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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
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Û«æ
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æHà�ä�Ú�Û�Ý�ä«Û�âOÞ,Ý½Þ�â+Ü5â+Ö�Ú5â+ßiÛ«ÖdÚ�å½Û«Ü;ü�×�Þ ô
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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�×�Öé�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+äÙ�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.
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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.
ÐMâ+ä�ìJè£ê�Û«æ
â+ß Õk×�æ�ï�Û«Ö�Ù�Ú�Û�×�Ö�Ù�ä

¦ ��Ù�Ü5Ú ê�îMÝ Ð`ä�×Wü ��Ù�Ü�Ú ê�î�Ý Ðeä�×|ü
ó Ã ýMé¶ý � ��é«ó Ã Ã�ò é«ó ò ó�é ò�ò Ã é«ó ò ÿ é � �
ó � Ä é Ã�Ã � é � ÿ Ã�ÿ é«ó � ó�é¶ý ÿ Ã é ��ÿ � é«ó ò
Ã�ò ÿ é ò � ó ò é � � ý ò é Ã � ó�é �Mó ýMé � ò ó ò é Ã�ò
ÃVÄ ÿ é � ÿ ó Ã é � ò ý ÿ é¶ý ÿ Ã é ò � Ä é¶ý ÿ ó Ã é¶ý Ã
Ã � �Mé � ó ó Ä é Ä�Ã Ä�ò é Ä ý Ã é Ä�Ã ÿ é ò � ó Ä é Ä�Ä
ý Ã ��é � � ó �Mé Ã�ÿ Ä�ÿ é ÿ�Ã Ã é � � ÿ é �VÄ ó �Mé ÿ �
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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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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 �
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