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SQ/xB FQr MBX X X X X X X X X X X X X X X X X X X X X X X X |
ai " 2bx+x2XMBE2X X X X X X X X X X X X X X X X X X X X X X X X
amKK "vX X X X X XXX XXXXXXXXXXXXXXXXXXX

aTBbr SMB2Dbxv+?2 QXXM XXX X X X X X X X X X X X X X X X X
J2+? MBF P "Q/Fir *B&;Xvé?2X X X X X X X X X X X X X X X X X
axim+xM AMI2HE;XMEDX X X X X X X X X X X X X X X X X X X

RX ghi X X X X X X X X XX XXX XXXXXXXXXXXXXX X

kX h2x - +2H B x F'2b "QxT  rv MQRIG@ EPBXDX X X X X X X X X X
KXRX h2x "QXTX KvX X X X X X X X X X X X X X X X X X X X X
KXKX *2H B x / MB X#X K+X2X X X X X X X X X X X X X X X X X
kKXjX w F'2b B mMEF” /IXQXE XWX X X X X X X X X X X X X X X X )

X 1+X2MB2 K bxvMQrX X X X X X X X X X X X X X X X X X X X X
jXRX 1FbTHQ  +vDM M HBX X KX X X X X X X X X X X X X
jXkX P+2M x H2SMQ +B KB MWXxKB2MNMVKBX X X X X X X X X
jXjX P+2M D FQ +B /QT bQr MEB XQ/XHB X X X X X X X X X X
jX9¥v#® M2 K2iQ/v "2;°2bvDM2 TQ/ F2i2K rvK ; — K2+? MBFB Q

+B2;TUX?X X X X X X X X X X X X X XXX XXX XXX X X
jX9XRX J bxvM r2FiQ X MQX Mv%?2X X X X X X X X X X X X
jX9XKkX _2F@MDD#HBSbxv+ROH2AB X!IKWX X X X X X X X X X 3
jX9OXjX _2:°2bvDM2 /" X2PQX2XWKUVDK X X X X X X X X X X X
jX9X9X G b HKOIQrK X X X X X X X X X X X X X X X X X X
jX9X8X GBMBQrX Z:X2KDX X X X X X X X X X X X X X X X >
jX9XeX g2 bDQMQr MKBZ K @DCKIiM X X X X X X X X X X X .
jX8X SQ/bmKQrMBE2X X X X X X X X X X X X X X X X X X X X

9X aB2+B MZ2mXAQMQAEA2AX X X X X X X X X X X X X X X X X X X X X
IXRX ghX K X X X X X X X X X X X X X X X X X X X X X X X X
OXkX S2 +XTX AM X X X X X X X X X X X X X X X X X X X X X
9XjX 6mMF+D2 Fivr +DB B BI(MBHXDXHBXXHD XrX X X X X X X X X
9X9X qB2HQr birQrv K2X+ZTA M X X X X X X X X X X X X X
9X8X h'2MQr MB2 bB2+B M2MXQMRB ¥+ X X X X X X X X X X X
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9X8XRX 6MMFRM OXEROQRKXxMNX X X X X X X X X X X X X X X X
9X8XKkX H;Q VvViIKT QT ; POR iRHKXM2D X X X X X X X X X
9X8XjX " /B2MiQr2 H;Q VIKXXTKvK HBX XDBX X X X X X )
9X8X9X [+x2MBXrK XKQX2X X X X X X X X X X X X X X X X >
9X8X8X LQ K HBx +D / MWXrZDXHBRAr¥+®2 X X X X X X X X
9X8XeX _2;mH "'vx +D - T x2m+x2MBX Xrxx2bMR X iXXx¥XKXM:¢
8Xa7Q ' Km~"Qr MB2 x ; IMB2MB #'x2;Qr2:Qr K +? K2+? MBFB Q "¢
+B2;7VEHR X X X X X X X X X X X X X X X X X X X X X X X X X
BXRX . 27Q K XX X X X X X X X X X X X X X X X X X X X X X
8XKkX h2MbQ v Q/RbXiXH#RX X X X X X X X X X X X X X X X X X
8XjX " /IB2Mi T  /FQ +B-i2MbQ T /FQ +BX2X¥ X K XD?B -Xi 2M
8X9X h2MbQ'vM T> S2MB B "IrMME X!KMQX;BE X X X X X X X
8X8X P;'HM TQbi E 2H +DB FOQMDbivimivXMvX?XEKXTZ KTX Swbig
8XeX _2H +D2 FQMbivimiviM2 D FQ 7X1 M P& X2XMB 2& BKBX NKMXB K| r
8XeXRX _QXF " /Q#D iQ +BRArR@BKQY+R QR W+ XM¥ X X X X X
8XeXkX EH bv}F +D K i2'B "'r?2BTRMXWK XSXbKX?2X X X X X
8XeXjX Ji2'B v MBX BXHBrg X X X X X X X X X X X X X
8XeX9X SQ/bi rQr2i2biv/Q rB /+x HM2 K iX K X rXMB2d8B F
8XeX8X DbT2Fiv BKTH2K2Mi XWOM22Xr 318 X X X X X X X X X
8XdX;'HM TQbi E 2H +DB FQMbivimiviMv+? ?2BT2°bT > SvbiQ +
T "DBOFBEX X X X X X X X X X X X X X X X X X X X X X X X ;
8XdXRX S” bFB bi MKMKTK ¥$2MB X X X X X X X X X X X X X
8XdXKkX S™ bFB bi M QXFXxX X XMB X X X X X X X X X X X X
8X3¢wK ; MB /H KQ/2HQr MB "2H +DB FQMbivimivrMv+? bi rE
J2+? MBF P "Q/F|r*B&;Xv?2X X X X X X X X X X X X X X X .
8X3XRX aT!DMQ E i2 " KQMXKM KBGXMX X X X X X X X X X X
8X3XkX avK2i'B i2MbQ > M T XS X*Xm¥ 2 &2XQX X X X X X
8X3XjX P#B2FiviMQ E 7TmMF+DB C1X XbUK2K BX K K2 XBXHKX
8X3X9X g mMM2ErX @b{m X X X X X X X X X X X X X X X >
BX3IXBXmMM2F MQ K HBx +DB B MB2mD2KMQ +B 7mMF+DB I
bT> SvbiQ +B Q  xr "mM2F MQ K MB& % XBXMXTX X2x X

8XNX SQHBrXTHMIK @ E X X X X X X X X X X X X X X X X X X X
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BXNXRX gVTHAXQXE X X X X X XX XXX XXX XXXXX
8XNXKX Zm bB@WIMAXQAXEK X X X X X X X X X X X X X X
8XNXjX gqvTmF Q E TB2XrEx®;Q XxXmK X X X X X X X X X X
BXNX9X SQHBIWTME R EX X X X X X X X X X X X X X X X
BXNX8X SQ/bmKArMEB2X X X X X X X X X X X X X X X X X
eXPF'2 H MB2 "2H +DB FQMbivimiviMv+? ?2BT2 bT"> SvbiQ +B K2
"2;2bDB B bB2+B M2K XQMQAIrw+X X X X X X X X X X X X X X X
eXRX gT Qr X2MB2X X X X X X X X X X X X X X X X X X X X X
eXRXRX GBMBOQOX X2X XbR X X X X X X X X X X X X X X X >
eXRXKkX aB2+BXMZMK AMOK2X X X X X X X X X X X X X X X
eXRXjX S 'QTQMQr MR XQU2DX+E X X X X X X X X X X X X .
eXkX w#B! / MV+2XQ1r 2EKQX X X X X X X X X X X X X X X X X X
eXjX qv#! "QxrBMB +B D2/MQbiFQr2D X M2X; BBXb X XS XbXQX+B |
eX9X AKTH2K2Mi +D KQ/2Hm “2;°2bDB X rvFQ xvbi RME2K MB?2
eXIXREMBQr “2;°2bD x mSv+B2K K +B2°xv +2+?2 M T S2M
KQ/2HB x BKTH2K2MiQr Mv+? r bvXiXKBX X ZKlaX X X RF
eX9XkX _2;mH "vx +D B B/2Miv}F +D BXKiXiMv¥?2XbKk "X RBRB
eX9OXjX _Qxbx2 x2MB2 #XXX KmMK+X¥XDMEDX X X X X X X X X
eX8¢xM +x2MB2 KQ/2HB FQMbivimivirMv+? T xv rvFQ xvbi MBm
bB2+B M2mXQMROMRIX X X X X X X X X X X X X X X X X X X
eX8XRX q 'B Mix +Xx"QM KB HBMBQrvKB- TQi XQXKVRB8B 2Fb
eX8XkX _Qxbx2'x2MB2 Q +Xx"QMv bx2 +B2MMX B MQRK8H B x
exX8XjX SQ |rM MBR2 XvMBEFEMX X X X X X X X X X X X X X X ]
eXeX gMBOEFB X X X X X X X X X X X X X X X X X X X X X X ;
dXaB2+B M2m QMQr2 QT "i2 M }xv+2 USALLV rx ; IMB2MB +? # x2
K2+? MBFB Q "Q/Flr +B2ZXvwX X X X X X X X X X X X X X X X |
dXRX gT Qr X2MB2X X X X X X X X X X X X X X X X X X X X X
dXkX _QxrB2x MB2 D2/MQrvKB "Qr2;Q@ XrM KK BQBEDQM X X
dXjX "2HF rbTQ MBFQr Q#+B235X)M X'KMQKBR DMBE2X X X X X »
dXjXRX _QxrB2x MB2 M HBiv+XM2 X IR BBX#RH2K X X X
dXjXkX _QxrB2x MB2 T xv x biQbQr MBm bBE2XBXSAIXLRjN2Q
dX9X h “+x rbTQ MBFQr Q#+B2XQMX X MQOKBE2XMBX X X X X »
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dX9XRX _QxrB2x MB2 T" bFB2;Q x / MB SaLr;i2Q BB bT"
TI7Q/r QiM2X X X X X X X X X X X X X X X X X X X X X
dX9XkX _QxrB2x KIBXIXaX X X X X X X X X X X X X X X X
dX9XjX _QxrB2x MB2 x / MB SalL T xvX XKX Xv> K2 X BXSA IRLS
dX9X9X gMBRPFER X X X X X X X X X X X X X X X X X X X
3XA/2Miv}F +D "2H +DB FQMbivimiviMv+? K i2 B ~!r ?2BT2 bT > S
X T VFQ ' xvbi MB2K TH i7Q Kv SAML FQ@/Abi rB2 bvMi2iv+xMv+?

TIHT Xx2KB2bx22X X X X X X X X X X X X X X X X X X X X X
SXRX T Qr X2MB2X X X X X X X X X X X X X X X X X X X X X
3XKqQUFQ xvbi MB2 bB2+B M2m QMQr2D BM7Q KQr M2D }xvF2 SA
T K2i''rK i2 B "Qrv+? ?2BT2Xb X" XSXbXQOX+B X X X X X X X >
3XjX+?Bi2Fim> bB2+B M2m QMQr2D BM7Q KQr M2D }xvF2 SAL
T K2i'lrKi2'B "Qrv+? ?BT2Xb K XSXbXQX+B X X X X X X X )
3X]XRX T QFbvK +D FBM2K ivFE D8 X+B2XM2 nX" IMQX2 X X .
3XjXkX g#m/Qr MB2 xrB2xFm FQMbXvMnXvdM2 R XbB XEX X X
IXjXjX a7Q " Km™Qr MB2 x ; /MB2M8 XBX7 ) NKFX DX RQH X4 nX X
3Xj]X9X PTivkK BXBX IX X X X X X X X X X X X X X X X X X
3X9X _QxrB2xvr MKBZ X /X-X X X X X X X X X X X X X X X X X X
3X9XRX w / MB2 "272XRM+HIXME X184 X X X X X X X X X X X
3X9XkX q2'v}F +D "+?Bi2Fik X KBR2HBXS ALK X X X X X X )
3X9XjX qVxM +x2MB2 T * K2i'!lrK i2 B "QrwX 2B X2XbRN B v/
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/H K i2°B "m HBMBQrQ bT® Svbi2;Q- M bi TMB2 /H K i2'B "m
Xx B/2Miv}lF +D2D2;QT " K2i'jr FQMbivimivrMv+7?X
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jXRX 1FbTHQ +vDM M HBx [/ Mv+?

*2H2K MBMB2Dbx2;Q "Qx/xB "m D2bi xr'!+2MB2 mr ;B M FQMB2+
rMB / Mv+? Q x xM H2xB2MB2 2H +DB KB /xv xKB2MMVKB B xr
i2M 2H2K2Mi T +v TQ rB +BE Q/TQrB2/MB2BHQ E +x bmX g SM2 +
Mm+x2MB K bxvMQr2;Q D2bi Q/TQrB2/MB2 TQxvbF MB2 B T xv;QiQ
TQTmH "Mv+?2 b2 rBb!r mKQSHBrB D2+v+? #2xT" iM2 TQxVbFBr MB:
E ;;HRf- :QQ;H2 . i b2i 8B-"#?A(pBM2b6b J +?BVMRNG XV MBMm ¢
ky X

LB2x H2SMB2 Q/ 1 !/° TQxVbF MB - x#B! /] Mv+? T x2/ /| Hbx?
7Q°K HMB2X S'xvDKBDKw B2 /KBXIQM D2Kv::;ng- ;/xBR2 2 R
iQr2FiQ v xKB2MMv+? Q#Y 2NRB iMPQVFDrB / D2+2 BKr 'iQ +B xKB2]
Q#D MB Mv+?2X J +B2X2 R#D D r¥PRB" ™ x rB2° D2 Q/TQrB2/MBC
r2FiQ'v xKB2MMv+? Q#D MB D2+v+? B Q#D MB Mv+?,

1) (1) 1) 3 2 (1) (1) 3

X1° Xz Xq yi©oy, r(r})

2 (2) 2 2 2 ...
¥ = X1 Xz i Xg'1 v - yi©oys i y@1r UiXRV
TTEE K % K T B X K % %

T L

jiXkX P+2M x H2SMQ +B KB /xv xKB2MMVKB

g 2FbTHQ  +vDM2D M HBxB2/ Mv+? MB2x# /M2 D2bi x ' QxmKB21
AbiMB2D2/rB2r SM2 K2iQ/v bi ivbivtxM2 /Q Q+2MB2MB x H2SM(
iQ FQr "B M+D B FQ'2H +D X P#B2 K2iQ/v QTBbmD2bB" B FB2'm
/TB2K xKB2MMVKBX EQ@Y BBMAXY /UB2K xKBRMMAKBIBmMD2 bB
D FQ,

X
) 0 x) x)2(1 5+1); UjXkV
=1

1
+@p; X)) = N1
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IXBR2 R" QxM +x r2FiQ" Q#@22b xRBZMMDD-"2/MB2TQ D2:Q bF~ /Qr

BM/XF2bi MMK2 2K Q#b2'r +DBX EQr "B M+D2 KQ;2 T xvDKQr
(1 ;#1)- +Q +xvMB D2 MB2rv;Q/MVKB /IQ TQ IrM =X g +2Hm B+? MQ
bB FQ'2H +D S2 'bQM ,

+Q29;Xj)

2 1;1} UjXjVv
5.5, [ | i X]

r(xi;x;) =

IXBR Q% iQ Q/+?VH2MB bi M/ */Qr2 x/24BBQr M2 D FQ (

1 X 2 :
— xj(k) Xj UjX9oVv

k=1 k=1

.Q Q+2MB2MB x H2SMQ +B KB /xVv rbxvbiFBKB xKB2MMVKB r x
bB K +B2 x FQkRBRH +DB

(X2 X1) r(Xz5X,) r(X2; Xq)

¥ % X UjxsvV

r(Xa;X1) (Xq;X2) r(Xd; Xa)

2
Er(xl, X1) T(X1;Xp) r(X1; Xq)

E S/v2H2K2MirK +B2 xv FQ '2H +DB D2bi QI 1B AxEXVMI2 GHBx2/>

rx;;xj)=1 QxM +x iQ /QbFQM "2 FQ 2H +D x2 bQ#2b KvK-
5x)2[ 1,1]/Hi6j "2T°2x2MimD2 biQTB2- B FB2 ' mM2F HBMBQrz
X; B X C2 BBbi #HBlbRB(rj> 07)- QxM +x iQ bBHM2 /Q/ iMB2 Hm#
X H2SMQ E HBMBQr2 KB /xv xXKB2MMVKB X

r(x;;

g M HQ;B+xMv bTQb!# KQS2Kv b7Q ' Km"Qr EK +B2 x FQr "B M+D

iXjX P+2M D FQ +B /QT bQr MB KQ/2HB

#v Q+2MBE /QT bQr MB2 KQ/2Hm- M H2Sv rv;2M2°Qr E T ' x2rB/v
r2D K +B2 xv Q#b2 r +DBX h2 T x2rB/vr M2 r " i®Q -+@®/-TXQ@#B MR2r K +
IQT bQr MvK r i@V=BiQKx® /Hi=1;::; /X Bgp:RI!T RMX
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rbT]"+xvMMBF /2iR2?KBM +DB-

P . L2
in=1 X(I) y(l) 2.

RYY:¥)=1 P o -2 UjXeV
i=1 X Xz
#°2/ "2/MBQFr /" iQrv-Jal,
1 X . L2
. - = (i) (i) <. ;
Jaxy;¥) e AL A UjXdvV

i=1

T xv +xRPR (1 :1]- r "iQRE#HBSbx R rbF xmD2- S2 KQ/2H H2TB
XKB2MWMRX E
"2/MB x KQ/m~™!r 'SMB+-J 1,

1 X . .
J1(:¥)= — M 0 UjX3V
(Y;Y) nmizly A J
K2/B M xKQ/m~!r "ISMB+-J2/ 1,
32/ WY; 9= J21 v 9, UjXNV
j|;1 ;,:.:.:.;,21
rx;H /Mv #°2/ r MQ 'KB2 J-M? ii M-
P (M) o)
i= y 9 .
LYY = '.Jln* = UjXRyV
i y®
= 1
rx;H /IMv #°2/ r MQ KB2 2mFEHB/2bQr2D -
rP 5
in:l X(i) y(l)2 ‘
LY = e UjXRRV

Loyo

/XxBR2IQ HB+x# T |#RIAB+x# bF~ /Qrv+? r2FiQ  yfvR #EQMR"Q -

QXM +x D2Q/TQrB2/MBQ x2+xvrBbivB T x2iBvaDMVIV {2 F U2 x DHBB (
B2 'bx2 K #BQX¥VX A@i2 bF" yO@ ¥’ iQ "x2+xvrBbi B T x2rB/vr M
j@i r 'iQ ErvD +BQr i2D Tj##fﬁ‘gng‘?gm‘iQ "2/MB r2FiQ  rvD +BQr
TQrbxvbhiFB+? T #F j+@i FiF"2 4Q %Przly}” D2bi “2/@B2D bF" /Qr2DX

avK#QXK2Q" kk, QxM +x D2 Q/TQrB2/MBQ MQ'K J M? ii M B MQ K
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r2FiQ " - ixMX /H vi2{Q:%;vm) 2 R™ x +7? QKukB= ijzljvjj Q  kuk, =
9P

j:1VJ-X

SQx TQTmH "MvKB K2i"vF KB #" /irr "2;"2bDB HBMBQr2D biQbm|
F'Vi2’BMK BM7Q 'K +VDM2k@HP rMyxX2bB*Nl AM7Q K iBgM*Bi2 BQ
F'Vi2’BmMK BM7Q K +VDM2kF UB MFXB-FAAM7Q K iBQWKX*EBVP2BEQ M
i2b2KQMBIiQ ' Qr M2 TQ/+x b T  +v-;/v+?2+2KvQ+2MBE x "IrMQ D F(
D FBD2;Qx"QSQMQ E-+Q D2bi bx+x2;!HMB2 BbiQiM2 /H x +?Qr
/H F'vi2'B!r KQS2Kv x TBb E,

# v2bQrbFB2 F'vi2 BmMKBM7Q K +vDM2 a+?r "x - "A¥*,
"AtJal;p;n) = nlog(Jal)+ plog(n); UjXRkV
F'vi2’BmMK BM7Q K +vDM2 F BF2;Q- A*,
A{Jalk;p;n) = nlog(Jak)+2p; UjXRjV

;/xBRal iQ #°2/ "2/MBQFr /> iQrwKQ/XR2m GRA-iQ HB+x# Q#b2'r +DE
r/f Mv+?X E'Vvi2'BmK "A*biQbmD2 rB Fbx2F ploginx- @S FMQ EXOI2H1
KQ/2H2 KMB2D x"QSQM2 T xv /ImS2D HB+x#B2 / Mv+?X E vi2 B
rv’2+4xMB2 M HB+x#BXREX K2i |r (

iX9X qu#> M2 K2iQ/v “2;°2bvDM2 TQ/ F2i2K rvK ; — K2+? MBFB Q

+B2;"v+?

JQ/2HQr MB2 x +?Qr MB K2+? MB+xM2;Q K i2'B "!r K2iQ/ KB ":
#Q M Q/TQrB2/MB2;Q H;Q ViKm m+x2MB K bxvMQr2;QX qv#, i2M |
KQ/2H /QT bmD2bB /Q/ Mv+? BD F/Q# 'x2 # /xB2 ;2M2° HBxQr E
TOQXrQHB M BMi2 T 2i +D Qi xvK Mv+? "2xmHi ijrXq |/ K2iQ/ 2;":
/IQ KQ/2HQr MB r~ +BrQ +B K2+? MB+xMv+? 2H biQK2'!r KQSM r
; mT,

KQ/2H2 T ~ K2i v+AIMQbi2 r BMi2 T 2i +DB- K D2 bi "2 HB+x#

MB2x H2SM2 Q/ HB+x#v Q#b2'r +DB-

KQ/2H2 MB2T ~ K2i ' vaAik®@&8HBrB D2 H2Tbx2 "2T 2x2Mi +D / M

rB Fbx2D x"QSQMQ +B "QbM2+2D r’ x x HB+x#2 Q#b2'r +DB-
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KQ/2H2 /" x2r /[2+vxvDivhvAH?D2 ?B2° "+?B T Qbiv+? "2;m” /xB2|
bi ' x2—+2+?X .xB2HBKv D2 M [/ x2r /2+vxvDM2 B B+? x2bTQ v-F
[’x2r /[2+vXvDMv+?-TQT  rB D2+ /QF" /IMQ EBQ/TQMQ EM T
K2iQ/v # v2bQrbHABR22rB/mD2 M TQ/bi rB2  +?2mMFm T r/QTQ.
D2/MQ+x2 MB2 mKQSHBrB D2+ Qbx +Qr MB2 MB2T2rMQ +B-
bB2+B M2m QMXQi2%2 T QFbvKQr E/QrQHMB2 x"QSQM2 +B2;"2
rx;H /mM B+?2 x"QSQMQ E b2 xrvFH2 i'm/M2r BMi2 T 2i +DBX
gi #XR KB2bx+xQMQ T xVF™ /v TQTmH "Mv+? K2iQ/ m+x2MB K

h #2H jXKRX/xB "~ K2iQ/ 2;°2bDB r2/"m; FH bv H;Q VviKB+xM2LC

JQ/2H E i2;Q°B

GBM2 ° 2;'2bbBQM T K2i'v+xM2

ao_ MB2T * K2i'v+xM2
EL2B;?#Q'b_2;2bbQ" MB2T * K2i'v+xM2
.2+BbBQMh 22 2;°2bbQ" ["x2r /2+vxvDM2

1ti° h'22_2;°2bbQ" /" x2r [/2+vxvDM2

_ M/QK6Q 2bi_2; 2bbQ" X2bTQ v/ x2r /2+vxvDMv+?
T /B2Mi"QQbiBM; _2;'2bbQ" x2bTQ v/ x2r /2+vxvDMuvH
/ "QQbi_2; 2bbQ" X2bTQ v/ x2r /2+vXxvDMv+?
";BM; _2;°2bbQ" X2bTQ v KQ/2HB

0QiBM; 2;°2bbQ" X2bTQ v KQ/2HB

- mbbB MS ' Q+2bb_2; 2bbQ" # v2bQrbFB2

JGS 2; 2bbQ" bB2+B M2m QMQr2

*2H2K MBMB2Dbx2;Q "Qx/xB "m D2bi QTBb MB2 rv#  Mv+? K2iQ/
TMmMFim rB/x2MB X PTBbv F S/2D x K2iQ/ x rB2° D2 QTBb KQ/2Hm
?2BT2'T ° K2i'v-7TmMF+D FQbxim-bTQb!#QTivk HBx +DBB+? T " K
r/vBx H2ivF S/2D x MB+?X

#v X T2rMBE KQSHBrQ ETQ !rM MB “!SMv+? K2iQ/- x BKTH2K:
T x2T vr/ Mv+?2- Fi!'"v mSBT 2B MB # H BoQ iRFBI @ HRY BIFQH2DMQ
r+xvimbD2 / M2- T x2ir "x D2- bi M/ "'vxmbD2 Q x /Qbi° D ?BT2"
D2+ bB iF x TB +BQF ' QiM2r HB/ +D2 F'xvSQr2X . M2 TQ/xB2HQ
X mbi HQMVK xB M2K TQ/xB "'mr T QTQ +DB 3y,ky-+Q x T2rMB
H +x +B KQ/2HB # x +2+? "Qxbx2'xQMQ Qrv' S2MB rB2HQKB
WBQHVMQKB H&Xim 2b

SQ rv# MBm M DH2Tbx2;Q x2bi rm ?2BT2 T * K2i'!r QF 2 HQN
i2biQrvK-r Fi} ' v+? bF™ [ r+?2Q/x2 #72/ #2xrx;H /Mv UJ 1V-TB2 rB b
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MBQFr /> iQr2;Q U_JalV Q xrbT!"+xvMMBF /2i2 'KBM +DB U_7VX
i2D "Q/xBMv H:;Q VviK!r- Q+2MB Mv+?RRBD2KBr BMS QM B2 BB H2/
TQrbx2+?M2- +x2;Q T ' xvF~ /2K D2bi x2bi rB2MB2 K bxvMv r2FiQ |r
rv+?-B H;Q viK|r/ x2rB biv+?rx / MBm bx +Qr MB i2KT2 im vr
M rB2"x+AINKB (

PK!rBQM2 TQMBS2D TQ/2D +B2 K TQF x E-D FBMSVMB2  m+x
/| D2+v rB2/xv /IXB2/xBMQr2D x x F'2bm JP* K!:"#v TQ/2D E /Q T Q#*

JX9XRX J bxvM r2FiQ ir MQ Mv+?

ao_ U M;XamTTQ i 02+iQ  _2; 2bbBQM-ao_V D2bi mQ;/HMB?2
MQ Mwk#?M x / MB2 "X3XbB(/ -S2rQ/TQrB2/MBQ T x2Fbxi "+QM
M HM2DV T x2bi x2MB +2+? BbiMB2D2 ?BT2 T~ bx+xvxM - Fi}" rQ
r 'iQ +B xKB2MM 2 DyQ#DTiWKBHW2® E i "2 HBxQr M D2bi TQT x2x |
Q/H2;"Q +BTQKB /xv?BT2 T" bx+xvxM2'2;"2bDB M D#HBSbxvKB
T'xvx "QS2MBm D FM D# /xB2D T~ bFB2D ?BT2 T~ bx+xvxMv Q°
K ";BM2bmX

U \WVo_x F2"M2H2K HBMBQrvK U#do_ x F2 "M2H2K ; mbbQrbFBK

_VObMM2F jXRX2bQ™ K bxvMv r2FiQ |r MQ Mv+?

q T Fiv+2-r T 'xvT /Fm B/2 HM2;Q /QT bQr MB - iQ r~ MB2 Q;
M > MB+V"iH## D2 T x2F  +x D2+2 bi MQrB2 ixrX r2FiQ v MQ M?
Q#b2'r +DB D2bi 2T 2x2MiQr M D FQ r2FiQ r T x2bi x2MB +2+7
iQ QM2 0MBQb286 BM7Q K +D QT * K2i  +? 7TmMME+DB 2, 2bDB- /2
M +?vH2MB2X
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a7Q Km "Qr MB2 T'Q#H2Km QTivKk HBx +vDM2;Q ao_

LB2+7? / M2 i 2MBM;Qr2f(rRQy ok, x#Bx B2 RY - y,2R"X q ao_
+?2+2Kv Q/M H2tE 7TmMF+D

f(x) = Wx;+b W2R'™ b2 R™; UjXR9V

Fil°" KBMBK HBxmDRMRQ KVvID2/MQ+x2bMVK Q;° MB+x2MBm Q/+?\
T x2rB/vr MBG{KBr "iQ +ByKBa7Q Km™"Qr MB2 ao_ rv’ S bB D FQ
QTivk HBx +DB,

. 1 .
JW;b ) = min ékﬂk2 + CLI UjXR8V

T xvQ; MB+x2IMB;*2dH

Wxi+b y, o "+ 0 O UjXReV
S K2C>0bi MQrB FQKT QKBb TQKB /xv T~ bFQ +BRMKIWMF+DB U
F > KB Xx Q/+?yH2MB+x D2+2 TQx im#"XQBM MMBR Q;|HM 7m
+D FQbxim ao_ D2bi TQ 2+x2MB2K rB2HFQ +B K ";BM2bm Q" x F
T Xx2F +x MB2,
#

X
J(W;b = min ;kWk’+ C max 0; vy, W>x+b " UjXRdV
== i=1

E2 M2H i B+F

gT Fiv+2/ M2 "x2+xvrBbi2 +x biQ MB2 b2 HBMBQrQ b2T "Qr HM
r HM2 x TQKQ+2HBMBQr2D ?BT2 T~ bx+xvxMvr T x2bi ' x2MB Q v;B
KQSHBrQ +Bao_ M T 'xvT /FB MB2HEMBP2HXiRRFEMQHBB NXriXK -
#v /QFQM E x Mm x2MB ,

"CROTH x 7' ' (X); UjXR3V

/XBR2 D2bi T x2bi'x2MB2 x BHQ+xVM2K bF H "MvK-r Fi!"2D /QTB:
HBMBQr2D ?BT2 T" bx+xvxMv “2: 2b&p ¥\2rD B T/ MM RIQHHKB @ xM\2 B-Drr
r* +x MB2rvFQM HM2X
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gqT xvT /Fm 2;2bDB rB2HQrvKB "Qr2D FHmM+xQr2 D2bi mQ;/HMB
r;Q/TQrB / D2+v/ M2D bF~ /Qr2D rvD +B KQSM T 'x2/bi rBED F
r2FiQ 'r x Mm xQMv+? / Mv+? i'2MBM;Qrv+?X PxM +xwiQ- S2 /H
K +B2 xvW x +?Q/xB,

Wy = s ik (%) k 2R, k=1;0m; UjXRNYV
i=1
IXB2QxM +x HB+x# T [#2F i BNMBWB Qrv+@2bi x2MB rvD +BQr2DX .
A=[ ¥k]2R"™ T ' x2+?2QrmD2 rbT;"+xvMMBFB FQK#BM +DB HBMBQrv
D2/MQ+x2 MB2X
EHmM+xQr2 D2bi iQ- S2 MB2 KmbBKv xM Eb K2:Q x Mm x2MB ,
BHQ+XxvVMv bF H "M2 Q/rxQ Qr —- ixMX

k(xi;x;) = H(x;); " (x))i: UjXkyV

S'Q#H2K QTivK HBx +DBUXKRMBGMN ;P &x@Fbxi "+BE /Q TQbi +B F2
0 #
JAD = min Lir(A*KA) + Ci:1 max 0,y ((KA):+b "
UjXkRV
JIXxBR = K(X;x;)) 2R" " D2bi K +B2 x2 :[KR)x iQ@iv rB2 bx BHQ+xvM
r2rM i xM2;Q Kk BRXxv
6mMMF+D "2;°2bDB T 'xvDKmD2 rir+x b TQbi E

b 3

2

21 jak(X5x)+ by
E % ; UjXkkV
P

fajm K(Xj5x) + by

q iQ x mr SVE-S2ri2D TQbi B MEF2QVbir TmD2 D rMB2 B+?°
T x2DKmD2 FQK#BM +D2 HBMBQr2 7mM f +@/F @2BM2BI Q2 DIX +X V MKE
MBFQK "QxrBMB +B r2FiQ !rr ;r# xB2 x Mm xQMv+?2 T 1#2F i 2N
biQbQr M2 F2'M2H2 iQ,

HBMEKQi &)= XX -

rB2HQKB KKQ25 ( x7x +r)d-

© /B HRGR X)) =exp( kx; X k%) X
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qVMBFB

S xV#HBS2MB2 xrB2xF!r FQMbivimiviMv+? 2;°2bQ 2K K bxvMv
bFmMi2+xM2X qvF 2bv M T> S2MB2@Q/Fbxi "+2MB2 /H xQTivK H
X i #XK T 2x2MiQr MIXkvi;HZX D2 TQT" rMB2- F2'M2H mKQSHBrB
MB2HBMBQrQ +B #2X FQMB2+xMQ +B rvFQMvr MB * +xM2D 2Fbi" F
D2:Q MB2HBMBQrv+2r "B Milri> +BKv Xx/QHMQ E /Q BMi2 T 2 +I
rT ' xvT /TFm KQ/2HQr MB "2H +DB FQMbivimivrMv+?X

qvD2iFB2K D2biao_ x F2°M2H2K HBMBQrvK- Fi!"2;Q TQbi E KQ/
rT xvT /Fm HBMBQr2D 2; 2bDB- MB2KMB2D D2/M FBbiMB2D2 KB /
/v HBMBQrv ao_ KBMBRAHBMBNRZ "2; 2bD KBMBK HBxmD2 bmK F
ao_ MB2 F x2 #~ /lr xM D/mDz2+v+? bB rim#B2 iQH2 M+DB @ r H
Q#b2'r +D2# /2# "vm/xB "rT Q+2bB2 QTivk HBx +DB- FB2/vr ao
MQ M2X SQx im#2iQH2  M+DBr T xvT /Fmao_F ' D2bi HBMBQ
r HBMBQr2D “2;°2bDB- rB + "QxrB2x MB2 KQS2 #VvE KMB2D r> S
SOM /iQ TmMF+D FQbximao_ TQbB / bF”™ /MBF 2;mH "vxmD2+\
#HBSbx '2;°2bDB ;' x#B2iQr2DX
w H2iv, P;” MB+x2MB ,

/IQ# 2 /QT bQr MB2 T xv mKRR "MQH MBR2HBMBQrv mKQSHBrB |

HB+x#B2 Q#b2'r +DB- MB2 bFQKTHBFQr Mv+? x H2SMQ +B
F2"M2H HBMBQrv mKQSHBrBMIi2 " M2BMi HVW QR @B -
iQr HMQ E KQ/2Hm- "QbM2+v FQbxi m+x2MB T 'xv /mSv+

Q/TQMQ E M r "iQ +B Q/birDPOWNS) xX bQIAIN2) T KB @
rx;H /mM F ' TOx im#2 iQHB QMO DS -

Q/TQMQ EM T x2m+x2MB2 x2 rx;H /m M
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h #2H jX&XQD2MB2 ?BT2°'T ~ K2idolr RKQ2HMBRa2 "+X*6Q; m#B2MB2K
rv !SMBQMQ r “iQ +B QTivkKk HM2X

S K2i° PTBb w F 2br "iQ +B
* T K2i° "2;mH "vx +DB f0:00%0:0%0:1;, R1G; 100y
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#QQibi"

T

QQ#nb+Q 2
KBMNnBKTm Bivn/XBR» DT /2F MB2+X0bi®Q7;+B 5g

HB+x# [/ x2r r H2bBfa00 300 600; 100Qy
RN & [m 2/n2°-Q°
F'vi27BmK TQ/xB "m

. 7' B2/K MhKb2
r/ x2r +?

K FbX ;" #QFQ E /> X2rQ M22 20y

HB+x# +2+? T xv TQUKB HHR:&5-&Q M2
HQbQr MB2 x2 xr~ + MB& HbB2&
2bivk +D #° /m PP" 6 HBR m2

UV2/MQQbBQr2 "Qx+B%#VMBQRbBQr2 "Qx+B2; MB2Y¥xvbi2 +BM MB2

_vbmM2F jgwX 2Bw rx;H /2K rv/ " mS2MB2/vF+DR/QK6Q 2bi_2:Xx2bbQ"
bi"QD2MB2KjXM#KH2 /| Mv+? 2FbT2 vK2Mi HMv+? h"2HQ °

jX9X8X GBMBQT

"2;°2bD

_2;°2bD HBMBQr D2biD2/M2x M Dr SMB2Dbxv+? BM Dbx2 x2D
Mv+? Q X FH bv+xMv+? K2iQ/ m+x2MB K bxvMQr2;Qr M HBxB2
b2 bx2 ' QFB2, Q/ 2FQMQKBB B BMSVMB2'BB TQ K2/v+vM +xv M
rbox2+?bi QMMQ +B B T xv/ iMQ +Br T  Fiv+2 # / r+x2DX _2;°2bD }

rB2Hm #

“IxB2D x

rMbQr Mv+? H;Q VviKirrm+x2MBm K bxvMQrvl

D2rv !SMBE D FQ D2/MQ x BbiQiMv+? M “x /xB r bxim+xM2D BMi2l
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[+x2MB2 K bxvMQr2

6Q°K HM2 M rB2x MB2 /Q FQM+2T+DB “2;°2bDB HBMBQr2D T xvT
Fil'vr sAsrB2Fm- # / D2+ xrB2x2F rx Qbim "Q/xB+|r B B+? /xB2H+
xD rBbFQ 0°2;°2bDB jJjRX Q2@ 2D/6MB r x F'2bB2 Mi " QTQK?2i B
TQ/bi r2/Q QT +Qr MB K2iQ/ "2;°2bDB- i2°'KBM 0°2;°2bD 6 xQbi
xD rBbF X . Hbx2;Q "QxrQDm iv+? TQD E K i2K iv+xMv+? /QFQNMN
TQ/ " 7Q K HM2 /2}MB+D rbT|"+xvMMBF FQ 2H +DB B bFQMF 2iv
r- K +? bi ivbiviFB K i2KjkyxxM2D (

*2H2K M HBxv “2;°2bDB HBMBQr2D D2bi birQ x2MB2 KQ/2Hm Q-
X H2SMQ E KB /xv xKB2MMVKB Q#D MB MVKB XxKPRIMVKB Q#D

fwp(X) = b+ W>x;  W2R*™ b2 R™, UjXj3vV

;/IXBR2 D2bi K +B2 x2rbT | " +bwMMBFZK rv: x|r rQKRNv + 72 (

S " K2i'VKQ/2HM QF'2 H KVvM TQ/bi rB2 x#BQ " m i'2MBM;Qr2
riQ +B rbT!"+XxVMMBRYr @ ©BFEikWV2 bT  rB D2- S2 rvxM +xQM2 ?BT
+XVXMv UTQ D2/M2D M F S/2 bF" /Qr2 xKB2MM2D Q#D MB M2D)
r iQ +BX L D+x +B2D T Q#H2K i2M "QxrB2xmD2Kv- rvFQ xvbimD
U M}XbB/m HbmK Q7DbF®Q B ° /QT bQr MB KQ/2Hm-rv> SQM2 rx

X . N2 Ly
RSSW;b) =y fuwp(x) ;: UjXiNV
i=1
gi FBK T xvT /Fm K2iQ/ M DKMB2Dbxv+? FH2 H|robUNLTERHM ; X
M rvxM +x2MBm,
(ﬂ;ﬁ) = argmin RSSW; b): UjX9yV
W;:b

qgvMBFB

GBMBQr '2;°2bD QF x ~ bB M DH2Tbx2x FH bv+xMv+? K2iQ/
KQ/2HQr MB FQMbivimiviM2;QX C2D ;"!'rMvK imi2K D2bi T Qbif
MB 7mMF+DB "2;°2bvDM2D B KQSHBrQ E #m/Qr MB rv’> S2—- H:
r2D +BQrv+? D F T x2/bi fRQWMiQK H¥MY biQTB2- rB2HQKB Mm r
qivk FQMi2F +B2r/ Hbx2D +x +B T +vM T 'x2KB2MMB2 mSvr MQ
H;2# B+xMv+?-# x +2+?-# X 7TmMF+vDM - TmMF+D2 # xQr2 +xv
X #B2:QrB KQS2Kv KQ/2HQr E MB2HBMBQr2 x H2SMQ +B T XV X
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[+x2MB2 K bxvMQr2

/2K # xv TmMMF+vDM2DX JQ/2H “2;°2bDB HBMBQr2D xQbi "~ rx#Q; +
Q Q/Flr +B2;"v+? x2bi rBQMXQ QxXBhH2Zvx +D B x ivkKkB mrx;H /M
XxXQbi m "QxrBMB iv reXQ/MBRB2T 2/vF+DB T x2/hpXEBXQVMNME M "vbX
TmMF+D "2;°2bDB D2bi +B2;" BKQMQIiQMB+xMB2 "QbM2+ Q  x x/(C
MB2/Q+B2;MB +B2K D2bi #  Fx "QS2MB x2 Qr MB bB bF~ /Qrv+
"272°2M+vDM2D- Fil’2 " irQ KQ;"Q#v #VE TRITBMIQM2 Ti ¥2 6 GIbeD
D2/M FM ivK 2i TB2 +2HQrQ iQ TQKBMB iQ- "2x2 rmD2+ rT Qr /x2N\
/IQ Qx/xBX"m
w H2iv, P:" MB+x2MB ,
“ir rBKTH2K2Mi +DB B BMi2HBMB®DPB-E T ~ K2i!r rx;H /2K #
‘'HQ# HM BMi2 T 2iQr HMQ Em@ FO VR VMRD @
D2Kv x2bir T > K2i''r Q/TQrBP FQ2BKQ/2Hm x H2SM Q/ rv#Q I
+vVK BK 7TmMF+DQK r2D +BQrviKkmMF+vDM2D -
KQSHBrQ E 2Fbi° TQH +DB- r> SHBrQ EM r iQ +B Q/bi D2+2-
Mim> HM Q#b"m; rvD +B rB2HOHKEB W@ rbT!"HBMBQrQ E xKB
r2;Q-
MBbFB FQbxi Q#HB+x2MBQrvX
h2biQr M2 ?BT2'T ° K2i'vB B+?2r iQ +B QTivVKXKMM2 x2bi rBQMQ r

h #2H jX&XQD2MB2 ?BT2'T * K2i'!r "2;"2B/RB HBXBQ[2M#B2MB2K rv !3@
MBQMQ r iQ +B QTivK HM2X

S K2i® PTBb w F'2br 'iQ +B

TQHvnn/2;°22 biQTB2-rB2HQKB Min; 2 3;4¢
TQHvNnnBM+HmMATHBMbiI "vr 2FbT MBDB+S HB2
rB2ZHQKB MQr2D
7BinBMi2 +2Tirv: xXrQHMv KQ/2Hm h m®d Kb2
TQbBiBp2 ryKmbx2MB2 MB2mD 2K W@ +HJ 2
rboT|"+xvMMBF|r
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[+x2MB2 K bxvMQr2

UV2/MQQbBQr2 "Qx+B#VMBQbBQr2 "Qx+B2; MB2¥xvbi2 +BM MB2

_VbMM2F j0¢FX2BuM rx;H /2K rv/ " mS$2MB2/vVFGB®2 °_2; 2BBQMD2MB2K
ri #4XM iH2/ Mv+? 2FbT2 vK2Mi HMv+? h"2HQ °

jX9XeX g2 bDQMQr MB2 T'QD2Fim

g2 bDQMQr MB2 D2bi FHM+xQrvK bT2Fi2K x "x2/x MB T QD2
r2;Q- mKQSHBrB D2+vK H2/x2MB2 xKB Mr KQ/2H +?2-x2bi r +? /
S'xvD +B2 bT|DM2D FQMr2M+DB r2 bDQMQr MB m~™ irB mi xvK ME
B T'x2D xvbiQ E- T  4v i FS2 TQxr H x'QxmKB2E x F'2b rT°Q
givk "Qx/xB H2 T x2/bi rBKv bi M/ "/Qrv b+?2K ir2°'bDQMQr MB Q
K DQ ' XKBMQ ' XT i+?2X#mBH/- TQ+x2rbxv Q/ r2°"bDB RXyXyXyX

J DQ @ xM +x2+2 xKB Mv

Fim HBx +D2r2'bDB TQ/bi rQr2D b2 x "2x2°rQr M2 /H BbiQiM
KB2E rT"vr M FQKT iv#BHMQ E Q" x TQ/bi rQr27mMF+DQM HMQ E
Fi'>'2mx b /MB D2 Fim HBx +D r2'bDB TQ/bi rQr2D Q#2DKmD?2,

KQ/V}F +D2 x2bi rm / @V+X2D +B2 M + "FQrB+B2 BMMv x2bi r
KQS2rvK : E/QbiQbQr MB rbi TM2:Q T x2ir “x MB / Mv+? B xM
rv/f DMQ E KQ/2Hm-

XKB M x/ MBxKB M ;7IrM2;Q +2Hm KQ/2Hm- MTX T x2D +B2 Q/
x / MB FH bv}F +DBX

JBMQ @ mH2Tbx2MB 7TmMF+DQM HM2

Fim HBx +D2r2 bDB/ m;Q x /M2D rT Qr /x D2mH2Tbx2MB Hm#
MQr2 KQSHBrQ +B #2x xKB Mv TQ/bi rQr2D 7TmMF+DQM HMQ +B K
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[+x2MB2 K bxvMQr2

xXKB M ivim “+?BiZ@Fim@S2MB2 BMM2D “+?Bi2Fim v KQ/2Hm
rv/ DMQ +B Hm# 272FiviMQ +B MTX T x2D +B2 x "2:°2bDB HBMB

Si+? FQMb2'r +D B QTivk HBx +D2

S 'xv Qbivr2 ' bDBTQT r2F Q#2DKmD2/ " Q#M2 TQT rFB- QTivkK H

MB2 K D2 xM +x2+2:Q rT°vim M 7mMF+DQM HMQ E KQ/2HmX S xv
/IQbiQbQr MB2 "+?B@FimQv /x MB2 MB2rB2HFB+? KQ/v}F +DB
"+?Bi2Fim'vr +2Hm xrB Fbx2MB rv/ DMQ +B Hm# bi #BHMQ +B
M “2;°2bD G bbQr +2Hm TQT rv b2H2F+DB +2+? B KQSHBrQ +
TQT rFB #° /@ QxrB2xvr MB2 T Q#H2K|rr FQ/xB2 Hm# T ' Q+2b
X T2rMB2MB T  rB/"Qr2;Q /xB ~ MB KQ/2HmX

"mBH/ @ xKB Mv FQM};m" +DB B ?BT2'T = K2i'|r

S'xv'Qbivr2'bDB FQKTBH +DB Q/MQbx2 bB /Q xKB M r FQM}
Q#2DKmD2+v+? ?BT2 T * K2i'v-Fi!"2rT"vr D2M D2;Qrv/ DMQ E #2
S xvF™ /v Q#2DKmD?2,

/IQbi® D MB2 ?BT2'T "@2QhiQbQrvr MB2 T ~ K2i'jr-i FB+? D F MT

F QFMm m+x2MB - HB+x# r "birr bB2+B M2m QMQr2D +xv rbT| "+

XxXKB M H;Q VviK|r QTivkKk HBx +DBr +2Hm QbB2;MB +B H2Tbx2D

PTBb Mv b+?2K ir2°bDQMQr MB xQbi MB2 T° Fiv+teMBE2@biQbQ
VK "QxrBMB iQ/r KQ/2H2 m+x2MB K bxvMQr2;Q HBMBQr2 "2;°2b
b mS2+2 x "IrMQ/Q rvxM +x MB T * K2i !r FH bv+xMv+? KQ/2HB 7m
BB bT> SvbiQ +BUC1aV-D FB/Q Q/F'vir MB MQrv+? TQbi +B iv+"
i2biQr M2 Bi2° +vDMB2- mrx;H /MB "vrB2H2 FH bv+xMv+? KQ/2HB
FQM};m  +D +? "+?Bi2Fim X g xrB2xFm x iKKDIQxXRBMRQXIT2IM?B#n
r2’bDQMQr MB T QD2Fim x T2rMB x/QHMQ E /Q H2/x2MB FQH2
B B/2MivV}FQr Ex F'2b rT Qr /xQM2D xKB MvX

jX8X SQ/bmKQr MB2

S ' x2i2biQr MQ "2+xMB2 Rj H;Q VviKir FH bv+xM2;Q m+x2MB K
S /2M MB2bT2"MB r "'mMF!r KQ/2HQr MB FQMbivimiviM2eQX C F m
MB2 D2bi iQ KQSHBr2 #2x rB2/xv FB2 mMMFQr2DX SQM /iQ ivTQr:
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[+x2MB2 K bxvMQr2

K2i'vVFB U _RaMMB2 mrx;H /MB D2 bT2"MB2MB rB Xx!r }xv+xMv+?
i TQH +DB- +Q rbF xmD2 M FB2 mM2F / Hbxv+? # /| —r i2D T" &
TQ/2D +B2K #v'Q#v TQxQbi rB2MB2 D2/M2D T |#v rvi xvK "Q +B
BrvxM +x2MB2 T ~ K2i jrM TQxQbi "v+?2X q T x\J) BEM\THBINmD R 2
iQ mi‘li/ Mv+?2X q T® Fiv+2 2FbT2 'vK2Mi HM2D “x /FQ /vbTQMmD
i2bilr B +?+2Kv x MB+? mxvbF ED FM DrB +2D BM7Q K +DB BK
+BQrv+? mrx;H /MBKv- ivkKk T QFbvK +D 7mMF+DB D2/MQbiFQr2D
T2"MB2Dbx Xw TmMFimrB/x2MB m+x2MB K bxvMQr2;Qi F bi i
UivTQrQ M x#B| i2biQrv 2x2 ' rmD2 bB Ry@kyW / Mv+?2VX qQ#2+
T +vx MB2+? MQ i FB2;Q TQ/xB "m B bFmTBQMQ bB M D F M
rvFQ xvbi MBm rbxvbiFB+? /Qbi TMv+? T |#rvi xvK "Q +BQrv+?X

w2bi rB2MB2 K2i'vVF M x#BQ 'x2 i2biQrvK TX«R/Bi2fBIQ WQ/r i #
T°1/°"Qrv B rvMBFB /Qbi TM2 b2?iiZDb kMR mB#aK+ QKfIB2+xKBFf2H
K2 " @ 2; 2bOBQKITH2IMV T x2rQ/MBF x biQbQr MB "QXT i 'vr Mv+"
FH bv}F +DB /Qbi TMv D2DiiTR,ff/B2BAKX+QKfIB2+xKBFfiBi MB+(
2@+QKT2BiBQM

W2 rbxvbiFB+? bT r/xQMv+? K2iQ/ M DH2TbxvKB K2iQ/ KB /Q K
FOMbivimiviMv+? 2BT2 bT" SvbiQ +B b2°2:"2bD HBMBQr B "2; 2b¢
x D2/°2K HBMBBMWX M0 Fi! 2 ;2M2 " mD2 +B2;"2 7TmMF+D2 “2;°2bD
2Fbi° TQH +DB B/ D2bB BMi2 T 2iQr EX*Q T r/ M DH2Tbx2 K
K bxvMv r2FiQ ir MQ Mv+? x D2/°2K rB2HQKB MQrvK- H2 D2;Q ;
D2bi MB2KQSHBr X . " m;B2 KB2Db+2&SD 2;'BBEE DT QMQrQK
12Q 2ivtxMVK TQ rB +@M@20QxAMBQ " xvbi MBm r KQ/2HQr MBm FQM}I
"Qx/xBeB8X L Db”™ #bx2 rvMBFB QbB2;M "v H;Q ViKXR-xRitB2bi2 UT
MB2 TQ  /xB"vbQ#B2 x BMi2 TQH +D2r "iQ +B x2 x#BQ " m i 2MBM
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[+x2MB2 K bxvMQr2

h #2H jX8@ |rM MB2 K2iQ/ m+x2MB K bxvMQr2;Q M x#BQ x2 i2b

JQ/2H Jal Jal J 1 R?

ao_ yXyed9 yXyy98 yXy9dy YyXNN:
JGS _2; 2bbQ" yXy3Nd yXyy3y yXye9R yXNN
EL2B;?#Q b_2; 2bbQ yXRR3R yXYRjN yXRYR3 y XN |
T /B2Mi"QQbiBM;_2; 200RYKR yXyRd9 yXRy8k yXNN
GBM2 "_2;°2bbBQM yXRjey yXyR38 yXRRKK yXNN
0QiBM; 2;°2bbQ" yXR99y yXykyd yXRydk yXNN
GBM2 "ao_ yXR8NKk yXyk89 yXRRkd y X N 3
_ M/QK6Q 2bi_2;"2bbQXRNB8d Yy XVYj3j yXR939 yX N3¢
s:" 2;°2bbQ" yXKkj9N y Xy 88k yXRNKy y XNd
";;BM; _2;°2bbQ" yXjey8 yXRkKkNN yXkdy3 YyXNO9
1ti h'22_2;"2bbQ" yX9Rk3 yXRdy9 yXjk98 YyXNjy
.2+BbBQMh 22 _2;"2bb®PX98ee yXky38 yXjjjk YyXNR9:
/| "QQbi_2;"2bbQ" yX9dRy yXkkR3 yXj8ye yXNyl
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OX aB2+B M2m QMQr2

9XRX qbi T

aB2+B M2m QMQr2 #vr D2 TQbi'x2; M2 D FQM 'x /xB2 bFQKTHE
ivK+x b2K B+? FQMbi mF+D QTB2 bB M FBHFmM T Qbiv+?-rB2H
+D +?2X SQD2/vM+xv 2H2K2Mi bB2+B rvFQMmD2 D2/vMB2 r SQM?2
r 'iQ E T'Qbi2D 7TmMF+DBX W/QHMQ E /Q Q/rxQ Qrvr MB x" QS
/IQTB2 Q x x2bi rB2MB rB2Hm i FB+? 2H2K2Mijr Q" x x /Q#Q " m B+?
| Mv+?2X *2H2K MBMB2Dbx2;Q Qx/xB "mD2bi T x2/bi rB2MB2 iv+? T
“IrMB2S /H +xVi2HMBF MB2x xM DQKBQM2;Q x m+x2MB2K K bxvM
rvFQ xvbivr Mv+? r/ Hbx2D +x +B T +v #v ' Q/H MB2;Q x QxmKB

qur!/ T°Qr /xQMv D2bi Q/ M DT Qbibx2D D2/MQbiFB /Q RQKTH2iM
(199-j8 X _OxTQ+xvM bB Q/ TQD2/vM+x2;Q M2m QMmM-9¢HB T2 -
M bi TMB2 QK rB D2;Q 'Qxbx2 'x2MB2 /Q bB2+BYXRB@2HQwM B+D0x 2 [
Fivr +DB Q xBMB+D HBx +D®Xj-; UFTQR/+QXMBT " Q+2/m x2 i 2MQr M
r’ x xi2+?MBF KB rbTQK : D2+vKB D2D x8R®SMQ E UTQ/ Qx/xB ~

9XkX S2 +2Ti QM

SQD2/VM+xv M2m QM- xr Mv T2 +2Ti'QM2K- bi MQrB M DT Qbik
bxim+xM2D bB2+B M2m QMQr2DX A/2 bB ;jel- r+vi| Qb XMEH T Qx@F
MQr MQ KQ/2H BMbTB Qr Mv /xB ~ MB2K FQK!'FB M2'rQr2D, M T
r2D +BQrv+? D2/MQbiF :2M2 mD2 TQD2/vM+x2r iQ ErvD +BQr2-
T x2xr ;BT xviBb M2 TQbx+x2;HMvK r2D +BQK Q X T x2x 7TmMF+
+XVv T ], TQ#mM/x2MB xQbi " T x2F Q+xQMvX

LB2%2 (X1 X2 :: ;%) QXM +x r2FiQ  r2D +BQrv BFA B2 M#¥ bv;M @
“IrX SQD2/VM4AX2KmM M2m QMQrB T xvTQ x2#FE@rm,D:2;w.B r2FiQ  r
Q  XxbF H "Mv rv bx MQWVMv Q#+B2S2 MIBMK KBV XMB2 M2m - QMm
F~/ bB M /r 2i TvX L DTB2 rrvxM +x bB FQK#BM +D HBMBC
Q Q#+B2S2MB2,

zZ=W'x+Db; U9XRV
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aB2+B M2m QMQr2

M bi TMB2/Q i FQi'xvK M2Dr 'iQ +B biQbmD2 bB :NRB2RIBMBQr2 7
$= ()= wx+b: U9 XkV

q iQ¥bi MQrBbF H "M2rvD +B2 M2m ' QMmX a+?2K i /xB ~ MB
T x2/bi rBQMQ M 9XXR®MMFmM

b

e\,
WZEC}H@_, QmiTmi

17"

@9\»«
=
3

VbMM2F ®%¥RXK i TQD2/VM+x2:Q T2 +2Ti"QMm

EQMbi mF+D i mQ;HMB bB rM im> HMvbTQb!#M r "bir x rB2
QT2 mD2+v+? M ivK b KVK r2FiQ x2 r2D +BQrvKiX T2/$LHB 2Fbir
B+?r ;B x2bi rB bB WRR'BR-Ki!"2D FQH2DM2 FQHMKMvV Q/TQrB / [
M2m QMQK- rv’ xv rQHMRY X20vi +B2 r "birvbi MQrB rig2x b r2FiQ
R™,

$= WTx+b; U9XjV

T xv +XxvK 7TmMF+D Fivr +DB biQbmD2 bB bF~ /QrQ- MB2x H2S
h F r bir-rFil>2DF S/vxM2m QM!r TQ 2+xQMv D2bi x2 rbxvbiF
M Xr r “birvrT2"MB TQ 2+XQMBED YQM A2 MikRX

EHM+xQrvkK 2H2K2Mi2K FQMbi mF+DB T2 +2Ti QMmMX2bx Q#2+ N
MB2D- ixMX) F2¢vx"QS2MB2 FQH2DMv+?2 r “bir "2/mFQr "Q#v bB /Q -
7Q°K +DB HBMBQr2D- MB2x H2SMB2 Q/ B+? HB+x#VX E S/ 7TmMF+
WTx+b- KQ/2H MB2 rvF' +x "#v TQx FH b "2:°2bDB HBMBQr2D X
MB2HBMBQrQ +BrF $/2Dr 'birB2 TQxr H bB2+B T QFbvKQr E bx:
ax+x2;1"Qr2 QK}rB2MB2 7TmMF+DB Fivr +DB-B+?r” bMQ +B Q xr
bi MQrB T x2/KBQi TAQMXQXx/XxB "m
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aB2+B M2m QMQr2

9XjX 6mMF+D2 Fivr +DB B BMB+D HBx +D r ;

E S/ D2/MQbiF HBMBQr rbB2+B M2m QMQr2D x FQ—-+xQM D
2D x / MB2K D2birbTQK ; MB2 T°'Q+2bm m+x2MB KXBMX T x2Xx
bv;M "irX

RelLU
o d7) () eLU(2)

1////_ g *
0:5 | | | }Z 21

i , 4 2 2 4 i

R E—— - - t t

4 2 2 4 14 4 2 2 4

UVmMF+D bB;KQB/ HM!Y M;2Mb ?BT2 #QHB+XxMwWVYmMMF+D _2Gl

_vbmM2F ®XKX/ "/Qr2 7TmMF+D2 Fivr +DB biQbQr M2 r bB2+B +? M2

>BbhiQ V+XMB2 M Dr+x2 MB2D biQbQrRMQ 7mMF+D bB;KQB/ HN

1
l+e?

biZ) = 2 (0; 1): UoXxXov

SQF 2rM2 7mMF+D2 D2bii M;2Mb ?BT2 #QHB+xMv,

eZ

tanh(z) = o1 oz

2 ( 1;1) U9X8V

Qr "iQ +B +?2 rv+2Mi Qr Mv+? rQF@X®B® XM MBxBR D2 bB bvKTIiQ
ivtXxMB2 /H /mSv+?2 +Q /QKQ/m™m “;mK2Milr-/H Fil’v+?2 B+?2 TQ+?
X"QS2MBm rB2Hm r “bir T'Qr /xBiQ /Q T'Q#H2Km x (MBB»BM+? ;°
C IB2MRN ,(bv;M “ T'QT ;Qr Mv rbi2+x T x2x FQH2DM2 r "birv xQl
T x2KMQSQMvV T ' x2xr iQ +B #HBbFB2 x2" BrvF" /MB+xQ x MBF - |
r;,rr bir +?2 M D;” #bxv+?X h M;2Mb ?BT2 #QHB+xMv D2bi M DbBH
x2' U'VbBOMRFEQ bi MQrB 7mM/ K2Mi HM2 FQMb2Fr2M+D T  Fiv+x
Mv+?2r Qx/xBB3,+?:mK2Miv 7tankl K#DB2 x rB2° E bB r Q#bx "x2 Fivrl
U'x /mD2/MQ +BV-r T x2+BrMvK ® xB2 M2m ' QMv T' +mD2r Q#b>
“'rMB2S rvbi TmD2 x MBF MB2 ;" /B2MilrX qvK ; MB2 iQ bi MQrB #:
/IH MQ K HBx +DB xKB2MMv+? r2D +BQrv+®Px8&XmBBb M2D r TQ/ Qx/
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aB2+B M2m QMQr2

L DTQTmMH "MB2Dbx2 7mMF+D2 Fivr +DB r FH bv+xMv+? x biC
HBMBQr x T Q;Qr MB2B}Q/MBM2 ~ mMW®i- 2G| (

ReLU(z) = max(0; z): UugXeV

C2bi QM T ' Qbibx B bxv#bx Q#HB+x2MBQrQ MBS XmMAD2 M L
X#B2; D2 bxv#+B2DX q /2 D2bi M iQKB bi T"TQ#H2K K "irv+? M2m Q|
r2D +B2 bi H2 T ' xvDKmD2r 'iQ +B mD2KM2- ;2M2 mD2 M rvD +Bm
r;i FS2 xMBF X q Q/TQrB2/xBM iQ Q;°" MB+x2MB2 x T'QTQMQr N
MB2x2 Qr2 M +?2vH2MB2 r Q#bx x2 mD2KMvK UG2 Fv _2GIl- S_2
T +RelU MB D2D KQ/v}F +D2 MB2 b2rvFQ xvbivr M2X q bB2+B +?
Q#HB+x MB2 rvSbxv+? TQ+?2Q/Mv+? rvD +B rx;H /2K r2D E- +Q
Fivr +DB- bi?2/ rv#,tadimMF+DB

aTQb!# HQbQr MB r : bi "iQrv+? BbiQiMB2 rT"vr M x#B2SM(
B "2M;BRr¢F x HB- S2 BMB+D HBx +D Xx "QXF" /m Q bi "2D r "B M+L
Hm# 2FbTHQ/Qr MB ;" /B2Mil!rr ;" #QFB+? bB2+B +?2- x T°QTQM
/IQ#B2 r B M+D r ;i F-#vr B M+D bvi;M "'mQ x; /B2Mim #v~ X
r "bir KBX #v X 'QxmKB2E- bF2/ #BQ 2 bB FQMF 2iM2r "iQ +B-r
; +D r "B M+DB T x2x TQD2/vM+x2r "bir HBMBQr2X S 'xvr2D +B -
Br; +? HQbQr Mv+? MB2x H2SMB2 x2 “2/MB2x2°Q-r "B M+D F ¢
ng@F QIMQ +B2BHQ+xvMmr B M+DBr ;BBr B M+DBr2D +B X w -
rvkK ; x i2K-mpyar(W) 1-TQ/+x b ;/v M HQ;B+xMvr mM2F/H T'QT
rbi2+x ;° /B2MigYa\®) 1X P#m rvK ; — MB2/ bB bT2"MBE D2/M
rB + :HQ Qi B "2M;BQ T 'xvDKmD2 FQKT QKBb m “2/MB D2+v Q# K

2

_— UuoXxdvVv
Nefr Ngmi

Var(W) =

qr "B M+B2 "IrMQKB2 MvK r ;B F rgi22IDr +BivR@ D +B +? HQbmD?2
bB x "QxF~ /m D2/MQbi DM2;Q,

W U 6. 4 6 : Uoaxsv
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aB2+B M2m QMQr2

ai ~ eTQ/TB2'rB biFB2K rvMBF r®)X@ ik rQnMFhmm D2/MQbi DM2;
T x2/xBal@®r "B M+D reMQbB + T xv |réd=3FBR2(ngg ngni/ D2
a:qmix AMB+D HBx +D i D2bi /QbiQbQr M /Q 7TmMF+DB F
rx;H /2K x2° - i FBAM XV bB;KQB/ B bi MQrB bi M/ "/Qrv rv#]| r &
SALL rvFQ xvbivr Mv+?2 r T  +v X " IrMRRQD RBR/XxBQN&xB BH2B2+B
BMB+D HBxQr M2 b2 x;Q/MEZ Qir mBIR’I7TBDKK

W "QS2MB2 Q bvK2i'BB Fivr +DB MB2 D2bi R2LW- FiBT2"MBQ!
rv; bx + "2mD2KM2TQ Qr /xB2/xBMvX q272F+B2 TQ " Qr M2m QI
M rvD +Bm x2 Q- r B M+D bv;M "'mTQ Fivr +DBbT / QTQ "Qr r
M HBxv HBMBQr2DX .H i FB+? bB2+B QT " +Qr MONQIbFAMVK +?2K i
r ;BHQbmD2 bB x "QXxF"~ /m MQ K HM2;Q- r "B M+D /Q#B2  bB LC
r2D E,

W N 0 — : U9XNYV

ai " krHB+xMBFm FQKT2MbmD2 rv; bx2MRBR2UT QV@w BvwM+Dn T x2
X +?2Qrvr ~ + "2 [xB2/xBM - rvbi "+ xihghvH24 M#HDmMi xvK E bF H
bviM "m-M H2Sv DZTQ/rQSrEQ(/S@IQBMEBZH-BZx FOQOH2B M +BbF K2i
X +?2Qr MB2 bF HB bv;M "m T QT ;Qr M2;Q r T x}/X

9X9X gB2HQr "birQrv T2 +2Ti QM

SQD2/vM+x r “bir M2m QM!r QK!rBQA®R#HB@Xx/xBS®M2 bmK r2D
TQrB FbxQM2 Q Q#+B2S2MB2- M bi TMB2 TQ/ D2 rvMBF TQ x bi
#v KQ/2H TQi > }7 Q/rxQ Qrvr Ex H2SMQ +B MB2HBMBQr2-r “birv
X /'m;2-ixMX rvD +B2 D2/M2D bi D2 bB r2D +B2K FQH2DM2DX h
rB2HQr “birQrvK T2 +2TiKQVHIRH W2, XT2 + 2V iH@M -bBR@$B2 D2/MQ
"MMFQr2 WMyXQ'r '/ M2m > H MYXQ/¥F6ELy M2m QM r “birv TQ 2+ x
D2bi x2 rbxvbiFBKB M2m QM KB r “birv TQT x2/MB2D- B2EHI2 b r
+QMM2+i2/ 722/7Qr / M2m > MXVRiHQIFi EBI2ID FQMbi mF+DB D2
b KQ/XB2HMB2 #m/mD2 ‘2T 2x2Mi +D / Mv+? Q/TQrB2/MB2/H "Qx
S +xM2;Q /Q#B2° MB +2+?rvK ; M2;Qr FH bv+xRX+® K2FQ//@P2HBM
bB2E T x2/bi rBQMQIM{ "VbmMFm
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aB2+B M2m QMQr2

BMTmiH v2° ?B//I2M H v2'b QmiTmi H v2°

{
i
(

p

jxy
)
b

7

{

i
9%
D

o"?o
&

_VbMM2F @%j22K irT2"MB TQ 2+xQM2D bB2+B D2/ MQFB2 mMMFQr2D 66L
mF vivkB

qbB2+B rv'ISMB bB i'xv ' Q/x D2r “birX g BMTmiDM MBRr U M
ryFQMmMD2 S /Mv+? Q#HB+x2-X qT Qr /x /Q bB2+B r2FiQ "/ Mv+?
Q#b2'r +D - D2D bx2 ' QFQ E !rM D2bi HB+x#B2 xKB2MMv+? r2
U M?2B//2M HVV22B2 TQKB /xv r2D +B2K rvD +B2K B FQH2DMQ T
#m/mD2+ +Q  x #Q; ibx2 2T 2x2Mi +D [/ Mv+?X A+? HB+x# - M xvr
HB+x# M2m QM!rr F S/2D x MB+?- +XxVHB bx2 ' QFQ E- b2 ?BT2'T
2i TB2 /Qbi> D MB "+?Bi2Fim'vX q "lQmirvmi ¥Bx@2 #J MQX+Qrv
rVMBF- T xv +xvK D2D bx2 ' QFQ EB 7mMF+D Fivr +DB x H2S2 Q/ "C
TQMBS2DX

LB2+? bB2E b v "bBr Q bx2 QFQ;mB:*Ap - ;/xBRD2bi rvKB 2K
r2D +Bny rvD +B X E S/2D d ToixBRBbmD2W®B 2R*B: "« Q" x
Q#+B23PMB“ X P/TQrB2/t bB2+B rvxM +x bB r “bir TQr “birB2-
T QT ; +D2r T x|7TQ M;XTVbb

a® = x: U9XRyY V
ad = wATZd Dy d . d=1;::::D 1 U9OXRY#V
gzgw(D)Ta(D 1)+5D) : U9XRy+V

q birv Q BM/2db ¥?::;D 1 iQ r "birv mF vi2?2B/M2X HVWX2Ab?

r iQ +B MB2 b2 Q#b2 rQr M2 #2xTQ 2/MBQ- H2+x rvFQ xvbivr M
gr bir +?2iv+? biQbmD2 bB D2/M FQr2 UmMBMB2Bbw2BDIB +v i M
?BT2 #QHB+XxMV-9DQX Q2DXB#2+MQ E D2bi MB2x# /M , #2x MB 2t
FQH2DMv+? r "bir bT Qr /x "Q#v bB /Q xrvF 2;Q T x2Fbxi "+2M
rvF +x " #v TQx KQ/2H HBMBQrv- +Q rvPRXKkMQ r TQ/ Qx/xB H2
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aB2+B M2m QMQr2

AM +x2D i° FimD2 bB 7mgUWrF+DM MBRXKBF%I ! 2 /Q#B2° bB /Q
"Q/x Dm x /| MB ,

"2:;°2bDT x2rB/vr MB2 xKB2MM PR BiB2ZniRIBYD2 iQSb KQ +BQrz2-
+X2Km rvD +B2 KQS2 T xvD2E /QrQHM2r "iQ E "x2+xvrBbi2- }
rB/ HB+x#B2 T x2rB/vr Mv+? rB2HFQ +BX h2M T xvT /2F rvbi -
B SALL "Qxr S Mv+?2r MBMB2Dbx2D T  +v-

FH bv}F +D #BMg D2bi 7mMF+D2 b B B/QDN27vM+x2 rvD +B
BMi2 T 2imD2 bB D FQ T r/QTQ/Q#B2-birQ T'xvM H2SMQ +B
FH bv}F +D rB2HQFH DhXri 7mME#iK2/t D2+2 "QxF~ / T> r/QTQ/Q(
#B2-DbirKTEH b +? UivH2 i2S D2bi M2m QM!r rvD +BQrv+?V,

eZi

softmax(z); = PW U9XRRYV
j=1 &

GB+x# T ~ K2i'lr TQ/H2; D2+v+? m+x2MBm rvMBF rT ' Qbi x T
W#B2 D2+ rbxvbiFB2r ;B B Q#+B2S2MB/ ¥ 2M rRF2Q2+xM?2
HB+x#rv: S rx|",

»
n = (Ng 1Ng+ ng): U9XRKV
d=1

GB+x# T ° K2i'!r'Q MB2rB +r° xxbx2 QmR.np2 O " kix BB H O BxwM?2-
+XVHB ;" #QFQ +B2bB2+BX qB Fbx bB2E K rB Fbx2 x/QHMQ E /(
FQbxi Q#HB+x2- B "VXVFQ D X2 hi\B2QIKB rB M2XQ r TQ/9®R/xB H2
h2Q 2iv+xM2 mx b /I MB2MB2 x/QHMQ +B T QFbvK +vDMv+? b
r2 b HM2D T QFbvK +DB >Q MBF - aiBMY9y+QKG/AMB B xqqFB|i 2K (
DmS bB2E x D2/M2r “bir2 mF vi2 TQi  } T'xv#HBSWE B M2 7m
xr "ivk x /QrQHM2 /QF">/MQ Q& B&p kf (x) ¢X)k<" X hrB2 /x2MB2 iQ
/QrQ/xB D2/M F D2/vMB2 BbiMB2MB i FB2D bB2+B B MB2 rbF x
MB BH2 M2m ' QM!r D2bi TQi ' x2#Mv+?2X SQMB2r S HB+x# M2m"(
MF vi2D TQi  } "QbM2E rvF~ /IMB+xQ r’ x x2 x"QSQMQ +B2 T Q#H
D2/M2D # “/xQ bx2 QFB2D r “birv#m/mD2 bB bB2+B ;" #QFB2- Fil"
T K2i jrQbB2; D2 H2Tbx2 rvMBFB B bxv#+B2DRx#8BX; D2 TQ/+x b
“+?Bi2Fim> rT2"MB TQ"2+xQM MB2 D2bi D2/vMVK KQSHBrvK
T +vrvFQ xvbivr Mv D2bi “!rMB2Sr "B Mi "!rMQH2;"2DTbBR@B D2/N\
H2H 722/7Q°r "/ M2m> H MARQrFi!SWHL E S/2bF”~ /Qr2rvD +B Q#H
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aB2+B M2m QMQr2

Q//xB2HM TQ/bB2E T x2ir “x D2+ rbT!HM2 r2D +B2Q MB+i2 M/ N@B F E
iBQYM 9bBdX QxrB2x MB2 iQ biQbmD2 bB rr "B M+B2dj;hBR2B SAL
QbQ#M2 ; ~ xB2 T QFbvKmD2 TQbx+x2;'HM2 bF~ /Qr2 TQH T x2
ivim* LL x "Qx/eBrFn!'"v+? F S/v MB2xKB2MMBF i2MbQ" /27Q K
rm bM ; "2tX

bm#M 2

+QM+ i2M iBQM

bm#M2i

_VbmMM2F ®%22K i "'rMQH2:°2D bB2+B D2/MQFB2 mMFQr2D US6LLVX gbT
K MB2x H2SMv+?2 TQ/bB2+B- Fil'v+? rvD +B “2+xv bB r D2/2M r2FiQ" rv

9X8X h"2MQr MB2 bB2+B M2m QMQrv+?

h>2MQr MB2K bB2+B M xvr bB T ' Q+2/m= Ng¥YLT - KBMB @
K HBxmD2+2 7TmMEYDVEDP bxi@M2 M /Qbi TMVK x#BQ ' x2/ Mv+?X AME
mbi H D2+2 TmMFi bi "iQrv QTivk HBx +DBXNROMBIRR G B2QX/KBrB 2
/| D2+v+? D2D 7TmMF+DB Fivr +DBX g MBMB2DbxvK "Qx/xB H2 T x2/|
H;Q viKrvxM +x MB D2D ;" /B2Mim- ;" /B2MiQr2 K2iQ/v QTivk H
r7T° +vQ xi2+?MBFB rbTQK ; D2+2 x#B2SMQ E, MQ 'K HBx +D r2C
X i'xvk MB2X
Ai2° +vDM T Q+2/m" i 2MBM;m bB2+B- Fi] 2D TQbx+x2;HM2
TQ/b2F+D2 MBMB2Dbx2:Q "Qx/XB "m-bF~ /jBB X M bi TmD2+v+?
RXbi H2MB2 ?BT2 T ~ K2i jr H;Q viKm-r iBKKFFQ FkKn thM 2 DMBB + x #
Bi2 D@ Mv+? 2TQF KRE Q¥aAbX
kKXAMB+D HBx +D _J X;®2MBrR2 x2 b+?2K i2K /Q#  MVK /Q 7TmMF+LC
U Qx/0BM-T1 SvhQ9R? @ HBXxQr M miQK iv+xMB2 T xv FQMbi r
FH h@ +?XMMXXQ/mH?2
jXSQri "x MBR=/H1;:::;n 1,
VivxM +x2MB2r "iQ +B 7N MAM DBOFQbxB@ T QT ; +BXRY x;/
rSvhQ +? "2 HBxQr M2D rvrQ” MB2K Q#B2Fim bB2+B M / Mv
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aB2+B M2m QMQr2

#VrvxM +x2MB2 ;t IRZMiFh;Q viK2K T QT ; +DB rbi2+xM2D- r &
m m+? KB M2DHIQDIQX# +FrFQUMWbi D2+2 x KIQQm X S x2/
F S/IVK rvxM +x2MB2K MQr2:Q ;> /B2Mim FQMB2+xM2 D2bi
MB+?2r iQ +B ®ZiBKBXx2 Xx2 QnTQOQMB2mi®:" IFMKmHmMD?2
;0 IB2Miv X FQH2DMv+? rvrQ~™ —-
+VFim HBx +D T  K2Ziyr r L(4)-rSvhQ +? ryFQMvr M T x2X
K2iQhbi2TUV# M2;Q Q#B2FQM FHXQPW i BKXP KiBKBx2"
SQrvSbxvx 'vbQ/TQrB / M DT Qbibx2D-FH bv+xM2Dr2 ' bDB H;Q"
r "B Miv KQ/V}IFmD2T x2/2 rbxvbiFBK Qbi iMB F QF-rT Qr /x D2+ T
m+x2MB Hm# T QFbvK +D /" m;B+? TQ+?QIMIXE- xv\F QKQrB "Q:
BKTH2K2Mi +D QTBb M2D T iHB i'2MBM;Qr2Dr "Q/QrBbFm Svh
M B Exh

9X8XRX 6mMMF+D FQbxim

6MMF+D FQbxim KB2 xv "Qx#B2SMQ E TQKB (xViQ /TR KR /xB
/IQ+2HQYVKBXM +XxQMVKB M x#BQ x2 i'2MBM,QrvK Q HB+x2#MQ -

L()= B 900y U9XRjV
N = B

IXB2D2bi TQD2/vM+xvK +Xx"QM2K bi” i /Q#  MVvK /Q "Q/x Dm x /
“2;°2bDB bi M/ "/QrvK rv#Q 2K D2bi 2/MB #°2/ KXW -iRirvwDahi TQ
" /IFB B "!SMB+xFQr HMv r + "2D /xB2/xBMB2- +Q mKQSHBrB biQb
/IXB FBx H2SMQ +B Fr /> iQr2D bBHMB®)K X2/ MBS Q /FRVHR2MB (
MB2 D2bi D2/M FD2/VMVK KQSHBrvK rv#Q 2K -KTQEBWB ZQSKING IRir = + »
/IQrQHMB2-r x H2SMQ +B Q/ "Qxr S M2:Q x ; /IMB2MB B T xvD i
TQ |{rM MB -rx / MB +? FH bv}F +DB- MB2rvbi TmD2+v+? rT" r/>
biQbmD2 bB xrvFH2 2Mi"QTB F ' xvS8Qr2- H2TB2D /QT bQr M2 /Q BN
"QXFT /Im T r/QTQ/Q#PR—-bir (

9X8XkX H;Q viK T'QT ; +DB rbi2+xM2D

JBMBK HB&X®RK?2iQ/ KB ;> /B2MiQrvKB rvK ; rvxM +x2MB TQ
7mMMF+DB FQbxim rx;H /2K F S/2Dr ;BB Q#+B2S2MB bB2+BX GE
MB2 x X H28OK@k+B2? ~ +xM2 rvT Qr /x MB2 Q/> #MB2 /H F S/2C
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aB2+B M2m QMQr2

#v Q#v MB2T" Fiv+xM2X ai M/ "/QrvK "QxrB2x MB2K D2bi H;Q vi
U M#X+FT QT VMiBQMQ xvbimD2+v "2;m~ =~ —+m+?2Qr2/Q 2Fm 2M+vD
TQ+?2Q/Mv+?r “bir TQr "birB2- T'x2+?2Q/x2+ T x2x bB2EXBX rvD +E
E S/ r "bir Qi'xvKkmD2 ;> /B2Mi FQbximrx;H /2K brQD2;:Q rvD +B C(
M bi TM2D BrvFQ xvbimD2 ;Q /Q rvxM +x2MB ;  /B2Mim rx;H /2}
Q xr2D +B - Fi}'2D2bi D2/ MQ+x2 MB2rvD +B2K r "birv TQT x2/N\

7Q°r /' T bb

_vbmM2F ®%&2K i T'QT ; +DBr T x|/ Q xT QT ; +DBrbi2+xM2L

6Q°'K HMB2- QxM=+w@a4 Y+ Y ~:mK2Mi 7TmMF+DB Fivd +DBr b
Q> XY = @L=@%2 ixrX #°2/ r “birv- Qi'’xvKmD2 bB /H r “bir mF viv+7
"2Fm 2M+vDM2,

HCRSERVVICIACLe 0 (& - U9XRIV

/IXB2 QXM +x TQ+?2Q/M2 7mMF+ BB Fi+xwvMDBEL K “/ /r]+? K +B2"x
ivt? b Kv+? rvK§:‘[}Aij]-§:[Bij]2 RT™ "™ QF 2 HQMv rxQ 2K,

C=A B=[Cj; rbF tMBFQr9A; B;; U9XRB8YV

Ir ; , qvD2iFQrQ MB2 Q#QrB2xmD2 im FQMr2M+D bmK +vDM KBKQ
MBFiijf MB2 bmKmD2Kv TQ MB+?- H2+x Qi xvVKmD2Kv K +B2 x BHQ
bQ#B2 bF~ /Qrv+?X

C/B2Miv rx;H /2K T C K2i'ldrvbiSvD2 bB rir+x b rT Qbi,

@@L _ @ . QL _ (.

awd & - @—7 U9XReV

gvxM +xQM2 TQSRREEM 2 bxvbiFB+? r "bir x2bi rB bB rr D2/2M r2F
Fi!"2;Q bF~ /Qr2 Q/TQrB / D2 FQH2B MWK ;WPe2/MBBFQMQrB2 r2D +B2
Bi2° +vDM2D T Q+2/m v KBMBK HBx +DB 7mMF+DB FQbximX
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aB2+B M2m QMQr2

t12+xMv FQbxi Q#HB+x2MB ;° /B2Mim D2bii2;Q b K2;Q 'x /m +Q |
+Q +XVMB H;Q 'ViK rvFQM HMVK M r2i /H bB2+B Q KBHBQM +2 T
rT  +v Q/QrBbFm SvhQ +? T QT ; +D rbi2+xM "2 HBIXQr-M D2bi-
Fij'v miQK iv+xMB2 #m/mD2 ;" 7 Q#HB+x2- B rvxM +x TQ+?Q/M2
/2K /QrQHMV+? xXKB2MMv+?2 TQ “2/MB+?X J2+? MBxK i2M TQxr H
MB2 ivVHFQ rx;H /2K D2D T > K2i'!r- H2 "!rMB2S rx;H /2K r2D E- M
"Qr MB2 "2bxi 'rM — "!SMB+XxFQrv+? r bB2+BB3Q SAlLxM Qx/VB2!r
TQ+?Q/Mv+? TmMF+DB D2/MQbiFQr2D 2M2 ;BB bT" SeKiQ +B r bB
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X#B2SMQ W, ¥xBXi K "2r "iQ +B bFmMiFmMD2 TQrQHMvVK i'2MBM ;B2
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;- /IB2Mijrx [/ Ti +vDMVK /QbiQbQr MB2K F'QFm m+x2MB X

ey



aB2+B M2m QMQr2

U K#Vi K "v U#YQ# Mv T rB/ QrQ U+X#vi ImSvy
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IQHBM- MB2 x#B2; D2+ /Q QxrB2x MB r "Qxb2/MvK +x bB2X #v X
/IQ "2;m°v Fim HBx +DBrT Qr /x bB /r K2+? MBxKv, T /- FmKmHn
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eR



aB2+B M2m QMQr2

aTQb'!# Fim HBx +DB QBEKERMK rx @2k +x2 /r!+? ["Q#Mv+? FQ"
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"QV/I2M@6H2i+?22 @: QH/ TH@a@PMMOM QIv T x2x COBX B2 +Q/ H
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VOMM2F 9X@XrM MB2 x#B23SMQ +B a:.- /| K - G@"6:a Q" x bi> i2:BB
| KYG@"6:aM 7TmMF+DB _Qb2M# Q+F
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2H2K2MilrX@ oRXiQrQ QxM QMO x “!'rM MB8XRK
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P;!HMB2 #BQ 2+- F S/2D x FQM};m > +DB iQr "xvbxv T2rB2M F x
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8XKkX h2MbQ v Q/Fbxi ~+2-
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e
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SOxr H iQ xBMi2 T '2IiQQE T HRevv i2MbQ™ * m+?2wW2:@d:"22M
€e8-d¢-43-dj) r TQbi +B,
C=F'F; ¢c=B '=F "F '=FFT usxdyv
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X 'rMQ T x2//27Q K +D2-D FB TQ MB2D- Qi'xvKkmD2 bB x B+? B
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Q  x T'xvD iQ- S2 rtWxNTHBOIMER+v xXKB M Q#D iQ +B- T'xvDKmD2 1
(J>0X gvMBF Dbi2/- S2/QTmbx+x HM2 /272 KinfD 2 FiIQ XR«#B!"
QXM +x T x2bi x2-/Q/ iMBQ QF 2 HQMv+7PdidRNMhb'GE'9x B8e+;B2;Q >

eN
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BJ-gR-3X AM}IMBi2xvK HMv 2H2K2Mi TQrB2 x+?MB x r2° hQ 2K MQ
T'x2//27Q K +D2B TQ MB2D-rv' § bB D FQ,

dS=dSN; ds= dsn: USXRRYV

_Qxr S M2r+x2 MB2BXY3#DTIBRODEELKQSM Q#2+MB2r 7Q KB2,

dV = dS:dX; dv= ds:dx: USXRkYV

SQbFQ xvbisMBmxwbFmD2 bB ,

ds:dx = JdS:dX = JdS:(F ldx); UBXRjV

+Q TQ/ Hbxv+? T x2Fbxi "+2MB +? / D2,

ds=nds= J(F )TN dS = (Cof F)N dS = (Cof F) dS: USXROIV

PbQ#HBrvR2MQPQ D2 bB "QxF" /QrBSYeg-d@2Km (

F=RU =VR; UBXR8V

rFil"vR iQ Q' iQ;QM HMv i2MbQ  Q#°Qim Q D2/MQbiFQUVK rvxM -
Q % bi MQrB2 Q/TQrB2/MBQ T  rv B H2rv /Q/ iMBQ QF 2 HQMvV i:
rxQ KB,

— P — P
U=pC= FTF; V=pB= FFT: UB8XReV

h2MbQ;W;B;V M H2S3yhy - +XxVHB T x2bi"x2MB bvK2i'v+xMv+? /Q/ iME
i2MbQ !'r /" m;B2¢dmSymim=6) X .H i2MbBRQTr % Q#QrB2xmD2 irB2" /x2MB
bT2Fi° HM2,

X X
U= P, V= kP«k; UBXRdAV
k=1 k=1

T xv +xyKQxM +x D2/Q/ iMB2r iQ +Br~ bM2- M xvrPMBrwZmS2MB
Q# !+QMVKB r2FiQ> KB r” bMVKB Q/TQrB2/MBQ r FQM}:m > +DB TQ

dy
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M HQ;B+xMB2 KQSM M TBb E,

X( 2 ){( 2
C= 2p,; B = 20, USBXR3V
k=1 k=1

:/vC-U-B B/ "2/mFmD2bB /Q i2MbQ |r D2/MQbiFQrvE?2T 2BR2 Mi /-
X2MimD2 rv'2+xMB2 bxiviMv Q# !i- +Q QxM +x - S2 rvKB2MBQM?2 i2\
[127Q°K +D X SQb"m;Br MB2 bB i2MbQ™ KB D2/MQbiFQrvkKB /Q QTBI
D2/M F MB2rv;Q/M2-/H i2;QrT Qr /x bB i FB2 KB 'v Q/Fbxi "+2
Q/Fbxi "+2-Q/TQrB / i2MbQ QrB x2 Qr2KmX

S'XxVF" /2K i FB+? KB ~D2bi "Q/xBM i2MbQ 80 Q(¢-=3i, "+2MB a2

E(”>:1(un 1: USXRNYV
n

qgQ# #B2i2D Q/xBMV M mr ; x b m;mD2 i2MbQ " Q/Fbxi "+2- G
JHn=2-iER =E- ;/vS,

ds? dS?=dXTFTFdX dXTdX =dX'(C 1)dX = dXT(2E)dX: U8XKkyV

h2MbQ G ;" M;26 x TBbmD2 bB r TQbi +B,

h
FTF | :;(H+I)T(H+I) | =Z H+HT+H'H ; UBXKRV

NI =
NI =

bF2/- TQ T xvD +Bm rbT!HNK2D ¥QMIMBF+DR;:Q HBMBQr2 T xv#
biQbQr M2 r h2JSBH+XNHESJ- 8- ¢-g3X

8XjX :> /IB2Mi T° /FQ +B-i2MbQ T  /FQ +B /27Q K +DB- i2MbQ" b

L TQ/bi rB2r2FiQ° TQ"QS2MB +x2biFB +B ~ KQSM QF 2 HBE
bTB2bx2MB ,

_ GG vy 4 @O .
V= ot = x(X;t); a= ot = x(X;1): U8XkkV
“/B2Mi T /FQ +B /27Q K +DB,
L= ;" N(x;t) U8 XxXkjVv
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T 'X2Fbxi "+ ;" /B2MiF 2702 }Q AOPBR-?Q/M2 KE|2 B HM?2
E=LF: UBXKkIV

_QxF~ [/ D2+ ;Q M +x E bvK2i'v+xM2B MivbvK2i'v+xM2- Qi 'xvKmD:
T /FQ +B /27 XK XODBMbQ Wb BBRIM) -0 -d)),

D:;(L+LT); W:;(L LT): U8Xk8V

8X9X h2MbQ'vM T S2MB B !IrM MB !rMQr ;B

h2MbQ™ M T> S2MB *(xnt-?x623MBQr Mv r FQM};m™> +DB Fim HI
i2MbQ M T> $S2MB SBQHB @EB)+ /MB 20 BQMD/M FQM};m> +DB TQ
TQrB2x M2 b2 x HRB-M®- B,

nds= SN dS: U8XkeV
S'Qr /xBiQ/Q x H2SMQ +8B,
S=J FT=J *QF= *QF; UusXkdvV

/xB2=J QxM +x i2MbQ M T S2MB EB +?2?2Qz X
wb/vx +?2Qr MB T /m Q x KQK2Mim T /m- x TBb M2 r FQM}
T Qr /x2/Q HQF HMv8R-dOMg&-E3,

IBp+ = x; = T U8Xk3V
A+? Q/TQrB2/MBFB2K r FQM}:m 8YyD&IQ/MB2bB2MB b2 (
ASB+Ty= ox; SF' = FST; USXKNV

IxB2 bvKBEQHZ 2T 2x2MimD2 bB v Q#D iQ +BQr2 r Q#m FQM};1
X 'rM BXKNQF xmD2- S TDMI®I D2 MB2bvK2iv+xMv- /H i2:Q /.

dk
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bvK2i'v+xMv i2MbQ M T° $S2MB SBQHB@EB +??2Qz AA "Q/x Dm,
T=F!s UusXjyV

gT xvT /Fm [m bB@bx svVONK MV WBKN 2/ mFmD2 bB /Q TQbi +B,
AB+ =0 UBXjRV

SQrvSbx2 “!'rM MB2 'rMQr ;B-r> x x Q/TQrB2/MBKB r "mMF KB #
X ; IMB2MB2 # x2;Qr2 QxrB2xvr M2 r/ Hbx2D +x +B T +v K2iQ/?

FQM7X Fim HM

* m+?v
FOM7X TQ+x2iFQr U 27XV EE RN Ry F i X
= 1gpT S=J F T
J IsFT T
S SBQH EB‘+?+?Q = SFT { EB +?27Qz
bB" FinTQrXPSz Cof F ‘ =
T:FlFT/

T=F !SIS=FT

-
 =FTFT

T SBQH EB +7?7Qz AA
bB” 27X fTQrX 27X

_VbmM2F 8RKX+D2 KB /xvi2MbQ KB M T S2MB ri2Q BB /mSv+?

g MBMB2Dbx2D T® +v "2H +D2 FQMbivimiviM2 # /2 7Q Km"Qr M2
Firi2MbQ jr* m+?2v62;Q : 22M - +Q T Qr /IxBrbTQb;#M im  HMv
MB SBQHB@EB +??Qz TV mTBZ ;802X @2&2M2";2iv+xMB2 x T  rvKi2M
+?2v02;Q :@Q2ZM TQi x2#v B/2Miv}F +DB T ~ K2i'lrQ  xr2'v}F +DB
T x2HB+x M2 b2 M i2MbQ M T° $S2MB SBQHB®EB/ QPR Z DB rb>
M T S2MBm BMSVMB2 bFB2KmX h2MbQ  i2M TQD rB bB r/ Mv-
Gj) Q" xr M T S2MBQrv+?2r mMF +?2 # x2:Qrv+S?K BB} w@SAME Q" K2
L2m" H L2ivQ) s X

dj
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8X8X P;!HM TQbi E "2H +DB FQMbivimiviMv+? ?2BT2 bT> SvbiQ +

f2+xM2 x biQbQr MB2 x b / x +?2Qr MB T /m- KQK2Mim T /m- 2
Q/TQrB2/MBQ r FQM};m™ +DB Fim HM2D B Q/MB2bER KB T Qr
ed-«3-dj),

U= D= i{ D); oUu=S E= i{SE"); U8XjkV
rFil>v4?D2bi 2M2 ;B2 r2rM i ' DM2i2BMIBQ 2K T° /FQ +B /27Q K +DBX
FQrQ /2}MBmD2 bB D2/MQbiFQrax2M2 ;B bT > SvbiQ +B

1 1 1 .
= —W=-W-= D= E=_—T =T E; XjjVv
u ; 3 S >3 cC 3 ; U8Xjj

x Fil’2D- T xv x "QS2MBm rvbi “+x D2+2D '2;mH "MQ +B B “!SM
rvT Qr /x bB "2H +D2 FQMbivimiviM2 ?BT2 bT" SvbiQ +B,

; 5
@WF) |
& ,

@WE)  _, @WC)

I @ coor
USXjoV

H mT Qbx+x2MB i W KeFEBkZbi MQ /Q QXM +x2MB 7mMF+DB °
omK2Mi KB Q7 x /xBe3xBMdR Bd e X

S=r (W(F) T=reW(E)

8XeX _2H +D2 FQMbivimiviM2 D FQ TmMF+D2 MB2xKB2MMBF|r

g Q;iHMvK mD +Bm QH "~;mK2Mijlr 7TmMF+DB D2/ MQDbiFQr2D
"B "mBxQi'QTQr2;Q T2"MBE KQ;2i'xv MB2 2/mFQr HM2- BxQi Q
rvxM +xQMv+?2 M TQBDbX dB22iQ #VE M T XxVF~ /i'xv /QrQHM2 MB2
/IQrQHM2D KB “v/27Q K +DB #2/t Q/Fbxi "+2MB U 2+xMB2 xB+?r °
S mK2Mijr 7TmMF+DB Cla MB2 D2bi D2/MQXxM +xXM¥-B2/M2 F ;/v 7
rx;H /mM BMi2 T 2i +D TQ/bi rQrv+? MB2xKB2MM&F figFQ  xvbil
dj-d9-dse,

l,= iC=iB;
h i h i
I2=%(i‘C)2 iC? = i‘*(137=%(i‘B)2 iB? = i *@®7 usXj8yVv

l;=detC =detB = J?> O:

do
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SB2'rbxv MB2XxKB2NMiMBB2x Mv x bmK2 Fr /> ilr rv/"m§2= ;" IrMv+
2+ 2+ 2V B QTBbmD2 ‘2/MB2xKB M /"m;Q +B MBi2F K li2'B HMv+
D2bibmK2Fr /> ilrrv/"mS2-TQrB2=x$ZMBG¥Vv32WB +? ~ Fi2 'vxmD2
XKB M T!HTQrB2 x+?MB 2H2K2Mi!r K i2 B H;MV2RiXFh &2 #2BKM B 2>
D FQ#B =VdetF U;= 222%2=J2VB QTBbmD2 xKB M Q#D iQ +B 2H2K2Mi
S 'xvDKBDKv- S2 7mMF+D Clax H2Sv Q/ rT Qr /IxQMv+? TQrvS:

W(C)= W(B) = W(ly; I I3): UusXxjeV

SQ+?Q/M2 iv+? MB2xKB2MMB BR-EHQ-QMHEP," x 2

@:h @:h_] C’ @

=1, 1,C+C*?% usxijdvVv
@ @ 2 1 J

. m;B2 X JrXPUT "Qr /xB /Q xrB2xFm FQMbivimiviM2;Q x TBb M2;(
K i2°B H3B2gJ(-d4J,

T:Z%\/:Z I+ ,C+ 3C? ugXx;3v

IxB2,
1= 1+ 2li+ 3l 2= (2% 3l); 3= 3 UBXjNV

M iQKB birbT!"+xbMMBFB2 TQ+?Q/M2 7TmMF+DB C1la,

av

= = iz=1:2:3 Uu8X9yV
@l | Y

qQVFQ ' xvbimD2+ x¥B2X¥IFT r* x X irB2 /x2MB2K * vH2v > KBHIiQM - /(
bB /Q M HQ;B+xM2;Q xrB2xFm FQMbivimiviM28®-¢-QMd};m +DB

2
=3 1+ B+ 3B?; USX9RYV

/xB2,
1= 3ls; 2= 1+ 2l 3= o I = g U8X9kvV

d8
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8XeXRX _QxF" / Q#D iQ +BQrQ@BxQ+?Q v+xMv
T IB2Mi /127QFKT®D/BD2 bB KmHIBTHBF iviM2Km "QxF™ /QrB M b
+BQr2 Q x BxQ+é&d)dBtxM2 (

F=JYF;, detF=1: UusXx9jVv
6mMF+D Clax TBbmD2 bB ri2/vM bi TmD2+Q,
W=U I 15 d Uu8X99v
T Xxv +XxVK MB2xKB2MMBFB /27 Q el -+3 B Bov@-KhQD ¥ Qw2 [E (
;=3 1y 1= By ugxosv

2}MBmD2 bB BxQ+?Q ' v+xMv H2rv i2BbB5Q Bnr?2x62QQTQ @ 2 M
rB / D2+vkKB Km /2rB iQ KB,

Bp=B ili1; Bp'=B ' 1il,I: U8X9eV

WKB M XxKB2MBIXYR Qr /xB/Q xrB2xFm FQMbivimivirM2;Qr FQM};m"
!

u 2 @u U
-@y.,2 @BD gBDlz usxodv

@) J @ @:
S xvD +B2 bi Mm MEim0VHMR+ B2l x bQ#2UGBanM=2F (e3X
.Q/ iIFQrQ /2}MBmD2 bB BxQ+?Q 'V+xMv T  rviMb&3C m+?2vo2.
" xxD2:Q /2rB iQ  KBrFQM};m  +DB K i2'B HM2D,

DEVI=1 l1,c ' DEVC=C 112 21, CHh. Uugx93v

3

W=

M HQ;B+xM xKB M xKBNIMVv2ZXrB2x2F FQMbivimivrMv r FQM};
Ki2 "B HM2D,

! !
U ] U U U
s@U- 1, g 2spgy o @Y, @V 0OU. . USXONYV

T=J%
@J @ @ @

de
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ax+x2;17"Qr2 rvT Qr /Ix2MXVYERBXYRBB2bx+xQMQ r xRX 2w 2MB®&m
rB2MB2 "2H +DB FQMbivimiviMv+? rx H2SIMQ @B QWMEBBR2KEBRAME B 'R
BXQ+?2Q VHAMVA?2Xx2/bi rBQMQ r x KE+xXxMBFmM

8XeXkX EH bv}F +D K i2'B "!r ?2BT2°bT" Svbiv+?
'H 7mMMF+DB C1d8X¥®¥Qi+8TQr2 K i2 B "v ?BT2 bT > &9bi2 /xB2

€d,
VMB2 +B HBr2 7mMF+D Cla MB2 x H2Sv Q/ MB2xKB2MMBF Q-

W=Wp Iq; 15 U8X8yV

#VK "Q +B HBr2 7mMF+D Clabi MQrBbmK 2M2 ;BB Q/Fbxi "+
Q#D iQ +BQr2;Q,
W=Wp I3 1, + W@); UBX8RV
+V+B HBr2 TOQx# rBQM2 TQrvSbxv+? @XYMB+x2—-D FMTX U

8XeXjX Ji2 B "vMB2 +B HBr2

gKi2 B~ +? MB2 +B HBrv+? Q#QrB2xmD?2 rB xv,
J=detF=1 =) detC =1 " detB =1; Uug8XxX8kVv

TOQxQbi D2+2r x;Q/xB2 x x b /2 Q#B2FivirMQ +BX 6mMF+D Cla T
TQi2M+D "mM T> S2—-/H i2;Q x TQi2M+D "~ bT > Svbiv T'xvDKmD

Liglyd =W Iyl p@ 1) UsX8jV

rFi'"»0Q KMQSMBF G ;> M;26 miQSb KB Mv x2 “2/MBK +B MB2\
C2:Qr 'iQ EmxvbFmD2 bB /QTB2°'Q TQ "QxrB2x MBm FQ&BK 2iM2;Q
w7mMBXEBRi xvKkmD2 bB xrB2x2F FQMbivimivrMv K i2°'B "m MB2 +B

Fim HM2D, !
AL @Wsl : usxsgov
@, @,

dd
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8XeX9X SQ/birQr2i2biv/Q rB /+x HM2 K i2'B "jr MB2 +B HBrv+?

SQ"2+x2MB2 '2H +DB BXXNRinB nxi W B MB 2 +BXHWEFQr+/&B /Q
XrB2xF!r “2+x2+v+? M T° §2MB MQKBM HM2 x rv/"mS2MB KB T !#F|
i2bi +?2 /Q rB /+xjjHMMW+&)-dNX .H K i2°'B "jr MB2 +B HBrv+? +xvbi?
Q/ir 'x bB 2FbT2 vK2Mi HMB2 TQT x2x T |# "Qx+B2; MB - r Fi
Q/TQrB / D2T" bFB2Km bi MQrB Q/Fbxi "+2MB X

qvbi TmD2+2 riv+?i2bi +? M T> S2NMB? Mr@KBRFANMQr2D TB2 rbx?2
UMB2bVK2i'v+xM2;QV i2MbQ> M T  $2MBFSBEFHB@E B +PD D z
r jrM MB +? "IrMQr ;B7Q Km"Qr Mv+?r FQM};m  +DB Q/MB2bB2WN

VC2/MQQDbBQr2 "Qx=Bg2zs MBaU

;= 242 5 1= [%2+2 o usxssv
|
@W '

Siy = topq 2 ,OW QOW UsXxsgeV
@ @ @

#V.rmQbBQr2 "'rMQKB2 M2 [ ©x+B%= WB2 U

;=2 2+ % 1,=2 >+ % usxsdv
|
@W '
Su=S2=}—g ~=2 ., 0 %VM+ %@@VM USX83V
1 1 2

+Vxvbi2 +BM MB2 2 HBxQr M2D FQD2/MQQbERBQ§2 Q%4B2; MB2

l;=1,= 2+ ,%2+1; U8BX8NV
|
@w '
Su= o0t -9 , 2 OW QCW usXeyV
@ @ @;

.Q IrM BXB48XYBBX¥ybi rB bB "2H +D FQNBX¥DBmixrM2/ @
MB D2+ D2/MQ+x2 MB2 Q/TQrB2/MB2 MBRHIBXBIDM REISIBHKI +? Q "V +
dn
8XeX8X bT2Fiv BKTH2K2Mi +vDM2 r Jla

gqT Fivt2 Q#HB+x2MBQr2D FQK2 +vDM2 bQ¥HpAL auBR-UKXBM:
J +3RV biQbmD2 TQbi E K8 X@RnB#HBE2 WX BB 2viviMv "QxF~ / M
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Wp By rr "B M+B2 K "Q +B HBrvK mKQSHBrB QbQ#M2 i> FiQr MB
BQ#D iQ +BQr2D M TQXBQKB2 2H2K2Mim bFQ-+xQM2;Q- +Q D2bi
MB Q#D iQ HBOH®MKRUBY HPAPEM;r "B M+B2 MB2 +BNHBIRX +Xx" QN
rvbi TmD2-1 D2birvKmbx Mv T ' x2xrT Qr /x2MB2 +B MB2MB ?v/ (
/Q/ iFQr2D MB2rB /QK2D r x"Qr2D UKMQSMBF G ;" M;206 V- +Q rv
?2v# v/Qrv+?X

q iQ x mr SVE-S2 //viviMv "QxF~ /M +x EBxQ+?Q v+xM2B Q#I
MB2 mx b /MBQMvV rv 2+xMB2 /H K i2 ' BJ"MX HY BB HBK@IZb(bB #H 2

AY; - xKB M Fbxi "im T  rB2 MB2 rT"vr M Q#D iQ E B Q/r"
"Q/x D2 Q/Fbxi "+2—- KQSM i> FiQr E MB2x H2SMB2X .HBK i2'B "nr
i MB2x H2SMQ E x MBF MTX +xvbi2 +BM MB2-Fi!"2x/2}MB+DB
TQrQ/Qr "Q#vx mr S HM2xKB M Q#D iQ +B-+Q TQ/r S b2MbQrMQ
Q#m +x"QM|rX

8XdX;!HM TQbi E '2H +DB FQMbivimivrMv+? ?BT2°bT" SvbiQ +Br
T" bFB+?

q rB2Hm x biQbQr MB +? BMSVMB2 bFB+? i'!DrvKB "Qrv QTB
mMT ' Q +BE-bT Qr /x D2+ ;Q/Q x ; IMB2MB T" bFB2;QX qv' !SMB
T/FB, T  bFBbi MM T° $2MB USaLV-r Fil'vVK D2/M x ;"'rMv+?r |
irM x2 m-Q  xT" bFB bi M Q/Fbxi "+2MB USaPV-r Fi]'vK x2 Qr
Q/Fbxi "+2MB293-eB-HIX g MBMB2Dbx2D T  +v QXxT i mD2 bB rv
bi MM T° S2MB - Fil'vbi MQrBM im> HM2 x "QS2MB2 x "!rMQ /H
#' +vDMv+? M +B2MFB+? T '#F +? D2/MQQbBQr2;Q 'Qx+B2; MB
+Xv +xvbi2;Q +BM MB DFB/H rbT|"+x2bMv+? K2iQ/ TQKB "Qrv+
FQ'2H +DB Q#  xm.B;B¥-H MKX;2 *QV3Z9Q BBQMxB2 H2/xQM D2b
X Xrv+x D /27Q K +D 2H2K2Mijr-r Fi; v+? D2/2M rvKB ~ D2bi xN\
TOXxQbi "v+2?X

8XdXRX S” bFB bi MM T S2MB

q SaL i2MbQ M T° S2MB * m+?2v62;Q T'xvDKmD2 TQbi E,

=~+0n n; U8XeRV
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:/xB2D2bi T~ bFBK bvK2i"v+XxMVK i2MbQ QXHIM+ X " rEEMB r~ bMv bi Mr
M T S2MB Q/TQrB / D2+v x2 ' Qr2Km M T S2MBm ;" !'rM2KmX

qx ; /IMB2MB +? T~ bFB2;Q bi Mm M T> S2MB 2T '2x2Mi +D K
/IB2Mim /27Q K +DB T 'xvDKmD2 TQbi E,

2
I:ll I:12
Ele Fa2 ? UugXekV
:/xB2 D2birv/i"mS2MB2K r FB2 mMFm MQ K HMVK /Q T~ bx+xvxMv /:
T " bFB2;Q ; /B2MinF/Q%@ kxFBwdetF- rQ#2+ +x2;Q,
J=detF=J g ugXejV
G2rvi2MbQ  * m+?voB;QFF2ZMVvDKmMD2 TQbi E,
B=B+ 3n n; B'=B ' ;%n n; usXxe9V
IXBR=FFTX AXxQ+?Q Vv+XxXMvVv H2rv i2MbQ  * m+?2v62;Q :"22M /2}MB
B=J ¥B; B 1=J¥B % Uugxe8V
.2rB iQ'Qr2 +x +Biv+?i2MbQ|r
Bp=B i(iB)I; Bp'=B ' i(iB Yl U8XeeV

SQ/bi rB BX®AQWBX¥Bi xvKmD2Kv bBs QOrk H /i2MbQ > BxQ+2?2Q \
M2;Q,

Bz=J > 2 iB=J2>iB=J * iB+ 3: usXedV

ai2/ x8X¥ebF” /Qr /2rB iQ Qr rFB2 mMFm MQ K HMvVK rvyMQbB,

(Bp)ss=Bsz 1iB=J2 % 132 iB+ §=1322% iB: UBXe3V
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M HQ;:B+xMB2 /H i2MbQ  Q/r QiMXpI-QBB¥IBi rB D2+ U

By = J%° ;% iB '=J¥iB =37 0B '+ ;7 UsXeNV
bF2/,
(BD1)33: 8331 %I\B 1_ J2:3 32 %J2:3 I\B 1+ 32 — %J2=3 2 32 I\B, 1 :
ugXdyV

gT Qr /x D2+ M bi TmD2+2 rbT}|"+xvMMBFB,

@Vu 2 @V 2 @V
= = = - =" = - =" USXdRV
°T @J G T @,
"2H +OXWHXx TBbmD2Kv r xr "i2D TQbi +B,
= ol+ 1Bp+ 1By UusXxdkV

SQ/bi rB D2+ "Q&¥®¥QVIx=T+n n /QBX¥K Qx/xB2H Kvi2MbQ M T S
M +x ET" bF2BbF” /Qr2 MQ 'K HM?2,

= ~+ 33N n; U8deV

/IxB2,
~= of+ 1 (Bpk+ 1(Bpk usXxdov

D2bi T" bFBK i2MbQ 2K M T® S2MB - x

3= o+ 1(Bplast+ 1(Bpss: usXxdsv

H +BbBokBl Byl QxM +x D2 #HQRB AV IFB2iQ !r i ' |DrvKB "Q@
rv+?-iDX,

h
(Bp)k=J ¥ B iB+ 21, UusXdeV

Wl

h i
(BDl)k:JZZSB-l % B 1, 32]"; usXddV

+Q "ISMB D2 Q//2rB iQ !r/rmrvkKB "Qrv+? i2MbQ" T" bFB2:;QX
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g mMM2F SaEOQ0 xrvFQ xvbi 9BEBBBKYY D2 "IrM MB2 M
ot 133 7225 iB + 13322 iB!'=0; J=Jg3 UBXd3V

_QxrB2xvr HMQ E M HBiv+xM i2;Q “!rM MB x H2Sv Q/ T xvD i.
aiQbmD2+ Jla " BAKWBRXrB2xmD2 bB Bi2° +vDMB2 UMTX K2iQ/2 L2ri
rF SIVK TmMmMF+B2 + "FQraBEK : mbb (

SQ rvxM +x2MBWHBiv+XxMB2 Hm# MmK2 v+xMB2V #m/mD2 bB T
[27Q K +#®B8+Q TQxr H Q#HB+XxVE rbxvbiFB2 bF~ /Qr2 M T S2MB
"Qr2BX®kIQSM !'rMQr SMB2 TQb mSVE bB #2xT@XHEODBRQ TQbi +
X TBbv/ D2B/2Miv+xMv rvM:BP-OZONI B2rSSx ;r ° MiQr M2 TXx2x /Q#

M HQ;B+xM2 IrMQr SMQ E KQSM rvF x E/H i2MbQ" M T  S:
A Q/xPEm F TX EQ xvbilIe¥k8X¥jT" bFB i2MbQ  i2;Q M T S2MB K
x TBb ED FQ,

S= 3J~F ": USXdNV

H K i2'B "m MB2 ¥BINBr2TYxB=T- r mMBXY¥B2bi bT2"MBQMv
iQSb KQ +BQrQ T'QEDKmMD2 KMQSMBM)G 2HBKBMQr Mv H;2# B+)
X IrM MB=0X _2H +D FQMbivimiviM T xvDKmiB2 rir+x b TQbi E (

@UuU @UuU
= p|+ 1B+ 1B l; 1:2@; 1= 2@, U8X3yV
/IxB2 +B MB2MB2 rvxM +XxxplEFEB ,xr mMFmM
p= 1 5+ 1 3°= 1T+ J% UBX3RV

SQ TQ/bi rBE2XPBROBXYP " X rvFQ xvbi MBmB ©»FF J!4n n -
BI=B'+J2n n Qi'xvKkmD2 bB T" bF2 '2H +D F@MbivimivirM2 Sal {

~= T2+ P r+ B+ B Uu8XxX3kVv
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SQ T x2Fbxi "+2MB +7?- x biQbQr MBm irB2 /x2MB * vH2vd >
T bFB+H2Z J2B Rt - Qi'xvKmDAKvV (

~= 4 J%*+ ¥ r+ 4, 4 J?%B: U8X3jV

qQVFQ xvbi MB2 rB xm MB2( 4B)HBIM #B - S2r SaL 7mMF+D 2M:
KQSM mx H2SMBE rv"2+xMB2 Q/ /r!+@R, iQ +Br~ bMv+? (

U 1; , =W 4 5 2, U8BX39V

"IrM2 M T° S2MB SBQHB@EB +?2?Qz A "Q/x Dm T xvDKmD2 ri2/v

51:@; 52:@: Ug8X38V
@ @:

6MMFHD; ) D2bi TQM /iQ +B H2 rvITmF~ ri2/v-;/vK +B2 x,

2 @U 3

@3 @1@z§
§ @U @U Uu8X3eV
@.@, @3

TQxQbi D2 /Q/ iMBQRENXK HRBI2D "2bi vVF+VvDMvK r mMFB2K D2
rb2MbB2 .°"m+F2° K i2'B ~MB2 +B HBrvmxM D2 bB x bi #BHM
7MMF+vDM D2bi/Q/ iMBXNRF 2 HQM (

‘@  ,@Uu @u °
ey 1 2
E@l ' @? ‘e.@: UaxX3dy
@, ,@u

@1@2 ‘@, ‘@3
8XdXkX S™ bFB bi M Q/Fbxi "+2MB

g T bFBK bi MB2 Q/Fbxi "+2MB USaPV BxQ+?Q v+xMv H2rv
+?2v62:Q :"22M T xvDKmD2 TQbi E

B=B+n n; Uu8X33V
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/XBR2 D2bi T" bF2 UbVvK2i'v+xM2V +x QuxBE #XMbBBFiQ  MQ K HMvV |
T bx+xvxMv Q/Fbxi "+2MB - Q/TQrB / D2+v D2/MQbiFQr2Km rv/~
.H Ki2'B "jr MB2 +B HBrv+? rr mMF +? SaP i x2+B BxQ+?Q "\
rvi"mS2MB ryMQbBr mMFm MB2 +B=HBmMMBBE - S2 Q# BxQ+?2Q v+
MB2xKB2MMBFB b2 bQ#B2 "|IrM2,

li=1,= 2+ ,%2+1: U8BX3NV

6MMF+D 2M2 ;BB Q/Fbxi "+2MB “2/mFmD2bB x i2K /Q x H2SMQ -
g MBMB2Dbx2D T +v T xvT /2F SaP MB2D2bi/ H2D QxrBD Mv-T
FQ 2H +DB Q# xm M +B2MFB+? T |#F +?2 Q/TQrB / D2r "'mMFQK .

8X3X gvK ; MB /H KQ/2HQr MB "2H +DB FQMbivimivrMv+? bi rB
J2+? MBF P "Q/Fir *B2;"v+?

*2H2K KQ/2HQr MB FQMbivimiviM2;Q ri2Q BB bT"> SvbiQ +B |
TQKB /xv Q/Fbxi "+2MB2K rvrQ vr MvVK T x2x MB2 M T> S2MB2K r
T xvbT2"MB2MBm bx2 2;mrvK ; —bi rB Mv+? TQi2M+D "QrB bT"
(NRX g MBMB2DbxvK "Qx/xB H2 xQbi M2 QK|rBQM2 i2 rvK ; MB Q X
K2iQ/vB+? bT2"MB2MB X
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uv u#v U+Vv ]
aT!'DMQ E i2 ' KQ/VM KBwK®'B M T° S2MB i2MbR¥B2FiviMQ E Cla
s= @W T m+?v62;Q W(QF) = W (F)
@ =T 8Q 2 O(3)
u/v uzv ] u7v
avK2i'B K i2'B HM LB2mD2KMQ E 2M2 ;BB "'mM2F rx Qbim
W(FQT)= W(F) W(F) 0 Q#D iQ +BQr2;Q
8Q 2 0(3) W(F)!'1 /v,
Jri_ J! o
u;Vv u?v _UBV ]
g mM2F MQ K HBx +@BaM2EBBY) K HBx +DB M TS@HABrvTmF Q E
W()=0 S()=20 W rvTmF 2 rx;HX

F -cof F RletF

_VbMM2F &%XRK iv+t+xM2 T x2/bi rB2MB2 ivTQrv+?2r mMF|r/H TQi2M+I
BM T R (

8X3XRX aT!DMQ E i2 ' KQ/vM KB+xM

_2H +D2 FQMbivimiviM2 ?BT2 ' bT> SvbiQ +B Kmbx2 #VE bT!DM2 »
gT Q+2b +? BxQi2 KB+xMv+? B /B # iv+xMivB2RIM2ryB ; rRir@® +# Bx M
2M2 ;BB brQ#Q/M2D >2HK?QHix - x + "FQr2;Q #BH Mbm 2M2 ;|
X +?2Qr MB T /m- KQK2Mim T /m B K bv Qi ' xvKkmD2 bB Meli TmD2+:

38



a7Q Km"Qr MB2 x ;: /IMB2MB #°x2:Qr2:Qr K +? K2+? MBFB Q

@B,
W=tr( D); olL=tr( STE): USXNyV

qT ' Qr /x D2+ TQD +B2 D2/MQbiFQr2D 2 W2 BBoB @Im 33 HY F BHW
X b/ x +?2Qr MB oK bv x H2SM@MTUxvDKmD2 TQbi E,

\Al=jtr( D)=tr( STE): USXNRYV

w HQF HM2;Q b7Q Km™Qr MB x b /v x +?2Qr NBBXMRMR [BB K2 +"
bi i2+xMB2 "2;mH "M2D 7TmMF+DB Cla K i2°'B "m DXWNMQDBQ/M2;Q
TQi2M+D "2K/H M T> S2—-ixMX,

@w

S(F) = @gf); T=2 USXNKV

AbiMB2MB2 T®XMk+D MimD2- S2 M x KFMB ivK +VFHmM /27Q K +L
2M2 ;BB D2bi x2 Qr , |
tr(TE)dt=0; U8BXNjV
+Q bi MQrB 7mM/ K2Mi HM2 "'SMB+ KB /xv ?BT2'bT" SvbiQ +B
:’22M V. ?2vTQbT SvbiQ +B2BANMBD ' HWMM2FB MB2 D2&3Jd-bT2"MB
dR X

8X3XkX avK2i'B i2MbQ> M T > 82— * m+?2v62:Q

h2MbQ ™ M T S2— * mD>2hibBY®2i v+xMv- +Q rvMBF #2xTQ “2/M
X +?2Qr MB KQK2MIim T /mX w Xx b / x +?2Qr MB T /m B KQK2Mim
Fim HM2D Qi xvKkmD2 bB M bi TmD2+2 HQR+¢Md2 |rM MB " |rMQr

dv +f = u: = T UBXNIV

;/xBf2 QxM +x bB"v Q#D iQ BBRE+B ~ r FQM};m  +D8 Fim HM:
T 'xvbTB2bx2MB2X
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8X3XjX P#B2FiviMQ E 7TmMF+DB Cla B bvK2i'B K i2°'B HM
gvK); Q#B2FivirMQ +B Q xBxQi'QTBB K i2'B "mM 'xm+ M 7n
r mM2F,
W(E)=W QEQT' ; 8Q 2 O(3); UBXNS8V

rril  vKi2MZQU2H2K2Mi KB ; mTv T x2Fbxi "+2—: HBH2mbx - Q:
B Q/#B+B HO(®)irxi M2rvKB "Qr2D T x2bi x2MB 2mFHB/2bQr2DX q "
MQr SMv "Qx/xB2HM2Km bT 2" MBEMBW(QRBRFikviEMKR2 *BB K i2°B HM
W(F)= W(FQT) (3 dy-dj)-d9X L KQ+vr "8XNBnx irB2 /x2MB Q bF H "M
BXxQi'QTQr2D 7mMF+DB i2MbQ Qr2D 7mMF+D Cla x H2Sv Q/ i 'x2
i2ZMbQ- MTX,

W(E)= W(trE; trE% trE®) = W(N;); i=1;2:3: U8BXNeV

SQ/bi rB2MB2 TQrveS®2QQ /®B /Q xrB2xFm FQMbivimiviM2;Q ?BT2"
Ki2’B "mBxQi QTQr2;Qr QTBédBAKAI-&eMMVK (
8X3X9X g mMM2F rx Qbim

.Q/ iFQrQ-"Qxr S bB “!SM2 Q#HB: iQ°vVDM2r "mMFB-x Fil"v+?2 \
D2bir mM2F rx Qbim Q#D iQ +BQr2;Q,

W(6!1 rKB > D(@E! 0 _ JI1 ) USXNdV

+Q rvMBF x Q#b2'r +DB- S2 +B "Q K i2°'B HM2 MB2 KQS2 xQbi E
+B "!IrM2D x2°Q MB "Qxbx2'xQM2 /Q MBXbaxG x 2 x'GIMBR G# DQi® v
T xvT /2F xM +xM2D FQKT 2bDB Q#D iQ +BQr2D- TQMB2r S KQS
X F'2bB2 T FivtxMv+? x biQbQr — BMSVvMB2 bFB+?X

8X3X8X g mMM2F MQ'K HBx +DB B MB2mD2KMQ +B 7TmMF+DB D2/
bT> SvbiQ +B Q  xr "'mM2F MQ'K HBx +DB M T S2-

g MB2x/27Q KQr M2D FQa#}ANT vBBIMD ¥VvE bT2 " MBQMR HBI@M F B
x +089-NR

W(6= A=0 Q xa6= A=y UBXN3V
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/[H Q#m, TmMFDB D2/QbiFQr2D 2M2 ;BB bT> SvbiQ +BB M T  S2-
brQ#Q/M TQrBMM rx  bi Er F S/IVK T xvT /Fm-;/vTQD rB bB /
QT !+x 'rMSMBRB2mD2KMQ E 2M2 ;BB QiB\W6 "8I\Bi rvK @

M X

8XNX SQHBrvITmF "Q E

8XNXRX qvTmF"Q E

6MMF+B2H2 ryRKniIP &IMBF HM2 U;HQ# HM2V KBMBKmMKX SQrbi D:
I'rMB2S mSVi2+xM2 x }xv+xM2:Q TmMFim rB/x2MB \ #v T xv:QiQr
IrmrvKB "Qrv X9BwW#B| i2M D2birvTmF v- ;/v

x1+(1 )Xo 2 K; 8X1:X2 2 K; 2 [0; 1} US8XNNYV

qmbD +Bm ;2QK2i'v+xMVvK /2}MB+D i birB2x{xX, $2BZ+BNBDE ~2+x2+
gqT xXvT /Fm x#BQ mrvTmF 2;Q D2/ MQrvKB "Qr2;Q Hm# /xB2rB +
r BXNM H2Sv Q/TQrB2/MBQ x bi2TBE bF H > KB Q™ xi2MbQ" KB/

U W#B] rvTmF v U#W#B| MB2rvTmF~ v

_VbObMM2F &QXrM MB2 x#BQ mrvTImF~2;Q B MB2rvTmF"2;Q, U V

q T xvT /FmbF H "M2D rvTmF 2D 7TmMF+DB \@MXQHQBEMQ MBX 7
Q/; IB2Mim /2 FQ X2dMBQr M2;Q M /xB2rB +BQrvkKB "QrvK x#BQ
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R¥3-x +?2Q/xB- T®XE "vbX

W( Fi+(1  )F2) (F)+ @ ) (F,) 8FiF,2R%®3 2[01] US8XRyyV

_VvbmM2F §X8X¥F"Q E Wi(M)F+DB

C2S2HB MH{(MFBDPbi "'SMB+xFQr HM - r "mM2F rvTmF"Q +B T .
TQ X 8

W(F) + S(F) F W(F+ F) 8F; F2R*?3 USBXRYRV

I xB3(F) = %";F= F;, F=F, F:X.H 7TmMF+DB +B H2 rvTmF v+?r
BXRYR +?Q/XBxXMXFKB biboT " ¥y6 F, B 2 [0;1] X

_VbmM2F gx@¥xF"Q E "!SMB+xFQMWHMI2D 7TmMF+DB
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Hi2 M iviMB2 Ur ‘'mM2F KQMQiQMB+xMQ +BV KQSM x TBb E

8

2 0 UrvImF Q EV L.
(S(F2) S(F1) (F2 Fi) 8F;;F,2R*3%  UBXRykV

>0, U +Bb” rvTmF"Q EV

C2SWHB2bi /rmF QiMB2 "'SMB+xFQr HM - “'rMQr SMvr mM2F rv’
D FQ
8
$ 0 UrvTmF"Q EV @
; W (F) .
FA F 8F: F2R®3 A= : U8XRyjV
5 T T yi

>0, U +Bb” rvImF"Q EV

+Q bi MQrB rvK!; /Q/ iMB2D UT!"VQF 2 HQMQ +B A2MbB2KMB2DOMQ
D2/M Fr "mMFmrvTmF Q +B MB2 KQSM biQbQr E-TQMB2r Sr”~ bM
XM D# “/xB2D #2xTQ "2/MBKB rvK ; MB KeBRYXv+xMVKB UTQ X MT.
W#BfIF jdetF > 0g- T'XF2R33 MB2 D2bi rvTmF vX #viQ xBHmMbi Qr E
bB T 'Qbiv T'xvF~ /X .2}MBmD2 bB /r ;" /B2Miv Q/Fbxi "+2MB ,

F,=diag(1;1;1);F, =diag( 1, 1;1); T xdetF; =1;detF,=1: UBXRyY9V
A+? rvTmF~ FQK#BM +D=HBMRQr /H

F=1F,+ lF,=diag(0;0;1);  detF =0: UBXRy8V

NI

ai2/ rT°Qbi rB/ detFS/H FQK#BM +DB rvTmF 2D KQS2 bT E /Q x2
ryvTmF~Q +Bfk#&0F m0g X
LB2 /2Fr iMQ E x "QS2MB rvImF"Q +B TQi2M+D "m bT"> Svbi?2

rx +?2Qr MBm D2/MQ Q/M2D- BxQi"QTQr2D- K "QN4E WB{SBymKQ
TQMBSbx2 TQbi E/27Q ' K4#+DB,

1 0

F! Bo , USXRyeV
0 0 1
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_Qxr $ D2+ 7TmMF+D D2/MQbiFQr2D 2M2 ;BB bT  SvbiQ +B D FQ,

# !
1 1
W(F)= W(detF)= (detF)’+ ——— 2 = 224 2 1:
(F) ( )= ) (detF)? A
USXRydV
Qi xvKmD2Kv,
W(F) ry =05 lim WEF)=+1; lm W(F)=+1: U8BXRy3V

mK D2bi K i2'B "2KT rB2 MB2 +B HBrvK- r xrB2xFm x ivkK ; Q

U MVF 2br "birB+Qrv U#YVF 2b i |DrvKB "Qrv

_vbmM2F @&BR2XvTmF™ 7mMF+D Clar; T'QT@XWRJaRw1rM MB

bT> Svbi2D- ;/vBHMx»wWWB2 Q/#B2; Q/ D2/VMFBX EQMim v T x2/b
2M2 ;B2 b2r Fbxi "+B2 # MBMOIUAT X/ XxvbX+ Q#B2 bi " QMBXNRBR | rMQ
TQ/bi rB Kvr 'iQ +B D2/MQbiFQr2D BB XRAHB HIT ¥ SmMBi +B U V-
U"Vv B U*V &XEPK XvKmD2Kv rir+x b,

W(Fc)= W diag £; ;1 =10:44
h i i
IW(Fa)+ W(Fg)l= : W diag 3;41] +W diag 4 3;1 =0; UBXRYNV

W (Fc) =10:44> 1[W(Fa) + W(Fg)] =0;

+Q M mbx r MM2F rvTmF " Q +BX LQi #2M2WBXHR@R Fml x2 " |rM
TQrbx2+?MB2 biQbQr M2 D2biD FQ7Q K efypYM HBx +DB Q#D iQ +
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q HBi2  imx2 TQ/F'2 H bB -S2TQ"2+x2MB2 x b / Q#B2FivrMC
"B HM2D x rvKQ;B2K rvTmF"Q +B Cla T Qr /xB/Q bx2 2;m MB2"
KQSHBr2r 'iQ +Br> bM2 M T S2- EB +??Qz XwD2/M2D bi'QMv
rx;H /2K Q# QilrrvK ; - #v 2M2 ;B MB2 xKB2MB ~ r x8M8MQ +B C

X/°"m;B2D bi' QMv rvTmF"Q E 7mMF+DB 2M2 :BB M F~ / “2bi VvF+
i2D 2M2BXBRB/RQ T x2F" / bB M MB2KQSMQ E rvbi2TB2MB T2rMv+
r/r'+? "!ISMv+? FB2 mMF +? ;"'rMv+2X g T> Fiv+2 QxM +x iQ-S2T
+x2bM2D rvTmF"Q +B B T2"M2D Q#B2FiviMQ +B Cla KQSM mxvb
X +?2Qr MB K i2'B "'m- bx+x2;HMB2r bi M +? +xvbi2;Q +BbF MB

SQM /iQ +B H2rvTmF 2 7mMF+D2 Cla TQbB / D2+Q M DrvS2D D
i +B2 MMB2KQSHBrB rvbi2TB2MB2 xD rBbF mi > ivbi i2+xMQ +BX

8XNXkX Zm bB@rvImF " Q E

LB2KQSHBr2 D2bi mrQHMB2MB2 2M2 ;BB x D2/MQ"Q/M2;Q +B ~
+B "Q D2bi mMMB2 m+?2QKB@X 2HV K#iXx28 3?2 PBT2 bT  Svbiv+? i2M r
KQSM x TBb Er TQbi +B,

z,z z z B
S Edvdt = OW(F;t)dV BOW(F;to)dV 0; USXRRyV

to Bo B

T'xvx "QS2MBm- S2 r +?2rpHB+PQ¥xBFF I BRIW (F;t))= W F Q x
X +?2Q/x2D2/MQ ' Q/M2r mMMFB # x2xQx XM ™MQAB B+?2H2i

H Q/TQrB2/MBQ "2;mH "M2;QVI'QRCEAFIiQ QM2@ M x#BQ x2
Q Q#D VQB+B /B2Mim /27Q K +DB T xvDKmD2+2;Q TQbi E,

F=F+GRAD v(X); F 2 Lin® UB8XRRRYV

TQ TQ/bi rRB2AVREBRRB XRBY2 x +?2Q/xBr mM2F [m bB@rvTmF Q -
Clae®-dR-N)-ND,

Z
3 W (F + GRAD v(F)) dX  W(F): USXRRKV

g MM2F [m bB@rvTImF"Q +B KmbB #VE bT2"MBQMv YH MBR2ZQHM 2
D2birvkK ; MB2K HQF HMvVK- /Qiv+xv Q; MB+xRik/2r, QmxMRE i&dM m M
D2bi /Q E bFQKTHBFQr MXNBR r2 v}F +DB(

N k



a7Q Km"Qr MB2 x ;: /IMB2MB #°x2:Qr2:Qr K +? K2+? MBFB Q

8XNXjX qvTmF"Q E TB2 rbx2;Q “x /m

U +Bb” VIvTImF Q ETB2'rbx2;Q 'x /ImK i b K2TQbi E-+Q Q;!'H
+BMRYRi2 ISMB+2- S2,

F,=Fi,+a b; 8F;2R®*3 8ab2R3nfog USXRRjV

gbi rB D XRRQ BXRAYI XvVKmD2Kv TQ T x2Fbxi "+2MB +? Qi XxvKm|
U +Bb 2DV rvTmF"Q +B TB2 rba2) X SHETR:H 32K, Q r2--i Q"
TQ X 83bX

W(F+ a b)) WHFE)+ [W(F+a b)) W(F); 2[0;1] U8XRR9V

_VbmM2F 8X3¥F"Q E 'x /m T TB2 rbx2;Q /rmF QiMB2 "Wy MB+xFQr HM?2

gbi rB D BXRRQ BXRYER XvKmMD2Kvr mM2FrvTmF"Q +B TB2 rbx2
TMMB+DOBIF QiMB2 "!SMB+XxFQr8XwW2D- TQ X “vbX

W(F)+ S(F) (a b) (<) W(F+a b): USXRRS8V

Nj



a7Q Km"Qr MB2 x ;: /IMB2MB #°x2:Qr2:Qr K +? K2+? MBFB Q

_VbmM2F &XNXF"Q E "x /m TB2 rbx2;Q "|SMBMEFQr HM2D 7TmMF+

ai2/ i2M8E@EmMbB #VE 7TmMF+D2 KQMQiQMB+xMB2 "QbM2+2 rx;H /2K
X ImTB2 rdxBXQq 2bx+B2- M H@BER¥NVBMBXD /H 7mMF+DB /rmF
'SMB+XxFQWKRNIw+PBbmD2 bB D FQ,

@W(F).

G USXRReV

(@ b) A(F) (@ b)(>) 0  A(F)=

Fil>2 M xvr bB r "'mMFB2K G2;2M/ 26 @BXRREDH CTHD2HBBH M
MB2 !'rMQ E i QV(F)MA®RDMB r "mM2F bBHM2D 2HBTiv+xMQ +B- F
/Q x/2YMBQr MB /Q/ iMBQ QF'2 HQM2;Q i2MbQ" Fmbiv+xM2;Q-
"X2+XVrBbiv+? T /FQ +B 7 HDbT > Svbiv+?X

gT Fiv+2T2"M2rvF x MB2 TQHBrvTmF"Q +B M HBiv+xMB2 #vr
bB i2biv MMK2 v+xM2 bT  r/x D2+2 FQM B 2 NyMeer N IXMER MET m F
X K2iQ/ D2bir2 v}F +D ixrMF@MFEN+QMIZMBiIQ +B R@ x /Qr2DV-
D2bi BKTHBFQr Mv T x2x TQHBrvTmF"Q EX SQH2; iQM bT  r/x2MlI
bi M!r /127Q K;;FDBQ 2+xQMv+? /27Q K +DR,xFim &R BixKM2 ;B
bT2"MB MB2'!rMQ ErvIimF Q +B,

W( Fi+(1 )F2) W (F))+(1 YW(F2) 8 2[0;1} UBXRRdAV

qT Fivt2x KB bi/QrQHMv+? /27Q K +DB rv#B2° bB 2T 2x2Mi
+2MB - Fi!l’2 M D+x +B2D mD rMB DW# [F BRHB/IVT®F EB+8B B-B2S:
S xVF" /QrQ-i2bimD2 bB +xvbi2 +BM MB2- T'Qbi2 +BM MB2 +xv
"Qx+B2; MB2X q D2/MQT "~ K2i v+ W D+RQ2TOMIE+D F?2° K2i'm /27Q"

N9



a7Q Km"Qr MB2 x ;: /IMB2MB #°x2:Qr2:Qr K +? K2+? MBFB Q

TQrBMM #VE rvTmF~ UD2D /" m; TQ+?2Q/M rx0ONXZTRiB:BXxM DB b
FB2 mMM2F- r'VEiDalki MB2rvTmF~ UiDX BbiMB2D2 x F'2b T ° K2i'm- ;/
bi D2 bB mD2KM Hm# 7mME+D K Fbxi "i rEH b vV- QxM +x iQ M

8XNX9X SQHBrvTmF"Q E

ax2 " QF FH b x ; IMB2—- #x2:Qrv+?ri2Q° BB ?BT2 bT> SvbiQ +
XVFm M HBxv 7mMF+DQM HM2D-/H Fi; 2D m/QrQ/MBQMQ irB2",
QTB2 bB M TQHBrvImF v+? TQi2WBXD6Mm MEHD " BY¥MMQEHBEQr 1a
D2bi TQHBrvImF" - D282HB rvTmF~ D2bi D2D "Qxbx2'xQM TQbi

W (F) = W (F; Cof F: detF); USXRR3V

;/IxB2 /IxB2/xBM2 i2D TmMF+DB D2bi /xB2kiB iMnbi@¥KB "Qrv X
(NNRyWYX Qxbx2 x2MB2 /xB2/xBMv TQi2M+D "m bT> SvbiQ +B D2
TMMBAEB i2MBFQZ Lin* M H2Sv /Q MB2rvTmEA2 QIR M2 Fivryv
K i2K ivtxM2D i2Q BB ?BT2°bT" SvbiQ +B M HBx TQHBrvImF"
+B HBrv+? QF xmD2 bB rv;QA8NB\ADBDSK rrTT QT +#Bm 7 m8DESM B C1la
HmM8X8y/xB2/xBMB2 MB2xKB2MMBF!r /27 @ 3K ¢ DB B X B 2 2 R BR-AKWER DE
/27Q K +DB BXxQWXIBBM2D xmD2 rvTmF QF2BG BMH @afk 2
GBMX

qrB2HmM T xvT /F +2 T x2/bi rB2MB2 TQi2M+D "m bT> SvbiQ +B
7TMMF+DBirB M HBx "2:mH "MQ +B TQi2M+D "m bT > SvbiQ +B- xr’
i*x2+? TMMF+DB BxQi'QTQrv+? x H28Mv+? Q/ D2/M2D xKB2MM2D

W(F) = W(F;CofF;detF) = W;(F)+ W,(Cof F) + Ws(detF) USXRRNYV

S'xv # / MBm TQHBrvT mWE(R) -+BQAWM B2RBQ "2/MBQ rvFQ xvbi E
i2Q 2iv+xM2 M HBxv 7mMF+DB rvTmF v+? D)/@2E2 KKBRMOI2 5 X
TMMPBM D2 rvTmF 2 rx;H /2K Q/T QrB2/MmB-€6f Kk KB 2ddti >+ 0 -

+Q +XWKMFB 7mMF+D2 TQHBrvTmF 2X g T Fiv+2 i2Q 2iv+xM2 KQ/2
X Xrv+x D Q;° MB+x D2bB /Q SHRENDBR 7/Q " MBR®2+x +B2D biQbQ
TMMF+DB rvTmF v+? T Q8 XNRR2Ch3aA (g BR->XAN- R y)X
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a7Q Km"Qr MB2 x ;: /IMB2MB #°x2:Qr2:Qr K +? K2+? MBFB Q

h #2H 8XRXVF™ /Qr2 7TmMF+D2 rvTmF 2 D2/ M2RxKB2MM2D- 1t/

6mMF+D2 rvTmF 2 rx;H /2K,
F CofF detF=J> 0

kFk?; 1 kCofFk?; 1 J; 1_<0
I, (trC)=kFk?®; 1 1, (rCof C) =kCofFk?; 1 InJ; J InJ
trCM; M=m m; kmk=1 trCof CM; M=m m; kmk=1 el;: 2R

trc; 1 tr Cof C ; Jd1; 1

1
2

exp(! 1) exp( | 2) cJ?2 dInJ; c>0; d>0

g bx+x2;'HMQ +B BxQi'QTQr2 TQHBrvTmF 2 TQi2M+D "v ?BT2
FOQrQ " irQ bFQMbi'mQr ETQT x2x 7TmMF+D2 TQbi +B,

W(l1;12;13) = Wi(l1) + W(l2) + Wi(l3) UBXRkyV

/XBRiQ MB2XKB2MMBFB i2MbQ H@#F lgxT "G28MEB2 FQMbi mQr
i FB+? 7TMMF+DB # ' /xQ TQKQ+M2 D2bi irB2 /x2MB2 BH? pwo2;C
7MMF+DB TQHBrvImF 2D D FQ x"Q82MB 7mMF+DB rvImF 2D x MB
rx;H /2K BCofF Q° X 7TmMF+DB rvTmFdab xx0, KB9XKhrB2 /x2MB2 iQ
ryMBF x FH bv+xMv+? ryMBF|r M HBxv ryTmF " Q SBl DMMF+DB |
/[2}MB+DB TQHBrvTmF "Q +BX qvK!:- S2#v 7TmMF+D #v- MB2K H2D?
MB2K H2D2+2D 7TmMF+DB rvTmF 2D X TmMF+DRYWImMF"2 D2bi 7mM

g mM2F T x2/bi rB2MB 7mMF+DB Cla T xv TQKQ+v bmK i x2H
X H2SMv+? Q/ D2/M2OREMA MWHAD +x D2+v- H2 MB2 D2bi FQMB?2
7TMMF+D2 TQHBrvTmF 2 MB2 KQ;2 #VE x T'QD2BX}e.DF T/MBRABV +E
K!rB2+- M T xvF~ /- ;/v2M2 ;B x rB2° bF" /IMBFBHBMBOIZ rx;l|
D2 T 'x2x i2 MB2xKB2MMBFB- i'x2# x biQbQr E TB2'rB bi2F Fr .
* m+?2v02;Q :'22M T r2;@KFTR»ISB2'rB bi2F Fr /> iQrv MB2 D2bi L
TmMMF+D2rvTmF™2X :/v biQbmD2Kv TB2 rB bi2F /Q 7TmMF+DB rvTmF
TMMF+D rvRypKX"LB2KMB2D D2/M F- D2 HB birB2 /xBKv # F rvT
XKB2MMM#P; iQ Xx T2rMQ +B2/ M 7TmMF+D MB2 bT2"MB r mMF

Ne



a7Q Km"Qr MB2 x ;: /IMB2MB #°x2:Qr2:Qr K +? K2+? MBFB Q

.Hi2;Q M HBxQr MB2 rvaI?f;Q;ItEDQ)b;iHm/VQ\N2+xMVK i2bi2K bi #BI
KQ/2Hm ?BT2 bT> Svbi2;QX
.H bF H M2O(FNMFODPBx bB M bi TmD2+28KTHBF +D2 (

rVITmMF R BQHBrvImFI BB@rvTInFIQTEBF Q E "'x /m TB2 rbx2;Q
USXRKRV
g MBMB2Dbx2D T® +v TQi2M+D “v bT > SvbiQ +B # / M2 # /2 /rmiQ"
RX2VIFQr M2 # /xB2 bT2"MB2WRB@ @M@ MBMIMBIQ +B rx;H /2K
FB2 mMMF!r > M;B D2/2MV-# /2+2:Qr "'mMMFB2K FQMB2+xMVK TQ
MB2 iQrvFQMvr M2 # /[xB2/H T xvT /Fm SaP M TQ/bi rB2rvF 2|
Cla-
KXTQi2M+D ~bT> SvbiQ +B # /xB2 FQMbi ' mQr Mvrx H2SMQ +B
/27Q K +DB- +Q TOXrQHB x T2rMBE TQHBrvTmF"Q E TQT x2:
bF~ /Qrv+? UT Q8 X RKX U

8XNX8X SQ/bmKQr MB2

qT  +vM T S2MB2 # /xB27Q ' Km™Qr M2 D FQ ;" /B2Mi TQi2M+D
bT> SvbiQ +B- Fi!"2 T'x2rB/vr M2 # /xB2 T 'x2x KQ/2H2 m+x2MB
iQ bT2"MB2MBDT!DMWMF mB i2 ' KQ/VM K@ HX /DX SOM /iQ TQi2M@
+D " D2/MQbiFQr2D 2M2 ;BB bT® SvbiQ +B # /xB2 7Q Km~Qr Mv
[27Q K +DB T'x2x +Q mMiQK iv+xdWwE2 iQu +»xWKmiRZMbB ™ M T S2ME
*m+?2vOo2TQ X 8bpR | FB2 b7Q Km™Qr MB2 x T2rMB “!rMB2S bT2"M
Q#B2FiviMDQ+ B BhjBbVvK2i BB K 2" BT €@ M2 BbjX

Nd



eX PF'2 H MB2 "2H +DB FQMbivimivrMv+?
?BT2 bT  SvbiQ +B K2iQ/ KB "2;°2bDB B bE
M2m QMQrv+?

eXRX T Qr /x2MB2

A/2Miv}F +D "2H +DB FQMbivimiviMv+? K i2°'B "!r?BT2 bT" Svbi
TMMF+DB D2/MQbiFQr2D 2W-2FiBRD TQSPRIM2B2}MBmD2 Q/TQrB2/
MBQr2K i2°'B " m D2biD2/MvK x 7mM/ K2Mi HMv+? x ; IMB2- K2+?
B Q#HB+x2MBQr2DX AbiMB2D2 rB2H2 T xvF~ /ir FH bv+xMv+? K
KQ/2H2 L2Q@>QQF26 -JQQM2v6 @ _BpHBM - u2Q? - .2KB v BP
rvFQ xvbimD2 x ;!"v QF'2 HQM2 rv: S2MB2 M HBiv+xM2 /H 7ml
iv+? KQ/2HB D2birvMBFB2K rB2H @K 2d B H2TQ b+ B2# XMBR iQ # /
TQ/2DKmD2 /2+vxD Q rv#Q x2 FQMF 2iM2;Q ivTm KQ/2Hm- x MBI
/IQ/ Mv+? 2FbT2 vK2Mi HMv+?X S Q+2b i2M bT r/x bB -;/vBbiMB
X +?2Qr MB "QXT i'vr M2;:Q K i2'B "m B KQ/2HB 7mMF+DB Cla- D
X /Qr H D2+2:Q /QT bQr MB /Q TQbB / Mv+?2/ Mv+? +xv TQT rM2
T°Qr /IXBE x "!rMQ /Q M /KB2'M2:Q mT ' Qbx+x2MB UTQKBMB +B
B/Q T 'x2T ~ K2i'vxQr MB Ur"2+x2MB +x"QM!r x# /Mv+?2V 7mMF+D
bB XM +XxMB2TQr SMB2Dbxvr T xvT /Fm MQrv+? K i2'B "!rX S i x2+
KQ/2HB-rv#| r~ +Br@&DMBRbD 2B i vrB HMv- #° /M [/2+vxD M ivK
KQS2 xQbi EbFQ v:Qr M T x2x b K2T'Q+2/m> /QT bQr MB T "}
T +VDFMTBOQMQ bB M K i2'B " +? BxQi ' QTWrx+P23M r¥i2 +wHPB2m
Q/ MB2XxKB2MMBF|ri2MbQ |jr * m+I2ve¥2xXQ : 22M U

A/2 x bi2TB2MB M HBiv+xMv+? KQ/2HB FQMbivimivrMv+? T
X/ Mv+? bB ; TQ+x2iFmH i NyX ssrB2FmX SBQMB2 bF2T" +2D2

“Y2ii Bgm x RNNB-"QFmM¢K x TTQTQMQr MQ mSv+B2 bB2+B M2
66LL UW22/7Q r */ M2m  W/MP2KIQY2HQr MB x H2SMQ +B M T  S$S2MB2
T xv +VFHB+xMVvK Q#+B2S2MBm D2/ MQQbBQrvK B /rmQbBQrvK r
USaLV #2iQMm M TQ/bi rB2/ Mv+? 2FbT2 vK2Mi HMv+?- #2x M "xn
M HBiv+xM2DX S|tTMB2Dbx2 T  +2i2;Q x2bT@E R TQF xx+w D B? b~
rvi’2MQr M2 bB2E Qb /XBEr T°Q+2/m x21J h T°Q;" Km # [mbX M

N3



PF'2 H MB2 "2H +DB FQMbivimiviMv+? ?2BT2 bT"> SvbiQ +B K2iQ/ K

QbB2;MBRiy)jf (FQ//Q 2+xQMv /Q Tm#HBF +DB mKQSHBrB T x2FQM
Mv+?r ;B Q#+B282—r #B#HBQi2+2 SvhQ +? MRYBX'AMR FD+B M _ L
X ; IMB2MB2 KQ/2HQr MB FQMbivimivirM2;Q bB2+B KB M2m QMQ
XTQbi T2ZKrm+x2MBm K bxvMQrvK, Q/ bB2+By)FQ QWB D MBb?Q I
Q#+B2S2MB - T 'x2x “+?Bi2Fim v BM7RVAQr M T Qx| U+S2bIMR TQ/
+B QT 'i2M QT2 iQ  +?M2m QMQrv+?-i FrB +x/mS2/Qx2T" r/(
T x2rB/vr E BMi2MbvrMv "Qxr!D r KQ/2HQr MBm FQMbivimivrMv}
m+x2MB K bxvMQr2;QX

eXRXRX GBMBQr "2;°2bD

C2/M2 x K2iQ/ m+x2MB K bxvMQr2;Q D2bi HBMBQr "2;°2bD - F
[2HQr MBm FQMbivimiviMvK “'rMB2S rx"Qb~ r Qbi iMB2D /2F /xBz
MB2HBMBQr2D r2 ' bDB mSvr Kv Q/ HLIQ MH EXM2Q 8 qr P2H6mamVBR2+ D
J i?2K iBRyXX P#2+M2 # /| MB T 'Qr /IxQM2 b2 M / "2bRbb2 "x /F*?
"2:°2bBBEM’ TQOxr H x2°Qr ErbT!"+XxVMMBFB T xv MB2biQiMv+? +
MB2 ivHFQ rvxM +x2MB2 rbT|"+XxVvMMBFr xM Mv+? KQ/2HB FQMbivi
7Q°K 7TmMF+DB Claxx "QSQM2D # xv 7mMF -RWBHRR IbX B2 kv E'mM/K rQ -
B.2GQ 2MxBbx T'QTQMQr HB 1{l+82MKIMb@&A2UpBb2/ *QMbiBimil
A/2MiB}+ iBQM MW BFRPE'¥mMF+D ClaD2bi T'QFbvKQr M D FQ
X#BQ ™ mM 7TmMF+DB # xQrv+?- rvFQ xipxmD O Q2; MBDK XXSFM /iQ B
X#B|" / Mv+? i 2MBM;Qrv+? bi MQrB v / M2 T x2KB2bx+x2MBQr:
+v7°Qr2D Q#  x!r U.A*V Q" x ;HQ# HM2D bB"v #2x TQKB “!r M T S:
MMbmT2XpIBb2/@ZmBMi2°Q B BMX "Qxbx2 xvHB iQ TQ/2D +B2- ~
"X /IFB2D-i FB2D FG aaP-G _aQ xPJS-xF'vi2'B KB BMXQ K +vlI

eXRXkX aB2+B M2m QMQr2

_IrMQH2;H2 "QxrBM "vbB TQ/2D +B QT 'i2 M bB2+B +? M2m
D2bi T > K2i'vxQr M r ‘bir KB bBRIBKXTCONMEMBBME ("+?Bi2Fim" *
UQMbiBimiBp2 ‘iB}+B H DM2m ' FH L2Dr® Fv M2m QM Q/TQrB / D2/M
# xQr2D UMTX aQ7iTHmb- TQi ; Vx H2SM2D Q/ MB2xKB2MMBF!r-
iQr HM2 r b2MbB2 K2+? MBFB¥X BCBWEXBXEX¥HB i2M TQKvb - T°Q
MQr2 Q/xBMv * LLx miQK ivtxMvK Q/F vr MB2K KQ/2HmX
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PF'2 H MB2 "2H +DB FQMbivimiviMv+? ?2BT2 bT"> SvbiQ +B K2iQ/ K

6H b+?22 HRRBMIX QTQMQr HB LLI@M*GIAL2rQ F@# b2/ 1{+B2Mi |
T2 pBb2/ *QMbiBimiBp2 G r A/2MiBY+ FBIQM Qkb @b xQPpQR7/2D +B2 11*
Q bB2E M2m " QMQr2 i 2MQr M2r m+x2MBm MB2M /xQ Qr MvK M / |

WFQH2B AMTmi *QMp2tL2m > H L2irQ MbpUMNMrLN DXQhdF @MVBNIXn(Q r
bB2E- Fi!"’2D rvD +B2 D2birvImF "2 rx;H /2K r2D E /xB FB Q/TQr
i2Fim v UMB2mD2KM2 r ;B-rvTmF "2 B MB2K HRBG2xFKEBM+DMV X
BBMRX / TiQr HB A*LL /Q K2+? MBFB +B ~?BT2'bT" Svbiv+?- bi
MB2xKB2MMBF!rlf27 QXK +DB

g QTBMBB miQ' MBMB2Dbx2D T° +v KQSHBrvK "QxrB2x MB2K D
IrMQH2;°2D S6LHHW2H 622/@7Q°r / L2mr H!IL2D@B2x H2SM2 TQ/
T x2ir "x D2 'SM2 x2bi rvr2D E- B+?rvD +B #v v#v bmKQr M2,

W = Wienn (11 12;3) + Wi(l1) + Wo(l2) + W3(J): UeXRYV

SB2rbx TQIRBDERbi bB2+B2A*LLrvTImF 2r MB2xKB2MMBF +? "2+x\
TQHBrvImF"Q E- +?QE D2bir "mMFB2K bBHMB2DbxvK B Q/TQrB
KB /Xxv MB2XKB2MMBF KBX SQXQ iz 22/ MQ TOHERMiBr2, F S/ Kr
#VE D2/vMB2 rvTmF~ UB MBI2X-H2ZD 2¢ " !/fHB XMRKISQMB2r S bmK
TMMF+DB rvTmF v+? D2bi rvTém®® 2bti TQKRIZHAMF VX C2/MQ+x2 M
b2T "Qr HM2 "Qxbx2 ' x D2 T x2bi x2- 2T 2x2MiQr HMv+? TQi2M+D
T x2x "2+xM2rvTmF"Q EX

L H2Sv TQ/F 2 HBE- S2 FQ/ 1t !/"Qrv BKTHRKQM k «BEMEH\2 B M
BBMRNB2 xQbi “"m/Qbi TMBQMv Tm#HB+xMB2- +Q mi'm/MB MB
"2bi'vVF+vDMQ +B T xvD i2D "+?Bi2Fim ' vX q MBMB2Dbx2D T  +v TC
biQbQr M2- TQMB2r S bB2+B A*LL rvK : D2 MB2HBMBQrv+? 7TmMF
Fi!'2 MmMB2KQSHBIB D2 #2xTQ “2/MB2 Q/+xvi MB2r ;D FQ bi “v+:

SQ/bmKQrmD2+- +?QE bB2+B M2m ' QMQr2 K D2 x/QHMQ E T QFb
©9)-9y- MB2 KQ;2 #VE biQbQr M2 #2xF Viv+xMB2 r KQ/2HQr MBm F
M2m QMQr2 x xrv+x DbF~/ D2bB xrB2Hmr "bir B /HXi2MYH? QF 2
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R TQ/bi rB2 r+x2 MB2D x/2}MBQr Mv+? 7mMF+DB MmK2 v+x
Q#+B232QMBHB+x M2 b2r 'iQ +BTQ+?2Q/Mv+?,
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h*2HQjj)X .H TQ !rM MB TQ/ MQ T * K2i'vKQ/2Hm BRR? r; J2HHV62;Q

92 bD JQ/2H S K2i'v (JS)
PRXyXyXR L2Q >QQFZ=0:2212
PRXyXyXK u2Q? Cio=0:1791

Cxo= 1000 103

C3=3:472 10°
PRXYXYXK@K2HHV RKRD ? UCIR+0H1640
Cxo= 9556 104
Cy=3:376 10°
PRXyXyX]j JQQ MRy 2 \B@,HBNOIAT2
Co1 =0:0282
Cyp=2:411 10°3
Ci= 1316 103
Co2=6:050 10°
PRXYyXyX9 "B/2'K M Cy0=0:1842

Co1 =3:706 103

Cyo= 1825 10°3

Cso=4:467 10°

w T QTQMQr M2 "QxrB2x MB2 xQbi "Q xr2 ' v}FQr M2 M T ~ K2i
ryvxM +xQM2;Q M TQ/bi rB2i2bimD2/MQQbBQr2;Q Qx+mBRKXMB T X
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BTQ IrM MQ F xvri2 M T S2MBRXkviIViKB2WKED K MVKB T x2x H;Q v

RRR



PF'2 H MB2 "2H +DB FQMbivimiviMv+? ?2BT2 bT"> SvbiQ +B K2iQ/ K

U\2/MQQbBQr2 "Qx+B2; MB2 U#VImQbBQr2 "Qx+B2; MB2

U+¥xvbi2 +BM MB2
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ryvxM +xQMv+? x T°'QTQMQr MvK H;Q viK2K "2;°2bDB HBMBQr2D M iH2
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M M mbx2MB2r mMFm TQHBrvTmF"Q +B B /vbFr HB}FmD2 KQ/2H
bi #BHMQ +B MmMK2 v+xM2D T xv /mSv+? /27Q K +D +?X SQxQbi
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2n,
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P#B2 K2iQ/v xKMB2Dbx D2r iQ +B K "Q BbiQiMv+? rbT!"+xvMN
T XV rvbi “+x D2+QxtSwK2 K "Q BbiQiM2 rbT!"+XxVMMBFBX h +2+7
rv#Q x2 "2;mH "vx +DB G bbQ r MBMB2Dbx2D T* +v H;Q viK b K rk
(1. 3, 3 b2 MB2x# /M2 /Q x KQ/2HQr MB "2H +DB FQMbivimiv
XQbi E TQKBMB i2X

E " LiMF /' M D2biD2/M FQrQ M ChxwiBiFBR2D;B2H ivrMv rT vr
X H2Sv Q/ bF HB FOQHK KM Kknt BXwvS2 MQ'K r K +B2'xv M T> S
+2+? FQHMK3vD2bi FBHF “x /!rrB2HFQ +B rB Fbx(I;MBS MQ K F
UD2bi T°QTQ +D@IMDHMQI/OB r iQ +B MB2XxKB2MMBF -rB + "Q MB
x2 XrB Fbx MB2K biQTMB rB2HQKB MmVX g +2Hm xQ# xQr MB
rxQ QUBXRB x "!SKv- S2 MQ K(IFQ3nxxt@ ° xv rB Fbx Q/ MQ Kv
FOQHmM®KMB)X qi FBK T 'xvI®/RMB2Dbx r ; T 'xvrIvSbX2MZQi /x2
/IQF~ IMB2i Fb KQ/mSvVrIF  /r/QT bQr MB2 D1K 6:bBOQxA2FQIQx?2
mi xvk MB D FQ +B/QT bQr MB T xv MBbFB+?2r ; +?2 rbT| "+xVvM
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TQi ; +?2rv. S2—- x MB2xKB2MMBF KB- Fi!"2 b2 }xv+xMB2 M DBDbiQ|

_QxrB2x MB2K D2bibi M/ "vx +D FQHMKM K +B2'xv M T S2MB
MB2K QTivk HBx +DB T * K2i'!r H;Q ViK2KiGUbb a% wHPiQbEI? MQ
NnK2 M46 HBP2Vv /xB2HB F S/2 FQHMKM T x2x D2D Q/+?vH2MB2 bi
M X#BQ x2 i 2MBM;QrvK,
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S " K2irBi?nK2 M4DBbRFQMB2+xMv- ;/vS Q/D +B2 “2/MB2D M r
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Q/irQ xZy B2
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Pi'xvK MQ M bi TmD2+2 "2xmHi iv,
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avK#QMDIKKM +XQMQ rbT!"+xvMMBFB TQD rB D2+2 bB rx;H /2K r:
X M DrB Fbx2 bB"2 "2;:mH "vx +DBX SQMBS2D T x2/bi rBQMQ F »x
Fi; 2 x2bi rBQMQ x/ MVKB 2FbT2 vK2Mi HMvVvKB B M DH2TbxvK
X TmMF+D2Cla "B/2 " K M X

U\2/MQQbBQr2 "Qx+B2; MB2 U#VrmQDbBQr2 "Qx+B2; MB2

U+¥xvbi2 +BM MB2

_VbmMM2F e &X2Bw rx;H /2K rv/ " mS2MBR 'rM MB2 KQ/2HB mxvbF Mv+? ¢
G bbQ x/ MVKB 2FbT2 vK2Mi HMQRBEXKQHIZH2K("B/2"K M rvxM +xQMvK "2;
HBMBQr2z UpRXyXyX9V

L "vbmMRKEKQSM x mr SVE-S2rbxvbiFB2i'xvr2'bD2 KQ/2Hm G bt
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T XV rvbQFB+? TQi ; +? MB2xKB2MMBF!r- Fi!’2 KQ; v #VE KVHM
127 FivMmMK2 v+xM2rv/ D2bB MB2 #2x xM +x2MB }xv+xM2;QX L
F'xvrv+? M ;> MB+v x F'2bm / Mv+? h’2HQ ~ bm:;2 mD2- S2 TQT"
KQ/2Hm r 2Fbi> TQH +DBX

.H FQKTH2iMQ +B x2bi rm rvél8RbirrBAMB K2i ' vVFB r2 ' bDB K
ryvxM +xQMv+? K2iQ/2 2;°2bDB GelXBQx2/Mi rBIWMFmMYF 2bvr "birB+(
7TmMMF+DB D2/MQbiFQr2D 2M2 ;BB bT"> SvbiQ +B /H KQ/2Hm pRXyX
TQT rMB2X

h #2H eXI@X'VFB i2biQr2 KQ/2HB ?BT2 bT > Svbiv+? rvxM +xQMv+? K2
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F xvr2 Q/TQrB / D2+2 TQ/bi rQrvK i2biQK /Q rB /+x HMvK, D2/MQQbBQr?2
QbBQr2Km "Qx+B2; MBm Q" x +xvbi2Km +BM MBm- HBME2T x2 vr M2

RRN



PF'2 H MB2 "2H +DB FQMbivimiviMv+? ?2BT2 bT"> SvbiQ +B K2iQ/ K

exX9XjX _Qxbx2 ' x2MB2 # xv 7mMF+vDM2D

C F/Qi2/ # x TmMF+vDM Q#2DKQr " (ID23y(B B)r vB MSW2IMBB Q @
r M2 FH bv+xMvK rB2HQKB M2K BpHBM a mM/2 b X h FB2 x " (
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/IXB2 Q#D iQ +BQrQ@BxQ+?Q v+xMVK i2MbQ" ;> /B2Mim /27Q K
TQHBrvTmF"Q +B 7mMF+DB Cla x2rx;H /m M MB2r"™ +Brv /Q#, r

qi2D b2F+DB TQbi MQrBQMQ "Qxbx2 xVE # x 7TmMF+vDM2 Q bx+.
F'v+? +Xx"QMirx T'TQTQMQr MV+RRJNI-@BRBE QW (rB D2+ D2/MQ+x2
rvEF" /IMBFB biQD2+2 T xv/ ' m;BK MB2xKB2M M BIARX 87 b nKK-OD B B % +
+X"QMV +X +B BxQ+?Q v+xM2D Q#2DK?2,

C0)=Co 11 3 i=1::0N; UeXReV

00, = cy 157 3p§i; i=1;::05N; UeXRdV
h i

0Dz wexp k(i 3) 1 k=1;:::K; UeXR3V

) h 3=2 P i

A l)= Tk exp ook 5 3 3 1; k=1;:::;K: UeXRNV

1H2K2M{vB Y b2 TQHBrvTmF VKB mQ;!HMB2MB KB)K® /Rirh Q2K B
r MQ D2 /Q Q#v/rm MB2XKB2MMBF!r BxQ+?2Q v+xMv+?X w KB bi "
bF HQr #BB® Q#HB+x bB D2 miQK ivtxMB2 M TQ/bi rB2/ Mv+? i
F S/2;,Q MB2xKB2MMBF QF'2 H bB M DTB2'rK FbvK HMv x F 2b
A= max 1. 3: Ag= max 13 33 UeXkyV
0= - BMeMm: /5 ’ 0= i BMem: /4 ' y
/vDmS K Kvi2r 'iQ +B-mbi H Kv TQ/bi rQr2 rbT!"+xVvMMBFB bF H«

bTQb!#,
_amax_ _amax_

= —; = : UeXkRV
7 Al = Ao

hmi dlax D2bi x ;1°v x/2}MBQr MvK ?BT2°'T ~ K2i 2K- Fi}j'v 2T 2x2
r’iQ E ";mK2MimrvF™ /MBF r M bxvK x#BQ 'x2 laxf QIH3MBQrvKX
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Q/TQrB / r 'iQ +B QFQ"Q R93 T xv mSv+Bm 7TmMF+DB rvF~ /MB+X:
X #B2;m bF HQr MB rv: $2m§¥ BYFbi/iMBHB2 MB2bi #BHM2 MmK2 v+
T XVF™ /m-r T !'#B2 /rmQbBQr2H UthV-/'xERMB2XxKB2MMBF BxQ+?
D2bi /2}MBQr MR P3G *- Fil'v "Q MB2 fXxqxQbi iMBK TmMF+B:
TQKB "QrvK /H h'2HQ 4-k;TuxvDKmD2r "iQ E QFQ"Q k8eX C2 HB "
i r T iQ E/QT®2 OB xvK Kvr 'iQ ETQrvS2D 9yyy- Fi!> D FQ “;mK
exp T x2F Q+xv K FbvK HMv x F'2b 7Q K im xKB2MMQT x2+BMFQr2
rB2HFQ +B5

gT xvT /F +?2k;D2birB Fbx2 Q/ R-x biQbQr MQ HBMBQrQ K H2D

o= — k= —; k=1;::1;K; UeXkkV

:2M2 KD#2+? Q biQTMBQrQ b” #M2+2D MB2HBMBQrQ +B rvF" /MB+}
r- mM2F MB2mD2KMQ +B rbxvbiFB+? rbT|"+xVMRBB|{BpZ4h X2 Q;
r ' 2; 2bDB G aaP r D#HBRBER2N2 "M

"x /Q/ iFQrQ " irQ KQSM "Qxbx2'x EQ  TQHBrvImF "2 +x"QMv (
INJ-J INJ-J2 2InJ+4(InJ)2 +x(%®+J 2 2k UT@XBRRKW X q MBMB2Dbx2I
T +vx2rx;H/mM MB2 +B HBrv +? °~ Fi2°/ Mv+? h"2HQ ~ i2M 2i

JQ/2H QbB2;M2" K2i \REB 0DB8@VISE = 0:006 JS2- TQ !rMvr HM?2
XM DH2TbxvKB x TQT x2/MB2D b2F+DBX C2;QRd K2i v x2bi rBQ

h #2H eXdX K2i'v KQ/2Hm x rv’ $2MB RBj2KBI ¥+XxQM2 K2iQ/2 G bbQ*o M
/ Mv+? h 2HjQ) THK =3 BN =9

q2'bD JQ/2H S ' K2i'v
PRXyXkXR xrv' S2MB GB=2KB9 v
C3=3:365 10°
Cq=1:793 107
Co1=1:307 10 *
10=8:938 10°- ,=9:074 102

_VbMME2FENQF xmD2 D F TQbx+x2;HM2 +x"QMv 7TmMF+DB Cla
MB2 SBQHB@EB +??Qz AA Q/x Dm/H +xi2°'2+?r2 bDB KQ/2HB
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D

Ih "h Sa

PRXYXRXH
_i
X

PRXyXRXj PRXyXRXk

pPRXyXkXR

_VObMM2F @FNX TQbx+x2;!HMvV+? +x"QM!r 7TmMFSQB Lt /€ XM i2$2MB
r B Mijr KQ/2Hm

Rkk
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qF S/IVK T'xvT /Fm HBMByQ7v HXK QM DrB Fbxv rT°vi M Q/TQrB2
Ki2 "B "'m-bx+x2;]HMB2rx F 2bB2 K "v+? Q/Fbxi "+2-X qbxvbiFB2
TQT rFB-Fi!"2K D2+Q" xrB FbxvrT vr T'xv "QbM2+v+? rv/"mS2]

ID2KMV rF” / U;" M iQrv Q#bx "M rvF 2bB2 /rmQbBQr2;Q "Qx+B
xrv: S2M® 10°%l, 3)% rr2'bDB pRXyXRXjbm;2 mD2 #°2/rx "QS2MB
+BX JBKQ S2 rvF 2bv eXBirBI2QD2 TQT  rMB2-iQ /QTB2 Q rvF 2b\
TQbx+x2;'HMv+? +Xx"QM!r TQxr H D2 bQ#B2 rvQ# > xBE- S2/ Mv +x
rT2rMvK /mSvK x F'2bB2 /27Q K +DB-+?QE r T xvT /Fm 2H biQK2 1
F Q+x2MBm ;" MB+vrvi xvK "Q +B M "Qx+B2; MB2X qr2 bDB pRX:
X ;r MiQr M M HBiv+xMB2 T x2xrT Qr /Ix2MB2 Q;  MB+x2MB N
rbT!"+xvMMBF!rX

g2 'bD pRXYyXkXR xQbi ~ rx#Q; +QM Qrv' S2MB .2KB' v X 2Ft
TQrB / x +? > Fi2 vbiv+xM2 mbxiviMB2MB2 2H biQK2 mr /mSv+? /
rB2HQKB MQr2 +x"QMv MB2 rvF xmD2i2;:Q 272Fim S /Q mrx:H /M
X ImX

qF S/IVKXKQ/2HBB T xvT /FlrQ#+B2S2—-rT vrrv' S2-xTB2 rbxv
BXQ+?Q Vv+xMVK #v™ rB Fbxv MBS x / ' m;:BK- bx+x2;'HMB2 r T xvT
LiQKB birbvim +DB/rmQbBQr2;Q Qx+B2; MB D2bi QM xM +xMyv
r2+x2MB ;Q/Q# xvBTQT rM2rbF x MB KeX2 xv FQ 2H +DB x

eX8X gvxM +x2MB2 KQ/2HB FQMbivimivrMv+? T xv rvFQ xvbi MBr
FQMbivimivrM2D bB2+B M2m QMQr2D

LBMB2Dbx b2F+D T x2/bi rB QTBb BKTH2K2Mi +DB FQMbivimi\
bT > Svbiv+? K i2°'B "!r MB2 +B HBrv+? B BxQi'QTQrv+?X C2D FQ/
rFij VKEFQMIBMMRAKXQVB / X rxQ'v x K2+? MBFB Q "Q/Fjr +B2;"\
IMHRQ/2HbXMVD/mD2 bB “+?Bi2Fim" bB2B B XIBmF®MKQ rid Dxr
rbF xmD2-D2bi bF vTi2Ki 2MBM;QrvKX

_QxrBzx MB2 Q#2DKmD2 i xv TQ/bi rQr2 i2bivrvidXeXl9@ +BQr2
M T  r/ KQAQMIiBMMMKPBRYVM2 T x2TBb MEIEBXERMD2bi TQ/ ivK
rx;H /12K m#QSbxv Q/ KQ/2Hm “2;°2bDB HBMBQr2DX hQ-M +Q M 1
rKQ/ MHRMIiBMm-mRXTxvbFBr MB2 TQ+?Q/Mv+? D2/MQbiFQr2D 21
TQ MB2xKB2MMBF +? /27Q K +DBX LB2 x TBbmD2 bB M MB2 D
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mMiQK ivtxMB2- /xB FB +x2Km i  } D2QM2/Q ;" 7m Q#HB+x2MBQr2
bi® ivKQS2 T°QT ;:Qr Ei2 ;" /IB2Miv S/Qr ; * LLX

“+?Bi2Fim 2 bB2+B M2m QMQr2D D2bi bB2E S6LL US ° HH2H
X v:Q vbivtxMVKB r "mMF KB FQMbi'mQr MB F S/2D TQ/bB2+B r\
rvKQ;ir K2+? MBFB Q "Q/Fi|r +B2;"v+?X C2/MvK x iv+? r "'mMF|r
“+?Bi2Fim°> D2bi Q;° MB+x2MB2 rbxvbiFB+? r ; bB2+B /Q MB2m
bB2+B S6LL xQbi ~ QTREMx¥QFi OB QK!rB2MB r "B Mimqjr T
/IxB HXXXaTQb!# FQMbi'mQr MB TQ/bB2+B D2bi mx H2SMBQMv
X H2SMVKB Q/ MB2xKB2MMBF!r +?+2Kv T QFbvKQr EM bx2 7mMF
X"QS2MB2K x bx22:m FH bv+xMv+? KQ/2HB ?BT2°bT" SvbiQ +B
D Ax M bF XvME rvi 2MQr MBm mD rMB - Fi}| 2 +x"QMv b2 Fiv
KQ/2HB TQ+?2Q/x2X P;'HMv b+?2K i bB2+B M2m QM&XRR MX2/bi rB

_VbmMM2F eRRyYMvV b+?2K i FQMbivimiviM2D bB2+B M2m QMQr:

i"2MBM;Qr2 xQbi "vxBMi2 ' TQHQr M2ri FBbTQb!#- #v F S/vxi x2
rvi xvk "Q +BQrv+? bF™ / "bB xi FB2D b=KX BnHBFxBv Bim MD|2 b |
#- /2K "2/MBQFr /" iQrvK rbxvbiFB+? TmMFi +? i 2MBM;Qrv+? B
QbF" /MBF "2;mHL,yx +vDMyv

L(W;F):i: S(Fi; w) &2+ wow UeXkjV
IXBRiQ TQKB2'xQM2 M T° S2MB SBQHB@BB!+?2QEMBFB2XK DInmk
‘vx #PBIrMvK,=10 3X JBMBK HBx +D T Qr /xQMQ H;Q ViK2K / K
m+x2MBO0 X qT iHB i'2MBM;Qr2D x biQbQr MQ K2+? MBxK r+x2k
TQ Ryyy 2TQF +? #2x TQT  rv- HB+x# 2TQF /Q#> MQ i F- #v QI
+XVi2HMBF KQS2 xHo i M2Q@QBrEivK T xvTL{Fm;Fox r ;B- bFQ ' Q iQ D2b
+2+22 °2:mHLMX +PBnH “vx +D +B2;MB2F S/2r; rFB2 mMFm x.
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QTivkK HBx iQ° D2 T x2F Q+xv-r ; xQbi MB2i KT xv+B i B x2rx
MB2mD2KMv+?r ; H;Q viK MB2 TQxrQHB DmS D2D r !+BEX

eX8XRX g "B Mix +Xx"QM KB HBMBQrvKB- TQi ;QrvKB B 2FbTQM?2

C FDmSrbTQKMB MQr+x2 MB2D bB2E * LLD2bi mQ;'HMB2MB2K
rivk T'xvT /Fmb2iQ KQ/2H2 M2Q@>QQF26 eX¥ROB2BrbXKB " lvirTQ " X
F S/2D x /r!+? TQ/bB2+B ;2M2 mD2 TQi ;B MB2xKB2NMM®BF /27Q K
() Q" (xX)>-M iQKB bi/"m; biQbmD2/Q MB+? /rB2 7TmMF+D2 MB2ivT Q]
() Q  xrvF” /MB¢t¥2 1X w xrv+x DM F~/ M2 7mMF+D2 Fivr +DB M F
rmF vi2Dr "birvb2B/2Miv+xM2 imbvim +D D2bi Q/KB2MM X _ X
7TmMF+vDM2 M F S/v MB2xKB2MMBF- + "2pbB2E KQS2Kv x TBb E

wW |1;|2 = Wo.q W1 |1 3 +W2;2 eXle;z |1 3 1

+

2 2
W2.3 W73 l1 3 + W24 €XPp Wyg l1 3 1
UeXk9V

+

Wo.5 W5 |2 3 + W2.6 eXle;G |2 3 1

2 2
Wo.7 W17 I, 3 + Wo.g €XP W1.g I, 3 1:

+

“+?Bi2Fim> D2bi Q/irQ x2MB2K /'m;B2;Q T RB¥F AMBHDQKRBOB +2 8
rB2HQKB MQrv+? QTB2  WMBO;@3)-Q xF;" rinfB 2/ M B + x W{0? 181 %)

+Xx"QMV rvF®™ /IMB+x2 bi 'imD2 #HBbFB2 x2 m T x2x +Q KQ/2H TQ
rB2HQKB MQr2 rv: S2MB H:2# B+xM2X

eX8XkX _Qxbx2'x2MB2 Q +x"QMv bx2 +B2MM2 B MQ K HBx +D M

C FDmSbm:2>mD2 M Kivim -r MBMB2DbxvK T xVF"~ /xB2 "Qxbx?2
bx2 +B2MM2X SQxr H iQ mrx;H /MBE rbxvbiFB2 +x"QMv KQ/2Hm u?2
#H2K MMK2 ' v+xMv xM BIXMKIOBXEKIg ivK T xvT /Fm “!rMB2S r2D +B
rv: S2MB x MB2xKB2MMBF KB xMQ K HBxQr MQ- +Q !rMB2S }M HI
r ;X q BKTH2K2Mi +DB bB2E Q+xvrB +B2 QT2 mD2 M xMQ 'K HBxQ
"XQM2r2 ' bD "+?Bi2Fim v-i F#v TQxQbi =~ #2xTQ 2/MB2 2T 2x2N\
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Ki2'B "Qr2:Q- i FS2 #v eXkQ/Mx2/Wi rB bB TQ TQr QiMvK bF H

W(lg;12) = Waawpg (In 3)+ wop expwya(ls 3) 1
+ Wo2.3 W1:3 (l 1 3)2 + Wo.4 €XP W14 (l 1 3)2 1
+ Wo.5 W15 (l 1 3)3 + W2.6 exp W16 (l 1 3)3 1
UeXk8V

+ Wo.7 W17 (l 2 3) + Wo.g exp Wi.8 (l 2 3) 1

+ WooWig(l2  3)%+ Waig eXpWigo(lz 3% 1

+ Wa.13 Wria (12 3)3+W2;12 expwy.12 (l2 3)° 1:
w2 rx;:H /mM KMB2Dbx2r iQ +B r2D E/Q bB2+B xrB FbxQMQ r
rvEF™ IMB+xv+? /QU@XIBSMNEQ/ "2 HBxmD2+v “+?Bi2Fim° bB2+B
rr2"bDB pRXRXRXR XM @ /nbR2D thB-?RK T XHQFQrv KQ§2KV XM H2tE
TQMBS2D,

_VbmMM2F eXRR2XK i TQ/bB2+B “+?Bi2Fim'v* LLrr2 ' bDB pRXRXF

eX8XjX SQ ' |rM MB2 rvMBFr

g MBMB2Dbx2D b2F+DB xM D/2bB rvMBFB /QT bQr MB /Q rbxvb
rvi’xvK "Q +BQrv+? D2/MQ+x2 MB2X L H2Sv x xM +xvE- S2 FQ/ xQ
TQ/birr SvhQ +?2X g xrB2xFm x ivK x T'2x2MiQr M2 r "iQ +B B rvF
PRXRXYyXR KQ:;2 MB2xM +xMB2 "!SMBE bB Q/ REMBSF'r IIVBF My

Rke
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KQ/2HB x ~QxéxXBBeR 8%XQ®bi "v T x2/bi rBQIKBrriF#X TQbXx+Xx2; ! HMv +?
+x"QM!rClarM T $2MB SBQHB@EB +?2?2Qz A “@MRBm x T 2x2\

h #2H eXIXN2H2 * LL Qbi2i2+xM2 TQbi +B 7mMF+DB D2/MQbiFQr2D 2

q2'bD SQbi E C1la S " K2i'v
Cio=4:777 1072

W(l1;12) = Cio(l1 3)
Co1=2:631 10°3
PRXRXYXR + Cu(l, 3)
h i 10=2:201 10 2
+ pexp (s 3) 1

10 — 3:219
C]_() =0:1255
W(l1;12) = Coo(l1  3) Co1 =3:278 108
+ Coi(l2  3) 10=2:201 10°?
PRXRXRXR h i
+ pexp (s 3) 1 10 = 1:255
h i
+ gexp so(l; 3)° 1 30=6:681 10°
30 — 1:043

Rkd
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—
X

Ih "h Sa

PRXRX¥XR

pPRXRXRXR

_VbmMM2F e¥RKXTQbx+x2;!HMV+? +Xx"QM!r 7TmMF+8R U/ Qrivv T  S2MB
r B Mijr KQ/2Hm * LL

SQKBKQ Xx#HBSQMV+? 7Q K XQOXrERC MB/ QX * LL +?2 ~ Fi2 vxm
bB BMMVK "QXF"~ /2K UTQ X x r2 b RRKp RX Yy XIkB RAVMb B X 272 mD?2
XMQ;!HMBQM2;Q KQ/2Hm JQQM2v @ _BpHBM - M iQKB bi bB2E°
rbTQbl# # /xB2D [rMQKB2 MvX qvMBF iQ x FBHFmM "x2+xv r 2;°
7TMMF+DB 2FbTQM2M+D HM2D XRA TR L /rvwx QM QB 2K QTivk HBx +D
M2m QMQr MB2 KB ~ /Qbi Tm/Qrv' S2—rvF” /IMB+xv+?2 biQTMB r\
"2;mH "'vx +DB #v"  Q/KB2MMyX b2QbBr Wk =8 bbQ*o M im> HMB2 rvl
X2 Qr MB2 bB rbT!"+XVMMBF!r- M iQKBLpIDZ/VRIBR T QABXZHDQM
XxXKMB2Dbx B+?r 'iQ +B @ /QTB2°Q Q;° MB+x2MB2 MB2mD2KMQ
iQrvFQMmMD2X

gvF 2bv X i x2+? TQ/bi rQrv+? i2bilrrvi’ xvK "Q +BQrv+? x2bi r
“2;°2bDB HBMBQr2D x +X QM KRB XDEEF ™ w2 hiQB/QBEQX®j K2hX FB
i2biQr2 x KB2bx+x€MD r i #X

Rk3
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UM2/MQQbBQr2 "Qx+B2; MB2 U#VrmQbBQr2 "Qx+B2; MB2

U+¥xvbi2 +BM MB2

VOMM2F edREX2IS% rx;H /2K rv/ " mS2MB !rM MB2 KQ/2HB mxvbF Mv+? FQ

imrMvKB bB2+B KB M2m QMQrvKB x / MVKB 2FbT)20QV K2 KIQ FHMRKE 7’ 226D B
HBMBQr2D UpRXyXkXRV

h #2H eXNX!"+xvMMBFB /2R2°KBM +DB

g2 bD JQ/2H R%JT R%S RéT R(%ombined
PRXyXkXR _2;'2bD HBMBQr U.2KB vV yXNN3 yXNNe
PRXRXyXR * LL GBMF U3 +x"QM|rV yXN3e yXN3y yX

PRXRXRXR * LL "Qxbx2'xQMv URK +x"QM|rV yXNNN yXNN:¢

R kN
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gT "Qr /x2MB2 MQ K HBx +DB/ Mv+? r2D +BQrv+?rr2 bDB pRXR
T Q#H2K xrB2x Mv X T x2F Q+x2MB2K x F ' 2bm xKB2MMQT x2+B|
rB"Q Qxbx2 x2MB2 "QxrB2x MB Q /Q/ iFQr2 +x"QMv 7TmMF+DB C.
rF S/VK x i'x2+? TQ/bi rQrv+? i2bilr rvi’xvK "Q +BQrv+?X q 'iQ
bi M/ "vx +D +xv MQ K HBx +D xKB2MMv+? r2D +BQrv+? T xv QX|
K bxvMQr2;Qr> SHBrv+? M bF H / Mv+?-i FB+? D F "2;°2bD HBM
D2bi T Q+2b2K TQrbx2+?MvK B x H2+ MvK MB2 7 rQ'vxmD2 xKB2
rbB2+B +? M2m QMQrv+? T xvbTB2bx x#B2SMQ E B MQi #2M?2
D F MahtX +xv 7TmMF+D bB;KQB/ HM b2 M D272FivrMB2Dbx2 UK D
rx F2bB2 #HBbFBK x2° +?QE im- x2rx;H/mM x biQbQr MB?2
r2"bDB- T"Q#H2K MB2 rvbi TmD2X

q iQ +BrbT!"+XVMMBF R2IMH KBM +DBMMv+? KOXDHB x/ix ®X
rvbQFB2- H2 MB2xM +xMB2 bB "!SMB2X JBKQ TQxQ MB2 MB2rB
T xvi FB+? "2xmHi i +?2 rbT!"+XxVMMBF /2i2 ' KBM +DB #HBSbxv D2/
H2TB2D T ' x2rB/vr ~ “'rMB2S r 'iQ +B x FQ—+ x F'2bm- +Q # /xB
M +?2VH2MB2 F xvrv+?2 riv+? KB2Db+ +2X !SMBeXRPpXxBXQHXINBI r
TOx X F'2b2K / Mv+? 2FbT2 vK2Mi HMv+? ri2 +B2 D2/ MQQbBQ
PRXRXYyXR rv: tMB2 Q/#B2; Q/ F 'xvr2D 272 '2M+vDM2D- TQ/+x b
TQT rMB2X

eXeX gMBQbFB

q iQ x mr SVE-S2r "iQ +B rbT| +xvNR¥ R A " &2i/2@0B 999D B

#v Q#v mr S M2 x /Q#°2r FQMIi2F +B2 FH bv+xM2;Q x biQbQr M
K bxvMQr2;QX LB2KMB2D D2/M F- FB2/vKQ/2HmMD2Kv T  r FQMbiv
mSvr MB2 :Q KQS2 #VE MB2rvbi “+x D2+2 x/QHMQ E /Q 2Fbi’ TQF
+Xx2ROMB2 x T2rMB X w b /M2 KQ;"Q#v #VE bT > r/x MB2 x;Q/MQ +E
F XVIVM?2T® S2MB2 ryNmB2MB22 T x2/xB "m U H#Q B RkjVVK Q#b>
B mrx;H /MB MB2B+?r 7mMF+D +? FQbxim B K2i'vF +?X SQ/2D +
aQ#QH2r B xQbi "Q r/IrQRXAQrKi2rB ("!'r bT> SvbiQ@TH biv+xM
TQ/F'2 H MQ r+x2 MB2R? thHBSHhowwWIMBMQ +B # /xB2 T r/QTQ/Q
T x2rB/vr ~/ M2 “'rMB2S M F> —+ +2 T'x2/xB "m- +Q x ivK B/xB2

Rjy



PF'2 H MB2 "2H +DB FQMbivimiviMv+? ?2BT2 bT"> SvbiQ +B K2iQ/ K

% 12M x KQ/2HB MB2 rT bQr " bB i F/Q# x2r bi M/rmQbBQr:
TQxQbi "2 "Q/x D2 Q#+B282MB - KBKQ MQ' 'K HBx +DB XKB2MMvV +?
PRXYXRXR rxrvS MB2K x i2KbTQbQ#MQ +B- #vr iQ +Bxi2bim D
IQKBMQr "vM / TQxQbi "VKB i2bi KB B KQ/2H2 T'272°Qr "v#v /IQT
i2;Q bi MmX C2biiQ bi MM D# /xB2D +xm°v M /"m;B MB2xKB2MM
BTQrQ/2K KQS2 #VE x#vim#Q: # x 7TmMF+vDM X

I/QrQ/MBQMQ-S2 x biQbQr MB2 KQ/2HB rv 2+xMB2 x H2SMv+? Q
/27Q K +DB BXxQ+?Q ' v+xM2D UM2Q@>QQF2- u2Q?V D2bi MB2rv
Fi!’2rbrQD2D # xB2 7TmMF+vDMZEDnKR; Hv fMB S 2NDR Xx

qx / MB +? x 2;:°2bDB Qi 'xVK MQ Q/KB2MM2 KQ/2H2 K i2 B "Qr:
MQrv+?- KBKQ $S2 Q# b2TQT rM2X 2:'2bD G bbQ T'272°Qr ~ +x"¢
M2m QMQr # “/xB2D "'rMQKB2 ' MB2 "Qx"QSv" rF~ /v TQbx+x2;!HI

LBMB2Dbxv Qx/xB “"rMQbB TrF”™ //Q HBi2"  imvBD2biQ v;BM HN
bxvK x MB+? D2bi+ "vKQ/m~/Qiv+x2+vHBMBQr2D “2;°2bDB mKQSFt
ISMQ Q/Mv+? bi M!r/27Q°K +DB Q" xrT'Qr /x TQD +B2 K +B2"
Fij 2D bx+x2;1"Qr2 /xB =~ MB2 T x2/bi rBQMQ r bim/BmK T xvT /Fm)>
KQ/2H2- "2+x2+ D2 x;QRMB2 X Rr#%x (D2+r~ +Br2 TQi ; MB2XKB2MM
*QrB +2D-r Q#m KQ/2H +?- HBMBQr2D "2; 2bDB B bB2+B M2m Q
+QrvK ; "Q x biQbQr MB Q/r QiMQ +B MQ K HBx +DB /Q rbT| +x
q HBMBQr2D “2;'2bDB #v"Q iQ KQSHBr2 /xB FB x biQbQr MBm T2
[ Mv+? UTMB;TK2WB M 2



dX aB2+B M2m QMQr2 QT "i2 M }xv+2 USALL
rx ; IMB2MB +? # x2;Qrv+? K2+? MBFB Q °

+B2:"v+?

dXRX T Qr /Ix2MB?2

C FDmS r+x2 MB2D rbTQKMB MQ- TQ/bi rQr B/2 }xv+xMB2 BM
MQrv8?vbB+b@AM7Q K2/ LAhSAHKTKQHED M x bi2TB2MBm FH bv
K2iQ//vbF 2ivx +DB-i FB+RBxW NI TXWA2HB2M2m QMQr2- Fil® T°Q
"QxrB2zx MB2 "I\rM MB X EHmM+xQrvK F QFB2K D2birjr+x b rvKmbx2N\
r> 2bxi “!'rM MB "!SMB+xFQr220BUMXMKTQ !rM MBm x i /v+vDMy
K2iQ/ KB QT “ivKkB M bB i+2 MmK2 v+xM2D- TQ/2D +B2iQ D2bir
xvbimD2 miQK iv+xM2 “'SRME+XRQATQMBH (rvxM +x E TQ+?2Q/M2 /Q
B2HBKBMmMD2 #°2/ /[vbF 2ivx +DB TQ+?Q/Mv+?2 ivTQrv /H !SMB+x
TQxQbi D2 D2/M F T QFbvK +D2 "QxrB2x MB - rB + #°2/ T'xv#HBS:
+2+?2bB2+B SALL D2biiQ-S2 KQ:;2#VE QM2 rvFQ xvbivr M2 /Q "Q
Q/r'QiMvBMpPR b2 TWIHFHHRKBIRKX w +x b2K SALL xQbi v "Qxbx2 xQM
"QxrB2xvr MB “!rM — + "FQrQ@ ' !SMB+xFQrv+?-"IrM — "!SMB+xF(
biQ+? biv+txMv+? “!IrM — ! MBI RNy X (

L # xB2 iv+? B/2B TQrbi ".22B£HIBRiXET G2 "MBM; GB# > v 7C
.Bz22MiB H 1VMRjiBRQMBBb M r D xvVFm Svi?QMX .22Ts.1 Q#b"m;
:2QK2i"B2 QT i2 M K2iQ/xB2 FQMbi " mFiviM2DR; ROGRIBBB#@ " Q'
iBp2 aQHB/ :YQKIXIQ\SHBrB "~ ir2 /2}MB+D r mMF!r TQ+x2iFQrv+
Q XX T2rMB 2H biv+xM2 KQMBIiQ Qr MB2 T Q+2bm m+x2MB x
Xr QiMv+HWHA XFb

"B#HBQIi2F .22Ts.1 BKTH2K2MimD2 T2"Mv H;Q viK bB2+B SALI
MB2 /xB2/xBMv Q#HB+x2MBQr2D- 7Q Km"Qr MB2 “!rM MB “!SMB-
# x2:Qrv+? B TQ+x2iFQrv+?2-#m/Qr bB2+B M2m " QMQr2D- FQKTBH
q FQH2DMvV+?2 TQ/ Qx/xB ~ +? T x2/bi rBQMQ b+?22K i H;Q viKm S
K2Mi +DB r #B#HBQi2+2 .22Ts.1 Q> x T'xVF~ /Qr2 x biQbQr MB 1
B B/2Miv}F +DB T ~ K2i |r FQMbivimivrMv+?X

Rjk



aB2+B M2m QMQr2 QT 'i2 M }xv+2 USALLVrx ; IMB2MB +7? # X

dXkX _QxrB2x MB2 D2/MQrvKB "Qr2:Q "'rM MB SQBbbQM

g MBMB2DbxvK TQ/ Qx/xB H2 T x2/bi rBQMQ T xvVF™ / "QxrBz2x
“irM MB SQBbbQM x rvFQ xvbi MB2K S?vbB+b@AM7Q K2/ L2m  F
i2;Q T'xvF™ ImD2birT Qr /Ix2MB2 +xvi2HMBF r TQ/bi rQr2 2i Tv FQ
KQ/2HB SALL Q" x x T '2x2MiQr MB2 #B#HBQi2FB .22Ts.1 D FQ M
BKTH2K2Mi +D i2;Q ivTm K2iQ/X q bx+x2;]HMQ +B TQF x MQ-r
.22Ts.1 MKQSHBrB b7Q ' Km™"Qr MB2 bF" /Qrv+? x /| MB Q#2DKmD?
TMMF+DB-M “xm+2MB2r "mMF!r # x2;Qrv+?-x TBb "2bxi "!rM - !S|
7MMF+DB FQbxim-/Q#! " TmMFi!ri'2MBM;Qrv+? B i2biQrv+? Q' x T
XQbi "QTQ !'rM M2x M HQ;B+xM2BKTH2K2Mi +D2r "Q/QrBbFm Svt
"2 HBx +DB rvKB2MBQMv+? 2H2K2MilrX h FB2 TQ |{rM MB2 TQxr H
BbiQi K2iQ/v SALL- x/'m;B2D rbF x E 'QH #B#HBQi2FB .22Ts.1
BKTH2K2Mi +vDM2D Q' x r mTQ 'x2/FQr MBm T°Q+2bm T Qr /x2MB

_Qxr SKv T Qbiv T Q#H2K # R&ZMWrv UTQ X (

d?y(x)
dx?

+ 2sin(x)=0; x2[ 1;1] UdXRV

Xr mMF KB # x2;QrvKB,
y( 1)=0; y(1) =0: UdXkV

_QxrB2x MB2 M HBiv+xM2 "Qxr S M2;Q T'Q#H2Km K TQbi E,
y(x) =sin( x): UudXjV

hrB2' /x2MB2 Q mMBr2'b HM2D - QQFbivER T/ HMK2HB2(MQFB2 mM
bB2E M2m QMR@R/i@T@X+Q M DKMB2D D2/M2r “bir2 mF vi2- T xv
Q/TQrB2/MB2D 7TmMF+DB Fivr +DB Q> x bFQ—-+xQM2D HB+x#Vv M
/| M2 /QF” /IMQ +B2 T xv#HBS EF S/2 7TmMF+D +B2;"2 QF 2 HQM?2
BQ;  MB+xQM2DX " /xB2Kv T°QD2FiQr ygB(J ‘rQ#hd H mB TE Q2w KQ MIDB

"QxrB2xyM)B
Y(X)  ynn (X); UdX9V

g FH bv+xMvK TQ/2D +Bm /Q m+x2MB K bxvMQr2;R-Qqm-+x2MBm
KQ/2H D2bi i 2MQr Mv M x#BQ x2 / Mv+? x rB2 D2+vK T "vr2D

Rjj



aB2+B M2m QMQr2 QT 'i2 M }xv+2 USALLVrx ; IMB2MB +7? # X

rB2-birB2 /Q i2;Q- bB2+B SALL US?VbB+b@AM7Q K2/ L2m > H L2irQ
FH bv+xM2:Q x#BQ m/ Mv+?2X S Q+2b m+x2MB D2bi/2i2 " KBMQr M
mF~ /- M D+x +B2Dr TQbi +B “!rM — "!SMB+xFQrv+?2X .. /72K [/ M

“'rM MB #BRjMIRM( Fi!'2 KQ/2HmMD2 x +?2Qr MB2 mF" /m-

r- mMFB # x2;Qr2 B TQ+x2iFQr2- Fi}j 2 M "xm+ D2 "QxrB2x MB

/IxB2/xBMv BfHm# r +?rBHB TQ+x2iFQr2DX

q bB2+B +? SALL "!rM MB #BH Mbm T2"MB2 "QH 1 !/~ MB2bF
/ MVv+?2X _!'rM MB2 #BH Mbm /2}MBmD2 7TmMF+D2 “2bxiv- Fi! 2 KC
TMMFi +? /QK2MvX C2bi iQ KQSHBr2 /xB FB "!SMBwXHQraBRAB +B b
M2m QMQr D2bii’2MQr M TQT x2x KBMBK HBx +D “2bxiiv+? “!rM
rM bxvK T'xvF~ /xB2 K TQbi E,

d?ynn (X)

R(x) = dx?

+ 2sin(x); UdXsVv

gM bxvK T xvF™ /xB2bF" IMBFB2K 7TmMF+DB FQbxim Q/ MB2bT2"ME
#72] "2/MBQFr /> iQrvx '2bxiM /QK2MB2 r Ty +?,i'2MBM;Qrv

1N 174
Lppg = N R(x)> — RX)%dx: UdXeV

i=1 j
M HQ;B+xMB2 /Q&E> FMBMFB # x2;Qr2 UBfHmM# TQ+x2iFQr2V
BM7Q K +DB Q QxrB2z2x@MBmH# # 2B VBXK .H r mMFm .B B+?H2
M "xm+ D2+2;Qr 'iQ +B QxrB2x MB - /2}MBmD2 bB "2bxi r mMF
TQKB /xvr 'iQ +B2x / M2 T 2/vF+D2bB2+B,

B(X) = ynn (X)  Yac (X); X2 @; udxdvV

IXB/Rc(X) QXM +x r JiQ ErvkK ; M2 T x2xr "mM2F # x2:QrvX
qT  Fiv+2 'Qxr S bR H4SMV@®?r mMF!r # x2;Qrv+? UHm# ;" mT r °
X Fil’'v+? F S/v D2bi 2;x2FrQr Mv M r~ bMW)@%@}EfQ‘X@W.MFi:r
K@i2;Qr mMFm # x2;Qr2;Q Q/TQrB / D2+vKm bF" /MBF TmMF+DB
1 Ngck 2 1 Ngcik

2
Bk(ijc;k) = YNN (XjBC:k) YBCKk (XjBC;k) r UdX3V
NBC;k j=1

Leck =
‘ NBC;k j=1

Rj9



aB2+B M2m QMQr2 QT 'i2 M }xv+2 USALLVrx ; IMB2MB +7? # X

gir+x b + "FQrBi 7TmMF+D FQbxim D2bir Q;HMQ +B bmK=2 r .
bF™ /IMBF|r,

X
L = Wppe Lppe + Weck Lecik; UdXNV
k=1

;/IXB@pe D2bir ;2 bF" /MBF "[rM MB U 2bXivwgc,l¥2 M;iQRBB bi
T xvTBb WM IKEBM r mMMFQrB # x2k@ri2l0om WHIM2 r mMF|rV X

qXx "2+xMBFm2/bi rBQMQ /rB2 "!rMQr SM2 BKTH2K2Mi +D2 TQr
X rvVFQ xvbi MB2K #B#HBQIi2FB .22Ts.1 Q xr TQbi +B 0+xvbi2D6 B

g BKTH2K2Mi +DB .22Ts.1 /2}MB+R(X)2D v "2 MIBXRr M r 7mM
+DIB2Ut- vV xv +XVK Q#HB+x2MB2 TQ+7? Q2 D2/ HB)BQr M 2xD/b i
T x2xrvrQ/NR2 /X?2bbB MXIvxB¥/xBM 1,1l D2bix / M TQT x2x
112X;2QK2i"VXAMi2 p -HW @RKBRNi r "mMMFB # x2;QdXkB2B}PB@i U
b M2 Q#B2FRXB+#+X.B B+2H2nMF+D KB b2H2#FQ DB /# X2l 70U
#QmM/ "vnVBGEH/RX/ i XSQUTQrB / x FQMbi mF+D x#BQ ™ m TmMF
;Qrv+?2r /QK2MB2 B M # x2;m Q X x x2bi rB2MB2 bF™ /MBF|r 7mNM
m+x2MB Q' x KQMBiQ Qr MB2 T 'x2#B2:m KBMBK HBx +DB "2 h
KQ/2HX+QKTBBKRQUZKXY BMUXXXV

q BKTH2K2Mi +DB SvhQ +?2 rbxvbiFB2 TQrvSbx2 2H2K2Miv b2 x
irM MB(x) D2bi Q#HB+x M TQT x2Xx rvxM %%BS%B'Q‘S(\Qm’SQH\Bm?
iQ +?X MiQ:  /X;M/bi TMB2 D2bi x~Q S ®U K Quo\MH=SIWBIFiv x /XxB2 @
IxBEdyg b2 FQMbi' mQr M2 D rMB2 Ur ivK iTQ X+ T X/ BIMIb-X 22 m M F B
#'x2:Qr2 2T 2x2MiQr M2 b2 T x2x Qx@#®@V x#Bi'QT MBI/ BV 2
EMMFHRbbUXXNXQrB / X Xx#mAQszMB2 Q X B+? bmKQr MB2- M iQKE
T iH i"2MBM;Qr FQMi'QHmMD2 Fim HBx +D T * K2i'!rbB2+B B H(

q Q#m BKTH2K2Mi +D +? T xvD iQi b K2 FQUY30S056D , "+?Bi
X Fivr #&nh B BMB+D HBxXx +D2 :HQ Qi - "!rMQKB2 MZ ImMFiw@ QHQ
K HBx iQ  / Kx2IbE10KR T x2&¢ Bi2" +DB QLx EQpxigc X 6MMF+D?2
“2bXRK) MB2 TQF'vr D2bB /QF" /MB2-+Q MB2 rvMBF x2 b7Q Km"Qr
+? " Fi2° MmK2 v+xMv B biQ+? biv+xMvX P#B2 bB2+B bi 'imD2 x MB
BrvxM +x D2/ m;2TQ+?2Q/M2 BMM2 +BiZSF2X SIMB +X FO 2B U
[12X;" I X?22bWB M) T xv bri TVRr /xB /Q MB2+Q BMMv+?- H2+x " |rN\
"QXxrB2y(d, sin(x) x "2bxiz “20PmB bi®i®@*X _2bxiv "{rM MB B T 'x2#B
KBMBK HBX +DB 7mMF+DB FQ x¢R x2\bB FBQQWM T Q/HDKE M " vb X

Rj8



aB2+B M2m QMQr2 QT 'i2 M }xv+2 USALLVrx ; IMB2MB +7? # X

UV _2bxi “!rR()B U#V ai’ i i2bh{QTQ+7?

_vVbmM2F &XRXrM MB2 "2bxiv "|[rM MB Q X T ' x2#B2;m 7TmMF+DB FQbxim |
SALL

UvVv.22Ts.1 U#V SvhQ +?

_vVbmM2F &&XXrM MB2 "QxrB2x — "\rM MB SQBbbQM R. mxvbF Mv+? K2iQ
BKTH2K2Mi +D +?

"B#HBQi2F .22Ts.1 x T2rMB rvSbxv TQxBQK #bi> F+DB- mi
2QK2i'BB-1r mMMF|r # x2;Qrv+? BT Q+2/m v m+x2MB - M iQKB b
bivké SvhQ +?2rvK ; D rM2;Qx TBbmTQ+?Q/Mv+? B T iHB QTivkK H
FOQMi'QH M / T '#FQr MB2K B r ;Qr MB2K bF~ /MBF!r 7TmMF+DB F
rFQH2DMvV+? x /| MB +? rvFQ xvbivr M # /xB2 #B#HBQi2F .22Ts.

Rje



aB2+B M2m QMQr2 QT 'i2 M }xv+2 USALLVrx ; IMB2MB +7? # X

dXjX "2HF rbTQ MBFQr Q#+B23QM 'rMQKB2 MB2

q MBMB2Dbx2D +x +B "Qxr SQMQ FH bv+xM2x / MB2 x;BM MB #
“''TMQKB2'MB2M + "2D /" m;Q +BXJQ/2Hi2M bi MQrB TmMFi Q/MB?2
Xi +x2r T" bFBK bi MB2 M T> S2MB r > K +?2 i2Q BB bT" SvbiQ
BKTH2K2Mi +DB MmK2 v+xMv+? SALLX L DTB2'rx / MB2 xQbi MB
K2Mi "M2D i2Q BB #2H2F 1mH2> @"2 "MQmHHB2;Q-iDX T xvx "QS
B Q/Fbxi "+2-Q xTQKBMB +BmrT°virm +BM MB M F xvrBxM U#2
XxXQbi D2 TQKBMB ivX _QxrB2x MB M HBiv+xM2r i2D b2F+DB T xvVvL
qVF~ /m x T'x2/KBQim h2Q BB aT> SvbRYBXB B SH biv+xMQ +B (

h #2H dXRXvD i2 T K2@
Y,

S K2i’ q iQ E
p 0:4 [KN=cm]
b 20:0 [cm]
q= % 0:02 [KN=cm?]
E 30:0 [GPa]

_VbMM2F @%[22K i x : IMB2MB #'x2:Qr2:Q #2HFB Q#+B23QM2%2
“'rMQKB2 MB2 C 250 [cm]
I 2000 [cm]

dXjXRX _QxrB2x MB2 M HBiv+xM2r; i2Q BB #2H2F

qT Qr /x Kvm:;B +B2 r xKB2MM2Dux)k B MQW R D MBRQT "x2+?2Q/x B
M rbT] " " x IM2 #2xrvKBx=®234;B +B2 D FQ 7TmMF+D xKB2MM2D #?2
KQS2Kv x TBb ED FQ,

V():V(X)le =v(l ); 2 [0;1]: UdXRyV

EQ xvbi D2+ x x H2SM-Q |+Bl MB2 m;B +B #2HFB T 'xvDKmD2 TQbi

tav() _pd ). . _(9°b_2 s
Fge - Bl IxB2 J,= 5= 2be UdXRRYV




aB2+B M2m QMQr2 QT 'i2 M }xv+2 USALLVrx ; IMB2MB +7? # X

q M HBXxQr MVK T xvT pE)+= K gkvxpHB= pB !rM MB2 "!SMB+xFQr
m;B +B #2HFB T 'xvDKmD2 TQbi E,

4 4
d(;’(4)+zzpblcg=o: UdXRKV

gT Qr /TKvrbT|"+xvMMBF bF Hm®2xvmmBB+BR2#2x0 KB "Qr2
V(): refo( ): UdXRjV
SQTQ/bi rB2MBmM /Q "{rM MB Qi xvKmD2Kv,

de() ., 3pl* _ .
ref d4 +2EbC?‘_O- UdXRQV

gbT!"+xVMMBWB2  Kvi F- #v IrM MB2 T xvD "Q T'Qbi2 TQbi E #2

d*o( )
d4

3pl*

ref:2E7b§- UdXR8V

+1=0;

qT Qr /x2MBR2bi BbiQiM2- TQMB2r S MQ 'K HBxmD2 bF H "Qx
rboxvbiFB2 bF™ /IMBFB 7TmMF+DB FQbxim /Q TQ (rMvr HM2;Q "X /m rE
rB bB bi #BHMQ E B bxVv#FQ E m+x2MB KQ/2Hm SALL- TQMB2r
2T 2x2MiQr E# "/IxQK "v+? B# /xQ /mSv+?r iQ +Br 7mMF+DB
IQ;!HMBQM2 bB v T'x2F'QDQr2 B bF~ /Qr2 bi Mm M T S2MB

rxQ ir,

d?¢ d*¢
)= En S 0= en gty UdXReV
_ My _ IS, cC vy b 2

=_- ¢ y>: UdXRdV

;IXxB5B,=b(c y) y+ > >

g MMFB #°x2;Qr2 /H #2HFB rbTQ MBFQr2D T xvDKmD2 TQbi E
v(1)=0; v{1)=0; M,(0)=0; Ty (0)=0: UdXR3V

Pbi i2+xMB2 7TmMF+D m;B +B B bB'VT xXx2F QDQr2 Qi xvKkmbD2Kv

|ol“44

VO)= T6Ep G

3; |\/|Z():;p|2 2, Ty()=pl: UdXRNYV



aB2+B M2m QMQr2 QT 'i2 M }xv+2 USALLVrx ; IMB2MB +7? # X

gT "Qr /x D2+ /' m;2rbT|" x IM2 #2xay®8="y3t% ;/xB22c=I D2bi
#2xrvKB "QrvK T ~ K2i'2K ;2QK2i'v+xMvK QTBbmD2+vK T°"QTQ +D
#2HFB- bF” /Qr2 bi Mm M T S2MB T xvDKmD2 TQbi E,

(i )= e (1) 2e= B 2

) . UdXkyV
()= P 1@ (29°=P 1 47
wir 7T 4pe ~ 2b '

qv- $S2MB i2-x TBb M2 xKB2MMv+? rvKB “Qrv+?-# /2 TQi X2#M2 r

dXjXKkX _QxrB2x MB2 T xv x biQbQr MBm bB2+B SALL r; i2Q BB #:

g QxrB2x MBm T xv x biQbQr MBm K2iQ/v SALL QOxT i xQMQ i’
KB 'Qr2;:Q T'Q#H2Km x;BM MB #2HFB rbTQ MBFQr2D,
rb7Q Km"Qr MBm rvKB "QrvK-
rb7Q Km"Qr MBm #2xrvKB "QrvK x “!'rM MB2K "!SMB+xFQrvk
X H2SMOXRK U
rb7Q Km™Qr MBm #2xrvKB "QrvK x “!'rM MB2K “!SMB+XxFQrvk
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