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Application of Machine Learning to Multi Antenna Transmission
and Machine Type Resource Allocation

Don-Roberts U. Emenonye
(ABSTRACT)

Wireless communication systems is a well-researched area in electrical engineering that
has continually evolved over the past decades. This constant evolution and development
have led to well-formulated theoretical baselines in terms of reliability and efficiency. How-
ever, most communication baselines are derived by splitting the baseband communications
into a series of modular blocks like modulation, coding, channel estimation, and orthogonal
frequency modulation. Subsequently, these blocks are independently optimized. Although
this has led to a very efficient and reliable process, a theoretical verification of the optimality
of this design process is not feasible due to the complexities of each individual block. In this
work, we propose two modifications to these conventional wireless systems.

First, with the goal of designing better space-time block codes for improved reliability, we
propose to redesign the transmit and receive blocks of the physical layer. We replace a por-
tion of the transmit chain - from modulation to antenna mapping with a neural network.
Similarly, the receiver/decoder is also replaced with a neural network. In other words, the
first part of this work focuses on jointly optimizing the transmit and receive blocks to pro-
duce a set of space-time codes that are resilient to Rayleigh fading channels. We compare
our results to the conventional orthogonal space-time block codes for multiple antenna con-
figurations.

The second part of this work investigates the possibility of designing a distributed multi-
agent reinforcement learning-based multi-access algorithm for machine type communication.
This work recognizes that cellular networks are being proposed as a solution for the connec-

tivity of machine type devices (MTDs) and one of the most crucial aspects of scheduling in



cellular connectivity is the random access procedure. The random access process is used by
conventional cellular users to receive an allocation for the uplink transmissions. This process
usually requires six resource blocks. It is efficient for cellular users to perform this process
because transmission of cellular data usually requires more than six resource blocks. Hence,
it is relatively efficient to perform the random access process in order to establish a con-
nection. Moreover, as long as cellular users maintain synchronization, they do not have to
undertake the random access process every time they have data to transmit. They can main-
tain a connection with the base station through discontinuous reception. On the other hand,
the random access process is unsuitable for MTDs because MTDs usually have small-sized
packets. Hence, performing the random access process to transmit such small-sized packets
is highly inefficient. Also, most MTDs are power constrained, thus they turn off when they
have no data to transmit. This means that they lose their connection and can’t maintain
any form of discontinuous reception. Hence, they perform the random process each time
they have data to transmit. Due to these observations, explicit scheduling is undesirable for
MTC.

To overcome these challenges, we propose bypassing the entire scheduling process by using
a grant free resource allocation scheme. In this scheme, MTDs pseudo randomly transmit
their data in random access slots. Note that this results in the possibility of a large number
of collisions during the random access slots. To alleviate the resulting congestion, we exploit
a heterogeneous network and investigate the optimal MTD-BS association which minimizes
the long term congestion experienced in the overall cellular network. Our results show that
we can derive the optimal MTD-BS association when the number of MTDs is less than the

total number of random access slots.



Application of Machine Learning to Multi Antenna Transmission
and Machine Type Resource Allocation

Don-Roberts U. Emenonye
(GENERAL AUDIENCE ABSTRACT)

Wireless communication systems is a well researched area of engineering that has continually
evolved over the past decades. This constant evolution and development has led to well
formulated theoretical baselines in terms of reliability and efficiency. This two part thesis
investigates the possibility of improving these wireless systems with machine learning.
First, with the goal of designing more resilient codes for transmission, we propose to redesign
the transmit and receive blocks of the physical layer. We focus on jointly optimizing the
transmit and receive blocks to produce a set of transmit codes that are resilient to channel
impairments. We compare our results to the current conventional codes for various transmit
and receive antenna configuration.

The second part of this work investigates the possibility of designing a distributed multi-
access scheme for machine type devices. In this scheme, MTDs pseudo-randomly transmit
their data by randomly selecting time slots. This results in the possibility of a large number
of collisions occurring in the duration of this slots. To alleviate the resulting congestion,
we employ a heterogeneous network and investigate the optimal MTD-BS association which
minimizes the long term congestion experienced in the overall network. Our results show
that we can derive the optimal MTD-BS algorithm when the number of MTDs is less than

the total number of slots.
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Although wireless networks have been extensively researched during the past decades,
the promise of improved guaranteed quality of service, - reliability, and latency and new
applications in future generation networks necessitates further investigation [1]. One area of
possible research involves the modularized physical layer. Examples of the modular blocks
include forward error correction, modulation, channel equalization, and orthogonal frequency
division multiplexing. Over time, the optimization of these blocks has spawned into distinct
and well-defined areas of research, and expert domain knowledge of these research areas has
been established. Hence, recent research has yielded only marginal improvements in the
performance gains, and most times these gains require complex analytical models that are
intractable in real-world systems. Also, the modular structure of the physical layer may not

be optimal, as is the case with the separation of modulation and coding [2].

However, in the machine learning world, model-free algorithms are being used to solve
complex problems. Authors in [3], proposes a novel paradigm shift from the conventional
design of the physical layer to an end-to-end machine-based design. This work led to a
surge in the research of end-to-end machine learning-based systems. Leveraging this existing

body of research, we aim to design space-time block codes that are more resilient to channel
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impairments. Following previous works, we construct the transmit and receive aspects of the
physical layer as a neural network. The symbols produced from the encoders are multiplexed
in both space and time such that the final output is an integer multiple of the number of
symbols in one time step. These symbol mappings are optimized by minimizing the mostly
convex loss functions deployed in machine learning systems [4, 5]. We present our case by
comparing our results with conventional space-time block codes which are submodular in

design.

The second aspect of this work pertains to the design of a grant-free scheduling algo-
rithm for deivces that operate without human intervention. This devices are usually referred
to as machine type devices (MTDs). The expected prevalence of MTDs has led to a signif-
icant body of work directed at providing connectivity for such devices. Through this body
of work, cellular networks have been largely proposed and discussed as a solution. However,
MTDs operate in a different way than conventional cellular uses, hence, explicitly scheduling
such device through conventional cellular networks might prove challenging. The first chal-
lenge relates to the suitability of the random access process. The first issue pertaining to the
random access process is the sporadic, event-based nature of machine-type communications.
The event-based nature of machine type devices can lead to similar packets arrival times -
for instance, if there is a sudden change in the temperature, sensors reporting weather condi-
tions will simultaneously have a burst of packets. This will lead to an increase in congestion
and subsequently a high rate of collisions in the random access process. Second, after the
random access process fails, devices need to back off then retry the entire random access
procedure, this is unsuitable for machine type devices with stringent delay requirements.
Lastly, with the exception of autonomous vehicles, the packets generated by machine type
devices are small relative to the number of resource blocks used in the RA process, each RA

slot has a size of 1.04MHz in the uplink, this is equivalent to six resource blocks. Therefore,
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it can be very inefficient to explicitly schedule machine type devices.

We propose a multi-agent reinforcement-based solution. This solution exploits a het-
erogeneous cellular network in order to alleviate the congestion caused by the simultaneous
transmission of packets by a large number of machine the devices. Results from this scheme
show that the MTDs are able to self-organize in a distributed manner across multiple cells

in order to eliminate the long term congestion.
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Multi-antenna systems have been in existence for more than half a century. Single
Input Multiple Output systems based on receive combining has excited since the 1950s [6].
Multi transmit antenna systems (MISO) in [7], takes advantage of its time division duplex
TDD implementation to support transmit based selection diversity. Although SIMO and
MISO techniques had been popularized, the effect of simultaneously using multiple transmit
and receive antennas was not known. Authors in [8], showed that with independent channel
gains and antennas spaced sufficiently at both the transmitter and the receiver, the capacity

increases linearly as the number of transmitters and receivers increased

The Alamouti codes introduced in [9], provides a diversity achieving scheme with a lin-
early scale-able diversity order. Subsequent works in [10], develops space-time block codes
using the mathematical concept of orthogonal designs and Hadamard matrices. Due to the
orthogonal nature of these block codes, the decoding/receive process has linear complexity.
Authors in [11] present an example list of block codes and their encoding and decoding algo-

rithms. Considering this plethora of works, multi-channel communication is a well-researched
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"2bQm +2b HHQ+ i2/ 7Q° i?2 > M/QK ++2bb T k@KkB-mT2TQD2/ mi?
7° K2@bHQii2/ HQ? ivT2 bQHMIiBQMX AM i?Bb rQ F- Jh.b “2bi’
/2/B+ i2/ bHQib QM 7 K2 #v 7 K2# bBb-?Qr2p2 -i?BbrQ ' F/Q2b M
bQK2iBK2b KBbbBQM@ + BiB+ HM im 2 Q7 K +?BM2 ivT2 +QKKmMB
B7 T +F2i ""Bp2b 7i2°i?2 /2/B+ i2/ bHQib i?2M i?2 H i2M+v "2[ml
r?BH2 r BiBM; 7Q" i?2 M2ti /2/Bwdi2/;pODOA#AN/ ++2bb +QMi QH
Bb /2p2HQT2/X AM +QMi’ biiQ i?2 +QMp2MiBQM H °~ M/QK ++2bb
mb2° 1i2KTibiQ +QMM2+iiQ i?2 M2irQ F-i?BbrQ F/BpB/2b /2pB+2
Bb HHQii2/ i?2 '2bTQMbB#BHBiv Q7 T2 '7Q ' KBM; i?2 ° M/QK ++2I
+Q/2 /IBpBbBQM KmHiIBTH2 ++2bBUT . DVObRAI? KD BM (Q7 BM+'2 bB
MmK#2" Q7 +QMi2MiBQM "2bQm +2b BM i?RJ-M/QK/ Q@ M2iIPR T20@2Rp A
bB;M Hbi 2M;i? ip BQmbllb-+2HHb "2 /BpB/2/BMiQ /B772 2Mi b
;2M2° 2/ ++Q ' /BM; iQi?Bb bT kBJ-H1bGhQMHB M/ XBMMT iB H@; QmTbr
7 T i "2 bbB;M2/B/2MiB+ H)F 2VKHH@ DX iA®;QM H > M/QK ++2bb
b+?2K2 Bb T'QTQb2/X h?Bb b+?22K2 2KTHQvVb TQr2  +QMi QH- iBK
BMi2 72°2M+2 + M+2HH iBQM iQ /2+Q/2 B/2MiB+ H T 2 K#H2b i? i
l11b BM i?2 b K2 iBK2 bHQI KR -nli?@TR BM+QK#BMBM; bT iB H@; Qn
M/ LP_ BM Q'/2  iQ BM+'2 b2 i?2 MmK#2 Q7 T 2 K#H2b p BH #H:
h?2 mi?Q jk)BMIN2 i?2 M HQ; 7QmMi BM +Q/2b iQ HHQrJh.b QTTQ
*M/QK ++2bb bHQib BM Q'/2  iQ b iBb7v i?2jB)-/2mi 7Q 4 @R THQRWM i b
#HQQK 7BHi2°'BM; # b2/ bB;M im 2 bbB;MK2Mi b+?2K2 BM Q /2" iQ
CM/QK ++2bb T Q+pPdm 20QHMMNMBOBQM pQB/ M+2 b+?2K2 Bb /2p2HC
i MbKBiiBM; T ii2"Mb Q7 K +?BMB3)iiP2 M B+ EBXRAM Q7 +QHHBbBQ
#v il +?BM; mMB[m2 Jh. A.iQ2 +? T 2 K#H2i° MbKBbbBQMX HH
i?Bb b2+iBQM biBHH "2[mB 2 bB;MB7B+ Mi mTHBMF bB;M HHBM; r?
7Q  Jh*bX
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Mi@7 22 b+?2K2b

AM i?Bb b2+iBQM- r2 T'2b2Mi /Bb+mbbBQM Q7 i?2 b2+QM/ iv’
# b2/ K +?BM2 i?2 +QKKmMB+ iBQMbX h?2b2 bQHmMiIiBQMb 2 i2°K
i?72b2 b+?22K2b- M Jh. Th2m/Q@  M/QKHvV b2H2+ib 2bQm +2 #HQ
BM i? i "2bQm +2 #HQ+FX *H2 “Hv- +QKTH2i2Hv ° M/QK ;" Mi@7"
bB;MB7B+ Mi KQmMi Q7 +QHHBbBQMb- ?22M+2 i?Bb Bb biBHH M :
(6)- T'"QTQb2 T2'BQ/B+ TQQHBM; Q7 "2bQm +2bBM Q' /2 iQ ;m ~ M
UZQaV U 2HB #BHBijdV\-XtMHOBIb#RM BQm" H; K2i?2Q viQ KQ/2H i
Mim'2 Q7 > Mi@7°22 TT'Q +?2X AM i?Bb rQ F- i?2 T'Q#H2K Q7
b2 'pB+2 Q7 /BbiBM+i ?22i2°Q:2M2Qmb K +?BM2 ivT2 /2pB+2Bb T2 b
h?Bb MQM@+QQT2  iBp2 bQHmMIBQM b iBb7B2b 98% Qai ?2[iMBE 2K 2 M
h?2 /2i2+iBQM +? HH2M:2b BM 7mHHV ;" Mi@7'22 T'Q +? Bb bQt
T'Q+2bbBM; M/ K bbjBpR JAIPQ(PNBM Q@ KmH i2b i?2 T'Q#H2K Q7 /2
i?72 bTQ /B+ M/ K bbBp2 MmK#2 Q7 +QM+m "2Mi 2[m2bi 7" QK K
+QKT 2bb2/ b2MbBM; bBM;H2 K2 bm 2K2Mi p2+iQ" T Q#H2KX h?B
bQHpP2/ rBi? K +?BMYN2AMRB MK * i2 #QmM/b 2 /2°Bp2/ BM i?2 m
K bbBp2 JAJP B/2/ K +?BM2 ivT2 +QKKmMB+ iBQMbX JQ 2 "2+2M
H2 "MBM; # b2/ bHQii2/ GP> b+?2K2r b /2p2HQT2/iQ 2Mbm 2 Jh.b
ORX Hi?Qm;? BKT 2bbBp2- KQbi Q7 i?2 /Bb+mbb2/ ;" Mi@7°22 i2+?
M2;HB;B#H2 +QHHBbBQMbX h?Bb Bb #2+ mb2 iQ H ;2 2ti2Mi ;" M
b2H2+iBM; "2bQm +2 #HQ+F 7Q /i i° MbKBbbBQMX hQ bQHp2i?B
9 MJh.@"a bbQ+B iBQM H;Q 'Bi?K r?B+? b22Fb iQ KBMBKBx2 Q" :



3 +NzZy § SYBé 2 « Oié
RXj h?2bBb P ; MBb iBQM M/ *QMi'B#miBQM|

h?Bb i?2bBb +QMbBbib Q7 irQ T "ibX h?2 7B bi T 'i BMpQHp2b K

M miQ2M+Q/2  BM Q' /2 iQ ;2M2" i2 M2r bT +2@iBK2 #HQ+F +Q/2
i?72bBb BMpQHp2b TTHVBM; 2BM7Q +2K2Mi H2 MBM; BM Q /2 iQ
K bbBp2 MmK#2 Q7 K +?BM2@ivT2 /2pB+2bX JQ 2 bT2+B7B+ HHvV

CAM i?2 7B'bi T i Q7 i?Bb i?2bBb- r2 2tT M/ QM T 2pBQmb miQ
T?vbB+ HjHNXv2(b?Qr i?2°Qm;? bBKmH iBQMb i? i r2 + M 2HBKB
2tTHB+Bi TBHQib M/ +? MM2H 2biBK iBQM BM bT +2@iBK2 +Q.
b irQ /BbiBM+i #HQ+FbX h?2 7B bi #HQ+F + HH2/ i?2 T 2@T
+QKTH2t p Hm2b M22/2/ 7Q° +QK#BMBM; 7°QK # i+? Q7 2+2B
HbQ T2 7Q Kb bQK2 bQ i Q7 Th2m/Q@+QK#BMBM; i i?2 "2+2B
#HQ+F 2biBK i2b i?2 bvK#QHb b2Mi i~ bT2+B7B+ iBK2X

C g2 +QKT "2i?2bvK#QH 2 "Q " i2T2 7Q K M+2 Q#i BM2/ 7 QK i?:
bT +2@iBK2 +Q/BM; b+?2K2 rBi? i?2 bvK#QH 2 °Q " i2 T2 7Q K
Q'i?Q:QM H DT +2@iBK2 #HQ+F +Q/2bX

CAM i?2 b2+QM/ T i Q7 i?Bb i?2bBb- r2 7Q KmH i2 i?2 +QM;2b]
i?72 +QM+m "2Mi i° MbKBbbBQMb 7°QK K bbBp2 MmK#2" Q7 K
+QMbi’ BM2/ +QK#BM iQ'B HT Q#H2KX g2 +H BKi? ii?2 T Q#H
H+F Q7 BM7Q K iBQM ii?2# b2 bi iBQMX

Ch?2QTiBKBx iBQM Bb "27Q KmH i2/ b 7BMBi2J.SXq2 TT QtB
J.S mbBM; [/Bbi B#mi2/ KQ/2H@7 22 H;Q Bi?KX

C G biHv-r2 2KTB B+ HHv p HB/ i2i?2 H;Q Bi?K mbBM; i?2 T Q# 1
miBHBxX iBQM- M/ ++2bb bm++2bb T Q# #BHBivX q2 b?Qr i? ii-
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i?72 QTiBK HbOQHMIBQM r?2M i?2 MmK#2 Q7 Jh.b Bb H2bb i? M i

RXjXR P ; MBx iBQM

h?2 "2biQ7i?BbrQ FBb Q ; MBx2/kb R@BHDri?2*2 ¥F2°"QmM/ M22
iQ 7mHHV TT 2+B i2i?2rQ FT 2b2Mi2/BMi?2 "2bi Q7 i?Bbi?2bBbX
bBQMb #Qmi KmHIiB@ Mi2MM bvbi2Kb- K +?BM2@ivT2 /2pB+2b- M
*?2 Ti2) T°2b2Mib  /Bb+mbbBQM #Qmi i?2 M2m™ H M2irQ ' F # b2/ bT
h?2 M2m™ H@M2irQ F # b2/ bvbi2K KQ/2H M/i> BMBM; b+?2K2b mb:
+? Ti2 X G biHv-i?2 bBKmH iBQM "2bmHIGB DITT2Q0RBI2bXi *2 7TTQ2Kr
iBQM Q7 i?2 +QM;2biBQM T Q#H2K + mb2/ #v +QM+m "2Mi i° MbKBE
Q7 K +?BM2 ivT2 /2pB+2b b +QMbi° BM2/ +QK#BM iQ B H T Q#H?2
KBx iBQM T Q#H2K Bb "'2@7Q KmH i2/ b M J.SX #b2 bi iIBQM bb
TT QtBK i2b i?72 bQHMIBQM iQ i?72J.S Bb HbQ T '2b2Mi2/X G biHv-
T 2b2Mi2/X *@TT@pB/2b +QM+HmM/BM; 2K "Fb M/ # B27 /2b+ BTiB(
/B 2+iBQMbX



*? Ti2 K

" +F; QmM/

AMQ /2 iQiQ 7TmHHV TT 2+B i2i?2rQ FT 2b2Mi2/ BMi?Bb i?2k
Ki2’B HBMi?Bb +? Ti2 7Q b2p2 HF2v+QM+2TibX 6B bi-r2 T Qp
Q7 KmHIiB@ Mi2MM bvbi2Kb M/ i?2 KmHBTH2tBM;f/IBp2 bBiv #2M2
T'2b2Mi /Bb+mbbBQM #Qmi i?2 ivT2 Q7 +QKKmMB+ iBQM /2pB+2
+?BM2 ivT206 /2pB+2b M/ r2 # B27Hv T 2b2Mi /Bb+mbbBQM QM i?.
M2irQ" Fb BM Q' /2 iQ T'QpB/2 +QMM2+iBpBiv 7Q K +?BM2 ivT2 +Q
i? ii?72° M/QK ++2bb T°'QiQ+QH Bb #QiiH2M2+F BM i?2 /2THQVK?2
K +?BM2 ivT2 +QMM2+iBQMbX h?B"/- #2+ mb2- KQbi +QMi B#miBC
i?72 "2 Q7 K +?BM2 H2 "MBM; M/fQ  "2BM7Q +2K2Mi H2 "MBM;- r2
bBKTH2 BMi Q/m+iBQM iQ i?2 7TmM/ K2Mi H T BM+BTH2b #2?BM/ K
+ HHv-r2 /27BM2i?2p BQmbi2 Kb M/ /Bb+mbb i?2 /B772 2Mi +H bl
H;Q Bi?KbX bBKTH2 /IBb+mbbBQM Bb T 2b2Mi2/ #Qmi i?2 HBKBI
H2 "MBM: H;Q 'Bi?KbX >Qr2p2°-r2 HbQ b?Qri? i /22T H2 "MBM; KQ
TT QtBK iQ'b mb2/iQ H2 "M "2H iBQMb?BTb i? i "2iQQ +QKTH2t
H2 "MBM; K2i?Q/bX HQM; rBi? M Qp2'pB2r Q7 ?2Qr i?2 M2m" H KQ
iQ ;2M2° i2 /22T H2 "MBM; bvbi2K- /Bb+mbbBQM Q7 i?2 2tT 2bbB
M2m™ H2H2K2MiBb T 2b2Mi2/X AM //BiBQM-r2 T 2b2Mi # B27 2E
/IBb+mbbBQMBb T 2b2Mi2/ 2; 'IBM; KQ/2H M/ KQ/2H@7 22 2BM7
h?Bb b2+iBQM +QM+HmM/2b rBi? /2b+ BTiBQM Q7 i?2 TQTmH ~ Z@|

Ry
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+? TiaX

kXR JIJmHIiB@ Mi2MM avbi2Kb

aB;M HT Q+2bbBM; i2+?MB[m2b i? i /2THQV KmHIBTH2 Mi2MM
"2+2Bp2'b "2/2b+ B#2/ bJIJmHIBAMTmMiJmHIBPmMiTmi bvbi2Kb UJA.
Q7 7°22/QK T 2b2Mi BM +QKKmMMB+ iBQM bvbi2Kb /m2iQ KmHIiBTH?2
T Qp2 bvbi2Ki? Qm;?2Tmi Q bvbi2K "2HB #BHBivX JAJP i2+?MB[m2l
[2:°22b Q7 7°22/QK iQ BM+'2 b2 i?2°Qm:?Tmi 2 272 °2/iQ b bT iE
KmHIBTH2tBM; i F2b /p Mi ;2f2tTHQBIibi?2 "B+? KmHIBT i? b+ ii2 B
M2Hb iQ BM+ 2 b2 i?2 " i2 ir?B+? BM7Q K iBQM Bb i° MbKBii2/ 7°
h?2 Qi?2 +H bb Q7 JAJP i2+?MB[m2b +QK# ib i?2 KmHIiBT i? 2772-
+? MM2HBM Q' /2 iQBM+ 2 b2 bvbi2K "2HB #BHBivX h?2b2 bvbi2KFEk
bvbi2KbX Hi?Qm;?- JAJP Bb +QKKQMHvV mb2/iQ 272 iQ Mv bvbi2t
i #Qi? i?2 i° MbKBii2® M/ i?2 "2+2Bp2- bQK2 mi?Q'b #mb2 i?Bb iz
bvbi2Kb rBi? KQ'2i? M QM2 Mi2MM i QMHvVv QM2 bB/2 Q7 i?2 +QKK
bvbi2KbX AM i?2 bi'B+i b2Mb2- +QKKmMMB+ iBQM KQ/2H /2THQV2/ 1
iBTH2 2+2Bp2 Mi2MM b Bb + HH2/ aAJP @ bBM;H2 BMTmi KmHiB C
bBM;H2@ 2+2Bp2 KmHiIiB@i MbKBi +QM7B;m  iBQM Bb + HH2/ JA:
6BM HHv-BM i?2 HBi2" im 2 NVvbiRIKKRI/2WH 2BINI T2 H2Bp2 Mi2MM b
Bb /2MQi2M, bNy JAJP bvbi2KX

h?2 K2/BmK #2irN2M iMBKBi Mi2MW b2#2Bp2 Mi2MM b Bb 272"
bi?2 bT iB HrB 2H2bb +? MM2H M/ “;m #Hv i?2 KQbi BKTQ i Mi
i?Bb K2/BmK Bb 7 /BM;X 6 /BM; + mb2b i?2 bi'2M;i? Q7 i?2"bB;M H
iBK2 M/fQ  bT +2X JQbi mi?Q b + i2:Q'Bx2 7 /BM; BMiQ irQ :"QmT
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+?  +i2 ' Bx2bi?2 TB/7Hm+im iBQM Q7 bB;M Hbi 2M;i? Qp2 b?Q" i
T2'BQ/ Q7 iBK2X aK HH b+ H27 /IBM; Q++m b r?2Mi?2i° MbKBii2/ b
T i?b-2 +2 T i? ? pBM; Bib QrM BM?2°2Mi T? b2- .QTTH2 b?B7i- /2t
h?Bb + i2;Q°'v Q7 7 /IBM; + M #2 7Tm i?2 + i2;Q Bx2/ /2T2M/2Mi QM
i MbKBii2/X bB:M HrBi? # M/rB/i? ;"2 i2°i? MQ QM i?2"b K2 Q'/:
?2°'2M+2 # M/rB/i? rBHH 2tT2 ' B2M+2 7' 2[m2M+v@b2H2+iBp2 7 /IBM
ImBM; /12KQ/mH iBQMX bBKTH2 bQHmMIBQMBbiQ mb2 Q' i?Q;QM H
UP6.JV iQ /BpB/2i?2 bB;M HBMiQ K Mv M ““Qr# M/ bB;:M HbX +? N
2M+2 iBK2UQ" H ;2 .QTTH2'VBbi2°'K2/ 7 bi7 /IBM; +? MM2HX >2
b?Q'i T2'BQ/ Q7 iBK2X AAV G ;2 b+ H2 7 /IBM; Q++m b QM Km+?
HQM;2 /Bbi M+2bX G ;2 b+ H2 7 /BM; Bb mb2/iQ +? ~ +i2 Bx2i?2|
iQi?2i2°" BM Q7 i?22MpB " QMK2MiX

b2tT2+i2/-7 IBM; + M+ mb2b2p2°2/2;° /] iBQMBM#Bi2 Q" " i2
iQ +QK# i i?Bb T2 7Q K M+2 /2;" /| iBQM- /Bp2 bBiv +?B2pBM; bvbi
.Bp2 bBiv BMpQHp2b i° MbKBiiBM; Q" "2+2BpBM; /B772 2Mi p2 bBC
HH bB;M H "2THB+ b 2tT2 B2M+2 BM/2T2M/2Mi 7 /2bX h?2 BMimBil
2tT2 ' B2M+2b BM/2T2M/2Mi 7 IBM;-i?2 T Q# #BHBivi? i HH 2THB-
i?72 b K2 iBK2 Bb ;2 iHv 2/m+2/X .Bp2 bBiv b+?2K2b BM+HmM/2, A\
?2°2Bbi? ii?2bB;M Hbi® MbKBii2/ i/B772 ' 2MiiBK2 bHQib + M 2tT
AAV 6 2[m2M+v /Bp2 bBiv, h?Bb 2tTHQBIib i?2 /2T2M/2M+v Q7 bK F
>2°'2-bB;M H 2THB+ b "2 bT +2/ BM 7 2[m2M+v iQ 2M+Qm" ;2 /Bp:
h?Bb BMpQHp2b 2tTHQBIBM; i?2 "B+? b+ ii2 BM; Q7i?2 +? MM2H M
Ti?b 7Q i MbKBIiiBM; i?72 b K2 BM7Q K iBQMX h?2 7B bi ivT2 Q7
b2M/BM; bBM;H2 bi'2 K M/ "2+2BpBM; Bi QM KmHIBTH2 "2+2Bp2
bm+? /Bp2 bBiv +?B2pBM; bvbi2Kb Bb i?2 "2+2Bp2 +QK#BMBM;X 1
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i2+?MB[m2bBM+HmM/2, AVa2H2+iBp2 +QK#BMBM;, i?Bbi2+?MB[m2 I
bB;M Hb# b2/ QM bQK2 K2i'B+X JQbi mi?Q 'bmb2i?2bB;M HiQ MQ
Q7 +?2QB+2X AAV J tBKmK * iBQ +QK#BMBM;, i?Bb BMpQHp2b r2B;?
# b2/ QM i?2B  aL_6b M/ +QK#BMBM; i?2KX h?2r2B;?ib "2 /2bB;M2
#2ii2 aL_ "2 ;Bp2M ?B;?2 r2B;?iX AAAV 1[m H; BM +QK#BMBM; |
Q7 K tBKmK ~ iBQ +QK#BMBM; rBi? i?2 + p2 ib i? i HH i?2 r2B;?ib
p Hm2X h?2 /Bb+mbb2/ /Bp2 bBiv i2+?MB[m2b "2 27272/ iQ b "2-:
i2’KBMQHQ ;v #2+ mb2 T Q+2bbBM; M/ +QK#BMBM; 2 /QM2 #v i?2
Q7 "2+2Bp2/Bp2 bBivbvbi2K Bb ?2 pBHv /2T2M/2Mi QM ?Qr 7 ~ T
bT +2/X h?2 7 "i?2° T "ii?2 Mi2MM b "2 i?2 KQ 2 BM/2T2M/2Mi i?
+2HHmMH " +QKKmMB+ iBQMb-2M;BM22'b "2 HBKBi2/ #vi?2 p BH #
T?QM2b ? p2 bBx2 #2vQM/ r?B+? i?2v "2 BKT® +iB+ HX h?Bb KQiBj
/IBp2 bBivBMi?27Q'r */HBMF Q' +2HHmMH ~/QrMHBMFX >Qr2p2 - -
MQMi'BpB Hi bFX *QMbB/2° KmHiBi° MbKBi bBM;H2 Mi2MM bvbi
bB;M H + Qbb HH Mi2MM b /Q2bM6i T'QpB/2 /IBp2 bBivX hQ b22 i
Ki+?2/ 7BHi2 rBi? bBM;H2 2+2Bp2 Mi2MM ,

r:p—§ hi + n UKkXRV

AM i?Bb 2[m- iRQM-b2Mib i?2 "2+2Bp2/ bB;M Hb KTH2 ii?2QmiT
7BH2/2MQi2b i?2 +? MM2H #2ir22M i%2 2 +2 BpX BsiNRbi-P22 i° Mb @
KBii2/ bvK#QmH:2™M/2b2Mib i?2 MQBb2 BKT B K2MibX *H2 “Hv- i?2 "2

b+ H2/ p2 'bBQM Q7 i?2 i’ MbKBii2/ bB;M HX AM 7 +i- i?2 aL_ Bb M
Mi2MM r bmb2/ ii?2i° MbKBii2 X h?Bb Bb #2+ mb2 7  +iBQM Q7 i
Mi2MM M/ i?2 6+QK#BMBM:6 ? TT2Mb BM i?2 B> M/ Bb i?mb MQM
bQK2 ivT2 Q7 2M+Q/BM; M22/b iQ #2 T2 7Q K2/ ii?2 i MbKBii2 X h
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bT +2@iBK2 +Q/BM:X h?2 KQbi TQTmH " ivT2 Q7 bT +2@iBK2 +Q/B

Bb FMQrM b i?2 H KQmiB b+?22K2X h?Bb b+?22K2 ? b i’ +i2/ Km+?

Bb i?2 QMHV " i2 QM2 bT +2@iBK2 #HQ+F +Q/BM; b+?2K2 7Q" +QKT

i? i QM p2° :2 QM2 bvK#QH Bb i’ MbKBii2/ 2p2 v iBK2 bi2TX ii?
h #H2 KXR, H KQmiB a+?2K?2

hBK2 AM/2t Mi2MM R Mi2MM Kk

i S Sy
t+ T S, S,

iBQ +QK#BMBM; Bb mb2/iQ "2 HBx2 i?2 /Bp2 bBiv #2M27BibX +(

7Q  ?B;?2  MmK#2 Q7 i° MbKBi Mi2MM bBbi?2Q i?Q;:QM HbT +2 i

b+?2KRY(?B+? Bb ;2M2° HBx iBQM Q7 i?2 H KQmiB b+#22&2 M/ Bb k

KX7Q j M/ 9 Mi2MM b "2bT2+iBp2HvX h?2b2 +Q/2b ; BM2/ TQTmH

T QpB/2/ /2+Q/BM; b+?2K2 r?B+? Bb HBM2 " BM T Q+2bbBM; iBK2)
h #H2 kXk, Pam't 7@bKBi Mi2MM b

hBK2 AM/2t Mi2MM R Mi2MM k Mi2MM |

i S S, 0
t+ T S, S, 0
t+2Ts 0 0 S
t+3Ts 0 0 S2

h #H2 kXj, Pah4* 7@ bKBi Mi2MM b

hBK2 AM/2t Mi2MM R Mi2ZMM k Mi2MM j Mi2ZMM 9
i S1 Ss 0 0

t+ T S, S; 0 0

t+2Ts 0 0 S1 S2

t+3Ts 0 0 S, S,

h?2 b2+QM/ K DQ JAJP i2+?MB[m2 Bb bT iB HKmHIBTH2tBM; U:
BMpQHp2b b2M/BM; /IBbiBM+i bi 2 Kb Q7 /i Qp2  KmHIBT i? +? MN
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i?7 i+ M#22772+iBp2Hv b2Mi QmEnfbmN,@X +tQ MBM2H?BbBM bT iB H Km
TH2tBM;- KmHIBTH2 bi 2 Kb "2b2MiQp2 i?2b K27 2[m2M+v 2bQn
i?Bb i2+?MB[m2 BM+ 2 b2b i? Qm;?TmirBi?Qmi BM+'2 bBM; i?2 "2]
JAJP bvbi2K- T'2+Q/2 Bbmb2/iQK Ti?2bi'2 KQ7BMTmi/ i iQ i~
Mi2MM bX h?2 T 2+Q/2  + M #2 bBKTH2 b2 B HIiQ T  HH2H +QMp
i?72 T'2+Q/2° Bb 7mM+iBQM Q7 i?2 +QKKmMB+ iBQM +? MM2H M/
i?72 "2+2Bp2 X

h?2b2+QM/ bT2+iQ7i?2aJ@JAJP bvbi2K Bb TQbi+Q/2  Q bT
h?Bb #HQ+F T Q+2bb2b i?2 bB;M H "2+2Bp2/ i i?2 "2+2Bp2 Mi2MN\
2 +?2 °2+2Bp2/ bvK#QH + M #2 pB2r2/ b +QKTH2tr2B;?i2/ bmK Q7 H
7°QK i?2 i MbKBi Mi2MM bX h?2 TQbi@+Q/2  /2+QmTH2b 2 +? "2+
[2+QMTHBM; i2+?MB[m2b BM+HmM/2 x2 ' Q@7Q +BM; Uw6V- x2 Q@7
+ M+2HH iBQM- KBMBKmK K2 M b[m "2/ 2°°Q  UJJalV- M/ JJal@a?
BMimBiBp2Hv™/2b+ B#2/ b BMp2'iBM; i?2 +? MM2H M/ TTHVBM; |
"2+2Bp2/ bB;M H p2+iQ X h?Bb K2i?Q/ KTHB7B2b i?2 2MpB ' QMK2M
"2mbm HHvKQ/2H2/ b : mbbB M > M/QKp "B #H2X h?2JJal b+?2K
7Q +BM; b+?2K2X h?2 7mM/ K2Mi H /B772 2M+2 Bb MQM x2'Q p
Q7 i?2 +? MM2H #27Q 2 BMp2 bBQM- i?Bb T 2p2Mib i?2 2MpB QMK
KTHB7B2/X AMi?2bm++2bbBp2 BMi2 72 2M+2 + M+2HH iBQM b+?:2
b2[m2MiB HHv TTHB2/iQ i?2 "2+2Bp2/ bB;M HX 6B bi-i?2 "2+2Bp2
Bb 2biBK i2/ M/ /2+Q/2/-i?2M i?2 /2+Q/2/ bvK#QHb 2 T Q+2bb2/ |
bvK#QHb Q7 i?2 2K BMBM; "2+2Bp2 Mi2MM bX h?Bb T Q+2bb Bb
bi'2 Kb ? p2 #22M T Q+2bb2/X “;m #Hv-i?2 KQbi BKTQ i Mi T i Q7
+? MM2HX IMHBF2 BM +QMp2MiBQM H +QKKmMB+ iBQM bvbi2Kb- r2
b+ ii2’BM;X h?2 MmK#2 Q7 TQbbB#H2 /i bi'2 Kb Bb HBKBi2/ #v i??2
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?2 p2 +?2 MM2H rBi? ~ MF Q7 k- "2; "/H2bb Q7 i?2 MmK#2 Q7 i MbK
r2+ M QMHvV b2M/ irQ 2772+iBp2 /i bi‘2 KbX

kXk J +?BM2 hvT2 .2pB+2b

AMi2 M2i Q7 h?BM;b /2pB+2b "2 2tT2+i2/iQ #2+QKMBM2 2 bBM
ivT2 Q7 rB'2H2bb +QKKmMB+ iBQM i? i 2M #H2b bm+? AQh /2pB+2
ivT26 +QKKmMB+ iBQMbX b i?2 M K2 BKTHB2b- K +?BM2 ivT2 /2p
IB772 2Mi 7 QK ?mK M ivT2 /2pB+2b b i?2 2M/ mb2'b "2 K +?BM2b
7BM/ TTHB+ iBQM BM 2?2 pBHv miQK i2/ i Db MB BM bQ N EKiZ) 2B Bl
T '2bbm 2 M/ Qi?2 2MpB QMK2Mi Hp "B #H2bX _2+2MiHv- +2HHmMFE
b K2 MbiQ T'QpB/2 BMi2"@+QMM2+iBpBiv KQM; K +?BM2 ivT2 /
+QKKmMMB+ iBQM Bb i2+?MQHQ:v i? i ? b #22M QTiBKBx2/ 7Q" i?
+2HHmMH "~ i° MbKBbbBQMX h?2'27Q 2- i?2 mTHBMF@+2Mi B+ M/
i* MbKBbbBQMb Bb :QBM; iQ + mb2 72r +? HH2M;2bX PM2 Bbbm?2
++2bb T°Q+2bb mb2/iQ bbB:M 2bQm +2bX JQ 2 bT2+B7B+ HHv-
' M/QK ++2bb T°Q+2bbBbi?2bTQ" /B+-2p2Mi@# b2/ M im 2 Q7 K +
h?2 2p2Mi@# b2/ M im 2 Q7 K +?BM2ivT2/2pB+2b+ MH2 /iQ +Q "2
6Q BMbi M+2- B7 i?72 2 Bb bm//2M +? M;2 BM i?2 i2KT2 im 2- b
+QM/BiBQMb rBHH bBKmHi M2QmbHv ;2M2" i2 #m'bi Q7 T +F2ibX
+QM;2biBQM M/ bm#b2[m2MiHv ?B;?  i2Q7 +QHHBbBQMbBMi?2"
i?72° M/QK ++2bb T°Q+2bb BM +2HHmMH ~ M2irQ Fb M22/b iQ #2 BKT
70 Jh.bX
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kXkXR _ M/QK ++2bb

g?2M 11 KB; i2bBMiQ 2;BQM rBi? +2HHmH ~ +Qp2 ;2-Bib 7B
rBi? i?2# b2bi iBQMU;LQ/2"VXAMQ /2 iQ +?B2p2i?Bbi bF-Bi Mz
bvM+? QMBx iBQM bB;M Hb USaaV M/ b2+QM/ v bvM+? QMBxXx iBQ
"2bTQMbB#H2 7Q°  bHQi bvM+? " QMBx iBQM r?BH2 i?2 H i2° Bb "2bT(
h?2 Saa M/aaa 2#Qi? T 2b2MiBMi?2 Rbi M/ RRi? bHQibBM2p2'v
i?72H bi P6.J bvK#QH BM #Qi? bHQib- r?BH2 i?2 aaa Bb T 2b2Mi BM i

h?2 Saa T°QpB/2b "i?2 S?vbB+ H GN{22 faMPyAr2BIHRIV?2 aaa

T QpB/2b i?2 S?vbB+ H G v2  *2M3} 2A(/@ M iIBTyX: " IQBD irQ p Hm2b "2
+QK#BM2/ "iQ 7Q K N2 =2HNRA+ NP X h?2 11 T°Q+22/biQ /QrMHQ /i
Jbi2° AM7Q°K iBQM "HQ+F UJA"V 7 QK i?2 #°Q /+ bi +? MM2H U"*>)
BM7Q K iBQM #Qmii?2 +2HH # M/rB/i?X hQ +QKTH2i2 i?2 /QrMHB
i?211imM2biQ i?2 U/QrMHBMF b? "2/ +? MM2HV .G@a*> M/ /QrMHC
iBQM #HQ+F UaA"VX h?2 aA" +QMi BMb T ~ K2i2 b M22/2/ 7Q  BMBi|
BM/2t 7Q  w /Q77 *?m +Q/2b- x2°Q +Q "2H iBQM xQM2 +QM7B;m" i
+? MM2H US_ *>V 7 2[m2M+v- M/ i?2 S_*>7'2[m2M+v Q77b2iX hC
++2bb T°Q+2/mM " 2-1r27Q+mb QM +QMi2MiBQM@# b2/ M/QK ++2bl
" M/QK ++2bb T°Q+2bb-i?2 11" M/QKHV i° MbKBib QM2 Q7 MmK#:
#H2bX 6Q  BHHmMbi® iBQM Tm TQb2b-r2 bbmK2 i? i [1@R M/ 1@k
M/ #Qi? i° MbKBi ii?2b K2 iBK2X



R3 +NZy T |Y #72«4l i é2

mMm2iQ i?2irQ I1b b2H2+iBM; i?2 b K2 T 2 K#H2 M/ i MbKBiiBM
i72v 2 p2i?2b K2  M/QK ++2bb@  /BQ M2irQ Fi2KTQ" v B/2MiB7
bBKTHB+Biv-r2 bbmK2i? i 1@k HQb2b Qmi QM i?Bb +QMi2MiBQM-
i?72 T2 K#EH2 7Q  I1@R- M/ 7 BHb iQ /2i2+ii?22 T 2 K#H2 Q7 I1@kX
MTHBMF i° MbKBbbBQM iBKBM; Q7 I1@R M/ /2'Bp2b _ @_LhA@RX
U+2HH@ LhAV Bb bbB;M2/iQI1@R- M/i?Bb B/2MiB7B2 b2 p2b b
IT@RX h?2irQl1b #Qi? imM2iQi?2 T?vbB+ H/QrMHBMF +QMi QH +?
i?2 /QrMHBMF +QMi"QH BM7Q K iBQM U.*AVX h?Bb BM7Q K iBQM B
'L" T°'QpB/2b i?2 _ "2bTQMb2 QM i?2 .G@a*>X "h?Bb _ @ 2bTQMb.
i2KTQ  'v*@_LhA@R- hBKBM; /p M+2- ITHBMF _2bQm +2 :° MiX A
i? i #Qi? I1b "2+2Bp2 i?Bb K2bb ;2 #2+ mb2 Bi Bb // 2bb2/iQ _ @ _L
i?72 i2KTQ " 'v*@ _LhA@R M/i?2v #Qi? TTHV i?2 iBKBM; /p M+2X

I1@R M/ I11@k /IQM&6i ? p2 T2'K M2Mi B/2MiBiv- ?22M+2- i?2v BN
irQb2T ~ i2° M/QKMmK#2'biQ 2T 2b2Mii?2B  B/2MiBiB2bX h?2v B
BM i?2B" "2bT2+iBp2 /BQ "2bQm +2 +QMi'QH U__*V +QMM2+iBQM

PM+2-i?Bb "2[m2bi Bb K /2-i?2irQ I1b BM/2T2M/2MiHvVv bi “ii?2

k 2 bi° MbKBii2/ rBi? i?72 mTHBMF "2bQm +2b M/ iBKBM; /p M+2
Bib i" MbKBbbBQM rBHH KQbi HBF2Hv #2 HQbi BM i?2 "2bmHIBM,;
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i MbKBbbBQM 7'QK I1@R M/ b2M/b M *EBM U +EMQrH2/;K2MiVX
K /2 mbBM; i?2*@ LhA@RX M __**QMM2+iBQM a2imT K2bb ;2 //°
Bb HbQ b2Mi #v i?2 ;L"X "Qi? I1b "2+2Bp2b i?2b2 K2bb ;:2bX

h?2 __**QMM2+iBQM a2imT // 2bb2/ #v*@ LhA@R HbQ +QMi B
2M2° i2/ #v I 1@RX I1@R MQiB+2b i?2 2[mBp H2M+2 #2ir22M i?2 °
i2/ M/i?2° M/QK MmK#2" Bi “2+2Bp2/ M/ Bib2M/b >v#' B/ _ZX h
bm++22/2/7Q  11@R M/ Bi biQTb Bib hjyy iBK2 X ITHBMF 2bQm"+2

R QM i?2 SI**>- Bi "2+2Bp2b i?Bb "2bQm +2 QM i?2 S.**> M/ 7BM }
+QMM2+iBQM b2imT K2bb :2X
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h?2 > M/QK MmK#2  ;2M2° i2/ #v 11@k M/ i? i BMi?2 +QMM2+iBC
1@k /QMb8i K i+?X aBM+2- 1@k + Mdi +QM7B K Bib B/2MiBiv- 11E
+QMi2MiBQMX I1@k6b hjyy iBK2  2M/b M/ Bi "2i'B2b i?2 ~ M/QK ++
MQi2/i? i2 +?2 > M/QK ++2bb bHIBiJ?» U bDBX22QQm +2 #HQ+FbVX

kXj AMiQ/m+iBQM iQ J +?BM2 G2 "MBM:

Mv H;Q Bi?Ki? i ++2Tib M/ H2 "Mb 7 QK /i -bm+?i? iBi;2ib #
bQK2i bF-h+ M#2+H bbB7B2/ b K +?BM2H2 "MBM; H:Q Bi?KX h
M/ 2p Hm i2/ #v [m MiBi iBp2Hv /27BM2/@K2i'B+X h bFb i? i 2
bQHP2 #mi 7Q r?B+?2 i?2 2 Bb KTH2 /i "2T272+i+ M/B/ i2b7Q"
H;Q Bi?KX +QKKQM KBbmb2 Q7 i2’KBMQHQ:;v KQM; "2b2 “+22" |
6i bF6 M/ 6i° BMBM; 2t KTH2b8 HH K2 Mi?2b K2 i?BM;X hQ #mii 2
i72b2 i2 Kb- +QMbB/2° M miQMQKQmb p2?B+H2i? i? b#22M i BM
i?72 ?B;?r vX S2 ' 7Q KBM; K M2mp2 b Bb i?2 i bF-i?2/ i + Tim 2/ #v
r?B+? "2 mbm HHv BM i?2 7Q K Q7 TBt2Hb "2 i?2 2t KTH2bX JQ":
2t KTH2b "2 /27BM2/ #v 72 im 2x@2RPI-Qr22 @B M ii?Bb + b2- T 2T 2b
i72 MMK#2° Q7 _:" p Hm2b +? ~ +i2 ' BxBM; 2 +? BK :2X +QHH2+iB
bT2+B7B2/ #vX RR"BX 7i2 bT2+B7vBM: i?2 i bF M/ +QHH2+iBM; 21
'Bi2 H2 "MBM; H;Q Bi?K Q r2+ Mr'Bi2 /2i2°KBMBbiB+ T Q: K |
MQ/2b rBi? K M2mp2 'BM; + T #BHBiB2bX

+QKKQM i'2M/ KQM; K +?BM2 H2 “MBM; "2b2 +?2°b Bb iQ +H
T Q#H2Kb ++Q°/BM; iQ Bib BMi2M/2/ i bFX +QKKQM +H bbB7B+
*H bbB7B+ iBQM T Q#H2Kb, *H bbB7B+ iBQM T Q#H2Kbf BMpQHp?2l
RPIf 1;:kgX h?Bb + i2;Q'vi F2b i° BMBM; b KTH2 /27BM2/ #v Bib
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TH +2b i?2 b KTHX BBOEBWHQ7QmTbX TQTmH ~ 2t KTH2 Q7 bm+?
B/2MiB7B+ iBQM Q7 MBK HbBM TB+im 2bX AMi?Bb T Q#H2K- b K
Q7 :"p Hm2b M/ i?2QmiTmi Bb MmK2 B+ Hp Hm2 /27BMBM; p "B
T Q#H2Kb, "TAMi?Bb T Q#H2K-;Bp2M “i" BMBM; b KTH2- M H;Q B
+QMiBMmMQmb MmMK2'B+ Hp Hm2X J i?2K iB+ HHv- i?2 H;Q 'Bi?K
f :RP! RX +QKKQM M/ MQM@i'BpB H 2t KTH2 Bb T 2/B+iBM; i?2
QTiBQMb- ;Bp2M b2i Q7XT-Wi BMKTH?20L & 2T 2b2Mib 2t KTH2b M/
72 im'2 p2+iQ BTMZb2Mib i?2 +Q " "2bTQM/BM; T bi biQ+F T 'B+2bX

MQi?2" +QKKQM /Bb+ BKBM iQ° Q7 JG T ' Q#H2Kb T2'i BMb iQ
""Q /Hv bT2 FBM;- i?2 irQ ivT2b Q7 H2 "MBM; H;Q Bi?Kb "2 mMbm
T2 pBb2/ H2 "MBM; H;Q 'Bi?KbX AV amT2 pBb2/ yvs®(Bi?K, *QMb
bmT2 pBb2/ H2 "MBM; H;Q'Bi?K 7BM/b M bbQ+B iBQM I QK i?2 i
iQ +Q "2bTQM/BNM; HPBEHDbQ+B iBQM Bb mb2/ iQ T 2/B+i H #2H p |
MmMMb22M i2bi/ i X 1t KTH2b Q7 bmT2 pBb2/ H2 "MBM; H;Q Bi?Kb B
‘BbiB+ "2:°2bbBQM- M/ bmTTQ i p2+iQ K +?BM2bX AAV IMbmT2 pE
IB772 2M+2 #2ir22M mMbmT2 pBb2/ M/ bmT2 pBb2/ H2 "MBM; Bb i’
1?72 7Q K2 X IMbmT2 pBb2/ H;Q Bi?Kb ii2KTiiQ 2ti- +i BM7Q K iB
/i IBbi B#miBQM Q7 i?2i BMBM; b KTH2bX h?2 H;Q Bi?Kb H2 "M
rBi? "2H i2/ 72 im 2b BMiQ /BbiBM+i ;"QmTbX q?2M M2r i2bi b K-
;Q Bi?K Kmbi /2i2 " KBM2 r?B+? ;QmT TH +2K2Mi Bb KQbi bmBi #H?2
/1 X 1t KTH2b Q7 mMbmT2 pBb2/H2 MBM; BM+HmM/2kKTKRMMBT H +Q
+Hmbi2 BM;X h?29T?DbBNBIMN 2ti2MbBp2 /I Bb+mbbBQM QM K +?BM:

Hi?Qm:?2JG? bb?2QrM T"QKBb2BMp 'BQmb TTHB+ iBQMb bm+7
iBQM-?2Qmb2 T°B+BM; T 2/B+iBQM- 2K BH +H bbB7B+ iBQMfbT K 7E
K +?BM2 H2 "MBM; #2+QK2b H2bb 2772+iBp2 b i?2 /i /IBK2MbBQM
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bi?2+m b2 Q7 /BK2MbBQM HBivX h?2 BM+ 2 b2 BM /BK2MbBQM bB
iQ M2tTQM2MiB HBM+'2 b2 BMi?2 MmK#2 Q7 TQbbB#H2 /B772 21
T Q# #BHBivi? ibQK2 +QM7B;:m" iBQMb rBHH MQi ? p2 M bbQ+B i
>2M+2-i?22 QmiTmi Q7 bm+? 2t KTH2b M22/b iQ #2 TT QtBK i2/X h1
KQiBp i2b i?2 M22/ 7Q" /22T H2 "MBM;X

kXjXR .22T G2 "MBM;

22T H2 "MBM; KQ/2Hb "2 mMBp2'b H 7mM+iBQM TTfQtBK iQ I
reB+? /2MQi2bi?2 "2H iBQMb?BXT-#Rlik B2IMi WX2iIW2RT H2 "MBM; KQ/2F
ii2KTibiQ mb2 i?2X;, \ghi H2 "M b2i Q7 T rRB#2 bFT QtBK i2b i?2
TMMHIiBQM22T H2 "MBM; KQ/2H T Q/m+2bfiT® X THIB®mb-? i?2 2 2
Qi?2  ivTI2b Q7 /22T H2 "MBM; KQ/2Hb- BM Bib KQbi # bB+ 7Q K- i?2
KQ/2H ? b MQ 722/# +F HQQT M/ BiBb + HH2/ 722/7Q'r */ M2irQ"F
KQ/2Hb ? p2 K MvH v2'b M/ + M #2 pB2r2/ b 7mM+iBQMb Q7 7mM +1

fx)=fO( FO@FO(1)) UkXkV

h?2 7mM+iB@Mb M /2MQi2b i?2 7B bi- b2+QM/- M/ QmiTmiH v2°
bBM;H2 H v2' Q7 i?22 722/7Qr '/ KQ/2Hb HbQ FMQrM b T2 +2Ti’
rBi? i72 7TQHHQrBM; 7TmM+iBQM,

v= (q't' 1+ #) UKXjV

h?2 r2B; b2 RN Nt M/ i?22 #B#@- i2 Kb "2i?2i  BM #H2 T ° K
2i2 b Q7 i2H v2'=@f r'; #gX h?2 BMTmi BMPQHi %2°2 RV - Bb i?2
QmiTmi Q7 iYR? H v2 X h?2 2MiB 2 QT2  iBQM + M #2 pB2r2/ b HBN
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7QHHQr2/ #v MQMHBM2 ° +iBp iBQM 7mM+iBQMX h?2 MQM@HBM:
i?2 2tT 2bbBp2 TQr2 Q7 i?2 M2m  H M2irQ FbX
h #H2 kX9, +iBp iBQM 7mM+iBQMb

L K2 6MM+iG QM M2
GBM2 ° G (1 ;1)
h M> i M(§) ( 1,1)
_1Gl19¢ K 10;q) 0,1 ]
[ 7Q[<0 .
G2 Fv _1@HK( Co7of o [1 ;1)
aB;KQB/ e (0;1)
“+h M tanh 1(qg) (1 ;1)
1G1 93 E[ ;grg 0;1)
aQ7isSEamb ( In(1+ exp([)) 0;1)
aQ7iJ 8y P (0;1)
arBbeaIx e 0;1)

AM i?2 #b2M+2 Q7 i?Bb 2tT 2bbBp2 TQr2 -i?2°2rQmH/ #2 MQ "2
Hv2'2/ M2m" H M2irQ FX h?2 +iBp iBQM 7mM+iBQM QT2  i2b QM E
BM/2T2M/2MiHv QM 2 +? Q7 Bilf DH2K2MDb X #RRF2b2Mib +QK@

T 2?22MbBp2 HBbi Q7 +QKKQM +iBp KBQRW-I bji 9 B\QKKEBX 2B Mri " 2 b

> T?B+ HBHHmMbi" iBQMb Q7 i?2 +iBp iBQM 7mM+iBQMb mb2/ BM
7Q°K-i?2QT2 iBQM Q7 /22T H2 "MBM; KQ/2H + M #2 /BpB/2/ BMiQ
M/ i?2 # +Fr /T bbX h?2 7Q r */ T bb T°Q/m+2b M= T(t; QXBK i2 Qr
h?Bb TT QtBK iBQM HQM; rBi? +QMp2t HQbb 7mM+iBQMb 2 mb2
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M2m> H M2irQ ' F QT2  iBQMX

h #H2 kX8, GQbb 7mM+iBQMb

L K2 [(V V)
"BM v 1Mi'QTv GQbb VH@® @1 VYWHQ@:; ¥

JBMBKmMK a[m "2/ 1°°Q" k(v WK’

JBMBKMmMK #bQHmi2 1°°Q" iV V)
P

**Qbb 1Mi"QTv GQbb My H®Y

I

h?2 HQbb 7mM+iBQM T Q/m+2b +QKT 'BbQM #2ir22M i?2 M2m"
A- M/ i?2 0 “;2ip BXtH20M28 QpB/2b 2t KTH2b Q7 +QKKQM HQbb 7
b?2QmH/ #2 MQi2/i? ii?2 HQbb 7mM+iBQMb "2 TTHB+ iBQMfT Q#H?2
/22T H2 "MBM; TTHB+ iBQMb- #QW? i®I2 i?722biBB 22T Q/m+2/ #v |
M2m' H M%ir@ +QMiBMmQmb M/ 2 H@p Hm2/- ?22M+2 i?2 KBMBKmK
#bQHMi2 2°°Q° "2 bmBi #H2 HQbb 7mMM+iBQMbX 6Q" +H bbB7B+ il
T°Q/m+2b +QMIiBMMQmb "2 H MmK#2" #2ir22M i?2 ° M;2 Uy-RVX h
Bb mbm HHv 2M7Q +2/ #v TTHvBM; i?2 bB;KQB/ U#BM v +H bbB7B
+H bbB7B+ iBQMbV +iBp iBQM 7mM+iBQMbX h?2i ;2ip B #H2b BI
R-y- BXf20;1gX AM T +iB+2-i?Bbp HmM2 Bb QM2@?Qi 2M+Q/2/ bm+7? i

bBM;H2 /i b KTH2 +QMbBbib Q7 HH x2 Qb 2t+2Ti ii?2 BM/2t Q7
BM/2t 2T 2b2MiBM; i?2 +Q "2+i H #2H +QMi BMb ©6R®& b Bibp Hm2
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6B:m 2 kXR, _1G| +iBp iBQM 6mM+iBQM X

6B:m 2 kXk, h?2 G2 Fv _1GI| +iBp iBQM 6mM+iBQMX
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6B;m 2 kXj, h?2 aB;KQB/ +iBp iBQM 6mM+iBQMX

6B;m 2 kX9, h?2 h M? +iBp iBQM 6mM+iBQMX
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6B;m 2 kX8, h?2 aQ7iKt +iBp iBQM 6mM+iBQMX
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h?2 # +Fr /T bb 2Mi BHb T°QT ; iBM; i?2 HQbb 7 QK i?2 Qmi2
1?72 2MiB"'2 M2irQ FBM Q /2 iQ mT/ i2i?2 T  K2i2'b Q7 i?2 M2m  F
# +F@T QT ; iBQM H;Q ' Bi?K T ' QpB/2b M BMisiiBip2iBtk2>7 +?B2p
rBi? H2 MBM-i?R2# +F@T QT ; iBQM H;Q Bi?K + M #2 /2b+ B#2/r
2[m iBQM,

_ ey
t+1 t @t

UkX9V

Hi?Qm;? ;> /B2Mi /2b+2Mi ? b b?QrM 8RQ&Y-T2b2Q " K?Rb2?( p2 2@
+2MiHV T'QTQDb2/ Qi?2  T'QT ; iBQM KR BKTRQX2 miT?@Mbi BM;{ /B2
/12b+2Mi H;Q Bi?K #v /vM KB+ HHv mT/ iBM; i?2 H2 "MBM; "~ i2X h?
b KQK2MimK- M/ T 'QpB/2b ;" /B2Mi bi #BHBiv M/ ++2H2  i2b /2b+
bi22TM2bbX bBKTH2 T ~ K2i2 mT/ i2 rBi? ;" /IB2Mi /2b+2Mi M/ K(
1[m iBkAB

Qv v

Quu= Qe+l =g UkX8V

t+1 = t Qi+

2[0;1] Bb ?2vT2'T ~ K2i2 i? i+ M#2 mb2/iQ i imM2 i?2T2 7Q K M
bvbi2KX _2+2MiHv-i?2 / &§ P ;IQbB2MKEib TQTmH "BivBM+ 2 b2 KQWMN
Qp2  i?2 T bi +QmTH2 Q7 v2 'bX h?Bb TQTmH 'Biv Bb /m2 iQ Bib #
Q#D2+iBp2 TmM+iBQMb r?BH2 K BMi BMBM; bBKTHBbiB+ BKTH2K
r Bii2M mbBM; i?72 TQHHQrBM; r2B;?i mT/ i2,

r’!BH2 MQi +QMpRQ;2/
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t t+1

v,
my ime 1+ (1 1)%

G 20 1t )(EEY)2

m,  my/(1 )

& a/(1 3)

R T
2M/ r?BH2

h?29%%)2 {2 K *2T 2b2Mib 2H2K2MirBb2 b[m "BM; Q7 i?2 ;" /B2Mi
iQ i?72 H2 "MBM;;; 42{0;1] M/ "2 HbQ ?2vT2'T ° K2i2 bX 6Q  Km+? Q7
j- /22T M2m® H KQ/2H Bb 2KTHQvV2/ M/ QTiBKBx2/i?'Qm;?i?2 [ K

kXjXk _2BM7Q +2K2Mi G2 "MBM:

MQpB+2 rQmH/ #2 7Q ;Bp2M 7Q" 2tT2+iBM; T 2pBQmbHvV /Bb+ml
HH@2M+QKT bbBM; Q7 HHi?2 p BH #H2 H2 "MBM; i2+?MB[m2b- #
+H bb Q7 H2 "MBM; BMpQHp2b K TTBM; +B +mKbi M+2b iQ +iBQMt
K2'B+ H 2r "/ Bb #2BM; K tBKBx2/X h?Bb + i2;Q°vQ7 H2 "MBM; Bb
H2 "MBM:X h?Bb KQ/2H /2TB+ib H2 M2 i? i+ Mbi "iQ77 bKvQTB
BMi2HHB;2Mi #v H2p2  ;BM; Bib T bi 2tT2 ' B2M+2bX "2BM7Q +2K:
bi'm+iBQM K Mm H-i?2 H2 "M2 Bb M2p2  iQH/r? iiQ /Q-?2Qr2p2 - i
+HQb2/@HQQT bvbi2Kbm+?2i? ii?2H2 M2  + M "2+2Bp2 MmK2 B+ |
Q7 Bib +iBQMbX

/IBbiBM+iBQM #2ir22M "2BM7Q +2K2Mi H2 "MBM; M/ bmT2 pBI
Q7 H #2H2/ /i X AM bmT2 pBb2/ H2 MBM;-i?2 H2 "MBM; T = K2i2"
2t KTH2b- bm#b2[m2MiHv- i?2 H2 "MBM; H;Q Bi?K rBi? i?2b2 H2 "N
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T 2/B+ii?2H #2H Q7 T 2pBQmbHvV mMb22M / i X *H2 "Hv-i?22b2 T °
HBx2-?Qr2p2 -BM BMi2 +iBp2 bvbi2Kbr?2 2i?2 +iBQMb T 2/B+iZ
M2ri° BMBM; b KTH2b M/ M2r +iBQMb KTH2DbT +2-Bi#2+QK2b BEK
i2Kb ? p2i?2 #BHBiviQ b2[m2MiB HHvBKT Qp2i?2B T = K2i2 bi?"
i?Bb T'Q#H2K- "2BM7Q +2K2Mi H2 "MBM; KQ/2Hb ‘2 mb2/iQ H2 "N
P#pBQmbHvVv-H2 MBM; 7 QK 2tT2 B2M+2 BKTHB2b i? ii?2H2 "MBM,
M/ #2?2 pBQ X h?2i “;2i;Q HQ7 Mv '2BM7Q +2K2Mi H2 "MBM; T Q#
#v  "2r "/ bB;M HX _2BM7Q +2K2Mi H2 "MBM; Bb bmTTQb2/iQ T Qj
i?72 +QMMM/ " mK Q7 ;Q H@# b2/ H2 "MBM; 7°QK BMi2' +iBQMX

AM T  +iB+2- "2BM7Q +2K2Mi H2 "MBM; bQHmMiBQMb 2 mbm H
T Q+2bb2b UJ.SbVX h?2 7Q KmH iBQM Q7 J 'FQp /2+BbBQM T Q-
;2Mi M/ Bib 2MpB QMK2MiX h?2 ;2Mi K F2b /2+BbBQMb # b2/ QM

Q7 i?2 2MpB QMK2MiX h?2 2MpB QMK2Mi "2bTQM/b iQ i?2 /2+BbBQ
bB;M H M/ M2r 2MpB QMK2Mi H bBim iBQMb iQ i?2 ;2MiX JQ 2 +(
bi2T- M :2Mi Q#b2 p2b 2Bi?2° 7mHH Q T "iB H 2T Bp28X iBQM Q
h?°Qm;? biQ+? biB+ Q  /2i2 ' KBMBbiB+ TQHB+v +Qaj%B-iB@M2/ QM
+iBQM Bb bR B 2ESPX-LQi2 i8-iBbi?2 b2i Q7 HH TQbA@GHHHBDLP22b M/
b2i Q7 HH TQbbB#H2 +iBQMb T QpBJ/R/am#b2[m2NBiM\0iiiR22 M2ti iE
bi2T-i?2 ;2Mi 2+2Bp2b MmMRK22 B+ NH/ i2rMbBbBiBQMb BMi®y M2r bi i2

h?Bb +QMiBMmQmb BMi2  +iBQM #2ir22M i?2 ;2Mi M/ 2MpB QM
bi i2- +iBQM- M/ “2r /X LQiB+2i? i 7Q° 7BMBi2 J.S-i?2 + “/BM
TQbbB#H2 bi i2b- +iBQMb- M/ “2r /b Kmbi #2 7BMBi2X 6Q  i?Bb b
“2r /b M/ bii2b 2  M/QKp ‘B #H2b rBi? T'QT2 Hv /27BM2/ /Bb+
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iBQMbX h?2b2 " M/QK p B #H2b 2t?B#Bii?2J FQp T QT2 iv,
p(so;rjs;a): PrfS; = sO;Rt: NS 1= s A 1= & 10 UkXeV

r?2 22 /2MQi2b i?2 7mim 2 bi i2X h?2 J "FQpB M T QT2 iv BKTHB?2
BM+HmM/2 HHi?2T bi BM7Q K iBQM r?B+? rQmH/ BM7HmM2M+2 7mim

X X
p(s;rijs;a)=1;8s2 S;a2 A(s) UkXdV

%25 r2R
AM 1[m iBEMBb T Q# #BHBivp B #H2 /2MQiBM; i?2 /vM KB+b Q7 i
T Q+2bbX qBi?i?2J "FQpB MT QT2'iv M/i?2/vM KB+bp "B #H2-r2
T2 i BMBM; iQi?22MpB QMK2Mi- M/ Mv "2H2p MiBM7Q K iBQM + |
i?72bii2i°  MbBIiBQM T Q# #BHBiB2b + M #2 +QKTmi2/ rBi?

X
p(sis;a) = p(s’;rjs;a) UKX3V

r2rR
r?BH2-i?2 "2r "/ 7Q° bT2+B7B+ bi i2 +iBQM T B  + M #2 +QKTmi2/

X X
r(s;a) = r p(s;rjs;a) UKkXNV

2R ¢%R
AM Q /2 -iQ 7Q K HHv M/ K i?2K iB+ HHv /27BM2 i?2 “2r “/ bi m+i
"2+2Bp2/ 7°QK i?2 2MpB QMK 2tMR.7;iR,iBKRpiZP2 T2 BM/B+ i2b
i?72 7BM H iBK2 bi2TX h?2 [m2biBQM “Bb2b, ?2Qr /Q r2r MiiQ K tBk
BMimBiBp2 Mbr2 rQmH/ #2-iQ K tBKBx2i?2bmK Q7 i?2iQi Hb2[m2
*2r /b Bb bBKTH2 7Q'K Q7 i?2 "2im MX

Gt:Rt+1+Rt+2+ +RT UkXRyV
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h?Bb M Bp2 TT ' Q +? +QmH/ rQ F r2HH 7Q° b2Tm2M% BOBiPm 7B MBI
b2[M2M+2b-i?2 i bE 2M/b r?22M i?2 ;2Mi KQp 20 >8MDPEB M i72) KE2NK 2HMth i
H2 "MBM; T'Q#H2Kb i? i + mb2 ;2Mib iQ BMi2  +ib rBi? 2MpB QMK?2
b2[m2M+2 Q7 bi i2b 2M/b BM i2 ' KBM H bi i2 "2 i2°K2/ 2TBbQ/B+
b2[m2M+2b "2 272 °2/iQ b 2TBbQ/2bX AM +QMi  bi- i bFb i? |

i? 1i?2°2 "2 MQ i2 KBM Hbi i2b 2272 °2/iQ b ~“+QMiBMmBM; i I
i72 bmK Q7 i?2 iQi H “2r */ rQmH/ #2 BM7BMBi2- 22M+2 “2b2 “+22"t
7 +iQX-AM +QMiBMmBM; i bF-i?2 ;2Mib b2H2+i +iBQMb i? i K tBK
Q7 Bib BKK2/B i2 *2r °/ M/ /Bb+QmMi2/ bmK Q7 HH 7mim*2 “2r “/b

%
Gi=Ri1+ R+ = “Ris ko1 UkXRRV

k=0

1[m iBRAMRK2b2Mib ;2M2° HBb2/ /27BMBiBQM Q7 i?2 "2im"MX h?2
i F2 p Hm2b #2ir22M 02 ' Q MUXRgBi? /Bb+QmMi 7 +iQ Q7 x2 Q- i
QMHvV +QMbB/2'b BKK2/B i2 “2r /- M/ bi?Bb 7 +iQ° BbBM+"2 b2/ 7
#2+QK2b H2bb KvQTB+X >Qr2p2 - M2+2bb "v +QUXBIBR M MY M Qm
+ M#2 "2+m bBp2Hv r Bii2M b,

Gi= R+ G UKXRkV

i2°K T°2p H2Mi iQ KQbi "2BM7Q +2K2Mi H2 "MBM; H;Q Bi?Kb B
p HmM2 7mM+iBQM /2MQi2b i?2 [m HBiv Q7 +2°i BM bi i2 BM i2 Kb
>Qr2p2 -i?22tT2+i2/ "2r '/ Bb/2i2 "' KBM2/ #vi?2 #2? pBQ Q71?2 ;2
i?2p Hm2 7mM+iBQM Bb /2" Bp2/ #v 2p Hm iBM; Bib 2tT2+i2/ "2im M
ai'B+iHV bT2 FBM;-i?2 p Hm2 7mM +si-BEXMi T272t6R2+B/7 B-OMMRQ7 “2r
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M ;2Mi+ M ++ " m2 B7 Bibi 'ibQmi ii? ibii2 M/ XKQHHQrb +2°i B
! #
X
v (s)= E [GjS =s]=E Risks1jSt= s ;852 S UKXRjV
k=0
GBF2rBb2- M +iBQMp HM2 7mM+iBQM + M /27BM2/ bi?22tT2+i2/ 7
i bi i%2Si F2b +iBQM- M/ bm#b2[m2MiHv 7TQHXQrb TQHB+v-
IIX- #
q(s;8=E [GijSi=s;At=al=E "Rerks1]S = S;A = @ UKkXR9V
k=0
6°QK 2[m iBQORMI/KXRDP?2 bi i2p Hm2 7mM+iBQM Bb /2°'Bp2/ #v p2 ;B
p Hm2bX

X
v (s) = @js)q (s; a) UkXR8YV

aOZA(s)
aBKBH " iQ i?2 "2imkMRk2® piB@@@ M/ +iBQM 7mM+iBQMb Q7 bT2+
"2+m bBp2 "2H iBQMb?BT rBi? Bib bm++2bbBp2 bi i2bX

vV (s)= E [GS = 9]
V()= E [Ris1+ Rz v+ S = 9]

UkXReV
V()= E [Ris1 + Ga]S = 8]

V()= E [Rt+1]Si =S|+ E [G41]S = 8]

IbBM:; i?2 Hr Q7 iQi H2tT2+i iBQMc
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V()= E [Ri1)S = s8]+ E [E [G1]S+1]]St = 9]
V(s)= E [Rus1jSt= 5]+ E [V (5t41)jS = 9] UkXRdV

V(S)= E [Rur + V (St+1)jSt = 9]

aBKBH "Hv-i?2 +iBQMp HmM2 7mM+iBQM + M #2 2tT 2bb2/ b

q(s;a) = E [GiS = s;A = 4]

q(s;a)= E [Ris1 + R+ S = s;A = 4

UkXR3V
q(s;8 = E [Ren + G11]S = s;A = @]
q(s;a)=E [Ri+1]Si= 8]+ E [G1]S = s;A = @]
. BM rBi? i?2H rQ7iQi H2tT2+i iBQM
q(s;ad=E [Ri1]JSi = 8]+ E [E [G1]Stn]]St = s;A = 3]
q(s;d = E [ReajSi=s]+ E [v (sta)jS = s;A = a] UKkXRNV

g(s;a)= E [Rus + V (St+1)]S = s; A = 4]

h?2 H bi2[m iIBQRMBEMRRMQi2b i?2 "2HHK M 2[nMBQMTQ+@
iBp2HVX LQiB+2i? ii?2 #2HHK M 2[m iBQMb 2 A2TVdR/-2MD 'Q M BMRETI
J.Sr2+ Mi F2 /p Mi ;2Q7 i?2 #2HHK M 2[m iBQMb BM Q /2 iQ /271

X JQ'2 bT2+B7B+ HHW #JiQHBPVM 2p2 v Qi?B7TQHBHM2 7TmM+iB
V (s)8s "/2 Bp2/ #v i?2 TQHHQrBMbT2QMHBH+ @ ; 2 i2 i? Mi?2 p HmM2 71
/2°Bp2/ 7°QK 7TQHHQrBM; vMs) & 2H M@MHB Pv2p2 v 7BMBi2 J.S?2 b M
K HTQHB+v- Bi /Q2bMdi ? p2 iQ #2 mMB[m2X HH 2[mBp H2Mi TQH|
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7mMM+iBQMb i2 K2/ i?2 QTiBK HhiX2@p Hm2 7TmM+iBQM-

vV (s)= K tv (s) UkXkyV

P#pBQmbHv-i?2 QTiBK Hbii2p Hm2 7mM+iBQM Bb 2[mBp H2Mi iQ
b2H2+iBM; i?72 +iBQM rBi? ?B;?2bi +iBQM p Hm2X

v (s) = aZKA(St) q (s;d)

v(s)= K tE [Ru1 + G1]S = s;A = 3]
a
. UKkXKRYV
w$:gm [Rie1 + V (S141)jSt = S; A = @]

X
V(s)= Kt p(s rjs;a)[r + v (Su1)]

O

h?2"2HHK M QTiBK HBIWMQ[Bbi RGMBQMi2/ #vi?2 H biirQ 2[m iBQMb
i72i?22 QTiBK HBiv 2(shiBOQM 7Q°

A(58=E Rua+ K tq(Su1:a)iS = SiA = UkXkKkV
a

'Bp2M i?2 QTiBK Hp Hm2b 7Q" Wi(92 p?R i 27inTHB-OWBb QM2 i? i Bb
rBi? "2bT2+iiQ i?Bb p HM2 7mM+iBQMKX kR+QB/NBM: 2Q/B[tv iBMDIMBH b
7Q°KBM; QM2@bi2T HQQF 22 / M/2p Hm iBM; HHi?2p Hm2 7mM"
bi i2b M/ b2H2+iBM; i?2 +iBQM i? i H2 /b iQ i?2 bi i2 rBi? i?2 ?B;?
Bb 2 bviQ b22i? i BM bvbi2K rBi? H ;2 MmK#2 Q7 bm++2bbQ" t
22 /rBHH #2+QK2 2tT2MbBp2X hQ KBMBKBx2 i?Bb +QKTmi iBQM H
7TmMM+iBQM + M #2 qmb22X ;@BIii?bBKTHvV b2H2+ib i?2 +iBQM i? i K tB¥
T2+i2/ 2iiS;®)X AM 2bb2M+2-i?2 +iBQM p Hm2 T°QpB/2b HQ+ HH
2tT2+i2/ "2im " MX >2M+2-i?2 QM2@bi2T HQQF ?2 / Bb 2HBKBM i2/
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T2+i2/°2im"M Q72 +? bi i2@ +iBQMp Hm2 T B X "*QMbB/2 BM; i?B
Q#i BMBM; i?2 QTiBK H +iBQMfbi i2p HmM2 7mM+iBQMbX aBM+2 i?2
MQMHBM?2 ~bvbi2K Q7 2[m iBQMb- i?Bb T'Q#H2K + M #2 bQHp2/i?"
i2+?MB[m2bX >Qr2p2 - 2tTHB+BiHv bQHpPBM; i?2 "2HHK M QTiBK |
T2 7Q KBM: M 2t? mbiBp2 b2 “+? M/ i?Bb b2 “+?2 /2T2M/b QM i?2 7

Cg2 ? p2 7mHH FMQrH2/;2 Q7 i?2pXvbi2K /vM KB+b-

Cg2? p22MQm:? +QKTmi iBQM "2bQm +2b iQ 2p Hm i2 HH bi i2b

*H2 "Hv- 7Q  KQbi "2 H@rQ H/ T Q#H2Kb rBi? ?B;? MmK#2 Q7 TQ|
iBQMb "2 MQi TTHB+ #H2X *QMb2[m2MiHv- "2b2 “+?2 b mbm HHvV
hrQ 2t KTH2b Q7 TQTmH *~ "2BM7Q +2K2Mi H2 "MBM: TT QtBK iBQ
7QHHQIBM: b2+iBQMbX

.VM KB+ S'Q; KKBM;

VM KB+ T Q;  KKBM; U.SV i2+?MB[m2b T QpB/2 i?2 # +F#QM?2
"Bi?Kb mb2/BM "2BM7Q +2K2Mi H2 "MBM;X H;Q Bi?Kbi? i 7 HH mM
7° K2rQ F 2KTHQvb i?2 +QKTH2i2 bvbi2K /vM KB+b Q7 i?2 2MpB QM
T°Q+2bb BM Q'/2  iQ Bi2  iBp2Hv 7BM/ i?2 QTiBK H TQHB+vX T2
> KKBM; Bb i?2 i° Mb7Q K iBQM Q7 i?2 "2HHK M 2[m iBQMb BMiQ n
i?2b2 mT/ i2 "mH2b 2 mb2/iQ Bi2  iBp2HvBKT Qp2i?2 TT QtBK iE
AM Q /2 iQ 2p Hm i2 +2°i BM TQHB+v- 7B bi-i?2 bi i2@p Hm2 7mN
Bbi' Mb7Q K2/ BMiQ M Bi2  iBp2mT/ i2 b+?2K2X h?Bbi° Mb7Q K |
+QKTmi2i?2bi i2@p HM2 7TmM+iBQM- T  (BIB72/HRA Qr2BY 2 FQBIBE X[
Bbi2 K2/ Bi2  iBp2 TQHB+v 2p Hm iBQMX J i?2K iB+ HHv-i?Bb b2[r
i?2 H bi 2tT2+i KBRM BM
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Vi1 (S) = E [Ris1 + Vi1 (St+1)iSt = 9]

X X UkXKkjV
Vi+1 (S) = (@s) p(s;ris;a)[r+ Vi1 (Seea)l

a So;r
Ai Bb BKTQ i MiiQ bi i2i? i 2; '/H2bb Q7vi? 2?BRMBI{E&iMti2i2 @p Hm?2
+QMp2 2bBiIDi?2 HBKBiXkXKk) TBQMb #v bm++2bbBp2Hv TT QtBK iE
bi i2@p Hm2 7TmM+iBQM 7 QK #Qi? i?2 BKK2/B i2 “2r °/ M/ HH TQ
bi i2bp HmM2 7TmM+iBQMX h?2 Bi2" iBp2 TQHB+v 2p Hm iBQM H;Q'I
i? i- bBM+2 i?Bb K2i?Q/ QMHV +QMp2 ;2b BM i?2 HBKBi- biQTTBM
BM T +iB+2X

H;Q Bi?KAR2 iBp2 SQHB+v 1p Hm iBQM
" 2bmHh?2 TT QtBK i2/ bi i2@pWHE2 TmM+iBQM

AMBIiB HBx2 i 22 TRQHHBAVEBM ; + BIRIBRM-i2@p Hm2 7mM+iBQM-
Vas) 8s ¢
r’eBH2 /IQ

Oc
7Q0°2 2SS /Q
v Vas) c
P . P o . 0
V a(s) a (@s) . p(s;ris;a) r+ Va(s) c
max( ;jv. Vas)j) ¢

2M/

2M/

7i2° TT QtBK iBM; i?2 bi i2@p Hm2 7mM+iBQMb-r2 ? p2 M 2bi
iQ bi i 7°QK i?2-biM27QHHQr ®XHBM2-[m2biBQM HBM:2 b @ Bb i?
TQHB+Vv iQ 7QHHQr\ PM2 r viQ Mbr2 i?Bb [m2biBQM Bb iQ b2H2+
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TQHB=vV-(S) 8 (s)- M/ bm#b2[m2MiHv 7TQHHQr i?2 htBh EB\b; /PQBIB 24
K i?2K iB+ HHv b

q(s; ()= E [Ru1+ v (S)iS = SiA = &

0 X . h ol UKXKOV
q(s;, (s)= p(s;ris;a) r+ v (S)

So;r
A7 i?72 +iBQM p Hm2 7TmM+iBQM + H+mH i2/ BM i?Bbr v Bb ;"2 i2"
TMM+iBQM /2 ' Bp2/ 7Q K 7QiHrPRQIrBMOMHO@ HB BM-rQmH/ #2 #2ii2° iQ Hr
b2HR=i°s) r?2M2p2  i?Bb bi i2Bb2M+QmMi2 2/X h?Bb B/2 Bb bBKT
BKT Qp2K2Mii?2Q 2KX h?2 TQHB+Vv BKT Qp2K2M$2B2@RK?Bi 22b- 7
"2 irQ MQMbiQ+? biBMTQHBB2b:2im Mb,

q(s; (s) Vv (s) UkXk8V

i?2M
Vo(s) V(S) UkXkeV

h?Bb i?2Q 2K T p2b i?2r v 7Q Bi2 iBp2 TQHB+v BKT Qp2K2MiX A
/2b+ B#2/ b,
()= ;K g(s;a) UkXkdV
a

"V +QMbi m+iBQM i?Bb M2r TQHB+v b iBb7B2b i?2 TQHB+v BKT Qp
p HM2 7mMd3)BBIM2[m H Q ; 2 i2 i? Mi?2bi i2p HmM2 7mM+iBQM /2
TQHB+vX h?2°27Q°2- M2r TQHB+Vvi? i T2 7Q Kb #2ii2 Q" 2[m HiQ
'2M2° i2/ #v +iBM; ;"22/BHv QM i?2 bi i2 p Hm2 7mM+iBQMb Q7 i?2
+ HH2/ TQHB+v BKT Qp2K2MiX A7 i?2 M2r TQHB+v ;2M2" i2b p Hm:



IYKY Bé fiz2 « Ofié A KZ«NOéTHYz é0¢él iN
TmM+iBQM Q7 i?2 GH/ TQHB2W 7 QK 1[rkXiBd2W? p2,

V o(S) = Ka tE [Ris1 + V (Si+1)jSt = S; A = @]

X ., h o UkXk3V
vo(s)= Kt p(s;ris;a) r+ v (S)
a

SO;I’

*H2 "Hv- i?Bb 2[m iBQM Bb 2[m H iQ i?2 "2 HKXXRINQTI1BKQHBiv# D[iM |
i?2 M2r M/ QH/ TQHB+B2hs)2WQJMBI§2H~ M +QM+HmM/2 i? i M Bi2" iB
TQHB+v 2p Hm iBQM rBHH ;2M2" i2 bi'B+iHv #2ii2° TQHB+v 2t+2Ti
QTiBK HX h?Bb 7 +i T'QpB/2b mb rBi? i?2 TQHB+v Bi2' iBQM H;Q'E

h?2 TQHB+v Bi2" iBQM H;Q Bi?K + M #2 /2b+ B#2/ b,

CITQM 2p Hm iBM; - TR B C-Bib bi i2 p HME)XNM+iBQMb-

C q2 BKT Qp2i?Bb TQHB+v #v +iBM; ;"22/BHV rBi? "2bT2+iiQ i?2
21 M2r TQHB8 +v

C g2 2p Hm i2 i?Bb TQHB+Vv iQ ;2i Bib bis(2Xp Hm2 7mM+iBQMb-
C h?Bb TQHB+v Bb BKT Qp2/ ; BM#vi FBM; ;"22/v +iBQMb-i?Bb
CPM+2 ; BMi?Bb TQHB+v Blwa@ Mm i2/iQ ;2i-

Ch?Bb T°Q+2bb Bb +QMiBMm2/ mMiBH TQHB+v 2p Hm iBQM ;2M2°
bi i2 p Hm2 7mM+iBQMb M/ i?2 T 2pBQmb bi i2 p Hm2 7mM+iB(
QTiBK HX

h?2 Th2m/Q@+Q/2 7Q  i?Bb H;Q B8YK +AMBH2 +HRMMIPBM 2 v b2[m
Q7 TQHB+v Bi2  iBQM BMpQHpP2b 2p WM iBOF2 p22 -wonBNR#2i" B Q2B + v -
QMHvV BM i?2 HBKBi- i?Bb #2+QK2b p2'v 2tT2MbBp2 T'Q+2/m 2X >
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7Q°KmH iBQM Q7 MQi?2 +H bb Q7 bQHmMiBQMb 272 °2/iQ b p Hm
bT2+B HFBM/ Q7 TQHB+v Bi2  iBQM r?2°2i?2 TQHB+v 2p Hm iBQM
Q7 HHi?2bi i2bX "am T 'BbBM;Hv-i?2p Hm2 Bi2  iBQM 2[m iBQM B
"2HHK M QTiBK HBiv 2[m iBQM BMiQ M mT/ i2 "mH2,

Vi+1 (S) = Ka tE [Riss + Vi(Si+1)iS = s;A = 4]

X ~, h o UKXKNV
Vs (S)= Kt p(s;rjs;a) r+ v(s)
a

SO;I’

h?2 p Hm2 Bi2"  iBQM H;Q Bi?K ;; 2; i2b bBM;H2 TQHB+v 2p Hm

T bb Q7 TQHB+v BKT Qp2K2MibX h?2 +QKTH2i2 Th2m/Q@+Q/2 7C
B8dX Hi?Qm;? TQHB+v M/ p Hm2 Bi2  iBQM T QpB/2b K2i?Q/ Q7 #
TQHB+v BKT ' Qp2K2Mi- i?2v "2 #Qi? +QMbi> BM2/ /m2 iQ i?2B" /2Tz
Q7 i?2 bvbi2K /vM KB+bX AM Qi?2  rQ /b-/vM KB+ T Q;  KKBM; K2i
i?72 +QKTH2i2 FMQrH2/;2 Q7 i?2 bvbi2K KQ/2HX aBM+2 /2 'Bp iBQ
/IVvM KB+b "2 mbm HHv BMi® +i #H2 7Q  KQbi BMi2 2biBM; T Q#H2K
mb2/iQ +B +mKp2Mi i?Bb +? HH2M;2 #v TT QtBK iBM; i?2 bvbi2K /\
/i X

JQ/2H 6°22 H:Q Bi?Kb

JQ/2H@7°22 H;Q Bi?Kb 2 mbm HHv +H bbB7B2/ b 2Bi?2", AV J
"Bi?Kb Q  AAV h2KTQ  H.B772 2M+2 Uh.V H;Q Bi?KbX h. M/ JQMi2
M 2biBR iQ7 i?2 +im Hp Hm2 7% M2{BQWDtT2 B2M+2b ; BM2/ #v 7Q
TQHBXVA?2 /B772 2M+2 BM i?2 irQ H:Q 'Bi?Kb HB2b BM i?2 K MM2"
H:Q 'Bi?Kb r Bi mMMiBH i?2 2TBbQ/2b G2 BB M ®H MH22XmI*"™M H;Q Bi?
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TT QtBK i2i?2 +im Hbi i2p Hm2 7mM+iB{R ;Bp2M #v 1[m iBQM

V(S)=V(S)+ [G V(S)] UkXjyV

J* K2i?Q/b + M #2 bHQr bBM+2 i?2 H2 "MBM; 2TBbQ/2b +QmH/ i F2
h2KTQ  H /B772 2M+2 H;Q Bi?Kb T'QpB/2 DbBKTH2 Hi2 M iBp2X
MmT/ i2 #v #QQibi> TTBM; i?2 RM rRMi MiIDIBK i2 Q7 i?2 M2ti bi i2 -
p HWES)X AM Qi?2  rQ /b-i2KTQ  H/B772 2M+2 H2 "MBRp TT QtBK

V(S)= V(S)+ [Ria + V (S1) V(S UkXjRV

b rBi? /vM KB+ T Q; KKBM;- 7i2 2p Hm iBM; i?2 bi i2 p Hm2 7ml
TQHB-+V22 M2ti bi2T Bb iQ BKT ' Qp2 QM i? i TQHB+VvX >Qr2p2'- mMHB
i?2 bi i2p HmM2 7mM+iBQMb "2 MQi bm77B+B2Mi 7Q  TQHB+v BKT C
T°Q:" KKBM:;V-/m 'BM; TQHB+v BKT ' Qp2K2Mi- bBKTH2 HQQF@ 22
i F2 BM Q /2 iQ +2?B2p2 i?2 K tBKmK “2r /X gBi?Qmi KQ/2H- i?E
Bb MQi TQbbB#H2 rBi?Qmi +QKTmiBM; i?2 +iBOM@p HmM2 7mM+iB
"2 H ;2Hv /2T2M/2Mi QM 2biBK iBM; i?2QSBFQMApiBiK2BENM;MPBQ |
biiz@p HmM2 7mM+iBQMb i? Qm;? h. H2 "MBM; + M #2 /2b+ B#2/ b

Q(Si;A) = Q(S;A) +  [Run + Q (St Avn) QS Al UkXikV

LQiB+2 i? i B7 i?2 TQHB+V r?B+? ;2M2,4i BbiP2i M KB VEBI@M- H2
BM; 7°QK 2tT2 ' B2M+2 + M #2 ;"2 iHv ?BM/2°2/X h?Bb Bb #2+ mb2 |
b2H2+i2/ M/ i?2 +Q "2bTQM/BM; bi i2@ +iBQM p Hm2b rBHH M2p2"
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i?Bb mM/2 KBM2b i?2 2MiB 2 ;Q H Q7 H2 "MBM;X hQ bQHp2 i?Bb
bi i2@ +iBQM T B'b "2 pBbBi2/- T Q# #BHBbiB+ +QMbi’ BMi Bb m
T Q+2bbX h?Bb +QMbi> BMi /2K M/bi? i i2p2° viBK2 bi2T-i?2 ;2M
Q7 TB+FBM; 2p2'v TQbbB#H2 +iBQMX h?2 K MM2  BM r?B+? i?Bb
irQ +H bb2b Q7 H2 "MBM;, AV QM@TQHB+v, ?22°2-i?2 :2Mi ii2KTib
2M2° i2S922; RS b2[m2M+2- M/ AAV Q77@TQHB+v, i?2 ;2Mi BKT
Bb /B772 2Mi 7°QK i?2 TQHB+v T'Q/m+BM; i?2 b2[m2M+2 i° MbBiBQ
i72 QM TQHB+v mT/ i2 b+?2K2 7Q" h. H2 ~MBAK}KB BB p2Mb#B1Pim il
KQ/BgB+ iBQM- i? i i?2AM2tM2ABQM-#QQibi> TTBM; "Bb /2 Bp2/ +-

2 K 1Q(Si+1:a); qBi? T Q# #ABHBIiv
At h?Bb Bb 272 '@/i02/ly b2H2+@
Mv +iB,QM gBi? T'Q# #BHBiv

iBQM- rBi? QTiBKBx iBQM 2¢h2 2" 2IK@HABM: H:Q Bi?K Bb 272" "2/
BJIX h?2 Q77@TQHB+Vv8H. ?2Hy, QbBIIRI( KQ/B7B+ iBQMX

h i
Q(S;A) = Q(S;A)+  Rup + Ka tQ(S+1;8)  Q(St; Av) UkXjjV

>2°2-i1?2 T 2b2Mi bi i2 Bb TB+F2/ ;+2ZJVvIBM;iPQVi?P2BH2 i?2 [@p Hm2
7Q  #QQibi> TTBM:Bbb2H2+i2/ ++Q /BM:iQ :°22/vTQHB+vX h?Bb
rBi? i?2 #2? pBQ™ HTQHB+v B T22R7MB2/i2wWi?M/ rBi? +QKTHZ2i2Hv ;
i ;2 TQHB+vX h?2 "2bmHIBM; H;Q Bi?K Bb 272 92KiTHQvVB@H2 °
p B iBQMQ7i?BbZ@H2 MBM; b+?2K2X



*2 Ti2" ]

G2 MBM; " b2/ IJmHIB@ Mi2MM
h MbKBbbBQM avbi2Kb

h?2 KQ/mH "Bx2/ M im 2 Q7 +QKKmMB+ iBQM bvbi2Kb ? b T Qp2/
KQ/2HX >Qr2p2 - 2b2 "+?2 b ? p2 2+2MiHv BMp2biB; i2/i?2 TQbbE
. BMb #v +QK#BMBM; i?2 KQ/mH "Bx2/ 7mM+iBQXXMb BAMRI/J Q BN ;H?2
MiQ2M+Q/2 bvbi2K T 2b2Mib mb rBi? K2i?Q/ Q7 +?B2pBM; i?BEk
+? Ti2 BMp2biB; i2b i?2 TQbbB#BHBiv Q7 M2M/iQ 2M/ /Bp2 bBiv
i MbKBi M/ 2+2Bp2 +QM7B;m” iBQMbX

hQ T '2b2Mi H2 M2/ /Bp2 bBivbvbi2K7Q  +QK# iBM; i?22772+il
+? MM2H-r2i  BMi?2H2 M2/ bvbi2KQ77HBM2 #v T QpB/BM;i?2 2N
BM/B+2b-i?22M+Q/2 T Q/m+2b bvK#QH 2T 2b2Mi iBQMb 7Q" 2 +7
b2Mi iBQMb ;2M2" i2//2T2M/b QM #Qi? i?2 /2bB;M i2/ MmK#2 Q7 i’
+Q/2 " i2X h?2 bvK#QHb "2 T bb2/i?2°'Qm;? i?2 KmHIBTHB+ iBp2 27
M/ [//BiBp2 2772+ib Q7 : mbbB M MQBb2X ii?2/2+Q/2 -i?2 Q' B;B
am#b2[m2MiHv- i?2 HQbb Bb +QKTmi2/i? Qm;? bmBi #H2 +QMp2t I
; iIBQM Bb mb2/iQmT/ i2i?2r2B;?ib Q7 #Qi?i?22M+Q/2° M/ /2+Q/2
r2 mb2 Q77HBM2 i° BMBM; r?B+? K F2b i?Bb # +FT QT ; iBQM TQbb
M/ T 2pBQmbHvV mMb22M BMbi MiB iBQMb Q7 i?2 +? MM2H 2 mb2
Ti2 ii?2 p "vBM; bB;M HiQ MQBb2 " iBQbX h?Bb HHQrb mb iQ /2

9j
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:2M2> HBx2/i?2 "2bTQMb2 iQ i?2 rB 2H2bb +? MM2HX h?2 MQBb2 T
iQ MQBDb2 "~ iBQX

h?2i° MbKBii2 /2bB;M K M/ i2bi? i K i'BtQ7 +QKTH2t 2T 2b21I
7Q° 2 +? bvK#QH BM/2tX h?Bb mMB[m2 bi'm+im 2 2KTHQvb mb iQ
+QK# iBM; i?2 BKT +i Q7 +? MM2H +Q "2H iBQM i #Qi? i?2 i° MbKBi
BMp2biB; i2 i?2 BKT +i Q7 +Q "2H iBQM-r2 i° BM i?2 2M+Q/2" M/ |
BMbi MiB iBQMb 7°QK _ VH2B;? /Bbi'B#miBQMX 7i2  i° BMBM;- i-
i72 T'2b2M+2 Q7 +Q "2H iBQM i 2Bi?2  i?2 i MbKBi Q  "2+2Bp2 M
i? ir?BH2i?2 T2 7Q K M+2 Q7 i?2 H2 "M2/ bvbi2K Bb MQi ? KT2 2/ #
i° MbKBi Mi2MM b-Bi/2;  /2b bm#bi MiB HHv rBi? +Q "2H i2/ "2+2E

G biHv-r2 "2+Q;MBx2i? iBMi?2 2 H@rQ H/i?2rB 2H2bb T QT
bi MiHV +? M;BM;X >2M+2- H2 M2/ bvbi2K KB;?i QT2  i2 BM /B77
2MpB QMK2Mii? Mi?2 T°QT ; iBQM 2MpB " QMK2Mi mb2/ /m BM; i° B
H2 "M2/ bvbi2K b?QmH/ #2 "2bBHB2Mi iQ +? M;2b BM i?2 +? MM2HX
Q7 Qm  bvbi2K-r2 T°2b2Mi i?2 bvK#QH 2°°Q" * i2 +?2B2p2/ ip "vBN\
r?2M i?2°2 Bb KBbK i+? BM i?2 /Bbi'B#miBQM mb2//m BM; i° BMBNM
M/ /2+Q/2° "2i BM2/rBi? BM/2T2M/2Mi BMbi MiB iBQMb 7 QK _ v
i BMBM;- i?2 H2 M2/ bvbi2K Bb i2bi2/ #v b KTHBM; 7°QK L F ; K&
b?Qri? ii?2H2 "M2/bvbi2KBb "Q#mbiiQp 'B iBQMbBMi?2 rB 2H2b
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jXR avbi2K JQ/2H

H2 "M2/bvbi2K @ +QKTH2i2HV /2b+ B#2/#v M2m  HM2irQ F @
Qmi Q7 TQLHBEHRVEZQHbDX h?2 H2 M2/ bvbi2K + M #2 pBbm HBx?2
bvbi2K +QMbBbiBM; Q7 i?2 2M+Q/2 fi° MbKBii2 - /2+Q/2 f 2+2Bp2" -
JXRX

6B:m 2 jXR, mMiQ2M+Q/2° @" b2/ avbi2K G vQmiX

IMHBF2 T 2pBQmb rQ Fb- /B772 2MiB #H2 +? MM2H KQ/2H Bb N
IB772 2MiB #H2 +? MM2H KQ/2H "Bb2b /m2iQ ;" /B2Mi 2p Hm iBQ
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+B +mKp2Mi i?Bb #v #v@T bbBM; i?2 +? MM2H /m BM; # +FT QT ; il
BMTmiM2m® HH v2 Q7 i?2/2+Q/2 Bb T bb2/iQi?2QmiTmiH v2 Q7
Bb TH mbB#H2 #2+ mb2 # +FT QT ; iBQM Bb + “"B2/ Qmi #v i?2 T Q/
bvK#©®Bb 72/ BMiQ i?2 2M+Q/2° M/ "2+QMbid¥ +i22 mix22N+Q/2 -Bb
KQ/2H2/ rBi? /22T 722/7Q°r "/ M2m > H M2irQ F-i?2 r2B;?ib M/ #B
T K2i2X h?2 2M+Q/2° QT2 iBQM Bb /2b+ " B#2/ #v i?2 TQHHQIBM; 7

a= fT(S; T) UJXRV

1 +? bvK#QBIb 2M+Q/2/ #vi?2 i° MbKBik2 ¥ QKBiIRTb+2 M/iBK2iQ 7Q
K i'Bt Q7 bvK#QHb

0 1
il Sk
So1 S22 Sok .
% >§§( % UjXkV
tz . SN[K

r?2°2i?2 K BBEM K- M/ Bib BM/BpB/m B 2T RDRMI i?2 H2 M2/
"2T 2b2Mi iIBGMiQ MMIiZMM i ii?2iBK2 BMbi MibX *H2 “Hv- 2p2 v BMT
iQ i?2 i MbKBii2 KQABTVRB2KIi +? MM2H mb2bX >2M+2-i?2 bvK#QH
bT2+B7B2( #V bBM;H2 iBK2 BMbi Mi- bBM;H2 +QHMKM)Q7 i?2 K
Bb i MbKBii2/X g2 /27BM2 bmX?h?2QB#2B\W2b bB;M H i 2 +? iBK2 |
KQ/2H2¥ =b> t+ M- r?22t2 CNt-> "2 CN" Nt 2T 2h2Mibi?2 +? MM2H BKT B
KQ/2H2/ #v _ VH2B:;? M2BM:-2MI2b2Mib : mbbB M MQBb2X h?2 /2+Q
#HQ+Fb, i?2 T'2T Q+2bbBM; #HQ+F M/ i?2 bB:M H "2+Qp2 v #HQ +
BMTKIiB2[M2M+2 Q7 “2+2Bp2f Vi WK HiP-2 /2+Q /2 T Q/m+2b T Q# #
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P2+iQ - r?22°2i?22 +QKTQ@N2MiDMI 7?2 2biBK i2/ TQbi2 ' BQ T Q# #B}
TQbbB#H2 K2bb ;2X h?2 /2+Q/2 QT2 iBQM + M #2 2T 2b2Mi2/ mb|

p=fr(u; ) UjXjVv

6BM HHv- i?2 bvK#QH Bb 2hiB K[ @2 db /2MQi2b iP22H2K2Mi Q7
p2+ipEX
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JXRXR .22T G2 MBM; " b2/ h® MbKBii2" .2bB;M

h?2i° MbKBii2 " Bb/2bB;M2/ mbBM; 722/7Q r '/ M2m  H M2irQ F
#QHDb Q7 # iM?BBR20102/i?2°Qm:? M2K#2//BM; H v2  7QHHQr2/ #v bE
Hv2 M/ MQmiTmiH v2 X h?2 2K#2//BM; H v2 Bb 2bb2MiB HHYV
TQbBiBp2 BMi2;2 ' b BMiQ "QrhR+AQBWIbHRINIB BINPr KQ 2 277B+B2
i iBOM Q7 QM2@?Qi 2M+Q/BM:X h?2 2H2K2Mib Q7 i?2 HQQFmMT i #H
s pB2 6b K2d®R/s(pB2 6b H:Q Bi?K BMBiB HBx2b p2+iQ  #v b2H2-
7°QK mMMB7Q 'K /Bbi'B#miBQMX h?2 2M/TQBMib Q7 i?2 mMMB7Q K /
/)-r?zdzqg: 6Q° bT2+B7B+ bvK#QH BW- i22i 2 €D b BT Mii? 2
H bi/2Mb2H v2 2 b /BKRMKBRQMRP2+iQ Bb "2b? T2/iQ :2M2" i2 A
MmK#2 b- M/ BiBb KmHIBTH2t2/ + Qbb KIHER2 BWIBMMib i @ T QN

K i'Btg2 CNt K: 1H2K2Meb BM M HQ:Qmb iQ KQ/mH i2/ bvK#QHbX

h #H2 [ XR, G2 "M2/ h® MbKBii2" @ L2m" HL2irQ F JQ/2H

G v2 AM/2t a? T2Q7L2m QMb LmK#2 Q7 L2m QMb

AMTmMi G v2 T T T2
JB//IH2 G v2 2N, TX T PN, T2)
PmiTmi G \2B;K X @N,T) ANZKT )

i 2 +? iBK2 BMbi Mi-i?2i MbKBi TQr2 Bb MQ'K HBb2/ + Qbb 2
i72i° MbKBi TQr2° HQM; bBMHBBMiZEIM)pEY2b M BHHmMbi> iBQM
i° MbKBii2 X

hQ T'QpB/2 BMimBiBQM #Qmi i?2 bvK#QHb T Q/m+2/ #v i?22 2M+
HiBQM THQIRD@bi2K rBi? +QILXK =iX



KYSY b-

fé Khiz2qa

6B;m 2 jXk, G2 M2/ h"” MbKBi bvbi2KX

9N



8y

Uuvoe

UuvVvs3@
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'V *QMbi2HH iBQM 7QU#MIQ@MVRQMbi2HH iBQM 7Q° Mi2MM

6B;m 2 jXj, 9@ 'vh MbKBi*QMbi2HH iBQM

‘v *QMbi2HH iBQM 7QU#Mi2@MVRQMbi2HH iBQM 7Q° Mi2MM

6B;m 2 jX9, 3@ vh MbKBi*QMbi2HH iBQM
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UVRe@ 'V*QMbi2HH iBQM 7Q#VNRIE@MVRQMbi2HH iBQM 7Q° Mi2MNM

6B;m 2 X8, Re@ 'vh MbKBi*QMbi2HH iBQM

UVed@ 'v*QMbi2HH iBQM 7Q#VMIQEMVRQMbi2HH iBQM 7Q° Mi2MM
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