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Constrained Clustering for Frequency Hopping Spread Spectrum
Signal Separation

Parker D. White

(ABSTRACT)

Frequency Hopping Spread Spectrum (FHSS) signaling is used across many devices oper-
ating in both regulated and unregulated bands. In either situation, if there is a malicious
device operating within these bands, or more simply a user operating out of the required
specifications, the identification this user important to insure communication link integrity
and interference mitigation. The identification of a user involves the grouping of that users
signal transmissions, and the separation of those transmission from transmissions of other
users in a shared frequency band. Traditional signal separation methods often require diffi-
cult to obtain hardware fingerprinting characteristics or approximate geo-location estimates.
This work will consider the characteristics of FHSS signals that can be extracted directly
from signal detection. From estimates of these hopping characteristics, novel source sepa-
ration with classic clustering algorithms can be performed. Background knowledge derived
from the time domain representation of received waveforms can improve these clustering
methods with the novel application of cannot-link pairwise constraints to signal separation.
For equivalent clustering accuracy, constraint-based clustering tolerates higher parameter
estimation error, caused by diminishing received signal-to-noise ratio (SNR), for example.
Additionally, prior work does not fully cover the implications of detecting and estimating
FHSS signals using image segmentation on a Time-Frequency (TF) waterfall. This work will
compare several methods of FHSS signal detection, and discuss how each method may effect
estimation accuracy and signal separation quality. The use of constraint-based clustering
is shown to provide higher clustering accuracy, resulting in more reliable separation and

identification of active users in comparison to traditional clustering methods.



Constrained Clustering for Frequency Hopping Spread Spectrum
Signal Separation

Parker D. White

(GENERAL AUDIENCE ABSTRACT)

The expansion of technology in areas such as smart homes and appliances, personal devices,
smart vehicles, and many others, leads to more and more devices using common wireless
communication techniques such as WiFi and Bluetooth. While the number of wirelessly
connected users expands, the range of frequencies that support wireless communications
does not. It is therefore essential that each of these devices unselfishly share the available
wireless resources. If a device is using more resources than the required limits, or causing
interference with other’s communications, this device will impact many others negatively
and therefore preventative action must be taken to prevent further disruption in the wireless
environment. Before action can be taken however, the device must first be identified in
a mixture of other wireless activity. To identify a specific device, first, a wireless receiver
must be in close enough proximity to detect the power that the malicious device is emitting
through its wireless communication. This thesis provides a method that can be used to
identify a problem user based only off of its wireless transmission behavior. The performance
of this identification is shown with respect to the received signal power which represents the
necessary range that a listening device must be to identify and separate a problem user from

other cooperative users that are communicating wirelessly.
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Areas such as healthcare, Vehicle-to-X, industrial automation, smart homes, personal devices
and emergency response are all experiencing unprecedented growth in the number of physical
devices that are active in wireless communication systems [1]. As the number of these devices
continues to grow, and the availability of the finite spectrum becomes more and more limited,
maintaining cooperative use of the spectrum becomes crucial for the interoperability of these
multi-user systems. While there are additional means of communication tools and frequency
bands being developed and implemented to support this increasing spectrum activity, many
of these future and current devices will rely on traditional multiple access techniques, such
as FHSS, and will operate in unlicensed frequency bands [2]. While many devices, as in the
areas of V2X and healthcare, are cooperative, not every device will be communicating it’s
intent on using the shared spectrum. This leads to a mixture of known and unknown devices
all operating within a limited frequency band. This opens the possibility of unknown and
uncooperative devices operating outside of the regulations enforced by the FCC in [3] with
restriction on Bluetooth in [4], for example. This malicious activity can result in a reduction
in communication possibilities for other cooperative users. External monitoring of a shared
spectrum over time is therefore necessary in maintaining cooperative and collective use of

multi-user frequency bands.



2 Chapter 1. Introduction

There is also military interest in a mix of users operating within a frequency band of interest.
This knowledge can provide advantageous intelligence of the number of active communica-
tors in an otherwise unknown environment. Among these communicators, spectral analysis
can lead to the identification of users in an environment which can aid in friend or foe de-
termination. Also, if there is interest in a specific type of user, the identification of this user

could lead to activity tracking once a communication profile has been established.

In either commercial or military applications, the identification of a user of interest first
involves the separation of signals received in a time and frequency observation window, fol-
lowed by the relation of these signals to their respective transmitters. However, a commonly
used multiple access technique such as Frequency Hopping Spread Spectrum (FHSS) can
make this grouping of signals difficult, since in this communication technique, the frequency
content is spread across a bandwidth much wider than the bandwidth of the information
bearing signal. FHSS communication spreads the frequency content by pseudo-randomly
changing the frequency at which data is being modulated. In the commercial application,
this spreading of information can reduce the interference caused by a source operating on a
single, stationary, frequency. Changing frequency of the information bearing signal also re-
duces the ability to detect and track the transmitter over a period of time, which is desirable

in a military application.

The detection and separation of FHSS signals is still actively being researched and has pre-
viously been approached in several ways. Hardware fingerprinting, or SEI, uses RF trans-
mitting chain imperfections such as a transient behavior, quadrature errors [5], amplitude
clipping, and/or self-interference [6] to separate sources. While this hardware specific in-
formation may be effective in user identification, these hardware imperfections are difficult
to calculate and obtain [7]. Geolocation techniques, such as TDOA, DOA, or RSS location

involves the cooperation of multiple receiving elements, or the use of a directional antenna,
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to determine possible source locations in 3-D space as shown in [8],[9], and [10] respectively.
However, nearby spectrum users and multi-path effects complicate source separation based
strictly on location. Another approach to separate FHSS sources is based on the use of gen-
eralized parameter sets that can be estimated with just the reception of the source signals.
Prior works that make use of these parameter sets are typically modeled as a classification
problem where there are a set number of known sources that can be recognized from previ-
ous learned behavior. Other works require precise knowledge of transmission times or center
frequency [11], which are typically not available in a reception environment with a number

of unknown sources.

With the clear limitations of current approaches to separating mixtures of FHSS signals in

a band of interest, the work in this thesis provides a solution to this problem by:

« Presenting a novel signal separation clustering solution utilizing constraint based clus-
tering on a mixture of unknown sources without needing prior transmission informa-

tion.

o Demonstrating the implications of signal detection on raw data using several image seg-
mentation techniques, and showing how this detection can influence the performance

of constraint-based clustering for FHSS signal separation.

As a result, FHSS signal parameters derived from signal detection are successfully used in
signal separation, which is supported with the following simulation that covers the generation
of FHSS signals, the detection and estimation of these signals, and finally the separation and
identification of previously unknown sources operating within a bandwidth of interest over

time.
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i MbBiBQM T2 BQ/b r?2M M KTHB7B2 QM i?2 _6 i MDbKBIiiBM; +°
QmiTmi TQr2 i?2 iQ++m b /m BM; /i KQ/mH iBQMX .m2 iQ K Mm7
2p2'v KTHB7B2 K v T°Q/m+2 /B772 2Mi i° MbB2Mib 72 im 2b i? i
bT2+B7B+ i MbKBii2 X 1t KTH2b Q7 i MbB®RMi Z2 iMbB®R-M b HHBW;i2?/
MQ 'K HBx2/ KTHBiIim/2 p 'B M+2- MmK#2 Q7 T2 Fb BM i° MbBiBQNM
T QT2 iB2b- M/ /B772 2M+2 #2ir22M MQ K HBx2/ K2 M M/ MQ K H
mb2 Q7 i?2b2 72 im 2b? bb?QrMiQ #2 p2'v +FMQIRpBKYKB/2MiB’
gBi? 7BM;2 T BMi iB2/iQ bBM;H2 /2pB+2-Bi+ M "2/m+2i?2 277.
ii +Fb- b /Bb+nmRBRNKBM(2p2 - rBi?Qmii?Bb T'BQ  FMQrH2/;2- mMF
TT2 " iQ i?2b2 +H bbB7B+ iBQM H;Q Bi?Kb + MMQi #2 bm++2bb7m
i° Mb+2Bp2 #2HQM;b iQ i?2 b KRKRXMAM +Hi/BiBQM- i?2 i MbB2Mi 7
+?2Qb2M 2 MQM i'BpB HiQ + H+mH i2dBMM/MQ BRbni BM;p B K2 MV [
biQT i MbB2Mib HQM2 ? b T Qp2MkijQk8X /B77B+mHii bF (

Pp2" HH-i?Bb _6 7BM;2 T BMiBM; T'Q+2bb Bb i 2 i2/ Km+? HBF2



3 *2 Ti2 kX " +F:"QmM/

"2[mB'2b b2i Q7 FMQrM /2pB+2b- M/ ? M/ TB+F2/ +? ~ +i2 BbiB+k
+2bb7mHHV b2T ~ i2 M/ B/2MiB7v i?2b2 FMQrM bB;M HbQm +2bX
K MV MMFMQrM mb2'b BM b? "2/ # M/- i?Bb BM7Q K iBQM rBHH K
HbQ-+ H+mH iBM; 6 bT2+B7B+ +? ~ +i2 ' BbiB+b 7Q bQK2 ivT2b Q]
HBF2 bT 2 / bT2+i'mK-Bb Q7i2M MQi "2 HBx #H2X h?2 rB/2bT 2 / Q
bB;M HBM; +QMi ' B#mi2biQirQK DQ /B77B+mHiB2b BM TTHVBM; _
6B bi- bQK2 Q7 i?2b2 _6 72 im 2b 2[mB 2 ?B;? 2bQHmMIBQM BM 2E
/IQK BMbX aBM+2 6>aa bB;M Hb "2 Q7i2M /2i2+i2/ rBi? hBK2@6 2]
rB/2 # M/-i?Bb "2bQHmMIBQM Bb "2bi B+i2/ #v i?2 .Bb+ 2i2 6Qm B2
iBQM- r?B+? T 2b2Mib i° /2 Q77 BM #Qi? iBK2 M/ 7°2[m2M+v “2bQ
BM + H+mH iBM; i?2b2 72 im 2b "Bb2b 7°QK i?2 H ;2 Q#b2 p iBQM
72 im'2 2biB)XBOM (TQi2MiB HHvV b?Q i /m" iBQM Q7 ?QTTBM; bB
7Q  bm+? H2M;i?v + H+mH iBQMbX 6Q" i?2b2 "2 bQMb- /B772 2Mi +
M/ mb2/ b K2 Mb iQ b2T " i2 6>aa bB;M HbX h?2 M2ti b2+iBQM rl
+QKKmMB+ iBQM Bb- M/ bi2Tbi? i+ M#2 i F2MiQ b2T ~ i2 KBtim’
?QTTBM; bQm +2bX

kXRXk GQ+ HBx iBQM

MQi?2  K2i?Q/ i? i + M #2 mb2/ iQ b2T " i2 bB;M Hb BMpQHp2b /2
r?72°2 i° MbKBbbBQM Q++m "2/X h?2°2 "2 b2p2  H K2 Mb Q7 K2 br
HQ+ iBQM /2i2 ' KBM iBQM BM+HmM/BMB8 kO kJXQ 32 MM 2K2Mib 7 QK
KmHiBTH2 +QQT2  iBp2 MQ/2b i FMQrM HQ+ iBQMb + M#2 mb2/ BN
i* MbKBbbBQM HQ+ iBOMbX +QmTH2 Q7 +QKKQM K2i?Q/b mb2/ BN
h"BH i2° iBQM M/ h'B M;mH iBQMX



kXRX aB;M H a2T " iBQM N

h*BH i2° iBQM-r?B+? Bbi?2 K BM K2i?Q/7Q  :SaHQ+ iBQM- BMpQ't
bm 2K2Mib- iQ TT QtBK i2 i MbKBii2" HQ+ iBQMX AZKN) Bb mbz
i?72 "2+2BpBM; MQ/2b Kmbi FMQr T 2+Bb2Hv r?2M i?2 Q"B;BM H bB
i?Bb BM7Q K iBQM-#v K2 bm™'BM; i?2 iBK2Bii F2biQ "2+2Bp2i?2b
TQbbB#H2 /IBbi M+2b + M#2/  rM "QmM/ 2p2'v 2+2BpBM; MQ/2X I
b+2M "'BQ- _aa + M #2 mb2/iQ 2biBKjy2 R2MBIX HR2MiB@MbiZ~ iBQM
Bbmb2/- FMQrH2/;2 Q7 6 BBbi® MbKBbbBQM ii2Mm iBQM Bb mb2/ i
+B " +mK72 2M+2b "QmM/ 2p2'vMQ/2X g?2M 2 +? MQ/2 +°2 i2b i?Bb
Q71?2 +B +mK72°2M+2b + M#2 mb2/iQ 2biBK i2i?2i° MbKBii2" HQ-
HQ+ HBxX iBQM i H2 bii? 22 MQM@+QHHBM2 ~ MQ/2b Kmbi #2 mb2
Bb "2[mB '2/- 7Qm° MQM@+QHHBM2 ~ MQ/2b Kmbi #2 mb2/iQ /2i2
>Qr2p2 -i?2mb2 Q7 hQ M/ _aa "2 #Qi? bm#D2+iiQ MQABbQ M/ 2bi
K2 bm 2K2Mib "2 bm#D2+ij8Q #HQFE IBBYM bT22/ p "B #BHBiv /m2 i
r2 i?72° +QM/BeBQMbKMHIB@T j@X7I7r@22rb@QM2 Q7 i?72b2 2772+ib- br
+QK#BM iBQM Q7 i?2K-+ mb2b b?B7ib BM i° p2H iBK2 2biBK i2bi?
iBQMX h?Bb H2 /biQ '2;BQMb Q7 mM+2'i BMivBM i2 Kb Q7 BMBIiB |
_aa K2 bm 2K2Mib "2 b2MbBiBp2iQ +? MM2H MQBb2 BM+HmM/BM; K
BMi2 72 2M+2X HH Q7 i?2b22772+ib+ M +QHH2+iBp2HvV 2bmHi BN
+?2 M:;2 # b2/ QM i?2 iBK2- M/ HQ+ iBQM- Q7 i?2 i MbKBbbBQMX qE
2772+ib #v mbBM; QMHvV 7°22 bT +2 ii2Mm iBQM- HQ+ HBx iBQM T
H ;2 2;BQMb Q7 mM+2'i BMivi? i K v MQi #2 #H2 iQ /BbiBM;mBb?
2°°Q "2;BQMX

MQi?2  K2i?Q/ Q7 HQ+ HBx iBQM Bb i?2 mb2 Q7 h'B M:mH iBQMX

K2 bm 2K2Mi Q7 .Q iQ TT QtBK i2 i’ MpXKPbHBIMK HID #BiB+Qribip Z /
BM3j- .Q Bb ivIB+ HHv K2 bm 2/ rBi? i?2 T? b2 /B772 2M+2 Q7 irQ



Ry *2 Ti2 kX " +F;"QmM/

M > vX MQi?2 K2i?Q/iQ 2biBK i2 .Q mb2b #2 K7Q KBM; Q" /
iQ K2 bm 2 i?2 M:H2 Q7 ?B:?2bi "2+2Bp2/ TQr2 X gBi? M 2biBK i
MQ/2 rBHH ? p2 #2 BM; HBM2 BM i?2 /B 2+iBQM Q7 i?2 “2+2Bp2.
KmHiBTH2b MQ/2 #2 "BM; HBM2b + M i?2M #2 mb2/iQ HQ+ HBx2 i?2
/IBK2MbBQM H + b2- QMHvV irQ MQ/2b "2 "2[mB 2/iQ TT QtBK i2 i’
BM+ 2 b2/ MmK#2' b Q7 "2+2BpBM; 2H2K2Mib- i?2 ++m’ +v Q7 i?Bl
F2HH- 11?2 2tT2Mb2 Q7 "2+2Bp2° +QbiX .Q HQ+ HBx iBQM HQM2 B
iQ BKT2 72+iBQM BM /2i2 KBMBM; i?2 /B 2+iBQM Q7 'Bp HX h?2b
T? b2 2°°Q'b- KmHIB@T i? "27H2+iBQMb- M/ “2bi'B+i2/ #2 K “2b(
2 +? "2+2BpBM; MQ/2b /B 2+iBQM Q7 “"Bp H Bb /2T2M/2Mi QM i?2

HbQ-i?Bb K2i?2Q/ 2[mB 2b b2p2° HMQ/2b iQ #2 BM "2+2BpBM: " M;
A7 QM2 MQ/2 7 BHb iQ 2+2Bp2 bB;M Hb 7°QK i’ MbKBii2' Q7 BMi
BMi2 b2+iBQM iQ TT QtBK i2 HQ+ iBQM rQmH/ MQi #2 TQbbB#H2X

Pp2' HH- i'B M;mH iBQM M/ i'BH i2° iBQM + M #2 mb2/ rBi? 2biBk
_aaX JmMHiIBTH2 MQ/2b "2 "2[mB 2/ iQ K F2 i?2b2 K2 bm 2K2Mib M.
2biBK iBQM 2°°Q X h?Bb 2biBK iBQM 2 °Q  H2 /b iQ HQ+ HBx iBQM
iQ T'QpB/2 TQbbB#H2 "2;BQM Q7 HQ+ iBQM- " i?2  i? M T 2+Bt
i° MbKBii2 X qBi? i?Bb BM KBM/- KmHiBTH2 mb2 b Q7 i?2 bT2+i mK
T QtBKBivK v#2 /B77B+mHiiQ /BbiBM;mBb? mbBM; i?2b2 HQ+ HBx
hQ K2 bm 2K2Mi "2[mB 2b +QQT2  iBp2 b? 'BM; Q7 i’ MbKBbbBQM
KvMQi#2 p BH #H2 BM MQM@+QQT2  iBp2 Q  #HBM/ b+2M "BQbX



kXkX 6>aa RR

kXk 6>aa

h?2 T 2pBQmb b2+iBQM /Bb+mbb2/i?2/B77B+mHiB2b BM TTHVBM;
b2T " iBQM i2+?MB[m2b iQ bQm +2b mbBM; 6>aa KmHiBTH2 ++2bb
b2+iBQM rBHH /2b+ B#2 6>aa +QKKmMB+ iBQMiQ T QpB/2bm77B+E
bi M/IBM; i?2 /IB77B+mHiB2b Q7 b2T " iBM; i?Bb KmHIBTH2 ++2bb i:
i?7 i+ M#2 mb2/iQ b2T " i2 6>aa bB;M Hb- /2'Bp2/ bi'B+iHv 7°QK b
IBb+mbb2/ BM@XARXRBQbIBK iBQM 2 "Q° bbQ+B i2/rBi? 2 +? Q7 i?2¢k
i?72M #2 +Qp2 2/ BAK X2 B BBMOMHV- bB;M H b2T * iBQM i2+?MB[m2b mb
Q7 6>aabB;M Hb "2 /Bb+mikixXjBWa2BiBQM 2 bBMr?B+? T BQ r(
BM bQHpPBM; i?Bb T Q#H2KX

kXkXR JQ/mH iBQM *? ° +i2 ' BbiB+b

6 2[M2M+v >QTTBM; bT 2 / bT2+i mK Bb bT 2 / bT2+i mK /B:Bi H +
mb2/ +QKKQMHV BM KmHIBTH2@ ++2bb +QKKmMB+ iBQM bvbi2Kb)
i? i HHQrb KmHiBTH2 bT2+i'mK mb2 b iQ QT2  i2 BM i?2 b K2 # M/
+'2 bBM; MmK#2 Q7 mb2 b b? "BM; # M/- BMi2 72 2M+2 pQB/ M+
b? "2/ # M/rB/i?X 6 2[m2M+v ?QTTBM; bT 2 / bT2+i'mK bB;M HBM; |
2M+2 pQB/ M+2 BM KBM/X aT2+B7B+ HHv- 6>aa + M pQB/ BMi2 7
mb2 b- M/ 2p2M b2H7 BMi2 72 2M+2 + mb2/ #v KmHiBT i? T°QT ; il
bT 2 /BM;i?2BM7Q K iBQM bB;M H Qp2" # M/ Km+?2rB/2 i? Mi?2 |
bT 2 /BM; Bb +?B2p2/ #v Tb2m/Q@  M/QKHv p "VBM; i?2 +2Mi2" 7":
#2 "BM; bB;M HX h?Bb bT 2 /BM; Bb +°2 i2/ #v i?2 +QK#BM iBQM Q
2M2° iQ M/ 7 2[m2M+v bvMi?2bBx2" -k pRh ¥2H2 B D2 N BMD6 BMXQK +
i2° 7°2[m2M+B2b "2 mb2/iQ KQ/mH i2 i?2 BM7Q K iBQM bB;M HX |



Rk *2 Ti2 kX " +F:"QmM/

6B:m 2 kXR, "HQ+F /B ;> Kb?QrBM; i?2 M2+2bb v bi2TbiQ i° Mb

b2[m2M+2 Q7 BM7Q K iBQM #2 "BM,; #Bib-r?B+? "2 i?2M 2M+Q/2/ i
b2[m2M+2b Q7 #Bib iQ bvK#QH HQ+ iBQMb QM i?2 AZ TH M2X h?2}
mb2/iQ ;2M2" i2 bi'2 KQ7 TmHb2b rBi? K ;MBim/2 # b2/ QM i?2 BM
6BM HHvi?Bb bB;M HBbi?2M KQ/mH i2/rBi?i?2T 2pBQmbHvV /Bb+n
b/27BM2/ BM i?2 bi9MAi?2 BM 2 ivTB+ HHv b2i MmK#2 Q7 +? MM2|
bHQib i? i i?Bb +2Mi2° 7°2[m2M+v + M i F2X h?2 +2Mi2> 7°2[m2M+\
QM2 bHQiIi iQ MQi?2° i "~ M;2 Q7 bT22/bX 6Q° bBM;H2 mb2 - ?2Qr2
Q++m'b i +QMbi Mi " i2X h?Bb K2 Mbi? ii?2 /r2HH iBK2- Q" iBK2
bT2M/bBM +2i BM7 2[m2M+v bHQi-BbivTiB+ HHv +QMbBbi2Mi T2
+iBpBiv + M #2 b2XMBNM@B2X" T QT2 iv Q7 6°2[m2M+v ?QTTBM; b
mb2 Q7 i?2 bT2+i mKX " M/rB/i? Bb +QKKQMHv mb2/ K2i'B+ BM bi
7 2[m2M+v # M/ MBM7Q K iBQM bB;M HBb +m "2MiHv Q++mTvBM;
i?72bT22/ ir?B+?BM7Q K iBQMBMi° MbKBii2/X AMivTB+ H/B;Bi F
#Bib "2 K TT2/iQ bvK#QHb r?B+?i?2M "2 KQ/mH i2/rBi?i?2+ ""B2
BM7Q K iBQMX h?2 " i2 ir?B+?i?2 bvK#QHb +? M;2-/m2iQ i?2 #Bi
i?72 bB;M H TmHb2b Kmbip "vr?B+? + mb2b ?B;?2  mb2 Q7 # M/rB/
#Bi "~ i2 M/i?2°27Q 2 # M/rB/i? BbiviB+ HHv +QMbBbi2Mi #2ir22M
b? T2 mb2/ BM 7 2[m2M+v ?QTTBM; HbQ /2i2 "' KBM2b i?2 bT2+i" H -



kXkX 6>aa Rj

6B;m 2 kXk, 1t KTH2 Q7 i?2 +QMb2+miBp2 ?QTTBM; +? * +i2 BbiB+
i?72° M/QK b?B7ib BM + B2 7 2[m2M+v Qla2W i BIKENR A Ti"2Bi2 Biti K T H
i?2 /r2HH iBK2- # M/rB/i?- M/ bB;M HiQ MQBb2 iBQ Q7 2 +? bB;M



RO *2 Ti2 kX " +F:"QmM/

2T2M/BM; QM i?Bb +?2QB+2-i?2b? "TM2bb Q7 i?2 TmHb2 + Mp "v- |
[27BM2/ +? ~ +i2 BbiB+r?2M Q#b2 p2/ BMi?2 7 2[m2M+v /QK BMX

KQ/mH iBQM +? ° +i2 ' BbiB+b Bb i?2i° MbKBi TQr2 X i 2+2Bp2 -
bi?2 aaX qg?BH2 +? MM2H 2772+ib+ Mp 'vi?Bbi  MbKBi TQr2 - Bl
K2Mi-bm+? b M qgq:L+? MM2H-i?2i MbKBiTQr2 + M#2 bbmK2/iC
#2ir22M bB;M Hb b2Mi #vi?2b K2 mb2 X AM b? "2/ # M/-mb2 b QT2
M/ MQM@+QQT2" iBp2HV rBHH ? p2p "B #H2 KQ/mH iBQM +? ° +i2
KBiiBM; ip BQmbiBK2bX aBM+2i?2+ B2 7'2[m2M+B2b "2 p "Bz
BMiBK2- 7 2[m2M+v- Q  #Qi?- "2 HBF2HViQ Q++m X

kXkXk .2i2+iBQM@" b2/ S ~ K2i2 1biBK iBQM

+im H 2biBK iBQM i2+?MB[m2b Q7 6>aa bB;M Hbp "v- bQK2 i2+?MB
rQ Fb ? p2 #22M mb2/ BM Q /2" iQ 2biBK i2 6>aa +? * +i2 'BbiB+b b
# M/rB/i?- bvK#QH  i2- +2Mi2  7°2[m2M+v M/ 29RBpRy T BRQP2 X h?2
2biBK iBQM Q7 ?QT iBKBM; M/ +2Mi2° 7 2[m2M+v r?2M T2 BQ/B+
2biBK i2b Q7 T2 BQ/B+ ?QTT2%3- 2?2 2bMI2MMBM ( vb "2 mb2/ b
"24+2BpBM; 2H2K2MibX h?Bb rQ F Bb 2tT M/2¢-i QW Q MIBB M/ TQ HPI BBE
BM{ rBi? M2tT2+i iBOQM@K tBKBx iBQM H;Q Bi?K mb2/iQ 2biBK i
7°2[m2M+vX JmHIBTH2 K2 bm 2K2Mib Q7 # M/rB/i? + M /2b+ B#2 bT
b? TBM;- Q7 "2+2Bp2/ bB;M HX PM2ivTI2 Q7 # M/rB/i? Bb iQi H # N
rB/i?- r?B+? BM+HmM/2b i?2 2MiB 2" M;2 Q7 7 2[m2M+v +QMi2Mi Q7
K2 bm 2/ #v @ky/" Q7 bB)X HP2M2Bv HbQ M2+2bB, > \Q# jM'" #BKi P@

rB/i? r?B+? /2b+ B#2bi?2# M/rB/i? Q7 i?22bB;M H ij/"#2HQri?2 T2
Bb 2biBK i2/ BM 932 QWiP2 +v+HB+bT2+i ' mK Q7 bB:M Hb-r?2"2 bm?
“i2b "2 +QMDbB/2 2/ XON? MY EbiBK i2 bvK#QH  i2- ?2Qr2p2° +QMbB



kXkX 6>aa R8

?2B:? +Q "2H iBQM #2ir22M bvK#QH " i2 M/ # M/rB/i? 7Q" i?2 +QMb
mb2 Q7 #Qi? T ~ K2i2'b Bb mMM2+2bb "vX q?BH2 TQr2  2biBK iBQM
2772+ibbm+? b KmHIB@T i? M/ b? /Qr7 /IBM;-Bi K vbiBHH #2 ?2H
2MpB " QMK2MiX 1biBK i2b Q7 TQr2  + M#2 BKT Qp2/ rBi? MBM+ 2
r2HH b +HQb2 T QtBKBiviQ i?2 kZ+BhpB\bp2H2RKBMITbQXrZ™ 2biBK i
;Bp2b iviB+ H ™ M;B3EXb2/ QM (

h?2 T > K2i2 b /Bb+mbb2/ BM i?Bb bm#b2+iBQM +Qp2'2/ T QT2 iB?
/2°Bp2/ bi'B+iHv 7°QK /2i2+iBQMX h?2 T°QT2 iB2b BM+HmM/BM; 2«
TQr2 - "2ivIB+ HHvV+QMbBbi2Mi7Q 2 +? i  MbKBii2  + Qbbb2p2°
Hi?Qm:?2i?2°2Bb 2 "Q BM 2biBK iBM;i?2b2T > K2i2 b-i?2bBKBH
#2 mb2/iQ 7B bi ;’QmT "2+2Bp2/ bB;M Hb- M/i?2M bbB;M 2 +? ;°Q
i° MbKBii2 X h?2 7TQHHQIBM; b2+iBQM rBHH /Bb+mbb T 2pBQmb K2
M/ i?2 Bbbm2b 7 +2/ rBi? 2 +? K2i?Q/X

kXkXj aB;M H a2T ~ iBQM

S'2pBQmb rQ ' Fb ? p2 mb2/ KBtim '2b Q7 bBKBH ~?2QTTBM; T =~ K2i2
h?2 rQ F&MM(b2b +2Mi2° 7 2[m2M+v- # M/rB/i?- TQr2 - M/ /m > iBQM
Q77?QTTBM; /2pB+2+m  "2MiHVv mMbBM;i?2 mMHB83MBPM BaZb#TMBR 'h
FMQrH2/;2Q7iviIB+ H?QTTBM:; +? ~ +i2 'BbiB+b M/Bbi'2 i2/ Km+? |
r?2°2i?2°2 "2 b2iMmK#2 Q7T 2pBQmbHv H2 M2/bQm +2 +H bb2
7°2[m2M+v # M/b- i?2 FMQrH2/;2 Q7 bT2+B7B+ /2pB+2 +? ~ +i2 Bb
h?2 rQ'F BM i?Bb i?2bBb rBHH MQi "2Hv QM T 2pBQmbHvV b22M M/
bT2+B7B+ /2pB+2b-#mirBHH miBHBx2 i?2 bBKBH "BivQ7 bB;M H i
/IBb+mbb2/ bB;M HT QT2 iB2bX IbBM; i?Bb K2i?Q/ MQi QMHvV "2KQ



Re *?2 Ti2 kX" +F;"QmM/

2QTTBM; +? ~ +i2 ' BbiB+b 7Q 2 +?2 bQm +2-#mi HbQ /Q2b MQi #Qm
bB:M HbQm +2bX 8P 22iQ+FBMQIM@qB6B BMi2 72" BM; /2pB+2b mbB
b/m> iBQM- # M/rB/i?- +2Mi2" 7 2[m2M+v- bT2+i° HbB;M im 2- iBk
M/ TmHb2 bT 2 /X h?Bb rQ F bi B+iHv mb2b +QKKQM gqB6B ? “/r °
#mi /Q2b MQi ++QmMi 7Q i?2 TQbbB#BHBiv Q7 ?B;?2  [m HBiv bB
++m’ i2 T K2i2 2biBK iBQM i2[m HQ  HQr2" “2+2Bp2/ TQr2  +Ql
M/ +QKKQM 2[mBTK2MiX h?2 +m "2Mi rQ F rBHH K2 bm 2 i?2 BKT
QM bQm +2 b2T " iBQM #v +Hmbi2 ' BM; + Qbb -~ M;2RFRmR22Bp2 a
7°2[m2M+v Q77b2i K2 bm 2K2Mib b r2HH b T 2+Bb2 bi i M/ biQT
#OmMi?QTTBM; bB;M HbBM # M/ Q7BMi2 2biX q?BH2i?2+m  "2Mir
BMiBKBM; 2biBK iBQM-i?2 +m "2MirQ ' F/Q2b MQi "2[mB 2 “272"2]
7°2[m2M+B2b i? i r2°2 {i2KTi2/ iQ #2 i’ MIRRRBHBX “A[M2BrQbFT( 2+B
FMQrH2/;2 Q7 i° MbKBbbBQM 7° K2 T2'BQ/ Q  /r2HH iBK2X h?2v "2
2[m H /r2HH iBK2b- M bbmKTiBQM i? i 7Q° MQM@"Hm2iQQi? /2pB-
h?Bb rQ"F HbQ bbmK2b 2p2'v 7 2[m2M+v ?QTTBM; bB;M H Bb "2+
i?72 7 bi M/ H ;2 bT 2 /BM; T°'QT2 iB2b Q7 6>aa bB;M Hb- ?B;? a
+?B2p2 ++m’ i2 2biBK iBQM- ?QrRR/QGMQmM2pHIm QF i?2B" bvbi2K
/2;° IBM; 2biBK iBQM [m HBivX h?2 +m "2Mi rQ ' F 2tTHQ 2b ?Qr i?B
BKT +i b2T *~ iBQM [m HBiv&X) mPR20QREM BMBTH2 "2+2BpBM; 2H2K2Mib
BMbi Mib M/ T2 7Q Kb #HBM/ HQ+ HBx iBQM Q7 ?QThX q?BH2 i?B
2biBK iBQM Q7 7°2[m2M+v ?QTTBM; bB;M Hb- M/ T Q+22/b iQ i +
+QMbB/2° KmHIBTH2 mb2  b2T " iBQM M/ +? ~ +i2 Bx iBQMX aBKB
rQ"F mMiBHBXx2b i?2 2biBK i2/ T ° K2HXif) ABLYIQ/ RMQ@n#¥H2 b2T ° iBQM
+m "2MirQ F/Q2b MQi 2[mB 2T BQ FMQrH2/;2 Q7 /2pB+2 bT2+B7
HbQ b2T " i2 p B #H2 MmK#2 Q7 bQm +2b M/ bB;M HbX h?2b2 /
TTHB+ iBQM Q7 T B ' rBb2 +QMbi° BMi@# b2/ +Hmbi2 BM;X IMHBF:



kXjX amKK “v Rd

h #H2 kXR, 6>aa S ° K2i2 b 1b2/7Q  aB;M H a2T " iBQM

G@"QmM/ 1@"QmM/ *Hmbi2 2/ _27b

ai i UbvV yXy @ L (R9@RN)
aiQT UbV @ yX8 L (R9@RN)
aI2HH UbV jXRk81@9 uyX9 (R9@RN)
"w UF>xV 8y k8y u (ky @ kk)
"UF>xV k8y 8yy u (ky @ kk)
_aa U/"KV @Ry Ry u (kj-k9)

i?Bb +HmMbi2 BM; rBHH #2 /2KQMbi  i2/ rBi? p "BQmb 2+2Bp2 aL_b
Q7 p "B #H2 /2i2+iQ  + T #BHBiB2b QM bQm +2 b2T ~ iBQMX

kXj amKK v

h?Bb +? Ti2 7B bi+Qp2 2/i /BiBQM HK2 MbQ7b2T " iBM; bB;M H
+? ° +i2°BbiB+b M/ HQ+ iBQM BM7Q K iBQMX h?2 mb2 Q7 6 7BM;
re2mMm? /r "272 im 2b b2ibT " BEMBMIrM QpB/2 2t+2HH2Mi B/2MiB7B+
FMQrM bQm +2bX >Qr2p2°- B7 bQm +2b 2 MQi FMQrM-i?2 72 im"2
MMFMQrM mb2' b #2+QK2b "2HB Mi QM 2tT2+i TB+F2/72 im 2bX P7i:
mb2/- mMHB+2Mb2/ # M/-i?2 T BQ FMQrH2/;2 Q7 i?2b2 6 BKT2 72
/IBIiBQM-i?2 Q#b2 p iBQMBMi2 ' p H 2[mB 2/iQ 2biBK i2i?2b2 72 im
bB;M Hb ? p2 b?Q i /r2HH iBK2-r?B+? Bb Q7i2M i?2 + b2 7Q 6>aa
# b2/ QM HQ+ HBxXx iBQM Bb /2T2M/2Mi QM 2biBK iBQM Q7 .Q - hQ -
+ M T'QpB/2 "2;BQMb Q7 HQ+ iBQMb- #mi 7Q° MmK#2 Q7 bQm " +2
//IBiBQM HBM7Q 'K iBQM #Qmi i?2 bB;M H rQmH/ #2 “2[mB 2/ iQ /E
Q7 hQ HbQ '2[mB'2b i’ MbKBbbBQM iBKBM; BM7Q 'K iBQM i? i rQm
BM # M/ Q7 mMHB+2Mb2/ bT2+i mKX h?2b2 /B77B+mHiIiB2b BM #Qi



R3 *2 Ti2 kX " +F:"QmM/

i2+?MB[m2b K F2i?2 TTHB+ iBQM Q7 i?2b2 K2i?Q/biQ 6>aa bB;M H
/Bb+mbb2/i?2 T°QT2 iB2b Q7 6>aa bB;M HbiQ 7m i?2  /2KQMbi i2
bB;M Hb Bb /B77B+mHirBi? i’ /BiBQM H i2+?MB[m2bX Hi2 M iBp:
M Hb mbBM; T > K2i2 b bm+? b?QT  i2-bT2+i°  Hb? T2- M/ _aa? b
rQ'FX S'BQ rQ Fb ?2Qr2p2° "2[mB 2 bT2+B7B+ FMQrH2/;2 Q7 ?QT BI
MmK#2 Q7 FMQrM bQm +2b- Q  /Q MQi ++QmMi 7Q  i?2 BKT +ii? i
QM bB:M Hb2T * iBQM [m HBivX h?2 TT'Q +? BMi?Bb i?2bBb Bb MQ
FMQrM bQm +2b- M/ + Mi?2°27Q°2Db2T " i2 " M;2Q7bQm +2bi? i
b22MX h?Bb rQ'F HbQ /Q2b MQi /2T2M/ 6>aa ?QTTBM; BM7Q K iBCQ
Q B/2 H+2Mi2 7 2[m2M+B2b i?TiB@M Q@ FMOB M+ mbb 2K XBKNKja 2 +iB Q
>Qr2p2°-i?2°2 "2 HBKBi iBQM Bb QMHv mbBM; i?2 /2i2+iBQM # b2/
HBbi2/ BMKW&GR bi- TQbbB#H2 Bbbm2 BM bi'B+iHv mbBM; 6>aa /2i
BM bB;M Hb2T *~ iBQM Bb i?2 /B77B+mHiv BM b2T "~ iBM; bQm +2b i
b2ibX 6Q 2t KTH2- B7 irQ bQm +2b ? p2 bBKBH ~ ?2QT "~ i2 M/ # M/r
i? iK v/B772 2MiB i2 i?2KBbi?2 aaX 1p2'vT K2i2-Q MQT K
70 MmK#2 Q7 bQm +2b- M/ BM i?2 + b2 r?2°2 HH T  K2i2'b "2
T Q+2bb K vMQi T'QpB/2 2MQm;? '2bQHMIiBQM iQ /BbiBM;mBb? bQ

Hi?Qm;?i?2°2 "2bQK2 HBKBi iBQMb BM mbBM; i?2 TT Q +? T 2b?2
7Bib rBHH #2 /2KQMbi i2/rBi? MQp2H b2T * iBQM i2+?MB[m2 # b2
r?B+? /Q2b MQi "2Hv QM T'BQ  FMQrH2/:2 Q7 bB:M H bQm +2bX AN
i?Bb H;Q Bi?K rBHH #2 +QKT "2/ rBi? +H bbB+ H +HmMbi2 " BM; K2i?¢
2biBK iBQM 2 °Q  i? i rQmH/ #2 + mb2/ #v HQr2  "2+2Bp2 aL_X



*2 Ti2" ]

a2T iIBM: aB:M Hb rBi? *Hmbi2
H;Q Bi?KDb

i XR AMi"Q/m+iBQM

*Hmbi2 BM; Bb i?2 mMbmT2 pBb2/ UQ  mM bbBbi2/V bQ iBM; Q7 / i
bBKBH "BivX 1 +?2 /i TQBMi Bb ivIB+ HHv /2b+ B#2/ rBi? b2i Q7 1
Q7i?272 im2bQ7 QM2 /i TQBMi M/i?272 im 2b Q7 MQi?2 /i T
2Qr bBKBH "~ i?2b2 TQBMib '2X *Hmbi2° M HvbBb Bb KQbi #2M27E
"QmT Q7 /i '27?B;?HvbBKBH ° M/i?2;°QmTb i?2Kb2Hp2b "2 p2°
BM i?2 T'2pBQmb +? Ti2 - i?2 bB:M H b2T ~ iBQM TT'Q +? T 2b2Mi
bBKBH "BiB2b Q7 bB;M Hb 2KBii2/ 7°QK QM2 i° MbKBii2 - b r2HH

Q7 Qi?2  i° MbKBii2 'bX a2p2  H 72 im 2b Q7 bB:M Hb BM+Hm/BM;
TQr2 rBHH #2 mb2/BMi?2 b2T ~ iBQM TT ' Q +? T 2b2Mi2/ BM i?Bb +
H;Q Bi?Kb iQ 6>aabB;M Hb2T ~ iBQM? bb2p2° HmMB[m2 #2M27B
iBK2-# M/rB/i?- M/ TQr2 - HBOR2OBBI R #1222 ° M;2 Q7 TQbbB#H2 T
b2ib 7Q 2 +?2 i° MbKBii2  mbBM; i?2 MMHB+2Mb2/ 7 2[m2M+v # M/X
BM bQm +2 +? * +i2 BbiB+b i? i 2 #2M27B+B H BM +Hmbi2 BM; T°
+Hmbi2 BM; H;Q Bi?Kb Bb i?2 "Q#mbiM2bb iQ i?2 MmK#2> Q7 BMT|
MmK#2 Q7 QmiTmi +Hmbi2 ' bX *QMbB/2 ' BM; i?Bb +m "2Mi rQ F Bb #

RN



Ky *?2 Ti2 jX a2T * iBM; aB;M Hb rBi? *Hmbi2 BM

bT2+i mK- i?72 MmK#2 Q7 mb2'b i QM2 iBK2- b r2HH b i?2 MmK¢?
i MbKBib+ Mp 'viB/2HvX

"27Q 2+Hmbi2 ' BM; + M#2 mb2/iQ b2T " i2bB;M Hb-i?26>aabB;M }
1?72 T~ K2i2 b Kmbi #2 2biBK i2/X b /BbXkbd2/[mB M 82w (BQMIiBK iB
Bb H “;2Hv /2T2M/2Mi QM aL_ M/ “2+2Bp2°  + T #BHBivX S'BQ  rQ"
2biBK iBQM [m HBiv QM bB;M H b28j) - RERR MAM2i7ED KTMHB{ iBQM- 7
"2+2Bp2  +Qbi H2 /biQ #2ii2° 2biBK iBQM + T #BHBiB2b- #mi rBi?Q
"2+2Bp2 + M? p2 QM b2T " iIBQM T2 7Q K M+2- "2+2Bp2 + MMQ
KvH2/7iQ ?B;?2 +QbibBM 2 HrQ H/ BKTH2K2Mi iBQMX

h?Bb +? Ti2 rBHH +QMbB/2 i?2 BKT +i Q7 T =~ K2i2 2biBK iBQM |
iBQM + T #BHBiB2b Q7 b2p2° H +HmMbi2'BM; H;Q ' Bi?KbX AM M i
T K2i2' 2biBK iBQM 2°°Q - i?2 MQp2H TTHB+ iBQM Q7 bB;M H #
+QMbi® BM2/ +Hmbi2 " BM; H;Q Bi?K rBHH #2 /2KQMbi' i2/X aBM+2
bB;M H i iBK2- Mv Qi?2  bB;M Hb Q++m 'BM; BMi?2b K2 iBK2 rBN\
/IB772 2Mi:"QmT M/i?2°27Q°2bQm +2X h?2 T2 7Q°'K M+2 : BM Q"
#2ii2° +Hmbi2 ' BM; ++m” +v i HQr2 aL_-r?B+? +QmH/ HHQr 7Q i~
BM "2 H TTHB+ iBQMX

hQ /2KQMbi  i2 i?2 #2M27Bib Q7 i?Bb +QMbi> BM2/ +Hmbi2 BM; TT
i BMBM; ~ M;2 Q7 mb2'b-2 +? rBi? ° M/QK ?QTTBM; T * K2i2 b2ib
/Bb+mbb2/ BMX>R HiBQM2biBK iBQM 2 Q" # b2/ Q77 iRRki@HH BM a
#2 TTHB2/iQ 2 +?2 T ~ K2i2 b2i-BM M ii2KTiiQ T'QpB/2 2 HBbhiB
bB:M HbQm +2 M Hvx2/ BM i?Bb +m "2Mi rQ " FX 6BM HHv- bB;:M H
+QMbi> BMi@# b2/ +HmMDbi2 BM; K2i?Q/b rBjXIiHMRi PR 21 72 KBWH+22 -
#2M27Bib BM mbBM; +QMbi> BM2/ +Hmbi2 BM2rBHH #2 T 2b2Mi2/ B



jXkX 1MpB QMK2Mi aBKmH iBQM kR

6B:m 2 jXR, h?2 K2i?Q/ mb2/iQ i2bii?2 MQp2H b2T * iBQM H:Q Bi?
ai "iBM;rBi? " M/QKbQm +2:2M2° iBQM- bB:M H/2i2+iBQM bi ;2 rE
Q7T ° K2i2 2biBK iBQM 2 Q- M/ 7BM HHvV i?2 +Hmbi2 'BM; H:Q'B
M/ M 2biBK i2/ MmK#2 Q7 bQm +2bX

i Xk 1MpB QMK2Mi aBKmH iBQM

h?2 bBKmH iBQM Q7 KBtim 2 Q7 bB;M Hb 7B bi BMpQHp2b i?2 b"
rB/QrX aBM+2 i?2°'2Bb M p BH #H2 3y J>Xx BM i?2 mMHBRR2Mb2/ # |
i?72 Q#b2°p iIBQM rBM/Qr mb2/ BM i?Bb rQ ' F rBHH #2 3y J>xX iBK2r
mb2/iQ HBKBi +QKTmi iBQM iBK2X gBi? i?2 Q#b2 p iBQM rBM/Qr b
i?2 bBKmH iBQM BMpQHp2b ;2M2" iBM; bQm +2b i? i "2 +iBp2HV Q
b+ M#2 b22M|KXRi@BpXbi ;2 "2[mB 2b i?2 MmK#2 Q7 bQm +2b iQ #2
2QTTBM; T ii2’M7Q 2 +?2 bQm +2 #2 ° M/QKHv ;2M2" i2/X h?Bb bi ;
IBb+mbb2/ BM ajXkKREPBQM bB;M H /2i2+iBQM bi ;2 Bb KQ/2H2/ #v
2biBK iBQM 2°°Q  iQ 2 +? b2i Q7 bB;M H T " K2i2'b T'2pBQmbHv ;2
/2i BH BM ampbRXEBBMHHYV- i?2 +HmMbi2 BM; H;Q Bi?Kb "2 /2b+ B#
a2+iB MM/ i?2 TTHB+ iBQM Q7 i?2b2 H;Q Bi?Kb- br2HH bi?2 "2
bB;M Hb2T ~ iBQM Bb /BbjRbb2/ BM a2+iBQM



k k *?2 Ti2 jX a2T * iBM; aB;M Hb rBi? *Hmbi2 BM

6B;m 2 jXk, pBbm H 2T 2b2Mi iBQM Q7 i?2 > M/QKHv ;2M2" i2/ T
bQm +2b- 2 +? 2T 2b2Mi2/ #v [/B772 2Mi +QHQ X h?2 T > K2i2  b:
KQmMi Q7 2biBK iBQM 2 "Q" #2BM; TTHB2/X



jXkX 1MpB "QMK2Mi aBKmH iBQM Kj
JXKkXR >QTTBM; "2? pBQ"

AM i?Bb b+2M "BQ- MmK#2 Q7 ?2QTTBM; bQm +2b rBHH #2 +iBp2
b2H2+i2/ +? ° +i2 BbiB+ T ° K2i2 b2ibXR h22B2] BIMKB#H2" K2i2' |
rBHH #2 b2H2+i2/ rBi?BM i?2 "Hm2)Q @i b TMABTBX iBAMbB2KHH iBK?2
rBHH MQi +? M;2 Qp2  +QMb2+miBp2 ?QTb Q" T +F2i ~'Bp HbX h?2
p v M/QKHvV #2ir22M +QMb2+miBp2 ?QTbX h?2 ?QTTBM; #QmM/b
rBi?BM i?2 7TQHHQIBM; + i2;:Q kX8 WP/QBM BMMKK 2" Q7 ?QTTBM; +?
+2Mi2° 7 2[m2M+v- /r2HH iBK2- T +F2i bBx2- M/ K tBKmK ?QTbfb2+

M;2 Q7 +QM+m "2Mi mb2 b rBHH #2 +iBp2 BM iBK2 M/ 7 2[m
h?2 MmK#2> Q7 +? MM2Hb- /r2HH iBK2- T +F2i bBx2- M/ # M/rB/i?
rBi?BM i?2 #QmM/b bi i2/X h?2 BMBiB H “Bp HiBK2 rBHH #2 KQ/2H
M BM/2T2M/2Mi “"Bp H KQ/2H2/ rBi? M 2tgXMI2MRI B i 2B®i BB m iB-C
““Bp HiBK2 7i2° bQm'+2? bbiQTT2/i° MbKBiiBM;-rBHH HbQ #2
" M/QK p "B #H2X h?2 +2Mi2° 7°2[m2M+v rBHH #2 Tbh2m/Q@  M/QKH
i?2 MMK#2 Q7 HHQIii2/ +? MM2Hb b2H2+i2/ T 2pBQmbHvVX q?BH2 +
Q++m -i?2 +QHHB/2/ bB;M Hb "2 bbmK2/iQ #2 b2T ~ #H2 rBi? MQ
M2t KTH2 bT2+i ' mK rBi? 6>aa bQm +2b /27BM2/ #v i?2 T 2pBQmb -
6B ;X k

jXkXk S~ K2i2 *QHH2+iBQM

S'BQ  rQ F /Bb+mbb 2K XEKNMIEKDNBOM2b i? i T ° K2i2' 2biBK iBQM ++
?B;?HV /2T2M/2Mi QM i?2 “2+2Bp2 bB;M H aL_X aB;M H T'QT2'iB2
M/ # M/rB/i? #2+QK2 KQ 2 /B77B+mHi iQ ++m" i2Hv 2biBK i2X Ai
i? ii?Bb 2biBK iBQM 2 °Q b+ H2b BMp2'b2HvV rBi? "2+2Bp2/ bB:M +



k9 *?2 Ti2 jX a2T * iBM; aB;M Hb rBi? *Hmbi2 BM

i?72 K ;MBim/2 Q7 T ° K2i2  2biBK iBQM 2 °Q  rBHH bi i i MQ 2°°Q
"2T 2b2Mii?Bb /2;" /IBM; 2+2TiBQM 2MpB QMK2MiX h?2 /Bbi B#mit

mbbB M /Bbi ' B#miBQM-r?B+? b2 p2b b ;2M2  H /BWiIXB#M2iBQM 7
. mbbB M /Bbi'B#mi2/ 2biBK iBQM 2 Q" TTHB2/iQ T K2i2'bBM i-
rBi? +Q277B+B2Mi Q7 p "BSBQM-W2BBM@R2 b7B+B2Hi QUTpHBRLEBQM
2°°Q  "2H iBp2iQ iR BKM+M2 bBM; i?2Q7 B?M:+MbbB M /Bbi'B#miBQM
2Mbm 2bi? i 2°°Q  Bb TTHB2/ mMB7Q KHv + Qbb HH 2EMK iBQM
2 HBbDiB+ HHv- i?2 2biBK iBQM 2°°Q  7Q 2 +?2 T °~ K2i2 rBHH H °;
[2pB+2- M/ 2biBK iBQM 8)Q#Bi?KQnB262 Q7 M HvbBb- mMB7Q K 2
iQ HH T > K2i2 bX

iXj *Hmbi2 " BM:; H:Q Bi?Kb

jJXj XR h” /BiBQM H H;Q Bi?Kb

J Mv /B772 2Mi +Hmbi2 ' BM; H;Q Bi?Kb ? p2 #22M mb2/ BM rB/2 p
7B2H/bX h?2)r@Bmémbb2b K Mv Q7 i?2b2 H;Q Bi?Kb M/i?2B  ?BbiQ
i72 /2i2°KBM iBQM Q7 M TT QT B i2 +Hmbi2 BM; H:Q Bi?K 7Q"
KBM/-i?2 +Hmbi2 ' BM; H;Q Bi?Kb BMp2biB; i2/ BMi?2 +m "2MirQ F
p "B2ivQ7 +Hmbi2 BM; K2i?Q/b- BM+Hm/B&3-/2MbB@#H@B2 b AT 2'ai* H
BN- ?2B2° " +OP-+ M/(+2Mi QBé R +Rhpi2 BM;X h?2b2 H;Q Bi?Kb rBHH

i?72 ivIB+ HmMbmT2 pBb2//QK BMr?2°2i?2°2Bb M mMbT2+B7B2/
"2+2Bp2/ 2QTbV- M/ /2i2°KBM2/ MmK#2 Q7 +Hmbi2 b UbB;M H L
Q7 2 +?2 + M T'QpB/2 MQi QMHv M BM/B+ iBQM Q7 #2bi H;Q Bi?K

T QpB/2b # b2HBM2 7Q  7m’i?2  BKT Qp2K2MiX



jXjX *Hmbi2 BM; H;Q Bi?Kb k8

"ar L

.2MbBiv # b2/ +Hmbi2 ' BM; H;Q Bi?Kb- HBF2 ."a* L- bi “ib i /i
HH M2B;?#Q BM; TQBMib rBi?BM bQK2 /Bbi M+2 i? 2b?QH/ bT2+B"
TQBMib rBHH i?2M "2+m bBp2Hv #bQ #i?2B  M2B;?#Q BM; TQBMib
rBi?BM i?2 /Bbi M+2 i? 2b?QH/X ii?Bbbi ;2 M2r +Hmbi2 rBHH #2
T Q+2bb rBHH "2T2 iX aBM+2 ."a* L Bb /2T2M/2Mi QM i?2 b2H2+iB(
Q7i2M iBK2b- bi iB+b i? 2b?QH/ p Hm2 rBHH MQi T 'QpB/2 +Hmb]
Qi?2° H;Q Bi?KbX Hi?Qm;? i?Bb i? 2b?QH/ Kmbi #2 bT2+B7B2/- ."
b2i MMK#2 Q7 +Hmbi2 b iQ #2 b2H2+i2/ T'BQ  iQ +HmMbi2 ' BM;X

aT2+i H

aT2+i" H +Hmbi2 'BM; Bb KmHiB@ bi28M+#HBmibi2@QEBWM;B ;1P #W) BRIQRX- E
L2 "2bi L2B;?#Q - Q" 7mHHV +QMM2+i2/: T? Bb +QKTmi2/ ++Q /E
bi2T BbiQ T°QD2+ii?2/i BMIiQ HQr2 /BK2MbBQM HbT +2 #v +QK"
r?eB+? + M#2 mb2/iQ 7BM/ 2B;2Mp Hm2b M/ 2B;2Mp2+iQ b Q7i?2 Q"
iQ +QKTmi2 +Hmbi2" bbB;MK2Mi rBi? bT2+B7B2/ E #v bbB;MBM; -
p Hm2bX IMHBF2 Qi?2  +Hmbi2 ' BM; TT Q +?2bHBF2E@J2 Mb-bT2
QM i?2 b? T2 Q7 i?2 /i iQ #2 bT?2 B+ H #Qmi i?2 K2 MX h?Bb H: !
E@J2 Mb 7i2° i?2/ i TQBMib ‘2T QD2+i2/ BMiQ HQr2  /BK2MbBQ
i?72 MmMK#2" Q7 +Hmbi2 b Kmbi #2 bT2+B7B2/ T°'BQ  iQ +Hmbi2 ' BM; X

. HQK2  iBp2

"HQK2 iBp2 +Hmbi2 'BM; Bb 7Q K Q7 ?B2" "+?B+ H +Hmbi2 BM;
bB:M2/iQ Bib QrM :"QmT- M/ bBKBH ~TQBMib "2 +QK#BM2/ mMiBH



ke *?2 Ti2 jX a2T * iBM; aB;M Hb rBi? *Hmbi2 BM

Bb "2 +?22/X h?Bb ?B2" "+?B+ H +HmMbi2 'BM; K2i?Q/ Bb FMQrM b i~
rBHH T QpB/2 #2M+?K "F7Q  i?2 mb2 Q7 ?B2" "+?B+ H +HmMbi2 BV
aBKBH " iQ aT2+i° H +Hmbi2 BM; i?Bb H;Q Bi?K "2[mB 2b bT2+B7
KBM2 r?2M i?2 H;Q Bi?Kb b?QmH/ biQT ;"QmTBM; TQBMibX h?2 /2
Q7 +Hmbi2 b Bb MQi Hr vb p BH #H2 T'BQ  iQ +Hmbi2 BM;X

E@K2 Mb

Hi2 M iBp2Hv- +2Mi " QB/# b2/ +Hmbi2 ' BM; bbB:Mb TQBMib# b2/ Q]
Q +Hmbi2 K2 MX H:Q Bi?Kb HBF2E@K2 Mb-;"QmT #v BMBiB HBXI
+2Mi"QB/biQ " M/QK /i TQBMib- M/i?2M /" rBM; /2+BbBQM "2;BQN
Q +HmMbi2 +2Mi2 ' bX SQBMib "2i?2M bbB;M2/iQi?2 M2 “2bi +Hmb]
i?72 +2Mi"QB/ HQ+ iBQMb "2 KQp2/iQ i?2 +Hmbi2 > K2 M M/ /2+BbB
M/ TQBMib "2 "2 bbB;M2/X h?Bb T Q+2bb ivTB+ HHv KBMBKBx2b
BM2'iB X E@K2 MbBb7 B'HvbBKTH2 iQ BKTH2K2Mi M/- BM +QKT °
+Hmbi2 BM; K2i?2Q/b T°QpB/2b i?2 [MB+F2bi bQHMIBQMX >Qr2p2 - |
#2 bT2+B7B2/ #v i?Bb H;Q Bi?K #27Q 2 +Hmbi2 ' BM;X HbQ- E@K?2
H;Q Bi?K- r?B+? K2 Mb /Bbi M+2 #QmM/ "B2b rQ F #2bi r?2M / i
bT?2 B+ HHv "QmM/i?2 +Hmbi2  +2Mi2 X

AM //BiBQM iQ +H bbB+ +HmMbi2 ' BM; H;Q Bi?Kb-i?2°2 72 p2 #22M b
+Hmbi2 BM; H:;Q Bi?Kb bHB:?iHv KQ 2 BMi2HHB;2MiX M 2t KTH?2
+QMbi> BMibiQ i?2 E@J2 MHBXH:Q Bi?K BM (



iXjX *Hmbi2 BM: H;Q Bi?Kb kd

XXk *QMbi” BMi@" b2/ H;Q Bi?Kb

AM i?2 bB;:M H b2T * iBQM /QK BM- # +F;"QmM/ FMQrH2/:2 K v +QK:
iBK2 /QK BM T QT2 iB2b- /B 2+iBQM Q7 "Bp H- KQ/mH iBQM +H bl
i?Bb BM7Q K iBQMBM i?2 7Q K Q7 +QMbi> BMib BMi?2 +Hmbi2 BM:
T K2i2 b2ib#2+QK2KQ 22 "QM2QmbX h?2°2 "2b2p2° Hp "B iBQ
i2°'BM;-r?2°2i?2K DQ'BivQ7i?2b2 H;Q Bi?Kb TTHv +QMbi> BMib /
BM i?2 7Q°'K Q7 + MMQi@HBMF Q" Kmbi@HBMF T B 'rBb2 +QMbi Bl
+H bbB+ H +HmMbi2 'BM; H:Q Bi?Kb-E@K2 Mb T ' QpB/2b i?2 KQbi 2H
BM; i?2b2 +QMbi> BMib BMiQ i?2B¥Xmbi2 BM; T°Q+2bb (

S'Q# #BHBDbiB+ * MMQi@GBMF *QMbi- BMib

h?2 +QMbi> BMibBMi?2 +m "2MirQ F "2 bbB;M2/QM T B rBb2-Q"
+QMbi> BMib + M "2[mB 2 irQ TQBMib iQ #2 bbB;M2/iQ i?2 b K2 +}
"2bi'B+i bbB;MK2Mi Q7 QM2 TQBMiiQ MQi?2 +Hmbi2 - b BM+ MM
+QMbi> BMi bbB;MK2Mi '2[mB 2b #bQHmi2 +2°i BMivi? iirQ bB;M |
h?Bb H2p2H Q7 +2°i BMivBb MQi p BH #H2 /m2iQ i?2 2 "QM2Qmb T
BM i?Bb rQ"FX * MMQi@HBMF +QMbi> BMib ?2Qr2p2 - + M #2 bbB;|
bobmKTiBQM i? i 7°2[m2M+v 2QTTBM; bQm +2b QMHv i’ MbKBi QM2
irQ 2QTTBM; bB;M Hb Q++m  BM i?2 Q#b2 p iBQM # M/rB/i? ii?2 b F
i72b2 bB:M Hb + M #2 bi'B+iHv bbB:M2/iQ b2T * i2 bQm +2b rBi?

2 "/ 2[mB 2K2Mi QM +QMbi> BMib Bb 2M7Q +2/ BM i?Bb rQ F- bQ MQ
bbB;M2/iQ i?2 b K2 +Hmbi2 B7 i?2°2Bb + MMQi@HBMF +QMbi" E
b 2biBK iBQM 2°°Q Q7 T ~ K2i2 b BM+ 2 b2b- TQBMib K v MQi #2
+QMbi> BMi 2tBbiBM; BM 2p2°v Qi?2" ;"QmTX A7 i?Bb ? TT2Mb- i?2



k3 *?2 Ti2 jX a2T * iBM; aB;M Hb rBi? *Hmbi2 BM

6B;m 2 jXj, pBbm H 2T 2b2Mi iBQM Q7 i?2 bi2Th Q7 i?2 +QMbi"
H;Q Bi?KX h?2 T °Q; 2bbBQM Q7 i?2i?B '/ bi2T iQ i?27Qm’ i? bi2T/
+QMbi° BMib+ M? p2 QM /2+BbBQM #QmM/ "B2bX

MmHH b2i M/ rBHH #2 2@BM+HmM/2/ BM i?2 M2ti +Hmbi2 BM; Bi2 i

iXjXj *PS@EK2 Mb *Hmbi2 BM;

h?2 *PS@EK2 Mb U*QMbi’ BMiS 'iBiBQMBM; E@J2 MbV e&§-Q Bi?K r
M/rb TTHB2/ QM i?°22 :2M2" HIMBp2 bBivQ7* HB7Q MB A pBM
€j)- M/ BM "2 H'rQ H/:SaH M2 7BM/BM; TTHB+ iBQMX h?2 +m
KQ/B7B+ iBOQMb iQ i?2 E@K2 Mb H;Q Bi?KiQBM+Q TQ  i2 BMbi M-
i?72 TTHB+ iBQM Q7 bB:M HDb2T ~ iBQMX 6B bi-i?2b2 KQ/B7B+ iBQ|
h?2M- /2i BH2/ /2b+ BTiBQM Q7 2 +? bi ;2 Q7 i?2 H;Q Bi?K rBH
"2T 2b2Mi iBQM Q7 i?Bb H;Q Bi?KKX M #2 b22M BM 6B ;X



jXjX *Hmbi2 BM; H;Q Bi?Kb kN

JQ/B7B+ iBQMb

q?BH2 i?2 Q'B;BM H *PS@EK?2 eMbb Q0 BitPkBRNI§ #2M27Bib- i?2 2
//IBIBQM H +QMbB/2" iBQMb i? i + M BKT Qp2 i?2 +H bbB7B+ iBQM
MmK#2 Q7 mM bbB;M2/ TQBMibX 6B bi-i?2 Q /2  BM r?B+? i?2 TQ
i?2 [m HBiv Q7 i?2 bbB;MK2MiX h?Bb Bb /m2 iQ i?2 H +F Q7 /2+BbB
TQBMi b?QmH/ #2 bbB;M2/iQ M Hi2 M i2 +Hmbi2 r?22M irQ TQBMib
hQ ? M/H2 i?Bb Bbbm2-BM i?2 +m "2MirQ Fi?2/ i TQBMib 2b?m7
bi ;2 b?QrM #v bi2T k BMRXH*@ 2K +2Mi2° BMBiB HBx iBQM i2+?N\
BKT Qp2 +Hmbi2 ' BM; +QMp2 :2M+2 iBK2 M/ Qp2  HH T2 7Q K M+:
BMi'Q/m+2/BM i 29r@F BIMBMBiB HBx iBQM K2i?Q/ r?B+? bbB;Mb Q
rBi? T'Q# #BHBiv T @3 iBORMIHBR i?2 2m+HB/2 M /Bbi M+2 7 QK 2
d- iQ i?2 +m "2Mi +HmMbi2> +2Mi2 X h?Bb K2 Mb i? i i?2°2 Bb ?B;?
+2Mi2 b rBHH #2 BMBiB HHv bbB;M2/ 7m i?2" /Bbi M+2b 7 QK 2 +7?
mb2/BMi?2 Q'B;BM HrQ F "2HB2b QM 7 B'Hv# H M+2/ +Hmbi2 TOQI
b > M/QK +2Mi2° HQ+ iBQMbX 6Q  6>aa bQm +2b- i?2 2QT " i2 + M

M:2 Q7 i° MbKBii2/ bQm +2 bB;M HbX EK2 MbY¥ BMRIB MBX iBQ
/2T2M/ QM bBKBH ~bQm +2 QmiTmibBx2b- M/rBHH #2 mb2/BM i?2 A
€B HbQ /Q2b MQi +QMbB/2  i?2 MmK#2 Q7 TQBMibi? i "2BM pBQH
M/i?2°27Q°2 + MMQi #2 p HB/Hv bbB;M2/X AM i?Bb + b2-i?2rQ F
bbB;M2/ iQ MmHH b2iX A7 H ;2 T2 +2Mi ;2 Q7 i?2 /i TQBMib
i?2H +F Q7 T'QT2 +HmMbi2" bbB;MK2Mi K v #2 mM/2bB~ #H2- M/ +(
"2bmHib rBi? i?Bb HQr2  MmK#2 Q7 +QMbB/2 2/ TQBMi bbB;MK2Mik
BM+HmM/2b i?2 MmHH b2i # +F BMiQ i?2 bbB;MK2Mith1BR BM+H2ib 8 Q
T QpB/2b KQ 2 +? M+2b 7Q  2p2° v TQBMi iQ #2 p HB/Hv bbB;M2/iQ
i72 MMK#2° Q7 TQBMib mM bbB;M2/ T'BQ iQ H;Q Bi?K +QMp2 ;2M-



iy *2 Ti2  jX a2T "~ iBM; aB;M Hb rBi? *Hmbi2 " BM.

rBi? TQBMib 2K BMBM; BM i?2 MmHH b2i- i?2b2 TQBMib + M 2Bi??2
M2 “2bi +Hmbi2" +2Mi2 - Q> H27i Qmi 7Q " 7m’i?2"  2p Hm iBQMX AN
mM bbB:M2/ TQBMi MmK#2° + M +im HHv BKT ' Qp2 +Hmbi2' “2bmHi
i?72 b K2/ i b2p2° HiBK2b- M/ +?QQbBM; i?2 #2bi "2bmHi BM i2 Kb
TQBMibX h?Bb K2i?Q/ Q7 +Hmbi2 ' BM; 2p Hm iBQM Bb Q7i2M mb2/ B

1t2+miBQM

*PS@EK2 Mb 7mM+iBQBM b +BMMEN HB MbF €QnM bW/ BIVNIK#2 Q7 +Hmbi2
KX 1 +? BMTBbi bB;M H ?QT Q#b2 p2/ BM i?2 iBK2@7 2[m2M+v rBI
+ MMQIi@HBMF +QMbi* BMi Bb /2 °Bp2/ 7°QK i2KTQ  H Qp2'H Th BM
BMi2 ' p HX AM i?Bb TTHB+ iBQM- p2'v ++m  i2 :Sa +HQ+F iBKBM;
iBK2 "2 bbmK2/-r?B+? "2mb2/iQ/27BM2i?2b2 + MMQi@HBMF +Q
bbmKTIiBQM rBHH #2 7m i?2 /Bb+mbb2/ M/ p HB/ i2/ BMD? Ti2 9X
+QMbi ' CBMIOM/ MmK#2 ™ Q7C+2mBNM2b- +HmMbi2 " BM; B BM6Bi;X) Bi?K
Bb 2t2+mi2/X PM+2 i?2 +Hmbi2  +2Mi2°b /Q MQi +? M:2- Q  MQ TQB
+Hmbi2 b-i?2 H;Q Bi?K ? b +QMp2 ;2/ rBi? E +Hmbi2'b +QMi BMB
i72 MmHH b2iX h?2 E +Hmbi2" bbB;MK2Mi 2T 2b2Mib b2T ~ i2 bQm
+ M #2 mb2/ b K2 Mb Q7 B/2MiB7vBM; ivTB+ H?QTTBM; +? ~ +i2" |
bQm +2X b rBHH #2 b?QrM- ++m” i2 +Hmbi2° bbB;MK2Mi BM+"2 &
BM/BpB/m HbQm +26b ?QTTBM; #2? pBQ  r?B+? Bb BKT ' Qp2/ Qp2
# b2/ +QMbi° BMibX



jX9X 2bmHib M/ .Bb+mbbBQM iR

H;Q Bi?KIR/B7B2/ *PS@EK2 Mb H,Q Bi?K

T Q+2/MP2S@EJ1 IDaCon;K V .. i TQBMibr MMQi@HBMF +QMbi’
Con= DtD-*HmbE b
R,AMBIB HBx2 *HmMQhi2C¢2Bli2 Bb@ K2 MbYY X
k, M/QKHv b?nm2DH2 HH
i, 7Q° HH TOBM,ib
bbBdMQ M2 "2bi gHImbidk oAPG h1@
*PLah_ ALhaBblX2
A7 HH +Hmbi2°'b7 BH- bbB;MTQBMiiQ H27i Qmi b2iX
9,7Q 2 +Mmb22C,
+QKTmi2 KDRMcQM™M/ bbB;M +Hmbi2 +2Mi2° iQ
M2r HQ+ jBQM
8, // H27i Qmi D2iNMQ@ "2T2 i bi2Th U9V M/ U8V lijBlH H&EXMp2 ;2M+
threshold
T Q+2/mARPG hl1@*PLah_ &lh&dn=V . . i TQBMi+HmM®QIi-2"
+ MMQi@HBMFCo@MbD'tDBMib
R,?Q\ 2 (-d{2d6:)2C0n6=,
k, Bde=2C-"2im NMm2X
i 2Hb2 "2imh HWh2X

j X9 _2bmHib M/ .Bb+mbbBQM

h?2 M HvbBb BM i?Bb b2+iBQM rBHH #2 T2 7Q K2/ rBi? "2bT2+i iQ |
a2+iBj@¥M M/ QmiHBM2[BRIBEBX KQ/2H bBKmH i2b r? i M Q#b2 p #F
7°2[M2M+Vv rBM/QrK vHQQF HBF2 BM 2 HBbiB+ b+2M "BQX qBi? i
Q7 ?QTTBM:; bQm +2b K v #2 +iBp2 i iBK2- 2 +? rBi? BM/2T2M/
aB:M Hb 7°QK 2 +?2 Q7 i?2b2 ?2QTTBM; bQm +2b "2 bbmK2/iQ #2 /2
b2MbBM; # b2/ +? > +i2 BbiB+bhXR2BMP//2BI/r BitP2b QK2 2 Q" QmiHE
a2+iB@NMXK7i2 i?Bb T K2i2 2biBK iBQM bi ;2-2 +? ?2QT rBHH #2 A
Q7 ?QTTBM; T * K2i2'bX h?Bb b2+iBQM rBHH /2KQMbi  i2 i?2 2772
2QTTBM; bB;M Hb # b2/ QM i?2 bBKBH "Biv M/ /B772 2M+2b Q7 2 +
*H bbB+ +Hmbi2 ' BM; i2+?MB[m2b M/ KQ/B7B2/ +QMbi> BMi# b2/ +F
7Q i?Bb bB;M Hb2T * iBQM- bj®R¥niHBM2/ BM a2+iBQM



jk *?2 Ti2 jX a2T * iBM; aB;M Hb rBi? *Hmbi2 BM

jX9XR S2°7Q°K M+2 J2i'B+b

h?2 7TQHHQIBM:; K2i'B+b rBHH #2 mb2/iQ [m MiB7v +Hmbi2 BM: [m
2 T°2b2Mi b “2bmHi Q7 +H bbB+ M/ KQ/B7B2/ +QMbi> BMi # b2/ -

LQ K HBx2/ Jmim HAM7Q K iBQM

LQ K HBx2/ Kmim H BM7Q &9 B MOKKIAWHY mb2/ 7Q"° +Hmbi2 BM;
2p Hm i8&Mh?Bb K2 bm 2 Bb /27BM2/ b

MI (L;C)

S EHL)H )]

UjXRV

r?72°2 G Bbi?2p2+iQ Q7 i"m2H #2Hb Q7 i?2/ i b2i-*Bb p2+iQ Q7
Q7 +HmMbi2  ;"QmTBM:b- JA Bb i?2emidmr H2BIMT QVIK *i B\O/MB b /27 BM 2/

J/(\L'C)—Xu X P(ij) HQ o 1) UjXkV
N O )
(22 R(i;j) = jC\ Lij/N Bb i?2 T Q# #BHBivi? i ~ M/QKHvV b2H2+i2/ / i

BM #Qi? +EmbiR bM/ > Bb i?2 2Mi'QTv Q" i?2 KQmMIiQI7MB+22i BM
b2i M/ Bb /27BM2/ b

¥

>C) = P(i) H @) UjXjVv

i=1
r?2°R()=jGj/N Bbi?2 T Q# #BHBivi? i /i TQBMi M/QKHV b2H2+i2/
CXJmim HBM7Q K iBQM + M #2 /2b+ B#2/ bi?2K2 bm 2 Q7 BM7Q k
+QMi BMb #Qmii?2 i'm2 H #2HbX q?BH2 i?Bb K2 bm 2 + M K i?2K
T2 7Q°K M+2- M //BiBQM HK2 bm 2 Q7 ++m’ +v Bb BM+Hm/2/ BM

T2 +2Mi ;2 p HM2 BM i2 ' Kb Q7 i?2 T2 +2Mi Q7 +Q "2+iHv bbB;M2/ H



jX9X _2bmHib M/ .Bb+mbbBQM il
++m° +v

K2 bm 2 Q7 " r ++m > +vedd BlommB2/ (b MQi?2 T2 7Q K M+2 #2M+?
b2i Q7 +HInbHE Bb2IMN iQi H/ i T@BMi+bm ™ +v Bb /27BM2/ b 7QHH(

1 X o .
++m‘((-};\D;L):N K tjc\ dj UjxXov
c2C 2L
6Q 2p2'v +HmMbi2 -i?2 K tBKmK MmK#2" Q7 QM2 bQm +26b bB;M H
iQ #2 i? i +Hmbi2 b i'm2 H #2HX gBi? i?Bb bbB;MK2Mi- T2 +2Mi

MmMK#2 Q7 +Q "2+i H #2Hb M/iQi H MmK#2 Q7 H #2HbX
AM2 iB

AMK Mv+HmMbi2 " BM; H;Q Bi?Kb-+QMp2 ;2M+2 M/ T2 7Q K M+2 2
AM2'iB Bb/27BM2/ b i?2 bmK Q7Nbo[iQi B/ 7T DBINMB?2BQFHGbHi2 6b-
+2Mi2 b
xXo
AM2(GHED) = Kzg’(mji ii%): UjXsaVv

i=0 '

#2bi "2bmHIi BM i2 Kb Q7 E@K2 MbBi2  iBQMb QM /i b2iBb/27B
iI?7BbBM2iB X E@QK2 Mb H;Q Bi?Kbi?2°27Q 2b22FiQ KBMBKBx2i?
+Hmbi2 BM; ?Qr2p2 -i?27QHHQrBM; M HvbBb rBHH b?Qri? iBM2"°
#2bi H;Q Bi?K Qmi+QK2X h?2 //BiBQM Q7 i?2 bbB;M2/ TQBMi K2i°
Q7 /2i2 "’ KBMBM; i?2 #2bi H;Q Bi?K Qmi+QK2X

bbB;M2/ SQBMib

aQK2 +Hmbi2 ' BM; H:Q'Bi?Kb ++QmMi 7Q° QmiHB2'b M/ T bb i?2
bbB;M HH TQBMib “2; “/H2bb Q7 i?2B" /BbbBKBH "BiviQ Mv Qi?2"



19 *?2 Ti2 jX a2T * iBM; aB;M Hb rBi? *Hmbi2 BM

rBHH bbB:M HH TQBMib #vi?2 2M/ Q7 i?2 H;Q Bi?KX TTHVBM; ? °
BM*PS@EK2 Mb-+ MH2 /iQ TQBMibi? i + MMQi #2 bbB;M2/X A7 i"
MQi pBQH i2 +QMbi’ BMi-i?2 TQBMi rBHH #2 T bb2/iQ MmHH b2i
bbB;M2/ ii?2 M2ti H;Q ' Bi?K Bi2" iBQMX PM+2i?2 H;Q 'Bi?K ? b -
TQBMib i? i "2K BM BM i?2 MmHH b2iX

JX9XKk *Hmbi2 BM; _2bmHib

h?2 "2bmHib Q7 i?Bb b2+iBQM "2 HH bBKmH i2/ rBi? JQMi2 * "HQ
M/ p "B #H2 T ~ K2i2'b 7Q 2 +? 6B;m 2 rBHH #2 /Bb+mbb2/ BM i?2]
7QHHQIrBM; b2+iBQMb rBHH /Bb+mbb 2 +? "2bmHi BM /2i BH iQ /2K(
BM mbBM; +QMbi> BMi@# b2/ +Hmbi2 BM;X

H:Q Bi?K *QKT "BbQM

h?2 +HmMbi2 BM; LJA Q7 H;Q Bi?Kb )b 2nblPRr/VB BINIXRB i B G-MV

#2 b22M- i?2 #2bi T2 ' 7Q KBM; H:Q Bi?Kb rBi?Qmi +QMbi’ BMib r:
K2 MbX 6Q" i?Bb 2 bQM- i?2 E@J2 Mb H:Q Bi?K r b +?Qb2M b i?
T2 7Q K M+2X 6Q  i?Bb +m "2Mi rQ F i?2 //BiBQM Q7 T B rBb2 +C
*PS@EK2 Mb "2bmHi /2KQMbi® i2bi?2 #2M27Bi Q7 BM+Q TQ  iBM;
+HQDb2 +QKT "BbQM Q7 i?2 T2 7Q K M+2X4.2M2BBi/Bb -bm&bR/ BNEE
M2ti b2+iBQMX

*Hmbi2" Ai2° iBQMb

6Q i?2 2bmHjAV?RBY K#2 Q7 bQm +2b Bb b2i i8- M/i?22T > K2i2"
Bb b2irBi? +Q277B+B2Mi Q7 p ‘B iBOM QUkX kbB/b 2 1IB@RBI BNai2i R



iX9X 2bmHib M/ .Bb+mbbBQM i8

6B:m 2 jX9, *QKT 'BbQM Q7 LQ K HBx2/ Jmim HAM7Q K iBQM +°C
7mM+iBQM Q7 BM+ 2 bBM; +Q277B+B2Mi Q7 p "B iBQM iQ 2T 2bz
aL_X



je *?2 Ti2 jX a2T * iBM; aB;M Hb rBi? *Hmbi2 BM

6B;m 2 jX8, S2°7Q K M+2 /B772 2M+2 # b2/ QM LJABM +?2QQbBM; i?
BM; Bi2" iBQM rBi? AM2'iB U*PSE@AV pb KBMBKmK IM bbB:M2/ TQ
i?2 #2bi H;Q Bi?K "mM # b2/ QM i?2 MmK#2 Q7 mM bbB:M2/ TQBN
BM+'2 b2 BM i?2iQT THQi-r?B+? "2T 2b2Mib #2ii2> +Hmbi2 BM: +4



jX9X 2bmHib M/ .Bb+mbbBQM jd

H:Q'Bi?Kb "2 BM7HmM2M+2/ #v BMBiB H" > M/QKBxXx iBQM Q7 +Hmbi2
bm#D2+iiQ "2 +?BM; MOQM@QTiIiBK HbQHmMiIBQMb rBi? 72r Bi2' iBQM
+Hmbi2 ' BM; "2bmHi+ M#2 +?2Qb2M 7 QK 2p2'v+Hmbi2'BM; mM-# b
b BM2 iB j¥eBMh@2 //BiBQM Q7 +QMbi° BMib BM i?2 *PS@EK2 Mb

//IBIBQM H +'Bi2°B BM b2H2+iBM; i?2 #2bi +HmMbi2'BM; Qmi+QK2X
BbBMi?2 7Q 'K Q7 MmK#2 Q7 mM bbB;M2/ TQBMib- Q" TQBMib 2K
Q7 i?Bb K2i'B+ M/i?2BKT +iBi? bQM +?2QQbBM; i?2 #2bi +Hmbi2" ¢
jX8 h?2 HBM2 H #2H2/ 6*PSE@I16 Bb i?2 JQMi2 * "HQ p2 :2 +Hmbi2
+Hmbi2 ' BM; Bi2  iBQM Bb F2Ti rBi? i?72 KBMBKmK TQBMib mM bbB;
O*PSE@AOGBDbi?2JQMi2* "HQ p2 ;2+Hmbi2 ' BM; 2bmHir?2Mi?2 K
F2Ti b i?2 #2bi +HmMbi2 ' BM; Qmi+QK2 + Qbb ky Bi2° iBQMbX h?2i(C
i?72 +HmMbi2 ' BM: T2 7Q Kb # b2/ QM +?2QQbBM: i?2 H:Q Bi?K "mM r?
Q BM2'iB r2°2 i KBMBKMKX h?2 T2'7Q'K M+2 r?BH2 +?QQbBM;
mM bbB;M2/ TQBMib "2bmHibBM ?B;?2 +Hmbi2 ' BM; ++m  +v- BM +
mbBM; +Hmbi2 BM2 iB X h?Bb +Hmbi2 BM; "iB7 +ighb ¥mi,2Hwv B;M(
T'Qp2M iQ ? p2 bK HH #mi #2M27B+B H BKT +i QM +Hmbi2 ' BM; T2
r?2°'2 MmK#2 Q7 +Hmbi2 ' BM; Bi2° iBQMb "2 M7Q° bBM;H2 b2i
i?Bb KBMBKmMK MmHH b2i K2i' B+ + M B/ BM /2i2 KBMBM; i?2 #2bi +
Q7 LJA- M/ HbQ '2/m+2bi?2 MmK#2 Q7 TQBMibi? ir2°2 MQi bm++:
+Hmbi2 X Hi?QmM;?i?2T2 7Q K M+2; BMBMi2 Kb Q7 LJATr bbK HI
i?72°2 "2 H ;2 MmK#2 Q7 bB;M Hb bQm +2b i? i ? p2 bBKBH * ?Q
K2i'B+ iQ KBMBKBx2 i?2 MmMK#2 Q7 mM bbB;M2/ TQBMib K v #2 T~
1?72 MmK#2 Q7 mM bbB;M2/ TQBMir2 27 B'Hv KBMBK H- M/ bQ i?2
b2H2+iBQMr b TT "2Mi- #mi bHB;?iX



]3 *?2 Ti2 jX a2T * iBM; aB;M Hb rBi? *Hmbi2 BM

6B:m 2 jXe, h?2BM+"2 b2BM2biBK iBQM2 "Q iQH2  M+2Q7i?2EQ@
+QMbi> BMib TTHB2/BMi?2 *PS@EK2 Mb H:Q Bi?KX



jX9X 2bmHib M/ .Bb+mbbBQM iN

++m° +v M/ LJA pb 1 Q"

6Q 6BX9 Mi{XeEr bp 'B2/7°QKjiQ3 M/i?2 KQ/2H2/ 2biBK iBQM 2°
7°QKyiQ kyX 6Q" 2p2'v: M/IQK ?QTTBM; b+2M "BQ BM i?2 JQMi2 *
Q72 +? H;Q'Bi?Kr bT2'7Q K2/- M/i?2 #2bi ;"QmTBM; Q7 bB;M Hb
BM2'iB 7Q i /BIiBQM H+Hmbi2'BM; K2i?Q/b- M/i?2 KBMBKmK Mm
+QMbi> BM2/ +HmMbi2 " BM;-r1r b b2H2+i2/ 7Q° +QKT 'BbQMX h?2 T2"7
Bb 2tT ' 2bb2/ BM i2°Kb Q7 LJA M/ ++m’ +v b T 2jpB®XEIH VI DBH2/ Bl
M HvbBb-i?2 +Q "2+i MmK#2 Q7 E +Hmbi2 b rBHH #2 +Q "2+iHv b]|
"2bmHib BM&EBKRMbi™ i2 1?72 BKT Qp2K2Mi BM mbBM; T B rBb2 + MI
BM +Hmbi2 ' BM; " i?2 i? Mbi ' B+iHv +H bbB+ +Hmbi2 BMg H;Q Bi?
[2KQMbi™ i2b i?2 iQH2® M+2 Q7 T ~ K2i2" 2biBK iBQM 2°"Q " rBi? 2]
bB;M H+Hmbi2 " BM;X IbBM; +QMbi" BMib BM +Hmbi2 BM; BM+ 2 b2
UMQ 'K HBx2/ #v K2 MV bi M/ '/ /2pB iBOQMbX MBM+'2 b2/ 2°°Q iQl
[m HBiv K2 bm 2K2Mib i? i "2 iviB+ HHv p BH #H2 BM +?2 T2 "2+
+2Bp2alL_b 7Q 2[mBp H2Mi +Hmbi2 BM; T2 7Q K M+2X Hi?Qm;? +
?B;?2° bB;M Hb b2T " iBQM ++m > +v BM +QKT "'BbQM iQ i° /BiBQM
+QKTmi iBOQM iBK2 i? i i?Bb H;Q'Bi?K “2[mB 2b K v MQi /2bB" #H2
+ iBQMX //BiBQM H +QKTmi iBQM BM i?2 *PS@EK2 Mb H;Q Bi?K K
+QMbi° BMi +?2+F BM i?2 bbB;MK2MRDIqRIi? BMQHi;ZJ BBDK Q7 +Hm|
# b2/ QM /Bbi M+2- i?Bb bi ;2 "2[mB'2b + 'Qbb+?2+F Q7 2p2°v Qi?
+QMbi® BMib "2 #2BM; pBQH i2/X A7i?2bB;M H? b HQM; /r2HH iE
iBK2 rBi? K Mv Qi?2 bB;M Hb-i?2 60APG h1l *PLah_ ALhO® bi2T Q7 i
#2+QK2 +mK#2 bQK2X



9y *?2 Ti2 jX a2T * iBM; aB;M Hb rBi? *Hmbi2 BM

6B;:m 2 jXd, h?2 BKT +i Q7 2°°QM2Qmb + MMQi@HBMF +QMbi BN
ULJAV- + mb2/ #v ?QT iBKBM:RbiBK 2BRW22 B I Xk B Q M
X



iX9X 2bmHib M/ .Bb+mbbBQM 9R

AKT +i Q7 1°"QM2Qmb *QMbi' BMib

ITiQi?BbTQBMi-i?2 "2bmHib BMi?Bb +m " "2MirQ ' F +QMbB/2 2/ i?2
M/ +QKTH2i2HvV ++m’ i2X h?2b2? / +QMbi’> BMib "2 /2T2M/2Mi QM
2biBK iBQM- r?B+? rBHH MQi #2 T2 72+i BM [jXdBbiBp bB2M "BQ
7°QK jiQ 3 M/ i?2 KQ/2H2/ 2biBK iBQM 2 °Q  r b br2Ti 7°QK y iQ k
*M/QK ?QTTBM; b+2M 'BQ BM i?2 JQMi2 * "HQ bBKmH iBQM- ky r
T2 7Q K2/- M/i?2 #2bi ;" QmTBM; Q7 bB;M Hb /2i2 KBM2/ #v KBMB |
+Hmbi2 ' BM; K2i?Q/b- M/i?2KBMBKmK MmK#2  Q7bB;M HbBMi?2 M
rb b2H2+i2/ 7Q° +QKT DBbDIrY i®R;BKT +i Q7 BM+'2 b2/ bi i M/ b
2biBK iBQM 2°°"Q  r?B+? + mb2b 7 Hb2 + MMQi@HBMF +QMbi  BMi
7B:m 2-i?2 TT'Q +? BM i?Bb +m "2Mi rQ ' F + M iQH2  i2 bQK2 KOQ
rBi? BM+'2 b2/ KQmMib Q7 iBKBM; 2 'Q -E@K2 Mb #2+QK2b i?2 #:
b 2tT2+i2/X AM b+2M "BQb r?2°2 :Sa H2p2H ++m  +v Bb p BH #H.
*PS@EK2 Mb H;Q Bi?K+ MiQH2 i2?B;?2 T  K2i2 2biBK iBQM 2"
T2'7Q°K M+2 +QKT 2/iQ +H bbB+ +HmMbi2"BM; H;Q Bi?KbX

jX9Xj *?QB+2 Q7 E

I> r# +F Q7 i?2 E@K2 Mb M/ *PS@EK2 Mb H;Q Bi?Kb “2i?2B" "2[r
i72 MMK#2° Q7 +HmMbi2 b T°'BQ  iQ +HmMbi2 ' BM;X AM #HBM/ b+2M |
MmK#2 Q7 bQm +2b Bb TQbbB#Hv mM p BH #H2- M ++m’ i2 2biBK
2bb2MiB H BM T'QpB/BM; ++m’ i2 bB;M H b2T ~ iBQMX M BM ++m
"QM;Hv +Hmbi2 2/ bB;M Hb- b r2HH b 7 Hb2 2biBK i2 Q7 mb2 b I
6Q  i?2 "2bmHi XK@ BB;K2i2° 2biBK iBQM 2°°Q  r b ?2H/ +QMbi Mi i
/2i2°KBM iBQM Q7 Er b 7Q  i?2 #2bi "'mM Q7 ky H;Q Bi?K "mMbX h



9k *?2 Ti2 jX a2T * iBM; aB;M Hb rBi? *Hmbi2 BM

/IBb+mbb i?2i F2 r vb Q7 i?2b2 "2bmHibX

aBH?Qm2ii2 K2i?Q/

6B bi-i?2 aBH?QmZi3BK2mdQ/ (b # b2HBM2 BM /2i2 ' KBMBM; i?2 +Q
+Hmbi2 b Q  bB;M HbQm +2bX h?2 bBH?Qm2ii2 +Q277B+B2Mi Bb -
/Bbi M+2 M/ i?2 K2 M TQBMi@iQ@M2 “2bi +Hmbi2  /Bbi M+2X hQ n
b?QmH/ #2 br2Ti rBi? °~ M;2 Q7 E- M/i?2 ?B;?2bi bBH?Qm2ii2 +Q2°
i72 2biBK i2 Q7 EX h?Bb K2i?Q/Bb TTHB2/BM #Qi? i?2 E@K2 Mb M
"mMMb iQ /2i2°KBM2 E p Hm2- X% QrA2 BM26EBBM iBQM Q7 E mbB
bBH?Qm2ii2 +Q277B+B2Mi 7Q  E@K2 Mb /Q2b MQi T2 7Q K r2HH rB
iQ i?2 bK HH +Hmbi2  /2MbBiB2b rBi? ?B;? p "B M+2X IbBM; i?Bb 2
TQT2 HV /2i2°KBMBM: i?2 MmMK#2> Q7 +Hmbi2 b 7Q  i?Bb TTHB+ iF

JBMBKmK E 7°QK +QMbi> BMib

h?2 mb2 Q7 +QMbi° BMib BM i?Bb +m "2Mi rQ F + M /27BM2 HQr2" ¢
mb2'b BM iBK2 M/ # M/rB/i? Q#b2 p iBQM rBM/QrX aT2+B7B+ HH
bB;M H bQm +2b + M #2 /27BM2/ b i?2 MmK#2> Q7 ?2QTT2'b Q++m’
/m BM; i?Bb Q#b2 p iBXQMX2AMNBMIRB ;N #2H2/ 6*QMbi> BMi PMHvV6 /2K
+4+m’ +v Q7 +?QQbBM; i?2 MmK#2 Q7 E # b2/ QM i?2b2 +QM+m " 2Mi
bi?2 MmMK#2 Q7 EBM+°2 b2b-i?2 T Q# #BHBivi? i 2p2 v bQm +2 i
/2+°2 b2bX h?Bb /2+°2 b2 +QmH/ #2 TQi2MiB HHv Q77b2i rBi? HQM;.
QM i?2 +iBpBiv Q7 mb2'b-i?Bb K2i?Q/ K vMQi T QpB/2 +QMbBbi2



iX9X 2bmHib M/ .Bb+mbbBQM 9j

6B;m 2 jX3, ++m’ +v +QKT "BbQM 7Q b2p2° HK2i?Q/b Q7 2biBK iB
g?2 2 i?2 ++m +v Q7 i?2 +Q "2+iHv ;m2bb2/ Ep Hm2 Bb b?QrM b
i'm2 bQm +2bX

.2i2 "' KBM iBQM Q7 ErBi? *PS@EK2 Mb

IbBM; *PS@EK2 Mb iQ /2i2 KBM2 KBMBKMK MMK#HXRQY?E Bb b?Qr
i?72 ++m +v BM i?Bb /2i2'KBM iBQM Bb /27BM2/ b :m2bb ++m  +v
Q7 EVfUO hQi HT 2/B+iBQMb Q7 EVX h?2 6*PS@EK2 Mb6é HBM2 /2
+?2QQbBM; i?2 +Q " 2+i E mbBM; i?2 +QMbi> BMi /2 °Bp2/ HQr2" #Qm}
K2i?7Q/X *QMbB/2 " BM; i?2 TQQ T2 7Q K M+2 Q7 i?2 bBH?Qm2ii2 K
i?72 H;Q'Bi?K T'QpB/2b BM+'2 b2/ ++m" +v +QKT 2/ iQ E@QK2 Mb
rQ°b2i? MmbBM; bi'B+iHv +QMbi> BMibiQ /2i2°KBM2 KBMBKmMK p



99 *?2 Ti2 jX a2T "~ iBM; aB;M Hb rBi? *Hmbi2 ' BM
amKK “v

Pp2' HH i?2 b2H2+iBQM Q7 E BM i?Bb T'Q#H2K ? b T°Qp2M iQ #2

bBH?Qm2ii2 K2i?Q/ Q7 /2i2 ’KBMBM; E 7Q" i?Bb TTHB+ iBQM ? b |
a2H2+iBM; E # b2/ QM i?2 MmK#2> Q7 Qp2'H Tb i QM2 BMbi Mi Q7
+QMbBbiI2Mi 2 +?2 bQm +2 Bb i° MbKBiiBM; / i X q?BH2 i?2 Tm TQl
T°'BK 'BHvV 7Q+mb2/ QM /2i2 ' KBMBM; i?2 MmK#2 Q7 bQm +2b BM i?2
b2i Q7 FMQrM bQm +2b- i?Bb iQTB+ biBHH M22/b 7m i?2  "2b2 “+?
h?2 /2i2°KBM iBQM Q7 i?Bb Ep Hm2 rBi? 7m’i?2 #2 2tTHQ 2/ BM i?

jX8 amKK 'v M/ 6mim 2 qQ F

jX8XR amKK v

h?2 +m "2Mi rQ ' F ? b ?B;?HB;?i2/ /2i2+iBQM # b2/ 6>aa bB;M H +?
2biBK i2/ M/ mb2/iQ b2T " i2bB;M HbX h?2b2 +? ~ +i2 BbiB+b BM+|
?2QT BMbi Mib-hQ - M/ _aaXPi?2 rQ Fb? p22biBK i2/ M/ mb2/i?2b
+H bbB7B+ iBQM-#mi? p2 #22M HBKBi2/iQ '2+Q;MBXxBM; T 2pBQmt
HbQ "2KQp2/ bQK2 T'BQ  FMQrH2/;2 BM bB;M H +? *~ +i2 ' BbiB+b- |
7°2[m2M+v M/ KQ/mH iBQM +H bb- M/ /2KQMbi  i2/i? i +H bbB+ +
mb2/iQ b2T " i2 bB;M HbX ."a* L- aT2+i> H- ;;HQK2 iBp2- M/ E@
+QKT "2/ 7Q  i?Bb T'Q#H2K / i X E@J2 Mb r b i?2 #2bi T2 ' 7Q KBM
H;Q Bi?K- M/r b +?2Qb2M b # b2HBM2 M/ 7m’i?2 BKT Qp2/rBi?
T B'rBb2 + MMQi@HBMF +QMbi> BMibX aBM+2 6>aabQm +2b QMHyv
r?2M irQ bB;M Hb Qp2'H TT2/BMiBK2-i?2v +QmH/#2 bbB;M2/iQ /B
Q7 + MMQi@HBMF +QMbi’ BMibX AKT Qp2K2Mi BM +Hmbi2 BM; ++



jX8X amKK v M/ 6mim 2 qQ F 98

2biBK iBQM 2°°Q° M/ KQ 2 +QMbBbi2Mi :"QmTBM: Q7 bB;M Hb iQ
//IBIiBQM-i?2 mb2 Q7 +QMbi° BMib + M +2 i2 +Hmbi2"BM; "iB7 +ik
PBQH iBM; TQBMib- r?B+? + M #2 2tTHQBIi2/ iQ #2ii2° +?2QQb2 +H
Bi2° iBQMbX .2i2 "' KBMBM; i?2 MmK#2" Q7 bQm +2b QT2 iBM; BM
M/ T Qp2/iQ #2 /IB77B+mHi BM i?Bb TTHB+ iBQMX S '2HBKBM v r(
E# b2/ QM i?2 K tBKmK MmK#2"> Q7 +QM+m "2Mi bB:M Hb Qp2'H TT
rb/2KQMbi® i2/X h?Bb K2i?Q/r b MQi bbm++2bb7mH r?2Mi?2 MmK
h?Bb Bb /m2iQi?2 HQr2 T Q# #BHBivi? i2p2'vbQm +2rQmH/ Qp2°
Pp2° HH- rBi? ++m’ i2 K2 bm 2K2Mib Q7 ?QT iBKBM; M/ 2 "QM2Q1
T K2i2 b HBbi2/ BMRAHMIRI-2 BM; K2i?7Q/b + M #2 mb2/ iQ b2T " i2
BKT Qp2/rBi? i?2 //IBiBQM HQ7 # +F;"QmM/ FMQrH2/;2X

jX8Xk 6mim 2 qQ F

h?2 +QMbi> BMib mb2/ BM i?2 +m "2Mi rQ ' F "2 /2T2M/2Mi QM ++m"
b i?2b2 2biBK i2b #2+QK2 KQ 2 2°"QM2Qmb- ? */ +QMbi’ BMib + M
[2+°2 b2 +HMbi2 ' BM; T2 7Q K M+HXX¥b bPX@rMBM 6BKRpPBM; +QMbi’
HiQ;2i?2  r?2M ++m’  i2 ?2QT iBKBM; 2biBK i2b 2 mM p BH #H2- |
mb2/ BMbi2 /X IMHBF2 i?2 bi B+i "2[mB 2K2Mi i? i +QMbi> BMib Km
EK2 Mb H;Q Bi?K-bQ7i +QMbi’ BMib +QmH/ #2 pBQH i2/rBi? r2B;
rQmH/ #2 TTHB2/BMi?2 TQBMi bbB;MR2Mi bbQn2HY M 2H:; @ BIiRX/ rBi-
TQBMi iQ TQBMi /Bbi M+2- Q" bBKBH 2BTVN /IRNBRBH? (BM+Q TQ i2b
bQ7i +QMbi° BMibiQ i?2 T'2pBQmb *PS@EK2 Mb H;Q Bi?KX



*?2 Ti2 9

2 HgQ ' H/ *QMbB/2" iBQMb 7Q"
a2T > iBQM

9XR AMi"Q/m+iBQM

h?2 T'2pBQmb +? Ti2 7B bi QmiHBM2/ T ~ K2i2'bi? i+ M #2 mb2/
bB;M Hb i?2M "2H i2 2 +? ;;QmT iQ bT2+B7B+ i MbKBii2 "X hQ b?
b2ib 7Q 6>aa bB;M Hbr2 2 ;2M2" i2/ M/ KQ/2H2/: mbbB M2 "Q r
i?722°7Q  i? i [/2i2+iBQM M/ 2biBK iBQM bi ;2 Kv //X 1p2M rBi? i
iBQM 2°°Q - bB:M Hb 7°QK bT2+B7B+ bQm +2r2 2 bBKBH ~ 2MQm;
Q7 i /BiBQM H +Hmbi2 ' BM; H;Q Bi?KbX M BKT Qp2K2Mi BM i?Bb
rBi? i?2 //BiBQM Q7 +QMbi° BMib # b2/ QM i2KTQ" H Qp2'H Tb Q7
M HT  K2i2 b2ibX h?Bb +QMbi° BM2/ +Hmbi2 BM; H;Q Bi?K T Qp
++m° +v- 10?2 +Qbi Q7 iBKBM; 2biBK iBQM b2MbBiBpBivX h?2 i m
br2HH b "2 HBbiB+ #QmM/b QM 2biBK iBQM 2 Q" rBHH #2 b?QrM
M/ /2i2+iBQM Q7 ;2M2" i2/ 6>aa bB;M HbX h?2 T°Q+2bb mb2/iQ T2
b22M BMOBRR,GB bi-i?22 " r/ i ;2M2 iBQM "2bmHib BM iBK2 b2 'B2b A
+QMp2i2/ BMiQ iBK2@7 2[m2M+vr i2 7 HH-r?B+?i?2M 2M #H2b i
K2i?Q/b iQ /2i2+i- M/ 2biBK i2 bB;M HbX g?BH2 bQK2 BK ;2 QT2 |
T'BQ rQ FiQ/2i2+i bB;M Hb rBi?BM h6 rBM/Qr-i?2 772+ibi? i K i

Qe



9XkX 6>aa aB;M H:2M2 iBQM 9d

6B;m 2 9XR, h?2 bi2Tbh Q7 i?2 bBKmH iBQM mb2/ BM i?Bb

iBOQM K v ? p2 QM bB;M H /2i2+iBQM ? b MQi #22M T 2pBQmbHv /B!
K2i?Q/b Q7 /2i2+iBQM rBi? BK ;2 b2;:K2Mi iBQM H:;Q Bi?Kb rBHH #
MQp2H TTHB+ iBQM Q7 i?2 +QMbi> BM2/ +Hmbi2 BM; H;Q Bi?K rBF
7°QK bB;M H ;2M2" iBQM- bBKmH i2/ "2+2TiBQM- /2i2+iBQM M/ 2D
b2T  iBQM rBi? i?2 H;Q Bi?K /2p2HQT2/ BM *? Ti2 jX h?2 T2 7Q k
H;Q Bi?K rBHH ; BM #2 +QKT 2/iQ i /BiBQM H +Hmbi2 BM; K2i?
Bb Q': MBx2/ b 7QHHQrbX

a2+iBBXMBHH /Bb+mbb i?2 bB;M H;2M2" iBQM bi ;2- M/i?2 //BiBQM
;2M2° i2i?2b2bB;M HbrBi? bB;M HT QO9XpBBM/BR¥irbR2d 222VRRQ M
Q7 i?2h6ri2° 7 HH mb2/iQ /2i2+i bB;M Hb BM i?Bb rQ F- br2HH b
QMbB;M HT ® K2i2 2biBK iBQM 2 'Q" M/i?2'27Q 2 bBXMBHB2T " i
/[2KQMbi® i2 b2p2° HTQbbB#H2 /2i2+iBQM K2i?Q/b M/ i?2 BKTHB+
6BM HHv- ®X8iBDMi?2 #2bi bB;M H /2i2+iBQM K2i?Q/ 7 QK i?2 T2
b?Qrb +HmMbi2 " BM; T2 ' 7Q K M+2 Q7 i /BiBQM H+HmMmbi2 BM; K2i?Q/
#v mbBM; +QMbi° BM2/ H;Q Bi?K QM i?2 /2i2+i2/ M/ 2biBK i2/ bB;

9Xk 6>aa aB;M H:2M2 iBQM
AM i?2 T'2pBQmb +? Ti2 - bQm +2 T'QT2'iB2b bm+? b bB;M H # M/

r2°2° M/IQKHvV b2H2+i2/- M/ bbB;M2/iQ 2p2'vbhQm +2 QT2 iBM; rBi
2p2°vbQm +2-i?2b2 T " K2i2 b /B/MQi+? M;27Q  +QMb2+miBp2 ?C



93 *2 Ti2°9X 2 HqQ H/ *QMbB/2  iBQMb 7Q" aB;\

6B;m 2 9Xk, h?2 bi2Tb mb2/ BM i?BbrQ FiQ ;2M2" i2 +QKTH2t/ i 7

i?72#QmM/b BIMOR #H22 i? M ;2M2" iBM; "2 HbB;M Hb-i?2bQm +2b:
rbT2 7Q K2/ QM i?2b2 " M/QKHvV b2H2+i2/ T ° K2i2 b2ibrBi?i?2 /I
Hi2"M iBp2Hv- i?2 ;2M2" iBQM Q7 6>aa bB;M Hb BM i?Bb +? Ti2 B
bQm ' +2 T°QT2'iB2b bm+? b KQ/mH iBQM +H bb M/ Q /2 - TmHb2 b?
bvK#QH * i2- 2QT " i2- bB;M H TQr2 - +2Mi2 7 2[m2M+v- M/ ?QT iE
iQ ;2M2° i2 " r +QKTH2t AfZz /i X Hi?Qm:?i?2'2 2 //IBiBQM HT'Q
bT2+B7B2/BM Q /2 iQ ;2M2  i2 “r/ i -i?2:;2M2" iBOQM iQQH i? i/2i
TQr2 - M/ /r2HH iBK2 Bb i?2 b K2iQQH i? ir b mb2/ BM *? Ti2 jX t
+? BM mb2/iQ ;2M2" i2 bB;M Hb BM i?Bb +? IR 6B M i#2 The2nv @&

*M/QK b2[m2M+2 :2M2° iQ  +°2 i2b bi'2 K Q7 #Bib i? i Bb mb2/ b
iQ #2 i° MbKBii2/X h?2 M2ti bi ;2 BMpQHp2b K TTBM; i?Bb bi'2 K Q7
QM i?2 AfZ TH M2X h?2 MmK#2 Q7 #Bib K TT2/iQ 2 +? bvK#QH Bb
Q7 i?2 KQ/mH iBQM b+?2K2X AM i?Bb rQ ' F- ZSaE KQ/mH iBQM r b
"2 2p2MHvVv bT 2/ i/B772 2Mi M;H2b QM i?2 AfZ TH M2X h?2 KQ/n
T BK BHv 2772+ib ?Qr277B+B2MiHv i?2 bT2+i mK Bb mb2/ M/ bBM
iQi H# M/rB/i? M/ /r2HH iBK2b- Q /2" M/ KQ/mH iBQM b+?2K2 "2 |
iQ bB;M Hb2T " iBQMX h?2 M2ti bi ;2 Q7 bB;M H ;2M2 iBQM Bb Tr
i?72 bT2+B7B+ iBQM Q7 i?2 7TBHi2 ' BM; 7TmM+iBQM- TQr2 - b r2HH

rB/2 p B2ivQ7 TmHb2 b? TBM; 7TmM+iBQMb i? i+ M#2 mb2/ 7Q" /B;



9XkX 6>aa aB;M H:2M2 iBQM 9N

6B;m 2 9Xj, QQi _Bb2/ *QbBM2 7BHi2  rBi? p "BQmb "QHH Q77
p B iBQMb BMbT2+i° Hb? T2X

+QKKQM 7BHi2 BM; 7mM+iBQM mb2/ Bb b[ryX 8QQi . BH2BH@RLHBM
i72 "QHH Q77 7 +iQ  + M 772+ii?2 bi22TM2bb Q7 i?2 K BM bT2+i"
22B:?i- b?QrM®BHK 6BBK2 i?Bb "QHH Q777 +iQ K v?p2 M2772+i QM
i72 BKT +i Q7 i?Bb 7 +iQ  rBHH #2 +QMbB/2 2/ 7mim 2 rQ FX h?2 M2
BMpQHp2b i?2 KQ/mH iBQM Q7 i?2 BM7Q K iBQM bB;M HrBi? i?2 +
i?Bb TTHB+ iBQM +? M;2 + 'B2  7°2[m2M+B2b Qp2  iBK2- Th2m/
mb2/iQ  M/QKHV b2H2+i +2Mi2 7 2[m2M+B2b-r?B+? i?22M /2i2 KBN
iQ KQ/mH i2i?2bB;M HbX h?2 " i2 ir?B+?i?2+2Mi2 7 2[m2M+v +?
2QT " i2-r?B+? +QMi'QHb ?2Qr HQM; bB:M H 2K BMb i QM2 7 2[m?2
iBK2X h?Bb ?2QT " i2 Bb bT2+B7B2/ #vi?2 mb2 M/ + Mp "vrBi?BM i
KXRh?2 #Bi ~ i2 +QMi QHb i?2 bvK#QH "~ i2- M/ i?2 bvK#QH " i2 /2i2
# M/rB/i? i? iBbmb2/ b "2bmHi Q7 KQ/mH iBQMX h?2 #QmM/b 7Q"
HBbi2/ BMKIX K2 i?Bb KQ/mH iBQM bi ;2-i?2 bB;M H Bb i° MbKBii2
i2°Qm:? KQ/2H2/ T QT ; iBQM +? MM2H- Bb "2+2Bp2/ #v HBDbi2M2
7HQQ  Bb /2bB;M i2/ M/i?2 TQr2 Q7 i?2 i MbKBibQm +2 Bb /2i2F



8y *2 Ti2°9X 2 HqQ H/ *QMbB/2  iBQMb 7Q" aB;\

h #H42 9XR, aB;M H :2M2  iBQM S QT2 iB2b

*H bb| SaE
P /2| 9
6BHi2 __*
~_QHH| Py7x7K 8

/"K 7°QK i?2 MQBb2 7HQQ - HbQ FMQrM b i?2alL_X ii?Bb TQBMi B
bQm +2b "2 KQ/mH i2/ mbBM; i?Bb T Q+2bb rBi? +Q MOXRMI?R ~ K2i2
“2bmHi Mi QmiTmi Bb bi'2 K Q7 iBK2 b2 'B2b +QKTH2tAZ /i - +QM
+ M #2 2ti° +i2/ rBi? /2i2+iBQM H;Q Bi?KX h?2 K2i?Q/iQ T2 7Q"|
i722°°Q" bbQ+B i2/ rBi? Bi rBHH #2 /Bb+mbb2/ BM i?2 M2ti b2+iBQ]

9Xj hBK2@6 2[m2M+v q i2 7 HH .2 Bp iBQM

hBK2@7 2[m2M+v bB;M HT Q+2bbBM; BMpQHp2b mbBM; #Qi?i?2 iB
+QM+m "2MiHvX h?Bb TT Q +? Bb ii° +iBp2 BM /2i2+iBM; 6>aa bB;|
7°2[m2M+v p BH #H2 7Q mb2- b r2HH b i?2 iviB+ H?QTTBM; #27~
AM +QMi’ birBi? i’ /BiBQM H K2i?Q/b Q7 mbBM; 2Bi?2" iBK2 Q" 7 2]
bi iBQM v bB;M Hb- h6 M HvbBb T 'QpB/2b K2i?Q/ iQ /BbiBM;mBt
HBF2Hv Qp2 " H TTBM; BM iBK2 Q" 7 2[m2M+v i Mv ;Bp2M TQBMiX
bB;M HT Q+2bbBM; i2+?MB[m2HbXO M #2 b22M BM 6B ;X

h?2°2 "2 Db2p2° HK2i?Q/b +QKKQMHv mb2/ BM /2 BpBM; i?Bb h6 /BE
BM+Hm/2-i?2 qB;M2 @oBHH2 /Bbi ' B#miBQM- HQ+ HBx2/ 7Q Kb Q7
bT2+i"mK ;> /B2Mi- “2H i2/ 2M2 ;v /2 MRB i B\ bB M@ RiPi2 b QKT "BbQ
h6 /2 Bp iBQM K2i?Q/b + MI¥8j)nQ MM/ BM2AQ/ iQ Q#i BM i?2 iBK2@7"
/Bbi'B#mMiBQMBMi?BbrQ Fr bi?2HQ+ HBx2/rBM/Qr2/6hX h?2 2  :
i?Bb K2i?Q/ Qp2 i?2 Qi?2 b HBbi2/X h?2 rBM/Qr2/ 6h Bb bBKTH2 i



9XjX hBK2@6 2[m2M+v q i2 7 HH .2 Bp iBQM 8R

6B:m'2 9X9, +QKT "BbQM Q7 i?°22 bB;M H T Q+2bbBM; i2+?MB][n
THQiV- 7 2[m2M+v /QK BM 2T '2b2Mi2/ #v SQr2 aT2+i° H .2MbBiv
THQiIV- M/ iBK2@7 2[m2M+v M HvbBb U+2Mi2° THQIiV iQ Q#b2 p2
Q7 2Bi?2° iBK2 Q 7'2[m2M+v /QK BM BM/2T2M/2MiHv T QpB/2b i?2
re2M Q#b2 pBM; 6>aa bB;M HbX



8 k *2 Ti2°9X 2 HqQ H/ *QMbB/2  iBQMb 7Q" aB;\

/Q2b MQi +'2 i2 “iB7 +ibi? i+ M#2 T 2b2Mi BM i?@RB8 >N22@DBHH 2
i?72 /Bb /p Mi ;2 Q7 mbBM; i?Bb K2i?Q/ Bb i?2 b2MbBiBpBiv Bi ? b |
rBM/Qr bBx2 Bb i?2 MmK#2" Q7 iBK2 b KTH2b +QMbB/2 2/ r?2M + H+
/IBb+ 2i2 6h Bb /29BRIB BN U?2 /Bb+ 2i2Hv b KNHD/ iPR; MntK#2"°
7 2[m2M+v #BMb mb2/ 7Q nB B +PRH+ B QAMMi M/KTH2X

D(l

ykl= e 2 Wx[n] U9XRYV
n=0

h6é ri2°7 HH Bb ;2M2" i2/ #v +QMiBMmQmbHv + H+mH iBM; i?Bb .6
rBM/Qrb- mMiBH i?2 2M/ Q7 i?2 Q#b2 p iBQM rBM/Qr BBXR +?2/X
i72 MMK#2° Q7 iBKN mHCTHBAM + H+mH iBQM /B 2+iHv /2i2 ' KBM2b i??
“2bmHi Mi MmK#2> Q7 NX[m2Bb+K2BIME? i ?B;?2° "2bQHmMIiBQM BM
/QK BM "2[mB 2b KQ'2 iBK2 b KTH2b- "2bmHiBM; BM “2/m+2/ “2bQ

6h HQM2 + M #2 + H+mH i2/ + Qbb i?2 2MiB 2 H2M:i? Q7 Q#b2" |
BM i?2 #QiiQK BK :DBOIh&BX + H+mH iBOM ?2Qr2p2° T°QpB/2b MQ |
r?B+? Bb pBi HHVv BKTQ i Mir?2M MQi QMHvV Q#b2 pBM; +QMb2+miB
bT2+i'mK- #mi HbQ + H+mH iBM; i2KTQ  H T'QT2'iB2b Q7 bB;M H
iBK2X h?Bb iBK2@7 2[m2M+v /m HBiv- +QKKQMHvV FMQrM b i?2 mN
HBK®B9-(+ M TH v K DQ  "QH2 BM i?2 /2i2+iBQM Q7 Mv Q HH "2+
bB:M HbX qBi?Qmi T°QT2  iBK2 "2bQHmMiBQM ?QTTBM; bB;M H rBi
+QKTH2i2Hv KBbb2/X *QMp2 b2Hv- rBi?2Qmi T'QT2  7°2[m2M+v "2b
# M/rB/i? +QmH/ #2 2MiB 2Hv KBbb2/X h?2 H +F Q7 "2bQHmMIiBQM |
2biBK iBQM ++m’ +v r?B+? H2 /b iQ H2bb /BbiBM;mBb? #H2 ?QTT
i /2 Q77-i?2 KBMBKmMK /2i2+i #H2 ?QTTBM; bBRM H? 2b KoEPNDB M nBH h
/f2HH iBK2 M/ # M/rB/i?- 2bmHib BM KBMBKmMK ?QT bBx2 Q7 jtj h6
i72 bK HH2bi /2i2+i #H2 2QT rBHH ? p2 #Qi? j TBt2Hb BM iBK2 /QK B



9X9X aB;M H .2i2+iBQM 8j

h #H2 9Xk, S°QT2'iB2b Q7 i?2 .Bb+'2i2 6Qm B2  h" Mb7Q K M

S QT2 iv hBK2 UKbo/2[m2M+v UJ>xV
P#b2 p iIBQM G2M;BYy 3y

66h b KTH2b 9Ree k9yy
_2bQHMIBQM y XRk YXVYijj

IQK BMX h?2 "2bmHi Mi .6h T = K2i2 ' bi? i +?B2p2OXXBBi2iF2QrM B
T QT2 iB2b ;Bp2M- M 2t KTH2 iBK2@7 2[m2M+vr i2 7 HH Q7 "2 H-
9 X8

9X9 aB;M H .2i2+iBQM

h6éri2 7 HH- Q bT2+iQ; K- T'QpB/2b K2 Mb Q7 pBbm HBXBM;
BK ;2 2T 2b2MiBM; bT2+i° H2M2 ;v BM bQK2 # M/rB/i? Qp2  iBK2X
'Bp2M KTH2 2+2Bp2/ TQr2' - bB;M H6b # M/rB/i?-/m" iBQM- KTH
T QpB/2b pBbm H 7BM;2 T'BMi i? i + M #2 mb2/ iQ B/2MiB7v FM
BMi2 2biX miQMQKQmbHv 2ti° +iBM; bB;M Hb rBi?BM i?Bb rBM/Q|
bQHMIBQMX a2p2° HrQ Fb QT2  iBM; QM h6 bT2+iQ; K ii2KTi il
AMI8 h6 bT2+i°Q:;  KBb + H+mH i2/ rBi? ah6h M/ i?2M i 2 i2/ b
AK :2 2M? M+2K2Mi i2+?MB[m2b bm+? b +QMi  bi bi 2i+?BM; M/ #E
rBi? KQ 'T?QHQ;B+ H i° Mb7Q K iBQMb BM M ii2KTi iQ 2p2 H ?Q"
# +F:"QmM/ MQBb2X h®PBRBHBMY i° Mb7Q Kb "2+2Bp2// i iQ hé6k
M/ T2 7Q Kb +QKTmi2 pBbBQM i2+?MB[m2b bm+? b 2/;2 /2i2+iB
"2+2Bp2/ bB;M Hb r?B+? "2 i?2M +QKT "2/iQ # MF Q7 biQ 2/°272"
d T'2b2Mib M / TiBp2/2i2+iBQM K2i?Q/ 7i2  ;2M2  iBM; h6 bT2+
h?Bb K2i?Q/ T 2b2Mib rQ'F BM /2i2+iBQM p2 'B7B+ iBQM rBi? M [/ T
"2+2Bp2/ bB;M HIbBXR2 AR KBb+ H+mH i2/ M/ mb2/ HQM; rBi? |



89 *2 Ti2°9X 2 HqQ H/ *QMbB/2  iBQMb 7Q" aB;\

6B;m 2 9X8, 1t KTH2 Q7 "2 HBbiB+ ?QTTBM; b+2M "BQ r?22 # N\
bQm +2b rBi? p B #H2 TQr2 b-?QT " i2- M/ # M/rB/i?bX



9X9X aB:M H .2i2+iBQM 88

K2i?Q/ # b2/ QM HQ+ H bi iBbiB+ H M/ KQ ' T?QHQ:B+ H72 im 2b Q
1tT2+i iBQM J tBKBx iBQM H:QdBIi7H2B b B\ /HBMQ(T iBKBM: 2biBK
2ti° +i2/ 7°QK bT2+i°Q;" KX

q?BH2 2 +? Q7 i?2b2 rQ Fb T2 7Q Kb bQK2 ivT2 Q7 BK ;2 QT2 iBC(
2M? M+2 bB;M H /2i2+iBQM-i?2v /Q MQi /Bb+mbb BKTHB+ iBQMb B
M H/2i2+iBQM M/ 2biBK iBQMX h?2 T'BQ rQ'F HbQ /Q MQi +QMbE
b2:K2Mi iBQM H:Q Bi?KbX Hi2 M iBp2Hv- i?Bb rQ F rBHH /2KQMb
QT2 iBQMb 2772+i 2biBK iBQM ++m" +v i ° M:2 Q7 aL_bX a2p2° H
Q/b rBHH HbQ #2 +QKT "2/ M/ /Bb+mbb2/ BM i2 Kb Q7 /2i2+iBQM T
M/ 7 Hb2 TQbBiBp2bX AM //BiBQM- mMHBF2 i?2 T 2pBQmb +? Ti:
"2+2Bp2/ ?QT rBHH MQi #2 # b2/ QM : mbbB M /Bbi'B#miBQM rBi-
"2+2Bp2/al_X h?22°Q 7Q 2 +? "2+2Bp2/ ?QT BM i?Bb +? Ti2 rB
bB;M H /2i2+iBQM 7 QK i?2 " r/ i ;2M2  i2/ b /2b+ B#2PR i?2 T !
h?2 M HvbBb BM i?2 T 2pBQmb +? Ti2" HbQ /2KQMbi  i2/i?2 b2Mh
i2°'BM; iQiQiBKBM; 2biBK iBQM 2 "Q bX LQr-rBi? +im H/2i2+i2/ b
i?72 +QMbi> BM2/ +HmMbi2 ' BM; H;Q Bi?K rBHH #2 b?QrM rBi? i?2 iBKE
#2bi /2i2+iBQM K2i?Q/ /2i2 KBM2/ BM i?2 7QHHQIBM; b2+iBQMbX

h?2 7QHHQrBM: b2+iBQM Bb bi'm+im 92X 99GROHH B @i bQX/ ra m2t b g+ i/BQ M
+QKKQM BK ;2 BMbi M+2b2;K2Mi iBQMiQQHb M/i?22772+ibi?2v K
M/ 2biBK iBQMX OXBb&HHHBOWKT "2 i?2 b2;K2Mi iBQM K2i?Q/b M/ /
r?B+? K2i?Q/ Bb #2bi 7Bi 7Q  i?Bb TTHB +9BOEIKH B piBIe- a/@EH 2+
M HvbBb Q7 i?2 #2bi /2i2+iQ BM i2 Kb Q7 T °~ K2i2 2biBK iBQM +-



8e *2 Ti2°9X 2 HqQ H/ *QMbB/2  iBQMb 7Q" aB;\

9X9XR a2:K2Mi iBQM hQQHDb

AMbi M+2 b2;K2Mi iBQM Bb 7Q K Q7 BK :2 b2;K2Mi iBQM r?2°2 2
BK :2 ;2ib M BM/2T2M/2Mi H #2HX AM DbB;M H b2T * iBQM /QK BN
ri2°7 HH- i?2 ;Q H Q7 BMbi M+2 b2;K2Mi iBQM rQmH/ #2 iQ b2T °
2p2 v TQbbB#H2 bB;M H #m biX h?Bb b2+iBQM rBHH /Bb+mbb +QK
M/ i?2 BKT +#ii?2vK v? p2 QM DbB;M H /2i2+iBQMX hQ pBbm HHV |
Q72 +? b2;K2Mi iBQM iQQH- h6r i2°7 HH +QMbBbiBM; Q7 ?QTTBM
# M/rB/i?- M/ /r2HH iBK2 rBHH #2 mb2/X h?2 h6 r i2 7 HH Q7 i?2b?2
6B :XXerBi? i?2 /2TB+iBQM Q7 i?2 +?2 M:BM: T * K2i2'b BM i?2mTT2"
mb2/ BM BK ;2 b2;K2Mi iBQM H:;Q Bi?Kb 7Bi BMiQ i?°22 + i2;Q B2b
K2 bm 2K2MibX h?2 2K BM/2 Q7 i?Bb b2+iBQM rBHH /Bb+mbb i?2 i
+i2;Q B2b- M/i?2BKT +ii? iiQQHK v? p2 QM /2i2+iBQM M/ 2biB
h?2 iIQQHb 7Q 2 +? + i2;Q v rBHH #2 /Bb+mbb2/ BM MQ T iB+mH "

6BHi2 BM;

6BHi2"BM; BMpQHp2b i?2 irQ /BK2MbBQM H +QMpQHMiBQM Q7 bT
h?Bb +QMpQHMIBQM Bb bHB/BM; QT2 iBQM BM r?B+? 2p2°v TBt2H
7mMM+iBQM i? i QT2 i2b QM i?2 M2B;?#Q b Q7 i?2 Q' B;BM H TBt2H
i?BbrQ FBb T2 7Q K2/ bBKmHi M2QmbHvX AM Qi?2 rQ /b-2 +? M2
7BHiI2'BM; i bT2+B7B+ TBt2H QMHV +QMbBbib Q7 TBt2Hb 7 QK i?2
q?BH2 i?2 K i?2K iB+ HQT2 iBQM Q7 2 +? 7BHi2 Bbi?2b K2-r1? i/
i?72 7BHi2 Bbi?2 7BHi2  /2bB;MX h?2irQ ivT2b Q7 7BHi2  /2bB;Mb n
M/ 2/:2 2M? M+2K2Mi 7BHi2 bX

aKQQi?BM; QT2 iBQMb “2ivTIB+ HHv TTHB2/BMBiB HHViQ 2/m+:



9X9X aB:M H .2i2+iBQM 8d

6B;m 2 9Xe, h?2 2QTTBM; +QM7B;m " iBQM mb2/iQ i2bi /2i2+iBQM
TQr2'- M//r2HHiIBK2 "2 HHbr2Ti ++Q ' /BM;iQi?2mTT2 BK ;2X h?
Q7 i?Bb br22T BM b?QrM BM i?2 HQr2  BK ;2X



83 *2 Ti2°9X 2 HqQ H/ *QMbB/2  iBQMb 7Q" aB;\

BK ;2X *QKKQM 7mM+iBQMb mb2/ BM i?Bb bKQQi?BM; QT2  iBQM

M/ "BH i2° HX h?2ivT2 Q7 bKQQi?BM; 7TmM+iBQM 2772+ib ?2Qr i?2 &
bBx2 Q7 i?2 7BHi2 /2i2 °KBM2b i?2 HQ+ H "2 Q7 r?B+? i?2 7TmM+iB
Q7 i?Bb bKQQi?BM; QT2  iBQM rBi? : mbbB MXBh?2 bK Q2 B2 M
QT2 iBQM +ib b HQr T bb 7BHi2 - r?B+? "2/m+2b b? "T T2 Fb B
# +F;QmM/X h?Bb + M #2 b22M #v i?2 HB;?i2  b? /2 Q7 # +F;"QmM,
i?2 # +F;"QmM/ Bb MQi i?2 QMHv TQ iBQM Q7 i?2 BK ;2 i? i Bb 772
b? "TM2bb Q7 i?2 7Q°2;°QmM/ bB;M H 2/;2b Bb pBbB#Hv "2/m+2/- |
bB:M Hb-i?2 bK2 "BM; Q7 bT2+i" H2M2 ;v "2/m+2b i?2 pBbB#BHBiv
BMBiB HbKQQi?BM; 7mM+iBQM K v "2/m+2 H ;2 bTBF2b BM i?2 " I
H2 /BM;iQ bK HH2' KQmMiQ76SBMi?2/2i2+iBQM bi ;2-?2Qr2p2"-
Kv '2/m+2i?2 ++m’ +v BM /2i2+iBM;i?2 2/;2b M/i?2°27Q°2i?2/r2
Q7 i?2 bB;M HbX HDbQ-rBi? HQr2 TQr2 2/ bB;M Hb-i?2bT2+i  H 2N
TQBMi Q7 r?2°2 Bi Bb BM/BbiBM;mBb? #H2 7°QK # +F;"QmM/ MQBb:
Q7 hSX

h?2 M2ti ivT2 Q7 QT2  iBQM mb2/ BMi?Bb rQ F Bb 2/;2 /2i2+iBQM- (
/2i2+iBQM Bb mb2/iQ B/2MiB7v bm//2M +? M;2b Q" /Bb+QMiBMmBiB
BiB2b "2 #2bi 2T 2b2Mi2/ #v K tBK Q> KBMBK Q7 i?2 ;" /B2Mi K ;N
+ M #2 TT QtBK i2/ rBi? @3Q@&K2HM7BHKIHR Q7 2/;2 /2i2+iBQM rBi? i?
7BHi2 + M #2 b2DM8 BOVH6R ;K2 b22M- #Q /2°b "2/  rM "QmM/i?2 K C
bT2+i° H2M2 ;v BM i?2 BK ;2X h?2 aQ#2H 7BHi2  + M HbQ #2 /2bB
Q7 2/;2b iQ #2 /2i2+i2/X aBM+2 i?2 bB;M Hb BM i?Bb T Q#H2K ? p2
Qp2  i?2 /m” iBQM Q7 i?2 ?2QT- i?2v "2 "2+i M;mH > BM i?2 h6 r i2"
xQMi H M/ p2 iB+ H 2/;2b 2 /2bB 2/X hQZB7BHARB nVb2/iBM BB #X

#Qi? Q7 i?2b2 /B 2+iBQMb bBKmHi M2QmbHv- Hi?Qm;? i?2 7BHi2"



9X9X aB;M H .2i2+iBQM 8N

6B;m 2 9Xd, .2KQMbi  iBQM Q7 i?2 2772+ib Q7 : mbbB M bKQQi?
S v@b+ H2/ bT2+i"Q;  KQMiQT M/i?2b K2bT2+i"Q; K 7i2  bKQC



ey *2 Ti2°9X 2 HqQ H/ *QMbB/2  iBQMb 7Q" aB;\

6B;m 2 9X3, .2KQMbi  iBQM Q7 1i?22772+ib Q7 2/;2/2i2+iBM; aQ#2H
b+ H2/ bT2+i Q;" KQMIiQT M/ i?2b K2bT2+i'Q; K 7i2" 2/;2/2i2+i

b2T " i2HvVX 1/;2 /2i2+iBQM QT2 iBQMb K v T2 '7Q K r2HH rBi? ?B;
i?72aL_/2+°2 b2b-i?2 K :MBim/2 Q7 +? M;2 Q7 i?2 BK ;2 :° /B2Mi #2
/BbiBM;:mBb? #H2- H2 /BM; iQ T "iB HHv /2i2+i2/- Q" +QKTH2i2HV K
T “iB HHv /2i2+i2/2/;2- bBM;H2bB;M HK v#2bTHBi BMiQ b2p2° H
H2 /iQ MBM+'2 b2/ MmK#2 Q7 6S M/ '2/m+iBQM BM ++m > +v BM



9X9X aB;M H .2i2+iBQM eR

JQ T?QHQ ;v

h?2 M2ti ;’QmT Q7 b2;K2Mi iBQM iQQHb mb2/BMi?BbrQ'F "2 KQ T"
MQM@HBM2 QT2 iBQMb "2 '2H i2/iQ i?2b? T2Q bi'm+im  H 72
2°QbBQM-/BH iBQM- QT2MBM;- M/ +HQbBM:X h?2 +QM+2Ti M/ M |
2 7mi?2) 2tTB@X2ABM?Q2 +m " 2MirQ F-i?2b2 QT2  iBQMb rBHH #2
iQ "2KQp2 MQBbv BKT2 72+iBQMb r?BH2 ii?2 b K2 iBK2 2M? M+BN
BMi2 2biX

AM M2 QbBQM QT2 iBQM-2p2 v TBt2HBM MBK ;2Bb 2/m+2/iQ i
TBt2HO6b M2B;?#Q°?2QQ/ K i'BtX aBKBH " iQ i?2 bKQQi?BM; 7TmM+iE
#Q°?QQ/ K i'BtBb /> rM 7 QK i?2 Q'B;BM Hh6r i2 7 HHX h?Bb 277:
Q7  M/QK MQBDb2i? i "2bK HH2 i? Mi?2 7BHi2  bBx2X 6Q° bB;M |
i72 K BM bT2+i° Hb? T2 Q7 i?2 bB;M H Q7 BMi2 2bi rBHH #2 bHB;?
M/ bK HH ?B;? BMi2MbBiv "2;BQMb Q7 MQBb2 rBHH ®%N2/am+2/X b
bB;M HBb "2/m+2/ BM bBx2- M/ i?2 bB;M H rBi? i?2 bK HH2bi /r2HH
7 QK i?2 BK ;2X A7 HH +QMbB/2 2/ 2QTbr2 2 H ;2-i?Bb QT2 iBQ
+B H-r?2"2H ;2 ?2QTb rQmH/ 2K BM KQbiHv mM 772+i2/- M/ bK H
rQmH/ #2 "2KQp2/ 7°QK i?2 BK :2X h?2 i’ /2@Q77 BM mbBM; i?Bb ¢
QM i?2 bK HH2bi bB;M H mM/2  +QMbB/2" iBQMX A7 i?2 [27BM2/ 2"
i72 bK HH2bi bB;M H BM i2 Kb Q7 TBt2Hb- i?2 bK HH ?QT +QmH/ #2
b?QrM #v i?2 #b2M+2 Q7 i?2 bB;M H rBi? i?2 bK HH2bi /r2HH iBK2X

.BH iBQM T2 7Q Kb i?2 QTTQbBi2 7mM+iBQM- r?2°2 ; BM i?2 bT2
"2 +QMbB/2°2/ 7Q" 2p2°v TBt2H- M/ 2 +? TBt2H Bb bbB;M2/ i?2 ¥
M2B;?#Q BM; p Hm2bX h?Bb QT2  iBQM Bb Q7i2M mb2/iQ 2tT M/ i
BK ;2X AM i?2 + b2 Q7 h6r i2°7 HH-i?2 bBx2 Q7 bK HH ?QTb + M #
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