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Abstract:

This paper presents a novel method for defining, analyzing and implementing the basic combinational circuitry
with minimum number of ternary multiplexers. Multiplexer is used as basic building gate to realize all the
sequential and combinational circuitry which provides complete, concise, implementation-free description of the
ternary functions involved. The method is useful in analyzing the complex ternary functions and reduction of
gate count. This paper also presents a survey on ternary switching algebra.
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1. Introduction

Is it time to move beyond zeroes and ones? This is the title of Bernard Cole article’s published in 2003 on the
official site of the Embedded Development Community [1]. The conclusion is “I think that the economics of
semiconductor manufacturing now is forcing us to move beyond zero and one.... Shouldn't we also take another
look at multi-valued logic?” This very thought brought many researches to work upon multi-valued logic to
bring a new era of technology. This multi-valued logic is focused in this paper recognizing it as a fundamental
advancement in circuit technology.

Multi-valued logics are Logical Calculi in which there are more than two truth values. The first known
classical logician and father of logic was Aristotle who didn't fully accept the law of excluded middle and
admitted that his laws will not apply to future events. Traditionally, in Aristotle's logical calculus, there were
only two possible values (i.e., true and false) for any proposition. The later logicians until the coming of the 20th
century followed Aristotelian logic, which includes or assumes the law of the excluded middle [2]. The Polish
logician and philosopher, Jan Lukasiewicz was a pioneer investigator of multi-valued logic in 1920.The 20th
century brought the extension to classical two-valued logic called n-valued logic for n > 2.

The most popular in the literature are three-valued logic, the finite-valued with more than 3 values and the
infinite-valued (e.g. fuzzy logic) logics. In this paper emphasis is on the three-valued logic, which has three
values (i.e., true, false and intermediate) mathematically. The scope of the paper is to implement the novel idea
to explore the possibilities and advantages in realizing switching circuits which reduces T-gates. Section 2
covers the preliminaries to ternary logic to recognize and to bring out its importance. In Section 3, ternary
switching algebra with the basic operation of T-gates and its conceptual laws and theorems are presented.
Design of combinational and sequential circuits with minimum number of multiplexers are presented in section
4. Section 5 gives the conclusion with future work.

2. Preliminaries Of Ternary Logic

The ternary logic (also called three-valued or trivalent logic and abbreviated 3VL) is a promising alternative to
the conventional binary logic design technique. It is possible for ternary logic to achieve simplicity and energy
efficiency in digital design since the logic reduces the complexity of interconnects and chip area, in turn
reducing the chip delay [4,5]. It offers better utilization of transmission channels because of the higher
information content carried by each line, also gives more efficient error detection and correction codes and
possess potentially higher density of information storage. In principle, MVL can provide a means of increasing
data processing capability per unit chip area. Furthermore, serial and serial-parallel arithmetic operations can be
carried out faster if the ternary logic is employed. One of the main advantages of ternary logic is that it reduces
the number of required computation steps. Since each signal can have three distinct values, the number of digits
required in a ternary family is logs2 times less than that required in binary logic. It is assumed that ternary-logic
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elements can operate at a speed approaching that of the corresponding binary-logic elements. However, if the
ternary and binary logic gates are used to take advantage of their respective merits, performance could be
significantly improved because ternary logic gates are good candidate for decoding block since it requires less
number of gates while binary logic gates are a good candidate for fast computation modules. Thus, ternary
design technique combined with the conventional binary logic gate design technique also provides an excellent
speed and power consumption characteristics in data path circuit such as full adder and multiplier.

In 1964, Alexander showed that natural base (e = 2.71828) is the most efficient radix for implementation of
switching circuits. But it was shown that the most efficient radix is 3 compared to 2. To determine the efficiency
of base, an estimate is required for the amount of circuitry.

P .
Let us assume a mixed number, ) 'Z ;e , where r is the base, n is number of digital positions for fixed
values of M, which is quite realistic for existing types of digital circuitry. The amount of circuitry is directly
proportional to the base. The total number of circuits denoted by N is expressed as N = K™ where K is
proportionality constant. With n digit positions, the number of different numbers which we can represent
isM = r" Taking logarithms, InM =Inr" =n(nr) =K, where K, is constant since M is a constant. This gives
LSS N=k, Kok,
In r . Thus, "Inr *In r . To find the best base we differentiate by r, giving

K[ ry)-17_
Setting derivative to zero gives (CI so that (n r)-1 =0 or InT =1 Thys, the most

efficient base r = ¢ = 2.71828182, where ¢ is called Euler constant [6]. Similarly, r = ¢* =7.389056099 is more
advantageous and most often used base in Electronic computers with digits 0 and 1. The base r = ¢’ =
20.08553692 is more efficient. As the value of radix increases, the information carrying capacity of each
connection also increases. This accounts to say that multi-valued logical systems, for instance, a three-valued
(radix 3) digital realization would be more appropriate than binary.

In real life situations, there is no clear cut binary yes/no requirement. Situations such as yes/no/may be,
open/close/half open or half close, up/down/straight or left/right/straight are encountered in the real world
scenario. On the other hand, there is always an uncertainty in deciding these values, rather, one would come
across situations wherein one has to accept multiple decision values like to what extent the decision may be true
and to what extent the decision may be false [7]. Mathematically, Reliability-Unreliability model as shown in
Fig.1 implies that the reliability will be interpreted with the boundaries 0<R<I. If R=1, it is interpreted to be
absolutely true and if R=0, it is interpreted to be absolutely false. If R being in the vicinity of 0.5 could be
interpreted as neither true nor false and above 0.5 is said to be reliability level and below 0.5 is said to be
unreliability level.

4

Abselutely True
'y

Reliability levels

Neither True nor False _
(Constant)

Unreliability levels

Absolutely False

Fig.1. Truth values Reliability-Unrevliability model

Expanding the existing logic levels to ternary and higher levels as shown in Fig.2, higher processing rates
could be achieved in various applications like memory management, communication throughput and domain
specific computation. An evident advantage of a ternary representation over binary is economy of digits. To
represent a number in binary system, one needs 58% more digits than that of ternary. Ternary representation
admits sign convention also. This is the reason why ternary is casting its applications in the field of Fuzzy logic,
Machine Learning, Artificial Intelligence, Data Mining, Robotics, Digital signal processing, Digital control
systems and Image Processing. It is mainly applied in error correction, New transforms for encoding and
compression, State Assignment, Representation of discrete information, New types of decision diagrams,
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Generalized Algebra, Automatic Theorem proving and in automatic telephony. These benefits have shown to be
useful in the design of ternary computers, for digital filtering [8].

—1

PENTA
LEVELS OF
SWITCHING QUATERMARY
ALGERRA

TERMNARY ALGEBRA l

| BOOLEAN ALGEBRA ]

Fig.2. Levels of switching Algebra

3. Ternary Switching Algebra

Let a system be L whose elements called propositions or statements are valued in the set {0, 1, 2} which is
denoted by Zs. If X is a proposition, the value of X can be seen as a mapping ¥V ' L = {0.1.2 } quch that
2 if X is true
V(X)= 1 if X is intermediate
0 if X is false

Ternary has the logic levels ‘0’ corresponding to logic-0 in binary (also called zero element or low voltage),
‘1’ corresponding to an intermediate stage (also called meta stable state) and ‘2’ corresponds to logic-1 in binary
(also called universal element or high voltage). The intermediate state can be metaphorically thought of as either
true or false. The binary logic is limited to only two states ‘1’ and ‘0’, where as MVL is a set of finite or infinite
number of values. In a standard CMOS process, the three supply voltages are vdd, vdd/2 and ground.

Ternary logic gates are the basic building blocks in realizing combinational and sequential logic functions.
The implementation is based around (bipolar transistors, MOSFETs etc.) a basic switching elements, which is
referred to as T-Gates [9]. The Ternary gate called T-gate qualifies as a universal element in several different
sense. Firstly, it should be logically complete with simple operation. Secondly, it should be easily implemented
with its straightforward construction. Thirdly, it should possess two essential elements that must be embodied in
any logic gate, namely, logic-value thresholding and logic-signal connection of switching [10]. This functional
completeness of T-gate is the property of a set of compositions which enables one to synthesize any arbitrary
switching function within a particular class. There are several algebras available for the design of ternary
switching functions among which, the Post and the Modular algebra have the advantages of similarity with
ordinary algebra.

In system L, a set of operators namely unary and binary are defined. For x, y, z € L, there exists an
equivalence (=) operation [11,12], such that

X=X

Ifx=y,theny=x

Ifx=yandy=zthenx=z

A general ternary inverter (GTI) is a basic unary operator with one input X and three outputs. Therefore, the
implementation of ternary inverter requires three inverters namely negative ternary inverter (NTI), standard or
simple ternary inverter (STI) and positive ternary inverter (PTI) forming an operator set that is complete in logic
sense. This basic ternary inverter is used for constructing ternary AND/NAND, ternary OR/NOR etc. They are
represented and tabulated as shown in Table I and Fig.3.

STI = X'=2-X 1)
— i if X #i
PTI ,NTI = X' = o ‘
{2 -1 if X =1 )

where i takes the value of 2 for PTI and O for the NTI operator. The minus sign represents arithmetic

subtraction.

Cal U] )

Fig.3. Symbols of Ternary Inverter (a) NTI (b) PTI (c) STI
The unary operator like inverter is a function of T *Zs = Zs and a binary operator like min and max has
its ternary extension of f 27 = Z . In general, ternary logical function maps from f 2 = Z- and has

3*" modal functions and 3" combinations.
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Table 1. Function Table For Ternary Inverter

X X' ot | X2 ety | X' (s
0 2 2 2

1 0 2 1

2 0 0

Vol. 2(8), 2010, 3576-3589

When n = 1, one-variable functions f(x) exist with 3 = 27 modal functions called Literals as shown in
Table I Similarly, there are 3° = 19683 two-variable functions and 3’ =76255974849 three-valued
functions [13,14]. Literal is denoted by X , where 21=0,1,2,01,02 and 12 and is defined as given below:

Xii{o if X #1
2 i X =1 Wherei=0,1&2 )

X=X+ X! (4)
X2 =X+ X2 )
X% = X4 X2 (6)
XOI.le;xl (7)
Xﬂl.xOZ:XO (8)
X”eX? = X2 )
X0+ X!+ X? =2 (10)

Table 2. Function Table Of Unary Functions

X X XTI XT [ X2 [ X”
0 |2 [0 |0 [2 0 2
1 |0 [2 |0 [2 2 0
2 10 [0 |2 |O 2 2

It can be proved that the complement or negation of literals (X give the following observed Eq.(12-15)
which are helpful in reduction of ternary gates during implementation. The negation is defined and represented

as shown in Fig.4 and Eq.(11).

—{ o

Fig.4. Symbol for Negation

COMX') or NEGX)=xi =0 IFX=i

U T2 ifX =i (in
X2:X01&XOlzx2 (12)
xlzxoZ&XOZZXl (13)
X0= X" gX?2=xX"° (14)
-2 &2=0 (15)

This observed result is used to show the reduction in gate count and also in simplification of ternary

function.

The operation of addition (+) and multiplication (.) on L, which can be called Ternary OR (TOR) and
Ternary AND (TAND) respectively, represent two multiple input operators. It is represented by following
equations and tabulated as shown in Table 3 and Fig.5 and 6.

Logic Sum or TOR:

X1+X2+...+XH=MAX(XLXZ--,Xn) (16)

Logic Product or TAND:

X1 ox2 oo xn oy KB X2 X0 g

Similarly, TNAND is

X1eX2e. oXn :MIN(Xl‘Xz....OXn) (18)

TNOR is

X1+X2+..+Xn = MAX(XI+X2+..+Xn ) (19)
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Fig.5 .Symbols of MAX operator
(a)NTNOR (b)PTNOR (¢)STNOR and (d)TOR

1> A>T >1->
@ ™ © @

Fig.6.Symbols of MIN operator
(a)NTNAND (b)PTNAND (c)STNAND and (d)TAND

Clearly (L, +,.) is a distributive lattice with zero element(0) and universal element(2) [15-18]. Thus the
following laws hold for any x, y, z€ L:
Idempotent: X+X=X X®X=X
Commutative: X+Y=Y+X Xey=yeX
Associative: (X+Y)+Z=X+(Y+Z)
X® (YoZ)=(X®Y)®Z
Absorption: X+Xe®Y=X Xe® (X+Y)=X
Distributive: X+Y ® Z= (X+Y) ® (X+Z)
X® Y+Z)=X®Y+X®Z
It is evident that laws of identity elements, holds here.

X+0=X (20)
X+0=0 1)
X+2=2 (22)
X+2=X (23)
X « 1= I(for cases X # 0) (24)

X+1 = I(for cases X 7 2) & 2(for x=2) (25)
DeMorgan's Theorem holds for ternary logic when the three types of inverters are used.

(X +Y) =xTev? (26)
(X oY) =X"4Y" @7)
(X +Y)=X"ev! (28)
(X ey Y= X'+Y! (29)
(X +Y )Y =X?eY? (30)
()(oiY)Z:X2+Y72 (31)
X7 = x (32)

Ternary Ex-OR function is mod-3 addition of ternary numbers. Modulo-3 sum is the sum of two integers
ignoring the carry digits in the addition. Modulo-3 addition is an important function, since so many redundant

code techniques use half-adding functions [19,20]. It is denoted and expressed as given in Fig.7 and Table 4.
X ®Y = MODSUM (X.Y)=(X +Y)mod3 (33

@ ®) © P
Fig.7. Symbols of MODULO SUM operator
(2)NTEQV (b)PTEQV (c)STEQV and (d)TEXOR

Ternary functions of one or more variables may be represented in truth table or K-map form or algebraically
in canonical form as a product of sum or sum of product. According to Expansion theorem [21], any ternary
function f(X1.X2,...,Xn) may be generated from (XI, X2,...,Xn) by means of (+), (.) and the unary functions
X® X' X? asgiven below:
fXL,X2, ..., Xn) =2 * Fo(XL,X2 ..... Xn) + 1 *F,(Xi,X2, ....x n) + 0 * Fo(XLX 2 ..... Xn)
ie,f=2¢F,+1+F +0¢F, (34)

where Fy equals 2, when value of the function f equals k, otherwise, it is 0. Applying equations (21) and (23)
to the above equation, the function may be represented by
f=F,+1 ¢ F; for canonical Sum of Product form and f= F, ¢ (1+ F,) for canonical Product of Sum form.
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4. Design Of Ternary Circuits

An approach for implementing ternary function is to convert given ternary variable into unary variable using
ternary to unary decoder as shown in Fig.8. The other circuit design and concepts can also be found in reference
[22-27].

X1 TERNARY TO F

N UNARY DECODER T-GATE
Xn —3

Fig.8. Implementation of ternary function

I. Design of decoder and obtaining literals

To design ternary circuits, we start with the design of decoder which is a basic building block as shown in
Fig.9, which operates according to the Table 2.

X— 13DEC —y1 x x!

—x?

Fig.9. Block diagram and Circuit diagram of 1x3 Decoder

= xe
xt w01 Lx—.
x - - o)
L~

Fig.10. Circuit for obtaining Unary functions
A decoder is a combinational circuit that converts the ternary information from n input lines to 3" unique output
lines Design to obtain the literals is also shown in Fig.10.

I1. Design of multiplexer

A ternary multiplexer is a combinational circuit that selects one of the 3" input lines based, on a set of n
selection lines and directs it to a single output line. The design of 3x1 multiplexer (MUX) is as presented in
Fig.11 and operates as given in Table 5. In this paper, 3x1 MUX is taken as a basic building block to explore the
realization of 9x1 MUX, 27x1 MUX, Half Adder, Half Subtractor, Full Adder, Full Subtractor, Multiplier, 1-bit
and 2-bit Comparator, 1-bit and 2-bit Position shifter and Barrel shifter.

S
DECODER

Io

Io——0
I ——13X1 MUX  — OUT

L—,

Sf I

XXX

Fig.11. Block diagram and circuit diagram of 3x1 MUX

I11. Design of 9x1 MUX using 3x1 MUX

A 9x1 MUX is built using four 3x1 MUX as shown in Fig.12 and functions as given in Table 6. A 9x1 MUX
selects one among the 9 inputs based on 2 select lines.

[l‘l ()

i 1 3X1 MUX

1z .

So L

Ia o o 0
L — 5, 3X1 MUX J.3x2 mux  [OYT
Is o .
So 2 2
Is IS S
I 3x1 mux
Is

So

Fig.12. Block diagram of 9x1 MUX
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IV. Design of Half Adder using 3x1 MUX

A ternary half adder (HA) is a circuit that adds two bits and generates a sum and carry using Modulo-3
addition. There are two inputs and two outputs and, consequently, two decoders are required. The half adder
functions as shown in Table 7 can be realized as given in Fig.13(a-c) using 3x1 MUX.

a~Bo 1 2 s~ Bo 1 2
0 1 2 0
1[1 ] 1 T
2l 2 1 2 1 1
=2 fr

Fig.13(a). K-maps for Half Adder
fs=A"B+A'B'+A’B+1.(AB'+A'B+A’B?)  (35)
fe=1.(A’B'+ABY)=1.(A’B" + A" B?) (36)
The gate count for half adder is fs+fc=9+6=15 but we have reduced the gate count to 9+4=13 using negation.

DECODER 1 DECODER I

1 CARRY

AT Al AT B? B! B°

Fig.13(b). Circuit diagram of Half Adder

A B
B— 0 —f3
SUM
i caamux =" A axa mux |—
: i 1 o) CARRY
[ 1 ° : S
sumM CARRY '-\1 A I

Fig.13(c). Block diagram of half adder using 3x1 MUX
V. Design of Half Subtractor using 3x1 MUX

Ternary half subtractor (HS) is a circuit that will subtract one from the other number (i.e., A-B) and generate
a difference and borrow using ternary logic. The half subtractor function is as shown in Table 8 and can be
realized as given in Fig.14(a-c) using 3x1 mux.
fd=A’B'+A'B*+A’B"+1.(A'B*+A’B'+A"B?)  (37)
fbo=1.(A’B'>+A"B*)=1.(A"B * + A’ B?) (38)
The gate count for half subtractor is fd-+fb=9+6=15 but using negation we reduced the gate count to 9+4=13.

.B .B
A 2 1 A 1 1

1 z 1
2 1

i FN
Fig.14(a). K-maps for Half Subtractor

DECODER I DECODER

DIFFERENCE

.E s; I: BORIROW
L L -

Circuit for Half Subtractor using 3x1 MUX

Fig.14(b).

A B

| b | ED”I
HALF LN = IE}'JMMU: -
sumcn | A L | e BAON

[l

\ A

I '
DIFFERENCE  BARROW

Fig.14(c). Block diagram for Half Subtractor using 3x1 MUX
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V1. Design of Full Adder using 3x1 MUX

A full adder (FA) is a circuit that will add three bits and generates a sum and a carry. Fig.15(a-b) shows the
design of full adder realization with 3x1mux functioning according to Table 9.

fs=A’B’C’+A'B'C*+A’B’C’*+A'B°C'+AB'C'+A’B’C'+AB’C*+A’B' C*+A'B*C*+ 1.(A'B'C*+A'BC’
+A’B’C+AB’C'+A’B'C'+A'B*C'+A?B’C*+A'B' C*+AB*C?) (39)
fo=A’B’C*+1.(B”C*+B’C*+A’C*+A"C*+A’B'C*+A’B’C*+A'B’C*+A'B!CY) =
A’B’C*+1.(B? CH+B*C° +AC" + A" C*+A’B'C+A’B*C™+A'B’C*+A'B'C") (40)
The gate count for full adder is fs+fc=21+11=32 but using negation we reduced the gate count to 21+15=36.
A N A B
! 11 T2zl T2 11
1 L1 f1]! 112 2 ] 112
1Lt frfr]e 7 1 T 21112
tin=0 tin=1 cn= / fe 0 el dnd /g,

Fig.15(a). K-maps for Full Adder

VII. Design of Full Subtractor using 3x1 MUX

Full subtractor (FS) is a circuit that will subtract three bits (i.e., (A-(B-Bin)), and generates a difference and
a borrow. Fig.16(a-b) shows the design of full subtractor realization with 3xImux functioning according to truth
table in Table 10.

fd=A"B°C'+A’B!C*+A’B’C*+A'B’C*+A'B'C'+A'B’C*+A’B°C’+A?B!C*+A?B*C!+ 1.(A"B°C*+A°B!C!
+A'B’C*+A'B'C+A'B’C'+A'B’C'+AZBC'+A’B'C*+A’B*C?) (41)
fo=A"BC3+1. (A CH+AC' A B2H+BC'+B'C2+A B C+A'B'C)=A"B2C2+1.( A* C+A°C " + A? B+B>
a’ +B!C+A'B'C™+A'B!C!) (42)

The gate count for full subtractor is fd+fb=21+15=36 but using negation we have reduced the gate count to
21+11=32.

2 [1]1 1121 TT1 T
2] ANNEHS e nnEaE 1
1 1ol Al 112111 1
Binel Birel B2 /R g Binl Bl /B

A B Wn ED[\

(]
1

AL .
SUETRACTOR
[
DFFERENCE  BARROW

~
=

)
Fig.16(b). Block diagram and circuit diagram of Full Subtractor using 3x1 MUX

VI1I1I. Design of 1-bit Multiplier using 3x1 MUX

A multiplier multiplies two bits and generates the product. Truth table for multiplier is shown in Table 11
and Fig.17(a-b). The gate count of multiplier is fp+fc=7+2=9.
fp=A’B'+A'B*+1.(A'B'+A’B?) (43)
fe=1.(A’B?) (44)
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. B .. B
A A
1 ]
2 1 1
b fe
Fig.17(a). K-maps for Multiplier
A B
| O—s 0 L]
3¥1 | PRODUCT CARRY
[ gy o D=
D LD
PRODUCT  CARRY al Af

Fig.17(b). Block diagram of Multiplier

IX. Design of 1-bit comparator using 3x1 MUX

A magnitude comparator is a combinational circuit that compares two bits A & B and determines their
relative magnitudes. The comparison of two bits is an operation that determines if one number is greater than,
less than or equal to other number as Fig.18(a-b) and Table 12 shows the design of 1-bit comparator which gives
Y=f(A>B) when en=0, Y=f(A=B) when en=1and Y=f(A<B) when en=2.
f(A>B)=A'B"+A’B+A’B'= A* B"+A’B! (45)
f(A=B) = A°B*+A'B'+A’B? (46)
f(A<B)=A°B'+A'B+A'B’=A"B°’ +A'B*  (47)

The gate count for comparator is 4+4+4=12 but using negation we reduced the gate count to 3+4+3=10.
.B .B .B

A A 5 A 5

2
2 2 2
2

2
fiA=B) f(A-B) HA=B]

Fig.18(a). K-maps for 1-bit Comparator

)
Ly
-c

X

B ]
b 4= mnaux
e
B <o ==
L . 3x<a 1. 3xa _
MU Y

B2 =2 N LK = =
A
- _ enl
X

o > maux

Fig.18(b). Block diagram of 1-bit Comparator

X. Design of 2-bit comparator using 27x1 MUX

The design of 27x1 MUX is designed as building block for the implementation of 2-bit comparator as shown in
Fig.19 and Table 13.

L 27x1 RALIX

T T
A B O

Fig.19. Block diagram of 27xIMUX

The design of 2-bit Comparator is given in the Fig.20(a-d) and Table.XIV which needs three 27x1 MUX and
one 3x1 MUX which selects one of the function. If en=0, Y=f(A;A¢>BBy), if en=1, Y=f(A;A=BBy) and if
en:2, Y:f(A1A0<B1B0).
f(A>B):All BIO +A1z BIO +A|2 BI] +A1z A02 B(?l +A(; B]O BO0 +A12 AO1 B(?J,-AOZ B]O B(?+Ao2 B,O B(; _|_All

Ay By LAl Ay B! By A A B/ Bi_A O AT B LA’ A B(?IJFA&Z B/ By, As B/ By Al A
B, By’ +A12 A, B(;):All BIO+A12 WJFAE A; B_oz’+A_<?. B/ B<§)+A02 B/ B(;‘FAII A §+A12 A, Bg
(48)
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2
f(A:B):A\O A‘:) B,n B(?+A‘0 A(l) Blo B(‘)J,-An A(lz B10 B[lz-|-A11 A(? Bll B[?-{-All A(l) Bll B(1)+A|l AUZ Bll BOJ,_
1
A2 Al B2 B! A’ A BB, A’ A; B’ B(f:[Aoo By LAl B A; Boz],[Af BY A Bl A B
49) Lo
fi\AfB?:AIO B! LA'B}, A B! A’ A) By A BB, A’ A By A} B2B; A BB, A
1 0 2 1 1 2 0 1 2 0 0 0 2 2 2 0 2 1
; Bg '?1 AOIBOI+A21 Ay By _A'B! LA B’ A’A)B; LA BB, A" Ay By A/ BB,
Al Ag By LA A By (50) The gate count of 2-bit comparator is 13+9+13=35
we reduced the gate count to 8+9+9=26.
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XI. Design of 1-bit &2-bit position shifter and Barrel Shifter

The shifter circuit is as designed in Fig.21 and Table 15 which shifts the bits of an n input vector by 1-bit
position to the right. It fills the vacant position on the left side with zero. If S=0, the input is loaded as output
which is said to work in parallel mode, if S=1, the input is shifted by one bit position and if S=2, the input is
shifted by two-bit positions padded by zeros in the left position. The more versatile shifter circuit will be able to
shift by more bit positions at a time. If the bits that are shifted out are placed into the vacated positions on the
left, then the circuit effectively rotates the bits of the input vector by a specified number of bit positions. Such a
circuit is often called a barrel shifter. Barrel shifter works as functioned in the Table 16 and Fig.21(b). The
shifter takes the parallel load for S=0. And for S=1, the output is shifted by one position and values are rotated.
Similarly for S=2, the output is shifted by two bit position and rotated circularly.

(s] (s] W, o W, W,
Yo ° [ ‘ T o ‘ = Wave s
[s] 1 2 [s] 1 2 [s] 1 2
3x1 3x1 3x1
MUX MUX MUX
T T T
Yo Y Y2

Fig.21(a). Block diagram of 1 & 2 bit Position Shifter

Yo=s'w, (51
Y =W +s'wy (52)
Y,=s"wots'w+s?wg (53)
"To |Yz Y le ;.Vu |.Y:' [ T"’: _|Y‘ Yo |s
0o 1 2 o 1 2 0o 1 2
3x1 3Ixl i 3Ix1l -
MUX MUX MUX
] ! ]
Y, Y Y,

Fig.21(b). Block diagram of Barrel Shifter

Yo=s"wyts! Y +sY, (54)
Y =s'w, s Yi+s7Y, (55)
Yo=s"wyts'Y +s%Y, (56)

ISSN: 0975-5462 3585



A.Sathish Kumar et. al. / International Journal of Engineering Science and Technology
Vol. 2(8), 2010, 3576-3589

5. Conclusion

The ternary logic is a promising alternative to the conventional binary logic design technique. The ternary and
binary logic gates can be used to take advantage of their respective merits, to improve performance in terms of
computation speed and power consumption. Expanding the existing logic levels to higher levels higher
processing rates could be achieved. In this paper, we have implemented a technique to reduce the gate count.
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Table 3. Truth Table For Basic Gates

A| B| TAND STNAND PTNAND NTNAND TOR STNOR PTNOR NTNOR
0|0 0 2 2 2 0 2 2 2
0] 1 0 2 2 2 1 1 2 0
0] 2 0 2 2 2 2 0 0 0
110 0 2 2 2 1 1 2 0
111 1 1 2 0 1 1 2 0
112 1 1 2 0 2 0 0 0
210 0 2 2 2 2 0 0 0
211 1 1 2 0 2 0 0 0
212 2 0 0 0 2 0 0 0
Table 4. Operation Table For Modulo Sum 2 1 7
A | B | TXOR | STEQV | PTEQV | NTEQV 2 2 18
0 0 0 2 2 2 Table 7. Function Table Of Half Adder
0 1 1 1 2 0 A B SUM CARRY
0 2 2 0 0 0 0 0 0 0
1 0 1 1 2 0 0 1 1 0
1 1 2 0 0 0 0 2 2 0
1 2 0 2 2 2 1 0 1 0
2 0 2 0 0 0 1 1 2 0
2 1 0 2 2 2 1 2 0 1
2 2 1 1 2 0 2 0 2 0
Table 5. Operation Table Of 3x1 MUX 2 1 0 1
S OuT 2 2 1 1
0 10 Table 8. Function Table Of Half Subtractor
1 D A B DIFF BORR
N B 0 0 0 0
0 1 2 1
Table 6. Function Table Of 9x1 MUX 0 2 1 1
S1 SO ouT 1 0 1 0
0 0 10 1 1 0 0
0 1 11 1 2 2 1
0 2 12 2 0 2 0
1 0 13 2 1 1 0
1 1 14 2 2 0 0
1 2 15
2 0 16
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Table 9. Function Table Of Full Adder
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Table 14. Function Table For 2-Bit Comparator
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Table 16. Function Table For Barrel Shifter

Al | AO | Bl | BO | A>B | A=B | A<B
0 0 0 0 0 2 0
0 0 0 1 0 0 2
0 0 0 2 0 0 2
0 0 1 0 0 0 2
0 0 1 1 0 0 2
0 0 1 2 0 0 2
0 0 2 0 0 0 2
0 0 2 1 0 0 2
0 0 2 2 0 0 2
0 1 0 0 2 0 0
2 2 1 2 2 0 0
2 2 2 0 2 0 0
2 2 2 1 2 0 0
2 2 2 2 0 2 0

Table 15. Function Table For 1-Bit & 2-Bit Position Shifter
X|Y0 | YI | Y2
0 | WO | WI | W2
110 WO | W1
210 0 wo

ISSN: 0975-5462

S YO Y1 Y2
0 (PARALLEL LOAD) wo Wi w2
1 (SHIFT BY 1-BIT POSITION TO | W2 WO W1
RIGHT)
W1 w2 Wwo
W0 Wil w2
2 (SHIFT BY 2-BIT POSITION TO | W1 w2 Wwo
RIGHT)
w2 WO A\t
W0 Wil w2
0 — B B,
0 — [ PR
[ — 0 1 ’ é PO
B, > B! —— 2° —
0o — 00— -
0 0 2
37 5 B 0 —
0" — [Q— 2 —
0 — 2 g -
0 0 — B2
R S 2’ 27x1 MUX
0 27x1 MUX 2 —— 27%x1MUX x
0 — B! —| * 7 OBz—>
2 — 00— 2°
B 2 o —
[ B 0
2 — 0 > ]
Bf 0 0 —
0 — 0 0
— B
E— 0 f,’“”%'
0 — 0 [
2 > B! Byt — ]
2 — 00— 0o —
B 00— 0o —
2 (— o
B§ ” B —— T 7%
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A Ay By A A B, 1 “x0 By
en| 012 Y
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Fig.20(d). Block diagram of 2-bit comparator
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