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\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��

�



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��

����� C 	 � 	 	 ��
,M ����� � � 	 
,M 	 ��� � ��� � 	 � � 	 �+� � ��� E � � � � 	

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
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]	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$cdYP\X~wSm_<\INPORSmhVhCORl	WPS`hCOR] 1�O&%PS`YPS|{USU\Ci"�
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* _PO^cue5\XNPO  uORi)hCORl	WPS`hCOoZ[Oo_f\TQ[cue ~p_fi�aRcd_-,�tPW	hT~pYP{UO ZFOoZ[cdhCi)~fhCa NPSU\TORaR\IW	hCO SUQK\IN	~u\ASU\KZ[WPQT\ Y�O
1�O&%PSmYP{UO[Oo_PcdWPtdNk\TcKS`ZK}P{UOoZ[Oo_f\ ~Fj5SU]	OA� ~fhCSUOR\ i^cwe�{UcptpSUao~u{ Z[OoZ[cdhCSUORQ��rM5NPOAW	_P]	OohC{UiPS`_Pt�~p}	}	hCcd~uaRN
egcdh5~uaRNPSUOR�dS`_Pt�1�O&%dS`YPSU{US|\Ci�SUQ \INPO$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
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address

data−in

data−out
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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
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data−out
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1K x 1

data−out
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enable

data−in (1 bit)

address
bit 1−10
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32x20
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Logic
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RAM
256x18

RAM
256x18

RAM
256x18

RAM
256x18

RAM
256x18

RAM
256x18

RAM
256x18

RAM
256x18

Logic
Elements
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vSUOR{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$1�ORaR\TQ
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��������� �
	���	�
�������������������	���� �!��"#�$�

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�
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ORSU\XNPOohV{UcptpSUa[cdh5Z[OoZFcdhCi"�2
vSUtdW	hCO � � �[QXNPcuj5Q$~KYP{UcPa  k]	Sm~wtdhT~pZ�cue�~[QTS`_Ptp{UO ��$ �+aRcd_-,�tdW	hnOR] ~wQ ~
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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
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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
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X
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X
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2−4 DECODER

Address 0
Address 1

Write

Address 2
Address 3
Address 4
Address 5
Address 6

4−1 MUX
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Logic Array Blocks
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routing channels

Vertical routing channels

Embedded Array Blocks
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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
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j5SU\XNbZ[OoZ[cdhCi"�v�	WPaRN�~[tfOo_POohT~u\Tcdhzj5~uQ5Y	WPSU{U\o��~p_P]^SUQ ]	ORQqaohCS`Y	OR]�S`_��PORaR\TSUcd_H" �5" �

� ��� � � �)��� 	2�)� � �

M5NPO^}	hCS`ZK~phCi e cPaoWPQKcue5\XNPSUQK]	SUQTQTOohn\X~u\TSUcd_ SUQK\XNPO<Sm_f�pORQT\qS|tP~u\TSUcd_ cue�
;x�� L Q9j5SU\XN!cd_-� aRNPS`} Z[OoZ8�
cdhCi"�9M5NPOKQTOo~phna Nkegcdh ~ �qtpcdcP] �^Z[OoZ[cdhCi�~phCaRNPSU\TORaR\XW	hCO[SUQAaROo_f\XhT~u{ \Tc^\XNPSUQ$jrcdh/ �AM5NPOohnOF~fhCO[\ jrc
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]	OR]�WPaROK~9QXWPSU\X~pYP{UO.
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;x��$L ~phna NPSU\TORaR\XW	hq~u{ QT\XWP]	SUORQ �`�p�u�Q"p�P� "3=d�("p�	� � 1 
 �

jrO5N	~o�fO5a NPcfQTOo_[\XNPO5QqORaRcd_P] ~p}	}	hCcP~ua N
�
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vSUtdW	hCO " �`� � * � ORQXWP{U\TS`_Pt^]	SUQT\XhCS`Y	WP\TSUcd_kcue�\qcp\X~u{�_PW	Z Y�Oohrcuev{UcptpSUao~u{vZ[OoZ[cdhCSUORQ��

aR{mWPQq\TOohVSUQAaRNPcpQTOo_�S`_P]	Oo}	Oo_P]	Oo_f\T{Ui �g~p_P]�S`_P]	Oo}	Oo_P]	Oo_f\ cwe�\XNPOK_PW	Z Y�Ooh$cueraR{`WPQT\TOohCQ�� �A� NPSU{UO
\XNPORQTOAhCOR{`~u\TSUcd_PQINPSm}PQA~fhCOA}	hCcdY	~pYP{Ui�_Pcp\�aRcdZK}P{UOR\TOR{Ui^S`_P]	Oo}	Oo_P]	Oo_f\o��jrO$]	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
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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"�
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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��
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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"�

� �2
vSm_	~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$� ~u{`WPO9e hCcdZ�M ~fYP{|O," � � �
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�cPhrOo~uaRN<aR{mWPQq\TOohR�	\XNPO e cPhTZ%cue�\INPO$]�~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 " � � �
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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$Sm_f\TOohCaRcP_	_PORaR\ }	~u\q\TOohT_PQ ~p_P]^\INPO _PW	Z Y�OohrcuevQXW	Y	aRS`hCaoWPSU\TQA~wQTQTcPaRSm~w\TOR]�j5SU\XN<Oo~wa N<aR{`WPQT\TOoh
~phCOb]	OR\TOohTZ[S`_POR]���\XNPO�QXW	Y�aRS`hCaoWPSU\TQ�\XNPOoZFQTOR{U�pORQ�~phCO^tpOo_POohq~u\TOR]�� M�NPORQTO�QXW	Y�aRS`hCaoWPSU\TQ ~phnO�aRNPcpQTOo_
hT~p_P]	cPZ[{Ui<e hCcPZ "2= Y	Oo_PaRN	ZK~ph/ <aRS`hCaoWPSU\TQ e hCcPZ�\XNPO ��SUaohCcPOR{UORaR\XhCcd_PSUaRQ � Oo_p\TOoh�cue 0 cPhC\XN���~phCcp{US`_	~
� ��� 0 � �V~p_P]�{USUQT\TOR]!Sm_!M ~pYP{UO " � � �5931 
'� M5NPOKaRS`hCaoWPSU\TQK~phnOFhnOo}P{|SUao~u\qOR])Oo_PcdWPtPN�\TS`Z[ORQ9\Tc^QXW	}	}P{Ui
\XNPO[~p}	}	hCcd}	hCS`~u\qOA_dW	Z[Y	Ooh�cuevS`_	}	WP\TQ$cdhrQTS`_  k\XNPOA~p}	}	hCcd}	hnSm~w\TO _PW	Z[Y	Ooh�cue�cPWP\X}	WP\TQ��rM5NPOAaRS`hCaoWPSU\TQ
S`_ M ~pYP{UO " � �$~fhCO ~u{U{ aRcdZ[YPS`_	~u\TSUcd_	~u{ ~p_P] aRcP_p\X~wSm_<Y	OR\CjrOROo_ � � ~p_P]���= � ,��fO$� Sm_	}	WP\�{|cPc  PW	}K\I~pYP{UORQ��
�;~wa N<aRS`hCaoWPSU\Vj ~wQ�cP}P\TS`Z[S �ROR] WPQTS`_Pt^� 6 � �#9	��
�� {|cftpSUa$� Sm_P]	Oo}�Oo_P]�Oo_f\$cd}P\TS`Z[S �o~u\TSUcd_ �V~p_P]^\TORaRN	_Pcp{Ucptpi
ZK~p}	}�OR] WPQTS`_Pt�
v{Uc j�� ~f} �59�� 
 Sm_f\Tc.,��fO$� Sm_	}	WP\${UcPc  PW	}^\X~pYP{UORQ��
LVQ�~f_[O&%�~fZK}P{UOp�daRcP_PQTSU]	Ooh�
vSUtdW	hnO " � � � � M�NPS|Qr]	S`~utdhq~pZ�QXNPcuj5Qr~�9 � % �${UcptpSUao~u{ Z[OoZ[cdhni ]�hnS|�fOo_

Yfi ~<QqSm_Ptf{|O<]�~u\X~ � Sm_ QXW	Y	aRS`hCaoWPSU\ � \XNPO ~w]	]�hCORQTQ ~f_P] ]�~w\X~5� cdWP\$QXW	Y�aRS`hCaoWPSU\TQ ~phCOK_Pcp\$QINPc jV_ �&�KM5NPO
��� 0 ��aRS`hCaoWPSU\<a NPcfQTOo_!\Tc�S`ZK}P{UOoZ[Oo_p\<\XNPO^QXW	Y�aRS`hCaoWPSU\^aRcd_p\I~uS`_PQKcd_P{Ui �bcdWP\I}	WP\TQ�Nr\XNPWPQo�vSU\Kj5~uQ
hCOo}P{USUao~u\TOR] " \TS`Z[ORQ;S`_ cdhC]	Oohv\qcA}	hCcu�dSU]	OV\XNPO��AhnORl�WPS`hCOR]^]�~u\I~V{|S`_PORQ��rM5NPO5QqS %P\XN QXW	Y	aRS`hCaoWPSU\5cPWP\X}	WP\
j5~uQ5_Pcp\ hCORl	WPS`hCOR]�� QTcKSU\5j5~uQ5aRcd_	_PORaR\qOR]�\TcK~p_kcdWP\X}	WP\ }	~u]��

6 _�
vS|tPW	hCOC" � � � ��~<QT\IhT~uSUtdNf\Ce cPhCj5~phC]^hCOo}P{US|ao~w\TSUcd_�cue;\XNPO.��� 0 �+aRS`hCaoWPSU\AjrcdWP{U]�N	~ �pO hCORQIWP{|\qOR]
S`_ � �<S`_	}	WP\ }PS`_PQ � � e cPh5Oo~uaRN�aRcd}fi�cwe�\XNPO[aRS`hCaoWPSU\��&�[LVQTQXW	Z[S`_Pt�~^YPS|\ � QT{US|aROR] ]	ORQqS|tP_ ��SU\$SUQA{US! uOR{Ui
\XN	~u\ Oo~uaRN[aRcd}fiAcue \XNPOraRS`hCaoWPSU\;jrcdWP{U]KQXN	~phnO�QqcdZ[OrS`_	}	WP\TQ���6 _A\INPO2,�tdW	hCOp�u\Cjrc S`_	}	WP\TQz\Tc$Oo~uaRN9aRcd}pi
~phCO QXN	~phCOR] ~pZ[cd_Pt�~u{U{;aRcd}PSUORQ���M�NPOKO&%d\qOo_p\[\Tcbj NPSUa N S`_	}	WP\TQ ~phCO QXN	~phCOR]!SUQ aRcP_p\Xhncp{U{|OR] Yfi�\XNPO
}	~phT~fZ[OR\TOoh��;��j NPSUa NkS|QV\XNPO[}	hCcd}	cPhC\TSUcd_<cue�~u{U{�S`_	}	WP\TQV\XN	~u\�QXNPcdWP{U]�Y	OAQIN	~phCOR]��r�	W	YPQTORaR\TSUcd_ " �5" � �
]	SUQTaoWPQTQTORQV\XNPO9QTOR{UORaR\TSUcd_^cue;~[�u~u{`WPO$egcdh����

� �



�)���!@($���
 #%$����H�(��# k ]��%
< #O$����H�(� � 3&K�$�
! #O$����'����9%$&
!K�$�
� 
#�2/K 
 4}� 
 
��
$� ��P�B����� ��� $ 

�`46!���� 
�$ !�� 

�`46$�$ ��� 4�
 !��
�:����� 
�#�
 ��� ���
��
�!�#�# 
�46# !�! ��#
��
�$���� ��� 4�
 !��
����$V� 
���# 
�� �
��KH�(2�
 ��# 4}$ !�

� 
�� 4}� 
�# $
�V$ 4�
 4�
 ��

�/; ��� # ���
@�� !�� ��� 
��
@�=P
 !�
 4}
 !��
@(����K 
�
�# $ #
@(���BK�� !�! !�� !
@(��$&3P
 !�� !�# 
��
�(2����BK������ 
�
�$ ��# ���
* #�
�� !�� � �
*t�!N�
�� !�! ��� !
� ��� 
�! ���/
 

� # ��� 
�!�! ���
��3�@ 4}$ 
 $
� ��� !�� ��� 
�$
���� !��2�� !�� ��# 
��
���:k �,4�4��(� �54 !�! 
�

�6�54�� 4�4 
�!�� 

 -�,�6� ��$ 
�� 4
�!4V
�! ��� 
 !
�!4V�54 
�46
 � 4

g4}��
�� 
��@4 
�� 


!�/��kY���!N�� 
���� !�� !

!
�
(� #�# �54 ��


!�(����
 ��! !54 
��
$�3����(N !�� !�� 
��
w/N6� 4}! ��# �
2*
 
���! #/
 !�#
2}4 
�4�4 $54 
�


M ~pYP{UO " � � * � � 0 �DaRS`hCaoWPSU\TQ WPQTOR]^~uQr{UcptpSUa$QXW	Y�aRSmhnaoWPS|\qQ �
� ��cd_P{Ui WPQTOR]�~uQz]�~u\X~9QTS`_  QXW	Y	aRS`hCaoWPSU\��&�

� �



sA~w\X~5� cdWP\ QXW	Y	aRS`hCaoWPSU\TQV~phCO5aohCOo~w\TOR][Sm_ \XNPO5QI~pZ[O5j5~ ip�uO&%daROo}P\z\XN	~u\zSm_	}	WP\ � QXN	~phCS`_Pt[SUQ�_Pcp\z]	cd_PO"�
6 e Z[WP{U\TS`}P{UO^]�~u\X~5� S`_�cdh ]�~u\X~5� cPWP\$QXW	Y	aRS`hCaoWPSU\TQ ~fhCOK\Tc�Y�O aohCOo~w\TOR]�� ~k]	S43�OohCOo_f\ ��� 0 ��aRS`hCaoWPSU\[S|Q
aRNPcpQTOo_ egcdhrOo~uaRN ��~p_P]^S`_	}	WP\TQ$~phCOA_Pcp\�QXN	~phCOR]�Y�OR\ jrOROo_kQXW	Y	aRS`hCaoWPSU\TQ��
LV{UQTc ~uQTQTcPaRS`~u\TOR]-j�S|\IN Oo~uaRN {UcptpSUao~u{$Z[OoZ[cPhCi SUQ ~ QTS`_Ptp{UO�~u]	]�hCORQTQ<QXW	Y	aRS`hCaoWPSU\�� 6 _ aR{`WPQT\TOohCQ

OoZK}P{UcuidS`_Pt^~9QXN	~phCOR]�� aRcd_	_PORaR\qS|cP_�}	~u\T\qOohT_^WPQTS`_Pt ~KZ[WP{U\TS`}P{UO&%dcdh ��~[QXW	Y�aRSmhnaoWPS|\$SUQ ~w{|Qqc hCORl	WPSmhnOR]�\Tc
]�hCSU�pO5\INPO Z[WP{U\TS`}P{UO&%dcPh;QqOR{|ORaR\z{USm_PORQ5�;M5NPORQTO5QIW	Y	aRS`hCaoWPSU\5~phCOrtpOo_POohT~u\qOR]F~f_P]KaRcd_	_PORaR\TOR]KS`_[\INPO�QI~pZ[O
j5~ i ~uQ5\XNPO$]�~w\X~[QXW	Y�aRSmhnaoWPS|\qQ��
�PcPZ[O5cue \INPO5aRS`hCaoWPSU\TQ5S`_^M ~fYP{|O�" �`� � ~phCOVZK~ph/ uOR]<j5SU\XN<~ �VNP\XNPSUQr]	Oo_Pcp\TORQraRS`hCaoWPSU\TQ5j�S|\IN ~9NPS|tPN

S`_	}	WP\ }PS`_�\Tc^cPWP\X}	WP\A}PS`_�hT~u\TSUc�� L Q[~p_bO&%d\XhnOoZ[O[O&%�~pZ }P{|Op� aRcd_PQTSU]	Ooh$aRS`hCaoWPSU\ U � � j NPSUa N N	~uQK��1��
S`_	}	WP\TQ$~p_P]�cd_P{Ui��$cPWP\X}	WP\���6 e;\XNPSUQ aRS`hCaoWPSU\$SUQ WPQqOR]�\Tc[aRcd_PQT\IhTWPaR\ ~ ]�~u\X~5� S`_<QXW	Y�aRSmhnaoWPS|\ e OROR]	S`_Pt^~
Z[OoZ[cPhCi[j5SU\XN =$]�~w\X~AYPSU\TQo�f\XNPOVaRSmhnaoWPS|\5Z[WPQT\rY	O$hCOo}P{US|ao~w\TOR] =$\TS`Z[ORQ �dZ[Oo~p_PS`_Pt[\XN	~u\z\XNPO hCORQIWP{|\qSm_Pt
QXW	Y�aRSmhnaoWPS|\$j�S|{U{vN	~ �pO =	��99S`_	}	WP\TQ � {UORQTQ S e;S`_	}	WP\VQXN	~phCS`_PtKSUQV]	cd_PO��&�;�r{UOo~phn{|i^\INPS|QVQTcdhn\�cwe�aRS`hCaoWPSU\VS|Q
_Pcp\5~pZ[Oo_	~fYP{|O9\Tc[]�hCSU�dS`_Pt<\XNPOVSm_	}	WP\$}PS`_PQ cwe�~9j5SU]	O Z[OoZ[cPhCi"� �;ORao~fWPQTO$cuev\XNPSUQo�PaRSmhnaoWPS|\qQ ZK~fh/ uOR]
j5SU\XNb~ �[~phCOA_Pcp\5aRcP_PQTSU]	OohCOR]be cdhz]�~u\I~5� S`_^cdhr~u]	]�hCORQqQ QXW	Y�aRS`hCaoWPSU\TQ��

6 _�~uaR\XW	~u{vZ[OoZ[cdhni^aRSmhnaoWPS|\qQo��\XNPOKZ[OoZFcdhCSUORQA~phCOKZ[cpQq\ {US! uOR{Ui�\Tc Y�OKaRcd_	_PORaR\TOR]�\Tc^]�~w\X~p}	~u\XN-�
cdhCSUOo_f\TOR]^QXW	Y�aRSmhnaoWPS|\qQ���M ~pYP{UO " � ���dNPcujrOR�pOohR�pS`_PaR{`WP]	ORQ$~ ZFS %P\XW	hCO$cwe Y�cp\XN<]�~u\I~p}	~u\XNK~f_P] hT~f_P]	cdZ8�
{UcptpSUa �g_Pcd_-� ]�~u\I~p}	~u\XN �rQIW	Y	aRS`hCaoWPSU\TQ��$M5NPSUQ$j5SU{U{�_Pcf\ {US! uOR{Ui�Sm_-1 WPOo_PaRO \XNPOAaRcd_PaR{`WPQTSUcd_PQ9cue;~phCaRNPS|\qORa$�
\XW	hT~w{ O&%	}	OohnSmZFOo_p\TQ$Y	~uQTOR]bcd_<\XNPORQTOAZFOoZ[cdhCi<aRS`hCaoWPSU\TQo� NPc jrOR�pOoh �dQqSm_PaRO"*

�-�rL QvO&%	}P{`~uS`_POR] ~pY�cu�pOp�u\XNPOraRS`hCaoWPSU\TQ5~phCO�hnOo}P{|SUao~u\qOR] Oo_PcdWPtPNA\qSmZFORQ;\TcVQXW	}	}P{UiK\XNPO5~p}	}	hCcP}	hCS`~u\TO
_dW	Z[Y	Ooh9cue5S`_	}	WP\TQ[cdh9QTS`_  �\XNPO^~p}	}	hCcP}	hCS`~u\TO _PW	Z[Y	Ooh9cue cdWP\I}	WP\TQ���M5NPWPQo� \XNPO<aRcdZK}�cpQTSU\TO
aRSmhnaoWPS|\qQ j�S|{U{rN	~o�fO ZK~p_fi }	hCcP}	OohC\TSUORQ[cuer]�~u\X~p}	~u\IN�aRS`hCaoWPSU\TQo� OR�pOo_�\XNPcPWPtdN�\XNPOKQIW	Y	aRS`hCaoWPSU\TQ
W	}	cd_kj NPSUa Nk\XNPORi ~fhCOAY	~uQTOR]�ZK~ i^Y	O[hT~p_P]	cdZ8� {UcptfS|a"�

� �5�5W	hThCOo_f\T{Ui�~ �u~uSU{m~fYP{|O!}P{m~waROoZ[Oo_p\<\TcPcp{UQ WPQXW	~u{U{Ui N	~ �pO^]	S # aoWP{U\Ci-]	OR]�WPaRS`_PtDQT\XhTWPaR\XW	hnO^Sm_D~
]�~u\X~p}	~u\IN�aRS`hCaoWPSU\ �592" 
+��M5NPWPQo�0Y��@bc[�\ 	OP3Y�W�[�Z�[�^ bg��hncdWP\TS`_Pt�~^]�~u\X~f}	~u\XN-� cdhCSUOo_f\TOR]!aRSmhnaoWPS|\ S|Q
_Pcp\ QqS|tP_PS4,�ao~f_p\T{Ui9]	S43�OohCOo_f\v\XN	~p_9hCcdWP\TS`_Pt$~ _PcP_-� ]�~u\X~p}	~u\IN$cdhCSUOo_f\TOR] �ghT~p_P]	cPZ8� {UcptpSUa���aRS`hCaoWPSU\��

L$_ ~u{U\TOohT_	~w\TSU�pO^\Tc)WPQTS`_Pt9��� 0 �%aRS`hCaoWPSU\TQ�~uQKY	WPSU{U]	S`_Pt YP{Ucda& fQ jrcdWP{U] \Tc)Y�O�\Tc�WPQTO �A� 0 �
j NPSUaRNKtpOo_POohq~u\TORQ;aRcPZ YPS`_	~u\qS|cP_	~u{�~p_P]KQTORl	WPOo_p\qSm~w{ {UcptfS|aVaRS`hCaoWPSU\TQ �5"�� 
'� M5NPSUQrSUQ�{UOIeg\5~uQve WP\XW	hCO5jrcdh  ��

� "



-��,�-���B�(
!��� d ��*l�,$���
+Q+�,��$��
� �

�

#
� �

�

�

M ~fYP{|O," �`��1 * s$OIe ~pWP{U\5�u~u{`WPORQ5egcdh��)~f_P] �7�

������� � � ��
#
#� �!��	�
 � � � ��	�� � 
	� � ��� ����	�� �


�cPh[Oo~uaRN!aR{mWPQq\TOohR�r\XNPO^{UcptpSUabQXW	Y	aRS`hCaoWPSU\TQ�~phCO^aRcd_	_PORaR\TOR]D\Tc�\XNPO ZFOoZ[cdhCSUORQ WPQTS`_Pt!\XNPO�QqOR{|ORaR\qOR]
S`_p\qOohCaRcd_	_PORaR\ }	~w\T\TOohT_ �5~p_P]+\XNPOo_ \XNPO�aR{mWPQq\TOohCQ�~phCO�aRcdZ[YPS`_POR] S`_f\Tc-~�QqSm_Ptf{|O aRSmhnaoWPS|\ �$j5SU\XN+_Pc
aRcd_	_PORaR\TSUcd_PQAY�OR\Cj�OROo_b\XNPO9aR{`WPQT\TOohCQ�� � _PWPQTOR]�aRS`hCaoWPSU\AcdWP\I}	WP\TQ ~fhCOA\XNPOo_bhT~p_P]	cdZF{|i^aRcP_	_PORaR\TOR]�\Tc
W	_PWPQTOR] S`_	}	WP\TQ[\Tc�aohCOo~w\TO aRcP_	_PORaR\TSUcd_PQ Y	OR\CjrOROo_ {|cftpSUa QXW	Y�aRS`hCaoWPSU\TQo�rcueg\TOo_�S`_!]	S 3�OohCOo_p\[aR{`WPQT\TOohnQ��
M5NPOA}	~phq~pZ[OR\TOoh��baRcd_f\XhCcp{UQ NPcuj O&%P\TOo_PQTSU�pOR{Ui^\XNPSUQVS|QV]	cd_PO"��
 cdhraRS`hCaoWPSU\TQVj5SU\XN�ZFcdhCO$S`_	}	WP\TQV\XN	~p_
cdWP\X}	WP\qQo�	Oo~uaRN^cdWP\I}	WP\5SUQ O&%	~pZ[S`_POR]�S`_P]	S|�PSU]�W	~u{U{`ip� ~f_P]�j5SU\XNb~K}	hCcdY	~pYPSU{USU\Ci�cue �v�dSU\VSUQ aRcd_	_PORaR\qOR]
\Tc)~�hT~f_P]	cdZ[{Ui a NPcfQTOo_!S`_	}	WP\�� 
 cdh[aRS`hCaoWPSU\TQ<j5SU\XN-ZFcdhCO^cdWP\X}	WP\qQK\XN	~p_!S`_	}	WP\TQo�rOo~wa N!S`_	}	WP\<S|Q
O&%	~pZ[S`_POR]�� ~f_P]^aRcd_	_PORaR\TOR]�\qc ~KhT~p_P]	cPZ[{Ui aRNPcpQTOo_kcdWP\X}	WP\5j5SU\XN^~ }	hCcdY	~pYPSU{USU\ ibcue ���
�yQT\TS`ZK~u\qSm_Pt!� ~w{mWPORQbcue ��~p_P] �De hncdZ YP{UcPa  D]	S`~utdhq~pZ[Q<S|Q^]	S # aoWP{U\�� � ~u\INPOohK\XN	~f_-aRNPcPcpQTO

� ~w{mWPORQzegcdh \XNPORQTOV}	~phT~pZ[OR\qOohCQ;Y	~uQTOR]KcP_[td~u\XNPOohnOR]KQT\X~u\qS|Qq\TSUaRQo�pjrO5N	~ �pO5aRNPcpQTOo_[�u~u{`WPORQ�jVNPS|aRN<hCORQXWP{U\
S`_�hCOo~uQTcd_	~fYP{|O.6 � * }PS`_�\qcK{UcptpSUaKhT~u\TSUcpQ��rM5NPO9]	OIe ~pWP{U\$�u~u{`WPORQA~phCO$QXNPcuj _kSm_bM ~fYP{|O " � ��1 �;�r{UOo~phn{|ip�
\XNPOANPSUtdNPOoh�\XNPOA�u~u{`WPOAcuev\XNPORQTO$\CjrcK}	~phT~pZFOR\TOohCQo�P\XNPO${UcujrOohr\XNPOA_PW	Z Y�Ooh5cwe 6 � * }PS`_PQ��

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

M5NPO^~u{UtpcdhCSU\XN	Z ~uQ[]	ORQTaohnSmY�OR] tpOo_POohT~u\qORQ aRS`hCaoWPSU\TQ<Y	~uQTOR]!cd_�\INPO QT\I~u\TSUQT\TSUaRQK}	hCORQTOo_f\TOR]!Oo~phC{USUOoh[S`_
\XNPSUQ^aRN	~p}P\TOoh&��LV{U\TOohT_	~u\qS|�fOR{|ip�V\XNPO�WPQTOoh<ao~f_ e W	hC\XNPOoh aRcd_PQT\IhT~uS`_D\XNPO�aRSmhnaoWPS|\btpOo_POohT~u\qS|cP_ ��M5NPO
aRcd_PQT\IhT~uS`_p\qQ�~p_P]<\XNPORS`hr]	OIe ~pWP{U\��u~u{`WPORQ ~phCO�QXNPcuj _KS`_<M ~fYP{|O " �`�p�"� L5eg\TOohvtfOo_POohT~u\TS`_PtK~9aRSmhnaoWPS|\ �	\XNPO
aRS`hCaoWPSU\5SUQraRcdZK}	~phCOR] \TcA\XNPO�aRcd_PQT\XhT~wSm_f\TQo�P~p_P]<S e ~p_fi[aRcd_PQT\Xhq~uS`_p\TQr~phCO5�PSUcp{`~u\TOR]��PSU\rS|Qr\XN	hnc jV_K~ j ~ i
~p_P]�~K_PORj�aRS`hCaoWPSU\ SUQVtpOo_POohT~u\qOR]��

���



�)�:3� !
��-�,�J3/
 d ��*l��$&�J

� �J3&�J��$&�;���V�,2P���6$�� 3/$����H�(�)��*�@(��$� !
��(�! 
��}4
� �J3&�J��$&�;���V�,2P���6$�� 3/$����H�(�)��*����(�B���!���( K'�(�O@(��$� !
��(� 
��}4
� �J3&�J��$&�;���V�,2P���6$�� 3/$����H�(�)��*�4'��
��.kY�J3B !$��H@(���!@�$���
! %KH�(�O@(��$� !
��(� ���}4
� �J3&�J��$&�;���V�,2P���6$�� 3/$����H�(�)��*�4'��
��.kY��$�
) !$��H@(���!@�$���
! _K'���<@(��$� !
��(� 
��}4
� �J3&�J��$&�;���V�,2P���6$�� 3/$����H�(�)��*�����
! <KH�(�%@(����@($���
 
��

�

� �J3&�J��$&�;���V�,2P���6$�� 3/$����H�(�)��*��J�:N���@?�,�'�B�(���:�!���( 1KH�(�%@��J��@($���
 
��*
��
� �J3&�J��$&�;���V�,2P���6$�� 3/$����H�(�)��*�#.k!]��%
< <KH�(�O@(���!@($���
 
��

�

M ~pYP{UO," �`�p�"* �	� 6 � �1aRcd_PQT\Xhq~uS`_p\TQ5�

� ��� ��E�� � 	 � �

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]�� �

� �



� �������	��
 �

��� �8� � � ��� � � � � ��� � ��� � ��� � �

��� � � � �!	�� � � �	� � � � � � � � � �8� �

� � � � � � � � � 	

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"�

� 9



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 
'�

� ��� � ��
:M �/� 	 
 � E ��	 ��G ��	 ��	�� � � �

M5NPO e ~fZ[SU{|i!cue5aRcd_-,�tdW	hq~pYP{UO�Z[OoZ[cdhCi!~phCaRNPS|\qORaR\XW	hCORQo�vSU{U{`WPQT\XhT~w\TOR] S`_9
vS|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
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Wnom

M external data buses (width of each bus = Wnom)
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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
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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
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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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]�~u\X~<~p_P]�~u]	]�hCORQTQ$ZK~p}	}PS`_Pt�YP{Ucda& fQ��$M5NdWPQ � ~ QTS`_Ptp{UO }	hCcptPhT~pZKZ[S`_Pt^YPSU\ ao~p_�Y�OFWPQqOR] \qcKaRcd_f\XhCcp{
Oo~uaRN[QTOR\zcue � _PcdZ QTj�S|\qa NPORQzSm_ \XNPO�$ �$]�~w\X~$ZK~p}	}PS`_PtKYP{Ucda& K~p_P] ����� � � QTj5SU\TaRNPORQ�S`_ \XNPO ~u]	]�hnORQTQ
ZK~p}	}PS`_Pt^YP{Ucda& ��zM5NPSUQ hCORQIWP{|\qQ5S`_�~[QTSUtd_PS ,�ao~p_f\VQX~ �dS`_PtpQ5S`_b~phCOo~	�	Y	WP\ ~u{UQTc<hCOR]�WPaRORQ \INPO 1�O&%dS`YPSU{US`\Ci
cue \INPO ~phna NPSU\TORaR\XW	hnO"��6 _<\XNPOVO&%	~pZK}P{UO$cue 
vSUtdW	hCO � � � �gY �R�pcP_P{|i<cd_PO$YPSU\5cue \XNPO$Y	cf\T\TcdZ ]�~u\X~[Y	WPQrS|Q
WPQTOR]�N	\INPOAcp\XNPOohnQ ~fhCO$j5~uQT\TOR]�~p_P]^ao~f_�_Pcp\5Y	O[WPQTOR]^egcdhrcf\XNPOohz{|cftpSUao~u{�ZFOoZ[cdhCSUORQ��

6 _�~u]	]	SU\TSUcd_�\Tc^~u]	]�hCORQTQA~f_P] ]�~w\X~K{US`_PORQo� j hCSU\TO[Oo_	~pYP{UOKQqS|tP_	~u{UQ ~phCO[hCORl	WPSmhnOR]�e cPh5Oo~uaRN�~phThT~ i"�
M5NPO9j hCSU\TO$Oo_	~pYP{UO[{USm_PORQ$ao~f_�Y	O9QTj5SU\TaRNPOR]�S`_^\INPO�$ �KZ ~p}	}PS`_Pt�YP{|cPa& �nWPQT\V~uQ5\XNPO9]�~u\X~[{US`_PORQA~phCO"�
6 _!cPhC]	Ooh[\Tc�aRcdhThnORaR\T{Ui)W	}	]�~u\qO ~phThq~oiPQ$egcdh9O$3�ORaR\TSU�pO^j5SU]	\XNPQK{UORQTQ \XN	~p_!\XNPO�_PcdZFSm_	~w{�j�S|]	\IN �;jrO
~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]
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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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:;2{:I&)2K6;(J=-(06;7<,.1@?-(0=�1@A*#'&-8K*):;(<,Sk �+%'&)(JV|2)7<4)6"2LV�:I&)136"70&-89*):;(<,S136":I&)(}1^AK:;(<,~V]8L70(o?O(0:&�U(0(<A�:I&)(06;(
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FS6i=-(06;7<,.1@?-(0=�1@A��)(070:;1325A��:�@u���wOfZ:I&)(a�Z(0j51@?)13P31Y:.R�2LVU:\&)(�1@AK:;(<,.7025A-A)(070:J6;:\,;4)70:I4-,.(J136��-4-89AK:;1 �Z(0=�?9R
8`*-8K,;89QJ(0:;(<, �"! �m&)137e&�1@A)=-137<8L:;(06+:I&)(	A54-QJ?-(<,�2LV':I,_8L7eTK6i:;23�m&)1370&�(<8L70&�QJ(<QJ25,dR�*)1@A�7<89A�?O(
7025A-A)(070:;(0= ��%'&)(J(0j�89Q}*)PY(J2LVE:\&-8L:m6_(070:;1325AC1Y6",d(<*-(<8L:;(0=�1@ACBy13M54-,.(+�:�@u��S�]AC:I&)136��ZM54-,.(9f�(<8W7e&�=-29:
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6;1@A)M9P3(J/9(<,.:;137<8LPx:I,;8W7eT �U�)1@A)70(J(<8L70&`*)1@AC1@A`By13M54-,d(��:�@u�&-8L6'V|254-,>2LVy:I&)(06;("6%�'13:;7e&)(06gf � !$# k �'%'&)(
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,A 1,8G)H'*8GI � � 1D1�I � 1JE 
<A 1<8G)�KML&N�OQP

R>29:;(S:I&-8L: ��("89,.(i702)A)70(<,;A)(0=N89?O254):�:I&)("89,.(<8}89A)={6I*-(0(0=C2LVX:I&)(i(<AK:;1@,.(�BED�SiFJf-A)29:�Td4)6_:':I&)(
QJ(<QJ2),.RVUWPY2KM9137{1^AK:;(<,.702)A-A)(070:o,.(0M91325A � #�P3(<89,.P3R9fh:I&)({P32��U(<, �"!�f :I&)({6IQ+8LP3P3(<,J:I&)(`Qa(<QJ25,.RWULP329M9137
1@A9:_(<,.7025A-A)(070:'?)P32570T
�>1YP3Pp?-("?O(07<894)6;(>V (���(<,h*-,.29M5,;8KQ+QJ1@A)M+?)1Y:_6�8KA)=o*-8L6;6�:I,;8KA)6;136;:;25,.6�89,.(mA)(0(0=-(0= �
Xi(07<,.(<8L6_1^A)M ��!Jf5&)2���(0/9(<,0f9*)P@8L70(06'8L=-=-13:;1325A-8WPz=-(<Q}89A)=-6E25Aa:I&)(m,.(06;:h2LVp:I&)('BEDHSiFt6_1^A)70(S13:'Q+89TL(06
13:mQJ25,d(i=-1ZY	7<4)PY:S:;2+,.254):_("A)(0:;6m?-(0:&��(0(<A	:I&)(iP329M9137J89A)=`QJ(<QJ25,dRo?)P32570T96 � r A)(��'8gR+:I&)(i=-(06;13M5A)(<,
2LV 8KA+BEDHSiF�7<89A	702)Q+*-(<A)6I8W:;('V|25,h:I&)136m,.(0=Z4)70:_1Y2)A	1^AC,.254):I8K?)1YP313:.Ro136':_2�8L=-={(0j):I,;8�:I,;8W7eTK6E:;2J(<8L70&
,.254):_1^A)M	70&-89A-A)(0PE8L7<,.296_6':I&)(J(<A9:_1^,d("BED�SGF � %'&)(+89,.(<8}70296;:'2LVE:\&)(06;(+8L=-=-13:;1325A-8LPx:I,;8L70T96iQJ4)6;:m?O(
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�

ugv*[



�)1@QJ13P@89,.P3R9fy:\&)(+P32 ��(<,��"!"fp:\&)(JV (���(<,S66�>1Y:_7e&)(06�:I&)(<,.(o89,d(�2)A�89AKRN*-8L:I&�1^AK:;2`89A)=�254):"2LV�:I&)(
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�Z(0j)1^?)13P313:.R QJ(<QJ2),.RVUWPY2KM9137o1@AK:;(<,.7025A-A)(070:o?)P32)7eTK6oQ+8gR�,d(06I4)P3:�1@A 701^,d7<4)1Y:_254)6o,.254):_(06�:\&-8L:"7025A-A)(070:
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%�(J(<Q+*)P32LR`89AC(0j�*O(<,.1@QJ(<AK:I8LPE89*-*-,.2)8L7e&�1@A��S&)1Y70& ��(N�_1^Q}*)PY(<Qa(<A9:;�`Q}89A9R`?O(<A)7e&-Q}89,;T{701@,.7<4)13:;6
25A	BEDHSiFS6 �>1Y:\&	=-1��p(<,.(<AK:'/L8LP@4)(06m2LV���! 8KA)=`QJ(<8L6I4-,.(i:\&)("89,.(<8J89A)={=-(0P@8gRo2LVy:I&)(",.(06\4)PY:_1^A)M}1^Q�[
*)P3(<QJ(<AK:I8L:;1325A)6��h%'&)(hV 29P3P32��'1@A)M"6I4-?)6_(070:;1325A)6E=-(06;7<,d1^?O(':I&)('?-(<A)70&-Q+89,_T"701@,.7<4)13:;6gf5:\&)(�8K,.7e&)13:;(070:\4-,.(06
(0j-*)PY2),.(0=�1^AC:I&)(�(0j�*O(<,.1@QJ(<AK:;6<f�:I&)(�1^Q}*)PY(<Qa(<A9:I8W:;1325AC:;252KPY6S(<Q+*)P32LR9(0=pf�89A)=�:I&)(�89,d(<8+89A)=`:_1^Qa1^A)M
QJ2)=-(0P36�4)6;(0=C:;2J(0/�8LP@4-8L:_(":I&)(J89,.70&)1Y:_(070:I4-,.(06��
&('*)�+
,�-/.*0214365708+:9;5=<?>

FS6m=-(06;7<,d1^?O(0=�1^A-#'&-8K*):;(<,mwOf-:I&)(�4)6\4-8LPX89*-*-,.2)8L7e&�2LVE4)6;1@A)M�8	&-89A)=)V]4)PX2LVE?-(<A)70&-Q+89,_T	701^,d7<4)1Y:_6i1Y6
A)29:'6\4)1Y:\89?)P3("V|25,h:I&)(�(0j�*)P325,;8W:;1325A{2LVy7025A.�ZM54-,_89?)P3(�QJ(<QJ2),.R�8K,.7e&)13:;(070:\4-,.(06����)1^A)70(+QJ2K6;:mQJ(<QJ2),.R
701@,.7<4)13:;6+7025AK:I8L1@A�25A)P3R 8�V (�� P329M9137<8LP'QJ(<Qa25,.13(06<f ��({A)(0(0=t&54-A)=Z,.(0=-6J2LVi?-(<A)70&-Q+89,;T�701@,.7<4)13:;6	:;2
:I&)25,d254)M5&)P3R`(0j)(<,.70136;(+:I&)(	QJ(<QJ25,.RWULP329M9137J1@A9:_(<,.7025A-A)(070:�8K,.7e&)13:;(070:\4-,.(�� s 8L:I&)(<,S:I&-89ACM58W:I&)(<,S:I&-8L:
Q+89AKR"701@,.7<4)13:;6gf:��(�4)6_(':I&)('6I8KQJ(m89*-*-,.2)8L7e&J4)6;(0=	1@A+1@A
#>&-89*):;(<,�[A@9:I&-8L:y136<f1��(m4)6;('6;:_2570&-8L6;:;137<8LP3P3R
M9(<A)(<,;8W:;(0=�701@,.7<4)13:;6JV],.25Q�:I&)(}701^,d7<4)1Y:}M9(<A)(<,;8L:;2),S=-(06;7<,.1@?-(0=�1@A #'&-89*):;(<,�w:�o%'&)(	4)6;(o2WV�:\&)(`u<�-u
701@,.7<4)13:;6{(0/�8WP^4-8W:;(0=�=Z4-,.1@A)M�:I&)(�89A-8LP3R)6;136o2LV�#'&-89*):_(<,ow�136{A)29:o89A 25*):;1325A 6;1@A)70(���(`70254)P3=�A)29:
25?):I8W1^A�:I&)(�A)(0:_PY136;:_6"V|25,S:I&)(06_(o701@,.7<4)13:;6��CBmA)P31@TL(3#'&-89*):;(<, [-fX&)(<,.( ��(o4)6;(+:\&)(+(<A9:_1^,d(oM9(<A)(<,_8L:;(0=
701@,.7<4)13:;6<f�A)29:MT;4)6;:':I&)(iP329MK1Y7<8WP QJ(<Qa25,.R+7025A.�ZM)4-,;8L:;1325A)6��

��:p136p1@Q+*-2),.:I89AK:p:I&-8L:q:I&)(y701@,.7<4)13:;6 4)6_(0=�8L6X?O(<A)7e&-Q}89,;TK6X?-(�,.(<8LP3136;:;137',.(<*-,.(06;(<AK:I8L:;13/9(06q2LV�701@,.7<4)13:;6
:I&-8L:���254)P3=`8L70:I4-8LP3P3R�?O(m1@Q+*)P3(<QJ(<AK:;(0=C25A+:\&)(m=-(0/)1370("1@A ��4)(06_:;1325A �E�)1@A)70(i:I&)(i701@,.7<4)13:;6'M9(<A)(<,_8L:;(0=
?KR`:I&)(JM9(<A)(<,;8W:;25,>=-(06;7<,.1@?-(0=�1@A*#'&-89*):;(<,iw}/�8K,.R��'13=-(0P3R�1@AC:;(<,;QJ6i2WVE6;1 c (9fXQJ(<QJ2),.RN4)6I8WM9(9fp89A)=
�@U r *)1^AC,.(��-4)1^,d(<QJ(<A9:_6<fZ13:'136mA)(070(06_6I89,.R	:;2+7025A)6_:I,;8L1@A	:I&)(iM9(<A)(<,_8L:;25,h:;2J(<A)6I4-,.(�:I&-8L:�13:'M9(<A)(<,;8W:;(06
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%>&)(SV 29P3P32��'1@A)M�,d(06;:I,.1370:;1325A)6i89,.(i*)P@8L70(0=�25A	:I&)(iM9(<A)(<,;8W:;(0={701@,.7<4)13:;6 �
u1�'%'&)(�A)4-QJ?-(<,h2LVpP329M9137"?)P32570TK6'1@A+(<8L70&}701^,d7<4)1Y:iQJ4)6;:U?O(�?O(0:&�U(0(<A 	Kl9l"89A)= 	*[9lKl:�X%'&)(i4-*-*-(<,
?-254-A)=C(<A)6I4-,.(06S:I&-8L:�:I&)("701@,.7<4)13:;6S7<89AC?-(�*)P@8L70(0=�89A)=N,d254):;(0=`4)6;1@A)M{8+,.(<8L6;2)A-89?)P3(�89QJ2)4-A9:
2LV #'D�B�:;1@QJ(��

	 �DCE8L70&C701^,d7<4)1Y:+QJ4)6;:"4)6;(	A)2NQJ25,d(�:\&-89ACk5l9l{�@U r *)1@A)6��o%'&)136�(<A)6I4-,.(06":\&-8L:i:I&)(+M9(<A)(<,_8L:;(0=
701^,d7<4)1Y:_6m=-2oA)2K:m,.(��-4)1^,d(�89A	1@A)25,.=-1@A-8L:_(0PYRCP@89,.M9(iBEDHSiF
�

w �'%'&)(m:_29:I8LPZA)4-QJ?-(<,�2LVXQJ(<Qa25,.Ro?)13:;6�1@A	(<8L70&+701@,.7<4)13:�E 6>PY2KM9137<8LPpQJ(<QJ25,.RJ7025A.�ZM)4-,;8L:;1325A{QJ4)6;:
?-(i?-(0:&��(0(<A+�*[�F 89A)=`u<l9lBF 2LVp:I&)(':_29:I8LPZ?)13:;6�1@A+:\&)(':I89,.MK(0:E89,.70&)1Y:_(070:I4-,.(��E%'&)(SP32��U(<, P31^Qa1Y:
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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
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�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)(

ugw-u
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:;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
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*)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
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Solution favoured by maze−router
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Solution that does not use memory−memory switches
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MEMORY
  BLOCK

MEMORY
  BLOCK Track C
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