Mechanical and Electrical Engineering Combinatorial Circuits

Design of Combinatorial Circuits |

Please do the following exercises individually.

Chip Production

a b c d y(a,b,c,d) y(a,b,c,d) = (~aAbA-cA-d) V (-aAbA-cAd) V
0 0 0 0 0 (=aAbAcA-d) V (-aAbAcAd) V (aAbA-cA-d) V
0 0 0 1 0 (anbA-cAd) V (aAbAcA-d) V (aAbAcAd)
0 0 1 0 0
0 0 1 1 0 a
0 1 0 0 1
0 1 0 1 1 d
0 1 1 0 1 1 1 1 1 b
0 1 1 1 1 1 1 1 1
1 0 0 0 0 c
1 0 0 1 0 y(a,b,c,d)=b
1 0 1 0 0
1 0 1 1 0
1 1 0 0 1
1 1 0 1 1 b 1 V
1 1 1 0 1
1 1 1 1 1
A XOR Gate with three Input Lines
a b c a®@bdc y(a,b,c) = (~aA-bAc) V (-aAbA-c) V (aA-bA-c)
0 0 0 0 V (aAbAc)
0 0 1 1
0 1 0 1 a
0 1 1 0 1 1
1 0 0 1 1 1 b
1 0 1 0 C
1 1 0 0 No minimization possible
1 1 1 1

u uz2 us
v NOT v NOT v NOT
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Mechanical and Electrical Engineering Combinatorial Circuits

Design of Combinatorial Circuits I

Please do the following exercises individually.

Demultiplexer

A demultiplexer is the counterpart of a multiplexer. Look at Wikipedia® to see the interplay of a
multiplexer and a demultiplexer. Please design a two bit two way demultiplexer. Look at the
following graphical symbol and formal description for details.

a1 do Formal description
LI DX: {0,1F ~ {0,1}*
. ) Jall a() s =
1 11 (s,aq,a9) = (x1,%0,¥1,¥0) {(al,aO,O,O) ifs=1
X1 Xo Y1 Yo

s ax ao X1 Xo V1 Yo X1(s,a1,a0) = (SA a1A-ao) V (SA a1Aao)
0 0 0 0 0 0 0 Xo(s,a1,a0) = (SA- a1/AQg) V (sAaiAao)
0 0 1 0 0 0 1 | va(s,a1,80) = (=sAa1A-a0) V (=sAa1Aa0)
0 1 0 0 0 1 0 yo(s,a1,@0) = (~sA-a1Aao) V (-sAaiAao)
0 1 1 0 0 1 1
1 0 0 0 0 0 0 X1(s,a1,a0) = SA a1
1 0 1 0 1 0 0 Xo(S,a1,30) = SAao
1 1 0 1 0 0 0 yi(s,a1,a0) = =sAa;
1 1 1 1 1 0 o | Yols,a1,a0) = -sAao

S s

1
1 1 ai 1 a:
do ao
S s
1
1 1 ax 1 a
do ao
U1
. >}
| Rl
NOT
e — = |U3 —=|U4 —=|US

AND2 AND2 AND2 AND2

[ |

L http://en.wikipedia.org/wiki/Demultiplexer#Cost_savings
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Mechanical and Electrical Engineering Combinatorial Circuits

Design of Combinatorial Circuits Il

Please do the following exercises individually.

Coder

A coder tells you which line is active. An interrupt controller may use a coder. If interrupt line three is
active it requests the controller to execute interrupt no 3. Please design a four bit coder. Look at the
following graphical symbol and formal description for details.

Formal description

d3 dz d1 do
CD: {0,1}* = {0,1)?
CD -
iifonlyonea; =1
as, 05, 0dq,09) = ! .
(a5, a2, a1, a0) {undeflnded otherwise
Y1 Yo

Please remember that undefined values are don’t-care terms which may help to find a better
optimization.

as a2 a1 a0 Y1 Yo y1(a3,a2,a1,a0) = (~asAaA-a1A-ao) V (asA-a,A-a1A-ao)
0 0 0 0 X X Yo(@3,a2,a1,a0) = (~a3A-a:Aa1A-~ao) V (asA-azA-a1A-ao)
0 0 0 1 0 0 2
0 0 1 0 0 1 X X 1
0 0 1 1 X X X X X
0 1 0 0 1 0 o X X X X
0 1 0 1 X X 1 X X X az
0 1 1 0 X X a
0 1 1 1 X X y1(as,a2,a1,a0) = asVaz
1 0 0 0 1 1
1 0 0 1 X X as
1 0 1 0 X X X 1 X 1
1 0 1 1 X X ao X X X
1 1 0 0 X X X X X X a
X X X
1 1 0 1 X X
1 1 1 0 X X a
1 1 1 1 X X yo(as,az,a1,a0) = asVa:
»—du
 —
—1U6 —|U7

~|OR2 " |OR2
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