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�;`�/2+BKB2MiQb
� KBb T`Q72bQ`2b,
JX*X CQbû 6`�M+Bb+Q SQ`iBHHQ _Q#H2/Q- TQ` bm ;mő� v �i2M+BQM2b
JX*X a2H2M2 1/Bi? J�v� _m2/�- TQ` bmb �i2M+BQM2b v bm imi2H�
JX*X �M� J�`ő� _Q/`ő;m2x .QKőM;m2x- TQ` iQ/Q 2H �TQvQ /m`�Mi2 H� 
K�2bi`ő�.
� KBb bBMQ/�H2b
.`�X CQb2}M� *�bi�Ƣ2/� *�K�+?Q
.`�X J�`ő� JQMb2``�i JQ`őM *�biBHHQ
JX*X LB+QH�b ZmB`Qx >2`M�M/2x
TQ` /�`K2 H� QTQ`imMB/�/ /2 T`2b2Mi�` KB i`�#�DQ.
� KB 7�KBHB�,
AM;X *H�`� Gmx >m2b+� �Hp�`2x- TQ` iQ/Q bB2KT`2.
JB`B�K >2`M�M/2x >m2b+�- TQ` iQ/Q bB2KT`2.
AM;X oB+iQ` P`iőx 1biûp2x- TQ` bm �TQvQ 2M 2bi� 2i�T�.
JowX �`�+2HB GQvQ �Hp�`2x- ?�bi� 2H +B2HQ ;`�+B�b TQ` iQ/Q.
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� KBb +QKT�Ƣ2`Qb,
.`X :mBHH2`KQ ZmBMi2`Q Sû`2x- TQ` bmb +QMb2DQb.
JXAX CQbmû JQBbûb �;mBH�` :�``B/Q- TQ` iQ/Q bm �TQvQ v +QMQ+BKB2MiQb 
hi2X L�pX aA�X AJLX �H2t �;mBH�`- TQ` bmb `2+QK2M/�+BQM2b.
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A*, AMi2;`�i2/ *B`+mBi
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l�_h, lMBp2`b�H �bvM+?`QMQmb _2+2Bp2`@h`�MbKBii2`
>.JA, >B;? .2}MBiBQM JmHiBK2/B� AMi2`7�+2
Ph:, PM h?2 :Q
hSaq, hrQ@S�bb aTHBi qBM/Qr
.*, .B`2+i *m``2Mi
"h_, "2�`BM;@hBK2 _2b2i
�Sl, �TTHB+�iBQM S`Q+2bbQ` lMBi
APS, AMTmib PmiTmib S2`BT?2`�Hb
aL_, aB;M�H@iQ LQBb2 _�iBQ
AS, AMi2HH2+im�H S`QT2`iv
aSA, a2`B�H S2`BT?2`�H AMi2`7�+2
>.G, >�`/r�`2 .2b+`BTiBQM G�M;m�;2
*Sl, *2Mi`�H S`Q+2bbBM; lMBi
la", lMBp2`b�H a2`B�H "mb
�a*AA, �K2`B+�M ai�M/�`/ *Q/2 6Q` AM7Q`K�iBQM AMi2`+?�M;2
.6h, .Bb+`2i2 6Qm`B2` h`�Mb7Q`K
6A_, 6BMBi2 AKTmHb2 _2bTQMb2
�.*, �M�HQ; iQ .B;Bi�H *QMp2`i2`
:lA, :`�T?B+�H lb2` AMi2`7�+2



*QMi2Mib

yXR :HQbb�`v 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 X X B
yXk GBbi Q7 6B;m`2b X X X X X X X X X X X X X X X X X X X X X X X Bp

R AMi`Q/m+iBQM k
RXR Pp2`pB2r 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 X k

RXRXR S�bbBp2 aQM�` X X X X X X X X X X X X X X X X X X X X j
RXRXk L�iBQM�H #�+F;`QmM/ X X X X X X X X X X X X X X X X j

RXk :Q�Hb 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 X X X j
RXkXR aT2+B}+ :Q�Hb X X X X X X X X X X X X X X X X X X X X 9

RXj CmbiB}+�iBQM 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 9
RX9 ai�i2@Q7@i?2@�`i X X X X X X X X X X X X X X X X X X X X X X X 9
RX8 S`QTQb2/ avbi2K .2b+`BTiBQM X X X X X X X X X X X X X X X e

RX8XR avbi2K _2[mB`2K2Mib X X X X X X X X X X X X X X X e
RX8Xk Pp2`pB2r X X X X X X X X X X X X X X X X X X X X X X e
RX8Xj aB;M�H S`Q+2bbBM; �`+?Bi2+im`2 .2b+`BTiBQM X X X e
RX8X9 .BbTH�v .2b+`BTiBQM X X X X X X X X X X X X X X X X 3
RX8X8 S`QTQb2/ >�`/r�`2 X X X X X X X X X X X X X X X X 3

RXe .Q+mK2Mi P`;�MBx�iBQM X X X X X X X X X X X X X X X X X X RR

k *?�Ti2` k, "�+F;`QmM/ Rk
kXR "`B27 >BbiQ`v Q7 i?2 S�bbBp2 aQM�` avbi2Kb X X X X X X X X Rk
kXk .B;Bi�H aQM�` X X X X X X X X X X X X X X X X X X X X X X X X Rk

kXkXR 6S:� lb2 BM aQM�` X X X X X X X X X X X X X X X X Rj
kXkXk *QKK2`+B�H avbi2Kb X X X X X X X X X X X X X X X X R9

kXj .Bb+`2i2 a2MbQ` �``�vb X X X X X X X X X X X X X X X X X X X R8
kXjXR Pp2`pB2r X X X X X X X X X X X X X X X X X X X X X X R8
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*PLh1Lha BBB

kXjXk .B`2+iBpBiv S�ii2`M X X X X X X X X X X X X X X X X X Re
kXjXj aT�iBQ@h2KTQ`�H a�KTHBM; X X X X X X X X X X X X Rd
kXjX9 "2�K7Q`KBM; X X X X X X X X X X X X X X X X X X X X Rd
kXjX8 .2H�v@amK "2�K7Q`KBM; X X X X X X X X X X X X X RN

kX9 aQM�` aB;M�H S`Q+2bbBM; X X X X X X X X X X X X X X X X X X ky
kX9XR aQM�` aB;M�H �M�HvbBb X X X X X X X X X X X X X X X ky
kX9Xk GP6�_ �M�HvbBb X X X X X X X X X X X X X X X X X X ky
kX9Xj .1JPL �M�HvbBb X X X X X X X X X X X X X X X X X kR

kX8 wvM[ .2pB+2 AMi`Q/m+iBQM X X X X X X X X X X X X X X X X X kk
kXe LJ1� yR3j *QKKmMB+�iBQM S`QiQ+QH X X X X X X X X X X kj

j .2bB;M �M/ AKTH2K2Mi�iBQM k8
jXR .2bB;M *`Bi2`B� X X X X X X X X X X X X X X X X X X X X X X X k8
jXk �`+?Bi2+im`2 .2bB;M X X X X X X X X X X X X X X X X X X X X ke

jXkXR "2�K7Q`K2` .2bB;M X X X X X X X X X X X X X X X X ke
jXkXk aB;M�H S`Q+2bbBM; a+?2K2 .2bB;M X X X X X X X X X kd
jXkXj S?vbB+�H AKTH2K2Mi�iBQM X X X X X X X X X X X X X X 9e

jXj �`+?Bi2+im`2 AKTH2K2Mi�iBQM X X X X X X X X X X X X X X X 9N
jXjXR "2�K7Q`K2` X X X X X X X X X X X X X X X X X X X X X 8y
jXjXk *QKKmMB+�iBQMb X X X X X X X X X X X X X X X X X X 8j

jX9 6S:� AKTH2K2Mi�iBQM X X X X X X X X X X X X X X X X X X X 8j
jX9XR GP6�_ X X X X X X X X X X X X X X X X X X X X X X X 89
jX9Xk lb2/ >.G >�`/r�`2 X X X X X X X X X X X X X X X X 88
jX9Xj *mbiQK >.G >�`/r�`2 AKTH2K2Mi2/ X X X X X X 8d
jX9X9 S`Q+2bbQ` 6B`Kr�`2 X X X X X X X X X X X X X X X X ek
jX9X8 :`�T?B+�H AMi2`7�+2 .2p2HQTK2Mi X X X X X X X X X e9

9 _2bmHib e8
9XR *mbiQK >.G >�`/r�`2 AKTH2K2Mi2/ X X X X X X X X X X X e8

9XRXR 6A6P .2H�v Q7 i?2 "2�K7Q`K2` X X X X X X X X X X ee
9XRXk �sA a2`B�HBx2` X X X X X X X X X X X X X X X X X X X X ed
9XRXj 6mHH "2�K7Q`K2` X X X X X X X X X X X X X X X X X X eN

9Xk h?B`/@T�`iv >.G >�`/r�`2 lb2/ X X X X X X X X X X X X X dy
9XkXR GQrT�bb }Hi2` X X X X X X X X X X X X X X X X X X X X dy
9XkXk 66h +Q`2 X X X X X X X X X X X X X X X X X X X X X X dy

9Xj S?vbB+�H AMi2;`�iBQM X X X X X X X X X X X X X X X X X X X X dR



*PLh1Lha Bp

9XjXR *QKKmMB+�iBQMb h2bib X X X X X X X X X X X X X X X dj
9XjXk :`�T?B+�H BMi2`7�+2 BMi2;`�iBQM �M/ `2bmHib /Bb@

TH�vBM; X X X X X X X X X X X X X X X X X X X X X X X dj

*QM+HmbBQM 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 d8

6mim`2 rQ`F 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 de



GBbi Q7 6B;m`2b

RXR �`+?Bi2+im`2 Qp2`pB2r X X X X X X X X X X X X X X X X X X X e
RXk S`2HBKBM�`v .2bB;M Q7 i?2 bB;M�H T`Q+2bbBM; �`+?Bi2+im`2 d
RXj �oL1h JBMBw2/ .2p2HQTK2Mi "Q�`/ X X X X X X X X X X N
RX9 .B;BH2Mi �`iv wd X X X X X X X X X X X X X X X X X X X X X X Ry

kXR � HBM2�` /Bb+`2i2 b2MbQ` �``�v X X X X X X X X X X X X X X X R8
kXk �M 2t�KTH2 Q7 � /B`2+iBpBiv T�ii2`M X X X X X X X X X X X X Rd
kXj AHHmbi`�iBM; i?2 bi22`BM; Q7 � /B`2+iBpBiv T�ii2`M X X X X X R3
kX9 "�bB+ .2H�v@amK "2�K7Q`K2` b+?2K2 X X X X X X X X X X ky
kX8 GP6�_ �M�HvbBb b+?2K2 X X X X X X X X X X X X X X X X X X kR
kXe .1JPL �M�HvbBb b+?2K2 X X X X X X X X X X X X X X X X X kR
kXd wvM[ dyyy aQ* Pp2`pB2r X X X X X X X X X X X X X X X X X kj

jXR CmTvi2` 2MpB`QMK2Mi #2BM; mb2/ X X X X X X X X X X X X X X ke
jXk h2bi bB;M�H 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 X k3
jXj 6HQr /B�;`�K 7Q` i?2 aB;M�H :2M2`�iQ` X X X X X X X X X X kN
jX9 6Qm`B2` h`�Mb7Q`K +�H+mH�iBQM mbBM; /2}MBiBQM X X X X X X jy
jX8 >�MMBM; qBM/Qr *�H+mH�iBQM X X X X X X X X X X X X X X X jk
jXe 6HQr /B�;`�K Q7 i?2 >�MMBM; qBM/Qr *�H+mH�iBQM X X X jj
jXd ai2Tb Q7 � rBM/QrBM; QT2`�iBQM X X X X X X X X X X X X X X j9
jX3 6HQr /B�;`�K Q7 i?2 rBM/QrBM; QT2`�iBQM X X X X X X X X j8
jXN 1z2+ib Q7 rBM/QrBM; BM i?2 6Qm`B2` h`�Mb7Q`K X X X X X X jd
jXRy 6HQr /B�;`�K Q7 i?2 rBM/QrBM; 2z2+i X X X X X X X X X X j3
jXRR w2`Q@T�//BM; 2z2+i QM i?2 .6h X X X X X X X X X X X X X X jN
jXRk 6HQr /B�;`�K Q7 w2`Q@T�//BM; X X X X X X X X X X X X X X X 9y
jXRj .6h S`Q+2bbBM; ;�BM BM HQ;�`Bi?KB+ b+�H2 X X X X X X X X 9k
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GAah P6 6A:l_1a pB

jXR9 6HQr /B�;`�K 7Q` T`Q+2bbBM; ;�BM X X X X X X X X X X X X X 9j
jXR8 6A_ 6BHi2` AKTH2K2Mi�iBQM X X X X X X X X X X X X X X X X X 99
jXRe 6HQr /B�;`�K Q7 i?2 6A_ 6BHi2` AKTH2K2Mi�iBQM X X X X X 98
jXRd 1H2+i`2i JB+`QT?QM2 "`2�FQmi X X X X X X X X X X X X X X X 9e
jXR3 1H2+i`2i JB+`QT?QM2 "`2�FQmi a+?2K�iB+ X X X X X X X X 9d
jXRN �B`@#�b2/ KQ/2H Q7 i?2 GBM2�` �``�v X X X X X X X X X X X 9d
jXky SKQ/ �.R 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 93
jXkR S`QTQb2/ AKTH2K2Mi�iBQM X X X X X X X X X X X X X X X X X 8y
jXkk h?2 #2�K7Q`K2` /2bB;M X X X X X X X X X X X X X X X X X X 8R
jXkj LJ1� yR3j +QKTHB�Mi +QKKmMB+�iBQMb X X X X X X X X X 8j
jXk9 6mHH �`+?Bi2+im`2 Q7 i?2 bvbi2K X X X X X X X X X X X X X X 89
jXk8 Sv6.� hQQH K�BM rBM/Qr X X X X X X X X X X X X X X X X 8d
jXke Sv6.� hQQH, }Hi2` ;2M2`�iBM; rBM/Qr X X X X X X X X X X 8d
jXkd AMTmi �M/ PmiTmi r�p27Q`Kb 7Q` i?2 �sA a2`B�HBx2` X X X 83
jXk3 a.E QT2M rBi? i?2 K�BM }`Kr�`2 }H2 X X X X X X X X X X ej
jXkN Zi .2bB;M2` b?QrBM; i?2 K�BM 7Q`K Q7 i?2 :lA X X X X X e9

9XR �.* +QMp2`bBQM `2bmHi X X X X X X X X X X X X X X X X X X X ee
9Xk o�HB/�iBQM Q7 i?2 6A6P .2H�v X X X X X X X X X X X X X X X ed
9Xj o�HB/�iBQM Q7 i?2 �sA a2`B�HBx2` X X X X X X X X X X X X X X e3
9X9 Re +?�MM2H a2`B�HBx2` X X X X X X X X X X X X X X X X X X X X e3
9X8 6mHH "2�K7Q`K2` h2bi X X X X X X X X X X X X X X X X X X X eN
9Xe GQrT�bb }Hi2` bBKmH�iBQM `2bmHib X X X X X X X X X X X X X dy
9Xd .Qm#H2@+HQ+F 66h bBKmH�iBQM `2bmHib X X X X X X X X X X X dR
9X3 6BM�H T?vbB+�H BKTH2K2Mi�iBQM /B�;`�K X X X X X X X X X X dk
9XN avbi2K `mMMBM; QM #Q�`/ X X X X X X X X X X X X X X X X X dk
9XRy am++2bb7mH *QKKmMB+�iBQM X X X X X X X X X X X X X X X X X dj
9XRR GP6�_ `2bmHib /BbTH�vBM; X X X X X X X X X X X X X X X X X d9
9XRk "h_ `2bmHib /BbTH�vBM; X X X X X X X X X X X X X X X X X X X d9



GBbiBM;b

jXR :2M2`�iBM; i2bi bB;M�H X X X X X X X X X X X X X X X X X X X k3
jXk 6Qm`B2` h`�Mb7Q`K +�H+mH�iBQM mbBM; /2}MBiBQM X X X X X X jR
jXj >�MMBM; qBM/Qr *�H+mH�iBQM X X X X X X X X X X X X X X X jk
jX9 aB;M�H qBM/Qr2/ X X X X X X X X X X X X X X X X X X X X X X j9
jX8 qBM/QrBM; 2z2+i X X X X X X X X X X X X X X X X X X X X X X je
jXe w2`Q@T�//BM; 2z2+i QM i?2 .6h X X X X X X X X X X X X X X jN
jXd .6h S`Q+2bbBM; ;�BM X X X X X X X X X X X X X X X X X X X X 9R
jX3 "�bB+ 6A_ AKTH2K2Mi�iBQM X X X X X X X X X X X X X X X X X 99
jXN o>.G J�bi2` �sA a2`B�HBx2` X X X X X X X X X X X X X X X 83
jXRy o>.G +Q/2 7Q` i?2 +HQ+F /BpB/2` X X X X X X X X X X X X X eR
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�#bi`�+i
h?2 T`2b2Mi rQ`F b?Qrb i?2 /2p2HQTK2Mi Q7 � bB;M�H T`Q+2bbBM; �`+?B@
i2+im`2 7Q` � T�bbBp2 bQM�` rBi? TQ`i�#BHBiv +�T�#BHBiv- mbBM; i?2 M2r
?v#`B/ i2+?MQHQ;v Q7 6S:� �M/ *Sl BM i?2 b�K2 A* T�+F�;2X h?Bb Bb
K�/2 #v BMi`Q/m+BM; i?2 bQM�` i2+?MQHQ;v �M/ bQK2 F2v +QM+2Tib mb2/
bm+? �b bT�iB�H }Hi2`BM;- #2�K7Q`KBM; �M/ bT2+B�H bT2+i`�H �M�HvbBbc i?2M
� /2bB;M BMb T`2b2Mi2/ iQ 7mH}HH i?2 KBMBKmK `2[mB`2K2Mib Q7 � T�bbBp2
bQM�` bvbi2K- i?2M i?2 K�BM �H;Q`Bi?K Bb /2p2HQT2/ mbBM; Svi?QM T`Q@
;`�KKBM; H�M;m�;2- iQ }M�HHv BKTH2K2Mi T2`bQM�HBx2/ >.G KQ/mH2b-
QT2M bQm`+2 AS *Q`2b �M/ Qi?2` QT2M bQm`+2 iQQHb BM Q`/2` iQ b�p2 +QK@
TH2tBiv �M/ iBK2X 6BM�HHv- �B`@#�b2/ i2bib �`2 K�/2 �M/ i?2 `2bmHib �M/
+QM+HmbBQMb �`2 T`2b2Mi2/X



*?�Ti2` R

AMi`Q/m+iBQM

RXR Pp2`pB2r
aPL�_ bi�M/b 7Q` aQmM/ L�pB;�iBQM �M/ _�M;BM;- Bi Bb #�b2/ QM i?2
T`QT�;�iBQM Q7 r�p2b #2ir22M � i�`;2i �M/ � `2+2Bp2`X (R) Ai Bb �M
2[mBTK2Mi #�b2/ QM bQmM/ T`QT�;�iBQM BM b2� r�i2` i?�i Bb mb2/ iQ M�p@
B;�i2- +QKKmMB+�i2 rBi? Q` /2i2+i Qi?2` p2bb2HbX
h?2 irQ KQbi +QKKQM ivT2b Q7 bQM�` bvbi2Kb �`2 T�bbBp2 �M/ �+iBp2X
AM � T�bbBp2 bQM�` bvbi2K- 2M2`;v Q`B;BM�i2b �i � i�`;2i �M/ T`QT�@
;�i2b iQ � `2+2Bp2`X AM �M �+iBp2 bQM�` bvbi2K- r�p2b T`QT�;�i2 7`QK
� i`�MbKBii2` iQ � i�`;2i �M/ #�+F iQ � `2+2Bp2`- �M�HQ;Qmb iQ TmHb2@2+?Q
`�/�`X(k)
6Q` ;2iiBM; BM +QMi2ti- r2 rBHH /2}M2 i?2 #�bB+ T�`ib BM � bQM�` bvbi2K
�b 7QHHQrb,

RX h`�Mb/m+2` `2+2Bp2` UBM i?2 p�bi K�DQ`Biv Q7 i?2 bvbi2Kb- i?2 i`�Mb@
/m+2` �`2 BM �M �``�v b2iiBM;VX

kX aB;M�H +QM/BiBQMBM; bi�;2

jX aB;M�H T`Q+2bbBM; bi�;2

9X *QMi`QH �M/ /BbTH�v

h?2 bQM�` 2[mBTK2Mi +QMbBbi BM irQ K�BM T�`ib- i?2 r2i 2M/ U7`QMi@2M/V
�M/ i?2 /`v 2M/ U#�+F@2M/V r?B+? Bb mbm�HHv +QMbB/2`2/ �b 7QHHQrb,

k
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q2i 2M/, _2+2Bp2` �``�v- *�#H2fQTiB+�H }#2`- rBM+?f+QMM2+iQ`X

.`v 2M/, aB;M�H T`Q+2bbBM; �M/ +QMi`QH +QMbQH2X

RXRXR S�bbBp2 aQM�`
�b K2MiBQM2/ #27Q`2- T�bbBp2 bQM�` bvbi2Kb HBbi2Mb iQ i?2 bQmM/ `�/B@
�i2/ #v � i�`;2i mbBM; � ?v/`QT?QM2 U�M mM/2`r�i2` KB+`QT?QM2V �M/
/2i2+ib bB;M�Hb �;�BMbi � #�+F;`QmM/ Q7 i?2 �K#B2Mi MQBb2 Q7 i?2 b2� �M/
i?2 b2H7@MQBb2 Q7 i?2 bQM�` TH�i7Q`K U�HH bQmM/b K�/2 #v i?2 p2bb2H BM
r?B+? i?2 bvbi2K Bb BMbi�HH2/VX S�bbBp2 bvbi2Kb +�M #2 K�/2 /B`2+iBQM�H-
i?2`27Q`2 i?2 �xBKmi? U?Q`BxQMi�H #2�`BM;V Q7 � bB;M�H Bb FMQrMX h?2 `2@
+2Bp2/ bB;M�H 7`2[m2M+v bT2+i`mK �M/ ?Qr Bi p�`B2b rBi? iBK2 rBHH ?2HT
iQ +H�bbB7v i?2 i�`;2iX (R)

RXRXk L�iBQM�H #�+F;`QmM/
AM Qm` +QmMi`v- Bi Bb TQbbB#H2 iQ i`�+2 #�+F i?2 KQbi BKTQ`i�Mi 2zQ`i
BM i?Bb `2b2�`+? �`2�- iQ kyR9X am+? v2�` i?2 J�`BM2 am`p2BHH�M+2 aQM�`
avbi2K UaAoAaPV r�b �TT`Qp2/ BM � +QQT2`�iBQM #2ir22M i?2 J2tB@
+�M L�pv Ua1J�_V �M/ i?2 a+B2M+2 �M/ h2+?MQHQ;v L�iBQM�H *QmM+BH
U*PL�*uhV BM Q`/2` iQ /2p2HQT /Bz2`2Mi bQM�` bvbi2K T`QiQivT2b bm+?
�b T�bbBp2 UHBbi2M QMHvV- �+iBp2 UbQmM/ 2KBiiBM;V �M/ #Bbi�iB+ U2KBbbBQM
�M/ HBbi2MBM;V +�T�#H2 Q7 #2BM; KQmMi2/ BM i?2B` P+2�MB+ S�i`QH p2bb2HbX
h?2 K2MiBQM2/ T`QD2+i r�b 7mHHv K�/2 BM i?2 ALA.1h�JX
.m`BM; i?Bb T`QD2+i /2p2HQTK2Mi- Bi r�b bi�i2/ i?2 B/2� Q7 K�FBM; �
TQ`i�#H2 bQM�` bvbi2K BM Q`/2` iQ KBMBKBx2 i?2 BKT�+i BM i?2 p2bb2H
�`+?Bi2+im`2 /m`BM; i?2 BMbi�HH�iBQM Q7 i?Bb bvbi2K- +Qbi b?`BMFBM; �M/
K�Mv Qi?2` �/p�Mi�;2bX

RXk :Q�Hb
hQ /2bB;M � +QKTH2i2 bB;M�H T`Q+2bbBM; b+?2K2 7Q` � /B;Bi�H bQM�` bvbi2K-
7mHHv BKTH2K2Mi2/ BM � sBHBMt wvM[ .2pB+2- 7Q` mbBM; Bi BM �b i?2 #�bBb Q7
� TQ`i�#H2 bQM�` T`Q#�#Hv bQQM@iQ@#2@#mBHi bQM�` bvbi2K BM i?2 J2tB+�M
L�pvX
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RXkXR aT2+B}+ :Q�Hb
Ç hQ /2bB;M � /B;Bi�H bQM�` �`+?Bi2+im`2 }`bi BM � ?B;? H2p2H T`Q;`�K@

KBM; H�M;m�;2- �M/ i?2M BKTH2K2Mi Bi BM � T`Q;`�KK�#H2 /2pB+2

Ç hQ ;2i i?2 KQbi Q7 i?2 /2pB+2 mb2/ 7Q` i?2 BKTH2K2Mi�iBQM #v
2tTHQBiBM; Bib F2v 72�im`2b

RXj CmbiB}+�iBQM
�b T`2b2Mi2/ BM RXRXk- BM J2tB+Q- i?2 /2bB;M �M/ /2p2HQTK2Mi Q7 i?Bb
i2+?MQHQ;v Bb M2�`Hv MQM@2tBbi2Mi- �M/ i?Bb Bb i?2 F2v `2�bQM iQ �bTB`2 Q7
2ti2M/BM; Bi iQ �b K�Mv BMbiBimimiBQMb �b TQbbB#H2- MQi QMHv BM i?2 J2t@
B+�M L�pv(j) #mi BM Qi?2` BMbiBimiBQMb �HH �+`Qbb i?2 +QmMi`vX aBM+2 i?2
bQM�` i2+?MQHQ;v Bb � +QK#BM2/ 2zQ`i BM i?2 `2b2�`+? }2H/b Q7 mM/2`r�@
i2` T?vbB+b- �+QmbiB+ 2M;BM22`BM;- 2H2+i`QMB+ BMbi`mK2Mi�iBQM- 2H2+i`QMB+
bvbi2K /2bB;M �M/ Q+2�M 2M;BM22`BM;c b2p2`�H `2b2�`+? T`QD2+ib +QmH/
#2 K�/2 rBi?BM i?Bb �`2�bX Ai Bb bm`2 i?�i BM i?2 BM+QKBM; v2�`b- i?Bb
`2b2�`+? �`2 rBHH #2 BM 2tT�MbBQM rBi?BM i?2 J2tB+�M L�pvX Ai Bb BKTQ`@
i�Mi iQ K2MiBQM i?2 �mi?Q`Ƕb 2tT2`B2M+2 BM i?Bb bm#D2+i- �b � ;m�`�Mi22
Q7 +2`i�BM /2;`22 Q7 7�KBHB�`Biv rBi? i?Bb bT2+B}+ iQTB+X

RX9 ai�i2@Q7@i?2@�`i
AM i?2 }2H/ Q7 KQ/2`M /B;Bi�H bQM�` bvbi2Kb- i?2 �mi?Q` +QMbB/2` i?2
7QHHQrBM; #�+F;`QmM/,
RNNeX AM 6`�M+2- i?2 .1GS> (9) bB/2@b+�M bQM�` bvbi2K r�b /2p2H@
QT2/ 7Q` b2BbKB+ `2b2�`+?X Ai ?�b /�i� /BbTH�v +�T�#BHBiB2b BM � ?B;?
`2bQHmiBQM b+`22MX Aib K�DQ` +QKTQM2Mib r2`2, 7Q` i?2 �M�HQ;B+ bB/2-
�M �M�HQ;B+ T`Q;`�KK�#H2 �KTHB}2` rBi? ky E>x #�M/rB/i? �M/ � Re
#Bi ∆ − Σ �M�HQ;B+@iQ@.B;Bi�H *QMp2`i2` U�.*Vc 7Q` i?2 /B;Bi�H bB/2- �
hJajky*jR .B;Bi�H aB;M�H S`Q+2bbQ` U.aSV `mMMBM; �i jj J>x �M/ �
hJaj9y@ky ;`�T?B+ +�`/- #Qi? 7`QK h2t�b AMbi`mK2MibX h?mb bvbi2K
`2�HBx�iBQM /2KQMbi`�i2b i?2 ;`2�i +�T�#BHBiB2b �M/ `2HB�#BHBiv Q7 /B;Bi�H
bQM�`b- �HH /QM2 rBi? i?2 KBMBKmK ?�`/r�`2X
RNN3X PM2 Q7 i?2 }`bi �`iB+H2b (8) BMi`Q/m+BM; i?2 6S:� /2pB+2b BM
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i?2 bQM�` bB;M�H T`Q+2bbBM; Bb Tm#HBb?2/X h?Bb Bb � p2`v p�Hm�#H2 �`iB+H2
#2+�mb2 Bi T`2b2Mib � [m�HBi�iBp2 +QKT�`BbQM p2`bmb � .aS U�b i?2 QM2
mb2/ BM i?2 .1GS> bvbi2KV bT2+B}+�HHv bT2�FBM; BM i?2 "2�K7Q`KBM;
bi�;2- r?B+? Bb +`m+B�H 7Q` i?Bb FBM/ Q7 bvbi2KbX PM2 Q7 i?2 +QM+HmbBQMb
Bb i?2 �/p�Mi�;2 Q7 6S:� /2pB+2b �KQM; .aS BM i?Bb �TTHB+�iBQMX h?2
rQ`F r�b /2p2HQT2/ BM i?2 lMBi2/ ai�i2bX
kyy3X hrQ *?BM2b2 mMBp2`bBiB2b Tm#HBb? �M �`iB+H2 r?B+? /2b+`B#2b �M
"2�K7Q`KBM; BKTH2K2Mi�iBQM 7Q` � k9tk9 j. bQM�` rQ`FBM; rBi? 8de
b2MbQ`b- b�KTH2/ BM � `�i2 Q7 k E>x �M/ Rk #Bib `2bQHmiBQM- �HH /QM2 BM
� jd 6S:� �`+?Bi2+im`2- i?mb /2KQMbi`�iBM; i?Bb /2pB+2 +�T�#BHBiB2b 7Q`
bm+? ?B;? T2`7Q`K�M+2 bvbi2KbX
kyyNX � avMi?2iB+ �T2`im`2 aQM�` Ua�aV (e) rBi? +Q?2`2Mi bQmM/ /�i�
T`Q+2bbBM; 7Q` `2�HBxBM; � pB`im�H b2MbQ` �``�v rBi? ;`2�i2` pB`im�H /BK2M@
bBQMb i?�M i?2 `2�H QM2- r?B+? Bb QM2 Q7 i?2 KQbi +QKKQM i2+?MB[m2b BM
iQ/�vǶb bQM�` /2p2HQTK2MiX h?Bb bvbi2K Bb KQmMi2/ BM �M am#K�`BM2
lMK�MM2/ o2?B+H2 UaloV- �M/ K�BMHv +QMbBbib, �V 7Q` i?2 �M�HQ;B+ bB/2-
9 +?�MM2Hb rBi? HQr@MQBb2 �KTHB}2`- T`Q;`�KK�#H2 ;�BM �KTHB}2`- �MiB@
�HB�b }Hi2`BM; �M/ � Rk #Bi `2bQHmiBQM �.*c �M/ #V 7Q` i?2 /B;Bi�H bB/2- �
6S:� rBi? 2K#2//2/ T`Q+2bbQ`b �M/ 6A6P K2KQ`B2bX G�i2` BM kyRR-
� +QKK2`+B�H bvbi2K /2p2HQT2/ BM LQ`r�v b?Qr mb � bi�i2@Q7@i?2@�`i
a�a- #v �++QKTHBb?BM; >. [m�HBiv TB+im`2b Q7 i?2 b2� #2/X
kyReX J2tB+QǶb }`bi rQ`F BM i?2 /B;Bi�H bQM�` bvbi2K }2H/ Bb T`2b2Mi2/-
BKTH2K2MiBM; � 7mHH 6S:� �`+?Bi2+im`2 rBi? 2K#2//2/ T`Q+2bbQ`b (j)
kyR3X AM *?BM� Bb T`2b2Mi2/ � `2+2Mi rQ`F (d) b?QrBM; mb i?2 M2r i`2M/
BM ?B;? 7`2[m2M+v bQM�`bX h?2 bvbi2K T`2b2Mi2/ +QMbBbi BM � KmHiBTH2
6S:� �M/ .Qm#2 .�i� _�i2 U.._V K2KQ`B2b �b F2v T�`i Q7 i?2 /B;Bi�H
�`+?Bi2+im`2X
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RX8 S`QTQb2/ avbi2K .2b+`BTiBQM
RX8XR avbi2K _2[mB`2K2Mib
h?2 p2`v }`bi bi2T Bb /2}M2 i?2 /2bB;M `2[mB`2K2MibX h?2b2 `2[mB`2K2Mib
r2`2 #�b2/ MQi QMHv BM i?2 bT2+B�HBx2/ HBi2`�im`2 #mi BM i?2 T`2pBQmb
BKTH2K2Mi�iBQMb K�/2 #v i?2 �mi?Q`X

Ç :2i i?2 #2bi T�`iBiBQMBM; TQbbB#H2 Q7 i?2 /B;Bi�H bQM�`

Ç �pQB/ �b Km+? �b TQbbB#H2 T?vbB+�H +QMM2+iBQMb #2ir22M i?2 T`Q@
+2bbBM; 2H2K2Mib

Ç .Bz2`2Mi 6`2[m2M+v �M�HvbBb QM i?2 b+`22M /BbTH�vX

RX8Xk Pp2`pB2r
h?2 Q`B;BM�HHv T`QTQb2/ bvbi2K r2`2 � 7mHH BKTH2K2Mi�iBQM Q7 � /B;Bi�H
bQM�` /BpB/2/ BM � �M�HQ;B+ �M/ � /B;Bi�H bi�;2- #mi /m2 iQ b2p2`�H 7�+iQ`b
#2vQM/ Q7 i?2 �mi?Q`b +QMi`QH- bm+? �b iBK2 `2bi`B+iBQM �M/ �M +HQb2Hv@
`2H�i2/ mT+QKBM; T`QD2+i- i?2 /2+BbBQM Q7 +?�M;BM; i?2 bi`m+im`2 Q7 i?Bb
rQ`F- rBi?Qmi �Hi2`BM; i?2 Q`B;BM�H ;Q�H, BKTH2K2MiBM; TQ`i�#H2 /B;Bi�H
bQM�` bB;M�H T`Q+2bbBM; �`+?Bi2+im`2 rBi?BM � T`Q;`�KK�#H2 /2pB+2 �M/
�HbQ /BbTH�v i?2 `2bmHibX _272` iQ 6B;X RXRX

6B;m`2 RXR, �`+?Bi2+im`2 Qp2`pB2r

RX8Xj aB;M�H S`Q+2bbBM; �`+?Bi2+im`2 .2b+`BTiBQM
AM �Mv bQM�` bvbi2K- i?Bb bi�;2 Bb BKK2/B�i2Hv �7i2` i?2 �M�HQ;B+ bvbi2K-
#mi BM i?Bb +�b2 Bi rBHH #2 `2TH�+2/ rBi? bvMi?2iB+ H�#@K�/2 bB;M�HbX
AM 6B;X RXk- � #HQ+F /B�;`�K Q7 i?2 bB;M�H T`Q+2bbBM; �`+?Bi2+im`2 Bb
T`2b2Mi2/X
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6B;m`2 RXk, S`2HBKBM�`v .2bB;M Q7 i?2 bB;M�H T`Q+2bbBM; �`+?Bi2+im`2

h?2 bT�iB�H }Hi2`BM; KQ/mH2 Bb i?2 bQ +�HH2/ #2�K7Q`K2` Bb i?2
bT�+2@iBK2 T`Q+2bbQ` `2bTQMbB#H2 iQ 2H2+i`QMB+�HHv Ǵbi22`Ǵ i?2 `2+2Bp2`
�``�v BM Q`/2` iQ BKT`Qp2 i?2 `2+2TiBQM ;�BMX AM i?Bb +�b2- Bi Bb T`QTQb2/
iQ #2 #�b2/ BM i?2 .2H�v@amK �H;Q`Bi?K r?B+? i�F2 �/p�Mi�;2 Q7 i?2
T�`�HH2HBbK Q7 i?2 6S:�X h?2 BMTmi Q7 i?Bb KQ/mH2 Bb i?2 iQi�H MmK#2`
Q7 `2+2BpBM; +?�MM2Hb �M/ Bib QmiTmi Bb QM2 bB;M�H K�/2 Q7 i?2 bmK Q7 �HH
+?�MM2HbX

h?2 GQrT�bb }Hi2`BM; �//b �M 2ti`� }Hi2`BM; H�v2` i?�i `2KQp2b
2``Q`b i?�i +QmH/ ?�p2 Q`B;BM /m`BM; i?2 /B;BiBx�iBQM Q7 i?2 bB;M�HX Ai
QmiTmib � /B;Bi�HHv }Hi2`2/ bB;M�HX

�i i?Bb TQBMi- i?2 bB;M�H ;Q2b i?`Qm;? irQ /Bz2`2Mi T�i?b- QM2 Bb
iQ � K2KQ`v iQ biQ`2 i?2 `�r `2+2Bp2/ bB;M�H 7Q` mb2 Bi H�i2` �M/ iQ
bi`2�K /B`2+iHv iQ i?2 +QMbQH2X h?2 b2+QM/ T�i? `2T`2b2Mib i?2 bT2+i`�H
�M�HvbBb r?B+? bi�`ib rBi? � 6Qm`B2` h`�Mb7Q`K BKTH2K2Mi2/ #v K2�Mb
Q7 i?2 6�bi 6Qm`B2` h`�Mb7Q`K U66hV �M/ Bi Bb /BpB/2/ BMiQ irQ ;`QmTb,
i?2 M�``Qr#�M/ �M/ i?2 #`Q�/#�M/ �M�HvbBbX(3)

h?2 M�``Qr#�M/ �M�HvbBb Bb � p2`v HQr 7`2[m2M+v �M�HvbBb UbQK2@
iBK2b H2bb i?�M Ryy >xV- i?�i �BKb iQ FMQr i?2 F2v +?�`�+i2`BbiB+b Q7
i?2 T`QTmHbBQM bvbi2K Q7 � p2bb2H �M/ K�F2 mb2 Q7 +2`i�BM bB;M�H T`Q@
+2bbBM; �H;Q`Bi?KbX h?2 KQbi FMQrM Bb i?2 .1JPL U.2KQ/mH�iBQM Q7
1Mp2HQT2 JQ/mH�iBQM PM LQBb2V �H;Q`Bi?KX

h?2 #`Q�/#�M/ �M�HvbBb Bb � HQr 7`2[m2M+v �M�HvbBb U7`QK y iQ
�TT`QtX ky E>xV i?�i �ii2KTib iQ ;2i �b KQbi BM7Q`K�iBQM �b TQbbB@
#H2 �#Qmi i?2 i�`;2iX Ai Bb #�b2/ QM � i2+?MB[m2 +�HH2/ GP6�_ UGQr
6`2[m2M+v �M�HvbBb �M/ _2+Q`/BM;V rB/2Hv mb2/ BM i?2 T�bbBp2 bQM�`
bvbi2K- mb27mH 7Q` i?2 i�`;2i +H�bbB}+�iBQMX

1Bi?2` i?2 #`Q�/#�M/ �M/ M�``Qr#�M/ �M�HvbBb rBHH #2 b2M/ iQ i?2
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+QMbQH2 7Q` ;`�T?B+�H pBbm�HBx�iBQM Q7 i?2 i�`;2iX

RX8X9 .BbTH�v .2b+`BTiBQM
h?2 bvbi2Kb M22/b i?2 K2�Mb iQ /BbTH�v i?2 T`Q+2bb2/ bB;M�H BM7Q`K�@
iBQM BM � +Q?2`2Mi �M/ K2�MBM;7mH r�vc i?2 �HKQbi Q#pBQmb r�v Bb BM
i?2 7Q`K Q7 bQmM/- #mi �HbQ BM i?2 K2�Mb Q7 bT2+i`�H ;`�T?B+b i?�i b?Qr
i?2 7`2[m2M+v bT2+i`mK Q7 i?2 bB;M�H �M/ p�Hm�#H2 BM7Q`K�iBQM T`Q/m+i
Q7 i?2 bT2+B�H �M�HvbBb Ubm+? �b .1JPL �M/ GP6�_VX h?2 T`QTQb2/
bvbi2K rBHH K�F2 Q7 mb2 Q7 � S2`bQM�H *QKTmi2` �M/ � +mbiQK :`�T?B@
+�H lb2` AMi2`7�+2 U:lAV #mBHi mTQM � ?B;? H2p2H T`Q;`�KKBM; H�M;m�;2
7`�K2rQ`F Ui?2 T`QTQb2/ H�M;m�;2 Bb i?2 Svi?QM jXy rBi? SvZi 8 #BM/@
BM;bVX

RX8X8 S`QTQb2/ >�`/r�`2
.m2 iQ H�+F Q7 iBK2 �M/ 2[mBTK2Mi iQ /2bB;M �M/ K�F2 � +QKTH2i2
S`BMi2/ *B`+mBi "Q�`/- �M 6S:� 1p�Hm�iBQM #Q�`/ r�b b2H2+i2/ �b i?2
?Qmb2 Q7 i?2 HQ;B+ bi�;2 Q7 i?Bb T`QD2+iX h?2 +?Qb2M #Q�`/ iQ #mBH/ i?2
bB;M�H T`Q+2bbBM; �`+?Bi2+im`2 mTQM- Bb i?2 JBMBw2/ Ub?QrM BM 6B;X
RXjV- K�Mm7�+im`2/ #v �oL1h rBi? � +Qbi Q7 3N la.X (N) h?Bb #Q�`/
K22ib rBi? i?2 7QHHQrBM; +`Bi2`B�,

Ç GQr2bi +Qbi BM K�`F2i 7Q` � wvM[ dyyy a2`B2b A*

Ç GB;?ir2B;?i �M/ bK�HH 7Q`K 7�+iQ`

Ç 1ti2MbBp2 /Q+mK2Mi�iBQM �M/ rB/2 +QKKmMBiv bmTTQ`i

h?2 K�BM 72�im`2b Q7 i?Bb #Q�`/b �`2 HBbi2/ �b 7QHHQrb,

Ç J�BM A*, sBHBMt wvM[ s*dwyyda aQ*

Ç J2KQ`v,

Ĝ JB+`QM 8Rk J" .._jG
Ĝ JB+`QM Rk3 J" ZaSA ~�b?
Ĝ JB+`QM 3:" 2JJ* K�bb biQ`�;2
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6B;m`2 RXj, �oL1h JBMBw2/ .2p2HQTK2Mi "Q�`/

Ç PM@#Q�`/ la" iQ Ch�: �M/ /2#m; l�_h +B`+mBi

.m2 iQ i?2 bBx2 Q7 i?2 }M�H 6S:� BKTH2K2Mi�iBQM- Bi r�b K�M/�iQ`v
iQ +?�M;2 i?2 /2p2HQTK2Mi #Q�`/X h?2 BKK2/B�i2 QTiBQM r�b �`iv wd@
ky Ub?QrM BM 6B;X RX9V #2+�mb2 i?2b2 #Q�`/ MQi QMHv K22ib �M/ 2t+22/b
i?2 b�K2 +`Bi2`B� Q7 i?2 T`2pBQmb #Q�`/ #mi Bi Bb �HbQ BM i?2 T`B+2 `�M;2
URNN la.V 7Q` 2/m+�iBQM�H #Q�`/b- �M/ Bi ?�b ?B;? �p�BH�#BHBiv �M/ Bi
/Q2b MQi ?�p2 2tTQ`i�iBQM `2bi`B+iBQMX

h?2 K�BM 72�im`2b Q7 i?Bb #Q�`/b �`2 HBbi2/ �b 7QHHQrb,

Ç J�BM A*, sBHBMt wvM[ s*dwyky aQ*

Ç J2KQ`v,

Ĝ JB+`QM 8Rk J" .._j
Ĝ JB+`QM Re J" ZaSA ~�b?
Ĝ JB+`Qa. bHQi
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6B;m`2 RX9, .B;BH2Mi �`iv wd

Ç *QKKmMB+�iBQMb,

Ĝ :B;�#Bi 1i?2`M2i S>u
Ĝ la" kXy ?Qbi BMi2`7�+2, Ch�:- l�_h �M/ Ph:
Ĝ >.JA aBMF
Ĝ >.JA aQm`+2

Ç 1tT�MbBQM +QMM2+iQ`b

Ĝ �`/mBMQ@+QKT�iB#H2 b?B2H/ BMi2`7�+2
Ĝ kt .B;BH2Mi SKQ/@+QKT�iB#H2 BMi2`7�+2b

Ç :2M2`�H Sm`TQb2 AfP

Ĝ 9t lb2` #miiQMb
Ĝ 9t lb2` brBi+?2b
Ĝ kt lb2` G1.b
Ĝ kt _:" G1.b
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RXe .Q+mK2Mi P`;�MBx�iBQM
h?2 *?�Ti2` R ;Bp2b �M BMi`Q/m+iBQM Q7 bQM�` i2+?MQHQ;v �M/ i?2
T`QD2+i Bib2H7- M2ti- *?�Ti2` k +QMi�BMb i?2 #�bB+ BM7Q`K�iBQM �#Qmi
T�bbBp2 bQM�` bvbi2K bB;M�H T`Q+2bbBM; /2bB;M- i?2M *?�Ti2` j 7mHHv
/2b+`B#2b i?2 T`Q+2/m`2 Q7 /2bB;M �M/ BKTH2K2Mi�iBQM Q7 i?2 bvbi2K-
�M/ }M�HHv BM *?�Ti2` 9 `2bmHib- +QM+HmbBQMb �M/ 7mim`2 rQ`F �`2 T`2@
b2Mi2/X



*?�Ti2` k

*?�Ti2` k, "�+F;`QmM/

kXR "`B27 >BbiQ`v Q7 i?2 S�bbBp2 aQM�` avbi2Kb
h?2 +QM+2Ti Q7 T�bbBp2 bQM�` Bb p2`v BMimBiBp2 �M/ �M+B2Mi- i?Bb Bb i?2
`2�bQM r?v r2 +QmH/ i`�+2 #�+F iQ i?2 7�KQmb G2QM�`/Q /� oBM+B rBi?
?Bb }`bi �ii2KTib iQ ?2�` mM/2`r�i2` MQBb2b �BKBM; iQ /2i2+i /Bbi�Mi
#Q�ibX(Ry) AM R33N- i?2 lXaX GB;?i?Qmb2 "Q�`/ /2b+`B#2/ GXAX "H�F2 +QK@
T`BbBM; �M/ mM/2`r�i2` #2HH �M/ � KB+`QT?QM2 `2+2Bp2`- �M/ � bBKBH�`
bvbi2KX SQ`i�#H2 QKMB/B`2+iBQM�H ?v/`QT?QM2b r2`2 �p�BH�#H2 BM RNR8-
/B`2+iBQM�H ?v/`QT?QM2b +�K2 BM RNRdX AM RNR3- � T`QiQivT2 T�bbBp2
`�M;2@`�M;BM; bvbi2K r�b }ii2/ iQ �M �K2`B+�M /2bi`Qv2` Ulaa CQm2iVX
h?2 }`bi aQM�` bvbi2Kb r2`2 #Q`M /m2 iQ i?2 m`;2 iQ /2i2+i bm#K�`BM2b
�M/ Qi?2` p2bb2Hb /m`BM; i?2 qQ`H/ q�` AX h?mb r2 +QmH/ b22 i?�i i?Bb
2[mBTK2Mi r�b #Q`M 7Q` KBHBi�`v �TTHB+�iBQMb �M/ i?2M bT`2�/ iQ +BpBHB�M
�TTHB+�iBQMbX

kXk .B;Bi�H aQM�`
AM i?2 RNeyb- /2bB;M2`b #2;�M iQ mb2 /B;Bi�H i2+?MB[m2b iQ BKTH2K2Mi
i?2B` /2bB;Mb �M/ i?mb #2;�M i?2 i`2M/ iQ BM+Hm/2 KQ`2 �M/ KQ`2 /B;Bi�H
bvbi2Kb- `2TH�+BM; �M�HQ; 2H2+i`QMB+b r?2M TQbbB#H2 #2+�mb2 Bi `2T`2b2Mib
�M BM+`2�b2 BM i?2 T`Q+2bbBM; +�T�#BHBiB2b �M/ i?2 ;2M2`�H T2`7Q`K�M+2X
h?2`2 �`2 b2p2`�H �/p�Mi�;2b Q7 i?2 /B;Bi�H bQM�`- bT2+B}+�HHv BM i?2

Rk
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bB;M�H T`Q+2bbBM; bm#D2+i- +QKT�`2/ rBi? i?2 �M�HQ;,

Ç �pQB/BM; +QKKQM 2``Q`b bm+? �b T?�b2@b?B7iBM;- MQM@mMB7Q`K }H@
i2`BM;- 2i+c i?mb BM+`2�bBM; i?2 T`2+BbBQM Q7 #2�K7Q`KBM;X

Ç � /B;Bi�H bvbi2K +�M biQ`2 M2+2bb�`v /�i� �M/ +?�`�+i2`BbiB+ T�@
`�K2i2`b BM i?2 bQM�` bB;M�H T`Q+2bbBM; T`Q+2/m`2 7Q` H�i2` QmiTmiX
h?Bb rBHH #2 ?2HT7mH BM i?2 /2p2HQTK2Mi Q7 bBKmH�iQ`b �M/ i`�BMBM;
KQ/mH2bX

Ç AM+`2�b2/ 2�b2 BM i?2 `2�HBx�iBQM Q7 KQ/mH2b- b2`B2b �M/ bi�M/�`/
/2bB;Mb- i?2`27Q`2- Bi Bb TQbbB#H2 iQ /2bB;M � bBM;H2 ;2M2`�H Tm`TQb2
bQM�` bB;M�H T`Q+2bbBM; TH�i7Q`KX

Ç AKT`Qp2/ bvbi2K `2HB�#BHBiv �M/ K�BMi�BM�#BHBivX

Ç 6�mHi /B�;MQbBb +�M #2 +�``B2/ Qmi BM � `2�H iBK2 �M/ i?2 TQbBiBQM
Q7 7�BHm`2b +�M #2 HQ+�i2/ T`2+Bb2HvX

Ç Ai Bb 2�bB2` iQ `2�HBx2 � M2r �H;Q`Bi?K BM � /B;Bi�H 7Q`KX PMHv i?2
?B;? bT22/ /B;Bi�H +?BTb +�M bmTTQ`i bm+? i2+?MB[m2bX

kXkXR 6S:� lb2 BM aQM�`
�#Qmi � /2+�/2 �;Q #2;�M i?2 i`2M/ Q7 BKTH2K2MiBM; i?2 bB;M�H T`Q+2bb@
BM; #HQ+Fb BM +QM};m`�#H2 /2pB+2b HBF2 i?2 6B2H/@S`Q;`�KK�#H2 :�i2
�``�v U6S:�V- i�FBM; �/p�Mi�;2 Q7 i?2B` F2v 72�im`2b bm+? �b bT22/-
~2tB#BHBiv �M/ T�`�H2HBbK (RR)- (Rk)X
h?2 K�BM �/p�Mi�;2b Q7 mbBM; i?2b2 /2pB+2b BM i?2 /2p2HQTK2Mi Q7 T`QD2+i
T`QiQivT2b Bb /2b+`B#2/ BM (Rj)- #2BM;,

S2`7Q`K�M+2, bBKBH�` iQ � }M�H /2pB+2X

GQr +Qbi, i?�MFb iQ i?2 ?�`/r�`2 `2mb2 �M/ i?2 HQr +Qbi Q7 i?2 /2p2H@
QTK2Mi #Q�`/b �M/ TH�i7Q`KbX

*mbiQK AMTmibfPmiTmib, ;Bp2b i?2 �#BHBiv iQ `2mb2 2tBbi2Mi ?�`/@
r�`2 �HQM; rBi? i?2 M2r bvbi2K /2bB;M- #2bB/2b Q7 #2BM; �#H2 iQ
+?�M;2 K�DQ` bvbi2K 7mM+iBQM�HBiB2b 2p2M �7i2` i?2 BKTH2K2Mi�@
iBQMX
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6�mHi@iQH2`�M+2, i?�MFb BMMQp�iBQMb BM i?2b2 /2pB+2b K�Mm7�+im`2 i2+?@
MQHQ;v- �M/ �HbQ i?2 2�b2 Q7 BKTH2K2Mi�iBQM Q7 `2/mM/�Mi bvbi2K
BM i?2KX

�b +Bi2/ BM (8)- i?2 6S:� Bb M2�`Hv � M�im`�H +?QB+2 #2+�mb2 Q7 i?2B`
;`2�i bBKmHi�M2Qmb /�i� T`Q+2bbBM; +�T�#BHBiB2bX

kXkXk *QKK2`+B�H avbi2Kb
LQr�/�vb- BM i?2 K�`BiBK2 BM/mbi`v- i?2`2 K�Mv BMi2`M�iBQM�H +QKT�@
MB2b i?�i 7mHHv /2p2HQT i?Bb FBM/ Q7 bvbi2Kb BM �HH i?2 bi�;2b, `2b2�`+?-
/2p2HQTK2Mi- +QKK2`+B�HBx�iBQM �M/ +HB2Mi bmTTQ`iX aQK2 Q7 i?2 KQbi
BKTQ`i�Mi- �b +QMbB/2`2/ #v i?2 �mi?Q`- �`2,

JBHBi�`v bvbi2Kb
Ç _�vi?2QM UlMBi2/ ai�i2b Q7 �K2`B+�V

Ç h?�H2b U6`�M+2V

Ç 6m`mMQ UC�T�MV

Ç EQM;b#2`; USQHBb?V
*BpBHB�M bvbi2Kb

Ç aBK`�/ ULQ`r�vV

Ç GQr`�M+2 UlMBi2/ ai�i2b Q7 �K2`B+�V

Ç :�`KBM UlMBi2/ ai�i2b Q7 �K2`B+�V
Ai Bb BKTQ`i�Mi iQ F22T BM KBM/ i?�i K�Mv /Bz2`2Mi bQM�` bvbi2Kb ?�p2
#22M /2p2HQT2/ 7Q` 2p2`v �TTHB+�iBQM- BM Q`/2` iQ �/�Ti i?2 bT2+B}+ M22/b
�M/ `2[mB`2K2MibX h?2 KQbi BKTQ`i�Mi �TTHB+�iBQMb +QmH/ #2,

Ç 6Bb?BM;

Ç "�i?vK2i`v �M/ b2BbKB+ BK�;2MQHQ;vX

Ç L�pB;�iBQM

Ç h�`;2i .2i2+iBQM

Ç lM/2`r�i2` *QKKmMB+�iBQM
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kXj .Bb+`2i2 a2MbQ` �``�vb
kXjXR Pp2`pB2r
� b2MbQ` �``�v +�M #2 +QMbB/2`2/ iQ #2 � b�KTH2/ p2`bBQM Q7 � +QMiBM@
mQmb �T2`im`2- r?2`2 i?2 �T2`im`2 Bb QMHv 2t+Bi2/ �i � }MBi2 MmK#2` Q7
/Bb+`2i2 TQBMibX �b 2�+? 2H2K2Mi +�M Bib2H7 #2 +QMbB/2`2/ �b � +QMiBMmQmb
�T2`im`2X(R9)
amT2`TQbBiBQM Q7 b2MbQ` `2bTQMb2b `2bmHib BM �M �``�v `2bTQMb2 i?�i �T@
T`QtBK�i2b i?2 2[mBp�H2Mi +QMiBMmQmb �T2`im`2X

A(f, xa) =

−N−1
2∑

N−1
2

wn(f)en(f, xa − xn) UkXRV

r?2`2,
wn(f), i?2 +QKTH2t r2B;?i 7Q` 2H2K2Mi n
en(f, xa, +QKTH2t 7`2[m2M+v `2bTQMb2
xn, bT�iB�H TQbBiBQM QM i?2 x �tBb

6Q` #2ii2` mM/2`bi�M/BM;- `272` iQ 6B;X kXR

6B;m`2 kXR, � HBM2�` /Bb+`2i2 b2MbQ` �``�v
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kXjXk .B`2+iBpBiv S�ii2`M
h?2 `2bTQMb2 Q7 � `2+2BpBM; �T2`im`2 Bb /B`2+iBQM�H Ub22 6B;X kXk- #2+�mb2
i?2 �KQmMi Q7 bB;M�H b22M #v i?2 �T2`im`2 p�`B2b rBi? i?2 /B`2+iBQM Q7
�``Bp�H Q7 i?2 r�p2X
h?2 �T2`im`2 `2bTQMb2 �b � 7mM+iBQM Q7 7`2[m2M+v �M/ /B`2+iBQM Q7 �``Bp�H
Bb FMQrM �b i?2 �T2`im`2 /B`2+iBpBiv T�ii2`M Q` #2�K T�ii2`MX
/B`2+iBpBiv T�ii2`M /2T2M/b mTQM,

Ç i?2 MmK#2` Q7 �``�v 2H2K2Mib N

Ç i?2 bT�+2 #2ir22M �``�v 2H2K2Mib d

Ç i?2 7`2[m2M+v f

h?2 2z2+iBp2 H2M;i? Q7 � b2MbQ` �``�v Bb i?2 H2M;i? Q7 i?2 +QMiBMmQmb
�T2`im`2 r?B+? Bi b�KTH2b- �M/ Bb ;Bp2M #v

L = Nd UkXkV

r?2`2,
L, i?2 �``�v H2M;i?
N , i?2 MmK#2` Q7 �``�v 2H2K2Mib
d, i?2 BMi2`@2H2K2Mi bT�+BM;

h?2 �+im�H T?vbB+�H H2M;i? Q7 i?2 �``�v- �b ;Bp2M #v i?2 /Bbi�M+2
#2ir22M i?2 }`bi �M/ H�bi b2MbQ`bX

h?2`2 �`2 bQK2 bT2+B�H T?2MQK2M� i?�i r2 ?�p2 iQ F22T BM KBM/
r?2M r2 BKTH2K2Mi T`Q+2bbBM; �H;Q`Bi?Kb,

Ç i?2 #2�K rB/i? /2+`2�b2b �b i?2 2z2+iBp2 �``�v H2M;i? BM+`2�b2b-
i?�i Bb �HbQ BM+`2�bBM; i?2 bT�+BM; #2ir22M 2H2K2Mib LX

Ç #2�K rB/i? Bb BMp2`b2Hv T`QTQ`iBQM�H iQ i?2 T`Q/m+i fLX

Ç i?2 bB/2HQ#2 H2p2H /2+`2�b2b rBi? BM+`2�bBM; bT�iB�H b�KTHBM; 7`2@
[m2M+v @ i?�i Bb- i?2 KQ`2 b2MbQ`b r2 mb2- i?2 HQr2` i?2 bB/2HQ#2
H2p2HX

Ç #2�K rB/i? �M/ i?2 bB/2HQ#2 H2p2H- �`2 /B`2+iHv /2i2`KBM2/ #v i?2
BMi2`@2H2K2Mi bT�+BM; �M/ i?2 MmK#2` Q7 b2MbQ`b `2bT2+iBp2HvX
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6B;m`2 kXk, �M 2t�KTH2 Q7 � /B`2+iBpBiv T�ii2`M

kXjXj aT�iBQ@h2KTQ`�H a�KTHBM;
_2+�HH i?2 Lv[mBbi b�KTHBM; i?2Q`2K- r?B+? bi�i2b i?�i � bB;M�H Kmbi
#2 b�KTH2/ �i � `�i2 fs UrBi? � T2`BQ/ TsV bm+? i?�i

fs =
1

Ts
2fmax UkXjV

�M�HQ;Qmb iQ i?Bb- i?2`2 Bb � bT�iB�H b�KTHBM; `2[mB`2K2Mi- bBM+2
i?2 b2MbQ` �``�vb BKTH2K2Mi bT�iB�H b�KTHBM;X h?Bb i2KTQ`�H b�KTHBM;
i?2Q`2K bi�i2b i?2 M2ti,

d =
λmin

2
UkX9V

r?2`2,
d, i?2 BMi2`@2H2K2Mi bT�+BM;X
λmin, KBMBKmK r�p2H2M;i? BM i?2 bB;M�H Q7 BMi2`2biX

kXjX9 "2�K7Q`KBM;
6`QK kXR r2 +�M `2+�HH i?2 +QKTH2t r2B;?ib wn �M/ /2}M2 i?2K �b

wn(f) = an(f)e
jφn(f) UkX8V
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r?2`2,
an �M/ φn(f) �`2 `2�H- 7`2[m2M+v /2T2M/2Mi �KTHBim/2 �M/ T?�b2 r2B;?ib
`2bT2+iBp2HvX LQr Bi Bb p2`v BKTQ`i�Mi iQ bi�i2 i?�i- B7 r2 KQ/B7v i?Bb
T�`�K2i2`b- r2 +�M KQ/B7v T�`�K2i2`b Q7 i?2 /B`2+iBpBiv T�ii2`M- i?Bb
r�v,

Ç A7 r2 KQ/B7v i?2 �KTHBim/2 r2B;?ib an r2 +�M KQ/B7v i?2 b?�T2
Q7 i?2 /B`2+iBpBiv T�ii2`MX

Ç A7 r2 KQ/B7v i?2 T?�b2 r2B;?ib φn(f) r2 +�M KQ/B7v i?2 �M;mH�`
HQ+�iBQM Q7 i?2 K�BM HQ#2X

E22TBM; i?Bb BM KBM/- r2 /2}M2 i?2 "2�K7Q`KBM; i2+?MB[m2b �b
�H;Q`Bi?Kb 7Q` /2i2`KBMBM; i?2 +QKTH2t b2MbQ` r2B;?ib wn(f) BM Q`/2`
iQ BKTH2K2Mi � /2bB`2/ b?�TBM; �M/ bi22`BM; Q7 i?2 �``�v /B`2+iBpBiv
T�ii2`MX _272` iQ 6B;X kXj

6B;m`2 kXj, AHHmbi`�iBM; i?2 bi22`BM; Q7 � /B`2+iBpBiv T�ii2`M

6`QK 6Qm`B2` i`�Mb7Q`K i?2Q`v- r2 +�M `2+�HH i?�i � T?�b2 b?B7i BM
i?2 7`2[m2M+v /QK�BM +Q``2bTQM/b iQ � iBK2 /2H�v BM i?2 iBK2 /QK�BM
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�M/ pB+2 p2`b�X h?mb- #2�K bi22`BM; +�M #2 BKTH2K2Mi2/ #v �TTHvBM;
iBK2 /2H�vb iQ i?2 b2MbQ` �``�v BMTmibX h?2 /2H�v Bb ;Bp2M #v,

τn(f) =
nd cosφ′

c
UkXeV

r?2`2,
n, iQi�H MmK#2` Q7 b2MbQ`b
d, i?2 BMi2`@2H2K2Mi bT�+BM;
φ :, /2bB`2/ �M;H2
c, bT22/ Q7 bQmM/ U�TT`QtX jjy KfbV

h?2 bBKTH2bi Q7 �HH #2�K7Q`KBM; i2+?MB[m2b- FMQrM �b .2H�v@bmK
#2�K7Q`KBM;- r?2`2 i?2 iBK2 /QK�BM b2MbQ` BMTmib �`2 }`bi /2H�v2/ #v
τn b2+QM/b- �M/ i?2M bmKK2/ iQ ;Bp2 � bBM;H2 �``�v QmiTmiX

kXjX8 .2H�v@amK "2�K7Q`KBM;
h?Bb Bb i?2 bBKTH2bi Q7 �HH KB+`QT?QM2 �``�v #2�K7Q`KBM; i2+?MB[m2bX
Ai Bb +�HH2/ i?Bb r�v #2+�mb2 i?2 iBK2 /QK�BM b2MbQ` BMTmib �`2 }`bi
/2H�v2/ #v τn b2+QM/b- �M/ i?2M bmKK2/ iQ ;Bp2 � bBM;H2 �``�v QmiTmiX
1�+? +?�MM2H 2�+? +?�MM2H Bb ;Bp2M �M 2[m�H �KTHBim/2 r2B;?iBM; BM i?2
bmKK�iBQM- i?mb i?2 /B`2+iBpBiv T�ii2`M /2KQMbi`�i2b mMBiv ;�BM BM i?2
/2bB`2/ /B`2+iBQMX h?2 r2B;?ib �`2 MQr ;Bp2M #v,

wn(f) =
1

N
(f)e

j
−2πf

c
(n−1)d cosφ′

UkXdV

�M/ BM i?2 iBK2 /QK�BM r2 ?�p2

y(t) =
1

N

n=1∑

N

xn(t− τn) UkX3V
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6B;m`2 kX9, "�bB+ .2H�v@amK "2�K7Q`K2` b+?2K2

kX9 aQM�` aB;M�H S`Q+2bbBM;
kX9XR aQM�` aB;M�H �M�HvbBb
J�DQ` /B{+mHiv BM T�bbBp2 bQM�` bvbi2Kb Bb iQ /2i2+i i?2 i�`;2i BM ?m;2
#�+F;`QmM/ MQBb2 2MpB`QMK2MibX a2p2`�H i2+?MB[m2b ?�p2 #22M /2p2HQT2/
BM Q`/2` iQ /Q i?BbX �++Q`/BM; iQ i?2 �miQ`- irQ Q7 i?2 KQbi BKTQ`i�Mi-
�`2 i?2 BM/mbi`v@bi�M/�`/ K2i?Q/b, GP6�_ �M/ .1JPL �M�HvbBbX (R8)

kX9Xk GP6�_ �M�HvbBb
GP6�_ bi�M/b 7Q` GQr 6`2[m2M+v �M�HvbBb �M/ _2+Q`/BM; Bb � #`Q�/@
#�M/ �M�HvbBb K�BMHv 7Q+mb2/ BM i?2 7`2[m2M+v Q7 BMi2`2bi `�M;2 Q7 i?2
i�`;2i MQBb2X
h?2 �H;Q`Bi?K +QMbBbi BM i?2 M2ti bi2Tb Ua22 6B; kX8V,

RX h?2 bmKK2/ #2�`BM; bB;M�H 7`QK i?2 b2MbQ` �``�v Bb KmHiBTHB2/ #v
� >�MMBM; rBM/Qr

kX i?Bb T`Q/m+i Bb T�bb2/ iQ � a?Q`i@hBK2 6�bi 6Qm`B2` h`�Mb7Q`K
Uah@66hV

jX i?2 KQ/mH2 Q7 i?Bb bT2+i`�H `2T`2b2Mi�iBQM Bb Q#i�BM2/
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9X }M�HHv- � hrQ@S�bb aTHBi qBM/Qr UhSaqV Bb �TTHB2/ 7Q` MQ`K�H@
Bx�iBQM

6B;m`2 kX8, GP6�_ �M�HvbBb b+?2K2

AM bBKTH2 i2`Kb- r2 +�M T`2b2Mi i?2 GP6�_ �M�HvbBb �b +QKKQM bT2+@
i`�H �M�HvbBb 7Q+mb2/

kX9Xj .1JPL �M�HvbBb
.1JPL bi�M/b 7Q` .2KQ/mH�iBQM Q7 1Mp2HQT2 JQ/mH�iBQM PM LQBb2X Ai
Bb � M�``Qr#�M/ �M�HvbBb 7Q+mb2/ BM � p2`v HQr `�M;2 Q7 7`2[m2M+v i?�i
Bb /B`2+iHv �bbQ+B�i2/ rBi? i?2 K�+?BM2`v �M/ b?BT T`QTmHbBQM MQBb2X
h?2 �H;Q`Bi?K +QMbBbi BM i?2 M2ti bi2Tb Ua22 6B; kXeV,

RX h?2 bmKK2/ #2�`BM; bB;M�H 7`QK i?2 b2MbQ` �``�v Bb #�M/T�bb
}Hi2`2/

kX i?Bb }Hi2`2/ bB;M�H Bb b[m�`2/

jX i?Bb b[m�`2/ bB;M�H Bb �HbQ THm;;2/ BMiQ � hSaq iQ `2KQp2 i?2 .*
+QKTQM2Mi

9X i?Bb bB;M�H Bb MQr `2b�KTH2/

8X }M�HHv- � ah@66h Bb mb2/ iQ ;2i i?2 bT2+i`�H +QKTQM2Mib

6B;m`2 kXe, .1JPL �M�HvbBb b+?2K2
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kX8 wvM[ .2pB+2 AMi`Q/m+iBQM
h?2 sBHBMt wvM[ /2pB+2 Bb � aQ* Uavbi2K PM *?BTV i?�i +QMi�BMb � 2B@
i?2` /m�H Q` bBM;H2@+Q`2 �_Jȉ *Q`i2thJ@�N JS*Q`2 rBi? i`�/BiBQM�H
6B2H/ S`Q;`�KK�#H2 :�i2 �``�v U6S:�V HQ;B+ 7�#`B+- �HH BM i?2 b�K2
2M+�TbmH�i2/ /B2X AM i?2 wvM[ /2pB+2- i?2 �_J *Q`i2t@�N Bb �M �TTHB@
+�iBQM ;`�/2 T`Q+2bbQ`- +�T�#H2 Q7 `mMMBM; 7mHH QT2`�iBM; bvbi2Kb bm+? �b
GBMmt- r?BH2 i?2 T`Q;`�KK�#H2 HQ;B+ Bb #�b2/ QM sBHBMt d@b2`B2b 6S:�
�`+?Bi2+im`2X h?2 �`+?Bi2+im`2 Bb +QKTH2i2/ #v BM/mbi`v bi�M/�`/ �sA
BMi2`7�+2b- r?B+? T`QpB/2 ?B;? #�M/rB/i?- HQr H�i2M+v +QMM2+iBQMb #2@
ir22M i?2 irQ T�`ib Q7 i?2 /2pB+2 (Re)X � /B�;`�K Q7 i?Bb �`+?Bi2+im`2 Bb
T`2b2Mi2/ BM 6B;X kXd

h?2 T�`ib Q7 i?2 wvM[ /2pB+2 �`2,

S`Q+2bbBM; avbi2K USaV, /m�H Q` bBM;H2@+Q`2 �_Jȉ *Q`i2thJ@�N
JS*Q`2X

Ç �TTHB+�iBQM T`Q+2bbQ` mMBi U�SlV
Ç J2KQ`v BMi2`7�+2b
Ç AfP T2`BT?2`�Hb UAPSV AMi2`+QMM2+i

S`Q;`�KK�#H2 GQ;B+ USGV, sBHBMt d@b2`B2b 6S:� �`+?Bi2+im`2X

h?Bb +QM+2Tib �`2 2ti`2K2Hv BKTQ`i�Mi #2+�mb2- 7`QK MQr QM- i?2v rBHH
#2 mb2/ �+`Qbb i?Bb /Q+mK2MiX
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6B;m`2 kXd, wvM[ dyyy aQ* Pp2`pB2r

kXe LJ1� yR3j *QKKmMB+�iBQM S`QiQ+QH
Ai Bb � /2 7�+iQ bi�M/�`/ BM QM#Q�`/ 2H2+i`QMB+b /2p2HQT2/ �M/ K�BM@
i�BM2/ #v i?2 L�iBQM�H J�`BiBK2 1H2+i`QMB+b �bbQ+B�iBQM- mb2/ 7Q` +QK@
KmMB+�iBM; b2MbQ`b rBi? /BbTH�vb �M/ Qi?2` T`Q+2bbBM; 2H2+i`QMB+bX Ai Bb
#�b2/ BM i?2 +QM+2Ti Q7 i�HF2` �M/ HBbi2M2`- �b pB2r2/ BM h?2 i2+?MB+�H
bT2+B}+�iBQMb �`2,

Ç a2`B�H #�b2/

Ç 93yy #Tb

Ç 3 #Bib rB/i?

Ç i?2 H�bi #Bi Kmbi #2 � y

Ç LQ T�`Biv �M/ QM2 biQT #Bi
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h?2 LJ1� 7Q`K�i b2Mi2M+2b Kmbi 7QHHQr i?2 M2ti bi`m+im`2,

RX 0
U>1s k9V Q`

5

U>1s kRV �b i?2 bi�`i Q7 i?2 b2[m2M+2X

kX I/�i� 7B2H/=
i?Bb +QMi�BMb i?2 i�HF2` A. �M/ i?2 b2Mi2M+2 7Q`K�ii2`X

jX (^-^ I/�i� 7B2H/b=)
i?2 �+im�H BM7Q`K�iBQM Q7 i?2 b2MbQ`

9X (^ ^ I+?2+FbmK 7B2H/=)
7Q` p2`B7vBM; i?2 i`�MbKBbbBQM BMi2;`Biv

8X I*_=
U>1s y.V

I*_=

U>1s y�V *�``B�;2 _2im`M �M/ GBM2 622/- `2bT2+iBp2Hv, �b i?2
2M/ Q7 i?2 b2[m2M+2

q2 rBHH mb2 i?2 h�HF2` A/2MiB}2` JM2KQMB+b

aa

r?B+? bi�M/b 7Q` aQmM/2` a+�MMBM;



*?�Ti2` j

.2bB;M �M/ AKTH2K2Mi�iBQM

jXR .2bB;M *`Bi2`B�
�b bi�i2/ BM i?2 *?�Ti2` k- i?2 ;Q�H Q7 i?Bb T`QD2+i Bb Ǵ/2bB;M �M/ /2p2HQT
� /B;Bi�H bQM�` bB;M�H T`Q+2bbBM; �`+?Bi2+im`2 7Q` mbBM; Bi BM � TQ`i�#H2
bvbi2KǴX
6Q` i?2 �mi?Q`- QM2 p2`v BKTQ`i�Mi ;Q�H Bb iQ mb2 �b Km+? Q7 PT2M
aQm`+2 bQ7ir�`2 �b r�b TQbbB#H2X h?2 /2bB;M Q7 i?2 �H;Q`Bi?K r�b K�/2
BM Svi?QM j- bT2+B}+�HHv rBi?BM i?2 �M�+QM/� AM/BpB/m�H .Bbi`B#miBQM
/m2 iQ i?2 /Bz2`2Mi +QMbi`�BMib bm+? �b iBK2 `2bi`B+iBQM �M/ HBKBi2/ b2i
Q7 ?�`/r�`2X .m`BM; i?2 `2�HBx�iBQM Q7 i?Bb rQ`F- Bi � CmTvi2` LQi2#QQF
Ub22 6B;X jXRV rBi? #�bB+ bB;M�H T`Q+2bbBM; 2t�KTH2b �b � +QKT�MBQM
7Q` i?2 �mi?Q` iQ /2p2HQT i?2b2 �H;Q`BiKbX

k8
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6B;m`2 jXR, CmTvi2` 2MpB`QMK2Mi #2BM; mb2/

jXk �`+?Bi2+im`2 .2bB;M
h?2 /2bB;M r�b K�/2 b2[m2MiB�HHv 7QHHQrBM; i?2 #�bB+ T�bbBp2 bQM�` bB;@
M�H T`Q+2bbBM; �`+?Bi2+im`2 T`2b2Mi2/ BM 6B;X RXkX

jXkXR "2�K7Q`K2` .2bB;M
�M;H2 *�H+mH�iBQM

h?2 }`bi bi2T 7Q` i?2 .2bB;M Q7 i?2 #2�K7Q`K2` Bb iQ /2}M2 i?2 M2ti
+`Bi2`B�,

�``�v b?�T2, HBM2�`X h?Bb ;2QK2i`v r�b b2H2+i2/ #2+�mb2 Bi Bb bBKTH2
v2i mb27mH r?2M BKTH2K2MiBM; i?2 �H;Q`Bi?KbX

LmK#2` Q7 2H2K2Mib, j 2H2K2MibX h?Bb MmK#2` Bb i?2 KBMBKmK `2@
[mB`2/ iQ /Q i?2 #2�K7Q`KBM;- �M/ Bi r�b b2H2+i2/ iQ bBKTHB7v
i?2 /2p2HQTK2Mic i?2 MmK#2` Q7 2H2K2Mib BM i?2 �``�v rBHH #2 i?2
MmK#2` Q7 +?�MM2HbX
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aT�+BM; #2ir22M 2H2K2Mib, jdX3 +KX h?Bb p�Hm2 r�b b2i /m2 iQ i?2
/BK2MbBQMb Q7 i?2 KQ/2H +QMbi`m+i2/- Qi?2`rBb2- Bi rQmH/ ?�p2
#22M H�`;2` �M/ KQ`2 �+QmbiB+ TQr2` r2`2 M22/2/ BM Q`/2` iQ +�i+?
mT i?2 bB;M�H QM i?2 i`�Mb/m+2` 2H2K2MibX

6`2[m2M+v, Ry F>xX h?Bb p�Hm2 r�b b2H2+i2/ #�b2/ BM i?2 �mi?Q`Ƕb
T`2pBQmb 2tT2`B2M+2 U7`QK y iQ R8 E>xV �M/ Bi Bb �HbQ mb2/ BM
bQM�` �TTHB+�iBQMb- �M/ 7�HHb BM i?2 ?mK�M �+QmbiB+ `�M;2- i?mb-
�m/BQ@+QKTHB�Mi /2pB+2b +QmH/ #2 mb2/ bQX

_2bQHmiBQM, Re �M;H2bX h?Bb p�Hm2 r�b MQi QMHv b2H2+i2/ #�b2/ BM i?2
�mi?Q`Ƕb T`2pBQmb 2tT2`B2M+2 #mi �HbQ BM i?2 7�+i i?�i BM+`2�b2
i?Bb p�Hm2 rBHH 2tTQM2MiB�HHv ;`Qr i?2 ?�`/r�`2 T`Q+2bbBM; `2[mB`2@
K2Mib �M/ BM+`2K2Mi i?2 /B{+mHivX

h?Bb T�`�K2i2`b r2`2 /2}M2/ F22TBM; i?2 bvbi2K �b bBKTH2 �b TQbbB#H2X
LQr r2 T`Q+22/ iQ +�H+mH�i2 i?2 p�Hm2 Q7 i?2 �M;H2b- +QMbB/2`BM; i?�i �
HBM2�` �``�v ?�b � i?2Q`2iB+�H }2H/ Q7 R3yǞX

h?2M- i?2 iBK2 /2H�vb �`2 +�H+mH�i2/ mb2/ i?2 7Q`KmH� BM (j)- r?B+?
bi�i2b,

τθ =
d sin(90− θ)

c
UjXRV

r?2`2,
τθ, iBK2 /2H�v
θ, bT2+B}+ �M;H2
c, bQmM/ p2HQ+BivX AM r�i2` c = 1500m/s- BM �B` c = 333m/s

h?2 /2H�v �M/ bmK@#2�K7Q`K2` Bb /2b+`B#2/ #v

r(t, θ) =
M∑

m=1

Sm(t− τθ) UjXkV

jXkXk aB;M�H S`Q+2bbBM; a+?2K2 .2bB;M
AM K�ii2` Q7 i?2 bB;M�H T`Q+2bbBM;- 7Q` i?2 bT2+i`�H �M�HvbBb- � i2bi bB;M�H
r�b mb2/- /2}M2/ �b,

xin(t) = sin(2π1000t) + 0.5sin(2π2000t+ 3π/4) UjXjV
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h?2 ~Qr /B�;`�K U6B;X jXjV- i?2 +Q/2 UGBbiX jXRV �M/ i?2 QmiTmi THQib
U6B;X jXkV �`2 b?QrM M2tiX �HH i?2 6HQr .B�;`�Kb Q7 i?Bb b2+iBQM r2`2
K�/2 mbBM; i?2 Sv6HQr+?�`i T�+F�;2 �p�BH�#H2 BM (\)X

R 7 Q ` M BM `�M;2 Uy -R8V ,
k iM X �TT2M/ UMV
j T` BMi U ǴtUWB V4 tǴWMV
9 t4Ki X b BM Uk»Ki X TB »Ryyy»M» i b V YyX8»Ki X b BM Uk»Ki X TB »kyyy»M» i b

Yj»Ki X TB f9V
8 T` BMi UtV
e tBM ( M)4t

GBbiBM; jXR, :2M2`�iBM; i2bi bB;M�H

6B;m`2 jXk, h2bi bB;M�H
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6B;m`2 jXj, 6HQr /B�;`�K 7Q` i?2 aB;M�H :2M2`�iQ`
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*`2�iBM; ;2M2`�HBx2/ 7mM+iBQMb iQ +�H+mH�i2 `2�H- BK�;BM�`v T�`ib-
K�;MBim/2 �M/ /2;`22b mbBM; QMHv Tm`2 Svi?QM M�iBp2 7mM+iBQMb �M/
i?2 .Bb+`2i2 6Qm`B2` h`�Mb7Q`K .2}MBiBQM U1[X jX9V,

X(m) = ΣN−1
n=0 x(n)[cos(2πnm/N)− jsin(2πnm/N)] UjX9V

h?2 +Q/2 �M/ i?2 QmiTmi THQib �`2 b?QrM BM GBbiX jXk �M/ 6B;X jX9
`2bT2+iBp2HvX

6B;m`2 jX9, 6Qm`B2` h`�Mb7Q`K +�H+mH�iBQM mbBM; /2}MBiBQM
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R /27 +�H+mH�i2_2�HS�`isM U tBMTmi - M -L-KV ,
k O` 2 � H T�`i
j tn`nM 4 ( )
9 O MM4M
8 O M4y
e 7 Q ` M BM `�M;2 Uy -LV ,
d tn`nM X �TT2M/ U tBMTmi ( M )»Ki X +Qb UK»k»Ki X TB »MfLV V
3 bmKntn`nM 4 bmKUtn`nMV
N OT` BMi UǴt UǴ - MM - Ǵ V ` 2 � H 4Ǵ-bmKntn`nMV

Ry `2im`M bmKntn`nM
RR
Rk /27 +�H+mH�i2AK�;S�`isM U tBMTmi - M -L-KV ,
Rj OBK�;BM�`v T�`i
R9 tnBnM 4 ( )
R8 OMM4M
Re OM4y
Rd 7 Q ` M BM `�M;2 Uy -LV ,
R3 tnBnM X �TT2M/ U tBMTmi ( M)»−KiX b BM UK»k»Ki X TB »MfLV V
RN bmKntnBnM 4 bmKUtnBnMV
ky OT` BMi UǴt UǴ - MM - Ǵ V BK�; , Ǵ - bmKntnBnMV
kR `2im`M bmKntnBnM
kk
kj /27 ;2iSQH�`6Q`K UbmKntn`nM- bmKntnBnM- KV ,
k9 OsUMV K�;MBim/2
k8 tnMnK�;4Ki X b[` i U UbmKntn`nMV »»kYUbmKntnBnMV »»kV
ke OT` BMi UǴsnK�;UǴ -K- Ǵ V 4Ǵ-tnMnK�;V
kd OsUMV T?�b2
k3 tnMnT?�4Ki X �i�M UbmKntnBnMfbmKntn`nMV
kN OT` BMi UǴsnT?�UǴ -K- Ǵ V 4Ǵ-tnMnT?�V
jy tnMnT?�n/2;4UtnMnT?�»R3yV fUKi X TB V
jR OT` BMi UǴsnT?�n.2;UǴ -K- Ǵ V 4Ǵ-tnMnT?�n/2; - Ǵ Ǟ$MǴV
jk `2im`M tnMnK�;- tnMnT?�

GBbiBM; jXk, 6Qm`B2` h`�Mb7Q`K +�H+mH�iBQM mbBM; /2}MBiBQM
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AM i?2 bB;M�H T`Q+2bbBM; T�`i- � >�MMBM; qBM/Qr Bb mb2/ �M/ Bib
+�H+mH�iBQM Bb T`2b2Mi2/ �b ~Qr /B�;`�K BM 6B;X je- i?2M i?2 +Q/2 �M/
i?2 QmiTmi THQib �`2 T`2b2Mi2/ BM GBbiX jXj �M/ 6B;X jX8- `2bT2+iBp2Hv,

R Ln4jk
k r4()
j iM 4 ( )
9 7 Q ` M BM `�M;2 Uy - LnV ,
8 iM X �TT2M/ UMV
e rn 4 yX8−yX8»Ki X +Qb UUk»Ki X TB »MV fLnV
d T` BMi U ǴrU Ǵ -M - Ǵ V , Ǵ -rnV
3 rX �TT2M/ UrnV
N

Ry /27 >�MMBM;o�Hm2b ULV ,
RR r4()
Rk 7 Q ` M BM `�M;2 Uy - LnV ,
Rj rn 4 yX8−yX8»Ki X +Qb UUk»Ki X TB »MV fLnV
R9 rX �TT2M/ UrnV
R8 `2im`M r

GBbiBM; jXj, >�MMBM; qBM/Qr *�H+mH�iBQM

6B;m`2 jX8, >�MMBM; qBM/Qr *�H+mH�iBQM
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6B;m`2 jXe, 6HQr /B�;`�K Q7 i?2 >�MMBM; qBM/Qr *�H+mH�iBQM
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�TTHvBM; � rBM/Qr iQ i?2 bB;M�H K�F2b Bi KQ`2 bmBi�#H2 7Q` T`Q+2bb@
BM;X h?2 ~Qr /B�;`�K U6B;X jX3V- i?2 +Q/2 UGBbiX jX9V �M/ i?2 QmiTmi
THQib U6B;X jXdV �`2 b?QrM M2tiX

R Ln4e9
k r4()
j iM 4 ( )
9 b 4 ( )
8 rb 4 ( )
e
d O;2M2`�i BM; b B ; M � H �M/ / B b + ` 2 i 2 iBK2 p2+iQ`
3 7 Q ` M BM `�M;2 Uy - LnV ,
N iM X �TT2M/ UMV

Ry bn 4 Ki X b BM UUk»Ki X TB »j X9 V »MfLnV
RR b X �TT2M/ UbnV
Rk
Rj O;2M2`�i BM; rBM/Qr
R9 7 Q ` M BM `�M;2 Uy - LnV ,
R8 rn 4 yX8−yX8»Ki X +Qb UUk»Ki X TB »MV fLnV
Re rX �TT2M/ UrnV
Rd
R3 O;2M2`�i BM; rBM/Qr2/ b B ; M � H
RN 7 Q ` M BM `�M;2 Uy - LnV ,
ky rbn 4 b ( M ) » r( M )
kR rb X �TT2M/ UrbnV

GBbiBM; jX9, aB;M�H qBM/Qr2/

6B;m`2 jXd, ai2Tb Q7 � rBM/QrBM; QT2`�iBQM
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h?Bb QT2`�iBQM Bb r2HH@FMQrM 7Q` KBMBKBx2 i?2 MQBb2 BM i?2 QmiTmi
6Qm`B2` h`�Mb7Q`KX h?2 ~Qr /B�;`�K U6B;X jXRyV- i?2 +Q/2 UGBbiX jX8V
�M/ i?2 QmiTmi THQib U6B;X jXNV �`2 b?QrM M2tiX,

R Ln4e9
k r4()
j iM 4 ( )
9 b 4 ( )
8 rb 4 ( )
e
d O;2M2`�i BM; b B ; M � H �M/ / B b + ` 2 i 2 iBK2 p2+iQ`
3 7 Q ` M BM `�M;2 Uy - LnV ,
N iM X �TT2M/ UMV

Ry bn 4 UKi X b BM UUk»Ki X TB »j X9 V »MfLnV YyXR»Ki X b BM UUk»Ki X TB »dV»Mf
LnV V

RR b X �TT2M/ UbnV
Rk
Rj O;2M2`�i BM; >�MMBM; rBM/Qr
R9 ?�MMBM;n 4 >�MMBM;o�Hm2b ULV
R8
Re O;2M2`�i BM; rBM/Qr2/ b B ; M � H
Rd 7 Q ` M BM `�M;2 Uy - LnV ,
R3 rbn 4 b ( M ) » ?�MMBM;n ( M )
RN rb X �TT2M/ UrbnV
ky
kR O`2+ i 7Q`K
kk s`nHbib 4() O` 2 � H T�`i H B b i
kj sBnHbib 4() OBK�;BM�`v T�`i H B b i
k9 OTQH�` 7Q`K
k8 sKnHbib 4() OK�;MBim/2
ke sTnHbib 4() OT?�b2
kd L4e9
k3
kN s`nHbib - sBnHbib - sKnHbib - sTnHbib 4 .6h#v.27U b -LV
jy s`nHbirb - sBnHbirb - sKnHbirb - sTnHbirb 4 .6h#v.27Urb -LV
jR
jk 7 B ; 4 T H i X 7 B ; m ` 2 U 7 B ; b B x 2 4URe -8V V
jj T H i X bm#THQi URkRV
j9 T H i X bi2K U iM ( y , j R ) - sKnHbib ( y , j R ) V
j8 T H i X �t B b U ( y - jk - y - jy ) V
je T H i X v H �#2 H U Ƕ p� Hm2b Ƕ V
jd T H i X t H �#2 H U ǶM Ƕ V
j3 T H i X i B i H 2 U Ǵ.6h Q7 b B ; M � H Ǵ V
jN T H i X bm#THQi URkkV
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9y T H i X bi2K U iM ( y , j R ) - sKnHbirb ( y , j R ) V
9R T H i X �t B b U ( y - jk - y - jy ) V
9k T H i X v H �#2 H U Ƕ p� Hm2b Ƕ V
9j T H i X t H �#2 H U ǶM Ƕ V
99 T H i X i B i H 2 U Ǵ.6h Q7 qBM/Qr2/ b B ; M � H Ǵ V
98 T H i X b?Qr UV

GBbiBM; jX8, qBM/QrBM; 2z2+i

6B;m`2 jXN, 1z2+ib Q7 rBM/QrBM; BM i?2 6Qm`B2` h`�Mb7Q`K
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h?2 6�bi 6Qm`B2` h`�Mb7Q`K BKTH2K2Mi2/ BM i?Bb T`QD2+i mb2b x2`Q@
T�//BM;- i?Bb i2+?MB[m2 Kmbi #2 mb2/ rBi? +�miBQM /m2 iQ Bib 2z2+ib
BM bT2+i`�H /BbiQ`iBQMX h?2 ~Qr /B�;`�K U6B;X jXRkV- i?2 +Q/2 UGBbiX
jXeV �M/ i?2 QmiTmi THQib U6B;X jXRRV �`2 b?QrM M2tiX ,

R Ln4Re
k iM 4 ( )
j b 4 ( )
9
8 O;2M2`�i BM; b B ; M � H �M/ / B b + ` 2 i 2 iBK2 p2+iQ`
e 7 Q ` M BM `�M;2 Uy - LnV ,
d iM X �TT2M/ UMV
3 bn 4 Ki X b BM UUk»Ki X TB »jV»MfLnV
N b X �TT2M/ UbnV

Ry
RR O`2+ i � TQH�` 7Q`K BM � M B + 2 ` r�v
Rk s`nHbib - sBnHbib - sKnHbib - sTnHbib 4 ( ) - ( ) - ( ) - ( )
Rj s`nHbib - sBnHbib - sKnHbib - sTnHbib 4 .6h#v.27U b -LnV
R9
R8 OMQr x2`Q−T�//BM; L4jk- Re T�//2/ x2`Qb
Re L4jk
Rd 7 Q ` M BM `�M;2 ULn- LV ,
R3 b X �TT2M/ UyV
RN
ky iMxR 4()
kR 7 Q ` B BM `�M;2 Uy -LV ,
kk iMxR X �TT2M/ U B V
kj
k9 s`nxTR - sBnxTR - sKnxTR- sTnxTR 4 .6h#v.27U b -LV

GBbiBM; jXe, w2`Q@T�//BM; 2z2+i QM i?2 .6h

6B;m`2 jXRR, w2`Q@T�//BM; 2z2+i QM i?2 .6h
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6B;m`2 jXRk, 6HQr /B�;`�K Q7 w2`Q@T�//BM;
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h?2 bQH2 QT2`�iBQM Q7 �TTHvBM; i?2 .Bb+`2i2 6Qm`B2` h`�Mb7Q`K�iBQMb
vB2H/b mb iQ ?�p2 � S`Q+2bbBM; :�BM �bbQ+B�i2/ rBi? i?Bb T`Q+2bb- r?B+?
BM i?2 +�b2 Q7 i?2 bT2+i`�H �M�HvbBb mb2/ BM T�bbBp2 bQM�` Bb T�`iB+mH�`Hv
mb27mHX h?2 �KTHBim/2 Q7 i?2 K�BM 7`2[m2M+v #BM Bb 2M?�M+2/ �b i?2 L
BM+`2�b2b- 2p2M BM � `2�HHv MQBbv 2MpB`QMK2Mi bm+? �b i?2 b2�X �b r2
BM+`2�b2 i?2 MmK#2` Q7 L TQBMib Q7 i?2 .6h- i?2 i?2 BMTmi iQM2 �KTHB@
im/2 ;2ib 2M?�M+2/- i?mb r2 �`2 BM+`2K2MiBM; i?2 ;�BM �M/ BKT`QpBM;
i?2 aB;M�H@iQ@LQBb2 _�iBQ UaL_VX h?2 ~Qr /B�;`�K U6B;X jXR9V- i?2
+Q/2 UGBbiX jXdV �M/ i?2 QmiTmi THQib U6B;X jXRjV �`2 b?QrM M2tiX

R ǴǴǴM2r / 2 7 B M B i B Q M Q7 i?2 7mM+i BQM ǴǴǴ
k /27 ;2M2`�i2_�M/QKLQBb2rBi?GBKBib UL- H H - Hm V , OTQBMib - HQr2`

H B K B i Q 7 i?2 `�M/QK MmK#2` - mTT2` H B K B i Q 7 i?2 `�M/QK
MmK#2`

j Mb 4 ( )
9 7 Q ` B BM `�M;2 Uy -LV ,
8 Mb X �TT2M/ U`KX mMB7Q`K U H H - Hm V V O−RIMmK#2`IR
e `2im`M Mb
d
3 L4Re O−−−−−−−−−−−−−−−L4Re TQBMib
N Mb 4 ( )

Ry H H 4−j OHQr2` H B K B i 7 Q ` i?2 K�;MBim/2 Q 7 i?2 `�M/QK MQB b2
RR Hm48 OmTT2` H B K B i 7 Q ` i?2 K�;MBim/2 Q 7 i?2 `�M/QK MQB b2
Rk
Rj Mb 4 ;2M2`�i2_�M/QKLQBb2rBi?GBKBib UL- H H - Hm V
R9
R8 O;2M2`�i BM; b B ; M � H �M/ iBK2 p2+iQ`
Re b 4 ( )
Rd iM 4 ( ) O/ B b + ` 2 i 2 iBK2 p2+iQ`
R3
RN 7 Q ` M BM `�M;2 Uy - LV ,
ky iM X �TT2M/ UMV
kR bn 4 Ki X b BM UUk»Ki X TB »kV»MfLV
kk b X �TT2M/ UbnV
kj
k9 OKBtBM; b B ; M � H UYV
k8 Kb 4 ( )
ke 7 Q ` M BM `�M;2 Uy - LV ,
kd KbX �TT2M/ U Mb ( M)Yb ( M ) V
k3
kN s`nH - sBnH - sKnKb- sTnH 4 .6h#v.27UKb -LV
jy
jR O−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
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jk O−−−−−−−−LQr r2 i`v L4e9 TQBMib rBi? i?2 b�K2 MQ B b2
jj LM2r4e9
j9 O−−−−
j8 MbKQ/ 4 ( )
je MbKQ/ 4 ;2M2`�i2_�M/QKLQBb2rBi?GBKBib ULM2r- H H - Hm V
jd
j3 O;2M2`�i BM; b B ; M � H �M/ iBK2 p2+iQ`
jN bKQ/ 4 ( )
9y iMKQ/ 4 ( ) O/ B b + ` 2 i 2 iBK2 p2+iQ`
9R
9k 7 Q ` M BM `�M;2 Uy - LM2rV ,
9j iMKQ/ X �TT2M/ UMV
99 bn 4 Ki X b BM UUk»Ki X TB »kV»MfLV
98 bKQ/ X �TT2M/ UbnV
9e
9d OKBtBM; b B ; M � H UYV
93 KbKQ/ 4 ( )
9N 7 Q ` M BM `�M;2 Uy - LM2rV ,
8y KbKQ/X �TT2M/ UMbKQ/ ( M)YbKQ/ ( M ) V
8R
8k tJnJbKQ/4()
8j s`nH - sBnH - sKnKbLKQ/- sTnH 4 .6h#v.27UKbb -LM2rV
89
88 ?�H7L 4 BMi U ULM2rfkV V

GBbiBM; jXd, .6h S`Q+2bbBM; ;�BM

6B;m`2 jXRj, .6h S`Q+2bbBM; ;�BM BM HQ;�`Bi?KB+ b+�H2
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6B;m`2 jXR9, 6HQr /B�;`�K 7Q` T`Q+2bbBM; ;�BM
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h?2 6BMBi2 AKTmHb2 _2bTQMb2 6BHi2` r�b BKTH2K2Mi2/ iQ /2KQMbi`�i2
Bib 7mM+iBQMb- #mi BM i?2 BKTH2K2Mi�iBQM- QT2M bQm`+2 iQQHb �`2 mb2/ iQ
;2M2`�i2 i?2 }Hi2`Ƕb +Q2{+B2MiX h?2 ~Qr /B�;`�K U6B;X jXReV- i?2 +Q/2
UGBbiX jX3V �M/ i?2 QmiTmi THQib U6B;X jXR8V �`2 b?QrM M2tiX

R �KTH 4 (Ry - kk - k9 - 9k - jd - dd - 3N - kk - ej - N )
k KBMnBM/2t 4 ( )
j �p;n�KTH 4 ( )
9 +4y
8
e 7 Q ` + BM `�M;2 Uy - H 2M U�KTH V V ,
d KBMnBM/2t X �TT2M/ U +YRV
3 B 7 + I4 j , O#+ i?2 7 B ` b i p� H B/ ` 2 b m H i B b m M i B H r2 ;2i 8

b�KTH2b - rQmH/ #2 i?2 BM/2t 9 - #mi +QKT2Mb�iBM; i?2 x2`Q−
BM/2t

N �p;n�KTH X �TT2M/ UyV
Ry 2 H b 2 ,
RR �p;n�KTH X �TT2M/ U U �KTH ( +−9)Y�KTH ( +−j)Y�KTH ( +−k)Y�KTH ( +

−R)Y�KTH ( + ) V f8V
GBbiBM; jX3, "�bB+ 6A_ AKTH2K2Mi�iBQM

6B;m`2 jXR8, 6A_ 6BHi2` AKTH2K2Mi�iBQM
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6B;m`2 jXRe, 6HQr /B�;`�K Q7 i?2 6A_ 6BHi2` AKTH2K2Mi�iBQM
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jXkXj S?vbB+�H AKTH2K2Mi�iBQM
�M�HQ; ai�;2

6Q` i?2 �M�HQ; bi�;2- r2 M22/ � i`�Mb/m+2` 2H2K2Mi- � }Hi2`- �M �KTHB}2`
�M/ bQK2 ?B;? pQHi�;2 T`Qi2+iBQM- bQ � +QKK2`+B�H /2pB+2 r�b b2H2+i2/
BM Q`/2` iQ b�p2 i?2 iBK2 �M/ +Qbi �bbQ+B�i2/ iQ /2bB;M i?2 S*" 7Q` i?Bb
bi�;2X h?2 /2pB+2 mb2/ Bb aT�`F7mM 1H2+i`2i JB+`QT?QM2 "`2�FQmi
"P"@Rkd83 Ub?QrM BM 6B;X jXRdVX h?2 �/p�Mi�;2b i?�i r2`2 i�F2M
BM �++QmMi iQ mb2 i?Bb /2pB+2 �`2,

RX AMi2;`�iBQM 2�b2

kX `2/m+2/ "PJ

jX `2/m+2/ 7Q`K 7�+iQ`

9X `2/m+2/ +Qbi

8X PT2M bQm`+2 b+?2K�iB+ �M/ H�vQmi

h?2`2 �`2 K�Mv Qi?2` �Hi2`M�iBp2b BM i?2 bQ@+�HH2/ K�F2` K�`F2i HBF2
i?2 1H2+i`2i JB+`QT?QM2 �KTHB}2` J�s99ee i?�i Bb p2`v bBKBH�`
#mi �i i?2 iBK2 Q7 i?2 �+[mBbBiBQM Q7 2[mBTK2Mi r�bMǶi �p�BH�#H2X

6B;m`2 jXRd, 1H2+i`2i JB+`QT?QM2 "`2�FQmi
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h?Bb #Q�`/ BM+Hm/2b � KB+ T`2�KTHB}2` rBi? � ;�BM Q7 ey- #�b2/ BM i?2
PS�j99 PT �KT �M/ rQ`Fb BM i?2 `�M;2 7`QK kXd o iQ 8X8 o- K�FBM;
i?2 BMi2;`�iBQM rBi? i?2 6S:� #Q�`/ b2�KH2bbX
h?2 b+?2K�iB+ Q7 i?2 �KTHB}2` +B`+mBi BM i?Bb #Q�`/ Bb b?QrM BM 6B;X
jXR3,

6B;m`2 jXR3, 1H2+i`2i JB+`QT?QM2 "`2�FQmi a+?2K�iB+

GBM2�` �``�v

� bBKTH2 K2+?�MB+�H bi`m+im`2 r�b #mBHi iQ ?QH/ i?2 j �KTHB}2/ KB+`Q@
T?QM2b #Q�`/b 7Q` �B`@#�b2/ i2bibX a22 6B;X jXRNX

6B;m`2 jXRN, �B`@#�b2/ KQ/2H Q7 i?2 GBM2�` �``�v
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�M�HQ;@iQ@.B;Bi�H *QMp2`i2`

h?2 H�bi T�`i Q7 i?2 �M�HQ; bi�;2 Bb i?2 �.*c i?2 b2H2+i2/ /2pB+2 Bb
i?2 SKQ/ �.R #Q�`/ Ub?QrM BM 6B;X jXkNV 7`QK .B;BH2Mi K�Mm@
7�+im`2`- r?B+? +QMi�BMb �M �.d9de +QMp2`i2` 7`QK �M�HQ; .2pB+2b
K�Mm7�+im`2` �M/ Bi r�b b2H2+i2/ 7QHHQrBM; i?2b2 +QMbB/2`�iBQMb,

RX _2/m+2/ 7Q`K 7�+iQ`

kX 1�b2 Q7 K�iBM; rBi? 6S:� #Q�`/

jX _272`2M+2 /2bB;M �p�BH�#BHBiv

9X �mi?Q` T`2pBQmb 2tT2`B2M+2

h?2 i2+?MB+�H +?�`�+i2`BbiB+b Q7 i?Bb +QMp2`i2` �`2,

Ç a�KTHBM; _�i2, R JaSaX

Ç _2bQHmiBQM, Rk #BibX

Ç _�M;2, y iQ jXjoX

Ç *QKKmMB+�iBQMb, aSAX

6B;m`2 jXky, SKQ/ �.R

�i i?2 #2;BMMBM;- Bi r�b +QMbB/2`2/ i?2 mb2 Q7 oBp�/Q >Ga iQQHb
U*f*YY T`Q;`�KKBM; iQ /2b+`B#2 ?�`/r�`2 KQ/mH2bV iQ #mBH/ i?2 T`Q@
+2bbBM; bvbi2K- #mi Bi r�b /m2 iQ irQ K�BM 7�+iQ`b i?�i i?2 �mi?Q` iQQF
i?2 /2+BbBQM iQ mb2 � /Bz2`2Mi �TT`Q�+?,



*>�Sh1_ jX .1aA:L �L. AJSG1J1Lh�hAPL 9N

RX h?2 ?B;? +QKTH2tBiv Q7 i?Bb iQQH

kX i?2 H�+F Q7 i2+?MB+�H BM7Q`K�iBQM �p�BH�#H2X

jX i?2 2tT2Mb2 Q7 i?2 HB+2Mb2 7Q` +QKK2`+B�H mb2b Q7 i?2 /2bB;Mb

jXj �`+?Bi2+im`2 AKTH2K2Mi�iBQM
h?2 7mHH T`QTQb2/ �`+?Bi2+im`2 +QMbBbib BM � KBt2/ BKTH2K2Mi�iBQM Q7
>.G KQ/mH2b �M/ 2K#2//2/ bQ7ir�`2- �M/ Bi Bb /2b+`B#2/ �b 7QHHQrb,
i?2 #2�K7Q`K2` r?B+? ;2M2`�i2b i?2 +QMi`QH bB;M�Hb 7Q` i?2 �.* �M/
i�F2b i?2 /B;Bi�HBx2/ +QM/BiBQM2/ bB;M�H i?�i +QK2b BM }`bi TH�+2 7`QK
i?2 i`�Mb/m+2`bc �M/ QmiTmib i?2 bB;M�Hb i?�i `2T`2b2Mi i?2 #2�`BM; Q7
i?2 bQm`+2- i?2M ;2ib i?`Qm;? � GQrT�bb }Hi2`- i?2M Bi 722/b � 6�bi
6Qm`B2` h`�Mb7Q`K #HQ+F �M/ ;2ib +QKKmMB+�i2/ iQ i?2 }`Kr�`2 BM i?2
T`Q+2bbQ` iQ QmiTmi i?2 `2bmHib BM l�_h T`QiQ+QH iQ � ;`�T?B+ BMi2`7�+2
rBi?BM � +QMbQH2X h?Bb T`QTQb�H Bb /2TB+i2/ BM i?2 #HQ+F /B�;`�K BM
6B;X jXkR- BM r?B+? i?2 #Hm2 #HQ+Fb `2T`2b2Mi >.G KQ/mH2b rBi?BM
i?2 6S:�- �HbQ rBi?BM i?2 v2HHQr #HQ+F i?�i `2T`2b2Mib i?2 S`Q+2bbQ`
i?2`2 Bb i?2 TBMF #HQ+F i?�i `2T`2b2Mi i?2 2K#2//2/ }`Kr�`2- }M�HHv-
i?2 ;`�T?B+ BMi2`7�+2 #HQ+F- �HbQ BM TBMF `2T`2b2Mib i?2 bQ7ir�`2 `mMMBM;
BM i?2 ;`22M +QHQ` #HQ+F Q7 i?2 +QMbQH2,
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6B;m`2 jXkR, S`QTQb2/ AKTH2K2Mi�iBQM

h?2 7mM+iBQM Q7 i?Bb #HQ+Fb �`2 7mHHv /2b+`B#2/ BM i?2 M2ti b2+iBQMX

jXjXR "2�K7Q`K2`
.m2 iQ Bib +`m+B�H `QH2- i?2 .2H�v@amK #2�K7Q`K2` Bb }`biHv /2b+`B#2/X
Ai Bb BKTH2K2Mi2/ rBi?BM i?2 6S:� Ub22 6B;X jXkkV- i?2 #Hm2 #HQ+Fb
�`2 >.G KQ/mH2b- �M/ i?2 `2/ #�+F;`QmM/ `2T`2b2Mib i?Bb r?QH2 #HQ+F
BM i?2 K�BM bvbi2K �`+?Bi2+im`2,
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6B;m`2 jXkk, h?2 #2�K7Q`K2` /2bB;M

�.* *QMi`QHH2`

h?Bb #HQ+F Bb i?2 SKQ/ �.R _272`2M+2 *QKTQM2Mi- Bi ;2M2`�i2b i?2
+QMi`QH bB;M�Hb 7Q` i?2 �.d99R �.* �M/ Q#i�BM i?2 b�KTH2/ Rk@#Bi
TQbBiBp2 BMi2;2` /�i� BM i?2 7Q`K Q7 � HQ;B+ p2+iQ` Q7 � bBM;H2 /�i� b�KTH2
�i i?2 `�i2 Q7 8yy Fa r?B+? `2T`2b2Mi i?2 �m/BQ /�i�X h?2 b�KTH2 `�i2
r�b +?Qb2M /m2 iQ T`2pBQmb rQ`FBM; 2tT2`B2M+2 rBi? i?Bb KQ/mH2 �M/ BiǶb
i?2 HQr2bi 7`2[m2M+v i?�i +�M #2 ;2M2`�i2/ �M/ i?2 HQr2bi i?�i rQ`F2/
r2HH rBi? i?2 +QMp2`i2`bX

6A6P J2KQ`v

o�`B�#H2@.2Ti? 6A6P K2KQ`v BM+Hm/2/ �b AS *Q`2 BM i?2 oBp�/Q .2bB;M
amBi2- Bi i�F2b �b BMTmi i?2 Rk #Bi b�KTH2 7`QK i?2 �.*c i?2 /2Ti? Q7
i?Bb K2KQ`v p�`B2b �++Q`/BM; i?2 /2H�v +�H+mH�i2/ �M/ �TTHB2b � /Bb+`2i2
/2H�v 7Q` � +�H+mH�i2/ �KQmMi Q7 iBK2- �M/ QmiTmib i?2 iBK2@/2H�v2/
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b�KTH2X h?2 QmiTmi Bb i?2 b�K2 Rk #Bi BMi2;2` p�Hm2 #mi /2H�v2/ BM
iBK2X

.2H�v *�H+mH�iBQM

Ai Bb � }t2/ _PJ K2KQ`v rBi? i?2 +�H+mH�iBQM i?2 �KQmMi Q7 /2H�v
M22/2/ 7Q` 2p2`v �M;H2X h?Bb KQ/mH2 ?�b j QmiTmib Q7 � Rk #Bi BMi2;2`
7Q` �HH Q7 i?2 6A6P K2KQ`B2bX h?2 /�i� rBi? 7Q` i?2 /2H�vb r�b b2H2+i2/
iQ bi�M/�`/Bx2 i?2 Qp2`�HH /�i� H2M;i? BM �HH i?2 /2bB;MX

amK �M/ LQ`K

Bib i�bF Bb iQ bmK i?2 i?`22 /2H�v2/ +?�MM2Hb �M/ i?2M MQ`K�HBx2 #v Rk
#Bib Ui?2 �.* b�KTH2 rB/i?V BM Q`/2` iQ T`2p2Mi TQbbB#H2 Qp2`~Qr Q7
i?2 bmKKBM; QT2`�iBQM- `2bmHiBM; BM � MQ`K�HBx2/ +Q?2`2Mi Rk #Bi bBM;H2
/�i� QmiTmiX
h?2 .2H�v +�H+mH�iBQM- 6A6P J2KQ`v �M/ amK �M/ LQ`K #Hm2 #HQ+Fb-
7Q`Kb i?2 .2H�v amK 7Q` �M;H2 L ;`22M #HQ+F- i?�i Bb `2T2�i2/ Re iBK2b
�+`Qbb i?2 BKTH2K2Mi�iBQMX

JmHiBTH2t2`

h?Bb mb2/ 7Q` b2H2+iBM; i?2 /2bB`2/ �M;H2 BM r?B+? i?2 GP6�_ �M�HvbBb
rBHH #2 /QM2- Bi i�F2b �b BMTmib 2�+? Q7 i?2 Re +?�MM2Hb URk #Bi BMi2;2`V
�M/ � +QMi`QH bB;M�H i?�i Bb � jk #Bib UQMHv i?2 9 HQr2` #Bib �`2 mb2/V
7`QK i?2 �_J KB+`QT`Q+2bbQ` �M/ QmiTmi i?2 /2bB`2/ �M;H2 +?�MM2HX

a2`B�HBx2`

�HH i?2 Re bi�;2b �`2 +QMM2+i2/ iQ �M BM/2T2M/2Mi Rk #Bib BMi2;2` BMTmi
+?�M2H Q7 i?2 S�`�HH2H@iQ@a2`B�H #HQ+F r?Qb2 QmiTmi Bb i?2 Re +?�MM2Hb
b2`B�HBx2/ BM i?2 jk #Bi rB/2 �sA ai`2�K BMi2`7�+2 U/�i� #mb �M/ +QMi`QH
bB;M�Hb /2b+`B#2/ BM a2+iBQM jX9XkV- i?Bb Bb 7Q` i?2 �_J T`Q+2bbQ` iQ
`2�/ i?2 `2bmHi- r?B+? Bb � bT�+2@b�KTH2/ p2`bBQM Q7 i?2 r�p27`QMi- �HbQ
FMQrM �b i?2 "h_ p2+iQ`X
h?2 b2H2+i2/ /�i� rB/i? mb2/ �+`Qbb i?2 /2bB;M r�b BMi2M/2/ iQ bi�M@
/�`/Bx2 i?2 Qp2`�HH /�i� H2M;i? BM �HH i?2 /2bB;MX h?2 `2�bQMb iQ mb2 i?2
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TQbBiBp2 BMi2;2` Bb iQ �pQB/ i?2 ?�bbH2 �bbQ+B�i2/ rBi? ~Q�iBM; TQBMi �M/
bB;M2/ /�i� `2T`2b2Mi�iBQMX

jXjXk *QKKmMB+�iBQMb
h?2 K�BM QmiTmi Q7 i?2 T`Q+2bbBM; Bb b2Mi pB� i?2 b2`B�H@Qp2`@la" +QM@
M2+iBQM Ub22 6B;X jXkjV #2ir22M i?2 6S:� #Q�`/ �M/ i?2 /BbTH�v *Sl
Ur?B+? ?Qbib i?2 ;`�T?B+�H BMi2`7�+2 T`Q;`�KV- i?2 7Q`K�i Q7 i?2 b2`B�H
QmiTmib KBMBK�HHv K22ib i?2 LJ1� yR3j +QKKmMB+�iBQM bi�M/�`/ �b
2tTH�BM2/ BM i?2 }`bi +?�Ti2`X
�HH /�i� Bb i`�MbKBii2/ BM i?2 7Q`K Q7 b2Mi2M+2bX PMHv T`BMi�#H2 �a*AA
+?�`�+i2`b �`2 �HHQr2/- THmb *_ U+�``B�;2 `2im`MV �M/ G6 UHBM2 722/VX
1�+? b2Mi2M+2 bi�`ib rBi? � Ǵ0Ǵ bB;M �M/ 2M/b rBi? I*_=IG6=X AM
i?2 +�b2 Q7 h�HF2` a2Mi2M+2bX h?2 7Q`K�i 7Q` i?2 i�HF2` b2Mi2M+2 Bb,
0iibbb-/R-/k-XXXXI*_=IG6=X h?2 }`bi irQ H2ii2`b 7QHHQrBM; i?2 0Ǵ
�`2 i?2 i�HF2` B/2MiB}2`X h?2 M2ti i?`22 +?�`�+i2`b UbbbV �`2 i?2 b2Mi2M+2
B/2MiB}2`c BM i?Bb +�b2- aa r�b mb2/- Bi bi�M/b 7Q` aQmM/2` a+�MMBM;
BM Q`/2` iQ K22i i?2 bi�M/�`/- i?2M 7QHHQr2/ #v � MmK#2` Q7 /�i� }2H/b
b2T�`�i2/ #v +QKK�b- i?�i BM i?Bb +�b2 �`2- i?2 QmiTmi Q7 i?2 T`Q+2bbBM;-
�M/ i2`KBM�i2/ #v +�``B�;2 `2im`MfHBM2 722/X

6B;m`2 jXkj, LJ1� yR3j +QKTHB�Mi +QKKmMB+�iBQMb

jX9 6S:� AKTH2K2Mi�iBQM
h?2 /B;Bi�H �`+?Bi2+im`2 ?�p2 #22M /2bB;M2/ �b T`2b2Mi2/ BM 6B;X jXk9,
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6B;m`2 jXk9, 6mHH �`+?Bi2+im`2 Q7 i?2 bvbi2K

h?Bb �`+?Bi2+im`2 rBHH #2 BKTH2K2Mi2/ rBi?BM i?2 6S:� US`Q;`�KK�#H2
GQ;B+ Q7 i?2 wvM[ /2pB+2V- i?Bb KBt2/ �`+?Bi2+im`2 mb2b mb2` >.G KQ/@
mH2b �M/ QT2M bQm`+2 AS *Q`2bX

jX9XR GP6�_
GQrT�bb 6BHi2`

h?Bb � >.G KQ/mH2 Q#i�BM2/ mbBM; i?2 Tv6.� QT2M@bQm`+2 iQQH 7Q`
+�H+mH�iBM; i?2 +Q2{+B2Mib �M/ BKTH2K2MiBM; i?2 }Hi2` BM o2`BHQ; >.G
H�M;m�;2- i?2 BMTmib �M/ QmiTmib �`2 Rk #Bib rB/2 HQ;B+ p2+iQ`X h?2
b2H2+i2/ 7`2[m2M+v r�b ky E>x BM Q`/2` iQ rQ`F rBi? i?2 �m/BQ bT2+i`mKX

6Qm`B2` h`�Mb7Q`K

� >.G KQ/mH2 #HQ+F i?�i +�H+mH�i2b i?2 6Qm`B2` h`�Mb7Q`K- mbBM; i?2
6�bi 6Qm`B2` h`�Mb7Q`K �H;Q`Bi?K BM � SBT2HBM2/ 7�b?BQM rBi? Rk3 #Bib-
�M/ �M QmiTmi Q7 � Rk #Bib rB/2 HQ;B+ p2+iQ`
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�sA :SAP
h?Bb >.G #HQ+F Bb T`QpB/2/ �b AS *Q`2 �M/ Bib 7mM+iBQM Bb iQ +QKKmMB@ 
+�i2 i?2 S`Q+2bbQ` rBi? i?2 +mbiQK >.G #HQ+Fb BM i?2 7Q`K Q7 � J2KQ`v 
K�T2/ /2pB+2X Aib BMTmib �`2 � Rk #Bib rB/2 HQ;B+ p2+iQ` i?�i ;2ib �b@ 
bB;M2/ �M/ ?2t�/2+BK�H K2KQ`v /B`2+iBQM �M/ ;2ib i`�MbH�i2/ BMiQ � 
�sA bi�M/�`/ jk #Bib QmiTmi- i?Bb r�v- Bi Bb TQbbB#H2 iQ `2�/ i?2 p�Hm2b 
7`QK i?2 6S:� HQ;B+ �M/ ;2i i?2K BM �

jX9Xk lb2/ >.G >�`/r�`2
�.* *QMi`QHH2`
S`QpB/2/ #v i?2 #Q�`/ K�Mm7�+m`2` .B;BH2Mi- Bi Bb mb2/ iQ +QMi`QH i?2 
�.* QM i?2 SKQ/- b2iiBM; i?2 b�KTH2 7`2[m2M+v- �M/ ;2iiBM; i?2 `2bmHi 
Q7 i?2 +QMp2`bBQM

66h *Q`2
�M �`#Bi`�`v@bBx2/ QT2M bQm`+2 6�bi 6Qm`B2` h`�Mb7Q`K *Q`2 ;2M2`�iQ`(Rd)- 
i?�i rQ`Fb QM2 b�KTH2 BM T2` +HQ+FX h?Bb iQQH +QK2b BM i?2 7Q`K Q7 � 
+QMbQH2 T`Q;`�K i?�i ;2ib +QM};m`�iBQM T�`�K2i2`b �M/ ;2M2`�i2b- � iQT 
o2`BHQ; }H2 rBi? Qi?2` o2`BHQ; #HQ+Fb i?�i- �b � r?QH2- BKTH2K2Mib i?2 
TBT2HBM2/ 66h rBi? i?2 T`2pBQmb bT2+B}2/ T�`�K2i2`b-(R3) S�`�K2i2`b 
mb2/ 7Q` ;2M2`�iBM; i?2 SBT2HBM2/ 66h +Q`2,
zi;2M @� BM7Q @+ k @7 e9 @K Rk @F k @M Rk @T Ry
h?2b2 T�`�K2i2`b �`2 2tTH�BM2/ #2HQr,
@� ?/`M�K2 *`2�i2 � ?2�/2` Q7 BM7Q`K�iBQM /2b+`B#BM; i?2 #mBHi@BM T�`�K2@

i2`b- mb27mH 7Q` KQ/mH2@H2p2H i2biBM; rBi? o2`BH�iQ`
@+ +#Bib *�mb2b �HH BMi2`M�H +QKTH2t +Q2{+B2Mib iQ #2 HQM;2` i?�M i?2 +Q`@

`2bTQM/BM; /�i� #Bib- iQ ?2HT �pQB/ +Q2{+B2Mi i`mM+�iBQM 2``Q`bX h?2 
/27�mHi Bb 9 #Bib HQM;2` i?�M i?2 /�i� #BibX h?2 p�Hm2 mb2/ BM i?2 /2bB;M 
Bb e9 #Bib

@7 bBx2 a2ib i?2 bBx2 Q7 i?2 66h �b i?2 MmK#2` Q7 +QKTH2t b�KTH2b BMTmi iQ
i?2 i`�Mb7Q`KX LQ /27�mHi p�Hm2- i?Bb Bb � `2[mB`2/ T�`�K2i2`X

@F a2ib MmK#2` Q7 +HQ+Fb T2` b�KTH2- mb2/ iQ KBMBKBx2 KmHiBTHB2bX h?2 p�Hm2
mb2/ BM i?2 /2bB;M Bb k #Bib
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@K Kt#Bib a2ib i?2 K�tBKmK #Bi rB/i? i?�i i?2 66h b?QmH/ 2p2` T`Q/m+2X
AMi2`M�H p�Hm2b ;`2�i2` i?�M i?Bb p�Hm2 rBHH #2 i`mM+�i2/ iQ i?Bb p�Hm2X
h?2 /27�mHi p�Hm2 ;`Qrb i?2 BMTmi bBx2 #v QM2 #Bi 7Q` 2p2`v irQ 66h
bi�;2bX h?2 p�Hm2 mb2/ BM i?2 /2bB;M Bb Rk #Bib

@M M#Bib a2ib i?2 #BirB/i? 7Q` p�Hm2b +QKBM; BMiQ i?2 UBV66hX h?2 /27�mHi Bb
Re #Bib BMTmi 7Q` 2�+? +QKTQM2Mi Q7 i?2 irQ +QKTH2t p�Hm2b BMiQ i?2
66hX h?2 p�Hm2 mb2/ BM i?2 /2bB;M Bb Rk #Bib

@T MKTv a2ib i?2 MmK#2` Q7 ?�`/r�`2 KmHiBTHB2b U.aSbV iQ mb2- p2`bmb b?B7i@
�// 2KmH�iBQMX h?2 /27�mHi Bb MQi iQ mb2 �Mv ?�`/r�`2 KmHiBTHB2`bX h?2
p�Hm2 mb2/ BM i?2 /2bB;M Bb Ry

AM Q`/2` iQ 2tTQ`i i?2 +Q`2- r2 Kmbi 2tTQ`i i?2 }H2b +QMi�BM2/ BM
+Q`2 /B`2+iQ`vfbrfzi@+Q`2X AM Q`/2` iQ ;2i i?2 +Q`2 rQ`FBM; BM oBp�/Q-
i?2  X?2t }H2b Kmbi #2 `2M�K2/ iQ i?2 2ti2MbBQM  X/�iX Ai Bb M22/2/ iQ
+?�M;2 �HH i?2 `272`2M+2b iQ i?2  X?2t }H2- iQ i?2  X/�i BM i?2 ziK�BMXp
�M/ zibi�;2Xp }H2bX h?2 HBM2 de Q7 i?2 ziK�BMXp �M/ BziK�BMXp Kmbi #2
+?�;2/ 7`QK ǵ/27�mHi M2iivT2 MQM2 iQ /27�mHi M2iivT2 rB`2 BM Q`/2` iQ
`mM i?2 i2bi#2M+? HQ+�i2/ BM +Q`2 /B`2+iQ`vf#2M+?

6A_ 6BHi2` *Q`2

h?2 >.G r�b ;2M2`�i2/ mb2/ i?2 Sv6.� QT2M bQm`+2 }Hi2` /2bB;M BM
Svi?QM- rBi? i?2 T`2pBQmbHv T`QTQb2/ p�Hm2b 7Q` i?2 *miQz 6`2[m2M+v
Uky E>xV �M/ MmK#2` Q7 i�Tb UReVX h?2 K�BM rBM/Qr Q7 i?2 T`Q;`�K
�M/ i?2 ;2M2`�iBM; }Hi2` rBM/Qr +�M #2 b22M BM 6B;X jXk8 �M/ 6B;X
jXke- `2bT2+iBp2HvX
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6B;m`2 jXk8, Sv6.� hQQH K�BM rBM/Qr

6B;m`2 jXke, Sv6.� hQQH, }Hi2` ;2M2`�iBM; rBM/Qr

jX9Xj *mbiQK >.G >�`/r�`2 AKTH2K2Mi2/
�sA a2`B�HBx2`

AM Q`/2` iQ ;2i i?2 HQ+�iBQM Q7 i?2 bQmM/ bQm`+2 BM i?2 bBKTH2bi TQbbB#H2
r�v- r2 Kmbi BKTH2K2Mi i?2 b2`B�HBx�iBQM Q7 i?2 T�`�HH2H QmiTmib Q7 i?2
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�.* *QMi`QHH2`- i?�i r�b �+?B2p2 mbBM; � �sA J�bi2` +QMi`QHH2` 7Q`
+QKKmMB+�i2 /B`2+iHv iQ i?2 *Sl BM i?2 wvM[ /2pB+2X h?2 r�p27Q`Kb
r�Mi2/ 7`QK i?Bb KQ/mH2 �`2 /2TB+i2/ BM i?2 iBK2 /B�;`�K BM 6B;X jXkd
�M/ i?2 7mHH +Q/2 Q7 i?Bb KQ/mH2 Bb T`2b2Mi2/ BM GBbiX jXNX

6B;m`2 jXkd, AMTmi �M/ PmiTmi r�p27Q`Kb 7Q` i?2 �sA a2`B�HBx2`

R −−i ? B b b 2 ` B � H B x 2 ` ?�p2 �M J�bi2` �sA ai`2�K B M i 2 ` 7 � + 2
k H B # ` � ` v B 2 2 2 c
j mb2 B 2 2 2 X bi/nHQ;B+nRRe9 X � H H c
9 mb2 A111 XLlJ1_A*nah.X�GGc
8
e 2Mi B iv a2` B� H B x2 `�sA B b
d ;2M2` B + U
3 −−7`QK b 2 ` B � H B � x 2 `
N MmK#Bib , B M i 2;2 ` ,4 Rkc −−�.* ` 2 b m H i rB/2 4 Rk

Ry MmK+?M , BM i 2;2 ` ,4 Rec
RR −−7`QK �sA bi`2�K B M i 2 ` 7 � + 2
Rk LlJ"AhaQmi , M�im`� H ,4 jkc −−�//2/ H B M 2 R8fy9fky

b � H B / � �sA
Rj MmKBMiBK2 , M�im`� H ,4 Rk −−iQ +QM 7 B ;m`2 i?2

B M i 2; `� i B Q M iBK2
R9 V c
R8 TQ`i U
Re −−a 2 ` B � H B x 2 ` −−−−−−−−−−−−−−−
Rd −−BMTmib
R3 + HF , BM bi/nHQ; B+ c
RN ` b i , BM bi/nHQ; B+ c
ky /BMy , BM bi/nHQ;B+np2+iQ` U MmK#Bib−R /QrMiQ yV c
kR /BMR , BM bi/nHQ;B+np2+iQ` U MmK#Bib−R /QrMiQ yV c
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kk /BMk , BM bi/nHQ;B+np2+iQ` U MmK#Bib−R /QrMiQ yV c
kj /BMj , BM bi/nHQ;B+np2+iQ` U MmK#Bib−R /QrMiQ yV c
k9 /BM9 , BM bi/nHQ;B+np2+iQ` U MmK#Bib−R /QrMiQ yV c
k8 /BM8 , BM bi/nHQ;B+np2+iQ` U MmK#Bib−R /QrMiQ yV c
ke /BMe , BM bi/nHQ;B+np2+iQ` U MmK#Bib−R /QrMiQ yV c
kd /BMd , BM bi/nHQ;B+np2+iQ` U MmK#Bib−R /QrMiQ yV c
k3 /BM3 , BM bi/nHQ;B+np2+iQ` U MmK#Bib−R /QrMiQ yV c
kN /BMN , BM bi/nHQ;B+np2+iQ` U MmK#Bib−R /QrMiQ yV c
jy /BMRy , BM bi/nHQ;B+np2+iQ` U MmK#Bib−R /QrMiQ yV c
jR /BMRR , BM bi/nHQ;B+np2+iQ` U MmK#Bib−R /QrMiQ yV c
jk /BMRk , BM bi/nHQ;B+np2+iQ` U MmK#Bib−R /QrMiQ yV c
jj /BMRj , BM bi/nHQ;B+np2+iQ` U MmK#Bib−R /QrMiQ yV c
j9 /BMR9 , BM bi/nHQ;B+np2+iQ` U MmK#Bib−R /QrMiQ yV c
j8 /BMR8 , BM bi/nHQ;B+np2+iQ` U MmK#Bib−R /QrMiQ yV c
je BMi BK2 , BM bi/nHQ;B+np2+iQ` U MmKBMiBK2−R /QrMiQ yV c −−

iQ KQ/B7v i?2 BM i 2; `� i B Q M iBK2
jd −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
j3 −−�sA A M i 2 ` 7 � + 2YYYYYYYYYYYYYYYYYYYYYYYYYYYYY
jN −− �tB bi`2�K TQ`ib
9y Kn�tBbnip�HB/ , Qmi bi/nHQ; B+ c
9R Kn�tBbni/�i� , Qmi bi/nHQ;B+np2+iQ` ULlJ"AhaQmi−R

/QrMiQ yV c
9k Kn�tBbnibi`# , Qmi bi/nHQ;B+np2+iQ` Uj /QrMiQ yV c
9j Kn�tBbniH�bi , Qmi bi/nHQ; B+
99 −−YYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYY
98 V c
9e 2M/ a2` B� H B x2 `�sA c
9d
93 � ` + ? B i 2 + i m ` 2 #?p Q7 a2` B� H B x2 `�sA B b
9N −−a 2 ` B � H B x 2 ` b B ; M � H b
8y b B ; M � H B M i 2 ` M � H , bi/nHQ;B+np2+iQ` U MmK#Bib−R /QrMiQ yV c
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#2 BKTH2K2Mi2/ BM � sBHBMt wvM[ /2pB+2- #mi Bi Bb +H2�` iQ b22 i?�i BM
Q`/2` iQ ;2i i?2 KQbi Q7 i?Bb i2+?MQHQ;v �M/ �+?B2p2 i?2 #2bi }ii2/ bB;@
M�H T`Q+2bbBM;- Bi Bb K�M/�iQ`v iQ ;2i � HBiiH2 ;`QmT Q7 /2p2HQT2`b /m2
iQ i?2 BMM2` +QKTH2tBiv �M/ i?2 p�bi �KQmMi Q7 i2+?MB[m2b `2H�i2/ iQ
6S:� T`Q;`�KKBM;- >.G +Q/BM;- *Sl T`Q;`�KKBM; �M/ 2K#2//2/
bQ7ir�`2 +Q/BM;X
1p2M r?2M i?Bb rQ`F +�MMQi #2 +QKT�`2/ /B`2+iHv rBi? � +QKK2`+B�H
bvbi2K #2+�mb2 Bib bT2+B}+�iBQMb /Bz2`b +QKTH2i2Hv �M/ i?2 7�+i i?�i
K�FBM; [m�HBi�iBp2 i2bib Q7 � +QKK2`+B�H bQM�` bvbi2K Bi Bb M2�`Hv BK@
TQbbB#H2 BM i?2 H�#Q`�iQ`v #2+�mb2 i?2 /BK2MbBQMb �M/ +QKTH2tBiv Q7
i?2 2[mBTK2Mic ?Qr2p2`- i?Bb bvbi2K �TT2�`b iQ #2 p2`v bBKTH2- #mi Bi Bb
2ti`2K2Hv TQr2`7mH #2+�mb2 Bi Bb QT2M iQ �Mv KQ/B}+�iBQM �M/ 7m`i?2`
b+�H2- i?Bb Bb TQbbB#H2 i?�MFb iQ irQ K�BM 7�+iQ`b, RV i?2 T`Q;`�KK�#H2
/2pB+2 BM r?B+? Bb BKTH2K2Mi2/- �M/ kV �HH i?2 �H;Q`Bi?Kb r2`2 /2p2H@
QT2/ �M/ �`2 pBbB#H2 iQ i?2 mb2` UBM +QMi`�bi iQ i?2 2ti`2K2Hv +HQb2/
+QKK2`+B�H bvbi2KbV �M/ i?Bb ;Bp2b i?2 �#BHBiv iQ 7mHHv +QKT`2?2M/ i?2
BMM2` rQ`FBM;b Q7 � bBKBH�` bvbi2K- �M/ 2p2M b2`p2 �b � #�b2 7Q` 7mim`2
/2p2HQTK2MibX
Ai Bb �M Q`B;BM�H rQ`F i?�i 2K2`;2b 7`QK i?2 T`2pBQmb rQ`FBM; 2tT2`B2M+2
�M/- #2+�mb2 Q7 Bib M�im`2- i?2`2 �`2 QMHv � +QmTH2b Q7 /2p2HQTK2Mib HBF2
i?Bb BM i?2 +QmMi`vX
h?Bb Bb �M Q`B;BM�H rQ`F- �M/ Bi `2~2+ib K2`2Hv �HH i?2 2tT2`B2M+2 Q7 i?2
�mi?Q` BM i?2 }2H/ Q7 bB;M�H T`Q+2bbBM;X



deFUTURE WORK

6mim`2rQ`F
h?2`2 Bb TH2Miv Q7 7mim`2 rQ`F- bm+? �b � `2�H mM/2`r�i2` BKTH2K2Mi�@
iBQM- �+?B2p2 � p2`v 2{+B2Mi �H;Q`Bi?K 7Q` T�bbBp2 bQM�`- Q` � 7mHHv BM@
i2;`�i2/ bvbi2K /2p2HQTK2Mi BM � bBM;H2 #Q�`/c K�v#2 �MQi?2` `2H�i2/
i2+?MQHQ;v /2p2HQTK2Mi- bm+? �b i?2 bBM;H2 #2�K 2+?QbQmM/2` �M/ 2p2M
KmHiB#2�K 2+?QbQmM/2`X h?Bb bm#D2+i UmM/2`r�i2` bB;M�H T`Q+2bbBM;V Bb
biBHH � p2`v mMFMQrM K�ii2` BM Qm` +QmMi`v- #mi i?BM;b +�M +?�M;2X



"B#HBQ;`�T?v

(R) �X .X q�Bi2- aQM�` 7Q` S`�+iBbBM; 1M;BM22`b- j`/ 2/X CQ?M qBH2v
� aQMb- kyyRX

(k) _X SX >Q/;2b- lM/2`r�i2` �+QmbiB+b, �M�HvbBb- .2bB;M �M/ S2`@
7Q`K�M+2 Q7 aQM�`- kM/ 2/X CQ?M qBH2v � aQMb- kyRyX

(j) GX *�bi2HH�MQb- CX �;mBH�`- �M/ JX �Hp�`�/Q- ǳ� HQ7�` �M/ #2�K@
7Q`KBM; BKTH2K2Mi�iBQM BM � 7T;� 7Q` � /B;Bi�H T�bbBp2 bQM�`-Ǵ
BM kyRe Rji? AMi2`M�iBQM�H *QM72`2M+2 QM 1H2+i`B+�H 1M;BM22`BM;-
*QKTmiBM; a+B2M+2 �M/ �miQK�iB+ *QMi`QH U**1V- a2Ti kyRe- TTX
RĜ8X

(9) .X *?�`HQi- _X :B`�mHi- �M/ "X w2``- ǳ.2HT?@bQM�`, � +QKT�+i bvb@
i2K 7Q` i?2 �+[mBbBiBQM �M/ T`Q+2bbBM; Q7 bB/2 b+�M bQM�` BK�;2b-Ǵ
BM S`Q+22/BM;b Q7 P*1�LaǶN9- pQHX k- a2Ti RNN9- TTX AAf9k3ĜAAf9jk
pQHXkX

(8) SX :`�?�K �M/ "X L2HbQM- ǳ6`2[m2M+v@/QK�BM bQM�` T`Q+2bbBM; BM
7T;�b �M/ /bTb-Ǵ BM S`Q+22/BM;bX A111 avKTQbBmK QM 6S:�b 7Q`
*mbiQK *QKTmiBM; J�+?BM2b U*�iX LQXN3h"Ryyk8RV- �T`BH RNN3-
TTX jyeĜjydX

(e) aX _X aX U1/BiQ`V- �/p�M+2b BM aQM�` h2+?MQHQ;v- Rbi 2/X AM h2+?-
kyyNX

(d) CX q�M;- *X h�Q- �M/ CX CB�Q- ǳJ2i?Q/ 7Q` ?B;? 7`2[m2M+v bQM�`
KmHiB@#2�K K�i+?2/ }Hi2`BM; #�b2/ QM bBM;H2@+?BT 7T;�-Ǵ BM kyR3
AMi2`M�iBQM�H *QM72`2M+2 QM 1H2+i`QMB+b h2+?MQHQ;v UA*1hV- J�v
kyR3- TTX R8dĜReRX

dd
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(3) CX JX /X aX L�i�M�2H LmM2b /2 JQm`�- 1/m�`/Q aBK�b 6BH?Q-
ǳAM/2T2M/2Mi +QKTQM2Mi �M�HvbBb 7Q` T�bbBp2 bQM�` bB;M�H
T`Q+2bbBM;-Ǵ BM �/p�M+2b BM aQM�` h2+?MQHQ;v- aX _X aBHp�-
1/X _BD2F�, AMi2+?PT2M- kyyN- +?X 8X (PMHBM2)X �p�BH�#H2,
?iiTb,ff/QBXQ`;fRyX8ddkfjN9Ry

(N) �pM2i- JBMBw2/ >�`/r�`2 lb2` :mB/2- Rbi 2/X- �pM2i AM+X- ye kyRdX

(Ry) JX �X �BMbHB2- S`BM+BTH2b Q7 aQM�` S2`7Q`K�M+2 JQ/2HBM;- kM/ 2/X
aT`BM;2`@o2`H�;- kyRyX

(RR) SX *?2M- sX hB�M- uX *?2M- �M/ sX u�M;- ǳ.2H�v@bmK #2�K7Q`KBM;
QM 7T;�-Ǵ BM kyy3 Ni? AMi2`M�iBQM�H *QM72`2M+2 QM aB;M�H S`Q+2bb@
BM;- P+i kyy3- TTX k89kĜk898X

(Rk) :X "B2Mp2Mm- ǳaB;M�H bQM�` T`Q+2bbBM;-Ǵ BM kyyk R9i? AMi2`M�iBQM�H
*QM72`2M+2 QM .B;Bi�H aB;M�H S`Q+2bbBM; S`Q+22/BM;bX .aS kyyk
U*�iX LQXykh>3ek3V- pQHX R- CmHv kyyk- TTX 99RĜ99e pQHXRX

(Rj) qX >X J�M;BQM2@bKBi? �M/ "X GX >mi+?BM;b- ǳ*QM};m`�#H2 +QK@
TmiBM;, h?2 `Q�/ �?2�/-Ǵ y8 kyyyX

(R9) AX J+*Qr�M- ǳ_Q#mbi bT22+? `2+Q;MBiBQM mbBM; KB+`QT?QM2 �``�vb-Ǵ
S?X.X /Bbb2`i�iBQM- Zm22MbH�M/ lMB@ p2`bBiv Q7 h2+?MQHQ;v- kyyRX

(R8) CX JX /X aX L�i�M�2H LmM2b /2 JQm`�- 1/m�`/Q aBK�b 6BH?Q- �/@
p�M+2b BM aQM�` h2+?MQHQ;vX AMi2+?PT2M- kyyN- +?X AM/2T2M/2Mi
*QKTQM2Mi �M�HvbBb 7Q` S�bbBp2 aQM�` aB;M�H S`Q+2bbBM;X

(Re) GX >X *X _X �X 1X JX �X 1X _X qX ai2r�`i- h?2 wvM[ "QQF, 1K#2/@
/2/ S`Q+2bbBM; rBi? i?2 �_J *Q`i2t@ �N QM i?2 sBHBMt wvM[@dyyy
�HH S`Q;`�KK�#H2 aQ*- Rbi 2/X ai`�i?+Hv/2 �+�/2KB+ J2/B�- kyR9X

(Rd) .X :Bbb2H[mBbi- ǳ� ;2M2`B+ TBTHBM2/ zi +Q`2 ;2M2`�iQ`XǴ

(R3) ěě- ǳ.Qm#H2 +HQ+F zi-Ǵ kyR3X (PMHBM2)X �p�BH�#H2,
?iiTb,ff;Bi?m#X+QKfwBT*Slf/#H+HQ+Fzi
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ǴuQm �`2 K2`2Hv T`QpBM; (i?2B`) i2+?MQHQ;v Bb KQ`2 �/p�M+2/ i?�M
Qm`bX q?�i ?�b i?�i iQ /Q rBi? BMi2HHB;2M+2\Ǵ h?2 :Q/b h?2Kb2Hp2b-
Ab��+ �bBKQp- RNdkX




