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KMLONQPRPRSUTWVYXZVYNQ[]\@PR^O_O`aNQVWVYSULbNQ\@cdXeTWVRNfXeg3hi^OgQjdgQgk`aSl\mV
[Zh�VRnOSoTRSlpq^ONQTRSU`rSU\qVRPIhi[eTsVYnOSoLOSUt]TRSUSu[Zh

v [xwUVY[eTs[ehzy<nHNkgk[ePR[]cOnm{
|~} []`acO^HVRSlT9��wUNkSl\HwlSuXe\OL���\Ot]Nk\HSlSlTWNk\Otm�
Nk\@��nOSu�I\ONQ�eSlTRPWNQVJ{@[eh���NQw�nONktmXZ\

�e�]�Z�

v [�w�VY[]TRXeg } []`a`rN�VRVRSlSe�
y<TW[ehiSlPWPR[]TI��LH��XeTRL��3� v X��xNkLOPW[]\*� } [Z� } ndXeNQT
K�PRPWNkP>V�Xe\mV9y�TR[ehiSUPRPR[eT;��wU[eVRV�K�����XenOgQ�eSZ� } [Z� } ndXZNkT
K�PRPWNkP>V�Xe\mV9y�TR[ehiSUPRPR[eT;�xVRSU�eSl\���� �ISUNk\OnOXeTRLHV
K�PRPWNkP>V�Xe\mV9y�TR[ehiSUPRPR[eT v SU\O\ONkPI�q{�g��]SUPWVYSUT
K�PRPWNkP>V�Xe\mV9y�TR[ehiSUPRPR[eT;¡oXeTW{��3�d�<{�PW[]\
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_m{
��Nk�qndXZNkg �x`rSUgQ{mXZ\OPR�qNQ{

} [�w�ndXZNkTRPU� �<L��sXeTWL��3� v X��xNkLHPR[]\bXe\OL���wU[eVRV�K�����XenOgQ�eS

!���� 	 �e�<y&� } | !<SUTW{'� XeTWt]S(�J\OP>VYTR^HwUVYNQ[]\ 	 []TWL)���+*�cOgQNkwUNQVYg�{$y�XeTYXZgkgkSUg,�J\HPWVYTW^OwUVRNk[]\ } []`��
cO^HVYNQ\Otq��cOTW[�wUSlPWPR[]TWP9XZTRS Nk\HwlTRSlXePRNQ\Ot]g�{ ^OPWSlLbNk\�PWNkt]\dXZg*cOTR[xwlSUPRPWNk\OtO�HSl`+_�SlLOLHSlL�Xe\OL@t]Sl\HSlTYXZg��
cO^OTRc�[]PWS�XecOcOgQNkwlXZVYNQ[]\OPl���C[�Xew�nHNkSU�eS+S.-awUNkSl\mV�Nk\OP>VYTR^HwUVYNQ[]\�PWw�nOSlLH^OgkSUP Nk\�[eTRLOSUT9VY[r`rSUSUV9VYnOS
nONkt]n c�SlT>hi[]TR`rXe\OwUS�LOSl`rXe\OLOP�[Zh9VRnOSlPWS�XecHcOgkNQw�XZVRNk[]\OPU�zVYnHSlPRSbcOTW[�wUSlPRPW[]TRPaTRSUgQ{ []\ Xe\ []cHVYN �
`rN0/lNk\Ht+wl[]`acONQgkSlT VYndX V�^OPRSUPIXet]t]TWSlPRPWNQ�eSu[ecHVYNQ`rN0/�XZVRNk[]\OPU�qPR^Ow�n�XeP�cOTWSlLONQw�XZVRNk[]\@Xe\HL�PR[eh VJ��XeTRS
cONkc�SlgQNk\ONQ\OtO�HVR[ S1*�c�[]PRS+Xe\OL�S2*HcHgk[]N�V9NQ\OPWVRTR^Ow�VYNQ[]\�gQSU�]SUg�cOXeTYXegQgkSUgkNkPW`�� �C[ w�XZcONQVYXegkN0/lS hi^Ogkg�{�[]\
VYnOS�cdXeTRXegkgQSlgQNkPR` [43 SUTRSULa_m{+VRnOSlPWS�[]cHVYNQ`rN0/�XZVRNk[]\HP�TWSlpq^ONkTWSlP�NQ\OwlTWS�XePWNk\Ot wUTRNQVRNkwlXeg�cHTR[xwlSlPWPR[]T<TWS��
PR[]^OTWwlSUPl�dPR^Hw�n�XZPEhi^O\Ow�VYNQ[]\ ^O\ON�VYPU�HTRSUt]NkP>VYSUTsXe\OL�`aSl`a[]T>{�c3[]T>VYPU�OXe\OL@XZTRw�nON�VYSlw�VYSUL�TRSlteNkPWVRSlTWPl�
��nONkw�n�NQP wl[ePWVYg�{ NQ\ VYSUTR`aP [ehow�{xwlgkS�VYNk`aSe��c3[ �ESlT@Xe\OL XeTRSlXH���C[$VYnONQP Sl\HL*��VYnONQP LONQPRPRSUT>�
V�XZVRNk[]\ cOTR[]c�[]PWSlP+VYnHTRSlSr\O[ �]SUgsPRw�nOSU`rSUP+hi[]T+XZw�nONkS���NQ\Ot�nONQt]nOSUT�cOTW[�wUSlPWPR[]T�c�SlT>hi[]TR`rXe\OwUS _m{
`rSlXe\OP;[eh `a[]TRS�S.-awlNQSl\mV ^HVRNkgQN5/�X VYNk[e\�[eh�VRnOS+S2*HNQPWVRNk\Ot�cOTW[�wUSlPWPR[]T;TWSlPW[]^OTRwUSlPoNk\�VYnOS+wU[]\mVYS2*�V
[eh�cOTWSlLONQw�XZVRNk[]\@XZ\OL�PW[eh VJ��XeTRSocONQc3SUgkNk\HNk\OtO�
	 S LOS��]SUgk[]c�SlL�LHSUVYSUTR`aNk\ONQPWVRNkw cOTWSlLONQw�XZVRS��7X���XeTRS�PRw�nOSULO^OgQNk\Ot | v y3K;�O���d��nONQw�n�w�Xe\�wl[]`��

_ONk\OS [ec3SUTYXZVRNk[]\OPE��NQVYn@`+^�VY^dXegQgQ{m�JS2*�wlgk^HPRNQ�eS;cOTWSlLONQw�XZVRSlPsVY[�PWndXeTRS;VRnOSoPYXe`aS TRSUPR[]^HTRwlSoNQ\ VYnOS
PYXe`aS�wU{xwlgQSe����[�PW^OcOc�[]TWV v y�K �3� VRnOS�cOTW[�wUSlPRPW[]T cONQc3SUgkNk\HS NkP;XeLdXecHVRSlL�VY[�TWS�XeL cOTWSlLONQw�XZVRSlP

NkN



S�XeTWgQ{ Xe\OL LONkPWw�XeTWL VYnHS []c�SlTRXZVYNQ[]\OPut]^dXeTWLOSlL ^O\OLOSUT � XegkPWSrcHTRSlLHNkw�X VYSlPU���b^HVY^dXZg S2*�wlgk^HPRNQ�m�
NQVJ{bt]^dXeTRXe\mVYSUSlP9VRndXZV9TR^O\mVRNk`aS�wU[]\ � NQwUVYP���NkgQg \OSU�eSlT�[xwlwU^OTl�I��nOS�[ �eSlTRXegkg S.33Slw�V [eh v y�K �@NkP
VY[�^HPRSrVRnOSagkNk`aNQVRSlL�S2*�NkPWVRNk\Ot�TRSUPR[]^OTWwlSUP `a[]TRS�S.-awUNkSl\mVRgQ{]�CVYnOSUTRSU_q{ NQ\OwlTWS�XePWNk\Ot@VYnOSac�SlTWhi[eT>�
` Xe\HwlS+[eh<VRnOS�XecOcHgkNkwlXZVYNQ[]\OPIPWVR^OLONkSUL�_m{�Xe\ X��]SUTYXeteS�� ��� ��nOSl\ TWSlPR[e^OTRwUS�wl[]\OP>VYTRXeNk\mVYP;XeTRS
Xa_�[eVRVRgkSU\OSlw�� �

�C[ NQ\OwlTWS�XePWS9TWSlPR[e^OTRwUS;^HVYNQgkN0/�XZVRNk[]\ hi^HTWVYnHSlTl�q�ES�LOS��]SlgQ[]c�SlL�Xuc3[ �ESlTWhi^Hg3t]SU\OSlTRXegkN0/�XZVRNk[]\�[eh
v y3K ���3wlXegkgQSlL�cHTR[]_dXZ_ONkgQNkPWVRNkw;cHTRSlLHNkw�X VYS��JX��sXeTWS+PRw�nHSlLO^OgQNk\Ot | y<y3K;�O������nONkw�n�w�Xe\�XZPRPRNQt]\�XZT>�
_ONQVRTYXeT>{�cOTRSULONkwlXZVYSUL []c�SlTYX VYNk[e\OP�VY[ PWndXeTWS9VYnHS�PYXZ`rSITRSUPR[]^OTWwlS;NQ\rVRnOS9PRXe`aS�wU{xwUgkSe� } [e\qVRTYXeT>{
VY[ v y3K;�3�dy<y3K;�@wlXe\@TRSlPW^OgQV�NQ\�TR^O\mVRNk`aS;wl[]\ � Nkw�VYPl� XZP�NQV�XegQgk[ ��Ps`a[]TRS9VYndXe\@[]\HS cOTRSULONkwlXZVYS
[eh�X@PRS�V�[Zhswl[e`+_ONk\HSlL []c�SlTYX VYNk[e\OP;VY[b_3S��CTR^OSaNk\�VRnOS�PYXe`aS�TR^O\mVYNQ`rS�w�{xwlgkSZ�rK9PRPWNkt]\O`aSl\mV
NkPsc�SlT>hi[]TR`aSlL NQ\ X+cOTW[]_dXe_HNkgkNQPWVRNkw�`rXe\O\OSUTs^OPRNQ\Ot�X wU[]`+_ONQ\dXZVRNk[]\a[eh cOTWSlLONQw�XZVRS;cOTR[ZjdgkS9Nk\Hhi[]T7�
` XZVRNk[]\rXe\OL cOTRSULONkwlXZVYS�Xe\dXeg�{�PWNkP XeNQ`rSUL XZVE` X *HNQ`rN0/lNQ\Ot;VYnOS9_3SU\OSUjHVYPs[eh*PRndXeTWNk\Ot�Nk\a��NQSU� [eh
VYnOS+S2*�c3SUwUVYSUL LOSlt]TWSlS+[Zh<wl[]\ � NkwUVl�9��nHS+cOTR[xwlSUPRPW[]T;cONQc3SUgkNk\HS�NQPIhi^OT>VYnOSUT;`a[�LON�jdSlLbVY[rLOSUVRSlwUV
Xe\OL TWSlwl[ �eSlTshiTR[e`"PR^Ow�n@wl[e\ � Nkw�VYPU���E{rXegkgQ[ ��NQ\Oto`r[eTRS � S1*�Nk_HNkgkN�VJ{�Nk\rTRSUPR[]^OTWwlS;PWndXeTWNk\OtuVYndXe\
v y3K ���qy y�K �aXew�nONkS��]SUL Xe\rX��]SlTRXet]S��
	 � c3SUTWhi[]TW` Xe\HwlS�tmXeNQ\�hi[]T�VYnOS�TWSlPR[e^OTRwUS��JwU[]\OP>VYTYXZNk\OSUL
Nk\OP>VYTR^HwUVYNQ[]\@PRw�nOSULO^OgQSlPl�
�zNQ\dXegQgQ{]�<VY[ S.33Slw�VYNQ�eSlg�{ LOSlXeg���NQVYn VYnOS�XeTRw�nHNQVYSUwUVRSlL TWSlt]NQPWVYSUT cOTWSlPWPR^OTWS�Xe\OL wU[�LHS�PRN0/lS

cOTR[]_HgkSl`aP�Nk\bPR[eh VJ��XeTWS��JcHNkc�SlgkNQ\OSlL@gQ[�[]cHPl�O�ES�ndX��eS LOS��]SlgQ[]c�SlL�X�ndXeTWLH��XeTRS �ZPR[eh VJ��XeTWS `aSlw�n��
Xe\ONkPW` w�XegQgkSlL��ISUt]NkP>VYSUT��;^OSl^HSlPl��E{bLOSlwU[]^OcOgQNk\Ot Xe\�S1*�NQPWVYNQ\Ot TWSlt]NQPWVRSlT�PWcdXewUS+Nk\mVY[ X PR`rXegQg
PRSUV+[eh�XeTWw�nONQVRSlwUVRSlL&TWSlt]NQPWVYSUTRP�Xe\OL&X�gfXeTWt]S�PRSUV+[eh�cOnm{xPRNQw�Xeg TRSUt]NkP>VYSlTWPl��TWSlt]NQPWVRSlT pq^OSU^OSlP Sl\��
Xe_OgkSuS.-awUNkSl\mV PW[eh VJ��XeTRS �JcONQc3SUgkNk\HSuPWw�nOSlLH^OgkSUP;hi[]T9nHNkt]n�[]c3SUTYXZVRNk[]\bgfX VYSl\HwlNkSUPI��N�VYn�XZgk`a[]PWVI\O[
Nk\OwUTRS�XZPRSuNk\�SlN�VYnOSUTIXeTRw�nON�VYSUwUVYSUL�TWSlt]NQPWVRSlTRP�[]T�wU[�LHSuPWN5/USe�
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w� ��Nk�qndXZNkg �x`rSUgQ{mXZ\OPR�qNQ{ �e�e�e�
K9gkg ��NktenqVRP��ISUPRSUTW�]SUL



��[a` {�wlXeTRNQ\Ot�cdXeTWSl\mVYPU� �J\H\dXrXZ\OL��9Xe^O`b�dXe\OL@` { _OTR[eVRnOSlT v NQ` XH�
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���E[]^OgkL�gQNk�ZS�VY[rVYndXe\H����LH��XeTRL v X��xNkLOPW[]\�hi[]T�nHNkP�nHSlgkc XZ\OL�t]^ONQLdXe\OwUS+LO^OTWNk\Ot�XZgkg VYnOS
{]S�XZTRP�[eh ` {rt]TRXeLO^dXZVRS�P>VY^OLH{ XZV�VRnOS �I\ONQ�eSlTRPWNQVJ{r[eh���NQw�nONktmXZ\*� � NQPE��N�V��q��NkPRLH[]`��xcdXZVRNkSU\OwlS
Xe\OL@PRSU\OPRSo[ehCnq^O`a[]T�nOSUgkc�SlL@`aS9VYnHTR[]^Oten VYnOS;�ZXeTWNk[]^OP�PWV�XZt]SlPs[Zh�`�{ wlXeTRSUSlT�XeP�X+t]TRXeLO^dX VYS
PWVY^HLOSl\mV�� � NkP�[eTRNkteNk\dXegQNQVJ{�Xe\OL PRwlNQSl\mVYN�jdw�NQ\mVY^ON�VYNk[e\rXZP �ESlgQg XeP�X�TWSl`rXeTR� Xe_OgQS�h Xewl^Og�VJ{�hi[]T<VYnOS
� NkLOSlXeg*gQNk\OS [eh�S1*�cOTWSlPWPRNk[e\ � TWSl`rXeNk\@X�t]TWS�XZV�PW[]^OTRwUS�[ZhzNQ\OPRcONQTYXZVRNk[]\rVY[�`rSZ�
�z�E[]^OgQL XegQPR[ugkNQ�eS�VY[�VRndXe\O�a�xwl[eVWV���XenHgk�eS�hi[]T nONkP Nk\m�ZXegQ^dXe_OgQS�nOSlgQc LO^OTWNk\Otu` {�gkXePWV VJ��[

{]S�XZTRP�NQ\ K�\H\+K�TW_3[]TU� � NkPCS1*�c�SlTRNQSl\OwUS�Xe\OL Nk\�� LOSlcHVRn �q\O[ ��gkSULOt]SE[ehdwl[e`rcONQgkSUT []cHVYNQ`rN0/�XZVRNk[]\HP
` XeLHSu[e^OT�TRSUPRS�XZTRw�n�XZ\OL�_HTYXeNQ\OPWVR[]TR`aNk\Ot `rSUSUVYNQ\Ot]Ps�eSlTW{@`a[eVRNQ�ZXZVYNQ\Ot�Xe\HL@hiTW^ONQVWhi^Og~�
����NkPRn VR[IVRndXe\O�;`�{ wl[]`a`aNQVRVRSlSZ� ¡uXeT>{;�<{xPR[]\*�]�xVYS��]S��ISUNk\OndXZTRLHVCXe\HL v SU\O\ONQPz�q{�g��]SUPWVYSUTl�

hi[]TIVRnOSlNQT9nHSlgkc�Xe\OL�XZLH�xNkwlSoVYnHTR[]^OtenO[]^HVIVYnONQP9LHNkPRPWSlT>V�XZVRNk[]\*���sXegkPW[r��NkPWn�VR[rVYnOXe\O�@��T>{xt]te�]S
� [ePRPR^H`�hi[]T�nONkP�PW^Ot]t]SUPWVRNk[]\@VY[�Nk\m�eSlPWVRNktmX VYS;VYnHSucHTR[]_dXZ_ONkgQNkPWVRNkw9PRw�nOSULO^OgkNQ\Ot�VYSlw�nH\ONkpq^OSZ�
	 nONQgkS �I��[]TW�eSUL$[]\ ` {�TRSUPRSlXeTRw�n*��` {�hiSUgkgk[ �.t]TYXZLO^dXZVRSaP>VY^OLHSl\mVYP�cOTR[ �xNkLOSUL t]TWS�XZVuTWS��

PRS�XZTRw�n&LONQPRwl^HPRPRNQ[]\OP XePu�ESlgQg XeP+X@PR[xwlNkXeg<Sl\m�xNkTR[e\O`rSU\mV���nONQw�n$Sl\HTRNkw�nHSlL$` { P>VY^OL�{�NQ\Ot�gQNQhiSZ�
��c3SUwlNkXeg VYnOXe\O�qPsVY[a��^HTYXegQN K�\H\dX��eXZTYXe`b�d��NQ�eS } nq^*� �9XZVYS } gkXeTR� �O��nONknx� � XZ[ � ^O\OtH�d� SU�xNk\
��XZ\*�I��Xe\��W^H\dXZVYn �o^HLOgk^OTU� � NQSl\�� � PWNk\)� SUSe�I�IXe`+^ y�{xTRSULOLH{e�9�IX��WN�� �9X��xNk\OLHTYXe\*�,!;N��RX�{m�
XegfXe�qPWnO`rNs��TRNQ\ONQ�ZXePRXe\*�<�qVYSU�ZXe\ !�gfXe[ �xNkw Xe\OL � [e\OteV�XZ[ � nO[]\OtO� �ot]TWS�XZVRgQ{ XecOcOTWSlwlNkXZVYSrVYnOS
cdXZVYNQSl\OwUS Xe\HL LONQgkNQt]Sl\OwUS���NQVYn ��nONQw�n VYnOS�{ XZVRVRSl\OLHSlL&Xe\HL cdXeT>VYNQwlNkcOXZVYSUL NQ\ VRnOSr\q^O`aSlTW[]^OP
cOTYXew�VYNQwlS�V�XegQ�xP VRndXZV �;ndXeL VY[bt]N��]SaNk\ VYnOS�wl[e^OTRPWS [eh�` {�t]TRXeLO^dXZVRSrwlXeTRSUSlTU� ���E[]^OgQL XegQPR[
gkNk�ZS�VR[ VYndXZ\O� v Sl\ONQPRS v ^Oy<TWNkSZ�3VYnHS K } K#� � Xe_�XeLH`rNQ\ONkP>VYTYX VY[]TU�Ohi[]T�nOSUT�wU[]`rc�SUVRSl\OwUS�Xe\OL

NkNkN



cOTR[]`acHVR\OSlPWP9NQ\bTWSlPW[]gQ�xNk\Ht�` Xe\m{�^HTRt]SU\qV9XeLH`rNQ\ONkP>VYTYX VYNQ�eS;NkPWPR^OSUPl�
��XegkPW[ ��NkPRn VY[@VYnOXe\O��` {�_3SUPWVuhiTRNQSl\OL ¡ Sl[]TWt]S v ^O\OgkXec*� ;^OToTR^O\H\ONk\Ot�VR[]t]SUVRnOSlToLO^HT>�

Nk\Ot wU[]gkL � PR\H[ ��{���Nk\mVYSUT�`a[]\mVYnOP;Xe\OL�nO[ZV�� nq^O`aNkL�PR^O`a`rSUT�LdX�{xP Nk\���Nkw�nHNktmXe\�XeP��ESlgkg�XeP
wl[]\m�]SUTRPWNk\Ot@[]\�Xe\�XeTWTYX�{b[eh<PR^O_ �WSlwUVRPl�*hiTW[]` �I^HPRPRNkXe\�wU^ONkPWNk\OSuVY[rVRnOSl[egk[]te{e�3teTRS�X VYgQ{@nHSlgkc�SlL
`rS;VR[aTWSlwU^Oc3SUTYXZVRSuhiTW[]` VRnOS PWVRTRSUPRP9Xe\OL�VYNQTRSlLH\OSlPWP9[ehCgQ[]\Ot+�E[]TR�qNk\HtrLdX�{xPl�E�b{ [eVYnOSUT�t][�[xL
hiTRNkSU\OLOP ��nO[ �9��XePuhi[eTWVY^H\dXZVYS�VR[b`aSlS�VuLO^OTRNQ\Ot@` {�t]TRXeLO^dX VYS�{]SlXeTRP�XZVoVYnOSa�I\ONQ�eSlTRPWNQVJ{ [eh
��Nkw�nONQtmXe\�Xe\OLb��nO[ ���E[]^OgQL�XegQPR[agkNQ�eS VY[a`rSU\mVYNk[e\�Xe\HL�VYnOXe\O��nOSUTRS�XeTRS � {eS���^O\Ht } nq^O\*�
} ndXeL } TWSlNQt]nmVY[]\*���xVRSlcOnOXe\m{ � NQV /UV�XZgkSlTU�q� TRNkP>VYN �qVYSU��XeT>V����9NkwU[]gkSI��XZVY^OTWSl\*� � []PWnx^OX+��wl�oNQ\��
gkSU{e�O���]SUTRS�VRVYS;�I[]_�SlT>VYPW[]\*���CXZ^OTRSUg*�HXZ\OLO[]TU�d��wU[eVRVE��nO[]`acOPR[e\�Xe\OL �ESUVYn 	 SUNknOSZ�&��Xe`"�]SUTW{
t]TYXZVRSUhi^Og*VR[�VYnOSU` hi[]T�cOTW[ �xNQLONk\OtaX+�E[]\OLOSUTWhi^Og Nk\mVRSlgkgQSlw�VY^dXeg Xe\OLbPR[xwlNkXeg*Sl\m�xNkTW[]\O`aSl\mV��
� XeP>V���_O^HV;_m{�\O[ `aS�Xe\HP9gQS�XeP>V�� �s��[]^HgkL�gQNk�eSoVY[aVYndXZ\O��`�{@wlgk[ePRS�h XZ`rNQgQ{]�I�@{�cOXeTRSU\qVRPl�

�J\O\dX�XZ\OL �9Xe^O`b�ZXZ\OL ` {;_OTR[eVRnOSlT v Nk`rXH��hi[]T VRnOSlNQTC^H\ � Xet]teNk\OtIXe\OL�^O\OwU[]\OLON�VYNk[e\dXeg]PW^OcOc�[]TWV
VYnOTW[]^Ot]nO[e^HV�VYnONQPaSU\OLOSlX �e[]Tl� ��nOSlNQTa_�SlgQNkS�h9NQ\ `rS@LO^OTWNk\Ot XegQgEVYnHSlPRSb{]SlXeTRPanOSlgQc3SUL `aS�VY[
[ �eSlTWwl[]`aSuhiTW^OPWVRTYXZVRNk[]\bXe\HLbLHSlcOTWSlPRPWNk[]\�Nk\bX�PR[]`aSUVRNk`aSlP�VRSl\OPWS�gQNQhiSZ�
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� � � � � v S�VYSUTR`aNk\ONQPWVYNQway<TWSlLONQw�XZVRS��JX ��XeTWS��9\ON�jdSlL �xw�nOSlLO^HgkNk\Ht�K�g �
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�



0H� � ��[ZVYNQ�ZXZVRNk[]\��u�u���u���o�u���u�u���u���u�u���o�u���u���u�u���u���u� 1 �
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� � ; v y�K ��gfXZVRSl\Ow�{ S2*�VRSl\OPWNk[]\�cOTR[xwlSULO^OTWS �u���u���u�u���o�u���u���u�u���u���u� 0:7

� � 	 ��XePRSUgkNk\HS PRw�nOSULO^OgkNQ\Ot�hi^O\OwUVRNk[]\HP �u���u�u���u���u�u���o�u���u���u�u���u���u� 0:1

� � � � y�TWSlLONQw�XZVRS��7X���XeTRSoTWSlPRSUTW�ZXZVRNk[]\@V�Xe_HgkS �u�u���u���u�u���o�u���u���u�u���u���u� 03;

� � � �&y�TWSlLONQw�XZVRS��7X���XeTRS '
��������	��� ������������ | �Ehi^H\OwUVRNk[]\ ���o�u���u���u�u���u���u� 0 	

� � � � � *HXe`acOgkS [Zh 4 S1*xVYSU\OL��JXegkg 4 v y3K���� ���u�u���u���u�u���o�u���u���u�u���u���u� � �
� � ��0 � *HXe`acOgkS [Zh 4 jdTRP>VW�~jOV 4 v y�K#�C�'�o�u���u�u���u���u�u���o�u���u���u�u���u���u� �]�
� � � � y�K ���@PRw�nOSULO^OgQNk\Ot�[ehCVYnOSoS2*OXZ`rcOgQSoNk\ �zNQt]^OTRS � � � ���o�u���u���u�u���u���u� � ;
� � �%7 4 � *xVYSl\HL��7XegQg54 v y�K#�C� PRc�SlSULO^Oc�[ �]SUT ��K#�C� hi[]T�XewU{xwUgkNkw TWSlt]NQ[]\OP�[]\HgQ{ ���u� 79/
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� � �%1 v y�K ����PRc�SlSULO^Oc�[ �eSlT ��K ����hi[]T�w�{xwlgkNQwoTRSlteNk[]\OP�[e\OgQ{
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0H� � � *HXe`acOgkS [ZhzN�hf�Jwl[e\q�eSlT>VYSlLbgk[x[]c@_�[�LH{ Xe\OLbNQVRP�LdXZV�X�LOSUc3SU\OLOSU\OwlS�t]TYXecHn �u� 1 �
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0H�21 y<y�K �bgkXZVYSU\OwU{ S1*xVYSU\OPRNQ[]\�cHTR[xwlSlLH^OTRS;�u�u���u���u�u���o�u���u���u�u���u���u� ;:7

0H� ; y�TWSlLONQw�XZVRS���SlgkXZVYNQ[]\OPWnONkcb¡ TYXecHn | y<��¡������u���u�u���o�u���u���u�u���u���u� 	 �
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0H� �%7 K9gkt][eTRNQVRnO`'VY[�w�nO[x[]PRSu[]c�SlTYX VYNk[e\ ��NQVYn�VRnOSogkS�XZPWV�wl[e`+_ONk\HNk\Ot�c�[eVYSU\mVYNfXZg��u� � ��/
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0H� �%1 ��XeNk\by<y3K;���bPWw�nOSlLO^HgkNk\HtrTW[]^HVYNQ\OSlP��u�u���u���u�u���o�u���u���u�u���u���u� � � 0
0H� ��; y<y�K ��� ��w�nOSlLH^OgkNQ\Ot [eh9VRnOS�S1*HXe`acOgQS�Nk\ ��Nkt]^OTWS�0H� ��hi[]T����������	��
����/ Xe\OL

�����������������	�� � � �q� �u���u�u���u���o�u���u�u���u���u�u���o�u���u���u�u���u���u� � � 7
0H� �
	 4 � *xVYSl\HL��7XegQg54ly y�K#�C� PRc�SlSlLH^Oc�[ �eSlT ��K#�C��hi[]T XZwU{xwlgQNkw�TWSlt]NQ[]\OP []\Og�{ | } v ���� � � ��0 �
0H� �e� 4 � *xVYSl\HL��7XegQg54 v y�K#�C��Xe\HL+y<y3K����u[ �eSlT ��K#�C�uPWc3SUSlLO^Hc hi[]T�XewU{xwlgQNkw<TRSUt]Nk[e\OP

[e\OgQ{ |~} v � �� �]�Hwl`acOc�gkXZVYSU\OwU{��0m� �u�u���u���u�u���o�u���u���u�u���u���u� ��03/

0H� � � 4 �zNQTRPWV>� jOV64]y<y3K��C��PWc3SUSlLO^Ocr[ �]SlT ��K��C��hi[]T�XewU{xwlgQNkw�TWSlt]NQ[]\OP�[]\HgQ{ | } v ���� � � � � �
0H� �]� 4 �zNQTRPWV>� jOV64 v y�K#�C��Xe\OL y<y3K�����PWc3SUSlLO^Oc [ �]SUT���K#�C��hi[]T Xew�{xwlgkNQw+TRSUt]Nk[e\OP

[e\OgQ{ |~} v � �� � hi[]T�y<y3K��C�O� �o�u���u�u���u���u�u���o�u���u���u�u���u���u� � �q�
0H� � 0 y<y�K ���r[ �eSlT ��K ����PRc�SlSULO^Ocrhi[eT w�{xwlgkNQw�TRSlteNk[]\OP�[e\OgQ{ | gkS�h V<_dXeT<ndXeP wl`acOc

gkXZVYSU\OwU{� �]�d`aNkLOLHgkS�nOXeP � �dTRNQt]nmV�ndXeP 0m�-���u���u�u���o�u���u���u�u���u���u� � � 7
0H� �Z� v y�K ����XZ\OL-y<y3K ���MPWc3SUSlLO^HcOP [ �eSlT �EK ��� hi[]T�wU{xwlgQNkw TWSlt]NQ[]\OP�[]\OgQ{

| wl`acOcbgfXZVRSl\Ow�{��0m�o���u�u���u���o�u���u�u���u���u�u���o�u���u���u�u���u���u� �%7 �
0H� � 7 ��eSlTYXZgkg PRc�SlSULO^Oc�[eh�y<y�K ��[ �eSlTI_dXePWSlgkNQ\OS;hi[]T�wU`rcOcHgfXZV  �e� � Xe\OL-0 �u���u� �%79/

0H� � / ��eSlTYXZgkg PRc�SlSULO^OcOPI[eh v y3K;�bXe\HL�y<y3K;�@[ �eSlTI_dXePRSUgkNQ\OS | wU`rcOcHgfXZV! 0m���u� �%731

0H� � 1 �xc3SUSlLO^Oc�[eh�y<y�K �b[ �eSlTI_dXePRSUgkNQ\OS;VYndX V9wU[]TRTWSlPWc3[]\HL�VY[�VYTRXeNk\HNk\Ot�Xe\HL�TWSUhiSlT7�
SU\OwlS�NQ\OcO^HVzPRSUVRP | gkS�h V�_dXZT�wl[]TWTRSUPRc�[]\OLOP�VR[oXewU{xwlgQNkwsTWSlt]NQ[]\OP�PRc�SlSlLH^Oc*�x`rNQLOLOgkS
_OXeT�VY[�wU{xwlgQNkwZ�dXe\OLbTRNQt]nmV�_dXeTsVY[�[ �]SUTYXegQg �����u���u�u���o�u���u���u�u���u���u� �%7 	

0H� � ; ��eSlTYXZgkgHPWc3SUSlLO^HcOP<[eh VYnOS / � ��NkLHSs_dXePWSlgkNQ\OS | gkS�h V�_dXeTY�zXe\OL+VRnOS � �~��NkLOSsy y�K �
��N�VYn�wU`rcOcHgfXZV �09Xe\OL } v � �� � | TRNQt]nmV�_dXeTY���]TWSlgkXZVYN��]SEVR[;VYnOS � � ��NQLOSs_dXePWSlgQNk\OS ��/ �

� � � �x[eh VJ�sXZTRS cHNkc�SlgkNQ\OS�S1*HXe`acOgQSe����nONQP�PRXe`rcHgkS�cOTR[et]TYXe`/XZLOLOPuSlgkSU`rSU\mVYPu[eh�X
� [mXZVYNQ\OtZ� c3[]NQ\mV�XeTWTYX�{�Xe\HLaP>VY[]TWSlP�VYnHSIPW^O`(NQ\�XoPWw�XegkXeTl����nO[ ��\rXeTRS�`+^HgQVYNQcOgkS
N�VYSUTYXZVRNk[]\OP�[eh�VRnOSogk[x[]c ��NQVRn�XZ\bNQ\ONQVRNfXZVRNk[]\rNk\mVYSUTW�ZXeg*[Zh � wU{xwlgQSlP |�"�"  � � ��� �%19;

� � � �bNkwlTW[mXeTWw�nONQVRSlwUVR^OTYXZgES2*�VRSl\OPWNk[]\HP VY[�PR^OcOc�[]T>V�� �;P�hi[eT X�`rXew�nONQ\OS���NQVYn 0 �
XZTRw�nON�VYSlw�VYSUL�TWSlt]NQPWVYSUTRPU�$# pq^OSl^HSlPI[ehzgQSl\OtZVYn � �dXe\OL � 79/+cHnq{xPWNkw�XZgCTWSlt]NQPWVRSlTRPU� ��;30

� � 0 �x[eh VJ�sXZTRSocONkc�SlgQNk\OS�PRw�nOSULO^OgkSohi[]T�VRnOSoPYXe`acOgQS wl[xLOS | PWSlS �zNkt]^HTRS � ��^HPRNk\Htr� � P ��; 	
� � � �x[eh VJ�sXZTRSucONkc�SlgQNk\OS9PRw�nOSULO^OgkSo��NQVRn�pq^OSU^OSu[ �eSlT � [ � |�%'&�(*) gkXZVYSU\OwU{+ � � � �;� �
	 �
� �27 �x[eh VJ�sXZTRS+cONQc3SUgkNQ\OSoPRw�nOSULO^OgkS���NQVYn�XeTRw�nON�VYSUwUVYSUL�TRSUt]NkP>VYSlTIcOTWSlPRPW^OTRS |�,-(*)*) gfX �

VRSl\Ow�{. � � � �u���u���u�u���u���o�u���u�u���u���u�u���o�u���u���u�u���u���u� �
	:1

� � / � [x[]c@PWVYXZVYNQPWVYNQwlP9���u���u�u���u���o�u���u�u���u���u�u���o�u���u���u�u���u���u� �e�m�
� �21 K P>VY^OLH{ [Zh;�I�u� � ! �(Xe\HL � �;P�PRw�nHSl`aSlPrhi[eT�` Xew�nHNk\OS�`a[�LHSlg � | ��N�VYn

gQNk`aNQVRSlL TWSlPR[e^OTRwUSlP�� �d���u�u���u���o�u���u�u���u���u�u���o�u���u���u�u���u���u� �e� 0
� � ; K P>VY^OLH{ [Zh;�I�u� � ! �(Xe\HL � �;P�PRw�nHSl`aSlPrhi[eT�` Xew�nHNk\OS�`a[�LHSlg�� | ��N�VYn

^H\OgkNQ`rN�VYSlL TRSlPW[]^OTWwlSlPY��� �u���u���o�u���u�u���u���u�u���o�u���u���u�u���u���u� �e�e�
� � 	 � NkP>VY[]t]TRXe` [Zh�VRnOSo\x^H`+_3SUT�[ehz` ^OgQVRN��JNQ\OPWVYXe\OwUS9�ZXeTRNkXe_OgQSlP�Nk\@X�gk[x[]c*� �u���u� �e� /

�xNkNkN



� � � � � NkP>VY[]t]TRXe` [ZhzVYnHSu\q^O` _3SUTI[Zh�Nk\HPWV�XZ\OwlSUP9[ehC�ZXeTRNkXe_OgQSlP�wl[e\qVYXeNk\HNk\Ot�`+^HgQVYNQcOgkS
gQNQ�eS Nk\OP>V�Xe\OwUSlP | X��eSlTYXZt]SlL�[ �eSlT9Xegkg3gk[x[]cOPY�����u���u�u���o�u���u���u�u���u���u� �e� 1

� � � �$KI�]SUTYXet]Supq^OSl^HSuPWN5/US�XZP�gfXZVRSl\Ow�{�Nk\OwUTRSlXePRSUP�hi[eT�` Xew�nHNk\OS `a[�LHSlgkP � | gkNQ`rN�VYSlL
TWSlPW[]^OTRwUSlPY�9Xe\OL � | ^H\OgkNQ`rN�VYSlLd��� �o�u���u�u���u���u�u���o�u���u���u�u���u���u� �e� 1

� � � � �I^O`+_�SlT�[eh�^OPRSUPIhi[eT�S�Xew�nbNk\OP>V�Xe\HwlSo[ehC�eXZTRNfXZ_OgkSUPs��NQVYn@`+^HgQVYNQcOgkS9Nk\OP>V�Xe\HwlSlPU� �e� 	
� � ��0 � NkP>VY[]t]TRXe` [Zh�VRnOSo\x^H`+_3SUT�[ehzgQNQ�eS��JNQ\ �ZXegk^OSUP����u�u���o�u���u���u�u���u���u� � � �
� � � � K9TRw�nON�VYSUwUVYSUL�TWSlt]NQPWVRSlT | � � P*�xPU�z�I��� TWSlpq^ONQTRSl`aSl\mVRP*hi[]T v y3K;��� Xe\OLuy<y3K;���

��N�VYn@wl`acOcbgfXZVRSl\Ow�{�0�Xe\OL } v ���� � �u���u���u�u���o�u���u���u�u���u���u� � ��0
� � �%7 K9TRw�nON�VYSUwUVYSUL�TWSlt]NQPWVRSlT TRSUpq^ONkTWSl`aSl\mVYP | � �;P*��PU���I��� hi[]T v y3K;��� Xe\OLuy<y3K;���

��N�VYn@wl`acOcbgfXZVRSl\OwUNkSUP��]� 0aXe\OL-7 | } v ���� � hi[]T�y<y3K;���O� ���u�u���u���u� � �%7
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� � � v SUPRwUTRNkc�VYNk[e\b[Zh�X�PYXe`acOgQS cOTR[xwlSUPRPR[eTI��N�VYn�X�hiS�VYw�n �ZS2*�Slwl^�VYS���NQLHVYnb[eh 0�[ec��

SUTYXZVRNk[]\HP �u�u�u���u���u�u���u���o�u���u�u���u���u�u���o�u���u���u�u���u���u� �
	

� � � �ESl\Ow�nO`rXeTW��PRSUV | ��SlLONkX ��SU\Ow�n�� 030��f� �u�u���u���u�u���o�u���u���u�u���u���u� 7 �
� � 0 �xw�nOSlLO^HgkNk\Ht�nOSlXeLOTR[x[]`�SUPWVYNQ` X VYSlPohi[]T VYnHS LOS�VYSlTW`rNQ\ONkP>VYNQw�cOTRSULONkwlXZVYS �7X��sXZTRS

PWw�nOSlLH^OgkSUTRP �u�u���u���u�u���u���o�u���u�u���u���u�u���o�u���u���u�u���u���u� 790

0H� � �xw�nOSlLO^HgkNk\Ht nOSlXeLOTR[x[]`�SUPWVRNk`rXZVYSUP�hi[eT�VRnOSbcOTR[]_OXe_ONkgQNkP>VYNkw cOTRSULONkwlXZVYS �7X��sXZTRS
PWw�nOSlLH^OgkSUTRP �u�u���u���u�u���u���o�u���u�u���u���u�u���o�u���u���u�u���u���u� ��0 �

0H� � �xw�nOSlLO^HgkSagkSl\HteVYn Xew�nONQSU�eSlL _m{ �EK#�C�3� 4 S1*xVYSU\OL��7XZgkg54 v y3K#�C��Xe\OL 4 S1*xVYSU\OL��
XZgkg54Hy<y3K#�C� |~} v � �� � � ���u���o�u���u�u���u���u�u���o�u���u���u�u���u���u� ��03;

0H� 0 �xw�nOSlLO^HgkS gkSl\HteVYn.Xew�nONQSU�]SUL
_m{ ��K������*4 jdTWPWV>� jOV64 v y3K#�C�-Xe\OL 4 jOTRPWV>� jOV64
y<y�K#�C� | } v ���� � ���u�u���u���o�u���u�u���u���u�u���o�u���u���u�u���u���u� � �]�

0H� � �xw�nOSlLO^HgkS�gQSl\OtZVYn Xew�nONkS��]SUL _m{ ��K ����� v y�K ��� Xe\OL y<y�K ���&hi[]T�wl`ac��
cHgfXZV �0�XZ\OL } v � �� � �u���u���o�u���u�u���u���u�u���o�u���u���u�u���u���u� �%7 �

0H�27 y�NQc3SUgkNk\HS�^HVYNQgkN5/lXZVYNQ[]\�PWVYXZVYNQPWVRNkwlP<c�SlT cOTRSULONkwlXZVYSUL []c�SlTRXZVYNQ[]\�hi[]T<_dXePWSlgkNQ\OS9Xe\OL
cHTR[]_dXZ_ONkgQNkPWVRNkwbcOTRSULONkwlXZVYS �7X���XeTRS�cHTR[xwlSlPWPR[]TWP | ^OPWNk\Ot 4 jdTRP>VW�~jOV 4�y<y�K#�C��Xe\OL
y<y�K ���O�b�u�u�u���u���u�u���u���o�u���u�u���u���u�u���o�u���u���u�u���u���u� ��/30
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!#� � 	 �Z� y&� }�| !<SUTW{ � XeTWt]S �J\HPWVYTW^OwUVRNk[]\ 	 []TWL ��� *HcHgkNkwUNQVRgQ{uyzXZTYXegQgkSlg �J\OP>VYTW^OwUVRNk[]\ } []`��
cO^HVYNQ\Otq��cOTW[�wUSlPRPW[]TRP�XeTRS�NQ\OwlTWS�XePWNk\Ot]g�{�^OPWSlLrhi[eT PWNkt]\OXegdcOTR[xwlSUPRPWNk\OtO�qSU`+_3SULOLOSUL�Xe\OLat]Sl\HSlTYXZg��
cO^OTRc�[]PWSsXecOcHgkNkwlXZVYNQ[]\OPU���J\ []TRLOSUTCVR[�`aSlS�V�VRnOSEnHNkt]n�c3SUTWhi[]TW` Xe\HwlS<TRSUpx^HNkTRSU`rSU\mVYPz[ZhOVYnOSUPRSELOS��
` Xe\HLONk\Ot+XecOcOgQNkw�X VYNk[e\OPl� !���� 	 �e�<y&� } cHTR[xwlSlPWPR[]TWP�TRSlg�{ [e\@Xe\�[]cHVRNk`aN5/lNQ\Otuwl[]`acONkgQSlT<��nONkw�n
VYTRNQSlP VY[�S2*�c3[]PWSaVRnOS�Nk\OnHSlTRSU\mVoNk\OP>VYTR^HwUVYNQ[]\ gkS��]Slg�cOXeTYXegQgkSUgkNkPW`�Nk\ Xe\ XecOcHgkNkwlXZVYNQ[]\�XZ\OL VRnOSl\
w�XecON�V�XegQN5/US;[]\@VYnOSoTRSUPR^Og�VYNQ\Ot�cdXeTRXegkgQSlgkNQPR`"VY[aXew�nHNkSU�eS XZ\bS1-awlNkSU\mV�NQ\OPWVRTR^Ow�VYNk[e\�PRw�nOSULO^OgkSZ�
� V�NQP ��SUgkgs�q\O[ ��\ VYndX V�VYnOSUTRS�NkP�teSl\OSUTYXegQgQ{ Nk\OPW^�-awlNkSU\mV�Nk\OP>VYTR^HwUVYNQ[]\&gkS��]SUgscdXeTRXegkgQSlgkNQPR`

��NQVYnHNk\aNk\OLON��xNkLO^dXZgd_dXePRNQw�_Ogk[xw��qPl�x_O^HVsnHNkt]nOSUT<gkSU�eSlgQPE[eh*cdXeTYXZgkgkSUgkNQPR` w�Xe\r_3SI[]_HVYXeNk\OSULr_m{aS1*q�
cOgk[]N�VYNQ\Ot�VRnOS;Nk\HwlTRSlXePRSUL@Nk\OP>VYTR^HwUVYNQ[]\ gQSU�]SUg*cdXeTRXegkgQSlgQNkPR`
cOTR[ �xNkLOSULbXe`r[e\Ot+PRS��]SUTYXeg PW^OwlwUSlPRPWNQ�eS
_dXePRNQw�_Ogk[xw��qPl�+�J\aPWVRTYXeNQt]nmV�gkNQ\OSswl[xLOSZ�qhi[eT�S1*HXe`acOgkSZ�]VYTYXZwlS�PRw�nOSULO^OgQNk\OtoNkP�^HPRSlLaVY[o`aSlTRteS�PRSU�m�
SlTYXZg3_dXZPRNkw9_Ogk[xw��qPsXegQ[]\Ot XuhiTRSUpq^OSl\mV�S1*�SUwl^HVRNk[]\ cOXZVYn NQ\mVY[+X�PRNk\Ht]gkSISl\OgkXeTRteSlL _Hgk[xw�� � �%1�� �Z� � �
��nOSlPWS�_OgQ[�w��qP�w�XZ\b_�S;hi^OT>VYnOSUTISU\OgfXZTRt]SUL�_q{ ^OPRNQ\Ot�cOTRSULONkwlXZVYSUL�S2*HSUwl^HVRNk[]\�VR[a`aSlTWt]S PRS��]SUTYXeg
wl[]\mVYTW[]g cdXZVRnOP � 037 �~� �xNk`aNkgfXZTRgQ{e�mNk\@gk[x[]c�wU[�LOSZ�OPR[Zh VJ�sXeTWS�cHNkc�SlgkNQ\ONk\Ht � �]� � S2*�VRSl\OLHPIVRnOSoPRwl[ec3S
[eh�wl[]`acONQgfXZVRNk[]\ _�SU{][e\OL&[]\OSr_dXePRNQw _OgQ[�w�� _m{ [ �eSlTWgfXecOcHNk\OtbVYnOSrS1*�SlwU^HVYNQ[]\&[eh�wl[e\OPRSUwl^HVRNQ�]S
gk[x[]c NQVRSlTRXZVYNQ[]\OP � 1�� ;H� �]� � 0 � � �q� � � 0�� �<y<TWSlLONQw�XZVRNk[]\�wlXe\@XegQPR[�_�S XecOcOgQNkSUL VY[�gk[x[]c wU[�LHS cOTRNQ[]T
VY[@PR[eh VJ��XeTWSacHNkc�SlgkNQ\ONk\Ht Nk\ []TWLOSlT;VR[@`rSUTRt]S+_Hgk[xw��xPuXewUTR[]PWPowl[]\OLHNQVYNQ[]\dXegCPWVYXZVYSU`rSU\mVYP hi[]^O\OL
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��NQVYnHNk\bX�gk[x[]c�NQVRSlTYX VYNk[e\ � � � � � � � �
�C[�V�Xe�ZS�hi^Hgkg�XZLH�ZXe\mV�Xet]S�[eh<VRnOS�cdXeTYXZgkgkSUgkNQPR`�[433SlTWSlL _q{�VYnOSUPRSa[]cHVYNQ`rN0/�XZVRNk[]\HP9TWSlpq^ONkTWSlP

Nk\OwUTRS�XZPRSlL�cOTR[xwlSUPRPW[]T9TWSlPW[]^OTRwUSlPU���d[]T�S1*HXe`acOgkSZ�H��nOSU\�cOTRSULONkwlXZVYNQ[]\�`aSlTRteSlP�PRS��]SlTRXegCwl[]\mVYTW[]g
cdXZVYnHP VY[]teSUVYnHSlTl�EVYnOS�TRSlPW[]^OTWwlS�TWSlpq^ONkTWSl`aSl\mVYP | hi^O\HwUVYNQ[]\ ^H\ONQVRPl��TRSUt]NkP>VYSUTajdgQS�c�[]T>VYPl��S�VYwZ� �
XeTRSrPR^O`a`rSUL [ �]SUT�XegQg�`rSUTRt]SUL cdXZVRnOPl� �J\OwUTRS�XZPRSlP Nk\ VRnOS \q^O` _3SUT [ehshi^H\OwUVRNk[]\ ^O\ONQVRP�NQ\$X
!���� 	 �e�<y&� } cOTW[�wUSlPWPR[]TU��Nk\ wU[]\��W^O\HwUVYNQ[]\ ��N�VYn teTR[ ��Nk\Ot ��NkTWS�LOSUgfX�{xP | TRSlgkXZVYN��]S@VY[ gk[]t]NQw
LOSlgkX {xPY� � � � 03;H� 0 	�� �I`rXe�ZSlP VYnHS�XegkTWS�XeL�{ wUTRNQVRNkwlXeg9PWNk\OtegkS�wUSl\mVYTRXegkN0/lSUL�PWVYTW^OwUVR^OTRSUPl�9PR^Ow�n�XeP
TRSlteNkPWVRSlT�jOgkSlP�Xe\OL _m{xcdXePWP�Nk\mVYSUTRwU[]\O\OSUwUV��OXe\ SU�eSl\@`a[]TRSIwlTWNQVYNQw�Xegdh Xew�VY[]TENk\rLOSUVRSlTR`aNk\HNk\OtuVYnOS
wU{xwlgQSoVRNk`aSe�HXeTRSlXaXZ\OL@c3[ �ESlT�LONkPWPRNQcdXZVYNQ[]\ [eh VRnOSocOTR[xwlSUPRPR[eTl���d[]TsS1*HXe`acOgQSe�Hhi[]T%��NkLOSU\qVRNkwlXeg
hi^O\OwUVRNk[]\ ^O\HNQVYPU�*VYnOS�LOSUgfX�{�[ZhEVRnOS�TRSUt]NkP>VYSlT;jOgkS�t]TW[ ��PuXeP�������� �*VYnOS�XeTWS�X@XeP��	� � XZ\OL�VYnOS
c3[ �ESlTILONkPWPRNkcOXZVYNQ[]\@XeP
� � � � 1 �~�

��nOS�TWSlt]NQPWVRSlT _m{xcdXePWPl�9��nHNkw�n NkP ^HPRSlL�VR[$hi[]TW��XeTRL�LOXZV�X hiTW[]` [e\OS�hi^O\Ow�VYNk[e\ ^O\ON�V VY[
Xe\O[eVRnOSlTuhi[]T XbPR^O_HPRSlpq^OSU\mVr^HPRSe��XegkPW[�_�Slwl[e`rSUP+X�`a[]TWSrwUTRNQVRNkwlXeg�TRSUPR[]^OTWwlS�XZP�VYnHS \q^O`+_�SlT
[eh�hi^O\OwUVRNk[]\&^H\ONQVRP+t]TR[ ��PU� y�XegfXZw�ndXeTRgkX�� 0 	��sPWnO[ ��SUL VRndXZV+VRnOS LOSUgfX�{ [eh�VYnOS _m{xcdXePWP�gk[]t]NQw
t]TR[ ��P@pq^dXeLOTRXZVYNQw�XegQgQ{ ��NQVRn�NQ\OwlTWS�XePWSlL hi^O\Ow�VYNk[e\�^O\ONQVRPl� � {�cOXePRP@wl[e`rcOgQS1*�NQVJ{ XegkPW[&t]TR[ ��P
px^OXeLOTYX VYNkwlXegkg�{���NQVRn VRnOS \q^O`+_�SlT�[eh�hi^H\OwUVRNk[]\ ^O\ONQVRPl�+N�hsNQ\OPWVRTR^Ow�VYNk[e\OP XZTRS PWNk`+^HgQV�XZ\OSl[]^HPRgQ{
NkPRPW^OSlL VR[�� NkLOSU\qVRNkwlXeg � �JNQ\OcO^HVahi^O\Ow�VYNQ[]\ ^O\HNQVYP���NQVRn��cONQc3SbPWVYXet]SUP XZh VRSlT S2*�Slwl^�VYNk[e\ VY[
_q{xcdXZPRP�hiTW[]`���VYnOSU\�X�hi^Ogkg�{q� _m{�cOXePRPWSlL�LHSlPRNQt]\��E[]^OgQL�TWSlpq^ONQTRS ��� ��� � ��PWSlcdXZTYXZVRS _m{xcdXePRP
wl[]\O\HSlwUVRNk[]\HPl� �J\�[eVYnHSlT���[eTRLOPU�3NQ\bPWcONQVRSo[ehzVRnOS�teTR[ ��Nk\Ot�\q^O`+_�SlTWP9[ZhzVYTRXe\OPWNkPWVR[]TRPIX��ZXeNkgkXe_OgQS
VY[ XeTWw�nONQVRSlw�VYPl�eNQV�NkPC_3SUwl[]`aNk\Ot9Nk\OwUTRSlXePRNQ\Ot]gQ{oLHN0-awl^Og�V�VR[�LOSUPRNQt]\+gfXZTRt]S wlSU\qVRTYXegQN5/USlL+P>VYTR^HwUVY^HTRSlP
VYndXZVunOSUgkc VY[bS1*�cOgQ[]NQVoNQ\OPWVRTR^Ow�VYNk[e\ gQSU�]SUg<cdXeTYXZgkgkSUgkNQPR`���NQVRnO[]^HVuwl[e`rcOTW[]`aNkPRNQ\Ot wUgk[xw���PRc�SlSUL
Xe\OLbNk\OwUTRS�XZPRNk\HtrLOSUPRNQt]\@wl[]`acOgkS2*�NQVJ{]� XZ\OLbVRnq^OP�gkNk`aNQVRNk\OtuVYnOSoPWw�XegkXe_ONkgQNQVJ{r[eh�cOTR[xwlSUPRPR[eTRPINk\mVY[
VYnOSohi^HVY^HTRSe�

} gQ^OPWVRSlTRNQ\Ot NkP�[eh VRSl\ cHTR[]c�[]PRSUL _m{ TRSUPRSlXeTRw�nMXZ\OL NQ\OLO^OP>VYT>{ cOTR[��WSUwUVRP�� � � 7�� � � � ��;H� 7 /��
XePbX&��X�{�VY[ Xew�nONQSU�eS nONQt]nOSUT�cOTR[xwlSUPRPR[eT�c�SlT>hi[]TR`rXe\OwUS�_q{ [ �eSlTWwl[]`aNk\Ot&VRnOS _3[eVWVYgQSl\OSUw��xP

�



c3[]PWSlL�_m{�wlSl\mVRTYXegQN5/lSUL cOTW[�wUSlPWPR[]T�TWSlPW[]^OTRwUSlPU�&�J\+wlgQ^OPWVRSlTRSUL+`aNkwlTW[mXeTWw�nONQVRSlwUVR^OTRS �eS�{+cOTW[�wUSlPWPR[]T
TRSlPW[]^OTWwlSlP;XeTRSuLONkP>VYTWNk_O^HVRSlL�XewlTW[]PRP9`+^OgQVRNkcOgQS;wlgQ^OPWVRSlTWPl��S�Xew�n�[Zh���nONkw�n�wl[]\mV�XZNk\OP9XaPW^O_OPWSUV [eh
VYnOS�TRSUt]NkP>VYSUT�jdgkSUP<Xe\OL�hi^O\OwUVRNk[]\�^H\ONQVRPl�mVY[]teSUVYnHSlT���NQVRn�Nk\mVYTRX �JwUgk^OP>VYSlTz_q{xcdXZPRPRNQ\OtO��K9PEX TWSlPR^HgQV
[eh;LOSUwlTWS�XePWNk\Ot VYnOSbPRN0/lS�Xe\OL _dXe\OLH��NQLHVYn TRSUpx^HNkTRSU`rSU\mVYPa[eh�VRnOS�TWSlt]NQPWVRSlT�jdgkSUPl��VRnOS�XewlwUSlPRP
VYNk`aSlP<[eh VYnOSUPRS�w�{xwlgkS � VRNk`aS�wlTRN�VYNQw�XegdP>VYTR^HwUVY^HTRSlP�XeTRSIt]TWS�XZVRgQ{�TWSlLO^OwUSlL*�<��nOS9PRNQ`rcOgQNQjdwlXZVYNQ[]\+[eh
VYnOSUPRS P>VYTW^OwUVR^OTRSUP XegQPR[@TRSULO^OwUSlP�VRnOSlNQT LOSlPWNkt]\ wl[e`rcOgQS1*�NQVJ{e����nOSacOTRNQ` XeT>{�LHNkPYXZLH�ZXe\mV�Xet]S�[eh
wlgk^HPWVYSUTRSUL�`rNQwlTR[]XeTRw�nON�VYSUwUVY^HTRSlPINkP�VYnHSlNkTITRSULO^OwUSlL�\q^O`+_�SlT9[eh�Nk\HPWVYTW^OwUVRNk[]\HP9c�SlT9wU{xwlgQS | �7y } �
wl[]`acdXeTWSlL@VY[aX�wlSl\mVRTYXegQN5/lSUL@LOSlPWNkt]\���NQVRn�VYnOSoPYXZ`rS VY[ZV�Xeg3TRSlPW[]^OTWwlSlP���VRnOSlNQT��7y } NkP�gQ[ ��SUTRSlL
LO^OS�VY[;VRnOS�TRSlgkXZVYN��]SUgQ{uPRgQ[ � Nk\mVRSlTRwUgk^OP>VYSUT�wl[]`a`+^O\ONQw�XZVRNk[]\�_3S�VJ��SUSl\rLOSlc�Sl\OLHSl\mV�NQ\OPWVRTR^Ow�VYNQ[]\OP
VYndXZVsXeTRS9S1*�SlwU^HVYSUL@[]\ LON 3 SUTRSl\mV�wlgk^HPWVYSUTRPU� K9gQVRnO[]^Ot]nr[]TRNQt]Nk\OXegkg�{ LOSUPRNQt]\OSlL VR[ [ �]SUTRwU[]`rS9VYnOS
PRw�XZgfXe_ONQgkN�VJ{�cOTW[]_OgkSU`rPo[eh�wlSU\qVRTYXegQN5/USlL TWSlPW[]^OTRwUSlPU��wlgQ^OPWVRSlTRSUL `aNkwUTR[mXeTWw�nONQVRSlw�VY^OTWSlPoNk\mVYTW[�LH^OwlS
PRw�XZgfXe_ONQgkN�VJ{@cOTR[]_HgkSl`aP�[Zh�VYnOSUNkT;[ ��\*�9XeP;`a[]TRS�cOTR[xwlSUPRPW[]TRPuXeTWS+XeLOLHSlL�VY[ VRnOS�wlgQ^OPWVRSlT;[eT;XeP
`r[]TWS wUgk^OP>VYSlTWP+XeTWS XeLHLOSlL*��VYnOS gQ[]\Ot]SUT�N�VoV�Xe�ZSlP VR[�wl[]`a`+^O\HNkw�X VYSa_3S�VJ��SUSl\&`a[]TRSrLONkP>V�Xe\mV
wlgk^HPWVYSUTRPU�

��nONQPrLHNkPRPWSlT>V�XZVRNk[]\ XeLOLOTWSlPWPRSlP VRnOSbNkPRPW^OS�[Zh;nO[ ��VY[ Nk`acOTR[ �eS�cOTW[�wUSlPWPR[]Trc3SUTWhi[]TW` Xe\HwlS
Nk\ VRnOS wU[]\mVYS1*xV [eh+cOTRSULONkwlXZVYSULMS1*�SlwU^HVYNQ[]\���NQVRnO[]^HV�Nk\OwUTRSlXePRNQ\Ot VYnHS cOTW[�wUSlPRPW[]T64 P�wlTWNQVRNkw�XZg
TRSlPW[]^OTWwlSlPU� �s�E[ cOTRSULONkwlXZVYS �7X��sXZTRS@PRw�nOSULO^OgQNk\Ot PRw�nHSl`aSlPrXeTRS�cOTW[]c�[]PRSUL XegQ[]\Ot���N�VYn PR[]`aS
w�ndXe\Ot]SUP�VY[�cONQc3SUgkNk\HS9[]TWtmXe\ON0/�XZVRNk[]\aVYndX V�Xew�nONQSU�eSunHNkt]nOSUT�c�SlT>hi[]TR`rXe\OwUS;[]\�cOTWSlLONQw�XZVRSlL�wl[xLOS
_q{@`aS�XZ\OP�[ehz`a[]TWS S.-awlNQSl\mVYg�{�^HVYNQgkN0/lNk\Ht S1*�NQPWVYNQ\Ot�cOTR[xwlSUPRPW[]T�TRSlPW[]^OTWwlSlPU�
�zNQTRP>V�� XILHSUVYSUTR`aNk\ONQPWVRNkw�cOTWSlLONQw�XZVRS��JX ��XeTWSEPWw�nOSlLO^HgkNk\Ht | v y3K �H� PWw�nOSl`aS NkP LOSU�eSlgQ[]c3SUL�VRndXZV

XePRPWNkt]\OP�`+^OgQVRNkcOgQS9` ^HVY^dXZgkgQ{m� S1*�wlgQ^OPRN��]SIcOTRSULONkwlXZVYSULb[ec3SUTYXZVRNk[]\OP<VY[�PWndXeTWS�VYnOS PRXe`aS�TRSUPR[]^HTRwlS
Nk\�VRnOS PRXe`rS�wU{xwlgQSe��VYnOSUTRSl_m{�XecOc�S�XeTWNk\OtaVY[��>[ �eSlTWPR^O_OPWwlTWNk_�S � VYndX V;TRSUPR[]^HTRwlS Nk\�VRndXZV�wU{xwlgQSe�
��[rPR^OcOc�[]T>V v y�K �3�dVRnOS�cHTR[xwlSlPWPR[]TIcONQc3SUgkNk\HS;NkP�S1*xVRSl\OLOSUL�VY[aTRSlXeL�VRnOSocOTRSULONkwlXZVYSUP9[ZhzVYnHSlPRS
[]c3SUTYXZVRNk[]\HPuSlXeTRg�{]�CXe\OL LONQPRw�XZTRL | N~� Se��\q^OgQgkNQh {H�IVRnO[]PWSr[]c�SlTRXZVYNQ[]\OP;VRndXZV�XeTRS�t]^OXeTRLOSUL ^O\HLOSlT
��XZgkPRSacOTWSlLONQw�XZVRSlPl�@��nOS `+^HVY^OXeg�� S1*�wlgQ^OPRN��]Sl\HSlPRP�cOTR[ec3SUTWVJ{ [eh�XbPRSUV [eh��WwU[]`+_ONQ\OSlL � []c�SlTRX �
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VYNk[e\OPl�e��nHNkw�n�PRnOXeTRSsVRnOSsPYXZ`rSsTWSlPW[]^OTRwUS�Nk\ VRnOSsPRXe`rSEwU{xwlgQSe�mt]^OXeTYXe\mVRSlSlP�VRndXZV�XZV�`a[]PWVz[]\OSs[eh
VYnOSUNkT�cHTRSlLHNkw�X VYSlPE��Nkgkgd_�S;�CTR^OS�Nk\ X�t]NQ�eSl\ w�{�wUgkS�XZVsTW^O\mVYNk`aSe� � Sl\HwlSe�OXZVs`a[]PWVE[]\OS�[eh*VYnHSlPRS
[]c3SUTYXZVRNk[]\HP9��NkgQgCXewUVR^dXegkg�{@TRSUpx^HNkTRSuVYnOS TRSlPW[]^OTWwlS�LO^OTWNk\OtaVYndX V;wU{xwUgkS�Xe\HL�TR^O\mVYNQ`rSuwl[e\ � Nkw�VYP
��Nkgkg�\OS��]SlT�[xwlwU^OTl����nHS [ �eSlTRXegkg3S.33SlwUVs[eh v y3K;� NkPEVR[+^OPWS gkNk`aNQVRSlLaS1*�NkP>VYNQ\Ot+TRSUPR[]^HTRwlSUP�`r[eTRS
S.-awlNQSl\mVYg�{]�eVRnOSlTWSl_m{+NQ\OwlTWS�XePWNk\Ot9c3SUTWhi[]TW` Xe\HwlS<��nOSl\�TWSlPR[e^OTRwUSswl[]\HPWVYTRXeNk\mVRP�XeTWSsX�_�[eVRVRgkSU\OSlw�� �

��SUwl[]\HL*�ZVR[Ihi^OT>VYnOSUT Nk\OwUTRS�XZPRS<TRSUPR[]^OTWwlSE^HVYNQgkN5/lXZVYNQ[]\*�lXIc�[ ��SUTWhi^Ogqt]SU\OSlTRXegkN0/�XZVRNk[]\ [eh v y3K;�3�
w�XegQgkSlL cOTR[]_OXe_ONkgQNkP>VYNkw�cOTWSlLONQw�XZVRS��JX ��XeTWS PRw�nOSULO^OgQNk\Ot | y y�K �O�uNkP+LOS��]SUgk[]c�SlL*����nONQw�n&w�Xe\ XZP>�
PRNkte\ XeTR_ON�VYTRXeTW{ cOTWSlLONQw�XZVRSlL []c�SlTYX VYNk[e\OP�VR[�PRndXeTWS VYnOS�PRXe`aS TRSUPR[]^OTWwlS@Nk\ VYnOS�PRXe`rS wU{xwlgQSe�
} []\mVYTYXZTW{bVY[ v y�K �3�d��N�VYn�y<y�K ��`a[]TRS VYnOXe\�[]\OSu[eh�VRnOSlPWS+cOTWSlLONQw�XZVRSlP�`rX�{@_3S���TW^OS NQ\�X
t]NQ�eSl\bTR^O\mVYNQ`rS�wU{xwlgQSe�OVYnq^OP�TWSlPR^HgQVYNQ\Ot�Nk\@TW^O\mVYNk`aS;wU[]\ � NQwUVYPU�<��nOSocOTR[xwlSUPRPR[eTIcHNkc�SlgkNQ\OS�` ^OPWV
_3S�`a[�LHNQjdSUL�VY[�LOS�VYSlw�V�Xe\OL TRSUwl[ �]SUTuhiTW[]` PW^Ow�n wl[]\ � NkwUVRPl� ;c�SlTRXZVYNQ[]\�PRw�nOSULO^OgQNk\Ot�NQP c3SUT>�
hi[]TR`aSlL�Nk\aXocOTR[e_dXe_ONQgkNkP>VYNQw�`rXe\O\OSUT�^OPRNQ\OtuXuwU[]`+_ONQ\dXZVYNQ[]\+[eh cOTRSULONkwlXZVYS�cHTR[ejdgQS�Nk\Hhi[]TW` X VYNk[e\
Xe\OL�cOTWSlLONQw�XZVRS+Xe\OXegQ{xPRNQP�XZNk`aSlL�XZV�`rX *�Nk`aN5/UNk\Ot+VRnOS _�Sl\HSUjOVRP;[eh�TWSlPR[e^OTRwUS PRnOXeTRNQ\Ot NQ\��xNkS��
[eh�VYnOS S1*�c3SUwUVRSlL LOSlteTRSlS [eh�wl[]\ � Nkw�V�� � {$XegQgk[ ��Nk\Ht�`a[]TRS � S2*HNQ_ONkgQNQVJ{ NQ\ TRSUPR[]^HTRwlS�PWndXeTWNk\Ot
VYndXe\ v y3K;�3� y<y3K;�btmXeNQ\OP�XeLOLHNQVYNQ[]\dXeg3c3SUTWhi[]TW` XZ\OwlSo[]\@TRSUPR[]^HTRwlS �JwU[]\OPWVRTYXeNQ\OSlL�Nk\OP>VYTW^OwUVRNk[]\
PRw�nOSULO^OgkSUPl�

KIh VYSlT cOTWSlLONQw�XZVRNk[]\andXeP S1*�c�[]PRSUL�PR^�-awlNQSl\mVsNQ\OPWVRTR^Ow�VYNQ[]\rgQSU�eSlg�cdXeTYXZgkgkSUgkNQPR`b�ZVYnHS9wU[]`rcHNkgkSUT
w�Xe\ VRnOSl\ PW^OwlwUSlPWPWhi^OgQgQ{rnONkLOS9[]c�SlTYX VYNk[e\rgkXZVYSU\OwlNQSlP _q{rS.-awUNkSl\mVRgQ{aPRw�nOSULO^OgQNk\Ot VRnOS�wU[�LHS9��nONQgkS
Sl\Hhi[]TWwlNQ\Ot VYnHS�TRSUPR[]^OTWwlS�wU[]\OPWVRTYXeNQ\mVYP [eh VRnOS�`rXew�nONQ\OS�Xe\HL VYnOS�LOSlc�Sl\OLHSl\OwUS wU[]\OP>VYTYXZNk\mVYP
Xe`r[e\OtaVRnOSu[]c3SUTYXZVRNk[]\HPl� � [ ��S��]SUTl� PWw�nOSlLH^OgkSUP;S1*�nONQ_ONQVRNk\Ot�nONQt]n�wU[]\OwU^OTRTWSl\Ow�{�teSl\OSUTYXegQgQ{�TWS��
PR^Og�V NQ\ nONQt]nOSUTuTWSlt]NQPWVRSlTuTRSlpq^ONQTRSU`rSU\qVRPl�@��Slt]NQPWVRSlTocOTRSUPRPW^OTRS NQP hi^OTWVRnOSlT�Xet]t]TRX��eX VYSlL _m{ VYnOS
h XewUV9VYndXZV;XeP�wUgk[xw��@TYXZVRSlP�NQ\OwlTWS�XePWSe�*cHNkc�SlgkNQ\OSlP�_�SlwU[]`rS�LOSlSUc3SUT Xe\OL�LOSlSUc3SUTl�*gQS�XeLONQ\Ot�VY[ NQ\��
wlTRSlXePRSUP�NQ\ Nk\OP>VYTR^HwUVYNQ[]\�gfX VYSl\HwlNkSUPl� � NkLONQ\Ot gQ[]\Ot]SUT;gfXZVRSl\OwUNkSUP TRSlpq^ONQTRSUPunHNkt]nOSUT;wl[e\Owl^OTWTRSU\OwU{
Xe\OL gQS�XeLHPoVR[�gQ[]\Ot]SUT TRSUt]NkP>VYSlTogQNQhiSUVRNk`aSlPI��nONkw�n NkPowl[]`ac�[]^O\OLOSUL ��N�VYn VYnOSanONQt]nOSlT wU[]\OwU^OT>�
TRSl\HwU{�XZ\OL gkSlXeLOP<VY[+`a[]TWS9[ �]SUTRgkXec _�SUVJ�ESlSl\@gQNQhiSUVRNk`aSlPU�]��nONkw�n�TWSlPR^HgQVYPENk\rNk\OwUTRS�XZPRSlL�TWSlt]NQPWVRSlT

�



cOTRSUPRPR^HTRSe�
��^Hw�n TWSlt]NQPWVYSUT cOTRSUPRPW^OTRSrXe\OL NQVRP TRSUgfXZVRSlL�cOTW[]_OgkSU`rPoXZTRS�TRSlXeLONQgQ{�XecOcdXeTWSl\mVo��nOSl\ ^OPWNk\Ot

PR[eh VJ��XeTRS�cHNkc�SlgkNQ\ONk\HtO� ��nHNkw�n NQ\OwlTWS�XePWSlP�XeTWw�nONQVRSlw�VYSlL�TWSlt]NQPWVRSlT cHTRSlPWPR^OTWS�_m{ [ �eSlTRgkXecOcONQ\Ot&X
\x^H`+_3SUT�[eh�PRNk` ^OgQVYXe\OSl[e^OPRg�{�gkN��]SoNk\OP>V�Xe\HwlSlP9[eh�gQ[�[]c��ZXeTWNfXe_OgQSlP�hiTR[e`�LON033SlTWSl\mV�N�VYSUTYXZVRNk[]\OP�[eh
VYnOS�[eTRNkteNk\dXeg�gQ[�[ec _�[�L�{]� �C[ XewUwl[]`a`r[xLdXZVRS�VYnOSUPRS�gk[x[]c �ZXeTRNkXe_OgkSUPl�sSlXew�n�[eh VRnOS�PRNQ`+^Og �
V�Xe\OSU[]^OPWgQ{�gQNQ�]S�Nk\OP>V�Xe\OwUSlP�\OSUSlLOPbNQVRP [ ��\ TRSlteNkPWVRSlTU� �d^OTWVRnOSlTW`r[]TWSe��S�XZw�n NQ\OPWVYXe\OwlS�` ^OPWV
_3S ^H\ONkpq^OSUgQ{ NkLOSU\mVYNQjOSlL | []T�\OXe`rSUL �oVR[�LON 3 SUTRSl\mVRNfXZVRS Xe`a[]\Ot�gkN��]SaNk\OP>V�Xe\OwUSlP hiTW[]`�LON 3 SUT>�
Sl\mV�[ �]SUTRgfXZcOc3SUL NQVRSlTRXZVYNQ[]\OPl��Xe\OL VR[ `rXZVYw�n VYnOS�LOSUjd\HNQVYNQ[]\OP�hiTR[]` VRnOS�wU^OTRTWSl\mV N�VYSlTRXZVYNQ[]\
��NQVYn@VYnHSlNkT�^OPWSlPINk\@hi^HVY^HTRSoNQVRSlTYX VYNk[e\OPl�<�s�E[ wl[e`r`a[]\@PRw�nOSU`rSUP9VRndXZVIPR^OcHc3[]T>V�VYnONQP�hi[eTR`�[eh
TRSlteNkPWVRSlT�XegkgQ[�wlXZVYNQ[]\�XZ\OL \dXZ`rNQ\Ot@XeTRSa`a[�LO^Hgk[ �ZXeTRNkXe_OgQS+S1*�cdXe\HPRNk[e\ | � ! � � � 0 � � ��Xe\OL VYnOS
TR[eVYXZVYNQ\OtrTWSlt]NQPWVRSlT�jdgkS | �I��� � �]� � � /�� ��K�P�[ec3SUTYXZVRNk[]\bgfXZVRSl\OwUNkSUPINQ\OwlTWS�XePWS+Xe\HL�`rXew�nONk\HSlPIt]SUV
��NkLOSUTl�<_3[ZVYn PRw�nOSU`rSUP�TRSlpq^ONQTRS�gkXeTRt]SrNk\OwUTRSlXePRSUPaNQ\$VYnOS�\q^O` _3SUT�[eh9XeTRw�nON�VYSUwUVYSUL TRSlteNkPWVRSlTWPl�
�J\ XZLOLONQVRNk[]\ � � !;� w�XZ^OPRSUPuNQ\OwlTWS�XePWSlP NQ\�VYnOS�wU[�LHS�PRN5/USe� ��SUPRNkLHSlPoNk\OwUTRSlXePRNQ\Ot VYnHS�PRN5/US�Xe\OL
wl[]`acOgkS2*�NQVJ{+[Zh VYnHSITWSlt]NQPWVRSlT�jdgQSe�qXeLOLHNk\Oto`a[]TRS�XeTWw�nONQVRSlw�VYSlLrTRSUt]NkP>VYSlTWP�VY[ VYnOS�NQ\OPWVRTR^Ow�VYNk[e\aPWSUV
XeTRw�nON�VYSUwUVY^HTRS | �>��K ��Nk\OwUTRSlXePRSUP9VYnHS \q^O`+_�SlT9[eh�_ON�VYPIc3SUT9NQ\OPWVRTR^Ow�VYNk[e\�VYnOXZV;XZTRSuTRSlpq^ONQTRSUL�hi[]T
TRSlteNkPWVRSlTsSU\Owl[xLONQ\OtO����nHNkw�n�w�XZ\@XegkPW[+Nk\OwUTRSlXePRS;VRnOS;wl[xLOS;PWN5/USe����nONQPsNk\OwUTRSlXePRS;gQS�XeLHP�VY[�gkXeTRt]SUT
Nk\OP>VYTR^HwUVYNQ[]\�hi[�[ZVYcOTWNk\mVYP�Xe\HL�`a[]TRS�w�Xew�nOSu`aNkPRPWSlPU� Xe\OL@VYnOSUTRSUhi[eTRSoLOSlwUTRSlXePRSUP�c�SlTWhi[eTR`rXe\OwlSZ�

��S��]SUTYXeg VYSUw�nO\ONQpx^HSlPIndX��]Su_3SUSl\bcOTR[]c�[]PWSlL@VY[aLOS�Xeg3��NQVYn@VYnHSoXeTRw�nON�VYSUwUVYSUL�TWSlt]NQPWVYSUT�cOTRSUP>�
PR^OTWS cHTR[]_OgQSl` Nk\�PR[Zh VJ�sXeTWS cONkc�SlgQNk\OSUL gk[x[]cOPU�(��Slt]NQPWVYSUT PRcHNkgkgQNk\Ot NkP�[]\HS�PR^Ow�n VYSUw�nO\ONkpq^OS
VYndXZV ndXePucOTR[ �eSlL$VY[�_3S��]SUTW{ S.33Slw�VYNQ�eS � / � � � ;VRnOSlT�XegQt][]TRN�VYnO`aP;VYT>{�VY[�Xew�nONkS��]SrPR[eh VJ��XeTRS
cONkc�SlgQNk\OSUL+PRw�nOSULO^OgQSlP���NQVRn+VYnOSsnHNkt]nOSUPWV�c�[]PWPRNk_HgkSsc�SlT>hi[]TR`rXe\OwUS�hi[]T�X;teNQ�]SU\�\q^O`+_�SlT�[eh TWSlt]NQP>�
VYSlTWP � � � � � 0 �~����^�VsVYnOS�` XeNQ\ cOTW[]_OgQSl` PWVYNQgkg�TRSU` XeNQ\OPl�Chi[]TsnONQt]nOg�{�wl[]\OwU^OTRTWSl\mV
!���� 	 �e�<y&� }
cOTR[xwlSUPRPR[eTRPl��c�SlT>hi[]TR`rXe\OwUS LOSUt]TYXZLdXZVYNQ[]\ LO^OS VR[�TRSUt]NkP>VYSUT�cOTWSlPWPR^OTWS�NkPuPWVYNQgkg�PWNkt]\ON�jdw�XZ\qV Xe\OL
wl[]^OgQL@_3S X��e[]NkLOSUL@NQh�XeLOLON�VYNQ[]\dXeg TRSUt]NkP>VYSUTRP�wl[e^OgkL�_�S cOTR[ �xNkLHSlL*�OcHTRSUhiSUTYXe_HgQ{ ��N�VYnO[e^HV�PRNQt]\ON�jH�
w�Xe\mVYg�{bNk\OwUTRS�XZPRNk\HtaVRnOS�w�{xwlgkSuVYNQ`rS ��nONQw�n��E[]^OgkL�LOSlteTYXeLOSuVYnOSuc�SlTWhi[eTR`rXe\OwlSuNk`acOTW[ �eSl`aSl\mV
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tmXeNk\HSlL@_m{�VYnOSUPRS�XeLOLON�VYNk[e\dXeg�TRSlteNkPWVRSlTWPl�
�C[ S13 SUwUVRNQ�]SUgQ{�LHS�Xeg ��NQVRn�VYnOS XeTRw�nHNQVYSUwUVRSlL�TRSlteNkPWVRSlT@cOTWSlPRPW^OTRS cOTR[e_OgkSU` Nk\ PR[Zh VJ�sXeTWS��

cONkc�SlgQNk\OSUL gQ[�[]cHPl�9VRnONkPbLONQPRPRSUTWVYXZVYNQ[]\ cOTR[]c�[]PWSlP�X ndXeTWLH��XeTRS �ZPR[eh VJ��XeTWS$`rSUw�ndXe\ONQPR` wlXegkgQSlL
�ISUt]NkP>VYSlT �;^OSU^OSlP | � �;PY������nONQw�n S13 SUwUVYN��]SUgQ{�PWSlcdXeTRXZVYSUPbVRnOS X �ZXeNQgfXe_HgkS�cHnq{xPWNkw�XZguTWSlt]NQPWVRSlT
PRcdXewUS�NQ\qVR[ XuPR`rXegkgHPRSUVE[eh XZTRw�nON�VYSlw�VYSUL TRSUt]NkP>VYSUTRPEXe\OL XogfXZTRt]SUT cHnq{xPWNkw�XZg�TWSlt]NQPWVRSlT PRcdXewUS9VRndXZV
NkPC[]TRtmXZ\ON5/USlL�XePCX9PRS�Vz[ZhOwlNQTRwU^OgfXeT pq^OSU^OSlPzXe\OL+XZwlwlSUPRPWSlL�Nk\HLONkTWSlwUVRgQ{e� ��nHSlTRSES�Xew�n�Sl\mVYNQTRS pq^OSl^OS
NkP�TRSUcOTRSUPRSl\mVRSlL�_m{ �W^OP>V9[e\OSuXeTRw�nON�VYSUwUVYSUL�TWSlt]NQPWVRSlTl� �IPRNk\Htr� � PU�dVYnOSowl[e`rcONQgkSUTsw�Xe\�XegQgk[xw�XZVRS
LONkP>VYNk\HwUV<cOnm{xPRNQw�XegdTWSlt]NQPWVYSUTRP�VR[uP>VY[]TWS�XegkgxVYnOS�gQNQ�eSs�eXZgk^OSUP�Nk\aX;PR[Zh VJ�sXeTWS�cONkc�SlgQNk\OSUL�gk[x[]c ��nONQgkS
`rNQ\ONk`aN5/UNk\Ot�VYnOS�cHTRSlPWPR^OTWS�cOgfXewUSlL []\ XeTWw�nONQVRSlwUVRSlL TRSUt]NkP>VYSUTRPl��K�Po[]c�SlTRXZVYNQ[]\�gfX VYSl\HwlNkSUP Xe\OL
cOTR[xwlSUPRPR[eTrwU[]\Owl^HTRTRSU\OwU{ Nk\HwlTRSlXePRSZ�s� �;P�w�XZ\ Sl\OXe_OgkS@S1-rwUNkSU\qVrPRw�nHSlLO^OgQSlP���NQVRn XegQ`r[ePWV�\O[
Nk\OwUTRS�XZPRSuNk\�SlN�VYnOSUTIXeTRw�nON�VYSUwUVYSUL�TWSlt]NQPWVRSlTRP�[]T�wU[�LHSuPWN5/USe�

��� � � �������	��
� ������� ������� � � ��� �

� B��OB�� A 5WF 57G��O5��! "�dB�#o5$� :��HB&%Z:�' :(�dB ?)��8;B�#+* =W5>F-,/.0�1 � ?�2

�C[�S2*�VRTYXew�V�Nk\HPWVYTW^OwUVRNk[]\�gkS��]SlgxcdXeTRXegkgQSlgQNkPR` `r[eTRS S.33SlwUVRNQ�eSlgQ{uNQ\�VYnHS�cOTWSlPRSU\OwlS�[Zhd_OTYXZ\Ow�nOSlP
Xe\OL TRSULO^OwlS�_HTYXe\Ow�n [ �]SUTRnOSlXeL*� cOTRSULONkwlXZVYSUL | wl[e\OLONQVRNk[]\OXeg �;S1*�SUwl^HVRNk[]\ NkP [eh VYSU\&Sl`acOgk[ {]SUL*�
	 NQVYn cOTRSULONkwlXZVYSUL S1*�SlwU^HVYNQ[]\*��[]c�SlTRXZVYNQ[]\OPrXeTRS�Xe^Ot]`aSl\mVRSlL ��NQVRn Xe\ XeLOLON�VYNk[e\dXeg ��[x[]gkSlXe\
[]c3SUTYXe\HLb�q\O[ ��\�XeP�VRnOS t]^dXeTWLONk\Ht+cOTRSULONkwlXZVYSZ� 	 nOSl\�VYnHS t]^dXeTWLONk\Ot cOTRSULONkwlXZVYS NQPs��TW^OSe��VYnOS
[]c3SUTYXZVRNk[]\@S2*HSUwl^HVRSlP9\O[]TR`rXegQgQ{]� } []\m�]SUTRPRSUgQ{e� ��nHSl\�N�V�NkP
� XegQPRSe��VYnOSo[]c�SlTRXZVYNQ[]\�NkP�\q^OgQgkNQjOSlL*�

��nO[e^Ot]nMt]SU\OSlTRXegkg�{ S.33SlwUVRNQ�eS&XZV�LHS�XegQNk\Ot ��NQVYn _OTYXe\Hw�nOSlPU� cOTWSlLONQw�XZVRSlLMS1*�SUwl^HVRNk[]\MNQ\��
wlTRSlXePRSUP VYnHS�[ �]SUTYXegQgITWSlPW[]^OTRwUS�TWSlpq^ONkTWSl`aSl\mVYPU� � [eTa_HTYXe\Ow�nHSlP VRndXZV XeTRSbNQhf� wl[]\m�]SUTWVRSlL NQ\ X
wl[xLOS�PWSlt]`aSl\mVl� VRnOSuTRSlPW[]^OTWwlSlPI[eh�VYnOS�35476 # XZ\OL86:9<;=6uwUgfXe^HPRSlP9XeTWSuwU[]\OPWSlTW�ZXZVRNQ�eSlgQ{bXZLOLOSlLbVY[
LOSUVRSlTR`aNk\HS�VYnHS�[ �]SUTYXegQg�TWSlPW[]^OTRwUS+TRSUpq^ONkTWSl`aSl\mVYPIhi[]TIVRnOS TWSlPW^OgQVYXe\mV�PWSlpq^OSl\HwlS�[eh�cHTRSlLHNkw�X VYSlL
[]c3SUTYXZVRNk[]\HPl� TRSUtmXeTRLHgkSlPWP�[eh���nOSUVRnOSlTIVYnOS�wl[]TWTRSUPRc�[]\OLONQ\Ot cOTWSlLONQw�XZVRS�NQP9�CTR^HS�[]T�� XegkPWSe�sK9P;X
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TRSlPW^OgQVl�OVY[�X��][eNkL@[ �]SlTWPYXZVR^OTYX VYNk[e\b[ZhCVRnOSocOTR[xwlSUPRPW[]T�TRSlPW[]^OTWwlSlP � 03/�� �dX�wl[]`acONQgkSlTE`+^OP>VIXecOcOg�{
NQhf�JwU[]\m�]SUTRPRNQ[]\bw�XeTWSUhi^OgQgQ{]�x��nONkw�nbcOTWSlwlgQ^OLOSUP�Xew�nHNkSU�xNQ\Ot�VYnOS hi^OgQg*c3[ZVYSl\mVRNfXeg*[ZhzcOTWSlLONQw�XZVRNk[]\ �

�C[ [ �eSlTWwl[]`aS VYnOS�cHTR[]_OgQSl`0[ehIPR^Oc�SlT � ^O[]^OPaTRSUPR[]^HTRwlS@^HVRNkgQN5/�X VYNk[e\ _m{&\q^OgQgkNQjOSlL$[]c�SlTRX �
VYNk[e\OPl�mX�VRSlw�nO\HNkpq^OS�TRS�hiSlTWTRSlL�VR[ XeP�LOS�VYSUTR`aNk\ONQPWVYNQw�cOTWSlLONQw�XZVRS��JX ��XeTWSsPRw�nOSULO^OgQNk\Ot | v y3K �H� � 7 � �
NkPucOTR[]c�[]PWSlL*�b��nOS `rXeNk\ NQ\OPRcONQTYXZVRNk[]\ _�SlnONQ\OL v y�K � NQPuVRndXZV+Xe\ []c�SlTRXZVYNQ[]\ ��NQVYn X�� XegQPRS
cOTRSULONkwlXZVYS [e\OgQ{ TRSUpx^HNkTRSUP VYnH[]PRS�TWSlPR[e^OTRwUSlP+VYnOXZV�NQV ^OPRSUP�_3S�VJ��SUSl\ hiSUVRw�nONk\Ot�VRnOS []c�SlTRXZVYNQ[]\
Xe\OL@LOSUVRSlTW`rNQ\ONk\Ot�VYndXZV�N�VYPscHTRSlLHNkw�X VYS;NQP�� XegkPWS | wlXegkgQSlL�`+^OP>VW� ^OPRS TWSlPR[e^OTRwUSlP�� �EK9gkg3TRSlPW[]^OTWwlSlP
VYndXZV;[�wUwl^OT9gfXZVRSlT�NQ\�VRnOS+cOTW[�wUSlPRPW[]T;cONQc3SUgkNQ\OS | w�XegQgkSUL�`rX {m� ^OPRS�TRSlPW[]^OTWwlSlPY�;XeTRS PR^Oc�SlT � ^O[]^OP
��nOSl\�XZPRPRNQt]\OSUL VY[ X \x^HgkgkN�jdSlL []c�SlTRXZVYNQ[]\ Xe\OL \OSlSUL \O[eVr_�SbwU[]`a`rN�VRVYSUL&VY[ VYndXZVa[]c�SlTRX �
VYNk[e\*����nOSuwlSU\mVYTYXZgCNQLOS�X�[eh v y3K �@NkP�VY[rXegQgk[ � VRnOS�XePRPWNkt]\O`aSl\mVI[ehzPRSU�eSlTRXeg�[ec3SUTYXZVRNk[]\OP�VR[ X
` X�{m�J^OPWS�TWSlPW[]^OTRwUS�NQ\�VYnOSoPYXZ`rSowU{xwUgkSe� ��nOSocOTW[�wUSlPRPW[]TIcONkc�SlgQNk\OS;S2*xVYSl\HPRNk[e\�hi[]T�PW^OcOc�[]TWVRNk\Ot
v y3K � TRSlXeLOPucOTRSULONkwlXZVYSUP Nk\ Xe\ S�XeTWgQ{�P>V�XeteS | _3S�hi[]TRS�`rX {m� ^OPRSaTRSUPR[]^OTWwlSUP�XeTRS�wU[]`r`aNQVWVYSUL �
Xe\OL@Nk`a`rSULONfX VYSlg�{�LONkPWw�XeTWLOPsVYnH[]PRS PWw�nOSlLO^HgkSlLb[]c�SlTRXZVYNQ[]\OP�VRndXZV�XeTWS t]^dXeTWLOSlL@^O\HLOSlT�X � XegQPRS
cOTRSULONkwlXZVYSZ�
� [ �ESU�eSlTU�sXeP+VRnOS���[]TWL �WLOSUVRSlTW`rNQ\ONkP>VYNkw � Nk`acOgQNkSlPU��LH{x\dXe`aNkw [ �eSlT7�JPR^H_OPRwUTRNkc�VYNk[e\ [Zh�TWS��

PR[]^OTWwlSUP�`+^HPWVu\O[eV VYXe�eS�cOgkXewlSZ�+��nq^OPl� VYnOS�wU[]`rcHNkgkSUT;`+^OP>Vot]^dXeTRXe\mVYSUS�VRndXZVo\O[�VJ�E[�[ec3SUT>�
XZVYNQ[]\OP;VYnOXZVuXeTRS�XZPRPRNQt]\OSUL VR[@VRnOS�PYXe`aS�TRSUPR[]^HTRwlSrXZV VRnOS�PYXe`aS�VYNQ`rS ��NQgkg�SU�]SUTondX��]S�VYnOSUNkT
cOTRSULONkwlXZVYSUP _�[eVRnaS��ZXegk^dX VYSsVY[o�CTR^OS�NQ\+VYnOS�PYXZ`rS�TW^O\mVYNk`aSsw�{�wUgkSZ����[ VYnHNkP�Sl\HL*�mVYnOS�wU[]`rcHNkgkSUT
^OPRSUP cOTWSlLONQw�XZVRS�XZ\dXegQ{xPWNkP � � 1 �sVR[ NQLOSl\mVYN�h {$LONQP �W[]NQ\mV�[]c�SlTYX VYNk[e\OPl� N~� Se� cdXeNQTRP�[eh9[]c�SlTRXZVYNQ[]\OP
��nO[]PRSacOTWSlLONQw�XZVRSlPow�Xe\ \OS��]SlTuSU�ZXegQ^dXZVRS+VY[@��TW^OSaXZV VYnHSaPRXe`aS+VYNk`aSe� K"PRSUVu[ehE[]c�SlTRXZVYNQ[]\OP
��NQVYnbLONQP �W[]NQ\qV�cHTRSlLHNkw�X VYSlPINkPIXegQgk[ �ESlL�VY[aTRSUPRSlT>�]SuVYnOSuPYXe`aSo` X�{m�J^HPRSuTRSlPW[]^OTWwlS�XZV�VYnOSuPYXe`aS
VYNk`aSe��XeP�VYnHS wl[e`rcONQgkSUT�t]^dXeTRXe\mVYSlSUP9VRndXZV�XZV�`a[]P>V9[e\OS [ehzVYnOSUPRS [ec3SUTYXZVRNk[]\OP���NQgkg _�S PRNQ`+^Og �
V�Xe\OSU[]^OPWgQ{@Xew�VYN��]SuXZV�TR^H\qVRNk`aSe�

��nOS [ �eSlTRXegkguS.33Slw�V�[eh v y3K;� NkP@VY[ ^HPRS$VYnHS cOTW[�wUSlPRPW[]T�TWSlPR[e^OTRwUSlP�`a[]TRS S.-awlNQSl\mVYg�{]�
VYnOSUTRSl_m{ NQ\OwlTWS�XePWNk\Ot&c�SlT>hi[]TR`rXe\OwUS���nOSl\�TRSUPR[]^HTRwlS wU[]\OPWVRTYXeNQ\mVYP@XeTWS X _�[eVWVYgkSU\OSlw�� �.��nONkP
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LONkPWPRSlT>V�XZVRNk[]\�LOSU�eSlgk[ecOPoXe\OL XecHcOgkNQSlP v y�K ��VR[ _3[ZVYn Xew�{�wUgkNQw+Xe\OL�w�{xwlgkNQw+wl[xLOS+TWSlt]NQ[]\OPU�;��[
XegkgQ[ ��`r[]TWS�TWSlPR[e^OTRwUSlP VY[ _3S�PRndXeTWSlL�_m{ cOTRSULONkwlXZVYSUL�[]c3SUTYXZVRNk[]\HPl�sVYnHS�cOTWSlLONQw�XZVRS�PRnO[e^OgkL
_3SbTRSlXeL XePaS�XZTRgQ{&XeP�c3[]PWPRNQ_OgkS@Nk\ VYnHS�cONQc3SUgkNQ\OSe� � [ �ESU�eSlTl��SlXeTRg�{&TRSlXeLONk\Ht NQ\OwlTWS�XePWSlP�VYnOS
gfXZVRSl\Ow�{ [eh�VRnOS cOTWSlLONQw�XZVRS��JLHSUjd\ONQ\Ot�[]c�SlTRXZVYNQ[]\ | VYnOS [ec3SUTYXZVRNk[]\ VYndXZV+PRSUVRP�X�cOTWSlLONQw�XZVRS hi[]T
hi^HVY^OTWS ^OPWS _m{ cHTRSlLHNkw�X VYSlL []c3SUTYXZVRNk[]\HP�����;^OTuPWVY^HLONkSUP+PRnO[ �'VYnOXZV�VRnOS w�{�wUgkNQwrTWSlt]NQ[]\OP�XeTRS
t]Sl\OSUTYXegQgQ{a`a[]TRS9TRSlPW[]^OTWwlS�� wl[]\HPWVYTRXeNk\HSlL VYnOXe\ VYnOS;XewU{xwlgQNkw9TRSlteNk[]\OPE[eh VYnHSo��SlLHNfX ��SU\Ow�n � 090��

XecOcOgQNkw�X VYNk[e\OP P>VY^OLONQSlL Nk\ VYnONQP LONkPWPRSUTWV�X VYNk[e\*�-��nOSlTWSUhi[]TWSe��NQ\OwlTWS�XePWNk\Ot$VRnOS�gfX VYSl\HwU{ [ehoVYnOS
cOTRSULONkwlXZVYS �JLOS�jd\ONk\Ht�[]c�SlTRXZVYNQ[]\ wlXe^OPWSlP+`aNk\ONQ` XZg�LOSUt]TYXZLdXZVYNQ[]\ LOSlt]TRXeLdXZVRNk[]\ Nk\ VYnOSac�SlTWhi[eT>�
` Xe\HwlS Nk`acOTW[ �eSl`aSl\mV�LOSUTRN��]SlL�hiTW[]` TWSlPW[]^OTRwUSoPRndXeTWNk\Ot�NQ\ PR[Zh VJ�sXeTWS cONkc�SlgQNk\OSUL gk[x[]cOPU� � [ �s�
SU�]SUTl�IVYnOS�XZwU{xwlgQNkw�TWSlt]NQ[]\OP�XZTRS�`a[]TWS�gfX VYSl\HwU{ _3[]^H\OL VYndXZ\ VYnOS�w�{xwlgkNQw�TWSlt]NQ[]\OPl� � Sl\OwUSe�
cOTRSULONkwlXZVYS �7X��sXZTRSuPRw�nOSULO^OgkNQ\OtaNkP�gkSUPRPIS.33Slw�VYNQ�eSuhi[eT�XewU{xwlgQNkw TWSlt]NQ[]\OP�VYndXZ\bhi[]T�w�{xwlgkNQwoTRSlteNk[]\OPU�
�J\OwlTWS�XePWNk\Ot VRnOSbgfXZVRSl\Ow�{ [ehoX cOTRSULONkwlXZVYS �JLOS�jd\ONk\Ht []c�SlTRXZVYNQ[]\ NQ\OwlTWS�XePWSlP�VYnOS�wlTWNQVYNQw�Xeg�cdXZVYn
gkSl\HteVYn���nONQw�n*�*X V PR[]`aS c�[]NQ\qV;XeP�gkXZVYSU\OwlNQSlP9_3SUwl[]`aS+nONQt]nOSlTU� _�SlwU[]`rSUP;`a[]TRS�wl[]\OP>VYTRXeNk\ONQ\Ot
VYndXe\ TRSUPR[]^OTWwlS�gkNk`aNQVYXZVYNQ[]\OP�Xe\OL VYnOSU\ _�Slt]NQ\OP�VY[ TRSlLH^OwlSbVYnOSb_3SU\OSUjHVYP [Zh;TRSUPR[]^HTRwlS�PRndXZT>�
Nk\Ot�LO^OS VR[acHTRSlLHNkw�X VYS��JX��sXeTWSoPRw�nOSULO^OgkNQ\OtO����nONQP�c3[]NQ\mV�t]Sl\HSlTYXZgkgQ{r[xwlwl^HTRP�S�XeTWgkNQSlT�hi[]T�XZwU{xwlgQNkw
TRSlteNk[]\OP�VRndXe\�hi[]T�wU{xwUgkNkwoTWSlt]NQ[]\OPl�
;^OTaS1*�c�SlTRNQ`rSU\mV�Xeg�PWVR^OLONQSlP PWnO[ ��VYndX V v y�K � XZw�nONkS��]SlP Xe\ X��]SUTYXeteS�[eh � ��� c�SlTWhi[eT>�

` Xe\HwlSaNk`acOTR[ �]SU`rSU\mV�[ �eSlT�Xegkg�cOTWSlLONQw�XZVRSlL wU{xwlgQNkw�TRSUt]Nk[e\OPl��Xe\OL Xb`a[]TWSa`a[xLOSlP>V ��� [ �]SlT
Xegkg cOTWSlLONQw�XZVRSlL�XZwU{xwlgQNkwuTRSlteNk[]\OPU�d��NQVYn�Xe\�[ �eSlTYXZgkgCX��]SlTRXet]S�c3SUTWhi[]TW` Xe\HwlSutmXeNk\@[eh�1 � ����nONkP
PRc�SlSlLH^Oc�XZPRPR^H`rSUP�VYndX Vs��nOSl\HSU�]SUTIX cOTRSULONkwlXZVYSUL�TRSUt]Nk[]\ | X TWSlt]NQ[]\ ��NQVRn�XZV�gkS�XZPWVs[e\OS;cOTWSlL��
Nkw�X VYSlLb[]c�SlTRXZVYNQ[]\ ��Xew�nHNkSU�eSlPIVYnOSoPYXZ`rSo[]Ts�E[]TRPWS�c�SlT>hi[]TR`rXe\OwUS ��NQVYn v y�K � VYndXe\@��NQVRn�VYnOS
[]TRNQt]Nk\dXZg�_dXePRSUgkNQ\OSrPWw�nOSlLH^OgkSUTl��VYnOSrTRSUt]Nk[]\ NkPuPRw�nOSULO^OgQSlL&��NQVRn VYnHS _dXePWSlgkNQ\OSaPRw�nOSULO^OgkSUT�Xe\OL
v y3K ��NkP�PRXeNkL�VR[rXZw�nONkS��]Su\O[ | []T ��� ��PRc�SlSULO^Oc�[ �eSlT�VYndX V9TWSlt]NQ[]\*�

;
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�C[;hi^OTWVRnOSlTzTRSlLH^OwlS�VYnHS�cOTR[]_HgkSl` [eh PW^Oc3SUT � ^H[]^OP<TRSUPR[]^OTWwlS�^HVRNkgQN5/�X VYNk[e\�_m{+\q^OgQgkN�jdSlL+[ec3SUT>�
XZVYNQ[]\OPl� VYnONQP�LHNkPRPWSlTRXZVYNQ[]\�cHTR[]c�[]PRSUPzcOTW[]_dXe_HNkgkNQPWVRNkw�cOTWSlLONQw�XZVRS��7X���XeTRS PRw�nHSlLO^OgQNk\Ot | y<y3K;�O��� 7 � � �
��nOSrwUSl\mVYTRXeg�NkLHS�X [eh�y<y3K ��� XeP Nk\ v y3K;�3�*NQP;VY[@XegQgk[ � [ �eSlT7�JPR^H_OPRwUTRNkc�VYNk[e\ [eh `rX�{q� ^OPRS�TWS��
PR[]^OTWwlSUPo��nHSlTRSUNk\ `+^Og�VYNQcOgkSo[]c�SlTRXZVYNQ[]\OP;XZTRS�XegQgk[ �ESlL�VY[ TRSlPWSlT>�]S�VYnOS+PRXe`aS+TRSUPR[]^OTWwlS�XZV�VYnOS
PYXe`aSrVRNk`aSe� � [ ��S��]SUTl� y<y3K � NQP+Xbt]Sl\OSUTYXegQN5/lXZVYNQ[]\ [Zh v y3K � Nk\ VRndXZV []c3SUTYXZVRNk[]\HP XeTWS Xeg �
gk[ ��SUL VY[ PRndXZTRS�X ` X�{m�J^HPRS�TWSlPW[]^OTRwUS�S��]Sl\ ��nHSl\ VRnOSU{ XeTRSb\O[eVrLONQP �W[]NQ\qVl��N � SZ��LH{x\dXe`aNkw
[ �eSlT7�JPR^H_OPRwUTRNkc�VYNk[e\ [ZhETWSlPW[]^OTRwUSlPuNkP�XegkgQ[ �ESlL�VR[ V�Xe�ZS�cOgfXZwlS+S��]Sl\ NQh�VJ�E[@[]T;`a[]TRS+TWSlPW[]^OTRwUS��
PRndXeTWNk\Ot []c�SlTRXZVYNQ[]\OP `rX�{ ndX��eS VRnOSlNQT�cOTRSULONkwlXZVYSUP�SU�ZXegQ^dXZVYS�VR[ ��TW^OS XZV@TR^H\qVRNk`aSe����nONkw�n
��[]^HgkL�TWSlPR^HgQV;NQ\�XaTRSlPW[]^OTWwlS+wU[]\ � NQwUV��I��nOS�cOTR[xwlSUPRPR[eT;cONkc�SlgQNk\OSoNQP9`a[�LHNQjdSULbVR[ LOSUVRSlw�V Xe\OL
TRSlwU[ �]SlTIhiTR[]` PR^Ow�n�wl[]\ � Nkw�VYP���nOSl\bVYnOS�{�[xwlwl^HTl�

�E{ XegkgQ[ ��Nk\Ot$wU[]\ � NQwUVRP VY[ [�wUwl^OTU�;y<y3K;��jO\OLOP�`rXe\m{ `a[]TRS�wU[]`+_ONQ\dXe_OgQS�[]c�SlTRXZVYNQ[]\OP
VYndXe\ v y�K �3�zy<y3K � VRTRNkSUP�VR[�SlP>VYNk`rXZVRS Xe\OL XZwlwl[e^O\mV+hi[]T wU[]\ � NQwUVRP+PR[�VRndXZV�N�V wlXe\&` X *HN �
`rN0/lS�VRnOSo_3SU\OSUjOVRP�[ehC[ �eSlTWPR^O_OPWwlTWNkcHVRNk[]\*�Ey�TRSULONkwlXZVYSUP�XeTRS cOTW[]_dXe_HNkgkNQPWVRNkw�XZgkgQ{�Xe\dXeg�{�/USlL@^OPWNk\Ot
X wU[]`+_ONQ\dXZVYNQ[]\&[eh9cOTRSULONkwlXZVYS@cOTW[ejdgQSbNQ\Hhi[]TW` XZVRNk[]\ Xe\OL cOTRSULONkwlXZVYSbXe\OXegQ{xPRNQP � � 1 �~� y�TR[ejOgkS
Nk\Hhi[]TW` X VYNk[e\rcOTW[ ��NQLOSlP�PWV�X VYNkP>VYNQwlP�[e\ VYnOS�S1*�c3SUwUVRSlL@\q^O`+_�SlTs[eh VRNk`aSlP VYndXZVsX cOTWSlLONQw�XZVRS���NkgQg
SU�ZXegk^OXZVYS VY[r��TW^OSe�sy<TWSlLONQw�XZVRSuXe\dXeg�{�PWNkP�wl[e`rcO^�VYSlPINk`acOgQNkw�X VYNk[e\ Xe\OL�LONkP �W[]Nk\mVR\OSlPWP9TWSlgfX VYNk[e\OP
Xe`r[e\Ot cOTWSlLONQw�XZVRSlP�VR[ NQLOSl\mVYN�h {���nOSl\ VJ�E[+[]TE`r[]TWS9cHTRSlLHNkw�X VYSlP�XeTRS9t]^dXeTRXe\mVYSUSlL VY[�wl[]\ � Nkw�V��
[]T9te^dXeTYXZ\qVRSlSUL�\O[eVIVY[rwl[]\ � Nkw�V���y�TR[e_dXe_ONQgkNkP>VYNQw Xe\dXeg�{xPRNkPU�d_dXePWSlL�[]\�cOTR[ZjdgkSoNk\�hi[]TR`rXZVYNQ[]\*��NkP
^OPRSUL@VR[ NQLOSl\mVYN�h {acOTR[ejHV�Xe_OgQS9[ecOc3[eTWVY^H\ONQVRNkSlP<hi[]TETRSlPW[]^OTWwlS;[ �]SUTRPW^O_OPRwUTRNQcHVYNQ[]\*�<��nOS;PWw�nOSlLO^HgkSlT
V�Xe�ZSlP;XZLH�ZXe\mV�Xet]Su[eh�VYnOSUPRS [ecOc3[eTWVY^H\ONQVRNkSlP���nOSU\�VRnOSU{bgkSlXeL@VY[rXaVYNQt]nmVYSUTIPWw�nOSlLH^OgkSu��NQVYnH[]^HV
Xe\�^O\OLH^OS+S1*�c�Slw�VYSlL wU[]\ � NQwUV;c�Sl\OXegQVJ{e��E{�XegQgk[ ��Nk\Ota`a[]TRS � S1*�NQ_ONkgQNQVJ{�NQ\�TRSUPR[]^OTWwlS+PWndXeTWNk\Ot
VYndXe\ v y�K �3�zy y�K �&Xew�nONQSU�eSlPaXe\ X��]SlTRXet]S�[eh �
	 � c�SlT>hi[]TR`rXe\OwUS Nk`acOTR[ �eSl`aSl\mV�[ �]SUT+VYnOS
cOTRSULONkwlXZVYSUL�wU{xwUgkNkwoTWSlt]NQ[]\OP�Xe\OL�1 � [ �eSlT9VRnOSocOTRSULONkwlXZVYSUL�XZwU{xwlgQNkwoTRSUt]Nk[]\HPl�O��NQVRnbXe\�[ �eSlTYXZgkg
c3SUTWhi[]TW` Xe\HwlSotmXeNQ\�[eh � � � �
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�C[�Nk\OwUTRSlXePRS+VRnOS+Nk\HPWVYTW^OwUVRNk[]\�gQSU�eSlgzcOXeTYXegQgkSUgkNkPW`�[eh X wU{xwUgkNkw TRSlteNk[]\*�3nONkten�c3SUTWhi[]TW` Xe\HwlS
wl[]`acONkgQSlTWPs^OPRSoPW[eh VJ�sXZTRSocONkc�SlgQNk\ONQ\Ot � 1�� ;H� �]� � 0 � � �q� � � 0��*VR[a[ �eSlTRgkXec@wl[]\HPRSlwU^HVYN��]SuNQVRSlTYX VYNk[e\OP
[ehdVYnOS�gk[x[]c*�z��[eh VJ��XeTRSscHNkc�SlgkNQ\ONk\HtIteSl\OSUTYXegQgQ{oTRSUPR^Og�VYP�NQ\+nONQt]nOSlT�c3SUTWhi[]TW` XZ\OwlSZ�e_O^HV�Nk\OwUTRS�XZPRSlL
XeTRw�nON�VYSUwUVYSUL TRSlteNkPWVRSlT;TWSlpq^ONQTRSl`aSl\mVRPuLH^OS VY[ VRnOS�gfXZTRt]S�\x^H`+_3SUT [eh<PRNQ`+^Og�V�Xe\OSU[]^OPWgQ{bgkN��]S+NQ\��
PWV�XZ\OwlSUP�[eh gk[x[]c��ZXeTWNfXe_HgkSlP hiTR[e` LHN033SlTRSU\mV�[ �]SUTRgfXZcOc3SUL�NQVRSlTYX VYNk[e\OP�[ZhdVYnOSs[eTRNkteNk\dXegmgQ[�[ec�_�[�L�{]�
��nOSlTWS9SlXew�n PW^Ow�nrNQ\OPWVYXe\OwUSITWSlpq^ONQTRSlP Xo^O\ONQpx^HSITWSlt]NQPWVRSlTl� �d^OTWVRnOSlTW`r[]TWSe�mSlXew�n NQ\OPWVYXe\OwlS�` ^OPWV
_3S ^O\HNkpq^OSlg�{ NQLOSl\mVRNQjdSUL | []T�\dXe`aSlL ��VY[�LON 3 SUTRSl\mVRNfXZVRS;Xe`a[]\Ot+gQNQ�eS�Nk\HPWV�XZ\OwlSUPshiTR[]`'LON 3 SUTRSl\mV
[ �eSlTWgfXecOc�SlL NQVRSlTRXZVYNQ[]\OP�Xe\HL VR[ ` XZVRw�n&VYnOS@LOS�jd\ONQVRNk[]\HP+hiTR[]` VYnOS�wU^OTRTWSl\mV N�VYSUTYXZVRNk[]\ ��N�VYn
VYnOSUNkT ^OPRSUPsNk\ahi^HVY^OTWS�N�VYSlTRXZVYNQ[]\OPU�z�s�E[+wl[]`a`a[]\rPWw�nOSl`aSlPsVRndXZVEPR^OcHc3[]T>VsTWSlt]NQPWVYSUT�XZgkgk[xw�X VYNk[e\
hi[]T<PR[eh VJ��XeTRS�cONQc3SUgkNQ\OSlL�gk[x[]cOP�XeTRS�`a[�LO^Hgk[;�ZXeTRNkXe_OgQSsS1*�cdXe\HPRNk[e\ | � ! � � � 0 � ��Xe\OL�VYnHS9TW[eV�XZV>�
Nk\OtuTRSUt]NkP>VYSlT�jdgQS | �I��� � �]� � � /�� ���<Xew�n [eh3VYnOSUPRSIPRw�nOSU`rSUP�NQ\OwlTWS�XePWSlP<VYnOS9XeTRw�nHNQVYSUwUVRSlL TWSlt]NQPWVRSlT
TRSlpq^ONQTRSU`rSU\qVRP�[eh�VYnOS�PW[eh VJ��XeTRS�cONQc3SUgkNQ\OSlL gk[x[]cOPl� �J\ XeLHLONQVRNk[]\*��� ! �.XegkPW[�Nk\OwUTRSlXePRSUP+VYnOS
wl[xLOSoPRN5/USe�dPW[]`rS�VYNQ`rSUP�px^HNQVYS LHTYXeP>VYNkwlXegkg�{]�

��nOSb� �;P�PRw�nHSl`aS � 7 � �scOTR[]c�[]PWSlL Nk\$VYnHNkP�LONQPRPRSUTWVYXZVYNQ[]\&Sl\dXZ_OgkSUPrX�LOSUwl[]^HcOgkNQ\Ot�[ehIVYnOS
VY[eVYXeg�TWSlt]NQPWVRSlTzPWcdXewUS�hi[]TzPW[eh VJ��XeTRSscHNkc�SlgkNQ\OSlLugk[x[]cOPCNk\mVR[;X�PW` XegQgqPRSUV�[eh XeTWw�nONQVRSlwUVRSlL�TWSlt]NQPWVYSUTRP
Xe\OL�XagfXeTWt]SlTIcOnm{xPRNkwlXegCTRSlteNkPWVRSlT9PRcdXewUS�VRndXZV;NQP9[eTRtmXe\HN5/lSUL�XeP�XrPWSUV;[Zh�wlNQTRwl^HgfXeTIpq^OSl^OSUP Xe\OL
XewlwUSlPRPWSlL NQ\OLONQTRSlw�VYg�{]����nOSlTWS�SlXew�n Sl\mVYNQTRS@pq^OSl^OSbNkP�TWSlcOTWSlPWSl\mVYSUL _m{ �W^OPWVa[]\OSbXeTWw�nONQVRSlw�VYSlL
TRSlteNkPWVRSlTU� ! XeTRNkXe_OgQSlP ��NQVYn�` ^OgQVRNkcOgQS PWNk`+^HgQV�XZ\OSl[]^HPRgQ{ugQNQ�]SENk\OP>V�Xe\HwlSlP<XZTRS�XePWPRNQt]\OSlL�VR[ X;pq^OSl^OS
��nONkw�n@nO[]gQLOPsXZgkg VYnOS;gQNQ�eS�Nk\HPWV�XZ\OwlSUP�[eh VYnOS�t]NQ�eSl\ �ZXeTRNkXe_OgQSe� � Sl\OwUSe� XegQg�VRnOSlPWS Nk\OP>V�Xe\HwlSlPsXeTRS
TRSlcHTRSlPWSl\mVYSUL�_m{bXaPWNk\Ot]gQSoXeTRw�nHNQVYSUwUVRSlL�TWSlt]NQPWVRSlTl� TRXZVYnOSUT�VYndXe\b^OPWNk\OtrXaPWSlcdXZTYXZVRS XeTWw�nONQVRSlw�VYSlL
TRSlteNkPWVRSlT�hi[]T�SlXew�n�gQNQ�eS Nk\OP>V�Xe\OwUSuXeP�NkP�LO[]\HSuNQ\@wl[]\m�]SU\mVYNk[e\dXeg PRw�nOSU`rSUPl� K�gQg*[eVYnHSlT��ZXeTRNkXe_OgkSUP
XeTRSuXePWPRNkte\OSlL@VY[�PRNQ\Ot]gQS Sl\mVYT>{@XeTRw�nHNQVYSUwUVRSlL�TWSlt]NQPWVRSlTRPU�

K9PrX \OS���Nk\OP>V�Xe\HwlS@[eh;SlXew�n ` ^OgQVRNkcOgQS gkN��]S�NQ\OPWVYXe\OwlS@�ZXeTRNkXe_OgQS NkP�LOS�jd\OSUL Nk\ S�XZw�n NQV>�
SlTYX VYNk[e\*�EVRnONkP�Nk\HPWV�XZ\OwlS@NkPaXe^�VY[]`rXZVYNQw�XegQgQ{ ��TRN�VRVRSl\ Nk\mVY[ VYnOSb\OS2*�Vrc�[]PRN�VYNk[e\ NQ\&VYnOSbpq^OSl^OS

� �



��NQVYnH[]^HV�[ �]SUTW��TWNQVYNQ\Ot�Xe\m{ cHTRSU�xNQ[]^OP�Nk\HPWV�XZ\OwlS;VRndXZV�NQPsPWVRNkgkg�gkN��]SZ����[�XZwlwlSUPRP�VYnHS wl[]TWTRSlw�V�gkN��]S
Nk\OP>V�Xe\OwUSe��VRnOS TRSUt]NkP>VYSUT pq^OSl^HSlP�XeTWS�XewlwUSlPWPRSlL NQ\OLONkTWSlw�VYgQ{e����nOS Nk\OLONQTRSUwUV�XZwlwlSUPRP�NQP XewUwl[]`��
cOgkNQPRnOSUL�VYnOTW[]^Ot]n�Xe\�XeTWw�nONQVRSlwUVRSlL�TWSlt]NQPWVRSlT�_m{�^OPRNQ\Ot�XaPRc�SlwlNkXeg������������
	INk\HPWVYTW^OwUVRNk[]\b��nONkw�n
wl[]\O\HSlwUVRPrVRnONkP�XeTWw�nONQVRSlw�VYSlL TRSUt]NkP>VYSUT+VY[ X PWc3SUwlN�jdSlL c3[ePRNQVRNk[]\ | [433PRSUV��+Nk\$VYnHSbpq^OSU^OSe� K�gQg
hi^HVY^OTWS�TWS�XeL XewUwlSlPWPRSUP VY[ VYnONQP�XeTRw�nHNQVYSUwUVRSlL TWSlt]NQPWVRSlTaXe^HVR[]` X VYNkwlXegkg�{ TRSlXeL VRnOS��eXZgk^OS�hiTR[e`
VYnONQPapq^OSU^OS�c�[]PWNQVYNQ[]\*�&��nOSbPRc�SlwUNQjdSUL c�[]PRN�VYNQ[]\&wl[]TWTRSUPRc�[]\OLOP�VY[ VYnOS@NQ\OPWVYXe\OwlSbLOS�jd\OSlL Nk\
VYnOS XZcOcOTR[ecOTRNkXZVYSIcOTRS��xNk[]^OPENQVRSlTYX VYNk[e\ �mVYnOS;TWSlt]^HgfXeTEXewlwUSlPWP�cdXZVRVRSlTW\ t]^dXeTRXe\mVYSUSlL�_m{aPR[eh VJ��XeTRS
cONkc�SlgQNk\ONQ\OtO� VY[]t]S�VYnOSUT���NQVRn�VYnOS+� �;P Nk`acOgkSU`rSU\qVYXZVYNQ[]\*� Sl\HPR^OTWSlP VYndX V;VYnOS�wU[]TRTWSlw�V;�ZXegk^OS NkP
XegQ��X�{�P�hi[]^O\HL�X VIVRndXZV�PWc3SUwlNQjOSlLbc3[]PWNQVRNk[]\*�

�E{�^OPRNQ\Ot�TRSUt]NkP>VYSUT px^HSl^OSUPl�ZVRnOS<XeTWw�nONQVRSlwUVRSlLuTRSUt]NkP>VYSlT TRSlpq^ONQTRSU`rSU\qVRP [eh�XsPR[eh VJ��XeTRS<cONQc3SUgkNQ\OSlL
gk[x[]c&XeTWS Nk\OLHSlc�Sl\OLOSU\mVr[Zh�VYnOS�\q^O`+_�SlT [ehI[ �eSlTWgfXecOc�SlL PWNk`+^Og�V�Xe\HSl[]^OPWgQ{ gkN��]SrNk\OP>V�Xe\OwUSlP�[eh
VYnOS gk[x[]c��eXZTRNfXZ_OgkSUPl�  ^HTbS2*�c3SUTRNk`aSl\mVYXegoTRSlPW^OgQVRP�PWnO[ ��VYndX VbVRnOS � �;P�`aSUVRnO[�L�PRNQt]\ON�jH�
w�Xe\mVYg�{ TRSULO^OwlSUP _�[eVYn�VRnOS XZTRw�nON�VYSlw�VYSUL TRSUt]NkP>VYSUTuTWSlpq^ONQTRSl`aSl\mVRP Xe\HL VRnOSrwU[�LHSaPWN5/USa[ZhsPR[Zh VW�
�sXeTWS�cONkc�SlgQNk\OSUL�gQ[�[]cHPl�#�I[eVYS nO[ ��S��]SlTU� VYndXZV9��nOSl\ XecHcOgkNQSlL�VR[ cOTWSlLONQw�XZVRSlL�wl[xLOS VRnOS�� �;P
`rS�VYnO[xL�LO[xSlP;TWSlpq^ONQTRS�XeLHLONQVRNk[]\dXZgCPW^OcOc�[]TWV�hi[]T�LONQPYXe` _ONkt]^OXZVYNQ[]\���nOSl\ PRS��]SUTYXeg�cHTRSlLHNkw�X VYSlL
cOTR[xLO^OwUSlTRPIPR^HcOcOgQ{ VYnOSoPYXZ`rSo^OPWSlTl�
;^OToPWVR^OLONQSlPuPRnO[ �(VRndXZVoVYnOSr� �;Po`rS�VYnO[xL w�Xe\ XegkPW[@_3S��]SUTW{ S.33Slw�VYN��]Sr��nHSl\ ^HPRSlL Nk\

wl[]\��W^H\OwUVRNk[]\ ��N�VYn v y3K;� Xe\OL y y�K �rPWw�nOSl`aSlPU�<K�cOcOgQNkwlXZVYNQ[]\�[eh*VYnHSlPRS9PRw�nOSULO^OgQNk\Ot+PWw�nOSl`aSlP
VY[ PR[Zh VJ�sXeTWSscONQc3SUgkNk\HSlL gQ[�[ecOP�NQ\OwlTWS�XePWSlP�VRnOS�XeTWw�nONQVRSlwUVRSlL�TWSlt]NQPWVYSUTzTWSlpq^ONkTWSl`aSl\mVYP�[ZhdVYnOSEgk[x[]cOP
TRSlgkXZVYN��]SuVY[rVRnOS+_dXZPRSlgQNk\OSuPR[Zh VJ�sXeTWS+cONQc3SUgkNk\HNk\Ot�PRw�nHSl`aS � � �;P�wlXe\�VRnOSl\�_�S ^OPWSlL�VR[ TRSULO^OwlS
VYnO[]PWS�TRSUpx^HNkTRSU`rSU\mVYPl� ��[]TWS�PRc�SlwUNQjdwlXegkg�{]��[]^HT+TRSUPR^Og�VYP�PRnH[ � VYnOXZV+hi[]T�X�t]NQ�eSl\ PRS�V�[eh�� �]�
gk[x[]cOP S1*xVRTYXew�VYSlL hiTR[]`�VYnOSr��SULONfX ��Sl\Ow�n XecOcOgQNkwlXZVYNQ[]\OPl� _q{ ^HPRNk\HtbTW[eV�X VYNk\Ht�TRSlteNkPWVRSlTWPo��N�VYn
[]\OgQ{ 0 � XeTRw�nHNQVYSUwUVRSlL TRSUt]NkP>VYSlTWPl� ;:1 � [eh�Xegkg�gk[x[]cOP;wlXe\ _3S�PWw�nOSlLO^HgkSlL ��NQVRn v y�K ��[]T�1 � �
��NQVYn�y<y3K;�3� � [ ��S��]SUTl� 	 	 � [ehCVYnHSlPRSugk[x[]cOPs�E[]^OgQL�TWSlpq^ONQTRSo\O[�`r[eTRS VYndXZ\-0 � XeTWw�nONQVRSlw�VYSlL
TRSlteNkPWVRSlTWPEN�h3VRnOSU{��ESlTWS�PRw�nHSlLO^OgQSlL _m{�^OPWNk\OtoVYnHS�� �;P PRw�nOSU`rS���NQVRnrSUNQVRnOSlT v y3K;�a[]T<y<y�K �3�
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��nONQPzLONQPRPWSlTWVYXZVYNQ[]\uNkPz[eTRtmXe\HN5/lSUL+XeP hi[]gQgk[ ��Pl� v SUVRSlTR`aNk\HNkPWVRNkw�cOTWSlLONQw�XZVRS��JX ��XeTWS�PRw�nHSlLO^OgQNk\Ot
NkP cHTRSlPWSl\mVYSUL Nk\ } nOXecHVYSUT � ��cOTR[]_OXe_ONkgQNkP>VYNkw�cHTRSlLHNkw�X VYS��JX��sXeTWS PRw�nHSlLO^OgQNk\Ot�NkPucOTRSUPRSl\mVRSlL Nk\
} ndXecHVRSlT 0H�HXe\OL VRnOS;TWSlt]NQPWVYSUT�pq^OSU^OSlPsVRSlw�nO\ONQpq^OS NkP LOSlPWwlTWNk_�SlL�Nk\ } ndXecHVRSlT � � } []\OwlgQ^OPRNQ[]\OP
XeTRSocOTWSlPRSU\mVYSlL�Nk\ } nOXecHVYSUT�7x�
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!#� � 	 cOTW[�wUSlPWPR[]TWPaTWSlg�{ [e\ Xe\&Nk\mVYSUgkgQNkt]SU\qV�wl[e`rcONQgkSUTuhi[]T�S1*xVYTRXewUVRNk\OtH��Sl\OndXZ\OwlNQ\OtO�<Xe\OL
S1*�c3[ePRNk\Ht&PR^�-awlNQSl\mV@Nk\HPWVYTW^OwUVRNk[]\x�JgkS��]SUg9cdXZTYXegQgkSlgQNkPW` | ��� y �aVY[ LOSlgQNQ�]SUT nONQt]n c�SlTWhi[eTR`rXe\OwlSZ�
��[�S2*xVYTYXZwUV ���CyM`a[]TRS�S13 SUwUVYN��]SUgQ{ Nk\ VYnOSrcOTRSUPRSU\OwlS [Zh�_OTYXZ\Ow�nOSlP Xe\OL$TWSlLO^HwlSrVRnOS _HTYXe\Ow�n
[ �eSlTWnOS�XeL �ucHTRSlLHNkw�X VYSlL | wU[]\OLON�VYNk[e\dXeg �aS1*�SlwU^HVYNQ[]\ NQP�[eh VYSU\ Sl`acOgQ[ {eSlL*� 	 NQVRn cHTRSlLHNkw�X VYSlL
S1*�SlwU^HVYNQ[]\*� []c�SlTRXZVYNQ[]\OP XeTWS�Xe^Ote`rSU\qVRSlL���N�VYn Xe\ XeLHLONQVRNk[]\dXZg ��[x[]gQS�Xe\�[]c3SUTYXe\HL �q\O[ ��\ XeP
X@te^dXeTRLHNk\Ot cHTRSlLHNkw�X VYSe� 	 nOSl\�VYnHS�t]^dXeTWLONk\Ot�cHTRSlLHNkw�X VYS�NkP���TW^OSe�*VRnOS�[]c3SUTYXZVRNk[]\�S1*�SlwU^HVYSUP
\O[]TR`rXegQgQ{]� } []\m�eSlTRPWSlg�{]�e��nOSU\�NQVCNkP�� XegQPRSe� VYnHS�[]c�SlTRXZVYNQ[]\oNkPC\x^HgkgkN�jdSlL ��y�TWSlLONQw�XZVRSlL+S2*HSUwl^HVRNk[]\
w�Xe\ _�S�S1*�cOgk[eNQVYSUL�_m{�wl[]`acONQgkSlTWP9VRndXZV ^OPWS�NQhf�JwU[]\m�]SUTRPRNQ[]\�VY[�wU[]\m�]SUTWV�_OTYXe\Hw�nONk\Ot�wU[�LHS�Nk\mVY[
PWVYTRXeNktenqV>�JgQNk\OSaPRSUt]`rSU\mVYP�[eh�cOTWSlLONQw�XZVRSlL&[]c�SlTRXZVYNQ[]\OP � 0H� �m� � ��K�P�X�TWSlPW^OgQVl��` Xe\m{ _OTYXZ\Ow�nOSlP
Xe\OL@VYnOSoLON -rwU^OgQVRNkSUP�XePRPW[�wUNfXZVRSlL���NQVRn@VRnOSl`�wlXe\b_3S SUgkNk`aNk\OXZVYSUL*�

��nO[e^Ot]n t]Sl\HSlTYXZgkgQ{�S.33Slw�VYNQ�eSaXZV LOSlXegkNQ\Ot ��NQVRn _HTYXe\Ow�nHSlPl�CcOTWSlLONQw�XZVRSlL S1*�SlwU^HVYNQ[]\ Nk\mVYTW[Z�
LO^OwlSUP�X�PWSlTWNk[]^OP�[ �]SlTWnOS�XZL&[eh�NQVRPo[ ��\ ��y�TRSULONkwlXZVYSUL$S1*�SUwl^HVRNk[]\ VRTYXeLHSlP [ 3 PWSlpq^OSU\qVRNfXeg S1*q�
Slwl^�VYNk[e\ [eh�wl[]\OLHNQVYNQ[]\dXegz[]c3SUTYXZVRNk[]\HP;hi[]ToNk\OwUTRS�XZPRSlL TRSUPR[]^OTWwlSrTRSlpq^ONQTRSU`rSU\qVRPl�(� hf� wl[]\m�eSlTRPWNk[]\
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NkPbXeLOLON�VYN��]S���NQVRn TRSlPWc3SUwUVbVY[ TRSUPR[]^HTRwlSUP�XewUTR[]PWP@_OTYXe\Hw�nOSlP@VY[ ��nONkw�n�NQV NkPbXecOcOgQNkSUL*� �d[]T
_OTYXe\Hw�nOSlP VYndXZV XZTRS�NQhf� wl[]\m�eSlTWVRSlL*�qVYnHS�TRSlPW[]^OTWwlSlPE[eh�VYnOS+3 476 #�Xe\OL�6:9<;=6�wlgkXe^OPWSlP XeTRSIXeLHLOSlL�VY[
LOSUVRSlTR`aNk\HS�VYnHS�[ �]SUTYXegQg�TWSlPW[]^OTRwUS+TRSUpq^ONkTWSl`aSl\mVYPIhi[]TIVRnOS TWSlPW^OgQVYXe\mV�PWSlpq^OSl\HwlS�[eh�cHTRSlLHNkw�X VYSlL
[]c3SUTYXZVRNk[]\HPl�&�J\mVY^ON�VYN��]Slg�{rVRnONkP�`rXe�ZSlP�PRSU\OPRSZ� PRNk\HwlS;VY[�TWSl`a[ �eSoX�_OTYXe\Hw�nb_�[eVRnbwUgfXe^HPRSlP�` ^OPWV
_3S+PWw�nOSlLH^OgkSUL*� ��NQVRn�VYnHS�XecOcOTW[]cOTWNfXZVRS�[]\HS+\q^OgkgQNQjdSUL�XZV9TR^O\mVRNk`aSe��K9P X TWSlPR^HgQV��3X wU[]`rcHNkgkSUT
`+^OPWV;XecOcOg�{@NQhf� wl[]\m�]SUTRPWNk[]\�w�XeTWSUhi^OgQgQ{�VY[ X��][]NQL�[ �]SlTWPYXZVR^OTYX VYNk[e\�[eh�VRnOS cHTR[xwlSlPWPR[]T�TRSlPW[]^OTWwlSlP
� 03/ �~�
} []`acONQgkS��~VYNQ`rS XePRPWNkt]\O`aSl\mVa[eh�TRSlPW[]^OTWwlSlP | SZ� tO���EhiS�VYw�n PWgk[eVRPl�ETRSlteNkPWVRSlT�c�[]TWVRPl�Ehi^H\OwUVRNk[]\

^O\ONQVRPl��`rSU`r[]T>{�c�[]TWVRP���VY[�cOTRSULONkwlXZVYSUL []c�SlTRXZVYNQ[]\OP NkPoVYTRXeLON�VYNk[e\dXegkg�{bndXe\OLOgQSlL Nk\ X�wU[]\OPRSUT>�
�eX VYNQ�eS `rXe\O\OSUTl�b��nOS wl[e`rcONQgkSUT XePWPR^O`aSlP�VYndXZV+Xe\m{ cOTRSULONkwlXZVYS `rX�{ SU�ZXegk^OXZVYS�VY[��CTR^HS�XZV
TR^O\mVYNQ`rS Xe\OL�XewlwU[]TRLONQ\Ot]g�{@Sl\OPW^OTRSUP;VYndXZV�XegQgCTWSlPW[]^OTRwUSlP TWSlpq^ONkTWSlL�_m{�Xe\�[ec3SUTYXZVRNk[]\�XeTRS�^O\��
wl[]\OLHNQVYNQ[]\dXegQgQ{ X��eXZNkgfXZ_OgkSZ� � [ ��S��]SlTU�3VRnONkPINkP�\O[eVI\OSUwlSUPRPYXZTW{]��KsV9TR^O\mVRNk`aSe� Xe\b[]c�SlTYX VYNk[e\�TWS��
px^HNkTRSUP�TRSUPR[]^OTWwlSUPI[e\OgQ{a��nOSl\@N�VYPscOTWSlLONQw�XZVRS SU�ZXegQ^dXZVYSUP�VY[��CTR^HS �dXe\�[ec3SUTYXZVRNk[]\ ��N�VYn@X � XegQPRS
cOTRSULONkwlXZVYS@[]\Og�{&TRSUpq^ONkTWSlPaX PW^O_OPWSUVr[eh;N�VYP�TRSUPR[]^HTRwlSUPl�)�J\ cdXZTWVYNQwl^OgkXeTl�<[]\HgQ{ VRnOSbTRSlPW[]^OTWwlSlP
^OPRSUL _�SUVJ�ESlSl\ hiSUVRw�nONk\Ot VRnOS�[]c�SlTYX VYNk[e\�Xe\OL LOS�VYSlTW`rNQ\ONk\Ht VYndXZV;NQVYP cHTRSlLHNkw�X VYS�NkP#��XZgkPRS+XeTRS
\OSlwUSlPRPRXeTW{e��K9gkg*gkXZVYSUT�TRSlPW[]^OTWwlSlP9XePWPRNkte\OSlL@VY[aX�\q^OgkgQNQjdSULb[ec3SUTYXZVRNk[]\@XeTWSoPR^Oc�SlT � ^O[]^OPU�
�d[]TuX�cHTRSlLHNkw�X VYSlL XeTRw�nHNQVYSUwUVR^OTRSZ�zcOTW[�wUSlPRPW[]T TWSlPW[]^OTRwUSlP+wlXe\ _�Sa_OTR[]�ZSl\$LH[ ��\ Nk\mVY[@VJ��[

w�XZVRSlt][]TWNkSUPl�I`+^OPWV>�J^OPWS�Xe\OL�`rX�{m�J^OPWSe� K(`+^HPWVW� ^OPRS TRSlPW[]^OTWwlS�NkP9TRSUpx^HNkTRSUL _q{�Xe\�[]c�SlTRXZVYNQ[]\
TRSlt]XeTRLOgQSlPWPb[Zh�N�VYP�TW^O\mVYNk`aS�cOTWSlLONQw�XZVRS��ZXegk^OSZ� } []\m�eSlTRPWSlg�{]� X&`rX {m� ^OPRS�TWSlPR[e^OTRwUS NQP []\Og�{
TRSlpq^ONQTRSUL hi[]T VYnO[ePRS NQ\OPWVYXe\OwUSlPu[eh�VRnOS []c�SlTRXZVYNQ[]\���nOSlTWS N�VYPocOTRSULONkwlXZVYSaSU�ZXegQ^dXZVRSlPoVY[��CTR^HSe�
��nOS�wlgkXePRPWNQjdwlXZVYNQ[]\�[eh<TWSlPW[]^OTRwUSlP NQ\qVR[ VYnHSlPRS+VJ�E[�w�X VYSlte[]TRNQSlP�NQP�_dXZPRSlL�[e\�VYnOS+c�[]NQ\qV9Nk\�VYnOS
cOTR[xwlSUPRPR[eT cONkc�SlgQNk\OS���nOSUTRS�[]c3SUTYXZVRNk[]\HPa��N�VYn � XegQPRSbcOTRSULONkwlXZVYSUP XeTWS�\q^OgQgkN�jdSlL*� ��SlPW[]^OTWwlSlP
_3S�hi[]TRS+VRnOS+\q^OgkgQNQjdwlXZVYNQ[]\�c�[]NQ\qV;XeTRS `+^OPWV>�J^OPWS � VYnH[]PRS�XZh VRSlT XZTRS+`rX�{q� ^OPRSZ�oK
hi^O\OLdXZ`rSU\qVYXeg
LOSlPWNkt]\ VRTYXeLHSl[43 S1*�NkP>VYPu��NQVYn TRSlPWc3SUwUV+VR[���nOSUTRS VRnOS \q^OgQgkN�jdw�XZVRNk[]\ c�[]Nk\mV�NkPucOgfXZwlSlL ��NQVYnHNk\
VYnOS�cOTR[xwlSUPRPR[eT cONQc3SUgkNk\HSe��\q^OgQgkN�jdw�XZVRNk[]\&gkXZVYSUTrNQ\ VRnOS�cHNkc�SlgkNQ\OS�TRSULO^OwUSlP VYnHS�gkXZVYSU\OwU{ hiTR[e`

� �



cOTRSULONkwlXZVYSbwl[]`acO^HVYXZVYNQ[]\OP+VR[ ^HPRSlPr[ehIVYnO[]PWS�cHTRSlLHNkw�X VYSlPU�E��nOSUTRSlXeP \q^OgQgkNQjOw�XZVRNk[]\$SlXeTRgQNkSUT+Nk\
VYnOSucONkc�SlgQNk\OS9`rNQ\ONk`aN5/USlP VYnOSo\q^O`+_�SlT�[eh�`+^OP>VW�J^HPRSoTRSUPR[]^OTWwlSUPl�

�C[ [ �eSlTWwl[]`aS VYnOS�cHTR[]_OgQSl`0[ehIPR^Oc�SlT � ^O[]^OPaTRSUPR[]^HTRwlS@^HVRNkgQN5/�X VYNk[e\ _m{&\q^OgQgkNQjOSlL$[]c�SlTRX �
VYNk[e\OPl�x��S cOTW[]c�[]PRS X VRSlw�nO\HNkpq^OS TRS�hiSlTWTRSlL VR[�XePsLOS�VYSUTR`aNk\ONQPWVYNQw9cHTRSlLHNkw�X VYS��JX��sXeTWS;PRw�nHSlLO^OgQNk\Ot
| v y3K;�O������nHS�wUSl\mVYTRXeg�NkLOSlX�[eh v y�K �&NkP+VR[ XegQgk[ � PWVYXZVYNQw�[ �eSlT7�JPR^H_OPRwUTRNkc�VYNk[e\ [eh9`rX {m� ^OPRS
TRSlPW[]^OTWwlSlPs��nHSlTRSUNk\r`+^OgQVRNkcOgQS�[]c�SlTYX VYNk[e\OP�XZTRS9XegkgQ[ �ESlL�VY[�TRSUPRSlT>�]S;VRnOS9PRXe`aS9TWSlPR[e^OTRwUS XZV VYnOS
PYXe`aS�VYNQ`rSZ� � [ �ESU�eSlTl��XePEVYnOS��E[]TWL � LOSUVRSlTR`aNk\HNkPWVRNkw � Nk`acOgQNkSlPU�qLH{x\dXe`aNkw�[ �eSlT>� PR^O_HPRwlTWNkcHVRNk[]\
[eh TRSUPR[]^OTWwlSUPs`+^OP>Vs\O[eVEV�Xe�ZS;cOgkXewlSZ����nq^OPl�HVRnOS�wU[]`acONkgQSlT<`+^OP>Vst]^dXZTYXe\mVYSUS9VRndXZVs\H[ VJ��[ []c��
SlTYX VYNk[e\OPsVYndX VIXeTRSoXePWPRNQt]\OSlL�VR[+VYnOSoPYXZ`rS;TWSlPW[]^OTRwUS X VsVYnOSoPRXe`rS9VYNk`aS���NQgkg�SU�]SUT9nOX �eS VYnOSUNkT
cOTRSULONkwlXZVYSUPE_�[eVYnaSU�ZXegQ^dXZVRS�VR[o��TW^OS9NQ\aVRnOS�PYXe`aS�TR^O\mVRNk`aS�wU{xwlgQSe�&�J\ } ndXec�VYSlT 0ocOTR[]_OXe_ONkgQNkP7�
VYNkw�cOTRSULONkwlXZVYS �7X��sXZTRSsPWw�nOSlLO^HgkNk\Ht | y<y3K;�O��NkP�Nk\mVYTW[�LH^OwlSUL+��nONkw�n�TWSlgfX *HSUPzVYnHNkP�wU[]\OPWVRTYXeNQ\mV�Xe\OL
VYnOSUTRSUhi[eTRSI\OSlSULOPEVR[�SU`rcOgQ[ {�XuTWSlwU[ �eSlT>{aVRSlw�nO\HNkpq^OS9��nHSl\OS��]SlT VYnOSInO[]c�SUhi^HgkgQ{ ^O\OgQNk�eSUgQ{�S��]SU\qV
[eh<LH{x\dXe`aNkw�[ �eSlTWPR^O_OPWwlTWNkcHVRNk[]\�[xwlwU^OTRPU� v y3K;��Xe\OL�y<y3K;��XeTRS�wl[]gQgkSUwUVYN��]SUgQ{@TRS�hiSlTWTRSlL�VR[�XeP
cOTRSULONkwlXZVYS �7X��sXZTRS+PWw�nOSlLO^HgkNk\Ht | y�K �O� �3��nOS�[ �]SlTRXegkgCS.33Slw�V [eh v y�K ��NQPIVR[ NQ\OwlTWS�XePWS VYnOS�^HVYN �
gkN5/lXZVYNQ[]\+[eh ` X�{m�J^HPRS�TRSUPR[]^OTWwlSUPl�qVYnOSUTRSl_m{�NQ\OwlTWS�XePWNk\OtocOTW[�wUSlPRPW[]T c3SUTWhi[]TW` Xe\HwlSe��K PRSlwU[]\OLdXZTW{
_3SU\OSUjOV�NkP<VYndX V ��N�VYnrTRSlgkX *�SlLrTRSlPW[]^OTWwlS�wU[]\OP>VYTYXZNk\mVYPU��`a[]TRSIXetet]TRSUPRPRN��]S9NQhf�JwU[]\m�]SUTRPRNQ[]\aw�Xe\r_3S
XecOcOgQNkSlL�VR[aS2*xVYTYXZwUV�hi^OTWVRnOSlT�_�Sl\OS�jOVIhiTR[]` _OTYXe\Hw�n�SlgQNk`aNk\dX VYNk[e\*�
�J\ [eTRLOSUT VR[+XewUwl[]`acOgkNQPRnacOTRSULONkwlXZVYS �7X���XeTRS9PRw�nOSULO^OgkNQ\OtO�xcOTRSULONkwlXZVYS�Xe\dXeg�{xPRNkP<NQPESU`rcOgQ[ {]SlL

Nk\oVYnOS<TRSUPR[]^HTRwlS TRSUPRSUTW�ZXZVYNQ[]\ucOTR[xwlSUPRPl����c3SUwlN�jdw�XegQgQ{e� TRSlgkXZVYNQ[]\dXegZcOTR[ec3SUTWVYNQSlPCXe`a[]\Ot�VYnHS cHTRSlLHN��
w�XZVRSlPz^HPRSlL�Nk\�XIcHTR[]t]TRXe`�PWSlt]`aSl\mVzXeTRS LOSlTWNQ�eSlL � � 1�� 03/H� � 	�� ����nOS `a[]PWVCNk`ac�[]TWVYXe\mV cOTR[]c�SlT>VJ{
hi[]T<XecOcOgQNkwlXe_ONkgQNQVJ{o[eh3LOcdXZP NQP�LONkP �W[]Nk\mVR\OSlPWPl�m��nOSlTWSlNQ\�VJ�E[ucOTRSULONkwlXZVYSUPEXZTRS�LONkP �W[]Nk\mV�N�h VYnOS�{�w�Xe\
\OSU�eSlT�S��eXZgk^dXZVRS VR[��CTR^OS�XZVCVYnOSEPYXe`aS VRNk`aSe���d[]TCNk\OP>V�Xe\OwUSENQ\+Xe\�� ,�� 35476 # � 6:9<;=6 P>V�XZVRSl`aSl\mV��ZVYnOS
cOTRSULONkwlXZVYSUP�wl[e\qVRTR[]gQgkNQ\Ot+VYnOS�3 476 # Xe\OL 6:9<;=6�wUgfXe^OPWSlP9XeTRSoLONQP �W[]NQ\mV����x^Ow�n�cOTWSlLONQw�XZVRS XZ\dXegQ{xPWNkP
NkP<XegQTRS�XZLH{ ^HPRSlL�S2*�VRSl\OPWNQ�eSlgQ{+Nk\�wl[e`rcONQgkSUTRP�VR[oXePRPWNkP>V���NQVYn�LOXZV�X � [ � Xe\dXZgQ{xPRNQPl�][]c�VYNk`aN5/lXZVYNQ[]\*�
Xe\OL�TWSlt]NQPWVYSUT�XZgkgk[xw�X VYNk[e\�[eh�cOTWSlLONQw�XZVRSlL�wU[�LOS � � �]� �e� �~��K PRSUV�[eh�[]c�SlTRXZVYNQ[]\OP���NQVRn�cdXeNQTW��NQPRS
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LONkP �W[]Nk\mV�cOTWSlLONQw�XZVRSlPINkP�XegQgk[ ��SUL�VY[aTRSlPWSlT>�]S+X�wU[]`r`a[]\@TRSUPR[]^HTRwlS �dVYnOSuwl[]`acONQgkSlT 4 P�cOTRSULONkwlXZVYS
Xe\dXeg�{�PWNkPCndXePCt]^dXeTRXe\mVYSUSlL VRndXZV�Nk\+XZ\q{oL�{�\OXe`rNQwENQ\OPWVYXe\OwUSE[ehHVYnONQP�PWSUV�[ZhO[]c�SlTRXZVYNQ[]\OPl�ZXZV�`r[ePWV
[]\OSo[ehCVYnOSUPRSu[]c3SUTYXZVRNk[]\HPs��Nkgkg3_3SuXew�VYN��]Se�dN � SZ�<XZV�`a[]PWV�[]\HSo��NQgkg3ndX��]S�X��CTR^HS�cOTWSlLONQw�XZVRSe�
;\OSu[]_m�xNk[]^OPIXeg�VYSUTR\dXZVRNQ�eSoVR[ v y�K ��NkP�VY[aPRNQ`rcHgQ{ _H^ONkgQL�X���NkLHSlT�cOTR[xwlSUPRPW[]TI��N�VYnb`r[eTRS

TRSlPW[]^OTWwlSlPU� 	 nOSl\�VYnHS�\q^O`+_�SlT [ZhoTRSlPW[]^OTWwlSlP�NQP PW^�-awlNkSU\mVYgQ{ gfXZTRt]SZ�sVYnOS�cHTR[]_OgQSl` [ehoTWS��
PR[]^OTWwlS;wU[]\mVYSU\qVRNk[]\ t][�SUP�X���X�{]� � [ �ESU�]SUTl�HVRnONkP PR[egk^HVRNk[]\a` X�{andX��]S�X nONQt]nrwU[]PWV �OXeLHLONQVRNk[]\dXZg
hi^O\OwUVRNk[]\ ^O\ONQVRPl��TRSlteNkPWVRSlTujdgkSac3[eTWVYPU��_O^OPWPRSUPl�<_m{�cOXePRP+gQ[]t]NQwe�CSUVYwZ��`rX�{ _3Sr\OSlwUSlPRPRXeTW{e� �d[]T
SlNQVRnOSlT�wU[]PWV>�JPWSl\OPWNQVYN��]So[]T�c�[ ��SUT>�JPWSl\OPWNQVRNQ�]SoSU\q�xNQTR[]\O`aSl\mVRPl�OVYnHNkPswU[]PWVI`rX {r_�Su^H\dXewlwUSlcHVYXe_OgQSe�
v y3K � [ 3 SUTRP�Xe\$XecOcOTW[mXew�n$VY[�Nk\OwUTRS�XZPRS VRnOS ^HVRNkgkN0/�XZVRNk[]\ [eh�S2*�NkPWVRNk\Ot�cOTR[xwlSUPRPR[eT�TRSlPW[]^OTWwlSlP
Xe\OL�VYnOSUTRS�hi[]TRS+NQ\OwlTWS�XePWS�XecOcOgQNkwlXZVYNQ[]\�c�SlT>hi[]TR`rXe\OwUS ��NQVRn Xrj�*�SlL � []T;`a[]TRS�`r[xLOSlP>V��*PWSUVo[eh
TRSlPW[]^OTWwlSlPU�
�d[]T VYnHNkPuw�ndXecHVRSlTl����SrcOTRSUPRSl\mV+VRnOSa\OSlwUSlPRPRXeTW{ wl[]`acONQgkSlToXZ\OL$XeTWw�nONQVRSlw�VY^OTWS S1*xVRSl\OPWNk[]\OP

VY[uXewlwU[]`a`r[xLdXZVRSs_3[ZVYn�LOSUVRSlTW`rNQ\ONkP>VYNkw�cOTRSULONkwlXZVYS �7X��sXZTRS�Xew�{�wUgkNQw�PRw�nOSULO^OgkNQ\OtuXe\OLaLOSUVRSlTW`rNQ\��
NkPWVRNkw cHTRSlLHNkw�X VYS��JX��sXeTWS�wU{xwlgQNkw PWw�nOSlLH^OgkNQ\OtO� �J\$VYnOS�\OS2*xV�PRSlw�VYNQ[]\*� X�_OTRNQSUhI_dXew��qt]TW[]^O\OL []\
PRw�nOSULO^OgkNQ\Ot+NQP�cOTWSlPRSU\mVYSlL�hi[]gQgk[ �ESlL _m{rX `a[eVYN��ZXZVYNQ[]\dXegOS2*HXe`rcHgkS�VY[ NQgkgQ^OPWVRTYXZVRS�VRnOS�c�[eVRSl\mVYNkXeg
_3SU\OSUjOV;[eh v y3K;�3� ��Slw�VYNQ[]\ � � 0rLHSlPRwUTRNQ_3SUP XrLOS�VYSUTR`aNk\ONQPWVYNQw cOTRSULONkwlXZVYS �7X���XeTRS�cOTR[xwlSUPRPR[eT�VY[
PR^OcOc�[]T>V v y�K �3����Slw�VYNk[e\ � � � wU[]\mV�XeNQ\OP�X�LOSlPWwlTRNQcHVYNQ[]\&[ehIVYnOS�wU[]`acONkgQSlT PW^OcOc�[]TWVa^OPWSlL VY[
XewlwU[]`rcHgkNkPWn@LOSUVRSlTR`aNk\HNkPWVRNkw cOTWSlLONQw�XZVRS��JX ��XeTWS Xew�{xwlgkNQw PRw�nOSULO^OgQNk\Ot Xe\OLbPR[eh VJ��XeTRSucONQc3SUgkNk\HNk\OtO�
��nOS�S13 SUwUVYN��]SU\OSlPWPs[eh v y3K ��NkP�S��eXZgk^dXZVRSlLaS1*�c�SlTRNQ`rSU\mV�XegQgQ{+[e\ XoPYXe`acOgkS�LHSUVYSUTR`aNk\ONQPWVRNkwscOTWS��
LONkwlXZVYS �7X��sXZTRS cHTR[xwlSlPWPR[]T Nk\&�xSlwUVRNk[]\ � �27�����nHS jd\dXeg PRSUwUVRNk[]\*����Slw�VYNQ[]\ � � /H�zPW^O`a` XeTWN5/USlP
Xe\OLbcOTRSUPRSl\mVRP�wl[e\OwlgQ^OPRNQ[]\OPl�
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} [xLOS PRw�nOSULO^OgQNk\Ot TRS�hiSlTWP@VR[&VYnOS cOTW[�wUSlPRP@[eh�_ONQ\OLONk\Ht&[]c3SUTYXZVRNk[]\HP VY[&VYNQ`rS�PRgk[ZVYP@Xe\OL
TRSlPW[]^OTWwlSlPohi[]T;S2*�Slwl^�VYNk[e\*� �J\�VYnONQP;PRSUwUVRNk[]\*�*�ES�_OTRNQS � {�LOSlPWwlTWNk_�S+VJ��[bwl[]`a`a[]\�PRw�nHSlLO^OgQNk\Ot
VYSlw�nH\ONkpq^OSUPl�&gkNQPWV PRw�nOSULO^OgkNQ\Ot | �C�O� � � �9VY[ PRw�nOSULO^OgQS XewU{xwlgQNkw�wU[�LHS�TRSlteNk[]\OP Xe\OL�NQVRSlTRXZVYN��]S
`r[xLO^OgQ[aPWw�nOSlLH^OgkNQ\Ot | �>���O� � � � � VY[aPRw�nOSULO^OgkS�Nk\O\HSlTR`a[]P>V�gk[x[]c@TRSlteNk[]\OPU�s�<Xew�nbVYSlw�nH\ONkpq^OS�NkP
XecOcOgQNkSlL�VR[rX�_dXZPRNkwo_OgQ[�w�� XePIX�PRNk`acOgQS;NkgQgk^OP>VYTYX VYNk[e\*�

��nOS�t][mXeg�[eh �>��� NkP VY[ jO\OL@X��ZXegkNQL PWw�nOSlLO^HgkS [eh `aNk\ONQ`+^O`(gQSl\OtZVYn hi[]T�Xe\�Xew�{�wUgkNQw�wl[xLOS
TRSlteNk[]\*����nOS�`rNQ\ONk` ^O`�Xew�nHNkSU�ZXe_HgkSuPRw�nOSULO^OgkS gkSl\HteVYn�NkPIwl[]\OP>VYTRXeNk\OSUL�_m{@VYnOS�` X *�NQ`+^O`�[eh
VJ��[@gk[ �ESlT _�[]^O\OLHPl�u��nOS�TRSUPR[]^OTWwlS �Jwl[e\OPWVRTYXeNQ\OSlL gk[ �ESlT _�[]^O\OL�NQP;Slpq^dXZgzVY[ VRnOS+\q^O`+_�SlT [eh
_O^OPW{�wU{xwlgQSlPoTRSUpx^HNkTRSUL _q{�VYnOS�`a[]PWV;nOS�X��xNkg�{�^OPWSlL TRSUPR[]^OTWwlS�LO^OTWNk\Ot@X PWNk\OtegkS+S2*HSUwl^HVRNk[]\ [eh
VYnOS�TWSlt]NQ[]\*� ��nOS�gfX VYSl\HwU{m�JwU[]\OPWVRTYXeNQ\OSlL&gQ[ ��SUT�_3[]^H\OL&NkP+LHSUVYSUTR`aNk\OSUL&_m{ VYnHS�PR^O`0[eh�VYnOS
gfXZVRSl\OwUNkSlP�XZgk[]\Ot�VYnOSogk[e\Ot]SlP>V�cdXZVRn�VYnOTW[]^Ot]n�VYnHS LdXZV�X�LOSUc3SU\OLOSU\OwlSut]TYXZcOn | N~� Se��VRnOS wlTWNQVRNkw�XZg
cdXZVYnd��[Zh�VRnOSoTRSlteNk[]\*�
�>����jO\OLOP<X��ZXegkNQL PWw�nOSlLO^HgkS�hi[]T�XZ\�Nk\O\OSUTR`a[]PWVzgk[x[]c VRndXZV�wlXe\�_�S�[ �eSlTWgfXecOc�SlL+��N�VYn�N�VYPRSUgQh

`+^OgQVRNkcOgQS�VYNQ`rSUP�^OPRNQ\OtaXawU[]\OP>V�Xe\mVINk\mVYSUTW�ZXeg | �J\ONQVRNfXZVRNk[]\(�J\mVRSlTW�ZXeg | ���H�W�s_3S�VJ��SUSl\�PW^OwlwUSlPRPWNQ�eS
NQVYSUTYXZVRNk[]\HPl����nOS te[mXeg�[eh��>��� NkPoVY[�jO\OL$PR^Hw�n X�PRw�nHSlLO^OgQS ��NQVRn VRnOS `aNk\ONQ`+^O` � � ����nOS
� �]� wU{xwlgQSuwU[�LHSuTWSlt]NQ[]\�VYndX V�XZw�nONkS��]SlPIVYnOSo`rX *�Nk`+^H` [ �]SUTRgfXZc�_�SUVJ�ESlSU\�NQVRSlTYX VYNk[e\OPsNkP�wlXegkgQSlL
VYnOSI�eSUTR\OSUg~����nOSI�eSUTR\OSUg NkP�cOTWSlwlSULOSlL Nk\�VYnOS�PWw�nOSlLO^HgkSI_q{aX cOTW[]gk[et]^OSsVYnOXZV<t]TYXZLO^dXegQgQ{�_O^ONkgQLOP
^Oc�VY[ VRnOS ` X *HNQ`+^O`"N�VYSlTRXZVYNQ[]\ [ �eSlTRgkXec*�dXZ\OL hi[]gkgQ[ ��SUL _m{�Xe\�SUcONkgQ[]t]^OS�VYndX VsV�Xec�SlTWPsLO[ ��\*�

��nOS�PRw�nOSULO^OgQSlT;w�nO[x[]PWSlP;N�VYPINk\ON�VYNfXZg���� VY[ _�S�VRnOS `rX *�Nk` ^O`�[eh�VRnOS�VJ�E[ gQ[ �ESlT9_3[e^O\OLOP
��nONkw�n*�Ehi[]TaVRnOSbcO^OTRc�[]PWSlPa[eh;VYnHS �>�����EXZTRSbw�XegQwl^OgkXZVYSUL NQ\ VRnOSbgkNk`aNQVl��N~� Se� _q{ NQ`rcOgQNkwUNQVYg�{
XePRPW^O`rNQ\Ot VRndXZV�VRnOS�c�SlT>hi[]TR`rXe\OwUS9��NQgkg _3S9LO[]`aNk\dX VYSlLr_m{ TWSlc�S�XZVRSlL�S1*�SUwl^HVRNk[]\OP�[eh*VYnHS;gk[x[]c
�eSlTW\OSlg � ��nOSbTRSUPR[]^HTRwlS �JwU[]\OPWVRTYXeNQ\OSlL gk[ �ESlTa_3[]^H\OL�� � ��� ���&NQP�Slpq^dXeg�VY[ VYnHSb\q^O` _3SUTr[eh
wU{xwlgQSlP�VYndXZV�VRnOS�`a[]PWV�nOSlX���NQgQ{ ^OPRSUL TWSlPR[e^OTRwUSbNQP�_O^OP>{&LO^OTWNk\Ot X�PRNQ\Ot]gQS NQVRSlTYX VYNk[e\$[ehIVYnOS
gk[x[]c*�q[]T<Slpq^ON��eXZgkSl\mVRgQ{�LO^HTRNk\HtuVRnOS�gQ[�[]c��ZSlTR\HSlg~����nHS�TRSUwl^OTWTRSU\OwlS �Jwl[e\OPWVRTYXeNQ\OSlL gQ[ ��SUTE_�[]^O\OL

�%1



|�� 6���� "�" �ENQP�LOSUVRSlTR`aNk\HSlL@_m{ VYnOSowUSlNkgQNk\Ot�hi^O\OwUVRNk[]\@[eh VRnOSo` X *�NQ`+^O` TYXZVRNk[���� |�	 ��
� |�	 ���
Xe`r[e\Ot XegkgsTWSlwU^OTRTWSl\OwUS | [eT � gk[x[]c�� w�XeTWTRNkSUL&LOSlc�Sl\HLOSl\OwUS � ��wU{xwlgQSlPU� 	 ��Nk\&VRnOS@LOSlc�Sl\OLHSl\OwUS
t]TYXecHn*�x��nHSlTRS�� |�	 ��NkP�VRnOS�PR^O`'[eh�VYnOSI[]c�SlTRXZVYNQ[]\�gfXZVRSl\OwUNkSlP<[ �]SUT�XZgkgdSlLHt]SlP [eh VRnOSIwU{xwlgQS 	 �
Xe\OL�� |�	 � NkPzVRnOS�PR^H`
[eh�XegQg�gQ[�[ec��JwlXeTRTWNkSlL�LOSlc�Sl\HLOSl\OwUS9LHNkPWVYXe\OwUSlP | `aS�XZPR^OTWSlL�Nk\+N�VYSUTYXZVRNk[]\OPY�
[ �eSlT�VYnO[ePRSoSlLOteSlPl�

K9P�VYnOS9\q^O`+_�SlTs[eh*` Xew�nHNk\OS9TRSlPW[]^OTWwlSlP�NQ\OwlTWS�XePWSlPU�HTRSUwl^OTWTRSU\OwlSuXe\OL gfXZVRSl\Ow�{rwU[]\OP>VYTYXZNk\mVYP
_3SUt]Nk\ VY[bLO[]`aNk\dX VYS+VYnHSrPWw�nOSlLO^HgkS gQSl\OtZVYn hi[]T��>��� Xe\HL �C��VYSlw�nH\ONkpq^OSUPl��TWSlPRc�Slw�VYN��]Slg�{]�(�J\
t]Sl\OSUTYXeg � ����NkP�`a[]TWS�gfXZVRSl\Ow�{q� wl[]\HPWVYTRXeNk\HSlL�VYndXe\ �>���3�q_�SlwlXe^OPRS �>����w�Xe\agk[x[]�ohi[]T<Nk\OLOSUc3SU\��
LOSl\mV�[]c�SlTRXZVYNQ[]\OPsXZwlTR[ePRPsgQ[�[]crNQVRSlTYX VYNk[e\r_�[]^O\OLOXeTRNQSlPl�x��nOSlTWS�XeP
�C� NQP�gkNQ`rN�VYSUL�VR[+[]c�SlTRXZVYNQ[]\OP
��NQVYnHNk\ X PWNk\Ot]gQS�S1*�SlwU^HVYNQ[]\ [eh�X wU[�LHSbTWSlt]NQ[]\*� �9[eVRS@VRndXZV�hi[]T�gk[x[]cOPU��gQ[�[]c&^H\OTR[]gQgkNQ\Ot�Nk\
wl[]\��W^H\OwUVRNk[]\@��NQVRn �C��w�Xe\b_�SoXecOcOgQNkSlL�VR[rXZcOcOTR[ *�Nk`rXZVRS;VYnOSo_�Sl\OS�jOVYPI[eh �>���3�

��[ZVYn�PWw�nOSlLH^OgkNQ\Ot VYSUw�nO\ONQpx^HSlP;PWw�nOSlLO^HgkS+[]c�SlTRXZVYNQ[]\OP9XZV9cdXeTWVRNkwU^OgfXeT�w�{xwlgkSUP;PR[aVYndX V;_�[eVYn
LdXZV�X LHSlc�Sl\OLOSU\OwlSUPuXe\OL�TWSlPR[e^OTRwUS�wl[]\OP>VYTRXeNk\mVYP;XeTRS�PYXZVRNkPWjOSlL*� �C[ PYX VYNkP>h {�VRnOSlPWS+PRw�nHSlLO^OgQNk\Ot
wl[]\OP>VYTRXeNk\mVYPU���C��Xe\OL �>���a^OPWS�XoLdXZVYXuP>VYTW^OwUVR^OTRS9�x\H[ ��\ XeP<VYnOS�PRw�nHSlLO^OgQS�TWSlPRSUTW�ZXZVRNk[]\�V�Xe_HgkS
| �H�z�I� � ��nOS��H���$TRSUwl[]TWLOPC��nHNkw�n+PWc3SUwlNQjOwE[]c�SlTRXZVYNQ[]\OP | NQ\uXe\+Xew�{xwlgkNQw<TRSlteNk[]\u[]TCXIPWNk\OtegkS<gk[x[]c
NQVYSUTYXZVRNk[]\d�C^OPWS�S�Xew�n�cdXeT>VYNQwl^OgkXeTzTWSlPR[e^OTRwUS | wl[]gQ^O`a\ ��XZV�S�Xew�n�VYNQ`rS | TW[ �9��� 	H� � � � �<��w�nOSULO^OgQNk\Ot
Xe\+[]c�SlTRXZVYNQ[]\+XZV�X�cdXeT>VYNQwl^OgkXeT VYNk`aS NkPCc3SUTR`aNQVRVRSlL�[]\OgQ{uN�hdNQVRP�TWSlPR[e^OTRwUS�^OPYXeteS�LO[xSlP�\H[eV�TWSlPR^HgQV
Nk\�X+TWSlPR[e^OTRwUS;wl[]\ � Nkw�V��HN � SZ��NQVELO[xSlPs\O[ZV�XZVRVRSl`acHV�VR[+TRSUPRSUTW�]SoXZ\q{ TRSUPR[]^OTWwlSoXZVsX�VYNQ`rS���nOSU\
PR[]`aS�[eVYnOSUT<[]c3SUTYXZVRNk[]\aXegQTRSlXeLH{+TWSlPWSlTW�eSlL VRndXZV<PYXZ`rS�TRSUPR[]^HTRwlSZ�HXZ\OLr\H[�gkXZVYSU\OwU{�wU[]\OP>VYTYXZNk\mVYP
[eh�cOTWNk[]T�[]c�SlTRXZVYNQ[]\OP�[]\@��nONkw�nbVYnOSu[]c�SlTRXZVYNQ[]\@_3SUNk\OtaPRw�nOSULO^OgQSlL�LOSUc3SU\OLOP XZTRS �xNk[]gkXZVYSUL*�,�J\
XeLOLON�VYNk[e\ �>��� ^OPWSlP�X+��[�LH^Ogk[ �ISUPRSlT>�ZXZVYNQ[]\ ��Xe_OgkS | ���z�I� | SUpq^ONQ�ZXegQSl\mV�VR[�V�XZ�xNQ\Ot�VRnOS�jdTWPWV
� ��TW[ ��P�[eh*VRnOS ���z��Xe\OL PR^OwUwlSlPWPRN��]Slg�{ [ �eSlTRgkX�{�NQ\Ot�VRnOS�\HS1*xV ����TR[ ��PE^O\mVYNkgdVRnOS�SU\qVRNkTWS;�H���
ndXePa_3SUSl\ SU\qVRSlTWSlL NQ\ VRnOS����z�I�+VY[ h XewlNQgkNQVYXZVYSrVYTYXZw��xNQ\Ot VYnOSb`r[xLO^OgQ[ wl[]\OP>VYTRXeNk\mVYPU� ��nOS
`r[xLO^OgQ[+wl[]\HPWVYTRXeNk\mV�P>V�XZVRSlPsVYnOXZVsVJ�E[r[]c�SlTRXZVYNQ[]\OP VYndXZV�^HPRS;VYnHS PYXe`aS TRSUPR[]^OTWwlS `rX�{ \O[eVs_3S
PRw�nOSULO^OgkSUL Xe\ Nk\mVYSUt]SlTu`+^Og�VYNkcHgkS+[eh ����wU{xwlgQSlP�XecdXeT>V�hiTW[]` []\OSrXe\O[ZVYnOSUTl�CN~� Se� SlXew�n wUSlgkg<[eh
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VYnOS ���z� w�Xe\@nO[]gQL@\O[r`a[]TWS�VYndXZ\�[]\HSu[ec3SUTYXZVRNk[]\*�
�>����NkP�t]SU\OSlTRXegkg�{�XecHcOgkNQSlL�VY[uNk\O\HSlTR`a[]P>V<gk[x[]cOP�VYndX V<wl[]\mV�XZNk\a[]\OgQ{�XoPWNk\OtegkS�_dXePWNkw�_OgQ[�w�� �

�J\ cHTR[xwlSlPWPR[]TWP�VYndXZV�PW^OcOc�[]TWV�cHTRSlLHNkw�X VYSlL S2*HSUwl^HVRNk[]\ � N�hf�JwU[]\m�]SlTWPRNQ[]\ � 0H� 731 �sNQP�XecOcHgkNkSUL$VY[
_OTR[mXZLOSl\ VYnOS�wUgfXePWP [ehEgk[x[]cOP�VRndXZVow�XZ\ _�S�`a[�LO^Hgk[ PWw�nOSlLO^HgkSlL � � hf�Jwl[e\q�eSlTWPRNk[e\ wlXe\ XegkPW[�_3S
^OPRSUL Nk\ wU[]\��W^O\Ow�VYNQ[]\&��NQVYn �C�$[]\ XewU{xwlgQNkw TWSlt]NQ[]\OP+VR[ NQ\OwlTWS�XePWS�VYnOS@S.33Slw�VYN��]Sl\HSlPRPr[ehIVYnOS
PRw�nOSULO^OgkSUTl�

���\���Q� ��� :<A�� =7B � � # B(?IB ,EA'B�F�

�C[+NkgQgk^OP>VYTRXZVYS�VYnHS XecOcOgQNkwlXZVYNQ[]\r[Zh wl[]\m�]SU\mVYNk[e\dXeg �C� XZ\OL �>��� XegQ[]\Ot���N�VYnaVYnOS;c�[eVRSl\mVYNkXeg
_3SU\OSUjOVRP<[eh ` XZ�xNQ\Ot;SlXew�n�PRw�nOSULO^OgkSUT�cOTRSULONkwlXZVYS �7X���XeTRSZ�]��S�wU[]\OPRNQLOSlT�X;PRNk`acOgQS�wl[xLOSsS2*HXe`rcHgkS
Xe\OL�cOTW[�wUSlPRPW[]Tz`a[xLOSlg ����nOS�S1*HXe`acOgkS cOTR[xwlSUPRPW[]Tl�e��nHNkw�n�w�XZ\ hiSUVRw�n�Xe\OL+S2*HSUwl^HVRS�^Oc VR[�VYnOTWSlS
[]c3SUTYXZVRNk[]\HP c�SlT<w�{�wUgkSZ��ndXZP VRnOTRSUSIhi^OgQgQ{�cONkc�SlgQNk\OSUL�hi^O\OwUVRNk[]\a^O\ON�VYPU��XZP LHSUV�XZNkgkSUL�Nk\a�zXe_HgkS � � �]�
��nOS `a\OSl`a[]\ONQwlPohi[]TuVRnOSr�ZXeTWNk[]^HP�[]c�SlTRXZVYNQ[]\OPU��_ONQ\OLONQ\Ot�[ehs[]c3SUTYXZVRNk[]\HPuVR[�^O\ON�VYPU��Xe\OL VYnOS
[]c3SUTYXZVRNk[]\@gkXZVYSU\OwlNQSlP�XeTWSuPWnO[ ��\�NQ\bVRnOS V�Xe_OgQSe����nOSoV�XZ_OgkSUPIgQNkP>VsVYnOTWSlSugfXZVRSl\OwUNkSUPl� �]� � Xe\OL-0H�
hi[]TuVRnOSacOTRSULONkwlXZVYS �JLOS�jd\ONk\Ht�[]c�SlTRXZVYNQ[]\*�Cwl`acOc*�C_3SUw�Xe^OPWSe��XZP LONQPRwl^HPRPRSUL$Nk\$��Slw�VYNQ[]\ � �20H�CVY[
PR^OcOc�[]T>V;cOTWSlLONQw�XZVRS��7X���XeTRS�PRw�nOSULO^OgQNk\OtO� VYnHS�wU`rcOc�gfXZVRSl\Ow�{b`+^OPWV9_�S�NQ\OwlTWS�XePWSlL�_m{�XZV9gkS�XZPWV
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Xe\.���r[eh 0�w�{�wUgkSUPl� � [ �ESU�]SUTl� VYnOS VJ�E[rK�� �9P���[e^OgkL@_�Suc�[x[]TRg�{ ^HVRNkgQN5/lSUL�_m{ VYnONQP�S1*HXe`acOgkSZ�
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��nOS cOTWSU�xNk[]^HPzPRSUwUVRNk[]\uPRnO[ �ESlL�Xe\uS1*HXe`acOgQS VRndXZVCw�Xe\�LOSlTWNQ�eSE_�Sl\OS�jOVzhiTW[]`�LOS�VYSUTR`aNk\ONQPWVYNQw
cOTRSULONkwlXZVYS �7X��sXZTRS�PRw�nHSlLO^OgQNk\OtH����nOS�wlSU\mVYTYXZg�NkPWPR^OS�hi[]Trhi^OT>VYnOSUT Nk\m�eSlPWVRNktmX VYNk[e\ NkPa��nOSUVRnOSlT
XecOcOgQNkw�X VYNk[e\&TRSlteNk[]\OPU�<_3[eVRn XZwU{xwlgQNkw@Xe\OL wU{xwUgkNkwZ�EteSl\OSUTYXegQgQ{ ndX��]S�cHTR[]c�SlT>VYNkSUP+VYndX Vr_�Sl\HSUjOV
hiTR[]` v y�K �3� �d[]T�LOSUVYXeNkgQP�[eh�VRnOSoS1*�c�SlTRNQ`rSU\mV�Xeg*S��ZXegk^dX VYNk[e\OP�PRSUS �xSlwUVRNk[]\ � �27��

�s�E[ TRSlgkXZVYSUL `rS�VYTRNQwlP�XZTRSe�rVYnOS hiTRXewUVRNk[]\$[Zh9TW^O\mVYNQ`rS PWc3SU\mVrNQ\&TRSUt]Nk[]\HP ��NQVRn LHNkP �W[eNk\mV
[]c3SUTYXZVRNk[]\HPl��Xe\OL VYnOS�c�[eVRSl\mVYNkXegIVR[$wl[e`+_ONk\HSbVRnOS�LONQP �W[]NQ\qVr[]c�SlTRXZVYNQ[]\OPaNk\ VRnO[]PRS�TRSlteNk[]\OPU�
�zNkt]^HTRS � �87aXeLOLOTWSlPWPRSlP;VRnOSlPWS�VJ�E[�`rS�VYTWNkwlPU���<Xew�n�PWVYXew��eSUL�_dXeTIPRnO[ ��Pl�3hi[]T9[e\OS _�Sl\Ow�nH` XeTW�
XecOcOgQNkw�X VYNk[e\r[]T VYnOS9[ �]SlTRXegkg3K9�eSlTYXZt]Se�xVYnOS;L�{�\OXe`rNQw9[ec3SUTYXZVRNk[]\r_OTRSlXe�qLO[ ��\bNQ\rVRSlTR`aP�[Zh VYnOS
wl[xLOSoTRSlteNk[]\�VYnHSU{@_�Slgk[e\Ot+VY[O�
�J\bt]Sl\HSlTYXZg VRnOSlTWS XZTRS VYnOTWSlSu�qNk\OLOPI[ehzTRSlteNk[]\OPU� ��NkTRP>VIXeTRS�Xew�{�wUgkNQw TRSlteNk[]\OP���N�VYn�XZVIgkS�XZPWV
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[]\OSucdXeNkT�[Zh�LONQP �W[]NQ\qV�[ec3SUTYXZVRNk[]\OP�XZ\OL�nOSU\OwlSuPR[e`rSo[]cOc�[]T>VY^O\ON�VJ{ hi[]T�wl[e`+_ONk\HNk\OtO����nONkw�n@��S
w�XegQg<XewU{xwlgQNkw�LOcdX �JNk`acOTW[ �ZXe_HgkS+TWSlt]NQ[]\OP | K;������SUwl[]\OL XeTRS�w�{�wUgkNQwaTWSlt]NQ[]\OP ��NQVRn X VogkS�XZPWVu[]\OS
cdXeNkT [eh LONQP �W[]NQ\mVE[ec3SUTYXZVRNk[]\OPU��wlXegkgQSlLawU{xwlgQNkw9LOcdX � Nk`acOTR[ �ZXe_OgQS�TRSlteNk[]\OP |~} � ���I[eVYSIVYndXZV�Nk\r[]^OT
w�XePWSbw�{xwlgkNQw TRSUt]Nk[e\OP�XeTWS []\Og�{ PWNk\Ot]gQS�� _dXePRNQw _OgQ[�w�� Nk\H\OSlT7�J`a[]PWV gk[x[]cOP ��N�VYn&\O[�SlXeTRg�{ S2*HN�VYP
VYndXZVawlXe\ _�S@PRw�nOSULO^OgQSlL ��N�VYn []^OT�w�{�wUgkNQw�PRw�nOSULO^OgkSUTl� ��nONkTWL XeTRS & 3 476���TRSUt]Nk[]\HP+��NQVYn \O[
LONkP �W[]Nk\mV�[]c�SlTRXZVYNQ[]\OP�Xe\OL@nOSU\OwlSu\O[a[]cOc�[]TWVR^O\ON�VJ{ hi[]T�wU[]`+_ONQ\ONk\OtH�

��nOS@K Xe\HL } TRSlteNk[]\OP+XeTRS@S�XZw�n hi^OT>VYnOSUT�_OTR[]�ZSl\ LO[ ��\ NQ\mVY[ � LONkP>VYNk\HwUV�PR^H_��JTWSlt]NQ[]\OP
��nOSlTWSESlXew�n�PW^O_�� TRSlteNk[]\ NQP TRSlcHTRSlPWSl\mVYSUL+_m{oX�PR^O_x�J_dXeT NQ\��zNkte^OTRS � �87��C��nOS<K X h VYSlTWwl[]` _ONk\ONQ\Ot
PR^O_�� _dXeT�wU[]\mV�XeNQ\OPsVYnOS c�SlTWwlSU\qVI[eh�XegQg�VRnOS LH{x\dXe`aNkw�[]c3SUTYXZVRNk[]\HP�VYndX V�XeTRS NQ\�K�TRSUt]Nk[e\OP�Xe\OL
TRSl`rXeNQ\$XZh VRSlT [ecHVYNQ`rNQPWVYNQw�wl[]` _ONk\ONQ\Ot | Xe\$[ec3SUTYXZVRNk[]\ w�Xe\$TWSlcOTWSlPWSl\mVaX�t]TW[]^Oc$[ehsLH{x\dXe`aNkw
[]c3SUTYXZVRNk[]\HP�Xe\OLbNkP�wl[e^O\mVYSlL�XeP�[]\OS []c�SlTRXZVYNQ[]\*�OPWSlSu_3SUgk[ �9���
;cHVRNk`aNkPWVRNkw�wl[]`+_HNk\ONQ\Ot cOTW[�LO^HwlSlPut]TW[]^OcOPo[eh LONQP �W[]NQ\qVo[ec3SUTYXZVRNk[]\OP | TRSUtmXeTWLOgkSUPRPo[eh VYnOSUNkT
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VJ{�c�SrXe\OL gfXZVRSl\Ow�{O�;NQ\ VRnOSaTRSlteNk[]\*� � hsXe\ []c�SlTYX VYNk[e\ NQP LONkP �W[]Nk\mV hiTW[]`�Xe\m{�t]TW[]^Oc XegkTWS�XeL�{
hi[]TR`aSlL | VRndXZV NQPl� NQV*NkP*LONQP �W[]NQ\mV*hiTR[]` SU�eSlTW{o[ec3SUTYXZVRNk[]\;NQ\;VYndX V t]TR[]^Hc ��� NQV �W[]Nk\OP3VYnOS<t]TW[]^OcoXe\OL
NkP�\O[eV<wU[]^O\mVYSUL �xNk\�[eVYnHSlT��E[]TRLOPU��N�V�NkPzSlgkNQ`rNQ\dXZVRSlL�XeP�VRnOS�TRSUPR^Og�V<[eh�wl[]`+_HNk\ONQ\OtO� } []\m�]SlTWPRSUgQ{]�
NQh<Xe\�[]c3SUTYXZVRNk[]\�NkP9\O[eV;LHNkP �W[eNk\mV�hiTR[]`�Xe\m{�t]TR[]^Hc�XegkTWS�XeL�{�hi[]TR`aSlL*�3NQVIhi[]TR`aP9X \OSU� t]TW[]^Oc
Xe\OL�NkP�wl[e^O\mVYSlL []\OwUSe�'��nq^OP�LH^OTRNQ\Ot []cHVYNQ`rNQPWVRNkw�wU[]`+_ONQ\ONk\Ht&S�Xew�n�t]TR[e^Oc [Zh wU[]`+_ONQ\OSlL
[]c3SUTYXZVRNk[]\HP�wl[]^O\mVRP�XeP�[]\HSu[ec3SUTYXZVRNk[]\*�

��NQ`rNQgfXeTWgQ{e�sVYnOS } XZh VRSlTRwU[]`+_ONQ\ONk\Ht&PR^O_�� _dXeTbPRnO[ ��P@VYnOS c�SlTWwlSl\mV�[eh+XZgkg�VRnOS LH{x\dXe`aNkw
[]c3SUTYXZVRNk[]\HP�VYndXZV XZTRS�Nk\ } TRSUt]Nk[e\OP<Xe\OL�TRSU` XZNk\�XZh VRSlT�[]cHVRNk`aNkP>VYNkw wl[e`+_ONk\HNk\OtO�CK SUgkNQ`rNQ\dXZVYSUL
Xe\OL } SlgQNk`aNk\dX VYSlL PWnO[ �"VYnOSrc3SUTRwlSU\mV�[eh�XegQg�LH{x\dXe`aNkwa[]c�SlTYX VYNk[e\OPuVRndXZV XeTRSahiTR[]`�K Xe\OL
} TRSUt]Nk[]\HPl�OTWSlPRc�Slw�VYN��]Slg�{]��Xe\OL�XeTWS SlgkNQ`rNQ\dXZVRSlL hiTW[]` VYnHSuwU[�LHS�XZP�VRnOSoTRSUPR^Og�V9[ZhzwU[]`+_ONQ\ONk\OtH�
�9[eVRSoVRndXZV�VRnOSo\x^H`+_3SUT�[ehzL�{�\OXe`rNQw []c�SlTYX VYNk[e\OPsNk\bX�TRSUt]Nk[e\@XZh VYSUTIwU[]`+_ONQ\ONk\Ht+NkPsVRnOS VY[eVYXeg
\x^H`+_3SUT9[ZhzLH{x\dXZ`rNQw []c3SUTYXZVRNk[]\HPsNk\�VYnOXZVITRSlteNk[]\�_�SUhi[]TWSowl[]`+_HNk\ONQ\Ot�`rNQ\q^OPsVYnOSo\q^O`+_�SlT�[eh
[]c3SUTYXZVRNk[]\HP VRndXZV ��SUTRS;SUgkNk`aNk\OXZVYSULrXZPEVYnHS�TRSUPR^Og�V�[Zh wl[]` _ONk\ONQ\OtO� �zNk\dXZgkgQ{e�eVYnHS9jOh VRn | & 3 476�� ; �
PR^O_�� _dXeTuPRnO[ ��PuVYnOSaTRSU` XeNQ\ONk\Ht�[]c3SUTYXZVRNk[]\HPl� N~� Se�aVYnOSac3SUTRwUSl\mV [Zh�XegQg�LH{x\dXe`aNkw�[]c�SlTRXZVYNQ[]\OP
VYndXZV9XeTWS \O[eVINk\bX�LOcdX �JNk`acOTW[ �ZXe_HgkS�TWSlt]NQ[]\*�

�E{$XeLOLONQ\Ot�VR[]t]SUVRnOSlT�VYnOS�nOSUNkt]nmVRP+[eh�VYnOS�K XZh VYSUTRwU[]`+_ONQ\ONk\Ot�Xe\OL&K SUgkNQ`rNQ\dXZVYSUL PW^O_��
_dXeTRPU����S []_HVYXeNk\(VRnOS�c�SlTRwUSl\mV [eh�XegkgrLH{x\dXe`aNkw []c�SlTRXZVYNQ[]\OP VRndXZV gQNkS NQ\'XewU{xwUgkNkw�LHcdX �
Nk`acOTR[ �ZXe_OgQSbTWSlt]NQ[]\OPU�sXe\ X �eSlTRXet]S�[Zh � � � � ��NQ`rNQgfXeTWgQ{e��_q{ XeLHLONk\Ot VY[et]SUVRnOSlTaVYnOSbnOSlNQt]nmVYP
[eh�VYnHS } XZh VRSlTWwl[]`+_HNk\ONQ\OtaXe\OL } SUgkNQ`rNQ\dXZVYSUL�PR^O_x�J_dXeTWPl�d�ES []_HVYXeNk\�VRnOS�c�SlTWwlSU\qV�[eh�XZgkg*LH{m�
\dXe`aNkw+[]c�SlTRXZVYNQ[]\OP�VRndXZV gQNkS�Nk\�wU{xwUgkNkw LOcdX � Nk`acOTR[ �ZXe_OgQS�TWSlt]NQ[]\OPl� XZ\ X �eSlTRXet]S�[eh � 1 � �*VYnq^OP
\OS�XeTWgQ{ ndXZgQh�[eh VRnOS [ec3SUTYXZVRNk[]\OP@[ �]SUT�XegQg�VYnHSlPRS _3SU\Ow�nO`rXeTR�qP�XeTRS�hiTR[e` LOcdX � Nk`acOTR[ �ZXe_OgQS
gk[x[]cOPl���J\�h Xew�V TYX��Ew�Xe^OLHNk[bXe\OL�TRX ��LOXe^OLONQ[�PRc�Sl\OL Xegk`a[]P>V;XegQg�[Zh VRnOSlNQT;S1*�SUwl^HVRNk[]\�VYNQ`rS�Nk\
LOcdX � Nk`acOTR[ �ZXe_OgQSagQ[�[ecOPl�b��nOS PW^O`�[eh�Xegkg � PW^O_��J_OXeTRP | /3; � �uNQPuVRnOS c�SlTWwlSl\mV�[Zh�VYnOSr[]TRNQtZ�
Nk\dXeg9LH{x\dXe`aNkw�[ec3SUTYXZVRNk[]\OP | _�SUhi[]TWS�wl[]` _ONk\ONQ\Otq�+VYndX V@gkNkS�Nk\ SUNQVRnOSlT�XZ\ XZwU{xwlgQNkw�[]T wU{xwlgQNkw
LOcdX � Nk`acOTR[ �ZXe_OgQS;TRSUt]Nk[]\ �

� /



��nOS�[ �]SUTYXegQgOc�[eVYSU\qVRNfXegH_3SU\OSUjOV [eh v y3K;�+LOSlc�Sl\OLHPE[]\�VRnOS�hiTRSlpq^OSU\OwU{�[Zh3VRnOS�Nk`acOTR[ �ZXe_OgQS
TRSlteNk[]\OPU�s[]\ VYnOS�c3SUTRwlSU\mV�Xet]S�[eh LONQP �W[]NQ\mVr[ec3SUTYXZVRNk[]\OP���N�VYnONQ\ VRnOSlPWS�TRSUt]Nk[]\HPl��Xe\HL []\ VYnOS
c3SUTRwlSU\mV�Xet]S [eh�VYnH[]PRS�LONkP �W[]Nk\mVI[]c�SlTYX VYNk[e\OPIVRndXZV�XeTRSuSlgQNk`aNk\dX VYSlL@_m{�[]cHVYNQ`rNQPWVRNkw;wU[]`+_ONQ\ONk\OtH�
� TW[]` ��Nkt]^OTWS � �27���S�PRSUS�VYndXZV�[]\aX �eSlTRXet]S � �27 � [eh XegQgHLH{x\dXe`aNkw�[]c3SUTYXZVRNk[]\HP�XeTRS�SUgkNQ`rNQ\dXZVYSUL
[]c3SUTYXZVRNk[]\HP hiTR[]` Xew�{xwlgkNQw TRSUt]Nk[e\OP+Xe\HL 	 � [ZhIXegkg []c�SlTYX VYNk[e\OP+XeTWS SlgQNk`aNk\dX VYSlL []c�SlTRXZVYNQ[]\OP
hiTR[]` wU{xwlgQNkw TWSlt]NQ[]\OPU��TRSlPW^OgQVRNk\Ot�Nk\ VRnOS SlgQNk`aNk\dX VYNk[e\ [ZhIX�VY[eVYXeg�[eh�� 0H�87 � [ehIXZgkg LH{x\dXe`aNkw
[]c3SUTYXZVRNk[]\HPl���I[eVYSoVYndX VIVRnONkPILO[xSlPI\O[eV9Nk`acOgQ{ Xe\b^OcOc�SlT�_�[]^O\HL�[]\@VYnOS�PRc�SlSULO^Oc�[]_�V�XeNQ\OSlL
��NQVYn cOTWSlLONQw�XZVRS��JX ��XeTWSbPWw�nOSlLH^OgkNQ\Ot ��VRnOSbXewUVR^dXegsc�SlT>hi[]TR`rXe\OwUS�_3SU\OSUjOVRP�w�Xe\ _3S�nHNkt]nOSUT�[]T
gk[ ��SUTaXeP�NkgQgk^OP>VYTYX VYSlL _q{ VYnOS�cOTWNk[]T S1*HXe`acOgkSZ� �J\ VYndXZV+S1*HXe`acOgkSZ�<VRnOSlTWSbXeTRS VJ�E[ LHNkP �W[eNk\mV
[]c3SUTYXZVRNk[]\HPl��[]\OS [Zh���nONkw�n�NQP�SUgkNk`aNk\OXZVYSULb_m{�[]cHVRNk`aNkPWVRNkw wU[]`+_ONQ\ONk\OtH� ��nHNkw�n�NQP � � � [ehzVYnOS
[]TRNQt]Nk\dXZg 1�LH{x\dXe`aNkw�[]c�SlTRXZVYNQ[]\OPl� 	 SanOX �eSrPWSlSU\ VYndX V v y�K#�C� Xew�nONkS��]SUP X � � � PWc3SUSlLO^Hc
[ �eSlT��C�3�d_O^HV v y3K;���@Xew�nONkS��]SUP�X�030 � PRc�SlSlLH^Oc�[ �]SUT
�>���3�

� ��� � � � ����� � � ��� � ��
 , �(� � ��
 � � � � ��� �	�(� � ��
��� � ��
 � ���(�

K9gkg TRSUPR[]^HTRwlSUP Nk\@VYnOS�t]Sl\HSlTRNQw�cHTRSlLHNkw�X VYS��JX��sXeTWS+XeTWw�nONQVRSlw�VY^OTWS w�XZ\�_3SuLON���NQLOSlL�Nk\mVY[aVJ��[
w�XZVRSlt][]TWNkSUPl�z`rX�{m�J^OPWS9XZ\OLr` ^OPWV>�J^OPWSe���<Xew�nrTRSlPW[]^OTWwlSI^OPRSUL XZh VRSlT�VYnHS��ZXegQ^OS�[eh�VYnOS�t]^OXeTRLONQ\Ot
cOTRSULONkwlXZVYS�_3SUwl[]`aSlP;�q\O[ ��\�wlXe\�_�S `rX {m� ^OPRSZ� N~� Se��N�V�wlXe\�_�S TRSUPRSUTW�]SUL _q{�PRS��]SUTYXeg�LHNkP �W[eNk\mV
[]c3SUTYXZVRNk[]\HP9X VIVRnOSoPYXe`aS VYNQ`rSZ� K9gkg*VRnOSoTRSl`rXeNQ\ONk\Ot�TWSlPW[]^OTRwUSlP�XeTRSo`+^OP>VW� ^OPRS�Xe\OLbw�Xe\�[]\Og�{
_3S�TWSlPRSUTW�eSlLa_q{+X;PRNQ\Ot]gkSE[]c�SlTYX VYNk[e\�XZV<X;t]N��]SU\+VYNk`aSe�C��nOSUTRSUhi[eTRSe�mVRnOS�S�XeTWgkNQSlT VYnOS�cOTWSlLONQw�XZVRSlP
XeTRS�TRSlXeL*�mVYnHSI`a[]TWS�TRSlPW[]^OTWwlSlP w�XZ\r_�S�` X�{m�J^OPWSe�m��nONQw�nrwlXe\rgQS�XeL�VR[uPWnO[]T>VYSlT PRw�nHSlLO^OgQSlPU�� \
VYnOS�[eVRnOSlT ndXZ\OL*� XewUwlSlPWPRNQ\OtbVRnOS�cOTWSlLONQw�XZVRS�TRSlteNkPWVRSlT;jdgQS�S�XeTWgkNQSlT�NQ\�VYnOS�cHTR[xwlSlPWPR[]TocONQc3SUgkNQ\OS
Nk\OwUTRS�XZPRSlPIVYnOSugfX VYSl\HwU{@[eh�VYnOSucOTRSULONkwlXZVYSoLOS�jd\ONQ\Ot []c�SlTRXZVYNQ[]\*� ��nONkPIw�XZ\�_�S�cHTR[]_OgQSl`rXZVYNQw NQh
` Xe\m{�[Zh�VRnOSocOTRSULONkwlXZVYSoLOS�jd\ONk\Hta[ec3SUTYXZVRNk[]\OP�gQNkS;[e\bVRnOSowlTRN�VYNQw�Xeg3cdXZVYn@[eh�VYnOSuXecHcOgkNQw�XZVRNk[]\*�

��nOSaLdXZVYXecdXZVRn cHNkc�SlgkNQ\OS+[eh VYnHSr_dXZPRSlgQNk\OS�`rXew�nONQ\OS�NkPoPRnH[ ��\ Nk\ ��Nkt]^OTWS � � / | Xm� ����nONkP
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cOTR[xwlSUPRPR[eTrcONQc3SUgkNQ\OS []TWtmXe\ON0/�XZVRNk[]\ NkP�PRNQ`rNQgfXeToVY[�VRnOS������ } / * XeTWw�nONQVRSlw�VY^OTWS � 79/�� �ES2*HwUSlcHV
VYndXZV�NQVRPo^O\ONQjOSlL TWSlt]NQPWVRSlToTRSlXeL$Xe\HL S1*�SUwl^HVRNk[]\ PWV�XZt]SrNQPoPRSlcOXeTYXZVRSlL$nHSlTRSaNk\mVR[bVJ�E[�PWVYXet]SUPl�
��nOSr_OXePRSUgkNk\HSacHTR[xwlSlPWPR[]TocONQc3SUgkNQ\OS�ndXeP�/�PWVYXet]SlPU�uhiS�VYw�n*��LONkPWcdXZVRw�n*� LOSlwU[�LOSZ��TWSlt]NQPWVRSlToTRSlXeL*�
S1*�SlwU^HVYS Xe\OL���TWNQVRS _dXew�� ����nOSucOTWSlLONQw�XZVRSuTWSlt]NQPWVRSlT�jdgkS NQP�TRS�XZL | Xe\OL@��TRNQVWVYSU\ �s[]\OgQ{ LO^OTWNk\Ot
VYnOSaS1*�SlwU^HVYNQ[]\ P>V�XeteSe� ��nq^OPU��TRSUPR[]^HTRwlSUP NQ\ VRnOSaS1*�SlwU^HVYSrPWV�XZt]S XZ\OL VRnOSacOTRSUwlSlLHNk\Ot�PWV�XZt]SlP
XeTRSo`+^OP>VW� ^OPRSZ� ;\Og�{ VRnOSoTRSlPW[]^OTWwlSlP9Nk\�VYnHSo��TWNQVRS��J_OXew�� PWVYXet]SoXeTWSo` X�{m�J^OPWSe�
�J\$[eTRLOSUT�VY[�` XZ�eSrVRnOS _OXePRSUgkNk\HS cONQc3SUgkNk\HSacHTRSlLHNkw�X VYS��JX��sXeTWSe�zhi[e^OT�NQPRPW^OSlP+` ^OPWV _3S XeL��

LOTRSUPRPRSUL*�,�zNkTWPWV���\q^OgkgQNQjdwlXZVYNQ[]\rPWnO[]^OgQL�_3S�c3SUTWhi[]TW`rSUL S�XeTWgkNQSlT�NQ\ VYnHS;cONkc�SlgQNk\OS�VY[�`rXe�ZS;`r[eTRS
` X�{m�J^OPWS TRSUPR[]^HTRwlSUP�X��eXZNkgfXZ_OgkSZ���xSlwl[e\OL*��VYnHS LONQP �W[]NQ\qV�[]c�SlTRXZVYNQ[]\OPuPRnO[]^HgkL$_�S S�XZPRNkg�{ NkLOSU\��
VYNQjdXe_OgkSZ����nONkTWL*��VRnOS wU`rcHc gfX VYSl\HwU{ PRnO[e^OgkL _3Sa�eSUcHV�XeP�PR`rXegkg<XePuc�[]PRPWNk_OgQSe� �d[]^OT>VYn*�CVYnOS
cONkc�SlgQNk\OS9wl[]`acOgkS2*�NQVJ{aPRnO[e^OgkL�\O[ZV�_3S NQ\OwlTWS�XePWSlL�PW[aPW^O_OP>V�Xe\mVYNkXegkg�{�VYndXZVsNQVswU[]`acOTR[]`aNkPWSlP VYnOS
wU{xwlgQSuVRNk`aSe�<��[�VYnHNkP�Sl\HL*�d��Su` XZ�eSoVJ��[a` XZNk\@w�ndXe\OteSlPINk\�VYnOSu_dXePWSlgQNk\OS cONQc3SUgkNQ\OS;VY[�`rXe�eS
NQV�cOTWSlLONQw�XZVRS��7X���XeTRSZ� XeP�PRnO[ ��\�Nk\ ��Nkt]^OTWS � � / | _ � �

��� � � � � ������nOS�jdTWPWV9w�ndXe\OteS NkP�VR[r`a[ �]SoVYnOSucOTRSULONkwlXZVYSuTRSUt]NkP>VYSUT�jOgkS | y<������TWS�XeLbVY[
� ;



VYnOSaLONkPWcdXZVRw�n P>V�Xet]S�VR[�XegQgk[ � cOTRSULONkwlXZVYSUPuVR[@_3SaTRSlXeL SlXeTRg�{�NQ\ VRnOSacONkc�SlgQNk\OSZ�+��nONkP�XegQgk[ ��P
\x^HgkgkN�jdw�X VYNk[e\bVR[ [�wUwl^OT�XZV�VRnOS SU\OL�[eh�VRnOS+LONQPRcdXZVRw�n�PWVYXet]SZ�;K�P�X TRSUPR^Og�V��*XZgkg VYnOS TRSlPW[]^OTWwlSlP
Nk\@PR^O_HPRSlpq^OSU\mV�P>V�Xet]SUP | t]SU\OSlTRXeg � � [mXZVRNk\Ot �Jc�[]Nk\mVETRSlteNkPWVRSlTsc�[]T>VYPl��hi^O\OwUVRNk[]\@^O\HNQVYPU�OSUVRwe� ��XeTRS
` X�{m�J^OPWSe� v ^HTRNk\Ht9VYnHSsLONkPWcdXZVRw�n�PWV�XZt]Se�eVRnOSsy<� ��NkP�XewlwUSlPWPRSlLaS�XZTRgQ{uNQ\ VYnOSEwU{xwlgQS�VY[�TRS�XZL+VYnOS
cOTRSULONkwlXZVYSUPohi[eT XegkgCVYnOS�[ec3SUTYXZVRNk[]\OPU����nHSl\*� VYnHS�LONkPWcdXZVYw�n gQ[]t]Nkw�\q^OgkgQNQjdSUP�VYnO[ePRS�[]c�SlTRXZVYNQ[]\OP
t]^dXeTWLOSlL ^O\OLOSUT � XegQPRSbXe\OL XePRPWNkt]\HPaVRnOS�TWSlP>V [ehIVYnHS�[]c�SlTRXZVYNQ[]\OP�VY[ VYnHSlNkT�wU[]TRTWSlPRc�[]\OLHNk\Ot
hi^O\OwUVRNk[]\ ^O\ONQVRPl� �9[eVRSEVRndXZV�wU[]`acONkgQSlT64 P V�XePW�oNkP VY[ XePWPRNQt]\ []\HgQ{ocOTW[ �ZXe_HgQ{uLONkP �W[]Nk\mVC[]c�SlTRXZVYNQ[]\OP
VY[aPRndXeTWS VYnOSoPYXZ`rS TWSlPR[e^OTRwUSe�d��nONkw�nbSl\HPR^OTWSlP�VYndXZV�\H[rTW^O\mVYNk`aS;TWSlPR[e^OTRwUS�wU[]\ � NQwUV�w�XZ\�S��]SlT
[�wUwl^OTU�

��� � � � � � ���J\ VYnHS�_dXePWSlgQNk\OSbcOTR[xwlSUPRPW[]Tl��VYnHS�gfX VYSl\HwU{ [eh;VRnOS�wU`rcHc []c�SlTYX VYNk[e\ NQP �
wU{xwlgQSe����nHSrjdTWPWV+w�nOXe\Ot]S�XZ_3[ �]SZ��nO[ �ESU�]SUTl�<Nk\HwlTRSlXePRSUP+NQVoVR[ � w�{�wUgkSUPl����nHNkPuw�Xe\$c�Sl\OXegkN0/lS
VYnOS;c�SlT>hi[]TR`rXe\OwUS;[eh VRnOS;cOTWSlLONQw�XZVRSlL�wl[xLOSZ�HSlPWc3SUwlNkXegkg�{�Nk\ VRnOS;TRSUt]Nk[e\OP�NQ\ ��nONkw�n�cHTRSlLHNkw�X VYSlL
[]c3SUTYXZVRNk[]\HPEgQNkS�[]\aVYnOSIwlTWNQVYNQw�XegHcdXZVYn ����[�`rN�VYNkt]XZVYS�VRnOSINk`acdXewUV [eh Nk\OwUTRSlXePRSUL wl`acOcrgfXZVRSl\Ow�{]�
[]^OTIPRSlwU[]\OL�w�ndXe\Ot]SuNkP�VR[rTWSU�]SUTRPWS�VYnHS�[]TWLOSlT�[eh�VYnOSoLOSUwl[xLOS+XZ\OL�LHNkPRcOXZVYw�n�PWV�XZt]SlPU� VRnOSlTWSl_m{
LOSlgkX {xNQ\OtuVRnOSIcOTRSULONkwlXZVYSITRSlXeLr_m{a[]\OS�P>V�Xet]SZ�x��nHNkw�n TWSlLO^HwlSlP VYnOSIwl`acOcagfXZVRSl\Ow�{�VY[0uw�{xwlgkSUPl�
� [ ��S��]SUTl�oPRNQ\OwlS LOSUwl[xLOS \H[ ��[�wUwl^OTWP�_�SUhi[eTRS�LONQPRcdXZVRw�n*��VRnOS wl[]`acOgkS2*�NQVJ{ [Zh�VRnOS LHSlwl[xLOS
gk[]t]NQw�NkPuNk\OwUTRS�XZPRSlL PR[]`aSU��nOXZV�� �J\ VRnOSa�E[]TWPWV+wlXePRSZ����� | hiSUVRw�n ��NkL�VYn � t]Sl\HSlTYXZgEcO^HTRc�[]PRS
LOSlwU[�LOSUTRPU��[e\OS c3SUTs[]c�SlTRXZVYNQ[]\�Nk\ VRnOS Nk\OP>VYTW^OwUVRNk[]\ �E[]TWL*� XeTRS�TRSlpq^ONQTRSUL*�$�J\@VRnOSoXeg�VYSlTW\dXZVRNQ�]SZ�
��nOSlTWS�LOSUwl[xLOS�hi[]gkgQ[ ��P�LHNkPRcOXZVYw�n*�qN�V<`rNQt]nmV�_3S�c�[]PRPWNk_OgQSsVY[u^OPRS�`a[]TRS�PWc3SUwlNkXegkN0/lSlLaXe\HLrnOSU\OwlS
gkSlPWP�S1*�c3SU\OPRN��]S�LOSlwU[�LOSUTRPU�

K9\ Nk\mVRSlTRSUPWVRNk\Ot9wl[]\OPWSlpq^OSU\OwlS�[ehH[]^OTCLOSlPWNkt]\�NkP VYnOXZVzN�VCNkPCc3[]PWPRNQ_OgkS�VY[9PRSUgkSlw�VYN��]Slg�{oNk\OwUTRSlXePRS
VYnOS wU`rcHc$gfXZVRSl\Ow�{]��PW[�XePuVY[�TWSlPWVRTRNQwUV VRnOS NQ\OwlTWS�XePWS Nk\ wlTWNQVYNQw�Xeg<cdX VYn$gQSl\OteVRn*�� \HgQ{ PR[]`aS
[]c3SUTYXZVRNk[]\HPo��NQgkg�PRSlSrXe\ Nk\OwUTRSlXePRSUL wl`acOc gfX VYSl\HwU{ ��XegQg�[eVRnOSlTo[]c�SlTRXZVYNQ[]\OP;��NkgQg�PRSUS X�wU`rcOc
gfXZVRSl\Ow�{�[Zh �]����nHNkw�n�`aS�Xe\HP9VYnOXZV�VRnOSU{@��NkgQg S1*�SlwU^HVYS+^H\Owl[]\HLONQVRNk[]\dXZgkgQ{ []\�VRnOSlNQT�TRSUPR[]^HTRwlSUPl�
��[ XegkgQ[ � _�[eVYna�qNk\OLOP<[eh []c�SlTYX VYNk[e\OP�VY[uTRS�XZLaVRnOSlNQT cHTRSlLHNkw�X VYSlP Nk\�VRnOS9PRXe`aSIw�{xwlgkSZ�xVRnOS �U�J_ON�V

� 	



��NkLOS�y � � NQ\ ��Nkt]^OTWS � �2/ | _ ��w�Xe\ _3SIPRNQ`+^OgQVYXe\OSU[]^OPRg�{�XewUwlSlPWPRSUL@hiTW[]`(VYnHS�S1*�SUwl^HVRS;PWVYXet]Se��XeP
��SUgkg�XePIVRnOS cHTRSlLHNkw�X VYSuTRS�XZL�Xe\OL�LONkPWcdXZVYw�n�PWV�XZt]Se����nq^OPl��VJ��NkwUS XeP9` XZ\q{by<� � TWS�XeL�c3[]T>VYP
XeTRS�TRSlpq^ONQTRSUL*�3_H^HV9VRnOSU{�XeTWS�[]\HgQ{ �U� _ONQV���NQLOSe�
� h�VRnONkPIc3[ePRSlP�XrLOSUPRNQt]\�cOTW[]_OgQSl`b� XrPRnOXeLO[ �
y � � wl[]^OgQL@_3SuXeLOLHSlL@hi[]T�XewlwUSlPWP9_m{@[]\OSo[ehCVYnHSlPRSuPWVYXet]SUPl�
	 nOSU\�VYnOS�[]c�SlTRXZVYNQ[]\ 4 PzcOTWSlLONQw�XZVRS�NkPzjOTRPWV XZwlwlSUPRPWSlLaNk\+VYnHS�cOTRSULONkwlXZVYSsTWS�XeLaXe\HL�LONkPWcdXZVYw�n

PWV�XZt]Se�qNQVz` X�{�\O[eV<_�S�X��ZXeNkgkXe_OgkS _�Slw�XZ^OPRS�NQV�ndXeP�\O[ZV<_3SUSl\�cOTR[xLO^OwUSlL�{]S�V _q{�VYnOS�[ec3SUTYXZVRNk[]\ 4 P
wl[]TWTRSlPWc3[e\OLONk\HtuwU`rcHc*� �J\�VYnHNkP�wlXePRSZ�]VYnOS�[]c�SlTRXZVYNQ[]\+TWSlPRSUTW�eSlP NQVYPzTRSlPW[]^OTWwlSlP<^O\Hwl[]\OLHNQVYNQ[]\dXegQgQ{
Xe\OL�cHTR[xwlSlSULOP�hi[]TW��XeTRL@VY[�VRnOS�TWSlt]NQPWVRSlT�TRSlXeLbPWV�XZt]S XZ\OLbVRnOSl\@VY[�VYnHSuS2*�Slwl^�VYS P>V�XeteSo��nHSlTRS
NQVYP�cHTRSlLHNkw�X VYS NkPsXewlwUSlPRPWSlLbVYnOS PWSlwl[e\OL�VRNk`aS;Xe\OL@NQPst]^dXeTRXe\mVYSUSlL@VY[�_�SoX �ZXeNQgfXe_HgkSe� �W^OP>VIXeP�Nk\
VYnOS9_dXePRSUgkNQ\OS�cOTR[xwlSUPRPR[eTl��K�t]XeNk\*�]VRnOSIPRw�nOSULO^OgkSUTs`+^OP>V Sl\OPW^OTRSIVYndXZVETRSUtmXeTWLOgkSUPRP [eh ��nOSUTRSIVYnOS
[]c3SUTYXZVRNk[]\ 4 P�cOTWSlLONQw�XZVRSoNkP�XewUwlSlPWPRSUL�\O[�TRSUPR[]^OTWwlSuwl[]\ � Nkw�VI��NQgkg3SU�]SUT9[xwlwU^OTl�
�zNQ\dXegQgQ{]� N�V;NkP�c3[]PWPRNQ_OgkS VR[�ndX��]S�`a[]TRS cONkc�SlgQNk\OSuPWVYXet]SlP _�SUVJ�ESlSU\ cHTRSlLHNkw�X VYS�TRSlXeL � LONQP>�

cdXZVYw�n XZ\OL S1*�SUwl^HVRS XePrVRnOS�TWSlPR^HgQV [Zh Nk\OwUTRSlXePRSUL cOTR[xwlSUPRPW[]T hiTRSUpq^OSl\Ow�{ � TRSlteNkPWVRSlTrTRS�XZL []T
wl[]`acdXeTRXZVY[]T�gQ[]t]NQw ` X�{$VRnOSl\ _�S�PWcOgkN�V�Nk\mVY[ `+^Og�VYNQcOgkSrPWV�XZt]SlPU�sXe\OL wl`acOc gfXZVRSl\Ow�{$�E[]^OgkL
Nk\OwUTRS�XZPRS�wU[]TRTWSlPWc3[]\HLONk\OtegQ{]�zK�PEVRnOS�TWSlPW^OgQVRPENQ\���SUwUVRNk[]\ � �87oNk\OLHNkw�X VYSe�qnONQt]nOSUTEwU`rcOcrgfXZVRSl\Ow�{
��Nkgkg�LHSlt]TRXeLOSrVRnOS c�SlT>hi[]TR`rXe\OwUSr[Zh v y3K���� _3SUw�Xe^HPRS wU`rcOc []c�SlTYX VYNk[e\OPuXeTRSr[eh VYSU\ []\ VYnOS
wlTRN�VYNQw�Xeg cdXZVRnOP�[eh9XewU{xwUgkNkw TRSlteNk[]\OPU� � [ ��S��]SUTl��`a[xLOSlP>V�wl`acOc&gfX VYSl\HwU{ Nk\OwUTRS�XZPRSlP���NQgkg \O[eV
ndX��]S@X�PWNkt]\HNQjdwlXe\mV+Nk`acdXew�Vu[]\ VYnHS c3SUTWhi[]TW` XZ\OwlSa[eh v y3K;��� _�SlwlXe^OPRS wl`acOc$[]c�SlTRXZVYNQ[]\OP
XeTRSoTYXZTRSlg�{ []\@VYnHSuwUTRN�VYNkwlXeg cOXZVYnOP�[eh�wU{xwUgkNkw TWSlt]NQ[]\OPU�

� ��� � � � ����� � � ��� � ��
 , �(� � ��
 � � � � ��� �	�(� � 
 � � � ����� � �

�J\@VYnONQP�PRSlw�VYNQ[]\*�OVYnHS�LOS�V�XeNQgkPs[ZhzVYnHS�XZwU{xwlgQNkwuXe\OLbwU{xwlgQNkwoLOS�VYSlTW`rNQ\ONkP>VYNQw;cOTRSULONkwlXZVYS �7X���XeTRS
PRw�nOSULO^OgkNQ\Ot$XZgkt][]TWNQVRnO`rP XeTRS@cOTWSlPWSl\mVYSUL*� v SUVRSlTW`rNQ\ONkP>VYNkw cOTRSULONkwlXZVYS �7X��sXZTRSbgkNkP>V�PRw�nHSlLO^OgQNk\Ot
| v y3K��C�O��Xe\OL@LOS�VYSUTR`aNk\ONQPWVYNQw9cHTRSlLHNkw�X VYS��JX��sXeTWS `r[xLO^OgQ[ PWw�nOSlLO^HgkNk\Ht | v y3K;���O�sXeTWS;S1*xVRSl\��
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Predicate-aware

Reservation Tables
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Build DDG

1

Extend Latencies

) 3 + � Os4@O:5@V�? J ? � 46?B8 N 5@O - ?B8:7�46O � % � 7�56O,1�8\[.O - 2.=BOQ5

687 98:�; f�gih��il 	�rQ��o��y����v�{8=�~�� =�z�tQvkxs�����yz!��rQ�y~�tQx

PRNk[e\OP�[ehCwl[]\m�eSl\mVYNQ[]\dXeg �C��Xe\OL �>���3�HTRSlPWc3SUwUVRNQ�]SUgQ{e� K9P�LONkPWwl^OPWPRSlLbNk\ VRnOS cOTWSU�xNk[]^HP�PRSlw�VYNQ[]\*�
_3[eVRn VYSUw�nO\ONkpq^OSUPbXeNk` VY[&LHSlwlTWS�XePWS�PRw�nOSULO^OgQS gQSl\OtZVYn _m{ TWSlgkX *�Nk\Ot$TWSlPW[]^OTRwUS�wl[]\HPWVYTRXeNk\mVRPl�
PRc�SlwlN�jdw�XZgkgQ{+_q{�XegkgQ[ ��NQ\OtoXoPRSUV [eh LONkP �W[]Nk\mV<[]c�SlTRXZVYNQ[]\OP�VR[uTWSlPWSlTW�eS9VRnOS9PRXe`aSITWSlPW[]^OTRwUS9NQ\�VYnOS
PYXe`aSowU{xwlgQSe�
�zNQt]^OTWS � �81 | Xm�*PRnH[ ��PCVYnOS<jO�eS�`rXeNk\oPRw�nHSlLO^OgQNk\OtIPWVRSlcOPChi[]T wl[]\m�eSl\mVYNQ[]\dXegxgkNQPWVCXe\OLu`a[�LO^Hgk[

PRw�nOSULO^OgkNQ\Ot;XZgkt][]TWNQVRnO`rPU� �zNkTWPWVl� VRnOS<LdXZVYXILOSUc3SU\OLOSU\OwlSsteTYXecOnuNkP wU[]\OP>VYTR^HwUVYSUL+Nk\o��nONQw�n�SULOt]SlP
_3S�VJ��SUSl\bLOSlc�Sl\OLHSl\mVI[]c3SUTYXZVRNk[]\HPsXeTWS�`rXeTR�ZSlL ��NQVRn VYnOS�wl[]TWTRSlPWc3[e\OLONk\Ht+gfXZVRSl\OwUNkSUP | �qVYSlc � � �
�9S1*xVl�;Nk\ VRnOS w�XePWS [Zh�`a[xLO^Ogk[ PRw�nOSULO^OgkNQ\OtO�IVYnOS TRSUPR[]^HTRwlS Xe\HL�TWSlwU^OTRTWSl\OwUS _dXZPRSlL�gk[ �ESlT
_3[]^H\OLOP []\ ���bXeTWS+wl[]`acO^HVRSlL�VR[ cOTR[ �xNkLHS�X PWVYXeTWVRNk\Otr�eXZgk^OS�[eh$� �shi[]TIVYnOS ` XeNQ\�PWw�nOSlLO^HgkSlT

0 �



| �xVRSlc � ���C��nOSE`rXeNQ\ PRw�nOSULO^OgkSUT�PWw�nOSlLH^OgkSUPzS�XZw�n []c�SlTRXZVYNQ[]\ Nk\uXewUwl[]TWLu��N�VYnoVYnOS<TRSUPR[]^HTRwlSEXe\OL
gfXZVRSl\Ow�{@wl[]\OP>VYTRXeNk\mVYPU� ^O\mVYNkg*VRnOSuSl\mVYNQTRSoTRSUt]Nk[]\bNkP�PWw�nOSlLH^OgkSUL���NQVRn�SUNQVYnHSlT�VYnOSugkNQPWV�PWw�nOSlLO^HgkSlT
hi[]T�XZwU{xwlgQNkwITRSlteNk[]\OP | �qVYSlc(0m���x[]T<VYnOS9`r[xLO^OgQ[uPWw�nOSlLH^OgkSUT�hi[]T wU{xwlgQNkwITRSlteNk[]\OP | �xVYSUc � ���<�<Xew�n
PRw�nOSULO^OgkSUT9^HPRSlP9X�TRSlPW[]^OTWwlSuTRSlPWSlT>�eX VYNk[e\@VYXe_OgQS;VY[aX��][]NQL�TWSlPR[e^OTRwUS�wU[]\ � NQwUVYP | �xVYSUc�7]� �
;^OT�LOS�VYSUTR`aNk\ONQPWVYNQw;cOTWSlLONQw�XZVRS��7X���XeTRSoPWw�nOSlLO^HgkNk\HtaVRSlw�nO\ONQpq^OS�S2*xVYSl\HLOPIVRnOSowl[]\m�eSl\mVYNQ[]\dXeg

PRw�nOSULO^OgkSUT | LONQPRwl^HPRPRSUL NQ\���Slw�VYNk[e\ � � � � � �rXeP�PRnO[ ��\�Nk\ ��Nkt]^OTWS � �21 | _d���.� XZw�n S2*�VRSl\OPWNk[]\
NkP+LONQPRwU^OPRPWSlL Nk\ VRnOS hi[]gkgQ[ ��Nk\OtbPRSUwUVYNQ[]\OPU�$��SUwUVRNk[]\ � � � � ��LOSlPWwlTWNk_�SlP+VYnHS LdXZVYX�LOSlc�Sl\OLHSl\OwUS
t]TYXecHn�gkXZVYSU\OwU{ S1*xVYSU\OPRNQ[]\�PWVYSUc | �xVRSlc � Xm�r��nONQw�n�hi[]gkgQ[ ��P v v ¡ wU[]\OPWVRTR^Ow�VYNQ[]\ | �xVRSlc � �
Xe\OLbPRSlgQSlw�VYNQ�eSlg�{ S1*xVRSl\OLOP�VYnHSuwU`rcHcbgkXZVYSU\OwU{rhi[]T�SU�eSlT>{@[]c3SUTYXZVRNk[]\ VRndXZV�wlXe\@c3[eVRSl\mVYNkXegkg�{a_3S
wl[]`+_HNk\OSUL$��NQVYn PR[]`aS [eVRnOSlT+LHNkP �W[eNk\mV [ec3SUTYXZVRNk[]\*� 	 S nOX �eS�LOSlPWNkt]\HSlL Xe\OL&NQ`rcHgkSl`aSl\mVRSlL
VYnOTWSlSIPRw�nOSULO^OgkNQ\OtuXegkte[]TRN�VYnO`aPl�*VJ�E[ XZgQVYSUTR\dX VYNQ�eS v y3K�����XegQt][]TWNQVYnH`rP | �xVRSlcOP 0uXe\OL�0 4 ���qXe\OL
[]\OS v y3K;���bXZgkt][]TWNQVRnO` | �xVYSUc � ���

��nOS&jdTWPWV XegQt][]TWNQVYnH`�� wlXegkgQSlL 4 S1*xVYSU\OL��7XZgkg54 v y3K���� | �xVYSUc#0]��� NQP�LOSUPRwlTWNk_�SlL Nk\ ��SUw��
VYNk[e\ � � � � 0@Xe\OL NkPo^OPRSUL VR[�PWw�nOSlLO^HgkS XZwU{xwlgQNkw�TRSUt]Nk[e\OPl� 4 � *xVYSU\OL��JXegkg 4 v y3K�����TRSUpq^ONkTWSlPoVYnOS
gfXZVRSl\Ow�{ S1*xVYSU\OPRNQ[]\ P>VYSlc | �qVYSlc � Xm� ��XZPuPWnO[ ��\$_m{�VYnOSaXeTWTR[ �
hiTW[]`/�xVRSlc � X VY[��xVYSUc 0@Nk\
�zNkt]^HTRS � �21 | _ � �qPR[oVYndXZV ��nOSU\ Xe\a[]c�SlTYX VYNk[e\���N�VYnaS1*xVYSU\OLOSUL�wl`acOcrgkXZVYSU\OwU{�NQP<PRw�nOSULO^OgkSUL*�xNQV
NkP�Xeg��sX�{xPsh XeT�Sl\H[]^Ot]n�hiTR[e` NQVRPswl`acOc@cOTW[�LO^HwlSlTsVR[�_3SoXe_HgkS�VR[�TRS�XZLbN�VYP�cOTWSlLONQw�XZVRS S�XeTWgQ{rNk\
VYnOSucONkc�SlgQNk\OS | LO^OTWNk\Ot�VYnHS�cOTWSlLONQw�XZVRS�TWS�XeL�Xe\OL�LONkPWcdXZVRw�n�P>V�Xet]S�����Xe\OL�nOSl\HwlSuwl[]\OLHNQVYNQ[]\dXegQgQ{
TRSlPWSlT>�]S9Xe\OL�PRnOXeTRS�N�VYP�TWSlPR[e^OTRwUS���N�VYn�Xe\H[eVYnOSUT�LONQP �W[]NQ\qVz[]c�SlTYX VYNk[e\+Nk\+VRnOS�TRSUt]Nk[]\ � �I[eVYSsVRndXZV
Xe\ []c�SlTRXZVYNQ[]\�Nk\a[]^OT<PWw�nOSlLO^HgkNk\Ht�S2*OXZ`rcOgQSlP<S1*�cOgQNkwUNQVYg�{ TWSlPWSlTW�eSlPsSUNQVRnOSlT Xe\aK#� ���qX���SU`r[]T>{
y�[]T>V�� []T�X ��TYXe\Hw�n �I\ONQVaXZP�NQVYP S1*�SlwU^HVYNQ[]\ ^H\ONQVl� 	 SbTWSUhiSUT+VY[�VYnONQP+^O\ON�V�_OTRNQS � {$XeP � N�VYP
TRSlPW[]^OTWwlS � �%�VYnHSlTs`rX�{q� ^OPRS TWSlPW[]^OTRwUSlP | PW^Ow�n�XePsTRSUt]NkP>VYSUTsc3[eTWVYPY�ETRSUPRSUTW�ZXZVYNQ[]\OP�XeTWS;Nk`acOgQNkwlN�V �
TRSlPWSlT>�eX VYNk[e\OP�[eh�VYnOSohiSUVRw�n���NkL�VYnb`+^OPWV>�J^OPWS TWSlPR[e^OTRwUS+XeTWS XegQPR[�t]SU\OSlTRXegkg�{�Nk`acOgkNQwlN�V��x_O^HV�XeTRS
[�wUw�XePWNk[]\dXZgkgQ{rPRnH[ ��\�S1*�cOgQNkwlN�VYg�{]�

��nOS�PWSlwU[]\OL Xegkt][eTRNQVRnO`b�sw�XegQgkSUL 4 jOTRPWV>� jOV64 v y3K��C� | �xVYSUc 0 4 � �9NQP LOSUPRwlTWNk_�SlL Nk\ ��SUw��
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VYNk[e\ � � � � � Xe\OLb` X�{ XegQVRSlTR\OXZVYN��]Slg�{ _�So^OPRSUL�VR[aPWw�nOSlLH^OgkS�XewU{xwUgkNkw TWSlt]NQ[]\OPU�<�9\OgQNk�eS*4 S1*xVRSl\OL��
Xegkg 4 v y3K������ 4 jdTWPWVW�~jOV 4 v y�K#�C� LO[xSlPu\O[eV�TRSUpq^ONkTWSaVRnOSrgkXZVYSU\OwU{ S2*xVYSl\HPRNk[e\ PWVRSlc*� �J\HPWVYSlXeL*�
Xe\�[]c�SlTRXZVYNQ[]\@w�Xe\�_�SuPRw�nOSULO^OgkSUL XZVIVYnOSuS�XeTWgkNQSlPWV�VRNk`aSoVRndXZV9PYXZVRNkP>jdSlP9NQVYPITRSUPR[]^HTRwlS Xe\OL�LOS��
c3SU\OLOSl\HwlS;wU[]\OPWVRTYXeNQ\mVYPl�xTRSUtmXeTWLOgkSUPRP [eh*VYnHS9LONQPWVYXe\OwlS�hiTR[e`"wl`acOcrVRndXZV LOSUjO\OSlPsN�VYP<cOTWSlLONQw�XZVRSe�
� [ ��S��]SUTl�;XZ\ []c�SlTYX VYNk[e\ w�XZ\O\O[eV�PWndXeTWS�NQVRPrTWSlPR[e^OTRwUS���NQVYn Xe\m{ [ZVYnOSUT []c�SlTYX VYNk[e\ NQh;NQVrNkP
PRw�nOSULO^OgkSUL�PW[awUgk[]PWS�VY[�N�VYPswU`rcOc�cHTR[xLO^OwlSUT�VYndXZVsNQVYP�cOTRSULONkwlXZVYS NQPs\O[eVIX��ZXeNkgkXe_OgQS9LO^HTRNk\Ht+VYnOS
S�XeTWgQ{ TWS�XeL@P>V�Xet]S �ONk\ VRnONkP�w�XePWSoVRnOS []c�SlTRXZVYNQ[]\ `+^OP>V�TRSUPRSlT>�]SuNQVRPsTRSUPR[]^OTWwlSo^O\OwU[]\OLON�VYNQ[]\dXegQgQ{]�
� XZw�n�cOTWSlLONQw�XZVRSlL@[]c�SlTRXZVYNQ[]\ ndXeP�XZ\�XZPRPR[xwlNkXZVYSUL�wl`acOc@[]c�SlTYX VYNk[e\ VYndX V�cOTR[xLO^OwUSlP�NQVRPscOTWSlL��
Nkw�X VYS �3��S�TWSUhiSlT;VR[ VYnOXZV wl`acOc�[ec3SUTYXZVRNk[]\�XZP � NQVRP�wU`rcOc�cHTR[xLO^OwlSUT � []T9PR[]`aSUVRNk`aSlP�XeP � N�VYP
wl`acOc � hi[]T+PRnH[]TWVl�'� ^HTWVYnHSlTR`a[]TWS ��Sb[eh VYSU\ TRSUhiSUT�VY[�VYnOS�gkXZVYSU\OwU{ hiTR[]`0NQVYP�wU`rcHc VR[�VYnOS
[]c3SUTYXZVRNk[]\@PWNk`acOgQ{ XeP�VYnOSo[]c�SlTRXZVYNQ[]\ 4 P � wl`acOc@gfX VYSl\HwU{]� �

v y�K ��� | �xVRSlc � �sNkP�^OPWSlLbVY[aPRw�nOSULO^OgkSuwU{xwUgkNkwoTWSlt]NQ[]\OPl�OXeP�LOSlPWwlTRNQ_3SUL�NQ\��xSlwUVRNk[]\ � � � � �]�
� V�NQPbPWNk`aNkgkXeTrVR[ 4 S1*xVYSU\OL��JXegkg 4 v y3K#�C��Nk\ VYndX V�N�VbXegkPW[ TWSlpq^ONQTRSlP@VYnHS gkXZVYSU\OwU{ S2*�VRSl\OPWNk[]\
PWVYSUc*� �9[eVRS�VRndXZVoNQ\ XZLOLONQVRNk[]\ v y�K ����TRSUpq^ONkTWSlPoVYnOS � � ��� ����Xe\OL � ��� � ����_3[e^O\OLOPoVY[
_3Sowl[e`rcO^�VYSlL | Nk\@X�LOSUVRSlTW`rNQ\ONkP>VYNkw�cOTRSULONkwlXZVYS �7X��sXZTRS `rXe\O\OSUT����OXeP�Nk\OLONQw�XZVRSlL�_m{ VRnOSoXeTRTW[ �
Nk\ �zNkte^OTRS � �21 | _ �EhiTR[]`��xVYSUc � VY[r�xVRSlc � �

��[ZVYn v y3K#�C� Xe\OL v y3K ����PRnOXeTRS `+^Ow�n [eh�VRnOS PYXe`aS ^O\OLOSUTRgQ{xNQ\Ot PWw�nOSlLH^OgkNQ\Ot NQ\��
hiTYXeP>VYTR^HwUVY^HTRSe�3��nONkw�n�SU`rcOgQ[ {�P�X cOTWSlLONQw�XZVRS��7X���XeTRS�TRSUPRSlT>�ZXZVYNQ[]\�V�XZ_OgkSu`r[xLO^OgQS | �xVYSUc 7]���3XeP
LOSlPWwlTRNQ_3SUL�NQ\��xSlwUVRNk[]\ � � � � � �

����� �Q� ����� ��:��HBCF-�*D ��� �OBCF;GO5 � F

K9P+��S�PRXeNkL Nk\&��Slw�VYNk[e\ � �20H��N�V�NkP c3[]PWPRNQ_OgkS VR[�PRSUgkSlw�VYN��]Slg�{$NQ\OwlTWS�XePWS�wl`acOc&gfXZVRSl\Ow�{$[eh
VYnOS+cHTRSlLHNkw�X VYSlL�[]c3SUTYXZVRNk[]\HP�Nk\bVYnOS�TRSUt]Nk[]\�XeP9VR[ TRSUPWVYTWNkw�V�VYnHS t]TW[ ��VRn�[eh�VRnOS+wlTWNQVRNkw�XZg cdXZVYn
gkSl\HteVYn*� 4 � *xVYSU\OL��7XZgkg54 v y3K�����Xe\OL v y�K ����c3SUTWhi[]TW`
VYnHNkP�gfX VYSl\HwU{+S2*xVYSl\HPRNk[e\ Nk`a`aSlLONkXZVYSUgQ{
XZh VYSUT�VRnOS v v ¡ wU[]\OPWVRTR^Ow�VYNQ[]\�P>VYSUc*�
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��nOSowU`rcOc@gkXZVYSU\OwU{�[ZhzX�t]N��]SU\�cOTWSlLONQw�XZVRSlL@[]c�SlTRXZVYNQ[]\�NkPsVRnOS gfXZVRSl\Ow�{ VYnOXZV�cOgfXZwlSlP�X�gkX �
VYSl\HwU{bwl[]\HPWVYTRXeNk\mV�[]\@VYnHSuPWw�nOSlLH^OgkSuLONkP>V�Xe\HwlSu_3S�VJ��SUSl\�VRnOSu[]c3SUTYXZVRNk[]\ 4 P�cOTWSlLONQw�XZVRS�� LOSUjd\HNk\Ot
wl`acOc Xe\OL VRnOS�cOTWSlLONQw�XZVRSlL [ec3SUTYXZVRNk[]\ NQVYPWSlg�h7� K9P ��S�PYXeNQL Nk\ ��Slw�VYNk[e\ � � 0H��S�Xew�n�cHTRSlLHN��
w�XZVRSlL []c�SlTYX VYNk[e\ w�Xe\ _�S�PRSUgkSlw�VYN��]Slg�{ PWw�nOSlLH^OgkSUL���N�VYn�[]\OS�[ZhuVRnOS�VJ�E[ wl`acOc gfXZVRSl\OwUNkSlPU�
��� ��� 	���� 	 � � ����� Nk\���nONQw�n wlXePRS�N�V `+^OP>VoTRSlPWSlT>�]SaNQVYP�TRSlPW[]^OTWwlS�^O\OwU[]\OLON�VYNk[e\dXegkg�{bXe\OL w�XZ\O\O[eV
PRndXeTWS9N�V���NQVRn�[eVYnOSUT<LONkP �W[]Nk\mV�[]c�SlTRXZVYNQ[]\OP�PWNk\OwUS�NQVYP�cHTRSlLHNkw�X VYS�NkP�\O[ZV X �ZXeNQgfXe_HgkS�^H\qVRNkgHVRnOS�Sl\OL
[eh3VRnOS�S1*�SUwl^HVRSIP>V�XeteSe�m[]T �	� 	 � � � �
��� 	 � � �����xNQ\+��nONkw�n�wlXePRS�N�V�w�Xe\�wU[]\OLON�VYNk[e\dXegkg�{oTRSUPRSlT>�]SIXe\OL
PRndXeTWS+NQVRP9TWSlPW[]^OTRwUS ��NQVRn�[eVRnOSlT9LONkP �W[]Nk\mVI[]c�SlTRXZVYNQ[]\OPIPRNk\HwlS N�VYPIcOTRSULONkwlXZVYS�NkP9X��eXZNkgfXZ_OgkS SlXeTRg�{
Nk\�VYnOSocONQc3SUgkNQ\OS;LO^OTWNk\Ot�VRnOSocOTRSULONkwlXZVYSoTRSlXeL�Xe\OL@LONkPWcdXZVRw�n�P>V�Xet]SZ�

��nOS v v ¡ gkXZVYSU\OwU{ S2*�VRSl\OPWNk[]\ PWVRSlc []c�VYNk`aNkP>VYNQw�XegQgQ{ S1*xVRSl\OLOPaVYnOSbwl`acOc gfXZVRSl\Ow�{ [eh X
t]NQ�eSl\�[]c�SlTRXZVYNQ[]\ VY[ �	� 	 � ��� �E����� 	 � ����+w�{xwlgkSUP�NQhdN�V�wlXe\�c3[ZVYSl\mVRNfXegQgQ{o_�Sswl[]` _ONk\OSUL ��NQVRn�PR[]`aS
[eVYnOSUT�LONQP �W[]NQ\qV�[]c�SlTRXZVYNQ[]\*� N~� Se�z[e\OgQ{uNQhONQV�`rNQt]nmVzTWSlPR^HgQV�NQ\+PR[e`rSEc3SUTWhi[]TW` Xe\HwlS�NQ`rcHTR[ �]SU`rSU\qVl�
� h*VYnOSI[]c�SlTRXZVYNQ[]\�w�Xe\O\H[eV _3SIwl[]` _ONk\OSULa��N�VYnrXe\m{�[eVYnHSlT<[]c�SlTYX VYNk[e\aNQ\aVRnOS�TRSUt]Nk[]\ �xN�VYP�wU`rcOc
gfXZVRSl\Ow�{ NkP*PWSUV VY[
��� ��� 	���� 	 � � ���3� �9[ZVYS�VYnOXZV SU�eSl\���nHSl\�Xe\o[]c3SUTYXZVRNk[]\ 4 P*gkXZVYSU\OwU{�NkP*S2*xVYSl\HLOSlL*�
LO^OTRNQ\OtuXewUVR^dXegdPWw�nOSlLO^HgkNk\HtuVRnOS�wl[]`+_HNk\ONQ\Ot;`rX {+[]T�` X�{ \O[eV�V�XZ�eSIcOgfXewUSe����[]TRSU[ �]SlTU��S��]SU\ NQh
PR^Ow�n�wl[]`+_HNk\ONQ\Ot [xwlwU^OTRP�LO^OTWNk\Ot�PWw�nOSlLH^OgkNQ\OtO�ON�VsNkP�\O[eV�t]^dXZTYXe\mVYSUSlL�VY[�TWSlPW^OgQV�NQ\@X+PRw�nOSULO^OgkS
gkSl\HteVYnbTRSULO^OwUVRNk[]\ �

��nOS�cOTR[xwlSULO^OTRS ��. 	-��� ������� � � ��� � 2 � 	 !�� � � � c�SlTWhi[eTR`aPrVYnHS�gfX VYSl\HwU{ S1*xVYSU\OPRNQ[]\*�
XeP PRnO[ ��\ Nk\ �zNkt]^HTRS � �2;H��� V;VYXe�eSUP;hi[]^OT;cOXeTYXe`aSUVRSlTWPl� )*)ED �sVYnHS�LdXZV�XrLOSlc�Sl\OLHSl\OwUSrt]TRXecOn
[eh�VYnOS TRSlteNk[]\*� � 6 D � & #73��4I76r� X�TWSlt]NQ[]\ VJ{xc3S � Xet���nHNkw�n&Nk\HLONkwlXZVYSUP���nOS�VYnOSUT VYnOS TRSlteNk[]\ NkP
XewU{xwlgQNkw [eT�wU{xwlgQNkwe�; 4 & � 3 9 ( 3�6 # ����uX�PWnO[]TWV�gkXZVYSU\OwU{ [eh�VYnHS�wl`acOc []c3SUTYXZVRNk[]\ ��Xe\OL&jd\dXZgkgQ{
6�� 3�6 # ) 6 ) 9 ( 3 6 # ��a�EXe\@S2*�VRSl\OLHSlL�gQ[]\Ot]SUT�gfXZVRSl\Ow�{ [ehCVYnOSowU`rcOcb[]c�SlTRXZVYNQ[]\*�
��nOSIcOTW[�wUSlLO^OTWS9wU[]\OPWNkPWVRPE[Zh3VJ�E[ cOnOXePRSUPl�<��nOS�jdTRP>VEcHndXePRS | gQNk\OSUP �U� ;m�zPWSUVRP VRnOS ��� � 	 � � �

_ONQVIjdSlgQL�[ehzSU�eSlTW{�cOTWSlLONQw�XZVRSlL�[ec3SUTYXZVRNk[]\*����nOS ��� � 	 � � � 	�_HNQVINkPIPRS�V�VY[ � N�hzVRnOS []c�SlTRXZVYNQ[]\
w�Xe\u_3S<wU[]`+_ONQ\OSlL ��NQVRnoPR[]`aS<[eVYnOSUT []c�SlTYX VYNk[e\*� c3[eVRSl\mVYNkXegkg�{ITRSlPW^OgQVRNk\Ot�NQ\ PR[]`aS<c3SUTWhi[]TW` Xe\HwlS
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DPAS-DDGLatency-Exend(ddg,  regiontype, shortlatency, extendedlatency)

1 /*  phase 1: mark mustres bit of each operation */

2 for each predicated operation node, op, in ddg do

3 op.mustres = 1;

4 independenceSet = all operations in ddg independent from op1

5 if(op is disjoint from at least one operation from independenceSet then

6 op.mustres = 0

7 end if

8 end for

9 /*  phase 2: adjust cmpp latencies */

10 for each cmpp operation outgoing edge, cmpp_outedge) do

11 op = cmpp_outedge.destination;

12 if op.mustres == 1 then

13 setlatency(cmpp_outedge, shortlatency)

14 else

15 setlatency(cmpp_outedge, extendedlatency)

16 end if

17 end for

6 7 98:�; f�gih��il�m���� 	W��~�x9o�{yr���ou�ix9o�{yqsvkz.{ wytsziruo��y��tso

Nk`acOTR[ �]SU`rSU\mV �e[ZVYnOSUTW��NkPWS VRnOS ��� � 	 � � �E_ON�V NkP PRS�V VY[ �]���b[]TRS<PRc�SlwUNQjdwlXegkg�{]� XZV VYnHS _�SlteNk\O\ONQ\Ot
[eh�VRnOS;jdTWPWV�cOndXZPRS;VYnHS ��� � 	 � � �u_ON�Vs[eh�SU�eSlT>{�[]c�SlTYX VYNk[e\ NkPswU[]\OPWSlTW�ZXZVRNQ�eSlgQ{ Nk\ON�VYNfXZgkN5/USlL�VY[ �
| gkNQ\OS 0m� ��XZPRPR^H`rNQ\OtuVRndXZV<VYnHSlTRSIS1*�NQPWVYP \O[uwl[]` _ONk\ONQ\Oto[]cOc�[]TWVR^O\ON�VJ{+hi[]T�VYnONQP<[]c3SUTYXZVRNk[]\ ����nOS
wl[]\OLHNQVYNQ[]\@Nk\bgkNQ\OS�7�VRSlP>VYPINQhCVYnOSu[]c�SlTYX VYNk[e\bNQP�LONkP �W[]Nk\mV�hiTW[]`�XZVIgkSlXePWVI[]\HSu[ZVYnOSUT9[]c�SlTRXZVYNQ[]\
Nk\@NQVRP�Nk\OLOSUc3SU\OLOSU\OwlSoPRS�V�� � � � �%� � ��� ��� ��� � 	 �O��nHNkw�nbwl[]\OPWNkP>VYP�[eh�Xegkg []c3SUTYXZVRNk[]\HPsNk\�LOLHtaVRndXZV
XeTRS@Nk\HLOSlc�Sl\OLHSl\mVrhiTW[]`0VRnONkP�[]c�SlTRXZVYNQ[]\*� � h;Xe\ []c�SlTYX VYNk[e\ NQP�LONkP �W[]Nk\mV+hiTW[]` XZV�gQS�XeP>V�[]\OS
[]c3SUTYXZVRNk[]\�NQ\ NQVRP � � � �%� � ��� ��� ��� � 	 �IVYnOS�[ec3SUTYXZVRNk[]\ 4 P ��� � 	 � � ��_ON�V�NkP PWSUV�VR[ � | gkNQ\OS /m� �
XeP VYnOSUPRS�VJ��[@[]c�SlTRXZVYNQ[]\OP;`aNktenqV;t]SUVowU[]`+_ONQ\OSlL�LO^HTRNk\HtbPWw�nOSlLH^OgkNQ\OtbXe\OL�VYnq^OPoc�[eVYSU\qVRNfXegQgQ{
TRSlPW^OgQVINQ\bPW[]`aS c3SUTWhi[]TW` Xe\HwlS Nk`acOTW[ �eSl`aSl\mV��
�J\$VRnOS PRSUwl[]\HL cHndXePRS | gkNQ\OSlP � � � ��/m����VYnOS wU`rcHc$gfXZVRSl\Ow�{ [Zh�VYnO[]PWS�[]c�SlTYX VYNk[e\OPu��N�VYn X

��� � 	 � � ��_HNQV [eh ��NQP;PRS�V VY[ ��� ��� 	���� 	 � � ��� | gQNk\OS ��0m� �IVRnOSlPWS�[]c3SUTYXZVRNk[]\HP9��NkgQg�TWSlPWSlTW�eS�VYnOSUNkT
TRSlPW[]^OTWwlSlP ^O\Owl[e\OLONQVRNk[]\OXegkg�{]��K�gQg�VYnOSa[eVYnHSlTo[]c�SlTYX VYNk[e\OP ��NQVYn VYnHS ��� � 	 � � � _HNQVu[eh � ndX��]S
VYnOSUNkT+wU`rcOc&gkXZVYSU\OwU{ S1*xVRSl\OLOSUL&VY[ �	� 	 � ��� �E����� 	 � � ���$wU{xwlgQSlP | gkNk\HS �%7e����VYnO[]PWS []c�SlTRXZVYNQ[]\OP
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Nk\@VYnOSogkNQPWVl�OXe\OL@VYnHSlTRS�hi[]TRSoN�V�w�Xe\�XegkPW[�TRSlPWSlT>�]S�VRnOSoTRSUPR[]^OTWwlS � 6 ; & > � � 6�XZV�VYNQ`rS ¨ > � � � �CB 6��
;VRnOSlT>��NkPWSaVRnOS��eXZgk^OS�TWSUVY^HTR\OSUL NQP � XegQPRS�XZ\OL VRnOS�[]c�SlTYX VYNk[e\ NQP \O[eVoLONQP �W[]NQ\mV hiTR[]` []\OS�[]T
`r[]TWS [eh VYnOSo[]c�SlTRXZVYNQ[]\OPswU^OTRTWSl\mVYg�{�Nk\ VRnOS gkNQPWVl����nOSlTWSUhi[]TWSe�dVYnHNkPs[]c�SlTRXZVYNQ[]\�w�XZ\O\O[eV�TWSlPRSUTW�eS
VYnONQPITWSlPW[]^OTRwUS X V 	 � ��� � ��� �]�
� hsVRnOSlTWS XZTRSa\O[�TWSlPR[e^OTRwUS wl[e\ � Nkw�VYPU��VYnHSr[]c�SlTRXZVYNQ[]\ NkPocOgfXZwlSlL Nk\mVY[@VYnHSr[]c�SlTRXZVYNQ[]\ gkNkP>V

[eh�VRnOSrwU[]TRTWSlPWc3[]\HLONk\Ot�Sl\mVYT>{ Nk\ VYnOSr�z� � ��nOSa[]c�SlTRXZVYNQ[]\ 4 PucHTRSlLHNkw�X VYSaNkP VYnOSU\  ��SlL Nk\mVY[
VYnOSuwl^OTWTRSU\qV I � 6 ) 6�� I ��Nk\@VYndXZV9�z� Sl\mVYT>{@VY[aTRS � SlwUV9VYnOSo\OS��-wl[]\HLONQVRNk[]\@^O\OLHSlT���nONkw�nbVYnOS
TRSlPW[]^OTWwlSuNkP�_O^OP>{]�

K9P���S�PYXZNkL�Nk\a�xSlwUVRNk[]\ � �20H�]VRnOS�cOTWSlLONQw�XZVRS��7X���XeTRS�PWw�nOSlLH^OgkSUT LHNQ�xNkLOSUP�`rXew�nONk\HS�TRSlPW[]^OTWwlSlP

0 	



Nk\mVY[uVJ��[+wlXZVYSUt][]TWNkSlPU��`rX {m� ^OPRS9Xe\OL ` ^OPWV>�J^OPWSe� ��X�{m�J^OPWS;TRSUPR[]^HTRwlSUPsw�XZ\ _�S�TRSUPRSUTW�]SUL�Nk\aVYnOS
PYXe`aSrw�{xwlgkSr_m{ LHNkP �W[eNk\mVu[]c3SUTYXZVRNk[]\HPl�b��^OP>VW� ^OPRSrTRSlPW[]^OTWwlSlP w�Xe\$[e\OgQ{�_�S TWSlPWSlTW�eSlL&_m{ []\OS
cdXeTWVRNkwU^OgfXeTE[]c�SlTYX VYNk[e\ Nk\@X+t]N��]SU\�wU{xwlgQSe� XePs[e\@VRnOS _dXePWSlgQNk\OS9` Xew�nHNk\OSZ����nOS w�XZVRSlt][eTRN5/lXZVYNQ[]\
TR^OgQS�NkP�VYnOXZV<SU�eSlTW{�TWSlPW[]^OTRwUS�VYndXZV<NQP<XZh VYSUT�VYnOS�cHTRSlLHNkw�X VYS�\q^OgkgQNQjdwlXZVYNQ[]\ c�[]Nk\mV�NQ\�VYnOS�cONQc3SUgkNQ\OS
NkP�` X�{m�J^HPRSe� ��X�{m�J^HPRSbTRSlPW[]^OTWwlSlPrw�Xe\ _�SbTWSlPWSlTW�eSlL _m{&LHNkP �W[eNk\mV�[]c�SlTYX VYNk[e\OP�_3SUw�Xe^HPRS@VYnOS
[]c3SUTYXZVRNk[]\HP+��nO[]PRSbcOTWSlLONQw�XZVRSlP�SU�ZXegQ^dXZVYS VR[ ��XZgkPRS@XZTRS�LONQPRw�XZTRLOSUL _�SUhi[]TWS�VYnO[]PWS@TRSlPW[]^OTWwlSlP
XeTRS�^OPRSUL*� } [e\q�eSlTWPRSlg�{]�*TWSlPW[]^OTRwUSlP _�SUhi[]TWSuVRnOS \q^OgQgkN�jdw�XZVRNk[]\@c�[]Nk\mV9XeTWS `+^OP>VW� ^OPRSZ� Xe\HL�[]\Og�{
[]\OSu[]c3SUTYXZVRNk[]\�wlXe\bTRSlPWSlT>�]S�VRnOSl`�XZV9Xe\m{ VYNQ`rSoXeP�VRnOSlPWS�TWSlPR[e^OTRwUSlP9XeTRSo^OPWSlL�TWSltmXZTRLOgQSlPRP�[eh
VYnOSu[]c�SlTYX VYNk[e\ 4 P�cOTRSULONkwlXZVYS �ZXegk^HSe�
�d[]T�[]^HT�Nk`acOgkSU`rSU\qVYXZVYNQ[]\*� ��S9XeLOLrX cOPRSU^OLO[ ` ^OPWV>�J^OPWS9TWSlPR[e^OTRwUS9wlXegkgQSlL+VYnHS , 6:3�� 4 ¦ � ) 354

| []T ���-�<TWSlPW[]^OTRwUSe�<��nONQPsTRSUPR[]^OTWwlS gQNk`aNQVYP�VRnOS;`rX *�Nk`+^H`"\x^H`+_3SUTs[eh []c�SlTRXZVYNQ[]\OP VYndXZV�w�Xe\
_3S+hiS�VYw�nOSUL NQ\�X t]N��]Sl\�wUgk[xw���w�{xwlgkSZ����Nk\OwUS VYnHS+hiSUVYw�n P>V�Xet]S NkP;X ` ^OPWV>�J^OPWS�TRSlPW[]^OTWwlSe� S��]SU\
[]c3SUTYXZVRNk[]\HP�VYndXZV���NQgkg�_3S�\q^OgkgQNQjdSUL�`+^OP>V<_3S�hiSUVRw�nOSlL �$�9[eVRSsVYndXZV<NQ\�t]Sl\OSUTYXegOVRnOSshiSUVRw�nr��NQLHVYn
w�Xe\ LON033SlT+hiTW[]`�VRnOS@S1*�SlwU^HVYNQ[]\ ��NQLHVYn � ��nONQw�n NQP+VYnOS@`rX *�Nk`+^H`0\q^O`+_�SlT�[eh9[]c�SlTRXZVYNQ[]\OP
VYndXZV9w�XZ\�_�S�PWNk`+^Og�V�Xe\HSl[]^OPWgQ{ NkPRPW^OSlL�VY[�hi^O\OwUVRNk[]\�^O\ON�VYP�Nk\�Xrt]N��]SU\�wlgQ[�w�� wU{xwlgQSe� � [ �ESU�eSlTl�
Nk\@[]^OT�S1*�c�SlTWNk`aSl\mVYP�VYnHSlPRSo��NkL�VYnOPIXeTWS;VYnOSoPYXZ`rSZ�

����� ��� � � � �HBCF-# %Z:<=W= � �1 � � ?

�I[ �"VRndXZV���SrndX��]S LOSUPRwUTRNk_�SlL$VRnOS ^H\ONQjdSUL$PRw�nHSlLO^OgQNk\Ot�Nk\HhiTRXePWVRTR^Ow�VY^OTWSrVYnOXZV+XZgkg�VYnOTWSlS
LOSUVRSlTR`aNk\HNkPWVRNkw�cOTRSULONkwlXZVYS �7X��sXZTRS�PRw�nOSULO^OgQNk\OtbXegQt][]TRN�VYnO`aPIPRndXeTWSe� NQ\�VYnONQP Xe\OL�VYnHS�\OS1*xVoVJ��[
PRSlw�VYNQ[]\OP;�ES�LOSlPWwlTRNQ_3S�VYnOS+`rXeNQ\�LON 3 SUTRSl\HwlSlP;hi[eT�S�XZw�n [Zh�VYnOS VRnOTRSUS+VYSUw�nO\ONkpq^OSUPl� 	 S+PWVYXeTWV
��NQVYn$VRnOS�4 S1*xVRSl\OL��JXegkg 4 v y�K#�C� XegQt][]TWNQVYnH` ��nONkw�n&wlXegkgQP ��.$	-� � � ����� � � � � � 2 � 	 ! ��� � �
VY[@S1*xVYSU\OL VYnOS�wU`rcOc gkXZVYSU\OwU{�hi[]T;SU�eSlT>{ []c3SUTYXZVRNk[]\�VYndXZVowU[]^OgQL�c3[eVRSl\mVYNkXegkg�{b_3S�wU[]`+_ONQ\OSlL
��NQVYn�Xe\O[ZVYnOSUTl�

�C[ NQgkgQ^OPWVRTYXZVRS�4 S1*xVYSU\OL��7XZgkg54 v y�K#�C�$PRw�nOSULO^OgQNk\OtO� v y3K����&NkP�XZcOcOgkNQSlL&VY[ VYnHSbS2*HXe`rcHgkS

�m�



C1: p1,p2 = cmpp(t1 < 10) if p0

A1: t2 = t1 + t0 if p1

A2: t3 = t1 & 0x8  if p1

A3: t3 = t1 << 0x2 if p2

M1: store(t2, A, t3) if p0

B: if(t3 < 1) goto … 

(a) Assembly code

M1

B

(b) Data Dependence Graph
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(c) Height-based priority  order
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687 98:�; f�gihkj�gil�< ��~�� w���opz�} � ou�ix9o�{y�i� ~���� �ym�������	

Nk\ �zNkt]^HTRS � � � � � �zNkt]^HTRS � � � � | Xm��PRnO[ ��P�XacOTWSlLONQw�XZVRSlLb_dXePWNkwo_Ogk[xw�� � �zNkte^OTRS � � � � | _ �sPRnH[ ��P
VYnOS wU[]TRTWSlPWc3[]\HLONk\Ot�LdXZV�X�LOSlc�Sl\OLHSl\OwUSbteTYXecOn ���<Xew�n&[]^HVRt][]NQ\Ot�SULOt]S hiTW[]` X�wl`acOc$\O[xLOS
NkP;`rXeTR�ZSlL���N�VYn�VYnHS���� ����	���� 	 � �����XZ\OL �	� 	 � ��� �E����� 	 � �����[eh�VYnOS�[ec3SUTYXZVRNk[]\*���J\ [eTRLOSUT�VY[
PRNk`acOgQNQh {�VRnONkPuS1*HXe`acOgkS��ES�XePRPW^O`aSrVYnOXZV���� ����	���� 	 � � ��� NQP �rwU{xwlgQS�Xe\OL �	� 	 � ��� �E����� 	 � ����

NkP � wU{xwUgkSlPU� ;\OS�[eh<VYnOSUPRS�gfX VYSl\HwlNkSUP;��NkgQg�_�S�w�nO[]PWSl\ hi[eT;S�Xew�n [eh<VYnHSlPRS�SULOt]SlPoLO^HTRNk\Ht VYnOS
gfXZVRSl\Ow�{ S2*�VRSl\OPWNk[]\ cOnOXePRSZ� �9[eVRS VYndX V�Nk\ VRnONkP�w�XePWS SU�eSlT>{&cOTRSULONkwlXZVYSUL&[]c�SlTYX VYNk[e\ w�XZ\&_3S
wl[]`+_HNk\OSUL$��NQVYn X V�gkSlXePWV�[e\OS�[eVYnHSlT+cOTWSlLONQw�XZVRSlL []c�SlTRXZVYNQ[]\*��nOSU\OwlS@S��]SlT>{&SlLHt]S94 P�gfXZVRSl\Ow�{
NkPoS1*xVYSU\OLOSUL$VY[ � w�{�wUgkSUPl� �zNQ\dXegQgQ{]� PWNk\OwUS�PRw�nOSULO^OgkNQ\Ot�XZgkt][]TWNQVRnO`rP�PRw�nOSULO^OgkSr[]c�SlTYX VYNk[e\OP Nk\
LOSlwUTRS�XZPRNk\Ht cOTWNk[]TWNQVJ{ []TRLOSUTl� �zNQt]^OTRS � � � � | w � PWnO[ ��PbVRnOS wl[]`a`a[]\OgQ{ ^OPWSlL nHSlNktenqV>�J_dXZPRSlL
cOTRNQ[]TRN�VJ{ | � �sy ��[]TWLOSlT�[eh []c�SlTYX VYNk[e\OP�hiTR[e` nHNkt]nOSUPWVsVR[�gk[ �ESlPWVl�<��nOS � �sy [eh�Xe\�[]c�SlTRXZVYNQ[]\
NkPawl[]`acO^HVRSlL XZPaVRnOS�gQSl\OtZVYn [eh�VRnOS�gQ[]\Ot]SUPWVacdXZVRn hiTR[e`�VYnOS�[]c�SlTYX VYNk[e\ VR[ X \O[xLOSb��N�VYn

� �



\O[�Nk`a`rSULONfX VYS�PR^HwlwlSUPRPW[]TRPU���I[eVYSaVYndX V+Nk\ []^OTuS1*HXe`acOgkSaVYnOS � �syMcOTRNQ[]TRN�VJ{ []TRLHSlT [Zh�VYnOS
[]c3SUTYXZVRNk[]\HP NkP*VYnHS�PYXe`aS�_3S�hi[]TRS Xe\HL�X h VYSlT*VRnOS�wl`acOcugfXZVRSl\Ow�{;S2*�VRSl\OPWNk[]\uPWVRSlc*����nOSlTWSUhi[]TWSe� ��S
[]\OgQ{aPWnO[ � SlXew�n�[]c�SlTRXZVYNQ[]\ 4 P�cOTWNk[]TWNQVJ{�_�SUhi[]TWS�gfX VYSl\HwU{aS1*xVYSU\OPRNQ[]\*��;c�SlTYX VYNk[e\OP�� �]��� � Xe\OL
��0 XZTRS�nONktenOgkNQt]nmVYSlL�_�SlwlXe^OPWS9VYnHSU{�ndX��]S�VYnHS9PRXe`rS�cOTWNk[]TWNQVJ{e� 	 S�XZPRPR^H`rS�VYnOS�LOS�VYSUTR`aNk\ONQPWVYNQw
` Xew�nHNk\OSo`a[�LOSUg*Nk\���Xe_OgQS � � �e�

��nOSoXZcOcOgkNQw�XZVRNk[]\r[ehCVYnOS _dXZPRSlgQNk\OS�gkNkP>VsPWw�nOSlLO^HgkSlT�VR[+VYnOS S2*OXZ`rcOgQS;TRSUPR^Og�VYP�NQ\ VYnOS PWw�nOSlL��
^OgkS�gQSl\OteVRn�[eh 7 wU{xwlgQSlPuXeP cOTWSlPRSU\mVYSlL Nk\�VRnOSa�H�z� PRnO[ ��\ Nk\ �zNkte^OTRS � � � � | L � � �I[eVYS+VRndXZV
[]c3SUTYXZVRNk[]\HP�� ��VYnHTR[]^Oten���0rXeTRSuS1*�SUwl^HVRSlL wl[]\HLONQVRNk[]\dXZgkgQ{r_O^HV�TRSUPRSlT>�]S VRnOS K�� � ^O\Hwl[]\OLHN��
VYNk[e\dXegkg�{]�
	 nOSU\ VYnOS 4 S1*xVYSU\OL��7XZgkg54 v y3K�����PWw�nOSlLH^OgkSUTCNQP XecOcOgQNkSUL�VY[�VYnHNkP*S2*OXZ`rcOgQSe� XeP ��Nkt]^OTWS � � � � | S �

PRnO[ ��Pl�<N�V+cOgkXewlSUP 	 ��XZV+��NQ`rS � [eh9���z�"TRSUPRSlT>�xNk\Ot�VRnOS TRSUPR[]^HTRwlS�� ��Xe\HL$VYnOSrcOTRSULONkwlXZVYS
S1*�cOTRSUPRPWNk[]\ NkPr^Oc�LdXZVYSUL VY[ � ��� � � PRNk\HwlS�VRnONkPr[]c�SlTYX VYNk[e\ [�wUwl^OTWP []\ _�[eVRn wl[]\mVRTR[]g9cdXZVYnHPl�
� SlTWS Xe\HL NQ\ VRnOSr[ZVYnOSUT�PWw�nOSlLO^HgkNk\Ht�S1*HXe`acOgQSlPo[]\OS	��
 TWSlPR[e^OTRwUSrNQPuTWSlPWSlTW�eSlL | Nk\OLONQw�XZVRSlL
_q{ PRndXeLHNk\Ot�NQ\ �zNkt]^HTRS � � � � | S �W�<hi[]TsSlXew�n@PRw�nOSULO^OgQSlLb[]c3SUTYXZVRNk[]\ ��y�gfXewUNk\Ot 	 �;hiTRSUSlP�^Oc	� �]�
� � Xe\OL�� 0�Xe\OL�`rXe�eSUP�VYnHSl` � �
� � �bhi[]T9PRw�nOSULO^OgQNk\OtO� K9gkgCVYnOTWSlS+[eh<VRnOSl`�ndX��]S+VRnOS�PYXe`aS
cOTRNQ[]TRN�VJ{ XZ\OL Xe\m{$[eh�VRnOS VYnHTRSlS�[ec3SUTYXZVRNk[]\OP�w�Xe\ _�S wl[e`+_ONk\HSlL$��NQVRn XZV+gQS�XeP>V�[]\OS [eh�VYnOS
[eVYnOSUTRPU�� �;wlXe\ wl[e`+_ONk\HS9��NQVRn�� 0H��� � w�XZ\@XegkPW[ wl[e`+_ONk\HSI��N�VYn�� 0H�HXZ\OL���0�w�Xe\ wU[]`+_ONQ\OS
��NQVYn�_�[eVYn�� �IXe\HL�� � ����nOS�PWw�nOSlLO^HgkSlT cONQw��xP�� �9XZ\OL�PRw�nOSULO^OgkSUP�N�V<XZV<NQVRP�S�XeTWgkNQSlPWV�PRw�nOSULO^OgkS
VYNk`aS���nHNkw�n NkP;��NQ`rS � Nk\�VRnOSa�H�z� �3��nOS�Sl\mVYT>{ 4 PocOTWSlLONQw�XZVRS�S1*�cOTRSUPRPWNk[]\ NkP�^Oc3LOXZVYSUL ��N�VYn
� � | � �34 P�t]^dXZTRLONQ\OtrcHTRSlLHNkw�X VYS ��VY[ TWS � SUwUV9VYnOS�wl[]\OLHNQVYNQ[]\�^H\OLOSlTI��nONkw�n�VYnOS�[]c3SUTYXZVRNk[]\b��NkgQg
TRSlPWSlT>�]SrVRnOS�TRSUPR[]^OTWwlSZ� �IS1*xV���� � NkP PWw�nOSlLO^HgkSlL Nk\ ��Nk`aS�0@XegkPW[@^Oc3LOXZVYNQ\Ot�VYnOS�cOTWSlLONQw�XZVRS��
S1*�cOTRSUPRPWNk[]\ VR[ � �]� �IS1*xV���[]c3SUTYXZVRNk[]\�� 0 NQPaw�nH[]PRSU\ _m{&VYnOSbPRw�nOSULO^OgQSlT XZ\OL NQP�cOgfXewUSlL Nk\
��Nk`aS � VY[]teSUVYnHSlT���NQVYnbNQVRP9LHNkP �W[eNk\mV�[]c�SlTYX VYNk[e\�� �]����0rXegkPW[rTWSlPWSlTW�eSlP�VRnOS��.TWSlPR[e^OTRwUS+Xe\OL
^Oc3LOXZVYSUPIVRnOS cOTRSULONkwlXZVYSoS2*HcHTRSlPWPRNQ[]\bVR[ � ��� � � �H��nONQw�n�`aS�Xe\HPsVYnOSoTRSUPR[]^HTRwlSoNQP�\O[ ��TRSUPRSUTW�]SUL
[]\&_3[ZVYn&wl[e\qVRTR[]g�cdXZVYnHPl� SUNQVRnOSlT�� 0���NkgQg ^�VYNkgQN5/USaVRnOS�TRSUPR[]^OTWwlS�[]\$VRnOS � XegkPWS cdX VYn | � ��NkP

�q�



��XZgkPRSZ�8� � NQP9�CTR^HS ����[]T ��0���NkgQg ^HVYNQgkN5/US;VYnOSuTRSUPR[]^HTRwlS�[]\�VRnOSu��TW^OS cdX VYn | � �uNkP���TW^OSe� � � NkP
��XZgkPRS����$�zNQ\dXegQgQ{]� � ��Xe\OL � XeTRSocOgkXewlSULbNQ\@��Nk`aS � �OTRSUPR^Og�VYNQ\Ot�Nk\-7+wU{xwlgQSuPWw�nOSlLH^OgkSZ�

K9P�w�Xe\a_3S�PWSlSU\*�m��S�ndX��]SI\O[eV<t]XeNk\OSUL�Xe\m{�PRc�SlSULO^Oca[ �]SlT�VRnOS 7 �Jw�{�wUgkS�_dXZPRSlgQNk\OS�PRw�nOSULO^OgkS
LOSlPWcONQVRSuVRnOS h XewUV�VRndXZV � �uXe\OL ��0�PRnOXeTRS VYnHSuPRXe`aSuTWSlPW[]^OTRwUSe� ��nOSoh XeNkgQ^OTRS�VR[aXew�nONkS��]S�Xe\m{
PRc�SlSlLH^Oc NQP LO^HS VY[�VRnOS h Xew�V VRndXZV+S2*xVYSl\HLONk\Ot�wU`rcHc$gfXZVRSl\Ow�{ NQ\OwlTWS�XePWSlP VRnOS wUTRNQVRNkwlXeg<cdXZVYn
gkSl\HteVYn�_m{ �+wU{xwlgQSe� ��nONQP�TWSl`a[ �eSlP;VRnOS��U� wU{xwlgQS TRSULO^Ow�VYNk[e\�Nk\�VRnOS+PWw�nOSlLO^HgkS�gkSU\OteVRn�tmXeNQ\OSlL
hiTR[]`�VYnHS+TRSUPR[]^OTWwlS+PWndXeTWNk\Ot _m{�� ��XZ\OL ��0 XZV;��NQ`rS � ��� h wU`rcOc�gfXZVRSl\Ow�{b�ESlTWS+S1*xVRSl\OLOSUL
VY[�0 w�{�wUgkSUP;Nk\OP>VYSlXeL�[eh � � 4 S2*xVYSl\HL��7XegQg54 v y3K��C����[]^HgkL�[]\HgQ{�Xew�nONQSU�]S+X(/ wU{xwUgkS+PWw�nOSlLO^HgkS �
Xa[]\HSuw�{xwlgkSogQ[]PRP�NQ\bc�SlT>hi[]TR`rXe\OwUS TRSUgfXZVRNQ�]S;VR[�_dXePRSUgkNQ\OS PRw�nOSULO^OgQSe�

����� ��� ��� 5��dG�� % �-� � �1 � � ?

K9P VYnOS�cHTRSU�xNQ[]^OP+S2*OXZ`rcOgQS LOSU`r[]\HPWVYTRXZVYSUPl� Xe\OL XZP+NkP+S2*�c3SUTRNk`aSl\mVYXegkg�{ PRnO[ ��\ Nk\ ��SUw��
VYNk[e\ � �87��<S2*�VRSl\OLHNk\Ot wl`acOc gfXZVRSl\Ow�{$[eh VRSl\ Nk\OwUTRS�XZPRSlP�VRnOS@gkSl\HteVYn [eh9wlTWNQVYNQw�XegEcdXZVRn NQ\&VYnOS
XewU{xwlgQNkwowl[xLOSuTRSUt]Nk[]\HP9XZ\OL�LHSlt]TRXeLOSlP�VYnHS�c�SlT>hi[]TR`rXe\OwUSu[Zh v y3K��C�3�d��[rXeLOLHTRSlPWP9VRnONkP�cOTW[]_��
gkSl`b�u[]^OT�PWSlwl[e\OL.LHSUVYSUTR`aNk\ONQPWVRNkw cOTRSULONkwlXZVYS �7X��sXZTRS&gkNQPWV�PRw�nOSULO^OgkNQ\Ot XegQt][]TRN�VYnO`b�*4 jdTRP>VW� jHV 4
v y3K#�C�3� LO[xSlP�\O[eVuS1*xVRSl\OL&wU`rcOc gfXZVRSl\Ow�{ cOTRNQ[]T;VY[�PRw�nOSULO^OgQNk\OtO��_O^HVuV�Xe�ZSlP XeLH�ZXe\mV�XeteSr[eh
wl[]`+_HNk\ONQ\Ot�[]cOc�[]TWVR^O\ON�VYNkSUP�XePsVYnHSU{bXeTWNkPRSoXZ\OL�S2*xVYSl\HLOPIVRnOSogfXZVRSl\Ow�{�[]\Og�{ ��nOSUTRSu\OSlSULOSlL �

4 �zNkTWPWV>� jOV64 v y3K#�C�3��XePu[]cOc�[]PRSUL VY[ 4 S2*xVYSl\HL��7XegQg54 v y3K��C�3� PRw�nOSULO^OgkSUP�Xe\$[ec3SUTYXZVRNk[]\ XZV
VYnOSojdTRP>V;X��ZXeNQgfXe_OgQS;wU{xwUgkSuNk\���nONkw�nbVYnOSuTRSUPR[]^HTRwlS�TRSUpx^HNkTRSUL�_m{�VYnHNkP�[]c�SlTYX VYNk[e\bNQPIX �ZXeNQgfXe_HgkSe�
� h�VRndXZV�w�{�wUgkS NkP gkSlPWP VYndXZ\ �	� 	 � ��� �E����� 	 � �����w�{�wUgkSUP@X ��X�{ hiTR[e` NQVRP�XegQTRS�XZLH{ PWw�nOSlLH^OgkSUL
wl`acOc�cOTR[xLO^OwUSlTU�HNQVRP�cOTWSlLONQw�XZVRS�wlXe\O\O[eVs_3S9TRS�XZL�S�XeTWgQ{rXe\OL VRnOSlTWSUhi[]TWS�VYnOXZVs[]c�SlTRXZVYNQ[]\ ` ^OPWV
TRSlPWSlT>�]S$N�VYP@TRSUPR[]^OTWwlS ^O\Owl[e\OLONQVRNk[]\OXegkg�{ XZV@VRnONkPbwU{xwlgQSe�oXe\HL VYnHSlTRS�hi[]TRS w�XZ\O\O[eV�PRndXZTRS VYnOS
TRSlPW[]^OTWwlS ��NQVRn�[eVYnOSUTsLONQP �W[]NQ\qV�[]c�SlTYX VYNk[e\OPl�+�J\ VRnOS wl[e`rcONQgkSUT�Xe\�^H\Owl[]\HLONQVRNk[]\dXZg3TWSlPRSUTW�ZXZVRNk[]\
NkPoXewUwl[]`acOgkNQPRnOSUL�_m{�PRS�VRVRNk\Ot VRnOS�cOTRSULONkwlXZVYS �JS2*HcHTRSlPWPRNQ[]\ [Zh VRnOS�wl[eTRTRSUPRc�[]\OLONQ\Otb�H�z� Sl\mVRTW{
VY[a_3S VYnHSu^H\ONk[]\b[ehzXegkg3VYnOSowl[e\qVRTR[]g cOXZVYnOPINk\�VRnOSoTRSlteNk[]\ �OXePIXaTWSlPR^HgQV��d\H[r[eVRnOSlT�[]c�SlTRXZVYNQ[]\
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��Nkgkg _�S�XZgkgk[ �ESlLaVY[ PWndXeTWS�NQVRPETWSlPW[]^OTRwUS;Nk\aVYnONQPESU\mVYTW{e�&� h VYnOSIjdTRP>V�w�{xwlgkS9��nOSlTWS9VYnHS�TRSUPR[]^HTRwlS
NkP�X��ZXeNkgkXe_OgQSaNQP�XZV�gQS�XeP>V �	� 	 � � � �E����� 	 � � ���$wU{xwUgkSlP�X���X�{ hiTR[e`0N�VYP+wU`rcOc ��VYnOS [ec3SUTYXZVRNk[]\ 4 P
cOTRSULONkwlXZVYSrw�Xe\ _3SaTRSlXeL$S�XZTRgQ{e�zXZ\OL*��VRnOSlTWSUhi[]TWSe�CVYnOSr[]c3SUTYXZVRNk[]\ w�XZ\ wl[e\OLONQVRNk[]\OXegkg�{�TWSlPRSUTW�eS
Xe\OLbPRndXeTWSoNQVYP�TWSlPW[]^OTRwUSu��N�VYnb[eVYnHSlT�LONQP �W[]NQ\qV�[ec3SUTYXZVRNk[]\OPU�

��nOS<[eVRnOSlT LON 3 SUTRSU\OwlS<_�SUVJ�ESlSl\�VYnOS 4 S1*xVYSU\OL��7XZgkg54 v y3K����oXe\OL�4 jdTRP>VW� jHV 4 v y�K#�C�oNQP*��nONkw�n
[]c3SUTYXZVRNk[]\�VYnHS9PWw�nOSlLO^HgkSlTEw�nO[x[]PRSUPEhiTR[e` �/��� �4� � � � 	 � �
� � ���]VYnOSIgkNQPWV<[eh3VYnOSInONQt]nOSlP>V�cHTRNk[eTRNQVJ{
TRS�XZLH{ []c�SlTYX VYNk[e\OPl��K9PuPWnO[ ��\ NQ\ VRnOS�S1*HXe`acOgkS�NQ\ ��Slw�VYNk[e\ � � � � 0H� Xe\ []c�SlTYX VYNk[e\�_3SUwl[]`aSlP
TRS�XZLH{r��nHSl\�XegQg [eh NQVRPEcHTRSlLHSlwlSUPRPW[]TRP�ndX��eS;_3SUSl\ PWw�nOSlLH^OgkSUL*�<K�PE�ES;ndX��eS;PRSUSl\*�xhi[]T 4 S1*xVRSl\OL��
Xegkg 4 v y3K#�C�3� VRnOS�w�nO[eNkwlSE[ehOVRnOS�nONQt]nOSUPWV�cOTRNQ[]TRN�VJ{ TRSlXeLH{u[]c�SlTYX VYNk[e\�NQP�^O\HNk`ac3[]T>V�Xe\mV hiTR[e`�VYnOS
TRSlPW[]^OTWwlS�PWndXeTWNk\Otoc�[]Nk\mV<[eh3��NQSU�o�qPRNQ\OwlSIS�XZw�n []c�SlTRXZVYNQ[]\�Nk\�VYnOS �/��� � � � � � 	 � �
� � � ��nO[]PWS9gkX �
VYSl\HwU{ondXeP _�SlSU\�S2*xVYSl\HLOSlLu��Nkgkg _�S<Xe_OgkS�VY[�PRndXZTRS<NQVRP*TRSUPR[]^OTWwlS<TRSUtmXeTWLOgkSUPRP [ehx��nOSl\uNQV*NkP*PWw�nOSlL��
^OgkSUL*� 4 �zNQTRP>VW� jHV 4 v y�K#�C�3�O[]\@VYnHSu[ZVYnOSUTInOXe\OL*�dw�nO[x[]PWSlP�hiTR[]` �/��� �4� � � � 	 � �
� � � VRnOSoTRS�XZLH{
[]c3SUTYXZVRNk[]\ ��NQVRn�VYnOS 9 6 ( ;:3 � & B « � # � # D I & 3�6 #73 � ( 9 �rK9\ []c�SlTRXZVYNQ[]\ Nk\�VYnHS �/��� � � � � � 	 � �
� � �

gkNkP>V<NkP<PYXZNkL�VY[undX��]S�VYnOSIgkSlXePWV wl[e`+_ONk\HNk\Ot c�[eVYSU\mVYNfXZgdNQh3NQV<w�XZ\ _�SIwU[]`+_ONQ\OSlL���NQVRnaVRnOS�hiSU�ESlPWV
[eVYnOSUT�[]c�SlTYX VYNk[e\OP NQ\ �$��� �4� � � � 	 � �
� � ��� ��^Ow�n Xe\&[]c�SlTRXZVYNQ[]\$NkP�w�nO[]PWSl\ jdTRP>V��<_3SUw�Xe^HPRS@NQh
VYnONQP [ec3SUTYXZVRNk[]\�t]S�VYP<PRw�nHSlLO^OgQSlLr^O\Owl[e\OLONQVRNk[]\OXegkg�{ | VYndX V<NkP�hiSU�ESlT<VYnOXe\ �	� 	 � � � �E����� 	 � � ����wU{m�
wlgkSUP�X h VYSlT�N�VYP�wl`acOc � �dNQV�t]N��]SUP�VRnOSoTRSU` XeNQ\ONk\Ht�TRS�XZLH{�[]c�SlTRXZVYNQ[]\OP | cdXZTWVYNQwl^OgkXeTRg�{�VYnO[]PWSu��N�VYn
nONkt]nHSlT wU[]`+_ONQ\ONk\Ht�c�[eVYSU\mVYNfXZg �oX�w�ndXe\OwUS VY[�_3SrPRw�nOSULO^OgkSUL wl[]\OLHNQVYNQ[]\dXegQgQ{�XZV�X�gkXZVYSUTuVRNk`aS
��nOSlTWSuVRnOSU{@`aNkt]nmVsVYXe�eSuXeL��eXZ\qVYXet]So[ehCVYnOSUNkT�nONQt]nOSUT�c3[eVRSl\mVYNkXeg hi[]T�TWSlPW[]^OTRwUS�PWndXeTWNk\OtO�

�]�



	 S+\O[ � PRnO[ � Nk\ �zNkt]^HTRS � � ��0anO[ �.VR[�XecOcHgQ{@VYnOS 4 jdTWPWV>� jOV64 v y3K��C��PRw�nOSULO^OgQSlT;VY[rVYnOS
S1*HXe`acOgkSbNk\)�zNkte^OTRS � � � � | Xm��� K�PrNk\ 4 S2*�VRSl\OLx�7XegQg54 v y3K��C�3��NQVa_�Slt]NQ\OPr_m{ cOgkXewlNQ\Ot 	 ��XZV
��Nk`aS � Xe\HL�^Oc�LdXZVYNQ\OtrVRnOS+wU[]TRTWSlPRc�[]\OLHNk\Ot cHTRSlLHNkw�X VYS�� S1*�cOTWSlPRPWNk[]\ �;��nOS �/��� � � � � � 	 � �
� � �

gkNkP>VzwU^OTRTWSl\mVYg�{ wU[]\mV�XeNQ\OP�VRnOTRSUSs[]c�SlTRXZVYNQ[]\OPl� � �e� � � XZ\OL���0�� � ��ndXeP�X9wl[]`+_HNk\ONQ\Ot9c�[eVRSl\mVYNkXeg
[eh�� PWNk\OwUS N�V�wlXe\ [e\OgQ{ wU[]`+_ONQ\OSa��N�VYn ��0H��\O[eVu��NQVRn � � � �E{ VYnOSaPYXe`aS�VY[]�ZSl\*� � � XegQPR[
ndXeP X wU[]`+_ONQ\ONk\Htrc�[eVYSU\mVYNfXZgC[Zh �]� � 0H��[]\�VYnHS+[eVYnHSlT�nOXe\OL*�3w�Xe\�wU[]`+_ONQ\OSo��NQVYn�SlNQVRnOSlT�� �
[]T�� � ��XZ\OL$nOSU\OwlSrNQVYPuwl[e`+_ONk\HNk\Otbc3[ZVYSl\mVRNfXeg�NQP � ����NQ\OwlS�� � Xe\OL � � ndX��eSrVYnHS PR`rXegQgkSlP>V
wl[]`+_HNk\ONQ\Ot@c3[eVRSl\mVYNkXeg~� � �rNQPuTRXe\OLO[e`rg�{�w�nO[]PWSl\&Xe\HL NQPuPWw�nOSlLH^OgkSUL XZVu��Nk`aS �e����NQ\OwlS�� �
NkP�VYnOSU\�[]\Og�{@[]\OS w�{xwlgkS |*� �	� 	 � ��� �E����� 	 � ����  � wU{xwlgQSlPY��X��sX�{bhiTR[]` } �]� VYnHS cOTWSlLONQw�XZVRS��
S1*�cOTRSUPRPWNk[]\@[eh VRnOS;wl[eTRTRSUPRc�[]\OLONQ\Ot��H����Sl\mVYT>{ NkP PRS�VsVY[�VYnOS;^H\ONk[]\ [eh XegQg3cdX VYnOPU�HN~� Se����� ��� � � �
VY[+TWS � SUwUVsVRnOS9h Xew�V�VRndXZV�VRnONkPESl\mVYT>{ TWSlPWSlTW�eSlP�N�VYP�TWSlPW[]^OTRwUS;^O\OwU[]\OLON�VYNQ[]\dXegQgQ{�XZ\OL \O[+PWndXeTWNk\Ot
NkP�XegkgQ[ �ESlL �r��nOS �/��� �4� � � � 	 � �
� ����gQNkP>Vo\O[ �"wl[]\mVYXeNk\OP�� � Xe\OL ��0@S�Xew�n [eh���nONQw�n ndXZP X
wl[]`+_HNk\ONQ\Ot�c3[ZVYSl\mVRNfXeg�[eh �e� PRNk\HwlS�S�Xew�n w�XZ\ wU[]`+_ONQ\OS+��NQVRn�VYnOS�[eVRnOSlTU� � � NkP w�nO[ePRSl\ Xe\OL
NkP+PWw�nOSlLO^HgkSlL XZV���NQ`rS � �<Xe\OL$VRnOS�Sl\mVYT>{ 4 P�cOTWSlLONQw�XZVRS S1*�cOTWSlPRPWNk[]\ NkP PRSUV VY[ � �]� ��0���VYnOS
TRSl`rXeNQ\ONk\Otu[]c�SlTRXZVYNQ[]\rNQ\ �/��� �4� � � � 	 � �
� � �3�qNQP VRnOSl\�XZgkPR[uPRw�nHSlLO^OgQSlL@XZVE��Nk`aS � Xe\OLrPRndXZTRSlP
VYnOS�K��C� ��NQVYn � � �<VYnOS cOTRSULONkwlXZVYS S2*�cOTRSUPRPRNQ[]\ NkP+PWSUV+VR[�VYnOS ^O\ONk[e\$[eh�VYnHSlNkT cOTRSULONkwlXZVYSUPl�
� ��� � � � �I[eVYS VRndXZV9XegQVRnO[]^Oten � 0 4 PISlXeTRgQNkSUPWV�PRw�nHSlLO^OgQNk\OtaVYNQ`rS;NQP���Nk`aS � Xe\HL�� 0aNQPILHNkP �W[eNk\mV
hiTR[]` � � | PRw�nOSULO^OgkSUL XZVI��Nk`aS � ��� ��0�w�XZ\O\O[eV9_3SuPRw�nHSlLO^OgQSlL�VR[]t]S�VYnOSUTI��N�VYn�� �]�dPRNQ\OwlS�� �
ndXeP�TRSUPRSlT>�]SUL�VYnHS TRSlPW[]^OTWwlSu^O\Owl[e\OLONQVRNk[]\OXegkg�{]� �zNk\dXZgkgQ{e� � ��XZ\OL � XZTRS PRw�nHSlLO^OgQSlL�XZV���Nk`aS
0H��TWSlPW^OgQVRNk\OtoNk\rX � w�{�wUgkS9[ �eSlTRXegkgdPWw�nOSlLO^HgkSI�zX ��w�{�wUgkSINk`acOTR[ �eSl`aSl\mV [ �eSlTE_dXePRSUgkNQ\OS ����Xe\OL
4 S2*�VRSl\OLx�7XegQg54 v y�K#�C�@PWw�nOSlLH^OgkSUP9NQ\ �zNkte^OTRS � � � � | w �sXZ\OL �zNQt]^OTRS � � � � | L � �OTRSUPRc�SlwUVRNQ�eSlgQ{e�
�I[eVYS+VRndXZVoNQh 4 jdTRP>VW�~jOV 4 v y�K#�C��ndXeL w�nO[]PWSl\ � 0 jdTRP>V�NQ\OPWVRS�XeL [eh � �e� ��0 ��[e^OgkL ndX��]S

TRSlPWSlT>�]SlL�VYnOS�K#� ��^O\OwU[]\OLON�VYNQ[]\dXegQgQ{ XZV ��Nk`aS �]� � � Xe\OL � � VRnOSl\��E[]^OgQL ndX��]S _�SlSl\
PRw�nOSULO^OgkSUL XZV+��Nk`aS � Xe\OL ��NQ`rS 0H�<TRSlPWc3SUwUVRNQ�]SUgQ{e�<hi[eTRwlNQ\Ot � �bXe\HL � VR[�_3S�PWw�nOSlLH^OgkSUL
XZVI��Nk`aS � �OTWSlPR^HgQVYNQ\Ot�Nk\@X�gk[e\Ot]SlT 7 �JwU{xwUgkS PRw�nHSlLO^OgQSuhi[eT�4 jdTWPWV>� jOV64 v y3K������d��nx^HP9w�nO[x[]PWNk\Ot
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[]\OS�[eh�VRnOS gkSUPRP7�Jwl[e`+_ONk\OXe_OgkS � � [eT�� � [ec3SUTYXZVRNk[]\OPuhi[]T+PWw�nOSlLO^HgkNk\Ht�_3S�hi[]TRS w�nH[�[]PWNk\Ot�VYnOS
`r[]TWS�� wl[]`+_HNk\dXe_HgkS ��0u[]c�SlTYX VYNk[e\rNQPEwUTRNQVRNkwlXegOVY[oVYnOS9PR^OwUwlSUPRP�[eh 4 jdTWPWVW�~jOV 4 v y�K#�C�aNQ\rjd\OLHNk\Ot
XaPWnO[]TWVIPWw�nOSlLO^HgkSe�

����� ��� � #�#o5 �d5 � F;:<= � � �HB�F;GH5 � F;G � � � �1 � 4 ?

K9P�Nk\ 4 S1*xVYSU\OL��7XZgkg54 v y3K������EVYnHS�LOSUVRSlTR`aNk\HNkPWVRNkw�cOTRSULONkwlXZVYS �7X��sXZTRS�`a[�LO^Hgk[$PWw�nOSlLO^HgkSlT
| v y3K;���O��XZgkPR[rw�XegQgkP ��.$	-� � ������� � � ��� � 2 � 	 !�� � � � ���I[eVYSuVYndX V�VYnHSlTRS�NkP9\O[ 4 jdTRP>VW� jHV 4
v y3K#�C� wU[]^O\mVYSUTRcdXZTWV hi[]T v y3K;���3� K�P �ES���NQgkg�PRnH[ ��NQ\ ��SUwUVRNk[]\ � �87���`r[xLO^OgQ[ PWw�nOSlL��
^OgkSUL�gk[x[]cOP�VYSU\OL�VR[r_�S TWSlPR[e^OTRwUS+_3[e^O\OL�TRXZVYnHSlT�VYndXe\�gfXZVRSl\Ow�{@_3[]^H\OL*�3Xe\OL�S2*xVYSl\HLONk\OtrVYnOS
wl`acOc�gkXZVYSU\OwU{�nOXeP�X��]SUTW{bPR`rXegQg Nk`acdXew�V�[]\@VYnOSu[ �]SlTRXegkg PWw�nOSlLH^OgkS�gkSl\HteVYn@hi[]T�`r[ePWV�gk[x[]cOPU�
} []\OPRSUpq^OSl\mVYg�{]� N�V9NQP�t]SU\OSlTRXegkg�{�cOTWSUhiSlTRXe_OgQS�VY[rcOTR[ �xNkLHS�VYnHS `rX *�Nk`+^O` c3[]PWPRNQ_OgkSuwl[]` _ONk\ONQ\Ot
[]cOc�[]TWVR^O\ONQVJ{ SU�]SU\�N�h�wU`rcHc�gkXZVYSU\OwlNQSlP�XeTWSuPW[]`aSUVYNQ`rSUPsS1*xVRSl\OLOSUL�^O\O\HSlwlSUPRPRXeTRNQgQ{]�

K9\ XeLOLHNQVYNQ[]\dXeg�cOTRSULONkwlXZVYS �7X��sXZTRSbS1*xVYSU\OPRNQ[]\ hi[]TaPR^HcOc3[eTWVYNQ\Ot v y3K ��� NkP�VR[ wU[]`rcH^HVYS
� � � � � ��� � �@& �INQ\�XacOTRSULONkwlXZVYS �7X��sXZTRSu` Xe\H\OSlTU����nOSu_dXePWSlgkNQ\OSu`r[xLO^OgQ[�PRw�nOSULO^OgkSUTl��[]T �>���3�
wl[]`acO^HVRSlP@X$TRSUPR[]^HTRwlS �JwU[]\OPWVRTYXeNQ\OSlL gQ[ �ESlT _3[]^H\OL�hi[]T SlXew�n TRSlPW[]^OTWwlS�_m{�XeLHLONk\Ot&^Hc VYnOS
\x^H`+_3SUT�[ehIwU{xwlgQSlP+VRndXZV�SlXew�n [ec3SUTYXZVRNk[]\$^HPRSlP+VRndXZV+VJ{xc�S@[eh�TRSUPR[]^OTWwlSbXe\OL&LHNQ�xNkLONQ\Ot�VRndXZV
VY[eVYXeg _q{@VRnOS�\q^O` _3SUT�[eh�TWSlPW[]^OTRwUSlP9[eh�VYnOXZV9VJ{xc�Se����nOS�TRSlPW[]^OTWwlS���N�VYnbVYnOSunONktenOSlP>V�_�[]^O\OL
LOSUVRSlTR`aNk\HSlP�VYnOSo[ �]SUTYXegQg � � ��� ����� �@& �shi[]T��>�����
�d[]T v y�K �����HVYnOS LHSUVYSUTR`aNk\ONQPWVRNkw�cHTRSlLHNkw�X VYS��JX��sXeTWS TRSUPR[]^OTWwlS �Jwl[e\OPWVRTYXeNQ\OSlL@gk[ �ESlT�_�[]^O\OL

| � � ��� ��� � � �'& ��� NQP�wl[]`acO^HVRSlL�_q{�X PWNk`aNkgkXeTrwlXegkwU^OgfX VYNk[e\*��S1*�wlSUcHV�VRndXZV | XeP�Nk\ ���z�I��X
cOTRSULONkwlXZVYSIS1*�cOTWSlPRPWNk[]\ NkP ` XeNQ\mV�XeNQ\OSlL+hi[]T<SlXew�n TRSUPR[]^HTRwlS9^OPYXZt]SIVRndXZVEw�Xe\r\O[ ��_�S9PWndXeTRSUL _m{
PRSU�eSlTRXegH[]c�SlTRXZVYNQ[]\OPU� 	 nOSU\OSU�eSlT�VRnOSEwU^OTRTWSl\mV�[ec3SUTYXZVRNk[]\u_3SUNk\OtIwl[e\OPRNQLOSlTWSlL+wlXe\+_�SELONQP �W[]NQ\mVYgQ{
wl[]`+_HNk\OSUL ��NQVRn$X�cOTWSU�xNk[e^OPRg�{ wU[]`+_ONQ\OSlL PRS�V�[eh�[]c�SlTRXZVYNQ[]\OPU�zNQVuNQP wl[e`+_ONk\HSlL*� 	 nOSU\$VYnOS
\OSU��[]c�SlTRXZVYNQ[]\ �W[]NQ\OP�VYnOS�PWSUVl��VRnOS�^HPYXet]S�wl[]^H\qV [eh VYndX V TWSlPR[e^OTRwUS�NkPa\O[eV NQ\OwlTWSl`aSl\mVYSUL*�
_O^HV VRnOS�cHTRSlLHNkw�X VYS�S2*�cOTRSUPRPRNQ[]\ hi[]T�VYndX V ^OPRXet]S�NQPr^Hc3LdX VYSlL VY[ TWS � SUwUV VRndXZVaVYnOS�wl^OTWTRSU\qV

� /



[]c3SUTYXZVRNk[]\ \O[ � PRndXeTWSlP+VRnOS ^OPRXet]S [Zh�VYnONQP TRSUPR[]^HTRwlS ��N�VYn VRnO[]PWS cOTRS��xNk[]^OP []c3SUTYXZVRNk[]\HPl� � h
VYnOSuwl^OTWTRSU\qVI[]c�SlTRXZVYNQ[]\@NkP�\O[ZV�LONkP �W[]Nk\mV�hiTR[e`�Xe\m{@PR^Hw�n�PRS�VI[ehzcHTRSU�xNQ[]^OP�[]c�SlTYX VYNk[e\OPl�dX�\OS��
^OPYXeteS NkPuwlTWS�XZVRSlL hi[]ToVYnHNkPuTRSlPW[]^OTWwlSe��VRnOS ^HPYXet]S 4 P cOTRSULONkwlXZVYSrS1*�cOTRSUPRPWNk[]\&NQP�^Oc�LdXZVRSlL ��N�VYn
wl^OTWTRSl\mVE[]c�SlTYX VYNk[e\ 4 PzcOTRSULONkwlXZVYSZ��XZ\OL�VYnOS�TRSUPR[]^HTRwlSI^OPRXet]S�wl[e^O\mVENQP�Nk\OwUTRSU`rSU\qVRSlL�VY[uXewUwl[]^O\mV
hi[]T VRnONkPE\OSU� ^HPYXet]SZ��K�tmXZNk\*�mVYnHS�TRSUPR[]^HTRwlS9��NQVYnaVYnOS9nONktenOSlP>Vs^OPRXet]S�LHSUVYSUTR`aNk\OSUP VRnOS�[ �eSlTYXZgkg
� � � � � ��� � �@& ��hi[eT v y3K ���3�

� -��5-���-�� � � � (,+ � �  � 	 + + �i2 � ��� ��.$	�� �

�C[;NkgQgk^OP>VYTRXZVYS<cOTWSlLONQw�XZVRS��7X���XeTRSEPRw�nOSULO^OgQNk\OtO� v y3K ��� NkP�XecOcOgQNkSlLuVY[�VRnOS�S2*HXe`rcHgkS�NQ\���SUw��
VYNk[e\ � � � � � | PWSlS"�zNQt]^OTWS � � � � ����nOS;`rXew�nONQ\OS9`a[xLOSlg�Nk\r�zXe_HgkS � � ��NkPsXZPRPR^H`rSUL ��NQVRn�X�wU`rcOc
gfXZVRSl\Ow�{�[eh � wU{xwlgQSlPbXe\OL�X$hiSUVRw�n���NQLHVYn�SUpq^dXeg;VY[&VRnOS�\q^O`+_�SlT�[ehuhi^O\Ow�VYNk[e\�^O\ONQVRP | 0m� �
v y3K ���@PWS�XeTWw�nOSlPIhi[]T�XaPWw�nOSlLH^OgkSo��NQVRn ���  0H�

K9P�S�Xew�n�[]c�SlTYX VYNk[e\�NkP PWw�nOSlLO^HgkSlL XZV@PR[e`rS�VRNk`aS�PRgQ[eV���VYnHS XZcOcOTR[ecOTRNkXZVYS�TWSlPW[]^OTRwUS NkP
` XeTW�eSUL�XZV�VRndXZV@VYNQ`rS�PWgk[eV@NQ\ _3[eVRn�VRnOS �H�z��Xe\OL ���z� �
�J\ XZLOLONQVRNk[]\ �IVRnOS cOTRSULONkwlXZVYS
S1*�cOTRSUPRPWNk[]\�[eh�VRnOSowl[]TWTRSUPRc�[]\OLONQ\Ot ���z� SU\qVRTW{�NQP�^Oc3LOXZVYSUL*�
�zNkt]^HTRS � � � � | Xm��Xe\OL �zNkte^OTRS � � � � | _ �zPRnH[ � VYnOSIcdXeT>VYNfXZg | ^Oc�VY[ & I �<�����z��Xe\OL�VYnHS�jO\dXeg

���z� XZh VYSUT9VRnOS v y3K;����XegQt][]TWNQVYnH`�NkP�XecOcOgQNkSlLbVY[aVYnONQP�gk[x[]c*� & I�� NQP�PWw�nOSlLO^HgkSlL XZV9��Nk`aS
� [eh*VYnHSo�H�z��Xe\OLrVYnOSo���z� | VYnHSlTRS�NkP \O[a���z��wU[]\ � NQwUV �<TRSUPRSlT>�xNk\Ot�TWSlPR[e^OTRwUS �.�dXe\OLrVYnOS
cOTRSULONkwlXZVYS�S1*�cOTRSUPRPWNk[]\�NQP9^Oc�LdXZVRSlL�VR[ � ��� � � PRNk\HwlS�VRnONkP9[]c�SlTYX VYNk[e\�[xwlwU^OTRP9[]\�_�[eVYn�wl[]\mVYTW[]g
cdXZVYnHPl�<K�TWNQVYnH`rS�VYNkw�[]c�SlTRXZVYNQ[]\ & I���NkPEXegQPR[ [e\ _3[ZVYn wU[]\mVYTW[]g cdX VYnOP�Xe\OL NQPELdX V�X LOSUc3SU\OLOSU\qV
[]\�VJ��[@w�{�wUgkS & I��e� ��nOSUTRS�hi[]TRSZ�*VYnOS��-TRSlPW[]^OTWwlS�NkP9TRSlPWSlT>�]SlL XZV ��NQ`rS � Nk\�_�[eVYn�VRnOS��H���
Xe\OL VRnOS ���z� �C��N�VYn NQVYPocOTWSlLONQw�XZVRSrS2*�cOTRSUPRPRNQ[]\&PRS�V�VR[ � ��� � � Nk\ VYnOSawl[]TWTRSUPRc�[]\OLONQ\Ot��H���
Sl\mVYT>{]� & I�� 4 P�S�XeTWgkNQSlPWV�PWw�nOSlLH^OgkNQ\OtaVRNk`aS NkP���Nk`aS � � _O^HVIN�V�ndXeP9XaTWSlPR[e^OTRwUS�� wl[]\ � Nkw�VI��N�VYn
VYnOS+wU^OTRTWSl\mVYg�{�PWw�nOSlLH^OgkSUL & I�� Xe\OL�NQPl� VYnOSUTRSUhi[eTRSe� PRw�nOSULO^OgkSUL XZV�VRnOS \OS2*xV ��Nk`aSe� 0H�3[Zh�VYnOS
�H�z� | ��Nk`aS � [eh����z�I��� XegQPR[���NQVRn@cOTRSULONkwlXZVYSoS1*�cOTWSlPWPRNk[e\ � ��� � � �
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��nOSuS�XZTRgkNQSlP>V�PRw�nOSULO^OgkNQ\Ot�VYNk`aS;hi[]T & I � NkP���Nk`aS�7 | PRNQ\OwlSuNQV�NQP�LOSlc�Sl\HLOSl\mV []\@VYnHSoVJ�E[Z�
wU{xwlgQSrcOTWSlLONQw�XZVRSrLHSUjd\ONQ\Otb[]c3SUTYXZVRNk[]\ & I�� � � _O^HV & I�� ^OPRSUP�TWSlPR[e^OTRwUS �(XZVu��Nk`aS � � ��nONkw�n
w�Xe^OPWSlPoTRSUPR[]^HTRwlS wl[]\ � NkwUVRP���NQVRn���Nk`aS*7aPRNk\HwlS+_�[eVYn�` Xec�VY[ ��NQ`rS � [eh�VRnOS����z� | N~� Se� �
Xe\OL 7+XeTWS�wl[e\Ot]TR^HSl\mV�`r[xLO^OgQ[uVRnOS " " [eh VYnHSo���z� �x��nONkw�n@NkP 0m��� �E{rVRnOS;PRXe`rS9VY[]�ZSl\*� & I �
w�Xe\O\H[eV;_�S PWw�nOSlLO^HgkSlL X V���NQ`rS�/r_�SlwlXe^OPWS+[eh�VRnOS wU[]\ � NQwUVI��NQVYn & I�� wU^OTRTWSl\mVYg�{�PWw�nOSlLH^OgkSUL
XZVs��NQ`rS 0H� ��[O� & I � teSUVYP�PRw�nOSULO^OgkSULbXZV���NQ`rS 1�[eh VRnOS ���z� | ��Nk`aS ��[eh VRnOS �����I� ��nONkw�n
ndXeP�\O[;wU[]\ � NQwUVRPl�+� V�TWSlPWSlTW�eSlP<TRSUPR[]^HTRwlS � Xe\OL+VRnOSscOTWSlLONQw�XZVRSsS1*�cOTWSlPRPWNk[]\�NQPzPRS�V�VY[�� � | & I �$4 P
t]^dXeTWLONk\Ot�cOTRSULONkwlXZVYS��uVY[�TWS � SUwUV+VRnOS wU[]\OLON�VYNk[e\ ^O\OLHSlT+��nONQw�n$VYnOS [ec3SUTYXZVRNk[]\ ��Nkgkg<TWSlPRSUTW�eS
VYnOSuTRSUPR[]^OTWwlSZ�

��nOS TWSlPWVb[ehoVRnOS PRw�nOSULO^OgkS NQP�\O[eV@PRnH[ ��\�Nk\ �zNQt]^OTWS � � � � | X]�r_O^HV@NQP�PRnO[ ��\�Nk\��zNQtZ�
^OTRS � � � � | _ ���&��nOSbS�XZTRgkNQSlP>V�PRw�nOSULO^OgQNk\Ot VYNQ`rS hi[eT & I�!�NQP�XegkPW[ XZVa��Nk`aS�7�� ��^�V XZP���N�VYn
& I �d�zNQVuwlXe\O\O[eV _3SaPRw�nHSlLO^OgQSlL&^O\mVRNkg<��Nk`aS(1x� � V t]S�VYP�PRw�nOSULO^OgkSUL XZV���Nk`aS(1@[eh�VRnOS��H���
| ��Nk`aS � [eh VRnOSo���z�I� �HVYnHS PYXe`aS�VYNQ`rS�XeP�NQVRP�LONQP �W[]NQ\mVs[]c�SlTRXZVYNQ[]\*� & I �d� & I�!�XegkPW[�TRSUPRSlT>�]SUP
VYnOS�� TRSUPR[]^HTRwlS Xe\OL$^Oc�LdXZVRSlPuVYnOSrcOTRSULONkwlXZVYSrS1*�cOTRSUPRPWNk[]\$VR[ � ��� � � �CVY[�NQ\OLONQw�XZVRSaVRndXZVuVYnOS

� ;



TRSlPW[]^OTWwlS NQP \O[ �"TRSUPRSUTW�]SUL&[]\ _3[eVRn wl[]\mVYTW[]g<cdXZVRnOPl�uSlN�VYnOSUT & I ����NQgkgz^�VYNkgQN5/US+VYnOS�TRSUPR[]^HTRwlS
[]\�VRnOS � XegQPRSocdXZVRn | � � NkP��CTR^OS�����[]T & I�!���NQgkg ^HVRNkgkN0/lS;VRnOS�TWSlPW[]^OTRwUS+[]\bVYnOSu��TW^OS cOXZVYn | � �
NkP#� XegQPRSZ� � � NkPI��TW^OS � �#�IS1*xV��*[ec3SUTYXZVRNk[]\ & I#"�NQP9PWw�nOSlLO^HgkSlL XZV9��Nk`aS; [eh�VRnOS��H��� | ��Nk`aS
� [ehsVRnOS����z�I��� �zNk\OXegkg�{]� XePuNkPuwl^OP>VY[]`rXeT>{ NQ\��>��� | Xe\HL*�znOSU\OwlSZ�<XegkPW[�NQ\ v y�K ���H��� VYnOS
TRSlteNk[]\�Sl\HLONk\Ot _HTYXe\Ow�naNkP�TWSlcOgkXewlSUL���NQVYnaX PRc�SlwUNfXegHwl[]\mVYTW[]gO[]c�SlTRXZVYNQ[]\ | wlXegkgQSlL « � 3 & I�Nk\ � � 7 �f�
VYndXZV�NkPoPWw�nOSlLO^HgkSlL PR[]`aSU��nOSUTRSa��NQVYnHNk\�VYnOS�jdTWPWV � ��TW[ ��P [ehEVYnOS �H�z� � & I�� XZVu��Nk`aS � [eh
VYnOSr���z� Nk\ ��Nkt]^OTWS � � � � | _ ��PRnH[ ��P VRnONkP;[ec3SUTYXZVRNk[]\*�u��nOS�TRSUPR^Og�V NkPoX PW^OwlwUSlPWPWhi^Og<`a[�LO^Hgk[
PRw�nOSULO^OgkSu��NQVRn � � �0H�

� ��� , ����� � ��� � � 
 � � � � � � � � � � �

	 S�^OPWS�Xe\ S1*�NkP>VYNk\Ht�!���� 	 wU[]`rcHNkgkSUT+VYSUw�nO\O[]gQ[]te{]���CTRNQ` XZTYXe\ � 797 �~�EVY[ S��ZXegk^dX VYS@VYnOS
S.33SlwUVRNQ�eSl\OSUPRP�[eh�[]^OT VRSlw�nO\HNkpq^OSe� ��nONkP�wU[]`acONkgQSlT P>{�P>VYSU` NQP�w�XecOXe_OgkS�[Zh c�SlT>hi[]TR`aNk\Ot&N�hf�
wl[]\m�]SUTRPWNk[]\���N�VYn�nm{xc�SlTR_Hgk[xw��@hi[eTR`rXZVYNQ[]\ � 09/��~��PRwlXegfXZT9XZ\OL�`a[�LH^Ogk[�PRw�nHSlLO^OgQNk\OtH� Xe\HL�cOTWSlL��
Nkw�X VYS�Xe\dXeg�{�PWNkPU� Xe`a[]\Ota[eVRnOSlT9_dXew��]�JSU\OL�[]cHVRNk`aN5/�X VYNk[e\OPl� 	 S�Nk`acOgkSU`rSU\qVRSlL@VYnOS�LOSUVRSlTW`rNQ\��
NkPWVRNkwbcOTRSULONkwlXZVYS �7X���XeTRS�TRSlPWSlT>�eX VYNk[e\ V�Xe_HgkS���NQVRnONk\ VYnOS�TRSlPW[]^OTWwlS�`rXe\dXeteSl`aSl\mV `a[xLO^OgkS@[eh
��� }  � | �CTRNk`rXeTRXe\ 4 P�_dXew��]�JSU\OL�wl[e`rcONQgkSUT�� �d[e^OT9LHSUVYSUTR`aNk\ONQPWVRNkw cOTWSlLONQw�XZVRS��7X���XeTRSuTRSUPR[]^HTRwlS
` Xe\OXet]SlT�^OPRSUP9y�TWSlLONQw�XZVRS � ^HSlTW{��x{xPWVRSl` � � 1 �3VY[�Xe\dXZgQ{ /lS;cHTRSlLHNkw�X VYSlL@wU[�LOSoXZ\OL�wl[]\HPWVYTW^OwUV
VYnOS�TWSlgkXZVYNQ[]\OPRnHNkcOPaXe`a[]\Ot VYnOS�cOTRSULONkwlXZVYSUPl��Nk\ cdXeT>VYNQwl^OgkXeT�VYnOS�LONkP �W[]Nk\mVY\HSlPRPrTRSUgfXZVRNk[]\OPWnONkc �
�J\ XZLOLONQVRNk[]\ ���ES�Nk`acOgkSU`rSU\mVYSlL�VJ��[@LOS�VYSlTW`rNQ\ONkP>VYNQw�cOTWSlLONQw�XZVRS��JX ��XeTWS�gkNkP>V�PWw�nOSlLH^OgkNQ\OtbXegkt][ �
TRNQVRnO`aP | 4 S1*xVYSU\OL��7XZgkg54 v y3K���� Xe\HL 4 jdTRP>VW�~jOV 4 v y�K#�C�O�*Xe\OLuX�LOS�VYSlTW`rNQ\ONkP>VYNQw�cOTRSULONkwlXZVYS �7X���XeTRS
`r[xLO^OgQ[ PRw�nHSlLO^OgQNk\Ot�XZgkt][]TWNQVRnO` | v y�K ���H� ��NQVRnONk\ ��� }  ��4 P�gQNkPWV�Xe\OL�`a[xLO^Ogk[uPRw�nHSlLO^OgQNk\Ot
`r[xLO^OgQSlPl�HTRSlPWc3SUwUVRNQ�]SUgQ{e�

� 	



Benchmark

cjpeg

djpeg

epic

unepic

g721encode

g721decode

ghostview

gsmdecode

gsmencode

mesa

mpeg2enc

mpeg2dec

pegwitenc

pegwitenc

rasta

rawcaudio

rawdaudio

Adaptive Difference Pulse Code Modulation compression

Adaptive Difference Pulse Code Modulation decompression

MPEG2 video decoder  

public key encryption 

public key decryption 

program for the rasta-plp processing 

GSM 06.10 full-rate speech decoder

GSM 06.10 full-rate speech encoder

3-D graphics library  

MPEG2 video encoder  

Efficient Pyramid Image decoder

G.721 voice encoder

CCITT G.721 voice decoder

PostScript Interpreter & 38 & 107 & 91

Description

JPEG image compression 

JPEG image decompression 

Efficient Pyramid Image coder
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K9gkgoSU�ZXegQ^dXZVYNQ[]\OP@cOTWSlPRSU\mVYSlL-NQ\ VYnHNkPbLONkPWPRSlT>V�XZVRNk[]\�^OPWS VYnOS PRS�V�[eh�PWSU�eSl\mVYSUSl\
��SlLONkX �
��Sl\Ow�n � 030���XecOcOgQNkwlXZVYNQ[]\OP�_3SU\Ow�nO`rXeTR�qP�PWnO[ ��\�Nk\ ��Xe_OgQS � � � � �I[eVYSbVYnOSUTRS�NQP X VR[eV�XZg9[eh
�]� ��SlLHNfX ��SU\Ow�nbXecOcOgQNkwlXZVYNQ[]\OPl� 	 S�ndX��]S \O[eVsc3SUTWhi[]TW`rSUL VYnOS�S1*�c3SUTRNQ`rSU\qVRP�[]\ VYnHS;[eVYnHSlT 7
XecOcOgQNkw�X VYNk[e\OP9_�SlwlXe^OPWS�VRnOS+�CTRNQ` XeTRXe\�wU[]`rcHNkgkSUTI��XeP \O[ZV Xe_OgQS VY[ wl[]`acONkgQS�VRnOSl`�wl[]TWTRSUwUVYg�{
LO^OS�VR[$Xe\ SlTRTW[]TaNk\ [e\OS�[Zh ��TWNk`rXeTYXZ\ 4 Pa`a[�LO^HgkSlP�VRndXZVrNkPaLON0-awl^HgQVaVY[ j�* X VrVRnONkP�VYNQ`rSZ�
��nOS���SULONfX �ESl\Ow�n�PW^ONQVRS���XeP;w�nO[]PWSl\ _�Slw�XZ^OPRS+[Zh�NQVRP�wl[e\qVRTR[]g �JNQ\qVRSl\OPWNQ�eS�\dX VY^OTWSe�*XZP9�ESlgkg�XeP
VYnOSuh XewUVIVYndX V9VRnOSlPWS `aSlLONkXrXecHcOgkNQw�XZVRNk[]\OP�PRc�Sl\OL�VRnOS�`rX��W[]TWNQVJ{�[ZhzVYnHSlNkTIS1*�SUwl^HVRNk[]\�VRNk`aS Nk\
gk[x[]cOP � �
	�� �
	 S ^OPWS VYnHS \O[eVYXZVYNQ[]\ | ��� ��� ��� ��y�� � � ��� } �uVY[�TWSlcOTWSlPWSl\mV+VYnHS cOTW[�wUSlPRPW[]T+NQ\ VYnHNkPuPWVY^HLH{]�

" NkP�hiSUVRw�n ��NQLHVYn*� � ��S2*HSUwl^HVRNk[]\ ��NkLHVRn*� � �u\q^O` _3SUTrNQ\qVRSlt]SUT�^O\ONQVRPl� "$. � \q^O` _3SUTr[eh
� [mXZVRNk\OtZ� c3[eNk\mV�^O\ON�VYPU� � � \x^H`+_3SUT9[Zh�`aSl`a[]TW{ ^O\ONQVRPl� ) ��\q^O` _3SUTI[Zh�_OTRXe\Ow�n�^H\ONQVRPl� Xe\OL
� � gkXZVYSU\OwU{�[eh VYnHSscOTRSULONkwlXZVYS�LOSUjd\HNk\Ot []c�SlTRXZVYNQ[]\ | wl`acOc ��� 	 S�^OPRSsVJ�E[o_dXePRS�cHTR[xwlSlPWPR[]TWP�Nk\
[]^OT�P>VY^OL�{3� | � � � � � � �]� �]� �]� � � Xe\HL | /H� /H� � � � � �e� �]� � ��w�XegQgkSUL � � ��� � | � �EXe\OL � � ��� � | /m� ��TWSlPRc�Slw�VYN��]Slg�{]�
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�J\ XZLOLONQVRNk[]\ ���ES@XePRPW^O`rS(/ � PRwlXegfXZT�Xe\OL / � TR[eVYXZVYNQ\Ot�TWSlt]NQPWVYSUTRP+NQ\$[]^OT S1*�c3SUTRNQ`rSU\qVRP�Xe\OL
[]c3SUTYXZVRNk[]\@gkXZVYSU\OwlNQSlPsVYnOXZV�` X VYw�n@VYnOS�� V�XZ\ONk^O` cOTR[xwlSUPRPW[]Tl�

�<Xew�n�_dXZPRSlgQNk\OSucOTW[�wUSlPRPW[]T � � � ��� |"� �INQP�wU[]`rcOXeTRSUL���NQVRn�VYnHTRSlS wl[]TWTRSlPWc3[e\OLONk\Ht LOSUVRSlTW`rNQ\��
NkPWVRNkw cHTRSlLHNkw�X VYS��JX��sXeTWS�cOTR[xwlSUPRPW[]TRP � � � ��� |"� # � ��� � � � � � |0� # � �uXe\OL � � � � � |0� # 0m�u��N�VYn$VRnOS�PYXe`aS
\x^H`+_3SUT�[eh;TWSlPR[e^OTRwUSlPrXeP�VYnOS@wl[eTRTRSUPRc�[]\OLONQ\Ot _dXePWSlgkNQ\OS�cOTW[�wUSlPRPW[]Tl�E_O^HV���NQVRn X wU`rcOc gkX �
VYSl\HwU{ [eh��]� � Xe\OL 0H�zTWSlPRc�Slw�VYN��]Slg�{]���9[eVRSaVRndXZV ��nHSl\ �ES TRS�hiSlTuVY[�cHTRSlLHNkw�X VYS��JX��sXeTWS cOTW[Z�
wlSlPWPR[]T � B I8I"9 ( 3�6 # ��rNk\b[]^OT�S1*�c�SlTWNk`aSl\mVYPU� �ES�XegQ��X�{�PINk`acOg�{ Xe\bS1*xVRSl\OLOSUL�wl`acOcbgfXZVRSl\Ow�{
[eh �	� 	 � � � �E����� 	 � � ���@wU{xwlgQSlPl�dVRndXZVINkPsVRnOS�PWw�nOSlLH^OgkNQ\OtrLHNkPWVYXe\OwUSuTWSlpq^ONQTRSlLb_�SUVJ�ESlSl\�Xe\�[ec3SUT>�
XZVYNQ[]\�XZ\OL�NQVRP�wl`acOc�VY[rt]^dXeTRXe\mVYSUSuVRndXZVIVYnOS�cOTRSULONkwlXZVYSo�ZXegk^OSuNkP9X��ZXeNkgkXe_OgkS9hi[]T9TWS�XeL�Nk\@VYnOS
cOTRSULONkwlXZVYS+TWS�XeL XZ\OL�LONQPRcdXZVRw�n�PWVYXet]S �3VYnOS+PWnO[]T>V wl`acOc�gfX VYSl\HwU{]� ��� ����	���� 	 � ������3��nONQw�n�w�Xe\
[]\OgQ{bt]^OXeTYXe\mVRSlS VRnOS+X��ZXeNkgkXe_ONQgkNQVJ{r[eh�VRnOS cOTWSlLONQw�XZVRS��ZXegQ^OS NQ\�VYnHS S1*�SUwl^HVRS�PWV�XZt]Se�3NkP;XZgQ��X {xP
XePRPW^O`rSUL�VY[ _�S+[]\OS wU{xwlgQS+Nk\�[e^OT;S1*�c�SlTWNk`aSl\mVYPU� K�gQVRnO[]^Oten�` XZNk\mV�XeNQ\ONk\HtrX wU`rcHc�gfXZVRSl\Ow�{
[ehs[]\HSaw�{xwlgkSaNk\ X�LOS�VYSlTW`rNQ\ONkP>VYNQw+cOTRSULONkwlXZVYS �7X���XeTRSrXeTRw�nHNQVYSUwUVR^OTRS�NkPuXegQ`r[ePWV NQ`rc�[]PRPWNk_OgQS | N�V
��[]^HgkL S.33Slw�VYNQ�eSlg�{$TRSUpq^ONkTWS cOTRSULONkwlXZVYS�TWS�XeL XZ\OL LONkPWcdXZVYw�n � TWSlt]NQPWVRSlT+TWS�XeL Xe\HL S2*�Slwl^�VYS�VY[
ndXecOc�Sl\$NQ\$X@PRNQ\Ot]gkSawU{xwUgkSe��PRS��]SlTWSlg�{ wU[]`rcHTR[]`aNkPWNk\Ot VRnOS wUgk[xw���PRc�SlSlLd���zVRnOS TWSlPR^HgQVYPo��nOSU\
wl[]`acdXeTWSlL���NQVRn�VYnO[ePRS hi[]T�wl`acOc�gfXZVRSl\OwUNkSUP�[eh � Xe\HL 0 Nk\OLONQw�XZVRS�VRnOS+c�SlTWhi[eTR`rXe\OwlS LOSlt]TRX �
LdXZVYNQ[]\�VYndX V�NkP�PRc�SlwUNQjdwlXegkg�{ LO^HSoVR[aVRnOSoNk\OwUTRSlXePRSUL�wU`rcOc@gkXZVYSU\OwU{e�
	 S�SU�ZXegQ^dXZVYS�XegkgZ[ehx[]^OT XecOcHgkNkwlXZVYNQ[]\OPU� XecOcOg�{xNk\OtsLHSUVYSUTR`aNk\ONQPWVRNkwzcHTRSlLHNkw�X VYS��JX��sXeTWS�PRw�nOSULO^Og �

Nk\Otu[]cHVRNk`aN5/�X VYNk[e\OP�VR[�S��]SlT>{aTRSlteNk[]\�Nk\�VRnOS9SU\mVYNkTWS�wl[xLOSe����nHS9�ZXeTRNQ[]^OP�`aS�XePW^OTRSU`rSU\mVYP | PR^Hw�n
XePzPWw�nOSlLO^HgkSsgQSl\OteVRn*�eTWSlPW[]^OTRwUS�� Xe\OL+gkXZVYSU\OwU{m�JwU[]\OP>VYTYXZNk\OSUL+gk[ �ESlTC_3[]^H\OLOPl�eSUVYwZ� �+XZTRS TRSlc�[]T>VYSlL
XePCX��ESlNQt]nmVYSUL�X��eSlTYXZt]Se� ��SUNkt]nmVYSUL�_m{;VRnOS�S1*�SUwl^HVRNk[]\ohiTRSUpx^HSl\Ow�{o[ehHSlXew�nuNk\OLON��xNkLO^dXZgZTWSlt]NQ[]\ Nk\
VYnOSu_3SU\Ow�nO`rXeTR� � } gkS�XZTRgQ{e� v y3K;�bwlXe\�[e\OgQ{�_�Sl\HSUjOV9NQhf� wl[]\H�eSlT>VYSlLbLOcdX �JNk`acOTW[ �ZXe_HgkS;TWSlt]NQ[]\OP
[ehdwl[xLOS | TWSlt]NQ[]\OP VYnOXZVzwU[]\mV�XeNQ\ X V�gQS�XeP>V VJ��[9LONkP �W[]Nk\mVC[]c�SlTYX VYNk[e\OP�� � v y3K;� ��NQgkg]_�S Nk\OS13 SUwUVYN��]S
hi[]T�[eVYnHSlT�wl[xLOS�TWSlt]NQ[]\OP�LO^HS�VR[;VYnOSUNkT�gkXew�� [eh�LONQP �W[]NQ\mV�[]c�SlTYX VYNk[e\OPl�C��nOS�LOcdX � Nk`acOTR[ �ZXe_OgQS�TWS��
t]Nk[]\HP�w�Xe\awl[]`aSshiTR[e`"X gfXeTWt]Ss�ZXeTRNQSUVJ{+[Zh3VRnOS�[]TRNQt]Nk\dXZg�PW[]^OTRwUS9wU[�LHSIwU[]\mVYTW[]gdwl[]\HPWVYTW^OwUVRP ��[]^OT
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wl[]`acONkgQSlT w�Xe\ Xet]t]TWSlPRPWNQ�eSlgQ{acOTWSlLONQw�XZVRS;\OSUPWVYSUL � ,�� 35476 #�Xe\OL � ,�� 3 476 # � 6:9<;=69PWVYXZVYSU`rSU\qVRP�XeP ��SUgkg
XeP � ( ;=6 ;=6:9 6��:3 � & #�P>V�XZVRSl`aSl\mVYPU� 	 SsXegQPR[;XZPRPR^H`rS<VYndX V�\O[]\�LOcdX � Nk`acOTR[ �ZXe_OgQS�TRSUt]Nk[]\HPC��NQgkgmS1*q�
Slwl^�VYS���NQVYn�VRnOS�LOSUVRSlTW`rNQ\ONkP>VYNkw�cOTRSULONkwlXZVYS �7X��sXZTRS�PR^HcOc3[eTWV<VY^OTW\OSlLa[43 Xe\OL���Nkgkgx_�SIPWw�nOSlLH^OgkSUL
^OPRNQ\Ot VYnHS�_dXZPRSlgQNk\OSugkNQPWV9Xe\OL�`r[xLO^OgQ[aPWw�nOSlLH^OgkNQ\Ot XegQt][]TWNQVYnH`rPU� Xe_O_OTWSU�xNfXZVRSlL�XeP��K��C��Xe\OL
��K ��� NQ\ VYnHNkPzPWSlw�VYNk[e\*� �J\�XZLOLONQVRNk[]\ � ��nOSU\OSU�eSlT�VYnHS v y3K;� PRw�nOSULO^OgQS�hi[]T�X9LOcdX � Nk`acOTR[ �ZXe_OgQS
TRSlteNk[]\rTRSlPW^OgQVRP�NQ\rgQ[ �ESlT c�SlTWhi[eTR`rXe\OwlS�VYnOXe\ VYnHS9wU[]TRTWSlPRc�[]\OLHNk\Ot�_dXePRSUgkNQ\OS9PWw�nOSlLH^OgkS�hi[eT VRndXZV
TRSlteNk[]\*� VYnHSa_OXePRSUgkNk\HSaPWw�nOSlLH^OgkSUT NkPo^OPWSlL$NQ\OPWVRS�XeL ��PW[�XePoVY[�X��][]NQL LHSlt]TRXeLdXZVRNk[]\ Nk\ c�SlTWhi[eT>�
` Xe\HwlSe����nOSlTWSUhi[]TWS+Nk\�[]^OT�S2*�c3SUTRNk`aSl\mVRP�VYnOS LOSUVRSlTR`aNk\HNkPWVRNkwocOTWSlLONQw�XZVRS��7X���XeTRS PRw�nOSU`rSUPl� _m{
Nk\OwU[]TRc�[]TYX VYNk\Ht�_dXePRSUgkNQ\OS@PRw�nOSULO^OgkNQ\Ot ��NQVYnHNk\&VYnOSU`�� ��NkgQgs\OSU�eSlTacOTR[xLO^OwUS�X PRw�nHSlLO^OgQS�VRndXZV
NkP ��[eTRPRS�VYnOXe\ VRnOS�_dXePWSlgkNQ\OS�PRw�nOSU`rSZ� �I[eVYS�VRndXZVohi[]T gk[x[]cOPU�CX@PWw�nOSlLH^OgkSa��NQVYn X@gk[ �ESlT ���

NkP;wU[]\OPRNQLOSlTWSlL _�SUVRVRSlT;_�SlwlXe^OPWSaN�V;S2*HSUwl^HVRSlPoNQVRSlTRXZVYNQ[]\OP;X V X h XeP>VYSlT�TYXZVRS � nO[ �ESU�]SUTl�CX \OSUtmX �
VYNQ�eS+PRc�SlSULO^Oc `rX {b[xwlwlXePRNQ[]\dXegQgQ{@[xwlwl^HT�TRSUgfXZVRNQ�eS�VY[rVYnOS+_OXePRSUgkNk\HS PRw�nHSlLO^OgQS+hi[]TIgk[x[]cOP9��N�VYn
XbPWnO[]TWVoVRTRNkc wU[]^O\mV+XZ\OL X�gQ[]\Ot@PWVYXeTWV>�J^Oc�VYNQ`rS�NQ\ NQVYP `a[xLO^Ogk[�PWw�nOSlLH^OgkSZ��XePoS1*�cOgkXeNk\HSlL Nk\
��Slw�VYNk[e\ � �27�� � � � �

��nOS�TWSlc�[]TWVRSlL v y3K;� cOTR[xwlSUPRPR[eTbPWc3SUSlLO^Hc [ �]SUT�VYnOS�_dXZPRSlgQNk\OS�cOTR[xwlSUPRPR[eT@hi[eT �ZXeTRNQ[]^OP
TRSlteNk[]\OP�NQP `aS�XePW^OTRSUL XZP VYnOS�\q^O`+_�SlT [eh L�{�\OXe`rNQw�w�{�wUgkSUP@VRndXZV VRnOS�_dXePWSlgQNk\OS�cOTW[�wUSlPWPR[]T
PRc�Sl\OLOP�NQ\ VRnOSlPWS�TRSlteNk[]\OPaLON���NQLOSlL _q{ VYnHS�\q^O`+_�SlTr[ehoLH{x\dXe`aNkwbwU{xwlgQSlP VRndXZVrVYnOS v y3K �
cOTR[xwlSUPRPR[eT9PWc3SU\OLOPINk\�VYnOSUPRSuTRSUt]Nk[]\HPl�

��nOSoTWSl`rXeNk\ONQ\Ot PWSlw�VYNk[e\OP�PRnO[ � VYnOSoTRSUPR^Og�VYPshi[]T 4 S2*�VRSl\OLx�7XegQg54OXZ\OL 4 jdTWPWV>� jOV64 v y3K������Hhi[]T
v y3K ���3�OXeP<�ESlgkg3XeP hi[]T VRnOS�[ �eSlTYXZgkg�PRc�SlSlLH^Oc@Xew�nONQSU�]SUL�_m{rLHSUVYSUTR`aNk\ONQPWVRNkw�cOTRSULONkwlXZVYS �7X���XeTRS
PRw�nOSULO^OgkNQ\Ot�hi[]T�S�Xew�n�_3SU\Ow�nO`rXeTR� � Xe\HL�[ �]SUT�VYnOSoSl\mVRNkTRSoPW^ONQVRSe�
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Benchmark SLbals CPL1 CPL2 CPL3 ResMSLbals ResMSLdpals IIbams RecMII1 RecMII2 RecMII3 ResMIIbams ResMIIdpams

cjpeg 67.42 56.13 61.35 66.13 60.51 54.26 10.00 1.00 1.00 1.00 10.00 7.00

djpeg 20.13 14.30 15.15 16.22 16.70 15.20 58.64 1.00 1.00 1.00 58.64 53.17

epic 7.06 5.47 6.24 6.35 5.20 4.05 23.01 1.00 1.00 1.00 23.01 18.84

unepic 20.72 18.99 19.17 20.72 8.15 7.04 6.00 1.00 1.00 1.00 6.00 5.00

g721encode 33.62 22.87 25.12 27.29 28.58 20.66 30.00 1.00 1.00 1.00 30.00 21.00

g721decode 29.53 20.03 22.03 24.03 25.06 18.01 30.00 1.00 1.00 1.00 30.00 21.00

ghostscript 17.77 12.54 13.98 15.47 12.44 9.76 44.10 7.88 7.88 7.88 43.13 33.35

gsmdecode 37.07 33.07 34.33 34.53 35.00 31.20 27.92 7.93 9.68 11.44 27.73 24.95

gsmencode 40.84 33.53 35.26 38.00 38.47 34.18 76.40 7.93 8.47 9.02 75.93 47.69

mesamipmap 51.90 37.63 39.63 41.62 37.82 34.82 22.00 1.00 1.00 1.00 22.00 16.33

mpeg2dec 45.68 32.11 33.85 36.83 39.68 28.23 28.35 1.00 1.00 1.00 28.35 25.85

mpeg2enc 44.04 37.71 35.19 35.50 26.47 23.83 20.01 2.98 3.98 4.97 20.01 17.02

pegwitdec 21.68 20.23 21.21 22.29 13.05 12.00 20.67 1.97 1.97 1.97 20.67 18.70

pegwitenc 22.49 19.90 20.90 22.25 16.49 15.43 22.91 1.00 1.00 1.00 22.91 20.20

rasta 19.14 17.10 18.14 19.33 11.44 10.19 8.00 1.96 1.96 1.96 8.00 7.00

rawcaudio 25.80 20.00 20.99 21.99 18.97 12.99 26.00 20.00 25.00 30.00 24.00 22.00

rawdaudio 12.91 10.99 11.99 12.99 11.97 7.99 20.00 6.00 8.00 10.00 20.00 18.00

Average 30.46 24.27 25.56 27.15 23.88 19.99 27.88 3.86 4.47 5.07 27.67 22.18

Benchmark SLbals CPL1 CPL2 CPL3 ResMSLbals ResMSLdpals IIbams RecMII1 RecMII2 RecMII3 ResMIIbams ResMIIdpams

cjpeg 54.98 56.13 61.35 66.13 30.44 29.09 5.00 1.00 1.00 1.00 5.00 4.00

djpeg 14.78 14.30 15.15 16.22 8.74 8.52 29.32 1.00 1.00 1.00 29.32 26.84

epic 6.55 5.47 6.24 6.35 3.19 2.49 11.50 1.00 1.00 1.00 11.50 11.17

unepic 20.43 18.99 19.17 20.72 4.08 4.07 4.00 1.00 1.00 1.00 4.00 4.00

g721encode 26.45 22.87 25.12 27.29 14.58 12.25 15.00 1.00 1.00 1.00 15.00 12.00

g721decode 23.16 20.03 22.03 24.03 12.85 10.67 15.00 1.00 1.00 1.00 15.00 12.00

ghostscript 14.44 12.54 13.98 15.47 6.43 6.22 22.55 7.88 7.88 7.88 21.58 19.63

gsmdecode 35.67 33.07 34.33 34.53 17.93 16.07 14.75 7.93 9.68 11.44 13.87 12.94

gsmencode 33.09 33.53 35.26 38.00 19.35 17.55 39.40 7.93 8.47 9.02 38.42 30.91

mesamipmap 41.56 37.63 39.63 41.62 19.11 18.15 12.33 1.00 1.00 1.00 12.33 10.67

mpeg2dec 34.48 32.11 33.85 36.83 20.10 18.32 14.19 1.00 1.00 1.00 14.19 13.04

mpeg2enc 48.94 37.71 35.19 35.50 13.70 12.28 11.00 2.98 3.98 4.97 10.00 9.01

pegwitdec 20.97 20.23 21.21 22.29 6.54 6.54 10.84 1.97 1.97 1.97 10.84 9.84

pegwitenc 21.09 19.90 20.90 22.25 8.47 7.83 11.56 1.00 1.00 1.00 11.56 10.58

rasta 18.06 17.10 18.14 19.33 6.52 6.20 4.00 1.96 1.96 1.96 4.00 4.00

rawcaudio 20.86 20.00 20.99 21.99 9.99 8.99 20.00 20.00 25.00 30.00 12.00 11.00

rawdaudio 11.91 10.99 11.99 12.99 5.99 5.98 10.00 6.00 8.00 10.00 10.00 9.00

Average 26.32 24.27 25.56 27.15 12.24 11.25 14.73 3.86 4.47 5.07 14.04 12.39

(a) Scheduling Headroom for P(4)

(b) Scheduling Headroom for P(6)

`badcLe f]gih��il 	irQ�yo��y�y��v�{ =,��o�~��ytszdz.� o�q9xsv���~�x9o�q�}�z�t xs�yo'��o�x9o�tQ��v�{yv�q9xsv�rUwytso���v�r�~�x9ou� ~���~�tsoHqQrQ��o��i�
�y�ko�tQq

�������\� � � :<=$*;:��d5 � F ��B G * = �OG

� -���- � -�� ��� � � ! � � ��� � + � ��!��	  ( �  ����. 	-�

��nOS�te[mXeg�[ZhIVRnOS�LOS�VYSlTW`rNQ\ONkP>VYNQw cOTWSlLONQw�XZVRS��7X���XeTRS PRw�nOSULO^OgkSUT�NkP VR[�TRSlLH^OwlS�VYnHS�gkSl\HteVYn
[ehITRSlPW[]^OTWwlS@wl[]\HPWVYTRXeNk\HSlL _dXePWSlgkNQ\OS PWw�nOSlLO^HgkSlP�[]\ X�_dXZPRSlgQNk\OS ` Xew�nHNk\OS [Zh�X�teNQ�]SU\&��NkLHVRn*�
��nOS�LHSUVYSUTR`aNk\ONQPWVRNkw;cOTWSlLONQw�XZVRS��JX ��XeTWS�PWw�nOSlLO^HgkSlT�V�XZ�eSlP�VYnHS�XZLH�ZXe\mV�Xet]So[eh�VYnOSotmXZcb_�SUVJ�ESlSU\
VYnOSo^OcOc�SlT7�J_�[]^O\OLbLOS�jd\OSlL�_m{ VYnOSogQSl\OteVRn@[eh�VRnOSo_dXePWSlgkNQ\OS PRw�nHSlLO^OgQSuXe\OL@VYnOSogk[ �ESlT�_�[]^O\OL
��nONkw�n�NQPIVRnOS `rX *�Nk` ^O`�[eh�VYnOS�TRSlPW[]^OTWwlS�� wl[]\HPWVYTRXeNk\HSlL�Xe\HL�gfXZVRSl\Ow�{m�Jwl[e\OPWVRTYXeNQ\OSlL�PRw�nOSULO^OgkS
gkSl\HteVYnOPC[ehxVYnOS LOS�VYSlTW`rNQ\ONkP>VYNQw�cOTRSULONkwlXZVYS �7X��sXZTRS<cOTR[xwlSUPRPW[]Tl�&�d[]T w�{xwlgkNQw<TRSlteNk[]\OP VRnOSETWSlPW[]^OTRwUS��
wl[]\OP>VYTRXeNk\OSUL�PRw�nHSlLO^OgQS gQSl\OteVRn�NQPISUpq^dXeg VY[�� � ��� ����� � �@& � | �xSlwUVRNk[]\ � � � �87e�����d[]TIXew�{�wUgkNQw�TWS��
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t]Nk[]\HPl�mVYnOSITRSUPR[]^HTRwlS �JwU[]\OPWVRTYXeNQ\OSlLrPRw�nOSULO^OgQS�gkSU\OteVRn | � � ��� ��� � � �����Y��NkP<wU[]`rcH^HVYSUL Nk\�S2*OXZwUVYg�{
VYnOS9PYXe`aS��sX�{rXeP<hi[]T<wU{xwlgQNkw�TRSUt]Nk[]\HPl�qNkt]\H[]TRNQ\OtoXegkgdLOXZV�XoLOSlc�Sl\HLOSl\OwUNkSUPsNk\�VYnOSI[]TWNkt]NQ\dXegHLOXZV�X
LOSlc�Sl\OLHSl\OwUS t]TRXecOn*����nOSogkXZVYSU\OwU{m�JwU[]\OP>VYTYXZNk\OSULbPWw�nOSlLH^OgkSugkSU\OteVYn�NQPsVYnOS gQSl\OtZVYn@[eh VYnOSowUTRNQV>�
Nkw�XZg cOXZVYn*�(� [eTuw�{xwlgkNQw�TRSlteNk[]\OPoVYnHSrwUTRNQVRNkwlXeg�cdXZVRn gQSl\OteVRn NQP�SUpq^dXeg�VY[ � ��� � ����� � �@& ��� �d[]T
XewU{xwlgQNkw;TWSlt]NQ[]\OP VYnOS wUTRNQVRNkwlXeg cdXZVYn�gQSl\OtZVYn�NkP VYnOS gQSl\OtZVYn [eh VRnOS gk[e\Ot]SlP>VscdX VYn hiTR[e` VRnOS;LOLOt
\O[�LHS���N�VYn \O[bNk`a`rSULONfXZVRS cOTWSlLOSUwlSUPRPR[eTRP�VR[�X�LOLHt�\O[xLOS���NQVRn \H[bNQ`r`aSlLHNfXZVRS+PR^OwUwlSUPRPR[eTRPl�
��nOS�tmXZca_�SUVJ�ESlSU\ VYnOSUPRSIgk[ �ESlT<_3[e^O\OLOPEXe\OL�VYnOSI^OcOc�SlT<_�[]^O\OL | VRnOS�gkSl\HteVYna[eh�VYnOSI_dXePWSlgkNQ\OS
PRw�nOSULO^OgkS���wU[]\OP>VYNQVR^HVYSUPIVRnOSonOS�XZLOTR[x[]` hi[eTsVYnOSoLOS�VYSlTW`rNQ\ONkP>VYNQw;cOTRSULONkwlXZVYS �7X���XeTRSoPRw�nHSlLO^OgQSlTU�

��Xe_OgQS � �20 | Xm� PRnH[ ��P�Xe\�SlPWVRNk`rXZVYS�[Zh VYnHS LHSUVYSUTR`aNk\ONQPWVRNkw�cOTWSlLONQw�XZVRS��JX ��XeTWS PWw�nOSlLO^HgkSlT
nOS�XeLHTR[x[]`"[]\ XZwU{xwlgQNkw | wl[egk^O`a\OP � � 1e�<XZ\OL w�{�wUgkNQw | wl[]gQ^O`r\HP ; � ��0m��LOcOX �JNQ`rcOTW[ �eXZ_OgkS�TWSlt]NQ[]\OP
hi[]T+VYnOS � � ��NkLHS�LOSUVRSlTR`aNk\HNkPWVRNkwrcOTRSULONkwlXZVYS �7X��sXZTRS@` XZw�nONk\OSZ� �zXZ_OgkS � �20 | _ � PRnH[ ��PaPRNQ`rNQgfXeT
LdXZV�X�hi[eT VYnOS(/ � ��NQLOS `rXew�nONk\HSe����nOS�LdX V�X�NkP�cOTRSUPRSU\qVRSlL hi[]T SlXew�n _3SU\Ow�nO`rXeTR� PRnO[ ��\ Nk\
wl[]gQ^O`r\ �]�s��nHS gfXZPWV�VY[ �M[eh�S�Xew�nbV�Xe_OgQSoPRnO[ ��P�VRnOS X��eSlTYXZt]S [ �]SUT�SU\qVRNkTWS�PW^ONQVRSe� } []gQ^O`a\ �
PRnO[ ��PsVYnHS�gkSU\OteVRn [eh*VRnOS�_OXePRSUgkNk\HS�Xew�{xwlgkNQw9PWw�nOSlLH^OgkSZ� } [egk^O`a\OP 0 � 7oPRnO[ ��VYnHS�wlTWNQVRNkw�XZgdcdXZVYn
gkSl\HteVYn hi[eT�wU`rcOc gfXZVRSl\OwUNkSlP �]� � Xe\OL�0H�ZTRSUPRc�SlwUVRNQ�eSlgQ{e� } []gQ^O`r\HP /;XZ\OL�1IPWnO[ � VYnOSsTWSlPW[]^OTRwUS��
wl[]\OP>VYTRXeNk\OSUL PWw�nOSlLO^HgkS gQSl\OtZVYn hi[]To_dXePRSUgkNQ\OS�cOTR[xwlSUPRPR[eTl��XZ\OL VRnOSrLHSUVYSUTR`aNk\ONQPWVRNkw�cOTWSlLONQw�XZVRS��
X ��XeTWS�cOTR[xwlSUPRPR[eTl�]TWSlPRc�Slw�VYN��]Slg�{]�<�xNk\OwUS�VYnOS�TRSlPW[]^OTWwlS�� wl[]\HPWVYTRXeNk\HSlL�PRw�nHSlLO^OgQS�Nkt]\H[]TRSUP�XegQgxLOXZV�X
LOSlc�Sl\OLHSl\OwUNkSlPU� wl`acOc�gfXZVRSl\Ow�{�nOXeP;\O[ S13 SUwUVonOSUTRSZ� } [egk^O`a\OP�; � ��0aPRnO[ �.PRNk`aNkgkXeT�LdXZVYXrhi[]T
VYnOSuwU{xwlgQNkw TWSlt]NQ[]\OPl�
�d[]T�VRnOS&LOcdX �JNk`acOTW[ �ZXe_HgkS XewU{xwlgQNkw&TWSlt]NQ[]\OPl�u��S PWSlS$hiTR[e` ��Xe_OgkS � �20 VRndXZV�[]\ X��]SUT>�

Xet]S�VYnOS wUTRNQVRNkwlXeg�cdX VYn�gkSl\HteVYn�hi[]T@wl`acOc gfX VYSl\HwlNkSUP@[eh �e� � Xe\OL 0 w�{xwlgkSUPl�;TWSlPWc3SUwUVYN��]SUgQ{
NkP �e� � 0 � � | 1x�81 	 � � � ��/H� � 	 � | � �2; 	 � �+Xe\OL � � � ;:1 � | � 0H� �%7 � � PWnO[]TWVRSlT�VYndXZ\ VRnOS@PRw�nOSULO^OgkS
gkSl\HteVYn []\�VYnOS�_dXZPRSlgQNk\OS � | /m� � ��NkLHS+` XZw�nONk\OS | ��NQVRn X@wl`acOc gfX VYSl\HwU{�[eh ��wU{xwlgQS � �aK9P VYnOS
gfXZVRSl\Ow�{�[eh VYnOS�wl`acOc []c�SlTYX VYNk[e\�Nk\OwUTRS�XZPRSlPU�CVRnOS�gfXZVRSl\Ow�{m�Jwl[e\OPWVRTYXeNQ\OSlL gk[ �ESlT _�[]^O\OL `r[eTRS
wlgk[ePRSlg�{ XecOcOTW[mXew�nOSUP VYnOSrgkSU\OteVYn [ehsVRnOS�Xew�nONQSU�eSlL&_dXePWSlgQNk\OSaPRw�nOSULO^OgQSe�<Xe\OL SU�]SU\mVY^dXegQgQ{ S1*q�
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wlSlSULOP�NQVl� 	 S wlXe\ VYnq^OP Nk\HhiSUTuVRndXZV+wU`rcHc$[]c�SlTYX VYNk[e\OP+XeTWS [eh VRSl\$[e\ VYnOSrwlTWNQVYNQw�Xeg<cdX VYn$[eh
VYnOS�XZwU{xwlgQNkw TWSlt]NQ[]\*��XZ\OL$VYndX V+Nk\HwlTRSlXePRSUP�Nk\ wl`acOc&gfXZVRSl\Ow�{ ��NQgkg<PRNQt]\ON�jdw�Xe\mVRgQ{ TRSULO^OwUS VYnOS
nOS�XeLHTR[x[]` hi[]T v y�K#�C�@NQ\@XewU{xwUgkNkw TWSlt]NQ[]\OPU�
;\ VRnOS [ZVYnOSUT ndXe\HL*�zwU`rcOc gfXZVRSl\Ow�{ NkPu\O[eV X�gkNQ`rN�VYNQ\Ot c�SlTWhi[eTR`rXe\OwlS�h Xew�VY[]TuNk\ wU{xwlgQNkw

TRSlteNk[]\OP�XeP�PRSUSl\-hiTR[]` VYnHS h XewUV�VYndXZV � � � � � ��� � �@& ��NkP�` ^Ow�n-gfXeTWt]SlTbVYndXe\ � ��� � ��� �]�
� ��� � ��� � �oXe\HL � ��� � ��� 0 hi[]T�_�[eVYn � XZ\OL / �~��NkLOS�`rXew�nONQ\OSlPU� ��nOS []\Og�{�S1*�wUSlcHVRNk[]\OP
XeTRS+VRnOS+TYX��Ew�Xe^HLONk[@Xe\HL TRX���LdXe^OLONQ[ _�Sl\Ow�nO`rXeTW�xP hi[]TI��nONkw�n � ��� � ����NQ\�`r[ePWV wlXePRSUPoXec��
cOTR[mXZw�nOSlP+[eT�S2*HwUSlSULOP � � ��� ��� � � �'& �l����nOSUPRS VJ�E[�_�Sl\Ow�nH` XeTW�qP ndX��]S X�LO[]`aNk\OXZVYNQ\Ot�gk[x[]c
��NQVYn�X�TRSUwl^OTWTRSl\HwlSuwU{xwlgQSuVRndXZV�cdXePWPRSUPIVRnOTR[]^Ht]n�XZgkg3VRnOSowl`acOcb[]c3SUTYXZVRNk[]\HPl�

� -���- � - � � ��� � ��� ! � � � � � ��. 	�� �

�zNQt]^OTRS � � �%7 | X]�IPRnH[ ��P;VRnOS+PWc3SUSlLO^Oc TRSUgfXZVRNQ�eS�VY[ VRnOS � �~��NkLOS�_dXePWSlgkNQ\OS+cOTW[�wUSlPWPR[]T;VRndXZV
NkP�Xew�nONQSU�eSlL _q{ 4 S2*xVYSl\HL��7XegQg54 v y3K#�C�$[]\$VRnOS@XewU{xwUgkNkw�TWSlt]NQ[]\OP+[e\OgQ{ _m{$VYnOS VRnOTRSUS � � ��NQLOS
LOSUVRSlTR`aNk\HNkPWVRNkw�cOTWSlLONQw�XZVRS��JX ��XeTWS�cOTW[�wUSlPWPR[]TWPa��N�VYn wl`acOc gkXZVYSU\OwlNQSlP�[eh �]� � Xe\OL 0 w�{xwlgkSUPl�
�zNkt]^HTRS�0H� �
	 | _ ��PRnO[ ��PIPRNQ`rNQgfXeTELdXZV�X+hi[]TsVRnOS�/ � ��NQLOS cOTW[�wUSlPRPW[]TRPU�

K9PzPWVYXZVYSUL�S�XeTWgkNQSlTl� VYnHSsPRw�nOSULO^OgQSsgkSU\OteVYn�hi[]TzXZwU{xwlgQNkw�TWSlt]NQ[]\OP VYSU\OLOPzVR[;_3SEwl[]\HPWVYTRXeNk\HSlL�_m{
VYnOS�gfXZVRSl\OwUNkSlPI[eh�VYnOS�[]c3SUTYXZVRNk[]\HPl�d��NQVRn�wU`rcOc�[]c�SlTYX VYNk[e\OP9teSl\OSUTYXegQgQ{�_�SlNQ\Otr[e\�VYnHS wlTWNQVRNkw�XZg
cdXZVYn �;��nOSlTWSUhi[]TWSe�*VRnOS c�SlT>hi[]TR`rXe\OwUS [eh v y�K#�C��LOSUwlTRSlXePRSUP ��NQVYn�Nk\OwUTRS�XZPRSlL�wU`rcHc�gfXZVRSl\Ow�{
hi[]To_3[eVRn cHTR[xwlSlPWPR[]Tu`a[�LOSUgkPU� TRSlPW^OgQVRNk\Ot@NQ\ X��]SUTW{ PW` XegQg�PRc�SlSULO^Oc [eh 7 � Xe\OL 0 � []\ VJ��[
� � ��NQLOS�`rXew�nONQ\OSlPI��NQVRn�wl`acOc�gkXZVYSU\OwU{@[Zh � Xe\OL�0rw�{�wUgkSUPl�*TWSlPRc�Slw�VYN��]Slg�{]� Xe\OL � � PWc3SUSlLO^Hc
hi[]T�VYnOS�/ �~��NkLOS;`rXew�nONQ\OSlP���N�VYn�VYnOSoPRXe`rSogkXZVYSU\OwlNQSlPl�
�d[]T SlcONQwI�ES;PWSlS9VRndXZVEVYnOS � � ��NQLOS�LOSUVRSlTR`aNk\HNkPWVRNkw�cOTWSlLONQw�XZVRS��7X���XeTRS9` XZw�nONk\OS���NQVRn wU`rcOc

gfXZVRSl\OwUNkSlP�[eh��oXe\OL � Xew�VY^dXZgkgQ{�c�SlT>hi[]TR`aP��E[]TRPWS;VYndXZ\ VYnOS � � ��NkLHS;LOSUVRSlTW`rNQ\ONkP>VYNkwIcOTWSlLONQw�XZVRS��
X ��XeTWS�` Xew�nHNk\OSb��NQVYn wl`acOc gfX VYSl\HwU{ 0H����nONQP _�SlndX��xNk[]TrNkPrwl[]^O\mVRSlTRNQ\mVY^ON�VYNQ�eSe��PRNQ\OwlS�VYnOS
Nk\OwUTRS�XZPRS NQ\@wl`acOc�gkXZVYSU\OwU{e��PWnO[]^OgQL�wlXe^OPWS+Xe\bNk\OwUTRSlXePRSuNk\@VYnOSuwlTWNQVRNkw�XZg*cdXZVRn�gkSU\OteVRn*�O��nONkw�n
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687 98:�; f�gihkj �il � < �ix9o�{y�i� ~���� ��m�������	 q9wno�o��y��w�z ��o�t ��� �
	�}�z�tp~�r���r���v�r�tso4=.vkz.{yqSz.{y� �

Nk\ VR^OTR\�PWnO[]^OgQL w�Xe^HPRS�Xe\�NQ\OwlTWS�XePWS�NQ\ VYnOS�PRw�nOSULO^OgkS�gkSl\HteVYn*� ��nONkP Xe\O[]`rXegQ{ NQP LO^HS�VY[
VYnOS PRNkLHS��JS13 SUwUVRP�[eh+nO[ � VYnOS gkNQPWVbPRw�nHSlLO^OgQSlTb��[]TW�qP�Nk\�t]SU\OSlTRXeg~� XZ\OL VRnOS ��X�{ ��� }  �
PRw�nOSULO^OgkSUP TRSUt]Nk[e\OP�Nk\ cdXeTWVRNkwU^OgfXeTU� ��nOS��$� }  � gQNkP>V�PRw�nOSULO^OgkSUT wU[]\OPRNQPWVRPr[eh9VYnOTWSlSb` XZNk\
cOndXePWSlPl�zcOTRS �JcdXePWP�PRw�nOSULO^OgQNk\OtO�eTRSlteNkPWVRSlT�XZgkgk[xw�X VYNk[e\�XZ\OL�c3[ePWVW� cdXePWP�PRw�nOSULO^OgkNQ\OtO� v ^OTRNQ\Ot�cOTWS��
cdXePRP PWw�nOSlLH^OgkNQ\Ot@X ^O\ONQpx^HS+TRSUt]NkP>VYSlT�LOTYX���\�hiTR[e`�Xe\�Nk\Hjd\HNQVYS�\q^O`+_�SlT [eh��xNkT>VY^dXZg�TWSlt]NQPWVYSUTRP
NkPEXegkgQ[�wlXZVYSUL+VY[uS�Xew�n [ec3SUTYXZVRNk[]\ 4 P<LOSlP>VYNQ\dXZVYNQ[]\�[]c�SlTYXZ\OLr��N�VYnONQ\�VRnOSITRSlteNk[]\*����nOSlTWSUhi[]TWSe�xVYnOS
LdXZV�X�LHSlc�Sl\OLOSU\OwlSbt]TRXecOn&wl[e\OPWVRTR^Ow�VYSlL hiTR[e` VRnONkP+TWSlt]NQ[]\$NQP+gkSlXePWV�wU[]\OP>VYTYXZNk\OSUL*�rVRnOS�[]\Og�{
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LOSlc�Sl\OLHSl\OwUSlP;VYnOXZVITRSlPW^OgQVINQ\�XZ\�SULOt]Su_3S�VJ��SUSl\�VRnOS�[ec3SUTYXZVRNk[]\OP�XZTRS � [ �MLOSUc3SU\OLOSl\HwlSlPU� XegQg
VYnOSo[eVRnOSlTsLHSlc�Sl\OLOSU\OwlSUP | PR^Ow�n�XeP�Xe\mVYN Xe\OL@[]^HVRcO^HV>�<LOSlc�Sl\HLOSl\OwUSlPY�9XeTWS SlgkNQ`rNQ\dXZVRSlLa_q{ VYnOS
��NQTWVR^OSr[ZhsVYnOSa^O\ONQpq^OS LOSUPWVRNk\dXZVRNk[]\ NkLHSl\mVYN�jdSlTWPl� �J\$XZLOLONQVRNk[]\ �CN�h�Xe\ []c�SlTYX VYNk[e\ NQPohi[egkgk[ �ESlL
_q{ X$PR^O_HTR[]^HVRNk\OS�wlXegkgI[]c�SlTRXZVYNQ[]\*��\O[&SULOt]S�NkPrLOTYX���\ _�SUVJ�ESlSl\ VYnHNkP []c�SlTRXZVYNQ[]\�Xe\HL VYnOS
w�XegQg*[]c�SlTYX VYNk[e\�LO^OTRNQ\Ot�VYnOSocOTWS�� cdXePRP�PWw�nOSlLO^HgkNk\HtrP>V�Xet]SZ�dPRNQ\OwlS;VRnOSow�XegQgkSlS;��NQgkg3^OPRSoLON 3 SUTRSl\mV
��NQTWVR^dXeg<TRSUt]NkP>VYSlTWPuVRndXe\ VRnOSaw�XegQgkSlT��znOSU\OwlSZ�zVYnHS w�XZgkgkSUS�LO[�SUP�\H[eV \HSlSlL VY[�PRX��]S�Xe\m{ [eh�VYnOS
w�XegQgkSlT 4 PITRSUt]NkP>VYSUTRPl����nOS TRSlteNkPWVRSlT9XegkgQ[�wlXZVYNQ[]\ ��nONQw�n�NkPILO[]\OS XZh VYSUTIVRnOS cHTRS�� cdXePWP�PRw�nHSlLO^OgQNk\Ot
cOndXePWSe��VRTRNkSUP+VY[ XegkgQ[�wlXZVYSaVYnOS@gQNk`aNQVYSUL$\q^O`+_�SlT�[eh9cOnm{xPRNkwlXeg�TRSUt]NkP>VYSlTWP�hi[]T�X teNQ�]SU\ TRSlteNk[]\
Nk\ [eTRLOSUTuVR[�`aNk\ONQ`rN0/lS+PWcONkgQgkNk\HtO�rKIh VYSUTuVRnONkPuTRSUt]NkP>VYSlT�XegQgk[xw�XZVRNk[]\*� c3[]P>VW� cdXePRP�PRw�nOSULO^OgQNk\Ot�NkP
LO[]\OSZ� 	 nOSU\bVRnOSoc3[ePWVW� cdXePWPIPWw�nOSlLH^OgkSUT9_O^HNkgkLHPsVYnOSoLdXZVYXaLHSlc�Sl\OLOSU\OwlS�t]TYXZcOn*�ON�V�`+^OPWV�VYXe�eS
VYnOS�cOnm{�PWNkwlXeg�TWSlt]NQPWVRSlTRP9Nk\mVY[rXewUwl[]^O\mVl� �ESlw�XZ^OPRS+cHnq{xPWNkw�XZg�TWSlt]NQPWVYSUTRP9XeTRS�gkNQ`rN�VYSlL@XZ\OL�nOSU\OwlS
XeTRS�[eh VRSl\&TWSl^OPWSlL*��VYnHSlTRS�`rX�{ \H[ � _�S�Xe\mVYN ����[]^�VYcO^HV>���<Xe\HL&[eVYnOSUT�LOSlc�Sl\HLOSl\OwUS@SlLOt]SUP�Nk\
VYnOSrt]TYXecHn*� �J\$XeLHLONQVRNk[]\*� N�h�X�gQ[]\OtbgfXZVRSl\Ow�{ []c�SlTYX VYNk[e\ NQPuhi[]gQgk[ �ESlL _q{ XbPR^O_OTW[]^HVRNk\OSaw�XegQg
[]c3SUTYXZVRNk[]\ �HXe\HL VYnOS9[]c�SlTYX VYNk[e\ 4 P PR[e^OTRwUS;[]c�SlTYXZ\OLOPsndXZcOc3SU\ VY[ _3S9w�XegQgkSlT<PRX �eSlL | XZPsX TWSlPR^HgQV
[eh�TWSlt]NQPWVRSlTuXegkgQ[�wlXZVYNQ[]\ � �3\OS�� � [ �
SlLOt]SUPu��NQgkg�_3S�wl[e\OPWVRTR^Ow�VYSlL _3S�VJ��SUSl\ VYnOS�gk[e\Ot�gfXZVRSl\Ow�{
[]c3SUTYXZVRNk[]\ Xe\OL$VRnOS P>VY[]TWS []c�SlTYX VYNk[e\OPuVRndXZV PYX��]S VRnOSlPWS []c�SlTYXZ\OLOP+NQ\ `aSl`a[]TW{ Xe\OL ��`r[ePWV
Nk`ac3[]T>V�Xe\mVRgQ{]�e_3S�VJ��SUSl\ VRnOS�PWVY[eTRS�[]c�SlTYX VYNk[e\OP<Xe\OL�VYnHS9PW^O_OTR[e^HVYNQ\OS�w�XegQgO[]c�SlTYX VYNk[e\+VY[uXePRPW^OTRS
VYndXZV�VRnOSoPR[]^OTWwlSo[]c�SlTRXe\OLbTRSlteNkPWVRSlTWP���NQgkg3_3SoPYX��eSlL�wU[]TRTWSlw�VYgQ{�XewlTW[]PRP�VYnHSuwlXegkg �
�J\@VYnOS wlXePRSu[ehCSlcHNkwe�OVRnOSlTWSuXeTRSoX�\q^O`+_�SlT�[eh�w�XePWSlPINk\�[]\HSu[Zh�VRnOS VYNk`aS�� wlTWNQVYNQw�Xeg TWSlt]NQ[]\OP

��nOSlTWS X�gk[]\HtbgkXZVYSU\OwU{�LONQ�xNkLHS�[]c3SUTYXZVRNk[]\ �*��nONkw�n gkNkSUP []\ X@LHLOt�cOXZVYn ��NQVRn PWSU�]SUTYXeg<wU`rcOc
[]c3SUTYXZVRNk[]\HPl� NQP�hi[]gQgk[ ��SUL�_m{�X PW^O_OTW[]^HVYNQ\OS+wlXegkg�[]c3SUTYXZVRNk[]\ ���d[]T9VRnOS � �~��NkLOS�` Xew�nHNk\OS ��N�VYn
gk[]\OteSlT wU`rcHc$gfXZVRSl\OwUNkSUP [eh � [eT,0H�zVRnOS cHTRS�� cdXePWP+PRw�nOSULO^OgQSlT�cOgkXewlSUP�VYnHS LONQ�xNQLOS []c�SlTRXZVYNQ[]\
XZh VYSUTsVYnOS PW^O_OTR[e^HVYNQ\OS w�XegQg []c�SlTRXZVYNQ[]\*��PR[�VYndX V�\O[�SlLOteSlPIXeTRS�LOTYX���\b_3S�VJ��SUSl\�VRnOSl` LO^OTWNk\Ot
c3[]P>VW� cdXePRP9PRw�nOSULO^OgQNk\OtO�%� [eTsVYnOS � � ��NQLOSo` XZw�nONk\OSo��NQVRnbVRnOSuPRnO[]T>VYSUT9wU`rcOc�gfXZVRSl\Ow�{@[eh �e�dNQV
PR[�nOXecOc�Sl\OPoVYndX VuVRnOSacOTRS �JcdXePWP�PWw�nOSlLH^OgkSUT�cOgkXewlSUPuVRnOSaLONQ�xNkLHS�[]c3SUTYXZVRNk[]\ | ��NQVYn NQVRP PR[]^HTRwlS
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[]c3SUTYXe\HLOPuXegkgQ[�wlXZVYSUL�VY[�VYnHS�w�XegQgkSlT�PYX��]SUL TWSlt]NQPWVYSUTRPo_m{�VYnHS�TRSlteNkPWVRSlToXegQgk[xw�XZVR[]T���_�SUhi[]TWS+VYnOS
PR^O_OTW[]^HVRNk\OSIw�XegQgO[]c�SlTRXZVYNQ[]\*�e��nONQw�n wlXe^OPRSUPEgQ[]\OtogfX VYSl\HwU{�SULOt]SlP<VY[o_�S9LHTYX���\r_�SUVJ�ESlSU\ VYnHSlPRS
[]c3SUTYXZVRNk[]\HPoXe\OL�VYnOS�TWSlt]NQPWVYSUT>� PYX��xNk\Ot@PWVR[]TRSUPoLO^OTRNQ\Ot�c�[]PWV>�JcdXePWPoPRw�nOSULO^OgkNQ\OtO��K"\q^O`+_�SlTo[eh
PR^Ow�n�gQ[]\OtIgfXZVRSl\Ow�{oSlLOt]SUPz`rXe�eSUPCVRnOS�PWw�nOSlLH^OgkSEgfXZVRSl\Ow�{q� _3[e^O\OL [e\�VYnHS � �~��NkLOS<`rXew�nONQ\OS ��N�VYn
wl`acOc&gfXZVRSl\Ow�{ [Zh��]��Xe\OL$VRnq^OP�w�Xe^HPRSlP�N�VYP�Nk\OwUTRS�XZPRS NQ\$PRw�nOSULO^OgQS�gkSl\HteVYn$[ �eSlT+VYnHS � � ��NQLOS
` Xew�nHNk\OSUPE��NQVRn gQ[]\Ot]SUTEwU`rcOc gfXZVRSl\OwUNkSlP [eh � Xe\OL�0��<��Nk\HwlS9VRnONkPEXe\O[e` Xeg�{�[xwlwl^HTRPsNQ\ PRS��]SUTYXeg
[eVYnOSUT�Nk\OP>V�Xe\OwUSlP�NQ\@VRnONkPsXe\OL@Nk\ VRnOSo\OS1*xVIw�ndXecHVRSlTU�O��S ��NkgQg TWSUhiSlTsVR[�NQV�XZP�VRnOS 9 & # D 9 ( 3 6 # ��
& I76�� ( 3 � & # ( # & B ( 9 � �
	 S�nOX �eS�PRSUSl\ VRndXZV XePr�ES�te[ VR[$X ��NQLOSlTa`rXew�nONk\HSe����nONQgkS@�eSUSlcONQ\Ot VRnOS�gkXZVYSU\OwU{ [eh

VYnOS�LOS�VYSUTR`aNk\ONQPWVYNQw�cOTWSlLONQw�XZVRS��JX ��XeTWS�` Xew�nHNk\OS�j�*HSUL*�mVYnOS�gfXZVRSl\Ow�{q� wl[]\HPWVYTRXeNk\HSlL�gk[ �ESlT�_�[]^O\OL
TRSl`rXeNQ\OP VYnOSrPYXe`aSe� � [ ��S��]SUTl��VYnHSrgQSl\OteVRn [ehEVYnOSa_dXePWSlgQNk\OS�PRw�nHSlLO^OgQS | XZ\OL VRnOS TWSlPW[]^OTRwUS��
wl[]\OP>VYTRXeNk\OSUL ^OcOc�SlTE_3[e^O\OL �<LOSlwUTRS�XZPRSlPU�dXecOcHTR[mXew�nHNk\Ot | Xe\OL SU�]SU\ jd\dXegQgQ{+h XZgkgkNQ\Oto_3SUgk[ �9��VYnOS
gfXZVRSl\Ow�{q� wl[]\HPWVYTRXeNk\HSlL gk[ ��SUTo_3[]^H\OL XePoTRSlPW[]^OTWwlSlP | ��� XZ\OL �Z[]T [ZVYnOSUTRP��oXeTWS�XeLOLOSUL*����nONkP
TRSlLH^OwUVRNk[]\$[Zh�nOS�XZLOTR[x[]` hi[]ToVYnOSrLOSUVRSlTW`rNQ\ONkP>VYNkw�cOTWSlLONQw�XZVRS��JX ��XeTWS PRw�nHSlLO^OgQSlT+S2*�cOgfXeNQ\OPoVYnOS
LOSlt]TRXeLdXZVRNk[]\�Nk\�VRnOS+PWc3SUSlLO^Oc Xew�nHNkSU�eSlL�_m{ 4 S2*�VRSl\OLx�7XegQg54 v y3K#�C��XZP9�ES+t][ hiTW[]`�X � � ��NQLOS
VY[�VYnOSowl[eTRTRSUPRc�[]\OLONQ\Ot�/ � ��NQLOS _dXePWSlgQNk\OS `rXew�nONQ\OSe�

� -���- � -�� � "�� �	� �	� � � � ��.$	��$�

�J\uVYnONQPCPWSlw�VYNk[e\��ES�PWVR^OLH{oVYnHSEc�SlT>hi[]TR`rXe\OwUS [Zh 4 jdTRP>VW� jHV 4 v y3K���� ��nONkw�n �e^O\OgQNk�ZS 4 S1*xVRSl\OL��
Xegkg 4 v y�K#�C�3��LO[�SUPs\O[eV�S1*xVYSU\OL�VYnOS�[]c3SUTYXZVRNk[]\ 4 PEwl`acOc gfX VYSl\HwU{]��_O^HV�NQ\OPWVRS�XeL�PWw�nOSlLH^OgkSUPsVYnOS
[]c3SUTYXZVRNk[]\ Nk\�VRnOSsSlXeTRgQNkSlP>VzVRNk`aSEPWgk[eV�VYndXZVzPYXZVRNkP>jdSlP�LOXZV�X;XZ\OL�TRSUPR[]^OTWwlS�wU[]\OPWVRTYXeNQ\mVYPl� v y3K����
PRNk`acOg�{ XZgkgk[ ��PoVYnOS PRw�nOSULO^OgkSUL []c3SUTYXZVRNk[]\ VY[�wU[]`+_ONQ\OSr��nOSU\OSU�eSlT�VYnHS []cOc�[]TWVR^O\ON�VJ{ XZTRNkPWSlP
Xe\OL VRTRNQSlP�VY[ Nk\HwlTRSlXePRS@VYnH[]PRSb[]cOc�[]TWVR^O\ON�VYNkSUP�_m{ PRw�nOSULO^OgkNQ\Ot gkSlPWPrwU[]`+_ONQ\dXe_OgQS []c�SlTRXZVYNQ[]\OP
jdTRP>V��

K9P���S�PRXeNkL�NQ\a��Slw�VYNk[e\ � � � � � �]N�h�Xe\�[]c�SlTYX VYNk[e\+NkP�PWw�nOSlLH^OgkSUL XZV�X;wU{xwlgQSsVYndXZV�NkP�gQSlPRP�VYndXe\
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687 98:�; f�gihkj 	il � � v�tQq9x\���yx �ym���� �
	�q9wno�o��y��wWz ��o�t ������	�} z�t ~�r��ir���v�r�tso4=.v�z.{yq z.{y� �

�	� 	 � ��� �E����� 	 � ����bwU{xwlgQSlP9X��sX�{@hiTR[]` NQVYP�wU`rcHc*�dVYnONQPI[ec3SUTYXZVRNk[]\@`+^OP>VITRSlPWSlT>�]S N�VYP�TRSUPR[]^HTRwlS
^O\Owl[e\OLONQVRNk[]\OXegkg�{�Xe\OLrw�Xe\H\O[eVEPRndXeTWSIVRnOSITRSlPW[]^OTWwlS���N�VYna[eVYnOSUTELHNkP �W[eNk\mV []c3SUTYXZVRNk[]\HPl�&;\aVYnOS
[eVYnOSUT;ndXe\HL*�*NQhzVYnOS+[ec3SUTYXZVRNk[]\�NkP�PWw�nOSlLH^OgkSUL X VoX wU{xwUgkS VRndXZV;NQP;XZV�gkSlXePWV �	� 	 � ��� �E����� 	 � ����
wU{xwlgQSlP�X ��X�{ hiTR[e` NQVRP wl`acOc*�IVYnOS []c�SlTRXZVYNQ[]\ wlXe\ wU[]\OLON�VYNQ[]\dXegQgQ{ TRSUPRSUTW�]S Xe\OL PWndXeTRS N�VYP
TRSlPW[]^OTWwlSo��NQVYnb[eVRnOSlT�LONQP �W[]NQ\mV�[]c3SUTYXZVRNk[]\HPl�
�zNQt]^OTWS � � � / | Xm��PWnO[ ��P�PWc3SUSlLO^Oc�[ �eSlT�VYnOS � �~��NkLOS _dXZPRSlgQNk\OSocOTW[�wUSlPWPR[]T�VYndX V9NQPIXew�nONkS��]SUL

[]\ VYnHS�XewU{xwUgkNkw TRSUt]Nk[e\OPz_m{ 4 jdTWPWV>� jOV64 v y�K#�C��[]\ VRnOSEVRnOTRSUS � �~��NkLOSELOSUVRSlTR`aNk\HNkPWVRNkw<cOTWSlLONQw�XZVRS��
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X ��XeTWS�cOTW[�wUSlPWPR[]TWPI��N�VYn@wl`acOcbgfXZVRSl\OwUNkSlP�[Zh �]� � Xe\HL-0�wU{xwUgkSlPU�
�E{�wU[]`acdXeTRNQ\Oto��NQVYn �zNQt]^OTWS � � �%7 ��S9PRSUS9VYnOXZV 4 jdTWPWV>� jOV64 v y�K#�C�rXew�nHNkSU�eSlP � � Xe\OL � �

`r[]TWS�PRc�SlSlLH^Oc VYnOXe\ 4 S1*xVYSU\OL��JXegkg 4 v y3K�����hi[]T;VYnHS � �~��NkLOS�`rXew�nONQ\OSaXe\OL wl`acOc gkXZVYSU\OwlNQSlP
[eh � Xe\HL 0�w�{xwlgkSUPl�ETRSlPWc3SUwUVRNQ�]SUgQ{e�$��nONkP�NQ`rcHTR[ �]SU`rSU\qV�wU[]`aSlP+hiTR[e`0VYnHS h XewUV�VRndXZV�4 jdTRP>VW�
jOV 4 v y3K��C� LO[xSlPu\O[eVuS2*�VRSl\OL VYnOS�wl`acOc gfXZVRSl\Ow�{ [ehsS��]SUTW{ []c�SlTYX VYNk[e\*�*��nONkw�n XegkgQ[ ��P;VYnOS
gfXZVRSl\Ow�{q� wl[]\HPWVYTRXeNk\HSlL gk[ �ESlT _�[]^O\OL�hi[]T�wl`acOc gfXZVRSl\OwUNkSlP�[eh � Xe\OL 0 wU{xwlgQSlP VY[�TWSl`rXeNk\�VYnOS
PYXe`aS+XePIhi[]TIwl`acOc�gfX VYSl\HwU{b[eh �+w�{xwlgkSZ����nOS�_3[e^O\OL�`rX�{�_�S��eSlT>{�[]c�VYNk`aNkP>VYNQwe�d_O^HV�NQVI��NkgQg
\OSU�eSlTst]TW[ ��_3S�{][]\HL VYnOSI_dXePWSlgkNQ\OSIPRw�nOSULO^OgkS�gkSl\HteVYn*�xXeP ndXecHc3SU\OPE��N�VYn�4 S1*xVRSl\OL��JXegkg 4 v y3K����
XeP�wl`acOc�gkXZVYSU\OwU{ t]TR[ ��P�VY[ � Xe\OL@VYnOSU\bVR[�0aw�{�wUgkSUPl�
	 S;XegQPR[uPRSUS�VYndX VEhi[]T<VYnHS / �~��NkLOSI`rXew�nONk\HSlP<��NQVYnrwl`acOc gkXZVYSU\OwlNQSlP [eh � XZ\OL(0H� 4 jdTRP>VW� jHV 4

v y3K#�C�aXew�nONkS��]SUPE\O[uc�SlTWhi[eTR`rXe\OwlS�NQ`rcOTW[ �]Sl`aSl\mV [ �]SUT 4 S1*xVYSU\OL��JXegkg 4 v y3K������xK9P<Nk\OLONQw�XZVRSlL
_q{�VYnOSETRSUPR^Og�VYP�NQ\���SUwUVYNQ[]\ � �27�� � � �]�ehi[]T VYnOS$/ � ��NQLOSE`rXew�nONQ\OSEVRnOSs_dXZPRSlgQNk\OSEPRw�nOSULO^OgQSsgkSU\OteVYn NkP
�]SlT>{�wlgQ[]PRSsVR[oVRnOS�wlTWNQVRNkw�XZgHcdXZVRn�gkSl\HteVYn+hi[]T<XZgk`a[]PWV�XegkgHXewU{xwlgQNkw�TWSlt]NQ[]\OPl�]��nHNkw�n�gkSlX �eSlP X;�]SUTW{
PR`rXegkgqnOSlXeLOTR[x[]`�hi[]TC_�[eVYn v y�K#�C�uPWw�nOSlLH^OgkSUTRP�VY[9Nk`acOTR[ �eSE^Oc�[]\*� � [ �ESU�]SUTl�mhi[]TCPR[]`aS Nk\OLON �
��NQLO^dXege_3SU\Ow�nO`rXeTR�qPl� PR^Hw�n+XeP t 1 � ��Sl\Hwl[xLOSe� t 1 � ��LOSlwU[�LHSe� t]nO[]P>VYPWwlTRNQcHV Xe\HLu`ac�Slt � LHSlwe� 4 jdTRP>VW�
jOV 4 v y3K��C� LO[xSlPuXew�nHNkSU�eS X�\O[eVRNkwUS�Xe_Og�{�_�SUVRVRSlToc�SlTWhi[eTR`rXe\OwlS�VRndXe\ 4 S2*�VRSl\OLx�7XegQg54 v y�K#�C�3�
� [eTatePR`aLOSlwU[�LOSbXe\HL t]PW`rSU\Owl[xLOSe� 4 jOTRPWV>� jOV64<XewUVR^dXegQgQ{$c�SlT>hi[]TR`aP���[eTRPRS@VYnOXe\ 4 S1*xVRSl\OL��JXegkg 4
v y3K#�C��LO^OS VY[rX�gk[]\Ht�gfXZVRSl\Ow�{�[]c�SlTYX VYNk[e\@Xe\O[]`rXegQ{ | PWSlS ��Slw�VYNQ[]\ � �87x� � � � � �

��nOSUPRS TRSUPR^Og�VYP�NQ\OLONkwlXZVYS�VYndXZV 4 jdTWPWVW�~jOV 4 v y3K#�C� PWnO[]^OgQL XZgQ��X {xP�_�S�^OPRSUL NQ\OPWVRS�XeL [eh
4 S2*�VRSl\OLx�7XegQg54 v y�K#�C�3��cOTW[ ��NQLOSlLoVYnOXZVCX�gk[]\Ot�gkXZVYSU\OwU{�[]c�SlTYX VYNk[e\oXe\O[]`rXegQ{9w�XZ\u_�S<cOTRS��]SU\qVRSlL*�
 \HSu��X�{�VY[acOTRS��]Sl\mV9VYnONQP9XZ\O[]`rXegQ{rhiTR[]`�nOXecOc�Sl\ONQ\OtrNQPsVY[a`r[xLON�h { VYnHSuTWSlt]NQPWVRSlTIXegkgQ[�wlXZVY[eT
PR[$VYnOXZV VRnOS�PR[e^OTRwUS�[]c�SlTYXZ\OLOP [ehogQ[]\Ot gfXZVRSl\Ow�{ [ec3SUTYXZVRNk[]\OPU��PR^Ow�n�XePrLONQ�xNQLOSe��XeTWS�wlXegkgQSlS
PYX��]SUL*��TRXZVYnOSUTrVRnOSl\ wlXegkgQSlTaPYX��]SUL�XeP NQ\ VYnHS�wl^OTWTRSU\qV �]SlTWPRNQ[]\ [eho[]^HT wl[e`rcONQgkSUTl� �J\ VYnHNkP
w�XePWSe�OVYnHS w�XegQgkSlTE��Nkgkg�\O[eV�NQPRPW^OS;VYnOS P>VY[]TWS []c�SlTYX VYNk[e\ VY[�PYX��eSoVRnOS gk[e\Ot+gfX VYSl\HwU{ [ec3SUTYXZVRNk[]\ 4 P
PR[]^OTWwlS�TRSlteNkPWVRSlTWPl����nONQP���NQgkg SUgkNk`aNk\OXZVYS�VRnOSugk[]\Ot�gkXZVYSU\OwU{@LOSUc3SU\OLOSU\OwlS+w�nOXeNk\�_3S�VJ��SUSl\�VYnHNkP
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[]c3SUTYXZVRNk[]\�Xe\OL�VYnHS+TRSUt]NkP>VYSlT7�JPRX �xNQ\Ot PWVR[]TRSUPl� Xe\HL�_3S�VJ��SUSl\ VYnOS PWVY[eTRSlPoXZ\OL�VYnOS PR^O_OTW[]^HVRNk\OS
w�XegQg*[]c�SlTYX VYNk[e\*��VRnx^HPIteNQ�xNk\Ot+VRnOS PRw�nHSlLO^OgQSlT�hiTRSUSlLO[]` VY[�`a[ �eS VYnOSogk[e\Ot+gfX VYSl\HwU{�[]c�SlTRXZVYNQ[]\
XewlTW[]PRPzVRnOS�PW^O_OTW[]^HVYNQ\OS�wlXegkgm��nOSUTRSENQVYPCgfX VYSl\HwU{u` X�{o`a[]TRS S.33Slw�VYN��]Slg�{ _�S ` XePW�eSUL*� � [ �ESU�eSlTl�
VYnONQPINQP�\O[eV�LO[e\OSoNk\@[]^OT�wU^OTRTWSl\mV�NQ`rcHgkSl`aSl\mVYXZVYNQ[]\*�

� -���- � - � ��. 	�� � � + � � ! � +

�J\ VRnONkPEPRSlw�VYNQ[]\ ��S�cOTRSUPRSl\mV�VYnHS;c3SUTWhi[]TW` XZ\OwlS9TRSlPW^OgQVRPs[eh v y�K ���3���J\�[]TRLHSlT�VR[+S1*�cOgkXeNk\
VYnOS+TWSlPW^OgQVRPl� �ES jdTWPWV \OSUSlL�VY[ S1*�cOgfXZNk\�nH[ �-VRnOS+SlcHNkgk[et]^OS�X 3 SUwUVRP�VYnOS c3SUTWhi[]TW` Xe\HwlS [Zh�VYnOS
`r[xLO^OgQ[�PRw�nOSULO^OgkSUL�gQ[�[]cHPl�

��nOS SUcONkgQ[]t]^OS9PWVYXet]S;wU[]^O\mV�[eh�X+`r[xLO^OgQ[ PWw�nOSlLO^HgkSlLbgk[x[]c NQP�LOS�jd\OSUL�XeP � gkSlPWPsVYndXZ\ VYnOS
wlSlNQgkNQ\Ot�[ehzVRnOSogk[x[]c 4 P�PRNQ\Ot]gkS N�VYSUTYXZVRNk[]\ PWw�nOSlLH^OgkS�gkSl\HteVYn@LON���NQLOSlL@_m{�VYnHS�XZw�nONkS��]SlL � � ����nOS
TR^O\mVYNQ`rSI[ehCXu`r[xLO^OgQ[�PWw�nOSlLO^HgkSlL�gQ[�[eca��N�VYn VRnOS9VRTRNkcrwl[]^H\qVl� ���HXe\HL SlcONQgk[]te^OS9P>V�XeteS�wl[e^O\mV��
� ��� �xNkP�Slpq^dXZg VR[ | � 
 � ���l� � ��� hi[]T<Xot]N��]Sl\ ��� �+� h��bNkP�PW` XZgkg~�]XogkXeTRteS � ���swlXe\ PWNkt]\HNQjdwlXe\mVYgQ{
gk[ ��SUTuVRnOSac3SUTWhi[]TW` Xe\HwlS�[eh VYnOSa`r[xLO^OgQ[�PRw�nOSULO^OgQSlL$gQ[�[]c �rK9P�X@TRSUPR^Og�V��CNQVuNkP c�[]PWPRNk_HgkS�hi[]T
X gk[ �MVYTWNkc�wU[]^O\mVogk[x[]c���N�VYn�X gkXeTRteSlT!� ��Xe\OL�PWnO[]T>VYSlT�SlcONQgk[]t]^HSuVR[�[]^HVYc�SlT>hi[]TR`�VRnOS�PYXe`aS
gk[x[]c���NQVYnbX�PR`rXegQgkSlT � � Xe\OLbgk[]\Ht]SlTsSUcONkgQ[]t]^OSZ�$�d[]T�S1*HXe`acOgkSZ�dX�7+NQVYSUTYXZVRNk[]\�gQ[�[ec ��NQVYn � ���

[eh � Xe\HL ����[eh ;u��NQgkgOVYXe�eS�X�VY[eVYXeg [eh 1 � wU{xwlgQSlP |R| 7 
 � � � ;m�  1 � ��VR[ wU[]`rcHgkSUVRSe�q��nOSlTWS�XeP
VYnOS+PRXe`aS�gQ[�[]cb��NQVRn � ���u[Zh �+Xe\HL ���b[Zh � � ��NQgkg V�XZ�eS,/ � wU{xwUgkSlP |R| 7 
 � � � � � �  / � �sVY[
wl[]`acOgkS�VYSZ�<X �e� � PRc�SlSULO^Oc�[ �eSlT�VYnOSoPRXe`rS gQ[�[ec ��NQVYnbX�PRnO[eTWVYSUT'� � �O_H^HVIgk[]\OteSlT�SlcHNkgk[et]^OSe�
� hIVYnOS�PWw�nOSlLH^OgkSUT�h XZNkgkPuVY[�jd\OL X��ZXegkNQL$PRw�nHSlLO^OgQSbhi[eT�X�t]NQ�eSl\ ��� LO^HS@VR[ TRSlPW[]^OTWwlS@[]T

gfXZVRSl\Ow�{ wU[]\OP>VYTYXZNk\mVYP�[ehsVYnHS `rXew�nONk\HSe�zN�VuNk\OwUTRS�XZPRSlP�VYnOS ��� XZ\OL VRTRNkSUP XZtmXeNk\ � �J\OwlTWS�XePWS Nk\
� � ��t]Sl\OSUTYXegQgQ{ gQS�XeLOPoVY[�PRnO[eTWVYSUT SUcONkgQ[]t]^OS�PRN0/lSZ��PRNQ\OwlSaNQV�Sl\dXZ_OgkSUP S�XZw�n$[]c�SlTYX VYNk[e\ VR[�ndX��]S
`r[]TWS PRw�nOSULO^OgQNk\Ot�PRgQ[eVYPs��N�VYnONQ\@X�t]NQ�eSl\ � � �H��nHNkw�n@` X�{ gkS�XZL@VR[aX�PWnO[]T>VYSlT�PWNk\OtegkS;N�VYSlTRXZVYNQ[]\
PRw�nOSULO^OgkSZ����nOSUTRS�hi[]TRSZ��XegQVRnO[]^Oten PW` XegQgkSUT � ��NQP�teSl\OSUTYXegQgQ{�VRnOS cOTWNk`rXeTW{�c3SUTWhi[]TW` Xe\HwlSa[]_��
�WSlwUVRNQ�eSe��X@PW` XZgkg�VRTRNQc��JwU[]^O\mV gk[x[]c*�*��nHNkw�n ndXePonONQt]nOSlT ����LO^OS�VY[�VYnHSaTWSlPW[]^OTRwUS�[]T gfXZVRSl\Ow�{
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) 3 + 1�A�OQO - 2.A�T�����������
 )�� XB0���Y���F + T � O:5�������
�� )���+

6 7 98:�; f]gihkj �ilnm����	�	 q9wno�o��y��wWz ��o�t ��� 	 	�} z�t r��ir���v�r�tso4=.v�z.{yq z.{y� �

wl[]\OP>VYTRXeNk\mVYPI[ehCVYnOSu`rXew�nONk\HSe�O_O^�V;X�PRnH[]TWVRSlTISlcONQgk[]t]^HSe�O`rX�{ TRSUPR^Og�VINk\@_3S�VRVRSlTIc3SUTWhi[]TW` Xe\HwlS
VYndXe\���nHSl\�VYnOS PYXe`aS gQ[�[]c�NkP9PRw�nOSULO^OgkSUL []\�VYnOS gkSlPWP;wl[e\OPWVRTYXeNQ\OSlL�`rXew�nONQ\OS���N�VYn�PW` XZgkgkSUT
� � Xe\OL@gk[]\Ht]SlT�SUcONkgQ[]t]^OSZ� 	 SoTWSUhiSlT�VR[�VRnONkPIXe\H[]` XZgQ{ XeP�35476 9 & ¦ 3 ��� I � & > #73�cOTR[]_HgkSl`b�
�zNkte^OTRS � � �%1 | Xm�3PWnO[ ��PCVRnOS<wU{xwlgQNkw�TWSlt]NQ[]\OP []\HgQ{;PWc3SUSlLO^Hc TRSUgfXZVRNQ�eSzVY[�VYnHS � � ��NQLOS�_dXePWSlgkNQ\OS

cOTR[xwlSUPRPR[eT+VYndXZV NkP�Xew�nONQSU�]SUL _q{ v y3K;��� []\ VYnOS VRnOTRSUS � �~��NkLOSaLOSUVRSlTW`rNQ\ONkP>VYNkwacOTWSlLONQw�XZVRS��
X ��XeTWS�cOTW[�wUSlPRPW[]TRPE��NQVYnawl`acOcrgfXZVRSl\OwUNkSlP �]� � XZ\OL(0uwU{xwlgQSlPl� �zNkt]^HTRS � � �%1 | _d��PWnO[ ��PsPRNQ`rNQgfXeT
LdXZV�X�hi[]TsVRnOS�/ � ��NQLOS cOTR[xwlSUPRPW[]TRPU�
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�J\MVYnHS&w�XePWS [Zhrw�{xwlgkNQw&TRSUt]Nk[]\HPl��VRnOS v y3K;���Mgk[ ��SUT>� _3[]^H\OLMNkP�LOS�VYSUTR`aNk\OSULM_q{ VYnOS
TRSlPW[]^OTWwlS�� wl[]\HPWVYTRXeNk\HSlL PRw�nOSULO^OgQS�gkSl\HteVYn$[Zh�VYnOS LHSUVYSUTR`aNk\ONQPWVRNkwacOTRSULONkwlXZVYS �7X��sXZTRS cOTW[�wUSlPWPR[]T
| � � ��� ��� � � �'& �l� PWSlS��zXe_HgkS � � 0m���u��nOS�gfX VYSl\HwU{m�JwU[]\OPWVRTYXeNQ\OSlL�PWw�nOSlLH^OgkSagkSU\OteVYn | � ��� � � ���
NkPa\O[eVrX gQNk`aNQVRNk\Ot�h XZwUVY[eT�hi[eTaSUNQVRnOSlT�VYnHS � �~��NkLOS@[]T / �~��NkLOS@`rXew�nONk\HSb`a[xLOSlgQP | hi[]T�t]N��]Sl\
[]c3SUTYXZVRNk[]\�gkXZVYSU\OwlNQSlPU� � ��� � ��� NkP VRnOS�PYXe`aS�hi[]T�_�[eVYn � ��Xe\OL / � ��NQLOS�`rXew�nONk\HSlPl�9PRNQ\OwlS
� ��� � ���r[]\OgQ{rLOSUc3SU\OLOP�[]\�[]c�SlTRXZVYNQ[]\ gkXZVYSU\OwlNQSlPsXZ\OL�LO[xSlPs\O[ZV�LOSlc�Sl\HLb[e\�[eVYnOSUTsTRSUPR[]^HTRwlS
wl[]\OP>VYTRXeNk\mVYPE[eh VRnOS�`rXew�nONQ\OS � �zK9P���Xe_OgkS � � 0uPWnO[ ��P � ��� � �����xSU�eSl\ hi[]T Xuwl`acOc gkXZVYSU\OwU{�[eh
0H�qNkP�`+^Ow�n�PW` XegQgkSUTzVYndXZ\ � � ��� ����� � �@& ��hi[]T<XZgkgH[Zh3VRnOSIXecOcOgQNkw�X VYNk[e\OPzS2*HwUSlcHVETYX��Ew�Xe^HLONk[uXe\OL
TYX���LdXe^OLHNk[O����nOSUTRS�hi[]TRSZ� XeP��zNQt]^OTRS � � �%1 | Xm��Xe\OL | _ ��PRnO[ �o� v y3K;����Xew�nONQSU�eSlP�PW^O_OP>V�Xe\mVYNkXeg
PRc�SlSlLH^OcOP�hi[]T+XegQgEwU`rcHc&gfXZVRSl\OwUNkSlP | � � � � ��/ � Xe\HL � � � hi[]T VYnHS � � ��NQLOS `rXew�nONQ\OSlP ��N�VYn
wl`acOc gfXZVRSl\Ow�{�[eh �]� � Xe\OL 0�TRSUPRc�Slw�VYNQ�eSlg�{]�CXe\OL ; � � ; � Xe\OL 7 � hi[eT�VYnOS�wU[]TRTWSlPRc�[]\OLHNk\Ot
/ � ��NQLOS `rXew�nONk\HSlP�� ����nOS PWc3SUSlLO^Oc NkP�`r[eTRS `a[xLOSlP>V+hi[]T�VRnOS�/ �~��NkLOSr` XZw�nONk\OSUP+PRNQ\OwlSrVYnOS
/ � ��NQLOS�` XZw�nONk\OSUP�ndX��]Sb`r[eTRS�TRSUPR[]^HTRwlSUPaVRndXe\&VYnHS � � ��NkLHS ` XZw�nONk\OSUP�Xe\OL VYnq^OP�TRSUPR[]^HTRwlS
PRndXeTWNk\Ot�NQPIgQSlPWP�nOSlgQcHhi^Og Xe\OLbgkSUPRP�NkP�LH[]\OSe�
	 S XegQPR[bPRSUS VYndX V�VRnOS v y�K ��� PWc3SUSlLO^Hc$hi[]T XZ\$Nk\OLHNQ�xNkLO^OXeg<XecOcOgQNkwlXZVYNQ[]\��eXZTRNkSUPu��N�VYn

wl`acOc�gfXZVRSl\Ow�{]� XegQVRnO[]^Ot]n v y3K ����NkP�gQSlPWP;PRSU\OPRN�VYNQ�eS VYnOXe\ v y3K����@VY[ wU`rcOc�gkXZVYSU\OwU{e���d[]T
PR[]`aS [ehzVYnOS�_3SU\Ow�nO`rXeTR�qPl� v y3K;����c�SlTWhi[eTR`rXe\OwlSuLOSUwlTRSlXePRSUPoXePIwl`acOc�gfX VYSl\HwU{@Nk\HwlTRSlXePRSUPl�
� [eT�S1*HXe`acOgkSZ�9hi[]T�t]nH[]PWVRPRwlTWNkcHVbc�SlT>hi[]TR`rXe\OwUS�LOSlwUTRS�XZPRSlPbhi[]T � �~��NkLOS�`rXew�nONQ\OSlPbXeP�wU`rcOc
gfXZVRSl\Ow�{�Nk\OwUTRSlXePRSUP@hiTW[]` ��VY[ � Xe\OL�hiTW[]` � VY[ 0&wU{xwlgQSlPU� �d[]T�PW^Ow�n�_3SU\Ow�nO`rXeTR�qP@VYnOS
c3SUTWhi[]TW` Xe\HwlS LOSUt]TYXZLdXZVYNQ[]\$hi[]T�Nk\OwUTRS�XZPRSlL wU`rcOc&gkXZVYSU\OwlNQSlP+[xwlwU^OTRP�_�SlwlXe^OPWSbnHNkt]nOSUT wU`rcOc
gfXZVRSl\Ow�{rNQ\OwlTWS�XePWSlP�VRnOS�gQSl\OtZVYna[eh VYnOSIgk[x[]caSlcONQgk[]te^OS | XegQVRnO[]^OtenaVRnOS ����TRSU` XZNk\OP<VYnOS9PYXe`aS � �
��nONkw�nrgkS�XZLOP�VY[ugk[]\Ht]SlT�VR[eV�XegHS1*�SlwU^HVYNQ[]\aVRNk`aSe����nOS9LHTR[]c�Nk\�c�SlT>hi[]TR`rXe\OwUSILH^OS�VY[uNk\OwUTRS�XZPRSlL
wl`acOc gkXZVYSU\OwU{�NkP cdXZTWVYNQwl^OgkXeTRg�{@��NQPRNQ_OgkS hi[eT gk[x[]cOP���N�VYn gk[ � VYTRNQc�wl[]^H\qVl� �d[]T S1*HXe`acOgkSZ�*hi[]T
t 1 � ��SU\Owl[xLOS�Xe\OL t 1 � �lLOSlwU[�LOS�VRnOS@PRc�SlSlLH^Oc LOTW[]cOP�_3SUgk[ � �e� � hi[]T�X wl`acOc gkXZVYSU\OwU{$[eh�0
wU{xwlgQSlPl� �9[eVRS VYndX V���S�LO[ TWSlc�[]TWV+VRnONkP gk[]PWP+Nk\&c�SlT>hi[]TR`rXe\OwUS nOSlTWSe� Nk\OP>VYSlXeL&[eh9XePRPW^O`aNk\Ot
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VYndXZVIVYnHSlPRSugk[x[]cOP���NQgkg*_�SoPRw�nOSULO^OgkSUL���NQVRnbVRnOSu_dXePRSUgkNQ\OSo`r[xLO^OgQ[�PRw�nOSULO^OgkSUT;Xe\HL�TRSUc3[eTWVYNQ\Ot
X�PRc�SlSULO^Oc$[Zh ��� � ��nHSrTWS�XePW[]\ hi[]T VRnONkPoNkPuXePohi[]gQgk[ ��Pl� �J\$XegQgzVYnHSlPRSrw�XePWSlP v y3K ��� PWVRNkgQg
PYXZVRNkPWjOSlP NQVRP;cOTWNk`rXeTW{b[]_ �WSUwUVRNQ�]S�[Zh Xew�nONkS��xNk\Ot@X PW` XegQgkSUT ���@VYndXe\�VRnOS+_dXZPRSlgQNk\OS PRw�nOSULO^OgkSUTl�
� [ ��S��]SUTl� v y3K;��� ` XZ�eSlP�\H[�XZVRVRSl`acHV�VR[+wl[]\mVRTR[]g�VYnOS PWN5/lS�[eh gk[x[]c SUcONkgQ[]t]^OSZ� v y3K;� []\Og�{
Sl`acOgk[ {xP�_dXePWSlgkNQ\OS�PWw�nOSlLH^OgkNQ\Ot ��nOSl\�NQV�h XeNkgQP�VR[;Nk`acOTR[ �eS ��� �mN�V�`rX�{�VRnx^HP TWSlPW^OgQV�NQ\+\OSUtmXZVYN��]S
PRc�SlSlLH^Oc$��nOSl\ VYnOSaSlcONQgk[]te^OS�PRN0/lSaNkPoPRNQt]\ONQjOw�Xe\mVYg�{�NQ\OwlTWS�XePWSlL$[ �]SUT�VRnOSr_OXePRSUgkNk\HSe�CXe\OL VYnOS
VYTRNQc@wl[]^O\mVINkP�PW` XegQg~�
;\ VYnOS [eVYnHSlT@ndXe\OL �;hi[]T@PR[]`aS _3SU\Ow�nO`rXeTR�qP�VRnOS c3SUTWhi[]TW` Xe\HwlS Nk\OwUTRSlXePRSUP�XeP@wU`rcOc

gfXZVRSl\Ow�{oNk\OwUTRS�XZPRSlPU�&�d[]T S1*HXe`acOgkSZ� hi[eTCL��Wc3SUt�[]\uVYnOS � � ��NQLOS<` XZw�nONk\OS<VYnHSEPWc3SUSlLO^Oc Nk\OwUTRS�XZPRSlP
��nOSl\bVYnOSuwl`acOc@gfXZVRSl\Ow�{�Nk\HwlTRSlXePRSUPIhiTW[]` � VY[�0H���d[]T�t 1 � ��Sl\Hwl[xLOS VYnOSoPRc�SlSULO^Oc�Nk\OwUTRS�XZPRSlP
XePuVRnOS�wl`acOc gfXZVRSl\Ow�{�Nk\OwUTRSlXePRSUPuhiTW[]` ��VY[ � hi[]T;VYnOS / �~��NkLOS�`rXew�nONQ\OSe����nOSUPRSaNk\OwUTRS�XZPRSlP
XeTRS LO^OS VY[&VRnOS h XZwUV�VYnHS v y�K ��` XZw�nONk\OS���N�VYn�VYnOS nONQt]nOSUTbwU`rcHc�gkXZVYSU\OwU{ PR[]`aSUVRNk`aSlP
PRNk`acOg�{bh XZNkgkPIVY[ jO\OL X PRw�nOSULO^OgkS+hi[eT�VYnOS�PRXe`aS ����XZP;VYnOS+`rXew�nONQ\OS ��N�VYn�VYnHS+gk[ �ESlT;wU`rcOc
gfXZVRSl\Ow�{]� � SU\OwlSZ�9VYnHS � � NQP Nk\OwUTRSlXePRSUL ��nHNkw�n�TRSUPR^Og�VYP�NQ\�X$PRnO[eTWVYSUT SlcHNkgk[et]^OSe����nONQw�n�Nk\
VY^OTW\ wlXe\ gQS�XeL�VR[b_�SUVWVYSUTuc�SlT>hi[]TR`rXe\OwUS�Nk\ gk[x[]cOP9��NQVYn X�gk[ � VYTWNkc wl[]^H\qVl� �J\ PW[]`rS�wlXePRSUPl�
XePrwU`rcHc gkXZVYSU\OwU{ NQ\OwlTWS�XePWSlPl� v y3K ���&h XeNQgk^OTWS VY[ jd\OL X �ZXegQNkL PRw�nHSlLO^OgQS�hi[]T�X t]N��]Sl\ ���

ndXecOc�Sl\OP LH^OS�VR[ TR[eVYXZVYNQ\OtaTRSlteNkPWVRSlT9gkNk`aNQVYXZVYNQ[]\OP��HVYnOS Nk\OwUTRS�XZPRS NQ\�wl`acOc�gkXZVYSU\OwU{bTWSlPR^HgQVYP9Nk\
Xe\@Nk\OwUTRS�XZPRSoNk\ VRnOS gkSU\OteVYn�[Zh�VRnOS PRNQ\Ot]gkS�NQVYSUTYXZVRNk[]\ PRw�nOSULO^OgkSZ�O��nONkw�nbw�XZ^OPRSUP9XZ\bNQ\OwlTWS�XePWS Nk\
VYnOS9\x^H`+_3SUT�[eh*TR[eVYXZVYNQ\OtoTRSlteNkPWVRSlTWP�TRSUpq^ONkTWSlLrhi[eT VRnOS�`a[�LH^Ogk[oPRw�nHSlLO^OgQSlL�gQ[�[]c � 	 nOSU\ VYnOSUTRS
XeTRS<Nk\HPR^�-awlNQSl\mVCTR[eVYXZVYNQ\Ot�TRSUt]NkP>VYSUTRP VY[�PR^HcOc3[eTWV�XIPWw�nOSlLH^OgkS<��NQVRnoVRnOS<wl^OTWTRSU\qV���� � VRnOS<wl^OTWTRSU\qV
� � NkP�Nk\OwUTRSlXePRSUL*� ��Nk\dXegQgQ{aNk\@[eVRnOSlT�wlXePRSUPl�3XeP�wl`acOc�gkXZVYSU\OwU{ Nk\OwUTRS�XZPRSlPU� v y3K ���@h XeNQgk^OTWS�VY[
jd\OL�X��ZXegkNQL PWw�nOSlLH^OgkS�hi[eTrX t]NQ�eSl\ � � ndXecOc�Sl\OPrLO^OSbVY[ Xe\ NQ\OwlTWS�XePWS�NQ\ VRnOS�TWSlwl^HTRTRSU\OwlS
wl[]\OP>VYTRXeNk\OSUL�gk[ �ESlT;_�[]^O\OL � � ��� � � ��� � �@& �U� ��nOS+cHTRSlPWSl\OwUS�[eh<TRSUwl^OTWTRSl\HwlS�wU{xwlgQSlP;LHSlt]TRXeLOSlP
VYnOS Xew�nONkS��]SUL$c3SUTWhi[]TW` XZ\OwlSaPRNQ\OwlS�VYnOSr`r[xLO^OgQ[@PRw�nOSULO^OgkSUT _�SlwU[]`rSUP `a[]TRS�wU[]\OPWVRTYXeNQ\OSlL Nk\
VYSlTW`rP�[Zh���nHSlTRS�N�V�w�Xe\�cOgkXewlS�[]c3SUTYXZVRNk[]\HP�Nk\�[]TWLOSlT�VR[oPYXZVRNkPWh {uVYnHS�gk[x[]c�w�XeTWTRNQSlL�LOSUc3SU\OLOSl\HwlSe�

/ �



��nONkP�wlXe\�[eh VYSU\�TRSUPR^Og�VsNk\ VRnOS;PWw�nOSlLO^HgkSlT 4 P�h XeNQgk^OTWSIVR[ jd\OLbX��ZXegQNkLrPRw�nOSULO^OgkS hi[]T�X+t]NQ�eSl\ ��� �
Nk\���nONkw�nbw�XZPRSoVYnOS ��� `+^HPWVI_3SoNQ\OwlTWS�XePWSlL*�

��nOS c�SlT>hi[]TR`rXe\OwUS�NQ\OwlTWS�XePWS;hi[]TsX+wU`rcOc�gkXZVYSU\OwU{r[eh � wU[]`rcOXeTRSUL ��NQVYn@X�wl`acOc�gfXZVRSl\Ow�{
[eh�aNkP PW^O_OPWVYXe\mVYNkXeg�Nk\ PRS��]SlTRXeg<w�XePWSlP | PR^Hw�n$XePot 1 � ��Sl\OwU[�LHSrXZ\OL t:1 � ��LOSUwl[xLOS � ��VRnOSlPWSahiS��
w�XePWSlPITRSlPW^OgQVINQ\@VRnOSoPR`rXegkg X��]SlTRXet]Suc3SUTWhi[]TW` XZ\OwlS tmXZNk\�[eh � � � � � | � # � ��[ �]SUT � � � ��� | � # � ���
�zNQ\dXegQgQ{]��hi[]T PR[e`rS�XecHcOgkNQw�XZVRNk[]\OPU�*PR^Hw�n$XePoTYXZPWV�X�� VRnOS�c3SUTWhi[]TW` XZ\OwlS�TWSl`rXeNk\OP;VRnOS�PYXe`aS

hi[]TIXegkg*VRnOTRSUS�wU`rcOcbgfX VYSl\HwlNkSUPl�E��nONkP�ndXecHc3SU\OP�_�SlwlXe^OPRSoVYnHS�LO[e`rNQ\dXe\mV�gk[x[]cOPIXeTWSugQ[]\Ot�VYTWNkc
wl[]^O\mV�gk[x[]cOP;��N�VYn X@PW` XZgkg � ��� � ����hi[]ToXegQgzVYnOTWSlSawl`acOc gfXZVRSl\OwUNkSUPl�a��nOSlTWSUhi[]TWS � ��� � ���

NkP \O[ZVbX$gkNk`aNQVRNk\Ot�h Xew�VY[]TU�IXe\OL�VYnOS�PWN5/US�[ehoVYnOS�SUcONkgQ[]t]^OS�LO[xSlP�\O[eV@NQ`rcOXewUVrVYnOS�[ �eSlTYXZgkg
c3SUTWhi[]TW` Xe\HwlS�PRNQ\OwlS�VYnOS�gQ[�[]cHP PRc�Sl\OL `r[]P>Vu[ehEVRnOSlNQToS1*�SlwU^HVYNQ[]\ VRNk`aS+Nk\ VYnOS�P>VYS�XZLH{m�JPWVYXZVYS
�eSlTW\OSlg �

� -���- � - � � ����� � � � ' � ��� � � �

��nOS�hi^OgQg�XecOcHgkNkwlXZVYNQ[]\�TWSlPR^HgQVYPocOTWSlPWSl\mVYSUL Nk\�VRnONkP PW^O_OPRSUwUVRNk[]\ XePRPW^O`rS�VRndXZV VYnHSrXZwU{xwlgQNkw
TRSlteNk[]\OPuXeTWS�PRw�nOSULO^OgkSUL ��N�VYn 4 jdTWPWV>� jOV64 v y3K#�C� | TRXZVYnOSUT VYndXe\ 4 S1*xVYSU\OL��7XZgkg54 v y3K#�C�O� ���zNQtZ�
^OTRS � � ��; PWnO[ ��P;VYnOS [ �eSlTRXegkg�PRc�SlSlLH^Oc LO^OS+VY[ LOSUVRSlTR`aNk\HNkPWVRNkwucOTRSULONkwlXZVYS �7X���XeTRS+PWw�nOSlLH^OgkNQ\OtO�
�zNkt]^HTRS � � � ; | Xm��PRnH[ ��P;VRnOS PWc3SUSlLO^Hc�[eh<S�Xew�n�[Zh�VYnOSuVYnOTWSlS+LHSUVYSUTR`aNk\ONQPWVRNkwocOTRSULONkwlXZVYS �7X���XeTRS
cOTR[xwlSUPRPR[eTRPl� � � � � � | � # � ��� � � � ��� | � # � � � � � � ��� | � # 0]���x[ �eSlT VYnOS9wl[]TWTRSlPWc3[e\OLONk\Ht _dXePWSlgQNk\OSIcOTR[xwlSUP>�
PR[]TU� � � � ��� | � ���3hi[]T;S�XZw�n XecHcOgkNQw�XZVRNk[]\*� �zNQt]^OTWS � � ��; | _ �9PRnH[ ��PuPRNQ`rNQgfXeT�LdX V�X hi[]T�VRnOS�/ � ��NQLOS
cOTR[xwlSUPRPR[eTRPl�

��nOSaX��]SUTYXeteS�PRc�SlSlLH^OcOP�Xew�nONkS��]SUL [ �]SUT�XZgkg�XecOcOgQNkw�X VYNk[e\OP;XeTWS�; � � 	 � XZ\OL 1 � hi[]T9VYnOS
� � ��NQLOS�` Xew�nHNk\OSUPl�xXe\OL 7 � � ��� Xe\OL 0 � hi[]T�VRnOS / � ��NkLHS�` Xew�nHNk\OSUP<��N�VYnawl`acOcagfXZVRSl\OwUNkSlP<[eh
�]� � Xe\OL-0�w�{xwlgkSUPl� TRSUPRc�Slw�VYNQ�eSlg�{]���9[eVRS VYndXZV�[ �eSlTYXZgkg~��VYnOS � �~��NkLOS LOS�VYSUTR`aNk\ONQPWVYNQw;cOTWSlLONQw�XZVRS��
X ��XeTWS;` XZw�nONk\OS���NQVRn wU`rcOc gfXZVRSl\Ow�{ � | � � � ��� | � # � �W��[]^HVYc�SlT>hi[]TR`aP<VYnOS9PYXe`aS�`rXew�nONQ\OSI��N�VYn
wl`acOc gkXZVYSU\OwU{ � | � � � � � | � # � ���'��nONQPbnOXecOc�Sl\OPbLO^OS VY[&VYnHS h Xew�V@VYndXZVl�;XePbS1*�cOgkXeNk\HSlL Nk\
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 )�� XB0���Y���F + T � O:5�������
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6 7 98:�; f�gihkj �il�����o�tQ~���� 	iw�o�o�����w

��Slw�VYNk[e\ � �27�� � � � � � � � ��� | � # � ��XZw�nONkS��]SlP9_3S�VRVRSlT�c�SlTWhi[eTR`rXe\OwlS VRndXe\ � � � � � | � # � �Ehi[]TsVRnOSowU{xwlgQNkw
TRSlteNk[]\OPU��K�gQPR[@\O[eVRS�VRndXZVoNQ\ PW[]`aS�w�XePWSlPl� VYnHSaPWc3SUSlLO^Hc NkP gQSlPWPoVRndXe\ �]� � � PR^Hw�n$XePoNk\ wlXePRS
[eh�VYnOS�t 1 � �lLOSlwU[�LOS�_3SU\Ow�nO`rXeTR�@[]\�VYnOS � � ��NQLOS v y�K ��`rXew�nONQ\OSo��NQVYn�Xrwl`acOc�gkXZVYSU\OwU{b[eh
0 wU{xwlgQSlPl� ��^Ow�n X gQ[]PRP�Nk\�c�SlT>hi[]TR`rXe\OwUS+TRSUgfXZVRNQ�]SuVY[ VRnOS�_dXePWSlgQNk\OS�cOTR[xwlSUPRPR[eTl� NkP9w�Xe^HPRSlL _m{
X gk[]PWP�[eh<c�SlT>hi[]TR`rXe\OwUS Nk\bVYnOS _3SU\Ow�nO`rXeTR� 4 P wU{xwlgQNkw TWSlt]NQ[]\OPIVYndXZV�wl[]TWTRSUPRc�[]\OLONQ\Ot]gQ{b[xwlwU^OTRP
��NQVYnbNk\HwlTRSlXePRSUL�wU`rcHc�gkXZVYSU\OwU{e�dXePIXegkPW[�S1*�cOgfXZNk\OSULbNQ\���Slw�VYNk[e\ � �87�� � � � �
�d[]TsVRnOS�/ � ��NQLOS ` XZw�nONk\OS;��N�VYn@wl`acOcbgfXZVRSl\OwUNkSUP�[eh � Xe\OL-0H�O`a[]P>V�[ehzVRnOSoc3SUTWhi[]TW` Xe\HwlS
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Nk`acOTR[ �]SU`rSU\mVEwU[]`aSlP�hiTR[e` v y3K;���3�mPWNk\OwUS9XZP,��Nkt]^OTWS � � ��/ | _ �zPRnO[ ��PU� v y�K#�C��Xew�nONkS��]SUPsXe\
X �eSlTRXet]S�NQ`rcHTR[ �]SU`rSU\qV�[Zh;[]\Og�{ � � hi[]TaXegkg / � ��NkLHS�` Xew�nHNk\OSUPl� ;h�wl[]^HTRPRSZ�EVRnOS�PWc3SUSlLO^Hc
Xew�nONkS��]SUL _m{�VYnOSUPRS / �~��NkLOS ` XZw�nONk\OSUP�[]\ VYnOS$SU\mVYNkTWS&XecOcHgkNkwlXZVYNQ[]\ NkP�PR`rXegkgQSlT@VYndXe\ VYnOS
PRc�SlSlLH^Oc�Xew�nHNkSU�eSlL�[]\@LOcdX � Nk`acOTR[ �ZXe_OgQS9w�{�wUgkNQw TRSlteNk[]\OP�XZgk[]\OSZ�HPWNk\OwUS�XZP �zNQt]^OTWS � �27�PWnO[ ��Pl�
VYnOSUPRSITRSlteNk[]\OP<wU[]\OPWVRNQVR^HVYS�[]\aX��]SUTYXet]SI[]\Og�{*03; � [eh�VYnOS�VY[ZV�XegO_OXePRSUgkNk\HSIS2*�Slwl^�VYNk[e\aVRNk`aSs[ �]SlT
Xegkg VRnOSlPWS XZcOcOgkNQw�XZVRNk[]\ _3SU\Ow�nO`rXeTR�qPl�

� ��� � � � � �	���

	 S�nOX �eS�cOTW[]c3[ePRSlL Xe\OL S��ZXegk^dX VYSlL \OS�� LOSUVRSlTR`aNk\HNkPWVRNkw@cOTWSlLONQw�XZVRS��7X���XeTRSbPRw�nHSlLO^OgQNk\Ot
VYSlw�nH\ONkpq^OSUP;��nONkw�n�wlXe\ Xew�nONQSU�eS _�SUVRVRSlT;PWw�nOSlLH^OgkSUP;[]\�_�[eVYn�XewU{xwlgQNkw�Xe\OL�w�{xwlgkNQw�cHTRSlLHNkw�X VYSlL
wl[xLOS9TWSlt]NQ[]\OP<_m{�TRSULO^OwlNQ\OtoVYnOS�TRSUPR[]^HTRwlSI�sXZPWV�XZt]S�Nk\ !���� 	 �e�<y&� } cOTR[xwlSUPRPW[]TRP VYndXZV [xwlwU^OTRP
��NQVYn�cOTRSULONkwlXZVYSUL�S1*�SlwU^HVYNQ[]\*�I��nOSlPWS VYSUw�nO\ONQpx^HSlP Sl\OXe_OgkSoVYnHS wl[e`rcONQgkSUT�VR[ PWw�nOSlLO^HgkS+[]c�SlTRX �
VYNk[e\OP<[]\�VYnOS�PYXZ`rS�cOTW[�wUSlPRPW[]T<TRSUPR[]^OTWwlSINk\�VYnHSIPRXe`aSIw�{xwlgkSIXeP<gQ[]\OtoXeP�VJ�E[�wU[]\OLON�VYNk[e\OP�nO[]gQL*�
| N � VRnOS�wU[]`acONkgQSlT+wlXe\ cOTW[ �]S@VYndXZVaVYnHSb[ec3SUTYXZVRNk[]\OPaXeTWS@t]^dXeTWLOSlL _q{ LONQP �W[]NQ\mV�cOTRSULONkwlXZVYSUPl�
Xe\OL | NkN ��VRnOS�cHTR[xwlSlPWPR[]T�\x^HgkgkN�jdSlP XegQgd[]c�SlTYX VYNk[e\OPEte^dXeTRLHSlL ^O\HLOSlT ��XZgkPRSI_�SUhi[]TWSIVRnOSU{a^OPWS Xe\m{
` X�{m�J^OPWSoTRSlPW[]^OTWwlSe�

��nOSUPRSucOTRSULONkwlXZVYS �7X���XeTRSu`r[xLO^OgQ[�Xe\OL@PRwlXegfXZTIPWw�nOSlLH^OgkSUTRPIndX��]Su_3SUSl\�NQ`rcHgkSl`aSl\mVRSlL@Xe\OL
SU�ZXegk^OXZVYSUL�[]\ VYnOSu�bSlLONkXe_3SU\Ow�n@PR^ON�VYS;[ZhCXecOcOgQNkw�X VYNk[e\OPl����nOS [ �]SlTRXegkg3TRSUPR^Og�VYP�PRnH[ � Xe\@X��]SUT>�
Xet]Suc3SUTWhi[]TW` Xe\HwlSotmXeNQ\�[eh 1 � Xe\HL 0 � hi[]T � � NkPWPR^OSuXe\OL�/ �JNQPRPW^OS !#��� 	 �e�<y$� } cHTR[xwlSlPWPR[]TWPl�
TRSlPWc3SUwUVRNQ�]SUgQ{e�E��nOSUPRSotmXeNQ\OP�XeTWS;cOTWNk`rXeTRNQgQ{�LO^HS;VY[�gk[x[]cOPE��nOSlTWSuTWSlPW[]^OTRwUSlPU� Xe\OL@\O[eV�LHSlc�Sl\��
LOSl\OwUSlPU� [Zh VYSl\ gkNQ`rN�V c3SUTWhi[]TW` XZ\OwlSZ� �d[]Tugk[x[]cOPU��cHTRSlLHNkw�X VYS��JX��sXeTWS PWw�nOSlLO^HgkNk\Ht�Xew�nONQSU�eSlP�Xe\
X �eSlTRXet]SutmXeNk\�[Zh � � � Xe\OL�7 � hi[eTsVYnOSUPRSuPYXe`aS cOTR[xwlSUPRPW[]TRPU�
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 � � ���

�J\ VYnOS�cOTRS���NQ[]^OPrw�ndXecHVRSlTl�s�ES�cHTRSlPWSl\mVYSUL�X LOS�VYSlTW`rNQ\ONkP>VYNQw�cOTRSULONkwlXZVYS �7X��sXZTRS�PWw�nOSlLH^Og��
Nk\Ot VRSlw�nO\HNkpq^OS | v y�K �O� ����nOSUTRSUNk\ VYnHS;wl[]`acONQgkSlT PRw�nHSlLO^OgQSlP�LONQP �W[]NQ\qVEcOTWSlLONQw�XZVRSlL�[]c�SlTRXZVYNQ[]\OP
VY[ wl[]\OLHNQVYNQ[]\dXegQgQ{ [ �]SUTRPR^H_OPRwUTRNk_�S�VRnOSbPYXe`aS@TRSlPW[]^OTWwlSe� ��nOSbndXeTRL��sXeTWS@TRS�XZLOPr[ec3SUTYXZVRNk[]\OP 4
cOTRSULONkwlXZVYSUP Xe\OL�LONkPWw�XeTWLOP9VRnOS []\HSlP;t]^OXeTRLOSUL�^O\OLHSlT#� XegQPRSuwl[]\HLONQVRNk[]\OPU� v NkP �W[]Nk\mVY\HSlPRPIt]^dXZT>�
Xe\mVYSlSUPIVRndXZV�TW^O\mVYNk`aS;wU[]\ � NQwUVYP���NQgkg�\OSU�eSlTI[�wUwl^OTU� K9gQVRnO[]^Ot]n � v y3K;� NkP�S.33Slw�VYN��]S hi[]Ts`rXe\m{
TRSlteNk[]\OPU�mNQVRP<XecOcOgQNkw�X VYNk[e\+NkP�P>VYNQgkgHgQNk`aNQVRSlL [e\OgQ{�VY[oTRSUt]Nk[]\HPzVYndX V<wl[]\mV�XZNk\aXZV<gkSlXePWV�[]\OS�NQhf�~VYnOSU\��
SlgkPWS9wUgfXe^HPRSe� � [ ��S��]SlTU�dXeP���NkgQgd_3S�PWnO[ ��\ Nk\ ��SUwUVYNQ[]\ 0H� � � � �mVRnOSlTWS�XeTWS9`rXe\m{�TRSUt]Nk[e\OP | _�[eVYn
XewU{xwlgQNkw XZ\OL�wU{xwlgQNkw�� VYndX V�wl[]\mVYXeNk\�`rXe\m{ cHTRSlLHNkw�X VYSlL�[ec3SUTYXZVRNk[]\OPU�H\O[ZV�\OSlwUSlPWPYXeTWNkgQ{ LONkP �W[]Nk\mVl�
��nO[]PRS�cOTRSULONkwlXZVYSUP�XeTWS�� XegQPRSIX�gkXeTRteS�hiTRXewUVRNk[]\a[eh3VYnOS�VYNQ`rS�LO^OTWNk\OtucOTW[]t]TYXZ`"S1*�SlwU^HVYNQ[]\*��K�g �
gk[ ��Nk\Ot�VJ��[�[]TE`r[eTRS�[Zh VYnOSUPRS []c�SlTRXZVYNQ[]\OP<VY[�[ �]SUTRPR^H_OPRwUTRNk_�S;VYnHS;PYXe`aS�TWSlPW[]^OTRwUS;��NkgQg3TWSlPR^HgQV
Nk\�_�SUVRVRSlT�^HVRNkgQN5/�X VYNk[e\r[eh VRnONkPsTWSlPW[]^OTRwUSuXe\OL�TRSULO^OwUSlLbPRw�nOSULO^OgkSogQSl\OteVRn*�H_H^HV���NkgQg XegQPR[�TWSlPR^HgQV
Nk\ X TR^H\qVRNk`aS wU[]\ � NQwUV��*��nHSl\OS��]SlT VRnOS�cOTRSULONkwlXZVYSUP [eh `r[eTRS�VRndXe\�[]\HS�[eh<VYnOSUPRS�[]c�SlTRXZVYNQ[]\OP
SU�ZXegk^OXZVYS VY[��CTR^OSuXZV�VRnOSoPYXe`aS VYNQ`rS;LH^OTRNQ\Ot�cOTR[]teTYXe` S1*�SlwU^HVYNQ[]\*�
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�C[ [ �eSlTWwl[]`aS VYnOS�cHTR[]_OgQSl`0[ehIPR^Oc�SlT � ^O[]^OPaTRSUPR[]^HTRwlS@^HVRNkgQN5/�X VYNk[e\ _m{&\q^OgQgkNQjOSlL$[]c�SlTRX �
VYNk[e\OPl�d�ES cOTW[]c3[ePRS cHTR[]_dXZ_ONkgQNkPWVRNkw;cHTRSlLHNkw�X VYS��JX��sXeTWS�PWw�nOSlLH^OgkNQ\Ot | y y�K �O� �3��nHS wlSU\mVYTYXZg�NQLOS�X
[eh*y<y�K �3�xXeP�NQ\ v y�K �3�mNQPzVY[�XegQgk[ � [ �]SlT7�JPW^O_OPRwUTRNQcHVYNQ[]\r[Zh `rX�{q� ^OPRS�TWSlPR[e^OTRwUSlP<��nOSlTWSlNk\a`+^Og �
VYNkcHgkS�[ec3SUTYXZVRNk[]\OP�XeTRS�XegkgQ[ ��SUL VY[�TWSlPRSUTW�eSoVRnOS;PRXe`rS9TRSUPR[]^OTWwlSoXZV�VYnOS;PRXe`aS�VYNQ`rSZ� � [ �ESU�eSlTl�
y y�K ��NkP X teSl\OSUTYXegQN5/�X VYNk[e\�[eh v y3K;�3� XeP�NQVoXegQgk[ ��P9hi[eT;LH{x\dXe`aNkw+[ �eSlT>� PR^O_HPRwlTWNkcHVRNk[]\ [eh TWS��
PR[]^OTWwlSUPuVR[bVYXe�eS�cOgkXewlS�S��]Sl\ ��nOSl\ VJ��[b[]T `a[]TRS�TWSlPW[]^OTRwUS�� PRndXeTWNk\Ot@[]c�SlTRXZVYNQ[]\OP `rX�{�ndX��]S
VYnOSUNkTscOTWSlLONQw�XZVRSlP�S��eXZgk^dXZVRS�VY[��CTR^HS�X VsVYnOS�PYXe`aS;VYNQ`rS9LO^OTRNQ\Ot�cOTW[]t]TYXZ` S2*HSUwl^HVRNk[]\ �OTRSUPR^Og�VW�
Nk\Ot NQ\�X;TRSlPW[]^OTWwlS�wl[]\ � Nkw�V�� � {�XegQgk[ ��Nk\Ot9PR[]`aSswU[]\ � NQwUVYP�VR[ [�wUwl^OTU�qy<y3K � jd\HLOP<` Xe\m{�`r[eTRS
wl[]`+_HNk\dXe_HgkS�[ec3SUTYXZVRNk[]\OP VYndXZ\ v y3K;�3�H��nq^OP�y<y3K;� PRNkte\ONQjdwlXe\mVYg�{�Nk\OwUTRS�XZPRSlPsVRnOS;^HVRNkgQN5/�X VYNk[e\
[ehu` X�{m�J^OPWS�TRSUPR[]^OTWwlSUP�XZ\OL�gkSlXeLOP VR[&Nk`acOTR[ �]SUL�cOTR[xwlSUPRPW[]T�c3SUTWhi[]TW` XZ\OwlSZ� K�PRSlwU[]\OLdXZTW{
_3SU\OSUjOV@[Zhuy y�K � NQPrVYnOXZV ��N�VYn TWSlPR[e^OTRwUS�wl[]\HPWVYTRXeNk\mVRP `+^Ow�n�gQSlPRPWSl\OSUL*�I`r[]TWS�Xetet]TRSUPRPRN��]S
NQhf�JwU[]\m�]SUTRPRNQ[]\bw�Xe\b_3SoXZcOcOgkNQSlL�VY[�S2*�VRTYXew�V�hi^OTWVRnOSlT�_�Sl\OS�jOV9hiTW[]` _HTYXe\Ow�nbSlgQNk`aNk\dX VYNk[e\*�

�C[ LHS�Xeg���NQVRn VRnOSbcOTR[]_HgkSl`�[eh;LH{x\dXZ`rNQw�TRSlPW[]^OTWwlS�[ �eSlT>� PR^O_HPRwlTWNkcHVRNk[]\ �s[]^OT�cOTW[]c3[ePRSlL
PRw�nOSULO^OgkNQ\Ot VRSlw�nO\ONQpq^OS�VYTWNkSUP VR[+SlP>VYNk`rXZVRS9XZ\OL�XewUwl[]^O\mVEhi[]TEwU[]\ � NQwUVRPE��nONQgkSI` X *�NQ`rN0/lNk\Ht;VYnOS
_3SU\OSUjOVRP�[eh3[ �]SUT>�JPW^O_OPWwlTRNQcHVYNQ[]\*��y�TWSlLONQw�XZVRSlPEXeTRS�cOTW[]_dXe_HNkgkNQPWVRNkw�XZgkgQ{ Xe\dXeg�{�/USlLa^OPRNQ\Ot�XowU[]`+_ON �
\dXZVYNQ[]\�[eh<cHTRSlLHNkw�X VYS cHTR[ejdgQS NQ\Hhi[]TR`rXZVRNk[]\�Xe\OL�cHTRSlLHNkw�X VYS�Xe\OXegQ{xPRNQP � � 1 � � y�TRSULONkwlXZVYS cOTR[ejOgkS
Nk\Hhi[]TW` X VYNk[e\rcOTW[ ��NQLOSlP�PWV�X VYNkP>VYNQwlP�[e\ VYnOS�S1*�c3SUwUVRSlL@\q^O`+_�SlTs[eh VRNk`aSlP VYndXZVsX cOTWSlLONQw�XZVRS���NkgQg
SU�ZXegk^OXZVYS�VY[���TW^OSe�@y�TRSULONkwlXZVYSrXe\dXZgQ{xPRNQP�wU[]`rcH^HVYSUP�PW^Oc3SUTRPWSUV2� PR^O_OPWSUVaXe\HL LONQP �W[]NQ\qVR\OSlPWP TWS��
gfXZVRNk[]\OPIXe`a[]\OtacOTWSlLONQw�XZVRSlP9VR[ NQLOSl\mVYN�h {���nOSl\�VJ�E[ []TI`a[]TRSocOTWSlLONQw�XZVRSlP;XZTRS te^dXeTYXZ\qVRSlSUL�VY[
wl[]\ � NkwUVl��[]T�t]^OXeTYXe\mVRSlSlL \O[eV�VY[H� y�TR[e_dXe_ONQgkNkP>VYNQw�Xe\dXeg�{xPRNkP�NQP�^OPRSUL VY[ NkLHSl\mVYN�h {&cOTR[ZjOV�Xe_HgkS
[]cOc�[]TWVR^O\ONQVRNkSUP�hi[]T;TWSlPR[e^OTRwUSa[ �eSlTRPW^O_OPWwlTRNQcHVYNQ[]\*����nOS�PRw�nOSULO^OgkSUT V�Xe�ZSlPoXeLH�ZXe\mVYXet]S�[eh<VYnHSlPRS
[]cOc�[]TWVR^O\ONQVRNkSUPs��nOSl\bVYnOS�{�gkSlXeL�VY[aX�VRNkt]nmVRSlT�PRw�nHSlLO^OgQSe�
�J\ VYnONQPrw�ndXZcHVYSUTl�s�ES�cOTWSlPWSl\mV VYnHS�\OSUwlSUPRPYXZTW{ nOXeTRLH��XeTWS�Xe\OL PR[eh VJ��XeTWS�S1*xVRSl\OPWNk[]\OPaVY[

PR^OcOc�[]T>V�_3[ZVYn XZwU{xwlgQNkw;XZ\OL w�{�wUgkNQw;y<y3K;�3���J\ VRnOS�\HS1*xV�PRSUwUVRNk[]\*��X `a[eVYN��ZXZVYNQ[]\dXegOS2*HXe`rcHgkSINkP
cOTRSUPRSl\mVRSlL+VY[INkgQgk^OP>VYTRXZVYS�VRnOSEc�[eVRSl\mVYNkXeg]_�Sl\OS�jOV�[ehHcOTR[e_dXe_ONQgkNkP>VYNQwzcOTWSlLONQw�XZVRS��7X���XeTRS PRw�nHSlLO^OgQNk\Ot

/ 	



_q{bXZcOcOgQ{xNQ\Ot�NQVsVR[ X�`a[�LO^Hgk[�PRw�nHSlLO^OgQSlL�gk[x[]c*� ��SUwUVYNQ[]\ 0H� 0�LHSlPRwUTRNQ_3SUP�X�cOTR[e_dXe_ONQgkNkP>VYNQw9cOTWS��
LONkwlXZVYS �7X��sXZTRS�cHTR[xwlSlPWPR[]T ��NQVRn wl[e\ � Nkw�V�LHSUVYSUwUVRNk[]\�XZ\OL TWSlwl[ �eSlTW{e�s�xSlwUVRNk[]\ 0H� � LOSUPRwlTWNk_�SlP VYnOS
wl[]`acONkgQSlT9PR^OcOc�[]T>Vo^OPRSUL VR[@XewlwU[]`acOgkNQPRn�y<y3K;�3�*��nOS�S13 SUwUVYN��]SU\OSlPWP�[ehEy<y3K;��NkP;S��eXZgk^dXZVRSlL
S1*�c3SUTRNQ`rSU\qVYXegkg�{ Nk\���SUwUVYNQ[]\ 0H�27��.��nHS�jd\dXegIVJ��[ PRSUwUVRNk[]\OP�LHSlPRwUTRNQ_3S�TWSlgfX VYSlL �E[]TW� Xe\OL
cOTRSUPRSl\mV�wl[]\OwUgk^OPWNk[]\HPl�

� ��� � � � � � � � � ���

���\���Q� ��� :<A�� =7B � �  � ��� : � 5W=>57G��O5$�  "�dB #o5�� :��HB�%Z: ' :(�dB$4 � #+* = � ?)��8;B�# %
* =>5>F-,

K9P�Nk\ } ndXec�VYSlT � �I�ES NkgkgQ^OPWVRTYXZVRSbVRnOS XecOcHgkNkwlXZVYNQ[]\ [Zh�cHTR[]_dXZ_ONkgQNkPWVRNkwbcOTRSULONkwlXZVYS �7X���XeTRS
`r[xLO^OgQ[aPWw�nOSlLH^OgkNQ\Ot | y<y3K ���O�I_m{bXecOcHgQ{xNk\Ot�N�VIVR[ X�PRNQ`rcHgkS;`a[�LH^Ogk[�PRw�nHSlLO^OgQSlL�gQ[�[ec*� 	 S
^OPRSIVYnOS9PYXe`aS�cOTR[xwlSUPRPR[eT�`a[�LOSUg XeP Nk\a�zXe_HgkS � � �e�xS2*�wlSlc�VsVYndX V VR[ PW^OcOc�[]TWVEcOTRSULONkwlXZVYS �7X���XeTRS
PRw�nOSULO^OgkNQ\OtaNk\�VYnONQP�S1*HXe`acOgkS;�ESuNk\OwUTRS�XZPRS VYnOSowU`rcOcbgfX VYSl\HwU{ VR[ 0�w�{�wUgkSUPl�
�zNQt]^OTRS 0H� � | _ �CPRnO[ ��P�VYnHS�XePRPWSl`+_Og�{ wU[�LHS�[ehdVYnOS�N�hf�JwU[]\m�]SlT>VYSUL�gk[x[]c+_�[�LH{u��nO[]PWS�PR[]^HTRwlS

wl[xLOS�NQPCPWnO[ ��\�Nk\ �zNkte^OTRS 0H� � | X]��� ��nOS�cHTRSlLHNkw�X VYS�� LOSUjO\ONk\Ot9[]c�SlTYX VYNk[e\ � B I8I�� ��nONQw�n+TRSUcOgfXewUSlP
VYnOS�_OTRXe\Ow�n Nk\�VRnOS+[]TWNkt]NQ\dXeg wl[e\qVRTR[]g�PWVYXZVYSU`rSU\qVl� PRS�VYP;VYnHS�cOTRSULONkwlXZVYS | P�� � �d[]T9S1*HXe`acOgkS 	 �
PRSUVRP VJ�E[$LONkP �W[]Nk\mVrcOTRSULONkwlXZVYSUPl� � ��Xe\OL N�VYPawl[]`acOgQSl`aSl\mV�� � �sTWSlcOgkXewlNQ\Ot$X _OTYXe\Hw�n Nk\ VYnOS
[]TRNQt]Nk\dXZg9N�hf� VYnHSl\�� SlgkPWS�P>V�XZVRSl`aSl\mV�� ;c3SUTYXZVRNk[]\OPr��nONkw�n��ESlTRS�[e\�SUNQVRnOSlT VRnOS 3 476 # []T 6:9<;=6
cdXZVYnHP�XZTRS�\O[ �$te^dXeTRLHSlLu^O\OLOSUT VRnOS<wl[]TWTRSUPRc�[]\OLONQ\Ot�cOTRSULONkwlXZVYSZ� �d[]T*S2*HXe`rcHgkSe� � � NQP t]^dXeTWLOSlL
^O\OLOSUT � ��Xe\OL ��7INQP�t]^OXeTRLOSUL+^O\OLHSlT � � � �zNkt]^HTRS 0H� � | w�� PWnO[ ��PzVYnOS LdXZVYX9LOSUc3SU\OLOSU\OwlS�t]TRXecOn
hi[]TEVRnOS;wl[xLOS9Nk\ �zNQt]^OTWS 0H� � | _ ���<�<Xew�n�\O[xLOS9PRnO[ ��PsVYnHS;wl[]TWTRSUPRc�[]\OLONQ\Ot+[]c�SlTRXZVYNQ[]\*��Xe\OL N�VYP
[]^HVY_�[]^O\HL XeTWwlPuXeTWSagkXe_�SlgkSUL���NQVRn VRnOS�[]c3SUTYXZVRNk[]\ 4 P gkXZVYSU\OwU{e� �9[eVRS�VRndXZV VRnOS�SlLOt]SUP�NQ\�VYnOS
t]TYXecHn�XeTWS XegQg LdXZVYXrLOSUc3SU\OLOSl\HwlSlP9��NQVYnbVYnOSuS1*�wUSlcHVRNk[]\�[ZhzVYnHS SlLHt]SuhiTW[]` � � VY[ � ��nONkw�n
NkP�X�wl[]\mVRTR[]g�LOSUc3SU\OLOSU\OwlSZ�,��Nkt]^OTWS�0H� � | L �ugkNkP>VYP�SlXew�n cHTRSlLHNkw�X VYS�^OPWSlL _m{$VRnOS�wl[xLOSbXegQ[]\Ot
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A1: i = i + 4 if p0

M1: lv = load(i, A) if p0

C1: p1,p2 = cmpp(lv < 20) if p0

A2: a = 0 if p1

C2: p3 = cmpp(lv > 10) if p1

A3: a = lv + 2 if p3

C3: p4 = cmpp(i == 14) if p1

A4: a = lv – 4 if p4

A5: a = lv | 0x7 if p2

C4: p5 = cmpp(a==0) if p0

A6: t = a + lv if p5

M2: store(i, A, t) if p5

B: if(i < 400) goto A1 if p0

Predicates Freq. Operation Freq. HBPr

p1: 0.2 A1: 1.0 10

p2: 0.8 M1: 1.0 9

p3: 0.09 C1: 1.0 7

p4: 0.01 C2: 1.0 6

p5: 0.11 C3: 1.0 6

A2: 0.2 5

A5 : 0.8 5

A3: 0.09 5

A4: 0.01 5

C4: 1.0 4

A6 0.11 1

M2: 0.11 0

B: 1.0 0

(b) Assembly code (d) Activation and execution frequencies

A1

A4

C3

M1

C1

C2

C4

A6 M2 B

A3

A5 A2

1

2

1/3

1 1 

1/3

1/31/3

11

1

1/3

0

1

1

(c) Data Dependence Graph

0

0

for(i=0; i < N; i++)

{

lv = A[i];

if ( lv < 20) {

a=0;

if ( lv > 10) {

a = lv+2;

}

if ( lv == 14) {

a = lv-4;

}

}

else {

a = lv | 0x7;

}

if ( a == 0) {

t = a+lv;

A[i] = t;

}

}

(a) Original C source code

6 7 98:�; f �ihkj�l�< ��~�� w��ko�z�} vk}�� ruz.{���o�tsx9o�� �kz�z�w �nz�� �D~�{y� vkxsqS��~�xs~���o�wno�{y��o�{yruo�=�tQ~�w��
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n:C24

n-1:M2n:C13

n-1:A62

n:M1n-1:C41

n:A47

n:A36

n:C35

n:A28

n:Bn:A59

n:A10

BMATime

n:C24

n-1:M2n:C13

n-1:A62

n:M1n-1:C41

n:A47

n:A36

n:C35

n:A28

n:Bn:A59

n:A10

BMATime

n:A5

n-2:A65

n:C13

n-1:A42

n:M1n-1:A31

n:C37

n-2:M2
n:C26

n-1:C44

n:Bn:A28

n:A10

BMATime

n:A5

n-2:A65

n:C13

n-1:A42

n:M1n-1:A31

n:C37

n-2:M2
n:C26

n-1:C44

n:Bn:A28

n:A10

BMATime

n-3:A6

n-1:A5

n-3:C4n-2:A4

n:Bn-1:A25

expected delay due to conflicts0.42

n-1:C33

n:M1n-1:C22

n:A11

n-3:M2n:C14

n-2:A30

BMATime

n-3:A6

n-1:A5

n-3:C4n-2:A4

n:Bn-1:A25

expected delay due to conflicts0.42

n-1:C33

n:M1n-1:C22

n:A11

n-3:M2n:C14

n-2:A30

BMATime

(a) Baseline II=10 (b) Determinisitc PAMS II=9 (c) Probabalistic PAMS IIexpected=6.42

687 98:�; f �ih gil�� ��tso�o�qsr:��o��y�y�ko�q�} z�tSxs��o]ou�i~�� w��ko�ruz��yo]q9o4=.� o�{dx

��NQVYn�NQVRP�Xew�VYN��eX VYNk[e\@hiTWSlpq^OSU\OwU{e�3��nONQw�n�NkP�VYnHSuhiTRXewUVRNk[]\b[eh<XegQg | cOTW[ejdgQSlL �sgk[x[]cbNQVRSlTYX VYNk[e\OP�Nk\
��nONkw�n@VYnOSocOTWSlLONQw�XZVRSoSU�ZXegk^OXZVYSUPsVY[���TW^OSe�$� VIXegQPR[�PRnH[ ��P�VYnHS S1*�SlwU^HVYNQ[]\bhiTWSlpq^OSU\OwU{b[eh�S�Xew�n
[]c3SUTYXZVRNk[]\b��nONkw�n�NkPISlpq^dXegCVY[rVRnOS�Xew�VYN��eX VYNk[e\@hiTWSlpq^OSU\OwU{�[eh�NQVRP�t]^OXeTRLONQ\OtacOTRSULONkwlXZVYSZ���I[eVYS
VYndXZV��ESo^OPRSo^O\Hwl[]\OLHNQVYNQ[]\dXeg3wl`acOc@[]c�SlTYX VYNk[e\OP�Nk\ VRnONkPsS2*HXe`rcHgkSe��K9\�^H\Owl[]\HLONQVRNk[]\dXZg3wU`rcOc
[]c3SUTYXZVRNk[]\ ( 9�¦ ( � ;E��TRN�VYSUPzX��eXZgk^OS<VY[9NQVYPCLOSUPWVYNQ\dXZVRNk[]\�cOTRSULONkwlXZVYSZ� �J\�VRnONkPCw�XZPRSe�ZVYnOSEcOTRSULONkwlXZVYS
Nk\OcO^�V XZwUVYP�XePuXe\ Nk\OcH^HVu[]c3SUTYXe\HL TRXZVYnOSUT VYndXe\ XePuX@t]^dXeTWLONk\Ot@cOTWSlLONQw�XZVRSe��Xe\OL VYnOS�wU`rcOc
[]c3SUTYXZVRNk[]\ NQPu\HSU�]SUT \q^OgQgkNQjOSlL*����nOS��ZXegk^OS���TWNQVRVRSl\ VY[@VYnOS�LOSUPWVRNk\dXZVRNk[]\ cOTWSlLONQw�XZVRSrTWSlt]NQPWVRSlT
NkP PRNQ`rcHgQ{@VYnOS�wU[]\��W^O\HwUVYNQ[]\ [eh<VYnOS�NQ\OcO^HV cHTRSlLHNkw�X VYS�Xe\OL�VRnOS�wl[]`acdXeTWS+TRSUPR^Og�V��+��nq^OPU� VYnOS
S1*�SlwU^HVYNQ[]\�hiTWSlpq^OSl\HwU{b[eh�XZ\b^H\Owl[]\HLONQVRNk[]\dXZg*wl`acOcb[]c3SUTYXZVRNk[]\@NQP�XegQ��X�{�P �]� � ���d[]T�S1*HXe`acOgkSZ�
	 � ndXZPoXe\�Xew�VYNQ�ZXZVRNk[]\bhiTRSUpx^HSl\Ow�{ [eh �]� � SU�]SU\�VYnO[]^Ht]n�VYnOS�XZwUVYN��ZXZVYNQ[]\�hiTWSlpq^OSl\HwU{�[eh'� ��NkP
[]\OgQ{ � � � �$� [eTs`r[eTRS LOS�V�XeNQgkP�Xe_�[]^HV�^O\Hwl[]\OLHNQVYNQ[]\dXeg3wl`acOcb[]c3SUTYXZVRNk[]\HP�PRSlS � � ;�� �

��nOS@XZcOcOgkNQw�XZVRNk[]\ [eh�VYnOS wl[]\m�]SU\mVYNk[e\dXeg�NQVRSlTRXZVYN��]S `a[xLO^Ogk[�PRw�nOSULO^OgQSlT�VY[�VRnONkP+S2*HXe`rcHgkS
TRSlPW^OgQVRPrNQ\ VRnOS � �  � � PRw�nOSULO^OgQS�cOTWSlPRSU\mVYSlL�NQ\&VYnOS����z��PWnO[ ��\ Nk\ �zNQt]^OTWS�0H� � | Xm� � ��nOS
\O[eV�X VYNk[e\ ^OPWSlL hi[]T�SlXew�n []c�SlTRXZVYNQ[]\ NQP � 3 6�� ( 3 � & #�� & I # ( B 6�� ��nOSlTWS � 3 6�� ( 3 � & #�NkP�VYnHS�NQVRSlTRX �
VYNk[e\�VR[ ��nHNkw�n VRnOS []c3SUTYXZVRNk[]\ _�SlgQ[]\Ot]P�TWSlgfX VYNQ�eS�VY[ VYnOS `a[]PWVbTRSUwlSU\qVRgQ{ NQ\ONQVRNfXZVRSlL�NQVRSlTRX �
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VYNk[e\*����nONQw�n NQP�wlXegkgQSlL VYnOSrwl^OTWTRSl\mV | # ��� � NQVRSlTRXZVYNQ[]\*�@��NQ\OwlSaS�XZw�n$[ehsVRSl\$K��C�'[]c�SlTRXZVYNQ[]\OP
| � �/# � � # ��0 # � � # ��7 # ��/ # 	 �/# 	 � # 	 0 # 	 � �9`+^OP>V TWSlPRSUTW�eS VYnOSrK#� � TWSlPR[e^OTRwUS�XZV X�LON 3 SUT>�
Sl\mV@wU{xwlgQS�VY[ X��][eNkL�wl[e\ � Nkw�V�� � � ��� ���  � � XZ\OL VYnONQP PRw�nHSlLO^OgQS�NkP [ecHVYNQ` Xeg � �I[eVYS�VRndXZV
� ��� � ���  ��_m{@LOS�h Xe^Og�VIXeP�VYnOSUTRSoNkP�\O[�gQ[�[]cx�Jw�XZTRTRNQSlL�LOSUc3SU\OLOSU\OwlS�Nk\ VYnHNkP�S1*HXe`acOgkSZ�
�I[eVYS�VRndXZV�cHTRSlLHNkw�X VYSlL�[]c�SlTRXZVYNQ[]\OP � � # � 0 # � � # ��79Xe\OL ��/ XeTWSsS1*�SUwl^HVRSlLawl[]\OLHNQVYNQ[]\dXegQgQ{

_O^HV�TWSlPRSUTW�eSoVRnOS;K��C��^O\OwU[]\OLON�VYNk[e\dXegkg�{�Nk\rVYnOS;w�{xwlgkSUPsNk\r��nONkw�n VRnOSU{ XeTRS9PRw�nOSULO^OgkSUL*� } []\��
PRSlpq^OSU\mVYgQ{ XZ\ K�� �(wU{xwlgQS�NkP���XePWVRSlL SU�eSlTW{�VRNk`aS�VRnOS�t]^dXeTWLONk\Ht�cOTRSULONkwlXZVYS�[eh N�VYP XePWPRNQt]\OSlL
[]c3SUTYXZVRNk[]\ NQP�� XegkPWSe� 	 S�w�Xe\ Nk\OwUTRSlXePRS�K#� �(^HVRNkgQN5/�X VYNk[e\�Xe\OL nOSU\OwlS�TRSULO^OwUSaVRnOS�PRw�nOSULO^OgkS
gkSl\HteVYn N�h*�ES;wl[]` _ONk\OSIVJ��[�[eT�`a[]TRSI[eh VYnHSlPRS�cOTRSULONkwlXZVYSUL []c�SlTYX VYNk[e\OPEVR[+PRndXZTRS9VRnOS;K��C��Nk\
VYnOSuPYXe`aS wU{xwUgkSe�

v S�VYSlTW`rNQ\ONkP>VYNQw�y�TWSlLONQw�XZVRS��JKI�sXZTRS ��[xLO^OgQ[ ��w�nOSULO^OgQNk\Ot | v y3K;���O���EcOTRSUPRSU\qVRSlL Nk\ VYnOS
cOTRS���NQ[]^OP�w�ndXec�VYSlTU�dt]^dXeTRXe\mVYSUSlP�VYndX V�\O[�wl[]\ � Nkw�VYPs��NkgQg [xwlwU^OT�_m{ wl[e`+_ONk\HNk\Ot+[e\OgQ{ cOTR[ �ZXe_Og�{
LONkP �W[]Nk\mVI[]c�SlTYX VYNk[e\OP�VY[aPRndXeTWS�VRnOS�PRXe`aS�TWSlPR[e^OTRwUSe��K v y3K ���bPRw�nHSlLO^OgQS NQPIPWnO[ ��\�Nk\ �zNQtZ�
^OTRS 0H� � | _d��� v NQP �W[]NQ\mV�[]c�SlTRXZVYNQ[]\OP� � XZ\OL ��7;XeTRS�PWw�nOSlLH^OgkSUL Nk\+VRnOS�PYXe`aS�PRgQ[eV�[eh VRnOS9���z� �
K�PsXuTRSUPR^Og�V��qVYnOSIK#� � NkPEXegQ��X�{�PE^HVYNQgkN0/lSlL�NQ\rw�{�wUgkS�7��HXZ\OLrVRnOS�XZw�nONkS��]SlL�PWw�nOSlLH^OgkS9gkSl\HteVYnrNkP
	ow�{xwlgkSUPl��Xe\ � � � c3SUTWhi[]TW` Xe\HwlS�Nk`acOTW[ �eSl`aSl\mV<[ �]SUT<VRnOS�� � wU{xwUgkS�_dXePWSlgkNQ\OSsPWw�nOSlLO^HgkSINk\ �zNQtZ�
^OTRS 0H� � | Xm� �&�9[eVRSIVRndXZV VYnOSIK#� � NkP PWVRNkgkgH^O\OLOSUTR^HVRNkgkN0/lSUL Nk\awU{xwUgkSlP �]� � Xe\HL�7o_m{a[]c�SlTRXZVYNQ[]\OP
��0H� � � Xe\OL ��/��*_O^HV \H[]\OS�[eh�VRnOSlPWSa[ec3SUTYXZVRNk[]\OP9w�Xe\�_�S�wl[e`+_ONk\HSlL�_m{ v y�K ����_�SlwlXe^OPRS
\O[rcOXeNkT�[ehCVYnHSl`�NQP�LONkP �W[]Nk\mV��

y�TR[e_dXe_ONQgkNkP>VYNQw@y<TWSlLONQw�XZVRS�� K9��XeTRS �b[�LO^Hgk[&�xw�nOSlLO^HgkNk\Ht | y<y�K ���O�rXew�nONkS��]SUP@X / w�{�wUgkS
;:3 ( 3 � �uPRw�nOSULO^OgQS _m{@wl[]` _ONk\ONQ\Ot�[]c�SlTYX VYNk[e\OP ��0aXe\OL�� � hiTW[]` VYnHS�PRXe`rSoN�VYSlTRXZVYNQ[]\bXe\OL 	 �
hiTR[]`�VRnOS�cOTRS��xNk[]^OP N�VYSUTYXZVRNk[]\�VR[bPWndXeTWS�VRnOS�K#� �"XZVo��NQ`rS � XePoPRnH[ ��\ Nk\ �zNQt]^OTWS�0H� � | w � �
�J\�XeLOLON�VYNQ[]\*� 	 0uNkPEXegkPW[ wU[]`+_ONQ\OSlLa��NQVYn���/uhiTW[]`(VJ�E[�NQVYSUTYXZVRNk[]\HP SlXeTRgQNkSUTEX V���NQ`rS 0H�&�I[eVYS
VYndXZV<\H[]\OS�[eh VYnOSUPRSI\OSU� wl[]` _ONk\dX VYNk[e\OPzNQP�LONkP �W[]Nk\mV�� ��SUw�Xe^OPWS 	 � Xeg��sX�{xP<TRSlpq^ONQTRSUP<VRnOS�K#� �
TRSlPW[]^OTWwlSe��SlXew�n VRNk`aS�XZV gQS�XeP>V [e\OSr[Zh�[]c�SlTYX VYNk[e\OP ��0�XZ\OL � � S1*�SUwl^HVRSlP+VYnHSlTRSa��NkgQg�_3S XZV
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gkS�XZPWVI[]\OSowl[e\ � Nkw�V�� Xe\HLbVRnOSlTWSUhi[]TWS X�TRSUwl[ �]SUTW{bLOSUgfX�{�LO^OSoVY[�wU[]\ � NQwUV�� ;c3SUTYXZVRNk[]\HP 	 0�Xe\OL
��/���NkgkgzXegkPW[�wl[]\ � Nkw�VuXe\OL LOSlgkX�{�VYnOS�S2*HSUwl^HVRNk[]\ ��nOSU\OSU�eSlT���/@S1*�SlwU^HVYSUPl� � h�� 0H� � � Xe\OL
��/ XegQ��X�{�PaS1*�SUwl^HVRSe�sVYnHSlTRS@��NkgQgs_�S�X VrgQS�XeP>V � w�{xwlgkSUPr[Zh;LOSUgfX�{ XZVa��Nk`aS � Xe\OL ��w�{�wUgkS
[eh�LOSlgkX�{ XZV+��NQ`rS�0�[eh�VYnOS ���z�"Nk\��zNQt]^OTRS 0H� � | w�����TRSlPW^OgQVRNk\Ot�Nk\ \O[�NQ`rcOTW[ �]Sl`aSl\mV�[ �]SlT
v y3K ���3� ��^HV�XeP�PRnO[ ��\�NQ\bLHSUV�XZNkg Nk\���SUwUVRNk[]\�0H� � � � � �uXe\OL���Slw�VYNk[e\�0H� � � � � 0H�O��SuS1*�c�Slw�V Xe\
X �eSlTRXet]S�[Zh � � �q� w�{xwlgkSUP�[eh c3SU\dXeg�VJ{ | XeP Sl\mVYSUTRSUL Nk\�VYnOS9gfXeP>V TR[ ��[eh ���z��Nk\ �zNQt]^OTRS 0H� � | w �R� �
y y�K ����VYnq^OPuXew�nONQSU�eSlP�Xe\ 6�� I76��:3 6 ) PRw�nOSULO^OgQSrgQSl\OteVRn | �����4( � � � ���� ��[eh /H� �q� wU{xwlgQSlPU��X �m� �
c3SUTWhi[]TW` Xe\HwlSoNk`acOTR[ �eSl`aSl\mV�[ �]SlT v y3K;���3� Xe\HL�7 / � [ �]SUT�VRnOSo_dXePWSlgkNQ\OSe�
�I[eVYSIVYndXZV�SU�eSl\�VYnO[e^Ot]n@Xe\m{r\x^H`+_3SUT�[eh [ec3SUTYXZVRNk[]\OPEw�Xe\ PRNk` ^OgQVYXe\OSl[e^OPRg�{�TRSlPWSlT>�]SoS�Xew�n

hi^O\OwUVRNk[]\�^H\ONQVl��VYnHS;cOTR[xwlSUPRPW[]T�w�Xe\@[]\HgQ{�hiSUVRw�n�X+`rX *�Nk` ^O`'[eh VYnOTWSlS []c�SlTRXZVYNQ[]\OPsc�SlT�wU{xwlgQSe�
��nx^HPl�<VYnOS PWw�nOSlLH^OgkSUT�`+^OPWV�XegkPW[�Sl\OPW^OTRS VRndXZV+VRnOS hiS�VYw�n$��NkL�VYn | ���-�uwU[]\OPWVRTYXeNQ\mV+NkP \O[eV
��NQ[]gfX VYSlL �H\dXe`aSlg�{�VYndXZVs\O[+`a[]TRS�VRndXe\ VRnOTRSUS []c3SUTYXZVRNk[]\HPsXeTWS;PRw�nOSULO^OgQSlLbNk\�Xe\m{ ���z��TR[ �o�
�9[eVRS+VYndXZV9hi[]T��zNQt]^OTWS,0H� � | X]�9Xe\OL | _ ��� � �  � NkP;PW^�-awlNkSU\mV��*��nOSUTRS�XZP;VY[@Xew�nONQSU�eS+VYnOS�/
wU{xwlgQS�PWw�nOSlLO^HgkSuNk\ �zNkte^OTRS�0�� � | w � �OVYnOSocOTW[�wUSlPRPW[]T�`+^OP>V9nOX �eS ��� ����� � q���fhgijRcim�q�n�p� s��Ks4t�fhp	pis"e�f
	�r�t�f��  0H�

��nONQP PRNk`acOgQS�S1*HXe`acOgkS<PWnO[ ��P�VYnOXZVCXegkgQ[ ��Nk\Ot�cOTWSlLONQw�XZVRSlLu[]c�SlTYX VYNk[e\OP*VY[ITRSUPRSlT>�]S VYnOS PYXe`aS
TRSlPW[]^OTWwlSuNk\�VYnOSoPRXe`rS VRNk`aS��JPWgk[eV�TRSULO^OwlSUPIVRnOSoTRSUPR[]^OTWwlSuTRSUpx^HNkTRSU`rSU\mVYPIXe\OLbPWVYXZVYNQw PRw�nOSULO^OgkS
gkSl\HteVYn hi[eT�X9cOTRSULONkwlXZVYSUL+wl[xLOS PRSlte`rSU\qVl�]_O^HV���NkgQgmw�Xe^OPWSswl[e\ � Nkw�VYPzXZVzTW^O\mVYNQ`rS<��nOSl\HSU�]SUT�VJ��[
[]T<`r[]TWS�[]c3SUTYXZVRNk[]\HP<VRndXZVEXeTWSIwU[]`+_ONQ\OSlL�VY[et]SUVRnOSlT ndX��]S�VYnOSUNkT<cOTWSlLONQw�XZVRSlP SU�ZXegk^OXZVYS�VY[u�CTR^OS
Nk\&VYnOS�PRXe`aS�wU{xwlgQSe� �J\ t]Sl\HSlTYXZg~��VYnHSbte[mXeg�[Zh�cOTW[]_dXe_HNkgkNQPWVRNkwacOTRSULONkwlXZVYS �7X��sXZTRS�PRw�nHSlLO^OgQNk\Ot
| _�[eVYn Xew�{�wUgkNQw�Xe\OL wU{xwUgkNkw���NkP�VR[@LOSlwUTRS�XZPRS�VYnOS 6�� I76��:3 6 ) PRw�nOSULO^OgkSagkSU\OteVRn�_q{�` X *�NQ`rN0/lNk\Ht
VYnOS�LHSlt]TWSlS�[eh;^OPRS�hi^Og�[ �]SUTRgkXec | ��nHNkw�n TWSlLO^OwUSlP VRnOS";:3 ( 3 � ��wU[]`rc�[]\OSU\mV [eh;VRnOS�S2*Hc�Slw�VYSUL
PRw�nOSULO^OgkSugkSU\OteVRn ���OPW^O_ �WSUwUV�VY[�wl[e\qVRTR[]gQgkNQ\Ot�VRnOS�6�� I76��:3�6 ) ) 6:9 ( � ) > 6 3 & � & # % � �:3Ewl[]`ac�[]\OSl\mV
[ehsS2*Hc�Slw�VYSUL$PRw�nOSULO^OgQSrgQSl\OteVRn PW[bVRndXZV VRnOSr_�Sl\HSUjOV�[ehETRSlLH^OwlNQ\OtbVRnOSaPWV�X VYNkw�wU[]`ac3[]\HSl\mVuNkP
\O[eVI^O\OLO[e\OSe�
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DPAS (left):

PPAS (right):

687 98:�; f �ih��il����y~�t:~�rux9o�tQv�q9xsv�r�q�z�} � ��w�~�� v�� wytsz ��~ ���ko���~�{y� � wyw�~�� v�� wytsz ��~ ����o���� o4=.vkz.{yq

���\���\� � 8;:(�d:(�&�HB � 57G��O5�� G ����� A �-� ��� : � =7B ��B�,E5 � F;G

��nOS�cOTRS���NQ[]^OPrPRSlw�VYNQ[]\ PRnH[ �ESlL�VRndXZV�XZ\ NkPW[]gfXZVRSlL S1*HXe`acOgkSbw�Xe\�LHSlTRN��]S�X PRNQt]\ONQjOw�Xe\mV
_3SU\OSUjOVuhiTR[e`�cOTW[]_dXe_ONQgkNQPWVYNQw cOTWSlLONQw�XZVRS��JX ��XeTWSa`a[xLO^Ogk[ PRw�nOSULO^OgkNQ\OtO����nOSawlSU\mVYTYXZg�NkPRPW^OS�hi[]T
hi^OTWVRnOSlT NQ\q�eSlP>VYNkt]XZVYNQ[]\�NkP���nHSUVYnHSlT;VYnHS�TRSlteNk[]\OPU� _3[ZVYn Xew�{�wUgkNQw�Xe\OL�w�{�wUgkNQwe� Nk\ XZcOcOgkNQw�XZVRNk[]\HP
t]Sl\OSUTYXegQgQ{ ndX��]S�cHTR[]c�SlT>VYNkSUP+VYndX Vr_�Sl\HSUjOVahiTR[]`�y<y3K ���,�d[]T�LHSUV�XZNkgkP�[Zh9VRnOS@S1*�c3SUTRNQ`rSU\qVYXeg
SU�ZXegk^OXZVYNQ[]\OPl�HPRSlS ��SUwUVYNQ[]\ 0H�27��

�s�E[+TRSUgfXZVRSlL `aSUVRTRNQwlPEXeTRSZ�zVYnOSIhiTYXew�VYNQ[]\ [eh VYNk`aS�PRc�Sl\mV�NQ\rVYnHS�TRSUt]Nk[e\OPE��N�VYn cHTRSlLHNkw�X VYSlL
[]c3SUTYXZVRNk[]\HP<Xe\OL�VYnOSI\q^O`+_�SlT<[eh3cOTRSULONkwlXZVYSULr[]c�SlTRXZVYNQ[]\OP�NQ\�VRnOSlPWS9TWSlt]NQ[]\OP�VRndXZVEXeTRS�\q^OgQgkNQjOSlL
XZVITR^O\mVYNQ`rSZ�
��Nkt]^OTWS
0��20rXeLOLOTWSlPRPWSlP;VRnOSlPWS VJ��[�`aSUVRTRNQwlPl����nOSUTRS�XZTRS�VJ�E[ _dXZTRP9hi[eT9SlXew�n XecOcOgQNkwlXZVYNQ[]\

[]T�VRnOS [ �]SUTYXegQgEKI�]SlTRXet]SZ����nOS gQSUh V�_dXeT�NkP�VRnOS PRXe`aS XeP�Nk\ ��Nkt]^OTWS � �87 | PRSUS@��Slw�VYNQ[]\ � � � �
Xe\OL NQPEPWnO[ ��\ hi[]TEwU[]`acdXeTRNQPR[]\ ����nOS�TWNkt]nmVE_dXeT PRnO[ ��PsVRnOS�LH{x\dXZ`rNQw9[]c�SlTRXZVYNQ[]\a_OTRSlXe�qLO[ ��\
Nk\�VYSUTR`aPb[Zh�VRnOS�VJ{�c�S [eh wU[�LHS TWSlt]NQ[]\�VYnOS�{ _3SUgk[]\Ht$VY[ Xe\OL ��nOSUVRnOSlT@VYnOSUNkT�cOTWSlLONQw�XZVRSlP
SU�ZXegk^OXZVYS�VY[u��TW^OSI[]T � XegQPRSZ�zK�P Nk\ ��SUwUVYNQ[]\ � � � VYnOSUTRS9XeTRS�VYnHTRSlSI�qNk\OLHPE[eh TRSUt]Nk[]\HPl�&�zNQTRP>V XeTRS
XewU{xwlgQNkwrTRSlteNk[]\OPo��NQVRn$XZV gkSlXePWV�[]\OSrcOTRSULONkwlXZVYSUL$[]c�SlTYX VYNk[e\ Xe\HL$nOSl\HwlS PW[]`rSr[]cOc�[]TWVR^O\ON�VJ{
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hi[]T�wl[]` _ONk\ONQ\Ot �<VYnOSUPRS��ESbwlXegkgsXewU{xwlgQNkw cHcdX �JNQ`rcHTR[ �ZXe_OgkSrTRSUt]Nk[]\HP | K � �<��SUwl[]\OL XeTWS�wU{xwlgQNkw
TRSlteNk[]\OP;��N�VYn XZVogQS�XeP>Vo[]\OS�cOTRSULONkwlXZVYSUL []c3SUTYXZVRNk[]\ � w�XegQgkSlL�w�{xwlgkNQw�cOcdX � Nk`acOTR[ �ZXe_OgQS TWSlt]NQ[]\OP
|~} ��� K�PrNk\ ��Slw�VYNQ[]\ � � � � 0H�sXZgkgsVYnHSlPRS�wU{xwlgQNkwbTRSlteNk[]\OP�`+^HPWVr_3S�PRNk\Ht]gkS �J_dXePWNkw�_OgQ[�w��&NQ\O\OSUT>�
`r[]P>V gQ[�[]cHPl�s��NQVRn \O[&SlXeTRg�{ S2*�NQVYPU��VYndXZV w�Xe\�_�S�PWw�nOSlLO^HgkSlL���N�VYn []^HT wU{xwlgQNkw�PRw�nOSULO^OgkSUTl�
��nONkTWL�XeTRS & 35476�� ;oTWSlt]NQ[]\OP<��NQVRn \O[+cOTWSlLONQw�XZVRSlL [ec3SUTYXZVRNk[]\OP�Xe\OL nHSl\OwUS;\O[+[]cHc3[]T>VY^O\HNQVJ{�hi[]T
cOTR[]_OXe_ONkgQNkP>VYNkw9cOTRSULONkwlXZVYS �7X���XeTRSowl[e`+_ONk\HNk\OtO�

��nOS@K Xe\HL } TRSlteNk[]\OP+XeTRS@S�XZw�n hi^OT>VYnOSUT�_OTR[]�ZSl\ LO[ ��\ NQ\mVY[ � LONkP>VYNk\HwUV�PR^H_��JTWSlt]NQ[]\OP
��nOSlTWS S�Xew�n PR^O_�� TRSUt]Nk[]\ NkPuTRSUcOTRSUPRSl\mVRSlL _m{ XbPR^O_x�J_dXeTuNk\ �zNkte^OTRS�0H� 0H��XZgk[]\Ot���N�VYn$X@jOh VYn
PR^O_�� _dXeTITRSUcOTRSUPRSl\mVRNk\Ot & 3 476�� ;+TWSlt]NQ[]\OPU���<Xew�n�[ehzVYnOSojO�]S�PR^O_x�J_dXeTWP9NQ\OLONQw�XZVRSlP�VYnOS�c3SUTRwUSl\mVW�
Xet]S+[eh XZgkgCLH{x\dXe`aNkw [ec3SUTYXZVRNk[]\OPIVYndX V NQV9TRSUcOTRSUPRSl\mVRPl� ��nHS+K VYTW^OS+PW^O_��J_OXeT;TRSUcOTRSUPRSU\qVRP VYnOS
LH{x\dXe`aNkw []c�SlTRXZVYNQ[]\OPuhiTR[]`0XewU{xwUgkNkwrcOcdX � Nk`acOTR[ �ZXe_OgQSrTWSlt]NQ[]\OPu��nO[]PRS�cHTRSlLHNkw�X VYSlP�S��ZXegk^dX VYS
VY[b��TW^OS�LO^OTRNQ\Ot@cOTR[et]TYXe` S1*�SlwU^HVYNQ[]\*�r��NQ`rNQgfXeTWgQ{�VYnHS } VRTR^OS�PW^O_��J_OXeToTRSlcHTRSlPWSl\mVYPuVYnOS�LH{m�
\dXe`aNkw@[]c�SlTYX VYNk[e\OP�hiTR[]` w�{�wUgkNQw�cOcOX �JNQ`rcOTW[ �eXZ_OgkS TWSlt]NQ[]\OP���nO[]PWS�cOTWSlLONQw�XZVRSlPaSU�ZXegk^OXZVYS@VY[
��TW^OS�LO^OTRNQ\Ot cOTW[]t]TRXe`�S2*HSUwl^HVRNk[]\ ��K h XZgkPRS Xe\OL } h XegkPWSe�*TWSlPWc3SUwUVYN��]SUgQ{]� TWSlcOTWSlPWSl\mVoVYnOS�LH{m�
\dXe`aNkw<[]c�SlTYX VYNk[e\OP hiTR[]`�K Xe\OL } cOcdX �JNk`acOTW[ �ZXe_HgkS�TWSlt]NQ[]\OPCXe\OLu��nO[]PRSEcOTRSULONkwlXZVYSUP�S��ZXegk^dX VYS
VY[ ��XZgkPRSZ�

�E{ XeLOLHNk\Ot+VR[]t]SUVRnOSlTEVYnOS nOSUNkt]nmVRPs[eh VYnOS K VYTW^OS Xe\OL@K h XegkPWS�PR^H_��J_dXZTRPl�O�ES []_HVYXeNk\rVYnOS
c3SUTRwlSU\mV�Xet]S�[Zh�XegkgqLH{x\dXe`aNkw []c�SlTRXZVYNQ[]\OP�VRndXZVzgkNkS Nk\ XewU{xwUgkNkwEcOcdX � Nk`acOTR[ �ZXe_OgQS<TRSlteNk[]\OPU�]Xe\+X �m�
SlTYXZt]SE[Zh � 1 � ����Nk`aNkgkXeTRg�{]�U_q{uXZLOLONk\Ht�VR[]t]S�VYnOSUT VRnOS nOSlNQt]nmVYP [eh } VRTR^OS Xe\OL } h XegkPWS<PR^O_�� _dXeTWPl�
��Su[]_HVYXeNk\�VYnHS�c�SlTWwlSl\mVYXet]Su[eh�XZgkg*LH{x\dXZ`rNQw []c3SUTYXZVRNk[]\HPsVYndXZVIgQNkS;NQ\bw�{xwlgkNQwocOcdX � Nk`acOTR[ �ZXe_OgQS
TRSlteNk[]\OPU� Xe\ X��]SlTRXet]S@[eh 7 � � �E[ �eSlT�ndXeg�h�[eh�VYnOS�[ec3SUTYXZVRNk[]\OP [ �eSlT�VYnHSlPRS@_�Sl\Ow�nH` XeTW�qP�XeTRS
hiTR[]` cOcOX �JNQ`rcOTW[ �eXZ_OgkS gQ[�[ecOPl�)�J\ h Xew�VrTRX���wlXe^OLONQ[$Xe\OL TYX���LdXe^HLONk[ PRc�Sl\OL Xegk`a[]P>VaXegkg�[eh
VYnOSUNkT�S2*�Slwl^�VYNk[e\ VYNk`aSINk\ cHcdX �JNQ`rcHTR[ �ZXe_OgkS�gQ[�[]cHPl����nOS�PR^O` [ehCXegQg � PR^O_�� _dXeTWP | 1 � � �<NkP VYnOS
c3SUTRwlSU\mV�Xet]S�[eh<VRnOS+[]TWNkt]NQ\dXeg LH{x\dXe`aNkw+[ec3SUTYXZVRNk[]\OPIVYndX V gkNQS Nk\�SlNQVRnOSlT;Xe\ XewU{xwUgkNkw []T;wU{xwUgkNkwZ�
cOcdX � Nk`acOTR[ �ZXe_OgQS TRSUt]Nk[e\*� �I[eVYS+VRndXZV VYnHS & 3 476�� ;aPR^O_x�J_dXeT TWSlcOTWSlPWSl\mVYPoVYnOS�TWSl`rXeNk\ONQ\Ot � ; �
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[ehCXegkg VYnHS;[]TRNQt]Nk\OXegdLH{x\dXe`aNkw9[]c3SUTYXZVRNk[]\HPl�xN~� Se�zVRnOS;LH{x\dXe`aNkw9[]c�SlTYX VYNk[e\OP�_�SUhi[]TWS�wU[]`+_ONQ\ONk\OtH�
PR^O`a`rSUL�[ �eSlTIXegkg _3SU\Ow�nO`rXeTR�qPl�

��nOS�[ �eSlTRXegkg�_3SU\OSUjHV�[ehCy<y3K;� LOSlc�Sl\OLHP�\O[eVs[e\OgQ{�[]\rVYnOS�hiTWSlpq^OSU\OwU{ [eh VYnOS9Nk`acOTR[ �ZXe_OgQS
TRSlteNk[]\OPU�d_O^HVIXegQPR[�[]\�VYnHSuc�SlTWwlSU\qVYXet]Su[eh�LH{x\dXe`aNkw []c�SlTRXZVYNQ[]\OP���nO[ePRSucOTRSULONkwlXZVYSUPIS��ZXegk^dX VYS
VY[ � XegkPWSsLO^OTWNk\Ot cOTW[]t]TRXe`
S2*HSUwl^HVRNk[]\ �&�dTR[]` �zNkte^OTRS 0��20��ES�PRSlS�VRndXZV<[]\aX��]SUTYXet]S 0 � � [eh XegQg
LH{x\dXe`aNkw�[]c�SlTYX VYNk[e\OP | K h XegkPWS | � ��� � 
�} h XZgkPRS | �e��� �R��nOX �eSrVRnOSlNQT cOTRSULONkwlXZVYSUPuS��ZXegk^dX VYS
VY[ � XegQPRSIXe\OLanOSU\OwlS9t]SUVE\q^OgkgQNQjdSULrX VETW^O\mVYNQ`rSZ����nONkP `aS�Xe\OP�VRndXZV ��NQVYnH[]^HV cOTRSULONkwlXZVYS �7X���XeTRS
PRw�nOSULO^OgkNQ\OtO� 0 ��� [eh�VRnOS VRNk`aSrVYnOXZV�X�hi^O\HwUVYNQ[]\$^O\HNQV+NQP TWSlPRSUTW�eSlL*� NQV LO[�SUP+\O[eV+LO[�^OPWSUhi^Og
��[]TW� �
� V9NkP�Nk\mVRSlTRSUPWVRNk\OtaVY[awl[]`acdXeTWSoVRnOS gQSUh V9Xe\OL�TRNQt]nmV9_OXeTRPU�s��nOS,0 ��� c3SUTRwUSl\mV;[eh�Xegkg [ec3SUT>�

XZVYNQ[]\OP�SlgQNk`aNk\dX VYSlL LO^OS VY[ � XegkPWS cOTRSULONkwlXZVYSUPl�OVRnOSoPR^O`�[ZhzK h XZgkPRSoXZ\OL } h XZgkPRS PW^O_�� _dXeTRP�[eh
VYnOSuTRNQt]nmV�_dXeTl�dNQP�VJ��NkwlSoVYnHSuc�SlTWwlSU\qVYXet]Su[eh�[ec3SUTYXZVRNk[]\OP�SUgkNQ`rNQ\dXZVYSUL@XeP�VYnOSuTRSUPR^Og�VI[ehzLHSUVYSUT>�
`rNQ\ONkP>VYNkw<wU[]`+_ONQ\ONk\OtH�Z\dXZ`rSUgQ{ � � �27 � ��nONkw�n�NQPCVRnOSsPW^O`.[Zh K SlgQNk`aNk\dX VYSlL�Xe\OL } SUgkNQ`rNQ\dXZVYSUL
PR^O_�� _dXeTWP�[eh3VYnOSIgkS�h VE_OXeTl����nHS�XeLHLONQVRNk[]\dXZg �%7��27 � [eh*XegkgH[]c3SUTYXZVRNk[]\HP<VRndXZVEndX��]S�� XegkPWSIcHTRSlLHN��
w�XZVRSlP�TRSUcOTRSUPRSU\qVI\q^OgQgkNQjOSlL cHTRSlLHNkw�X VYSlL�[ec3SUTYXZVRNk[]\OP hi[]TE��nHNkw�n VYnHSlTRS9��SUTRS \O[�wU[]TRTWSlPRc�[]\OLHNk\Ot
LONkP �W[]Nk\mV�[]c�SlTRXZVYNQ[]\OPsVYnOXZV�VYnOSoLOS�VYSUTR`aNk\ONQPWVYNQw;PRw�nHSlLO^OgQSlTIwl[]^HgkL@wl[]` _ONk\OS;VRnOSl` ��NQVYn �

�E{ wl[]` _ONk\ONQ\Ot�PRS��]SUTYXeg�cOTWSlLONQw�XZVRSlL []c�SlTYX VYNk[e\OP VY[�PWndXeTWS@VRnOS@PYXe`aS hi^O\HwUVYNQ[]\ ^O\ON�V�Nk\
VYnOS�PRXe`rS�w�{xwlgkSZ� y y�K �$Nk\HwlTRSlXePRSUP�VYnOS�^HVRNkgQN5/�X VYNk[e\ [eh�VRndXZV+hi^O\HwUVYNQ[]\&^O\ON�V�� � hIVYnOS�t]TW[]^Oc
[eh�wl[]` _ONk\OSUL cOTWSlLONQw�XZVRSlL$[ec3SUTYXZVRNk[]\OPuNkP�wl[]^H\qVRSlL XeP�[]\OSr[]c3SUTYXZVRNk[]\ �CVRnOSl\&_m{ wl[]` _ONk\ONQ\Ot
PRSU�eSlTRXegz[]c�SlTRXZVYNQ[]\OPU� y y�K �@S.33SlwUVRNQ�eSlgQ{@SUgkNQ`rNQ\dXZVYSUPsPR[e`rSu[ehzVRnOSu\x^HgkgkN�jdSlL@[]c�SlTRXZVYNQ[]\OP�hiTR[e`
VYnOSrLH{x\dXe`aNkw�[]c�SlTYX VYNk[e\ P>VYTRSlXe`b� � [ ��S��]SUTl��\O[eVRSaVRndXZVuVYnOS�h Xew�V�VRndXZV
0 ��� [ehsXegkg�[]c�SlTRX �
VYNk[e\OPIXeTRSo\q^OgkgQNQjdSUL�LO[xSlP�\O[eVINk`acOg�{ Xe\@^OcHc3SUT9_�[]^O\OLb[]\@c�SlTWhi[eTR`rXe\OwlS ��N�VYn@cOTR[e_dXe_ONQgkNkP>VYNQw
cOTRSULONkwlXZVYS �7X��sXZTRS�PRw�nOSULO^OgQNk\Ot ��XeP�NQP�VYnOS�w�XZPRS���NQVRnaLHSUVYSUTR`aNk\ONQPWVRNkwscOTWSlLONQw�XZVRS��JX ��XeTWSIPWw�nOSlLH^Og��
Nk\OtO�3VYnOS�XZwUVY^OXegzc�SlT>hi[]TR`rXe\OwUS+_3SU\OSUjHVYP w�XZ\ _�S+nONQt]nOSUT;[]T�gQ[ ��SUTl� �9S��]SlT>VYnOSUgkSUPRPl� VYnHNkP�0 � �
LO[�SUP+Nk\HLONkwlXZVYSaVYndXZV+y<y3K � nOXeP+PR^H_OPWVYXe\mVYNfXZgEnOSlXeLOTW[�[]` [ �]SUT ��ndXZV v y�K � nOXeP�Xew�nONQSU�eSlL*�
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��nONkP�nOSlXeLOTW[�[]` `a[eVYN��eX VYSlLuVYnOSshi^HTWVYnHSlT�LOS��]SUgk[]cO`aSl\mV Xe\HL�Xe\dXeg�{�PWNkP�[eh3y y�K ��XeP�cHTRSlPWSl\mVYSUL
Nk\�VYnOSoTWSl`rXeNk\OLHSlT�[ehCVYnONQP�w�ndXecHVRSlTU�

� ��� , � � � �	��� ��� � � ��
 , �(� � � 
)� � � � � � �	�(� ) #$�*� , � � 
 ��� �

� � � � ��
��� � ��
 � ���(�

�J\ VRnONkPCPRSUwUVRNk[]\ �ES�cHTRSlPWSl\mV�VRnOS�`rXeNk\uS1*xVRSl\OPWNk[]\OP�VY[9VRnOS�LHSUVYSUTR`aNk\ONQPWVRNkw<cOTRSULONkwlXZVYS �7X���XeTRS
XeTRw�nON�VYSUwUVY^HTRS LHSlPRwUTRNQ_3SUL$Nk\ ��SUwUVRNk[]\ � �20��Chi[]TuPR^HcOc3[eTWVYNQ\Ot�y y�K �3� ;^OTo_dXePWSlgkNQ\OSrXeTRw�nON�VYSUw��
VY^OTWS NQP�PRnO[ ��\ Nk\��zNQt]^OTRS 0�� � | Xm� Xe\HL�VRnOS�LOSUVRSlTW`rNQ\ONkP>VYNkw�cOTRSULONkwlXZVYS �7X��sXZTRS XeTRw�nHNQVYSUwUVR^OTRS
Nk\ �zNQt]^OTRS
0H� � | _ � �o��nOS�` XeNQ\�w�ndXZ\Ot]S�\OSUwlSlPWPYXeT>{�VY[�SU\OPR^OTWS�VYnOS+wU[]TRTWSlw�VoS1*�SlwU^HVYNQ[]\ [eh<VYnOS
cOTR[]_OXe_ONkgQNkP>VYNkw�cOTWSlLONQw�XZVRS��JX ��XeTWS;PRw�nOSULO^OgQSe� XePEPRnO[ ��\@Nk\ ��Nkt]^OTWS 0�� � | w � �HNkP VYnOS;XeLOLON�VYNk[e\ [ehCX
� 6 ; & > � � 6 ¨ & # % � �:3��	6:3 6��:3 � & # ( # ) � 6�� & ª 6�������# � 3 � v ^OTRNQ\Ot VRnOS�cOTRSULONkwlXZVYS TRS�XZL Xe\OL�LONQP>�
cdXZVYw�n�PWV�XZt]Se� NQhz`r[eTRS VYndXZ\�[]\OSu[eh�VYnOSu[]c�SlTYX VYNk[e\OP�PRw�nOSULO^OgkSUL�VY[aS1*�SUwl^HVRS+[]\�X�cdXeT>VYNQwl^OgkXeT
hi^O\OwUVRNk[]\ ^O\ON�V�nOXeP�N�VYPocOTWSlLONQw�XZVRSaPWSUV�VY[b��TW^OSe�CVYnOSawl[]\ � Nkw�V NQPuLHSUVYSUwUVRSlL&Xe\HL VYnHS � & # % � �:3
PRNkte\dXeg NQPsPRS�V��<K�P�X+TWSlPW^OgQVsVRnOS ;:3 ( 9 9�PWNkt]\dXZg3NQPsPRSU\qV�VR[+VYnOS;hiS�VYw�nbXe\OL@LOSUwl[xLOS PWVYXet]SlPU�dXe\OLbX
TRSlwU[ �]SlT>{bcOTR[xwlSUPRPINkP�S1*�SUwl^HVRSlL*�

K�TWSlwl[ �eSlTW{acOTW[�wUSlPWP ` ^OPWV XeLHLOTRSUPRP<VJ��[uNk`ac3[eTWV�XZ\qVzNkPWPR^OSUPl�zjdTWPWV NkP�nH[ � VY[oLONQPRcdX VYw�n�VYnOS
wl[]\ � NkwUVRNk\Ota[]c�SlTRXZVYNQ[]\OP�LO^OTWNk\OtrTRSlwU[ �]SlT>{�XZ\OL�PWSlwl[e\OL�NkP���nOSU\�VY[rPWVYXeTWV9LONkPWcdXZVRw�nONk\Ot�VYnHSlPRS
[]c3SUTYXZVRNk[]\HPl�

�C[ XZLOLOTRSUPRP�VYnOS � �	� � NQPRPW^OSe�d�ES�\O[ZVYS VYndX VIVRnOSlTWSuXeTRS VJ�E[ Xeg�VYSlTW\dXZVRNQ�]S PWw�nOSl`aSlPIVY[�LONQP>�
cdXZVYw�nr[]c�SlTYX VYNk[e\OP�VY[uTRSUwl[ �]SUTEhiTR[e`
PR^Hw�n�X wl[]\ � NkwUVl�+�J\rVRnOS�jdTRP>V PRw�nOSU`rSZ��VYnH[]PRS�[]c�SlTRXZVYNQ[]\OP
Nk\�VYnOSILONkPWcdXZVRw�n PWVYXet]S�VYndX VEnOX �eS��CTR^OSIcOTWSlLONQw�XZVRSlPEXeTRSILONkPWcdXZVRw�nOSlLrNk\acdXeTYXZgkgkSUg�VR[�VYnHS�hi^H\Ow��
VYNk[e\ ^O\ON�VYP<VYndX VEVRnOSU{a��SUTRS;[eTRNkteNk\dXegQgQ{�XePWPRNkte\OSlL VR[O��Xe\OL []\HS9PW^Ow�n�[]c�SlTYX VYNk[e\rNQPELONQPRcdX VYw�nOSUL
VY[;SlXew�n+hi^O\Ow�VYNk[e\+^O\ON�V�Nk\�S�Xew�n�w�{xwlgkS�^O\mVYNkgqVYnHSlTRS�XeTRS�\O[;PR^Hw�n�[]c3SUTYXZVRNk[]\HPzgkS�h V�hi[eTCVRndXZVzhi^H\Ow��
VYNk[e\a^H\ONQVl�z��nONQP cHTR[xwlSlPWP<wl[]\mVYNQ\q^OSlP ^O\mVYNQgHVYnOS�SU\qVRNkTWSINQ\OPWVRTR^Ow�VYNQ[]\+��[eTRLaNkP�LONQPRcdXZVRw�nOSlL ����nONkP
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6 7 98:�; f �ih �yl���~�q9o���v�{�o ��o�t:q9o�q ��o�x9o�t:��v�{yv�qsxsv�r ~�{��*wytsz ��~ ��v���v�q9xsv�r wytso���v�r�~�x9ou� ~���~�tso w�vkwno���v�{�o
z�t =.~�{yv���~�xsv�z.{yq

1 	



A5 if 1A3 if 1A2 if 1 A4 if 0A1 if 1

ALU2ALU1

(a) one operation per assigned FU

2

1

0

A3

A2

A5A1 A5 if 1A3 if 1A2 if 1 A4 if 0A1 if 1

ALU2ALU1

(b) one operation per any FU (not evaluated)

1

0

A3A2

A5A1

6 7 98:�; f �ih��il�mpo�qsv =.{ ~��kx9o�tQ{y~�xsv ��o�qSx9z �yv�q9w�~�xsrQ� ruz.{ ��v�ruxsv�{ = z�wno�tQ~�xsv�z.{yq

PRw�nOSU`rSaTRSUPR^Og�VYPoNk\ X�PRNQ`rcHgkSlT�LOSlPWNkt]\*� _O^�VuX@gQ[]\Ot]SUT PWVYXegkgCVYNk`aS VRndXe\ VYnOS�PWSlwl[e\OL PWw�nOSl`aSe�
�J\ VYnHSrPWSlwl[e\OL&Xeg�VYSlTW\dXZVRNQ�]S�PWw�nOSl`aSe�zXe\ []c�SlTRXZVYNQ[]\ ` X�{�_�SaLONkPWcdXZVYw�nHSlL VR[�Xe\m{ X��ZXeNkgkXe_OgQS
hi^O\OwUVRNk[]\r^O\ON�VEVRndXZVEw�Xe\rPRSlT>�]S;N�V | TYX VYnOSUT VRndXe\ []\HgQ{+VR[�VYnHS9hi^O\Ow�VYNQ[]\r^H\ONQVENQV<��XeP�[]TWNkt]NQ\dXegQgQ{
XePRPWNkt]\OSUL VR[O�CXePoNk\�VYnOS�jdTWPWVuPRw�nOSU`rS����r��nONkPoPRw�nHSl`aSa��NQgkg�TWSlLO^OwUSaVRnOS�PWVYXegkg�VRNk`aSe� _O^HVuN�VYP
LOSlPWNkt]\&NQP PR[e`rS���ndXZV�`a[]TRSrwl[]`acOgQS1*3� �J\&[]^OT S1*�c3SUTRNQ`rSU\qVRP �ES�^OPRS VRnOS hi[]TW`rSUTl��PWNk`acOgkSUT
TRSlwU[ �]SlT>{bPRw�nOSU`rSZ�
�zNQt]^OTWS 0H�27�LOSU`r[e\OPWVRTYXZVRSlP�VRnOSlPWS�VJ��[�TWSlwU[ �eSlT>{ PRw�nHSl`aSlPs��NQVRn�X PWNk`acOgkS�S1*HXe`acOgQSe����nOS

_3[eVWVY[]` TR[ � [ehuS�Xew�n�VYXe_OgkS�Nk\OLHNkw�X VYSlPrVYndXZV VYnOSUTRS XeTWS�VJ��[&hi^O\HwUVYNQ[]\�^O\ON�VYPU�IK�� � � Xe\OL
K#� � � � ��nOS�VR[]c TR[ ��[eh9S�XZw�n VYXe_OgkS�PWnO[ ��P(7�[]c�SlTRXZVYNQ[]\OP+VR[]t]SUVRnOSlT���N�VYn&VYnOS��ZXegQ^OSlP�[eh
VYnOSUNkTot]^dXeTWLONk\HtbcHTRSlLHNkw�X VYSlPU��Xe\HL NQ\OLONkwlXZVYSUP VYndXZV0@[]c�SlTYX VYNk[e\OP ��NQVYn �CTR^OSrcOTRSULONkwlXZVYSUPuXeTRS
XePRPWNkt]\OSUL VR[ K��C� � | X 0 � ��X {$wl[]\ � NkwUV���Xe\OL � []c�SlTRXZVYNQ[]\OP�XeTWS�XZPRPRNQt]\OSUL VR[ K��C� � ��N�VYn
\O[�wU[]\ � NQwUVo_�SlwlXe^OPRSa[]\OS�[]c�SlTRXZVYNQ[]\ ndXePuX � XegkPWS�cOTRSULONkwlXZVYSZ�a��nHS�jOTRPWVuTWSlwl[ �eSlTW{ PWw�nOSl`aSe�
PRnO[ ��\ Nk\ �zNkte^OTRS0H�27 | Xm�sV�XZ�eSlP;XaVY[ZV�Xeg [eh�VRnOTRSUS wU{xwUgkSlP9VY[ LHNkPRcOXZVYw�n�XZgkg []c�SlTYX VYNk[e\OPl�3XePINQV
w�Xe\�PWNk`+^Og�V�Xe\HSl[]^OPWgQ{uLONQPRcdXZVRw�n�[]c�SlTYX VYNk[e\OP � ��Xe\OL���79VY[�hi^O\HwUVYNQ[]\+^O\HNQVYPzK#� � ��Xe\HL�K#� � �
Nk\�wU{xwUgkS � �HXe\OL	� � XZ\OL ��0 VY[�K�� � � Nk\ wU{xwlgQSlP��oXe\OL � �z��nOSoPRSlwU[]\OL@PRw�nHSl`aS;V�Xe�ZSlP�[]\Og�{
� w�{�wUgkSUP�VR[rwU[]`acOgkS�VYSoXeP�N�V�w�Xe\bTRSlXePRPWNkt]\ ��0�VY[�K��C� � � XeP�PWnO[ ��\�Nk\ �zNkt]^HTRS�0H�27 | _ ���

��nOS � � �����! NQPRPR^HS�NkP���nHSUVYnHSlT+VYnHS�TRSlwU[ �]SlT>{&NQVRPRSUgQh�`rX�{ _�Slt]NQ\$Nk`a`aSlLONkXZVYSUgQ{]�CNk\ VYnOS
PYXe`aS�w�{xwlgkSoNQ\b��nONQw�n�X�wl[]\ � Nkw�V9NQP�LOSUVRSlw�VYSlL � []T�TWSlpq^ONkTWSlP9XeLOLON�VYNQ[]\dXeg VRNk`aS;VY[�Nk\HNQVYNkXZVYSZ����[
`r[xLOSlg�VRnOS�S.33Slw�V�[e\ c�SlT>hi[]TR`rXe\OwUSe�CX�` Xew�nHNk\OS�cdXeTRXe`aSUVYSUT w�XegQgkSUL�VYnOSawl[]\ � Nkw�VoLOSUVRSlwUVRNk[]\

; �



Xe\OL�TRSUwl[ �]SUTW{�^O\HNQV�gkXZVYSU\OwU{ |�	 ����� ��NkP�^HPRSlL�NQ\+VYnOSsS2*�c3SUTRNk`aSl\mVRPl� 	 S�Nk\m�]SUPWVRNktmXZVRS 	 �����

�eXZgk^OSUPI[Zh � w�{�wUgkSUPl�d��nOSlTWSlNQ\bVRnOS;jdTRP>VIwl[]\ � NkwUVRNk\Ot�[ec3SUTYXZVRNk[]\�NQP�LONkPWcdXZVYw�nHSlLbNk\�VYnOSowU[]\ � NQwUV
LOSUVRSlwUVRNk[]\bwU{xwUgkSoNQVRPRSlg�h7�dXe\OL �uwU{xwlgQSe�O��nOSUTRSUNk\bNQV�NkP�LHNkPRcOXZVYw�nOSUL�[e\OSowU{xwlgQSugkXZVYSUTl�

�C[uXeLOLOTWSlPRP�VRnOS�NkPWPR^OS�[eh�LOSUgfX�{�XZ\OL�wl[]`acOgkS2*�NQVJ{�[eh VYnOS�wU[]\ � NQwUV<LOS�VYSlw�VYNQ[]\�Xe\OL�TRSUwl[ �]SUTW{
^O\ONQVl�I�ES�\O[eVRS�VYnOXZV VYnHSlTRS XZgkTRSlXeLH{ XeTRS�TRS�XZPR[]\OP���nm{�X$LHNkPRcOXZVYw�nOSUT�` X�{ _3S�^H\dXe_OgQS�VY[
LONkPWcdXZVYw�n Xe\ []c3SUTYXZVRNk[]\ []T�t]TW[]^Oc [eh�[]c3SUTYXZVRNk[]\HP�Nk\ X cOXeTWVRNkwl^HgfXeT�w�{�wUgkSZ��Se� tO� VYnOSbNk\HcO^HV
_O^�33SlT;[eh XrTRSlpq^ONQTRSUL�S1*�SlwU^HVYNQ[]\�^O\ON�V�`rX�{�_�S�hi^OgQg~�I��nOS+wU[]\ � NQwUV;LHSlPRwUTRNQ_3SUL Xe_3[ �eS+NkP �W^OPWV
[]\OS�`a[]TRS�PRNk`acOgQS�TWS�XePW[]\*� Xe\HL�VYnOS�4 PWVYXegkg 4�[eT;Nk\mVYSUTRgQ[�w��@`aSlw�ndXe\HNkPR`�NQV�\OSlSULOP;VY[�NQ\m�][]�ZS�NkP
\O[�`r[]TWS;wl[e`rcOgQS1* VYndXe\�VRnOS `rSUw�ndXe\ONQPR`aPsVYndX V�XegkTWS�XeL�{ S1*�NQPWV�Nk\ VR[�LOX { 4 P�`rNQwlTR[ecOTR[xwlSUPRPR[eTRP
hi[]T�VYnONQP�cO^OTRc�[]PWSe����nHS�P>V�XegQg*PRNQt]\dXeg*NQP�cOTR[xLO^OwUSlLb_q{@PWNk`acOgkS wU[]`+_ONQ\dXZVRNk[]\dXZg3gQ[]t]Nkw �OXePIPR[x[]\
XeP VYnHS cOTRSULONkwlXZVYSUP�XeTWS TRSlXeL$S�XZTRgQ{ NQ\ VYnOS wU{xwlgQSe��VYnHNkP gQ[]t]NQwrt]SU\OSlTRXZVYSUP VYnHS PWVYXegkg PRNQt]\dXeg NQh
`r[]TWS VYndXe\@[]\HS�cOTWSlLONQw�XZVRS;VYndX V9nOXeP�TRSlPWSlT>�]SlL�VYnOSuPYXe`aS TRSUPR[]^HTRwlSundXeP9X���TW^OSo�eXZgk^OSZ����nONkP
4 P>V�XegQg54 PRNQt]\dXegCwl[]^HgkL�PWNk`acOgQ{@_�S�XeLHLOSlL�XZP Xe\�XeLHLONQVRNk[]\dXZg*VYTRNQt]t]SUTIVR[�Xe\m{�[Zh�VYnO[ePRS+S2*HNQPWVRNk\Ot
`rSUw�ndXe\ONQPR`aP�VR[�S.33SlwUV9X�PWVYXegkg*[eTshiSUVYw�n �ZLOSlwU[�LHS�TWSlPWVYXeTWVl� XePIXecOcOTW[]cOTWNfXZVRSe�

K9Ps��NQVYn v y3K � | PRSlS.��SUwUVRNk[]\ � � 0m� �HNQVsNkP�c�[]PWPRNk_HgkS�VR[�PRSlgQSlw�VYNQ�eSlg�{ | TYXZVRnOSlTsVRndXe\@Xeg��sX�{xP��
Nk\OwUTRS�XZPRS�VRnOS�wU`rcOcrgfXZVRSl\Ow�{a[eh*VYnHS�[]c�SlTRXZVYNQ[]\OP PRw�nOSULO^OgkSUL VY[�S1*�SlwU^HVYS []\aVYnOS9cOTR[e_dXe_ONQgkNkP>VYNQw
cOTRSULONkwlXZVYS �7X��sXZTRS�` XZw�nONk\OSZ� PR[bXeP;VR[bTWSlP>VYTRNQwUV VRnOS�Nk\OwUTRS�XZPRSlPoNQ\�VYnOS�wlTWNQVRNkw�XZg�cdX VYn gkSU\OteVYnHPl�
 \HgQ{ PW[]`rS�[ec3SUTYXZVRNk[]\OP3��NkgkgePRSlS Xe\oNQ\OwlTWS�XePWSlL wU`rcHcugkXZVYSU\OwU{ � VYnOSUPRS []c3SUTYXZVRNk[]\HP ��NkgQgeS1*�SUwl^HVRS
wl[]\OLHNQVYNQ[]\dXegQgQ{oXZ\OL+TRSUpq^ONkTWSEVYnHSlNkT�` X�{m�J^HPRS�TWSlPW[]^OTRwUSlP�[]\HgQ{o��nOSl\+VRnOSlNQTzcOTWSlLONQw�XZVRSlPzXeTRSs�CTR^HSe�
K�gkg [eVYnOSUT�[]c�SlTYX VYNk[e\OP���NkgQg PWSlSuX+wl`acOc@gfXZVRSl\Ow�{�[eh �]�H��nHNkw�nb`rSlXe\OPsVYnOXZVsVYnHSU{ ��NQgkg*XZgQ��X {xP
S1*�SlwU^HVYSo^O\OwU[]\OLON�VYNQ[]\dXegQgQ{+[e\ VYnOSUNkTETRSlPW[]^OTWwlSlPU�ON~� Se��VYnOSUNkT�S2*�Slwl^�VYNk[e\ hiTRSlpq^OSU\OwU{ NkPENk\OwUTRS�XZPRSlL
VY[ �]� � �

; �
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�J\+VRnONkP�PWSlw�VYNk[e\*�]��S�cHTRSlPWSl\mV<VYnOS�LOSUVYXeNkgQPz[eh VJ�E[ucHTR[]_dXZ_ONkgQNkPWVRNkw<cOTWSlLONQw�XZVRS��7X���XeTRS�PWw�nOSlLH^Og��
Nk\Ot | y y�K �O��XegQt][]TWNQVYnH`rPU�acHTR[]_dXZ_ONkgQNkPWVRNkwacOTRSULONkwlXZVYS �7X���XeTRS�gQNkPWV PRw�nOSULO^OgQNk\Ot | y<y�K#�C�O�+Xe\OL
cOTR[]_OXe_ONkgQNkP>VYNkw cHTRSlLHNkw�X VYS��JX��sXeTWS+`a[�LO^Hgk[aPRw�nOSULO^OgkNQ\Ot | y<y3K ���O��� ��[eVYn�Xegkt][eTRNQVRnO`aP�XeTRSuVYnOS
S1*xVYSU\OPRNQ[]\OP�[ZhzVYnHS�wU[]TRTWSlPRc�[]\OLHNk\Otawl[]\m�eSl\mVYNQ[]\dXeg gkNQPWVIXe\HL�`a[�LH^Ogk[�PRw�nHSlLO^OgQNk\OtrXegQt][]TRN�VYnO`aPl�
��nOSU{uLOSUwlTRSlXePRS VYnOS<S2*Hc�Slw�VYSUL ) � # ( B � �zPRw�nOSULO^OgQS�gkSU\OteVRnu_m{oTWSlgfX *HNQ\Ot�TRSUPR[]^OTWwlS wl[]\HPWVYTRXeNk\mVRPl�
��nOSU{$Xew�nONkS��]S VRnONkP�_q{ XegQgk[ ��Nk\Ot�XeTW_ONQVRTYXeT>{ []c3SUTYXZVRNk[]\HP�VY[�TRSlPWSlT>�]S VYnHS PYXe`aS TWSlPR[e^OTRwUS Nk\
VYnOS;PRXe`aS;wU{xwlgQSe�x��nONkgQS�SlP>VYNQ` XZVRNk\Ot�Xe\OL@XZwlwl[e^O\mVYNk\Ht hi[]TEVRnOS;TWSlPR^HgQVYNQ\Ot+S2*Hc�Slw�VYSULbLHSlgfX�{rLO^OS
VY[awl[]\ � NkwUVRPl�
��Nkt]^OTWS 0H�2/ | Xm��PRnO[ ��P VYnOSIjO�]S;`rXeNQ\aPWw�nOSlLH^OgkNQ\Ot P>VYSlcHP�hi[]T wl[]\m�]SU\mVYNk[e\dXeg�gkNkP>VEXe\OL `a[xL��

^Ogk[$PWw�nOSlLH^OgkNQ\Ot Xegkte[]TRN�VYnO`aPl� ��nOSUPRS�PWVRSlcOP@XZTRS�LOSUPRwUTRNk_�SlL�NQ\ ��SUwUVYNQ[]\ � � � � ;^OTrcOTR[e_dX �
_ONkgQNkPWVRNkwacOTRSULONkwlXZVYS �7X���XeTRS�PWw�nOSlLO^HgkNk\Ht VRSlw�nO\HNkpq^OS@S1*xVYSU\OLOP�VYnOS�wU[]\m�]SU\qVRNk[]\OXegsPRw�nHSlLO^OgQSlTaXeP
PRnO[ ��\ Nk\ �zNQt]^OTWS,0H� / | _d���u�<Xew�n S1*xVYSU\OPRNQ[]\ NkP�LHNkPRwU^OPRPWSlL Nk\�VRnOS hi[]gQgk[ ��Nk\OtaPRSUwUVRNk[]\OPU����SUw��
VYNk[e\*0H� � � �ELOSlPWwlTWNk_�SlPzVRnOSsLdXZVYX9LOSUc3SU\OLOSU\OwlS�t]TRXecOn+gkXZVYSU\OwU{uS1*xVRSl\OPWNk[]\�P>VYSlc | �xVYSUc�� Xm� ��nONkw�n
hi[]gkgQ[ ��P v v ¡ wU[]\OPWVRTR^Ow�VYNQ[]\ | �xVRSlc � �zXe\HLaPWSlgQSlwUVRNQ�eSlgQ{ S1*xVYSU\OLOP�VYnHS�wl`acOc�gfXZVRSl\Ow�{ hi[]T�S��]SUTW{
cOTRSULONkwlXZVYSUL&[]c3SUTYXZVRNk[]\ VYnOXZV wlXe\$c�[eVYSU\mVYNfXZgkgQ{�_3Srwl[]`+_HNk\OSUL ��NQVRn$PR[e`rSa[eVYnHSlT cHTRSlLHNkw�X VYSlL
[]c3SUTYXZVRNk[]\aNk\rXu��X�{�VYndXZVE`aNkt]nmV<gkSlXeL�VY[ PW[]`aS9c�SlT>hi[]TR`rXe\OwUSINQ`rcHTR[ �]SU`rSU\qVl�&��SUwUVRNk[]\ 0H� � � �
LOSlPWwlTRNQ_3SUP�VYnHS cOTW[]_dXe_ONQgkNQPWVYNQw;S1*�c�Slw�VYSlL LOSUgfX�{@`a[�LOSUg VYndXZV9NkPINk\mVRSlt]TRXZVYSUL�Nk\mVY[�VYnHS TRSUPR[]^HTRwlS
TRSlPWSlT>�eX VYNk[e\�`r[xLO^OgQSbVR[$wl[]`acO^HVRS�VRnOS�S1*�c�Slw�VYSlL LOSUgfX�{ LO^OS�VR[$wl[]\ � Nkw�VYP | �xVYSUc 7]��� 	 S
ndX��]S+LOSUPRNQt]\OSlL XZ\OL�NQ`rcOgQSl`aSl\mVYSUL�VRnOTRSUS PRw�nHSlLO^OgQNk\Ot Xegkt][eTRNQVRnO`b�<VJ�E[@Xeg�VYSlTW\dXZVRNQ�]S�y<y3K����
Xegkt][eTRNQVRnO`aP | �qVYSlcHP
0@Xe\OL 0 4 ���CXe\HL [e\OSay y�K ��� Xegkte[]TRN�VYnO` | �qVYSlc � � � ��[eVYn y<y3K��C� Xeg �
t][]TRN�VYnO`aP�Xe\OL�y<y3K ���b^OPWSuVRnOS�LHSlgfX�{@wU[]`rcH^HV�XZVRNk[]\�`a[xLOSlg*VR[rLOSUTRN��]Su_3S�VRVYSUT�XZwU{xwlgQNkwoXe\OL
wU{xwlgQNkwoPRw�nOSULO^OgQSlP9XeP�LOSlPWwlTRNQ_3SUL�NQ\���Slw�VYNk[e\�0H� � � 0�Xe\OL���Slw�VYNQ[]\�0�� � � � �OTWSlPWc3SUwUVYN��]SUgQ{]�

��nOS&jdTWPWV XegQt][]TRN�VYnO`b�uw�XegQgkSlL 4 S1*xVRSl\OL��JXegkg 4 y<y3K���� | �qVYSlc#0m� �+NkP�LOSUPRwUTRNk_�SlL Nk\.��SUw��
VYNk[e\ 0H� � � 0H� ��XZ\OL NQP�^OPRSUL VY[ PRw�nHSlLO^OgQS�Xew�{xwlgkNQw�TRSUt]Nk[]\HPl� 4 � *xVYSU\OL��7XZgkg54�y y�K#�C� c�SlT>hi[]TR`aP

; �
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VYnOS;gkXZVYSU\OwU{aS2*�VRSl\OPWNk[]\ PWVYSUc*�OPW[�VYnOXZV���nOSU\@Xe\ []c�SlTRXZVYNQ[]\���NQVYnrS1*xVYSU\OLOSULbwU`rcHc gfXZVRSl\Ow�{aNkP
PRw�nOSULO^OgkSUL*� NQV NQP Xeg��sX�{xP�h XeT;SU\O[]^Oten hiTW[]`�NQVYP�wl`acOc�VY[�_�S�Xe_OgQS VY[�wU[]\OLON�VYNQ[]\dXegQgQ{�TWSlPRSUTW�eS
NQVYP�TWSlPR[e^OTRwUS�XZ\OLbVRnq^OP9PWndXeTWSuN�V���NQVRnb[ZVYnOSUT�cOTRSULONkwlXZVYSUL�[]c�SlTRXZVYNQ[]\OP�NQ\bN�VYP�TWSlt]NQ[]\*�

��nOSIPRSUwl[]\HL�Xegkte[]TRN�VYnO`b�]w�XZgkgkSUL�4 jdTWPWV>� jOV64�y<y�K#�C� | �qVYSlc 0 4 ��`rX�{aXegQVRSlTW\dXZVYN��]SUgQ{+_�SI^OPRSUL
VY[bPRw�nOSULO^OgkS XewU{xwUgkNkw�TWSlt]NQ[]\OPuXe\OL NkPoLOSUPRwlTWNk_�SlL Nk\ 0H� � � 0H� � � �I\OgkNQ�eS�4 S1*xVYSU\OL��7XZgkg54 y<y�K#�C�3�
4 jdTWPWV>� jOV64 y y�K#�C�;LO[xSlP \O[eV TWSlpq^ONkTWS�VYnOS�gkXZVYSU\OwU{�S1*xVYSU\OPRNQ[]\uPWVYSUc*� �J\HPWVYSlXeL*�ZXe\o[]c�SlTYX VYNk[e\;w�Xe\
_3SsPWw�nOSlLH^OgkSULrX V�VYnOS�S�XeTWgkNkSUPWVCVYNQ`rS<VYndX V�PYX VYNkP>jdSlP�N�VYP�TRSlPW[]^OTWwlS�Xe\OL LOSlc�Sl\OLHSl\OwUSIwU[]\OP>VYTYXZNk\mVYP
TRSlt]XeTRLOgQSlPWP�[eh�VYnOS LONkP>V�Xe\HwlS hiTR[]` N�VYP@wl`acOc cHTR[xLO^OwlSUTl� � [ �ESU�eSlTU��N�h VYnHS []c�SlTRXZVYNQ[]\�NkP
PRw�nOSULO^OgkSUL PR[ wUgk[]PWS�VR[ NQVRPrwU`rcHc cOTR[xLO^OwUSlTaVYndXZVrNQVRPrcHTRSlLHNkw�X VYS�NQPr\H[eV X��ZXeNQgfXe_OgQS�LO^OTWNk\Ot
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S�XeTWgQ{ TWS�XeL �OVYnOSo[]c�SlTRXZVYNQ[]\�`+^OP>V9TWSlPWSlTW�eS�N�VYP�TWSlPR[e^OTRwUS�^O\Hwl[]\OLHNQVYNQ[]\dXegQgQ{ �qVYnONQPs��Nkgkg3Nk\OwUTRSlXePRS
VYnOSo[]c�SlTRXZVYNQ[]\ 4 PsS1*�SlwU^HVYNQ[]\@hiTRSlpq^OSU\OwU{�VR[ �]� � XZ\OL*�OnOSU\OwlSZ� w�Xe\@TRSUPR^Og�V�Nk\�nONQt]nOSUT�LOSlgkX { LO^OS
VY[awl[]\ � NkwUVRP���nOSl\bwl[]` _ONk\ONQ\Ot+��NQVRn@[eVYnOSUT�[]c3SUTYXZVRNk[]\HPl�

y<y3K;��� | �qVYSlc � ���z��nHNkw�n$NQP�^OPWSlL$VR[�PRw�nOSULO^OgQS wU{xwlgQNkwrTRSlteNk[]\OPU�z^OPWSlP VRnOS PRXe`rSaLOSUgfX�{
wl[]`acO^HVYXZVYNQ[]\ `a[�LOSUg XZP�y<y3K#�C� NQ\ wl[]\��W^O\OwUVRNk[]\ ��N�VYn N�VYPE_dXew��mVYTRXew��qNk\Ot�VY[ LOSlTWNQ�]S;X+wU{xwlgQNkw
PRw�nOSULO^OgkS���N�VYn�VYnHS+[]_ �WSUwUVYN��]S�[eh `aNk\ONQ`rN0/lNQ\Ot������*XeP;LOSUPRwlTWNk_�SlL Nk\ �xSlwUVRNk[]\ 0�� � � � �u��NQ`rNQgfXeT
VY[(4 S1*xVYSU\OL��JXegkg 4qy y�K#�C�3��y<y3K ��� c3SUTWhi[]TW`rP<VYnOS9gfXZVRSl\Ow�{�S1*xVYSU\OPRNQ[]\ P>VYSlc �OXePEPRnO[ ��\�_m{�VYnOS
XeTRTW[ ��P�NQ\ �zNQt]^OTWS�0H� / | _ � � �J\ XeLOLHNQVYNQ[]\&y<y3K;���&TRSlpq^ONQTRSUP�VRnOS � � ��� ���&Xe\OL � ��� � ���

_3[]^H\OLOP9VR[r_�Suwl[]`acO^HVRSlL | Nk\@VYnOSucOTW[]_dXe_ONQgkNQPWVYNQw;cOTWSlLONQw�XZVRS��7X���XeTRSu`rXe\O\OSUT���XeP9XegkPW[rPWnO[ ��\
_q{�VRnOSuXeTRTW[ ��PINQ\ �zNkt]^HTRS�0H� / | _ ���

����� �Q� ����� ��:��HBCF-�*D ��� �OBCF;GO5 � F

K9Pu�ES PRXeNkL Nk\ ��Slw�VYNk[e\ 0H� 0H��NQVoNkPuc�[]PRPWNk_OgQS�VR[�PWSlgkSUwUVRNQ�]SUgQ{ NQ\OwlTWS�XePWSrwU`rcOc gfXZVRSl\Ow�{�hi[]T
VYnOSocOTWSlLONQw�XZVRSlLb[]c3SUTYXZVRNk[]\HPsPR[rXeP�VY[�TRSUPWVRTRNkw�V�VYnOSot]TW[ ��VYn@[ehCVYnOSowlTWNQVRNkw�XZg cdXZVRn@gkSl\HteVYn@Nk\bX
TRSlteNk[]\*� 4 � *xVYSU\OL��7XZgkg54xy<y3K��C� Xe\OL�y<y3K;��� c3SUTWhi[]TW`"VYnONQPEgkXZVYSU\OwU{rS1*xVYSU\OPRNQ[]\�Nk`a`aSlLONkXZVYSUgQ{
XZh VYSUT�VRnOS v v ¡ wU[]\OPWVRTR^Ow�VYNQ[]\�P>VYSUc*�

y<y3K;� []c�VYNk`aNkP>VYNQw�XegQgQ{�S2*�VRSl\OLHPrVYnHSbwU`rcHc gkXZVYSU\OwU{&[Zh X�t]NQ�eSl\ cOTRSULONkwlXZVYSUL []c�SlTRXZVYNQ[]\
NQh | Nf�9NQV wlXe\ c3[ZVYSl\mVRNfXegQgQ{b_3S�wU[]`+_ONQ\OSlL���N�VYn�PR[e`rS�[eVRnOSlT cHTRSlLHNkw�X VYSlL []c�SlTRXZVYNQ[]\*�*XZ\OL | NkNf�
PR^Ow�n@wl[e`+_ONk\HNk\Otu` X�{�TWSlPR^HgQVsNQ\ PW[]`rS9c3SUTWhi[]TW` XZ\OwlS9Nk`acOTR[ �]SU`rSU\mV���K9P�Nk\ v y3K;� | PWSlSo��SUw��
VYNk[e\ � � � � � ���qVYnOS�XewUVR^dXeg c�SlT>hi[]TR`rXe\OwUS�NQ`rcOTW[ �]Sl`aSl\mVE` X�{��ZXeTW{rLOSUc3SU\OLONk\Ht+[]\ VRnOS;\q^O`+_�SlT
[eh hi^O\HwUVYNQ[]\�^O\ON�VYP<[eh VRnOS�` XZw�nONk\OS�XZ\OLaVRnOSIgfXZVRSl\OwUNkSlP�[Zh VYnHSI[ec3SUTYXZVRNk[]\OP���N�VYnONQ\�VYnOS�TRSUt]Nk[e\*�

��nOS cHTR[xwlSlLH^OTRS .�.$	-� � ������� � � ��� � 2 � 	 ! � � � � c�SlTWhi[eTR`aP�VYnOS gkXZVYSU\OwU{rS1*xVRSl\OPWNk[]\bXeP
PRnO[ ��\aNk\ �zNQt]^OTRS 0H�21�� � V�VYXe�eSUP�hi[]^OT�NQ\OcO^HV�cdXeTYXZ`rS�VYSlTWPl� )*)ED �*VRnOS�LdXZVYX;LOSlc�Sl\OLHSl\OwUS9t]TRXecOn
[eh�VRnOSrTWSlt]NQ[]\*� � 6 D � & #73�� I76��9X@TRSlteNk[]\�VJ{xc3S � XetH� ��nHNkw�n NQ\OLONQw�XZVRSlP ��nOSUVRnOSlToVYnHSrTWSlt]NQ[]\ NkP
XewU{xwlgQNkw;[eTswU{xwlgQNkwZ� ; 4 & � 3 9 ( 3 6 # ����<X+PRnO[]T>V�gfXZVRSl\Ow�{ [ZhCVRnOS wl`acOc�[]c�SlTRXZVYNQ[]\*�HXe\OL jd\dXZgkgQ{ Xe\

; �



PPAS-DDGLatency-Extend (ddg,  regiontype, shortlatency, extendedlatency)

1 /* phase 1:  mark ‘mustres’ bit of each operation */

2 for each predicated operation node, op1, in ddg do

3 op1.mustres = 0

4 if op1 is unconditional cmpp then

5 op1.mustres = 1

6 end if

7 if regiontype is acyclic then

8 independenceSet = all operations in ddg independent from op1

9 if independenceSet is empty then

10 op1.mustres = 1

11 else

12 if there exists other operation, op2, in independenceSet s.t. delay due to conflict 

13 that results from combining op1 and op2 is less than 1.0

14 op1.mustres = 0

15 end if

16 end if

17 end if

18 /* phase 2: adjust cmpp latencies */

19 for each cmpp operation outgoing edge, cmpp_outedge do

20 op1 = cmpp_outedge.destination;

21 if op1.mustres == 1 then

22 setlatency(cmpp_outedge, shortlatency)

23 else

24 setlatency(cmpp_outedge, extendedlatency)

25 end if

26 end for

687 98:�; f �ih��il�� ��� 	���~�x9o�{�r���ou�ix9o�{yqsv�z.{Wwytsziruo��y��tso

6�� 3�6 # ) 6 ) 9 ( 3 6 # ��a�EXe\@S2*�VRSl\OLHSlL�gQ[]\Ot]SUT�gfXZVRSl\Ow�{ [ehCVYnOSowU`rcOcb[]c�SlTRXZVYNQ[]\*�
��nOSEcOTR[xwlSULO^OTWS�wl[e\OPRNQPWVYP�[ehOVJ�E[;cOndXZPRSlPU����nOS jdTRP>VzcOnOXePRS | gkNQ\OSlP��U� �%1]�*PRS�VYP�VRnOS ��� � 	 � � �

_ONQVajdSlgQL [Zh;S�XZw�n cOTRSULONkwlXZVYSUL []c�SlTRXZVYNQ[]\ VY[ � NQh�NQV�wlXe\ _�S�wU[]`+_ONQ\OSlL ��NQVRn PR[e`rS@[eVRnOSlT
[]c3SUTYXZVRNk[]\ c�[eVYSU\mVYNfXZgkgQ{ TRSUPR^Og�VYNQ\Ot Nk\ PR[]`aS@c3SUTWhi[]TW` Xe\HwlS@Nk`acOTR[ �eSl`aSl\mV�� �VYnOSUTW��NkPWSe� VYnOS
��� � 	 � � ��_ON�VrNQP�PRS�VrVR[ �]� ��[eTRSbPRc�SlwlN�jdw�XZgkgQ{e��X V�VYnOSb_3SUt]Nk\H\ONk\Ot�[Zh�VYnHS@jOTRPWVrcOndXZPRS@VYnOS
��� � 	 � � ��[Zh<S�Xew�n cOTWSlLONQw�XZVRSlL�[]c�SlTRXZVYNQ[]\*��� � �e� NkP9[]cHVRNk`aNkPWVRNkwlXegkg�{ NQ\ONQVRNfXegQN5/lSUL�VY[ � | gkNQ\OS,0m� �
� [ ��S��]SUTl��N�h �4� ��NkPrXe\ ^H\Owl[]\HLONQVRNk[]\dXZgIwU`rcHc | gQNk\OS � ����N�VYP ��� � 	 � � ��_ONQV NkP�VYnOSU\�PRS�V VY[
�]� _3SUw�Xe^OPWS�Nk\�VYnONQP w�XePWS�VYnOS�[]c�SlTRXZVYNQ[]\ Xeg��sX�{xPoS1*�SlwU^HVYSUP+Xe\OL�VRnx^HPuTWSlpq^ONQTRSlPoN�VYP TRSUPR[]^HTRwlS
^O\Owl[e\OLONQVRNk[]\OXegkg�{]�z��nHSujdTWPWVIcOndXZPRSoNkP�wU[]`rcHgkSUVRSoXZV�VYnONQP�c3[eNk\mV�NQh VYnHSuTWSlt]NQ[]\@NkP�w�{�wUgkNQwe�

;:7



� Nk\HSlP�; � ��/�XeTWS hi[]T�Xew�{�wUgkNQw�TRSlteNk[]\OP []\OgQ{e� � Nk\HS�;�wl[]`acO^HVRSlP+VYnHS�Nk\OLOSUc3SU\OLOSU\OwlSbPRS�V��
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^OTRS0H� 	 | Xm� �OVY[aSlgQNk`aNk\dXZVRS�VYnHS�TWSlLO^O\HLdXe\mV�wU[]\OLON�VYNQ[]\OP�hiTR[]` VYnOSuS1*�SlwU^HVYNQ[]\��eSlw�VY[]TU����� � Xe\OL
�]SlTWNQh {bVYndX V9VRnOS TWSl`rXeNk\ONQ\Otawl[]\OLHNQVYNQ[]\OPIXeTWS gkSUtmXeg ����nONkP9TR[]^HVRNk\OSuNQVRSlTRXZVYSUP9[ �]SUT XegQgCcOXeNkTWP9[eh
S1*�SlwU^HVYNQ[]\��eSlwUVR[]T�cOTRSULONkwlXZVYSUPIhi[e^O\OL@Nk\ ��� �
� h SlXew�n�cOTWSlLONQw�XZVRS9NQ`rcOgQNkSUP�VYnOS9[eVYnOSUT | gkNk\HS 0]���qVYnOSUTRS;XZTRS�VJ��[+wlXePRSUP�VY[�wl[]\HPRNkLHSlTl�&�J\rVYnOS

jdTRP>V;w�XZPRSe� VYnHS�cOTWSlLONQw�XZVRSlP9ndX��]S�VRnOSuPYXe`aS�_�[x[]gkSlXe\��eXZgk^OSUP | gkNk\HS � ��� Nk\@��nONkw�n�w�XePWS []\HS�[eh
VYnOSU`
NkPzSlgkNQ`rNQ\dXZVRSlL _�SlwlXe^OPWS�NQh NQV�NkPz�CTR^HSsVYnOSU\�VRnOS�[eVRnOSlTz��NQgkg�XegQ��X�{xP�_3Ss�CTR^HS�XeP���SUgkg �]Xe\OL
gkNk�ZSU��NQPRSrhi[eT � XegkPWSe� �J\$VYnOSrPRSUwl[]\OL wlXePRSZ��VYnOSrcOTRSULONkwlXZVYSUP+ndX��]S [ecOc3[ePRNQVRS _�[�[egkS�XZ\ �ZXegk^HSlP
| gkNQ\OS /m���xNk\aVYnONQPEwlXePRSIVYnOS9S1*�SlwU^HVYNQ[]\ �eSlwUVR[]T�NQPENQgkgQSltmXegHXe\OL ��NQgkgd\OS��]SUTs[�wUwl^OT���wU[]\OPWSlpq^OSl\mVRgQ{]�
VYnOS � XegkPWS��ZXegk^OS NQP�TRS�VY^OTW\OSlL�Xe\OL@VYnOSoS1*�SUwl^HVRNk[]\@�]SUwUVY[eT9NQP�\O[eV�wl[e\OPRNQLOSlTWSlL*�
� h VRnOS PRSlwU[]\OL(cHTRSlLHNkw�X VYS NQ`rcHgkNkSUP�VYnHS jdTWPWV | gkNQ\OS � � � �a_H^HV \H[eV �xNQwlS �]SlTWPYXH�aVYnOSUTRS

XeTRS&XZgkPR[ VJ��[�wlXePRSUP�VY[ _3S wl[]\OPWNkLOSUTRSUL*� �J\ VRnOS jdTWPWV�wlXePRS$_�[eVRn cOTWSlLONQw�XZVRSlP�XeTWS � XegQPRS
| gkNQ\OS � � ��� Xe\OL VYnOSUTRS�hi[]TRS VRnOS@PRSlwU[]\OL cOTRSULONkwlXZVYS@NQP+SlgQNk`aNk\dXZVRSlL*�zPRNk\HwlS@NQh�VYnHS@jOTRPWV�cHTRSlLHN��
w�XZVRS�NkP�� XegQPRSe�3VYnOS+PWSlwU[]\OL cOTRSULONkwlXZVYS�`+^HPWV _�S � XegkPWS | N � SZ�Q� � | PRSlwU[]\OLbcOTRSULONkwlXZVYS  ��XZgkPRS �
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Eliminate-Redundant-Conditions(ev)

1 for each element, ev1, of ev do

2 for each element, ev2, which is not ev1, of ev do

3 if ev1 and ev2 predicates imply each other then

4 if ev1 and  ev2 have the same boolean values then

5 eliminate ev1

6 else

7 return False /* illegal vector */

8 end if

9 end if

10 if ev2 predicate implies ev1 predicate then

11 if ev1 has boolean value F and ev2 has boolean value F then

12 eliminate  ev1

13 end if

14 if ev1 has boolean value F and ev2 has boolean value T then

15 return False /* illegal vector */

16 end if

17 end if

18 if ev1 and ev2 predicates are disjoint then

19 if ev1 has boolean value T and ev2 has boolean value F then

20 eliminate ev2

21 end if

22 if ev1 has boolean value F and ev2 has boolean value T then

23 eliminate ev1

24 end if

25 if ev1 has boolean value T and ev2 has boolean value T then

26 return False /* illegal vector */

27 end if

28 end if

29 end for

30 end for

31 if ev contains complete disjoint set of predicates p1, p2, …, pn

32 in ev, s.t. corresponding ev1, ev2, …, evn have boolean value F then

33 return False

34 end if

35 return True and ev

p1, p2 = cmpp(cond1)

A1 if p1

p3,p4 = cmpp(cond2) if p2

A2 if p3

A4 if p4

if (cond1)

p1:A1 p2:if (cond2)

p3:A2 p4:A3

(a) Algorithm pseudo-code (b) Example of a complete set of disjoint 

predicates
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PRNk`aNkgkXeTl�3_O^HV ��N�VYn�VYnOS�jdTWPWVucOTWSlLONQw�XZVRS ��XZgkPRS+Xe\OL VYnOS�PWSlwl[e\OL []\HS���TW^OSe����nOS�VYnHNkTRL wlXePRS
[�wUwl^OTWPa��nOSU\ _�[eVRn LHNkP �W[eNk\mV�cOTWSlLONQw�XZVRSlP�ndX��]S@VYnOS��ZXegQ^OS���TW^OS | gQNk\OS � 7]��� VRnONkP�NQP�NkgQgkSlt]Xeg~�
nOSl\OwUSuVRnOS � XegkPWS;�eXZgk^OS NQP�TRSUVR^OTR\HSlL�XZ\OLbVRnOSoS1*�SlwU^HVYNQ[]\@�]Slw�VY[]TINkP�\H[eV�wl[]\HPRNkLHSlTRSUL*�
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[eh�VRnOS � � � ( ��� � � � � '
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LONkP �W[]Nk\mV<cOTWSlLONQw�XZVRSlP<NkP�t]N��]SU\rNQ\ �zNkt]^HTRS 0H� 	 | _d���]��nONQw�nrPWnO[ ��P�X wl[e\qVRTR[]g � [ � t]TYXZcOnaXe\OL�VYnOS
wl[]TWTRSlPWc3[e\OLONk\Ht�cOTWSlLONQw�XZVRSlL wl[xLOSe�ry�TRSULONkwlXZVYSUP � 0@Xe\HL � � XeTWSaLHNkP �W[eNk\mV _O^HVu\O[ZV�wU[]`acOgkS�VYS
LONkP �W[]Nk\mV��ePRNk\HwlSs_�[eVYn�[ZhdVYnOSU`
w�XZ\�gkSlt]Xegkg�{oSU�ZXegk^OXZVYS�VR[�� XegkPWSsXZV�TR^O\mVYNQ`rSZ�]\dXe`aSlg�{o��nOSl\OS��]SUT
� � SU�ZXegQ^dXZVRSlP�VR[�� XegkPWSe� ;\ VYnOS�[eVYnOSUTzndXZ\OL*� � �e� � 0;XZ\OL � � hi[eTR` X�wl[e`rcOgQSUVRSEPWSUV�[eh LHNkP �W[eNk\mV
cOTRSULONkwlXZVYSUPl�dPRNQ\OwlSo[]\HSoXe\OL@[]\Og�{ []\OS [Zh�VRnOSlPWSucHTRSlLHNkw�X VYSlP�`+^HPWV�SU�ZXegQ^dXZVRS;VY[���TW^OSo[]\@S�Xew�n
wl[]\mVYTW[]g cdXZVRn*� � SU\OwlS�VYnHS � , wl[]\OLHNQVYNQ[]\�Nk\�gkNQ\OS 0 ��VYSUPWVRPEN�h3VRnOSlTWS9S2*HNQPWVRP�X wl[e`rcOgQSUVRSILHNkP �W[eNk\mV
PRSUVa[eh9cOTWSlLONQw�XZVRSlP�Nk\ ��� �<��nOSlTWS�S��]SlT>{ cOTRSULONkwlXZVYS�NQ\$VYnOS@PWSUVaNkP�XePWPRNQt]\OSlL&�ZXegQ^OS � XegkPWS Nk\
�����
� h�VRnONkPIwl[]\HLONQVRNk[]\b[�wUwl^OTWPl��VYnOS�S1*�SlwU^HVYNQ[]\��]SUwUVR[]T�NQP9NQgkgkSUtmXeg �HPRNQ\OwlS�_m{�VRnOS�LHSUjd\ON�VYNQ[]\�[eh
X�wl[e`rcOgQSUVRSrPWSUV�[eh�LONQP �W[]NQ\qVucOTWSlLONQw�XZVRSlPU�zS1*HXew�VYg�{ [e\OSr[ZhsVYnOSUPRSrcOTRSULONkwlXZVYSUP `+^OP>V S��ZXegk^dX VYS
VY[@��TW^OSaNk\ X�gkSUtmXeg�S2*HSUwl^HVRNk[]\ �]SUwUVR[]Tl� � Nk\OSUP � 7�Xe\OL � /�Sl\HPR^OTWSaVRndXZVo\O[@`a[]TRS+VRndXe\ []\OS
cOTRSULONkwlXZVYS�Nk\�VRnOS�PRS�V NQPoXePRPWNkt]\OSUL ��TW^OS ��gkNk\HSlP�0 ��VRnOTR[]^Ht]n 090@SU\OPR^HTRS�VYndX V�\H[eVuXegkg�[eh VYnOS
cOTRSULONkwlXZVYSUP9NQ\@VRnOSoPRS�V�XZTRSoXePWPRNkte\OSlL � XegkPWSe�
�I[eVYS&VYnOXZV ��nHSl\ ��� PYXZVRNkPWjOSlP \O[]\OS [eh VRnOS w�XePWSlP VRndXZV � � � ( � � � � � � '
� ! � � ! � � � �

� ���! � � � �� � S2*�cOgkNQwlNQVRgQ{�w�nHSlw��qP hi[]Tl��VYnOS�[]TRNQt]Nk\dXZg ���bNQP�TWSUVY^HTR\OSUL���NQVYn�VYnOS �ZXegQ^OS �CTR^HS�XZV
gkNk\HS037��I��Nk`aNkgkXeTRg�{���nOSl\�\H[ NkgQgkSUtmXeg*wlXePRS�NkP�LOSUVRSlw�VYSlL �3VYnHS \O[]\x�JTRSULO^O\OLOXe\mV ����NkP�TWSUVY^HTR\OSUL
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p0 (1.0)

p1 (0.2) p2 (0.8) p5 (0.11)

p3 (0.09) p4 (0.01)

I II

I I

p0 (1.0)

p1 (0.2) p2 (0.8) p5 (0.11)

p3 (0.09) p4 (0.01)

I II

I I

(a) PRG with D-edges eliminated (b) Subtree of PRG (shaded) corresponding 

to ev = (p0=T, p3=F, p4=T, p5=T)

least common ancestor 

of p0, p3, p4 and p5 nodes
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TRSl`a[ �]SIVYnONQPEXZPRPR^H`rcHVRNk[]\d���qN~� Se��XZPRPR^H`rS�VYnOSUTRS9NkP<\O[ v � SlLOteSI_�SUVJ�ESlSU\@Xe\m{acdXeNkT�[Zh \O[xLOSlP Nk\
VYnOSswU[]TRTWSlPWc3[]\HLONk\Ot;y �s¡�� �J\ VYnHNkPzwlXePRSEVYnOS�y �s¡ TWSlLO^OwUSlP�VR[;X9VRTRSlSE_3SUw�Xe^HPRS�\O[;\H[�LOSENk\uVYnOS
y �s¡ ��NkgQg3ndX��eSu`a[]TWS�VYndXZ\b[e\OS Nk`a`rSULONfX VYSIcOTRSULOSlwUSlPRPW[]Tl� LO^OS VR[+VYnOS;��X�{ VYndX V�cOTR[et]TYXe`aP
XeTRSs��TWNQVRVRSl\*�]X;cOTRSULONkwlXZVYSZ� � �mw�XZ\�\OSU�eSlT<Nk`acOgQ{ VJ�E[o[eVYnHSlT�cOTWSlLONQw�XZVRSlPU� � ��Xe\OL � � �]NQhdVRnOSsVJ��[
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��NQPITWSlLO^H\OLdXe\mV | _m{ VYTRXe\OPWNQVYN��xNQVJ{H�sXe\OLbNkP�\O[ZV9PWnO[ ��\�NQ\@VRnOSuy<��¡����zNkte^OTRS�0H� � � | Xm��PRnH[ ��P
VYnOS�y<��¡ hiTR[e` �zNQt]^OTRS�0��2;+��nONQw�n�NQP�TRSlLH^OwlSUL�VY[rX+VYTWSlSuXZh VYSUT�NQVRP v �JSlLHt]SoNkP�SlgQNk`aNk\dX VYSlL �

K9\ S2*HSUwl^HVRNk[]\ �]SUwUVR[]Tl� ����� `+^HPWVowl[eTRTRSUPRc�[]\OL VY[@PR[]`aS�PR^O_�VYTRSUS � � Nk\�VYnHSry<��¡��*��nOS
TR[x[eV [eh VRnOS�PW^O_HVYTWSlS9wl[]TWTRSlPWc3[e\OLOPEVR[uVRnOSIgkS�XZPWV wl[]`a`a[]\ XZ\OwlSUPWVY[eTE[eh*XegkgOVRnOS ����cOTRSULONkwlXZVYSUPl�
�zNkt]^HTRS�0H� � � | _ ��nONQt]nOgkNQt]nmVYP<VYnOSoPW^O_HVYTWSlS � � [ehzy �s¡-��nONQw�n�wU[]TRTWSlPRc�[]\OLHP�VR[+VYnOSoS2*HSUwl^HVRNk[]\
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[eh;VYnHS�PW^O_HVYTWSlSUPl� � Sl\HwlS��ES�wlXe\ ^HPRS���pq^dXZVRNk[]\ 0H� ��Xe\HL ��pq^dXZVYNQ[]\ 0�� � �EVY[]t]S�VYnOSUTa��N�VYn
VYnOSuTRSUc3S�VYNQVRNk[]\b[eh�VYnONQPIcHTR[xwlSlLH^OTRSoVY[aSlgQNk`aNk\dXZVRS;`+^HVR^dXegQgQ{ LHNkP �W[eNk\mV�PRS�VYP�[Zh�\O[xLOSlP9XZVIgk[ �ESlT
gkSU�eSlgQPl�+� h3XZV<PW[]`rS�gkSU�eSlg �]PRS��]SlTRXegdLONQPWVYNQ\OwUV�PRSUVRP<[eh�`+^HVY^OXegkg�{oLONkP �W[]Nk\mV�cOTWSlLONQw�XZVRSlP�wU[]TRTWSlPRc�[]\OL
VY[rVRnOS PW^O_HVRTRSlSUP XZV�VYnOXZV�gQSU�eSlg~�dVRnOS+Xe_�[ �]S�cOTR[xwlSULO^OTRS�NkPIXecOcHgkNkSULbVR[ SlXew�n�PRS�V�NQ\OLON���NQLO^dXegQgQ{
^O\mVYNkg�XZV `a[]PWV<[e\OS9cHTRSlLHNkw�X VYS�hiTR[]`(SlXew�n PWSUVETRSU` XeNQ\OP<Nk\aXe\m{ ���+VY[u_�SIS��ZXegk^dX VYSlL ��XZ\OLrVRndXZV
cOTRSULONkwlXZVYSoNkP�XZPRPRNQt]\OSULb�ZXegQ^OS ��TW^OSe�

��nOSrXe_�[ �]S teSl\OSUTYXeg�S��eXZgk^dXZVRNk[]\ cOTW[�wUSlLO^HTRS NQPopx^HNQVYS�wU[]`rcHgkS1*3�r�s��[bVYTYXZ\OPWhi[]TW` X VYNk[e\OP
[eh�VYnHS S1*�SUwl^HVRNk[]\��eSlw�VY[]TIVYndXZVI�ES LOSUPRwlTWNk_�SlL*� | Nf��VRTYXe\HPWhi[]TW`rNQ\Ot ����Nk\mVY[a\O[]TW` Xeg*hi[eTR` Xe\OL
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SU�ZXegk^OXZVYNQ[]\OP��ESIwlXeTRTWNkSULa[e^HV���SUTRSIpq^ONQVRS�PWVYTRXeNktenqVWhi[]TW��XeTWLrXZ\OL�TYXeTWSlgQ{ TRSUpx^HNkTRSULaVRnOSlPWSIVRTYXe\HP>�
hi[]TR`rXZVYNQ[]\OP VR[ _�S@c3SUTWhi[]TW`rSUL*� �J\ XZLOLONQVRNk[]\ ��VYnOS@\q^O`+_�SlTa[eh9cOTRSULONkwlXZVYSUPawU[]\OPWNkLOSUTRSlL hi[]T
PR^Ow�n S��ZXegk^dX VYNk[e\&ndXeTRLHgQ{$S��]SUTrS2*HwUSlSULOSlL � []T�PW[]`rS�VYNQ`rSUP�0H� ��N�VYn&VYnHS�wU[]\ � NQwUV�TRSUwl[ �]SUTW{
PRw�nOSU`rS�Xe\HL�VYnOS�gkNQ`rN�VYSlL�hiS�VYw�n���NQLHVYn�VRndXZV9��S�^OPRS+NQ\�[]^HT�cOTW[]_dXe_ONQgkNQPWVYNQw cOTRSULONkwlXZVYS �7X���XeTRS
XeTRw�nON�VYSUwUVY^HTRS | PRSUS �xSlwUVRNk[]\ 0H� 0m���a��Sl`aSl`+_�SlT;VRndXZVo��NQVRn�VYnONQPuPWw�nOSl`aS�VYnOS�wl[e\ � Nkw�VYNQ\Ot@[]c��
SlTYX VYNk[e\OPaXePRPWNkt]\OSUL VR[ LON 3 SUTRSU\qVahi^O\Ow�VYNQ[]\ ^H\ONQVRPawlXe\ _�SbLONkPWcdXZVYw�nHSlL NQ\mVY[ VYnOSUPRS�hi^H\OwUVRNk[]\
^O\ONQVRPENQ\rcOXeTYXegQgkSUg~�][]\HS�c�SlT ^O\ONQVl�&;_m�xNk[]^OPWgQ{e��NQ\aVRnONkP<w�XZPRSe�xVYnOSIS1*�SUwl^HVRNk[]\ �eSlw�VY[]TE\OSlSUL []\Og�{
wl[]\mV�XZNk\ VYnOS�cOTWSlLONQw�XZVRSlPa[ehIVYnOS�[]c�SlTRXZVYNQ[]\OP+VRndXZV�`rX {$wl[]\ � NkwUVaXZP�VRnOS@TRSUPR^Og�V�[eh�PWndXeTWNk\Ot
VYnOS�PYXZ`rS+^H\ONQV �*VYnOS�cOTWSlLONQw�XZVRSlP [eh<VYnHS�[]c3SUTYXZVRNk[]\HP�VYndX VoLO[�\O[eVoPWndXeTRS�X�^O\HNQV;��N�VYn�[eVRnOSlT
[]c3SUTYXZVRNk[]\HP�\OSlSUL \O[eV�VR[o_3S�Nk\Hwlgk^HLOSlL�Nk\�VRnOS�S1*�SlwU^HVYNQ[]\a�eSlw�VY[]T PRNQ\OwlS�VYnHSU{+��NQgkgH\HSU�]SUT�TWSlPR^HgQV
Nk\bXawU[]\ � NQwUVl�
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;^OTscHTR[]_dXZ_ONkgQNkPWVRNkwIcOTRSULONkwlXZVYS �7X���XeTRS gQNkPWV�PRw�nOSULO^OgQNk\Ot | y y�K#�C�O�sXegQt][]TWNQVYnH`"^OPRSUP�VRnOS S1*q�
c3SUwUVYSUL LOSUgfX�{�wU[]`rcH^HV�XZVRNk[]\+VRSlw�nO\HNkpq^OS�VY[oPRSUgkSlw�V cOTR[ejHV�Xe_OgQS�wl[]` _ONk\ONQ\Ot;[]cHc3[]T>VY^O\HNQVYNQSlP�LO^HT>�
Nk\Ot+[ec3SUTYXZVRNk[]\rPRw�nOSULO^OgkNQ\Ot+��NQVRn�Xe\�[ �]SUTYXegQg3te[mXeg�[eh TRSULO^OwlNQ\Ot+VYnHS;PRw�nOSULO^OgQS gkSl\HteVYn TWSlgkXZVYN��]S
VY[�VYnOS�_OXePRSUgkNk\HS�Xegkt][eTRNQVRnO`b� 	 S�ndX��eSacHTR[]c�[]PRSUL XZ\OL SU�ZXegk^OXZVYSUL�VJ��[�y<y3K#�C��PRw�nHSlLO^OgQNk\Ot
Xegkt][eTRNQVRnO`aPl� ��nOS�jdTWPWV Xegkt][eTRNQVRnO`b�EwlXegkgQSlL 4 S1*xVRSl\OL��JXegkg 4�y<y�K#�C�3��S2*xVYSl\HLOP VYnOS�wl`acOc gkX �
VYSl\HwU{ hiTR[]`/SU�eSlT>{ wU`rcOc []c3SUTYXZVRNk[]\ VY[�S�Xew�n$[Zh�NQVRP�wU[]\OPR^H`rSUTRP VR[�wlTWS�XZVRS VYnHS `rX *�Nk`+^O`
wl[]`+_HNk\ONQ\Ot�[]cOc�[]TWVR^O\ONQVJ{rhi[]T�SU�eSlTW{@cHTRSlLHNkw�X VYSlL�[]c�SlTYX VYNk[e\*����nOSuPRSlwU[]\OL�Xegkt][eTRNQVRnO`b��wlXegkgQSlL
4 jdTWPWV>� jOV64Oy<y3K������HLO[xSlPE\O[eVsS2*xVYSl\HL VYnOS9wl`acOc gfX VYSl\HwU{]��_O^HV�Nk\OP>VYS�XZL�XegkgQ[ ��P<VRnOS;[]c�SlTRXZVYNQ[]\
VY[ _�S+cOgkXewlSUL�Nk\bVYnOSujdTRP>VoX��eXZNkgfXZ_OgkS PWw�nOSlLO^HgkNk\Ht�PRgk[ZV9VRndXZV;PRXZVYNQPWjdSUP;NQVRP9TWSlPW[]^OTRwUS�Xe\OL�LOXZV�X
wl[]\OP>VYTRXeNk\mVYPU� � h�NQV+NQP PWw�nOSlLO^HgkSlL gQSlPRP�VYndXe\ �	� 	 � � � �E����� 	 � � ���$w�{�wUgkSUP�XZh VYSUT NQVRP wU`rcOc ��VYnOS
PRw�nOSULO^OgkSUL�[]c�SlTYX VYNk[e\ `+^HPWVrTRSlPWSlT>�]S�N�VYP�TRSUPR[]^OTWwlS�^O\Owl[e\OLONQVRNk[]\OXegkg�{]� K�Pr�ESbPYXeNQL S�XZTRgkNQSlTU�
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PPALS-MainScheduler(oplist, ddg)

1 For every op in oplist, use ddg to initialize MinTime and compute priorities

2 ready_oplist = all operations in oplist with no incoming edges

3 CurrSchedLen = 0;

4 while ready_oplist is not empty do

5 hpr_ready_oplist = highest priority operations in reay_oplist

6 if ‘extend-all’ PPALS then

7 curr_op = hpr_ready_oplist.pop()   

8 else if ‘best-fit’ PPALS then

9 curr_op = LeastCombiningPotential(hpr_ready_oplist ) 

10 end if

11 compute MinTime for curr_op

12 minCurrSLIncrease = 1  /* minimum current schedule length increase */

13 for t = MinTime; t <= MaxTime; t++ do

14 for each resource alternative, resource_alt, on which curr_op can be scheduled do

15 if resource_alt is available at time t then

16 if t <= schedule time of the latest scheduled operation so far then

17 CurrSLIncrease = compute delay due to conflict incurred from scheduling 

18 curr_op in time t on resource_alt

19 else /* increases delay due to conflict component of current expected  SL */

20 CurrSLIncrease = 1 /* increases static component of current expected SL */

21 end if

22 if CurrSLIncrease <= minCurrSLIncrease then

23 minCurrSchedIncrease = CurrSLIncrease

24 tmin = t

25 minresource_alt = resource_alt

26 end if

27 end if

28 end for

29 end for

30 Schedule curr_op in time tmin on minresource_alt

31 Update ready_oplist with the ready successors of curr_op;

32 end while

687 98:�; f �ihkj�j�l �po�{�o�t:v�r � ������	�qsr:��o��y�y��v�{8=�~�� =�z�tQvkxs�y�

VYnONQP;Nk\OwUTRSlXePRSUP;VYnOS+[ec3SUTYXZVRNk[]\ 4 P�S2*�Slwl^�VYNk[e\�hiTRSlpq^OSU\OwU{�VY[ �]� � Xe\OL �*nOSl\HwlSe� wU[]`+_ONQ\ONk\HtrVYnHNkP
[]c3SUTYXZVRNk[]\ ��NQVYn&[ZVYnOSUT�[]c3SUTYXZVRNk[]\HP `rX { TRSUPR^Og�V�Nk\ nONkt]nHSlT+wU[]\ � NQwUV�LOSUgfX�{ VYndXe\&��nOSU\&VYnOS
[]c3SUTYXZVRNk[]\bNkP�PWw�nOSlLO^HgkSlL�XZV�gQS�XeP>V �	� 	 � ��� �E����� 	 � ����bwU{xwlgQSlP9XZh VYSUT9N�VYP�wl`acOc�Xe\OL�TRSlPWSlT>�]SlP�NQV
TRSlPW[]^OTWwlSawl[]\OLHNQVYNQ[]\dXegQgQ{e����nOSUPRS�VJ��[�XegQt][]TRN�VYnO`aP9XeTRS�LOSUPRwUTRNk_�SlL _�Slgk[ �
Nk\ ��SUwUVYNQ[]\ 0H� � �20�� �
Xe\OL���Slw�VYNk[e\�0H� � � 0H� � �OTRSUPRc�Slw�VYNQ�eSlg�{]�
�zNkte^OTRS 0�� � �&PWnO[ ��P VRnOS&t]SU\OSlTWNkw y<y3K����-XegQt][]TRN�VYnO`b� .. 	�� � � � � � � ��� ��� ! � � � � �
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VYnOSoXegQt][]TWNQVYnH`(NkP�VR[+PRw�nHSlLO^OgQSoS�Xew�n�[]c�SlTRXZVYNQ[]\�XZVEVYnOS;VRNk`aSI��nHNkw�n@`rNQ\ONk`aN5/USlP�VYnHS;Nk\OwUTRSlXePRS
Nk\�VYnOS�wU^OTRTWSl\mV S1*�c�SlwUVRSlLrcdXeTWVRNfXegxPRw�nHSlLO^OgQS9gQSl\OtZVYn | LH^OS�VY[oXegQTRS�XZLH{+PWw�nOSlLO^HgkSlLa[]c�SlTRXZVYNQ[]\OP�� �
��nONkPoNk\HwlTRSlXePRS�`rX�{�NQ\ cOXeTWVo_�S�LO^OS�PRNQ`rcHgQ{bVY[@Xe\ Nk\OwUTRSlXePRS�NQ\ VRnOS�wl^HTRTRSU\mV�P>V�XZVRNkw�PWw�nOSlL��
^OgkS�gQSl\OteVRn*� NQhEX�\OS��([]c�SlTRXZVYNQ[]\�t]SUVRPoPRw�nOSULO^OgkSUL ��[]T `a[]TRS wU{xwlgQSlPugfXZVRSlT�VRndXe\�VYnOS�gkXZVYSUPWV
PRw�nOSULO^OgkSUL []c�SlTRXZVYNQ[]\&PR[ h XeTl�<VYnHSbP>V�XZVRNkw�wU[]`rc�[]\OSU\mV�[eh�VRnOS@wl^OTWTRSl\mVaS1*�c�Slw�VYSlL PRw�nOSULO^OgkS
gkSl\HteVYn NkPoNk\OwUTRSlXePRSUL*����nOS NQ\OwlTWS�XePWSr`rX�{ XegkPW[@_3SaLO^OSrNk\ cdXeTWVuVY[�Xe\ XeLOLON�VYNk[e\dXeg�wU[]\ � NQwUV
LOSlgkX { VRndXZV+TWSlPW^OgQVRP�hiTR[e` wU[]`+_ONQ\ONk\HtbVRnOS []c�SlTRXZVYNQ[]\ ��NQVYn [eVYnOSUT []c�SlTRXZVYNQ[]\OPoVYndX V+XeTWS Xeg �
TRS�XZLH{ PRw�nOSULO^OgQSlL*�(�J\ VYnONQPow�XePWSaVRnOS�S1*�c3SUwUVRSlL$wU[]\ � NQwUVuLOSlgkX�{ wl[]`ac3[e\OSl\mVu[eh�VRnOS�wl^OTWTRSU\qV
S1*�c3SUwUVRSlL�PWw�nOSlLO^HgkSugkSl\HteVYn@t]S�VYP�Nk\OwUTRSlXePRSUL*�

��nOS ^O\HLOSlTWgQ{xNk\Ot&cHTRNk\HwlNkcHgkS�[Zh y<y�K#�C� NQP VY[ X��][eNkL�wl[e`+_ONk\HNk\Ot&XZ\�[ec3SUTYXZVRNk[]\ N�hoVYnOS
Nk\OwUTRS�XZPRS Nk\ VYnOS<S2*Hc�Slw�VYSUL LOSUgfX�{ LO^OS�VR[9wU[]\ � NQwUVYP VRndXZV NQV wlXe^OPWSlPCS1*�wlSUSlLOP �]� � h�VYnOS<[]c�SlTRXZVYNQ[]\
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Nk\ �/��� � �
� � � � � � � � 	 �*��nH[]PRS�wU`rcOc gkXZVYSU\OwU{�ndXeP _�SlSU\ S2*xVYSl\HLOSlL*� `rX�{�c�[eVYSU\mVYNfXZgkgQ{bTWSlPR^HgQV
Nk\�NQ`rcHTR[ �]SUL�c�SlTWhi[eTR`rXe\OwlSo��nOSU\�wl[]`+_HNk\OSUL���NQVRn�Xe\H[eVYnOSUT9PW^Ow�n�[]c�SlTRXZVYNQ[]\bhiTW[]`�VYnHS gkNQPWVl�
4 S2*�VRSl\OLx�7XegQg54�y y�K#�C� V�XZ�eSlP�X�PRNk`acOgQSanHSl^OTWNkPWVRNkw XecOcOTW[mXew�n Xe\OL ��XeP+gQNk\OS 1�[eh �zNQt]^OTWS 0H� � �
PRnO[ ��Pl��w�nO[x[]PRSUPIVRnOS jdTRP>VITRS�XZLH{�[]c�SlTRXZVYNQ[]\ hiTR[]` �$��� � �
� ��� �4� � � � 	�VR[�PRw�nOSULO^OgkSZ�
	 S \O[ � LHSl`a[]\OPWVRTYXZVRS�VYnHS;��[]TW�qNk\Ot�[eh 4 S1*xVYSU\OL��7XZgkg54�y<y3K�����^OPWNk\Ot�Xe\�S2*HXe`rcHgkS;PWnO[ ��\

Nk\ ��Nkt]^OTWS 0H� � � � ��Nkt]^OTWS 0H� � � | Xm��PRnH[ ��P<VYnHS�cOTRSULONkwlXZVYSULr_dXZPRNkw�_Hgk[xw���� �zNkt]^HTRS 0H� � � | _ �zPRnH[ ��P
VYnOS@wl[eTRTRSUPRc�[]\OLONQ\Ot LdXZVYX LHSlc�Sl\OLOSU\OwlS�t]TYXZcOn*� �<Xew�n SlLOt]S@NQP�` XeTW�eSUL ��N�VYn&VYnHSb[eTRNkteNk\dXeg
PRnO[]T>V�gfX VYSl\HwU{]� ��� ��� 	���� 	 � � ���3��[Zh���wU{xwlgQSe����nOS�gkXZVYSU\OwU{ S1*xVYSU\OPRNQ[]\&PWVRSlc XegQPR[�`rXeTW�xP�VYnOS
Nk\OwU[]`rNQ\Ot�wl`acOc�SlLOt]So[ehzS�Xew�n�XeTRN�VYnO`aSUVRNkw;[ec3SUTYXZVRNk[]\ � �oVYnHTR[]^Oten���7���N�VYn@VYnOSoS1*xVRSl\OLOSUL
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C1: p1,p2 = cmpp(t1 < 10) if p0

A1: t3 = t1 + t2 if p1

A2: t3 = t1 – t2 if p2

A3: t4 = t2 | 2 if p2

M1: store(t4, A, t3) if p0

C2: p3 = cmpp(t5 > 20) if p0

A4: t6 = t5 & 0x7 if p3

A5: t7 = t6 + 1 if p3

M2: store(t8, B, t7) if p0

B: if(t3 < 1) goto … 

(a) Assembly code

M1

B

0

(b) Data Dependence Graph

C1

A2A1 A3

1/3

1/3

1/3

M2

C2

A4

1/3

A5

0

Predicates Freq. Operation Freq. HBP

p1: 0.9 C2: 1.0 5

p2: 0.1 C1: 1.0 4

p3: 0.25 A4: 0.25 2

A1: 0.9 1

A2: 0.1 1

A3: 0.1 1

A5: 0.25 1

M1: 1.0 0

M2: 1.0 0

B: 1.0 0

(c) Execution and activation frequencies

1
1

1
1

1
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B

B

M27

A1?p13

A4?p32

C11

M1A5?p36

A3?p25

A2?p24

C20

MATime

B

B

M27

A1?p13

A4?p32

C11

M1A5?p36

A3?p25

A2?p24

C20

MATime
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gfXZVRSl\Ow�{]� �	� 	 � ��� �E����� 	 � � ���3�d[eh 0�wU{xwlgQSlP�� Xegkg�jO�]Su[ehCVYnOSUPRSo[]c�SlTYX VYNk[e\OP�XeTWSu`rXeTW�eSlL@_�SlwlXe^OPRS
S�Xew�n wlXe\ _�S9wU[]`+_ONQ\OSlLa��NQVRn XZV gkSlXePWVE[]\OSI[eVRnOSlT�XeTRN�VYnO`aSUVRNkw�[]c�SlTRXZVYNQ[]\�PR[ VRndXZV<VYnOS9TRSUPR^Og�VW�
Nk\OtuLOSlgkX�{�LO^OS�VY[uwl[]\ � Nkw�VYP LO[�SUP<\O[eVES1*�wlSUSlL �]�zK�P Xe_�[ �eSe�x��S9XePRPW^O`aSIVRnOS�` Xew�nHNk\OS�`a[�LOSUg
Nk\��zXZ_OgkS � � ����NQVRn�wl`acOc�gfXZVRSl\Ow�{+[eh 0oXe\OL } v � �� �]� �zNk\OXegkg�{]� �zNkt]^HTRS 0H� � � | w ��PWnO[ ��P�XZwUVYN �
�eX VYNk[e\�hiTWSlpq^OSU\OwlNQSlP�[Zh3VRnOS�cOTRSULONkwlXZVYSUP�XeP��ESlgQg XeP<S1*�SlwU^HVYNQ[]\rhiTWSlpq^OSl\HwlNkSUPE[Zh VYnHSI[ec3SUTYXZVRNk[]\OPU�
�9[eVRS hi^OTWVRnOSlTIVYndX V;NQV9PRnH[ ��P;VRnOS nHSlNktenqV>�J_dXZPRSlL�cHTRNk[eTRNQVJ{ | � ��yE�I[eh<S�Xew�n�[ec3SUTYXZVRNk[]\*� �I[eVYS
VYndXZV�[]c�SlTRXZVYNQ[]\OPuXeTRSagkNQPWVRSlL Nk\ VYnOSaLOSlwUTRSlXePRNQ\Ot�[]TWLOSlTu[eh�VRnOSlNQT � �syC� �J\ XeLOLON�VYNk[e\*� Nk\ []^OT
S1*HXe`acOgkS;VRnOS � �sy cOTRNQ[]TRN�VJ{ []TWLOSlT�[ZhCVRnOSo[]c�SlTYX VYNk[e\OPsNkPEVYnOSoPYXZ`rS _�SUhi[]TWSoXe\OLbXZh VRSlTswU`rcOc
gfXZVRSl\Ow�{@S1*xVYSU\OPRNQ[]\�PWVRSlc*����nHSlTRS�hi[]TRSZ���ES [e\OgQ{�PWnO[ �-S�Xew�n�[]c3SUTYXZVRNk[]\ 4 P�cOTWNk[]TWNQVJ{ _�SUhi[eTRSoVYnOS
gfXZVRSl\Ow�{�S1*xVYSU\OPRNQ[]\*�

��nOSoXZcOcOgkNQw�XZVRNk[]\r[eh VYnHS _dXePRSUgkNQ\OS;gkNQPWVEPRw�nOSULO^OgQSlT�VY[+VRnOS;S1*HXe`acOgQS;TRSUPR^Og�VYP�Nk\ X+PRw�nOSULO^OgkS
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Scheduling A5Scheduling A3Scheduling A2Scheduling A1Scheduling A4

6.2

A5?p3

A1?p1

A4?p3

C1

C2

Sched

A5?p3

hpr_ready_oplist

A2?p2 A3?p2

1.0

CSLI

A3?p2

5.2

A3?p2

A1?p1

A4?p3

C1

C2

Sched

A5?p3

A3?p2

hpr_ready_oplist

A2?p2

1.0

0.2

CSLI

A2?p2

5

A2?p2

A1?p1

A4?p3

C1

C2

Sched

A5?p3

A3?p2

A2?p2

hpr_ready_oplist

1.0

0.0

CSLI

5

A1?p1

A4?p3

C1

C2

Sched

A5?p3

A3?p2

A2?p2

A1?p1

hpr_ready_oplist

1.0

CSLI

A4?p3

hpr_ready_oplist

1.0A4?p33

2

C11

4CSL

5

4

C20

CSLISchedTime

0

0

0.2

0

0

0

0

CflDel

A3?p2A2?p2

B

B

expected delay due to conflicts0.2

A4?p33

2

C11

M26

M1A5?p35

A1?p14

C20

MATime

(a) Scheduling record of A4, A1, A2, A3 and A5 (CSLI – current schedule length increase)

(b) Complete schedule
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gkSl\HteVYnu[eh ;�wU{xwUgkSlPU�mXeP cOTWSlPRSU\mVYSlL�NQ\ VYnOS��H�z�$PWnO[ ��\+Nk\ �zNkt]^HTRS 0H� ��0H� �9[eVRS<VRndXZVC[]c�SlTRXZVYNQ[]\OP
� ��VYnOTW[]^Ot]n���7�XeTRS+S2*�Slwl^�VYSlL wl[]\HLONQVRNk[]\dXZgkgQ{ _O^HVoTRSUPRSUTW�]S�VYnHS�K#� �
^O\OwU[]\OLON�VYNQ[]\dXegQgQ{]���J\
h XewUVl� SlXew�n [eh�VYnOSUPRS@[]c�SlTYX VYNk[e\OP+[]\Og�{ S2*�Slwl^�VYSlPrX�hiTYXZwUVYNQ[]\$[ehIVYnHS VYNk`aSe�zN~� Se� []\OgQ{ ��nOSU\
NQVYP cOTRSULONkwlXZVYS�NQP+��TW^OSe���J\ XeLOLON�VYNk[e\*��Xe`a[]\Ot�[ec3SUTYXZVRNk[]\OP�� �]��� � Xe\OL���0H��SUNQVRnOSlT � ��NkP
S1*�SlwU^HVYSUL�[]T�� � XZ\OL ��0�XeTRS _�[eVRn�S1*�SlwU^HVYSUL*� _3SUw�Xe^OPWS � �oXe\OL � � hi[]TR` X�wl[]`acOgQSUVYS�PRSUVI[eh
LONkP �W[]Nk\mVocOTWSlLONQw�XZVRSlPl�aK�PuX@TRSUPR^Og�V�� ��SaS.33Slw�VYN��]Slg�{���XePWVRSrSUNQVYnHSlTowU{xwlgQS�0b[]T _�[eVRn w�{�wUgkSUP �
Xe\OL�7+��nHSl\OS��]SlT9VYnONQP�wl[xLOSoPRSlte`rSU\qVINQP�S1*�SlwU^HVYSUL*�
	 N�VYn*4 S1*xVYSU\OL��7XZgkg54�y y�K#�C�3� Xe\oS2*Hc�Slw�VYSUL PRw�nHSlLO^OgQS<gkSl\HteVYno[eh 1�� � wU{xwlgQSlP w�Xe\u_�S<Xew�nONkS��]SUL

XeP@PRnO[ ��\ NQ\ �zNkt]^HTRS�0H� � � | _ ��� �zNQt]^OTRS 0H� � � | Xm� PWnO[ ��P�nH[ � VYnONQP�PRw�nOSULO^OgQS NQP LOSlTWNQ�eSlL*�
� XZw�n wU[]gk^O`a\�wU[]TRTWSlPRc�[]\OLHP;VY[�PRw�nHSlLO^OgQNk\Ot@X PWNk\OtegkS [ec3SUTYXZVRNk[]\ | � �+VRnOTR[]^Ht]n���7]� ���J\�VYnOS
jdTRP>V+wl[egk^O`a\ []c�SlTRXZVYNQ[]\OP 	 � Xe\OL 	 �rndX��]S�XZgkTRSlXeLH{ _�SlSU\$PRw�nOSULO^OgQSlL&Nk\ wU{xwlgQSlP � Xe\OL �]�
TRSlPWc3SUwUVRNQ�]SUgQ{e�z��nOS<VY[]c [ZhHSlXew�n�wU[]gk^H`r\ PWnO[ ��PCVRnOS�gkNQPWV [eh�nONQt]nOSlP>V cOTRNQ[]TRN�VJ{ITRS�XZLH{ []c�SlTRXZVYNQ[]\OP
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| �/��� � � � � � 	 � �
� ���H�;Xe`a[]\Ot���nONQw�n 4 S1*xVYSU\OL��7XZgkg54 y<y�K#�C� cONQw��qPuVRnOSajOTRPWV�TRSlXeLH{ []c�SlTRXZVYNQ[]\
VY[�PRw�nHSlLO^OgQSe����nOS�PWw�nOSlLH^OgkS@XegQPR[�PRnO[ ��P+VYnHS 	 � ��� � � � � � � �
� ��� | XZ_O_OTRS��xNfXZVRSlL XeP 	 � � �

Nk\�VRnOS�jOt]^OTRS�������nONkw�n�hi[eT�Xat]NQ�eSl\���NQ`rS 	�TRSUcOTRSUPRSU\qVRPoXe\�NQ\OwlTWS�XePWS NQ\�VYnHS wl^HTRTRSU\mV cdXeT>VYNfXZg
PRw�nOSULO^OgkSugkSU\OteVRnbLH^OSuVR[�PRw�nOSULO^OgkNQ\Ot�VYnOSowU^OTRTWSl\mV�[ec3SUTYXZVRNk[]\@XZV�VRnONkPsVRNk`aS | PWSlSuLOSlPWwlTWNkcHVRNk[]\
[eh .�.$	��$� � � � ��� � � � � ! � � � � NQ\ �zNQt]^OTRS 0H� � � ������nOS�gfXZPWV�TR[ � [eh�VYnOSrV�Xe_OgQS PWnO[ ��P+VYnOS
wl^OTWTRSl\mV9cdXeT>VYNfXZg*PRw�nOSULO^OgQS�gQSl\OteVRn |�	 � � �sXZh VRSlT�SlXew�n�[]c�SlTRXZVYNQ[]\�NkP�PWw�nOSlLH^OgkSUL*�
�J\ON�VYNkXegkg�{]� � � NkPoVYnOSr[]\OgQ{ [ec3SUTYXZVRNk[]\ Nk\ VYnOS �$��� �4� � � � 	 � �
� � � Xe\OL NQV�t]SUVRP cOgkXewlSUL&XZV

��Nk`aS$0�PWNk\OwUS�NQV�NkP�LOSlc�Sl\HLOSl\mV<[]\ VRnOS�VRnOTRSUS�wU{xwUgkSswU`rcOc []c3SUTYXZVRNk[]\ 	 � �Z��nONQw�n�NkPzPWw�nOSlLH^OgkSUL
XZV+��NQ`rS � ����nHS wl[]TWTRSUPRc�[]\OLONQ\Ot 	 � ��� � � � � � � �
� ��� NQP � Nk\ VRnONkP�w�XePWSe��PWNk\OwUS PRw�nHSlLO^OgQNk\Ot
� � XZV ��NQ`rS*0�NQ\OwlTWS�XePWSlP VYnOS�wU^OTRTWSl\mVuPRw�nOSULO^OgQSagQSl\OtZVYn�_m{ � wU{xwUgkSlP | PRSlS � Nk\HS �e� [eh,�zNQtZ�
^OTRS 0H� � �@Xe\OL wU[]TRTWSlPRc�[]\OLHNk\Ot�S2*HcHgfXe\dX VYNk[e\&Nk\$VYnHS VYS1*xV����&�xw�nOSlLO^HgkNk\Ht � � hiTRSlSUP ��7�� K�P
VYnOSrPRSlwU[]\OL&wU[]gk^O`a\ PRnO[ ��Pl��VRnOSlTWS XeTWS \O[ � � TRS�XZLH{ []c3SUTYXZVRNk[]\HPo��N�VYn VYnOSrPYXe`aSrnHNkt]nOSUPWV
cOTRNQ[]TRN�VJ{ | � �sy  � ������nOS�PRw�nOSULO^OgkSUT�cONQw��qP9VYnHSujdTWPWV�[]c3SUTYXZVRNk[]\ � ��Xe\OL�cOgfXewUSlPINQV9XZVI��Nk`aS
� ��VYnOS;jOTRPWV�w�{xwlgkS;��nHNkw�n�PYX VYNkP>jdSlP�N�VYPsLOXZV�X+LOSUc3SU\OLOSU\OwlSo��NQVRn 	 �]�HXe\OL 	 � ��� � � � ��� � �
� ���

NkP�PRS�VIVR[ �]�
�IS1*xV��� � NkP cHNkw��eSUL*� � V+wlXe\&_3S PRw�nOSULO^OgkSUL Nk\$[]\HS [eh�VJ�E[�wU{xwlgQSlPl�r��Nk`aS � VR[�PRnOXeTRS

VYnOS+K�� �
TRSUPR[]^OTWwlS ��N�VYn � �]� TWSlPW^OgQVRNk\OtrNk\ 	 � ��� � � � ��� � �
� ���  � � PWNk\OwUS�� ��XZ\OL � � XeTRS
LONkP �W[]Nk\mV XZ\OL�VYnHSlTRS NkP�\H[ wl[]\ � Nkw�V LOSlgkX�{]� [eT���Nk`aS
7 TRSlPW^OgQVRNk\OtrNk\ 	 � ��� � � � ��� � �
� ���  �]�
PRNk\HwlS VRnOS+wl^HTRTRSU\mV PRw�nOSULO^OgQS+gkSU\OteVYn�NkP�NQ\OwlTWS�XePWSlL�_m{ �+wU{xwUgkSe���[eVYn�w�nO[]NkwUSlP XZTRS PWnO[ ��\�Nk\
VYnOS���w�nOSULO^OgQNk\Ot � � wl[]gQ^O`r\�NQ\ �zNkte^OTRS 0H� � � | Xm� ��VRnOS gk[ �ESlT�wl[ePWV�w�nO[]NQwlS NQPsnONktenOgkNQt]nmVYSlL � � �
t]SUVRP9PWw�nOSlLO^HgkSlL�XZV���Nk`aS � PRNQ\OwlS VYnOXZV�ndXeP�VYnHSugQ[ ��SUT 	 � ��� � � � ��� � �
� ���]�
� 0oNQP�cONkw��ZSlLa\OS1*xVEXe\OL�N�V�w�Xe\at][ SUNQVYnHSlT<XZV<��NQ`rS � []T�VRNk`aS 7�����w�nOSlLH^OgkNQ\Ot ��0oXZV<��Nk`aS

� VY[+PWndXeTRS9VYnOS;K�� � TRSUPR[]^OTWwlS;��N�VYn�� �oXe\OL�� � ��Nkgkg NQ\OwlTWS�XePWS�VYnOS�PRw�nOSULO^OgkS gQSl\OtZVYn _m{ � � �
wU{xwlgQSlPoLO^OS+VR[�wl[]\ � NkwUVoLHSlgfX�{ | � TWSlwU[ �eSlT>{�w�{xwlgkSUP � � | � �  ���! � � ��� �  ��� � ���u��nONkP
LOSlgkX {�TRSlPW^OgQVRP;hiTR[]`�VYnOS+h XZwUV VYnOXZV � �aXe\HL � � XeTRS�LONQP �W[]NQ\mV��*nOSU\OwlS�VRnOSlNQT �W[]Nk\mV S2*HSUwl^HVRNk[]\
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hiTRSlpq^OSU\OwU{bNQP��]� Xe\OL�VYnHS�� 0aS2*�Slwl^�VYNk[e\bhiTWSlpq^OSl\HwU{bNkP � � �]�
�zNQ\dXegQgQ{]�ZVYnOSI[]\Og�{�TRSl`rXeNQ\ONk\Ot [ec3SUTYXZVRNk[]\���NQVRn XunOSlNQt]nmVW�J_OXePRSUL cOTWNk[]TWNQVJ{�[eh ��NQP ��7�����nOS

S�XeTWgkNkSUPWV�VYNQ`rS N�VIw�Xe\�_3SoPRw�nHSlLO^OgQSlL�NQP�VRNk`aS � PWNk\OwUS�N�VINkP�LdXZVYXaLOSUc3SU\OLOSU\qV�[]\�� � ��N�VYn�X �
wU{xwlgQSIgkXZVYSU\OwU{e� � [ �ESU�eSlT ��7�wlXe\O\O[eV<_�SsPWw�nOSlLO^HgkSlL XZV���NQ`rS � PWNk\OwUS�VYnHSlTRSIXeTWS 0;[]c�SlTRXZVYNQ[]\OP
XegkTWS�XeLH{ PWw�nOSlLO^HgkSlL XZV�VYnONQPuVRNk`aS XZ\OL$[]^OT�` XZw�nONk\OSrndXeP X�hiSUVRw�n$��NkLHVRn$[eh 0�[ec3SUTYXZVRNk[]\OPU�
��nOSlTWSUhi[]TWS ��7�t]SUVRP�PRw�nHSlLO^OgQSlLrXZV���NQ`rS 7��e��nONQw�n�Nk\OwUTRS�XZPRSlP�VRnOS�wl^HTRTRSU\mV<S1*�c3SUwUVRSlLaPRw�nOSULO^OgkS
gkSl\HteVYnb_m{ �owU{xwlgQSe�
�zNQ\dXegQgQ{]�3[]c�SlTYX VYNk[e\ � � t]S�VYPoPRw�nOSULO^OgQSlL&XZVo��NQ`rS�7x�zXe\HL []c�SlTRXZVYNQ[]\OP � � Xe\OL � t]SUV

PRw�nOSULO^OgkSUL XZV���Nk`aS /��zTRSUPR^Og�VYNQ\Ot�NQ\ VRnOSajO\dXeg PRw�nOSULO^OgkSrPRnO[ ��\&NQ\ �zNQt]^OTWS 0�� � � | _ �;��nONkw�n
ndXeP Xe\�S1*�c�SlwUVRSlLrgkSl\HteVYn�[eh 1�� � wU{xwlgQSlPU����nOS�gfXeP>V�wl[]gQ^O`a\�PRnO[ ��P�VYnOS�LOSUgfX�{+LH^OSsVY[owl[e\ � Nkw�VYP
hi[]T�S�Xew�nbPRw�nOSULO^OgQSuVRNk`aS;PRgQ[eV��
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K9P PRnH[ ��\ NQ\ []^OT�S1*�c�SlTRNQ`rSU\mVYP | PRSUS@��Slw�VYNQ[]\ 0H�27�� � � � ���zS2*xVYSl\HLONk\Ot�VRnOS wU`rcHc$gfXZVRSl\Ow�{
gkS�XZLOPzVY[�wlTRN�VYNQw�XegqcdXZVRn�Nk\OwUTRSlXePRSUP�Nk\�XZwU{xwlgQNkw�wU[�LHS�TRSUt]Nk[e\OP���nONQw�n�LOSlteTYXeLOSUP�VYnOS�c3SUTWhi[]TW` Xe\HwlS
[eh�4 S2*�VRSl\OLx�7XegQg54sy<y�K#�C�3� } []\HPRSlpq^OSU\mVYgQ{e���ES cHTR[]c�[]PRS X$PWSlwU[]\OL*��XegQVRSlTR\OXZVYN��]S�XegQt][]TWNQVYnH`��
w�XegQgkSlL 4 jdTRP>VW�~jOV 4 y<y3K��C����nONQw�n�LH[�SUPI\H[eV�S1*xVYSU\OL�wU`rcHcbgkXZVYSU\OwU{ cOTRNQ[]T�VY[�PWw�nOSlLO^HgkNk\HtO�d_O^HV
[]\OgQ{ V�Xe�ZSlPIXeLH�ZXe\mV�XZt]So[ehzwU[]`+_ONQ\ONk\Ht�[]cOc�[]TWVR^O\ONQVRNkSUP�XeP�VYnOS�{bXeTRNQPRSZ�
	 nOSU\-4 jdTWPWVW�~jOV 4qy<y�K#�C��w�nH[�[]PWSlP Xe\a[]c�SlTYX VYNk[e\ hiTR[]` �$��� �4� � � � 	 � �
� � ���mXeP<Nk\�4 S1*xVRSl\OL��

Xegkg 4 y y�K#�C�3� NQV�XegQPR[9VRTRNQSlPCSU�]SUTW{ XegQVRSlTW\dXZVYN��]S<Nk\uVYnOS TYXZ\Ot]SEhiTW[]` � � � � ��� �sVY[ � � �
� ��� �sVY[
jd\OL VRnOS9w�{xwlgkS | Xe\HL TRSUPR[]^HTRwlS��<VRndXZV w�Xe^HPRSlPEVYnOSIPR`rXegkgQSlP>V<Nk\OwUTRS�XZPRS�NQ\aVRnOSIwl^OTWTRSl\mV�PRw�nOSULO^OgkS
gkSl\HteVYn*� 	 � ��� � � � ��� � �
� ���]��� huXe\ []c�SlTRXZVYNQ[]\ NQP PWw�nOSlLO^HgkSlL gQSlPRPrVYndXe\ �	� 	 � ��� �E����� 	 � ����

XZh VYSUT NQVYP�wl`acOc�cOTR[xLO^OwUSlTU�*VYnONQP []c3SUTYXZVRNk[]\�`+^OPWV;TRSlPWSlT>�]SaNQVYP�TRSlPW[]^OTWwlS�^O\OwU[]\OLON�VYNk[e\dXegkg�{bXZV
VYnONQP�wU{xwlgQSe� PRNk\HwlS�NQVRP+cOTWSlLONQw�XZVRS�w�Xe\O\H[eV�_3S�TWS�XeL SlXeTRg�{ | LO^OTRNQ\Ot�VYnHS�cOTRSULONkwlXZVYS�TWS�XeL Xe\OL
LONkPWcdXZVYw�n P>V�Xet]SZ�<PRSlS���SUwUVRNk[]\ 0H� 0m� ���J\&VYnHNkP+wlXePRSZ�<VRnONkP []c3SUTYXZVRNk[]\ 4 P+S2*�Slwl^�VYNk[e\ hiTWSlpq^OSU\OwU{
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��NkgkgI_�S�Nk\OwUTRS�XZPRSlL VR[ �]� � ��PRNk\HwlS�NQV XegQ��X�{xP�TRSlpq^ONQTRSUP�NQVYPrTRSUPR[]^OTWwlSZ� � hoVYnOS�[]c3SUTYXZVRNk[]\ NkP
PRw�nOSULO^OgkSUL XZV+gQS�XeP>V �	� 	 � ��� �E����� 	 � � ���$wU{xwlgQSlP�X h VYSlT�NQVRP wl`acOc*��VYnOS [ec3SUTYXZVRNk[]\ 4 PucOTRSULONkwlXZVYS
w�Xe\$_�S TWS�XeL S�XeTWgQ{e��Xe\OL VYnOSUTRSUhi[eTRS N�Vuw�Xe\$TWSlPWSlTW�eS NQVRP�TWSlPW[]^OTRwUS wl[e\OLONQVRNk[]\OXegkg�{]� �W^OP>V�XePuNk\
4 S2*�VRSl\OLx�7XegQg54dy<y3K��C�3�
�h9wl[]^OTWPRSZ��NQhIVYnHSb[ec3SUTYXZVRNk[]\&TWSlPRSUTW�eSlP N�VYP�TRSUPR[]^HTRwlSb^O\OwU[]\OLON�VYNQ[]\dXegQgQ{]�zNQV���NkgQg�NQ\Owl^OTaX

nONkt]nHSlT�wU[]\ � NQwUV�LOSlgkX {rc�Sl\dXeg�VJ{���nOSl\@wl[e`+_ONk\HSlL ��N�VYn XZ\O[eVYnHSlTscOTWSlLONQw�XZVRSlL [ec3SUTYXZVRNk[]\aVYndXe\
NQhINQV TRSlPWSlT>�]SlPaNQVRP+TRSUPR[]^HTRwlS@wU[]\OLON�VYNk[e\dXegkg�{]� �xNk\OwUS VYnOS�PWw�nOSlLO^HgkSlT�w�nO[x[]PWSlP�VYnOS�w�{xwlgkS ��N�VYn
`rNQ\ONk`+^H` 	 � ��� � � � � � � �
� ���]�q[]c�SlTYX VYNk[e\OP ��NQgkg []\Og�{�_3S9PRw�nOSULO^OgQSlL�^O\OwU[]\OLON�VYNQ[]\dXegQgQ{+N�h*VYnHNkP
��NkgkgegkS�XZLuVR[9X�`aNk\ONQ`+^O`�Nk\OwUTRS�XZPRS<Nk\oVYnOS<wU^OTRTWSl\mVzPWw�nOSlLH^OgkSEgkSl\HteVYn*� �9[ZVYS�VYndX VzXZ\�[]c�SlTRXZVYNQ[]\
VYndXZV ^O\Hwl[]\OLHNQVYNQ[]\dXegQgQ{uTRSUPRSUTW�]SUPsNQVRP�TRSUPR[]^OTWwlSIw�Xe\agkSUtmXegQgQ{ | NQh�\O[ZVE_�Sl\HSUjdwUNfXegQgQ{H�z_3S�wU[]`+_ONQ\OSlL
��NQVYn [eVYnOSUT�[ec3SUTYXZVRNk[]\OPU� � [ ��S��]SlTU�qSU�]SU\+VYnO[e^Ot]nmV�N�V�NQP�gQSltmXZgqVR[�wU[]`+_ONQ\OS hi[eTCVJ�E[;[]c�SlTRXZVYNQ[]\OP
VYndXZV9^O\OwU[]\OLON�VYNQ[]\dXegQgQ{rTRSlPWSlT>�]S VRnOS PRXe`rSoTWSlPR[e^OTRwUSe�3VRnOSU{b\OS��]SUT9��NkgQg _3Suwl[e`+_ONk\HSlLbPRNk\HwlSuNQV
NkP�\HSU�]SUTs_�Sl\OS�jdwlNkXeg�VR[+LO[+PW[O� } []` _ONk\ONQ\Ot�VJ�E[+PW^Ow�n�[]c�SlTYX VYNk[e\OP �E[]^OgQL TRSUPR^Og�VsNQ\ X wU[]\ � NQwUV
LOSlgkX {a[eh XZVsgQS�XeP>V �9wU{xwlgQSe�OXZ\OL VYnq^OPE��Nkgkgd_�S�TW^OgkSUL []^�Vs_m{a[]^OT .�.$	��$� � � � ��� � � � � ! � � � �

Xegkt][eTRNQVRnO`M_�Slw�XZ^OPRSsVRnOS�XegQt][]TRN�VYnO`���NQgkgqgfX VYSlT�wl[]\HPRNkLHSlT�PWw�nOSlLO^HgkNk\Ht�VYnOS�[ec3SUTYXZVRNk[]\�[]\OSsw�{�wUgkS
gfXZVRSlT�VYndXZ\�VYnHS�SU\OL�[eh�VYnOSuwl^HTRTRSU\mV;PRw�nHSlLO^OgQS+Xe\HL���NkgQg*w�nO[x[]PRSuVYndX V9PWw�nOSlLH^OgkS�PRgk[ZV | []T�[]\OS
��NQVYnbSU�eSl\�gk[ ��SUT�wl[]P>V �s[ �]SlT�VRnONkP�[]\HSe�
	 nOSUTRSlXeP�4 S2*�VRSl\OLx�7XegQg54�y<y�K#�C�;w�nO[�[ePRSlP VRnOS�jdTRP>V TRS�XZLH{;[]c�SlTRXZVYNQ[]\;hiTR[e` �/��� � � � � � 	 � �
� � �

VY[aPRw�nOSULO^OgkSZ� 4 jdTWPWVW�~jOV 4�y<y3K��C�b\OSUSlLOPIVY[�` XZ�eS�Xa`a[]TRS NQ\mVYSlgQgkNQt]Sl\mV�LOSUwlNQPRNk[e\�Xe\HL�wlXegkgQPsVYnOS
� � � � � �  ( 1 � � � ��� .  � ��� � � � � hi^H\OwUVRNk[]\aVY[ w�nH[�[]PWS9VRnOS�[]c�SlTRXZVYNQ[]\���NQVYnaVYnOS 9 6 ( ;:3 � & B « � # �

� # D I & 3�6 #73 � ( 9 ��K�\ []c3SUTYXZVRNk[]\ NQ\ �/��� �4� � � � 	 � �
� � ��NkP PRXeNkL�VR[�ndX��eSaVRnOSrgQS�XeP>Vowl[]` _ONk\ONQ\Ot
c3[eVRSl\mVYNkXegON�h3N�V���[e^OgkL�TRSUPR^Og�V<Nk\�VYnHSInHNkt]nOSUPWV<wU[]\ � NQwUV<LOSUgfX�{+��nOSU\rwU[]`+_ONQ\OSlL���NQVRn�VYnOS�[eVRnOSlT
[]c3SUTYXZVRNk[]\HP�Nk\ �/��� �4� � � � 	 � �
� � ���

��nOSrPRw�nOSULO^OgQSlT+w�nO[x[]PWSlP�Xe\ []c�SlTYX VYNk[e\ ��N�VYn VRnOS gQS�XeP>V wU[]`+_ONQ\ONk\Htbc�[eVRSl\mVYNkXeg�jdTRP>V+_�S��
w�Xe^OPWS;PRw�nHSlLO^OgQNk\Ot�VYnONQP�[]c�SlTRXZVYNQ[]\r^H\Owl[]\HLONQVRNk[]\dXZgkgQ{ t]NQ�eSlP VYnOS9TRSl`rXeNQ\ONk\OtuTRSlXeLH{a[]c�SlTRXZVYNQ[]\OP
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LeastCombiningPotential(hpr_ready_oplist)

1 for each operation, op, in hpr_ready_oplist do

2 if (op is cmpp operation) then

3 return op
4 end if

5 end for

6 mincombiningpotential = +inf

7 for each operation, op1, in hpr_ready_oplist do

8 combiningpotential = 0
9 for each operation, op2, which is not op1, in hpr_ready_oplist do

10 if(op1 is NOT disjoint from op2) then

11 combiningpotential -= CflDelay from combining op1 and op2

12 else

13 combiningpotential +=1
14 end if

15 end for

16 if combiningpotential < mincombiningpotential then

17 mincombiningpotential = combiningpotential
18 op_mincombiningpotential = op1
19 end if

20 end for

21 return op_mincombiningpotential

687 98:�; f �ihkj �il��p� =�z�tQvkxs��� x9z rQ��z�z.q9o�z�w�o�t:~�xsvkz.{�� vkxs��xs��o��ko�~�q9x ruz.� ��v�{yv�{8=�w�z�x9o�{dxsv�~��

Nk\ �$��� �4� � � � 	 � �
� � ��� VRnO[]PWSb��N�VYn nONkt]nHSlT�wl[e`+_ONk\HNk\Ot c�[eVYSU\qVRNfXeg � X w�nOXe\OwlSbVY[ _3S@PWw�nOSlL��
^OgkSUL wU[]\OLON�VYNQ[]\dXegQgQ{ XZV�X�gkXZVYSUT VYNQ`rSa��nOSlTWS@VRnOSU{$` X�{ _3S h XeT Sl\O[]^Ht]n hiTW[]`/VYnOSUNkT+wU`rcOc
VY[&Xew�nHNkSU�eS�X PW` XZgkg�wl[]\ � Nkw�V LOSUgfX�{ ��nOSl\�wU[]`+_ONQ\OSlL � �I[eVYSbVYndXZVrNQh Xe\ []c�SlTRXZVYNQ[]\ ��N�VYn
X nHNkt]nOSUT wU[]`+_ONQ\ONk\Ot�c3[eVRSl\mVYNkXeg NkP+PWw�nOSlLO^HgkSlL S�XZTRgkNQSlTU��NQV�NQP+`a[]TRSrgkNk�ZSlg�{ VR[�_3S�PWw�nOSlLH^OgkSUL
^O\Owl[e\OLONQVRNk[]\OXegkg�{]�HVRnx^HP9gQ[]PRNQ\Ot�NQVYP�[]cHc3[]T>VY^O\HNQVJ{�VY[aTRSUPRSUTW�]S NQVYP�TWSlPR[e^OTRwUS wl[e\OLONQVRNk[]\OXegkg�{ X V;X
gfXZVRSlTEVRNk`aSI��nHSl\OS��]SlT�N�Vs`aNkt]nmVEwl[]`+_HNk\OSI��NQVYn X PR`rXegkgQSlT<wl[e\ � Nkw�V�LOSUgfX�{]�<�q{�`a`aSUVYTWNkwlXegkg�{]�qNQh
Xe\�[]c�SlTRXZVYNQ[]\���NQVRn�X�gk[ �ESlT�wl[]` _ONk\ONQ\Ot�c3[ZVYSl\mVRNfXeg*NQP�PRw�nOSULO^OgkSUL�gfX VYSlTU�dNQV�NQPI`a[]TWSugQNk�ZSlgQ{rVY[
_3S�PWw�nOSlLO^HgkSlL wl[e\OLONQVRNk[]\OXegkg�{]��Xe\OL�VRnx^HPuwU[]^OgQL�PRndXeTWS�NQVRP�TRSUPR[]^HTRwlS���N�VYn�[eVRnOSlT;[ec3SUTYXZVRNk[]\OP��
nO[ ��S��]SlTU��_�SlwlXe^OPWS+VYnONQP;[]c�SlTYX VYNk[e\ 4 P�wl[]`+_HNk\ONQ\Ot c�[eVYSU\mVYNfXZg�NQP;gk[ �o� N�V NkP9`r[eTRS+gQNk�eSUgQ{�VR[�_3S
^O\dXe_OgQS VY[�V�Xe�ZS�t][x[xL�XZLH�ZXe\mV�Xet]So[ehCVYnOXZVI[]cOc�[]TWVR^O\ONQVJ{ VY[awl[]`+_HNk\OS LO^HSuVR[aVRnOSogfXew�� [Zh�Xe\
X �ZXeNQgfXe_HgkS;gQ[ � wl[e\ � Nkw�V�cdXeT>VY\OSUT�VR[�wl[]`+_HNk\OS;��N�VYn*�

��nOS � � � � �9�� ( 1 � � ��� � .  � ��� � � � � hi^O\OwUVRNk[]\bNkPIPRnH[ ��\�Nk\ �zNkte^OTRS�0H� �%7���� VIV�Xe�ZSlPIVYnOS
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�$��� �4� � � � 	 � �
� � �$gQNkPWV�Xe\OL TWSUVR^OTR\OPrXe\ []c�SlTRXZVYNQ[]\&��NQVYn VYnHSbgQS�XeP>Vawl[]`+_HNk\ONQ\Ot�c3[ZVYSl\mVRNfXeg �
��nOS�jdTWPWV ,�& ��gk[x[]c | gQNk\OSUP ��� 7]��N�VYSlTRXZVYSUP9[ �eSlT9Xegkg*VRnOS�[ec3SUTYXZVRNk[]\OP�NQ\ �/��� �4� � � � 	 � �
� � ��Xe\OL
TRSUVR^OTR\HP VYnOS@jdTWPWV wU`rcHc []c�SlTRXZVYNQ[]\&hi[]^O\OL*��N�h Xe\m{e����nONkPawl`acOc [ec3SUTYXZVRNk[]\ NkPat]NQ�eSl\ VYnOS
nONkt]nHSlPWVaPWw�nOSlLO^HgkNk\Ht cHTRNk[eTRNQVJ{ hi[]T+VJ�E[ TWS�XePW[]\OPU� | N ��N�V�`+^OP>VaXegQ��X�{�P�TWSlPRSUTW�eS�N�VYP�TRSUPR[]^HTRwlS
^O\Owl[e\OLONQVRNk[]\OXegkg�{]� | NQN �sPRw�nOSULO^OgQNk\Ot N�V;SlXeTRg�{@t]NQ�eSlP;`a[]TRSu[]cOc�[]T>VY^O\ON�VJ{@VY[ N�VYP�LHSlc�Sl\OLOSU\mVo[]c��
SlTYX VYNk[e\OP�VY[a_3SuPRw�nOSULO^OgQSlL �	� 	 � � � �E����� 	 � � ���@wU{xwlgQSlPIgfXZVRSlT�PR[�VYndX VIVRnOSU{@`rX�{@TRSUPRSlT>�]SuVYnOSUNkT
TRSlPW[]^OTWwlSlP9wl[]\HLONQVRNk[]\dXZgkgQ{e�
� h<VYnHSlTRS+XeTRS+\H[�wl`acOc�[]c�SlTYX VYNk[e\OP�NQ\ �$��� �4� � � � 	 � �
� � ��� N � SZ�;VYnOS�TWS�XeLH{�wl`acOc�[]c�SlTRX �

VYNk[e\OP���NQVYn@VYnHS�wU^OTRTWSl\mV;nONQt]nOSUPWVIcOTRNQ[]TRN�VJ{ ndX��eS+XegQTRS�XZLH{�_�SlSl\�PRw�nOSULO^OgQSlL*� VYnOSuPRSUwl[]\HL�gk[x[]c
S1*�SlwU^HVYSUP | gQNk\OSUP�1 � ��7]������nOSawl[e`+_ONk\HNk\Ot�c�[eVYSU\mVYNfXZg�[ehES�Xew�n []c3SUTYXZVRNk[]\ � � � �]� NkP wl[e`rcO^�VYSlL
_q{ wl^O`+^HgfXZVRNQ�]SUgQ{rXeLOLHNk\Ot VR[ ��� � � � � � � � � ��	 � � 	 � ���zVYnOS;wU[]`+_ONQ\ONk\Ht+c3[ZVYSl\mVRNfXeg�[ehCwl[]` _ONk\ONQ\Ot
� � �a��NQVRn S�XZw�n$[eVYnHSlTu[]c3SUTYXZVRNk[]\ � �4� � �CNk\ VYnOSagkNQPWV | gQNk\OSUP 	 � �%7]� �(� h �4� � XZ\OL �4� � XeTRSr\O[eV
LONkP �W[]Nk\mV | gQNk\OS�� � ���]VYnHSlNkT<wU[]`+_ONQ\ONk\Ot c�[eVRSl\mVYNkXegdNkP<Slpq^dXZg VR[uVRnOSI\OSltmX VYNQ�eS��eXZgk^OS�[eh3VYnOS�LOSUgfX�{
LO^OS;VY[ wl[]\ � NkwUVE��nOSl\@_�[eVYn XeTRS;wU[]`+_ONQ\OSlL | gkNQ\OS � � ��� �J\ VYnONQPE��X {e� X nONQt]nOSlTEwl[]\ � Nkw�VsLOSUgfX�{
TRSlPW^OgQVRP9NQ\bXaPW` XegQgkSUTs[ �]SlTRXegkg � � � � � � � � � � ��	 � � 	 � ���J�%� h � � �uXe\HL �4� � XeTRSoLONQP �W[]NQ\qV | gkNQ\OS � � � �
��S�PWSUV+VRnOSlNQT�wU[]`+_ONQ\ONk\Ot�c3[ZVYSl\mVRNfXeg�VY[ � | gQNk\OS ��0m� ���J\$VYnHNkP���X�{]��[]c�SlTRXZVYNQ[]\OPo��NQVRn$`r[eTRS
LONkP �W[]Nk\mVucdXeT>VY\OSUTRP���NQgkgzVRSl\OL VY[�_3SaLOSlgkX�{]SlL `r[]TWSe� ��nONQw�n$NkPoLOSUPRNkTRXe_OgQSaPWNk\OwUSrLHNkP �W[eNk\mVu[]c��
SlTYX VYNk[e\OP�TRSlPW^OgQV9Nk\ /USlTR[rLOSlgkX�{�LO^OSoVY[awl[]\ � Nkw�VYP���nOSl\�wU[]`+_ONQ\OSlLbNQhCVYnHSU{bXeTWSuLHSlgfX�{eSlL�gQ[]\Ot
Sl\O[]^Ht]n VR[�_�S �	� 	 � ��� �E����� 	 � � ��� w�{xwlgkSUP X���X�{�hiTR[]` VYnOSUNkT wl`acOc []c�SlTRXZVYNQ[]\OPl����nHSagkXePWV � ,
wl[]\OLHNQVYNQ[]\ | gkNQ\OS ��/m��w�nO[�[ePRSlP9VYnOS�[]c3SUTYXZVRNk[]\ � �4� � � � � � � � � � � � � � ��	 � � 	 � ���J� VRndXZV9ndXeP9`rNQ\��
Nk`+^O`�wl[]`+_HNk\ONQ\Ot�c3[ZVYSl\mVRNfXeg � � � � � � � � � � � � � � ��	 � � 	 � ���J��PW[bh XeT | gkNk\HSlP �%1 � ��;m� � 	 nOSl\ VYnOS
L ���Igk[x[]cuS1*�NQVRPl� �4� � � � � � � � � � � � � � ��	 � � 	 � ���J�xVRnOSs[]c�SlTRXZVYNQ[]\���N�VYn�VRnOSsPW` XegQgkSUPWVCwl[]` _ONk\ONQ\Ot
c3[eVRSl\mVYNkXeg*NQ\ �/��� �4� � � � 	 � �
� � � NQP�TRSUVR^OTR\HSlL | gkNQ\OS � � � �
	 S�\O[ � LOSU`r[e\OPWVRTYXZVRS�VYnHS��E[]TR�qNk\Ht$[eh*4 jdTRP>VW�~jOV 4Ey<y3K#�C� ^OPWNk\Ot VYnOS�PYXe`aS�S2*HXe`rcHgkS
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t]^dXeTWLONk\OtucOTWSlLONQw�XZVRSI�ZXegQ^OSlPU�xVRnOSlNQT ^HPYXet]S9wl[]^H\qVENkP<wU[]`rcH^HVYSUL�XeP Nk\�VYnOSI_dXePWSlgkNQ\OS�w�XePWSe����nOS
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ppams-Main()

1 IIlow = max(ResMIIppams, RecMIIppams)

2 IIhigh = max(ResMIIbams , RecMIIbams)

3 while IIhigh – IIlow > smalldelta do

4 IImiddle = (IIhigh + IIlow) / 2

5 if ppams-FindSchedule(IImiddle) == true do

6 IIhigh = IImiddle

7 else

8 IIlow = IImiddle

9 end if

10 end while

11 return IIhigh

) 7 +

PPAMS-FindSchedule(IIexpected)

1 for IIstatic = ceiling(max(WidthResMII, RecMIIppams));

2 IIstatic < floor(IIexpected) + 1; IIstatic++) do

3 IICflDelay = IIexpected - IIstatic

4 if PPAMS-IterativeScheduler(IIstatic, IICflDelay)==True then

5 return True

6 end if

7 end for

8 return False

) 3 +
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21

A5?p2

A4?p4

Schedule Reservation Table

14

0.0213

0.0212

0.0211

0.0210

0.029

0.0018A3?p38

A2?p17

19

18

17

CflDelay

20

C13

2

M11

6

C35

C24

15

16

A10

M

23

22

ATime

n-1:A4

n-1:A5

Modulo Reservation Table

0n:A10

expected delay due to conflicts0.0018

0n:C35

0n:C24

0n:C13

0.0018n-1:A32

0n:M1n-1:A21

CflDelayMATime

(a) Scheduling A4 (b) Scheduling C4

21

A4?p4

A5?p2

Schedule Reservation Table

0.1991C414

2.013

2.012

2.011

2.010

2.09

A3?p38
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19

18

17

CflDelay

20

C13

2

M11

6

C35

C24

15

16

A10

M

23

22

ATime

n-1:A5

n-2:C4n-1:A4

Modulo Reservation Table

n:A1 00

expected delay due to conflicts0.1991

0n:C35

0n:C24

0n:C13

0.1991n-1:A32

0n:M1n-1:A21

CflDelayMATime

(c) Scheduling A6

0.2221

A4?p4

A5?p2

Schedule Reservation Table

C414

13

12

11

10

9

A3?p38

A2?p17

0.2219

0.22M218

0.22A617

0.22

0.22

invalid

CflDelay

20
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2

M11

6

C35

C24

15

16
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M

23

22
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n-2:A6

n-1:A5
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Modulo Reservation Table

n:A1 0n-3:M20

expected delay due to conflicts0.4191

0.22n:C35

0n:C24

0n:C13

0.1991n-1:A32

0n:M1n-1:A21

CflDelayMATime
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wU{xwlgQSlPl�qXZ\OL } v � � [eh �EwU{xwlgQSe����nOSs[]c�SlTRXZVYNQ[]\OPCXeTRS PRw�nHSlLO^OgQSlL�NQ\�LOSUwlTWS�XePWNk\Ot;[eTRLOSUT�[ehHVYnOSUNkT
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nOSlNQt]nmVW�J_OXePRSucOTRNQ[]TRN�VJ{ | � �sy ��PRnO[ ��\�Nk\ �zNkte^OTRS�0H� � | L ��� .. 	-��� ������� � � ��� � 2 � 	 !�� � � � �
w�XegQgkSlL�cHTRNk[eT�VY[@PRw�nHSlLO^OgQNk\OtH� PRSUVRP VYnOS�gkXZVYSU\OwlNQSlP [ehEXegQgz[]^HVRt][]NQ\Ot wl`acOc SlLHt]SlPU�C[ZVYnOSUT;VYndXe\
VYnOS |�	 �/# 	 � �uXe\HL |�	 �$# 	 0m�;SlLOteSlPl��VR[�0�w�{�wUgkSUPl����SlwlXegkg�VRndXZV+wU`rcHc$[]c�SlTYX VYNk[e\OP XZgQ��X {xP
S1*�SlwU^HVYS�TWSltmXeTWLOgkSUPRP�[ZhOVYnOSUNkT�LONkP>V�Xe\OwUSEVR[�VYnOSUNkTCwl`acOc+cOTW[�LH^OwlSUTl�z��nHSlTRS�hi[]TRS�S1*xVYSU\OLONk\Ht;VYnOSUNkT
wl`acOc gfX VYSl\HwU{���NkgQgd\O[eVEcOTR[ �xNkLOS�Xe\m{rXeLOLON�VYNk[e\dXegdc�SlTWhi[eTR`rXe\OwlSI_�Sl\OS�jOV��HXe\OLrVRnOS�gkXZVYSU\OwU{a[eh
Xe\�SULOt]S hiTR[e` ;e\OS wU`rcOcb[]c�SlTRXZVYNQ[]\ VY[aXe\O[ZVYnOSUTINQP�XegQ��X�{xPIPWSUVIVY[�VYnHSuPWnO[]T>V9gkXZVYSU\OwU{e� �]�
	 S;PRnH[ � VRnOS;LOS�V�XeNQgkP�[ZhCX PRNQ\Ot]gkSIw�XZgkg VY[ VRnOS +�+ � ( � � � � � � � � ��� ��� � � ! � � � � hi^O\Ow�VYNk[e\*�

��^OcOc�[]PRS�VRnOS�t][mXeg�NkP�VR[@jO\OL X��ZXegQNkL�PWw�nOSlLH^OgkS���NQVRn � �������	��
��! �/�VRndXZVoXZgkPR[�PRXZVYNQPWjdSUP VYnOS
LOSlgkX {$wl[]\OP>VYTRXeNk\mV ������� � ��� ���	� � ��� �q� w�{�wUgkSUPl� K�P�S�XZw�n []c�SlTRXZVYNQ[]\&NkP�PWw�nOSlLO^HgkSlL XZVaPR[]`aS
VYNk`aSoPRgQ[eV��OVRnOS+XecHcOTR[]cHTRNfX VYSoTRSUPR[]^OTWwlS�NkP�` XZTR�eSUL�XZVIVYnOXZV9VRNk`aS PRgQ[eVINk\b_3[eVRn�VRnOS+���z�MXe\OL
VYnOS ����� �%�J\�XeLOLON�VYNk[e\*�sVYnOS�wU^OTRTWSl\mV@wl[e\ � Nkw�V@LOSlgkX�{ �ZXegQ^OSlP NQ\ VYnOS 	 L � � �
��� � wU[]gk^O`a\
XeTRS�^Oc�LdXZVRSlL*� VYnOS�[ �]SUTYXegQg;S1*�c�Slw�VYSlL�LOSUgfX�{ LO^HS�VY[&wl[e\ � Nkw�VYPU� ������� ��������� � ����nONkw�n NkPrVYnOS
PR^O`a` X VYNk[e\�[eh 	 L � � �
��� �@Sl\mVYTWNkSUP�[ �]SUT Xegkg TW[ ��P9NkPIPRnO[ ��\�NQ\�VYnHS gfXZPWV9TR[ �-[eh ����� �3��nOS
PR^O` [eh ����� ��� ��
 ��Xe\OL VRnOS�[ �eSlTYXZgkg'������� � ��� ���	�bNkP�Slpq^dXZg9VY[ VYnOSb[ �]SUTYXegQg9S2*Hc�Slw�VYSUL�PRw�nOSULO^OgkS
gkSl\HteVYn*� 	 S�^HPRS�VRnOS�cOTW[]_dXe_HNkgkN�VJ{�wl[e`rcO^�V�XZVRNk[]\rTRSlPW^OgQV hiTR[e` �xSlwUVRNk[]\(0H� � � � � � XZ\OL VYnHS y<��¡
Nk\ �zNQt]^OTRS 0H� ;�VY[ wl[e`rcO^�VYS�VRnOS��ZXegk^HSs[eh 	 L ��� �
��� ��XZV�SlXew�n�PWVYSUc*� 	 S�[]`aNQVCVYnOS � �JTRSUPR[]^HTRwlS
wl[]gQ^O`r\aVY[+PRX��]S PRcOXewlSZ��Nk\ VRTYXeLON�VYNQ[]\dXegd`a[�LH^Ogk[uPRw�nOSULO^OgQNk\Ot�X�PRNk\Ht]gkSI_OTYXZ\Ow�n�[]c�SlTYX VYNk[e\ � �

NkP�XZgQ��X {xP�PWw�nOSlLH^OgkSUL�jOTRPWVz��NQVYnHNk\�VRnOS�jdTWPWV ���oTR[ ��P�[ZhdVYnOSs�H�z� Xe\OL+\HSU�]SUT�w�Xe^HPRSlP�wU[]\ � NQwUVRPl�
�zNQt]^OTWS(0H� ��; | Xm�uPWnO[ ��P+VYnOS cOXeTWVRNfXeg��H�z� Xe\OL&���z�'��NQVYn []c3SUTYXZVRNk[]\HP � �e� � �]� 	 �]�

	 � � 	 0H��� � XZ\OL � 0 Xe\OL ��7 XegkTWS�XeLH{$PRw�nOSULO^OgkSUL*�IXe\OL []c3SUTYXZVRNk[]\�� � NkPa_�SlNk\Ht PWw�nOSlL��
^OgkSUL*� �9[eVRS+VYndXZVoVRnOS�cdXeTWVRNfXeg�PRw�nOSULO^OgQS | _3S�hi[]TRS � � NQP PRw�nOSULO^OgkSUL � ndXePo\O[@wl[]\ � Nkw�VYPoPRNQ\OwlS
S�Xew�n.K#� � []c3SUTYXZVRNk[]\-[xwlwU^OcONkSUP X�PWSlcdXeTRXZVYS SU\qVRTW{-NQ\-VRnOS ���z� � S1*�wUSlcHV hi[]T � � Xe\OL
��7 ��nHNkw�n XZTRSbLONkP �W[]Nk\mV�� ��nOS�S�XeTWgkNkSUPWV�PWw�nOSlLO^HgkS�VRNk`aS�hi[]T � � | Nk\ VYnHS��H���I��NQPa��NQ`rS ;
PRNk\HwlS � � NQP�LOSUc3SU\OLOSU\qV�[]\ VRnOS VRnOTRSUS�� wU{xwlgQS 	 0 []c�SlTRXZVYNQ[]\ PWw�nOSlLH^OgkSUL-XZVb��Nk`aS 7�� � h
� � NQP�PWw�nOSlLO^HgkSlL XZV���Nk`aS ;H�oNQVb��NkgkgoPWndXeTRS VYnOS K#� � ��N�VYn � 0 hiTW[]` VYnOS PYXe`aS N�VYSlT7�
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XZVYNQ[]\-Xe\OLM��NkgQg TWSlPR^HgQV Nk\ � � �]� ��; wU{xwlgQSlP [ehrS1*�c�SlwUVRSlL.LOSlgkX { LO^OS&VY[�wU[]\ � NQwUVl�+\dXe`aSlg�{
� TWSlwl[ �eSlTW{bw�{�wUgkSUP � � | � 0  � #�� �  ���  � � ��� � � � ��� � 	  ��� �e� ��;H��XeP PWnO[ ��\ Nk\
VYnOS�TRNQt]nmVY`a[]PWV�wl[]gQ^O`r\ ����w�nOSULO^OgQNk\Ot � � XZV Xe\m{�[Zh ��NQ`rSUP�	 VRnOTR[e^Ot]n � � [eh�VYnOS9�H�z� �E[]^OgkL
TRSlPW^OgQV�Nk\ � � �]� wU{xwUgkSlPE[eh LOSUgfX�{ | � TRSUwl[ �]SUTW{bwU{xwUgkSlP � � | � �  ���  � � ��� � �  ��� �]� ���xPRNQ\OwlS
VYnOS�[]c�SlTRXZVYNQ[]\OP�PRw�nOSULO^OgkSUL X V�S�XZw�na[ZhdVYnOSUPRS�VYNQ`rSUPzNk\�VYnOS����z� XegQ��X�{�P�S2*�Slwl^�VYS | S2*HSUwl^HVRNk[]\
hiTRSlpq^OSU\OwU{  �]� � ���a��w�nOSULO^OgQNk\Ot � � XZVo��NQ`rS ��0 ��NQgkg�XZgkPR[@TWSlPR^HgQVoNk\ � � �m� wU{xwUgkSlPo[ehELOSUgfX�{
PRNk\HwlS�� � XZ\OL ��7�XeTWSaX�wl[e`rcOgQSUVRS�PRSUV [ehsLHNkP �W[eNk\mVo[]c�SlTYX VYNk[e\OP | VYnHSU{ XeTWSrt]^OXeTRLOSUL ^O\HLOSlT
wl[]`acOgkSU`rSU\mV�XeT>{�cOTRSULONkwlXZVYSUP�� �s��nOS PWw�nOSlLH^OgkSUT�cOgkXewlSUP�� � XZVI��NQ`rS�;�[ehzVRnOS+���z� | ��NQ`rS �
[ehEVRnOSr���z�I�9��nONQw�n wlXe^OPWSlP VYnOS�PW` XegQgkSUPWV;NQ\OwlTWS�XePWS�Nk\�VYnHS�[ �eSlTRXegkg�wU[]\ � NQwUVoLOSUgfX�{�hi[]T9VYnOS
t]NQ�eSl\bcdXeTWVRNfXeg PRw�nOSULO^OgkSZ�
�zNQt]^OTWS�0H� ��; | _ �aPWnO[ ��P VYnOS�PRw�nOSULO^OgQNk\Ot&[eh 	 � ����w�nOSlLH^OgkNQ\Ot$NQV XZV Xe\m{ [eho��NQ`rSUP�	

VYnOTW[]^Ot]n ��0a[ZhzVYnHS+�H��� ��NkgQg*w�XZ^OPRS X � wU{xwlgQS�LHSlgfX�{@PWNk\OwUS } � NQVRPRSlg�h�XZgQ��X {xPIS1*�SlwU^HVYSUP Xe\OL
PR[aLO[�VYnOSo[]c�SlTRXZVYNQ[]\OPsVYnOXZV 	 � wU[]\ � NQwUVYPs��N�VYnbXZV�SlXew�n�[eh VRnOSlPWSuVRNk`aSlPl� �xw�nOSlLO^HgkNk\Ht 	 � XZV
VYNk`aS�� � ��NQgkgd`rXe�eSINQV PWndXeTRSIVYnOSIK#� � ��NQVYn ��0�Xe\OL�� � hiTW[]`(VYnOSI\OS2*�V�NQVRSlTYX VYNk[e\aTWSlPW^OgQVRNk\Ot
Nk\�Xe\�SUPWVRNk`rXZVYSUL � � �
	 	 ��wU{xwlgQSlP [eh<LOSUgfX�{�LO^OS VR[�wl[]\ � NkwUVl� TWSlcOgkXewlNQ\OtrVRnOS+cOTWSU�xNk[]^HP � � �e� ��;
wU{xwlgQSlP;LOSUgfX�{�XZVIVYnONQP9TW[ �-[ZhE���z� ����nONkPIw�Xe^HPRSlP;VRnOS PW` XZgkgkSUPWVIwl[e\ � Nkw�V�LHSlgfX�{bNk\HwlTRSlXePRSuhi[]T
VYnOS9t]NQ�eSl\ cOXeTWVRNfXegdPWw�nOSlLO^HgkSe�HXe\OLrnOSl\OwUS 	 � NQPEPWw�nOSlLO^HgkSlL XZV���NQ`rS�� � [eh VRnOS��H�z� | ��NQ`rS �
[eh�VYnHS+�����I��� ��nOS TWNkt]nmVIwl[egk^O`a\@[eh�VYnHS�PWSlwl[e\OL�TR[ �M[Zh<���z�MNQPIXegkPW[r^Oc�LdXZVRSlLbVY[aTRS � SlwUV
VYnOSu\OSU� [ �]SlTRXegkg wU[]\ � NQwUV�LOSUgfX�{ hi[]TsVRnONkP�cOXeTWVRNfXeg3PRw�nOSULO^OgkSZ�
��Nkt]^OTWS�0H� � ; | w�� PWnO[ ��P VYnHSrPWw�nOSlLO^HgkNk\Ht�[eh�� /H� � VYPuS�XZTRgkNQSlP>V�PWw�nOSlLH^OgkNQ\Ot�VYNQ`rS�NQPuVRNk`aS

�%1 NQ\&VYnOS��H�z� ��PWNk\OwUS�N�V�NkP�LOSlc�Sl\HLOSl\mV [e\ VRnOS 0 w�{�wUgkS 	 � � ��nHNkPacOTR[xLO^OwUSlPrX wU[]\ � NQwUV
��NQVYn 	 0aXZVI��Nk`aS7�[ZhzVYnHS+����� ��nONkw�n�w�Xe^HPRSlP�XawU[]\ � NQwUV9LOSlgkX�{�[eh � � �]� wU{xwUgkSlP9PRNQ\OwlS���/
ndXeP�S2*�Slwl^�VYNk[e\�hiTRSUpq^OSl\Ow�{ � � � ��Xe\OL 	 0�ndXePIS1*�SUwl^HVRNk[]\bhiTRSlpq^OSU\OwU{ �]� � ����w�nHSlLO^OgQNk\Ot���/rXZV
Xe\m{$[eh���NQ`rSUP ��;�VRnOTR[e^Ot]n � 0H�zS1*�wlSUcHV���Nk`aS �e� �z��[e^OgkL&wlXe^OPRSrVYnOS PRXe`aS wl[]\ � Nkw�V+LOSUgfX�{
[eh � � �]� wU{xwUgkSlPU� ��/@w�Xe\O\H[eVo_3S�PWw�nOSlLO^HgkSlL XZVo��Nk`aS �e� � _�SlwlXe^OPRS�VYnOXZV ��[e^OgkL S1*�wUSlSlL VYnOS
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hiSUVYw�n ��NkL�VYn�TRSUPR[]^HTRwlS�wU[]\OPWVRTYXeNQ\mV��9VRnOSlTWS�XeTRS+XegkTWS�XeLH{bVYnHTRSlS�[ec3SUTYXZVRNk[]\OP ��0H� � � Xe\OL 	 � �
PRw�nOSULO^OgkSUL X V���Nk`aS � [eh VRnOSI���z� � � Sl\OwUS ��/;NQP�PRw�nOSULO^OgQSlLrXZV���Nk`aS ��1�[ehdVYnOSI���z� | ��Nk`aS
7o[eh3VYnOS9�����I���]VYnHSISlXeTRgQNkSUPWVE�H�z� VYNQ`rSs��N�VYn�VYnOSI`aNk\ONQ`+^O` XeLOLOSUL wU[]\ � NQwUV LOSlgkX�{]��KsV<VYnHNkP
c3[]NQ\mVEVRnOS�[ �]SUTYXegQg LOSlgkX {aNQPENQ\OwlTWS�XePWSlL VR[ � � � �
	 �9wU{xwlgQSlP | � � �
	 	 �9wU{xwlgQSlP hiTR[]`"��NQ`rS � [eh VYnOS
���z��cOgQ^OP � � �]� wU{xwlgQSlP�hiTR[]` ��Nk`aS�7+[eh����z�I���
�zNQ\dXegQgQ{�VYnOSoPWw�nOSlLO^HgkSlTIcOgkXewlSUP�VRnOSogfXeP>V�[]c�SlTYX VYNk[e\ � � X V���Nk`aS ��;�[eh�VRnOS��H�z� | ��Nk`aS

� [Zh�VRnOSu���z�I� �dXe\OL@cOgkXewlSUP � X V���Nk`aS�7 | \O[ZV�PRnO[ ��\ �sNk\�_�[eVRn@VRnOSu�H�z� Xe\OL�VYnHSu���z� �
��nONkw�n�TWSlPR^HgQVYPzNk\�X9�ZXegQNkL�PRw�nOSULO^OgkSsVRndXZVzPYXZVRNkPWjOSlP�_�[eVYn�VYnOSsTWSlPW[]^OTRwUS�Xe\OL+LHSlgfX�{�wl[]\HPWVYTRXeNk\mVRPl�

� ��� , ����� � ��� � � 
 � � � � � � � � � � �

�C[rP>VY^OL�{�VYnOSoS.33Slw�VYN��]Sl\HSlPRP9[eh�y<y�K �3�d�ES�^OPWS VYnOSuPYXe`aS SU�ZXegQ^dXZVRNk[]\�NQ\HhiTYXeP>VYTW^OwUVR^OTRSuXeP
Nk\ ��SUwUVYNQ[]\ � �27�� ��c�SlwUNQjdwlXegkg�{]���ES�c�SlTWhi[eTR` []^OT+S��eXZgk^dXZVRNk[]\HP ^OPWNk\Ot�VRnOS � �	� ( � � � � wl[]`��
cONkgQSlT<[]\rVRnOSIPRSUV�[eh*PWSU�eSl\mVYSUSl\���SlLHNfX ��SU\Ow�n�XecHcOgkNQw�XZVRNk[]\OPU� 	 S9NQ`rcHgkSl`aSl\mVRSlL�cOTR[e_dXe_ONQgkNkP>VYNQw
cOTRSULONkwlXZVYS �7X��sXZTRS�TRSUPRSUTW�ZXZVYNQ[]\�V�XZ_OgkS Xe\OL�VYnHS+S1*�c�SlwUVRSlL LOSlgkX�{�`a[�LHSlg ��NQVYnHNk\�VRnOS+TRSUPR[]^HTRwlS
` Xe\OXet]Sl`aSl\mVa`a[�LO^HgkS [eh;�$� }  � | ��TWNk`rXeTYXe\ 4 P�_dXZw��m� Sl\OL wl[]`acONQgkSlTY� �E[]^OT�cOTR[e_dXe_ONQgkNkP>VYNQw
cOTRSULONkwlXZVYS �7X��sXZTRS�TRSUPR[]^HTRwlS�`rXe\dXZt]SlT�^OPRSUP+VYnOS�y�TWSlLONQw�XZVRS �;^OSlT>{ �x{xPWVRSl`0`r[xLO^OgQSrVY[�Xe\��
XegQ{ /lSbcOTWSlLONQw�XZVRSlL wU[�LOS�Xe\OL wl[]\HPWVYTW^OwUV cOTRSULONkwlXZVYSbTRSUgfXZVRNk[]\HPRnONQc teTYXecOnHPaVR[ wl[e`rcO^�VYS@VYnOS
S1*�c3SUwUVRSlL LOSlgkX { LO^HS VY[�wU[]\ � NQwUVRP�XeP+LOSUPRwUTRNk_�SlL&NQ\ ��SUwUVYNQ[]\ 0H� � � � � �J\&XZLOLONQVRNk[]\ ���ES�Nk`��
cOgkSU`rSU\qVRSlL$VJ�E[ cOTR[]_OXe_ONkgQNkP>VYNkw�cHTRSlLHNkw�X VYS��JX��sXeTWS�gkNQPWV�PRw�nOSULO^OgkNQ\Ot�XegQt][]TWNQVYnH`rP | 4 S1*xVRSl\OL��JXegkg 4
y y�K#�C��Xe\OL 4 jdTWPWVW�~jOV 4Hy<y3K#�C�O�EXe\OL@X cOTW[]_dXe_HNkgkNQPWVRNkw�cOTRSULONkwlXZVYS �7X���XeTRS;`a[xLO^Ogk[uPRw�nHSlLO^OgQNk\Ot
Xegkt][eTRNQVRnO` | y<y�K ���O����N�VYnONQ\&�$� } o��4 P�gkNkP>V+XZ\OL&`r[xLO^OgQ[�PWw�nOSlLO^HgkNk\Ht�`r[xLO^OgQSlPl�zTRSlPWc3SUw��
VYNQ�eSlg�{]�

� � ;



�������Q� � BCF-��8 A :(�d6�G :<F-#  � � � B GHG � ��4 � # BC=7G

	 S�^HPRS�VRnOSuS1*xVYSU\OLOSlL�\H[eV�XZVRNk[]\ | ��� ��� ��yC� � � ��� } � } v � �C��VY[ TWSlcOTWSlPWSl\mV�VRnOS cOTW[�wUSlPWPR[]T
Nk\ VRnONkP�PWVY^HLH{]��K9P+Nk\ �xSlwUVRNk[]\ � �87x� " NkPoVYnOS hiS�VYw�n$��NQLHVYn*� � VYnHS \q^O`+_�SlT+NQ\mVYSlteSlT+^O\HNQVYPU�
"$. VYnOS \q^O` _3SUT�[eh � [mXZVRNk\OtZ� c3[eNk\mV�^H\ONQVRPl� � VYnOS \q^O`+_�SlT�[Zh�`aSl`a[]T>{ ^O\HNQVYPU� ) VYnOS \q^O`��
_3SUT�[ehE_OTRXe\Ow�n ^H\ONQVRPl�CXe\OL � VYnHSrgkXZVYSU\OwU{�[ZhEVRnOSrcHTRSlLHNkw�X VYS�LOSUjO\ONk\Otb[]c�SlTRXZVYNQ[]\ | wU`rcOcd���
� SlTWS �ES�XeLOL�VRnOS+PRS��]SU\qVRn cdXeTYXZ`rS�VYSlTU� �
��'�� ����nONQw�n�NkP�VYnOS wl[]\ � NkwUV�LOSUVRSlw�VYNk[e\�Xe\OL�TWS��
wl[ �]SUTW{ gfX VYSl\HwU{�LOS�jd\OSUL NQ\ ��Slw�VYNk[e\ 0��20H� 	 S�^OPWS�VJ��[@_dXePWSlgQNk\OS�cOTW[�wUSlPWPR[]TWPuNQ\�[]^OT P>VY^OLH{��
| � � � � �]� �e� �]� �]� > # ) 6�� #&6 ) ��Xe\OL | /H� � � � � �e� �]� �]� > # ) 6�� #&6 ) ��wlXegkgQSlL � � ��� � | � �aXe\OL � � � ��� | /m����TWS��
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VYNQ�eS�XZV�Nk`acOTR[ �xNk\Otr[eVYnHSlT�wU[�LHS+TRSUt]Nk[]\HPl�;K9gkg VYnOS TRSl`rXeNQ\ONk\OtaTRSUt]Nk[e\OP;XeTWS+PRw�nHSlLO^OgQSlL ^OPWNk\Ot
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Benchmark SLbals CPL1 CPL2 CPL3 ResMSLbals ResMSLppals IIbams RecMII1 RecMII2 RecMII3 ResMIIbams ResMIIppams

cjpeg 46.11 37.20 41.51 46.00 40.80 30.55 6.49 1.31 1.62 1.93 6.49 4.69

djpeg 14.03 10.41 12.13 13.33 11.72 10.49 58.64 1.00 1.00 1.00 58.64 42.69

epic 13.55 11.57 12.54 13.58 5.67 5.51 21.41 2.16 2.54 2.93 21.02 16.38

unepic 20.11 18.43 20.52 22.70 7.75 6.06 13.27 1.00 1.00 1.00 13.27 10.52

g721encode 29.96 20.46 22.68 24.96 25.43 18.00 30.00 1.00 1.00 1.00 30.00 20.24

g721decode 29.53 19.89 22.30 24.37 25.13 17.87 30.00 1.00 1.00 1.00 30.00 20.26

ghostscript 15.14 10.81 12.30 13.86 11.10 8.67 44.10 7.88 7.88 7.88 43.13 31.35

gsmdecode 23.52 19.98 20.76 21.20 21.68 15.24 27.92 7.93 9.68 11.44 27.73 21.46

gsmencode 30.73 23.54 25.67 28.38 28.41 18.66 74.85 7.87 8.40 8.93 74.39 45.61

mesamipmap 50.49 36.56 39.42 43.20 36.91 33.03 22.00 1.00 1.00 1.00 22.00 15.92

mpeg2dec 16.44 11.95 13.48 14.95 14.42 11.54 28.35 1.00 1.00 1.00 28.35 18.70

mpeg2enc 32.38 27.52 28.14 27.31 20.26 15.20 20.27 2.97 3.95 4.93 20.27 12.36

pegwitdec 18.72 17.12 18.83 20.53 11.92 11.12 20.67 1.97 1.97 1.97 20.67 12.46

pegwitenc 16.57 13.87 15.61 16.80 12.67 10.88 19.33 1.61 1.61 1.61 19.33 12.67

rasta 18.71 14.04 15.64 17.29 12.66 11.25 6.81 3.02 3.58 4.14 6.80 4.85

rawcaudio 17.46 13.54 12.55 13.06 12.03 9.52 26.00 20.00 25.00 30.00 24.00 17.13

rawdaudio 12.91 10.99 11.99 12.99 11.97 11.95 20.00 6.00 8.00 10.00 20.00 14.21

Average 23.90 18.70 20.36 22.03 18.27 14.44 27.65 4.04 4.72 5.40 27.42 18.91

Benchmark SLbals CPL1 CPL2 CPL3 ResMSLbals ResMSLppals IIbams RecMII1 RecMII2 RecMII3 ResMIIbams ResMIIppams

cjpeg 38.06 37.20 41.51 46.00 20.60 20.48 3.40 1.31 1.62 1.93 3.24 2.64

djpeg 11.47 10.41 12.13 13.33 6.25 6.10 29.32 1.00 1.00 1.00 29.32 25.18

epic 12.61 11.57 12.54 13.58 3.52 3.48 11.09 2.16 2.54 2.93 10.70 8.71

unepic 19.76 18.43 20.52 22.70 4.04 3.90 7.34 1.00 1.00 1.00 7.34 6.57

g721encode 23.60 20.46 22.68 24.96 13.00 11.07 15.00 1.00 1.00 1.00 15.00 11.14

g721decode 23.16 19.89 22.30 24.37 12.92 10.81 15.00 1.00 1.00 1.00 15.00 11.15

ghostscript 12.42 10.81 12.30 13.86 5.83 5.64 22.55 7.88 7.88 7.88 21.58 18.95

gsmdecode 22.04 19.98 20.76 21.20 11.29 9.24 14.75 7.93 9.68 11.44 13.87 10.76

gsmencode 25.10 23.54 25.67 28.38 14.40 11.60 38.66 7.87 8.40 8.93 37.65 29.32

mesamipmap 40.44 36.56 39.42 43.20 18.64 16.80 12.33 1.00 1.00 1.00 12.33 10.39

mpeg2dec 13.37 11.95 13.48 14.95 7.35 7.06 14.19 1.00 1.00 1.00 14.19 12.10

mpeg2enc 34.45 27.52 28.14 27.31 10.79 9.91 11.12 2.97 3.95 4.93 10.14 7.33

pegwitdec 18.07 17.12 18.83 20.53 6.13 6.11 10.84 1.97 1.97 1.97 10.84 7.73

pegwitenc 14.92 13.87 15.61 16.80 6.63 6.08 10.01 1.61 1.61 1.61 10.01 8.10

rasta 15.71 14.04 15.64 17.29 7.13 6.94 3.57 3.02 3.58 4.14 3.56 3.06

rawcaudio 12.98 13.54 12.55 13.06 6.52 6.52 20.00 20.00 25.00 30.00 12.00 8.83

rawdaudio 11.91 10.99 11.99 12.99 5.99 5.99 10.00 6.00 8.00 10.00 10.00 7.33

Average 20.59 18.70 20.36 22.03 9.47 8.69 14.66 4.04 4.72 5.40 13.93 11.14

(a) Scheduling Headroom for P(4)

(b) Scheduling Headroom for P(6)
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��nq^OPU�;XeP VRnOS�gfX VYSl\HwU{ [ehoVYnOS�wU`rcHc�[ec3SUTYXZVRNk[]\ Nk\OwUTRS�XZPRSlPU�9VRnOS�gfX VYSl\HwU{m�JwU[]\OPWVRTYXeNQ\OSlL
gk[ ��SUT�_3[]^H\OL wlgk[ePRSlg�{&XecHcOTR[mXZw�nOSlP�VYnHSbgQSl\OtZVYn&[ehIVYnOS@_dXZPRSlgQNk\OS PRw�nOSULO^OgkS�Xe\OL S��]Sl\mVR^dXegkg�{
S1*�wlSUSlLOPoNQVl��K�P��ES te[ VY[ X / �~��NkLOSu` XZw�nONk\OSZ��VRnOS PWNQVR^dXZVYNQ[]\b_3SUwl[]`aSlP9SU�]SU\���[]TWPRS+PWNk\OwUS+X
��NkLOSUT�`rXew�nONQ\OS XZgkPR[bLOSUwlTRSlXePRSUP VYnHS gkSU\OteVRn [eh�VYnOSa_dXePWSlgkNQ\OSaPRw�nOSULO^OgkSUT TWSlLO^OwUNk\OtbVYnOSrtmXec
_3S�VJ��SUSl\�VYnHS�_dXZPRSlgQNk\OSuXe\HLbVRnOS�_�[]^O\HLOP9S��]SU\�`r[eTRSe�,�d[]T�S1*HXe`acOgkSZ�Ohi[]TIX / � ��NkLHSu`rXew�nONQ\OS
��NQVYn�wU`rcHc gkXZVYSU\OwU{�0H� VRnOS�gfX VYSl\HwU{m�JwU[]\OPWVRTYXeNQ\OSlL gQ[ �ESlT�_3[]^H\OL NkP;gkXeTRt]SUT9VRndXe\�VYnHS�gkSl\HteVYn
[eh�VRnOS _dXePWSlgQNk\OS PWw�nOSlLO^HgkSoNk\@XegQg _O^�VIVRnOS []\OS wlXePRSo[eh�`ac3SUt � Sl\Hwe�&� V�NkPsXecOcdXeTWSl\mV�VYnOSUTRS�hi[]TRS
VYndXZVl� wl`acOc [ec3SUTYXZVRNk[]\OP NQ\ XewU{xwlgQNkw�TWSlt]NQ[]\OP [eh VRSl\ gkNQS�[]\�VYnOS�wlTWNQVRNkw�XZgzcdXZVRn*� gkSlX �xNQ\Ot@gkNQVWVYgQS
nOS�XeLHTR[x[]` hi[]T y<y3K#�C�3� ;\ VRnOS�[eVYnHSlT ndXZ\OL*�Iwl`acOc�gfXZVRSl\Ow�{ NQP \O[eV gkNk`aNQVRNk\Ot NQ\�wU{xwlgQNkw
TRSlteNk[]\OPEXePEPRSlSU\�_m{aVRnOS9h XZwUV VYndXZV � � ��� ��� �@� �'& �<NkP t]Sl\OSUTYXegQgQ{�` ^Ow�n gfXZTRt]SUT<VRndXe\ � 6���� " " �e�
� 6���� " " �m�CXe\OL S��]SU\ � 6���� "�" �$hi[]T _�[eVYn � XZ\OL / �~��NkLOS�`rXew�nONQ\OSlPU� ��nOSa[]\Og�{�S1*�wUSlcHVRNk[]\OP
XeTRS�VRnOS;TRX �Ew�XZ^OLONk[�XZ\OL�TYX���LdXe^HLONk[+_�Sl\Hw�nO` XZTR�qPshi[]T���nONQw�n � ��� � � �awl[e`rSUPswlgQ[]PRS�VR[�Xe\OL
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PR[]`aSUVRNk`aSlP�S1*�wUSlSlLHPEVYnHS � � ��� ��� �'� �@& � ����nOSUPRS�VJ��[u_�Sl\Ow�nO`rXeTW�xP S�XZw�nrndX��eS�X LO[]`aNk\OXZVYNQ\Ot
gk[x[]c���NQVYnbX�TRSUwl^OTWTRSU\OwlS�wU{xwlgQSucOXePRPWNk\Ot�VYnHTR[]^Oten�XegQg3VRnOSowl`acOc�[ec3SUTYXZVRNk[]\OPU�
	 S PRSUS VYndX V hi[]T�`rc�Slt � Sl\Ow VRnOS _dXZPRSlgQNk\OSrPRw�nOSULO^OgQS�gkSl\HteVYn$NQ\OwlTWS�XePWSlP hiTW[]` 0 � � 03;�[]\

VYnOS � �~��NkLOSr` XZw�nONk\OSaVY[ 0 � � � 7@hi[]T,/ �~��NkLOSZ����nONkP Nk\OwUTRS�XZPRS NQP w�XZ^OPRSUL _m{$X�gk[]\Ot�gfXZVRSl\Ow�{
[]c3SUTYXZVRNk[]\ Xe\O[e` Xeg�{]�*��nONQw�n NQP�LOSUPRwUTRNk_�SlL Nk\ ��Slw�VYNQ[]\ � �27�� � � � � �J\ VYnOSaw�XePWSr[Zhs`ac3SUt � Sl\Hwe�
VYnOSUTRS;S2*HNQPWVRP�X�\q^O`+_�SlTE[eh w�XZPRSlP�Nk\ [e\OS�[eh VYnOSIVYNk`aS�� wlTWNQVYNQw�XegHTRSlteNk[]\OP<��nOSUTRS X gQ[]\OtugfXZVRSl\Ow�{
LONQ�xNkLHS�[]c�SlTRXZVYNQ[]\@NkP�hi[]gkgQ[ ��SUL�_m{bXrPW^O_OTW[]^HVYNQ\OSuw�XegQg []c3SUTYXZVRNk[]\ �%�d[]T � � ��NQLOSo` XZw�nONk\OSZ�dVYnOS
cOTRS �JcdXePWP PRw�nHSlLO^OgQSlT cHgfXewUSlPrVRnOS�LHNQ�xNkLOSb[]c�SlTRXZVYNQ[]\ X h VYSlTaVYnOS�PR^O_HTR[]^HVRNk\OS�w�XegQg�[]c3SUTYXZVRNk[]\ �
PR[�VRndXZVu\O[�SULOt]SUP+XeTWSrLOTRX���\$_3S�VJ��SUSl\$VRnOSl`/LO^OTWNk\Otbc�[]PWV>�JcdXePWP�PWw�nOSlLH^OgkNQ\OtO� �d[]T�/ � ��NQLOS
` Xew�nHNk\OSZ�mNQV�PW[�ndXZcOc3SU\OPl�mVRndXZV�VYnHS�cOTRS �JcdXePWP<PRw�nOSULO^OgkSUT<cOgfXewUSlP�VYnHS�LONQ�xNkLHS�[]c3SUTYXZVRNk[]\ _3S�hi[]TRS
VYnOS PW^O_OTR[e^HVYNQ\OS w�XegQg3[ec3SUTYXZVRNk[]\*�x��nONkw�n@wlXe^OPRSUP�X+gk[]\Ht+gfXZVRSl\Ow�{ SULOt]S;VY[�_�S;LOTRX���\b_�SUVJ�ESlSU\
VYnOSUPRSa[]c3SUTYXZVRNk[]\HP;LO^OTWNk\Ot�c�[]PWV>�JcdXZPRPoPRw�nOSULO^OgQNk\OtO��K"\q^O`+_�SlTo[eh PR^Ow�n gk[]\Ht gfXZVRSl\Ow�{�SULOt]SlP
` Xe�ZSlPzVRnOSsPWw�nOSlLO^HgkS�gfX VYSl\HwU{m�J_�[]^O\OL []\ VYnHS / � ��NQLOS ` Xew�nHNk\OSZ�mXe\OL VRnq^OP�w�XZ^OPRSUP�NQVYP�Nk\OwUTRSlXePRS
Nk\@PRw�nOSULO^OgQS�gQSl\OteVRn@[ �eSlT�VYnOS � �~��NkLOS `rXew�nONQ\OSe�

�'-���- � - � � ��� � ��� ! � � � � � .�.$	��$�

��Nkt]^OTWS 0H� � 	 | Xm� PWnO[ ��P�VYnOS PRc�SlSULO^OcM[ �]SUT�VYnHS � �~��NkLOS _dXePWSlgQNk\OS cOTR[xwlSUPRPW[]T�VRndXZV�NkP
Xew�nONkS��]SUL []\ Xew�{�wUgkNQw+TRSUt]Nk[]\HP;_m{ 4 S2*xVYSl\HL��7XegQg54 y y�K#�C��[]\�VYnOS+VRnOTRSUS � � ��NkLHS+cOTR[e_dXe_ONQgkNkP>VYNQw
cOTRSULONkwlXZVYS �7X��sXZTRS cHTR[xwlSlPWPR[]TWP9��N�VYn�wU`rcHc�gkXZVYSU\OwlNQSlPI[eh �]� � Xe\OL 0�wU{xwUgkSlPU�"�zNQt]^OTRS�0H� �
	 | _ �
PRnO[ ��P+VYnHS wl[]TWTRSUPRc�[]\OLONQ\Ot�LdXZVYX�hi[]T/ � ��NQLOS cHTR[xwlSlPWPR[]TWPl� �J\&_�[eVRn w�XZPRSlP+VRnOS wU[]\ � NQwUV LOS��
VYSlw�VYNQ[]\�Xe\OL�TRSlwU[ �]SlT>{�gfX VYSl\HwU{ |~} v � �C�INkP �+w�{�wUgkSZ�;K�P9S1*�cOgfXZNk\OSUL�_3SUgk[ �o�3VRnOS TWSlPW^OgQVRP�hi[]T
} v ���� � wU{xwlgQSlP9XeTRS �xNkT>VY^dXegQgQ{aNkLHSl\mVYNQw�Xeg �OXe\OLbnOSU\OwlSo��SoLO[a\O[eV�TWSlc�[]TWV�VRnOSl`b�

K9P P>V�XZVRSlLrXe_�[ �eSe�mVYnHSIPWw�nOSlLH^OgkSIgkSU\OteVYn�[Zh*Xew�{xwlgkNQw�TRSUt]Nk[]\HP�NkP�wl[e\OPWVRTYXeNQ\OSlLa_m{+VYnOS�gkXZVYSU\��
wlNkSUP9[Zh�VYnOSu[]c�SlTRXZVYNQ[]\OPl�O��N�VYn@VYnOSuwl`acOc�[]c3SUTYXZVRNk[]\@t]SU\OSlTRXegkg�{�_�SlNk\Hta[e\�VYnHS�wUTRNQVRNkwlXeg*cdXZVRn*�
��nOSlTWSUhi[]TWSe�mVYnOS�c3SUTWhi[]TW` Xe\HwlSs[eh�y<y�K#�C�+LOSlwUTRS�XZPRSlP���N�VYn�Nk\HwlTRSlXePRSUL�wl`acOc�gfX VYSl\HwU{uhi[]T�_�[eVYn
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cOTR[xwlSUPRPR[eT `r[xLOSlgQPl��TRSUPR^Og�VYNk\Ht Nk\��]SlT>{�PW` XegQg PRc�SlSlLH^Oc | 7 � Xe\OL 0 � X��eSlTYXZt]S�PRc�SlSULO^Oc*� TWS��
PRc�SlwUVRNQ�eSlgQ{H��hi[]TEwl`acOc@gfXZVRSl\OwUNkSlPE[eh � Xe\OL 0+wU{xwUgkSlPshi[eT � � ��NQLOS;`rXew�nONQ\OSlPU�OXe\OL@\O[�PWc3SUSlLO^Hc
hi[]T / � ��NQLOS;`rXew�nONk\HSlP���NQVRn@VRnOSlPWS�PRXe`aS gfXZVRSl\OwUNkSlPU�
�d[]TI`rc�Slt � Sl\Owu��S�PWSlS VRndXZV9VYnOS � � ��NQLOS cOTW[]_dXe_HNkgkNQPWVRNkw cOTWSlLONQw�XZVRS��7X���XeTRS ` Xew�nHNk\OS�c3SUT>�

hi[]TR`aP��E[]TRPWS ��NQVRn$wl`acOc&gfX VYSl\HwU{ � VYnOXe\$��NQVRn$wl`acOc&gfX VYSl\HwU{ 0H����nONQP+NkP�w�Xe^HPRSlL � [e\OwlS
XetmXeNQ\*�O_m{@X�gk[]\Ot�gkXZVYSU\OwU{ []c3SUTYXZVRNk[]\@XZ\O[]`rXegQ{e�

��SlwlXegkgqVYndX V�XePC��S�t][IVY[ XI��NkLOSUT�` XZw�nONk\OS<��nONQgkS��ZSlSUcONk\Ot;VRnOSsgkXZVYSU\OwU{u[ehdVRnOSscOTWSlLONQw�XZVRS��
X ��XeTWSs` XZw�nONk\OS<j�*�SlL �eVYnOSEgfXZVRSl\Ow�{m�Jwl[e\OPWVRTYXeNQ\OSlL+gQ[ ��SUT�_�[]^O\OL TRSl`rXeNQ\OPCVRnOS�PRXe`aS �]nO[ �ESU�eSlTl�
VYnOS9TRSlPW[]^OTWwlS�� wl[]\HPWVYTRXeNk\HSlL gQ[ �ESlT _�[]^O\OLrLOSlwUTRS�XZPRSlPU�OXecHcOTR[mXZw�nONk\Ot | Xe\HL SU�eSl\ jO\dXegkg�{+h XegQgkNk\Ht
_3SUgk[ �9� VYnOSbgfXZVRSl\Ow�{m�Jwl[e\OPWVRTYXeNQ\OSlL gk[ �ESlTa_3[]^H\OL*�)� ^HTWVYnHSlTR`a[]TWS�XZPaTWSlPW[]^OTRwUSlP XeTRS�XeLOLOSUL*�
VYnOSrgkSl\HteVYn [ehsVRnOSr_OXePRSUgkNk\HSaPWw�nOSlLH^OgkSZ�z��nONkw�n PR^�33SlTWP \O[�Nk\OwUTRS�XZPRSaNk\ wl`acOc gkXZVYSU\OwU{e�zXegQPR[
LOSlwUTRS�XZPRSlP Xe\HL�NQVzVR[�[9��[]^HgkL�SU�eSl\mVY^OXegkg�{ _�SlwU[]`rSEcO^OTWSlgQ{�gfX VYSl\HwU{�_3[]^H\OL�Xe\OL+h XegQgq_3SUgk[ � VYnOS
wl`acOc$gfX VYSl\HwU{ LOSUc3SU\OLOSl\mV�gkXZVYSU\OwU{m�JwU[]\OP>VYTYXZNk\OSUL gk[ �ESlTu_3[e^O\OL*���ISUPR[]^HTRwlSrNk\OwUTRSlXePRSUP�VYnq^OP
TRSlLH^OwlS VYnHS nOS�XeLHTR[x[]` hi[eTsy<y3K������H��nONkw�n@S2*HcHgfXeNQ\OP�VYnHS;LOSlteTYXeLdX VYNk[e\ Nk\@y<y3K��C��PWc3SUSlLO^Hc
XeP���Sut][�hiTR[]` X � � ��NkLHS�VY[rX�/ � ��NQLOS _dXePWSlgkNQ\OS `rXew�nONk\HS;hi[]Tsj�*�SlL�wl`acOc@gfXZVRSl\Ow�{]�

�C[�PRSUS nO[ �'`+^Ow�n&S2*xVYTYX�c3SUTWhi[]TW` Xe\HwlS y<y�K#�C� w�XZ\&tmXeNk\ [ �]SUT v y3K���� _q{ Sl\OXe_OgkNQ\Ot
`r[]TWSbXet]t]TWSlPRPWNQ�eS�wl[e`+_ONk\HNk\OtO���ES�\OS2*xV wl[e`rcdXZTRS 4 S2*xVYSl\HL��7XegQg54<y<y3K��C� ��NQVRn 4 S1*xVRSl\OL��JXegkg 4
v y3K#�C�3� ��nHSrgQSUh V _dXZTu[Zh%�zNQt]^OTWS*0H� �e� | X]��PRnO[ ��PoVYnOS�PRc�SlSULO^Oc [ �eSlToVYnOS � �~��NkLOS�`rXew�nONQ\OS
VYndXZV NkP Xew�nONkS��]SUL�_q{ 4 S1*xVYSU\OL��7XZgkg54 v y�K#�C� []\�X � � ��NQLOS�LHSUVYSUTR`aNk\ONQPWVRNkw@cOTRSULONkwlXZVYS �7X���XeTRS
` Xew�nHNk\OS���NQVRn wU`rcHc gkXZVYSU\OwU{ 0��r��nOSaTRNQt]nmVo_dXeTo[eh �zNQt]^OTRS�0�� �e� | Xm��PWnO[ ��PuVRnOSrPWc3SUSlLO^Hc
[ �eSlT�VYnHS � � ��NQLOS�_OXePRSUgkNk\HS;` XZw�nONk\OS9VYndXZV�NkP�XZw�nONkS��]SlL@_m{ 4 S1*xVRSl\OL��JXegkg 4Oy<y3K��C� []\@X � � ��NQLOS
cOTR[]_OXe_ONkgQNkP>VYNkwucOTWSlLONQw�XZVRS��7X���XeTRS�`rXew�nONQ\OS���N�VYn�wU`rcOc�gkXZVYSU\OwU{�0�Xe\OL X } v � � [eh ��wU{xwlgQSe�
�zNkt]^HTRS�0H� �e� | _ ��PRnO[ ��P�VYnOSowU[]TRTWSlPRc�[]\OLHNk\OtaLdXZVYX�hi[eTsVYnOS�/ �~��NkLOS `rXew�nONQ\OSlPU�
	 S�PRSUSIVRndXZV�hi[]T�X � �~��NkLOS�`rXew�nONQ\OSe� 4 S1*xVRSl\OL��JXegkg 4]y<y3K��C�aXew�nHNkSU�eSlP PRgQNkt]nmVYg�{u_3S�VRVYSUT<c3SUT>�

hi[]TR`rXe\OwUSIVRndXe\�4 S1*xVRSl\OL��JXegkg 4 v y3K�����hi[]T ; XecOcHgkNkwlXZVYNQ[]\OPU�qXe\OL PWgkNQt]nmVYgQ{���[eTRPRS�c3SUTWhi[]TW` Xe\HwlS
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hi[]T�0�XecOcHgkNkwlXZVYNQ[]\OP | `ac3SUt � LOSUwe�*`ac�Slt � SU\Ow�Xe\HL�TYXeP>V�Xm�9TWSlPW^OgQVRNk\Ot NQ\ Xe\ X��]SUTYXet]S�PWc3SUSlLO^Hc
[eh � � [ �]SlT v y�K#�C�3����nOS+TWS�XePW[]\�VYndX V;y<y3K��C��[43 SUTRP;PW^Ow�n Xr`a[�LHSlPWV�tmXeNQ\�[ �]SUT v y3K����
NkP�VRndXZV��*XeP"�zXZ_OgkS
0H� ��PWnO[ ��SUL*�*hi[]T Xrwl`acOc�gfXZVRSl\Ow�{�[Zh 0aVYnOSUTRS�NkPI�]SUTW{�gQNQVRVRgkSoPRw�nHSlLO^OgQNk\Ot
nOS�XeLHTR[x[]`�hi[]T9VRnOS cOTW[]_dXe_HNkgkNQPWVRNkwocOTRSULONkwlXZVYS �7X���XeTRS�PRw�nOSULO^OgkSUT;VY[rS1*�cOgk[eTRSe�9��nOS+TWS�XePW[]\�hi[]T
y y�K#�C��c3SUTWhi[]TW`rNQ\Ot9�E[]TRPWS�Nk\�PW[]`rS�[eh VYnOSswlXePRSUP�VYndXe\ v y�K#�C�+NkPCVYndXZVzVYnOS�gkXZVYSU\OwU{+XeL��W^OP>VW�
`rSU\qVscOndXePWS LOSlPWwlTRNQ_3SUL@Nk\���SUwUVYNQ[]\ � � � � �oXe\OLb��SUwUVRNk[]\�0�� � � �;��NkgQg []\OgQ{rS1*xVRSl\OL�VYnHS;gfXZVRSl\Ow�{
[eh�X wl`acOc�[]c�SlTRXZVYNQ[]\rVR[ VYnO[ePRS wl[e\OPR^O`aSlTWP�VYnOXZV�w�XZ\�c3[eVRSl\mVYNkXegkg�{�_�S;wl[]` _ONk\OSUL ��NQVRn�PR[]`aS
[eVYnOSUT�[]c3SUTYXZVRNk[]\HP+Nk\&VYnHSbTWSlt]NQ[]\*�$��Nk\OwUSby y�K#�C� XegkgQ[ ��P `r[]TWS � S1*�NQ_OgkS�wU[]`+_ONQ\ONk\Ot�VYndXe\
v y3K#�C�3� NQV���NQgkg S1*xVRSl\OL VYnOS gfXZVRSl\Ow�{�[]\�`a[]TWS+SlLOteSlP;VYnOXe\ v y3K������ ��nONQP;w�Xe^HPRSlPoTWSlt]NQ[]\OP
PRw�nOSULO^OgkSULb��N�VYn@y<y3K��C� VR[+ndX��]SogQ[]\Ot]SUT�wlTWNQVRNkw�XZg�cOXZVYnOPsVRndXe\ VRnOS;PYXZ`rS;TWSlt]NQ[]\OPsPWw�nOSlLH^OgkSUL
��NQVYn v y3K#�C�3�$�J\ VRnOS�wlXePRS�[eh;VRnOSlPWS�VYnHTRSlS�_3SU\Ow�nO`rXeTR�qPl�sVRnOS�S2*xVYTYX wl[]`+_HNk\ONQ\Ot _�Sl\HSUjOV
[43 SUTRSUL�_m{@y<y3K�����LO[xSlP�\O[eVIwU[]`rc�Sl\HPYXZVRSohi[eTsVYnONQP�wlTRN�VYNQw�Xeg3cdXZVYnbNk\HwlTRSlXePRSZ�

��Xe_OgkS�0�� � | Xm� cHTRSlPWSl\mVYP�VYnHS PRw�nOSULO^OgkSogQSl\OteVRn@Xew�nONQSU�]SUL�_m{�4 S2*�VRSl\OLx�7XegQg54Oy<y�K#�C�@[e\ VYnOS
VYnOTWSlS � � ��NkLHSb`rXew�nONQ\OSlP���N�VYn wl`acOc gkXZVYSU\OwlNQSlP�[eh �e� � XZ\OL 0 wU{xwlgQSlPU�sTRSUPRc�SlwUVRNQ�eSlgQ{e��Xe\OL
X } v ����[Zh ��wU{xwUgkSe� ��Xe_OgQS 0H� � | _d��PWnO[ ��P VYnOS�wl[]TWTRSUPRc�[]\OLONQ\Ot$LdXZVYX hi[]T�VYnHS�VYnHTRSlS�/ �
��NkLOS@`rXew�nONk\HSlPl� } []gk^O`a\ � PRnO[ ��P�VYnOS�_OXePRSUgkNk\HS�PRw�nOSULO^OgkSbgkSU\OteVRn*� } []gQ^O`r\HP*0 � 7�PWnO[ �
VYnOS�PWw�nOSlLO^HgkS�gkSU\OteVRnOP�Xew�nONQSU�eSlL _q{ v y3K��C�$Xe\OL y<y3K���� hi[]T wl`acOc$gfX VYSl\HwU{ �e�rwU[]gk^O`a\
0bPWnO[ ��PuVRnOS�PRw�nOSULO^OgkSagkSU\OteVRn hi[eT v y3K#�C�3� wl[]gQ^O`r\ � PRnH[ ��PoVYnHSaP>V�XZVRNkw�PWw�nOSlLO^HgkSagkSl\HteVYn
Xew�nONkS��]SULb_m{ y<y3K#�C� Nkte\O[]TRNQ\OtoVYnOS9wl[]`acONkgQSlT SlP>VYNk`rXZVRSlL wU[]\ � NQwUV�LHSlgfX�{aLO^OS9VY[+wU[]`+_ONQ\ONk\OtH�
Xe\OL wl[]gQ^O`r\ 7�PRnH[ ��P�VYnHSbwU[]`acONkgQSlT+SUPWVYNQ` X VYSlL S2*Hc�Slw�VYSUL PRw�nHSlLO^OgQS�gQSl\OtZVYn Xew�nONkS��]SUL _m{
y y�K#�C�rNQ\OwlgQ^OLONk\HtoVRnOSIS1*�c3SUwUVRSlL LOSUgfX�{�LO^OS�VY[�wl[]\ � Nkw�VYPl�z��nOS�LON 3 SUTRSU\OwlSI_3S�VJ��SUSl\�wU[]gk^O`a\
7�Xe\OL&wl[egk^O`a\ � NQP�VYnHS S1*�c�SlwUVRSlL LOSlgkX�{ LH^OS VY[�wU[]\ � NQwUVl� } []gk^O`a\ /�PWnO[ ��P+VYnOS XewUVR^dXeg
LH{x\dXe`aNkwIPRw�nOSULO^OgkS�gkSl\HteVYn Xew�nONkS��]SUL�LO^OTRNQ\OtucOTR[]teTYXe`"S2*HSUwl^HVRNk[]\ Xe\OL wU[]gk^O`a\ 1uPRnH[ ��PEVYnOS
TRSlgkXZVYN��]S SUTRTR[eTI_�SUVJ�ESlSU\�VYnHS�XZw�nONkS��]SlL�LH{x\dXe`aNkw PWw�nOSlLO^HgkSugkSl\HteVYnbXe\OL@wU[]`rcHNkgkSUTsSlP>VYNQ` XZVRSlL
PRw�nOSULO^OgkSrgkSU\OteVYn � �9[eVRS�VRndXZVohi[]T;VRnOS�gfXeP>V | 4 X �eSlTRXet]S94 � TR[ �o� ��SaPRnO[ �(VRnOSaX��]SlTRXet]Sa[eh VYnOS
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Benchmark SLbals SLdpals SLppals_s SLppals_c SLppals_d %err SLdpals SLppals_s SLppals_c SLppals_d %err SLdpals SLppals_s SLppals_c SLppals_d %err

cjpeg 46.11 44.01 39.09 39.20 39.21 0.03 45.71 42.46 42.60 42.60 0.00 46.11 46.10 46.10 46.10 0.00

djpeg 14.03 13.69 13.25 13.28 13.25 -0.23 13.88 13.47 13.51 13.49 -0.15 13.87 13.59 13.62 13.60 -0.15

epic 13.55 13.54 13.44 13.45 13.45 0.00 13.54 13.43 13.44 13.44 0.00 13.50 13.44 13.45 13.45 0.00

unepic 20.11 20.05 19.63 19.83 19.83 0.00 19.98 20.11 20.11 20.11 0.00 20.11 20.11 20.11 20.11 0.00

g721encode 29.96 26.60 25.89 25.89 26.03 0.54 27.68 26.89 26.89 27.01 0.44 28.75 28.25 28.25 28.25 0.00

g721decode 29.53 26.38 26.06 26.16 26.31 0.57 27.33 26.92 27.03 27.17 0.52 28.33 27.99 28.09 28.10 0.04

ghostscript 15.14 13.68 13.53 13.56 13.58 0.15 14.32 14.19 14.20 14.21 0.07 14.90 14.83 14.85 14.85 0.00

gsmdecode 23.52 22.61 22.17 22.17 22.18 0.05 23.03 22.79 22.79 22.79 0.00 23.52 22.97 22.97 22.97 0.00

gsmencode 30.73 29.28 25.52 25.52 25.52 0.00 29.48 28.10 28.45 28.45 0.00 30.36 30.05 30.05 30.05 0.00

mesamipmap 50.49 49.27 46.18 46.18 46.98 1.70 49.27 47.11 47.11 47.91 1.67 50.22 49.88 49.88 49.89 0.02

mpeg2dec 16.44 15.22 14.13 14.18 14.19 0.07 15.08 15.20 15.22 15.22 0.00 15.56 15.68 15.70 15.71 0.06

mpeg2enc 32.38 31.58 27.87 28.03 28.07 0.14 29.91 30.71 30.85 30.87 0.06 30.29 30.28 30.38 30.40 0.07

pegwitdec 18.72 18.68 18.35 18.35 18.35 0.00 18.64 18.46 18.46 18.46 0.00 18.67 18.50 18.50 18.50 0.00

pegwitenc 16.57 16.41 16.00 16.00 16.00 0.00 16.41 16.31 16.31 16.31 0.00 16.50 16.44 16.44 16.44 0.00

rasta 18.71 18.61 18.41 18.42 18.42 0.00 18.64 18.58 18.58 18.58 0.00 18.61 18.68 18.68 18.68 0.00

rawcaudio 17.46 15.47 15.47 15.47 15.47 0.00 14.97 14.97 14.97 14.97 0.00 15.47 15.47 15.47 15.47 0.00

rawdaudio 12.91 12.91 12.90 12.90 12.90 0.00 12.91 12.90 12.90 12.90 0.00 12.91 12.91 12.91 12.91 0.00

Average 23.90 22.82 21.64 21.68 21.75 0.20 22.99 22.51 22.55 22.62 0.17 23.39 23.24 23.26 23.26 0.02

Benchmark SLbals SLdpals SLppals_s SLppals_c SLppals_d %err SLdpals SLppals_s SLppals_c SLppals_d %err SLdpals SLppals_s SLppals_c SLppals_d %err

cjpeg 38.06 38.06 37.60 37.60 37.60 0.00 38.06 38.06 38.06 38.06 0.00 38.06 38.06 38.06 38.06 0.00

djpeg 11.47 11.41 11.29 11.31 11.29 -0.18 11.42 11.40 11.40 11.40 0.00 11.46 11.43 11.43 11.43 0.00

epic 12.61 12.61 12.59 12.59 12.59 0.00 12.55 12.55 12.55 12.55 0.00 12.55 12.57 12.57 12.57 0.00

unepic 19.76 19.76 19.76 19.76 19.76 0.00 19.76 19.76 19.76 19.76 0.00 19.76 19.76 19.76 19.76 0.00

g721encode 23.60 22.82 22.68 22.68 22.68 0.00 23.46 23.25 23.25 23.25 0.00 23.39 23.25 23.25 23.25 0.00

g721decode 23.16 22.09 21.96 22.02 22.04 0.09 22.96 23.03 23.09 23.09 0.00 22.96 22.89 22.96 22.95 -0.04

ghostscript 12.42 11.91 11.87 11.88 11.96 0.67 12.42 12.41 12.41 12.42 0.08 12.41 12.41 12.41 12.42 0.08

gsmdecode 22.04 22.04 21.17 21.17 21.17 0.00 21.62 21.62 21.62 21.62 0.00 21.62 22.04 22.04 22.04 0.00

gsmencode 25.10 25.08 24.82 24.82 24.82 0.00 24.98 24.95 24.95 24.95 0.00 24.98 25.09 25.09 25.09 0.00

mesamipmap 40.44 39.47 38.48 38.48 38.51 0.08 40.41 40.41 40.41 40.42 0.02 40.44 40.44 40.44 40.44 0.00

mpeg2dec 13.37 13.03 12.96 12.96 13.08 0.92 13.31 13.31 13.31 13.31 0.00 13.36 13.36 13.36 13.36 0.00

mpeg2enc 34.45 34.35 34.26 34.28 34.26 -0.06 34.45 34.45 34.45 34.45 0.00 34.45 34.45 34.45 34.45 0.00

pegwitdec 18.07 18.07 18.04 18.04 18.04 0.00 18.07 18.07 18.07 18.07 0.00 18.07 18.07 18.07 18.07 0.00

pegwitenc 14.92 14.84 14.83 14.83 14.83 0.00 14.92 14.91 14.91 14.91 0.00 14.92 14.91 14.91 14.91 0.00

rasta 15.71 15.68 15.60 15.68 15.66 -0.13 15.71 15.71 15.71 15.71 0.00 15.71 15.71 15.71 15.71 0.00

rawcaudio 12.98 12.98 12.98 12.98 12.98 0.00 12.98 12.98 12.98 12.98 0.00 12.98 12.98 12.98 12.98 0.00

rawdaudio 11.91 11.91 11.91 11.91 11.91 0.00 11.91 11.91 11.91 11.91 0.00 11.91 11.91 11.91 11.91 0.00

Average 20.59 20.36 20.16 20.18 20.19 0.12 20.53 20.52 20.52 20.52 0.01 20.53 20.55 20.55 20.55 0.01

cmpplat1

(a) 4-wide  machine

cmpplat2 cmpplat3

cmpplat2 cmpplat3cmpplat1

(b) 6-wide machine
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Xe_OPR[egk^HVRS �ZXegQ^OSlP [ehOVRnOS TRSlgkXZVYN��]S<SlTWTR[]TWPl�ZPR[9XePCVR[;X��][eNkLu`+^HVY^OXegmw�Xe\HwlSlgQgfXZVRNk[]\o[eh�VYnOS \OSUtmXZVYN��]S
Xe\OL&c�[]PRN�VYNQ�eS SUTRTR[eTRPl� } []gQ^O`a\OP,; � � � XZ\OL ��0 � �%1bPWnO[ � VRnOS wl[eTRTRSUPRc�[]\OLONQ\Ot�PWVYXZVYNQPWVRNkwlPuhi[]T
wl`acOc�gkXZVYSU\OwU{ � XZ\OL�0��OTRSUPRc�SlwUVRNQ�eSlgQ{e�

yCSlTRnOXecOPEVRnOS�`r[ePWV Nk\mVYSUTRSUPWVYNQ\Otu[]_OPRSUTW�ZXZVRNk[]\rXe_�[]^HV�VYnHS�y<y3K��C�aLdXZVYXucHTRSlPWSl\mVYSUL Nk\�VYnHNkP
V�Xe_OgQS�NkP�VYnOXZV | N ��VRnOSIwl[]`acONkgQSlT�SUPWVRNk`rXZVYSULawU[]\ � NQwUV NkP�\HSU�]SUT�`a[]TRSsVRndXe\ � � ��; � [eh�VYnHS9P>V�XZVRNkw
PRw�nOSULO^OgkS VRNk`aS XZ\OL | NQN ��VYnOXZV VRnOS�Xe_OPW[]gk^�VYS LHN033SlTRSU\OwlS _3S�VJ��SUSl\&VYnOS wl[]`acONkgQSlToSlP>VYNQ` XZVRSlL
VYNk`aS | NQ\OwlgQ^OLONk\HtIwU[]\ � NQwUV�LOSlgkX�{O�CXe\OLuVYnOSEXewUVR^dXegqS1*�SUwl^HVRNk[]\ VRNk`aS<NkPC\OSU�eSlTz`a[]TWS VRndXe\ � �20 � �
[eh�VRnOSowl[]`acONQgkSlTESlP>VYNk`rXZVRSlL�VYNQ`rSZ��hi[]T�Xe\m{@XZcOcOgkNQw�XZVRNk[]\ []\bXe\m{�[ehCVYnOSoPRN *�`rXew�nONQ\OSlPU����nONkP
Nk\OLONQw�XZVRSlP<VYndX VEVRnOS�wU[]`rcHNkgkSUT�SlP>VYNk`rXZVRSlL�VYNk`aS�NkP<�]SUTW{rXewlwU^OTYX VYSe�$�d^OT>VYnOSUTR`a[]TRS�VYnHS;y<y3K����
PRw�nOSULO^OgkS wl[]\ � NkwUVRPbVRndXZV�LO[ [�wUwl^OTbndX��]S&XZgk`a[]PWV@\OSUt]gkNQt]Nk_HgkS�S13 SUwUV�[ �eSlT�Xegkg;VRnOS XZwU{xwlgQNkw
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TRSlteNk[]\OPU����nOSUTRS�XeTWS�X wU[]^OcOgQS�[ehoTWS�XePW[]\OP hi[eTrVYnHNkP _�SlnOX �xNQ[]Tl� �zNkTWPWV���NQPrVRnOS�TWSlPWVRTRNQwUVYN��]S
\dXZVY^HTRSa[eh�VRnOS�wl[]`+_HNk\ONQ\OtbXegkt][eTRNQVRnO`b�3��nONQw�n []\Og�{�XegQgk[ ��P []c�SlTRXZVYNQ[]\OP VY[@_�SrwU[]`+_ONQ\OSlL NQh
VYnOS�SlP>VYNQ` XZVRSlL�c�Sl\dXeg�VJ{�LO^OS�VR[uwU[]\ � NQwUV<hi[]T�VRndXZV�VYNQ`rSUPRgQ[eV�LO[xSlP<\O[eV<S2*�wlSlSUL �]� � ���xSlwl[e\OL*�xNkP
VYndXZV�TRSlgkXZVYN��]SUgQ{ohiSU� []c�SlTRXZVYNQ[]\OPzteSUV�wU[]`+_ONQ\OSlL*�ePRNk\HwlSsVYnHSlTRS�NkP�X9�eSlT>{�gkNQ`rN�VYSlLuTYXZ\Ot]S�[Zh�VRNk`aS
PRgk[ZVYPz��nOSUTRS�X;teNQ�]SU\+[]c�SlTRXZVYNQ[]\ wlXe\�_3S�PRw�nOSULO^OgkSUL���NQVYnH[]^HV�NQ\OwlTWS�XePWNk\Ot9VYnOSE[ �eSlTRXegkg�PRw�nOSULO^OgkS
gkSl\HteVYn | VYnONQP9NQP9LHN033SlTRSU\mV9hi[]T�VYnHS wU{xwUgkNkwuPRw�nHSlLO^OgQSlT���nHNkw�n*� XeP9�ES ndX��eS+PRSUSl\*� XegkgQ[ ��PI`+^Ow�n
`r[]TWS�PRw�nOSULO^OgQNk\Oto`a[]_ONkgQNQVJ{ hi[]T�Xe\�[]c3SUTYXZVRNk[]\d���z��nHNkTRL �mNkPzVRndXZV<`rXe\m{+[]c�SlTRXZVYNQ[]\OPz��nONQw�naXeTRS
PRw�nOSULO^OgkSUL wUgk[]PWSlgQ{bVY[�[e\OS�Xe\O[eVRnOSlT�_3SUw�Xe^OPWS�[eh PRNk`aNkgkXeT�cOTRNQ[]TRN�VYNQSlP;XZTRS+LONQP �W[]NQ\mV Xe\OL nOSU\OwlS
w�Xe^OPWS�\H[ c�Sl\dXZgQVJ{$LH^OSbVR[ wl[]\ � NkwUV���nHSl\ wU[]`+_ONQ\OSlL �)�d[]^HTWVYn � `rXe\m{&[ehIVYnHSbcHTRSlLHNkw�X VYSlL
[]c3SUTYXZVRNk[]\HP�ndX��]S�/lSlTW[+S1*�SUwl^HVRNk[]\ hiTWSlpq^OSU\OwU{r��nONkw�n�NQ\rVYnHS;Xew�VY^dXeg�_�Sl\Ow�nO`rXeTW�rTW^O\OPl�x��nONkw�n
TRSlPW^OgQVRP�Nk\ /USlTR[�c�Sl\OXegQVJ{a��nOSl\@VYnHSU{�XZTRS;wU[]`+_ONQ\OSlL ��N�VYn�[eVRnOSlTs[ec3SUTYXZVRNk[]\OPU�&�zNQ\dXegkg�{]�m��nOSU\
��S�NQ\OwlTWS�XePWSswl`acOc+gkXZVYSU\OwU{u[]T�t][�VY[;X9��NkLOSUTz`rXew�nONQ\OSe� VYnOSs\q^O` _3SUT�[eh TRSUt]Nk[e\OPCVRndXZV�_�Sl\HSUjOV
hiTR[]`�y<y�K#�C�@LHSlwlTWS�XePWSlPU� Xe\HLbVRndXZV�w�XZ^OPRSUPIVRnOSoSlTRTW[]T�VY[�LOSUwlTRSlXePRSuSU�eSl\�hi^HTWVYnHSlTl�
�J\�VYnHNkP�Xe\HL�VRnOSshi[]gQgk[ ��Nk\Ot9PRSUwUVYNQ[]\*�]VRnOS�y<y3K#�C�+TRSUPR^Og�VYP XeTWSs[]\Og�{ TWSlc�[]TWVRSlL�hi[]T�X } v � �

[eh � w�{xwlgkSZ�.��nHS TWSlPW^OgQVRP PRnO[ ��\ XeTRS XZgk`a[]PWVrNkLOSU\mVYNkwlXeg9VR[$VYnOS�TWSlPW^OgQVRP hi[]T } v � � [eh �
wU{xwlgQSlPl� ��nONQw�n�NkP�LH^OSuVR[aVRnOSo�]SlT>{@PR`rXegkg \x^H`+_3SUT9[Zh�wl[e\ � Nkw�VYP�VYnOXZVI[�wUwl^OTU��LH^OSuVR[aVRnOS jO�]S
XZhi[]TRSU`rSU\mVYNk[e\OSlL@TRSlXePR[e\OPl�

�'-���- � -�� � "�� �	� �	� � � � .�.$	��$�

�J\ VRnONkPCPRSUwUVRNk[]\u��SEPWVY^HLH{�VRnOS�c�SlT>hi[]TR`rXe\OwUSE[Zh!4 jOTRPWV>� jOV64 y y�K#�C����nONQw�n*�e^O\HgkNk�ZS 4 S1*xVRSl\OL��
Xegkg 4qy y�K#�C�3��LO[�SUP�\O[ZVsS1*xVRSl\OL�wU`rcOcrgfXZVRSl\Ow�{acOTRNQ[]T VR[ PWw�nOSlLO^HgkNk\HtO�H_O^�Vs[]\Og�{�V�Xe�ZSlP�XZLH�ZXe\��
V�Xet]So[eh�wl[e`+_ONk\HNk\Ot�[]cHc3[]T>VY^O\HNQVYNQSlP�XZP�VRnOSU{�XeTRNQPRSe�

K9P ��S�PRXeNkL NQ\���Slw�VYNQ[]\ 0H� � �20�� � �INQhuXZ\�[]c3SUTYXZVRNk[]\ NkP PWw�nOSlLO^HgkSlL�XZV�X$wU{xwlgQS�VYndXZV NkP
gkSlPWPrVRndXe\ �	� 	 � � � �E����� 	 � � ��� wU{xwlgQSlP X���X�{ hiTW[]` NQVRP XZgkTRSlXeLH{&PWw�nOSlLH^OgkSUL�wl`acOc cOTW[�LH^OwlSUTl�
VYnONQP9[]c�SlTRXZVYNQ[]\@`+^OP>V9TWSlPWSlTW�eS+NQVRP�TRSlPW[]^OTWwlS ^H\Owl[]\HLONQVRNk[]\dXZgkgQ{e�OXe\HL�N�VYP�S1*�SlwU^HVYNQ[]\�hiTWSlpq^OSU\OwU{
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Nk\ PW^Ow�n X PRw�nOSULO^OgkS���NQgkgI_3S�XePRPWNkt]\HSlL XeP �e�  \ VRnOS�[eVRnOSlT ndXe\OL*��N�h;VYnOS�[ec3SUTYXZVRNk[]\ NkP
PRw�nOSULO^OgkSUL XZV;XawU{xwlgQS VYnOXZV�NQP�X V;gkSlXePWV �	� 	 � ��� �E����� 	 � � ����wU{xwUgkSlP�X��sX�{bhiTR[]` NQVRP9PWw�nOSlLH^OgkSUL
wl`acOc cOTR[xLO^OwUSlTl�<VYnHS�[]c3SUTYXZVRNk[]\ 4 P+cHTRSlLHNkw�X VYS wlXe\ _3S�TWS�XeL S�XZTRgQ{e�<Xe\OL NQV w�Xe\ TWSlPRSUTW�eS�N�VYP
TRSlPW[]^OTWwlS�wU[]\OLON�VYNQ[]\dXegQgQ{]� ;_m�xNk[]^OPWgQ{+VRnOS�LOSlgkX�{�LO^OS�VY[uwl[]` _ONk\ONQ\Ot;��NQVRnaVRnONkP<[]c�SlTRXZVYNQ[]\���NkgQg
_3SogfXZTRt]SUT�Nk\ VYnHNkP�w�XePWS VYndXe\bNk\�VRnOSoPRSlwU[]\OLbw�XePWSe�
�zNkte^OTRS�0�� � � | Xm��PWnO[ ��Pl�dhi[]T�Xew�{�wUgkNQw TRSlteNk[]\OP�[e\OgQ{e��VYnHSuPWc3SUSlLO^Hc�[ �]SUTIVRnOS � � ��NQLOS _dXePWS��

gkNk\HS cOTW[�wUSlPRPW[]T;VYnOXZV;NQP;Xew�nONQSU�eSlL _q{ 4 jdTRP>VW� jHV 4*y<y�K#�C��[]\�VYnOS�VYnOTWSlS � �~��NkLOS�cOTR[e_dXe_ONQgkNkP>VYNQw
cOTRSULONkwlXZVYS �7X��sXZTRSacOTR[xwlSUPRPR[eTRPo��NQVYn wU`rcOc gfX VYSl\HwlNkSUP [eh �]� � XZ\OL 0@wU{xwUgkSlPU� �zNkte^OTRS�0H� � � | _ �
PRnO[ ��P�VYnOS wl[]TWTRSlPWc3[e\OLONk\Ht�LdXZV�X�hi[eT�VYnHS�/ � ��NQLOS cOTW[�wUSlPWPR[]TWPl� �E{$wU[]`rcOXeTRNQ\Ot���N�VYn �zNQtZ�
^OTRS�0H� �
	 �ESaPWSlS�VYnOXZV hi[]T;wU`rcOc gkXZVYSU\OwlNQSlP;[eh � Xe\OL 0 []\�VYnHS � � ��NQLOS�` XZw�nONk\OSZ� 4 jdTRP>VW� jHV 4
y y�K#�C� XZw�nONkS��]SlP � � `r[]TWS�PRc�SlSULO^Oc [ �eSlToVYnOS�_dXePWSlgQNk\OS+VRndXe\ 4 S2*xVYSl\HL��7XegQg54 y<y�K#�C� LH[�SUPl�
	 nOSlTWS�XeP�hi[]TzVRnOS / �~��NkLOSs`rXew�nONQ\OSe� 4 jdTWPWV>� jOV64my<y3K#�C�+t]S�VYP�[]\Og�{ � � Xe\OL � � `a[]TRSsPWc3SUSlLO^Hc
VYndXe\ 4 S1*xVYSU\OL��JXegkg 4Oy<y3K���� hi[]T�wU`rcOc�gkXZVYSU\OwlNQSlP � Xe\OL 0H��TRSUPRc�SlwUVRNQ�eSlgQ{e�E��nHNkP�Nk`acOTW[ �eSl`aSl\mV
wl[]`aSlP�hiTW[]` VYnOS h XZwUV�VRndXZV
4 jdTWPWV>� jOV64*y<y3K�����LH[�SUP;\O[eV S2*xVYSl\HL VRnOS+wU`rcOc�gfXZVRSl\OwUNkSlP�cOTRNQ[]T
VY[�PWw�nOSlLH^OgkNQ\OtO����nHNkw�n `rXe�ZSlP�VRnOSagfXZVRSl\Ow�{q� wl[]\HPWVYTRXeNk\HSlL gQ[ ��SUT�_�[]^O\OL hi[]T VYnOSaw�XePWSlP ��N�VYn
S1*xVYSU\OLOSlL wU`rcOc gfXZVRSl\OwUNkSlP�[eh � XZ\OL 0�_�SrVRnOS PRXe`rS XeP�hi[eT+X�wU`rcHc$gfXZVRSl\Ow�{ [eh��]�b��nONkP
_3[]^H\OL `rX�{�_�S��eSlT>{ [ecHVYNQ`rNQPWVYNQwe�3_O^HVuNQV ��NQgkg�\OS��]SUT�t]TW[ �(_�SU{][e\OL VRnOSr_OXePRSUgkNk\HS�PRw�nOSULO^OgkS
gkSl\HteVYn*�EXeP�ndXZcOc3SU\OP���NQVRn 4 S1*xVRSl\OL��JXegkg 4�y<y3K���� XeP�wU`rcOc gkXZVYSU\OwU{ Nk\OwUTRS�XZPRSlP�VY[ � Xe\HL 0
wU{xwlgQSlPl� � ^HTWVYnHSlTR`a[]TWS�VYnHS�cOTWNk[]TWNQVJ{ PRw�nHSlLO^OgQNk\Ot$Xe\OL VRnOS 4 jdTRP>VW� jHV 4 PWVYTRXZVYSUte{ [eh*4 jdTRP>VW� jHV 4
y y�K#�C�bgQNk`aNQVRP VRnOSot]TR[ ��VYnb[ehCVYnOSowUTRNQVRNkwlXeg*cdXZVRn@Nk\@NQVRP�PRw�nOSULO^OgkSUPl�
�J\�VYnHS�\OS1*xV<PRS�V [eh�TRSlPW^OgQVRP���S�wU[]`rcOXeTRS�VRnOS�c�SlTWhi[eTR`rXe\OwlS�[eh 4 jdTWPWV>� jOV64my<y3K#�C�+��NQVRn+VYnOS

c3SUTWhi[]TW` Xe\HwlSo[eh$4 jdTWPWVW�~jOV 4 v y�K#�C�@Xe\OL 4 S1*xVRSl\OL��JXegkg 4dy<y3K�����hi[]T � ��Xe\OL-/ �~��NkLOS `rXew�nONQ\OSlP
��NQVYn X�wU`rcOcrgfXZVRSl\Ow�{�[eh 0H�z��nOS�gQSUh V _dXeT [eh��zNkt]^HTRS 0H� �]� | X]�<PWnO[ ��PEVYnHS�PRc�SlSULO^Oc [ �eSlTsX � �
��NkLOS<_dXePWSlgQNk\OS�`rXew�nONQ\OS�VYndX V NkP Xew�nONQSU�eSlL _m{�4 S1*xVYSU\OL��JXegkg 4�y<y3K����o[]\uX � � ��NQLOS�cOTR[e_dXe_ONQgkNkP>VYNQw
cOTRSULONkwlXZVYS �7X��sXZTRS `rXew�nONQ\OSe�@��nOS `aNkLHLOgkS�_dXeTuPRnH[ ��P+VRnOS PWc3SUSlLO^Hc Xew�nONkS��]SUL&_q{ 4 jdTRP>VW� jHV 4
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v y3K#�C� []\ X � � ��NQLOS�LOS�VYSlTW`rNQ\ONkP>VYNQw�cOTWSlLONQw�XZVRS��JX ��XeTWS�` XZw�nONk\OSZ�M��nOS�TWNkt]nmV _OXeT PRnH[ ��P
VYnOSaPRc�SlSULO^Oc$XZw�nONkS��]SlL _m{ 4 jOTRPWV>� jOV64 y<y3K#�C��[]\ X � � ��NkLHS�cOTR[]_OXe_ONkgQNkP>VYNkw�cOTRSULONkwlXZVYS �7X���XeTRS
` Xew�nHNk\OSa��NQVYn X } v � � [eh��]� �zNkt]^HTRS�0H� �]� | _d�uPRnH[ ��P�VYnOSrwl[]TWTRSlPWc3[e\OLONk\Ht�LdXZVYX�hi[]ToVYnOS
/ � ��NQLOS�` XZw�nONk\OSUPl�+K9P S1*�c�SlwUVRSlL*� 4 jOTRPWV>� jOV64 y<y3K�����[]^HVRc3SUTWhi[]TW`rP�_3[eVRn 4 jdTWPWV>� jOV64 v y3K����
Xe\OL 4 S2*�VRSl\OLx�7XegQg54dy<y3K��C�@NQ\�XZgkg*_O^�V�[]\OSow�XePWS�[ZhzTRX �Ew�XZ^OLONk[H�
�J\ TYX��Ew�Xe^HLONk[O� 4 S1*xVYSU\OL��JXegkg 4�y<y3K����$c�SlT>hi[]TR`aP+_�SUVRVRSlT�VYnOXe\$VYnOS�[ZVYnOSUT+VJ��[ PRw�nOSU`rSUPl�

��nOS�PRN�VY^dXZVRNk[]\ nOSUTRS NQP PRNQ`rNQgfXeT;VR[�VYnHS `ac3SUt � Sl\Hw gk[e\Ot�gkXZVYSU\OwU{ []c�SlTYX VYNk[e\$Xe\O[e` Xeg�{�LONQP>�
wl^OPWPRSlL SlXeTRgQNkSlTU�H��nOSUTRS�X�gk[]\HtrgkXZVYSU\OwU{@[]c�SlTRXZVYNQ[]\bPRw�nOSULO^OgkSUL�_3S�hi[]TRS�XrPW^O_OTW[]^HVYNQ\OSuw�XegQg | XeP
ndXecOc�Sl\OPoNQ\�VYnOS�wlXePRS�[eh 4 jdTRP>VW� jHV 4 v y�K#�C��Xe\OL y<y3K����H� wlXe^OPWSlPuX LOSlc�Sl\HLOSl\OwUSrSULOt]S�_�S��
VJ��SUSl\@VYnOSUPRS�VJ�E[�[]c3SUTYXZVRNk[]\HP VR[+cOTR[xLO^OwUS X+gk[e\Ot]SlT PRw�nHSlLO^OgQS;VYndXZ\ ��nOSl\�VRnONkPEgk[]\Ot�gfXZVRSl\Ow�{
[]c3SUTYXZVRNk[]\ NkP PWw�nOSlLH^OgkSUL XZh VRSlT X�PR^O_OTW[]^HVRNk\OS wlXegkg []c�SlTRXZVYNQ[]\ | XeP+ndXecHc3SU\OP�Nk\ VRnOS wlXePRS�[eh
4 S2*�VRSl\OLx�7XegQg54dy<y3K��C�O��cHTR[xLO^OwlNQ\Ot�\O[aPR^Ow�n�LOSlc�Sl\HLOSl\OwUS SULOt]Se�
	 SuXegkPW[r\O[ZVYNkwUS;VYndX V4 jdTWPWVW�~jOV 4 v y�K#�C�@[e^HVYc�SlT>hi[]TR`aP�4 S2*xVYSl\HL��7XegQg54dy<y�K#�C�b[]\�X��]SUTYXet]S

PRNk\HwlS�VRnOS�XZ_ONkgQNQVJ{&[eh,4 S2*�VRSl\OLx�7XegQg54 y<y3K#�C� VR[ wU[]`+_ONQ\OS�`a[]TWS�[]c�SlTRXZVYNQ[]\OP�VYndXZ\ 4 jdTRP>VW� jHV 4
v y3K#�C� t]Sl\OSUTYXegQgQ{�LH[�SUP \O[eVuwU[]`rc�Sl\HPYXZVRSrhi[]ToNQVRPoNk\OwUTRS�XZPRSlL PRw�nOSULO^OgkSrgkSU\OteVYn LO^OS�VY[bVYnOS
Nk\OwUTRS�XZPRSlL�wlTWNQVYNQw�Xeg3cdXZVRn�gQSl\OteVRn@w�Xe^OPWSlLb_m{@NQVYP�S2*xVYSl\HLOSlL�wU`rcHcbgkXZVYSU\OwU{e�

K9gkPR[�\O[ZVYS;VYnOXZV�LOSlPWcONQVRSondX���NQ\Ot��]SUTW{@gkN�VRVRgkS�PWw�nOSlLH^OgkNQ\Ot�nOS�XeLHTR[x[]` hi[]T�VRnOS�/ � ��NQLOS `rX �
w�nONk\OSZ��[]\ 1bXecHcOgkNQw�XZVRNk[]\OP*4 jdTWPWVW�~jOV 4�y<y3K���� LO[�SUP XZw�nONkS��]SlP PR[]`aSrPWc3SUSlLO^Hc*�zhiTR[e` � � hi[]T
TYXeP>V�XH� w �Wc�Slt�Xe\OLuL��Wc3SUtIVR[ � � hi[]T t]nO[ePWVYPWwlTWNkcHVl� �E{ wU[]\mVYTRXePWVl� 4 S1*xVYSU\OL��7XZgkg54�y y�K#�C��XZw�nONkS��]SlP
XaPWc3SUSlLO^Ocbhi[]T�[]\Og�{ VJ�E[ XZcOcOgkNQw�XZVRNk[]\HPl� � � hi[]T�t 1 � ��LOSlwU[�LHS�XZ\OL � � hi[]T�t 1 � ��Sl\Hwl[xLOSe�

��Xe_OgQS 0H� 0$Xe^Ote`rSU\qVRP ��Xe_OgkS�0H� � ��NQVRn PRw�nHSlLO^OgQS�gkSU\OteVYn LdXZV�X hi[]T�4 jdTRP>VW�~jOV 4 v y3K����
Xe\OL 4 jdTWPWVW�~jOV 4 y<y�K#�C�@��N�VYnbwl`acOc�gkXZVYSU\OwlNQSlP�[eh �]� � Xe\OL 0�w�{�wUgkSUPl�s��nOSu_dXePWSlgQNk\OS | ��K#�C�O�
PRw�nOSULO^OgkS�gkSU\OteVYn@NQP�TRSlc�S�X VYSlLbnOSUTRS hi[]T�wl[e`rcdXZTRNkPW[]\*�
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Benchmark SLbals SLdpals SLppals_s SLppals_c SLppals_d %err SLdpals SLppals_s SLppals_c SLppals_d %err SLdpals SLppals_s SLppals_c SLppals_d %err

cjpeg 46.11 44.01 39.09 39.20 39.21 0.03 44.01 39.09 39.20 39.21 0.03 43.64 39.97 40.06 40.08 0.05

djpeg 14.03 13.69 13.25 13.28 13.25 -0.23 13.69 13.25 13.28 13.25 -0.23 13.86 13.37 13.40 13.37 -0.22

epic 13.55 13.54 13.44 13.45 13.45 0.00 13.54 13.44 13.45 13.45 0.00 13.54 13.44 13.45 13.45 0.00

unepic 20.11 20.05 19.63 19.83 19.83 0.00 20.05 19.63 19.83 19.83 0.00 20.10 19.68 19.87 19.87 0.00

g721encode 29.96 26.60 25.89 25.89 26.03 0.54 26.60 25.89 25.89 26.03 0.54 27.03 26.25 26.25 26.47 0.83

g721decode 29.53 26.38 26.06 26.16 26.31 0.57 26.38 26.06 26.16 26.31 0.57 26.65 26.05 26.16 26.30 0.53

ghostscript 15.14 13.68 13.53 13.56 13.58 0.15 13.68 13.53 13.56 13.58 0.15 14.11 14.00 14.03 14.11 0.57

gsmdecode 23.52 22.61 22.17 22.17 22.18 0.05 22.61 22.17 22.17 22.18 0.05 22.64 22.31 22.31 22.32 0.04

gsmencode 30.73 29.28 25.52 25.52 25.52 0.00 29.28 25.52 25.52 25.52 0.00 29.66 26.28 26.55 26.55 0.00

mesamipmap 50.49 49.27 46.18 46.18 46.98 1.70 49.27 46.18 46.18 46.98 1.70 49.26 48.02 48.02 48.02 0.00

mpeg2dec 16.44 15.22 14.13 14.18 14.19 0.07 15.22 14.13 14.18 14.19 0.07 15.33 14.33 14.38 14.39 0.07

mpeg2enc 32.38 31.58 27.87 28.03 28.07 0.14 31.58 27.87 28.03 28.07 0.14 31.60 30.33 30.43 30.48 0.16

pegwitdec 18.72 18.68 18.35 18.35 18.35 0.00 18.68 18.35 18.35 18.35 0.00 18.68 18.39 18.39 18.39 0.00

pegwitenc 16.57 16.41 16.00 16.00 16.00 0.00 16.41 16.00 16.00 16.00 0.00 16.41 16.15 16.15 16.15 0.00

rasta 18.71 18.61 18.41 18.42 18.42 0.00 18.61 18.41 18.42 18.42 0.00 18.61 18.52 18.52 18.52 0.00

rawcaudio 17.46 15.47 15.47 15.47 15.47 0.00 15.47 15.47 15.47 15.47 0.00 15.97 15.97 15.97 15.97 0.00

rawdaudio 12.91 12.91 12.90 12.90 12.90 0.00 12.91 12.90 12.90 12.90 0.00 12.91 12.90 12.90 12.90 0.00

Average 23.90 22.82 21.64 21.68 21.75 0.20 22.82 21.64 21.68 21.75 0.20 22.94 22.12 22.17 22.20 0.15

(a) 4-wide  machine

Benchmark SLbals SLdpals SLppals_s SLppals_c SLppals_d %err SLdpals SLppals_s SLppals_c SLppals_d %err SLdpals SLppals_s SLppals_c SLppals_d %err

cjpeg 38.06 38.06 37.60 37.60 37.60 0.00 38.06 37.60 37.60 37.60 0.00 38.06 37.60 37.60 37.60 0.00

djpeg 11.47 11.41 11.29 11.31 11.29 -0.18 11.41 11.32 11.34 11.32 -0.18 11.41 11.35 11.36 11.35 -0.09

epic 12.61 12.61 12.59 12.59 12.59 0.00 12.61 12.53 12.53 12.53 0.00 12.61 12.59 12.59 12.59 0.00

unepic 19.76 19.76 19.76 19.76 19.76 0.00 19.76 19.76 19.76 19.76 0.00 19.76 19.76 19.76 19.76 0.00

g721encode 23.60 22.82 22.68 22.68 22.68 0.00 22.75 22.68 22.68 22.68 0.00 23.10 22.68 22.68 22.82 0.61

g721decode 23.16 22.09 21.96 22.02 22.04 0.09 22.03 22.03 22.09 22.09 0.00 22.36 22.36 22.43 22.44 0.04

ghostscript 12.42 11.91 11.87 11.88 11.96 0.67 11.92 11.87 11.88 11.95 0.59 11.93 11.89 11.90 11.98 0.67

gsmdecode 22.04 22.04 21.17 21.17 21.17 0.00 22.04 21.20 21.20 21.20 0.00 22.04 22.04 22.04 22.04 0.00

gsmencode 25.10 25.08 24.82 24.82 24.82 0.00 25.08 24.82 24.82 24.82 0.00 25.08 25.06 25.06 25.06 0.00

mesamipmap 40.44 39.47 38.48 38.48 38.51 0.08 40.40 40.35 40.35 40.37 0.05 40.40 40.36 40.36 40.36 0.00

mpeg2dec 13.37 13.03 12.96 12.96 13.08 0.92 13.03 13.00 13.00 13.00 0.00 13.07 12.97 12.97 12.97 0.00

mpeg2enc 34.45 34.35 34.26 34.28 34.26 -0.06 34.35 34.35 34.35 34.37 0.06 34.40 34.35 34.37 34.39 0.06

pegwitdec 18.07 18.07 18.04 18.04 18.04 0.00 18.06 18.03 18.03 18.03 0.00 18.06 18.03 18.03 18.03 0.00

pegwitenc 14.92 14.84 14.83 14.83 14.83 0.00 14.84 14.84 14.84 14.84 0.00 14.92 14.91 14.91 14.91 0.00

rasta 15.71 15.68 15.60 15.68 15.66 -0.13 15.71 15.60 15.66 15.63 -0.19 15.71 15.60 15.65 15.60 -0.32

rawcaudio 12.98 12.98 12.98 12.98 12.98 0.00 12.98 12.98 12.98 12.98 0.00 12.98 12.98 12.98 12.98 0.00

rawdaudio 11.91 11.91 11.91 11.91 11.91 0.00 11.91 11.91 11.91 11.91 0.00 11.91 11.91 11.91 11.91 0.00

Average 20.59 20.36 20.16 20.18 20.19 0.12 20.41 20.29 20.30 20.30 0.06 20.46 20.38 20.39 20.40 0.11

(b) 6-wide  machine

cmppcombth1 cmppcombth2 cmppcombth3

cmppcombth1 cmppcombth2 cmppcombth3
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_dXeT wU[]\mV�XeNQ\OPrVJ�E[$[ �]SUTRgkXeNkL PR^O_�� _dXeTWPl��_OgkXew��&��nONkw�n PWnO[ ��P PRc�SlSULO^Oc���NQVRn } v � �  � �
Xe\OL$��nON�VYS ��nONQw�n&PRnO[ ��P�PWc3SUSlLO^Oc ��NQVRn } v � �  �]����nHS�PR^O_�� _dXeT ��nHNkw�n&wl[eTRTRSUPRc�[]\OLOP
VY[ gkXeTRteSlT�PRc�SlSULO^Oc�NQP�XZgQ��X {xPIcOgk[ZVRVYSULbjOTRPWV�Xe\OL�NkP�VYnHSl\�[ �eSlTRgkXeNkL@��NQVRnbVRnOSuPR^O_�� _dXeT���nONkw�n
wl[]TWTRSlPWc3[e\OLOP�VY[+VRnOS;PR`rXegQgkSlT PRc�SlSULO^Oc*� ��nONQP��sX�{ []\OgQ{aVYnHS;nONktenOSlTEcdXeTWVs[eh VYnOS;gkXeTRteSlT�PW^O_��
_dXeTl����nHNkw�n&PRnH[ ��P+VRnOS�XeLHLONQVRNk[]\dXZg�c3SUTWhi[]TW` Xe\HwlS tmXZNk\ [ �eSlT VRnOS PRnH[]TWVRSlT+PW^O_��J_OXeT ��NkgQg<_3S
��NQPRNQ_OgkSZ�dXe\OL@VYnOS PWnO[]T>VYSlTIPR^H_��J_dXZTs��Nkgkg*XegQ��X�{�P�_�S;�xNkPRNQ_OgkSZ�O^O\OgQSlPWPI_�[eVRnb_OXeTRPIXeTWSoVRnOSoPYXe`aS
nOSlNQt]nmV��&�d[]T<S1*HXe`acOgQSINQ\ ��Nkt]^OTWS 0H� � 0 | Xm� �]VYnOS�VYnHNkTRLa_dXeT [eh L��Wc3SUt | wl[]TWTRSlPWc3[e\OLONk\HtuVR[�wU`rcOc
gfXZVRSl\Ow�{ 0m�oPRnO[ ��P�VYndX V�y<y3K;��� XZw�nONkS��]SlP�X�PWc3SUSlLO^Hc [Zh�1 � ��N�VYn } v � �  � Xe\HL 0 �
hi[]T } v ���  �]� ��NQVRn�VYnOS���nONQVRS�c3[eTWVYNQ[]\�wl[eTRTRSUPRc�[]\OLONQ\Ot@VY[�VYnOS � � LON033SlTWSl\OwUSa_�SUVJ�ESlSU\
VYnOS+VJ�E[O��� h<_3[ZVYn�PR^H_��J_dXZTRP XeTWS VYnHS+PYXe`aS+nOSUNkt]nmVl�3VYnHS�PR^O_�� _dXeT;wU[]TRTWSlPWc3[]\HLONk\OtrVY[ } v � �
 ��NQP Xeg��sX�{xP [ �]SlTWgfXeNQL�[]\�VYnHS�PR^O_�� _dXeT;wU[]TRTWSlPWc3[]\HLONk\Ot VR[ } v ���  � �*PR[ VRndXZV []\HgQ{bVYnOS
_OgfXew��@wU[]gk[]T�NQPI�xNQPRNk_HgkSe� XZP9NQP�VRnOS wlXePRSZ��hi[eTIS2*HXe`rcHgkSe�d��N�VYn@jdTRP>V;w �Wc�Sltr_dXeT | wU[]TRTWSlPRc�[]\OLHNk\Ot
VY[awl`acOc@gfXZVRSl\Ow�{ � ���
�d[]TuwU{xwlgQNkw TWSlt]NQ[]\OPU��XeP��ES�ndX��]S�PWSlSU\$hiTR[]` �zXZ_OgkS 0H� �e�zVYnOS y y�K ���$gQ[ �ESlT7�J_�[]^O\OL NkP

LOSUVRSlTR`aNk\HSlL�_m{@VYnHS TRSUPR[]^HTRwlS �JwU[]\OPWVRTYXeNQ\OSlL�PRw�nOSULO^OgkS�gkSU\OteVYn | � � ��� ��� �@� �@& �W��[ZhzVYnHS cOTW[]_��
Xe_ONkgQNkP>VYNkw�cHTRSlLHNkw�X VYS��JX��sXeTWS;cOTW[�wUSlPRPW[]Tl��TWSlwU^OTRTWSl\OwUS��JwU[]\OP>VYTYXZNk\OSULbgQ[ ��SUT�_�[]^O\OL | � ��� � � ���<NkP
\O[eV�XugQNk`aNQVYNQ\Ot�h Xew�VY[]T�hi[]T<SUNQVYnHSlT � � ��NQLOS�[]T / � ��NQLOS�` Xew�nHNk\OS�`a[�LOSUgkPU�zK�P ��Xe_OgkS 0H� ��PWnO[ ��Pl�
� ��� � ��� �zS��]SU\ hi[]ToX@wl`acOc gkXZVYSU\OwU{�[Zh 0H� NkPo`+^Hw�n PR`rXegQgkSlT9VYndXe\ � � ��� ��� �@� �'& �U� ��SUNk\Ot
TRSlPW[]^OTWwlSugkNk`aNQVRSlL [ 3 SUTRP�X�PR^O_OP>V�Xe\mVRNfXeg*nHS�XeLOTW[�[e` hi[]T�y<y3K;���bNQ`rcHTR[ �]SU`rSU\qV�[ �eSlT ��K ���
hi[]TIXegkg VRnOTRSUS�wU`rcHc�gfX VYSl\HwlNkSUPl� ��nONkPInOSlXeLOTR[x[]`b�Owl[e`rcO^�VYSlL�XeP�� �]��� �����������
	���

� ��!
������� ���
	 )
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NkP�0 � � hi[]T�VRnOS � � ��NQLOS+`rXew�nONQ\OSe� XZ\OL �Z� � hi[]T;VYnOS�/ � ��NkLHS+` XZw�nONk\OSZ����nHNkP nOSlXeLOTR[x[]` NkP
`+^Ow�n�gkXeTRt]SUT�VYndXe\bhi[]T9y y�K#�C�3��SlPWc3SUwlNfXZgkgQ{ hi[]T�VYnOS�nONkt]nHSlTIwl`acOc�gkXZVYSU\OwlNQSlPl�d��nONQw�n�NQPI��nm{
y y�K ��� XZw�nONkS��]SlPsX�PR^H_OPWVYXe\mVYNfXZgkgQ{�nHNkt]nOSUTEPWc3SUSlLO^Hc VYndXe\ y<y3K#�C�ahi[eT�XegQgOVYnOS9cOTR[e_dXe_ONQgkNkP>VYNQw
cOTRSULONkwlXZVYS �7X��sXZTRSu` Xew�nHNk\OSUPl�

��nOS@XZwUVY^OXegsc�SlTWhi[eTR`rXe\OwlS [eh9y y�K ���&LO[xSlP+�ZXeT>{ ��NQVRn&wl`acOc gfXZVRSl\Ow�{]� � [eT PR[e`rS�[eh
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VYnOSo_�Sl\Ow�nO`rXeTW�xPU�OVYnOSoc�SlT>hi[]TR`rXe\OwUS;LOSlwUTRSlXePRSUP�XeP�wU`rcHcbgkXZVYSU\OwU{ Nk\OwUTRSlXePRSUPl�,� [eTsS1*HXe`acOgkSZ�
hi[]T�w �Wc�Slt c�SlTWhi[eTR`rXe\OwlS LOSlwUTRS�XZPRSlP�hi[]T+_�[eVRn � �uXe\OL / �~��NkLOS `rXew�nONQ\OSlP�XZP�wl`acOc&gfXZVRSl\Ow�{
Nk\OwUTRS�XZPRSlP9hiTR[]` �uVY[ � Xe\OL�hiTW[]` � VR[(0rw�{xwlgkSUPl��� [eTIPW^Ow�n�_�Sl\Ow�nO`rXeTW�xP9VYnOS�c3SUTWhi[]TW` Xe\HwlS
LOSlt]TRXeLdXZVRNk[]\�hi[]T�NQ\OwlTWS�XePWSlL wl`acOc gfXZVRSl\OwUNkSlP@[xwlwU^OTRP@_�Slw�XZ^OPRS nONktenOSlT�wU`rcOc�gfX VYSl\HwU{�NQ\��
wlTRSlXePRSUP+VYnOS gkSl\HteVYn$[ZhsVYnOS gk[x[]c SUcONkgQ[]t]^OS | Xeg�VYnO[e^Ot]n VRnOS ��� TRSU` XZNk\OPoVYnOS PYXe`aS � �z��nONkw�n
gkS�XZLOPIVR[rgQ[]\Ot]SUT�VY[eVYXeg S1*�SlwU^HVYNQ[]\�VRNk`aSe� ��nONkPIS.33Slw�V�NQP9cOXeTWVRNkwl^HgfXeTWgQ{a��NQPRNQ_OgkS;hi[]T�gQ[�[]cHP���N�VYn
PR`rXegkg VRTRNQc�wl[]^O\mVl�
;\$VYnHS�[eVYnOSUT�ndXe\OL �<hi[eT+PR[]`aS [eh�VRnOS�_3SU\Ow�nO`rXeTR�qPU� VRnOS�c3SUTWhi[]TW` XZ\OwlS@Xe\H[]` XZgk[]^OPWgQ{

Nk\OwUTRS�XZPRSlPIXeP�wl`acOc�gfXZVRSl\Ow�{ NQ\OwlTWS�XePWSlPU�,�d[]T�S1*HXe`acOgkSZ��hi[]TsL��Wc3SUt+VYnOS;PWc3SUSlLO^Hc�NQ\OwlTWS�XePWSlP�XeP
wl`acOc�gfX VYSl\HwU{@Nk\HwlTRSlXePRSUP9hiTW[]` � VR[(0�hi[]TIVRnOS � � ��NkLHSu`rXew�nONQ\OSo��NQVYn } v ���  � ���J\�VYnHNkP
w�XePWSe�OVYnHS�y<y�K � ` XZw�nONk\OS;��N�VYn VRnOS nONktenOSlT�gkXZVYSU\OwU{rh XeNkgQPEVY[+jO\OLbX�PWw�nOSlLH^OgkS hi[]T�VRnOSoPYXe`aS
� �rXeP�VRnOS `rXew�nONk\HS9��NQVRn VYnOS gQ[ ��SUTswl`acOc�gfX VYSl\HwU{]� � Sl\OwUSe�OVRnOS ���rNQP�NQ\OwlTWS�XePWSlL*�OTWSlPW^OgQVRNk\Ot
Nk\ X@PW` XZgkgkSUT � ��� �CXe\HL NQ\OwlNQLOSl\mV�XZgkgQ{bVYnHSlTRSU_m{ XZw�nONkS���NQ\Ot@_3S�VRVRSlTuc3SUTWhi[]TW` Xe\HwlS+��nOSU\ VYnHSlPRS
gk[x[]cOP ndX��]S;X�gk[ � VRTRNkcrwl[]^H\qVl�$�d[]TEL��Wc3SUt�VYnHS;y<y3K;���ah XeNQgk^OTWS�VR[�jd\HL�Xu�ZXegQNkL�PRw�nOSULO^OgQS�hi[]T
X�t]N��]Sl\ ����ndXecOc�Sl\OP�LO^OSaVY[�TW[eV�X VYNk\HtbTWSlt]NQPWVRSlTugkNk`aNQVYXZVYNQ[]\OP�� XeP�wU`rcHc gfX VYSl\HwU{ Nk\HwlTRSlXePRSUPl�
VYnOS@gkSU\OteVRn [ehIVYnHSbPWNk\OtegkS N�VYSlTRXZVYNQ[]\&PRw�nHSlLO^OgQS�NQ\OwlTWS�XePWSlPU�sXe\OL wl[e\OPRSUpx^HSl\mVYg�{ PR[ LO[�SUP�VYnOS
\x^H`+_3SUT [eh<TRSUpq^ONkTWSlL TR[eVYXZVYNQ\Ot TWSlt]NQPWVRSlTRPU� 	 nOSl\�VRnOSlTWS�XeTRS+NQ\OPR^�-rwUNkSU\qV;TR[eVYXZVYNQ\Ot TWSlt]NQPWVYSUTRP
VY[aPR^OcOc�[]T>V�X�PWw�nOSlLO^HgkSo��NQVYn�VRnOSowl^OTWTRSl\mV ������VYnOSowl^HTRTRSU\mV ��� NQP�Nk\OwUTRSlXePRSUL*�
�zNQ\dXegQgQ{]��hi[]T PR[e`rS�XecHcOgkNQw�XZVRNk[]\OPU�*PR^Hw�n$XePoTYXZPWV�X�� VRnOS�c3SUTWhi[]TW` XZ\OwlS�TWSl`rXeNk\OP;VRnOS�PYXe`aS

hi[]T@XegkgIVYnOTWSlS wl`acOc gfX VYSl\HwlNkSUPl�.��nONkP�ndXZcOc3SU\OP@_3SUw�Xe^HPRS VYnOS�LO[e`rNQ\dXe\mV�gk[x[]cOP XeTRS�gQ[]\Ot
VYTRNQc wU[]^O\mV�gk[x[]cOP ��NQVRn X@PR`rXegkg � ��� � ����[eh �rhi[]ToXZgkg�VYnHTRSlSawl`acOc gfXZVRSl\OwUNkSlPU�r��nHSlTRS�hi[]TRS
� ��� � ��� NkP \H[eV�X�gQNk`aNQVRNk\Ot�h Xew�VY[]TU��Xe\OL VRnOS PWN5/lS [eh�VYnOS SlcONQgk[]t]^HSrLO[xSlP \O[eV�NQ`rcdXZwUVuVYnOS
[ �eSlTRXegkg c�SlTWhi[eTR`rXe\OwlSuPRNQ\OwlSoVYnHS gk[x[]cOP�PWc3SU\OL�VYnHS�gkXeTRt]So`rX��W[]TWNQVJ{ [Zh�VYnOSUNkT�S1*�SUwl^HVRNk[]\�VRNk`aS
Nk\�VYnOSoP>VYS�XZLH{m�JPWVYXZVYSZ�

K9P �zNkte^OTRS-0H� � 0 PRnH[ ��PU�9VRnOS�c�SlTWhi[eTR`rXe\OwlS�[ehuy<y3K;����XegkPW[ �ZXeTRNQSlP ��N�VYn } v � ���,�J\
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t]Sl\OSUTYXeg �]��S�S2*�c3SUwUVEy<y3K ����VR[ ndX��]S�nONktenOSlT�c�SlT>hi[]TR`rXe\OwUS���NQVRn } v ���  � �e��nONkw�nrXegQgk[ ��P
X�PR`rXegQgkSlToLOSUgfX�{ LO^OSaVY[bwl[]\ � Nkw�VYP+XZ\OL VRnOSlTWSUhi[]TWS `a[]TRS�[]c�SlTRXZVYNQ[]\ wU[]`+_ONQ\ONk\HtbVRndXe\ ��N�VYn
} v ���  �]����nONQP�NkP�VRTR^OS hi[]T�`a[]PWVs[eh�VRnOSoXecOcHgkNkwlXZVYNQ[]\OPU�H_O^HV�VRnOSlTWSuXeTRS PW[]`rS S2*�wlSlc�VYNk[e\OPl�
� [eTIS2*HXe`rcHgkSe��XeP �zNQt]^OTWS�0H� � 0 | Xm�sPWnO[ ��Pl� w �Wc3SUt Xew�nHNkSU�eSlP � � gkSUPRPIPRc�SlSlLH^Oc�hi[]T } v � �� �
VYndXe\@hi[]T } v � �� �o[]\bX � � ��NQLOS ` XZw�nONk\OS;��N�VYn�X�wl`acOc�gkXZVYSU\OwU{ [eh 0�� ��nHNkP�NkP�wlXe^OPRSUL�_m{
VYnOS�gk[ � VYTWNkc�wl[e^O\mVEcHTR[]_OgQSl`b� VYnOS�cOTW[]_dXe_ONQgkNQPWVYNQwEcHTRSlLHNkw�X VYS��JX��sXeTWS�` Xew�nHNk\OS���N�VYn } v � �� �
Xew�nONkS��]SUP�PR`rXegkgQSlT ��� �Z_O^�V�wl[e\OPRSUpx^HSl\mVYg�{ nONQt]nOSUT � ����VYndXe\uVYnOSEwl[]TWTRSUPRc�[]\OLONQ\Ot�`rXew�nONQ\OS ��N�VYn
} v ���� �]�Z��nHNkw�n�XeL��]SlTWPRSUgQ{ X 3 SUwUVRP�VYnHS�[ �]SUTYXegQg�c�SlT>hi[]TR`rXe\OwUS ��N�VYn } v � �� � []\uVYnOSEgk[x[]cOP
��NQVYnbgk[ ��VYTWNkc@wl[]^H\qVRPl�
	 SoXegkPW[�PRSUSoVRndXZV�hi[]T�PR[]`aS [ehCVYnOSoXecHcOgkNQw�XZVRNk[]\OPU��PW^Ow�n�XZP�`rSUPYXe`aNkcO`rXec*�qVYnHSoXew�nONkS��]SUL

PRc�SlSlLH^Oc NkP�VYnOS�PYXe`aS�hi[]Ta_�[eVYn �eXZgk^OSUP [eh } v � ���E��nHNkP nOXecOc�Sl\OPr_3SUw�Xe^OPWS�VYnHSlPRS�gk[x[]cOP
wl[]\mV�XZNk\�X�gkXeTRt]SE\q^O`+_�SlT�[eh �ESlgQgH_dXegkXe\OwUSlL � ,�� 3 476 # � 6:9<;=6sP>V�XZVRSl`aSl\mVYP<XZ\OL+VYnq^OP<Xew�nHNkSU�eS�`r[ePWV
[eh VYnOSUNkT�c�SlT>hi[]TR`rXe\OwUSstmXeNQ\ LO^OSsVR[ wl[]` _ONk\ONQ\Ot;X;gkXeTRteS�\q^O`+_�SlT�[eh�LONQP �W[]NQ\mV�[]c�SlTRXZVYNQ[]\OP���N�VYn
/lSlTW[rLHSlgfX�{�LH^OS VY[awl[]\ � NkwUVl�HVYnHSlTRSU_m{@SlgkNQ`rNQ\dXZVRNk\OtuVYnOSoS.33Slw�VI[eh } v � ���

��[e`rS9[eh VYnOSoXZcOcOgkNQw�XZVRNk[]\HPl�qPR^Ow�nbXeP�t 1 � ��LHSlwl[xLOS;[e\�X � � ��NQLOS�cHTR[]_dXZ_ONkgQNkPWVRNkw�cOTWSlLONQw�XZVRS��
X ��XeTWS9`rXew�nONQ\OS�Xe\OL�`ac3SUt � LOSUw�[]\ X�/ �~��NkLOS�cOTR[]_OXe_ONkgQNkP>VYNkwEcOTRSULONkwlXZVYS �7X���XeTRS�`rXew�nONk\HSe�mgk[ePRS
c3SUTWhi[]TW` Xe\HwlS���NQVYn y<y3K ���3�HK9P���Xe_OgkS 0H� � PWnO[ ��Ps_3SUgk[ �o�mVYnOS�{ LH[+Xew�nONQSU�eS�_�SUVRVRSlT � �+��N�VYn
y y�K ��� VYndXe\ ��NQVRn ��K;���3�C_O^HV�LO^OS�VY[bVYnOSUNkTogk[ �
VRTRNQc wU[]^O\mV+XZ\OL gQ[]\Ot@SlcONQgk[]te^OSe� VYnOS�{
LOSlgQNQ�]SUT9gQSlPWP9[ �]SUTYXegQg c3SUTWhi[]TW` Xe\HwlS ��NQVRn�y<y3K;���bVYnOXe\b��N�VYn ��K ������K9P9NQ\ } nOXecHVYSUT � ��S
TRSlc�[]T>V VYnHNkPugk[]PWP�NQ\ c�SlT>hi[]TR`rXe\OwUSe�b��[]`aSrXecOcOgQNkw�X VYNk[e\OPl� PR^Hw�n XeP TRX �Ew�XZ^OLONk[�[]\$X � � ��NQLOS
` Xew�nHNk\OSZ��Xe\OL&_�[eVYn TYX���wlXe^OLONQ[�Xe\OL TYX���LdXe^OLHNk[�[]\ X�/ � ��NQLOSr`rXew�nONQ\OSe�zLO[�\O[eV+Xew�nONQSU�]S
Xe\m{�PWc3SUSlLO^Oc � K�P(��Xe_OgQS
0H� �+PWnO[ ��Pl� VRnOSlPWS�XecOcOgQNkw�X VYNk[e\OPIXeTRS � ��� � ���bgkNQ`rN�VYSlL�hi[]T�VYnHSlPRS
` Xew�nHNk\OSUPl�

�E{�S1*HXe`aNk\HNk\Ot �zNkte^OTRS0H� � 0 | X]�IXe\HL | _ � �3�ES+PRSUS VYndX V;Nk\�`r[ePWV;wlXePRSUPoX � �~��NkLOSucOTR[e_dX �
_ONkgQNkPWVRNkwocOTWSlLONQw�XZVRS��7X���XeTRS�cOTR[xwlSUPRPW[]T;gk[ePRSlPI`a[]TRSuc3SUTWhi[]TW` XZ\OwlS�LO^OS�VR[ nONQt]nOSlT } v � � VYndXe\

� � ;



X / �~��NkLOS cOTW[]_dXe_HNkgkNQPWVRNkw;cOTWSlLONQw�XZVRS��JX ��XeTWS�cOTW[�wUSlPWPR[]TU�
;\�X��]SUTYXet]SZ��X � �~��NkLOSoy<y3K;����cOTW[Z�
wlSlPWPR[]TI��NQVRn�X�wl[e\ � Nkw�VILOSUVRSlwUVRNk[]\bgfX VYSl\HwU{�[eh � wU{xwlgQSlPIc3SUTWhi[]TW`rP 7 � _3S�VRVYSUTl� Xe\HL�X�/ � ��NQLOS
y y�K ����cOTW[�wUSlPRPW[]T c�SlT>hi[]TR`aP � � _3S�VRVRSlTl��VRndXe\ VYnHS�wl[]TWTRSlPWc3[e\OLONk\Ht&y<y3K ��� cOTW[�wUSlPWPR[]T
��NQVYn X wU[]\ � NQwUVrLOSUVRSlwUVRNk[]\ gfXZVRSl\Ow�{ [eh ��wU{xwlgQSe� � NQt]nOSUTrwU[]\ � NQwUVrLOSUVRSlwUVRNk[]\ gfXZVRSl\Ow�{ ndXeP
`r[]TWSoNk`acdXewUV�[e\�VYnHS � � ��NkLHS�y<y�K ����cHTR[xwlSlPWPR[]T�VYnOXe\�[]\@VYnHS
/ �~��NkLOSuy<y3K;����cOTW[�wUSlPWPR[]T
_3SUw�Xe^OPWSaVRnOS�/ � ��NQLOS�`rXew�nONk\HS+ndXePo`a[]TRS�TWSlPR[e^OTRwUSlPoVYndXe\�VRnOS � � ��NQLOS�` XZw�nONk\OSZ� Xe\OL�VYnq^OP
ndXeP�gkSUPRP�TRSUPR[]^OTWwlSuPRndXZTRNk\HtrXZ\OLbhiS���SUT9wU[]\ � NQwUVRPl�

�  (,+ � �	������ � � � � ��. 	�� �

�zNQt]^OTWS 0H� �Z� PRnO[ ��P�VRnOS;PRc�SlSULO^Oc@Xew�nHNkSU�eSlL�_m{ v y3K ��� Xe\OL�y<y�K ��� PRw�nHSl`aSlPs[]\rVYnOS
wU{xwlgQNkw+TWSlt]NQ[]\OP;[]\HgQ{]��hi[]T�wU`rcHc�gfXZVRSl\Ow�{ 0H� �zNQt]^OTRS
0H� �Z� | X]��PWnO[ ��PoVRnOS+PWc3SUSlLO^Oc [ �]SUT;VYnOS
_dXePRSUgkNQ\OSo` Xew�nHNk\OS;VRndXZV�NkP�XZw�nONkS��]SlL�_m{ VYnOS � �~��NkLOS v y�K ����`rXew�nONk\HS | y � � ��� | � � 0m�R��NQ\�VYnOS
gkSUh V�_OXeTl��VYnHSbPWc3SUSlLO^Hc Xew�nONQSU�eSlL _q{ y �@� � � | � �20�� � � NQ\$VYnOS@`aNkLOLHgkS _OXeTl�EXe\OL&VYnHSbPWc3SUSlLO^Hc
Xew�nONkS��]SUL _m{ y �'� ��� | � � 0H� � �uNQ\ VYnHS TRNQt]nmV+_dXZTl� �zNkt]^HTRS 0H� � � | _ � PRnH[ ��P+VRnOS wU[]TRTWSlPRc�[]\OLHNk\Ot
LdXZV�X�hi[]TsVRnOS�/ � ��NQLOS ` XZw�nONk\OSZ�
;\ X��]SUTYXet]SrVYnOS � � ��NkLHS�y<y3K ���&cHTR[xwlSlPWPR[]T���NQVYn X�wl[]\ � NkwUV+LOSUVRSlwUVRNk[]\&gkXZVYSU\OwU{ [eh �

wU{xwlgQSlP�c3SUTWhi[]TW`rP,; � _�SUVWVYSUT+VYndXe\&VRnOS � �~��NkLOS v y�K ���$`rXew�nONQ\OS�Xe\OL � 	 � _�SUVWVYSlT�VYndXe\
VYnOS wl[eTRTRSUPRc�[]\OLONQ\Ot _dXePWSlgkNQ\OS�`rXew�nONk\HS � VYnOSUPRS PRc�SlSULO^OcOP�XeTRS 0 � Xe\OL 1 � ��TWSlPWc3SUwUVYN��]SUgQ{
hi[]T VYnOS�wl[eTRTRSUPRc�[]\OLONQ\Ot-/ � ��NQLOS�` Xew�nHNk\OSUPl��K�tmXZNk\���SaPRSUSaVRndXZVoVYnHSrc�SlT>hi[]TR`rXe\OwUS�tmXeNk\ [eh
y y�K ��� []\ X�/ � ��NQLOS�`rXew�nONk\HS+NkP LONQ`rNQ\ONkPWnOSlL�LO^OS�VY[ VRnOS�h XewUV VRnOS�/ � ��NQLOS�`rXew�nONk\HS+ndXeP
`r[]TWS9TWSlPW[]^OTRwUSlP�VRndXe\aVYnOS � � ��NQLOS�` Xew�nHNk\OS9Xe\OLaVYnq^OP�_�Sl\HSUjOVRPsgkSUPRPEhiTW[]`(TWSlPR[e^OTRwUS;PRndXZTRNk\HtO�
K�P } v � ��NQ\OwlTWS�XePWSlP+VY[ �e��VYnOS�c�SlT>hi[]TR`rXe\OwUS tmXeNQ\$[eh9y<y3K ���&[ �eSlT v y3K;��� LOSlwUTRSlXePRSUP
_3SUwl[]`aNk\Ot 7 � hi[]T�X � � ��NQLOS ` XZw�nONk\OSoXZ\OL@[]\OgQ{ � � hi[]T�X�/ �~��NkLOS `rXew�nONQ\OSe�
	 S9PWSlSIVYndXZV hi[]T<PR[e`rSI_3SU\Ow�nO`rXeTR�qP v y3K ���rc3SUTWhi[]TW`rP<_�SUVWVYSlT<VYnOXe\ y<y3K;���ahi[]T _�[eVYn

} v ���� � XZ\OL } v ���� �]�<��nONkP�[xwlwU^OTRPU� hi[eT�S1*HXe`acOgkSZ�Hhi[]T�L��Wc�SltaXe\OLb`rc�Slt � LOSlwo[]\b_�[eVYn

� � 	
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Benchmark BRec BRes BII Besc Brr DRec DRes DII Desc Drr PRec PRes PIIs PIIc PIId %error Pesc Prr

cjpeg 1.31 6.49 6.49 2.00 10.74 1.93 5.89 6.35 2.44 13.57 1.93 4.69 5.71 5.71 5.72 0.18 3.74 14.91

djpeg 1.00 58.64 58.64 1.00 28.38 1.00 53.17 53.66 1.01 29.89 1.00 42.69 46.71 48.66 49.07 0.84 2.50 49.25

epic 2.16 21.02 21.41 1.77 12.78 2.93 19.10 19.48 2.00 13.86 2.93 16.38 16.48 16.94 16.89 0.30 5.00 14.77

unepic 1.00 13.27 13.27 1.85 19.31 1.00 12.84 12.84 2.70 21.70 1.00 10.52 10.74 10.91 11.42 4.67 3.14 27.23

g721encode 1.00 30.00 30.00 1.00 12.00 1.00 21.00 23.50 3.00 21.50 1.00 20.24 21.50 21.53 21.51 0.09 4.00 22.50

g721decode 1.00 30.00 30.00 1.00 12.00 1.00 21.00 23.00 4.00 24.00 1.00 20.26 22.00 22.01 22.00 0.05 5.00 30.00

ghostscript 7.88 43.13 44.10 1.02 20.85 7.20 33.35 34.33 2.02 23.79 7.88 31.35 31.41 31.42 31.42 0.00 1.06 26.82

gsmdecode 7.93 27.73 27.92 1.10 13.86 10.40 24.95 25.73 1.96 18.13 11.44 21.46 22.49 23.08 23.06 0.09 5.10 35.56

gsmencode 7.87 74.39 74.85 1.00 16.56 7.25 46.76 54.87 1.92 17.68 8.93 45.61 53.36 53.40 53.40 0.00 4.31 21.13

mesamipmap 1.00 22.00 22.00 1.67 20.67 1.00 16.33 16.33 2.67 27.00 1.00 15.92 16.33 16.33 16.33 0.00 2.00 22.00

mpeg2dec 1.00 28.35 28.35 1.51 17.11 1.00 25.85 25.85 1.85 15.96 1.00 18.70 20.96 23.21 23.78 2.46 2.96 31.10

mpeg2enc 2.97 20.27 20.27 1.00 8.21 4.93 17.31 17.31 1.98 10.19 4.93 12.36 14.32 14.58 14.56 0.14 9.86 44.81

pegwitdec 1.97 20.67 20.67 0.05 13.97 1.45 18.70 18.70 1.05 14.03 1.97 12.46 12.86 15.58 15.95 2.37 4.95 29.59

pegwitenc 1.61 19.33 19.33 0.96 13.36 1.57 18.26 18.26 1.61 16.18 1.61 12.67 13.39 13.79 14.57 5.66 4.94 26.81

rasta 3.02 6.80 6.81 1.25 7.42 4.14 6.53 6.68 1.84 7.86 4.14 4.85 5.99 6.02 5.99 0.50 3.39 12.79

rawcaudio 20.00 24.00 26.00 1.00 12.00 30.00 22.00 32.00 3.00 20.00 30.00 17.13 30.00 30.00 30.00 0.00 1.00 17.00

rawdaudio 6.00 20.00 20.00 1.00 13.00 10.00 18.00 18.00 3.00 18.00 10.00 14.21 17.00 17.00 17.00 0.00 2.00 15.00

Average 4.04 27.42 27.65 1.19 14.84 5.16 22.41 23.94 2.24 18.43 5.40 18.91 21.25 21.78 21.92 1.02 3.82 25.96

(a) 4-wide machine

Benchmark BRec BRes BII Besc Brr DRec DRes DII Desc Drr PRec PRes PIIs PIIc PIId %error Pesc Prr

cjpeg 1.31 3.24 3.40 3.49 14.77 1.93 3.05 3.82 4.58 18.74 1.93 2.64 3.82 3.82 3.82 0.00 4.58 18.74

djpeg 1.00 29.32 29.32 1.01 33.87 1.00 26.84 27.34 1.51 46.79 1.00 25.18 25.85 26.76 27.11 1.31 2.01 44.31

epic 2.16 10.70 11.09 2.77 15.40 2.93 10.55 10.55 4.00 16.78 2.93 8.71 9.39 9.60 9.39 2.19 6.31 16.01

unepic 1.00 7.34 7.34 2.29 23.07 1.00 7.34 7.34 2.72 23.84 1.00 6.57 6.93 6.95 6.93 0.29 3.14 25.08

g721encode 1.00 15.00 15.00 2.00 16.50 1.00 12.00 13.00 3.50 23.50 1.00 11.14 12.50 12.50 12.50 0.00 4.50 25.50

g721decode 1.00 15.00 15.00 2.00 16.50 1.00 12.00 13.00 4.50 26.00 1.00 11.15 12.50 12.56 12.51 0.40 5.00 28.50

ghostscript 7.88 21.58 22.55 1.04 21.84 7.20 19.63 19.65 1.06 20.95 7.88 18.95 19.64 19.64 19.64 0.00 1.07 22.01

gsmdecode 7.93 13.87 14.75 2.76 20.96 10.40 12.94 14.30 4.52 26.93 11.44 10.76 12.64 12.86 12.83 0.23 7.80 46.89

gsmencode 7.87 37.65 38.66 2.01 18.22 7.25 30.36 32.92 3.14 37.16 8.93 29.32 32.88 32.89 32.89 0.00 3.82 30.90

mesamipmap 1.00 12.33 12.33 2.33 23.33 1.00 10.67 10.67 4.33 34.00 1.00 10.39 10.67 10.67 10.67 0.00 3.67 28.67

mpeg2dec 1.00 14.19 14.19 2.88 22.75 1.00 13.04 13.04 3.75 29.86 1.00 12.10 12.82 12.89 12.92 0.23 4.38 36.14

mpeg2enc 2.97 10.14 11.12 2.00 13.32 4.93 9.15 9.15 6.91 17.28 4.93 7.33 8.16 8.17 8.16 0.12 8.92 27.33

pegwitdec 1.97 10.84 10.84 1.05 15.03 1.45 9.84 9.84 1.22 19.30 1.97 7.73 7.89 8.09 8.11 0.25 6.03 29.86

pegwitenc 1.61 10.01 10.01 2.59 23.94 1.57 9.62 9.62 3.30 22.20 1.61 8.10 8.41 8.48 8.61 1.53 5.08 28.79

rasta 3.02 3.56 3.57 3.26 11.63 4.14 3.56 4.69 2.88 10.99 4.14 3.06 4.69 4.69 4.69 0.00 2.88 10.71

rawcaudio 20.00 12.00 20.00 1.00 13.00 30.00 11.00 30.00 1.00 12.00 30.00 8.83 30.00 30.00 30.00 0.00 1.00 12.00

rawdaudio 6.00 10.00 10.00 2.00 16.00 10.00 9.00 11.00 3.00 17.00 10.00 7.33 10.00 10.00 10.00 0.00 3.00 15.00

Average 4.04 13.93 14.66 2.15 18.83 5.16 12.39 14.11 3.29 23.73 5.40 11.14 13.46 13.56 13.57 0.39 4.30 26.26

(b) 6-wide machine

`badcLe f �ih �yl 	irQ�yo��y�y�ko]��o�{8=�xs� ~�r:�yvko ��o�� � � ��� 	 	 �bm����	 	 ~�{�� � ���	 	 } z�t�r�� wyw���~�x � �
~�{y� ��m � � � �

VYnOS � ��Xe\OL / �~��NkLOS�`rXew�nONQ\OSlPU��K�P$��Xe_OgQS 0H� � _�Slgk[ � PRnO[ ��PU�Oy<y3K;���aLO[xSlP Xew�nHNkSU�eS9PW` XZgkgkSUT
� � �*_H^HVondXeP X gQ[]\Ot]SUT�SUcONkgQ[]t]^OSuVYndXe\ v y�K ����NQ\ Xegkg VYnHSlPRS�wlXePRSUP;��nONkw�n � LO^OS+VY[rVYnOS�gQ[ �
VYTRNQc@wl[]^O\mVI[eh�VYnOSogk[x[]cOPU�HTWSlPR^HgQVYP�NQ\�y<y�K ���@t]SUVWVYNk\Ht�gk[ ��SUT�c3SUTWhi[]TW` Xe\HwlS;VYnOXe\ v y�K �����

� � ����� ��� � � ! � � ��� � � � � ��� � � ( ��� � �  � .�.$	�� �

��Xe_OgQS�0H� � | X]� PRnH[ ��Ps�ZXeTWNk[]^HP�PRw�nHSlLO^OgQNk\Ot�`aS�XZPR^OTWSl`aSl\mVYP�hi[eTsy � � ��� | � ���Hy � � ��� | � � 0]�EXe\OL
y �@� ��� | � �20�� � �9`rXew�nONk\HSlPl����nOSlPWSr`aS�XZPR^OTWSl`aSl\mVYP �ESlTRS�wU[]gkgQSlwUVRSlL�[ �]SUTuXegkg�cOcdX � Nk`acOTR[ �ZXe_OgQS
TRSlteNk[]\OPU� } []gQ^O`a\OP � �31IXe\OL � � PWnO[ �$VYnHS � ��� � ���;hi[]T VYnOS<VYnOTWSlSEPRw�nOSULO^OgkSUTRPU��K�PCS1*�c�SlwUVRSlL*�
hi[]T�PR[]`aS XecHcOgkNQw�XZVRNk[]\OP | SUcONkwZ�Ot]PR`aLOSUwl[xLOSe�OtePR`aSl\OwU[�LOSZ�d`rc�Slt � Sl\OwZ�OTYXZPWV�X��OTYX��Ew�Xe^OLHNk[�Xe\OL
TYX���LdXe^OLHNk[q� � ��� � � ��NQ\OwlTWS�XePWSlPIhi[]T�_3[eVRn v y�K ���bXe\OL�y y�K �����3K9gkPR[a\O[eVRSuVRndXZV � ��� �
NkP;PWgkNktenqVRgQ{@PW` XegQgkSUTIhi[]T v y3K ����VYndXe\�hi[eT;y<y3K;���3� ��nONQP;Nk\OwUTRSlXePRS+NQP;LO^OS�VY[ VYnHS+gfXZVRSl\Ow�{
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S1*xVYSU\OPRNQ[]\ P>VYSUc ��nHNkw�n S1*xVYSU\OLOPugfXZVRSl\Ow�{�[e\ X gkXeTRteSlT�\q^O` _3SUT [eh SlLOt]SUP hi[]T y<y3K;����VYndXe\
hi[]T v y�K ����PRNQ\OwlS�y y�K ���andXeP `r[]TWS9[ec3SUTYXZVRNk[]\OP�VRndXZV w�Xe\ _3SU\OSUjOVEhiTR[]`
wl[]`+_HNk\ONQ\Ot VYndXe\
v y3K ���3�z��nOSUTRS�hi[]TRSZ����nOSl\OS��]SUTaPW[]`aSr[eh�VRnOS SULOt]SUP ��nO[]PWS�gfXZVRSl\OwUNkSlPo�ESlTRS�S2*xVYSl\HLOSlL _m{
y y�K ���b_O^HV9\O[eV9_q{ v y�K ���bXeTRSu[]\@VYnOSuwlTWNQVRNkw�XZg*cdXZVRn*��y y�K ���bndXeP9XrnONQt]nOSlT � ��� � ���

VYndXe\ v y3K;���3�
} []gQ^O`a\OP�0H� ; Xe\HL ��0 PWnO[ �.VRnOS �ZXegk^HS�[eh � � ��� ���bhi[]TIVRnOS VRnOTRSUS+PRw�nOSULO^OgQSlTRPU� TRSlPWc3SUw��

VYNQ�eSlg�{]�;K9P;S1*�cOgkXeNk\OSUL�Nk\���Slw�VYNQ[]\ � � � �87x��VRnOS+_dXePWSlgQNk\OS�PRw�nOSULO^OgkSUT Nk\OwUTRSU`rSU\qVRP9VRnOS+TRSUPR[]^HTRwlS
^OPYXeteSa_m{�[e\OS�TRSUtmXeTRLHgkSlPWP [eh VYnOS�[]c�SlTRXZVYNQ[]\ 4 P t]^dXeTWLONk\Ht�cOTRSULONkwlXZVYS�Xe\HL N�VYP;S2*�Slwl^�VYNk[e\ hiTWS��
px^HSl\Ow�{]� v y�K ��� NQ\OwlTWSl`aSl\mVYPoVYnHS TRSUPR[]^HTRwlS ^OPYXeteS wl[e^O\mV+_m{ [e\OS c�SlTut]TR[e^Oc$[eh�LHNkP �W[eNk\mV
[]c3SUTYXZVRNk[]\HPl� ��Xe\m{&cHcdX �JNQ`rcHTR[ �ZXe_OgkSrgk[x[]cOP+nOX �eS�X�gkXeTRt]S \x^H`+_3SUT�[eh � ,�� 3 476 # � 6:9<;=6@P>V�XZVRS��
`rSU\qVRP � v y3K;��� TRSULO^OwUSlP VRnOSlNQT � � ��� ��� []\&X��]SUTYXet]S _q{ �]� � TWSlgkXZVYN��]S�VY[�VRnOS _dXZPRSlgQNk\OSZ�
y y�K ����hi^OTWVRnOSlT�LHSlwlTWS�XePWSlPbVYnOSUNkT � � ��� ��� _m{ Xe\�X��]SUTYXeteS [Zh ��;��87 � ��NQVRn�TRSlPWc3SUwUVbVY[
v y3K ��� _q{�Nk\HwlTRSU`rSU\mVYNk\Ht9VYnHSsTRSUPR[]^OTWwlSs^HPYXet]S�wl[]^O\mV�[e\OgQ{u_m{�VRnOS�[ec3SUTYXZVRNk[]\ 4 P | hiTYXew�VYNQ[]\dXegf�
S1*�SlwU^HVYNQ[]\�hiTRSUpq^OSl\Ow�{]� �9[ZVYSoVYndXZVIhi[]T�PR[e`rSu[ehzVRnOSu_3SU\Ow�nO`rXeTR�qPl�3PR^Ow�n�XeP9tePR`aSl\OwU[�LOS�Xe\OL
`rSUPYXe`aNkcO`rXec*� _3[eVRn v y3K;��� XZ\OL y y�K ��� TRSUPR^Og�VoNk\�PRNQ`rNQgfXeT � � ��� ��� ����nONkP NQP LO^OS�VY[
VYnOSah XewUVuVYndX V�VRnOSlPWS XecOcHgkNkwlXZVYNQ[]\OP wU[]\mV�XeNQ\ Xb\x^H`+_3SUT [eh�LO[]`aNk\dX VYNk\Ht�gk[x[]cOP VYndX V wU[]\OPRNQPWV
cOTRNQ` XeTWNkg�{ [ehuX$gfXeTWt]S�\q^O` _3SUT�[eho��SUgkg�_OXegfXe\HwlSlL � ,�� 3 476 # � 6:9<;=6�P>V�XZVRSl`aSl\mVYP VRndXZV�cHTR[ �xNkLOS
Xe`rcHgkS LONQP �W[]NQ\qVs[]c3SUTYXZVRNk[]\HPshi[]T�wl[]` _ONk\ONQ\OtO�

} []gQ^O`a\OP � � 	��OXe\OL � � PWnO[ � VRnOSoXew�nONQSU�]SUL.���ahi[]T�VYnHS;VYnOTWSlS PRw�nHSlLO^OgQSlTWPl�,� [eT�y<y3K ���
wl[]gQ^O`r\ � � PWnO[ ��PIVRnOS PWVYXZVYNQw � �a��nONkw�nbLO[xSlP�\O[eVIXZwlwl[e^O\mV9hi[]TsVRnOS LOSUgfX�{�LO^OS VR[awU[]\ � NQwUVRPl�
y y�K ���+TWSlLO^OwUSlP�VRnOS ���o_q{ � � � / � ��NQVRn+TRSUPRc�Slw�V�VY[ v y�K �����ePRNQ\OwlS�NQVzXegkgQ[ ��PC`a[]TRS � S1*�Nk_HgkS
[]c3SUTYXZVRNk[]\ wU[]`+_ONQ\ONk\Ot�VRndXe\ v y3K;���3��K�P�VRnOS@S1*HXe`acOgkS�NQ\ ��Slw�VYNQ[]\ 0�� � LOSU`r[]\HPWVYTRXZVYSUL*�
y y�K ��� w�Xe\ wU[]`+_ONQ\OS�_�[eVYn LONQP �W[]NQ\qV Xe\OL \O[]\x�JLONQP �W[]NQ\qV []c�SlTYX VYNk[e\OP hiTR[e` VYnHS�PYXe`aS�[]T
LON033SlTWSl\mVIgk[x[]c NQVRSlTRXZVYNQ[]\OPl�x��nOSlTWS�XeP v y�K ����w�Xe\@[]\HgQ{rwl[]`+_HNk\OS LONQP �W[]NQ\mV�[]c�SlTYX VYNk[e\OP�hiTR[e`
VYnOSuPYXe`aS gk[x[]c�N�VYSlTRXZVYNQ[]\*�
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��nONQP � S2*�Nk_ONQgkNQVJ{$Nk\ wU[]`+_ONQ\ONk\Ht LO[xSlPrTRSlPW^OgQV Nk\ Xe\�XeLOLHNQVYNQ[]\dXeg�LHSlgfX�{ LO^OS�VY[$wU[]\ � NQwUV
| ������� ��������� ����� } [egk^O`a\ �%7oPRnO[ ��PsVYnHS;wl[]`acONQgkSlT<SUPWVYNQ` X VYS�[Zh VYnOS;S2*�c3SUwUVYSUL@Nk\ON�VYNfX VYNk[e\�Nk\mVYSUT>�
�eXZg | �����4( � � � ���� �9��nONQw�n LH[�SUP�XZwlwl[e^O\mV�hi[]T �����������������	�Z� �sXZPRSlL []\ VYnOS�hi[]TW`+^OgkX � �-��( � ��� ����� 

� �������	��
�� 
 �����������������	�Z��X�t]NQ�eSl\ ������( � � � ������wlXe\�_�S�Xew�nONkS��]SUL�_m{bXegkgQ[ ��NQ\Ot�`a[]TRSoPRnOXeTRNQ\Ota��N�VYn
VYNktenqVRSlTo[]c�SlTRXZVYNQ[]\ PWw�nOSlLH^OgkNQ\OtO� ��nONkw�n LOSlwUTRS�XZPRSlP � �������	��
��;_O^�V NQ\OwlTWS�XePWSlP � ����� � ��� ���	� ��[]Tu_m{
XegkgQ[ ��NQ\Ot�gQSlPWP�PRndXeTWNk\Ot;��nHNkw�n�Nk\OwUTRSlXePRSUP � �������	��
��z_H^HV�LOSUwlTRSlXePRSUP �����������������	�Z�+� [eTzS1*HXe`acOgQSe�m_m{
wl[]`acdXeTWNk\Ot;wU[]gk^H`r\OP � � Xe\OL ��7I��S�wlXe\�PRSUSsVYndXZVzhi[]Tzc�Slte��N�VYLOSUwe�qy<y3K;���+w�nO[x[]PRSUP<VRnOS�jdTWPWV
XecOcOTW[mXew�n�Xe\HL Xew�nONQSU�eSlP ����� ��� ��
 ��[eh � � � ;3/ ��NQVRn X�gkXeTRteS!�����������������	��[eh | ��7��87 ; � � � � ;3/m�� � �81 � �
� [eT�^O\OSUcONkwZ� y<y3K;����w�nO[�[ePRSlP;VRnOS PWSlwU[]\OL XecOcOTW[mXew�n Xe\HL Xew�nONkS��]SUP � �������	��
���[eh � � �21 � ��N�VYn
XaPW` XegQg ������� ��������� �;[eh | � � � 	 �U� � � �21 � �  � � �%1��

} []gQ^O`a\OP ��/ Xe\OL �%1 PWnO[ �0VRnOS&Xew�nHNkSU�eSlL-TR^H\qVRNk`aS NQ\ONQVRNfXZVRNk[]\ Nk\mVRSlTW�ZXeg | ��� � �'���@&�
 �>���
Xe\OL-VYnOS TRSUgfXZVRNQ�]S&SUTRTW[]T _3S�VJ��SUSl\ ��� � �'���@&�
 ��Xe\OL �����4( � � � ���� wl[]`acO^HVRSlL.XeP | ��� � �'���@&�
�� �

� �-��( � ��� ����� � 
 �����	�'���@&�
�� �"�9[eVRS�VRndXZV hi[]TaVYnOS�gfXeP>V | 4 KI�]SlTRXet]S 4 � TW[ �o���ES�PRnH[ ��VYnHS�X��]SUTYXet]S
[eh�VYnOS+Xe_OPR[egk^HVRS��ZXegk^HSlP�[Zh�VYnOS+TWSlgkXZVYN��]SuSlTRTW[]TRP9VY[�X��][eNkL�`+^�VY^dXegCw�XZ\OwlSUgkgfX VYNk[e\�[eh�VRnOS+\OSUtZ�
XZVYN��]S+XZ\OL�c�[]PRN�VYN��]SuSlTRTW[]TRPU� 	 S�PRSlS�VYndXZVIhi[]TI`r[ePWVI[eh�VRnOS+XecHcOgkNQw�XZVRNk[]\OPsVRnOS SUTRTW[]T�NQPIpq^ON�VYS
PR`rXegkg �sgkSUPRPrVRndXe\ 0 � ���J\�^O\OSlcHNkw�Xe\HL c3SUte��NQVRSl\Ow�[]\ VYnHS � � ��NQLOSb` Xew�nHNk\OSZ�sVYnOS�SUTRTW[]TRP
XeTRS � � /:1 � Xe\OL 7x�2/3/ � ��TWSlPRc�Slw�VYN��]Slg�{]� ��nONkP�gkXeTRteSlT SUTRTW[]T [xwlwl^HTRP�_�Slw�XZ^OPRS�PW[]`rS�[ehoVYnOS
cOTRSULONkwlXZVYSUP9VYnOXZV�`rXec@VY[aVYnOSuPYXe`aSuTRSlPW[]^OTWwlS��xNQ[]gfXZVRS;VYnOS�Nk\OLHSlc�Sl\OLOSU\OwlS XePRPW^O`acHVYNQ[]\�VRndXZV
VYnOS@wl[e`rcONQgkSUT `rXeLOS�LO^OTWNk\Ot�PWw�nOSlLH^OgkNQ\OtO�$��nOSUPRSbcOTRSULONkwlXZVYSUP�VY^OTW\OP�[]^HV�VY[�_�S�c�[]PRN�VYNQ�eSlg�{
wl[]TWTRSlgkXZVYSUL�hi[]T�PWSl`rXe\mVYNkwuTRSlXePR[e\OP9��N�VYnONQ\bVRnOS�wU[]\OLON�VYNQ[]\dXeg VRSlP>VYP9��nHNkw�n�VRnOS�wU[]`acONkgQSlT�LO[xSlP
\O[eV�XZVRVRSl`acHV VY[bXe\OXegQ{ /lS �CVRnOSlPWSrwU[]TRTWSlgkXZVYNQ[]\OP;TWSlPR^HgQVoNk\ `a[]TRS�TW^O\mVYNQ`rS�wU[]\ � NQwUV VYnOXe\ ��XeP
[]TRNQt]Nk\dXZgkgQ{�SUPWVRNk`rXZVYSULb_m{�VRnOSowl[]`acONkgQSlTU�

} []gQ^O`a\OP 7�� � � Xe\OL ��;�PRnO[ ��VRnOS�PWN5/USu[ZhzVYnHS�SUcONkgQ[]t]^OS | Nk\�VYSUTR`aPI[ZhzVYnHSuP>V�XeteS�wU[]^O\mV �
[eh�VYnOS `r[xLO^OgQ[rPWw�nOSlLO^HgkSlL�gQ[�[ecOPIhi[eT9VYnHS�VYnHTRSlS PRw�nOSULO^OgkSUTRPU� 	 S�w�Xe\�PWSlS VRndXZV;[e\�X��]SUTYXet]S
v y3K ��� NQ\OwlTWS�XePWSlP@VYnOS _dXePWSlgQNk\OS�PWw�nOSlLO^HgkS SlcONQgk[]t]^HS�_m{�X&h XZwUVY[eT�[eh �e� 	H��Xe\OL y<y3K ���
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`r[]TWSuVRndXe\bVYTRNQcOgkSUPIVRnOSu_dXePRSUgkNQ\OS�PWw�nOSlLH^OgkS+SUcONkgQ[]t]^OSZ�s��nOS�TRS�XZPR[]\�hi[eTIVRnONkPINk\OwUTRSlXePRS�Nk\@VYnOS
SlcONQgk[]t]^HS PRN0/lS�NkP+VJ�E[ehi[]gQL*� jdTWPWVl��XeP�wU`rcHc gkXZVYSU\OwU{ Nk\OwUTRSlXePRSUPl�<VYnOSb�H��� PRw�nHSlLO^OgQS@gkSl\HteVYn
Nk\OwUTRS�XZPRSlPU�zXZ\OL�PRSUwl[]\OL ��_�[eVYn v y�K ��� Xe\OL y<y3K;����Nk\mVYSU\qVRNk[]\OXegkg�{@PWVYTWSUVRw�n VYnHS�PRw�nOSULO^OgkS
_q{u`a[ ��NQ\OtI[]c3SUTYXZVRNk[]\HP hi^HTWVYnHSlT�X ��X�{ohiTR[]`�VRnOSlNQTCcHTR[xLO^OwlSUTRP�PR[ XeP VY[9XegQgk[ �$`a[]TRS Xetet]TRSUPRPRN��]S
wl[]`+_HNk\ONQ\OtO�
�zNQ\dXegQgQ{]�Hwl[]gQ^O`r\HP /H� � � Xe\OL �
	aPRnO[ �-VYnHS+X��]SUTYXet]S \x^H`+_3SUT�[eh�TR[eVYXZVYNQ\OtrTWSlt]NQPWVRSlTRP � � � �

TRSlpq^ONQTRSUL _m{ S�Xew�n [eh�VYnHS VYnOTWSlS�PRw�nHSl`aSlPl� �I[ZV�XZVRNk\Ot�TWSlt]NQPWVRSlTRP+XeTRS�^OPWSlL&VY[ XZgkgk[xw�X VYS�VYnOS
�eXZTRNfXZ_OgkSUP���N�VYn�`+^OgQVRNkcOgQS gkN�hiSUVYNQ`rSUPs��nONkw�n�[�wUwl^OTI��nOSl\�VYnOSu�eXZTRNfXZ_OgkS NQP9gQNQ�]S�XewUTR[]PWP�PRS��]SUTYXeg
gk[x[]c$NQVRSlTRXZVYNQ[]\OP � �]� � � ��nOS h XeT>VYnOSUT�X��sX�{$VRnOS �ZXeTRNkXe_OgQS wl[e\OPR^O`aSlT NkP+PWw�nOSlLO^HgkSlL hiTR[e`0N�VYP
cOTR[xLO^OwUSlTl�*VRnOS+`a[]TRS�TR[eVYXZVYNQ\Ot TWSlt]NQPWVRSlTRP9VYnOS+cHTR[xLO^OwlSUT;��NkgQgCTWSlpq^ONQTRSe� � Sl\OwUSe�*VYnHS+Nk\OwUTRSlXePRS
Nk\�VYnOS�TWSlpq^ONkTWSlL \q^O`+_�SlTo[eh TR[eVYXZVYNQ\Ot�TRSUt]NkP>VYSUTRP VYndX V ��S�PRSUSa��N�VYn v y3K;��� Xe\OL y<y3K ���
[�wUwl^OTWP hi[]ToVYnOS PRXe`aSaVJ�E[�TRSlXePR[]\HP VYndX V wlXe^OPRSrVYnOSrNk\OwUTRS�XZPRS NQ\ VYnHS PRN0/lSr[ehsVYnHS SlcONQgk[]te^OS
hi[]TIVRnOSlPWS VJ�E[ PRw�nHSl`aSlPl�9��nOSlPWS+Nk\HwlTRSlXePRSUP�NQ\�TWSlt]NQPWVYSUT9TWSlpq^ONQTRSl`aSl\mVRP;XeTWS�pq^ON�VYS TWS�XePW[]\dXe_HgkS
_q{�VY[xLdX�{ 4 P PWVYXe\OLdXZTRLOPU����[]TWS�S1*�c3SUTRNQ`rSU\qVYXeg�P>VY^OLONQSlPoXe\HL NQ\OPRNQt]nmVYP;NQ\mVY[�TR[ZV�XZVRNk\Ot TWSlt]NQPWVRSlT
TRSlpq^ONQTRSU`rSU\qVRPIhi[eT ��K ����� v y3K ���bXe\HL�y<y3K;����XZTRS cOTW[ �xNQLOSlLbNk\/�xSlwUVRNk[]\ � � � � �]�

�zXZ_OgkS 0�� � | _ � PRnH[ ��P VRnOS<wl[]TWTRSlPWc3[e\OLONk\Ht�LdXZV�Xshi[]T*y � ��� � | /m� � y � � ��� | /H� 0m� Xe\OLuy �@� � � | /H� 0H� � �
` Xew�nHNk\OSUP�hi[]TE��nHNkw�n�wl[e\OwlgQ^OPRNQ[]\OP�PWNk`aNkgkXeT�VY[ VRnO[]PWS�hi[]TEVRnOS�VRnOTRSUS � � ��NQLOSI` Xew�nHNk\OSUPsw�Xe\ _3S
LOTYX���\*� � [ �ESU�eSlTl�sXeP�`rSU\mVYNk[e\OSlL Xe_�[ �]Se�<VYnHS-/ � ��NkLHS cOTRSULONkwlXZVYS �7X���XeTRS@`rXew�nONk\HS ��NQVYn �
Nk\mVYSUt]SlT+^H\ONQVRP ndXeP�`r[eTRS TWSlPW[]^OTRwUSlP�Xe\HL VYnOSUTRS�hi[]TRS�XZw�nONkS��]SlP�gQSlPWP+_3SU\OSUjHV+hiTR[]`/[]c�SlTRXZVYNQ[]\
PRndXeTWNk\Ot�VRndXe\oVYnOS<Slpq^ON��ZXegkSU\qV � � ��NkLHS�` Xew�nHNk\OS���NQVRn � NQ\mVYSlteSlT ^O\ON�VYPU� v y3K;��� Xe\OL�y<y3K ���
wl[]\OPWSlpq^OSU\qVRgQ{�Xew�nONQSU�eS�gQSlPRP�PWc3SUSlLO^Oc�[ �]SlT�VYnHSu_OXePRSUgkNk\HS;hi[]TsVYnOS�/ �~��NkLOS `rXew�nONQ\OSlPU�

�'-���- � - � � ����� � � � � + � � ! � +

��nOS�hi^Hgkg9XecOcOgQNkw�X VYNk[e\ TRSUPR^Og�VYP cHTRSlPWSl\mVYSUL NQ\ VYnONQP PR^H_OPRSUwUVYNQ[]\�XePRPW^O`aS�VYndX V VYnOS�cHcdX �
Nk`acOTR[ �ZXe_OgQS�XewU{xwUgkNkw�Xe\OLowU{xwlgQNkw�TWSlt]NQ[]\OP XeTWS�PRw�nOSULO^OgkSUL���N�VYn*4 jdTRP>VW� jHV 4 y<y3K����oXe\OLuy<y3K;���3�
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TRSlPWc3SUwUVRNQ�]SUgQ{e� 	 nOSl\�LOSUVRSlTW`rNQ\ONkP>VYNkw PWw�nOSlLH^OgkNQ\OtrNQP�c3SUTWhi[]TW`rSUL�[]\bLOcdX �JNk`acOTW[ �ZXe_HgkS;TWSlt]NQ[]\OP
| hi[]Towl[e`rcdXZTRNkPW[]\���NQVRn cOTR[]_OXe_ONkgQNkP>VYNkw���� 4 jdTWPWVW�~jOV 4 v y�K#�C��Xe\OL v y3K;��� XZTRS�^OPRSUL*�aK�P ��S
PYXeNQL&S�XeTWgkNkSUTl�zVRnOS TWSlPWV�[Zh�VYnOS TWSlt]NQ[]\OP�XZTRS PWw�nOSlLO^HgkSlL ^OPWNk\Ot �EK#�C�$Xe\OL ��K;���$_dXePWSlgkNQ\OS
PRw�nOSULO^OgkNQ\OtrXegkt][eTRNQVRnO`aPl�
�zNQt]^OTRS 0H� � 7 | X]�CPRnH[ ��P�VRnOSs[ �]SUTYXegQgHPRc�SlSULO^OcrXew�nONQSU�]SUL�_q{ � � ��NQLOSsy<y�K �+cOTR[xwlSUPRPW[]T�[ �]SlT

VYnOSEwl[]TWTRSlPWc3[e\OLONk\Ht � �~��NkLOS _dXePWSlgkNQ\OS cOTR[xwlSUPRPR[eT�hi[]T S�XZw�n�XecOcOgQNkwlXZVYNQ[]\*� ��nOS�gQSUh Vl�Z`aNkLOLHgkS<Xe\OL
TRNktenqV9_dXeTWP�wU[]TRTWSlPRc�[]\OL�VR[ wU`rcOc�gfXZVRSl\Ow�{ �e� � �3Xe\OL 0rwU{xwUgkSlPU����nOS���nONQVRS Xe\HL�_OgfXZw��b_OXeTRP
hi[]T } v ���� � XZ\OL �e��TRSUPRc�Slw�VYNQ�eSlg�{]��XeTWS�[ �eSlTRgkXeNkL XePaNk\ ��Nkt]^OTWS�0H� � 0H� �zNkte^OTRS�0H� � 7 | _ �
PRnO[ ��P9VRnOSowl[]TWTRSUPRc�[]\OLONQ\Ot�LdXZV�X+hi[]TsVRnOS�/ � ��NQLOS cOTW[�wUSlPRPW[]Tl�

��nOS�X �eSlTRXet]S�PRc�SlSULO^OcOP@XZw�nONkS��]SlL [ �]SUT�XegQg�XecHcOgkNQw�XZVRNk[]\OPaXeTWS ��/ � | �%7 � ����� ��� | � � � �
Xe\OL � � � | � � � �Ihi[]T � �~��NkLOS ` Xew�nHNk\OSUP���NQVRn } v ��� [eh � | � ��Xe\OL wl`acOc�gkXZVYSU\OwlNQSlP �]� � Xe\OL
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wl`acOc gkXZVYSU\OwlNQSlP���t]PW`rLHSlwl[xLOSaXe\OL `ac3SUt � SU\Ow�Sl\��W[ {�`a[]TRS+VRndXe\ 0:7 � PRc�SlSlLH^Oc hi[]T;VRnOS � �
��NkLOS+`rXew�nONQ\OSlP;Xe\OL�`a[]TRSuVYndXe\ ��; � PRc�SlSlLH^Oc�hi[]T9VRnOS*/ �~��NkLOS+`rXew�nONQ\OSlPU� �<Xew�n [eh�VYnHSlPRS
_3SU\Ow�nO`rXeTR�qPaPRc�Sl\OLOP�`a[]TRSrVYndXe\ 	 � � [eh9NQVRP+S1*�SlwU^HVYNQ[]\ VYNk`aS NQ\$VYnOS@`a[�LH^Ogk[�PWw�nOSlLH^OgkSUL
gk[x[]cOPl�*��nHNkw�n Xew�nONQSU�]S��eSlTW{ nHNkt]n�PWc3SUSlLO^Oc ��NQVRn y y�K ��� | PWSlS �zNkte^OTRS*0�� � 0]��� �d[]T;XegkgCVYnOS
XecOcOgQNkw�X VYNk[e\OP*[]\�X / � ��NQLOS�` XZw�nONk\OSZ�Z`a[]P>V [eh�VRnOS [ �eSlTRXegkg]c�SlT>hi[]TR`rXe\OwUS<Nk`acOTR[ �]SU`rSU\mV wl[]`aSlP
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cOTR[]_OXe_ONkgQNkP>VYNkw�cOTWSlLONQw�XZVRS��JX ��XeTWS cOTW[�wUSlPRPW[]TRP���NQVYn } v ���� � | `rNQLOLOgkS�_dXZT���XZ\OL } v � �� �
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/H�87 � t]XeNk\uhi[]TCVRnOS � � ��NkLHSE`rXew�nONQ\OS ��N�VYn } v � �� � �eXZ\OL � � tmXeNQ\uhi[eT�VYnHS$/ �~��NkLOS ` XZw�nONk\OSZ�
	 nOSl\ } v � � NQP�NQ\OwlTWS�XePWSlL�VR[ �e� VRnOSE[ �eSlTYXZgkgqc3SUTWhi[]TW` XZ\OwlS<tmXeNQ\�[Zhdy<y3K;��[ �]SlT v y3K;�uLOTW[]cOP
VY[ � � hi[]T*VRnOS � � ��NkLHS�` Xew�nHNk\OS<Xe\HL � � hi[]T VYnOS / �~��NkLOS�`rXew�nONQ\OSe� 	 S<ndX��eS�PRSUSl\uVYndXZVCgkXeTRt]SUT
} v ��� ndXePs\HSlt]gQNkt]NQ_OgkS�Nk`acdXew�Vs[]\ XewU{xwlgQNkw;c�SlT>hi[]TR`rXe\OwUSe� 	 S ndX��]SoXZgkPR[ PRSlSU\�VYndXZVs`r[]P>Vs[eh
VYnOSowU{xwUgkNkw�TRSlteNk[]\OPsXeTRS `a[]TRS�PRSl\HPRNQVRNQ�eS;VY[+VYnHS;�eXZgk^OS [eh } v � � ��VYnHS S1*�c3SUwUVRSlL ��� �OXZ\OL�VYnOS
XewUVR^dXegxy<y3K ����PRc�SlSULO^Oc+[ �]SUT ��K;���uLHSlwlTWS�XePWSlP�XZP } v � � Nk\HwlTRSlXePRSUP | PRSlS �zNkte^OTRS�0H� � 0 | Xm�R� �
��nx^HP9VYnHSu[ �eSlTYXZgkg*LOSUwlTWS�XePINk\@PRc�SlSULO^Ocbhi[]T } v ���� �oNkP�LO^HSoVR[aVRnOSlPWS�w�{xwlgkNQw TRSUt]Nk[]\HPl�
�d[]TEPR[]`aS�[eh VRnOS;_�Sl\Ow�nO`rXeTW�xPU� v y3K;� Xew�nONQSU�]SUP�nONkt]nHSlT�c�SlT>hi[]TR`rXe\OwUS�VYnOXe\�y<y3K;�3� �d[]T

S1*HXe`acOgkSZ��hi[]TE`rc�Slt � LOSlwZ�H[]\@X � �~��NkLOS9` XZw�nONk\OSZ� v y�K � Xew�nHNkSU�eSlP 0 � `a[]TRS9PRc�SlSlLH^Oc�VYndXe\
y y�K � []\ X � �~��NkLOSb` XZw�nONk\OSb��NQVRn } v � �� �]� ��nONQP ndXZcOc3SU\OP _�SlwlXe^OPRS�VYnOS�`rc�Slt � LOSlw
XecOcOgQNkw�X VYNk[e\bNQP�LO[]`aNk\dXZVRSlL@_m{bgk[x[]cOP���NQVRn�XaPRnO[]T>V9VRTRNQcbwU[]^O\mV����J\bVYnONQP�w�XePWSe�*XZPI��Xe_OgQS
0�� �
PRnO[ ��Pl� y<y�K ����Xew�nHNkSU�eSlP XaPR`rXegkgQSlT'��� �3_O^�V;TRSUPR^Og�VYP9Nk\�Xrgk[]\OteSlTISlcONQgk[]t]^HSoVRndXe\ v y�K ���
��nONkw�n*�HLO^OS�VR[ VYnOS�gk[ � VYTRNQc [eh VRnOS;gQ[�[]cHPl�xTRSlPW^OgQVRPsNk\rVYnOS;_�SUVWVYSUTsc3SUTWhi[]TW` XZ\OwlS9[eh v y3K;���3�

��nOS�TWSlPR^HgQVYPocOTWSlPWSl\mVYSUL PR[@h XeT;nOX �eSr_�SlSU\ wU[]gkgQSlw�VYSlL�^HPRNk\Ht@VRnOS�VYTRXeNk\ONQ\Ot NQ\OcO^HVoPWSUVohi[]T
S�Xew�nb_3SU\Ow�nO`rXeTR� �)�zNkte^OTRS�0�� � 1 | Xm�<wl[]`acdXeTWSlPsVYnHS PRc�SlSlLH^OcOPIXew�nONQSU�]SUL�_m{@X � � ��NkLHS y<y3K �
cOTR[xwlSUPRPR[eTI[ �eSlT�VYnOSowU[]TRTWSlPRc�[]\OLHNk\Ot � �~��NkLOS;_OXePRSUgkNk\HS;cOTR[xwlSUPRPW[]T�hi[]Ts_�[eVYn�VYnHS;VYTYXZNk\ONQ\Ot�Xe\OL
TRSUhiSUTRSU\OwlS9Nk\OcO^�V<PRSUVRPl��K wl`acOc�gfX VYSl\HwU{�[eh 0owU{xwlgQSlPEXe\OL } v ���� �IXeTRSIXePWPR^O`aSlL ����nOS�gkSUh Vl�
`rNQLOLOgkS�Xe\OL�TWNkt]nmV�_dXZTRPswU[]TRTWSlPRc�[]\OL �dTRSlPWc3SUwUVRNQ�]SUgQ{e�OVY[+VYnHS;PRc�SlSULO^OcbLO^OS;VY[�XZwU{xwlgQNkw;TWSlt]NQ[]\OP
[]\OgQ{ | PRw�nOSULO^OgkSUL ��NQVRn�4 jdTRP>VW� jHV 4�y y�K#�C�O� �HwU{xwUgkNkwITRSUt]Nk[e\OPE[e\OgQ{ | PWw�nOSlLH^OgkSUL ��NQVYn y<y3K ���O���
Xe\OL VRnOS [ �]SUTYXegQg�XZcOcOgkNQw�XZVRNk[]\ ���<Xew�n$_dXeT�NkPuwl[]`ac�[]PRSUL [ehsVRnOS [ �eSlTRgkXeNkL ��nONQVRS Xe\HL _OgkXew��
PR^O_�� _dXeTWPIhi[]T�VRTYXeNQ\ONk\Ot�XZ\OL�TWSUhiSUTRSl\HwlSuNk\OcO^�V9PWSUVRPl� TRSUPRc�SlwUVRNQ�eSlgQ{e� �zNkt]^HTRS�0H� � 1 | _ ��PRnO[ ��PIVYnOS
wl[]TWTRSlPWc3[e\OLONk\HtrLdX V�X+hi[]TsVYnHS/ � ��NkLHS cOTR[xwlSUPRPR[eTl�
	 S�PRSlSaVYndX VuVRnOSay<y3K � cOTR[xwlSUPRPW[]T XZw�nONkS��]SlP�_3S�VRVRSlToPRc�SlSULO^Oc$[]\ VYnHSaVRTYXeNQ\ONk\Ot�NQ\OcO^HVl�

��nONkw�n ��XeP ^HPRSlL hi[eTrtmX VYnOSUTRNk\Ht cOTW[ejdgQNk\Ot Nk\Hhi[eTR`rXZVYNQ[]\$hi[]T�VYnOS�PRw�nOSULO^OgkSUTl��VYnOXe\ []\ VYnOS
TRSUhiSUTRSU\OwlS�NQ\OcO^HVl� � [ �ESU�eSlTl�IXePaVYnOSbgkS�h Va_dXeTaPRnO[ ��Pl��4 jdTWPWVW�~jOV 4Ey<y3K���� gk[]PWSlPa�]SlT>{ gkNQVWVYgQS
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PRc�SlSlLH^Oc ��nOSU\ TW^O\ []\�VYnOS+VRTYXeNQ\ONk\Ht Nk\HcO^HV�����nONkP NQP;LO^OS�VR[ VYnOS+h Xew�V VYndX V�� XeP S2*HcHgfXeNQ\OSlL
Nk\@��SUwUVRNk[]\�0��87�� � � � ��XewU{xwlgQNkw9TRSlteNk[]\OP PRw�nHSlLO^OgQSlL���NQVRn�y<y3K���� nOX �eS X��eSlTW{ PR`rXegkgdLHSlgfX�{rLO^OS
VY[ wl[]\ � NkwUVRPl� �9PWNk\Ot X LON033SlTWSl\mVaNk\OcO^�V�PRSUVl�sLO[xSlP�\O[eVaNQ\OwlTWS�XePWS@VRnONkP�LOSUgfX�{&PWNkt]\ON�jdw�XZ\qVRgQ{e�
� [ ��S��]SUTl����SbLO[ []_OPWSlTW�eS�PW[]`rS@PWc3SUSlLO^Oc LOSlt]TRXeLdXZVRNk[]\&hi[]T�7 XecOcHgkNkwlXZVYNQ[]\OP+[e\ X � � ��NQLOS
` Xew�nHNk\OSZ�� ^�V�[eh�VRnOSlPWS7�XZcOcOgkNQw�XZVRNk[]\HPl�H`ac�Slt � LHSlw S1*�nONQ_ONQVRP�VYnHSugkXeTRteSlPWVsgk[]PWP�Nk\@PRc�SlSULO^Oc*�
LO[ ��\ VR[ �]� � 	�hiTR[]` �]� � � � 7 � � ;\ X �eSlTRXet]Se�<nO[ �ESU�eSlTl�ENk\$wU[]`acdXeTRNQPR[]\ VY[�VYnHS VYTRXeNk\ONQ\Ot
Nk\OcO^�V���y y�K#�C�3� ��nOSU\$TR^O\ []\ VYnOS�TRS�hiSlTWSl\OwUS Nk\HcO^HV��CS1*�NQ_ONQVRPuTWSlLO^HwUVYNQ[]\ Nk\ PRc�SlSlLH^Oc hiTR[e`
�]� � 1+VR[ �e� � /�[]\�VRnOS � � ��NQLOSoXe\OLb\O[�gk[]PWP�Nk\�PRc�SlSULO^Oc�[e\@VRnOS�/ � ��NQLOS `rXew�nONk\HSe�
y<y3K;���3�q[]\�VYnHS9[eVRnOSlT�nOXe\OL*�qgk[ePRSlP<`a[]TRS�[Zh*NQVRP�PRc�SlSULO^OcrVRndXe\ry<y3K#�C��LO[xSlP���nOSl\rTR^O\

[]\�VYnOS TWSUhiSlTWSl\OwUS�NQ\OcO^HVl�HTRXZVYnOSUTsVYndXZ\@VRnOS;VYTRXeNk\HNk\Ot+NQ\OcO^HVl����nONkP�NQP�VYTW^OS;hi[]Ts_�[eVRnb`rXew�nONQ\OS
`r[xLOSlgQPl� � [ ��S��]SlT�VRnOS;`a[]PWV�PR^O_OP>V�Xe\mVRNfXeg3PRc�SlSlLH^Oc@gk[]PWP�NkPELO^OS�VR[+VJ��[�_�Sl\Hw�nO` XZTR�qPl��L��Wc�Slt
Xe\OL�`ac3SUt � LOSUwe���d[]T�S2*HXe`rcHgkSe��hi[]T;L��Wc�Sltr��nOSl\ y<y3K;����NkP;TW^O\�[]\�VRnOS+TRS�hiSlTWSl\OwUSaNQ\OcO^HVl�
TYXZVRnOSlTsVRndXe\�VYnOS VRTYXeNQ\ONk\Ot�Nk\OcH^HV��ON�VYPsPWc3SUSlLO^Hc�NkP�TRSlLH^OwlSULbhiTW[]` �]� 0 VY[ � �21 	+[]\�VRnOS � � ��NQLOS
` Xew�nHNk\OS�XZ\OL hiTR[e` � � 	:1IVR[ � �219/�[]\�VYnOS / � ��NkLHS�`rXew�nONk\HSe�z��nHNkPzPWNkt]\HNQjdwlXe\mV�gk[ePRP�[eh PWc3SUSlLO^Hc
hi[]TEVRnOSlPWS�VJ��[ _3SU\Ow�nO`rXeTR�qPsNQP�LO^OSIVY[uVYnOS�h XZwUV VYndXZVEVYnOS9TRS�hiSlTRSU\OwlS�Nk\OcO^�VsTRSUPR^Og�VYPENk\ X�gfXeTWt]S
\x^H`+_3SUT;[eh<c�[]PRN�VYN��]Slg�{@wl[]TWTRSUgfXZVRSlL�cHTRSlLHNkw�X VYSlP9��nONkw�n��ESlTWS+\O[eV�wl[]TWTRSlgkXZVYSUL�Nk\bVYnOSuVYTRXeNk\ONQ\Ot
Nk\OcO^�V�����nOSUPRS wU[]TRTWSlgkXZVYNQ[]\OPoTRSUPR^Og�V NQ\ `a[]TRS�TW^O\mVYNk`aSawl[]\ � NkwUVohi[]ToVYnHSrTWSUhiSlTWSl\OwUS Nk\HcO^HVuNk\
VYnOSUPRS VJ�E[ _�Sl\Ow�nO`rXeTW�xPU�#�d[]T�VYnOS�[eVYnHSlT �%7a_�Sl\Ow�nH` XeTW�qPl� y<y3K;����gQ[]PRSUP9�]SUTW{�gkN�VRVYgQS [eh�N�VYP
PRc�SlSlLH^Oc�TRSUgfXZVRNQ�eS;VY[�VYnOS VRTYXeNQ\ONk\Ot Nk\OcO^�V��O��nOSU\�TW^O\�[e\bVRnOSoTRSUhiSUTRSU\OwlSuNk\OcH^HV��
��]SUT VYnHS�Sl\mVRNkTRS�XecOcOgQNkwlXZVYNQ[]\ PR^ON�VYSe��y<y�K � 4 P PRc�SlSULO^Oc*����nOSU\�TR^O\ [e\ VYnOS�TRS�hiSlTRSU\OwlS

TYXZVRnOSlT�VYnOXe\bVRnOS VYTRXeNk\ONQ\Ot�Nk\HcO^HV��HNkP�TRSULO^OwUSlL�LH[ ��\bVY[ �]� � /+hiTR[]` �]� � �o[]\bVRnOS � � ��NQLOS `rX �
w�nONk\OSoXZ\OL VY[ �]� � 0�hiTW[]` �]� �Z� []\ VYnHS�/ � ��NQLOS�`rXew�nONQ\OSe� � [ �ESU�eSlTU�dNQh L��Wc�Slt�Xe\HL�`rc�Slt � LOSlw
��SUTRS []`rN�VRVRSlL;��nOSU\ wl[e`rcO^�VYNk\HtsVYnOS X��]SUTYXet]S<TWSlPR^HgQVYPU� VRnOSl\�y<y3K;� �E[]^OgQL�[]\HgQ{;gQ[]PRS�PWc3SUSlLO^Hc
LO[ ��\@VR[ �]� � � hiTR[]` �]� � �;[]\ VRnOS � �~��NkLOS9` Xew�nHNk\OSZ�OXe\OL��E[]^OgQL�` XeNQ\mV�XeNQ\rN�VYPsPWc3SUSlLO^Ocb[]\@X
/ � ��NQLOS ` XZw�nONk\OS;��nHSl\�VRnOSoTRS�hiSlTRSU\OwlSuNk\HcO^HV�NkP�^OPWSlL*�
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6 7 98:�; f �ih g �il�����o�tQ~�����q9wno�o��y��w�qSz�}Kxs��o � � � v��yo ��~�qso���v�{�o � ��o�}�x���~�t  ~�{y� xs��o 
�� ��v���o � ����	
� vkxs��r�� w�w���~�x � �p~�{y� ��m � � � � � tQv =.�dx#��~�t  �Ltso���~�xsv ��o x9z�xs��o 
�� ��v���o���~�q9o���v�{�o

�zNQ\dXegQgQ{]�mVRnOS �zNkt]^HTRS�0H� � ;+wU[]`rcOXeTRSUP�VRnOS [ �]SUTYXegQg*PRc�SlSULO^Oc�[ �eSlTIX � � ��NQLOS;_dXePWSlgQNk\OS cOTW[Z�
wlSlPWPR[]TaVYndX VrNQPaXew�nONkS��]SUL _m{ X / �~��NkLOS@_dXePWSlgQNk\OS�cOTW[�wUSlPWPR[]T | gkS�h V�_dXeTWP���Xe\OL _m{ X � � ��NQLOS
cOTR[]_OXe_ONkgQNkP>VYNkw�cHTRSlLHNkw�X VYS��JX��sXeTWS�cOTW[�wUSlPWPR[]T ��NQVYn X�wU`rcOcrgfXZVRSl\Ow�{�[eh 0uwU{xwlgQSlPsXZ\OL } v � � 

� | TRNktenqVs_dXeTRPY���
	 S�PRSUSIVRndXZV�VYnHSs��NkLOSUT _OXePRSUgkNk\HSs` XZw�nONk\OSs��N�VYn�`a[]TRS�TWSlPR[e^OTRwUSlPEXe\OL�\O[oTRSUPR[]^OTWwlSIPRndXZT>�

Nk\OtoXew�nHNkSU�eSlP<Xe\�X��eSlTYXZt]S�[eh � 7 � nONQt]nOSlTzc3SUTWhi[]TW` Xe\HwlS�VRndXe\+VYnHSs\dXeTWTR[ ��SUT�cOTRSULONkwlXZVYS �7X���XeTRS
` Xew�nHNk\OS TWSlPW[]^OTRwUS ��NQVRn&PRndXZTRNk\Ht�w�XecOXe_ONkgQNQVJ{e��_O^�V+hiSU�ESlT�TWSlPR[e^OTRwUSlPl� ��nONQP+TRSUPR^Og�V+��XeP+S1*q�
c3SUwUVYSULrhi[]T�VJ�E[uTRS�XZPR[]\OPU�$�zNkTWPWVl�mX;��NkLOSUT cHTR[xwlSlPWPR[]T<t]SU\OSlTRXegkg�{+XZw�nONkS��]SlP PR[e`rS�Nk`acOTW[ �eSl`aSl\mV
Nk\bc3SUTWhi[]TW` Xe\HwlSohi[]T�SU�]SUTW{@VJ{xc3S�[eh�wU[�LHS�TWSlt]NQ[]\ | VJ{xcONkwlXegkg�{�gkSUPRP�hi[]TIXewU{xwUgkNkwoTWSlt]NQ[]\OP���nONkw�n
XeTRS gkXZVYSU\OwU{ _�[]^O\OL*� Xe\HL$`r[eTRS hi[]T�wU{xwlgQNkwrTRSlteNk[]\OP���nONkw�n XeTWS TRSUPR[]^HTRwlSZ�<TYXZVRnOSlT VRndXe\&gkX �
VYSl\HwU{�_�[]^O\OLd���*NQ\�wl[]\mVRTYXeP>V VY[@X cOTWSlLONQw�XZVRS��7X���XeTRS cOTR[xwlSUPRPR[eT;VYndXZV;w�Xe\ []\Og�{bNk`acOTR[ �]S�VYnOS
c3SUTWhi[]TW` Xe\HwlS�[eh3XucHcdX �JNQ`rcHTR[ �ZXe_OgkSEwl[xLOS�TRSUt]Nk[e\*����SUwl[]\HL*�x��N�VYnONQ\�X t]NQ�eSl\acOcdX � Nk`acOTR[ �ZXe_OgQS
TRSlteNk[]\*�]VRnOSlTWSIXeTRS�[]c�SlTRXZVYNQ[]\OP�hi[]T���nONkw�n�VYnOSUTRS�S1*�NQPWV \O[o[eVYnHSlT�[]c�SlTRXZVYNQ[]\OP���NQVRn���nONkw�n�VYnOS�{
w�Xe\�PWndXeTRS�X TRSUPR[]^HTRwlS�[]\rVRnOS;\dXeTWTR[ �ESlTsy<y�K � cOTW[�wUSlPRPW[]Tl�E��^Hw�n []c�SlTYX VYNk[e\OPE`aNktenqVEPWVRNkgQgd_3S
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PRw�nOSULO^OgkSUL�NQ\�cdXeTYXZgkgkSUg | TRSUPR^Og�VYNk\Ht�Nk\@X+PRnH[]TWVRSlT�PRw�nOSULO^OgQS �s[]\�VYnOS;��NQLOSlT�_OXePRSUgkNk\HS;` XZw�nONk\OSZ�
_O^HVu`rNQt]nmV \O[eVo_�S�PRw�nHSlLO^OgQSlL Nk\�cdXeTRXegkgQSlg�[]\�VYnOS�\dXeTWTR[ �ESlTo_dXePWSlgkNQ\OS�`rXew�nONk\HS+LO^OS�VY[@N�VYP
VYNktenqVRSlT�TRSUPR[]^HTRwlSowU[]\OPWVRTYXeNQ\mVYPl�
�I[eVYS VRndXZVoN�V;NkP�c3[]PWPRNQ_OgkS hi[eT;X�\dXeTWTR[ ��SUToy<y3K ��cOTW[�wUSlPWPR[]T VY[�[e^HVYc�SlT>hi[]TR` X _dXePWSlgkNQ\OS

cOTR[xwlSUPRPR[eTbVRndXZV@NkP VJ��NQwlS XeP���NkLHSe�"��nONQP@��NQgkg9ndXecOc�Sl\ NQhuPR^�-awUNkSl\mVRgQ{�[eh VRSl\ 0&[]T�`r[eTRS
[]c3SUTYXZVRNk[]\HP�t]S�V�XePRPWNkt]\OSUL VY[IPRnOXeTRS VYnOS PYXe`aS TRSlPW[]^OTWwlS�[e\+XIy y�K ��cHTR[xwlSlPWPR[]TU�&�d[]T S1*HXe`acOgkSZ�
0 � [mXZVRNk\Ot �Jc�[]Nk\mV�[]c�SlTRXZVYNQ[]\OP�VYndXZV�PRndXZTRS+XrPRNk\Ht]gkS � [mXZVRNk\Ot �Jc�[]Nk\mV�^O\ON�V�[e\�X � �~��NkLOS y<y3K �
cOTR[xwlSUPRPR[eTa��NQgkg�S2*�Slwl^�VYSbNk\ �@wU{xwlgQS ��nO[ �ESU�]SUTl�sN�V+��NkgQgEVYXe�eS � wU{xwlgQSlP�VY[ S1*�SUwl^HVRSbVRnOSlPWS�0
� [mXZVRNk\OtZ� c3[eNk\mV;[]c�SlTRXZVYNQ[]\OP []\ X�/ �~��NkLOS�_dXZPRSlgQNk\OS�cHTR[xwlSlPWPR[]T ��N�VYn � � [mXZVRNk\OtZ� c3[eNk\mV;^O\HNQVYPU�
� [ ��S��]SUTl�x\O[]\OSs[ZhdVYnOS�XecOcOgQNkw�X VYNk[e\OP�NQ\ []^HT�S1*�c�SlTRNQ`rSU\mVYP�Xew�nHNkSU�eSsPR^Hw�nrXZ\+[ �]SlTRXegkg�PRc�SlSULO^Oc*�
PRNk\HwlS�VRnOS \q^O` _3SUT�[eh�[ec3SUTYXZVRNk[]\OP�VYnOXZV�teSUV9wl[]`+_HNk\OSUL�VY[rPRndXZTRS�VRnOS PRXe`aS TRSUPR[]^HTRwlS�Nk\bVYnOS
PYXe`aSowU{xwlgQSo�eSlT>{@TYXeTWSlgQ{ S1*�wlSUSlLOP � [ec3SUTYXZVRNk[]\OPU�

�'-���- � -�� . � + � � ��� � &
� � � ��� � � � ��

K"�ZSU{ ndXeTWLH��XeTRS�hiS�XZVR^OTRS+hi[eT PR^OcOc�[]T>VYNk\Ht�y<y�K � | Xe\OL v y3K;�O��NkP;VRnOSaXe_ONQgkNQVJ{@VR[bTWS�XeL
cOTRSULONkwlXZVYSUPzS�XZTRgQ{ | LO^OTWNk\Ot�VYnHS cHTRSlLHNkw�X VYS�� TRSlXeL+Xe\HL�LONQPRcdX VYw�n P>V�XeteS � Xe\OL LHNkPRwlXeTRLu[]c�SlTRXZVYNQ[]\OP
t]^dXeTWLOSlL@^O\OLHSlT�� XegQPRSe� v NkPRwlXeTRLHNk\Ot�[]c3SUTYXZVRNk[]\HP�S�XZTRgQ{aNQ\ VYnOS�cONkc�SlgQNk\OSIcOTRS��]SU\qVRP�VYnOSU` hiTR[e`
PR^Oc�SlT � ^O[]^OPWgQ{@TWSlPRSUTW�xNk\HtaVRnOSoTRSlPW[]^OTWwlSlPIVYndX VIXeTRSo^OPWSlLbgfXZVRSlT�Nk\�VRnOSocONkc�SlgQNk\OSZ�

��Xe_OgkS$0H�87�pq^dXZ\qVRNQjdSUP�VYnOS�^HVRNkgQN5/�X VYNk[e\u[Zh3NQ\OLON���NQLO^dXegxcONQc3SUgkNk\HS�PWVYXet]S�TWSlPR[e^OTRwUSlP<c3SUT�cOTWSlL��
Nkw�X VYSlL�[ec3SUTYXZVRNk[]\*� �d[]T�X t]NQ�eSl\�_�Sl\Ow�nO`rXeTW� | TW[ �9�;Xe\OL�cONQc3SUgkNk\HS�TWSlPR[e^OTRwUS | wl[]gQ^O`a\ ����VYnOS
wl[]TWTRSlPWc3[e\OLONk\HtaVYXe_OgkS�Sl\mVYT>{@PRnO[ ��P�VYnOS c�SlTWwlSl\mVYXet]Su[ehCLH{x\dXe`aNkw []c�SlTRXZVYNQ[]\OPsNQ\@VRnOSo_3SU\Ow�n��
` XeTW� VRndXZV�^HVRNkgQN5/lS�VYnHNkP�cONQc3SUgkNk\HSrTWSlPR[e^OTRwUSe�$K�t]N��]SU\ cHNkc�SlgkNQ\OSaTRSlPW[]^OTWwlS@NkP+^�VYNkgQN5/USlL$_m{ X
t]NQ�eSl\$[]c�SlTRXZVYNQ[]\ []\Og�{�NQhEVYnOSr[]c3SUTYXZVRNk[]\ NQP�\O[ZV�\q^OgQgkN�jdSlL XZVuPR[]`aSaS�XeTWgkNkSUT PWVYXet]S LH^OSaVR[�X
��XZgkPRS cHTRSlLHNkw�X VYSe�

�zXZ_OgkS*0��87 | Xm�9PWnO[ ��PoVRnOS�TRSUPR[]^OTWwlS�TRSUpq^ONkTWSl`aSl\mVYP;hi[]T;VRnOS � �~��NkLOS+_OXePRSUgkNk\HS+cOTR[xwlSUPRPW[]Tl�
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Benchmark FETCH DISPATCH DECODE REGISTER EXECUTE EXECUTE EXECUTE EXECUTE WRITE

READ INT FP MEMORY BRANCH BACK

cjpeg 100 100 100 100 68.1 0 26.29 5.61 33.52

djpeg 100 100 100 100 71.98 0 25.64 2.38 82.75

epic 100 100 100 100 63.21 14.44 11.89 10.46 96.19

unepic 100 100 100 100 58.26 6.97 28.82 5.96 62.01

g721encode 100 100 100 100 79.71 0 17.31 2.98 66.34

g721decode 100 100 100 100 80.53 0 16.77 2.69 70.95

ghostscript 100 100 100 100 64.59 0.7 26.48 8.22 64.53

gsmdecode 100 100 100 100 87.68 0 9.94 2.37 78.09

gsmencode 100 100 100 100 84.87 0 14.37 0.76 50.14

mesamipmap 100 100 100 100 43.33 15.21 35.97 5.5 81.96

mpeg2dec 100 100 100 100 66.23 0 27.24 6.53 68.25

mpeg2enc 100 100 100 100 90.2 0.43 6.14 3.23 64.16

pegwitdec 100 100 100 100 81.65 0 15.36 2.99 76.91

pegwitenc 100 100 100 100 77.29 0 19.91 2.8 52.92

rasta 100 100 100 100 58.84 9.93 21.62 9.6 89.56

rawcaudio 100 100 100 100 90.53 0 7.56 1.9 73.13

rawdaudio 100 100 100 100 88.59 0 9.11 2.3 74.88

Average 100 100 100 100 73.86 2.8 18.85 4.49 69.78

Benchmark FETCH DECODE PRED. READ REGISTER EXECUTE EXECUTE EXECUTE EXECUTE WRITE

& DISPATCH READ INT FP MEMORY BRANCH BACK

cjpeg 100 100 100 53.93 39.81 0 11.71 2.41 33.52

djpeg 100 100 100 83.12 59.01 0 21.78 2.33 82.75

epic 100 100 100 98.39 62.41 14.18 11.49 10.31 96.19

unepic 100 100 100 68.78 43.01 2.55 17.68 5.54 62.01

g721encode 100 100 100 74.46 58.07 0 13.63 2.75 66.34

g721decode 100 100 100 77.68 61.55 0 13.56 2.56 70.95

ghostscript 100 100 100 77.98 51.25 0.4 20.45 5.87 64.53

gsmdecode 100 100 100 78.66 69.5 0 6.9 2.26 78.09

gsmencode 100 100 100 50.56 43.46 0 6.41 0.69 50.14

mesamipmap 100 100 100 83.11 34.77 13.51 29.35 5.47 81.96

mpeg2dec 100 100 100 77.45 49.76 0 23.1 4.59 68.25

mpeg2enc 100 100 100 65.21 56.2 0.43 5.84 2.75 64.16

pegwitdec 100 100 100 78.26 61.28 0 14.21 2.77 76.91

pegwitenc 100 100 100 53.87 40.59 0 10.59 2.7 52.92

rasta 100 100 100 93.16 55.04 9.45 19.75 8.92 89.56

rawcaudio 100 100 100 73.15 64.64 0 6.62 1.89 73.13

rawdaudio 100 100 100 74.88 64.61 0 7.97 2.3 74.88

Average 100 100 100 74.27 53.82 2.38 14.18 3.89 69.78

(a) Resource requirements for the baseline processor, P base (4)

(b) Resource requirements for the probabilistic predicate-aware processor, P ppas (4,3,1)

`badcLe f �ih��il��'vkwno���v�{�o���xsv���v ��~�xsvkz.{ q9xs~�xsv�q9xsv�r�q�wno�t wytQo��yv�r�~�x9o�� z�w�o�t:~�xsvkz.{ }�z�t���~�q9o���v�{�o ~�{y�
wytsz ��~ ��v���v�q9xsv�r wytQo��yv�r�~�x9ou� ~���~�tso wytsziruo�qsq9z�tQq � �yqsv�{ = ���ytQq9x\���yx ��� ��� �
	 ~�{y�
� ���	�	 
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��Nk\OwUS�Nk\ VYnOS�_dXePRSUgkNQ\OS�cHTR[xwlSlPWPR[]TrVYnOS�[ec3SUTYXZVRNk[]\OPat]^dXZTRLOSUL�^O\OLOSUT(� XegkPWS�cOTWSlLONQw�XZVRSlP XeTRS
[]\OgQ{ \q^OgQgkN�jdSlL Nk\ VYnOS�S1*�SlwU^HVYNQ[]\ PWVYXet]Sb[eh;VRnOS�cONQc3SUgkNQ\OSe��Xegkg�cONQc3SUgkNQ\OS@PWV�XZt]SlPr^Oc VR[$Xe\OL
Nk\OwUgk^OLONQ\Ot S1*�SlwU^HVYNQ[]\ PWVYXet]S�XeTRS�TRSUpx^HNkTRSUL _m{ Xegkg�[]c�SlTRXZVYNQ[]\OP�TRSUtmXeTWLOgkSUPRP [Zh;VYnOS@�ZXegk^HS�[eh
VYnOSUNkT cOTWSlLONQw�XZVRSlPl� �I[eVYS�VRndXZV VYnHS�S1*�SlwU^HVYNQ[]\ P>V�XeteSaNQP;_OTW[]�eSU\ LO[ ��\ Nk\mVY[ hi[]^HT Nk\OLON��xNkLO^dXZg
hi^O\OwUVRNk[]\�^O\ONQV�TRSUPR[]^OTWwlSUPl��NQ\mVYSlteSlTl� � [mXZVRNk\Ot �Jc�[]Nk\mV��d`aSl`a[]T>{bXe\OL�_OTRXe\Ow�n � VRnOS+PW^O` [Zh�VYnOS
TRSlpq^ONQTRSU`rSU\qVRP+[ �]SUT�VYnHSrhi[]^OTohi^O\Ow�VYNQ[]\ ^O\HNQVYPuNkPuSlpq^dXZgEVY[ � �]��� �@��SlwlXegkg�VYnOXZV ��Nkt]^OTWS 0��20
PRnO[ ��PrVRndXZV�0 � � [eh�XegkgsL�{�\OXe`rNQw�[]c�SlTYX VYNk[e\OP�ndX��]S@VYnOSUNkT�cOTWSlLONQw�XZVRSlPaSU�ZXegQ^dXZVYS VR[ ��XZgkPRSZ�
��nONkP�NkP�wU[]\OPRNQPWVRSl\mV���NQVYn ��Xe_OgkS�0��87 | Xm����nONQw�n PWnO[ ��PaVRndXZV�VYnOS���TWNQVYS�_OXew��&PWVYXet]S@[ehIVYnOS
cONkc�SlgQNk\OS;NQP�S.33Slw�VYNQ�eSlg�{@TRSlpq^ONQTRSUL�_m{ VRnOSoTRSl`rXeNQ\ONk\Ot*1 ��� [ehCVYnHSu[ec3SUTYXZVRNk[]\OPU�

��Xe_OgQS
0��87 | _ ��PRnO[ ��P;TWSlPR[e^OTRwUS+TRSUpx^HNkTRSU`rSU\mVYP9hi[eTIVRnOS � �~��NkLOSocOTW[]_dXe_HNkgkNQPWVRNkw cOTWSlLONQw�XZVRS��
X ��XeTWS�cOTR[xwlSUPRPR[eT<��N�VYn�X;wU`rcHc�gfXZVRSl\Ow�{+[eh 0;w�{�wUgkSUP<Xe\OL } v ���� �]�Z^OPRNQ\Ot*4 jOTRPWV>� jOV64my<y3K����
Xe\OL�y<y�K ��� PWw�nOSlLH^OgkNQ\OtO� ;c3SUTYXZVRNk[]\HP@��nH[]PRS cOTRSULONkwlXZVYSUP�XeTWS TWS�XeL Xe\OL�hi[]^O\OL�VY[ _3S
��XZgkPRSuNk\bVYnOS�cOTRSULONkwlXZVYS�TRSlXeL�Xe\OL�LONkPWcdXZVYw�n�cONkc�SlgQNk\OSoPWVYXet]Su��Nkgkg _�S�\q^OgQgkN�jdSlL�Nk\�VRnONkPIPWVYXet]S
| PRSUS$�xSlwUVRNk[]\ 0H� 0m��� � [ ��S��]SlTU� TRSUw�XegQg;VYndXZV�VRnOS�jdTRP>V@VYnOTWSlS PWVYXet]SlP | hiS�VYw�n*��LOSlwU[�LOSZ� Xe\OL
cOTRSULONkwlXZVYS TWS�XeLbXe\OL@LONQPRcdX VYw�n ��XZTRS `+^OP>VW� ^OPRS P>V�Xet]SUPsVYndX VIXeTRS;TWSlpq^ONQTRSlL@_m{@XegQg3[ec3SUTYXZVRNk[]\OPU�
��nOSsTRSUt]NkP>VYSUT�TWS�XeL�XZ\OL S2*HSUwl^HVRS�PWVYXet]SlP | VRndXZV�wl[]`aS�X h VYSlTCcOTWSlLONQw�XZVRS�TRSlXeL+XZ\OL+LONQPRcdXZVRw�n � XeTRS
TRSlpq^ONQTRSUL�_m{ []\HgQ{�1 � � [ZhxVRnOS�[]c�SlTRXZVYNQ[]\OPl� ��nOS<TWSl`rXeNk\ONQ\Ot � / � [ehxVYnHS�[]c3SUTYXZVRNk[]\HP VYnOSUTRS�hi[]TRS
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iadd r1, r1, #4

fload f2, 0(r1)

fadd f6, f6, f2
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Iteration A Iteration DIteration B Iteration C Iteration E
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fload f2, 0(r1)
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(c) Reads and writes of register (f2) in sample execution

CycLine Assembly Code

(a) Scheduled Code                       (b) SP execution of 5 original loop iterations
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1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

iadd r1, r1, #4

fload f2, 0(r1)

iadd r1, r1, #4

fload f2, 0(r1)

iadd r1, r1, #4

fload f2, 0(r1)

iadd r1, r1, #4

fload f2, 0(r1)

iadd r1, r1, #4

fload f2, 0(r1)

iadd r1, r1, #4

fload f2, 0(r1)

fload f2, 0(r1)

4

6

8

10

11

12

13

14

Cyc Instruction

fload f2, 0(r1)

fload f2, 0(r1)

fload f2, 0(r1)

fload f2, 0(r1)

fload f2, 0(r1)

fload f2, 0(r1)

fmove  f2, f4

fmove  f2, f4

f23

f24

f22

f22

f23

f23

f24

f24

f24

− − −

− −

−

−

−

− − −

− −

− −

f24

queue 1 after instruction queue 2 after instruction

f2

f2

f2

f2

f2

f2

f2

f2

f2

f2

f2

f2

f2

f2

f2

1

1

1

1

2

2

2

2

3

3

3 f2

f2

f2

f2

f2

f2

1

1

1

2

2

3

2

1

0

0

3

3

2

0

0

0

0

3

3

2

2

f21 −

− −

−−

−−

−

−−

−

−

−−

−

−

−

5

5

56 1

Cyc Iteration A Iteration DIteration B Iteration C Iteration E Iteration F Iteration G
rq−con q1,f2,3

iadd r1, r1, #4

rq−con q2,f4,1

fadd f6, f6, f4

fmove f2, f4

fmove f2, f4

fmove f2, f4

fadd f6, f6, f4

fadd f6, f6, f4

fadd f6, f6, f2

fadd f6, f6, f2

fadd f6, f6, f2

fadd f6, f6, f2

rq−con q2,f4,0

rq−con q2,f2,2

rq−con q1,f2,1

rq−con q1,f2,0

(a) SP schedule

(b) contents of queue1 and queue 2
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Cyc

iadd r1, r1, #4

fload f2, 0(r1)

iadd r1, r1, #4

fload f2, 0(r1)

Iteration A Iteration DIteration B Iteration C

1

3

4

5

6

7

Line Assembly Code

iadd r1, r1, #4

fload f2, 0(r1)

fadd f6, f6, f2

rq-con q1,f2,2

rq-con q1,f2,1

fadd f6, f6, f2

iadd r1, r1, #4

fload f2, 0(r1)

rqcon q1,f2,2

fadd f8, f6, f2

rq-con q1,f2,1

fadd f6, f6, f2

fadd f8, f6, f2

fadd f6, f6, f2

fadd f8, f6, f2

rq-con q1,f2,0

iadd   r1, r1, #4

fload  f2, 0(r1)

fadd   f6, f6, f2

fadd   f8, f6, f2

Original loop body
before SP scheduling

3

5

6

7

8

Value readCyc Instruction

fload f2, 0(r1)

fadd f6, f6, f2

fload f2, 0(r1)

fload f2, 0(r1)

queue 1 before instruction queue 1 after instruction

   

  

 

 

 

0

3

2

1

1

0     

   

  

  

 

 

3

2

1

1

 

f24

f2

f2

f2

f2

f2

f2

f2

f2

f2

f2

f2

f2

f2

f2

1

1

1

1

1

12

2

2

2

2

3

3

3

f2

f2

f2

f2

f2

f2

f2

f2

f2

f2

f2

f2

f2

f2

f2

f2

f2

1

1

1

1

1

1

12

2

2

2

2

2

3

3

3

3
rq-con q1,f2,2
fadd f8, f6, f2

 1

2

2

12

13

14

2

9b

rq-con q1,f2,1
9a

 

 

f21

 

f21

8

9

10

11

rq-con q1,f2,1

(c)

fadd f6, f6, f2

fload f2, 0(r1)

f22

 

fadd f8, f6, f2

(a) (b) SP schedule

Contents of queue 1

1

2

3

4

-- -

- -

- -

--

-

-

-

- -

- -

- -

-

-

-

-

-

-

-

-

-
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