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m(0, 4, 5) + d(3, 7)            m(0, 2, 5) + d(3, 7)     E0 <----> G14

m(0, 4, 6) + d(3, 7)            m(0, 1, 6) + d(3, 7)     E2 <----> G8
m(0, 4, 6) + d(1, 5)            m(0, 3, 6) + d(1, 5)     E3 <----> G22

m(0, 4, 7) + d(2, 6)            m(0, 1, 7) + d(2, 6)     E4 <----> G10
m(0, 4, 7) + d(1, 5)            m(0, 2, 7) + d(1, 5)     E5 <----> G16

m(1, 4, 5) + d(3, 7)            m(1, 2, 4) + d(3, 7)     E6 <----> G12
m(1, 4, 5) + d(2, 6)            m(1, 3, 4) + d(2, 6)     E7 <----> G18

m(1, 5, 6) + d(3, 7)            m(0, 1, 6) + d(3, 7)     E8 <----> G2
m(1, 5, 6) + d(0, 4)            m(1, 3, 6) + d(0, 4)     E9 <----> G23

m(1, 5, 7) + d(2, 6)            m(0, 1, 7) + d(2, 6)     E10 <----> G4
m(1, 5, 7) + d(0, 4)            m(1, 2, 7) + d(0, 4)     E11 <----> G17

m(2, 4, 6) + d(3, 7)            m(1, 2, 4) + d(3, 7)     E12 <----> G6
m(2, 4, 6) + d(1, 5)            m(2, 3, 4) + d(1, 5)     E13 <----> G19

m(2, 5, 6) + d(3, 7)            m(0, 2, 5) + d(3, 7)     E14 <----> G0
m(2, 5, 6) + d(0, 4)            m(2, 3, 5) + d(0, 4)     E15 <----> G21

m(2, 6, 7) + d(1, 5)            m(0, 2, 7) + d(1, 5)     E16 <----> G5
m(2, 6, 7) + d(0, 4)            m(1, 2, 7) + d(0, 4)     E17 <----> G11

m(0, 4, 5) + d(2, 6)            m(0, 3, 5) + d(2, 6)     E1 <----> G20

m(3, 4, 7) + d(2, 6)            m(1, 3, 4) + d(2, 6)     E18 <----> G7
m(3, 4, 7) + d(1, 5)            m(2, 3, 4) + d(1, 5)     E19 <----> G13

m(3, 5, 7) + d(2, 6)            m(0, 3, 5) + d(2, 6)     E20 <----> G1
m(3, 5, 7) + d(0, 4)            m(2, 3, 5) + d(0, 4)     E21 <----> G15

m(3, 6, 7) + d(1, 5)            m(0, 3, 6) + d(1, 5)     E22 <----> G3
m(3, 6, 7) + d(0, 4)            m(1, 3, 6) + d(0, 4)     E23 <----> G9

Encodings for bit-wise sum Yi 
in  normal   addition 

Next carry/borrow Ci+1 Sum  output  di

Encodings for bit-wise difference Yi
(bits  Ti, Ri)  in  a  method

based  on  intermediate  SD   rep. Correspondence

á TEÓ%ILKÚuUy 5!ö�W%KPÕçORi
ÕäiYW%K°M]iYQ_Q2KNg2\GiYW,�%KNW%M]K*ÓGKPO�m�K]KNW�TE�%�%K]Q_gtÓ�TEg2KN�jiYWjSfWaORKNQ2^`K]�%S¼T�ORK°g2SLXYW,KN�Ç�%SfXYSfO_g�TEW,�
MNiEW$eEKNWaORSfiYW�TEI
iYW,KNgNào÷ÖK]kÔK]QÖO_iÚORs%K;ORK�í~O�kÔiEQ�kÔ�%Q2O_s%KNQÖKPí�\%ILTEW�T
O_SLiYWji
k+ORs,K*ORTEÓ%IfKEà

u ,



áts%KJã�Q_g�O�MNiYIf�%^`W;SfW;á+T
Ó%ILKÚu|ytSfW%�%SLMNT
ORK]g�ORs,K�z�Þt\GiYg2g_SfÓ%ILKîK]W%MNi~�%SfW%XYgVORs�T�OVMUTEWdÓDKJ�%g_K]�dO_i�Q2KN\%Q2KNg2KNWaO
ORs,K§wØSLWaORK]Q_^[KN�%SLT
ORKj�,SLXYS�O2ÕämÖSfg_KÇQ2KNg2�%IfO_gNq�SÉàæK
àfq�é$êËu

�
y
�
uEë�SLW»TE�,�%KNQ2g`Ó�T
g_KN��iYWïSfWaORKNQ2^`K]�%S¼T�ORKjg_SfXYW%K]�

�%SfXYSfO_g � TEW%�Ûé�y
�
u
�
z~ëjSfW�MNiYWaeEKNWaORSfiYW�TEItT
�%�%KNQ2gNàØáts%K�w¹g2�%Ó�Õ�M]iYIL�,^`W%gËSLW×O_s%KÇã�Q2g2OÚM]iYIL�%^[W�IfSLg2OdORs,K

Ó%S�O�e
TEIL�%K]g;iEk!ORs%KÚiEQ_�%K]Q_KN�6\�TESfQ­Ñ � +
�
��+ÔÒ�kÔiYQ ��+!KNõ$��T
I+ORiØêduYq
yjTEW%� �AuYqVQ_K]g_\DKNMPORSfeEKNI�hYq
SLWØTÇg2M�s%KN^[K

Ó�TEg2KN�6iYWØSLWaORK]Q_^[KN�%SLT
ORK8g_SLXEW%KN�Ø�%SfXYSfO_gNà8áts,K[g_TE^[K­wÇg_�%Ó6MNiYIf�%^[W%g;Q_K]\%Q_K]g_KNWaOdORs%KÚÓ,SfO;e
TEIL�,KNg;iEk!ORs,K
\�TESfQÚÑ ��+

�
��+ÔÒ�kÔiEQ*��+JK]õ$��TEI+O_i�y,qJu­TEW%�6z�qVQ2KNg2\GK]M]ORS�eYK]IfhYqVSfWØTÇMNiYWaeEKNWaORSfiYW�TEIJT
�%�%SfO_SLiYW�àËì�iYQ�SLW%g�O�TEW,MNKEq

ORs,K�ã�Q_g�OtQ_i|m MNiYQ2Q_KNg2\GiEW%�%g�ORi­T
WjKNW%M]i��%SfW%X8mÖs%K]Q_K*Ó%S�ORg*Ñ ��+
�
��+ÔÒ�ðÍÑ®y,q yYÒoQ_K]\%Q_K]g_K]W$O_g°T
WjSLWaORK]Q_^[KN�%SLT
ORK

Q_K]g_�%I�O ��+tð êduYq+ORs,K#\�TESfQÇÑ®y,q�u�Ò*Q2KN\%Q2KNg2KNWaORg ��+Öð y¹TEW,�×ORs%K`\�TESfQ#Ñ�uYqæyaÒdQ2KN\%Q2KNg_K]WaORg ��+�ð �AuYà�áts,K
gRT
^`KÖQ_i|m:T
ILg_idg_s,i�mÖg�TEW#K]W%MNi~�%SfW%XdkÔiEQoM]iYWaeYK]W$O_SLiYW%TEIDTE�%�%S�ORSLiEW­mÖs,KNQ_K�ORs%K�Ó%S�O�\%TESLQ!yYy*Q_K]\%Q_K]g_K]W$O_g�ORs,K
TEIfXYKNÓ%Q_TESLM�eET
IL�%K*y,q�ORs%K*\�TESfQÖy,u*Q_K]\%Q_K]g_KNWaO_g�ORs,K*e
TEIf�%KÚudTEW%�6u|yÚQ_K]\%Q_K]g_KNWaO_g�ORs,K*e
TEIf�%Kdz�à

HJW%MNi~�%SLW,XYg+kÔiYQ+TE�%�%K]Q_gîÓ�T
g_KN�ÚiEWÚg_SLXEW%KN�A�,SLXYS�ORg�s�TUeYKtI¼T
ÓGK]ILg�ÓGK]XYSLW%W,SLW%X�mÖSfORs �_H 
%q�mÖs,SLILK�KNW%M]i��,SLW%XYg
kÔiYQ�M]iYWaeYK]W$O_SLiYW%TEIVTE�%�,KNQ_gts%T|eEK;I¼TEÓDKNIfg�ÓDKNXYSfW%W%SfW%XËmÖS�ORs � � 
%à~áts~�,gÖO_s%K°ã�Q2g2OÖQ2i�m TEW,��ã%Q_g2O�MNiYIf�%^`W#iEk
ORs,KdORTEÓ%ILK;g2\GK]MNS�ã�KNg�KNW%M]i��%SfW%X`HoyÚkÔiYQ�TE�%�,KNQ_g�Ó�TEg2KN��iYW�g2SLXYW,KN�§�,SLXYS�ORgÖTEW%�³KNW,MNi~�%SLW%X � y­kÔiYQtM]iYWaeYK]W�Õ
ORSfiYW�TEI�TE�%�%K]Q_g]à

áts%K;g_K]MNiYW,�³M]iYIL�,^`W`g_s%i|mÖgtORs%K b �%^ÚÕ�iEk¼Õ �!Q2i��,�%M]O_g;Ñ b ö �oÒ�r�i�iYIfKUTEW`KPí�\%Q2KNg_g2SLiYWjkÔiYQoORs%K°iY�,ORXEiYSLW%X
ÓDiYQ_Q2i�m )9+ .���SfW�ORKNQ2^`g
iEk~ORs,KoÓ,SfORg
K]W%MNi~�%SLW,X���+~TEW%�*ORs%K!ÓDiYQ_Q2i|m�Õ�SLW ),+$kÔiYQ �   &��� � ����� �  � ��"$��� ��� � �  #"*�
� �
��" %#���   #" %#"
� �YqJSçàÝKEà�q!kÔiEQ8ORs%K �_H 
6K]W%MNi~�%SfW%X��%W%�%K]QÚMNiYW,g_SL�,KNQRT�ORSLiEW�àïÑ®SçàÝKEà�qîORs,SLgAM]iYIL�%^[W�XYS�eYK]g )9+/.��Úð
� Ñ )9+

�
��+
�
��+ Ò�SLW§O_s%KÚg2ORTEW%��T
Q_� b ö��1W,iEO�T
O_SLiYW§SLW%M]IL�%�%SfW%X`O_s%KÚ^[SLWaORK]Q_^[g�TEW%�¹O_s%KÚ�%iYW��ÝO;MNTEQ_K]gNà ��K]Q_KEq

� +
�
��+�TEQ2K[O_s%K#Ó%S�ORg*KNW,MNi~�%SLW%X³ORs%K[�%SfXYSfO�ÕämÖSLg2KÚSLWaORK]Q_^[KN�%SLT
ORK­Q2KNg_�,IfO���+ �ùé$êËu

�
y
�
�AuEë$q TEW%� )9+�SLg;ORs,K

ÓDiYQ_Q2i�m�ÕäSLW(Ò�à

	VSLpEKPmÖSLg2KEq�O_s%KËO_s%SLQ2�¹MNiYIf�%^[W§XYS�eYKNg b ö��1K�í�\%Q_K]g_g_SfiYW%g�kÔiYQÖORs,K8ã�W�TEI�g_�,^âiY��OR\%�,O��%SLXYS�O�"(+ � �����
	 �
�_H 
 �������! #"$�&% �&�  &��� ��� � ��"  &��� �
� " � � àtáts,K8�%iYW��ÝO�MUTEQ2KNg­ÑÔSLW³MNiYIf�%^[W%g�z[TEW%�§waÒ�T
Q_SLg2KËÓDKNMNTE�%g2KAiYW%I�h³w
iY�,O�iEk!ORs%KAÞjM]iY^AÓ%SfW�T
O_SLiYW%g�iEk!O�m�i³Ó,SfORg°TEQ_K8W%KNK]�%KN�ØORijK]W%MNi~�%K­TEIfI \DiYg_g2SLÓ%IfKËe
TEIf�%KNg�i
k���+çà*áts%KÚILTEg2O
MNiEIL�%^[WjSLW%�,SLMUT�ORKNg�O_s%K*iYW%K�ÕäORi�Õ�iYW%K;M]iYQ_Q2KNg2\GiYW,�%KNW%M]K8ÓDK]O�m�KNK]W§ORs%K;O�m�i`g2M�s%KN^[KNg]à

áts%K­ã�Q_g�O8M]iYQ_Q2KNg_\DiYW%�,KNW%M]K#SLW,�%SLMNT
ORK]g*O_s�T
OËH!y�T
W%� � uUÞ�TEQ_K­K]õ~�,Sfe
TEILK]WaOUà`H!W,MNi~�%SLW%X � uUÞ�MNiYQ2Q_KPÕ
g_\DiYW%�,g�O_i[O_s%K`u|å�ORs³Q_i|m¸iEk ORs%K*O�T
Ó%ILK`ÑÔO_s%K*Q_i|mÖg�T
Q_K*I¼TEÓDKNIfKN��g2ORTEQ2O_SLW%X`yÚkÔiYQÖMNiYWaeYK]W%SLK]W%MNKUÒPqDg_s%i|mÖSfW%X
ORs%T
OoSLWÚORs%Sfg!KNW%M]i��%SfW%X%qaORs,K�SfWaORKNQ2^`K]�%S¼T�ORKtÓ%S�O2ÕämÖSfg_Ktg2�%^ e
TEIL�%K ��+�ð y*SLg!KNW%M]i��,KN�#Óah�Ñ ��+

�
��+ÔÒ!ð Ñ�uYqæyaÒ �

��+Gð�udSfgtKNW%M]i��,KN�§Óah �2y,u 
ÚmÖs%SLIfK ��+GðùzASfgtKNW%M]i��%K]�§Óah �_yEy#
%à

áts%KÖKNõ$�%S�eET
ILKNW,MNKts%iYIf�%gîSfWAORs%K�kÔiYIfILi|mÖSLW,X°g_K]W%g_K�5J�%W%�%K]QJKNW%M]i��,SLW%X � uUÞ°kÔiYQJM]iYWaeYKNWaO_SLiYW�T
I�TE�%�%S�ORSfiYW�q

),+/.��!ð�� Ü��6Ñ®y
�
Þ
�
åYÒ�� "DÑÉw

�
,YÒ�ß ÑçzExaÒ

"$+�ð�� Ü��6Ñ�u
�
Þ
�
}aÒ�� "DÑÉw

�
,YÒ�ß ÑÉwYyaÒ

è�W³iEORs%K]Qtm�iYQ2�%gNq
Ñ®S¼Ò+ORs%K b ö��ÙK�í�\%Q_K]g_g_SfiYWÇkÔiYQ�)9+ .��JSLgoSL�,KNWaORSfMUTEI(�%W%�,KNQ�K]W%MNi~�%SfW%XAH!yËkÔiYQ�TE�%�,KNQ_g�Ó�TEg2KN�ÇiYW#g_SLXEW%KN�`�%SLXYS�ORg
TEW%�³KNW,MNi~�%SLW%X � uUÞAkÔiYQtM]iYWaeYKNWaO_SLiYW�T
I T
�%�%KNQ2g � mÖs%SfILK
Ñ®SfS Ò�ORs%KÚK�í�\%Q_K]g_g_SfiYW�kÔiYQ "$+J�%W,�%KNQ;K]W%MNi~�%SLW,X�HoyÇSfg°ORs,KAMNiY^[\%IfKN^[KNWaO�iEk!O_s%KÚKPí�\%Q2KNg_g2SLiYW�kÔiYQ*"(+î�%W%�%K]Q
� uUÞ%à

u .



áts%KÚKNW,MNi~�%SLW%XEg°OR�%Q2W�iY�,O�O_ijÓGK8g2h~^`^[K]O_Q_SfM8SLW�ORs%KAg2KNW%g2KÚORs�T
O;H(����� � 
 TEW,�ØH 
 ��� � ��kÔiYQ
y�� �

�+
 �1zEw,à
è�WËO_s%K!W%iEO�T�ORSLiEWdi
k%á TEÓ%ILKÚuUyÖO_s%K!KNW%M]i��%SfW%X � � � �%W%�,KNQ_I�h~SLW%XÖORs%KoTEQ2M�s%SfO_KNMPOR�%Q2K�SfILIL�,g2ORQ_T
ORK]�;SLWËì+SLXE�%Q_K

åAMUTEW�ÓDK;g_s%i|mÖW�ORiÚM]iYQ_Q2KNg_\DiYW%��ORiÚK]SfO_s%KNQÖHtuUÞ­iYQtHtu|}³Ñ �
� � �&% � "
�
	�� 	 ��"
� ��� " ��"
� ������" %#��� �����
� � � �
	 �
 &� ��� � � �
����� � 	&" ��	�� �#� � �
	 � ��"
�
	 ���ÚHtuUÞ ���ÚHtu|} ����� " 
��
� ����� � ��� � � ÒPà

èäOAMNTEW�ÓDK`eYK]Q_S�ã�KN�×O_s�T
OËg_KPeYKNQ_TEI�iEk�ORs%K`KNW%M]i��%SfW%XYgdSLWÆá+TEÓ,ILK­u|y�IfKUTE�6ORi�ILi~iYpYÕ�TEs%KNTE�6Q_KNM]�%Q_g2SLiYW,g
mÖs%SfM�s�MUT
W�ÓDK×SL^[\%IfKN^[KNWaORK]�:e~SLT»^A�,IfORSf\%ILK�í�iYQ_g]q°g_i»ORs�T�O�k®TEg�OUqd�§c���ÕäÓ�TEg_K]�ùILi~iYpYÕ�T
s%KUTE�/O_Q_KNK]g§iYQ
MUT
Q_Q2h,ô
ÓDiYQ2Q_i|m�Õ�g2p~Sf\�M]SLQ2MN�%S�ORgtMUT
W³ÓDK*SL^[\%ILK]^`K]WaORKN��à

$ ������Ð
 �Ï��%�����

�×K­s�TUeEK#TEW%TEIfh~øNK]�6O_s%K­�%KNg2SLXYWØiEk�TE�%�,KNQ_gdÓ�TEg2KN�6iYWØSLWaORK]Q_^[KN�%SLT
ORKÚg2SLXYW,KN��Õä�%SLXYS�O�Q2KN\%Q2KNg_K]WaO�T
O_SLiYW�à
áts%K;T
W�TEIfh~g2SLg�Q2K]eEKUTEIfgtT8iYW%K�ÕäO_i
Õ�iYW,K�M]iYQ_Q2KNg_\DiYW%�,KNW%M]KdÓDK]O�m�KNK]WjORs%K]g_K*TE�%�,KNQ_g;Ñ®Ó�TEg2KN�jiYW#SLWaORK]Q_^[KN�%SLT
ORK
g_SfXYW%K]�Û�%SLXESfO­Q_K]g_�%I�ORgRÒ`TEW%��MNiYWaeYK]WaORSLiEW�TEI�T
�%�%KNQ2gNà1áts%SLg`SL^[\%ILSfKNgAO_s�T
O#O_s%K§M]iY^[\%ILK�í,S�O�hÙiEk�O_s%K�O�m�i
�%K]g_SLXEW%gjÑ ORs%iYg2K#Ó�T
g_KN�×iYW�SLWaO_KNQ_^[KN�,S¼T
O_K[g2SLXYW,KN�×�,SLXYS�OËQ2KNg2�%IfO_g8TEW,��MNiYWaeEKNWaORSfiYW�TEIoiYW%K]g�ÒdSfgËSf�%KNWaO_SLMUT
Içq
mÖs%SfM�s8SLg
SfW$O_�%SfO_SfeEK!5
TEg�ILiYW,XÖO_s%Ko�%W%�%K]Q_Ifh~SfW%X�iE\GK]QRT
O_SLiYW*SLg�TtO�m�i�Õ�iY\DKNQ_TEW%�AT
�%�%SfO_SLiYW�qUmÖs%SLM�s%KPeYK]Q+m�TUh*m�K
TE\%\,Q_iaTEM�sjS�OUq$ORs%K�kÔ�%W%��T
^`K]W$ORTEI�M]iY^[\%ILK�í,S�O�h­g_s%iE�%IL�jQ2KN^`TESLW[ORs%K�gRTE^[KEàJáts$�%g]q,ORs%K]Q_K�Sfg�W%i­T
�,e
TEWaO�TEXYK
XaTESfW%KN�#Ó$h#TE�%iE\,ORSfW%XATEW#SLWaORK]Q_^[KN�%SLT
ORK�g_SfXYW%KN�~Õ��%SfXYSfOoQ_K]\%Q_K]g_K]W$ORT
ORSfiYW6Ñ®i|eEKNQtTEW,��TEÓGi|eEK;T8MNiEW$eEKNWaORSfiYW�TEI
TE�%�,KNQ*�%KNg2SLXYW�ÒPà`r�KNMNTE�%g_K`iEk�O_s%SLg;K]õ$�%Sfe
TEIfKNW%M]KEq Z�iYQRTEW��æg;kÔQRT
^`KPm�iYQ2p§kÔiYQ;Ifi�iYp�TEs,KUTE�ØQ_K]MN�%Q2g_SfiYW%g#Üóu ,�ßçq
iYQ2SLXYSfW�TEILI�hd�%K]eEKNILiE\GK]�#kÔiYQoMNiYWaeYK]WaORSLiEW�TEIGTE�%�%K]Q_gNq�SLg�TEILg2i8T
\%\%ILSfMUTEÓ,ILK�ORi8TE�%�%K]Q_g�Ó�TEg_K]�ÇiYW`SLWaORK]Q_^[KN�%SLT
ORK
g_SfXYW%K]���%SfXYSfO_gNà


������������������

Ü uNß �Ëà�÷dà b Q2SLW%S�e
TEg�T
W%� �Úà �­à �+T
Q_s%SÉq �2�1k®TEg2O 1 	 b è!TE�,�%KNQ�TEQ_M�s%S�ORK]M]OR�,Q_KEq-
�������� � ��� � ���
� ����! ��� "  #"
! � �
� ��$ "
�0��� "
�
�Pq,eEiYIçà b �oÕ�z ,�q�\,\�à ,E},uP{ ,E} ,�q%�§TUh�u|xYxaz~à

ÜÝz�ß b à �;�%W%SLW,iYÓ%��qDá;à�l�SLg2s%SfhYTE^#T�q �ËàGH!�%TE^#T�ORg_��qDá;àDá TEW%SLXE�%M�s%SçqDTEW,��lËà(á TEp�TEXYSçq �_Z�K]g_SfXYW§iEk+s%SLXEs
g_\DKNK]�»�¹ö b ^A�%IfO_SL\%IfSLK]Q*TEW%�Ì�%S�e�Sf�%KNQË�%g_SfW%X¹Q2KN�%�%W,��TEWaO­Ó%SLW%TEQ2h6Q_K]\%Q_K]g_K]W$ORT
ORSfiYW�q-
&% �0� �(' ��� �
	 �
) � 	*! ! � � �(��"
� � � �&$ ��� ��� � ���,+ � "
� 	 � ��� " �Pq%\%\�à .Yy�{ .Y}�q�u|x . ,�à

Üòw
ß8�ÆàVZAàVHJQ2MNKNXEi�e
TEM[TEW,�Æá;à�	
TEW,X%q)�_÷ÖKN�%�%W,��TEWaOËTEW%�6iYW�Õ�IfSLW%KA�tö;÷�Z�è�� 5
TE\,\%ILSfMUT
O_SLiYW³ORi�^#T�ORQ_Sóí
ORQ2S¼TEW%XE�%I¼TEQ2SLøNT
ORSfiYWØTEW%� b 1�ZAq 
��������.- � �#� ���&��� " � � � � �/$ ��� ��� � ��� �Pq+eEiYIçàî�oÕ�wYx�qî\%\�à ,YzYå|{�,�Þay,q
0E�%W�àVu|xExYy,à

Ü ÞEß10,à(Z��%\%Q_T
O�T
W%��0,àG���%IfILK]QNq'�2áts%K8�tö;÷�Z�è�� TEILXYiEQ_SfO_s%^ 5JW%K]m½Q2KNg_�,IfORgÖkÔiYQtk®TEg�O 1*	 b è�SL^[\%ILK]^`K]W�Õ
O�T
O_SLiYW�q 
��2�3���4- � �#� �(' � �5$ ��� ��� � ��� �Pq%eYiYIÉà%á��!{~Þ$z~q�\%\�à(xazEy|{�xYwYy,q,ì�KNÓ�à�uUxYxYw,à

ÜÝå�ß8�Æà60,àaè�Q2mÖSfW#T
W%�#÷*à~�Æà�ö°m�K]W%gNq �_Z�SfXYSfO�{ �JSL\DKNILSfW%KN�Ë�°Q2SfORs,^`KPORSLM�TEg�è�IfIL�%g�ORQ_T
ORK]�[ÓahÚO_s%K)�+TEg�ORK�{~c�\
b h~g2O_KN^ 5o�¸á��,O_iYQ_SLTEIîq-
��2���3�7$ ��� ��� � ����q%\,\�à(},uP{�,
w,q%�°\,QNàVu|x . ,�à

Üò}
ßËlËàVá TEp�TEXYSÉq �Ëà�n�TEg2�%�%QRT�q T
W%� b àVn�T � SL^`T,q�� ��SLXYs�Õäg_\DKNK]� 1*	 b è°^A�%I�ORSf\%ILSfMUT
O_SLiYW�TEILXEiYQ_S�ORs%^ mÖSfO_s
TAQ_K]�%�%W%��T
W$OÖÓ,SLW�TEQ�hÇT
�%�%SfO_SLiYW`ORQ_K]KEq-
��������4- � �#� ���&��� " � � � � �8$ ��� ��� � �����Pq~eYiYIÉà(�oÕ�w
Þ%q,\%\�à ,#.Yx�{
,ExY},q b KN\�à�uUx .aå�à

u|x



Ü-,�ß �Ëà�÷*à b Q_SfW%Sfe
TEg
TEW,� �Úà �Úà �+TEQ2s%Sçq�� ��SfXYs~{ b \GK]KN� 1*	 b è�TEQ2SfO_s%^`KPORSfMJ\%Q_i~MNK]g_g_iEQ+TEQ2M�s%SfO_KNMPOR�%Q2KNg+�,g_SLW,X
��h~Ó%Q2SL��l��%^AÓDKNQ;÷ÖKN\%Q2KNg2KNWaO�T
O_SLiYW�q 
�� ��� � ���
� ������� ! � ��" %#���
� ���0� ��������"$�&%Eq(eYiYIÉàGÞ%qG\%\�à u , ,|{DuUx .,q
u|xYxaz~à

Ü/.
ß b à��Æà�noKNW�qd�°à b à�	�T
SLs�q��°à �dà���s%KNW�q*T
W%� 0,à�nAà�	VK]KEq �2��W�H �[MNSfKNWaO¹÷ÖKN�,�%W%��TEWaO�{�r�SLW%TEQ2h
l��%^8ÓGK]Q�ORi[r�SLW%TEQ2h#l��%^8ÓGK]Q���iYWaeYKNQ�ORK]QNq-
 ������� � ��� � ���
������! ��� "  ! � �
� ��$ "
�0��� "
�
�Pq,eYiEIçà b �oÕ�z ,�q
\%\�àVu|yEx�{DuYu�z~q 0YTEW�à�u|xYxaz�à

Üòx
ßdè�à��;iYQ2KNW�q $ ��� ��� � ����+ � "
� 	 � ��� " � + �-%&��� "
�
	 ���Pà��JQ_K]W$O_SLM]KPÕ ��TEILI~è�W%M
àfq$HJW%XYIfK]m�i�i~�­��IfS��GgNqYl 0,q,u|xExYw,à
Ü u|y
ßË÷dà � à�r�Q_K]WaO³TEW%� �Ëà�á;à �;�%W%X,q �2�âQ_K]XY�%I¼T
Q#I¼TUhEiY�,OÇkÔiYQ`\�TEQ_TEILIfKNI�TE�%�%K]Q_g]q 
 �2���3� - � �#� �(' � �

$ ��� ��� � ��� �Pq,eYiEIçà%á��oÕ�w,uYq�\%\�àDz
}Yy�{,zE}
Þ%q��§T
QNà�u|x#.az�à
Ü uYuNßdá;à 	�h~W%M�s1TEW%�ÛHÖà�Htà b m�TEQ�ORøNILTEW%�%K]QNq
�2� b \�TEW%W,SLW%X�á�Q_K]KØ��TEQ2Q2h 	Vi�iYp�TEs,KUTE�Û���%�%K]QNq-
 �������

- � �#� �(' � �&$ ��� ��� � �����Pq�eYiYIÉà%Þ%uYq%\,\�à(xYw,uP{~xYwYx,q��°�%X%àVuUxYxaz�à
Ü u�z�ßËlËà �×K]g2ORK­T
W%� �Úà�HJg_s,QRTEXYs,S¼TEW�q % � "$����" ��� ��� ��� $�����!���� ! �
	 ����" %#����+ ! !(��� ����� %���� ��� ����� " 
#�Pà

�°�%�,SLg_iEW �ÆKNg2ILKPhGq
u|x#. .,à
Ü u|w
ßdá;à b T
ORi%q,�Æà b TEp�T
O_KEq �Ëà,ö;p�TE�%T,q�á;à b �%p
KN^A�,QRT,q,TEW%� � à � iEO_i%q��2�°W .,à å|Õ�W%g�uYu�z�ÕäÓ#á�QRTEW,g_^[SLg_g2SLiYW

� T�ORKA���%�%KNQ*mÖSfO_s6T���iEW�*�SLMPO2Õ�ì(Q2KNK­r�h~\�T
g_g8��SLQ_M]�%SfONq 
 �2�3��� � ��� �����
� ���1! ��� "  ! � �
� � $ "
�0���&"
� �Pq
eYiYIÉà(z ,�q,\%\�à(}aå ,U{�}aåEx,q��°\%Q2SLIîuUxYxaz�à

Ü uUÞEß 1Aà �*TEWaORTEÓ%�,O_QRT,q)�2� Q2KNM]�%Q_g2SfeYK­MNTEQ_Q�ha{$ILi~iYpE{�TEs%KNTE�(ô
MNTEQ_Q�ha{$g_KNIfKNMPO*s$h~Ó%Q2SL�ÆTE�%�%K]QNq-
 �2���3� - � �#� �('
� �5$ ��� ��� � ��� �Pq,eEiYIçà%Þaz�q�\%\�àVuUÞYxaå|{DuUÞYxYx,q�Z�KNMEàVuUxYxYw,à

Ü u�å�ß8�Æà b �%ø]�%p$S�TEW,�jö�s%p$�%ÓDi%q,ldàfqÚKPOUà~TEIÉàfq��2�½uYà å�Õ�W,g�waz|Õ�Ó#�t�¹ö b �*	
c:SLW`Z�iY�%Ó%IfK)�+TEg2g�Õ�á�QRT
W%g_Sfg2ORiEQ
	ViYXYSLM
q 
��2���3� � ��� �����
� ����! ��� "  #" ! � �
� ��$ "
�0��� "
�
�Pq%eYiEIçà(z#.�q%\%\�àVuYuNÞ$å|{DuYu|åEy,q%l�i|eGàVuUxYxYw,à

Ü u|}
ßËlËà�ö�s%p$�%ÓDi§T
W%� b �%øN�%p$SÉqJ�Æà�q/K]ONà
TEIçà�q)�2�)Þ%àÝÞ
Õ�W%gË�t�¹ö b å
Þ �½å�Þ
Õ�Ó×���%I�ORSL\,ILSLK]Q�c�g_SLW,X � TEg_g�Õ
á Q_TEW%g2SLg2O_iYQ����%I�ORSf\%ILK�í,iEQNq-
�������� � ��� � ���
� ����! ��� "  #" ! � �
� ��$ "
�0���&"
� �Pq%eEiYIçà%wYy,q%\%\�àDzYå�uP{,zEåE},q���TEQNà
u|xYxaå~à

Ü u ,�ßË÷dà �½à�Z�iYQ_TEW�q � 1oTEQ_SLTEWaORg�i
koTEW�SL^[\%Q_i|eEKN��MUT
Q_Q2h§ILi~iYpYÕ�TEs,KUTE��T
�%�%KNQ]q 
 �2�3��� - � �#� �(' � � $ ����"
��� � ��� �Pq,eYiEIçà(w ,�q,\%\�àVuYuYuUy�{DuYuYuUw,q b KN\,ONà�uUx . .,à

zEy



R
i

i
R

Ci+1
Ri

C i

Ti

ì+SfXY�%Q_K­u$5�á Q_TEW%g_^[SLg2g_SfiYW§XaT�ORKdÓ�TEg_K]�¹^A�%I�ORSf\%ILK�í,iEQtSL^[\%ILK]^`K]W$ORT
ORSfiYWjiEkîO_s%K8g2SLXYW~Õ�g_K]ILK]M]ORSfiYW³iY\GK]QRT
O_SLiYW
SLW�K]õ~�%T
ORSfiYW³}

z�u



����

��

������

� +
��+

�,+ �,+

� �+

��+

� �+/.��
�����+

�$+

ì+SfXY�%Q_K�z 5î��K]ILI��%g_K]�`SfW�Üóu]ß,ORi;XEKNW%K]QRT
O_K�ORs%KtSfW$O_KNQ2^`K]�%S¼T
O_K�g2SLXYW%K]�Ú�%SLXESfO Q_KNg2�%IfONà+�/Ó%SfW�TEQ�hËg2SLXYW,KN�­�%SLXESfO
� �1é$êdu

�
y
�
�Úu
ë`Sfg;KPí�\%Q2KNg_g2KN�ÙTEg*Tj�%S ��K]Q_K]W%MNK­iEkoO�m�i�Ó%SfO_g 5*�§ð � � ê � ��� q
mÖs,KNQ_K � �

�
� ��� � é�y

�
uEë$à

ì�iYQ�KNTEM�s��,SLXYS�O�\DiYg_S�ORSLiEW ��ÑÔmÖs%K]Q_KËy����3��Ñ m�iEQ_�%IfKNW%XEO_sÚêÛu�Ò2Ò � g2SLXYW�T
ILg � �+ TEW%� � ���+ T
Q_K;XYK]W%KNQ_T
ORK]��T
g
\DKNQ;KNõ$��T�ORSLiEW%g[ÑçzEyYÒ°TEW%�ïÑçz~u�ÒPà8l�iEO_KAORs�T
O°ORs%K]Q_K­SLg�Sf^`\,ILSLM]SfO�g_SfXYW�TEI \%Q_iE\�TEXaT
O_SLiYW§ÓGKPO�m�K]KNW�T
� � TEMNK]WaO
�%SfXYSfO_g 5 � �+ Ñ mÖs%SLM�s#SLg�O_s%K°M]iY^[\%ILK]^`K]W$O�iEk����+ Ò!SLgoXYKNW,KNQRT�ORKN�ÇkÔQ2iY^)iY\DKNQRT
W%�%g�SfW`O_s%KÚÑ �%ê×u�Ò�ORsj\DiYg_S�ORSfiYW�à
áts%K*O�m�i[XaT
O_KNg�T
OtO_s%K*ÓGiEO2ORiY^ÍKNW%M]i��,K*O_s%K*Q_K]g_�%I�O�i
k+g2�%Ó,ORQ_TEM]O_SLiYW ���+ ê �����+ mÖSfO_s ��++T
W%��� +
g_SfXYW�TEIfgNà

��

��+

�'+
�$+ �$+

� +��+

ì+SfXY�%Q_Kîw 5���K]ILIYQ2KNõ$�%SLQ2KN�*ORiÖXYK]W%KNQ_T
ORK!ORs%KJSfWaORKNQ2^`K]�%S¼T�ORKJg_SfXYW%K]�d�,SLXYS�OVQ_K]g_�%I�O
SLW*iY�%QV^[K]O_s%i���q�S�k~g2ORQ_TESLXEs$O
O�m�i��ægJM]iY^[\%ILK]^`K]W$O KNW,MNi~�%SLW%XÚÑ®SçàÝKEà�q �_yEy#
°Q2KN\%Q2KNg_K]WaORgoy,q �_y�u 
�Q_K]\%Q_K]g_K]W$O_g �AuÖTEW%� �]uEu 
�Q_K]\%Q_K]g_K]W$O_gÖêËu�Ò
SLg
�%g2KN�8O_i�Q2KN\%Q2KNg2KNWaO+O_s%K�SfWaORKNQ2^`K]�%S¼T�ORKJg_SfXYW%K]�Ë�%SfXYSfO
Q2KNg2�%IfONà+l�iEORK!ORs�T�O�O_s%KNQ2K�Sfg
W%i°g2SLXYW�T
IY\%Q_iE\�TEXaT
O_SLiYW
ÓDK]O�m�KNKNW»TE� � TEMNK]W$O8�%SLXESfO*\DiYg_S�ORSLiEW%gNà�áts%K`g_SLXEW�TEILg*kÔiYQdKUTEM�s×\GiYg2SfO_SLiYWÆTEQ_K`XYKNW,KNQRT�ORKN�×�%g_SfW%X§iYW,Ifh�ORs,K
SLW,\%�,O�iE\GK]QRTEW%�#Ó%SfO_g�SLW[ORs�T�O�\DiYg_S�ORSLiEW�à+áts%Sfg�M]KNILIGMUTEW#ÓGK�kÔ�%Q2O_s%KNQ�g2SL^[\%ILS�ã�KN�­ORiËORs�T
O�g_s%i|mÖWjSfWjì+SLXE�%Q_K
Þ­Óah�KN^[\%ILi|h~SLW%XAO_s%K*iY\,O_SL^`TEI�K]W%MNi~�%SLW,XYgt�%KNQ2SfeEKN�§SfW b KNMPORSfiYW�è2è_è�à

zYz



��

��+

�'+
�$+

��+ � +

ì+SfXY�%Q_K�Þ 5!��K]ILI�Ó%TEg_K]�³iEWjKNW%M]i��%SfW%X³Ñ � � �
�
�
� Ò�SLW#á+TEÓ,ILK;},à!l�iEORK�ORs�T
O�iY\GK]QRTEW,�jÓ%SfO �,+�SfORg2KNI�k
g_KNQ�eYK]g�T
g

ORs,K �2g_SfXYW�Õ�Ó,SfO0
 ��+çàËáts,KÚg_SL^[\%IfSfã�MNT
ORSfiYW�i|eEKNQ;ORs%K8MNKNIfI+g2s%i|mÖWÆSfWØì+SLXY�,Q_KAwÇSfg°ORs,KÚQ_KNg2�%IfO�iEk�TE�%iY\,O_SLW%X
KNW,MNi~�%SLW%X�� � � kÔiYQîORs,K�g2SLXYW~Õ�Ó%S�OÖÑ®SfW%g2O_KUTE�­iEkDORs,K�g�ORQ_TESLXYsaOîO�m�i��Ýg�M]iY^[\%ILK]^`K]W$OîQ_KN\,Q_KNg2KNWaO�T�ORSLiEW`iYWÚmÖs%SfM�s
ORs,K�MNK]ILIDSLWjì+SfXY�%Q2K°wASfg�Ó�TEg2KN�(Ò�àJáts%SLg�MNKNIfIGs%TEgtTAg_SfXYW%S�ã�MUTEWaO_Ifh­g_^`TEIfILKNQ!W$�%^AÓDKNQ�iEkVORQ_TEW%g_Sfg2O_iYQ_gtT
g�m�KNILI
TEg�TÚg_^`TEILIfKNQ�M]Q_S�ORSLMNTEI�\%T
ORs��%K]I¼TUhjMNiE^`\�T
Q_KN�jO_i[O_s%K*MNKNIfI�SLW³ì+SfXY�%Q2K*z�q%mÖs%SfM�s³m�TEgÖ�%g_K]�§SfW×Ü uNßÉà

zEw



M

M

M

M

M

M

M

MM

Cin

Cin

R7:4

7:4d

T 7:4

R15:12

R15:8

d11:8

R31:24

T
31

:2
4

c 32

c 28

c 24

c 20

c 16

c 16
c 8

c 4

T 15:8

d15:12d19:16d23:20d27:24d31:28

[R, R, T]3:0

[R, R, T]7:4

[R, R, T]11:8

[R, R, T]15:12

[R, R, T]19:16

[R, R, T]23:20

[R, R, T]27:24

[R, R, T]31:28

T
11

:8

M

M

T
11

:4

R11:4

T
19

:1
6

T
27

:2
4

M

M

M

M

T 27:12

R 27:12

M M

T 19:12

T 23:16

c 16

T 23:12

c 8

23:12R

R 27:20

T
27

:2
0

R19:8

19:8T

R19:12

R
19

:1
6

c 12

R
C
A

R
C
A

R
C
A

R
C
A

R
C
A

R
C
A

R
C
A

R
C
A

R
C
A

R
C
A

R
C
A

R
C
A

R
C
A

R
C
A

d 3:0

T
31

:2
8

T
23

:2
0

11
:8

RR
31

:2
8

R
27

:2
4

R
23

:2
0

R23:16

T
15

:1
2

T 31:16

31:16R

BM BM BM BM BM BM BM

CG

0 1 0 110 0 1 0 1 0 1 0 1

CSC CSC CSC CSC CSC CSC CSC

R
C
A

ì+SfXY�%Q_Kdå 51ö°eYK]QRTEIfI+T
Q_M�s%S�ORKNMPOR�%Q2KAiEk!iY�,Q�waz`Ó,SfO°TE�%�%K]Q­Ñ®Q2K]kÔKNQ�ORi#O_s%KËO_KPí~O�kÔiYQ��%K]ORTESLIfg�Ò�à ��� +vSLgÖORs,K
g_SfXYW�Õäg_KNIfKNMPOÚMNSfQ_MN�,SfOAg2s%i|mÖWÙSLWÙì+SfXY�%Q_K�},q , Sfg8ORs,KjSLWaeYK]Q2ORSfW%X¹^A�,IfORSf\%ILK�í�iYQËg2s%i|mÖWïSfWÌì+SfXY�%Q_K�,ÌÑÔORs,K
TEQ2M�s%SfO_KNM]O_�%Q_K­Sfg *%KPí�SLÓ%IfK­TEW%�ØORs%K­Ó%Ifi�M�p , MUTEW6ÓDK[Q2KN\%ILTEMNK]�6mÖS�ORsØORs%KÚO_QRTEW%g2^`Sfg_g2SLiYW�XaT�ORK`�§c��·SfW
ì+SfXY�%Q_K­u8mÖS�ORs�^`SfW%iYQÖ^`i~�%S�ã�MUT
O_SLiYW,g�ÒPà ��, SLg�T#Þ
Õ�Ó,SfO�Ó%ILi~M�pj^A�%I�ORSf\%ILK�í,iEQNq(TEW%��)�+ � SLgÖORs%KËQ_SL\,\%ILK
MUT
Q_Q2h�TE�,�%KNQ�g_s%i|mÖWØSLW§ì+SLXY�,Q_K .,à +�� Ó%ILi~M�p�g_s%i|mÖW�SfW¹ì+SfXY�%Q_KËx`Sfg°�%g2KN��SfW%g2O_KUTE�¹i
k b%b �ùÓ%Ifi�M�pÇkÔiYQ
ORs,K[XEQ_iY�%\6iEk�Þ�IfKUTEg�O*g_SfXYW%Sfã%MUTEWaO*�%SfXYSfO_g;SLWØiYQ_�,KNQ;ORi�Q_K]�%�%M]K[O_s%K`M]Q_S�ORSLMNTEI+\%T
ORs6�%KNILTUhYà[HîeYKNQ�h6XYQ_iY�,\
��+
	 �ÇSfgÚXYKNW,KNQRT�ORKN�»kÔQ_iY^ � g_SfXYW�TEIfgÚiEk°O_s%K�gRTE^[K�g_�%Ó�ÕäXYQ_iE�%\%g­ORs�T
O`TEQ2K�M]iY^AÓ%SfW%KN�ÌO_iÆXYK]W%KNQ_T
ORK�ORs,K
MNiEQ_Q_K]g_\DiYW%�%SfW%X ��+
	 ��àÇì�iYQ*K�í%T
^`\%IfKEq � ��� 	 � �ËSLg*XYK]W%KNQ_T
ORK]�×kÔQ_iY^ ����� 	 �  8TEW%� � ��� 	 � �|q�ILSfpEKPmÖSLg_K
q ����� 	 � �8SLg
XYK]W%KNQ_T
ORK]�³kÔQ2iY^ � ��� 	 �  �TEW%� � ��� 	 � �|à

z
Þ



T3

R3

T2

R3 R3 R1 R1

T3:2 R3 R2
R3 R2 T1:0

R3:2 R3:2

R1:0

R 3:0
T3:0

R1:0

R3:0

M2

M3

M1

R

T0T1

1

ì+SfXY�%Q_K*} 5 b SLXYW b K]ILK]M]O���SLQ2MN�%S�O�Ñ b%b �tÒîSf^`\%IfKN^[KNWaORSfW%X°O_s%Ktã�Q_g�O�O�m�iËIfK]eEKNILg!iEkDORs,K�Ó%SfW�TEQ�hAILi~iYpYÕ�T
s%KUTE�
ORQ2KNK;kÔiYQtg2SLXYW�g_K]ILK]M]ORSfiYW�à

zYå



VDD

VSS

Ci+1

Ci

Ci

Ri Ri

Ti

Ri Ri

Ti

ì+SfXY�%Q_K , 5ï�°IfO_KNQ2W�T
ORK;�,KNg_SfXYW 5!SLWaeEKNQ2O_SLW%X­^A�,IfORSf\%ILK�í�iYQ�mÖs%SfM�s§T
M]ORS�eYK]IfhÇQ2KNg�ORiYQ2KNgÖORs%K*g_SfXYW�TEIfgNà

zE}



C2 C1

d 2 d 1d 3

C0

d 0

R3

R2

T2

R 2 R1

T1

R 1 R0

T0

R0

ì+SLXE�%Q_K . 5�áts,KËQ2SL\%\%IfKPÕäMUTEQ2Q2h`MNSLQ2MN�%S�OtkÔiYQtÓ%Ifi�M�p`g_SLø]K �tð1Þ%à

z ,



a0

a0

a0

a0

0b

0b

0b

0b

c in

c in

c1

R3

c4

c2 inverting
mux

inverting 
majority
gate

R3 R3

R1 R1

R1
R1

T1

R3 R2
R3 R2

R3:2 R3:2

T3 T2

T3:2

M3

M2

ì+SfXY�%Q_K*x 5/áts%K��R��TEQ2Q2h � K]W%KNQ_T
ORK+
ØÑç� � ÒtÓ%ILi~M�pjkÔiYQ�O_s%K8IfKUTEg�O°g2SLXYW,Sfã�MNTEWaO°Ó%S�O2ÕäXYQ_iY�,\�àtáts%SLg�SLg��%g_K]�
SLW,g2ORKNTE�³iEk O_s%K b%b �:Ó%ILi~M�p`O_i`Q2KN�%�%M]KdO_s%K*MNQ2SfORSfMUTEIG\�T
O_s³�,KNI¼TUhEà

z#.



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

,.-0/1-0243+56-07�8�9;:<3=/?>�@A@CBEDGF HJI?@LKG-NMO5J3=/?7PDG>Q/?@$H 3+5SRT3=71-)/?UV-=W
X Y 3+24DZ3=/"5[@=M�\"]^8�D_5Q54I1-`3+24UaI?Db54c12�-.DZKGKZc?>d56243+56-)7eDZ/�5aI1-Efg3+f�-N2QH[3=>TK�3)9"-07h@icj5[DZ/
k X ,EldR<m1-onj56243=Uo56-)7pHJDb54IP]qFrDGUN26@i/r56-)UaI?/?@iKZ@=st9CugKG-0>�3=/?7P>�DGFCf�K�3+56-07eDZ/wvjxylzRT{
| Y \tM
}�~�W��[I1-�f�KG@t54>Q3t2�-�@i/1-�-)3=U�I;@=/#3Lfg3ts=-.HJDb54I�8g3+26-�FCDZ/?DZFr3=K�-on1f�KZ3=/�3+54DZ@=/?>T3+5
54I1-E8�@+5654@iFPW��[I?DG>�ugKG-�DZ>[UN@i/?U03+56-)/�3�54-07r54@�Fp3tDZ/�W�f�>�8A9p54I1-�7 Y DGf�>�U)3�5�cj54DZKZD_5z9rDZ/P3

I�c12�2�9��



���������
	���
����������

���



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

� �



���� � �
	���
 ��� �����

� 




���� � � ���
�� ��� �����

� �



� �



���� � � ���
�� ��� ����� ����� � � �

���


