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ABSTRACT

K Maps are generally and ideally , thought to be simplest
form for obtaining solution of Boolean equations.Cubical
Representation of Boolean equations is an alternate pick to
incur a solution, otherwise to be meted out with Truth Tables,
Boolean Laws and different traits of Karnaugh Maps. Largest
possible k- cubes that exist for a given function are equivalent
to its prime implicants. A technique of minimization of Logic
functions is tried to be achieved through cubical methods.
The main purpose is to make aware and utilise the advantages
of cubical techniques in minimization of Logic functions. All
this is done with an aim to achieve minimal cost solution.
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1. INTRODUCTION

Karnaugh maps can be used to good effect for illustrating and
explaining concepts, if functions have only few variables and
in finding optimal implementation of logic functions. Logic
functions can be represented through four different forms —
truth table, algebraic expressions, venn diagrams and
karnaugh maps. Algebraic rather than graphical techniques
can be applied to deal with larger functions of any number of
variables. Karnaugh map scheme for representing logic
functions is not appropriate for use in CAD tools, so we will
be focusing on an alternative representation (cubical) of logic
functions which is suitable for use in CAD algorithms.
Cubical representation of logic function is the approach to
algebraic optimization technique; we will be putting forward
and contemplating in this paper, mapping a function of n
variables onto n dimensional cube.

Two dimensional cube having four corners are called vertices,
which correspond to the four rows of a truth table. Each
vertex is identified by two co-ordinates. Horizontal coordinate
is assumed to correspond to variable a and vertical coordinate
to b. Thus vertex 00 is bottom left corner, which corresponds
to row 0 in the truth table. Vertex 01 is top left corner where
a=0 and b=1, which corresponds to row 1 in the truth table
and so on for the other two vertices.
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1.1 Representation of f(a,b)= Ym(1,2,3)

Mapping a function onto the cube by indicating with circles
those vertices for which f =1.

f=1 for vertices 01,10 and 11.

Expressing the function as a set of vertices using the notation
f= {01, 10, 11}. Function f is also shown in the form of a truth
table in the figure 1.1.

An edge joins two vertices for which the label differs in the
value of only one variable. Therefore, if two vertices for
which f=1 are joined by an edge, then this edge represents that
portion of the function, as two individual vertices. For
example, f=1 for vertices 10 and 11. They are joined by the
edge that is labeled 1x. x denotes the fact that corresponding
variables can be either 0 or 1 so 1x means that a=1, while b
can be either 0 or 1. Similarly, vertices 01 and 11 are joined
by the edges labeled x1, indicating that a can be either 0 or 1,
but b=1. Two vertices being represented by a single edge is
embodiment of combining property. Edge 1x is the logical
sum of vertices 10 and 11. It defines the term a, which is sum

of minterms &b + ab

Ix=10+11=1

ab+ab=a



Finding edges for which f=1 is equivalent to applying the
combining property ,

so f={01,10,11} can be represented as f={1x,x1}.

This corresponds to logic expression f=a+b
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In three dimensional cube, each vertex is identified by a
specific valuation of three variables function. Function
f(a,b,c)=Y m(0,2,4,5,6) is mapped onto the cube. There are
five vertices for which f=1 namely 000, 010, 100, 101 and
110. These vertices are joined by five edges, namely x00, 0x0,
x10, 1x0, and 10x. Because the vertices 000, 010, 100, &110
include all valuation of a and b when c is zero, they can be
specified by term xx0.

So f=1if c=0 regardless of the values of a and b.

xx0 represent front side of the cube, f can be represented in
several ways so

f={000,010,100,101,110}
f={0x0,1x0,101}

={x00, x10, 101}
f={x00, x10,10x}

f={xx0,10x}

f={xx0,10x} is equivalent to logic expression
f=c+ab

f(a,b,c)=3m(0,2,4,5,6)

—— —
1 0 0 1
1 1 E 1
f=c+ab
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1.2 Representation of f(a,b,c)=3m(0,2,4,5,6)

Picking up another example
f(a,b,c)=2.m(2,3,7)+d(6)
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Representation of f(a,b,c)=) m(2,3,7)+d(6)

f=1 for 011, 010, 111 and 110
={010,011,110,111}
f={01x,11x}
f={x1x}
This corresponds to logic expression
f=Db
bz bc bc bc
a_ \
a 0 0 \1\ X
_/




Graphical images of two and three dimensional cubes are easy
to draw. A four dimensional cube is more difficult. It consists
of 2 three dimensional cubes with their corners connected.
Simplest way 2 visualize a four dimensional cube is to have
one cube placed inside the other cube. Assuming that a, b and
¢ coordinates are same as in three dimensional cubes while
d=0 defines outer cube and d=1 defines the inner cube

Considering the case

f=(a,b,c,d)=Ym(0,2,3,6,7.8,10,15)
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Representation of function
f=(a,b,c,d)=>m(0,2,3,6,7,8,10,15)

There are two groups of four adjacent vertices for which =1,
that can be represented as planes
ABCD and BLIG.

f={x0x0,0x1x,x111}.

Simplest circuit is obtained if f={x0x0,0x1x,x111} which is
equivalent to the expression

f =bd +ac +bcd

Group comprising 0000,0010,1000 and 1010 is represented by

x0x0.

Group 0010, 0011, 0110 & 0111 is represented by 0x1x .
function f can be represented in several ways
f={0000,0010,0011,0110,0111,1000,1010,1111}.
f={00x0,10x0,0x10,0x11,x111}.
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f(a,b,c,d)=ym{0,2,3,5,6,7,13,14}+d{10,11,15}

Taking up another example f (a,b,c,d )= Ym
(0,2,3,5,6,7,13,14) + d (10,11,15)
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Two groups, one with eight adjacent vertices
0010,0011,1011,1010,0110,0111,1110,1111 and others with
four adjacent vertices 0101, 01111, 1101, 1111 and further
left with 0000 and 0010.

First group represented by xx10 and second group represented
by x1x1.

Function f can be represented in several ways

f={0000,0010,0011,0101,0110,0111,1010,1011,1101,1110,11
11}

f={(0000,0010),0011,(0101,0111,1101,1111),(0110,1110)(10
10,1011)}

f={00x0,0011,x1x1,x110,101x}
f={00x0,x1x1,0011,x110,101x}

f={00x0,x1x1,xx1x}

simplest circuit is obtained if f={00x0,x1x1,xx1x} ,



which is equivalent to expression
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f =abd +bd +c
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n-dimensional cube
[4] Tanenbaum, A. S. (2004), Structured Computer

A function that has n variables can be mapped onto n-
dimensional cube. Although it is impractical to draw
graphical images of cubes that have more than more
variables, it is not difficult to extent the ideas to general
n variable case.

2. CONCLUSION

This paper presents an efficient manual method

( cubical ) for obtaining the most compact form of the
subsumptive general solution of a system of Boolean
equations. The method utilizes effective combination of
mapping and algebraic methods and employs a minimum
number of constructions .

Throughout its work, the method keeps track of one and
many variable representation that leads to an immediate
construction of the minimal sum-of-product expressions for
the Boolean functions. The concepts and method developed
herein can be utilized in various application areas of Boolean
equations. The proposed outlook is based on the looping of
Boolean terms. Therefore in order to take a closer look at how
to loop two, four or eight 1’s to get the least possible number
of groups in a K-map table setting. Boolean algebra,
Karnaugh maps, and CAD (Computer Aided Design) are
methods of logic simplification. The goal of logic
simplification is a minimal cost solution. A minimal cost
solution is a valid logic reduction with the minimum number
of gates with the minimum number of inputs. This paper
utilized and focused on cubical representation of Boolean
functions to achieve minimal cost solution.
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