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Chapter 2

Exercise 2.1
Input: z € {0,1,...,9} Output: z € {0,2,4,6,8,25,36,49,64,81}
= { z? ifr>4

2z otherwise

= 0[1[2[3[4][5]6 7 8]9
z=f(z) |02 |4|6|8]|25|36|49 648l
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Exercise 2.3

Input: z = (zp—1,...,%0), =; € {0,1}
Output: an integer 1 < z <n — 1.
Function:

Z:‘i—j‘ if(iL‘Z’:IjZI)
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Exercise 2.5
Inputs: Integer 0 < z < 2%, binary control variable d € {0,1}
Output: Integer 0 < z < 216,
3 { (z+1) mod 26 ifd =1
"] (z—1)mod 2% ifd=0
Tabular representation: Requires 2'6 rows for d = 1 and 2'6 rows for d = 0.
Total rows = 2 x 216 = 217 A tabular representation is out of question.
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Exercise 2.7
Range from 10 to 25 = 16 values.
Minimum number of binary variables: [log, 16] = 4 variables.

Input: integer 10 < x < 25 Output: integer 0 < z < 15

z = (z — 10)

In the next table the output z is represented by a vector z = (z3, 22, 21, 29), with z; € {0,1}.
[« [ 10 [ 11 | 12 [ 13 | 14 | 15 | 16 | 17 [ 18 [ 19 | 20 | 21 [ 22 | 23 | 24 | 25

[z [ 0000 | 0001 | 0010 | 0011 | 0100 | 0101 | 0110 | 0111 | 1000 | 1001 [ 1010 [ 1011 [ 1100 [ 1101 [ 1110 [ 1111 |
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Exercise 2.9

decimal digit | 2-4-2-1
0 0000
1 0001
2 0010
1000

3 0011
1001

4 0100
1010

5 0101
1011

6 0110
1100

7 0111
1101

8 1110
9 1111

Since there are six values that have two possible encodings, there are 26 different codes.
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Exercise 2.11

(a)

34567 = (0011 0100 0101 0110 0111)g¢p
= (0110 0111 1000 1001 1010 ) ggcess—3

(b) BCD does not have the complementary property, so an actual subtraction is needed:

99 999 — 34 567 = 65 432 = (0110 0101 0100 0011 0010) pcp

2421 code has the complementary property, such that the subtraction is done by complementing
each bit:

34 567 = (0011 0100 1011 1100 1101)
99 999 — 34 567 = (1100 1011 0100 0011 0010)

2421-code

2421-code
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Exercise 2.13

(a) (1001010100011110)2 = (1001 0101 0001 1110 )2 = (951F) 1

(b) (3456)g = (011 100 101 110)9 = (011100101110)4

(c) To convert from radix-2 to radix-2¥ we consider groups of k bits. The digits in radix-2* are
obtained converting each group (binary representation of the digit) into a single value in the new
radix.

To convert from radix-2* to radix-2, the digits in radix-2* are converted to binary. The final vector,
that corresponds to the concatenation of all digit representations in binary, is the radix-2 represen-
tation of the number.
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Exercise 2.15

(a) Prove that fxoR(fAND (21,%0), fAND (21, %0)) = fEQUIVALENCE (21, Z0)

z1 | mo | FAND(#1,20) | FXOR{FAND (21, %0), fAND (#1,20)) | FEQUIVALENCE (1, Zo)
0 0 0 0 1

0 1 0 0 0

1 0 0 0 0

11 1 0 1

The conclusion is:

fXOR(FAND (21, 20), FAND (21, %0)) # FEQUIVALENCE (%1, %0)

(b) Prove that fiyAND (/NAND (%1, %0), INAND (£1,Z0)) = FAND (%1, Z0)

INAND (#1,%0) | INAND(UNAND (#1,%0), [NAND (#1,%0)) | FAND (%1, %0)

Iy Lo

010 1 0 0
0 1 1 0 0
110 1 0 0
1 1 0 1 1

The conclusion is:

NAND (/NAND (21, 20), INAND (21, %0)) = fAND (21, Z0)
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Exercise 2.17

a) Let f be a symmetric switching function of three variables, z,y, and z. Since the function is
symmetric, £(0,0,1) = f(0,1,0) = f(1,0,0) and f(0,1,1) = f(1,0,1) = f(1,1,0) so that we have
the following table:

e e e ===l
— _ 0 O O QO
Q.ooo‘oc‘c‘@‘\s

_— O = O = O = O|IN

where a,b,c, and d are binary variables. From this description any particular example can be
generated by assigning values to a,b, ¢, and d.

b) Since a, b, ¢, and d can each take two values (0 or 1), the number of symmetric functions of three
variables is 2* = 16.

¢) A symmetric switching function has the same value for all argument values that have the same
number of 1’s, since all these values can be obtained by permuting the arguments. Consequently,
the values of the function of n arguments are decomposed into n + 1 classes defined by the number
of 1’s in the argument vector (four classes in part a). Therefore the set A completely defines the
function.

d) The function has value 1 whenever 0,2 or 3 arguments have value 1. The table is

w x vy z|f
0 0 0 01
0 0 0 1|0
0 01 00
0 01 1)1
0 1.0 0]0
0 1 1 1)1
0 1 1 0]1
0 1 1 1)1
1 0 0 0]0
1 0 0 1|1
1 01 01
1 0 1 1|1
11 0 01
1 1 0 1|1
1 1 1 0|1
1 1 1 1|0

e) In part (c) we saw that the argument values of symmetric switching function of n variables are
divided into n+1 classes. For each of these classes the function can have value 1 or 0. Consequently,
the number of symmetric switching functions of n variables is 271,

f) No, the composition of symmetric switching functions is not necessarily a symmetric function.
Consider as counterexample

f(xayaz) = fAND(fOR(xay)az)



10 Solutions Manual - Introduction to Digital Design - September 26, 2002

and interchange the variables z and z.
g) The table is

a b c|lfi|f]|f
0 0 0j1)11{0
0 0 11010
0 1 0j1 )01
0 1 17001
1 0 0101
1 0 1,001
1 1 0,001
1 1 170110
h) Let U be the set {0,1,...,n} where n is the number of variables of the symmetric function,

and let A be the set describing the function f. Since the complement of f is 0 when f is 1 and
viceversa, it is represented by the set A, such that

A, =U—-A

For example, considering a 4-variable symmetrical function with A = {0, 1}, we have A, = {2, 3,4}.
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Exercise 2.19 The input of the system is z = (z3,z2,21,%0), and the output is the bit-vector
2z = (2z1,20). The output encoding and the respective function table are:

321Xy | 21 | 20

0] 0000 |- |-

1] o001 |- |-

2 o0l0 |- |-

5T 0011 |0 |1

41 om0 |- |-

50 0101 |10

61 0110 |01
1101 7 ol |- |-
2110 g8 1000 | - |-
3|11 o 1001 |11
0] 1010 |10

] 101l | -] -

2] 1100 |0 |1

13 1101 | - | -

4] 110 |- | -

5 1l | -] -

z1 : one-set(5,9,10), zero-set(3, 6, 12), dc-set(0,1,2,4,7,8,11,13,14,15)
2z : one-set(3,6,9,12), zero-set(5, 10), dc-set(0,1,2,4,7,8,11,13,14,15)
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Exercise 2.21: Using EXCESS-3 code, the function specified in Exercise 2.1 is described as:

xz z7 Z6 z5 z4 Z3 z9 z1 20
0| - - - - - - - -
1| - - - - - - - -
2 | . R R - _ - - -
3|0 0 1 1 0 0 1 1
410 0 1 1 0 1 0 1
5/0 0 1 1 O 1 1 1
60 0 1 1 1 0 0 1
70 O 1 1 1 0 1 1
8§00 1 0 1 1 0 0 O
910 1 1 0 1 0 0 1
0,0 1 1 1 1 1 0 O
111 0 0 1 0 1 1 1
21 0 1 1 0 1 0 O
13| - - - - - - - -
14 | - - - - -
15| - - - - - - - -
Using a two-dimensional table:
Z1Zo
T3T9 00 | o0 | 10 | 1
00 - - - 00110011

01 00110101 | 00110111 | 00111001 | 00111011
10 01011000 | 01101001 | 01111100 | 10010111
11 10110100 - - -

Using one-set and dc-set representation:
e z7 = one_set(11,12), dc_set(10,11,12,13,14,15)
e 25 = one_set(8,9,10),dc_set(10,11,12,13, 14, 15)

e 25 = one_set(3,4,5,6,7,9,10,12), dc_set(10,11,12,13, 14, 15)

(
(
(
e 2, = one_set(3,4,5,6,7,8,10,11,12),dc_set(10,11, 12,13, 14, 15)
e z3 = one_set(6,7,8,9,10),dc_set(10,11,12,13,14,15)
e z9 = one_set(4,5,10,11,12), dc_set(10, 11, 12,13, 14, 15)
e z1 = one_set(3,5,7,11),dc_set(10,11, 12,13, 14, 15)

(

e 2y = one_set(3,4,5,6,7,9,11), dc_set(10,11,12,13, 14, 15)
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Exercise 2.23

The number of values of n binary variables is 2. For each of these, the function can take three
possible values (0,1 or dc) resulting in 32" functions. Out of these 22" are completely specified
functions.
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Exercise 2.25

zz + 'z =

= z(zy +2'y) +2'(zy + 2'y)

z(zy') (z'y) +a'zy’ + a'z'y
z(z' +y)(z+y) + 2y

(zz' + zy)(z +9) + 2’y
(zyz + zyy') + 'y

xy+:v'y
(z+2')y



Solutions Manual - Introduction to Digital Design - September 26, 2002

Exercise 2.27 (a) With the assumption that ¢ = a * b we obtain

Therefore, a = b * ¢

(b)

Therefore, a * bc # 1

bxc

= bx(axb)

b* (ab+ a't')

b(ab + a't’) + b'(ab + a'b')’
ab+ a'bb’ + V' (ab') (a'd')’
ab+b'(a’ +b')(a+b)

ab+ (a'b' +b')(a +b)
ab+a'ab’ + a'bb’ + ab’ + b'b
ab+ at/

= a(b+b)
= a
axbc = ax*xb(axb)

= ax*b(ab+d'b)
= ax* (ab+ba't)
= axab

= aab+ d'(ab)’
= ab+ad(d +¥)
= ab+ad +adt
= ab+d

= a+b

15
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abe | a#t(b&c) | (a#b)&(a#c)
000 | 0#0=0 0&0 =0
001 | O#1 =0 0&0 =0
002 | 0#2 =0 0&0 =0
010 | 0O#1 =0 0&0 =0
011 | 0#1 =0 0&0 =0
012 | 0#2=0| 0&0=0
020 | 0#2 =0 0&0 =0
021 | 0#2 =0 0&0 =0
022 | 0#2=0| 0&0=0
100 | 1#0=0 0&0 =0
101 | 1#1 =1 0&1 =1
102 | 1#2=1| 0&l=1
110 | 1#1 =1 1&0 =1
111 | 1#1 =1 1&1 =1
112 | 1#2=1 1&1 =1
120 | 1#2 =1 1&0 =1
121 | 1#2 =1 1&1 =1
122 | 1#2=1 1&1 =1
200 | 2#0=0 0&0 =0
201 | 2#1 =1 0&1 =1
202 | 2#2 =2 0&2 = 2
210 | 2#1 =1 1&0 =1
211 | 2#1 =1 1&1 =1
212 | 2#2 =2 1&2 =2
9220 | 242 =2 | 28&0=2
221 | 2#2 =2 2&1 =2
222 | 2#2 =2 2&2 =2

Table 2.1: Proof of distributivity for system in Exercise 2.29

Exercise 2.29 To be a boolean algebra the system must satisfy the postulates of commutativity,
distributivity, complement and additive (multiplicative) identity. Lets consider each one of these
cases:

e (a) (#),(&) are commutative because the table is symmetric about the main diagonal, so
postulate 1 (P1) is satisfied.

e (b) For distributivity, we must show that a#(b&c) = (a#b)&(a#c). Let us prove that this
postulate is true for the system by perfect induction, as shown in Table 77.

e (c) The additive identity element is 0 since a&0 = 0&a = a. The multiplicative identity
element is 2 since a#2 = 2#a = a.

e (d) For 1 to have a complement 1’ we need 1&1’ = 2 and 1#1’ = 0. Consequently, from the
table we see that 1 has no complement.
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Exercise 2.31

To show that the NAND operator is not associative, that means, ((a.b)’.c)’ # (a.(b.c)’)’ we just
need to find a case when the expressions are different. Take a = 0, b = 0 and ¢ = 1. For these
values we have:

((a-b)'.c) = ((0.0).1) = (1.1)' =0

(a.(b.c)') = (0.(0.1)") =1

So, the NAND operator is not associative.

To show that the NOR operator is not associative, that means, ((a + b)' +¢)' # (a + (b+¢)") we
take a = 0, b =0 and ¢ = 1. For these values we have:

((a+b)+c¢)=((0+0)+1)=0

(a+(b+e))=0+(0+1))Y=(0+0)=1

So, the NOR operator is not associative.
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Exercise 2.33
(a) Yes. (b) Yes. (c) No, Unmatched parenthesis.
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Exercise 2.35 Since the only term containing w is the same in both expressions (yw), to simplify
the tabular description (only 3 variables) we transform the proof as follows:

TYz + yw + 2’7 + wy' = y'z' +yw + xz + w'yz' if zyz + 7+ a:y' = y'z' +xz + :v'yz'

Let us call By = zyz+ 2’2" + vy and Ey = y'2' + 22+ z'y2'. We show that E; = E» in the following
table.

—

el el i e E=1 K =] R =] K== N}
e k==l i =1 =]
OO = O = O N
—lolmm|o|~| o~ &
I—lOF—‘i—‘Ob—‘OI—\lEd

Note that if E4 is not equivalent to Fs it is still possible that the original expressions are equivalent.
An example of this type of situation is ab’ + b = a + b, in which ab’ and a are not equivalent.
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Exercise 2.37

| | Expr a Expr b | Expr ¢ Expr d | Expr e
x|y |lz |2y +zzta | zy+a’y +yd | zyz+a’y e+’ +ayd | Yrz+ad tayz | 'y + 27 +ayz
01010 1 1 1 1 1
0(0]1 1 1 1 1 1
01110 1 1 1 1 1
011 0 0 0 0 0
11010 0 0 0 0 0
1101 1 0 0 1 0
1(1]60 0 1 1 0 0
1|11 1 1 1 1 1

Equivalent expressions: Expr a and Expr d, Expr b and Expr c.
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Exercise 2.39
f=dbc+dbd +adbc+ablc=m1+me+ms+ms =3 m(1,2,3,5)
f=(a+b+c)(d +b+c)(a"+b +c)(a"+ b + ) =My + My + Mg+ M7 =[] M(0,4,6,7)

21
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Exercise 2.41
CSP equivalent:

E(z,y,2) = ' +z(z'y+y'2)
= 9+ ) ol 2))
Tyz + 2y + 3’y 2+ 2y + x(x+y).(y + 2)
"Y' +z(zy + 32 +y'y +yd)
W oy + oz +ay'
Y +ay(z+2) +a(y+y) +ay's
x'yz + x'yz' + x'y'z + x'y'z' + Yz + myz' + myz' + :I:y'z' + wy'z'

1,11

y'2 + zyz + zy2 + zy'd

w'yz + w'yz' + x'y'z +x

:c'yz + :c'yz’ + x'y'z +z
w'yz + w'yz' + x'y'z +x

x'yz + x'yz’ + :z;'y'z +x
= > m(0,1,2,3,4,6,7)

CPS equivalent:

!

E(z,y,2z) = 2 +z(@'y+y'z
= (2" +a2).(a' + (z'y +y'2))
= 7'+ (z'y)'(y2)

(=" + (z'y)") (=" + (y'2))
= ('+z+y)@" +y+7)
= 1L(z'+y+2)

= [[MG)
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Exercise 2.43
(a) B(w,z,y,2) = zyz + yw + 2’2" + zy/

Ew,z,y,2) = z(yz+vy)+yw+1'2

z(y +2) +yw + 2’2

(@) +2) +yw + 2') 2y + 2) +yw + 2)
(' +z+yw+ ) (zy + 2 + z2 + yw)
(w+z' +y +2)(zy +z+ 2 +yw)
(
(
(

w+z' +y + 2)(z + 2 + yw)
w+z' +y +2)(w+z+2)(z+y+72)
g+ +y+2)wtz+y+ )N wtz+y +2) v +z+y+2)

(b) E(a,b,c,d) = (abc + ab') (a'b+ )

E(a,b,c,d) (@ +0+)ad +b)(d +)b+ )

= (d+V+d)d+b+c)d +b+)a+b+ )

23
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Exercise 2.45
fz,y,2) = ] M(0,1,4,6,7)

9(z,y,2) = Zm(O, 1,4,6,7) = HM(2,3,5)
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z
Ctl=Decrement Ctl=Increment
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Table 2.2: Exercise 2.47(b)

Exercise 2.47

(a)

Inputs: Integer z € {0,...,15}, control variable Ctl € {Increment,Decrement}

(x +1) mod 16 if Ctl=Increment

(z —1) mod 16 if Ctl=Decrement

(b) See Table ?? on page ??.

(c) We have to choose a code for z, Ctl and z. Coding z as z = (z3,z2,21,%0) and z as
z = (23, 22, 21, 20), using the conventional binary representation. Coding Ctl as ¢ in binary with 0
meaning Decrement and 1 meaning Increment. Table ?? on page ?? shows the tabular representa-
tion of the switching functions.

Output: z =

The zero sets are:
zero-set(z3)={1,2,3,4,5,6,7,8,16,17,18,19, 20,21, 22,31}
zero-set(z9)={1, 2, 3,4,9,10,11,12,16,17, 18, 23, 24, 25,26, 31}
zero-set(z1)={1,2,5,6,9,10,13, 14, 16, 19, 20, 23, 24, 27,28, 31}
zero-set(z9)={1,3,5,7,9,11,13,15,17,19, 21, 23,25,27,19,31}
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CT3T2 I1X(

00 01 10 11
000 | 1111 0000 0001 0010
001 | 0011 0100 0101 0110
010 | 0111 1000 1001 1010
011 1011 1100 1101 1110
100 | 0001 0010 0011 0100
101 | 0101 0110 0111 1000
110 | 1001 1010 1011 1100
111 1101 1110 1111 0000

(235227Z17Z0)

Table 2.3: Exercise 2.47(c)

Exercise 2.49

(a)

e Inputs: z,y where z,y € {0,1,2,3}

e Output: z € {0,1,2,3,4,6,9}

e Function: z =z -y

(b) The table for the arithmetic function is

[zy[0f1[2]3]
0 J0]0]0]0

1 01123
2 101246
3 013619

(c) considering binary representation for inputs and outputs we obtain the following table:



27
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22 21 20

z3

Yo

Y1

Zo

Z1

10
11
12
13

14
15

one-set(z3) = {15}

one-set(z2)

{10,11,14}

{6,7,9,11,13,14}

{5,7,13,15}

one-set(z1)

one-set(zg)
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Exercise 2.51

a)
e Input: £ — a decimal digit
e QOutput: z — a decimal digit
e Function: z2=9—z

b) The tables for the specified codes are shown in book. Inputs and outputs use the same code.
The exercise asks for only one case, but for the sake of completeness we show the solution for all
four cases.

bl) Tabular description of the function using Excess-6 code.

dec | z = (w3, 22, %1,%0) | 2 = (23, 22,21, %)
0 0110 1111
1 0111 1110
2 1000 1101
3 1001 1100
4 1010 1011
5 1011 1010
6 1100 1001
7 1101 1000
8 1110 0111
9 1111 0110

z3:one-set(6,7,8,9,10,11,12,13), dc-set(0,1,2,3,4,5)
z9:one-set(6,7,8,9,14,15), dc-set(0,1,2,3,4,5)
z1:0ne-set(6,7,10,11,14,15), dc-set(0,1,2,3,4,5)
zp:one-set(6,8,10,12,14), dc-set(0,1,2,3,4,5)

cl) Switching expressions:

23 = .’L‘3.’IJ’2 + .T3$2.’E’1 + mgxgxl
29 = mgngl + xgm'Z:c'l + T3T2T
z1T = I

zy = .’1,‘6

b2) Tabular description of the function using 2-out-of-5 code.

dec | £ = (z4,%3,%2,21,%0) | 2= (24, 23,22, 21, 20)
0 00011 00101
1 11000 01001
2 10100 10001
3 01100 00110
4 10010 01010
5 01010 10010
6 00110 01100
7 10001 10100
8 01001 11000
9 00101 00011
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The dc-set is the same for all output functions and correspond to
dc-set(0,1,2,4,7,8,11,13,14,15,16,19,21,22,23,25,26,27,28,29,30,31)

z4:one-set(20,10,17,9)
z3:one-set(24,18,6,9)
z9:one-set(3,12,6,17)
z1:one-set(12,18,10,5)
zp:one-set(3,24,20,5)

c2) Switching expressions:

Z4
zZ3
22
21

20

! !0 / / ! LA / )
TAT3T2L1 T + TYX3ToL1XT () + T4X3LoL1 T + THT3LHT T
[ A | ) ! !l ! ! )
TAT3THL1 T + TAX3ToL1XT () + T4L3T2L1XTy + T4L3THL L0
1A A / ! ! ! o
T4T3TT1TO + THL3T2XT1 T + T4T3T2T1 Ty + T4L3ToX 1T
/! ! ! ! ! ! ! ! ! /
TYT3T2T1 Ty + T4T3THT1T + T4L3LoT1 T + T4L3T2T1 T

LY | [ !/ !0 !0 /
LTyT3TT1TQ + TaL3THXT 1Ty + T4T3T2L] T + T4L3T2X1 L0

29

b3) Tabular description of the function using 4,3,2,1 code. Since this code allows two representations
for some decimal values (such as 3 or 4) we adopted the representation with least number of 1 bits.

dec | z = (w3, 22, %1,%0) | 2 = (23, 22,21, 2)
0 0000 1110
1 0001 1101
2 0010 1100
3 0100 1010
4 1000 0110
5 0110 1000
6 1010 0100
7 1100 0010
8 1101 0001
9 1110 0000

z3:one-set(0,1,2,3,6), dc-set(3,5,7,9,11,15)
z9:one-set(0,1,2,8,10), dc-set(3,5,7,9,11,15)
z1:one-set(0,4,8,12), dc-set(3,5,7,9,11,15)
zp:one-set(1,13), dc-set(3,5,7,9,11,15)

c3) Switching expressions:

23
22
21

20

[ !0 ! / !0 [
= I3Toxy + L3ToX1Ly + T3T2X1 Ly + T3L9LTo

[P ! ! [ A !
T3TyT] + T3T9T1Ty + T3T9XT1 Ty + T3T2T1X0

[P A | ! 1! !l !l
T3ToT1Ty + T3TLaX 1Ty + L3T9XL1To + T3T2T1 X

[ !
= X3T9x1Xo + T3T2T{Xo

b4) Tabular description of the function using 8,-2,2,-1 code.
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dec | z = (v3,%2,%1,%0) | z = (23,22, 21,20)
0 0000 1011
1 0011 1000
2 0010 1001
3 1101 1110
4 1100 1111
5 1111 1100
6 1110 1101
7 1001 0010
8 1000 0011
9 1011 0000

z3:one-set(0,2,3,12,13,14,15), dc-set(1,4,5,6,7,10)
z9:one-set(12,13,14,15), dc-set(1,4,5,6,7,10)
z1:0ne-set(0,8,9,12,13), dc-set(1,4,5,6,7,10)
zp:one-set(0,2,8,12,14), dc-set(1,4,5,6,7,10)

c4) Switching expressions:

1! N R A |
23 = T3To+ T3Tox1 + T3Tox Xy
zy = X2
AR wﬁ

20 - .'L'O
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Exercise 2.53
Let the inputs be ¢ and b and the output w and z, all hexadecimal integers. A high-level description
is

_Jaifa>b
Y= b otherwise

_Jaifa<d
"] botherwise

b) In the radix-2 representation all bit-vectors have four bits.

a = (a3,a2,a1,0a0), b= (bs,ba,b1,bo)

z = (23,22,21,20) w = (w3, ws,wi,wp)

For the binary description we use the intermediate variables g, e, and s obtained from a comparison
of a and b, so that

z; = ai(g—l—e)—l—bis
w; = bi(g+e)+as

Switching expressions for g, e, and s are

/ / / ’
= a3b3 + 63a2b2 + 6362(11[)1 + 636261(10[)0
= €3€2€1€

! !
s = ge

where e; = a;b; + alb]
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Exercise 2.55
The combinational comparator module compares hexadecimal digits a and b. The output z has
three values called G, E, and S. A high-level specification is

G ifa>bd
z={ E ifa=05b
S ifa<bd

A tabular representation of this function is given next:

QOO QA2 QO QA QOO H v~

QOO QR OO QA QA0 H| v w|

QOO QRO QRO Q| H n wn v w

QI Q| Q| Q| Q| Q| Q22RO H| v val va| L

QOO QR QO QIR H w| v Ul wn W

QI QIO Q Q| QA Q| EH v L v wn L Lo

QO QD QA QIE| W wn| L v v nf

—_
jes}
—_
=
—_
N
—_
w
—_
>~
—_
(S}

D e oo N|o|al x| w v~ of e

—
N

—
w

,_.
S

Q| EH| | | | | | | | | || | | L
| | | | | | | | | ||| || | W

[lEDlRcs|ROIR IR IR IRPIRPIR IR IR IR IR IR PIRE)

O Q| Q| H| »r| tn| »r| tr| wr| | r| L] a| L] Lr| tr

Q| QD Q| = | tn| | tn| 1| | Lr| 1| Lr| Lr| ta

QOO QD H| | | tn| tn| tn| tr| tn| tn| tn|

QDD DD Q| EH | | | | | | v | wn|w

QO D QI QO H w»nr|wr|wrn w v v vl wl|cw

QOQOAOAQ QOO OAOeH|e

—_
ot

For the binary description, digit a is represented by the vector ¢ = (a3, a2,a1,a¢) and digit b is
represented by b = (bs, ba, b1,bp). We encode the output variable z using 3 bits as follows:

Z ‘ z9 z1 Z0
G|1 0 O
E{0 1 O
S0 0 1

We can derive switching expressions for the outputs considering the equality variable e; (bits a;
and b; are equal) and the conditional conditional expressions. The switching expressions are:

/ / / /
29 = a3b3 + 830,2()2 + 6362&1()1 + 836261a0bo
21 = e3exe1€g

! ! ! !
zZo = b3a3 + €3b2a2 + 6362[)1(1,1 + 636261b0a0

where e; = alb, + a;b;, equality function.



