The Role of Actively Created Doppler shifts in Bats —

Behavioral Experiments & Biomimetic Reproductions

Xiaoyan Yin

Dissertation submitted to the Faculty of the
Virginia Polytechnic Institute and State University

in partial fulfillment of the requirements for the degree of

Doctor of Philosophy
in

Mechanical Engineering

Rolf Miiller, Chair
Nicole Abaid
Alexander Leonessa
Michael Roan
Jake Socha

December 16, 2020

Blacksburg, Virginia

Keywords: Bats | Biosonar | Pinna Motions | Doppler Shifts | Direction finding |
Biomimetics | Deep Learning

Copyright 2021, Xiaoyan Yin



The Role of Actively Created Doppler shifts in Bats —

Behavioral Experiments & Biomimetic Reproductions

Xiaoyan Yin

(ABSTRACT)

Many animal species are known for their unparalleled abilities to encode sensory information
that supports fast, reliable action in complex environments, but the mechanisms remain
often unclear. Through fast ear motions, bats can encode information on target direction
into time-frequency Doppler signatures. These species were thought to be evolutionarily
tuned to Doppler shifts generated by a prey’s wing beat. Self-generated Doppler shifts from
the bat’s own flight motion were for the most part considered a nuisance that the bats
compensate for. My findings indicate that these Doppler-based biosonar systems may be
more complicated than previously thought because the animals can actively inject Doppler
shifts into their input signals. The work in this dissertation presents a novel nonlinear
principle for sensory information encoding in bats. Up to now, sound-direction finding has
required either multiple signal frequencies or multiple pressure receivers. Inspired by bat
species that add Doppler shifts to their biosonar echoes through fast ear motions, I present a
source-direction finding paradigm based on a single frequency and a single pressure receiver.
Non-rigid ear motions produce complex Doppler signatures that depend on source direction
but are difficult to interpret. To demonstrate that deep learning can solve this problem,
I have combined a soft-robotic microphone baffle that mimics a deforming bat ear with
a CNN for regression. With this integrated cyberphysical setup, I have able to achieve a

direction-finding accuracy of 1 degree based on a single baffle motion.
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Xiaoyan Yin

(GENERAL AUDIENCE ABSTRACT)

Bats are well-known for their intricate biosonar system that allow the animals to navigate
even the most complex natural environments. While the mechanism behind most of these
abilities remains unknown, an interesting observation is that some bat species produce fast
movements of their ears when actively exploring their surroundings. By moving their pinna,
the bats create a time-variant reception characteristic and very little research has been
directed at exploring the potential benefits of such behavior so far. One hypothesis is that
the speed of the pinna motions modulates the received biosonar echoes with Doppler-shift
patterns that could convey sensory information that is useful for navigation. This dissertation
intends to explore this hypothetical dynamic sensing mechanism by building a soft-robotic
biomimetic receiver to replicate the dynamics of the bat pinna. The experiments with
this biomimetic pinna robot demonstrate that the non-rigid ear motions produce Doppler
signatures that contain information about the direction of a sound source. However, these
patterns are difficult to interpret because of their complexity. By combining the soft-robotic
pinna with a convolutional neural network for processing the Doppler signatures in the time-
frequency domain, I have been able to accurately estimate the source direction with an error
margin of less than one degree. This working system, composed of a soft-robotic biomimetic
ear integrated with a deep neural net, demonstrates that the use of Doppler signatures as a

source of sensory information is a viable hypothesis for explaining the sensory skills of bats.
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Bats (order Chiroptera) are a group of animals that have achieved a remarkable evolu-
tion success and are known for their echolocation ability [2]. By emitting calls out to the
surroundings and then receiving echoes that reflect from various targets nearby, bats can
identify, locate, and characterize the targets in the darkness [3]. To date, up to 1,400 bat
species have been documented [3], and they are traditionally categorized into two suborders:
megabats and microbats. The former is largely fruit-eating, and the latter includes about

1,200 species that echolocate [4].

Biosonar is widely utilized for navigation, foraging, and hunting in different environments.
Like other echolocating animals, such as birds [5], whales [6] and dolphins [7], bats have
outstanding echolocation performance. They have developed a sophisticated biosonar system
through the long evolution process of about 50 million years [8]. Bats send out sound waves
that bounce off prey and potential obstacles to probe their surroundings [2, 3]. The ability
to extract remarkably detailed information about their environment from biosonar signals

allows bats to accomplish extraordinary sensing and navigation tasks.

Bats are the only mammals capable of genuine sustained flight, and they could do maneuvers

such as tight turns, hovering, and perched landing in an upside-down manner [9]. They could

1
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AM 2+?QHQ+ iBM; # ib-bQT?BbiB+ i2/KQiQ /vM KB+b 27QmM/ BN
bQM  Tn8HX2bQbi 2+?QHQ+ iBM; # ib 2KBi bQmBIjj @ MAQDRIRZ RQmi?
"2 K7Q KBM; i2bib "2TQ i2/i? i KQmi?@2KBiiBM; "Q/2WbaB;K2 6b 1
#Q/2M?2BK@VMBKB+ HHv /Dmbii?2B  KQmi?; T2iQ QTiBKBx2i?2bT
#Qi? M im> H 7B2H/ +QM/BiBQMb M/ +QMi QHBIPX 2tT &V BKL MiHM 21
M "Qr2/i?2 #2 K r?2M TT Q +?BM; HBKBi2/ "2 M/ rB/2M2/ Bi r
KBHHBb2+QM/b r?2M 2Mi2 8M M QT2M 2 X (

"ibT2+B2b b2M/ Qmi mHi° bQmM/ pB i?2 MQbi'BHb ? p2 MQDb2H:
2KBbbBQMSBX KR(b2b?Q2# i- b M2t KTH2-2 b ?B;?Hv2pQHp2/ MQ
Q7i?°22T “ib, Mi2'BQ  H2 7 RKXHRV-QM/ i? MBi2iR+ ;2QK2i B+ H +QlI
Q7 i?2 MQb2H2 7 M/ i?2B  b? T2 72 im 2b- i?2 2KBii2 RKKQ ? b
"2 i2° ?2Q°b2b?Q2 # ib KQp2 #Qi? Mi2'BQ  H2 7 M/ H8M8@X/m BM;
aBKBH ° +QmbiB+/vM KB+b BM i?2 2KBbbBQM #2 Kr b HbQ "2TQ i:
# i U?BMQHQT?mb 72 " mKEZE3EMmMK MBTTQM

h?2 "2b2 “+?2 7QmM/ i? i i?2 MQb2H2 7 + M 2M? M+2 i?2 2KBbbBQN
M/ HbQ +QmH/ M “"Qr i?28HX KKMB/MP XtT2 BK2Mi Q7 i?2 MQb2H2 7 #
S?VHHQbDIGKEBYHHB T2 W/EBWBA2ZM/BM; i?2 MQb2H2 7 H M+2i# +Fr /
iQi?2# i6b7Q 2?22 /- 2b2 +?22°b7QmM/i? ii?Bb TT QtBK i2HvV /Q}
i72 2KBbbBQM #2 K r?BH2 F22TBM; i?2 2Q BXxQMi HbT 2 / mM 772+
MQb2H2 7 TH v2/ "QH2BM i “;2i 2HRYXEQER MoK XK BM dREMM /(B2b (

e) HbQ bm:;2bi2/i? i MQb2H2 7 bi"m+im 2b M/ +? M:2b 772+ii?2 :

PMi?2 "2+2TiBQM bB/2- 2Q b2b?Q2 # ib ? p2 [mBi2 #B; Qmi2 2 “b L
+QKT 2/ iQ i?2B" 22 /eYKy RKIVi?2 ?2Q b2b?Q2 # i- i?2°2 "2 #Qmi |
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“2H i2/iQ i?2 TBMM +iBQMb- rBi? K Mv Q7 i?2K "2 2MBBI@HvV HQ +
HHQr i?2 # i 2t2+mi2 +QKTH2t 2 * KQiBQMb /meB¥Me B QbQM " #27? |

hrQ ivT2b Q7 TBMM KQiBQMb ? p2 #22M 7QmM/ 7Q" >Q b2b?2Q2 # il
# ib, "B:B/ M/ MRRX@hBBMQOM@ B:B/ KQiBQM + mb2b bm#bi MiB H
bi'm+im 2iQ +QKT "2 iQ eDX SBBIN) MR(BQMb BM i?2 2Q b2b?Q2 M/
# ib +QmH/ b2 p2i?22 MBK Hbo b2MbBM; BM /B772 2Mir vb, UBV °
i?72 #2 KT ii@yMUBBY MQM@ B:B/- HBM2 ~ +QKTQM2Mii? i +? M;2l
i2°M #v i?2 TBMM ;2QK2i'vX h?2 "B;B/ +QKTQM2Mi + M #2 2 bBHv
QT2 iBQM r?2°2 i?2 KQbi b2MbBiBp2 +Qp2° :2 Q7 i?2 #2 KT ii2 M
/B 2+iBQMbX h?2 MQM@ B;B/- HBM2 ~ KQiBQM +QKTQM2Mib ? p2
i72 2M+Q/BM; Q7 b2MbQ v BM7Q K iBQM M™RK i2/iQ /B 2+iBQM@ 7B\

*QMbTB+mQmb TBMie KxiBQAUIb @ M BMi2;" HT i Q7 #BQbQM  #:
BM ?2Q b2b?Q2 # ib M/ PH/ qQ H/ H2 7.@B R MHQVIBB 2 TKBIBS 2 bB @

/| VRkd§X h?2b2 KQiBQMb ? p2 #22M "2TQ i2/ iQ BKT Qp2 b2MbB
7Q K MHRMEdJ- #mi i?2 7mM+iBQM H "QH2 Q7 i?2b2 /vM KB+ 72 im 2
K2+? MBbKb ? p2 v2i iQ #2 7 mRI}Xv IkMB/i22DiQQV2(¢+2Bp2° KQiBQMb +
BM .QTTH2 b?B7ib- BX2X- MQMHBM2 "~ b+ HBM; Q7 bB;M Hb BM il
/QK BRIKK " ibd QrM 7HB;?i KQiBQMb 2 bQm +2b Q7 b2H7@;2M2" i
"2; /2/ KQbiHv b mM/2bB  #H2 bB/2@2772+ib Q7 i?2 MBK Hbo KQ#
b i2/7@3X hQ / i2-T 2v@:2M2° i2/ .QTTH2 b?B7ib "2 i?2 QMHV r2t
iQi?2 T'Q#H2K Q7 B/2MiB7vBM; T 2v BM i?2 dBMX it 22 rBQD b-BiBHI Bl C
TBMM @BM/m+2/ .QTTH2 b?B7ib ? / #22M +QMD2ede3 2y BMM?2 2 |
'2M2° H-?Q b2b?Q2# i TBMM KQiBQMb 2 mMHBF2Hv mMBMi2MiB
? p2 +iBp2HV b22F iQ T'Q/m+2 i?2K-2X;X-i2°Qm:? MRK #Q  i2 TB
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RXj 1tT2'BK2Mi H aim/v Q7 "BQbQM *~ .vM KB+

1pQHMIBQM ? b b? T2/ i?2 TQr2 7mH #BHBiB2b Q7 MBK Hb M/

+im iQ b- M/ +QMi ' QHb /2p2HQT2/- Bi Bb TQbbB#H2 iQ KBKB+ i?
2Qr2p2 - "2 2bi'B+i2/ #vi?2b?Q i Q7 /2p2HQTK2Mi Q7 bQT?BbiB+

/IVM KB+b- M/ i KQ 2 7mM/ K2Mi H H2p2H- #v /22T ; Tb BM i?2 mM.
K2+? MB+b Q7 i?2j. +QKTHB+BiWQ@X a\DBik HKQIiBIBMbi?2 MBK H /vN\
Bb MQi QMHV +QMi ' B#miBM; BMbB;?i iQ i?2 #BQHQ;B+ H bvbi2K #
i2Qm;?ibiQ i?2 2M;BM22° 2/ /2bB;MX

"i bi?2 QMHvV 7THVBM: K KK Hb + T #H2 Q7 bQT?BbiB+ i2/ #BQbQM
B2/ i bT iB H M/i2KTQ  Hb+ H2b +Qp2  i?28dQHBGBj-GP332B" 2KB
M/ "2+2BpABeBd iQ i?2 K M2mp2 BM;3ZHENFNRNKX LQ K HHv- i?2
KQiBQMb 2 + Tim 2/ #v i?2 ?B;?2@bT22/ pB/2Q + K2  b- M/ i?2M i
iBx2/iQ T°QpB/2 [m HBi iBp2 mM/2 bi M/BM; Q7 MBK H KQiBQM ¢
i?72 ). 2+QMbi MBE@Mir 2i2+?MB[m2b 7Q  BK ;2 T°Q+2bbBM; M/
+QMbi'm+iBOM 7°QK KmHiBTH2 + HB#  i2/ + K2° b rBi? TTHB+ iBQ
2HH@2bi #N)XDb?2/X (

1ti° +iBM; i?2 TQbBiBQM HBM7Q K iBQM 7 QK pB/2Q "2+Q /BM:b B
B/2MiB7vBM; i?2 bT2+B7B+ Q#D2+ib Q  H M/K "Fb 7°QK i?2 pB/2Q 7
B/2MiB7B2/ Q#D2+i #v K TTBM; TBt2H +QQ /BM i2b 7°QK QM2 Q" K
Q /BM NIX (G M/K “Fb mbm HHv "2 B/2MiB7B2/ 2Bi?2" #v K Mm HHv
P2'ViBK2@+QMbmKBM;- Q #v bQ7ir "2X M2r H2 "MBM; i2+?MB[m:
2biBK iBQM #v +QK#BMBM; i° Mb72  H2 "MBM; M/ /22T M2m" H M2
im 2b mMiQK iB+ HHv rBi? KBMBK H i BMBM; /i UivIB+ HHv 8y@Kk
2 b H2 /v #22M mb2/ 7Q  i?2 bim/v BM #Qi? H # M/ rBH/ MBK Hb



3 +NZy 1 SYBé 2 « Ofié

iBK iBQM M/ bQ+B H #2? pBNBXBM 2 ib2+QMbi m+iBM; i?2 j. i D2+
i22 H M/K "Fb-i?2 p2HQ+Biv- ++2H2  iBQM-"Qi iBQM M:H2- 2i+X-
M HvbBbX h?2 r2HH@2bi #HBb?2/ KQiBQM + Tim'2 M/BM7Q K iBQ
1?72 2tT2 BK2Mi HK2 bm 2K2Mib M/ M HvbBb Q7 i?2#K3ied3W/ Bib 2T
M/ MQb28HBR3(k3j-3933 KQiBQMbX

h?2?B;? K M2mp2" #BHBiv M/ bi #BHBivQ7 # i 7THB;?i? p2 "Bb2M I
7HB;?i K2+? MB+bX _2b2 “+? bim/B2b i? 2NeBNNIN NBY)Pi Q722 T® B ; ?|
KBM2i?2 7mM/ K2Mi H FBM2K iB+bX 1tT2 'BK2Mib rBi? "QmM/ ky 2
i?2 rBM; BM bi’ B;?i M/ i 3MBENGTH2B2PIiM/2° #Qi? i?2 M im> H 2Mp
M/ BM rBM/imMM2H i/BRYR2DIriTA2RKCMbBQM H +QKTH2tBiv Q
K iB+b /B/ MQi +? M:2 rBi? RYHE; 2itbdI P27 Q" i?2 miBHBxX iBQM Q7 KC
imMMM2H i2+?MQHQ:v-i?2 [m MiBi iBp2 2tT2 'BK2Mi Hbim/vi F2b /p
i2+?2MB[m2b- HBF2 T "iB+H2 BK ;23p0PRNQ-+BX KiZVbthS2A0¥2(r F2 p2HQ
Bivbi'm+im 2BM# i 7HB;?iX hQ #2ii2°> mM/2 bi M/ i?2 2 °Q/vM KBH
i° D2+iQ v 2biBK iBQM ? b #22M M Hvx2/ rBi? KRBNB@PBP2r + K2°
[2i BH2/ 7Q +2 K2 bm 2K2Mib r2 2 +QKTmi2/ pB +QKTmi%iPQM H 7H

RX9 " i@BMbTB 2/ a2MbBM; avbi2Kb

AMbTB ' iBQM 7 QK #BQbvbi2Kb ? b HQM; #22M TQTmH " /'Bp2 7Q
"mM-brBK-Q 7HvX h?2 mHi~ 277B+B2M+v- |/ Ti #BHBiv- K M2mp2"
#v M im> H 2pQHmMIiBQM- T'QKBb2b iQ BKT QpNyX aim/BAMbi Q@I#iQ B -
KQiBQM Q7 7Ry BMORy)jibEM AW (# iRY)S 7BRPE( 2i+X- ? p2 b2 ' p2/

b # bBb 7Q° "Q#QiB+ /2bB;MX " i+ T #H2 Q7 i?2 bQT?BbiB+ i2/
+QKTHB+ i2/ 7HB;?i K M2mp2'b- F22T BMbTB BM; 2M;BM22 b iQ /2
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M/ "Q#QiB+b iQ mM/2 bi M/ M/ "2THB+ i2i?2 bm++2bb Q7 # i THvB

hQ #2ii2 > mM/2 bi M/ ?2Qri?2b? T2@+? M:BM: Q7 i?2MQb2H2 7 M/T
+? * +i2'BbiB+b Q7 i?2 2KBbbBQM M/ '2+2TiBQM- #BQKBK2iB+ bvbi
# b2/ QM ?2Q b2b?Q2 # ib rBi? +im i2/ TH2tB#H2 # 77H2b r2°2 /2p2
Q7 i?2 #BQKBK2iB+ TBMM KQ/2H +?B2p2/ KQiQ  722/# +F # b2/ QM
+im iBQM bvbi2K HQM; rBi? T QiRiwWdK2alQRPIMM2MbR{RRY
RRR 2 irQ r2HH@FMQrM b2MbQ  i2+?MB[m2b iQ i?2 TM#HB+- r?B+?
# i #BQbQM " r?2°2 BM #Qi? + b2b 6Jr p27Q Kb U6+?B Th8V 2 mb:
M/ .QTTH2 b?B7ib "2mb2/7Q" "2H iBkkd K2ANTBIVE MV 2 2ob+2 T #B
iIQ /BbiBM;mBb? i?2 /B772 2MiivT2 Q7 T 2vb 7 QK i?2 +Hmii2 @T Q
KQ#BH2 "Q#Qi 2[mBTT2/ rBi? M +QmbiB+ b2MbQ ™ + MRR¥m™ i2Hv
br2HH b /BbiBM;mBb? r HHb- RRW+ BB/ QW P22; 2 KHHvbBb Q7 bQM °
M/ K +?BM2 H2 MBM; i2+?MB[m2bX .B772 2Mi #BQbQVMRR#&2? pBQ"
i ;2i TQbBIiBRRMRBMRR®RR3IM/ +°Qr/ br "KREQMNBM bT +2- KQiBp i2i?2 #
BMbTB 2/ H;Q Bi?K U br K@# b2/ BMi2HHB;2Mi bvbi2KV BKTH2K
M2irQ ' FX am+? i2+?MB[m2b "2 TTHB2/ BM p BQmb bBim iBQMb ic
b2 "+?- "2b+m2-/Bb bi2" "2HB27-i ;2ii° +FBWMRBM +QKTH2t 2MpB"

AMDTB 2/ #v M im 2- 2M:BM22 b ? p2 /2bB;M2/ 7RIkB M/ #B# Q@b HB
bBXRKIR7TH TTBM; "Q#Qibi? i+ M#2 TTHB2/BM bm pRBIM{HP INM22 M/ 2
i? M#B /b M/BMb2+ib-i?2# i K M2mp2'b ? p2 HbQ #22M 2ti2MbBp:
/2bB;M T'BM+BTH2b 7Q" 7H TTBM;@rBM; "Q#QibX AM ;2M2" H- Bi B
HQ+QKQIiBQM Q7 # ib /m2 iQ i?2 +QKTH2t "2H iBQMb?BTb #2ir22M
+ T #BHBKKRDh@2 "2b2 “+?2° #mBHi K Mv /B772 2Mi ivT2b Q7 # i@B
"2+2Miv2 "biQmM/2 bi M/ ?2Qr# ibK M ;2i?2B  #Q/vTQbim 2 M/ TC
BMi2" +iBQMb Q7 MQMHBM2 ~ 2 Q/vM KB+ 7Q +2RKEKXiMB “Kmb+m]l
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i2KTiQ7 # i@BMbTB 2/ 7H TTBM;@7HB;?i TH i7Q Kr b/2bB;M2/
HHQV Kmb+H2b RMyXDIQ®B Miim /(v i?72 "2H iBQMb?BT #2ir22M FBM2K iB
M/ 2°Q/vM KB+ QmiTmi- KmHIB@ "iB+mH i2/ # i@QrBM; r b +QMbi
BMTmi M/7Q +2QmiTmibBKmHi M2QmbHVi? i + QbBRKXM?Z2Q7 FBN
"2b2 "+?2° HbQ /2p2HQT2/ KBMB im 2 BMi2; i2/ DmKTBM; M/ ;HE
" i6- iQ KBKB+ i?2 HQ+QKQiBQM bi' iRKEXQIQp XTB-2MiHW-( #BQHQ ;|
BMbTB 2/ bQ7i Q#Qi + HH2/ " i "Qi U"kV- 7H TTBM; K +?BM2 rBi?
rb/2p2HQRK# b2/ QM i?2 T 2pBRXDke®im/(vBM; # ibdo T?vbBQHQ ;v
7THB;?1i bT2+B HBx iBQMbX



*? Ti2 K

.Bb+Qp2 B2b BM i?2 " i6b "BQDbC
avbi2K

KXR hBiH2

6 bi@KQpBM; " i1l 'b*2 i2AM7Q K iBp2 .QTTH2 a?B7ib

kXk #bi  +i

J Mv MBK Hb? p22pQHp2/ /2Tib2MbQ v bvbi2Kbi? i2M #H2 /2ti2"
2MpB QMK2MibX 1+?QHQ+ iBM; # ib 2mMiBM; BM /2Mb2 p2;2i iBQN
i?Bb r?2°2 HH M2+2bb v BM7Q K iBQM #Qmii?2 2MpB QMK2Mi K1
MBQmb +? MM2H Q7 TmHb2/- QM2@/BK2MbBQM H 2+?Q bB;M HbX q
# ib U'?BMQHQT?B/b M/ ?BTTQbB/2 ' B/bV +iBp2Hv +2 i2 .QTTH2"
+Q/2 //BiBQM H b2MbQ v BM7Q K iBQMX Pm” “2bmHib b?Qr i? ii?:
"2 bQmM +2 Q7 .QTTH2 b?B7ibi? i ? p2 HH ii'B#mi2b "2[mB 2/ 70Q
h?2 .QTTH2 b?B7ib T°Q/m+2/r2°2b2p2° HiBK2b H ;2 i? Mi?2 2T
QH/c UBBV i?2 KQiBQMb Q7 i?2 7 bi2bi KQpBM; TBMM TQ 'iBQMb r
.QTTH2 b?B7ib 7Q  2+2Q2b "2im "MBM; 7 QK i?2 2KBbbBQM /B 2+il

RR
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iBQM v QTiBKBx iBQMc UBBBY TBMM KQiBQMb +QBM+B/2/ rBi? 2+
bB:M Hb 7°QK i?2 7 bi@KQpBM; TBMM TQ'iBQM 2Mi2 2/ i?2 2  +
KQ/2Hc UpV i?2 iBK2@7 2[m2M+v .QTTH2 b?B7i bB;M im 2b r2°2 7
iBQM BM M Q /2 'Hv 7 b?BQMX h?2b2 "2bmHib BM/B+ i2i? i BMbi2 /
b2H7@T Q/m+2/ .QTTH2 b?B7ib- "?BMQHQT?B/ M/ ?BTTQbB/2 B/ #
rBi? i?2B° QrM TBMM 2X h?2b2 # ib +QmH/ ?22M+2 K F2 mb2 Q7 T 2]
K2+? MBbK 7Q  i?2 2M+Q/BM; Q7 b2MbQ v BM7Q K iBQM i? i # b2/ C

K2+? MBbK +QmH/ #2 bQm +2 7Q  i?2 /Bb+Qp2'v Q7 b2MbBM; T I
#2 M2r iQ b2MbQ v T?vbBQHQ;v #mi +QmH/ HbQ iQ i?2 2M;BM22 BN\

kXj AMi'Q/m+iBQM

*QMbTB+mQmb TBMMe IdEiBQAYb 2 M BMi2;" HT i Q7 #BQbQM  #:
BM ?2Q b2b?Q2 # ib M/ PH/ qgQ H/ H2 7T@MQb2/ # ib U7 KBHB2b _?B
/| 2-Rkd8VX h?2b2 KQiBQMb ? p2 #22M /2KQMbi® i2/iQ 2M? M+2 b2
T2 7Q K dRd2dJ- #mi i?2 7TmM+iBQM H "QH2 Q7 i?2b2 /vM KB+ 72 ir
HvBM; K2+? MBbKb ? p2 v2i iQ #2RAXHAM n?l2/2@mPBK /QK BM- bQ
"2+2Bp2° KQiBQMb + M "2bmHi BM .QTTH2 b?B7ib- BX2X- MQMHB|
7 2[m2M+vX h?2 TQbbB#BHBiv Q7 TBMM @BM/m+2/ . QTTH2 b?B7il
BM 2 "Hv rQ ' F #de&S32)¢ #mi 2 b MQi #22M +QMbB/2 2/ 7m i?2" H2i
; 12/ BM Mv /2Ti? BMi?2 HBi2  im 2 bBM+2X h?Bb +QKTH2i2 M2;}
2 "@;2M2° i2/ .QTTH2 b?B7ib +QmH/ +QMbiBimi2 T 2pBQmbHv m
7Q° i?2 +iBp2 2M+Q/BM; Q7 b2MbQ'v BM7Q K iBQMX hQ i2bi i?Bb
Qmi [m MiBi iBp2 2tT2 BK2Mi H BMp2biB; iBQM Q7 i?2 ?vTQi?2bB
TmM+iBQM HHv@ 2H2p Mi .QTTH2 b?B7ib BM # ibX 6Q°  TBMM @
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7mMM+iBQM H QH2- 7Bp2 M2+2bb v +QM/BiBQMb Kmbi #2 K2i, UBV
2MQmM;? iQ T'Q/m+2 .QTTH2 b?B7ib i? i 2t+22/i?2 MBK HOb T2 +]
mb2 i?@y >x bi M/ "/ /2pB iBQM Q7 .QTTH2  RIBR k-IRXKRT|IV-bUIBBW - (
i72 /B 2+iBQMb Q7 TBMM bm'7 +2 p2HQ+Biv M/ 2+?Q T°QT ; iBQM
iQi° MbH i2i?2bm 7 +2bT22/b BMiQ bm77B+B2MiHVH ;2 .QTTH2"
Kmbi Q++m  /m BM; 2+?Q "2+2TiBQM- UBpV .QTTH2 @b?B7i2/r p2b
Q7 i?2 TBMM bm 7 +2 Kmbi 2Mi2 i?22 ~+ M H- M/ UpV i?2 .QTTH?
mb27mH b2MbQ v BM7Q K iBQMX

kX9 J i2°B Hb M/ J2i?Q/b

kX9XR Pp2 HH 1tT2 BK2Mi Ha2imT M/ MBK H * "2

.M BM; i?2 2tT2 ' BK2Mib-2 +?2 #ir b TH +2/ QM TH i7Q 'K +QMbBb
B 2@K2b? ;"B/i? ir b QiHI2BPB iQ i?2 ?Q BxQMi HbQ i? i i?2 # i¢
HQr2 i? MBib722ir?2M TQbBiBQM2/ QM i?2 TH i7Q KX PM i?Bb TH
BMi?2 +2Mi2° Q7 i? XERIMM/UBB/Xbi M+2 Q7 8y +K 7 QK i?2 KB+ QT2

“Vi? irbmb2/iQ 2+Q/i?2 mHi  bQmM/ M/ 88+K 7 QK i?2 ?2B;?¢
i? ir2°2 mb2/iQ "2+Q°/i?2 TBMM KQiBQMbX HH TQi2MiB H bQmN
b2imT r?2°2 +H / BM bQmM/@ #bQ #BM; 7Q K/m BM; i?2 2tT2 ' BK2M

hrQ /mHi; 2 i2° 2Q b2b?BMGHIQTU?mb 72V nm2RK2[imFRWINYTKQK + p2 M2
CBM M- a? M/QM; T°'QpBM+2 M/ 7Bp2 ?BTTQbB/2 B/ # ib-irQ ;2 i2
WLBTTQbB/2 QW MMBi2°22 S* iioh "QmMBIZTQ H#BIR Whr X 2iiBF2 M

7 QK + p2bBMirQ /B772 2Mi 2;BQMb BM bQmi?2 M *?BM -BMi?2p
T QpBM+2- M/ amBv M; +Biv- . mBx?Qm T QpBM+2X
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6B;m 2 BXIR2 ' BK2Mi H b2imT 7Q° i?2 MBK H ¥tZe XBIKRMMTBX?@bT22/
pB/2Q 7° K2 b?QrBM; i?2H M/K "FTQBMib TH +2/ QM i?2 TBMM "BK
MQb2H2 7 UTQBMiIi MmK#2 b kk iQ k3V- M/ ?22 /] UTQBMi MmK#2 b |
# i iQ 7 +BHBi i2 KQiBQM + Tim 2 "V b2imT +QMbBbiBM; Q7 M
+ K2 b-G1. BHHmMmKBM iBQM 7 QK irQ /B'2+iBQMb- M/ M "~ v Q7¢L
T?QM2bX >B;?@bT22/ + K2° b M/ KB+ QT?QM2 /i +[mBbBiBQM 1
"2+QMbi m+iBQMb Q7 i?2 KQiBQM i° D2+iQ B2b Q7 i?2 TQBMib b?C
i?72 KQIBQM /B 2+iBQM rBi? iBK2X h?2 "BK Q7 i?2 TBMM M/i?22M/
QM T M2H VX

h?2# ibr2°2 F2TiBMBM/QQ  7HB;?i "QQKb U2 +? RXjKrB/2-eKHQM
#v :2MmbX h?2 "QQKb T 'QpB/2/ +QMi'QHH2/ 2MpB " QMK2Mi rBi? +
M/ ?mKB/Biv UeyWVX AM Q /2 iQ 2Mbm 2 i? ii?2 # ibr2°2 +iBp2
2tT2 ' BK2Mib-i?2/ v@ M/ MB;?iiBK2 Q7 MBK Hbr2 2 brBi+?2/ BM i~
HB:?2i@/ 'F +v+H2 BM i?2 "QQKb +QMbBbi2/ Q7 Ry ?2Qm b HB:?i M/
r2-2 72/ [ BHv /IB2i Q7 K2 HrQ Kb 2M ' B+?2/ rBi? pBi KBMb M/ KB
r2 2T QpB/2/ FHB#EKimK

kX9Xk j. 2+QMbi'm+iBQM Q7 SBMM JQiBQMb

Zm MiBi iBp2 +? > +i2°'Bx iBQMb Q7i?2 TBMM KQiBQM FBM2K iB+b
IBK2MbBQM H "2+QMbi'm+iBQMb Q7 k2ORiBRH@ M ;B R+ ii@ BRIb+UBR; X
K "FTQBMibi? ir2 2 TH +2/ QMKIPRX BMVH WEB;XF TQBMib r2 2 TH +
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i?2 # ib mbBM; MQMIiQtB+ /v2 #27Q 2 i?2 2tT2 BK2Mib M/ 2KQp2/
7i2°i?22M/ Q72 +?2 2tT2 'BK2MiX 6Q 2 +? 2tT2 ' BK2Mi- TT QtBK i:
TQBMib r2 2 /Bbi'B#mi2/ Qp2  i?2 TBMM bm 7 +2 rBi? M 2KT? bBb
"BKX 6Bp2iQ b2p2M //BiBQM HH M/K "FTQBMib 2 +?2r2 2 TH +2/C
i?72 MQb2H2 7Q7i?2 MBK HiQ T'QpB/2 M M iQKB+ H7 K2Q7 27:

oB/2Q BK ;2 b2[m2M+2b rBi? pB2rb Q7 i?2 # ibd ?2 /b-i?2B°  TBMM Z
K "Fbr2'2 + Tim'2/ mbBM; M v Q7 70Q0m  ?B;?2@bT22/ pB/2Q + K
2°"M oBbBQM avbi2Kb- >mMibpBHH2- G-la VrBi? 8yKK H2Mb2b U _(
FB +?2M- :2 ' K MvVX HH + K2 b r2°'2 QT2 i2/ rBi? 7 K2  i2 Q7
BK ;2 2bQHmMIiBORY K TREKI2Hb X h?2 ?B;?@bT22/ + K2 br2 2 + HB:
2biBK i2b Q7 i?2B° BMi2°"M H M/ 2ti2M H T ~ K2i2'b # b2/ QM + H

+?2+F2#Q '/ T ii2"M 7°QK /B772 2MR X2 h@2 ;B/IB ;2++R@MB M i2b
2 +?2H M/K "FTQBMir2'2 Q#i BM2/ mbBM; pB/2Q 7" K2b 7 QK iH2 b
pB/2Q + K2 bi? i? / BK ;2/i?2H M/K "F Q7 BMi2 2bi ii?2 "2bT2+i
HQ+ iBQMbQ7i?2H M/K "Fr2 2TB+F2/ K Mm HHvBMi?2 2+iB7B2/
PB/2Q + K2 b iQ #2 BM+Hm/2/ BM i?2 bi2 2Q '2+QMbi ' m+iBQM r2°2
?Qrr2HH i?2B BK ;2b? /+ Tim 2/i?2H M/K "FTQBMib/m BM; ;Bp
BK ;2 +QQ /BM i2br2°2 mb2/iQ "2+QMbi'm+ii?2i?2 22@/BK2MbBQ\
TQBMib mbBM; bi2 ' 2QRJBXM;mH iBQM (

kX9Xj IHi° bQmM/ 2+Q /BM;

+ T +BiBp2 K2 bm 2K2Mi KB+ QT?QM2 URf36 T 2bbm 2@7B2H/ KE
ivT2 GyyyjT 2 KTHB7B2 -:X_X XaXaQmM/ oB# iBQM->QHi2-.2N
i?722+?2Q "2im " Mb 1i?2 TQbBIiBQM Q7 i?2 # ibX h?2 KB+ QT?QM2r b
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+2MiBK2i2' #Qp2i?2# i6b?2 /X h?2 KB+ QT?QM2r b+ HB#  i2/rBi
UivT2 9kjR-""C2H ED®=& -Log mK-.2MK "FV iRR9/"aSG M/ 7 2[m2
QmiTmi bB;M Hb Q7 i?2 KB+ QT?QM2r2 2 /B;BiBx2/rBi? b KTHBM;
"2bQHMIBQM U+QKKQM@KQ/2 "2D2+iBQM " iBQ d8 /"- SsA2@ej83 /
AMbi*mK2Mib- mbiBM- hs-la VX //BiBQM H KB+ ' QT?QM2b UK2 bm
9y .S- :X_X XaX M/ + T +BiBp2 J1Ja KB+ QT?QM2b- JQKBKB+- .Q/(
r2°2TH +2/BM p2'iB+ H M/ ?Q'BXxQMi HHBM2 "> viQ '2+Q'/i?2 2
b2imTX h?2 KB+ ' QT?QM2b M/ i?2 ?B;?@bT22/ pB/2Q + K2 b r2'2
mMbBM; +mbiQK G #0A1lq +QMi'QH bQ7ir "2X h?2 +QMi QH bvbi2K -
Q77b2i Q7 Re Kb #2ir22M pB/2Q M/ m/BQ 2+Q /BM;bi? ir b +QKT
M HvbBbX

kX9X9 "BQKBK2iB+ SBMM 1tT2 BK2Mib

#BQKBK2iB+ TBMM b? T2r b /2bB;M2/ # b2/ QM i?2 '*h b+ M Q7 I
TBMM bT2+BK2MX h?2 b? T2 r b bBKTHB7B2/ #v 2HBKBM iBM; b
/B;Bi H/QK BM U miQRZ2IVF rPBHR F22TBM; i?2 Qp2° HH b? T2 Q7 i?2
bBKTHB7B2//2bB:Mr b mb2/iQ + 2 i2 "B;B/ T?vhB+ HKQ/2H Q7 i?
K Mm7 +im BM:;X h?Bb "B:B/ T?vbB+ HKQ/2Hr b mb2/iQ +2 i2 KQ
#BQKBK2iB+ TBMM BM bBHB+QM2 U1+Q7H2t- aKQ Qi?kXRM- AM+X-
h?2 #BQKBK2iB+ TBMM /2bB;M2/ M/ 7 # B+ i2/ BMi?Bbrv?/ ?22B
irB+2i?2bBx2Q7i?2 TBMM BM: 2 i2 ?2Q b2b?Q2# ibX M 2H2+i Qt
QT2M 7 +2 mHi° bQMB+ i’ Mb/m+2 - a2Mb*QKT- GBpQMB - JA-la V
TmHb2b rBi? +QMbi Mi+ B2 7 2[m2M+v Q7 NyF>x U 2biBM; +7@ 7
# ib? p2 #22M "2TQ i2/iQ 7 HH bHRN{ W i#QM223y E2XRYYy F>x BM Q
bT2+B2b Q7 iR2)N2MMb(m  iBQM Q7 R8yKbUBM ;2 i2°?2Q b2b?2Q2 # i
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6B;m 2 KRRQKBK2iB+ TBWM®pX pB2r Q7 i?2 /2pB+2- "V KQiQ M/ + K
TBMM ?QH/2 rBi? i?2 'iB7B+B H2 "+ M HX

MTiQ eyKb ? p2 #22MjEAVOQ N22 (T * K2i2'b Q7 i?2 #BQKBK2iB+ TBMM
r2°2 +?2Qb2M 7Q" ;"2 i2° 2 b2 Q7 2tT2'BK2Mi iBQM rBi?Qmi + 2 iBM;
772+ii?2 TTHB+ #BHBivQ7i?2 "2bmHibiQ i?2 [m2biBQM r?2i?2" T|
+'2 i2 .QTTH2 b?B7i2/ bB:M H +QKTQM2Mib i? i 2Mi2  i?2 2 ~ + M
+?2Qb2M bQ i? ii?2 .QTTH2 b?B7i bB;M im 2 Q7 7mHH 7Q°r '/ M/
+v+H2 +QmH/ #2 2+Q /2/X

h?2 bB;M Hb KBKB+FBM; i?72 62+?7Q2bd BKTBM;BM; QM i?2 #BQKBK
HQm/bT2 F2  i?2 ir b TQbBiBQM2/ i /Bbi M+2 Q7 8y+K BM 7°QMi Q
+ T +BiBp2J1JaKB+ QT?QM2UJQKBKB+-.Q/Qi'QMB+-_QK2- Ai Hv
pB M "'iB7TB+B H2 + M HUH2M;i? NKK- /B K2i2" 9KKV iQ 2+Q
bB;M HbBKXGBXX?2 QmiTmi Q7 i?2 KB+ ' QT?QM2r b/B;BiBx2/rBi? b |
8yyF>x M/ "2bQHmMIiBQM Q7 Re #Bib USsA2@ej8e/ i +[mBbBiBQM
mbiBM- hs-la VX h?2j/i° D2+iQ v Q7 i?2iBT TQBMi Q7 # i6b KQpBI
# b2/ QM i?2 pB/2Q 7" K2b "2+Q"/2/ rBi? irQ bvM+? ' QMBx2/ :QS"Q >
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>1 P avbi2K-: QS Q-a MJi2Q-* -la VvV i 7 K2 i2Q7 Rky>xX

6Q  "2+Q /BM;: /B 2+iBQM@/2T2M/2Mi .QTTH2 bB:M im 2bkX®2 #BQ
rb KQmMi2/ QM T M@iBHi mMBi UKQ/2H Shi@9e@RdX8- 6GA_ avb
*M / VX h?2 TBMM r b Qi i2/ Qp2° "~ M;2 Q7 R3yé BM xBKmi? M/
i2°2/ QM i?27°'QMi 7 +BM; /B 2+iBQM Q7 i?2 TBMM T2 im 2 BM bi2"
/B772 2Mi xBKmi? M/ kR /B772 2Mi 2H2p iBQM p Hm2b- "2bmHiBM;
"2+iBQMb i? ir2°2 bm p2v2/ BM i?2b2 2tT2 BK2MibX 6Q 2 +? Q7 i?2
mHi> bQMB+ TmHDb2b r2 2 2KBii2/ ii?2 #BQKBK2iB+ TBMM b /2b+"
i?72 RSYy@KBHHBb2+QM/ "2+Q /BM;b- i?2 #BQKBK2iB+ TBMM r b ?2
KQiBQM 7Q  i?2 "2K BMBM; RjyKbX 6Q 2 +? Q7 i?2 KQiBQMb- M :
.QTTH2 b?B7ir b Q#i BM2/ 7°QK bT22/ 2biBK i2b 7Q° H M/K “F T«
i?72 TBMM iBTX

kX9X8 . i a2ib M/ S Q+2bbBM;

SBMM KQiBQM bTQR2/MQ7 jy TBMM KQiBQMb2[m2M+2br2°2 M Hvx
i7°22 bT2+B2b bim/B2/X h?2b2 b2[m2M+2b + K2 7°QK iQi H Q7 b2p:
BM/BpB/m Hb M/ M Hvx2/ b2[m2M+2b r2 2B/ BDbQIBRMRIDb @O FPHQrk
BM/BpB/m HbrBi? 8 M/ k8 bB[MTZWBZR Ni@A22BM/BpB/m Hb rBi? k- N
RN b2[m2M+2BRMQHQT?mb 72, im& BM/BWBKn Hb rBi? Rk M/ R3 b2
2 +?2X 6Q° 2 +?2 Q7 i?2b2 KQiBQM b2[m2M+ 2lbXR?Q 7/H MY K+iD TBRBMIi6
TH +2/ M2 " i?2 TBMM iBTr2'2 "2+QMbi'm+i2/ b # bBb 7Q" 2biBK

M:H2 #2ir22M /B 2+iBQMb Q7 TBMM bm' 7 +2 KQiB QM) BM pZomB/@ "
12§72 M:H2 #2ir22M i?2 /B 2+iBQM Q7 i?2 TBMM bm'7 +2 p2HQ+B
/B iBQM- j/ KQiBQM i° D2+iQ B2b r2°2 2biBK i2/ 7Q" jN TQBMib /
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MMB7Q KHv Qp2 i?22 bm'7 +2X 6Q i?Bb 2tT2 BK2Mi- Ry pB/2Q
TBMM KQiBQM b2[m2M+2 X8l TBMB/Z @ TBpiEB/m H r2 2 M Hvx2/X
TOQBMi BM iBK2 r?2M KQbi H M/K "FTQBMib ? / ?B;? bT22/- BX2X-
rb TB+F2/iQ b?Qri?22 "KQiBQM /B 2+iBQM M/i?2MQ 'K HQ7i?2
mb2/ bi?2 TmHb2 /B 2+iBQMX hQ pBbm HBx2 i?2 /Bbi'B#miBQM Q7
Qp2  i?2BMM2 bm'7 +2 Q7 i?2 TBMM - irQ@/BK2MbBQM H : mbbE
TmM+iBQM F2 M2H iQ BMi2 TQH i2i?2p Hm2b Q7 i?2b2 p B #H2b (
QM i?2 K2 bm 2K2Mibi F2M 7°QK i?2 jN H M/K "F TQBMibX

hBK2 "2H iBQMb?BT #2ir22M TBMM KQiBQMbH /7 RHRD2Hhm2M+2b |
bvM+? QMBx2/ ?B;?@bT22/ pB/2Q M/ mHi>  bQmM/ 2+Q /BM;br2 2
“2H iIBQMb?BT #2ir22M TBMM KQiBQMb M/ i?2 2+?2Q2bX h?2b2 b2
7TQHHOBI,TQbB/2'Qh NKB2Zm2M+2b 7 QK k>BBMI/BQBB/M2 HbB8d ™ iiB
b2[m2M+2b 7 QK j BMEAWBH® Hbmb 72, jmk2[mBMmXb 7 QK k BM/BpB
6°QK i?2b2 b2[m2M+2b- iQi HQ7 Rjk2+?7Q2br2°2 M Hvx2/X

"BQKBK2iB+ TBMM 2tTHBBK2MPHQ7 i?2 irQ 2tT2 'BK2Mi H +QM/BiB
TBMM M/ bi iB+ TBMM -jymHi° bQmM/ 2+Q /BM;bU/m" iBQM j8Kb
T i28yyF>xVr2 2Q#i BM2/X h?2 mHi” bQmM/ "2+Q /BM;br2 2i Mb-
/IQK BM mbBM; /Bb+ 2i26Qm B2 i Mb7Q K rBi? Rd-8yy@TQBMi
i?22MiB 2bB;M H/m' iBQMX h?2jy "2T2iBiBQMb KQM;i?2 2+Q /B
p2° ;2 M/ i?2 bi M/ "/ /2pB iBQM Q7 i?2 bT2+i mKX h?2 bT2+i mK 2
bT2+i° H# Q /2MBM; 7Q" i?2 TBMM KQiBQM +QM/BiBQM r?2M +QK
UueBkX p HB/ iBM; i?2 T 2b2M+2 Q7 TBMM @KQiBQM@BM/m+2/ .QT
bB;M Hb 2Mi2 ' BM; i?722 "+ M HQ7 i?2 #BQKBK2iB+ TBMM X

AM Q' /2 iQ +QKT "2i?2iBK2 +Qm b2 Q7 i?2 TBMM KQiBQMiQi? iC
Q7 i?2 "2+Q/2/ mHi° bQMB+ bB:M Hb- DbT2+i'Q: K 2T 2b2Mi iBQ
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6B:m 2 KT TH2  b?B7ib "2+2Bp2/ ii?22  + M H Q7 #8BQIKRBK2iB+ |
bT2+i° H/2MbBivQ7i?2bB;M H 2+2Bp2/BM 2 + M HrBi? U#H +F |
2 " KQiBQMbX . b?2/ HBM2b b?Qr i?2 bi M/ */ /2pB iBQMd RTF i?2 bT:
7Q° 2 +?2 +QM/BiBQMVX

b +QKTmi2/ mbBM; b?Q i@iBK26Qm B2 i° Mb7Q K rBi? eyyy@T
8yW Qp2'H TX h?2 "2bmHib k2N KTER iBM B2 2biBK i2b 7Q " TBMM
bT22/b "2:QQ/T 2/B+iQ b7Q i?2H “;2bi .QTTH2 @b?B7iK ;MBim/
bT2+i°Q;" KX

hQ Q#i BM .QTTH2 bB;M im 2b 7 QK i?2 mHi" bQmM/ 2+Q /BM;b- b
mbBM; Db?Q i@iBK2 6Qm B2 i° Mb7Q K rBi? eyyy@TQBMi > MMBI
h?2 TQr2  bT2+i° H /2MbBivp Hm2b Q7 2 +? Q7 i?2b2 bT2+i Q; Kb
"2bT2+iBp2 K tBKmK Qp2° HH iBK2b M/ 7 2[m2M+B2bX

*Hmbi2 ' BM; Q7 .QTTH2  bBYM+iHm®b2 BM; Q7 i?2 .QTTH2 bB;M im"
i"Q;" K 2T 2b2Mi iBQMb Q7 i?2 .QTTH2 bB;M im 2br2 2 bm#b KTH
i?72 7°2[m2M+v /QK BMX am#b KTHBM: BM iBK2 mb2/j8 TQBMib i? i
i?2 bB;M im 2b6é /m> iBQMX AM i?2 7°2[m2M+v /QK BM- k8 TQBMi r:
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6B:m 2 WWIQ K iBOM@i?2Q 2iB+ T * /B;K 7Q° 7BM/BM; M mTT2"
MmMK#2 Q7 "2bQHp #H2 /B 2+iBQMb 7Qh #BRDIQN/ bbp2KRb i? ii?2
/B 2+iBQM U xBKmi? M/ 2H2p iBQMV bT +2 Bb /BpB/2/ BMiQ "2bQH|
QM i?2 K tBKmK MmK#2 Q7 "2bQHp #H2 2;BQMb /Q2b MQi K F2 M

b? T2 Q7 i?2 "2:BQMb-?22M+2 i?2v K v MQi #2 mMMB7Q K b /2TB+i2/

7°2[m2M+v # M/ i? i M;2/ #2ir22M .QTTH2 b?B7ib Q7 KBMmb M/ T
i"B+2b 2T 2b2MiBM; i?2b2 bm#b KTH2/ bT2+i Q; Kbr2'2 2 " M;2
H2M;i? 3d8V i? i +QMi BM2/ HH TQr2 bT2+i" H/2MbBivp Hm2b Q7

h?2 p2+iQ" "2T 2b2Mi iBQM Q7 i?2 bm#b KTH2/ bT2+i Q; Kb r2°2 r
bm 2/ .QTTH2 bB;M im 2b mbBM; DbT2+iRjH # Ba/bQMBMIQ TR HBx 2/
H:Q BiRK ¢ b mb2/ UJ iH # BKTH2K2Mi iBjQIMX¢tth 2AXBRBTEG/ i 7Q  i?.
+Hmbi2 ' BM;r b K i'Bt+QMi BMBM; Rk3R/ i TQBMib UBX2X-.QTTF
/IBK2MbBQMb UbT2+i'mK KTHBim/2b Qp2  iBK2 M/ 7 2[m2M+vVX
7Bt2/ i8yX

ITT2 #QmM/ QM MmK#2" Q7 "2bQHp #M 2n/BT 2+ ¥/, QM 1?2 MmK/?
Q7 /B 2+iBQMb i? i +QmH/ #2 /BbiBM;mBb?2/ # b2/ QM i?2 bbQ+B
2biBK i2/ #v pB im2 Q7 QM M BM7Q K iBQM@i?2Q 2iB+ T * /B;K i? |
+QKKMMB+ iBQMWYXQ#H2K U
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6B:m 2 kXBTH2 bB:M im 2b +'2 i2/ #v 2V KIQKEGRIR7 rbT2+i Q; K
"V bKQQi?2/ bT2+i"Q;" K UKk@. : mbbB M BK ;2 7BHi2  rBi? K bF &
bi M/ / /2pB iBQM Q7 yX8 TBt2HbV X

h?2 TT'Q +? bbmK2bi? ii?2bT +2 Q7 HHTQbbB#H2 /B 2+iBQMb i-
#2 HQ+ i2/ i Bb /BpB/2/ BMiQ ;'B/ Q7 +2AHHRBiRN-+ 2VH#D KXSE2;KH 2/

r?2 8 Bb bbmK2/ iQ #2 R-k3RVX hQ K i+? i?2 2tT2 BK2Mib rBi? i?
22 /- i?2 #BQbQM i “;2i +QmH/ #2 HQ+ i2/ Mvr?2°2 BM i?2 “2;BQI
i? i7 HHb rBi?BM i?2 BMi2 p H(@Nyé-Nyé)7Q i?2 xBKmi? p Hm2

i?72 2H2p iIBQM p Hm2X A7 i?Bb "2;BQM Q7 i?2 /B 2+iBQM bT +2 Bb +¢(
M/ HH +2HHb "2 2[m HHv HBF2Hv- i?2 i *;2i LR28%iB R WXijBHBHbi F2

iQ /2b+ B#2 #v pB im2 Q7 i?2b2 +2HHbX h?2 T Q#H2K Q7 7BM/BM
i 32+ M#21?2Q0m;?21i Q7 b +QKKmMB+ iBQM T Q#H2K BM r?B+? 1?2 i
i2°Qm;? i?2 2+2Q2bX h?2 +QMi2Mi Q7 i?Bb K2bb ;2 Bb r?B+? ; B/ +2
i?72 K2bb ;2 Bb "2+2Bp2/ #v i?2 2 "X h?2 Q#D2+iBp2 7Q i?2 /B 2+iB
KBMBKBx2 i?2 T'Q# #BHBiv Q7 +?2QQbBM; M BM+Q "2+i : "B/ +2HH -
i?Bb K2bb ;2X

h?2 K2i?Q/Bb # b2/ QM : mbbB M +? MM2H KQ/2H M/ i?2 Kmim H B
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bQm +2 HQ+ iBQM M/ i?2 UMQBbVV Q#b2 p iBQMbX Ai? b #22M T
Q7 2M+Q/BM; i *;2i@/B 2+iBQM BM7Q K iBQN ¥Vvhe? +M; B/MQ BN Blb |
M HvbBb QM i?2 .QTTH2 bB;M im 2b-i?2/QrMb KTH2/ bT2+i Q; K
TQBMib BM 7 2[m2M+v- bX #Qp2Vr2'2mb2/X hQ pQB/ Qp2 2biBK i:
/IBb+2 MB#H2 /B 2+iBQMb /m2iQ ?B;? bT iB H7 2[m2M+v +QMi2Mi |
KvMQi 2T 2b2Mi 2T °Q/m+B#H2 72 im 2b Q7 i?2 bB;M im 2b-i?2 b
#v k@/ : mbbB M bKQQi?BMXED 7MMHH2U ®B;XC j TBt2Hb- bi M/ “/ /2p
TBt2HbVX h?2 bT2+i°Q; K/ i rb7m’i?2" +QKT 2bb2/ mbBM; T BN
bBb US* VX qBi? i?Bb +QKT 2bbBQM- i?2 bT2+i'Q; K/ i p2+iQ b r
7°QK 3d8 iQ RjX h?2b2 "2i BM2/ Rj 2B;2Mp2+iQ b ++QmMi2/ 7Q" 3y
bT2+i'Q; K/ i T'BQ iQi?Bb +QKT 2bbBQMX

IM/2i?22 : mbbB M +? MM2H bbmKTiBQM- M mTT2T#@MM/MBQIW +7? |
+ M #2 +QKTmk, b U

C |max(t;\/)=%HQ|j;E;:A\iﬂ; UkXRV

re2 2 27T 2b2Mib i?72 .QTTH2 bB;M im 2b bbQ+B NR2W?BMQBBpP2M .
Q#b2 p iIBQMb Q7 i?2b2 .QTTH?24 th B N ri?2 BAB-bB X224 Q" Q7 : mbbB N
r?Bi2 MQBb2 rBi??X B?MH2 i BE2M/Eym 2 i?2 +Qp 'B M+2 K i'B+2b
i?2 Q#b2 p iBQMb M/ i?2 //BiBp2 MQBb2 "2bT2+iBp2HviX h?2 +Qp °
Bp2M #v,

Ess = E[(t E(t)(t E(t)T]: UkXkV

6BM HHv- i?2 bB:M H@iQ@MQBDb2 ~ iBQ UaL_V Bb "2H i2/iQ i?2 +Qj
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_ trace( E+y) .
alL =10 Hgtrace(EW UkXjV

h?2 /B 2+iBQM H 2bQHMIiBQM 2M #H2/ #v i?2 .QTTH2 bB;M im 2b -
#QmMM/ QM +? MM2GV+QT #BR M iBp2Hv b i?2 +Q "2bTQM/BM; K tBK
/IBbiBM:mBb? #H2 /B 2+SB@Mb U;Bp2M #v Kk

hQ +? * +i2 'Bx2 i?2 "2H iBQMb?BT #2ir22M /B 2+iBQM HC2bQHmiB
r2°2 Q#i BM2/7Q aL_p Hm2b > M;BM: 7°QKyiQ Re /"X

kX8 _2bmHib

kX8XR 6 bi SBMM JQIiBQM aT22/

IbBM; "2+QMbi m+i2/j/i° D2+iQ ' B2b Q7 H M/K "F TQBMib TH +2/ Q|
m Hb 7°QK i?°22 bT2+B2b rBi? 7 bi TBMM KQiBXMMQHQRT2mBQr D2
"MK2[mMBMMKirQ ?BTTQbB/2 BB BTQREB/ZO Qb MKBT2TQbB/2 Qb T iiB
6B;BKXe- KQiBQM bT22MX#TTd®2 7QmM/KkX&BX X ?BH2 i?2 ° M;2b Q7 i?
bT22/ p Hm2b Qp2 " H TT2/ KQM; HHDbT2+B2b-i?2"2r2 2 bi iBbiB+ |
ir22M i?2K UhmF2vobp< X 2yigRi7Q" HH/B772°2M+2bVX aBM+2 HH i
+QMbi Mi@7 2[m2M+v @ 7 2[m2M+v@ KQ/ mMRINRZ B-UrR 72@p7/2Knv BB QD) M
+7@+QKTQM2MiQ7i?2bi"QM;2bi Ub2+QM/V ? "KQMIEMIFI1Q2 MBK
2biBK iBM;i?2 .QTTH2 b?B7ib+Q "2bTQM/BM;iQi?2iBTbT22/bX J
+ H+mH i2/ mM/2 i?2 bbmKTiBQM i? ii?2 /B 2+iBQM Q7 i?2 K tBKnr
Bb HB;M2/ rBi? i?2 /B iBQM /B 2+iBQM Q7 i?2 2+?2Q2bX h?2 ?B;?z
BMi?Bbrvrbj3j>XU79@BBkX'&X 6Q° i?2 .QTTH2 b?B7ib-i?2 /B77.
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6B;m 2 BB&MM iBT bT22/b M/ K tBKmK .QTTH2 b?B7ib7Q" HHi? 2
bim/B2/X SBMM iBT bT22/b + H+mH i2/ 7°QK “2+QMbi m+i2/ j/ i’ D
TH +2/ QM i?2 TBMM iBTX "V J tBKmK .QTTH2 b?B7ib + H+mH i2/r
i?72 TBMM KQp2b BM i?2 /B 2+iBQM Q7 bQmM/ T QT ; iBQM U+2Mi
k8i? M/ d8i? T2 +2MiBH2b- r?BbF2 b, KBMBKmK M/ K tBKmK p Hm
b?B7ibr2°2+ H+mH i2/ mM/2 i?2 bbmKTiBQMi? ii?2/B 2+iBQM Q7
P2HQ+Biv Bb HB;M2/rBi? i?2 /B iBQM /B 2+iBQM Q7 i?22+?2Q2bX

ir22M i?22 irQ ?BTTQbB/2 B/ bT2+B2b r bpMYXBOQW ;2 mb B? & BE BA2 MM
#2ir22M i?2 ?BTTQbB/2°B/b M/ i?2 ?2Q b2b?Q2 # ip3KyBVMRNVN KB ;M
h?2 ;"2 i2° bBKBH 'BivBMi?2 . QTTH2 b?B7ib KQM; i?2 ?BTTQbB/:
bT22/b Q++m "BM; BM i?2 bT2+B2b rBi?>R 2 HQBZ by®@FX2pMRM+v
dy F>x BM "KBVYX >2M+2- Bi +QmH/ #2 ?2vTQi?2bBx2/i? ii?2 TBMM
i?72b2 ?BTTQbB/2 B/ bT2+B2b "2 / Ti2/iQ T Q/m+2 bBKBH ~.QTTH:
7 2[m2M+vX

kX8Xk .B 2+iBQM "2ir22M JQiBQM M/ 1+2Q

.QTTH2 b?B7ib /Q MQi QMHV /2T2M/ QM i?2 bT22/b BMpQHp2/- #n
P2+iQ b Q7 i?2b2 KQiBQMb "2 Q B2Mi2/ rBi? "2bT2+i iQ T QT ; iBC
2+?2Q2bX h?2 K tBKmK .QTTH2  b?B7ib 7Q° :Bp2M bT22/ "2 QMH
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p2+iQ°b "2 T HH2H iQ i?2 /B 2+iBQM Q7 bQmM/ T°QT ; iBQMX 2
i?2 TBMM bm'7 +2rBi? H M/K "FTQBMibiQ "2+QMbi m+ii?2/Bbi B#
p2+iQ°b + Qbb KQbi Q7 i?2BMM2  TBMM bm'7 +2X " b2/ QM mHi b
i72 b K2 2tT2 ' BK2Mib b i?2 TBMM bm 7 +2 p2HQ+Biv K2 bm 2K2M]
/B 2+iBQM BM r?B+? KQbi TmHb2 2M2 ;v r b 2KBii2/ b M 2biBK i2
/B 2+iBM; i?2B" #BQbQM " #2 Kb M/ T 2bmK #Hv r2°2 2tT2+iBM; i?
g2 7QmM/ i? ii?2 ?B:?2bi bT22/b Q++m "2/ BM ‘2:BQM HQM:i?2 Q
'QQ/ K i+?2 7Q r?2°2i?2 Q'B2Mi iBQMb Q7 i?2 p2HQ+Biv p2+iQ b i
iQ T  HH2H iQ i?2 /B 2+iBQM Q7 ERMXMH ?B/BbiB QB HGEBBM+B/2M+2
?B;? bm 7 +2 bT22/b M/ bK HH M;H2b #2ir22M KQiBQM M/ bQmM/
2vTQi?2bBx2/iQ#2 M / Ti iBQMi? i K tBKBx2bi?2 .QTTH2 b?B7ib
KQiBQMbX

kX8Xj JQiBQM P++m™ .m BM; 1+?Q

6Q° Mv TQi2MiB H BKT +i QM 2+?2Q T2 +2TiBQM- i?2 7 bi TBMM K
2+2Q "2+2TiBQMX AM Q /2  iQ bb2bb r?2i?2 i?Bb Bb i?2 + b2-r2 ?
bT22/b /m BM; 2+2Q “2im Mb rBi? bvM+? " QMBx2/ " vb Q7 ?B;?@b1
KB+ QT?QM2bX h?Bb /i +QMi BM2/ QMHvV TmHb2@2+?Q b2[m2M+2
TBMM KQiBQMbX g2 7QmM/ i? i HH 2+?2Q2b BM i?2b2 b2[m2M+2b -
i? | 2t+22/2/i?228y>x@ ++m’ +v 2TQ i2/7Q .QRKdR @b2MMBMQKT
QM bT2+B2b- #2ir22M jjW M/ 3kW Q7 i?22+?Q2b +QBM+B/2/rBi? TB
T Q/m+2 .QTTH2 b?B7ibi? i 2t+22/2/ i?Bb i ?RBR Q@ Mi®2 2 2?2iBIK2H U
bm;;2bib i? i HH 2+?2Q2b BM 2+?QHQ+ iBQM b2[m2M+2b ++QKT M
.QTTH2 @b?B7ibB;M im 2bi? i b?QmH/ #2 T2 +2Bp #H2 #v i?2 # ib



lY9Y "7 & kd

6B:m 2 kXii, B#miBQM Q7 bT22/- /B 2+iBQM H +QbBM2 #2ir22M bm"
/B iBQM /B 2+iBQM- M/ .QTTH2 b?B7i QM i?2 BMM2 Wm 7 +2
K tBKmKbm 7 +2bT22//m BM; TBMM KQiBQM-"V /B 2+iBQM H +Q|
M/i?2 /B 2+iBQMQ7bQmM/ T QT ; iBQM bbQ+B i2/rBi?i?2 K tBKm
2biBK i2b # b2/ QM V M/ "VX .B 2+iBQM H +QbBM2b r2°2 + H+mH
i? ii?22 T°QT ; iBQM /B 2+iBQM Q7 i?2 2+?2Q +Q "2bTQM/b iQ i?2 /B
K tBKmK KTHBim/2 Q7 i?2 TmHb2X
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6B;m 2 BX03, TBMM KQiBQMb M/ H “;2 .QTTH2 b?B7ib Q+¥m > /m B
SBMM bm' 7 +2 bT22/ + H+mH i2/ 7°QKi?2H M/K "FQMi?2iBT Q7 i
i?72 bT2+i'Q;" K Q7 #BQbQM ~ TmHb2 7°QK _6 M/ Bib 2+?2Q2bX AM
i?2 TmHb2b +QBM+B/2/ rBi? 7Q'r '/ KQiBQM Q7 i?2 TBMM UTQb
Q7 TmHb2b rBi? K tBKmK .QTTH2" b?B7i 2t+22/BM; +2°i BM i? 2b
b2[M2M+2bf2+?2Q2bX M KB;)@N> X T  ,ii®Bd-X 72 " mK2[mBX mK

kX8X9 .QTTH2 a?B7i6 QK 2+Q /BM: M/* H+mH iBQM

aBM+2 QMHvV +2°i BM "2;BQMb Q7 i?2 TBMM bm'7 +2 UM2 " i?2 Qn
*2 bm77B+B2MiHv H “:2 7Q" i?2 +°2 iBQM Q7 T2 +2Bp #H2 .QTTH:
r?2i?2°  bB:M H +QKTQM2Mib /B77" +i2/ #v i?2b2 "2:BQMb 2Mi2" i??2
#2 T2 +2Bp2/ #v i?2 MBK Hb M/ bmTTHv mb27mH b2MbQ v BM7Q
r2°2 # b2/ QM #BQKBK2iB+ TBMM rBi? bi iB+ ;2QK2i'v M/ /27Q
r2°2 [m HBi iBp2Hv bBKBH "~ iQ i?2 # ib6 TBMM X q2 7QmM/ i? ii?2 ¢
T Q/m+2/ bi'QM; .QTTH2 bB;M im 2b BM i?2 mHi° bQMB+ bB;M Hb
U6BKXNX b +QmH/ #2 2tT2+i2/ 7°QK i?2 +QMiBMmQmb /Bbi"B#miBQ|
bm 7 +2- i?2 +QmbiB+ 2772+ib Q7 i?2 TBMM KQiBQMb iQQF i?2 7
g2 7QmM/ i?2 TBMM iBT p2HQ+Biv iQ #2 mb27mH T 2/B+iQ > Q7 i
UBBKXMX h?2 bB:M Q7 i?2 Q#b2 p2/ .QTTH2 b?B7ib /2T2M/2/ QM i?2
KQiBQMbX aBM+2 i?2 # i bT2+B2b bim/B2/ ?2°2 2t?B#Bi Hi2 M iBI
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KQpBM; 7Q'r '/ r?BH2 i?2 Qi?2" KQp2D2#bAR+i/ H bT 2 / Q7 +QK#
#BM m  HBMTmi +QmH/ #2 #QmiirB+2i? i T Q/m+2/#v bBM;H2 2

kX8X8 .QTTH2 a?B7i S ii2 Mb

6BM HHv- r2 7QmM/ i? i i?2 iBK2@7 2[m2M+v .QTTH2  bB;M im 2t
UBBKXN M/ +QmH/ ?22M+2 #2 mb2/iQ Q#i BMBM7Q K iBQM QM i?2 /B!
hQ [m MiB7vi?2 p BH #H2BM7Q K iBQM-r2? p2 mb2/ MRBR7Q K iE
i? i Tmib M mTT2 #QmM/ QM i?2 MmK#2> Q7 /B 2+iBQMb i? i +QmH
Q7 i?2 p BH #H2 bB;M H@ i Q@NKQERR2 2 h Bi® i6BMXB + i2 i? i i?22 .QT
M im 2b rQmH/ #2 bmBi #H2 iQ /BbiBM;mBb? H “:2 MmK#2 Q7 /B77
i 7 B'THV HQr bB;M H@iQ@MQBb2 " iBQb-2X;X- i bB;M H@iQ@MC
KBHHBQM /B772 2Mi /B 2+iBQMb +QmH/ #2 i?2Q 2iB+ HHv /BbiBM;
bB;M im 2b p B2/ rBi? /B 2+iBQM BM bvbi2K iB+ 7 b?BQMX h?B
bmHib Q7 +HmMbi2 ' BM; i?2 .QTTH2 bB;M im 2b # b2/ QM i?2B  bT2+i
+QMiB:mQmb T "iBiBQMb Q7 i?2 kB*'\2XiBTBbO hP O H/EB2KT 2tTHQB
/B 2+iBQM@/2T2M/2M+2 Q7 i?2 .QRX Ry BB M bl F2i D6 B BM 2bil
i72 .QTTH2 b?B7ib b?2QmH/ 2bmHi BM HBF2rBb2 bK HH 2 °Q b BM i

kXe .Bb+mbbBQM

HH .QTTH2 b?B7ibi? i Q++m  BM # i #BQbQM ~ + M #2 +H bbB7B2
b2H7@;:2M2" i2/X iT 2b2Mi- T 2v@;2M2" i2/ .QTTH2 b?B7ib "2 i?:
iBQM iQ i?2 T'Q#H2K Q7 B/2MiB7vBM; T 2v BMINMK hPi2 BKBTiQ " i NBp2 4
Q7 T 2v@:2M2" i2/ .QTTH2 b?B7ib Bb 2pB/2Mi 7°QK MmK2 Qmb- 7 °
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6B;m 2 kKR+IBQM@/2T2M/2Mi .QTTH2 b?B7ibB;M im 2b "2+2Bp2/
Q7 /27Q KBM; #BQKBK2iB+alTBMMQX K Q7 M 2t KTH2 .QTTH2" bB
U XBKmi? eyé&- 2H2p iBQM y&é&V rBi? bmT2 ' TQb2/ T'2/B+iBQM Q7 |
# b2/ QM TBMM bm 7 +2 p2HQ+Biv 2biBK i2b UK ;2Mi HBM2VX h?z
i?72 TBMM KQiBQMX "V J tBKmK MmK#2™ Q7 /B 2+iBQM i? i +QmH/ 1
.QTTH2 bB;M im2b b 7mM+iBQM Q7 i?2 bB;M H@iQ@MQBb2 " iB
M Q' /2 'Hv #'2 F@mT Q7 i?2 /B 2+iBQM bT +2 # b2/ QM i?2 .QTTH2
;> vb+ H2p Hm2b M/ MmK#2 b /2MQi2 i?2 +Hmbi2 bi? i .QTTH2 bB
/IB'2+iBQM r2°2 bbB;M2/iQX



lYfY /O «

O

-1}

[N
Pu)

6B;m 2 KXRIYTH2  bB:M im 2b "2+2Bp2/ b 7mM+iBQM Q7 /B772 2N\
bQmM/ BM+BW2RI+BX2+iBQMb Q7 i?2 .QTTH2 bB;M im 2b b?2QrM "~ M;
BM xBKmi? M/ 7 QK @jyé iQ jyé@é BM 2H2p iBQMX h?2 "2bT2+iBp2/
Bb BM/B+ i2/ #Qp2 2 +? bT2+i Q; KX
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i i M;27'QK TmHb2 /2bB;M iQ #2? pBQ  RWKIMQ QK2i?@/BMME2 +D " @
i2tRHRYKX b Q7 MQr- QMHV i?2 # ibo QrM 7HB;?i KQIiBQMb ? p2 #22]
Q7 b2H7@:2M2" i2/ .QTTH2 b?B7ibX h?2 "2bmHiBM; .QTTH2  b?B7
MmMM/2bB" #H2 bB/2@2772+ib Q7 1?72 MBK Hbd KQ#BHBBXIi hHA12M22/ iC
TQbbB#BHBiv Q7 7THB;?2i@BM/m+2/ .QTTH2 b?B7i +QMp2vBM; BMT7
QMHV #22M BMp2biB; i2/ mbBM; +QKTMRD)SBMQNM?BAI'RBBM/Q@ B@QFHBb?2
T2 BK2Mi H2pB/2M+2i? i# ibK F2 mb2 Q7 7THB;?2i@BM/m+2/ .QTTH
+QMbiBimi2 T 2pBQmbHvV MMFMQrM b2+QM/ bQm +2 Q7 b2H7@ ;2N
2Q°'b2b?Q2 # i TBMM KQiBQMb 2 mMMHBF2HvV #vT Q/m+ib bBM+2 i
"2 i H2M;i? iQ +iBp2Hv T°Q/m+2 i?2K- 2X;X-i?'Qm;? MPRH #Q  i2
6m 1?72 KQ 2- Bi ? b #22M "'2TQ i2/i? ibm ;B+ H/Bb mTiBQMb Q7 i
iIQ T2 7Q K M+2 /27B+Bib Bik@@Xb2BRBR #Hb- (1?72 K i+? #2ir22M 1?2
Q7 ?B;?2bi TBMM bm 7 +2 bT22/b M/ i?2 #2bi HB;MK2Mi Q7 i?2 K
iBQM /B 2+iBQMb 7QmM/ ?22°2 +QmH/ #2 b22M iQ "m2BM 7 pQ Q7
.QTTH2 b?B7iiQ r?B+? i?2 bvbi2K ? b #22M 2pQHmMiBQM "BHv /[ T
/i +Qp2'BM; H “;2° MmK#2 Q7 bT2+B2brQmH/ #2 M22/2/iQ i2bii?

h FBM; BMiQ ++QmMi Qm’ +m "2Mi ‘2bmHib- TBMM KQiBQMb BM ?
+QmH/ b2 p2i?2 MBK Hb6 b2MbBM; BM i? 22 /B772 2Mi- #mi MQM @

"B;B/ +QKTQM2Mi i? i "2Q B2Mill)2 2UBBKT MQMW@ B;B/- HBM2  +
i? i +?2 M:2b i?2 TBMM 6b #2 KT ii2 M #v pB'im2 Q7 i?2 TBMM :2Q
HBM2 - .QTTH2 @# b2/ +QKTQM2MiX h?2 "B;B/ +QKTQM2Mi Bb b"
22 / KQiBQMb BM ?mK MbV b r2HH b i2+?MB+ HbQM > M/ /  bv
mM/2 biQQ/ b b+ MMBM; QT2 iBQM r?2°2 i?2 KQbi b2MbBiBp2 "
Bb KQp2/ BMiQ /B772 2Mi /B 2+iBQMbX h?2 MQM@ 'B;B/- HBM2 " K
#22M /2KQMbi® i2/ iQ 2M? M+2 i?2 2M+Q/BM; Q7 b2MbQ v BM7Q K
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7BM/BIRX (*?2 M;BM; i?2 TBMM ;2QK2i'viQ T°Q/m+2 /[/B772 2Mi #2
#2 b22M b M Hi2 M iBp2iQ +? M:2 i?2 7°2[m2M+vR®X hRt2/ TBI
MQM@HBM2 " i° Mb7Q K iBQMb /m2 iQ i?2 TBMM @:2M2" i2/ .QTTlI
M //BiBQM H [m HBiv iQ i?2 TBMM KQiBQMb BM # ibX Ai 2K BM
.QTTH2 @i Mb7Q K iBQMb Q7 i?2 2+?Q2b b2 p2 7mM+iBQM H Tn
"2 MBMi2;" HT "iQ7i?2T2'BT?2" H/VM KB+b Q7 i?2 # ibo #BQbQ
T 2b2Mi2/ 2?2 2 bm;;2bib- i?Bb rQmH/ K2 Mi? ii?2# ib "2 #H2iQ ?
i? i +QmH/H2 /iQ M2r 7TmM+iBQM HT BM+BTH2b 7Q  2M? M+2 b2Mb
2M #H2 2M;BM22 2/ b2MbQ v bvbi2Kb rBi? i?2 b K2 + T #BHBiB2bX



*2 Ti2" ]

TTHB+ iBOQMb Q7 i?2 aQ7i Q#C

iXR hBiH?2

AMi2;" iBQM Q7 .22T G2 "MBM: M/aQ7i _Q#QiB+b7Q  "BQKBK2iB+

i Xk #bi +i

.2i2 " KBMBM;i?2 /B 2+iBQM Q7 MBKTBM;BM;:bQmM/Q " /BQr p2 Bl
i2+?MQHQ:B2b bm+? bbQM -/ - M/b i2HHBi2 +QKKmMB+ iBQN
7BM/BM; ? b 2[mB 2/2Bi?2  KmHIiBTH2bB;M H7 2[m2M+B2b Q  Kmt
#v # ibT2+B2bi? i // .QTTH2 b?B7ibiQ i?2B #BQbQM " 2+?2Q2b i?
T 2b2Mi bQm +2@/B 2+iBQM 7BM/BM; T " /B;K# b2/ QM bBM;H27
"2+42Bp2 X LQM@'B;B/ 2 " KQiBQMb T°Q/m+2 +QKTH2t .QTTH2 bB;
/B 2+iBQM #mi "2 /B77B+mHi iQ BMi2 T 2iX hQ /2KQMbi  i2 i? i /2
T Q#H2K-r2 ? p2 +QK#BM2/ bQ7i@ Q#QiB+ KB+ QT?QM2 # 77H2
2 rBi? *LL 7Q "2;°2bbBQMX gBi? i?Bb BMi2;  i2/ +v#2 T?vbB+
#H2 iQ +?B2p2 /B 2+iBQM@7BM/BM; ++m’ +v Q7 H2bb i? M R /2
KQiBQMX >2M+2- Qm" "2bmHib /2KQMbi  i2 i? i /22T H2 "MBM; + N\
bB;M Hi> Mb7Q K iBQMb ++2bbB#H2X

i9
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iXj AMi"Q/m+iBQM

.2i2°KBMBM; i?2 /B 2+iBQM Q7 M BKTBM;BM; bQmM/ Q" /BQr p2 |
7Q # Q/ M;2Q7i2+?MB+ H TTHB+ iBWBM /2RE)N b +2 HHBOM+ QK @
KmMB+ iBMIM(/ :SRYX aBM+2 i?2 T°QT ; iBQM /B 2+iBQM Q7 r p2
KQbi 2 /BHv /2i2 ' KBM2/ # b2/ QM K2 bm 2K2Mib Q7 p2+iQ " @p Hm2/
HBMF2/iQ BiX 6Q° +QmbiB+r p2b-7Q 2t KTH2-i?2 /B 2+iBQM Q7 T
7°QK K2 bm™ 2K2Mib Q7 i?2 T "iB+RH2NDYYMW G« BidpR2+irQBH2 /2°'BpBM;
K i2b Q7 i?2r p2 T°'QT ; iBQM /B '2+iBQM 7°QK "2H i2/ p2+iQ  [m M
Q#i BMBM; i?2 "2bT2+iBp2 K2 bm 2K2Mib + M #2 +QKTHB+ i2/X >2N\
M iBp2 ? b #22M iQ b?B7i 1?2 277Q°1 7' QK i?2 # bB+ T?vbB+ H K2 b
bi ;2X 6Q° +QmbiB+r p2b- i?Bb Bb #2BM; /QM2 #v K2 bm BM; bQm
b+ H [m MiBivi? i + M #2 /2i2°KBM2/ #v +QMp2MiBQM H KB+ Q1
/IB’2+iBQM p2+iQ° 7°QK bBM;H2 b+ H > p Hm2 Bb M BHH@TQb2/
iBQM ? biQ #2 7TBHH2/ BM #v mbBM; KmHIBTH2 K2 bm 2K2MibX h?
"2 iviB+ HHv 2Bi?2° +[mB 2/ HQM; i?2bT iB HQ i?27 2[m2M+v ,
K2 bm 2K2Mib HQM; i?2 bT iB H/BK2MbBQM- KmHIiBTH2 KB+ QT?
VRO AM ?mK M ?2 "BM;- #BM m" H 2biBK iBQM Q7 i?2 ?Q " BxQMi
7TQHHQrb i?Bb RBRKQH#2'M iBp2Hv- bBM;H2 "2+2Bp2 + M #2 KQp2/
bB;M Hb 7 QK /B772 2Mi TQbBiIiBQMb i /B772 2MiiBK2b b Bbi?2 +
M/ / Ua a- aR8R8V¥X HQM; i?2 7°2[m2M+v /BK2MbBQM- KmHiB"
+ M#2 Q#i BM2/ #v M HvxBM; BMTmi KTHBim/2b 7Q" /IB772 2Mi 7 2
i?Bb Bb i?72 + b2 7Q  /2i2 ' KBMBM; i?2 /B 2+iBQM QRB)Xb@2xMH2bQ m
i2HHBM; i?2 /B 2+iBQM Q7 bQmM/ bQm +2 7 QKb+ H " T 2bbm 2 K
2Bi?2 KmHiIBTH2 2+2Bp2 b Q KmHIBTH2 bB;M H7 2[m2M+B2bX "C
# +FbX JmHIBTH2 bB;M H 7 2[m2M+B2b + M QMHvV #2 mb2/ B7 i?2 b
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rBi? KmHIBTH2 "2+2Bp2 bBM+ 2 b2b bvbi2K bBx2 M/ TQr2 "2[mB 2
i?72 +QKTmi iBQM Hbi ;2 Q7i?22 " vX "2+ mb2 Q7 i?2b2 /> r# +Fb- i
? b BMp2biB; i2/i?2 TQbbB#BHBiv Q7 MQp2H T * /B;K i? i Bb# b2/
bBM;H2 bB;M H7 2[m2M+vX

h?2 bBM;H2 "2+2Bp2 @ bBM;H2 7' 2[m2M+v T *~ /B;K 2tTHQ 2/ ?2"
#BQbQM " b2MbBM; bvbi2K Q7 # ibX " ib "2 bK HH 7HvBM; K KK H
T bBKQMBQmMb BM i2 Kb Q7 i?2 MmK#2 Q7 2KBiiBM; M/ "2+2BpBM
BM; TQr2 X " i #BQbQM " Bb HBKBi2/ iQ QM2 2KBii2°' UKQmi? Q' M
mHi> bQmM/X h?2B  #° BM K bb Bb ivTBR&BK WO 2B i D MMYM22bH 2K+(Q !
bi> BMib-# i bT2+B2b rBi? bQT?BbiB+ i2/ #BQbQM "~ bvbi2Kb ? p2 2
"2+2TiBQM- BX2X- Qmi2 2 b UTBMM 2V i? i ?2B;?22  /2;°22b Q7 bi
TH2tBivi? M+ M #2 7QmM/ BM 2M;BR2ZNR B-dRGER )NMVvHiRKBNM M

? p2 bi iB+ +QKTH2tBivBM i?2B" ;2QK2i'vr?B+? BM+HmM/2b Qp2" Ht
72 im 2bbm+? b ;" QQp2b M/ "B/;2bX h?2 TBMM 2 HbQ ? p2/vM KB
"2 +im i2/ #v M BMi B+ i2 Kmb+mH im 2 i? i HHQrb i?2 # ibiQ +?
TBMM 2 /m BM; 2+?2Q 2+2TiBQMX 6m i?2 KQ 2-i?2b2b? T2 +? M;2
P2HQ+BiB2b i? i "2 H “:22MQm:?iQ + mb2 MQMHBM?2 "~ 2772+ib- B]
i?7 i "2i° Mb72 "2/ 7°QK i?2 TBMM RQ 6B2X®R/ X+ M H U(

h?2 2vTQi?2bBb mM/2 ' HVBM;i?2 +m "2MirQ FBbi? ii?2/vM KB+- M
BM 2M+Q/BM;: Q7 //BiBQM H b2MbQ'v BM7Q K iBQM- 2bTX QM bQ|
iQ Qp2 +QK2 i?2 HBKBi iBQMb Q7 i?2 i’ /BiBQM H /B 2+iBQM@7BM
+? HH2M;2b iQ BMp2biB; iBM; i?Bb ?vTQi?2bBb M/ K FBM; mb2 Q7
UBV "2THB+ iBM; i?2 /vM KB+ ;2QK2i "B+ +QKTH2tBiv M/ UBBV BMi2
bB;M HbX

>2°2- DbQHMIBQM iQ i?2b2 T Q#H2Kb Bb T ' 2b2Mi2/i? i K F2b mb?2
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"Q#QiB+b M/ /22T H2 "MBM:X bQ7i@ Q#QiB+ #BQKBK2iB+ '2+2B
M KB+b Q7 i?2 # i TBMM M/ /22T M2m  H M2irQ F Bb mb2/iQ BMi:
+2 i2/X "2bB/2b i2biBM: i?2 bT2+B7B+ ?2vTQi?2bBb “2; ‘/BM; i?2 2t
@ bBM;H2 "2+2Bp2 T " /B;K 7Q  7BM/BM; i?2 /B 2+iBQM Q7 bQmM
iQ 2tTHQ 2 i?2 B/2 Q7 bQ7i "Q#QiB+b M/ /22T H2 "MBM; iQ 2+2

+QKTH2tBivX

X9 J i2°B Hb M/ J2i?Q/b

JX9XR 1tT2 BK2Mi Ha2imT

h?2 ;2QK2i'v Q7 i?2 #BQKBK2iB+ TBMM r b /2 Bp2/ 7°QK i?2 TBMM
# ib M/ i?2 +HQDb2Hv "2H i2/ "?BMQHQT?B/ # ib # b2/ QM KB+ Q *h
K2MBR @YX h?2 bT2+BK2M b? T2b r2 2 bBKTHB7B2/ #v "2KQpBM; ;2Qk
b+ H2 Q7 i?2 2KTHQV2/r p2H2M;i?b b r2HH b HQ+ H/Bb mTiBQMb
i"vX h?2 TBMM b? T2r bb+ H2/iQ iQi HH2M;i? Q7 8X3 +K- BX2X-
MBK Hb M/ + bi BM bBHB+QM2 U1+Q7H2t- aKQQi?@PM- AM+X- J +
7 +2/rBi? + T +BiBp2J1Ja KB+ QT?QM2 UJQKBKB+- .Q/Qi QMB +-
i?72 °2+2Bp2/ mHi° bQMB+ bB;M Hb pB M 'iB7B+B H2 "+ M H UH2I

h?2 TBMM /27Q K iBQMb r2°2 +im i2/ #v .* b2 pQ KQiQ  UJ tQM
2M+Q/2° +QK#Q-J tQM JQiQ b- arBix2 'H M/VX hQ +QmTH2 i?2 TBN
UH2M;i? 9Xe+KV r b KQmMi2/ QMiQ i?2 KQiQ  b? 7i M/ Bib 7 22 2M
iBT rBi? bi'BM:;X _Qi iBM;i?2+ K #Qmii?2 KQiQ  b? 7i 22M+2 "2b
i?72 TBMM #v TMHHBM; Bib iBT /QrMr /b M/ bB/2r vbX h?2 iBT +?B
#Qmhifp M/ K tBKmK /BbTH +2K2Mib Q7 #Qmi9+KX h?2 TBMM KQ/2t
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