQMb b?QmH/ MQi 2t+22/ 8 T ;2bX
BM+HmM/2/X

ITOQM ++2Ti M+2 i?2 mi?Q b rBHH #2 bF2/iQ i° Mb72° +QTv ' B;?i Q7 i?2 i
Mmi?Q b rBHH #2 "2[mB 2/ iQ T 2hsRkR imbBR B BQm M H /Q+mK2Mi +H bb }H2 |
aA JobB KHi2tXAQH¥MK2Mi +H bb- p BH #H2 i i?2 DQm'M H gqqq bBi2VX 6B;m" 2|
2M+ TbhmH i2/ SQbia+ BTi M/ TT'QT B i2HVBM+Q ' TQ"  i2/ BMiQ i?2 i2tiX h?2 #E
mbBM; i?2 aA J +QMp2MiBQMX .2i BH2/ BMbi'm+iBQMb 7Q" i?2 mi?Q'b "2 p Bl
20iT,ffrrrXb+T2XQ;

*QMi"B#miBQMb "2 ++2Ti2/ 7Q° "2pB2r QM i?2 mM/2 bi M/BM; i? ii?2 b K2 ri
M/i? iBiBbMQi#2BM; +QMbB/2°2/ 7Q  Tm#HB+ iBQM 2Hb2r?2'2X h2+?MB+ H 2
“2pBb2/ p2'bBQMb Q7 T T2'b Tm#HBb?2/ BM MQi 2 bBHvV ++2bbB#H2 +QM72 2M+
2/BiQ @BM@+?B27 b?QmH/ #2 MQiB}2/ ii?2 iBK2 Q7 bm#KBbbBQM M/ i?2 mi
M2+2bb v +QTv ' B;?i 2H2 b2b 7Q° HH +QTv ' B;?i2/ K i2'B HX



