Assignment #4 E & CE 223



E&CE 223
Assignment 4 - Solutions

1. Mano4.1,4.19
Mano 4.1
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Mano 4.19
(a) F={A’'B+CD"E + BC(A+RB)
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(by F =wix+ty+z)+xyz
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2. Using AND and OR gates find the circuit that minimizes the number
of gate mputs for the function:

3y et

fluwxyz)=uy +uw’ +xyz +xvz" +w'x’z
[2 levels, 6 gates, 18 inputs]
Fflawx,v,2)=w'(u +x70+ vlutx"z) + xyz
=w (u+x'7) + ylu+x'7"y + xviytw iz
=w'(u +x'7+xvz) + yla+txz +Hxyz)
= {w ¥ utx "7 +xyz)

[3 levels, 3 gates 12 inputs]
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3. A function Fia.b.c.d)1s 1 if more that one of its inputs is 1.
(a) Write the maxterm expression for Fa b ,c.d)
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Flab.ed) =TI0, 1,2, 4, 8)

(b) Find the minimum gate three level (AND-OR-AND) circuit.
start with product-of-sums

F=a'be'+abd +a'c’d +b'c'd

I ={atbteatb+tdat+tetd ) b+otd)
= ([atbTH+e )X [atb]td)(atctd(b+He+d])
= ([atbTHed ) ab+[c+d])
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[3 levels, 3 gates, 12 inputs]




4. Realize the following functions using only 2-input NAND gates.
Repeat for 2-mput NOR gates.

NAND
(@) fiwax,y,z2)=wy +wyz+xv7 +xzg
= 3" (w'+x ") + zlwy+x)
[now using DeMorgan’s theorem]
={y w2} {2yl x)}Y
from which the NAND circuit below can be drawn
or (more simply) draw AND-OR circuit
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insert mverter bubbles and replace with NANDs
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NB: Note mputs to third level have been complemented com-
pared to AND-OR-AND-OR circuit.



(b) A straight forward factormg would proceed as follows:
Fiwxyz)=wx'z+waxyy +wxy +3z
=w'[x'z +xyz’] + ¥ [wx+z]
=w [x"zHx(yz] + vy Twx+z]

Note: 3-input AND was split into two 2-input ANDS
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Nme 2-mput ANDs required (3 levels).

Insert mverter bubbles and replace gates with NAND. An extra
gate 15 required in the AND-AND sequence.
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Ten 2-input NAND gates required (6 levels).
A better factoring is suggested by inspecting the Karnaugh map.

Moot M




z 00 01 11 10

WX
00 i i

01 I I
11 { i

10 I

There are four mmterms in XOR patterns. The following algebra
obtaing those XOR expressions.

flwx,p,z)=w'x'z +wixpz +wxy +372
=w'x z(y ")+ wixyz” Fwxy (zH Oz
=wxyz+wixyr +wxyz Fwx’yz 3z
=w'y(x 7tz )+ wy gD + vz
= (wytwy)xzHx'z) + 9z

The above factoring can be visualized by "factoring” the Kar-
naugh map:




Nimne 2-mput gates required (4 levels).
Inserting inverter bubbles and converting to NAND gates yields:
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Nimne 2-mput NAND gates requured.



NOR

(@ fiwx,yz)=w'y +wyz +x'y7" +xz
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Fiwx v =y +wx'y +wxz +ux'y’z
Flw.x,,2) = (¢ +2)ow+x+y ) +x+2)(w +x+y+2)
= (v 2wty 70wy )
(w ) w x rhy w ety )
= (y "+ W wtx+y 2w Hx zy )(w xy )
= (y )tz +Hw+y 1w +y D +x"+z+y)
= (y" )0tz HwHy I Diw ey w4+
= (y )tz + Iy 1w +y D +z+Hw+y 1w +3])

= (v 2 ) [x+z 1 x+z ]+ [w+y T "+ 1)
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Insert mverter bubbles and convert to NOR gates:
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(b) flwx,y,2)=wxz+wxyz +uxy +vz
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fr(w rx,y’z) — wy _I_szr _I_ w.ry.rz.r +x}:z
Flwx,3,2) = (w' Ytz W wryprz)x =+ +z7)
= [w'(x"+2 "ty Tl (w+y)tz]
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