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.�i� Bb #2BM; T`Q/m+2/ �i BM+`2�bBM;Hv ?B;? 7`2[m2M+B2bX h?2b2 K�;MBim/2b
Q7i2M H2�p2 +m``2Mi biQ`�;2 bvbi2Kb BM�/2[m�i2- +�HHBM; 7Q` KQ`2 2{+B2Mi
K2i?Q/b 7Q` ?�M/HBM; bi`2�Kb Q7 /�i�X >B;?@`2bQHmiBQM b2MbQ` /�i� 2M�#H2b
KQMBiQ`BM; �M/ �M�HvbBb Q7 +QKTH2t bvbi2Kb �M/ T`Q+2bb2bX JQ`2 2{+B2Mi
`2T`2b2Mi�iBQMb Q7 bm+? bi`2�Kb 2M�#H2 BM@K2KQ`v biQ`�;2 Q7 /�i� b�KTH2b-
QT2MBM; � }2H/ Q7 TQbbB#BHBiB2b 7Q` `2�H@iBK2 bvbi2KbX

h?Bb i?2bBb i�F2b � ;`�bT �i HQbbH2bb +QKT`2bbBQM Q7 bi`2�Kb Q7 ?B;?@
7`2[m2M+v KmHiBp�`B�i2 iBK2 b2`B2b- }M�M+B�H K�`F2i /�i� BM T�`iB+mH�`X J�`@
F2i /�i� Bb mMB[m2 BM Bib mMT`2/B+i�#BHBivX *QKT`2bbBM; bm+? /�i� r?BH2 K�BM@
i�BMBM; Bib BM7Q`K�iBQM 2MiB`2Hv vB2H/b 2t+BiBM; +?�HH2M;2bX

q2 �`;m2 i?�i i?2 +QKT`2bbBQM Q7 KmHiBp�`B�i2 bi`2�Kb Bb 2bb2MiB�HHv i?2
b�K2 �b +QKT`2bbBM; KmHiBTH2 mMBp�`B�i2 bi`2�Kb rBi? � b?�`2/ iBK2 /BK2M@
bBQMX "v H2p2`�;BM; i2+?MB[m2b 7`QK bi�i2@Q7@i?2@�`i +QKT`2bbBQM b+?2K2b BM
i?Bb /QK�BM- r2 T2`7Q`K � MQp2H bim/v Q7 +QKT`2bbBQM Q7 bi`2�Kb Q7 ?B;?@
7`2[m2M+v KmHiBp�`B�i2 /�i�X

lbBM; i2+?MB[m2b bm+? �b +QKT�`�iBp2 2M+Q/BM;- r2 +�M +QMiBMmQmbHv
+QKT`2bb KmHiBp�`B�i2 b�KTH2b Q7 ?B;? `�M/QKM2bb HQbbH2bbHv- BM+`2�bBM; i?2
MmK#2` Q7 `2+2Mi b�KTH2b biQ`�#H2 BM@K2KQ`v #v � 7�+iQ` Q7 9X9 QM �p2`�;2X
*QKT`2bbBQM bT22/b QM2 Q`/2` Q7 K�;MBim/2 ?B;?2` i?�M i?2 7`2[m2M+v Q7 i?2
KQbi �+iBp2Hv i`�/2/ �bb2ib- �M/ QM2@T�bb /2+QKT`2bbBQM rBi? #HQ+Fb Q7 H2bb
i?�M 88y F"- BM/B+�i2b i?�i bm+? i2+?MB[m2b K�v #2 bmBi�#H2 7Q` BM@K2KQ`v
biQ`�;2 BM /�i�@BMi2Mb2 `2�H@iBK2 bvbi2KbX
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.�i� #HB` T`Q/mb2`i K2/ bi�/B; ?Ǡv2`2 7`2Fp2Mb2`X .Bbb2 /�i�K2M;/2M2 7Ǡ`2`
B ǠF2M/2 ;`�/ iBH �i M´p¤`2M/2 H�;`BM;b bvbi2K2` #HB` miBHbi`2FF2HB;2X .2i
i`2M;b /2`7Q` K2` 2z2FiBp2 K2iQ/2` 7Q` ´ ?´M/i2`2 /�i�bi`ǠKK2`X >ǠvQT@
THǠb2HB; b2MbQ`/�i� KmHB;;DǠ` Qp2`p´FBM; Q; �M�Hvb2 �p FQKTH2Fb2 bvbi2K2` Q;
T`Qb2bb2`X J2` 2z2FiBp2 `2T`2b2Mi�bDQM2` �p bHBF2 bi`ǠKK2` KmHB;;DǠ` H�;`BM;
�p /�i�TmMFi2` B KBMM2- Q; ´TM2` 2i ?�p �p KmHB;?2i2` 7Q` b�MMiB/bbvbi2K2`X

.2MM2 QTT;�p2M b2` T´ i�Tb7`B FQKT`BK2`BM; �p bi`ǠKK2` �p ?Ǡv7`2Fp2Mi2
KmHiBp�`B�i2 iB/bb2`B2`- bT2bB2Hi }M�MbB2HH K�`F2/b/�i�X J�`F2/b/�i� 2` mMBF2
B /2`2b m7Q`mibB;#�`?2iX h�TbHǠb FQKT`BK2`BM; �p bHBF /�i� ?�` BMi2`2bb�Mi2
mi7Q`/`BM;2`X

oB �`;mK2Mi2`2` 7Q` �i FQKT`BK2`BM; �p KmHiBp�`B�i2 bi`ǠKK2` B ?Qp@
2/b�F 2` /2i b�KK2 bQK ´ FQKT`BK2`2 ~2`2 mMBp�`B�i2 bi`ǠKK2` K2/ 2M
/2Hi iB/b/BK2MbDQMX o2/ ´ miMvii2 i2FMBFF2` 7`� KQ/2`M2 FQKT`BK2`BM;b@
K2iQ/2` B /2ii2 /QK2M2i- mi7Ǡ`2` pB 2i bim/B2 QK FQKT`BK2`BM; �p bi`ǠKK2`
�p ?Ǡv7`2Fp2Mi2 KmHiBp�`B�i2 /�i�X

o2/ #`mF �p i2FMBFF2` bQK FQKT�`�iBp FQ/BM;- F�M pB FQKT`BK2`2 KmHiB@
p�`B�i2 /�i�TmMFi2` K2/ ?Ǡv iBH72H/B;?2i FQMiBMm2`HB; Q; i�TbHǠbi- Q; /2`K2/
ǠF2 �Mi�HH2i MvHB;2 /�i�TmMFi2` bQK F�M H�;`2b B KBMM2 K2/ 2M 7�FiQ` T´ 9-9
B ;D2MMQKbMBiiX EQKT`BK2`BM;b?�biB;?2i2` T´ ûM biǠ``2Hb2bQ`/2M ?Ǡv2`2 2MM
7`2Fp2Mb2M iBH /2 K2bi �FiBpi ?�M/H2/2 �FiBp�- Q; 2i@T�bb /2FQKT`BK2`BM;
K2/ #HQFF2` T´ KBM/`2 2MM 88y F"- BM/BF2`2` �i bHBF2 i2FMBFF2` F�M p¤`2
2;M2i 7Q` H�;`BM; �p /�i�TmMFi2` B KBMM2 B /�i�BMi2MbBp2 b�MMiB/bbvbi2K2`X

p



pB
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A r�Mi iQ i?�MF ap2BM 1`BF "`�ib#2`; 7Q` ?Bb ?2HT7mH ;mB/�M+2 �M/ bmTTQ`i
BM bmT2`pBbBM; i?Bb rQ`FX

>m;2 i?�MFb iQ Kv 7`B2M/b 7Q` i?2 bmTTQ`i /m`BM; i?2 T`Q+2bb Q7 r`BiBM;
i?Bb i?2bBbX h?�MFb iQ E`BbiB�M 6H�i?2BK C2Mb2M 7Q` [m2biBQMBM; K2i?Q/b �M/
BM+Q``2+i BM7Q`K�iBQMX h?�MFb iQ >´p�`/ S2ii2`bbQM 7Q` T`QpB/BM; iQQHb �M/
�bbBbi�M+2 ?2HT7mH BM Bib r`BiBM;- BM+Hm/BM; i?Q`Qm;? 722/#�+F QM H�i2 /`�7ibX

h?2 +Q/2 T`Q/m+2/ 7Q` i?Bb i?2bBb rBHH #2 K�/2 �p�BH�#H2 QM i?2 �mi?Q`Ƕb
:Bi>m# U?iiTb,ff;Bi?m#X+QKfF��/�fVX 622H 7`22 iQ `2�+? QmiX
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*QMi2Mib

GBbi Q7 h�#H2b 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 X X tB
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 X X X X X X tBBB
GBbi Q7 GBbiBM;b 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 X tp

R AMi`Q/m+iBQM R
RXR :Q�Hb �M/ +QMi`B#miBQMb X X X X X X X X X X X X X X X X X X X X X k
RXk PmiHBM2 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 X X k

k "�+F;`QmM/ j
kXR >B;?@7`2[m2M+v }M�M+B�H K�`F2i /�i� X X X X X X X X X X X X X X j

kXRXR hBK2 b2`B2b 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
kXRXk >B;?@7`2[m2M+v /�i� X X X X X X X X X X X X X X X X X X X 9
kXRXj 6BM�M+B�H K�`F2i /�i� X X X X X X X X X X X X X X X X X X 8

kXk *QKT`2bbBQM 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 d
kXkXR *H�bb2b 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 d
kXkXk h2+?MB+�H T`QT2`iB2b X X X X X X X X X X X X X X X X X X X 3

kXj GQbbH2bb +QKT`2bbBQM Q7 bi`2�Kb X X X X X X X X X X X X X X X X X Ry
kXjXR *QKT�`�iBp2 i2+?MB[m2b X X X X X X X X X X X X X X X X X Ry
kXjXk :2M2`�H i2+?MB[m2b X X X X X X X X X X X X X X X X X X X X RR
kXjXj _2H�i2/ 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 Re

j GQbbH2bb +QKT`2bbBQM Q7 bi`2�Kb Q7 ?B;?@7`2[m2M+v K�`F2i
/�i� RN
jXR h2+?MB+�H `2[mB`2K2Mib X X X X X X X X X X X X X X X X X X X X X X RN

jXRXR aT22/ 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 ky
jXRXk "HQ+F bBx2 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 ky
jXRXj J�DQ` Q`/2` X X X X X X X X X X X X X X X X X X X X X X X X kR

jXk ai`m+im`2 �M/ T`QT2`iB2b Q7 K�`F2i /�i� X X X X X X X X X X X X kR
jXkXR hBK2bi�KTb X X X X X X X X X X X X X X X X X X X X X X X X kR
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jXkXk S`B+2b 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 kk
jXkXj aBx2b 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 k9

jXj AKTH2K2Mi2/ �H;Q`Bi?Kb X X X X X X X X X X X X X X X X X X X X X k8
jXjXR *QKT`2bbBQM X X X X X X X X X X X X X X X X X X X X X X X ke
jXjXk .2+QKT`2bbBQM X X X X X X X X X X X X X X X X X X X X X X kN

jX9 "2M+?K�`FBM; 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 kN
jX9XR h2+?MB[m2b X X X X X X X X X X X X X X X X X X X X X X X X kN
jX9Xk "2M+?K�`Fb X X X X X X X X X X X X X X X X X X X X X X X X jy
jX9Xj >�`/r�`2 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 jy

9 _2bmHib �M/ .Bb+mbbBQM jR
9XR "2M+?K�`F `2bmHib X X X X X X X X X X X X X X X X X X X X X X X X jR

9XRXR AM/BpB/m�H }2H/b X X X X X X X X X X X X X X X X X X X X X X jR
9XRXk JmHiBp�`B�i2 /�i� X X X X X X X X X X X X X X X X X X X X X je

9Xk .Bb+mbbBQM Q7 i2+?MB+�H T`QT2`iB2b X X X X X X X X X X X X X X X X jN
9XkXR aT22/ 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 jN
9XkXk "HQ+F bBx2 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 9y
9XkXj J�DQ` Q`/2` X X X X X X X X X X X X X X X X X X X X X X X X 9R

8 *QM+HmbBQM �M/ 6mim`2 qQ`F 9j
8XR 6mim`2 qQ`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 X X 99

"B#HBQ;`�T?v 9d

� .2Hi�@Q7@/2Hi� 2M+Q/BM; 9N
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GBbi Q7 h�#H2b

kXR 1t�KTH2 Q7 � mMBp�`B�i2 iBK2 b2`B2b X X X X X X X X X X X X X X X 9
kXk 1t�KTH2 Q7 G2p2H R K�`F2i /�i� 7Q` �TTH2 AM+X X X X X X X X X X 8
kXj "Bi T�+FBM; 2t�KTH2 X X X X X X X X X X X X X X X X X X X X X X X Rk
kX9 wB;x�; 2M+Q/BM; 2t�KTH2 X X X X X X X X X X X X X X X X X X X X X R8

jXR AMBiB�H 7Q`K Q7 b�KTH2b X X X X X X X X X X X X X X X X X X X X X X ke
jXk S�`b2/ b�KTH2b 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 kd
jXj .2Hi� 2M+Q/BM; Q7 b�KTH2b X X X X X X X X X X X X X X X X X X X X kd
jX9 P`B;BM�H #BM�`v p�Hm2b Q7 b�KTH2 X X X X X X X X X X X X X X X X X k3
jX8 wB;x�;;2/ #BM�`v p�Hm2b X X X X X X X X X X X X X X X X X X X X X k3
jXe "Bi T�+F2/ #BM�`v p�Hm2b X X X X X X X X X X X X X X X X X X X X X kN
jXd *QKT`2bb2/ b�KTH2 X X X X X X X X X X X X X X X X X X X X X X X X kN
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GBbi Q7 6B;m`2b

kXR .�i� 7`2[m2M+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 e

jXR .Bbi`B#miBQM Q7 p�Hm2b 7Q` iBK2bi�KTb X X X X X X X X X X X X X X kk
jXk .Bbi`B#miBQM Q7 p�Hm2b 7Q` T`B+2b X X X X X X X X X X X X X X X X X kj
jXj .Bbi`B#miBQM Q7 p�Hm2b 7Q` bBx2b X X X X X X X X X X X X X X X X X X k9

9XR "2M+?K�`F `2bmHib- hBK2 }2H/- �TTH2 AM+X X X X X X X X X X X X jk
9Xk "2M+?K�`F `2bmHib- hBK2 }2H/- �p2`�;2 iQT Ryy KQbi �+iBp2 X X jj
9Xj "2M+?K�`F `2bmHib- "B/ S`B+2 }2H/- �TTH2 AM+X X X X X X X X X X j9
9X9 "2M+?K�`F `2bmHib- "B/ S`B+2 }2H/- �p2`�;2 iQT Ryy KQbi �+iBp2 j9
9X8 "2M+?K�`F `2bmHib- "B/ aBx2 }2H/- �TTH2 AM+X X X X X X X X X X X j8
9Xe "2M+?K�`F `2bmHib- "B/ aBx2 }2H/- �p2`�;2 iQT Ryy KQbi �+iBp2 je
9Xd "2M+?K�`F `2bmHib- �HH }2H/b- �TTH2 AM+X X X X X X X X X X X X X jd
9X3 "2M+?K�`F `2bmHib- �HH }2H/b- �p2`�;2 iQT Ryy KQbi �+iBp2 X X X j3
9XN "2M+?K�`F `2bmHib- �HH }2H/b- �TTH2 AM+X- bMBTT2ib Q7 BMBiB�H iB+Fb 9y
9XRy "2M+?K�`F `2bmHib- �HH }2H/b- �p2`�;2 iQT Ryy KQbi �+iBp2-

bMBTT2ib Q7 BMBiB�H iB+Fb X X X X X X X X X X X X X X X X X X X X X X 9R
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GBbi Q7 GBbiBM;b

kXR 1t�KTH2 *YY +Q/2 7Q` #Bi T�+FBM; � 64 #Bi mMbB;M2/ BMi2;2`X X R9
kXk 1t�KTH2 *YY +Q/2 7Q` xB;x�; 2M+Q/BM; � e9 #Bi BMi2;2`X X X X X R8
kXj 1t�KTH2 *YY +Q/2 7Q` xB;x�; /2+Q/BM; � e9 #Bi BMi2;2`X X X X X R8
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AMi`Q/m+iBQM

h?2 `�TB/Hv BM+`2�bBM; `�i2 �i r?B+? /�i� Bb ;2M2`�i2/ vB2H/b #Qi? M2r TQb@
bB#BHBiB2b �M/ +?�HH2M;2b (R)X >B;?@`2bQHmiBQM b2MbQ` /�i�- Q7i2M `2T`2b2Mi2/
�b iBK2 b2`B2b- 2M�#H2b KQMBiQ`BM; �M/ �M�HvbBb Q7 +QKTH2t bvbi2Kb �M/ T`Q@
+2bb2bX >Qr2p2`- i?2 BM+`2�bBM; K�;MBim/2b Q7 /�i� Q7i2M H2�p2 +m``2Mi biQ`@
�;2 bvbi2Kb BM�/2[m�i2 (k)Ĝ(8)X

_2+2Mi rQ`F ?�b b?QrM i?�i +QKT`2bbBQM +�M BM+`2�b2 i?2 i?`Qm;?Tmi �M/
2{+B2M+v Q7 `2�H@iBK2 bvbi2Kb (k)X JQ`2 2{+B2Mi `2T`2b2Mi�iBQMb Q7 b2MbQ`
/�i� BM+`2�b2 i?2 MmK#2` Q7 b�KTH2b i?�i +�M #2 biQ`2/ BM@K2KQ`v r?BH2
`2/m+BM; #�M/rB/i? `2[mB`2K2MibX 62r2` +�+?2 KBbb2b �M/ KQ`2 2{+B2Mi
�++2bb iQ K�BM K2KQ`v +�M /`�K�iB+�HHv BM+`2�b2 [m2`v T2`7Q`K�M+2 (e)X h?2
BKT`Qp2K2Mib 2M�#H2 ?B;?2` /�i� HQ�/b- T�pBM; i?2 r�v 7Q`- 2X;X- T`2pBQmbHv
mM?2�`/@Q7 `2�H@iBK2 KQMBiQ`BM; iQQHbX

h?Bb i?2bBb +QMbB/2`b ?B;?@7`2[m2M+v KmHiBp�`B�i2 }M�M+B�H K�`F2i /�i�,
?B;?@/2MbBiv iBK2 b2`B2b rBi? KmHiBTH2 p�`B�#H2b +QMM2+i2/ iQ 2�+? iBK2bi�KTX
J�`F2i /�i� Bb mb2/- 7Q` BMbi�M+2- iQ KQ/2H �M/ KQMBiQ` i?2 Q`/2` #QQF
U#mvfb2HH BMi2`2biV Q7 �M �bb2i (d)X h?2 b?22` pQHmK2 Q7 /�i� ;2M2`�i2/ 7`QK
bm+? }M�M+B�H bvbi2Kb K�F2b i?2 QTiBKBx�iBQM Q7 i?2B` biQ`�;2 +`m+B�H (R)X

>B;?@7`2[m2M+v /�i� 2M�#H2b �++m`�i2 �M/ T`2+Bb2 KQ/2Hb Q7 +QKTH2t bvb@
i2Kbc 2p2`v TB2+2 Q7 BM7Q`K�iBQM Bb i?2`27Q`2 p�Hm�#H2X Ai Bb 2bb2MiB�H i?�i
2�+? /�i� TQBMi Bb �p�BH�#H2 7�bi �M/ rBi? MQ HQbb Q7 BM7Q`K�iBQM- `2+2Mi /�i�
TQBMib BM T�`iB+mH�`X

1tBbiBM; b+?2K2b 7Q` HQbbH2bb +QKT`2bbBQM Q7 KmHiBp�`B�i2 /�i� QT2`�i2
QM #HQ+Fb Q7 b�KTH2b (3)- (N)X "v MQi bmTTQ`iBM; +QMiBMmQmb +QKT`2bbBQM Q7
bi`2�Kb Q7 /�i�- 72r2` `2+2Mi /�i� TQBMib +�M #2 ?2H/ BM K2KQ`v- bB;MB}+�MiHv
`2/m+BM; i?2 �p�BH�#BHBiv Q7 i?2b2 +`BiB+�H /�i� TQBMib (k)X
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RXR :Q�Hb �M/ +QMi`B#miBQMb
"�b2/ QM T`2pBQmb +QMi`B#miBQMb BM +QKT`2bbBQM Q7 bi`2�Kb Q7 /�i�- r2 bim/v-
BKTH2K2Mi- �M/ #2M+?K�`F �M �H;Q`Bi?K 7Q` HQbbH2bb +QKT`2bbBQM Q7 bi`2�Kb
Q7 ?B;?@7`2[m2M+v KmHiBp�`B�i2 /�i�X h?2 ;Q�H Q7 i?2 `2b2�`+? Bb iQ T`QpB/2
�M 2t�KTH2 Q7 ?Qr 2tBbiBM; K2i?Q/b 7Q` +QKT`2bbBQM Q7 mMBp�`B�i2 bi`2�Kb
+�M #2 +QK#BM2/ iQ +QKT`2bb KmHiBp�`B�i2 bi`2�KbX h?2 +QMi`B#miBQMb �`2
2tT2+i2/ iQ B/2MiB7v +?�HH2M;2b �M/ bQHmiBQMb iQ � T`Q#H2K r?Qb2 `2bmHib K�v
BM+`2�b2 T2`7Q`K�M+2 BM � #`Q�/ /QK�BM Q7 b2`pB+2b- T�`iB+mH�`Hv +�+?BM; �M/
biQ`�;2 Q7 `2�H@iBK2 /�i� BM ?B;?@i?`Qm;?Tmi b2`pB+2bX

q2 7Q+mb QM i?2 +QKT`2bbBQM Q7 }M�M+B�H K�`F2i /�i�, b2MbQ`@HBF2 /�i�
rBi? bB;MB}+�MiHv ?B;? 7`2[m2M+B2b �M/ mMT`2/B+i�#BHBivX h?2b2 T`QT2`iB2b
2M�#H2 � ;2M2`�H Qp2`pB2r Q7 i?2 T`Q#H2K Q7 +QKT`2bbBQM Q7 ?B;?@7`2[m2M+v
KmHiBp�`B�i2 /�i�X

q2 BMp2biB;�i2 i?2 7QHHQrBM; `2b2�`+? [m2biBQMb,
Ç _ZR, >Qr +�M 2tBbiBM; i2+?MB[m2b 7Q` +QKT`2bbBQM Q7 iBK2 b2`B2b #2

H2p2`�;2/ iQ +`2�i2 � +QKT`2bbBQM b+?2K2 7Q` +QMiBMmQmb HQbbH2bb +QK@
T`2bbBQM Q7 KmHiBp�`B�i2 /�i�\

Ç _Zk, q?�i bi`m+im`2b �M/ T`QT2`iB2b 2tBbi BM }M�M+B�H K�`F2i /�i�
2M�#HBM; +QKT`2bbBQM\

Ç J�BM _Z, >Qr +�M r2 HQbbH2bbHv +QKT`2bb bi`2�Kb Q7 ?B;?@7`2[m2M+v
KmHiBp�`B�i2 }M�M+B�H K�`F2i /�i� iQ 2M�#H2 KQ`2 2{+B2Mi BM@K2KQ`v
biQ`�;2 7Q` `2�H@iBK2 bvbi2Kb\

RXk PmiHBM2
Ç AM *?�Ti2` k- r2 T`2b2Mi #�+F;`QmM/ K�i2`B�H +QM+2`MBM; }M�M+B�H K�`@

F2i /�i�- �M/ i2+?MB[m2b �M/ �H;Q`Bi?Kb 7Q` +QKT`2bbBQM Q7 bi`2�KbX

Ç AM *?�Ti2` j- r2 i�F2 � +HQb2` HQQF �i i?2 /�i�- �M/ ;Q BMiQ /2i�BH
QM i?2 bT2+B}+b Q7 Qm` BKTH2K2Mi�iBQM Q7 � +QKT`2bbBQM �H;Q`Bi?K 7Q`
bi`2�Kb Q7 ?B;?@7`2[m2M+v KmHiBp�`B�i2 }M�M+B�H K�`F2i /�i�X

Ç AM *?�Ti2` 9- r2 �M�Hvx2 �M/ /Bb+mbb i?2 #2M+?K�`F `2bmHibX

Ç AM *?�Ti2` 8- r2 T`2b2Mi +QM+HmbBQMb �M/ }MBb? rBi? bm;;2biBQMb 7Q`
7mim`2 rQ`FX

k



*?�Ti2` k

"�+F;`QmM/

h?Bb +?�Ti2` BMi`Q/m+2b i?2 M2+2bb�`v FMQrH2/;2 `2;�`/BM; ?B;?@7`2[m2M+v
}M�M+B�H K�`F2i /�i� �M/ +QKT`2bbBQMX AM *?�Ti2` kXR- r2 /Bb+mbb i?2 #�+F@
;`QmM/- bi`m+im`2- �M/ T`QT2`iB2b Q7 iBK2 b2`B2b �M/ K�`F2i /�i� BM T�`iB+mH�`X

qBi? i?Bb M2r@7QmM/ mM/2`bi�M/BM; `2;�`/BM; iBK2 b2`B2b- *?�Ti2` kXk
i�F2b � HQQF �i r?v +QKT`2bbBQM Bb #2M2}+B�H- 2tTQbBM; 72�im`2b BKTQ`i�Mi
7Q` 7m`i?2` 2t�KBM�iBQM Q7 K2i?Q/b 7Q` +QMiBMmQmb +QKT`2bbBQM Q7 bi`2�Kb
U*?�Ti2` kXjVX

kXR >B;?@7`2[m2M+v }M�M+B�H K�`F2i /�i�R

>B;?@7`2[m2M+v }M�M+B�H K�`F2i /�i� Bb � ivT2 Q7 iBK2 b2`B2bX q2 }`bi HQQF
�i ?Qr iBK2 b2`B2b �`2 ;2M2`�i2/- BM+Hm/BM; i?2B` +?�`�+i2`BbiB+bX lbBM; i?Bb
FMQrH2/;2- r2 bim/v i?2 /QK�BM Q7 ?B;?@7`2[m2M+v /�i� �M/ ?Qr Bi /Bz2`b
7`QK /�i� Q7 HQr2` 7`2[m2M+B2bX q2 i?2M +QMbB/2` ?B;?@7`2[m2M+v K�`F2i /�i�
bT2+B}+�HHvX

kXRXR hBK2 b2`B2b
� iBK2 b2`B2b Bb � +QHH2+iBQM Q7 /�i� TQBMib bQm`+2/ Qp2` � T2`BQ/ Q7 iBK2X 1p2M
i?Qm;? i?2 MQiBQM Q7 K2�bm`2K2Mib �bbQ+B�i2/ rBi? � bT2+B}+ iBK2 Bb +QK@
KQM BM 2p2`v/�v HB72- i?2 ;`�MmH�`Biv �M/ T`2+Bb2M2bb ?�p2 `2+2MiHv BM+`2�b2/
/`�biB+�HHv iQ b�iBb7v i?2 `2[mB`2K2Mib Q7 i?2 BM7Q`K�iBQM �;2X q2�i?2` BM@
7Q`K�iBQM +�M #2 b�KTH2/ �HKQbi +QMiBMmQmbHv- biQ+F T`B+2b �`2 +�Tim`2/

R�/�Ti2/ 7`QK i?2 �mi?Q`Ƕb bT2+B�HBx�iBQM T`QD2+i 7`QK 7�HH kyRN �i LhLlX

j



h�#H2 kXR, 1t�KTH2 Q7 � mMBp�`B�i2 iBK2 b2`B2b- b�KTHBM; i2KT2`�im`2 rBi?
b2+QM/b ;`�MmH�`BivX hBK2 BM >>,JJ,aaX

hBK2 h2KT U◦*V
y3,yy,yy kyXy
y3,yy,yR kyXR
y3,yy,yk kyXy

BM iB+FběQM2 HQ;B+�H mMBi Q7 BM7Q`K�iBQM (d)ě�M/ b2MbQ`b 7`QK bK�HH �M/
BM2tT2MbBp2 AQh /2pB+2b +�M b�KTH2 i?2B` 2MpB`QMK2Mib KmHiBTH2 iBK2b T2`
b2+QM/X

6Q`K�i �M/ T`QT2`iB2b

� /�i� TQBMi BM � iBK2 b2`B2b +QMbBbib Q7 � b2i Q7 p�Hm2b �bbQ+B�i2/ rBi? �
T�`iB+mH�` iBK2X 1�+? /�i� TQBMi Bb +�HH2/ � b�KTH2- r?2`2 i?2 MmK#2` Q7
MQM@iBK2 p�Hm2běDě/2MQi2 i?2 b�KTH2Ƕb /BK2MbBQM�HBivX A7 D = 1- i?2
b�KTH2 Bb +�HH2/ mMBp�`B�i2- B7 D > 1 Bi Bb KmHiBp�`B�i2 (N)X

� iBK2 b2`B2b Bb � b2[m2M+2 Q7 N b�KTH2b- 2�+? rBi? /BK2MbBQM�HBiv DX
1�+? b�KTH2 Bb �iQKB+- �M/ ?�b MQ `2H�iBQMb?BT iQ i?2 Qi?2` b�KTH2b- 2t+2Ti
7Q` b?�`2/ /BK2MbBQM�HBiv �M/ bi`m+im`2X �Hi?Qm;? i?2 /2Hi� Q7 irQ �/D�+2Mi
b�KTH2b MQ`K�HHv /2+`2�b2b rBi? BM+`2�b2/ ;`�MmH�`BivěT�`iB+mH�`Hv r?2M
b�KTHBM; M�im`�H 2MpB`QMK2MiběBi Bb KQ`2 Q7 � T`�+iB+�H T`QT2`iv i?�M �
72�im`2X

.�i� Bb �HbQ �bbmK2/ iQ #2 BKKmi�#H2c mT/�i2b �`2 `�`2Hv M22/2/X *QMbB/@
2`BM; i?�i b�KTH2b Q7i2M �``Bp2 BM +?`QMQHQ;B+�H Q`/2`- �//BM; M2r b�KTH2bě
7Q` BMbi�M+2- BM `Qr@K�DQ` Q`/2` U*?�Ti2` kXkXkVěBb /QM2 BM �M �TT2M/@QMHv
7�b?BQMX

1p2M i?Qm;? i?2 /�i� Bb mbm�HHv b�KTH2/ rBi? � }t2/ 7`2[m2M+v U2X;X-
QM+2 2p2`v b2+QM/- �b BM h�#H2 kXRV- /�i� +�M �HbQ #2 b�KTH2/ B``2;mH�`Hv
;Bp2M i?2 Q++m``2M+2 Q7 �M 2p2Mic � +?�M;2 Q7 BM7Q`K�iBQM Uh�#H2 kXkVX h?2
H�ii2` K�v- i?2`27Q`2- ?�p2 �M �`#Bi`�`v MmK#2` Q7 /Bz2`2Mi /�i� TQBMib �i �
T�`iB+mH�` iBK2bi�KT U/2T2M/BM; QM i?2 ;`�MmH�`Biv Q7 i?2 iBK2VX

kXRXk >B;?@7`2[m2M+v /�i�
>B;?@7`2[m2M+v /�i� +QMbBbib Q7 p�Hm2b b�KTH2/ �i ?B;? `�i2bX h?2 bB;MB}+�Mi
;`�MmH�`Biv �HHQrb 7Q` +�Tim`BM; 2p2M i?2 bK�HH2bi +?�M;2b BM /2HB+�i2 �M/
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h�#H2 kXk, 1t�KTH2 Q7 G2p2H R K�`F2i /�i� 7Q` �TTH2 AM+X- C�Mm�`v j`/-
kyR3X PMHv b2H2+i2/ +QHmKMb �`2 b?QrMX hBK2 Bb QM i?2 7Q`K�i >>@
JJaattttttttt- r?2`2 i?2 N tǶb `2T`2b2Mi � MBM2 /B;Bi M�MQb2+QM/ p�Hm2X
"B/ �M/ Qz2` bBx2b �`2 i?2 K�tBKmK MmK#2` Q7 b?�`2b �p�BH�#H2 �i i?2 ;Bp2M
T`B+2 (Rk)X

hBK2 "B/ S`B+2 "B/ aBx2 Pz2` S`B+2 Pz2` aBx2
3yyyyR3NNd9eek RdkXke k RdkX88 k
3yyyyRNykjRk8k RdkXke k RdkX88 R
3yyyyRNyeRNjy8 RdkXke k RdkXej R
3yyyRjydkN8RNy RdkX8k j RdkXej R
3yyyRj33y83Nky RdkX8k j RdkXek R

b2MbBiBp2 bvbi2KbX h?2 ?B;?2` i?2 MmK#2` Q7 BM/2T2M/2Mi b�KTH2b- i?2 ?B;?2`
i?2 /2;`22 Q7 7`22/QKX h?2 BM+`2�b2/ ;`�MmH�`Biv �HHQrb 7Q` KQ`2 T`2+Bb2
KQ/2Hbc 7Q` BMbi�M+2- bi�iBbiB+�H KQ/2Hb iQ 2t�KBM2 i?2 T`Q#�#BHBiv Q7 2ti`2K2
2p2Mib (R)X

>B;?@7`2[m2M+v K�`F2i /�i� Bb mb2/ě�KQM;bi Qi?2` i?BM;bě�b � bQm`+2
iQ KQMBiQ`- B/2MiB7v- �M/ i`�/2 QM i2KTQ`�`v K�`F2i BM2{+B2M+B2b +`2�i2/ #v
+QKT2iBM; BMi2`2bib (Ry)X "2BM; �#H2 iQ H2p2`�;2 p�bi �KQmMib Q7 /�i� BM �
~�b? Bb T�`�KQmMiX

AM +QMi`�/B+iBQM iQ i`�/BiBQM�H HQM;@i2`K #mv �M/ ?QH/ bi`�i2;B2b- ?B;?@
7`2[m2M+v i`�/BM; bi`�i2;B2b `2[mB`2 b?Q`i2` 2p�Hm�iBQM T2`BQ/b iQ 2bi�#HBb?
i?2 bi`�i2;vǶb +`2/B#BHBiv (Ry)X AM+`2�bBM; i?2 �KQmMi Q7 M2r /�i� �p�BH�#H2
�i b?Q`i MQiB+2 Bb 2tT2+i2/ iQ BM+`2�b2 #Qi? i?2 bT22/ �M/ T`2+Bb2M2bb Q7 bm+?
bvbi2KbX

kXRXj 6BM�M+B�H K�`F2i /�i�

h?Bb i?2bBb +QMbB/2`b � bi`2�K Q7 }M�M+B�H K�`F2i /�i�- KQ`2 bT2+B}+�HHv-
G2p2H R K�`F2i /�i�X h?2 /�i� `2TQ`ib- 7Q` BMbi�M+2- i?2 +m``2Mi #2bi T`B+2b
7Q` b2+m`BiB2b BM � K�`F2iX 1p2M i?Bb bBKTH2 7Q`K Q7 K�`F2i /�i� Bb ?B;?Hv +QK@
TH2tX q2 7Q+mb QM � bm#b2i Q7 Bib }2H/b- `2T`2b2MiBM; i?2 `2�H@iBK2 ?B;?2bi #B/
�M/ HQr2bi �bF 7Q` �M �bb2i- BM+Hm/BM; i?2 [m�MiBiB2běQ` pQHmK2bě�p�BH�#H2
�i i?Qb2 T`B+2b (RR)X
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6B;m`2 kXR, .Bbi`B#miBQM Q7 G2p2H R K�`F2i /�i� 7Q` �TTH2 AM+X- K2�bm`2/ #v
/�i� TQBMib T2` b2+QM/ 7`QK R8,yy,yy iQ Re,yy,yy QM C�Mm�`v j`/- kyR3 7`QK
i?2 Lua1X h?2 biQ+F Bb i?2 RRi? KQbi �+iBp2Hv i`�/2/ QM i?Bb /�i2 �++Q`/BM;
iQ i?2 b�KTH2 /�i� b2i T`QpB/2/ #v i?2 2t+?�M;2 (Rj)X N = 273793X

6Q`K�i �M/ T`QT2`iB2b

G2p2H R K�`F2i /�i� �`2 iBK2 b2`B2b- r?2`2 T`B+2 �M/ pQHmK2 +?�M;2b BM �
K�`F2i �`2 +�Tim`2/- �b 2t2KTHB}2/ BM h�#H2 kXkX q?2M2p2` � M2r #B/-
Qz2`- Q` i`�/2 Bb K�/2ě+?�M;BM; i?2 T`B+BM; Q` pQHmK2bě� M2r /�i� TQBMi
Bb b�KTH2/X �b � /�i� TQBMi Bb biQ`2/ ;Bp2M � +?�M;2 UiB+FV BM i?2 K�`F2i-
i?2 b�KTHBM; M�im`�HHv Q++m`b B``2;mH�`Hv BM iBK2X h?2 b�KTH2b �`2 +�Tim`2/
rBi? M�MQb2+QM/ T`2+BbBQM- rBi? � 7`2[m2M+v /2T2M/BM; QM i?2 �bb2i- Q7i2M
� bB;MB}+�Mi MmK#2` T2` b2+QM/ (R)X h?2 b�KTHBM; 7`2[m2M+v Q7 �TTH2 AM+X
Qp2` QM2 ?Qm` +�M #2 b22M BM 6B;m`2 kXRX

h�#H2 kXk b?Qrb G2p2H R K�`F2i /�i� 7Q` �TTH2 AM+X PMHv i?2 �7Q`2K2M@
iBQM2/ }2H/b �`2 b?QrMX h?2b2 }2H/b +QMi�BM +`BiB+�H p�Hm2b mb2/- 7Q` BMbi�M+2-
iQ +�H+mH�i2 �M/ KQMBiQ` i?2 #B/@�bF bT`2�/ Q7 �M �bb2i- Q` 7Q` K2�bm`BM; HB[@
mB/Biv �M/ K�`F2i �+iBpBivX

e



6BM�M+B�H K�`F2ib �`2 mMB[m2 BM i?2B` mMT`2/B+i�#BHBivX �++Q`/BM; iQ i?2
1{+B2Mi J�`F2i >vTQi?2bBb- �M �bb2iǶb T`B+2 `2~2+ib �HH �p�BH�#H2 BM7Q`K�iBQM-
�M/ T`B+2 +?�M;2b �`2 i?2`27Q`2 `�M/QK- �b bi�i2/ #v i?2 _�M/QK q�HF
>vTQi?2bBb (d)X

LQ`K�HBxBM; KQM2i�`v p�Hm2b

S`B+2b BM i?2 /�i� b2i �`2 `2T`2b2Mi2/ �b ~Q�iBM;@TQBMi p�Hm2b U2t2KTHB}2/
BM h�#H2 kXkVX h?2 /�i� ivT2 +`2�i2b bB;MB}+�Mi ?m`/H2b B7 H27i mM+QMbB/2`2/X
�Hi?Qm;? i?2 T`B+2 KB;?i b22K +Q``2+i 7Q` � bBM;H2 b�KTH2- � ~Q�iBM;@TQBMi
p�Hm2 Bb QMHv �M �TT`QtBK�iBQM Q7 i?2 mM/2`HvBM; p�Hm2X h?2 �TT`QtBK�i2/
p�Hm2 +�M i?mb BM+`2�bBM;Hv /Bz2` 7`QK i?2 �+im�H p�Hm2 r?2M BM�++m`�+B2b �`2
+QK#BM2/- 7Q` BMbi�M+2- r?2M p�Hm2b �`2 �;;`2;�i2/ (R9)X

h?2 T`2+BbBQM Q7 � ~Q�iBM;@TQBMi MmK#2` ;2M2`�HHv BM+`2�b2b rBi? i?2
MmK#2` Q7 #Bib mb2/ 7Q` Bib /2+BK�H p�Hm2 (R8)X >B;?2` T`2+BbBQM- i?2`27Q`2-
BKTHv � H�`;2 MmK#2` Q7 #Bib- mM7Q`imM�i2 7Q` � +QKT`2bbBQM b+?2K2X

h?2b2 ?m`/H2b +�M #2 KBiB;�i2/ #v `2T`2b2MiBM; KQM2i�`v p�Hm2b BM i?2B`
HQr2bi �iQKB+ 7Q`K- 2X;X- BM +2Mib 7Q` la.X h?mb- #v biQ`BM; i?2b2 p�Hm2b
�b }t2/@TQBMiběBX2X- �b BMi2;2`běBMbi2�/ Q7 ~Q�iBM;@TQBMib- r2 +�M Q#i�BM
�++m`�i2 `2T`2b2Mi�iBQMb Q7 T`B+2b- r?BH2 mbBM; 72r2` #BibX

kXk *QKT`2bbBQMR

*QKT`2bbBQM Q7 /�i� Bb /QM2 iQ `2/m+2 i?2 K2KQ`v 7QQiT`BMi BM T`2T�`�iBQM
7Q` T`Q+2bbBM;- i`�MbKBbbBQM- Q` biQ`�;2X h?2 T2`7Q`K�M+2 #2M2}ib � bvbi2K
;2ib 7`QK +QKT`2bbBQM- +QK2b 7`QK � p�`B2iv Q7 7�+iQ`b, HQr2` KBbb@`�i2 �b
� H�`;2` �KQmMi Q7 F2vb �`2 biQ`2/ ?Qi- HQr2` #�M/rB/i? `2[mB`2K2Mib BM
KmHiBTH2 i`�MbKBbbBQM bi�;2b- �M/ b�p2/ 2M2`;v /m2 iQ H2bb 2M2`;v@+QMbmKBM;
K2KQ`v M22/2/ 7Q` i?2 b�K2 �KQmMi Q7 /�i� (Re)X

h?Bb b2+iBQM /2b+`B#2b i?2 /Bz2`2Mi +H�bb2b Q7 +QKT`2bbBQM b+?2K2b- i?2B`
T`BK�`v i`�Bib- �M/ i?2 BKTQ`i�M+2 Q7 2�+? BM Bib /2bB;MX

kXkXR *H�bb2b
*QKT`2bbBQM �H;Q`Bi?Kb �`2 +�i2;Q`Bx2/ �b 2Bi?2` HQbbv Q` HQbbH2bb- rBi? Qi?2`
+mbiQKBx�#H2 i`�Bib iQ K�F2 i?2K T2`7Q`K r2HH BM i?2 bT2+B}2/ /QK�BMX

d



GQbbv

GQbbv +QKT`2bbBQM �H;Q`Bi?Kb �TT`QtBK�i2 � b2[m2M+2 Q7 /�i�X h?2 +QK@
T`2bb2/ `2T`2b2Mi�iBQM 2``Q`b BM `2H�iBQM iQ i?2 `2�H `2T`2b2Mi�iBQM- iQ b�p2
bT�+2X qBi? iBK2 b2`B2b- HQbbv +QKT`2bbBQM +�M #2 /QM2- 7Q` BMbi�M+2- #v
�TT`QtBK�iBM; i?2 /�i� �b � b2[m2M+2 Q7 TQHvMQKB�Hb (N)X

GQbbH2bb

GQbbH2bb +QKT`2bbBQM +QMbB/2`b � KQ`2 bT�+2@2{+B2Mi `2T`2b2Mi�iBQM Q7 i?2
/�i� �M/ +QMb2`p2b i?2 BM7Q`K�iBQM 2MiB`2HvX GQbbH2bb �H;Q`Bi?Kb �`2 mb2/-
2X;X- BM i?2 }2H/ Q7 �m/BQ +QKT`2bbBQM (N)X GQbbH2bb +QKT`2bbBQM Q7 iBK2 b2`B2b
+�M #2 /QM2- 7Q` BMbi�M+2- #v biQ`BM; i?2 /2Hi� Q7 bm#b2[m2Mi p�Hm2b- BMbi2�/
Q7 i?2 �+im�H p�Hm2bX h?Bb Bb FMQrM �b /2Hi� 2M+Q/BM; U*?�Ti2` kXjXRVX

�Hi?Qm;? mMBp2`b�H HQbbH2bb +QKT`2bbBQM �H;Q`Bi?Kb 2tBbiěK�Mv #�b2/
QM i?2 rB/2Hv mb2/ G2KT2H@wBp@q2H+? UGwqV �H;Q`Bi?K (3)ěbT2+B�H@Tm`TQb2
+QKT`2bbBQM �H;Q`Bi?Kb vB2H/ i?2 #2bi `2bmHi ;Bp2M i?�i i?2 /�i� /Bbi`B#miBQM
�M/ `2[mB`2K2Mib Q7 i?2 bvbi2K �`2 FMQrM � T`BQ`B (e)X :2M2`�H@Tm`TQb2
�H;Q`Bi?Kb �HbQ QT2`�i2 QM +QKTH2i2 /�i� b2ib- K�FBM; i?2K BM72�bB#H2 7Q`
T`Q+2bbBM; bi`2�Kb Q7 /�i� BM `2�H@iBK2 (k)X

kXkXk h2+?MB+�H T`QT2`iB2b
�bB/2 7`QK i?2 +QKT`2bbBQM `�i2 Q7 � b+?2K2- rBi? i?2 mTT2` HBKBi /2T2M/BM;
QM i?2 +QKT`2bbB#BHBiv Q7 i?2 /�i� b2i- i?2 BKTQ`i�Mi T`QT2`iB2b Q7 � HQbbH2bb
+QKT`2bbBQM b+?2K2 �`2 Bib bT22/- #HQ+F bBx2- �M/ K�DQ` Q`/2`X

aT22/

*QKT`2bbBQM Bb bm#D2+i iQ i?2 bT�+2@iBK2 +QKTH2tBiv i`�/2@QzX q?BH2 mM+QK@
T`2bb2/ /�i� Bb `2�/v BMbi�MiHv- BM+`2�bBM; i?2 +QKT`2bbBQM `�iBQ iQ `2/m+2
i?2 biQ`�;2 7QQiT`BMi ;2M2`�HHv BM+`2�b2b +QKTmiBM; iBK2 M22/2/ 7Q` +QKT`2b@
bBQM �M/ /2+QKT`2bbBQM (Re)X *QMbB/2`BM; i?Bb i`�/2@Qz Bb T�`�KQmMi r?2M
+QMbi`m+iBM; � +QKT`2bbBQM b+?2K2 7Q` � T�`iB+mH�` /QK�BMX aQK2 /2pB+2b
KB;?i `2bi`B+i +QKTmi�iBQM�H `2bQm`+2b BM Q`/2` iQ b�p2 #�ii2`vX AM Qi?2`
/2pB+2b- /�i� BM;2biBQM +�M #2 bHQr /m2 iQ � HQr2` b�KTH2 `�i2- �HHQrBM; +QK@
Tmi�iBQM�H `2bQm`+2b iQ #2 7Q+mb2/ QM BM+`2�bBM; i?2 +QKT`2bbBQM `�i2- �M/
i?mb `2/m+BM; M2irQ`F +Qbib (N)X

3



q?2M iBK2 b2`B2b �`2 biQ`2/ě2Bi?2` BM K2KQ`v Q` QM /BbF- 7Q` BMbi�M+2-
BM � hBK2 a2`B2b .�i�#�b2 Uha."Věi?2 bvbi2K Bb Q7i2M `2�/@?2�pvX G�`;2
#HQ+Fb Q7 /�i� +QmH/ #2 `2�/ �M/ 72/ iQ K�+?BM2 H2�`MBM; KQ/2Hb Q` pBbm�H@
Bx�iBQM iQQHbX :QQ/ /2+QKT`2bbBQM bT22/ Bb 2bb2MiB�HX *QKT`2bbBQM bBKTHv
M22/b iQ F22T mT rBi? i?2 BM;2biBQM `�i2 (N)X

"HQ+F bBx2
� #HQ+F Bb i?2 T?vbB+�H b2i Q7 #Bib Q` #vi2b �K�bb2/ �M/ +QKT`2bb2/- 2Bi?2`
+QMiBMmQmbHv Q` r?2M i?2 #HQ+F Bb 7mHHX � #HQ+F Bb i?mb i?2 mMBi Q7 /�i� mbm�HHv
+QMbB/2`2/ r?2M +QKT`2bbBM; Q` /2+QKT`2bbBM; /�i�X

h?2 #HQ+F bBx2 Bb i?2 MmK#2` Q7 #Bib biQ`2/ BM 2�+? #HQ+FX :`2�i2` #HQ+F
bBx2b ;2M2`�HHv K2�M KQ`2 `2/mM/�M+v- K�FBM; ?B;?2` +QKT`2bbBQM `�i2b TQb@
bB#H2 (Re)X >Qr2p2`- H�`;2` #HQ+Fb `2[mB`2 KQ`2 /�i� iQ #2 /2+QKT`2bb2/ iQ
`2i`B2p2 � bBM;H2 2Mi`vX aQK2 /2pB+2b ?�p2 HBKBi2/ K2KQ`v `2bQm`+2b- mM�#H2
iQ ?QH/ bB;MB}+�Mi �KQmMib Q7 /�i� #27Q`2 i`�MbKBbbBQM Q` biQ`�;2X AM 2M@
pB`QMK2Mib rBi? HQr2` b�KTH2 `�i2b- }HHBM; � #HQ+F +QmH/ i�F2 � bB;MB}+�Mi
�KQmMi Q7 iBK2- +�mbBM; H�;b BM /�i� b2Mi 7`QK i?2 b2MbBM; /2pB+2 (N)X h?2
KQbi T`�+iB+�H T�`�K2i2` Bb QM+2 �;�BM ?m;2Hv /2T2M/2Mi QM i?2 /QK�BMX

J�DQ` Q`/2`
h?2 K�DQ` Q`/2` Q7 � biQ`�;2 bvbi2K- bm+? �b _�J- `272`b iQ ?Qr KmHiB/B@
K2MbBQM�H /�i� Bb biQ`2/ (R9)X A7 2�+? b�KTH2 Bb KmHiB/BK2MbBQM�H- i?2 b�KTH2b
+�M #2 biQ`2/ BM 2Bi?2` `Qr@ Q` +QHmKM@K�DQ` Q`/2`X

*QMbB/2` � iBK2 b2`B2b Q7 N b�KTH2b- 2�+? ?�pBM; /BK2MbBQM�HBiv D > 0X
Ar,c Bb i?2 p�Hm2 BM +QHmKM c Q7 `Qr rX Ar,1 Bb i?2M i?2 iBK2bi�KT Q7 b�KTH2
r- 7QHHQr2/ #v Bib D p�`B�#H2b BM Ar,2, ..., Ar,D+1X

JmHiB/BK2MbBQM�H /�i� +�M 2Bi?2` #2 biQ`2/- HBM2�`Hv- BM `Qr@K�DQ` Q`/2`,

A1,1, ..., A1,D+1, ..., AN,1, ..., AN,D+1

Q` BM +QHmKM@K�DQ` Q`/2`,

A1,1, ..., AN,1, ..., A1,D+1, ..., AN,D+1

_Qr@K�DQ` Q`/2` Bb T`272``2/ B7 KmHiBTH2 p�`B�#H2b �`2 +QMbB/2`2/ r?2M
� b�KTH2 Bb 72i+?2/c BM � HQ+�iBQM /2pB+2- 7Q` BMbi�M+2- #Qi? HQM;Bim/2 �M/
H�iBim/2 �`2 M22/2/ iQ +�H+mH�i2 i?2 TQbBiBQMX Ai Bb i?mb #2M2}+B�H i?�i i?2v
�`2 biQ`2/ b2[m2MiB�HHv BM T�B`b- `2/m+BM; HQQFmT bT22/bX

N



AM +QHmKM@K�DQ` Q`/2`- i?2 +QHmKMb �`2 H�B/ Qmi HBM2�`HvX AM � /2pB+2
b�KTHBM; i2KT2`�im`2 �M/ ?mKB/Biv- i?2 i2KT2`�im`2 p�Hm2b +QmH/ #2 biQ`2/
b2[m2MiB�HHv- 7QHHQr2/ #v i?2 ?mKB/Biv p�Hm2bX h?Bb biQ`�;2 Bb #2M2}+B�H B7
[m2`B2b QM i?2 /�i� mbm�HHv +QMbB/2` i?2 p�`B�#H2b BM BbQH�iBQMX

kXj GQbbH2bb +QKT`2bbBQM Q7 bi`2�Kb
h?Bb b2+iBQM BMi`Q/m+2b +QKT�`�iBp2 i2+?MB[m2b �M/ ;2M2`�H i2+?MB[m2b TQT@
mH�` r?2M HQbbH2bbHv +QKT`2bbBM; b�KTH2b 7`QK bi`2�KbX

kXjXR *QKT�`�iBp2 i2+?MB[m2bR

6Q` HQbbH2bb +QKT`2bbBQM Q7 bi`2�Kb Q7 MmK2`B+ /�i�- i?`22 K�BM ivT2b Q7 T`2@
/B+iBp2 2M+Q/BM; �`2 T`2p�H2Mi, /2Hi� 2M+Q/BM;- /2Hi�@Q7@/2Hi� 2M+Q/BM;- �M/
T`2/B+iBp2 }Hi2`BM; (N)X h?2b2 K2i?Q/b +QKT`2bb bi`2�Kb 2{+B2MiHv- �b i?2v
`2/m+2 i?2 2Mi`QTv Q7 � M2rHv Q#b2`p2/ b�KTH2 #�b2/ QM T`2pBQmb Q#b2`p�@
iBQMbX

.2Hi� 2M+Q/BM;

� p�Hm2 Bb 2M+Q/2/ �b i?2 /Bz2`2M+2 7`QK i?2 T`2pBQmb Q#b2`p2/ p�Hm2c i?2
M2ti p�Hm2 Bb T`2/B+i2/ iQ #2 2[m�H iQ i?2 T`2pBQmb QM2X

δi = xi − xi−1

q?2`2 i?2 }`bi p�Hm2 Bb biQ`2/ BM 7mHHX

[x1, δ2 = x2 − x1, ..., δN = xN − xN−1]

� p�Hm2 Bb /2+QKT`2bb2/ #v +QKTmiBM; i?2 T`2}t bmKbX

xi = x1 +
i∑

j=2

δj

� p�Hm2 i?�i Bb 2tT2+i2/ iQ #2 +HQb2 iQ Bib T`2+2/BM; p�Hm2 Bb 2tT2+i2/ iQ
?�p2 � /2Hi� bB;MB}+�MiHv bK�HH2` i?�M Bib Q`B;BM�H p�Hm2X aiQ`BM; i?Bb /2Hi� Bb
i?mb 2tT2+i2/ iQ bB;MB}+�MiHv `2/m+2 i?2 MmK#2` Q7 #Bib M22/2/ iQ biQ`2 Bib
BM7Q`K�iBQM (e)X

Ry



.2Hi�@Q7@/2Hi� 2M+Q/BM;

� p�Hm2 Bb 2M+Q/2/ �b i?2 /Bz2`2M+2 7`QK i?2 T`2pBQmb /Bz2`2M+2X

δ2i = δi − δi−1 = (xi − xi−1)− (xi−1 − xi−2)

q?2`2 i?2 }`bi p�Hm2 Bb biQ`2/ �b � /2Hi� 7`QK � `272`2M+2 p�Hm2 (k)X

[δ1, δ
2
2 = δ2 − δ1, ..., δ

2
N = δN − δN−1]

h?2 p�Hm2 Bb /2+QKT`2bb2/ #v +QKTmiBM; U7`QK �TT2M/Bt �V,

xi = xref + iδ1 +
i∑

j=2

(i− j + 1)δ2j

h?Bb K2i?Q/ Bb T�`iB+mH�`Hv 2{+B2Mi B7 i?2 p�Hm2b �`2 2p2MHv bT�+2/c iBK2@
bi�KTb b�KTH2/ �i `2;mH�` BMi2`p�Hb rBHH ?�p2 � /2Hi�@Q7@/2Hi� Q7 x2`QX

S`2/B+iBp2 }Hi2`BM;

AMbi2�/ Q7 bBKTHv T`2/B+iBM; i?�i i?2 M2ti p�Hm2 rBHH ?�p2 � M�Bp2 +Q``2H�iBQM
iQ i?2 T`2pBQmb p�Hm2UbV- T`2/B+iBp2 }Hi2`BM; +`2�i2b � KQ/2H #�b2/ QM � HBM2�`
+QK#BM�iBQM Q7 � }t2/ MmK#2` Q7 T`2+2/BM; b�KTH2bX q?2M i?Bb }Hi2` Bb
H2�`M2/ 7`QK i?2 /�i�- Bi Bb +�HH2/ �/�TiBp2 }Hi2`BM;X

xi = axi−1 + bxi−2 + ...+ ε

h?Qm;? +QKTmi�iBQM�HHv KQ`2 2tT2MbBp2- +�H+mH�iBM; i?2 HBM2�` 7�+iQ`b
U2X;X- a �M/ bV- �M/ biQ`BM; QMHv i?2 2``Q`- ε- 7`QK i?2 T`2/B+iBQM vB2H/b �
?B;?2` +QKT`2bbBQM `�i2 r?2M i?2 b�KTH2b /Q MQi 7QHHQr � `�M/QK r�HF (N)X

kXjXk :2M2`�H i2+?MB[m2b
*QKT`2bbBQM �H;Q`Bi?Kb mb2 � p�`B2iv Q7 i2+?MB[m2b �M/ K2i?Q/b iQ QTiBKBx2
7Q` bT22/ �M/ bBx2X h?Bb b2+iBQM BMi`Q/m+2b #Bi T�+FBM; �M/ xB;x�; 2M+Q/BM;-
#Qi? 2bb2MiB�H BM biQ`BM; /�i� +QKT�+iHvX �/p�M+2/ ?�`/r�`2 i2+?MB[m2b-
bm+? �b aAJ. (e)- (Rd)- �`2 �HbQ BM+`2�bBM;Hv #2BM; mb2/ BM KQ/2`M +QKT`2bbBQM
�H;Q`Bi?Kbě7Q` bB;MB}+�MiHv BM+`2�b2/ bT22/ě#mi �`2 Qmi Q7 b+QT2 7Q` i?Bb
rQ`FX

RR



h�#H2 kXj, 1t�KTH2 Q7 p�`B�#H2@H2M;i? #Bi T�+FBM; Q7 � jk #Bi BMi2;2` rBi?
i?2 p�Hm2 Q7 RdkkeX h?2 ;`22M #Bi BM/B+�i2b r?2i?2` i?2 p�Hm2 Bb MQM@x2`QX
u2HHQr- i?2 MmK#2` Q7 #Bib BM i?2 p�Hm2X _2/- i?2 �+im�H MQM@x2`Q p�Hm2X

o�Hm2 jk #Bi #BM�`v "Bi T�+F2/
Rdkke yyyyyyyyyyyyyyyyyRyyyyRRyRyyRyRy RyRRRRRyyyyRRyRyyRyRy

"Bi T�+FBM;
"Bi T�+FBM; (k)- (e) Bb � i2+?MB[m2 7Q` biQ`BM; UǴT�+FBM;ǴV p�Hm2b iQ;2i?2`-
QKBiiBM; mMM2+2bb�`v #Bib BM 2�+? p�Hm2X 6Q` BMbi�M+2- ;Bp2M p�Hm2b BM `�M;2
[0 − 15]- r2 +�M T�+F 2B;?i p�Hm2b BM � bBM;H2 jk@#Bi BMi2;2`ě�M/ i?mb BM �
bBM;H2 jk@#Bi rQ`/ě�b 2�+? p�Hm2 QMHv M22/b log2(16) = 4 #Bib Q7 BM7Q`K�@
iBQM (N)X

h?2 i2+?MB[m2 Bb �HbQ bmBi2/ 7Q` p�`B�#H2@H2M;i? 2M+Q/BM; Q7 p�Hm2bX AM
i?Bb +�b2- � ?2�/2` +�M #2 mb2/ iQ bT2+B7v i?2 MmK#2` Q7 #Bib Q7 2Mi`QTv BM
i?2 p�`B�#H2X 6Q` BMbi�M+2- p�Hm2b Q7 � K�tBKmK Q7 32 #Bib- M22/ log2(32) = 5
#Bib bT2+B7vBM; i?2 bBx2 Q7 i?2 p�Hm2 Uh�#H2 kXjVX

6m`i?2` QTiBKBx�iBQM Q7 #Bi T�+FBM; +�M #2 /QM2 7Q` /�i� b2ib rBi? +2`i�BM
T`QT2`iB2bX 6Q` BMbi�M+2- /�i� b2ib +QMbBbiBM; Q7 � H�`;2 MmK#2` Q7 x2`Qb +�M
#2 QTiBKBx2/ #v biQ`BM; � ~�; #Bi- BM/B+�iBM; r?2i?2` i?2 p�Hm2 Bb x2`Q Q`
MQiX h?mb B7 i?2 p�Hm2 Bb x2`Q- i?2 p�Hm2 Bb biQ`2/ /B`2+iHv mbBM; � bBM;H2 #BiX
A7 i?2 p�Hm2 Bb MQM@x2`Q- � R Bb biQ`2/- 7QHHQr2/ #v i?2 ?2�/2` #Bib- 7QHHQr2/
#v i?2 #Bib `2T`2b2MiBM; i?2 �+im�H p�Hm2X

lbBM; � ~�; #Bi iQ BM/B+�i2 � MQM@x2`Q p�Hm2- �M/ p�`B�#H2@H2M;i? 2M+Q/BM;-
i?2 MmK#2` Q7 #Bib 7Q` � p�Hm2 n > 0 +�M #2 2tT`2bb2/ �b i?2 bmK Q7 i?2 #Bib
M22/2/,

1 + log2(E) + "log2(n)# = b,

r?2`2 E Bb i?2 MmK#2` Q7 #Bib Q7 2Mi`QTv BM i?2 p�`B�#H2X "Bi T�+FBM; Bb
i?mb Q7 H2bb #2M2}i r?2M b → E- �b i?2 bBx2 Q7 i?2 2M+Q/2/ `2T`2b2Mi�iBQM
�TT`Q�+?2b i?2 bBx2 Q7 i?2 Q`B;BM�H `2T`2b2Mi�iBQM Q7 i?2 p�Hm2X

"Bi T�+FBM; `2/m+2b i?2 MmK#2` Q7 #Bib M22/2/ iQ `2T`2b2Mi � p�Hm2X q?2M
+QK#BM2/ rBi? i2+?MB[m2b bm+? �b /2Hi� �M/ /2Hi�@Q7@/2Hi� 2M+Q/BM; U*?�T@
i2` kXjXRV- i?2 �H;Q`Bi?K ?�b 2H2p�i2/ 2{+B2M+v- �b x2`Qb �`2 KQ`2 T`2p�@
H2Mi (Rd)X

GBbiBM; kXR b?Qrb � *YY BKTH2K2Mi�iBQM 7Q` #Bi T�+FBM; � bBM;H2 BMi2;2`
BMiQ � #Bi p2+iQ`X h?2 p2+iQ` Q7 2�+? p�Hm2 +�M i?2M #2 biBi+?2/ iQ;2i?2` BMiQ
� bBM;H2 #Bi p2+iQ` `2T`2b2MiBM; i?2 KmHiBp�`B�i2 b�KTH2X

Rk



lMT�+FBM; � #Bi T�+F2/ b2[m2M+2 Bb 2bb2MiB�HHv i?2 `2p2`b2 T`Q+2bb Q7 T�+F@
BM; (Rd)X A7 i?2 }`bi #Bi Bb y- r2 FMQr i?�i i?2 7mHH p�Hm2 Bb x2`Q- �M/ r2
+QMiBMm2 iQ i?2 M2ti #Bi `2T`2b2MiBM; i?2 M2ti p�Hm2X A7 i?2 p�Hm2 Bb R- r2
FMQr i?�i i?2 M2ti log2(E) = N ?2�/2` #Bib `2T`2b2Mi i?2 7QHHQrBM; MmK#2`
Q7 #Bib mb2/ iQ biQ`2 i?2 �+im�H p�Hm2X

lMHBF2 i?2 T�+FBM; �H;Q`Bi?K- i?2 bT22/ Q7 mMT�+FBM; Bb MQi /B`2+iHv /2@
T2M/2Mi QM i?2 bBx2 Q7 i?2 p�Hm2X h?2 �+im�H p�Hm2 +�M #2 �++2bb2/ BKK2@
/B�i2Hv- ;Bp2M i?2 ?2�/2` bBx2- `2bmHiBM; BM � +QMbi�Mi mTT2` #QmM/ QM i?2
bT22/X h?2 p�Hm2 x2`Q- ?Qr2p2`- ?�b � bB;MB}+�MiHv HQr2` bT22/ +QMbi�Mi- �b
i?2 p�Hm2 Bb biQ`2/ BM i?2 }`bi #Bi- QKBiiBM; i?2 M22/ 7Q` 7m`i?2` T�`bBM;X

Rj



GBbiBM; kXR, 1t�KTH2 *YY +Q/2 7Q` #Bi T�+FBM; � 64 #Bi mMbB;M2/ BMi2;2` BMiQ
� #Bi p2+iQ` mbBM; � bT2+B}2/ MmK#2` Q7 ?2�/2` #BibX

R f 
k  _2im`Mb y B7 MmK 44 y- 2Hb2
j  
9  R tXXXt MXXXM
8  � � �
e  +QMi`QH #Bi M ?2�/2` #Bib bB; #Bib
d  f
3 bi/,,p2+iQ`I#QQH= #BiS�+FUmBMie9ni MmK- bBx2ni M>2�/2`"BibV
N &

Ry bi/,,p2+iQ`I#QQH= #Bibc
RR #BibX`2b2`p2UM>2�/2`"Bib Y bBx2Q7UMmKV  3Vc
Rk

Rj B7 UMmK 44 yV &
R9 #BibXTmb?n#�+FUyVc
R8 ' 2Hb2 &
Re #BibXTmb?n#�+FURVc
Rd

R3 �miQ MaB;MB7B+�Mi"Bib 4 bBx2Q7UMmKV  3
RN @ nn#mBHiBMn+HxHUMmKVc
ky

kR bi/,,#Bib2iIe= bB;"Bib 4 MaB;MB7B+�Mi"Bibc
kk 7Q` UBMi3ni B 4 M>2�/2`"Bibc B = yc @@BV
kj #BibXTmb?n#�+FUbB;"Bib(B)Vc
k9

k8 bi/,,#Bib2i Ie9= #b 4 MmKc
ke 7Q` UBMi3ni B 4 MaB;MB7B+�Mi"Bibc B = yc @@BV
kd #BibXTmb?n#�+FU#b(B)Vc
k3 '
kN

jy `2im`M #Bibc
jR '

R9



h�#H2 kX9, 1t�KTH2 Q7 xB;x�; 2M+Q/BM; i?2 p�Hm2 −1X

o�Hm2 3 #Bi #BM�`v wB;x�;;2/ p�Hm2
−1 RRRRRRRR yyyyyyyR

wB;x�; 2M+Q/BM;
hQ 2{+B2MiHv #Bi T�+F � p�Hm2- i?2 iQ;;H2/ #Bib URǶbV b?QmH/ #2 biQ`2/ BM i?2
H2�bi bB;MB}+�Mi TQbBiBQMb- �HHQrBM; i?2 yǶb BM i?2 KQbi bB;MB}+�Mi TQbBiBQMb
iQ #2 T�+F2/ �r�vX L2;�iBp2 p�Hm2b ?�p2 BM7Q`K�iBQM BM i?2 KQbi bB;MB}+�Mi
#Bib r?2M mbBM; irQǶb +QKTH2K2Mi `2T`2b2Mi�iBQM (R3)X h?2b2 p�Hm2b ?�p2
�HH i?2B` #Bib ~BTT2/- �M/ QM2 �//2/- +QKT�`2/ iQ i?2B` BMp2`b2ěTQbBiBp2ě
+QmMi2`T�`ibX h?2 MmK#2` @R Bb i?mb �HH RǶb 7Q` �Mv �`#Bi`�`v bBx2/ BMi2;2`X
wB;x�; 2M+Q/BM; (N)- (RN) Bb � i`BpB�H 2M+Q/BM; i?�i KQp2b i?�i bB;M #Bi iQ i?2
H2�bi bB;MB}+�Mi TQbBiBQM- �M/ ~BTb i?2 `2bi Q7 i?2 #Bib- �b b?QrM BM h�#H2 kX9X
h?Bb i`�Mb7Q`K�iBQM �HHQrb #Bi T�+FBM; iQ i`2�i i?2 BMi2;2` �b � MQM@M2;�iBp2
UmMbB;M2/V p�Hm2X

GBbiBM;b kXk �M/ kXj b?Qr ?Qr bm+? 2M+Q/BM; �M/ /2+Q/BM; +�M #2 /QM2
7Q` � e9 #Bi bB;M2/ BMi2;2`X .2+Q/BM; Bb i?2 BMp2`b2 T`Q+2bb Q7 2M+Q/BM;X

GBbiBM; kXk, 1t�KTH2 *YY +Q/2 7Q` xB;x�; 2M+Q/BM; � e9 #Bi BMi2;2`X
R pQB/ xx1M+Q/2e9UBMie9ni  tV
k &
j  t 4 U UmBMie9niV  t II R V � @U UmBMie9niV  t == ej Vc
9 '

GBbiBM; kXj, 1t�KTH2 *YY +Q/2 7Q` xB;x�; /2+Q/BM; � e9 #Bi BMi2;2`X
R pQB/ xx.2+Q/2e9UBMie9ni  vV
k &
j  v 4 UBMie9niV U U v == RV � @U v � ytRV Vc
9 '
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kXjXj _2H�i2/ rQ`FR

h?Bb b2+iBQM i�F2b � HQQF �i bQK2 BMi2`2biBM; bi�i2@Q7@i?2@�`i bvbi2Kb 7Q`
HQbbH2bb +QKT`2bbBQM Q7 bi`2�Kb Q7 iBK2 b2`B2bX

:Q`BHH�

:Q`BHH� Bb �M BM@K2KQ`v iBK2 b2`B2b /�i�#�b2 /2p2HQT2/ �i 6�+2#QQF (k)X
Ai 7mM+iBQMb �b � r`Bi2@i?`Qm;? +�+?2 biQ`BM; i?2 KQbi `2+2Mi b2MbQ` /�i�
7`QK 6�+2#QQFǶb bvbi2KbX h?2B` +QKT`2bbBQM b+?2K2 �M/ 2ti2MbBp2 ?�`/r�`2
�HHQr 7Q` +QKT`2bbBQM Q7 dyy KBHHBQM mMBp�`B�i2 /�i� TQBMib T2` b2+QM/X h?2
/�i�#�b2 2M�#H2b 6�+2#QQF iQ ?�p2 ke ?Qm`b Q7 b2MbQ` /�i� BM +�+?2- ;`2�iHv
`2/m+BM; i?2 [m2`v iBK2b QM i?2 +�+?2/ /�i�X

h?2 b+?2K2 mb2b +QKT�`�iBp2 +QKT`2bbBQM i2+?MB[m2b iQ +QKT`2bb bi`2�Kb
Q7 mMBp�`B�i2 iBK2 b2`B2bX hBK2bi�KTb �M/ p�Hm2b �`2 +QKT`2bb2/ b2T�`�i2HvX
6�+2#QQF 7QmM/ i?�i BM i?2B` bvbi2K- #HQ+F bBx2b i?�i 2ti2M/2/ k ?Qm`b ;�p2
/BKBMBb?BM; `2im`Mb QM i?2 +QKT`2bbBQM `�i2X

hBK2bi�KTb �`2 +QKT`2bb2/ mbBM; /2Hi�@Q7@/2Hi� 2M+Q/BM;X � `272`2M+2
iBK2bi�KT- t−1- Bb biQ`2/ BM � #HQ+F ?2�/2`X h?2 }`bi iBK2bi�KT- t0- Bb biQ`2/
BM i?2 #HQ+F �b i?2 /2Hi� 7`QK i?2 `272`2M+2 iBK2bi�KTX am#b2[m2Mi iBK2@
bi�KTb- t1, ..., tn- �`2 biQ`2/ �b /2Hi�@Q7@/2Hi� Q7 i?2 T`2pBQmb p�Hm2X 6�+2#QQF
7QmM/ i?�i 96W Q7 i?2 iBK2bi�KTb +QmH/ #2 +QKT`2bb2/ iQ � bBM;H2 #Bi- /m2
iQ b�KTH2b �``BpBM; �i � }t2/ BMi2`p�HX

:Q`BHH� Bb HBKBi2/ iQ +QKT`2bbBQM Q7 mMBp�`B�i2 iBK2 b2`B2bc QMHv � bBM;H2-
/Qm#H2@T`2+BbBQM ~Q�iBM;@TQBMi p�Hm2 Bb �HHQr2/ T2` b�KTH2X h?2 }`bi ~Q�i
Bb biQ`2/ BM 7mHHX am#b2[m2Mi p�Hm2b �`2 biQ`2/ �b i?2 sP_ Q7 i?2 T`2pBQmb
p�Hm2X h?Bb i2+?MB[m2 �bbmK2b i?�i M2B;?#Q`BM; p�Hm2b /Bz2` QMHv bHB;?iHv-
r?B+? r�b Q#b2`p2/ iQ #2 i?2 +�b2 rBi? 6�+2#QQFǶb QT2`�iBQM�H /�i�X

h?2 bvbi2K K�F2b irQ bi`QM; �bbmKTiBQMb Q7 i?2 /�i� b2i, iBK2bi�KTb
�`2 KQbiHv 2p2MHv bT�+2/- �M/ bm#b2[m2Mi p�Hm2b ?�p2 bK�HH /2Hi�bX

aT`BMix

aT`BMix Bb � iBK2 b2`B2b +QKT`2bbBQM �H;Q`Bi?K �BK2/ �i AQh /2pB+2b (N)X h?2
�H;Q`Bi?K ?�b HQr K2KQ`v `2[mB`2K2Mib #mi �//b � bK�HH H�i2M+v iQ i?2
bvbi2KX �Hi?Qm;? /2bB;M2/ 7Q` HQr@2M2`;v /2pB+2b- i?2 �mi?Q`b �`;m2 i?�i
Bi +�M �HbQ #2 mb2/ 7Q` H�`;2` bvbi2Kb 7Q` b2`pBM; �M/ [m2`vBM; /�i�X h?2
�mi?Q`b 7QmM/ i?2 �H;Q`Bi?K iQ bB;MB}+�MiHv QmiT2`7Q`K /2Hi� 2M+Q/BM;X Ai

Re



mb2b � 7Q`2+�biBM; �H;Q`Bi?K i?�i Bb i`�BM2/ QMHBM2 �M/ imM2/ iQ i?2 /�i�
/Bbi`B#miBQMX

aT`BMixǶb �/p�Mi�;2 Qp2` 2tBbiBM; bQHmiBQMb bi2Kb 7`QK Bib bi`QM; �bbmKT@
iBQMb Q7 i?2 +?�`�+i2`BbiB+b Q7 i?2 /�i�X h?2 T�T2` �`;m2b i?�i iBK2 b2`B2b
7`QK M�im`�H 2MpB`QMK2Mib ?�p2 7Qm` mMmbm�H +?�`�+i2`BbiB+b,

Ç G�+F Q7 2t�+i `2T2�ib, h?2 T`2b2M+2 Q7 M�im`�H 72�im`2b bm+? �b MQBb2
K�F2b 2t�+i `2T2�ib Q7 b2[m2M+2b Q7 #vi2b H2bb +QKKQMX hvTB+�H +QK@
T`2bbBQM �H;Q`Bi?Kb- bm+? �b /B+iBQM�`v@#�b2/ K2i?Q/b- �`2 i?mb MQi
bmBi�#H2X

Ç JmHiBTH2 p�`B�#H2b, JQ`2 i?�M QM2 p�`B�#H2 Bb Q7i2M M22/2/ r?2M b�K@
THBM; � M�im`�H bi�i2- 2X;X- HQM;Bim/2 �M/ H�iBim/2 7Q` HQ+�iBQMX

Ç GQr #�M/rB/i?, .2pB+2b MQ`K�HHv mb2 HBKBi2/ #�M/rB/i? r?2M b�K@
THBM; 2MpB`QMK2MibX AMi2;2`b Q7 jkěQ` 2p2M Reě#Bib �`2 bm{+B2MiX

Ç h2KTQ`�H +Q``2H�iBQM, am++2bbBp2 b�KTH2b i2M/ iQ ?�p2 bBKBH�` p�Hm2bX
h?2 b�KTH2 `�i2 Bb Q7i2M ?B;?2` i?�M i?2 M�im`�H T?2MQK2MQM `2+Q`/2/X

h?2 �H;Q`Bi?K K�F2b �bbmKTiBQMb �#Qmi bi`QM; +Q``2H�iBQMb #2ir22M +QM@
b2+miBp2 p�Hm2bX h?Bb �bbmKTiBQM �#Qmi i2KTQ`�H +Q``2H�iBQM Bb Q7i2M i?2 +�b2
7Q` AQh /2pB+2bc 7Q` BMbi�M+2- r?2M b�KTHBM; i?2 HQ+�iBQM Q7 � bi�iBQM�`v /2@
pB+2X Ai- i?2`27Q`2- T2`7Q`Kb TQQ`Hv r?2M i?2 /�i� /Bbi`B#miBQM i2M/b iQ DmKT
#2ir22M /Bb+`2i2 bi�i2bX

.Bz2`2MiB�H@}MBi2@+QMi2ti@K2i?Q/ U.6*JV

.6*J K�F2b T`2/B+iBQMb #v HQQFBM; 7Q` K�i+?2b BM T`2pBQmb /Bz2`2M+2 T�i@
i2`Mb (ky)X � i�#H2 HQQFmT Bb T2`7Q`K2/ iQ `2i`B2p2 i?2 /Bz2`2M+2 i?�i 7QHHQr2/
i?2 H�bi iBK2 � bBKBH�` b2[m2M+2 r�b Q#b2`p2/X h?2 /Bz2`2M+2 Bb �M sP_@
#�b2/ /2Hi� 2M+Q/BM; QM i?2 T`2/B+i2/ �M/ �+im�H p�Hm2X h?2 �H;Q`Bi?K Bb
2bb2MiB�HHv i?2 b�K2 �b BM :Q`BHH�- #mi rBi? T`2/B+iBQMb #�b2/ QM +QMi2tiX
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*?�Ti2` j

GQbbH2bb +QKT`2bbBQM Q7 bi`2�Kb
Q7 ?B;?@7`2[m2M+v K�`F2i /�i�

AM i?Bb +?�Ti2`- r2 /2b+`B#2 i?2 /2p2HQTK2Mi �M/ BKTH2K2Mi�iBQM Q7 �M
�H;Q`Bi?K 7Q` HQbbH2bb +QKT`2bbBQM �M/ /2+QKT`2bbBQM Q7 bi`2�Kb Q7 ?B;?@
7`2[m2M+v K�`F2i /�i�X

AM *?�Ti2` jXR r2 /Bb+mbb i2+?MB+�H `2[mB`2K2Mib Q7 �M �H;Q`Bi?K rQ`F@
BM; QM ?B;?@7`2[m2M+v KmHiBp�`B�i2 K�`F2i /�i�X q2 i?2M- BM *?�Ti2` jXk-
i�F2 � KQ`2 BM@/2Ti? HQQF �i i?2 bi`m+im`2 �M/ T`QT2`iB2b Q7 i?2 /�i�X h?Bb
BM7Q`K�iBQM ?BMib �i K2i?Q/b �M/ i2+?MB[m2b �TT`QT`B�i2 7Q` �M 2{+B2Mi +QK@
T`2bbBQM b+?2K2 BM i?Bb /QK�BMX G�biHv- BM *?�Ti2` jXj- r2 ;Q BMiQ /2i�BH QM
i?2 BKTH2K2Mi�iBQM Q7 i?Bb +QKT`2bbBQM b+?2K2- �M/ #2M+?K�`Fb +`2�i2/ iQ
+QM}`K Bib pB�#BHBivX

jXR h2+?MB+�H `2[mB`2K2MibR

� ;2M2`�H i`2M/ BM *?�Ti2` k Bb i?�i i?2 2{+B2M+v Q7 � +QKT`2bbBQM b+?2K2
BM+`2�b2b i?2 KQ`2 Bi Bb }ii2/ iQ i?2 T`Q#H2KX "Qi? :Q`BHH� �M/ aT`BMix Q#i�BM
i?2B` �/p�Mi�;2 Qp2` ;2M2`�HBx2/ b+?2K2b #v 7Q`KBM; 2tTHB+Bi �bbmKTiBQMb �M/
`2[mB`2K2Mib Q7 i?2 bvbi2KX

q2- i?2`27Q`2- 7Q`K � b2i Q7 T`2HBKBM�`v i2+?MB+�H `2[mB`2K2Mib 7Q` +QK@
T`2bbBM; bi`2�Kb Q7 K�`F2i /�i� HQbbH2bbHvX

RN



jXRXR aT22/
q2 FMQr 7`QK *?�Ti2` kXkXk i?�i i?2 bT22/ `2[mB`2K2Mib Q7 i?2 /QK�BM �`2
+H2�`, r?BH2 i?2 +QKT`2bbBQM bT22/ Kmbi F22T mT rBi? i?2 BMD2+iBQM `�i2-
/2+QKT`2bbBQM bT22/ Bb Q7 KQ`2 #2M2}i �7i2` i?�i i?`2b?QH/ Bb `2�+?2/X

� +QKTH2t bi`2�K Q7 }M�M+B�H K�`F2i /�i� K�v +QMbBbi Q7 b�KTH2b 7`QK
KmHiBTH2 /BbiBM+i biQ+Fb Q` �bb2ibX Gm+FBHv- �Hi?Qm;? b�KTH2b 7`QK /Bz2`2Mi
�bb2ib K�v #2 +Q``2H�i2/- i?2 b�KTH2b �`2 BM/2T2M/2MiX h?2 +QKT`2bbBQM Q7
2�+? �bb2iǶb b�KTH2b +�M i?mb #2 /Bbi`B#mi2/ Qp2` KmHiBTH2 T`Q+2bbQ` +Q`2b
UQ` MQ/2bVX h?2 ?�`/ bT22/ `2[mB`2K2Mi Q7 i?2 +QKT`2bbBQM �H;Q`Bi?K Bb-
i?2`27Q`2- 2bb2MiB�HHv i?2 K�tBKmK 7`2[m2M+v Q7 i?2 KQbi �+iBp2Hv i`�/2/
�bb2iX

6`QK 6B;m`2 kXR- r2 b22 i?�i i?2 �+iBpBiv 7Q` �M BM/BpB/m�H U�+iBp2Hv
i`�/2/V �bb2i Bb b2p2`�H Q`/2`b Q7 K�;MBim/2 HQr2` i?�M i?2 Q#i�BM2/ bT22/b
Q7 FMQrM 2{+B2Mi K2i?Q/b Q7 +QKT`2bbBQM Q7 bi`2�Kb (e)- (ky)X h?2b2 K2i?@
Q/b �`2- ?Qr2p2`- 7Q` bi`2�Kb Q7 � bBM;H2 p�`B�#H2X h2biBM; ?�b iQ #2 /QM2
iQ K2�bm`2 ?Qr r2HH bm+? i2+?MB[m2b T2`7Q`K r?2M �/�Ti2/ 7Q` bi`2�Kb Q7
KmHiBTH2 p�`B�#H2bX

6Q` � bvbi2K ?�M/HBM; i?2 +QKTH2i2 bi`2�K Q7 b�KTH2b- i?2 +QKT`2bbBQM
bT22/ `2[mB`2K2Mi Bb i?2 T2�F 7`2[m2M+v Q7 i?2 7mHH b2i Q7 b�KTH2bX h?2
`2[mB`2K2Mi Bb- i?2`27Q`2- /2T2M/2Mi QM i?2 MmK#2` Q7 �bb2ib BM [m2biBQMX 6Q`
�HH la 2[mBiv K�`F2ib +QK#BM2/- i?2 7`2[m2M+v T2�Fb �i `Qm;?Hv 8 KBHHBQM
K2bb�;2b T2` b2+QM/ (8)X

jXRXk "HQ+F bBx2
S2HFQM2M 2i �HX (k) bi�i2b i?�i i?2 BM+`2�b2 BM #HQ+F bBx2 +QK2b rBi? /BKBM@
Bb?BM; `2im`MbX h?Bb bi�i2K2Mi Bb HQ;B+�HHv ;`QmM/2/- �b i?2 K�BM #2M2}i Q7
?�pBM; H�`;2` #HQ+F bBx2b Bb iQ `2/m+2 i?2 `2H�iBp2 BKT�+i Q7 i?2 BMBiB�H mM+QK@
T`2bb2/ p�Hm2b- i�FBM; mT � bB;MB}+�Mi MmK#2` Q7 #BibX h?Bb BKT�+i /2+`2�b2b
�b i?2 #HQ+F bBx2 BM+`2�b2bX >2M+2- #HQ+Fb ?�p2 �M QTiBK�H bBx2 r?2`2 �M
BM+`2�b2 BM bBx2 /Q2b MQi vB2H/ � MQi2rQ`i?v BM+`2�b2 BM i?2 +QKT`2bbBQM `�i2X

q2 r�Mi iQ F22T i?2 #HQ+F bBx2 �b bK�HH �b TQbbB#H2- r?BH2 biBHH ?�pBM; i?2
#2M2}ib Q7 +QKT`2bbBQMX 1KTB`B+�H /�i� QM i?2 +QKT`2bbBQM `�i2b Q7 /Bz2`2Mi
#HQ+F bBx2b rBHH b?Qr r?2`2 i?Bb i?`2b?QH/ Bb 7Q` � bT2+B}+ b+?2K2 �M/ /�i� b2iX
6Q` 6�+2#QQFǶb :Q`BHH� bvbi2K- i?2 QTiBK�H #HQ+F bBx2 r�b irQ ?Qm`b Q7 /�i�
U*?�Ti2` kXjXjVX *QMbB/2`BM; i?�i K�`F2i /�i� ?�p2 p�`B�#H2 7`2[m2M+B2b- Bi
+�M #2 2tT2+i2/ i?�i #HQ+F bBx2 Bb #2ii2` K2�bm`2/ BM i?2 MmK#2` Q7 iB+FbX

ky



jXRXj J�DQ` Q`/2`
G2p2H R K�`F2i /�i� Bb KmHiBp�`B�i2X �b 2tTH�BM2/ BM *?�Ti2` kXkXk- r2 FMQr
i?�i `Qr@K�DQ` Q`/2` Bb T`272``2/ B7 p�Hm2b ?�p2 �M 2bb2MiB�H +QMM2+iBQM iQ
2�+? Qi?2`- M�K2Hv i?�i i?2v �`2 mb2/ iQ;2i?2`X h?Bb +QMM2+iBpBiv Bb BKTQ`@
i�Mi 7Q`- 2X;X- KQMBiQ`BM; iQQHbX

*QHmKM@K�DQ` Q`/2` +QmH/ #2 T`272``2/ B7 i?2 /�i� Bb mb2/ iQ KQMBiQ`
BM/BpB/m�H p�`B�#H2b- 7Q` BMbi�M+2- i?2 +?�M;2 BM pQHmK2- Q` 7Q` �M�HviB+�H
Tm`TQb2b r?2`2 i?2 �bb2iǶb �bFBM; T`B+2 Bb Q7 bQH2 BKTQ`i�M+2X

jXk ai`m+im`2 �M/ T`QT2`iB2b Q7 K�`F2i /�i�
AM i?Bb b2+iBQM- r2 /Bb+mbb i?2 bi`m+im`2 �M/ /Bbi`B#miBQM Q7 G2p2H R K�`F2i
/�i�X 6BM�M+B�H K�`F2i /�i� +QMbBbib Q7 KmHiBTH2 }2H/b- 2bb2MiB�HHv `2T`2b2Mi@
BM; /Bz2`2Mi mMBp�`B�i2 bi`2�Kb rBi? B/2MiB+�H iBK2bi�KTbX q2 i�F2 � +HQb2`
HQQF �i 2�+? Q7 i?2 }2H/b- /Bb+mbbBM; T`QT2`iB2b i?�i K�v #2 2tTHQBi2/ 7Q`
2{+B2Mi +QKT`2bbBQMX

q2 ?�p2 � +HQb2` HQQF �i i?2 K�`F2i /�i� 7Q` �TTH2 AM+X- bT2+B}+�HHvX h?2
biQ+F Bb �+iBp2Hv i`�/2/ U6B;m`2 kXRV- T`QpB/BM; � `272`2M+2 �b iQ ?Qr i?2 /�i�
7`QK � bBM;H2 �bb2i +�M #2 +QKT`2bb2/X

q2 /Bb+mbb i?2 iBK2bi�KTb- i?2 #B/ �M/ Qz2` T`B+2b- �M/ i?2 #B/ �M/ Qz2`
bBx2bX

jXkXR hBK2bi�KTb
*?�Ti2` kXRXj bi�i2b i?�i K�`F2i /�i� ?�b iB+F ;`�MmH�`Bivc � b�KTH2 Bb +�T@
im`2/ r?2M2p2` � +?�M;2 Q7 p�Hm2 Q++m`bX h?2 hBK2 }2H/- i?2`27Q`2- `2T`2@
b2Mib i?2 iBK2 �i r?B+? 2Bi?2` Q7 i?2 S`B+2 Q` aBx2 }2H/b �`2 KQ/B}2/X �b i?2
7`2[m2M+v /2T2M/b QM i?2 `�i2 Q7 BM7Q`K�iBQM- Bi `2~2+ib i?2 �bb2iǶb i`�/BM;
�+iBpBiv �i � ;Bp2M TQBMi BM iBK2- pBbm�HBx2/ BM 6B;m`2 kXRX

h?2 mMT`2/B+i�#BHBiv Q7 i?2 p�Hm2b BM i?2 hBK2 }2H/ ?�b M2;�iBp2 +QM@
b2[m2M+2b 7Q` Bib i?2Q`2iB+�H K�tBKmK +QKT`2bbBQM `�i2X q2 FMQr 7`QK
a?�MMQM (kR) i?�i ?B;?2` 2Mi`QTv M�im`�HHv vB2H/b HQr2` TQbbB#H2 +QKT`2bbBQM
`�i2bX q2 +�M- ?Qr2p2`- `2/m+2 i?Bb 2Mi`QTv �b Km+? �b TQbbB#H2X

6B;m`2 jXR b?Qrb i?2 p�Hm2b Q7 iBK2bi�KTb biQ`2/ rBi? T`2pBQmbHv /Bb@
+mbb2/ 2M+Q/BM;b 7Q` bi`2�Kb Q7 p�Hm2b U*?�Ti2` kXjXRVX "Qi? /2Hi� �M/ /2Hi�@
Q7@/2Hi� 2M+Q/BM;b `2/m+2 i?2 K�;MBim/2 Q7 i?2 iBK2bi�KT p�Hm2b- `2/m+BM;

kR
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Q`B;BM�H
/2Hi�
/2Hi�@Q7@/2Hi�

6B;m`2 jXR, .Bbi`B#miBQM Q7 p�Hm2b 7Q` iBK2bi�KTb 7Q` �TTH2 AM+X QM C�Mm�`v
j`/- kyR3X .2Hi� �M/ /2Hi�@Q7@/2Hi� p�Hm2b �`2 +QKTmi2/ �b /2b+`B#2/ BM
*?�Ti2` kXjXRX N = 1633158X

i?2 MmK#2` Q7 #Bib M22/2/ 7Q` i?2B` biQ`�;2X h?Qm;? 2�+? iBK2bi�KT Q`B;@
BM�HHv M22/2/ 64 #Bib- i?2b2 2M+Q/BM;b 2M�#H2 i?2 p�Hm2b iQ #2 biQ`2/ mbBM;
H2bb i?�M ?�H7 i?2 �KQmMi Q7 #BibX

h?2b2 `2bmHib �HbQ BM/B+�i2 i?�i /2Hi� 2M+Q/BM; `2/m+2b i?2 p�Hm2b bHB;?iHv
KQ`2 i?�M /2Hi�@Q7@/2Hi� 2M+Q/BM;X q2 FMQr 7`QK *?�Ti2` kXjXR i?�i i?2
H�ii2` Bb QTiBK�H rBi? 2p2MHv bT�+2/ iBK2bi�KTbX h?Bb T`QT2`iv Bb- ?Qr2p2`-
mMM�im`�H 7Q` iBK2 b2`B2b rBi? iB+F ;`�MmH�`BivX 6m`i?2` i2biBM; �M/ #2M+?@
K�`FBM; rBHH +QM}`K r?2i?2` i?Bb Bb i?2 +�b2 7Q` G2p2H R K�`F2i /�i� BM
;2M2`�HX

jXkXk S`B+2b
1�+? b�KTH2 BM Qm` K�`F2i /�i� +QMi�BMb irQ KQM2i�`v p�Hm2b, i?2 K�tBKmK
T`B+2 bQK2QM2 Bb rBHHBM; iQ T�v 7Q` �M �bb2i- i?2 "B/ S`B+2c �M/ i?2 KBMBKmK
T`B+2 bQK2QM2 Bb rBHHBM; iQ b2HH �M �bb2i 7Q`- i?2 Pz2` S`B+2X h?2b2 p�Hm2b
mbm�HHv p�`v QMHv bHB;?iHv- BM i?2 bQ@+�HH2/ i?2 #B/@�bF bT`2�/X

h?2 iB+F H2p2H ;`�MmH�`Biv Q7 �M �bb2iǶb /�i� bi`2�K BKTHB2b i?�i T`B+2b
rBHH MQi M2+2bb�`BHv +?�M;2 #2ir22M +QMb2+miBp2 b�KTH2bX � M2r /�i� TQBMi

kk



y (−22- 22) (−24- 24) (−28- 28) (−216- 216)
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Q`B;BM�H
/2Hi�
/2Hi�@Q7@/2Hi�

6B;m`2 jXk, .Bbi`B#miBQM Q7 p�Hm2b 7Q` #B/ �M/ Qz2` T`B+2b 7Q` �TTH2 AM+X
QM C�Mm�`v j`/- kyR3X S`B+2b BM +2MibX .2Hi� �M/ /2Hi�@Q7@/2Hi� p�Hm2b �`2
+QKTmi2/ �b /2b+`B#2/ BM *?�Ti2` kXjXRX N = 3266316X

+QmH/ #2 b�KTH2/ ;Bp2M � +?�M;2 BM 2Bi?2` i?2 Qi?2` S`B+2 }2H/ Q` QM2 Q7 i?2
aBx2 }2H/bX Ai Bb- i?2`27Q`2- HQ;B+�HHv ;`QmM/2/ i?�i i?2 p�Hm2b BM i?2 S`B+2
}2H/b rBHH Q7i2M bi�v mM+?�M;2/X

6B;m`2 jXk b?Qrb �M 2t�KTH2 Q7 ?Qr +QMb2+miBp2 T`B+2 p�Hm2b +�M /Bz2`X
q2 b22 i?�i /2Hi� �M/ /2Hi�@Q7@/2Hi� 2M+Q/BM;b #Qi? T`Q/m+2 � ?B;? MmK@
#2` Q7 x2`QbX q2 FMQr 7`QK *?�Ti2` kXjXk i?�i x2`Qb �`2 #2M2}+B�H- �b i?2
+QKT`2bbBQM �H;Q`Bi?K +�M #2 +QM};m`2/ iQ biQ`2 i?2 p�Hm2 �b � bBM;H2 #BiX

�b rBi? iBK2bi�KTb- /2Hi� 2M+Q/BM; b22Kb iQ vB2H/ HQr2` 2Mi`QTv i?�M
/2Hi�@Q7@/2Hi� 2M+Q/BM; 7Q` KQM2i�`v p�Hm2bX h?2b2 p�Hm2b rBHH HQ;B+�HHv #2
+HQb2 iQ;2i?2`- �b i?2 #B/ �M/ Qz2` T`B+2b �`2 `2H�iBp2Hv +QMbi�Mi Qp2` iBK2X
>Qr2p2`- /2Hi�@Q7@/2Hi� 2M+Q/BM; +QmH/ #2 T`272`�#H2 B7 i?2`2 Bb � ;2M2`�H
mTr�`/b Q` /QrMr�`/ i`2M/ BM i?2 T`B+2bX

1p2M i?Qm;? �TTH2 AM+XǶb T`B+2 }2H/b b22K iQ #2 mbBM; � K�tBKmK Q7 Re
#Bib- i?Bb Bb MQi i?2 +�b2 7Q` i?2 /�i� b2ib bim/B2/ 7`QK Qi?2` biQ+FbX h?2
�KQmMi Q7 BM7Q`K�iBQM BM i?2 Q`B;BM�H T`B+2 /2T2M/b QM i?2 K�;MBim/2 Q7 Bib
p�Hm2X 1KTB`B+�H /�i� b?Qrb i?�i bQK2 /�i� b2ib M22/ KQ`2 i?�M Re #Bib- bQ
r2 bmTTQ`i mT iQ jk #Bib BM Qm` BKTH2K2Mi�iBQMb iQ bmTTQ`i �HH +�b2bX

kj
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Q`B;BM�H
/2Hi�
/2Hi�@Q7@/2Hi�

6B;m`2 jXj, .Bbi`B#miBQM Q7 p�Hm2b 7Q` #B/ �M/ Qz2` bBx2b 7Q` �TTH2 AM+X QM
C�Mm�`v j`/- kyR3X .2Hi� �M/ /2Hi�@Q7@/2Hi� p�Hm2b �`2 +QKTmi2/ �b /2b+`B#2/
BM *?�Ti2` kXjXRX N = 3266316X

jXkXj aBx2b
"B/ �M/ Qz2` bBx2b [m�MiB7v i?2 pQHmK2b �p�BH�#H2 �i bT2+B}+ T`B+2bX �b b22M
BM h�#H2 kXk �M/ 6B;m`2 jXj- i?2b2 [m�MiBiB2b �`2 Q7i2M bK�HH- r?B+? Bb HQ;B+�HHv
;`QmM/2/- �b i?2 TQbBiBQMb rBi? i?2 ?B;?2bi #B/ �M/ HQr2bi Qz2` T`B+2b �`2
i?2 H2�bi +QMi2bi2/X

h?2 BMbB;MB}+�Mi K�;MBim/2 Q7 i?2 p�Hm2b `�Bb2b i?2 [m2biBQM Q7 r?2i?2`
+QKT`2bbBQM Q7 i?2b2 }2H/b Bb #2M2}+B�HX 6B;m`2 jXj b?Qrb i?�i /2Hi� 2M+Q/BM;
T`Q/m+2b bHB;?iHv HQr2` p�Hm2bX q2 FMQr i?�i p�Hm2b Q7 x2`Q �`2 #2M2}+B�H
7Q` � #�bB+ BKTH2K2Mi�iBQM Q7 #Bi T�+FBM;- bB;MB}+�MiHv `2/m+BM; i?2 MmK#2`
Q7 #Bib M22/2/ 7Q` i?2B` `2T`2b2Mi�iBQMX h?2 #2M2}i Q7 +QKT`2bbBM; i?2b2
p�Hm2b Bb i?mb `2/m+2/ iQ � i`�/2@Qz #2ir22M i?2 bT22/ Qp2`?2�/ /m2 iQ i?2
+QKT�`�iBp2 2M+Q/BM;- p2`bmb � bHB;?iHv ?B;?2` �p2`�;2 MmK#2` Q7 #Bib T2`
p�Hm2X "2M+?K�`FBM; rBHH b?Qr i?2 �+im�H BKT�+i Q7 i?Bb i`�/2@QzX

�b rBi? i?2 S`B+2 }2H/b- #B/ �M/ Qz2` bBx2b M22/ � 7mHH jk #Bib `2T`2b2Mi�@
iBQMX aQK2 /�i� b2ib ?�p2 bBx2b Q7 ;`2�i2` K�;MBim/2- rBi? p�Hm2b 2t+22/BM;
Re #BibX

AM +HQbBM;- r2 b22 i?�i i?2 aBx2 }2H/b K�v ?�p2 �//BiBQM�H QTTQ`imMBiB2b 7Q`

k9



+QKT`2bbBQM rBi? BM+`2�b2/ +mbiQKBx�iBQMX "Bi T�+FBM; M22/b � 8@#Bi ?2�/2`
iQ `2T`2b2Mi mT iQ jk #Bib Q7 BM7Q`K�iBQM- #mi KQbi mM+QKT`2bb2/ aBx2 p�Hm2b
+�M #2 `2T`2b2Mi2/ rBi? 72r2` i?�M 8 #Bib- �b b22M BM 6B;m`2 jXjX lbBM; �
bK�HH2` ?2�/2`- �M/ biQ`BM; QmiHB2`b 2Hb2r?2`2- +QmH/ #2M2}i i?2 +QKT`2bbBQM
`�i2X

jXj AKTH2K2Mi2/ �H;Q`Bi?Kb
q2 ?�p2 BKTH2K2Mi2/ �M/ #2M+?K�`F2/ b2p2`�H +QKT`2bbBQM b+?2K2b iQ
;�i?2` 2KTB`B+�H /�i� QM i?2 T2`7Q`K�M+2 Q7 /Bz2`2Mi +QKT�`�iBp2 i2+?MB[m2b
�M/ biQ`�;2 K2i?Q/bX 6B`bi- r2 #2M+?K�`F /Bz2`2Mi i2+?MB[m2b QM bBM;H2
}2H/b- BX2X- +QKT`2bbBQM `�i2b �M/ bT22/b mbBM; p�`BQmb 2M+Q/BM;b QM iBK2@
bi�KTb- T`B+2b- �M/ bBx2bX �7i2`r�`/- r2 +QK#BM2 i?2 BKTH2K2Mi�iBQMb BMiQ
+QKT`2bbBQM b+?2K2b i?�i rQ`F QM KmHiBp�`B�i2 }M�M+B�H K�`F2i /�i�X

AM i?Bb b2+iBQM- r2 /2b+`B#2 i?2 BKTH2K2Mi�iBQM Q7 i?2 ;2M2`�H +QKT`2bbBQM
�H;Q`Bi?KX � bm#b�KTH2 Q7 iB+Fb 7`QK �TTH2 AM+X Bb mb2/ �b �M 2t�KTH2X

k8



h�#H2 jXR, 1t�KTH2 Q7 BMBiB�H bi`m+im`2 Q7 K�`F2i /�i� 7Q` �TTH2 AM+X 1�+?
iB+F Bb }`bi HQ�/2/ BMiQ K2KQ`v iQ +HQb2` bBKmH�i2 `2�/BM; 7`QK � bi`2�KX

O a�KTH2
R 3yyyyR3NNd9eek % RdkXke % k % RdkX88 % k
k 3yyyyRNykjRk8k % RdkXke % k % RdkX88 % R
j 3yyyyRNyeRNjy8 % RdkXke % k % RdkXej % R
9 3yyyRjydkN8RNy % RdkX8k % j % RdkXej % R
8 3yyyRj33y83Nky % RdkX8k % j % RdkXek % R

jXjXR *QKT`2bbBQM
h?2 QmiHBM2 Q7 i?2 +QKT`2bbBQM �H;Q`Bi?K Bb �b 7QHHQrb,

RX AMBiB�HBx2

kX S`Q+2bb iB+Fb

U�V *QKT�`�iBp2 2M+Q/BM; UMQM2- /2Hi�- Q` /2Hi�@Q7@/2Hi�V
U#V wB;x�; 2M+Q/BM;
U+V "Bi T�+FBM;

jX 6BM�HBx2

AMBiB�HBx�iBQM

h?2 /�i� Bb BMBiB�HHv biQ`2/ QM /BbF- r?2`2 2�+? b�KTH2 7`QK � bT2+B}2/ �bb2i
Bb QM i?2 7Q`K,

T ime|Bid Price|Bid Size|Offer Price|Offer Size,

�b 2t2KTHB}2/ BM h�#H2 jXRX q2 HQ�/ 2�+? b�KTH2 BMiQ K2KQ`v iQ `2KQp2 i?2
bT22/ BKT�+i Q7 `2�/BM; 7`QK /BbFX

q2 i?2M +`2�i2 � #Bi p2+iQ` 7Q` biQ`BM; i?2 7mHH +QKT`2bb2/ `2bmHi �M/
�HHQ+�i2 K2KQ`v- �bbmKBM; � +QKT`2bbBQM `�i2 Q7 R,R 7Q` i?2 #HQ+FX h?Bb
T`2�HHQ+�iBQM Bb +`m+B�H �b +QMiBMmQmb `2�HHQ+�iBQM Q7 i?2 `2bmHiBM; #Bi p2+iQ`ě
�M QT2`�iBQM HBM2�` QM i?2 MmK#2` Q7 2H2K2Mib (kk)ěbB;MB}+�MiHv `2/m+2b
+QKT`2bbBQM bT22/X

ke



h�#H2 jXk, a�KTH2b T�`b2/ 7`QK i?2 /�i� BM h�#H2 jXRX

O hBK2 "B/ S`B+2 U+V "B/ aBx2 Pz2` S`B+2 U+V Pz2` aBx2
R 3yyyyR3NNd9eek Rdkke k Rdk88 k
k 3yyyyRNykjRk8k Rdkke k Rdk88 R
j 3yyyyRNyeRNjy8 Rdkke k Rdkej R
9 3yyyRjydkN8RNy Rdk8k j Rdkej R
8 3yyyRj33y83Nky Rdk8k j Rdkek R

h�#H2 jXj, .2Hi� 2M+Q/BM; Q7 b�KTH2b BM h�#H2 jXkX

O hBK2 "B/ S`B+2 U+V "B/ aBx2 Pz2` S`B+2 U+V Pz2` aBx2
R 3yyyyR3NNd9eek Rdkke k Rdk88 k
k k8e8Ny y y y @R
j j33y8j y y 3 y
9 RRReed8338 ke R y y
8 3ydejdjy y y @R y

*QKT�`�iBp2 2M+Q/BM;

6Q` 2�+? b�KTH2- 2�+? }2H/ Bb i?2M T�`b2/- MQ`K�HBx2/- �M/ biQ`2/ BM Bib
�TT`QT`B�i2 /�i� ivT2- �b b?QrM BM h�#H2 jXkX h?2 }2H/b �`2 i?2M +QKT`2bb2/
mbBM; i?2 bT2+B}2/ 2M+Q/BM; `2bmHiBM; BM i?2 b�KTH2 p�Hm2b �b 2t2KTHB}2/ BM
h�#H2 jXjX AM i?2 +�b2 Q7 ǳMQM2Ǵ- i?Bb bi2T Bb bFBTT2/X 6Q` /2Hi� �M/ /2Hi�@Q7@
/2Hi� 2M+Q/BM;- i?2 }`bi p�Hm2 Bb biQ`2/ �b@Bb- rBi? +QMb2+miBp2 p�Hm2b 7QHHQrBM;
�b /2}M2/ BM *?�Ti2` kXjXRX

wB;x�; 2M+Q/BM;

6Q` p�`B�#H2b i?�i +QmH/ #2 M2;�iBp2- xB;x�; 2M+Q/BM; U*?�Ti2` kXjXkV Bb T2`@
7Q`K2/ BM T`2T�`�iBQM 7Q` #Bi T�+FBM;X h�#H2 jX9 �M/ h�#H2 jX8 BHHmbi`�i2b
i?Bb i`�Mb7Q`K�iBQM 7Q` i?2 Pz2` aBx2 p�Hm2- r?B+? `2bmHib BM � HQM; ?2�/ Q7
+QMb2+miBp2 x2`Qb- �HHQrBM; 7Q` KQ`2 2{+B2Mi #Bi T�+FBM;X

"Bi T�+FBM;

1�+? p�Hm2 BM � b�KTH2 Bb T�+F2/ BM/2T2M/2MiHv- �b b?QrM BM h�#H2 jXeX "Bi
T�+FBM; Bb T2`7Q`K2/ mbBM; log2(64) = 6 ?2�/2` #Bib 7Q` i?2 hBK2 }2H/- �b

kd



h�#H2 jX9, "BM�`v p�Hm2b Q7 � /2Hi� 2M+Q/2/ b�KTH2X h?2 b�KTH2 Bb i?2 b�K2
�b i?2 +Q``2bTQM/BM; b�KTH2 BM h�#H2 jXjX

O 6B2H/ "Bib

k

hBK2 yyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyRRRRRyRyRyyRyyRRRy
"B/ S`B+2 yyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyy
"B/ aBx2 yyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyy
Pz2` S`B+2 yyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyy
Pz2` aBx2 RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR

h�#H2 jX8, wB;x�;;2/ #BM�`v p�Hm2b Q7 i?2 b�KTH2 BM h�#H2 jX9X hBK2 Bb MQi
xB;x�;;2/ �b i?2 /2Hi� Bb �Hr�vb TQbBiBp2X

O 6B2H/ "Bib

k

hBK2 yyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyRRRRRyRyRyyRyyRRRy
"B/ S`B+2 yyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyy
"B/ aBx2 yyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyy
Pz2` S`B+2 yyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyy
Pz2` aBx2 yyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyR

Bib p�Hm2b M22/ i?2 7mHH e9 #Bib r?2M MQ@+QKT�`�iBp2@2M+Q/BM; UǳMQM2ǴV Bb
T2`7Q`K2/- �M/ BM bQK2 +�b2b 2p2M 7Q` /2Hi� �M/ /2Hi�@Q7@/2Hi� 2M+Q/2/ p�Hm2bX

S`B+2b �M/ bBx2b M22/ log2(32) = 5 #Bib 7Q` i?2 ?2�/2`X 1KTB`B+�H /�i�
b?Qr i?�i i?2b2 }2H/b mb2 QMHv bHB;?iHv Qp2` Re #Bib Q7 biQ`�;2- �M/ M2p2`
2t+22/b i?2 jk #Bib � 8@#Bi ?2�/2` T`QpB/2bX

h?2 #Bi T�+F2/ p�Hm2b �`2 i?2M K2`;2/ BMiQ � bBM;H2 p2+iQ` `2T`2b2MiBM;
i?2 +QKTH2i2 b�KTH2 Uh�#H2 jXdVX 6BM�HHv- i?2 b�KTH2Ƕb #Bi p2+iQ` Bb �TT2M/2/
iQ i?2 #HQ+FǶb #Bi p2+iQ`X

6BM�HBx2

q?2M N b�KTH2b �`2 +QKT`2bb2/- r?2`2 N Bb i?2 #HQ+F bBx2- i?2 #HQ+F Bb 7mHHX
h?2 +QKT`2bbBQM Bb i?2M `2bi�`i2/ rBi? � M2r #HQ+F- rBi? b�KTH2 N + 1 �b
i?2 BMBiB�H b�KTH2X

h?2 `2bmHi Bb i?�i �HH b�KTH2b �`2 biQ`2/ +QKT`2bb2/ BM K2KQ`v- 2t+2Ti
7Q` 2�+? #HQ+FǶb BMBiB�H b�KTH2X � b�KTH2 Bb �p�BH�#H2 #v /2+QKT`2bbBM; Bib
#HQ+FX

k3



h�#H2 jXe, "Bi T�+F2/ #BM�`v p�Hm2b Q7 i?2 b�KTH2 BM h�#H2 jX8X h?2 ;`22M
#Bi BM/B+�i2b r?2i?2` i?2 p�Hm2 Bb MQM@x2`QX u2HHQr- i?2 MmK#2` Q7 #Bib BM i?2
p�Hm2X _2/- i?2 �+im�H MQM@x2`Q p�Hm2X

O 6B2H/ S�+F2/ #Bib

k

hBK2 RyRyyRyRRRRRyRyRyyRyyRRRy
"B/ S`B+2 y
"B/ aBx2 y
Pz2` S`B+2 y
Pz2` aBx2 RyyyyRR

h�#H2 jXd, *QKTH2i2 +QKT`2bb2/ `2T`2b2Mi�iBQM Q7 i?2 +Q``2bTQM/BM; b�KTH2
BM h�#H2 jXjX h?2 ;`22M #Bi BM/B+�i2b r?2i?2` i?2 p�Hm2 Bb MQM@x2`QX u2HHQr-
i?2 MmK#2` Q7 #Bib BM i?2 p�Hm2X _2/- i?2 �+im�H MQM@x2`Q p�Hm2X

O *QKT`2bb2/ b�KTH2
k RyRyyRyRRRRRyRyRyyRyyRRRyyyyRyyyyRR

jXjXk .2+QKT`2bbBQM
.2+QKT`2bbBQM Bb 2bb2MiB�HHv i?2 `2p2`b2 T`Q+2bb Q7 +QKT`2bbBQMX "v mbBM;
FMQrM ?2�/2` bBx2b- p�Hm2b +�M #2 2ti`�+i2/ b2[m2MiB�HHv 7`QK i?2 #Bi p2+iQ`
/2b+`B#BM; i?2 2, ..., N 7QHHQrBM; b�KTH2b BM i?2 #HQ+F- N #2BM; i?2 #HQ+F bBx2X

hQ /2+QKT`2bb /2Hi� Q` /2Hi�@Q7@/2Hi� 2M+Q/2/ }2H/b- Bi Bb rQ`i? MQiBM;
i?�i r2 M22/ iQ F22T i`�+F Q7 i?2 �;;`2;�i2/ /2Hi�X hQ +QKTmi2 i?2 p�Hm2 Q7
� b�KTH2- r2 M22/ iQ +QKTmi2 i?2 /2Hi� Q7 2�+? T`2+2/BM; p�Hm2 Q7 i?�i b�K2
}2H/ BM i?2 #HQ+FX

jX9 "2M+?K�`FBM;
h?Bb b2+iBQM BMi`Q/m+2b i?2 i2+?MB[m2b- �M/ i?2 #2M+?K�`Fb `mM iQ 2p�Hm�i2
i?2B` pB�#BHBivX 6BM�HHv- r2 bT2+B7v i?2 ?�`/r�`2 mb2/ 7Q` i?2 #2M+?K�`FBM;X

jX9XR h2+?MB[m2b
q2 #2M+?K�`F MQ@+QKT�`�iBp2@2M+Q/BM;- /2Hi� 2M+Q/BM;- �M/ /2Hi�@Q7@/2Hi�
2M+Q/BM; QM /Bz2`2Mi /�i� b2ibX wB;x�;;BM; Bb T2`7Q`K2/ r?2`2 �TT`QT`B�i2-
7QHHQr2/ #v #Bi T�+FBM;X

kN



6Q` 2�+? i2+?MB[m2- r2 �bb2bb i?2 +QKT`2bbBQM `�i2- +QKT`2bbBQM bT22/-
�M/ /2+QKT`2bbBQM bT22/X h?2 +QKT`2bbBQM `�i2 Bb K2�bm`2/ `2H�iBp2 iQ i?2
MmK#2` Q7 #Bib mb2/ iQ biQ`2 i?2 Q`B;BM�H p�Hm2- 2X;X- e9 #Bib 7Q` 2�+? hBK2
p�Hm2X

jX9Xk "2M+?K�`Fb
q2 }`bi #2M+?K�`F i?2 BM/BpB/m�H }2H/b iQ �bb2bb i?2 T2`7Q`K�M+2 Q7 i?2
/Bb+mbb2/ i2+?MB[m2b QM 2�+? p�`B�#H2X *QKT`2bbBM; i?2 +QHmKMb BM Q`/2`
�HbQ `2p2�Hb i?2 T2`7Q`K�M+2 Q7 biQ`BM; i?2 /�i� BM +QHmKM@K�DQ` Q`/2`X

q2 #2M+?K�`F i?2 �H;Q`Bi?K QM i?2 hBK2 }2H/- 7QHHQr2/ #v T`B+2 �M/
bBx2X 6Q` T`B+2 �M/ bBx2- r2 7Q+mb QM i?2 #2M+?K�`Fb 7Q` "B/ S`B+2 �M/ "B/
aBx2- `2bT2+iBp2HvX q2 FMQr- BM T�`i 7`QK 6B;m`2 jXk �M/ 6B;m`2 jXj- i?�i i?2
p�Hm2b- /Bbi`B#miBQM- �M/ 7Q`K�i 7Q` i?2 irQ T`B+2 �M/ i?2 irQ bBx2 }2H/b �`2
+HQb2 iQ B/2MiB+�HX q2 i?2`27Q`2 QMHv bim/v QM2 Q7 2�+?X

q2 i?2M #2M+?K�`F i?2 �H;Q`Bi?K QM i?2 7mHH KmHiBp�`B�i2 /�i�- biQ`BM;
i?2 +QKT`2bb2/ /�i� BM `Qr@K�DQ` Q`/2`X q2 mb2 i?2 b�K2 2M+Q/BM; QM 2�+?
}2H/- �M/ � ?v#`B/ b+?2K2 rBi? /Bz2`2Mi 2M+Q/BM;b QM /Bz2`2Mi }2H/b- r?2`2
i?2`2 Bb �M BM/B+�iBQM Q7 � #2ii2` +QKT`2bbBQM `�i2 Q` bT22/bX

hQ 2p�Hm�i2 i?2 BKTH2K2Mi�iBQM- #2M+?K�`Fb �`2 `mM QM }M�M+B�H K�`@
F2i /�i� 7`QK /Bz2`2Mi b2+m`BiB2b i`�/2/ QM i?2 L2r uQ`F aiQ+F 1t+?�M;2
ULua1VX q2 mb2 7`22Hv �p�BH�#H2 b�KTH2 /�i� 7`QK C�Mm�`v j`/- kyR3 (Rj)X
q2 HQQF �i /�i� 7`QK i?2 KQbi �+iBp2Hv i`�/2/ biQ+Fb- �b i?2b2 ?�p2 i?2
KQbi #2M2}i 7`QK +QKT`2bbBQM /m2 iQ i?2 bB;MB}+�Mi MmK#2` Q7 /�i� TQBMibX
h?2 iQT Ryy KQbi �+iBp2Hv i`�/2/ biQ+Fb �p�BH�#H2 BM i?2 /�i� b2i ?�p2- QM
�p2`�;2- 1.1M b�KTH2b Q7 i`�/BM; /�i� QM i?Bb /�i2X q2 +QMbB/2` i?2 }p2
`2H2p�Mi }2H/b 7`QK 2�+? Q7 i?2 b�KTH2bX

q2 }`bi #2M+?K�`F �TTH2 AM+X- 7QHHQrBM; mT QM i?2 �M�HvbBb 7`QK *?�T@
i2` jXkX q?2M +QMbB/2`BM; � bBM;H2 biQ+F- r2 `mM Ryy #2M+?K�`Fb �M/ �p2`�;2
i?2 `2bmHibX q2 i?2M #2M+?K�`F i?2 iQT Ryy KQbi �+iBp2 biQ+Fb- BM+Hm/BM;
�TTH2 AM+X- �M/ �p2`�;2 i?2 `2bmHibX h?2 H�ii2` `2bmHib �`2 i`mM+�i2/ iQ i?2
bBx2 Q7 i?2 bK�HH2bi /�i� b2iX

jX9Xj >�`/r�`2
h?2 BKTH2K2Mi�iBQM Bb #2M+?K�`F2/ QM � kyR3 J�+"QQF S`Q rBi? � kXj:>x
Zm�/@*Q`2 AMi2H *Q`2 B8 T`Q+2bbQ` �M/ Re:" Q7 `�M/QK �++2bb K2KQ`v
U_�JVX AMTmi �M/ QmiTmi /�i� Bb biQ`2/ BM _�JX

jy



*?�Ti2` 9

_2bmHib �M/ .Bb+mbbBQM

qBi? i?2 FMQrH2/;2 Q7 bi`m+im`2b �M/ T`QT2`iB2b Q7 }M�M+B�H K�`F2i /�i�
i?�i +QmH/ 2M�#H2 +QKT`2bbBQM U*?�Ti2` jXkV- r2 +�M i2bi i?2b2 �bbmKTiBQMb
mbBM; i?2 /Bb+mbb2/ i2+?MB[m2b QM � #`Q�/ `�M;2 Q7 /�i� b2ibX h?Bb +?�Ti2`
BMi`Q/m+2b �M/ /r2HHb QM i?2 `2bmHib Q7 i?2b2 #2M+?K�`FbX

AM *?�Ti2` 9XR- r2 T`2b2Mi �M/ �M�Hvx2 i?2 `2bmHib- #27Q`2 r2ěBM *?�T@
i2` 9Xkě/Bb+mbb i?2 bT22/- #HQ+F bBx2- �M/ K�DQ` Q`/2` 7Q` +QKT`2bbBQM Q7 i?2
7mHH KmHiBp�`B�i2 /�i�X

9XR "2M+?K�`F `2bmHib
h?Bb b2+iBQM T`2b2Mib i?2 `2bmHib Q7 Qm` #2M+?K�`Fb- �b /2b+`B#2/ BM *?�T@
i2` jX9X q2 }`bi HQQF �i i?2 #2M+?K�`F `2bmHib 7`QK +QKT`2bbBM; BM/BpB/m�H
}2H/bX q2 i?2M +QMbB/2` i?2 `2bmHib 7`QK i?2 7mHH KmHiBp�`B�i2 /�i�X

9XRXR AM/BpB/m�H }2H/b
q2 #2M+?K�`F BM/BpB/m�H }2H/b iQ �bb2bb i?2 T2`7Q`K�M+2 Q7 i?2 /Bb+mbb2/
i2+?MB[m2b QM 2�+? +QHmKM BM BbQH�iBQMX AM i?Bb b2+iBQM- r2 HQQF �i i?2 #2M+?@
K�`F `2bmHib 7`QK +QKT`2bbBM; i?2 hBK2 }2H/- � S`B+2 }2H/- �M/ � aBx2 }2H/X

jR
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.2+QKT`2bbBQM bT22/

MQ@+QKT�`�iBp2@2M+Q/BM; /2Hi� /2Hi�@Q7@/2Hi�

6B;m`2 9XR, "2M+?K�`F `2bmHib 7`QK +QKT`2bbBM; i?2 hBK2 }2H/ 7Q` �TTH2
AM+XǶb K�`F2i /�i� UC�Mm�`v j`/- kyR3VX lbBM; /2Hi� 2M+Q/BM;- p�Hm2b Q7 e9
#Bib �`2 `2/m+2/ iQ 64/2.7 ≈ 24 #BibX

hBK2

h?2 `2bmHib 7`QK #2M+?K�`FBM; i?2 hBK2 }2H/ mbBM; i?2 /Bb+mbb2/ i2+?MB[m2b
�`2 /BbTH�v2/ BM 6B;m`2 9XR �M/ 6B;m`2 9XkX

AM *?�Ti2` jXkXR- r2 i?2Q`Bx2/ i?�i +QKT`2bbBM; `�M/QKHv bT�+2/ iBK2b@
i�KTb vB2H/b QMHv bHB;?iHv HQr2` 2Mi`QTvX hBK2bi�KTb 2M+Q/2/ rBi? /2Hi�
Q` /2Hi�@Q7@/2Hi� 2M+Q/BM; �`2 `2/m+2/ iQ #2ir22M 1/4 �M/ 1/2 i?2 MmK#2`
Q7 #BibX 6B;m`2 9XR +QM}`Kb i?�i i?Bb Bb BM/22/ i?2 +�b2 7Q` i?Bb /�i� b2iX
h?2 Q#b2`p2/ +QKT`2bbBQM `�i2 Bb QM i?2 HQr2` 2M/ U2.7V- HBF2Hv /m2 iQ i?2
�//BiBQM�H 1 + 6 = 7 #Bib M22/2/ 7Q` #Bi T�+FBM;X

h?2 +QKT`2bbBQM `�i2 KB``Q`b i?2 +QKT`2bbBQM �M/ /2+QKT`2bbBQM bT22/bX
Ai +�M i?mb #2 �bbmK2/ i?�i i?2 bT22/ Qp2`?2�/ Q7 /2Hi� �M/ /2Hi�@Q7@/2Hi�
2M+Q/BM; Bb bB;MB}+�MiHv H2bb i?�M i?�i Q7 #Bi T�+FBM;X q2 FMQr 7`QK *?�T@
i2` kXjXk i?�i #Bi T�+FBM; Bb KQ`2 2{+B2Mi QM bK�HH2` p�Hm2bX h?Bb bi�i2K2Mi
bmTTQ`ib � ?vTQi?2bBb i?�i i?2 bK�HH2` p�Hm2b `2bmHiBM; 7`QK +QKT�`�iBp2
2M+Q/BM; ?�p2 7�bi2` #Bi T�+FBM; U�M/ mMT�+FBM;V- H2�pBM; MQ@+QKT�`�iBp2@
2M+Q/BM; rBi? bB;MB}+�MiHv HQr2` bT22/bX

h?2 `2bmHib �HbQ `2p2�H i?�i r2 `2�+? i?2 K�tBKmK `�i2 �M/ bT22/b rBi?
?B;? p2HQ+BivX h?2 Qp2`?2�/ Q7 biQ`BM; i?2 BMBiB�H p�Hm2 rBi?Qmi �Mv 7Q`K Q7
+QKT`2bbBQMěmbBM; � 7mHH e9 #BiběBb i?mb Q7 HBKBi2/ BKT�+iX lbBM; � bK�HH

jk
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.2+QKT`2bbBQM bT22/

MQ@+QKT�`�iBp2@2M+Q/BM; /2Hi� /2Hi�@Q7@/2Hi�

6B;m`2 9Xk, �p2`�;2 #2M+?K�`F `2bmHib 7`QK +QKT`2bbBM; i?2 hBK2 }2H/ Q7
i?2 K�`F2i /�i� 7`QK i?2 iQT Ryy KQbi �+iBp2Hv i`�/2/ biQ+Fb UC�Mm�`v j`/-
kyR3VX lbBM; /2Hi� 2M+Q/BM;- p�Hm2b Q7 e9 #Bib �`2 `2/m+2/ iQ 64/3.0 ≈ 21
#BibX

#HQ+F bBx2 Bb i?2`27Q`2 TQbbB#H2X
G�biHv- r2 b22 i?�i i?2b2 bi�i2K2Mib �`2 �HbQ p�HB/ 7Q` i?2 ;2M2`�H +�b2-

�b /BbTH�v2/ BM 6B;m`2 9XkX

S`B+2

h?2 `2bmHib 7`QK #2M+?K�`FBM; i?2 "B/ S`B+2 }2H/ mbBM; i?2 /Bb+mbb2/ i2+?@
MB[m2b �`2 /BbTH�v2/ BM 6B;m`2 9Xj �M/ 6B;m`2 9X9X

q2 i?2Q`Bx2/ BM *?�Ti2` jXkXk i?�i i?2 S`B+2 }2H/b ?�p2 bB;MB}+�Mi #2M2@
}ib 7`QK +QKT�`�iBp2 2M+Q/BM;X *QMb2+miBp2 p�Hm2b �`2 Q7i2M B/2MiB+�H- T`Q@
pB/BM; � H�`;2 TQ`iBQM Q7 x2`QbX q2 �HbQ ?�p2 � ;2M2`�H bF2r iQr�`/b HQr2`
p�Hm2bX h?2 `2bmHib b?Qr i?�i i?Bb Bb BM/22/ i?2 +�b2- �M/ r2 �`2 �#H2 iQ
`2/m+2 i?2 �p2`�;2 bBx2 7`QK jk #Bib iQ bHB;?iHv H2bb i?�M 8 #Bib 7Q` i?2 �TTH2
AM+X /�i� b2iX

6B;m`2 9X9 b?Qrb i?�i i?2 +QKT`2bbBQM `�i2 Bb 2p2M ?B;?2` 7Q` i?2 ;2M2`�H
+�b2X h?2 K�;MBim/2 Q7 i?2 T`B+2 Q7 � biQ+F p�`B2b ;`2�iHvX h?2 �p2`�;2 T`B+2
7Q` i?2 iQT Ryy KQbi �+iBp2Hv i`�/2/ biQ+Fb Bb HQr2` i?�M i?�i Q7 i?2 /�i�
BM 6B;m`2 9XjX h?Bb Bb BHHmbi`�i2/ #v i?2 HQr2` +QKT`2bbBQM `�i2 7Q` �TTH2
AM+X mbBM; MQ@+QKT�`�iBp2@2M+Q/BM; U1.5V- p2`bmb i?2 +QKT`2bbBQM `�i2 7Q`

jj
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.2+QKT`2bbBQM bT22/

MQ@+QKT�`�iBp2@2M+Q/BM; /2Hi� /2Hi�@Q7@/2Hi�

6B;m`2 9Xj, "2M+?K�`F `2bmHib 7`QK +QKT`2bbBM; i?2 "B/ S`B+2 }2H/ Q7 �TTH2
AM+XǶb K�`F2i /�i� UC�Mm�`v j`/- kyR3VX lbBM; /2Hi� 2M+Q/BM;- p�Hm2b Q7 jk
#Bib �`2 `2/m+2/ iQ Dmbi Qp2` 32/6.6 ≈ 5 #BibX
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.2+QKT`2bbBQM bT22/

MQ@+QKT�`�iBp2@2M+Q/BM; /2Hi� /2Hi�@Q7@/2Hi�

6B;m`2 9X9, �p2`�;2 #2M+?K�`F `2bmHib 7`QK +QKT`2bbBM; i?2 "B/ S`B+2 }2H/
Q7 i?2 K�`F2i /�i� 7`QK i?2 iQT Ryy KQbi �+iBp2Hv i`�/2/ biQ+Fb UC�Mm�`v
j`/- kyR3VX lbBM; /2Hi� 2M+Q/BM;- p�Hm2b Q7 jk #Bib �`2 `2/m+2/ iQ 32/11.5 ≈ 3
#BibX

j9
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.2+QKT`2bbBQM bT22/

MQ@+QKT�`�iBp2@2M+Q/BM; /2Hi� /2Hi�@Q7@/2Hi�

6B;m`2 9X8, "2M+?K�`F `2bmHib 7`QK +QKT`2bbBM; i?2 "B/ aBx2 }2H/ Q7 �TTH2
AM+XǶb K�`F2i /�i� UC�Mm�`v j`/- kyR3VX lbBM; /2Hi� 2M+Q/BM;- p�Hm2b Q7 jk
#Bib +QMp2`;2 iQr�`/b 32/5.0 ≈ 6 #BibX

i?2 �p2`�;2 +�b2 mbBM; i?2 b�K2 i2+?MB[m2 U1.7VX >B;?2` +QKT`2bbBQM `�i2b
�`2 i?mb TQbbB#H2 7Q` i?2 H�ii2`X h?2b2 p�Hm2b +�M #2 +QKT`2bb2/ iQ �#Qmi j
#Bib 2�+?X

�b rBi? i?2 hBK2 }2H/- � ?B;?2` +QKT`2bbBQM `�i2 vB2H/b ?B;?2` bT22/bX

aBx2

h?2 `2bmHib 7`QK #2M+?K�`FBM; i?2 "B/ aBx2 }2H/ mbBM; i?2 /Bb+mbb2/ i2+?@
MB[m2b �`2 /BbTH�v2/ BM 6B;m`2 9X8 �M/ 6B;m`2 9XeX

AM *?�Ti2` jXkXj- r2 ?vTQi?2bBx2/ i?�i i?2 bBx2 p�Hm2b QMHv ?�p2 � bHB;?i
#2M2}i 7`QK +QKT�`�iBp2 2M+Q/BM;X h?2 `2bmHib b?Qr i?�i i?Bb Bb BM/22/
i?2 +�b2X *QKT`2bbBQM `�i2b bTBF2 7Q` HQr iB+F MmK#2`b /m2 iQ HQr p�Hm2b
�M/ 2Mi`QTv BM 2�`Hv@KQ`MBM; i`�/BM; pQHmK2bX h?2 +QKT`2bbBQM `�i2 i?2M
~�ii2Mb �`QmM/ 5 7Q` �TTH2 AM+X �M/ 4 BM i?2 ;2M2`�H +�b2- r?2M mbBM; /2Hi�
2M+Q/BM;X

q?BH2 /2Hi� 2M+Q/BM; T`Q/m+2b � bHB;?iHv ?B;?2` +QKT`2bbBQM `�i2- #Qi?
/2Hi� �M/ /2Hi�@Q7@/2Hi� 2M+Q/BM; ?�p2 K2/BQ+`2 `2bmHib +QKT�`2/ iQ mbBM; MQ@
+QKT�`�iBp2@2M+Q/BM;X aBx2b �`2 2bb2MiB�HHv `�M/QK HQr@/B;Bi p�Hm2b- K�FBM;
i?2 x2`Qb T`Q/m+2/ #2 i?2 QMHv MQi2rQ`i?v #2M2}i 7`QK +QKT�`�iBp2 2M+Q/@
BM;X
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.2+QKT`2bbBQM bT22/

MQ@+QKT�`�iBp2@2M+Q/BM; /2Hi� /2Hi�@Q7@/2Hi�

6B;m`2 9Xe, �p2`�;2 #2M+?K�`F `2bmHib 7`QK +QKT`2bbBM; i?2 "B/ aBx2 }2H/
Q7 i?2 K�`F2i /�i� 7`QK i?2 iQT Ryy KQbi �+iBp2Hv i`�/2/ biQ+Fb UC�Mm�`v
j`/- kyR3VX lbBM; /2Hi� 2M+Q/BM;- p�Hm2b Q7 jk #Bib +QMp2`;2 iQ 32/4.2 ≈ 8
#BibX

h?2 BMbB;MB}+�Mi #2M2}i Q7 +QKT�`�iBp2 2M+Q/BM; M�im`�HHv `�Bb2b i?2
[m2biBQM Q7 r?2i?2` i?Bb ivT2 Q7 2M+Q/BM; Bb M2+2bb�`v 7Q` i?2 aBx2 }2H/bX
>Qr2p2`- �b T`2pBQmbHv Q#b2`p2/- i?2`2 �`2 BM/B+�iBQMb i?�i BM+`2�b2/ +QK@
T`2bbBQM `�i2b KB;?i #2 KQ`2 +`BiB+�H 7Q` i?2 bT22/b i?�M i?2 Qp2`?2�/ Q7 i?2
2M+Q/BM;X

9XRXk JmHiBp�`B�i2 /�i�
6B;m`2 9Xd �M/ 6B;m`2 9X3 b?Qrb i?2 `2bmHib 7`QK #2M+?K�`FBM; i?2 7mHH KmH@
iBp�`B�i2 /�i� 7Q` �TTH2 AM+X �M/ i?2 �p2`�;2 #2M+?K�`F `2bmHib 7`QK i?2
iQT Ryy KQbi �+iBp2Hv i`�/2/ biQ+Fb- `2bT2+iBp2HvX h?2 /�i� Bb T`Q+2bb2/ �M/
biQ`2/ BM `Qr@K�DQ` Q`/2` U*?�Ti2` 9XkXjV- r?2`2 i?2 H�#2H2/ i2+?MB[m2 Bb
mb2/ QM �HH }2H/bX 6Q` i?2 ?v#`B/ b+?2K2- /2Hi� 2M+Q/BM; Bb mb2/ QM i?2 hBK2
�M/ S`B+2 }2H/b- �M/ MQ@+QKT�`�iBp2@2M+Q/BM; QM i?2 aBx2 }2H/b- �b /Bb+mbb2/
BM *?�Ti2` jX9XkX

lMbm`T`BbBM;Hv- r2 b22 i?�i mbBM; i?2 KQbi 2{+B2Mi +QKT`2bbBQM i2+?MB[m2
7Q` 2�+? }2H/ �HbQ vB2H/b i?2 #2bi `2bmHib 7Q` +QKT`2bbBM; i?2 7mHH KmHiBp�`B�i2
/�i�X q2 FMQr i?�i i?2 #2M+?K�`F `2bmHib 7Q` i?2 KmHiBp�`B�i2 /�i� �`2 �
r2B;?i2/ �p2`�;2 Q7 i?2 #2M+?K�`F `2bmHib 7Q` 2�+? }2H/X 6Q` BMbi�M+2- i?2
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.2+QKT`2bbBQM bT22/

MQ@+QKT�`�iBp2@2M+Q/BM; /2Hi� /2Hi�@Q7@/2Hi� ?v#`B/

6B;m`2 9Xd, "2M+?K�`F `2bmHib 7`QK +QKT`2bbBM; �TTH2 AM+XǶb K�`F2i /�i�
UC�Mm�`v j`/- kyR3VX h?2 H�#2H2/ i2+?MB[m2 Bb mb2/ QM �HH }p2 }2H/bX ?v#`B/
mb2b /2Hi� 2M+Q/BM; 7Q` hBK2 �M/ T`B+2b- �M/ MQ@+QKT�`�iBp2@2M+Q/BM; 7Q`
bBx2bX h?2 b�KTH2b �`2 biQ`2/ BM `Qr@K�DQ` Q`/2`X .2Hi� 2M+Q/BM; `2/m+2b
i?2 bBx2 iQ 192/4.1 ≈ 47 #BibX

e9 #Bib BM �M Q`B;BM�H iBK2bi�KT +QMbiBimi2 � KQ`2 bm#bi�MiB�H TQ`iBQM Q7
i?2 Q`B;BM�H b�KTH2 i?�M i?2 Qi?2` p�Hm2b- 2�+? `2T`2b2Mi2/ #v jk #BibX h?2
+QKT`2bbBQM `�i2 Q7 i?2 hBK2 }2H/ Bb i?mb Q7 ?B;?2` `2H�iBp2 BKT�+iX

6m`i?2`- r2 b22 i?�i i?2 +QKT`2bbBQM `�i2 �M/ bT22/ Q7 i?2 �H;Q`Bi?K
bi�`i iQ +QMp2`;2 �7i2` QMHv � 72r i?Qmb�M/ iB+FbX h?2 /2+QKT`2bbBQM bT22/
BM+`2�b2b bHB;?iHv 2p2M �7i2` i?Bb TQBMiX

JQ`2 bm`T`BbBM;Hv- r2 b22 i?�i i?2 ?v#`B/ b+?2K2ěBX2X- +QKT`2bbBM; hBK2
�M/ S`B+2 }2H/b rBi? i?2 QTiBK�H /2Hi� 2M+Q/BM;- �M/ aBx2 }2H/b rBi? MQ@
+QKT�`�iBp2@2M+Q/BM;ě?�p2 rQ`b2 `2bmHib 7Q` �HH K2�bm`2K2MibX h?2 HQr2`
+QKT`2bbBQM `�i2 b22Kb iQ i�F2 � bHB;?iHv ?B;?2` iQHH QM i?2 +QKT`2bbBQM bT22/
i?�M i?2 #2M2}ib Q7 `2KQpBM; i?2 }2H/Ƕb 2M+Q/BM;X h?Bb Q#b2`p�iBQM Bb BM
HBM2 rBi? i?2 �bbmKTiBQM 7`QK *?�Ti2` 9XRXR- +QM}`KBM; i?�i i?2 i?`2b?QH/
7Q` ?Qr Km+? � +QKT�`�iBp2 2M+Q/BM; ?�b iQ +QKT`2bb i?2 p�`B�#H2 iQ #2
#2M2}+B�H QM bT22/ Bb BM/22/ bK�HHX h?2 +Qbi Q7 biQ`BM; i?2 p�Hm2b BM #HQ+Fbě
BX2X- xB;x�;;BM; �M/ #Bi T�+FBM;ěBb Km+? ?B;?2` i?�M i?�i Q7 +QKT�`�iBp2
2M+Q/BM;X
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.2+QKT`2bbBQM bT22/

MQ@+QKT�`�iBp2@2M+Q/BM; /2Hi� /2Hi�@Q7@/2Hi� ?v#`B/

6B;m`2 9X3, �p2`�;2 #2M+?K�`F `2bmHib 7`QK +QKT`2bbBM; i?2 K�`F2i /�i�
7`QK i?2 iQT Ryy KQbi �+iBp2Hv i`�/2/ biQ+Fb UC�Mm�`v j`/- kyR3VX h?2
H�#2H2/ i2+?MB[m2 Bb mb2/ QM �HH }p2 }2H/bX ?v#`B/ mb2b /2Hi� 2M+Q/BM; 7Q`
hBK2 �M/ T`B+2b- �M/ MQ@+QKT�`�iBp2@2M+Q/BM; 7Q` bBx2bX h?2 b�KTH2b �`2
biQ`2/ BM `Qr@K�DQ` Q`/2`X .2Hi� 2M+Q/BM; `2/m+2b i?2 bBx2 iQ 192/4.4 ≈ 44
#BibX

j3



9Xk .Bb+mbbBQM Q7 i2+?MB+�H T`QT2`iB2b
>�pBM; BMi`Q/m+2/ i?2 #2M+?K�`F `2bmHib 7`QK +QKT`2bbBM; i?2 7mHH KmHiB@
p�`B�i2 /�i�- r2 +�M /Bb+mbb i?2 BKTQ`i�Mi T`QT2`iB2b Q7 i?2 +QKT`2bbBQM
b+?2K2X AM i?Bb b2+iBQM- r2 /Bb+mbb i?2 bT22/- #HQ+F bBx2- �M/ K�DQ` Q`/2`
7Q` i?2 T`QTQb2/ b+?2K2 7Q` +QMiBMmQmb HQbbH2bb +QKT`2bbBQM Q7 KmHiBp�`B�i2
}M�M+B�H K�`F2i /�i�X

9XkXR aT22/
h?2 #2M+?K�`F `2bmHib 7`QK i?2 7mHH KmHiBp�`B�i2 /�i� b?Qr i?�i Qm` bBKTH2
BKTH2K2Mi�iBQM Q7 i?2 �H;Q`Bi?K Q#i�BMb +QKT`2bbBQM bT22/b MQ`i? Q7 85×103

iB+FbfbX q2 FMQr 7`QK *?�Ti2` 9XkXR i?�i i?2 +QKT`2bbBQM bT22/ M22/b iQ
F22T mT rBi? i?2 BMD2+iBQM `�i2 Q7 b�KTH2b 7`QK 2�+? bT2+B}+ �bb2iX q?BH2
K�`F2i /�i� Bb ?B;?Hv `�M/QK- �M/ 7mim`2 7`2[m2M+B2b �`2 mMT`2/B+i�#H2- BMB@
iB�H Q#b2`p�iBQMb b?Qr i?�i i?2 ?B;?2bi 7`2[m2M+B2b Q7 K�`F2i /�i� �`2 BM i?2
i?Qmb�M/b- 2t2KTHB}2/ 7Q` �TTH2 AM+X BM 6B;m`2 kXRX h?2 T2�F 7`2[m2M+B2b Q7
K�`F2i /�i� �`2 i?mb 2tT2+i2/ iQ #2 QM2 Q`/2` Q7 K�;MBim/2 HQr2` i?�M i?2
Q#i�BM2/ +QKT`2bbBQM bT22/b Q7 i?Bb BKTH2K2Mi�iBQMX

Ai Bb 2tT2+i2/ i?�i 7m`i?2` QTiBKBx�iBQM Q7 i?2 +QKT`2bbQ`- 2X;X- mbBM;
aAJ. i2+?MB[m2b U*?�Ti2` kXjXkV 7Q` T�`�HH2H +�H+mH�iBQM Q7 /2Hi�b BM 2�+?
`Qr- +�M BM+`2�b2 bT22/b bB;MB}+�MiHvX

h?2 `2bmHib `2p2�H � bi`QM; +Q``2H�iBQM #2ir22M i?2 +QKT`2bbBQM `�i2 �M/
bT22/X .m2 iQ #Bi T�+FBM;Ƕb bT22/ #2BM; HBM2�` BM i?2 MmK#2` Q7 #Bib U*?�T@
i2` kXjXkV- i?2 +QKT`2bbBQM bT22/ Bb KQ`2 /2T2M/2Mi QM i?Bb p�Hm2- i?�M i?2
+QKT�`�iBp2 2M+Q/BM; mb2/X h?2 bT22/ Q7 /2Hi� �M/ /2Hi�@Q7@/2Hi� 2M+Q/BM;
QM � KmHiBp�`B�i2 b�KTH2 Bb T`BK�`BHv /2T2M/2Mi QM i?2 MmK#2` Q7 p�Hm2bě
BX2X- +QHmKMběBM i?2 b�KTH2- rBi? /2Hi�@Q7@/2Hi� 2M+Q/BM; ?�pBM; � bHB;?iHv
?B;?2` +QMbi�Mi 7�+iQ` /m2 iQ +�H+mH�iBM; irQ /2Hi�bX

lMHBF2 +QKT`2bbBQM bT22/- /2+QKT`2bbBQM bT22/ Bb MQi /B`2+iHv /2T2M/2Mi
QM i?2 bBx2 Q7 i?2 p�Hm2bX q2 FMQr 7`QK *?�Ti2` kXjXk i?�i i?2 bT22/ Q7
mMT�+FBM; � p�Hm2 ?�b � +QMbi�Mi mTT2` #QmM/- r?2`2 i?2 /2+B/BM; 7�+iQ`
Bb r?2i?2` i?2 p�Hm2 Bb x2`Q Q` MQi- rBi? x2`Q `2/m+BM; i?2 /2+QKT`2bbBQM
bT22/ bHB;?iHvX h?Bb H�+F Q7 /2T2M/2M+v Bb BHHmbi`�i2/ BM 6B;m`2 9Xe- r?2`2
i?2 +QMbB/2`�#H2 `2/m+iBQM BM #Bi bBx2 �i 2�`Hv iB+F MmK#2`b vB2H/b � KBMBK�H
BM+`2�b2 BM /2+QKT`2bbBQM bT22/ r?2M mbBM; MQ@+QKT�`�iBp2@2M+Q/BM;- �b i?2
p�Hm2b �`2 biBHH MQM@x2`QX .2Hi� �M/ /2Hi�@Q7@/2Hi� 2M+Q/BM;- ?Qr2p2`- T`Q/m+2
� H�`;2 MmK#2` Q7 x2`Qb- BM+`2�bBM; i?2 /2+QKT`2bbBQM bT22/ bB;MB}+�MiHvX
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.2+QKT`2bbBQM bT22/

/2Hi�

6B;m`2 9XN, aMBTT2ib Q7 i?2 #2M+?K�`F `2bmHib 7`QK +QKT`2bbBM; �TTH2 AM+XǶb
K�`F2i /�i� UC�Mm�`v j`/- kyR3VX .2Hi� 2M+Q/BM; Bb mb2/ QM �HH }p2 }2H/bX
h?2 b�KTH2b �`2 biQ`2/ BM `Qr@K�DQ` Q`/2`X h?2 /Qii2/ HBM2 BM/B+�i2b i?2
K�tBKmK p�Hm2b BM i?2 Qp2`�`+?BM; `2bmHibX

9XkXk "HQ+F bBx2

6B;m`2 9XN �M/ 6B;m`2 9XRy b?Qr bMBTT2ib Q7 i?2 HQr2bi iB+F MmK#2`b 7`QK
i?2 KmHiBp�`B�i2 #2M+?K�`F `2bmHib BM *?�Ti2` 9XRXkX q2 b22 i?�i i?2 +QK@
T`2bbBQM `�i2 bHQrHv bi�`ib iQ +QMp2`;2 �7i2` �#Qmi 25 × 103 iB+Fb- `2�+?BM;
QTiBK�H p�Hm2b �i �`QmM/ 100×103 iB+FbX .2+QKT`2bbBQM bT22/b ?�p2 � bHB;?i
#2M2}i 7`QK 2p2M H�`;2` #HQ+Fb- rBi? bT22/b BM+`2�bBM; HBM2�`Hv �7i2` 25×103

iB+FbX
� #HQ+F bBx2 Q7 100 × 103 iB+Fb- rBi? b�KTH2b biQ`2/ BM `Qr@K�DQ` Q`/2`-

T`Q/m+2b #HQ+Fb rBi? � K2KQ`v 7QQiT`BMi Q7 H2bb i?�M 88y F"- �bbmKBM; �
+QKT`2bbBQM `�i2 Q7 4.4- �b BM/B+�i2/ #v 6B;m`2 9X3X q2 FMQr 7`QK *?�T@
i2` kXkXk- i?�i bK�HH #HQ+F bBx2b �`2 ?B;?Hv #2M2}+B�H- �b i?2v `2/m+2 i?2
MmK#2` Q7 �//BiBQM�H b�KTH2b i?�i M22/ iQ #2 /2+QKT`2bb2/ r?2M `2i`B2pBM;
� bBM;H2 2Mi`vX

6Q` iBK2 b2`B2b- � bK�HH #HQ+F bBx2 Bb T�`iB+mH�`Hv BMi2`2biBM; BM i?2 +�b2
Q7 `�M;2 b2�`+?X 6BM/BM; i?2 bi�`i �M/ 2M/ p�Hm2 BM � `�M;2 rQmH/ M22/- QM
�p2`�;2- kd8 F" Y kd8 F" 4 88y F" �//BiBQM�H /2+QKT`2bbBQM Qp2`?2�/c kd8
F" 7Q` }M/BM; 2�+? Q7 i?2 p�Hm2b- �bbmKBM; � i`BpB�H b2[m2MiB�H b+�M Qp2` i?2B`
+QKT`2bb2/ #HQ+FX h?Bb Qp2`?2�/ Bb +QMbi�Mi 7Q` �Mv `�M;2 rBi? Nblocks > 1-

9y
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.2+QKT`2bbBQM bT22/

/2Hi�

6B;m`2 9XRy, aMBTT2ib Q7 i?2 �p2`�;2 #2M+?K�`F `2bmHib 7`QK +QKT`2bbBM;
i?2 K�`F2i /�i� 7`QK i?2 iQT Ryy KQbi �+iBp2Hv i`�/2/ biQ+Fb UC�Mm�`v j`/-
kyR3VX .2Hi� 2M+Q/BM; Bb mb2/ QM �HH }p2 }2H/bX h?2 b�KTH2b �`2 biQ`2/
BM `Qr@K�DQ` Q`/2`X h?2 /Qii2/ HBM2 BM/B+�i2b i?2 K�tBKmK p�Hm2b BM i?2
Qp2`�`+?BM; `2bmHibX

�M/ Bb i?2`27Q`2 Q7 H2bb BKTQ`i�M+2 r?2M 2ti`�+iBM; � #`Q�/2` `�M;2 Q7 p�Hm2b
r?2`2 � bB;MB}+�Mi MmK#2` Q7 #HQ+Fb ?�p2 iQ #2 /2+QKT`2bb2/X

9XkXj J�DQ` Q`/2`
q?BH2 i?2 #2M+?K�`F `2bmHib BM *?�Ti2` 9XRXk �`2 K2�bm`BM; i?2 T`QTQb2/
�H;Q`Bi?K mbBM; `Qr@K�DQ` Q`/2`- +QHmKM@K�DQ` Q`/2` Bb 2[mBp�H2Mi iQ +QK@
T`2bbBM; 2�+? +QHmKM BM Q`/2`c b2[m2MiB�H +QKT`2bbBQM �M/ /2+QKT`2bbBQM Q7
2�+? }2H/X h?2 `2bmHib BM *?�Ti2` 9XRXR i?mb `2~2+i i?2 T2`7Q`K�M+2 Q7 �
+QHmKM@K�DQ` p2`bBQM Q7 i?2 b�K2 �H;Q`Bi?KX

q2 FMQr 7`QK *?�Ti2` kXRXR i?�i iBK2 b2`B2b �`2 mMB[m2 BM i?�i 2�+?
p�Hm2 Bb +QMM2+i2/ iQ � bT2+B}+ iBK2bi�KTX h?Bb +QMM2+iBpBiv ?�b �M mM7Q`@
imM�i2 bB/2@2z2+i r?2M biQ`BM; /�i� BM +QHmKM@K�DQ` Q`/2`X q?BH2 r2 +�M
b22 7`QK i?2 #2M+?K�`F `2bmHib i?�i biQ`BM; 2�+? +QHmKM b2T�`�i2Hv vB2H/b
BM+`2�b2/ bT22/b- i?2 p�Hm2b �`2 /Bb+QMM2+i2/ 7`QK i?2B` iBK2bi�KTX �++2bb@
BM; � bT2+B}+ +QHmKM #v iBK2 i?mb `2[mB`2b mb }`bi iQ /2+QKT`2bb �M/ b2�`+?
i?2 hBK2 +QHmKM 7Q` i?2 BM/2t2b- �M/ i?2M i?2 /2bB`2/ +QHmKMX h?Qm;? i?2
#2M+?K�`F `2bmHib +QM}`K i?�i i?Bb K�v biBHH #2 #2M2}+B�H rBi? `2;�`/b iQ

9R



bT22/- �b QTTQb2/ iQ `Qr@K�DQ` biQ`�;2- Bi Bb #Qi? � KQ`2 +QKTHB+�i2/ i�bF
�M/ H2bb 2z2+iBp2 r?2M i?2 MmK#2` Q7 �ii`B#mi2b [m2`B2/ 7Q` �TT`Q�+?2b i?2
/BK2MbBQM Q7 i?2 /�i� b2iX

� /Bz2`2Mi �TT`Q�+? Bb iQ biQ`2 i?2 KmHiBp�`B�i2 /�i� �b KmHiBTH2 mMBp�`B@
�i2 iBK2 b2`B2bX h?Bb �TT`Q�+? ?�b i?2 �//2/ #2M2}i Q7 /QBM; bBM;H2@+QHmKM
HQQFmTb 2{+B2MiHv- 2X;X- �++2bbBM; "B/ S`B+2b Qp2` � bT2+B}+ iBK2 BMi2`p�HX
h?2 Q#pBQmb /QrMbB/2 Bb i?2 M22/ iQ biQ`2 i?2 hBK2 +QHmKM rBi? 2�+? Q7
i?2 D p�`B�#H2bX h?Qm;? i?Bb +�M #2 #2M2}+B�H r?2M i?2 hBK2 +QHmKM Bb
?B;?Hv +QKT`2bbB#H2- Bi BM+`2�b2b i?2 iQi�H biQ`�;2 7QQiT`BMi +QMbB/2`�#Hv 7Q`
}M�M+B�H K�`F2i /�i�- r?2`2 i?2 }2H/ Bb Q7 HQr +QKT`2bbB#BHBivX

AM ;2M2`�H- r2 b22 i?�i `Qr@K�DQ` Q`/2` Bb i?2 T`272``2/ biQ`�;2 K2i?Q/
7Q` KmHiBp�`B�i2 K�`F2i /�i� r?2M i?2 +QMM2+iBpBiv #2ir22M p�`B�#H2b Bb Q7
BKTQ`i�M+2X Ai `2[mB`2b MQ �//BiBQM�H biQ`�;2 Q7 iBK2bi�KTb r?BH2 biBHH 2M@
�#HBM; MQM@+QKTH2t �M/ `2H�iBp2Hv 7�bi HQQFmTb Q7 p�Hm2b #v iBK2X �//BiBQM@
�HHv- `Qr@K�DQ` Q`/2` ?�b i?2 �//2/ TQi2MiB�H Q7 H2p2`�;BM; aAJ.- BM+`2�bBM;
i?2 bT22/b bB;MB}+�MiHv #v +�H+mH�iBM; i?2 /2Hi� Q7 2�+? p�Hm2 BM T�`�HH2HX
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*?�Ti2` 8

*QM+HmbBQM �M/ 6mim`2 qQ`F

aQ7ir�`2 bvbi2Kb T`Q+2bb 2p2`@BM+`2�bBM; �KQmMib Q7 `2�H@iBK2 /�i�X _2+2Mi
rQ`F ?�b b?QrM i?�i +QKT`2bbBQM +�M bB;MB}+�MiHv BM+`2�b2 i?2 T2`7Q`K�M+2
Q7 bm+? bvbi2KbX q2 ?�p2 �M�Hvx2/ �M/ �bb2bb2/ � b+?2K2 7Q` +QMiBMmQmb
HQbbH2bb +QKT`2bbBQM Q7 bi`2�Kb Q7 ?B;?@7`2[m2M+v KmHiBp�`B�i2 }M�M+B�H K�`@
F2i /�i�X h?2 T`QT2`iB2b Q7 i?Bb ivT2 Q7 /�i� `2[mB`2 +QK#BMBM; KmHiBTH2
2{+B2Mi K2i?Q/b iQ Q#i�BM bmBi�#H2 `�i2b �M/ bT22/bX

q2 �`;m2 i?�i i?2 +QKT`2bbBQM Q7 KmHiBp�`B�i2 bi`2�Kb Bb 2bb2MiB�HHv i?2
b�K2 �b +QKT`2bbBM; KmHiBTH2 mMBp�`B�i2 bi`2�Kb rBi? � b?�`2/ iBK2 /BK2M@
bBQMX "v bim/vBM; +m``2Mi bi�i2@Q7@i?2@�`i bvbi2Kb 7Q` +QKT`2bbBQM Q7 mMBp�`B@
�i2 iBK2 b2`B2b- r2 ?�p2 BKTH2K2Mi2/ � MQp2H �H;Q`Bi?K 7Q` HQbbH2bb +QKT`2b@
bBQM Q7 KmHiBp�`B�i2 K�`F2i /�i�X h?2 p�`B�#H2b �`2 T`Q+2bb2/ BM/2T2M/2MiHv-
r?2`2 2�+? b�KTH2 Bb +QKT`2bb2/ +QMiBMmQmbHv- K�FBM; MQ �bbmKTiBQMb QM
7mim`2 /Bbi`B#miBQMbX

Pm` BKTH2K2Mi�iBQM �bbmK2b i?2 p�Hm2b Q7 � b�KTH2 iQ #2 BMi2`+QMM2+i2/X
q2 b?Qr i?�i `Qr@K�DQ` Q`/2` Bb T`272``2/- �b Bi Q#i�BMb bmBi�#H2 `2bmHib
rBi?Qmi i?2 BM+`2�b2/ Qp2`?2�/ Q7 biQ`BM; 2�+? p�`B�#H2 �b � mMBp�`B�i2 iBK2
b2`B2bX h?Bb biQ`�;2 Bb ?B;?Hv mM7Q`imM�i2 �b i?2 iBK2bi�KT /QKBM�i2b i?2
BM7Q`K�iBQM �M/ biQ`�;2 7QQiT`BMi BM ?B;?@7`2[m2M+v K�`F2i /�i�X

"v H2p2`�;BM; i2+?MB[m2b bm+? �b +QKT�`�iBp2 2M+Q/BM;- r2 +�M +QMiBMm@
QmbHv +QKT`2bb KmHiBp�`B�i2 b�KTH2b Q7 ?B;? `�M/QKM2bb HQbbH2bbHv- BM+`2�bBM;
i?2 MmK#2` Q7 `2+2Mi b�KTH2b biQ`�#H2 BM@K2KQ`v #v � 7�+iQ` Q7 9X9 QM �p2`@
�;2X *QKT`2bbBQM bT22/b QM2 Q`/2` Q7 K�;MBim/2 ?B;?2` i?�M i?2 7`2[m2M+v
Q7 i?2 KQbi �+iBp2Hv i`�/2/ �bb2ib- �M/ QM2@T�bb /2+QKT`2bbBQM rBi? #HQ+Fb
Q7 H2bb i?�M 88y F"- BM/B+�i2b i?�i bm+? i2+?MB[m2b K�v #2 bmBi�#H2 7Q` BM@
K2KQ`v biQ`�;2 BM /�i�@BMi2Mb2 `2�H@iBK2 bvbi2KbX
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8XR 6mim`2 qQ`F
h?2 T`BK�`v HBKBiBM; 7�+iQ` Q7 �Mv +QKT`2bbBQM b+?2K2 Bb BM Bib +QKT`2bbBQM
`�i2 Q` 2t2+miBQM bT22/bX q2 2tT2+i � bK�HH mTbB/2 QM i?2 +QKT`2bbBQM `�i2
#v mbBM; KQ`2 2{+B2Mi +QKT`2bbBQM i2+?MB[m2b- �M/ � bB;MB}+�Mi mTbB/2 QM
+QKT`2bbBQM �M/ /2+QKT`2bbBQM bT22/b- 7Q` BMbi�M+2- #v H2p2`�;BM; �/p�M+2/
?�`/r�`2 BMbi`m+iBQMbX

h?2 +QKT`2bbBQM `�i2 Bb HBKBi2/ #v i?2 `2[mB`2K2Mi Q7 +QKT`2bbBM; 2�+?
b�KTH2 +QMiBMmQmbHv �M/ HQbbH2bbHvX h?2 mMT`2/B+i�#BHBiv Q7 i?2 bi`2�Kb vB2H/b
� ?B;? �KQmMi Q7 2Mi`QTv- `2/m+BM; i?2 K�tBKmK TQbbB#H2 +QKT`2bbBQM `�i2X
_2;�`/H2bb- KQ`2 2{+B2Mi +QKT`2bbBQM i2+?MB[m2b- bm+? �b QTiBKBx2/ ?2�/2`b
7Q` biQ`BM; 2�+? p�Hm2- Q` +QK#BMBM; �M/ biQ`BM; ?2�/2`b 2ti2`M�HHv- +QmH/
BM+`2�b2 i?2 +QKT`2bbBQM `�i2 U*?�Ti2` jXkXjVX

*QKT`2bbBQM �M/ /2+QKT`2bbBQM bT22/b �`2 MQi QTiBKBx2/ BM i?Bb i?2bBb
�M/ ?�p2 bB;MB}+�Mi mTbB/2bX "v H2p2`�;BM; i2+?MB[m2b bm+? �b aAJ. 7Q`
+�H+mH�iBM; i?2 /2Hi� Q7 2�+? p�`B�#H2 BM T�`�HH2H- r2 +�M bB;MB}+�MiHv `2/m+2
i?2 MmK#2` Q7 BMbi`m+iBQMb M22/2/ iQ T`Q+2bb � b�KTH2 U*?�Ti2` 9XkXRVX

6BM�HHv- mb2 +�b2 bT2+B}+ i�BHQ`BM; +QmH/ #2 � 7`mBi7mH �p2Mm2 7Q` 7mim`2
rQ`FX 6Q` BMbi�M+2- T2`7Q`KBM; � b2+QM/ bi�;2 +QKT`2bbBQM Q7 #HQ+Fb BM BbQ@
H�iBQM +QmH/ 7m`i?2` `2/m+2 i?2 biQ`�;2 7QQiT`BMi Q7 i?2 /�i�X AMBiB�H i2bib
b?Qr i?�i mbBM; i?2 T`QTQb2/ �H;Q`Bi?K �M/ i?2M +QKT`2bbBQM i?2 `2bmHi mb@
BM; � mMBp2`b�H HQbbH2bb +QKT`2bbBQM �H;Q`Bi?K bm+? �b Gwq U*?�Ti2` kXkXRV-
vB2H/b BM+`2�b2/ +QKT`2bbBQM `�i2bX h?Bb `�i?2` Q#pBQmb }M/ b?Qrb i?�i #HQ+F@
H2p2H +QKT`2bbBQM +QmH/ #2 �TTHB2/ 7Q` 7m`i?2` `2/m+iBQM BM bBx2X q?2i?2`
?B;?2` +QKT`2bbBQM �M/ /2+QKT`2bbBQM bT22/b �`2 T`272``2/ p2`bmb �M BM@
+`2�b2/ �KQmMi Q7 /�i� TQBMib biQ`2/ BM K2KQ`v /2T2M/b- �b �Hr�vb- QM i?2
bT2+B}+ mb2 +�b2X
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"B#HBQ;`�T?v

(R) JX JX .�+Q`Q;M�- �M BMi`Q/m+iBQM iQ ?B;?@7`2[m2M+v }M�M+2X �+�/2KB+
S`2bb- kyyR- TX e- Bb#M, yRkkdNedRjX

(k) hX S2HFQM2M- aX 6`�MFHBM- CX h2HH2`- SX *�p�HH�`Q- ZX >m�M;- CX J2x�-
�M/ EX o22`�`�;?�p�M- ǳ:Q`BHH�, � 6�bi- a+�H�#H2- AM@J2KQ`v hBK2
a2`B2b .�i�#�b2-Ǵ h2+?X _2TX- kR8yX

(j) 6X 1B+?BM;2`- SX 17`Qb- aX E�`MQmbFQb- �M/ EX "ƺ?K- ǳ� iBK2@b2`B2b
+QKT`2bbBQM i2+?MB[m2 �M/ Bib �TTHB+�iBQM iQ i?2 bK�`i ;`B/-Ǵ oG."
CQm`M�H- pQHX k9- MQX k- TTX RNjĜkR3- kyR8- BbbM, yN9N3ddsX /QB, RyX
Ryydfbyydd3@yR9@yje3@3X

(9) LX AX J�`iBM� _2DbDƺ- ?2�/ Q7 L�b/�[ am`p2BHH�M+2 LQ`i? �K2`B+� 1[@
mBiB2b- ǳh?2 K�bbBp2 �M/- BM K�Mv +�b2b- 2tTQM2MiB�H ;`Qri? BM K�`F2i
/�i� Bb � bB;MB}+�Mi +?�HH2M;2 7Q` bm`p2BHH�M+2 T`Q72bbBQM�HbǴX (PMHBM2)X
�p�BH�#H2, ?iiTb,ffrrrX#HQQK#2`;X+QKfM2rbf�`iB+H2bfkyRN@Rk@
yef`Q#Qib@BM@7BM�M+2@+QmH/@rBT2@Qmi@bQK2@Q7@Bib@?B;?2bi@
T�vBM;@DQ#b UpBbBi2/ QM RkfydfkyRNVX

(8) u�`QM JBMbFv- Ǵh?2 la 2[mBiv K�`F2ib �HQM2 +�M T2�F �i `Qm;?Hv 8 KBH@
HBQM K2bb�;2b T2` b2+QM/- �M/ pQHmK2b QM i?2 QTiBQMb K�`F2ib �`2 2p2M
?B;?2`XǴ- kyR3X (PMHBM2)X �p�BH�#H2, ?iiTb,ff#HQ;XD�M2bi`22iX+QKf
r?�i@i?2@BMi2`Mb@?�p2@r`Qm;?i@kyR3f UpBbBi2/ QM RRfk9fkyRNVX

(e) .X G2KB`2 �M/ GX "QvibQp- ǳ.2+Q/BM; #BHHBQMb Q7 BMi2;2`b T2` b2+QM/
i?`Qm;? p2+iQ`Bx�iBQM-Ǵ a2TX kyRkX /QB, RyXRyykfbT2XkkyjX �`sBp,
RkyNXkRjdX (PMHBM2)X �p�BH�#H2, ?iiT,ff�`tBpXQ`;f�#bfRkyNXkRjdW
ky?iiT,ff/tX/QBXQ`;fRyXRyykfbT2XkkyjX

(d) LB+Q p�M /2` qBDbi- 6BM�M+2, � Zm�MiBi�iBp2 AMi`Q/m+iBQMX *�K#`B/;2
lMBp2`bBiv S`2bb- kyRj- TX ky3- Bb#M, RRydykNkk3X
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(3) hX �X q2H+?- ǳ� h2+?MB[m2 7Q` >B;?@S2`7Q`K�M+2 .�i� *QKT`2bbBQM-Ǵ
*QKTmi2`- pQHX Rd- MQX e- TTX 3ĜRN- CmMX RN39- BbbM, yyR3@NRekX /QB,
RyXRRyNfJ*XRN39XRe8NR83X (PMHBM2)X �p�BH�#H2, ?iiTb,ff/QBXQ`;f
RyXRRyNfJ*XRN39XRe8NR83X

(N) .X "H�HQ+F- aX J�//2M- �M/ CX :mii�;- ǳaT`BMix-Ǵ S`Q+22/BM;b Q7 i?2
�*J QM AMi2`�+iBp2- JQ#BH2- q2�`�#H2 �M/ l#B[mBiQmb h2+?MQHQ;B2b-
pQHX k- MQX j- a2TX kyR3X /QB, RyXRR98fjke9NyjX

(Ry) AX �H/`B/;2- >B;?@6`2[m2M+v h`�/BM; @ � S`�+iB+�H :mB/2 iQ �H;Q`Bi?KB+
ai`�i2;B2b �M/ h`�/BM; avbi2Kb UqBH2v h`�/BM;VX qBH2v- kyyN- TTX k-
eR- Bb#M, y9dy8ejdeRX

(RR) GQM/QM aiQ+F 1t+?�M;2- q?�i Bb _2�H hBK2 .�i�X (PMHBM2)X �p�BH@
�#H2, ?iiTb,ffrrrXHb2;X+QKfK�`F2ib@T`Q/m+ib@�M/@b2`pB+2bf
K�`F2i @ BM7Q`K�iBQM f `2�H @ iBK2 @ /�i� f r?�i @ `2�H @ iBK2 @ /�i�
UpBbBi2/ QM yefydfkykyVX

(Rk) Lua1- .�BHv h�Z *HB2Mi aT2+B}+�iBQM- kyRjX (PMHBM2)X �p�BH�#H2, ?iiTb,
ffrrrXMvb2X+QKfTm#HB+/Q+bfMvb2f/�i�f.�BHvWd"W8*nWd.h�ZW
d"W8*nWd.*HB2MiWd"W8*nWd.aT2+Wd"W8*nWd.pjXy/XT/7 UpBbBi2/ QM
Rkfy3fkyRNVX

(Rj) ěě- Lua1 .�BHv h�ZX (PMHBM2)X �p�BH�#H2, ?iiTb,ffrrrXMvb2X+QKf
K�`F2i@/�i�f?BbiQ`B+�Hf/�BHv@i�[ UpBbBi2/ QM Rkfy3fkyRNVX

(R9) .X 1X EMmi?- h?2 �`i Q7 *QKTmi2` S`Q;`�KKBM;X �//BbQM@q2bH2v
S`Q72bbBQM�H- RNNd- pQHX R- TTX kN3Ĝjy8- k9- Bb#M, Nd3ykyR3Ne3jRX /QB,
Nd3ykyR3Ne3jRX

(R8) ǳA111 ai�M/�`/ 7Q` "BM�`v 6HQ�iBM;@SQBMi �`Bi?K2iB+-Ǵ �LaAfA111
ai/ d89@RN38- TX Rj- P+iX RN38X /QB, RyXRRyNfA111ah.XRN38X3kNk3X

(Re) aX JBii�H �M/ CX aX o2ii2`- � am`p2v Q7 �`+?Bi2+im`�H �TT`Q�+?2b 7Q`
.�i� *QKT`2bbBQM BM *�+?2 �M/ J�BM J2KQ`v avbi2Kb- J�v kyReX
/QB, RyXRRyNfhS.aXkyR8Xk9j8d33X

(Rd) .X G2KB`2- GX "QvibQp- �M/ LX Em`x- aAJ. +QKT`2bbBQM �M/ i?2 BM@
i2`b2+iBQM Q7 bQ`i2/ BMi2;2`b- kyReX /QB, RyXRyykfbT2XkjkeX �`sBp,
R9yRXejNNX

(R3) CX oQM L2mK�MM �M/ JX .X :Q/7`2v- ǳ6B`bi .`�7i Q7 � _2TQ`i QM i?2
1.o�*-Ǵ h2+?X _2TX 9- RNNj- TTX kdĜd8X /QB, RyXRRyNf38Xkj3j3NX
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(RN) :QQ;H2- S`QiQ+QH #mz2`b 2M+Q/BM;X (PMHBM2)X �p�BH�#H2, ?iiTb,ff/2p2HQT2`bX
;QQ;H2X+QKfT`QiQ+QH@#m772`bf/Q+bf2M+Q/BM; UpBbBi2/ QM y8fkdfkykyVX

(ky) SX _�i�M�rQ`�#?�M- CX E2- �M/ JX "m`ib+?2`- ǳ6�bi GQbbH2bb *QKT`2b@
bBQM Q7 a+B2MiB}+ 6HQ�iBM;@SQBMi .�i�-Ǵ h2+?X _2TX

(kR) *X 1X a?�MMQM- ǳ� J�i?2K�iB+�H h?2Q`v Q7 *QKKmMB+�iBQM-Ǵ "2HH avb@
i2K h2+?MB+�H CQm`M�H- pQHX kd- MQX j- TTX jdNĜ9kj- RN93- BbbM, R8j3djy8X
/QB, RyXRyykfDXR8j3@djy8XRN93Xi#yRjj3XtX

(kk) *THmbTHmb- ai/,,p2+iQ`,,`2bBx2X (PMHBM2)X �p�BH�#H2, ?iiT,ffrrrX+THmbTHmbX
+QKf`272`2M+2fp2+iQ`fp2+iQ`f`2bBx2f UpBbBi2/ QM yjfkyfkykyVX
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�TT2M/Bt �

.2Hi�@Q7@/2Hi� 2M+Q/BM;

q2 ?�p2 i?2 BMBiB�H p�Hm2 /2}M2/ �b

x1 = x0 + δ1,

r?2`2 x0 Bb � `272`2M+2 p�Hm2X h?2 M2ti p�Hm2 Bb 2[m�H iQ i?2 T`2pBQmb p�Hm2-
x1- THmb i?2 +?�M;2

x2 = x1 + (δ1 + δ22).

�b i?2 +?�M;2 7Q` 2�+? +QMb2+miBp2 p�Hm2 Bb `2H�iBp2 iQ �HH T`2pBQmb +?�M;2b-
r2 ?�p2 i?�i i?2 M2ti p�Hm2 Bb

x3 = x2 + (δ1 + δ22 + δ23).

h?�i Bb- 7Q` 2�+? xi- r2 M22/ iQ �// δ1 +
∑i

j=2 δ
2
j iQ xi−1X q2 i?mb ?�p2 i?�i

xi = (x0 + δ1) + (δ1 + δ22) + (δ1 + δ22 + δ23) + ...+ (δ1 + δ22 + δ23 + ...+ δ2i ),

r?B+? +�M #2 `2r`Bii2M �b

xi = x0 + iδ1 + (i− 1)δ22 + (i− 2)δ23 + ...+ δ2i .

h?Bb +�M #2 7Q`KmH�i2/ ;2M2`�HHv �b

xi = x0 + iδ1 +
i∑

j=2

(i− j + 1)δ2j .

9N
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