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OPQRST��U2VWXSYRZ[W\VTSR\ZX]TZ^Z\QPSHYZ\ZV_`PZabZXcW\ZPVWdWXc\]bVW[WTSRPQT2RPQTZbZ`VWXSYRSeQQPVZ\ZTZb

fQb_g\YSTW`�hVW[WTSRPQT2RPQTZbZ`VWXSYRSeQQPVZ\ZTZbaSbQRc\Z\RVWdTWR\S\QR\QiWRYZ^ZiQRXSPSVS[S^TQ\T_geWT\VZb

bQRRXWdjW[Z`RVWdWQHbiSR\TZR\QHZ\VSfSk\VSaXQiQWQT\WTRQbTZR\QPVZeWRRZb[W\SlZXQa[SYXW\ZiT_gR\VjY\jV[_mWiTZ`

\YSTQQfQVZbZ`\YSTQ�n\Z\[W\ZdPZabZXcW\VW^QR\VQVZbS\]bZaVSR\T_WQa[WTWTQc �RSVYZPWTQk�H RbcaSTT_WR aS[WoWTQW[

[_mWiTZ^ZbZXZYTSRZWdQTQ\WX]TZ`\YST]k�pZdZlT_WVWXSYRZ[W\V_YZ[qZV\T_bQRPZX]aZbSTQQQcbXck\RcPWVRPWY\QbT_2

[QdXcZeWTYQfQVZbZ`QTqQX]\VSeQQ[_mWiT_g\YSTW`�
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�RPZX]aZbSTQWS\Z[ZbVSdQZSY\QbTZ^Zj^XWVZdS2�1QTS2
lXkdWTQW aSQgdbQfWTQW[PZabZXQXQb_cbQ\]Hi\ZbfQbZ[
ZV^STQa[WTSPVSbXWTTZR\]VWSYeQ`[W\SlZXQa[SZlWRPWiQbS2
W\PWVQZdQiWRYZWZlTZbXWTQWYXW\ZiT_gR\VjY\jV�
XW\YQRYW2
XW\TZ`[_mWiTZ`\YSTQgSVSY\WVQajk\RcYSYrdZX^ZfQ\WXQsH
QRVZYQgZlTZbXWTQcZeWTQbSk\b��XW\�ORZlWTTZR\]kR\bZ2
XZb_gYXW\ZY2PVWdmWR\bWTTQYZbt\Z`\YSTQcbXcW\Rc\ZHi\Z
ZTQ[Z^j\VWSXQaZbS\]YSY[_mWiT_`H \SYQfQVZbZ` \QP�
pVQiW[bZaVSR\T_[Qa[WTWTQc[RZPj\R\bjW\\WTdWTeQcYlZX]2
mW`iSR\Z\WfQVZbZ^ZPWVWVZfdWTQcYXW\ZY2PVWdmWR\bWTTQ2
YZb Q RZZ\bW\R\bWTTZ Y PZcbXWTQk fQVZbZ` QTqQX]\VSeQQ
[_mWiTZ`\YSTQ�

	SVYZPWTQc �bZaVSR\TSc PZ\WVc [_mWiTZ` \YSTQ u�v2u1v�
[ZfW\PVZgZdQ\]lWa aS[W\T_gQa[WTWTQ`YSYqZV[_H\SYQ
bWRS\WXS�	\S\QR\QiWRYQWdSTT_WRbQdW\WX]R\bjk\Z\Z[Hi\Z

RjbWXQiWTQW[PVZdZXfQ\WX]TZR\QfQaTQTSRWXWTQcRSVYZPW2
TQcZYSa_bSW\Rc biQRXWPWVb_gPc\QPVQiQTH YZ\ZV_WH YSY
PVSbQXZHPVQbZdc\YXW\SX]TZ[jQRgZdjdXcPZfQX_gXkdW`�

hTSR\ZcoWWbVW[cdXcYZT\VZXcRZZ\TZmWTQc[_mWiTZ`
QfQVZbZ`\YSTQQRPZX]ajk\HYSYPVSbQXZHlQZtXWY\VQiWRYQ`
Q[PWdSTR\T_`STSXQa �w����OdTSYZtXWY\VQiWRYQWQ[PjX]2
R_HQRPZX]ajW[_Wb[W\ZdQYSgw��HPVZgZdc\iWVWafQb_W
\YSTQPZPj\QTSQ[WT]mW^ZRZPVZ\QbXWTQcHQHbaSbQRQ[ZR\Q
Z\TSR_oWTTZR\QfQb_g\YSTW`bZdZ`HZTQ[Z^j\ZlgZdQ\]
fQVZb_WZ\XZfWTQcQaSTQfS\]dSTT_WZTSXQiQQfQVS�pZ2
^VWmTZR\]ZPVWdWXWTQcfQVZbZ`[SRR_[W\ZdZ[w��ZeWTQ2
bSk\b3x@y��ZQ\SYScPZ^VWmTZR\]TjfdSW\RcbPWVWPVZ2
bWVYWHPZRYZX]YjHTSPVQ[WVHVWfQ[PZ\VWlXWTQcbZd_cbXcW\2
RcQR\ZiTQYZ[RQR\W[S\QiWRYQgPZ^VWmTZR\W`�

�W\Zd_��UPZabZXck\TWaSbQRQ[ZVW^QR\VQVZbS\]RQ^2
TSX_Z\PVZ\ZTZbbZd_QPVZ\ZTZbfQVS�z\Zl_YZT\VZXQVZ2
bS\]Q[QTQ[QaQVZbS\]VSabQ\QWRSVYZPWTQQu�vHPVWdR\SbXcW\
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QT\WVWRVSaVSlZ\YSTSZRTZbW��UPVZR\_gQmQVZYZdZR\jP2
T_gPVQlZVZbHYZ\ZV_W[Z^j\ZeWTQbS\]PZ\WVk[_mWiTZ`
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hVSRR[S\VQbSW[Z`VSlZ\W[_ZeWTQbSXQdQS^TZR\QiWRYQW
bZa[ZfTZR\QPVQlZVSHbYZ\ZVZ[l_XQRPZX]aZbSTPZR\ZcT2
T_`[S^TQ\TSR\ZX]TZ^Z\QPSRPZXW[����37XHQ[WkoQ[VSR2
R\ZcTQW[[WfdjPZXkRT_[QTSYZTWiTQYS[Q�H�[��SYZ`[S^2
TQ\ Q Q[PjX]RTSc ��U2\WgTQYS u/v2u@v PZabZXck\ PZXjiS\]
\Z[Z^VSqQiWRYQWQaZlVSfWTQc\YSTW`VjYQjiSR\TQYStYRPW2
VQ[WT\S������a���	Q^TSX_��UZ\PVZ\ZTZbbZd_QfQVSb
PZXW�H��3�XTWVSaVWmWT_TSiSR\Z\TZ`mYSXW��RXQQRPZX]2
aZbS\]PZXWb�H��Xu��v2u��vH\ZdXct\QgfW\YSTW`VW^QR\VQ2
Vjk\dbSRQ^TSXS������aI�&RQ^TSXZ\PVZ\ZTZb��OQRQ^TSX
Z\PVZ\ZTZb	��2^VjPP�pVZ\ZT_	��2^VjPPbgZdc\bRZR\Sb
XQPQdT_gRZWdQTWTQ`fQVZbZ`\YSTQ�

hVW[c RPQT2RPQTZbZ` VWXSYRSeQQ �^�� PVZ\ZTZb iQR\Z`
bZd_≈�R�hfQb_g\YSTcgPVQRj\R\bjk\SY\QbT_W[W\SlZXQ2
\_H Q[WkoQW TWRPSVWTT_W tXWY\VZT_H YZ\ZV_W j[WT]mSk\
bVW[cVWXSYRSeQQPVZ\ZTZbbdWRc\YQVSa�

�a2aSTSXQiQcSY\QbT_g[W\SlZXQ\ZbZRTZbTZ`[WgSTQa[
RYZVZR\Q RPQT2RPQTZbZ` VWXSYRSeQQ PVZ\ZTZb YSiWR\bWTTZ
ZPQR_bSW\Rc RXWdjkoQ[b_VSfWTQW[&
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^dWγF^QVZ[S^TQ\TZWZ\TZmWTQWPVZ\ZTS{ηFbcaYZR\]RVWd_{
15FPZR\ZcTTScwZX]e[STSQ\W[PWVS\jVS{Σ�µ��

�FRj[[SYbSd2
VS\Zbµ��µ�FtqqWY\QbT_W[S^TQ\T_W[Z[WT\_[ZXWYjXcVT_g
R\VjY\jVQXQQZTZbHQ[WkoQgTWRPSVWTT_WtXWY\VZT_����Z2
RQ\WXc[Q tqqWY\QbT_g [S^TQ\T_g [Z[WT\Zb TWRPSVWTT_g
tXWY\VZTZbfQbZ`\YSTQcbXck\RcYQRXZVZdQ W^ZSY\QbT_W
qZV[_HRbZlZdT_WVSdQYSX_HQZT_QQZTT_WRZWdQTWTQcRS\Z2
[S[Q[W\SXXZbH\SYQ[QYSYQZT_fWXWaSH[WdQQ\�d�h\ZVZW
Rj[[QVZbSTQWbgZdQ\bb_VSfWTQW���dXcjiW\SZ^VSTQiWTTZ2
^ZbVW[WTQfQaTQ�2^Z[W\SlZXQ\SHQ[WkoW^Zµ��

�T\WTRQbTZR\][W\SlZXQa[SYXW\ZY[_mWiTZ`\YSTQPVW2
b_mSW\[W\SlZXQa[YXW\ZYfQVSbTWRYZX]YZVSa�wZXWWb_RZ2
YScYZTeWT\VSeQcSY\QbT_g[W\SlZXQ\ZbbZbTj\VQYXW\ZiTZ`
bZdW[_mWiT_gYXW\ZiT_gR\VjY\jVPZRVSbTWTQkRYXW\YS[Q
fQVZbZ`\YSTQcbXcW\RcPVQiQTZ`TWVSbWTR\bSRYZVZR\W`PVZ2
\ZTTZ`VWXSYRSeQQ&
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n\ZTWVSbWTR\bZ[ZfW\l_\]QRPZX]aZbSTZdXcZPVWdWXW2
TQcbWRZb_gdZXW`YXW\ZiT_gR\VjY\jV[_mWiTZ`QfQVZbZ`
\YSTQ�
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��U2RQ^TSX_RPQTZbZ^ZtgSVW^QR\VQVZbSXQR]PVQPZ[Z2
oQVWaZTSTRTZ`QTdjY\QbTZR\QPZbWVgTZR\TZ^Z\QPSu��v�OTS
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Qa^Z\ZbXWTSbbQdWYZX]eWbZ`TS[Z\YQH RZdWVfSoW`��PVZ2
bZdTQYZb�dQS[W\VYZX]eS≈�.[[�QQ[WkoW`Qa^QldXcZP2
\Q[SX]TZ^ZPZXjZgbS\S[_mWiTZ`\YSTQjiSR\TQYStYRPWVQ2
[WT\S�UWaZTSTRTScQTdjY\QbTZR\]l_XSZ\dWXWTSZ\ZlXSR\Q
QRRXWdZbSTQctXWY\VZR\S\QiWRYQ[tYVSTZ[HYZ\ZV_`l_XQa2
^Z\ZbXWTQa\ZTYQgPVZbZdTQYZbHaSaW[XWTT_gRZdTZ^ZYZT2
eS�

hPVQlZVWQRPZX]aZbSXRcPVZeWRRZVHYZ\ZV_`ZlWRPWiQbS2
W\qZV[QVZbSTQWQ[PjX]RZb bZaljfdWTQcH ZeQqVZbYj��U
tgZ2RQ^TSXZbQb_PZXTcW\iQRXZbjkZlVSlZ\YjdSTT_g�	Q^2
TSX_bZaljfdSXQR]dbj[cQ[PjX]RS[Q@�2*2�3��[W\Zd�STS��
pVZ^VS[[TZWZlWRPWiWTQWbYXkiSW\bRWlc}jV]W2PVWZlVSaZ2
bSTQW��UtgZ2RQ^TSXZbHTSYZPXWTQWdSTT_gZlj[WT]mWTQQ
S[PXQ\jdRQ^TSXSQa2aSjbWXQiWTQcQT\WVbSXS[WfdjQ[PjX]2
RS[Q*Qb_iQRXWTQWYSYbVW[WTQVWXSYRSeQQH\SYQPZ^VWmTZ2
R\QVWajX]\S\Zb�

pVQ aSPjRYWPVZ^VS[[_PZRXWdZbS\WX]TZjbWXQiQbSW\Rc
bVW[WTTZ`QT\WVbSX*TS�[R[Wfdj@�2Q�3�2^VSdjRT_[Q[2
PjX]RS[Q�pVQt\Z[QT\WVbSXbVW[WTQZ\PWVbZ^ZQ[PjX]RS
dZRQ^TSXSRPQTZbZ^ZtgSjbWXQiQbSW\RcTS1[RZ\�/dZ�.�[R�
�QYXTSlZVSdSTT_gRZdWVfSX1���U2tgZRQ^TSXZbHQT\WV2
bSXbVW[WTQ[WfdjPZb\ZVT_[aSPjRYZ[PSV_Q[PjX]RZbRZ2
R\SbXcX�R��STT_WZlj[WT]mWTQQS[PXQ\jd��U2RQ^TSXZb
QVWajX]\S\_[S\W[S\QiWRYZ`ZlVSlZ\YQPWVQZdQiWRYQZ\VS2
fSXQR]TS[ZTQ\ZVWiWVWaYSfd_W1�R�

�XcZeWTYQPZ^VWmTZR\QVWXSYRZ[W\VSl_XQRPZX]aZbST
YSXQlVZbZiT_`ZlVSaWeHaSPZXTWTT_`VSR\bZVZ[bZd_RdZlSb2
XWTQW[PVWPSVS\Sr�S^TWbQR\s�n\Z\PVWPSVS\RZdWVfQ\PSVS2
[S^TQ\T_WS\Z[_^SdZXQTQcK%�
ZTeWT\VSeQcS\Z[ZbK%YS2
XQlVZbZiTZ^ZZlVSaeSl_XSPZdZlVSTS\SYHi\Zl_bVW[cVW2
XSYRSeQQbZRR\STZbXWTQcPVZ\ZTTZ`TS[S^TQiWTTZR\QVSR\bZ2
VSl_XZlXQaYZYSTSXZ^QiT_[PSVS[W\VS[fQb_g\YSTW`�

�S����� b bWV\QYSX]T_[QXQTQc[QPVWdR\SbXWT_dSTT_W
Zl j[WT]mWTQQ RZVZYS S[PXQ\jd ��U tgZ2RQ^TSXZb� �S
����� b&PVWdR\SbXWT_dSTT_WdXcVSR\bZVSbZd_R^SdZXQTQ2
W[H^dWPVZ\ZT_[ZXWYjXbZd_cbXck\RcgQ[QiWRYQtYbQbSXWT2
\T_[Q�ht\Z[RXjiSWj[WT]mWTQWS[PXQ\jddZR\S\ZiTZgZVZ2
mZ ZPQR_bSW\Rc qjTYeQZTSX]TZ` aSbQRQ[ZR\]kH Q[WkoW`
ZdTjtYRPZTWT\j&
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pZ^VWmTZR\]RZZ\bW\R\bQct\Z`qjTYeQQtYRPWVQ[WT\SX]2
T_[S[PXQ\jdS[b_iQRXcXQPZRZZ\TZmWTQk
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^dW-�FS[PXQ\jd_RQ^TSXZb��~�x1��HQRj[[QVZbSTQWQdW\
PZRZVZYSdSTT_[��XcS[PjX_RVSR\bZVZ[^SdZXQTQcl_XZ
ZPVWdWXWTZ^�Z~�.[R�pVQiW[tYRPWVQ[WT\SX]T_WdSTT_W
Q[WXQRZZ\bW\R\bQWqjTYeQZTSX]TZ`aSbQRQ[ZR\Q���TSjVZb2
TW(-,-≈�y�n\SPZ^VWmTZR\]bYXkiSW\bRWlcbXQcTQWbTWm2
TW^ZtXWY\VZ[S^TQ\TZ^ZqZTSQTSXQiQWbSVQSeQ`\W[PWVS\j2
V_VSR\bZVSaSbVW[cVW^QR\VSeQQdSTT_g�
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�S�����bIHCPVWdR\SbXWT_dSTT_WZlj[WT]mWTQQS[PXQ2
\jd RQ^TSXZbHVW^QR\VQVjW[_gZ\[_mWiTZ`\YSTQjiSR\TQ2
YZbtYRPWVQ[WT\SVSaTZ^ZbZaVSR\S�nYRPWVQ[WT\_PZYSa_bS2
k\Hi\Zbt\QgRXjiScgj[WT]mWTQWS[PXQ\jdRQ^TSXZb[ZfTZ
dZR\S\ZiTZgZVZmZZPQR_bS\]PZRVWdR\bZ[b_VSfWTQcHYZ\Z2
VZWRZdWVfQ\dbWtYRPZTWT\_&
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^dWPSVS[W\V_^��Q^�=RZZ\bW\R\bjk\bVW[WTS[RPQT2RPQTZ2
bZ`VWXSYRSeQQdXc\YSTW`HQ[WkoQgVSaTjkYZTeWT\VSeQk
SY\QbT_g[W\SlZXQ\Zb{�&H�= F RZZ\bW\R\bjk\bWRZb_[dZ2
Xc[\WgPVZ\ZTZbHYZ\ZV_WjiSR\bjk\bqZV[QVZbSTQQ��U2
RQ^TSXZb�

pVQQRPZX]aZbSTQQRZZ\TZmWTQc�1�RVWdTWYbSdVS\QiWRYQW
Z\YXZTWTQcdXcS[PXQ\jdRQ^TSXZbZ\[_mWiTZ`\YSTQHYSY
PVSbQXZHZYSa_bSXQR]VSbT_[Q(-,-≈�H�x�H3yHbaSbQRQ2
[ZR\QZ\jVZbTcmj[ZbZ^ZqZTS��W\ZdZ[[QTQ[QaSeQQRj[2
[_YbSdVS\QiT_gZ\YXZTWTQ`Σu-�*��F-�v

�QRjiW\Z[TZV[Q2
VZbYQ�-�~���y{�&��=~��ZPVWdWXcXQR]\VQPSVS[W\VS&
5�&H5�=Q�&�

pSVS[W\V_5�&H5�=Q�&ZPVWdWXcXQR]dXc[_mWiT_g\YS2
TW`HVSRPZXZfWTT_gbiW\_VWg[WR\SgVjYQdXcdbjĝ VjPPjiS2
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