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#bi® +iXh?2 mM# H M+2/ mb ;2 Q7 "2bQm +2b BM +HQm/ / i +2Mi2 b + mb2 M 2MQ KQmb KQmMi
oB'im HJ +?BM2 UoJV +QMbQHB/ iBQM b?mib i?2 mM/2 " miBHBx2/ ?Qbib M/ K F2b i?2 Qp2 'HQ /2/ ?
b2H2+iBM; TT QT B i2 0Jb 7 QK i?2?2Qbib M/ KB; i2bi?2KiQ Qi?2  ?2Qbib BMbm+? rviQ 2/m+2i?
BKT Qp2 T?vbB+ H 2bQm +2 miBHBx iBQMX 1{+B2Mi K2i?Q/ Bb M22/2/ 7Q  0J b2H2+iBQM M/ /2biBM
AMi?Bb T T2 - *SI@J2KQ'v r "20JTH +2K2Mi H;Q Bi?KBb T ' QTQb2/7Q  b2H2+iBM; bmBi #H2 /2bi
oJb "2 b2H2+i2/ mbBM; 6mxxv aQ7i a2i UbaaV K2i?Q/ 0J b2H2+iBQM H;Q Bi?KX h?2 T°QTQb2/ TH +.
*S|- J2KQ v- M/ +QK#BM iBQM Q7 *SI@J2KQ v miBHBX iBQM Q7 0Jb QM i?2 bQm +2 ?2QbiX h?2 T°QT
+QKT "2/ rBi? b2p2° H 2tBbiBM; b2H2+iBQM M/ TH +2K2Mi H;Q 'Bi?Kb M/ i?2 "2bmHib b?Qr i? ii?2
T2 7Q Kb #2ii2°i? M 2tBbiBM; H;Q Bi?Kb BM i2'Kb Q7 2M2 ;v 2{+B2M+v- 2M2 ;v +QMbmKTiBQM- aG
KB;" iBQMbX

E2v rQ /b,+HQmM/ +QKTmiBM;- 0J +QMbQHB/ iBQM- 0J SH +2K2Mi- 1M2 ;v *QMbmKTiBQM- 1M2";v
_i2X

Ja bm#D2+i +H bbB}+ eBBQR® X

RX AMi"Q/m+iBRMXi?2 BM+ 2 b2 Q7 biQ" ;2 /2K M/bi?2 +HQm/ b2 pB+2 T ' QpB
/i +2Mi2°b 7Q b iBb7vBM; i?2 mb2® M22/bX o "'BQmb mb2'bd 0oJ "2[m2bib "2 +(
++QmMMi Q7 KmHIBTH2 "2bQm +2 +QMbi® BMibX aQ-i?2 T?vbB+ Hb2 p2°bi? ib il
iQ /2THQV i?2 b2H2+i2/ 0Jb (R)X *QKK2'+B HA a+HQmM/ +QKT MB2b- BM+Hm/B
QQ;H2 *QKTmi2 1M;BM2 (9) "2Qz2'BM;p BQmbivTi2b Q7 0JBMbi M+2brBi? p "\
b bB;MB}+ M+2-r?2M +HQmM// i +2Mi2  QrM2'b "2 mM #H2iQ /2THQvV /Bz2 2Mi
bQK2 bb2ib K v ;2i Qp2 'HQ /2/ r?BH2 Qi?2'b "2K BM mM/2 miBHBx2/X h?2b2 n
2p2Mim HHv H2 /iQ mMM2+2bb v T?vbB+ Hb2 p2° +iBp iBQMX h?mb- bB;MB}-
HQ /BMi2 Kb Q7 *SI- K2KQ v- biQ"™ ;2- M/ M2irQ 'F # M/rB/i? r?BH2 K22iBM; HH

*QMbQHB/ iBQM Bb i?2 T'Q+2bb Q7 KQpBM; "mMMMBM; 0J 7°QK QM2 T?vbB+ H b
M/ brBi+? Qz B/H2 b2 p2°biQ TQr2 b p2 KQ/2X h?2°2 "2irQ ivT2b Q7 +QMbQHI
Bb }t2/c .vM KB+ r?2°'2T2'BQ/B+ H/2K M/bBMi?2 2 +? 0JX .vM KB+ +QMbQHB/ i
QM2 Bb KB;  i2 0Jb 7°QK mM/2 miBHBx2/ ?2Qbi M/ Tmii?2 ?2Qbi BM bH22T KQ/2X
7" QK Qp2 HQ /2/ ?QbirBi?Qmi /2;" /IBM; i?2 T2 7Q°K M+2 bm+? b 2M2 ;v +QMbm

6Q° /vM KB+ 0J +QMbQHB/ iBQM-i?2"2 "2 b2p2° HoJ b2H2+iBQM M/ 0J TH +
T°QTQb2/7Q b2H2+iBM; 0Jb 7' QK Qp2 HQ /2/ ?Qbi M/ TH +BM; i?2K QM iQ i?2
i?Bb T T2 -/vM KB+ +QMbQHB/ iBQM Bb +QMbB/2 2/X AMi?Bb T T2 7mxxv bQ7
Bb mb2/ 7Q° b2H2+iBM; 0Jb 7°QK ?Qbi r?B+? +QMbB/2'b HH 7 +iQ'b bm+? b _ J
p Hm2bX *SI@J2KQ v r 2TH +2K2Mi H;Q Bi?KBb T QTQb2/r?B+? +QMbB/2"b
7Q  b2H2+iBM; TT QT B i2 ?Qbib 7Q  /2THQVBM; b2H2+i2/ 0Jb 7Q" KB;  iBQMX
T T2 "2 HBbi2/ BM h #H2 RXRX

h?2 "2K BM/2® Q7 i?2 T T2 Bb bi'm+im 2/ b 7QHHQrb, a2+iBQM k T 2b2Mib
/2b+ " B#2b i?72 0J +QMbQHB/ iBQM M/ i?2 T°QTQb2/*SI@J2KQ v r "2 0J TH +2K2

2T "iK2Mi Q7 *QKTmi2® TTHB+ iBQMb- L iBQM H AMbiBimi2 Q7 h2+?MQHQ;v- hB m+?B"
WMBi?Bv #RN33!;KVBHX+QK
Y.2T iK2Mi Q7 *QKTmi2" TTHB+ iBQMb-L iBQM HAMDbiBimi2 Q7 h2+?MQHQ20rh' B MV-BABY2¥ M HHB- h

R8N
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h #H2 RXR
## 2pB iBQM

## 2pB iBQM 1tTH M iBQM

olJ oB'im HJ +?BM2

6aa 6mxxv aQ7i a2i

J1J J2KQ v IiBHBx iBQM

%] _ iBQ Q7 *SI miBHBx iBQM iQ J2KQ v miBHBx iBQM
S*J S’Q/m+i Q7 *SI miBHBx iBQM iQ J2KQ v miBHBx iBQM
J** JBMBKmMK *Q""2H iBQM *Q2{+B2Mi

AZ_ AMi2 @Zm “iBH2 _ M;2

G_ GQ+ H _2;°2bbBQM

G__ GQ+ H _Q#mbi _2;"2bbBQM

J . J2/B M #bQHmi2 .2pB iBQM

h> h? 2b?QH/

_a _ M/QK aQHmiBQM

Jl JBMBKmK IiBHBx iBQM

J* J tBKmK *Q " "2H iBQM

JS J22i S2°7Q°K M+2

6h@6a /| TiBp2 6Qm™ h? 2b?QH/ # b2/ 6mxxv 0J a2H2+iBQM
S "6. SQr2"@ r "2 "2bi@6Bi .2+ 2 bBM;

1* I1M2 ;v *QMbmKTIiBQM

aG pBQH iBQM " i2 a2 pB+2 G2p2H ;'22K2Mi pBQH iBQM " i2
aoh > aG oBQH iBQM hBK2 T2° +iBp2 >Qbi

S.*0J S2°7Q°K M+2 .2;° /| iBQM * mb2/ #v 0J JB;"  iBQM
lao S'Q/m+i Q7 1M2 ;v M/ aG oBQH iBQM

11 IM27 ;v 1{+B2M+v

i?72 2tT2°'BK2Mi Hb2imT M/ 2p Hm iBQM K2i'B+b "2 /Bb+mbb2/X AM a2+iBQM 8-
M/ T°QTQb2/ K2i?Q/b "2 /Bb+mbb2/X 6BM HHv- a2+iBQM e +QM+HmM/2b i?2 rQ F

kX 2H i2/ qQhP®2 /vM KB+ 0J +QMbQHB/ iBQM Bb /QM2 #v j H2p2Hb, >Qbi +H b
M/ 0J SH +2K2MiX a2p2° H a2H2+iBQM- M/ SH +2K2Mi H:Q Bi?Kb ? p2 #22M T

kKXRX >Qbi *H bbB}6QiBXWX HHQ+ iBQM i?2 7TQHHQIBM; H;Q Bi?Kb "2 mb2/ ¢
Zm iBH2 _ M;2 UAZ_V-GQ+ H _2;°2bbBQM UG_V- GQ+ H _Q#mbi _2;°2bbBQM U
UJ .V- M/ ai iB+ h? 2b?QH/ Uh> VX h?2 mi?Q b (8) 7QmM/ i? i h>_Bb i?2 #2bi
i? M Qi?2 bX

M / TiBp2 7Qm" i? 2b?QH/ K2i?Q/ (d) Bb mb2/iQ +H bbB7v i?2 2QbibX h?2 i?
E@K2 Mb +HmMbi2 BM; KB/> M;2 BMi2  [m “iBH2  M;2 H:Q Bi?K (3)X

kXkX 0J a2H2+h2QMBMBKmMK JB;” iBQM hBK2 UJJhV H;Q Bi?K (8) KB;  i2b
KBMBKmK KB;® iBQM iBK2 iQ +QKTH2i2 i?2 KB;" iBQM 7°QK Qp2 HQ /2/ ?Qbi iQ |
iBK2 +QmH/ #2 + H+mH i2/ bi?2  iBQ Q7 KQ@mMi Q7 _ J miBHBx2/ #v 0J iQ i?2 I
7Q° 1?72 ?QbiX

>B;?2  i?2 mb ;2 Q7 "2bQm +2b BM i?2 b2 'p2° #v i?2 TTHB+ iBQMb- ;"2 i2" i~
Qp2 HQ /2/X aQ-i?2 mi?Q b BM (8) T'QTQb2/ K tBKmK +Q "2H iBQM H;Q Bi?K i
+Q "2H iIBQM Q7 i?2 *SI miBHBx iBQM +QKT "2/ rBi? Qi?2  0Jb 7Q  KB;  iBQMX h?
Bb TTHB2/iQ 2p Hm i2 i?2 +Q "2H iBQM #2ir22M *SI miBHBx iBQM Q7 0JbX

AMJIBMBKmMKIIBHBx iBQMUJIV H;Q Bi?K (8)-i?20Ji? imb2b ?B;?*SIrBHH MC
bBM+2 Bib KB;" iBQM BM+ 2 b2b /QrMiBK2 Ui?2 T2'BQ//m "BM; r?B+? i?2 b2 pB+
MQ +m "2MiHvV 2t2+miBM; BMbi M+2 Q7 i? i 0JVX aQ-i?20Jbi? i? p2 KBMBKmK
KB;" iBQMX h?2 M/QK a2H2+iBQM U_aV H;Q Bi?K (8) b2H2+ib oJb > M/QKHV rE

J22i S2°'7Q°K M+2 UJSV b2H2+iBQM H;Q ' Bi?Kr b T QTQb2/ #v (Ry) pB im H r
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b2H2+iBQM H;Q Bi?KbX h?2B" H;Q Bi?K+QKT "2b ?Qbiéb miBHBx iBQM /2pB iB
miBHBx iBQM Q7 0Jb BM i?2 ?2QbiX h?2 b2H2+iBQM Q7 oJb Bb # b2/ QM i?2 +QKT
HQr2bi "2bQm*+2 b iBb7 +iBQM rBHH ;2i ?B;?2  T°'BQ ' BiviQ #2 KB; i2/X

M / TiBp2 7Tmxxv # b2/ 0J b2H2+iBQM H;Q Bi?K U 6hn6aV r b T°QTQb2/ #v
i?°2b?QH/ p Hm2b iQ /2i2+i Qp2 HQ /2/ ?Qbib M/ 7mxxv@# b2/ TT ' Q +?iQ b2H

HH Q7 i?2 #Qp2 K2MiBQM2/ b2H2+iBQM H;Q Bi?Kb ? p2 +QMbB/2 2/ Mv QM
2Bi?2° _ JQ *SIQ J2KQ'vQ *Q '2H iBQM p Hm2b 7Q b2H2+iBM; oJb /m 'BM; K

6mxxv aQ7i a2i UbaaV # b2/ 0J a2H2+iBQM H;Q Bi?K r b T°QTQb2/ #v mb (
b2H2+iBQM Q7 0Jb 7Q" KB;  iBQMX h?2 H;Q ' Bi?K +QMbB/2°b HH7Qm 7 +iQ"b
0J? biQKB;  i27 QK i?2 Qp2'HQ /2/?QbibBMi?2 +HQmM// i +2Mi2 X

kXjX 0J SH +2K2MiXm HJ +?BM2 SH +2K2Mi Bb + m+B HBbbm2 BM +HQm/ +
r?2°2 KQbi TT'QT'B i2 T?vbB+ HK +?BM2 USJV rBHH #2 b2H2+i2/iQ TH +2 o0Jb:
BKTQ'i Mi QH2/m"BM;/vM KB+ 0J +QMbQHB/ iBQMX JQbiQ7i?2 2b2 "+?22 b +Q
J Mv?2m BbiB+ M/ K2i @?2m 'BbiB+ H;Q Bi?Kb ? p2 #22M T QTQb2/7Q BMBiB
avbi2K U *aV 2K#2//2/ rBi? 6B bi 6Bi .2+°2 bBM; U66.V (RR)-:"2v qQH7 PTiBKBx
H;Q Bi?K (Rj)2i+X "miQm™ "2b2 "+?rQ"FK BMHv7Q+mb2b QM i?20J TH +2K2Mi
i?72 K2i @?2m ' BbiB+ H;Q Bi?Kb +QMbmK2 KQ 2 iBK2iQ i F2i?2 /2+BbBQM 7Q" ¢
Qm™ "2b2 "+?2 rQ'F +QMbB/2°b QMHV ?2m BbiB+ H;Q Bi?Kb iQ b2H2+i TT QT B i

S "6. H;Q Bi?K (8) Bb KQbi +QKKQMHV mb2/iQ TH +2 oJb QMiQ i?2 /2biBM il
oJbBMi?2/2+°2 bBM; Q'/2 Q7 i?2B " *SI miBHBx iBQM p Hm2b M/ HHQ+ i2b 2 +
KBMBKmK *~ Bb2 Q7 2M2 ;v +QMbmKTiBQM /m2 iQ i?Bb HHQ+ iBQMX

JQbi Q7 i?2 0J +QMbQHB/ iBQM K2i?Q/b mb2 i?Bb H;Q Bi?K iQ b2H2+i i?2 ?(
TH +2/X h?Bb TH +2K2Mi H;Q Bi?K +QMbB/2°'b QMHV i?2 *SI miBHBx iBQM Q7 ?C

h?2 JBMBKmK *Q "2H iBQM *Q2{+B2Mi UJ**V H;Q Bi?K r b T°QTQb2/ #v (Ry)
+Q2{+B2Mi #2ir22M +?Qb2M oJ M/ i ;2i ?Qbi # b2/ QM i?2 miBHBx iBQM Q7 *SI
+?2Qb2M 0J iQ i?2 ?Qbii? i? bi?2 KBMBKmMK +Q "2H iBQM +Q2{+B2Mi rBi? BiX

h?Bb "2b2 "+?2 rQ Fi B2b iQ BMp2biB; i2i?2 BKT +i Q7 K2KQ v miBHBx iBQM-
M iBQM Q7 #Qi? 7Q  b2H2+iBM; i?2 i *;2i ?2QbiX h?2 T°QTQb2/ H;Q Bi?K }M/b i?2
#2ir22M +?2Qb2M oJ M/i “;2i?Qbi# b2/ QM K2KQ v-*Sl-_ iBQ Q7 K2KQ viQ *SlI-
M/ *SIX

iX SQTQb2/ qAMX?Bb T T2 - i?22 *SI@J2KQ v r "2 0J TH +2K2Mi H;Q Bi?K
+HQmM/ /i +2Mi2 bX h?2 H:Q Bi?K +QMbB/2 b i?°22 /Bz2 2Mi miBHBx iBQM K i
MiBHBXx iBQM Q7 0Jb QM i ;2i2/ ?2Qbib /m BM; TiBK2 bHB+2bX h?2 bbQ+B iBQM
rBHH #2 b2T ° i2Hv + H+mH i2/ 7Q 2 +? "2bQm +2 UmiBHBx iBQM K i"BtVX h?2
rBHH #2 b2H2+i2/ 7Q  TH +2K2Mi Q7 0JX h?2 MQK2M+H im 2 mb2/BMi?Bb T T2°
~Qr+? 'iQ7 0J *QMbQHB/ iBQM Bb b?QrM BM 6B; jXRX

JXRX 0J *QMbQHB/OIB-@WHQHB/ iBQM Bb mb2/iQ K BMi BM i?2 # H M+2 #2ir2
M2{+B2MioJ +QMbQHB/ iBQM K2i?Q/ b?QmH/ KBMBKBx2 2M2 ;v +QMbmKTiBQM
2M27 ;v 2{+B2M+vX Ai b?QmH/ HbQ ? p2 2{+B2Mi 0J KB;  iBQM- M/ KBMBKmMmK Mn
iBK2X 6B; j Xk b?QrM i? ii?2 ?Qbi +H bbB}+ iBQM Q7 /i +2Mi2°X

Ai +QMbB/2 b i?72 TQHHQrBM; bi2Tb b ;Bp2M #2HQrX

HH ?QbibBMi?2/ i +2Mi2°b "2 +Hmbi2°2/ BMiQ 8 ;" QmTbh mbBM; E@J2 Mb
H;Q Bi?K (d), Qp2 HQ /2/ ?Qbib- MQ'K HHv HQ /2/ ?Qbib- HBiiH2 HQ /2/ ?
?QbibX

JB;  i20Jb B7 MvQMB/H2 ?2QbibiQ H2bb HQ /2/ ?Qbib M/ KQp2 ?QbibiQ T
JB;  i2 HHo0Jb 7 QK HBiiH2 HQ /2/ ?QbibiQ MQ 'K HHv HQ /2/ ?QbiX h?2M |}
TQr2 b p2 KQ/2X

a2H2+i 0Jb 7°QK i?2 Qp2 HQ /2/ ?Qbib mbBM; 6aa H;Q Bi?K M/ KB; i2i?2
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K-Means Inter

Quartile Range
Algorithm Less loaded Hosts
¢ ly
y Yes § »
Classify hosts Select Target host = VM Placement
B for migration g
Bl
No &— CPU
Normally loaded Find Utilization  |<g—— MEM
Move to power save Hosts Matrix of host (hy) — RCM
mode ¢ PCM
Y
\ 4
Select Target host
for migration . Find Correlation
hl Coefficient between
selected VM and
host (h))

Move to power save Less loaded Hosts
mode

No
) 4
¢
No

Select the host with
minimum correlation
v coefficient
Yes —
. . Select Target host
VM Selection | VO Set hos!
for migration <

Changed as
Normally loaded
hosts

Fuzzy Soft Set
Algorithm

6B:X BRI Qr *? i Q7 0J *QMbQHB/ iBQM

VM Migration

i ' Less
Loaded Loaded

Hosts Hosts

Normally
Loaded
Hosts

Overload
ed Hosts

Move Move

l l VM Migration

Power Save Mode ‘

6B;X j¥kQbi *H bbB}+ iBQM

iXKX *SI@J2KQ'Vv r "2 0J SH +2K2Mi H;@M2KXJ Bb b2H2+i2/ mbBM; 6aa 7
> iBQM- 0J TH +2K2Mi H;Q Bi?K rBHH #2 mb2/iQ b2H2+i M TT QT B i2 ?Qbi
H:Q Bi?K Kmbi KBMBKBx2 TQr2  +QMbmKTiBQM- M/ aG pBQH iBQM " i2X

iXkXRX 0J SH +2K2RTXQTQb2/ H;Q Bi?K+QMbQHB/ i2boJbmbBM;i? 22/Bz2
H;Q Bi?KX h?2 } bi QM2 Bb # b2/ QM K2KQ v miBHBxXx iBQM Q7 b2H2+i2/ 0Jb M/
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H;Q Bi?KORNn*QMbQHB/ iBQM

“2[mB 2Qbib BM /i +2Mi2 - 0JnHBDI
IMbm @2H2+ii?2 h ;2in?Qbi
R,*Hmbi2> HH 2?Qbib BMiQ }p2, Pp2'HQ /2/n?Qbib- LQ K HHVHQ /2/n?Qbil
iH2HQ /2/n?Qbib- A/H2n?Qbib # b2/ QM i? 2b?QH/ p Hm2b
k, SH +2K2MinSQHBSH +2K2MinSQHB+v
i, BUA/H2n?iQRiNV
7Q2 +? 2@bBM A/H2n/XQDbib
7Q2 +? 0U BM ?RWIQ
h ;2in?Qba2H2+in?QBR2BLHQ /2/n?Qbib- SH +2K2MinSQHB+VvV
JB;  i2iQ h “;2in?Qbi
3, JQp2 ?2@biiQ TQr2 b p2 KQ/2
N.2Hb2WBFBiIiH2HQ /2ih2QbibV
Ry, 7Q2 +? ?2@bBM GBiiH2HQ /Z¥n?Qbib

o ® 0 ©

RR, 7Q2 +? o BM ?RNVIQ

Rk, h ;2in?Qba2H2+inYQbRQUK HHVHQ /2/n?Qbib- SH +2K2MinSQHB+vVvV
Rj, JB;” i2iQ h ";2in?Qbi

RO, JOp2 ?@hIQ TQr2 b p2 KQ/2

R82HWP P2 'HQ /2/n?QbibV
Re, 7Q2 +? ?@bBM Pp2 HQ /2/?Qbib

Rd, T2T2 i

R3, a2H2+i 0JnJB; i2hHBDbBBIN 7mxxv bQ7i b2i

RN, 7Q2 +? o BM 0JnJB;" i2/&Bhbi

Ky, h ;2in?Qba2H2+inYQB2BbHQ /2/n?Qbib- SH +2K2MinSQHB+vV
kR, JB;” 2iQ h *;2in?Qbi

kk, mMiB8bi #2+QK2b LQ K HHVHQ /2/

*S| M/ K2KQ'v miBHBx iBQM Q7 b2H2+i2/ 0Jb 7Q" 2p2'v T iBK2 bHB+2X

0J *QMbQHB/ iBQM Bb :Bp2M BM H;Q Bi?K RX ai2T R +Hmbi2 b i?2 ?Qbib BMi
HVHQ /2/n?Qbib- G2bbHQ /2/n?Qbib- GBiiH2HQ /2/n?Qbib- M/ A/H2n?Qbib # b2/
12ibi?2 SH +2K2MinSQHB+vX ai2TbjiQ 3, a2H2+ii ;2i 2Qbib 7°QK G2bbHQ /2/n:
2QbiX h?Bb ?2Qbi b2H2+iBQM rBHH #2 "2T2 i2/7Q" HHB/H2?QbibX LQr B/H2 ?2Qb|
NiQ R9, a2H2+ii “;2i 2Qbib 77QK LQ K HHVHQ /2/n?Qbib iQ TH +2 HH oJb 7 QK
b2H2+iBQM rBHH #2 "2T2 i2/ 7Q° HH HBiiH2 HQ /2/ ?2QbibX LQr GBiiH2HQ /2/n?
ai2Tb R8iQ kk, a2H2+ii *;2i 2Qbi 7°QK G2bbHQ /2/n?Qbib 7Q" 2p2'v 0oJ BM i?2 Q
h?Bb ?Qbi b2H2+iBQM rBHH #2 "2T2 i2/ 7Q° HH Qp2 'HQ /2/ ?2QbibX

iXkXkX h *;2i >Qbi a2HH:IB@MX k b2H2+ib i?2 ?Qbi iQ r?B+? i?2 +?Qb2M o0J i
Ai mb2b i?2 JBMBKmMK *Q""2H iBQM *Q2{+B2Mi UJ**V (Ry) iQ 2T 2b2Mi i?2 bbQ-
i ;21 ?2QbiX

h?2i *;2i ?2Qbi b2H2+iBQM H;Q 'Bi?K Bb ;Bp2M BM H;Q Bi?K kX h?2 H;Q Bi?t
H;Q Bi?KRX ai2Tb RiQ j, }M/ i?2 TQQH Q7 ?Qbib r?B+? b iBb7v i?2 0J p6b /2K
Q7 ?2Qbi M/ 0J H2bb i? M i? ' 2b?QH/ p Hm2bX ai2Th 9 iQ Ry, }M/ miBHBx iBQM K
+Q2{+B2Mi #2ir22M +?2Qb2M 0J p M/ HH ?Qbib BM ?Qbi TQQH HBbiX ai2T RR bz
KBMBKmK b[m "2/ +Q "2H iBQM +Q2{+B2MiX

jXkXjX 6BM/BM; |iBHBx iBIQMN &#J BHX+2K2Mi Bb # b2/ QM i?°22 /Bz2"2Mi miBHB

RX J2KQ v IiBHBXx iBQM UJ1JV J2KQ v miBHBX iBQM K2i?Q/ +QMbBH2 QMHYV
rBifh 0Jb-i?2 K2KQ v miBHB&JBQOM QFHH2+id/iBKBMHB+2bX LQr i?2 miBHB
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H;Q ' Bi?KaRH2+in?QBiQU/2/n?Qbib- SH +2K2MinSQHB+vV
IMbm 22H2+ii?2 h “;2in?Qbi

R, 7Q2 +? ?@bBM GQ /2/n?PQbib

k, BThJb iBbydlb /2K M/V hjdddlumbvod /2K M/V 1HZ2Z2NW

i >QbinTQQHMHBDI

9,7Q2 +? ?QbBM >QbinTQQMHNHBDbI

8, IK i'Bt (K) (T)iBHBx iBQMnJ i'Bt USH +BK2MinSQHB+vVv-
e, 7Q2 +? iBK2kb BBI+Q

d, 6BM/i?2 "2bQm +2 mhiBHBx iBQM Q7

xo
sum nutil ; [k] = Umatrix nutil ; [j 1[k] UjXRV
J=1

3, *H+mH i2 +Q "2H iBQM +QR2{MB2Mi #2ir22M

P . P .
EC[(res nV MO% r(pk:l) res nV M nutil )(res nHostO% (k=1 Sum nutil ; [K])]

P P UjXkV
(Var(resnvM)) (Var(res nHost))

r?2°2 °2b@m +2n0J M/ 2bQnmp+2n>Qbi 272 iQi?2 +m "2Mi 2B Q@@ MZ miBHBX
i?2 ?Q]b)i% (k=1) r€s NV M nutil M/% (c=yy SUm nutili[k]) 2727 iQ i?2iQi H 2bQm +2 miBHE
i22 +2Qi2M) M/ i?2 2@bim BMiBK2 bHB+2bX h?2 p "B M+2 Q7 i?2 "2bQm +2 n
+2QHYMJI M/ ?2QWi "2 + H+mH i2/ b

1 X : o
Var(resnVM)= E[(reshnVM = res nV M nutil ©)?] UjXjVv
P (k=1)
1 . .
V ar(res nHost) = E[(res nHost P sum nutil ;[k])?] UjXov
(k=1)

N, *QKTmi2b[m "2b Q7 i?2 +Q "2H iBQM +Q2{+B2Mi
= 5 5% 3 UjXxsv

Ry,h *;2in?QbRPQbii? i ? bi?2 KBMBKmK
RR,2im "M h *;2in?Qbi

H;Q Bi?KIiBHBx iBQMnJ i Bt USH +2K2MinSQHB+v-

IMbm BBHBx iBQMnJ i Bt

R, B (P lacements olicy =°Mem? i?2 M

K, *QKTmi2 K2KQ v miBHBx iBQM K i’ Bt mbBM; 1[MX jXeX
i, 2H b 2(Macementpolicy =°RCM 9 i?22M

*QKTmi2 _*J miBHBx iBQM K i'Bt mbBM; 1[MX jXdX
6BM/ _*J p Hm2b mbBM; 1[MX jX3X

, 2 H®2acementp olicy =°PCM9

*QKTmi2 S*J miBHBx iBQM K i'Bt mbBM; 1[MX jXNX
6BM/ S*J p Hm2b mbBM; 1[MX jXRyX
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K i'BtiQmBb + H+mH i2/ bi?2 K2KQ wm noJBbHEM iBQM?QBK2 bHB+2X

Mem;; Memi;, Memgis Memyp
Il EMemﬂ Mem,, Memas Memzpz
Mem nutil ;[m][p] = UjXeV
I % % Memjk >§§( %
Mempy: Mempo Mempgs MeMpy,

r?2 [RCMJ “272°biQi?2 iBQ Q7 *SI miBHBx iBQM iQ K2@KQ "Myhil HEBM ;i B QM
iBK2 bKB+2

kX iBQ Q7 *SI miBHBx iBQM iQ J2KQ v miBHBx iBQM H;Q Bi?K U_*JV _*J K
"2bQm +2 M/ K2KQ' v '2bQm +hX MYMBBWK?2 i?QiBiod X h?2 *SI miBHBX iBQN
M/ K2KQ v miBHBX 0B M2Q7QHH2+i 2/ iBKBMHB+2bX LQr i?2 miBHBxX iBQM *
Bb + H+mH i2/ bi?2  iBQ Q7 *SI miBHBx iBQM 0QKQKIQ?B miB HBXxBiBDMHB*

2 3
RCM;; RCM3; RCMg3 RCM g
o il ERCle RCM,, RCMos RCszz g
RCM nutil ;[m][p] = ujXdv
| % £ rom, % %
RCMj = CPU nut!ljk UiX3V
Mem nutil j
r?2°[RCMjc] "272°biQi?2 "  iBQ Q7 *SImiBHBx iBQM iQ K2®K ¥Qnbii HBM ;iBQ M

iBK2 bKB+2

iX SSQ/mM+iQ7*SIMiBHBXx iBQMiQ J2KQ vmiBHBxX iBQM H;Q Bi?K US*JV S*J
*2bQm +2 M/ K2KQ 'V '2bQm rB2& 6QbX @BR2 *SI miBHBx iBQM M/ K2KQ v mil
Qi 0Jb "2 +QHH2+i20 IBKBMHB+2bX LQr i?2 miBHBExBilB ® M KmiHBit2Q 7b i?2
T Q/m+i Q7 *SI miBHBx iBOM iQ K2KQJb 9B HERX HB(BK D BHB +2X
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PCMu1 PCMi;; PCMys PCMyp
il EPCMZl PCMy, PCMys PCszz
PCM nutil j[m][p] = UjXNV
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*HQm/ *QKTmiBM; HBF2 /2K M/ 7Q  2M2 ;v@2{+B2Mi 7Q  Ahi2+?MQHQ:B2b- /2K |
2p Hm iBQM Q7 H;Q Bi?Kb- TTHB+ iBQMb- M/ TQHB+B2b #27Q°2 2 H +HQm/ T
iQK F2 HHi?2b2 /B{+mHiB2b b2 bvBbi?2bBKmH iBQMb iQQHbX h?2 Q#D2+iBj|
2ti2MbB#H2 7° K2rQ F i? i 2M #H2b bBKmH iBQM- KQ/2HBM;- 2tT2 ' BK2Mi iBQM
M/ TTHB+ iBQM b2 pB+2bX 6Q  i?Bb "2 bQM- bBKmH iBQM ? b #22M +?2Qb2M
H:Q Bi?KbX

9XRX *HQmM/bBK hPQHRABTIKH2K2Mi iBQM r b /QM2 mbBM; *HQm/bBK hQQHFBi
#22M /2p2HQT2/ #v i?22 *HQm/ *QKTmiBM; M/ .Bbi'B#mi2/ avbi2Kb U*GPl.aV G #!
#QmM M2X *HQm/aBK Bb +QKTH2i2HV r'Bii2M BM C p X L2i#2 MbQ 1+HBTb2 A.1 B
bBKmH iBQM TH i7Q K bmTTQ ib 7Q" KQ/2HBM; M/ bBKmH iBQM Q7 H ;2@b+ H
HBx2/ b2 p2  ?2Qbib-rBi? +mbiQKBx #H2 TQHB+B2b 7Q T QpBbBQMBM:; ?Qbi "2k
+QKTmi iBQM H "2bQm +2bX M/ bmTTQ i 7Q mb2 @/2}M2/ TQHB+B2b 7Q° HHQ
TQHB+B2b 7Q° HHQ+ iBQM Q7 ?Qbi "2bQm +2b iQ pB im H K +?BM2bX h?2 /i +
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?Qbib UT?vbB+ H MQ/2bV-? H7 Q7 r?B+? +QMbBbib Q7 >S ST QHB Mi JG RRy :9
Q7 >S S'QHB Mi JG RRy :8X h?2 pB'im HK +?BM2&b +? * +i2 BbiB+b 2 +Q  2b"
2 7QmT ivTi2b Q7 pB'im HK +?BM2b "2 +QMbB/2 2/ bm+? b >B;?2@*S1 J2/BmK [
aK HH BMbi M+2- M/ JB+ Q BMbi M+2X h?2 "2 H@iBK2 rQ"FHQ // i i +2b 2 mk
Q71?2 *QIJQM T QD2+iJQMBIQ'BM; BM7  bi'm+im 27Q  SH M2iG #X h?2rQ FHQ
r2°2i F2M 7°QK KQ 2 i? M 8yy TH +2b "QmM/ i?2rQ H/ (R8)X AM i?Bb 2tT2 ' BK2
O0kkfJ "+?fkyRR& /i b2i BMIrQ 'FHQ /i° +2bX

9XkX 1M2 ;v *QMbmKTiBQMIDM@IXQ}i +Q TQ  iBQM + HH2/ ai M/ */ S2°7Q K
*Q 'TQ  iBQM UaS1*V Bb 7Q K2/ iQ 2bi #HBb?- K BMi BM M/ 2M/Q b2 bi M/ “/Bx2
mi2 T2 7Q K M+2 M/ 2M2 ;v 2{+B2M+v 7Q  i?2 M2r2bi ;2M2" iBQM Q7 +QKTmiB N\
/i Q7 2M2° ;v +QMbmKTiBQM 2 /2'Bp2/ 7 QK aS1* TQr2 #2M+?K "FX h?2 /Bz2":
+QMbmKTiBQM BM i?2 ?2Qbib "2 b?QrM BM h #H2 9XRX

h #H2 9XR
>Qbi 1M2 ;v *QMbmKTiBQM BM .Bz2 2Mi qQ FGQ / G2p2Hb

HP  HP
G4 G5
0% 8 937
10% 894 97
20% 926 101
30% 96 105
40% 995 110
50% 102 116
60% 106 121
70% 108 125
80% 112 129
90% 114 133
100% 117 135

Server

9XjX 1p Hm iBQM JR?PBFOKHQrBM: 2p Hm iBQM K2i'B+b "2 +QMbB/2°2/iQ +C
T°QTQb2/ M/ 2tBbiBM; K2i?Q/bX

IXjXRX 1M27 ;v *QMbmiCRIBRIMXY +QMbmKTiBQM #v T?vbB+ HMQ/2b BM /i +2
bm* 2/ #v *S1- K2KQ'v- M/ M2irQ F BMi2 7 +2bX *QKT “2/iQ Qi?2"  +QKTmiBM; 2|
KQ'2 2M2 ;vX HbQ- KQbi Q7 i?2b2 M Hvb2b ? p2 b?QrM i? i M B/H2 b2 p2° +Q
h?Bb 2pB/2M+2 H2;BiBKBx2b i?72 K2i?Q/ Q7 +QMp2 iBM; i?2 B/H2 b2 ' p2  iQ i?2 T
+QMbmKTIiBQMX h?2 2M27 ;v KQ/2H (REB}BBDB2IM2K tBKMK 2M2 ;v +QMbmK2/ #v
MiBHBx2/kBbpiZZ7" +iBQM Q7 2M2 ;v +QMbmK2/ #v B/H2 ?Qbib UBX2X- dyWV- M
MiBHBXx iBQMX AM QHEpax 2t TRMRKRIMB2i b k8yq r?B+? Bb +QMbi Mip Hm2 7Q° KQ/

.mMm2iQi?2rQ"FHQ /' mM+2"i BMiv-i?2*SI miBHBx iBQMK v+? M;2Qp2 iBK2 M
h?mb-i?222M2°;v+QMbmKTIiBQM #v ?Qbil*+ M#2 BHHmbi® i2/ b MBMi2;" HQ7Y

9XjXkX aG 0BQH iBQ@M2 a@XBQH iBQM  i2BbQM2Q7i?27 +iQ°bQ72ZQaXAi

0Jb 7°QK Qp2 HQ /2/ ?2QbiX Ai Bb # b2/ QM irQ K2i'B+b (8) bm+? b aoh > M/ S.*o

RX aG 0oBQH iBQM hBK2 T2  +iBp2>QbiUaoh >V aoh >/2+B/2br?B+? +iBp2"
*SI miBHBXx iBQM /m BM; i?2 iBK2X Ai Bb :Bp2M BM 1[MX 9XR-

(AR
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r22°® Bb i?2 MmMK#2 Q7 ?2Qbib BMTp? Bl iQ+ HMIRK@ /m BMi"r?88? i22-22b
RyyW *SI miBHBx B®Q®c H iBK2i @2BRbDBM M +iBp2 bi i2X

kX S2°7Q K M+2 .2;" / iBQM * mb2/ #v 0J JB;  iBQM US.*0JV h?2 Qp2  HH T2
> 12/ /m2iQ i?2 0J KB;" iBQMb KQbi Q7 i?2 iBK2X Ai Bb 7Q KmH i2/ b

1 X py

PDCVM = = -4

N . Pri
j=1

U9XkV
r?2°8 /12MQi2b i?2 MMK# P4 Qr?QYbci?2 2biBK iBQM Q7 T2 ' 7Q K M+2/2;" / iB
KB;  iBQM Q@JFcP; b?Qrb i?2 HB72iBK2 Q7 i?2iQi H *SI +jt eBX “2[m2bi2/ #v
"Qi? i?2aG K2i'B+b "2 2[m HHv mb2/iQ K2 bm*2i?2 aG pBQH iBQM BM/2"
KmHIiBTHVBM; aoh > M/ S.*0J r?B+? Bb ;Bp2M 1[MX 9XjX

SLAV = SVTAH PDCVM UuoxijVv

jX 1M2 ;v aG oBQH iBQM UlaoV lao Bb +QK#BM2/ K2i'B+i? i+ Tim 2b #Qi
aG oBQH iBQM " i2-r?B+? "2/2MQi2/ b1M2 ;v*QMbmKTIiBQM U1l*V M/ aC

ESV = EC SLAV Uuoaxov

9X 1M2 ;v 1{+B2M+v U11V 1M2 ;v 1{+B2M+v U11V + M #2BM+Q TQ  i2/ BMiQ |
M/ aG 0BQH iBQM " i2X q?2°2 1*Bb 2M2 ;v +QMbmKTiBQMX Ai Bb 7Q K2/
1

EE:W uoaxsv

8X AKT Qp2K2Mi _ i2 h?2 T2 +2Mi ;2 BKT ' Qp2K2Mi Q7 i?2 T°'QTQb2/ H;Q B
7TQHHQrBM; 1[MX 9XeX
P roposed Method

=1 isti 1 XeV
Existing Method 00 UgXe

8X _2bmHib M/ .Bb+mBBEBRQMBRb2/ *SI@J2KQ v r "2 TH +2K2Mi H;Q Bi?Kb
rBi? 7TQHHQrBM; 2tBbiBM; H:Q Bi?Kb, S "6. (8)- M/dp*(BZPX7 hPR FXe KQi RXy 1
BM+'2 b2 Q7 yXR<(8)iR26QBb MQ *S| miBHBx iBQM Qi?2JbBM/MQ p "B iBQM BM i
Q#D2+iBp2bX >2M+2 i?2 p Hm2 Q7 / Bb +QMbB/2 2/ #2ir22M yXe iQ yXR 7Q° HF
T QTQb2/ H;Q Bi?K Bb 2tT2 'BK2Mi HHv i2bi2/ rBi? p "BQmb b2H2+iBQM H;Q E
i #mH i2/ Uh #H2 8XRVX

h?2 K tBKmK 2{+B2M+v Bb Q#i BM2/r?2M i?2 +Q "2H iBQM Bb # b2/ QM K2KQ "\
M/ Bi HbQ i F2b H2bb MmK#2" Q7 0J KB;  iBQMb 7Q° +QMbQHB/ iBQMX h?2 T2"7
/IBb+mbb2/ rBi? "2bT2+iiQ 2 +? K2i'B+ b ;Bp2M #2HQr,

8XRX 1M2 ;v *QMbmKTE2BQBM Q#D2+iBp2 Q7 i?Bb T T2 BbiQ/2bB;M o0JTH +
i? 1i?222M2° ;v +QMbmKTiBQM Bb "2/ m+2/X 1M2 ;v +QMbmKTiBQM Bb + H+mH i2/
i?72 bBKmH iBQM #v K TTBM; Q7 *SI M/ /Bz2 2Mi rQ"FHQ / H2p2Hb 7°QK h #H2 9’
miBHBx iBQM Bb K2 bm 2/ M/ 2M2 ;v +QMbmKTIiBQM Bb + H+mH i2/ 7" QK h #H2 9
M/ T QTQb2/K2i?Q/b "2b?QrMBM6B; 8XR M/8XKkX 6’QKi?2};m 2bBiBb Q#b2 g
i?72 KBMBKmK 2M2 ;v +QMbmKTIiBQM i? M Qi?2°bX h?2 T°QTQb2/ K2KQ v miBHB;
+QMbmK2b H2bb 2M2 ;v i? M Qi?2° H;Q ' Bi?KbX Ai "2/m+2b 2M2 ;v +QMbmKTIiB!
i? MS "6.X h?2 KBMBKmK KQmMi Q7 2M2 ;v +QMbmK2/ #v i?2 T’ QTQb2/ H;Q B
i?72 KBMBKmMK 2M2 ;v +QMbmKTiBQM KQM; i?2 2tBbiBM; H;Q Bi?Kb RkXk3 Eq?X
+QMbmKTIiBQM Q#i BM2/ #v K2KQ v Bb # b2/ QM i?2 6aa b2H2+iBQM H;Q Bi?K
b2H2+iBQM H;Q Bi?Kb ;2M2" i2 +QKT2iBiBp2 "2bmHib rBi? 6aar?2M i?2v 2 +Q
H;Q Bi?KbX
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h #H2 8XR

*QKT "BbQM Q7 p "BQmb SH +2K2Mi H;Q Bi?Kb
H;Q Bi?Kb 1M2° ;v 1M2° ;v aG oBQH iBQM LmK#2 Q7

1{+B2M+v *QMbmKTiBQM UWEHPY _0J2KB; iBQMb
h> n_anS "6.nyXe R3yX93 R 3 Xj i XYyj kyRy
h>_nJ*nS "6.nyXd RKk9XKN kd kXN3 je99
h>_nJJhnS "6.nyXe k89XR3 j8XRN RXRKkK 93NN
h>_nJInS "6.nyXN RkyXNN JKXNj kX8R 98Nd
h>_nJSnJ**nyXe k9yXke j3XkN RXyN k38d
h> n_anJ**nyXe kRjXd8 R9XR iXjk Rdd9
h> nJ*nJ**nyXd kjeXeN R8Xd kXeN R38e
h>_nJJhnJ**nyXe Re9XRj R9XR 9Xjk R98d
h>_nJInJ**nyXe Re3XN8 R9X3N JXN3 R833
h>_n_anJ1JnyXd ReRXdd RjX88 9X8e Re9N
h> n_an_*JnRXy INYyXNd Re RXkd R3jd
h>_n_anS*JnyXN ReeXRR RdX3 iXj3 kydd
h> nJ*nJ1lJnyXe RANX9j ROXjN ix3d Reee
h> nJ*n_*JnyXd kjNX3 RdXd kXje Rdey
h>_nJ*nS*JnyXN RNdXyk R3XjN kXde R8ed
h>_nJJhnJ1JnyXe KiNXNj ReXjd kX88 RejR
h>_nJJhn_*JnyXd R3jX8d RjXe3 jXN3 R9R3
h>_nJJhnS*JnRXy kjyxX39 R9Xdd kKX Nj Rdj8
h> nJIinJ1JnyXN RjyXke RdXyN 9X9N Rd3k
h> nJIn_*JnyXe R38Xed RkX3j 9Xky Redy
h> nJInS*JnRXy RkkXj3 RkXRe eXdk Rjd9
h>_n6aanJ**nyXd e3yXRKk RjX99 RXyN R8e9
h> n6aanS "6.nyXd jR3Xe RkXk3 kX8e Redy
h> n6aanJlJnyXe dy9XdN RkX9N RXR9 Rk8d
h>_n6aan_*JnyXd 8N9Xj8 R8X88 RXy3 Rek8
h>_n6aanS*JnyXd 938X39 R3X8e RXRR RekN

8XkX aG oBQH iBQHMG_ pBQH iBQM Bb QM2 Q7 i?2 F2v 7 +iQ°b Q7 Zm HBiv Q
+ H+mH i2/ #vi FBM; BMiQ irQ b+2M "BQbX 6B bii?BM; BbiQ }M/ Qp2 HQ /2/?Qhb
7Q° KB;" iBQMX E@J2 Mb AMi2°  Zm "iBH2 _ M;2 +Hmbi2"'BM; H;Q Bi?K (d) 2{+B2
A7 ?Qbi Qp2'HQ / Bb T 2/B+i2/ 2{+B2MiHv i?2M i?2 2 rBHH #2 72r2" KB;  iBQMbr

i2X h?2 aG pBQH iBQM " i2 Bb HbQ # b2/ QM i?2 MmK#2" Q7 o0J KB;  iBQMbX |,
i?72M aG pBQH iBQM " i2 rBHH #2 H2bbX h?2 T°QTQb2/ _*JU6aan_*JnyXdV # b2/
KBMBKmK aG pBQH iBQM " i2 b Bi;2ib H2bb MmK#2> Q7 0J KB;  iBQMbX h?2 Q#
b?QrM BM 6B; 8Xj M/ 8X9X Ai "2/m+2b aG pBQH iBQM #v R W i? M J** M/ jX9 W i
b2H2+iBQM H;Q Bi?K QmiT2 7Q Kb Qi?2° H;Q 'Bi?Kb BMi2 Kb Q7 ;2M2" iBM; KB
b?Qrb i? ii?2 2tBbiBM; b2H2+iBQM H;Q Bi?Kb "2/m+2 i?2 aG pBQH iBQM " i2 r"
T QTQb2/ TH +2K2Mi H;Q Bi?KbX

8XjX 1M2 ;v 1{+B2aM2v2M2 ;v 2{+B2M+v Bb BMp2 'b2HvVv T QTQ iBQM H iQ 1M:
aG pBQH iBQM " i2X h?2 H;Q ' Bi?Kr?B+? ;2ib KBMBKmK 1* M/ aG pBQH iBQM
2{+B2M+vX 6B; 8X8X b?Qrbi?22M2 ;v2{+B2M+v Q#i BM2/#vp "BQmbTH +2K2Mi
6aa # b2/ K2KQ'v r "2 TH +2K2Mi H;Q Bi?K K tBKBx2b i?2 2M2 ;v 2{+B2M+vX Ai
W M/ S "6.#v RKRXKkR W BM i2°'Kb Q7 BKT ' QpBM; 2M2 ;v 2{+B2M+vX h?2 K tBKmk
#v 6aanJ1JnyXe Bb dy9XdN M/ i?2 K tBKmK KQM; Qi?2° H;Q Bi?Kb Bb e3yXRkX
TH +2K2Mi H;Q Bi?K Bb i?2 KQbi2M2 ;v 2{+B2Mi 7Q  0J TH +2K2MiX

8X9X LmK#2" Q7 0J JB;” BXpMBMNK#2 Q7 0J KB;" iBQMb K2 Mb 2{+B2Mio0J +Q!
KBMBKmK aG pBQH iBQM ™ i2X aBM+2 i?2 T ' QTQb2/ TH +2K2Mi H;Q Bi?K mb2b
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+2Mi2° ?2Qbib BMiQ }p2 +Hmbi2 b Q7 ?Qbib M/ TTHB2b 7mxxv bQ7ib2i7Q 0Jb2H
0J KB;" iBQMbX h?2 MmK#2 Q7 oJ KB;”  iBQM + mb2/ #v 6aanJ1J yXe Bb Rk8d r?2
#v Qi?2° H;Q Bi?Kb Bb R98dX 6aanJ1J H;Q Bi?K "2bmHi2/ BM RjXdj W "2/m+iBQ(
2tBbiBM; 0J TH +2K2Mi H;Q Bi?KbX

8X8X P#b2 p iB@WbiR2 bBKmH iBQM "2bmHib i?2 7TQHHQrBM; Q#b2 ' p iBQMb

RX h?2 2tBbiBM; b2H2+iBQM H;Q Bi?Kb U_a- J*- JJh- JI- JSV mb2/ irQ i? 2
6aa mb2/ 7Qm” i? ' 2b?QH/b 7Q" ?Qbi +H bbB}+ iBQMX AM Qm T 2pBQmb |
/| TiBp2 7Qm" i?°2b?QH/ H;Q ' Bi?K Bb KQ 2 2z2+iBp2 i? MirQ M/ i?°22 i?
#2ii2° T°2/B+iBQM Q7 Qp2 HQ /2/ ?Qbib M/ mM/2 miBHBx2/ ?QbibX

kX h?2 2tBbiBM; 0Jb2H2+iBQM U _a-J*-JJh-JI-JSV H;Q'Bi?Kb ? p2+QMbB/2
bm+? b2Bi?2° _ JQ *SIQ J2KQ'vQ *Q '2H iBQMp Hm2b 7Q b2H2+iBM;
6aa# b2/ 0Jb2H2+iBQM H;Q ' Bi?Ki F2bBMiQ +QMbB/2° iBQM HHi?27Qm"
i?72 "2bmHib Q7 (N) Bi Bb Q#b2 p2/i? ii?2 6aa H;Q Bi?K ++m” i2Hv }M/b r~
7°QK i?2 Qp2 'HQ /2/ ?QbibX

jX h?2 2tBbiBM; 0J TH +2K2Mi H;Q ' Bi?Kb US .6.-J**V "2 +QKT "2/ rBi? T Q°
H;Q Bi?Kb UJ1J- _*J- S*JVX .m BM; i?20J TH +2K2Mi-i?2 H;Q Bi?K 6aan.
BKmK 2M2 ;v 2{+B2M+vX Ai Bb 2tT2 'BK2Mi HHv T Qp2/i? ii?2 H ii2> ? b #
7Q K2 bX

9X h?2 T°QTQb2/ 6aa # b2/ 0J TH +2K2Mi H;Q Bi?Kb QmiT2 ' 7Q K Qi?2" b2H
"Bi?Kb BM i2°Kb Q7 K tBKBxBM; 2M2° ;v 2{+B2M+v- KBMBKBxBM; 2M2 ;v +
pBQH iBQM " i2- M/ KBMBKBxBM; i?2 MmK#2™> Q7 0J KB;  iBQMbX

eX *QM+HmMABQ™MBL T T2 -i?20J TH +2K2Mi T " Q#H2K Bb //°'2bb2/ 7Q BKT Qp
iBQM +'Qbb KmHiBTH2 /BK2MbBQMb rBi? i?2 ;Q H Q7 K tBKBXxBM; 2M2 ;v 2{+B?2
Ti2X JmHIBTH2 "2bQm ™ +2@+QMbi®” BMi 7 +iQ b-bm+? b *SImiBHBx iBQM M/ J2
0Jb QMiQ i?2 TT QT B i2 ?Qbib BM +HQmM/ /i +2Mi2°'bX *SI@J2KQ v r "2 0J TH
TQb2/ r?B+? +QMbB/2 b i?°22p "B iBQMb Q7 "2bQm " +2 miBHBx iBQMb, J2KQ v-
U_*JV- M/ SQ/m+i Q7 *SI M/ K2KQ v US*JV miBHBx iBQMX h?2 T°QTQb2/ H;(
"2 H@rQ ' H// i b2i M/i?2 2tT2°'BK2Mi H "2bmHib "2 +QKT "2/ rBi? 2tBbiBM; b2H?2
7Q°  p BQmb K2i'B+bX h?2 "2bmHib b?Qr i? i h>_n6aanJ1J QmiT2 7Q Kb 2M2" ;v
J** M/ i?2 URKRXKRWV i? MJ**X h> nJInS*J QmiT2'7Q Kb 2M2 ;v +QMbmKTiBQ
M/ URWV i? MS "6.X h>_n6aan_*JQmiT2 ' 7Q Kb aG pBQH iBQM " i2 UjX9 WV i? |
J**X h>_nJ1lJInyXe QmiT2 7Q Kb MmK#2 Q7 0J KB; iBQM #v URjXdj WV i? MS "6

*m " 2MiHV i?2 b2°B HT Q+2bbBM; rBi? KmHIBTH2 Bi2" iBQM Bb mb2/iQ T Q +:
i?72 7Qm° K2i?Q/b ;Bp2 i?2 #2bi "2bmHiX "mi Bi +QMbmK2b KQ 2 iBK2 /m " BM; i?:
T°Q+2bbBM; Q7 HH i?2 9 0JTH +2K2Mi K2i?Q/b HBF2 *SI-J1JP _u- _*J- M/ S*J K
+? HH2M;2X h?2 #Qp2 +? HH2M;2b rBHH #2 Qp2 +QK2 BM 7mim 2 mbBM; :Sl bvb

6°'QK i?2 2tT2°'BK2Mib M/ /2i BH2/ M HvbBb-i?2 0J TH +2K2Mib + M #2 /IQM2
Q _*Jbi i2;B2b rBi? 7Tmxxv bQ7i b2i 0J b2H2+iBQM TQHB+vX h?2v "2 ;BpBM;
;2M2° iBM; [m HBivQ7 b2 pB+2/m BM; 0J +QMbQHB/ iBQMX AMi?27mim 2rQ F-
# b2/ T 2/B+iBQM K2i?Q/ rBHH #2 TTHB2/iQ /vM KB+ HHv T '2/B+i 0J TH +2K2Mi
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(R Q CBM- .2M; S M- CBM; sm- M/ LBFEB+BRMWIBMQMH +2K2Mi rBi? KmHiIBTH2 /2i2°KBMBbiB+ N
2bQm*+2b BM /i +2Mi2'b- A111 :HQ# H *QKKmMB+ iBQMb-*QM. 72 RWRH- 0T TXPK8yB KBRYX

(k).QM H/ CX . Hv M/ .QM H/ CXiiThhyff rbX K xQMX+QKQMEKB+b k, 1+k- RN3dX

(j)*Q/2 M/ "2bTQM®IB2Zb,ffrrrXB#KX+QKfmb@2Mf

(9);QQ;H2 +HQ@mTb,ff+HQM/X;QQ;H2X+QKfT Q/m+ibf

(8) MiQM "2HQ;H xQp M/ _ DFmK PTmERK H QMHBM2 /2i2°"KBMBbiB+ H;Q Bi?Kb M/ / TiBp2 ?2m Bb
T2 7Q°K M+2 2{+B2Mi /vM KB+ +QMbQHB/ iBQM Q7 pB im H K*QM\2'b BWk v HD/N*QKITm2 VBN,
S® +iB+2 M/ 1tT2'B2M+2- gBH2v PMHBM2 GB#~ "v- kyRk- TTX RjNd R9kyX

(e)LBi?Bv " bF "M M/ _1brMB{+B2Mi h? 2b?QH/@6mxxv" b2/ H;Q Bi?K7Q  0J*QMbQHB/ iBQMBM
kyky- AMi2M iBQM HCQm'M HQ7 :'B/ M/ >B;? S2°'7Q°K M+2 *QKTmiBM;- A:A- UAM T 2bbVX



Rdk "X LBi?Bv - _X 1br 'B

(d)LBi?Bv " bF ° M M/ _1br/ "BiBp2i? 2b?QH/@# b2/ H;Q Bi?K7Q  KmHIB@Q#D2+iBp2 pK TH +2K2\
AM AMi2°M iBQM H *QM72°2M+2 QM 6°QMiB2" *QKTmiBM;- aT'BM;2 - kyR3- TTX RR3 RkNX

(3)w?Qm w?Qm- C2K H # r Dv-JQ b?2/ *?2Qr/?m v- w?B; M; >m- E2[BM GB- >QM;#BM; *?2M;- #/mH
H BrB- M/ 6 M;KBEBNBKBxBM; bH pBQH iBQM M/ TQr2' +QMbmKTiBQM BM +HQm/ /i +2Mi2"
r°2 H;Q ' Bi?6bim 2 :2M2° iBQM *QKTmi2  avbi2Kb- 1Hb2pB2 - kyR3- TTX3je 38yX

(NLBi?Bv " bF "M M/ _ 1bimxxv aQ7ib2i " b2/ 0J a2H2+iBQM BM *HAMMZ MiiBIMW2H *QM72 2M+2
AMi2HHB;2Mi *QKTmiBM; M/ *QMi 'QH avbi2Kb (A*A**a kyRN)- A111 sTHQ 2 .B;Bi H GB#~ “v- /

(Ry$BQM; 6m M/ *?2M wBQm H K +?BM2 b2H2+iBQM M/ TH +2K2Mi 7Q  /vM KB+ +QMbQHB/ iBQM BM
K2Mi6 QMiB2'b Q7 *QKTmi2  a+B2M+2- aT ' BM;2 - TTXjkk jjy- kyR8X

(RRH? “#B-6 "2b M/ hB M-um@*?m M/ h M;-J QHBM M/ w? M;- q2B@w?2 M/ S2M;-M?RM M/ 62B-
+QHQMvV bvbi2K7Q  2M2 ;v@2{+B2Mi/vM KB+ pB'im H K +2BIMP2T HavbK2Kwi B8BM?/ iT TH2BRI+2iBQ M b
1Hb2pB2 - kyRN- TTXkk3 kj3X

(RK)OH@JQ HKB- KK ° M/ GmQ-Cm M M/ aH ?- ?2K/ BRI®BK HEDBHB HK +?BM2 TH +2K2Mi # b2/ Q
rQH7 QTIBKBLHBR®MQMB+b- ImMHIB/Bb+BTHBM v .B;Bi H Sm#HBb?BM; AMbiBimi2- kyRN- TTX

(Rj)S 'pBxB- 1HM x M/ _2xp MB- JQ? KKIIBHE2BYM@ r "2 2M2°;v@2{+B2Mi pB'im H K +?BM2 TH -
M2irQ'Fb mbBM; La: @AAA K2i @?2nHBbhB2r *VWKOmMHBM ;- aT BM;2 - kyky- TTX R kjX

(R9)Q/'B;Q L * H?2B"Qb- _DBp _ MD M- MiQM "2HQ;H xQp- *6b ° 6 .2 _Qb2- MHQMBFMK, "mvyv
iQQHFBi 7Q° KQ/2HBM; M/ bBKmH iBQM Q7 +HQm/ +QKTmiBM; 2MpB " QMK2Mib M/ 2p Hm iBQI
aQ7ir "2, S’ +iB+2 M/ 2tT2'B2M+2- qBH2v PMHBM2 GB#" “v- kyRR- TTXkj 8yX

(RBEVQMM;aQQ S 'F M/ 0Bp2FQKRQB, KQbiHVv@b+ H #H2 KQMBiQ BM: b\baAKP/S® PH2 M B M ;#
avbi2Kb _2pB2r- *J- kyye- TTXe8 d9X

(Re3B Q#Q 6 M- qQH7@.B2i ' B+? q2#2 - M/ GmBx -NM/Q22" T@WpPBbBQMBM; 7Q° r '2?2Qmb2@bBx2/
*J aA: _*> +QKTmi2' “+?Bi2+im 2 M2rb- pQHmMK?2 j8- *J- kyyd- TTX Rj kjX

(Rd) ° EmbB+-C277'2vP E2T? 'i-C K2b 1> MbQM-L ; "D ME M/ b Kv- M/QMQ7MBT2B7M; K M+2
KM ;2K2Mi Q7 pB'im HBx2/ +QKTmiBM; 2MpB QMK 2 MHmbB2 "HQEXT M2B/M-Q MT @B ;2 - KyyN- TT.

(R3)MiQM "2HQ;H xQp- C2K H #r Dv- M/ _DFmKM2mv@ r "2 "2bQm +2 HHQ+ iBQM ?22m BbiB+b -
KM ;2K2Mi Q7 /i +2Mi2'b 7Q" +HQ6M i HtQETAHNMBMiBQM +QKTmi2 bvbi2Kb- 1Hb2pB2 - kyRk- T

1/Bi2/ #¥X oBD v
_2+2Bp2k Ry- kyRN
++2TiZAmMM Ry- kyky



e
.. a+ H #H2 *QKTmiBM;, S° +iB+2 M/ 1tT2 B2M?idT, fAara X RRBSTNX@DRded -
Ukyky a*S1X 0OQHMK2 kR- Abbm2 k- TTX Rdj R33- .PA RyXRkeN9,fb+

"A_.aq _J PShAJAw hAPL@" al. ah *E1. IhP1L*P.1_ .11S G1 _LAL:
6P_1JSA_1 .1h1*hAPL L. *G aaA6A* hAPL

alo _L L L.uG L. al_ oL G sJAE Lh E hhAJ LAY

#bi® +iXPM2 Q7 i?2 KQbi@r i+?2/ M/ TH v2/ bTQ i Bb +'B+F2i-2bT2+B HHv BM aQmi? bB M +Qm
? bi?2TQr2 iQ K F2bB;MB}+ Mi/2+BbBQMb #Qmi 2p2Mib BM i?2 }2H/X qBi? i?2 ;°"QrBM; BM+ 2 b2 E
bTQ ib-i?Bb T T2 T '2b2Mib i?2 mKTB 2 /2i2+iBQM M/ +H bbB}+ iBQM #v T QTQbBM; M QTiBKBx iB
Q7 i?22T°QTQb2/ TT'Q +? BMpQHp2b i?°22 bi2Tbh- HBF2 b2;K2Mi iBQM- 72 im 2 2ti° +iBQM- M/ +H b
T2 2tiT +i2/ 7°QK i?72 BMTmi +'B+F2i pB/2Q- M/ i?2 b2;K2Mi iBQM Bb T2 '7Q K2/ # b2/ QM i?2 oBQF
b2;K2Mi iBQM Bb /QM2- i?2 72 im 2 2ti° +iBQM Bb + B2/ Qmi mbBM; >BbiQ;" K Q7 P'B2Mi2/ :" IB
7 /B2Mi S ii2"Mb U6mxxv G:SVX 6BM HHv- i?2 2ti® +i2/ 72 im 2b "2 ;Bp2M iQ i?2 +H bbB}+ iBQM bi2T
MbBM; i?2T°QTQb2/ "B/ ar "KPTiBKBx iBQM@# b2/ bi +F2/ miQ2M+Q/2 /22T H2 "MBM; +H bbB}2 U
+ i2:Q°B2b BMiQ mMKTB 2 Q"  Qi?2'bX h?2 T2 ' 7Q K M+2 Q7 i?2 mKTB 2 /2i2+iBQM M/ +H bbB}+ iBQM :
Bb 2p Hm i2/ # b2/ QM b2MbBiBpBiv- bT2+B}+Biv- M/ ++m’ +vX h?2 T°QTQb2/ "aP@ai +F2/ miQ2M+(
++m’ +v Q7 NeX8ekW-i?2 K tBK Hb2MbBiBpBiv Q7 NRX339W- M/ i?2 K tBK HbT2+B}+Biv Q7 NNW-

E2v rQ /b, IKTB 2 +H bbB}+ iBQM- 0BQH @CQM2b H:Q Bi?K- "B / ar 'K PTiBKBx iBQM- ai +F2/ n
>BbiQ;" K Q7 P'B2Mi2/:" /B2Mib- 6mxxv GQ+ H :° /B2Mi S ii2 Mb

Jabm#D2+i +H bbB}+ EBOMD X

RX AMi"Q/m+iBBGMXi Bb QM2 Q7 i?2 TQTmH "~ ; K2b 7i2  bQ++2 " BM i?2 rQ H/r
"2 pB2r2/ M/ b? "2/ BMi2°M iBQM HHv i?"Qm;? HBp2 b i2HHBi2 #° Q /+ biBM; rBi"
N)X aQK2 Q7 i?2 +' B+F2i TH vBM; M iBQMb "2 mbi® HB - L2r w2 H M/- 1M;H M/
wBK# #r2- a'B G MF - M/ " M;H /2b?X h2H2pBbBQM # Q /+ bi2 'b- bm+? b bi "t
?m;2 "2TQbBiQ B2b Q7 +'B+F2i pB/2QbX h?2 M HvbBb Q7 +'B+F2i pB/2Q ? b #
pB/2Q T'Q+2bbBM;X h?2 + B+F2i pB/2Q M HvbBb Bb +? HH2M;BM; i bF- /m2 i
TT Q +?2b Q7 +' B+F2i pB/2Qb "2 +H bbB}2/ BMiQ ;2M 2@BM/2T2M/2Mi Q" ;2M 2
bi?2 BMBiB H TTHB+ iBQM 7Q° 2Mi2 i BMK2Mi Tm TQb2bX AM i?2 + " B+F2i pB.
"2+Q°/2/ mbBM; p "BQmb bivH2 7Q K ib (Rk- R9)X aQK2rQ Fb ? p2 #22M /QM2 BN
+ ' B+F2i pB/2QbX PM2 Q7 i?2 ~Qm Bb?BM; ii2KTib 7Q" 2ti~ +iBM; b2K MiB+ 2p2M
KmHIiB@H2p2H ?B2° "+?B+ H 7  K2rQ'F (Ry- Re)X h?Bb 7" K2rQ'F 2KTHQv2/ m
pB/2Q b2;K2Mib (d)X PM i?2 Qi?2" ? M/- Bi ? b #22M “2p2 H2/i? i + K2° KQiBQN
+H bbB7vBM; HBKBi2/ 2p2Mib BM +'B+F2i pB/2Q (Rj)X
a2p2°  HQ#D2+i+ i2;Q ' B2b-bm+? b Q#D2+ib Q7 mMBMi2 2bi2/- M/ BMi2 2bi"
b2;K2Mi2/X h?2 pB/2Q Q#D2+ii? i Bbb2T ~ i2/ 77QK Bib +QMi2ti Bb BM+QKTH2i2
rBi? i?2 +QMi2ti BM7Q K iBQMX AM +'B+F2i-i?2 mKTB'2Bb QM2 Q7 i?2T2QTH2
#Qmi 2p2Mib BM i?2 }2H/X h?2 mKTB 2 mb2/ ;2bim 2b-? M/ bB;M Hb- M/ TQb2hb
i?72 KQbi+ m+B H+QKTQM2Mib BMi?2 7° K2rQ F-bBM+2 i?2 Q#D2+ib "2 mb2/ b
T Q+2bbX P#D2+i /2i2+iBQM 7°QK 7> K2 Q" pB/2Q b2[m2M+2 ? b ii® +i2/i?2
rQ"FBM; BM i?2 }2H/X AM +m "2Mi iBK2 Q#D2+i /2i2+iBQM i2+?MQHQ;v Bb r2HH
# HH M/ i?2 TH v2°'b Bb BKTQ i Mi 7Q mM/2 bi M/BM; Mv ; K2X h?2 TH v2 - b rz

2T "iK2Mi Q7 *QKTmi2® a+B2M+2 M/ 1M;BM22°'BM;- SQQDv .Q// TT TT *QHH2;2 Q7 1M;BM22 B
h2+?MQHQ;B+ HIMBp2 'bBiv- "2H ; pB@8NyyR3V- E H #mbpB BM MM K/ 8 38R ykQ AX+B XB M

Y.2T "iK2Mi Q7 *QKTmi2® a+B2M+2 M/ 1M;BM22'BM;- "XGX.X1X 6b oXSX. 'XSX:X> H F iiB *Ql
h2+?MQHQ;v U {HB i2/ iQ oBbp2bp v h2+?MQHQ;B+ H IMBp2 'bBiv- "2H ; pB@8NyyR3V- 0BD v
bmp "M FVYRNdd!; KVEBHX+QK

Rdj



Rd9 amp "M L M/v H- amp "M G tKBF Mi E iiBK MB

Bb T2'7Q K2/ # b2/ QM +QMi2tim H +QHQ @# b2/ b2;K2Mi iBQMX h?2M- i?2 HC
TQbbB#H2 #v bBKTHv }M/BM; bBKBH "~ Q#D2+i BM 2tTHB+Bii~ +FBM; Q bm++2b
BKTH2K2Mi2/ 7Q  i° +FBM; M/ b2;K2MiBM; i?2 pB/2Q Q#D2+ib- HBF2 *QMiBMmQ
U* Ja>A6hV- T "iB HHBbi b[m "2 M HvbBb- h? 2b?QH/ /2+BbBQM- M/ /BzmbBQ
* Ja>A6h (k) Bb TQTmH "~ K2i?Q/ 7Q pBbm Hi® +FBM; rBi? KBMBK H +QKTmi i

h?2°2 "2 K Mvi2+?MB[m2b miBHBx2/iQ i?2i bF7Q°  mKTB 2 /2i2+iBQM- 7 QK
J "FQpJQ/2Hb U>JJbV- M/: mbbB MJBtim 2JQ/2Hb U:JJbViQK +?BM2H2 "MBM
T2 +2Ti'QM UJGSV M/ bi iB+p " +QKT2Mb iQ Uao*V-i?2M 7m’i?2°  KQp2b iQi?2
(JR) Q7 *QMpPQHmMIiBQM H M2m™ H M2irQ F U*LLV M/ GahJ (Rk)X h?2 F@M2 ~2bi \
2KTHQV2/ 7Q° +H bbB}+ iBQMX JQiBQM Bb M BKTQ i Mi 72 im 2 7Q" "2T 2b2Mil
Bbi?272 im 2-r?B+? Bb /2'Bp2/ 7°QK i?2 KQiBQM }2H/ #2ir22M pB/2Q 7° K2b- H
~Qr}2H/ (d)X h?2b2 72 im2b "2 mb2/BM +QMDmMM+iBQM 7Q" /2pBbBM; b2i Q7 ¥
p2+iQ° K +?BM2b UaoJbV (R3)X h?2 *LL (R) Bb HbQ QmiT2 ' 7Q K2/ BM Q#D2+i /
(j9)- r?B+? Bb i?2 BMi2;" iBQM Q7 +H bbB}2" M/ 72 im 2 2ti° +iQ X h?2 +QMpC
72 im 2 2ti° +iQ°'bX h?2v H2 "M i?2 "2T°2b2Mi iBQMb 7°QK i?2BMTmi/ i miQK |
*LL H2 "M KQ 2 ;2M2'B+ 72 im 2b- HBF2 +QHQmM" #HQ#b- 2/;2b- M/ b? T2bX .2
KmHiB/BK2MbBQM H TTHB+ iBQMb (k3)- M/ QMHBM2 TTHB+ iBQMb (kN- jy)X
2KTHQv2/i?2b2 72 im'2b M/ /BpB/2/i?2/ i BMiQ QM2 Q7 i?2 +H bb2b (R3)X

AMi?BbT T2 - MmKTB 2 /2i2+iBQM M/ +H bbB}+ iBQMBb /2p2HQT2/# b2/ QN
Qp2  HHT Q+2/m 2 Q7 i?2 T QTQb2/ K2i?Q/ BMpQHp2b b2;K2Mi iBQM-72 im 2 2
i }’bi-i?2 pB/2Q 77 K2b "2 2ti° +i2/ 7°QKi?2BMTmi + ' B+F2i pB/2Q- M/ i?2M- i?z
QMi?20BQH @CQM2b H;Q Bi?KX 7i2 i? i-i?272 im 2 2ti° +iBQMBbT2'7Q K2/
i?72 72 im 2 2ti° +iBQM Bb /QM2-i?2 +H bbB}+ iBQM Bb T2 '7Q K2/ mbBM; i?2 T C
r?B+? + i2;Q°B2bBMiQ mMmKTB 2 Q" Qi?2°bX

h?2 K BM +QMi'B#miBQM Q7.2pRHDQ TERM,; mKTB 2 /2i2+iBQM M/ +H bbB}+ iBQ
i?72T°QTQb2/"aP@ai +F2/ miQ2M+Q/2 b-BM r?B+? i?2 ai +F2/ miQ2M+Q/2 Bb i
+H bbB}+ iBQMX

h?2 "2bi Q7 i?2 T T2 Bb Q°; MBx2/ b 7QHHQrb, a2+iBQM k /2b+ " B#2b i?2 HB
i2+?MB[m2bX a2+iBQM j/Bb+mbb2b rBi? mKTB 2 /2i2+iBQM M/ +H bbB}+ iBQM m
b2+iBQM 9 /Bb+mbb2b i?2 "2bmHib Q7 i?2 T'QTQb2/ "aP@ai +F2/ miQ2M+Q/2 b
TT2 X

kX GBi2 im 2 amh PR 2+iBQM “2p2 Hb i?2 HBi2  im 2 2pB2r Q7 b2p2° H K2i
TQb2/2i2+iBQM- TBi+? 7" K2 +H bbB}+ iBQM- # iiBM; b?Qib "2+Q:MBiBQM- 2p2M
M/ M Hvx2/ b 7QHHQrb, > pBM/ _ pB2i HX(R)/2p2HQT2/ M TT ' Q +?2 7Q mKTI
H2 "MBM; iQ ;2M2" i2 + B+F2i ?B;?HB;?ibX h?2 72 im 2b r2°2 2ti> +i2/ 7" QK T :
HBM2 ~ aoJ Bb 2KTHQV2/ iQ /2i2+i i?2 TQb2 Q7 i?2 mKTB 2X h?Bb K2i?Q/ ? b
#mi /B/ MQi +QMbB/2° Qi?2  +H bbB}+ iBQM K2i?Q/b 7Q" #2ii2° T2 7Q K M+2X
M TT'Q +?2 7Q° +QMi2Mi@# b2/ pB/2Q 2i"B2p HX >BbiQ; K Q7 6Qm B2  *Q2{+
BM/B+ iBM; i?2 Q#D2+ib BMiQ pB/2Q 7" K2bX //BiBQM HHv-i?2 T2 '7Q K M+2 Q7
mbBM; 1ti'2K2 G2 "MBM; J +?BM2- M/ _ M/QK 6Q 2biX h?2 K2i?Q/ /B/ MQi BM+H|
M/ i D2+iQ'VBM7Q K iBQM 7Q" "2T 2b2MiBM; Q#D2+ib BM pB/2QbX JX _ pBM/2
' @Q7@pBbm H@rQ /b K2i?Q/ iQ /2i2+i- M/ +H bbB7v TBi+? 7° K2b BM i?2 + B
UG"SV- *QHQ Yh2tim 2Y1/;2 U*h1V- M/ a+ H2@AMp "B Mi 62 im 2 h> Mb7Q K U
rb 2KTHQV2/ 7Q" +H bbB}+ iBQMX h?2 K BM /" r# +F Q7 i?Bb K2i?Q/ Bb "2[mB 2
w22b? M E? M 2i HX(9) 2KTHQV2/ /22T +QMpQHmMIBQM H M2m® H M2irQ F U.2:
"2+Q:MBiBQMX 6Q # iiBM:; b?Qi "2+Q:MBiBQM- b2p2  H +iBQMb- HBF2 #QrHBNMN
TH v2'b BM i?2 }2H/- M/ # iiBM; b?2Qib 2 M Hvx2/X h?2 K2i?Q//Q2b MQi +QMbE
+QKK2Mi ‘v ;2M2 iBQM- BM7Q K iBQM "2i'B2p H- M/ /2+BbBQM K FBM;X amDZC
bmT2 pBb2/ +iBpBiv HQ+ HBx iBQM M/ +H bbB}+ iBQM Ug@h G*VX AMBIiB HHv-
ai’2 K@# b2/ 72 im 2 2ti° +iQ  M2irQ Fr2°2 2KTHQV2/ 7Q" 2ti° +iBM; 72 im 2bX
G2 "MBM; GQbb UJAGGV M/ *Q@ +iBpBiv aBKBH "Biv GQbb U* aGV r2°2 2bi #HI



"B/ ar 'K PTiBKBx iBOM@# b2/ ai +F2/ miQ2M+Q/2" .22T G2 "MBM: 7Q " IKTB" 2 .Rid8iBOM M/

M2irQ"F QMHv i?2 pB/2Q@H2p2H H #2Hb Q7 i BMBM; pB/2QbX h?2 K2i?Q/ 7 BH:
+QKTmi2' pBbBQMX

JQ? KK / b? 7 mbbQ 2i HX(e) 2KTHQV2/ i?2 +QK#BM iBQM Q7 *LL- M/ 2+
+H bbB7vBM; bTQ ib pB/2QbX h?2 BMTmi iQ i?2 M2irQ"F Bb b2[m2M+2 Q7 _:" +CQ
bm#D2+i2/iQ b2T ~ i2 +QMpQHmMIBQM HH v2'b7Q" +H bbB}+ iBQMX h?2 K2i?Q/ "
# b2/ i2+?MB[m2b iQ /QTi KQ 2 r2B;?i BM i?2 bT2+B}+ /i b2iX J ?2b? JX :Qv N
F2v7" K2 /2i2+iBQM@# b2/ K2i?Q/iQ KBMBKBx2 +QKTmi iBQM iBK2X h?Bb 7" K
+H bbB}+ iBQM M/ /2i2+iBQM # b2/ QM i?2 ?B2" "+?B+ Hi'22X i} bi-i?2 F2v7"
>BbiQ;" K/Bz2'2M+2 7Q BM/2tBM;- M/ i?2M-i?2 HQ;Q i MbBiBQMb r2 2 /2i2+i2
/2i2+i2/ mbBM; 2/;2 /2i2+iIBQMX 6BM HHv-i?27" K2+ i2;Q°Bx2/BMiQ i?2TH v2 C
# b2/ QM bFBM +QHQmM X h?2 bK HH2 /i b2i Bb MQi +QMbB/2 2/ BM i?Bb K2i?Q
:Qr'Ba'BMBp b (3)/2p2HQT2/pBbm H+QMi2Mi@# b2/i2+?MB[m2b 7Q" 2ti° +iBWN
i }7bi-i?2 T'2@T Q+2bbBM; r b T2'7Q K2/ 7Q  b2H2+iBM; i?2 bm#b2i Q7 7° K2l
iQ "2/m+2 i?2 b2 "+? bT +2 #v "2KQpBM; i?72 7° K2bX h?2M-i?2 bm#b2i Q7 7° K2
JQ/2HHBM; Q7 i?2 ;" vb+ H2UaJQ:VX 7i2i? i-i?2*QKTQM2MiZm MiBx iBQM@ #
U*Z_1Vr bBMi"Q/m+2/7Q TBi+? 7 K2b 2ti° +iBQMX Pi?2" +H bbB}2 b r2°2 MQi
M/ /2i2+i 2p2Mib Ubm+? b ;Q HVX > "B _ M/ qBHb+v J (jk) /12p2HQT2/ K2i?Q/
i?72 IKTB 2 #v i?2 i? 2b?QH/BM; # b2/ +QHQ b2;K2Mi iBQM H;Q Bi?KX h?Bb K2i
biQ 2/ +'B+F2i pB/2Q M/ HbQ #2 mb2/BM 2 HiBK2rBi? /[/2/B+ i2/? /Ir "2bmTT
B/2MiB}+ iBQM- M/ Q#D2+i i +FBM; K2i?Q/br2 2 i?2 /IB{+mHii bFb BM i?Bb K2i
(jj) 12p2HQT2/ F2v7 K2 /2i2+iBQM # b2/ TT ' Q +?-r?B+?2r b ?B;?Hv ++m’ i2 rB
Mv?Qr- Bi /B/ MQi Qp2 +QK2 i?2 BHHmMKBM iBQM "2H i2/ T"Q#H2KbX

kXRX *? HH2M;2bX

h?2 M HvbBb Q7 + B+F2i pB/2Q Bb KQ'2 +? HH2M;BM; i bF /Im2 iQ i?2 +Q¥
HBF2 p "'BQmb 7Q K ib Q7 K i+?2b-/ v M/ MB;?i K i+?2b U+ mb2 BHHmMKBM
TH vBM; +QM/BiBQMb UTBi+?2b- }2H/ "2 M/ bQ QMV- M/ /m” iBQM (R8)X
G:SBbmb2/iQ 2M? M+2i?2 /BbiBM;mBb?BM; + T #BHBiv- M/ iQ "2/m+2i?2
AM (8)-i?2g@h G*7° K2rQ FBb /2p2HQT2/7Q i2KTQ  H +iBpBivHQ+ HBX
i?72 ++m° +vr b7QmM/ #2ii2 - #mii?2 q@h G* 7 K2rQ F M2p2 #22M 2t KB
7Q° mKTB 2 +H bbB}+ iBQMX AM i?Bb rQ F- i?2 +H bbB}+ iBQM Bb /QM2 #
MiQ2M+Q/2 - r?B+? Bb TTHB+ #H2 7Q° Mv bBx2 Q7 /i b2iX

jiX STQTQb2/ IKTB 2 .2i2+iBQM M/ *H bbB}+ iBQM IbBM; "aP@" b2/ ai +F2/ n
h?Bb b2+iBQM T 2b2Mib i?2 T°'QTQb2/ mKTB 2 +H bbB}+ iBQM TT Q +? mbBM;
6B;m 2 jXR /2HB#2" i2b i?2 b+?2K iB+ /B ;" K Q7 i?2 T'QTQb2/ "aP@# b2/ bi +
/2i2+iBQM M/ +H bbB}+ iBQMX i} bi-i?2 BMTmi + ' B+F2i pB/2Q Bb +QMp2-i2/
i?72 b2;K2Mi iBQM Bb T2°'7Q K2/ mbBM; i?72 oBQH CQM2b H;Q Bi?KX PM+2 i?2 |
2ti° +iBQM Bb + ""B2/ Qmi mbBM; >P: (Re)- M/ 6mxxv G:S (k9)X iH bi-i?2 +H bbl
2ti° +i2/ 72 im 2b mbBM; i?2 T°QTQb2/ "aP (kk)@# b2/ bi +F2/ miQ2M+Q/2" /22T
# b2/ bi +F2/ miQ2M+Q/2'Vi? i+ i2;Q°'B2b BMiQ mKTB 2 Q" Qi?2°bX

G2imb +QEBR/R?2 BMTmi pB/2Q b2[m2M+2 M/MmKkOXTQBLZbKRb M/ Bb /2MQi.
G=1flLag;l a MgX h?mb-i?22 7° K2b 2ti® +i2/ 7 "QKLB b U L2024 g

iXRX a2;K2Mi iBQM Q7 ?mK Mb BM 2 +? 7° K2 mibBBwb; bBQBIQ B IM2thb2Mib i?2 b2
i iIBQM Q77 +2 2:BQM 7 QK i?2 2ti’ +i2/ pB/2Q 7" K2bX .Bz2 2MiivI2b Q7 H:Q'B
T 2pBQmb rQ FbX h?2 i  /BiBQM H TT'Q +?2b mb2/7Q 7 +2 /2i2+iBQM ‘2 #BM
?B;? +QKTmi iBQM H +QKTH2tBiv Bbbm2bX h?2 oBQH @DQM2b 7 +2 /2i2+iBQM
"2:BQM 7 QK i?2 2ti’ +i2/ 7  K2bX *QKT "2/iQ Qi?2 7 +2 /2i2+iBQM H;Q Bi?K- i
Q7 i?2 0BQH @CQM2b (kj) Bb HBKBi2/ i? i K F2b Bi bmBi #H2 7Q " p "BQmb TTH
BMi2 7 +2b- i2H2+QM72 2M+BM; M/ bQ QMX h?2 bi2Th BMpQHp2/ BM i?2 0BQH
7QHHQrb, i?2 +°2 iBQM Q7 M BMi2:" HBK :2-72 im 2 b2H2+iBQM #v > “@HBF2
iBQM Q7 i?27 +2 "2;BQM- M/ / @#QQbiBM; +H bbB}2  # b2/ 72 im 2 b2H2+iBQM
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Feature sxtraction

( Hol \[

S—

Clagsification

B30.based stacked auto encodsr
deep leaming classifier

6B;X K'RIQ+F /B ;" K Q7 i?2 T°QTQb2/ TT'Q +? 7Q  mKTB 2 +H bbB}+ iBQM

+H bbB}2" # b2/ 72 im2 b2H2+iBQM i bF Bb T2 ' 7Q K2/-i?27 +2 "2;BQMb "2 /2i2
M/ Bb 2tT 2bb2/ b-

UjXRV J=VI(La)

VJ BM/B+ i2b i?2 7TmM+iBQM 2T 2b2MiBM; i?2 0BQH @CQM2b H:Q 'Bi?K 7Q" 7 +
2tT 2bb2/Xb

jXkX 62 im 2 1ti° +iBRMX¥2;K2Mi iBQM- 72 im 2 2ti° +iBQM Bb T2 ' 7Q K2/ mbl
6mMXXv@G:SX h?2 72 im 2 2ti° +iBQM bi2T + B2/ QmiBM i?Bb T T2 Bb 2tTH BM?Z

V 6mxxv G:8mxxv G:S (k9) Bbi?2 BMi2;" iBQM Q7 G:S rBi? 7Tmxxv HQ;B+-r?B+
/IBbiBM;mBb?BM; + T #BHBiv- M/ iQ "2/m+2 i?2 MQBb2 2z2+ibX h?2 +'BbT 7Q°K
TBt2H T°QT2'iB2b iQ 2tTH BM 2 +? TBt2HX Ai Bb KQ 2 "2bBbi Mi- 2{+B2Mi- M/ b
mbBM; HB;?iBM; p "B iBQMbX h?2 }M2 i2tim 2 T°QT2iB2b "2 2z2+iBp2Hv + Tim"®
G"S miBHBx2b ? "/ i? 2b?QH/BM; iQ +QKTmi2 i?2 +Q/2- M/ ? b KBMBKmK /Bb+"B
i BMbiMQBb2X h?26mxxv@G:S/2b+ BTiQ " Bb M /p M+2/7Q KQ7G:Si? i+ B2
AM 6mxxv@G:S- 2p2°'v TBt2H Bb "2; "/2/ b Mv MmK#2 Q7 G"S +Q/2b-r?B+? +QM
?BbiQ;" KX h?2 K2K#2 b?BT 7mM+iBQM Bb + H+mH i2/ b-

8 9
< 0 Od Ocenter + E =
UjXkV ho(d) = : Egt,;%nter Ocenter E<dd<Jcenter + E |
1 Od  Ocenter E ,
UjXjVv hi(d) =1  ho(d)

r?22 2:() Mho() 2T 2b2Mib i?2 K2K#2 b?2BT2MM2bBQMb2 2b?2QH/ T ° K2i2 - r?B+?
iQ +QMi"QH i?2 7mx g MM Q i/2h i22-M2B;:?2#Q BMHTBM®I2/Mb i?2 iQi HMmK#2 Q7
h?2 K2K#2 b?BT 7mM+iBQM /2i2 KBM2b i?2 +QMi ' B#miBQM Q7 G"S +Q/2 BMiQ i?
+QMi'B#miBQM Bb /2}M2/ b

Ujxov F(X)= §=0 he,(d)



"B/ ar 'K PTiBKBx iBOM@# b2/ ai +F2/ miQ2M+Q/2" .22T G2 "MBM: 7Q " IKTB" 2 .RiddiBOM M/

r?22°242f0;1g X h?2 bmK Q7 M2B:;?2#Qm ?2QQ/ +QMi'B#miBQM Bb 2[m HiQ mMBiv- N\

%55
UjXs8sv F(X)=1
X

**BbT G:S ?BbiQ;" K? bx2°'Qp Hm2 #BMb-r?2"2 b 6G:S ?BbiQ;" K? b MOQM@x2"
KQ'2BM7Q 'K iBp2i? M+ BbT G:SX

#V >P:,>P: (Re)Bb ivT2 Q772 im 2/2b+ BTiQ 7Q" 2ti° +iBM; mKTB 2bX h?Bb
7Q° HQ+ HBxBM; i?2 BK ;2X h?2 >P: 72 im'2b "2 2ti° +i2/ mbBM; i?2 K ;MBim/2
(Hy;Hy) "2+ H+mH i2/ BM #Qi? p2'iB+ H M/ ?2Q ' BxQMi H/B'2+iBQMb 7Q° HH TBt:
im/2b M/ /B 2+iBQMb "2 2biBK i2/ mbBM; i?2 #2HQr 2[m iBQMb-

UjXeV h="HZ+H?

ujxdyv =tan 1(%)
u

7i2°i?2 2ti° +iBQM Q7 72 im'2b 7°QK 2p2'v 7 +2 "2;BQM-i?2 +QM+ i2M i2/ 72 im
UjX3Vv JP = fFjiHg

h?2 2ti° +i2/ 72 im 2b "2J2MB)R2/BK2MKBRQM) X r?22M-bB;MB}2b i?2 iQi HMmK#2
#BEDB272°biQ i?2 iQi HMmK#2 Q7 2ti’ +i2/ IBK2MbBQMb Q7 i?2 >P: 72 im 2bX

iXjX IKTB 2 +H bbB}+ iBQM mbBM; "aP@# b2/ biPM~2mPQR2M+IQW2ZKX 2 2ti~ +iz
MbBM; 7Tmxxv G:S- M/ >P:-i?2 2ti° +i2/ 72 im 2b "2 ;Bp2MiQi?2 T QTQb2/"a @#
MmMKTB 2 +H bbB}+ iBQMX 6Q  i?2 2z2+iBp2 +H bbB}+ iBQM-bi +F miQ2M+Q/2" /2
r2B;?2ib@#B b2b "2 /2i2°KBM2/ mbBM; i?2 T°QTQb2/ H;Q Bi?K QTiBK HHvVX

BV “+?Bi2+im 2 Q7 bi +F2/ miQ2M+Q/2 BPRMR2TQH2i?MBMBH/BM; #HQ+Fb Q7 .2
L2irQ'F U.LLV Bb miQ2M+Q/2 X ai +F2/ miQ2M+Q/2" (kR) Bb i?2 KQbi +QKKQ
i2+?MB[m2bX 6B;m 2 jXk b?Qrb i?2 “+?Bi2+im 2 Q7 i?2 bi +F2/ miQ2M+Q/2 X >
?B2° "+?B+ HHvX h?2 "+?Bi2+im 2 Q7 miQ2M+Q/2 TQbb2bb2b i?°22 mMBib- BN
M/ ?B//2M mMBib- RMQIMNXY M miQ2M+Q/2° Bb miBHBx2/ 7Q° 2M+Q/BM; i?2 B
Ip M+2/ bi ;2 ?B//2M 2T 2b2Mi iBQMX AM i?2 2M+Q/2" T?Rb2-ii?RBZiQ KB MRbIE
BMTmi p2+iQ  BMiQ i?2 ?B//2M p2+iQ - M/ Bb 2tT 2bb2/ b-

UjXNV B = fun (QiP, A;P)

r?2 24 BM/B+ i2 i?2 r2B;?i KA B272MB iQ i?2 #B b p2+i@P R 12D iQK2+QMbi m+iB
h?2M i?2 ?B//2M 2T 2b2Mi iBQM Bb /2+Q/2/ M/ # +FiQ "2+QMbi m+iBQM 7 +iQ"

UjXRyV P = fun (QzK+ A2K)

r?22 2, /12MQi2 r2B;?i K,i"BT-2b2Mi i?2 #B b pR+1B/R-MM/MBib X

BBV h> BMBM; T? b2X V 6BiM2hPApiMBbBQM +iBQM Bb +QKTmi2/ 7Q  i?2 BM,
7Q  #2ii2° "2bmHibX h?2 QmiTmi? bi?2 HBKBi2/p Hm2 Q7i?2 2 °Q -r?B+? +QMb
bQHMIBQM Bb /2i2 °KBM2/ ii?2 T'2pBQmb Bi2" iBQM b2 +? bQHMIBQM +  p2biQ
i72 +Qbi 7mMM+iBQM- M/ i?2 b[m 2/ "2+QMbi ' m+iBQM 2°°Q - i?2 miQ2M+Q/2"
H;Q Bi?K 2tT 2bb2/ #v

X

. 1 . .
UjXRRYV JaC(Q; A) = W 1l I:’j Ptarget J]2
j=1
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: QA1 Q3,43
/;
L PJ‘:I »
N\ VR Q.84
el v A
= 3
p
V' -
(e ) '
b 4 % :

. __#‘____

+1 3 +1 y +1

U, U Us

6B;X jXk+?Bi2+im 2 Q7 bi +F2/ miQ2M+Q/2" +H bbB}2"

r?2°R 2T °2b2Mib i?2 2biBK i2/ QmiTmi- M/ i?2 i *;2PLdn i X nhi?R bi 22 H12M B)/i 2 I
i?72iQi HMmMK#2 Q7 i  BMBM; b KTH2bX

#V H;Q Bi?KB+ /2b+ " BTiBQM Q7 i?2 T ' QTQb2/ "aP@aaPFRK) BbQaMv@/ B2/ QN
i?72bQ+B H#2? pBQ b Q7 #B /b i? i 7TQHHQr bQK2 B/2 HBbiB+ mH2b i? i 7TQHHQT
i?72 pB;BH M+2 #2? pBQ™ M/ 7Q" ;BM; #2? pBQm Q7 #B /bX q?2M 7Q" ;BM; Bb B
M/ mT/ i2bi?2 T'2pBQmb 2tT2'B2M+2 M/ i?2B  TQbBiBQM- M/ HbQ-i?2 #2hi 2t
r2B+? Bb "2; "/BM; i?2 HQ+ iBQM Q7 7QQ/X AM + b2 Q7 pB;BH M+2 #2? pBQm - i
+2Mi2° Q7 br "KbX h?2 pB;BH M+2 #27? pBQm~ ;2ib z2+i2/ r?2M i?2°2 Bb Mv TQl
b K2 iBK2-i?2 #B°/ brBi+?2b #2ir22M b+ " QmM;BM; M/ T°Q/m+BM; r?2M #B /b °
iQ MQi?2°X PMi?2 Qi?2 2 M/- T°Q/m+2°b 2M; ;2 BM +iBp2 b2 "+?2 7Q° 7QQ/X
# H M+2 #2ir22M 2tTHQ  iBQM M/ 2tTHQBiI iBQM BM "a X h?2 H;Q ' Bi?KB+ bi2T
MmiQ2M+Q/2°b "2 BHHmbi i2/ #2HQr,

V AMBiB HBAMIQRI} bibi2T-i?2T ~ K2i2°’bQ7QTiBKBx iBQMBM+HmM/BM; i?2
r?B+? BM+tKp/2b,1 y;1 | zr?2°2-i?22TQTmH iBQM bBy2-RBk /2WII2b bh?2
K tBK HBi2 'PBQRF 2b2Mib i?2 T'Q# #BHBiv Q7 7Q" ;BM; 7QQ/- M/ i?2 7°2[m2MVM
#B /b Bb /2MIQiX/>BX2-Q1;Q2;A1;Ar X

#V 1p Hm iBQM Q7 Q#D2+iBp227m2MR2HBQ @M Q7 i?2 QTiBK HHQ+ iBQM Q7 i?2
# b2/ QM i?2 KBMBKBx iBQM T Q#H2KX h?2 KBMBK Hp Hm2 Q7 i?2 Q#D2+iBp2 71
M/ i?2°27Q 2- i?2 bQHmMIBQM rBi? i?2 HBKBi2/ p Hm2 Q7 2°°Q  Bb b2H2+i2/ b i
2biBK i2/ mbBM; 2[m iBQM URRVX

+V GQ+ iBQM mT/ i2 Q7,i8Q #BT/biBM; i?2B° TQbBiBQMb-i?2 #B /b ? p2 i? 22
12+B/2/ # b2/ QM i?2 T'Q# #BHBivX q?2M2p2° i?2 > M/IQK MmK#2" - i?2M i?2 mT/
#2? pBQm  Q° 2Hb2- i?2 pB;BH M+2 #2? pBQm  +QKK2M+2bX PM i?2 Qi?2" ? M/
T°Q/m+2°b-r?B+? Bb KQ/2HH2/ b ~B;?i #2? pBQ bX 6BM HHv-i?2 72 bB#BHBIiv C
bQHMIBQM Bb “2i°B2p2/X

IV 6Q° ;BM; #2? pBQ QHA22BBM/BpB/m H #B°/ b2 "+?22b i?2 7QQ/ # b2/ QM i?2I
M/ i?22 #2? pBQm Q7 i?2 br "K-r?B+? Bb ;Bp2M #2HQrX h?2 bi M/ '/ 2[m iBQM Q7
Bb ;Bp2M b 7QHHQrb-

UjXRkV Xi;j+l = Xi; +(Pij  Xj;) G random(0;1)+[C; X;;] random(0;1)



"B/ ar 'K PTiBKBx iBOM@# b2/ ai +F2/ miQ2M+Q/2" .22T G2 "MBM: 7Q  IKTB 2 .RidNiBOM M/

r?22°2,;"% MKy /2MQi2bi?2 HQ® ¥BQMBQVBK2MbBGNM M/ Ry 272 biQi?2 T 2pBQm
#2bi TQbBiB @M#@7raaddm(0;1) Bb i?2 BM/2T2M/2Mi mMB7Q KHv /B bG; B#MIVIER+ MK # 2
i?2 #2bi T'2pBQmb HQ+ iBQM b? "2/ #v i?2 #B / br "KX h?2 T&Q MBVBp MBmMK#2 b
/2MQi2b i?2 T2 bQM H €2bRBHQHh@AMIQ MR ;HQ# H #2bi bQHMIBQMX

2V 0B;BH M+2 "2? pBQm hQ@2 %B /b, KQp2 iQr /b i?2 +2Mi2  /m BM; r?B+? i?2 #
rBi? 2 +?2 Qi?2° M/ i?2 pB;BH M+2 #2? pBQm Q7 #B /b Bb KQ/2HH2/ b-

UjXRjV Xi;j+1 = Xj; +Ba(j  Xj;) random(0;1) + Bp[My  X;;] random( 1;1)
UjXROV By=w, exp PF,;#

. ~ Ff(M) Ff(M) yp Ff(m)
UIXR8YV Bi=wWi &P T FrMY) ¢ Ff+

r?2°9 2T 2b2Mib i?2 MmK#®& QWAW4B 2i?3 TQbBiBp2 +QMbi Mib HVEMR] BM i?22 °
FE(M)i 2T 2b2Mib i?2 QTiBK H }ifM 248 /p HWRf QQ "2bTQM/b iQ i?2 //BiBQM Q7 i
}iM2bb p Hm2b Q7 i?22bi? 2K#Q Mbi Mi i? i F22Tb QTiBKBx iBQM r v T QX722bQ @ /B
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Kk "2;BM

i SQTmH iBQM BMBEM;jBQM, y;1 | zg9
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mbBM; i?72 K2i'B+b-M K2Hv ++m’ +v-b2MbBiBpBiv- M/ bT2+B}+BivX V ++m" +v
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#V a2MbBiBpBiv, a2MbBiBpBivBb HbQ+ HH2/ b h" m2TQbBiBp2 i2UhS_V-r?B
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U9 XkV Sensitivity =

P+Y

+V aT2+B}+Biv, aT2+B}+Biv Bb Qi?2'rBb2 + HH2/ b h'm2 L2; iBp2 _ i2 UhL_V-
M2; iBp2bX aT2+B}+Biv Bb 2T 2b2Mi2/ b-

Uuoaxijv Specificity =

X

X+Q

I9XjX 1tT2 ' BK2Mi H "RDInMHIDX BK2Mi H "2bmHib Q#i BM2/ #v i?2 T QTQb2/ "aP
+Q/2°b "2 ;Bp2M BM i?Bb b2+iBQMX 6B;m 2 9XR /2TB+ib i?2 b KTH2 "2bmHib Q7
BMTmi BK ;2 kj- };m 2 9XRX#V /2TB+ib i?2 BMTmi BK ;2 9k- };m 2 9XRX+V b?Qrl
9XRX/V [2TB+ib i?2 BMTmi BK ;2 eyX 6B;m 2 9XRX2V b?Qrb i?2 T 2/B+i2/ QmiT|
/[2TB+ibi?2 T 2/B+i2/ QmiTmi Q7 BMTmi BK ;2 9k-};m 29XRX;V- M/};m 2 9XRX?V
Q7 BMTmi BK ;2 eN- M/ eyX

h?2b KTH2 "2bmHib Q7 MQM@mMKTB 2 "2 /2TB+i2/ BM };m 29Xk /2TB+ibi?2 b
i?72 BMTmi BK ;2 R-};m 2 9XkX#V /2TB+ib i?2 BMTmi BK ;2 Rj-};m 2 9XkX+V b?Q
I9XKkX/VI/2TB+ibi?2BMTmiBK ;2eRX 6B;m 2 9XkX2V b?Qrbi?2T 2/B+i2/ QmiTmi C
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‘ Initialization ‘

]

‘ Evaluation of objective function ‘

‘ Location update of the birds ‘

l

‘ Foraging behavior of birds ‘

)

‘ Vigilance Behaviour of Birds ‘

l

‘ Flight behaviour ‘

}

| Checking the feasibility of solution |

‘ Obtain best solution ‘
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BMTmi BK ;2 ey

i?72 T °2/B+i2/ QmiTmi Q7 BMTmi BK ;2 Rj- };m 2 9XkX;V- M/ };m 2 9XkX?V /2KQN
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p Hm2 K2 bm™ 2/ #v "aP@ai +F2/ miQ2M+Q/2 b rBi? Bi2" iBQM 8y Bb dRXyd9W- "¢
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Bbey-i?2bT2+B}+Bivp Hm2b K2 bm 2/ #v i?2 T'QTQb2/ "aP@ai +F2/ miQ2M+Q/
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MiQ2M+Q/2 b rBi? Bi2° iBQM 3y Bb NNW- M/ "aP@ai +F2/ miQ2M+Q/2 b rBi? B
};m 2-BiBb+H2 "Hvb?QrMi? ir?2Mi?2i  BMBM; /i T2 +2Mi ;2 Bb Ny rBi? Bi2" i
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+[mB'2/i?2bT2+B}+Biv Q7 NkXk98WX g?BH2 +QMbB/2'BM; 3yW Q7i° BMBM; / i
LL- .*LL- M/ ai +F2/ miQ2M+Q/2 b- +?B2p2/i?2bT2+B}+Biv Q7 8dXN8jW-deX3
"2bT2+iBp2HvX J2 Mr?BH2- i?2 T QTQb2/ "aP@ai +F2/ miQ2M+Q/2 b ii BM2/ i?
};m*2 3 +V-i?22 T°QTQb2/ "aP@ai +F2/ miQ2M+Q/2°b Bb 7QmM/ iQ TQbb2bb i?2
NyW i> BMBM; /i X

#V *QKT "~ iBp2 M HvbBb # b2/ QM ZE @6BRWHIBb Q7 i?2 +QKT ~ iBp2 K2i?Q/b # b
" +v-b2MbBiBpBiv- M/ bT2+B}+BivBb /2TB+i2/ BM};m 2 9XeX 6B;m 2 9XeX V b?
p VBM;i?2T2 +2Mi ;2 Q7i BMBM;/ i X 6Q  i?2E@6QH/48-i?22tBbiBM; i2+?MB
M/ ai +F2/ miQ2M+Q/2 b- TQbb2bb2b i?72 ++m  +v Q7 eyXyejW- ejX8jyW- 3kXKkj
r?B+? Bb +QKT ~ iBp2Hv HQr2 i? Mi?2 T QTQb2/ "aP@ai +F2/ miQ2M+Q/2 bX 6
T°QTQb2/ "aP@ai +F2/ miQ2M+Q/2'b +?B2p2/ M ++m’ +v p Hm2 Q7 39X9NWX
BM+'2 b2/ iQ N-i?2 K2i?Q/b- ELL-LL-.*LL- M/ ai +F2/ miQ2M+Q/2 b- ii BM2/ i~
dRX99dW- 3dXdN3W- M/ NyXyyRW- "2bT2+iBp2Hv-r?2"2 bi?2 ++m” +vQ7i?22T"
Bb NKXRjBWX 6°'QK i?2 #Qp2 BMi2 T '2i iBQM-BiBbb22Mi? ii?2T QTQb2/ K2i?C(
p HmM2 Q7 N9Xj8eW i RyW Q7 E@6QH/X

h?2 +QKT " iBp2 M HvbBb BM i2°'Kb Q7 i?2 b2MbBiBpBiv K2i'B+ Bb /2TB+i2/ Bl
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h #H2 9XR
*QKT " iBp2 M HvbBb # b2/ QM i° BMBM; /i T2 +2Mi ;2
J2i?Q/b ++m° +v UWA2MbBiBpBlivaU®WM}+Biy UWV
ELL d3XRR9 NyXye8 38X999
LL 3jXNyj NRXR9 NeX9ke
*LL NkXNje NRXR8R NeX8k8
ai +F2/ miQ2M+Q/2°h N8XdRd NRXeN3 NdXj3R
STQTQb2/ "aP@ai +F2/ miQ2MN®XBdk NRX339 N N
h #H2 9Xk
*QKT " iBp2 M HvbBb # b2/ QM E@6QH/
J2i?Q/b ++m° +v UWA2MbBiBpB|fivaU®WMB}+Biy UWV
ELL e3X3RR 3NXRdd ddX3Ry
LL djXye3 Ny Xk88 3jX993
*LL NRXjy8 NRXR9 3NXk3d
ai +F2/ miQ2M+Q/2"h NkXKkN9 NRXeN3 Ny XdNk
STQTQb2/ "aP@ai +F2/ miQ2MNQX38le NRX339 NRXeej

+QMbB/2°2/-i?2 2tBbiBM; K2i?Q/b- HBF2 ELL- LL- .*LL- M/ ai +F2/ miQ2M+Q/2"
3RXdydW- 3jXk9eW- 38XNNjW- M/ 3eXe3eW- "2bT2+iBp2HvX J2 Mr?BH2- i?2 T C
+[mB 2/i?2b2MbBiBpBivp HmM2 Q7 3eX3e9WX 6Q  E@6QH/4Ry-i?2b2MbBiBpBiv
LL- .*LL- M/ ai +F2/ miQ2M+Q/2 b Bb 3NXRddW- NyXk88W- NRXROW- M/ NRXel
T'QTQb2/ "aP@ai +F2/ miQ2M+Q/2 b ii BM2/i?2 b2MbBiBpBiv Q7 NRX339WX

h?2 M HvbBb BM i2 ' Kb Q7 bT2+B}+Biv K2i'B+ Bb /2TB+i2/ BM };m 2 9XeX+VX
i2+?MB[m2b- HBF2 ELL- LL- .*LL- M/ ai +F2/ miQ2M+Q/2 b- +?B2p2/i?2 bT2+E
3kXRedW- M/ 38Xy88W- "2bT2+iBp2Hv- #mi i?2 "aP@ai +F2/ miQ2M+Q/2 b +[m
g?BH2 +QMbB/2°'BM; E@6QH/4Ry-i?2 2tBbiBM; i2+?MB[m2b- bm+? b ELL-LL- .*I
+?B2p2/i?2 bT2+B}+Biv Q7 ddX3RyW- 3jX993W- 3NXk3dW- M/ NyXdNkW- "2bT.
"aP@ai +F2/ miQ2M+Q/2 b ii BM2/ i?2 bT2+B}+Biv p Hm2 Q7 NRXeejWX 6 QK
MiQ2M+Q/2°bBb 7QmM/ iQ TQbb2bb i?2 K tBKmK bT2+B}+Bivp Hm2 Q7 NRXeejV

9XdX *QKT "~ iBp2 /Bb+#+nmibHhBOKIK /2TB+ib i?2 +QKT " iBp2 /Bb+mbbBQM Q7 i?Z
.*LL- M/ ai +F2/ miQ2M+Q/2°'b M/i?2T QTQb2/"aP@ai +F2/ miQ2M+Q/2 b BM
}+Biv- M/ ++m’ +v T ~ K2i2'b#vp "vBM;i?2i° BMBM; /i T2 +2Mi ;2X h?2 K tBKr
#v T QTQb2/"aP@ai +F2/ miQ2M+Q/2°bBMi2 ' Kb Q7 ++m” +vT  K2i2 " Bb NeX8e
Q7 2tBbiBM; ELL-LL-.*LL- M/ ai +F2/ miQ2M+Q/2°b "2 d3XRRI9W- 3jXNyjW- NkX
iBp2HVX h?2 K tBK Hb2MbBiBpBivBb +QKTmi2/ #v T QTQb2/ "aP@ai +F2/ miQ2I
r?2°2 bi?22tBbiBM; ELL-LL-.*LL- M/ ai +F2/ miQ2M+Q/2'b +[mB 2/i?2 b2MbBi
NRXR8B8RW- M/ NRXeN3W- "2bT2+iBp2HvX h?2 bT2+B}+Bivp Hm2 +QKTmi2/ #v T
Bb NNW-r?2"2 bi?2 2tBbiBM; ELL- LL-.*LL- M/ ai +F2/ miQ2M+Q/2 b K2i?Q/b +
38X999W- NeX9keW- NeX8k8W- M/ NAXj3RW- "2bT2+iBp2HvX

h #H2 9Xk /2TB+ib i?2 +QKT " iBp2 /Bb+mbbBQM Q7 i?2 2tBbiBM; ELL- LL- .*LL
M/ T'QTQb2/"aP@ai +F2/ miQ2M+Q/2°'b BMi2°'Kb Q7 ++m” +v- b2MbBiBpBiv- M
E@6QH/X h?2 K tBKmMK T2'7Q'K M+2 K2 bm 2/ #v T°QTQb2/ "aP@ai +F2/ miQ2M
T K2i2° Bb N9Xj8eW-r?2'2 bi?2 ++m’ +vp Hm2b Q7 2tBbiBM; ELL- LL- .*LL-
"2 e3X3RRW-djXye3W- NRXjy8W- M/ NKXKNO9W- "2bT2+iBp2HvX h?2 K tBK H b2
"aP@ai +F2/ miQ2M+Q/2 b rBi? p Hm2 Q7 NRX339W- r?2°2 b i?2 2tBbhiBM; ELI
miQ2M+Q/2°b +[mB 2/i?2 b2MbBiBpBiv Q7 3ANXRddW- NyXk88W- NRXRO9W- M/ N
p HM2 +QKTmi2/ #v T°'QTQb2/ "aP@ai +F2/ miQ2M+Q/2 b Bb NRXeejW-r?2"2 b i
M/ ai +F2/ miQ2M+Q/2 b K2i?Q/b +[mB 2/ i?2 bT2+B}+Biv Q7 ddX3RyW- 3jX99:
bT2+iBp2HvX



"B/ ar 'K PTiBKBx iBOM@# b2/ ai +F2/ miQ2M+Q/2" .22T G2 "MBM: 7Q  IKTB" 2 .Ri2diBOM M/

8X *QM+HMBBRIMIX T2 T 2b2Mib M TT Q +?27Q mKTB 2 /2i2+iBQM M/ +H bb
QTiBKBx iBQM H;Q Bi?KX h?2T°'QTQb2/KQ/2H MM/2 ;Q2b i? 22 bi2Tbh 7Q i?2 m
M K2Hv b2;K2Mi iBQM-72 im'2 2ti° +iBQM- M/ +H bbB}+ iBQMX i} bi-i?2 + B+F
M/ i?2 b2;K2Mi iBQM Bb /QM2 mbBM; i?2 oBQH @CQM2b H;Q Bi?KX 7i2 i?2b2
Bb T2 7Q K2/ #v 2ti° +iBM; 72 im 2b- HBF2 >P:- M/ 6mxxv G:SX 6BM HHv-i?2 mK"
mMbBM; i?2 T°"QTQb2/ "aP@ai +F2/ miQ2M+Q/2 b /22T H2 "MBM; +H bbB}2 X 1tT.
K Mm HHv +QHH2+i2// i b2iX h?2 T2 7Q°'K M+2 Q7 i?2 "aP@ai +F2/ miQ2M+Q/:
b2MbBiBpBiv- M/ bT2+B}+Biv #v p "'vBM; i?2 i° BMBM; T2 +2Mi ;2 M/ E@6QH/X
i?72 KtBKH ++m” +v Q7 NeX8ekW- K tBK Hb2MbBiBpBiv Q7 NRX339W- M/ i?2 K
BM/B+ i2b i?2 bmT2 BQ Biv Q7 i?2T QTQb2/ K2i?Q/X AM7mim 2-i?2T QTQb2/
Tm’i?2° BKT Qp2/rBi? ?v# B/ QTiBKBx iBQM TT Q +? 7Q  #2ii2° "2bmHibX

_161_1L*1a

(R)X _ pB->X 02Mm;QT H- aX S mH- >X% _XihBXi?@QB?2HBKBM ‘v _2bmHib 7Q  IKTB 2 SQb2 .2i2+iB
aoJ *H bbB}+ iBQM Q7 .22-TAG2 TmQ21®2/BM;b Q7 A111 avKTQbBmK a2'B2b QM *QKTmi iBQM H /
TTX RiNe@RO9yk- kyR3X

(k) X a bBi?" /2pB- aX JX JX _QQKB- M/ :X 3J*QMi2Mi " b2/ oB/2Q _2i'B2p H pB P#D2+iAM2/ TT'Q
T°Q+22/BM;b Q7 Ryi? A111 +QM72 2M+2- TTX8@3- kyRdX

(j)IX _ pBM/2° M/ hX 02MmS®T+R 6  K2b *H bbB}+ iBQM BM *'B+F2i 0B/2Q IbBM; “iB@@7@o0Bbm
AMi2HHB;2M+2 M/ 1pQHmMiBQM v *QKTmi iBQMb BM 1M;BM22 BM; avbi2Kb- TTX dNj@ 3yR- k)

(9)dX wX E? M- JX X > bb M- M/ X 622QQfLL # b2/ . i @/'Bp2M _2+Q;MBiBQM Q7 * ' B+&Kdi " iiBM;
T°Q+22/BM;b Q7 BMi2"M iBQM H+QM72°'2M+2 QM TTHB2/ M/ 2M;BM22°BM; K i?2K iB+b- kyR

(8)aX S mH-aX _Qv M/ XEX _Qv@+*¢@h/®Bm, g2 FHv@bmT2 pBb2/ h2KTQ  H +iBpBiv GQ+ HBx iBQM M
AM S Q+22/BM;b Q7 i?21m QT2 M *QM72°2M+2 QM *QKTmi2  oBbBQM Ul**oV- TTX 8ej@8dN-

(e)dJX X _mbbQ-GXEm " MB M;;Q Q- -MABDDB®HXIBQM Q7 bTQ ib pB/2Qb rBi? +QK#BM iBQM Q7 /22T H
i Mb72° H2-"MBM;Q+22/BM;b Q7 AMi2"M iBQM H *QM72°2M+2 QM 1H2+i'B+ H- *QKTmi2" M/ *
TTXd@N- 62#"m v kyRNX

(d)IXJIX :Qv MB- aX EX .mii - M/-BEXv_6DK2 .2i2+iBQM " b2/ a2K MiB+ 1p2Mi .2i2+iBQM M/ *H bbB}+
>2B° "+?B+ H TT Q +?2 7Q *'B+F2i aTQ ANMBI2Q+RR/BM;M Q7 AMi2 M iBOM H*QM72 2M+2 QM *
M/ AM7Q K iBQM h2+?MQHQ;v- TTX j33@jNd- kyRRX

(3)aX "X C v Mi? M/ :X a B-MBIQIK i2/ *H bbB}+ iBQM Q7 *'B+F2i SBi+? 6  K2bHRMi* BMELRiGaHI2T QM
*QKTmi2' oBbBQM M/ AK ;2 M HvbBb- pQHXRj- MQXR- TTXjj@9N- kyR9X

(NPX >X EQH2F - aX a2M2KTMiB+ +QM+2Ti KBMBM; BM +'B+F2i pB/2Qb 7Q° miQ®&HZXPdB T?THKB;%8 @2 M
8dN- kyRyX

(RyJX :Qv MB- aX .mii - : X :Q?BH- MJ/r8HE2BF HH +QM+2Ti KBMBM; 7°QK + ' B+F2i pB/2ChthdBM; @T"
AMi2°M iBQM HCQm M H Q7 JmHiBK2/B Aib TTHB+ iBQMb UACJ V- pQHXj- MQXR- 62# m "\

(RR)X >X EQH2F ° M/ aX a2MLpZIMi@BKTQ i M+2 # b2/ +mbiQKBx2/ M/ miQK iB+ + B+ANi ?B;?HB
T'Q+22/BM:b Q7 AMi2 M iBQM H *QM72°2M+2 QM JmHiIBK2/B M/ 2tTQ- kyyeX

(RkpX sm- GX sB2- aX *? M;- X .Bp F > M- X 02i Q-HMY BX?&h MM/ bvbi2K 7Q" b2;K2Mi iBQM M/ bi’ I
M HvbBb BM bQ+AM ARAAQA*J1- kyyRX

(RjLX > "BF'Bb?M -aXa i?22b?-aX.Xa B K- M/ EXabKDQ" WmH BbB}+ iBQM Q7 1p2Mib-BM * B+F2
AM T 'Q+22/BM;b Q7 L iBQM H *QM72°2M+2 QM *QKKmMMB+ iBQMb UL**V- TTX R@8- kyRRX

(R99BD v FmK "Xo- M/ L2/mMM+?22x@PBMMKX2i2+iBQM BM + B+F2i pB/2Q # b2/ QM pBbmp QHM{ MQX3-iB+
m;mbi kyRkX

(R8) aX EmK - aX EX :mTi-" X EB M-E _ _ K F'Bb?M M- M/ *X-"MiiQKk?2BvvbmKK "Bx iBQM Q7
#'Q /+ bi +'B+F2i AB/ZQ®+22/BM;b Q7 R8 BMi2'M iBQM H bvKTQbBmMK QM +QMbmK2"® 2H2+i QI

(RelX .X G Fb?KB-uXJX G i? - M/ X . KQNG>®I1hhl 1ti° +iBQM Q7 ?mK M #Q/v # b2/ QM 7TmbBQM
;D T?@+mi b2;K2Mi iBQM BM /vM KBRyR{§XF;"QmM/b

(RARX ##m-nMQMi2ti PMiQHQ;v *QMbi ' m+iBQM 6QAMIBWM2BQBV2QCQOmM M H QM *QKTmi2  a+B2M+2 M/
PQHXk- MQX 3- TTXk8Nj@k8Nd- kyRyX

(R3JX EXJQ? M-"Xu2;M M -*HMbB}+ iBQM Q7 bTQ i pB/2Qb mbBM; 2/;2@# b2/ 72 im 2b M/ miQ bbQ
KQ/2H®B;M H- AK ;2 M/ 0B/2Q S'Q+2bbBM;- pQHX9- MQXR- TTXeR@dj- kyRyX

(RN)X EQF " K-LX _2 - X .?vQi- XJX h2F HT- SX "Qmi?2Kv- SX : QBQriBMX alRX M AR/
bB;M HT Q+2bbBM; K ; xBM2-J "+? kyyeX

(ky)sX *? m/? "B- M/ EX aX "®B/RQ 6" K2 a2;K2Mi iBQM M/ P#D2+i h> +FBM; mbBM; LL #7Q  am p2B
AMi2°"M iBQM HCQm M HQ7 _2b2 "+? BM /p2Mi h2+?MQHQ;v UAC_ hV- T 'BH kyRdX

(KREX C v T'Bv -LX X "X-IKVHQVBM; MQp2H k@; K bm#;"QmT BMi~ T ii2°"M Uk:aASV rBi? bi +F2
K2K#' M2 T'Qi2BM +H -bb@BHR2+B®IM "BQHQ;v _2TQ ib- 62# m v kyRNX

(kk)sX@"X J2M; #- sXWX : Q+- GX Gm/2- uX GBm#- M2r>¥»B8@@BIMbTB 2/ QTiBKBb iBQM H;Q Bi?K, "
H;Q ' Bir?&Qm™M H Q7 1tT2'BK2Mi H h?2Q 2iB+ H "iB}+B H AMi2HHB;2M+2- pQHXk3- MQX9- "~



R33 amp "M L M/v H- amp "M G tKBF Mi E iiBK MB

(kj)SX 0BQH - M/ JX CX QXQvdh 2 H@hBK2 6 +2 2VA2IBIQMBQM H CQm M H Q7 *QKTmi2  oBbBQM-
TTXRjd R89- kyy9X

(k9)X :X "BMb /QQM M/ 1X@a v2/ JX:1Bi@ #HF2/ 2+Q;MBiBQM 7Q  >mK M A/2MiB}+ iBQM mbBM; 6m
S ii2°MBM A* _h- pQHXk-TTX jRO9@jkR- kyReX

(k8)X _ F?HBM- X a?p2ib-0X A;HQPBFQp- M/2XT XEMHPRMBENBQM HL2m  HL2irQ'Fb7Q " 2 bi* M+2
AK ;2 M HYBBW T Q+22/BM;b Q7 AMi2 M iBQM H *QM72°2M+2 QM AK ;2 M HvbBb M/ _2+Q;ME
M/ _2+Q;MBiBQM- TTX djd@d99- kyR3X

(kepX w? M;-wX .2M;- . X *?22M;-IX WQM;-1WBXMiFoL *H bbB}+ iBQM H;Q Bi?KZNQ QBQKTmMiBM;-
PQHXRNS8- TTXR9j@R93- kyReX

(kd¥?X J Ki? -SX"X _2//v-JX X _XEmK “- aXMEmMKbBb Q7 "B; . i qBi? L2m -AMR2I®@ FBQM HCQm'M F
Q7 *BpBH 1M;BM22'BM; M/ h2+?MQHQ;v UAC*A1hV- pQHX 3- MQXRk- .2+2K#2" kyRdX

(k3¥X .B K MiBMB- .X SQi2M - M/-IXn&fi@V/iBK2MbBQM H [m2'v '27Q KmH iBQM rB i?ARR7 mR2i B3 K TQ
avbi2Kb- pQHX d3- TTX kj@jN- LQp2K#2' kyR3X

(KNRX *QM; LX .X >X 0Q- SX oX L;mv2M- >X JX L:mv2M:2Bjp MBpXboR "F2i M/ 2+QMQKB+ ;" Qri? M2
SQHB+v BKTHB+ iBQMb 7Q"° 2KBJiPMKE BR2M CQm'M H Q7 1+QMQKB+b M/ 6BM M+2- kyRNX

(jy)"X hX E?Q - >X JX L;h?2M2H iBQMb?BT #2ir22M i?2 S2 +2Bp2/J2Mi H "2M2}ib- PMHBM2 h mbi- |
iBQM .Bb+HQbm'2 BM PMHER Z QM) MIBMY,7 bB M 6BM M+2- 1+QMQKB+b M/ "mbBM2bb- pQHX
LQp2K#2' kyRNX

(jJRPX>X "mH- oX:X aBp FmK “- _X J "BKmi?m- M/ "% W AT#Q 49 7Q" aT22+? 1M? M+2K2Mi IbBM; .:
*QMPQHMIBQM H L2m JMHEPBKR/B _2b2 "+? UJ_V- pQHX k- MQX R- TTX jd@99- kyRNX

(jkK)_X > "B- M/ JX qBHbptAMi .2i2+iBQM BM *'B+F2i 0oB/2Qb IbBM; AMi2MbBiv S'QD2+iB@M S Q}H?2
T Q+22/BM; Q7 kyR9 MMm H A111 AM/B *QM72°'2M+2 UAL.A*PLV- SmM2- AM/B - kyR9X

(ji)IX IX :Qv MB- aX EX .mii - M/-BXv 6DK2 .2i2+iBQM " b2/ a2K MiB+ 1p2Mi .2i2+iBQM M/ *H bbB}+
>2B" "+?B+ H TT'Q +?2 7Q " *'B+F2i aTQ " Q@BK2IQVMABM/PBBMb BM *QKTmi2° M/ AM7Q 'K iBQM a+B
TTX j33@jNd- KyRRX

(j9)aX EX L2°'2HH - EX oX : /B- M/ _X aXa2a2m \NBiB; AK ;2b IbBM; *QHQm ™ oBbm H *'vTiQ; T?v M/
AMi2°M iBQM HCQm'M H Q7 /p M+2/ _2b2 "+? BM *QKTmi2'  a+B2M+2 M/ aQ7ir "2 1M;BM22"|
kyRkX

(j8)_X oX "QTT M - _X *? ; MiB- M/ oX M2HRWKBM; i?2 omHM2" #BHBiB2b AMi"Q/m+2/ #v ..Qa JBiB; iE
7Q aQ7ir "2@.2}M2/ L2iiQ0AWM H *v#2  amKKBi UL*aV _2b2 "+? h® +F- TT ReN@R39- kyRNX

1/Bi2/ #X oBD v
_2+2Bp2H d- kyRN
++2TiZAmM kj- kyky



e
.. a+ H #H2 *QKTmiBM;, S° +iB+2 M/ 1tT2 B2M?idT, fAara X RRBSTNX@DRded -
Ukyky a*S1X 0OQHMK2 kR- Abbm2 k- TTX R3N kyk- .PA RyXRkeN9,fb+

1L> L*1. ."a* L qAh> >A1_ _*>A* G h_116P_ql" _IG1 JALAL:

L11GAJ :IGGAS GQA aA_1lla> _P..Y

#bi> +iXGBF2 Qi?2  KBMBM;- r2# KBMBM; Bb HbQ M2+2bb "viQ BM+'2 b2 i?2 TQr2 Q7 r2# b2 “+7?
r2# T ;2 M/ r2# /Q+mK2MiX q?BH2 T°Q+2bbBM; rBi? H “;2 /i b2ib-i?2'2 “Bb2b b2p2° H Bbbm2b bb
bBKBH "Biv 2H iBQMb?BTb #2ir22M /Bz2 2Mi r2#T ;26b M/ mMMBM; iBK2X >2M+2-i?Bb T T2 BMi2M
KQ/2H # b2/ QM irQ +QMi'B#miBQMbX i} bi-i?2 ?B2° "+?B+ H i22 Bb 7> K2/- r?B+? T°Q/m+2b /Bz?2
[M2°B2b U/Bz2 2Mi r2# T :2bVX L2ti- iQ ?2B2" “+?2B+ H i'22 KQ/2H- 2M? M+2/ .2MbBiv@" b2/ aT iB H
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E2v rQ /b, mH2 JBMBM;c >B2" "+?B+ H *Hmbi2'BM;c a2 "+?BM; "2? pBQm'c ."a* Lc T BQ'B H;Q°

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

RX AMi"Q/m+dBi{PMX2 BM+'2 b2 BM mbm ;2 Q7 /2pB+2b (j8)- r2#HQ; ™M HvbBb
M Hvx2 i?2 b2 p2 " HQ;}H2 Qi BM2/ 7 QK r2# b2 p2°> M/ /2T2M/BM; QM i?2 bi M/ ]
BMiQ i?2 K MM2" BM r?B+? T ;2b "2 ++2bb2/-i?2 mb2" ++2bbBM; i?2 "2H p2Mi
reB+? T2 iB+mH " r2#T ;2 Bb ++2bb/- "2 ; BM2/ (R)X h?2r2# b2 ' p2° MQ K HHv ;
i?72Q'B;BM H/ i Bb p BH #H2 BM /p M+2X HbQ-i?2r2# b2 p2° +QMbBbi2MiHV }
BM+HmM/2 /2i BHb QM pBbBib 7' QK b2 "+? 2M;BM2 bTB/2°bX *QKT MB2b M/ Q" ; M
r2#bBi2biQ +QKKmMB+ i2rBi?i?2B" +HB2Mib (j-j3)X J BMi BMBM; T '2b2Mi +mbic
i?2"mbi bm+? +QKT MB2b- bbQ+B iBQMb- M/ 7QmM/ iBQMb iQ +QK2 +°Qbb i?2 b
?2HT7mH M/ + T #H2 (9-j9-jd)X hQ ii BMi?Bb Q#D2+iBp2-b2p2° H 2pB2rBM; 2z
+ M #2 /IQM2 BM irQ ° M/QK KQ/2bX *HB2Mib Q7 T 'iB+mH " r2#bBi2 +QmH/ #2 b
# QrbBM; (8-e)X am#b2[m2MiHv- i?2 T2 ' 7Q K M+2 rBHH #2 2M; ;2/ BM T Q; 2bbB
[2T2MI/IBM; QM i?2 "2bTQMb2 i? i Bb ""Bp2/iQ Qz2" 722/# +F (k-d-je)X h?2 BM
"2+Q/2/ #v +HB2Mibd Bb HbQ +?2+F2/ mT +QMb2[m2MiHv (R-3)X

g2# JBMBM; (N-Ry) + M #2 + i2;Q Bx2/ BMiQ i?°22 /IBp2°b2 + i2;Q°B2b- # b2/
KBM2/X h?2v BM+HmM/2 r2# +QMi2Mi KBMBM;- r2# mb ;2 KBMBM; M/ r2# bi ' m+im
i2biBM; 2[mBTK2Mi bm#bBbi ?2Qr2p2° i?2vr2°2 "2bi'B+i2/- M/ i?2 2z2+iBp2M2bb
Q7 2t+2HH2M+2 (Rj-R9)X a2p2  H/ i KBMBM; H;Q Bi?Kb ? p2 #22M bm++2bb71
#2ii2° mM/2 bi M/IBM; Q7 i?2 mb2™ #2? pBQm X *Hmbi2"BM; M/ +H bbB}+ iBQM
(j-R8-Re)X h?2°2 2tBbi HQi Q7 b+?2K2b 7Q°  T°'Q/m+BM; bbQ+B iBQM "mH2bX
M/ bB;MB}+ Mi TT Q +?iQ /Bb+Qp2° bbQ+B iBQM mH2b (8-R3)X AKT Qp2K2Mil
?2H/ Qp2  v2 b "2 BMi2; i2/iQ 2tBbiBM; r2# bvbi2Kb 7Q° +[mB'BM; KQ 2 bm++,

AM [//BiBQM- /i KBMBM; TT Q +?2b ? p2 #22M ?2HT7mH iQ /2 H rBi? bT “bl
i?72v r2°2 MQi QMHvV /2T2M/2Mi QM BMp2MiBQM bb2bbK2Mib #mi HbQ QM p 'BQ

bbQ+B i2 S°Q72bbQ" 0B;M M&b AMbiBimi2 Q7 AM7Q K iBQM h2+MmM 8B i HEAMAYH B BWHX K?BH KM
YS Q72bbQ" :Ah JIMBp2'bBiv- 0Bb F? T iM K
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Bi Bb 2bb2MiB H iQ /Bb+Qp2 bm+? H;Q Bi?Kb i? i "2 +QMbB/2" #Hv T2 +2TiBp
"2+QKK2M/ iBQMb (e-kR-kk)X h?2 H;Q ' Bi?K b+ miBMBx2b i?2i° BMBM; / i b2i C
Tii2M i'22 U6S@i 22V (e-kj-k9)X h?2b2i'22b "2 r2HH@Q ; MBx2/ /i bi'm+im
iQ BbFv T Q#H2Kb BM bi ' BM; (k)X 1722 7Q° HHi?2 /i "2+Q°/ + M #2 Q#i BM2/
MQ/2 BM //BiBQMiQ MQ/2b Q7 /i "2+Q '/ (R-k8-ke-kd)X .2+BbBQM i'22 + M HbC
BM bi'BM; (k3)X /2+BbBQM i'22 Bb /2+BbBQM bmTTQ i iQQH i? i /QTib i 2:
M/ i?2B° TQbbB#H2 2z2+ib- BM+HmM/BM; miBHBiv- "2bQm +2 +Qbib- M/ +? M+2 2
K2i?Q/b 2tBbi 7Q  bmTTQ 'iBM; r2# KBMBM;- biBHH M22/iQ #2 T'QT2 Hv // 2bb2

h?Bb T T2 +QMi"B#mi2b M BKT Qp2/ r2# KBMBM; b+?2K2 /2T2M/BM; QM irQ
?B2° "+?B+ Hi'22 Bb 7" K2/ i? i ;2M2" i2b p "BQmb + i2;Q°'B2b Q7 b2 "+?BM; [m.
BKTH2K2Mi2/ #v KQ/B7vBM; i?2 +QMp2MiBQM H +Hmbi2 ' BM; K2i?Q/ FMQrM b ."a
2M? M+2/ ."a* L i2+?MB[m2X h?Bb KQ/2H "2bmHib BM TT QT B i2 b2bbBQM B/2
i?72 ."a* L-i?2 QTiBK H H2p2H Q7 +Hmbi2'b + M #2 Q#i BM2/- r?B+? Bb i?2M T°
am#b2[m2Mi iQ i?2 7Q K iBQM Q7 +Hmbi2'b 7°QK ?B2" "+?B+ Hi'22 KQ/2H-i?2
r2B+? i?2 BMi2 ' 2biBM; bbQ+B iBQM "mH2b + M #2 Q#i BM2/X h?2 T T2 Bb Q" ; M
i?72 "2H i2/ rQ°'Fb M/ "2pB2rb /QM2 QM i?Bb iQTB+X AM //BiBQM- b2+iBQM AAZ
"mH2 KBMBM; KQ/2H M/ b2+iBQM Ao 2tTH BMb 1M? M+2/ ."a* L@# b2/ >B2" "+?B
"2bmHibX i H bi-b2+iBQM 0A+QM+HmM/2b i?2 T T2 X

kX GBi2° im 2 am ' p2vX

kKXRX _2H i2/ r@7 N b?2M; a?B 2i HX (R) ? p2 T '2b2Mi2/ T T2 # b2/ QM M
#2 miQ_Ji? iKBM2b /i ++QmMib7 QK qg2# T ;2rBi?Qmi?mK M BMi2 ' p2MiBQM
M K2Hv- #mBH/BM; i?2 .PJ i°22 Q7 i?2 bT2+B}2/r2# T ;2- KBMBM; i?72 2MiB 2 ;°Q
[i1 _2+Q ' /bU*@ _2+Q°/bV 7 QK i?2 .PJi'22-/"rBM;Qmi 2 H/ i ++QmMib 7 QK *|
Q7 r2#- M HQ;Qmb /i ++QmMib "2 /BbT2 b2/ BMH ";2° M/ M2B;?#Q BM; Q#D?2
Q#i BM2/ 7°QK 2tT2 ' BK2Mib b?Qri? i miQ_JBb p2'v 2{+B2Mi- M/ QmiT2 7Q Kb

#/2H;? MB :m2 ' # b 2i HX (k) 2 b T'2b2Mi2/ MQp2H H;Q ' Bi?K + HH2/ ."a* L
r2#HQ; KBMBM; T°Q+2/m' 2 M/ QMHBM2 M pB; iBQM H T ii2°M bbmKTiBQMX h?
K2+? MBbKb- URV BKTH2K2MiBM; M /p M+2/iBK2@Qmi /2T2M/2Mi ?2m BbiB+ 7
Q7 mbBM; T "iB+mH ~/2MbBiv@/2T2M/2Mi i2+?MB[m2 7Q" M pB; iBQM HT ii2 M
K2+? MBbK 7Q r2HH@Q ; MBx2/ QMHBM2 b bmKTIiBQMr b T ' QpB/2/X h?2T2'7Q
M/ mb27mHM2bb Q7 i?2 T °2b2Mi2/ K2i?Q/X

oX amD i? 2i HX (j) T°'2b2Mi2/ MQp2H b HB2M+v /2i2+iBQM H;Q Bi?K + HH
*H bbB}+ iBQM USI**VX r?B+? Qz2'b i?2 bbmKTiBQM 7 QK r2# HQ; /i X AM i?2
QM T "iBiBQMBM; i?2 T'Q# #H2 +HB2Mib BM r2#HQ; /i - M/ BM i?2 bm#b2[m2]
bb2K#H2 i?72 2z2+iBp2 mb2 b rBi? 2[m H ii2MiBQM- M/ BM i?2 i?B"/ bi2T- i?2 C
+Hmbi2 ' BM; "2 2KTHQvV2/ iQ ;m2bb i?72 T'QbT2+i Q7 "2[m2bib 77 QK mb2 bX h?2
i?Bb K2+? MBbK +QmH/ T°Q/m+2 #2ii2° [m HBiv Q7 +Hmbi2'BM; 7Q° +mbiQK2" N
T 2b2Mi2/ r2#@pB/2Q@KBMBM;@bmTTQ i2/ bm ;B+ HrQ F~Qr KQ/2HBM; Ur2#aq
HBiiH2 +Qbi M/ H #Q  2{+B2Mi K2i?Q/bX HbQ- i2biBM; K2i?Q/ 7Q" /2i2 " KBMB
MmMTQM bim/v M/ b2MiBK2Mi BMp2biB; iBQM K2i?Q/b Bb T°'Q/m+2/iQ +?QQb2 pB
M/ MQBbv pB/2Qb BM i?2 r2#X JQ 2Qp2°- MmK2 B+ HH2 "MBM; i2+?MB[m2 Bb
2T 2b2Mi iBQM /2T2M/BM; QM +2°i BM pB/2QbX "2ii2° Qmi +QK2b +QM} K2/ i?2
M/ agJ@ bbQ+B i2/ bFBHHbX

JBM;tBM; gm 2i HX (8) bm;;2bi2/ M TT ' Q +? + HH2/ T 'BQ B H;Q Bi?K i?
iQ bim/vi?2 T°Q/m+i mb #BHBiv T°Q+2bbX h?Bb K2i?Q/ /QTib i?22MQ KQmb QM
T°Q/m+ib M/ +? > +i2°BbiB+b b/ i # bBbi? iBbbBKTH2iQ Q#i BM 7 QK r2# M/ +
+HB2Mi QTBMBQMb QM i?2 mb ;2 Q7 T°Q/m+ibX bbQ+B iBQM mH2 KBMBM; K2i?
Q7 +QMbmK2'b #Qmii?2 mb2 Q7 T°'Q/m+i M/ Bib +? ~ +i2°'BbiB+bX JQ 2Qp2 - Bil
"mH2b-/2T2M/BM; QM r?B+? mb #BHBivp Hm iBQMi2+?MB[m2Bb Qz2 2/X J "B
QM JQpB2G2Mb/ i # b2i? iT°QTQb2b iQi Hbi'm+im 2iQ ;°22rBi? +2°i BM bB;M
Ti2° M/ +QH/ bi i Bbbm2bX 1p2M i?2Qm;? i?2 bi'm+im 2 Bb 2T 2b2Mi2/ iQ KQp



1M? M+2/ ."a* L rBi? >B2" "+?B+ Hi227Q  q2# _mH2 JBMBM; RNR

BM i?2 +Q "2bTQM/BM; 7" K2rQ F- Bi + M #2 bBKTHv +QKT 2?22M/2/ BM p "BQm
bbmKTiBQM /2bB:Mb 7Q° +QMbi"m+iBM; "2+QKK2M/ iBQMb # b2/ QM bT2+B}+ bl
#v /i KBMBM; TT'Q +?2bi? i "2mb2/ b/i 7Q BMTmi BM #Qi? T Q/m+i M/ +C
# b2/ QM bT2+B}+ /QK BM QMiQHQ:vX 1tT2 'BK2Mi H "2bmHib QM p "BQmb KmHil
rBi? Qi?2° K2i?Q/b 2t?B#Bi i?2 bi 2M;i? Q7 i?2 T°QTQb2/ K2i?Q/ BM B/2MiB7vBM

WB M: GB 2i HX (d)? b T 2b2Mi2/ 2z2+iBp2 amTTQ i 02+iQ° _2:"2bbBQMb Uac
TBMM2/ #v /QK BM QMiQHQ;vi? i Q#i BMbDQ#H2bbM2bb bbQ+B i2/ +QM+2Tib
Q7 ?2HT7mH bbmKTiBQM +? * +i2 BbiB+b 7°QK "2H i2/ b2 “+? 2M;BM2 [m2 B2bX
i2+?MB[m2b M/ /i KBMBM; /2bB;Mb HBF2 M2m  H M2irQ Fb ULLV M/ ao_ 2 mil
Q7 MM2KTHQVK2Mi * i2 bbmKTiBQMX h?2 “2bmHib Q#i BM2/ 7 QK 2tT2 BK2Mit
K2i?Q/ T2 7Q Kb #2ii2° i? M Qi?2 i2+?MB[m2bi? ir2 2 /2THQvV2/ 7Q" mM2KTHQ\

BF h?Q H2m+?i2°2i HX (3) T 2b2Mi2/ T T2 # b2/ QM G i2Mi a2K MiB+ AM
7Q+mb2b QM miQK i2/ 2+Q;MBiBQM Q7 r2 FbB;M HbX h?Bb 2M? M+2b T 2p BHI
GaA +QMbB/2°bi?2 bT2+ib Q7 K2 MBM; M/ i?mb- " "2H i2/i2tim HT ii2>Mb BM /Bp
M2rr2 FbB:M HK tBKBx iBQM TT Q +? Bb 2bi #HBb?2/i? i "2TH +2bi?2 mbm HF
GaAX Ai K2 bm 2b i?2 MmK2 Qmb "2H i2/r2 FbB;M Hbi? i "2 //°2bb2/ BM bBM;n
/IBK2MbBQMbX h?mb- Bi Bb "2p2 H2/i? ii?2 T°QTQb2/ K2i?Q/2M #H2b Q" ; MBX iE
i?72 BMi2"M2i 7Q° FMQrM bm;;2biBQMX

kXkX _2pBRH2 kXR b?Qrb i?2 K2i?Q/b- 72 im 2b- M/ +? HH2M;2b Q7 +QMp?
QM r2# #HQ+F / i KBMBM;X i} bi- miQ _J H;Q Bi?K 2t?B#Bib +2°i BM mMB[m2
QM2 g2# T ;2X 6m’i?2°-i?2°'2Bb MQ Mv M2+2bbBiv 7Q p2'iB+ HHv /Bbi " B#mi2/
+QMi BMBM; irQ /i "2+Q /b M/ HbQ Bi +QmH/ MQi Q#i BM M/ HB;M /i Bi2Kb
(R)YX JQ 2Qp2 - ."a* L H;Q Bi?KBb T 2b2Mi2/r?2 2 i?2 HQ; }H2 + M #2 ++2bb2/
B/2MiBivX h?2 H +FBM; 7 +iQ°  BM i?Bb H;Q Bi?K Bb i? i Bi Bb ?B;?Hv +QKTH2t
+QK#BM2/ /2MbBiv@# b2/ +Hmbi2"'BM; (k)X SI** H;Q ' Bi?Kb2T " i2bi?2 TQi2MiB
BKT Qp2bi?2 [m HBivQ7 +HmMbi2'BM; 7Q " mb2" M pB; iBQMT ii2 " MX >Qr2p2 - i?:
2{+B2M+v- M/ i?2°2 "2 MQ bm;;2biBQMb BM i?2 /B'2+iBQM Q7 2tTHQBiIBM; bbQ-
6m i?2 KQ '2-r2#aqJ H;Q Bi?K bQHp2b i?2 FMQrH2/;2 b+ H #BHBiv Bbbm2 BM bn
pB/2Qb 7' QK 2MQ ' KQmb- MQBbv r2# pB/2QbX >2"2-i?2°2 Bb MQ +QMbB/2" iBQN
7° ;K2Mi i?2 bm ;B+ H pB/2Q M/ KQ'2Qp2 -i?2°2 Bb MQ BKTH2K2Mi iBQM Q7 T
T'2/B+iBQM Q7 T? b2 r?B+? Bb b B/ iQ #2 +? HH2M;2 BM i?Bb T T2 (9)X PM
?2HTb KQ/2H2 b iQ M Hvx2 i?2 mb #BHBiv Q7 T°Q/m+i 72 im 2b M/ HbQ Bi T Q
66 BM T Q/m+i /2p2HQTK2MiX >Qr2p2'-i?2°'2 "2 HBKBi iBQMb 7Q°  bQK2 mMTQT
"2pB2rb- M/ i?Bb K2i?Q/Bb +QKTmi iBQM HHv 2tT2MbBp2 (8)X AM //BiBQM-JQp
iQ? M/IH2p "BQmb T 2/B+iBp2 KQ/2Hb 7Q " ;2M2" iBM; bm;;2biBQMb /2T2M/BM; Q
#2 2ti2M/2/iQ p 'BQmb Qi?2° /QK BMb- Mv?Qr-BiBb KQ 2 +QKTH2t/m2 iQi?2 T
(e)X ao_ Bb Km+? bmBi2/ 7Q° Q#i BMBM; i?2 HQr2bi p2" ;2 _Jal M/ J 1- M/ 7Tm
T°2/B+iBQM T2 7Q°K M+2X >Qr2p2 - Bi b?QmH/ #2 +QK#BM2/ rBi? r" TT2 @# &
+?B2p2K2Mi (d)X GaA H;Q Bi?K 2M #H2b M Q ; MBx iBQM iQ B/2MiB7v r2 F bB
iQ 2 +i ?22 / Q7 iBK2-v2i-i?2Q++m "2M+2 Q7 M2rr2 FbB;M Hb Bb MQi pBbB#H?2
BM/B+ iBM; T ° K2i2  b2H2+iBQM T Q+2/m 2 (3)X h?mb i?2 +? HH2M;2b BM p "BQ
r2# KBMBM; KQ'2 2z2+iBp2Hv BM i?2 +m "2Mi rQ FX

jiX L2rHv *QMi"'B#mi2/ q2# _mH2 JBMBM; JQ/2HX

iXRX S°QTQb2/ “+?Bh2Ri@p2X HH “+?2Bi2+im 2 Q7 i?2 T'QTQb2/ KQ/2H Bb ;B
2M? M+BM: i?2 #BHBiv Q7 b2 “+? 2M:BM2 BM Qz2 BM: i?2 BMi2 2biBM: bbQ+B
T Q+2bb2/ mbBM; 7Qm > T Q+2bbBM; bi2Th r?B+? BM+HmM/2 / i +H2 MBM;- mb2"
M/ T i? +QKTH2iBQMX . i +H2 MBM; Bb i?2 T'Q+2bb Q7 2HBKBM iBM; i?2 B "2H
+H2 MBM;- i?2 +H2 M2/ /i Bb 7Q'r */2/ 7Q  mb2  B/2MiB}+ iBQMc i?2°2 ?2Qr K |
B/2MiB}2/ rBi? i?2 22HT Q7 AS // 2bbX L2ti iQ mb2  B/2MiB}+ iBQM- b2bbBQM |
a2bbBQM Bb i?2 iBK2 #2ir22M HQ::2/ BM M/ HQ:;2/ QmiX h?Bb +iBpBivBbiQ }M
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2; "/IBM;2M27 ;v +QMbmKTiBQMX

aXG M 62°M M/Q M/ Xa2# biB M(R8)BMi'Q/m+2/ M2z2+iBp2 +Hmbi2"BM; b+
h 22 S "iB+H2 ar "K PTiBKBx iBQM UJah@SaPVX h?2 T'BKBiBp2 BMi2MiBQM Q7
M2irQ’FHB72iBK2 M/ KBMBKBx iBQMQ7i?22M2 ;v+QMbmKTIiBQM M/ Qmi2 /2T
i?Bb H;Q Bi?KQp2 i?2Qi?2 T'QiQ+QHb rBi? "2bT2+iiQ 2M2 ;v +QMbmKTiBQM
#v i?2 bBKmH iBQM "2bmHibX

X GB 2i HX (ek) BMi"Q/m+2/ KmHiB+ bi T'QiQ+QH- + HH2/ ?2m BbiB+ H;Q°
bi> BM2/ KmHiB+ bi "QmiBM; T'Q#H2K-rBi? BM+QKTH2i2 BM7Q K iBQM BM galLX
bi?2 " M/QK p "B #H2b 7Q° BM7Q 'K iBQM ;;°2; iBQMX h?2 K DQ' BK Q7 i?Bb K
i72 Q' B;BM HT Q# #BHBbiB+ HBMF /2b+ " BTiQ b-r?B+? "2/m+2/i?2i 22 b2H2+il
i?72>QTL2m"> HL2irQ'Fb U>LLVr b TTHB2/r?B+? 2Mbm~2/i?2 7 bi +QMp2 ;2M+2

kX8X IbBM; a.L # b2/ _QmiBM; T RQRi@AQHXMIi QHH2  miBHBx2b +2Mi° HBx2/"
7Q° +QHH2+iBM; i?2 M2irQ'F BM7Q 'K iBQMXh?2 "2b2 "+?2 rQ ' Fb T +iB+BM; i?2
/IBb+mbb2/ #2HQr-

* 'vMi?B E? "FQM;Q  2i HX (RR) /2pBb2/ "QmiBM; K2+? MBbK mbBM; i?2 &
b2+m*2 /i i° MbKBbbBQM KQM; i?2 ?22i2°Q;2M2Qmb /2pB+2bX h?2 T°'BK v BMi
KBMBKBx2 i?72 2M2 ;v +QMbmKTIiBQM Q7 ?2i2°Q;2M2Qmb /2pB+2b #v 2HBKBM iB
bBKmH iBQM "2bmHib "2p2 H2/ i? i i?2 "QmiBM; #v a.L +QMi QHH2 T QpB/2/ #2
T'QiQ+QHb- HBF2 P.o- .2biBM iBQM a2[m2M+2 .Bbi M+2 02+iQ  U.a.oV M/ .a_rk
i2°Qm;?Tmi- M/ S._X

*2B ° "m’ iiB2i HX (k8) T2'7Q K2/i?2+QKT " iBp2T2'7Q°'K M+2 M HvbBb Q7
gB ' 2H2bb L2irQ ' FBM; Ua.qLV-wB;"22 M/ ASpe Qp2 GQrTQr2  gB 2H2bb S2°'bQM
h?2a.gL miBHBx2/i?2 +2Mi° HBx2/ M2irQ ' FH v2 ' T'QiQ+QH-r?Qb2 "QmiBM; b+?2
+QMi"QHH2 -r?2°2 bwB;"22 M/ eGQgS L miBHBx2/i?2 /Bbi'B#mi2/ "QmiBM; T Q



*QKT 2?22MbBp2 am p2v Q7 i?2 _QmiBM; a+?2K2b 7Q  AQh TTHB+KiB®Mb

i? 1i?2 a.qL T°QpB/2/ bmT2'BQ T2 7Q°K M+2 i? M i?2 Qi?2 irQ T'QiQ+QHb BM
M/ M2irQ 'F bBx2X CmM >m M; 2i HX (8N) BMi ' Q/m+2/irQ H;Q Bi?Kb iQ +QMbi i
KmHiIiBK2/B /i i° MbKBbbBQMbX h?2b2 H;Q Bi?Kb H2p2" ;2/ M 2Mi'QTv@# b2
BMiQ +QKT '2?2MbBp2 K2i'B+- M/ miBHBx2/ Bi iQ b2 "+? KmHiB+ bii’22 i? (
bT MMBM; i'22 H;Q Bi?KbX h?2b2 H;Q Bi?Kb bbBbi2/ KmHiIiBK2/B +QKKmMB+ i
+QHH2+iBM; M/ mT/ iBM;i?2M2irQ " FiQTQHQ;v M/ZQa+QMbi> BMiBM7Q K iBQ
Q7 a.Li2+?MQHQ;B2b BM i?2 AQh 2MpB QMK2MiX

kXeX IbBM; 6mxxv # b2/ _QmiBMhTZ GnmxxxxQHXQ;B+ + M T 2/B+i i?2 i° /12Qzb #
/IBbiBM+i M2irQ'F T ® K2i2 b- i?2 "2b2 "+?2 T T2'b 2KTHQV2/ rBi? i?2 Tmxxv@#
TQHHQrb-

LBM; GB 2i HX (8) /2pBb2/ *"Qbb@G v2° M/ _2HB #H2 PTTQ imMBbiB+ _Qr
BM+HmMbBQM Q7 7mxxv HQ;B+ M/ ?mKQ  H "2;mH iBQM biBKmH i2/ iQTQHQ ;v +
H;Q Bi?KX h?2 "2H iBp2 p 'B M+2r b mb2/ bi?2 7mxxv HQ;B+ bvbi2K BMTmi M
BMTmib /B/M6i z2+ii?2 MmK#2 Q7 7mxxv mH2bX >22-i?2 "2H vBM; T°'BQ Biv +
rb/2i2°’KBM2/ #vi?2bQm +2 MQ/2X h?2*" hT QiQ+QH ? bBKT Qp2/ M2irQ ' FT2"
PTTQ imMBbiB+ _QmiBM; U1tP_VT ' QiQ+QH M/ i?2°2r b MQ mT@;  / iBQM BM i?

HD r? °~ ? HM bb2" M/ >QM;DB M amM (kj) /2bB;M2/ 7mxxv HQ;B+@# b2/ i n
BMi'm/2° MQ/2b BM i?2 bK i ;"B/ M2irQ " Fb 7Q"° 2M? M+BM; i?2 b2+m BivX "v i?;
/2i2+iBQM " i2 M/ "QmiBM; 2{+B2M+v + M #2 2M? M+2/7Q" HHi?2 "2; */2//2bi m
"2bmHib /2KQMbi®T i2/i? ii?2KQ/2HQmMiT2 ' 7Q K2/i?2 HB;?ir2B;?i M/ /2T2M/ #H:
Q7 S._#vmT iQ NywxX

.QM; *?2M 2i HX (k9) KQ/2H2/ i"mbi M/ "2Tmi iBQM KQ/2H 7Q° AQh Uh_J«
2bi #HBb?K2Mi b+?2K2 7Q° K BMi BMBM; i?2 +QQT2" iBQM #2ir22M i?2 M2irQ'F
h?2 7Tmxxv b2ir b BM+Q ' TQ ™ i2/ BMiQ i?Bb b+?22K2 7Q"i?22z2+iBp2 K M ;2K2Mi G
M/ "2Tmi iBQMX h?Bb KQ/2H ? / 2" /B+ i2/i?2 /i T +F2i 7Q°r "/BM; 7 BHm 2-
KBMBKBx2/2M2 ;v +QMbmKTiBQMX

kXdX IbBM; SG _QmiBM; TSEH@BQWKbi M+2@p2+iQ  i'22@# b2/ bi M/ "/Bx2/"
/2bB:;M2/ 7Q" i?2 b2+m 2 "QmiBM; BM KQbi Q7 i?2 AQh TTHB+ iBQMbX h?2 /Bz2
"QmiBM; b+?2K2 "2 2H #Q  i2Hv /Bb+mbb2/ b 7QHHQrb-

J? "Qm xBx 2i HX (e) KQ/2H2/ M 1M2 ;v@2{+B2Mi M/ JQ#BHBiv r "2 _Qmi
# b2/ QM _SGX h?Bb T ' QiQ+QH bbm 2/ #2ii2°2M2 ;v +QMb2'p iBQM M/ T 2b2 p2
MQ/2bX 1*@J_SG T 'QiQ+QH +QM+ i2M i2/ M 2M? M+2/ KQ#BHBiv /2i2+iBQM b-
QM i?2 TQBMi Q7 ii +?K2Mi M/ "2TH +2K2Mi b+?2K2 rBi? BMbB;?i #Qmi "2bQm
KBiB; i2/i?2 KQ#BHBiv Bbbm2b M/ T QpB/2/ #2ii2 " T2 ' 7Q 'K M+2i? Mi?2 _SG M
STQIQ+QH UJ_SGV rBi? "2bT2+i iQbB;M HBM; +Qbi- 2M2 ;v +QMbmKTiBQM- ? M/

JB" M?2i HX (Rj)/2bB;M2/ M 2M2 ;v# H M+BM; _SG HQM; rBi? i?2 Qi?2" (
i?72 HBMF [m HBiv /IBp2 'bBivX h?2 /IBp2'b2 +QK#BM iBQM Q7 2M2 ;v +QMbmKTil
"QmiBM; K2iB+bX h?2 K2i?Q/ # b2/ QM _ /BQ .miv *v+H2 U_.*V r b miBHBx2/ 7Q"
Q7 2M2;vX h?Bb T°QiQ+QH bbm 2/ #2ii2° 2M2 ;v # H M+2- K BMi BMBM; ;QQ/ S.

> "Bi? E? ""m7 2i HX (Re) KQ/2H2/ M 2M? M+2/ .vM KB+ _SG U.@_SGV 7Q°
/IvM KB+ M2irQ"F M/ /vM KB+ KQ#BHBivX [/vM KB+ P#D2+iBp2@6mM+iBQM U.@
i?722M/@iQ@2M/ /2H v-2M2 ;v +QMbmKTiBQM- M/ S._XJQ 2Qp2'-.@_SG? [/ 2i
HQr T +F2iQp2°?2 /X h?2 bBKmH iBQM "2bmHib "2p2 H2/i?27 +ii? ii?Bb T QiQ+
HQM; rBi? ++2Ti #H2 2M2 ;v +QMbmKTiBQMX

a?22 x X HpB2i HX (ky)/2pBb2/ M2M? M+2/ _SGT QiQ+QH7Q i?2AMi2 M2
r?2°2i?2 KmHiBK2/B 2[mBTK2Mi T QpB/2/i?2b2Mb2// i X h?Bb T QiQ+QH "2/m+
+ "#QM 7QQiT'BMi 2KBbbBQMb rBi? i?2 //2/IBM+HmMbBQM Q7 ZQa "2[mB 2K2Mib X
i?72 #2M2}+B H ; BM rBi? "2bT2+iiQi?2 H i2M+v M/ 2M2 ;v 2{+B2M+vX

w22b? M HB E? M 2i HX (kR) /2bB;M2/ i'"mbi@# b2/ _SG "QmiBM; Ui@_SGV
TTHB+ iBQMbX h?2 T'BKBiBp2 BMi2MiBQM +QM+2 "MBM; i?2 i'mbi Q7 2p2°v MQ
KM ;2K2MiX h?2 b+?2K2 2M? M+2/ i?2 M2irQ F ~2tB#BHBiv- p2° ;2 /2HBp2 v



ky3 BT HB EX a?2M/2- uQ;2b? M; H- aXaX aQM p M2

Q7 T i?b rBi? K HB+BQmb MQ/2b +QKT "2/ iQ i?2 Qi?2  p "B Mib- HBF2 "2bBHB2]I
U+@_SGVX

L #BH .D2/DB; 2i HX (kk) /2pBb2/ J2i'B+@# b2/ SG h mbirQ i?BM2bb a+?
i?72 b2+m BivBM _SG #v "2bQHpBM; i?2 i'mbi BM72°2M+2 Bbbm2bX h?2 .2biBM i
U.P. :V AM7Q K iBQM P#D2+i U.APV r b 2ti2M/2/ #v i?2 BM+HmMbBQM Q7 i mbi
h>mbirQ i?BM2bb Ul _LhV K2i'B+ M/ h ' mbi P#D2+iBp2 6mM+iBQM UhP6VX h?2
i?72 +QHH #Q  iBQM Q7 MQ/2b #v +QM+2 "MBM; i?2 #27? pBQ Q7 MQ/2b-bm+? b
bBKmH iBQM “2p2 H2/2M? M+2/ T2'7Q 'K M+2 BM i2°Kb Q7 b2+m BivX

LiM2H aQmb 2i HX (kd) /2pBb2/ M 1M2 ;v@1{+B2Mi M/ S i? _2HB #BHBIi
Ul_P6V M/ MQ#D2+iBp2 7TmM+iBQM 7Q° _SGiQ #2 2KTHQV2/ BM i?2 /BbiBM+i A
/2bB;M2/# b2/ QM i?2 "QmiBM; K2i'B+b- HBF2 2M2 ;v M/ HBMF [m HBivX h?2 bBK
i?Bb K2i?Q/ BKT Qp2/i?22M2 ;v 2{+B2M+v- "2HB #BHBiv Q7 +QKKmMB+ iBQM F

1KBHBQ M+BHHQIiiB2i HX (jd) T'2b2Mi2/ 2b2 "+?2rQ ' F7Q i?22tTHQ  iBQM (
J2i2°'BM; AM7" bi'm+im 2 U JAV ~° M;2K2MiX HH i?2 +? ~ +i2°'BbiB+b r2°2 2p Hn
iBQMb M/ bB;MB}+ M+2 Q7 i?2 SG T 'QiQ+QHX h?2 BMp2biB; iBQM /2HB#2" i2/
M/ Bibmz2'b 7°QK mM 2HB #BHBiv T"Q#H2Kb #2+ mb2 Q7 i?2 H +F Q7 HBMF [m

J KQmM Z b2K 2i HX (j3) T°2b2Mi2/ HQ /@# H M+2/ Q#D2+iBp2 7TmM+iBQM 7
BKBx iBQM Q7 MQ/2 HB72iBK2X h?Bb Q#D2+iBp2 7TmM+iBQM K M ;2/i?2 iQi HM
M/ 2HBKBM i2/i?2 TQi2MiB H 2ti° Qp2°'?2 /X h?2 bBKmH iBQM "2bmHib /2KQMb
QmMiT2 7Q K2/ i?2 Qi?2 b+?2K2b rBi? "2bT2+iiQ i?2 S._- M2irQ ' F HB72iBK2 M/~

JBM; w? Q2i HX (JN)K /2 M 2t? mbiBp2bim/vQMi?2 _SGT QiQ+QH M/ Bib bi
SQBMi _SG USkKkS@_SGV 7Q bmTTQ 'iBM; i?2 GQr SQr2° GQbbv L2irQ" F UGGLV T
i?72 " QmiBM; bT2+B}+ iBQMb-+? HH2M:2b M/ T2'7Q 'K M+2 2p Hm iBQM Q7 #Qi? i
QmiT2 ' 7Q K2/ i?2 bi M/ 7/ _SG T Qi Q+QHBM i2°' Kb Q7 ~2tB#BHBiv-S. -11. M/ +

CQbloXoXaQ# H2i HX (9y)K /2i?2T2 7Q°'K M+2 M HvbBb Q7i?2 2 +iBp2 T
[/ ?2Q+ .Bbi M+2 p2+iQ° _QmiBM; UGP .M;VT QiQ+QHBM irQ /BbiBM+iivT2b Q7 i
h?2 T°QiQ+QHr b HB;?i2° p2°"bBQM Q7 i?2 P.oT QiQ+QH /2T2M/BM; QM i?2 HBK
bbm 2/ bmT2'BQ T2 ' 7Q K M+2 r?2M 2KTHQV2/ BM i?2 JSkS TTHB+ iBQMb " i?z
i?72 +?2Qb2M b+2M "BQbX PM2 Q7 i?2 HBKBi iBQMb Q7 i?Bb T°'QiQ+QH Bb i? i rBi-
T2'7Q°K M+2 /2+°2 b2bX

PH7 ://Qm”> 2i HX (9R) KQ/2H2/ 7mxxv@HQ;B+ Q#D2+iBp2 7TmM+iBQM UP
h?Bb Q#D2+iBp2 7mM+iBQM r b bmBi #H2 TT Q +? b Bi BMi2;  i2/i?2 7Qm M
11.-?2QT +QmMi- # ii2°vH2p2H M/ 1lhs- #v miBHBXxBM; i?2 7mxxv HQ;B+X h?2 bBk
T2 ' 7Q°K M+2 2M? M+2K2Mi BM _SG rBi? "2bT2+iiQ i?2 M2irQ"F HB72iBK2-11. N

" [:? H2# 2i HX (9e) /2bB;M2/ M 1M? M+2/@_SG 7Q° HH2pB iBM; i?2 biQ
T°272°°2/ T "2Mi Q7 i?2MQ/2X .QrMr '/ /p2 iBb2K2Mi P#D2+i U. PV r b KQ/2H2
bT2+B}+ iBQM K2+? MBbK T'Q#H2KX h?Bb 1M? M+2/@_SG T QpB/2/ #2ii2° T2 7
BMi?2 bT2+i Q7 #Qi? +QMi"QH TH M2 Qp2°'?22 / M/ S._- "2bT2+iBp2HvX

JB" M?2i HX (93) 2tTHQ 2/ i?2 FMQrH2/;2 Q7 _SG mM/2  i?2 KmHIBTH2 _SG
iBQMbX h?Bb _SG +QMbi' m+i2/ .B 2+i2/ +v+HB+ :" T? U. :V 2T 2b2Mi iBQM 7
#2 K Mv . :0b 7Q  i?2 b K2 M2irQ"F #mirBi? p "'vBM; "QmiBM; K2i'B+b- HBF2 1hs-
h?2 bBKmH iBQM Qmi+QK2 "2p2 H2/i? ii?2 b+?2K2 2M? M+2/i?2 T2 7Q K M+2 B
/IBz2 2MiB iBM; i?2 M2irQ"Fi" {+ M/ HHQrBM; i?2K BMiQ /BbiBM+i . :6b Q7 i?2 K

vk M 1H > DD "~ 2i HX (8y) /2pBb2/ a? "2/i?2 A/I2MiB}2"  a2+m 2 GBMF P#D2-
i?72 _SG bbm™'BM;i? i QMHvV i?2 MQ/2b-r?B+?b? "2 M TT QT 'B i2 F2v-+ Mi F2 T
h?2 bBKmH iBQM Qmi+QK2 /2KQMbi™ i2/i? ii?2b+?22K22M? M+2/i?2b2+m Biv rl
i?72 biQ" ;2 bBx2 HQM; rBi? K BMi BMBM; bK HH "BM; bBx2X

Zm M G2 2i HX (ey)BMi"Q/m+2/i?° 22 KmHIiBT i? K2i?Q/b-6 biGQ+ H_2T B U
UlG"V- M/ +QK#BM iBQM Q7 1G"@6G_/2T2M/BM; QM _SG M/BMi2;  i2/i?2KBM
bi +tF7Q AQhX h?2b2 K2i?Q/br2°'2BKTH2K2Mi2/BMi?2PJL1hYY bBKmH iQ> M/i’
i? 11?2b2 K2i?Q/b ii BM2/ #2ii2° M2irQ"F HQ / # H M+2- T +F2i /2HBp2'v "~ i2- 2]



*QKT 2?22MbBp2 am p2v Q7 i?2 _QmiBM; a+?2K2b 7Q" AQh TTHB+KiBNYMb

2{+B2M+vX

kX3X IbBM; AMi2HHB;2Mi K2i?Q/ # b2/ QmPBRMTZ QHB+DMIXK2i?Q/ # b2/ "Qmi
iQ+QHb "2 mbm HHv BM+Q TQ" ™ i2/ rBi? /IBbiBM+i QTiBKBx iBQM H;Q Bi?Kb 7Q
MiBHBXxBM; i?2 BMi2HHB;2Mi K2i?Q/ # b2/ "QmiBM; T'QiQ+QHb 2T 2b2Mi2/ #2t

S®™ p22M EmK * _2//v M/ _ D b2F? ° " #m (d) /2pBb2/ T QiQ+QH #v BMi2;" iB
IM2;v@ r "2 STQiQ+QH UPal SV M/ AKT Qp2/ " +i2°'B H 6Q" ;BM; PTiBKBx iBC
T QiQ+QH r b K BMHv 2KTHQvV2/ 7Q° BKT ' QpBM; i?2 2M2 ;v +QMb2°p iBQM M/ b
[2pB+2bX h?2 6mxxv *@J2 Mb U6*JV +Hmbi2'BM; H;Q Bi?Kr b BM+HmM/2/ 7Q" i?:
?22 /X h?2 T°QiQ+QH T QpB/2/ #2ii2° bBKmH iBQM "2bmHib i? Mi?2 a2+m 2 1M2";
rBi? "2bT2+iiQ 2M27;v-i?2"Qm;?2Tmi- M/ /2H vX

aQ} M2> K'BQmB M/S b+ HGQ 2Mx (R9)/2pBb2/ "QmiBM; H;Q 'Bi?K-2MiBiH
# b2/ QM Mi avbi2K U1A* MiaV- 7Q" 2M? M+BM; i?2 "Qmi2 b2H2+iBQM T ' Q+2bb ;
bvbi2KbB;MB}+ M+2bX h?Bb "QmiBM; H;Q Bi?K 2/m+2/i?2H i2M+v M/ 2M? M+2
M/ 2M2 ;v +QMb2 p iBQMX

*22M;DB2 gm 2i HX (jk)/2bB;M2/ M QTIiBK H H;Q ' Bi?K# b2/ QM BMi2;2°T°Q;"
H;Q ' Bi?K 7Q " 2ti2M/BM; i?2 HB72iBK2 Q7 qB'2H2bb > h U>B;?r v //"2bb #H2 _
h?2 BMi2;2° T°Q; KKBM;r b HBM2 "T'Q;" KKBM; '2H t iBQM H;Q Bi?KX h?2 ;"
7Q° T'QHQM;BM;i?2 M2irQ ' FHB72iBK2X h?2 2tT2 'BK2Mi iBQMr b+ B2/ Qmi BN
2HmM+B/ i2/i? ii?Bb H;Q ' Bi?K 2M? M+2/i?2 M2irQ"F HB72iBK2 #vey K BMi BMB

KXNX IbBM; *Hmbi2 ' BM;@# b2/ _QmhB& + H MbiQ +WN;X# b2/ "QmiBM; T'QiQ+QH
#v +QM+2 " MBM; i?2 MQ/2 rBi? i?2 ?B;?2bi /2;°22 b i?2 +Hmbi2  ?22 /X h?2 "2b2 °
+Hmbi2 " BM; # b2/ "QmiBM; T'QiQ+QH "2 2H #Q" i2/ #2HQr-

GB ZBM; M/ GB *QM; (ke) KQ/2H2/ MQ/2 TQbBIiBQM # b2/ QTiBKBx2/ +Hmbi:
i?72 KBMBKmK /Bbi M+2 "QmiBM; +QKT2iBiBQM b+?2K2X h?2 bBKmH iBQM “2bm
bmT2 ' BQ T2 7Q K M+2 Qp2  i?2 Qi?2° "QmiBM; T'QiQ+QHb-bm+? b P.o M/ .a_
i MbKBbbBQM /2H vX h?Bb K2i?Q/ bbm 2b bi #H2 +Hmbi2  bBx2 BM +QMi" bi
"QmiBM; T'QiQ+QHbX

Cm@u M; *? M; (8k)/2pBb2/ /Bbi B#mi2/ +Hmbi2 +QKTmiBM; 2M2 ;v@2{+B2I
i?72 b2MbBM; MQ/26b/ i i° MbKBbbBQM /Bbi M+2b #v miBHBxBM; i?2 +QM+2Ti Q
Q7 M TT QT B i2 +Hmbi2" 22 / MQ/2-i?2 +2Mi2° Q7 ;" pBiv Q7 i?2 b2MbBM; MQ
+QKTmi2/X h?2 bBKmH iBQM Qmi+QK2 /2HB#2" i2/ i? i i?Bb b+?2K2 T QpB/2/ 1
K2i?Q/QHQ;B2b BM i?2 bT2+ib Q7 M2irQ'F HB72iBK2 M/ 2M2 ;v +QMb2 p iBQM X

kXRyX IbBM; Qi?2° _QmiBM;hM?R@W*OHEXMIBM; T'QiQ+QHb miBHBx2/ 7Q" i?2
i?72 AQh 2MpB " QMK2Mi "2 2H #Q  i2/ #2HQr-

E€EbbBQJ +? /Q2i HX (R)/2pBb2/ "QmiBM; T'QiQ+QH+QM+2"MBM;i?22M2";
#v 1M2 ;v M/GBMF[m HBivU_1GV 7Q i?2 TTHB+ iBQMb Q7 AQhX h?2 "Qmi2b2H
QM i?2 "2bB/m H 2M2 ;v- 2M/@iQ@2M/ HBMF [m HBiv 2biBK iQ" K2+? MBbK M/
/2HB#2  i2/i? i _1G BM+'2 b2b i?2 b2 'pB+2 p BH #BHBiv- [m HBiv Q7 b2 pB+2
bbm 2/ MmMB7Q K /Bbi'B#miBQM Q7 b+ "+2 M2irQ ' F "2bQm +2b M/ KBMBKBx2/i?
2KBM2Mi T'QiQ+QHbX

a? ?B/ _ x 2i HX (Ry) KQ/2H2/ T ' QiQ+QH 2MiBiH2/ GBi?2 7Q K2/ #v i?2 +QM
TTHB+ iBQM S'QiQ+QH U*Q SV M/ . i ;" Kh  MbTQ'i G v2' a2+m Biv U.hGaVv 7
AQh /2pB+2bX h?2 T'QiQ+QH T ' QpB/2/ mi?2MiB+ iBQM M/ +QM}/2MiB HBiv /m"’lI
+QKT 2bbBQM K2i?Q/ r b BM+Hm/2/ rBi? GBi?2 7Q° KBMBKBxBM; 2M2 ;v +QMbm
p2 H2/i? ii?Bb T QiQ+QH bbm 2b bB;MB}+ MiBKT Qp2K2MiBM T +F2i bBx2- T Q
iBK2b M/ 2M2 ;v +QMbmKTiBQMX

a?m@*?BmM; >m 2i HX (Rk) KQ/2H2/ wB;"22 +QKT iB#H2 2M2 ;v@2{+B2Mi K
i?72 MQ/2 iQ BKTH2K2Mi i?2 /2pBb2/ T°Q+2/m> 2 BM /Bbi'B#mi2/ K MM2 X h?2
pQB/BM; i?2 mMr Mi2/ /i i° MbKBbbBQM r b + B2/ Qmi rBi? i?2 bmTTQ i Q7 i
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# +FQz K2+? MBbKX h?Bb T'QiQ+QH 2M? M+2/ i?2 HB72iBK2 Q7 i?2M2irQ F- KB
K BMi BM2/i?2 "2HB #BHBiv Q7 i?2M2irQ FX

PK > a B/ 2i HX (Rd) /2pBb2/ i?2 |/ TiBp2 p2'bBQMb Q7 i?2 2 H@iBK2 h™ N
2 H@hBK2 *QMi'QH S"QiQ+QH U_h*SV- BX2X- AQh@_hS M/ AQh@ _ h*S-7Q" i?.
T BM+BTH2 2KTHQvVv2/ BM i?2b2 /2pBb2/ p2 ' bBQMb r b i?2 /BpBbBQM Q7 H ;2 Knm
rBi? i?2 M2irQ F bi imb BMbB;?iX h?2bmT2'BQ T2 ' 7Q K M+2 Q7 i?2b2 T°QiQ+Q
bBKmH iBQM "2bmHib #v +QM+2 MBM; i?2 MmMK#2 Q7 "2+2Bp2° '2TQ ib-11.- SG_
M/ i?2 " Qm;?2TmiX

22K ilHH ? 2i HX (R3)/2bB;M2/i?2 +QKTQbBi2 KmHIiB@ QmiBM; K2i'B+ 7Q"
r2 2 /2p2HQT2/ #v +QM+2 " MBM; i?72 [m2m2 miBHBx iBQM- KBMBK H ?2QT +QmMi
2M2° ;v Q7 MQ/2X h?Bb b+?22K2 QmiT2 ' 7Q K2/i?2Zm2m2 |liBHBx iBQM # b2/ SG |
TQr2° +QMbmKTIiBQMX h?2 bBKmH iBQM "2bmHib +QMp2v2/i? i i?Bb T°'QiQ+QH
BKT Qp2/i?2 M2irQ ' F6éb HB72iBK2X

w?BFmB *?2M 2i HX (RN) KQ/2H2/ *QMi2ti@ r "2M2bb BM a2 *QKTmiBM; _Q
AQh TTHB+ iBQMb +QM+2 " MBM; i?2 BMbB;?i QM +QMi2tiX h?2 /i bi'm+im 2- [m
Q7 i?2/2pBb2/* a*_ T'QiQ+QHr2°2 HbQ /Bb+mbb2/ BM i?Bb "2b2 "+?X h?2 BKT (
2{+B2M+v r2°2 BHHmbi" i2/i?2°'Qm;? i?2 Q#i BM2/ bBKmH iBQM Qmi+QK2X

S2/’Q>2M"B[m2:QK2b2i HX (kN)/2bB;M2/ hBK2 aHQii2/*? MM2H>QTTBM; U
~QQ/BM;@# b2/ "QmiBM; T'QiQ+QH 7Q" T "iB+BT iBM; BM i?2 +QKT2iBiBQM Q7
# b2/ QM ha*>-i?2iBK2r bbTHBIiBMiQ iBK2 bHQib M/i?2+? MM2H ?QTTBM;r bm
M/ BMi2°72°2M+2 Bbbm2bX h?2 T°'QiQ+QH 2KTHQvV2/ ?2°2BM+"2 b2/i?2S"_ M/
KBMBKMK H i2M+v M/ Qp2 ?2 /X

JX 02HH MFB 2i HX (jR) /2bB;M2/ LQ/2 G2p2H 1M2 ;v 1{+B2Mi ULG11V "Qn
i?72 2M2°;v 2{+B2M+v BM i?2 AQh M2irQ " FbX h?2 T°'QiQ+QH +i2/ b i?2 /2+B/BM
b?Q i2bi ?QT +QmMi #v +QMbB/2°BM; i?2 ?2QT +QmMi Q7 MQ/2 T i? M/ "2bB/m H
i?22b2+m 2b?2Q i2bi T i? #2ir22M i?2bQm +2 M/ i?2/2biBM iBQM M/ K BMi BM2/
i?722z2+iBp2 miBHBx iBQM Q7 i?22M2 ;v Q7 MQ/2bX

>B+? KG F?H27 2i HX (j9) /2bB;M2/ M ;2Mi@# b2/ 2{+B2Mi #° Q /+ bi T 'QiQ-
KmMB+ iBQM +? MM2HbX h?2 B/2QHQ;v #2?BM/ i?Bb T°QiQ+QH r biQ bTHBi i?BN\
# b2/ QM i?2 +?2 MM2H MmK#2 X h?Bb T°QiQ+QH bbm 2/ 2z2+iBp2 T2 ' 7Q K M+2
+QKKmMB+ iBQM +? MM2Hb BM i2 ' Kb Q7 i?2 MmMK#2 Q7 # Q /+ bi " QmM/b M/ 'm

a K/ _Bx2i HX (j8)/2bB;M2/ M 2M2 ;v ? "p2biBM; b+?2K27Q i?2 "QmiBM; T°
iBp2 T2 7Q°K M+2 M HvbBb #2ir22M i?2 irQ "QmiBM; T'QiQ+QHb P.o M/ PGa_E
.2pB+2iQ .2pB+2 +QKKmMB+ iBQM M2irQ ' FX h?2 bBKmH iBQM "2bmHib /2HB#2"
72 bB#H2 T Q+2bb 7Q BKT QpBM; i?2 "2bB/m H2M2 ;v Q7 i?2 M2irQ Fc i?2 2#v-
h?2 p BH #H2 "2bB/m H 2M2 ;v BKT Qp2/i?2;QQ/Tmi Q7 #Qi? i?72 +QMbB/2 2/ "C

CQ MM :"Qr +F 2i HX (je) T'2b2Mi2/ +Q;MBiBp2 K2+? MBbK # b2/ QM i mbi
r ' 2M2bb Q7 i?2bBim iBQM BM i?2 AQh M2irQ"Fb 7Q°  BMi mbBQM /2i2+iBQMX h?
iQ 2tTHQ 2 i?2 2{+B2M+v M/ "Q#mbiM2bb Q7 i?2 /2pBb2/ K2i?Q/i? " Qm;? bBKmH
i? 11?227 QiQ+QH Tr b 2{+B2Mi-? / BKT Qp2/i?2 b2+m " Biv M/iQi Hi'mbi2/i®  {+B

"/Bb .D K 2i HX (9k) KQ/2H2/ +2Mi" HBx2/f/IBbi'B#mi2/ "2bQm +2 /Bb+Qp
*Q S 7Q° i?2 AQh TTHB+ iBQMX "v 2KTHQVBM; i?Bb “+?Bi2+im 2- i?2 MQ/2b [
p BH #BHBiv Q7 _2bQm +2 .B'2+iQ "' B2b U_.bV mbBM; T 'Q +iBp2 _./Bb+Qp2°v
[2HB#2" i2/i?2 2M? M+2/ T2 7Q°K M+2 Q7 i?Bb "+?Bi2+im 2-BM i2°'Kb Q7 "2bQr
2{+B2M+v- Qp2° i?2 Qi?2 i  /IBiBQM H "+?Bi2+im 2bX

Lr2H HBQmM 2i HX (9j) KQ/2H2/ IMB7Q Kai'2bb _QmiBM; STQiQ+QH Ula_V 7
BM GQrTQr2° M/ GQbbv L2irQ’ Fb UGGLbVX h?Bb T QiQ+QH miBHBx2/i?2 tBQK
i?722M+Qm"° ;BM; / Ti iBQMX h?Bb la_ "2bi'B+i2/i?2 mTT2 #QmM/ Q7 "2[mB"2/
2t ;27 02/ +QMiTQH i {+X

uQm?m sB 2i HX (99) /2p2HQT2/ S'Bp +v@r "2 _QmiBM; ST QiQ+QH US Gs V
i72 AQh M2irQ ' FX h?Bb T QiQ+QH +QM+ i2M i2/i?2 ""Qr@/6 bT 2KQMi@:2" "/@o
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6B;X jXR HvbBb # b2/ QM i?2 v2 * Q7 Tm#HB+ iBQM

BM; QM i?2 i?2Q v Q7 K +?BM2 /2bB;M rBi? i?2 "2Tmi iBQM K2+? MBbK # b2/ QM
i?72 BMi2™M H ii +FbX h?Bb T'QiQ+QH QmiT2 7Q K2/ i?2 Qi?2° T'QiQ+QHb- HBI
_QmiBM; US A_V-BMi?2 bT2+i Q7 MQ/2 bm pBp HT2 +2Mi ;2-i?2 Qm;?Tmi- M/ Db

Gmi M/Q L;[ Fx M/ MiQBM2 " ;mH (98) T'2b2Mi2/ 7' m; HT QiQ+QH 2MiBi
"2 +QMBM; UGA"SV 7Q " i?2 /IBbb2KBM iBQM Q7 b2MbQ" "2 /BM;b BM AQhX GA™"
KQ/2H-r?B+? +QMbi'm+i2/ "QmiBM; bT MMBM; i'22 rBi? Bib "QQi ii?2 bBMF MC
K2+? MBbKX h?Bb T QiQ+QH bbm 2/2M? M+2/ T2 7Q 'K M+2rBi? "2bT2+iiQi?2i
"2+Qp2'v M/ TQr2° +QMbmKTIiBQM Qp2 i?72 Qi?2 T QiQ+QHb-HBF2 _SG M/ *QH

SB2;Bmb2TT2 .BJ "+Q 2i HX (9d) M Hvx2/i?2 BMi2 /2T2M/2M+2 #2ir22M i?
;BM22°BM; h bF 6Q +2 UA1h6V _SG "QmiBM; T'QiQ+QH BM AQhX h?2M- K i?2K i
BKT QpBM;i?2bi M/ "/ #vi?2+QQT2 iBp2 QTiBKBx iBQM Q7 i?2J * M/i?2T = Kz
h?2 "QmiBM; Hv2 T  K2i2'b+QMbB/2 2/ 7Q i?2 bBKmH iBQMr2'2 _@K2i'B+ M
+QMbmKTIiBQMr b "2/m+2/ #v kyWX

JQ?b2M > HH D Db;? ° M/ L bB#2? JQ? KK /x /2? (9N) /2pBb2/ +'BiB+ H "Q
J2bb ;2 Zm2mBM; h2H2K2i'v h® MbTQ i UJZhhV-7Q  #mBH/BM; i?2 +QMM2+iBQM
i?72 "2 HrQ H/X h?2 T°'BK v BMi2MiBQM Q7 i?Bb "2b2 "+?2 r b iQ BKT ' Qp2 i?2 J:
+QKTQM2Mib miBHBx2/7Q° +QMM2+iBM; i?2 /BbiBM+ibQ7ir "2 TTHB+ iBQMbX h
2 bv BKTH2K2Mi iBQM- HB;?i- "2/m+2//2H v- M/ HQr # M/rB/i? bvbi2KX

umtBM GBm 2i HX (8R) /2bB;M2/ M 2M2 ;v@2{+B2Mi 6 bi/ i +QHH2+iBQM7Q"
aHQr /i +QHH2+iBQM 7Q° MQ/2b *HQDb2 iQ i?2 bBMF U66a*V TT Q +?- 7Q" “2/n
+QKTH2tBiv Q7 AQh M2irQ ' FX h?Bb 66a* bbm 2/ i?2 #2ii2° M2irQ'F HB72iBK2
+QKT "2/iQ i?2 Qi?2 /B '2+i7Q°r '/BM; M/ bBM;H2 }t2/i? 2b?QH/ K2i?Q/QHQ;B:

J2M;@a?Bm M S M M/ a?m@qg2B u M; (eR) BMi"Q/m+2/ HB;?ir2B;?i M/ /Bbi’
"QmiBM; T'QiQ+QH i? i? /i?°22T? b2bX h?2} ' bi T? b2 b2H2+i2/i?2 BMi2 'K2/B |
/2biBM iBQMbX h?2 b2+QM/ T? b2 2HBKBM i2/i?2 HQQTb M/ i'BKb "Qmi2b +QMtI
i?B°/T? b22Mbm 2/-B7i?2b2H2+i2/ KmHiB+ bi HBMFb +QmH/ #2 K2 ;2/X h?Bb i
HBMFb M/ b?Q i2Mb T i? H2M;i?b BM i?2 +QMbi " m+i2/ KmHiB+ bi T i?bX HbQ-B

iX M HvbBb M/ /Bb+hPBBQMXBQM T 2b2Mib i?2 M HvbBb M/ /Bb+mbbBQM Q
2°2/7Q i?2b2+m 2 " QmiBM;:-iQQHb mb2/ M/ K2i"B+b mb2/BMi?2 “2b2 “+2 T T2"
T QiQ+QHb BM i?2 AQh TH i7Q KX

M HvbBb # b2/ QMhi?2 W2 HXbBb Q7 8k "2b2 “+?2 T T2 b miBHBx2/ 7Q" i?2 b2+m
QmiBM i?2 bT2+i Q7 i?2 Tm#HBb?2/ v2 ~Bb 2H #Q  i2/ BM i?Bb bm#b2+iBQMX h
V2 Q7 Tm#HB+ iBQM Bb /2TB+i2/BM };m 2 jXRX KQM;i?28kT T2 b +?2Qb2M 7Q
T T2 br2°2 Tm#HBb?2/ BM kyRdX

M HvbBb # b2/ QM i?2 Q#D2+iBRR Om#H 22 BHQM /2HB#2" i2bi?2 M HvbBb + B
BM:i?2 Q#D2+iBp2 T > K2i2 b- HBF2 2M2 ;v- i 'mbi- M/ HBMF [m HBiv- # b2/ QM i
iXk /BbTH vb i?2 M HvbBb +? i # b2/ QM i?2 +QMbB/2°2/ T *~ K2i2 bX h?°Qm;? i-
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@ Energy

8 Trust

W Energy and trust

® Link quality

M Energy and link quality

6B;X XM HvbBb # b2/ QM i?2 Q#D2+iBp2 T *~ K2i2'b +QMbB/2 2/

No of Research papers

EvaluationMetrics
6B;X XM HvbBb # b2/ QM i?2 2p Hm iBQM K2i 'B+b

i?7 1 M2 "Hv ddW 7 i?2 "2b2 "+?2 T T2'b ? p2 mb2/2M2 ;v b Bib Q#D2+iBp2X RkW 7
i'mbi M/ KW 7 i?2 "2b2 "+?2 T T2'b ? p2 miBHBx2/i?2 HBMF [m HBiv b i?2Q#D2+
*2b2 "+? T T2'b "2 # b2/ QM i?2 +QK#BM iBQM Q7 irQ Q#D2+iBp2b- BX2X-2M2" ;v
kW 7 i?2 "2b2 "+?2 T T2'b "2 # b2/ QM i?2 T > K2i2'b-2M2 ;v- M/ i'mbiX

M HvbBb # b2/ QM i?2 2p Hm?BRQWMKEDIZBiBXXM /2KQMbi® i2bi?2 M HvbBb # b2
2p Hm iBQM K2i'B+b mb2/ BM i?2 "2b2 "+? T T2'bX h?2 M HvbBb +? i #mBHi # b
b M2irQ'F HB72iBK2- 2M2 ;v +QMbmKTiBQM- 11.- aS-S. -h?2"Qm;?Tmi- SQr2°
"2 /2TB+i2/ BM};m 2 jXjX

6’QK };m 2 jXj- Bi Bb +QMp2v2/i? i M2 "Hv BM 8yW 7 i?2 "2b2 "+?2 T T2 b-i?2
Q72M2 ;v +QMbmKTIiBQM-11.- M/ S._X AMi?2 "2K BMBM; T T2 b-i?2 bBKmH iB
M2irQ'F HB72iBK2- aS-i?2"Qm;?Tmi- Qp2°?2 /- M/ TQr2 X

M HvbBb # b2/ QM aBKnmhR2BRMWORHX ~"B2/ Qmi “2; "/BM; i?2 bBKmH iBQM
"2b2 "+?rQ'FbBb T 2b2Mi2/ BM i?Bb bm#b2+iBQMX b/BbTH v2/BMi #H2 jXR-i?:
*-La-Lak-Laj-*QQD -PK2iYY-JiH #-*YY-PSL1hKQ/2H2 - M/* bi HB X h?Bbi
i? 1i?72*QQD bBKmH iQ  Bb 2KTHQvV2/ BM KQbi Q7 i?2 "2b2 "+?2 T T2 b r?2M +QK

M HvbBb # b2/ QM i?2 M2i2Q M- BRI + “~"B2/ Qmi #v +QM+2 "MBM; i?2 M2irQ"
"2b2 "+? rQ Fb Bb /2KQMbi® i2/ BM i?Bb bm#b2+iBQMX h #H2 jXk b?Qrb i?2 M |
6°QK i?2 i #H2- Bi Bb /2HB#2" i2/i? i KQbi Q7 i?2 "2b2 "+? rQ'Fb ? p2 mb2/ M2 °
M2irQ'F bBx2 7Q  i?2 bBKmH iBQMX

9X _2b2 "+?; Tb M/ BloDBiR2bX+iBQM /2 HbrBi?i?2p "BQmb "2b2 "+?; Th M/ Btk

AQh QmiBM; T'QiQ+QHbX
h?2 bBKmH iBQM Qmi+QK2 BHHmbi™ i2bi? ii?2 "QmiBM; b2imT /2H v Q7 i?2 1
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h #H2 jXR
M HvbBb # b2/ QM i?2 aBKmH iBQM hQQH
aBKmH iBQM hQQH ResearchP apers
* (8k)
La (iy)
Lak (k)- (9)-(8)- (RR)-(Rd)-(k3)-(93
Laj (k9)-(j8)-(jN)
*QQD (e)-(Rj)-(Re)-(R3)-(ky)-(kk)-(kd)-(jd)-(j3)-(9R)-(98)-(9€e)-(9d)-(93)-(¢
PKM2i YY (R)-(j)-(R9)-(8R)
(J iH #) (d)- (R8)- (RN)- (99)
(*YY) (RK)- (jR)- (jk)- (j9)
PSL1h KQ/2H2® (ke)-(ii)- (ie)
* bi HB (9y)
h #H2 jXk

M HvbBb # b2/ QM L2irQ F aBx2

LmK#2 Q7 MQ/2b ResearchP apers
Yy@Ry MQ/2b (kN)- (9Kk)
Ry@8y MQ/2b ((k)-(RR)- (Rj)- (Re)- (kk)- (kj)- (je)- (98)- (9d)
8y@Ryy MQ/2B)- (d)- (R8)- (R3)- (RN)- (ky)- (k8)- (kd)-(k3)- (jyP- (ij)- (i8)- (i3)- (9y)- (
Ryy@8yy MQ/2b (R)- (8)- (3)- (RKk)- (R9)- (k9)- (ke)- (jR)-(jd)- (jN)
8yy@R8yy MQ/2b (kR)- (8R)
R8yy@k8yy MQ/2b (N)- (8y)

BM+ 2 b2/ #v yX9Kb M/ i?2 2#v- "2/m+BM; i?72 _aS Q7 "QmiBM; #v RX3W+QKT "2/
"QmiBM; i22 # b2/ QTiBKBx iBQM H;Q ' Bi?K-Jah@SaP (R8)-i?2 BKTH2K2Mi iBC
iQi?2i° /BiBQM H M2irQ ' FbX h?Bb +QmH/ #2 "2bQHp2/ #v i?2 2KTHQVK2Mi Q7 i7
bi iBQM 7Q" i?2 +Hmbi2® ?2 / b2H2+iBQMX AM i?2 7Tmxxv HQ;B+@# b2/ *" _h (8
M2irQ'F HB72iBK2- i° MbKBbbBQM ~ M;2 M/ i?2°Qm;?Tmi "2/m+2b rBi? i?2 BM+ "
i?72 +QMi2Mi@# b2/ **_ T QiQ+QH (3)-i1?2 /BbiBM+iivT2b Q7 +QMi2Mi + M #2 "2;
+QMi2Mi /2}MBIBQM #v i?2 BM+Q TQ  iBQM Q7 i?2 2K2 ;BM; T'Q+2bbBM; b+?2K?2
T2 MQi T 272772/ 7Q i?2 /vM KB+ b+2M "BQb b Bi Bb K BMHv bmBi #H2 7Q" i?2
}1t2/ MQ/2 HQ+ iBQM rBi? KBMBKmK KQ#BHBivX h?2 SG "QmiBM; T'QiQ+QH (jd)
M/ ?B;? SG_ #2+ mb2 Q7 i?2 H +F Q7 HBMF [m HBiv BMbB;?i- r?B+? i?2 2#v- "2k
HBMFb bbm#QTiBK HT i?bX AMi?2 HBMF # b2/ "QmiBM; (jj)-i?2 " QmiBM; /2H v I
BMi?2 aSX h?2 Qi?2 /"  r# +Fb "2i?2 T +F2i HQbb Bb b2p2°2 #2+ mb2 Q7 i?2 m|
K2bb ;2 /2HBp2°v Bb MQi 2Mbm 2/ M/ i?2 "Qmi2 K BMi2M M+2 M/ 2biQ" iBQM Bl

h?2 GP .M; _QmiBM; STQiQ+QH (9y) Bb MQi +?Qb2M b b+ H #H2 Hi2 M i2
[2+°2 b2b rBi? i?2 BM+2 b2 BMi?2 M2irQ'F bBx2X >2M+2-7Q i?2 +QM+HmbBp2
K /2X "vi?2 2KTHQVK2Mi Q7 i?2 _SG T QiQ+QH T°QpB/2/ rBi? aAaGP6 (8y) b M
b2+m BivBb2M? M+2/BMi?2 p2° ;2/bBx2/ mMBp2 bBiB2bX >Qr2p2'-i?2biQ" ;2
BMi?2 M2irQ"FbBx2X h?2 "2b2 "+?2 + M#2 7m i?2  2ti2M/2/ #v +QM+2 MBM; i?2 ;2
bmBi #BHBiv/Bb+Qp2'v M/i?2miBHBx iBQM Q7 KmHiIBTH2 .P. :b-7Q i?2b2+m~2
H;Q Bi?K (jR)- 1?2 ?2QT +QmMi M/ i?2 "2bB/m H2M2 ;v Q7 MQ/2b "2 +QM+2 M2,
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*JaP H;Q Bi?K Bb /2p2HQT2/ #v BMi2;" iBM; *aP (jd) rBi? i?2 JaP (je)X h?mb- i?
rBHH #2 /2+B/2/ mbBM; i?2 .22T *LL i? i rBHH #2 i° BM2/ mbBM; i?2 *JaP H;Q B
Q7 i?2 b2+ 2i K2bb ;2 Bb /QM2 #v TTHvBM; hh bm+? i? i Bi Qz2'b 7 bi M/ 2{+B2]|
2ti° +iBQM Q7 i?2 b2+ 2i BK ;2Bb/QM2 iH bi#v TTHvVBM; i?2 BMp2 b2 i Mb7Q"

G2i mb +QMbB/2" i?2 BMTmMKZ2BB*/BKRWMB EGM >2"2- i?2U2 KT 2b2Mib i?2
ri2 kK "FK2bb ;2 Q7 /IPKZMKDOB®2Mr i2°'K "FBK ;2BbBMi?27Q K Q7 #BM “vX h?2 ¢
i?72 BMTmi- M/ 2K#2//2/ r i2°K "F BK ;2 Bb ;Bp2M #v

M=fmpg,l u X;1 v Y UjXRV

u

fSygl x P;1 y Q UjXkV

r?2°2-i?22myK272°iQi?2BMTmiBK ;2 TBt2Hb- " M; B N5 #/2iMX2iM ly iiTRk8i&-" KMTF 2/
BK ;2 TBt2Hb- ? pBM; i?2 #BM "vp Hm2 by Q" RX

jXRX SBt2H T 2/B+iBQMX 1ti® +iBQNM Q72 7TBi&H2DX/B+iBQM T? b2-i?2 72 im
Bb T2 ' 7Q K2/ # b2/ QM b2p2M 72 im 2b- bm+? br p2H2i 2M2 ;v- 2/;2 BM7Q K iB(
TBt2H +Qp2° ;2-GQ+ H#BM v T ii27MUG"SV- M/ h2i"QH2ii° Mb7Q KX h?2 72 in
i?Bb T T2 Bb 2tTH BM2/ b 7QHHQrbX

iXRXRX q p2H2i 2?2 ;lviX (k8) Bb bm#D2+i2/ iQ i?2 BMTmi K2/B+ H BK ;2 iQ A
2M27;vX h?2 r p2H2i i Mb7Q K Bb 2KTHQvV2/ 7Q" /2+QKTQbBM; i?2 Q"' B;BM H I
BM+HmM/2b >G- >>- GG- M/- G>X h?2 7Qm" # fM{;lh,;13;L2TX2b2Mi2i QH2i 2M2 ;v 7C
i?72 TBt2H Bb 2tT 2bb2/ b

TT(my )= fla;LoLa;Lag UjXjV

r?2 T(my) 2T 2b2Mibi?2i2i " QH2Ii 7TmM+iBQMX AMIi?Bb T T2 -i?222K#2//BM; T? b
i?722M2 ;v +QMbmK2/ BM >G # M/ Bbi F2M b i?2 i2i " QH2i 2M2F;% ZZmyg) X M/ Bb °
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6B;X jXeR?2K iB+ /B ;" KQ7 BK ;2 bi2;QMQ;" T?v mbBM; i?2 T'QTQb2/ *JaP@# b2/ .*LL

iXRXkX SBt2H + QP2 TBX2H +Qp2° ;2 Bb +QKTmi2/ # b2/ QM i?2 K2 M p Hm2 Q7
iQ T°QpB/2 i?2 BM7Q K iBQM #Qmii?2 +Qp2° :2p Hm2 @7 BMBKBI2ZBM bbmK?2 i
MmK#2° Q7 M2B;?#Q BM; TBt2Hb- M/ i?2 TBt2H +Qp2" :2 Bb 2tT 2bb2/ b-
1 X!
Fo= o md, UjxXovV

a=0
r?2 @3, Bb i?2 bvK#QH BMad'BMRBy %D TrB4{2MMR72MQi2b i?2 M2B;?2#Q BM; TBt2H X

iXRXjX 1/;2 /2i2+ABBMX?2 T°Q+2bb Q7 /2i2 ' KBMBM; r?2i?2  i?2 TBt2H Bb p Bt}
Q  MQiX AM 2/;2 BM7Q K iBQM 72 im 2- B7 i?2 TBt2H Bb BM i?2 2/:2 i?2M i?2 p F
p HM2 Bb b2i iQ x2 QX h?2 2/;2 BM7Q K iBQM 7Q  i?2 TBt2H Bb ;Bp2M #v

g(u;v) = A(myy) Ujxsv
r?2 A(My) 272" iQ i?2 2/;2 BM7Q K iBQM- M/ i?2 QmiTmi Q7 i?2 2/;FBM7Q K iB
g(u;v) X

iXRX9X a+ ii2’BMhp2HmM2K2 BM; i° Mb7Q K (ke) Bb 2KTHQV2/ 7Q" Q#i BMBM:;
h?Bb i Mb7Q K }M/b i?2 i2tim 2 BM7Q K iBQM #v TTHVBM; i?2 }Hi2  +QMpQHmM

+Q2{+B2Mi Bb ;Bp2M #v
KIM]=KkkM b1 w2fKj  bnj  A(€)] UjXeV



*?2B+F2M@JQi? b2 "+? QTiBKBxXx iBQM@# b2/ /22T +QMpQHmMIiBQM H M2m" H MRKR 'F 7Q" Al

r?2°2i?2 p2° ;2 }Hi2 BbAMBMOQWZ/i?2 i2 K BM/B+ i2b i?2 }Hi2  # MFbX h?2 QmiTmi
i72 b+ ii2°BM:; i° Mb7Q K B=/RMQ)X/ b

iXRX8X : #Q  72Hh®m22X Q" }Hi2 (kd) Bb 2KTHQV2/7Q  B/2MiB7vBM; i?2 iBK2@ 7
TBt2H M/iQ +?B2p2i?2 "Q#mbi ; BMbip 'BQmb # B;?2iM2bb Q  +QMi  bi Q7 i?2 |
k.: #Q }Hi2 Bb i?2 #°Q /Hv miBHBx2/ }Hi2  M/i?2 }Hi2  7mM+iBQM Bb ;Bp2M #v

u?+ Vv?2

P(u;v;'h; )=iexp >

5 2 expf2u n(hucos + hvsin )g ujxdvVv
r?2°R;v;5h; ) /12MQi2 0?2 #Q }Hi2 b rBi? TRIt2H X2WMPQi20 K?2 BK ;BM v T i M/ i
p Hm2 BlbX h?2 bBMmbQB/ Hr p2 7°2[m2M+v BM i?2 : mbbhBXVMhPRIOMBDIM2 Q2 b2M
D #Q  JHi2 Bb /2MQi2Vi/Bb 2tT 2hMRIgb P(mw) X h?2° 2 F= Dfu;vg X

jXRXeX GQ+ H "BM "vI?2i2 BT 7Q K Q7 G"S (k3) miBHBx2b i?2 M2B;?2#Qm"?
iQ 2tTH BM 2 +? TBt2HX Ai Bb KQ 2 "2bBbi Mi- 2{+B2Mi- M/ bBKTH2 iQ K F2 +?
p "B iBQMbX h?2 Q#i BM2/72 iEy2\Bb;BM/BA2ii2tim-"272 im 2b Q#i BM2/ 7 QK i?2
T? b2 Bb 2tT 2bb2/ #v

IX 1
V(uv) = LBP )My = r(ta  t;)2" UjX3V

a=0

r?2°2i?2i8 Mty /12MQi2b i?2 +2Mi'2 M/ M2B;?#Q TBt2Hb ;" vp Hm2X h?2M-i?2
+ H+rmH i2/ b

1; b 0

M=o Qi?2°rBb2

UjXNV

JXRXdX h2i"QH2i h™ KMDPZ@IKQH2i /2b+"BTiQ" (k8) Bb M [/ TiBp2 > " r p2H2i i’
TQ 1 i2iQKBMQ2b-r?B+? Bb 7Q K2/ #v DQBMBM; 7Qm" b[m "2b rBi? bBKBH " bB
Bb /BpB/2/ BMiQ #HQ+Fb M/ HQ+ H i2i"QH2i # bBb "2 ;2M2" i2/ # b2/ QM i?2 ;2
BMpQHp2/ BM i?2 i2i QH2ii> Mb7Q K "2 BHHmbi™ i2/ #2HQrX

BWMBIB HBxhiB2OBMMTmi BK ;2 Bb bTHBi BMiQ #HQ+Fb Q7 bBx2X

BBWT 2b2Mi iBQM Q7 BK ;2 #HQ+Fb b i?2 bTI +R2Q7V i2i2 BK2j2 #HQ+Fb Bb bm#
iQi?2 bT "b2bii2i"QH2i 2T 2b2Mi iBQM M/ 7Q" 2p2°v BM/BpB/m H #HQ+Fb- iC
/KBii2/ 2 +?2 Q7 r?B+? Bb ;Bp2MiQi?2> “r p2H2ii° Mb7Q K HQM;rBi? 7Qm  HQr
Rk h2i " QH2i +Q2{+B2MibX 6Q i?2 BM/BpB/m H #HQ+F- i?2 i2i QH2i /2+QKTQbBIl
Rki2i'"QH2i +Q2{+B2Mib iQ Q#i BMi?2 }M HbT "b2 BK ;2X

BBBVY 2T '2b2Mi iBQM Q7 i?2 ?B;? T bb M/ GQhT2bibi 2R BBRMKIP,2/ BM i?2 h2
/12+QKTQbBIBQM H;Q Bi?K Bb T '2+2/2/ rBi? i?2 ~~ M;2K2Mi Q7 K i'Bt# b2/ QM "~

BpV h2i"QH2i *Q2{+B2Mib2T 2b2MiBM; i?2 bT b2 K i'Bt7Q  i?2 BM/BpB/m H #
br2HH bi?2HQr T bbK i'B+2b Bb F2Tib 72 7Q  i?2 mb ;2 Q7 7mim 2X

pV h2'KBM iBh@®,bi2Th UBBYV iQ UBBBV "2 "2T2 i2/ 7Q  i?2 HQr T bb BK ;2 M/
i?72 #BM "v BK ;2-r?B+? Bb X2WPQi2/7® 2- i?2 2ti +i2/ 72 im 2b "2 "2T 2b2Mi2/ b

370 = fF1;F2; Fs; FaiFs; Fo; Frg UIXRyV

h?2 bBx2 Q7 i?2 2ti> +i2/ 72 im[2bBX% /2MQi2/ b

jXkX SBt2H B/2MiB}+ iBQM mBBIM2 i?2LX2 im 2b 2 2ti’ +i2/- .*LL Bb miBHBX
B/2MiB}+ iBQMX h?2 .*LL Bb miBHBx2/ 7Q" ;2M2" iBM; i?2 T'2/B+iBQM K T 7Q B
(kN) mb2b i?2 2ti° +i2F¥%7 2biBMZomi M/ ;2M2" i2b i?2 T 2/B+iBQM K T # b2/ QM BN\
“+2Bi2+im 2 Q7 .*LL M/ i?2 H:Q ' Bi?KB+ bi2Th Q7 i?2 *JaP@# b2/ .*LL "2 /2b+"
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POOL-1 POOL -n
.'--- __,?:.
|| Feature | J Fully connected
Vector : L, layer

| o™ | —, N B - .
| ) ' ,

Corre-1 Comv-n :

Comvolutional layer Output

6B;X XKk+?Bi2+im'2 Q7 .*LL 7Q  i?2 +QMbi" m+iBQM Q7 T 2/B+iBQM K T

JXKkXRX "+?2Bi2+im'2 Q7 ih22*# b8+ "+?Bi2+im ' 2Q7i?2 .*LL (kN)Bb /Bb+mbb:
rBi? Bib "+?Bi2+im 2 BM };m 2 jXkX h?2 .*LL +QKT Bb2b Q7 i?2 MmK#2™ Q7 +QMrg
USPPGVX h?2 “+?Bi2+im 2 Q7 i?2 .22T *LL (j9-j8) Bb /2HB#2" i2/ BM };m 2 jXk N
+QMbBbib Q7i?°'22H v2'b-bm+? bTQQHBM; USPPGV-+QMpQHMIBQM HU+QMp\
i?72i? 22H v2'b Q7 .*LL-2 +?2 Q7 i?2H v2'b +QMbiBimi2b bT2+B}+ 7TmM+iBQMX h"
BbiQ;2M2" i2i?272 im 2K Th7 QK i?2b2;K2MibQ7i?2T'2@T Q+2bb2/BK ;2 M
bm#@b KTH2/ /QrM BM i?2 TQQH H v2'bX h?2 i?B/ Hv2 Bbi?2 6*H v2'-r?22"2
h?2 +QMpQHmMIBQM HH v2  2M; ;2b BM K TTBM; i?2 BMTmibm+?i? ii?2 BMTmi K
+QMpQHMIBQM HF2"M2Hb BM Q /2  iQ /2p2HQT i?2 QmiTmi K T h?2 bBx2 Q7 i?2
MmK#2 - M/ i?2bBx2 Q7 i?2 B23VMRH KmbBKB®MBM; Bi +H2 "~ i? ii?2+QMpH v2'b Bb
HQQT Q7 BMTmi K Th- F2"M2H r2B;?ib- M/ QmiTmi K TbX AMi?2 }'bi +QMp H v2".
QmiTmib- r?2Qb2 bBx2 "2/m+2b BM i?2 bm++2bbBp2 +QMp H v2'b bm+? i? i i?2 +}
[12T2M/b QM i?2 MmK#2™ Q7 i?2 H v2'b BMi?2 .*LLX

*QMp H v2hi?r2 "2bTQMbB#BHBiv Q7 i?2 +QMp H v2'b "2HB2/ QM Q#i BMBM; i?
72 im 2p2+iQ mbBM;i?2+QMpl}lHi2 ' bi? i "2+QMM2+i2/ mbBM;i?2 "2+2TiBp2}2t
#2ir22M i?72 M2m"QMb BM i?2 T'2pBQmb H v2  rBi? i?2 bm++2bbBp2 +QMp H v2'b
72 im2 K Tb "2 /2p2HQT2/i?°Qm;? i?2 +QMpQHmMIiBQM Q7 i?2 BMTmi 72 im 2 p2
bm+? rvi? ii?2i BM #H2 r2B;?ib "2 /2°Bp2/ mbBM; i?2 ?v# B/ QTiBKBx iBQM
i?2 bBM;H2 H v2  2M; ;2 i?2Kb2Hp2b BM 2ti° +iBM; i?2p "B #H2 72 im 2b p BH #
p B #H2r2B;?ib Q7 i?2bBM;H2 H v2'X G2imb bbmK@ iM2 BEMM+ad-iQ??QAZI Mt IZLQ
i?72 +QMp H v2  Bb ;Bp2M b

K kbR
(GD)ij =(BY; + FHgden  (™)ixkg +n UjXRRV
d=1 k=$1n=%1

r?72°2i?22 bvK#DH b iQ i?2 +QMpPQHMIBQM H QT2 iQ i? i T p2br v 7Q Q#i BMB
i?2 Hi2 M iBp2 +Q¥fpBbv22b2ti® +i2/ 7@ BM/B+ i2b i?2 }t2/ 72 im 2K T Q i?2 G
7 QK i#2+QMp H v2 b +2MjiRX 202D QmiTmi 7 QK iZ8 T2 pBRMF Q Kb i?2 BMTmi iQ i
" +QMp H v2 X G2ii?2r2B;?ib Q7 i?2 +QMfi;H 2B b#BH2MNIZB; BAMPTH v2 M/
i72 #B B'"Q¥QMp H v2  Bb /BN ZH2ibmb + @MbBIUR b i?2 MQi iBQMb Q7 72 im 2 K Tk

_2GIH v2 ,2GIBb ##'2pB i2/ b _2+iB}2/GBM2 IMBii? i TTHB2bMQM@b im"
Ai 2HBKBM i2b i?2 M2; iBp2 p Hm2b 2z2+iBp2Hv 7 QK i?2 +iBp iBQM K T #v }tBM
MQMHBM2 ~ T°QT2'iB2b Q7 /2+BbBQM 7mM+iBQM rBi?Qmi z2+iBM; i?2 "2+2TiB
M2m QMb BM +QMp H v2'b "2 > M:2/BMj@/BK2MbBQMb HQM: i?2 /2Ti?- ?22B;?
72 im 2b 7°QK HH i?2 /BK2MbBQMb Q7 _2GI H v2'-r?B+? mb2b M 2H2K2Mi@rBb
+QKTmi iBQM mbBM; i?2 "2KQp H Q7 M2; iBp2 plHm2wx BD2i 72m il p 7 BAMi 720 M+
i72 T°2+2kBM)" H v2 - M/ Bb 2tT 2bb2/ b

G = Afn (G2 1) UjXRkV



*?2B+F2M@JQi? b2 “+? QTiBKBx iBQM@# b2/ /22T +QMpQHmMIiBQM H M2m" H MRK]QF 7Q" Al

h?2 BKTQ i M+2 Q7 _2GI H v2 Bb “2; "/BM; i?2 bT22/ Q7 .*LL-r?B+? Bb 2M? N\
iQ/2 HrBi? H ;2 MmK#2 Q7 M2irQ FbX

SPPG H v2A Bb MQM@T ~ K2i'B+ H v2 rBi? MQ r2B;?ib- M/ #B b- mM/2 ;QB/
BKTQ'i M+2 Q7 SPPG H v2 ' BbiQ KBiB; i2i?2bT iB H/BK2MbBQMb Q7 i?2 BMTm
+QKTH2tBivX

6* H v2,bh?2 T ii2"Mb ;2M2" i2/ mbBM; i?2 TQQHBM; M/ i?2 +QMp H v2'b 7Q"
+QMM2+i2/ Hv2 b i? i "2 bm#D2+i2/ iQ ?B;?@H2p2H "2 bQMBM;X h?2 QmiTmi
;Bp2M b

d 1 1 1
by — bl-h b_$x il ﬁz | redy. . : ;
(Ho) = (G Hwith (G) = (#c;d)k;n (3™ )i+ +n UjXRjV
d=1 k=$1ln=%1

r?22 @ )kn /2MQi2b i?2 r2B;?iX

iXkXkX h> BMBM; Q7 .*LL # b2/ QM *?B+F2M@JQi? b2 h?2 DTBRBL/i BLaNX
Bb i?2 BMi2;" iBQM Q7 *aP H;Q 'Bi?K M/ JaPX h?2 *aP (jd) Bb #BQ@BMbTB 2/
KBKB+b i?2 ?B2° "+?2v Q7 +?B+F2Mb br "K M/ i?2 #2? pBQ Q7 b2 "+?BM; i?2 7QQ
i?2 TQi2MiB HbQHmMIBQM 7Q° QTiBKBx iBQM Bbbm2X h?2 ?B2° "+?B+ HQ'/2  Bb
>2°2-i?2 +?B+F2M br Kb 2 + i2;Q 'Bx2/ BMiQ K Mv ?2Mb- QM2 "QQbi2"- M/ +?B
}JM/b i?2 "QQbi2 - ?22M- M/ +?B+F # b2/ QM }iM2bb p Hm2 Q7 +?B+F2MX JaP (je
H;Q Bi?K KQiBp i2/ rBi? T?QiQ tBb M/ H2pv ~B;?ib Q7 i?2 KQi?bX Ja H;Q Bi?K
2z2+iBp2Hv rBi? BKT ' Qp2/ ++m’ +vX JQ 2Qp2 -i?2 H;Q ' Bi?K M2;QiB i2b +QK
2t2+miBQM Q7 Ja H;Q'Bi?K Bb 2 bv M/ ~2tB#H2X h?2 bi2Th BMpQHp2/ BM i?2°
7QHHQrbX
V AMBiB HBANMBIQR®I} bi bi2T-i?2 TQbBIiBQM Q7 i?2 KQi?b Bb > M/QXd;v BMBiB
1 e t;1 f pgr?22'2Bbi?2 TQTmH iBQ@M2\NBQR2b M72 /B KR Mi(#.Q BX#D.,)g X
#V 1p Hm iBQM Q7 i?2 Q#D2+iBp227n2M2#8B@®M Q7 i?2 QTIiBK H HQ+ iBQM Q
T2 7Q K2/ # b2/ QM KBMBKBxXx iBQM T Q#H2KX h?2 KBMBK Hp Hm2 Q7 i?2 Q#D?
bQHMIBQM M/ i?2°27Q°2-i?2 bQHmMIBQM rBi? i?2 KBMBKmK p Hm2 Q7 i?2 2 °Q"
2°°Q Bb /2i2°KBM2/ b
1 X
MSE = Y[ Htarget H(l:)] UjXR9V
h=1

1?22 Blage -HY M/ "2 022 2biBK i2/ M/ i ;2i QmiTmi Q7 i?2 XH/BME}N2DXi h22QR K
MmK#2 Q7 b KTH2bX

+V GQ+ iBQM mT/ i2 mbBM; H2i® 2B;HAib,iBM; i?2 Q#D2+iBp2 7TmM+iBQM-i?2 b
TQbBIiBQM mT/ i2 # b2/ QM i?2 H2pv ~B;?2i mT/ i2- M/ Bi Bb K2MiBQM2/ b 7QHHQ

Xeit = Xeg + "F (2) UjXR8V
2 " M;BM; i?2 #Qp2 2[m iBQM-
Xet = Xoft  "F(2) UjXReV

r?2 R, bT2+B}2b i?2 HQ+ iBQM Q7 i?2 KQ-i?Mi i?2 BFZK) iBR;M B}2b iQ i?2 bi2T / rh\
/m2iQ i?2 KQp2K2Mi Q7 H2pv ~B:?iRM/A+Ti2bKiZi2Zb+ HBM: 7 +iQ° M/ Bb 2tT 2bb:

"o Wmax
- 2

r?22 Wnax 2727 iQ i?2 K tBKmK bi2T r HFX h?2M- iRZ2)HRIp v 2 B bd bR#m2 B (oM

UjXRdV

( 1A sin(-2)

H(D) = =

UjXR3V
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r?2°@Bb ;"2 i2  04W Bb i?2 ; KK 7mM+iBQMX
IV 6HV bi® B:?hB2,HQ+ iBQM Q7 i?2 KQi? Bb HbQ BM~m2M+2/ #v HB:?i bQm "+
Bb 2T 2b2Mi2/ b 7QHHQrb,

X o= (Xe;f + :(Xbest Xe;f )) UjXRNV

e;f
r?22 R /12MQi2b i?2 #2bi HQ+ iBQM Q7 i?2 KKBIMBWMZH1222+k2H2  iBQM 7 +iQ X |
7 +iQ Bb "2T 2bXMiR/BM; i?2 ~v bi® B;?2iHv KQp2K2Mi- i?2 HQ+ iBQM Q7 i?2 KQi
HQ+ iBQM Q7 i?2 HB;?i bQm +2X >2"2-i?2 ++2H2 iBQM +QMbi Mi BM~m2M+ 2|
AM bQK2 + b2b- i?2 TQbBIiBQM Q7 i?72 KQi? ;Q2b #2vQM/ i?2 TQbBIiBQM Q7 i?2
UReV Bb KQ/B}2/ rBi? i?2 *aP 7Q" 2M? M+BM; i?2 2z2+iBp2M2bb Q7 i?2 TT Q +?
QTiBKBx iBQM Bbbm2bX h?2 bi M/ "/ 2[m iBQM Q7 i?2 KQp2K2Mi Q7 +?B+F Bb ;Bj

Xeit = Xep + AB (Xyys Xep) UjXkyV
Xeit = Xer[1 ABJ+ AB Xy UjXkRV
am#biBimiBM; 2[m iBQM UReV BM 2[m iBQM UKRYV-
Xeit =[Xeft "F (21 ABl+ AB X, UjXkkV
Xeit [1 ABIX " =(AB  1)"F(2)+ AB X,y UjXkjV
Xe;;’lzé[(AB 1)"F (2)+ AB X, ] UjXkoV

h?mb #v 2[m iBQM Uk9V-i?2 TQbBIiBQM mT/ i2 Q7 i?2 KQi?b + M #2 Q#i BM2/- m|
Bib T°2+2/BM; Bi2  iBQM- HB;?i #bQ TiBQM +Q2{+B2Mi- ii° +iBp2M2bb- M/ i?2
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6B;X XX@KT " iBp2 M HvbBb #v //BM; : mbbB M MQBb2 U V *Q "2H iBQM +Q2{+B2Mi- #V Sal _

M/ yX98ed- "2bT2+iBp2Hv-r?B+? Bb +QKT ~ iBp2HvHQr2 i? Mi?2*JaP@.*LLYi2
MQBb2 p "B M+2-i?2 /2p2HQT2/ *JaP@.*LLYi2i"QH2i +[mB 2/i?2 aaAJ Q7 yX98e

9XdX *QKT " iBp2 /IBb+#+mtbth B QXX /2TB+ib i?2 +QKT * iBp2 /IBb+mbbBQM Q7 i?2
[mM2MiB H- QTIBK HQ /2 - *qaJ- aoLL@q p2H2i- aoLL@*QMiQm H2i- JQi?Yi2i QF
M/ i?2 T'QTQb2/ *JaP@.*LLYi2i ' QH2i BM i2°'Kb Q7 +Q "2H iBQM +Q2{+B2Mi- S
rBi? BKTmHb2- b Hi M/ T2TT2 - M/ : mbbB M MQBb2 T 2b2Mi BM i?2 BK ;2X h?
bm 2/ #v T°'QTQb2/ *JaP@.*LLYi2i QH2i BM i2°'Kb Q7 +Q "2H iBQM +Q2{+B2Mi T
+Q "2H iIBQM +Q2{+B2Mi p Hm2b Q7 2tBbiBM; ~ M/QK- b2[m2MiB H- QTiBK H Q"/
*QMIiQmM ™ H2i-JQi?Yi2i QH2i- M/ .*LLY*QMiQm ™ H2i- "2yXeNR-yXeNj-yXdy3-yXd:
"2bT2+iBp2HvX h?2 K tBK H SaL_ +?B2p2/ #v i?2 T°QTQb2/ *JaP@.*LLYi2i QH2
2tBbiBM; ° M/QK- b2[m2MiB H- QTiBK H Q /2 - *qalJ- aoLL@q p2H2i- aoLL@*QMi
LLY*QMIiQm ™ H2i- +[mB°2/i?2 SaL_ Q7 RjXd93 /"- jNXe /"- 9kXeNN /"- 9kXdy9 /'
9eX3e /"- M/ 9eXNj8 /"- "2bT2+iBp2HvX h?2 aaAJ p Hm2 +QKTmi2/ #v T'QTQb?
yXej33-r?22 b i?2 2tBbiBM; ° M/QK- b2[m2MiB H- QTIiBK H Q /2 - *qaJ- aoLL@!
JQi?Yi2i " QH2i- M/ . *LLY*QMiQm H2i-K2i?Q/b +[mB 2/i?2aaAJ Q7 yX9Ny-yX8yj
M/ yXejRN- "2bT2+iBp2HvX Ai Bb +H2 27 i? i i?2 T°'QTQb2/ K2i?Q/ +[mB 2/ K
SaL_- M/ aaAJX

8X *QM+HMBBEUMIX T2 T 2b2Mib i?2 TBt2H T 2/B+iBQM TT Q +?2 # b2/ QM .*LL
i Mb7Q KX h?Bb 7 K2rQ F2KTHQVb i?2K2/B+ HBMTmiBK ;2- M/i?2i2i QH2ih
i?72 b2MbBiBp2 BM7Q K iBQMX i} bi-i?2 #2bi TBt2Hb "2 7QmM/ Qmi 7 QK i?2 E
"2 i BM2/ #v *aP M/ JaPX h?2 h2i'QH2ii° Mb7Q K 2KTHQvb i?2 2K#2//BM; bi 2N\
h Mb7Q K Bb 2KTHQV2/ 7Q  2K#2//BM; i?2 b2+ 2i K2bb :2iQ i?2 BMTmi BK ;2X i



*2B+F2M@JQi? b2 "+? QTiBKBx iBQM@# b2/ /22T +QMpQHmMIiBQM H M2m" H MRjR)"F 7Q" Al

h #H2 9XR
M HvbBb # b2/ QM i?2 BK ;2 rBi? MQBb2

J2i?Q/b *Q '2H iBQM +Q2{FB2aMi U/"V| aaAl
_ M/QK yXeNR RjXd93 yX9Ny
a2[m2MiB H yXeNj JjNXe yX8y]j
PTIBK HQ /2" yXdy3 9kXeNN| yX8y8
*gal yXd3y 9k Xdy9 yX9NR
aoLL@qg p2H2i y X39k 9kXdy8 yXey8
aoLL@*QMiQm H2i yX399 9k XdR]j yXey8
JQi?Yi2i QH2i y X3kk 9eX3e yXejRle
FLLY*QMiIiQm H2i yX39e 9eXNj8 | yXejRN
S'QTQb2/ *JaP@.*LLYi2i QH2i yX38 9eXN3R| yXej38B

M/ i?2 BMTmi BK ;2 ;2ib 2ti° +i2/ # b2/ QM BMp2 b2 h2i'QH2i h® Mb7Q K +Q2{+B
*JaP@.*LLYi2i " QH2i Bb 2p Hm i2/ # b2/ QM +Q "2H iBQM +Q2{+B2Mi- SaL_- M/ a
T Q/m+2b i?2 K tBK H+Q "2H iBQM +Q2{+B2Mi Q7 yX38- K tBK H SaL_ Q7 9eXN:
yXej33-#v TTHvBM; i?72 BKTmHb2-b Hi M/ T2TT2  MQBb2- M/ : mbbB M MQBb
bmT2'BQ ' Biv Q7 T'QTQb2/ K2i?Q/X h?2 7mim 2 /IBK2MbBQM Q7 i?2 "2b2 “+? rBH
M HvbBb mbBM; Qi?2 bi M/ “// i # b2b rBi? ?B;?Hv /p M+2/ 72 im 2bX

161 _1L*1a

(RSX 1x2-1X S KT HHB- _X 1p Mb- -MMiX;"@Bwmo2 B}+ iBQM BM J2/B+ H AK ;2 _2i'B2p H avbi2Kb
aT2+i mK ai2; MQ;ANS/ Q+22/BM;b Q7 AMi2°M iBQM H *QM72°'2M+2 QM JmHIiIBK2/B _2i'B2p H

(k)aX "mMFmK “- oX am#> K MBv br Kv- 0X oBD v FmK - LX *?BH KFmadB@ #Mh2/X @ MmERbAK ;2
ai2; MQ;  T?B+ a+?2K2 mbBM; _Agh M/ .*h 7Q" a2+m 2 h™ MbKBbHHB @k QRIRIBRH AMKY RNV -
TTX 9ke@9jdX

(j)_X 6XJ MbQm - 1Hb B/ JX #/ 2M2PBKIMIiBQM v +QKTmiBM; 2M B+?22/ _a ii +F "2bBHB2Mi K2/B+
*T?v KQ/2H 7Q° i2H2K2/B+BMAmHIBEABKEBULMBIQM H avbi2Kb M/ aB;M H S°Q+2bbBM;- jyUkV Uk

(9)sX GB Q- CX uBM- aX mQ-sX GB- X2HRB+@aHMCB1? BK ;2 bi2; MQ;  T?v # b2/ QM T '2b2 pBM; BN\
[2T2M/2M+¥BKA mi2 b M/ 1H2+i'B+ H1M;BM22'BM;- UkyRdV-TTX R RyX

(8).X EXa 'K ?- M/ X CXEmWUK S@Ri2; MQ;  T?v * T +Biv AKT ' Qp2K2Mi |IbBM; *Q?Q i AMi2HHB;2M
JmHIB@_ M/QK ai i GQ+ H a2-"+2#B2MWQMHPM M H7Q a+B2M+2 M/ 1M;BM22°BM;- 9jU3V UkyR3

(e)aX AX LBT MBF - M/ oX >X J2PHIBBH2 *"Bi2°'B @" b2/ *Qbi 6mM+iBQM |IbBM; q p2H2i M/ 1/;2 h°
7Q° J2/B+ H AK ;2 ai2; MQQMT™M H Q7 AMi2HHB;2Mi avbi2Kb- kdUjV UkyR3V- TTX jjR@j9dX

(d)hX .2M2K “F- M/ CX 6'BdiB+MQ;  T?v rBi? JmHIBTH2 CS1: AK ;2b Q7A221ahkR M&H+2MBQ Mb QM
AM7Q K iBQM 6Q 2MbB+b M/ a2+m 'Biv- RKURYV UkyRdV- TTX kjy3@kjRNX

(3).X >m-GX g M;-gX CB M;-aX w?2M;QPRHGEK ;2 ai2; MQ;  T?2vJ2i?Q/ pB .22T *QMpQHmMIiBQM H
/p2°b "B H L2iFQAFbl ++2bb- e UKkyR3V- TTX j3jyj@j3jR9X

(NLX :X EBMB-: mi K M/ oX :XEBMBI2H H;Q Bi?KiQ >B/2 M AK ;2 BM M AK ;2 7Q" a2dMn 2/ ai2;
AMi2;" i2/ AMi2HHB;2Mi *QKTmiBM;- *QKKmMB+ iBQM M/ a2+m Biv- UKyRNV- TTX 838@8N9X

(Ry)X mim#- M/ JX H@:?AKKB2 " b2/ ai2; MQ;  T?v iQ 6 +BHBi i2 AKT'QpBM; *QmMiBN.;@" b2/ a2-
_2b2 +?- RYURV UKYyRNV- TTX eX

(RR)X JX > b?BK-JX aX JX _ ?BK-6X X CQ?B-JX aX h? --HB250Q &XM+K 2p Hm iBQM K2 bm '2K2
Q7 BK ;2 bi2; MQ;  T?v i2+?MB[m2b rBi? M HvbBb Q7 Ga" # b2/-QAMp2 Bl iBQM BIKC,Qn7 Q! H i
1M;BM22°'BM; M/ h2+?MQHQ;v- dU9V UkyR3V-TTX j8y8@j8R9X

(RKEX Jm? KK /-JX a DD /- AX J2?KQQ/- aX _?Q- MAKX2qXi2;BWQ;  T?v mbBM; mM+Q "2H i2/ +QH(
M/ Bib TTHB+ iBQM 7Q  b2+m Biv Q7 pBbm H +QMi2MibiBM2 QXNHB M B @ Q@+ KTWvhd RrQd ¥ibi 2K b -
UkyR3V- TTX N8R@NeyX

(RjXBM GB-JX q M;-sX GB-aX h M- M/ &Xi2mw @7 *Hmbi2 BM; JQ/B}+ iBQM .B'2+iBQMb BM aT
ai2; MQ;" TA111 h® Mb +iBQMb QM AM7Q K iBQM 6Q 2MbB+b M/ a2+m Biv- RyUNV UkyR8V- T’

(R9)X GBMDB2-LX CB M;[mM- M{BXBUWR KBMWK#2//BM; 7Q" 1{+B2Mi CS1: ai2; MQ;  T?v- A111 h" Mb
AM7Q K iBQM 6Q°2MbB+b M/ a2+m 'Biv- N UkyROV- TTX 3R9@3k8X

(R8YX J xm +xvF M/ GX * pB:HRQMI;  T?v BM JQ/2 M aK iT?QM2b M/ JBiB;*(@BKQ\n N2B-? MBQM Db
am p2vb hmiQ'B Hb- A111- Rd UkyR9V-TTX jj9@j8dX

(RevX GBm- 6X w? M;-CX g M;->X g M;- M/ @) 2MiBM;iBQM M/ 2+Qp2'v H;Q 'Bi?K 7Q  bT22+2 L
QM /B;Bi Hr i2'K "FBM;- aB;M H S'Q+2bbBM;- Rkj UKkyR8V- TTX R8d@ReeX

(RAEX GB-sX GB-"X u M;- MAgXKaMmiMiBQM@# b2/ BK ;2 +QTv@KQp2 7Q :2A¢ V2 i+ MQ Mi B @ MDK 2
QM AM7Q K iBQM 6Q 2MbB+b M/ a2+m Biv- Ry UKkyR8V- TTX 8yd@8R3X

(R3)X E? M- X aB//B[ - aX JmMB#- M/ aX “2¢+2MiBFm p2v Q7 "2p2 ' bB#H2 r i2 K-'KBWMQ i K+iBQBm 2 b



kjk _2b?K OoXE- oBMQ/EmK ° _Xa-a? ?B .- a?vDBi? JX"

a+B2M+2b- kdN UkyROV- TTX k8R@kdkX

(RNaX JX JX E 'BK- aX _ ?K M- AX L2QbBTB® +? 7Q° Ga" " b2/ AK ;2 ai2; MQ;  T?v mbBRNM; a2+ 2i |
S'Q+22/BM;b Q7 R9i? AMi2'M iBQM H *QM72°2M+2 QM *QKTmi2" M/ AM7Q K iBQM h2+?MQHQ

(kyuX u2mM;-gX Gm-uX sm-CX *?2Ma2¥Mn X#8H v BK ;2 bi2; MQ;  T?v# b2/ QM GhS /BbiQ iBQM K
JMHiIBK2/B hQQHb M/ TTHB+ iBQMb- kyRN- TTX R@kkX

(kRyX h M;-"X GB-aX h M-JX " "MB- M-FOQX @t ) /p2°b "B H 1K#2//BM; 7Q" AK ;2 AI2L1IMQ;  T?v
h> Mb +iBQMb QM AM7Q K iBQM 6Q 2MbB+b M/ a2+m Biv- ROU3V kyRN- TTX kyd9@ky3dX

(kkaX *? F* #Q'iv- X aX C H H- M/ *X "?GW";# b2/ MQM #HBM/ T 2/B+iBp2 2/;2 / TiBp2-BK ;2 biZ2;
JmHIiBK2/B hQQHb M/ TTHB+ iBQMb- deUeV kyRd- TTX dNdj@dN3dX

(kj) X JB'B- M/ EX 6 BIXBK ;2 bi2; MQ;  T?v K2i?Q/ # b2/ QM BMi2;2  + pAHPBK2/BbhQ &EHb M/
TTHB+ iBQMb- ddURRV kyR3- TTX RjRjj@RjR99X

(k9YX aX GBM- uX hX *? M;- M/ gX7LIGR®R F Q7 2M? M+BM; BK :2 bi2; MQ;  T?2v rBi? TB+im 2 [m HB]
M/ MiB@bi2; M HvbBb # b2/ QM bBKmH i2/ MIM2 HBMbp HBOBEB?KM JmHiIBK2/B - RkU8V Uk
j98@j8dX

(k8CX E'QKKr22i"QH2i h® Mb7Q K, L2r / TiBp2 > " q p2H2i H;Q ' Bi?K 7Q" aT "b2CAKMM_RTQZb2Mi
oBbm H*QKKmMB+ iBQM M/ AK ;2 _2T '2b2Mi iBQM- kRU9V kyRy-TTX je9@jd9X

(ke M/2v- S i22Fb?Bi- _X aBM;?- M/-JX+2 iB+Q;MBiBQM mbBM; b+ ii2"BM; r p2H2i mM/2° AHHB
p "B iBQMM S'Q+22/BM;b Q7 AMi2'M iBQM H *QM72 2M+2 QM "BQK2i'B+b UA*"V- > HKbi /- ar:

(kdgX EX EQM;- .X w? M;- M/-gcSXHGB BMi 72 im 2 2ti° +iBQM mbBM:- I5@ii2 MQ2HQMNMBiBQM- jeURY
UkyyjV- TTX kjjN@kj9dX

(kK3WX mQ- GX w? M; M/ .X-wPQMTH2i2/ JQ/2HBM; Q7 GQ+ H "BM ‘v S ii2"M PT2  iQ  7Q" h2tim'2
Al1l11 h® Mb +iBQMb QM AK ;2 S°'Q+2bbBM;- RNUeV UkyRyV- TTX Re8d@ReejX

(KkNBX hm- aX uBM- SX Pmv M;- aX h M;- GX GB®22TMQBEYQHMMBIBQM H L2m ™ H L2irQ ' F "+?Bi2+in
_2+QM};m’ #H2 *QKTmi iBQM13 liB "MWk +iBQMb QM p2°v H ;2 b+ H2 BMi2;" iBQM UoGaAV bvl
TTX kkky @ kkjjX

(jy)"_ ha # BM imKQ /i #-2iTh,ffrrrXbKB X+?2f"_ hafatr "ikeyPpd2/ QM UKkyRNV X

(jR)aX AbH K- JX _X JQ/B M/ SX1/;2®i# b2/ BK ;2 bi2; MQ]. BAS CQm M H QM AM7Q 'K iBQM a2+
kKyROURV UkyR9VX

(jK)JIX _ K HBM; K M/ LX X 3XNB; MQ;  T?2v TT'Q +?2 7Q  b2[m2MiB H/ i 2M+Q/BM; M/{2+Q/BM; B
AM T Q+22/BM:b Q7 AMi2 M iBQM H *QM72°2M+2 QM *QKTmi2 - *QMi'QH- AM7Q K iB+b M/ Ail
AM/QM2bB - UkyR9V- TTX Rky@Rk8X

(jj)y"X GB-JX qM;- sX GB-aX hM M/ CHi>m;M;Q7 *Hmbi2'BM; JQ/B}+ iBQM .B'2+iBQMb BM aT
ai2; MQ;  TARL11 h’ Mb +iBQMb QM AM7Q K iBQM 6Q 2MbB+b M/ a2+m 'Biv- RyUNV UkyR8V- T

(j9)aX LBFQHQp- SX >BHH- . X "mHH- M/ LX pM2ibD0Q@ BK ;2 7TmbBQM- AM, S2i'QbB M X X-J2v2°
g p2H2ib BM aB;M H M/ AK-;2QKITHNbIBIQM H AK ;BM; M/ 0BbBQM- RN UKyyRV- TTX kRj@k9R:

(j8)aX LBT MBF - oX >X-22WmMABBTH2 *"Bi2"B @" b2/ *Qbi 6mM+iBQM IbBM; g p2H2i M/ 1/;2 h® M]
J2/B+ H AK ;2 ai2; MQCQm?W H Q7 AMi2HHB;2Mi avbi2Kb- kdUjV UkyReVX

(je):X @:X g MJQi? b2 '+? H;Q'Bi?K, #BQ@BMbTB'2/ K2i ?22m 'BbiB+ H;Q 'Bi?K 7@2KHMi@# H QTiB
*QKTmiBM;- RyUkV UkyR3V-TTX R8R@Re9X

(jd)sX J2M;- uX GBm-sX : Q- M/ >X @t MBQ@BMbTB 2/ H;Q Bi?K, *?B+F2M ar 'K PTiB\WBx iBQM
T Q+22/BM;b Q7 AMi2°M iBQM H+QM72°2M+2 BM br "K BMi2HHB;2M+2- UkyR3V-TTX 3e@N9’

(j3)oX oBMQHBM M/ aX -dBM@B?b2/ AK ;2 ai2; MQ;"  T?v mbBM; 1/;2 G2 bi aB;MB}+ Mi "Bi UlGa'
JmHIBK2/B _2b2 "+?- RURV UkyR3V-TTX N@ReX

(jN)aX oBMmh2+'2i AK ;2 a? "BM; M/ ai2; MQ;  T?v IbBM; > * q-p2HBIiBKRMB7Q2K2 “+?- UKYRNV- kU
TTX k3@j9X

(9yyPX JImF?2/F - SX SQr - M/ SX :-BR#+Mm 2 MQM "2 H iBK2 BK ;2 2M+'vTiBQM H;Q Bi?K /2p2H
+vTiQ;” T?v ai2; MGAMBIQ+22/BM;b Q7 i?2 MMm H Al11l1 AM/B *QM72°2M+2 UAL.A*PLV- U

1/Bi2/ #¥X oBD v
_2+2Bp2HK N- kyRN
++2TiZAmMM kk- kyky



e
.. a+ H #H2 *QKTmiBM;, S° +iB+2 M/ 1tT2 B2M?idT, fAara X RRBSTNX@DRded -
Ukyky a*S1X 0OQHMK2 kR- Abbm2 k- TTX kjj k98- .PA RyXRkeN9,fb+T

L 166A*Al1Lh .uL JA* aGPh a*>1.IGAL: G:P_Ah>J 6P_ galL J *,
.Aah_A"lh1l. SS_P *>

JLa_LCLGILE L. JIGu _hL aqgAL VY

#bi® +iXAM i?2 +m "2Mi b+2M "BQ-i?2 ;°Qri? Q7 AQh # b2/ bQHMIBQMb ;Bp2b 'Bb2 iQ i?2 " TB/ mil
+QMbi° BMi b2MbQ  MQ/2b BM galL-i?2 /2bB;M Q7 2M2 ;v 2{+B2MiJ * T'QiQ+QH HQM; rBi? iBK2HBM:
BbQ7T " KQmMi BKTQ i M+2X JQbi Q7i?2J *T QiQ+QHb /2bB;M2/7Q"° b2MbQ  M2irQ ' F 7TQHHQrb 2
TT'Q +?2X *QMi2MiBQM # b2/ TT Q +? / Tib r2HH iQ iQTQHQ;v +? M;2b-r?2'2 b Bi Bb KQ 2 +QbiHv E
iQ b+?2/mH2 # b2/ TT Q +?2X >2M+2- iQ 2/m+2 i?2 +QHHBbBQM HQM:; rBi? iBK2HBM2bb- M 222
H;Q Bi?K M22/b iQ #2 /2bB;M2/X AMi?Bb T T2 -r2 T°QTQb2 h.J # b2/ H:Q Bi?K M K2/ .uaai? i K2
M/ 2M2 ;v 2{+B2M+v BM ? M/HBM; i?2 +QHHBbBQMX h?Bb H;Q Bi?K }M/b M 2z2+iBp2rv Q7 T 2T
i?2 p2' ;2 irQ@?QT M2B;?#Q'b +QmMiX 6BM HHv- i?2 2K BMBM; mM@ HHQIii2/ MQ/2b 2 /vM KB+
TT'Q +?2X h?2 2{+B2M+v Q7 i?2 H:Q Bi?K Bb 2p Hm i2/ BM i2 Kb Q7 i?2 MmK#2" Q7 bHQib HHQii2/
b+?2/mH2 mbBM; i?2 * bi HB bBKmH iQ X

E2v rQ'/bgalL-h.J aHQi a+?2/mHBM;- *Q " "2H i2/ *QMi2MiBQM- . i .2HBp2'v G i2M+v- 62 bB#H2 a-

## 2pB iIBQMIWK2 M2i Q7 h?BM;b UAQhV- gB"2H2bb a2MbQ " L2irQ F UgalLV-J2/B ++2bb *QMi Q
JmHIBTH2 ++2bb Uh.J V-* ""B2" a2Mb2 JmHiIiBTH2 ++2bb U*aJ V- _ M/QKBx2/ h.J U_ L.V- .Bbi'B#n
_ M/QKBx2/ .Bbi'B#mi2/ h.J U_.@h.J V- >v# B/ # b2/ .Bbi " B#mi2/ aHQi a+?2/mHBM; U>.aaV- M/ .vM
U.uaaVX

Jabm#D2+i +H bbB}+ eBBQN® X

RX AMi"Q/m+ABIQ®™M2X"2 HrQ H/-i?2rB/2bT 2 /mb2 Q7 gaLK BMHv Qr2biQ KQMB
/2pB+2b BM b2p2° HBM/mbi'B H M/ ?QK2 miQK iBQM bvbi2KbX b2MbQ™ M2irQ
MQ/2b "2 # ii2°v TQr2 2/ M/ KQbiHv + M MQi #2 "2+? “;2/ 7" QK iBK2 iQ iBK2X
BM galL 2MpB " QMK2Mi Kmbi #2 /2bB;M2/ BM bm+? r v i? i 2M2 ;v +QMbmKTIiB(
rBi? 2M2° ;v 2{+B2M+v- Qi?2° "2[mB 2K2Mib HBF2 iBK2HBM2bb- +QHHBbBQM ? M
i MbKBbbBQM HbQ M22/iQ #2 +QMbB/2°2/X hQ ? M/H2 +QHHBbBQM HQM; rBi
Q7 M 2{+B2Mi J * T'QiQ+QH Bb Q7 T > KQmMi BKTQ i M+2X aim/B2b + B2/ Qn
i?ih.J #b2J *T QIiIQ+QHb T2 ' 7Q K #2ii2  i? M*alJ # b2/J *T QiQ+QHb BM qa
bi'BM;2Mi "2[mB 2K2Mib (R9- Re- RN- ky- kR- kk)X

AM h.J # b2/ J *T QiQ+QHb (R8- Rd- R3- k9- k8)- b+?2/mH2 rBi? b2p2" H iBI
2 +? b2MbQ  MQ/2 Bb bbB;M2/iQ T "iB+mH ~iBK2 bHQiX h?2 bbB;MK2Mi Q7 b
Qmi BM bm+? K MM2 i? i +QHHBbBQM Bb ? M/H2/ rBi? "2/m+2// i /[2HBp2 v H i’
+QMbmKTIiBQM- i?2 MQ/2b "2 Tmi iQ bH22T 7Q  Biéb HHQ+ i2/ iBK2 bHQiI b T~
Hi2M+v Bb "2/m+2/i?2°"Qm;? T°'QT2  b+?2/mHBM; Q7 i?2 h.J bHQib b T QTQb2/ 4
2i HX (8)- M/ ?K [/ 2i HX (e)X h?2 +QHHBbBQM /m"BM; /i i MbKBbbBQM Bb
MQ/2b BMi2 ' 72°"BM; rBi? 2 +? Qi?2° "2 MQi bbB;M2/iQ i?2b K2bHQiX JQbi Q7 i
H;Q Bi?Kb T'2T "2 M QTIiBK Hb+?2/mH2i? i MQ'K HHvi F2b KQ 2 iBK2iQ T 2T
+ b2 Q7 +Q "2H i2/ +QMi2MiBQM- T 2T 'BM; M QTiBK Hb+?2/mH2 K v MQi #2 Q7
7Q° b?Q i /m’ iBQMX >2M+2- 72 bB#H2 b+?2/mH2 M22/b iQ #2 T 2T "2/ BM [m
+QMi2MiBQM- b T QTQb2/ #v G2MF 2i HX (d)- G2MF 2i HX (3)- M/ "? iB 2i H,

EAAh .22K2/iQ #2 IMBp2 'bBiv- "?2m# M2MrbvkAM/E BMX+ QK
YEAAh .22K2/iQ #2 IMBp2 'bBiv- "?m# M2 BM KMHAB!;IK BHX+QK

ki
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S'2T 'BM; 72 bB#H2 b+?2/mH2 BM [mB+F iBK2 K v H2 /iQ H i2M+v /m BM;
/2bB;M Q7 b+?22/mHBM; H;Q'Bi?K ? biQi F2 + 2 Q7 #Qi? +Q "2H i2/ +QMi2Mi
i MbKBbbBQM iQ 2M? M+2 2{+B2M+vX " b2/ QM i?2 #Qp2 7 +ib-i?Bb T T2 T°Q
/IVM KB+ bHQi b+?2/mHBM; H;Q Bi?Ki? i ? M/H2b #Qi? +Q "2H i2/ +QMi2MiBQM
H;Q Bi?Kmb2bi?2 p2° ;2irQ@?QT M2B;?#Q b +QmMi bQTTQb2/iQi?2 K tBKml
BM 2 "HB2' TT ' Q +?2bX h?2 K tBKmK irQ@7?QT M2B;?#Q b +QmMi p "B2b bB;ME
M2B;?#Q b +QmMi BM KQbi Q7 i?2b2MbQ~ M2irQ " Fb/m2iQi?2 M/QK/2THQVK2N
i?72 mb2 Q7 p2° ;2irQ@?QT M2B;?#Q b +QmMi ?2HTb iQ "2/m+2 i?2 MmK#2"~ Q7 b
>Qr2p2°-i?2mb2 Q7 p2° ;2irQ@?QT M2B;?#Q b +QmMi iQ T 2T "2 b+?2/mH2 K
MM@ HHQii2/X h?2 "2K BMBM; mM@ HHQii2/ MQ/2b "2 i?2M /vM KB+ HHv bbB;
MQp2H K2bb ;2 T bbBM; i2+?MB[m2 BM [mB+FiBK2iQ T'2T "2i?2}M Hb+?2/mH
BbBKTH2K2Mi2/ mbBM; * bi HB bBKmH iQ  iQ 2p Hm i2BibT2'7Q°K M+2X h?2 T
T°QTQb2/ b+?22K2QmiT2°7Q Kb ._L.-_.@h.J - M/>.aaBMi2 'KbQ7 MmK#2 > Q7hb
i?72 bHQib BM b+?2/mH2X

h?2 "2biQ7i?2T T2 Bbbi'm+im 2/ b7QHHQrbX "2pB2rQ7i?2 2H i2/rQ Fb 7
kX a2+iBQM j /2b+ ' B#2b Qm  T°'QTQb2/ H;Q ' Bi?KX h?2 +Q "2+iM2bb Q7 i?2 H;
p "BQmb b+2M "BQb BM a2+iBQM 9X h?2 bBKmH iBQM "2bmHib "2 M Hvb2/ BM
a2+iBQM eX

kX _2H i2/ gQARMKIQ/ vOb rQ H/-i?2 "2+2Mii'2M/ BbiQ miQK i2 2p2°vi?BM; 7C
+QK7Q'i #H2 HB72bivH2X gaL TH vb pBi H QH2 BM +?B2pBM;i?2b K2X AM 2
/12bB;M M/ /2p2HQTK2Mi Q7 M 2{+B2Mi TTHB+ iBQM ? biQ /2 HrBi? b2p2° H +?
+QHHBbBQM ? M/HBM;- "2/m+iBQM BM H i2M+v- "2HB #BHBiv- 2i+X AM i?Bb T T
b+?2/mHBM; TT ' Q +?i? i ?22HTb iQ ? M/H2i?2 +QHHBbBQM M/ 2/m+2i?2 H i2M

?K /21 HX (e) T'TQTQb2/ +2Mi° HBb2/ h.J b+?2/mHBM; 7Q"  +Hmbi2 2/ # b2/
H;Q ' Bi?K T 2T "2b +QHHBbBQM@7 22 +HmMbi2 2/ # b2/ b+?22/mH2iQ b iBb7v i?:
iBK2HBM2 7Q° 2 +? /i ~Qr Bb 2tT 2bb2/# b2/ QM i?2 H2M;i? Q7 i?2 b+?22/mH2 T2
KBMBKmK miBHBb iBQM Q7 2M2 ;v #v TmiiBM; i?2 MQ/2b BMiQ HQr TQr2  KQ/2 iQ
QTTQb2/iQ i?2 +2Mi° HBb2/ TT Q +?- ?K /2i HX (Ry) T°'QTQb2/ /Bbi'B#mi2/
h.J H;Q'Bi?K-r1r?2"22 +?2 +Hmbi2 " Bb + T #H2 2MQm;? iQ T 2T "2 Bib iBK2 bHQi
/IBbi"B#mi2/ M im 2 Q7 i?2 H;Q ' Bi?K B/iQi?2qgaL bi?2 "2bQm +2b BM i?2 qal 2

a2p2°'BMQ 2i HX (RR) T ' QTQb2/ b2H7@ / TiBp2 +Hmbi2 2/ # b2/ /vM KB+ b+?
QM i?2 M im 2 Q7 i?2 i {+ ~Qr-i?Bb H;Q ' Bi?K [/ Tib /Bz2 2Mi "2[mB 2/ # M/rB/i’
i?72 b+?2/mHBM; H;Q Bi?K ii +?2/iQ i?2 +Hmbi2'bX h?Bb / TiBQM ? TT2Mb BN
/IQrMiBK2 7Q " i?2 galLX

gM; 2i HX (R3) T°'QTQb2/ /2i2°KBMBbiB+ h.J # b2/ bHQi b+?2/mHBM; TT Q
/i i MbKBbbBQMX AM i?Bb H;Q Bi?K-2 +? b2MbQ"~ MQ/2 + H+mH i2 Biéb QrM
b T2 i?2 p BH #H2 M2B;?#Q ?QQ/BM7Q K iBQMX >Qr2p2°-2 +? b2MbQ™ MQ/2
Qi?2°iQ + H+tmH i2i?2B° QrM iBK2 bHQi M/ b "2bmHii?2 +QHHBbBQM ? M/HBN

GQM; 2i HX (Rk) TTQTQb2/ KmHIiB@?QT h.J b+?2/mHBM; H;Q Bi?K 7Q" ga
h.J b+?2/mHBM; iQ KmHIB@?QT b+?2/mHBM;X h?Bb 2ti2MbBQM ?2HTb BM # H N
i?72 MQ/2b BM galL r?B+? mHIiBK i2Hv T"QHQM;b i?2 M2irQ ' F HB72iBK2X

2?22 2i HX (Rj) T°'QTQb2/ /Bbi'B#mi2/ p2 ' bBQM Q7 _ L.- +2Mi° HBb2/ > M/Q
AMi?Bb H;Q Bi?K-2 +? MQ/2 T 2b2MibBM QM2 Q7 i?227Qm  bi i2b-BX2X _1ZIlal
1 +? MQ/2bi "ibrBi? A.G1bi i2 M/;Q2b7Q" HQIii2'vX h?2MQ/2i? irBMbi?2 HQi
7Q° HHQiIK2Mi Q7 bHQi M/ 2Mi2 b BMiQ i?2 _1Zllah bi i2X h?2 MQ/2i? i 2+2Bp
BMiQ :_ Lh bii2 T°QpB/2/i?2 MQ/2 BbBM A.G1 Q" _1G1 al bii2X AM + b2-i?2"

~1Z11ah Q' :_ Lh bi i2 r?BH2 2+2BpBM: i?Bb “2[m2bi K2bb ;2 i?2M Bi b2M/b # +F
b2M/2 X q?2M i?2 b2M/2° MQ/2 “2+2Bp2b "2D2+i K2bb ;2- Bi ;Q2b # +F iQ A.G1
bi “i2/i?2 bHQi HHQIiIK2Mi *2[m2bi- ‘2+2Bp2b ; Mi K2bb ;2 7°QK HH Q7 Bib M

_1G1 albii2 M/i?2 2[m2bi2/ bHQi Bb HHQ+ i2/iQ i? i MQ/2X
GB 2i HX (kj) T°'QTQb2/ /Bbi'B#mi2/ h.J bHQi b+?2/mHBM; i? i BKT Qp2b m
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h?Bb H;Q Bi?K T 2T "2b i?2 h.J b+?2/mH2 # b2/ QM i?2 "2bB/m H 2M2 ;v M/ i
b2MbQ  M2irQ" FX AMQ'/2 iQ "2/m+2i?22M2 ;v +QMbmKTIiBQM M/ 2t2+miBQM iE
i?722M2 ;,v@iQTQHQ;v 7 +iQ" M/ i?2M TTHB2b i?2b K2iQ "~ M;2i?2T BQ Biv Q
iQ/2 HrBi? i?22M2 ;v +QMbmKTIiBQM M/ 2t2+miBQM iBK2X
JQbiQ7i?2bHQib+?2/mMHBM; H;Q Bi?Kb7Q+mb QMT 2T "BM; M QTiBK Hb+?
/1 i° MbKBbbBQMX AM + b2 Q7 +Q@ 2H i2/ +QMi2MiBQM UBX2X i?2 +QHHBbBQ|
b?Q i T2'BQ/V- T'2T "BM; M QTiBK H b+?2/mH2 Kv MQi ?2HT HQiX E22TBM;
"? iB 2i HX (N) T'QTQb2/ 72 bB#H2 bHQi b+?2/mHBM; H;Q Bi?K M K2/ .@h..
+QMi2MiBQM M/ ii?2b K2 iBK2 '2/m+2b i?2H i2M+v/m BM; /i i° MbKBbbBQM)>
G2MF 2i HX (3) T'QTQb2/ >.aa H;Q Bi?Ki? iBMBiB HHv T 2T "2b 72 bB#}
irQ@?QT M2B;?#Q b +QmMi mbBM; i?2 ._ L. H;Q Bi?KX h?2 MmK#2 Q7 bHQib i
b+?2/mH2 Bb 7m’i?2° "2/m+2/ #v "2 HHQ+ iBM; +2°i BM MQ/2b # b2/ QM i?2 " iE
+QmMiiQ i?2 K tBKmK irQ@?QT M2B;?#Q b +QmMiX 6BM HHv- bm#@QTiBK H b-
+QKT "2/iQ._L. M/ _.@h.J -BbT'2T "2/ BM[mB+F iBK2r?B+? mHiBK i2Hv ? M/
+Q@ 2H i2/ +QMi2MiBQM M/ 1i?2 b K2 iBK2 "2/m+2bi?2 H i2M+v/m " BM; /i i N
Hi?Qm;? i?2 2tBbiBM; >.aa H;Q Bi?K T2 '7Q Kb #2ii2° b +QKT "2/ iQ ._ L.
2bT2+iiQ i?2 MmK#2™ Q7 bHQib ii +?22/1Q 72 bB#H2 b+?22/mH2- biBHH i?Bb T T
i?72 bHQi b+?2/mHBM; TT Q +? BM MQp2H r v iQ '2/m+2 i?2 MmK#2"> Q7 bHQib>
QM T°2T "BM; 72 bB#H2 b+?2/mH2 # b2/ QM i?2 p2 ;2irQ@7?QT M2B;?#Q b +Q
M2B;?#Q b +QmMi b mb2/ BM >.aaX JQ '2Qp2 - i?2 T°QTQb2/ TT ' Q +? mb2b |
i2+?MB[m2 iQ HHQi bHQib7Q i?2 2K BMBM; MQ/2b BM i?2 #2bi TQbbB#H2 r v i

iX STQTQb2/.vM KB+ aHQi a+?2/mHBMM HZR2BTRARX T'QTQb2/>.aa H;Q Bi?K
J*- 72 bB#H2 b+?2/mH2 Bb T 2T "2/ # b2/ QM i?2 K tBKmK irQ@?QT M2B;?#Q I
gaL Bb bbB;M2/iQ T 'iB+mH > bHQi BM i?2 72 bB#H2 b+?2/mH2 M/ HH Bib ir
/IBz2 2Mi bHQib bQ i? ii?2 +QHHBbBQM /m 'BM;/ i i MbKBbbBQM rBHH #2 pQB/
/Im BM; i?2 /2THQVK2Mi Q7 i?2 b2MbQ"> MQ/2b-i?2 2 Bb 2p2°v +? M+2 i? i bQK2 C
p2°v ?B;? MQ/2 /2MbBiv b +QKT “2/iQ Qi?2° "2;BQMbX AM bm+? b+2M "BQb- i?:
#2ir22M i?22 K tBKmK irQ@?QT M2B;?2#Q'b M/ i?2 p2° ;2irQ@?QT M2B;?#Q b +Q
QmiHB2'b UBX2X bT2+B}+ “2;BQMb rBi? ?B:? MQ/2 /2MbBivVX h?2'27Q 2- T 2T
K tBKmK irQ@?QT M2B;?#Q b +QmMi H2 /b iQ bB;MB}+ Mi 'Bb2 BM i?2 MmK#2" «
Q'/2°iQ ;2i "B/ Q7 i?2 #Qp2 Bbbm2- BM i?2 T°QTQb2/ TT ' Q +?-i?2 b+?2/mH2 B
p2° :2irQ@7?QT M2B;?#Q b BMbi2 / Q7 K tBKmK irQ@7?QT M2B;?#Q b +QmMiX

hQ bi i rBi?-BM i?2 T°QTQb2/ TT'Q +? 72 bB#H2 b+?2/mH2 Bb BMBiB HHvV T
?2QT M2B;?#Q b +QmMiX b T2  i?2 2 "HB2  /Bb+mbbBQM- bBM+2 i?2 2 Bb KQ"2
"2:BQMb Q7 galL-i?2 +im HirQ@?QT M2B;?#Q b +QmMi BM i?Qb2 "2:BQMb rBHF
M2B;?#Q b +QmMi BM i?2 r?2QH2 M2irQ ' FX >2M+2-i?2°2 Bb 2p2'v TQbbB#BHBiv
MM@ HHQii2/ /m2 iQ i?2 H +F Q7 p BH #BHBiv Q7 bHQib b i?2 72 bB#H2 b+22/
p2° ;2 irQ@?QT M2B;?#Q b +QmMiX h?2 MQ/2b r?B+? 2K BM mM®@ HHQii2/ /m"|
b+?2/mH2-i?2Qb2 MQ/2b rBHH #2 HHQIii2/iQ 72 bB#H2 bHQii? " Qm;?i?2b2 7QH

RX aHQi HHQiK2Mi _2[m2bi

kX aHQi HHQIiIK2Mi J2bb ;2 > M/H2"

jX aHQi HHQIiK2Mi ai imb

h?2 MQi iBQMb mb2/ 7Q  i?2 b2i Q7 BM7Q K iBQM K BMi BM2/ i2 +? MQ/2 7Q
H;Q Bi?K Bb bmKK "Bb2b BM h #H2 jXRX

JXRX S? b2 R, aHQi HHQIK2M2N2mBRbiiX2 p2° ;2irQ@?QT M2B;?#Q b +QmM
Im"BM;i?2T 2T " iBQM Q772 bB#H2 b+?2/mH2 i i?2 pM@Q#22BMMBHQiiN/ iMQ72 I
bHQi /m BM; i?2T 2T ~ iBQM Q7 72 bB#H2 b+?2/mH2X AM Q2M2+Qo k2biPR22bB#H 2
k= Nag +1 M/ p2 B}2b i Bib2M/ r?2iR2? b?Bb dDHQ#22M HHQIii2/iQ Mv QM2 Q7 B
Q IrQ@7?QT M2B;?#Q" MQ/2bX ANy +HB2-/V?22PHVQIHHQii2/ i?2M Bi i B2b rBi? i?2 |
k+1 M/ bQ QM iBHH i?2 +?Qb2M bHQi Bb }ii7fM/DBKX PR # B ZKAPADQ RvbiQ 2b i?2
BM7Q K iBQrdqB;%a); HopCnt iy ); SlotReqTimexy BMiQ p¥+iiBidb QrM 2M/X 6BM HHv- |
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M 1{+B2Mi .vM KB+ aHQi a+?2/mHBM; H;Q 'Bi?K 7Q  gaL J *, .Bbi'B#mi2kjdT ' Q +?

H;Q Bi?KeHQi HHQiK2Mi T'Q+2bb 7i2° "2+2Bp2 Q7 bHQi HHQIiIK2Mi "2[m2bi K
RS Q+2/maédPhn GGPhJlLhnJlaa :1n> L.G1_
k #2:BM

j msg 4 _2+2Bp2nJ2bb ;2UVc

9 B &thsg 4 4 DynamicSlotAllocation @rig k) -Sag;,«) -HopCnt ;. -SlotReqTime yy, W V? 2 M
8 70m 0i 1/Q

e B Wn BlotReq 44 FV?2M

d L #°2 Fc

3 BUJ44 y¥K U 2[m2bix2DWHQV?2M

N HOant(i;k) 4H0ant(i;k) YRC

Ry Tmb? i?2 mT/ i2/ "2+2Bp2/ BM7Q K MBQM BMiQ i?2 p2+iQ"~

RR BHoant(i;k) < kM?2M

Rk L a 2 MDywamicSlotAllocation @rig (.« -Sag;.« y -HopCnt .,y -SlotReqTimey, WV iQ

HH M2B;?#Q b ¢

Rj 2Hb2

R9 Hoant(i;k) 4H0ant(i;k) YRGC

R8 B'Hoant(i;k) <V[m]}€Ioant(n;k)Vi?2M

Re | func1();

Rd 2Hb2

R3 B BlotReqTimeyy yv< V ] BlotReqTimey., vwWi?2M

RN BN[m]Hoant(n;k) 44 yVOZM

Ky | func2();

kR 2Hb2

k k B'Baqj;k) 44V[m]X)rig(i;k)\/k Baqj;k) 44V[m]Xank)V|’>2M

Kj BHOpCﬂt(i;k) < kM?2M

k9 | func 3();

k8 2Hb2

ke L‘ZKQpZi?Z 2Mi"vm BMYRt?2 p2«iQ"
S'Q+2/m7&aM+RUV
#2;BM

— = 3

Hoant(i;k) 4H0ant(i;k) Y Rc

9 IT/ i2i?2 2tBbiBM; 2Mi'V B plR-HEI? i?2 "2+2Bp2/ BM7Q K iBQM #mi KQ/B}2.
HopCnt(;xy p Hm2 ¢

8 B'Hoant(i;k) < kM?2M

e L a 2 MDysamicSlotAllocation Qrig (.« -Sag;.«k )y -HopCnt .,y -SlotReqTimey, WV iQ HH
M2B;?#Q b ¢

iXjX S? b2j, aHQi HHQIK2M7 & i#bX BM T2 BQ/ Qi7HBIZbMQ22 QMi2Mi Q7 p2-
V i Bib QrM 2M/X AM + b¥ WQM2BMDP M 2MiHepEBtiFs 70 - i?2M Bi BM/B+ i2b i? ii?
MQI2Bb i?2 Q'B;BM iQ  RQMI?2MHQIMRY2HHQIi2/ rBik}X AMHQb2 MQ 2Mi v rBi?
HopCnt yg.#® Bb 7QmM/ i?2M i’ v rBi? i?2 M2ti bHQiX



kj3 JMb_ MDMG2MF - KmHv _ iM ar BM

RS Q+2/m7&M+kUV

k #2,BM

i | Vim Bagjk) 4nc

9 HopCnt(;.xy 4 HopCnt(.xy Y R C

8 IT/ i2 1?2 2tBbiBM; 2Mi'V BU pR-H@i? i?72 "2+2Bp2/ BM7Q K iBQM #mi KQ/B}2
HOpCﬂt(i;k) P Hm 2 SNQ/]';k) MQ/Z Cc

e a 2 MDywamicSlotAllocation  @rig (.« ) -Sag;.« y -HopCnt .y -SlotReqTimey, WV iQ HH
M2B;?#Q b c

RS Q+2/m7aiM+juUV

k #2;BM

j Hoant(i;k) 4Hoant(i;k) YRGC

9 IT/ i2i?2 2tBbiBM; 2Mi'V B plR-H@EIi? i?2 "2+2Bp2/ BM7Q K iBQM #mi KQ/B}2.
HopCnt(.xy p Hm2 ¢

8 a 2 MDysamicSlotAllocation @rig (.« ) -Sag;,« )y -HopCnt .,y -SlotReqTimey, WV iQ HH
M2B;?#Q b c

H;Q Bi?Kal " B}+ iBOQM Q7 bHQi HHQiK2Mi bi imb i MQ/2 B
RS Q+2/madPhn GGPhJ1lLhnah hla

k #2:BM

j 7Q° 0i® 1/Q

9 BWU]}QOant(i;k) 44 yM?2M
HHQI i?XbB QQ t2a 2 MyhramicSlotAllotementSucceeded(i;k) V iQ HH i?2 MQ/2b
BMi?2r?QH2 galL c

e # 2 Fc

d BJ== SVi?2M

3 L * HSLOT nALLOTMENT nREQUEST T Q+2/m 2 7Q " i?Xk M2¢i bHQi

9X STQQ7 Q7 i?2 T°QTQb2/ KR IYRI?RXIM2bb Q7 i?72 T°'QTQb2/ H;Q ' Bi?K Bb |
p BQmbb+2M 'BQb b /2b+ ' B#2/ ?22°2X

h?2 #Qp2bi2Tbh 7Q  bHQiI HHQiIK2Mi "2 2tTH BM2/i? ' Qm;? M2t KTH2 ;Bp2M
:Bp2M BM 6B;Xx3XR- WMQ,/2 p2 MQi #22M HHQIii2/iQ Mv 72 bB#H2 bHQi /m BM; i?
BMBIiB Hb+?2/mH2 # b2/ QM i?2 p2° ;2 irQ@ QT NW2B ;2#iQ 2bQHND2@IR T>RI2B ; ?#Q°
2 +?2 Qi?2 r?2 2xp BIQM2Bi?2° QM2@7?QT M2B;?#Q MQ ixQ@2R TGKi2M b? Hh® mME2 M
i? 11?2 MQ/2 bibi "ibi?2 bHQIi HHQIK2Mi T Qk-2/mB®Z M/iBRQHRIQi?2 BM7Q K iB(
bm+? b Q' B;BM iBM; MQ/2-b + B}+2/ BMi2 'K2/B i2 MQ/2- ?QT +QmMi- "2[m2bi2
(X1;%X1;0;k;t) BM i?22 p2+i@7 # Q /+ bi i?Bb BM7Q K iBQM iQ Bib M2BR?# I DdDXp P2 M |
i?72 K2bb ;2 7°QX, MND//Zv i? i iBK2 B MQ/2H 2 /v bi "i2/ i?2 bHQi HHQIiK2Mi T Q-
i?72 bHQIiiiBKt2 r?2B+? Bb H ii® ii7?2M Bi biQ'2b BM7Q K iBQM bm+? b i?2 Q' B;BM iE
BMi2 K2/B i2 MQ/2-?QT +QmMi- "2[m2bi2/ bHQi(xz; {0 R [ BoN iiB R 2R+ KQB il
QrM 2M/X b T2 i?22T°QTQb2/ H;Q Bi?K- bBM+it2 BD2H26RBDPM iBKBbQ KF iBK2bi k
i MQk2- bQ i?2 biQ 2/ BM7Q K iBQW BM BD2nmpRH i QKq4i;&Q;1;k;t1) M/ #°Q [+ bi i?2
mT/ i2/ BM7Q 'K iBQM iQ Bitéh M2B;?#Q X >22-i?2 b + B}+2/ BMi2 K2kB i2 MQ/2
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M 1{+B2Mi .vM KB+ aHQi a+?2/mHBM; H;Q Bi?K 7Q  gaL J *, .Bbi B#mi2k9TT Q +?

45

Avérage 2-hop‘ neighbors e
40 Nodes remain unallotted |
Slots allotted to unallotted nodes

35

30

25

Value

20

15

10

100 200 500 1000
Number of nodes

6B; X 8XOKT 'BbQM Q7 MmK#2> Q7 p2 ;2irQ@7?QT M2B;?#Q b- MQ/2b '2K BM mM@ HHQii2/- bH(
rBi? p "vBM; MmK#2" Q7 MQ/2b mbBM; mMB7Q K * M/QK /Bbi'B#miBQM

80 :

Avérage 2-hop‘ neighbors oo
Nodes remain unallotted
70 Slots alloted to unalloted nodes

60

50

40

Value

30

20

10

45*45 40%40 30*30 25*25 15*15
Number of Grids

6B;X 8XQKT "BbQM Q7 MmK#2' Q7 p2 ;2 irQ@?QT M2B;?#Q b- MQ/2b 2K BM mM®@ HHQii2/- bH¢
rBi? p "'vBM; MmK#2" Q7 ;"B/b rBi? 2 9Ny 9Ny M/ MmK#2® Q7 MQ/2b Ryyy mbBM; _ M/QKBb2/ :"B/

80

Avérage 2-hop‘ neighbors T
Nodes remain unallotted
70 Slots alloted to unalloted nodes

60

50

40

Value

30

20

10

50 100 200 500 1000
Number of nodes

6B:X 8X@KT "BbQM Q7 MmK#2> Q7 p2 ;2 irQ@?QT M2B;?#Q b- MQ/2b ‘2K BM mM@ HHQii2/- bH
rBi? p "VBM; MmK#2° Q7 MQ/2b mbBM; _ M/QKBb2/ : B/



k99 JMb_ MDMG2MF - KmHv _ iM ar BM

IM H b+?22/mH2X h?2 H;Q Bi?K Bb i2bi2/ BM KmHiBTH2 2MpB QMK2Mib HBF2 }
MMB7Q K > M/QK /Bbi"B#miBQM b r2HH b i?2 "  M/QKBb2/ :'B/ iQ 2Mbm 2 Bidb -
T'QTQb2/ H:Q Bi?K ? b #22M +QKT "2/ rBi? >.aa-._L.- M/ _.@h.J # b2/ QM i?
h?2 +QKT "BbQM +H2 "Hv b?2Qrbi? iQm’> H;Q ' Bi?K QmiT2 7Q Kb Qi?2 b BM i2 K
iQ i?2}M H 72 bB#H2 b+?22/mH2- r?B+? mHiBK i2Hv "2/m+2b i?2 H i2M+v M/ Hb
i MbKBbbBQMX h?2 T2'7Q°K M+2 Q7 i?2 T'QTQb2/ H;Q Bi?K Bb bim/B2/ BM
+?2 MM2HX AM i?2 7mim 2-r2 rBHH 7m i?2" 2ti2M/i?Bb H;Q Bi?KiQ rQ ' FBM 2
i MbKBbbBQM Bb MQBbv BM M im 2X

_161_1L*1a

(RaX *X 1°;2M M/ SX o-SRlv J *a, SQr2" 2{+B2Mi M/ /2H v r "2 K2/BmK ++2bb T'QiQ+QH 7Q" b2Mb
A111 h° Mb +iBQMb QM JQ#BH2 *QKTmiBM;- pQHX 8- MQX d- TTX Nky@Njy- kyyeX

(K)gX u2- CX >2B/2K MM- M/ .XNbAMRM;v@2{+B2Mi K + T'QiQ+QH 7Q" rB 2HRI2Mb2@ 6 B bM 2MMDmF 4
CQBMi *QM72°2M+2 Q7 i?2 A111 *QKTmi2® M/ *QKKmMB+ iBQMb aQ+B2iB2b- TTX R8ed@R8de-

(j)aX EmK ° M/ >X-BEBIR ;v 2{+B2Mi b+?2/mHBM; BM rB"2H2bb b2MbQ  M2irQ FA171Q " F¥22B®,BQHIX ; i’
d- TTX RRORY@RR9ke- kyRNX

(9)EX JQ'Bv K M/ uX w? WM2{+B2Mi /Bbi'B#mi2/ i/K K + T°QiQ+QH 7Q  H ";2@b+ H2 M/ ?B;?@/ i @
M2irQ=-FAd111 kNi? AMi2™M iBQM H *QM72°'2M+2 QM /p M+2/ AM7Q K iBQM L2irQ"FBM; M/ TTH

(8) X ?K / M/wX > MxHBBi"B#mi2/ 2 HiBK2i/K b+?2/mHBM; H;Q Bi?KKYQ?IAB2iqQr QA QQWI;b Rikbb -
PQHX 8y- MQX R- TTX 8Nke@8Njj- kyRdX

(e) X 2K/ M/ wX > MXHRIF2M2 ;v 2{+B2Mi b+?22/mH2 7Q" B222 3ykXR8X9fxB;#22 +Hmbi2" i'22 rbM
/QK BMb M/ T2'BQ/ + QbbB-M§ 1IAMBiMBMiBQMb QM AM/mbi'B H AM7Q K iB+b- pQHX R9- MQX

(d)IX _X G2MF - X _X ar BM- M/ JX-LEBbd ' B@@i2/ bHQi b+?2/mHBM; H;Q 'Bi?K 7Q" ?v# B/ +bK fi/K K
b2MbQ  M2ir@1ER AMi2 M iBQM H *QM72 2M+2 QM L2irQ FBM;- “+?Bi2+im 2 M/ aiQ ;2 UL aV

(3)JJX _X G2MF - X _X ar BM- M/ "X-SRVU#VBF # b2/ /IBbi'B#mi2/ bHQi b+?2/mHBM; -TOQ@ W AQ@Q 7rbM K
*QKKmMB+ iBQMb aQ7ir "2 M/ avbi2Kb- pQHX R8- MQX k- TTX RyYN@RRd- kyRNX

(N)X "2 iB M/ _X*X> Mb//®ilK , S M/QKBx2/ /IBbi'B#mi2/ i/K b+?2/mHBM; 7Q" +Q "2K3i2/ +QMi2M
AMi2 M iBQM H *QM72°2M+2 QM /p M+2/ AM7Q K iBQM L2irQ ' FBM; M/ TTHB+ iBQMb qQ Fb?¢(

(Ry)X ?K / M/ wX > Mx HMF2M2 ;v@2{+B2Mi /Bbi ' B#mi2/ i/K b+?2/mHBM; H;Q Bi?K 7Q-" xB;#22@
*Jh Mb +iBQMb QM a2MbQ  L2irQ Fb- pQHX Re- MQX R- TTX j,R@j,9R- KyRNX

(RR)X a2p2'BMQ-LX S2°2B" - MiWMMhQB+ +HmMbi2® b+?2/mHBM; 7Q - Remb AU 1@ 2iebMbiBQM H avK(
TQbBMK QM P#D2+if+QKTQM2Mifb2 pB+2@Q ' B2Mi2/ _2 H@iBK2 /Bbi'B#mi2/ *QKTmiBM; UAaP

(RKEX GQM;- JX .QM;- EX Pi - M{ XZ2BmMi/K b+?2/mHBM; H;Q'Bi?K 7Q° T'QHQM;BM; HB72iBK2 B
M2irQ=FAd111 avbi2Kb CQm™ M H- pQHX RR- MQX k- TTX 3e3@3dd- kyRdX

(Rj)AX _?222- X q 'B2'- CX JBM- -M/ /X sBbi'B#mi2/ ° M/QKBx2/ i/K b+?2/mHBM; 7Q" rB:2H2bb [ ?
A111 h® Mb +iBQMb QM JQ#BH2 *QKTmiBM;- pQHX 3- MQX Ry- TTX Rj39@RjNe- kyyNX

(ROYX u2- CX >2B/2K MM- M/ .X NIbAMRVM;v@2{+B2Mi J * T'QiQ+QH 7Q  rB 2H2A1 B2 MKQQ MQKQTFIKX
R8ed@R8de- kyykX

(R83X GB- .X ZB M- uX GBm- M/ CXBPQMBbi B#mi2/ ° M/QKBx2/ h.J b+?2/mHBM; 7Q" +Hmbi2 2/ rk
M2irQFAMi2 M iBQM H *QM72'2M+2 QM B '2H2bb *QKKmMB+ iBQMb- L2irQ " FBM; M/ JQ#BH
kyydX

(Re®3X .Q#bH r- hX w? M;- M/ IX -BIMM@MQ@1M/ "2HB #BHBiv@ r "2 b+?2/mHBM; 7Q ABI2H2bb b2l
h> Mb +iBQMb QM AM/mbi'B H AM7Q K iB+b- pQHX Rk- MQX k- TTX d83@ded- kyReX

(Rd)X u M;-uX sm->X g M;- hX w?22M;- >X w? M;- M} DHBBMHKEMI Q7 b2;K2Mi2/ bHQib 2M #HBM; "2H|
iBK2 i MbKBbbBQM BM BM/mbi'B H rB'2A2bb b2MbQriBIQM® M AM/mbi'B H 1H2+i"QMB+b- pQ
jNee@jNdd- kyR8X

(R3yX g M; M/AX >2MMBRMZ KBMBbiB+ /Bbi'B#mi2/ h.J b+?2/mHBM; H;Q Bi?K 7Q AMNBI'Z2HR bBGR@MbQ"
*QM72°2M+2 QM qB 2H2bb *QKKmMB+ iBQMb- L2irQ ' FBM; M/ JQ#BH2 *QKTmiBM;- TTX kd8N@

(RNAX aH K - "X CQm #2'- M/ . X wBBRQIBv@# b2/ ?2v#'B/ J *7Q  2M2 ;v 2{+B2M+v BM rB'2H2bb b~
gB 2H2bb a2MbQ  L2irQ F- pQHX k- MQX Ry- TTX d88@ded- kyRyX

(kyAX _?22- X q 'B2-JX B -CX JBM- M/-W@aB%?BAB# B/ J * 7Q  rB 2H2bb b2MbAQL1MRFIQ Fb
h® Mb +iBQMb QM L2irQ ' FBM;- pQHX Re- MQX j- TTX 8RR@8k9- kyy3X

(KRRX w?mQ- uX aQM;- M/ wW2m@mi2@J *, [m2m2@H2M;i? r 2 2v# B/ *aJ fh.J J * T'QiQ+QH 7Q" T
/VvM KB+ / Ti iBQM iQ i® {+ M/ /miv@+v+H2 p 'B iBQM BM-rBi'2 420t BMIDQN MBLMH$Q Fb?QT
6 +iQ'v *QKKmMB+ iBQM avbi2Kbc TTX Ry8@RR9- kyRkX

(kkCX PHH2 - AX .2KB'FQH-CX * b /2KQMi-CX S " /2HHb- : X->KKi-B W 6XK2IBEMIHBi+? 7°QK /miv@ +v+
J*T'QiQ+QHb iQr F2@mT " /BQ 7Q  rB 2H2bA1M2NM BQ hMRIib GiBIQMb QM L2irQ " FBM;- pQHX k9-
TTX ed9@e3d- kyReX

(kj)uX GB- sX w? M;- CX w2M;- uX q M- MBbEXB¥mi2/ h.J a+?2/mHBM; H;Q Bi?K " b2/ QM 1M2 ;v@l
6 +iQ° BM AMi2 'M2i QF1IHABM+R2bb- pQHX 8- TTX Ryd8d@Ryde3- kyRdX

(k9AX aH K - "X a?'2bi? - "X CQm #2 - . X w2;?H +?2-LM7,hBHi"BZmi2/ M2B;?#Q ?QQ/ BM7Q K iBQ



M 1{+B2Mi .vM KB+ aHQi a+?2/mHBM; H;Q Bi?K 7Q  gaL J *, .Bbi'B#mi2k9BT Q +?

h.J b+?2/mHBM; 7Q  rB'2H2bb b2MBI® AMAiT @2PB+mH ~ h2+?MQHQ;v *QM72 2M+2- kyy3X

(k8CX G22 M/ aXh2Q h.J J* H;Q Bi?KIbBM; hBK2 M/ 6'2[m2M+v aHQi HHQ+ iBQMgBEH2BP@" b2/
S2°bQM H *QKKmMB+ iBQMb- pQHX N8- MQX j- TTX k8d8@k8Nd- kyRdX

(kenX . MK M22- EX L FQ'M- M/ EX _QDpB@IQOM+2mBiv@*v+H2 J * S'QiQ+QH 7Q° AMi2 M2i Q7 h?B
qB 2H2bb a2MbQ  LBir@bFBiBQMb QM 1H2+i'B+ H 1M;BM22 BM;- 1H2+i ' QMB+b- M/ *QKKmMB +
jy@9j- kyR3X

(kd)Y bi HB bBKmMH iQ> 7Q  rB'2H2bb-PAMbhfI+ MR2IHB KMT+XMB+i X+QKX mfT/7bf* bi HB 1b2° J Mm

(k3Y+k9ky / i b?222iiT,ffrrrXbi M7Q /X2/mf+H bbf+bk992fT T2 bf++k9kyXT/7X

(KNh2HQb# / i b2220,ffrrrXt#QrX+QKfS ' Q/m+ibfS ' Q/m+i T/7 }H2bfqB 2H2bb T/7fh2HQb" . i b?22iXT/

1/Bi2/ #3¥X oBD v
_2+2Bp2H4 Ry- kyRN
++2Ti2/,v KR- kyky






e
.. a+ H #H2 *QKTmiBM;, S° +iB+2 M/ 1tT2 B2M?idT, fAara X RRBSTNX@DRded -
Ukyky a*S1X 0OQHMK2 kR- Abbm2 k- TTX k9d kej- .PA RyXRkeN9,fb+"-

_h16 *ha _1JPo G 6_PJ 1*: aA:L G, . :PL6Gu PShAJAw hAPL@" al.
Gl LAL: G:P_Ah>J6P_L1l_ G L1hgqP _E@1L> L*1. . ShAol
6AGh1_AL:

h G " hhlG oAaqlL .>1J L. S _Cla> EIJ _V

#bi® +iX1H2+i'Q+ /BQ; K U1*:V 'i27 +i "2KQp H Bb i?2 K DQ" "2b2 “+? iQTB+ b i?22 Tm 2 1*: bE
T iQ7 /B ;MQbBM; ?2 i@ 2H i2/ T"Q#H2KbX 1*: bB;M Hb "2 ?B;?Hv T'"QKBM2Mi iQ i?2 BMi2 " +iBC
1H2+i"QKvQ;" T?v U1J:V- 1H2+i"Q2M+2T? HQ;  T?v U11:V- M/ 1H2+i'QQ+mHQ;" T?v U1P:V bB;M H
Q++m'b ii?2 iBK2 Q7 "2+Q'/BM;X h?2 '2KQp H Q7 i?2 'i27 +ib 7°QK i?2 1*: bB;M H Bb ?22+iB+ -
H;Q Bi?K Bb T°QTQb2/ BM i?Bb rQ"FX h?2 T'QTQb2/ K2i?Q/ miBHBx2b i?2 / TiBp2 }Hi2  i2 K2/ b
G2p2M#2°;J '[m2°2iH2 "MBM; H;Q Bi?KV .GJ@# b2/ LQMHBM2 ° miQ '2;'2bbBp2rBi? 2sQ;2MQmb B
i?72 "2KQp H Q7 i?2 "i27 +ib 7°QK i?2 1*: bB;M HbX PM+2 i?2 "i27 +i bB;M H Bb B/2MiB}2/ mbBM; i?
bB;M HBb bm#i® +i2/ 7°QK i?2 T°'BK "vbB;M Hi? iBb+QKTQb2/ Q7 i?21*: bB;M H M/i?2 "i27 +ibi?’
T Q+2/m 2X h?2 +H2 M bB;M H i?mb Q#i BM2/ Bb mb2/ 7Q" 2z2+iBp2 /B ;MQbBb Tm TQb2b- M/ i?2
i?2 2z2+iBp2M2bb Q7 i?2 T'QTQb2/ K2i?Q/ T'Qp2b i? i i?2 T°QTQb2/ K2i?Q/ Q#i BM2/ K tBKmK aB
8kX3d3N /"~ KBMBKMmMK 2''Q"° Q7 yXR3jk- M/ KBMBKmMK 2°°Q" Q7 yX9k3X

E2v rQ /b1*: “i27 +i 2KQp H- .  :QM~v QTiBKBxX iBQM- GJ H;Q Bi?K-L _s M2m" H M2irQ F- / Ti

RX AMi"Q/m+iB@MXHQi Q7 i2+?MB+ H /p M+2b- i?2 T2QTH2 Q7 i?2 rQ H/ "2
/IBb2 b2b- KQM; r?B+?i?2 + /BQp b+mH "~ /Bb2 b2b "2 KQbi +QKKQMHv p BH #H
T'Q+2bb Q7 i'2 iK2Mi M/ /B ;MQbBb Q7 + "/BQp b+mH " /Bb2 b2 M22/b +QMiBMm
#mi /m2 iQ i?2 BM+°2 b2 BM i?2 MmK#2> Q7 T iB2Mib- Bi Bb iQm;? i bFiQ mM/2°
T iB2Mib i? i BKTQb2b i?2 M22/ 7Q° "2KQi2 ?2 Hi? KQMBIiQ 'BM;X h?2 "2KQi2 ?2 t
BKTQ'i M+2i? iBMpQHpP2bi?2 T ' Q+2bb Q7 KQMBIiQ 'BM;i?21*: bB;M HbQ7i?2T

KQ#BH2 /2pB+2 BM i?2 T iB2Miob #Q/v /m"BM; i?2 MQ'K H/ viQ /v +iBpBiv Q
;D T?2 0?2 0 72T °2b2Mib i?2 2H2+i'B+ H +QM/m+iBM; bvbi2K Q7 i?2 ?2KoiMiHB2b B
# M/rB/i? > M;2 Q7 yXy8 >x iQ Rk8 >x (R)X h?mb-1*: +QMbBbib Q7 i?°22r p2b- M
rp2 HQM; rBi? Z_a +QKTH2t- M/ i?2b2 "2 mb2/7Q /B ;MQbBM; i?72 + /B + /Bl
HQi Q7 /p Mi ;2b MQi QMHvV BM /B ;MQbBM; i?2 + /B + /Bb2 b2b #mi HbQ BM i 2
r2 #H2 T?vbBQHQ;B+ HKQMBIQ™ M/ BM +?2+FBM; i?2 2{+B2M+v Q7 i?2i?2  T2r
Bbi? ii?2 1*: bB;M Hb "2 z2+i2/ #vi?2 T 2b2M+2 Q7 MQBb2-bm+? b TQr2 HBM
2H2+i"QKvQ; K2z2+ib- M/ # b2HBM2 /"B7irBi? "2bTB™ iBQM (j)X

h?2 1*: bB;M H Bb z2+i2/ #v p BQmb FBM/b Q7 "i27 +ib i i?2 iBK2 Q7 i?2
iKQbT?2'2X h?2 "i27 +ibi? i z2+ii?2 1*: BMi?2 +HBMB+ H iKQbT?2 2 BM+Hm
TQr2 " @HBM2 BMi2°72°2M+2 USGAV- Kmb+H2 "iB7 +ib UJ V- M/ KQiBQM "iB7 -
i?72 1*: /m"BM; i?72 iBK2 Q7 i?2 "2+Q°/BM; (R) M/ i?2p "BQmb MQBb2b T '2b2Mi B!
T Q+2/m 2b-r?B+? TQb2b i?2 M2+2bbBiv7Q " b2T " iBQM Q7 i?21*: bB;M Hb 7°Q
Tm TQb2 Q7 bBKTH2 BMi2 T 2i iBQM (R3)X h?2 i27 +ib? p2 HQi Q7 BKT +i QM |
Q7 i?2 1*: bB;M H- M/ /2;° /[2i?2 7°2[m2M+v "2bQHmMiBQM M/- BM im M- ;2M2" i
1*:i? i TT2 "bHBF2i?2SZ_ahr p27Q ' KbX JQ '2Qp2 -i?2 "i27 +ib?B/2i?2 iBMv
7Q° /B ;MQbBb M/ +HBMB+ HKQMBiIiQ BM;X h?2 K BM Q#D2+iBp2 Bb "2; "/IBM; i?:
M "i27 +i@7°221*:7Q T QT2 /B ;MQbBbX h?2 K BM T Q#H2K Bb "2; "/IBM; i?2k

/Biv AMbiBimi2 Q7 h2+?MQHQ;v M/ J M ;2K2Mi- h2FF HB- E EQiim m- MIi?H #Siim2b? 8jkkyR
pBbr M /? K!;K BUX+QK
Y M/? IMBp2'bBiv +QHH2;2 Q7 2M;BM22'BM; oBb F? T iM K- M/?° S /2b?- 8jyyyj- AM/B

k9d



e
.. a+ H #H2 *QKTmiBM;, S° +iB+2 M/ 1tT2 B2M?idT, fAara X RRBSTNX@DRded -
Ukyky a*S1X 0OQHMK2 kR- Abbm2 k- TTX k9d kej- .PA RyXRkeN9,fb+"-

_h16 *ha _1JPo G 6_PJ 1*: aA:L G, . :PL6Gu PShAJAw hAPL@" al.
Gl LAL: G:P_Ah>J6P_L1l_ G L1hgqP _E@1L> L*1. . ShAol
6AGh1_AL:

h G " hhlG oAaqlL .>1J L. S _Cla> EIJ _V

#bi® +iX1H2+i'Q+ /BQ; K U1*:V 'i27 +i "2KQp H Bb i?2 K DQ" "2b2 “+? iQTB+ b i?22 Tm 2 1*: bE
T iQ7 /B ;MQbBM; ?2 i@ 2H i2/ T"Q#H2KbX 1*: bB;M Hb "2 ?B;?Hv T'"QKBM2Mi iQ i?2 BMi2 " +iBC
1H2+i"QKvQ;" T?v U1J:V- 1H2+i"Q2M+2T? HQ;  T?v U11:V- M/ 1H2+i'QQ+mHQ;" T?v U1P:V bB;M H
Q++m'b ii?2 iBK2 Q7 "2+Q'/BM;X h?2 '2KQp H Q7 i?2 'i27 +ib 7°QK i?2 1*: bB;M H Bb ?22+iB+ -
H;Q Bi?K Bb T°QTQb2/ BM i?Bb rQ"FX h?2 T'QTQb2/ K2i?Q/ miBHBx2b i?2 / TiBp2 }Hi2  i2 K2/ b
G2p2M#2°;J '[m2°2iH2 "MBM; H;Q Bi?KV .GJ@# b2/ LQMHBM2 ° miQ '2;'2bbBp2rBi? 2sQ;2MQmb B
i?72 "2KQp H Q7 i?2 "i27 +ib 7°QK i?2 1*: bB;M HbX PM+2 i?2 "i27 +i bB;M H Bb B/2MiB}2/ mbBM; i?
bB;M HBb bm#i® +i2/ 7°QK i?2 T°'BK "vbB;M Hi? iBb+QKTQb2/ Q7 i?21*: bB;M H M/i?2 "i27 +ibi?’
T Q+2/m 2X h?2 +H2 M bB;M H i?mb Q#i BM2/ Bb mb2/ 7Q" 2z2+iBp2 /B ;MQbBb Tm TQb2b- M/ i?2
i?2 2z2+iBp2M2bb Q7 i?2 T'QTQb2/ K2i?Q/ T'Qp2b i? i i?2 T°QTQb2/ K2i?Q/ Q#i BM2/ K tBKmK aB
8kX3d3N /"~ KBMBKMmMK 2''Q"° Q7 yXR3jk- M/ KBMBKmMK 2°°Q" Q7 yX9k3X

E2v rQ /b1*: “i27 +i 2KQp H- .  :QM~v QTiBKBxX iBQM- GJ H;Q Bi?K-L _s M2m" H M2irQ F- / Ti

RX AMi"Q/m+iB@MXHQi Q7 i2+?MB+ H /p M+2b- i?2 T2QTH2 Q7 i?2 rQ H/ "2
/IBb2 b2b- KQM; r?B+?i?2 + /BQp b+mH "~ /Bb2 b2b "2 KQbi +QKKQMHv p BH #H
T'Q+2bb Q7 i'2 iK2Mi M/ /B ;MQbBb Q7 + "/BQp b+mH " /Bb2 b2 M22/b +QMiBMm
#mi /m2 iQ i?2 BM+°2 b2 BM i?2 MmK#2> Q7 T iB2Mib- Bi Bb iQm;? i bFiQ mM/2°
T iB2Mib i? i BKTQb2b i?2 M22/ 7Q° "2KQi2 ?2 Hi? KQMBIiQ 'BM;X h?2 "2KQi2 ?2 t
BKTQ'i M+2i? iBMpQHpP2bi?2 T ' Q+2bb Q7 KQMBIiQ 'BM;i?21*: bB;M HbQ7i?2T

KQ#BH2 /2pB+2 BM i?2 T iB2Miob #Q/v /m"BM; i?2 MQ'K H/ viQ /v +iBpBiv Q
;D T?2 0?2 0 72T °2b2Mib i?2 2H2+i'B+ H +QM/m+iBM; bvbi2K Q7 i?2 ?2KoiMiHB2b B
# M/rB/i? > M;2 Q7 yXy8 >x iQ Rk8 >x (R)X h?mb-1*: +QMbBbib Q7 i?°22r p2b- M
rp2 HQM; rBi? Z_a +QKTH2t- M/ i?2b2 "2 mb2/7Q /B ;MQbBM; i?72 + /B + /Bl
HQi Q7 /p Mi ;2b MQi QMHvV BM /B ;MQbBM; i?2 + /B + /Bb2 b2b #mi HbQ BM i 2
r2 #H2 T?vbBQHQ;B+ HKQMBIQ™ M/ BM +?2+FBM; i?2 2{+B2M+v Q7 i?2i?2  T2r
Bbi? ii?2 1*: bB;M Hb "2 z2+i2/ #vi?2 T 2b2M+2 Q7 MQBb2-bm+? b TQr2 HBM
2H2+i"QKvQ; K2z2+ib- M/ # b2HBM2 /"B7irBi? "2bTB™ iBQM (j)X

h?2 1*: bB;M H Bb z2+i2/ #v p BQmb FBM/b Q7 "i27 +ib i i?2 iBK2 Q7 i?2
iKQbT?2'2X h?2 "i27 +ibi? i z2+ii?2 1*: BMi?2 +HBMB+ H iKQbT?2 2 BM+Hm
TQr2 " @HBM2 BMi2°72°2M+2 USGAV- Kmb+H2 "iB7 +ib UJ V- M/ KQiBQM "iB7 -
i?72 1*: /m"BM; i?72 iBK2 Q7 i?2 "2+Q°/BM; (R) M/ i?2p "BQmb MQBb2b T '2b2Mi B!
T Q+2/m 2b-r?B+? TQb2b i?2 M2+2bbBiv7Q " b2T " iBQM Q7 i?21*: bB;M Hb 7°Q
Tm TQb2 Q7 bBKTH2 BMi2 T 2i iBQM (R3)X h?2 i27 +ib? p2 HQi Q7 BKT +i QM |
Q7 i?2 1*: bB;M H- M/ /2;° /[2i?2 7°2[m2M+v "2bQHmMiBQM M/- BM im M- ;2M2" i
1*:i? i TT2 "bHBF2i?2SZ_ahr p27Q ' KbX JQ '2Qp2 -i?2 "i27 +ib?B/2i?2 iBMv
7Q° /B ;MQbBb M/ +HBMB+ HKQMBiIiQ BM;X h?2 K BM Q#D2+iBp2 Bb "2; "/IBM; i?:
M "i27 +i@7°221*:7Q T QT2 /B ;MQbBbX h?2 K BM T Q#H2K Bb "2; "/IBM; i?2k

/Biv AMbiBimi2 Q7 h2+?MQHQ;v M/ J M ;2K2Mi- h2FF HB- E EQiim m- MIi?H #Siim2b? 8jkkyR
pBbr M /? K!;K BUX+QK
Y M/? IMBp2'bBiv +QHH2;2 Q7 2M;BM22'BM; oBb F? T iM K- M/?° S /2b?- 8jyyyj- AM/B

k9d



k93 hH#iimH oBbr M /? K-S _ D2b? EmK °

1*: bB;M Hb 7" QK i?2 "2+Q /2/1*:i? i Bb z2+i2/ #vi?2# +F;"QmM/ MQBb2 (9)X h
T 2/B+i #H2 /IB°2+iBQM- /m” iBQM- M/ KTHBIim/2 Q7 i?2 +? ~ +i2 ' BbiB+r p2b-
MQ KHQ #MQ K H #v bb2bbBM; i?2 1*: (R)X h?2 1*: rBi? i?2 "i27 +ib + M #2
2tT2 ' B2M+2/ + "/BQHQ;Bbi- #mi i?2 1*: M Hvx2 + M vB2H/ #2ii2° ++m’ +vX >Q
7°QKi?2 1*: bB;M H2M #H2b ++m’ i2 M/ bBKTH2 BMi2 T 2i iBQM (k)X

h?2 "2KQp HQ7 MQBb2 7' QK i?2 1*: bB;M HBb T2 '7Q K2/ mbBM; MmK#2" Q7
mb2 Mv Q7 i?2i2+?MB[m2b-M K2Hv bT iB HQ i2KTQ H p2 ;BM;i2+?MB[m2bX

M/QK M/ bi iBQM “v- M/ i?2 MQBb2 "2/ m+iBQM mbBM; i?2 i2KTQ  H p2" ;BM; E
Q #2 ib (N)- M/ i?Bb K2i?Q/ M22/b MmK#2 Q7 i?2 iBK2 7" K2b 7Q" i?2 "2/m+iB
iBK2-i?2 bT iB H p2° ;BM; K2i?7Q/ bmz2 b 7' QK i?72 T'Q#H2K Q7 TH +BM; MmK
T?vbB+ HTQbBIiBQMX HQM; rBi? i?72 HBM2 " MQBb2 }Hi2 'BM; K2i?Q/-i?2 [/ TiBj
7Q b2T " iBM; M/ B/2MiB7vBM; i?2 +QKTQM2Mir p2b Q7i?21*: 7' QKi?2 MQBbv 1
BbbvM+? QMBx2/rBi?i?2T2 ' BQ/Q7i?2bB;M H7Q ;2M2" iBM;i?2[m bB@T2 BQ
Qi?2° K2i?Q/b 7Q" 1*: "i27 +i "2KQp H "2 i?2 bm#bT +2 Qi iBQMb- M2m™ H M2ir
(e)X 1Mb2K#H2 p2° ;BM; Ul V Bb i?2 Qi?2° 7 KBHB ~ K2i?Q/ i? i 2ti~ +ib i?2 "2]
MQBbv 1*: bB;M Hi? i p2° ;2b i?2 #2 ib #mi HQb2b i?2 bB;MB}+ Mip "B iBQMb C
+v+H2 /Im2 iQ i?2 p2 ;BM; T'Q+2/m 2 (Ry) (R9)X h?2 QTiBKBx iBQM i2+?MB[m2]|
127 +i "2KQp HX

h?Bb T T2 T°QTQb2b MQp2H H;Q Bi?K7Q i° BMBM; i?2L _sM2m™ HM2irQ" |
.GJ QTiBKBx iBQM@# b2/ H;Q Bi?KX h?2 K BM BMi2MiBQM Q7 i?2 T T2 BbiQ "
1*: bB;M H7Q i?2 2z2+iBp2 /B ;MQbBb Q7 + /B + /Bb2 b2b M/ Qi?2" "2H i2/ T C
127 +i+ M+2H iBQM bi® i2;vi? i Bb# b2/ QM i?2 / TiBp2 bm#i° +iBQM T ' Q+2/m
Bb }Hi2 2/ mbBM; i?2 / TiBp2 }Hi2> M/ bm#i> +i2/ 7°QK i?2 "i27 +i 1*;: bB;M H>
i?72L _sM2m™ H M2irQ'Fi? i mb2bi?2 .GJ QTiBKBx iBQM H;Q Bi?K 7Q  imMBM;
M/ i?2 2z22+iBp2 imMBM; Bb # Qm;?i #Qmi mbBM; i?72 T°QTQb2/ H;Q Bi?KX h?:
M2irQ ' F 2z2+iBp2Hv # b2/ QM i?2r2B;?ibi? i+Q 2bTQM/iQi?2 KBMBKmK p Hm2
K2i?Q/ Q7 "i27 +i " 2KQp Hbi M/b b M2z2+iBp2T ' Q+2/m " 2BM 2HBKBM iBM; i?2
M/ 1P:X

h?2 K BM +QMi'B#miBQM Q7 i?2 T T2 Bb i?2 .GJ QTiBKBx iBQM H;Q Bi?K-r
r2B;?i 7Q° imMBM; i?2 L _s M2m™ H M2irQ ' Fi? ib2 p2b b M / TiBp2 }Hi2" BM "
i?72 1*: bB;M HX .GJBbi?2 BMi2;" iBQM Q7 i?72 GJ M/ . ;QM~v QTiBKBx iBQM H

h?2 Q°; MBx iBQM Q7 i?2 T T2 Bb, a2+iBQM R BMi"Q/m+2b i?2 T T2 - M/ b2
rQ"Fb rBi? i?2 +? HH2M;2bX h?2 T°'QTQb2/ K2i?Q/ Bb BMi"Q/m+2/ M/ /2b+ B#2/
T'2b2Mib i?2 "2bmHib M/ /Bb+mbbBQM Q7 i?2T T2 - M/ b2+iBQM 8 +QM+HmM/2b

kX GBi2° im 2 _2pB2rX

KXRX L _sL2m™ H L2irQ ¥ X K MB 2i HX (kN) BMi"Q/m+2/ KmHIiB@bi2T 2?2
T°2/B+iQ  7Q /i # b2 [m2°'B2b /2T2M/b QM MQMHBM2 ° miQ '2;'2bbBp2 M2m"
BMTmibX h?2 2tT2"BK2Mi iBQM r b T2 ' 7Q K2/ iQ M Hvx2 i?2 T2 7Q°'K M+2 Q7 i?

JvazZzG@hb2 p2°X wBM "Qmbb / 2i HX (jy) /2p2HQT2/ ~ +2 b BH#Q i mbBM; 2t
T 2/B+i2/i?2 /B'2+ibQH ~ " /B iBQM QM ?2Q'BxQMi Hbm 7 +2 mbBM; L _s M2n
"2bmHib ? p2 b?QrMi? ii?2 T 2/B+iBQM T2 ' 7Q 'K M+2r b #2bir?2M i?2i° BMBM;
T2 '7Q°K2/ i 2;mH ~BMi2 p HbX

1m:;2M .B +QM2b+m (jR) i2bi2/ i?2 T2 7Q 'K M+2 Q7 i?2 T '2/B+iBQM 7Q" /Bp2
/IvM KB+ "2+m "2Mi M2m™ H M2irQ'F U_LLVX h?2 mi?Q" miBHBx2/ +QMp2MiBQN
BM/B+ iBQMb iQ K F2 2{+B2Mi i?2 T'Q+2bb Q7 T 2/B+iBQM +? QiB+ iBK2 b2°'B2
BMi"Q/m+2/ M 1*: K2 bm 'BM; 2tT2 BK2Mi i b2p2M +mTQBMib Q7 i?2 S2°'B+ "/Bn
ii BMi?72 K2°'B/B M BM7Q 'K iBQM i° MbKBbbBQM /i X >272- L _s M2irQ'Fr bn
BM7Q 'K iBQM i° MbKBbbBQM bvbi2KX

kXkX "i27 +i "2KQp H BM 1*>BB2M2BX?i "2b2 "+? rQ"Fb BM "i27 +i "2KQp H B
"2 /Bb+mbb2/X av2/ M b AKiB x 2i HX h?2 T T2 (R) TTQTQb2/ K2i?Q/ 7Q" i?2



“i27 +ib _2KQp H 7°QK 1*: aB;M H, .” ;QM~v PTiBKBx iBQM@# b2/ G2 "MB®N H:Q Bi?

mbBM; i?2 miQK iB+ "i27 +i B/2MiB}+ iBQM H;Q Bi?K i? i Bb # b2/ QM i?°22 T
BMi2 T 2i iBQM [m HBiv- M/ +QKTmi iBQM H +QKTH2tBiv iQ }M/ i?2 #bQHmi2 #
K2/B+ HT ' Q72bbBQM HbBM /B ;MQbBbX h?2 K2i?Q/ T QpB/2b "2HB #H2/ i - #mi
i1 Q++m> b "2bmHIi Q7 #°2 i?BM; BMi2 " mTib i?2 BM+QKBM; r p27Q°"K H2 /BM
iQ 2+iB7vi?2 bB;M HX KBi EmK ~ M/ J M/22T aBM;? (k) TTQTQb2/ K2i?Q/ a?Q
Uah6hV 7Q i?2/2+QKTQbBIiBQM Q7 i?2 "i27 +ib7 QK i?21*:bB;M Hi? " Qm;?i?2C(
i?mb- bmbi BMBM; i?2 /B ;MQbiB+ BM7Q K iBQMX h?2 K2i?Q/Bb ?B;?Hv "Q#mbi
7°QK i?2 MQBbv T?vbBQHQ;B+ H M/ MQM@bi iBQM v 1*: aB;M Hb- #mi i?2 K2i?
J2 Ma[m "2 .Bz2'2M+2 US_.VX a?BM;@>QM; GBm 2i HX (j) T°'QTQb2/ K2i?Q/ 71
i? i BMBiB HHv +QKTmi2bi?2 ++2H2  iBQMbB;M HQ7i?2pB#" iBQM mbBM; M +
BMi?2 / TiBp2}Hi2°"X 6BM HHv-i?2 G2 biJ2 Ma[m "2UGJaV H;Q Bi?KBb 2KTHC
r2B;?i Q7 i?2 }Hi2 X h?2 K2i?Q/ TQbb2bb2b bi #H2 +QMp2 ;2M+2 B "2bT2+iBp2
T2'7Q°K M+2 Bb 7QmM/iQ /2;" /2 B7i?2 "2/mM/ Mi bB;M Hb M/ i?2 "272°2M+2 bB

Jm? KK /wB I _ ?K M2i HX (9) mb2/ M2{+B2MibB;M# b2/ MQ K HBx2/ / TiE
i iBQM HHv 2{+B2Mi / TiBp2 }Hi2'BM; i2+?MB[m2- M/ Bi TQbb2bb2b r2B;?2i mT/ i
7°QKi?21*:X h?2 K2i?Q/ 2{+B2MiHv "2KQp2bi?2 MQM@bi iBQM v MQBb2 #mi mb
1*: bvbi2KbX CBMb2QF G22 2i HX h?2 T T2 (8) T'2b2Mi2/ 2 H@iBK2 K2i?Q/ 7(
i27 +ib 7°QK i?2 1*: mbBM; i?2 1KTB'B+ HKQ/2 /2+QKTQbBIiBQM U1J.VX h?2"2
r2B+? i?2 }’bi QM2 mb2b }’bi@Q' /2" BMi'BMbB+ KQ/2 7TmM+iBQM UB6@AJ6V Q7 1
i?72i?°22 bi iBbiB+ HK2 bm™'2b QM i?2 6@AJ6 iBK2 b2'B2b 7Q° K2 bm ™ BM; i?2 +°
p B #BHBivX h?2 K2i?Q/ Qz2 bT QT2 "Q#mbiM2bb-#miBibmz2 b7 QK a2;K2Mi
*mTi2/ b2;K2Mi Bb MQi miBHBx2/ 7Q"i?2 i'B H6B# BHH iBQM U 6V /2i2+iBQM- r
/12;° 1 iBQMX

h B; M; >2 2i HX (e) mb2 i?2 AM/2T2M/2Mi +QKTQM2Mi M HvbBb UA* V 7Q°
Yi27 +ib 7°QK i?2 1*:6b- M/ i?2 /p Mi ;2b Q7 i?2 K2i?Q/ Bb i? ii?2 K2i?Q/ Qz2"°
M/ ?22M+2 TQi2MiB H 7Q° T°Q+2bbBM; i?2 1*: QMHBM2 mbBM; i?2 A* Bb #2ii2"-
127 +ib i? i T'QpB/2i?2 "i27 +im H/ i X h?2 K2i?Q/ 7 BH2/iQ "2KQp2i?2 "i27
2i HX (d) T°'QTQb2/ K2i?Q/ 7Q  }HiI2'BM; i?2 "i27 +ib 7°'QK 1*: mbBM; K2i?Q/
gBM/Qr@" b2/ .B;Bi H6BHi2'bX AMBIB HHv-i?2/B;Bi H}MBi2 BKTmHb2 "2bTQMb
}Hi2'b "2 /2bB;M2/ # b2/ QM i?2 "2+i M;mH “rBM/QrX h?2 /p Mi ;2 Bb i? ii?2 }Hi
mMr Mi2/ bB;M Hb M/ i?mb- KBMBKBx2b i?2 TQr2  HBM2 BMi2 72 ' 2M+2- #mi /Bb
}Hi2"BM; QmiTmi bB;M Hi? i;2M2" i2b "'BTTH2b /m2iQ i?2 mb ;2 Q7 “2+i M;mH °
/12bB;M2/ M 2M? M+2/ G2 bi K2 M@b[m "2 UGJaV K2i?Q/7Q  /2;" IBM; * "/IBQTmF
127 +ib + mbBM; "2HB #H2 /IBb+Qp2'v Q7 i?2 06 ?vi?K /m'BM; i?2 mMBMi2 " mT
K2i?Q/ "2/m+2b i?2 *S_ "i27 +ib 2z2+iBp2Hv 7' QK i?2 +Q " "mTi2/ 1*: bB;M H- #
2M? M+2/ GJa K2i?Q/ BbTQQ - M/ H ;2 KQmMi Q7 "2 H+Q "mTi2/ 1*: "2+Q" /b
i?72T2°7Q°K M+2X

kXjX *? HH2M;2bX

RX .m BM; i?2 Qp2 'H TTBM; Q7 i?2 bT2+i°" H +QMi2Mi rBi? i?2 1*:- i?2 alL_
}Hi2"BM;- #mi i?Bb /B;Bi H}Hi2'BM; BMD2+ib HBiiH2 /BbiQ ' iBQM BM i?2 ah
bBim iBQMb-i?2 b? T2 Q7 i?2 +QKTQM2Mir p2i? iBb T 2b2Mi BM i?2 MQB!
"2[mB 2K2Mi Bb mM/2 bi M/ i?2 iBK2 Q7 Q++m " "2M+2 M/ i?2 2t +ib? T2 Q7

kX h?2 }Hi2°b mb2/ 7Q" "2KQp HQ7 i?2 "i27 +ib 7°QK i?2 1*: bB;M H + mb2
Q7 10?2 +QKTQM2Mir p2b (e)- M/ i?2v "2 MQi bm++2bb7mHX JQ 2Qp2 - bC(
TQbb2bb rB/2 " M;2 Q7 i?2 7 2[m2M+v- M/ i?2v "2 M/ QK BM M im 2c i?m
BM 2HBKBM iBM; i?2 BMi2 ' 72°2M+2 r?BH2 Bi HB2b BM i?2 b K2 7°2[m2M+v °

jiX h?2 K DQ™ M/ bB;MB}+ Mi 72 im 2 "2; "/BM; i?2 1*: r p27Q K Bb i?2 Z_a +
T "iB+mH ~7°2[m2M+v # M/X h?2 "2H iBp2 TQr2 Q7 i?2r p2 '2[mB '2b bT2+
i?72 "2HB #BHBiv Q7 i?2 1*: r p27Q KX h?2 p Hm2 Q7 i?2 TaZA /2}M2b i?2 T
i?72 /i Q7 BMi2 2bi-r?B+? BM Qi?2  rQ ' /b-+ M #2 # B272/ bi?2 T 2b2M+2
BM/B+ i2bi?2 "2[mB 2// i BbT 2b2Mi Q  2Hb2i?2 "2[mB 2// i Bb KBbbBM;



k8y hH#iimH oBbr M /? K-S _ D2b? EmK °

#2 2M #H2/ b i?2 "i27 +ib + mb2/ b "2bmHi Q7 # 2 i?BM;- Kmb+H2 +QM|
KQIiBQM TQbb2bb 7°2[m2M+v Q7 8 >x (R)X

9X h?2 GJa / TiBp2 }Hi2°'BM; Bb mb2/ BM (9@3) 7Q i?2 /BbKBbb H Q7 i?2
M/ i?Bb K2i?Q/ Bb i?2 QH/ H;Q Bi?K i? imb2b i?2 T '2/2}M2/ 272 2M+2 bB
2{+B2MiHVX

8X h?2 KQMBIQ'BM; iQQHb M K2Hv- 1P:- 1J:- M/ 11: "2 BMpQHp2/ BM i?2 T°
iQ'BM; HQM; rBi?i?2 1*:i? i+ mb2bi?2 "?vi?KB+ "i27 +ibiQ #2 BM+HmM/2/
Q7 i?2 1*:X h?2 +QMiBMmMQmb KQMBiIQ'BM; T°Q+2bb + mb2b i?2 BMi2 72 21
bB;M Hb BM i?2 1*: bm+? i? ii?2 "2KQp HQ7 "i27 +ib 2K BMb i?2 #2ii2  r v

iX h?2 T°QTQb2/ K2i?2Q/ 7Q  i?2 1*: i27 +h?2KQbEM iQ "2KQp2 i?2 ‘i27 +ib
i?72 1*: bB;M Hb Bb T2 '7Q K2/ mbBM; i?2 M2rHv T°'QTQb2/ .GJ QTiBKBX iBQM@ # |
T T2 :Bp2b #' B27 /Bb+mbbBQM Q7 i?2 T °QTQb2/K2i?Q/ Q7 'i27 +i 2KQp H 7°Q
Q7 /p Mi :2b HBF2 M 2z2+iBp2 /B ;MQbBb Q7 + /B + /Bb2 b2b M/ ?2HTb i?2 T?v

JXRX _2KQp H Q7 "i27 +ib 7°'QK i?2 U*:BB;MWHD2Z+Q / Q7 i?2 2H2+i'B+ H +iBj
?22 'i- M/ /m"BM;i?2 "2+Q /BM; T'Q+2bb-i?2 "i27 +ib "2BM+HmM/2/ rBi?i?21*: b
2z22+ibQ7i?2Qi?2  bB;M Hb-bm+? b11l:-1P:- M/ 1J:i? iKv+'21i2 /p2'b22z2+i
+ /B +@ 2H i2//Bb2 b2bX AMQ /2 iQ Qp2 +QK2i?2 T Q#H2Kb + mb2/ #vi?2 "i2
/| TiBp2 MQBb2 + M+2H iBQM bi” i2;v(k9) 7Q i?2 "2KQp HQ7 i?2 "i27 +ib-bm+?
h?mb-iQ ;2i "B/ Q7 i?2 "i27 +ib mbBM; i?2 / TiBp2 MQBb2 + M+2H iBQM-i?2 + N
BMTmibX KQM; irQ Q7 i?2 BMTmib- QM2 BMTmi +QK2b 7°'QK i?2 1*: bB;M H bQm
7°QKi?2 "i27 +ibX h?mb-i?2 T BK 'vBMTmibB;M HBbi?2 +QK#BM iBQM Q7 i?2
Bbi?2 +H2 MbB;M H M/i?2BMi2°72°2M+2 bB;M Hi? i Bb Q#i BM2/ #v T bbBM; i7
MOQM@HBM2 ~/vM KB+bX h?mb-i?2 T°'BK 'vbB;M HBb 2T 2b2Mi2/ b

UjXRV B(i)= C(i)+ 1(i)

r?2°B(i) Bbi?2 T°'BK "v BMT)i t2B/;MbHiQ i?72 +H2 M 1*:14iBoM Mb MQ ™ i?2 BMi2 72 2N\
i? iBb;2M2" i2/ mbBM; i?2mMFMQrM MQMHBM2 ~/vM KB+b Q Qi?2 rBb2i?2 bB;|
h?2 MQBb2 bB;M HBb bm#D2+iBp2iQ / TiBp2}Hi2'BM; i QT Q/m+2i?2 }Hi2 2/ Qr
BMi2°72°2M+2 bB;M H+"2 i2/ b "2bmHi Q7 i?2 MQMHBM2 ~/vM KB+bX h?mb-i?:
2ti° +ibi?2 +H2 M bB;M Hi? " Qm;? i?2 bm#i> +iBQM Q7 i?2 }Hi2 2/ QmiTmi 7" QK i
i?72 +H2 M bB;M H 2ti® +i2/ mbBM; i?2 MQBb2 + M+2H iBQM bi" i2;v Bb ;Bp2M b

UjXkV C ()= B(i) A()

r?2°¢ (i) BM/B+ i2b i?2 +H2 M bB;M H Q#i BM2/ b “2bmHi Q7B@R bi M/Bp2QMQBb
i72 T°'BK v BMTmi )M 272 M/iQ i?2 / TiBp2 }Hi2 2/ QmiTmiX 6B;m 2 jXR b?Qrb
+ M+2H iBQM bi® i2;vX

iXkX L _sM2m> HM2irQ ' F7Q i?22M? M+2/ / TiBp2 }Hi2 ' BM; Q7 i?2 "i27 +ib
bB:M M2 T°QTQb2/ K2i?Q/ Q7 i?2 "i27 +i "2KQp H 7 QK i?2 1*: bB;M Hb mbBM; i
Bb T 2b2Mi2/ BM i?Bb b2+iBQMX h?2 K BM BK Q7 i?2L _sM2m > HM2irQ FBbiQ -
1*: bB;M HiQ ;2M2  i2i?2 +H2 M 1*: bB;M H bm{+B2Mi 7Q T2 72+i /B ;MQbBbX h
Bbi?2 ‘i27 +i M/ i?2 bB:M HBb T 2/B+i2/ 7Q  r?B+?2 i?2/2H vb 2 mb2/X

JXkKXRX aQHmMIiBQM 6B /BMkXb?Qrb i?2 bQHmMIBQM Q7 i?2 T QTQb2/ H2 "MBN
M QTIiBKBx2/ bQHmMIBQM mbBM; i? 22 r2B;?ib- M K2Hv i?2 r2B;?ib Q7 i?2 2tQ ;21
"2;°2bb2/ QmMiTmi p2+iQ - M/ i?2r2B;?ib Q7 i?222tQ;2MQmb QmiTmi p2+iQ X h?2l
;2M27 12 M QTIiBKBx2/r2B;?2ibm+?i? ii?2 QTiBKBx2/ QmiTmii> BMbi?2 L _s M2n
Yi27 +ib M/ i?2 bBx2 Q7 i?2bQHMIBQM p2+iQ" /2T2M/b QM i?2 MmK#2™ Q7 ?B//2
G2imb +QMbB/2i?2r2B;?ib Q7 i?2 2tQLANMQImb-BRMTMBp2Hi @7 b?2 “2;°2bb2/ Qmi-
2T 2b2MR2;/RMDRg2- M/ 1?22 2tQ;2MQmb QmiDmMOpQgr MQh?RM- 1?22 bQHMIBQM ;2M2° i2
i?72 GJ H;Q Bi?K- M/i?2 .  ;QM~v QTiBKBx iBQM N!OXB;i'K BWXELIXEPMi2/ b
"2bT2+iBp2HvX h?2mb-i?22 T°QTQb2/.GJ ;2M2" i2/i?2 QTXBWKXH;XZBX?ib i? i Bb ;Bp
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Primary Siznal —_— @11
4 ¥

NARYX neural network

I Trained using DLM optimization

Proposed DLM optimization

— T —
| ECG Signal
] |

6B; X jXIR: "i27 +i "2KQp H

Weight update in NARX
neural network

[ DLM optimization leaming algonthm h
\

X.—J _\-:: _\-;,r "\
xh x2 | .| xv x| xd| .| xv \“
. A
Dragonfly optimization LM algorith \
1
\
v
L|L |- L | B[R | == | R | O Oy = | O

Randomly generated weights for the input layer. regressed output layer, and output

6B;X ¥kQHMIBQM 2M+Q/BM; Q7 i?2 .GJ QTiBKBxX iBQM@# b2/ L _s M2m" H M2irQ F

jXkXkX "+?Bi2+im 2 Q7 i?2 L _s M2m'LH MRi2@ FXM2irQ F (kk) Bb "2+m "2M
M2irQ'Fi? iBbmb2/7Q i?2 M HvbBb M/ KQ/2HHBM; Q7 i?2 MQMHBM2 " iBK2 bz
+QKT "2/ rBi? i?2 Qi?2" +H bbB+ HT 2/B+iBQM KQ/2HbX h?2 L s M2irQ'FTQbb:
M/ BM i?2 T QTQb2/ K2i?Q/ Q7 MQBb2 + M+2H iBQM- i?2 H2 "MBM; H;Q Bi?K n
M/ i?2 GJ H;Q'Bi?KX h?2 L s M2m"> H M2irQ 'F Bb i?2 +QHH2+iBQM Q7 i?2 Km
2+m T T2Mi HQQT- M/ i?2iBK2/2H vX 6B;m 2 jXjb?Qrb i?2 "+?Bi2+im 2 Q7 i?2L
Hv2'b BM+HmM/2 i?2BMTmiH v2 -i?2 ?B//2MH v2 - M/i?2QmiTmiH v2 X h?2 M
/2H vb #Qi? BM i?2 BMTmi H v2™ M/i?22QmiTmiH v2" M/ i?2 722/# +F ~Qrb BM |
TQHHQrb i?2BMTmiH v2 -?B//2MH v2 - M/ T QpB/2bi?2QmiTmi BMi?2 QmiTmi
p2+iQ b BMi?2BMTmiH v2 M K2Hv-i?2 2tQ;2MQmb BMTmi p2+iQ -/2H v2/ 2; 2]
2tQ;2MQmb BMTmi p2+iQ X h?22 QmiTmi Q7 i?2L _sM2m™ HM2irQ 'F Bb ;Bp2M #v

UjXjV  N@+1)= FINO:N@ 1;N(  2)::N(@ d);SU):S 1);S( 2):S( dy)]

r?2°19() Bbi?2 2tQ;2MQmb BNMITM); NA+Zp;'N(l di) 21?2 /2H v2/°2;°2bb2/ QmiTmi p2
ME();S  1);S(I 2)5S(1 dy) 20?2 /2H v2/ 2tQ;2MQmb BMTmi p2+iQ bX ii?2 #2;BM|
M2irQ'F 7TmM+iBQM- i?2 r2B;?ib "2 bbB;M2/ #2ir22M i?2 BMTmi H v2" M/ i?2 ?
QmiTmi p2+iQ° M/i?2 ?B//I2M H v2 X
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Exogenou
s mput

e

Exogenou
5
regressed

6B;X Mj?2 “+?Bi2+im'2 Q7 i?2L _s M2m  H M2irQ ' F mb2/ 7Q " / TiBp2 }JHi2'BM; Q7 i?2 i

jXkXjX MQp2HH2 "MBM; H;Q Bi?K7Q  i?2L _sM2m™ HM2irQ'F, @ S°'QTQb?2
G2p2M#2°; J "[m2°2i QTiBKBx iBQM@# b2/ G2 "WMBMT T2;QTBQATKQb2b M2r H2 "N
H;Q Bi?K mbBM; /° ;QM~v QTiBKBx iBQM (kR) M/ i?2 GJ H;Q Bi?K (kj)X h?2/
K2i @?2m " BbiB+ QTiBKBx iBQM H;Q Bi?K i? i 2QH/b #2ii2° KQM; KQbi Q7 i?2 ¢
Q7 1?2 TQHHQrBM; "2 bQMbX h?2 K BM /p Mi ;2 Bb "2; "/BM; i?2 b2 "+? bT +2 L
i?72 b2 "+?2 bT +2 Bb "2biQ 2/- M/i?2°2 "2 QMHv p2 v 72r +QMi"QH T ~ K2i2 b BM
BM+'2 b2 BM i?2 ~2tB#BHBiv Q7 i?2 H;Q Bi?KX h?2 T°QTQb2/ H;Q Bi?K Bb "Q#
iQi?72HQ+ HKBMBKmK mbBM; i?2 GJ H;Q Bi?KBb bQHp2/ mbBM; i?2." ;QM~vi?
+QMp27;2b iQ i?2 ;HQ# H KBMBKmMKX h?2 T°'QTQb2/ H;Q 'Bi?K Bb /p Mi ;2Qmb
#Qi? 1?72 GJ M/ .” ;QM~vX h?2 H2 "MBM; H;Q Bi?Kb mT/ i2i?2r2B;?ib BM/BpB/m
+QKTmi2/ 7Q° #Qi? i?2 H;Q ' Bi?KbX h?2 H2 "MBM; H;Q Bi?K rBi? i?72 KBMBKmK
mT/ iBM; i?2r2B;?ibQ7i?2L _sM2m™ HM2irQ ' F- M/i?2 7TQHHQrBM; "2i?2 H;Q
.GJ QTiBKBx iBQM@# b2/ H2 "MBM; H;Q Bi?KX

ai2T R, SQTmH iBQM AVMRIBMBBER HBRIMX Bb i?72 BMBiB HBx iBQM i? i BMBiB HI
mH iBQM i? i BKb ii?2 TQbbB#BHBiv Q7 bm pBp HX h?2 TQTmH iBQM BMBIiB HI
Bb 2T 2b2Mi2/ b

Ujxov Dg;(1 d n)

r?2°Rg /12MQi2b i?2 TQbBIBQM; QW FA2nMBb i?2 iQi H TQTmH iBQM Q7 i?2/  ;QM~B:

ai2T k, S K2i2'b BM~m2M+BM; i? 2 TRLBIGRQ M @M H2M QM BKb ii?2 TQbbB#?
iQ HBp2 b i?2v KQp2 BM b2 "+? Q7 7QQ/- M/ i?2v "2 /Bbi  +i2/ 7°QK i?2 2M2KE
#2? pBQm' b Q7 i?2 br "K TQTmH iBQMX h?2 TQbBiBQM mT/ i2 7QHHQrb i?2 BN
Q7 i?2 /> :QM~B2b Bb mT/ i2/ # b2/ QM }p2 K DQ 7 +iQ b- b2T " iBQM- HB;MK
/Bbi> +iBQM- M/i?2v "2 # b2/ QM i?2 br 'K #2? pBQm b Q7 bm pBp HX h?2 br “K ;
bi?2 b2T ~ iBQM Bb i?2 7 +iQ  i? i pQB/b +QHHBbBQM KQM; i?2 BM/BpB/m H
i? i +Q "2bTQM/biQ i?2 p2HQ+Biv K i+?BM: KQM; i?2 /" ;:QM~B2bX h?2 T > K2i2"
/> ;QM~viQr /b i?2 +2Mi2° Q7 K bbX h?2}p2 7 +iQ'b 2 KQ/2HH2/ b

Uujxsyv Sq = D D

r?2°R Bb i?2 +m "2Mi TQbBIiBQM Q7 i?2 BMBBpB2nT GIb/Bi BEMM@B i?22Q - M/ L #2
MmK#2> Q7 M2B;?#Q BM; /~ ;QM~B2b rBi? "2bT2+84i Q2IMQ i 2722 DN F2 /i B;@W 7vXiQ
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i?72 BM/BpB/m H/® ;QM~B2bX
P

UjXeV Gqg = =2
‘ N
r?2°@q "272°biQ i?2 HB;M&2Mi @M?2VMBb i?2 p2HQ +BvMZBi;22 Q" X
PN
: jleJ
Ujxdv Co= —5— D

r?2°R Bbi?2 +m "2Mi TQbBiBQM Q7 i?2 BMLBERE/AMbH @ i 2Q M- 28"B O M @M 92

ai2T j, .2}M2 i?22 bi2 Th2*+TQ@QHBXIBQM Q7 i?2 /> ;:QM~v Bb mT/ i2/ # b2/ QM i?2
i72 K BM "QH2 Q7 i?2 bi2T p2+iQ  Bb iQ b?Qr i?2 /B 2+iBQM Q7 i?2 /" ;QM~v- M
/IBK2MbBQMb X

UjXx3vVv Di+1 =(a1Sy + a2Gg + a3Cy + auMg + as"q) + w D,

r?2 &;ap;az;a4; Mhs; 21?22 r2B;?ib Q7 b2T " iBQM- HB;MK2Mi- +Q?2bBQM- 7QQ/ 7
"2bT2+iBp2HvX h?2 p Hm2b Q7 i?2 r2B;?ib THv K DQ® "QH2 BM i?2 i MbBiBQN
2tTHQBi iBQM T? b2 Q7 i?2 /" ;QM~v i?mb-i?2r2B;?ib "2 imM2/ bm+? i? i Bi 2Mb
i?72irQ T? W2bXMQi2b i?2 BMBIB H r2B;?i- 2T 2b2Midy;iG@2CB\2y; | BIQM/ BINhi2D" X
i?2b2T " iBQM- HB;MK2Mi- +Q?2bBQM- i’ +dBQM:QMAAVXbh?2iBIGMQ@Q 7i B2@M T?
i?72/° ;QM~B2b /2b+ ' B#2b i?2 2mMiBM; K2+? MBbK Q7 i?2 /" ;QM~v 7Q r?B+? Bii
h?2 2tTHQ  iBQM T? b2 /2b+ " B#2b i?2 ;"QmTBM; M/ i?2 KQp2K2Mi Q7 i?2 /" ;QM-
HOQM; /Bbi M+2X

ai2T 9, *QKTmi2 i?2 Q#D2+iBp2 7TmM+iBRQH#Q 2 +PRpEB7 - MBZBXM Bb + H+mH i2
i?72 QTiBK Hr2B;?ii? iBb# b2/ QM i?2 KBMBKmMK p Hm2 Q7 i?22 "Q + H+mH i2/1
. ;QM~v QTiBKBx iBQM H;Q Bi?KX h?2r2B;?i +Q "2bTQM/BM; iQ i?2 KBMBKmK
p2+iQ " iQi° BMi?2 M2irQ FX

ai2T 8, IT/ i2 M/ /2i2°’KBM2i?2TQbBIiBQM Q7 i?2 MQPQ/ BQmZ+B bMmiR2B2XQN RB X? |
i?72 #2? pBQm Q7 i?2/° ;QM~B2b M/ ?2M+2-Bi Bb 2bb2MiB HiQ mT/ i2i?2TQbB
Q7i?227QQ/X h?2 +QKTmi iBQM Q7 i?2 TQbBIiBQM Q7 i?27QQ/ M/ i?2 TQbBiBQM

UjXNV M¢g=D D
r?2°Wg 2T 2b2Mib i?2 ii° +iBQM Q7 i?2/  :QMBVBQri?2bTiQpBFiBQM Q7 i?2 7QQ/
UjXRyV Di=D +D

Y Bbi?2 TQbBiBQM Q7 iD2BRMPARV/BMI/ +iBQM Q7 i?2 /" ;QM~v r v 7 QK i?2 2M2K
ai2T e, .2i2°’KBM2 i?2 TQbBiBQMQZ TRHBiBOW-~mX/ i2 Q7 i?2 /" ;QM~v mbBM; i

Bb 7Q KmH i2/ b

UjXRRV D&, =D+ DJ*?

JQ ' 2Qp2'-i?2 " M/IQKr HF Bbi?2 b2 "+? K2+? MBbK i? i Bb miBHBx2/iQ T2 7(
#b2M+2 Q7 i?2 M2B;?#Qm BM; /> ;QM~vX h?2 TQbBIiBQM mT/ i2Q7i?2/ ;QM~v B

UjXRkV D%, = D7+ levy(H) D¢
UjXRjV Levy(x)=0:01 =
irg=

1+ ) sin(w)
(&) 2 (=)
r?22°2x)=(x LLIXT 2T 2b2Mib i?2 +m " 2MMBBIL? 2i BEXNMbBQM Q7 i?2 .QWHLBQM p2+
*2i?22° M/QK p2+B®@'iP2 +QMbi Mi- M/i?2 p Hm2 Bb RX8X h?2 QTiBK H TQbBiBQ
i72 QTiBK H b2H2+iBQM Q7 i?2 r2B:?2ib 7Q" i° BMBM: i?2 L _s M2m" H M2irQ FX

UjXROV
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ai2T d, q2B;?2i mT/ i2 # b2/ QM i?2 /" ;@M QD bB2THX 2 "2T2 i2/ 7Q  i?2 K t
MmK#2 Q7 Bi2  iBQMb- M/ mTQMi?2 TTHB+ iBQM Q7 i?2} 2~v H;Q Bi?K-i?2 BN\
"2 +QK#BM2/ b 2T 2b2Mi2/ #2HQr

UjXR8V X9 =(wW;B"™")

r?2°®W "272°biQ i?2 BMTmiBA2+hQM/M/7Q  i?2 r2B;?2i mT/ i2/ mbBM; i?2 /> ;QM~v Q
H:Q Bi?KX

ai2T 3, * H+mH iBQM Q7 i?2 J2 M?2[dm12BD Y@ KT mi2/ #2ir22M i?2 i “;2ip Hm2
+m  2Mip Hm2 +QKTmi2/ mbBM; i?2/° ;QM~v QTiBKBx iBQMX

1X
UjXReV == (X' XP)?
|
j=1
r22°%% 2T 2b2Mibi?2i mi?i #H2 Q7 i? X/ BVEM2H i?2i2 QiTmi 7°QKi?2/  ;QM~v H
ai2T N, IT/ i2i?2r2B;?2ib mbBM; i?BTRIr2B,QIBI@KX?2L _sM2m  HM2irQ F 2 Bl
i? i /2T2M/b QM i?2 MmK#2° Q7 i?2 ?B//2M H v2'b M/ i?2 r2B:?ib ‘2 /2MQi2/ b #:

UjXRdV X = X x 2, xd

r?22Bbi?2iQi HMmK#2 Q7 r2B;?ib BMBiB HBx2/ mbBM; i?2 GJ H;Q Bi?KX
ai2T Ry, h?2 +QKTmi iBQM Q7 i?2 K2 KMOQHMQD2A?D7QHHQrBM; 2[m iBQM-

UjXR3V E(X)=e"e
r?2°B(X)= /2MQi2b i?2 T2 7Q KeM+2VEB#2t2b i?2 i ~;2i QenidmMi2b2Mib i?2 2tT2+i2/
OQmiTmiX

ai2T RR, g2B;?ilT/ i2 # b2/ QM GW? HZB Ri?@Ki?2L sM2m™ HM2irQ"FBb mT/
i?72 GJ H;Q Bi?K b

UjXRNV X=[3TJ+ k]t JTe
r?2°2 Bb i?2 C +Q#B N'KBibB?2 C +Q#B M i Mb7Q KBK i?BtHM/MBM; ~ i2X h?22 mT
BMi?2 H2 "MBM; " i2 T K2i2  /2T2M/b QM i®Q /2?2 v 2m R+ pB@H#M2b?QMH2 "MBM;

i2 Bb KmHIBTHB2/ mbBM; i?2 " i2 Q7 i?2/2+ v 7 mM+iBQM X PM+2 i?2 H2 "MBM
QE(X) Bb "2+QKTmi2/ mbBM; i?2 r2B 2K+ 7MMBiBQM BH r2B;?iX aBKBH "Hv-i?2
i2Bb /BpB/2/ #vi?2 2+ v i2-r?2MEEQ) /iZ22 ZnAbKBRM M- i?72 BM+ 2K2Mi2/ p H
r2B;?ib Bb 7QmM/ #v i?72 7Q KmH

UjXkyV X=X+ X

ai2T Rk, 6Q KmH iBQM Q7 i J2 B2 MBN22 T2X7Q KEMY 2B 22b i?22 i BHr2B;?i2/
7mMM+iBQM- i?2 H2 "MBM; > i2 Bb mT/ i2/ b

UjXkRV =
h?2 H2 "MBM; " i2Bb KmHiBTHB2/rBi?i?2/2+ vp Hm2iQ Q#i BMi?2 M2r H2 N
Bb T2 7Q K2/ # b2/ QM i?2 M2r H2 "MBM; " i2i? i 7TQHHQrb i?2 bi2Th 7°QK bi2T 3
q?2M2p2  i?2 T2 7Q KEK)BBM2Zb i? Mi?2i° BHr2B:?2i2/ 7TmM+iBQM-i?2 H2 "N
#v /BpB/BM; i?2 +m "2Mi H2 "MBM; " i2 #v i?2/2+ v 7TmM+iBQMX h?mb-i?2 H2 “M]

UjXkkV -
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ai2T Rj, _ M/QK ;2M2" iBQM Q7 i?2 r2B;?ib mbBM; n2R;GJBIH MTBi2KXxbBM; i
7TQHHQrBM; 2[m iBQM
UjXkjV XM =X, H+ T g

r?2° @ /2MQi2b i?2 >2bbB MK i'Bt Q7 i?2 H;Q Bi?K- M/ BiBb /2i2 ' KBM2/ #v KmHi
M/ i?2i Mbp2'b2 Q7i?2C +Q#B M K i 'BtX

ai2T R9, *QKTmiBM; i?2 ;" /IB2ZMCK+-QBBXM K i'Bt Bb 2KTHQvV2/ 7Q" /2i2 ' KBMB|
K i'Bti? i Bb/2MQi2/ b

UjXkoV q=JTe

r?2°2 2T 2b2Mib i?2 C +Q#B MK i'Bt M/ 2 /2MQi2b i?22°°Q p Hm2X
ai2T R8, :2M2  i2/ QmiTmi # b2/ QM i?2 M2hR2 GJ/H20QIBB2RIBRKTmMi2b i?2 Qn
# b2/ QM i?2 Q'B;BM Hp Hm2 Q7 i?2 BMTmi p2+iQ° M/ i?2 M2rHv mT/ i2/ r2B:?ib;

UjXk8V XM = (w;B"™Y)

ai2T Re, _2@+QKTmin2222°Q0Bb "2+QKTmi2/ #2ir22M i?2 QmiTmi # b2/ QM i?
r2B;?i- M/i?2;°QmM/ p Hm2- M/i?2 7TQHHQrBM; 7Q KmH Bb mb2/X
X
UjXkeV eLM:T XM XP)
j=1

r?2°2+Q " "2bTQM/b iQi?2 iQi H MmK#ZXfQZI\i’I’QZiBbZ?ZBQTMB-p Hm2 Q7 iX2,BMTmi p2
2T 2b2Mib i?22 QmiTmi p2+iQ" ;2M2" i2/ mbBM; i?2 GJ H;Q ' Bi?KX

ai2T Rd, :2M2° iBQM Q7 i?2 r2B;?i p2+iQ  mbBM; i?2 T'TQhQd22BGIiiZ +BOBM ;
"2 Q#i BM2/ mbBM;i?2T°'QTQb2/.GJ H:Q'Bi?K7Q i° BMBM;i?2L _sM2m  H M2i
Q7i?2r2B;?ib "2#°Qm;?i #QmMii?"Qm;?i?2T°QTQb2/.GJ H;Q Bi?KX 6Q i?2QT
p2+iQ ' b-i?222"Q' b Q7 i?22QmiTmib mbBM; #Qi? i?2i° BMBM; H;Q Bi?K "2 /2i2"1l
Q7 i?2 H;Q ' Bi?Kb "2 +QKT "2/X h?2r2B;?i p2+iQ°~ +Q "2bTQM/BM; iQ i?2 HQr p
7Q° i BMBM; i?2 L _s M2irQ'FX g?2M i?2 2°"Q Q7 i?2 GJ H;Q Bi?K 2t+22/b i~
QTIiBKBx iBQM H;Q ' Bi?K- i?2M i?2 r2B;?i p2+iQ° Q#i BM2/ mbBM; i?72 /" ;QM~v
QTiBK H r2B;?ibX g?2M i?2 2°°Q Q7 i?2 GJ H;Q Bi?K Bb HQr2  i? Mi?2 2°°Q" C
QTiIiBKBx iBQM- i?2M i?2 r2B;?i p2+iQ" +Q "2bTQM/BM; iQ i?2 GJ H;Q'Bi?K Bb r
? b MBKT +i QM i?2 / KTBM; 7 +iQ - M/ i?2 p Hm2 Q7 i?2 / KTBM; 7 +iQ" “2/m
+m "2MiBi2° iBQM Bb H2bbi? Mi?22°"Q p HM2Q7i?2T'2pBQmbBi2° iBQMX aB
BM+ 2 b2b r?2M i?2 2 "Q Q7 i?2 T 2b2Mi Bi2° iBQM Bb ;"2 i2°i? Mi?2 T 2pBQmi
Q7 i?2 /" ;QM~v H;Q Bi?K M/i?2 GJ H;Q°Bi?KBb 2KTHQV2/ 7Q" i?2 QTiBK H b2
BMi?2 .GJ QTiBKBx iBQM H;Q Bi?KX

WM +1 22 M <ed)
D&, r?2Ned<eM)

h?2 #Qp2 2[m iBQM 2T 2b2Mib i?2 +QM/BiBQM 7Q  i?2 QTiBK Hb2H2+iBQM Q7

iXkX9X S'QTQb2/ K2i?Q/ Q7 i?2 ‘i27 +i '2KQp H mbBM: i?2 .GJ QTiBKBx iB(
M2m™ H M2ir@?BX BM BK Q7 i?2T T2 Bb/2TB+i2/BM H;Q Bi?KRR i? i b?Qrb i?
2HBKBM iBQM Q7 i?2 'i27 +ib 7°QK i?2 1*: bB:M HX h?2 1*: ‘i27 +i bB;M H +QK
i?2 {27 +ib- bm+? b i?2 11:-1J:- M/ 1P: bB;M HbX h?2b2 i27 +ib 2 //2/ rBi
i?2iBK2 Q7 "2+Q /BM; M/ KQMBiQ BM; M/ ?2M+2- "2KQp H Q7 i?2 ‘i27 +ib Bb 2t
h?mb-i?2 / TiBp2 }Hi2  Bb T°QTQb2/i? i BKb ii?2 "2KQp H Q7 i?2 "i27 +ib 7 ¢
/ TiBp2 }JHi2  Bb K /2 Q7L _sM2m  H M2irQ Fi? i Bbi> BM2/ mbBM; i?2 .GJ QTil
T°QTQb2/.GJ H:Q Bi?K /2i2°KBM2b i?2 QTiBK Hr2B:?2i7Q i BMBM; i?2L _s M2
T Q+2bb Q7 / TiBp2 }Hi2 BM;X h?2 T'QTQb2/}Hi2 }Hi2 bi?2 "i27 +i bB:M H- N
/ TiBp2 bm#i> +iBQM i? i + mb2bi?2 bm#i> +iBQM Q7 i?2 "i27 +i 7°QK i?2 1*: i2
1*: bB;M H Bb ;2M2" i2/X

UjXkdV Wi =
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-
30 X A ’
Dyrzzonfly Optimization L]
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6B;X KAIRT2 ' BK2Mi H “2bmHib Q7 i?2 T°QTQb2/ K2i?Q/ Q7 “i27 +i '2KQp H mbBM; p "BQmb “i27

9XRX . i # b2 .2b+ BEMOQBIAM2i/ i # b2r b+'2 i2/ M/ +QMi 'B#mi2/ #vh iB M «
/i # b2 ? bjRy 1*: "2+Q /BM;b- Q#i BM2/ 7°QK Ny T2 'bQMbX 1 +? "2+Q /BM; +QI
7Q  ky b2+QM/b- /B;BiBx2/ i 8yy >x rBi? Rk@#Bi 12KQHMMBD MR Q pd M QM QX/BA2 b -
BM7Q K iBQM +QMi BMBM; ;2- ;2M/2 - M/ 2+Q /BM; / i2X h?2 ~r 1*: bB;M Hb
#Qi? ?B:? M/ HQr 7°2[m2M+v MQBb2 +QKTQM2MibX 1 +? "2+Q / BM+Hm/2b #Qi?
1*: AU rbB;M HV-aB:M HR, 1*: A}Hi2 2/ U}Hi2 2/ bB:M HVX

O9XKkX 1tT2'BK2Mi H BBomHZEXR b?Qrb i?2 2tT2 ' BK2Mi H 2bmHib Q7 i?2T QTQ
"2KQp HmbBM; p "BQmb "i27 +i "2KQp HK2i?Q/bX h?2 "i27 +ib-bm+? b 11:-1J
i?72Tm 21*: bB;M H/m BM; i?2iBK2Q7 2+Q /BM; bm+?i? ii?2T 2b2M+2 Q7 "i27
K FBM; Q7 i?2/Q+iQ X h?mb-i?2p 'BQmb "i27 +i "2KQp HK2i?Q/b +QM+2Mi" i2
bBb/2TB+i2/ BM};m 2b 9XR -#- M/ + 2bT2+iBp2HvX

IXjX *QKT2iBM; K2iIRT2ZBROKT2iBM; K2i?Q/b mb2/ "2 A* (e)- qA* (kd)-6A* - M
+QKT "BM; i?2 "2bmHib Q7 i?2 "i27 +i "2KQp HrBi? i?2T°'QTQb2/.GJiQ T Qp2i?
K2i?Q/X

A*  A* Bb bQm '+2 b2T ~ iBQM K2i?Q/- M/ Bib TTHB+ iBQM iQ #BQK2/B+ H
A* Qz2'b bBKTHB+Biv- 2{+B2M+v- M/ ?2M+2 i?2 TQi2MiB H7Q T Q+2bbBM; i~
+QMi BMb i?2 "i27 +ibi? i T°'QpB/2i?2 "i27 +im H/ i X h?2 K2i?Q/7 BH2/iQ "2}

gA* (kd), h?2q p2H2I@AM/2T2M/2Mi*QKTQM2Mi M HvbBb UqA* V TT Q +? H
Q7 i?2 "i27 +ib BM i?2 +HBMB+ H TTHB+ iBQMbX gA* Bb i?2 BMi2;  iBQM Q7
/p Mi ;2b Q7 #Qi? i2+?MB[m2bX

6A* , 6Bt2/ TQBMi Q 6 biA* H;Q Bi?K Q7 A* Bb i2+?MB[m2 7Q" i?2 "2KQp F
11: M/ 1*: bB;M HbX 6 biA* H;Q Bi?K ? b #22M TTHB2/iQ bvMi?2iB+ bB;M Hb
MQBb2iQi?2 1*: bB;M HX Ai/BpB/2bi?2 bB;M HBMiQirQ BM/2T2M/2Mi +QKTQM?Z
bB;M HX aBKBH "Hv- Bi Bb TTHB2/iQ "2KQp2i?2 "iB7 +ib 7°QK i?2 11: bB;M HX
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LL, AM (k3)- M / TiBp2 }Hi2'BM; TT Q +? # b2/ QM /Bb+2i2 r p2H2i i Mb
M2irQ F Bb /2p2HQT2/ 7Q  1*: bB;M H MQBb2 "2/m+iBQMX h?Bb K2i?Q/ BMi2; i2
r p2H2i /2+QKTQDbBiBQM M/ i?2 / TiBp2 H2 "MBM; #BHBiv Q7 ‘iB}+B H M2m" H
bB:M HT Q+2bbBM; TTHB+ iBQMbX

9X9X *QKT *~ iBp2 M6BYIMBBAXIXk@9X9b?Qri?2 M HvbBb Q7i?2T QTQb2/K2i-
BMi2'Kb Q7 i?2 aL_-Jal- M/ _Jal BMi?2 T 2b2M+2 Q7 i?2 11:- 1J:- M/ 1P: bB
b?Qrb i?72 M HvbBb BM i2°'Kb Q7 aL_ BM i?2 T'2b2M+2 Q7 M 11: bB;M HX 6Q" i’
Q7 i?2 K2i?Q/b HBF2 i?2 A* - gA* - 6A* - LL- M/ .GJ 2 93X99d9 /"- 8yXN3ee /"-
/"- M/ 8yXd9N3 /" "2bT2+iBp2HvX h?2 p Hm2 Q7 aL_ Bb 99 /" 7Q" A* - 99XRy /"
8yXdyj8 7Q  LL- M/ 8kX3d8j7Q  .GJ "2bT2+iBp2Hv 7Q  i?2 b2+QM/ bB;M HX Ai Bt
H;Q Bi?K-i?2 p Hm2 Q7 aL_Bb ;"2 i2  r?2M +QKT "2/ rBi? i?2 2tBbiBM; "i27 +i
i?72 M HvbBb mbBM; i?2i?B°/ M/i?27Qm i? bB;M HBM/B+ i2i? ii?2aL_p Hm2 (
r?2M +QKT "2/ rBi?i?2 Qi?2  K2i?Q/bX 6BM HHv-7Q i?2}7i? bB;M H-i?2aL_ /"6l
M/ 8RXNk 7Q " i?2 "i27 +i "2KQp HK2i?Q/b HBF2i?2 A* - gA* - 6A* - LL- M/ .GJ"~
i?72 T°QTQb2/ K2i?Q/ BbbmT2'BQ  Qp2  i?2 2tBbiBM; K2i?Q/bX

6B;m 2 9XkX#V b?Qrb i?2 M HvbBb BM i2'Kb Q7 Jal BMi?2 T '2b2M+2 Q7 M 1:
2bTQM/brBi? i?72 KBMBKmMKp Hm2 Q7i?2Jal2 "Q X 6Q i?2} bibB;M H-i?2Jal
A* - gA* - 6A* - LL- M/ .GJ "2 ky- ky- RdX88R8- yXjy33- M/ yXkyNN "2bT2+iBp2|
R8Xee9e 7Q° A* - R8X893d 7Q gA* - R9Xjye3 7Q 6A* - 3XeNjy7Q  LL- M/ 9X8kR
b2+QM/ bB;M HX Ai Bb +H2 “i? i 7Q i?2 T°QTQb2/.GJ H;Q Bi?K-i?2p Hm2 Q7 J
rBi? i?72 2tBbiBM; "i27 +i 2KQp HK2i?Q/bX aBKBH "Hv-i?2 M HvbBb mbBM; i?2i
i?7 11?72Jalp HmM2 Q7i?2 T QTQb2/.GJBb H2bb r?2M +QKT "2/ rBi? i?2 Qi?2" K2i"
bB;M H-i?2 Jal p Hm2b "2 ky- R8X9e9R- R8Xk998- yX398k- M/ yXj3 7Q  i?2 i
A* - gA* - 6A* - LL- M/ .GJ "2bT2+iBp2Hv i? i T°'Qp2i?22 T QTQb2/ K2i?Q/ Bb bmT
K2i?Q/bX

6B;m 2 9XkX+V b?Qrbi?2 M HvbBbBM i2'Kb Q7 JalBMi?2T ' 2b2M+2 Q7 M1
"2bTQM/b rBi? i?72 KBMBKmK p Hm2 Q7 i?2 _Jal 2 "Q X 6Q  i?2 } bi bB;M H-i?2
HBF2 i?2 A* - gA* - 6A* - LL- M/ .GJ "2 9X9dkR- 9X9dkR- 9XR3N9- yX888d- M/
p Hm2 Q7 _Jal Bb jXN8d3 7Q" A* - [ XN9jR 7Q" qA* - jXd3k9 7Q" 6A* - kXN93j 7Q
"2bT2+iBp2Hv 7Q° i?72 b2+QM/ bB;M HX Ai Bb +H2 " i? i 7Q i?2 T°'QTQb2/ .GJ |
KBMBKmMmK r?2M +QKT "2/ rBi? i?2 2tBbiBM; "i27 +i "2KQp H K2i?Q/bX aBKBH "H
M/i?27Qm i? bB;M HBM/B+ i2i? ii?2 _Jalp Hm2 Q7 i?22T ' QTQb2/.GJBb H2bb |
K2i?Q/b Q7 "i27 +i "2KQp HX 6BM HHv-7Q  i?2 }7i? bB;M H-i?2 _Jalp Hm2b "2
M/ yXeRe8 7Q i?2 "i27 +i 2KQp HK2i?Q/bHBF2i?2 A* - gA* - 6A* -LL- M/.GJ
i?72 T°QTQb2/ K2i?Q/ Bb bmT2'BQ  Qp2  i?2 2tBbiBM; K2i?Q/bX

6B;m 2 9XjX V b?Qrbi?2 M HvbBb BM i2 ' Kb Q7 aL_BMi?2 T '2b2M+2 Q7 i?2 1
i?72 aL_p Hm2b Q7 i?2 K2i?Q/b HBF2 i?2 A* - qA* - 6A* - LL- M/ .GJ "2 99XkN /"-
/"- 9dXR3je /"- M/ 8yXNkkk /" "2bT2+iBp2HvX h?2 p Hm2 Q7 aL_Bb jdXNyed /" 7Q
jdXNyek 7Q° 6A* - 8yXeNe3 7Q  LL- M/ 8kX8d3N 7Q  .GJ "2bT2+iBp2Hv 7Q i?2 b
i?72 T°QTQb2/ .GJ H;Q Bi?K-i?2p Hm2 Q7 aL_Bb ;2 i2  r?2M +QKT "2/ rBi? i?2
K2i?Q/bX aBKBH "Hv-i?2 M HvbBb mbBM; i?2 i?B°/ M/ i?2 7Qm’ i? bB;M H BM/
T QTQb2/ .GIJBb ;"2 i2  r?2M +QKT "2/ rBi? i?2 Qi?2" K2i?Q/bX 6BM HHv- 7Q" i?
"2 9jXyeje-99X3e3N-9jXyeje- 9NX89eR- M/B8RXNjN 7Q i?2 "i27 +i 2KQp H K2i
LL- M/ .GJ "2bT2+iBp2Hv i? i T'Qp2i?2 T QTQb2/ K2i?Q/ BbbmT2'BQ Qp2 i?2

6B;m 2 9XjX#V b?Qrb i?2 M HvbBb BM i2°'Kb Q7JalBMi?2 T 2b2M+2 Q7 i?2 1
2bTQM/b rBi? i72 KBMBKmK p Hm2 Q7 i?2 Jal 2 "Q X 6Q  i?2 } bi bB;M H-1i?2 Ja
i?72 A* - gA* - 6A* -LL- M/.GJ "2 ky-Kky-ky-39XN3- M/yXRNk 2bT2+iBp2HvX h~
A* - ky 7Q° gA* - ky 7Q  6A* - RyyX3ykd 7Q  LL- M/ 9X8kye 7Q" .GJ '2bT2+iBp2H
Bb+H2 " i? i7Q  i?2 T°QTQb2/.GJ H;Q Bi?K-i?2p Hm2 Q7 Jal Bb KBMBKmK r?2
Ti27 +i "2KQp HK2i?Q/bX aBKBH "Hv-i?2 M HvbBb mbBM; i?2 i?B"/ M/ i?2 7Qm
p HmM2 Q7 i?2 T°'QTQb2/ .GJ Bb H2bb r?2M +QKT "2/ rBi? i?2 Qi?2"° K2i?Q/bX 6BN\
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6B;X XXM HvbBb Q7 i?2 “i27 +i '2KQp H BM i?2 T°2b2M+2 Q7 i?2 11: bB;M H

Jalp Hm2b "2 ky- ky- RkXee- RkXkydd- M/ yXj3jN7Q i?2 “i27 +i 2KQp HK2i?Q
LL- M/ .GJ 2bT2+iBp2Hv i? i T'Qp2i?22 T°QTQb2/ K2i?Q/BbbmT2 BQ Qp2 i?2

6B;m 2 9XjX+V b?Qrbi?2 M HvbBb BM i2 Kb Q7 _JalBMi?2 T 2b2M+2 Q7 i?22 1.
"2bTQM/b rBi? i?2 KBMBKmK p Hm2 Q7 i?2 Jal2 "Q X 6Q i?2} bibB;M H-i?2 _J
i?2 A* - gA* - 6A* - LL- M/.GJ "2 9X9dkR- 9X9dkR- 9X9dkR- NXkR39- M/ yX9j3R
~Jal Bb 9X9dkR 7Q  A* - 9X9dkR 7Q  gA* - 9X9dkR 7Q  6A* - RyXy9 7Q  LL- M/ k
7Q°i?2 b2+QM/ bB;M HX AiBb +H2 " i? i7Q i?2 T°QTQb2/.GJ H;Q Bi?K-i?2p |
+QKT "2/ rBi? i?2 2tBbiBM; 'i27 +i "2KQp H K2i?Q/bX aBKBH “Hv- i?2 M HvbBb
bB:M H BM/B+ i2i? i i?2 _Jalp Hm2 Q7 i?2 T°'QTQb2/.GJ Bb H2bb r?2M +QKT "2
“i27 +i "2KQp HX 6BM HHv- 7Q ' i?2}7i? bB;M H-i?2 Jalp Hm2b "2 9X9dkR- 9X!
i?2 "i27 +i "2KQp H K2i?Q/b HBF2 i?2 A* - gA* - 6A* - LL- M/ .GJ 2bT2+iBp2Hv i
K2i?Q/ Bb bmT2 BQ  Qp2 i?2 2tBbiBM; K2i?Q/bX

6B;m 2 9X9X V b?Qrb i?2 M HvbBb BM i2 Kb Q7 aL_ BM i?2 T 2b2M+2 Q7 i?2 1
i72al_p Hm2b Q7 i?2 K2i?Q/b HBF2 i?2 A* - gA* - 6A* - LL- M/.GJ “2 99XkN8j /"
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6B;X XXM HvbBb Q7 i?2 "i27 +i "2KQp HBM i?2 T'2b2M+2 Q7 i?2 1J: bB;M H

/"- 93Xe33N /"- M/ 8yX39RK /" 2bT2+iBp2HVvX h?2 p Hm2 Q7 aL_ Bb jdXNy8k /" 7C
jdXNy8k 7Q° 6A* - 8yXeN93 7Q  LL- M/ 8kX3eN9 7Q  .GJ "2bT2+iBp2Hv 7Q  i?2 b:
i72 T°"QTQb2/.GJ H;Q Bi?K-i?2p Hm2 Q7 aL_ Bb ;"2 i2  r?2M +QKT "2/ rBi? i?2
K2i?Q/bX aBKBH “Hv- i?2 M HvbBb mbBM; i?2 i?B°/ M/ i?2 7Qm’i? bB;M H BM,
T°QTQb2/ .GJBb ;"2 i2 r?22M +QKT "2/ rBi? i?2 Qi?2  K2i?Q/bX 6BM HHv- 7Q" i?
"2 9kXk3yR- 9jX3je3- 9kX83k3- 9NX9eNd- M/ 8RX383N 7Q" i?2 "i27 +i "2KQp }
6A* - LL- M/ .GJ "2bT2+iBp2HVvi? i T°Qp2i?2 T°QTQb2/ K2i?Q/ BbbmT2'BQ" Qp2

6B;m 2 9X9X#V b?Qrb i?2 M HvbBb BM i2 Kb Q7 Jal BM i?2 T 2b2M+2 Q7 i?2 1
“2bTQM/b rBi? i?2 KBMBKmMK p Hm2 Q7 i?2 Jal 2 °Q X 6Q  i?2 } bi bB:M H-i?2 Ja
i72 A* - qA* - 6A* - LL- M/ .GJ "2 ky- ky- ky- RReXek- M/ yXR3jk "2bT2+iBp2Hv
ky 7Q A* - Ky 7Q° gA* - ReXjykk 7Q  6A* - NkX8NN3 7Q  LL- M/ 9X8k89 7Q  .GJ "
bB:M HX Ai Bb +H2 " i? i 7Q  i?2 T'QTQb2/ .GJ H;Q Bi?K-i?2p Hm2 Q7 Jal Bb k
i?2 2tBbiBM; "i27 +i "2KQp H K2i?Q/bX aBKBH “Hv- i?2 M HvbBb mbBM; i?2 i?E
i? ii?2 Jal p Hm2 Q7 i?2 T'QTQb2/ .GJ Bb H2bb r?2M +QKT "2/ rBi? i?2 Qi?2 K
}7i? bB;M H-i?2 Jal p Hm2b "2 ky- ky- dXeyde- RRX33kN- M/ yXjddk 7Q" i?2 " i:
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6B:X KX HvbBb Q7 i?2 ‘i27 +i 2KQp H BM i?2 T'2b2M+2 Q7 i?2 1P: bB:M H

A* - qA* - BA* - LL- M/ .GJ "2bT2+iBp2Hv i? i T'Qp2i?2 T°QTQb2/ K2i?Q/ Bb bm1
K2i?Q/bX

6B;m 2 9X9X+V b?Qrbi?2 M HvbBbBMi2 Kb Q7 _JalBMi?2 T 2b2M+2 Q7 i?2 1
"2bTQM/b rBi? i?2 KBMBKmK p Hm2 Q7 i?2 _Jal 2 QX 6Q  i?2 }'bi bB;M H-i?2
HBF2 i?2 A* - gA* - 6A* - LL- M/ .GJ "2 9X9dkR- 9X9dkR- 9X9dkR- RyXdNNR- M
pHM2 Q7 _Jal Bb 9X9dkR 7Q " A* - 9X9dkR 7Q" gA* - 9Xyjde 7Q  6A* - NXekk3 7
“2bT2+iBp2HV 7Q  i?2 b2+QM/ bB;M HX Ai Bb +H2 ~i? i 7Q  i?2 T'QTQb2/ .GJ |
KBMBKmMK r?2M +QKT "2/ rBi? i?2 2tBbiBM; ‘i27 +i "2KQp H K2i?Q/bX aBKBH “H
M/i?27Qm i? bB;M HBM/B+ i2i? ii?2 _Jalp Hm2 Q7 i?2 T QTQb2/.GJBb H2bb
K2i?Q/b Q7 i27 +i "2KQp HX 6BM HHv- 7Q  i?2 }7i? bB;M H-i?2 Jalp Hm2b 2
M/ yXeROR 7Q  i?2 “i27 +i 2KQp HK2i?Q/b HBF2i?2 A* - qA* - 6A* - LL- M/ .GJ
i72 T°QTQDb2/ K2i?Q/ Bb bmT2 ' BQ Qp2 i?2 2tBbiBM; K2i?Q/bX

9X8X *QKT " iBp2 /Bb+mBEBEXXMX BbQM h #H2 9X8 T 2b2Mibi?2 +QKT "BbQM Q"
K2i?Q/b rBi? "2bT2+iiQi?2aL_-Jal- M/ _JalT K2i2'bX h?2 K tBKmK aL_ Q7 8k
mbBM; i?2 T'QTQb2/ .GJ K2i?Q/- r?2°2 b i?2 Qi?2" K2i?Q/b HBF2 i?2 A* O gA* -
Q#i BM2/ M aL_p Hm2 Q7 99X99d9 /"- 8yXN3ee /"- 9dXNdNe /"- M/ 8yXdyj8 /" "
Jalp Hm2 7Q  i?2 T'QTQb2/ K2i?Q/ Bb KBMBKmK b yXR3jk- #mi 7Q" i?2 K2i?Q/b
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h #H2 9XR
*QKT " iBp2 /Bb+mbbBQM Q7 i?2 ‘i27 +i '2KQp H K2i?Q/b

J2i?Q/baL_U/"VJal]| Jal] *QKTmi iBOQM HIiBK2 Ua2+V
A 99X99d9eXNOkXe]98 RKX8
qA* 8yXN3ledXRyOkXees] RR
6A* 9dXNdNaXely kxd8 NX8
CL 8yXdyj8yXjy33X8s8d d
GJ BKX3dBNXRIjkyX9K3 e

LL- M/ .GJ-i?2Jal2 "Q Bb eXN9- dXRy9y- dXey- M/ yXjy33 2bT2+iBp2HvX GB
yX9k3 Bb Q#i BM2/ #v i?2 T°'QTQb2/ K2i?Q/ r?2M +QKT "2/ rBi? i?2 Qi?2  2tBbiB|
HbQ- i?2 T°'QTQb2/ K2i?Q/ ? b i?2 +QKTmi iBQM H iBK2 Q7 e b2+- r?B+? Bb KBI
iBK2 Q7 Qi?2° +QKT " iBp2 K2i?Q/bX

8X *QM+HMbBDMYX 2" +QM+2Mi> i2b QM i?2 T°QTQb2/ K2i?Q/ Q7 i27 +i 2K
# b2/ L _sM2m  H M2irQ FX h?2 T°QTQb2/ H;Q Bi?K mb2b #Qi? i?2 /> ;QM~v QT
H:Q Bi?K 7Q° 7° KBM; i?2 .GJ H:Q'Bi?Ki? ii° BMbi?2L _sM2m" H M2irQ FX h
bBKTH2 bm#i° +iBQM K2i?Q/ i? i bm#i® +ib i?2 ‘i27 +i 7' QK i?2 1*: bB:M H br
Q#i BM2/ "2 +H2 ° M/ Bb bmBi #H2 7Q" /B :MQbBM; i?2 + /B +@ 2H i2/ /Bb2 &
“i27 +i "2KQp HBb + “'B2/ Qmi mbBM; i?2 .GJ@# b2/ L _sM2m"  H M2irQ F bm+?
bi M/ b M2z2+iBp2 TT'Q +?2 7Q" 'i27 +i "2KQp HX h?2 2tT2'BK2Mi iBQM T2 7Q
bm+? b 1J:-11:- M/ 1P: T Qp2bi? i i?2 T°QTQb2/ K2i?Q/ Bb 2z2+iBp2 r?22M +QK’
K2i?Q/bX h?2 K tBKmK aL_ Q7 8kX3d3N /"- KBMBKmMK 2°°Q" Q7 yXR3jk- M/ K
Q#i BM2/ mbBM; i?2 T°QTQb2/ .GJ@# b2/ L _s M2m  H M2irQ F i? i ;2M2" i2b i?
T QTQb2/ K2i?Q/ biQQ/ b M 2z2+iBp2 K2i?Q/ BM 2ti° +iBM; i?2 +H2 M bB;M H °
h?2 T2 7Q K M+2 Q7 i?2 T°QTQb2/ K2i?Q/ Bb 7m i?2  BM+"2 b2/ #v mbBM; ~2+21
i BMBM; bT22/ Q7 i?2 T°QTQb2/ K2i?Q/ HbQ M22/b 7m i?2  BKT Qp2K2MiX
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(RaX X AKiB x- CXJ "/2HH- aX aXu ® ?K /B- 1-X*:X dBHH2Bb2MiB}+ iBQM M/ 2KQp HBM K>2 Hi? b
7Q° +QMiBMmMQmb T iB2HMQKRAMBIQXBMITXRAR @ Rde- kyReX

(k) X EmK ° M/ JXaBNRiBK H a2H2+iBQM Q7 g p2H2i 6mM+iBQM M/ .2+QKTQbBiBQM G2p2H 7Q"
“iB7 +€IQmM'M H Q7 J2/B+ H AK ;BM; M/ >2 Hi? AM7Q K iB+b- oQHX 8- Rj3 R9e- kyR8X

(iYaX@>XEBIBQM “iB7 +i "2/m+iBQM BM 1H2+i'Q+ /BQ; COmbPEM Q7TIiB/+}HiM/ "BQHQ;B+ H 1M;B
jRURV, ed@dk- kyRyX

(9) X wX IX _ ?K M- _X X a? BF- .XoX _XI1XB2MIvbB;M # b2/ MQ 'K HBx2/ [/ TiBp2 }Hi2'BM; i2+?
+ M+2H iBQM Q7 iB7 +ib BM 1*: bB;M Hb, TTHB+ iBQB ;M HBS2@2BbbBEAVQ i26IQKAIK2 NR- Ab
62#™ m v kyRR-S ;2b kk8@kjNX

(8)CXG22- .X .X J+J Mmb- aX J2'+? Mi- M/ EXi®@X iB@MQiBQM M/ LQBb2 ‘iB7 +i .2i2+iBQM BM >Q
.i IbBM; 1KTB B+ H JQ/2 .2+QKTQbBiBQM M/ ai ARIMIBH HME Fi@QFMDbPM "BQK2/B+ H 1M;BM2
OQHX 8N-LQX e- CmM2 kyRkX

(e)hX >2- :X *HB77Q /- M/ GX h : FAHBRQBQM Q7 BM/2T2M/2Mi +QKTQM2Mi M HvbBb BM “2KQpBN
2H2+i"Q+ "/BIZmMKH *QKTmiBM; TTHB+ iBQMb- T°'BH kyye- oQHmMK?2 R8- Abbm2 k- TT Ry8 RF

(d)*X"X J# +?m- AX/B;Q o0B+iQ - AX 1KK MM2H-6BHAXABR UbBYQ MM7 +ib AM 1*: aB;M H IbBM; _2+i
qBM/Qr@" b2/ .B;Bi HAEBEHA2AMi2 M iBQM HCQm' M H Q7 *QKTmi2  a+B2M+2 Abbm2b- oQHX 3-

kKyRRX
(3:X w? M;- hX gm- wX g M- wX aQM;- JX um- .X q M;- GXM@B K@K ©Q72iIp /2i2+i p2Mi'B+mH  }# BHH
7°QK *S_ CiB7 +i@+Q "mTi2/ 1*: # b2/ QM BIRKRYBHEMB;M H S Q+2bbBM; M/ *QMi QH- 0QHmMK

kyRe- S ;2b ed@d8XCX

(NlaX S mH- JX _X _2//v- M/ oX GXEmM7Q K /QK BM ao. }Hi2" 7Q° bmTT 2bbBQM Q7 Kmb+H2 MQ
2t2°+Bb2 1*A60B1 h° MbX "BQK2/X 1M;X- pQHX 9d- MQX 8- TTX €89 eej-J v kyyyX

(RYBX G M/2° M/ 1X CX "2iBKB@7 2[m2M+v TH M2 rB2M2  }Hi2 ' BM; Q7 i?2 ?B;?@ 2bQHmMiBQM 1*:,
+ iBQM11 h MbX "BQK2/X 1M:X- pQHX 99- MQX 9- TTX k8e ke8- T X RNNdX

(RR)X Gm- CX aX ""Bii BM- SX >QHH M/- CX uB MMB- X GX :"22M- CX 6X ai2BKQ mEXMyXL*xBRQ-B M aXq
7°QK bm 7 +21J:bB;M Hb mbBM; /LRiBpQbH+BX BRIiX- pQHX 9ek- MOQX R- TTX R9 RN- P+iX kyyl



“i27 +ib _2KQp H 7 QK 1*: aB;M H, . ;:QM~v PTiBKBx iBQM@# b2/ G2 "MB®j H;Q Bi?

(RK)X GX .QMQ.2@MQBbBM; #v bQ7i @I 2Hh? QH/BMM7X h?2Q v- pQHX 9R- MQX R- TTX eRj ekd- J v F

(RjPX av /B M/JIX "X a? KbQHH/2BIQBbBM; rBi? / TiBp2 #BQMB+ rBd2 I$2Q i XMATQL' KQM7X 1M ;X J2/)
"BQHX aQ+X- kyye- TTX e8Nd eeyyX

(R9)X a K2MB-JX "X a? KbQHH ?B- *X Cmii2M- M/ : XMXXMHBMZQ '/ v2bB M }Hi2'BM; 7° K2rQ ' F 7Q°
/2MQBbBBIM1 h® MbX "BQK2/X 1M;X- pQHX 89- MQX Rk- TTX kRdk kR38- .2+X kyydX

(R8¥X EBb?BKQiQ- uX EmibmM - M/EBX+PBM;BKQIiBQM "iB7 +i 1*: MQBb2 /m"'BM; bH22TBM; #vK2 M
++2H2 QKRN2S"Q+X A111 *QM7X 1M;X J2/X "BQHX aQ+X- kyyd- TTX keeN kedkX

(ReaX gX uQQM- aX . X IJBM- uX >X umM- aX G22FiBWpR2IKQEGROM "iB7 +ib "2/m+iBQM mbBM; j@ tBb +
BM 2@i2tiBH2 1*: K2 bm 2K2MIDMbBEAMOiX- pQHX jk- MQX k- TTX RYR Rye- T X kyy3X

(Rd)X ; 'rH- X aBM;?- X +? 'vv - _X X a? 7BF- aX-DM2?;K@1{+B2Mi M/ >B;?@aT22/ _Q#mbi *?
A/2MiB}+ iBQM J2i?Q/QHQ;v iQ aQHp2 S2°Kmi iBQM AM/2i2'KBM +v BM A* 7Q° ‘iB7 +ib _2K
>2 Hi?+AR S 'Q+22/BM;b Q7 i?2 kyRj AMi2 M iBQM H avKTQbBmMK QM 1H2+i'QMB+ avbhi2K .2bE

(R32X X M T ; KBMB- X - 2KWQH H Q7 'iB7 +ib BM 1*: mbBM; 1KTB B+ HAK 52 Q2-2Q KB'K) bB QB7QiM 2
kyRj AMi2°"M iBQM H *QM72°'2M+2 QM *QKKmMB+ iBQM M/ aB;M HS Q+2bbBM;- TTXk33 @ kN

(RNGX aX GBM- aX uX >m M;- EX gX S M NMPaBQH@BB+ H bB;M H KQMBiIQ BM; bvbi2K # b2/ QM M ac
rB'2H2bb M2irQ F i2+?MQHQ;B2b BM CRK2+X 2B DH? MND;XQ }N, 9d @ 8R- kyyNX

(kylaX EBK->X L F Km®> - hX uQb?B/ - JX EBb?BKQiQ- uX AK B-LX J ibmFB- hX AbZBFHQTM2 KX u K ;
Q7 2 #H2 bvbi2K KQ/mMH2 7Q° KQMBIiQ 'BM; T?vbEh2 M2 W/ K 2K H®2 AFHH®-/R9, NJN@N98- ky

(kRRX JB'D HBHBM~v H;Q'Bi?K, M2r K2i @?2m BbiB+ QTiBKBx iBQM i2+?MB[m2 7Q " bQHpBM; b
KmMHIB@Q#D2+iBRh2 M Q#HQKBEmMiBM; M/ TTHB+ iBQMb- 0QHX kd- LQX 9- TTX Ry8j Rydj-J v k

(KkXCX JX SX J2M2x2b C° M/ :X X-"GQM@i2 'K iBK2 b2 'B2b T 2/B+iBQM rBi? i?2 L _s M2irQ'F, I
2p Hm iBRIM Q+QKTmiBM;- pQHXdR- MQXRe R3- TTXjjj8@jj9j- P+iQ#2  kyy3X

(kj): B/? M2- >X o0BH b-0-aBM;?-uX oX >Qi2- -M2dXTEMX +?2b 7Q° BK ;2 +QKT 2bbBQM mbBM; M2m"
CQm'M H Q7 AMi2HHB;2Mi G2 "MBM; avbi2Kb M/ TTHB+ iBQMb- pQHXj- MQXy9- TTXkky@ kkN

(k9)X C 7 "B7 'K M/-JX X"/ K+?BX ilRB? +ib "'2KQp HBM 11: bB;M H mbBM; M2r M2m™ H M2irQ F 2M~"
JHi2L2m Q+QKTmiBM:- pQHXRyj- TTXkkk@kjR-R J “+? kyRjX

(k8uX GBniQK iB+ "2KQp H Q7 i?2 2v2 #HBMF "iB7 +i 7°'QK 11: mbBM; M A* @# B2viekBEKQHQ 2BK iH ?B |
J2 bm 2K2ib- pQHXkd- TTX9k8 je- kyyeX

(keBX JBb?° M/ aX EX aBMEH +i 2KQp H 7°QK "BQbB;M H mbBM; 6Bt2/ SQBMi A* H;Q 'Bi?K 7Q"
"BQK2i'B+ _2+QpMBIiBRMMQXR- C M kyRjX

(kdYX xx2 #QMB- JX * "T2MiB2M- 1XGX 6Q 2bi - M/-1L2x J@@ABIiQM/ q p2H2i h> Mb7Q K 7Q" 'iB7
_2KQp HBM bm 7 AM 8JQ+22/BM;b Q7 A111 AMi2 M iBQM HCQBMi*QM72'2M+2 QM L2m" H L2ir
kyy9X

(k3pX SOQMM;TQMb B M/ sX@>mTiuBp2 }Hi2 BM; TT'Q +? 7Q° 2H2+i'Q+ /BQ; K U1*:V bB;M H MQB!
M2m® H M2itQhF+QKTmiBM;- pQHX RRd- TTX kye@kRj- kyRjX

(KNBPX K MB-JX EB?H- M/ X _Q#2 i9@®@M2/ ImHiB@bi2T ?2 /_2bTQMb2 hBK2 S 2/B+iB@AM 7Q" . i #
T°Q+22/BM:b Q7 RRi? AMi2'M iBQM H *QM72°2M+2 QM AMi2HHB:2Mi avbi2Kb .2bB;M M/ TTF
kyRRX

(jy)wX "Qmbb / -PX*m 2 - X _2K +B->X* K#HQM;- M/LKQ@MHBINER DmiQ 2;°2bbBp2 1tQ;2MQmb UL
L2m™ H L2irQ ' FJQ/2H 7Q" i?2 S'2/B+iBQM Q7 i?2 . BHIMR 2BR&QPQHX/BRBRE®X j- kyR3X

(JRX1X .B +QM2th®® mb2 Q7 L _s L2m”  H L2irQ Fb iQ T 2/B+i *? @eB+ahBKRmBRZIBRMb QM *QKTmi2"
_2b2 "+?- pQHX j- MQX j- TTX R3K@RNR-J "+? kyy3X

(jk)>X >2- sX uM M/ gXd2BB/B M 1*: AM7Q 'K iBQM h® MbKBbbBQM avbi2K JQ/2HBM; IbBM; L _s L
AM T°Q+22/BM;b Q7 A111f *Aa R8i? AMi2™M iBQM H *QM72°2M+2 QM *QKTmi2° M/ AM7Q K il
C T M- kyReX

(jj) X _i'2 M/ oX S MF D Fihtn™MF2  pBbm H b2 "+?@# b2/ ?v# B/ i +FBM; KQ/2H M/ 6" +iBQM H EQ ?(
JT7Q° MQK Hv HQ+ HBx iBQM M/ /2i2+iBQMhBN B “;pB2NB;HaH B2HR p2BCnb" M H- TTX R@Re- ky

(j9) X oX .?2mK M2 M/ _XaX ImHIB@Q#D2+iBp2 7° +iBQM H ;" pBi iBQM H b2 "+? H;Q Bi?K 7Q" 2M
AQlgB 2H2bb L2irQ Fb- TTX R@R8- kyRdX

(j8)aX LBT MBF “- 0 >X .22Ti?B- M/ LX BfMHB2 MB-"2b2Mi iBQM # b2/ BK ;2 bi2; MQ;  T?v mbBM; S i
PTiBKBx iBQM M/ r p2H2kyRMK7Q K

(je)SXJIX a?2HF2 M/ _X aX M BKT Qp2/ MiB@7Q 2MbB+b CS1: +QKT 2bbBQM mbBM; G2di *m+FQQ
AK ;BM; a+B2M+2 CQm M H- pQHX ee- MQX j- TTX ReN@R3j- kyR3X

1/Bi2/ #¥X oBD v
_2+2Bp2HK d- kyRN
++2TiZAmMM kj- kyky






e
.. a+ H #H2 *QKTmiBM;, S° +iB+2 M/ 1tT2 B2M?idT, fAara X RRBSTNX@DRded -
Ukyky a*S1X 0OQHMK2 kR- Abbm2 k- TTX ke8 kde- .PA RyXRkeN9,fb+
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"G a>1">X ShAG L. SXJX S WAG

#bi® +iXAK ;2 BMT BMiBM; Bb i?2 T°'Q+2bb Q7 "2biQ ' BM; KBbbBM; TBt2Hb BM /B;Bi HBK ;2b BM
BMT BMiBM; i2+?MB[m2 ? b +[mB 2/ bB;MB}+ Mi +QMbB/2" iBQM BM p "BQmb "2;BQMb- BX2X "2bi
2HBKBM iBQM Q7 mMr Mi2/ Q#D2+ib- +BM2K iQ;> T?v- "2iQm+? TTHB+ iBQMb- 2i+X 1p2M i?2Qm;?- H|
/Im2 iQ i?2 2bi #HBb?K2Mi Q7 +2°i BM 'iB7 +ib BM i?2 "2biQ 2/ BK ;2 "2 bX hQ "2+iB7v i?2b2 Bbb
? p2 #22M 2bi #HBb?2/ #v /IBz2 '2Mi mi?Q bX h?Bb bm'p2v K F2b +'BiB+ H M HvbBb Q7 /Bp2 b2 i:
BMT BMiBM; b+?2K2bX h?Bb T T2 ;Q2b mM/2° UBV M HvxBM; p 'BQmb BK ;2 BMT BMiBM; i2+?MB|
T T2 'bc UBBV J F2b i?2 +QKT 2?2MbBp2 bim/v "2; "/IBM; i?2T2 ' 7Q°'K M+2 K2 bm™2b M/ i?2 +Q "2bTQ
2 +?2 +QMi'B#miBQMc UBBBV M HviB+ H "2pB2r +QM+2"MBM; i?2 +?2°'QMQHQ;B+ H "2pB2r M/ p 'BQn
rQ"FbX 6BM HHv-i?2bm p2v 2ti2M/brBi? i?2/2i2°'KBM iBQM Q7 p 'BQmb "2b2 "+? Bbbm2b M/; Tbi? i
iQ T'"QKQi2 BKT Qp2/ 7mim 2 rQ Fb QM BK ;2 BMT BMiBM; b+?2K2bX

E2v rQ /b AK ;2 BMT BMiBM;c _2;BQM 6BHHBM;c S2°7Q K M+2 J2 bm 2bc *? " QMQHQ;B+ H “2pB2rc

Jabm#D2+i +H bbB}+ NBQWBo X

RX AMIi"Q/ mM+#BEWXBMIBM; 272 °biQi?2 "iQ7 2biQ'BM; HQbiIi T "ibQ7i?2 BK ;
# b2/ QM i?2# +F;"QmM/BM7Q K iBQM-BX2X BK ;2BMT BMiBM; Bbi?2 T Q+2bb
T 'ib Q7 BK ;2b mbBM; BM7Q K iBQM 7'QK bm "QmM/BM; "2 bd (ee- ed- e3- NR)
/IBbQ++HmbBQM-}HHBM; 27QH2b M/ BK ;2 "2biQ" iBQM-2i+X i} bi-i?2i?22Q v Q7
"2'i HKBQ 2i H (Ny)X ++Q ' /BM;iQ i?Bbi2+?MB[m2-?B;?22 @Q /2 S.1r b2tTHQE
i?72 "2 biQ #2 }HH2/ "2 # b2/ QM i?2 bbBbi M+2 Q7 ;° /B2Mi /B '2+iBQMX h?2 irC
Q7 BMT BMiBM; +QMbBbib Q7 i2tim> H M/ bi'm+im> HBMT BMiBM; (eN-dy- dR)X

h?2 "2;BQMb QmibB/2i?2 "2 iQ #2 BMT BMi2/ "2 KQ/2HH2/ #v i?2 i2tim 2 BM"
rb2tTHQBI2/iQ i?2 i2tim 2b rBi? °~ M/QKBx2/ k. KQ/2HbX *QMb2[m2MiHv- i?2 b
ii2KTi iQ "2#mBH/ i?2 bi'm+im 2b bm+? b Q#D2+i M/ HBM2 +QMiQm bX Ibm HH
re2M i?2 TQ iBQM iQ #2 BMT BMi2/ Bb bK HH (dj- d9- Nk- Nj)X Ai +QM+2 " Mb QM |
bB/2 2/ bR. T ii2”Mbm+? b Q#D2+i M/ HBM2 +QMiQm bX JQ 2Qp2 - BK ;2 +QKT
#v M2;H2+iBM; +2°1i BM TQ iBQMb ii?2 2M+Q/2  bB/2 M/ BMT BMiBM; i?Qb2 TQ"
/12+Q/2  bB/2 (d8- N9)X

HbQ- KQ'T?QHQ;B+ HT Q+2bb2b M K2Hv +Q "QbBQM +QmH/ #2 2tTHQBIi2/ 7
KBbbBM; p Hm2bX AM }M2 T BMiBM; Kmb2mKb- BMT BMiBM; Q7 +Q "mTi2/ T BMiE
M/ ;2M2° HHv- Bi Bb 7QmM/ iQ #2 Km+? iBK2@+QMbmKBM;X h?2°2 r2°2 MmK?2
BK ;2 BMT BMiBM; (de- dd- d3)X 6JB+ QbQ7i EBM2+i b2MbQ 6 Bb M BM2tT2Mbl
Q7 M Hvbib iQ ? M/H2 rBi? /22T /i X >Qr2p2°'- Bbbm2b 2tBbi rBi? i?Bb /2pB+2
++m” +v (dN- 3y- 3R)X

h?2 K BM +QMi'B#miBQM Q7 i?Bb T T2 Bb /2TB+i2/ #2HQr,

RX h?BbrQ F +QM/m+ib bm p2v Q7 /Bp2 b2 i2+?MB[m2b "2H i2/iQp "BQmb E

+QMi"B#mi2/iQ 2 +? T T2 X

_2b2 "+? a+?QH ° HH AM/B a? B a?Bp DB J2KQ B H aQ+B2ivob AMbiBimi2 Q7 AM7Q K iBQM
S'Q72bbQ" .2Ti Q7 1 h* oB/v S  iBb?i? M6b EKHMV M " D D AMbiBimi2 Q7 1M;BM22 BM; h2+
Ut Hb ?22#?T iBHR99!;K)BHX+QK

YS'Q72bbQ" haaldda "?Bp ~ # Bar Mi *QHH2;2 Q7 1M;BM22°'BM; M/ _2b2 "+?- SmM2- AM/B

keS8



kee "Hb ?2# >X S iBH- SXJXS iBH

kX ++Q ' /BM;Hv-i?2T2'7Q°'K M+2 K2 bm'2b M/ i?2 +Q "2bTQM/BM; K tBKmK
iB; i2/X
jX 6m i?2 ' KQ'2- p "BQmb iQQHb 2tTHQBi2/ BM 2 +? rQ'F "2 "2pB2r2/ M/ +
K /2X

9X i H bi-i?2 "2b2 "+?2 +? HH2M;2b M/; Tb QM BK ;2 BMT BMiBM; bvbi2Khb

h?2 T T2 Bb T2 " M;2/ b 7QHHQrbX a2+iBQM k TQ i® vb i?2 "2H i2/ rQ Fb 1
T'2?2MbBp2 "2pB2r Q7 /QTi2/ H;Q ' Bi?Kb- T2 7Q°K M+2 K2 bm 2b- b r2HH b
a2+iBQM 9 /2b+ ' B#2b i?2 bb2bbK2Mi QM /QTi2/iQQHb M/ +? " QMQHQ;B+ H “2pt
82H #Q  i2b QM i?2 "2b2 "+? ; Tb M/ +? HH2M;2b- M/ a2+iBQM e +QM+HmM/2b i?

kX GBi2° im 2 "2pB2rX

kKXRX 2H i2/ rdAMBEYR9- >2 2i HX (R) ? p2 T '2b2Mi2/ MQp2H r p2H2i 77 K2 (
KBx iBQM TT Q +?7Q BMT BMiBM; i?2BK ;2X LmK2'B+ H M Hvb2b ? p2 "2p2 H:
b+?2K2 BM +QMb2 pBM; i?72 BK ;2 2/;2bX AM kyRe- *?2M 2i HX (k) ? p2 T'2b2M
bQHpBM; i?2 Bbbm2b BM MQM@Q i?Q;QM Hr p2H2i BMT BMiBM;X J i?2K iB+ H
i?72 T'2b2Mi2/ TT Q +?2 Qp2  i?2 +QKT "2/ KQ/2Hb BM i2'Kb Q7 T2 7Q 'K M+2 iBK?Z
T°QTQb2/ MQp2H b+?2K2 i? i 2tTHQBi2/i?2 S i+? T'TBQ 'Biv H;Q ' Bi?K 7Q" +Qp
2Mbm 2/ i?2 +QM};m” iBQM bi #BHBivX AM i?2 2M/- bBKmH iBQMb r2 2 ?22H/ M/ i-
2z2+iBp2M2bb Q7 i?Bb K2i?Q/X

AM kyRd- 62B 2i HX (9) ? p2 BKTH2K2Mi2/ T T2  /2T2M/BM; QM i?2 .JJV i2+
2K iB+ H M Hvb2b ? p2 b?QrM i? ii?2 T 2b2Mi2/ b+?2K2r b+ T #H2 Q7 ii BMBM
i BMX AM kyRd- sm2 2i HX (8) ? p2BMi"Q/m+2/ i2+?MB[m2 mbBM; i?2 6GQr ;°
reB+? i?2 T2M Hiv 7Q° bK HH ;" /B2Mib r b "2/m+2/X HbQ-i?2 BMp2biB; iBQM F
Q7 i?2 BKTH2K2Mi2/ KQ/2HX o ?B/ 2i HX (e) ? p2 T°'2b2Mi2/ MQp2H i2+?MB[m
Ki'Bt KQ/2H 7Q° MQM@i2tim 2/ BMT BMiBM; Q7 BK ;2bX h?2 T'2b2Mi2/ TT Q +
M/ 7 bi2> BMT BMiBM;X

AM kyRd- g M; 2i HX (d) ? p2 /2p2HQT2/ i?2 bT +2 p "vBM; mT/ iBM; TT Q +?
2p Hm iBQMX HbQ-66hr b /2THQvV2/i? ib2 "+?22/i?2r?QH2 BK ;2 M/ T ' QpB/2/
6BM HHv-i?22Qmi+QK2b?Qrbi?22M? M+2K2Mib K /2 #vi?2 BKTH2K2Mi2/i2+?MB
2bi #HBb?2/ M BK ;2 BMT BMiBM; b+?2K2- r?B+? +QKT'Bb2/ Q7 i?2 SaL_p Hm2|
QmMi+QK2b ? p2 b?QrM i? ii?2 T '2b2Mi2/ K2i?Q/ ii BMb #2ii2° SaL_p Hm2 Qp2" C
kyyd- 1#B" i 2i HX (N) ? p2 BMi ' Q/m+2/i?2 +QM+2Ti 7Q°  #HQ+F@Q B2Mi2/ BK ;2
AM i?2 2M/- bBKmH iBQMb r2°2 ?2H/i? i T°Qp2/i?2 2{+B2M+v Q7 i?2 T 2b2Mi2/ |
#2ii2° pBbm H[m HBivX

AM kyRe-" "#m 2i HX (Ry) ? p2 2tTHQBi2/i?2p B iBQM HKQ/2H 7Q° BK ;2 °
QM kM/@Q/2° S.1X *2°i BM bm++2bb7mH BK ;2 BMT BMiBM; M HvbBb M/ 2p H
rQ'FX AM kyRe-Jm// H 2i HX (RR) ? p2 bm;;2bi2/ M G.A-r?B+? BK2/ i2M? N
Q7 i?72 BK ;2bX b T2 i?2 bm#D2+iBp2 M/ Q#D2+iBp2 bb2bbK2Mib- i?2 /2p2HC
+QMpP2MiBQM Hb+?2K2b ii?2/BbQ++HmbBQMX AM kyRk- "M p2i HX (Rk)? p2
i?72/° r# +Fb Q7 HQr@ 2bQHmMIiBQM Bbbm2b i? i "2bmHi2/ BM TQQ Q++HmbBQM!
i? 1i?22T°2b2Mi2/ KQ/2H +QmH/ 2{+B2MiHv "2+QMbi m+i i?2 BK ;2b rBi? "2/m+2/

AM kyRk- .?Bv M2b? M/ a i?Bv T'Bv (Rj) ? p2 M Hvx2/i?2 +iBp2 bM F2 KQ/:
h?2 2tT2 ' BK2Mi iBQM BHHmbi™ i2/i? ii?22 T '2b2Mi2/ K2i?Q/ Qz2 b #2ii2° Qmi+Qk
K2i?Q/bX AM kyRj- g M; 2i HX (R9) ? p2 BMi'Q/m+2/ M 2z2+iBp2i° Mb7Q'K@Q
i2+?MB[m2bi? ii +FH2/ Qp2 i?2 "2/m+2/2{+B2M+vX 6m’i?2 - i?2 BMp2biB; iBQM
/IQTi2/ i2+?MB[m2 2M? M+2b M/ bT22/b mT i?2 T2 7Q°K M+2b HQM; rBi? BKT (
kyRk- GB M/ u M (R8)? p2/2p2HQT2/ MQp2H TT ' Q +?-r?B+?2r b /2T2M/2Mi QN
M HvbBb- "2/m+2/+QKTmi iBQM HiBK2r b +?B2p2/#vi?2T 2b2Mi2/ b+?2K2 Qj

AM kyRd-*?mM?QM; 2i HX (Re)? p2 KQ/2H2/p "B2/BK ;2BMT BMIiBM; b+?2K
BK ;2b mbBM; iB;?i 7° K2 KQ/2HX HbQ- i?2 #2ii2 "' K2Mi Q7 i?2 T ' 2b2Mi2/ b+7?:
b+?2K2b BM i2'Kb Q7 BKT Qp2/ [m HBivX AM kyRN- >m 2i HX (Rd) ? p2 /2p2HQ
bb2bbK2Mi b+?2K2 i? i bQHp2/i?2 h? M;F AAZ Bbbm2bX 6BM HHv- bi i2@Q7@



*QKT 2?2MbBp2 _2pB2r QM ai i2@Q7@i?2@ ‘i AK ;2 AMT BMiBM; hkexMB[m2b

/IQTi2/i2+?2MB[m2 7Q " AAZ i? irb bbQ+B i2/rBi? 2mK M pBbBQMX AMKyRN- GE
BMp2 b2 Bbbm2b Q7 BK ;2 BMT BMiBM; KQ/2H-7Q r?B+? KmHiIiB@}Hi2 b ;mB/2/ |
"2bB/2b-i?2 T 2b2Mi2/ b+?22K2 QmiT2 7Q K2/i?2i /BiBQM HDb+?2K2 +QM+2 MB

AM kyRN- CB Q 2i HX (RN) ? p2 /2THQv2/ i?2 JG*L M/ 2M+Q/2 @/2+Q/2" ;2]
"2biQ 2/ i?2 BK ;2X JQ2Qp2°-i?2 2{+B2M+v Q7 i?2 T '2b2Mi2/ i2+?MB[m2 r b E
"2bmHibX AM kyRN- *?2M; M/ GB 2i HX (ky) ? p2 /2p2HQT2/ /B 2+iBQM bi m+i
7Q°J_6 Q' B2Mi2/ BMT BMiBM; b+?2K2bX 1tT2 BK2Mi HQmi+QK2b ? p2 /2KQMbi"
K BMi BM2/ #2ii2° +QMbBbi2M+v rBi? "2/m+2/ +Qbi QM BMT BMiBM; /Bp2 b2 ivT
h M M/>Q M; (kR)? p2T 2b2Mi2/ MQp2H /B;Bi HBMT BMiBM; i2+?MB[m2- r?BH
"2biQ°'BM; i?72 BMi2MbBiB2b Q7 TBt2Hb /2 ' Bp2/ 7 QK i?2BK ;2 /i b2iX ++Q /BM;
BK ;2br2°2 bb2bb2/ 7' QK Tm#HB+ /i b2ibX

AM KyRN- MBb 2i HX (kk) ? p2 2bi #HBb?2/ K2i?Q/i? i +QMbB/2°2/i?2 ?B;?@C
i?72BK ;2 BMT BMiBM; M/ /2@MQBbBM; Bbbm2bX HbQ- MmK2 Qmb "Bi?K2iB+ H
i?72bmT2 BQ BivQ7i?2T 2b2Mi2/ KQ/2H Qp2  i?2 +QMp2MiBQM H K2i?Q/bX AM |
i?72 / TiBp2 #QQbiBM; K2i?Q/ 7Q h:o Q' B2Mi2/ BK ;2 BMT BMiBM; M/ /2MQBbBN
"2bmHib ? p2 2bi #HBDb?2/i? i i?2 T'2b2Mi2/ KQ/2H ;2M2" i2b BK ;2b rBi? "2/m+:
HX (k9) ? p2 /QTi2/ MQp2H 2t2KTH "@Q B2Mi2/ BK ;2 BMT BMiBM; KQ/2H i? i 2
b+?2K2 FMQrM b i?2 S JalX >272-i?2 /QTi2/ b+?2K2 T ' Qp2/i?2 BKT Qp2/ T2 7
K2i?Q/BM T QT ; iBM; i2tim 2 M/ ;2QK2i'B+ bi'm+im 2 BM bBKmHi M2Qmb K M

AM KyR3-w?m 2i HX (k8) ? p2/2p2HQT2/ M2ri2+?MB[m2/2T2M/BM; QM *LL-r
Ti+?@Q B2Mi2/ BMT BMiBM; T'Q+2bbX 6BM HHv- BMp2biB; iBQM HQmi+QK2b /
+[mB 2/ #2ii2° T2 7Q°K M+2 +QM+2"MBM; "'mMMBM; iBK2- 6S_- M/ hS_X AM kyF
Qz2'2/ Tii2™™M M/i2tim 2 +QMb2 pBM; BMi2 " TQH iBQM@Q B2Mi2/ TT Q +?2 7Q°
BK ;2bX 6BM HHv-i?2 T2 ' 7Q 'K M+2 Q7 1?2 2bi #HBb?2/ b+?2K2r b 2p Hm i2/ QM
T ii2"Mb M/i2tim 2bX AMKyR3-u M2i HX (kd)? p2°2; /2/i?2 SaAaT Q#H2K- M
rbT°QTQb2//2T2M/BM; QM G*@# b2/ aAaX 6BM HHv-i?2 M HvbBbr b+ ""B2/ Q1
Q71?22 /2p2HQT2/ KQ/2HX

AMKyR3-> M2i HX (k3)? p2 BKTH2K2Mi2/ M2r 6pB im HpB2rbvMi?2bBbd b+
b+?2K2i? i H2bb2M2/i?2 2 "Q'b Q++m "2/ /m BM; BMT BMiBM;X i H bi-i?2 BMp:=
bmT2 BQ Biv Q7 i?2 T 2b2Mi2/ i2+?MB[m2 BM +?B2pBM; 2z2+iBp2 ?B;?@[m HB
2i HX (kN) ? p2 2bi #HBb?2/irQ TT'Q +?2b 7Q" "2p2'bB#H2 BK ;2 "2+Qp2'v M
6m i?2°KQ 2-i?2 M HvbBb Qmi+QK2b ? p2 "2p2 H2/i?2 bmT2 'BQ Biv M/ 2z2+it
AM kyR3- Gm 2i HX (jy) ? p2 TQ'i° v2/ MQp2H Jh* 7Q" "2biQ 'BM; i?2 BK ;2b ;
2tT2 ' BK2Mi iBQMb QM #Qi? "2 H M/ bvMi?2iB+ BK ;2b r2°2 + ""B2/ Qmi i? i T'Q
T2 ' 7Q° K M+2 Q7 i?2 /2p2HQT2/ TT Q +?X

AM kyRy- sBQM; 2i HX (jR) ? p2 2bi #HBb?2/ M 2{+B2Mi BK ;2 +QKT 2bbBQ]
i?72S A7Q /2p2HQTBM; i?2 pBbm H "2/ mM/ M+v BM +QHQ  BK ;2bX 6BM HHv- i?2
i?72 T 2b2Mi2/ KQ/2H BM Qz2 BM; BKT Qp2/ #Bi " i2 b pBM; i #2ii2° [m HBiB2bX
T 2b2Mi2/ M BK ;2 BMT BMiBM; b+?2K2 i? i QTiBKBx2/i?2 QmiHBM2 Q7 i?2 K bF
BMp2biB; iBQM HQmi+QK2b ? p2 BHHmbi™ i2/i? ii?2 /QTi2/i2+?MB[m2 T2 7Q k
b+?2K2b rBi?Qmi K bF2/ "2;BQM "2biQ" iBQMX AM kyy9- ** BKBMBbB 2i HX (jj)
2HBKBM iBM; ?m;2 Q#D2+ib 7" QK /B;Bi HBx2/ BK ;2bX 6BM HHv- BMp2biB; iBQM
K /2 #vi?2 T 2b2Mi2/ b+?2K2X

AM kyRd- GB M/ Gp (j9) ? p2 /QTi2/ /2+QmTH2/ p "B iBQM H b+?2K2 7Q" Bl
M/ BK ;2 /QK BM BM+Hm/BM; 6Qm B2 M/ r p2H2i /QK BMX h?2 "Bi?K2iB+ H 2t
QM /Bp2°b2 BK ;2b ? p2 "2p2 H2/ i?2 2{+ +v Q7 i?2 /QTi2/ b+?2K2X AM kyRd- g
i?72 Bbbm2b 7' QK i?2 pB2rTQBMi Q7 BMi2MbBiv 7mM+iBQM 2biBK iBQMX AM i?
+QM} K2/ i?2 2{+B2M+v Q7 i?2 /QTi2/ i2+?MB[m2- T "iB+mH "Hv BM 2/;2 "2+Qj
(je) ? p2 BMi"Q/m+2/ M 2ti2MbBp2 M HvbBb Q7 ?B;?2 @Q /2" Bbbm2b i? i r2°2
TTHB+ iBQMbX h?BbrQ'F K BMHv +QM+2 M2/ rBi? ?B;?2°@Q /2" #QmM/2//2pB

AM kyRN- M? M/ >Q M; (jd) ? p2 2bi #HBb?2/ M2r "2+QMbi m+iBQM TT Q +7?



ke3 "Hb ?2# >X S iBH- SXJXS iBH

rBizQmi 2tTHQBIBM; i?2 /2b+"BTiQ bX 6BM HHv-i?2 2tT2"'BK2Mib ? p2 b?Qrb i?:
AM kyRe- a?2M 2i HX (j3) ? p2 /2p2HQT2/ +QMbi° BM2/ BMT BMiBM; b+?2K2 °
BM ++m” i2 Q° BM+QKTH2i2 r p2H2i +Q2{+B2MibX 6 QK i?2 M HvbBb-i?2 T 2b2
rBi? #2ii2° SaL_ M/ pBbm H[m HBiv Qp2  i?2 2tBbiBM; K2i?Q/bX AM kyRe- S2i2°
MQp2H TT' Q +? r?B+? BMpQHpP2b i?2 +QKT 2?2MbBp2 M HvbBb Q7 i?2r2 FM2bl
i?72 M HvbBb Qmi+QK2b ? p2 Qz2 2/ bBKTH2 ? "KQMB+ /BzmbBQM M/ "2/m+2/ +
Qp2 i?72 Qi?2  2tBbiBM; b+?2K2bX

AM kyRd- *QHQK2  2i HX (9y) ? p2 2tTHQBi2/i?2 /B+iBQM v H2 "MBM; M/ bT
BMT BMiBM; i?72 "2iBM H p2bb2HbX HbQ-irQ /Bp2 b2 K2i?Q/b Q7 2p Hm iBM; i?2
p HB/ i2/i?2 MQM@ "iB}+B HQmi+QK2b QM BMT BMiBM;X AM kyR8-a "~ i?B 2i |
bT22/v miQK iB+ "2+Q;MBiBQM Q7 P. M/ Bib T°2+Bb2 b2;K2Mi iBQM BM /B;Bi I
r2°2T2°7Q°K2/ QM H #2H2/ /i b2i rBi? b2;K2Mi iBQM ++m” +v Q7 NRWX AM |
T 2b2Mi2/ M 2{+B2Mi M/ bBKTH2 "2biQ" iBQM TT Q +? # b2/ QM BK ;2 BMT BMil
? p2 2KQp2/i?2 MQBb2 2{+B2MiHV r?BH2 +QMb2 pBM; i?2 BK ;2 /2i BHb rBi? BK

AM kyR8- GB 2i HX (9j) ? p2 2bi #HBb?2/ 7 bi HQ+ H BMT BMiBM; b+?2K2 .
TT ' Q +?X HbQ-MmK2 ' Qmb "Bi?K2iB+ HQmi+QK2br2°'2 T 2b2Mi2/i? iTQ i  v2/
i?72 BKTH2K2Mi2/ b+?2K2X AM kyR8-CB Q 2i HX (99)? p2T 2b2Mi2/ i2+?MB[m2
/B;Bi H6Qz@ tBb 6 2bM2H ?QHQ;" Kb6/2T2M/BM; QM BK ;2 BMT BMiBM;X "2bB/:
i?72 +QKTmi iBQM H 2{+ +v Q7 i?2 BMT BMiBM; b+?2K2X AM kyR8- GB M; 2i HX
[2i2+iBQM TT Q +? mbBM; 2t2KTH "@Q B2Mi2/ BMT BMiBM;X AM i?2 2M/-i?2 b
i?72 #2ii2 "' K2Mi Q7 i?2 T 2b2Mi2/ b+?2K2 Qz2'b "2/ m+2/ T°Q+2bbBM; iBK2 7Q  p "I

AM kyR9- "2 "MibbQM M/ :2Q ;2 (9e) ? p2 2tTHQBIi2/ i?2 i?2Q°v Q7 T ~ K2i2" °
BMT BMiBM;X h?2 "Bi?K2iB+ H M HvbBb M/ 2 "Q° M HvbBb ? / b?QrM i?2 T 2bz
? "KQMB+ BMT BMiBM; KQ/2HX AM kyR9-J °; "Bi 2i HX (9d) ? p2 /2THQv2/i?2 "
K2i?Q/- M/ ++Q /BM;Hv- aPJb r2°2 +°2 i2/ 7Q" 2p2°v ?QKQ;2M2Qmb i2tim 2X |
+QKT "2/ Qp2 i?2i /BiBQM HaPJb+?2K2b M/i?2/2bB "2/ BMT BMiBM; ;2Mibr2
M/ uBK (93)? p2BMi"Q/m+2/ M2z2+iBp22 "Q  +QM+2 HK2Mii2+?MB[m2 7Q" "2+
HQbi /m"BM; pB/2Q +QKKmMB+ iBQMX h?2 /2p2HQT2/ i2+?MB[m2 HbQ Qz2 2/ +
Qp2 i?2 2tBbiBM; b+?2K2bX

AM kyR9- GB 2i HX (9N) ? p2 KQ/2H2/ i?2 2t2KTH "@Q B2Mi2/ BMT BMiBM;
M2B;?#Q?QQ/ +QMbBbi2M+v M/ bi'm+im> H +Q?2°2M+2X HbQ- i?2 BMp2biB;
T Qp2K2Mib Q7 i?2 /QTi2/ b+?2K2 7Q  /Bp2°'b2 i bFb HBF2 i2ti "2KQp H- b+ i+"
#HQ+F "2KQp HX AM kyR9- *?2M 2i HX (8y) ? p2 BMi"Q/m+2/2/;2/2i2+iBQM b+?
iBQM H /2Ti? K TBMT BMiBM; TT Q +? mbBM; 2ti° +i2/ 2/;2bX h?2 BKTH2K2Mi2/
/2Ti? p Hm2b 2z2+iBp2Hv M/ Bi ? /| T°Qp2/ M 2M? M+2/ T2 '7Q K M+2 Qp2 i?2 i’
ErB2i HX (8R) ? p2 +QK#BM2/i?2HQ+ HTH M2b 7Q  2M? M+BM; i?2 # +F; Qml
BMT BMiBM; [m HBivr b 2M? M+2/X 6 QK i?2 M HvbBb-i?2 KQ/2H2/ i2+?MB[m2
Qi?2° +QKT "2/ TT ' Q +?2bX

AM kyRj-w? Q 2i HX (8k) ? p2 T 2b2Mi2/ M2r T bbBp2 "2+Q;MBIiBQM i2+?MB
CS1l: BK ;2b r?2M i?2v r2°2 biQ 2/ BM CS1: +QKT 2bb2/ 7Q K iX 6BM HHv- i?2 E
/2i2+i2/ M/ HQ+ i2/i?2 HQbi "2;BQM ++m” i2Hv rBi? ?B;?2  [m HBivX AM kyRj- Z
b2H7@ 2+Qp2°'v K2i?Q/ 7Q i KT2 2/ BK ;2b rBi? BK ;2 BMT BMiBM; M/ o0Z BM/2tl
i?72 BKTH2K2Mi2/ TT ' Q +?2r b /2KQMbi® i2/ 7' QK i?2 2tT2 'BK2Mi H "2bmHibX AN
KQ/2H2/ M BMMQp iBp2 7Q ;2 v /2i2+iBQM b+?2K2 7Q  B/2MiB7vBM; i?2 +Q " "m
+QMbB/2°2/ b M2z2+iBp2 b+?2K27Q BK ;2T Q+2bbBM;X AMi?22M/-2tT2 BK2
i?72 BMi"Q/m+2/ b+?2K2r b7 bi2" rBi? 2t+2HH2Mi T2 ' 7Q K M+2 Qp2  i?2 +QKT "2

AMKyRk-.QM; 2i HX (88)7? p2T '2b2Mi2/ #HBM/BMT BMiBM; K2i?Q/i? i B/2Mi
TBt2Hb Q7 i?2 T QpB/2/BK ;2X 6BM HHv-i?22tT2 " BK2Mi iBQMb ? p2BHHmMbi™ i2/
Qp2 b2p2° HirQ@bi ;2/ TT Q +?2bX AM kyRk-w? M; M/ . B (8e) ? p2 BKTH2K2
b+?2K2 7Q  }HHBM; i?2 +Q "mTi2/ BK ;2rBi? #Qi? i2tim 2 BM7Q K iBQM M/ KBbb
b+?2K2 "2biQ 2/i?2BK ;2b[mB+FHv M/i?2SalL_r b HbQ #2ii2°  mM/2 i?2 +QMp2



*QKT 2?2MbBp2 _2pB2r QM ai i2@Q7@i?2@ ‘i AK ;2 AMT BMiBM; hkeMB[m2b

2i HX (8d) ? p2 2bi #HBb?2/ T i+?@Q B2Mi2/BK ;2 +QKT 2bbBM; KQ/2H KQiBp
h?2 M HvbBb Qmi+QK2b ? p2 +?B2p2/ #2ii2°; BM M/ Bi? b HbQb p2/i?2 #Bi@
GB 2i HX (83) ? p2 2tTHQBi2/i?2 *? K#EQHH28b /m H b+?22K2b i? i "2bQHp2/i?2
BMT BMiBM; b+?2K2X 6°QK i?2 MmK2'B+ H M HvbBb-i?2 T 2b2Mi2/ b+?2K2r b
BKTH2K2Mi iBQMX

AM kyRR- .m 2i HX (8N) ? p2 /2p2HQT2/ KQ/2H 7Q " BK ;2 BMT BMiBM;- 7Q" r
M/ HbQ-i?2 H2p2H b2i i2+?MB[m2r b /2THQvV2/ 7Q" 2biBK iBM; i?2 bi'm+im 2 Q
* B 2i HX (ey)? p2/2p2HQT2/ BMi2;" i2/7° K2@Q ' B2Mi2/ K2i?Q/ 7Q  "2+Qp2'BN
i2°Qm;?2Qmii?2T ' Q+2bb Q7 +QKT 2bbBQMX 6BM HHv- "Bi?K2iB+ H 2tT2 BK2Mi
i?72 T°2b2Mi2/ TT'Q +?2 iQ 2M? M+2 i?2 pBbm H [m HBiv Q7 BK ;2bX AM kyRy- PD
TT Q +?2 7Q° + ""vBM; Qmi BK ;2 b2;K2Mi iBQMX AMBiIiB HHv- M BK ;2r b /2bB;N
TT Q +?X 6mM’i?2°'KQ 2-i?2BMp2biB; iBQM HQmMi+QK2br2°'2Qz2'2/i? i +QM} 'K
T 2b2Mi2/ H;Q Bi?KX

AM kyyN- GB 2i HX (ek) ? p2 /QTi2/ "2biQ  iBQM b+?2K2-r?2"2i?2 mMr M
BM BK ;2/ /Q+mK2MibX h?2 2{+B2M+v Q7 i?2 BMi Q/m+2/ b+?2K2r b /2KQMbi" i
/IQ+mK2MibX AM kyy3- * B 2i HX (ej) ? p2 /QTi2/ Bi2  iBp2 iB;?i 7° K2 K2i?Q/
>2'2-i?2 "2H iBQMb?BT Q7 i?2 T'2b2Mi2/ i2+?MB[m2 r b /Bb+mbb2/ rBi? Qi?2 r
2z2+iBp2M2bb r b T°Qp2/X AM kyy3-q M; M/ amM; (e9) ? p2 BMi"Q/m+2/ M2r T
"2+Qp2°'v M/ mi?2MiB+ iBQM-r?2°2i?2 /BbiQ’i2/ "2 Q7 i?2BK ;2r b 2+Qp2°2/
ii?72IM HTQBMi- 2tT2'BK2Mi HQmi+QK2br2 2 T°'QpB/2/-r?B+? T Qp2/i?2 2{+ -
AM kyyd- *2HB 2i HX (e8) ? p2 /QTi2/i?2 K2i?Q/ 7Q" "2biQ'BM; i?2 BK ;2bX h?
i?72 +Q " "mTi2/ Q° KBbbBM; BM7Q°K iBQM HQM; rBi? MQBb2 "2KQp HX

jiX +QKT 2?22MbBp2 "2pB2r Q7 /QTi2/ H:Q Bi?Kb-S2°7Q K M+2 K2 bm 2b M
+?B2p2K2MibX

jXRX M HvbBb Q7 /QTi2/ XABR/bX K F2b bm p2v Q7 p "'BQmb bi” i2;B2b 2K;
rQ"F-r?B+? Bb ;Bp2M BM /B ;" KK iB+ /2TB+iBQM #v 6B;X jXRX AM i?2 "2pB2r-
K2i?Q/ r b 2tTHQBIi2/ #v (R- Rj- 88) M/ S i+? a+ H2 PTiBKBx iBQM r b miBHBx2/
b+?2K2 r b /QTi2/ BM (R3- ky)X AM //BiBQM- g p2H2i i° Mb7Q K KQ/2H r2 2 /i
ej)- r?BH2 S.1 b+?2K2b r2°2 /QTi2/ BM (Ry- R9- R8- kk- jR- jN- 9y- 9e- e8)X JQ
HBF2 i?2 G_ho KQ/2H r b /QTi2/ BM (8) M/ i?2 h:o b+?22K2 r b /QTi2/ BM (kj- j
: mbbB M TT Q +?2r b /2THQV2/ BM (9- kR- k9-8y)-r?2"2 b LL# b2/ KQ/2Hb HBF2
9k) M/ LLr bmb2/BM (9d)X 66hr b /QTi2/ BM (k- d- jy)X 6m’ i?2°'KQ 2- GQ+ H ;
H;Q Bi?K-0B2r bvMi?2bBb K2i?Q/- hB;?i7° K2 H;Q Bi?K-*"Qbb@+Q "2H iBQM-
F2"M2H >BH#2i bT +2- _2;BQM :"QrBM; KQ/2H- HH2M * ?M KQ/2H- "*- 6" ;K2M
BMi2 ' TQH iBQM- *:Sa- .2H mM v i'B M;mH iBQM- 7Q ;2 v /2i2+iBQM KQ/2H- *? K
_-_"6@bKQQiIi?BM; M/ gqQM;06br i2°K "FBM; b+?2K2r2°2 /QTi2/ #v (j8-jd@j3- 9R
ej@e9)X

iXkX M HvbBb Q7 S2°'7Q°'K M+A #MHDWRUXTB+ib i?2 T2’ 7Q 'K M+2 K2 bm~2b /
/IBp2 b2 +QMi'B#miBQMb +QM+2 " MBM; BK ;2BMT BMiBM;X 6 QK h #H2 [ XR- BiBb |
Bb /QM2 BM j3 T T2 b r?B+? +QMi'B#mi2/ #Qmi 83X9eW Q7 i?2 "2pB2r2/ rQ Fb-
*QKTmi iBQM iBK2 r?B+? +QMi B#mi2/ QM jkXjRW Q7 i?2 iQi HrQ ' FbX HbQ-i?2
M/ Jal? p2 #22M +QMi ' B#mi2/ "QmM/ ReXNkW URR T T2 bV-9XekWUjT T2 bV-
T T2 bVX 6m’i?2°-K2 MQTBMBQM b+Q '2-2""Q - M/ +QMp2 ;BM;iBK2? p2#22M
UBT T2 'bV- M/ 9XekWUjT T2 'bVX JQ 2Qp2 -i?2"Bib pBM;-:qL- S- M/ +QKT" 2t
iXy3wW Q7 i?2 2MiB"'2 +QMi'B#miBQMX Pp2" RX89W Q7 iQi H+QMi'B#miBQMb ? p
7°2[m2M+v Q7 bm++2bb- ; BM- MQX Q7 K bF2/ TBt2Hb-/ K ;2 * iBQ- hS_-6S_-"
bm#D2+iBp2 b+Q 2b- p2'b iBHBiv- bT "bBiv- oaA- Qp2 H TTBM; b+Q 2- b2;K2Mi
+QKTmi iBQM H bT22/ KBbbBM; ~ iBQ- 7" K2 " i2-/2i2+iBQM Qp2'H T-/2i2+iBQN
"2bT2+iBp2HvX
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Patch Scale
Optimization
[31 [28] [33]
BB71571

CNN [19] [23] [42]
NN [4T]

' Gaussian
. approach

[#1[21] [24]
[50)

[10] [14] [15] .
[221[31] [3%]
[40] [46] [65]

(Other algorithms

Local gradient scheme [§] Criminisi algorithm [8] View
synthesis method [11] Tight frame algorithm [16] Cross
correlation[26] LC mode] [27] Huffman coding[29]
SVM [32] [52] kemel Hilbert space [35] Region
Growing model [41] Allen—Cahn model [43]
ABC [44] Fragment splicing detection [43]
Spatial mterpolation [48] CGPS [48]
Delaunay triangulation [31] forgery
detection model[34] Chamballe’s
dual method[58] MS model[59]

AR [61] RBF-smoothing[62]
Wong’s watermarking scheme[64]

6B;X XFB+iQ B H 2T 2b2Mi iBQM Q7 i?2 /QTi2/ J2i?Q/b 7Q  BK ;2 BM T BMiBM; KQ/2Hb BM i

jXjX J tBKmK S2°7Q KhW22kKQbi 2ti'2K2 T 2b2Mi iBQM ++QKTHBb?2/ #v HH Q
T2b "2; "/IBM; i?2 BK ;2 BMT BMiBM; bvbi2K Bb b?QrM BM h #H2 jXkX AM i?2 “2p
+?B2p2/ #2ii2° p Hm2 Q7 8RXe3/"- M/ +QKTmi iBQM iBK2 /QTi2/ BM (e)? b +?|
HbQ-aaAJo Hm2 ? b +?B2p2/ #2ii2 " p Hm2 Q7 yX39d8 M/ Bi? b#22M BMi " Q/m
+?B2p2/ #2ii2° p Hm2 Q7 k3X8N /" M/ Bi ? b #22M BMi ' Q/m+2/ #v (Re) 2bT2+
QTBMBQM b+Q'2-2""Q - M/ +QMp2 ;BM; iBK2 ? p2 ii BM2/ #2ii2° p Hm2b Q7 Re
Bi? b#22M /QTi2/ #v (9- Ry- Rd- 8y)X h?2 K2 bm 2b- #Bi b pBM;- :qL- S- +QKT"
ii BM2/?B;?2  p Hm2b Q7 39X3W- kW- N3Xj-dXd8R M/KNXN9 7Tb M/i?2v? p2 #:
HbQ-bi M/ "/ /2pB iBQM-7"2[m2M+v Q7 bm++2bb-; BM- MmK#2 Q7K bF2/ TBt2H
BM (9- e- Rj@R8)- br2HH b i?2v ? p2 Q#i BM2/ #2ii2°  p Hm2b Q7 Ry- R- NNXk9W
HbQ-hS_-6S_- "2+ HH-J tBKmK aBx2- M/ o B M+2 ? p2 ii BM2/?B;?2 p Hm2b
yXyk M/ i?2v ? p2 #22M K2 bm 2/ BM (N- Ry- k8- 89)X HbQ-i KT2'BM; T2 +2Mi
b2;K2Mi iBQM ++m” +v-*S|iBK2- ++m”~ +v M/ +QKTmi iBQM HbT22/? p2 ii BM
kyW-3dW- yXReb- NkW M/ 8-NN8Kb +Q "2bTQM/BM;Hv M/ i?2vr2°2 T 2b2Mi2/ B

9X bb2bbK2Mi Q7 /QTi2/ iQQHb M/ +?2 " QMQHQ;B+ H "2pB2r BM 2 +? rQ FX

9XRX _2pB2rQM /QTi2hRQ@HKMKH iBQMb Q7 i?2 "2pB2r2/rQ Fb 2K /2 BM /B
bm+? b JhG "- *YY- *- 6°2262KYY-E F /m bQ7ir "2- M/ bQ QMX h?2 TB2 +? i
/QTi2/ iIQQHb BM i?2 "2pB2r2/ rQ Fb Bb ;Bp2M #v 6B;X 9XRX AM KN T T2 b J hG
T 2b2Mi2/ #Qmi 98W Q7 i?2 iQi H+QMi"B#miBQM- M/ *YY r bmb2/BMO9T T2 b1
r?QH2 +QMi'B#miBQMX HbQ-i?2*H M;m ;2r b Qz2 2/ BMRT T2 M/ 6°2262K
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h #H2 jXR

_2pB2r Q7 p "BQmb T2 7Q 'K M+2 K2 bm™2b 2tTHQBi2/ 7Q  BK ;2 BMT BMiBM; b+?2K
J2 bm'2b *Bi iBQMb
Sal_ (k@e- 3@Rj- Re@kk- ke@jy- j9@j8- jd@j3- 9k@9j-|9e- 93@9IN- 88@8d- ¢
*QKTmi iBQM iBK2lk- e@d- R9@R8- ky- kj@k9- ke- jy-j9-9y- 9k- 99@98- 93@9N- 8R- 8N-
aaAJp Hm2 (R-j- Rd@ky- kk@kj- kd@k3- jd)
aL_p Hm2 (R- Re- kj)
Jal (RN- kR-jN-93-8y- eR)
J2 M QTBMBQM bHR®d k9- 9y- 83)
1°°Q° (k- 9-9j@99- 9e)
*QMp2 ;BM; iBKZ2 (Ry- je-j3)
"Bi b pBM; (JR- 8d)
‘gL (j8- eR)
S (k8- 89)
*QKT 2bbBQM (kN-jN)
JaaAl (RR)

ai M/ "/ /2pB iBQM(Rj- k9- 83)
6°'2[m2M+v Q7 bmH92bb

" BM (R9)
LQX Q7 J bF2/ TBHURBY
. K ;2 iBQ (e)
hS_ (k8)
6S_ (k8)
2+ HH (89)
J tBKmK bBx2 (N)
o B M+2 (RYy)
bm#D2+iBp2 b+Q 2jk)
p2 b iBHBiv (i)
bT "bBiv (j9)
oaA (jd)

Pp2"H TTBM; b+Q ' (®R)
b2;K2Mi iBQM +H+ 19 RHv
*S|1iBK2 (9])
++m° +v (9d)
+QKTmi iBQM H bT2a)j
JBbbBM; " iBQ (9N)
6" K2 " i2 (8R)
.2i2+iBQM Qp2'H T8k)
.2i2+iBQM 2 Q| (8k)
h KT2'BM; T2 +2M({8j2

T T2-i? i? bQz2'2/ #QmMiRW Q7i?2iQi H+QMi'B#miBQMX 6m i?2 'KQ 2-E F /m
RT T2 i? i +QMi'B#mi2b #Qmi RW Q7 i?2 2MiB 2 +QMi B#miBQMX ++Q /BM;Hv-
#v KT T2 bi? i Qz2 #QmijXydW Q7 i?2 r?QH2 +QMi B#miBQMX

9XkX *?2 " QMQHQ;B+ H2BpB2pB2r M Hvb2b p "BQmb T T2'b T 2b2Mi2/ BM /B
T2 +2Mi ;2 Q7 +QMi'B#miBQMb iQ +Q "2bTQM/BM; v2 b BM TB2 +? i 7Q K i Bl
RyXddW Q7 T T2'b "2 "2pB2r2/ 7°QK i?2 v2 "b- kyy9@kyyNX aBKBH "Hv- R3X9eW
T T2'b "2 2tBbiBM; BM i?2 v2 - kyRy@kyRk b r2HH b kyRj@kyR8X JQ 2Qp2 - ¥
BMT BMiBM; b+?2K2b 2 "2pB2r2/ 7°QK i?2 v2 ~ kyRe@kyRdX h?2 T T2 b 2pB2
v2 "b kyR3@kyRN Bb kjXydW Q7 i?2 r?2QH2 +QMi ' B#miBQMb X

I9XKXRX 2b2 "+?2 ; Tbh M/ +hHH2Z2W2HBX? +? HH2M;2b M/ ; Tbh QM BK ;2 BMT I
"2 b7QHHQTrDb,
AK ;2 AMT BMiBM; (3k-3j)Bb i2+?MB[m2i? i 2+Qp2°'bi?2/ K ;2/BK ;2b M
i?72 mMM/2bB" #H2 TQ'iBQMb 7°QK i?2 BK ;2X
h?Bb K2i?Q/ 2HBKBM i2b i?2 #2 Fb BM i?2 BK ;2- 2" /B+ i2b i?2 i2tib- M/ ]
i?72 BK ;2X
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h #H2 jXk
_2pB2r Q7 p 'BQmb T2 7Q K M+2 K2 bm'2b 2tTHQBi2/ 7Q  BK :2 BMT BMiBM; b+?22K

aHX NMNQmi?Q " (*Bi iBQM)2 ' 7Q K M+2 K2 bm'2ZhBKmK T2 7Q K M|+2
R (kN) Sal_ 8RXe3/"
k (e) *QKTmi iBQM hBK2b yX99b2+
j (RN) aaAJ o Hm2 yX39d8
9 (Re) aL_ o Hm2 k3X8N /"
8 (8y) Jal ReXjkeNKK
e (Rd) J2 M QTBMBQM bh+Q "2 Ryy
d (9) 1°Q° YyXy9j
3 (Ry) *QMp2 ;BM; hBK2 Rb2+
N (iR) "Bi a pBM; 39X3W
Ry (j8) ‘gL kw
RR (k8) S N3 X]j
Rk (kN) *QKT 2bbBQM dXd8R
Rj (8R) 6° K2 _i2 kKNXN9 7Thb
R9 (RJ) ai M/ °/ .2pB iBQM Ry
R8 (9) 6 2[m2M+v Q7 am++2bb R
Re (R9) :BM NNXk9W -
Rd (R8) LQX Q7 J bF2/ SBt2Hb Rk9eN
R3 (e) . K;2 _iBQ dX8w
RN (k8) hsS_ 3NX3
Ky (k8) 6S_ R X9
kR (89) _ 2+ HH 3eXyjw
k k (N) J tBKmK aBx2 Re
kj (RYy) 0o B M+2 y Xyk
k9 (8j) h KT2'BM; S2 +2Mi ;2 JIXNW
k8 (9R) Pp2H TTBM; a+Q 2 yXNR
ke (i9) aT "bBiv kyw
kd (9R) a2;K2Mi iBQM ++m’ +v 3dW
k3 (9)) *S1iBK2 yXReb
kN (9d) ++m° +v N kW
jy (9d) *QKTmi iBQM H bjT22/ 8-NN8Kb

6B;X XXM HvbBb QM /QTi2/ iQQHb BM "2pB2r2/ rQ Fb

AMT BMiBM; + M #2 /QM2 #v M BM/BpB/m H-B7 ?22? b KQ 2 FMQrH2/;2 "2;
7Q+mb2/ BM i? i }2H/ (39- 38)X

>Qr2p2 - QrBM; iQ K Mm HT Q+2bb2b-Bi BM+HmM/2b KQ 2 iBK2 iQ Qz2  2bb
M+B2Mi T BMiBM; Q' iQ BMT BMi b+ i+?2/ BK ;2 rBi? HQbi '2:BQMb- Bj I
mT i?2 KBbbBM; BK :2 2:BQMb bm+? i? ii?2 T BMiBM: Q" “2biQ 2/ BK ;2 T
P2 'bBQM (3e)X

1t +iHv-r? i 7Q KmH i2b i?2 BMT BMiBM; Bbbm2 bQ BMbTB" iBQM H Bb i?2
HbQ- i?2 BK ;2 7TmM+iBQMb rBi? KmHiBH2p2H +QKTH2tBiB2b ? p2 7Q +2/ |
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B 2004-2009
m2010-2012

2013-2015

Contribution

m2016-2017

= 2018-2019

Chronological review

6B; X XXK +? i 2T 2b2MiBM; +?°"QMQHQ;B+ H "2pB2r

bi'm+im 2b i ";2i2/ ii?2 "2 Hp2'bBQMb Q7 BK ;2bX h?2°'27Q°2-i?2b2 BMT
bi ;2bX

h?2 bB;MB}+ Mi +? HH2M;BM; i bF BM BK ;2 BMT BMiBM; K2i?Q/ Bb i?2 +Qk
r?B+? b?QmH/ #2 i?2 b K2 #27Q°2 M/ 7i2  i?2 BMT BMiBM; T'Q+2bb (3d- 3=
AM 2+2Mi/ vb-p "BQmbBK ;2BMT BMiBM; b+?2K2b "2 p BH #H2X HbQ- M
i?72 M Hvbib 7Q" /B;Bi HBK ;2 BMT BMiBM; i? i "2+ i2;Q Bx2/ mM/2 i?2 7C
# b2/ BMT BMiBM;-?v# B/ BMT BMiBM;-i2tim 2 bvMi?2bBb # b2/ BMT BMiBN\
S.1Q°B2Mi2/ b+?2K2b + M #2 r2HH bmBi #H2 7Q" }HHBM; i?2 HBiiH2 ; Th- i:
>Qr2p2°-i?2 S.1 K2i?Q/ ;2M2° HHv 7 BHb B7 2tTHQBIi2/ iQ i?2 i2tim 2/ }2F

T ii2 " MbX
h?2 2MiB 2 i2tim 2 Q"' B2Mi2/ b+?2K2b p 'v +QM+2 " MBM,; i?2B° #BHBiv iQ
bi iBbiB+ H72 im 2b- ;" /B2Mi- M/ +QHQmM  BMi2MbBivX

HbQ-i?2 i2tim 2 BMT BMiBM; i2+?MB[m2 +QmH/ MQi #2 /QTi2/ r2HH 7Q" M
BM+HmM/2 i?2 + T #BHBiviQ ? M/H2 #QmM/ "B2b M/ 2/;2b 2z2+iBp2HvX
i +2°i BM +QM/BiBQMb- i?2 mb2  M22/b iQ /2+B/2 r?B+? i2tim 2 b?QmH/ #2
h?mb-i?2b2 b+?2K2b + M #2 /2THQV2/ 7Q " BMT BMiBM; (3N- Ny) QMHvVv i?2 bK }
"2 °2[mB 2/ 7Q  BMT BMiBM; i?2 H ;2" "2;BQMb BM M 2{+B2Mi K MM2 X

8X *QM+HMBBIMIX T2 ?2 b BMi " Q/m+2/ bm p2v Q7 BK ;2BMT BMiBM; KQ/2HDbX
QHQ;B2b /QTi2/ BMi?2 "2pB2r2/ rQ Fbr2°2 M Hvx2/ M/ 2t?B#Bi2/X JQ 2Qp2 -
K M+2 K2 bm™2b "2H i2/ rBi? i?2 "2pB2r2/ BK ;2 BMT BMiBM; b+?2K2X AM +QM+H
. h?BbT T2 "HQQF2/ "QmM/e8 "2b2 "+?2T T2 b M/bii2/ MQi2rQ i?vBMp2biB;
h?2 M HvbBb ? b "2pB2r2/ i?2 T2°'7Q°K M+2 K2 bm 2b M/ i?2 +Q "2bTQM/E
+QMi'B#mi2/ #v /IBz2 '2Mi BK ;2 BMT BMiBM; b+?2K2bX
6m’i?2 - i?2 p BQmb iQQHb 2tTHQBI2/ BM 2p2°v 2pB2r2/ rQ'Fb r2°2 HbQ
/B ;7 KK iB+ HHvX
HbQ-i?2 +? QMQHQ;B+ H "2pB2rr b /QM2 7Q  i?2 M Hvx2/e8rQ FbX
. 6BM HHv-i?BbT T2 Qz22//Bp2°'b2 2b2 "+? +? HH2M;2bi? i+QmH/ #2 ?22HT?
KQ'2 2t KBM iBQM QM i?2 ?B;?HB;?ib Q7 BK ;2 BMT BMiBM; b+?2K2bX

161 _1L*1a

(RGX >2- uX q MAi2  iBp2 amTTQ i .2i2+iBQM®@" b2/ aTHBi "2;K M J2i?Q/ 7Q  q p2H2i 6" K2@" b2,
A111 CQm'M Hb J ; xBM2b- 0QHX kj- MQXRk- TTX 89dy 8938- kKyR9

(K).@ZX *?2M- uX vAM®® +i Hi2 M iBM; /B 2+iBQM K2i?Q/ # b2/ QM T QtBKBiv T'QD2+iBQM QT2 iQ
r p2H2i /QK BMn Q+QKTmiBM;- 0QHXR3N- TTXR98@R8N- Rk J v kyRe

(jYWX *?22M- *X . B- GX CB M;- "X a?2-Mji‘mXimm2@ r "2 BK ;2 BMT BMiBM; mbBM; T i+Qum M2HQ TiBK!
Q7 oBbm H *QKKmMB+ iBQM M/ AK ;2 2T 2b2Mi iBQM- 0QHX 9y- TTX jRk@jkj- P+iQ#2  kyRe.
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(9)6X g2M- GX /?BF 'B-GX S2B- _X6XJ "+B - SiK?@@3ns LIAM¥%@BIp2t _2;mH "Bx iBQM@" b2/ aT b2 _2
M/ .2KBtBM; qBi? TTHB+ iBQMiQ *QHQ> AKL2 GQMr BIMHBMJ ; xBM2b- 0QHXy8- TTX RR8Rj @ F

(8)>X sm2- aX w? M;--XTiB AK ;2 AMT BMiBM;, AKT'QpBM; GQr _ MF J i' Bt *QKTH2iBQM gBi? GQr :
Bx iBQM11 CQm ™M Hb J ; xBM2b- o0QHX ke- MQXyN- TTX9jRR @ 9jky- kyRdX

(e)oX EX HBHQmM- 6X u-;l2@M2@i2tim*2 BK ;2 BMT BMiBM; mbBM; ?BbiQ;- KQmM O BI2@M72d B b mB R M (bK @
KmMB+ iBQM M/ AK ;2 _2T '2b2Mi iBQM- 0QHX 93- TTX9j@8j- P+iQ#2" kyRdX

(d)>X g M;- GX CB M;- _X GB MI-t2@BX G@# b2/ BK ;2 BMT BMiBM; mbBM; bi ' m+im 2-+PMbB@2Mi T i
+QKTmiBM;- jRJ v kyRdX

(3)>X uBM;- GX E B- uX-JEMKT Qp2/ AK ;2 AMT BMiBM; H;Q Bi?K " b2/ QM- /ASKQ 2 2/B; K2AWK TiiB @M
a+tB2M+2- oQHX Ryd- TTXdNe@3yR- kyRdX

(NYX X A;M=- +BQ- *X_-XHQmnM@# b2/ BK ;2 BMT BMiBM; BM i 2DQHEAH2TTXKIBEMIOR- kyydX

(RyhX " “#mo "B iBQM H BK ;2 BMT BMiBM; i2+?MB[m2 # b2/ QM MQ MHBKIm'i DD+ QIVH @+Q B2 HBIzIvh;iBRA]
M22°BM;- oQHX 89- TTX j98@j8j- m;mbi kyReX

(RR3XJIX IJm// H - IJX aD’bi""K- _X-PBbin@M™M pB2r bvMi?2bBb mbBM; H v2°2/ /2Ti? BK ;2 ;2M2" iBQM
BMT BMiBM; 7Q° }HHBM; /BbQ++HmbBQMb M/CiQ i bNH il +Q K io BBonQ H+ HIrkbkBnQWib+ iBQM M/ AK
b2Mi iBQM- oQHXj3- TTX jBR@jee- CmHv kyReX

(Rk)XoX "? pb - XLX _ D ;QT_HMM K TbmT2 "2bQHMIBQM@BMT BMiBM;- M/ "2+QMRIKMmMIBQM 7 QK
oBbBQM M/ AK ;2 IM/2 bi M/IBM;- pQHX RRe- MQX 9- TTX8dk@8NR- T BH kyRkX

(Rj'X .?Bv M2b? M/ EX aX a i?BAKR RBWvBMT BMiBM; M/ BK ;2 /2MQBbBM; BMr p2H2i /QK BM mbBM; 7
H;Q Bi?AK111 QM /p M+2/ *QKKmMB+ iBQM *QMi'QH M/ *QKTmiBM; h2+?MQHQ;B2b UA* ***h
TTX Ree@ReN- kyRkX

(R9YX g M;- "X u M- EXLX L MM{+B2Mi 7° K2rQ 'F 7Q" BK ;2fpB/2® BMTQEBEKMBWB+ iBQM- cQHX k3- MQ
TTXd8j@dek- m;mbi kyRjX

(R8JX GB-uX gB®™M2 L2r AK ;2 AMT BMiBM; J2i?Q/ " b2/ Q8?h0BQI2HQ+2/B - pQHX jj- TTX dRk@dRd:

(Re)X *?mM?QM;- . X qg2B- gqX JBMKBM-AWTBNEIBM; Q7 KmHiIiBTH2 #HBM/ KQiBQM@#Hm "2/ BK ;2b i
iB;?ir p2H2i 7k¥Rd j°/ A111 AMi2°"M iBQM H*QM72'2M+2 QM *QKTmi2" M/ *QKKmMB+ iBQMb |
*22M;/m- kyRdX

(RAyX >m- uX u2- 6X w2M;- €EXM2MK2i?Q/ Q7 h? M;F BK ;2 BMT BMiBM; [m Gi@rmv MbH2@ B KoBWim H
*QKKmMB+ iBQM M/ AK ;2 _2T°2b2Mi iBQM- pQHX 8N- TTX KNK@KNN- 62#"m v kyRNX

(R3ZX GBm- aX GB- CX sB QIRKB@®WHiI2 b ;mB/2/ HQr@  MF i2MbQ" +Q/BM; M(H 8 KQ;#2B MBEMB M ABM;;2
*QKKmMB+ iBQM- pQHX dj- TTX dy@3j- T BH kyRNX

(RNGX CB Q->Xgm->Xg M;-JnkH'iBZ@ b+ H2 b2K MiB+ BK ;2 BMT BMiBM; rBi? "2hB/m QGH+QX TwhBBM ; M/ :
POQHX jjR- TTX RNN@KRk- k3 62# m v kyRNXX

(kyX *?22M;- wd GBQp * M/QK }2H/@# b2/ BK ;2 BMT BMiBM; rBi? /IB'2+iBQM bi'm+im*2 /Bbi"B#miBQ
bi'm+im'2 +Q?2BNM+H S Q+2bbBM;- pQHXR89- TTXR3k@RNd-C Mm v kyRNX

(kR)X aQ#B2+FB- :X X :B® H/B- GX X S2°2B° L2p2b MM XMIGK?PRKEK K2rQ'F 7Q" a2;K2Mi iBQM N
.B;Bi H AMT BMiBM; Q7 k. 6" QMi- AB142GAKBM2bK2 B+ h' Mb +iBQMb- pQHX Ry- MQX e- TTX k
kyRkX

(kk) X h?2HD MB- wX "2H? +?KB- }J%BQ®@®%27/2° MBbQi"QTB+ /BzmbBQM QT2  iQ'b BM bT +2b Q7 p °
TTHB+ iBQM iQ BK ;2 BMT BMiBM; M/ "2IQRHBMEM TMQHMEBBDb, _2 H gQ 'H/ TTHB+ iBQMb-
k8R@kdR- CmM2 kyRNX

(kj)aX g HB- >X w? M;- >X *? M;- *M2gm/ TiBp2 #QQbiBM; iQi H ;2M2" HBx2/ p "B iBQM Uh:oV i2+?M
/2MQBbBM; M/ BMC@MIBNI; Q7 oBbm H*QKKmMB+ iBQM M/ AK ;2 _2T'2b2Mi iBQM- pQHX 8N-

(k9)X .BM;-aX _ K-CXCX _Q32B+@2xm HHv r "2 BK ;2-BMITNBMiBM;Q;MBIiBQM- pQHX 3j- TTXRd9I@R39
kyR3X

(k8X w?m- uX ZB M- sX w? Q- "X amM220XHZmMMBM; TT ' Q +? iQ T i+?@# b2/ BK ;2 BME;BRMiBM; 7Q
S°'Q+2bbBM;, AK ;2 *QKKmMB+ iBQM- pQHX ed- TTX NYy@NN- a2Ti2K#2  kyR3X

(ke X E "+ - JX X hmMM BMi2'TQH iBQM@# b2/ i2tim*2 M/ T ii2°M T'2b2'pBM; H;Q Bi?K 7Q" BM
1tT2'i avbi2Kb rBi? TTHB+ iBQMb- pQHX NR- TTX kkj@kj9- C Mm “v kyR3X

(kdsX u M- uX Gm- GX GBm-h#X2Gh{M;S 'iB H b2+ 2i BK ;2 b? "BM; 7Q° UF-MV i?°2b?QH/ # b2/ QM BK
CQm'M HQ7 oBbm H*QKKmMB+ iBQM M/ AK ;2 _2T ' 2b2Mi iBQM- pQHX 8y- TTX RjB@R99- C |

(k3)X > M->X*?22M- *X hm-aBRshvMi?2bBb mbBM; 7Q 2;"QmM/ Q#D2+i 2ti° +iBQM 7Q " /BbT- "Biv +QMi
CQm'M HQ7 oBbm H*QKKmMB+ iBQM M/ AK ;2 _2T 2b2Mi iBQM- pQHX 8e- TTX k3d@kN8- P+

(KN¥X ZBM- wX >2- >X u Q- 6X * QeBIB#HR r i2°'K "F "2KQp H b+?2K2 # b2/ QM "2p2 bB#H2 / i ?BI/E
BMT BMi@BtM H S°'Q+2bbBM;, AK ;2 *QKKmMB+ iBQM- pQHX ey- TTX Rey@Rdk- 62#'m v kyR3

(jy)GX h M- gX GBm- wRIBOM BK ;2 "2biQ" iBQM M/ BMT BMiBM; pB KmHIiBI@HBMWM2i 2QiiB++kh " p im
JQ/2HHBM;- pQHX eR- TTX k3y@kNN- a2Ti2K#2" kyR3X

(JRWX sBQM;- sX amM M/"6Qgm@" b2/ AK ;2 *QKT 2bbBQM gBi? S " K2i2'@ AbBbihMMAMT BBIWBM;
QM AK ;2 S'Q+2bbBM;- pQHX RN- MQX e- TTX Re8R@Re8d- CmM2 kyRyX

(jk)IX AbQ;r - . XJBF KB- . X ArB->X EBK i M/ EXKRTI@KBx iBQM 7Q° AK ;2AIMT BHMiBN:- pQHX e-
TTX eNdk3@eNd9R- kyR3X

(jj) X **"BKBMBbB- SX S2°2x M/ EXBIYMK}HHBM; M/ Q#D2+i "2KQp H #v 2t2KTH "@A112/ BK ;2 B
h™ Mb +iBQMb QM AK ;2 S'Q+2bbBM;- pQHX Rj- MQX N- TTX Rkyy@RkRk- a2TiX kyy9X

(j9)6X GB- sX GR+QmTH2/ K2i?Q/ 7Q° BK ;2 BMT BMiBM; rBi? T i+?@# bZMTHRR/ MR 2K; mB+bBMBQM
*QKTmi iBQM- pQHX jJR9- TTX jj9@j93- R .2+2K#2" kyRdX



*QKT 2?2MbBp2 _2pB2r QM ai i2@Q7@i?2@ ‘i AK ;2 AMT BMiBM; hkd®BvB[m2b

(j8)aX g M;- gX :mQ- h@wX >m M;- :X-AKE@iBBAT BMiBM; mbBM; "2T°'Q/m+BM; F2"M2H >BH#2 i bT -
TmM+iBD@QMbM HQ7 *QKTmi iBQM H M/ TTHB2/J i?2K iB+b- pQHX jRR- TTX 88R@8e9- 62# ™ m

(je)dJX 6m+?b- CX J=HHAB}?2" Q'/2° ho@ivT2 p "B iBQM H T'Q#H2K "2H i2/ iQ i?2 /12MQBbBM; M/ B
LQMHBM2 ° M HvbBb, h?2Q v- J2i?Q/b TTHB+ iBQMb- pQHX R89- TTX Rkk@R9d-J v kyRdX

(jd) X h> M- >X h-Mi @/ ' Bp2M ?B;?@}/2HBiv k. KB+ Qbi'm+im'2 "2+QMbi ' m+iBQM pB MQM@HQ+ H
+i J i2°B HB - pQHX Rd3- TTX kyd@kR3- R P+iQ#2" kyRNX

(j3)GX a?2M- uX sm- sXgw@®H2i BMT BMiBM; rBi? i?2 y bT "bZTHBH HBXxiB8QWmi iBQM H > "KQMB
M HvbBb- pQHX 9R- MQX R- TTX ke@8j- CmHv kyReX

(JN)SX S2i2°-aX>Q77K MM-6X L2/r2/- GX >Q2Hi;2Mp GMnqPBWFiZ2 i m2 TQi2MiB HQ7 /BzmbBQM@# b
BM +QKT 2bbBQMB®MMH2%3Ti Q+2bbBM;, AK ;2 *QKKmMB+ iBQM- pQHX 9e- TTX 9y@8j- m;mbi k

(9y)X *QHQK2 - oX L " MDQ- EX 1M; M- EX BBF2PLRBNMi Q7 bT "b2@# b2/ BMT BMiBM; 7Q° "2iBM H |
aB:M H S°Q+2bbBM;, AK ;2 *QKKmMB+ iBQM- pQHX 8N- TTX dj@3k- LQp2K#2  kyRdX

(9RJX SX a " i?B-JIX EX .mii - X aBM;?- *X IX"HQuE202Zpb2H BMT BMiBM; # b2/ i2+?MB[m2 7Q" 2{+B2
M/ b2;K2Mi iBQM Q7 QTiB+ /Bb+ BM /B*BQKZ/BM/thhB K ;RIS Q+2bbBM; M/ *QMi QH- pQHX ki
J "+? kyReX

(9kBX w? M;- 6X .BM;- wX h Msa*Xiuk/ T2TT2"  MQBb2 "2KQp H rBi? BK @ BMI2 BWMIiBEM H CQm ™M H (
1H2+i"QMB+b M/ *QKKmMB+ iBQMb- pQHX eN- MQX R-TTX jyd@jRj-C Mm v kyR8X

(9j)uxX GB- . X C2QM;- CX *?QB- aX-G2®i- HH)X+BBRK ;2 BMT BMiBM; # b2/ QM i?2.BHBIi2M &B2M KQ/2H
S'Q+2bbBM;- pQHX jd- TTX e8@d9- 62# m v kyR8X

(99)X aX JX CB Q- SX gX JX hb M;- hX iR SBOW Q7 /B;Bi HQz@ tBb 6'2bM2H ?QHQ;" K #v 2t2KTH °
BK ;2 BMT BMiBM; rBi? 2M? M+2/ +QKTTmIiRBMSBTEBAb *QKKmMB+ iBQMb- pQHX RNj- TTX jy@ |

(98WX GB M;- : X u M;- sX .BM;M@X+BBRMi 7Q ;2 v /2i2+iBQM H;Q Bi?K 7Q" Q#D2+i '2KQp H #v 2t2K
BMT BMCEOMh,"M H Q7 oBbm H *QKKmMB+ iBQM M/ AK ;2 _2T ' 2b2Mi iBQM- pQHX jy- TTX d8@ 3¢

(9ePpX "2 "MibbQM- :X " " piI@BP+B2Mi B/2MiB}+ iBQM BM S.1b TTHB2/ iQTBiB 22 BWR2BNBBM; M/
*QKTmi iBQM- pQHX k9k- TTX kkd@kj8- R a2Ti2K#2" kyR9X

(9dPX 6 pQ bF v - GX *X C BM- XA®H20HMT BMiBM; # b2/ QM a2H7@Q " ; MBxBM; J Th #v IbBM; JmHiE
i iBQMQ+2/B *QKTmi2  a+B2M+2- pQHX j8- TTX 3eR@3dy- kyR9X

(93X *?2mM;- *X uBKt B/ 2°°Q° +QM+2 HK2Mi K2i?Q/ +QK#BMBM; 2t2KTH "@# b2/ BK ;2 BMT BMiBM;
aB;M H S'Q+2bbBM;, AK ;2 *QKKmMB+ iBQM- pQHX kN- MQX Ry- TTX RRKR@RRjd- LQp2K#2"

(9NWX GB- >X >2- wX uBM- 60QHQM@ ;" /B2Mi T i+? bT "bBiv # b2/ BK ;2 BMT BMiBM; H;Q ' Bi?K rBi?
M/ M2B;?#Q ?2QQ/ +QaBh BIbH2$I'«Q+2bbBM;- pQHX NN- TTX RRe@Rk3- CmM2 kyR9X

(8ygX *?2M- >X um2- CX g M;- XKBKIT Qp2/ 2/;2 /2i2+iBQM H;Q 'Bi?K 7Q" /2FT1EK+HF BW TG Bl\2iBH MM
1M;BM22 BM;- pQHX 88- TTX eN@dd- T 'BH kyR9X

(BRLX ErB- hX aiQ M/ LX uQ@QmBXBMBb?2/ _2 HBiv " b2/ QM AK ;2 AMT BMiBM; *QMbB/2'BM; " +F;"
A111 h° Mb +iBQMb QM oBbm HBx iBQM M/ *QKTmi2  :° T?B+b- pQHX kk- MQX j- TTX Rkje @R/

(BkuX ZzX w? Q-JX GB Q- 6X uX a?BRA-KIRZAH aZ;BQM /2i2+iBQM Q7 BMT BMRBM,FC DD HBKRRD- MQX Re
TTX k93d@k9Nk- m;mbi kyRjX

(8j)*X ZBM- *@*X *? M;- E@LXTiBIE b2H7@ 2+Qp2'v 7Q i KT2 2/ BK ;2b # b2/ QM oZ BBV MtBM; M/ |
S'Q+2bbBM;- pQHX Nj- MQX 9- TTX Njj@N9e- T BH kyRjX

(B9R@*X *2 M;- CX *X um- *@*X®?; 8y /2i2+iBQM H;Q Bi?K 7Q" 2t2KTH "@# b2/ BMT BMiBM; BK ;2b
"2H iBAM;2 M/ oBbBQM *QKTmiBM;- pQHX jR- MQXR- TTX 8d@dR-C Mm “v kyRjX

(88X .QM;- >X CB- CX GB- wX a® pEH2X7SnK2 # b2/ #HBM/ BK ;2TBEMB2BMWMBMQKTmi iBQM H > "KQMB
M HvbBb- pQHXjk- MQX k- TTX ke3@kdN-J “+? kyRkX

(8epX W? M;- aX-AB ;2 AMT BMiBM; " b2/ QM q p2H2i S2QGRTR bBNIBRM22 BM;- pQHX kN- TTX jed9@je

(8d)X GBm- sX amM--8MEMBMiBM; rBi? BK ;2 T i+?2b 7@ QAQOKTH2RIBEEWM H *QKKmMMB+ iBQM M/
2T 2b2Mi iBQM- pQHX kj- MQX R- TTX Ryy@RRj- C Mm ‘v kyRkX

(83PX GB- wX " Q- _X GBm--6XbwBHWI;2 BMT BMiBM; M/ +QHQ Bx iBQM #v *? K@@ HW Mo Q 7 no Bb K 2H? C
*QKKmMB+ iBQM M/ AK ;2 2T °2b2Mi iBQM- pQHX kk- MQX e- TTX 8kN@89k- m;mbi kyRRX

(8N3X .m- .X *?2Q- hX .XAKIB2 b2;K2Mi iBQM M/ BMT BMiBM; mbBM; ?B2" "+?B+ H Hap2M H2i M/ i:
S'Q+2bbBM;- pQHX NR- MQX 9- TTX 38k@3ej- T 'BH kyRRX

(eyC@6X * B- >X CB- 6X a? MAMIXBaARIBW ; 7Q° +QKT 25T HBRK :b*QKTmi iBQM H > "KQMB+ M HvbB
kKN- MQX j- TTXje3@j3R- LQp2K#2  kyRyX

(eRaX PD2/ - _X 0o HH2DQb- PXMarbB&b;2 b2;K2Mi iBQM H;Q 'Bi?K rBi? TTHB+ iBQMIKIQMBKD;2 BMT
iBQM H ai iBbiB+b . i M HvbBb-pQHX 89- MQX N- TTX ky3k@kyNj- R a2Ti2K#2" kyRyX

(ekGX w? M;- X JX uBT- JX aX ""QrM- *XmBMBR2M 7° K2rQ ' F 7Q" /Q+mK2Mi "2biQ" iBQM mbBM; BM
b? T2@7 QK@®71i2BM;_2+Q;MBiBQM- pQHX 9k- MQX RR- TTX kNeR@kNd3- LQp2K#2  kyyNX

(ej)C@6X * B- _X>X*? M-wX &2HRi@# b2/ BK ;2 BMT BMiBMHBR/QMBi*XXKTmi iBQM H> "KQMB+ M H\
PQHX k9- MQX k- TTX RJIR@RIN-J “+? kyy3X

(e9p@aX g M;- a@GXmiPKiB+ BK ;2 mi?2MiB+ iBQM M/ "2+Qp2°'v mbBM; 7" +i H +Q/2 2K#2//BM;
S ii2°M _2+Q;MBiBQM- pQHX 9R- MQX k- TTX dyR@dRk- 62# m v kyy3X

(e8YX X wX " "+2HQb- JX X YARbi2 "2biQ" iBQM mbBM; /B;Bi H BMT BMiBN; ; M/M @BlbB QWK 0@ KH
TmiBM;- pQHX k8- MQX R- TTX eR@eN-C Mm "v kyydX

(eeEX a?B- wXxPiQ?2 2tBbi2M+2 Q7 r2 FbQHmMIBQMb 7Q° +m'p im 2/ Bp2M 2HHBTIiBHTbB\BR22K TTHE
J i?2K iB+b G2ii2°'b- AM T 2bb-DQmMm M HT 2@T° QQ7- p BH #H2 QMHBM2 Re m;mbi kyRN- ~i

(edpX u M;- "X :mQ- wX sB Q- gXABB @p2/ bi m+im 2 i2MbQ™ 7Q" }M2@ ;" BM2B®titn 2 @MZb BBNIBM ;



kde "Hb ?2# >X S iBH- SXJXS iBH

AK ;2 *QKKmMB+ iBQM- pQHX dj- TTX 39@N8- T BH kyRNX

(e3pX gm- uX EQM;- gX .QM;--uX/8@2Mi@ r "2 #HBM/ 7 +2 BMT BMiBM; 7Q" L2277 @ +Q KImBBM jB Q@IH X
jjR- TTX jyR@jRR- k3 62# ™ m v kyRNX

(eNJX XZm 2b?B-JX .2°B+?2- X"2;?/ /IB-+XBiBBM bm ' p2v Q7 bi i2@Q7@i?2@ 'iBK ;2BMT BMiBM; |
K2i'B€Qm M H Q7 oBbm H *QKKmMB+ iBQM M/ AK ;2 _2T'2b2Mi iBQM- pQHX 9N- TTX Rdd@R

(dypX g M;- wX >2- uX >2- . X *?2M- uX2m;M@7 +2@# b2/ pB'im HBMT BMiBM; 7Q" b2p2°2Hv / K ;2/
_Q+F * "pB®IQM"M H Q7 *mHim™ H >2"Bi ;2- pQHX je- TTX 9y@8y-J "+? T BH kyRNX

(dRhX a M/2°b- *X .rvdm#b KTHBM; M/ BMT BMiBM; TT 'Q +?2b 7QIHIHKB+QMb i+@KQ: plPHX R3k- T
kKNk@jyk- LQp2K#2" kyRdX

(dkPX C KTQm™- *X GB- G@6X um- EX w?>@m2>BMBBMIQK ; # b2/ QM ?B;?@H2pQK T7Tm# B" H Bibh BEWhi2b
M/ AK ;2 IM/2 bi M/IBM;- pQHX ReR- TTX kN@9R- m;mbi kyRdX

(dj)SX h® KT2'i-gX g M;- . X*?22M- _X "X :X _ p2HHB--8X2KHMHb @# 22/ BMT BMiBM; b bQHmMIBQMiQ i’
r2/;2 TTQ#H2K BM 2H2+i " QMHQ KB+ Qb+ QTv- pQHX RNR- TTX R@Ry- m;mbi kyR3X

(d9)X A;M i- X o bBHBrmm/v Q7 bQK2 7 bi BMT BMiBM; K2i?Q/b rBi? TTHB+ iB@W20BB *BRK TA+iQMbi m
a+B2M+2- pQHX Rke- TTX eRe@ek8- kyR3X

(d8aX GB- JX WAKQ;2 BMT BMiBM; rBi? b HB2Mi bi'm+im 2 +QKTH2iBQNi2MV i22+QMBiQ@DN BIM  b-
PQHX jk- MQX N- TTX Rk8e@Rkee- R CmHv kyRRX

(depgX * b + - JIJX "Q p2Mim™ - JX SX HK2B/ - GX-XQK@BMBM; MBbQi ' QTB+ /BzmbBQM- i° MbTQ" i 2|
i2tim 2 bvMi?2bBb 7Q° BMT BMiBMN;ii2tivh 2+BX MBHBQM G2ii2 'b- pQHX je- TTX je@98- R8 C M

(ddh@uX EmQ- S@*X am- u@h@®mmB/2/ KmHIiB@ 2bQHmMIiBQM pB/2Q BMT BMiBM; rBi? BMMQp iBp2
B "2;mH " T i+? KAM/BMK iBQM a+B2M+2b- pQHX jdj- TTX N8@RyN- Ry .2+2K#2"  kyReX

(d3CX 6v2' - "X .m Bt- aX : bT "BMB-hXtihQ BBWM M/ BMT BMiBM; +QKTH2i2 im#mH ~ j. Q#D2+i "2+Q
T iB HpBQTmi2 b :° T?B+b- pQHX d9- TTX Rke@Rje- m;mbi kyR3X

(dN)X "BH2b M- JX PrHB - aX "2?x /IBTQm - aX P;-rJ- PR EDMMIP KQiBQM i° +FBM; mbBM; JB+ QbQ7
A6 *@S T2 ' bPMGBM2- pQHX 8R- MQX kk- TTX iNN@9y9- kyR3X

(3ypX " /°- SX LQmAMI2;" i2/ . i >B/BM; M/ *QKT 2bbBQM a+?2K2 " b2/ QM alJoZ SMQ6YB AMT BM
h2+?MQHQ;v- pQHX k9- TTX Ryy3@RyR8- kyReX

(BR$@>X u L:-"@GX :IP-s@s¥ aRH2i AMT BMiBM; " b2/ QM h2MbiQ mBQKnbBQMaBMB+ - pQHX jN- MQ>
TTX RYydR@RydN- CmHv kyRjX

(3k)X *?2p2B;M6- . X "xQmRKBnmbi /2i°'2M/BM;- "2°272'2M+BM;- QmiHB2" /2i2+iBQM- M/ BMT BMiBM
L2m QAK ;2- pQHX Rdk- TTX Nyj@NRk- R8 J v kyR3X

(3j)6X *?22M- hX >m- GX wmQ- wX S2Ni? XXTUBIMT BMiBM; pB bT b2 /BBi;@iiBQ@M;KMMQH28 Q+2bbBM;- pC
83- TTX NJ@RYR- LQp2K#2" kyReX

(39X u M;- SX sm->X CBM--GQnW®@ MF i2MbQ ™ +QKTH2iBQM rBi? 7° +iBQM H@C +Q#B M@2ti2M/2/ i
KmHIB@+QKTQM2Mi pBbm HB;BiBHMZBBEMIBN; Q+2bbBM;- AM T ' 2bb-DQm M HT'2@T QQ7- p B
kyRNXX

(38)X * Hp2iiB-6X a; HH "B- 1X aQXkRk 2 BRIT BMiBM; rBi? bi' m+im’ HAMQRbM/ToBbBQ@M *QKTmiBM;-
POQHX k9- MQX d- TTX d3k@dNj- R CmHv kyyeX

(3ePX :?2QMB2K-uX *? ?B - X I-HRKMHQ+ HpB/2Q /12MQBbBM;- bBKTHB}+ iBQM M/ BMT BMiBM; mbBI
QM ;> TaB;M HS Q+2bbBM;- pQHX Ny- MQX 3- TTX k998@k988- m;mbi kyRyX

(3dLCX X .Q# QbQibF v M/ XGX"2QiRXKWRI @G TH +2 0 "B iBQM H h2+?MB[m2 7Q" AK ;2 .2+QMpQHmM
BMA111 h® Mb +iBQMb QM AK ;2 S'Q+2bbBM;- pQHX Rd- MQX 8- TTX e8d@eej-J v kyy3X

(33)X .BM;-aX _ K M/ CXCX _QAK ;@a2AMT BMiBM; IbBM; LQMHQ+ H h2tim 2 J i+?BM; AMIL1QMHBM2
h> Mb +iBQMb QM AK ;2 S'Q+2bbBM;- pQHX k3- MQX 9- TTX Rdy8@RdARN- T 'BH kyRNX

(BN)X GB-gX GmQ M/ CXcm MBx iBQM Q7 .BzmbBQM®@" b2/ AMT BAMIIBIVh, BMb.BiBQMBR M2AM7Q K iB
6Q 2MbB+b M/ a2+m Biv- pQHX Rk- MQX Rk- TTX jy8y@jye9- .2+X kyRdX

(Ny) X G "B/ "R- M/ oXo EQNBp2H BK ;2 BMT BMiBM; i2+?MB[m2 # b2ARIKMBKNR/B MKBzDBRBRM+2b-
PQHX j3-S i 9- TTX ekR €99- m;mbi kyRjX

(NRJ)X :?2Q° B-aXJ M/ H- M/ "X *>? MOmT@# b2/ BK ;2 BMT BMiBM; mbBM; T i+? "2}M2K2NMILBM J_6 7°
h> Mb +iBQMb QM AK ;2 S'Q+2bbBM;- kdUkV- TTX88e@8ed- kyRdX

(NkhX " “#mo0 "B iBQM H BK ;2 BMT BMiBM; i2+?MB[m2 # b2/ QM MQMHBHKZMiR2bQ MH@QI "B+ HBBi1MbB@
M22°'BM;- 89- TTXj98@j8j- kyReX

(NjoX EmK - CX IJmF?2°'D22- M/ aXEXAX J2VMBMT BMiBM; i?°Qm;? K2i'B+ H #2HBM; pB11thB/2/ T i+’
h> Mb +iBQMb QM AK ;2 S'Q+2bbBM;- kBURRV- TTX8kRk@8kke- kyReX

(N9LX * B-wX am- wX GBM->X q M;-wX uM;- MHKMXBENMTGBMiBM; mbBM; i?2 7TmHHvVv +QMpQHmMiBQM
h?2 oBbm H *QKTmi2 - jjUkV- TTXKkON@keR- kyRdX

1/Bi2/ #X oBD v
_2+2Bp2K d- kyRN
++2TiZAmMM kk- kyky
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#bi® +iXPTBMBQM KBMBM; Bb i?2i2+?MB[m2 Q7 M HvxBM;i?2b2MiBK2Mi-#2? pBQ -722HBM;b- 2
#Qmi T ' Q/m+i- iQTB+- +QKK2Mib QM bQ+B H K2/B - 2i+X PMHBM2 b?QTTBM; ? b "2pQHmMiBQMBxX2,
+mbiQK2' HBF2b iQ pBbBi i?2 QMHBM2 biQ 2 iQ }M/ i?2B" T Q/m+i Q7 BMi2 2biX Ai Bb #2+QKBM;
Tm ' +? bBM; /2+BbBQMb bQH2HvV # b2/ QM T?QiQb M/ T 'Q/m+i /2b+ BTiBQMbX *mbiQK2" "2pB2rb T
+QKT "2 T'Q/m+ib M/ K F2 Tm +? bBM; /2+BbBQMb +QKKQMHV QM i?2 # bBb Q7 Qi?2  +mbiQK2" “2p|
i72H M;m ;2 Q7 i?2B" +?QB+2-2X;X i?2T2QTH2 Q7 S FBbi M mb2 _QK M b+ 'BTi# b2/i?21°"/mH M;m
7°22 7°QK b+ 'BTiBM; "mH2bX >mM/ 2/b Q7 +QKK2Mib "2 ;Bp2M QM bBM;H2 T Q/m+i- r?B+? K v +Q
MQBbv +QKK2Mib M/ }M/BM; i?2 TQH 'Biv Q7 i?2b2 +QKK2Mib Bb M +iBp2 "2 Q7 “2b2 “+?X GBKBI:
QK M I'/m b2MiBK2Mi M HvbBbX AM i?Bb "2b2 "+?2 T T2 -r2 T°'QTQb2 MQp2H TT ' Q +? #v mbBM; "C
Q7 i?2 "2H i2/ M/ MQM@ 2H i2/ +QKK2MibX _2H i2/ "2pB2rb "2 i?Qb2 r?B+? b?2Qr i?2 #2? pBQ" Q7
T'Q/m+iX G2tB+QMb "2 #mBHi 7Q  i?2 B/2MiB}+ iBQM Q7 MQBb2- TQbBiBp2 M/ M2; iBp2 "2pB2rbX t
e3W- "2+ HH Bb HbQ e3W M/ 6@K2 bm'2 Bb e3hd?2 ++m’ +v Q7 i?2r?QH2 2p Hm iBQM Bb eyWX

E2v rQ /b, QK M I'/m- SQH "Biv- "QQH2 M "mH2b- PTBMBQM JBMBM;- LQBb2- _2pB2rb TQHVMQKB

Ja bm#D2+i +H bbB}+ NByQ MM X

RX AMi"Q/m+dBRQINBX2Mi M HvbBb K2i?Q/QHQ;B2b 2T 'QTQb2/7Q i?2 +H bb!
iBTH2 H M;m ;2bX PTBMBQM KBMBM; HbQ FMQrM b b2MiBK2Mi KBMBM; Bb T
HM;m;2X PTBMBQM KBMBM; Bb +QK#BM iBQM Q7 /i KBMBM; M/ M im> HH M
(k) /12}M2 QTBMBQM KBMBM; b i?2 T°Q+2bb i? i b2 "+?2b "2bmHib Q7 ;Bp2M T
"2pB2rb ii'B#mMi2X *mbiQK2  QTBMBQM KBMBM; Bbi?2 T ' Q+2bb Q7 +?2+FBM; +m
()X PTBMBQM KBMBM; Bb i2+?MB[m2 Q7 M HvXxBM; '2pB2rb Q7 +mbiQK2 b r?B+
h?2 "2i BH2' 2 bBHv B/2MiB}2b +mbiQK2  BMi2 2bi M/ /2K M/ 7Q  T°Q/m+ib 7 QK
QTBMBQM Bb +mbiQK2" +QMpBM+BM; +mbiQK2 b (9)X JQbi Q7 i?2 +mbiQK2 b + |
QM +mbiQK2  QTBMBQMb T 2b2Mi QM i?2 "2i BH2 r2#bBi2 (8)X Ai BbiBK2@ +Q Mt
7°QK KmHIBTH2 "2pB2rb Qp2 ' QM2 T°Q/m+iX h?2 AMi2"M2i Bb M BKTQ i Mi T "i (

HQi Q7 /p Mi ;2bc QMHBM2 b?QTTBM; Bb QM2 Q7 i?2K-Bi 2 bB2  7Q  i?2 +mbiQ
P2M/Q X *QMbmK2  }M/b i?2B  T°Q/m+i Q7 BMi2 2bi #v pBbBiBM; i?2 p2M/Q 6b r2;
iQ mb21°'/m# b2/ F2v#Q /b b KQbi ? M/?2H/ /2pB+2b M22/ bQ7ir "2 mT/ i2b M/
mbBM; '/ mH M;m ;2b (d)X h?2 +mbiQK2 b KQbiHv "2HvQMi?2 QK Mb+ BTi7Q"
MM7Q imM i2Hv rBi? MQ b+ ' BTiBM; bi'm+im 2X LQ'K HHv I'/m H M;m ;2 r ' Bii2M
["/mX G2imbi F2 M2t KTH2 Q7 _QK M I'/m T? b26v2 KQ#BH2 #?i K2?M; 2206 Q
FB 2?22 #?i +? ?26X PM b?QTTBM; bBi2b Qp2°  BMi2"M2i- +mbiQK2'b mb2 i?2B" VN
"2pB2rb M/ i?2b2 "2pB2rb "2 mM/2 ' biQQ/ #v 72r T2QTH2- KBMBM; mb27mH BM7C

IB{+mHii bF (3)(9)X 1bT2+B HHv- Bi +'2 i2b T Q#H2K 7Q° MQM@M iBp2 mb?2
iQ Q#i BM mb27mH BM7Q K iBQMX MQi?2° K BM Bbbm2 Bb bvMi t M/ i?2 +? M;
bBim iBQMbX aQK2 rQ /b b?Qr TQbBiBp2 K2 MBM; BM QM2 bBim iBQM M/ M2; iE
KQ#BH2 +? ?2206 BMi?Bb b2Mi2M+2i?2rQ /6 +? 60 b?Qrbi? i KQ#BH2 Bb ;QQ/X A

AMDbiBimi2 Q7 *QKTmi2  a+B2M+2 M/ AM7Q K iBQM h2+?MQHQ;v- h?2 IMBp2'bBiv Q7 ; B+mH
WIQKXi "B[!;K BHX+QK

kdd



kd3 > HBK a /B - JQ?B# IHH ?-h "B[ >mbb BM- LB/ :mH-Jm? KK /6 "QQ[ >mbb BM-L mK M mH > [

BMi?Bbb2Mi2M+2i?22rQ° /6 +? 6 Bbi?2b K2#mii?2rQ° /M ?B6 +? M;BM; i?2 b2l
KQ#BH2 Bb MQi ;QQ/X MQi?2  BKTQ'i Mi Bbbm2 Bb i?2 mb2 Q7 b2p2° H bvMi t i
mb2 b 2X; X KmHIBTH2 mb2 b rBHH mb2 " QK Mm ' /mrQ /6 +? 6 K2 MBM; 6;QQ/6 B
0B+? 6 Q  02+? 06 2i+X aQ-BiBb /B{+mHiiQ ? M/H2i?2b2 "2pB2rb ++Q ' /BM;iQ B
b2Mi2M+2 +QMi BMb #Qi? TQbBiBp2 M/ M2; iBp2 QTBMBQM rQ /b HBF26 v2 KQ#E
Bb TQbBiBp2- M/ &M ?B6 Bb M2; iBp2 bQ i?72 QTBMBQM Bb M2; iBp2-#mii?2v +
i?72rQ°/ 6 +? 6X *mbiQK2" "2pB2rb "2 TQbi2/ BM /Bz2 2Mi M iBp2 H M;m ;2bX L
+QKTmi2 b iQ mM/2 bi M/ 2mK M M im> HH M;m ;2bX GBM;mBbiB+b i bFb "2 T
i MbH iBQM- bmKK "Bx iBQM- M Hvb2b-S 'i@Q7@aT22+? USPaV i ;;BM;- BM7C
(RK)(Rj)X AMQTBMBQM KBMBM;- SPai ;;BM; i2+?MB[m2b TH vb pBi H QH2 b E
rQ’/ M/ QTBMBQM b2Mi2M+2 BM QTBMBQM "2TQbBiQ 'vX J Mv ivT2b Q7 H2tB+Q
72 im 2 B/2MiB}+ iBQMbX J Mv "2b2 "+?2°b ? p2rQ'F2/ QM QTBMBQM KBMBM; I
KQbi Q7 i?2KrQ F2/ Qp2°  1M;HBb?-*?BM2b2- "~ #B+-1"/m-S b?iQ M/ aBM/?B- 2i-
HM;m;2Q7S FBbi M M/ Bb HBF2i?2>BM/BH M;m ;2X "Qi?i?2H M;m ;2b ? p2/
T QMMM+B iBQMbX h?2v "2 KQbiHv mb2/ BM aQmi? 1 bi bB rBi? M2 "Hv RX8 #
HbQ mb2 QK M@I'/m QM bQ+B H K2/B r?2M +QKKmMB+ iBM; rBi? i?2B" 7°"B2M/
/IBz2 2Mi #HQ;b M/ r2#bBi2bX h?Bb T°QTQb2/ KQ/2H Bb mb2/iQ B/2MiB7v i?2 TC
BM QK M I'/m #v TTHVBM; T°QTQb2/ "QQH2 M "mH2b BM 7Q'K Q7 T '2+BbBQM- "
h?Bb "2b2 "+?2 T T2  ? bb2p2° H+QMi'B#miBQMb,
qBi? i?2 2K2 ;BM; TQr2 Q7 BMi2 "M2i QMHBM2 b?QTTBM; ? b #2+QK2 KQ 2
iQK2 HBF2b iQ #mv T°Q/m+ib QMHBM2- #mi #27Q 2 #mvBM; i?2 T°Q/m+ib i
+mbiQK2 bX _2pB2rb TH v M BKTQ i Mi "QH2 BM #mvBM; /2+BbBQMb Q7
"2pB2rb BMi?2H M;m ;2 Q7i?2B° +?QB+2-BM S FBbi MT2QTH2 MQ K HHVv "
_QK M I'/m Bb mMbi m+im 2/ 7722 i2tiX Ai Bb Q#b2 p2/ 7°'QK i?2 +mbiQK2" °
MQBbv +QKK2Mib BMi?2 "2pB2r HBbi A/I2MiB7vBM; +mbiQK2 "2pB2rb b MQE
i?72TQH "BivQ7 QK MI'/m +QKK2Mib Bb '2b2 “+? Bbbm2X MQi?2 T Q#H:
+? M;2i?2 TQH "BivQ7 "2pB2r-i?BbBb M mHIBK i2 M22/iQ B/2MiB7v M/
i?Bb "2b2 "+? Bb ;QBM; iQ B/2MiB7v MQBbv M/ "2H i2/ +QKK2Mib M/ }M/ i?:
h?2 T T2 T°QpB/2b ?Qr iQ B/2MiB7v MQBb2 BM mb2" "2pB2rb\ 6 AM i?Bb
TQH "BivQ7 "QK M I /m “2pB2rb\
AM i?Bb “2b2 "+? T°QTQb2/iQ B/2MiB7v "2H i2/ M/ MQBbv +QKK2Mib 7 QK
AMi"Q/m+2b bi i2 Q7 i?2 "1 KQ/2HIiQ }M/i?2 TQH "'Biv Q7 +QKK2Mib mbBM;

AMi?2 M2ti b2+iBQM k-i?2 HBi2  im 2 2pB2rQ7i?2 QK MI'/m M/#QQH2 M r
S'BM+BTH2b M/ * i2:Q B2b Bb 2tTH BM2/X a2+iBQM 9 2tTH BMb i?2 “2bmHib 2p
BK2Mi H "2bmHib Q7 i?2 "QK Mm /mH M:m ;2 #v mbBM; #QQH2 M "mH2bX M/ }M
M/ 7mim 2 rQ F Bb 2tTH BM2/ BM b2+iBQM e M/ dX

kX 2H i2/ rQ'FdX mi?Q b BM (RN) ? p2rQ ' F2/ QM QTBMBQM KBMBM;X h?2v i
Q7 +mbiQK2'b M/ bmKK "Bx2 i?2KX h?2B° bmKK "Bx iBQM i bF r b /Bz2 2Mi 7°C
#2+ mb2 i?2v QMHv KBM2 i?72 72 im'2b Q7 T 'Q/m+i QM r?B+? i?2 +mbiQK2" ? b
i?72v KBM2 i?2 T°Q/m+i 72 im 2b r?B+? 2 +QKK2Mi2/ #v i?2 mb2 b- b2+QM/Hv
M/ Bib TQH "Biv M/ i?B/ bmKK "BxBM; i?2 "2bmHibX h?2 2tT2 ' BK2Mi H "2bmHi
2z2+iBp2X h?2 "2b2 "+? +QM/m+i2/ BM (Rk) ? b T°'2b2Mi2/i?2B  rQ"F BM i?2 aB]I
i2+?MB[m2 7Q" T 'i Q7 bT22+? i ;;BM;X M/ /2p2HQT HBM;mBbiB+ mH2 7Q" i?2
Q7 aBM/?B H M;m ;2 Bb /B{+mHi /m2iQ i?2 #b2M+2 Q7 /B + BiB+ bvK#QHbX 6Q"
Q7 aT22+? UaSPaV i ;;BM; bvbi2K- i?2v mb2/ bmT2 pBb2/ TT ' Q +?X h?2v b2i
SPai ;;BM;X h?2 SPai ;;BM; H;Q Bi?Ki F2rQ' /b M/ +?2+F BMiQ i?2 H2tB+QM |
i?72 H2tB+QM-i?2 bbQ+B i2/i ;r b bbB;M2/ M/ B7i?2rQ /r b MQi T 2b2Mi2/ BM
bbB;M2/ ++Q /BM; iQ HBM;mBbiB+ mH2bX h?2 QmiTmi Q7 i?2 bvbi2Kr b aBM/~
HM;m;2X AM (ky) T'2b2Mi KQ/2Hb 7Q" }M/BM; i?2 TQH "Biv Q7 ir22ibX h?2v #m
i?72 TQH "Biv Q7 ir22ib b TQbBiBp2 M/ M2; iBp2 M/ i? 22@r vi bFb 7Q° }M/BM;



M 1{+B2Miqv Q7 6BM/BM; SQH "BivQ7 QK MI'/m _2pB2rb #v mbBM; "CK@MN M _mH?2

M/ M2mi® HX h?2v miBHBx2 i?°22 ivT2b Q7 KQ/2Hb 7Q " i?2B" 2tT2 ' BK2Mi BX2X m
KQ/2HX b # b2HBM2-i?2v mb2/i?2M@;  KKQ/2H-7Q i?272 im2@# b2/ KQ/2
KQ/2H i?2v /2bB;M 1722 Q7 ir22ibX h?2B  2tT2'BK2Mi H "2bmHib 7Q" irQ@r vi t
? "/ # b2HBM2 r?B+? QMHv +?B2p2 kyW BM #Qi? i bFb M/ i?272 im2@# b2/ KC
i?72 mMB;> KKQ/2H-#mii?2i°22F2 " M2H KQ/2H +?B2p2bi?2 ++m” +v Q7 kX83W

h?2v HbQ 2tT2 ' BK2Mi2/ rBi? i?2b2 KQ/2Hb BM +QK#BM iBQMX *QK#BMBM; mMB
yXd3W Qp2  i?2 +QK#BM2/ KQ/2H Q7 i?272 im2 KQ/2H rBi? i'22 F2"M2HX 6Q" HI
UbmTTQ i p2+iQ K +?BM2VX 1tT2 'BK2Mi H 2bmHib7Q" i?°'22@r vi bFb?Qrbi?
++m° +v 7Q K mMB;" Kb M/ # b2HBM2 KQ/2HX Ai +?B2p2/ 9XykW ++m” +v Qp2
a2MiB@72 im"2 KQ/2HX AM- (kR) T QTQb2/ bvbi2K7Q° KBMBM; QTBMBQM r Bii
K2i?Q/r bi?2 +QK#BM iBQM Q7 i? 22 K2i?Q/bBX2X H2tB+QM@# b2/ K2i?Q/- K tB
a2iQ7/Q+mK2Mibr2°2 +H bbB}2/#v mbBM; H2tB+QM@# b2/ K2i?Q/7Q i° BMBM
2Mi"QTv K2i?Q/- i?2b2 +H bbB}2/ /Q+mK2Mib +i b i° BMBM; b2iX 6m’i?2° Qi?
K tBKmK2Mi"QTvX 6Q  +H bbB}+ iBQM Q7i?2 "2bi/Q+mK2Mibi? iQmiTmiQ7i?2ir
b2i 7Q i?2 F@M2 "2bi K2i?Q/X 1tT2'BK2Mi H "2bmHib b?Qr2/i? i 8yW r?2M QMH
TTHB2/iQ i?2/ i b2i Bi ;Bp2b 8yW ++m’ +v r?B+? 2t+22/2/iQ eyW r?2M H2tB+Q|
r2 2 TTHB2/BMi?2 +QK#BM iBQM M/ 3yWr?2Mi? 22 K2i?Q/br2°2 TTHB2/iQ;2i
i2ti +H bbB}+ iBQMX h?2v T QTQb2/ ?v# B/ bvbi2K #v #H2M/BM; L [p2 " v2bB M

72 im2b Q7 L@; Kb M/ mb2/BiiQi° BML [p2" v2bB MX h?2v i?2M p HB/ i2/i?2
/i1 X 1tT2°'BK2Mi H "2bmHib r2°'2 +QKT "2/ rBi? 2tBbiBM; KQ/2Hb M/ "2bmHib 7°
2{+B2M+v Q7 i?2 T QTQb2/ K2i?Q/X AM (kj) TTQTQb2/7Q " i2ti +H bbB}+ iBQM i2
#v mbBM; i?72 q BF iQ 1MpB " QMK2Mi 7Q° EMQrH2/;2 M HvbBb UglE VX gqBi? i?2 |
M/ 2@+QKK2 +2- QTBMBQM KBMBM; M/ b2MiBK2Mi M HvbBb #2+QK2 p2°'v BKT
"2i BH2'bX h?2v+°2i2 /i b2iQ7 R8y TQbBiBp2 M/ R8y M2; iBp2 "2pB2rb 7Q" i’
.2+BbBQM h'22 M/ ELL +H bbB}+ iBQM KQ/2Hb r2°2 /2bB;M2/iQ M Hvx2 i?2 TQ
# b2/ QM i BM2/ /i b2iX h?2B” "2bmHi b?Qrb i? i M/6@K2 bm 2 M/ L [p2 " v2b
.2+BbBQM h'22 M/ ELL +H bbB}+ iBQM KQ/2Hb BM i2°' Kb Q7 ++m  +v-T 2+BbBQ
BM r?B+? i?2v T'QpB/2 7 +BHBiviQ i?2 MQM@I|'/m bT2 FBM; +mbiQK2 b iQ ;2i %
BM QK M I'/mX h?2viQQF i?2 /i 7°QK r2#bBi2 + HH2/ q> hJP"AG1 r?2°2 T2Q"
Qp2° T?2QM2 i?2vr MiiQ #mv Q  #22M mbBM;X h?2v /2}M2 i?2B  rQ"F BM iQ 9 K
** rH2  r?B+? i F2i?2 +QKK2Mib 7' QK i?2 bBi2 r?B+? +QMi BM #Qi? mb27mH M/ N\
"AL: h® MbH iQ iQi MbH i2i?72 +QKK2Mib 7°7QK "QK M I'/miQ 1M;HBb? iQ K F2 |
i?72vi?2M 2ti° +ii?2B  QTBMBQM i?2 "2H2p Mi +QKK2Mib #v mbBM; SPa M/ T 2T (
M/ mb2 i?2B° HQ+ H/ i # b2 7Q" i?2 A/2MiB}+ iBQM Q7 i?2 QTBMBQM TQH “Biv
M/ iBM; BM ;" T?B+ H7Q KX h?2 2tT2 ' BK2Mi H "2bmHib "2+Q /2/ kdW T 2+BbB
7 Hb2Hv /m2 iQ MQBbv / i X

X STQTQb2/ K2iaQB¥% KQ/2H +QMbBbib Q7 }p2 bi2TbhX 6B bi- "2pB2rb r'Bii2M
im +i2/ 7°QKi?2 KQ#BH2 r2#bBi2r? iKQ#BH2X+QKr' Bii2MBM _QK M@I'/m M/ ~2
h?2b2 "2pB2rb "2 TQbBiBp2- M2; iBp2- M/ MQBbvX .Bz2 ' 2Mi H2tB+QMb 7Q" TQ|
7vBM; "2 +°2 02/ 7Q  i2biBM; M/ 2bmHibX 7i2 i?2 /i T Q+2bbBM;-i?2 biQTTE
‘2pB2rbX h?2 "2pB2rb "2 i?2M T b2/ ++Q /BM;iQ i?2 MQBb2 /IB+iBQM v M/ M(
MQBb2-i?2 "2pB2rb "2 T b2/ 7Q B/2MiB7vBM; i?2 TQH "Biv Q7 2pB2rbi? Qm;?
~_mH2 MQ+RQ /BM; iQ L. ; i2-r?2M i?2°2 Bb QM2 TQbBiBp2 M/ QM2 M2; iBp2 rQ"

i?72 TQH "BivQ7i?2 "2pB2r rBHH #2 M2; iBp2X

_mMH2 MQ+k Q /BM; iQ i?2 SLP_ : i2-r?2M irQ M2; iBp2b 2tBbi BM 2pB2ri?2M i?2
rBHH #2 TQbBiBp2X
_MH2 MQ+#Q /BM; iQ i?2 sLP_ ; i2-r?2M irQ TQbBiBp2 rQ /b 2 2tBbiBM; BM "2

Q7 i?2 2pB2r rBHH #2 TQbBiBp2X

_mH2 MQ+3Q /BM; iQ L. ; i2-r?2M QM2 M2; iBp2 M/ QM2 TQbBiIiBp2 rQ '/ 2tBbik
TQH "BivQ7i?2 "2pB2r rBHH #2 M2; iBp2X

_mH2 M@Bi?2°2Bb bBM;H2 TQbBiBp2 BM "2pB2ri?2M i?2 "2pB2r rBHH #2 TQb
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_mH2 M@®i?2°2Bb bBM;H2 M2; iBp2 2tBbib BM 2pB2r i?2M i?2 "2pB2r rBHH #
JXRX S 2T Q+2ANMBIMBD bi2T- MQBbv /i T '2b2Mi BM i?2 "2pB2rb Bb 2HBKBM |

+QKK2Mib r?B+? /Q MQi ? p2 MvTQDbBiBp2 Q M2; iBp2 QTBMBQM #Qmi T Q/m+i
G2tB+QM Q7 MQBb2 Bb +°2 i2/iQ B/2MiB7v MQBb2 7 QK “2pB2rbX

H;Q Bi?KhR2 T QTQDb2/ H;Q Bi?K

RAMTmMi RiRy, R3 Ry - X XRAX X X X
kK, PmiTmi "2H i2/- MQM@ "2H i2/- TQbBiBp2 M2; iBp2
ai2T R, S'2T°'Q+2bbBM;

i

9,6QC; iQi?2 aBx2 Q7 v

8,C; D _2KQp2 biQTCX /b

e, TC st hQF2MGBXx 2

d,ai2T k, A/I2MiB7vBM; "2H i2/ M/ LQBbv *QKT2M2Mib
3,6Qj=01iQIC; H2M;i?i #v RX

N,A6UC " iQ MQBbv .BbiBQM “vVX

Ry y MQBbv+QKTQ®IYMiX //U
RR2HKX2

Rk, 2H i2/+QKTQM2WMXX //U
Ri, 1M/ Q7 GQQTX

R9,2i2T j, "QQH2 M _mH2b
R86QF4y iQ "2H i2/ +QKK2MiX aBx2 #v R
Re Conr " _2KQp2 leTOkQC/b
RdT Ciql st hQF2MORK X
R3,7QQ4y iQCqgy #v RX
RNBTWC,V TQbBiBp2 /IB+iBQM “vX
ky, OPV 1 X

kR,2HHEN V 1 X

kk,BhS 4R M/ hL 4 RX
ki, * KXhS L. hLX

k9,1Hb2 BAS 4R M/ hS 4 RVX
k8, *KXhS sLP_hSX

ke,1Hb2 BAL 4R M/ hL 4 RVX
kd,*KXhL sLPh hLX

k3,1Hb2 BWAL 4R M/ hS 4 RVX
kKN *KXhS L. hLX

jy,ai2T 9, 2bmHib

jR, 6Qz=0 i@CM:size #v RX

ik, ABECM; == CMM X

ji. hS

j9,1Hb2 &B1; 6 CMM X

i, hL

je,ai2T 8, .BbTH v _2bmHib
jd, 6QX =0 iQrCqy bBx2 #v R X
i3, ABUCqy 4 TQbBiBp2VX
iN,T"BIRCigg XTQbBiBp2VX
9y,1Hb2

9R,I"BiRCiyg XM2; iBp2VX

9k, 1M/ Q7 GQQTX

9j, 1M/ Q7 GQQTX




M 1{+B2Miqv Q7 6BM/BM; SQH "BivQ7 _QK M I'/m _2pB2rb #v mbBM; "&K@GH2 M _mH?2

H;Q Bi?Kak2Th

R,ai2T R. i Bb 2ti® +i2/X
k,ai2T kS 2T Q+2bbBM; Bb T2'7Q K2/iQ B/2MiB7v “2H i2/ M/ MQM@ 2H i2/ 2p
ai2T j _2KQp2 MQBbv /i 7°QK i?2 mb2" "2pB2rbX

9,ai2T 9PTBMBQM rQ /b "2 2ti~ +i2/
8,ai2T 8"QQH2 M "mH2b "2 TTHB2/X
e,ai2T eSQH "Biv Q7 "2pB2rb "2 B/2MiB}2/X
d,ai2T dh?2 "2bmHib "2 /BbTH v2/X
h #H2 jXR
P'B;BM H . i a2i Rbi C Mm v kyRe iQ jRbi .2+2K#2" kyRd
hQi H 2pB2rf 989] SQbBiBpR2; iBp2
a KbmM; KQ#BH2k 8R kN
LQFB KQ#BH2Ne eR je
Z KQ#BH2 | Rdy ds Nj
LQBb2 Rye€

i b2iX2pB2rbBM "QK MI'/m "2+ rH2/ 7' QK r2#bBi2r? iKQ#BH2X+QKBM i?2
kyRe iQ jRbi .2+2K#2  kyRdX h?°22 ivT2b Q7 KQ#BH2b "2 b2H2+i2/X a KbmM;- L
989 "2pB2rb "2 +° rH2/X h?2b2 "2pB2rb "2 +QMbBbiBM; Q7 TQbBiBp2- M2; iBp:
i?7Qb2 r?B+? b?Qr bQK2 TQbBiBp2 QTBMBQM #Qmi T Q/m+i 2X;X 6v2 KQ#BH?2
i?7Qb2r?B+? b?Qrb M2; iBp2 QTBMBQM #Qmi T Q/m+i2X;X 0#?i# Fr b KQ#BH:
"2pB2rb r?B+? "2 MQi "2H i2/ 2X;X 6K2 v2 KQ#BH2 #2+?M +? ?2i ?mM ;> FQB H:
"2pB2rb "2 K Mm HHv 2p Hm i2/- M/ i?2 "2bmHi Bb + H+mH i2/X h?Bb "2b2 “+? E
#Qmi T°Q/m+ib M/ MQi iQ + BiB+Bx2 Q  /2KQiBp i2 Mv T ' Q/m+iX

jXkX LQBb2 G2tB#IMjpXk b?Qrb MQBb2 H2tB+QM M/ MQBbv +QKK2MibX h?2 t
i?7i "2mb2/iQ B/2MiB7v Q" 2ti~ +ii?2 MQBb2 7°QK mb2° QTBMBQMbX h?2 H2tB-
rQ' /b 7°QKi?2 MQBbv "2pB2rbX b QK MI'/m? bMQ "mH2b 7Q  r'BiBM; "2pB2rb
r'BiBM; bivH2b M/ bT2HHBM;b 7Q  i?2 b K2 rQ /iQ 2tT 2bb i?2B  QTBMBQM 2X; X

AM i?Bb bi2T-i?2 QTBMBQM rQ /b "2 2ti® +i2/ 7°QK i?2 "2}M2/ "2pB2rbX h?2 Q
i?72b2rQ°/bX h?2 QTBMBQM rQ'/b "2 biQ 2/ BMi?2 QTBMBQM rQ°/ H2tB+QMX

SQbBiBp2 HR#BHQMK+QMbBbib Q7 TQbBiBp2 H2tB+QM M/ TQbBiBp2 rQ /bX
i?7 i "2mb2/iQ B/2MiB7v TQbBiBp2 '2pB2rbX aBKBH "Hv HBF2 BM MQBbv "2pB2r
bivH2b BM TQbBiBp2 "2pB2rb 2X;X x # '/ bi- x#2"/ bi- x# */ bi 2i+X

L2; iBp2 H21B#OQMPXK9 +QMbBbib Q7 M2; iBp2 H2tB+QM M/ M2; iBp2 "2pB2rbX
rQ /bi? i "2mb2/iQB/2MiB7v M2; iBp2 "2pB2rbX GBF2 TQbBiBp2 H2tB+QM- M2;
rrBiBM; bivH2b M/ bT2HHBM; 2X;X #2F - #2F - #Fr b-# FBb 2i+X

iXjX TTHVBM: "QQH2 MMmABAbKi2T- 1?2 "QQH2 M "mH2b "2 TTHB2/iQi?2 2y
TQH "BivX 6B;m 2 jXR b?Qrb "QQH2 M "mH2b Q7 HH “2[mB 2/ ; i2bX

jX9X A/2MiB}+ MBEMXTHVBM; i?2 "QQH2 M "mH2b-i?2 QTBMBQM b2Mi2M+2 Bl

9X _2bmHi 2p HMABQMXHib Q7 i?2 T°'QTQb2/ KQ/2H “22p Hm i2/ #v mbBM; bi
Q7 BM7Q K iBQM “2i'B2p H BX2X T 2+BbBQM- "2+ HH- 6@K2 bm 2- M/ ++m" A
r?B+? Bb HbQ + HH2/ +QMiBM;2M+v-i?2 K i'Bt Bb mb2/iQ 2p Hm i2 K2 bm 2K2Mi
BM7Q K iBQM QM +m  2Mi M/ MiB+BT i2/ +H bbB}+ iBQMb K /2 i?°Qm;?  iBM
KQ/2H Bb mbm HHv K2 bm 2/ mbBM; i?2 K i'Bt/ i X h?2 +QM7mbBQM K i Bt Bb
h?2 2Mi"B2b rBi?BM i?2 +QM7mbBQM K i'Bt +Qp2  i?2 7TQHHQIBM; K2 MBM; BM i~
i #H2 9XRX

8X 1tT2 BK2Mi H _2BHibX+iBQM +QMi BMb i?2 2tT2 ' BK2Mi H 2bmHib Q7 i?2
*2 bQMb- mb2'bé QTBMBQMb ‘2 +QHH2+i2/ QM i?2 6r? iIKQ#BH2X+QK6 r2#bBi2
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h #H2 jXk
LQBb2 G2tB+QM

LQBb2 H2tB+QM |[rQ /b _2pB2rb
K2'vTbHmMKB 8jy?vr =~ Miy
M?B ?v 7TmHH #Qt ?v FBbB FQ+? ?v2
iQ Kb; F'v MQ + HH QMHv bKb THxx }M H
9kyy B K 7°QKKmHi MyjyRkNjNke8
J2 D8 KQ#BH2 b H2 F'M +? i ?QX|[*QM/BiBQMNfRYy
a H2 r?Bi2 +QHQ T 'B+2 BM Reyyy HQ+ iBQM
6 Bb H# /b2HH MQYjRRdkRB3ky

g~ Miv

h #H2 jX]
SQbBiBp2 H2tB+QM

SQbBIiBp2 H2tB+QWM rQ /b SQbBiBp2 _2pB2rb
w # b w # 1 bi KQ#BH2 ? # 112 VIBKBM; My
iQi KKbK i T2QM2b FQT2+2v|+2Q" /B
Pmi+H Db KQ#BH2 22X BF /BMW i"2°v # +FmTX
+ K2° 7°QMi M/ # +F#2i +2 2

a H2

a JalL:- M/ ZKQ#BH2 ? p2 #22M TQbi2/ 7' QK i?2 r2#bBi2 BM bT K7 QK C Mm v |
kyRd-iQ B/2MiB7v TQH "BivX h?2 /i ? b #22M +QHH2+i2/ BMiQ M JaqQ '/ /Q+ml
M2; iBp2- M/ MQBb2 B/2MiB}+ iBQM ? p2 #22M +°2 i2/ 7Q i2biBM; M/ “2bmHib
"2pB2r Bb K Mm HHv M Hvx2/ M/ +?2+F2/ B7 Bi Bb TQbBiBp2- M2; iBp2- Q" MQ
i?2M +QKT "2/ rBi? T" +iB+ H "2bmHibX iQi H Q7 Ry9 MQM@ 2H i2/ Q° MQBbv
B/2MiB}2/ bm++2bb7mHHvVX h?2 T2 +2Mi ;2 Q7 MQBbv "2pB2rbr b NNXjyWX G2tB
+QKK2Mib 7°QK i?2 "2pB2rbX h?2°2r2°2 iQi HQ7 989 "2pB2rb Q7 i?°22 T°'Q/m+
R3e M/ T +iB+ HHv Rejr2°22p Hm i2/ TQbBiBp2-iQi HM2; iBp2r2°'2 Re9 M/ T
M2; iBp2- M/ iQi HRy9r2'2 MQM@ "2H i2/ +QKK2Mib M/ Rj3r2°2 B/2MiB}2/ +Q"
j8W Q7 "2pB2rb "2 B/2MiB}2/ TQbBiBp2Hv- jjW b M2; iBp2- M/ jyWw MQBb2 Q7 iQ
MQBbv +QKK2Mib Q#b2 p2/ /m"BM; "2pB2rb +° rHBM;X

g?BH2 i?2 hSBbi m2TQbBiBp2 +QKK2Mib BX2X MmK#2 Q7 HH +im HTQDbBI
MmK#2" Q7 M2; iBp2 +QKK2MibX 6S Bb i?2 iQi H MmK#2> Q7 M2; iBp2 +QKK2Mil
g?BH2 6L Bb iQi HMmK#2 Q7 +QKK2Mib r?B+? r2°'2 TQbBiBp2 #mi T +iB+ HHyv
S'2+BbBQM "2+ HH M/ 6@K2 bm 2 M/ ++m” +v ? p2 #22M + H+mH i2/ #v mbBM;

"QQH2 M mMm#HRBXB X8 b?Qrb "QQH2 M "mH2b r2°2 +°2 i2/iQ B/2MiB7v i?2 TQH °
Q7 TQbBiBp2 M/ M2; iBp2rQ /b i? i 2tBbi BM i?2 "2pB2rbX

G2tB+QWMbX2 ivT2b Q7 H2tB+QMb rBHH #2 +°2 i2/iQ B/2MiB7v MQBb2 M/iQ }M/
8Xe b?Qrb MQ Q7 rQ /b Q7 HH H2tB+QMbX HH Q7 i?2 H2tB+QMb "2 +QMbBbi Q7

8XyXRX LQBb2 G#Bl2@XY b?Qrb MQBb2 H2tB+QM M/ MQBbv +QKK2MibX

h? 22 ivT2b Q7 H2tB+QMb "2 +°2 i2/iQ B/2MiB7v MQBb2 M/iQ }M/i?2 TQH "B
SQbBiBp2 H2#BH2Q8KB +QMbBbib Q7 TQbBiBp2 H2tB+QM M/ TQbBiBp2 rQ /bX
L2; iBp2 H2tB#OMEXN +QMbBbib Q7 M2; iBp2 H2tB+QM M/ M2; iBp2 "2pB2rbX

8XRX AM/BpB/m H S Q/mAMI22bmiAXQ7 i?22} bi T Q/m+i-Qmi Q7 3k-i?2°2r2"2
RNi'm2M2; iBp2b-R97 Hb2 TQbBiBp2b- M/jR7 Hb2M2; iBp2bX h #H2 8XRy b?Q
KQ#BH2X 6B;m 2 8Xk b?Qrbi?2 ;" T? Q7 a KbmM; KQ#BH2X h #H2 8XRy +QMiBM;
AM i?2 + b2 Q7 b2+QM/ T Q/m+i iQi H- Ne +QKK2Mib r2°2 +  rH2/- Qmi Q7 Ne i’
i'm2 M2: iBp2b- 7 Hb2@M2; iBp2 kd- M/ R8r2°27 Hb2 TQbBiBp2X h #H2 8XRKk b
LQFB KQ#BH2X 6B:m 2 8XkX b?Qrb i?2 +QMiBM:2M+v K i'Bt ;" T? Q7 i?2 LQFB |
AM i?2 + b2 Q7 i?2 i?B/ T°Q/m+i iQi H- Rdy "2pB2rb r2°2 +> rH2/X Pmi Q7 iQi
rb98-i?2i'm2M2; iBp2r bkN-7 Hb2@M2; iBp2jk M/ 7 Hb2@TQDbBiBp2r2'2 e9>
Ki'Bt Q7 ZKQ#BH2X 6B;m 2 8Xj b?Qrb i?2 +QMiBM;2M+v K i'Bt ;"  T? Q7 ZKQ#BH
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h #H2 jX9
L2; iBp2 H2tB+QM

L2; iBp2 H2tB+QM 1Q /b L2; iBp2 _2pB2rb
< v v KQ#BH2 FBbB F KF M B ? #?i1 ?B
#m .
#m~ ? v
noE TmHH iBK2 #2F "~ b2i ? v ? jXjy;? MivH Bi ?
+? ;BM; K XXX S Bbv#'#/F My ? ir HYHQ
Inputs Output (AND) Equation
A B C
Ruleno 1 ’
e no 5 \
Positive Negative Negative B
UV"QQH2 M _mH2 R 7Q U L.:i2V1[m iBQM
Inputs Output (XNOR) Equation
" |
Rule no 2 A B C
D) 1
Positive Positive Positive
U#V "QQH2 M _mH2 k 7Q  UsLP_ :i2vV 1[m iBQM
Inputs Output (XNOR) Equation
A B @
Rule no 3 A ) )I
Negative Negative Positive B j
U+V "QQH2 M _mH2 j7Q  UsLP_ ; i2V 1[m iBQM
Inputs Output (AND) Equation
A B G
Rule no 4 i =
Negative Positive Negative BI /,'7 ;
Uu/vV"'"QQH2 M _mH297Q U L. ; i2v1[m iBQM
Inputs Output Equation
A (1
Rule no 5 |
Positive Positive A | C
Uu2v "QQH2 M _mH2 8 7Q° bBM;H2 TQbBiBp2 1[m iBQM
Inputs Output Equation
A C
Rule no 6 |
Negative Negative A | C

U7V "QQH2 M _mH2 R7Q  bBM;H2 L2; iBp2 1[m iBQM

6B:X XRnH2b 7Q° GQ;B+ :

i2b

h #H2 9XR
_2bmHi 2p Hm iBQM

S 2/B+iBON
L2 iBg2S0ObBiBp2
) [2; iBg2 hL 65
[ L2,
*im R SobBiBp26L
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Q
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6B;X 8X@MiBM;2M+v K i'Bt ;> T? Q7 HH _2pB2rb

TOTAL

N

6B; X SXMiBM;2M+v K i'Bt ;" T? Q7 a KbmM; KQ#BH?2

100
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100
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TOTAL ™
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h #H2 8XR
_2H i2/ M/ MQM@ 2H i2/ +QKK2Mib

“2H 12/ +OKK2Mib LOM 2H i2/ *QKK2MIib
"Fr bbi "22M +2HH T?0M2 7 B

" T SRR e e can a1
2QrvC B# by (B' Q iH bb| # BEZ Hi M?B? B +QM/BiBQM NX8fRy
'.7Q Vv v MB "Q‘BHH"H blb QMHv R3yyy a2 ' B2bS2'bQM +QMi +i
N S NN i i?Bb $$MK#2 X yj883R8jBNk
riH;; BQ r Miv ;22 M
iQm+2r HYR K 2 # / +H K2 y#913393d'\‘y 7°QK " r HTBM/B
F/ BM;vQ RyW KQmMi#’>BHv Y

< FbBFTbbCBURSV/Zl’HiKBM
;OiVOBKfr:\BHQZVFBbB FKH MmBDBbFBG*. i?BF ?m ;' rQ b H2 F'M +? 2v
Y ’ im THx_ #i F° BMXXX yjyy@9d9eed8

h #H2 8 Xk
hQi H "2bmHib Q7 HH T °Q/m+ib
LQBb2 SQbBiBp2 L2; iBp2
_2pB2fbS2 +2Mi|;22pB2fbS2 +2Mi[;22pB2(bS2 +2Mi|;2
S® +iB+ H_. . . . ; .
1p Hm iEQﬁ\)Is jyXyw Rej j8XyW R8j JiXyw
J Mm HHVRO9y kkXNyW | R3e 9y XNdW| Re9 je XRkW

8XkX *QK#BM2 S Q/m+ithS BomiHm TQbBiBp2 +QKK2Mib BX2X MmK#2" Q7 HH
Bbi'm2 M2; iBp2 Bb i?2iQi HMmMK#2 Q7 M2; iBp2 +QKK2MibX 6S Bb i?2 iQi H Mt
"2 2i'B2p2/ b TQbBiBp2X g?BH2 6L Bb iQi HMmK#2 Q7 +QKK2Mib r?B+?r2°2
i?72v "2 B/2MiB}2/ b M2; iBp2X h #H2 8XRe b?Qrb i?2 +QMiBM;2M+v i #H2 "2bmH

exX .Bb+mbhRPQRMEMXT2 BK2Mi H "2bmHib b?Qri? ii?2 KQ/2H B/2MiB}2/i?2 "2H i2
K2Mib bm++2bb7mHHVX G2tB+QMb Q7 MQBb2- TQbBiBp2 M/ M2; iBp2 "2;2M2" i
TQH "Biv Q7 "2pB2rbX "QQH2 M "'mH2b "2 ;2M2° i2/iQ B/2MiB7v i?2 TQH "Biv Q
m i2/ BM irQ bi2TbX AM i?2 }"bi bi2T- i?2 MQBbv +QKK2Mib 2 B/2MiB}2/ rBi? i~
BMi?2 b2+QM/ bi2T i?2 "QQH2 M "mH2b "2 TTHB2/ QM "2pB2rb- M/ #v i?2 H2tE
"2pB2rb "2 B/2MiB}2/ bm++2bb7mHHVX h?2 i'm2 TQbBiBp2 " i2r b RNN-7 Hb2@"
dy M/ 7 Hb2 M2; iBp2r b NRX h?2 T 2+BbBQM Q7 i?2r?QH22p Hm iBQM Bb yXe3-
++m° +v Bb yXeyX HH T Q/m+ib "2 HbQ 2p Hm i2/ BM/BpB/m HHv M/ i?Bb iBKz:
Nj- i'm2 M2; iBp2 dy- M/ 7 Hb2 M2; iBp2 Bb NyX h?2 T'2+BbBQM Bb yX8yd- "2+
++m’ +v Bb yX9ydX

dX *QM+HmMBBRMIKQM KBMBM; Bb p bi M/ +? HH2M;BM; "2 Q7 "2b2 "+? b Bi/
.m2iQ i?72 +QKTH2tBiv Q7 ?mK M H M;m ;2- Bi Bb p2 v /B{+mHi iQ Q#i BM mb27n
? bMQ bm+? "mH2b Q7 ivTIBM; i? i6b r?vmb2'b + MivT2 i?2 b K2rQ / rBi? [/Bzz
HbQ bBKTH2r v Q7 +QMp2vBM; K2bb ;2X h?2 K DQ'BivQ7 T2QTH2 BM S FBbi
['/m-#mi MQi 2MQm;?2 rQ ' F? b#22M/QM2 QM "QK MI'/mX h?22T T2 T°QTQb2/ bi
T "b2"Bb;2M2" i2/ #v mbBM; "QQH2 M mH2b KQ/2H iQ }M/i?2 TQH "BivQ7 +mbiQ
/Bz2 2Mi "2i BH2 r2#bBi2bX .Bz2 2Mi H2tB+QM Q7 7Q  B/2MiB}+ iBQM Q7 MQBb
"2b2 "+? 0?2 2tT2 ' BK2Mi H "2bmHib b?Qri? i T +iB+ H2p Hm iBQMr b K BMHVv #
T +iB+ H2p Hm iBQMr be3W-i?2 "2+ HHr be3W M/6@K2 bm 2r bedW-i?2 ++
rbeyWX h?2°2r2°2 iQi HQ7 989 "2pB2rbX SQbBiBp2 "2pB2rbr2°2 R3e M/ Rej
M2; iBp2r2°'2 Re9 M/ R8j "2B/2MiB}2/ +Q "2+iHv M/iQi HMQM@ 2H i2/ "2pB2rk
bm++2bb7mHHVX h?2°2r2°2/Bz2 2Mi+ mb2b 7Q"i?2 /2pB iBQM Q7 "2bmHib 7 Qk
Bb MQ T 2/2}M2/ "mH2b 7Q  TQbiBM; "2pB2rb BM QK M I'/mX h?2 mb2 2?2 b MQi n
TQbiBM; "2pB2rbX aQ bQK2 Q7 i?2rQ /bBM M2; iBp2 H2tB+QM HbQ K i+?i?2rQ"
2t KTH2-i?2rQ°/ 6F K6 BbT 2b2MiBM M2; iBp2 H2tB+QM HbQ T '2b2MiBM TQb
T B+2 #?B #Q? i F K m™ zQ '/ #H2 ?2 p2°v MB+206 bQ #2+ mb2 Q7 i?Bb "2 bQM K N
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h #H2 8X|
*QMiBM;2M+v i #H2 “2bmHib

S'Q/m+ibhQi H hS| 6S| hL | 6L
LQBb2] Ry9| Ryj| vy y R
a KbmM|; 3k R3| R9] RN| jR
ZKQ#BH2 Rdy| 98| e9| kN| jk
LQFB Ne | Jj R8| kj | kd
hQi H 98k | RNN Nj dR

h #H2 8X9
6BM H _2bmHib

hQi H _2pB2rt5°'2+BbBQM+ HH@K2 bm 2+m" +Hv
RNN yXe3 yXed Xe3 yXey

h #H2 8X8
"QQH2 M “mH2b

mH2 MQ AMTmi PmiTmii PmiTmi : i2
R h m2 6 Hbj2 6 Hb2 L.

k h™m2 h ™ m?Z2 h™m2 1sLP_

j 6 Hbj26 Hb2 h ™ m2 1sLP_

9 6 Hbj2h m?2 6 Hb2 L.

8 SQbBiBp2SQbBiBpaBM;H2 ;|i2
e L2; iBp2| L2; iBp2 aBM;H2 ;|i2

h #H2 8Xe

LQ Q7 rQ /b Q7 HH H2tB+QM

G2tB+QM| LQ Q7 rQ"/
LQBb2 H2tB+QNM 8
SQbBIiBp2 HRtB+ QWM
L2; iBp2 H2tB+Q &8

h #H2 8Xd
a?Qrb i?2 MQBb2 H2tB+QM
LQBb2 H2tB+QM |[rQ /b _2pB2rb
K2°vTbHmMKB 8jy?vr =~ Miv M?B?y 7TmHH #Qt ?v
g Miv FBbB FQ +? ?v2 iQKb; F'v MQ + HH QMHvV bKb THxx}M H

9kyy B K 7°QK KmHi MyjyR@
J2 D8 KQ#BH2 b H2Z F M +?2 1 20X *QM/BiBQM NfRy

a H2 r?Bi2 +QHQ T B+2 BMReyyy HQ+ iBQM 6 Bb H # / b2HH
MQ yjkR@
h #H2 8X3

SQbBiBp2 H2tB+QM

SQbBiBp2 H2tB+QM rQ /b SQbBiBp2 _2pB2rb
w# '/ bi yv#‘/ biKQ#BHZ? # 112 viBKBM; Mv iQ
i K KbK i T?2QM2b FQT2+?v +?Q" /B
Pmi+H bb Pmi+H bb KQ#BHZ ?2X I_3F IBM# i"2°v# +FmTX
+ K2° 7°QMi M/ # +F #?2i +?2 2
h #H2 8 XN
L2; iBp2 H2tB+QM
L2; iBp2 H2tB+QM 11Q /b L2; iBp2 _2pB2rb
"m” v v KQ#BH2 FBbB F KF M B? v #?i ?B #m"~ ? v
“oF 7mHH iBK2 #2F b2i? v ? |Xjy;? MivH Bi ?
+? ;BM; K XXX S Bbv# # / F"Mv P ir Hv HQ




M 1{+B2Miqv Q7 6BM/BM; SQH "BivQ7 QK MI'/m _2pB2rb #v mbBM; "CK@H2 M _mH?2

h #H2 8XRy
*QMiBM;2M+v K i'Bt Q7 a KbmM; KQ#BH2

S'2/B+iBQM
L2; iBp2SQbBiBp2
, L2; iBp2 RN R9
" SQbBIiBp2 R R3

h #H2 8XRR
hQi H _2bmHi Q7 a KbmM; KQ#BH?2

hQi H 2pB28b62+BbBOM HIHB@K2 b 2+m  4v
Ne yX8e yXje yX9j yX98

h #H2 8XRk
*QMiBM;2M+v i #H2 Q7 LQFB KQ#BH2

S 2/B+iBOM
[2; iBP2SQDbBIiBp2
[[L2; iBp2 K| RS
" SQbBiBp2 kd Ti

h #H2 8XR]
hQi H _2bmHi Q7 LQFB KQ#BH2

hQi H_2pBH28b2+BbBQM HH@K2 bm Z2+m  4v
Ne yX8e yXje yX9j yX98

h #H2 8XR9
*QMiIBM;2M+v i #H2 Q7 Z KQ#BH?2

S 2/B+iBON
[2; iBP2SQbBIiBp2
[ L2; iBP2 kN eo9
"SQbBIBp2 K 98

h #H2 8XR8
hQi H 2bmHi Q7 Z KQ#BH?2

hQi H_2pB28b2+BbBOM HH@K2 bm 2+m  +Hv
Rdy yX9R y X 83 yX93 yX9j

h #H2 8XRe
hQi H _2bmHi Q7 HH T Q/m+ib

hQi H 2pB28b2+BbBOM HHB@K2 b 2+m  4v
Rdy y X8y yX8e yX8R yX9d

h #H2 8XRd
*QMiBM;2M+v i #H2 “2bmHib Q7 HH T Q/m+ib

P'B2Mi iBQM LmK#2 Q7 +QKK2Mib
h™m2 SQbBiBp2 UhSV Ne
6 Hb2 TQbBiBpg2 ULV Nj
h™m2 L2; iBp2 YhLV dy
6 Hb2 L2; iBp2|U6LV

h #H2 8XR3
6BM H "2bmHib Q7 HH T °Q/m+ib

a2 B HIMD Q/mHihQi HhS| 65| AL | 6L

R a KbmM;, 3R | R3] R9| RN| jR
K ZKQ#BH2Rdy| 98| €9| KN| jk
j LQFB| Ne | jj | R8| kj | kd

9 hQi H| j93 | Ne| Nj| dR| Ny
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Confusion matrix graph of all products
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6B; X 8X@MiBM;2M+v K i'Bt ;" T? Q7 M _2pB2rb

bM2; iBp2X h?2 b2+QM/ K BM "2 bQM 7Q" “2bmHi /2pB iBQMr b "QQH2 M "mH2b
Q7 2pB2ri? i +QMbBbi Q7 /Qm#H2 M2; iBp2rQ /b BX2X "mH2b MQ jX _mH2 MQ jr
i? i +QMbBbi Q7 irQ M2; iBp2rQ /b 7Q 2t KTH2 6#m" 6 M/ 6M ?B6X M/ i?2 2pB?2
#mii?2°2r2°2bQK2 Qi?2" "2pB2rb r?B+? "2 +QMbBbi Q7 bQK2 KQ 2 M2; iBp2 rQ"
i22b2irQ rQ /b r2°2 HbQ T 2b2Mi BM /Bz2 2Mi “2pB2rb M/i? i "2 B/2MiB}2/ b T

dXRX 2+QKK2M/ h®QMIOX2H : p2 b iBb7 +iQ v "2bmHib mTiQ bQK2 2ti2MiX S°
KQ 2 2M? M+2K2Mi +QmH/ #2 +?B2p2/ #v BKTH2K2MiBM; M2r K2i?Q/b 7Q" 2 M/H
BM+QMbBbi2M+B2b + M #2 2 M/H2/ BM /Bz2 2Mir vbX AKT QpBM:; "QQH2 M "mH2
i?2 H2tB+QMb "2 /2bB;M2/ K Mm HHv r?B+? /B/ MQi +Qp2  i?2 r?QH2 H2tB+QMb
*2bmHi- BMbi2 / Q7 K Mm HHv B7 b2K MiB+ H2tB+QM rBHH mb2 bm+? b rQ /M2i E

dXkX 6mim 2 rAMFiR2 7Tmim 2 r2 b ;;2bi2/ i?2 ++m” +v Q7 i?2 KQ/2H + M #2 B
rQ /M2i H2tB+QM ;2M2° iQ X a2+QM/Hv- i?2 ++m’ +v + M #2 BM+'2 b2/ #v B/2Mi
TQH "BivQ7i?22rQ /b 7' QK M2; iBp2iQ TQbBiBp2 M/ pB+2 p2'b X 6'QK i?2 "2b:
O6M ?B06 +? M;2/i?2 TQH "Biv7 QK M2; iBp2iQ TQbBiBp2 M/ pB+2 p2'b X AKT Qj
i?72rQ°/ 6M ?B6 M/ K FBM; b2T " i2+Q/27Q i?BbrQ /iQ 2p Hm i2 Bi Km+? #2ii

mi?Q bd +QMi B#mMHIQIME, Xmi?Q b +QMi B#mi2/ iQ i?Bb "2b2 “+?2X h?22 Q /2"
K Mmb+ BTi Bb K BMi BM2/ /2T2M/BM; QM i?2 H2p2H Q7 +QMi'B#miBQMb i?2v K

161 _1L*1a

(RP HH-J "F M/ 6 MF-1B#2 M/ >QHK2b-:2Q77°2v M/S7 ?'BM;2°-"2"M? */ M/ _2mi2K MM- S2i2" |
A M >h?2 gqlE /i KBMBM; bQ7ir "2, M*"dTAIE.. 2tTHQ  iBQMb M2rbH2ii2 - RR- R- UkyyNV- T~

(k). p2- Emb? H M/ G r'2M+2- ai2p2 M/ S2MMQ-B-MBM/ 1?72 T2 Mmi; HH2 v, PTBMBQM 2ti° +iBQM N
+H bbB}+ iBQM Q7 T 'Q/®14Q +2gBRMhb Q7 i?2 Rki? BMi2'M iBQM H +QM72'2M+2 QM gqQ H/ qB/2
8k3X

(j)>m-JBM[BM; M/ GBnBMBM; M/bmKK "BXBM; +mbSQ@2222BB 2riR7 i?2 i2Mi? *J aA:E.. BMi2 M iBQ
+QM72°2M+2 QM EMQrH2/;2 /Bb+Qp2-7 TM/Rei3 RBIMBKy9 X

(9). m/- JBb# 2 M/ E? M- _ 7BmHH ? M/ . m/- Bix x -MORiR2I'dm QTBMBQM KBMBM; bvbi2K U_IPJI
"sBp T'2T'BMi "sBp,R8yRXyRj3e- kyR8

(8)WM? M;- EmMMT2M; M/ L > vMM-_KMi? M M/ *?2Qm/?-0QBHRBTLi?2 *mbiQK2 b, JBMBM; PMt}
*mbiQK2' 2pB2rb 7Q° S'Q/m+i 62 im2@Ra2/RyMFBKIRR RR- kyRy

(e) ## bB- ?K2/ M/ *?2M- >bBM+?mM M/ a adPMKiBK2Mi M HvbBb BM KmHiIiBTH2 H M;m ;2b, 62 im Z
QTBMBQM +H bbB}+ iBQM BN h2#MDbQ+BIQMb QM AM7Q 'K iBQM avbi2Kb UhPAaV- ke- j- TTX R
L2r uQ ' F- Lu- la

(d)> M- CB r2B M/ S2B-CB M M/ E K#2 '-.JiBKBNHBW,2 +QM+2Tib M/-iRyRRBLHBEPB2"

(3)gBHbQM- h?2 2b M/ qB2#2- C Mv+2 M/ >Q77RK+RQMABXBiMH; +QMi2tim H TQH "Biv BM T?  b2@H2
M HvbBbQ+22/BM;b Q7 ?mK MH M;m ;2i2+?MQHQ;v+QM72'2M+2 M/ +QM72°2M+2 QM 2KTB E
T 'Q+2bbBM;- TTX j9d j89- kyy8



M 1{+B2Miqv Q7 6BM/BM; SQH "BivQ7 _QK M I'/m _2pB2rb #v mbBM; "&K@GHN2 M _mH?2

(N¥2'+2H- mKBi'm@*H2K2MiBM M/ h'}m_2w-2 i2? ? HH2M;2b BM PTBMBQM JBMBM; 6°QK L im" |
S'Q+2bbBM; S2-bMeBpRpBBiv SQHBiI2?MB+ Q7 "m+? "2bi a+B2MiB}+ "mHH2iBM a2'B2b *@1F
*QKTmi2® a+B2M+2- d3- j- TTX R8d Re3- kyRe

(Ry) b?B/- v2b? M/ Mr2' - L p22/ M/ A[# H-JIm// b2" M/ a?2 --JmpMmKdkV T T2, "2 b-i2+?MB[m2b
M/ +? HH2M;2b Q7 QTBMBQMMBBBM;H CQm M H Q7 *QKTmi2  a+tB2M+2 Abbm2b UAC*aAV- Ry

(RREQMHQmMKTBb- 17i?vkKkBQb M/ gBHbQM- h?2°2b MhiIRIQ22HEZPIBKIWIi M HvbBb, h?2 ;QQ/ i?2 # |
i?72 QK-;6B7i? AMi2°M iBQM H A+QM72°2M+2 QM r2#HQ;b M/ bQ+B H K2/B - kyRR

(Rky ? "-C p2/ ?K2/ M/ J2KQM- :?mH K-ZmBf2 # b2/ T i Q7 bT22+? i ;;BM; Q7 hpRy ABAH2 M mB;QM H
*QM72°'2M+2 QM aB;M H +[mBbBiBQM M/ S Q+2bbBM;- TTX RyR Rye- kyRy- A111

(Rj)S F- H2t M/2° M/ S "Qm#2F- ShrBiR- b +Q Tmb 7Q° b2MiBK2Mi M HvbBb- &/ QA-BRBQM KB
kyRy- TTX Rjky Rjke- kyRy

(R9y M;- .BM;/BM; M/ w?m- a?2M;?mQ MantkBoBRQ q2#@# b2/ 2M;BM2 7Q°  bmKK "BxBM; T 'Q/m+i .
+mbiQK2® QTBMBONBvbi2Kb rBi? TTHB+ iBQMb- 9y- R- TTX kd jj- kyRj- 1Hb2pB2"

(R8Y bbBM2- JQ? K2/ M/ > DD- >7x2Q2rQ'F 7Q" 2KQiBQM KBMBM; 7°QK i2ti BM QMKMBWA DLII+B H M?
AMi2°M iBQM H *QM72°2M+2 QM . i JBMBM; gQ Fb?QTb- TTX RRje RR9k- kyRy- A111

(Rey DKQ? KK /B-JQ? KK /a/2;? M/ A# ?BK-_QHB M M/ Pi?K MP™WBWMBO®™M KBBIBM; M/ b2MiBK2
M HvbBb, bmMA@dR22ZM iBOQM HCQmM ™M HQ7 *QKTmi2'b h2+?MQHQ;v- k-j- TTX RdR Rd3- kyRk

(RApQM >2Hp2 b2M- "2iiBM M/ # K+xmF- E i xvM M/ EQT2A- gB2b, r M/ KBR2HBREM+2/QFHQM @
bmK2" "2pB2rb QM QMHBM2 Tm™+? bBM; /2+BbBQMb-B+@HBX) MM/MIQIMMi; 2V bidhkKihb RRj- TTX
kyR3- 1Hb2pB2"

(R3)m- _mM/QM; M/ Gm- w?QM;KBM; M/ S M/Bi- "F M/ Em M;- . M/ * Bii2M/2M- CQ2M M/ S 'F
hQr "/ aQ+B HJ2/B PTBMBQM JBMBM; 7Q" ammmQBMb2BRHBIV i 2D Ar24Wiv@LBMi? A*QM72 2MH+
'iB}+B H AMi2HHB;2M+2- kyR8

(RN@GBm- "Ba2,MiBK2Mi M HvbBb M/ QTBMBQN KBAOVEB2M;im 2b QM ?mK M H M;m ;2i2+?MQHQ;B2b- 8- |
JQ°; M *H vTQQH Sm#HBb?2'b

(ky); 'rH- TQQ'p M/sB2-"QvB M/ oQpb? - AHB M/ _ K#Qr-Pr2M M/ S bbQMRIRiBK2MM#2M+HCbBb
Q7 irBii2 413 Q+22/BM;b Q7 i?2rQ ' Fb?QT QM H M;m ;2BM bQ+B HK2/B UGalJ kyRRV- TTX jy

(kRIH@> H22b- H "¥B+ QTBMBQM KBMBM; mbBM; +QK#BM2/- +H #BxB QT BBUB\Q M KBEMBM; mbBM; + QK
+H bbB}+ iBQM TT ' Q +?- kyRR-L B7 ~ #IMBp2'bBiv7Q a2+m Biva+B2M+2b

(kkL@;" K# b2/ TT' Q +?2 7Q°  QTBMBQM KBMBMn 'Q 7KSMMR #BViR2tmTi - oBAMH "M iBQM H gqgQ Fb?QT
QM IJmHiIB@/Bb+BTHBM v h" 2M/b BM "iB}+B H AMi2HHB;2M+2- TTX 3R 33- kyR9- aT ' BM;2"

(kj)"BH H-JIJm? KK / M/ Ab® - >mK M/ a? ?B/-JIJm? KK/ M/ E2MiBKBWi +H bbB}+ iBQM Q7 _QK M@
QTBMBQMb mbBM; L [p2 " v2bB M- .2+BbBQM h'22 M/ ELL G@MbivB H+ QB (GENB M2 +& IvhB [IiMBp2 " b B
*QKTmi2® M/ AM7Q K iBQM a+B2M+2b- k3-j- TTX jjy j99- kyRe- 1Hb2pB2"

(k9 GB-L M M/ gm-.2b?2M;lbB®™; i2ti KBMBM; M/ b2MiBK2Mi M HvbBb 7Q° QMHBM2 7Q " m-Kb ?QibTQ
.2+BbBQM bmTTQ i bvbi2Kb- 93- k- TTX j89 je3- kyRy- 1Hb2pB2"

1/Bi2/ #X oBD v
_2+2BpXQp ke- kyRN
++2TiZImM ke- kyky






e
.. a+ H #H2 *QKTmiBM;, S° +iB+2 M/ 1tT2 B2M?idT, fAara X RRBSTNX@DRded -
Ukyky a*S1X 0OQHMK2 kR- Abbm2 k- TTX kNR jyd- .PA RyXRkeN9,fb+

6P _1* ahAL: h>1 AJS *h P6 aP*A G J1.A .ol _hAaAL: JPL: *PGG1:1
ahl.1Lha laAL: >A:>1_P_.1_ah hAahA* G 6IL*hAPLa

J11L wi1LAh>X LL. _ .>AE X Y

#bi® +iXLQr / vb-bQ+B H K2/B ? b2K2";2/ bQM2 Q7 i?2 +iBpBiB2b KQM; i?2 mb2'b BM i?2B" / v
‘2b2 "+? rQ'F TH Mb iQ /2p2HQT bi iBbiB+ H "2pB2ri? i +QM+2"Mb QM bQ+B H K2/B /p2 iBbBM; K
mMBp2 'bBiB2bX h?2 "2pB2r M HvbBb QM bQ+B H K2/B /p2'iBbBM; Bb ;Bp2M mM/2® bBt b2+iBQMb
UBBBV bb2bbK2Mic UBpV >B;?2° P /2" bi iBbiB+b HBF2 *QKKmMBiv- *QMM2+i2/M2bb- PT2MM2bb-
h>mbirQ i?BM2bb bm+? b h mbi- S2°+2Bp2/p Hm2 M/ S2 +2Bp2/ "BbFc M/ UpBV hQr /b /p2°iBb2K2WN
/Ip2°iBb2K2Mi- "2bTQMb2 iQr /b /p2'iBb2K2Mi M/ Tm +? b2 BMi2MbBQMX h?2 BMBIiB H bi ;2 Bb QM
bQ+B H K2/B M2irQ"FBM;X h?2 "2+Q /b bi i2/ BM i?2 [m2biBQMM B 2 ‘2 BMiBK i2Hv i F2M #Qmi i?
i?72 /p2°iBb2K2Mi QM M2irQ " FBM;X AM i?2 b2+QM/ bi ;2-i?2 TH MM2/ [m2biBQMM B 2 Bb /Bbi'B#mi2
MMBp2 bBiB2bX h?2 2MiB 2 [m2biBQMb "2 K /2 K M/ iQ'vBM i?Bb [m2biBQMM B 2 M/ 7i2 i?Bb-i?
"2 /2K M/2/ iQ }HH mT i?2B° "2bTQMb2b iQ i?Bb [m2biBQMM B '2X h?2b2 "2bTQMb2b 7°QK i?2 bim
Tm TQb2bX AM i?Bb "2b2 "+?2 rQ ' F-i?2 M HvbBb Bb T2 7Q K2/ # b2/ QM ?B;?2 " @Q /2" bi iBbiB+ H N\
+Q " 2H iBQM +Q2{+B2Mib M/ 2Mi"QTvX h?Bb BM im M ?2HTb iQ /2i2 ' KBM2 i?2 +Q "2H iBQM M/ 2Mi"
bQ+B H K2/B M2irQ FX

E2vrQ'/baQ+B H K2/B ¢ /p2'iBbBM;c IMBp2'bBiB2bc *Q "'2H iBQM M HvbBbc 1Mi"QTv M HvbBb

Ja bm#D2+i +H bbB}+ k@Ml X

RX AMIi'Q/m+#iBQMXb- PMHBM2 aQ+B HL2irQ"Fb UPaLbV (N@Rk)-r?B+? BMpQ
.B;;-hrBii2 - M/ AMbi ;> K? p2 #2+QK2KQ 2TQTmH "X h?2 mb2 ' bi2M/iQ TQbii-
bQQMBMPaL- M/ bm+? mb2°'b? p2bQK27QHHQr2'br?Qb2 pB2rb M/ +QKK2Mib Q
K Mv PaLb (Rj@R8) ?Qbi "2 p BH #H2 QM QMHBM2 TTHB+ iBQMbX "v mbBM; i?
+ MK F2TQbi DQ#BM7Q K iBQM- M/i?2mb2°b+ MBMpBi2 bbQ+B i2b7Q  QMHE
i?72 mb2 b Bbi2°'K2/ bBM7Q 'K iBQM T Q/m+2°b- M/ QM2 r?Q pB2rb i?Bb BM7Q K
+QMbmK2 'bX h?2 KQbi "2+2Mibm++2bb7mHi ";2i2/ BM7Q 'K iBQM QM /p2'iBbBM
M/ +QMbmK2 b- r?B+? 7 +BHBIi i2b i?2 T°Q/m+2 b iQ i ;2i mb2'b# b2/ QM T Q}|
M/ mb2" /2KQ; T?B+bX h?2 /p2°iBb2/ BM7Q K iBQM Bb i?2M +HB+F2/ QM #v i?
BMi2 2bi Q7 i?2 mb2 K i+?22/ rBi? i?2 /X h?2 TQi2MiB H #2M2}ib ? p2 #22M ii BN\
#2+ mb2 Q7 i?2 +HB+Fb M/ 2@+QKK2'+2 +iBpBiB2b T2'7Q'K M+2 Q7 i?2 +mbiQ}

*m> " 2MiHv- BM Qm™ +QKTHB+ i2/ bQ+B2iv- #Qi? i?2 +QMbmK2'b M/ #mbBM2b
#2+ mb2 Bi 2pQHp2b b +Q°'2 +QKKmMB+ iBQMb bvbi2K (k9@k8)X 6m i?2 - Bi +
Q' ; MBx iBQM&éb K "F2iBM; T°Q;” Kb bQ7 Bibi2M/2M+v iQ /2HBp2'BM; + miBQmb
m/B2M+2bX " b2/ QM i?2 bmBi #H2 /p2 iBbBM; TH M-i?2 2MiB 2 /p2 iBbBM; +il
+ M 2z2+iBp2Hv H2 / i?2 Q ; MBx iBQM&b /p2'iBbBM; T Q; Kb iQ #2 2{+B2Mi
K2bb ;2b "2 /2HBp2 2/ #v M /p2 iBbBM; TH M pB bmBi #H2 K2/B Q p2?B+H2b
BM Mv Q7 i?2 /p2'iBbBM; TH M-K2/B TH MMBM; Bb +QM+2" M2/ bi?2 K DQ" +Q

h?2+H bbB}+ iBQM Q7 +QMp2MiBQM HK2/B b2H2+iBQM KQ/2Hb (ky@kj) Bb ;B
# b2/ QM 2tT2'B2M+2 M/ Dm/;K2Mi bBM+2 "2 MQi+ T #H2 QM +QMbB/2'BM; i?2 -
UkV +H2 M [m MiBi iBp2 KQ/2Hb i? i KB;?i MQi BMi2;  i2 [m HBi iBp2 +'Bi2'B H
i?72 /12+BbBQMX AM +QMi” bi- i?2 b2H2+iBQM T'Q+2bb Q7 /p2°iBbBM; K2/B ? b

2b2 "+? b+?QH " LQQ ' mMH AbH K +2Mi' 2 ®QMBB?K22M nh:K \BX K+ K
Y bbQ+B i2 T°Q72bbQ  LQQ ' mH AbH K +2Mi 2 7/ BEBXRN! 2/ hQ/QB -OQKU

kNR
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M/ BM7Q°K iBQM HBF2 2tT2°'B2M+2 M/ Dm/;K2Mi Q7 BM/BpB/m HbX h?2°27Q" 2
IBH2KK - r?2°2 Bib bQHmMIBQM /2T2M/b QM ?mK M Dm/;K2Mi M/ i?mb #2+QK2b |
QMHvV mbBM; ?2mK M Dm/;K2MiX aiBHH-p "BQmb + b2 bim/B2b "2 2pQHp2/BMi?B
i?72 "2b2 "+?2°b "2 MQi +QM+2Mi’ i2/ Qp2 i?2T 2/B+iBQM T? b2X
h?2 +Q°2 +QMi ' B#miBQM Q7 i?Bb 7° K2rQ'F Bb /2HBM2 i2/ b 7QHHQrb,
h?Bb T T2 K BMHv ii2KTib iQ BMi"Q/m+2 MQp2H i +iB+ Qp2  bQ+B H K2/
bim/2Mib 7°QK /Bp2 b2 mMBp2 bBiB2bX
AM i?Bb-i?2 M HvbBb Bb ? M/H2/ mM/2  bBt 7 +iQ b + HH2/ UBV S2°'bQM H
UBpV >B;?2 P'/2 bi iBbiB+b UpV h" mbirQ i?BM2bb M/ UpBV hQr /b /p2 it
h?2 }"bi bi ;2 BM+Hm/2b [m2biBQMM B2 T'2T ~ iBQM QM i?2 iQTB+ Q7 bC(
+QM+2 " Mb KQ 2 QM bQ+B H K2/B bBi2b M/ /p2°iBbBM;X
h?2b2+QM/ bi ;2Bb #Qmii?2 /Bbi B#miBQM Q7 Q' ; MBx2/[m2biBQMM B 2b
mMBp2 bBiB2b M/ Bb i?2M bm#D2+i2/iQ M HvbBbX
hQ i?2 2M/- # b2/ QM ?B;?2 " @Q /2" bi iBbiB+ H M HvbBb- i?2 M HvbBb E
+Q "2H iBQM +Q2{+B2Mi M/ 2Mi"QTv 7TmM+iBQM-r?B+? H2 /biQ }M/BM; i?z
i?72 "2bTQMb2 iQr "/bi?2bQ+B HK2/B M2irQ FX
h?2 Q" ; MBx iBQM Q7 i?2rQ'FBb b7QHHQrb, a2+iBQM k 2tT 2bb2bi?2 "2H i2/rQ
a2+iBQM j /2TB+ib i?2 "2pB2r Q7 bQ+B H K2/B M2irQ ' FBM;X a2+iBQM 9 2tTH B!
mb ;2 M/ /p2 iBb2K2MiX a2+iBQM 8 /2HBM2 i2bi?22M[mB 2/ +QM+HmMbBQM QM i
a2+iBQM e 2M/b i?2 T T2 X
kX GBi2" im 2 am p2vX
kKXRX 2H i2/ g@AMkyky-av/iM2v *?2BM+? M +?QF+? B- M/ 62/2°B+Q /2 :°2;Q B(
T TB/;°Qri? Q7 /p2'iBbBM; QM aQ+B HJ2/B SH i7Q Kb UaJSbVX h?2+QMbmK2" b
BMp2biB; i2 T 2/B+iQ°bQ7 /p2°'iBbBM; pQB/ M+2 QM aJSbbm+? b6 +2#QQF- hr
bm p2vX _2bmHib b?Qri? ii?2 2z2+ib Q7 aJS mb ;2- bmb+2TiB#BHBiviQ bQ+B H
iQT22"BM~m2M+2 QM aJS / pQB/ M+2 "2 HH K2/B i2/ #v iiBim/2iQr "/ bQ+B H
72 i2°aJSmb ;2 M/ ?B;?2 bmb+2TiB#BHBiviQ bQ+B HK2/B BM~m2M+2 "2 TQb
iiBim/2b-r?BH2 ;°2 i2° T22 BM~m2M+2 bmb+2TiB#BHBiv Bb M2; iBp2Hv "2H i2/.
AM kyRd- :mTi 2i HX (k) ? p2 K /2 M2zQ i 7Q° +QKTmiBM; i?2 BKTQ i M+2
uQmhm#2X h?2 + m+B H bm++2bb 7 +iQ b r2°2 /2i2 "' KBM2/ # b2/ QM i?2 *QMi2M
/Ip2 iBb2K2MibX aQK2 Q7 i?2 + m+B H bm++2bb 7 +iQ b r2°2 oBbm H * i2;Q v- {
*QMi2Mi + i2;Q v- M/ i?2 "2bTQMb2 Q7 pB2r2°b pB i?2 MmK#2 Q7 pB2rb M/ H
K2i?Q/QHQ;v ? b #22M BKTH2K2Mi2/- r?B+? KB;?i B/ i?2 KM ;2°br?Q ? p2 B
bi® i2;B2b7Q i?2 bbQ+B iBQMX h?Bb "2b2 "+? rQ ' F? b#22M p2'B}2/ #v /2THQV]
M/ +iBQM U A. V KQ/2HX
AM kyky a 22D2b? a2i HX (j)? p2mb2/bQ+B HK2/B TH i7Q'Kb b T QKQiBQ
iQ bQ+B HBx2 M/ M2irQ F #2ii2°X AM i?Bb K2/B - ii2MiBQM Bb Q7i2M "2bi B+
Bi z2+ib +QMbmK2" "2bTQMb2 iQr /b i?2 /p2 iBb2K2MiX h?2 K2/B BMi2" +iBy
+mbiQK2 b iQr /b bQ+B HK2/B X aBM+2 ?B;? BMi2" +iBpBivBM i?Bb K2/BmK /B
i?72T°'BK 'vTm TQb2 Q7 bQ+B HBx iBQM-i?Bb 72 im2Q7i?2 K2/B [/p2°b2Hv z2
AM kyRd- _B+? "/ 2i HX (9)? p2BMi"Q/m+2/ MQp2H K2i?Q/ 7Q  [m2biBQMBN
QHBbLIB+ #2? pBQ™ M/ i?2bQ+B HQTiIiBKmK-r?BH2 /KBiiBM; i?2 /p2 iBb2K2Mi)>
#22M Q#i BM2/ i? i +°2 i2bi?2/Qx2M bT2+B H + b2b Q7 BMi2 2bi iQ mb2 b- #v 72
bmK2  T°'272°2M+2b M/ mbBM; i?2 mM+QKKQM K2i?Q/ Qp2  +QKT "~ iBp2 bi iB+ I
T°272°2M+2 bT2+B}+ iBQM ? b b?QrM 2MQm;? T2 7Q K M+2 #v ;2M2" iBM; i?Bb -
r2°2K /2-r?B+? Tm bm2b i?2 /p2 'iBb2K2Mi +QKTH2K2Mi v Qi?2  i? M BM~m2M|
? bTQbb2bb2/ bi #H2 [m bBHBM2 ~ T 272 '2M+2b #v i?2 +QMbmK2 bX
AM kyR3- G22 (8) ? b b+ miBMBx2/i?2 2{+B2M+v Q7 aQ+B H@GQ+ H@JQ#BH:
"b2/ /p2'iBbBM; UG" VX h?2 Qmi+QK2 ? b /2TB+i2/ i?2 2z2+iBp2M2bb Q7 aQGC
i?Bb "2b2 "+? rQ'F-i?2/Bz2°'2M+2b BMi?2 "2 +iBQM Q7 +mbiQK2'biQ i?2 /bQM
+QMi2tibr2°2 /2i2°KBM2/X AM i?2 HBi2° im 2- Bi ? b H +F2/ BM i?2 bi® B;?i /Bbi
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M/ aQGQJQ /p2'iBbBM;-r?B+? ? b +QMi'B#mi2/iQ i?2 K BM + [2KB+ Q7 i?Bb 7°
bi2T i?2 irbi F2ZM BM +QKT 'BM; KQM; i?2 /b Qp2  G" M/ aQGQJQX h?Bb 7" K2
i?72 7 +iQ b i? i +QMM2+i2/ rBi? i?2 /p M+2K2Mi Q7 #° M/ BMi2® +iBQM- KQ/2 N
bQ+B #BHBiv- T2 +2Bp2/ HQ+ iBQM r "2M2bb- M/ BM~m2M+2bi?2 iiBim/2biQr
+ iIBQM T"QKQiBQM 2z2+iBp2M2bb r b 2t?B#Bi2/ #v BMp2biB; iBM; i?72 +mbiQK2"t
bBim iBQM H +QMi2tib QM /Bp2 b2 TH i7Q KbX hQ i?2 2M/-i?2 T +iB+ Hbm;;2bi

AM kyRe- GBM M/ EBK (e) ? p2 T'2b2Mi2/i?2 bim/v QM i?2 BKT +ib Q7 /p2°iB
bm+? b T2 +2TiBQMb Q7 T'Bp +v 'BbF- M/ Tm'+? b2 BMi2MiX h?2 h2+?MQHQ ;v
i?72 i2biBM; KQ/2HX h?Bb H2 "MBM; Tm i?2" /2i2°KBM2/ i?2 BMi mbBp2M2bb M/
Mi2+2/2Mip "B #H2b 7Q T2 +2BpBM; i?2 mb27mHM2bb-v2i MQi TT "2Mi ++2bb
T'Bp +v +QM+2"Mb + M Tm ' +? b2 i?2 T°Q/m+i r?2M #Qi? Mi2+2/2Mi p "B #H2b |
iiBim/2b Qp2  bTQMbQ 2/ /p2°'iBbBM;X h?2 i?2Q 2iB+ H+Q "2H iBQMb KQM; T
Q7 mb2- M/ Tm +? b2 BMi2MiBQMb ? p2 HbQ #22M p2'B}2/X

AM KkyR3-C p M2i HX (d) ? p2BMi"Q/m+2/ irQ@T? b2 K2i?Q/QHQ;viQ /p2 il
BMi2;" i2bi?2 ?2mK M@# b2/ BM7Q K iBQM #v BM+Q TQ  iBM; i?2 [m MiBi iBp2
bbQ+B i2/ +QKTH2tBiv rBi? K2/B b2H2+iBQM /2+BbBQM r b "2 +i2/X h?2 BMBIi
K2/B 7Q° /p2'iBbBM; i?2 ?B2° "+?2v T ' Q+2bb # b2/ QM 7Qm"~ bbmKTiBQMb Q7 A
i?72 QTiBKmMK K2/B KBt#v BM+Q TQ iBM;i?27mxxvHBM;mBbiB+/2+BbBQM TT (
? b#22M 2pQHp2/ 2KTB B+ HHvVv Qp2  i?2 "2 H@rQ H/ + b2 rBi? ++2Ti #H2 Qmi+(

AM kyky- 62pxB "BiBFi b- M/ PF M hmM (3) ? p2 bi i2/ #mbBM2bb@iQ@#mbBN
BM+'2 b2 i?2 #mbBM2bb rQ " H/ bBM i?2 HBp2b Q7 BM/BpB/m HbX Ai+ M 2p Hm i
+QMi BM2  b?BTTBM; +QKT MB2b iQ ?2HT T +iBiBQM2'biQBM+"2 b2i?2B" "2H il
7i2° B/2MiB7vBM; +QMi BM2  b?BTTBM; +QKT MB2b i? i mb2 bQ+B H K2/B KOQbi
K2bb ;2b BM i2°'Kb Q7 # M/BM;- K2bb ;2 TT2 Hb-/B'2+i@b H2b- M/ BM7Q K iBC(

kXkX _2pBR#H2 kXR /2i2°'KBM2b i?2 T°'Qb M/ +QMb Q7 i?2 +QMp2MiBQM H Ki
M2irQ " FBM;X alJSb (R) + M #H2 iQ HQQb2Hv i *;2i T2QTH2 BM T "iB+mH ~ }2H
T2 +? vQmM;2° ;2 /2KQ;T T?B+-?Qr2p2 - Bi Bb MQi "B;?i 7Q° HH "2b2 "+? T QD
i?72 K2bb ;2 QM+2 TQbi2/X A. (k) TQb2b #2ii2° 2{+B2M+v M/ M mM/2 bi M/BM
+mbiQK2 bX u2i- Bi + MMQi + i+? Km+? ii2MiBQMX aQ+B H K2/B TH i7Q Kb (j)
+Qbi@2z2+iBp2 rBi? +QMbmK2 b- ?2Qr2p2 -Bi+ M#2/ M;2°'Qmb B7 Bi Bb KBbmb?2
TT'Q +? (9) ? b #2ii2° + TimBM; Q7 i?2 T'Q#H2K iB+ +QM/BiBQM M/ T2 KBib
Hi2"M i2?2vTQi?2bBbX h?Qm;?-Bi " 2[mB ' 2bbBKBH "B/2MiB}+ iBQM TQi2MiB H
BKTH2K2Mi iBQMX aQGQJQ /p2'iBbBM; (8) Bb +QMbB/2°2/iQ #2 KQ 2 2z2+iBp2
i?72 +mbiQK2 '6b "2pB2r Q7 /bX "mi ? b T 'Bp +v Bbbm2b M/ /B{+mHiv BM + 2 iBNMN
hJ(e)? b bm++2bb7mH 2tTH M iBQM Q7 i?2 "2H iBQM #2ir22M BMi2" +iBp2 TH i
iQ #2 mb2/ #v i?2 +mbiQK2 bX "mi- i?72°2 Bb M22/ 7Q  /2}MBM; i?2 i? ' 2b?QH/
7Q KmH i2i?2bQ+B HK2/B /p2'iBbBM; bi® i2;vX :2M2iB+ H;Q ' Bi?K (d) TQb2b
K2/B KBt M/ 7m’i?2" /2+HBM2b i?2 +QKTH2tBiv "2H i2/iQ i?2 /12+BbBQM T Q+.
BKT Qp2/ KQ/2Hb QM QTiBKBx iBQMX "k" (3) ? p2 H2bb BMp2MiQ v M/ “2/m+2/
T 2[m HB}+ iBQM GQr Q' /2" +QMp2°bBQM " i2b "2 i?2K BM/ r# +Fbi? i +QMbB/

KXjX S Q#H2K ai i2KQMBXH J2/B bBi2b HBF2 6 +2#QQF- AMbi ;> KBb T Q# #Hv
'2.°0mTbX JQ 2 "2b2 "+2 rQ Fb "2 BM "mb?iQ M Hvx2i?2 BKT +i Q7 bQ+B H K
bQ'i Q7 M HvbBb ‘2 biBHH mM/2° + BbBbi? i b?QmH/ #2 /2 Hi rBi? 2z2+iBp2 K
i? iiQ #2 "2+iB}2/ BM i?2 7mim 2 "2 2tTH BM2/ BM i?Bb b2+iBQM BM #'B27X LQ
r2Mi 7Q°i?2mb ;2 +QMbi° BMi Q7 i?2bQ+B HK2/B bBi2X Ib ;2 +QMbi’ BMib BM+]
iBK2X AM i?2 HBi2' im'2-i?2°2BbMQ '2+Q'/ QM mb ;2 M HvbBb Q7 bQ+B H K2/B
i72 bQ+B H K2/B - 2Qr Km+? iBK2 i?2v "2 bT2M/BM; p2  ;2Hv BM [/ v- M/ r?B-
i?2b2 bBi2bX aBKBH "Hv- 7Q  r?B+? Tm TQDb2 i?2 bQ+B H K2/B bBi2b 2 KQbiHv
[2i2° KBM2/X A7 ? pBM: i?Bb BM7Q K iBQM BM /p M+2-i?2M Bi rBHH H2 /i?2 "2b
Qp2  i?2 /p2 iBb2K2Mi }2H/ BM bQ+B H K2/B X PrBM: iQ i?2 KQmMi Q7 iBK2 b
T 2b2Mi iBK2 rBi? H bi v2 * ?22HTb BM i?2 T 2+Bb2 T 2/B+iBQM Q7 mb2' bb2bbK
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62 im'2b M/ *? HH2M;2b Q7 i° /BiBQM H KQ/2Hb "2; "/BM; i?2 aQ+B H J2/B /p2'iBbBM;
mi?Q (+Bi iBQM) J2i?Q/QHQ;vVv 62 im 2b *?2 HH2M;2b
av/IM2v *?BM+? M +7QFRHSH B - #H2 iQ HQQb2Hv i ;2LD2QBH2I 7Q° HH [2b2 "+?
M/ 62/2°B+Q /2 :°2:Q'BQ (R) BM T "iB+mH ' }2H/|QT ' BD2+i@ p2'v HBiiH2 +QMi'Q
M2i "2 #BHBiv iQ [2Q092 i?2 K2bb ;2 QMH{2 TQbi2/
vQmM;2° ;2 /2KQ; T|?B+
mTi 2i HX (k) A. "2i12° 2{+B2M+v #2i|2* MM@i + i+? Km+? iij2MiBQM
/2 °bi M/IBM; Q7 7 +iQ b i? i
ii° +ibi?2 +mbiQK2'b
a'22D2b? a 2i HX (j)| bQ+B HK2/B TH i7QK®R H iBK2 722/# +F +QbM&bb Q7 /Bb+mbbBQMb
2z2+iBp2 rBi? +QMbmKMAbBMi2® +iBQMb 2 M22/2/
KQM; +QMbmK2 b Aj + M #2
/| M;2°Qmb B7 Bi Bb KBbmb2/
_B+? "/ 2i HX (9) JOMQIiQM2 +QKT ~ iB[p22ii2iB+ Tim BM; Q7 T QZHP2EK @b bBKBH ~ B/2MiB}+ @
TT Q +°? iB+ +QM/BiBQM S2 'KEBQM/MQi2MiB H L22)/b 7m i?2"
p "B2ivQ7i2biBM; Q7 i?720Hi2?@QM 2KTB B+ H BKTH2/
M i2 ?2vTQi?2bBb K2Mi iBQM
G22 (8) aQGQJQ /p2 iBbBM;| JQ 2 2z2+iBp2 .Bb+QpAbbmM2Dd QM T Bp +v .B{+mHiv BN
/Bz2 2M+2 KQM; i?22+%miB@; QM2 + KT B{M 7Q" HH
iQK2'6b “2pB2r QM /bQ7 i?2K
GBM M/ EBK (e) hJ am++2bb7mH 2tTH M|[IBQM @M i?2}MBM; i?2|i? 2b?@
“2H iIBQM KQM; BMiZYH¥iBPRT /p2'iBb2'bliQ7Q Km@
TH i7Q Kb JQ'2 mb27mH2 iMZbQ+B HK2/B| /p2 iBb@
2 bB2T iQ #2 mb2/ #v|iBMtrhb@?2;v
iQK2 b
CpM2i HX (d) :2M2iB+ H;Q Bi?K "21i2° /212 'KBM iBOQM Q2 RD/DIiE@ 2 BKT Qp2/[KQ/2Hb
KmK K2/B KBt 6m'i?2 7/Q @ TiBKBx iBQM
+HBM2b i?72 +QKTH2t{Biv "2H i2/
iQ i?2 /2+BbBQM T Q+2bb
62pxB "BIiBFi b- M/ BF M G2bb BMp2MiQ'v | 2PmmBl 2b T 2[m HB}+ iBOM
hmM (3) i Mb +iBQM +Qbi JQ @Q2{@/2° +QMp2 bBOM " i2b
+B2Mi T'B+BM;
b K2- M HvXBM; i?2 +QKKmMBiv BM i2 Kb Q7 }M/BM; T2QTH2- +mHiBp iBM;- "2}

B/bi?2 "2b2 "+?22°biQ }M/ QM KQ 2 BMIiBK i2 722HBM;b Q7 i?2 mb2°b #Qmii?2 /
PM +?2+FBM; i?2 +QMM2+i2/M2bb Bbbm2b Q7 i?2 mb2'b Qp2  i?2 bQ+B H K2/B

Bbbm2b HBF2 +QMi2Mi b? "BM;- 2/BiBM;
bQ+B HK2/B BMi2 Kb Q7 T Q/m+i-BM7Q K iBQM ; i?2 BM:-
/2p2HQTK2Mi Qp2  i?2 #mbBM2bb }2H/-
2p2 v/ VIQ FbX 6m i?2 -
rQ'FiQ 2M? M+2i?22 i'mbi T Q#H2KbX LQi #Hv-i?2 T2 bQMd&b
+Qm b2 7Q #mMbBM2bb /2p2HQTK2MiX PM +QM}MBM; i?2
T Q/m+ib Q # M/b-"2 +22bi?2bmT2'BQ T2 '7Q K M+2 Qp2 i?2bQ+B HK2/B
/p2 iBb2K2Mi #v i?2 +HB2Mib Q"  mb2'b iQ Tm +? b2- "2+0Q
"2 - #Vv mbBM; i?2B  "2bTC

h?2 "2bTQMb2 iQr /b
T°Q/m+iBb HbQ +QMbB/2°2/i?2 KQbi pB #H2 "2b2 "+?
/Ip2°iBbBM;X JQ 2Qp2'-i?2 "BbFT 2/B+iBQM Bbi?2 K B
bi?2mb2 6b T Bp +vBbbm2b- KQM2vp Hm2b 2p2°vi?BM;

BMi?27mim 2rQ F Qp2°
i?Bb 7QHHQrBM: }2H/-

M/ b? "BM

r-2M2bb M/ T

M/ +QKKmMB+ iBM: BM7Q K iBQM- 2i+
S22 M22,
b KQbi Q7 i?2 mb2 b BMi2MiHv /2T2M/ Q
M HvxBM; i?2 i mbirQ i?BM2bb Q7 i?2 mb2 b Qp2 i?2b?2
iiBim/2iQr "/bi?2

QbBiBp2
I

"2b2 "+? rBHH #2 M22/2/7Q  i?2b2 "BbF Bbbm2bX 7i2 i?Bb-i?2mb2 b 722HBM;
M Hvx2/-i?Bb H +Fb i?2 "2b2 "+? K MV iBK2bX h?2°27Q°2 KQ 2

2 b HbQ MQi v2i

bQ+B H K2/B

iX 2pB2r hQr /b aQ+B H J2/B L2irQ FBM:X
iXRX P ; MBx2/ Zm2biBRMM-8MHK m+i2/ [m2biBQMM B 2 Bb +QKT Bb2/ Q7 8!

+H bbB}2/

b- i?2 mb ;2 Q7 bQ+B H K2/B bBi2b rBi? j [m2biBQMb-

bb

/p2 iBbBM; i? i +QM+2"Mb i?2 "2b2 “+?22°biQ /Q r2HH 7Q " 7mim 2 |

2bbK2Mil

[M2biBQMb- >B;?22°@Q /2" bi iB+b M HvbBb i? i BMpQHp2b i?2 *QKKmMBiv- *QM

M/I'S
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h #H2 jXj
bb2bbK2Mib Q7 aQ+B H J2/B aBi2b

RX q?B+? Q7172 TQHHOIBM, 2vOm +QMM2+i2/rBi? OM bQ+B H K2/B

M2irQ FDb\

kX *OKT BM, HDbiv2 -7 p2vOmBM+ 2 b2/ Q /2+ 2 b2/ QO bT2Mib K2

KQmMi Q7 iBK2mbBM; bQ

X GOQFBM; 11?2 M2ti ir2Hp2 KOMi?b- +QKT 2/iQ i?2 H biv2 7Q T

“Q/m+i BM7Q K iBQM b2 "+
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h #H2 jX9
>B;?2° P'/2" ai iB+b Qp2° aQ+B H J2/B aBi2b

*QKKmMBiv

RX 6BM/BM, T20Q0TH2 Q71720 K2BMi2 2bi Q # +F, OmM/ QM bQ+B H K2/B bBi2b Bb 2 Qv

kX| *mHiBp iBM; KQ 2 BMiBK i2 "2H iBQMb?BT rBi? Qi?2°'b QM bQ+B H K2/B Bb 2 bv

iX| a? BM; 2KQiBQMb M/ +QKKmMB+ iBM; 722HBM;b rBi? 7' B2M/b QM bQ+B H K2/B bBi2b Bb 2 b\

9X| AiIBDb2 DbviQ#2 T 10Q71?22 +QKKmMBiv Q BMi2 2bi; OQmTb OM bQ+B H K2/B bBi2b

*QMM2+i2/M2bb

8X| a K2 bQ+B H K2/B B/2MiBiv UHQ;BM A.V Bb mb2/iQ HQ;BM /Bz2 2Mi bQ+B H K2/B QhBi2b

ex| a? BM; +QMi2Mib 7 QK OM2 bQ+B H K2/B bBi2 M/ TQbIBM,; Bi BM Qi?2 bQ+B H K2|B #v b? E

dX| aT2+B H /p M+2/ bFBHHbD "2 MQi 2[mB 2/iQ mb2 bQ+B H K2/B bBi2b

3X| 1/BiBM;, M/ +QKKmMB+ iBM, BM7Q K iBQM QM i?2 bQ+B H K2/B bBi2bBMi?22 7Q K Q7 i2ti- TB

PT2MM2bb

NX CQBMBM; bQ+B H K2/B bBi2b Bb 2 bv

RyX Ai Bb2 bviQ DQBMi?2 ;"QmTb M/ +QKKmMBIiB2b i? i A KBMi2 2bi2/ BM bQ+B H K2y/B bBi2b

RRXAM7Q K iBOM + M #2 +[mB 2/ QM bQ+B HK2/B TH i7/Q K 7 22HvV

RkX Sm#HBb?BM; TQbib QM bQ+B H K2/B bBi2b + M #2 /QM2 7 22Hv

2T2M/I2M+2

RjX q?2M +?QQDBM, T Q/m+ib-bQ+B HK2/B BbKv} biT BQ Biv/iQ ;72 BM,BM7/Q K|iBQM

ROX a2 +?BM, BM7Q K iBOM #0Omi T Q/m+ibi? OQm,? bQ+B HK2/B bBi2b Bb 2 bv

R8XJQ 2 iBK2 Bb #2BM; bT2Mi QM bQ+B H K2/B i? M Qi?2° QMHBM2 K2/B bm+? b +QKT Mv r2#bBi
ReXJ FBM; +QKK2Mib Q b? "BM; 2tT2 ' B2M+2 rBi? Kv 7 B2M/b #Qmii?2 T Q/m+ibi? Qm;? bQ+B HK
S iB+BT iBQM
RdAXA K rBHHBM; iQ ?2HT 7 B2M/br?Q ? p2 T Q#H2Kb "2; /BM;i?2 mb2 Q7 bQ+B H K2/H
R3XA Q7i2M T iB+BT i2 BM i?2 /IBb+mbbBQM #Qmi T Q/m+ib T QTQb2/ #v Kv 7 B2M/ QM bQ+B H K.
RNXA K bm#b+ B#2/iQ mT/ i2b M/ H2'ib 2; /BM, # M/ Q T Q/m+ii? Qm;? bQ+B H K2/B bBi2

kyX STQ/m+i BM7Q K iBQM Bb b2 +22/i? Qm;? bQ+B HK2/B bBi2b Q7i2M

h #H2 jX8
h*mbirQ i?BM2bb Qp2° aQ+B H J2/B aBi2b

h mbi
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9X| h?2 T°Q# #BHBiv Q7 ;2iiBM; TQQ [m HBivT Q/m+ibi? Qm;? bQ+B HK2/B TH i7Q Kb Bb HQr
S2°+2Bp2/ p Hm2
8X| Ai Bb TQbbB#H2 iQ }M/ T ' Q/m+ibi? i "2 KQ 2bmBi #H2 7Q "  Kv T2 'bQM H [m HBiv M|/ bivH2b QI
eX| Ai Bb TQbbB#H2 iQ b p2 HQIi Q7 KQM2v +[mB'BM; BM7Q K iBQM #Qmi T Q/m+i QM|bQ+B H K2
dX| h?2 T°Q# #BHBiv Q7 H2 FBM; Kv T Bp +VvVBM Tm +? bBM; T'Q/m+ib i?°"Qm;? bQ+B H K2/B TH i7
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S2°+2Bp2/ BbF

NX h?23IM M+B H "'BbF BM #mvBM; T Q/m+ib i? " Qm;? bQ+B H K2/B bBi2b Bb HQr
RyX h?2 T Q# #BHBiv Q7 r biBM; iBK2 QM Q#i BMBM; BM7Q K iBQM #Qmi T Q/m+ib i? Qm;? bQ+B }
RRXh?2 T'Q# #BHBiv Q7 ? "KBM; Kv T?vbB+ H ?2 Hi? #v Tm +? bBM; T Q/m+ib UHQM; 2tTQbm 2 iQ
HQr
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6B; X XS6R'bQM H S'Q}H2 Q7 *QHH2;2 bim/2Mib U V :2M/2° U#V ;2 ;"QmT U+V 1/m+ iBQM H2p2H M/

+QMbB/2 BM; 6B;X 9XRXU#V- KQbi Q7 i?2 bim/2Mib #2HQM; iQ i?2 ;2 ;°QmT KQN
i? Mi? i-jyW Q7 bim/2Mib "2 KQM; i?2 ;2:°QmT kj@k8 M/ RyW Q7 i?2K "2 #Qp
i FBM; i?2B" 2/m+ iBQM H [m HB}+ iBQM-i?2 K DQ Biv Q7 i?2 bim/2Mib "2 7 QK
Q7 i?2K 2 mM/2'i FBM; i?2B 1:/2:°22X 6BM HHv-i?2 2/m+ iBQM H BMbiBimiBQ
e8W Q7 i?2 bim/2Mib "2 /QBM; i?2B K DQ  7°QK MM IMBp2'bBiv M/ QMHvV k8W
7°QK JXaX IMBp2 bBiv M/ .22K2/ IMBp2 bBiv- "2bT2+iBp2HvX

9XkX Ib ;2 Q7 aQ+B H J2/BB aBGdXk/2TB+ibi?2 mb #BHBivQ7bQ+B HK2/B bBi
mM/2 i?°22b2ib Q7 [m2biBQMbX h?2} bi[m2biBQM 2tTH BMb QM i?2v2 " bBM+2 i
HBF26 +2#QQF M/ AMbi ;> KX 6Q i?Bb 2bT2+iBp2 [m2biBQM-9yW M/ eyW Q7i?
AMbi ;> K7Q H2bbi? M v2 - 8W M/jyW ‘2 mbBM;i?2K7Q R@kv2 “b- QMHV k:
i72b2 bQ+B HK2/B 7Q  j@9v2 b M/j8W M/8W Q7 i?2bim/2Mib 2 BMi2 2bi2/ B
7Q° #Qp28v2 "bX h?2b2+QM/ [m2biBQM Bb #Qmii?2 p2  :2iBK2i? ibT2M/b #
bBi2b rBi?BM / vX JQbi Q7 i?2K mb2 bQ+B H K2/B bBi2b 7Q  H2bb i? M M ?2Qm
M/ dyW 7Q° 6 +2#QQF M/ AMbi ;> K- "2bT2+iBp2HvX 9yW M/ kyW Q7 i?2 bim/2Mi
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6B;X XXlbb #BHBiv Q7 aQ+B H J2/B bBi2b U Vv2 " bBM+2i?2 bim/2Mib pBbBiBM; i?2 bQ+B H K2/B
i?72 bim/2Mib QM bQ+B H K2/B bBi2bBM /v M/ U+V ++2bb iBK2 Q7 i?2 bim/2Mib 7Q" /v

Family and relatives
Friends

Celebrities

Based on product interest
all the above

others

6B;X XXhb2bbK2Mi Q7 bQ+B H K2/B bBi2b # b2/ QM i?2B° BMi2 2bi

M/ 8W Q7 i?2K mb2 bQ+B H K2/B bBi2b 7Q  j@e ?°bX PMHv 8W Q7 i?2 bim/2Mib
?2°bX h?2 H bi M/}M H[m2biBQM QM i?Bb mb ;2 Bb KQM; r?B+? iBK2b- KQbi Q7
K2/B bBi2bX "2ir22M i?2 iBK2b Rk TKiQ 8 K- QMHv R8W M/ RyW Q7 i?2 bim/2M

bBi2bX RyW M/ R8W Q7 i?2K "2 mbBM; i?2b2 6 +2#QQF M/ AMbi ;- K #2ir22M e
Qp2° HHbim/2Mib "2 ++2bbBM; i?2bQ+B HK2/B bBi2b KQM; i?2iBK2 Rk K@e
AMbi ;" K "2T°272 72/ ii?2iBK2 #2ir22Me TK M/ Rk TK M/ i? i BbdyW M/ e8W

9XjX bb2bbK2Mi Q7 aQ+B H BB BXaBKIbM/ 9X9 /2HBM2 i2bi?2 bb2bbK2Mi Q7 I
bBi2b #v +QHH2;2 bim/2Mi 7' QK p BQmb mMBp2 bBiB2bX 6B;X 9Xj2tT 2bb2bi?2
M2irQ " FbX AM r?B+?- jyW "2 ;BpBM; T '272°'2M+2 iQ 7 KBHv M/ "2H iBp2b- i?2
QMHv 8W /2+B/2 # b2/ QM i?2 T'Q/m+i BMi2 2bi M/ kyW Q7 i?2 bim/2Mib "2HB2
#Qp2@K2MiBQM2/ i bFbX

6B;X 9X9 2t +ib i?2 bb2bbK2Mi QM bQ+B H K2/B bBi2b mM/2  i?°22 +QKKQ
[mM2biBQM BM 6B;X 9X9XU V Bb #Qmi i?2 +QKT "BbQM rBi? H biv2 ~ #Qmi i?2 il
bBi2bX 9yW Q7 i?2 bim/2Mib "2bTQM/ iQ i?Bb [m2biBQM b BM+"2 bBM;- j8W b /:
b K2 bHbiv2 "X L2ti QM2 BM 6B;X 9X9XU#V Bb "2; "/BM; i?2 T°'Q/m+i BM7Q K
H biv2 "rBi? i?2mT+QKBM; v2 "-r? irBHH vQm bm;;2bi #Qmi i?2 iBK2 bT2Mi QI
QMHvV k8W Q7 bim/2Mib bm;;2bi bBM+ 2 bBM;- 9yW i?BMF QM b /2+ 2 bBM; M/ i
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@ Increased @ Increasing
@ Decreased @ Decreasing
About the same

Nearly the same

® others.
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6B; X XXXBb2bbK2Mi Q7 aQ+B H J2/Bb aBi2b

}M H[m2biBQM BM 6B:X 9X9XU+V Bb QM i?2 ivT2 Q7 T Q/m+ii? ii?2 bim/2Mib HB
bBi2bX RyW Q7 i?2 bim/2Mib +?2QQb2 i?2 ?2Qmb2?2QH/ T Q/m+ib- 8W b2H2+ib QM

++2bbQ B2b- kyW Q7 bim/2Mib QM 1H2+i"QMB+ T Q/m+ib- j8W K2MiBQM2/ QM

+?2QQb2i?2 Qi?2 X

9X9X >B;?2 P /2 ai iBbiB+ H M HvbBb Q7 aQ+BHIE 9XMB2EBH2BMb i?2 ?2B;?2°
bi iBbiB+ H M HvbBb Q7 bQ+B H K2/B bBi2b rBi? i?2 BMTmi /'Bp2 b *QKKmMB
T2M/2M+2- M/ S "iB+BT iBQMX *QMbB/2 BM; i?2 +QKKmMBiv- r2BH2 }M/BM; i?2
# +F;"QmM/Bb 2 bB2  BMbQ+B HK2/B bBi2Bbi?2} bibi i2K2MiX hQ i?Bb-i?2 :
RYW biQM;Hv 22/ QM i? i 7 +i- 8yW QMHvV :°22/- RyW Q7 i?2K M2Bi?2" ; 22 MQ
M/ jyW /Bb ;"22/ QM i?Bb "2TQ iX L2ti bi i2K2Mib vbi?2 +mHiBp iBQM Q7 KQ 2 B
Bb2 bB2'-i?2 H2p2H Q7 ; 22K2Mi 7Q  i?Bb Bb k8W bi'QM;Hv ; 22-98W ;°22/iQ
/Bb ;°22 QM i? i7 +i M/ QMHv 8W /Bb ;22 QM i?Bb bi i2K2MiX AiBb 2 bviQ b? "2
i?72 722HBM:b rBi? 7°B2M/b BM bQ+B H K2/B bBi2b-Bbi?2 M2ti [m2biBQMX 6Q" i7
iyW QMHvV : 22/ rBi? i?Bb 7 +i- k8W Q7 i?2K M2Bi?2" ;°22 MQ /Bb ;°22- kyW Q7
bi i2K2Mi M/ 8W Q7 i?2K bi'QM;Hv /Bb ;22X hQ #2 T i Q7 +QKKmMBiv Q BMi2
bQ+B H K2/B bBi2b- 7Q  i?Bb }M H [m2biBQM QM i?2 +QKKmMBiv- i?2 "2bTQMb?2
#v K8W Q7 i?2K- QMHV :°22/ #v i?2 bim/2Mib Q7 j8W- jyW M2Bi?2° :°22 MQ" /B
R8W Q7 i?2 bim/2Mib QMHv /Bb ;°22/ QM i?Bb rQ FX L2ti Bb i?2 +QMM2+i2/M2b
R8W bi"QM:Hv ;22 7Q  i?2b K2HQ:BM A. Q  B/2MiBiv- eyW QMHv ;°22/7Q  i?B
M2Bi?2° ;22 MQ  /Bb ;22 rBi? i?Bb bi i2K2Mi- R8W "2 MQi BMi2 2bi2/ BM mbB
i? i M/ RyW bi'QM;Hv /Bb ;°22 QM i?Bb ;mK2MiX h?2 bm#b2[m2Mi bi i2K2Mi Bb
Q7 +QMi2Mi Qp2' i?2 bQ+B H K2/B bBi2 pB HBMFb M/ b? 'BM; Bb M2 bB2' i bF

Bb eyW- R8W bi'QM;Hv ;°22/ QM i?Bb M/ R8W Q7 bim/2Mib M2Bi?2" ;°22 MQ" /
mbBM; i?2 bQ+B H K2/B bBi2b- 9yW Q7 i?2K bi'QM:Hv ;°22/ QM i?2 MQM@ 2[m
r22°2 9yW Q7 i?2K HbQ :°22/ QM i?Bb "2TQ i- R8W M2Bi?2" ;22 MQ /Bb ;22

/Bb ;°22/ QM i?Bb bi i2K2MiX h?2 M2ti “;mK2Mi Bb, 1/BiBM; M/ +QKKmMB+ iBNM\
K2/B bBi2Bb 2 bB2 - M/ 7Q  i?Bb k8W Q7 i?2Kbi"QM;Hv ;°22/- 8yW QMHv ;7 22/
M2Bi?2° ;°22/ MQ  /Bb ;°22/ M/ 8W QMHvV /Bb ;°22/ rBi? i?Bb ";mK2MiX h?2 bm
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BMi2' +iBpBiv- Bib +QM/BiBQMb M/ i?2 mMi2 MVIBDMK B+CQMBIMKH Q7 AM7Q K iBQM J M ;2K2Mi
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(RYy»X EQ- aX S +F M/ gXBR2 ' @" b2/ Smb? a+?2K2 7Q° PMHBM2 aQ+B H L2irQ ' FBM; aRldBR+2b BM qE
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+QM;2biBQM K2i'B+b "2 i?2irQ Bbbm2b i? i KQiBp i2/ Qm > bim/vBM i?Bb T T2 X

MQp2H K2i'B+@# b2/ TT ' Q +? Bb T QTQb2/ M/ 2p Hm i2/7Q k. K2b? iQTQH
p BQmbrQ FHQ /bX h?22tT2 ' BK2Mi H "2bmHib "2p2 Hi? ii?2T QTQb2/K2+? MI
+QKT "2/iQ 2tBbiBM; i2+?MB[m2bX

h?2 "2bi Q7 i?Bb T T2  Bbbi'm+im 2/ b7QHHQrb, a2+iBQM k /2b+ B#2b 2tBbi
a2+iBQM j ;Bp2b ;2M2° H Qp2 ' pB2r #Qmii?2 b2i@mT Q7 Qm L2irQ F@AQM@ *?B
MB[m2 Bb T°2b2Mi2/ M/ BHHmMbi  i2/ BM a2+iX 9X aQK2 2tT2 ' B2M+2b M/ M Hvb:
a2+iX er2 "2+ TBimH i2 M/ T°QTQb2 bQK2 Q7 i?27mim 2rQ Fb M/ T2 bT2+iBp2

kX _2H i2/ qQIMHIB@T Q+2bbQ  bvbi2K@QM@*?BT UJSaQ*V ? b 2K27;2/ b
/"2bbi?2BM+'2 b2/ +QKTmi iBQM H '2[mB 2K2Mib Q7 KQ/2°M M/ 7mim 2 TTHB+
Q7JSaQ*r?B+? +QMbBbi KmMHIBTH2 T'Q+2bbBM; 2H2K2Mib US1bV BM i?2 b K2 +°
+QM/mM+iQ " i2+?MQHQ;v- HHQr mb iQ BMi2;  i2 b2p2°" H2H2K2Mib BM i?2 b K2 +
T  HH2HBbK iQr /b +?B2pBM; ?B;? T2 7Q°'K M+2 (k)X h?2 LQ* ? b #22M BMi Q
b+ H#H2 +QKKmMB+ iBQM BM7  bi'm+im 2 #2ir22M T Q+2bbQ bX

Hi?Qm;? H ;2 p "B2iv Q7 LQ* iQTQHQ;B2b ? p2 #22M T 2b2Mi2/ BM i?2 HBI]
rB/2Hv bim/B2/X .m2 iQbT iBQ@i2KTQ HB "2;mH "Biv Q7 M2irQ ' F i  {+-T "iB+r
M2irQ"F MQ/2b ? p2iQ /BbT i+? Km+? KQ 2 T +F2ibi? M Qi?2°bX *QM;2biBQM rB}
bB;MB}+ MiHv z2+ib M2irQ"F T2 7Q K M+2 (jk)X

A7 i?22 +QM;2biBQM "'Bb2b b2p2° HiBK2b-i?2+QM+2 M2/ 2bQm +2b rBHH #2
U?QibTQi 7Q K iBQMVX h?Bb T?2MQK2MQM "2/m+2b i?2 2z2+iBp2 " i2 Q7 i?2 LC
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#HQ+FBM; Q7 i  {+ M/ 7 BHmMm 2 Q7 +2i BM M2irQ ' F "2bQm +2bX 6Q i?Bb Tm TQt
T QTQb2/iQ bm " KQmMi i?2 M2; iBp2 2z2+i Q7 +QM;2biBQM M/ BKT Qp2 i?2 M2ir
"Qmi2°b M/ MQp2H LQ* "+?Bi2+im ' 2br2°2 /2bB;M2/iQ pQB/ "Qmi2° M/ M2irQ F
r2°"2BM+HmM/2/iQ +QKTH2i2i?2/2bB;M Q7 / TiBp2 QmiBM; H;Q Bi?KbBMi2M/2/
IM/@iQ@2M/ ~Qr +QMi"QH i2+?MB[m2 HbQ r b bm;;2bi2/iQ /Dmbi BMD2+iBM;
+QM;2biBQM (jy- ke- kd)c i?mb b2H2+iBQM bi" i2;B2b r2°2 /2p2HQT2/ iQ "2/m+2
T2'7Q°K M+2 rBi? "2; "/IbiQH i2M+v (R- 3- R8)X

_QmiBM; H;Q'Bi?K (R3- ky- kR) Bb M BKTQ'i Mi T 'i BMLQ* /2bB;M-1i? i ? b
i {+~Qr M/ T2 '7Q°K M+2 BKT ' Qp2K2Mi Q7 LQ*X AM / TiBp2 "QmiBM;- T QT2"
iQ +?2QQb2i?2 TT QT B i2 T i?7Q T +F2ibiQ "2 +?i?2B" /2biBM iBQMb b 7 bi
b?QrM i? i [/ TiBp2 "QmiBM; + M "2/m+2 M2irQ'F +QM;2biBQM #v +QM/m+iBM; i’
"2;BQMbX *QM;2biBQM@ r "2 / TiBp2 "QmiBM; H;Q Bi?Kbr2 2K2 2Hv/2bB;M2/
QT Q/m+2i?2HQ /# H M+2BMi?2 M2irQ ' F #v +QMbB/2'BM; i?2 +m "2Mi +QM; 2L
"QmiBM; /2+BbBQMbX

bT2+B}+ M2irQ'F 7Q° +QM;2biBQM /i i° MbKBbbBQM ? b #22M [/2/ iQ i?2
(kk)X h?2 K2+? MBbK i? i ;;°2; i2b M/ i> MbKBib K2i'B+b Q7 +QM;2biBQM #2vQNMN
i?72 KQMBiQ'BM; M2irQ ' F r?B+? ? b #22M T QTQb2/ #v ;" ix M/ H- Bir b H #2H
r " 2M2bb H;Q ' Bi?K U_*V (N)X Airb T Qp2/ BM (kN)-i? i /2biBM iBQM # b2/
u.  M/." V2?2 /T QpB/2/ #2ii2° T2 7Q°K M+2bi? M "2;BQM H / TiBp2 "QmiBM;
rQ"Fr b BKT ' Qp2/- MQi HQM; ;Q-#v mbBM; :HQ# H*QM;2biBQM r "2M2bb U:* \

/ TiBp2 "QmiBM; # b2/ QM Mi *QHQMv PTiBKBx iBQM ? b #22M T 2b2Mi2/ (R
BM7Q°K iBQM iQ "2 +? HQ /# H M+BM;X h?2 BM+QMp2MB2Mi Q7 i?Bb i2+?MB[m:
7 birBi? i?2 b+ HBM; Q7 LQ* M/ i?mb i?2 biQ™ ;2 +Qbir biQQ ?B;?X h?Bb T Q#}F
rbBKT ' Qp2/ #v T°"QTQbBM; _2;BQM H *P@" b2/ * b+ /2/ / TiBp2 _QmiBM,; (8)
"2;BQM Hi #H2 7TQ ' KBM; i2+?MB[m2iQ /2+°2 b2 i?2 +Qbi Q7 i?2i #H2 biQ™ ;2X A
M/ Qp2° HH T +F2i H i2M+v-irQ "QmiBM; K2+? MBbKb 7Q° +QM;2biBQM ? M/HBI
K2+? MBbKb#BbHR iQ + Tim 2 i?72 +QM;2biBQM BM7Q K iBQM Q7 i?2 HBMFb Q7 i?2
?2QT pBbB#BHBiv 12 +? MQ/2X M2r K2i?Q/QHQ;v Q7 *QM;2biBQM r "2 / TiBp2 _
(Re)-iQ BKT ' Qp2 LQ*H i2M+v M/ i?2°"Qm;?Tmi/m BM; ?B;? +QM;2biBQM #v T 'BQ
H i2M+v r?BH2 i° p2HHBM; HQM; /Bbi M+2bX +QM;2biBQM /2i2+iBQM K2+? MB
Bb+ T #H2 Q7 HQ+ iBM; r?2°2i?2 +QM;2biBQM Bb BM i?2 M2irQ F rBi?BM b2p2"
H;Q Bi?K Q7 +QM;2bi2/ MQ/2b BM i?2 +v+H2 7TQHHQIrBM; i?2 +QM;2biBQM /2i2+i

"v KQMBiIiQ'BM; M/ 2t+? M;BM; bQK2 M2irQ'F "2bQm +2b bi imb BM7Q K iBQM
Q++m "2M+2 Q7 +QM;2biBQM BM i?2 M2irQ'FX ++Q /BM; iQ (jR)- +QM;2biBQM
TQbbB#BHBiv r?22M KQ 2 i? M [m "i2° Q7 Bib #mz2 bT +2 ? b #22M Q++mTB2/)
i?72 M2irQ'F M/ #2ir22M M2B;?#Q BM; MQ/2b Bb + HH2/ K2i'B+X o "BQmb K2i "B+
7Q° 2biBK iBM; +QM;2biBQM H2p2H Q7 M2irQ ' F "2bQm +2bX h?2 MmK#2 Q7 7°2
bHQib BM i?2 /QrMbi*2 K "Qmi2  (jj)- M/ i?2 +iBp2 /2K M/ i? i 2 +?2 QmiTmi TQ" i
/2K M/V (N-d) "2 KQM; bm+? +QM;2biBQM K2i'B+bX h?2b2 K2i'B+b r2°2 p2°v B
Q7 i?2 /2bB 2/ /QrMbi"2 K "Qmi2  BMTmi TQ i M/ bBKmHi M2QmbHv i?2v M2;H2+
U'Qmi2'Vi? i +QMi BMb i?Bb "2bQm +2 M/ Qi?2" "2bQm +2bX >Qr2p2°-i FBM; B
BMTmi TQ i bi i2 b+QM;2biBQM K2i'B+ iQ /2+B/2 QM i?2 M2ti ?QT Bb MQi M 2z
bi i2Bbi?2bmK Q7 bi i2b Q7 "2bQm +2 +QKTQM2Mibi? i "Qmi2°  BX2X HHTQ'ib
QM i?Bb bbmKTiBQM M/ i?2°"Qm;? i?2 bBKmH iBQMb r2 ? p2 /Bb+Qp2 2/i? i "Qmil
K /2bQK2 BKT ' Qp2K2Mi BM Qp2 ' +QKBM; i?2 M2; iBp2 2z2+i Q7 +QM;2biBQM M/

*QMb2[m2MiHv- r2 K M ;2/iQ T°'QTQb2 }'biHv- MQp2H +QM;2biBQM K2i'B+ i
Q7 i?2 "Qmi2° M/ 2~2+ib 2t +iHvr? i Bb? TT2MBM; rBi?BM i?2 "Qmi2 X a2+QM
H;Q Bi?K # b2/ QM i?Bb K2i'B+r b /2bB;M2/iQ bB;MB}+ MiHv "2/m+2 i?2 M2; iB|
Q++m "2M+2b b r2HH b BKT QpBM; LQ*6b T2 ' 7Q K M+2X

iX LQ* “+?Bi2+im 2 Pp2pM2?Bb rQ F- k. J2b? iQTQHQ;vr b +?Qb2MX AiBbi?2
HBi2  im 2 M/i?22 bB2biiQ BKTH2K2MiX Pm  TH i7Q 'K Bb b2i Q7 T°Q+2bbQ" b
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6B;X jXR+r?Bi2+im 2 Q7 K2b? _Qmi2°

"Qmi2°bX h?2 /i ~Qr 2t+? M;2/ #2ir22M S1b T bb2b #v "Qmi2°bX ivIiB+ HrQ K?
6B; X jXRX 1p2'v Qmi2 " BM Qm iQTQHQ;v ? b }p2 AfP TQ ibiQ +QMM2+i rBi? Bi
7Qm° +QMM2+i2/iQ i?2 M2B;?#Q ' BM; "Qmi2'b M/ QM2 7Q i?2 HQ+ H+Q 2 US1V
h?2BMTmi@TQ ib +QMi BMi?2 0B im H*? MM2H Uo*V #mz2 b- M/ i?220Q0miTmi@°

h?2 "Qmi2° "+?Bi2+im 2 BM+Hm/2b 6A6Pb U"mz2'bV 7Q° 2 +? BMTmi TQ i- °
*2 MM2H Uo*V HHQ+ iBQM mMBi- + ' Qbb# ~ +QMi " QH HQ;B+- M/ i?2 + ' Qbb# "X L.
+Q'2b QM K Mv T +F2ib i?2M BM iQ bK HH2 /i + HH2/ ~BibX h?2 ~Bi Bb i?2 bK
+ MT2 7Q KX T +F2iBM i?Bb + b2 BbbTHBi BMiQ ?2 /2  ~Bi- #Q/v ~BiUbV- M
"Qmi2Ti?77Qm;? QM2 Q7 i?2TQib M/ ;QibiQ°'2/ BMBibh6A6PX h?2 7?2 /2" ~Bi BM/B
bbQQM bBiBbbiQ'2/ BMBib6A6P- HBMF2/iQ i?2 "QmiBM; mMBi r?B+? 2bi #HB
b?QmH/ 7TQHHQrX PM+2-i?Bb Bb /QM2-i?2 7?2 /2" ~Bii B2biQ HHQ+ i2 pB im |
i?72+ b2-Bi2Mi2 b i?2brBi+? “#Bi°  iBQMbi ;2-r?2"2Bi Bp Hb7Q i?2QmiTmi T(
"Qmi2  BMTmi TQ ibX PM+2 i?2 + Qbb# ~ T bb ;2 Bb ;" Mi2/-i?2 ~Bii° p2'b2bi?2
6QHHQrBM; ~Bib #2HQM;BM; iQ i?2 b K2 T +F2i+ M T'Q+22/ /B 2+iHviQ i?2 + Q|
(RN)YX h?2 LQ* "Qmi2°b mb2 _QmM/@_Q#BM U__V b+?22K2 7Q " #Qi? o* M/ brBi+?

J Mv "QmiBM; H;Q'Bi?Kb /2 HBM; rBi? i?2 K2b? "+?Bi2+im 2 M2irQ ' Fb ? p2 ;
H;Q Bi?K Bb KQbi bmBi #H2 7Q" M2irQ ' Fb r?B+? "2 BKTH2K2Mi2/ BM i?Bb "+
H;Q Bi?K ? p2 #22M T°QTQb2/- bi iB+ M/ /vM KB+X AMi?Bb T T2 -r2 QTi2/7Q"

6Q° #2ii2° /IBbi'B#miBQM Q7 i?2 i° {+ QM i?2 M2irQ ' F- i?2 "2b2 "+?22'b T Q-
K2i?Q/b (R3) r?B+? T'QpB/2 / TiBp2M2bb M/ 2Mbm 2 /2 /HQ+F@7 22 M/ HBp2@
h?2 [/ TiBp2M2bb HB2b BM K FBM; "QmiBM; /2+BbBQMb #v KQMBIiQ BM; M2irQ"
/2 IHQ+F@7 22 M/ HBp2 HQ+F@7'2272 im'2b "2BM+Q TQ" i2/ #v HBKBiBM; T
i?72 b?Q i2bi T i?b #2ir22M i?2bQm +2 M/ i?2/2biBM iBQM (R3)X

.Bz2'2Mi +Q2{+B2Mib ? p2 #22M mb2/iQ +QKTH2i2i?2/2bB;M Q7 /vM KB+ su "Q
BMLQ*- HBF2 i?2 MmK#2" Q7 p BH #H2 o*b-i?2 + Qbb# /2K M/- M/ i?2 MmK#2"
Q7 +Q '2bTQM/BM; 2Mi'vBM i?2/QrMbi’2 K Qmi2 X

Pm> TT'Q +? BMi?Bb T T2 Bb BK2/iQBMi'Q/m+2 MQp2H +QM;2biBQM K2i'F
su " QmiBM; i2+?MB[m2X JQ 2 /2i BHb Q7 Qm ™ +QMi B#miBQM rBHH #2 T 2b2Mi2/

9X S QTQDb2/ i2+?HIB]MBM rBi? i?2 bbmKTiBQM i? i HQ / BK# H M+2 Bb QM2 «
Bbbm2b BM LQ*- M/ i? i ;QQ/ M2irQ ' F T2 7Q K M+2 + M #2 +?B2p2/ #v 2[m HH
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MQ/2b BM i?2 M2irQ " FX aBM+2 +QM;2biBQM Q++m b QM HQ /2/ MQ/2b r?B+7? z2+
Bi Bb pB #H2 iQ }M/i?2 "B;?2irviQbT 2 /i?22t+2bbBp2 HQ / Q7 MQ/2iQ Bib M2
Q7 +QM;2biBQM BM i?2 M2irQ ' FX AM i?Bb +QMi2ti- +QM;2biBQM +QMi"QH b+?2}
"QmiBM; QmiTmi TQ i b2H2+iBQM Bb BK2/iQ # H M+2 ;HQ# H i {+ /Bbi’'B#miBQ
+ mb2/ #v ?22 pv M2irQ F i {+bX

br2 ";m2/ BM i?2 T'2pBQmb b2+iBQM- b2p2° H T QTQb2/ rQ 'Fb r2 2 // 2bt
+QM;2biBQM 2Bi?2  iQ '2/m+2 Q  iQ T 2/B+i Bi #v T'QTQbBM; "QmiBM; M/ b2H2
KQbi mb2/ M/ TT Qp2/ K2i'B+b BM HBi2' im 2X J Mv bQHmMiBQMb M/ K2i?Q/b ?
i2+?MB[m2b QM M2r “+?Bi2+im 2b i? i 7 +BHBi i2 M2irQ'F KQMBiQ BM;- 2t+? M
BM7Q K iBQM BM i® {+ "QmiBM; /2+BbBQMbX

g2 ? p2 Q#b2 ' p2/i? i i2+4?MB[m2b ? p2+? M;2/ 7°QK QM2 "iB+H2iQ MQi?2" 2«
mM+? M;2/X 72ri2+?MB[m2b ? p2#22M T QTQb2/ ; BMbibQK2 K2i"'B+biQ HH2y
h?Bb i +F ? b KQiBp i2/ mbiQK F2 M M HvbBb bim/vi? " Qm;? bBKmH iBQMb QM
K2i'B+b, p BH #H2 o*- .2K M/ * Qbb# °~ M/ "mz2 Q++mT M+vX

"v. "TMMBM; bQK2 bK HHb+2M "'BQbQMQm ;> T?B+ HbBKmH iQ  +7X 6B;X RX
QTiBQMi? iQz2  Qm bBKmH iQ -irQBKTQ i Mi}M/BM;b + K2BMbB;?i, RVi?2 m\
BM7Q°'K iBQMBM +2°i BMb+2M "BQb 7Q +2b "QmiBM; i’ {+iQ +QM;2bi2/ "2 b-kV
r?2mM i?2 + M/B/ i2 2tBi TQ ib ? p2 i?2 b K2 +QM;2biBQM p Hm2X h?2 BM/2i2 KBI
"QmiBM; H;Q 'Bi?Kb M/i?2 MQM@ 2T 2b2Mi iBp2M2bb Q7 +QM;2biBQM BM7Q K
Qm > bim/vX

AMQm #B@Q#D2+iBp2 TT Q +?- MQp2H K2+? MBbK7Q +QMi " QHHBM; M/ 2
BMi?2 /2bB;M Q7 i?2 "QmiBM; H;Q Bi?K-r?B+? HHQrb 2{+B2Mi /Bbi B#miBQM
M/ KBMBKBx2b i?72 +QM;2biBQM Q++m "2M+2X g2 BMi"Q/m+2/ MQp2H K2i B+ r
i?72 }°’bi QM2 Bb Q"B;BM H M/ /2bB;M2/iQ 2biBK i2 BM7Q K iBQM M/ bi i2 Q7 MC
/[2+BbBQMb Q7 "QmiBM;cr?2'2 bi?2b2+QM/ QM2 K2 bm 2b i?2 HQ / TTHB2/ QM
QM M2irQ FbX

g2 MQi2, Pmi6HBib, i?72 MmK#2" Q7 6HBib H2 pBM; "Qmi2° i;Bp2M +v+H2 +Q°
QmiTmi TQ ic * M/B/ i2 o*b, i?72 MmK#2" Q7 +iBp2 pB'im H +? MM2Hb r?B+? +Q
Qmi2T #v QM2 Q7 Bib PmiTmi TQ ibc i?72 K tBKMK MmMK#2™ Q7 QmiTmi TQ ib BM Q
8X Qmi2° +QM;2biBQM bi imb M/ BM7Q K iBQM 2p Hm iBQM Bb ;Bp2M #v 1] U9X

Fli Fli
Router status = OUF Its Outrlits U9XRV
Fandlflzatv C§ lOutp?%ports}
uv U#V

h?2 bm#@2[m iBQM U V a?Qrb i?2 2ti2Mi Q7 +QMi2MiBQM #2ir22M o*bX h?2 bm#¢
r? iBb 2t +iHv? TT2MBM; rBi?BM "Qmi2 6b QmiTmi TQ ibr?2M K Mv "2 #2BM; 2]
U#V +QKTH2i2b U ViQ 7Q K "Qmi2° +QM:2biBQM BM7Q K iBQMX AM Q /2 iQ K |
r2 M22/iQ T'QT2 Hv /Bbi'B#mi2 i?2 i  {+ M/iQ pQB/ Mv mM+QMi'QHH2/ "QmiB
2[m HBX iBQM Q7 +QM;2biBQM BM7Q K iBQM #2ir22M b2p2° Ho*b + M/B/ i2b BM -
BM7Q K iBQM Bb //2/iQ i?2 +QM;2biBQM BM7Q K iBQM iQ 7Q° K Qm  +QM;2biBQ

Our CM = Router status Router occupancy rate U9XkV

r? 2 Router occupancy rate /2i BH Bb ;Bp2M #v 1[X U9XjV,

1 X :
Router occupancy rate = v Buffer occupancy rate ; Uuoaxijv
i=1

r?2°¥ "27T°2b2Mib i?2 "Qmi2° pB im H + BWMbr2ethpdhoyKat; BM/i?2 Q++mT M+v = i2 Q
i@i?#mz2 Q7 Qmi2 X

h?2 /IBpBbBOIM #v iQ bQK2 +QKTHB+ i2/ bBim iBQMb 7Q  Qm ™ *IJX AMQ /2 iQ
F22T i?2 2{+B2M+v Q7 Qm K2i'B+r2? p2T°'QTQb2/ H;Q ' Bi?KR-h?2*J +QKTmi
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H;Q Bi?K'RM;2biBQM J2i B+ *QKTmi iBQMX
R,7QUL +? _Qmi2 A/ 2tV

BU* M/B/ ino*b(_Qmi2 AN72044yV

i, LQPp2H*QM:2biBQMJ2i'B+(_Qmi2 AM/2t)4 RXy

=~

9 2Hb?2

8, _Qmi2 bi imb (_Qmi2 AM#2t\4 MM BIHIBAbP miTmi TQ ibV

e, LQP2H*QM;2biBQMJI2i'B+("Qmi2 BM/2t) 4 _Qmi+rmiTiMh¢nQmap AOMAi2tAM/
d, 2M/ B7

3,2M/ 7Q"°

b/Bb+mbb2/ T 2pBQmbHvV-iQp HB/ i2Qm T QTQb H-r2? p2QTi2/7Q i?2 su
i2+?MB[m2 7Q" Bib bBKTHB+Biv M/ #2+ mb2 Bi Bb i?72 KQbi BKTH2K2Mi2/ 7Q" k. .

Pm' +QM;2biBQM +QMi"QH 7Q"° "QmiBM; /2+BbBQM K FBM; b /2i BH2/ BM H;Q
+QM;2biBQM +QM/BiBQMX Bi mb2b 1[X U9XkV 7Q° + H+mH iBM; +QM;2biBQM p
MQ/2BM M2irQ"FBb "2bTQMbB#H2iQ ;2i M/ +QKT "2i?2M2B;?#Q 'bmT/ i2/ +QM
TQ'ii? i Bib +QM;2biBQM p Hm2 Bb KBMBKmMKX

H;Q Bi?KPkm +QM;2biBQM@# b2/ TT Q +?
R,7QUL +? IBMM2 6HBCAQUdAOVEEM/ 2 +?2 QmiTmid Q iV
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Avg Packet Delay = Nl latency; UBXRYV
i=1

r?2°®@ "272°biQi?2iQi HMmMK#2 Q7 "2lakBy2Bbh iRPR2I(DHMI@7A 7712 +F2iX
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Throughput = U8 XkV
ughpu number of nodes T otal cycles

r?2 Zotal received flits 2T 2b2Mi i?2 iQi H MmK#2" Q7 "2+2Bp2/ ~Bib BM M2irQ F- M
MmMK#2® Q7 M2irQ"F MQ/2b- M/ iQi H+v+H2b Bb i?2 bBKmH iBQM H2M;i? BM +HQ

h?2 p2° ;2i?2"Qm??Bbnmbm HHv "2T°'2b2Mi2/ b K2 bm™ 2/ i2 #v+ H+mH iBM; i
TmHHv /2HBp2 2/ 6HBib /m " BM; i?2 bBKmH iBQM T2 ' BQ/X h?Bb ~ i2 Bb z2+i2/ #v
BM Qi?2 rQ /- "2/m+BM; +QM;2biBQM M/ Bib Q++m "2M+2 BM i?2 M2irQ ' F MQ/2b
T2 M/ ;QQ/ i {+ ~mB/BivX
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h #H2 8Xk
aBKmH iBQM “2bmHib 7Q° bBKmH iBQM iBK2 4 jyy +HQ+F +v+H2b

V _2bmHib 7Q° _ M/QK M/IMB7Q K i {+-7Q SA_4yX]

_ M/QK h™ {+ IMB7Q K h* {+
J2i'B+ h? G i G X|I *XL  *XP h? G i G X *XL  *XP
p BH #H2no*b yXk8 yXN9 99W NkW RdW yXk9 yXNy j3W NkW
**Qbb# * .2K M/ yXjk RX38 8yW NkW R8W yXkN RX9d 9jW NkW
"mz2'nP++mT M+v yXkR yXN8 jNW N kW RdWwW yXky yX38 jkWw N kW
Pm J2i B+ yXj3 yX3e 8NW djWw R9W yXj3 yX3R 8NW djw 3W

#V _2bmHib 7Q° _ M/QK M/IMB7Q K i  {+-7Q  SA_4yX8

_ M/QK h™ {+ IMB7Q K h* {+
J2i'B+ h? G i G X|I *XL  *XP h? G i G X *XL  *XP
p BH pH2no*b yXkd RXyj 9dw NkW Rdw yXke yXNR 9jW NkW
**Qbb# ° .2K M/ yXk3 RXk8 98W NyW ReW yXk8 RXjN jdw NyWw
"mz2'nP++mT M+v  yXKkj yX3N 9kwW N kW RdW yXkk yX3R jew N kW
Pm'J2i B+ yXj3 yXdN 8NW djw RO9W yXj3 yXdd 8NW djw 3w

+V _2bmHib 7Q° _ M/QK M/IMB7Q K i {+-7Q  SA_4RXy

_ M/QK h™ {+ IMB7Q K h* {+
J2i'B+ h? G i G X|I *XL  *XP h? G i G X *XL  *XP
p BH pH2no*b yXkR yXd8 jNW NkW RdW yXky yXe9 jkwW NkW
**Qbb# * .2K M/ yXkN RXkd 9dw NywW R8W yXk9 RXKR j3W Nyw
"mz2'nP++mT M+v yXky yXdd jaw N kW RdWwW yXky yXee iRW N kW
Pm'J2i B+ yXj3 yXNy 8NW djw R9W yXj3 yX3e B8NW djw 3w

h?, p2° ;2 h? Qm;?T@XJ, p2 ;2 GBMFb Ib ;2Gii2-p2° ;2 G i2M+v p Hm2 /BpB/2XT2 pRY ;2 *QM;2bi2/ LQ/2b
Y i24XP, p2) ;2 *QM;2biBQM P++m 2M+2 " i2

AMQm T T2 -r2 BKIi@GKItBKBX/An*X2P M/*XLr?BH2 "2/m+BM; i?2 +QM;2biBQM

2z2+i M/ BKT ' QpBM; 7m i?2  i?2 M2irQ ' F T2 7Q K M+2hr®i?M2BITi2¥ +QXW? " Qm;?T
T2'7Q°K M+2 +QKT "BbQM #2ir22M Qm™ +QM;2biBQM K2i'B+ M/ i?2 i? 22 bi

h?2 bBKmH iBQM "2bmHib 7Q° BKTH2K2Mi2/ bi® i2;B2b "2 bmKK "Bx2/ BM h #H2|
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AMQ'/2 iQ +QM}"Ki?Bb bB;MB}+ Mi /Bz2'2M+2 BM i?2 "2bmHibc b Bi Bb b?Qr
i?72/Bz2 ' 2M+2 BM T2 ' 7Q K M+2 #2ir22M i?27Qm bQHmMIiBQMbX h?2 i {+ ~Qr ;Qi
#2+ mb2 Q7 i?2 2tBbiBM; ; TBM i?2 M2irQ ' Fi" {+ HQ / M/ i?2 MmK#2 Q7 bm++2|
HbQ BMi2 ' 2biBM; BM Qm™ TT ' Q +? Bbi? i/2bTBi2 HH i?Bb /Qm#H2// i HQ / BN
Bb BKT Qp2/ M/ 2K BM2/ #2ii2 7 i? Mi?Qb2 Q7 i?2 Qi?2  bQHmMIiBQMbX

h?2 MQ 'K HBx2/HQ /r bBMi"Q/m+2/ b T > K2i2°7Q 2p Hm iBQMX AiBb/2}M2
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h #H2 8X|
aBKmH iBQM “2bmHib 7Q° bBKmH iBQM iBK2 4 8yy +HQ+F +v+H2b

V _2bmHib 7Q° _ M/QK M/ IMB7Q K i {+-7Q SA_4yX]

_ M/QK h* {+ IMB7Q K h* {+
J2i B+ h? G i G Xl *XL *XP h? G i G X|I *XL  *XP
p BH #H2no*b yXkk RXkk 9kW N3W ReW yXkR RXRk j8W N3W
**Qbb# * .2K M/ yXk8 RX9k O9RW NyW R8W yXkj RXj9 j8w N3W
"mz2'nP++mT M+v yXky RXkKR jdw N3W ReW yXR3 RXRR jyw N3\
Pm J2i B+ yXjR yXNe 8kW 3kW R8W yXjR yXN8 8RW 3kW keWw

#V _2bmHib 7Q° _ M/QK M/IMB7Q K i  {+- 7Q  SA_4yX8

_ M/QK h* {+ IMB7Q K h* {+
J2i B+ h? G i G Xl *XL *XP h? G i G XI *XL  *XP
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"mz2'nP++mT M+v yXky RXR jdw N3W ReW yXR3 RXyk jRW N3 W
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_ M/QK h™ {+ IMB7Q K h™ {+
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"mz2'nP++mT M+v yXRN RXyR jew N3W RdW yXR3 yXNR jyw N 3!
Pm'J2i"B+ yXjR RXyy 8kwW 3kW R8W yXjR yXNk 8RW 3kW keW
h #H2 8X9

h> {+ GQ / M/ G i2M+v “2bmHib 7Q° _ M/QK i> {+- SA_4 RXy M/ aBKmH iBQM iBK2 4 Ryyy +H

J2i"B+ a2Mi 6HBIib _2+2Bp2/ 6HBIib G i2M+v

p BH #H2 o*b RR3ky NNy8 3-ey

**Qbb# > .2K M/ RRdNe Ry8R3 Ry-dy

"mz2'  P+mTT M+v Ry83y 3e9e d-Ny

Pm® J2i'B+ Rejey R89k9 e-Ny

Q7 HHi?2 T +F2ibi? i ? p2 +B +mH i2/ BM i?2 M2irQ ' F Qp2  i?2 MmK#2 Q7 #mz2

g2 +QKT "2 i?2 MQ K HBx2/ HQ / 7Q  i?2 7Qm  bQHmMiBQMb b BHHmbi  i2/ BM
B/2MiB+ HBM i?2 + b2 Q7 “2/m+2/ i {+X h?2 ?B:?2  i?2 HQ /-i?2:°2 i2 i?2 /Bz2
HQ /X h?2 HQ / “2bmHib BM Qm  bQHmMiBQM 2tTH BM i?2 : T Q7 “2bmHib M/ T2
/Bbi*B#miBQM Q7 i° {+ + Qbb HH M2irQ F "2bQm +2bX

b b?QrM BM 6B;bX USXkV- U8XjV M/ U8X9V- Qm > TT Q +? bB;MB}+ MiHv 2
Q7 +QM:2biBQMX Ai ? b #2ii2° p2 ;2 H i2M+v M/ #2ii2° T2 7Q K M+2b- KQ 2 T
"2bQm +2 miBHBXx iBQM M/ HQ / # H M+BM ;X
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_ M/QK h™ {+ IMB7Q K h™ {+
aBKmH iBQM *v+H2b h? G i G XI *XL *XP h? G i G XI *XL *XF
L# n*v+H2 4 jyy k9W@KNW kRW kyW@jyw RywWw dW R3W@jkW RRW kyW@
L# n*v+H2 4 8yy j3wW R8BW@kyW 99W@9I9NW Ry W RRW jRW@8dW BW@R]j j3W

L# n*v+H2 4 Ryp@W@3eW RKW 99W@N3W kyW KNW 98W@93W RW@ROW ekW@edW |

Pm™ TT Q +? ;Bp2b /p Mi ;2b 2p2M BM i?2 + b2 Q7 i?2 mMB7Q K i  {+ +7X 6E
r?B+? i?72 K DQ'Biv Q7 i?2 T +F2ib "2 bmTTQb2/iQ +°'Qbb bK HH /Bbi M+2b iQ °
T +F2ib "2 bmTTQb2/iQ b2M/ Qp2° HQM;2 /Bbi M+2b BM i?2 LQ*X

h?2 #2M2}i Q7 Qm  bi” i2;v TT2 “2/+H2 "HvBMi?2 M/QKi {+b+2M "'BQb- b |
8XjX M/ 8X9X X i? i6br?2°2i?22T27Q°K M+2 ; Th #2ir22M i?2 bi" i2;B2b "2 ?m

h?2 2tT2'BK2Mi H "2bmHib bmKK "Bx2/ BM h #H2 8X8 b?Qr i? i T2 '7Q 'K M+2b
Qm” +QM;2biBQM +QMi QH K2+? MBbK M/ i?Bb 7Q #Qi? ivT2b Q7 i  {+X

*QKT “2/iQi?2i?°22@bi M/ "/ K2i'B+b-Qm > K2i'B+ b?Qrb M BKT Qp2K2Mi " i:
MmMTiQ KRWBMH i2M+v- mT iQ N3W BM mb2 Q7 M2irQ ' F "2bQm +2b- Q7 mT iQ @Kky
MTiQ @kNW BM i2'Kb Q7 "2/m+iBQM Q7 Q++m "2M+2 Q7 +QM;2biBQM BM i?2 M2il
i {+ M/ 7Q /Bz2 '2Mi +QM};m” iBQMb Q7 bBKmH iBQMbX h?2 BKT Qp2K2Mi " i2
TT Q +? ? b "2 +?22/ BibiQT 7Q" " M/QK i  {+- SA_4RXy M/ bBKmH iBQM iBK2 4 R

*QKT "2/iQ 2tBbiBM; +QM;2biBQM@# b2/bi” i2;B2b M/ K2i ' B+b-Qm T QTQDb
"2[mB 2b //BiBQM H "Bi?K2iB+ M/ M2;HB;B#H2 2ti° +Qbi- #mi Qz2 b #2ii2° T2"
MMB7Q K M/~ M/QK- QM k. LQ* K2b? TH i7Q KbX

eX *QM+HmMABIQMED T T2  r2 + B2/ Qmi bim/B2b BM Q /2  iQ “2/m+2 i?2 Q+
+QM:2biBQM BM LQ*X h?2 ;> T?B+ H bT2+i M/ i?2 bi2T #v bi2T /2#m: Q7 i?2 LQ* ¢
KQiBp i2/ mbiQ T'QTQb2 M2r +QMi QH K2+? MBbK iQ Qp2 +QK2 +QM;2biBQM N
/2:° ] iBQM + mb2/ #vi?2i /BiBQM HBM/2i2 ' KBM iBQM Q7 +QM;2biBQMX M 2{+
r?BH2 /2bB;MBM; i?2 / TiBp2 su "QmiBM; H:Q Bi?K BM bQ b iQ Qp2 +QK2 +Q
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VIM/2 _ M/QK i {+ #V IM/2  IMB7Q K i {+

6B;X 8XK2' ;2 T2'7Q K M+2b mM/2  BKTH2K2Mi2/ K2i'B+b- 7Q° bBKmH iBQM iBK2 4Ryyy +HQ+F -

VIM/2® _ M/QK i {+ #V IM/2  IMB7Q K i {+

6B;X 8X§2" ;2 T2'7Q K M+2b mM/2  BKTH2K2Mi2/ K2i'B+b- 7Q° bBKmH iBQM iBK2 4Ryyy +HQ+F -

VIM/2® _ M/QK i {+ #V IM/2  IMB7Q K i {+

6B;X 8X@2" ;2 T2 7Q K M+2b mM/2  BKTH2K2Mi2/ K2i'B+b- 7Q " bBKmH iBQM iBK2 4Ryyy +HQ+F +
h?X,p2° ;2h?2°Qm;?TXR, p2° ;2 *QM;2biBQM P++m " ZMK42p2i2:2 GBMFb Ib ;2G iiX-p2' ;2G i2M+vp Hm2 /BpB/2/
T2 Ry MKL, p2° ;2 *QM;2bi2/ LQ/2b " i2
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b2H2+iBQM bi” i2;B2bX
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(k)X EX"2M? Qm - X aBM;?- X1X>X"2Mv KBM - . W\MISXL'QmaKdi, .vM KB+ J TTBM; aAJIG hP_
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jj UKYyROV- TTX RRj RkeX

(d) X . M M/ LX a H2?@M;2biBQM r 2 _QmiBM; H:Q'Bi?K 7Q" J2b? L2irQ R@/@M\® € DBl M H iQ@ |
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L2r uQ ' F- Lu-la - kyRy- *J- TTX Rk,R Rk,eX
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.Bbi'B#mi2/ avbi2Kb- kd UkyReV- TTX kyek kydjX
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#bi® +iXh?2 TTHB+ iBQM Q7 /22T H2 "MBM; BM BM/mbi'v Q7i2M M22/biQ i BM H ;2@b+ H2 M2
/i b2ibX >Qr2p2°-H ;2" M2irQ'Fb M/ H ;2 /i b2ibH2 /iQ HQM;2 i BMBM; iBK2-r?B+? ?BM/2 b i
i?72T°Q;°2bb Q7 +im H2M;BM22 'BM; /2p2HQTK2MiX . i @T ° HH2H /Bbi'B#mi2/i° BMBM; Bb +QKKQ
bi ;2 Q7 i2+?MB+ H2tTHQ  iBQMX AMi?Bb T T2 -r2bim/v?QriQ BKT ' Qp2i?2i° BMBM; ++m" +v M/
T°QTQb2 /Bbi'B#mi2/i° BMBM; bi® i2;v# b2/ QM ?2v# B/ ;" IB2Mi +QKTmiBM;X aT2+B}+ HHv- BM i?2
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2{+B2M+vX AM //BiBQM- i?Bb T T2  T°QTQb2b M2r + Bi2"BQM 7Q" i?2 2p Hm iBQM Q7 i?2 /Bbi B?
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BKT Qp2i?2 +QMp2 ;2M+2 * i2 rBi?Qmi HQbBM; i?2i° BMBM; ++m" +v- M/
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iX q2 ? p2 +QMbi'm+i2/ "2 H/Bbi'B#mi2/i° BMBM; bvbi2K #v + "27mHHV BMi:
;B2b- bm+? b # i+? MQ K HBx iBQM U"LV (kR)- H v2 @rBb2 / TiBp2 "~ i2 b+
AM Qm  i° BMBM; bvbi2K-r2 ? p2 ++QKTHBb?2/i?2 _2bL2i@8y i° BMBM; B
++m° +v #2BM; d8XeW- M/ i?2 b+ HBM; 2{+B2M+v KQ 2 i? M NdwWX
AM Q' /2 iQ +QKT "2 rBi? i?2 2tBbiBM; /Bbi'B#mi2/ i° BMBM; K2i?Q/b BM i?2
T2 7Q°K M+2 2p Hm iBQM + Bi2°'BQMX i T 2b2Mi-i?2 +QKKQMHvV mb2/ 2p Hm iE
i BMBM;i?2 +H bbB+ 2bL2i@8y KQ/2H-iQ mMNy2TQ+?bQMBK :2L2i/ i b2i- N
++m° +vKQ 2i? Md8WX h?2T2°'2[mBbBi2 Q7 i?Bb2p Hm iBQM +'Bi2"BQMBb iQ
Ny 2TQ+?bX q2 i?BMF i? ii?2°2 "2 irQ b?Q i+QKBM;b BM i?Bb +'Bi2"BQMX 6B’k
HBKBibi?2 "2 Hi° BMBM; bT22/X .m2iQ i?2BM~m2M+2 Q7 +QMp2 ;2M+2 " i2-i?:
iBK2 "2 b 7QHHQTrb,
+im Hi° BMBM; bT22/ 4 +QMbpbBMZM2®:SRPbiTZ2H :SIb:SI b+ HBM; 2{+B2M+vX
+im Hi° BMBM; iBK2 4 Rf +im Hi° BMBM; bT22/
++Q /BM;Hv- .PqL"2M+? (kk) Bb mb2/iQ 2p Hm i2 i?2 +im Hi> BMBM; iBK2-r
i?72 2bL2i@8y KQ/2H r?2M i?2 MmK#2> Q7 2TQ+?b Bb MQi HBKBi2/- M/ i?2 hQT
NjW X
h?2 b2+QM/ /Bb /p Mi ;2 Bbi? i/ m2iQ i?2BM~m2M+2 Q7 i?2 MmK#2" Q7 :Slb-
iBK2 ? b #2+QK2 +QKT2iBiBQM Q7 zQ '/ #H2 :SI "2bQ@m +2b-r?B+? /Q2b MQi "2
K2i?7Q/bX aQK2 "2TQ ib +QKT "2 i?2 :SI b+ HBM; 2{+B2M+v- #mi i?Bb + Bi2 ' BQ
bT22/ Q7 KmHIB@:SI1iQ bBM;H2@:Sli° BMBM;- M/ /Q2b MQi 2T 2b2Mi i?2 #bQt
T°QTQb2b M2r +'Bi2’BQM@ +im H p2° ;2 bBM;H2@:Sli° BMBM; iBK2, +im H
4+QMp2 ;2M+2 " i2 bBM;H2@:SI bT22/ :SIb+ HBM; 2{+B2M+v +im H p2° ;2 bB
+im HbBM;H2@:Sl1i° BMBM; bT22/X
h?2 "2bi Q7 i?Bb T T2 Bb Q' ; MBx2/ b 7QHHQrbX q2 rBHH /Bb+mbb i?2 2tBbi
a2+iBQM kKXRX h?2T°QTQb2/i° BMBM; K2i?Q/b M/ 2M;BM22 BM; BKTH2K2Mi iBC(
#2 IBb+mbb2/ BM a2+iBQM kXkX a2+iBQM j Bb #Qmi i?2 2tT2 ' BK2Mib M/ "2bmH
T T2 X



.Bbi"B#mi2/ L2m  H L2irQ'F h> BMBM; J2i?Q/" b2/ QM >v# B/ :" /B2Mi *QK8miBM;

kX Ji2°B Hb M/ J2i?Q/bX
kXRX _2H i2/ K i2'B HbX

kKXRXRX > /B2Mi /2b+2Mi H; D BhH2KIX- i?2 QTiBKBx iBQM K2i?Q/ 7Q" i° BMB!
M2irQ'F Bbi?2} bi@Q /2  QTiBKBx iBQM H;Q Bi?K-i? i Bb-;" /B2Mi /2b+2Mi K2
QM2 Bb i?2biQ+? biB+ ;" /B2Mi /2b+2Mi K2i?Q/ Ua:.V (kj)-r?B+? Bb bBKTH2- M/
TTHB+ iBQMbX >Qr2p2°-a:.? b /Bb /p Mi ;2-i? iBb-Bi /Dmbibi?2 ;" /B2MimM
Kv+ mb2i?2 +QMp2 ;2M+2 " i2iQ +? M;2 r?2M i?2i° BMBM; /i Bb bT 'b2X AM
K2i?Q/b ? p2 #22M T QTQb2/iQ /Dmbii?2 +m "2Mi ;" /IB2Mi /B 2+iBQM M/ K ;MB]|
K ;MBim/2 Q7 i?2 ?BbiQ"B+ H; /B2MiX h?2b2 K2i?Q/b BM+Hm/2 . J (k9)- S
1bT2+B HHv 7Q° . J- #2+ mb2 Q7 Bib 7 bi +QMp2 ;2M+2 "~ i2 M/ bi #H2 2z2+i- B
>Qr2p2 -i?2 ;2M2° HBx iBQM #BHBiv Q7 i?2b2 / TiBp2 K2i?Q/b Bb rQ b2 i? M &
T QTQb2/ p "B MiQ7 . J(ky)-r?B+? Bb + HH2/ . "PIL.X "v HBKBiBM; i?2 H2 "N\
mTT2> M/ HQr2 #QmM/- 12 + M bKQQi?Hvi>  Mb7Q K . JiQ a:.X . "PIL. MQi QM
+QMp2 ;2M+2 +? © +i2°'BbiB+ Q7 . J-#mi HbQ ? bi?2 bBKBH "~ ;2M2° HBx iBQM

h?2 ;2M2° HT ' Q+2bb Q7 ;" /IB2Mi /2b+2Mi K2i?Q/ Bb b 7QHHQrb (ky),

RX * H+rmH i2 i?2;, Q/BR¥MD2+iBp2,7mM+iBQM rBi? "2bT2¢XKiQ +m ™ "2Mi T ~ K2iZ

KX * H+mH i2 +m "2Mi ;" /B2Mn ELYAY ¢

iIX AT/ i2 T K2abs x t M= Vg X
r?72°2-"27T°2b2Mib i?2 Bi2" iBpR A2Fm "2Mi H2 "MBM; * i2 QMm{Z+gv¥% H0QX a:.-
6Q° . J-m= 1 m 1+(1 1) gvi= 2 v 1+(1 2) G2V = diag(v) X 6Q° . "PIL.-i?2
K2 MBM;b Q7 i?2 bvK#QHb 2i?2b K2 b . J{rBAHRPRBIHmMBIQBM i?2 mTT2" M/}
#OmM/ "B2bXVAZt+22/b i?2 #QmM/ "B2b- Bi rBHH #2 i'mM+ i2/- M/ i?2 mTT2 M/
/IDmbi2/ /vM KB+ HHvX 6BM HHv- Bi rBHH +QNr2a;2-iQiP B2 iMBRKQ®Q®I? i° Mbl
7°QK . "PIL.iQa:. X% M/, "2i?2 /27 mHi?2vT2 T ~ K2i2 bX

kXRXkX .Bbi'B#mi2/ i BMBM; QTiBKBx iBQM K2i?Q/X

RV h" BMBM; ++m’ +v QANMBIRBXR iBQWMEKK HH # i+? i° BMBM;-i?2°2 TT2 b K M
7Q° BKT ' QpBM; i?2i° BMBM; ++m’ +v-r?B+? + M biBHH #2 mb2/ 7Q  H ;2 # i+?
i?72 " i+?2LQ K i2+?MQHQ;v (kR)- r?B+? MQ K HBx2b i?2 72 im 2b BM i?2 ?B//2N\
p MBb?BM:;X i T 2b2Mi-Bi? b#2+QK2i?2bi M/ */i° BMBM; KQ/mH2 7Q° HKQbi
h?2 BMBiB HBx iBQM Q7 r2B;?ib rBHH HbQ z2+ii?2}M H "2bmHiX 1 "Hv-: mbbE
BMBiB HBx iBQMX G i2'-s pB2° BMBiB HBx iBQM (k3)-E BJBM; BMBiB HBx iBQN
i2+?MQHQ;B2b 2T QTQb2/X AM //BiBQM-r2B;?i/2+ v Bhh miogd 7 Q?Br2B#?M 2; ml
BKT Qp2i?2 ;2M2° HBx iBQM #BHBiv Q7 i?2 KQ/2HX

AM Q/2 iQ Qp2 +QK2 i?2 BM?2°2Mi QTiBKBx iBQM /B{+mHiv (Rk) M/ ;2M2°
i BMBM; (Rd- R3)- KQ 2 bT2+B}+i° BMBM; bFBHHb 2 "2[mB 2/X :Qv H2i HX T
(Rk)-r?B+? ? b HBM2 ~ b+ HBM; QM i?2 H2 "MBM; " i2X ii?2b K2 iBK2-i?2r "Kr
HBM2 b+ HBM;-i? i Bb- bK HH H2 "MBM; " i2 Bb mb2/ ii?2 #2;BMMBM; M/ i?z
H2 "MBM; " i2r?2M i?2 i  BMBM; T'Q+2bb Bb bi #H2X :QQ;H2 (jy) M/ aQMv (R8)
BM+'2 bBM; i?2 # i+? bBx2 iQ 2Mbm 2 i?2 bi #BHBiv Q7 i?2 H ;2 # i+? i BMBM:
#2ir22M i?22 r2B;?i ;" /IB2Mi MQ'Kb Q7 2 +? Hv2  BM M2m™ H M2irQ'F H2 /b iQ i?
T QTQb2/ Hv2 @rBb2 / TiBp2 H2 "MBM; " i2 b+ HBM; bi" i2;v+ HH2/ G _a-r?B
Hv2 #v KmHiBkwkyB@wik,v r?2wWBb i?2r2B;?i Q72 +? Hv2 X G _a +?B2p2/2t+2H
i?72bmT2 " H ";2# i+?i BMBM; i bFbX

kV h BMBM; bT22/ QThBXBEx2iB@QNWBiIiBQM Q7 i BMBM; bT22/ QTiBKBx iBQM B
Q7 i?2i° BMBM; ++m’ +v-bQ i° BMBM; bT22/ QTiBKBx iBQM M22/b iQ +QQT2" i.
QTiBKBx iBQM i2+?MB[m2bX PM i?Bb # bBb- QTiBKBx iBQM M/ BKT Qp2K2Mi +
:SI bT22/- +QMp2 ;2M+2 ~ i2 M/ KmHIB@:SI +QKKmMB+ iBQMX FB# 2i HX (Rj
BM R8 KBMmi2b i?"Qm;? JaT ' QT r "KmT b+?2K2 M/ i?2 /QTiBQM Q7 "L rBi?Qmi
i BMBM; ? b #22M +QKTH2i2/ BM eXe KBMmi2b i?°'Qm;? KBt2/ T°'2+BbBQM +QKTn
M/ ?v# B/ ;" IB2Mi +QHH2+iBp2 +QKKmMB+ iBQM #v CB 2i HX (jR)X AM //BiBC
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+QHH2+iBp2 +QKKmMB+ iBQM T “i- KQM; r?B+? (Rk) ? b /QTi2/ "2+m bBp2 ? H
(j9) M/ (R8)? b /QTi2/k.@hQ " mb HH@ 2/m+2X

kXkX J2i?Q/b BM i?Bb T T2 X

KXKkXRX >v# B/ ;" /IB2Mi P+ 2QiX Bb iQ T°'QTQb2 ;° /B2Mi /2b+2Mi K2i?Q/-
QMHv 2Mbm 2 7 bi +QMp2°;2M+2- #mi HbQ K BMi BM i?2 /p Mi ;2b Q7 HBM2 " b
AMbTB 2/ #v . "PIL.-r2 T°QTQb2 M BKT Qp2/p2'bBQM-+ HH2/ HBM2 ~ b+ HBM;
i?72 7TQHHQrBM; "2bi'B+iBQMb,

mTT2 #QmM/

1 1

Buslr N* @1 @ o7

HQr2" #QmM/

B, = Ir N

t
T

p— p—
Vi = Clip( V;;By;By)

r?2 2r- "27T°2b2Mib i?2 H2 "MBM; " i2 Q7 a:. BM bBIMBBH2@2 M K#2@@Bx3Ko- r?B+
K2 Mr?BH2 b2 p2b bi?2HBM2 b+ HBM; i2X "v+QKT "BM;rBi?i?2Q B;BM H
Ti2 iR NXt Bbi?2 +m™ 2MT 2BQIi#®2XT "2b2i . "PIL. K tBK H 2BQ#??2XBMBiB H H2 M|

Ti2X *HBT BM/B+ i2bi? ii?2 p Hm2 Bb HBKBi2/iQ i?2 mTT2" M/ HQr2  #QmM/b
i'mM+ i2/X h?2 270QBM+r22M2D 7fQICBE /2+°2 b2b#T QiIr N- r?BB{2BM+"2 b2b 7°QK
0iQr NX g?2Bj=+1 B =0-1i?2; /B2Mi /2b+2Mi K2i?Q/ BbB,.=JB, g?2M - i?2
;7 /IB2Mi /2b+2Mi K2i?Q/ Bb HBM2 "~ b+ HBM; a:. X "vi?Bb-BMbB/2 2 +? 2TQ+?-i?:
iQ HBM2 “ b+ HBM; a:. Bb +QKTH2i2/X

AM Q /27 iQ 7Tm i?2° 2Mbm 2 i?2 bi #BHBiv M/ ;2M2° HBx iBQM Q7 i?2 i° BMBI
. "PIL. bi?2r "KmT b+?22K2X ZTR+?b-i?2 H2 "MBM; " i2/2+ v T ' Q+2bb Q7 a:. b
H2 "MBM; Ir i NQ@MiBH i?2i° BMBM; +QMp2 ;2M+2X AM //BiBQM iQ i?2 #Qp2-r2
iQ / TiBp2Hv /Dmbii?2 H2 "MBM; "~ i2 Q72 +? Hv2' X

hQ bmK mT-i?2 +QKTH2i2 . "PIL.r "TKmT Y HBM2 ~ b+ HBM; a:. K2i?Q/ Bb b 7C
6Q  2TOQ®2T

RX * H+tmH i2 i?72; QBiZRAIQ#D2+iBp2 7TmM+iBQM rBi? "2bT2+xQ i?2 +m " "2Mi

kX p2° ;2i?2 ;" /IB2Mi #v bHB/BM;,

mg= 1 mt 1)+(1 1) G

j X
vi= 2 v 1+(1 2) & Vi = diag(v)
9X a+ H2 M/ HBKBii?2 H2 "MBM; " i2iQi?2b2i  M;2,
p— . p—

= Vi =Clip(= V;By;By)
8X *H+mH i2i?2 +m "2Mi ;> IB2Mi/2+ v,
eX IT/ i2 T K2i2 b,

Xt+1 = Xt m= W



.Bbi*B#mi2/ L2m"> H L2irQ F h> BMBM; J2i?Q/ " b2/ QM >v# B/ :> /B2Mi *@KdmiBM;

6Q 2T F231:90
RX * H+tmH i2 i?72; QBi2ZRAIQ#D2+iBp2 7TmM+iBQM rBi? "2bT2+xQ i?2 +m " "2Mi
kX G2 "MBM; " i2/2+ 2 b2b 2tTQM2MiB HHvVv,

(=1 N epoch

jX G v2 @rBb2 / TiBp2 H2 "MBM; ~ i2 b+ HBM:,
t = LARS ( 1)

OX IT/ i2 T " K2i2'b,

Xt+1 = Xt t O

r?2°2Bbi?2 /27 mHi ?2vT2 T ~ K2i2 X
h?2 2tT2 ' BK2Mib BM a2+iBQM j b?Qr i? i +QKT "2/ rBi? mbBM; QMHv i?2 . "PllI
a:.- . "PIL.r " KmT Y HBM2 "~ b+ HBM; a:. rBHH T ' Q/m+2 ?B;?2  i° BMBM; ++m~ +

kKXkXkX :7 /B2Mi +QKTmiBM; rBi? KBtXW?2 2+BBZBMIMXAQKTmMIiBM; rBi? KBt2/ T2
b+?2K2 BM i?Bb T T2  Bb bBKBH " iQi? i BM (jR)X AMi?2 T Q+2bb Q7 7Q"'r */ M/
Bb mb2/7Q +QKTmiBM;c BM i?2r2B;?2i mT/ iBM; T"Q+2bb- 6Sjk T'2+BbBQM Bb m
i?72 7TQHHQrBM; BKT Qp2K2Mib iQ i?Bb b+?2K2,

RX aBM+2i?2 MmK2 B+ H 2T 2b2Mi iBQM ™ M;2 Q7 6SReBb7 "bK HH2 i? M ¢
6SRe K v+ mb2b2'BQmb QTIiBKBx iBQM T Q#H2Kb bm+? biQQ bK HH r2B;"
iQy- 2bmHiIBM; BM ;" /IB2Mi p MBb?BM;X 7i2 i?27Qr "/ T°QT ; iBQM Bb +
#v b+ HBM; 7 +iQ - M/ i?2M +QMiBMm2 rBi? # +FT QT ; iBQM-r?B+? Bb 2
r?2M+ H+mH iBM; i?2 ;" /IB2MiX h?Bb BKT Qp2K2Mi pQB/biQQ bK HH ;" /B:
2 bv7Q° BKTH2K2Mi iBQMX

kX AMi?2T ' Q+2bb Q7 7Q°r "/ T°QT ; iBQM M/ # +FTBQF(X)jiBM2QaH) H2 iQ"
pQB/2/iQ #2 + H+mH i2/ mM/2  6SRe- #2+ mb2 i?2 +QKTmiBM; "2bmHib K \
"M;2 Q7 6SRe-r?B+? K F2b i?2 MmMK2'B+ H ++m” +v /2pB i2 ;72 iHvX h?2
2tT- b[m "2- HQ; M/ +°Qbb 2Mi"QTv HQbbX

iX AM i?2 +QHH2+iBp2 +QKKmMB+ iBQM T 'Q+2bb-i?2 ;" /IB2Mi Q7 6SRe BMb
;0 IB2Mi ;3725 iBQM-r?B+? "2/ m+2bi?2i° {+ M/ b p2bi?2 # M/rB/i?X

kXkXjX ai” i2;v 7TmbBQM M/ bvbi2K 2M;BM22 BM;?BKTR2KRIMiBBME i?2 T Q
i? i M22/iQ #2 MQiB+2/ BM i?2 T'Q+2bb Q7 +QKTH2iBM; i?2 +im H /Bbi ' B#mi2/
bQHMIBQMb r2 TTQTQb2/X

6B bi- # b2/ QM i?2 BKT Qp2K2Mi T°'QTQb2/ 2 "HB2 BM i?Bb T T2 -r2 /QTi
i BMBM; bi® i2;B2bX

RVImHIB@:SIQKX "2/ rBi? i?2 Q°'B;BM H"L-i?2 7TQHHQrBM; +QMbi' m+iBQMb |
K2 M M/ p "B M+2 bi iBbiB+b Q7 "L QM KmHIB@:SlI,

AM 2 +? Bi2® iBQM-i?2 # i+? bBx2 HHQ+ i2/iQ 2 +? :S| "2K BMb mM+? M;2/X
Hv2 -7Q'r '/ HQbb +QKTmiBM; /2T2M/b QM i?2 K2 M M/ p "B M+2 bi iBbiB+b Q-
bBM;H2@:SI # i+? bBx2 +? M;2b-i?2 HQbb 7mM+iBQM +? M;2b- BMp HB/ iBM; i?2

AM 2 +? Bi2® iBQM-i?2K2 M M/p "B M+2 Q7 "L "2+ H+mH i2/ BM i?2 # i+? Q°
i?72 bi iBbiB+b #2ir22M KmHIBTH2 :Slb "2 MQi + ""B2/ QmiX PM i?2 QM2 ? M/- i~
#2ir22M KmHIiBTH2 :Slb + M #2 b p2/X PMi?2 Qi?2 ? M/-i?2HQbb +QKTmiBM; Q7
/IQ2b MQi z2+i2 +? Qi?2 - K22iBM; i?2 T'2KBb2 bbmKTiBQM Q7 i?2 HBM2 "~ b+ H

h?2 Q°'B;BM H"LK2 M M/ p B M+2 + H+mH iBM; K2i?Q/ Bb KQpBM; p2" ;2 Q7
Bi2> iBQMX g?2M i?2 # i+? BbH ";22MQm;?-i?2 +QKTmiBM; "2bmHi Q7 i?2 KQpB
(Rj)X h?2°27Q°2-r2 QMHv +QMbB/2 i?2H biBi2" iBQM- M/ mb2 +QHH2+iBp2 +Ql
p2° ;2 Qp2° HH :SIbX "2+ mb2 H ";2@b+ H2 ++mKmH iBQM QT2 iBQM Bb “2[ml
pHmM2 M;2Qp2 ~Qr-r2 2KTHQvV 6Sjk T'2+BbBQMX
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KV q2B;?i BMBiBh?Bb MBOMX/QTib i?2 7QHHQrBM; BMBiB HBx iBQM K2i?Q/b,
RX 6Q i?2 +QMpQHMIiBQMH v2'b-i?2E BJBM;: mbbB MBMBiB HBx iBQM (k3
Q7 +QMpPQHMIBQM H v2'b 7QHHQW(©O:stdb¥B M /Bbi ' B#miBQM

r

2
fanip

std =

r?2 2any, Bbi?2 BMTmi /BK2MbBQM Q7 i?2i?'22@/BK2MbBQM H +QMpQHmMI
rB/i??2B;?i Q7 i?2 +QMpQHmMIBQM F2 "M2HX
kX 6Q° i?2 "'2bB/m H #HQ+F BM _2bL2i-i?2 H biHv2 Bb"LHV2 -r?B+? T2
b+ -1r?2°2i?2BMTmi Q7 "L H v2 Bb W2RIQ2HRV7Q+kQ> Bb BMBIB HBx2/ ic
yX :Bp2M i?2xBMEtmM K2 #HQBKHU?2 QmiTmi Q7 i?2 H bi Hv2  BM i?2 "2bB/m
+QK#BM iBQM Q7 i?22QmiTmi Q7 i?2H biHv2 M/i?2BMTmi Q7 i?2 "2bB/m
HHQAPNX A7 i?2 b+ H2Q7+4PQH bi "L H v2  Bb BMBiB HBX24yiQ W-/iQ MM ¥ HQR+F
BMTmi Bb "2im M2/ }M HHv- r?B+? Bb 2[mBp H2Mi iQ +? M;BM; _2bL2i BMiQ
iQi° BMBMi?2BMBIiB H bi ;2X
jVImMHIB@K +?BM2 KmHIiB@:SI'2Q Kk WBR+KBRBNBXXD K +?BM2 M/ KmHIB@:S!| +(
bi> i2;vBbMQii?27Q+mb Q7 i?BbT T2 -i?2 +QHH2+iBp2 +QKKmMB+ iBQM H;Q"
(j9)# b2/ QM L**GX q2#° Q /+ bi7'QK K bi2"MQ/2iQ2Mbm 2 i? ii?2BMBIiB Hr2B
M/ KmHIB@:S1 "2 +QMbBbi2Mi- M/ /Bbi'B#mi2 /i 2p2MHv-bQ biQ F22T i?2 HQ
9V aBM;H2@:SI| +QMMT QiB2; XQ BKT Qp2 i?2 :Sl b+ HBM; 2{+B2M+v- r2 H2i i?2
TH2i2 KQ 2 +QKTmiBM; i bFb- M/ BM+"2 b2 i?2 T QTQ iBQM #2ir22M bBM;H2@ : S
+QKKmMB+ iBQM iBK2X
h?2 # i+? bBx2 QM bBM;H2 :SIBbK /2 bH ;2 bTQbbB#H2 mMmMiBHBi TT Q +°
K2KQ vX

jX 1tT2'BK2Mib M/ "2bmHi M HvbBbX

JXRX 1tT2°'BK2Mi b2imTX

> "/r "2KrQi° BMBM; +Hmbi2'b "2 mb2/BM i?2b2 2tT2"BK2Mib,

RX *Hmbi2" RBM+HmM/2b j K +?BM2b-rBi? 2 +? K +?BM2 2[mBTT2/rBi? 3 LpB/
:SIK2KQ v- M/ i?2 :Slb "2BMi2"+QMM2+i2/i? " Qm;? LOoHBMFX R LoJ1 jXkh ¢
bi?2biQ" ;2X h?2 *QMM2+it@9 Gt 1L * /b 9y: Bb 2KTHQV2/ 7Q" i?2 BMi2 (
rBi? _Q*1U_.J Qp2 *QMp27i2/1i?2"M2iV /QTi2/ bi?2+QKKmMB+ iBQM KQ
+QKKmMB+ iBQM KQ/2 mb2/ mM/2" 1i?2 " M2i- M/ + M #2 /B 2+iHv +QMM2+i
++2bb iQ i?72 "2KQi2 /i X g2 7T7m'i?2  mb2 :SI.B 2+i _.J -r?B+? HHQrb i?2
:SIK2KQ v #2ir22M KmHIBTH2 :SIbiQ 7m i?2  BKT ' Qp2i?2 BMi2 " @:SI| +QKK

kX *Hmbi2  k +QMbBbib Q7 bBt K +?BM2b-2 +? Q7 r?B+? Bb 2[mBTT2/ rBi? 7
k9: :SI K2KQ 'vX h?2 :Slb "2 BMi2 " +QMM2+i2/ #v S*A2X PM2 LoJ1 jXkh aa.
2KTHQvV2/ bi?2biQ" ;2X h?2*QMM2+is@9 Gt 1L * /b 9y: Bbmb2/7Q BMi2
M/i?2 +QKKmMB+ iBQM KQ/2 Bb _Q*1X .m2iQ i?2 HBKBi iBQM Q7 :SlivT2-
#2 TTHB2/BM *Hmbi2 k- M/ i?2 KBt2/ T'2+BbBQM + MMQi #2 TTHB2/ M2B

aQ7ir '@2ZXmb2 ?2Q°QpQ/ (jR) bi?2i° BMBM; 7° K2rQ F-r?B+? T'QpB/2b SAb i

/[Bbi"B#mi2/ i° BMBM; b+ 'BTi i? M T'2pBQmb i° BMBM; 7° K2rQ ' Fb bm+? b .Bbi
+QHH2+iBp2 +QKKmMB+ iBQM HB#" "vL*G Bbmb2/7Q°  KmHIB@K +?BM2 M/ Km

i Xh?2i> BMBM; /i Bb AK ;2L2i/ i # b2 (Ry)-rBi? iQi HQ7 RXk3 KBHHBQM

p2 ' B}+ iBQM TB+im 2b- rBi? i?2 MmK#2™ Q7 + i2;Q°B2b #2BM; RyyyX h?2 /i m
mb2/ BM i?2 2tT2 BK2MiX

JQ/2HXb2/ QM i?2 2tBbiBM; "2H2p Mi i2+?MB+ H "2TQ ib M/ i?2 mi?Q Bi iBp
bi M/ °/ . gL"2M+? (kk)- _2bL2i@8y (8) Bbmb2/ bQm i BMBM; M2m~ H M2irQ F K
Q7 i?2 KQ/2H Bb b?QrM BM h #H2 jXRX
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h #H2 jXR
" bB+ BM7Q 'K iBQM Q7 _2bL2i@8y KQ/2HX
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6B; X XRT@R i BMBM; M/ p HB/ iBQM ++m’ +v +m p2b rBi? /Bz2 '2Mi ;" /IB2Mi /2b+2Mi F

1tT2 ' BK2Mi H ARIi/BHIPR 6Sjk-i?2# i+? Q7 bBx2 Rk3+ M #2 HQ /2/ QM bBM;H?2
iQi H# i+?@bBx2 Q7 +Hmbi2" R Bb jydkX

IM/2" i?2 KBt2/ T'2+BbBQM-r2 /Qm#H2/ i?2 # i+? bBx2 Q7 oRyy- #2+ mb2 +QK
Q++mTB2b ? H7 Q7 i?2 6Sjk K2KQ v- M/ i?2 iQi H# i+? bBx2 Q7 +Hmbi2" R Bb eR

IM/2i?26Sjk- bBM;H2 S9y :SI+ M#2 HQ /2/ rBi? # i+? Q7 bBx2Rk3- M/i?2iQ
Bb jydkX >vT2 T ° K2i2°b TTHB2/BM i?2 2tT2 'BK2Mi, i?2 MmK#2" Q7 Bi2" iBQM
bi ;2 Bb10-r?B+? Bb b2H2+i2/ ++Q ' /BM; iQ i?2 2tT2 'BK2Mib b?QrM BM b2+iBQM
127 mHi ?2vT2 T ° K2i2°b 7Q° 1=®9L »,=0:999X HH i?2 Qi?2 ?2vT2 T ~ K2i2'b "2 i?2
b HBM2 ~ b+ HBM; (Rk), i?2 bBM;H2@:1XI 22 WBMMBN2 ~ i2 Q7 a:. /2+ vb 2tTQM:
Ir epoch . r22°2=0:9X AM a:.-r2B;?i/2+ v (R) Bb /QTi2/- rBOPOAR;?i /2+ v Bb

jXkX 1tT2'BK2Mi H "2bmHibX

JXKXRX *QKT ~ iBp2 2tT2 BK2Mi Q7 ;° /IB2Mi /126BDMi/KBM?QBHXb2+iBQM "2 i?zZ
"BK2Mi H "2bmHib QM +Hmbi2" RX h?2 "2bmHib QM +Hmbi2  k "2 bBKBH " iQ i?C
/IBb+mbb2/ ; BMX h?2 ;" /IB2Mi/2b+2Mi K2i?Q/bBMi?2 +QKT "BbQM BM+HmM/2 i?:
Ya:.- . "PIL.- M/;7 /m Hr "KmTY a:.(Rk) T'TQTQb2/T'2pBQmbHvVX h?2 hQT@R i’
++m° +v+m p2 2b?QrM BM 6B;X jXRX h?Bb b?Qrb i? ii?2 . "PIL.r "KmT Y a:.
2z2+iBp2-rBi?i?2 +QMp2 ;2M+2 " i2bBKBH ~ bi? iQ7i?2 . "PIL.- M/ 7 bi2 i? M
*QMp2 ;2M+2 + M #2 +?B2p2/ rBi?BM 8y 2TQ+?b QMHVX ii?2 b K2 iBK2-QM i?2
i?72 #2bi- hQT@R ++m° +v 4 d8XeW- r?B+? Bb #Qmi yX8W ?B;?2  i? Mi? i Q7 i?:
;7 /m Hr "KmT Ya:. K2i?Q/X "2+ mb2 Q7 i?2 7 bi +QMp2 ;2M+2 " i2-i?2 ++m’  +v
2TQ+?X

g2 HbQ i'B2/ /Bz2 IMIiQTRQHMT biQTTBM;X h?2 +QKT "BbQM "2bmHi Bb b?Qr
b?Qrb iTi? b HBiiH2 2z2+i QM i?2 "2bmHiX JgBi?P?2? 2 Wp22, DM+Q7 i2 rBHH #2 b
BKT Qp2/-#mii?2i° BMBM; ++m” +vIBHH HbQ #2 bHB;?iHv "2/m+2/X

jXKXKX *QKT " iBp2 2tT2 'BK2Mi Q7 ;" /B2Mi +QKThri@ Mo TR RibBDBQRKX 2/ BN
i?Bb 2tT2 BK2Mi, i?2 i BMBM: ++m > +v Q7 KBt2/ T'2+BbBQM +QKTmiBM; M/ i?
br2HH bi?2i  BMBM; bT22/ Q7 KBt2/ T'2+BbBQM +QKTmiBM; M/i? i Q7 6Sjk T°
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6B;X XQT@R i BMBM; M/ p HB/ iBQM ++m’ +v +m p2b rBi? /Bz2'2Mir "K@mT biQTTBNM

6B; X XHiQT@R p HB/ iBQM ++m" +v +m p2b rBi? /IBz2'2Mi +QKTmiBM; T'2+BbBQMX

K2Mi mb2b i?2 ;" /IB2Mi /2b+2Mi K2i?Q/ Q7 . "PIL.r "KmT Y a:.-rBi? Qi?2 i BMB
+QMbBbiI2Mi rBi? a2+iBQM kXkXjX

RV h" BMBM; +"2m mppX i?2 S9y :SI Q7 +Hmbi2 " k /Q2b MQi bmTTQ i 6SRe +C
2MQm;?- i?Bb 2tT2'BK2Mi Bb QMHvV +QM/m+i2/ QM +Hmbi2° RX 6B;m 2 jXj b?Qrl
b2i mM/2" irQ T°2+BbBQM bi" i2;B2bX h?2 i BMBM; +m 'p2 Q7 KBt2/ T'2+BbBQM
+QBM+B/2b- 2t+2Ti i? i i?2 +m ' p2 Q7 KBt2/ T°'2+BbBQM Bb KQ2 Qb+BHH iBM;X
pPQB/ i?2 T'"Q#H2K Q7 iQQ bK HH MmK2'B+ H * M;2-i?2 KBt2/ T'2+BbBQM ;" /B2
i BMBM; ++m’ +vX

kV h" BMBM; @B 22 X2 i2bi i?2 i BMBM; bT22/ Q7 bBM;H2 :SI QM +Hmbi2" RX |
i* BMBM; bT22/ Q7 KBt2/ T'2+BbBQM QM oRyy Bb Km+? ?2B;?22  i? Mi? i Q7 6SjkX
Rk3-i?2i° BMBM; bT22/ Q7 KBt2/ T'2+BbBQM Bb +HQb2 iQ irB+2i? i Q7 6Sjk Uh #
bBx2 k8e mM/2® KBt2/ T°'2+BbBQM-i?2i° BMBM; bT22/ Bb kXyjiBK2b 7 bi2  i? M i

g2 +QMiBMmM2 iQ i2bi i?2 :SI b+ HBM; 2{+B2M+v rBi? KBt2/ T'2+BbBQMX



.Bbi"B#mi2/ L2m  H L2irQ ' F h> BMBM; J2i?Q/" b2/ QM >v# B/ :" /B2Mi *QKR miBM;

6B;X X9 BMBM; i?2°Qm;?Tmi T2  oRyy :SI rBi? /IBz2 '2Mi +QKTmiBM; T'2+BbBQM M/ # i+72(

h #H2 jXk
h* BMBM; i?°Qm;?Tmi T2  oRyy :SI rBi? /Bz2 2Mi +QKTmiBM; T'2+BbBQM M/ # i+?@bBx2

.1 hvT2| aBM;H2@:SI " i+P@KB®2d T2 a2+QM/
6S@KBIt Rk3 Rjdd

6S@KBIt k8e R89k

6Sjk Rk3 ds3

h?2 :Sl b+ HBM; 2{+B2M+v + M #2 K2 bm 2/ #v i?2 ~ iBQ Q7 +im HDbT22/iQ B/
K2 bm 2/ bi?2 iBQ Q7 B/2 HiBK2@+QMbmKBM:iQ +im HiBK2@+QMbmKBM;X

:Sla+ HBM; 1{+B2M+v 4 +im H aT22/fA/2 HaT22/ 4 A/2 HhBK2f +im H't
4 RfFURYT2 :SI *QKKmMB+ iBQM hBK2fT2" :SI *QKTmiBM; hBK2V-
r?2°2
B/2 HiBK2 4 T2 :SI +QKTmiBM; iBK2f:SI MmK#2" -

+im HiBK2 4 UT2 :SI +QKTmiBM; iBK2Y +QKKmMB+ iBQM iBK2VTf:SI M
h?2 +QKTmiBM; Q7 KBt2/ T°2+BbBQM ;” /B2Mi + M "2/m+2 i?2 +QKTmiBM; iBK
Q7 bBM;H2 :Sl ii?2 b K2 iBK2X h?2°'27Q°2-r?2M i?2 "2/m+2/ +QKTmiBM; iBK2
i?72 "2/m+2/ +QKKmMB+ iBQM iBK2 Q7 bBM;H2 :SI-i?2 b+ HBM; 2{+B2M+v rBHH ¢/
r?2M i?2 "2/m+2/ +QKTmiBM; iBK2 Q7 bBM;H2 :SI Bb ;72 i2° i? Mi?2 "2/m+2/ +Q
:S1-i?2 b+ HBM; 2{+B2M+v rBHH #2 r2 F2M2/X a22 6B; jX8 7Q" i?2 /2i BH2/ 2tT2’
oRyy :SIb Q7 +Hmbi2° " R "2 BM 7mHH mb2-i?2 :Sl b+ HBM; 2{+B2M+v rBi? KBt2/ -
bT22/ 4jey3kfjdyy34NdX8WX h?2 :S| b+ HBM; 2{+B2M+v Q7 6Sjk ++m" +v 4 +i
ARdddjfR3RNk4NdXdWX h?2 KBt2/ T'2+BbBQM Bb bHB;?iHvV HQr2  i? Mi? i Q7 6¢
:S1rBi? KBt2/ T°2+BbBQM Bb Km+? 7 bi2 i? Mi? iQ7 bBM;H2 :SIrBi? 6Sjk Ub22 h
BK ;2bfbV-r?B+? K F2b mT 7Q " i?2 bHB;?i /2}+B2M+v Q7 i?2 :Sl b+ HBM; 2{+B2M
Q7 k9 :SlbrBi? KBt2/ T'2+BbBQM Bb HbQ Km+? ?B;?2 i? Mi? i Q7 6Sjk-r?B+? B
Rdddj BK ;2bfbVX M/ mM/2  /Bz2 2Mi :SI MmK#2 b-i?2 HBM2 ~ b+ HBM; 2{+B2M+
AM //BiBQM-i?Bb T T2 mb2bi?2bi’ i2;v Q7 K tBKBxBM; i?2 # i+? bBx2 Q7 b
H2bb i? M k8e mM/2  KBt2/ T'2+BbBQM- MQi QMHVvV i?2 bT22/ Q7 bBM;H2 :SlIUh #
2{+B2M+v IBHH /2+ 2 b2 Uh #H2 jXjV-i?mb z2+iBM; i?2iQi HT Q+2bbBM; bT22/ (



jik w?2M Gm- J2M; Gm-u M GB M;

uvVv U#V

6B;X XBMHIB@oRyy@:Sl i BMBM; i?2°Qm;?Tmi rBi? /Bz2'2Mi +QKTmiBM; T'2+BbBQM

h #H2 jX]j
JMHIB@oRyy@:S| b+ HBM; 2{+B2M+v rBi? 6SRe M/ /Bz2 2Mi # i+?@bBx2X

"i+?@aBx2 e9 Rk3 RNk k8e
:Sla+ HBM; 1{+B2M8X3WNeX9WNdXRWdXgW

i?7 1i?22iQi HT Q+2bbBM; bT22/ M/ i?2 :Sl b+ HBM; 2{+B2M+v Q7 k9 :Slb rBHH /-
i?72 # i+? bBx2X

L2ti-r2i2bii?2 :Slb+ HBM; 2{+B2M+v BKT Qp2K2Mi QMHV # Qm;?i #v i?2 6SRe
Q7 +Hmbi2  kr?2M i?2 KBt2/ T°'2+BbBQM +QKTmiBM; Bb /Bb #H2/X IM/2  i?2 6Sj
i?72 bBM;H2@:SI T°Q+2bbBM; bT22/ Q7 S9y Bb #Qmi kN8 BK ;2bfb2+QM/X b b?C(
:SIlb Q7 e K +?BM2b BM +Hmbi2  k "2 BM 7mHH mb2-i?2 :SI b+ HBM; 2{+B2M+vVv C
bT22/fB/2 HbT22/ 4eNyjfdy3y4N9WX h?2 :Sl b+ HBM; 2{+B2M+v Q7 6Sjk ++m~ -
bT22/fB/2 H bT22/ 4e98efdy3y4NRXKkWX Hi?Qm;? i?2 MmK#2" Q7 :Slb Bb i?2 b
/m2 iQ i?2 H ;2 MmK#2" Q7 K +?BM2b- KmHIB@:SI +QKKmMB+ iBQM #2ir22M /Bz
i? MKmHIB@:SI +QKKmMB+ i BQMBM i?2b K2 K +?BM2- M/i?2 +QKKmMB+ iBQWN
BbmM #H2 iQ mb2 :SI.B 2+i _.J 7Q K2KQ'v /B 2+i +QMM2+iBQM- bQ i?2 :Sl| b+
Bb BM?2 2MiHv rQ b2 i? Mi? i Q7 +Hmbi2 " RX >Qr2p2 -i?2"Qm;? 6SRe +QKKmMmMB-
Q7 +Hmbi2  k Bb ;72 iHv BKT Qp2/ +QKT "2/ rBi? i? i Q7 6Sjk +QKKmMB+ iBQM-
+?B2p2/ mM/2 /IBz2 2Mi :SI MmK#2 bX

JXKXjX 1tT2 ' BK2Mi QM i?2 2z2+iBp2M2bb Q7 Qi?2 """ bBMBM ;?vi¥ B2;B2bB2 Mi
/2b+2Mi K2i?Q/ M/ i?2 KBt2/ T°'2+BbBQM +QKTmiBM;-r2 +QM/m+ii?2 +QKT "~ iBp
BM~m2M+BM; 7 +iQ bX h?2 2tT2"'BK2Mib "2 HH +QKTH2i2/ BM i?2 +Hmbi2 RX

RV JmHIB@:Sg2'+XQKT "2 i?2 2z2+ib Q7 b2p2° H "L bi® i2;B2b QM i° BMBM; +
bT22/X h #H2 j X9 b?Qrb i? i i?2 hQT@R ++m” +v Bb dyXj9W-r?2M r2 > M/QKHvV +
:SI-/Q "L bi iBbiB+b + ' Qbb :Slb- M/ /Q KQpBM; p2 ;27Q 2 +? Bi2" iBQM-i?2 h(

"vmbBM; i?2bi” i2;vQ7i?BbT T2 -M K2Hv-}t2/ bBM;H2@:SI| # i+? bBx2- BM/
i?72 :S1- M/ QM2@iBK2 bi iBbiB+b Q7 i?2 H bi Bi2® iBQM-i?2 hQT@R ++m’ +v + |
BMi?2 2tT2'BK2MiX

AM //BiBQM- + ' Qbb@:SI "L bi iBbiB+b rBHH ? p2 ;2 i BKT +i QM +QKKmMB
2{+B2M+v rBHH #2 "2/m+2/ 7" QK i?2 ?B;?2bip Hm2 Q7 NdX8W iQ NeX8WX

kV q2B;?i BMBiBgq2BXQKBIQMX? 22 +QKKQM BMBiB HBx iBQM K2i?Q/b Q7 +QMpC
BMBiB HBx iBQM- s pB2" B(gR)B MBEBBRQBMBI/B HBx iBQMX h #H2 jX8 b?Qrb i? i
Bx iBQM T2 7Q Kb #2bi QM hQT@R ++m’ +v- BM //BiBQM- Bi rBHH BKT Qp2i?2
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6B:X XIMHIB@S9y@:S!i° BMBM: i2°Qm;?Tmi rBi? /Bz2 2Mi +QHH2+iBp2 +QKKmMB+ iBQN

h #H2 jX9
hQT@R p HB/ iBQM ++m’ +v rBi? p "BQmb bi’ i2;B2bX

6Bt2/ " i+? aBX¥2M/2T2M/2Mi ai [iBBiR€bmi JQpBM; g2hQZ @R ++m  +v
R dyXjow
" R djxjsw
" " K d8Xysw
i i i d8XeyW

h #H2 jX8
S2°7Q K M+2 rBi? /Bz2 2Mi r2B;?i BMBiB HBx iBQM K2i?Q/bX

AMBIB HBx iBOM 7Q *OMpDEMEBEMW; ANBVE BBXxpBROMMBIB MBxMBRAMMBIB HBX iBQM

hQT@R ++m~ +v d8XeW d8 Xkjw doXj3w

1TQ+?2 r?2M hQT@R ++4[d8XyW jk i8 je
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h #H2 jXe
S2°7Q K M+2 rBi? /IBBMBIME HBx iBQMX

=0 =1
hQT@R ++m  +v| d8XeWd8XjkW
1TQ+? r?2M hQT@R +H+4fBXyW 9k

h #H2 jXd
Ny@2TQ+? i° BMBM; iBK2 M/ ++m" +v 2bmHib 7Q° _2bL2i@8y QM AK ;2L2iX

hBK2| hQT@R ++m h@um @8 ++m’  +v
*Hmbi2[ BjKBM d8XeW NjXkRW
*Hmbi2[ Ry3KBM d8X83W NjXkkWwW
h #H2 jX3

+im Hi° BMBM; iBK2 M/ +im H p2° ;2bBM;H2@:Sli° BMBM; iBK2 7Q" _2bL2i@8y QM AK ;2L2irB
Q7 d8w

+im Hh  BMBM| hBKR2 H p2° ;2 aBM;H2@:S| h® BMENplkBIRM+2| _ hQRT@R ++m" +v
*Hmbi2[ R R3KBM 9jkKBM jk2TQ+? =d8W
*Hmbi2[ k iNKBM NjeKBM jj2TQ+? =d8Ww
h #H2 jXN

+im Hi° BMBM; iBK2 M/ +im H p2  ;2bBM;H2@:Sli° BMBM; iBK2 7Q° _2bL2i@8y QM AK :2L2i rB
Q7 NjwX

+im Hh” BMBM| hBiK2 H p2° ;2 aBM;H2@:SI| h> BMBEN/pBRM+2| hQRT@8 ++m  +v
*Hmbi2[ R kjKBM 88kKBM jN2TQ+? =NjW
*Hmbi2[ k 8yKBM RkyyKBM 9k2TQ+? =NjW

AM //BiBQM-r12 HbQ ? p2 +QM/m+i2/ +QKT *~ iBp22tT2'BK2Mi QM Q?Ri?2" iQ B!
Hbi"LHV2 Q7 i?2 "2bB/m H#HQ+F iQ yX h?2 2tT2"BK2Mi H ~2BHE \UBIi B H2Bj X2/
iQy-i?2 +QMp2 ;2M+2 " i2 M/ i?2i° BMBM; ++m” +v + M #Qi? #2 BKT Qp2/X

jXkX9X *QKT 'BbQM Q7 2tBbiB@ #MBRQ/BXQKTH2i2 /Bbi'B#mi2/i° BMBM; bvbi:
bvbi2K /2bB;M Q7 bQ7ir "2 M/ ? “/r "2BMi2;" iBQM M/ ?B;?@[m HBiv2M;BM22 B
iBK2@+QMbmKBM; M/}M Hi° BMBM; ++m’ +v Q7 Ny 2TQ+?bi> BM2/ QM irQ +Hm
i?72 K2i?Q/b M/ bi® i2;B2b /2b+ " B#2/ BM a2+iBQM kXkX

h FBM; i?2 +QMp2°;2M+2 " i2 BMiQ ++QmMi- M/ #v /IBpB/BM; rBi? i?2 MmK#2"
i BMBM; iBK2 M/ i?2 +im H p2° ;2 bBM;H2@:Sli° BMBM; iBK2 mM/2" /Bz2 2Mi
h #H2 jX3 M/ h #H2 jXNX KQM; i?2K- ++Q /BM; iQ i?2 +im Hi° BMBM; iBK2 b |
T2 7Q°K M+2 mM/2" .PqL"2M+? Bb kj KBMmi2bX

++Q /BM;iQi?2 +im H p2 ;2i° BMBM;iBK2Q7bBM;H2:SI bi?22p Hm iBQM
R+ M#2 +QKT "2/ rBi?i? i Q7 (R8-j8) M/i?2 "2bmHi Q7 +Hmbi2  k+ M #2 +QKT
:SlivT2b "2 i?2 b K2X h?2 :Sl b+ HBM; 2{+B2M+v Q7 (R8-j8-jR) mM/2 k9 :Slb 7~
bi?2 MmK#2 Q7 :SIb BM+°2 b2b-i?2 :SI b+ HBM; 2{+B2M+v ;2M2° HHv /2+°2 b2|
mb2 i?2 Tm#HBb?2/ HBM2 " b+ HBM; 2{+B2M+v Q7 NNXkKkW BM (jR)- M/ b2ii?2 :SI
bb K2 bQm'bX 6QK h #H2 jXRy M/ h #H2 jXRR-r2 + Mb22i? ii?2 +im H p2" ;
Q7 Qm” K2i?Q/Bb 7 " H2bb i? Mi? i Q7 Qi?2° K2i?Q/b- Q" 2p2M H2bb #v KQ 2 i? |
HBiiH2 /Bz2'2M+2 BM i?2 :Sl b+ HBM; 2{+B2M+v-i?2 2z2+iBp2M2bb Q7 Qm" ™ K2i?(C
Ti2 M/i?2bmT2 @?B;? ++2H2 iBQM Q7 i?2 bBM;H2 :SIX

IX *QM+HmMbBDKXBM +QMi B#miBQM Q7 i?Bb T T2 +QK2b 7°'QK irQ bT2+ib,
+QMbi ' m+iBQMX ii?2 H;Q Bi?K H2p2H-i?Bb T T2 T°QTQb2b /Bbi'B#mi2/ M2n
QM ?v# B/ ;" IB2Mi +QKTmiBM;-r?B+? MQi QMHvV BKT Qp2b i?2 +QMp2 ;2M+2 " 2
K BMi BMBM; i?2 ;2M2" HBx iBQM #BHBiv Q7 a:.- #mi HbQ BKT Qp2b i?2 bT22
KmHIB@:S| +QKKmMB+ iBQM #v KBt2/ T'2+BbBQM +QKTmiBM;X i i?2 bvbi2K +



.Bbi"B#mi2/ L2m  H L2irQ ' F h> BMBM; J2i?Q/" b2/ QM >v# B/ :" /B2Mi *QjKTmiBM;

h #H2 jXRy
+im H p2° ;2 bBM;H2 oRyy@:Sli° BMBM; iBK2 rBi? /Bz2'2Mi K2i?Q/bX

+im H p2° ;2 aBM;H2@:S1 h- BMBM; hBK?2
h?Bb rQ[F 9jkKBM
(R8) 8k8RKBM
(i8) RN9RKBM
h #H2 jXRR

+im H p2° ;2 bBM;H2 S9y@:Sli° BMBM; iBK2 rBi? /IBz2 2Mi K2i?Q/bX

+im H p2 ;2 aBM,H2@:SIh° BMBM; hBK?2
h?Bb rQ[F NjeKBM
(irR) 3Ny3KBM

2t+2HH2Mii° BMBM; ++m° +v M/ bT22/-r2+ "27mHHVBMi2;" i2p "'BQmbi> BMBM
/IBbi"'B#mi2/i° BMBM; bvbi2K-r?B+? Bb /2KQMbi" i2/iQ #2 2z2+iBp2i?2 " Qm;? H |

AM i?22 7mim 2-r2 rBHH +QMiBMmM2 iQ BKT ' Qp2 i?2i  BMBM; bT22/ M/ i° BMB
bT22/-i?2KQ/2H Q7 2bL2i@8y-r?B+? #2HQM;biQ i?2 +QKTmiBM; BMi2MbBp2 K
pQHmMK2 M/ T  K2i2 " pQHmMK2 i? M Qi?2  KQ/2Hb bm+? b H2tL2i M/ o::L2i- M/
:SI b+ HBM; 2{+B2M+vX AM i?2 7mim 2-r2 rBHH i'v p "B2ivQ7 HH@ 2/m+2 +QK
N8W Q" ?B;?2 :Sl b+ HBM; 2{+B2M+v rBi? /Bz2 2MiivT2b Q7 KQ/2Hb Ubm+? b Al
rBHH HbQ i'vi?2 ;" /B2Mi ++mKmH iBQM QM bBM;H2 :Sl-r?B+? Bb K BMHv iQ [
:SlIob # i+?2 bBx2X "27Q 2 KmHiB@:Sl ;" /IB2Mi ;;°2; iBQM-r2+ Mi'viQ mMKQ 2
M/ bmKi?2 ;" /IB2Mib 7 QK i?2# +FT QT ; iBQM Q72 +?# i+? +mKmH iBp2HvX AN
r2rBHH mb2 i?2 ?2m 'BbiB+ TT Q +? iQ miQK iB+ HHv /Dmbi i?2 ?2vT2'T ~ K2i2
+m "2Mii° BMBM; T'Q+2bbX g2 #2HB2p2 i?2 2 rBHH #2 ;"2 i TQbbB#BHBiviQ 7m’

+FMQrH2/;K2MiDEKb T T2 rQmH/ MQi ? p2 #22M TQbbB#H2 rBi?Qmi i?2 +QMb
2°'2M+2 K i2'B Hbi? ir2 "2+2Bp2/ 7°7QK Qm  i2 +?2°b M/ 7°B2M/b- r?2Qb2 BMbB;
2M+Qm” ;2K2Mi BMi?2 +Qm b2 Q7 Qm b? TBM; i?Bb T T2 ; BMQm  /22T2bi ;" iB
iQ 2/BiQ'b M/ bT2+B HBbi "2pB2r2° 7Q  vQm BMbi ' m+iBQMb M/ ?2HTb iQ i?2 i

_161_1L*1a

(R)X E'Bx?2pbFv- AX amibF2p2'- M/ AX >BIWiQMWM bbB}+ iBQM rBi? /22T +QMpQHmMiBIMNs &+ M2m™ H
G F2h?Q2-L2p/ -la-j@e .2+ kyRkX

(k)SX a2°K M2i- . X 1B;2M- sX w? MPRp2i7HX, AMi2;  i2/ '2+Q;MBiBQM- HQ+ HBx iBQM M/ /2i2+iBQM
M2irQ*FHBp T'2T BMi 'tBp,RjRkXekkN- kyRjX

(j))EX aBKQMvV M- X wBh@2VK/22T +QMpQHmMiBQM H M2irQ ' Fb 7Q° H *;2@%“GH2 "BMZ2* M Q;-MBiBQI
R9@Re T BH kyR9X

(9)*X ax2;2/v- gX GBm- uX CB:QBRM;HR2T2  rBi? +QMpP@QH miBXpVM®M-J - d@Rk CmM kyR8X

(8)EX >2- sX w? M;- aX _2M-2Q@X a2bB/m H H2 "MBM; 7Q Bk *2S2+@ MBiB,QM Lo- la - kd@jy CmM
kyReX

(e):X >BMiQM- GX .2M;-.22TnmM2m" H M2irQ ' Fb 7Q° +QmbiB+ KQ/2HBM; BM bT22+? "2+Q;MBiBQM, |
"2b2 "+? ;"QAITbl aB;M HS Q+2bbBM; J ; xBM2 kyRk- kNUeV- 3k@NdX

(d)gX sBQM;-CX ."QTTQ-sX>m-M?22iBHXQbQ7i kyRe *QMp2°'b iBQM H aT22+?A*2aQSM&B7B\Y;iM Bvbi2K
*?2BM - kKR@k8 J " kyRdX

(3)_X *QHHQ#2'i- CX q2biQM- GX "QHHIRQMM 2 HM;m ;2 T°Q+2bbBM; U HKOQMYG7 KRR~ RKDRV -
kONj@k8jdX

(NuX gm-JX a+?mbi2 - wX *?2MQQi;H2¥b M2m™ H K +?BM2 i MbH iBQM bvbi2K, ""B/;BM; i?2 ; T #2i
K +?BM2 i MbH tBQ@M 2T BMi ‘tBp,ReyNXy3R99- kyReX

(RYPX _mbb FQpbFv- CX .2M;- >X%AK-2i2H& ;2 a+ H2 oBbm H _2+Q;M-BAROMKYRBHRRISD|V- KRR@ k8|

(RR)XJ ? D M- _X:B'b?B+F-0X_ K M i?2-MTHQHBM; i?2 GBKBib Q7 q2 FHv amT21pBbh2)J 8 MB+BMBM;
:2°K Mv- 3@R9 a2T kyR3X

(RKBX :QV H- SX .QHH - X :B b?B+Fn2iiHXG ";2 JBMB# i+? a:., h° BMBM; AK :2LeBB™M RTS@ M|
"tBp,RdyeXykedd- kyRdX

(Rj)hX FB# - aX amxmFB- EXt6MKRHvV G “;2 JBMB# i+? a:., h" BMBM; _2bL2i@8y QM AK tBRi BM R8 .
T'2T'BMi 'tBp,RdRRXy9jk8- kyRdX



jje w?2M Gm- J2M; Gm-u M GB M;

(R93X uBM;- aX EmK - . X *?2M-AKi ;HXH bbB}+ iBQM i amT2 +QKTiBp2T 274 BMi "tBp,R3RRXyeNNKk
kyR3X

(R8»X JBF KB- >X am; MmK - SX 1@+?m7J BbBRRHYX.Bbi"B#mi2/ a:., AK ;2L2if_2bL2i @8y- BMBM; B
“tBp T'2T'BMi 'tBp,R3RRXy8kjjpk- kyRNX

(RedX uQm- AX :BiK M- "X :BMb2ni i+? h> BMBM; P7 *QMpQHmMiB QMBI T22TQBAbib " tBp,Rdy3Xyj333- ky|

(RdLX aX E2bF - . X JIm/B;2°'2-CX LQ+2PM-RRi;H&# i+? i BMBM; 7Q" /22T H2 "MBM;, :2M2" HBx iBQ
KBMB-KA*G_- hQmHQM- 6 M+2- k9@ke T BH kyRdX

(R3%X *2 m/? 'B- X *?Q QK MbF - aX aQ iilQ#i2Q TH®a:., "B bBM; :" /B2Mi .2b+2Mi AMIA*GBf2 0 HH2\
hQmHQM- 6" M+2- k9@ke T 'BH kyRdX

(RNYX u M;- wX w? M;- *X >bB2RAK2Zi2lH2Xi° BMBM; BM k9 KKB@mi2F "BMi "tBp,RdyNXy8yRR- kyRdX

(Ky)GX *X GmQ- uX >X sBQM;- uX GBniB¥AMMBEMi J2i?Q/b rBi? .vM KB+ "QmM/ Q7AGR "MBM; _ i2
P"H2 Mb- G -la -e@N J v kyRNX

(kRaX AQ772- *X axX2i2PvLQ K HBx iBQM, ++2H2" iBM; .22T L2irQ'F h® BMBM; #v _2/m+BM; AMi2 |
“tBp T'2T BMi 'tBp,R8ykXyjRedpj- kyR8X

(kkFX X *QH2K M- .X L v M M- . X gLM2M+?, M 1M/@iQ@1M/ .22T G2 "MBM; "2M+?K "F M/ *QKT:
LASa JG avbi2Kb qQ Fb?QT- GQM; "2 +?-la - 9@N .2+ kyRdX

(kj)>X _Q##BMb- aX-JRIQP+? biB+ TT QtBK iB-QHWX2MM)Hb Q7 J i?2K iB+ H ai iBbiB+b- RN8R- kkUjV-

(k9)X SX EBM:K - CX-GK,” K2i?Q/ 7Q  biQ+? biB+ QTiBKBX iBQMX*A*Ga - d @N. B2y Ry R8X

(k8 X .m+2?B- 1X > X M- uX/aBiBp2 bm#;" /B2Mi K2i?Q/b 7Q° QMHBM2 H2 "MBM; MCDbGQ+RWRR+ QTiBk
RkUdV- kRkR kR8NX

(kehX hB2H2K M- :X >BMIQRT, .BpB/2i?2 ;" /B2Mi #v "mMMBM; p2  :2 Q7 BRb_@¥2MLEmMMBim/2
M2irQ ' Fb 7Q° K +?BM2 H2 "MBM;- kyRk- 9UkV- ke jRX

(kd)X *X qBHbQM- _X _Q2HQ7b- JX ai22Mk 2jBMXHp Hm2 Q7 / TiBp2 ; /B2Mi K2i?Q/b-BMKa+?BM2 H:
GQM; "2 +?-la - 9@Ry .2+ kyRdX

(k3pX :HQ Qi- uX "2MNMBXY bi M/BM; i?2 /IB{+mHiv Q7 i BMBM; /22T 722/7Q Aalh M2m?B M2 imQVIFb
_2bQi-a "/BMB - Ai Hv- Ri@R8 J v kyRyX

(KNEX >2- sX w? M;- aX _2M-2HipBNX; .22T BMiQ _2+iB}2 b, am T bbBM; >mK M@G2p2H S2°'7Q K M+2
bB}+ iB@AMoO- a MiB ;Q- *?BH2- Rj@Re .2+ kyR8X

(jy)aX GX aKBi?- SX CX EBM/2 K Mb- *XQUMBAM ;-22iv HX2 G2 "MBM; _ i2- AM+ 2 b2 iL?22S'ai+@Qa\B;x 2
"2 +?-la - 9@N .2+ kyRdX

(JR)sX CB - aX aQM;- gX >2>Ri?HWXa+ H #H2 .22T G2 "MBM; h- BMBM; avbi2K rBi? JBt2/ S'2+BbBQM,
BM 6Qm" JBMmsBp T 2T BMi 'sBp,R3ydXRRky8- kyR3X

(jk) X a27;22p-J3X . X"-HQQpQ/, 7 bi M/ 2 bv /Bbi'B#mi2/ /22T H2 ~-MBsB,pB™M h2 MM "6 6B, R3ykXy8dN
UkyR3VX

(ji) _X _ #2Mb2BPMBKBX iBQM Q7 +QHH2+iBp2 "2/AT+aBEM PQL-" SBEMb/- e@N CmM2 kyy9X

(j9)_X h? Fm - _X _ #2Mb2B7M2 --RKiBKBEXiBQM Q7 +QHH2+iBp2 +QKKmMMB+ iB Q@I xXE™2 kKy§@Mb BM J
RNURV- 9N@eeX

(j8)JX u K x FB- aX E b ;B- X hu2m+MBi?2° ++2H2" i2/ a:., _2bL2i@8y h> BMBM; QM AK ;-2L2i BM d¢
'sBp T'2T'BMi "sBp,RNyjXRke8yX

1/Bi2/ #vM S2i+m
_2+2Bp2f,k- kyky
++2Ti2l v R3- kyky



e
.. a+ H #H2 *QKTmiBM;, S° +iB+2 M/ 1tT2 B2M?idT, fAara X RRBSTNX@DRded -
Ukyky a*S1X 0OQHMK2 kR- Abbm2 k- TTX jjd j9e- .PA RyXRkeN9,fb+T

L L GuhA* G JP.1G
P6 *P_SP_hlaP6hq _1@*PLh_PGG1. L1hgqP_E agAh*>

0Gl_u SX JP*> GPo- :1LL .u AX GALl1ah- L h Gu ulX "_ h*>1LEP-aolhG L oX :PoP_Po

#bi® +iX AKTH2K2MiBM; i?2 HKQbi HBKBiH2bb TQbbB#BHBiB2b Q7 bQ7ir ‘2@/2}M2/ M2irQ'F
BM7  bi'm+im 2 H2p2H M/ bb2bbK2Mi Q7 i?2 i2H2+QKKmMB+ iBQMb bT2+iX h?2 BK Q7 i?Bb bim/v
M HVXBM; i?2 K BM [m HBiv BM/B+ iQ'b Q7 KQ/2 M M2irQ F brBi+?2bX " b2/ QM i?2 ;2M2° Hi?2Q Vv G
12M2' i2/ TmM+iBQMb M/ G TH +2@aiB2HiD2b i Mb7Q Kb- i?°22@T? b2 KQ/2H Q7 M2irQ F brBi
i?Bb + b2-i?2 "2H iIBQMb?BT #2ir22M T Q+2bbBM; bi2Th Bb MQi bB;MB}+ Mi- [m HBiv BM/B+ iQ b r2’
T K2i2'b Q7 bBM;H2@T? b2 M2irQ FbX h?Bb 2b2 “+? B/2MiB}2/ i?2 /2T2M/2M+B2b Q7 b2 pB+2 H
M2irQ F T +F2ib QM HQ /- b r2HH b 2[m iBQMb 7Q  }M/BM; i?2 pQHMK2 Q7 brBi+?6b #mz2° K2KQ
7Q° K2bb ;2 HQbbX

E2v rQ /b brBi+? "+?Bi2+im 2c i?°2 /i #H2c b2 ' pB+2 iBK2cr Bi iBK2X

Jabm#D2+i +H bbB}+ EBQRYP X

RX AMi " Q/m+SB@#IR Kb M/ HBKBi iBQMb BM KQ/2°"M +QKTmi2  M2irQ ' Fb ? p2
M/ +QMbi m+iBQM Q7 bQ7ir "2@/2}M2/ M2irQ ' Fb Ua.L @ aQ7ir "2 .2}M2/ L2irQ" 1|
i?72a.L+QM+2Ti 2T '2b2Mi2/BMi?2 ;mB/2HBM2b Q7 i?2 AMi2"M iBQM Hh2H2+Q
b2°B2b (RN)-r?B+? "2[mB 21?2 b2T " iBQM Q7 /i i° MbKBbbBQM M/ K M ;2K2Mi
H2p2H Q7 +QMi " QH- i?2 mb2 Q7 mMB}2/ PT2M6HQr BMi2 7 +2- M/ pB im HBXx
i° /BiBQM HbrBi+?BM; M/ "QmiBM; K2i?Q/b # b2/ QM AS M/ J * [/'2bb2b-i?2 PT
BKTH2K2Mi KQ 2 i? M7Q’iv+ Bi2°' B 7Q b2H2+iBM;i° MbKBbbBQM "Qmi2b 7Q" M
M/ M2irQ"F 7TmM+iBQMb pB im HBx iBQM i2+?MQHQ;B2b UL60V r2°2 BMp2biB; i
M/ KQ 2 ~2tB#H2 7 mHIi@iQH2  Mi bQHmMIiBQMbX AM //BiBQM-i?2°2 Bb HbQ r
PT2M6HQr TTQiQ+QH 7' QK brBi+? T'QpB/2°b (8) K BMHv "2H i2/iQ i?2 +QMbi " m-
QM 2tBbiBM; T'Q/m+ibX h?Bb Bb Q7 BMi2 2bi 7Q  i?2 7mim 2 /2p2HQTK2Mi Q7
+QKT 'BM;p BQmba.LbQHMIiBQMb U+QMbBbiBM; Q7 +QMi " QHH2 b-brBi+?2b- N
b+2M "BQb-bm+? b/ i +2Mi2°b M/ +HQm/ +QKTmiBM;- /Bbi'B#mi2/ + Qbb rB/2
i bFQ7b2iiBM; mTi?2K M ;27 iIQrQ'F b Ma.L+QMi'"QHH2 X h?2 "iB+H2 BM+Hm,
PT2M6HQr a.L@# b2/ +QMi"QHH2'b p BH #H2 BM p "'BQmb T ' Q; KK #H2 H M;m
i?2 1T bmTTQ i PT2M6HQr-M K2Hvi?2 SPs- Svi?QM@# b2/ +QMi"QHH2 - M/i?2C
h?2 T2'7Q°K M+2 +QKT "BbQM Q7 #Qi? +QMi " QHH2 b Bb i2bi2/ QM p "BQmb M2ir
# M/rB/i? M/ "QmM/@i BT H i2M+v mbBM; M 2z2+iBp2 M2irQ'F bBKmH iQ" + HH
HBF2 M/ mb2  Umb2 @/2}M2/ViIiQTQHQ;B2b "2 /2p2HQT2/BM JBMBM2i #v +iBp
MQi2/i? ia.LBb M2r M2irQ'F "+?Bi2+im 2i? iBb / TiBp2-/vM KB+-2{+B2Mi- N
"+?Bi2+im"2 Q7 M a.L M2irQ'F (3- RN) Bb b?QrM BM +7X 6B;X RXRX h?2 a.L +(
bvbi2K T2°'BQ/B+ HHv mT/ i2 i?2B" BMi2"M H/ i #Qmi i?2 bi imb Q7 M2irQ F 2H
"Qmi2b- i?°2 /b- M/ "2bQm +2bX ITQM "2+2BpBM; b2 'pB+2 "2[m2bi- i?2 +QMi
T +F2i Q7 i?2 +Q "2bTQM/BM; i? 2/ M/ b2ibi?2 +QMi"QH M/ 7Q°r "/BM; "mH2b
/i KM ;2K2Mi Q++m™b i i?2 i?°2 / H2p2HX h?2 }'bi T +F2i Q7 2 +? M2r i? 2 /| B

2T "iK2Mi Q7 AM7Q K iBQM *QKKmMB+ iBQMb AMbiBimi2 Q7 AM7Q K iBQM h2+?MQHQ;B2b M/
+ bB M 62/2° H IMBp2'bBiv R Smb?FBM ai X- ai p ' QTQH- j88yRd- _mbbB X *Q "2bTQM/BM; mi?
W#® i+?22MFQ!MWY mhXBrb bim/v r b + “"B2/ Qmi rBi? i?2 }M M+B H bmTTQ i Q7 i?2 _mbbB M 6QmM/ i
U 6" V bT iQ7 2b2 "+?2 T°QD2+i h®X RN@yd@yy38e

jid



jj3 o H2'v SXJQ+? HQp- :2MM /v AX GBM2ib-L i Hv umX "* i+?2MFQ- ap2iH M oX :QpQ " C

6B; X KKRTB+ H a.L L2irQ'F "+?Bi2+im’2

6B; X RX@Mi2Mib Q7 a.L arBi+? //°2bb h #H2b

r?B+? +°2 i2b i?2 +Q "2bTQM/BM; 2Mi'v BM i?2 i° Mb72" i #H2 BM i?2 brBi+?X
i #H2b QMHvV ++Q /BM; iQ i?2 +QMi"QHH2 X A7 r2 bbmK2 i? ii?2°2 Bb MQ [m2m2:
+QMi"QHH2 BMTmi-r2 + M /2b+'B#2 Bi b [m2mBM; bvbi2K UZaV rBi? M BM}MB
i?72 a.L brBi+? KQ/2H-r?B+? BM+HmM/2b i?2 T? b2b Q7 "2+2BpBM; M/ T ' Q+2bbBN
M/ K FBM; +? M;2b iQ //"2bbBM; i #H2b- + M #2 2T 2b2Mi2/ #v KmHIBT? b2 Za |
M2irQ'F6b QT2 iBQM BM bi iBQM v KQ/2- br2HH b Bibi® MbBiBQMb iQ p "BQ
J "FQp +? BM (9- 3- Rk)X

h?2 brBi+? K M ;2K2Mi TQ i Bb +QMM2+i2/iQ i?2 +QMi"QHH2 T Q+2bbQ" #v
+? MM2HX AM i?Bb + b2- #Qi? bT2+B H +QMi QH M2irQ'F M/ i?2 2tBbiBM; i° M
brBi+? BM+Hm/2b +? BM Q7 i #H2b +QMM2+i2/ BM b2 B2b 7Q" //"2bbBM; T +F2i
H;Q Bi?Kb M/ BMbi ' m+iBQMb 7Q" "2/Bbi " B#miBM; T +F2ib, 7Q°r "/BM; iQ i?2 N\
QmiTmi TQ ib-Q iQi?2 +QMi"QHBMTmMi Q7 i?2 +QMi " QHH2 X ITQM "2+2BTi Q7B
T +F2i Bb +?2+F2/ ; BMbi i?2 2Mi'B2b BM i?2 i?° 2 /i #H2bX A7 M //'2bb K i+?
Bb b2MiiQ i?2 +QMi QHH2 - r?B+? /2i2°KBM2b i?2 "mH2b 7Q  T°"Q+2bbBM; Bi M/
i #H2bX 11?2 b K2 iBK2-i?2 +QMi"QHH2 - /2T2M/BM; QM i?2 bi i2 Q7 1?2 M2irQ F
T +F2i i?°2 |/ #HQ+FbV- + M +? M;2 i?2 +QMi2Mib Q7 //'2bb i #H2b- M/ HbQ +C
+QM/BiBQM Q7 2H2K2MibX

kX J2i?Q/BX+? brBi+? +QMi BMb b2iQ7i? 2 /2Mi'B2bi? i BM+HmM/2 K i+? }2H/
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BM+HmM/2b i?2 T Q+2bb Q7 r BiBM; T +F2ib iQ i?2 brBi+?06b KmHIB@HBM2 #mz2
K2KQ v 2H2K2Mib ?22°2 +Q "2bTQM/b iQ i?2 MmK#2™> Q7 #mz2 K2KQ v HQ+ iBQM
+2Mi2°-i?2 [//°'2bb2b Q7 i?2 "2+2Bp2/ T +F2ib "2 +?2+F2/ ; BMbii?2 2Mi'B2b BM
7QmM/-i?2M T +F2ii? 2 / Bb ;2M2" i2/c B7 MQ K i+? Bb 7QmM/-i?2 T +F2i Bb b
i?B°/bBM;H2@HBM2 +2Mi2 -r?B+? BKTH2K2Mibi?2 T ' Q+2bb Q7 i° MbKBiiBM; T +
MMM jmjn bvbi2 K BXB2NK/2T2M/2Mi bBM ; H h@HBM2 #hazrBi#X *QMbB/2 " BM; i? i- BMi?
"2H iBQMb?BT #2ir22M i?2 T°Q+2bbBM; bi2Th Bb MQi bB;MB}+ Mi-i?2 T +F2i T Q
+QMbB/2 2/ BM/2T2M/2Mi-r?B+? Bbr?vi?2[m HBivBM/B+ iQ'b7Q  i?Bb *2JP "2
i?72 T K2i2°'b Q7 bBM;H2@T? b2 ZaX

8X *QM+HmMbBOMZr /vM KB+ M2irQ"FBM; “+?Bi2+im 2 Q7 a.Lb ? b bm++2bb7
/IBiBQM H M2irQ'Fb BMiQ /Bp2°b2 TTHB+ iBQM TH i7Q KbX >Qr2p2 - +m " 2Mi
BM+Hm/BM; rBi? i?2 bi M/ "/Bx iBQM M/ mMB}+ iBQM Q7 p BQmb BMi2 7 +2b- 2
T iB#BHBiv- +QQ /BM iBM; b2p2° H +QMi"QHH2 b- M/ }tBM; bQK2 b2+m Biv Bbb
7 +2b K DQ  +? HH2M;2bX h?2 mb2 Q7 a.LBb MQ HQM;2 HBKBi2/iQ + KTmb M2ir
i2°b#mi+ M HbQ #2 mb2/ BM rB/2  bT +2b- BM+HmM/BM; MQi QMHvV i2°"2bi'B H M2
[2p2HQT2/ M/ BMp2biB; i2/ K i?2K iB+ HKQ/2H 7Q i?2 QT2 iBQM Q7 i?°'22@
i?72 ;2M2° Hi?22Q v Q7 [m2mBM; M2irQ ' Fb mbBM; i?72 G TH +2@aiB2HiD2b i> Mb7
K/2i? iK/2Bi TQbbB#H2 iQ +QMbB/2" i?'22@T? b2 brBi+? b bBM;H2@T? b2
IbBM; i?2a.LKQ/2H T 2b2Mi2/ BM i?Bb "iB+H2- M2irQ"F /KBMBbi® iQ'b M/ b+?2
T2'7Q°K M+2 +? M;2b "2bmHIiIiBM; 7°QK i® {+ +? M;2bX h?Bb rBHH HHQr i?2K iQ
T 2p2Mi bK HH T Q#H2Kb 7' QK im"MBM; BMiQ K DQ  #QiiH2M2+FbX h?2 "2bmHib
M/ QT2 iBQM Q7 +QKKmMB+ iBQM M2irQ Fb i? i BKTH2K2Mi i?2 +QM+2Ti Q7 a.l
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(RAX wX "?2QH2#r M/IX X-SH HQ K M+2 M HvbBb Q7 a.LfPT2M6HQr +QMi"QHH2- " gBSHE2md bmb ~
S2°'bQM H *QKKmMB+ iBQMb- N3UkV- kyR3- RedN@ReNNX /QB,RyXRyydfbRRkdd@yRd@ 9NN (

(kK)uX :QiQ- "X L;-gXEX:Xa2 ? M/uXh-Em2mPBBM; M HvbBb Q7 bQ7ir "2 /2}M2/ M2irQ F rBi? "2 HBb
# b2/ brBi+? KOHT mi2  L2irQ Fb- Re9- kyRN- Rye3NkX /QB,RyXRyRefDX+QKM2iXkyRNXRye3

(j) . X :"Qbb- CX 6X a?Q iB2- CX JX h?QKTbQM MINFM/IK2MI B Q7 [M2m2BM; i?2Q#QFRM-2UKYV
la , gBH2v- kyy3- /QB,RyXRyykfNd3RRR3ek8e8R

(9)GX > M?m - gX u b?B-JX GBDm M MPaxXf1a2a28/[B2rQ F # b2/ QM Liyga&dXAMi2 "M iBQM H 6Q mK Q
*QKTmi2® a+B2M+2@h2+?MQHQ;v M/ TTHB+ iBQMb UTTX 9ee@9dRV- kyyN-X /QB,RYXRRyYNTf.

(8).X E'2mix- 6X JX oX _ KQb- SX 1bi2p2b 02°'BbbBKQ- *X 1bi2p2 _Qi?2M#2 ;- aX xQ/QHK
I?HB-; aQ7ir "2@/2}M2/ M2irQ " FBM;, +QKT 2?2 \Qb22Z2BivmbpQw i?2 A111- RyjURV- R9@de
/IQB,RYXRRYNfCS_P*XkyR9XKkjdRNNN

(e)hX G2+?H2 - "X CX hvHQ - M/ "X EHPRME;2W22QKKmMB+ iBQMb + ""B2°b6 /BH2KK , AMMQp iB(
PT2 iBQBIX*J1h 6yd @ kyyd SQ'iH M/ AMi2"M iBQM H *QM72'2M+2 QM J M ;2K2Mi Q7 1M;BM?Z
kKN9y@kN9dV- kyydX /QB,RyXRRyNfSA*J1hXkyydX9j9Nej3

(d)SX LX "' QrM M/ uX ah?22 T'Q#H2K rBi?-iPND8WV- jj@9k- kyyeX /QB,RyXRRyNfJ*XkyyeXR3y

(3)h X GB-CX *?2M- M/PXHB® iBQM b+2M "BQb # b2/ QM aClQ mMNM pl2QPB22vbB+b, *QM72°2M+2 a2 B2
kyRN- y8kyedX /QB,RyXRy33fRd9k@e8NefRR3df8fy8kyed



j9e o H2'v SXJQ+? HQp- :2MM /v AX GBM2ib-L i Hv umX "* i+?2MFQ- ap2iH M oX :QpQ " C

(NaX 0X J H F?Qp-0XLX h " bQp- M/ AX oX E-h20?2iB0#+BRWbWFQv2 B 2FbT2'BK2Mi Ho6MQv2 BbbH2/Qp
P T'Q;" KKMQ@FQ};m 'B'mv2KVF? b2iv F?X BM7QFQKKmMBF ibBQMMvv2 i2F?MQHQ;BB (h?2
/2H vBM bQ7ir "2@+QM};m - AT EQRKFONMBF ibBQMMvv2 h2F?MQHQ;BB (AM7Q+QKKmMB+ iE
kyR8- 9yN@9RjX /QB,RYXR39eNfBFiXkyR8XRjX9Xy3 UBM _mbbB MV

(RyPX SXJQ+? HQp-LXumX " i+?22MFQ- M/ aXMXHwB}pHXQ/2H Q7 BMi2;" iBQM bvbi2K 7Q° T'Q;" K -
Q7 /IBbi"B#mi2/ Q#D2+i- RYRIBAMBRMbiBQM H _mbbB M miQK iBQM *QM72°2M+2 U_mb miQ *(
/QB,RYXRRyYNf la IhP*PLXkyR3X38yR3ye UBM _mbbB MV

(RRYX X X LmM2b-JX J2M/QM+ - sX@LX L;mv2M- EX P#' +xF -bM/ph2y Q7 BIQWiB "2@/2}M2/ M2irQ FB
T bi- T'2b2Mi- M/ 7mim'2 Q7 T°Q; KK HH2*QXK@MB+ iBQMb am p2vb hmiQ B Hb- ReUjV- ReF
/IQB,RyXRRyNfal_oXkyR9XyRkkR9XyyR3y

(RkJX PHbx2rbFB- CX Mb2H- M/ aX -EZM/IBM;P{2B2Mi /2i2 "' KBMBbiB+ KmHIiBi?2 " ZJBMN;BMLWQ7ir "2
LQiB+2b- 99UjV- Nd- kyR9X /QB,RyXRR98fR8y3k39XR8y3k8e

(RjLX aX -82'7Q K M+2 +QKT 'BbQM Q7 a.L aQHmMiIBQMb 7Q" arBi+?BM; .2/B+22BGRM @ OKNH *Q
P F_B/;2L iBQM HG #X UP_LGV-P F _B/;2 kyRe-hL UIMBi2/ ai i2bV r2#bBi2, ?iiTbh,ffrrrXQbi
T2'7Q°K M+2@+QKT 'BbQM@b/M@bQHMIiBQMb@brBi+?BM;@/2/B+ i2/@HQM;@? mH@+QMM2

(R9EX 1X a KQmvHQp- AX X a? HBKQp- AX : X "mx?BMJIQNM2HIX 7'd M BT IEBVMQQWB "Qp MBv i2H2FQKKmMBI|
Q#Q ™ m/Qp MBv T'Q;° KKMQ@FQM};m B mv2KVvF? b2i2v (JQ/2H Q7 7TmM+iBQMBM; Q7 i2H2+QK|
+QM};m’ i2/ M2iTQFM)2K2MMvv2 AM7Q K ibBQMMvv2 h2F?MQHQ;BB B Ah@P#  xQp MBv2 (J
MQHQ;B2b M/ Ah@1/m+ iBQM)- ROURV- kyR3X _2i'B2p2/ 7 QK ?iiTb,ff+v#2 ' H2ZMBMF X mf °
i2H2FQKKmMMBF ibBQMMQ;Q@Q#Q m/Qp MBv @T ' Q;" KKMQ@FQM};m B 'm2Kv?@b2i2v UBM _|

(R8LX aBKQ2b- M/ aX g?2HZmim 2 Q7 b2 pB+2b BM M2ti ;2K A 1iBIQSQWMiB Wb- jyURV- k9@KkN- |
/QB,RYXRRyNfJSPhXkyRyXNjNdeR

(Re)X aBM;?- "X L;- uX@*X G B- uX@.X GBM- M/MMXEB+XHaRQI2HHBM; Q7 bQ7ir "2 M/ ? “/r "2 br
rBi? BMi2"M H #mz2° BM bQ7ir ‘2@ /QRM2/MMRIQF EBirQ ' F M/ *QKTmi2' TTHB+ iBQMb- Rje- |
/IQB,RyXRyRefDXDM+ XkyRNXyjXyye

(Rd¥X amii2 - M/ CX aQuwhr 2 M/ i?2 +QM+m " 2M+\Z 2d@2njLBIYM 89- kyy8X /QB,RyXRR98fRyN89y3

(R3)X oBb?Mm S'Bv - M/ LX - 92BRQ K M+2 +QKT 'BbQM Q7 a.L PT2M6ARI2+QNMB@W H2TQ m M H C
*QKTmi2' B/2/ 1M;BM22'BM; M/ h2+?MQHQ;v- RRU9f8V- kyRN- 9edX /QB,RyXR8y9fAC* 1hXk

(RNYXjjyye” K2rQ ' F Q7 bQ7ir "2@/2}M2/ M2irQ FBBZ2PX2UMXIKViiTb,ffrrrXBimXBMif ' 2+fh@ _1*@uXjjy)
Af2M

1/Bi2/ #vM S2i+m
_2+2Bp2/# Re- kyky
++2Ti2/,v d- kyky
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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;[
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 i2+4?2MB[m2b M/ |2>Kz 57/% V\b'MZK;
+B2M+vX .

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 HBxXx iBQMX

S2°7Q°K M+2,
T2 7Q K M+2 K2 bm 2K2Mi, Kk 28"H Ty 2 2p Hm @ .
iBQM- pBbm HBX iBQM- HBKBi iBQMb Q7 +m ™ "2Mi TT Q +?2b-
T2'7Q K M+2 BKT Qp2K2Mi, '2bQm " +2MHBIN22 i BPMi 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 HBb 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 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+T2XQ'L +? 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 2hskR imbBR; B BQmMm M H /Q+mK2Mi +H bb }H2 |
aA JobB KHi2tXAHMK2Mi +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



