Chapter 4 Function Minimization

Algorithms (1)
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Quine-McCluskey for Multiple Output
Problems (1/10)

The Quine-McCluskey method can be expanded to include
multiple output systems by adding a tag section to each
product term. The tag indicates for which functions that term

can be used.

We indicate a term for a function with a - if the term is
included in that function and a O if not. Terms can be

¢« »

combined if they have a common “-”.

When combining terms (using the adjacency property), each
tag is O if either term had a 0 and is “-”if both terms had a
dash.




Quine-McCluskey for Multiple Output
Problems (2/10)

¢ Consider finding all the prime implicants of functions defined

as follows:
fla,b,c)=2m(2,3,7)
g(a,b,c)=2m(4,3,7)
® We begin by grouping the terms based on the number of 1’s

e Column I: tag ab !
[\ eN\C00 01 11 10
A 010 [-0 0lol2]6]4
B 100]o0- s
11113]7]s
___________ | __ V W
c o11] -0
D 101}0- ab &
____________ - cNC00 01 11 10
E 111 \&3 0lo|2|6]4

for function g

for function f SRR E v Sv




Quine-McCluskey for Multiple Output
Problems (3/10)

* We now apply the adjacency property to each pair of terms

¢

in adjacent groups that have at least one “-” in common. The

terms in Column II will be

A+ C=F-= 01- -0
B+ D=G-= 10- 0-
C+ E=H= -11 -0
D+ E=]J = 1-1 0-

® When we continue to another column, terms are checked off

if they are covered by other terms.




Quine-McCluskey for Multiple Output
Problems (4/10)

® Term E is not checked off because it cannot be merged into
terms F, G, H, and |
Table 4.7 Multiple output Quine-McCluskey

method.
A 010 -0V F 01- -0
B 100 0-V G 10- 0-
C 011 -0V H -11 -0
D 101 0-V J 1-1 0-
F 111 --

® There are 2 two-literal terms for each function and 1 three-

literal term that can be shared




Quine-McCluskey for Multiple Output
Problems (5/10)

* Example 4.8. Find all the primary implicants of the

functions
fla,b,c,d)=2m(2,3,4,6,9,11,12)+2d(0,1,14,15)
g(a,b,c,dy=2m(2,6,10,11,12)+2d(0,1,14,15).
® We begin by listing all of the minterms, with tags, including

the don’t cares, grouping terms by the number of 1’s

ab ! ab g

cd 00 01 11 10 cd N 00 01 11 10
0o X [ v | v 00| = v
Ol % OIf %
1] v X v 11 X v
10 v | v | = 0 v | v x |V




e
Quine-McCluskey for Multiple Output

Problems (6/10)

* Example 4.8. (Cont’d)[\ A - @ .
AB BB

-------------- 00-0 -- 0--0 -0
Note that some 0001 ——v  |aclo-00 —ov
h clooio --v | |- BC|-0-1 -0
SuIms, sucn as p|lo1oo -ov |aploo-1 -ov |BD|--10 0-
A T R AE |-001 -0V BE|-1-0 -0
AF—I_AN eXlSt) have Eloo11 =0V "AF joo1- -ov | | [
atag ofOO;they are Flo110 --v AG Jo-10 -- A 1-1- 0-
c|l1001 -0V AH F0o10 0-v
not included. H|l1010 0-V Al b1-0 -0V
I 11100 --v Al B100 -ov
Jl 1011 ==y AK FOo11 -0y
K| 1110 —— AL 110 --




Quine-McCluskey for Multiple Output
Problems (7/10)

* Example 4.8. (Contd)
® The terms that can be shared are a’b’c’, a’bd’, a’cd’, bed’, abd’,

acd, and abc.

® The prime implicants of fare a’b’, ad’, bd, and bd’. The

prime implicants of g are cd’ and ac.




Quine-McCluskey for Multiple Output
Problems (8/10)

* Example 4.9, Find all the primary implicants of the

functions:
f(x,5,2)=2m(0,2,5,6,7)
g(x,y,2)=2m(2,3,5,6,7)
h(x,y,z)=2m(0,2,3,4,5)

® The tag now has three bits, but otherwise the process is as

before.
Xy f Xy g Xy g
z 00 01 11 10 z o0 01 11 10 z 00 01 11 10
() 0 2 6 4 0 0 2 3] 4 0 0 2 6 4
W W v W W W W W
] | 3 7 5 | | 3 7 5 | | 3 7 5
W W W W W W Y

-,




Quine-McCluskey for Multiple Output
Problems (9/10)

o Example 4.9, (Cont’d)

/,;\ 000 -0-V A 0-0 -0- @ -1- 0-0
J \|-00 00-

51010 === [ | )——U 000 (Drop off)

o




Quine-McCluskey for Multiple Output
Problems (10/10)

o Example 4.9, (Cont’d)

® The terms that can be used for all three functions (can be

shared) are x’yz” and xy’z
® fand g can use yz’, xz, and xy
® fand h can use x’z’
® gand h can use x’y
® hcan use y’z’ and xy’

® g can use y




lterated Consensus for Multiple Output
Problems (1/6)

® The iterated consensus algorithm needs only minor
modifications to produce all of the terms that may be used
for sum of products expressions for multiple output

problems

® We will find that all terms that were shared between two
functions were indeed prime implicants of the product of
those two functions, and terms that were shared among three
functions were prime implicatns of the product of the three

functions

® We can either start with minterms or a cover of each

function plus a cover of all possible products of tunctions

(-




lterated Consensus for Multiple Output
Problems (2/6)

o We illustrate the iterated consensus algorithm using the

functions
fla,b,c)=2m(2,3,7)
g(a,b,c)=2m(4,5,7)

® The initial list becomes

Tag for g

U
2> a b 010 -0
3 abc 011 -0
4 a b < 100 0 -
5 abc 101 0 -
7 a b c 111 - -
i

Tag for f




lterated Consensus for Multiple Output
Problems (3/6)

® We now proceed as before, taking the consensus of each pair
of terms, adding new terms and deleting terms included in

others
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lterated Consensus for Multiple Output
Problems (4/6)

Table 4.8 Iterated consensus for multiple output functions.

a’ be'[A 010 -0

a’ he VB 11 —0

ab’ ¢ {e——1+0-0——06— ) Initial terms

ab’ ¢ | B—1+06-1 0 -

abc E 111 - -

a"' b F 01 - -0 BtA=B A BCd=a b

ab’ G 10 - 0 - D¢C=DC DCC=ab’

bc H -11 -0 FtE FCE=hc

ac J 1 -1 0 - Gt E (G ¢ Fundefined) GE E=ac

H¢ G zero tag, H¢ F H¢ E undefined
Jt H, J¢ Fzerotag; J¢ G, Jt E undefined

Zero tag: no output uses it

® The term that can be shared is abc; a’b and bc are prime

implicants of f; ab” and ac are prime implicants of g




lterated Consensus for Multiple Output
Problems (5/6)

* Example 4.11. Find all the prime implicants of the

functions
f(x,y,2)=2m(0,2,5,6,7)
g(x,y,2)=2m(2,3,5,6,7)
h(x,y,z)=2m(0,2,3,4,5)
® We start by listing all of the minterms used for any of the

functions, and then perform the iterated consensus algorithm

to find all of the prime implicants.




lterated Consensus for Multiple Output
Problems (6/6)

o Example 4.11. (Cont’d)

A 060 —0— H 0-0 -0 - Be¢A=A
B 010 - - - J 01- 0-- C¢B=C
< O O—— K 10 - 00 - E¢D=D
D +60 00— L - 10 - -0 F¢B=F
E 10 1 - - - M 1 -1 - -0 GeE=G
= +—10 ——0 N -00 00 - K¢H
G 1 =0 P 11 - - -0 MeL

Q —+— 0—-0 MedJ

R -1- 0-0 QelL=Q




