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ABSTRACT.

3RZHU�PRGHOV� IRU�57�/HYHO� SRZHU� HVWLPDWLRQ� RI� FRPPRQ� FRPSRQHQWV�� H[SORLWLQJ� WKHLU

IXQFWLRQDOLW\�� UHJXODULW\�� V\PPHWU\�� DQG�VHSDUDELOLW\� DUH� LQWURGXFHG��7KH�DFFXUDF\�RI� WKH

SURSRVHG�PRGHOV�LV�KLJKHU�WKDQ�WKH�H[LVWLQJ�RQHV��DV�LW�LV�LGHQWLFDO� WR� WKDW�RI�D� UHDO�GHOD\

JDWH�OHYHO�SRZHU�HVWLPDWRU��7KH�SRZHU�PRGHO�RI�K�ELW�5LSSOH�&DUU\�$GGHU�LV�SUHVHQWHG�LQ

GHWDLO� PDQQHU�� &RPSDULVRQ� UHVXOWV� SURYH� WKDW� WKH� FRPSXWDWLRQDO� FRPSOH[LW\� RI� WKH

SURSRVHG�PRGHOV�LV�VLPLODU�RU�ORZHU�WKDQ�WKDW�RI�WKH�H[LVWLQJ�RQHV�IRU�WKH�PDMRULW\�RI�WKH

FRPSRQHQWV�

1.� INTRODUCTION �

�3RZHU�FRQVXPSWLRQ�KDV�EHFRPH�D�FKDOOHQJLQJ�SUREOHP�RI�WKH�9/6,�GHVLJQ�LQ�UHFHQW

\HDUV� >��� ��� �@�� 'XH� WR� WKH� OLPLWHG� EDWWHU\� OLIH�� WKH� HVWLPDWLRQ� DQG� UHGXFWLRQ� RI� WKH

FRQVXPHG�SRZHU� LV� D� FULWLFDO� SRLQW� LQ� WKH� ILHOG�RI�GHVLJQLQJ� SRUWDEOH� HOHFWURQLF� GHYLFHV�

$GGLWLRQDOO\�� LVVXHV� VXFK� DV� UHOLDELOLW\�� HOHFWURPLJUDWLRQ�� DQG� SDFNDJLQJ� FRVW� PDNH� WKH

SRZHU� GLVVLSDWLRQ� DQ� LPSRUWDQW� SDUDPHWHU� RI� WKH� LQWHJUDWHG� FLUFXLW� GHVLJQ� >�@�� (IILFLHQW

VROXWLRQV� RI� WKH� DERYH� SUREOHPV� UHTXLUH� WKH� GHYHORSPHQW� RI� QHZ� ORZ�SRZHU� GHVLJQ

WHFKQLTXHV�DQG�SRZHU�HVWLPDWLRQ�PRGHOV�DW�DOO�GHVLJQ�OHYHOV�

�$�5HJLVWHU�7UDQVIHU�/HYHO��57/��GDWD�SDWK�LV�FKDUDFWHULVHG�E\�WKH�XVH�RI�SUH�GHVLJQHG

FRPSRQHQWV�VXFK�DV�DULWKPHWLF�FRPSRQHQWV��UHJLVWHUV��PXOWLSOH[HUV��GHFRGHUV��$/8V��HWF��

�WKH� FRQWURO� XQLWV�� EXVHV�� PHPRULHV�� DQG� FORFN� WUHHV� DUH� H[FOXGHG� IURP� WKLV� GDWD� SDWK

����������������������������������������������������������
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FDWHJRU\��� $FFXUDWH� HVWLPDWLRQ� RI� WKH� SRZHU� GLVVLSDWLRQ� RI� DQ� 57/� GDWD� SDWK� FDQ� EH

REWDLQHG� E\� PRYLQJ� WKH� 57/� DUFKLWHFWXUH� GHVFULSWLRQ� WR� D� ORZHU�GHVFULSWLRQ� OHYHO�� IRU

LQVWDQFH��WKH�JDWH�OHYHO��ZKHUH�DQ�DFFXUDWH�PHDVXUHPHQW�FDQ�EH�SHUIRUPHG��+RZHYHU��WKH

FRPSXWDWLRQDO�FRPSOH[LW\�RI�WKLV�DSSURDFK�LV�HQRUPRXV��SDUWLFXODUO\�IRU�ODUJH�GDWD�SDWKV�

7R� RYHUFRPH� WKH� DERYH� SUREOHP�� SRZHU� GLVVLSDWLRQ� PRGHOV� IRU� 57/� FRPSRQHQWV� KDYH

EHHQ�SUHVHQWHG�

�5HFHQWO\��UHVHDUFK�ZRUN�LQ�57/�SRZHU�HVWLPDWLRQ�ILHOG�KDYH�EHHQ�UHSRUWHG�>�������@�

,Q� SDUWLFXODU�� D� WKUHH� GLPHQVLRQDO� /RRN� 8S� 7DEOH� �/87��� ZKRVH� GLPHQVLRQV� DUH� WKH

DYHUDJH� LQSXW� VWDWLF� SUREDELOLW\�� WKH� DYHUDJH� LQSXW� WUDQVLWLRQ� GHQVLW\�� DQG� WKH� DYHUDJH

RXWSXW�WUDQVLWLRQ�GHQVLW\��LV�UHSRUWHG�LQ�>�@��7KH�VSDWLDO�FRUUHODWLRQ�DPRQJ�WKH�LQSXWV�LV�QRW

WDNHQ� LQWR� DFFRXQW�� 7KH� UHSRUWHG�506� HUURU� LV� ��� DSSUR[LPDWHO\��ZKLOH� WKH�PD[LPXP

HUURU�LV�����FRPSDUHG�ZLWK�D�JDWH�OHYHO�VLPXODWRU��,Q�>�@��PRGHOV��ZKLFK�WDNH�LQWR�DFFRXQW

JOLWFKHV�� IRU� GDWD� SDWK� DQG� FRQWURO� FLUFXLWV� KDYH� EHHQ� SUHVHQWHG�� 7KHVH�PRGHOV� XVH� ERWK

DQDO\WLFDO� HTXDWLRQV� DQG� /87V� DQG� DUH� EDVHG� RQ� WKH� DVVXPSWLRQ� WKDW� SRZHU� PRGHO

HTXDWLRQV�DUH�VHSDUDEOH��7KH�UHSRUWHG�HUURUV�IRU�57/�EHQFKPDUNV�DUH�����DSSUR[LPDWHO\�

+RZHYHU��WKH�SUHYLRXV�PRGHOV�DUH�VWRFKDVWLF�DQG�WKH�DGRSWHG�DVVXPSWLRQV��H�J�� WHPSRUDO

DQG� VSDWLDO� FRUUHODWLRQ��PDNLQJ� WKHP� LQDFFXUDWH�� )XUWKHUPRUH�� UDQGRPO\�JHQHUDWHG� LQSXW

YHFWRUV� ZHUH� XVHG� LQ� WKH� SUHVHQWHG� H[SHULPHQWDO� UHVXOWV�� ZKHUH� WKH� LQIOXHQFH� RI� WKH

DVVXPSWLRQV� LV� QRW� HYLGHQW�� LQSXW� YHFWRUV� DUH� XVXDOO\� QRW� UDQGRP� H�J�� D� ELDVHG� LQSXW

VWUHDP��+HQFH�� WKH�HUURU�RI�HDFK�RI� WKH�DERYH�PRGHO� LV�PRUH�LQFUHDVHG�WKDQ�WKH� UHSRUWHG

RQHV�� ,Q� >�@��PRGHOV� IRU� WKH�SRZHU�HYDOXDWLRQ�RI�HDFK� LQSXW�YHFWRU�SDLU� �F\FOH�E\� F\FOH�

KDYH�EHHQ�UHSRUWHG��6SDWLDO�FRUUHODWLRQV�RI�WKH�LQSXWV�XS�WR�WKUHH�DQG�ILUVW�RUGHU�WHPSRUDO

FRUUHODWLRQV�KDYH�EHHQ�FRQVLGHUHG��7KH�UHSRUWHG�HUURU�LV�DERXW�RI�����DQG�FRPHV�IURP�WKH

KLJK�RUGHU�VSDWLRWHPSRUDO�FRUUHODWLRQ�

�,Q�WKLV�SDSHU��HIILFLHQW�SRZHU�PRGHOV�RI�IUHTXHQWO\�XVHG�57/�GDWD�SDWK�FRPSRQHQWV�

ZKLFK� HYDOXDWHV� WKH�SRZHU� FRQVXPSWLRQ� IRU� HDFK� LQSXW�YHFWRU� SDLU� �F\FOH� E\� F\FOH��� DUH

SUHVHQWHG��7KH�DUFKLWHFWXUH�DQG� IXQFWLRQDOLW\�RI� HDFK� FRPSRQHQW� DUH� H[SORLWHG�� UHVXOWLQJ

LQWR� WKH� GHYHORSPHQW� RI� DQ� DFFXUDWH� DQG� ORZ� FRPSXWDWLRQDO� FRPSOH[LW\� PRGHOV�� 7KH

DFFXUDF\� RI� WKH� SURSRVHG� PRGHOV� LV� LGHQWLFDO� WR� WKDW� RI� D� UHDO� GHOD\� JDWH� OHYHO� SRZHU

HVWLPDWRU��ZKLOH�WKH�FRPSXWDWLRQDO�FRPSOH[LW\�LV�VPDOOHU�RU�VLPLODU�WR�WKH�PDMRULW\�RI�WKH

FRPSRQHQWV�



2.� STATEMENT OF THE PROBLEM.

�7KH�SUREOHP�RI�GHYHORSPHQW�SRZHU�GLVVLSDWLRQ�PRGHOV� IRU�GDWD�SDWK� FRPSRQHQWV�DW

57/�FDQ�EH�VWDWHG�DV�IROORZV�

��³Given an N input component and its gate level description, find a low computational

complexity model, such that the error of the evaluated power consumption to be minimum

for any type of the applied input vector set´�

�7KH�SXEOLVKHG�57�/HYHO�PRGHOV�FDQ�EH�FODVVLILHG�LQWR�WZR�FDWHJRULHV�� WKH�VWRFKDVWLF

RU� SDWWHUQ� LQGHSHQGHQW�PRGHOV� >��� �@�� DQG� WKH� QRQ�VWRFKDVWLF� RU� SDWWHUQ� GHSHQGHQW� >���@

RQHV��8VLQJ�VWDWLVWLFDO�SURSHUWLHV��ZKLFK�GHVFULEH�WKH�ZKROH�DSSOLHG� LQSXW�YHFWRU�VHW��H�J�

WKH� VWDWLF� DQG� WUDQVLWLRQ�SUREDELOLWLHV�RI� WKH� LQSXW�YHFWRUV�� WKH� VWRFKDVWLF�PRGHOV� SURYLGH

WKH� SRZHU� FRQVXPSWLRQ�� 1RQ�VWRFKDVWLF� PRGHOV� SURYLGH� WKH� SRZHU� GLVVLSDWLRQ� E\

PDQLSXODWLQJ� HDFK� YHFWRU� VHSDUDWHO\�� 6WRFKDVWLF� PRGHOV� DUH� FKDUDFWHULVHG� E\� ORZ

FRPSXWDWLRQDO�FRPSOH[LW\�EXW�WKH\�DUH�LQDFFXUDWH�GXH�WR�WKH�DGRSWHG�DVVXPSWLRQV�H�J��WKH

WHPSRUDO�DQG�VSDWLDO�FRUUHODWLRQ�DPRQJ� WKH� LQSXWV��2Q� WKH�RWKHU�KDQG��SDWWHUQ�GHSHQGHQW

PRGHOV� SURYLGH� KLJKHU� DFFXUDF\�� VLQFH� HDFK� YHFWRU� SDLU� LV� H[DPLQHG� VHSDUDWHO\� ZLWKRXW

GHVFULEHG�E\�LQDFFXUDWH�JOREDO�VWRFKDVWLF�SDUDPHWHUV��+RZHYHU��WKH�FRPSOH[LW\�RI�WKH�QRQ�

VWRFKDVWLF�PRGHOV�LV�ODUJHU�WKDQ�WKH�FRPSOH[LW\�RI�WKH�VWRFKDVWLF�RQHV�

�,Q�DGGLWLRQ��ERWK�VWRFKDVWLF�DQG�QRQ�VWRFKDVWLF�PRGHOV�DUH� LQDFFXUDWH��VLQFH� WKH\�DUH

VHQVLWLYH� WR� WKH� YHFWRU� VHW� WKDW� KDYH� EHHQ� XVHG� GXULQJ� WKH� FKDUDFWHULVDWLRQ� SKDVH�

&KDUDFWHULVDWLRQ� LV� WKH� SURFHGXUH� RI� WXQLQJ� WKH� PRGHO� SDUDPHWHUV�� FRQVLGHULQJ� DFFXUDWH

SRZHU� GLVVLSDWLRQ� PHDVXUHPHQWV� RI� DQ� LQSXW� YHFWRU� VHW�� ZKLFK� LV� FDOOHG� WUDLQLQJ� VHW�

&KDUDFWHULVDWLRQ�LV� WDNHQ�SODFH�RQFH�IRU�HDFK�FRPSRQHQW�DQG�DIWHU� WKH�SDUDPHWHUV� WXQLQJ

WKH� VDPH� PRGHO� LV� XVHG� IRU� DQ\� LQSXW� YHFWRU� VHW�� +RZHYHU�� LQ� PDQ\� DSSOLFDWLRQ

H[SHULPHQWV� WKH� DSSOLHG� LQSXW� YHFWRU� VHW� LV� GLIIHUHQW� WKDQ� WKH� WUDLQLQJ� VHW�� PDNLQJ� WKH

HYDOXDWHG� SRZHU� FRQVXPSWLRQ� LQDFFXUDWH�� 7R� VROYH� WKH� DERYH� SUREOHP�� WKH� HYDOXDWHG

SRZHU�YDOXHV�DUH�³corrected́ �XVLQJ�JDWH�OHYHO�SRZHU�HVWLPDWRUV�DQG�UHJUHVVLRQ�WHFKQLTXHV�

7KHVH�57/�PRGHOV�DUH�FDOOHG�DGDSWLYH�PRGHOV�>�����@�

�3HUIRUPLQJ�H[KDXVWLYH�VLPXODWLRQ�DQG�VWRULQJ�WKH�SRZHU�GLVVLSDWLRQ�YDOXHV�LQ�D�/87�

DQ�DFFXUDWH�DQG�ORZ�FRPSOH[LW\�SRZHU�PRGHO�FDQ�EH�DFKLHYHG��7KH�DFFXUDF\�RI�WKH�DERYH

PRGHO�FRPHV�IURP�WKH� IDFW� WKDW� LW� LV�EDVHG�RQ�VLPXODWLRQ�ZLWKRXW�DQ\� DVVXPSWLRQ�DV� WKH

VWRFKDVWLF� PRGHOV�� ,Q� DGGLWLRQ�� WKH� SRZHU� YDOXHV� RI� WKH� /87� FRUUHVSRQG� WR� DQ\� LQSXW



YHFWRU�FRPELQDWLRQ�PDNLQJ�WKH�PRGHO�DFFXUDWH�IRU�DQ\�W\SH�RI�WKH�DSSOLHG�LQSXW�YHFWRU�VHW�

WKH� PRGHO� EHFRPHV� LQVHQVLWLYH� WR� WKH� WUDLQLQJ� VHW�� +RZHYHU�� WKH� VL]H� RI� WKH� /87� LV

H[SRQHQWLDOO\� LQFUHDVHG� DV� WKH� LQSXW� QXPEHU� RI� WKH� FRPSRQHQW� LQFUHDVHV� UHVXOWLQJ� LQWR

LQHIILFLHQW�PRGHO�LQ�WHUPV�RI�PHPRU\�VSDFH��7KH�VL]H�RI�WKH�/87�LV�HTXDO�WR� N�� �HQWULHV�

ZKHUH�N� GHQRWHV� FRPSRQHQW� LQSXWV��$GGLWLRQDOO\�� WKH� HIIRUW� RI� ILOOLQJ� WKH� HQWULHV� RI� WKH

/87��GHVSLWH�WKDW�LW�WDNHV�SODFH�RQFH�IRU�HDFK�FRPSRQHQW��LV�DOVR�LQFUHDVHG�SURKLELWLYHO\�

3.� PROPOSED METHOD

7KH� PRVW� IUHTXHQWO\� XVHG� 57/� GDWD� SDWKV� FRPSRQHQWV� DUH� DULWKPHWLF� FRPSRQHQWV

�DGGHUV�� VXEVWUDFWRUV�� PXOWLSOLHUV��� PXOWLSOH[HUV�� FRPSDUDWRUV�� UHJLVWHUV�� 0XOWLSO\

$FFXPXODWH�8QLWV��DQG�$/8V��7KH�DUFKLWHFWXUH�RI�HDFK�FRPSRQHQW��LQFOXGHV�D�XQLIRUPO\�

UHSHDWHG�SULPLWLYH�FHOO��H�J����ELW�IXOO�DGGHU��IOLS�IORSV��DQG�LV�FKDUDFWHULVHG�E\�UHJXODULW\�

V\PPHWU\�� DQG� IUHTXHQWO\�� E\� VHSDUDELOLW\�� ([SORLWLQJ� WKHVH� SURSHUWLHV�� ZKLFK� KDYH� QRW

SURSHUO\�EHHQ�XVHG�LQ�SUHYLRXVO\�UHSRUWHG�PRGHOV��DQ�DFFXUDWH�DQG�ORZ�FRPSOH[LW\�SRZHU

PRGHO�IRU�HDFK�FRPSRQHQW�ZLWK�N�LQSXWV�DQG�K SULPLWLYH�FHOOV��FDQ�EH�GHYHORSHG��$OVR��LW

LV�DVVXPHG�WKDW�WKH�LQSXW�YHFWRUV�DUH�DSSOLHG�RQ�DQ�57/�FRPSRQHQW�LQ�SDUDOOHO�IDVKLRQ�DQG

WKH�FRPSRQHQW�LV�VWDELOLVHG�EHIRUH�WKH�ORDGLQJ�RI�WKH�QH[W�LQSXW�YHFWRU�

7KH� SURSRVHG�PHWKRG� SHUIRUPV� 57/� SRZHU� HVWLPDWLRQ� XVLQJ� D� VHW� RI� VPDOO� /87V�

,QVWHDG�RI�FRQVWUXFWLQJ�RQH�ODUJH�/87�IRU�WKH�ZKROH�FRPSRQHQW��HPSOR\LQJ�WKH�FRQFHSW�RI

³GLYLGH� DQG� FRQTXHU´�� WKH�PHPRU\� VL]H� FDQ� EH� UHGXFHG��7ZR�NLQGV� RI� /87V� DUH�� L�� WKH

primary� /87�� DQG� LL�� WKH� secondary� /87� �RU� /87V��� ,Q� SDUWLFXODU�� WKH� SULPDU\� /87

FRUUHVSRQGV� WR� WKH� SRZHU� GLVVLSDWLRQ� RI� D� EORFN� RI� L�  � ./ ≤≤� �� SULPLWLYH� FHOOV�� ,W

FRQWDLQV� WKH�SRZHU�GLVVLSDWLRQ�YDOXHV� IRU�DQ\� LQSXW�YHFWRU�SDLU� DV�ZHOO�DV�DQ\�DGGLWLRQDO

XVHIXO�LQIRUPDWLRQ�VXFK�DV�WKH�WUDQVLWLRQV�QXPEHU�RI�WKH�LQWHUFRQQHFWLRQ�VLJQDOV�DPRQJ�WKH

EORFNV�RI�WKH�FRPSRQHQW��WKH�VWHDG\�YDOXHV�RI�WKH�FRPSRQHQW¶V�RXWSXWV�WKDW�FRUUHVSRQG�WR

DQ\� EORFN� H�W�F�� ,W�PXVW� EH� VWUHVVHG� WKDW� WKH� DGGLWLRQDO� LQIRUPDWLRQ� RI� WKH� SULPDU\� /87

GHSHQGV�RQ�WKH�IXQFWLRQDOLW\�DQG�DUFKLWHFWXUH�RI�WKH�FRQVLGHUHG�FRPSRQHQW��7KH�VHFRQGDU\

/87�V��LV�DUH��XVHG�WR�UHGXFH�WKH�FRPSXWDWLRQDO�FRPSOH[LW\�RI�WKH�SURSRVHG�SRZHU�PRGHO

RI�WKRVH�57/�FRPSRQHQWV��ZKLFK�KDYH�FRPSOH[�DUFKLWHFWXUH�DQG�IXQFWLRQDOLW\��7KH�SRZHU

YDOXHV� RI� WKH� /87V� DUH� H[SUHVVHG� LQ� WHUPV� RI� VZLWFKLQJ� FDSDFLWDQFH�� GHULYHG� E\� D� UHDO

GHOD\� JDWH� OHYHO� VLPXODWRU�� 7KXV�� WKH� SRZHU� FRQVXPSWLRQ� RI� WKH� FRPSRQHQW� FDQ� EH

HYDOXDWHG�EDVHG�RQ�WKH�/87V�ZLWK�D�VPDOO�DPRXQW�RI�IXQFWLRQDO�VLPXODWLRQ�



3HUIRUPLQJ� D� VPDOO� DPRXQW� RI� IXQFWLRQDO� VLPXODWLRQ� DQ\� XVHIXO� LQIRUPDWLRQ� LV

WUDQVIHUUHG� IURP� RQH� EORFN� WR� DQRWKHU� DQG� WKH� SRZHU� FRQVXPSWLRQ� LV� HYDOXDWHG� E\

DFFHVVLQJ�HLWKHU�WKH�SULPDU\�/87�RU�WKH�VHFRQGDU\�/87V�

6LQFH� WKH� SRZHU� YDOXHV� RI� WKH� WZR� /87V� DUH� FDOFXODWHG� E\� D� UHDO� GHOD\� JDWH� OHYHO

SRZHU�HVWLPDWRU�DQG�WKH�JOLWFKHV�IURP�RQH�EORFN�WR�QH[W�RQH�DUH�FDSWXUHG�E\�SHUIRUPLQJ

IXQFWLRQDO�VLPXODWLRQ��WKH�DFFXUDF\�RI�WKH�SURSRVHG�PRGHO�LV�LGHQWLFDO�WR�WKH�DFFXUDF\�RI�D

SRZHU�HVWLPDWRU�EDVHG�RQ�D�JDWH�OHYHO�VLPXODWRU��0RUHRYHU��WKH�PRGHO�LV�QRW�VHQVLWLYH�WR

WKH� WUDLQLQJ� VHW�� VLQFH� WKH� SULPDU\� /87� FRQWDLQV� WKH� SRZHU� GLVVLSDWLRQ� YDOXHV� WKDW

FRUUHVSRQG� WR� DOO� SRVVLEOH� LQSXW� FRPELQDWLRQV�� )LQDOO\�� WKHUH� LV� D� WUDGH� RII� EHWZHHQ� WKH

FRPSXWDWLRQDO�WLPH�DQG�WKH�VL]H�RI�WKH�/87V�GHSHQGLQJ�RQ�WKH�OHQJWK�L RI�WKH�XVHG�EORFN�

7R�HVWLPDWH�WKH�SRZHU�FRQVXPSWLRQ�RI�D�FRPSRVLWH�57/�GDWD�SDWK�FRPSRQHQW� WKUHH

VWHSV�DUH�QHHGHG��L��WKH�GHFRPSRVLWLRQ�RI�WKH�FRPSRVLWH�57/�GDWD�SDWK�FRPSRQHQW�LQWR�LWV

EDVLF�FRPSRQHQWV��LL��WKH�HVWLPDWLRQ�RI�WKH�SRZHU�FRQVXPSWLRQ�RI�HDFK�EDVLF�FRPSRQHQW�

DQG�LLL��WKH�VXSHUSRVLWLRQ��RU�DGGLWLRQ��RI�WKH�LQGLYLGXDO�SRZHU�YDOXHV�

7KH�SRZHU�PRGHO�RI�D�K�ELW�5LSSOH�&DUU\�$GGHU��5&$��LV�SUHVHQWHG�EHORZ��ZKLOH�WKH

SRZHU�PRGHOV�IRU�WKH�UHPDLQLQJ�EDVLF�57/�GDWD�SDWKV�KDYH�EHHQ�GHYHORSHG�LQ�>��@�

4. THE PROPOSED MODEL OF .-BIT RIPPLE CARRY ADDER

7KH�DGGLWLRQ�RSHUDWLRQ�LV�SHUIRUPHG�LQ�WZR�SKDVHV��L��WKH�generate�SKDVH��DQG�LL��WKH

propagate�SKDVH��'XULQJ�WKH�generate�SKDVH�WKH�LQSXW�RSHUDQGV�DUH�DSSOLHG�LQ�SDUDOOHO�DQG

WKH�FDUULHV�DUH�JHQHUDWHG��,Q�WKH�ODWWHU�SKDVH��WKH�FDUULHV�DUH�SURSDJDWHG�WKURXJK�WKH�FDUU\

SURSDJDWH� FKDLQV�� ZKLOH� WKH� LQSXW� RSHUDQGV� DUH� FRQVWDQW�� &RQVHTXHQWO\�� WKH� SRZHU

GLVVLSDWLRQ� FDQ� EH� HYDOXDWHG� LQ� WZR� SKDVHV� VHSDUDWHO\�� DSSO\LQJ� WKH� SULQFLSOH� RI

VXSHUSRVLWLRQ��,Q�RWKHU�ZRUGV��WKH�WRWDO�SRZHU�GLVVLSDWLRQ��Ptot ��FDQ�EH�REWDLQHG�E\�

SURSJHQWRW
333 += ���

ZKHUH�� 3gen�DQG� 3prop�DUH�WKH�SRZHU�GLVVLSDWLRQV�GHULYHG�IURP�WKH�SURSDJDWH�DQG�JHQHUDWH

SKDVHV��UHVSHFWLYHO\�

7KH� DUFKLWHFWXUH� RI� DQ� 5&$� LV� FKDUDFWHUL]HG� E\� UHJXODULW\�� V\PPHWU\�� DQG

VHSDUDELOLW\�� VLQFH� WKH� ��ELW� IXOO� DGGHU� FHOO� LV� UHSHDWHG�XQLIRUPOO\�� >��@��&RQVLGHULQJ� WKH

DERYH� SURSHUWLHV�� WZR� /87V� DUH� QHHGHG� WR� HYDOXDWH� WKH� SRZHU� GLVVLSDWLRQ� RI� RQH�K�ELW



5&$��7KH�K�ELW�5&$�LV�GHFRPSRVHG�WR� 



=
/

.
% ���≤ ≤L K ��EORFNV��ZKHUH�HDFK�RI�WKHP

KDV��L�LQSXW�RSHUDQGV��RQH�LQSXW�FDUU\��L�VXP�VLJQDOV��DQG�RQH�RXWSXW�FDUU\�

7KH�SULPDU\�/87�FRUUHVSRQGV�WR�D�L�ELW�DGGHU�DQG�FRQWDLQV��L��WKH�SRZHU�GLVVLSDWLRQ

YDOXHV�IRU�DQ\�LQSXW�YHFWRU�SDLU��LL��WKH�OHQJWK�M � /0 ≤≤� ��RI�WKH�FDUU\�SURSDJDWH�FKDLQ�

ZKRVH�ILUVW�HOHPHQW�LV�WKH�ILUVW�FHOO�RI�WKH�L�ELW�5&$��LLL�� WKH�QXPEHU�RI� WKH�RXWSXW�FDUU\

WUDQVLWLRQV�RI�WKH�L�ELW�5&$��DQG�LY�� WKH�VWHDG\�VWDWH�YDOXHV�RI� WKH�RXWSXW�FDUU\�DQG�VXP

VLJQDOV�

7KH� VHFRQGDU\� /87� FDOFXODWHV� WKH� SRZHU� GLVVLSDWLRQ� GXULQJ� WKH� SURSDJDWH� SKDVH�

6SHFLILFDOO\��WKH�FDUU\�SURSDJDWHV�WKURXJK�DQ���ELW�DGGHU�FHOO�ZKHQ�WKH�LQSXW�RSHUDQGV�DUH

³��´RU�³��´�DQG�FHDVHV�WKH�SURSDJDWLRQ�ZKHQ�WKH�LQSXW�RSHUDQGV�DUH�HLWKHU�³��´�RU�³��´�

7KXV�� LW� FRQWDLQV� WZR� SRZHU� YDOXHV�� 3prop_sec�� DQG� 3hold_sec�� ZKLFK� DUH� WKH� SRZHU

GLVVLSDWLRQV�ZKHQ�D�FDUU\�LV�SURSDJDWHG�RU�EORFNHG�DW�WKH���ELW�DGGHU�FHOO��UHVSHFWLYHO\�

7KH�SRZHU�GLVVLSDWLRQ�RI�WKH�generate�SKDVH�� JHQ3 ��FDQ�EH�HYDOXDWHG�E\�DFFHVVLQJ�WKH

SULPDU\�/87�B� WLPHV��WDNLQJ�WKH�DSSOLHG�LQSXW�YHFWRU�DQG�WKH�SUHYLRXV�VWDWH�RI�WKH�FDUU\

VLJQDOV� LQWR� DFFRXQW��7KH�SRZHU� FRQVXPSWLRQ� RI� WKH� i�WK�� i ��«��B�� EORFN� GXULQJ� DW� WKH

propagate�SKDVH��
LSURSP ��LV�HTXDO�WR�
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LV�WKH�OHQJWK�RI�WKH�SURSDJDWH�FKDLQ�RI�WKH�EORFN�DQG� LQL7 B �LV�WKH�QXPEHU�RI�WKH

EORFN�LQSXW�FDUU\�WUDQVLWLRQV��7KXV��WKH�WRWDO�SRZHU�FRQVXPSWLRQ�LV�
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&DUU\�SURSDJDWHV�IURP�RQH�EORFN�WR�WKH�QH[W�RQH�ZKHQ�WKH�ILUVW�SULPLWLYH�FHOO�RI� WKH

QH[W� EORFN� DOORZV� WKH� FDUU\� SURSDJDWLRQ�� &RQVHTXHQWO\�� DPRQJ� DOO� SRVVLEOH� SURSDJDWH

FKDLQV� RI� HDFK� EORFN�� RQO\� WKDW� ZKRVH� WKH� ILUVW� FHOO� LV� WKH� ILUVW� FHOO� RI� WKH� EORFN� LV

FRQVLGHUHG� WR� HYDOXDWH� WKH� SRZHU� GLVVLSDWLRQ� GXULQJ� WKH� SURSDJDWH� SKDVH�� 7KDW� LV�� LW

FRUUHVSRQGV�WR�D�FKDLQ�RI�OHQJWK� L0 �

7KH�QXPEHU�RI�LQSXW�FDUU\�WUDQVLWLRQV�� LQL7 B ��RI��i�WK�EORFN�LV�HTXDO�WR�
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ZKHUH�� RXWL7 B�− �� DUH� WKH� WUDQVLWLRQV� RI� WKH� �i����WK� EORFN�� 7KH� RXWSXW� WUDQVLWLRQV� RI� i�WK

EORFN�LV�JLYHQ�E\�
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ZKHUH�� SULPL7 B �DUH�WKH�RXWSXW�FDUU\�WUDQVLWLRQV�GXH�WR�WKH�LQSXW�YHFWRU�DSSOLFDWLRQ��ZKLFK

DUH�SURYLGHG�E\�WKH�SULPDU\�/87�

$SSO\LQJ�WKH�SURSRVHG�PHWKRG��WKH�QXPEHU�� �, ��RI�FRPSXWHU�LQVWUXFWLRQV�UHTXLUHG�IRU

WKH�HYDOXDWLRQ�RI�WKH�SRZHU�FRQVXPSWLRQ�RI�D�K ELW�DGGHU�HTXDOV�WR�� 9%, ××≅ ��� ��ZKHUH

V� LV� WKH� QXPEHU� RI� WKH� LQSXW� YHFWRUV� >��@�� 7KH� VL]H� RI� WKH� SULPDU\� /87� LV� ( ) �� ��� ×+/

E\WHV��ZKLOH�WKH�VL]H�RI�WKH�VHFRQGDU\�/87�LV� ��× �E\WHV�>��@�

5. COMPARISONS

�$SSO\LQJ� WKH� SURSRVHG� PHWKRG�� SRZHU� PRGHOV� IRU� WKH� DGRSWHG� VHW� RI� FRPPRQ

FRPSRQHQWV�KDYH�EHHQ�GHYHORSHG��8VLQJ�WKH�UHDO�GHOD\�JDWH�OHYHO�VLPXODWRU�48,&.6,0�,,

RI�0HQWRU�*UDSKLFV��WKH�DFFXUDF\�RI�WKH�PRGHO�KDV�EHHQ�H[SHULPHQWDOO\�YHULILHG�>��@��,Q

>�@�� WKH� UHTXLUHG� FRPSXWHU� LQVWUXFWLRQV�� �, �� IRU� WKH� SRZHU� HYDOXDWLRQ� RI� D� FRPSRQHQW

KDYLQJ�N� LQSXWV� DQG� 0� RXWSXWV� DUH� 901, ×+≅ ������ �� ,Q� >�@�� WKH� ZRUG� GHSHQGHQW

FRPSRQHQWV� UHTXLUH� 9, ×≅ ��� LQVWUXFWLRQV�� ZKLOH� WKH� ELW�VOLFHG� FRPSRQHQWV� �08;�

UHJLVWHU��DUH�DGGUHVVHG�ZLWK�GLIIHUHQW�DSSURDFK��)RU�H[DPSOH��WKH���WR���K�ELW�PXOWLSOH[HU

UHTXLUHV� 9. ××� �LQVWUXFWLRQV�ZKLOH�WKH�K�ELW�UHJLVWHU� 9. ×+× ���� �LQVWUXFWLRQV��,Q�>�@�

WKH� UHTXLUHG� LQVWUXFWLRQV�� �, �� DUH� 9('&, ××+×+×≅ �������� ��ZKHUH��C��D�� DQG�E

DUH�WKH�PDFUR�PRGHO�SDUDPHWHUV�>�@�

�7DEOH� �� VKRZV� WKH� UHTXLUHG� QXPEHU� RI� FRPSXWHU� LQVWUXFWLRQV� IRU� WKH� SRZHU

FRQVXPSWLRQ� HYDOXDWLRQ� IRU� WKH� DGRSWHG� FRPPRQ� 57� /HYHO� FRPSRQHQWV�� DSSO\LQJ� WKH

SURSRVHG�PHWKRG�� )RU� WKH� DGGHU�VXEVWUXFWRU� �$''�68%��� FRPSDUDWRU� �&203��� UHJLVWHU

�5(*���:DOODFH�PXOWLSOLHU��08/��>��@��0XOWLSO\�$FFXPXODWH�8QLW��0$&��DQG�$ULWKPHWLF

/RJLF�8QLW� �$/8�� WKH� WHUP�W� H[SUHVVHV� WKH�ZRUG� OHQJWK�RI�HDFK� LQSXW��7KH�PXOWLSOH[HU

�08;�� LV� D� �±WR��� PXOWLSOH[HU� DQG� WKH� WHUP�W� H[SUHVVHV� WKH� ZRUG� OHQJWK� RI� WKH� WZR



PXOWLSOH[HG� ZRUGV�� ZKLOH� LQ� WKH� GHFRGHU�GHPXOWLSOH[HU� �'(&�'(08;�� WKH� WHUP� W

H[SUHVVHV�WKH�QXPEHU�RI�WKH���ELW�RXWSXWV�

�7KH�FRPSOH[LW\�RI�WKH�SURSRVHG�PRGHOV�LV�DOZD\V�VPDOOHU�WKDQ�WKH�RQHV�RI�>�������@��LQ

FDVH�RI�08;��'(&�'(08;�� DQG�5(*�� DV� LW� LV� VKRZQ� LQ�7DEOH��� �LW� LV� DVVXPHG L ���

$OVR�� WKH� FRPSOH[LW\� RI� $''�68%�� &203�� DQG� $/8� FRPSRQHQWV� LV� VPDOOHU� WKDQ� WKH

RQHV� RI� >��� �@��ZKLOH� WKH� FRPSOH[LW\� RI� D�0$&� LV� OLWWOH� JUHDWHU� FRPSDUHG� WR� >���@�� 7KH

FRPSOH[LW\� RI� $''�68%�� &203�� $/8�� DQG� 0$&� LV� D� OLWWOH� KLJKHU� WKDQ� >�@�� ZKHQ

��≤: ��,Q�WKH�FDVH�RI�08/��WKH�FRPSOH[LW\�RI�WKH�SURSRVHG�PRGHO�LV�VLPLODU�WR�WKRVH�RI

>��� �@� EXW� LW� LV� KLJKHU� WKDQ� >�@��ZKHQ� �≥: �� 7KH� YDOXHV� RI�C ���D ��� DQG�E ���ZKLFK

ZHUH�XVHG�LQ�WKH�H[SHULPHQWDO�UHVXOWV�RI�>�@��DUH�DOVR�XVHG�KHUH�IRU�FRPSDULVRQV�

�7KH�UHTXLUHG�PHPRU\�IRU�DOO�WKH�SUHVHQWHG�FRPSRQHQWV�LV�����.E\WHV��DSSUR[LPDWHO\�

%\� LQFUHDVLQJ� WKH� EORFN� OHQJWK� L� WKH� FRPSXWDWLRQDO� FRPSOH[LW\� LV� UHGXFHG� ZKLOH� WKH

PHPRU\�VL]H�LQFUHDVHV��7DEOH���SUHVHQWV�WKH�UHTXLUHG�QXPEHU�RI�FRPSXWHU�LQVWUXFWLRQV�IRU

HDFK�RI�WKH�DGRSWHG�FRPSRQHQWV�ZKHQ�L ���,Q�WKLV�FDVH��WKH�UHTXLUHG�PHPRU\�IRU�DOO�WKH

SUHVHQWHG� FRPSRQHQWV� LV� �� 0E\WHV�� DSSUR[LPDWHO\�� $OVR�� FRPSDULVRQV� RI� WKH

FRPSXWDWLRQDO�FRPSOH[LW\�RI�HDFK�FRPSRQHQW�IRU�L ��DQG�L ��DUH�SUHVHQWHG�LQ�7DEOH���

�+RZHYHU�� GXH� WR� WKH� UHJXODULW\� DQG� V\PPHWU\� RI� HDFK� FRPSRQHQW� D� ORW� RI� SRZHU

YDOXHV� RI� LWV� SULPDU\� /87� DUH� VDPH�� 7KHUHIRUH�� WKH� SULPDU\� /87� FDQ� EH� FRPSUHVVHG

UHGXFLQJ� LWV� VL]H� DOORZLQJ� EORFNV�ZLWK� OHQJWK� XS� WR� ��� WR� EH� FRQVLGHUHG�� 7KHUHIRUH�� WKH

FRPSXWDWLRQDO�FRPSOH[LW\�LV�UHGXFHG�GUDVWLFDOO\��+RZHYHU��DQ�HIILFLHQW�DGGUHVVLQJ�VFKHPH

KDV� WR� EH� IRXQG� WR� DFFHVV� WKH� SULPDU\� /87�� ,W� LV� H[SHFWHG� WKDW� WKH� FRPSOH[LW\� ZLOO� EH

UHGXFHG�WR�����WR���WLPHV�DSSUR[LPDWHO\��:H�DUH�VWXG\LQJ�WKLV�LVVXH�

6� CONCLUSIONS�

$Q�DFFXUDWH�PHWKRG� IRU�57/�SRZHU� HVWLPDWLRQ�XVLQJ� D� VHW� RI�/87V�ZDV�SURSRVHG��7KH

SRZHU�PRGHO� RI� D�K�ELW� 5&$�ZDV� GHVFULEHG� LQ� GHWDLO� PDQQHU�� *HQHUDOO\�� WKH� SURSRVHG

PRGHO� LV�EDVHG�RQ� WKH�H[SORLWDWLRQ�RI�DQ\� LQIRUPDWLRQ�FRPLQJ� IURP� WKH�DUFKLWHFWXUH�DQG

IXQFWLRQDOLW\�RI�D�57/�GDWD�SDWK��ZKLFK�LV�FRQVLGHUHG�DV�D�ZKLWH�RSHQ�ER[��,Q�FRQWUDVW��WKH

PRGHOV�RI�>�������@�VWXGLHG�HDFK�FRPSRQHQW�DV�D�EODFN�ER[��0RUHRYHU��WKH�SURSRVHG�PRGHO

LV�DFFXUDWH�VLQFH�LW�KDV�VLPXODWLYH�QDWXUH��ZLWKRXW�DQ\�GHSHQGHQFH�RQ�WKH�FKDUDFWHULVDWLRQ

WUDLQLQJ�VHW�ZKLOH� LWV�FRPSXWDWLRQDO�FRPSOH[LW\� LV�VPDOOHU�RU�VLPLODU� WR�PRGHOV�RI� >����@�

DQG�>�@�IRU�WKH�PDMRULW\�RI�WKH�FRPSRQHQWV�



�

Word Length ( W )Component
4 8 16 32 64

P3 34 51 102 187 374
[5] 3,18 4,24 4,24 4,62 4,62
[6] -1,70 -2,55 -5,10 -9,35 -18,70ADD / SUB

[7] 11,12 7,41 4,29 2,98 2,13
P3 24 32 72 128 272
[5] 3,92 5,44 4,64 5,11 4,76
[6] -1,20 -1,60 -3,60 -6,40 -13,60COMP

[7] 15,75 11,81 6,08 4,36 2,93
P3 16 24 48 88 176
[5] 7,38 9,42 9,21 9,93 9,88
[6] 2,00 2,67 2,67 2,91 2,91MUX

[7] 23,63 15,75 9,13 6,34 4,53
P3 8 8 16 16 16
[5] 7,25 12,00 10,13 17,75 32,38
[6] 2,50 2,50 1,25 1,25 1,25DEC / DEMUX

[7] 47,25 47,25 27,38 34,88 49,88
P3 90 139 286 531 1078
[5] 2,10 2,14 1,79 1,78 1,68
[6] -3,21 -4,96 -10,21 -18,96 -38,50ALU

[7] 4,20 2,72 1,53 1,05 -1,35
P3 77 218 693 2410 8917
[5] 1,77 1,25 -1,27 -2,22 -4,10
[6] -3,85 -10,90 -34,65 -120,50 -445,85MUL

[7] 4,91 1,73 -1,58 -4,32 -11,17
P3 306 500 1082 3012 9946
[5] -1,49 -1,46 -1,76 -2,60 -4,43
[6] -3,06 -4,31 -7,31 -14,21 -29,25MAC

[7] 1,24 -1,32 -2,47 -5,40 -12,46
P3 16 24 48 88 176
[5] 4,25 5,67 5,67 6,18 6,18
[6] 1,25 1,50 1,42 1,50 1,48REG

[7] 23,63 15,75 9,13 6,34 4,53

Table 1. Comparison results for L = 3

3����1XPEHU�RI�LQVWUXFWLRQV�RI�WKH�SURSRVHG�PRGHO�SHU�YHFWRU�SDLU�

�������1XPEHU�RI�WLPHV�WKH�SURSRVHG�PRGHO�LV�IDVWHU�VORZHU�WKDQ�WKDW�RI�>�@��>�@��DQG�>�@�

�
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Word length ( W)Component
4 8 16 32 64

P4 17 34 68 136 272ADD / SUB
R4/3 2,00 1,50 1,50 1,38 1,38
P4 8 24 40 88 168COMP
R4/3 3,00 1,33 1,80 1,45 1,62
P4 8 16 32 64 128MUX
R4/3 2,00 1,50 1,50 1,38 1,38
P4 8 8 8 16 16DEC / DEMUX
R4/3 1,00 1,00 2,00 1,00 1,00
P4 49 98 188 376 744ALU
R4/3 1,84 1,42 1,52 1,41 1,45
P4 66 196 648 2320 8736MUL
R4/3 1,17 1,11 1,07 1,04 1,02
P4 247 425 973 2837 9637MAC
R4/3 1,24 1,18 1,11 1,06 1,03
P4 8 16 32 64 128REG
R4/3 2,00 1,50 1,50 1,38 1,38

Table 2. Comparison results for L = 4
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