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0LGWHUP�7RSLFV��������

q &KDSWHUV�$SSHQGL[�$�DQG�6HFWLRQ��������

q ,QWURGXFWLRQ
½ *DWHV��&026�VZLWFK�PRGHO�
½ 1XPEHU�6\VWHPV

q %RROHDQ�/RJLF

q /RJLF�0LQLPL]DWLRQ��$OJHEUD��.�PDSV�

q %XEEOH�3URSDJDWLRQ

q 7LPLQJ�EHKDYLRU�RI�FRPELQDWLRQ�ORJLF��JDWH�GHOD\�

q ��OHYHO�6WDWLF�+D]DUGV

q &RPELQDWLRQ�/RJLF�6\VWHP�'HVLJQ��0XOWL�/HYHO�

q %RROHDQ�/RJLF�,PSOHPHQWDWLRQ
½ 08;
½ 3$/��3/$
½ 520
½ :LUHG�/RJLF��3DVV�*DWHV��DQG�7UL�6WDWH
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&RPELQDWLRQDO�/RJLF�6\VWHP�'HVLJQ

q ����8QGHUVWDQG�WKH�SUREOHP
½ ZKDW�LV�WKH�FLUFXLW�VXSSRVHG�WR�GR"
½ ZULWH�GRZQ�LQSXWV��GDWD��FRQWURO��DQG�RXWSXWV
½ GUDZ�EORFN�GLDJUDP�RU�RWKHU�SLFWXUH

q ����)RUPXODWH�WKH�SUREOHP�XVLQJ�D�VXLWDEOH�GHVLJQ�UHSUHVHQWDWLRQ
½ WUXWK�WDEOH�RU�ZDYHIRUP�GLDJUDP�DUH�W\SLFDO
½ PD\�UHTXLUH�HQFRGLQJ�RI�V\PEROLF�LQSXWV�DQG�RXWSXWV
½ 3VHXGR�FRGH�GHILQLWLRQ�RI�WKH�EORFN�RU�V\VWHP

q ����&KRRVH�LPSOHPHQWDWLRQ�WDUJHW
½ 520��3$/��3/$
½ PX[��GHFRGHU�DQG�25�JDWH
½ GLVFUHWH�JDWHV

q ����)ROORZ�LPSOHPHQWDWLRQ�SURFHGXUH
½ .�PDSV�IRU�WZR�OHYHO��PXOWL�OHYHO
½ GHVLJQ�WRROV�DQG�KDUGZDUH�GHVFULSWLRQ�ODQJXDJH��H�J���9HULORJ�
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6\VWHP�'HVLJQ�([DPSOH

•Floating Point Magnitude Comparator
G = 1 if A>B  for 4-bit floating point

•Function of 8 inputs!!
A = <A3,A2,A1,A0>
B = <B3,B2,B1,B0>

Pseudo-code
if (X = (A1A0 > B1B0)) G = 1
if (Y = A1A0 == B1B0)

if (Z = A-man > B-man) G = 1
else G = 0
So G = X + YZ

if (X = (A1A0 > B1B0)) G = 1
else if (Y = !(B1B0 > A1A0))

if (Z = A-man > B-man) G = 1
else G = 0
So G = X + X’YZ

2 bit
Mag cmp

A1A0 B1B0

2 bit
Mag cmp

A3A2 B3B2

or

G

X

A1A0 B1B0

and

2-bit
Equality
checker

Y

Z
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%&'�WR��±VHJPHQW
FRQWURO�VLJQDO
GHFRGHU

F���F���F���F���F���F���F�

$���%���&���'

%&'�WR���VHJPHQW�GLVSOD\�FRQWUROOHU

q 8QGHUVWDQGLQJ�WKH�SUREOHP
½ LQSXW�LV�D���ELW EFG GLJLW��$��%��&��'�
½ RXWSXW�LV�WKH�FRQWURO�VLJQDOV�IRU�WKH�GLVSOD\����RXWSXWV�&��± &��

q %ORFN�GLDJUDP

F�F�

F�F� F�

F�

F�



CSE 370 - Fall 1999 - Introduction - 5

$ % & ' &� &� &� &� &� &� &�
� � � � � � � � � � �
� � � � � � � � � � �
� � � � � � � � � � �
� � � � � � � � � � �
� � � � � � � � � � �
� � � � � � � � � � �
� � � � � � � � � � �
� � � � � � � � � � �
� � � � � � � � � � �
� � � � � � � � � � �
� � � ± ± ± ± ± ± ± ±
� � ± ± ± ± ± ± ± ± ±

)RUPDOL]H�WKH�SUREOHP

q 7UXWK�WDEOH
½ VKRZ�GRQ
W�FDUHV

q &KRRVH�LPSOHPHQWDWLRQ�WDUJHW
½ LI�520��ZH�DUH�GRQH
½ GRQ
W�FDUHV�LPSO\�3$/�3/$
PD\�EH�DWWUDFWLYH

q )ROORZ�LPSOHPHQWDWLRQ�SURFHGXUH
½ PLQLPL]DWLRQ�XVLQJ�.�PDSV
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,PSOHPHQWDWLRQ�DV�PLQLPL]HG�VXP�RI�SURGXFWV

q ���XQLTXH�SURGXFW�WHUPV�ZKHQ�PLQLPL]HG�LQGLYLGXDOO\

����������;�����

����������;������

����������;����;

����������;����;�

'

$

%

&

����������;�����

����������;������

����������;����;

����������;����;�

'

$

%

&

����������;�����

����������;������

����������;����;

����������;����;�

'

$

%

&

����������;�����

����������;������

����������;����;

����������;����;�

'

$

%

&

����������;�����

����������;������

����������;����;

����������;����;�

'

$

%

&

����������;�����

����������;������

����������;����;

����������;����;�

'

$

%

&

����������;�����

����������;������

����������;����;

����������;����;�

'

$

%

&



CSE 370 - Fall 1999 - Introduction - 7

&�� �%�&
�'���&�'���%
�'
���%�&�'
���$
&�� �%
�'���&
�'
���&�'���%
�'

&�� �%
�'���%�&
�'���&
�'
���&�'���%�&�'

&�� �%�&
�'���%
�'���%
�'
���%�&�'

&�� �%
�'
���%�&�'

&�� �%�&
�'���&
�'
���$���%�&�'

&�� �%
�&���%�&
���%�&�'
���$

&�� �$���%�'���&���%
�'

&�� �&
�'
���&�'���%

&�� �$��%���&
���'
&�� �%
�'
���&�'
���%�&
�'���%
�&
&�� �%
�'
���&�'

&�� �$���&
�'
���%�'
���%�&

&�� �$���&�'
���%�&
���%
�&

&�

,PSOHPHQWDWLRQ�DV�PLQLPL]HG�6�R�3��FRQW
G�

q &DQ�GR�EHWWHU
½ ��XQLTXH�SURGXFW�WHUPV��LQVWHDG�RI����
½ VKDUH�WHUPV�DPRQJ�RXWSXWV
½ HDFK�RXWSXW�QRW�QHFHVVDULO\�LQ�PLQLPL]HG�IRUP�± FR�RSWLPL]DWLRQ
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3$/�LPSOHPHQWDWLRQ

q /LPLW�RI���SURGXFW�WHUPV�SHU�RXWSXW
½ GHFRPSRVLWLRQ�RI�IXQFWLRQV�ZLWK�ODUJHU�QXPEHU�RI�WHUPV
½ GR�QRW�VKDUH�WHUPV�LQ�3$/�DQ\ZD\
�DOWKRXJK�WKHUH�DUH�VRPH�ZLWK�VRPH�VKDUHG�WHUPV�

½ 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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$OWHUQDWLYH�&LUFXLW�6W\OHV

q $OWHUQDWLYH�,PSOHPHQWDWLRQ�0HWKRGV
½ 3DVV�*DWH��7UDQVPLVVLRQ�*DWH�
½ 7UL�VWDWH�DQG�%XVVHV
½ :LUHG�/RJLF��2SHQ�&ROOHFWRU�
½ 06,��66,�'HYLFH�6\PEROV
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3DVV�*DWH

CMOS Pass Gate
if S is Hi

Then A and F are shorted
and B and F are disconnected

If S is Lo 
Then A and F are disconnected
and B and F are shorted

What function does this perform?

Why not do everything this way?

A F

S

B

symbol



CSE 370 - Fall 1999 - Introduction - 12

&RXQWLQJ�)DQRXW�Z��3DVV�*DWHV

Fanout of x is 4

x
y

Fanout of y is 8+
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0X[�IURP�'HFRGHU�DQG�3DVV�*DWHV

2:4 Decoder

d0

d0’

d1

d1’
d2

d2’
d1

d1’

i0

i1

i2

i3

F = a’b’i0+a’bi1+ab’i2+a’b’i3 

d0 d1 d2 d3

d0’ d1’ d2’ d3’

S=(a,b)
2
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7UL�6WDWH�/RJLF

E

0 = False, 1 = True, z = Hi Impedance
If (!E)

F = A’
else

F = z
Advantage: support multiple drivers 
without giving up gainA

1

0

F

E
F = EA + A’BA

B

E’Tri State
Buffer
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:LUH�/RJLF

• Used extensively in array devices like RAM/ROM. Must 
carefully design for speed of charge/discharge. DC power 
loss when driven low

• Also used for Busses on a PC Board. Pull Down’s are 
faster than pull-ups (nMOS is faster than pMOS)

1

A

B

C

:LUHG�125

“Open Collector” drivers can 
pull down (0) or go to high 
impedance (z), but they can’t 
pull up (1).

R

F = (A+B+C)’
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1XPEHU�V\VWHPV

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

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

q 5HSUHVHQWDWLRQ�RI�QHJDWLYH�QXPEHUV�FRPH�LQ�WKUHH�PDMRU�VFKHPHV
½ VLJQ�DQG�PDJQLWXGH
½ �V�FRPSOHPHQW
½ �V�FRPSOHPHQW

q $VVXPSWLRQV
½ ZH
OO�DVVXPH�D���ELW�PDFKLQH�ZRUG�
½ ���GLIIHUHQW�YDOXHV�FDQ�EH�UHSUHVHQWHG�
½ URXJKO\�KDOI�DUH�SRVLWLYH��KDOI�DUH�QHJDWLYH
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6LJQ�DQG�PDJQLWXGH

q 2QH�ELW�GHGLFDWH�WR�VLJQ��SRVLWLYH�RU�QHJDWLYH�
½ VLJQ���� �SRVLWLYH��RU�]HUR����� �QHJDWLYH

q 5HVW�UHSUHVHQW�WKH�DEVROXWH�YDOXH�RU�PDJQLWXGH
½ WKUHH�ORZ�RUGHU�ELWV����������WKUX��������

q 5DQJH�IRU�Q�ELWV
½ ��± �Q±��±����WZR�UHSUHVHQWDWLRQV�IRU���

q &XPEHUVRPH�DGGLWLRQ�VXEWUDFWLRQ�
½ PXVW�FRPSDUH�PDJQLWXGHV
WR�GHWHUPLQH�VLJQ�RI�UHVXOW

q 'LVFRQWLQXLW\�EHWZHHQ���DQG�±
½ &DQ¶W�XVH�QRUPDO�DULWKPHWLF
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����±�  ��������

�  ��������

������� ��±��LQ��V�FRPS�

�

�V�FRPSOHPHQW

q /LNH�6�0�EXW�UHYHUVH�RUGHU�RI�QHJDWLYH�QXPEHUV

q ,I�1�LV�D�SRVLWLYH�QXPEHU��WKHQ�WKH�QHJDWLYH�RI�1���LWV��V�FRPSOHPHQW�RU�1
���
LV�1
� ���Q± ���± 1
½ H[DPSOH����ELW��V�FRPSOHPHQW�RI��

½ FRPSXWH�E\�WDNLQJ�ELW�ZLVH�
FRPSOHPHQW���������!�������

½ $GG�6XE�PXVW�DFFRXQW�IRU�
GRXEOH�]HUR�ZKHQ
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�V�FRPSOHPHQW

q �V�FRPSOHPHQW�ZLWK�QHJDWLYH�QXPEHUV�VKLIWHG�RQH�SRVLWLRQ�FORFNZLVH
½ RQO\�RQH�UHSUHVHQWDWLRQ�IRU���
½ RQH�PRUH�QHJDWLYH�QXPEHU�WKDQ�SRVLWLYH�QXPEHU
½ KLJK�RUGHU�ELW�FDQ�DFW�DV�VLJQ�ELW
½ 1R�QHHG�WR�FRPSHQVDWH�IRU����
½ &RPSXWH�FRPSOHPHQW�E\�DGGLQJ���WR�¶V�FRPSOHPHQW

����

������

��������

����

� ����

��������

-1 + 2 = 0 + carry
2 – 3 = 0 - borrow

Ignore borrow/carry because we changed sign
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�  �����

�  � ����

������ UHSU��RI�±�

�

�  �����

±�  ����

������ UHSU��RI��

�

VXEWUDFW

VXEWUDFW

�V�FRPSOHPHQW��FRQW·G�

q ,I�1�LV�D�SRVLWLYH�QXPEHU��WKHQ�WKH�QHJDWLYH�RI�1���LWV��V�FRPSOHPHQW�RU�1
���
LV�1
� ���Q�± ��± 1����� ��Q± 1�
½ H[DPSOH���V�FRPSOHPHQW�RI��

½ H[DPSOH���V�FRPSOHPHQW�RI�±�

½ VKRUWFXW���V�FRPSOHPHQW� �ELW�ZLVH�FRPSOHPHQW����
� ������!�����������!��������UHSUHVHQWDWLRQ�RI����
� ������!�����������!��������UHSUHVHQWDWLRQ�RI���
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2YHUIORZ�&DVHV�LQ��·V�&RPSOHPHQW

q $GGLQJ�WZR�QXPEHUV�RI�RSSRVLWH�VLJQ�± QR�RYHUIORZ

q $GGLQJ�WZR�QXPEHUV�RI�VDPH�VLJQ��/RRNV�OLNH�FKDQJH�RI�VLJQ

y
0xxx
1xxx

yy’ either value of y is okay (y == carry)

y
1xxx
1xxx

1y     y must be 1 (y == carry)

y
0xxx
0xxx

0y     y must be 0 (y == carry)

In all cases
V = Cn ⊕ Cn+1 
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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�([DPSOHV

q 2YHUIORZ�ZKHQ�FDUU\�LQWR�VLJQ�ELW�SRVLWLRQ�LV�QRW�HTXDO�WR�FDUU\�RXW


