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Ð�ÑÓÒ<Ô5Õ»Ô·Ö½Öe×|Ø�Ù�Ú�Û�×�Ö�Ü�Ý�Þ�×`ß�à�á]â+Ü�Ù�ß�Û«ã�Û�Ú�Ù�ä½åeâ+Ù�Þ(Û«Öeã�Ù�Û«ßSÚ�å�Ù�ÚkÝ�Þ�â+Ü5â+Ö�Ú�ÜkÙ�ÖwÛmÖ�Ú5âOÞ�â+Ü�Ú�Û«Öeã�×�Ý½Ú�Û«æªÛ�ç+ÙVè
Ú�Û�×�Öiá�å½Ù�ä«ä�â+Öeã�â�éªê�å�â	å�â+Ù�Þ�Û«ÖeãÀÙ�Û«ß¨ë½ä«Ú5âOÞ�Ü�Û«Ö�á]×�æªÛmÖeãwÜ�×�à�Ö�ßiÛ«Ö�Ú5×¢Ü5Ý&â+áOÛ�ë½áHìDÞ�â+í�à�â+Ö�á]îdï½Ù�Ö½ß�ÜÓÚ�å�Ù�Ú
áOÙ�Ö	ï&â�Ù�æ
Ý½ämÛ�ë�â+ßHÙ�áOá]×�Þ�ß�Û«Öeã;Ú5×�ÙÓáOà�Ü5Ú5×�æ
âOÞ+ð�Ü7å�â+Ù�Þ�Û«ÖeãÓä�×�Ü�ÜyÝ�Þ�×�ë�ä�â�é�ê�å�â�ë½ä«Ú5âOÞyÙ�ä�ã�×�Þ(Û�Ú�å�æñÞ�â+íMà�Û�Þ�â+Ü
Ä�ò æ�à�ä«Ú�Û�Ý½ä«Û�â+Ü�Ù�Ö�ß¨ó Ã�ò Ù�ß�ß�Û�Ú�Û�×�Ö½Ü!Ú5×	ï&â;á]×�æ
Ý�ä�âOÚ5â+ßw×�Ö¹â+Ù�á�åÀÛ«Ö�á]×�æ�Û«Öeã�Ü�Ù�æ
Ý½ä�â;Ú�å�Ù�Ú�Ù�Þ�Þ�Û�Ø�â+Ü²Ù�Ú�Ù
Þ�Ù�Ú5âH×�ì Ã�ò�ôMõ ç�é8ö�âOîdá]×�Ö½Ü�Û«ßeâOÞ�Ù�Ú�Û«×�Ö�Ü<ÛmÖ¢Ú�å�Û«Ü;åeâ+Ù�Þ�ÛmÖeãSÙ�Û«ßºßeâ+Ü�Û«ã�ÖbÙ�Þ�â	á�å½Û�Ýbâ+Ö�âOÞ�ã�î¢Ú5×ÀæªÙV÷eÛ«æªÛ�çOâ
ï½Ù�Ú5Ú5âOÞ�îwä«Û�ìDâ,Ù�Ö�ß¹á�å�Û«ÝwÜ�Û«çOâ;Ú5×
æªÛmÖ�Û«æªÛ�çOâ�Ý½Þ�×Mß½à�á]Ú�Û�×�Öwá]×�Ü5Ú�ÜOé!ø;Ü²Ú�åeâ<ë�ä�Ú5âOÞkÙ�ä«ã�×�Þ�Û�Ú�å�æù×�Ý&âOÞ�Ù�Ú5â+Ük×�Ö
Þ�â+Ù�äyÖ�à�æ�ï&âOÞ�ÜOú�ÙSÖMà�æ�ï�âOÞ<Þ�âOÝ�Þ�â+Ü�â+Ö�Ú�Ù�Ú�Û�×�Ö¨æHà�Ü5Ú<ï�âHá�åe×�Ü�â+ÖbÚ�å½Ù�Ú<Ý�Þ�×|Ø`Û«ßeâ+Ü;ÙSÜ�à�û�áOÛ�â+Ö�Ú,ßeî`Ö�Ù�æªÛ«á
Þ�Ù�Öeã�âªìD×�Þ�Ü5×�à½Ö�ßiÝ�Þ�×`á]â+Ü�Ü�ÛmÖeã¹ü,Û�Ú�åe×�àeÚ8á]×�æªÝ�Þ�×�æªÛ«Ü�Û«Öeã¹Ú�åeâªâ+ÖeâOÞ�ã�î¨Ù�Ö½ß�Ù�Þ�â+ÙÀï½à½ßeã�âOÚOéSê�å�â
ë�Þ�Ü5Ú
ã�â+ÖeâOÞ�Ù�Ú�Û�×�ÖÀå�â+Ù�Þ�Û«Öeã	Ù�Û«ßSÞ�â+í�à½Û�Þ�â+ß¹ý�þ½×�Ù�Ú�Û«Öeã	Ý&×�Û«Ö�Ú²Ù�ß�ßeâOÞ(ÜkÙ�Ö½ßºó;þ�×�Ù�Ú�ÛmÖeã�Ý&×�Û«Ö�Ú²æ�à�ä«Ú�Û�Ý½ä«Û�âOÞ�Þ�à�Ö`è
Ö�Û«Öeãd×�ÖUÙ�Ö/Û«Ö�Ú5âOÞ�Ö�Ù�ä,ó�é Ã�ÿ��bõ ç¢áOä�×Má ô Ú5×¨á]×�æ
Ý½ä�âOÚ5âwÚ�åeâwÞ�â+í�à½Û�Þ�â+ß�ÖMà�æ�ï�âOÞ�×�ì�×�Ý&âOÞ�Ù�Ú�Û�×�Ö�Ü+édê�åeâ
þ�×�Ù�Ú�Û«ÖeãiÝ&×�Û«Ö�ÚHÞ�âOÝ�Þ�â+Ü5â+Ö�Ú�Ù�Ú�Û�×�Ö ü²Ù�Üªá(åe×�Ü5â+Ö»×WØ�âOÞSÙ¨ëe÷`â+ß Ý&×�Û«Ö�ÚHÞ�âOÝ�Þ�â+Ü5â+Ö�Ú�Ù�Ú�Û�×�Ö Ú5×�Þ�â+ß�à�á]â¹Ú�åeâ
Û«æ
Ý½Ù�á]Ú�×�ì
Ú�åeâ<æHà�ä�Ú�Û�Ý�ä«Û�âOÞ7×�ÖªÚ�å�â;Ù�Þ�â+Ù�ï½à�ßeã�âOÚOé®Ô·ì
Ú�åeâ<Ù�Þ�â+Ù�×�ì
Ú�åeâ;æ�à½ä�Ú�Û�Ý½ä«Û«âOÞ®Û«Ú�Ü5â+ä�ì
Û«Ü!ì�àeÞ�Ú�å�âOÞ!Þ�â]è
ß�à�á]â+ß
úMÚ�åeâ+ÖwÚ�åeâ�à�Ü5â;×�ì�ÙHëe÷`â+ßwÝ&×�Û«Ö�Ú�Þ�âOÝ�Þ�â+Ü�â+Ö�Ú�Ù�Ú�Û�×�ÖÀáOÙ�Öwï&âÓá]×�Ö�Ü�Û«ßeâOÞ�â+ß
é7ê�å�Û«Ü�ü�×�à½ä«ßSæ�Û�Ú�Û�ã�Ù�Ú5â
Ú�åeâ8á]×�æ
Ý½ä«â]÷`Û�Ú îS×�ì®Ú�åeâ�æ
×�Ü5Ú�á]×�æªæ
×�Öd×�Ý&âOÞ�Ù�Ú�Û�×�Ö
úeü,å½Û«á�åÀÛ«Ü,Ù�ß�ß�Û�Ú�Û�×�Ö4é
ø<Öe×�Ú�å�âOÞÓÛmæ
Ý&×�Þ�Ú�Ù�Ö�Ú;Ý&×�Û«Ö�Ú,Ú5×¹á]×�Ö�Ü�Û«ßeâOÞÓÛ«Ü<Ú�åeâ
Û«æ
Ý½Ù�á]Ú<×�ì�Ú�åeâ	áOÛ�Þ�áOà½Û�Ú<Ù�Þ�á(å�Û�Ú5â+á]Ú�àeÞ�â�×�Öºì�àeÚ�àeÞ�â
ã�â+ÖeâOÞ�Ù�Ú�Û�×�Ö½ÜÀ×�ì	Ú�åeâFåeâ+Ù�Þ�ÛmÖeã»Ù�Û«ß
é ø;ÜÀÚ�åeâFå�â+Ù�Þ�Û«Öeã»Ù�Û«ß ß�â+Ü�Û�ã�Ö âOØ�×�ä�Ø�â+ÜdÚ�åeÞ�×�àeã�å ìDÙ�ï�Þ(Û«áOÙ�Ú�Û�×�Ö
Ý�Þ�×`á]â+Ü�Ü5â+ÜOú�Û«Ú�Û«Ü�Û«æ
Ý&×�Þ�Ú�Ù�Ö�Ú²Ú5×�á]×�Ö�Ü�ÛmßeâOÞ�Ú�åeâ8Û«æªÝ½Ù�á]Ú�×�ì®Þ�×�àeÚ�Û«Öeã
Ù�Ö�ßdÜ�á�åeâ+ß½à�ä«Û«ÖeãH×�ì®Þ�â+Ü5×�àeÞ(á]â+Ü�×�Ö
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Ú�åeâ�â+ÖeâOÞ�ã�î�ú�Ù�Þ�â+Ù`ú�Ù�Ö½ßÀÚ�Û«æªÛ«Ö�ãHï�à�ßeã�âOÚOé7Ô·Ú,Û«Ü²Ý&×�Ü�Ü�Û�ï�ä�â<Ú5×wæ
âOâOÚ,Ù
Þ�â+Ü5×�àeÞ�á]â8ï�à�ßeã�âOÚ�ïMîwßeâ+Ü�Û�ã�Ö�Û«Öeã
Ù�Ö¢Ù�Þ�á(å�Û�Ú5â+á]Ú�àeÞ�â�Ú�å½Ù�Ú,à�Ü5â+Ü�Ù
Ü�ÛmÖeã�ä�âÓìDÙ�Ü�Ú�æ�à�ä«Ú�Û�Ý½ä«Û�âOÞ|é õ ×|ükâOØ�âOÞ+ú�å½Ù+Ø`Û«Öeã	Ú5×�Ü�å�Ù�Þ�âÓÙ�Ö½ß¢Ü�á�å�â+ß�à�ä�â�Ù
Ü�Û«Öeã�ä«â²æHà�ä�Ú�Û«Ý½ä«Û�âOÞyá]Þ�â+Ù�Ú5â+Ü�ÙÓÞ�×�àeÚ�Û«Öeã8á(å�Ù�ä«ä�â+Öeã�â�Ú�å½Ù�Ú�ßeâ+á]Þ�â+Ù�Ü5â+Ü�Ú�åeâ�Ù�Þ�â+Ù8Ü�Ù+Ø`Û«Öeã�Ü7×�ì&à�Ü�Û«Ö�ãÓÙ�Ü�Û«Öeã�ä�â
æ�à½ä�Ú�Û�Ý½ä«Û«âOÞ+é � ×�Þ�âO×|Ø�âOÞ+úeÛ«Ö
ßeâOâOÝªÜ�àeïeè£æªÛ«á]Þ�×�Ö�Ý½Þ�×Má]â+Ü�Ü5â+ÜOú�Þ�×�àeÚ�Û«Öeã�Û«Ü®â]÷`Ý&â+Ö�Ü�Û�Ø�â²ï&â+áOÙ�à�Ü5â�Ú�åeâ�ß�â+ä«Ù+î`Ü
Û«Öºä�×�Öeã�âOÞÓü,Û�Þ�â+Ü;ße×�æªÛmÖ�Ù�Ú5â�ã�Ù�Ú5âªß�â+ä«Ù+î`ÜOé�ê�åMà�ÜOú�Þ�×�àeÚ�Û«ÖeãwÛ«ÖeìD×�Þ�æªÙ�Ú�Û�×�Öb×|Ø�âOÞ�ä«Ù�Þ�ã�â	ß�Û«Ü5Ú�Ù�Ö�á]â+ÜÓÛ«ÖºÙ
Ü�Û«Öeã�ä«â�áOä�×`á ô á]îMáOä«â	ÛmÜ<Ý½Þ�×�ï½ä�â+æªÙ�Ú�Ûmá�é��e×�Þ�Ú�åeâ+Ü5â
Þ�â+Ù�Ü5×�Ö�ÜOú
Ú�åeâ
æHà�ä�Ú�Û�Ý�ä«Û�âOÞ,Ý½Þ�â+Ü5â+Ö�Ú5â+ßiÛ«ÖdÚ�å½Û«Ü;ü�×�Þ ô
Ú�Ù�Þ�ã�âOÚ�Ü�Ù�Þ�â+ÙHÙ�Ü²Û�Ú�Ü�æ�Ù�Û«Ö�á]×�Ü5Ú²á]Þ�Û�Ú5âOÞ(Û«Ù`é®Ô ì
Ú�åeâÓæHà�ä�Ú�Û�Ý½ämÛ�âOÞ!Û«ÜkÜ�æªÙ�ä«ä½â+Öe×�àeã�å
ú`Û�Ú�áOÙ�ÖSï&â<ß�à�Ý½ä«Û«áOÙ�Ú5â+ß
Ö�à½æ
âOÞ�×�à�ÜkÚ�Û«æ
â+Ü²×�Ödá�å�Û�ÝÀÚ5×ªÙ�ß½ßeÞ�â+Ü�Ü²Ü�á(åeâ+ß�à�ä«ÛmÖeãHÙ�Ö½ß¹Þ�×�àeÚ�Û«Öeã
Û«Ü�Ü�àeâ+Ükü,Û�Ú�åe×�à�Ú�×WØ�âOÞ�Ü5Ú5âOÝ�Ý½ÛmÖeã
Ú�åeâ
Ù�Þ�â+Ù	ï½à�ß�ã�âOÚOé7Ô·ÖÀÙ�ß�ß½Û�Ú�Û�×�Ö
úMï&â+áOÙ�à�Ü5âÓÚ�åeâ8æHà�ä�Ú�Û�Ý½ämÛ�âOÞ�Û«Ü�æ
â+Ù�Ö�Ú�Ú5×
ï&â�à�Ü5â+ß¹Û«Ö¹Ù	ï½Ù�Ú5Ú5âOÞ�îw×�Ý&âOÞ�Ù�Ú5â+ß
ßeâOØ`Û«á]â�ú�Û�Ú<Û«Ü�Û«æ
Ý&×�Þ�Ú�Ù�Ö�Ú�Ú5×wá]×�Ö�Ü�Û«ßeâOÞ,â+ÖeâOÞ�ã�î¢á]×�Ö�Ü�à½æ
Ý�Ú�Û�×�Ö
é�Ô ì®Ú�åeâHæ�à½ä�Ú�Û�Ý½ä«Û«âOÞ²ß�â+Ü�Û�ã�Ö¢Û«Ü<Öe×�Ú<ä«×|ü
â+ÖeâOÞ�ã�î�ú�Ú�å�â+ÖÀÚ�åeâ�á]×�Ü5Ú,×�ìyÞ�âOÝ½ä«Û«áOÙ�Ú�Û�×�Öw×�ÖdÚ�åeâ�â+ÖeâOÞ�ã�î¹ï½à�ß�ã�âOÚ�ü�×�à�ämßÀæªÙ ô â�Û�Ú�Ü�à½Ü5â�Ý�Þ�×�å�Û«ï½Û�Ú�Û�Ø�â�é
ê�å�Û«Ü�Ý½Ù�Ý&âOÞ�ìD×MáOà�Ü�â+Ü�×�ÖUÚ�åeâwâ+ÖeâOÞ�ã�îFÙ�Ö�ßUÙ�Þ�â+ÙºÛ«æ
Ý½Ù�á]Ú�×�ì�Ú�åeâSæHà�ä�Ú�Û«Ý½ä«Û�âOÞ�ïMî�Ý�Þ�â+Ü�â+Ö�Ú�Û«Ö�ã¢Ú�åeâ
ßeâ+Ü�Û�ã�Öw×�ìyÙ
Ü5Ú�Ù�Ö�ß�Ù�Þ�ßeè£á]â+ä«ä&Ü5â+ä�ìJè�Ú�Û«æ
â+ß¹æ�à½ä�Ú�Û�Ý½ä«Û«âOÞ�Ú�å�Ù�Ú�áOÙ�ÖÀï&â;â+æ�ï&â+ß�ß�â+ßÀÛ«Ö¹Ü5îMÖ½á�åeÞ�×�Ö�×�à�Ü²Ù�Ý�Ý½ä«Û�è
áOÙ�Ú�Û�×�Ö�ÜOédÔ ÚHÛ«Ü�Ü5â+ä«ìmè�Ú�Û«æªâ+ßFÛ«ÖFÚ�å�Ù�Ú�Û�Ú�ã�â+ÖeâOÞ�Ù�Ú5â+Ü	Û�Ú�Ü�×|ü,ÖUÚ�Û«æªÛmÖeãÀÞ�âOìDâOÞ�â+Ö�á]âwìJ×�Þ	Û�Ú5âOÞ�Ù�Ú�Û�×�Ö½ÜOé¢ê�åeâ
æ�à½ä�Ú�Û�Ý½ä«Û«âOÞ:ï&×�à�Ö�ß�Ü®Ù�Þ�â+ÙÓã�Þ�×|ü�Ú�å�ï�î ¦ ú�ü<åeâOÞ�â ¦ ÛmÜ®Ú�åeâ�ü�×�Þ(ß
Ü�Û�çOâ�×�ì�Ú�åeâ�×�Ý&âOÞ�Ù�Ö�ß�ÜOé®ê�å�ÛmÜ�Þ�â+Ü�à�ä�Ú�Ü
Û«ÖªÙ�Ü�Û�ã�Ö�Û�ë�áOÙ�Ö�Ú!Ù�Þ�â+Ù�Ü�Ù+Ø`Û«Öeã�Ü�ü,åeâ+ÖSá]×�æ
Ý½Ù�Þ�â+ß�Ú5×�Ú�åeâ ¦b© ã�Þ�×Wü�Ú�åwÜ5âOâ+Ö�Û«ÖSá]×�æ�ï�Û«Ö�Ù�Ú�Û�×�Ö�Ù�ä½Û«æ
Ý½ä�â]è
æ
â+Ö�Ú�Ù�Ú�Û�×�Ö�ÜOé7ê�åeâ�Ü5â+ä«ìmè�Ú�Û«æªâ+ß
Ö�Ù�Ú�àeÞ�â�×�ì�Ú�åeâ�æHà�ä�Ú�Û�Ý½ämÛ�âOÞ�ìDÞ�âOâ+Ü7Ú�å�â�â+Ö�Ø`Û�Þ�×�Ö�æªâ+Ö�Ú®ìDÞ�×�æ3ß�Û«Ü�Ú5Þ�Û�ï½àeÚ�ÛmÖeã
Ù8å�Û�ã�å
Ü�Ý�âOâ+ßªâ]÷MÚ5âOÞ�Ö½Ù�ä½áOä�×`á ô Ú5×�Ý&âOÞ�ìD×�Þ�æ@Ú�åeâ<æ�à�ä«Ú�Û�Ý½ä«Û�âOÞ7Û�Ú5âOÞ(Ù�Ú�Û�×�Ö�ÜOú�Ù�Ö½ßªÛ�Ú�Ù�ä«ä«×|ü,Ü7Ú�å�â,æ�à½ä�Ú�Û�Ý½ä«Û«âOÞ
Ú5×�ï&â,à½Ü5â+ß�ä«Û ô â<Ù�Ü�Ú�Ù�Ö�ß�Ù�Þ�ßSá]×�æ�ï½ÛmÖ�Ù�Ú�Û�×�Ö�Ù�ä�á]×�æ
Ý&×�Öeâ+Ö�Ú²Û«ÖSÙ�Ü5î`Ö�á�å�Þ�×�Öe×�à�Ü�ìJÞ�Ù�æªâOü�×�Þ ô é!ê�×�Ü�åe×Wü
Ú�åeâ�Ý&×�Ú5â+Ö�Ú�Û«Ù�ä!×�ì�Ú�å�âwæHà�ä�Ú�Û�Ý�ä«Û�âOÞ�ßeâ+Ü�Û�ã�Ö4ú�Ú�å�ÛmÜ8Ý½Ù�Ý&âOÞ�Ý½Þ�â+Ü5â+Ö�Ú�Ü8â+ÖeâOÞ�ã�î�ú!Ù�Þ�â+Ù`ú!Ù�Ö�ßFä«Ù�Ú5â+Ö½á]îiâ+Ü5Ú�Û�è
æªÙ�Ú5â+Ü7ìD×�Þ7Ú�åeâ�æHà�ä�Ú�Û�Ý½ämÛ�âOÞ�Û«æªÝ½ä�â+æ
â+Ö�Ú5â+ßH×�Ö	ØVÙ�Þ�Û«×�à�Ü®ü�×�Þ(ß
Ü�Û�çOâ+ÜOéyÔ Ú7Ú�å�â+Ö
á]×�æ
Ý½Ù�Þ�â+Ü!Ù�Ö½ß
á]×�Ö�Ú5Þ�Ù�Ü�Ú�Ü
Ú�åeâ+Ü5â8Þ�â+Ü�à�ä�Ú�Ü²Ú5×�ÙªìDà�ämä�î�á]×�æ�ï½Û«Ö�Ù�Ú�Û�×�Ö½Ù�ä&Ý½Ù�Þ�Ù�ä«ä�â+ä
Ù�Þ�Þ�Ù+î¹æ�à½ä�Ú�Û�Ý½ä«Û«âOÞ+é
ê�åeâ8Þ�â+æ�Ù�Û«Ö�ßeâOÞ�×�ì®Ú�å�ÛmÜ�Ý½Ù�Ý&âOÞ,Û«Ü�×�Þ�ã�Ù�Ö�Û�çOâ+ßdÙ�Ü,ìJ×�ämä�×|ü,Ü+é²ÐMâ+á]Ú�Û�×�Ö Ã ß�ÛmÜ�áOà�Ü�Ü5â+Ü²Þ�â+ä«Ù�Ú5â+ß¢ük×�Þ ô Û«Ö
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Figure 1. Architecture for the multiplier.

ï½ä�×`á ô Ù�áOá]×�Þ�ß�ÛmÖeã�Ú5×	Û«ÖeÝ½à�Ú7ìJÞ�×�æ�� ���(�+���,µ é �®Û�ã�à�Þ�â Ã Ü�åe×|ü<Ü�åe×Wü¸Ú�å�â
� �O�����+����� � æ
×`ß�à�ä�â�ük×�Þ ô ÜOé
Ô·ÖªÚ�å�Û«Ü7ë�ã�à�Þ�â�ú�Ú�åeâ �ñ×�Ý&âOÞ�Ù�Ö�ß�á]×�æ
â+Ü�Û«Öª×�ÖªÚ�åeâ�ä�âOìDÚOú�ÛmÜ7Þ�â+á]×`ßeâ+ß�Ù�áOá]×�Þ�ß½Û«Öeã�Ú5×�� �����+���,µ Ü�Û«ã�Ö�Ù�ä«ÜOú
Ù�Ö�ß¸ã�×�â+Üw×�àeÚwÚ5× Ú�åeâ � ������¡ � ��¾��dµ,�����]� � ��� ��� ���£���J���£�]� ×�Ö¸Ú�å�âbÞ�Û«ã�å�ÚOé �e×�Þ¹Þ�Ù�ß�Û�÷Mè Ä  ×M×�Ú�å
Þ�â+á]×`ß�Û«Öeãeú`Ú�åeâ � �]�«���+������� ï½ä�×`á ô æ�à�Ü�Ú�Ý�Þ�×`ß�à�á]âÓÚ�åeâ8ìD×�ä«ä�×Wü,Û«Öeã	æ�à½ä�Ú�Û�Ý½ä�â+Ük×�ì®Ú�åeâ �ù×�Ý&âOÞ�Ù�Ö�ß � �wú
� �wú Ã �wú�Ù�Ö½ß � Ã �wé�ê�åeâ�æ�à�ä«Ú�Û�Ý½ä«Û�âOÞ�à�Ü�â+Ü<Ù ��­���
 �
�����<���«�]���O�½� Þ�âOÝ½Þ�â+Ü5â+Ö�Ú�Ù�Ú�Û�×�Ö
ú&Ü5×�ã�â+ÖeâOÞ(Ù�Ú�Û«Öeã
Ú�åeâ�æHà�ä�Ú�Û�Ý½ä«â+Ü�×�ì �@Û«Ü7Ù8æ�Ù�Ú5Ú5âOÞ�×�ì
Û«Ö�Ø�âOÞ�Ú�Û«Öeã�Ù�Ö�ßªÜ�å�Û�ìDÚ�Û«ÖeãÓÙ�Ü�Ù�Ý�Ý�Þ�×�Ý�Þ�Û«Ù�Ú5â�éyÔ·Öª×�Þ�ßeâOÞ!Ú5×�á]×�æªÝ½ä�âOÚ5â
Ú�åeâ ��­�� 
 �ª�����<���«�]���O�½� á]×�Ö�Ø�âOÞ�Ü�Û«×�ÖdìD×�Þ � � Ù�Ö�ß � Ã �wú�Ùbó�æHà�Ü5Ú<ï�âHÙ�ß�ßeâ+ßºÛ«Ö�Ú5×�Ú�åeâ	ä�×|ü�è�×�Þ�ßeâOÞ
ï½Û�ÚÓ×�ìkÚ�åeâªÞ�à�Ö½Ö�Û«ÖeãwÜ�à�æ ×�ì²Ú�åeâªæHà�ä�Ú�Û�Ý½ä«î�éHê�å�â
Ý�×�Þ�Ú�Û�×�Öº×�ìkÚ�å�âªæ�à�ä«Ú�Û�Ý½ä«Û�âOÞ;ü,å�Ûmá�åiå�Ù�Ö�ß½ä�â+Ü;Ú�å�Û«Ü
áOÙ�Þ�Þ�î¹Û«Ö��5â+á]Ú�Û�×�ÖÀÛ«Ü�Ú�å�â �����O���¥¾�� áOÛ�Þ�áOà�Û«ÚOé
 â+áOÙ�à½Ü5âSÞ(Ù�ß�Û�÷Mè Ä, ×M×�Ú�å�Þ�â+á]×Mß�ÛmÖeãÀÞ�âOÚ�Û�Þ�â+Ü8Ú£ük×dï½Û�Ú�Ü8×�Ö�â+Ù�á�åUÛ�Ú5âOÞ�Ù�Ú�Û�×�Ö4ú:Ú�åeâOÞ�âSÙ�Þ�â�Ü�Û�Ú�à½Ù�Ú�Û�×�Ö�Ü
ü,åeâ+Ö»à½ÖeÞ�â+Ü5×�ä�Ø�â+ß¸áOÙ�Þ�Þ�Û�â+ÜSÙ�Þ�âdÜ�å½Û�ìJÚ5â+ß´×�àeÚª×�ì�Ú�åeâ � �����(¡ � ��¾��Àµ,�����]� � ��� �]� �������m�]�£�]� é ê�åeâ+Ü5â
áOÙ�Þ�Þ�Û�â+Ü�æ�à�Ü�Ú�ï�â
Þ�â+Ü5×�ä�Ø�â+ß�ï&âOìD×�Þ�â
Ú�åeâªÚ ü�×bï½Û�Ú�Ü�Ù�Þ�â�Þ�âOÚ�Û�Þ�â+ßiÚ5×dÚ�åeâªë½Ö�Ù�ä7Ù�Ö½Ü5ü�âOÞ|é�ê�åeâ ���]�]����¾��
ï½ä�×`á ô Ú�Ù ô â+Ü²Ù�Ü�å½Û�ìJÚ5â+ßª×�àeÚ�áOÙ�Þ�Þ�î
ï½Û�Ú7ü,Û�Ú�å�Ú£ük×HÜ�å�Û�ìDÚ5â+ß
×�àeÚ�Ü�à�æ)ï½Û�Ú�Ü�Ù�Ö�ß�Ù�ß½ß�Ü!Ú�åeâ+æ.Ú5×�ã�âOÚ�åeâOÞ�Ú5×
Þ�â+Ü5×�ä�Ø�â²Ú�åeâ�Ü�å½Û�ìJÚ5â+ß�×�àeÚ7áOÙ�Þ�Þ�î�é7ê�å�âkÙ�Þ�á(å�Û�Ú5â+á]Ú�àeÞ�âkìD×�Þ®Ú�å�Û«Üyï½ä�×`á ô Û«Ü®Ü�åe×|ü<ÖHÛmÖ �®Û�ã�àeÞ�â²ýMé7ê�åeâ²áOÙ�Þ�Þ�î
×�àeÚ�×�ì®Ú�å�Û«Ü�áOÛ«Þ�áOà�Û�Ú�Û«Ü²ìDâ+ß¢ï�Ù�á ô Ù�Þ�×�à�Ö�ß¢Ú5×ªÚ�åeâ�Ü�Ù�æªâ�áOÛ�Þ�áOà�Û«ÚkÚ5×Sï&â8Ù�ß�ßeâ+ß¢Û«Ö¹×�ÖdÚ�åeâ�Öeâ]÷`Ú,á]î`áOä�â�é
ê�å�Û«Ü�áOÛ�Þ�áOà�Û�Ú7ã�â+Ö�âOÞ�Ù�Ú5â+ÜkÚ£ük×�ë½Ö½Ù�ä�Ù�Ö�Ü5ükâOÞ�ï�Û�Ú�Ü7×�ÖSâ+Ù�á�å¹á]îMáOä«â,ü,å�Ûmá�åªÙ�Þ�â<Ý½Ù�Ü�Ü5â+ß�Ú5×�� ��� �]���������m�]�£�]�
µ ìD×�ÞªÜ5Ú5×�Þ�Ù�ã�â�éUø;Ü	ü²Ù�Ü
æ
â+Ö�Ú�Û«×�Öeâ+ß
ú7Ú�åeâ ���]�]����¾�� áOÛ�Þ�áOà½Û�Ú�Ù�ä«Ü�×¨ÛmÖ��%â+á]Ú�ÜHÚ�åeâ ��­���
 �¢�����<���«�]���]���
áOÙ�Þ�Þ�îwü,åeâ+ÖÀÚ�å�â  Ö�âOã�Ü�Û�ã�Ö�Ù�ä&ìDÞ�×�æ Ú�å�â�� �����|����µ ï�ä�×Má ô ÛmÜ�å�Û�ã�å
é
ê�åeâ � ��� ��� ���£���J���£�]�dµ ï½ä«×Má ô ú,Ü�åe×|ü,Ö�Û«Ö �®Û�ã�àeÞ�â Ä ú,â+Û�Ú�åeâOÞÀä�×�Ù�ß½ÜSÙ/ÖeâOü ØVÙ�ämàeâd×�ì��>ü,åeâ+Ö
ï&âOã�Û«Ö�Ö�Û«Ö�ã²Ù<æ�à½ä�Ú�Û�Ý½ä�î�úW×�ÞyÜ�å�Û�ìDÚ�Ü
Ú�åeâ�áOà�Þ�Þ�â+Ö�Ú:Ø�Ù�ä«àeâ!×�ì	� ïMî�Ú£ük×<ï�Û�Ú�Ü4Ú5×WükÙ�Þ�ß½Ü:Ú�åeâkä�â+Ù�Ü5ÚyÜ�Û�ã�Ö�Û�ë�áOÙ�Ö�Ú
ï½Û�ÚOé�Ô%Ö¢Ú�åeâHë�ã�àeÞ�â�ú½Ú�åeâ�� ��� ��� ���£���J���£�O��µ Û«Ü<Ü�å�Û�ìDÚ�Û«Öeã
Ú ü�×wïMîÀï½Û�Ú�Ü�ìDÞ�×�æ ä�âOìDÚ,Ú5×wÞ�Û�ã�å�ÚOé�ê�åeâ � ��� �]�
�������m�]�£�]��µ Ý½Ù�Ü�Ü5â+Ü8Û«Ú�Ü<Ú ü�×bä�×|ü3×�Þ(ßeâOÞ�ï½Û�Ú�ÜÓÙ�ä�×�ÖeãÀü<Û�Ú�åºÚ�åeâªä«Ù�Ü5Ú�Ü�å�Û«ìJÚ5â+ßº×�àeÚ�ï½Û«Ú<Ú5×¢Ú�å�â
� �����+���



AND2A
Y

B

A

B0

BZERO

AND2A
Y

B

A

B1

BZERO

AND2A
Y

B

A

B2

BZERO

AND2A
Y

B

A

B3

BZERO

AND2A
Y

B

A

B4

BZERO

AND2A
Y

B

A

B5

BZERO

B2B

B2B

BIN5

BIN4

BIN3

BIN1

BIN2

BZERO

B6

BNEG

BNEG

B2B

BNEG

B2B

B2B

BNEG

BNEG

B2B

BNEG

BNEG

MX4

D0

D1

D2

D3

S1 S0

Y

MX4

D0

D1

D2

D3

S1 S0

Y

INV
A Y

INV
A Y

INV
A Y

INV
A Y

INV
A Y

INV
A Y MX4

D0

D1

D2

D3

S1 S0

Y

MX4

D0

D1

D2

D3

S1 S0

Y

MX4

D0

D1

D2

D3

S1 S0

Y

MX4

D0

D1

D2

D3

S1 S0

Y

MX4

D0

D1

D2

D3

S1 S0

Y

VCC

Y

GND

Y

B2B

AND2A
Y

B

A

BIN0

Figure 2. Selector B.
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Figure 4. Shift register A and Decode A.
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Table 1. Latency normalized by N=12 combinational fast.
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Figure 7. Plot of latency as word size increases.
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Figure 8. Plot of energy as word size increases.
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×�ì®Ú5Þ�Ù�Ö�Ü�Û«Ü�Ú5×�Þ�Ü²Þ�â+íMà�Û�Þ�â+ß¹Ú5×wÛ«æ
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Table 2. Energy normalized by N=12 combinational slow.
ÐMâ+ä«ìmè£ê�Ûmæ
â+ß Õk×�æ�ï½Û«Ö�Ù�Ú�Û�×�Ö½Ù�ä

¦ ��Ù�Ü5Ú ê�îMÝ Ð`ä�×Wü ��Ù�Ü5Ú ê�î�Ý Ð`ä�×Wü
ó Ã ó�é ÿVÄ ó�é ÃVÄ ó�é ò ý ó�é Ä�ÿ ó�é«ó � ó�é ò�ò
ó � Ã é ÿ ý Ã é ò ý ó�é � � ýMé � Ã ýMé«ó � Ã é � ÿ
Ã�ò ýMé � Ä ýMé ò ó Ã é ÿ�ò � é Ä � �Mé ��ò ÿ é ÿ �
ÃVÄ ÿ é«ó � Ä é«ó � ýMé Ä � ó ÿ é ��Ã ó Ã é ÿ�ÿ ó ò é ÃVÄ
Ã � �Mé Ä ó ÿ é«ó Ä Ä é Ã�ÿ Ã�ò é � Ã ó �Mé ÃVÄ ó+ýMé ò�Ä
ý Ã ��é ��ÿ �Mé¶ý Ã ÿ é Ã ó Ã ��é � � Ã ó�é¶ý � ó �Mé � �
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Table 3. Area as number of inverters and normalized.
ÐMâ+ä�ìJè£ê�Û«æªâ+ß Õk×�æ�ï�Û«Ö�Ù�Ú�Û�×�Ö�Ù�ä

¦ ø<Þ�â+Ù Ð`áOÙ�ä�â ø<Þ�â+Ù ÐeáOÙ�ä�â
ó Ã ó Ã�ò�ò ó�é ò�ò ý`ó+ý Ã Ã é �`ó
ó � ó Ä�Ã�ò ó�é«ó � ÿ � ��� Ä é � ó
Ã�ò ó � Ä�ò ó�é¶ý � � Ã�Ã�ò ��é � �
ÃVÄ ó � � ò ó�é ÿ�ÿ ó+ý Ä � Ä ó�ó�é Ã�Ã
Ã � Ã�ò ��ò ó�é ��ý ó ��ÿ�ò � ó ÿ é Ä�Ã
ý Ã Ã ý ò�ò ó�é � Ã ÃVÄ ý ÿ�Ã Ã�ò é Ã �

ê�å�Û«Ü²ï&â+ÖeâOë½Ú�Ü�Ú�åeâ�Ý�Ù�Þ�Ù�ä«ä�â+ä
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�®Û�ã�àeÞ�â ��å½Ù+Ø�â<Ù�Ý½Ý�Þ�×+÷eÛ«æªÙ�Ú5â+ä«î�â+íMà�Ù�ä�Ù�Þ�â+Ù�Ù�Ú ¦ 
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Ü5â+ä�ìJè�Ú�Û«æ
â+ßÀßeâ+Ü�Û�ã�ÖÀÙ�Ú ¦ 
 ó Ã Ù�Ü�Ú�å�â�Öe×�Þ�æªÙ�ämÛ�ç+Ù�Ú�Û�×�ÖÀá]×�Ö�Ü5Ú�Ù�Ö�ÚOé
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áOÙ�Ö´ï&âbâ+æ�ï&â+ß�ßeâ+ß¸Û«Ö´áOà�Þ�Þ�â+Ö�ÚSÜ5î`Ö�á�å�Þ�×�Öe×�à�ÜwÜ5î`Ü5Ú5â+æªÜwÙ�ÜwÙUá]×�æ�ï�Û«Ö�Ù�Ú�Û�×�Ö�Ù�ä;à�Ö�Û«Úªü,Û�Ú�åe×�à�Ú�Ù�Ö�î
Û«Ö�Ú5âOÞ�ìDÙ�áOÛmÖeãiÛ«Ü�Ü�àeâ+Ü+é ê,å�Û«ÜHÝ½Ù�Ý&âOÞ
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