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&RPELQDWLRQDO�ORJLF�LPSOHPHQWDWLRQ

❚ 7ZR�OHYHO�ORJLF

❙ LPSOHPHQWDWLRQV�RI�WZR�OHYHO�ORJLF

❙ 1$1'�125

❚ 0XOWL�OHYHO�ORJLF

❙ IDFWRUHG�IRUPV

❙ DQG�RU�LQYHUW�JDWHV

❚ 7LPH�EHKDYLRU

❙ JDWH�GHOD\V

❙ KD]DUGV

❚ 5HJXODU�ORJLF

❙ PXOWLSOH[RUV

❙ GHFRGHUV

❙ 3$/�3/$V

❙ 520V
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,PSOHPHQWDWLRQV�RI�WZR�OHYHO�ORJLF

❚ 6XP�RI�SURGXFWV

❙ $1'�JDWHV�WR�IRUP�SURGXFW�WHUPV��PLQWHUPV�

❙ 25�JDWH�WR�IRUP�VXP

❚ 3URGXFW�RI�VXPV

❙ 25�JDWHV�WR�IRUP�VXP�WHUPV��PD[WHUPV�

❙ $1'�JDWHV�WR�IRUP�SURGXFW
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7ZR�OHYHO�ORJLF�XVLQJ�1$1'�JDWHV

❚ 5HSODFH�PLQWHUP�$1'�JDWHV�ZLWK�1$1'�JDWHV

❚ 3ODFH�FRPSHQVDWLQJ�LQYHUVLRQ�DW�LQSXWV�RI�25�JDWH
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7ZR�OHYHO�ORJLF�XVLQJ�1$1'�JDWHV��FRQW·G�

❚ 25�JDWH�ZLWK�LQYHUWHG�LQSXWV�LV�D�1$1'�JDWH

❙ GH�0RUJDQ
V� $
���%
� ��$���%�


❚ 7ZR�OHYHO�1$1'�1$1'�QHWZRUN

❙ LQYHUWHG�LQSXWV�DUH�QRW�FRXQWHG

❙ LQ�D�W\SLFDO�FLUFXLW��LQYHUVLRQ�LV�GRQH�RQFH�DQG�VLJQDO�GLVWULEXWHG
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7ZR�OHYHO�ORJLF�XVLQJ�125�JDWHV

❚ 5HSODFH�PD[WHUP�25�JDWHV�ZLWK�125�JDWHV

❚ 3ODFH�FRPSHQVDWLQJ�LQYHUVLRQ�DW�LQSXWV�RI�$1'�JDWH
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7ZR�OHYHO�ORJLF�XVLQJ�125�JDWHV��FRQW·G�

❚ $1'�JDWH�ZLWK�LQYHUWHG�LQSXWV�LV�D�125�JDWH

❙ GH�0RUJDQ
V� $
���%
� ��$���%�


❚ 7ZR�OHYHO�125�125�QHWZRUN

❙ LQYHUWHG�LQSXWV�DUH�QRW�FRXQWHG

❙ LQ�D�W\SLFDO�FLUFXLW��LQYHUVLRQ�LV�GRQH�RQFH�DQG�VLJQDO�GLVWULEXWHG
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7ZR�OHYHO�ORJLF�XVLQJ�1$1'�DQG�125�JDWHV

❚ 1$1'�1$1'�DQG�125�125�QHWZRUNV

❙ GH�0RUJDQ
V�ODZ� �$���%�
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❙ ZULWWHQ�GLIIHUHQWO\� �$���%  ���$
���%
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❚ ,Q�RWKHU�ZRUGV�±±

❙ 25�LV�WKH�VDPH�DV�1$1'�ZLWK�FRPSOHPHQWHG�LQSXWV

❙ $1'�LV�WKH�VDPH�DV�125�ZLWK�FRPSOHPHQWHG�LQSXWV

❙ 1$1'�LV�WKH�VDPH�DV�25�ZLWK�FRPSOHPHQWHG�LQSXWV

❙ 125�LV�WKH�VDPH�DV�$1'�ZLWK�FRPSOHPHQWHG�LQSXWV
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&RQYHUVLRQ�EHWZHHQ�IRUPV

❚ &RQYHUW�IURP�QHWZRUNV�RI�$1'V�DQG�25V�WR�QHWZRUNV�RI�1$1'V�DQG�125V

❙ LQWURGXFH�DSSURSULDWH�LQYHUVLRQV���EXEEOHV��

❚ (DFK�LQWURGXFHG��EXEEOH��PXVW�EH�PDWFKHG�E\�D�FRUUHVSRQGLQJ��EXEEOH�

❙ FRQVHUYDWLRQ�RI�LQYHUVLRQV

❙ GR�QRW�DOWHU�ORJLF�IXQFWLRQ

❚ ([DPSOH��$1'�25�WR�1$1'�1$1'

1/19/00 CSE 370 - Winter 2000 - Combinational Implementation - 9

=� �>��$�����%�
�����&�����'�
��@


��� �>��$
���%
�������&
���'
���@


��� �>��$
���%
�
����&
���'
�
��@

��� ����$�����%�������&����'���➼

&RQYHUVLRQ�EHWZHHQ�IRUPV��FRQW·G�

❚ ([DPSOH��YHULI\�HTXLYDOHQFH�RI�WZR�IRUPV
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&RQYHUVLRQ�EHWZHHQ�IRUPV��FRQW·G�

❚ ([DPSOH��PDS�$1'�25�QHWZRUN�WR�125�125�QHWZRUN
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&RQYHUVLRQ�EHWZHHQ�IRUPV��FRQW·G�

❚ ([DPSOH��YHULI\�HTXLYDOHQFH�RI�WZR�IRUPV
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0XOWL�OHYHO�ORJLF

❚ [� �$�'�)�����$�(�)�����%�'�)�����%�(�)�����&�'�)�����&�(�)�����*

❙ UHGXFHG�VXP�RI�SURGXFWV�IRUP�±�DOUHDG\�VLPSOLILHG

❙ ��[���LQSXW�$1'�JDWHV�����[���LQSXW�25�JDWH��WKDW�PD\�QRW�HYHQ�H[LVW��

❙ ���ZLUHV�����OLWHUDOV�SOXV���LQWHUQDO�ZLUHV�

❚ [� ��$���%���&���'���(��)�����*

❙ IDFWRUHG�IRUP�±�QRW�ZULWWHQ�DV�WZR�OHYHO�6�R�3

❙ ��[���LQSXW�25�JDWH����[���LQSXW�25�JDWHV����[���LQSXW�$1'�JDWH

❙ ���ZLUHV����OLWHUDOV�SOXV���LQWHUQDO�ZLUHV�
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&RQYHUVLRQ�EHWZHHQ�IRUPV

❚ ([DPSOH
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$1'�25�LQYHUW�JDWHV

❚ $2,�IXQFWLRQ���WKUHH�VWDJHV�RI�ORJLF�²��$1'��25��,QYHUW

❙ PXOWLSOH�JDWHV��SDFNDJHG��DV�D�VLQJOH�FLUFXLW�EORFN
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&RQYHUVLRQ�WR�$2,�IRUPV

❚ *HQHUDO�SURFHGXUH�WR�SODFH�LQ�$2,�IRUP

❙ FRPSXWH�WKH�FRPSOHPHQW�RI�WKH�IXQFWLRQ�LQ�VXP�RI�SURGXFWV�IRUP

❙ E\�JURXSLQJ�WKH��V�LQ�WKH�.DUQDXJK�PDS

❚ ([DPSOH���;25�LPSOHPHQWDWLRQ���±±���$�[RU�%� �$
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each implemented in a single 2x2 AOI gate

([DPSOHV�RI�XVLQJ�$2,�JDWHV
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([DPSOHV�RI�XVLQJ�$2,�JDWHV��FRQW·G�

❚ ([DPSOH���$2,�LPSOHPHQWDWLRQ�RI���ELW�HTXDOLW\�IXQFWLRQ
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6XPPDU\�IRU�PXOWL�OHYHO�ORJLF

❚ $GYDQWDJHV

❙ FLUFXLWV�PD\�EH�VPDOOHU

❙ JDWHV�KDYH�VPDOOHU�IDQ�LQ

❙ FLUFXLWV�PD\�EH�IDVWHU

❚ 'LVDGYDQWDJHV

❙ PRUH�GLIILFXOW�WR�GHVLJQ

❙ WRROV�IRU�RSWLPL]DWLRQ�DUH�QRW�DV�JRRG�DV�IRU�WZR�OHYHO

❙ DQDO\VLV�LV�PRUH�FRPSOH[
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7LPH�EHKDYLRU�RI�FRPELQDWLRQDO�QHWZRUNV

❚ :DYHIRUPV

❙ YLVXDOL]DWLRQ�RI�YDOXHV�FDUULHG�RQ�VLJQDO�ZLUHV�RYHU�WLPH

❙ XVHIXO�LQ�H[SODLQLQJ�VHTXHQFHV�RI�HYHQWV��FKDQJHV�LQ�YDOXH�

❚ 6LPXODWLRQ�WRROV�DUH�XVHG�WR�FUHDWH�WKHVH�ZDYHIRUPV

❙ LQSXW�WR�WKH�VLPXODWRU�LQFOXGHV�JDWHV�DQG�WKHLU�FRQQHFWLRQV

❙ LQSXW�VWLPXOXV��WKDW�LV��LQSXW�VLJQDO�ZDYHIRUPV

❚ 6RPH�WHUPV

❙ JDWH�GHOD\�²�WLPH�IRU�FKDQJH�DW�LQSXW�WR�FDXVH�FKDQJH�DW�RXWSXW

❘ PLQ�GHOD\�±�W\SLFDO�QRPLQDO�GHOD\�±�PD[�GHOD\

❘ FDUHIXO�GHVLJQHUV�GHVLJQ�IRU�WKH�ZRUVW�FDVH

❙ ULVH�WLPH�²�WLPH�IRU�RXWSXW�WR�WUDQVLWLRQ�IURP�ORZ�WR�KLJK�YROWDJH

❙ IDOO�WLPH�²�WLPH�IRU�RXWSXW�WR�WUDQVLWLRQ�IURP�KLJK�WR�ORZ�YROWDJH

❙ SXOVH�ZLGWK�²�WLPH�WKDW�DQ�RXWSXW�VWD\V�KLJK�RU�VWD\V�ORZ�EHWZHHQ�FKDQJHV
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)�LV�QRW�DOZD\V��
SXOVH���JDWH�GHOD\V�ZLGH

'�UHPDLQV�KLJK�IRU
WKUHH�JDWH�GHOD\V�DIWHU

$�FKDQJHV�IURP�ORZ�WR�KLJK

)
$ % & '

0RPHQWDU\�FKDQJHV�LQ�RXWSXWV

❚ &DQ�EH�XVHIXO�²�SXOVH�VKDSLQJ�FLUFXLWV

❚ &DQ�EH�D�SUREOHP�²�LQFRUUHFW�FLUFXLW�RSHUDWLRQ��JOLWFKHV�KD]DUGV�

❚ ([DPSOH��SXOVH�VKDSLQJ�FLUFXLW

❙ $
���$� ��

❙ GHOD\V�PDWWHU�LQ�IXQFWLRQ
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LQLWLDOO\�
XQGHILQHG

FORVH�VZLWFK

RSHQ�VZLWFK
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RSHQ�
VZLWFK

UHVLVWRU
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2VFLOODWRU\�EHKDYLRU

❚ $QRWKHU�SXOVH�VKDSLQJ�FLUFXLW

❚ 127�FRPELQDWLRQDO�ORJLF�
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+D]DUGV�JOLWFKHV

❚ +D]DUGV�JOLWFKHV��XQZDQWHG�VZLWFKLQJ�DW�WKH�RXWSXWV

❙ RFFXU�ZKHQ�GLIIHUHQW�SDWKV�WKURXJK�FLUFXLW�KDYH�GLIIHUHQW�SURSDJDWLRQ�GHOD\V

❘ DV�LQ�SXOVH�VKDSLQJ�FLUFXLWV�ZH�MXVW�DQDO\]HG

❙ GDQJHURXV�LI�ORJLF�FDXVHV�DQ�DFWLRQ�ZKLOH�RXWSXW�LV�XQVWDEOH

❘ PD\�QHHG�WR�JXDUDQWHH�DEVHQFH�RI�JOLWFKHV

❚ 8VXDO�VROXWLRQV

❙ ���ZDLW�XQWLO�VLJQDOV�DUH�VWDEOH��E\�XVLQJ�D�FORFN�
SUHIHUDEOH��HDVLHVW�WR�GHVLJQ�ZKHQ�WKHUH�LV�D�FORFN�±�V\QFKURQRXV�GHVLJQ�

❙ ���GHVLJQ�KD]DUG�IUHH�FLUFXLWV
VRPHWLPHV�QHFHVVDU\��FORFN�QRW�XVHG�±�DV\QFKURQRXV�GHVLJQ�
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7\SHV�RI�KD]DUGV

❚ 6WDWLF���KD]DUG

❙ LQSXW�FKDQJH�FDXVHV�RXWSXW�WR�JR�IURP���WR���WR��

❚ 6WDWLF���KD]DUG

❙ LQSXW�FKDQJH�FDXVHV�RXWSXW�WR�JR�IURP���WR���WR��

❚ '\QDPLF�KD]DUGV

❙ LQSXW�FKDQJH�FDXVHV�D�GRXEOH�FKDQJH
IURP���WR���WR���WR���25�IURP���WR���WR���WR��
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6WDWLF�KD]DUGV

❚ 'XH�WR�D�OLWHUDO�DQG�LWV�FRPSOHPHQW�PRPHQWDULO\�WDNLQJ�RQ�WKH�VDPH�YDOXH

❙ WKURXJK�GLIIHUHQW�SDWKV�ZLWK�GLIIHUHQW�GHOD\V�DQG�UHFRQYHUJLQJ

❚ 0D\�FDXVH�DQ�RXWSXW�WKDW�VKRXOG�KDYH�VWD\HG�DW�WKH�VDPH�YDOXH
WR�PRPHQWDULO\�WDNH�RQ�WKH�ZURQJ�YDOXH

❚ ([DPSOH��PXOWLSOH[HU
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'\QDPLF�KD]DUGV

❚ 'XH�WR�WKH�VDPH�YHUVLRQV�RI�D�OLWHUDO�WDNLQJ�RQ�RSSRVLWH�YDOXHV

❙ WKURXJK�GLIIHUHQW�SDWKV�ZLWK�GLIIHUHQW�GHOD\V�DQG�UHFRQYHUJLQJ

❚ 0D\�FDXVH�DQ�RXWSXW�WKDW�ZDV�WR�FKDQJH�YDOXH
WR�FKDQJH���WLPHV�LQVWHDG�RI�RQFH

❚ ([DPSOH�
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PXOWLSOH[HU GHPXOWLSOH[HU �[��VZLWFK

FRQWURO FRQWURO

0DNLQJ�FRQQHFWLRQV

❚ 'LUHFW�SRLQW�WR�SRLQW�FRQQHFWLRQV�EHWZHHQ�JDWHV

❙ ZLUHV�ZH
YH�VHHQ�VR�IDU

❚ 5RXWH�RQH�RI�PDQ\�LQSXWV�WR�D�VLQJOH�RXWSXW�����PXOWLSOH[HU

❚ 5RXWH�D�VLQJOH�LQSXW�WR�RQH�RI�PDQ\�RXWSXWV�����GHPXOWLSOH[HU
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❚ 6ZLWFK�LPSOHPHQWDWLRQ�RI�PXOWLSOH[HUV�DQG�GHPXOWLSOH[HUV
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❚ 0XOWLSOH[HUV�VHOHFWRUV��JHQHUDO�FRQFHSW

❙ �Q�GDWD�LQSXWV��Q�FRQWURO�LQSXWV��FDOOHG��VHOHFWV������RXWSXW

❙ XVHG�WR�FRQQHFW��Q�SRLQWV�WR�D�VLQJOH�SRLQW

❙ FRQWURO�VLJQDO�SDWWHUQ�IRUPV�ELQDU\�LQGH[�RI�LQSXW�FRQQHFWHG�WR�RXWSXW
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3URJUDPPDEOH�ORJLF�DUUD\V

❚ 3UH�IDEULFDWHG�EXLOGLQJ�EORFN�RI�PDQ\�$1'�25�JDWHV

❙ DFWXDOO\�125�RU�1$1'
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3$/V�DQG�3/$V
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❚ 3URJUDPPDEOH�DUUD\�ORJLF��3$/�

❙ FRQVWUDLQHG�WRSRORJ\�RI�WKH�25�DUUD\

❙ LQQRYDWLRQ�E\�0RQROLWKLF�0HPRULHV

❙ IDVWHU�DQG�VPDOOHU�25�SODQH
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520�VWUXFWXUH

❚ 6LPLODU�WR�D�3/$�VWUXFWXUH�EXW�ZLWK�D�IXOO\�GHFRGHG�$1'�DUUD\

❙ FRPSOHWHO\�IOH[LEOH�25�DUUD\��XQOLNH�3$/�

Q�DGGUHVV�OLQHV

���������

LQSXWV

GHFRGHU �Q�ZRUG
OLQHV

���������

RXWSXWV

memory
array

(2n words
by m bits)

P�GDWD�OLQHV
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520�YV��3/$

❚ 520�DSSURDFK�DGYDQWDJHRXV�ZKHQ

❙ GHVLJQ�WLPH�LV�VKRUW��QR�QHHG�WR�PLQLPL]H�RXWSXW�IXQFWLRQV�

❙ PRVW�LQSXW�FRPELQDWLRQV�DUH�QHHGHG��H�J���FRGH�FRQYHUWHUV�

❙ OLWWOH�VKDULQJ�RI�SURGXFW�WHUPV�DPRQJ�RXWSXW�IXQFWLRQV

❚ 520�SUREOHPV

❙ VL]H�GRXEOHV�IRU�HDFK�DGGLWLRQDO�LQSXW

❙ FDQ
W�H[SORLW�GRQ
W�FDUHV

❚ 3/$�DSSURDFK�DGYDQWDJHRXV�ZKHQ

❙ GHVLJQ�WRROV�DUH�DYDLODEOH�IRU�PXOWL�RXWSXW�PLQLPL]DWLRQ

❙ WKHUH�DUH�UHODWLYHO\�IHZ�XQLTXH�PLQWHUP�FRPELQDWLRQV

❙ PDQ\�PLQWHUPV�DUH�VKDUHG�DPRQJ�WKH�RXWSXW�IXQFWLRQV

❚ 3$/�SUREOHPV

❙ FRQVWUDLQHG�IDQ�LQV�RQ�25�SODQH
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5HJXODU�ORJLF�VWUXFWXUHV�IRU�WZR�OHYHO�ORJLF

❚ 520�±�IXOO�$1'�SODQH��JHQHUDO�25�SODQH

❙ FKHDS��KLJK�YROXPH�FRPSRQHQW�

❙ FDQ�LPSOHPHQW�DQ\�IXQFWLRQ�RI�Q�LQSXWV

❙ PHGLXP�VSHHG

❚ 3$/�±�SURJUDPPDEOH�$1'�SODQH��IL[HG�25�SODQH

❙ LQWHUPHGLDWH�FRVW

❙ FDQ�LPSOHPHQW�IXQFWLRQV�OLPLWHG�E\�QXPEHU�RI�WHUPV

❙ KLJK�VSHHG��RQO\�RQH�SURJUDPPDEOH�SODQH�WKDW�LV�PXFK�VPDOOHU�WKDQ
520
V�GHFRGHU�

❚ 3/$�±�SURJUDPPDEOH�$1'�DQG�25�SODQHV

❙ PRVW�H[SHQVLYH��PRVW�FRPSOH[�LQ�GHVLJQ��QHHG�PRUH�VRSKLVWLFDWHG�WRROV�

❙ FDQ�LPSOHPHQW�DQ\�IXQFWLRQ�XS�WR�D�SURGXFW�WHUP�OLPLW

❙ VORZ��WZR�SURJUDPPDEOH�SODQHV�
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5HJXODU�ORJLF�VWUXFWXUHV�IRU�PXOWL�OHYHO�ORJLF

❚ 'LIILFXOW�WR�GHYLVH�D�UHJXODU�VWUXFWXUH�IRU�DUELWUDU\�FRQQHFWLRQV�EHWZHHQ�D
ODUJH�VHW�RI�GLIIHUHQW�W\SHV�RI�JDWHV

❙ HIILFLHQF\�VSHHG�FRQFHUQV�IRU�VXFK�D�VWUXFWXUH

❙ LQ�����\RX
OO�OHDUQ�DERXW�ILHOG�SURJUDPPDEOH�JDWH�DUUD\V��)3*$V��WKDW
DUH�MXVW�VXFK�SURJUDPPDEOH�PXOWL�OHYHO�VWUXFWXUHV

❘ SURJUDPPDEOH�PXOWLSOH[HUV�IRU�ZLULQJ

❘ ORRNXS�WDEOHV�IRU�ORJLF�IXQFWLRQV��SURJUDPPLQJ�ILOOV�LQ�WKH�WDEOH�

❘ PXOWL�SXUSRVH�FHOOV��XWLOL]DWLRQ�LV�WKH�ELJ�LVVXH�

❚ 8VH�PXOWLSOH�OHYHOV�RI�3$/V�3/$V�520V

❙ RXWSXW�LQWHUPHGLDWH�UHVXOW

❙ PDNH�LW�DQ�LQSXW�WR�EH�XVHG�LQ�IXUWKHU�ORJLF
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&RPELQDWLRQDO�ORJLF�LPSOHPHQWDWLRQ�VXPPDU\

❚ 0XOWL�OHYHO�ORJLF

❙ FRQYHUVLRQ�WR�1$1'�1$1'�DQG�125�125�QHWZRUNV

❙ WUDQVLWLRQ�IURP�VLPSOH�JDWHV�WR�PRUH�FRPSOH[�JDWH�EXLOGLQJ�EORFNV

❙ UHGXFHG�JDWH�FRXQW��IDQ�LQV��SRWHQWLDOO\�IDVWHU

❙ PRUH�OHYHOV��KDUGHU�WR�GHVLJQ

❚ 7LPH�UHVSRQVH�LQ�FRPELQDWLRQDO�QHWZRUNV

❙ JDWH�GHOD\V�DQG�WLPLQJ�ZDYHIRUPV

❙ KD]DUGV�JOLWFKHV��ZKDW�WKH\�DUH�DQG�ZK\�WKH\�KDSSHQ�

❚ 5HJXODU�ORJLF

❙ PXOWLSOH[HUV�GHFRGHUV

❙ 520V

❙ 3/$V�3$/V

❙ DGYDQWDJHV�GLVDGYDQWDJHV�RI�HDFK


