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ABSTRACT

The ever-increasing demand for low-latency, higher reliability, and enhanced cov-
erage in next-generation mobile communications, particularly for applications such
as the Internet of Things and autonomous driving, necessitates the development of
new algorithms that improve performance or reduce the complexity of contempo-
rary approaches. Achieving these objectives relies on advancements in areas such
as low-complexity modulation, coding and decoding schemes, detection algorithms,
and beamforming methods.

This thesis aims to address these needs through innovations in machine learning
for channel coding and detection. First, we theoretically investigate neural belief
propagation (NBP) decoders’ ability to enhance decoding performance. Our theoret-
ical and empirical analysis reveals the dependence of NBP decoders’ generalization
capabilities on factors such as code parameters, decoding iterations, and training
dataset size. These insights are crucial for optimizing the design and training of
NBP decoders for practical applications.

Second, we propose Sparse Matrix Codes (SMC), a novel channel coding tech-
nique tailored for ultra-reliable low-latency communications. SMC maps message
bits to a sparse matrix, which is then multiplied by a spreading matrix and transmit-
ted over the communication channel. By adopting tools from compressed sensing,
we derive a low-complexity decoding algorithm to effectively recover the message
from the channel output.

Lastly, we introduce DRE-CUSUM, a machine learning-based change detection
method for high-dimensional data with unknown distribution parameters. The core
idea is to estimate the density ratio before and after a split point in a time series,
using a non-parametric model to detect changes. We provide theoretical justification
and accuracy guarantees for the proposed approach, highlighting its robustness and

reliability:.
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Nothing can purify the mind and soul of
a person like transcendental knowledge.
This knowledge is attained by uniting
individual consciousness with universal
consciousness over time.

Bhagavad Gita: Chapter 4, Verse 38
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Chapter 1

INTRODUCTION AND OVERVIEW OF THIS DISSERTATION

Applications such as augmented reality (AR), virtual reality (VR), autonomous
vehicles, vehicle-to-everything (V2X) communications, the Internet of Things (IoT),
and next-generation (abbreviated as Next-G) networks require high reliability, low
latency communications, and massive device connectivity [7, 8]. The goal of Next-G
communication systems is to provide a framework for such applications. Next-G
communications have been categorized according to use cases and their respective

data rates and reliability requirements. Specifically, there are three categories:

(a) JOOOIOD OOOOIOD D000 0000000000000 bOOO0O0OC: Supports connec-
tivity for a large number of devices, where data is sent sporadically in appli-
cations such as IoT. mMTC is characterized by its focus on handling massive

numbers of devices with low data rates and sporadic transmission needs.

(b) 00000000 JODID CODOOO0OD 00OOO0O0: Supports applications such as
VR/AR, which have high data rate requirements. eMBB is designed to provide
high throughput and data rates for applications that demand large bandwidths

and consistent connectivity.

(c) OIDODOOCNOOIO 00O DOOLOOD O0OODOIoboibol tOOOOOo: Supports ap-
plications such as autonomous vehicles and V2X communications, which re-
quire latency on the order of 1 ms and a low frame/packet error rate (on the
order of 10 °). Moreover, URLLC aims to achieve these stringent reliability

and latency requirements for a large number of devices simultaneously.
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6m i?72 ' KQ 2- i?2 p "vBM; "2HB #BHBiv@H i2M+v "2[mB 2K2Mi
| GG* KQiBp i2b i?2 M22/7Q H2p2® ;BM; KQ'2 / TiBp2 H;Q Bi

6Q BMbi M+2-K +?BM2 H2 MBM; # b2/ H;Q Bi?Kb + M #2 ml
M2irQ"F 7 BHm 2b M/ T 2/B+iBM; /2K M/b BM Q /2 iQ /2i2+i M
Q' /2 iQ K BMi BM i?2 [m HIBRKKX/ b22pB2ZQ K M+2 J2 bm 2K?2
bvbi2K +QHH2+ib i?7Qmb M/b Q7 K2i'B+b 7 QK 2 +? +2HH-[m Mi
1?72 +2HHO6b T2 7Q K M+2-BM+HmM/BM; pQB+2 [m HBivBM/B+ iQ
bB;M Hbi'2M;i?- BMi2 ' 72°'2M+2- M/ KQ 2X h?2 pQHmMK2 Q7 i?E
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Bb MQi +m "2MiHv 72 bB#H2 7Q M2irQ F QT2 iQ biQ KQMBIQ
i?72 mi?QW)QA7QTQb2i?2 mb2 Q7 K +?BM2 H2 "MBM;@# b2/ M
/2i2+iBQM K2i?Q/b iQ B/2MiB7v +? M;2b BM S2°'7Q°K M+2 J2 b
iBQM HK9-BMBM7Q +2K2MiH2 "MBM;@# b2/ TT Q +?2r b T Q
HHQ+ iBQM #2ir22M 2J"" M/ I_GG*X h?2 mi?Q b 2KTB B+ HH\
i?72B° TT Q +?+QmH/ 2i BMi?2 "2HB #BHBiv Q7 2J""r?BH2 Hb
"2[mB 2K2Mib Q7 1_GG*X

J +?BM2H2 MBM;@# b2/ H;Q Bi?Kb? p2 HbQ #22M mb2/ BN
bBp2 JAJPiQ H2p2  ;2bT iB H/Bp2 bBivX aT2+B}+ HHv-/22TH
}IM/ rB/2 mb2 BM +? MM2H RPiBK2IiBQAMX B Qr2/i? ii?2 /22T M
HM2irQ F@# b2/ +? MM2H 2biBK iQ QmiT2 7Q K2/ i?2 H2 bi
TT Q +?2/i?2 KBMBKmK K2 M b[m "2 2biBK iQ UJJalV r?BH2
+ MiHv 72r2° TBHQi bB;M HbX 6m i?2 KQ 2- KQbi H;Q Bi?Kb 7(
bBp2 JAJP "2Hv QM ++m” i2 +? MM2H 2biBK iBQMX J Mv H;Q "I
"2HV QM i?2 +? MM2H +Qp "B M+2 K i'BtX g2 MQi2 i? i # mTi +7~
+Qp B M+2K i'BtK vQ++m Q++ bBQM HHv-TQi2MiB HHv /m2
BM; 2MpB " QMK2Mi M/ mb2°  HQ+ iBQMX .2i2+iBM; +? M;2b BM i
1?72 mi?Q keB/MMpBb2/ #Qi? QMHBM2 M/ Q|BM2 bi" i2;B2b iQ /2i
BMi?2 +? MM2H +Qp B M+2 K i'BtrBi? HQr7 Hb2 H K i2X |
iBTH2 ++2bb ULPJ V? bT Qp2MiQ #2 + m+B HBM L2ti@: M/ #
KmHIiBTH2 mb2 b mbBM; i?2 b K2 +? MM2H- HHQrBM; bBKmHi
rBi? /IBz2 2Mi[m HBiv Q7 b2 pB+2 "2[mB 2K2MibX miQK iB+ K
Bb F2v2M #H2 7Q LPJ - M/ b2p2 HrQ Fb ? p2b?QrM i?2 Bl
H2 "MBM; 7Q° KQ/mH iBKkMXH MRBBH2BRMKK v Q7 H2 MBM;C
H;Q Bi?Kb 7Q " i?72b+QT2 Q7 2M+Q/2°b M/ /2+Q/2 b Bb T QpB/
M/ 7mM/ K2Mi HHBKBib Q7 H2 MBM;@# b2/ /2+Q/BM; H;Q E
[12+Q/2° ? p2 #22M Q7 i?2 F2v +QMi'B#Q/BiIQBIb BBWHE2 TiBQMX
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RXK:2 "MBM; # b2/ 1M+Q/BM:@.2+Q/BM; H:;:Q Bi?|

h?2°27? b #22M bm#bi MiB H "2b2 "+?2 QM i?2 /2bB;M Q7 2z2+iB
BM; H;Q'Bi?Kb7Q p 'BQmb TTHB+ iBQMb-BM+HmM/BM; rB 2H
"2+Q /BM; bvbi2Kb- QTiB+ H "2+Q°/BM; /2pB+2b- M/ ~ b? K2K
H;Q Bi?Kb 2T B '2/rBi?i?2B" +Q "2bTQM/BM; /2+Q/BM; H:Q
2M+Q/2°X h?2 T'BK 'v 7mM+iBQM Q7 M 2M+Q/2  Bb iQ // “2/
MH/i-2bb2MiB HHv K TTBM; Bi iQ HQM;2 b2[m2M+2 i? i B
+? MM2HX h?2 /2+Q/2°0b 7TmM+iBQM Bb iQ "2HB #Hv "2+Qp2°
MQBbv +? MM2H QmiTmibX AM HBi2® im ' 2-i?2/2+Q/2°b "2 Hb
bvK#QH /2i2+iQ ' bX 1M+Q/2°'b + M #2 2Bi?2" HBM2 "Q°  MQM@H

1t KTH2b Q7 HBM2 " 2M+Q/2 b BM+HmM/2 G.S*- 22/@JmHH:
hm #Q +Q/2b- M/ SQKHX L@QM@HBM?2 "~ +Q/2bBM+HmM/2 MQM@H
K DQ'Biv+Q/2bUG.J*V M/ MQM@HBM2 ~bT 'b2@; T? +Q/2b-
p2 " bBQM Q7 G.IRNQ/2b (

AM KQ/2'M +Q/BM; i?2Q v- KQbi 2M+Q/2'b "2 HBM2 X S'BQ
i? 1i?22b2 +Q/2b TT Q +? i?2 +? MM2H + T +Biv Qp2 i?2 //IBiE
MQBb2 +? MM2H BM i?2 H ;2 #HQ+F@H2M;i? 2;BK2X h?2 7 K
7mii?2° + i2;Q°Bx2/ BMiQ H;2# B+ +Q/2b-r?B+? 7Q+mb QM i
KB Hb- M/ ;" T? +Q/2b-r?B+? "2 # b2/ QM bT 'b2 ;" T?bX 1t K
+Q/2b BM+HmM/2 22/@JmHH2" +Q/2b M/ "*> +Q/2b- r?BH2 2t |
BM+HmM/2 G.S* +Q/2b M/ hyhX#Q +Q/2b (

_2+2MiHv- b2p2° HrQ'Fb ? p2 /QTi2/ K +?BM2 H2 "MBM:; @ #
bB;MBM; ;QQ/ 2M+Q/2 @/2+Q/2 T B bX h?2b2rQ Fb + M #2 +
i?22v7Q KmH i2i?2 T"Q#H2Kb rBi?BM +Q/BM; i?2Q°v b 7QHHQ!

UV +?BM2 H2 "MBM: /2+Q/2° 7Q" 1}t2/2M+Q/2° M/ FMQrM +?
U#Y +?BM2 H2 "MBM; /2+Q/2  7Q " +? MM2H mM+2'i BMiB2bc

U+Y¥Y +?BM2 H2 "MBM; 7Q  i?2 DQBMi /2bB;M Q7 2M+Q/2'b M/ /
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L2ti- r2 ;Bp2 # B27 Qp2 pB2r Q7 bQK2 T°'BQ rQ'Fb BM 2 +? Q
+i2;Q°B2bX

J +?BM2 H2 "MBM:; /2+Q/2° 7Q" }t2/ 2M+Q/2QbNM/rEMBIM +7? N
i? i/2KQMbi® i2#2ii2 " T2 '7Q°K M+2 +QKT "2/iQT QiQivTB+ H
BM;i?72Q v7 HHmMM/2 i?2+ i2;Q vr?2 2i?22M+Q/2 Bb }t2/- B>
h?2 /2+Q/2  Bb KQ/2H2/ mbBM; M2m  H M2irQ'F Q" "2BM7Q"
TT Q +?2%RAM?2 mi?Q'b T°QTQb2 M 2M? M+2/ p2'bBQM Q7 i?
Q' Bi?K mbBM; "2BM7Q +2K2Mi H2 "MBM; iQ }M/ 2z2+iBp2 /2+
2 b2p2° Hp "B Mib Q7 i?2 T'QiQiviB+ H #Bi@~BTTBM; H:Q'F
;Q Bi?K- 1?2 /2+Q/2  B/2MiB}2b i?2 #Bi iQ ~BT bm+? i? i i?2 ~E
K tBK HHvV "2/m+2 i?2 MmK#2 Q7 pBQH i2/ T "Biv +?2+F 2[m iB
i2M/2/ iQ BM+HmM/2 r2B;?ib 7Q° 2 +? #Bi iQ /2+B/2 r?B+? #Bi iQ
bi?2r2B;?i2/ #Bi@~BTTBMR HZ@WB2?KWBMN@# b2/ H2 M2/ #Bi
H:Q Bi?Kb U#Qi?i #H2 M/ M2m"> HM2irQ ' F@# b2/ TT ' Q +?2b\
/IBz2 2Mi "2;BK2b-i?2 T°'QTQb2/ H2 "MBM;@# b2/ H;Q Bi?Kb :
i? M i?2 T'QiQiviB+ H #Bi@~BTTBM; H;Q ' Bi?Kb Q° i H2 bi .
M22/2/ 7Q  /12+Q/BM;X

MQi?2° HBM2 Q7 rQ'F bim/B2b i?2 TTHB+ #BHBiv Q7 K +?
T QT ; iBQMX "2HB27 T QT ; iBQM@# b2/ /2+Q/BM; Bb M Bi2"
/2+Q/BM; Bb T2 ' 7Q K2/ #v K2bb ;2 T bbBM; QM i?2 h MM2" ;> T-
7 QK i?2 T 'Biv +?2+F K i Bt mb2/ ii?2 2M+Q/2 X L2m™ H #2H
T°QTQbJKBM({ HBM2 ~#HQ+F +Q/2bX AM M2m  H #2HB27 T'QT
; iIBQM /2+Q/BM; H;Q Bi?Kr bmM7QH/2/ BMIiQ M2m™ H M2irQ
2/;2b ? p2i BM #H2 T ~ K2i2'bi? i "2H2 M2/ BM [ i @/ Bp2
? p2#22M b2p2° HrQ Fb QM 2ti2M/BM; i?2 b2KBM HrQ FQ7 M2
2Bi?2 iQBKT Qp2/2+Q/BM; T2 7Q K M+2jQjd@ h2¥2n +#2THI KT H 2
i iIBQMb Q7 i?2 M2m™ H #2HB27 T'QT ; iBQM@# b2/ H;Q Bi?Kb
*?2 Ti2kKQ7 i?Bb /Bbb2 i iBQMX

SQH " +Q/2b ? p2 #22M b?QrMiQ +?B2p2 +? MM2H + T +Biv 7
+? MM2H rBi? HQr@+QKTH2tBiv bm++2bbBp2 + M+2HH iBQM




kR

b2p2° H / Ti iBQMb Q7 i?2 a* /2+Q/BM; H;Q Bi?K-bm+? b bm
HBbi Ua*GV /2+Q/BM;- iQ BKT Qp2 /2+Q/BM; T2'7Q 'K M+2X h?
7°QKi?27 +ii? i i2 +?2 bi2T- HBbi Q7 + M/B/ i2 K2bb ;2rQ" /b
bi?2 bBx2 Q7 i?Bb HBbi BM+ 2 b2b-i?2 /2+Q/BMj3)»-QKTH2tBiv
/22T H2 "MBM;@# b2/ a*G H:Q Bi?KBbT ' QTQb2/X AMi?Bb H;t
+QMDMM+iBQM rBi? #Bi@~BTTBM; b+?22K2-r?Qb2 K2i'B+ Bb
"2H iBQMb #2ir22M i?2 BM7Q K iBQM #Bib M/ Bb 2tT 2bb2/ b
Ki'Bt- 7Q  r?B+? /22T M2m™ H M2irQ'F Bb mb2/X h?2 T QT(
# b2/ TT Q +?2r b7QmM/iQ 2[mB 2 bB;MB}+ MiHvV 72r2° KmHIiE
QT2 iBQMb r?BH2 K BMi BMBM; bBKBH * 2°°Q" +Q "2+iBQM T
a*G /2+Q/2 X

J +?BM2 H2 "MBM; /2+Q/2° 7Q " +?ANM?2H MO +2KP BMIG MR,/ + i
'Q B2b-i?2+?QB+2Q7/2+Q/2  /2T2M/b QM i?2 p BH #BHBiv Q7
U*aAVX *QMp2MiBQM H/2+Q/BM; H;Q Bi?Kb "2[mB 2 +QKTH2i
i?72 *aA@# b2/ /2+Q/BM; H;Q Bi?Kb Bb i?2 oBi2 ' #B H;Q Bi?KX
i?72b2 H;Q ' Bi?Kb /2T2M/ QM BMbi Mi M2Qmb *aAX h?2 2 "2 b2y
i2/rBi? /2+Q/BM; H;Q Bi?Kbi? i " 2HVQMBMbi Mi M2Qmb *aAX
Q7 *aA ;2M2 HHv /2; /2bi?2/2+Q/2 6b T2 7Q K M+2X 1p2M B"
Bb ++m” i2- 2biBK iBM; Bi BM+m'b M Qp2'?2 /-r?B+? "2/m+2¢L
22X ANM9Y- i?72 mi?Q b T'QTQb2 oBi2 ' #BL2i- /22T H2 "MBM;
iIQT2 7Q K i?2 *aA@# b2/ +QKTmi iBQMb- mb2/ BM +QMDmMM +i
oBi2 #B H;Q Bi?KX oBi2 #BL2i+ M/2+Q/2rBi?QmiM22/BM; 2t
Air b b?QrM 2KTB'B+ HHv BM i?Bb rQ F i? i oBi2 " #BL2i TT Q -
Q7 i?2 *aA@# b2/ oBi2 #B H;Q 'Bi?KX AM MQi?2  rQ ' F- bBK
"*C _L2ir b T°QTQb2/ #v i?2 b KBAYySMRXQAMBKC( L2i- K +?BM2
H2 "MBM;@# b2/ TT ' Q +?2r bT QTQb2/iQH2 "Mi?27 +iQ" ;T
T bbBM; Bb T2 7Q K2/ iQ Q#i BM i?2 /2+Q/2/ QmiTmibX h?Bb
#2 KQ 2 "Q#mbiiQ *aA mM+2'i BMiv +QKT “2/iQ i?2 T°'QiQivTB-

J +?BM2 H2 "MBM; 7Q" i?2 DQBMi /2bB;MhQ®2 2+DB22i M/ /2
? p2 #22M b?QrM iQ #2 QTIBK H "2 7Q° + MQMB+ H +? MM2F
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MQM@+ MQMB+ H +? MM2H b2iiBM; U7Q" 2t KTH2- AA. //Bi
*2 MM2H M/ MQM@AA. J "FQpB M@ q:LV- i?2b2 +Q/2b ‘2 MQ
QTiBK HERAMPE mi?Q b T°QTQb2 hm #Q@ mMiQ2M+Q/2 - r?B+?
DQBMiHv i° BM2/ M2m™ H 2M+Q/2° M/ /2+Q/2°X b i?2 M K2 b
M/ /2+Q/2° 7Q°K M Qp2 ' +QKTH2i2 miQ2M+Q/2 - bm+? i? i i?
Hi2Mi bT +2 iQ r?B+? i?2 2M+Q/2° K Tb Bb H ;27 i? Mi? i Q7
rb b?2QrM i? i hm #Q@ miQ2M+Q/2° +?B2p2b '2HB #BHBiv +H
+? MM2H +Q/2b mM/2" q:L +? MM2Hb 7Q° KQ/2  i2 #HQ+F H2N
+? MM2Hb-i?22hm #Q@ miQ2M+Q/2 r bb?2QrMiQi@miT2 " 7Q Kh
mi?Q°bT°QTQb2DQBMiH2 "MBM; Q7 MQM@HBM2 “2M+Q/2 b
PT2 i BQMUEPV +Q/2bX EP +Q/2br2°2b?2QrMiQ QmiT2 ' 7Q K S
+Q/2b QM qg:L +? MM2HDbX

RXjG2 "MBM; # b2/ .2i2+iBQM H;Q Bi?Kb

*2 M;2 [/2i2+iBQM Bb i?2 T°Q+2bb Q7 B/2MiB7vBM; /2pB iBQMb
Q7 iBK2 b2'B2b/i M/ ? bMmK2'Qmb TTHB+ iBQMb-bm+? b/
Q)- "2 H@iBK2 b ®-2@BYH Qb2 K 20/B9B QP2Mi T 2 /Ba0iB-Q M (

M/ ?22 Hi?+ "2 KQBIBEQPXBM; (

AM i?Bb b2+iBQM-r2 T QpB/2 # B27 Qp2 pB2r Q7 b2p2 H rC
K2i?Q/b mbBM; K +?BM2 H2 "MBM; 7Q" +? M;2 /2i2+iBQM M/ M
p BQmb TTHB+ iBQMbX Pp2  i?2 H bi 8y v2 "b- MmMK2 ' Qmb H
i2+iBQM ? p2 #22M /2p2HQT2/X h?2b2 TT ' Q +?2b iviB+ HHv /
H2 "MBM; M/ Q7i2M bbmK2/ +2i BM T QT2 iB2b #Qmii?2 T 2
/IBbi'B#miBQMb- i?2 MmMK#2" Q7 +? M;2 TQBMib- M/ i?2 MmK#:
b2°B2b /i X 6Q  BMbi M+2-i?2 b2[m2MiB HT Q# #BHBiv = iBQ
HBF2HB?QQ/ iBQ i2bi U:G_hV- *lalJ- M/ Bib p B Mib bm+? b
"2 # b2/ QM i?2 bbmKTIiBQM i? i i?2 /2MbBiv =~ iBQb + M #2 "2
/2pBb2 i2bi bi iBbiB+b 7Q° 8BRM ;2 /2i2+iBQM (

Pi?2  K2i?Q/b "2HvVQM KQ/2H bbmKTiBQMb-bm+? b miQ 2;
i?72 +? M;2 /2i2+iQ° K2 bm™2b /2pB iBQMb 7"QK i?B®&RKQ/2H iQ
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>Qr2p2 - i?2b2 K2i?Q/b bi'm;;H2 r?2M i?2 KQ/2H bbmKTiBQM
MQM@T ® K2i'B+ b2iiBM:;b- E2"M2H .2MbBiv 1biBK iBQM UE.1
TT 'Q +722b 2 p2 #22M T°QTQDb2/ iQ 2b8RRIIR HPHBHR#ZiBQ Blh2 (
70  HQr@/BK2MbBQM H/ i b2ib-i?2b2 K2i?Q/b Q7i2M 7 BH BM
hQ //°2bb i?Bb- "2+2Mi rQ Fb T'QTQb2 /2MbBiv " iBQ@2biBK |
Ai ? b #22M b?QrM i? i- BM ?B;?@/BK2MbBQM H b2iiBM;b- 2bi
2 bB2  i? M 2biBK iBM; BM/BpB/m H /2MBBIBQBR b2? 2/ 2MiBBi\b (
" iBQ 2biBK iQ  r?2M b KTH2b 7°'QK T 2@+? M;2 M/ TQbi@+?
p BH #H2 #mi i?2B° T ° K2i'B+ 7Q'Kb "2 mMMFMQrMX *? M;2
r?2M i?2 /2MbBiv > iBQ 7Q° b KTH2 2t+22/b i? 2b?QH/X a2p
? p2 mMiBHBx2/ /2MbBiv " iBQ@# b2/ 2biBK iBQM i2¢®MB[m2b B]

/IBIBQM HHvV- M2r K2i?Q/b mbBM; +QMpQHMIiBQM HM2m" H I
/IBK2MbBQM H/ i b2ibbm+? bBK ;2b M/ pB/2Qb7Q b+2M2 +?
T QTQBABSX AM{K2i?2Q/b7Q T2 7Q KBM; bi'm+im> H+? M:2 /2
*LL “+?Bi2+im 2b r2'2 BMi'Q/m+2/X h?2b2 “+?Bi2+im'2b 2
[2MDb2 ;2QK2i'vX AM MeQi?2/2@imMH2( " MBM; KQ/2H H2p2" :BM;
"H b2H7@ ii2MiBQM K2+? MBbK iQ 2M? M+2 72 im 2 +Q "2H it
BK :2b 7Q  b+2M2 +? M;2 /2i2+iBQM r b Te®TQDR2X ibm i22TKQ"
M2m > H M2irQ F@# b2/ K2i?Q/7Q b+2M2 +? M:2 /2i2+iBQMX h
T2 7Q K M+2 Q7 /22T H2 "MBM;@# b2/ K2i?Q/b + M /2;" /2 r?2
#miBQM b?B7i BM i?2 BMTmi 7' QK i?2 BK ;2 7° K2b QM r?B+7? i
hQ //°2bb i?Bb-i?2 mi?Q b T°QTQb2 b2H7@bmT2 pBb2/ T 2¢
/22T M2m> H M2irQ ' FX IMHBF2 i /BiBQM H +? M;2 /2i2+iBQM i
/2i2+iBQM H:Q Bi?Kb BMpQHpP2 H #2H2/- ?B;?@/BK2MbBQM H

AM *?2 TP2Y2 T°QTQDb2 i?2 mb2 Q7 /2MbBiv " iBQ # b2/ 2biBK
BM +QMDmMM+iBQM rBi? M2m™ H M2irQ Fb 7Q " ?B:?@/BK2MbB(
+?2 M;2 M/ TQbi@+? M:;2 /Bbi'B#miBQMb 2 mMMFMQrMX g2 Hb
r?2vi?2 T°'QTQb2/ i2+?MB[m2 /2i2+ib i?2 +? M;2 TQBMib- M/ T°
i72 ++m> +v Q7i?2 T QTQb2/ K2i?Q/X g2 "272971Q2 "KQ22b iQ *?
/2i BH2/ 2 IBM:X
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RX®p2 pB2r M/J BM *QMi B#miBQMbDb

AMi?2 T '2+2/BM; b2+iBQMb-r2 ? p2 ?B;?HB;?i2/i?2 mb2 Q7 K -
iBQM M/ +? MM2H /2+Q/BM;X .2i2+iBQM H:Q ' Bi?Kb T°BK "BHYvV
i2/ 11 7 QK MQBbv +? MM2H QmiTmib- ivTiB+ HHv rBi?Qmi H2p
Q" mtBHB 'vBM7Q K iBQMX *QMp2°'b2Hv- BM bi M/ "/ 2M+Q/E
*2/mM/ M+v Bb BM+Q ' TQ ' i2/ BMiQ i?2 Q'B;BM H/ i #27Q 2 Bi
MQBb2X .2+Q/BM; H;Q Bi?Kbi?2M 2tTHQBii?Bb 2/ mM/ M+v i(
['i 7°QKi?2 MQBbv QmiTmibX

g?BH2 b2p2" HrQ Fb ? p2 2tTHQ 2/ K +?BM2 H2 MBM;@# b
/2i2+iBQM M/ /2+Q/BM;-iQi?2#2biQ7Qm FMQrH2/;2-i?2"27? |
M HvbBb Q7 i?2 T2 7Q K M+2 Q7 i?2b2 T°QTQb2/ TT ' Q +?2bX
b+QT2 Q7 mbBM; /22T H2 "MBM; 7Q" +? MM2H /2+Q/BM;- Bi 2]
M2m™ HM2irQ FT2 7Q KbmM/2 p 'vBM; +? MM2H +QM/BiBQMl
[2T2M/b QM +Q/2 T ° K2i2°'bbm+? b +Q/2rQ°/ H2M;i? M/ K2bb

AM i?Bb /Bbb2 i iBQM-r1r2 BMi Q/m+2 MQp2H K +?BM2 H2 "M
#Qi? /2i2+iBQM M/ /2+Q/BM;- TTHB+ #H2 iQ rB/2 " M;2 Q7
L2ti@: KQ#BH2 +QKKmMB+ iBQM M/ pB/2Q /2i2+iBQMX 6m i?2
7mM/ K2Mi HHBKBib Q7 i?22b2 T °QTQb2/ H:Q 'Bi?KbX 6Q" 2t KT
r2 M Hvx2 i?2 T2 ' 7Q 'K M+2 Q7 M2m™ H #2HB27 T QT ; iBQMA@
i?72 H2Mb Q7 ;2M2° HBx iBQM ; TX hQ i?2 #2bi Q7 Kv FMQrH2/;:
iQi?2Q 2iB+ HHv + i2;Q ' Bx2i?2T2 ' 7Q°'K M+2 Q7 K +?BM2 H2 °
7mM+iBQM Q7 +Q/2 T ~ K2i2'b M/ +? MM2H aL_X

g2 /2i BHi?2 T°'BK 'v+QMi B#miBQMb Q7 i?Bb /Bbb2 i iBQM

RX9XRMi"B#miBQM R, 6mM/ K2Mi H GBKBib Q7 J +?B
+Q/2°b

AM *? Ti2 k-r2 /Bb+mbb K +?BM2 H2 MBM;@# b2/ /2+Q/2 b 7
+?22+F UG.S*V +Q/2bX 2+ HHi? i G.S* +Q/2b "2 b?QrM iQ #2 +
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M/i?2B  bT b2 T 'Biv@+?2+F K i'B+2b UQ  bT b2 h MM2 ;" T
/2+Q/BM;: +QKTH2tBivX g2 /Bb+mbb BM /2i BH i?2 #2HB27 T°Q
H:Q Bi?K 7Q° G.S* +Q/2bX Ai Bb FMQrM i? i i?2 T2 ' 7Q K M+
Bb bmb+2TiB#H2 iQ i?2 T°2b2M+2 Q7 b?Q i +v+H2b BM i?2 h M
T°QTQb2iQ HH2pB i2i?2/2;° /| iBQMBM /2+Q/2 T2 7Q K M+2 |
TT'Q +?2X h?2 F2v bT2+i Q7 i?Bb +H bb Q7 /2+Q/2 b Bbi? i Bib
Q#i BM2/ 7°QK i?2 +Q "2bTQM/BM:; h MM2" ;> T? M/ Bb i?2 27¢
+Q/2 T K2i2 bX h?Bb K +?BM2 H2 "MBM;@# b2/ /2+Q/2 Bb F
TQT ; iBQMX @2 /Bb+mbb i?2 /2bB:M Q7 i?2 K +?BM2 H2 "MB
T'QT ; iBQM /2+Q/2° 7Q" ;Bp2M 2M+Q/2 Q' T "Biv@+?2+F K |
HbQ /Bb+mbb p "B Mib Q7 M2m  H #2HB27 T QT ; iBQM- bm+7
KBM@bmK /2+Q/2 -r?B+?r2°2 T°QTQb2/ 2Bi?2  iQ BKT Qp2 /2
i2°Kb Q7 #Bi2°°Q " " i2 Q  #HQ+F 2 °Q " i2 Q iQ "2/m+2 +QKTH

AM i?Bb rQ F-r2 bim/v ?2Qri?2 :2M2° HBx iBQM : T Q7 i?2 /22
UBX2X-i?2/Bz2 2M+2 #2ir22Mi?2i'm2 "BbF M/i?2 2KTB B+ H
Q7i?22+Q/2 T K2i2'bX g2 mb2 T Q# #Hv TT QtBK i2HvV +Q 2
T°Q +2iQ mTT2 #QmM/ i?2 ;2M2° HBx iBQM: T b 7mM+iBQM
+QKTH2tBiv- MQiBQM i? ir2 BMi'Q/m+2 BMki®Pb iBAKHBIi@BQM
rBb2 _ /2K +?22° +QKTH2tBiv Bb i?2M mTT2 #QmM/2/ b 7mM+
MmK#2 Q7 i?2 M2m  H #2HB27 T°QT ; iBQM /2+Q/2 -r?B+? Bb
Q7 HH/2+Q/2bi? i+ M +HQb2Hv TT QtBK i2 i?2M2m  H #2HI

q2 /2i2 °KBM2 i?2 mTT2 #QmM/b QM i?2 :2M2° HBx iBQM ; T -
B 2;mH T "Biv+?2+FK i'B+2bX q2b?Qri? ii?2mTT2 #QmM/
. Th+ H2b bi?2b[m "2 °QQiQ7i?2+Q/2rQ /H2M:i? M/ HBM2 °
i?2p "B #H2 MQ/2b b r2HH b i?2iQi HMmK#2 Q7 /2+Q/BM; Bi
r2 bim/vi?2 /2T2M/2M+2 Q7 i?2 ;2M2° HBxX iBQM ; T QM i?2 +°?
b?Qr i? i i?2 i?2Q 2iB+ H "2bmHib ;22 rBi? i?2 2KTB B+ H "2
T "Biv+?2+FK i'B+2b M/ mM/2 /Bz2 2Mi +? MM2H +QM/BiBQM|
+ M i?2M #2 mb2/iQ /2bB;M M2r 2M+Q/2 @/2+Q/2 T B b i? i +
UQ HQr /2+Q/BM;: 2 °Q'V mM/2  /Bz2 2Mi +? MM2H +QM/BiBQM



ke

RX9OXRQMi B#miBQM k, 6 bi M/ _2HB #H2 .2+Q/2 b 7Q"

g2 MQi2/ BM aRXRBQIMGG* i~ MbKBbbBQMb i? i "2 2tT2+i2/iQ ?
i2-r?B+? BKTHB2bi? iM2r +? MM2H 2M+Q/BM;f/2+Q/BM; H;Q
AM Qi?2  rQ /b-i?22M+Q/2 @/2+Q/2 T B'b7Q G.S*- SQH "~ +1
i2 +QKKmMMB+ iBQMb K v MQi #2 72 bB#H2X _2+2Mi rQ Fb ? g
bT b2 p2+iQ" +Q/BM; Uao*V 2M #H2 i?2 HQr H i2M+v bT2+i Q-
ao*Bb iQ K Ti° MbKBii2/ /i BMiQ i?2 TQbBIiBQM Q7 bT b2 p
MQMx2 Q 2H2K2Mi BM i?2 bT b2 p2+iQ " BbbT 2 / BMiQ KmHIiBT
HHQ+ i2/ BMiBK2Q 7°'2[m2M+v- mbBM; bT 2 /BM;b2[m2M+2X
i?7 i KBMBKBx2b i?2 H i2M+v + M #2 "2 HBx2/ bBM+2 i?2 B/2MiB
iBQMb BM i?2 "2+2Bp2/ bB;M HrQmH/ #2 2MQm;? iQ /2+Q/2i?2
/[2bB;M Q7 /2+Q/2 b Bb "QQi2/ rBi?BM i?2 T'"BM+BTH2b Q7 +QK
KQ 2-i?2/2+Q/BM; QT2 iBQM Q#i BM2/ #v i?2 bT b2 "2+Qp2"\
i?72 M22/7Q° +v+HB+ "2/mM/ M+v +?2+F U* *V-r?B+? H2 /b iQ
r2HH b "2/m+2/ H i2M+vX Ai ? b #22M b?QrM i? i i?2 ao* QmiT.
+Q/BM; M/ T?vbB+ H/QrMHBMF +QMi'QH +? MM2H US.**>V +(
2°7Q Ti2U"G1_V bB;MB}+ MiHvVX 6Q i?2/2+Q/BM; QT2  iBQM
Tm bmBi UJSV # b2/ H;Q Bi?Kb bm+? b P i?Q:QM H K i+?BM;
JmMHIBT i? K i+?BM; Tm bmBi UJJSV ? p2 #22M mb2/X >Qr2p2°
H;Q Bi?Kb bmz2 7 QK b2p2  H/ r# +FbX 6Q BMbi M+2-i?2 -
rBi? H;Q Bi?Kb bm+? b PJSfJJS Bb ?B;?- r?B+? +QMi B#mi2l
Hi2M+vX

AM i?Bb /Bbb2'i iBQM- r2 T°'QTQb2 K TTBM; BM7Q K iBQM
bT b2 bi'm+im 2b U7Q 2t KTH2- bT "b2 K i'B+2b Q  i2MbQ ' b'
mb ;2 Q7 JAJP T QpB/2b /Bp2 bBiv; BM-i?2 2#v +?B2pBM; HC
+Qp2°'v Q7 bT b2 /i BM T 2b2M+2 Q7 MQBb2X a2+QM/Hv- K T
bT "b2 K i Bt +?B2p2b ?B;?2 "2HB #BHBiv i? M bT "b2 p2+iQ"
}IMBi2 #HQ+F H2M;i?bX g2 MQi2i? ii?2 ?B;? /IBK2MbBQM H DbT °
7Q I_GG* b i?2v T'QpB/2 KQ 2 /2;°22b Q7 7°22/QK BM /2bB;|
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BM ~2tB#H2 K MM2  iQ 2tTHQBi bT2+i" HfbT iB H 2bQm +2b
# M/rB/i?b M/ KmHIBTH2 Mi2MM bX

RX9XQMi"B#miBQM j, IMbmT2 pBb2/*? M;2 .2i2+iBQNM
G2 "MBM;

AM*? T2 T QTQb2 M2r H;Q Bi?K7Q +? M;2/2i2+iBQM mbB
BM;X *? M;2 /2i2+iBQM Bb i?2 T'Q+2bb Q7 B/2MiB7vBM; /2pB
#2? pBQ Q7 T2 BQ/B+ K2 bm 2K2MibX qBi? i?2 /p2Mi Q7 #B;
M2+2bb "viQ /2p2HQT H;Q Bi?Kb i? i+ M /2i2+i +? M;2b U M/
?mK M BMi2 p2MiBQM M/ T BQ FMQrH2/;2 Q7 /i /Bbi B#miB
"2 HbQ 2tT2+i2/iQ ? p2 KBMBK H /2i2+iBQM /2H v M/ ?B;? +
+? M;2TQBMimbBM; i?2+mKmH iBp2bmK U*lalJV bi iBbiB+ Q7
? b#22M b?QrM iQ #2 QTIiBK HrBi? "2bT2+iiQ /2i2+iBQM /2H v

AM *?2 TO2Y2 [/ 2bb i?2 +? HH2M;BM; T ' Q#H2K Q7 +? M;2 /2i.
Mv T'BQ  FMQrH2/;2 Q7 i?2T 2@+? M;2 M/ TQbi@+? M;2 /Bbi
r2z/Q MQi K F2 Mv bbmKTiBQMb #Qmi i?2 mM/2 HvBM; T Q#
h?2 +QMi " B#miBQMb Q7 i?Bb +? Ti2" "2irQ 7QH/X

6B biHv- r2 T'TQTQb2 ._1@*lalJ- M mMbmT2 pBb2/ +? M;2 /:
r?B+? KBKB+b i?72 +QMp2MiBQM H *lalJ bi iBbiB+X :Bp2M iBK
MMFMQrM +? M;2TQBMib M/ mMmMFMQrMT 2@ M/ TQbi@+? M;2,
iIQbTHBIi?2iBK2@b2 B2b/ i i M "#Bi° BHv+?2Qb2MiBK2iQ C
rBi? /Bbi B#mg.BiMINPQ,X h?2 /Bbi B#miBQMb K v #2 Tm 2 Q" KBt2/
BM; QM i?2 HQ+ iBQM Q7 i?2 +? M;2 BGBMi I2i2BH2iIQ M?HVI®ZB bV
g2 i?2M mb2 /2MbBiv iBQ 2biBK iBQM@ #Pb£x)TPTLAQ) +? iQ 2biE
7Q° HH X@BWIiB2 iBK2@hb2 B2b /i XX 2 T'QTQb2 i?72 ._1@*Ie
12}M2/] Db-

X PrAX)

STETHE) HQ-_"an/ . URXRV
._l(at) . QPBéX])
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g2 b?Qr #Qi? 2KTB B+ HHv M/ i?2Q 2iB+ HHv i? i i?72 bHQT2 -
*lalJ bi iBbiB+ +Q "2bTQM/ iQ i?2 +? M;2 TQBMib BM i?2 iBK2¢
b2+QM/ i?2Q 2iB+ H "2bmHi- r2 T°'Qp2 i?2 ++m +v ;m Mi22
bi iBbiB+- bbmKBM;i? i M ++m’ > i2 2biBK i2 Q7 i?2 /2MbBiv ~ |
TH2b iQ i?2 H27i M/ "B;?i Q7 i?2bTHBI TQBMi Bb Q#i BM2/X

a2+QM/Hv-r2 T 2b2Mi;2M2° HBx iBQMb Q7 i?2 . 1@*lald TT
KmHIBTH2 +? M;2b br2HH b 7Q QMHBM2 +? M;2/2i2+iBQMX
TQi2MiB H7 BHmM 2 KQ/2b Q7 i?2T QTQb2/ TT Q +? M/ TQbbB
i?2KX G biHv-r2T 2b2Mi +QKT 2?2MbBp2b2iQ7 2tT2 BK2Mi
i?72 bmT2 BQ T2 7Q K M+2 Q7 ._1@*lalJ Qp2 Qi?2 +? M;2 /-
mbBM; #Qi? bvMi?2iB+ M/ 2 H@rQ H// i b2ibX

RX82vQM/ .2i2+iBQM M/ .2+Q/BM;, Pi?2  *QMi B#

a2p2  H //BiBQM H +QMi'B#miBQMb BMpQHpPBM; K +?BM2 H?2
+HQb2HvV #mi "2 MQi #22M bm#bmK2/ b T i Q7 i?Bb /Bbb2"
2M+QKT bb, UV +iBQM #H2 T2 im # iBQMb iQ Q#i BM "2 H@
/2+BbBQMb K /2 #v K +?BM2 H2 "MBM;@# b2/ bvbi2Kb U2X;X-
iBQM /2+BbBQMVc U#V +QKKmMB+ iBM; +H bbB}2 /2+BbBQMb
b2K MiB+ +QKKmMB+ iBQMb M/ 72/2" i2/H2 "MBM; TTHB+ iBQ
BM:c M/ U/V T2 7Q K M+2 M HvbBb Q7 :2M2" iBp2 /p2'b "B H
7Q°i?2B  2M? M+2K2MiX AM i?Bb b2+iBQM-r2 # B2~v /Bb+mbb
iBQMb- M/ /B 2+i 2 /2 biQ "2H2p MibQm +2b 7Q  KQ 2 /2i BH

RX8XRmbirQ i?v +iBQM #H2 S2 im # iBQMb

*QmMi2 7 +Qm KH®/B}2/ BMTmib i? i H2 /iQ /Bz2 2Mi Qmi+QK2-
i MiiQQH 7Q mM/2 bi M/BM; i?2HQ;B+ mb2/#vK +?BM2 H2 “M|
+?2 M;2 M mM/2bB" #H2 +H bbB}+ iBOQMX 1p2M B7 +QmMi2 7 -
/2+BbBQM- ?2Qr2p2 - Bi K v MQi z2+ii?2i'm2 mM/2 HVBM: +H I
+QmMi2 7 +im HK v +i HBF2 M /p2'b "B H ii +F M/ 67QQHO |
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TQb2 M2r 7 K2rQ'F7Q  +'2 iBM; KQ/B}2/BMTmibi? i +? M;2 i
T Q# #BHBiB2b BM #2M2}+BhHmMbirQBi®¥ r2iBOM #H2 S2 im # i
Uh SVX h?Bb BM+HmM/2b MQp2H p2'B}+ iBQM T'Q+2/m'2iQ 2M
i'm2 +H bb T Q# #BHBiB2b BMbi2 / Q7 +iBM; /p2'b "B HHvX P|
M2r +Qbi- "2r /- M/ ;Q H/2}MBIiBQMb i? i "2 #2ii2° bmBi2/iQ
BMi?2 2 HrQ H/X g2 T 2b2Mi S *@H2 "M #BHBiv 2bmHib 7Q " (
M/ i?2Q 2iB+ HHv M Hvx2 Qm > M2r K2i?Q/ 7Q"° K2 bm 'BM; “2r
K2i?Q/QHQ;v7Q +2 iBM;hS M/ +QKT "2Qm" "2bmHib iQ i?C
PBOmb +QmMi2 7 +im H K2i?Q/bX 6Q° KQ'2 /2i BH2/ 2 /IBM:
e9X

RX8XXi2M+v@.BbiQ iBQM h> /2Qzb BM *QKKmMB+ iB
_2bmHib Qp2  LQBbv *? MM2Hb

AM i?Bb rQ F- i?2 T'Q#H2K Q7 +QKKmMB+ iBM; /2+BbBQMb Q"
+? MM2H Bb +QMbB/2 2/X qBi? K +?BM2 H2 MBM; # b2/ KQ/2H
iBK2@b2MbBiBp2 TTHB+ iBQMb-i" MbKBbbBQM Q7 i?2b2 /2+E
K MM2' Bb Q7 bB;MB}+ Mi BKTQ' i M+2X hQ i?Bb 2M/- r2 bim/
T Q# #BHBiv p2+iQ > U 2T 2b2MiBM; i?2 /2+BbBQMb Q7 +H t
M22/biQ #2 i MbKBii2/ Qp2 MQ@Bbv +? MM2HX bbmKBM; i? ii
i72 Q' B;BM HT Q# #BHBiv p2+iQ° M/i?2 "2+QMbi ' m+i2/ QM2 i
pB 7@/Bp2 ;2M+2-r2 bim/vi?2i /2@Qz #2ir22M i° MbKBbbBC
iQ iBQMX g2 +QKTH2i2Hv M Hvx2 i?Bb i’ /12@Qz mbBM; mMB"
HiiB+2@# b2/ [m MiBx iBQM i2+?MB[m2b iQ 2M+Q/2i?2 T Q# #
+i2 ' BXBM; #Bi #m/;2ib 7Q 2 +? i2+?MB[m2 ;Bp2M "2[mB 2K2NM
/IBbiQ iBQMX h?2b2 #QmM/b "2 i?2M +QK#BM2/ rBi? "2bmHib
HBi2' im 2 iQ T'QpB/2 7 K2rQ'F 7Q° M HvxXxBM; i?2 2z2+ib ¢
/IBbiQ iBQM M/ /BbiQ iBQM /m2 iQ /2+Q/BM; 2°°Q T Q# #BHB
QM i?2 BM+m "2/ i° MbKBbbBQM H i2M+vX Pm  "2bmHib b?Qr i
BM; BMi2 ' TH v #2ir22M bQm +2 /BbiQ iBQM UBX2X- /BbiQ iBQ
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K2 bm 2/ pB 7@/Bp2 ;2M+2V M/ i?2 bm#b2[m2Mi +?2 MM2H 2M-
2i2 bc M/ BM/B+DiQBRGB:M Q7 i?2b2 T ° K2i2 b Bb + m+B H iQ N
Hi2M+v@/BbiQ iBQM i> /2QzX g2 bim/v i?2 BKT +i Q7 +? M;BM
U2X;X MmK#2 Q7 +H bb2b- aL_-bQm +2 /BbiQ iBQMV QM i?2
M/ T2 7Q K 2tT2 BK2Mib QM q:L M/ 7 /BM; +?2 MM2HbX Pm" "2
bT b2 H iiB+2@# b2/ [m MiBx iBQM Bb i?2 KQbi 2z2+iBp2 i KB/
2M/@iQ@2M/ /BbiQ iBQM “2[mB 2K2Mib + Qbb /Bz2 2Mi T ° K
bT "b2-?B;?@/BK2MbBQM H T Q# #BHBiv p2+iQ b UBX2X- ?B;"
"2 /2°be®@ 7Q" KQ'2/2i BH2/ /Bb+mbbBQMX

RX8XP2T G2 MBM; 6Q ao. M/ >v# B/ "2 K7Q KBM;

>V# B/ #2 K7Q KBM; U"6V-r?B+? /BpB/2b "6 QT2  iBQM BMiQ °
M/ # b2# M/ U""V /QK BMb- rBHH TH v + BiB+ H QH2 BM JAJ
KBHHBK2i2 ' @r p2UKKqV 7°2[m2M+B2bX AMT BM+BTH2-r2 + M
KmKV #2 K7Q ' K2'b Q7 i° Mb+2Bp2 -r?B+? TT Q +?i?2 K tBKi
T i2b-i?2°Qm;? Bib bBM;mH ~ p Hm2 /2+QKTQbBIiBQM Uao.VX .1
T'2+BbBQM T? b2 b?B7i2 b- +QK#BM2/ rBi? TQr2° +QMbi° BMib
BKTQb2/ QM i?2 T'Q#H2K Q7 /2bB;MBM; ?2v# B/ #2 K7Q K2 bX J
bm++2bb Q7 K +?BM2 H2 "MBM; UJGV i2+?MB[m2b- T "iB+mH
Tmi2° pBbBQM M/ bT22+? "2+Q;MBiBQM-r2 2tTHQ 2 B7 JG i2+"
mb2/ 7Q ao. M/ ?v# B/ "6X hQ i?Bb 2M/-r2 } " bi T 2b2Mi [ i [
iQ +QKTmi2 i?2 ao0.Xq2 T°'QTQb2i?°22 /22T M2m™ H M2irQ F U.
iQ TT QtBK i2i?2 ao.-rBi? p vBM; H2p2Hb Q7 +QKTH2tBivX |
i BMBM; i?2b2 .LL "+?Bi2+im 2b Bb BMbTB 2/ #v i?2 7TmM/ K2
BX2X- Bi + M #2 mb2/ iQ Q#i BM HQr@  MF TT QtBK iBQMbX
i?72 +QMbi® BMib Q7 ?v#°B/ "6 BMIiQ ++QmMi Ubm+? b[m MiBx:
+QMbi° BMibV- M/ T QTQb2 MQp2H .LL # b2/ TT Q +? 7Q i
"6 bvbi2KbX hQ p HB/ i2 i?2 .LL # b2/ TT Q +?-r2 T 2b2Mi bB|
7Q #Qi? TT QtBK iBM; i?2 ao. br2HH b 7Q  ?v# B/ "6X Pm’



IR

LLb + M #2 M ii° +iBp2 M/ 2{+B2Mi bQHmMIiBQM 7Q" 2biBK iB
/’Bp2M K MM2 X 6Q" i?2 bBKmH iBQMb Q7 ?2v# B/ "6- 12 } bi +C
+?2 MM2H KQ/2HX g2 b?Qr i? i i?2 .LL # b2/ ?2v# B/ "6 BKT Qp?2
i GO@W +QKT “2/iQ +QMp2MiBQM H ?v#° B/ "6 HQQ3®V?Kb M/ 4
: BM BM " i2b +QKT "2/ rBi? i?2 bi i2@Q7@i?2@ i JG@ B/2/ ?
g2 HbQ /Bb+mbb i?2 BKT +i Q7 i?2 +?QB+2 Q7 ?2vT2°T ~ K2i2 b
Q7 ?B//I2M H v2'b- KBMB@# i+? bBx2- M/i° BMBM: Bi2  iBQMb
6m i?2°KQ 2-r2 T°QpB/2 iBK2 +QKTH2tBiv M/ K2KQ v “2[mB" 2k
T°QTQDb2/ TT Q +? M/ bi i2@Q7@i?2@ i TT Q +?2bX 6Q K
[2°272° "2 /269%Q (

RX8X2 bm BM: JQ/2 *QHH Th2 BM :2M2" iBp2 /p2'b
M/ AKT ' QpBM; S2°7Q K M+2

:2M2° iBp2 /p2'b "B HL2irQ Fb U: LV "2 mb2/iQ ;2M2" i2 bv
r?BH2 +HQb2Hv 7QHHQrBM; i?2 mM/2 "HvBM; /Bbi'B#miBQM Q7
? p2 2+2MiHv ; BM2/bB;MB}+ MiTQTmH "Biv-i?2v Q7i2M bmz?2
T Q#H2K-r?2°2 i?2 ;2M2" i2/ b KTH2b H +F /Bp2 bBivX JQ 2Qj}
i? 1 1i2KTi iQ "2bQHp2 i?2 KQ/2H +QHH Tb2 T'Q#H2K /Q MQi N
[m HBiv bvMi?2iB+ b KTH2bX AM i?BbrQ F-r2 T°QTQb2irQ MQj
M K2Hv KQ/2@+QHH Tb2 /Bp2 ;2M+2 UJ*.V r?B+? [m MiB}2b i?
H Th2 7Q° : L “+?Bi2+im'2X a2+QM/-r2 T°QTQb2 i?2 K2i B+
a+Q 2 U:ZaV-r?B+? K2 bm ' 2bi?2 [m HBiv Q7 ;2M2" i2/ b KTH2I
T'2?22MbBp2 bim/v Q7 i?22 T2 7Q°'K M+2 Q7 p BQmb : L "+?Bi2H-
HBi2> im 2i?2°'Qm;? i?2 H2Mb Q7 J*. M/ :Za-7Q i? 22 /Bz2 2Mi
JLAah-6 b?BQM JLAah M/ *A6 @RyX

q2 HbQBMi'Q/m+2 M2r7  K2rQ'F M/i° BMBM; K2i?Q/QHQ ;v
1?72 KQ/2 +QHH Tb2 T'Q#H2KX hQ i?Bb 2M/-r2 BMi Q/m+2 7 2
mM/2 bi M/IBM; KQ/2 +QHH Tbh2 BM : Lb i?°Qm;? i?2 H2Mb Q7 i
rQ'F/m BM:;i° BMBM;X q2 Q#b2'p2 bi "F/Bz2'2M+2 BM #2? pB



Ik
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