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�fhje%Æ¢wfe%q¢kWls}��Yt7p�hje\kWd�{|q	k � p pQu�e%hj{�qUxfiv¦§u�pQiWr�kjrmºQe>p�h�qfe%£Q{�kjrmºQeo«�{|hje¤kWp � e7iWwft7tveox	rsqEkWdUe3t7rsqfrmt3wftkWrst7e��vÂÃq¹�¼{Qn*ko�`kWdfr�i�r�i�kWdfe � {QiLr�nvhWeoÆQwUrmhje5t7e5q¢k�p|�¾t3wflmkWrsuflmr�n5{|kWrsp�q�� ç lse%{|hjls}��`p�qUe7n%{|qÛxSp � e5kLkWe%h�kWdU{�qiWrmt7ufls}#iLwft7t7rsqf£3{¤u�{|rsh�{�qUxvkWdfe%q,{QxfxSrsqf£\e%{QnAd {�xfxfr�kjrmpQqU{|l�p�u�e5hA{|qUxvkjp\kjdfe�ufhje5º¡rsp�wUi�iLwUt~� ç pQqUiLr�xSe%hkWdUe��§p�lslmp � rsqf£#xSe%n5rmt#{�l`e=¥f{|t7uflse��

ç {|hjhW}¢y ©�ê �éS{¬º¡rmqf£ ß¢¿Z¬å�xfxSrmkWrsp�q àQà �ç {|hjhW}¢y «i¬ � ç pQlmwft7qEiWwft½@hjp�uU{�£Q{�kjrmqU£ ©Q© ç pQlmwft7qEn5{�hWhj}å�xfxSrmkWrsp�q © � à � c¯p|kA{|l
!�e%£Q{|hAxSlse%iji�p��fkWdUe�q¡wft � e%hÊp|��e%q¢kWhjrmeoi�kjp � e�iLwUtvt7eox`��iWwft7t7{|kWrsp�q7n5{�q>ufhjpSn=e5eox>iWrmt3wflmkj{|qUe5p�w�iLls}�p�q3{�lmln=pQlmwUtvq�iJ£�e5qUe5hA{�kWrsqf£v{3u�{|rsh�p��Èq¡wft � e%hji%�Cn=pQlmwft7qÇiLwUt {|qUx~n=pQlmwUtvqÇn5{�hWhj}��ÊcJdfeoiLe�q¡wft � e5hAi�t>wUiLk � e
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X i + 1

C i + 1

CARRY-LOOK-AHEAD

CSA

i + 1 i - 1S i 

X 1 Y 1 Z 1 X i - 1

CPA

�Èrm£Qwfhje�ßU� êS�Cå�xfxSrmkWrsp�qÇp��¯kjdfhWe%e�²Yy � rmk.q¡wft � e5hAi%�
{�xUxSe%x � rmkWd n5{�hWhj}\ufhjp�u�{|£Q{|kWrsp�q��¯cJd¢w�i5�¢r�k¾iWdfpQwflsx � e.u�pQijiLr � lseJkWp¤hje%xSw�n=eJkWdUe�{�xfxfr�kjrmpQqvp���{|q¡}\q¡wft � e5hp|�Jp�u�e5hA{|q�xfi�kWp	{ °AÍ�Î*Î ��� ��ÎjÖ �UÍ � Í�Ó�ÏÅ× � Í�ÕQÕ�ÏÅÓ�Ï¼Ö�×Áp|��pQqfls}	k � pU� ç p�lswft7q³iLwft {|qUx ç p�lswft7q³n5{�hWhj}�� � �n=pQwfhAiLeQ�YkWdfe#£Qe5qfe%hj{|kWrsp�q¹p��¾kjdfe%iWevk � pEn=pQlmwUtvqÛp�u�e5hA{|q�xfi�t7{¬}	kj{|´QeviWp�t7evkWrst7e�� � wSk¤kWdUrsi\iWdfpQwflsx � eiWrm£Qqfr�g�n5{|q¢kjlm} lse%iji�kWd�{|q~kWdfe\iWe5hjr�{|lYp�u�e5hA{|qUx � } p�u�e5hA{|q�xÉufhjp�u�{|£Q{|kWrsqf£3{QxfxSrmkWrsp�q��
ç p�q�iLr�xSe5h>kWdfe~{�xfxfr�kjrmpQq°p|��kjdfhWe%eÉ²Yy � rmk � rsqU{|hj}Ûq¢wUt � e5hAi5�ÁÝÁe,hWe5�§e5h3kWpEkjdfe~iLkWhjwUn=kWwfhje#kWd�{�k#iLwft#i3{n=pQlmwUtvq	{Qi.{³°AÍ�Î*Î ����� Í|Ì¬Ò#ÍQÕ�Õ�Ò5Î>¦I¯�� � «*�YcJdU{�k�rsi%�fkjdfev¯�� � � rslml¯kj{�´�e\ß � rmkji�p|�ÊkWdUe3ij{|t7e\iLrs£�qUr�g�n%{|qUn5e{|q�xÁuUhWpSxSwUn5evkWdfe iWwft�¦�iW{�t7e7iWrs£�qfrmg�n5{�qUn=e¬«�{|qUxÁkWdUe n5{|hjhj}°¦a© � rmk\dfrs£�dfe%h\iLrs£�qfrmg�n%{|qUn5eo«*� ��p|kje7kWdU{|kkWdUrsi�rsi�e5¥f{�n*kjlm} � dU{�k�{Ç©=y � r�k.u�pQiWrmkWrsp�qEp|�C{	Ð5ÏÅ×�Í�Î ��� �SÑÅÑÈÍQÕ�Õ�Ò5Î.xSp¡e%i%¸ � wSk.kWdUe\rmqUufwSk�n5p�qfqUe%n*kjrmpQqUi {|hjexSrmË�e%hWe%q¢k � e=k � e5e%q ¯�� � {|q�x � rsqU{|hj}v�§wflml`{QxfxSe5ho�@é¡wfufu�pQiWe � e � r�iWd#kWp7{�xfx �°� �É�S{|qUx
	\�T±�e5k � � � � � �{|q�x�	 � hWe%ufhWeoiLe%q¢k�kjdfe¤��kWdSy � rmk.u�p¢iLrmkWrsp�q��
ÝÛe#kWd¡wUi¤d�{¬º�evkWdfe xfe%iWrmhje%xÄiLkWhjwUn*kjwfhWeQ��kWdfe � rmq�{|hj}Qy��§wflsl¾{�xUxSe5ho� Ü.p � e5ºQe5ho��rmq�iakje%{�xÛp�� nAdU{|rsqfrsqf£ÇkWdUen5{�hWhj}¢y�pQwSk�iWrm£QqU{|lQ�§hWpQt�{.lsp � e%h�p�hAxSe5h¯u�p¢iLrmkWrsp�q\kWp�kWdfe�n5{|hjhj}Qyzrsq¤rmqfuUwSk%�¬kjdfe¾kjdfrshjx>p�u�e5hA{|qUx�r�i�rsq¢kWhjpSxSwUn=eoxkWpÄkjdfe(âjn5{|hjhj}QyzrsqUæ¹{�qUx¶kWdfeEpQwSkWuUwSkÉufhjpSxSwUn=eoi7k � pÛpQu�e%hj{�qUxfi � dUrsnAd^qfp � t>wUiLk � e¹iLwUtvt7eox � }¶{ufhjp�uU{�£Q{|kWrsqf£�{QxfxSe%h%�Èä�rsqU{�hW}¤�§wUlmlU{QxfxSe%hji � dfe%q7wUiLeoxvrmqvkWdUrsi � {¬}>{�hWeJn5{�lmlse%x7n5{�hWhj}¢yzij{¬º�e�{�xfxSe%hji�¦I¯�� � «*�cJd¡wUi%��kWp\{Qxfx\kjdfhje5eJq¡wft � e5hAi � eJhje%Æ¢wfrshWeJpQqflm}\k � p¤{�xUxSr�kjrmpQqU{|lS£¢{�kje�xSe%ls{¬}Si�¦§kWdfe�¯�� � xSe5l�{¬}f«¯rmq7e=¥fn5e%ijip|�ÈkWdUe\n5{|hjhj}vuUhWpQuU{|£¢{�kWe�{�xUxSe5h.xSe%ls{¬}Q�
cJdfe\ij{|t7e�kWeonAdfqfr�ÆQwUe�n%{|q � e¤e5¥¡kWe5q�xSe%x,kWp#t7pQhWe�kWd�{|q,kWdfhje5e¤pQu�e%hj{�qUxÉ{QxfxSrmkWrsp�q � }Én5{QiWn%{�xSrsqf£�¯�� � i5�
é¡wfuUu�p¢iLe � e � r�iLd>kWp¤{�xUx��� �°� �É��	\¸�kWdfeJ��kWdfy � rmkCu�p¢iLrmkWrsp�q3t7rm£QdQk � eJrmt7uflse5t7e5q¢kje%xv{�iÈrmq7�Èrm£Qwfhje�ßU� � �Ü.rs£�dfyziWu�e%e%x7t3wfl�kjrmuUlmr�n5{|kWrsp�q xSe%u�e%qUxfi@pQq#hj{�ufr�x#{�xfxSrmkWrsp�q7p��Yt3wflmkWrsuflmeoi¾p��YkWdfe.t3wflmkWrsuflmr�n5{�qUx#{|q�x`�¢{Qi � eiWdU{|lsl�iLe%e�rmq~kWdUe¤qfe=¥¡k�nAdU{�uSkWe%h%�SwUiWe%i�{v£Qe5qfe%hj{�lmrsè%{|kWrsp�qÉp���kjdfe\n5{�hWhj}¢yzij{¬º�e�{QxfxSe%hJkWe%nAdUqfrsÆ¢wfeQ�
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CARRY PROPAGATE

i  th
position

i  th
position

�Èrm£QwfhWe¤ßU� � �Êå�xfxSrmkWrsp�qEp����§p�wUh�²Yy � rmk.q¡wft � e5hAi%�
!#"�� ��),+.?��.'5F¯+.F
©Q��ÝªdU{�k�r�iJkWdfe¤£¢{�kje�xfe5l�{¬} p|�Ê{7¿1¬|y � rmk�{QxfxSe%hJ�§p�hJkWdUe��§p�lslmp � rsqf£7rmt7uflse5t7e%qQkA{�kjrmpQqUi¤¦§ë � ¬¡«��¦¼{Q« ç ±�å>�¦ � « ç p�q�xSr�kjrmpQqU{|l�iWwftÇ�¦�n%« ç {|qUp�qfr�n�{�xfxSe%h%�
¿f� ¦¼{Q«~é¡wfuUu�p¢iLevë � ¬Ç{|q�xEkWdUe3t#{�¥Srst>wft xfp|kLy � ! n%{|uU{ � rslmrmka}Çrsi�{|l�iWp ¬�¸Y�§p�h¤{ � ¬|y � rmk�{�xUxSr�kjrmpQqkWdUe�±�rsqf£\{�xUxSe5h � rslmlUhWeoÆQwUrmhjeJdfp � t#{�q¢}>wfqfrmk�xSe5l�{¬}Si5� � dfrmlse.{¤n5{�qfp�qUrsn�{QxfxSe5hChje%Æ¢wfrshje%iÊdfp �t#{|q¡} wfqUr�k�xSe%ls{¬}Si��¦ � «,Âz�\iLrm¥¶ß¢¿¬y � rmk p�u�e5hA{|qUxfi#{�hWeÇkjp � eÁ{�xfxSeox^iLrst>wflmkj{�qfe5pQwUiWlm}Q��dUp � t#{|q¡}±wfqfrmk,xSe5l�{¬}Si#{|hjehje%Æ¢wfrshWeoxÉrsq ç éSå�i � e=�§pQhWe�k � p7p�u�e5hA{|qUxfiJn%{|q � e\{QxfxSe%x~rsqE{ ç ½`å	�¦�n%«,ÂÃqÄ{~n5e5hWkj{�rmqÁt7{QnAdfrsqfe��Ykjdfe7e=¥Se%n5wSkWrsp�qÁkWrst7e3�§pQh �UpQ{|kWrsqf£~u�pQrmq¢k\{�xfxfr�kjrmpQq¹r�i�£�hje%{�kje5h�kWdU{�qkWd�{�k��§p�h �UpQ{|kWrsqf£7u�pQrmq¢k.t>wUl�kjrmuflsr�n5{�kjrmpQq���ª@¥¡uUls{�rmqÄ¦§r�� eQ�m��iakA{�kje�kjdfe>xSe%ls{¬},n=p�q�xSr�kjrmpQqUi � dfr�nAdlse%{�xÉkWp7kjdfr�i.iLrmkWw�{�kWrsp�q�«*�
ßU�.cJdfe¹é¡}Siakje5t·ß¢ê � e5Ë�eon*kjrmºQe¹{�xfxfhWeoiWi#n5p�t7ufwSkA{�kWrsp�qªrsq¡º�pQlmºQe%ivkWdUe¹{�xfxfr�kjrmpQq¶p���kWdfhje5eEwfq�iLrs£�qfeoxq¢wUt � e5hAi5�¡k � p7p|�Ê¿1¬ � r�kAi.{|q�xÉpQqfe�p|�J©o¿3lmp � p�hAxSe5h � rmkji%�
¦¼{Q« ��e%iWrm£Qq~{v�¼{Qiak.{�xUxSe5hJ�§pQhJkWdfr�i�{�xfxfhWeoiWi�n5p�t7ufwSkA{�kWrsp�qÄ¦¼{�q,p�ºQe5h �Up � r�i�{|qÇrmq¡º�{|lsr�x,{QxfxShje%ijij«=�¦ � « ªC¥¡kje5qUxÉ}�p�wUh�{�xUxSe5h¾kWp7{�n5n5p�t7t7pSxf{�kje�{¤�¼{Qiak�n=pQtvu�{|hjrsiWp�q#p��`kWdfe�e=ËYe%n=kWrsº�e�{QxfxShje%iji � rmkWd~{¿Z¬ � rmk wUufu�e%h � pQwfqUxÇ{�xUxShWeoiWi%�

¬�� ��eoiLrs£�q#{¤n=rshAn=wfrmkCkWdU{|k�n5{�q � e�n5p�qfqUe%n*kje%x3kWp3{�¬|y � r�k � ���³kWp\xSe5kWeon*k�¿�´ i@n5p�t7uflse5t7e5q¢k¾{�hWrmkWdft7e5kWr�np�º�e5h �Up � �¶cJdfe � ����kj{�´�e%ivk � p ¬|y � rmk7rsqfufwfkÉp�u�e5hA{|qUxUiv{�qUx¶ufhjp�º¢r�xSeoiv{ ¬�y � rmk#p�wSkjufwSk hje%iWwflmkxSe=gUqUe%x � }ÉkWdfhje5e��§wfq�n*kWrsp�q � rmkji%�@cJdfe � � �(n%{|q~u�e%hL�§pQhWt e5rs£�d¢kJ�§wfqUn*kjrmpQqUi%�UxSe=g�qfe%x � }�
 » 
 ® 
 � �cJdfe�p �SØ eon*k.r�i�kWp#t#{|´Qe�kjdfe\n=rshjn5wfrmk�{�i��¼{�iLk.{�iJu�pQijiLr � lse��"'�iLe¤{�iJt#{�q¢}É£Q{�kje%i�{QiJ}�p�w~lsrm´Qe���fp�h�£¢{�kje�kjrmt7rsqf£U�fw�iLe�kjdfe��§p�lslmp � rsqf£��
� � � ¡ � � ¥�² � � ¥ a � à3wfqfrmkji

¥�² � � � ¡ � ê>wfqfrmkji
� ¥�² � © � wfqfrmkji
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àf��Âzk\dU{�i � e5e%q°iLwf£Q£�eoiakje%xEkjdU{�k,©�� � ��� ! � ã	i¤n=pQwfl�x � e wUiWe%xÄ{�i¤n5p�wfq¢kje5hAi�kWpÇhWeo{|lsrmè%e#{EßQ¿¬y � rmkç ½`åÀ¦ � � � � � «*����eoiLrs£�q�iWwUnAd°{¹wfqfrmk%�³é¡dfp � e%{QnAd°n=pQwfq¢kWe5hv{|qUx°r�kAi ¡f¥ a n=pQqSgU£Qwfhj{|kWrsp�q³pQh¦ � 	 � �����

�jì «JxSeoiLrs£�q�{�kWrsp�q�� ç lse%{�hWls}ÉiWdfp � dfp � r�kAi�rsqfufwSk�{�qUx,p�wSkjufwSk.hje5l�{�kWe�kjpvp�kWdfe%h.n=pQwfq¢kWe5hAi%�ãErmqUrmt7rsè5e ¦ � rmkWdÇufhjrsp�hjr�ka}f«*�¦¼{Q«,cJdfe¤q¡wft � e%h�p|� ! � ã xSe%ls{¬}Si%�¦ � «~cJdfe�kjp|kj{�l`q¡wft � e5h.p��! � ã	i%�¦�n%«~cJdfe¤q¡wft � e%h�p|� ! � ãÀka}¡u�eoi5�
ÝªdU{�k@{|hje@kjdfe�q¡wft � e5hÊp���! � ã xSe%ls{¬}Si%�¬kWdfe�kjp|kj{�lSq¡wft � e5hÊp|��! � ã	i5�|{�qUx>kWdfeJq¡wft � e5hCp���! � ãka}¢u�e%i��	é¡dUp � {7n=pQtvuUlme5kWe¤xSe%iWrs£�q��


