
� �������	��
��������
�� ����� � ��������������� � �����
� ��
 �!��"$# �������%�&� �'��(��)
 * �+��
 � ���%�-,.�

/ ����� 0 � (�
1����
 � 2 
�� ���!,

354

6$798;:<85=?>A@CBD@FE GIH�79JK=

L�M5NPORQTSUQVQXW	Y	Z[SU\T\TOR]^S`_baRcd_fegcdhTZ[SU\CiKj5SU\XNk\XNPOAhCORl	WPSmhnOoZ[Oo_p\qQ
egcdhr\XNPO$s$ORtPhCORO$cuevs$cdaR\TcPh;cweyxzNPS|{UcpQqcd}	Npi^S`_k\XNPO

s$Oo}	~phC\IZ[Oo_p\�cue��v{UORaR\XhnS|ao~w{�~p_P]��rcdZK}	WP\qOoh��z_PtpS`_POROohCS`_Pt��
� _PSU�pOohCQTSU\Ci^cue;M�cPhCcd_f\Tc

a� �rcd}fi�hnS|tPNp\5Yfi��P\TOR�pOo_<�+SU{|\qcd_��o�f�p�



����������	�
��

L hCaRNPSU\TORaR\XW	hCORQ$~p_P]^LV{UtpcdhCSU\XN	Z[Q�egcdh�vS|OR{U]�� xzhCcptdhT~fZKZK~pYP{UO
�A~u\TOVL$hThT~ idQrj5SU\XNb�;Z[Y	OR]	]	OR]���OoZ[cdhCi

s$cdaR\qcdhzcueyxzNPSU{|cfQTcd}	Nfip� �o�f�p�
�P\qOR�pOo_���� ���	�+S|{U\TcP_

s$Oo}	~phC\XZFOo_p\rcue;�v{UORaR\XhCSUao~u{v~p_P]��rcPZK}	WP\TOoh5�z_PtpS`_POROohCS`_Pt
� _PSU�pOohCQTSU\Ci^cue;M�cPhCcd_f\Tc

� ORaROo_p\$]�hT~fZK~u\TSUaAS`ZK}	hnc �fOoZ[Oo_p\qQ S`_bS`_p\TORtPhT~u\TOR]baRSmhnaoWPS|\Ve ~pY	hCSUao~u\qS|cP_�\qORa N	_Pcp{Ucptfi�N	~o�fOA{UOR]�\Tc
vSUOR{U]�� x;hCcptPhT~pZKZK~fYP{|O��A~w\TO5L$hThT~ idQ���;x��$LVQ�� ao~p}	~fYP{|O$cwe S`ZK}P{UOoZ[Oo_f\TS`_PtKOo_f\TS`hCOV]	S|tfS|\I~u{ QTidQq\TOoZ[Qo�
~uQ9cd}	}	cpQqOR])\Tcb\XNPO<QXZK~u{U{UOoh9{|cftpSUa^aRSmhnaoWPS|\qQK\XN	~u\[N	~o�fOK\XhT~u]	SU\TSUcd_	~w{|{Ui Y	OROo_ \X~phCtfOR\TOR]�\Tc�;x��$LVQ��
� _P{|S! uO�\XNPO;QXZ ~u{U{|Ooh aRS`hCaoWPSU\TQo�f\XNPORQTO;{`~phntpO;QTiPQT\TOoZFQ cueg\TOo_ aRcd_p\I~uS`_AZ[OoZ[cPhCi"��L$hCaRNPS|\qORaR\XW	hT~u{PQXW	}	}	cPhC\
egcdhr\XNPO$O$# aRSUOo_f\ S`ZK}P{UOoZ[Oo_f\X~u\qS|cP_^cue;Z[OoZ[cdhni S`_�_PO&%P\'� tpOo_POohq~u\TSUcd_�;x�� L Q�S|Q�\XNPOohCOIegcdhCO$aohTWPaRS`~u{(�
M�NPS|Q ]	S|QqQTOohC\X~u\qS|cP_�O&%	~pZ[S`_PORQK\XNPO�~fhCa NPSU\TORaR\IW	hCO^cue�;x��$LVQAj5SU\XN Z[OoZFcdhCip�;~uQ[jrOR{U{5~uQK~u{Utpc)�

hCSU\XN	Z[Q \XN	~u\ ZK~f}!aRSmhnaoWPS|\qQ S`_f\Tc�\XNPORQTOb]	OR�dSUaRORQ��+M5N	hCORO�~wQX}	ORaR\TQ^~phCO^aRcP_PQTSU]	OohCOR]�*�\INPO�~p_	~u{UidQqS|Q
cueraRSmhnaoWPS|\qQ \IN	~u\$aRcd_f\X~uS`_�Z[OoZ[cPhCi ~uQ9jrOR{|{r~uQ$\XNPO ~fWP\TcdZK~u\qOR] hq~p_P]	cdZ�tpOo_POohT~w\TSUcd_�cuerQXWPa N aRSmh+�
aoWPSU\TQo�r\XNPO�~fhCa NPSU\TORaR\IW	hCO�~p_P]-~u{UtpcdhnS|\IN	Z[Q[egcdh[QT\X~f_P]�� ~u{Ucd_PO^aRcd_-,�tdW	hT~fYP{|O�Z[OoZ[cdhni)]	OR�PSUaRORQo�5~p_P]
~phCaRNPSU\TORaR\XW	hCORQV~p_P] ~u{UtpcPhCSU\XN	Z[Qregcdhr\XNPO$OoZ[Y�OR]	]	Sm_Pt^cwe�Z[OoZ[cdhni ~phqhT~ idQrS`_�~p_�;x��$L.�
� O�, hCQT\^}	hCORQTOo_f\ QT\I~u\TSUQT\TSUaRQKtd~w\XNPOohCOR] e hCcdZ �o�	�^aRS`hCaoWPSU\TQ^j5SU\XNDZ[OoZ[cdhni"� M5NPORQqO�QT\X~w\TSUQT\TSUaRQ

S`_PaR{`WP]	O$\XNPO _PW	Z[Y	Oohycue Z[OoZ[cdhCSUORQzSm_ Oo~uaRN[aRS`hCaoWPSU\5~p_P] \INPO5j5SU]	\XNK~p_P]<]	Oo}P\XN[cwe \INPORQTO Z[OoZ[cPhCSUORQ��
��OVSU]	Oo_p\TS egi^aRcdZKZ[cP_KS`_f\TOohCaRcd_	_PORaR\ }	~w\T\TOohT_PQrY	OR\CjrOROo_^Z[OoZ[cdhCi<~p_P] {UcptfS|a"�zM5NPORQTO$QT\X~w\TSUQT\TSUaRQ5~phCO
\XNPOo_^WPQTOR]^\qc ]	OR�fOR{|cP}�~9aRS`hCaoWPSU\ tpOo_POohq~u\Tcdhz\XN	~u\rQT\qcdaRN	~uQT\TSUao~u{U{Ui<tpOo_POohT~u\TORQVhCOo~u{USUQT\TSUaAaRS`hCaoWPSU\TQVj5SU\XN
Z[OoZ[cPhCi \IN	~u\rao~p_^Y	O[WPQTOR] ~uQVY	Oo_PaRN	ZK~ph/ <aRS`hCaoWPSU\TQVS`_�~phCaRNPSU\TORaR\XW	hT~w{�QT\XWP]	SUORQ��

0 O&%P\o�pjrOVaRcd_PQTSU]	Oohr\XNPO$~phCaRNPSU\TORaR\XW	hCOVcue ~9QT\X~p_P]�� ~u{Ucd_POVaRcd_-,�tdW	hq~pYP{UOAZ[OoZ[cdhCi[\XN	~w\;SUQ21�O&%PSmYP{UO
Oo_PcdWPtdNk\Tc[S`ZK}P{UOoZ[Oo_p\AZFOoZ[cdhCi<aRcd_-,�tdW	hT~w\TSUcd_PQ5j5SU\XNk]	S43�OohCOo_f\$_dW	Z[Y	OohnQ5cue;Z[OoZ[cdhCSUORQo� Z[OoZ[cPhCi
j5SU]	\XNPQ;~p_P][]	Oo}P\XNPQ5�76 _PQT\XhTW	ZFOo_p\X~w{dS`_[\XNPSUQvjrcdh/ �SUQv\XNPO5~u{UtpcdhCSU\XN	ZFQv\XN	~u\ ZK~f} ZFOoZ[cdhCi$aRcd_-,�tPW	hT~5�
\TSUcd_PQr\Tc9\XNPO$]	OR�dSUaRO"�;M�NPORQTOA~u{UtpcdhCSU\XN	ZFQ ~fhCO WPQTOR]^S`_^~p_ O&%�}�OohCS`Z[Oo_f\X~u{ e hq~pZ[ORjrcdh/ 9\Tc9Sm_f�pORQT\qS|tP~u\TO
\XNPO[O$3�ORaR\ cwe�� ~fhCSUcdWPQA~phCaRNPSU\TORaR\XW	hT~u{v}	~phT~fZ[OR\TOohCQVcd_b\XNPO81�O&%dS`YPSU{USU\ ip�ya NPS`}�~phCOo~	��~f_P] ~waRaRORQTQ$\TS`Z[O
cuev\XNPO$aRcd_-,�tdW	hq~pYP{UO Z[OoZ[cPhCi"�

vS`_	~u{U{Uip�z\XNPO�~phCaRNPSU\TORaR\XW	hCO<cue ~p_9;x��$L�aRcd_f\X~uS`_PS`_Pt�Y�cp\XN OoZ[Y	OR]	]	OR] ZFOoZ[cdhCi)~fhThT~ idQ[~p_P]
S



{UcptpSUaKOR{UOoZ[Oo_f\TQASUQ$aRcd_PQqS|]	OohnOR]���~w{|cP_Pt^j5SU\XN�_PORj�~pWP\TcdZK~w\TSUaF}P{`~uaROoZFOo_p\[~p_P]�hCcdWP\TS`_Pt�~u{UtpcdhnS|\IN	Z[Q
\XN	~u\$ZK~p}baRS`hCaoWPSU\TQ9\Tc^\XNPO.;x�� L � ��O[QXNPcuj \IN	~u\$cd_P{Ui � QTj�S|\qa NPORQA}�OohAZ[OoZ[cPhCi�YP{Ucda& �}PSm_ ~phCO
hCORl	WPS`hCOR])S`_ \XNPOKS`_f\TOohCaRcd_	_PORaR\TSUcd_ Y�OR\Cj�OROo_ \XNPO Z[OoZ[cPhCi ~phqhT~ idQA~p_P] {|cftpSUa OR{UOoZ[Oo_f\TQo�v~p_P]!OR�pOo_
{Ucuj�OohzS`_�;x�� L Qzj5SU\XN egcdW	hvcdhyegORjrOoh�ZFOoZ[cdhCiK~phThq~oiPQ�� 6 _^~u]	]	SU\TSUcd_ �	jrOVQXNPcuj+\XN	~u\�Yfi }	hCcu�PSU]	Sm_Pt
]	S`hCORaR\KaRcd_	_PORaR\qS|cP_PQ Y�OR\ jrOROo_!Z[OoZ[cdhni)~phThT~ iPQo� \XNPO ;x�� L�]	Oo_PQTSU\Ci)ao~f_)Y�O^SmZ }	hCcu�pOR] QT{USUtdNp\q{|ip�
~p_P]^\XNPO[~ �pOohT~utpO$Z[OoZ[cPhCi ~uaRaRORQTQV\TS`Z[O$ao~p_bY	O$S`ZK}	hCcu�pOR]�Ypi^~uQ Z[WPaRN^~uQ������ �

SUS



� 
 ���������
	����	���	�� � �

vS`hCQq\�~p_P]9egcdhCOoZ[cfQT\o�)6�� ][{US! uO5\TcV\XN	~p_  9ZAi9QXW	}	Oohn�dSUQTcdhnQ��pcd_	~u\XN	~f_ � cpQTO5~p_P]�� �pcd_  wc��;hT~f_PORQTSUa
egcdh5\INPORSmh�\TORaRN	_PSUao~u{;~u]	�PS|aROp��ZFcdhT~u{�QIW	}	}	cdhC\ � , _	~p_PaRS`~u{vQIW	}	}	cdhC\ � ~p_P]�\XNPO e hnS|Oo_P]	QINPSm} \XN	~u\V]	OR�pOR{ �
cd}�OR]^c �fOoh�Z9iKQqS %<ipOo~phnQ�S`_bM�cdhncd_p\qc�� M5NPORi^N	~ �pOV{|OIeg\ ~9{`~uQT\TS`_PtKS`ZK}	hnORQTQTSUcd_^\IN	~u\rj ~wQ�S`_f� ~u{`W	~pYP{UO
]�W	hCS`_PtAZ9i$\TS`Z[O�NPOohnOp�p~p_P][j5SU{|{�hnOoZK~uS`_$QTcVcd_PaRO 6 hCOR\XW	hT_9\Tc����!~p_P][OoZ[Y	~ph/ �cd_[Z9i cuj _9hCORQTOo~phCaRN
ao~phCOROoh �

6�� �pOr~u{UQTc$Oo_�� cuipOR]9jrcdh/ fSm_Pt$j�S|\IN ~w{|{P\XNPO5Z[OoZ[Y	OohnQvcue�\XNPO5�rcdZK}	WP\qOoh ~p_P]K�y{|ORaR\IhCcd_PSUaRQ �9hCcdW	}PQ��
LV{|\INPcdWPtdN \XNPO _	~pZ[ORQr~phCOre ~ph \TcPc _PW	Z[OohCcPWPQ;\Tc9{|SUQT\5NPOohCOp��6�� ]<{US! uO \qc$\XN	~p_  9OR�pOohCipcP_POre cPh;ZK~" fS`_Pt
\XNPORQTO$QqS %^ifOo~phCQ5QTc[Oo_��Ccuid~pYP{UO"�

6 jrcdWP{U] ~u{UQTc9{|S! uOV\Tc9\XN	~p_  ��P~uQTcd_[L$_P]	OohCQTcP_ ���;~fWPtdN	_��zOR\��p�"��S! uO�� WP\q\Tcd_ �p~p_P] ��cdN	~fZKZ[OR]
 N	~u{USU]be cdh \XNPORS`hr� ~u{`W	~pYP{UO[\TORaRN	_PSUao~u{ ]	SUQTaoWPQqQTSUcd_PQ$]�W	hCS`_Pt cPW	hrjrORO� p{Ui<tdhCcdW	}^Z[OROR\qSm_PtfQ��
M�NPO�;x��$L1aRcdZKZ[W	_PSU\ i^N	~uQ5Y	OROo_kO&%d\IhCOoZ[OR{Ui^QXW	}	}	cPhC\TSU�pO$cuev\XNPSUQ }	hCc!� ORaR\���6�� ]^{US  wOA\Tc[\XN	~p_  

OoZK}P{UcuipORORQ;~u\ L {U\TOohq~	�#" SU{US`_�% �%$�WPaROo_p\;M ORaRN	_Pcp{UcptpSUORQ�~p_P][LVaR\TOR{fe cdh tpSU�PSm_Pt[Z[Or\XNPOrcd}	}	cPhC\XW	_PSU\CiA\Tc
}	hCORQTOo_f\$ZAi^jrcdh  ~p_P]bOo_PQXW	hCS`_Pt^\XN	~u\VZAi^jrcdh  hCOoZ ~uS`_POR] S`_P]�WPQT\IhCS`~u{U{|i�hCOR{UOR�u~p_p\5��6�� ]�ORQX}�ORaRSm~w{|{Ui
{US! uO$\TcA\IN	~p_   OohThCi&�vOROo_PQT\XhT~9cue LV{U\TOohT~ egcdhvQXW	}	}P{UiPS`_Pt \XNPO$hCORQXWP{U\TQ�cue ~AaRS`hCaoWPSU\5QIW	hC�pORi ~p_P] 6gtfcdh
 cpQT\I~phT_Pcu�[e hCcdZ'��ORj5{UOR\T\'� xv~ua& o~fhC]($�~pYPQregcdh5}	hnc �PSU]	S`_Pt \XNPOA�PaohnSmY	YP{UOohVaRS`hCaoWPSU\��

vS`_	~p_PaRS`~u{	QIW	}	}	cdhC\ye cPh�\XNPSUQr}	hCc)�CORaR\ j5~uQ;}	hnc �PSU]	OR] YfiA\XNPO 0 ~u\XW	hT~u{	�PaRSUOo_PaRORQ5~p_P]K�;_PtpS`_POROohCS`_Pt
� ORQTOo~fhCa N �rcdW	_PaRSU{;cue �5~f_	~u]�~	� � 6 � ��*�0 �;M$� \XNPO � _PSU�pOohCQTSU\Ci�cue M cdhCcd_f\Tc���~f_P]�\XNPOK�)~w{|\qOohA���
�	W	ZK_POoh���OoZ[cdhCS`~u{ �cPW	_P]�~u\TSUcd_ �

SUSUS



� �����������
	

� ��������������������� �
�"� � ��cp\TSU�u~u\TSUcd_ ����������� ����������� ��� ����������� ����������� ����� ��������� ��� �
�"� � � ORl	WPS`hCOoZ[Oo_f\TQVcuey~f_�;x��$L ��OoZ[cdhCi L hCaRNPSU\TORaR\XW	hCO!��������� ����� ��������� ��� "
�"�#" �rcP~phCQTO$�+�9hT~uS`_POR]�~p_P] vS`_PO$�+�AhT~wSm_POR] � L � ������� ����������� ����� ��������� ��� �

�"� � � ORQqOo~phCaRN<L }	}	hCcP~ua Nb~p_P]^s$SUQTQTOohC\I~u\TSUcd_ * WP\T{US`_PO � ����������� ����� ��������� ��� �

$ %���&(')������*,+-�.��/ 0
� � � 6 ZK}P{UOoZ[Oo_p\qSm_Pt($ cptpSUao~u{���OoZ[cdhnS|ORQ�� ��� ����������� ����������� ����� ��������� ��� �
� � � ��OoZ[cdhni � ORQTcdW	hnaRORQ S`_ �9~u\TOVL hqhT~ idQ!� ����������� ����������� ����� ��������� ��� �
� �#" vS`_PO$�+�Ahq~uS`_POR] ��OoZ[cdhCi � ORQTcPW	hCaRORQ S`_ ;x��$LVQ-��� ����������� ����� ��������� ��� ��1

� �#" �`� "VSU{|S`_�% � 12131AL$hCaRNPSU\TORaR\XW	hCO4� ��� ����������� ����������� ����� ��������� ��� ��1
� �#" � � $�WPaROo_f\$M�ORaRN	_Pcp{UcptpSUORQ *�� � L�L hCaRNPSU\TORaR\XW	hCO ��������� ����� ��������� ��� ��"
� �#" �5" �5hncpQTQX}�cpS`_p\5L$hCaRNPSU\TORaR\XW	hCO6� ��� ����������� ����������� ����� ��������� ��� � �

� � � �rcP~phCQTO$�+�9hT~uS`_POR] ��OoZ[cdhCi � ORQTcdW	hCaRORQVS`_ ;x�� L Q4� ����������� ����� ��������� ��� � �
� � � �`� LV{U\TOohT~. $�� "���1  L$hCaRNPS|\qORaR\XW	hCO7��������� ����������� ����� ��������� ��� � �
� � � � � LVaR\TOR{)"��3121us�" L hna NPSU\TORaR\XW	hnO8� ����������� ����������� ����� ��������� ��� �o�
� � � �5" $�~w\T\TSUaROASUQX} $�� 6:9	�o���9L$hCa NPSU\TORaR\IW	hCO;������� ����������� ����� ��������� ��� �o�
� � � � � LV{U\TOohT~. $ L$� ��{|cftpSUa<������� ��� ����������� ����������� ����� ��������� ��� ��=
� � � � �  ~ j5~uQX~" fS��P\TOROR{�;x��$L>��� ��� ����������� ����������� ����� ��������� ��� ��=
� � � �59 xy{mWPQ�$ cptfS|a9L hna NPSU\TORaR\XW	hnO?� ��� ����������� ����������� ����� ��������� ��� ��=

� � � �5NPS`}b��%	}	hCORQTQ�$�~wQTOoh � x;hncptdhT~pZ ZK~pYP{UO �A~u\qO L$hThT~ i������������ ����� ��������� ��� �o�
� �#9 vS � � L$hCa NPSU\TORaR\IW	hCO@��� ����������� ��� ����������� ����������� ����� ��������� ��� �o�
� � � �	W	ZKZ ~phCi � ����������� ����������� ��� ����������� ����������� ����� ��������� ��� �	�

A BC�D���(���E�GFH.I�J�K)*��L*,IM��
NO&P.&Q��IQ���E�R $P$

SU�



" � � ��cp\TSU�u~u\TSUcd_ ����������� ����������� ��� ����������� ����������� ����� ��������� ��� ���

" � � �rS`hCaoWPSU\VL _	~w{|iPQTSUQ ������� ����������� ��� ����������� ����������� ����� ��������� ��� � �

" � � �`� $ cftpSUao~u{���OoZ[cdhCi^�rcd_-,�tPW	hT~u\TSUcd_PQ ��������� ����������� ����� ��������� ��� � �

" � � � � $ cftpSUao~u{���OoZ[cdhCi^�r{`WPQT\TOohnSm_Pt>� ����������� ����������� ����� ��������� ��� �29
" � � �5" 6 _p\TOohnaRcd_	_PORaR\ xv~w\T\TOohT_PQ ��� ��� ����������� ����������� ����� ��������� ��� "21
" � � � � �	W	ZKZ ~phCi<cuey� SmhnaoWPS|\VL$_	~u{UidQTSUQ ����������� ����������� ����� ��������� ��� "��

" �#" �P\TcPaRN	~uQT\TSUaA�rS`hCaoWPSU\��$Oo_POohT~u\qcdh ��� ��� ����������� ����������� ����� ��������� ��� "29
" �#" �`� �5NPcPcpQTS`_Pt<\XNPO $ cptfS|ao~w{���OoZ[cdhCi^�rcd_-,�tdW	hq~u\TSUcd_ ����� ����� ��������� ��� "29
" �#" � � �5NPcPcpQTS`_Pt8� OoZFcdhCi � $ cptpSUa�6 _p\qOohCaRcd_	_PORaR\�xv~w\T\TOohT_PQ;~p_P] 0 W	Z[Y	Oohycue sA~w\X~5�

S`_�~f_P]�sA~u\X~ � cdWP\��	W	Y�aRSmhnaoWPS|\qQ � ����������� ����������� ����� ��������� ��� "p�
" �#" �5" � Oo_POohT~u\TS`_Pt $ cftpSUa �	W	Y	aRS`hCaoWPSU\TQ?����������� ����������� ����� ��������� ��� � �
" �#" � � �rcP_	_PORaR\TS`_Pt $ cftpSUa ~p_P] ��OoZ[cdhnS|ORQ ������� ����������� ����� ��������� ��� ���

" �#" � � LV]	]	SU\TSUcd_	~u{v�rcd_PQT\Xhq~uS`_p\TQ���� ��� ����������� ����������� ����� ��������� ��� ���

" � � �	W	ZKZ ~phCi � ����������� ����������� ��� ����������� ����������� ����� ��������� ��� � �

� �M� IM���� I�JE�R.& B �R���������I�	)J�&�
 &�� �.����& *� FG�������E� &Q��������&HIM�� FGJ����M� ������� * ���

� � � L$hCaRNPS|\qORaR\XW	hT~u{� hT~pZ[ORjrcdh   ��������� ��� ����������� ����������� ����� ��������� ��� � �
� � �"�`� $v� sA~u\X~8��~p}	}PS`_Pt �z{Ucda& � ��� ����������� ����������� ����� ��������� ��� � =
� � �"� � $ �FsA~u\X~8��~p}	}PS`_Pt �z{Ucda& ^~p_P]^LV]	]�hCORQTQ ��~p}	}PS`_Pt �z{Ucda& � ��������� ��� �21
� � �"�5" �+SU]	O ��~p}	}PS`_Pt �;{UcPa  fQ ��� ��� ����������� ����������� ����� ��������� ��� �2"

� � � LV{UtpcdhCSU\XN	Z[Q ����������� ����������� ��� ����������� ����������� ����� ��������� ��� � �

� � � �`� M hCSU�dS`~u{v�5NPORa& pQ ����������� ��� ����������� ����������� ����� ��������� ��� ���

� � � � � $ cftpSUao~u{ � \Tc)� x;NfiPQTSUao~u{ ��~p}	}PS`_Pt ����������� ����������� ����� ��������� ��� �29
� � � �5" xy{m~waRO ~p_P] � cPWP\TO8��������� ��� ����������� ����������� ����� ��������� ��� 9p�
� � � � � ��~p}	}PS`_Pt � ORQXWP{U\TQ ��������� ��� ����������� ����������� ����� ��������� ��� �	�

� �#" �	W	ZKZ ~phCi � ����������� ����������� ��� ����������� ����������� ����� ��������� ��� �2"

� �:'QI�J �MIQ������ �����.� IM���� FGJ���M& FG� �����E� &Q��������& * 0��
� � � ��OR\XNPcP]	cp{Ucptpi ��������� ����������� ��� ����������� ����������� ����� ��������� ��� ���
� � � L$hCOo~.��cP]	OR{ ����������� ����������� ��� ����������� ����������� ����� ��������� ��� �29

� � � �`� L$hThT~ iKL$hCOo~.��cP]	OR{ ������� ��� ����������� ����������� ����� ��������� ��� �29
� � � � � � cPWP\TS`_Pt L$hCOo~.��cP]	OR{ ����� ��� ����������� ����������� ����� ��������� ��� �2=
� � � �5" M cp\X~u{ L$hCOo~ ��� ����������� ��� ����������� ����������� ����� ��������� ��� =21

�



� � � � � M ORa N	_Pcf{|cftpi�~p_P]^{`~ ipcdWP\ }	~phq~pZ[OR\TOohCQ6����� ����������� ����� ��������� ��� =21
� � � � � L$hCOo~.��Oo~uQXW	hnOoZ[Oo_p\qQ ����� ��� ����������� ����������� ����� ��������� ��� =21

� �#" LVaRaRORQTQ MrS`Z[O8��cd]	OR{ ��� ����������� ��� ����������� ����������� ����� ��������� ��� =	�
� �#" �`� L$hThT~ iKs$OR{`~ i ��� ����������� ��� ����������� ����������� ����� ��������� ��� =��
� �#" � � � cPWP\TS`_Pt s$OR{`~ i ����������� ��� ����������� ����������� ����� ��������� ��� =2"
� �#" �5" s$OR{`~ i � ORQXWP{U\TQ � ����������� ��� ����������� ����������� ����� ��������� ��� =2"

� � � L$hCaRNPS|\qORaR\XW	hT~u{ �P\IWP]	i � ����������� ��� ����������� ����������� ����� ��������� ��� = �
� � � �`� 0 W	Z[Y	Ooh�cue �r~uQqS|a$L$hThT~ iPQ � ��� ����������� ����������� ����� ��������� ��� = �
� � � � � $v� � ~f}	}PSm_Pt �z{Ucda& ^�5~p}	~pYPSU{USU\Ci ����������� ����������� ����� ��������� ��� =p�
� � � �5" sA~u\I~��rWPQ��AhT~f_dWP{`~phCSU\Ci>��� ��� ����������� ����������� ����� ��������� ��� =p�
� � � � � $ � �Pj5SU\Ta Nbxv~u\T\TOohq_PQC������� ��� ����������� ����������� ����� ��������� ��� �	�

� � � � %d\TOohq_	~u{�xvS`_^LVQTQTSUtd_	Z[Oo_f\ v{|O&%PS`YPSU{|SU\Ci ����������� ����������� ����� ��������� ��� �2"
� �#9 �rcP_PaR{mWPQqS|cP_PQ ����������� ����������� ��� ����������� ����������� ����� ��������� ��� �p�

� � � 	 &Q�)�R& � FG����I K *  FG��������� & � ������& IM�� FGJ �P�.������� � * ���
9 � � �r~uQTSUa9L hCaRNPSU\TORaR\XW	hCO ��� ����������� ��� ����������� ����������� ����� ��������� ��� ��121

9 � �"�`� ��OoZ[cdhni � ORQqcdW	hCaRORQ ������� ��� ����������� ����������� ����� ��������� ��� ��121
9 � �"� � $ cftpSUa � ORQTcPW	hCaRORQ ����������� ��� ����������� ����������� ����� ��������� ��� ��1��
9 � �"�5" ��OoZ[cdhni � $ cptpSUa 6 _f\TOohCaRcd_	_PORaR\ � ����������� ����������� ����� ��������� ��� ��1 �

9 � � 6 ZK}P{UOoZ[Oo_p\I~u\TSUcd_�M cPcp{UQ ����������� ��� ����������� ����������� ����� ��������� ��� ��129
9 � � �`� xy{m~waROoZ[Oo_p\$x;hncptdhT~pZ ����� ��� ����������� ����������� ����� ��������� ��� ��12=
9 � � � � � cPWP\TS`_Pt xzhCcptdhT~fZ ��������� ��� ����������� ����������� ����� ��������� ��� �p�p�
9 � � �5" �;~u{USU]�~u\TSUcd_bcue;xv{`~uaROoZFOo_p\ ~f_P] � cdWP\qSm_Pt<M�cPcp{UQ ������� ����� ��������� ��� �p��=

9 �#" �	W	ZKZ ~phCi � ����������� ����������� ��� ����������� ����������� ����� ��������� ��� � ���

0 � �.&�
 & �<�M��K���� � �.�D�G���� &Q� � I���& � $ �
� � � ��OoZ[cdhni � $ cptpSUa 6 _f\TOoh e ~uaRO�v{UO&%dS`YPSU{USU\ i � ����������� ����������� ����� ��������� ��� � ���

� � �"�`� ��OR\XNPcP]	cp{Ucptpi>� ����������� ��� ����������� ����������� ����� ��������� ��� � �29
� � �"� � �73 ORaR\�cue��	� cd_�;x��$L�j5SU\XN���9.��OoZ[cPhCi �z{UcPa  fQ ��� ����� ��������� ��� ��"2"
� � �"�5" �73 ORaR\�cue��	� cd_�;x��$LVQ5j5SU\XN� ORj�Ooh � OoZFcdhCi �;{UcPa  fQ ��� ��������� ��� ��"p�
� � �"� � �73 ORaR\�cuey� cd_	_PORaR\TSUcd_(�z{UcPa  �v{UO&%dS`YPSU{US`\Ci � ����������� ����� ��������� ��� � ���
� � �"� � ��OoZ[cdhni ~u\5�y]	tpO$cue�;x��$L � ����������� ����������� ����� ��������� ��� � ���
� � �"�59 �	W	ZKZ ~phCi<cue7v{UO&%PS`YPS|{USU\Ci � ORQXWP{U\TQ7��������� ����������� ����� ��������� ��� � � �

�dS



� � � �z_	N	~p_PaROoZ[Oo_f\TQ5\Tc �	W	}	}�cdhC\ ��OoZ[cdhCi-� \Tc)� ��OoZ[cdhni
�rcP_	_PORaR\TSUcd_PQ<����������� ����������� ��� ����������� ����������� ����� ��������� ��� � � =
� � � �`� xySm_PQVcd_ �zcp\XN^�PSU]	ORQ$cue L hThq~oiPQ ����������� ����������� ����� ��������� ��� � � =
� � � � � s$OR]	SUao~u\TOR]���OoZ[cdhCi-� \Tc)� ��OoZ[cdhni �Pj5SU\TaRNPORQ ����������� ����� ��������� ��� � ���

� �#" �PaohCS`Y	YP{UOoh$�rS`hCaoWPSU\������ ����������� ��� ����������� ����������� ����� ��������� ��� ��9��
� � � �rcP_PaR{mWPQqS|cP_PQ ����������� ����������� ��� ����������� ����������� ����� ��������� ��� ��9p�

� B �R��3J ��*������* IM���� �M������&H+-�.��/ � ���
= � � s$SUQTQTOohn\X~u\TSUcd_^�	W	ZKZ ~phCi ����������� ��� ����������� ����������� ����� ��������� ��� ��92=
= � �  WP\XW	hCO$��cdh  ��������� ����������� ��� ����������� ����������� ����� ��������� ��� ��9p�

= � � �`� L$hCaRNPS|\qORaR\XW	hCO �P\IWP]	S|ORQ ����� ��� ����������� ����������� ����� ��������� ��� ��9p�
= � � � � LV{UtpcdhCSU\XN	Z��P\XWP]	SUORQ8������� ��� ����������� ����������� ����� ��������� ��� �o�21
= � � �5" �rS`hCaoWPSU\VL _	~w{|iPQTSUQA�P\XWP]	SUORQ � ��� ����������� ����������� ����� ��������� ��� �o�	�
= � � � � $ cP_Pt)� M�OohqZ � ORQqOo~phCaRN ����� ��� ����������� ����������� ����� ��������� ��� �o���

�PS|S



� � 	 � ��� � ��� � �!	

�"� � � %�~pZ }P{|O$QqidQT\qOoZ[Q��M����� ����������� ��� ����������� ����������� ����� ��������� ��� "

� � � �9~u\TO$~phThT~ iPQ�j�S|\IN�Z[OoZ[cPhCi"� ������� ��� ����������� ����������� ����� ��������� ��� �
� � � "VSU{|S`_�%�� $ �zQ hnORl�WPS`hCOR]b\Tc[SmZ }P{|OoZFOo_p\${UcptpSUao~u{ Z[OoZ[cdhCSUORQ � e hCcdZ	�`��
��&� ��������� ��� � �
� �#" �	W	ZKZ ~phCi<cue�Z[OoZ[cPhCi hnORQTcdW	hCaRORQ5S`_kaRcdZKZ[OohCaRS`~u{ ;x��$LVQ��H��� ����� ��������� ��� �	�

" � � 6 _fe cdhqZK~u\TSUcd_^~ � ~wS|{`~pYP{UO9egcdhzO&%�~pZ }P{|O9aRS`hCaoWPSU\TQ��,����� ����������� ����� ��������� ��� ���

" � � LV]	]	SU\TSUcd_	~u{ {|cftpSUao~u{ Z[OoZ[cPhCi Qq\X~u\TSUQT\TSUaRQ��G����������� ����������� ����� ��������� ��� �29
" �#" LV]	]	SU\TSUcd_	~u{ aR{mWPQq\TOoh5Qq\X~u\TSUQT\TSUaRQ��:����� ��� ����������� ����������� ����� ��������� ��� "21
" � � sA~u\I~5� S`_^~p_P]^]�~u\X~5� cPWP\�S`_f\TOohCaRcd_	_PORaR\qS|cP_�\Ci	}	O$QT\I~u\TSUQT\TSUaRQ��H����� ����� ��������� ��� "��
" � � xzhCcdY	~pYPSU{USU\ ib]	SUQT\XhCS`Y	WP\TSUcd_be W	_PaR\TSUcd_PQAWPQTOR]�\Tc<QTOR{UORaR\A\INPO _PW	Z Y�OohVcue;aR{`WPQT\TOohCQA~f_P]

{UcptpSUao~u{ Z[OoZ[cdhCSUORQ$}	OohraR{`WPQT\qOoh&�M����� ��� ����������� ����������� ����� ��������� ��� "29
" �#9 xzhCcdY	~pYPSU{USU\ iD]	SUQT\XhCS`Y	WP\TSUcd_De W	_PaR\TSUcd_PQ�WPQTOR]+\Tc!QTOR{UORaR\^]	Oo}P\XN+~p_P]Dj5SU]	\XNDcueAOo~uaRN

Z[OoZFcdhCi"����� ����������� ����������� ��� ����������� ����������� ����� ��������� ��� "2=
" � � xzhCcdY	~pYPSU{USU\ i^]	SUQT\IhCS`Y	WP\TSUcd_ke cdhzaRNPcdcfQTS`_Pt S`_f\TOohCaRcd_	_PORaR\V\Ci�}�O"�Q��� ����� ��������� ��� "p�
" �#= xzhCcdY	~pYPSU{USU\ i<]	SUQT\XhCS`Y	WP\TSUcd_ egcdhzaRNPcdcpQqSm_PtK_PW	Z[Y	Oohzcue ]�~u\I~5� S`_ ~p_P]<]�~u\X~ � cdWP\rQXW	Y	aRS`h �

aoWPSU\TQ��R� ����� ����������� ����������� ��� ����������� ����������� ����� ��������� ��� � 1
" � � ��� 0 ��aRS`hCaoWPSU\TQrWPQTOR]K~uQv{UcptpSUarQXW	Y	aRS`hCaoWPSU\TQ ����Dcd_P{UiKWPQTOR]K~uQ ]�~w\X~VQTS`_  $QXW	Y�aRS`hCaoWPSU\��&� � �
" � ��1 s$OIe ~pWP{U\5� ~w{mWPORQ�egcdh��)~p_P]����!����� ��� ����������� ����������� ����� ��������� ��� ���

" � �p�)�	� 6 � �+aRcd_PQT\Xhq~uS`_p\TQ5� ��� ����������� ��� ����������� ����������� ����� ��������� ��� � �

� � � L$hCaRNPS|\qORaR\XW	hT~u{ }	~fhT~pZ[OR\TOohnQ�� ������� ��� ����������� ����������� ����� ��������� ��� � =
� � � �Pi	Z[Y	cp{��u~u{`WPORQ5egcdhrO&%	~pZK}P{UORQ5cwe7vSUtdW	hCO � �`��1[~p_P] � �`�p� ������� ����� ��������� ��� 921
� �#" L$hThT~ i ~p_P]^]�~w\X~KY	WPQ$hCORl�WPS`hCOoZFOo_p\TQ e cdh � �2=)% ��9 � � ����������� ����� ��������� ��� 92"
� � � L$hThT~ i ~p_P]^]�~w\X~KY	WPQ$hCORl�WPS`hCOoZFOo_p\TQ e cdh:=p�29)%Q" �,��� ����������� ����� ��������� ��� 92"
� � � �rhCOo~" f]	cuj _<cue�NPcuj Z ~p_pi<cdhCtP~p_PS �o~u\TSUcd_PQ hCOoZ ~uS`_�~ eg\TOohzOR{USmZFSm_	~w\TSUcd_�}	hCcdaRORQqQ�� ��� 9 �

�dSUSUS



� �#9 �Pi	Z[Y	cp{��u~u{`WPORQ5egcdhrO&%	~pZK}P{UORQ5cwe7vSUtdW	hCO � �`� �
����� ����������� ����� ��������� ��� 929
� � � ��~p}	}PS`_Pt hCORQIWP{|\qQ5egcdh2vS � � ~phCaRNPSU\TORaR\XW	hCO"�!������� ����������� ����� ��������� ��� ���
� �#= ��~p}	}PS`_Pt hCORQIWP{|\qQ�* � �@=	� ���	��� �
=	��� ��� � � ��� O$3 �	�d��
 ��
 � 
 =�"� ����� ��� ���

� � � M ORa N	_Pcf{|cftpi }	~fhT~pZ[OR\TOohnQre cPh;\INPO ~phCOo~[Z[cP]	OR{(����� ����������� ����� ��������� ��� =21
� � � L$hCOo~KZ[cP]	OR{ }	hCOR]	SUaR\TSUcd_PQ � hCORQXWP{U\TQ5S`_�Z[Y�O)� Q��&�4����� ����������� ����� ��������� ��� =	�
� �#" ��cP]	OR{ }	hCOR]	SUaR\TSUcd_PQ � � �
=  YPSU\TQo��� �@=�
�� ��� � � 
�� O$3 �	�d��
 ��
 � 
 =�� �&�!��� =2"
� � � $ �FQTj5SU\TaRN^}	~u\T\TOohT_^hnORQXWP{U\TQ � � �@=���
�� �@=�
�� ��� � � 
�� O$3 �	�d��
 ��
 � 
 =���&��� ���
� � � $ � QTj5SU\TaRN$}	~u\T\TOohT_$hnORQXWP{U\TQ � � �@9 � ��
�� ����9�
�� ��� � =�
�� O$3 �	�d��
 ��
 � 
 =�
R��9���&�5���

9 � � L$hCaRNPS|\qORaR\XW	hT~u{ }	~fhT~pZ[OR\TOohnQ;egcdhrOoZ[Y�OR]	]	OR] Z[OoZ[cPhCi hnORQTcdW	hCaRORQ�� ����� ��������� ��� ��1��
9 � � ��S`_PS`Z W	Z�_PW	Z Y�Oohrcuev\XhT~ua& fQ � aRN	~p_	_POR{ e cdh � ~phCSUcdWPQ$�rLVs 1�cuj5Q5� ��� ��������� ��� �p�o�
9 �#" �rcPZK}	~phCSUQTcd_<cwe ]	S`hCORaR\TSUcd_	~u{v~p_P] Z ~#�RO$� hCcdWP\TS`_Pt ~w{|tfcdhCSU\XN	Z�hCORQIWP{|\qQ��8��������� ��� � �21
9 � � �5x � \qSmZFOAhCORl�WPS`hCOoZFOo_p\TQ��VegcdhrhCcdWP\TOoh&�(� ����������� ����������� ����� ��������� ��� � �	�
9 � � M hT~ua& [aRcdW	_f\ WPQTS`_Pt<]	S|Q � cpS`_f\ ~f_P] _Pcd_-� ]	SUQ �CcpS`_p\VQTj5SU\TaRN^YP{Ucda& fQ��@����� ��������� ��� � �	�
9 �#9 ��S`_PS`Z W	Z�_PW	Z Y�Oohrcuev\XhT~ua& fQ � aRN	~p_	_POR{(�<����������� ����������� ����� ��������� ��� � ���
9 � � �5x � \qSmZFOAhCORl�WPS`hCOoZFOo_p\TQ�egcdh5hCcdWP\qOoh&� � ����������� ����������� ����� ��������� ��� � ���
� � � �rS`hCaoWPSU\VQT\X~u\qS|Qq\TSUaRQ��G����� ����������� ��� ����������� ����������� ����� ��������� ��� � �p�
� � � L$hCaRNPS|\qORaR\XW	hCOAQq\X~u\TSUQT\TSUaRQ��,����������� ��� ����������� ����������� ����� ��������� ��� � �p�
� �#" 0 OR\5QT\X~w\TSUQT\TSUaRQ�� ��������� ����������� ��� ����������� ����������� ����� ��������� ��� � � 1
� � � �P\X~w\TSUQT\TSUaRQregcdh5�PaohCS`Y	YP{UOohVaRS`hCaoWPSU\�� ��� ��� ����������� ����������� ����� ��������� ��� ��9��

S %



� � 	 � ��� � ����� � �!	

� � � 6 ZK}P{UOoZ[Oo_p\qSm_Pt�~ ���39)% ��9A{UcptfS|ao~w{�Z[OoZFcdhCi WPQTS`_Pt<\Cj�c ���39)% =[Y	~uQqS|a[~phThT~ iPQ��M��� ��� =
� � � 6 ZK}P{UOoZ[Oo_p\qSm_Pt�~ �  % �${UcptpSUao~u{vZ[OoZ[cPhCi WPQTS`_Pt<\ jrc^�  % �AY	~uQTSUa[~phThT~ iPQ�������� ��� =
� �#" L$}	}P{US|OR] ��SUaohCc �rS`hCaoWPSU\TQVtd~u\qOA~phThT~ i.1�cPcdhT}P{`~p_ e hCcPZ � � 
'�G����� ����� ��������� ��� �
� � � ��SU\TQXW	YPSUQXNPS td~u\TO$~phThq~oi 1�cdcdhq}P{m~f_<e hCcdZ	�5" 
+�G������� ����������� ����� ��������� ��� ��1
� � � * _PO[� $ �DaRcd_-,�tdW	hCOR]�~uQ Z[OoZFcdhCi"�-��� ����������� ����������� ����� ��������� ��� �p�
� �#9 " � � 12121p�!� $ � aRcd_-,�tdW	hCOR]�~uQ ~<��9)% �$\Cjrc)� hCOo~u]^}	cdhn\o�Pcd_PO$� j hCSU\TO[}	cdhC\VZ[OoZ[cdhCi"� �p�
� � � * _PO[YPS|\�QT{US|aRO[cue;~^� �3=)% =[Z[OoZFcdhCiKS`ZK}P{UOoZ[Oo_f\TOR]�WPQTS`_Pt "VSU{USm_�%�� $ �;Q5�.������� ��� � �
� �#= x  � aRcd_-,�tPW	hCOR]�~uQA��9 % � ZFOoZ[cdhCiKS`_ *�� � L �p�rL�~p_P] �pM L � ����� ��������� ��� ��"
� � � �5hncpQTQX}�cpS`_p\ ��x �21  ~phCaRNPSU\TORaR\XW	hCO"�R� ��� ����������� ����������� ����� ��������� ��� � �
� � ��1-�rcPZ YPS`_PS`_Pt � $dM Q \Tc[aRcd_PQq\XhTWPaR\ ~[{`~phntpOoh5~phThq~oi"� � ����������� ����� ��������� ��� � �
� � �p� v{UcPcdhT}P{`~p_^cwe L {U\TOohq~  $�� "���1  ~phCaRNPSU\TORaR\XW	hCO"� ��� ����������� ����� ��������� ��� ��9
� � � �-�zZ Y�OR]	]	OR] ~phqhT~ i YP{Ucda& <S`_�~p_<LV{U\TOohT~. $�� "���1  �5x�$ s � ��� ����� ��������� ��� ��9
� � ��" �	� �)% � � ZFOoZ[cdhCiKS`ZK}P{UOoZ[Oo_f\TOR]�WPQTS`_Pt<QTS %��vL��;Q5� � ����������� ����� ��������� ��� �o�
� � � � v{UcPcdhT}P{`~p_^cwe��5NPS`}�� %�}	hCORQqQ ��" �	��131�$ x��$L.� ��� ����������� ����� ��������� ��� �o�
� � � � vS � � S`_p\qOohCaRcd_	_PORaR\VQT\XhTWPaR\XW	hnO"� ��� ��� ����������� ����������� ����� ��������� ��� �21

" � � s$SUQT\XhnSmY	WP\qS|cP_^cue;_dW	Z[Y�Oohrcuev{|cftpSUao~u{�ZFOoZ[cdhCSUORQ hCORl	WPS`hCOR]�� ����� ����� ��������� ��� ���

" � � s$SUQT\XhnSmY	WP\qS|cP_PQ cuev{UcptpSUao~u{ ZFOoZ[cdhCi<j5SU]	\XNPQ$~p_P]^]	Oo}P\XNPQ�� ������� ����� ��������� ��� �29
" �#" $ cftpSUao~u{ Z[OoZ[cPhCi aRcP_	_PORaR\TOR]�\Tc[]�~u\I~5� S`_ �	]�~u\X~5� cPWP\o�	~p_P] ~u]	]�hnORQTQ5QXW	Y�aRSmhnaoWPS|\qQ�� ��� �2=
" � � � %�~pZ }P{|O$aR{`WPQT\qOohCQ�� ����� ����������� ��� ����������� ����������� ����� ��������� ��� �2=
" � �  cdhCj5~phC]<OohThCcdhzaRcdhqhCORaR\TSUcd_^]	ORaRcP]	Ooh�]�~u\X~p}	~u\IN[e hCcdZ	� � 
'�!����� ����� ��������� ��� �p�
" �#9 �r{`WPQT\qOohrQT\X~u\qS|Qq\TSUaRQ�������� ����������� ��� ����������� ����������� ����� ��������� ��� "21
" � � $ cftpSUaAQXW	Y�aRSmhnaoWPS|\$Qq\X~u\TSUQT\TSUaRQ � }	OohraR{`WPQT\TOoh �&�8������� ����������� ����� ��������� ��� "	�
" �#= L�QTS`_Ptp{UOAaR{`WPQT\TOoh�QXNPcuj5S`_Pt<]�~u\X~5� S`_^~p_P]b]�~u\X~5� cdWP\5_POR\Cjrcdh/ fQ�� � ����� ��������� ��� "	�
" � � x cpS`_f\'� \Tc)� }�cpS`_p\�Sm_f\TOohCaRcP_	_PORaR\ }	~u\q\TOohT_PQze cPhr]�~u\X~5� S`_b_POR\ jrcdh  ��P� ����� ��������� ��� "��

%



" � ��1-�	N	~phnOR]�� aRcd_	_PORaR\TSUcd_bS`_p\TOohnaRcd_	_PORaR\ }	~w\T\TOohT_PQzegcdhr]�~u\X~ � Sm_^_POR\Cjrcdh/ �-� ��������� ��� "2"
" � �p�)x cpS`_f\'� \Tc)� }�cpS`_p\V}	~u\T\TOohT_<j�S|\IN^_PcKQXNPW�� S`_Pt��O������� ����������� ����� ��������� ��� " �
" � � � � ORQIWP{|\qSm_Pt^]	SUQT\IhCS`Y	WP\TSUcd_^cuev\Tcp\I~u{�_dW	Z[Y	Ooh cue�{UcptfS|ao~w{�Z[OoZFcdhCSUORQ��Q����� ��������� ��� "p�
" � ��" � ORQIWP{|\qSm_Pt^]	SUQT\IhCS`Y	WP\TSUcd_^cuev\Tcp\I~u{�_dW	Z[Y	Ooh cueyYPSU\TQ5� � ����������� ����� ��������� ��� "2=
" � � � � %�~pZ }P{|O$cwe�aRcd_	_PORaR\qSm_Pt^]�~w\X~5� S`_<QXW	Y	aRS`hCaoWPSU\$\Tc<~[{UcptpSUao~u{ Z[OoZFcdhCi"�Q� ��������� ��� � �

� � � � Oo_POohT~u{�~phCaRNPSU\TORaR\XW	hCO e cdhr~[Qq\X~p_P]�~u{Ucd_PO8��2� �4��� ����������� ����� ��������� ��� � =
� � � $v� ]�~u\X~KZK~f}	}PSm_Pt<YP{|cPa& ��-��������� ��� ����������� ����������� ����� ��������� ��� � �
� �#" Mrjrc[O&%	~pZK}P{UO ZK~f}	}PSm_PtfQ�� ��������� ��� ����������� ����������� ����� ��������� ��� �21
� � � $ OR�fOR{ �[]�~u\X~[~p_P]�~u]	]�hCORQTQVZK~p}	}PS`_Pt YP{UcPa  <\qcd}	cp{Ucptfi � �	� � ��� �
="�&� � ��� ���

� � � 6 ZK}P{UOoZ[Oo_p\I~u\TSUcd_^cwe�\Cjrc[O&%�~pZ }P{|ORQVS`_ vSUtdW	hCO � �5" � ����������� ����� ��������� ��� ���

� �#9 Mrjrc)� Qq\X~utpO ~w]	]�hCORQTQ$ZK~p}	}PS`_Pt YP{UcPa  �-� ����������� ����������� ����� ��������� ��� �2"
� � � �zS � ]	S`hCORaR\TSUcd_	~u{vQTj�S|\qa NPORQ5S`_k\ jrc)� Qq\X~utpO�$ �K]�~u\I~5� ZK~p}	}PS`_Pt YP{UcPa  � ��� ��������� ��� �2"
� �#= �rLVs 1�cuj5Q��@����������� ����������� ��� ����������� ����������� ����� ��������� ��� ���

� � � MrjrcK}	cfQTQTS`YP{UO S`ZK}P{UOoZ[Oo_f\X~u\qS|cP_PQ cue =p�29 % " � ������� ����������� ����� ��������� ��� �29
� � ��1 0 OR\T{USUQT\5egcdh � =p�39)% "�� �  % � ��� ����� ��� ����������� ����������� ����� ��������� ��� �2=
� � �p� 0 OR\T{USUQT\5egcdh � =p�39)% "�� � �2=)% ��9� � ��� ��� ����������� ����������� ����� ��������� ��� �2=
� � � �-� %�N	~pWPQq\TSU�pO${UcptpSUao~u{ � \Tc)� }	NfidQqS|ao~w{;ZK~p}	}PS`_Pt ~w{|tfcdhCSU\XN	Z%egcdhzcd_POA{UcptfS|ao~w{ Z[OoZ[cdhni � 9	�
� � ��" vS`hCQT\VNPOoW	hCSUQT\TSUaA{UcptpSUao~u{ � \Tc � }	NpiPQTSUao~u{;ZK~p}	}PS`_Pt^~u{UtpcdhCSU\XN	Z�e cdhzcd_PO9{UcptpSUao~u{ Z[OoZFcdhCi"� 9��
� � � � LV{UtpcdhCSU\XN	Z�\qcKOR{USmZFSm_	~w\TOKW	_	_PORaRORQTQX~phCi^]�~w\X~5� j5SU]	\XNPQregcdhr{UcptfS|ao~w{ Z[OoZ[cdhni������ ��� 9 �
� � � �-�7# aRSUOo_p\5j5~ i<\Tc[SmZ }P{|OoZFOo_p\ =p�39)% "9\XN	~w\�SUQ$Z[SUQTQTOR]�Ypi^NPOoW	hCSUQT\TSUaK~u{UtpcdhCSU\XN	Z � ��� 929
� � ��9-�Pcp{`WP\TSUcd_ e cPh � =p�29 % "	� �  % � � � ��� ��� ����������� ����������� ����� ��������� ��� �21
� � �o�-xv~phn\TS`~u{ QTcp{`WP\TSUcd_<egcdh �d� �3=)% =�� � �2=)%Q=	� �	� �)% � �� � � ����������� ����� ��������� ��� �21
� � � ��OR\XNPcP]	cp{Ucptpi e cPh;Qq\X~p_P]�~u{Ucd_PO[Z[OoZ[cdhCi O&%�}�OohCS`Z[Oo_p\qQ�� ������� ����� ��������� ��� ���
� � � v{UcPcdhT}P{`~p_^cwe�~[QTS`_Ptp{UOK~phThT~ i � _Pcp\r\TcKQTao~u{UO��&� ����� ����������� ����� ��������� ��� �p�
� �#" LVQTQXW	Z[OR]^{`~ ipcdWP\�cueyZFOoZ[cdhCi ~fhCa NPSU\TORaR\IW	hCO"� ������� ����������� ����� ��������� ��� �2=
� � � LVQTQXW	Z[OR]^{`~ ipcdWP\�cueyZFOoZ[cdhCi ~fhCa NPSU\TORaR\IW	hCOp� �9QT\I~utpORQ��Q��������� ����� ��������� ��� �2=
� � � LVaRaRORQTQ5\TS`Z[O[}	hCOR]	SUaR\TSUcd_PQ�* � �@9 � ��
�� �@"���
�� ��� �
=�
�� O$3 � �d��
 ��
 � 
 =���)� = �
� �#9 0 W	Z[Y	Oohrcue e ~uSU{mW	hnORQ ~uQV~9e W	_PaR\qS|cP_^cue;_dW	Z[Y�Oohrcue;~phThT~ iPQ � � � � ����� ��������� ��� =29
� � � LVaRaRORQTQ5\TS`Z[O[~uQ ~9e W	_PaR\TSUcd_kcue�_PW	Z Y�Ooh5cweyYP{UcPa  fQ � � � � ������� ����� ��������� ��� =p�
� �#= �5NPS`}b~phCOo~[~uQ ~9e W	_PaR\TSUcd_kcuey_PW	Z[Y	Oohrcwey~phqhT~ idQ � � �&�G��������� ����� ��������� ��� =p�
� � � 0 W	Z[Y	Oohrcue e ~uSU{mW	hnORQ ~uQV~9e W	_PaR\qS|cP_^cue $v�AZK~f}	}PSm_Pt^YP{Ucda& <ao~p}	~pYPSU{USU\Ci"� ������� ��� =2=

%dS



� � ��1 LVaRaRORQTQ5\TS`Z[O[~uQ ~9e W	_PaR\TSUcd_kcue $v�[ZK~p}	}PS`_Pt^YP{|cPa& <ao~p}	~pYPSU{US|\Ci"� ����� ��������� ��� =2=
� � �p�)�5NPS`}b~phCOo~[~uQ ~9e W	_PaR\TSUcd_kcue $y�AZK~p}	}PS`_Pt^YP{|cPa& <ao~p}	~pYPSU{US|\Ci"� � ����� ��������� ��� =2=
� � � �  ~uSU{mW	hnORQ ~uQV~9e W	_PaR\qS|cP_^cue ]�~w\X~KY	WPQVj5SU]	\XN * � �@9 � ��
�� � ��9�
�� �3=A]�~w\X~K}PS`_PQ���� �21
� � ��" s$OR{`~ i � ~phCOo~[~uQ ~9e W	_PaR\TSUcd_kcue�]�~w\X~[Y	WPQ j5SU]	\XN * � �@9 � ��
�� � ��9�
 � �2=9]�~u\X~ }PSm_PQ5�)�21
� � � � $ �F]�~u\X~KYP{UcPa  � ~u]	]�hCORQqQ YP{Ucda& <QTj5SU\TaRN�}	~u\q\TOohT_PQraRcd_PQTSU]	OohCOR]��H� ����� ��������� ��� ���
� � � � L�QTS`_Ptp{UOA{UcptpSUao~u{vZ[OoZ[cPhCi \IN	~u\5WPQTORQ � ]�~u\I~KY	WPQTORQ$~p_P]��A~u]	]�hCORQqQ Y	WPQ�� ����� ��� � �
� � ��9 vS � � QTj5SU\TaRN�}	~w\T\TOohT_Fe cPh5~u]	]�hCORQTQV~p_P] $ �F]�~u\X~[ZK~p}	}PS`_Pt^YP{|cPa& pQ��!��������� ��� ���
� � �o� �zORQT\5Qqj5SU\Ta N^}	~w\T\TOohT_PQ5S e;cd_PO$Qqj5SU\Ta N-� QqOR\5SUQ ~u]	]	OR]�� ����������� ����� ��������� ��� ���
� � ��= �zORQT\5Qqj5SU\Ta N^}	~w\T\TOohT_<S e;\Cjrc Qqj5SU\Ta N-� QqOR\TQ ~phCOA~w]	]	OR]��7��������� ����� ��������� ��� �29
� � �o� �rWPQ ~uQqQTSUtd_	Z[Oo_f\21�O&%dS`YPSU{US`\Ci hCORQIWP{|\qQ�� ��� ����������� ����������� ����� ��������� ��� �29
� � �21 �zORQT\5Qqj5SU\Ta N^}	~w\T\TOohT_PQ5S e "K~f_P] 9[QTj5SU\TaRN-� QTOR\TQ ~fhCOA~u]	]	OR]�� ��� ����� ��������� ��� �p�
9 � � v{UcPcdhT}P{`~p_^QINPc j�Sm_Pt<Z[OoZ[cdhCi<~p_P]�{UcptpSUa[YP{|cPa& pQ��P��� ����������� ����� ��������� ��� ��1	�
9 � � L$_^~u{U\TOohT_	~u\qS|�fO�1�cPcdhT}P{`~p_^j�S|\IN^~phThT~ iPQ�]	SUQT\IhCS`Y	WP\TOR]�\XN	hCcdWPtdNPcPWP\5\XNPO�;x�� L � _Pcp\

aRcd_PQqS|]	OohnOR]�S`_^\XNPSUQV]	SUQTQTOohC\X~w\TSUcd_ �&�4� ��� ����������� ����������� ����� ��������� ��� ��1	�
9 �#" M5N	hnORO$]	S43�OohCOo_f\VQTj5SU\TaRN^YP{|cPa& pQ�� ��� ��� ����������� ����������� ����� ��������� ��� ��1��
9 � � � cPWP\TS`_Pt ~[_POR\�e hCcPZ��1\Tc � � ����� ��� ����������� ����������� ����� ��������� ��� ��12"
9 � � �rcPhThCORQX}�cd_P]	Oo_PaRO Y�OR\ jrOROo_<\TOohqZ[S`_	~u{�{`~pY	OR{v~p_P]�}	NfidQqS|ao~w{ QTj�S|\qa N^YP{UcPa  ^}PS`_ � � ��� ��1 �
9 �#9 ��OoZ[cdhni � {UcptfS|a$S`_f\TOohCaRcd_	_PORaR\VQT\XhqWPaR\XW	hCO"������������� ����������� ����� ��������� ��� ��1��
9 � � ��OoZ[cdhni � {UcptfS|a$S`_f\TOohCaRcd_	_PORaR\$YP{Ucda& � ��� ����������� ����������� ����� ��������� ��� ��129
9 �#= �rLVs 1�cuj � � ����������� ����������� ��� ����������� ����������� ����� ��������� ��� ��1p�
9 � � xyQTOoWP]	c)� aRcP]	O$egcdhrQTS`Z[WP{`~u\TOR] ~f_	_POo~u{USm_Pt^~u{UtpcdhnS|\IN	Z � ����������� ����� ��������� ��� ��1p�
9 � ��1-xyQTOoWP]	c)� aRcP]	O$egcdh5~u{UtpcdhnS|\IN	Z�\TcKhCcdWP\TOA~FQTS`_Ptp{UOF_POR\5�)����������� ����� ��������� ��� �p� �
9 � �p�)xyQTOoWP]	c)� aRcP]	O$egcdh5~u{UtpcdhnS|\IN	Z�\TcKhCcdWP\TOA~w{|{ _POR\TQ�� ��� ����������� ����� ��������� ��� �p��"
9 � � � 0 cd]	ORQ��dSUQTSU\TOR]�Yfi \XNPOAY	~wQTSUa ZK~#�ROAhncdWP\TS`_Pt ~u{UtpcdhnS|\IN	Z � ������� ����� ��������� ��� �p� �
9 � ��"-� %�~pZ }P{|O^S`_ j NPSUa N }	hTW	_PS`_Pt!QXNPcdWP{U] Y�O^{USmZFS|\qOR]-\Tc�Z[cu�pORQ[\XN	~u\K~phnO<e W	hC\INPOohAS`_

Y�cp\XN<\XNPO�"�~p_P]���]	S`Z[Oo_PQTSUcd_PQ��R��� ��� ����������� ����������� ����� ��������� ��� �p� �
9 � � � � %�~pZ }P{|O Sm_ j NPSUaRN�\XNPOKaRcpQq\$cue ~b_Pcd]	OKQINPcdWP{U]�hCO$1�ORaR\[Y	cp\IN�\INPOK]	SUQT\X~p_PaRO e hncdZ

\XNPO$QqcdW	hCaROA~p_P]b]	S|Qq\X~p_PaROA\qc \INPOA]	ORQT\TS`_	~u\qS|cP_ ������� ����������� ����� ��������� ��� �p� �
9 � � � 0 cd]	ORQ��dSUQTSU\TOR]�Yfi \XNPO$]	S`hCORaR\qS|cP_	~u{ QqOo~phCaRN^~u{UtpcdhCSU\XN	Z �M��������� ����� ��������� ��� �p��9
9 � ��9 ��cP]	S4,�OR]�}PQTOoWP]	c)� aRcP]	O9e cdhr~u{UtpcPhCSU\XN	Z�\Tc hncdWP\TOA~[QTS`_Ptp{UO[_POR\��?����� ��������� ��� �p�o�
9 � �o� ��cP]	S4,�OR]�}PQTOoWP]	c)� aRcP]	O9e cdhr~u{UtpcPhCSU\XN	Z�\Tc hncdWP\TOA~u{U{ _POR\TQ5������� ����� ��������� ��� �p��=

%PS|S



� � � ��OoZ[cdhni � {UcptfS|a$S`_f\TOohCaRcd_	_PORaR\$YP{Ucda& <O&%	~pZK}P{UO$e hCcdZ��5N	~p}P\qOoh 9 �Q����� ��������� ��� � ���
� � � ��OR\XNPcP]	cp{Ucptpi e cPh�ZFOoZ[cdhCi � {UcptpSUaAS`_f\TOohCaRcd_	_PORaR\$YP{Ucda& O&%�}�OohCS`Z[Oo_p\qQ��O��������� ��� ��"21
� �#" �zS � ]	S`hCORaR\TSUcd_	~u{;hCO$� }�cuj�OohnSm_Pt QTj5SU\TaRN � ��� ����������� ����������� ����� ��������� ��� ��"��
� � � LV�pOohT~utfO \Xhq~ua  <hCORl	WPS`hCOoZ[Oo_f\ ~uQ ~9e W	_PaR\TSUcd_kcue�� � e cdh�;x��$L�j5SU\XN���9K~phqhT~ idQ�� � ��" �
� � � �r~u]^ao~uQqOVe cdh�Z[OoZ[cdhCi � {UcptpSUa$S`_f\TOohCaRcd_	_PORaR\$YP{Ucda& <cue;�5N	~p}P\TOoh 9 � ��� ��������� ��� ��" �
� �#9 0 c���cue }	hncptdhT~pZ ZK~pYP{UO aRcP_	_PORaR\TSUcd_PQ ~uQK~ke W	_PaR\qS|cP_ cue � � e cPh ;x��$L�j�S|\IN+��9

~phqhT~ idQ�� ����� ����������� ����������� ��� ����������� ����������� ����� ��������� ��� ��"2=
� � � s$OR{`~ i ~wQ ~9e W	_PaR\TSUcd_^cue � �1e cPh2;x�� L j5SU\XN���9 ~fhThT~ idQ5� ����� ����� ��������� ��� ��"p�
� �#= LV�pOohT~utfO \Xhq~ua  <hCORl	WPS`hCOoZ[Oo_f\ ~uQ ~9e W	_PaR\TSUcd_kcue��	� �G����������� ����� ��������� ��� � � 1
� � � L�_POR\5aRcd_	_PORaR\TOR]b\TcK\XN	hnOROAZ[OoZ[cdhCi^YP{Ucda& fQ�*v\XN	hCORO[hCORtpSUcd_PQ5cwe�{Ucuj 1�O&%PSmYPSU{USU\Ci"�O��� � � �
� � ��1-�73 ORaR\rcue;hCOoZ[cu�PS`_Pt Z[OoZ[cdhni"� \Tc � Z[OoZ[cdhCi aRcd_	_PORaR\TSUcd_PQ��Q������� ����� ��������� ��� � � �
� � �p� 0 W	Z[Y	Oohrcue;}	hCcptPhT~pZKZK~fYP{|O$aRcP_	_PORaR\TSUcd_PQ ~wQ ~9e W	_PaR\TSUcd_^cue �	� �?��� ��������� ��� � � "
� � � � s$OR{`~ i ~wQ ~9e W	_PaR\TSUcd_^cue � �.� ������� ��� ����������� ����������� ����� ��������� ��� � � "
� � ��"-M hT~ua& KhCORl	WPS`hCOoZ[Oo_f\ hCORQIWP{|\qQ5egcdhz\Cj�c[�u~u{`WPORQ$cue �

�

� ����������� ����� ��������� ��� � � �
� � � � 0 W	Z[Y	Oohrcue;}	hCcptPhT~pZKZK~fYP{|O$aRcP_	_PORaR\TSUcd_PQ5egcdhr\Cjrc[� ~u{`WPORQVcue �

�

�!��� ��������� ��� � � �
� � � � v{UcPcdhT}P{`~p_^cwe ;x�� L j5SU\XN^ZFOoZ[cdhCi^~phThT~ iPQ5~u\rcd_POAOR]	tpO"�R����� ����� ��������� ��� � � 9
� � ��9-M hT~ua& KhCORl	WPS`hCOoZ[Oo_f\TQ hnORQXWP{U\TQ5egcdh�;x�� L j�S|\IN^Z[OoZ[cdhCi^~phThq~oiPQ5~u\rcd_POAOR]	tfO"��� ��� � � 9
� � �o� L$hCOo~KhCORQIWP{|\qQre cPh2;x�� L j5SU\XN�ZFOoZ[cdhCi^~phThT~ iPQ�~u\�cd_PO$OR]	tpO"� � ����� ��������� ��� � � �
� � ��=-�P\X~f_P]�~phC]�Z[OoZ[cPhCi � {|cftpSUa$Sm_f\TOohCaRcP_	_PORaR\ QT\IhTWPaR\XW	hCOVegcdh � � ���-������� ��������� ��� � � �
� � �o�-�rS`hCaoWPSU\TcPWPQ hCcPWP\TO$cd_<QT\X~f_P]�~phC]�~phCaRNPSU\TORaR\XW	hCO"������� ����������� ����� ��������� ��� � � �
� � �21-�z_	N	~p_PaROR] Z[OoZFcdhCi � {UcptpSUa$S`_p\TOohnaRcd_	_PORaR\ Qq\XhTWPaR\XW	hCOVegcdh � � � �"�@��� ��������� ��� � �21
� � �	��s$S`hCORaR\ hncdWP\TO$cd_<Oo_	N	~p_PaROR]�~phna NPSU\TORaR\XW	hnO"�C��������� ����������� ����� ��������� ��� � �21
� � ���-M hT~ua& KhCORl	WPS`hCOoZ[Oo_f\ hCORQIWP{|\qQ5egcdhr~phCaRNPSU\TORaR\XW	hCO9cue7vSUtdW	hnOA� � �21 �3� ����� ��������� ��� � �	�
� � �2" L$_<O&%�~fZK}P{UOAj NPOohCO9\XNPOAhCcdWP\qOohr]	cdORQV_Pcp\5\X~" wO ~u]	�u~p_f\X~utpO$cuevO&%P\XhT~9QTj5SU\TaRNPORQ�� ��� � �	�
� � � � s$OR]	SUao~u\TOR]�Z[OoZ[cdhni"� Z[OoZFcdhCiKaRcd_	_PORaR\qS|cP_�~phCaRNPSU\TORaR\XW	hCO"�
����� ����� ��������� ��� � �2"
� � ���-�z_	N	~p_PaROR] ~phna NPSU\TORaR\XW	hnO$O&%�~pZ }P{|O"�R� ��� ����������� ����������� ����� ��������� ��� � � �
� � �29 * hCSUtpS`_	~u{v~phCaRNPSU\TORaR\XW	hCO$O&%	~pZK}P{UO"�P��� ��� ����������� ����������� ����� ��������� ��� � � �
� � �p� � cPWP\TS`_Pt hCORQIWP{|\qQ ~uQTQXW	ZFSm_Pt<QT\X~f_P]�~phC]^hCcdWP\TOoh&������� ����������� ����� ��������� ��� � ���
� � �2= � cPWP\TS`_Pt ~9{UcptpSUaK_POR\5j5SU\XN^~p_P]bj5SU\XNPcdWP\ ZFOoZ[cdhCi-� \Tc)� Z[OoZFcdhCiKQTj�S|\qa NPORQ�� ����� ��� � �29
� � �p�-� %�~pZ }P{|O$cwey~KZFOoZ[cdhCi^_POR\5\XN	~u\VWPQTORQ ~p_<O&%P\XhT~KZFOoZ[cdhCi-� \Tc)� Z[OoZFcdhCiKQTj�S|\qa N �Q��� � �2=
� �#"21-M hT~ua& KhCORQXWP{U\TQ�egcdh5~p_G=5� ~fhThT~ i.;x��$L�j5SU\XNbZ[OoZ[cdhCi-� \Tc)� ZFOoZ[cdhCi[QTj5SU\TaRNPORQ�� � ��� � �p�
� �#"	�)M hT~ua& KhCORQXWP{U\TQ�egcdh5~p_���9 � ~phThT~ i.;x�� L j5SU\XN^ZFOoZ[cdhCi-� \Tc)� Z[OoZFcdhCiKQTj�S|\qa NPORQ��P� ��� � �p�

%dSUSUS



� �#"�� L$hCOo~KhCORQIWP{|\qQre cPh5~p_G=5� ~phqhT~ i ;x�� L j5SU\XN�ZFOoZ[cdhCi-� \Tc)� Z[OoZFcdhCiKQTj�S|\qa NPORQ�� ��� ��� ��921
� �#"2" L$hCOo~KhCORQIWP{|\qQre cPh5~p_���95� ~fhThT~ i ;x�� L j5SU\XNbZ[OoZ[cdhCi-� \Tc)� ZFOoZ[cdhCi[QTj5SU\TaRNPORQ�� � ��� ��921
� �#" � s$OR{`~ i hnORQXWP{U\TQregcdh5~p_G=5� ~fhThT~ i ;x�� L j5SU\XNbZ[OoZ[cdhCi-� \Tc)� ZFOoZ[cdhCiKQqj5SU\Ta NPORQ5�@� ��� ��9	�
� �#"�� s$OR{`~ i hnORQXWP{U\TQregcdh5~p_���9 � ~phThT~ i ;x��$L j5SU\XNbZ[OoZ[cdhni"� \Tc � Z[OoZ[cdhCi QTj5SU\TaRNPORQ��Q� ��� ��9	�
� �#"29-M hT~ua& KhCORl	WPS`hCOoZ[Oo_f\ hCORQIWP{|\qQ5egcdhr�PaohCS`Y	YP{UOoh&�8������� ����������� ����� ��������� ��� ��92"
� �#"p� L$hCOo~KhCORQIWP{|\qQre cPh5�PaohCS`Y	YP{UOoh&� ������� ��� ����������� ����������� ����� ��������� ��� ��92"
� �#"2= s$OR{`~ i hnORQXWP{U\TQregcdh5�PaohCS`Y	YP{UOoh&��������� ��� ����������� ����������� ����� ��������� ��� ��92"
� �#"p�-M hT~ua& [hCORl�WPS`hCOoZFOo_p\5hCORQXWP{U\TQzegcdh;�PaohnSmY	YP{UOohV~uQTQXW	ZFSm_PtKZ[OoZFcdhCi-� \Tc)� Z[OoZ[cPhCi[QTj5SU\TaRNPORQ��g��9 �
� � � 1 L$hCOo~KhCORQIWP{|\qQre cPh5�PaohCS`Y	YP{UOoh$~uQTQXW	Z[S`_Pt ZFOoZ[cdhCi-� \Tc)� Z[OoZFcdhCiKQTj�S|\qa NPORQ��G������� ��� ��9 �
� � � ��s$OR{`~ i hnORQXWP{U\TQregcdh5�PaohCS`Y	YP{UOoh$~uQTQXW	ZFSm_Pt^Z[OoZ[cPhCi"� \qc)� Z[OoZ[cdhni Qqj5SU\Ta NPORQ5�?����� ��� ��9 �
� � � � * _PO9aR{mWPQq\TOoh5S`_b�PaohCS`Y	YP{|Ooh �O��������� ��� ����������� ����������� ����� ��������� ��� ��9��
� � � " * _PO9aR{mWPQq\TOoh5S`_b�PaohCS`Y	YP{|Ooh$~ e \TOohz{UcptpSUao~u{ � \Tc � }	NpiPQTSUao~u{;ZK~p}	}PS`_Pt�� ����� ��������� ��� ��929
� � ��� xy{m~waROoZ[Oo_p\�cue egcdW	h5ZFOoZ[cdhCi^YP{Ucda& pQ e hCcPZ vSUtdW	hCOA� � � " ��������� ����� ��������� ��� ��929

= � � L$_^~u{U\TOohT_	~u\qS|�fO�1�cPcdhT}P{`~p_<j5SU\XNb~phThT~ iPQ�]	SUQT\IhCS`Y	WP\TOR]�\XN	hCcdWPtdNPcPWP\�\INPO�;x��$L.� ��� �o�21

%PS|�



����� � �������&� � � � �

�P\I~p_P]�� L {Ucd_PO9L hna NPSU\TORaR\XW	hq~u{ xv~phT~fZ[OR\TOohCQ�*
	 
������������������������! 
" #%$&���'�(�)��*+�,�!�-�.�/ 
0 #%$&���'�(�)��*1�(2/��(�!3'�,�54'�,-�6��$& !�( 
7 #%$&���'�(�)��*1�(2/��(�!3'�,�8�,4�4��!�� ! %�&$� !�( 
9 3���� #%�:����3'�,��;<��4�!=>��*��?��@�=A�����-�.�>��3�4>;<��4�!=B��*1�?�,@-=>4'�,-�6��$& 
9 ��C D �(<�,*+��������;E�,�����<4'�����;<��4��=� <��*��?��@�=F�,�!�-�.�

�zZ[Y	OR]	]	OR]�L$hThT~ iKL$hCaRNPSU\TORaR\XW	hT~u{ xv~phT~pZ[OR\qOohCQ�*
	 
8�:-�,�����(�B���!�G����! 
" #%$����H�(�<��*1�����-�.�/ 
9 ��C D �(%�,*I�,�J����;<�������<4'�,-�G;<��4�!=� <�,*1�?��@�=A�����-�.�
0 #%$����H�(�<��*�K���3� <��3��?�,@�=A���(�B�����������/@-L
M #%$����H�(�<��*�����N���@O�����P@�L/ 
9 Q1�(�!���@?���R!�-�,@�LP <KH�(�O�J�:N���@%����$����3�N�@�='�,3�3��(�
SRT #%$����H�(�<��*�!����@�L/ <!��;<=���@�=>�?��@�=>���(�B�����������/@�L�K���3>@?��3>@(�:3�3��(@(
SRU #%$����H�(�<��*�!����@�L/ <!��;<=���@�=>�?��@�=>����N���@O�����P@�LBK���3�@?�,3V@���3�3���@(
S�W #%$����H�(�<��*�@�=�����@(�( O��C��(�!��4A!�6�?��@�=A��3�@��J4&�(3/<!�-�,@�L��/�V�G !;<��!@�=>�����/@�L
X Q1�(�!���@?���R!�-�,@�LP <�H�(Y;)�(�(3Z�?��@�=>�����������[�,�!���.�
\ ]���N:��@^�&�J�/@�L/ +KH�(�O���(�B���!�6�����/@�L��J3>�=��_=������J`���3/-�,��4������(3� �����3

� SmhnaoWPS|\$~p_P] 6 ZK}P{UOoZ[Oo_p\I~u\TSUcd_�xv~fhT~pZ[OR\TOohnQ�*
a #%$����H�(�<��*�����N���@?�,�'�B�(���:�!���( 
b:c d ��K�!=A�,*8����N:��@?���H���(�B������e
f c g ��4�!=>��*�����N���@?�,�'�B�(���:�!��e
h 
8�:-�,��3P$&���'�(�)��*1�����-�.�/ <!������K&�J�����(3/1����������N:�J@.���H���(�B���!���( 
h c #%$����H�(�<��*1�����-�.�/ <�!�(i/$������(4A!�����BK����(���(3/1����N:�J@.���H���(�B���!�6e
j c #%$����H�(�<��*���$�2:klN:�!�:$�K� 1��3>����K����(�B�(3/-����m�:3��,*8�����������[e
h con p q �!���.�/ %��3���$�2:kYN�����$�K6r���3>����K����(�B�(3/-�,!����3��,*8�B�(���:�!��e
s ctn p u Cv��@(!��w��G4'����6;<�J4&!=>��*��?��@�=A�����-�.����3B��$�2:klN:�!��$&K6r[�,*

�J�BK����(����3P�����J�:3��,*8����N:��@?���H���(�B������e
x #%$����H�(�<��*�����N���@O�����P@�L/ <��3�@(����@($���

%P�



� �������	��
 �

 ��� � � � � � � � ���

����� � � �)��� 	2�)� � �

�PS`_PaROK\XNPORS`hVS`_p\IhCcd]�WPaR\qS|cP_�S`_ �o�2=���� vSUOR{|]�� xzhCcptdhq~pZKZK~pYP{UO �9~u\TO$L$hThT~ iPQ � ;x��$LVQ��5N	~ �pOKhT~p}PSU]	{Ui
Y	ORaRcPZ[O5\XNPO5S`ZK}P{UOoZ[Oo_f\X~u\qS|cP_ Z[OR]	S`W	Z cue aRNPcpSUaRO5egcdh ZK~p_fi[]	S|tfS|\I~u{	aRS`hCaoWPSU\�]	ORQqS|tP_POohCQ��;M5NPOVhCORaRcd_-�
,�tdW	hT~fYP{|O<_	~u\XW	hCO9cue ;x��$LVQ }	hCcu�PSU]	ORQAhCSUQ� )�ge hCORO[{`~phCtpO$� Qqao~u{UOKS`_p\TORtPhT~u\TSUcd_k\XN	~u\AN	~uQ$Y	OROo_�~f}	}P{|SUOR]
S`_�~phCOo~uQ$~uQV]	S|�fOohCQTOK~uQV\TOR{UORaRcdZKZ[W	_PSUao~u\TSUcd_PQo��NPSUtdN-� QX}�OROR])tPhT~p}	NPSUaRQo� ~p_P]�]	S|tfS|\I~u{ QqS|tP_	~u{;}	hCcPaRORQTQ'�
S`_Pt�� � _P{US  wO ��~uQ$ )� xzhCcptdhT~fZKZ[OR] �9~u\TO$L$hThT~ idQ � ��x��$LVQ��R�pjVNPS|aRN�Z[WPQT\5Y�O }	OohnQTcd_	~u{US �ROR]�Ypi<\XNPO
��x�� L �fOo_P]	cdhR�";x��$LVQ;ao~p_<Y	O$}	hCcptPhT~pZKZ[OR]<YpiK\INPO WPQTOohyS`_^Z[S`_dWP\TORQ5���cdhyQXZK~u{U{ ~p_P] ZFOR]	SmW	Z
�pcp{`W	Z[ORQ �	\XNPSUQ hnOR]�WPaRORQ \XNPO$aRcfQT\o�	~p_P]�QINPcdhC\TOo_PQ5\INPO$\TS`Z[O$� \Tc)� ZK~fh/ uOR\��
� _fegcdhC\XW	_	~u\qOR{|ip� \INPOohCOASUQ ~f_�~phCOo~<~p_P]�QX}�OROR])}	Oo_	~u{U\Ci ~wQTQTcPaRSm~w\TOR]�j5SU\XN�WPQTOoh � aRcd_-,�tdW	hq~pYPSU{|SU\Ci"�

� _P{|S! uO���x�� L Qo� S`_�j NPSUaRN�aRS`hCaoWPSU\[OR{UOoZ[Oo_f\TQ ~phnOKaRcd_	_PORaR\TOR] WPQTS`_Pt�Z[OR\X~u{vj5S`hCORQ ��S`_)~f_ ;x�� L �
}	hCcptPhT~pZKZK~fYP{|OrQTj�S|\qa NPORQ5~phCO5WPQTOR]<\Tc$aRcd_	_PORaR\zaRS`hCaoWPSU\�OR{UOoZ[Oo_f\TQ��zM5NPORQTO }	hCcftdhT~pZKZ ~pYP{UO5QTj5SU\TaRNPORQ
~u]	]�hCORQTSUQT\X~p_PaROK~p_P]�ao~p}	~waRS|\I~p_PaRO[\Tc ~u{U{vaRcd_	_PORaR\TSUcd_PQ$j�S|\INPSm_ ~KaRS`hCaoWPSU\o� {UcujrOohCS`_Pt^\XNPO ~uaRNPSUOR� ~pYP{UO
aR{Ucda& e hCORl	WPOo_PaRi"�)M�NPO^QTj5SU\TaRNPORQ ~u{UQTc�hCORl	WPSmhnO^QTSUtd_PS ,�ao~p_p\<aRNPSm} ~fhCOo~	�;hCOR]�WPaRS`_Pt�\INPO�~pZ[cdW	_f\Acue
{UcptpSUaVcd_[Oo~uaRN[]	OR�PS|aRO"�26 _ QTcdZFO ;x�� L Qo�p�P\I~u\TSUa � L � �g� � L�� �;YPSU\TQr~phCO hnORl�WPS`hCOR]<\TcAaRcP_p\Xhncp{	\XNPO
}	hCcptPhT~pZKZ[S`_Pt[QTj5SU\TaRNPORQo�	hCOR]�WPaRS`_Pt<\XNPO _PW	Z[Y	Oohrcwe aRS`hCaoWPSU\ OR{UOoZ[Oo_f\TQ5OR�pOo_Fe W	hC\XNPOoh&�� cdhv\INPOAZ[cpQT\
}	~phC\ ��\XNPSUQKN	~uQ[{USmZFS|\qOR] ;x��$LVQA\qc�\XNPO<S`ZK}P{UOoZ[Oo_p\I~u\TSUcd_!cue hCOR{`~u\TSU�pOR{Ui!QXZK~u{U{z{|cftpSUa QXW	Y�aRS`hCaoWPSU\TQo�
cueg\TOo_<\XNPO��Ttf{mWPO$� {UcptfS|a���}�cdhC\TSUcd_PQ�cue�{`~phntpOohrQTiPQT\TOoZ[Q5�

� ORaROo_p\�ipOo~phnQo�ANPcujrOR�pOohR�AN	~ �pO!QTOROo_1]�hT~pZK~u\qS|a!S`ZK}	hCcu�pOoZ[Oo_f\TQbSm_�}	hncdaRORQTQqSm_Pt1\TORa N	_Pcf{|cftpi"�
M cd]�~ ip� 1 � ����Z ~p_P] 1 �5"�����Z }	hncdaRORQTQqORQ ~phCO^aRcdZ Z[cd_ � 1 � ������Z }	hCcdaRORQqQTORQ ~phCO�Y�ORaRcdZ[S`_Pt ~o�u~uSU{ �

�



~pYP{UO � �P��9 
 � ~f_P]�OR�pOo_�QXZ ~u{U{|Ooh e Oo~w\XW	hCOKQTS �RORQK~phCO[cd_ \XNPO NPcdhCS �Rcd_ �<M5NPORQTOKQIZK~u{U{UOoh$egOo~u\XW	hnO QqS �RORQ
N	~ �pO${UOo~u]�\TcKS`ZK}	hCORQqQTSU�pO[SmZ }	hCcu�pOoZ[Oo_f\TQ5S`_^\XNPO9]	Oo_PQTSU\Ci^cue;S`_p\TORtPhT~u\TOR]^aRS`hCaoWPSU\TQ �(6 �rQ��R��j NPSUa N � S`_
\XW	hT_ � N	~o�fOAN	~u]�~K}	hCcuegcdW	_P]^S`ZK}	~uaR\Vcd_<\XNPOA}�cpQTQTS`YP{UOK~p}	}P{USUao~u\TSUcd_PQA~p_P]^]	ORQTSUtd_kcue�6 �rQ��
M�NPO S`ZK}	~uaR\rcue SmZ }	hCcu�dS`_Pt }	hCcPaRORQTQr\TORaRN	_Pcp{Ucptpi<SUQ��fOohCiKOR�PS|]	Oo_f\5S`_<\XNPOVOR�pcp{`WP\TSUcd_<cue ;x��$LVQ��

� ORaROo_f\T{Uip� ;x�� L��pOo_P]	cdhCQ$N	~ �pO$S`_p\Xhncd]�WPaROR]�]	OR�PSUaRORQ$ao~p}	~pYP{UO[cue;S`ZK}P{UOoZ[Oo_f\TS`_Pt hCOR{`~u\TSU�pOR{Uib{m~fhCtpO
aRS`hCaoWPSU\TQ ~p_P]!QTiPQT\TOoZ[Q5��M5NPORQTO<{`~phCtpO<QTiPQT\TOoZ[Q[~phCOKl	WPSU\TO^]	S 3 OohnOo_p\[\XN	~p_ \XNPO QIZK~u{U{UOoh[{UcptpSUa QIW	Y-�
aRS`hCaoWPSU\TQK\XN	~w\FN	~ �pO<\XhT~w]	S|\qS|cP_	~u{U{|i Y	OROo_!\INPO^\X~phCtpOR\9cue ;x�� L Q�� * _PO^cue \INPO  uORi ]	S43�OohCOo_PaRORQ S|Q
\XN	~u\z\XNPORQTO$QTiPQT\TOoZFQ�cwe \TOo_FaRcd_p\I~uS`_^Z[OoZ[cdhCi"�vM5NPOohnOIe cdhnOp��_PO&%P\'� tpOo_POohq~u\TSUcd_�;x��$LVQ5Z[WPQT\�Y�OA~pYP{UO
\TcbO$# aRSUOo_p\T{Ui�S`ZK}P{UOoZ[Oo_f\ Z[OoZFcdhCi ~wQAjrOR{U{�~uQ9{|cftpSUa"� 6 e \INPORi ao~f_�_Pcp\o� \XNPOKS`ZK}P{UOoZ[Oo_f\X~u\qS|cP_�cue
QXWPaRNK~$QqidQT\qOoZ�jrcdWP{U] hCORl	WPS`hCO Y�cp\XN�;x�� L Q�� egcdh \XNPO�{|cftpSUa }�cdhC\TSUcd_ cue�\XNPO5QTiPQT\TOoZ��v~p_P]KQTOo}	~phq~u\TO
Z[OoZ[cPhCi aRNPS`}PQ�� * _-� aRNPS`} ZFOoZ[cdhCi^N	~uQ5QTOR�fOohT~u{ ~u]	�u~p_f\X~utpORQ�*

�
6 ZK}P{UOoZ[Oo_f\TS`_Pt�ZFOoZ[cdhCi�cP_-� a NPS`}!j5SU{U{ {US! uOR{Ui ]	ORaohCOo~uQqO^\XNPO�_dW	Z[Y�OohAcwe aRNPS`}PQ hCORl	WPSmhnOR]-\Tc
e WP{U{Ui^S`ZK}P{UOoZ[Oo_p\A~FQTidQq\TOoZ^�	hCOR]�WPaRS`_Pt \INPOAQTiPQT\TOoZ%aRcpQT\5�

�
6 ZK}P{UOoZ[Oo_f\TS`_PtKZ[OoZ[cdhCiA~f_P]K{UcptpSUa5cd_[QqOo}	~phT~u\TOza NPS`}PQrj5SU{U{�cueg\TOo_9{US`Z[SU\;\XNPO ~wa NPSUOR� ~fYP{|OVaR{Ucda& 
hT~u\TOp� QTS`_PaROKO&%P\TOohT_	~w{;}PSm_PQ �g~f_P] Y�cd~phC]�� {UOR�pOR{z\XhT~uaRORQ$�$Z WPQq\AY	OK]�hCSU�pOo_ j5SU\XN�Oo~uaRN�Z[OoZ[cPhCi
~uaRaRORQTQ��96 e$\XNPO�Z[OoZ[cdhni)~uaRaRORQTQK\qSmZFO^S|Q^}	~phC\[cueV\XNPO^aohCSU\TSUao~u{ }	~u\IN!]	OR{m~ i!cue \XNPO^aRS`hCaoWPSU\o�
cd_-� a NPS`}bZ[OoZ[cdhCi<j5SU{U{ ~u{U{Ucuj ~[QINPcdhC\TOohzaR{Ucda& ^}	OohnS|cP]��

�
�cdhvZ[cfQT\�;x��$L }	~ua& o~utpS`_Pt[\TORaRN	_Pcp{UcptpSUORQo�	~uQz\XNPO ]	OR�PSUaRORQrtpOR\;{`~phCtfOohR�P\XNPO _PW	Z Y�Oohzcue�{|cftpSUa
OR{|OoZFOo_p\TQ[tdhnc j�Q$l�W	~u]�hq~u\TSUao~u{U{Ui�j5SU\XN \XNPOKOR]	tpO$� {UOo_Ptp\XN cue5\XNPO<a NPS`} ��M�NPO _dW	Z[Y�OohAcwe�6 � *
}PSm_PQ � NPcujrOR�pOohR� tdhCcuj5QVcd_P{Ui�{US`_POo~phC{Ui"�<M5NdWPQ ��\XNPOK~ � ~uSU{`~pYPSU{USU\ i cue 6 � * }PS`_PQASUQAS`_PaohCOo~wQTS`_Ptp{Ui
Y	ORaRcdZ[S`_Pt ~)}	hncdYP{UOoZ � M5NPSUQ }	hncdYP{UOoZ S|Q^~utptPhT~ � ~u\TOR]!S e ~p_ ;x��$L�SUQ aRcd_	_PORaR\qOR] \qc)~p_
c)3 � a NPS`}^Z[OoZ[cPhCip�PQTS`_PaROFZ ~p_pi�6 � * }PSm_PQVcd_<\XNPO�;x��$L Z[WPQT\VY	O$]	OR�pcp\qOR]^\Tc ~u]	]�hCORQqQ ~p_P]
]�~u\X~[aRcd_	_PORaR\qS|cP_PQ���6 e�\INPO Z[OoZ[cPhCi^SUQ$SmZ }P{|OoZFOo_p\TOR] cd_-� a NPS`} � \XNPORQqOF}PS`_PQ$ao~p_�Y�OFWPQqOR]�egcdh
cp\XNPOohr}	W	hT}	cfQTORQ��

LV{U\XNPcdWPtdNkQTOR�pOohT~w{�;x�� L��pOo_P]	cdhCQ$N	~ �pO$S`_PaR{mWP]	OR]!QXW	}	}�cdhC\�e cdhVZ[OoZ[cPhCi cP_^\XNPORS`hV{`~u\TORQT\�]	O$�
�PS|aRORQ �;\XNPOohnO N	~uQ<Y	OROo_ _Pc�}	W	YP{US|QINPOR] jrcdh  �\XN	~u\9Sm_f�pORQT\qS|tP~u\TORQ NPcuj�\XNPSUQ Z[OoZ[cPhCi�QXW	}	}	cdhn\Kao~p_
Y	ORQq\AY	O }	hCcu�PSU]	OR]�� 6 _�\XNPSUQ$]	SUQTQTOohn\X~u\TSUcd_ � j�O[S`_f�pORQT\TSUtd~u\qO \INPOFhnORl�WPS`hCOoZ[Oo_f\TQ9cue;QXWPaRN�~p_�;x�� L �
~p_P]^OR�u~u{`W	~u\TO ~fhCa NPSU\TORaR\IW	hCORQ5egcdhzQXW	}	}�cdhC\TS`_Pt^Z[OoZ[cdhCi<S`_�_PO&%P\'� tpOo_POohT~w\TSUcd_ ;x��$LVQ��

�



D �/ !!��� �>�(�B���!��� �(i/$����!�(�B�(3/! ��
� �-�,K�=���@( ��)=���K	��
�� �(��N�=/�����,2������/Y;)�����2���

#%�($������R#%�(Y;)����LP ��)=���K������ ��,2���������,2���

8����3� �� ��!���:3V]��/�:L��� !��4����+$ Cv�(� ��!�� Y;+�"��#���2���$&% �&$/Cv���! ('��)���2*���% �!�(N:�J �!�(�,+'����'
-��!�/��* kl�,* kl@���3�@(��K�<Q%��!���!���R4��(@(�/4��(�"��$�� !=����(�.����2*��/���:3��0����2�!
1'�, ! d ��wP��4����2�3���� ���546��2�#�����46��$���2*��7%8�:9��;'
�)������$&3���@?����J��3& <�)=���K>=� Y;+��������,2�!/��Y;)�;�����2*��/��Y;)�"!����,2*�
�)������$&3���@?����J��3& <�)=���K>="�  !��2����,2����/��3&�?�54�2��@4
�)������$&3���@?����J��3& <�)=���K>="! ��3��"�$���2*��

M ~pYP{UO �"�`�-* ��%	~pZK}P{UO9QTidQq\TOoZ[Q��

���BA C 	2DFE ��� 	���	�� ��� �6� 	 �HGJILK � � 	���� � � � ��
,MA�/� 	 
�� E � 	

�PS`_PaRO ;x��$L Z[OoZ[cdhni j�S|{U{ Y�OAWPQTOR]^S`_^ZK~p_fi[]	S43�OohCOo_f\5aRcd_f\TO&%P\TQo�fS|\5Z[WPQT\5Y	O�1�O&%PSmYP{UO"�5M ~pYP{UOK�"�`�
QXNPcuj5Q$~ _PW	Z[Y	OohVcuevaRS`hCaoWPSU\TQA]	ORQqaohCS`Y	OR]�S`_�hCORaROo_f\VaRSmhnaoWPS|\qQAaRcd_fegOohCOo_PaRORQA~p_P]&� cdW	hq_	~u{UQA~uQ jrOR{U{v~uQ
\XN	hCOROraRS`hCaoWPSU\TQzcdYP\X~uS`_POR]9e hncdZ ~V�5~p_	~w]	Sm~f_A\qOR{|ORaRcPZKZ[W	_PS|ao~w\TSUcd_PQraRcdZK}	~p_fiONuOo~wa N9cue�\XNPORQqO�aRS`hCaoWPSU\TQ
hCORl	WPS`hCORQK~<]	S43�OohCOo_f\ _PW	Z[Y	Ooh9cue5Z[OoZ[cdhCSUORQ[~p_P])]	S 3�OohCOo_f\ Z[OoZFcdhCi�QqS �RORQ5� 6 _�\INPS|Q9]	SUQTQTOohC\X~w\TSUcd_ �
jrO�hCOIegOohA\qc \INPO�Z[OoZ[cdhCi hCORl	WPS`hCOoZ[Oo_f\TQKcueA~bQTS`_Ptp{UO ~p}	}P{USUao~u\TSUcd_DaRS`hCaoWPSU\ ~wQF~QPSR�TVUXW�Y/P�Z�[�Z�R�\�]
W�R�^@_`TVa�\(Y/bcU8R�^ �v�;~uaRNKS`_P]	Oo}�Oo_P]	Oo_p\AZ[OoZFcdhCiKj5SU\XNPS`_b~A{UcptfS|ao~w{ Z[OoZ[cdhniKaRcd_-,�tdW	hT~w\TSUcd_<SUQ hCOIegOohThCOR]
\Tc ~wQ ~	P3RdT�U8W�Y�P)Z�[�Z�R�\�] �26 e;\CjrcKZ[cdhCOAZFcdhCOAZ[OoZ[cPhCSUORQ5QXN	~phCO[~u]	]�hCORQTQ�aRcd_	_PORaR\TSUcd_PQ � S(� O"��hnORaRORS|�fO
\XNPObQX~pZ[O�~u]	]�hnORQTQKe hCcdZ \XNPO^{UcptpSUa�~u\ ~u{U{5\TS`Z[ORQ$�K\XNPORi-~fhCO^aRcd_PQTSU]	OohCOR]+\Tc)Y�O ~ QTS`_Ptp{UO�{|cftpSUao~u{
Z[OoZ[cPhCi"� ��~p_fi)aRcd_-,�tPW	hT~u\TSUcd_PQ<aRcd_f\X~uS`_-Z[cPhCO^\XN	~p_!cd_POb{UcptpSUao~u{ Z[OoZFcdhCi)Nregcdh[O&%	~pZK}P{UOp�r\XNPO
�VS|\qOohTYPS�]	ORaRcP]	Ooh5S`_�M ~pYP{UO �-�`�$hCORl�WPS`hCORQ�egcdW	hz{|cftpSUao~u{ Z[OoZ[cPhCSUORQ��;M5NPO9QX}	ORaRS ,�ao~u\TSUcd_bcue \XNPORQTOVegcdW	h
Z[OoZ[cPhCSUORQo�Pj5SU\XNK\INPORSmhzj5SU]	\XNPQ �	QX}	OROR]	Q ��~f_P] ~p_fiKcp\INPOohvQX}�ORaRSm~w{ hCORl	WPSmhnOoZ[Oo_p\qQ � QXWPa N<~uQz]�W	~u{ � }	cdhC\
~uaRaRORQTQ$� ZK~- uOAW	}b\XNPOAaRS`hCaoWPSU\ � Q${UcptfS|ao~w{�Z[OoZFcdhCi^aRcd_-,�tdW	hq~u\TSUcd_ �rL�tpcPcd]�;x�� L j5SU{U{;Y	OK~pYP{UO[\Tc
S`ZK}P{UOoZ[Oo_f\ aRS`hCaoWPSU\TQ$j5SU\XN^~Fj5SU]	OA� ~fhCSUOR\ i^cwe�{UcptpSUao~u{ Z[OoZ[cdhCi<aRcd_-,�tdW	hq~u\TSUcd_PQ��
L$_Pcp\XNPOohFOR{|OoZFOo_p\<cue 1�O&%dS`YPSU{US|\Ci+_Pcp\ hCO$1�ORaR\TOR]DS`_-M ~pYP{UO)�"�`�kS|Q \XN	~u\K\XNPO^{UcptfS|ao~w{ Z[OoZFcdhCSUORQ

j5SU\XNPS`_ ~baRS`hCaoWPSU\ j5SU{U{ Y�O WPQTOR] S`_ ZK~f_pi�]	S 3�OohCOo_f\[aRcd_p\qO&%d\TQ �;~p_P]!j5SU{|{�\XNPOohCOIegcdhCO<aRcdZKZ[W	_PSUao~u\TO
j5SU\XNbOo~uaRN�cp\XNPOohV~p_P]�j�S|\IN�\INPO {UcptfS|a Sm_ ZK~p_fi�]	S 3�OohCOo_p\$j5~ iPQ��$�PcdZ[OKaRS`hCaoWPSU\TQ[hCORl�WPS`hCO<~<QTS`_Ptp{UO
{`~phCtpO[Y	~p_  <cue�Z[OoZFcdhCi<\XN	~u\VS|QVaRcd_	_PORaR\TOR]�]	S`hCORaR\T{Ui�\TcK{UcptfS|a[QXW	Y�aRS`hCaoWPSU\TQ�� * \XNPOohVaRS`hCaoWPSU\TQAZ[SUtdNf\
aRcd_f\X~uS`_ QXZK~u{U{UOohKZ[OoZ[cPhCSUORQKaRcd_	_PORaR\TOR] \Tc�~baRcdZKZ[cd_!Y	WPQ�Nz\XNPSUQKY	WPQK\XNPOo_!Z[SUtdNp\[]�hCSU�pO � cdhAY�O
]�hCSU�pOo_bYpi �rcd_PO9cdh5Z[cdhnO${|cftpSUa QIW	Y	aRS`hCaoWPSU\TQ��rL�\XNPS`hC]b\Ci�}�OAcuevaRS`hCaoWPSU\ Z[SUtdNf\$hCORl�WPS`hCO[ZK~p_fi QIZK~u{U{

egf3h"iXj�kml`n@kmlclcoqpgicr�iXkmsdh�tVr�u�o(u�s�pgv0w)pckmicicoqh>xzy�{"|Bsdh}lXkmlcicl<s�~Ox�w)sdpgn�l�sd~O{���kmicl`oBr�|�jV�

"



Z[OoZ[cPhCSUORQK]	SUQT\XhCS`Y	WP\TOR]D\XN	hCcdWPtdNPcPWP\K\XNPO<aRSmhnaoWPS|\ �rOo~ua N!aRcP_	_PORaR\TOR]-\Tc�SU\TQKcuj _!{UcptfS|a^QIW	Y	aRS`hCaoWPSU\��
LVtd~uS`_ �	~$tpcPcd]�;x��$LDj5SU{U{ Y�O ~fYP{|OV\Tc9SmZ }P{|OoZFOo_p\raRS`hCaoWPSU\TQ5\XN	~w\vSm_f\TOohT~waR\;j5SU\XN<Z[OoZ[cdhniAS`_ Z ~p_pi
]	S 3�OohCOo_p\VZK~p_	_POohCQ��

v{UO&%PS`YPS|{USU\Ci�S|Q$hT~phnOR{|i<e hCORO"�26 _btpOo_POohT~w{ ��\XNPO Z[cPhCO 1�O&%dS`YP{UO ~p_ ;x�� L ~phna NPSU\TORaR\XW	hnOp��\XNPOAZFcdhCO
}	hCcptPhT~pZKZK~fYP{|O QTj5SU\TaRNPORQ ~p_P] }	hCcptdhq~pZKZ[S`_Pt�YPSU\TQK~phCO hnORl�WPS`hCOR]���xzhCcptdhq~pZKZK~pYP{UO[QTj5SU\TaRNPORQK~u]	]
]	OR{`~ i�\Tc<\XNPOK}	~u\XNPQVj5SU\XNPS`_�~ aRSmhnaoWPS|\9S`ZK}P{UOoZ[Oo_p\I~u\TSUcd_)N S e�\XNPORQTO[}	~u\XNPQA~phnO }	~phC\Vcue;\XNPO[aRS`hCaoWPSU\ � Q
aohCSU\TSUao~u{;}	~u\IN ��\XNPOK~uaRNPSUOR� ~pYP{UO<aR{Ucda& ^QX}�OROR]�j5SU{U{vQXW-3�Ooh&�$�PS`Z[SU{m~fhC{Uip� \INPOAO&%P\XhT~ QTj5SU\TaRNPORQA~p_P]�}	hCc)�
tdhT~fZKZ[S`_Pt YPSU\TQ9j5SU{|{5WPQTO<~phCOo~^\IN	~u\$aRcdWP{U])cf\XNPOohCj5SUQTO Y�O WPQqOR]�e cPhA~u]	]	SU\TSUcd_	~u{zaRS`hCaoWPSU\KOR{UOoZ[Oo_p\qQ��
M5NPOK]	ORQqS|tP_�cue5~^tpcPcP] ;x�� L�~phCaRNPSU\TORaR\XW	hCO Sm_f�pcp{U�pORQ8, _P]	S`_Pt�~�Y	~u{`~p_PaRO<Y	OR\CjrOROo_)~phnOo~	� QX}	OROR]��
~p_P]�1�O&%PS`YPS|{US`\Ci"�

����� � � 	���� 	�� K ��	[� ��	�� 	 ��� G � ��	�� K ��	6� ��	�� C � �

M5NPOohCO5~phnO�\Cjrc ~p}	}	hncd~uaRNPORQv\Tc aohnOo~u\TS`_PtA~p_8;x�� L \XN	~u\vao~p_9S`ZK}P{UOoZ[Oo_f\�Y	cf\XN[Z[OoZ[cdhCiA~f_P] {UcptfS|a"*

� � .&�� N ��I�� .&Q�  6g\VSUQ$jrOR{|{� P_Pc jV_^\XN	~u\�{|cftpSUaKao~p_�Y�O[O$# aRSUOo_p\T{UibSmZ }P{|OoZFOo_p\TOR]!WPQTS`_Pt^QXZK~u{U{ � � �
Sm_	}	WP\$�V{|cPc  PW	}�\X~pYP{UORQ �`�p��
+� * _PO ~f}	}	hCcd~uaRNb\Tc^S`ZK}P{UOoZ[Oo_p\qSm_Pt � L � S|Q9\Tc^~u{U{|cuj%\XNPOKWPQTOoh
\Tc cP}P\TSUcd_	~u{U{Ui)WPQTOKOo~uaRNbcue�\INPORQTO � � S`_	}	WP\A{UcPc  PW	}�\X~fYP{|ORQA~wQA~���95� YPSU\ � L � ��M5NPORQTOKQIZK~u{U{
� L���Q5ao~f_<\XNPOo_�Y�OAaRcdZ[YPS`_POR]�\TcFe cdhqZ�{`~phntpOohr{UcptpSUao~u{ ZFOoZ[cdhCSUORQ �`� �P����" 
+�

B �PI�� * & � NG��I�� M& �  L�QTORaRcd_P] ~f}	}	hCcd~uaRN^SUQV\Tc WPQTO[~KNPOR\TOohCcptfOo_PORcdWPQ ~fhCa NPSU\TORaR\IW	hCOAaRcd_PQqS|Qq\TS`_Pt cue
\ jrc<\Ci�}�ORQAcue5hCORQTcdW	hCaRORQ5*$QXZK~u{U{z{|cPc  PW	}�\X~pYP{UORQ[\Tc^S`ZK}P{UOoZ[Oo_f\[{|cftpSUa ~p_P]�{`~phCtfOohA~phThq~oiPQ$\Tc
SmZ }P{|OoZFOo_p\$Z[OoZ[cdhni �`� � � � � 
+�

�rcdZ Z[OohCaRS`~u{�O&%	~pZK}P{UORQVcue Oo~uaRN^\Ci	}	O$O&%PS|Qq\ ~p_P]�~fhCO$]	ORQTaohCS`Y	OR]�S`_���N	~p}P\TOoh � �
� cd_PQTSU]	Ooh9\XNPO , _PO$� tPhT~uS`_POR] ~p}	}	hncd~uaRN ���PS`_PaRO�Oo~uaRN�{UcPc  PW	}!\X~pYP{UO cP_P{|i!aRcd_f\X~uS`_PQ^��9�YPSU\TQ[cue

QT\TcPhT~utpOp��Z ~p_pi�~fhCOK_POROR]	OR]�\Tc<SmZ }P{|OoZFOo_p\9{m~fhCtpOA{UcptfS|ao~w{;Z[OoZ[cdhCSUORQ���6 _�~u]	]	SU\TSUcd_ � {`~phCtpOK~u]	]�hnORQTQ
]	ORaRcP]	OohCQ5~p_P]K]�~u\X~$Z[WP{U\TS`}P{UO&%dcPhCQ ~phCO5_POROR]	OR]��	jVNPS|aRN<hCORl�WPS`hCO�OR�pOo_ ZFcdhCOr{Ucdc  PW	} \X~pYP{UORQ��;�z~ua N9cue
\XNPORQTO${UcPc  PW	}<\X~pYP{UORQ N	~uQ5hCcdWP\qSm_Pt<~p_P]^cp\XNPOohzcu�pOohTNPOo~u]��v�r{UOo~phn{|ip��{m~fhCtpOAZ[OoZ[cPhCSUORQ5jrcdWP{U]^l�WPSUa& p{Ui
,�{U{ \INPS|QVQTcdhn\�cwe7;x��$L[�d{UOo~ �PSm_Pt^{USU\T\T{UOKhCcPcdZ%{UOIe \V\TcKS`ZK}P{UOoZ[Oo_f\ {UcptfS|a"� 6 _�~u]	]	SU\TSUcd_ � aRcd_	_PORaR\TSUcd_PQ
Y	OR\CjrOROo_^\INPOA{Ucdc� dW	}b\X~pYP{UORQ$Z[WPQT\ Y	O[ZK~u]	O[WPQTS`_Pt�}	hCcptdhT~fZKZK~pYP{UO$S`_p\qOohCaRcd_	_PORaR\�N \XNPSUQ$hCORQXWP{U\TQVS`_
{Ucd_PtpOoh5~f_P]�{UORQTQ$}	hCOR]	SUaR\X~pYP{UOKZ[OoZ[cdhCi<~uaRaRORQTQV\TS`Z[ORQ��
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6 _^~[aRcd~phnQTO$� tdhT~uS`_POR]�~phCaRNPS|\qORaR\XW	hCOp�	{`~phCtfO${|cftpSUao~u{ Z[OoZ[cPhCSUORQ ao~p_^Y�OAS`ZK}P{UOoZ[Oo_f\TOR]�WPQTS`_PtKcd_P{Ui
~VegORj Z[OoZ[cdhniF~fhThT~ idQ5� 6 _ \XNPSUQrao~uQTOp�P\XNPO5cu�pOohqNPOo~u] cwe Oo~wa NK~fhThT~ i[S|Q5~pZFcdhC\TS �ROR]Kcu�pOohzZK~p_fiFZFcdhCO
YPSU\TQo� {UOo~u]	S`_Pt�\qc Z[WPaRN^]	Oo_PQTOoh$~p_P]be ~uQT\TOoh�Z[OoZ[cdhCi^S`ZK}P{UOoZ[Oo_f\X~u\qS|cP_PQ�� 6 _b\XNPSUQ$]	SUQTQTOohn\X~u\TSUcd_ � jrO
aRcd_PaROo_f\XhT~u\qO$cd_<aRcd~phCQqO$� tdhT~uS`_POR]�~phCaRNPSU\TORaR\XW	hCORQ5�
M�NPOohCO�~phnO;\Cjrc5QTSUtd_PS ,�ao~p_f\v]�hT~ j Y	~ua& pQ \Tc5\XNPOraRcd~fhCQTO$� tdhT~wSm_POR][~p}	}	hCcd~wa N � vSmhnQT\o�pNPOR\TOohCcftpOo_PORSU\ i

S`ZK}P{USUORQK\XN	~u\$\XNPO[aRNPS`}�SUQ }	~fhC\TSU\TSUcd_POR]!Sm_f\Tc^{UcptpSUa^~p_P])Z[OoZFcdhCi hnORQTcdW	hCaRORQ$j NPOo_!ZK~p_PWfe ~uaR\XW	hCOR]��
�PS`_PaROK]	S 3�OohCOo_p\9aRS`hCaoWPSU\TQ N	~ �pO9]	S43�OohCOo_f\ ZFOoZ[cdhCi�hCORl	WPS`hCOoZ[Oo_f\TQo� \XNPSUQ��X~ �pOohT~utpO$� ao~wQTO�� }	~phC\qS|\qS|cP_-�
S`_Pt Z ~oi<{UOo~u]�\qcKS`_PO$# aRSUOo_p\$S`ZK}P{UOoZ[Oo_f\X~u\TSUcd_PQ$cwe�{UcptpSUa$� S`_f\TOo_PQTSU�pOKcdh�Z[OoZ[cdhCi-� S`_p\qOo_PQTSU�pOAaRS`hCaoWPSU\TQ��
M5NPSUQAS`_PO$# aRSUOo_PaRi!ao~p_�Y	O hnOR]�WPaROR]�Yfi WPQTS`_Pt�W	_dWPQTOR]!Z[OoZ[cdhCi�~phThT~ iPQ \qc^SmZ }P{|OoZFOo_p\[{UcptpSUa�N \XNPSUQ
}	cfQTQTS`YPSU{|SU\Ci�SUQ$Y	ORipcP_P]�\XNPO$QTaRcP}	OAcwe�\XNPSUQ5]	SUQTQqOohC\X~u\TSUcd_ �
M�NPOAQTORaRcd_P]b]�hT~ j Y	~ua& <cuev\XNPOAaRcd~fhCQTO$� tdhT~wSm_POR]�~p}	}	hncd~uaRN<S|Q$\IN	~u\5\XNPO[~uQTQTcPaRS`~u\TOR] � L s�~u{Utpc)�

hCSU\XN	Z[Q;~fhCO;{US! uOR{Ui[\Tc Y�O Z[cdhnO;aRcdZK}P{UO&%9\XN	~p_9\XNPORS`h aRcdW	_f\TOohT}	~phC\qQ�egcdh NPcdZ[cptpOo_PORcPWPQ�~phna NPSU\TORaR\XW	hnORQo�
QTS`_PaRO^\XNPORi)Z[WPQT\9aRcd_PQTSU]	OohKY�cp\XN {|cftpSUa ~p_P] Z[OoZ[cPhCi)hCORQTcPW	hCaRORQAQTS`Z[WP{U\X~p_PORcdWPQq{|i"�96 _ \XNPO^}P{m~waRO$�
Z[Oo_f\�}	N	~uQqOp�d\INPO }P{`~uaROoZ[Oo_f\TQrcue�\XNPO5{UcptpSUa$YP{|cPa& pQ5Z[WPQT\;S`_-1 WPOo_PaRO$\XNPOV}P{m~waROoZ[Oo_p\rcue�\XNPO$Z[OoZ[cPhCi
YP{Ucda& fQo�5~p_P]-�PSUaRO$� �pOohCQX~ � 6 _D\XNPO�hCcdWP\qSm_Pt }	N	~uQTOp�r\INPO�\TcPcp{ Z[WPQT\ Y�O ~ j5~phCO^cue$\XNPOb]	S43�OohCOo_PaRORQ
S`_�1�O&%PS`YPS|{US`\Ci�S`_^\XNPO[hCcdWP\TS`_Pt ~fhCcdW	_P]�\INPOAZ[OoZ[cdhCi^~p_P]b{|cftpSUaFYP{UcPa  fQ��rM5NPOA\qORa N	_Pcp{Ucptfi"� ZK~f}	}PSm_Pt
}	N	~uQTO e cdh \INPO NPOR\TOohCcptfOo_PORcdWPQ�~phna NPSU\TORaR\XW	hnORQvS|Q5~u{UQTc$]	S # aoWP{U\o�PQTS`_PaROp�	~uQzj5SU{|{ Y	O5QINPc jV_[S`_[\XNPO _PO&%P\
aRN	~p}P\TOohR� \XNPO ZFOoZ[cdhCi�YP{UcPa  fQ$S`_�\INPORQTOK~phCaRNPS|\qORaR\XW	hCORQVcue \qOo_^QXW	}	}�cdhC\AZ[WP{U\TS`}P{|O<Z[OoZ[cdhCi^j�S|]	\INPQo�
tpSU�PSm_Pt-~f_-~u]	]	SU\TSUcd_	~u{V]	ORtdhCORObcue$e hCOROR]	cdZ \XN	~u\K\XNPOb\TORaRN	_Pcp{Ucptpi-� ZK~p}	}	Ooh<Z[WPQT\<O&%�}P{UcdhCO"� M�NPS|Q
]	SUQTQTOohC\I~u\TSUcd_�~w]	]�hCORQTQTORQ ~w{|{ cue�\INPORQTO$SUQTQXWPORQ��
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M5NPOohCO�~fhCO^\XN	hCORO�}	~phn\TQ[\Tc�\XNPSUQ hCORQTOo~phna N *^aRS`hCaoWPSU\<a N	~fhT~uaR\TOohCS �o~u\qS|cP_ �;QT\I~p_P]�� ~u{Ucd_PO^aRcd_-,�tdW	hq~pYP{UO
Z[OoZ[cPhCi ~fhCa NPSU\TORaR\IW	hCORQo��~p_P]^OoZ[Y�OR]	]	OR] ZFOoZ[cdhCi ~fhCa NPSU\TORaR\IW	hCORQ��
� O2, hCQT\r}	Ooh egcdhTZ[OR]^~p_[O&%P\TOo_PQTSU�pO$~p_	~u{UiPQTSUQrcue;�o�	�5{`~phntpO5aRS`hCaoWPSU\TQ5\XN	~w\vaRcd_p\I~uS`_ Z[OoZFcdhCi"�vM5NPO

QT\X~w\TSUQT\TSUaRQ tP~u\XNPOohCOR]9Sm_PaR{`WP]	OV\XNPO�_PW	Z[Y	Ooh cue�{UcptpSUao~u{	Z[OoZ[cdhnS|ORQvS`_9Oo~uaRN$aRS`hCaoWPSU\�~f_P]A\XNPOzj5SU]	\XNPQ;~p_P]
]	Oo}P\XNPQrcue�\XNPO$Z[OoZ[cdhnS|ORQ5� � O ~u{UQTc9O&%�~fZ[S`_POR]�NPc jD\XNPOV{|cftpSUao~u{ Z[OoZFcdhCSUORQrj�OohnO aRcd_	_PORaR\qOR] \Tc9\XNPO
{UcptpSUaK}	cdhn\TSUcd_PQ cwe�Oo~uaRN^aRS`hCaoWPSU\o��~f_P]�SU]	Oo_p\qS4,�OR]�aRcdZ Z[cd_^S`_f\TOohCaRcd_	_PORaR\$}	~u\T\qOohT_PQ��rM5NPO hCORQIWP{|\qQ cue
\XNPSUQ�~f_	~u{UidQTSUQzj�OohnO�\INPOo_KWPQTOR]K\Tc$]	OR�fOR{|cP}K~VQT\TcPa N	~wQT\TSUa5aRS`hCaoWPSU\;tpOo_POohq~u\Tcdh \XN	~w\ tpOo_POohq~u\TORQ�hnOo~u{US|Qq\TSUa
aRS`hCaoWPSU\TQ5aRcd_f\X~uS`_PS`_Pt Y�cp\XN[{UcptpSUaA~p_P]^Z[OoZ[cPhCi"�vM5NPO ~f_	~u{UidQTSUQ ~f_P] hCORQIWP{|\qSm_Pt[aRS`hCaoWPSU\5tpOo_POohq~u\Tcdhz~phCO

�



]	ORQTaohCS`Y�OR] S`_b�5N	~p}P\TOoh " �
sAW	hnSm_Pt�\XNPO;_PO&%d\v}	N	~uQTOvcwe�\XNPOrhCORQTOo~phna N �RjrOvS`_f�pORQT\TSUtd~u\qOR]AaRcd_-,�tdW	hq~pYP{UO�Z[OoZ[cPhCi ~fhCa NPSU\TORaR\IW	hCORQ

\XN	~u\[~phCO�1�O&%dS`YP{UO�Oo_PcdWPtdN \Tc�QXW	}	}	cPhC\K~�j�S|]	O^�u~phCSUOR\Ci�cue {UcptfS|ao~w{ ZFOoZ[cdhCi�aRcP_-,�tdW	hT~u\TSUcd_PQ �;Y	WP\
~phCOFe ~uQq\ ~p_P]!QXZK~u{U{zOo_PcdWPtdN \Tc Y�O QXWPSU\X~fYP{|O<egcdh Sm_PaR{`WPQTSUcd_ S`_)~p_ ;x�� L ��M c�SUQTcf{m~w\TO \INPO SUQTQXWPORQ
~uQTQqcdaRS`~u\TOR] j5SU\XN�\XNPO ZFOoZ[cdhCi�~phCaRNPS|\qORaR\XW	hCOp��jrO8, hCQT\VegcPaoWPQTOR])cP_ � bcY�^����(Y�P3R�^ [A~phCaRNPSU\TORaR\XW	hCORQ9S`_
j NPSUaRN�\XNPO ~w]	]�hCORQTQA~p_P]�]�~u\X~<}PS`_PQ ~phnO aRcP_	_PORaR\TOR]�]	SmhnORaR\T{Ui \qc 6 � * }	~u]	Q��$�5N	~f}P\TOoh � ]	ORQqaohCS`Y	ORQ
QXWPaRN-~p_ ~fhCa NPSU\TORaR\IW	hCOp�5~uQKjrOR{U{ ~wQ ~u{UtpcdhCSU\XN	ZFQ \XN	~w\FZ ~p}-~�{UcptfS|ao~w{ Z[OoZFcdhCi!aRcd_-,�tdW	hT~u\qS|cP_ \Tc
\XNPO)}	NfiPQTSUao~u{A]	OR�PSUaRO"���5N	~p}P\qOoh � S`_p�fORQT\TSUtd~u\TORQ^\INPO�O$3�ORaR\TQ^cue �u~phCiPS`_Pt-� ~fhCSUcdWPQ ~phna NPSU\TORaR\XW	hq~u{
}	~phT~fZ[OR\TOohCQrcd_<\XNPO9]	OR�dSUaRO)� Q�1�O&%PSmYPSU{USU\Cip��aRNPSm}b~phCOo~	�	~p_P]�~waRaRORQTQ \qSmZFO"�
sAW	hnSm_Pt \INPO , _	~w{A}	N	~uQTO�cueA\XNPSUQ hnORQTOo~phCaRN �5jrO�O&%	~pZ[S`_POR] NPcuj�\XNPO�aRcd_-,�tPW	hT~pYP{UO)Z[OoZ[cPhCi

~phCaRNPSU\TORaR\XW	hCO<ao~p_!Y	O<OoZ[Y	OR]	]	OR] S`_p\qc ~f_ ;x�� L � L _!~phCaRNPSU\TORaR\XW	hCO<aRcd_f\X~uS`_PS`_Pt Y�cp\XN {UcptpSUa�~p_P]
Z[OoZ[cPhCi�hCORQTcdW	hCaRORQ[SUQ }	hCORQqOo_p\TOR]!S`_ �5N	~p}P\TOoh,9	�v~u{Ucd_Pt�j5SU\XN!~u{UtpcdhnS|\IN	Z[Q[\XN	~u\KZK~p}�aRS`hCaoWPSU\TQ<\Tc
\XNPO ;x��$L.� * _POVcue�\XNPO� uORi aRcdZK}	cP_POo_p\TQzcue�QXWPaRN ~9NPOR\TOohCcptpOo_PORcPWPQ ~fhCa NPSU\TORaR\IW	hCO5SUQr\XNPO S`_f\TOoh e ~uaRO
Y	OR\CjrOROo_<\XNPO$Z[OoZ[cdhni ~p_P]<{|cftpSUa hCORQTcPW	hCaRORQ���6g\5SUQ5�PSU\X~u{ \XN	~u\z\XNPO$S`_p\qOoh e ~waRO Y�O 1�O&%dS`YP{UO[Oo_PcdWPtdN<\Tc
QXW	}	}�cdhC\r\XNPO$ZK~p_fi ]	S 3�OohCOo_f\raRcd_p\qO&%d\TQrS`_ j NPSUa N<\XNPO$Z[OoZ[cPhCSUORQ�j�S|{U{�Y	OAWPQqOR]���Y	WP\rQXZ ~u{U{ ~f_P]Ke ~uQT\
Oo_PcdWPtdN \XN	~u\ O$# aRSUOo_p\vaRS`hCaoWPSU\vS`ZK}P{UOoZ[Oo_f\X~u\TSUcd_PQ;~fhCO;QT\qS|{U{�}�cpQTQTS`YP{UO"��6 _[�5N	~f}P\TOoh��	�ujrOvegcPaoWPQ cd_ \XNPO
Z[OoZ[cPhCi � {|cftpSUa S`_f\TOoh e ~uaROp��~p_P]�O&%	}	OohCS`Z[Oo_f\X~u{U{Ui�S`_p�fORQT\TSUtd~u\TO[\XNPO[O$3�ORaR\TQ$cue;�u~phCSUcdWPQA~phna NPSU\TORaR\XW	hq~u{
}	~phT~fZ[OR\TOohCQrcd_<\XNPO[hCcdWP\X~fYPS|{USU\Cip��~phCOo~���~p_P]^QX}�OROR]�cuev\XNPOAhCORQXWP{U\TS`_Pt ;x��$L.�

�zOIegcdhCO^~p_fi�cue \XNPSUQ hnORQTOo~phCaRN�SUQ }	hnORQTOo_p\qOR]���NPcujrOR�pOohR� \XNPO^_PO&%d\ a N	~p}P\qOoh }	WP\qQKcdW	h9jrcdh/ bS`_
aRcd_f\TO&%P\ Ypi<]	ORQTaohCS`YPS`_Pt^aRcdZKZFOohCaRS`~u{�;x�� L Qrj5SU\XNbZ[OoZ[cdhni ~uQ5jrOR{U{ ~uQ5cf\XNPOoh5hCOR{`~u\TOR]bjrcdh/ �
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�VSmhn\XW	~u{U{Ui OR�fOohCi ZK~ � cPh�;x��$L aRcdZK}	~f_pi9c)3�OohCQ ;x��$LVQ j�S|\INAQqcdZ[O5Z[OoZ[cdhni$ao~p}	~pYPSU{US|\qS|ORQ5�5M5NPORQTO
O&%PS|Qq\TS`_Pt$]	OR�dSUaRORQ�~fhCO;\XNPOzegcdaoWPQ cue�\XNPSUQvaRN	~p}P\TOoh&� L$_$cu�pOohC�PSUORj cue�\XNPOr~p}	}	hCcd~uaRN$\I~" uOo_$S`_9QT\X~f_P]�~phC]
td~u\qO ~fhThT~ idQ �);x��$LVQo�p~p_P]<~ $�~uQqOoh � x;hCcftdhT~pZKZ ~pYP{UO �9~u\TOrL$hThT~ i � $ x��$L�� e ~pZ[SU{Ui[SUQ }	hnORQTOo_p\qOR]KS`_
�PORaR\TSUcd_PQ�� � �$\Tc � � � � �PORaR\TSUcd_ � �599]	ORQTaohCS`Y	ORQ ~f_<O&%�}�OohCS`Z[Oo_p\I~u{ 1�O&%dS`YP{UO Z[OoZFcdhCiKS`ZK}P{UOoZ[Oo_f\X~u\TSUcd_ �
��O$QT\I~phC\o�	NPcujrOR�pOohR�	Ypi<]	SUQTaoWPQTQTS`_Pt�NPcuj \XNPORQqO$]	OR�dSUaRORQ$cdYP\X~wSm_<\INPORSmhVhCORl	WPS`hCOR] 1�O&%PS`YPS|{USU\Ci"�

A ��� � � � �
	 � 	 � �)� �� � �� ��
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* _PO^cue5\XNPO  uORi)hCORl	WPS`hCOoZ[Oo_f\TQ[cue ~p_fi�aRcd_-,�tPW	hT~pYP{UO ZFOoZ[cdhCi)~fhCa NPSU\TORaR\IW	hCO SUQK\IN	~u\ASU\KZ[WPQT\ Y�O
1�O&%PSmYP{UO[Oo_PcdWPtdNk\TcKS`ZK}P{UOoZ[Oo_f\ ~Fj5SU]	OA� ~fhCSUOR\ i^cwe�{UcptpSUao~u{ Z[OoZ[cdhCSUORQ��rM5NPOAW	_P]	OohC{UiPS`_Pt�~p}	}	hCcd~uaRN
egcdh5~uaRNPSUOR�dS`_Pt�1�O&%dS`YPSU{US|\Ci�SUQ \INPO$QX~pZ[OA~uaohncpQTQ5~u{U{�\XNPO[~phCaRNPS|\qORaR\XW	hCORQ5\XN	~w\5j5SU{U{ Y	O[}	hCORQTOo_f\TOR]��
�z~uaRN-~phCaRNPSU\TORaR\XW	hCOb\XN	~u\<j5SU{U{AY	O�]	SUQTaoWPQTQTOR] aRcP_PQTSUQT\TQ^cue ~ aRcp{U{UORaR\TSUcd_+cue Y	~uQqS|a�~phqhT~ idQ�N�\XNPO

QTS �RORQAcwe�\XNPORQTOK~phqhT~ idQ$hT~p_PtpO e hncdZ ��9<YPS|\qQA\Tc �  YPSU\TQ��[M5NPO., hCQT\Vj5~ i�1�O&%dS`YPSU{US|\Ci!SUQA~ua NPSUOR�pOR] S|Q
\XN	~u\ �dS`_bZK~p_fi cuev\XNPOA~phna NPSU\TORaR\XW	hnORQo�	\XNPO[~uQX}	ORaR\VhT~u\TSUcKcuevOo~uaRN^Y	~uQTSUa ~fhThT~ iKSUQ aRcP_-,�tdW	hT~pYP{UO"���cdh
O&%	~pZK}P{UOp��Oo~wa N �5�  YPSU\$~phThT~ iKS`_k\XNPO$L {U\TOohq~^��1  ~phna NPSU\TORaR\XW	hnO � ]	ORQTaohnSmY�OR]�S`_��PORaR\TSUcd_ � � � �`���yao~p_
Y	O9aRcd_-,�tdW	hCOR]b\Tc[cd_POAcwe ���29)%Q=	� �	� � % � � �  % �	�Pcdh �  % �"�
M�NPOKQTORaRcd_P]�j5~ i 1�O&%PS`YPSU{|SU\Ci SUQ ~uaRNPSUOR�pOR] ~p}	}P{US|ORQ \Tc�~u{U{�~phna NPSU\TORaR\XW	hnORQAj5SU\XN�ZFcdhCOK\XN	~f_�cd_PO

Y	~uQTSUaA~phqhT~ i"�76 _<\XNPORQTOA~phna NPSU\TORaR\XW	hnORQo�	\XNPOA~phqhT~ idQzao~p_^Y	O$aRcdZ[YPS`_POR]�S`_^~K}	hncptdhT~pZ ZK~pYP{UO Z ~p_	_POoh
\Tc S`ZK}P{UOoZ[Oo_f\�{m~fhCtpOoh^{UcptfS|ao~w{ Z[OoZ[cPhCSUORQ���M c S`ZK}P{UOoZ[Oo_p\�j5SU]	O!{UcptpSUao~u{ ZFOoZ[cdhCSUORQo�V\XNPO)Y	~wQTSUa
~phThq~oiPQ ao~p_KY	O�aRcdZ[YPSm_POR] �XNPcdhnS �RcP_p\X~w{|{Ui � YfiAQXN	~fhCS`_Pt ~u]	]�hCORQqQv{|S`_PORQ Y�OR\Cj�OROo_9\Cjrc$cdhvZ[cdhnO ~fhThT~ idQ5�
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enable

address

data−in

data−out
256x8

enable

address

data−in

data−out
256x8

enable

address

data−in
bits 8−15

bits 0−7 bits 8−15

bits 0−7
data−out

vSUtdW	hCO � �`�"*�6 ZK}P{UOoZ[Oo_p\qSm_Pt�~ ���29)% ��9${UcptfS|ao~w{�Z[OoZFcdhCi WPQTS`_Pt<\Cj�c ���39)% =[Y	~uQqS|a[~phThT~ iPQ��

enable

address

data−in

data−out

enable

address

data−in

data−out

1K x 1

1K x 1

data−out
(1 bit)

enable

data−in (1 bit)

address
bit 1−10

bit 0

vSUtdW	hCO � � � *�6 ZK}P{UOoZ[Oo_f\TS`_Pt�~ �  % �${UcptpSUao~u{ ZFOoZ[cdhCi^WPQTS`_Pt \Cjrc^�  % �AY	~uQTSUa ~fhThT~ idQ5�

vSUtdW	hCO � � �$QXNPcuj5QrQXWPaRN�~p_<O&%	~pZK}P{UOAS`_kj NPSUa Nb~ ���29)% ��99{UcptpSUao~u{ ZFOoZ[cdhCi<SUQ5S`ZK}P{UOoZ[Oo_p\qOR] WPQqSm_Pt
\Cjrc����29)%Q=VY	~uQTSUa5~phThT~ iPQ���M5NPOrOo_	~pYP{UO ~p_P]K~u]	]�hCORQqQ {US`_PORQ�~phnO�QIN	~phCOR] Y�OR\Cj�OROo_9\XNPOr\Cjrc ~phThq~oiPQo�uY	WP\
Oo~uaRN^~phThT~ iKS`ZK}P{UOoZ[Oo_f\TQA~[QqOo}	~phT~u\TO = � YPS|\�QT{US|aRO[cuev]�~u\X~ �;M�c SmZ }P{|OoZFOo_p\V]	OROo}b{|cftpSUao~u{ Z[OoZ[cPhCSUORQo�
\XNPO }	NfiPQTSUao~u{�~phqhT~ idQ$ao~p_ Y	OKaRcdZ[YPS`_POR] �T�pOohC\TSUao~u{U{Ui ���<L _�O&%	~pZK}P{UO<SUQAQXNPcuj _�S`_ vSUtdW	hCO � � �	� S`_
j NPSUaRN-~ �  % �^{UcptpSUao~u{$Z[OoZ[cPhCi)SUQ<S`ZK}P{UOoZ[Oo_p\qOR] WPQqSm_Pt!\Cjrc��  % ��~fhThT~ idQ5� 6 _ \XNPSUQ<ao~uQTOp�z\XNPO
W	}	}	Ooh ~phThT~ i�S`ZK}P{UOoZ[Oo_f\TQ ~w{|{5~u]	]�hnORQTQTORQ[j5SU\XN \XNPO $ � ��ORl	W	~u{z\Tc)�p� j NPSU{UO ~w]	]�hCORQTQTORQ[j5SU\XN \XNPO
$�� �+ORl	W	~u{ \TcO1[~phnO$SmZ }P{|OoZFOo_p\TOR]�WPQTS`_PtK\INPO${|cujrOoh5~phqhT~ i"� ��cdhnO aRcdZ }P{|O&%^{`~phntpOoh5Z[OoZ[cPhCSUORQ5ao~p_
Y	O$S`ZK}P{UOoZ[Oo_f\TOR]�YpiKaRcPZ YPS`_PS`_Pt ~phqhT~ idQrY	cp\XN<NPcdhCS �Rcd_f\X~u{U{Ui^~p_P] �fOohC\TSUao~u{U{UiON	O&%	~pZK}P{UORQ5cwe \XNPSUQrj5SU{|{
Y	O[}	hCORQTOo_f\TOR]�S`_b�PORaR\TSUcd_PQ � �5" �`�V~p_P] � � � �`�"�
M�NPO ~phCaRNPSU\TORaR\XW	hCORQ$]	ORQTaohnSmY�OR] S`_�\XNPOK_PO&%P\AQTORaR\qS|cP_PQA]	S 3�Ooh$j5SU]	OR{Ui)S`_�\INPO _dW	Z[Y�OohR��QTS �RO^~p_P]

aRcd_-,�tdW	hq~pYPSU{|SU\Ci�cwe \XNPORS`h Y	~wQTSUa YP{Ucda& fQo� ~wQ�jrOR{U{ ~uQ�\XNPORS`h5QXW	}	}�cdhC\regcdhraRcPZ YPS`_PS`_Pt^~phThT~ iPQ��
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M ~pYP{UO � �`�"*��A~u\qOA~phThT~ iPQ�j�S|\IN^Z[OoZ[cdhCi"�

RAM

RAM

32x20

32x20

Logic
Elements

vSUtdW	hCO � �5" * L$}	}P{US|OR] ��SUaohCc �rS`hCaoWPSU\TQVtd~u\qOA~phThT~ i.1�cPcdhT}P{`~p_ e hCcPZ � � 
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A �BA � 	���� � � C 	 � �"E � 
 	 � � �HK 	2� 	 ��� ��	 � �

�zZ[Y	OR]	]	OR])Z[OoZFcdhCi�~phThT~ iPQ N	~ �pOKY�OROo_)~ � ~wS|{`~pYP{UO<S`_)ZK~wQ� )� }	hncptdhT~pZ Z[OR]�td~w\TOK~phThT~ iPQ$QTS`_PaRO
\XNPOK�o�3=21uQ��vM ~pYP{UO � �`�VQXNPcuj5QrQTOR�pOo_<td~w\TOA~phThT~ iPQ�~p_P]^\INPORSmhVZ[OoZ[cPhCi hCORQTcPW	hCaRORQ � \XNPSUQ5\I~pYP{UO$S|QV_Pcp\
Z[Oo~p_f\A\qc�Y	O^~p_�O&%	N	~pWPQT\TSU�pO<{US|Qq\ cwe�~w{|{ztd~u\TO<~phThT~ iPQ$j5SU\XN�OoZ[Y	OR]	]	OR]-Z[OoZFcdhCi �&� M5NPO^Z[OoZ[cPhCi
hCORQTcPW	hCaRORQ5aRcd_PQTSUQT\Vcue;~[QXZK~w{|{ _dW	Z[Y	Ooh�cuev{`~phCtpO[~phThT~ iPQ�NPSm_kQTcdZ[Op��\XNPOA~uQX}�ORaR\ hT~w\TSUcKcuevOo~ua N^~fhThT~ i
SUQAaRcd_-,�tPW	hT~pYP{UO"�^M5NPO ~phThq~oiPQVao~p_�Y	O aRcdZ[YPSm_POR] WPQTS`_Pt�{UcptfS|a^hCORQTcPW	hCaRORQA\Tc<egcdhTZ�]	OROo}�Ooh[~p_P] � cdh
j5SU]	Ooh$Z[OoZ[cPhCSUORQ�� 6 _ ~u]	]	SU\TSUcd_ � \XNPO[{UcptpSUaKaROR{U{vcue�cP_POAcuer\XNPO[td~u\TO[~phThT~ iPQ � e hCcdZ � SU\TQIW	YPS|QINPS��5" 
��
j5~uQr]	ORQTSUtd_POR]�QIWPa N<\XN	~w\�Oo~wa N {UcptpSUaAOR{UOoZ[Oo_f\5ao~p_<S`ZK}P{UOoZ[Oo_f\ cP_POA~u]	]	SU\TSUcd_	~u{ YPSU\5cuevZ[OoZ[cdhCi"��6 _
\XNPO $�� 6 $ cptfS|aK}	hCcP]�WPaR\o� ~ WPQqOoh � QX}	ORaRS ,�OR])ZFOoZ[cdhCi<QTS �ROK~p_P]�QXN	~p}	O9SUQ$aRcdZK}PSU{UOR] ~f_P] OoZ[Y�OR]	]	OR]
cd_f\Tc[\XNPOAtP~u\TO$~phThT~ i � �31 
'�

vSUtdW	hnORQ � �5"V~p_P] � � � QXNPcuj \XNPO21�cPcdhT}P{`~p_PQrcue \ jrcVcue�\XNPORQTO5]	OR�PSUaRORQ���6 _ Y�cp\XN[ao~uQqORQo�u\XNPO ~phqhT~ idQ
jrOohCO }P{`~uaROR] cd_^\XNPO[OR]	tpO[cue;\INPOAaRNPSm} \Tc ~u{U{Ucuj�QTS`ZK}P{UOKaRcd_	_PORaR\TSUcd_PQ[Y	OR\CjrOROo_^\XNPOKZ[OoZ[cPhCi�~p_P]
6 � * }	~u]	Q��
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RAM
256x18

RAM
256x18

RAM
256x18

RAM
256x18

RAM
256x18

RAM
256x18

RAM
256x18

RAM
256x18

Logic
Elements

vSUtdW	hCO � � � * ��S|\qQXW	YPSUQXNPS tP~u\TOA~phThq~oi81�cPcdhT}P{`~p_ e hCcPZ �5" 
+�
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M5NPO^}	hCS`ZK~phCi egcdaoWPQ[cue \INPS|Q[]	SUQTQTOohn\X~u\TSUcd_!SUQKZ[OoZ[cdhni)hCORQTcdW	hnaRORQ S`_9vSUOR{U]�� x;hCcftdhT~pZKZ ~pYP{UO �A~u\TO
L$hThT~ idQ5�KLVQA]	ORQTaohCS`Y�OR] Sm_ \XNPO }	hnOR�dSUcdWPQ[aRN	~p}P\TOohR� ;x��$L�Z[OoZFcdhCi hnORQTcdW	hCaRORQ9ao~p_�Y	O<aR{`~uQTQTS ,�OR]
~uQ5ORSU\XNPOohVaRcP~phCQTO$� tdhq~uS`_POR]�cdh�, _PO$� tPhT~uS`_POR]�� vS`_PO$� tdhT~wSm_POR] ;x��$L�Z[OoZ[cdhCi�~fhCa NPSU\TORaR\IW	hCORQ aRcP_PQTSUQT\
cue ZK~p_fi��pOohCi�QXZK~w{|{rY	~uQTSUa^~phThT~ iPQ$]	S|Qq\XhCS`Y	WP\TOR]!c �fOoh$\XNPOKOo_f\TS`hCO�;x�� L ���rcP~phCQTO$� tdhq~uS`_POR])~phCaRNPS �
\TORaR\XW	hnORQo�5cd_ \XNPO�cf\XNPOoh N	~f_P]��5aRcd_PQTSUQT\^cweAcd_P{Ui ~ e ORj�{`~phCtfOoh ~phqhT~ idQ�� �zcp\IN � ~fhCS`~p_p\qQ^ao~p_-Y�O
egcdW	_P] S`_ aoW	hThCOo_f\T{Ui ~ �u~uSU{m~fYP{|O�;x��$LVQ�� M�NPS|Q�QTORaR\TSUcd_ ]	ORQTaohCS`Y	ORQ5\IN	hCORO aRcPZKZ[OohCaRS`~u{ ;x��$LVQ�WPQqSm_Pt
~�, _PO$� tPhT~uS`_POR]�ZFOoZ[cdhCi�~phCaRNPSU\TORaR\XW	hCOp� j NPSU{UO��PORaR\TSUcd_ � � � ]	ORQTaohCS`Y	ORQ[QTS %)}	hncd]�WPaR\TQ9OoZK}P{UcuidS`_Pt�~
aRcd~phnQTO$� tdhT~uS`_POR]^~p}	}	hCcd~wa N � �+SU\XNPS`_^Y	cp\XNFQTORaR\TSUcd_PQo�	\INPO5cdhC]	Oohzcue�\XNPO$}	hCcP]�WPaR\TQ5}	hCORQTOo_f\TOR] hnO$1�ORaR\TQ
\XNPO �g~f}	}	hCc)%dS`ZK~u\qO���1�O&%PS`YPSU{|S \ ibcuev\XNPOAZ[OoZ[cdhni hCORQqcdW	hCaRORQ �gZFcpQT\�1�O&%dS`YP{UO8, hCQT\�� �

��������� �
	���	��������������������	���� �!��"#�$�

M5NPO " SU{US`_�% " � � 13121 e ~fZ[SU{|i cue ;x��$LVQAj5~uQ9cd_PO<cue5\XNPO , hnQT\ ~phna NPSU\TORaR\XW	hnORQ j�S|\IN , _PO$� tdhq~uS`_POR]
Z[OoZ[cPhCi�hCORQTcdW	hnaRORQ �`� �P� ���p� ��� 
'� �z~uaRN ;x��$L�S`_b\XNPSUQVe ~fZ[SU{|i�aRcd_f\X~uS`_PQ$Y	OR\CjrOROo_!��121<~p_P] ��1�� �
aRcd_-,�tdW	hq~pYP{UO {UcptpSUa$YP{Ucda& pQ �g��$ �zQ��@NpOo~wa NK��$ �!aRcd_f\X~uS`_PQ;aRcd_f\X~uS`_PQz\ jrcVegcdW	h � S`_	}	WP\r{Ucdc  PW	}-� \X~pYP{UORQo�
~b\XN	hCORO$� S`_	}	WP\<{|cPc  PW	}-� \X~pYP{UOp�r\Cjrc 1�S`}-�(1�cd}PQ �5~p_P])tf{mWPOb{UcptpSUap��~f_P] ao~p_ Y	O�WPQTOR]D\Tc�S`ZK}P{UOoZ[Oo_p\
ORSU\XNPOohV{UcptpSUa[cdh5Z[OoZFcdhCi"�2vSUtdW	hCO � � �[QXNPcuj5Q$~KYP{UcPa  k]	Sm~wtdhT~pZ�cue�~[QTS`_Ptp{UO ��$ �+aRcd_-,�tdW	hnOR] ~wQ ~
Z[OoZ[cPhCi"�;� NPOo_bWPQTOR]�~uQ ~KZ[OoZFcdhCip� Oo~ua N<cwe;\XNPOA\Cjrc � � S`_	}	WP\${|cPc  PW	}^\X~fYP{|ORQVao~p_bY	OKWPQTOR] ~wQ ~
��95� YPSU\ � L � Nd\INPO O&%P\TOohT_	~u{ tp{`WPO${UcptpSUaA~u{U{Uc j�Q�\INPO WPQTOohz\Tc9cd}P\TSUcd_	~u{U{Ui<aRcdZ[YPSm_PO$\INPO ��9 � YPS|\ � L ��Q
S`_p\qc ~ "��)% �KZFOoZ[cdhCi"�<M5NPOK]�~u\X~kcdWP\X}	WP\[}PSm_PQ[cuerOo~uaRN�Z[OoZ[cdhni ao~f_�Y	O<cd}P\TSUcd_	~u{U{Ui�aRcd_	_PORaR\qOR]
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D1 D0WE

H1
H2
H3
H4

G1
G2
G3
G4

address
pins

data−in

data−out

write
enable

address
pins

data−in

data−out

write
enable

16x1

16x1

0

1

config.
bit

vSUtdW	hCO � � � * * _PO � $ �+aRcd_-,�tdW	hCOR]�~uQ Z[OoZFcdhCi"�

WE

Data−in Data−out

Read Address

Write Address

WE

Data−in Data−out

Read Address

Write Address

16x1

16x1

G

F

G1−G4

F1−F4

WE

D0

vSUtdW	hCO � �59 * " � � 13121p� � $ �DaRcd_-,�tPW	hCOR] ~uQV~^��9)% �V\ jrc)� hnOo~u] }�cdhC\o��cd_PO$� j hCSU\TOA}�cdhC\ Z[OoZFcdhCi"�

\Tc�\XNPOb\XN	hCORO$� S`_	}	WP\ {UcPc  PW	}-� \X~pYP{UO�cdh[~�1�S`}-�(1�cd} � 6 _ \XNPO "V� � 12121f��}	~phC\TQo�yOo~ua N ZFOoZ[cdhCi!ao~p_
Y	O<QTi	_Pa N	hncd_PcdWPQ � OR]	tpO$� \XhnS|tftpOohCOR]��9cdh${UOR�pOR{ � QTOo_PQqS|\qS|�fOp�rj NPSU{|O^S`_!\XNPO&" � � 12131�}	~phC\qQo��cd_P{Ui�{UOR�pOR{ �
QTOo_PQTSU\TSU�pO[Z[OoZ[cdhnS|ORQ$~phCO$QIW	}	}	cdhC\qOR]��
M�NPO " � � 12121p�D}	~phC\TQ$~u{UQTc�N	~ �pO ~ �T]�W	~u{ � }�cdhC\���Z[cP]	OAS`_�jVNPS|aRNb\XNPO[\Cj�cFe cdW	h+� Sm_	}	WP\${UcPc  PW	}

\X~pYP{UORQ5j�S|\INPSm_^~[� $ � ~fhCO aRcPZ YPS`_POR]^\Tc9egcdhTZ�~<��95� YPSU\o�P\Cjrc)� hCOo~u] }�cdhC\o�Pcd_PO$� jVhCSU\TOA}	cdhn\ ZFOoZ[cdhCi"�
M5NPO���9�YPSU\TQ ~phCO^hCOo}P{USUao~u\TOR] S`_!\XNPO^\Cjrc^{Ucdc  PW	}!\X~pYP{UORQo�r~p_P]!Oo~uaRN)hCOo}P{USUao~u\TOR]DaRcd}fi�SUQ WPQTOR] \Tc
QXW	}	}�cdhC\$cd_PO[hCOo~u] }�cdhC\o� ~uQ$QXNPcuj _kS`_ vSUtdW	hnO � �59 �rsAW	hCS`_Pt�~ j hCSU\TOp� Y	cp\XN�hCOo}P{USUao~u\TOR] aRcd}PSUORQA~phCO
W	}	]�~w\TOR]��

6 _[cdhC]	Ooh \qc$SmZ }P{|OoZFOo_p\5Z[OoZ[cPhCSUORQ;aRcd_f\X~uS`_PS`_PtKZ[cdhCOr\XN	~p_,"��9YPSU\TQo�d��$ �zQ�Z[WPQT\;Y	O�aRcdZ[YPSm_POR]��
vSUtdW	hCO�� � �VQXNPcuj5Q;NPcuj cd_PO YPSU\'� QT{USUaRO$cue�~K� �2= % =VYPSU\ ZFOoZ[cdhCi9ao~p_KY	O�SmZ }P{|OoZFOo_p\TOR]^cP_A\INPS|Q5~phna NPS �
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G1/F1
G2/F2
G3/F3
G4/F4
D1

WE

X

D0

G1/F1
G2/F2
G3/F3
G4/F4
D1

WE

X

D0

G1/F1
G2/F2
G3/F3
G4/F4
D1

WE

X

D0

G1/F1
G2/F2
G3/F3
G4/F4
D1

WE

X

D0

DoutDin

2−4 DECODER

Address 0
Address 1

Write

Address 2
Address 3
Address 4
Address 5
Address 6

4−1 MUX

vSUtdW	hCO � � � * * _PO[YPS|\�QT{US|aRO[cue;~^� �3=)% =[Z[OoZFcdhCiKS`ZK}P{UOoZ[Oo_f\TOR]�WPQTS`_Pt "VSU{USm_�%�� $ �;Q5�

$ cftpSUao~u{ ��OoZ[cPhCi � $ �zQregcdhrQq\TcdhT~utfO � $ �zQ�e cdh tp{`WPO${|cftpSUa M cp\X~u{�� $ �zQ
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M ~pYP{UO � � � * " SU{US`_�% ��$ �zQ hCORl	WPSmhnOR]�\TcKS`ZK}P{UOoZ[Oo_f\V{|cftpSUao~u{�ZFOoZ[cdhCSUORQ � e hCcdZ	�`� 
��&�

\TORaR\XW	hnO � \XNPO � $ �;Q$S`ZK}P{UOoZ[Oo_f\TS`_Pt�\XNPO ZFOoZ[cdhCi�~p_P]�cdWP\I}	WP\AZ WP{U\TS`}P{UO&%Pcdh$jrcdWP{U]�Y	OKhCOo}P{USUao~u\TOR]
=9\TS`Z[ORQ5\Tc[S`ZK}P{UOoZ[Oo_f\ \INPO aRcdZ }P{|OR\qOAZ[OoZ[cdhCi �&�vM5NPO$cdWP\I}	WP\ Z[WP{U\TS`}P{UO&%dcPh ~p_P]�~w]	]�hCORQTQr]	ORaRcd]	Ooh
ao~p_^~u{UQTc<Y	OAS`ZK}P{UOoZ[Oo_f\TOR]�WPQTS`_Pt^� $ �zQ�N	S`_^\INPS|QVO&%	~pZK}P{UOp����1K��$ �zQ ~phCOAhCORl	WPS`hCOR]�\qcKS`ZK}P{UOoZ[Oo_p\
\XNPO ~w]	]�hCORQTQv]	ORaRcP]	Ooh;~p_P]KORSUtdNf\�Z[WP{U\TS`}P{UO&%dcPhCQo�pS`_<~u]	]	SU\TSUcd_[\Tc$\INPO "��V� $ �zQ�hCORl	WPS`hCOR] e cdh Qq\TcdhT~utfO"�
M ~pYP{UO � � �9QXNPcuj5Q�\XNPOA_dW	Z[Y�Ooh5cuev� $ �zQ hnORl�WPS`hCOR]b\TcKS`ZK}P{UOoZ[Oo_f\ {`~phCtfOohr{UcptpSUao~u{vZ[OoZ[cdhCSUORQ � \XNPORQTO
jrOohCO$cdYP\X~wSm_POR]�WPQTS`_Pt \INPO�" SU{US`_�%("VL �5M+s$OR�pOR{Ucd}	ZFOo_p\$�PidQq\TOoZ�~p_P]�}	hCORQqOo_p\TOR]bS`_ �`��
��&�v�r{UOo~phn{|ip�
{`~phCtpO${UcptfS|ao~w{�Z[OoZFcdhCSUORQ5l	WPS|a& f{|i ,�{U{�\XNPOAaRNPS`} �	{UOo~ �dS`_Pt<{|SU\T\q{|OKhCcPcdZ�{UOIeg\5\TcKS`ZK}P{UOoZ[Oo_f\V{|cftpSUa"�

� �



read address

write address

data−in

data−out
address

data−in

clk

D Q

QD 16x4

write
enable

write
strobe

pulse
generator

vSUtdW	hnO � �5= *�x  � aRcP_-,�tdW	hCOR]�~uQA��9)% � Z[OoZ[cdhCi Sm_ *�� �rL �p�rL�~p_P] �pM L �

��������� � "#� � ���� � ���#���������	��	��
��� � �������#	 ��� �!��"#���

M5NPO;~p}	}	hncd~uaRNV\X~" uOo_VS`_$\INPO $�WPaROo_p\vM ORa N	_Pcp{UcptfS|ORQ * }P\TS`Z[S �ROR] � ORaRcd_-,�tdW	hq~pYP{UO � OR{|{PL$hThT~ i � *�� �rL��
~phCaRNPSU\TORaR\XW	hCO S|Q$QqSmZFS|{`~ph9\Tc<\XN	~u\$\I~" uOo_bS`_�\XNPO " SU{US`_�%)}	~phC\qQ�� 6 _�~u{U{ *�� �rL ;x��$LVQo� Oo~uaRNb{|cftpSUa
YP{Ucda& � ao~u{U{UOR]-~ xzhCcptdhq~pZKZK~pYP{UO  W	_PaR\TSUcd_ � _PS|\ ��x  � � aRcd_p\I~uS`_PQAegcdW	h � � S`_	}	WP\K{UcPc  dW	}!\I~pYP{UORQo�
egcdW	h9{m~w\Ta NPORQ �;~p_P]-~u]	]	SU\TSUcd_	~u{�tp{`WPO^{|cftpSUa"���z~uaRN)x  � ao~p_!Y	O�aRcP_-,�tdW	hCOR]-~uQ[ORSU\XNPOoh[\Cjrc)��9 % �
Z[OoZ[cPhCSUORQ5cdh5~[QqSm_Ptf{|O<��9)% � Z[OoZ[cPhCi �`��"�� �3"	� � � 
+�

 W	hC\XNPOoh71�O&%dS`YPSU{US|\Ci^SUQ5}	hCcu�dSU]	OR]^S`_ \XNPO *�� �rL �p�rL ~p_P] �pM�L }	~phn\TQ���6 _ \XNPORQTOV]	OR�dSUaRORQo��QTOo}	~5�
hT~u\qO hnOo~u] ~p_P]KjVhCSU\TO ~u]	]�hCORQqQTORQ;\Tc9Oo~uaRN x  � ao~p_KY	O$}	hCcu�PS|]	OR]<Ypi[\TS`Z[O$� Z[WP{U\TS`}P{UO&%dS`_Pt<\XNPOoZ�cd_f\Tc
\XNPO9QTS`_Ptp{UOKQTOR\Vcue�~u]	]�hCORQTQV{US`_PORQ���vSUtdW	hCO � �5=[QXNPcuj5Q$~ QTS`ZK}P{US4,�OR]!�PS|ORj�cwe�\XNPOKx  � ~phCaRNPS|\qORaR\XW	hCO
j NPOo_<aRcd_-,�tPW	hCOR]�~uQ ~<��9)% � Z[OoZ[cdhni"��M�NPO$j hCSU\TOA~u]	]�hCORQqQ5SUQ5QXW	}	}P{USUOR] S`_<cd_PO$aR{UcPa  <}	N	~uQTO$jVNPS|{UO
\XNPO hnOo~u]K~u]	]�hCORQTQzS|Qr}	hCcu�dSU]	OR]<S`_[\XNPO5cp\INPOoh&� �;ORQqS|]	ORQrQXW	}	}�cdhC\TS`_Pt9QTS`Z WP{U\X~f_PORcdWPQ5hCOo~u]	Q;~p_P]KjVhCSU\TORQ
e hCcdZ�Oo~ua N x� � ��\XNPSUQ[~phCaRNPS|\qORaR\XW	hCOK~u{UQTc ~w{|{Ucuj5Q$\XNPO[S`ZK}P{UOoZ[Oo_f\X~u\TSUcd_ cue5~K\Cjrc)� hCOo~u]�� cP_PO$� j hCSU\TO
}	cPhC\ � L � �	QTS`Z[SU{`~ph5\qcK\XNPO$]�W	~u{ � }	cPhC\ ZFcd]	O$cuev\XNPO�"VSU{|S`_�% " � � 12121p�9;x��$L.�
M�NPO *�� �rL�x  � Q$ao~p_�Y�OKaRcdZ[YPS`_POR])\Tc^S`ZK}P{UOoZ[Oo_f\A{`~phntpOohV{UcptpSUao~u{�ZFOoZ[cdhCSUORQAS`_�\INPO QI~pZ[O

ZK~p_	_POoh^~wQ^\XNPO " SU{US`_�% � $ �zQ����PS`_PaRO�\XNPO�Z[S`_PS`Z W	Z ]�~u\X~!j5SU]	\XNDcue[Oo~uaRN x  � SUQ�\Cjrc��r\XNPO
Z[S`_PS`Z[W	Z�]�~u\I~[j5SU]	\XN^cwe�~p_fi S`ZK}P{UOoZ[Oo_f\TOR]�{UcptpSUao~u{vZ[OoZ[cdhCi S|Q$~u{UQTcK\Cjrc��

��"



������� � � � � � � � ��	��� ��������	���� �!��"����

M5NPO$~phCaRNPSU\TORaR\XW	hCO5cwe \INPO �5hncpQTQX}�cpS`_p\r�5x �21  e ~fZ[SU{|i cue�;x��$LVQ;SUQrQXNPcuj _[S`_�vSUtdW	hCO � � � � ���P� �29 
+�
M5NPOK]	S`~utPhT~pZ�QXNPcuj5Q$\Cjrc ]	SUQT\qSm_PaR\9\Ci�}�ORQAcue5Y	WPS|{U]	S`_Pt)YP{UcPa  fQ�*$\Xhq~p_PQTSUQT\Tcdh+� }	~uS`hV\TSU{|ORQ �gM5xzM �$~p_P]
� L ��� {|cftpSUa$\TSU{|ORQ � � $dM � ���z~uaRNKM5x;M aRcd_f\X~uS`_PQrcd_PO _-� \Ci	}	OV\XhT~p_PQqS|Qq\Tcdhv~p_P]<cd_PO$}-� \ i	}	OV\XhT~f_PQTSUQT\Tcdh
~p_P] SUQ ~uS`Z[OR]+}	hCS`ZK~phCSU{Ui-~u\[S`ZK}P{UOoZ[Oo_f\TS`_Pt)\XNPO^{UcptfS|a�}	cdhn\TSUcd_PQKcue ~ aRSmhnaoWPS|\5� ��OoZ[cPhCi�ao~p_ Y�O
S`ZK}P{UOoZ[Oo_f\TOR] WPQTS`_Pt)\XNPO � $PMrQ�N5Oo~wa N � $PM�aRcd_f\X~uS`_PQKcd_PO�YPSU\ cue$QT\TcPhT~utpO � � $PMrQ ~u{UQTc!aRcd_f\X~uS`_
~u]	]	SU\TSUcd_	~u{ aRS`hCaoWPSU\XhCi^\Tc SmZ }P{|OoZFOo_p\Vj5SU]	O Z[WP{U\TS`}P{UO&%dcdhnQA~p_P]^QTORl	WPOo_p\TS`~u{ {|cftpSUaAOR{UOoZ[Oo_f\TQ��&�

ROUTING CHANNEL

ROUTING CHANNEL

TPT

RLT

vSUtdW	hCO � � � *v�5hCcpQTQI}	cpS`_f\ �5x �31  ~fhCa NPSU\TORaR\IW	hCO"�

vSUtdW	hnO � �`��1VQXNPcuj5QrNPc j � $dMrQ�ao~p_KY	OVaRcdZ[YPS`_POR]^\Tc$egcdhTZ�{UcptfS|ao~w{ ZFOoZ[cdhCSUORQ��vM5NPO � $PMrQ5~phCO
aRcd_	_PORaR\TOR][WPQTS`_Pt$]	OR]	SUao~u\TOR]Ajrcdhn]	{|S`_PORQ��B\B[�Y � � [�PS[�W�bu~p_P]��:\�UXbc[ � [�P3[�W�b!�R�R~5]	OR]	SUao~u\qOR]FYPSU\T{US`_PO � ��Y�bcY5�R�
~p_P]�~K]	OR]	SUao~u\TOR]�aRcp{`W	ZK_bQTOR{UORaR\${US`_PO � e cPW	hrcp\XNPOohV}PS`_PQA_Pcp\ _PcPhTZK~u{U{Ui�WPQTOR]�j NPOo_^S`ZK}P{UOoZ[Oo_f\TS`_Pt
Z[OoZ[cPhCiK~phCO _Pcp\zQXNPcuj _ �&�vM5NPO5]	OR]	SUao~u\qOR]^j�cPhC]	{USm_PORQ5~p_P]<aRcp{`W	ZK_ QTOR{UORaR\r{|S`_PORQ5ao~f_ Y�O aRcd_	_PORaR\qOR]
\Tc�M5xzMrQ ~w\$\XNPOKOR]	tpOKcwe \INPOKa NPS`})Nv~p_�~w]	]	S|\qS|cP_	~u{ � $dM SUQFhnORl�WPS`hCOR]!\Tc^aRcd_	_PORaR\9\XNPO YPSU\T{US`_PO�\Tc
M5xzMrQ � \INPS|QK~u]	]	SU\TSUcd_	~w{ � $dM�~uaR\TQ[~uQ ~bQTOo_PQqO ~pZ }P{|S ,�Ooh/� � M5NPO j�cPhC]	{USm_PORQ ao~p_)Y�O QI}P{|SU\[S`_!\XNPO
Z[SU]	]	{UO�cueA\XNPOba NPS`}+Z[Oo~p_PS`_Pt \Cjrc�Sm_P]	Oo}�Oo_P]	Oo_p\�Z[OoZFcdhCSUORQ ao~f_-Y	O�S`ZK}P{UOoZ[Oo_f\TOR]���M5NPO�]�~u\X~
Z[WP{U\TS`}P{|O&%PcdhCQV~p_P] ~w]	]�hCORQTQ;]	ORaRcP]	Ooh5~phnO5S`ZK}P{UOoZ[Oo_p\qOR] WPQTS`_PtKM5x;M Q��v�PSm_PaRO$\INPO {`~phCtfORQT\�;x��$L+S`_
\XNPO5�5x �21  e ~pZ[SU{UiAaRcP_p\X~wSm_PQ "292= � � $PMrQo�u\INPO Z ~)%dS`Z[W	Z�Z[OoZ[cdhCi$QqS �RO�\XN	~u\�ao~p_[Y�O�S`ZK}P{UOoZ[Oo_f\TOR]
SUQ Qq{|SUtdNf\T{Ui^{UORQTQV\XN	~p_G" �59  YPSU\TQ��
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RLT

RN WN

RWCS

RLT

RN WN

RWCS
RLT

RN WN

RWCS

RLT

RN WN

RWCS

READ 
SELECT

WRITE
SELECT

COLUMN
SELECT

DATADATACOLUMN
SELECT

READ 
SELECT

WRITE
SELECT

vSUtdW	hnO � �`��1 *v�rcdZ[YPS`_PSm_Pt � $PMrQV\Tc[aRcd_PQT\XhTWPaR\V~[{`~phCtpOoh5~fhThT~ i"�

A ��� � � 	���� 	�� K ��	[� ��	�� � 	���� � � C 	 � �7E ��
 	 � � � GJILK � �

LV{|{ cue \XNPO�;x��$LVQr]	ORQTaohCS`Y	OR]bSm_<\INPO }	hCOR�PSUcdWPQ5QTORaR\qS|cP_^~phCO5S`_PO$# aRSUOo_f\ j NPOo_<S`ZK}P{UOoZ[Oo_f\TS`_Pt<{m~fhCtpO
Z[OoZ[cPhCSUORQ���6 _ \XNPSUQ;QTORaR\TSUcd_ jrOr]	ORQTaohCS`Y	O$QTS %[aRcdZKZFOohCaRS`~u{ NPOR\TOohncptpOo_PORcdWPQr~phCaRNPS|\qORaR\XW	hCORQ;jVNPS|aRN<~phCO
QXWPSU\X~pYP{UO e cdh SmZ }P{|OoZFOo_p\TS`_Pt^aRS`hCaoWPSU\TQ$j5SU\XN<{`~phntpOAZ[OoZ[cdhni hCORl	WPS`hCOoZ[Oo_f\TQ��

��������� ��� � � � ��� ��� � � ��� �����$�#	���� �!� "����

M5NPO5LV{U\TOohT~  $�� "���1  e ~pZ[SU{UiKcue�}	hCcptdhT~fZKZK~pYP{UOr{UcptpSUa ]	OR�PSUaRORQraRcd_p\I~uS`_[{`~phCtpO5OoZ[Y�OR]	]	OR] ~phqhT~ idQ
S`_<j NPSUa N<Z[OoZ[cPhCiKao~p_<Y	OVO$# aRSUOo_p\q{|i<S`ZK}P{UOoZ[Oo_f\TOR]�� ~wQ;jrOR{U{ ~wQ�QIZK~u{U{�{UcPc  dW	}-� \I~pYP{UORQ5QXWPSU\X~pYP{UO$egcdh
S`ZK}P{UOoZ[Oo_f\TS`_Pt�{UcptpSUa � � � � �p� 
+��� OoZ[Y�OohCQ$cue5\XNPSUQ$e ~pZ[SU{Ui�aRcd_f\X~uS`_�Y�OR\ jrOROo_ "b~p_P]-� ���2Z
	�[ � �/[ �
�"\�\BY�]�0P3R�W�� � �g�vL��zQ��R�uOo~uaRN cue�j NPSUa N aRcd_f\X~uS`_PQ�~ �5�  �zS|\5~phqhT~ i"� M5NPO$�vL��zQ�~phCOV}	cpQTSU\TSUcd_POR]^S`_<~
QTS`_Ptp{UO5aRcp{`W	ZK_9S`_9\XNPO5Z[SU]	]	{UO5cue�\XNPOza NPS`} �d~wQ QXNPcuj _ S`_ vSUtdW	hnO � �`�p�"��M5NPO5�yL �zQv~phCO;aRcP_	_PORaR\TOR]K\Tc
\XNPO${UcptpSUaA~phqhT~ iFYP{UcPa  fQ � Oo~uaRNKcue j NPSUa NkaRcd_p\I~uS`_PQ�ORSUtdNf\ � � S`_	}	WP\5{UcPc  PW	}^\X~pYP{UORQ��rWPQTS`_Pt^NPcdhCS �Rcd_f\X~u{
~p_P]^�pOohn\TSUao~u{ hCcdWP\qSm_Pt a N	~p_	_POR{UQ��

vSUtdW	hnO � �`� �9QXNPcuj5Q ~9QTS`_Ptp{UOK�vL�� ��M5NPOAZ[OoZFcdhCi^~phThT~ iKj5SU\XNPS`_k\XNPO �yL �Dao~p_^Y�OAaRcd_-,�tdW	hnOR]
~uQr~ ���29 % =	����� �)% � �	��1�� � % �Vcdhz~ �21 � =)% ��Z[OoZFcdhCi"� � ORtpSUQT\TOohnQ�ao~f_KY	OVcd}P\TSUcd_	~u{U{Ui<Sm_PaR{`WP]	OR]�Y	OIegcdhCO
\XNPO[S`_	}	WP\TQK~p_P]�~ eg\TOohV\XNPO[cdWP\X}	WP\TQ$cwe�\XNPO ~fhThT~ i"�$LV{|\INPcdWPtdN�_Pcp\$QINPc jV_�S`_�\INPOK]	S`~utdhT~pZk� \XNPOohCO
~phCOV~u{UQTc[]	OR]	S|ao~w\TOR]^S`_	}	WP\TQr\XN	~u\;ao~f_ Y�O WPQTOR]<\Tc9]�hCSU�pO \INPO aR{UcPa  [S`_	}	WP\TQ�cue�Oo~ua N<hCORtpSUQT\qOoh;~p_P]<\XNPO
j hCSU\TO$Oo_	~fYP{|O[S`_	}	WP\Vcue�\INPOAZ[OoZ[cdhCi^~phThq~oi"�
M�NPS|Q$~phCaRNPSU\TORaR\XW	hCO9ao~p_bS`ZK}P{UOoZ[Oo_p\${`~phntpO Z[OoZFcdhCSUORQ Z[WPaRN�Z[cPhCOAO$# aRSUOo_f\T{Ui�\XN	~f_^\XNPO " SU{US`_�%

~phCaRNPSU\TORaR\XW	hCOV]	ORQTaohCS`Y�OR]^Sm_<�PORaR\TSUcd_ � �#" �`�"���z~ua NFcue�\XNPO , hnQT\;\XN	hnORO5{UcptpSUao~u{�Z[OoZ[cdhnS|ORQrS`_<M ~pYP{UO � � �
ao~p_!Y	O<S`ZK}P{UOoZ[Oo_p\qOR] WPQTS`_Pt�~^QTS`_Ptp{UO��yL � N \XNPO e cdW	hn\XN�{UcptpSUao~u{5Z[OoZ[cPhCi�ao~p_)Y�O S`ZK}P{UOoZ[Oo_f\TOR]
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Logic Array Blocks

Horizontal
routing channels

Vertical routing channels

Embedded Array Blocks

vSUtdW	hCO � � �p�"* v{Ucdcdhq}P{m~f_^cuevL {U\TOohq~. $�� "���1  ~fhCa NPSU\TORaR\IW	hCO"�

D  Q

Data−in

(8, 4, 2, 
 or 1 bit)

Memory
Array

(configurable to
 one of:
    256x8
    512x4
   1024x2
   2048x1)

D  Q

D  Q

Address

(8−11 bits)

Write
enable

(1 bit)

D  Q (8, 4, 2, 
 or 1 bit)

Data−out

Local
Inter−
 connect

vS|tPW	hCO � � � � * �zZ[Y	OR]	]	OR]�~phThT~ i YP{UcPa  <S`_b~p_<L {U\TOohq~. $�� "���1  ��x $ s �

WPQTS`_Pt�\Cj�c��yL �zQ��b�v�pOo_ {`~phCtpOoh {|cftpSUao~u{5Z[OoZ[cdhCSUORQ[ao~p_�Y�O aohnOo~u\TOR] Ypi�aRcdZ[YPS`_PS`_Pt)�vL��zQ�N�vSUt)�
W	hCO � � ��"9QXNPcuj5Q NPcuj+QTS %��vL��;Q �	Oo~uaRN<Sm_k\XNPORS`h����29)%Q= ZFcd]	Op�	ao~f_^Y	OAaRcP_	_PORaR\TOR]�\Tc SmZ }P{|OoZFOo_p\$~
�	� � % � � {UcptpSUao~u{ Z[OoZ[cdhCi"�

��9



256x8

EAB

256x8

EAB

256x8

EAB

256x8

EAB

256x8

EAB

256x8

EAB

address

data−in data−out

WE

data−in data−out

address

WE

2−
1 M

U
X

data−in data−out

address

WE

data−in data−out

address

WE

2−
1 M

U
X

data−in data−out

address

WE

256x8

EAB

256x8

EAB

256x8

EAB

data−in data−out

address

WE

256x8

EAB

256x8

EAB

256x8

EAB

2−
1 M

U
X 8

8

8

24

data−
out

8

8

8

24

data−
in

address

bit 0
bits 1−9

write

8

vSUtdW	hCO � � ��" * �	� �)% � � Z[OoZ[cdhCi<S`ZK}P{UOoZ[Oo_f\TOR]�WPQTS`_Pt QTS %��yL �zQ��

��������� ���!��� � � � ��� � � ��������	���� �!��"#�$�

L QTS`Z[SU{`~ph5~f}	}	hCcd~uaRN[SUQ5WPQTOR] S`_<\XNPOVLVaR\TOR{."��3121us�" e ~pZ[SU{Ui �`� � 
+�vM5NPO ;x�� L Qzj5SU\XNPS`_<\XNPSUQ;e ~pZ[SU{Ui
aRcd_f\X~uS`_<Y	OR\CjrOROo_O=[~p_P]���9AZFOoZ[cdhCi ~fhThT~ idQ �uOo~ua N cue�j NPSUaRN<ao~p_ Y�O$aRcd_-,�tdW	hCOR]^~uQ "��)%Q=$cPh 9 � % � �
� _P{|S! uO \XNPO�L {U\TOohT~!�vL��zQo�5Oo~wa NDLVaR\TOR{ � � L�� YP{Ucda& aRcd_f\X~uS`_PQ^S`_P]	Oo}	Oo_P]	Oo_f\�hCOo~u]+~p_P]+j hCSU\TO
~u]	]�hCORQqQ }�cdhC\TQ5~p_P]^QqOo}	~phT~u\TO$hCOo~u]^~p_P]^j hnS|\qO aR{UcPa  fQ��;M5NPSUQ5SUQ5QIWPS|\I~pYP{UO$egcdhzSmZ }P{|OoZFOo_p\TS`_Pt^Y	W-3�OohCQ
j NPSUaRN�Z[WPQT\ Y�O hCOo~u]�~f_P]^j hCSU\T\TOo_<QTS`Z[WP{U\X~p_PORcdWPQq{|i"�

������� � � � � � 	�� �
	�� � ������� ��� � � �$���#	 � � �!��"#���

$�~u\q\TSUaRO)� Q ~p}	}	hCcP~ua N \TcKaRcP_-,�tdW	hT~pYP{UO ZFOoZ[cdhCiKSUQ W	_PSUl	WPO[Sm_k\XN	~u\r\XNPORi<c)3�Oohz\XN	hCORO$]	OR�PS|aRORQVj NPSUaRN
~phCO9SU]	Oo_p\TSUao~u{g� O&%daROo}P\Vegcdh�\XNPOKZ[OoZ[cdhCi^hCORQTcPW	hCaRORQ � �2= 
+��L {U{v\XN	hCORO[}	~phC\TQVaRcd_f\X~uS`_ � 9212= YPS|\qQo��Y	WP\
]	S 3�Ooh5S`_^\INPO$QXW	}	}	cdhn\5aRS`hCaoWPSU\XhCi^egcdhz\XNPOA~phqhT~ idQ��

6 _!\XNPO<9��o���)� }	~fhC\o�z\XNPO�Z[OoZ[cdhni)~uaR\TQ ~wQ ~ ���29 % ��=bcdh �	� �)%�� , hCQq\'� S`_9, hCQT\ � cdWP\ � �6  * �
Y	W-3�Ooh&�vM5NPO �6  * SUQz]�W	~u{ � }	cdhC\qOR]�N	cd_PO }�cdhC\vSUQraRcd_	_PORaR\TOR]K]	S`hCORaR\T{Ui<\Tc 6 � * }PS`_PQo�Pj NPSU{|OV\XNPO5cf\XNPOoh
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SUQ$aRcd_	_PORaR\TOR]�\qc \XNPO[{UcptpSUaKhCORQTcPW	hCaRORQ�� 6 � * QTSUtd_	~u{UQ$S`_P]	S|ao~w\TS`_Pt Y	W-3�Ooh �Ce WP{|{ ��� �TOoZK}P\Ci ��� �I~u{`Z[cpQT\
e WP{|{ ���p~f_P] �X~u{`Z[cfQT\�OoZK}P\Ci � ~phCOr}	hCcu�dSU]	OR]��vM5NPO;\IN	hCORQXNPcp{U]	Q cue �X~u{`Z[cpQq\ e WP{U{ �A~p_P] �X~u{`Z[cpQT\ OoZK}P\Ci �
~phCOA~w]#�nWPQT\I~pYP{UO Yfi \XNPOAWPQqOoh&�
M�NPO 9��o���p��� ]	OR�dSUaRO!aRcd_f\X~uS`_PQ�~!QT\X~p_P]�~fhC] QTS`_Ptp{UO$� }	cPhC\ Z[OoZFcdhCi)NASU\^ao~p_+S`ZK}P{UOoZ[Oo_f\�cd_PO

���29 % ��= cdh �	� �)%�� QTS`_Ptp{UO$� }	cPhC\�{UcptpSUao~u{[Z[OoZ[cdhni-cdh \Cj�c+� �2= % ��= cdh ���39)%�� QTS`_Ptp{UO$� }	cPhC\�{|cftpSUao~u{
Z[OoZ[cPhCSUORQ��;M5NPO$Z[OoZ[cdhniKcdh;ZFOoZ[cdhCSUORQ5ao~p_<Y	O$ORSU\XNPOoh aRcd_	_PORaR\TOR]^]	S`hCORaR\T{Ui<\Tc 6 � * }PS`_PQ5cdhy\Tc[\XNPO
{UcptpSUa }	~fhC\5cue \INPO ;x�� L �

6 _$\XNPO 9	�o���ws���}	~phC\ �o\XNPOrWPQTOoh ao~p_$S`ZK}P{UOoZ[Oo_f\vcd_PO;]�W	~w{4� }�cdhC\ ���29)% ��=rcPh �	� �)%	�5Z[OoZFcdhCi � \XNPO
cd}P\TSUcd_Fcue�aohCOo~u\TS`_Pt[\Cj�c$QIZK~u{U{UOoh�ZFOoZ[cdhCSUORQ;SUQ5_Pcp\r}	hCcu�dSU]	OR]��&�;�PS`_PaROV\XNPO$Z[OoZ[cdhCi9SUQ�]�W	~w{4� }�cdhC\TOR]��
SU\5ao~p_bY	O ~waRaRORQTQTOR]<e hCcdZ�\XNPO 6 � * }PS`_PQ$~p_P]^\XNPO9{|cftpSUa }	~phC\rcuev\XNPO�;x��$L�QTS`Z WP{U\X~f_PORcdWPQT{Ui"�

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

M5NPO9L {U\TOohT~� $ L$� �5{UcptfS|aK~phna NPSU\TORaR\XW	hnO � e cdhqZ[OohC{Ui Z ~ph/ uOR\TOR]�Ypi 6 _f\TOR{!�VaRcd_PQTSUQT\qQ cue;ORSUtdNf\VaRcd_-,�t)�
W	hT~pYP{UOre W	_PaR\TSUcd_[YP{Ucda& fQ �g�2 �zQ�� aRcd_	_PORaR\TOR] WPQTS`_Pt[~5tp{UcdY	~w{dS`_f\TOohCaRcd_	_PORaR\rZK~u\XhCS % � �f� 
'���z~uaRNA�2 �
ao~p_^Y�O$aRcd_-,�tdW	hCOR]^\TcK~uaR\rORSU\XNPOoh5~wQ ~ ���#�[��15� {US! uO {UcptfS|a[YP{Ucda& KcPh�~<� �3=)% ��1 ZFOoZ[cdhCi"� � _P{|S! uO9\XNPO
cp\XNPOoh aRcd~phCQTO$� tPhT~uS`_POR]�~phCaRNPSU\TORaR\XW	hCORQo��\XNPO ~uQI}	ORaR\ hT~w\TSUcKcuevOo~ua N^ZFOoZ[cdhCiKSUQ$_Pcp\5aRcd_-,�tPW	hT~pYP{UO"�

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

6 _<�o�f�21	� \XNPO $�� 6�s$SU�PSUQTSUcd_Kcwe  ~oj5~uQI~" pSP�P\TOROR{	]	ORQTaohCS`Y	OR]^~V}	hCcp\Tcp\Ci	}	O�;x��$LDaRcd_f\X~uS`_PS`_PtA~VQTS`_Ptp{UO
=5�  YPSU\ � � L � YP{Ucda& �5"21 
+� s$OR]	SUao~u\TOR]��6( * aRcd_f\XhCcf{�aRS`hCaoWPSU\XhCi^j5~uQ5~u{UQTc[S`_PaR{`WP]	OR]���~u{U{|cuj5S`_Pt<\XNPO
Z[OoZ[cPhCi^\Tc�Y	OKWPQTOR] ORS|\INPOoh$~uQA~ �6  * Y	W-3�OohVcdhV~^hT~p_P]	cdZ�~uaRaRORQTQAZFOoZ[cdhCi"�AM�NPO ]�~w\X~Kj�S|]	\IN
aRcdWP{U] Y�OAaRcd_-,�tPW	hCOR] ~uQ � cdh = �

������� � � ��" � � ����	��
�����$�#	���� �!� "����

* _POAcwe�\XNPO9Oo~phC{USUORQT\ ;x��$L�~phCaRNPSU\TORaR\XW	hCORQVj5SU\XNbZ[OoZ[cdhCi<j5~uQ }	hCcP}	cpQTOR]�� Y	WP\ _Pcp\VZK~ph/ uOR\qOR]���Ypi
xv{`WPQ $ cptpSUap� 6 _Pa"�-S`_��o�2=p� �5"�� 
'�-M5NPORS`h ;xz� $ �	�p��1 ;x�� L�~phCaRNPSU\TORaR\XW	hCOp�rj NPSUaRN j5~uQKao~f}	~pYP{UO
cue5S`ZK}P{UOoZ[Oo_f\TS`_Pt ��13121<\Tc �312121^tP~u\TORQo� aRcd_p\I~uS`_POR]�~k]�W	~u{ � }	cdhC\b�p� ���^YPSU\KZ[OoZ[cdhni"��M5NPO<QTS`_Ptp{UO
~phThq~oi[aRcdWP{U]�Y	O$aRcd_-,�tdW	hnOR]�~uQ "��)%Q"29	�(9 � % ��=	�fcdhV� �2=)%	� � $ S  wOA\XNPO  ~ j5~uQX~" fS �P\qOROR{ ~fhCa NPSU\TORaR\IW	hCOp�
SU\[aRcd_p\I~uS`_POR])cd_P{Ui!cd_PO^~phThT~ ip� ZFOo~p_PS`_Pt SU\[aRcdWP{U]-Y	O^WPQTOR] \TcbS`ZK}P{UOoZ[Oo_p\ cd_P{Ui)~bQTS`_Ptp{UO^{|cftpSUao~u{
Z[OoZ[cPhCi"�

��=



Logic resources

32−Kbit
Memory
Block

32−Kbit
Memory
Block

vS|tPW	hCO � � � � *�v{UcPcdhT}P{`~p_kcuey��NPSm}b��%	}	hCORQTQ � " �	��121 $�x�� L �

A ��� � MA� ����� ��� 	 � � ��	 � 	 � �*I � �� ��	 � � 	 � �
	 K 	2� 	 � ����	 �

M5NPO$��" �212121�$�~wQTOoh � x;hncptdhT~pZ ZK~pYP{UO��A~w\TO5L$hThT~ i � $�x�� L ��e ~fZ[SU{|iFe hCcPZ��5NPS`}^��%	}	hCORQTQr~u{UQTc[aRcd_-�
\X~uS`_PQ[OoZ[Y	OR]	]	OR]DaRcd_-,�tdW	hT~pYP{UO�Z[OoZFcdhCi �5"�� 
'� � _P{US! uO ~f_ ;x��$L[� ~p_ $�x�� L�ao~f_)_Pcp\KY�O�}	hCc)�
tdhT~fZKZ[OR]�S`_ \XNPO.,�OR{U]��;Y	WP\ Z[WPQT\[Y	O^}	hCcptdhq~pZKZ[OR]�Yfi \INPO $�x��$L��pOo_P]	cdh � xzhCcd}	hCSUOR\X~fhCi�{m~wQTOoh
}	hCcptPhT~pZKZ[S`_PtK\qORa N	_Pcp{Ucptfip��NPcuj�OR�fOohR�	hCORQXWP{U\TQ5S`_�~F\XW	hT_-� ~phCcPW	_P]^\TS`Z[O ~uQ�QXNPcdhC\5~uQ5cP_PO$]�~oi"�
M�NPO���" �312121be ~pZ[SU{Ui cue $�x�� L Q<aRcd_f\X~uS`_ Y	OR\CjrOROo_ �ROohCc ~p_P]!egcdW	h4"��5�  YPSU\ YP{UcPa  fQ��+�;~uaRN

YP{Ucda& Dao~p_+S`ZK}P{UOoZ[Oo_f\ W	}+\qc!e cdW	h<S`_P]	Oo}�Oo_P]	Oo_p\�QqSm_Ptf{|O$� }�cdhC\�{UcptpSUao~u{AZ[OoZFcdhCSUORQ�cdh<\Cjrc!]�W	~u{ �
}	cPhC\KZ[OoZ[cdhCSUORQ��bLV{|\INPcdWPtdN!\XNPO<]	OR\X~uSU{UQKcue5\XNPO^~phCaRNPSU\TORaR\XW	hCO�~phnO _Pcp\K~ � ~uSU{`~pYP{UOp����NPSm} � %�}	hnORQTQ
~u]	�pOohn\TSUQTORQv\XN	~u\v\XNPOrjrcdhC][j5SU]	\XNFcue \XNPORQqO�{UcptfS|ao~w{ Z[OoZ[cPhCSUORQ;ao~p_[Y	OVY	OR\CjrOROo_^�5~p_P]^� �2=$YPSU\TQo�P~p_P]
\XNPO$]	Oo}P\XN<ao~f_^Y	O Y�OR\Cj�OROo_ �[~p_P]���9  jrcdhC]	Q�� L 1�cPcdhT}P{`~p_kcue \XNPOA��" �	��131�$ x��$L1S|QVQXNPcuj _ S`_
vSUtdW	hCO � � � � NP\XNPSUQ ]	OR�PSUaROAaRcd_f\X~uS`_PQV\Cj�c[Z[OoZ[cdhni YP{UcPa  fQo� Oo~ua N<S`_kcd_PO$aRcdhT_POohrcwe�\XNPO$aRNPS`} �5"2" 
+�

A ��� G � C � ��� 
:MA�/� 	 
�� E � 	

L$_ O&%	}	OohCS`Z[Oo_f\X~u{5aRcP_-,�tdW	hT~pYP{UO�Z[OoZ[cdhni)S`ZK}P{UOoZ[Oo_f\X~u\TSUcd_ OoZK}P{UcuidS`_Pt \XNPO^aRcd~fhCQTO$� tdhT~wSm_POR]+~p}-�
}	hCcd~wa NbSUQA]	ORQTaohnSmY�OR])S`_ � � ��" � 
+�[M5NPO[a NPS`} � ao~u{U{UOR] vS � � ��SUQAQT\I~p_P]�� ~u{Ucd_PO�N�\IN	~u\$SUQo��\XNPOK~u]	]�hnORQTQ
~p_P]^]�~u\I~[{USm_PORQA~fhCO$aRcd_	_PORaR\TOR]b]	SmhnORaR\T{Ui^\TcKO&%P\TOohT_	~u{�6 � * }PS`_PQ��
M�NPO�Z[OoZ[cdhCi hCORQTcPW	hCaRORQ cwe vS � � aRcP_PQTSUQT\ cwe egcdW	hb�$�  YPSU\ ~phqhT~ idQo�yOo~ua N cue$j NPSUa NDao~p_ Y�O

aRcd_-,�tdW	hnOR]�~uQA� �2= % =	� ���29)% � � �	� �)% �	�PcdhV��1�� � % �"� M5NPOohCOA~phnO ~u{UQTcFe cdW	hzO&%P\TOohT_	~u{ 6 � * }�cdhC\TQo�POo~uaRN
cuevj NPSUa NkaRcd_f\X~uS`_PQ ~w]	]�hCORQTQ }PS`_PQo� ]�~u\X~K}PS`_PQo� ~p_P]�~KYP{UcPa  <Oo_	~fYP{|OK}PS`_ �rM5NPOAaRcd_-,�tPW	hT~pYP{UO ~phqhT~ idQ
~p_P]9O&%d\TOohq_	~u{d}PS`_PQ;~phCOzaRcd_	_PORaR\TOR]KWPQTS`_Pt ~V_Pcu�pOR{pS`_f\TOohCaRcd_	_PORaR\vQT\IhTWPaR\XW	hCOr~uQ�QXNPcuj _ Sm_ vSUtdW	hCO � �`� � �
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I/O Port 4
I/O Port 3
I/O Port 2
I/O Port 1

Array 1

Array 2Array 3

Array 4 Note: Each bus contains address,
        data, and block enable lines

vS|tPW	hCO � � � � * vS � � Sm_f\TOohCaRcP_	_PORaR\ QT\IhTWPaR\XW	hCO"�

M5NPSUQrS`_p\TOohnaRcd_	_PORaR\5QTOohC�fORQ;\Cjrc }	W	hT}�cpQTORQ�* SU\5~u{U{|cuj5Q5~phqhT~ idQz\Tc Y�O aRcdZ[YPS`_POR]^\Tc9SmZ }P{|OoZFOo_p\5{`~phntpOoh
{UcptpSUao~u{5Z[OoZ[cPhCSUORQo�v~p_P]�SU\[aRcd_	_PORaR\TQA\INPO ~phqhT~ idQ$\Tcb\XNPOKO&%P\TOohT_	~u{26 � * }	cPhC\TQ��<L  uORibe Oo~w\XW	hCOKcue
\XNPSUQrS`_p\TOohnaRcd_	_PORaR\rS|Q�\XN	~u\vSU\rS|Q5_Pcp\raRcdZ }P{|OR\qO�N�_Pcf\;OR�pOohCi<~phThT~ iAao~f_ Y�O aRcd_	_PORaR\qOR]^\TcAOR�pOohni cf\XNPOoh
~phThq~oi<~p_P]^OR�pOohCi 6 � * }�cdhC\�� �vOR\o� Ypi<\X~" fS`_Pt ~u]	� ~f_p\X~wtpO cwe�\XNPOVe ~uaR\r\XN	~u\5~u{U{ ZFOoZ[cdhCi^YP{Ucda& pQV~phCO
SU]	Oo_p\qS|ao~w{ �r~uQ[~phCO ~u{U{ 6 � * }�cdhC\TQo� \XNPO<Sm_f\TOohCaRcP_	_PORaR\ Qq\XhTWPaR\XW	hCO ao~p_�S`ZK}P{UOoZ[Oo_f\ ~uQ[ZK~p_fi�{|cftpSUao~u{
Z[OoZ[cPhCi�aRcd_-,�tdW	hq~u\TSUcd_PQ ~uQ[S eA~�aRcPZK}P{UOR\TO�S`_f\TOohCaRcd_	_PORaR\KQq\XhTWPaR\XW	hCO^N	~u]-Y�OROo_ OoZK}P{UcuipOR]�� M5NPO
S`_p\qOohCaRcd_	_PORaR\ hnORl�WPS`hCORQ$cd_P{Ui ���21<}	~uQTQ � \XhT~p_PQTSUQT\qcdhCQ$~p_P] �p�KaRcP_-,�tdW	hT~u\TSUcd_�YPSU\TQ�� �V~u]�~KaRcdZ }P{|OR\qO
S`_p\qOohCaRcd_	_PORaR\AY	OROo_ WPQTOR]���~u\5{UOo~uQT\ ��� 1K}	~uQTQ � \XhT~p_PQTSUQT\qcdhCQ$~p_P] � = aRcd_-,�tdW	hq~u\TSUcd_�YPSU\TQ$jrcdWP{U] N	~ �pO
Y	OROo_bhCORl	WPSmhnOR]��

�zORao~pWPQqO cwe;\XNPOAO$# aRSUOo_f\$S`_p\TOohnaRcd_	_PORaR\$OoZK}P{UcuipOR]�� \XNPO[aRcdZK}P{UOR\TO.vS � � a NPS`}bj5~uQ cP_P{|i "2=��
{`~phCtpOohy\XN	~p_9\XNPOregcdW	hzZ[OoZ[cdhCi[~phThT~ iPQvj5SU\XNPcdWP\r~p_pi[hCORaRcd_-,�tdW	hq~pYPSU{|SU\Ci"�rM5NPO ~uaRaRORQTQz\TS`Z[O5cue�vS � �
j5~uQ =p����Qq{|cujrOohr\XN	~f_<\XN	~u\rcuev\XNPOAY	~uQTOA~phqhT~ i"�
L$_�S`_f\TOohCORQT\TS`_PtbegOo~u\XW	hCOKcwe \INPO vS � � ~phna NPSU\TORaR\XW	hnOKSUQ \IN	~u\ASU\Aao~f_�S`ZK}P{UOoZ[Oo_p\<~^\Cjrc�hCOo~u]��

}	cPhC\o��cP_POKj hCSU\TO$� }�cdhC\A{UcptfS|ao~w{�Z[OoZ[cPhCi�Ypi�hCOo}P{USUao~u\TS`_Pt�]�~u\I~^~uaohCcpQTQ$\Cjrc�Z[OoZ[cPhCi ~phqhT~ idQ��KM�NPS|Q
\TORaRN	_PSUl�WPObj ~wQK{`~u\TOohKWPQTOR]DS`_ \XNPO "VSU{|S`_�% " � � 12131p� ;x�� L QK~p_P] \XNPO *�� �rL �f�rL&~f_P] �pM�L
}	hCcP]�WPaR\TQ$~uQr]	ORQTaohCS`Y	OR]�S`_��PORaR\TSUcd_PQ � �5" �`�V~p_P] � �5" � � �

�21



A � � ��E�� � 	 � �

M ~pYP{UO � �#"<QXW	ZKZK~phnS �RORQ[\XNPO ao~p}	~pYPSU{US|\qS|ORQ cue5\XNPOKaRcdZKZFOohCaRS`~u{�;x��$LVQ ~p_P] $ x��$L�]	ORQTaohnSmY�OR] S`_
\XNPSUQ<a N	~p}P\qOoh&� M5NPO�]	OR�PSUaRORQ�~phCO^aR{`~uQTQqS4,�OR]1Sm_f\Tc!\Cj�c�ao~u\qORtpcdhCSUORQ�* , _PO$� tdhT~uS`_POR]+]	OR�PS|aRORQ �5j NPSUaRN
aRcd_f\X~uS`_�ZK~f_pib�pOohCi�QIZK~u{U{;Y	~uQTSUa Z[OoZFcdhCi YP{UcPa  fQo�v~p_P]�aRcP~phCQTO$� tdhq~uS`_POR] ]	OR�PSUaRORQo� j NPSUa N aRcd_f\X~uS`_
cd_P{Ui)~ e ORj%{m~fhCtpO ~phqhT~ idQ���6g\[SUQAaR{UOo~ph9\XN	~u\9\XNPOKaRcd~fhCQTO$� tdhT~wSm_POR] ~phCaRNPSU\TORaR\XW	hCORQ9S`ZK}P{UOoZ[Oo_p\ {m~fhCtpO
Z[OoZ[cPhCSUORQ Z[cdhCO$O$#<aRS|Oo_f\T{Uip� QTS`_PaROA\INPOA}	Ooh � YPSU\$cu�pOohTNPOo~u]<SUQ QIZK~u{U{UOoh&�

1)- �_q�� ] - �_q 
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-���$� %] ��N:�J@ �)�P���� !�  ��#����&�J� $/�3�����!��
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M ~pYP{UO � �5" *v�	W	ZKZK~phni cuevZ[OoZ[cdhCi^hCORQTcPW	hCaRORQ5S`_^aRcdZ Z[OohCaRS`~u{�;x��$LVQ��

LV{U\XNPcdWPtdNkQTcdZ[O9cue;\XNPO8;x��$LVQV]	ORQTaohCS`Y	OR]�S`_b\XNPSUQVa N	~p}P\qOoh N	~ �pO[Y	OROo_�~ � ~uSU{`~pYP{UO[egcdh5QqOR�pOohT~u{
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j5SU{U{AY	O)}	hnORQTOo_p\qOR]�� �zOIe cdhnO \INPORQTO�O&%�}�OohCS`Z[Oo_p\qQ�~phCO�]	ORQTaohCS`Y	OR]��9NPc jrOR�pOoh �rS|\^SUQ^S`ZK}�cdhC\X~p_f\^\Tc
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cdh<]�W	~u{ � }�cdhC\TOR]���M5NPO)Z[cpQq\ aRcdZ }P{|OR\qO)S`_fegcdhTZK~u\qS|cP_-j5~uQ^cPYP\X~uS`_POR]+egcdh<aRS`hCaoWPSU\TQ�]	ORQTaohCS`Y	OR]�S`_
aRcd_fegOohCOo_PaRO^~p_P] �CcdW	hT_	~u{;~phn\TSUaR{|ORQK~uQ$jrOR{U{�~wQA\XNPcpQqOAe hCcdZ {Ucdao~u{z]	ORQTSUtd_POohCQ��<M5NPOohCO<jrOohCO "	�KQXWPaRN
aRS`hCaoWPSU\TQ�Nfegcdh Oo~uaRNAjrOrcdYP\X~wSm_POR][S`_fegcdhTZK~u\qS|cP_KhCORtd~phn]	Sm_Pt$\INPO _PW	Z[Y	Oohycue Z[OoZ[cdhnS|ORQzS`_[Oo~uaRNAaRS`hCaoWPSU\o�
\XNPOrj5SU]	\XNK~f_P] ]	Oo}P\INPQ;cue \XNPO5Z[OoZ[cdhCSUORQo�fj NPOR\XNPOoh \XNPO5Z[OoZFcdhCSUORQ;jrOohCO5WPQTOR]K~uQ � L ��Q;cdh ��* ��Qo�
j NPOR\XNPOoh�\XNPO[Z[OoZ[cdhCSUORQ5jrOohCO9QTS`_Ptp{UO$�5cdhr]�W	~u{ � }	cPhC\TOR]���~p_P]�YP{UcPa  k]	Sm~wtdhT~pZ[Q�\XN	~u\5S`_P]	SUao~u\TOR]�NPcuj
\XNPOrZ[OoZ[cdhCSUORQvjrOohCOzaRcd_	_PORaR\TOR][\TcVOo~ua N cp\XNPOoh ~p_P][\Tc5\XNPOr{UcptpSUa5}	cPhC\TSUcd_9cue	Oo~ua N9aRS`hCaoWPSU\��;M ~pYP{UO " �`�
aRcd_f\X~uS`_PQ ~[QIW	ZKZK~phCi<cuev\XNPO$S`_fe cPhTZK~u\TSUcd_^~ �u~uSU{m~fYP{|O9egcdhr\XNPO$aRS`hCaoWPSU\TQ5�
�PS`_PaRO^jrO<j ~f_p\TOR]!\Tcke cPaoWPQKcdW	h[~phCaRNPSU\TORaR\XW	hCO<QT\XWP]	SUORQKcP_�aRS`hCaoWPSU\TQ<\XN	~u\9j�cPWP{|]-WPQqO R�^ �BW��VU
	

Z[OoZ[cPhCip�	jrO$]	SU] _Pcp\5S`_PaR{`WP]	OKaRS`hCaoWPSU\TQAhCORl	WPS`hCS`_Pt ZFcdhCO$\XN	~p_ � �2=  YPSU\TQ$~p_P]�aRS`hCaoWPSU\TQ$j5SU\XN^ZFcdhCO
\XN	~p_ ��9^{UcptpSUao~u{rZ[OoZ[cdhnS|ORQ[S`_ cdW	h$QT\IWP]	i"� ��cpQq\$cue5\XNPO aRS`hCaoWPSU\TQ[jrOohCOKS`_PSU\TS`~u{U{Ui ]	ORQTSUtd_POR] \Tc�Y�O

� �



D �:$��!@(� #%$����H�(� � 3/*t�����V�,!����3 q w��,�J� �,������,* �>�(�B����� � q � �  !��3�N:�J� � 4�$'�,� �����/@-L
�)���!@�$���! g ��4�!= ��d �(K��=� �:9�� K'�:�! 4�� �,N��-�,�� 

q ����(�-� ���# ���( 3�� 3&� 3��
% *t���0��#G���(�B���!���( ��3�����'

]��/@?�,� d �( !��N�3& %��3�4 !� ���( ���( ���� ���( 
�)��3 *t�(�!��3�@(� � ����$&�!3'�,� %�*o���%�����*��
6�B�(���:�!���( ('
q ��!��@(���( 

��(���(@(�:����$�3���@?�,!����3� �# ���( ���( ���� 3��
�)���BK'��3/� %�*o���%�����*���6�B�(���:�!���( ('

M ~pYP{UOC" �`�"*�6 _fegcdhTZK~w\TSUcd_^~ � ~uSU{`~pYP{UO9e cdh O&%�~pZ }P{|O9aRS`hCaoWPSU\TQ��

Number 
of Circuits

10

20

30

40

50

1 2 3 4 5 7 8 9 10 12

Number of Logical Memories

6

Total Circuits = 171

vSUtdW	hCO " � �"* s$S|Qq\XhCS`Y	WP\TSUcd_bcue�_PW	Z[Y	Ooh�cue�{UcptfS|ao~w{ Z[OoZ[cdhnS|ORQVhCORl�WPS`hCOR]��

S`ZK}P{UOoZ[Oo_f\TOR]�cd_^~[td~u\qO ~phqhT~ iKcdhraoWPQT\qcdZ�aRNPSm} �
vSUtdW	hnO " �`�^QXNPcuj5Q \XNPO�]	SUQT\XhnSmY	WP\qS|cP_-cwe \XNPO�_dW	Z[Y�OohKcue${UcptpSUao~u{$Z[OoZ[cdhnS|ORQ<S`_ Oo~uaRN aRS`hCaoWPSU\��

6 e$Z[cdhCO<\XN	~p_�cP_PO Z[OoZFcdhCi�S`_!~�aRS`hCaoWPSU\KQIN	~phCORQK~u]	]�hCORQTQ[aRcd_	_PORaR\qS|cP_PQ � S(� O"��hCORaRORSU�pORQ[\XNPO QI~pZ[O
~u]	]�hCORQqQ e hCcPZ�\XNPOr{|cftpSUa ~u\;~u{U{	\TS`Z[ORQ�� �p\XNPORQTO5Z[OoZFcdhCSUORQ;jrOohCOraRcdW	_f\TOR] ~uQ cd_PO5{UcptfS|ao~w{�Z[OoZ[cdhCi"� LVQ
\XNPO9tdhT~p}	N<QXNPcuj5Q �	aRS`hCaoWPSU\TQ$j5SU\XN^cP_POAcdhr\Cjrc[{UcptpSUao~u{vZ[OoZ[cdhCSUORQ$~phCO$aRcdZ Z[cd_^jVNPS|{UO[\XNPO$]	OoZK~f_P]
egcdh NPSUtdNPOoh9_dW	Z[Y�OohCQ$cue;{UcptpSUao~u{;Z[OoZFcdhCSUORQ$]	ORaohCOo~uQTORQAhq~p}PSU]	{|i"� 0 cp\qO \IN	~u\ \INPOFNPcPhCS �Rcd_p\I~u{�~ %dSUQVS|Q
\XNPOK_PW	Z Y�OohVcue�P3R�TVUXW�Y�P Z[OoZ[cdhCSUORQo��_Pcf\ \XNPO<_dW	Z[Y	OohVcwe�}	NpiPQTSUao~u{�~fhThT~ idQVhCORl�WPS`hCOR] \Tc^S`ZK}P{UOoZ[Oo_p\
\XNPOAZ[OoZFcdhCSUORQ��

vSUtdW	hnO " � �<QXNPcuj5Q$\XNPO[]	SUQT\XhCS`Y	WP\TSUcd_!cwe�j5SU]	\XNPQ[~p_P]�]	Oo}P\XNPQAcuer\XNPOK{UcptpSUao~u{rZ[OoZ[cdhnS|ORQ9S`_�\XNPO
~p_	~u{Ui �ROR]�aRS`hCaoWPSU\TQ��A�PS`_PaROKjrO[]	SU])_Pcp\$N	~ �pO Z[OoZFcdhCi^j5SU]	\XN � ]	Oo}P\IN�S`_fe cdhqZK~u\TSUcd_kegcdh ~w{|{vaRS`hCaoWPSU\TQ
e hCcdZ L {U\TOohq~	�r\XNPO�hCORQXWP{U\TQ cd_P{Ui QXNPcuj�\XNPO^]	SUQT\XhCS`Y	WP\TSUcd_ egcdh �292=bcue$\XNPO �2"2" {|cftpSUao~u{ Z[OoZ[cPhCSUORQ��
LVQ5\XNPO$tdhT~f}	NPQ5QXNPcujA�P\XNPOA}	hCcd}�cdhC\TSUcd_<cweyZ[OoZFcdhCSUORQ5j5SU\XNk]	Oo}P\XNPQ5S`_^Oo~uaRN�}�cuj�Ooh+� cue � \Cjrc)� S`_f\TOohC� ~w{

���



20

40

60

80

100

256−
511

1 2−
3

4−
7

8−
15

16−
31

32−
63

64−
127

128−
255

Width of Logical Memory

Number of
Logical
Memories

Total Memories = 268

256−
511

4−
7

8−
15

16−
31

32−
63

64−
127

128−
255

10

20

30

40

50

512−
1023

1024−
2047

2048−
4095

4096−
8191

Depth of Logical Memory

Number of
Logical
Memories

Total Memories = 268

vSUtdW	hnOC" � � *�s$SUQT\XhCS`Y	WP\TSUcd_PQ$cwe�{UcptpSUao~u{ Z[OoZ[cdhCi<j5SU]	\XNPQ ~f_P]�]	Oo}P\XNPQ��

-R�(�!@(��3P���N:���,* g ��4��=� <!='�,%����� �"-R��;)�(�YkY��* kl
<;)� ��$ �

-R�(�!@(��3P���N:���,* d �(K��=� %�='��%�,�!���"-R��;+�(� kl�,* kY
<;+� 
@4 �

-R�(�!@(��3P���N:���,* �>�(�B�����J�� <$� !�(4A�, ��:92�  �� �

-R�(�!@(��3P���N:���,* �>�(�B�����J�� <!='�,E�,�!�.�>$&�J�� klKH����!�(4 �! �

M ~fYP{|O," � � * LV]	]	SU\TSUcd_	~u{ {|cftpSUao~u{ Z[OoZ[cPhCi Qq\X~u\TSUQT\TSUaRQ��

Y	OR\CjrOROo_ = ~p_P] �21 � = S|Q^hCcdWPtPNP{|i!aRcd_PQT\I~p_p\ �;j NPSU{UO�\XNPO�Z[OoZ[cPhCi)j�S|]	\IN ]	SUQT\XhCS`Y	WP\TSUcd_+}�Oo~" pQ^~u\
~pY�cdWP\ =	��~f_P]<e ~u{U{UQVc)3 Y�OR{|cuj-=K~p_P]�~pY�cu�pOK��9 �

vS`_	~u{U{Uip�	M ~fYP{|O " � �VQXNPcuj5QvQTcPZ[O5~u]	]	SU\TSUcd_	~u{�Qq\X~u\TSUQT\TSUaRQzaRcdZK}PSU{UOR]Ke hCcdZ�cdW	h aRS`hCaoWPSU\TQ5�;LVQvQXNPcuj _
S`_[\XNPO5\I~pYP{UOp� 9p���1cue \XNPO5j5SU]	\XNPQr~p_P]K� � ��cue \XNPOr]	Oo}P\XNPQ�~phnO }�cuj�OohnQ'� cue � \ jrc�� LV{UQTc��f\XNPO5ZK~#�CcdhCSU\Ci
cuev{UcptpSUao~u{ Z[OoZFcdhCSUORQ ~fhCO QqSm_Ptf{|O$� }�cdhC\TOR] � L � YP{UcPa  fQ��

0 cp\TO[\XN	~w\ \XNPORQqO Z[Oo~uQXW	hnOoZ[Oo_p\qQA~phCO[QTcdZ[ORjVN	~u\$S`_-1 WPOo_PaROR]-Ypib\XNPO[\X~phCtpOR\$S`ZK}P{UOoZ[Oo_f\X~u\qS|cP_
cue \INPO ~p_	~w{|i �ROR] aRS`hCaoWPSU\TQ�� �rS`hCaoWPSU\TQKcPhCSUtpS`_	~u{U{|i S`_f\TOo_P]	OR]!egcdh9]	S|QqaohCOR\TO$� ]	OR�PS|aRO�S`ZK}P{UOoZ[Oo_f\X~u\TSUcd_PQ
jrcdWP{U] \qOo_P]K\Tc WPQqO QT\I~p_P]�~phC]KZ[OoZ[cPhCi[QTS �RORQ�� ��c jrOR�pOoh �pQTS`_PaRO$Z[cpQT\vaRS`hCaoWPSU\TQ5cPhCSUtpS`_	~u{U{|i^N	~u]<td~u\TO$�
~phThq~oi<cdhraoWPQq\TcdZ�a NPS`}bS`ZK}P{UOoZ[Oo_p\I~u\TSUcd_PQo� jrOAY	OR{USUOR�pOK\INPOAcdYPQTOohn�pOR]�\XhnOo_P]	Q jrcdWP{U]�Y	O9QTS`Z[SU{m~fh$\Tc
\XNPcpQqOVe cdh aRSmhnaoWPS|\qQ \X~fhCtpOR\TOR]<\Tc ~p_�;x��$L�j5SU\XN^Z[OoZ[cPhCi"�

��� ����� � � ��	�� � � � ��� ����� � ��"�� ��� ��	� �

6 _!\INPS|Q QTORaR\TSUcd_ �zj�O^O&%	~pZ[S`_PO�NPcuj�{UcptpSUao~u{ Z[OoZFcdhCSUORQ ~phCO^aRcP_	_PORaR\TOR] \Tc�\XNPO^{UcptpSUa�}	cPhC\TSUcd_PQKcue
aRS`hCaoWPSU\TQ��26 _<cdW	hzQTOR\rcue aRSmhnaoWPS|\qQo��Z[OoZ[cPhCSUORQ5cueg\TOo_ ~f}	}	Oo~phzS`_ �T\qS|tPNp\T{UiKaRcP_	_PORaR\TOR] �KtdhCcPW	}PQo�Pj NPOohCO
~u{U{vZ[OoZ[cdhCSUORQVj5SU\XNPS`_�~KtdhncdW	}�}�Ooh e cPhTZ�~ QTS`Z[SU{m~fh�e W	_PaR\TSUcd_ � 6 _b\XNPSUQV]	S|QqQTOohC\X~u\qS|cP_ ��Oo~uaRN^cwe;\XNPORQTO

�29



tdhCcPW	}PQ5SUQ ao~u{U{UOR]�~	W�P3a � bc[�\��zM5NPOVe cf{|{Ucuj5S`_Pt^QXW	YPQTORaR\qS|cP_�}	hCORaRSUQTOR{Ui�]	O$, _PORQ$~[aR{`WPQT\TOohV~p_P]�}	hCORQTOo_f\TQ
QT\X~w\TSUQT\TSUaRQ hCORtd~fhC]	S`_PtKaR{`WPQT\TOohCQ��
BCJ ��* � & ��*
M5NPOr{UcptpSUa5}	cdhn\TSUcd_$cue�aRS`hCaoWPSU\TQzao~p_AY�Or]	S|�PSU]	OR] S`_f\TcVQXW	Y	aRS`hCaoWPSU\TQ��rM5NPSUQvSUQ�~V_	~u\XW	hq~u{daRcP_PQTORl�WPOo_PaROrcue
\XNPO$\TcP}-� ]	c jV_^~p_P]�Y	cp\q\TcdZ8� W	}<]	ORQTSUtd_b~p}	}	hCcd~wa NPORQ5OoZ }P{|cuipOR]�Ypi^Z[cpQq\�]	ORQqS|tP_POohCQ��rM5NPO$]	SU�dSUQTSUcd_
Y	OR\CjrOROo_b\XNPORQTO9QXW	Y	aRS`hCaoWPSU\TQ[SUQA_Pcp\$~u{Uj ~ iPQ5aR{UOo~ph@N QXW	Y	aRS`hCaoWPSU\TQ9cue \qOo_^QXN	~phnOAS`_	}	WP\TQo� ~p_P]�aRcdZ Z[cd_
O&%	}	hCORQTQTSUcd_PQKZ[SUtdNf\ Y�OKaRcp{U{`~p}PQTOR] S`_p\qc^cdh$O&%P\XhT~uaR\qOR] cPWP\AcuerOo~ua N QXW	Y	aRS`hCaoWPSU\�� 0 cP_POR\XNPOR{UORQTQo� \XNPO
]	SUQTaoWPQTQTSUcd_bS`_^\INPS|QVQTORaR\TSUcd_<j�S|{U{v~uQTQXW	ZFO$\XN	~u\5\XNPO${UcptfS|a[}	~phC\5cwey~[aRS`hCaoWPSU\VaRcd_PQTSUQT\TQVcuevSU]	Oo_p\TS , ~pYP{UO
{UcptpSUaAQIW	Y	aRS`hCaoWPSU\TQ��

��OoZ[cPhCSUORQ aRcd_	_PORaR\V\Tc<{UcptpSUa[\XN	hCcdWPtdN<\INPORSmh$~w]	]�hCORQTQ$}PSm_PQ � ]�~u\X~5� S`_�}PS`_PQo� ]�~u\X~5� cPWP\ }PS`_PQo��~p_P]
cp\XNPOoh�aRcd_f\XhCcp{ }PSm_PQ � j hCSU\TO9Oo_	~pYP{UOK~p_P]�}	OohTN	~p}PQA~ aR{Ucda& ��&�$�;~uaRN^cue;\INPORQTO[QTOR\TQVcue�}PS`_PQ$S|Q$]�hnS|�fOo_
Yfi � cdh9]�hCSU�pORQ��Fcd_PO cPh ZFcdhCO<{|cftpSUa^QXW	Y	aRS`hCaoWPSU\TQ�� vS|tPW	hCO " �5"kQXNPcuj5QK~�QqSmZ }P{|ObaRS`hCaoWPSU\ S`_!j NPSUaRN
QTOo}	~phq~u\TOVQXW	Y	aRS`hCaoWPSU\TQ$]�hCSU�pO$\INPO ~u]	]�hnORQTQ ~p_P]^]�~u\I~5� S`_^}	cdhC\qQo�Pj NPSU{|O[~9\XNPS`hC]^QXW	Y	aRS`hCaoWPSU\$aRcd_PQIW	Z[ORQ
]�~u\X~ e hCcdZ�\XNPOK]�~w\X~5� cdWP\$}	cdhn\�� � cd_	_PORaR\TSUcd_PQA\qc^\XNPOKj hCSU\TO[Oo_	~pYP{UO^~p_P]�cp\XNPOohVaRcd_f\XhCcf{ {US`_PORQK~phCO
_Pcp\zQXNPcuj _ ��6 _<\XNPO$hCOoZK~uS`_P]	Oohzcue \INPS|QraRN	~p}P\TOohR�fjrO j5SU{U{�hCOIegOoh;\qcAQXW	Y�aRSmhnaoWPS|\qQ ]�hCSU�PS`_PtK\XNPOV]�~u\X~5� S`_
}PS`_PQA~uQ ��Y�bcY��BU8^ � a 	�W�UX\(W�aVUXb � �	QXW	Y	aRS`hCaoWPSU\TQ9]�hCSU�dS`_Pt^\XNPOK~u]	]�hnORQTQ }PS`_PQA~uQ�Y � �/\([ � � � a 	�W�UX\(W�aVUXb � ��~p_P]
QXW	Y�aRSmhnaoWPS|\qQ ]�hCSU�pOo_^YfiK\XNPOV]�~u\X~ � cdWP\�}PS`_PQ$~uQ ��Y/bcY��(R�a�b � a 	�W�UX\(W�aVUXb � ��� cd_	_PORaR\TSUcd_PQ5\Tc9aRcd_f\XhCcp{ }PSm_PQ
j5SU{U{ Y	O^SUtd_PcPhCOR]��;QqSm_PaROb\XNPORi ZK~" uO^W	}!cd_P{Ui�~bQXZ ~u{U{ }	hncd}	cdhn\TSUcd_!cue ~u{U{5aRcP_	_PORaR\TSUcd_PQo�r~p_P] ao~p_
cueg\TOo_^Y	O9tdhCcdW	}�OR]^j5SU\XN^\INPOA~u]	]�hCORQTQ5aRcP_	_PORaR\TSUcd_PQ��
L�Z[OoZFcdhCi�ZK~ i N	~ �pO ZFcdhCOK\XN	~f_�cd_PO<]�~u\X~5� S`_ � ]�~u\X~5� cPWP\o��cdh$~w]	]�hCORQTQ[QXW	Y	aRS`hCaoWPSU\�� 6 _ vSUt)�

W	hCOO" � � �g~"� �	\XNPO Z[OoZFcdhCi^SUQA]�hCSU�pOo_ Ypi�\Cjrc ]�~u\I~5� S`_�QIW	Y	aRS`hCaoWPSU\TQ ~p_P]�]�hCSU�pORQ9\Cj�c<]�~u\X~ � cdWP\ QIW	Y-�
aRS`hCaoWPSU\TQ��AM�NPS|Q$QINPcdWP{U])_Pcp\$Y	O[aRcd_fe WPQTOR]�j5SU\XN�~ ]�W	~u{ � }	cdhC\AZFOoZ[cdhCi)N NPOohnOp� ORS|\INPOoh$\XNPO9\ jrc<]�~u\X~
QXW	Y�aRSmhnaoWPS|\qQF~fhCO Z[WP{U\TS`}P{UO&%dOR]!cd_f\Tc ~ QTS`_Ptp{UOK]�~u\I~ }�cdhC\o� cdh�\XNPO[]�~u\X~<}PS`_PQAj5SU\XNPS`_b\XNPO[]�~u\X~<}	cPhC\
~phCO QXN	~phCOR] Y	OR\CjrOROo_�\INPO \Cjrc^]�~u\X~kQXW	Y	aRS`hCaoWPSU\TQ���M�NPO _PO&%P\[QTORaR\TSUcd_ j5SU{|{raRcd_PQqS|]	OohF\XNPORQTO^Z[OoZ8�
cdhCi � {UcptpSUa^S`_f\TOohCaRcd_	_PORaR\ }	~w\T\TOohT_PQ[S`_ Z[cdhCO<]	OR\X~uSU{(�!L�QqSm_Ptf{|O^]�~w\X~5� S`_!cdh9]�~u\X~5� cPWP\ aRS`hCaoWPSU\^ZK~ i
Y	O9aRcd_	_PORaR\TOR]�\TcKZ[cdhnO$\XN	~p_^cP_PO${|cftpSUao~u{�ZFOoZ[cdhCip��~wQ5QXNPcuj _<S`_�vS|tPW	hCO " � � � Y �&�;��%	~pZK}P{UORQVj5SU\XN
QTOR�pOohq~u{�Z[OoZ[cdhCSUORQ$~p_P]^QTOR�pOohq~u{�]�~u\X~ � Sm_<cPhr]�~u\X~5� cPWP\�QIW	Y	aRS`hCaoWPSU\TQA~phCOA~w{|Qqc }	cpQqQTS`YP{|O"�

vSUtdW	hnOC" � �FQXNPcuj5Q ~ {m~fhCtpOoh�O&%�~pZ }P{|O�N \INPS|Q$SUQ$~ }�cdhC\TSUcd_kcue;\XNPO9]�~u\X~p}	~u\IN<cue�~[egcdhCj5~phn]^OohThCcdh
aRcdhThnORaR\TSUcd_K]	ORaRcP]	Oohzegcdhr~9]	S|tfS|\I~u{ QX~u\TOR{U{USU\TOAhCORaRORSU�pOohrQTiPQT\TOoZ	� � 
+��6 _<\XNPSUQ5aRS`hCaoWPSU\o�	\XNPOVORSUtdNp\�{|cftpSUao~u{
Z[OoZ[cPhCSUORQ ao~f_�Y	O<tdhCcdW	}�OR])S`_f\Tc ,��fO QTOR\qQ � ]	Oo_Pcp\qOR])Ypi ]	cp\T\TOR]�{US`_PORQ��9j NPOohCO<\XNPO^Z[OoZ[cdhnS|ORQ9S`_
Oo~uaRN<tdhCcdW	}<QIN	~phCO$aRcdZKZFcd_<]�~u\X~5� S`_b~p_P]^]�~u\X~5� cPWP\�QIW	Y	aRS`hCaoWPSU\TQ��

�p�



Address
Pins

Data−in pins

Data−out pins

MEMORY

Memory/Logic Connection

Logic/Logic Connection

LOGIC

LOGIC

LOGIC

vSUtdW	hnO " �5" * $ cptfS|ao~w{ Z[OoZ[cdhni aRcd_	_PORaR\qOR]�\TcK]�~w\X~5� S`_ �	]�~u\X~ � cdWP\o�	~p_P]�~u]	]�hCORQqQ QXW	Y�aRS`hCaoWPSU\TQ��

LOGIC

Address
Pins

Data−in pins

Data−out pins

MEMORY

LOGIC

LOGIC

LOGIC LOGIC

Address
Pins

Data−in pins

Data−out pins

MEMORY Address
Pins

Data−in pins

Data−out pins

MEMORY

LOGIC

LOGIC

LOGIC

LOGIC

~-�rcd_PO${UcptpSUao~u{ ZFOoZ[cdhCi Y �5Z[WP{U\TS`}P{UOK{UcptpSUao~u{ ZFOoZ[cdhCSUORQ
vSUtdW	hCOC" � � *v��%	~pZK}P{UO$aR{`WPQT\TOohCQ5�

�2=



LOGIC

7x32

LOGIC LOGICLOGIC

9x32 9x32 16x32 921x8

LOGIC

64x64 64x64 64x64

LOGIC

64

64 64 64

Viterbi Module

Power Sum
Module

Euclidean 
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15Number 
of Circuits

Number of Clusters

Circuits with only
one logical memory
Circuits with more than
one logical memory

Total Circuits=31
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Number of
Clusters
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Number of Logical Memories
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Number of
Clusters
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20
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Number of Data−in Subcircuits

Total Clusters = 40

1 2 3 4

Number of
Clusters
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20

30

8
Number of Data−out Subcircuits

5

Total Clusters = 46
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\XNPORQTOAhCOR{`~u\TSUcd_PQINPSm}PQA~fhCOA}	hCcdY	~pYP{Ui�_Pcp\�aRcdZK}P{UOR\TOR{Ui^S`_P]	Oo}	Oo_P]	Oo_f\o��jrO$]	c _Pcp\VN	~o�fO$Oo_PcdWPtdN
O&%�~pZ }P{|O<aRS`hCaoWPSU\TQ[\Tc�~uaRaoW	hT~w\TOR{Ui�ORQT\TS`ZK~u\qOK\XNPO hCORl	WPS`hCOR] }	~phC\TS`~u{r}	hCcdY	~pYPSU{USU\TSUORQK\Tc Z ~" uOK~
Z[cdhCO^~uaRaoW	hT~u\qO ~p}	}	hCc)%PS`ZK~u\TSUcd_ � LVQ ~�}	~fhC\TS`~u{r� ~u{USU]�~u\TSUcd_Dcue$\XNPO�~uQTQXW	ZK}P\qS|cP_ �;aRcd_PQqS|]	Ooh
vS|tPW	hCO " �`� � ��M5NPSUQ ,�tdW	hnO QINPc j�Q \XNPO�]	SUQT\XhnSmY	WP\qS|cP_+cue \qcp\X~u{5{UcptfS|ao~w{AZ[OoZ[cdhCSUORQ^cu�pOoh<~u{U{
aR{mWPQq\TOohCQAS er\XNPO }	hCcPaRORQTQ$]	ORQTaohCS`Y�OR]-NPOohCOKSUQVe cf{|{UcujrOR]��K�rcdZK}	~fhCS`_Pt^\XNPSUQA\Tc vSUtdW	hCO " � �p� \XNPO
\Tcp\X~u{ _dW	Z[Y	OohVcwe�{UcptpSUao~u{;Z[OoZFcdhCSUORQ$S`_�cdW	hVO&%	~pZK}P{UO[aRSmhnaoWPS|\qQo� j�O9QTOROK\XN	~w\ \XNPO[tpOo_POohq~u\TOR]
]	S|Qq\XhCS`Y	WP\TSUcd_bSUQ QTS`Z[SU{`~phV\Tc[\XNPO[Z[Oo~uQXW	hnOR]�]	SUQT\XhCS`Y	WP\TSUcd_ � 6 \ SUQVS`_p\TOohnORQT\TS`_Pt \qc _Pcp\TO$\XN	~w\5\XNPO
QT\X~u\TSUQT\qS|aRQ;}	hnORQTOo_p\qOR]KS`_ vSUtdW	hCO " �#9 �g~p_P][\XNPOohCOIegcdhCO5\INPO�]	SUQT\IhCS`Y	WP\TSUcd_KS`_�vSUtdW	hCO " � � �"� hCO$1�ORaR\
cd_P{Ui "	� cue cdW	hrO&%	~pZK}P{UO9aRSmhnaoWPS|\qQo��jVNPS|{UO[\XNPO$QT\I~u\TSUQT\TSUaRQ }	hCORQqOo_p\TOR]^S`_ vS|tPW	hCOC" � � hnO$1�ORaR\ ~u{U{
�o�	�<aRS`hCaoWPSU\TQ�� M5NPO^QTS`Z[SU{`~phCSU\Ci cue$\XNPO^\Cj�c ,�tdW	hCORQ � " �`� �b~p_P] " �`���9QXWPtftpORQT\TQ[\XN	~u\[jrO^~phCO
WPQTS`_Pt Oo_PcdWPtPN<O&%�~pZ }P{|O9aRS`hCaoWPSU\TQ$\Tc[tpOR\ hCOo~wQTcd_	~pYP{Ui^~uaRaoW	hT~u\TOA}	hncdY	~pYPSU{US|\qS|ORQ5�

" �5M5NPO j�S|]	\IN-~p_P]!]	Oo}P\XN!cue Oo~wa N!{UcptpSUao~u{VZ[OoZ[cdhCi S|Q \XNPOo_!]	OR\TOohTZ[S`_POR]�� M5NPO�}	hCcPY	~pYPSU{|SU\Ci
]	S|Qq\XhCS`Y	WP\TSUcd_PQ�S`_ M ~pYP{UO " �#9)~phnO WPQqOR] \qc QTOR{UORaR\ ~!hT~p_PtpO�cue[]	Oo}P\XNPQ�~p_P]+j5SU]	\XNPQ � \XNPORQTO
]	S|Qq\XhCS`Y	WP\TSUcd_9e W	_PaR\TSUcd_PQvjrOohCOrcdYP\X~uS`_POR]KYfiAQTao~u{US`_PtA\INPO�Qq\X~u\TSUQT\TSUaRQ S`_.vSUtdW	hCO " � �"� � L aRaRcdhn]	Sm_Pt
\Tc M ~pYP{UOO" � �	�P9p����cue;\XNPOAj�S|]	\INPQA~p_P]�� � ��cue;\INPO ]	Oo}P\INPQ$Sm_bcdW	h�O&%	~pZK}P{UOKaRS`hCaoWPSU\TQ$jrOohCO
}	cujrOohCQ'� cue � \Cj�c ��M5NdWPQ �uj5SU\XNK~�9p����}	hncdY	~pYPSU{US|\Ci � � � �1egcdh \XNPOr]	Oo}P\XN �vjrOrQTOR{UORaR\r\XNPO5}	cujrOoh �
cue � \Cjrc�]	S`Z[Oo_PQTSUcd_ j5SU\XNPS`_+\XNPO�QqOR{|ORaR\qOR] hT~p_PtpO"� 6 e jrO�]	c-_Pcp\<QTOR{UORaR\^\XNPO�}	cujrOoh � cue � \Cjrc
]	SmZFOo_PQTSUcd_ ��~w{|{�cp\XNPOoh9� ~u{`WPORQ<j5SU\XNPS`_!\XNPO�hT~p_PtfO ~phnO ORl	W	~u{U{Ui {|S! uOR{Ui"�-M�NPO QX~fZ[O j�S|]	\IN!S|Q

"p�
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M ~pYP{UO " �59 *�x;hncdY	~pYPSU{US|\Ci9]	S|Qq\XhCS`Y	WP\TSUcd_9e W	_PaR\TSUcd_PQ;WPQTOR]9\Tc QqOR{|ORaR\v]	Oo}P\IN ~f_P]Aj5SU]	\XN9cue	Oo~uaRN ZFOoZ[cdhCi"�

0.10

0.05

0.15

Probability

32−
63

64−
127

128−
255

256−
511

512−
1023

1024−
2047

2048−
4095

4096−
8191

8192−
16383

16384−
32767

32768−
65535

65536−
131071

131072−
262143

Total Bits in Circuit

262144−
524287

vS|tPW	hCOC" � ��" * � ORQXWP{U\TS`_Pt^]	S|Qq\XhCS`Y	WP\TSUcd_bcuev\Tcp\X~u{ _dW	Z[Y�Ooh5cue;YPSU\TQ��

WPQTOR][egcdhv~u{U{�Z[OoZ[cdhnS|ORQzj5SU\XNPS`_[Oo~uaRN[aR{`WPQT\TOoh � e hncdZ M ~pYP{UO " �#"	�p������cue cdW	h O&%	~pZK}P{UO5aR{`WPQT\TOohCQ
aRcd_PQTSUQT\TOR] cue$Z[OoZ[cdhCSUORQKcwe \XNPO^QX~pZFO j5SU]	\XN � �)M5NPO^QX~fZ[O ]	Oo}P\IN e cdh9Oo~uaRN Z[OoZ[cPhCi�S`_ ~
aR{mWPQq\TOohVSUQAWPQTOR]�j5SU\XN�~ ������}	hCcPY	~pYPSU{|SU\Ci � \XNPSUQA_PW	Z Y�Ooh5SUQ[~u{UQTcKe hCcdZ�M ~pYP{UO " �5""�&���cdh�\XNPO
cp\XNPOoh ������cwe�\XNPO$aR{`WPQT\qOohCQo�	\XNPO9]	Oo}P\XN egcdhrOo~uaRN^Z[OoZ[cdhni SUQVa NPcpQqOo_<Sm_P]	Oo}�Oo_P]	Oo_p\q{|i"�
�rcdZ[YPS`_PSm_Pt�vS|tPW	hCO " �`� � j5SU\XN<\XNPO$]	SUQT\XhnSmY	WP\qS|cP_PQ S`_�M ~pYP{UO " �599tpSU�pORQ�vS|tPW	hCO " �`��"��pj NPSUaRN<S|Q
\XNPO$]	SUQT\XhCS`Y	WP\TSUcd_bcuev\XNPO$\Tcp\I~u{ _PW	Z[Y	Ooh�cueyYPSU\TQ�Sm_k\XNPOAtfOo_POohT~u\TOR]^aRS`hCaoWPSU\TQ��

"2=
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M ~pYP{UOC" � � *vx;hCcdY	~fYPS|{USU\Ci^]	SUQT\XhCS`Y	WP\TSUcd_kegcdhza NPcPcpQTS`_Pt<Sm_f\TOohCaRcP_	_PORaR\ \Ci	}	O"�

� �2vSm_	~w{|{Uip� jrO ]	ORaRSU]	O[S e�Oo~uaRN^Z[OoZ[cPhCiKSUQ ~ ��* � cdhr~ � L�� �	LVaRaRcdhC]	S`_PtK\qc M ~fYP{|O " � �	� ��9��
cue;\XNPOKZ[OoZ[cdhnS|ORQ$S`_�\INPO O&%	~pZK}P{UOKaRS`hCaoWPSU\TQ9jrOohCO � * ��Q��9M5NdWPQ � j5SU\XN�~���9���}	hCcdY	~pYPSU{USU\ ip�
j�O ]	OR\TOohTZ[S`_PO^\XN	~u\[\XNPO^Z[OoZ[cPhCSUORQ S`_ ~ktpSU�pOo_!aR{`WPQT\TOohK~phnO ��* � Q �gZFOo~p_PS`_Pt)_Pc�]�~u\X~5� S`_
QXW	Y	aRS`hCaoWPSU\A_POROR]	QV\TcKY	OAtfOo_POohT~u\TOR]��&�z�;~uaRN<aR{`WPQT\TOoh�S|Q�aRcd_PQTSU]	OohCOR]�S`_P]	Oo}	Oo_P]	Oo_f\T{Ui"�

M�NPOAaoW	hThCOo_f\V�pOohCQTSUcd_kcue;\XNPOAtfOo_POohT~u\Tcdh�]	cPORQ _Pcp\VtpOo_POohT~w\TOAaRS`hCaoWPSU\TQ$aRcd_f\X~uS`_PS`_Pt�Z[WP{U\TS`}	cdhC\qOR]
Z[OoZ[cPhCi"��6 ev\XNPO ZFcd]	OR{ j5~uQ;\qcFY�O WPQqOR]^Sm_^~9QT\IWP]	iK\XN	~u\5_POROR]	OR]^QXWPaRNKaRS`hCaoWPSU\TQ ��\XNPO$Z[cP]	OR{ aRcdWP{U]
Y	O9O&%d\qOo_P]	OR] WPQTS`_Pt<\XNPOA~p}	}	hCcd}	hnSm~w\TO$� ~u{`WPO9e hCcdZ�M ~fYP{|O," � � �

��������� � ��� � � 	� � � ��� ����� � � � ��	�� � ���� ��� ��#�� �!� � � � ��� ���� � ���� " ��� � � ��� � � � ���
	� � 	� � � � �
� ��"�� � "�� � 	���� "�	�� �

�cPhrOo~uaRN<aR{mWPQq\TOohR�	\XNPO e cPhTZ%cue�\INPO$]�~u\X~5� S`_�~f_P]^]�~u\X~5� cdWP\5_POR\Cjrcdh/ [SUQVa NPcfQTOo_�~uQzegcp{U{Uc j�Q�*

�-�5M5NPOAS`_f\TOohCaRcd_	_PORaR\TSUcd_b\Ci	}	O$egcdhr\INPOA]�~u\X~ � cdWP\ _POR\Cjrcdh/ [SUQ$aRNPcpQTOo_�~waRaRcdhC]	S`_Pt \qcK\XNPO }	hncdY	~5�
YPS|{USU\Ci ]	SUQT\IhCS`Y	WP\TSUcd_<S`_^M ~pYP{UO " � � � �zORao~pWPQTO$cwe \INPO QXZ ~u{U{ _PW	Z[Y	OohCQrcue�QX~fZK}P{UORQ�S`_<td~w\XNPOohCS`_Pt
\XNPOKQT\X~w\TSUQT\TSUaRQ }	hCORQqOo_p\TOR]!S`_)M ~pYP{UOG" � � � SU\KZK~ i Y�O Z[SUQT{UOo~u]	S`_Pt�\qc WPQTOK\INPcpQTO _PW	Z[Y	OohCQ[\Tc
tpOo_POohT~u\TOK}	hCcPY	~pYPSU{|SU\TSUORQ��<M5NPO[aRcd_PaR{`WPQTSUcd_ \Tc�Y	O[]�hT~ j _ke hCcdZ�\XN	~u\V\X~pYP{UOKSUQ$\XN	~w\A~u{U{v\XN	hCORO
Sm_f\TOohCaRcP_	_PORaR\ \Ci	}	ORQ ~phnO$j�OR{U{ hnOo}	hCORQTOo_f\TOR]�S`_^\INPOA]�~u\X~ � Sm_<ao~wQTOp��~p_P]b\XNPO , hCQT\5\CjrcK~phCO$jrOR{U{
hCOo}	hCORQTOo_f\TOR][S`_K\XNPOr]�~u\I~5� cdWP\ ao~uQTO"�vM5NPO }	hCcPY	~pYPSU{|SU\TSUORQ5S`_KM ~pYP{UO " � � hCO$1�ORaR\z\XNPSUQ;aRcd_PaR{`WPQTSUcd_ �
�cdh�Oo~uaRN�aR{`WPQT\qOohR��\XNPOK_PW	Z[Y	OohVcuer]�~u\X~5� S`_�~p_P]�]�~u\X~5� cPWP\ QXW	Y�aRS`hCaoWPSU\TQ[S|Q9a NPcfQTOo_�Y	~uQTOR]�cd_
\XNPOK}	hCcdY	~pYPSU{USU\ i�]	SUQT\XhnSmY	WP\qS|cP_�S`_�M ~pYP{UO " �5= �AM5NPORQqOF}	hncdY	~pYPSU{US|\qS|ORQ j�OohnO cPYP\X~uS`_POR]�]	S`hCORaR\T{Ui
e hCcPZ�\INPO$QT\X~u\TSUQT\qS|aRQVS`_ vSUtdW	hCO " � � �

"p�
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��' d ����.kY�J3 D $��'@��J��@($���! �V' d �,-�.kY��$& D $&�'@(����@($���! 
M ~pYP{UO " �5= * x;hCcPY	~pYPSU{|SU\Ci[]	SUQT\XhCS`Y	WP\TSUcd_Fe cPh a NPcPcpQTS`_Pt _PW	Z[Y	Ooh cue ]�~u\X~5� S`_K~f_P]K]�~u\X~5� cPWP\ QXW	Y�aRS`hCaoWPSU\TQ��

� � 6 e ~ QXN	~phCOR]+aRcd_	_PORaR\TSUcd_+}	~u\q\TOohT_ SUQ^aRNPcpQTOo_ �V~)Z[WP{U\TS`}P{UO&%dcdhkcdh<~�\XhnS4� Qq\X~u\TO�Y	WPQ�ZK~ i�Y�O
hCORl�WPS`hCOR]D\Tc�aRcd_	_PORaR\ \XNPO�{UcptpSUa�~p_P]-Z[OoZ[cdhni�}	hCcP}	OohC{Ui"� 6 eA\XNPSUQKSUQ<QTc��r~�Z[WP{|\qSm}P{UO&%Pcdh S|Q
aRcd_PQT\XhTWPaR\qOR]�~p_P]!S`_PaR{`WP]	OR] S`_!\XNPO<aRS`hCaoWPSU\���L�Z WP{U\TS`}P{UO&%Pcdh[S`ZK}P{UOoZ[Oo_f\X~u\TSUcd_!j5~uQ[aRNPcpQTOo_
QTS`_PaROA\XhCS � QT\I~u\TO$]�hCSU�pOohCQV~phCO$S`_^QXNPcPhC\5QXW	}	}P{Ui^cd_^ZK~f_pi<aRcdZKZ[OohnaRSm~w{�;x�� L Q��

" �2�cdh aR{`WPQT\TOohnQ�_Pcp\zaRcd_p\I~uS`_PSm_Pt ��* ��Qo�pQq\TOo}PQ �5~p_P] �A~phCO5hCOo}�Oo~u\TOR] e cPh \XNPO5]�~u\X~ � Sm_ _POR\ jrcdh  ��

0 cp\TO[\XN	~w\ aRNPcdcfQTS`_Pt�\XNPOK_PW	Z Y�Ooh$cuerQXW	Y	aRS`hCaoWPSU\TQK~p_P]�\XNPO<~uQTQTcPaRS`~u\TOR]�S`_p\TOohnaRcd_	_PORaR\ }	~u\q\TOohT_
~phCOp� S`_btpOo_POohT~w{ � _Pcp\VSm_P]	Oo}�Oo_P]	Oo_p\[]	ORaRSUQTSUcd_PQ��[L�}	cpS`_f\'� \Tc)� }�cpS`_p\A}	~w\T\TOohT_kj5SU\XN�_Pc<QXNdW��<Sm_Ptbao~p_
cd_P{Ui Y�O�aRNPcpQTOo_DS e \XNPO�_PW	Z Y�Ooh<cueA{UcptpSUa�QXW	Y�aRS`hCaoWPSU\TQ�S|Q^\INPO QI~pZ[O ~wQ \XNPO�_PW	Z[Y	Ooh<cue[{|cftpSUao~u{
Z[OoZ[cPhCSUORQ�� �PS`Z[SU{`~phC{Uip�rS e ~�hCORtdWP{`~ph[}�cpS`_p\'� \qc)� }	cpS`_f\K}	~u\T\TOohT_ SUQ[a NPcpQqOo_ �v\XNPOohCO^Z[WPQT\ Y�O^Oo_PcdWPtdN
{UcptpSUaKQXW	Y�aRS`hCaoWPSU\TQK\Tc<QTS`_  � cdhVQTcdW	hnaRO��VOR�pOohCi�]�~w\X~^}PS`_�S`_�OR�pOohCi�{UcptpSUao~u{;Z[OoZFcdhCi"�[M5NPO _PW	Z Y�Ooh
cue$QXW	Y	aRS`hCaoWPSU\TQ�~p_P]-\INPO^Sm_f\TOohCaRcP_	_PORaR\�}	~u\T\TOohT_ ~fhCO^a NPcfQTOo_ S`_P]	Oo}	Oo_P]	Oo_f\T{Ui � 6 eA\XNPO�_dW	Z[Y�OohKcue
QXW	Y�aRSmhnaoWPS|\qQ�~p_P] \XNPO^aRNPcpQTOo_!S`_p\qOohCaRcd_	_PORaR\^}	~u\T\TOohT_ aRcd_-1�SUaR\o�5~�_PORj�_dW	Z[Y	OohFcue QIW	Y	aRS`hCaoWPSU\TQ<S|Q
aRNPcpQTOo_ �

� 1



output
pad

Address subcircuit

3 copies of the same MCNC circuit

Logical
Memory

input
pads

data−in
pins

address pins

data−out
pins

vSUtdW	hCO " �`� � *v��%	~pZK}P{UO$cuevaRcd_	_PORaR\TS`_Pt ]�~w\X~5� S`_^QXW	Y�aRS`hCaoWPSU\$\Tc ~[{UcptpSUao~u{ Z[OoZ[cdhCi"�

������� � 
 � �� � � ��	� � � � ��	�� � "�� � 	���� "�	�� �

* _PaROA\INPO$Sm_f\TOohCaRcP_	_PORaR\ }	~u\q\TOohT_PQ ~p_P]^\INPO _PW	Z Y�OohrcuevQXW	Y	aRS`hCaoWPSU\TQA~wQTQTcPaRSm~w\TOR]�j5SU\XN<Oo~wa N<aR{`WPQT\TOoh
~phCOb]	OR\TOohTZ[S`_POR]���\XNPO�QXW	Y�aRS`hCaoWPSU\TQ�\XNPOoZFQTOR{U�pORQ�~phCO^tpOo_POohq~u\TOR]�� M�NPORQTO�QXW	Y�aRS`hCaoWPSU\TQ ~phnO�aRNPcpQTOo_
hT~p_P]	cPZ[{Ui<e hCcPZ "2= Y	Oo_PaRN	ZK~ph/ <aRS`hCaoWPSU\TQ e hCcPZ�\XNPO ��SUaohCcPOR{UORaR\XhCcd_PSUaRQ � Oo_p\TOoh�cue 0 cPhC\XN���~phCcp{US`_	~
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6 _ \XNPSUQAaRN	~p}P\TOohR� jrOKN	~ �pOK}	hCORQTOo_f\TOR])~p_	~u{UiPQTSUQAcueraRS`hCaoWPSU\TQ[aRcd_p\I~uS`_PSm_Pt�Y	cp\IN�{UcptpSUa ~p_P])ZFOoZ[cdhCi"�
M5NPO^~p_	~u{UiPQTSUQKj5~uQAY	~uQTOR] cd_ �o�	�KaRS`hCaoWPSU\TQ cdYP\X~uS`_POR]!e hCcdZ "k]	S 3 OohnOo_p\[QTcdW	hnaRORQ�� M�NPORQTO aRS`hCaoWPSU\TQ
aRcd_f\X~uS`_POR]-~b\Tcp\X~w{vcue �2"2"k{UcptpSUao~u{ Z[OoZFcdhCSUORQ����P\X~u\qS|Qq\TSUaRQFhnORtd~phC]	S`_Pt�\XNPO^_PW	Z Y�Ooh9cue Z[OoZ[cPhCSUORQo�
\XNPO[j5SU]	\XN�~p_P]b]	Oo}P\XNPQ$cue;Oo~uaRN�Z[OoZ[cdhCip� j NPOR\XNPOoh�\XNPOKZ[OoZ[cPhCSUORQ$j�OohnO WPQTOR] � L ��Q cdh ��* ��Qo�
j NPOR\XNPOohV\INPORi^j�OohnOAQTS`_Ptp{UO$� cdh�]�W	~u{ � }	cPhC\TOR]�jrOohCO9cdYP\X~uS`_POR]��V��O ~w{|Qqc^S|]	Oo_f\TS ,�OR]�\XN	hnORO ]	S 3�OohCOo_f\
aRcdZKZFcd_P{Ui"� cPaRaoW	hThCS`_Pt }	~w\T\TOohT_PQ S`_A\INPO�S`_f\TOohCaRcd_	_PORaR\qS|cP_ Y�OR\Cj�OROo_9\XNPO5Z[OoZFcdhCiA~p_P]9{|cftpSUa }	cdhn\TSUcd_PQ
cuev\XNPO$aRS`hCaoWPSU\TQ��
M�NPS|Q[aRN	~p}P\TOoh9~u{UQTc�]	ORQTaohnSmY�OR] ~kaRSmhnaoWPS|\ tpOo_POohT~u\TcPh$\XN	~u\$tfOo_POohT~u\TORQ[QT\TcPaRN	~uQT\TSUap��ifOR\FhnOo~u{US|Qq\TSUa

aRS`hCaoWPSU\TQ�aRcP_p\X~wSm_PS`_Pt-Y�cp\XN {UcptfS|a�~p_P] Z[OoZFcdhCi"� M�NPO�QT\X~w\TSUQT\TSUaRQ tP~u\XNPOohCOR]+]�W	hCS`_Pt \XNPO�~p_	~u{UidQqS|Q
~phCOKWPQTOR] ~uQA}	hCcPY	~pYPSU{|SU\Ci�]	SUQT\XhnSmY	WP\qS|cP_PQ S`_ \XNPOKQTOR{UORaR\TSUcd_ cue5Z[OoZ[cdhCibaRcd_-,�tdW	hT~w\TSUcd_PQ ~p_P]!Z[OoZ8�
cdhCi � {UcptpSUarS`_p\qOohCaRcd_	_PORaR\�}	~w\T\TOohT_PQ��vM5NPOr{UcptpSUa }	~fhC\vcue \INPO�aRS`hCaoWPSU\TQr~phCOraRcd_PQT\IhTWPaR\TOR] YfiAaRcd_	_PORaR\qSm_Pt
ZK~p_fi<QXZK~u{U{ Y�Oo_Pa N	ZK~fh/ K{UcptfS|a9QXW	Y	aRS`hCaoWPSU\TQ9\TcptpOR\INPOoh�~f_P]^\TcK\XNPOAZ[OoZFcdhCi"�
�PS`_PaRO9\XNPO$tpOo_POohT~u\qcdhrSUQ Y	~uQTOR]bQTc[aR{UcpQTOR{Ui�cd_<\INPO$aRSmhnaoWPS|\A~f_	~u{UidQTSUQo��j�O$ao~f_^Y	OAaRcP_-,�]	Oo_p\V\XN	~u\

\XNPO[tpOo_POohT~w\TOR]�aRSmhnaoWPS|\qQ �T{UcPc  ��hnOo~u{US|Qq\TSUap��Y	WP\$QqSm_PaRO \XNPORi ~phnO tfOo_POohT~u\TOR]�QT\TcPaRN	~uQT\TSUao~u{U{Uip��jrO[ao~p_
tpOo_POohT~w\TO ~uQAZK~f_pi�~uQ9]	ORQTS`hCOR]��^M5NPSUQ j�S|{U{5Y	O ORQTQTOo_f\TS`~u{;S`_ \XNPO ~phCaRNPSU\TORaR\XW	hT~w{;O&%	}	OohCS`Z[Oo_f\TQ[\XN	~u\
j5SU{U{�Y�OA]	ORQTaohnSmY�OR]�Sm_b�5N	~p}P\TOohnQ��K~p_P]�� �
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LVQ�QINPc jV_KS`_<\XNPOV{`~uQT\ra N	~f}P\TOohR�p]	SUtpSU\X~w{�aRS`hCaoWPSU\TQ N	~ �pOVj5SU]	OR{|i<� ~fhCidS`_Pt ZFOoZ[cdhCiKhCORl	WPS`hCOoZ[Oo_f\TQ���6 _
cdhC]	Ooh \TcKS`ZK}P{UOoZ[Oo_f\$\XNPORQTO$aRS`hCaoWPSU\TQ$cd_^~p_ ;x�� L cdh5~p_ ;x�� L � Y	~uQqOR]^QTidQq\TOoZ^��~KZFOoZ[cdhCi<\XN	~u\
ao~p_�Y	O[aRcd_-,�tPW	hCOR]�\TcKS`ZK}P{UOoZ[Oo_f\A]	S 3�OohCOo_p\A_PW	Z[Y	OohCQVcue;{UcptpSUao~u{;ZFOoZ[cdhCSUORQo� Oo~uaRN^j�S|\IN�]	S 3�OohCOo_f\
j5SU]	\XNPQ;~p_P]9]	Oo}P\XNPQo�uSUQvORQTQTOo_f\TS`~u{(�;M5NPSUQvaRN	~p}P\TOoh ]	ORQTaohCS`Y	ORQ;~ e ~pZ[SU{UiAcue�QXWPaRN[~phCaRNPSU\TORaR\XW	hCORQo�uQqSmZFS|{`~ph
\Tc9\XNPO vS � � vSUOR{U]�� �rcd_-,�tPW	hT~pYP{UO���OoZ[cdhCi[]	ORQTaohCS`Y�OR]^Sm_��`�p�(" � 
 �d~w{|cP_PtAj5SU\XN<~u{UtpcdhCSU\XN	ZFQ;\Tc[ZK~p}
{UcptpSUao~u{ ZFOoZ[cdhCSUORQV\Tc[\XNPORQTOA]	OR�PSUaRORQ��
M�NPO ~phCaRNPSU\TORaR\XW	hCO[]	ORQTaohnSmY�OR])S`_b\XNPSUQAaRN	~p}P\TOoh�SUQA~uQTQXW	ZFOR] \qc Y�O Qq\X~p_P]�� ~u{Ucd_PO�N \XN	~u\VS|Q � \XNPOohCO

~phCO5_Pc${UcptpSUa5YP{Ucda& fQo�d~p_P] \XNPO5~u]	]�hCORQTQ;~p_P][]�~u\I~ }PS`_PQ�~fhCOraRcd_	_PORaR\TOR]K]	S`hCORaR\T{Ui[\Tc 6 � * }	~u]	Q�� L  uORi
~p}	}P{USUao~u\TSUcd_<cue QXWPa N<~$aRNPS`}<SUQ ~[hCORaRcP_-,�tdW	hT~pYP{UO$QTiPQT\TOoZ aRcd_PQTSUQT\TS`_PtKcue�;x��$LVQo�dZ[OoZFcdhCi[]	OR�dSUaRORQo�
~p_P]KS`_f\TOohCaRcd_	_PORaR\ �59 � �(9��	�2929�� 9p�P� 93= 
'�76 _ Z ~p_pi9cue�\XNPORQTOVQTiPQT\TOoZ[Qo�u{UcptfS|ao~w{ ZFOoZ[cdhCSUORQ�~fhCO }	~ua& uOR]
S`_p\qcAQT\X~f_P]�~phC][c)3 � \XNPO$� QXNPOR{ e�Z[OoZFcdhCiAaRNPS`}PQ�� � QXW	~u{U{Uip�P\XNPO5{UcptpSUao~u{ Z[OoZ[cdhCSUORQzj5SU{|{�N	~ �pO5~$]	S 3�OohCOo_f\
QTS �ROAcPh5~uQX}�ORaR\ hT~u\TSUcK\IN	~p_<\XNPOA}	NfidQTSUao~u{vZ[OoZ[cPhCiK]	OR�PS|aRORQ5�r� NPOo_<\INPS|Q$N	~p}	}�Oo_PQo��ORSU\XNPOohVZ[OoZ[cPhCi
SUQAj5~uQT\qOR]�� cdh$\XNPO[{UcptpSUao~u{rZ[OoZ[cdhnS|ORQ[Z[WPQT\AY	O<\TS`Z[O$� Z[WP{U\TS`}P{|O&%POR] cd_f\Tc^\XNPO ZFOoZ[cdhCiba NPS`}PQ �59p� 
+�
�zi }	hCcu�PS|]	S`_Pt ZFOoZ[cdhCiKhCORQTcPW	hCaRORQr\XN	~u\;ao~f_ Y�OR\T\TOohr~u]�~p}P\z\Tc[\XNPO hnORl�WPS`hCOoZ[Oo_f\TQrcue�aRS`hCaoWPSU\TQo��ZFcdhCO
O$# aRSUOo_f\ aRS`hCaoWPSU\VSmZ }P{|OoZFOo_p\X~w\TSUcd_PQA~phCOA}�cpQTQTS`YP{UO"�
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M�NPO ~fhCa NPSU\TORaR\IW	hCO�]	ORQTaohCS`Y	OR]�S`_-\INPS|Qba N	~f}P\TOohKao~f_ ~w{|Qqc-Y	O�OoZ[Y	OR]	]	OR]1Sm_f\Tc-~p_ ;x�� L.\Tc
}	hCcu�PS|]	O[cd_-� aRNPS`})ZFOoZ[cdhCi"�$M5NPOKO&%P\TOo_PQTSUcd_bcuer\XNPSUQA~phCaRNPSU\TORaR\XW	hCO[\Tc^cd_-� aRNPS`}�~p}	}P{USUao~u\TSUcd_PQ9S|Q9\XNPO
egcdaoWPQ5cwey�5N	~f}P\TOohCQ 9K~f_P]�� �
M�NPOK]	SUQTaoWPQTQTSUcd_ S`_�\XNPSUQ9a N	~p}P\qOohAN	~uQ$\Cjrc�}	~phC\TQ5* �PORaR\qS|cP_ � � �[]	ORQTaohCS`Y	ORQ[\XNPO[e ~pZ[SU{Ui�cue5aRcd_-�

,�tdW	hT~fYP{|O�Z[OoZ[cdhni�~phna NPSU\TORaR\XW	hnORQo��~f_P]-�PORaR\TSUcd_ � � � }	hnORQTOo_p\qQ ~u{UtpcdhCSU\XN	ZFQ[e cPhKZK~p}	}PS`_Pt!{|cftpSUao~u{
Z[OoZ[cPhCi aRcP_-,�tdW	hT~u\TSUcd_PQ�\Tc[\XNPORQTOAaRcP_-,�tdW	hT~pYP{UOA]	OR�PSUaRORQ��
L$_<Oo~phC{Ui^�pOohnQTSUcd_<\XNPOAZK~u\qOohCS`~u{�S`_��PORaR\TSUcd_ � �`�$~u{UQTc ~f}	}	Oo~phCQVS`_ � �31 
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M5NPO e ~fZ[SU{|i!cue5aRcd_-,�tdW	hq~pYP{UO�Z[OoZ[cdhCi!~phCaRNPS|\qORaR\XW	hCORQo�vSU{U{`WPQT\XhT~w\TOR] S`_9vS|tPW	hCO � �`�p��aRcP_PQTSUQT\TQKcue �
YPSU\TQr]	SU�dSU]	OR]�OR�fOo_P{|i<~pZ[cd_Pt ��~phThT~ iPQ � Oo~uaRN[j5SU\XN<~$QqSm_Ptf{|O$]�~w\X~A}�cdhC\��y\XN	~u\;ao~f_ Y�O aRcdZ[YPS`_POR]^\Tc
S`ZK}P{UOoZ[Oo_f\A{UcptpSUao~u{rZ[OoZ[cdhCi^aRcP_-,�tdW	hT~u\TSUcd_PQ5� M5NPO O$3 ORaR\qS|�fOF~wQX}	ORaR\AhT~w\TSUc^cue�Oo~uaRN�~phThT~ i^ao~p_�Y�O
aRcd_-,�tdW	hnOR] WPQTS`_Pt<\XNPO $v�$]�~u\I~KZK~p}	}PS`_Pt^YP{|cPa& N	\INPS|QVSUQ ]	SUQTaoWPQqQTOR]^e W	hC\XNPOohrS`_b�PORaR\TSUcd_ � �`�"�`�-�
M�NPOF~w]	]�hCORQTQA~p_P] $ �<]�~u\I~ ZK~f}	}PSm_Pt�YP{Ucda& pQ[}	hCcptdhq~pZKZK~pYP{Ui^aRcd_	_PORaR\A~fhThT~ idQV\Tc<Oo~uaRN�cf\XNPOoh

~p_P]�\qc�\XNPOKO&%P\TOohT_	~w{;]�~u\X~^~f_P]�~u]	]�hnORQTQ Y	WPQTORQ5� M�NPO O&%P\TOohT_	~u{r~u]	]�hCORQTQ[~p_P]�]�~u\I~�Y	WPQTORQ[~phCOKcue
~ ,�%dOR] j�S|]	\IN ~p_P]-~phCO<aRcd_	_PORaR\TOR] ]	S`hCORaR\T{Ui \Tc 6 � * }	~w]	Q�Nr\XNPO^WPQTOoh[ao~p_!~uaRaRORQTQ ZFOoZ[cdhCi�cd_P{Ui
\XN	hCcPWPtdNK\INPORQTOAY	WPQTORQ��v� O ~uQqQXW	Z[OV\XN	~u\5~9QTS`_Ptp{UO Y	WPQrao~p_^Y	OAWPQqOR]<e cdhzcd_P{UiKcP_PO${|cftpSUao~u{ Z[OoZ[cPhCi
~u\[~�\qSmZFO"� M5NPOohnOIe cdhnOp� S e ~�Z[OoZFcdhCi�]	cdORQK_Pcp\KWPQTO<\XNPO<Oo_p\qSmhnO Y	WPQo�y\XNPO hnORQT\ASUQ[j5~uQT\TOR]���M�NPS|Q
~uQTQIW	ZK}P\TSUcd_^QqSmZ }P{|S ,�ORQ9\XNPOA]	ORQTSUtd_kcue;\XNPO $ � ]�~u\X~ ZK~p}	}PS`_Pt�~p_P]�~u]	]�hCORQqQ ZK~f}	}PSm_Pt�YP{UcPa  fQ�N \XNPO
QT\XhqWPaR\XW	hCO$cuev\XNPORQTOAYP{UcPa  fQ SUQV\XNPOVegcdaoWPQ5cwey�PORaR\TSUcd_ � �`�"� � �
M�NPO }	~phq~pZ[OR\TOohCQrWPQTOR]^\Tc[aRN	~phT~uaR\TOohnS �ROVOo~uaRN ZFOoZ Y�Oohrcue�\XNPSUQ ~phna NPSU\TORaR\XW	hq~u{ e ~pZFS|{Ui^~phCO5tfS|�fOo_

S`_�M ~pYP{UO � �`� � ~<aRcdZK}P{UOR\TO[{US|Qq\Acue;QTi	Z[Y	cp{UQ9S|Q$tfS|�fOo_ ~w\$\XNPOKY	ORtpS`_	_PS`_Pt�cue;\XNPSUQ$]	SUQTQTOohC\X~w\TSUcd_ �&� 6 _
\XNPO�_PO&%P\KaRN	~p}P\TOoh[jrO^� ~fhCi)\INPORQTO�}	~phT~pZFOR\TOohCQK~p_P]-Z[Oo~uQIW	hCO^\XNPO^O$3�ORaR\TQKcd_ ~fhCOo~	�vQX}�OROR]��5~p_P]
1�O&%PSmYPSU{USU\Ci^cue�\XNPO5]	OR�PS|aRO�N�\XNPO hT~p_PtfO5cue }	~phT~pZFOR\TOoh � ~u{`WPORQ5aRcP_PQTSU]	OohCOR] S`_<\XNPOV_PO&%d\za N	~p}P\qOohvSUQ5~u{UQTc
QXNPcuj _bS`_�M ~pYP{UO � �`� � \INPS|Q$SUQ[_Pcp\AZ[Oo~p_f\$\Tc^S`_P]	SUao~u\TO Y�P8P hCOo~uQqcd_	~pYP{UO }	~phT~fZ[OR\TOoh�� ~u{`WPORQ��&�K�PS`_PaRO
Oo~uaRN�{UcptfS|ao~w{ ZFOoZ[cdhCi)hnORl�WPS`hCORQ ~w\A{UOo~uQT\[cd_PO^~phThT~ ip� cd_PO^~u]	]�hCORQTQKY	WPQo�z~p_P])cP_PO ]�~u\I~ Y	WPQ �v\XNPO
ZK~)%PS`Z[W	Z�_dW	Z[Y�Ooh5cuev{UcptpSUao~u{ ZFOoZ[cdhCSUORQV\XN	~u\5ao~p_^Y�OAS`ZK}P{UOoZ[Oo_f\TOR]�cd_^\INPS|QV~phCaRNPS|\qORaR\XW	hCOASUQV\XNPO
Z[S`_PS`Z[W	Z�cue �%��� ��~f_P] � �

� �



L2 Data Mapping Block

Address Mapping Block

Memory
Array

L1 Data
Mapping
Block

Memory
Array

L1 Data
Mapping
Block

Memory
Array

L1 Data
Mapping
Block

data 
lines

address
lines

N memory arrays
Total bits = B

Q external address buses (width=log  B)2

Wnom

Wnom

M external data buses (width of each bus = Wnom)

vSUtdW	hCO � �`�-*7� Oo_POohT~u{ ~fhCa NPSU\TORaR\IW	hCOVe cPh5~[QT\X~f_P]�~u{Ucd_PO��� � �
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��:-���H����! 4 �_����� )k �54 �_����! 
" #O$����H�(�+�,*+���!���.�/ 46k �54
0 #O$����H�(�+�,*1�(2/!�(��3'���R4'����6��$� !�� �Gk,��
7 #O$����H�(�+�,*1�(2/!�(��3'������4�4����( ! O��$� ��( 4Gk �
9 3&��� #O���B�J3H����4'�,-�6;<��4��=���*1�?�,@�= �,�!���.� Ok,��
9 � C D �(<��*+��������;<�������<��C��(@(��Jw:��4'�,-�G;<�J4&!=� <�,*I�.��@�=A���!���.�  !��w��(�����

M ~fYP{|O � �`�"* L$hCaRNPS|\qORaR\XW	hT~u{ }	~fhT~pZ[OR\TOohnQ��

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

M5NPO�1�O&%dS`YPSU{USU\ i \qc^SmZ }P{|OoZFOo_p\ Z ~p_pi�]	S 3�OohCOo_f\F_PW	Z[Y	OohCQ[~p_P]!QXN	~p}	ORQ[cue Z[OoZFcdhCSUORQASUQK~uaRNPS|OR�fOR]
Yfi \XNPSUQ ~fhCa NPSU\TORaR\IW	hCO$S`_<\ jrc[j5~ idQ�* Ypi^~u{U{Ucuj5S`_Pt \XNPO$WPQTOohr\qc aRcP_-,�tdW	hCO$\XNPO$O$3�ORaR\TSU�pO$]�~u\I~Aj�S|]	\IN
cue$Oo~uaRN ~phThT~ i � \IhT~u]	S`_Pt�j5SU]	\XN�e cdhF]	Oo}P\XN �R�r~p_P] Yfi�~w{|{Ucuj5S`_Pt!\XNPO�WPQTOoh \Tc�aRcdZ[YPS`_PO ~phqhT~ idQ[\Tc
S`ZK}P{UOoZ[Oo_f\ {`~phCtfOoh ZFOoZ[cdhCSUORQ�� vSmhnQT\[aRcd_PQTSU]	OohK\INPO O$3�ORaR\TSU�pO^]�~u\I~�j�S|]	\IN!cue Oo~uaRN)~fhThT~ i"���;~uaRN
~phThq~oi[N	~uQ5~A_PcdZFSm_	~w{ j�S|]	\IN<cue � _PcdZ ~p_P]<]	Oo}P\XN<cue ��� � ��� _PcdZ �&�vM5NPSUQ _PcdZ[S`_	~u{�~uQI}	ORaR\�hq~u\TSUc
ao~p_!Y	O^~u{U\TOohCOR] Ypi \XNPO {UOR�pOR{$� � $v��� ]�~u\X~�Z ~p}	}PS`_Pt)YP{Ucda& ���vSUtdW	hCO � � ��� ~"�5QINPc j�Q ~p_ O&%�~fZK}P{UO
$v� ]�~u\X~^ZK~p}	}PS`_Pt�YP{Ucda& �S`_�j NPSUaRN � _PcdZ � = � �z~uaRN�]	cf\ hCOo}	hCORQqOo_p\TQ[~�}	hCcftdhT~pZKZ ~pYP{UOF}	~wQTQ'�
\XhT~f_PQTSUQT\Tcdh Qqj5SU\Ta N � M5NPO;QqOR\�cue NPcdhCS �Rcd_f\X~u{u\Xhq~ua  fQ�\Tc�j NPSUa N Oo~ua N �pOohC\TSUao~u{f\XhT~ua& ��ao~p_AY�O;aRcd_	_PORaR\qOR]
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b) 4 bit output configuration

memory array
(8 data lines)

L2 data
mapping
block 4 data

lines

memory array
(8 data lines)

L2 data
mapping
block

a) example with Wnom=8

L1 Data
Mapping
Block 1

2

vSUtdW	hnO � � � * $v�$]�~w\X~KZK~p}	}PS`_Pt^YP{Ucda& ��

� 1 � ��� � _PcdZ �rSUQ�*
�0%oe8'���� eI���/46r	�Gr�
_9 ��C� % 4

�

�'

j NPOohCO � O$3 SUQV\XNPO$QTOR\5cue;~u{U{Ucuj ~fYP{|O9O$3�ORaR\TSU�pOA]�~u\I~Aj�S|]	\INPQ cuevOo~uaRN^~phThT~ i"�
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Address Mapping Block

1024x8 1024x81024x8 1024x8

L1 L1 L1 L1

External address bus

L2 Data mapping block

External data buses (4 buses, each 8 bits
wide, gives a 32 bit wide memory)

Address Mapping Block

1024x8 1024x81024x8 1024x8

L1 L1 L1 L1

L2 Data Mapping Block

effective data
width = 1

effective data
width = 4

External address bus 
for 24576x1 logical memory

External address bus 
for 2048x4 logical memory

External data bus for
24576x1 logical memory

External data bus for
2048x4 logical memory
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n L1 blocks
and arrays

external
data 
buses

external
address
buses

n arrays

a) address mapping block
  width of each bus = log  B2

b) L2 data mapping block
    width of each bus = Wnom

vSUtdW	hnO � � � * $ OR�pOR{ �[]�~u\X~K~f_P]�~u]	]�hCORQTQ$ZK~p}	}PS`_Pt YP{UcPa  <\TcP}	cp{Ucptpi � �	� � ��� �@=-�&�

used bus segment

used switch

unused switch

Arrays and
L1 Mapping
Blocks

address

data
(32 bits)

L2 Data Mapping Block

Address Mapping Block

Arrays and
L1 Mapping
Blocks

L2 Data Mapping Block

Address Mapping Block

address 0

address 1

data 1

data 0
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~uQTQIW	Z[OA\XN	~w\ \XNPO[~phThT~ iPQ ~phCO9QXWPaRN^\XN	~u\VOo~uaRN^aRcp{`W	ZK_bS`_b\XNPO ~fhThT~ i ao~f_ Y�O[QTOR{UORaR\TSU�pOR{Ui Oo_	~fYP{|OR]��

���



8 arrays 8 arrays

4 external
address
buses

vSUtdW	hCO � �59 *vMrjrc)� QT\I~utpO ~u]	]�hnORQTQ ZK~p}	}PS`_Pt^YP{Ucda& ��

vSUtdW	hnO � � � * �zS � ]	S`hCORaR\TSUcd_	~u{vQqj5SU\Ta NPORQ�Sm_k\Cj�c � QT\X~utpO�$ �K]�~w\X~5� ZK~p}	}PS`_Pt YP{UcPa  �

M5NPOK~u]	]�hCORQqQAYPS|\qQ WPQTOR]�\qc aRcd_f\XhCcf{ \XNPO�$v�KZ ~p}	}PS`_Pt YP{Ucda& ^ao~f_�Y	OKWPQTOR]�\qc QTOR{UORaR\9j NPSUa N�~fhThT~ i
aRcp{`W	ZK_�� Q$�5~phCOAW	}�]�~u\TOR]��
M�NPO$]	OR\X~uSU{UOR]�aRS`hCaoWPSU\ ]	S`~utPhT~pZ�cue \XNPO $ �[]�~u\I~ Z ~p}	}PS`_Pt ~p_P] ~w]	]�hCORQTQ5ZK~p}	}PS`_Pt^YP{|cPa& pQ WPQqOR]

S`_^\XNPO�vS � � a NPS`}^ao~f_^Y	O$egcdW	_P]bSm_ �`��
+�

������� � � 	 �#� � � � � 	� � � � ��� � �

�cPh ~phna NPSU\TORaR\XW	hnORQ j5SU\XN����@=	��\INPOFNPcPhCS �Rcd_p\I~u{�Y	WPQqORQ Y�ORaRcdZ[O NPOo~ �PS|{Uib{|cP~u]	OR]�~p_P]�QT\X~phC\�]	cdZ8�
S`_	~u\TS`_Pt�\INPOFZFOoZ[cdhCi�~uaRaRORQTQ$\TS`Z[O"�. cdh5\INPORQTOKj5SU]	O YP{UcPa  fQo��\INPO \Cjrc)� QT\I~utpO$QT\XhqWPaR\XW	hCO[QXNPcuj _bS`_
vSUtdW	hCO � �59 S|QA~wQTQXW	Z[OR]��VM5NPSUQ$]	Sm~wtdhT~pZ�QINPc j�Q \XNPO[~u]	]�hCORQTQAZ ~p}	}PS`_Pt�YP{|cPa& N \XNPO $ � ]�~u\X~<ZK~p}-�
}PS`_Pt�YP{Ucda& ^SUQ$QTS`Z[SU{`~phR� j5SU\XNbOo~uaRN^S`_f�pOohC\TOohVhCOo}P{`~uaROR])Yfi^\XNPO[YPS|]	S`hCORaR\qS|cP_	~u{;]�hCSU�pOohVS`_�vSUtdW	hCO � � � �
M5NPO�_PW	Z[Y	Ooh[cue$QXW	Y-� Y	WPQTORQ<\XN	~u\[Oo~uaRN Y	WPQKQXNPcPWP{|]+Y	O�Y	hCc� uOo_!S`_p\Tc ]	Oo}	Oo_P]	Q<cd_!\XNPO^j5SU]	\XN!cue
\XNPO<cdhCSUtpS`_	~u{5ZK~p}	}PS`_Pt)YP{UcPa  �)�PORaR\qS|cP_ � �5"^O&%	~pZ[S`_PORQ NPcuj%\XNPSUQ }	~phT~pZFOR\TOohA~53�ORaR\TQ[\XNPO<cu�pOohT~u{U{
Z[OoZ[cPhCi ~waRaRORQTQ5\TS`Z[O"�

�2"



� �BA � �
�� �)�/�`M � �

M5NPO�e ~fZ[SU{|i cue ~phCaRNPS|\qORaR\XW	hCORQr]	ORQTaohCS`Y	OR]bS`_K\XNPOV{`~uQT\rQTORaR\TSUcd_<}	hCcu�PS|]	ORQ5~p_ O$# aRSUOo_f\o�-1�O&%dS`YP{UO Z[ORaRN-�
~p_PSUQXZ�egcdh�SmZ }P{|OoZFOo_p\TS`_Pt�,�OR{U]�� aRcd_-,�tdW	hT~fYP{|O^Z[OoZ[cPhCi"�$�	WPa N�~p_�~phCaRNPSU\TORaR\XW	hCO[SUQ$cue;{US`Z[SU\TOR] WPQTOp�
NPcujrOR�pOohR�pj�S|\INPcdWP\rO$3 ORaR\qS|�fO ~u{UtpcPhCSU\XN	Z[Qr\Tc Z ~p} ~9WPQTOoh � Q5Z[OoZFcdhCi[aRcd_-,�tdW	hT~w\TSUcd_PQr\TcA\XNPOV]	OR�PS|aRO"�
M5NPSUQAQqORaR\TSUcd_�]	ORQTaohCS`Y�ORQAQXWPaRN�~u{UtpcdhnS|\IN	Z[Q��[M5NPOK~u{UtpcdhCSU\XN	Z[QA~fhCO[tpOo_POohT~u{vOo_PcdWPtPN�\qc�ZK~p}b\Tc^~ph �
aRNPS|\qORaR\XW	hCORQ5j5SU\XNb~9j5SU]	OA� ~fhCSUOR\ i<cue QqS �RORQ$~p_P]�1�O&%PS`YPS|{USU\TSUORQo� ~p_P]�}	hCcu�dSU]	OA_POo~ph+� cd}P\TS`ZK~u{ QTcp{`WP\TSUcd_PQ
cu�pOohz\XNPSUQ j�S|]	O[~phCaRNPSU\TORaR\XW	hT~u{ hT~p_PtpO"�
M�NPO S`ZK}P{UOoZ[Oo_f\X~u\TSUcd_ cue ~b{UcptpSUao~u{ ZFOoZ[cdhCi�cd_ ~�}	NfidQTSUao~u{5Z[OoZFcdhCi)~phna NPSU\TORaR\XW	hnO�N	~uQ[\ jrc

ZK~uS`_kQT\TOo}PQ�*

�-�5~uQTQTSUtd_b}	NpiPQTSUao~u{;~phThq~oiPQV\Tc {UcptfS|ao~w{;Z[OoZ[cdhCSUORQA~p_P]�]	OR\TOohqZ[S`_PO \INPO O$3�ORaR\TSU�pO[]�~u\I~Kj5SU]	\XNbcue
Oo~ua N^~fhThT~ ip�	~p_P]

� �raRcdZ[YPSm_PO^\INPORQTO ~fhThT~ idQ[WPQTS`_Pt)~ � ~uSU{`~pYP{UO hncdWP\TS`_Pt�hCORQTcdW	hCaRORQK~p_P] aRcP_	_PORaR\TS`_Pt�\XNPOoZ \Tc�\XNPO
O&%d\TOohq_	~u{�Y	WPQTORQ��

M�NPO �rLVs }	hCcPYP{|OoZ%]	ORQTaohnSmY�OR] NPOohCOVSUQrQTS`Z[SU{m~fhr\TcAjrOR{U{ �+ d_Pcuj _<�rLVs }	hncdYP{UOoZ[Q � e cPh O&%�~pZ }P{|Op�
S`ZK}P{UOoZ[Oo_f\TS`_Pt ~<{UcptpSUa[aRS`hCaoWPSU\Acd_�~p_ ;x��$L��&��M�NPOFZ ~uS`_�]	S 3�OohCOo_PaROKSUQ$\XN	~w\ Y�ORao~pWPQTO Z[OoZFcdhCSUORQ
~phCO$QqcdZ[ORj N	~u\VhCORtdWP{`~phR� ~p_P]^]	c^_Pcp\5c)3�Ooh5~uQVZK~p_fi^SmZ }P{|OoZFOo_p\X~w\TSUcd_^aRNPcpSUaRORQA~uQ5{UcptpSUa[c)3�OohCQo�PjrO
ao~p_�jVhCSU\TO ~u{UtpcdhnS|\IN	Z[QA\XN	~w\ }	Ooh e cdhqZ.Z[WPa N Y	OR\T\TOoh \XN	~p_�\INPORSmh9aRcdhqhCORQX}	cP_P]	Sm_Pt�tpOo_POohq~u{ � }	W	hT}	cpQqO
aRcdW	_f\TOohT}	~phn\TQ�� M�NPO ~w{|tfcdhCSU\XN	Z[Q;}	hCORQqOo_p\TOR] Sm_9\XNPSUQza N	~p}P\qOohv}	hCcu�dSU]	O5_POo~ph � cd}P\qSmZ ~u{	QTcp{`WP\TSUcd_PQo�fOR�pOo_
egcdh5~phCaRNPSU\TORaR\XW	hCORQ�j5SU\XN^�pOohniK{US|\q\T{UO 1�O&%PS`YPSU{|SU\Ci � �pOohCiFe ORj Qqj5SU\Ta NPORQ$�&�
� O N	~ �pO Y	hnc  uOo_bcdW	hV~u{UtpcdhCSU\XN	Z�S`_p\Tc^\Cjrc }	~phn\TQ ~wQ QXNPcuj _kS`_ vSUtdW	hCO � �5= � M�NPO , hnQT\ }	N	~wQTOp�

j NPSUaRN<j�OVao~u{U{:P3RdTVUXW�Y�P �(bcR�� 	 �V] � UXW�Y�P Z�Y 	 	)U8^/Td��ZK~f}PQ;Oo~uaRN<{UcptpSUao~u{�Z[OoZ[cdhni \qcF~9QTOR\zcue�~phqhT~ idQo�P~p_P]
]	OR\TOohTZFSm_PORQ�\XNPO5O$3�ORaR\TSU�pOV]�~u\X~$j�S|]	\IN<cue�Oo~ua N cue�\XNPORQTO$~phThq~oiPQ�� M5NPSUQ�SUQ5~p_	~u{UcptfcdWPQr\TcA\TORaRN	_Pcp{Ucptpi
ZK~p}	}PS`_Pt���Sm_bj NPSUaRN�~9{UcptpSUa[aRS`hCaoWPSU\ SUQ$ZK~p}	}	OR]bS`_p\Tc<~[QTOR\5cuev{Ucdc� dW	}k\X~pYP{UORQ �59��P����� 
'�
M�NPO�QqORaRcd_P] }	N	~uQTOrS`_[cdW	hv� L s 1�c j SUQr~p_	~u{UcptpcdWPQ \TcA}P{`~uaROoZ[Oo_f\�~f_P]FhncdWP\TS`_Pt���6 _9\XNPSUQ�}	N	~wQTOp�

Oo~uaRN[ZK~p}	}	OR]<~phThT~ iVS|Qr~uQTQTSUtd_POR]<~ }	NfidQqS|ao~w{�~phThT~ i$QXWPaRN9\XN	~u\vSU\vao~p_[Y	O5aRcP_	_PORaR\TOR]K\TcV\XNPO5hCORl	WPSmhnOR]
_PW	Z Y�Ooh cue�O&%P\TOohT_	~u{�Y	WPQTORQ5� �zORao~pWPQqO�\INPOohCO5~phCO5hCOR{`~u\TSU�pOR{Ui9e ORj!SU\TOoZ[Qz\Tc }P{`~uaRO5~p_P][j5S`hCORQz\Tc$hCcdWP\TOp�
\XNPOA}P{`~uaROoZ[Oo_f\$~p_P] hCcPWP\TS`_PtKao~p_^Y	O9]	cd_POAQqSmZ[WP{U\X~p_PORcPWPQT{Ui"�
M�NPOAhCOoZK~uS`_P]	Ooh�cue�\INPS|Q�QTORaR\TSUcd_^]	ORQqaohCS`Y	ORQ$\XNPORQTO$\CjrcK~u{UtpcdhCSU\XN	ZFQ5S`_^]	OR\X~uSU{(�

� �



Logic Circuit

Set of LUTs

Placed LUTs

Technology Mapping

Placement

Routing

ANALOGOUS
       TO

Logical Memory
Configuration

Set of basic
arrays

Logical−Physical
Mapping

Placement and
Routing

Programming Pattern
Programming Pattern

a) Stand−alone Memory b) Standard FPGA

vS|tPW	hCO � �#= *v�rL s 1�cuj5Q5�

��� ����� � ��	 � 	 � � � ��� � � �

�zOIe cPhCO�~u\T\TOoZ }P\TS`_Pt \qc Z ~p} ~b{|cftpSUao~u{ Z[OoZ[cPhCi�aRcd_-,�tdW	hq~u\TSUcd_!\Tc�~p_ ~phna NPSU\TORaR\XW	hnOp�;jrO<]	c�\XNPO
egcp{U{|cuj5S`_Pt�*

�-�5�;_PQXW	hCO<\XN	~u\9\XNPO^\Tcp\I~u{;_dW	Z[Y�Ooh[cue YPSU\TQKS`_!\XNPO<{|cftpSUao~u{5Z[OoZ[cdhCi aRcd_-,�tdW	hT~u\qS|cP_�]	cPORQK_Pcp\
O&%daROROR]b\XNPOA_dW	Z[Y�Ooh5cuevYPS|\qQ S`_^\INPOA~phCaRNPS|\qORaR\XW	hCO"�

� �5�;_PQXW	hCO^\IN	~u\[\XNPO^\Tcp\X~w{�_PW	Z Y�Ooh[cueA~u]	]�hCORQTQ<~p_P] ]�~u\X~�}PS`_PQ hnORl�WPS`hCOR]D\Tc�SmZ }P{|OoZFOo_p\<\XNPO
{|cftpSUao~u{�Z[OoZ[cdhCi[aRcd_-,�tPW	hT~u\TSUcd_ ]	cdORQ5_Pcp\zO&%daROROR]^\INPO _PW	Z[Y	Oohzcue ~u]	]�hCORQTQ5~p_P]<]�~u\X~9}PS`_PQ5S`_
\XNPOA~phCaRNPSU\TORaR\XW	hCO"�

" �5�;_PQXW	hCO[\XN	~w\ \XNPO<_dW	Z[Y	OohVcwe�{UcptpSUao~u{;Z[OoZFcdhCSUORQ$]	cdORQ[_Pcp\$O&%PaROROR]�\XNPOK_dW	Z[Y�OohVcue ~u]	]�hnORQTQ
Y	WPQTORQo� ]�~u\X~<Y	WPQTORQo��~p_P]�}	NpiPQTSUao~u{;~phThq~oiPQ5S`_b\XNPO ~fhCa NPSU\TORaR\IW	hCO"�$�PSm_PaRO Oo~ua NbY	WPQA~p_P] ~fhThT~ i
ao~p_bcd_P{Ui Y�OKWPQTOR]�\Tc^S`ZK}P{UOoZ[Oo_f\ ~<QTS`_Ptp{UO<{UcptpSUao~u{;Z[OoZ[cPhCip� aRcd_-,�tdW	hT~w\TSUcd_PQ$\XN	~u\Ve ~uSU{v\XNPSUQ
\TORQT\rao~p_�_Pcf\ Y�OAS`ZK}P{UOoZ[Oo_f\TOR]�cd_<\XNPO9]	OR�dSUaRO"�

M5NPORQTO�\TORQq\TQ ~fhCO�\XhnS|�PS`~u{$\Tc)}�Ooh egcdhTZ?~p_P]+NPOR{m} l�WPSUa& p{Ui hCO �CORaR\^aRcd_-,�tdW	hT~u\qS|cP_PQ j NPSUaRN+ao~p_D_Pcp\
}	cfQTQTS`YP{Ui ,�\5S`_f\TcK\XNPO$\X~fhCtpOR\5~phCaRNPSU\TORaR\XW	hCO"�

���



10

11 11 11

1Kx1 1Kx1 1Kx1

address

data (3 bits)

256x4 256x4 256x4 256x4

4 4 4 4

4

8 8 8 8

10

2

address

data (3 bits)

vSUtdW	hCO � � � *vMrjrcK}	cpQqQTS`YP{|O[S`ZK}P{UOoZ[Oo_f\X~u\TSUcd_PQVcue =p�29)%Q" �

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

M5NPO , hCQT\ QT\TOo}$S`_9S`ZK}P{UOoZ[Oo_f\TS`_Pt ~�{|cftpSUao~u{�ZFOoZ[cdhCi$aRcd_-,�tPW	hT~u\TSUcd_ S|Qv\qc ZK~p} Oo~ua N {UcptpSUao~u{�Z[OoZ[cPhCi
cd_f\Tc^~phThT~ iPQ5\XN	~u\$~phCO9\XNPO[QTS �ROKcue;\XNPOK}	NfidQTSUao~u{;~fhThT~ idQ�cd_b\XNPOA\X~fhCtpOR\$~phCaRNPS|\qORaR\XW	hCO"��6 e5~<{|cftpSUao~u{
Z[OoZ[cPhCi�ao~p_ ,�\KS`_!cd_PO^}	NpiPQTSUao~u{ ~phqhT~ ip� \INPO�ZK~p}	}PS`_Pt�SUQK\XhCSU�PS`~u{(� 6 eAZ[cdhnO \XN	~f_�cd_PO�}	NfiPQTSUao~u{
~phThq~oi^SUQ[hCORl�WPS`hCOR]�� \XNPOohnOF~fhCO[cue \qOo_�QqOR�pOohT~u{;}�cpQTQTS`YP{UO Qqcp{`WP\TSUcd_PQ�N�QqOR{|ORaR\qSm_Pt�Y�OR\ jrOROo_�\INPOoZ�S|Q9\XNPO
tpcd~w{ cwe�\XNPO${UcptfS|ao~w{4� \qc)� }	NpiPQTSUao~u{vZK~p}	}PS`_Pt^~u{UtpcdhCSU\XN	Z �
� cd_PQTSU]	Ooh�\INPO;S`ZK}P{UOoZ[Oo_f\X~u\TSUcd_[cwe�\XNPO;{UcptpSUao~u{	Z[OoZ[cPhCi � =292" % "�;WPQTS`_PtK�$�  YPSU\;}	NfidQqS|ao~w{�~phqhT~ idQ

� �� ����1�� � �zOo~uaRN^j5SU\XN�~u{U{Ucuj ~fYP{|O[]�~u\I~[j5SU]	\XNPQ$cue5�p� �	� � �Pcdh = � � O$3 � �d��
 ��
 � 
 =� �$��vSUtdW	hCO � � �
QXNPcuj5QV\Cj�c<}	cpQTQqSmYP{UOKS`ZK}P{UOoZ[Oo_f\X~u\qS|cP_PQ��AM5NPO , hCQT\$hCORl�WPS`hCORQ$\IN	hCOROK~phThT~ iPQ5aRcd_-,�tdW	hCOR]�~uQ[��1�� � % �f�
j NPSU{UO�\XNPObQTORaRcd_P] hCORl	WPSmhnORQ<e cdW	h^~fhThT~ idQ aRcd_-,�tdW	hCOR] ~uQ ���29)% � � 6 _-\INPO QqORaRcd_P]-O&%	~pZK}P{UOp�V\XNPO
]�~u\X~ Y	WPQTORQ$S`_PaRS|]	Oo_f\A\qc \XNPO[~phThT~ iPQ ~phCOAZ[WP{U\TS`}P{UO&%dOR]!cd_f\Tc ~ QTS`_Ptp{UO[O&%d\TOohq_	~u{ ]�~w\X~KY	WPQ��VM5NPO�$ �
ZK~p}	}PS`_Pt^YP{Ucda& ^]	ORQTaohnSmY�OR]�S`_��PORaR\TSUcd_ � � �$ao~p_<S`ZK}P{UOoZ[Oo_f\$\XNPSUQ�� 6 _b\XNPO , hCQT\5QTcf{mWP\qS|cP_ � NPcujrOR�pOohR�
\XNPO $ � ZK~p}	}PS`_Pt-YP{Ucda& SUQ^_Pcp\^~pYP{UO \qc)aRcd_	_PORaR\<\XNPO�]�~u\X~ {|S`_PO�e hCcdZ Oo~uaRN-~phqhT~ i)\Tc ~ QTS`_Ptp{UO
O&%P\TOohT_	~u{ ]�~u\X~[Y	WPQo�PQTS`_PaRO$\XNPO�$ �[ZK~p}	}PS`_Pt YP{Ucda& QTj5SU\TaRNPORQ�Oo~wa N<Y	WPQ ~uQr~ W	_PSU\��yL QrO&%	}P{m~wSm_POR]bS`_
�PORaR\TSUcd_ � �`�"� ���d\INPS|Q$hCOR]�WPaRORQV\XNPO _PW	Z[Y	Ooh�cue;}	hCcptdhT~fZKZK~pYP{UO$QTj5SU\TaRNPORQo� ~p_P]�NPOo_PaROp� \XNPOAZK~f}	}PSm_Pt
YP{Ucda& �~phCOo~ �9M5NdWPQ � S er\XNPO., hCQq\ QTcf{mWP\qS|cP_�jrOohCO[SmZ }P{|OoZFOo_p\TOR]�� \XN	hnORO O&%P\TOohT_	~w{v]�~u\X~<Y	WPQTORQAjrcdWP{U]
Y	O[WPQTOR]��
� NPSUaRN�Qqcp{`WP\TSUcd_bcue�vSUtdW	hCO � � �[SUQ$\XNPOKY�ORQT\ ]	Oo}�Oo_P]	QAcd_b\XNPO9cp\XNPOoh�{UcptpSUao~u{;Z[OoZ[cPhCSUORQ$j5SU\XNPS`_

\XNPO5aRcP_-,�tdW	hT~u\TSUcd_ �v�rcP_PQTSU]	Oohv\XNPO5O&%	~pZK}P{UO5S`_.vSUtdW	hnO � �`��1��uSm_Fj NPSUa N[\INPO5{UcptpSUao~u{ ZFOoZ[cdhCi9aRcd_-,�t)�
W	hT~u\qS|cP_ � =f�29)%Q"	� �  % � �rS|Q5ZK~f}	}	OR]<\Tc ~p_<~phCaRNPSU\TORaR\XW	hCOVj5SU\XN � �
= �g_PW	Z[Y	Oohzcue ~phThT~ iPQ��R��� � �

�29



�g_PW	Z[Y	Ooh�cue�]�~u\I~KY	WPQTORQ��R� �� ����1�� � �gYPSU\TQ$}	Ooh$~phqhT~ i �5~f_P] � O$3 � �d��
 ��
 � 
 =� � ~u{U{|cuj5~pYP{UO[]�~u\X~
j5SU]	\XNPQ e cdhVOo~wa N�~fhThT~ i � � M5NPO �  % �K{UcptfS|ao~w{�Z[OoZ[cPhCi hCORl	WPS`hCORQ ~w\${|Oo~wQT\�,��pO<~phThT~ iPQ�� �PS`_PaRO<\XNPO
\X~phntpOR\5~phCaRNPS|\qORaR\XW	hCO$aRcd_f\X~uS`_PQrORSUtdNp\V~phThT~ iPQ�S`_<\Tcf\X~u{g�Pcd_P{Ui^\XN	hCORO$~phCO${UOIe \ e cdhz\XNPO =f�29)%Q" ZFOoZ[cdhCi"�
M5NPWPQo�	cd_P{Ui^\XNPO , hnQT\5QTcp{`WP\TSUcd_kS`_ vSUtdW	hCO � � �Aj�S|{U{ {UOo~u]�\Tc<~[� ~u{USU]�S`ZK}P{UOoZ[Oo_f\X~u\qS|cP_ �
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Pattern 1: B(i)={i mod M}

Pattern 4: B(i)={j: 0<j<M}Pattern 3: B(i)={j: j<(i mod M)}

Pattern 2: B(i)={i mod 2  : 0<j<log M}j
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�)1@A)70(+:\&)(aA)4-QJ?-(<,G2LVUP329M9137o?)P32)7eTK6"136i:.R-*)1Y7<8WPYP3R�QJ4)70&CP^8K,.M9(<,S:I&-89AC:I&)(+A)4-QJ?-(<,i2WV�QJ(<QJ2),.R
89,;,_8<R)6<f CM�-4-8L:;1325A	�:�@uS6I4)M9M9(06_:;6E:I&-8W:U:\&)(�89,d(<8"=-(<*O(<A)=-6�QJ4)70&oQa25,.(S25A+:\&)(�A)4-QJ?-(<,�2LVx:I,;8L70T96h1@A
(<8L70&	7e&-8KA-A)(0PX:I&-8KA	25A ��! �

� '�� .�� � � �$' �

F�=-(0:I8L13P3(0={=-(0P@8<R+QJ2)=-(0PZ136'4)6;(0=+:_2"7025Q+*-8K,.(�:I&)(m=-(0P@8gR)6E2LVp701@,.7<4)13:�1^Q}*)PY(<Qa(<A9:I8W:;1325A)6hV 25, BED�SGFm6
�'13:I&J=-1b�p(<,.(<AK:�/�8LP@4)(06�2LV�� ! � �)1@A)70(i:I&)(>701^,d7<4)1Y:_6EV],.25Q :I&)('701@,.7<4)13:�M9(<A)(<,;8L:_25,y=-2JA)29:y1@A)70P^4)=-(G�Z1@*K[
�Z25*)6<f)13:E136�=-1 Yo7<4)P3:':;2�1Y=-(<AK:;1bV|R+:I&)(S7<,.13:;137<8LPp*-8L:I&J2LVp(<8L70&}701^,d7<4)1Y: �E%'&)4)6<f-,;8L:I&)(<, :I&-89AJ7025Q}*-89,.1@A)M
7<,.13:;137<8LPE*-8L:\&)6<f:��("7025Q}*-89,.(":\&)( C '�� A C / C 571D'*I '�����1 � � ) A C 1 2LVE:I&)(�Qa(<QJ25,.13(06S1^AC(<8L70&{701@,.7<4)13:��
%'&)({,.(<8L=�8L7070(06;6J:;1@QJ(	136+:I&)(	:;1@QJ(o:_2N,.(<8L=�89A�13:;(<Q V�,.2)Q QJ(<QJ2),.R9fx1^A)70P@4)=-1@A)M�:I&)(	=-(0P@8<R�=Z4)(
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By13M54-,.(J�:��w � �h1b[]=-1@,.(070:;1325A-8LPy,.(\[�*-2���(<,.1@A)M	66�'13:;70& �
:;2{:I&)(+,.2)4):;1@A)MN?-(0:&��(0(<AC:I&)(o8L=-=Z,d(06;6"*)1@A)6a8KA)=N:\&)(+=Z,.13/51@A)MCPY2KM9137�?)P32)7eT�89A)=�:I&)(+=-(0P@8gR�=Z4)(+:;2
:I&)(",.2)4):;1@A)Ma?O(0:&�U(0(<A	:\&)(i=Z8L:I8g[]254):'*)1@A)6m89A)={:\&)(iPY2KM9137i6;1@A-T ��%'&)(S=-(0P^8gR)6'2LVy:I&)(SPY2KM9137�?)P32570TK6'25A
(013:I&)(<,�(<A)=`89,d("A)29:�1^A)70P@4)=-(0= ��F Qa(<QJ25,.R+:.R-*)137<8LP3PYR`&-8W6'6;(0/9(<,;8WPz8L=-=Z,.(06_6m89A)=	=Z8L:I8�7025A-A)(070:;1325A)6?@
:I&)(	P325A)M9(06;:J7025A-A)(070:;1325A V 2),i(<8L70&�136+70&)296;(<A ��B 25,�701@,.7<4)13:;6�'13:I&�QJ25,.(	:I&-89A�25A)({QJ(<QJ25,dR9fy:I&)(
QJ(<QJ2),.R �>1Y:\&	:I&)(iP325A)M9(06;:i,.(<8L=`8L7070(06_6':;1@QJ("136'70&)296;(<A �

n�1^TW(":I&)(�=-(0P^8gR{QJ2)=-(0P 4)6;(0=C1@A{:I&)(�6;:I89A)=)[�8LP325A)(J89,.70&)13:;(070:I4-,.(�6;:I4)=-13(06<f :I&)("QJ2)=-(0PX4)6;(0=�&)(<,.(
7025AK:I8L1@A)6i:&��2�*-89,d:;6 � :\&)(+=-(0P@8<RC:I&-,.254)M)&`:\&)(oQJ(<QJ25,dR`89,;,;8gR`89A)=�:\&)(�=-(0P@8gR)6i2LVU:I&)(}1^A-*-4):J89A)=
254):I*-4):iA)(0:&��25,;TK6��'%'&)(6�z,d6;:m702)Q+*-25A)(<AK:S1Y6i(06_:;1@Q+8L:;(0=�4)6;1@A)M{:I&)(�8L7070(06_6m:;1@QJ(+QJ2)=-(0Px=-(06;7<,.1@?-(0=
1@A{�)(070:;1325A�[ ��w:�@u9f1�m&)137e&	:\89TL(06�1@A9:;2	8L7070254-AK:U:\&)(i=-(0P^8gR	=Z4)(i:;2J:I&)(i=-(0702)=-(<,0f:��25,.=-P31@A)(06<fZ?)13:;P31@A)(06<f
89A)=�6;(<A)6;(+89Q}*)PY1 �Z(<,.6 ��%'&)(}6;(07025A)=�7025Q+*O25A)(<A9:gf�:I&)(+A)(0:���25,_T	=-(0P^8gR9f�136iV|254-A)=�?KR`7025A)6;:\,;4)70:;1@A)M
s #�:I,.(0(06�V 25,�(<8L7e&{,d254):;(0=`A)(0:<fZ8KA)= �zA)=-1^A)M{:\&)(�CyP@QJ25,.(i=-(0P@8gR{2LVy(<8L70&	:I,.(0( ���-u ���

%>&)('=-(0P@8<RJ2LVX8�,.254):;(0=oA)(0:h=-(<*-(<A)=-6'6_1YM)A)1Z�Z7<8KA9:;P3R+2)AJ:I&)('66�>1Y:_7e&	89,.70&)13:;(070:I4-,.('2WV�:\&)('BED�SGF �
��V'8	6;1@A)M9P3(�*-8W6;6i:I,;89A)6_1Y6_:;25,>1Y6J4)6;(0=CV 2),S(<8L7e&C66�>1Y:_7e&�fq:I&)(J=-(0P^8gR�1@A)7<,.(<8L6;(06 ��4-8W=Z,;8L:;137<8LP3P3R�8L6i:I&)(
A)(0:"P3(<A)M9:\&�1@A)7<,.(<8L6_(06��`%q2`6I*O(0(0= 4-*�&)13M5&�V]89AK[]254):"8KA)=�P325A)M�A)(0:;6<fx7025Q+QJ(<,d701^8WPEBED�SGFm6i(013:I&)(<,
7025AK:I8L1@AJ,.(\[�*-2���(<,.1@A)M�?-4K�p(<,.6y=-136;:\,.1@?-4):;(0=+:I&-,.2)4)M5&�:I&)(�BED�SiFJfL25,q:I&)('8L6;6;2)701@8L:;(0= #�F&X�:;2)29P36E4)6;(
P329M9137"?)P32570TK6U:_2�,.(\[�*O2 ��(<,hP325A)MJ25,E&)13M5&}V]89AK[]254):'A)(0:;6 � %>&)(m13=-(<AK:;1 �Z7<8L:;1325A{2WV�:\&)(m25*):_1^QJ4-Q ?-4K�p(<,
*)P@8L70(<QJ(<AK:+6;:I,_8L:;(0M9RC1Y6	89A�8W70:;13/9(�8K,.(<8{2LVm,.(06_(<89,.70& �N�~A�254-,"QJ2)=-(0P|f2��(oQ}89TL(	:I&)(�*O(06;6;1@QJ136;:;137
8L6;6\4-Q+*):;1325A	:I&-8L: 1,+,1<5 � 6��>1Y:_7e&	1@A{(<8W7e&	6��>1Y:_7e&{?)P32)7eT{89A)=�QJ(<QJ25,dRVULP329MK1Y7i1@AK:;(<,.7025A-A)(070:i?)P32570T}1Y6
,.(<*)P@8L70(0=�?KR{:I&)(+?)13=-1@,.(070:;1325A-8LP�,.(\[�*-2���(<,.1@A)M{6��'13:;70&C2LVEBy13M54-,.(+����w��>FmP3:I&)2)4)M5&C:I&)136"89,.70&)1Y:_(070:I4-,.(
136+A)29:"P31@TL(0P3R�:_2`?-({4)6;(0=�1@A�*-,;8L70:;1370({?-(07<894)6_({2LVU:I&)(	P@89,.M9(	89,.(<8`,d(���4)1@,.(<QJ(<AK:;6J2LV�(<8L7e&�6��'13:;70&
?)P32570T f���(+?-(0P313(0/9({:I&-8L:i:I&)(J=-(0P@8gR�(06;:;1@Q+8L:;(06i2)?):I8L1@A)(0=�?KR�8W6;6I4-QJ1@A)M{6I4)70&�89A�8K,.7e&)13:;(070:\4-,.(+89,.(
6;1@QJ13P@89,h:;2":\&)296;(':I&-8W:��U2)4)PY={?-(S25?):I8W1^A)(0={&-8L=o8�QJ25,.(>1^AK:;(0P3P313M9(<A9:S?-4K��(<,h*)P@8L70(<QJ(<AK:�*O29P31370R�?O(0(<A
(<Q+*)P32LR9(0=��
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%'&)( �z,d6;:"6;(0:i2WV>,d(06I4)P3:;6"136iV|25,�89ACBED�SiF �'13:I&�6;13j5:;(0(<A 	g[%Ji?)13:aQa(<QJ25,.R�89,;,;8gR)6 � %�( �'13P3PM�z,d6;:
=-136;7<4)6;6J&)2 � ��!H8g�p(070:;6SBED�SGFH,.254):I8K?)1YP313:.R9fp89A)=�:I&)(<A{702)Q+*-89,.(JBED�SGFm6 �'13:I&C=-1��p(<,.(<AK:i/�8WP^4)(06
2LV���!�1^A�:;(<,;QJ6>2LV 8K,.(<8J89A)=`6I*O(0(0=��
��0D.*+81"! '$# 9;570D'*-/' )*<%! ':> 9 �=<?>

FS6m(0j-*)P@8L1@A)(0=�1@AN�)(070:_1Y2)A`���@u �@u9f-:I&)(J,.(06I4)P3:;6i89,.(J?-8L6;(0=`2)A{:I&)(�1^Q}*)PY(<Qa(<A9:I8W:;1325AC2LV�ugl9lJ6;:;2)70&-8L6.[
:;137<8LP3P3R�M9(<A)(<,;8W:;(0=�701^,d7<4)1Y:_6 �"B 25,S(<8L70&C701^,d7<4)1Y:gfp:I&)(oQa1^A)1@QJ4-Q 70&-89A-A)(0P��'13=-:I&�,.(���4)1@,.(0=�:;2�,d254):;(
8LP3PXA)(0:;6S1@A{:I&)(�701@,.7<4)13:m136S=-(0:;(<,;QJ1@A)(0=pfp8L6;6\4-QJ1@A)M+:I&-8L:m8WPYPq7e&-89A-A)(0P36"8L7<,d296;6':I&)(iBEDHSiF &-8g/9(i:I&)(
6I89Qa( �'13=-:I& �o%>&)1Y6�7e&-8KA-A)(0P �'13=-:I& � A)4-Q�?O(<,i2LV�:I,;8L70TK6 	S136":I&)(<A�8g/9(<,_8LM9(0=�2L/9(<,i8LP3Pmu<lKl{?-(<A)70&K[
Q+89,_T{701@,.7<4)13:;6<fxM913/)1^A)M�:I&)(+8g/9(<,;8WM9(+A54-QJ?-(<,G2LVU:\,;8L70T96",.(��-4)1@,.(0=�:;2`,.254):;(J:I&)(}701^,d7<4)1Y:_6 �o%'&)136�1Y6
,.(<*O(<8L:;(0=	V|25,y6;(0/K(<,;8LP�/�8LP@4)(06'2WV ��!Jf)M913/51@A)M+:\&)(m6;2KPY13=CPY1@A)(�1^A	By13M54-,d(���� k �y%'&)(i=-29:;:;(0=	P31@A)(06m6I&)2��
:I&)(J:I,;8W7eTC,.(���4)1@,.(<Qa(<A9:J*)P^4)6J89A)=�QJ1@A54)6�25A)(+6;:\89A)=Z89,.=�=-(0/)1^8W:;1325A �JFm6i(0j-*-(070:_(0=pf 8W6i:I&)(+QJ(<Q�[
25,.RWULP329M9137i1@AK:;(<,.7025A-A)(070:>�Z(0j51@?)13P313:�R � �"! 	�1@A)7<,.(<8W6;(06<f-:I&)(J8g/9(<,;8LM9(S:I,;8W7eT+,d(���4)1@,.(<QJ(<AK:'=Z,.2)*)6 �E�|:>1Y6
1@A9:_(<,.(06;:;1@A)MZfp&)2���(0/9(<,0f-:\&-8L:m?-(0RK25A)=���! # k f-/9(<,.R{P313:;:;P3(JV]4-,.:I&)(<,>=Z,.25*�1Y6i6_(0(<A �m%'&)( �zA-8LP *O291@A9:
25A�:\&)(a&)2),.1 c 25A9:\8LPE8Lj)1Y6�136":I&)(+7<8W6;(J1^A �m&)1370&�(<8L70&�*)1@A�7<89A�?O(+7025A-A)(070:;(0=�:;2 '*- - 2WVU:I&)(+:\,;8L70T96
1@A�:\&)(oA)(013M5&5?O254-,.1@A)M�/9(<,d:;137<8LPE70&-89A-A)(0P �ICy/K(<A �'13:I&�:I&)136a&)13M5&�=-(0M5,.(0(}2LV��Z(0j51@?)13P31Y:.R9f�8LP@QJ296;:JA)2
1@Q+*-,.2L/9(<QJ(<AK:m?O(0R925A)=`:\&-8L:�25?):I8L1@A)(0={V|25, �"! # k+136'6;(0(<A �

%>&)(�M),;89*-&C6I&)2��'6i89A�89A)25Q+8LP3R�8L: �"! # w �"%p2`4-A)=-(<,d6;:I89A)= �m&KR �"! # w}136�8{?-8L=�70&)291370(
1@A�:I&)136o*-89,.:_1Y7<4)P@89,}89,.70&)1Y:_(070:I4-,.(9fy13:+136oA)(070(06;6\89,.R�:;2�(0j-89QJ1@A)({:I&)(`QJ(<Qa25,.RWULP329M9137o1@AK:;(<,.7025A-A)(070:
*-8L:;:_(<,;AJ(<Q+*)P32LR9(0=��'&�2)A)6;13=-(<,yBy13M54-,.(i���Z[-f��S&)1Y70&}6I&)2��'6U8�*-89,.:;137<4)P@89,.P3R{?-8L=+7<8L6;(�V 25, :I&)(m*-8L:_:;(<,;A
=-(06;7<,.1@?O(0= 1@A �)(070:;1325A ���@u �bw����~A�:I&)136+(0j-89Q+*)P3(9f�:I&)(`A)4-QJ?-(<,J2LViQJ(<QJ25,.R�*)1@A)6<f �Hfh136 	9�Ofy:I&)(
A)4-Q�?O(<,S2LVE/9(<,.:_1Y7<8WPX:I,_8L7eTK6S1^A)7013=-(<AK:":;2	(<8L70&�QJ(<QJ25,.RWULP329M9137�1^AK:;(<,.702)A-A)(070:"?)PY2)70TZf)(+f�136�[9�-f�89A)=
:I&)(iA54-QJ?O(<,�2LVX:I&)(06_(i:I,;8L70T96h:;2 �m&)137e&	(<8W7e&{*)1@A	7<89A	7025A-A)(070:gf:� ! f5136mw �XFS6'7<89A	?-(i6_(0(<A�f-:I&)( �-u
QJ(<QJ2),.R+7025A-A)(070:;1325A)6 � � ���"! 	h7025A-A)(070:S:;2J25A)P3R 	9��2LVx:I&)(i/9(<,.:;137<8LP�:I,_8L7eTK6<f)P3(<8g/51@A)Mow9l�/9(<,d:;137<8LP
:I,;8W7eTK6+4-A)7025A-A)(070:;(0=���BZ25,d701^A)M�:I&)( 	K�NQa(<QJ25,.R�*)1@A)6	:;2�7025Q+*O(0:;(	V 2),"2)A)PYR 	9�C/9(<,.:_1Y7<8WPU:\,;8L70T96
�m&)(<A [9�J89,d(�8g/�8W1YP@89?)P3(�1Y6>70PY(<8K,.P3R�?-8L=	V|25,�,.254):\89?)13PY13:.R �E�~A	:I&)("A)(0j5:�6;(070:_1Y2)A�f���(m=-(<,.13/9("8�M9(<A)(<,_8LP
7025A)=-13:;1325A�V|25, �m&)1370&`:\&)("QJ(<QJ25,.RWULP329M9137�1^AK:;(<,.702)A-A)(070:"?)PY2)70T	=-(06;7<,.1@?-(0=�?KR CM�-4-8L:;1325A�� ��	JP3(<8g/9(06
4-A)7025A-A)(070:;(0=C/9(<,.:;137<8LP�:I,_8L7eTK6<f-89A)={1@A	:I&)(i6I4-?)6_(���4)(<AK:'6;(070:;1325A ��(m6I&)2���&)2���:I&)136'M9(<A)(<,;8LPx,.(06I4)P3:
,.(0P@8L:;(06>:;2+254-,�(0j-*-(<,d1^Qa(<A9:;6 �
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� ' )"':0D.���+ ��) � 5 <?5���)�� � 0�� � � 0/-/' - �"0���� ����� 57+ 5 )*<�':02+ �$)�)"'�+2<�� � ��+21�>
�]AC:I&)136i6I4-?)6_(070:;1325A�f ��("6I&)2���:I&-8L:S:I&)(�QJ(<Qa25,.RWULP329M9137J1^AK:;(<,.702)A-A)(070:"?)PY2)70T{=-(06;7<,.1@?O(0= ?KRICM�-4-8g[
:;1325A ����	>,.(06I4)P3:;6y1@A�(
	 � /9(<,d:;137<8LP5:\,;8L70T96X?O(01@A)M"P3(\V :E4-A)702)A-A)(070:;(0=+1bV (�8KA)= ��8K,.(U?O29:I&�=-13/5136;1@?)P3(
?KR �"! 8KA)=�(�� � �

%�(�4)6;(�:I&)(iV|29P3P32 �>1^A)M`A)2K:I8L:;1325A ���� ��� 	�1@A)=-137<8L:;(06�:I&)(":\,;8L70ToA)4-QJ?-(<,>2LVE:I&)(���E :I&	7025A-A)(070:_1Y2)A
:;2o*)1@A � � l������4��!Jf-l�� � � � fZ89A)=`l�� �� ��� 	�� ( 	 �XB�,.25Q C ��4-8W:;1325A ����	-f

��� � � � �"!$# �&%')( �*# %
� � (,+.- ���+/ % � = 2 8 �

%�( �'13P3Py4)6;( �� :;2J=-(<A)29:;(":\&)(i6;(0:'2LVE8LP3Pp(0P3(<QJ(<AK:;6m2WV �� ��� 	yV|25,'8WPYPxl�� � � � �

FS6;6I4-Qa(�:\&-8L: ( 89A)= � 89,.(J?-29:\&`=-13/)136;1@?)PY(`?KR �"!H89A)=�(/� � ��%�( �'13P3P��z,.6;:S6I&)2�� :I&-8L:
(<8L70&�2LVm:I&)( � (0P3(<QJ(<AK:;6+2LV �0 89,.(	=-136;:;1@A)70: ��B�,.25Q CM�-4-8L:;1325A���� 	-fx:I&)( �z,.6;:J25*O(<,;89A)=t2WVm:I&)(
QJ2)=Z4)P@4)6m25*O(<,;8L:;1325A�136mA)(0/9(<,>P^8K,.M9(<,�:I&-8KA (of)6;1@A)70( � � � �E%'&)4)6 �

�&1 � � � � # �&%'2(
�)1@A)70(�(�� � f-13:'136S70PY(<8K,':I&-8W:�A)2}: ��2J(0P3(<QJ(<AK:;6m2WV  0 89,.(i:I&)(i6I8KQJ( �
%�(oA)2��H6I&)2�� :I&-8L: 3�5476 ��� 	 # �� ����8 � ���"! 	 � :I&)136+,.(06I4)P3: �'13PYP'?O(`A)(0(0=-(0=�P^8W:;(<, 	 �{B�,.25Q
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Number
of Tracks
Required
to Route

Memory/Logic Interconnect Flexibility (Fm)

1 2 3 4 5 6 7 15 25 Full

0

5

10

15

20

25 �16 arrays

�
�

� � � � � � �

�8 arrays

� � � � � � � � ��4 arrays � � � � � � � � ��2 arrays � � � � � � � � �
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Number
of Tracks
Required
to Route

Memory/Logic  Interconnect  Flexibility   (Fm)

1 2 3 4

0

5

10

15

20

25

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
all but memory

connections
(lower bound)

� all but category 3 memory connections
� � �

�

route all nets

�

�

�
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Total
Number of

Programmable
Connections

in FPGA

Memory/Logic Interconnect Flexibility (Fm)

1 2 3 4 5 6 7 15 25 Full

0

50000

100000

150000

200000

250000

300000

350000
�16 arrays

�

�

� � � �
�

�
�

�8 arrays

� �

� � � �
� � �

�4 arrays � � � � � � � �
�

�2 arrays � � � � � � � �
�

By13M54-,.(J���@u9u � RS4-QJ?-(<,�2LVE*-,.29M),;89Q+Q+8K?)PY(i702)A-A)(070:;1325A)6�8W6m8�V]4-A)70:;1325A{2LV���! �

Memory
Read
Time

Memory/Logic Interconnect Flexibility (Fm)

1 2 3 4 5 6 7 15 25 Full

60ns

80ns

100ns

120ns

140ns

�

16 arrays

� �

�
�

� �

�

�

�

�
8 arrays

� �
�

� � �

�

�

�

� 4 arrays
�

�
� �

�
�

�

�

�

�

2 arrays
� �

� � �
�

�

�

�
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Logic Block
Memory Array
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PERMANENT CONNECTION  (NON−PROGRAMMABLE)

PROGRAMMABLE CONNECTION BETWEEN 
TWO HORIZONTAL SEGMENTS
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Solution favoured by maze−router
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Track A Track B Track C

Solution that does not use memory−memory switches
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