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&RPELQDWLRQDO�ORJLF�GHVLJQ�FDVH�VWXGLHV

❚ *HQHUDO�GHVLJQ�SURFHGXUH

❚ ([DPSOHV
❙ FDOHQGDU�VXEV\VWHP
❙ %&'�WR���VHJPHQW�GLVSOD\�FRQWUROOHU
❙ SURFHVV�OLQH�FRQWUROOHU
❙ ORJLFDO�IXQFWLRQ�XQLW

❚ $ULWKPHWLF
❙ LQWHJHU�UHSUHVHQWDWLRQV
❙ DGGLWLRQ�VXEWUDFWLRQ
❙ DULWKPHWLF�ORJLF�XQLWV

CSE 370 - Spring 1999 - Combinational Examples - 2

*HQHUDO�GHVLJQ�SURFHGXUH�IRU�FRPELQDWLRQDO�ORJLF

❚ ����8QGHUVWDQG�WKH�SUREOHP
❙ ZKDW�LV�WKH�FLUFXLW�VXSSRVHG�WR�GR"
❙ ZULWH�GRZQ�LQSXWV��GDWD��FRQWURO��DQG�RXWSXWV
❙ GUDZ�EORFN�GLDJUDP�RU�RWKHU�SLFWXUH

❚ ����)RUPXODWH�WKH�SUREOHP�XVLQJ�D�VXLWDEOH�GHVLJQ�UHSUHVHQWDWLRQ
❙ WUXWK�WDEOH�RU�ZDYHIRUP�GLDJUDP�DUH�W\SLFDO
❙ PD\�UHTXLUH�HQFRGLQJ�RI�V\PEROLF�LQSXWV�DQG�RXWSXWV

❚ ����&KRRVH�LPSOHPHQWDWLRQ�WDUJHW
❙ 520��3$/��3/$
❙ PX[��GHFRGHU�DQG�25�JDWH
❙ GLVFUHWH�JDWHV

❚ ����)ROORZ�LPSOHPHQWDWLRQ�SURFHGXUH
❙ .�PDSV�IRU�WZR�OHYHO��PXOWL�OHYHO
❙ GHVLJQ�WRROV�DQG�KDUGZDUH�GHVFULSWLRQ�ODQJXDJH��H�J���9HULORJ�
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integer number_of_days ( month, leap_year_flag) {
switch (month) {

case  1: return (31);
case  2: if (leap_year_flag == 1)
            then return (29)
            else return (28);
case  3: return (31);
case  4: return (30);
case  5: return (31);
case  6: return (30);
case  7: return (31);
case  8: return (31);
case  9: return (30);
case 10: return (31);
case 11: return (30);
case 12: return (31);
default: return (0);

}
}

&DOHQGDU�VXEV\VWHP

❚ 'HWHUPLQH�QXPEHU�RI�GD\V�LQ�D�PRQWK��WR�FRQWURO�ZDWFK�GLVSOD\�
❙ XVHG�LQ�FRQWUROOLQJ�WKH�GLVSOD\�RI�D�ZULVW�ZDWFK�/&'�VFUHHQ

❙ LQSXWV��PRQWK��OHDS�\HDU�IODJ
❙ RXWSXWV��QXPEHU�RI�GD\V

❚ 8VH�VRIWZDUH�LPSOHPHQWDWLRQ
WR�KHOS�XQGHUVWDQG�WKH�SUREOHP
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OHDSPRQWK

�� �� �� ��

PRQWK OHDS �� �� �� ��
���� ± ± ± ± ±
���� ± � � � �
���� � � � � �
���� � � � � �
���� ± � � � �
���� ± � � � �
���� ± � � � �
���� ± � � � �
���� ± � � � �
���� ± � � � �
���� ± � � � �
���� ± � � � �
���� ± � � � �
���� ± � � � �
���� ± ± ± ± ±
���± ± ± ± ± ±

)RUPDOL]H�WKH�SUREOHP

❚ (QFRGLQJ�
❙ ELQDU\�QXPEHU�IRU�PRQWK����ELWV
❙ ��ZLUHV�IRU�������������DQG���
RQH�KRW�±�RQO\�RQH�WUXH�DW�DQ\�WLPH

❚ %ORFN�GLDJUDP�
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PRQWK OHDS �� �� �� ��
���� ± ± ± ± ±
���� ± � � � �
���� � � � � �
���� � � � � �
���� ± � � � �
���� ± � � � �
���� ± � � � �
���� ± � � � �
���� ± � � � �
���� ± � � � �
���� ± � � � �
���� ± � � � �
���� ± � � � �
���� ± � � � �
���� ± ± ± ± ±
���± ± ± ± ± ±

&KRRVH�LPSOHPHQWDWLRQ�WDUJHW
DQG�SHUIRUP�PDSSLQJ

❚ 'LVFUHWH�JDWHV

❙ ��� 

❙ ��� 

❙ ��� 

❙ ��� 

❚ &DQ�WUDQVODWH�WR�6�R�3�RU�3�R�6

P�¶�P�¶�P��P�¶�OHDS¶

P�¶�P�¶�P��P�¶�OHDS

P�¶�P��P�¶���P��P�

P�¶�P����P��P�¶
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%&'�WR��±VHJPHQW
FRQWURO�VLJQDO
GHFRGHU

F���F���F���F���F���F���F�

$���%���&���'

%&'�WR���VHJPHQW�GLVSOD\�FRQWUROOHU

❚ 8QGHUVWDQGLQJ�WKH�SUREOHP
❙ LQSXW�LV�D���ELW�EFG�GLJLW��$��%��&��'�
❙ RXWSXW�LV�WKH�FRQWURO�VLJQDOV�IRU�WKH�GLVSOD\����RXWSXWV�&��±�&��

❚ %ORFN�GLDJUDP

F�F�

F�F�
F�

F�

F�
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$ % & ' &� &� &� &� &� &� &�

� � � � � � � � � � �

� � � � � � � � � � �

� � � � � � � � � � �

� � � � � � � � � � �

� � � � � � � � � � �

� � � � � � � � � � �

� � � � � � � � � � �

� � � � � � � � � � �

� � � � � � � � � � �

� � � � � � � � � � �

� � � ± ± ± ± ± ± ± ±

� � ± ± ± ± ± ± ± ± ±

)RUPDOL]H�WKH�SUREOHP

❚ 7UXWK�WDEOH
❙ VKRZ�GRQ
W�FDUHV

❚ &KRRVH�LPSOHPHQWDWLRQ�WDUJHW
❙ LI�520��ZH�DUH�GRQH
❙ GRQ
W�FDUHV�LPSO\�3$/�3/$
PD\�EH�DWWUDFWLYH

❚ )ROORZ�LPSOHPHQWDWLRQ�SURFHGXUH
❙ PLQLPL]DWLRQ�XVLQJ�.�PDSV
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❚ &DQ�GR�EHWWHU
❙ ��XQLTXH�SURGXFW�WHUPV��LQVWHDG�RI����
❙ VKDUH�WHUPV�DPRQJ�RXWSXWV
❙ HDFK�RXWSXW�QRW�QHFHVVDULO\�LQ�PLQLPL]HG�IRUP
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3$/�LPSOHPHQWDWLRQ

❚ /LPLW�RI���SURGXFW�WHUPV�SHU�RXWSXW
❙ GHFRPSRVLWLRQ�RI�IXQFWLRQV�ZLWK�ODUJHU�QXPEHU�RI�WHUPV
❙ GR�QRW�VKDUH�WHUPV�LQ�3$/�DQ\ZD\
�DOWKRXJK�WKHUH�DUH�VRPH�ZLWK�VRPH�VKDUHG�WHUPV�

❙ GHFRPSRVH�LQWR�PXOWL�OHYHO�ORJLF��KRSHIXOO\�ZLWK�&$'�VXSSRUW�
❘ ILQG�FRPPRQ�VXE�H[SUHVVLRQV�DPRQJ�IXQFWLRQV

QHHG�DQRWKHU�LQSXW�DQG�DQRWKHU�RXWSXW
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3URGXFWLRQ�OLQH�FRQWURO

❚ 5RGV�RI�YDU\LQJ�OHQJWK����������WUDYHO�RQ�FRQYH\RU�EHOW
❙ PHFKDQLFDO�DUP�SXVKHV�URGV�ZLWKLQ�VSHF���������WR�RQH�VLGH
❙ VHFRQG�DUP�SXVKHV�URGV�WRR�ORQJ�WR�RWKHU�VLGH
❙ URGV�WKDW�DUH�WRR�VKRUW�VWD\�RQ�EHOW
❙ ��OLJKW�EDUULHUV��OLJKW�VRXUFH���SKRWRFHOO��DV�VHQVRUV
❙ GHVLJQ�FRPELQDWLRQDO�ORJLF�WR�DFWLYDWH�WKH�DUPV

❚ 8QGHUVWDQGLQJ�WKH�SUREOHP
❙ LQSXWV�DUH�WKUHH�VHQVRUV
❙ RXWSXWV�DUH�WZR�DUP�FRQWURO�VLJQDOV
❙ DVVXPH�VHQVRU�UHDGV�����ZKHQ�WULSSHG������RWKHUZLVH
❙ FDOO�VHQVRUV�$��%��&
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6NHWFK�RI�SUREOHP

❚ 3RVLWLRQ�RI�VHQVRUV
❙ $�WR�%�GLVWDQFH� �VSHFLILFDWLRQ�±���
❙ $�WR�&�GLVWDQFH� �VSHFLILFDWLRQ�����

:LWKLQ
6SHF

7RR
6KRUW

7RR
/RQJ

$

%

&

VSHF
�����

VSHF
����
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ORJLF�LPSOHPHQWDWLRQ�QRZ�VWUDLJKWIRUZDUG

MXVW�XVH�WKUHH���LQSXW�$1'�JDWHV

�WRR�VKRUW�� �$%
&


�RQO\�ILUVW�VHQVRU�WULSSHG�

�LQ�VSHF�� �$�%�&


�ILUVW�WZR�VHQVRUV�WULSSHG�

�WRR�ORQJ�� �$�%�&

�DOO�WKUHH�VHQVRUV�WULSSHG�

$ % & )XQFWLRQ

� � � GR�QRWKLQJ

� � � GR�QRWKLQJ

� � � GR�QRWKLQJ

� � � GR�QRWKLQJ

� � � WRR�VKRUW

� � � GRQ
W�FDUH

� � � LQ�VSHF

� � � WRR�ORQJ

)RUPDOL]H�WKH�SUREOHP

❚ 7UXWK�WDEOH
❙ VKRZ�GRQ
W�FDUHV
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&� &� &� )XQFWLRQ &RPPHQWV

� � � � DOZD\V��

� � � $���% ORJLFDO�25

� � � �$���%�
 ORJLFDO�1$1'

� � � $�[RU�% ORJLFDO�[RU

� � � $�[QRU�% ORJLFDO�[QRU

� � � $���% ORJLFDO�$1'

� � � �$���%�
 ORJLFDO�125

� � � � DOZD\V��

��FRQWURO�LQSXWV��&���&���&�

��GDWD�LQSXWV��$��%

��RXWSXW��)

/RJLFDO�IXQFWLRQ�XQLW

❚ 0XOWL�SXUSRVH�IXQFWLRQ�EORFN
❙ ��FRQWURO�LQSXWV�WR�VSHFLI\�RSHUDWLRQ�WR�SHUIRUP�RQ�RSHUDQGV
❙ ��GDWD�LQSXWV�IRU�RSHUDQGV
❙ ��RXWSXW�RI�WKH�VDPH�ELW�ZLGWK�DV�RSHUDQGV
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PXOWLSOH[RU�LPSOHPHQWDWLRQ

�
�
�

�
�
�

�
�

$
%

$
%

$
%

)RUPDOL]H�WKH�SUREOHP

&� &� &� $ % )

� � � � � �

� � � � � �

� � � � � �

� � � � � �

� � � � � �

� � � � � �

� � � � � �

� � � � � �

� � � � � �

� � � � � �

� � � � � �

� � � � � �

� � � � � �

� � � � � �

� � � � � �

� � � � � �

� � � � � �

� � � � � �

� � � � � �

� � � � � �

� � � � � �

� � � � � �

� � � � � �

� � � � � �

� � � � � �

� � � � � �

� � � � � �

� � � � � �

� � � � � �

� � � � � �

� � � � � �

� � � � � �

&�&� &�

�
�
�

�
�
�

�
�
6�

����08;

6� 6�

)



CSE 370 - Spring 1999 - Combinational Examples - 17

$ULWKPHWLF�FLUFXLWV

❚ ([FHOOHQW�H[DPSOHV�RI�FRPELQDWLRQDO�ORJLF�GHVLJQ

❚ 7LPH�YV��VSDFH�WUDGH�RIIV
❙ GRLQJ�WKLQJV�IDVW�PD\�UHTXLUH�PRUH�ORJLF�DQG�WKXV�PRUH�VSDFH
❙ H[DPSOH��FDUU\�ORRNDKHDG�ORJLF

❚ $ULWKPHWLF�DQG�ORJLF�XQLWV
❙ JHQHUDO�SXUSRVH�EXLOGLQJ�EORFNV
❙ FULWLFDO�FRPSRQHQWV�RI�SURFHVVRU�GDWDSDWKV
❙ XVHG�ZLWKLQ�PRVW�FRPSXWHU�LQVWUXFWLRQV
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1XPEHU�V\VWHPV

❚ 5HSUHVHQWDWLRQ�RI�SRVLWLYH�QXPEHUV�LV�WKH�VDPH�LQ�PRVW�V\VWHPV

❚ 0DMRU�GLIIHUHQFHV�DUH�LQ�KRZ�QHJDWLYH�QXPEHUV�DUH�UHSUHVHQWHG

❚ 5HSUHVHQWDWLRQ�RI�QHJDWLYH�QXPEHUV�FRPH�LQ�WKUHH�PDMRU�VFKHPHV
❙ VLJQ�DQG�PDJQLWXGH
❙ �V�FRPSOHPHQW
❙ �V�FRPSOHPHQW

❚ $VVXPSWLRQV
❙ ZH
OO�DVVXPH�D���ELW�PDFKLQH�ZRUG
❙ ���GLIIHUHQW�YDOXHV�FDQ�EH�UHSUHVHQWHG
❙ URXJKO\�KDOI�DUH�SRVLWLYH��KDOI�DUH�QHJDWLYH
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6LJQ�DQG�PDJQLWXGH

❚ 2QH�ELW�GHGLFDWH�WR�VLJQ��SRVLWLYH�RU�QHJDWLYH�
❙ VLJQ���� �SRVLWLYH��RU�]HUR����� �QHJDWLYH

❚ 5HVW�UHSUHVHQW�WKH�DEVROXWH�YDOXH�RU�PDJQLWXGH
❙ WKUHH�ORZ�RUGHU�ELWV����������WKUX��������

❚ 5DQJH�IRU�Q�ELWV
❙ ��±��Q±��±����WZR�UHSUHVHQWDWLRQV�IRU���

❚ &XPEHUVRPH�DGGLWLRQ�VXEWUDFWLRQ
❙ PXVW�FRPSDUH�PDJQLWXGHV
WR�GHWHUPLQH�VLJQ�RI�UHVXOW
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�  �������

�  �������

����±�  ��������

�  ��������

������������� ��±��LQ��V�FRPSOHPHQW�IRUP

�

�

�V�FRPSOHPHQW

❚ ,I�1�LV�D�SRVLWLYH�QXPEHU��WKHQ�WKH�QHJDWLYH�RI�1���LWV��V�FRPSOHPHQW�RU�1
��
LV�1
� ���Q±����±�1
❙ H[DPSOH���V�FRPSOHPHQW�RI��

❙ VKRUWFXW��VLPSO\�FRPSXWH�ELW�ZLVH�FRPSOHPHQW���������!�������
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�V�FRPSOHPHQW��FRQW
G�

❚ 6XEWUDFWLRQ�LPSOHPHQWHG�E\��V�FRPSOHPHQW�DQG�WKHQ�DGGLWLRQ

❚ 7ZR�UHSUHVHQWDWLRQV�RI��
❙ FDXVHV�VRPH�FRPSOH[LWLHV�LQ�DGGLWLRQ

❚ +LJK�RUGHU�ELW�FDQ�DFW�DV�VLJQ�ELW
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�V�FRPSOHPHQW

❚ �V�FRPSOHPHQW�ZLWK�QHJDWLYH�QXPEHUV�VKLIWHG�RQH�SRVLWLRQ�FORFNZLVH
❙ RQO\�RQH�UHSUHVHQWDWLRQ�IRU��
❙ RQH�PRUH�QHJDWLYH�QXPEHU�WKDQ�SRVLWLYH�QXPEHU
❙ KLJK�RUGHU�ELW�FDQ�DFW�DV�VLJQ�ELW
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�  �����

�  � ������

�������� �UHSU��RI�±�

�

�  �����

±�  ������

�������� �UHSU��RI��

�

VXEWUDFW

VXEWUDFW

�V�FRPSOHPHQW��FRQW·G�

❚ ,I�1�LV�D�SRVLWLYH�QXPEHU��WKHQ�WKH�QHJDWLYH�RI�1���LWV��V�FRPSOHPHQW�RU�1
��
LV�1
� ��Q�±�1
❙ H[DPSOH���V�FRPSOHPHQW�RI��

❙ H[DPSOH���V�FRPSOHPHQW�RI�±�

❙ VKRUWFXW���V�FRPSOHPHQW� �ELW�ZLVH�FRPSOHPHQW����
❘ ������!�����������!��������UHSUHVHQWDWLRQ�RI����
❘ ������!�����������!��������UHSUHVHQWDWLRQ�RI���
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�

���

�

����

����

����

±��

���±���

±��

����

����

�����

�

±��

�

����

����

�����

±��

���

±��

����

����

����

�V�FRPSOHPHQW�DGGLWLRQ�DQG�VXEWUDFWLRQ

❚ 6LPSOH�DGGLWLRQ�DQG�VXEWUDFWLRQ
❙ VLPSOH�VFKHPH�PDNHV��V�FRPSOHPHQW�WKH�YLUWXDOO\�XQDQLPRXV�FKRLFH�IRU
LQWHJHU�QXPEHU�V\VWHPV�LQ�FRPSXWHUV
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:K\�FDQ�WKH�FDUU\�RXW�EH�LJQRUHG"

❚ &DQ
W�LJQRUH�LW�FRPSOHWHO\
❙ QHHGHG�WR�FKHFN�IRU�RYHUIORZ��VHH�QH[W�WZR�VOLGHV�

❚ :KHQ�WKHUH�LV�QR�RYHUIORZ��FDUU\�RXW�PD\�EH�WUXH�EXW�FDQ�EH�LJQRUHG

���±�0���1�ZKHQ�1�!�0�

���0
�����1�� ����Q�±��0������1�� ���Q�����1�±�0�

LJQRULQJ�FDUU\�RXW�LV�MXVW�OLNH�VXEWUDFWLQJ��Q

���±�0���±�1�ZKHUH�1���0�≤��Q±�

����±�0�����±�1�� �0
����1
� ���Q±�0������Q±�1���� ��Q�±��0���1�������Q

LJQRULQJ�WKH�FDUU\��LW�LV�MXVW�WKH��V�FRPSOHPHQW�UHSUHVHQWDWLRQ�IRU�±��0���1�
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������ �±� ±��±��� ���

��

��

��

��

��

��

��

��±�

±�

±�

±�

±�

±�

±�

±�

����

����

����

����

����
����

����

����

����

����

����
����

����

����

����

����

��

��

��

��

��

��

��

��±�

±�

±�

±�

±�

±�

±�

±�

����

����

����

����

����
����

����

����

����

����

����
����

����

����

����

����

2YHUIORZ�LQ��V�FRPSOHPHQW�DGGLWLRQ�VXEWUDFWLRQ

❚ 2YHUIORZ�FRQGLWLRQV
❙ DGG�WZR�SRVLWLYH�QXPEHUV�WR�JHW�D�QHJDWLYH�QXPEHU
❙ DGG�WZR�QHJDWLYH�QXPEHUV�WR�JHW�D�SRVLWLYH�QXPEHU
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5

  3

– 8

 0  1  1  1           

   0 1 0 1

   0 0 1 1

   1 0 0 0

– 7

– 2

7

 1  0  0  0    

   1 0 0 1

   1 1 1 0

1 0 1 1 1

5

2

7

 0  0  0  0    

   0 1 0 1

   0 0 1 0

   0 1 1 1

– 3

– 5

– 8

 1  1  1  1    

   1 1 0 1

   1 0 1 1

1 1 0 0 0

overflow overflow

no overflow no overflow

2YHUIORZ�FRQGLWLRQV

❚ 2YHUIORZ�ZKHQ�FDUU\�LQWR�VLJQ�ELW�SRVLWLRQ�LV�QRW�HTXDO�WR�FDUU\�RXW
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$L %L 6XP &RXW

� � � �

� � � �

� � � �

� � � �

$L %L &LQ 6XP &RXW

� � � � �

� � � � �

� � � � �

� � � � �

� � � � �

� � � � �

� � � � �

� � � � �

&LUFXLWV�IRU�ELQDU\�DGGLWLRQ

❚ +DOI�DGGHU��DGG�����ELW�QXPEHUV�
❙ 6XP� �$L
�%L���$L�%L
� �$L�[RU�%L
❙ &RXW� �$L�%L

❚ )XOO�DGGHU��FDUU\�LQ�WR�FDVFDGH�IRU�PXOWL�ELW�DGGHUV�
❙ 6XP� �&L�[RU�$�[RU�%
❙ &RXW� �%�&L�����$�&L�����$�%� �&L��$���%����$�%
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&RXW� �$�%���&LQ��$�[RU�%�� �$�%���%�&LQ���$�&LQ

$
%

&LQ
6

$

$

%

%

&LQ
&RXW

$

%

$�[RU�%

&LQ

$�[RU�%�[RU�&LQ
+DOI
$GGHU

6XP

&RXW &LQ��$�[RU�%�$�%

6XP

&RXW

+DOI
$GGHU

6XP

&RXW

)XOO�DGGHU�LPSOHPHQWDWLRQV

❚ 6WDQGDUG�DSSURDFK
❙ ��JDWHV
❙ ��;25V����$1'V����25V

❚ $OWHUQDWLYH�LPSOHPHQWDWLRQ
❙ ��JDWHV
❙ KDOI�DGGHU�LV�DQ�;25�JDWH�DQG�$1'�JDWH
❙ ��;25V����$1'V����25
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$ %

&RXW

6XP

&LQ

� �

$GG

6XEWUDFW

$� %�%�


6HO

2YHUIORZ

$ %

&RXW

6XP

&LQ

$� %�%�


6HO

$ %

&RXW

6XP

&LQ

$� %�%�


6HO � � � �� �

$ %

&RXW

6XP

&LQ

$� %�%�


6HO

6� 6� 6� 6�

$GGHU�VXEWUDFWRU

❚ 8VH�DQ�DGGHU�WR�GR�VXEWUDFWLRQ�WKDQNV�WR��V�FRPSOHPHQW�UHSUHVHQWDWLRQ
❙ $�±�%�� ���$����±�%���� ���$���%
����
❙ FRQWURO�VLJQDO�VHOHFWV�%�RU��V�FRPSOHPHQW�RI�%
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$

$

%

%

&LQ &RXW

#�
#�

#�
#�

#1

#�

#�

#1��

#1��

ODWH
DUULYLQJ
VLJQDO

WZR�JDWH�GHOD\V
WR�FRPSXWH�&RXW

��VWDJH
DGGHU

$�
%�

&LQ

6��#�

$�
%�

&��#�

6��#�

$�
%�

&��#�

6��#�

$�
%�

&��#�

6��#�
&RXW�#�

5LSSOH�FDUU\�DGGHUV

❚ &ULWLFDO�GHOD\
❙ WKH�SURSDJDWLRQ�RI�FDUU\�IURP�ORZ�WR�KLJK�RUGHU�VWDJHV

CSE 370 - Spring 1999 - Combinational Examples - 32

T0 T2 T4 T6 T8

S0, C1 Valid S1, C2 Valid S2, C3 Valid S3, C4 Valid

5LSSOH�FDUU\�DGGHUV��FRQW·G�

❚ &ULWLFDO�GHOD\
❙ WKH�SURSDJDWLRQ�RI�FDUU\�IURP�ORZ�WR�KLJK�RUGHU�VWDJHV
❙ ������������LV�WKH�ZRUVW�FDVH�DGGLWLRQ
❙ FDUU\�PXVW�SURSDJDWH�WKURXJK�DOO�ELWV
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&DUU\�ORRNDKHDG�ORJLF

❚ &DUU\�JHQHUDWH���*L� �$L�%L
❙ PXVW�JHQHUDWH�FDUU\�ZKHQ�$� �%� ��

❚ &DUU\�SURSDJDWH���3L� �$L�[RU�%L
❙ FDUU\�LQ�ZLOO�HTXDO�FDUU\�RXW�KHUH

❚ 6XP�DQG�&RXW�FDQ�EH�UH�H[SUHVVHG�LQ�WHUPV�RI�JHQHUDWH�SURSDJDWH�
❙ 6L  �$L�[RU�%L�[RU�&L

 �3L�[RU�&L
❙ &L��  �$L�%L���$L�&L���%L�&L

 �$L�%L���&L��$L���%L�
 �$L�%L���&L��$L�[RU�%L�
 �*L���&L�3L
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&DUU\�ORRNDKHDG�ORJLF��FRQW·G�

❚ 5H�H[SUHVV�WKH�FDUU\�ORJLF�DV�IROORZV�
❙ &�� �*����3��&�
❙ &�� �*����3��&�� �*����3��*����3��3��&�
❙ &�� �*����3��&�� �*����3��*����3��3��*����3��3��3��&�
❙ &�� �*����3��&�� �*����3��*����3��3��*����3��3��3��*�
��������������������������������������������������������������������������������3��3��3��3��&�

❚ (DFK�RI�WKH�FDUU\�HTXDWLRQV�FDQ�EH�LPSOHPHQWHG�ZLWK�WZR�OHYHO�ORJLF
❙ DOO�LQSXWV�DUH�QRZ�GLUHFWO\�GHULYHG�IURP�GDWD�LQSXWV�DQG�QRW�IURP
LQWHUPHGLDWH�FDUULHV

❙ WKLV�DOORZV�FRPSXWDWLRQ�RI�DOO�VXP�RXWSXWV�WR�SURFHHG�LQ�SDUDOOHO
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*�

&�&�

&�

&�
3�3�

3�

3�

*�
*�

*�

*�
&�

3�

3�

3�

3�

3�

3� *�

*�

*�

&�
3�

3�

3�

3�

3�

3�

*�

*�

&�

3�

3�

3�

3�

&�

3L�#���JDWH�GHOD\

&L 6L�#���JDWH�GHOD\V

%L
$L

*L�#���JDWH�GHOD\
LQFUHDVLQJO\�FRPSOH[

ORJLF�IRU�FDUULHV

&DUU\�ORRNDKHDG�LPSOHPHQWDWLRQ

❚ $GGHU�ZLWK�SURSDJDWH�DQG�JHQHUDWH�RXWSXWV
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$�
%�

&LQ

6��#�

$�
%�

&��#�

6��#�

$�
%�

&��#�

6��#�

$�
%�

&��#�

6��#�

&RXW�#�

$�
%�

&LQ

6��#�

$�
%�

&��#�

6��#�

$�

%�

&��#�

6��#�

$�

%�

&��#�

6��#�

&��#� &��#�

&DUU\�ORRNDKHDG�LPSOHPHQWDWLRQ��FRQW·G�

❚ &DUU\�ORRNDKHDG�ORJLF�JHQHUDWHV�LQGLYLGXDO�FDUULHV
❙ VXPV�FRPSXWHG�PXFK�PRUH�TXLFNO\�LQ�SDUDOOHO
❙ KRZHYHU��FRVW�RI�FDUU\�ORJLF�LQFUHDVHV�ZLWK�PRUH�VWDJHV
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/RRNDKHDG�&DUU\�8QLW
&�

3� *�3� *�3� *�3� *� &� &� &�

&�

3��� *���

&�

#�#�
#�

#�#�
#�

#�#�
#�

#�#�

#�

#�#�

#�
&��

$>�����@%>�����@
&��

6>�����@

$>����@ %>����@
&�

6>����@

$>���@ %>���@
&�

6>���@
#�#�#�

$>���@ %>���@
&�

6>���@

#�

#�

� �

�
3 *

��ELW�$GGHU

� �

�
3 *

��ELW�$GGHU

� �

�
3 *

��ELW�$GGHU

� �

�
3 *

��ELW�$GGHU

&DUU\�ORRNDKHDG�DGGHU
ZLWK�FDVFDGHG�FDUU\�ORRNDKHDG�ORJLF

❚ &DUU\�ORRNDKHDG�DGGHU
❙ ��IRXU�ELW�DGGHUV�ZLWK�LQWHUQDO�FDUU\�ORRNDKHDG
❙ VHFRQG�OHYHO�FDUU\�ORRNDKHDG�XQLW�H[WHQGV�ORRNDKHDG�WR����ELWV
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��%LW�$GGHU
>���@

&�&�

��ELW�DGGHU
>���@

�&�

�&�

ILYH
����PX[

�����������������������

DGGHU�
ORZ

DGGHU
KLJK

��

��ELW�DGGHU
>���@

&� 6� 6� 6� 6� 6� 6� 6� 6�

&DUU\�VHOHFW�DGGHU

❚ 5HGXQGDQW�KDUGZDUH�WR�PDNH�FDUU\�FDOFXODWLRQ�JR�IDVWHU
❙ FRPSXWH�WZR�KLJK�RUGHU�VXPV�LQ�SDUDOOHO�ZKLOH�ZDLWLQJ�IRU�FDUU\�LQ
❙ RQH�DVVXPLQJ�FDUU\�LQ�LV���DQG�DQRWKHU�DVVXPLQJ�FDUU\�LQ�LV��
❙ VHOHFW�FRUUHFW�UHVXOW�RQFH�FDUU\�LQ�LV�ILQDOO\�FRPSXWHG
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ORJLFDO�DQG�DULWKPHWLF�RSHUDWLRQV
QRW�DOO�RSHUDWLRQV�DSSHDU�XVHIXO��EXW��IDOO�RXW��RI�LQWHUQDO�ORJLF

6�
�
�
�
�

6�
�
�
�
�

)XQFWLRQ
)L� �$L

)L� �QRW�$L
)L� �$L�[RU�%L
)L� �$L�[QRU�%L

&RPPHQW
LQSXW�$L�WUDQVIHUUHG�WR�RXWSXW
FRPSOHPHQW�RI�$L�WUDQVIHUUHG�WR�RXWSXW
FRPSXWH�;25�RI�$L��%L
FRPSXWH�;125�RI�$L��%L

0� ����ORJLFDO�ELWZLVH�RSHUDWLRQV

0� ����&�� ����DULWKPHWLF�RSHUDWLRQV

�
�
�
�

�
�
�
�

)� �$
)� �QRW�$
)� �$�SOXV�%

)� ��QRW�$��SOXV�%

LQSXW�$�SDVVHG�WR�RXWSXW
FRPSOHPHQW�RI�$�SDVVHG�WR�RXWSXW
VXP�RI�$�DQG�%
VXP�RI�%�DQG�FRPSOHPHQW�RI�$

0� ����&�� ����DULWKPHWLF�RSHUDWLRQV

�
�
�
�

�
�
�
�

)� �$�SOXV��
)� ��QRW�$��SOXV��
)� �$�SOXV�%�SOXV��

)� ��QRW�$��SOXV�%�SOXV��

LQFUHPHQW�$
WZRV�FRPSOHPHQW�RI�$
LQFUHPHQW�VXP�RI�$�DQG�%
%�PLQXV�$

$ULWKPHWLF�ORJLF�XQLW�GHVLJQ�VSHFLILFDWLRQ
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0
�

�

�

6�
�

�

�

�

�

�

�

�

�

�

�

�

6�
�

�

�

�

�

�

�

�

�

�

�

�

&L
;
;
;
;
;
;
;
;
;
;
;
;
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

$L
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
��
�
�
�
�
�
�
�
�
�
�
�

%L
;
;
;
;
�
�
�
�
�
�
�
�
;
;
;
;
�
�
�
�
�
�
�
�
;
;
;
;
�
�
�
�
�
�
�
�

)L
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

&L��
;
;
;
;
;
;
;
;
;
;
;
;
;
;
;
;
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

$ULWKPHWLF�ORJLF�XQLW�GHVLJQ��FRQW·G�

❚ 6DPSOH�$/8�±�WUXWK�WDEOH
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���JDWHV

?6�
?%L

>��@

>��@ 0

0

0
6�
%L

>��@>��@

>��@

>��@

6�
$L

>��@

>��@

>��@

>��@

>��@

&L

&L

&L

&L

&R

?&R

?&R

?&R

?>��@
?>��@

)L

$ULWKPHWLF�ORJLF�XQLW�GHVLJQ��FRQW·G�

❚ 6DPSOH�$/8�±�PXOWL�OHYHO�GLVFUHWH�JDWH�ORJLF�LPSOHPHQWDWLRQ
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BiS1 AiS0 CiM

FiCi+1

X1

X2

X3

A1 A2

A3 A4

O1

     

     

ILUVW�OHYHO�JDWHV
XVH�6��WR�FRPSOHPHQW�$L

6�� �� FDXVHV�JDWH�;��WR�SDVV�$L
6�� �� FDXVHV�JDWH�;��WR�SDVV�$L


XVH�6��WR�EORFN�%L
6�� �� FDXVHV�JDWH�$��WR�PDNH�%L�JR�IRUZDUG�DV��

�GRQ
W�ZDQW�%L�IRU�RSHUDWLRQV�ZLWK�MXVW�$�
6�� �� FDXVHV�JDWH�$��WR�SDVV�%L

XVH�0�WR�EORFN�&L
0� �� FDXVHV�JDWH�$��WR�PDNH�&L�JR�IRUZDUG�DV��

�GRQ
W�ZDQW�&L�IRU�ORJLFDO�RSHUDWLRQV�
0� �� FDXVHV�JDWH�$��WR�SDVV�&L

RWKHU�JDWHV
IRU�0 ���ORJLFDO�RSHUDWLRQV��&L�LV�LJQRUHG�
)L� �6��%L�[RU��6��[RU�$L�
 �6�
6�
���$L�����6�
6����$L
����
����6��6�
���$L�%L
���$L
�%L�����6��6����$L
�%L
���$L�%L��

IRU�0 ���DULWKPHWLF�RSHUDWLRQV�
)L� �6��%L�[RU�����6��[RU�$L���[RU�&L��� �
&L��� �&L��6��[RU�$L����6��%L����6��[RU�$L��[RU�&L��� 

MXVW�D�IXOO�DGGHU�ZLWK�LQSXWV�6��[RU�$L��6��%L��DQG�&L

$ULWKPHWLF�ORJLF�XQLW�GHVLJQ��FRQW·G�

❚ 6DPSOH�$/8�±�FOHYHU�PXOWL�OHYHO�LPSOHPHQWDWLRQ
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6XPPDU\�IRU�H[DPSOHV�RI�FRPELQDWLRQDO�ORJLF

❚ &RPELQDWLRQDO�ORJLF�GHVLJQ�SURFHVV
❙ IRUPDOL]H�SUREOHP��HQFRGLQJV��WUXWK�WDEOH��HTXDWLRQV
❙ FKRRVH�LPSOHPHQWDWLRQ�WHFKQRORJ\��520��3$/��3/$��GLVFUHWH�JDWHV�
❙ LPSOHPHQW�E\�IROORZLQJ�WKH�GHVLJQ�SURFHGXUH�IRU�WKDW�WHFKQRORJ\

❚ %LQDU\�QXPEHU�UHSUHVHQWDWLRQ
❙ SRVLWLYH�QXPEHUV�WKH�VDPH
❙ GLIIHUHQFH�LV�LQ�KRZ�QHJDWLYH�QXPEHUV�DUH�UHSUHVHQWHG
❙ �V�FRPSOHPHQW�HDVLHVW�WR�KDQGOH��RQH�UHSUHVHQWDWLRQ�IRU�]HUR��VOLJKWO\
FRPSOLFDWHG�FRPSOHPHQWDWLRQ��VLPSOH�DGGLWLRQ

❚ &LUFXLWV�IRU�ELQDU\�DGGLWLRQ
❙ EDVLF�KDOI�DGGHU�DQG�IXOO�DGGHU
❙ FDUU\�ORRNDKHDG�ORJLF
❙ FDUU\�VHOHFW

❚ $/8�'HVLJQ
❙ VSHFLILFDWLRQ��LPSOHPHQWDWLRQ


