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Use of Symmetric Functions Designed by QCA
Gates for Next Generation IC

Pijush Kanti Bhattacharjee

Abstract—-Different logic gates like MV, NOT, AOI, NNI
etc under QCA nanotechnology are introduced. NNI gate is
highly effective regarding space and speed consideration. Any
Boolean functions, confined in thirteen number standard
Boolean functions, are synthesized by MV and NNI gates or
simply NNI gates alone, eliminating inverter (NOT) gate. A
new method for realizing symmetric functions in binary
reversible logic is introduced. My procedure synthesizes for a
more efficient realization both the unate and non unate
symmetric functions with little “garbage”. The method is used
in a classical logic. I use only 2-inputs and 2-outputs AND-
NAND and OR-NOR cells designed on QCA technology. It
admits a recursive construction. Ultimately I achieve a general
equation for the minimum number of gates required to an
arbitrary number of input variables, causing synthesis of
symmetric function. These symmetric functions consist of
different Boolean functions with adder circuits functions,
subsequently all other combinational circuits like subtractor,
multiplier, divisor, multiplexer, encoder, comparator etc can
be designed by the adder circuit only which ensures next
generation IC design. It provides a significant reduction in
hardware cost and switching delay compared to other existing
techniques.

Index Terms—Majority Voter (MV) gate, And-Or-Inverter
(AOI) gate, Nand-Nor-Inverter (NNI) gate, 2-Inputs and 2-
Outputs AND-NAND (A-NA) gate, 2-Inputs and 2-Outputs
OR-NOR (0O-NO) gate, Symmetric Function.

I. INTRODUCTION

Reversible Quantum Computers (QCs) will be created for
improvement in speed, reducing cost and space etc [1]-[6],
[11]. Reversible are the circuits or the gates that have the
same umber of inputs and outputs and have one-to-one
mappings between vectors of inputs and outputs; thus the
vector of the input states can be uniquely reconstructed from
the vector of the output states. A symmetric function [11]-
[14] means a Boolean function invariant to the permutation
of any of its input variables. Also every Boolean function
can be made symmetric by repeating its input variables. The
application of symmetric function is in enormous field of
the processor (IC) design and in higher mathematics

Pijush Kanti Bhattacharjee is an Assistant Professor in the Department
of Electronics and Communication Engineering, Bengal Institute of
Technology and Management, Santiniketan, P.O. Doranda, West Bengal,
Pin-731236, India. He was an Ex Asssitant Director in the Department of
Telecommunications (DoT), Government of India, India. He has possessed
vast working experience in the field of Telecommunications including
Mobile Communications, Image Processing, VLSI etc during last 29 years.
He is a member of IACSIT, Singapore; CSTA, USA; IAEng, Hongkong.
(phone: +91-33-25954148; email: pijushbhatta 6@hotmail.com)

211

problem solving. Any sort of Boolean functions can be
simplified by symmetric functions. In practical oriented
problem like design of complex circuitry, complex control
systems with different parameters or variables, solving more
variables consisting of functions etc may be done by proper
application of symmetric function.

Fredkin Gate (FG) is a fundamental concept in reversible
and quantum computing, the base of “realization-related”
papers. It has been introduced by Ed Fredkin and Tomasso
Toffoli in 1982 [12], [13].

1) Every Boolean function can be build from (binary)
Fredkin Gates (FGs), such that it has three inputs A, B
and C and three outputs P, Q and R like

P=A

Q=if A then Celse B

R =1if A then B else C

2) Feyman Gates is “Controlled NOT” or “quantum
XOR?”, such gates have two inputs A and B and two
outputs P and Q, they are called linear likewise

P=A

Q=AEXORB

Thus synthesis of symmetric Boolean functions is
achieved by using a simple recursive arrangement of 2-
inputs, 2-outputs AND-NAND (A-NA) and OR-NOR (O-
NO) logic gates realizable with QCA (Quantum Dot
Cellular Automata) technology. It eliminates the use of
NOT or inverter gate which is more costly and spacious as
well as introduced delay in realizing the symmetric function.
By this approach, synthesize symmetric functions can be
implemented for an arbitrary number of input variables. A
general equation for estimating the number of gates (AND-
NAND, OR-NOR etc) required for symmetric function
realization is invented. Further, the proposed technique is
applicable for any symmetric functions either unate or non
unate functions results a logic design with less hardware
cost which drastically reduces the "garbage" compared to
the other existing techniques. In unate symmetric functions,
all variables or literals are either non complemented form,
called unate positive, or complemented form, called unate
negative function.

e. g. X; X, + XpX5 + X5X; —  Unate positive function

X'+ X'+ X;3' —» Unate negative function

In non unate symmetric function, the variables are
complemented or non complemented form i.e. imposing no
restriction of the variable form,
€. g. le Xz’X:; + XIXZ’X:;’ + X1'X2X3’

II. QUANTUM DOT CELLULAR AUTOMATA

QCA (Quantum-dot Cellular Automata) [1]-[10] devices
encode and process binary information as charged arrays of
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charge coupled quantum dots. A quantum cell can be
viewed as a set of four charge containers or dots positioned
at the corners of a square, as shown in Fig. 1. It contains two
extra mobile electrons. The electrons can quantum
mechanically tunnel between dots but can not come out
from the cell and are forced to settle at the corner positions
due to coulomb interaction. Thus, there exists two
equivalent energetically minimal arrangements for the
electrons in a QCA cell (Fig. 1), i.e. the polarization P = +1
(representing logic 1) and P =—1 (representing logic 0).

In Fig. 1, a QCA cell and its binary logic are shown, the
energetically position of the diagonal electrons identifies the
binary logic 0 or 1. This phenomenon is useful in nano
technology which affects high resolution fast electronic
circuits. In this power consumption for changing the charge
of electron is very much less compare to that of general
charge carriers (hole-electron) electronic components.
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(a) Structure of a QCA cell
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(b} Representing a binary digit with the help of two
different polarizations of the localized electrons

Fig. 1. A QCA cell and its binary logic
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Fig. 2. Information propagating through QCA wires

Logic "0"

T
IN
“fede2lRe]

simple NOT

Logic ™" Logic "0"
1k

Tougaw NOT

NOT implementation with QCA

Fig. 3. Implementation of NOT with QCA Gate.

A QCA Cell with its binary logic creates a new direction
in nano technology [1]-[9]. It requires minimum current or
energy to change any state i.e. previous state. Thus, a
minimum recurring cost is effective in this QCA gates

which is highly applicable in super fast processors. Also
power or heat dissipation, electro magnetic wave radiation
etc are very much less in QCA based gates.
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Fig. 4. QCA Majority Voter (MV) Gate

The basic QCA logic elements [1]-[8] include a QCA
wires are shown in Fig. 2, QCA inverter or NOT gate in Fig.
3 and Majority Voter (MV) or Majority Gate (Maj) in Fig. 4.
In diagonal (also called 45°) wire, binary signal alternates
polarization in successive cells. The QCA Majority Voter
(MV) shown in Fig. 4 realizes MV(A, B, C) = Maj(A, B, C)
= AB+BC+CA, outputs ‘1’ if there are two or more s in an
input pattern. The classical AND and OR gates can be
realized with the majority gate by fixing an input as 0 and 1
respectively. The majority gate is not a universal gate. It can
not realize the logical NOT operation. The functionally
complete set is {MV, NOT}. Therefore, the designers have
to use separate QCA cell arrangement for realization of the
logical NOT. The 5-input (A, B, C, D and E) And-Or-
Inverter (AOI) gate [7] with embedded AND, OR and INV
functions has been proposed to provide the universal gate
function. However the AOI suffers from the limitation of
proper separation of input and output binary wires- that is,
in fixing the distances d1, d2 and d3 of Fig. 5.
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Fig. 5. QCA And-Or-Inverter (AOI) Gate.

And-Or-Inverter is not a universal gate. All Boolean
functions can not be designed alone A-O-I gate. Another
drawback of A-O-I gate is that it requires more space and
the A-O-I gates are more complex nature comparing to that
of MV or NOT gates.

Thus to implement MV with NOT functions, a new gate
called Nand-Nor-Inverter (NNI) [1]-[10] is constructed,
where NNI(A, B, C) = MV(A, B, C') = AB+BC+C'A". It is
shown in Fig. 7. The NNI gate is a universal gate and can be
employed for realizing versatile logic functions. It proves to
be as effective as the AOI (And-Or-Inverter) gate and
requires lesser overhead, for setting the variables, than that
of an AOI, while realizing the basic logic gates. NNI gate
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TABLE I. STANDARD BOOLEAN FUNCTIONS REALIZED BY QUANTUM

ensures very less space comparing to that of the other gates
like MV, AOI and inverter (NOT) gate.

GATES

Standard Realization of Functions using different Logic
Functions gates and finally synthesized without
- i B with Serial complemented (NOT) variable or gate.
A N N ) FL=AB'C | FI = MV(MV(0, A, BY), C, 0)
& =5 * : - F1=MV(NNI(l, A, B), C, 0)
S BD0 F1 =NNI(NNI(A, B, 0), C, 1)
F1 = NNI(NNI(C, B, 0), NNI(B, A, C), NNI(B, A,
0))
A 2)F2=AB | F2=MV(A, 0, B)
@ F2 = MV(MV(A', 0, 1), MV(A, B, 0), MV(A, 1, 0))
L B F2 = MV(NNI(A, 0, 0), MV(A, B, 0), MV(A, 1, 0))
¢ - BD-LED F2 = NNI(NNI(A, 1, B), NNI(A, 0, 0), NNI(A, 0, 0))
e 3)F3=ABC | F3=MV(MV(A', 1, 0), MV(B', C, 0), MV(B, C, 0))
12 +A'B'C' | F3=MV(NNI(A, 1, 1), NNI(B, 0, C), MV(B, C, 0))
F3 = NNI(NNI(0, A, 1), NNI(B, 0, C), NNI(B, 1, C))
Fig. 6. Various logic functions realized with AOI Gate 4)F4=ABC | F4=MV(MV(A, B, 1), MV(B', C', 0), MV(A', C, 0))
+AB'C' | F4=MV(NNI(B, 0, C), MV(A, B, 1), NNI(A, C, 1))
F4 = NNI(MV(B, C, 1), MV(A, B, 1), NNI(C, A, 1))
A Truth Table F4 = NNI(NNI(A, 0, B), NNI(B, 0, C), NNI(C, A, 0))
Sl J:i [El’ u': 11? 35 F5 = AB | F5=MV(0, MV(1, A, C'), B)
MISShiG DEFGSTION | g g | 0 + F5=MV(0, NNI(A, 1, C), B)
_,."" + = - olan 1 BC' | F5=MV(MV(A!, B, C'), MV(B, 1, 0), MV(A, B, 0))
B 3 ﬁ 011 1 F5 = NNI(NNI(B, 0, 0), NNI(A, B, C), NNI(A, B, 0))
X Lo o 6) F6 = AB' | F6= MV(MV(A, B, C), MV(A, B, 0), MV(A', B!,
F=A'B+BC"+C'A" i ? é ? +) 1)) ( ( ) ( ) (
c 111 0 A'BC | F6=MV(MV(A, B, C), NNI(B, A, 1), NNI(A, 1, B))
A F6 = NNI(NNI(A, B, 0), MV(A, B, C), MV(A, B,
B EE[}— F = HHI{A,B.C) 0))
C F6 = NNI(NNI(A, 0, B), NNI(B, A, 1), NNI(C, A,
Fig. 7. QCA Nand-Nor-Inverter (NNI) Gate 0))
7)F7=A'BC | F7=MV(MV(A', C, 0), MV(A', B, C'), MV(A, B,
It is shown in Table-I that any Boolean function is TABCTH )
i X i Y A'B'C' F7=MV(NNI(A, C, 1), NNI(A, B, C), NNI(B, A,
realized either by combination of MV and NNI gates or by Q)
NNI gates alone. F7=MV(NNI(A, B, C), MV(A, B, C), NNI(B, 0, C))
F7=MV(MV(A', B, C"), MV(A, B', 1), MV(A', BC,
A. Boolean Functions Synthesis by QCA gates 0))
. . e F7 = NNI(NNI(A, B, 1), NNI(A, B, C), NNI(BC, A,
All Boolean functions which are confined or simplified 0)) NI ) ¢ ) ¢
within thirteen number standard Boolean functions [7], [10]- 8)F8=A F8=MV(A, 0, 1)
[15] are realized in two level implementation by different F8 = NNI(0, A, D)
QCA gates like F = X(f;, f, f}), where F is a Boolean OFI=AB+ | F9=MV(A,B, C)

) . b b T BC  + | F9=MV(MV(A, B, 1), MV(C, 1, 0), MV(A, B, 0))
function, X is a MV or NNI gate, f; is MV(A, B, C) or NNI CA F9 = NNI(NNI(A, 0, B), NNI(1, C, 0), NNI(A, 1, B))
(A, B, C) or A or 0 or 1, in which A, B, C are in 10) F10 = F10=MV(MV(A'", B, 0), I, MV(B', C, 0))
complemented or non complemented literals or variables. AB  + | F10=MV(NNI(A, B, 1), 1, NNI(B, C, 1))

) : . B'C F10 = NNI(NNI(B, A, 0), 1, NNI(C, B, 0))
These standard Boolean functions are synthesized either by F10 = NNI(NNI(B, A, C), NNI(A, 1, B), NNI(C, B,
MV and NNI gates or simply NNI gates only, which is 0))
elaborately explained in Table-1. So, it eliminates the use of 11&1}531 1+= Be g)l)l =MV(MV(A, B, 1), MV(A, B, C), MV(B', C,
inverter or NOT gate.which is prqvided either. by QCA + F11 = NNI(NNI(B, A, C), MV(A, B, 1), MV(B, C,
technology or conventional CMOS in VLSI. This inverter AB'C' 1)
gate takes more chip area. g)l =NNI(NNI(A, 0, B), NNI(B, 0, C), NNI(B, A,
12) F12 = | F12=MV(MV(A, B, 0), MV(A', B', 0), 1)
AB F12 = MV(MV(A, B, 0), NNI(A, 0, B), 1)
III. SYNTHESIS OF SYMMETRIC FUNCTION + A' | F12=NNI(MV(A, B, 1), MV(A, B, 0), 0)
. . . . B' F12 = NNI(NNI(B, A, 1), NNI(A, 0, B), NNI(A, 1,
The symmetric functions are paying attention to the B))
researchers in the field of VLSI and nanotechnology design, 13)F13 = F13=MV(MV(A', B, C'), MV(A, B, C), MV(B', 0,
especially for logic synthesis. A number of synthesis ABC'TAB'C | 1))
techni for Boolean symmetric functions are reported TABCHAB | FI3~MV(MV(A', B, C), MV(A, B, ©), B)
cchnique for Boolean Symmetric functions are reporte C F13 = MV(NNI(A, B, C), MV(A, B, C), NNI(B, 0,
[12]-[15]. I represent a simple cost effective synthesis with 0))
QCA gates for future generation digital design. F13=MV(MV(A', B, C), MV(A, B', 1),
MV(A'BC, AB'C, 1))
A. Symmetric Function F13 =MV(NNI(A', B', 0), NNI(A, B, C),
— . . MV(MV(A', BC, 0), 1, MV(B', AC, 0)))
A switching function f(Xl’Xz, ............ ,Xp) is called totally F13 = NNI(NNI(A, B, 1), NNI(A, B, C),
symmetric with respect to the variables xi, X5, X3,.......... Xns NNI(NNI(A, BC, 1), 0, NNI(B, AC, 1)))

[11]-[15], if it is invariant under any permutation of the
variables.
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Total symmetry can be specified by a set of integers
(called a numbers) A = (aj,.....aj .. ,ay) where A C
(0,1,2,....,n); all the vertices with weight we A will appear
as true minterms in the function.

A n-variable symmetric function is denoted as
S“(ai,.....,aj AAAAAAAAAA ). A symmetric function is called
consecutive, if the set A consists of only consecutive
integers (aj, apiy.eene.... ,a,). It is expressed as S%(a; _ a,)
where I<r.

For n variables, there can be (2""' — 2) different
symmetric functions (excluding constant functions 0 and 1).
Each totally symmetric functions, S"(A) = S"(A|) + S"(Ay)
Foein + S"(A,,), where m is minimum, V i, j, 1< i,j <
m, AiNAj =@ (null), and i # j. Thus, a symmetric function
may be broken in lower order consecutive symmetric
functions keeping all condition same.

IV. METHODOLOGY AND IMPLEMENTATION

I discuss the proposed method of symmetric function
synthesis and its implementation in this section [15]. I use
two type of gates e.g. AND-NAND (A-NA) and OR-NOR
(O-NO) gates. The output of an AND-NAND gate is AND
and NAND functions of the inputs. Similarly, the output of
an OR-NOR gate is OR and NOR functions of the inputs.
The gate is having two inputs and two outputs. These two
gates are the simplest gates of QCA cells under nano
technology. These AND-NAND (A-NA), OR-NOR (O-NO)
gates can be designed by QCA MV and NOT (Inverter)
gates by fixing an input as 0 and 1 of MV gates respectively
and output of MV gate is fed to NOT gates for NAND or
NOR functions. I eliminate the use of NOT or inverter gate
which takes more area, costlier, time and delay consuming.

In the synthesis of symmetric functions, I get all the
combinations of symmetric functions for a particular set of
input variables including unate positive and unate negative
symmetric functions. This becomes a generalized solution
for the symmetric functions realization for any number of
input variables.

A. Method of Synthesis Symmetric Function

First of all, I take 2-inputs and 2-outputs AND-NAND,
OR-NOR gates as shown in Fig. 8.
X2 X1 X2 X1

W .
]

u=X1Xz u=XIX2" Uu=Xi+Xz

u=X1"+X2’
Fig. 8. 2-inputs and 2-outputs AND-NAND Gate (left), 2-inputs and 2-

outputs OR-NOR Gate Circuits (right).

Here, AND-NAND gate and OR-NOR gate are two type
of QCA gates which are designed on nano technology
process. It requires less overhead area and at the same time
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ensures best efficiency in speed.

B. 2-Inputs Symmetric Function Synthesis

For 2-input variables, I take one AND(A)-NAND(NA)
gate and two OR(O)-NOR(NO) gates to get all the
symmetric functions composed by two variables. The
number of symmetric functions consists of two variables as
per (2™ —2) formula are 6 followings:

1) AB=ul=5%2)

2) A4+B'=u2=S%0,1)

3) A+B=u3=S%1,2)

4) A'B'=u4 = S%0)

5) AB+A'B'=u5 = $%0,2)
6) AB+A'B =u6 = S%(1)

The realization of symmetric functions by AND(A)-
NAND(NA) and OR(O)-NOR(NO) gates is shown in Fig. 9.
These QCA based gates are taking minimum space area as
well as minimum power consumed to formulate any type of
symmetric outputs. Therefore, these symmetric functions
realization integrated circuits may be manufactured at a
minimum cost surprising all other type of invented ICs,
especially when it is manufactured at large scale. This type
of symmetric functions synthesis may be implemented in all
other complex circuit solution also.

2 B £, B
A Ha O HO
8 | a4 aupqa |AF
1 L4
w1 — )
o HO

AB+AE L'B+AE
[us) (U

Fig. 9. Symmetric functions circuit diagram for 2-Input variables

For two input variables, I require total three gates, one
AND-NAND gate and two OR-NOR gates and no output
from any gate is garbage output i.e. not belonging to the
symmetric functions. Therefore, this construction of 2-input
symmetric functions is the simplest form and ensures fastest
operation. Since this circuit is not having any extra output
i.e. garbage output, it ultimately curtails the cost of this 2-
input symmetric function IC design. Here half adder
Boolean function for sum is u6 i.e. S*(1) and carry is ul i.e.
S%(2).

C. 3-Inputs Symmetric Function Synthesis

For 3-input variables, I require additional 8 gates to get
all the symmetric functions (14 numbers). So, total 11
number of gates are necessary if starting from 2-input
variables. The numbers of symmetric functions consisting of
three input variables are followings.

1) ABC=u7=S3(3)

2) A+B+C'=u8=S3(0,1,2)

3) A+B+C=u9=S3(1,2,3)

4) A'B'C'=ul0=-S3(0)

5) ABC+A'B'C' =ull =S3(0,3)

6) A'B+AB+A'C+AC+B'C+BC'=ul2 = S3(1,2)
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7) AB+BC+CA =ul3 =S3(2,3)

8) A'B+B'C'+C'A'=ul4=S3(0,1)

9) A'B+B'C'+C'A+ABC = ul5 = S3(0,1,3)
10) A'BC+AB'C+ABC'=ul6=S3(2)

11) AB+BC+CA+A'B'C'=ul7 = S3(0,2,3)

12) AB'C'+A'BC'+A'B'C =ul8 = S3(1)

13) AB'C'+A'BC'+A'B'C+ABC =ul9 = S3(1,3)
14) A'BC+ABC+AB'C+A'B'C' = u20 = S3(0,2)

In Fig. 10, total 2 numbers of AND-NAND gates and 6
numbers of OR-NOR gates are required for construction of
all the symmetric functions (14 numbers) by 3-input
variables and hence total 8 gates are required. Two outputs
from the gate are garbage outputs i.e. not a symmetric
function. Out of 2-garbage outputs, one output is not
associated to act as further input. So, one output is
completely garbage output. The other garbage output is
feeding as input to next stage OR-NOR gate. The efficiency
of the circuit regarding power consumption and speed is the
maximum.

Here Full adder Boolean functions for sum and carry are
ul9 ie. S%(1,3) and ul3 i.e. $%(2,3) respectively. Therefore
the adder circuit outputs are derived from this 3-input
symmetric function synthesis.

C ABUT) ABUy) A+Blul)
| | |
A i, l A NA
uv
UG CiadB)  |oeaE
0 NO) 0 MO
1 ulz ui3 [ i
1 . }
0 RO 0 HO
I [ |
uls 16 w7 ule
0 NO
ula w20

Fig. 10. Symmetric functions circuit diagram for 3-Input variables

D. 4-Inputs Symmetric Function Synthesis

Similarly, I realize the symmetric functions for 4-input
variables. Total numbers of symmetric functions for 4 input
variables (30) are shown below:

1) A+B+C+D=u21 =5%1,2,3,4)

2) A'B'C'D'=u22 =S5%0)

3) ABCD =u23=S%4)

4) A+B+C+D'=u24=S%0,1,2,3)

5) ABCD+A'B'C'D' = u25= $*0,4)

6) A'B+AB+B'C+BC+A'C+AC+A'D+AD'+B'D+BD'+
C'D + CD' = u26 = S$%(1,2,3)

7) ABC+ABD+BCD+ACD =u27= $%(3,4)

8) A'B+B'C+C'A+A'D+B'D+C'D' = u28= $%0,1,2)

9) AB'C+A'BD'+A'C'D+B'C'D'=u29 = S*0,1)

10) AB+BC+CA+AD+BD+CD=u30= $*2,3,4)
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11)A'B+B'C'+C'A'+A'D'+B'D'+C'D'+ABCD=u31=
$%0,1,2,4)

12) A'BCD+AB'CD+ABC'D+ABCD' = u32 = S*(3)

13) ABC'D'+A'BCD'+A'BC'D+AB'CD'+AB'C'D+A'B'CD=
u33=S%2)

14) ABC+ABD+ACD+BCD+A'B'C'+B'C'D'+A'C'D'+A'B'D'
=u34=15%0,3.4,1)

15) ABC+ABD+BCD+ACD+A'B'C'D' = u35 = $%0,3.4)

16) AB'C'+AC'D+A'B'D+A'C'D+A'CD+BC'D'+AB'D'+
A'B'C+B'C'D+B'CD'+A'BD'+A'BC'=u36 = S*(1,2)

17) AB+BC+CA+AD+BD+CD+A'B'C'D'= u37= $%0,2,3,4)

18) AB'C'D+A'BC'D'+A'B'CD'+A'B'C'D = u38 = S*(1)

19) A'B'C'+A'B'D'+A'C'D'+B'C'D'+ABCD =u39=S%(0,1,4)

20) A’ BC+A'CD+A'BD+AB'C+B'CD+AB'D+ABC'+BC'D+
AC'D+ABD'+BCD'+ACD' = u40 = $%(2,3)

21) A'l%CD+AB'CD+ABC’D+ABCD’+A’B’C’D’=u4 1=
S%(0,3)

22)AB'C+AC'D+A'B'D+A'C'D+A'CD'+BC'D'+AB'D'+A'B
'C+B'C'D+B'CD'+A'BD'+A'BC'+ABCD=u42=
S%(1,2,4)

23) ABC'D'+A'BCD+A'BC'D+AB'CD'+AB'C'D+ A'B'CD +
A'B'C'D' = u43 = $%(0,2)

24) ABC+ABD+BCD+ACD+AB'C'D'+A'BC'D'+A'B'CD'+
AB'C'D = ud4 = 5%(1,3.4)

25) A'BC+A'CD+A'BD+AB'C+B'CD+AB'D+ABC+BC'D+
AC'D+ABD+BCD'+ACD'+A'B'C'D' = u45 = $%(0,2,3)

26) AB4'C'D'+A'BC'D'+A'B'CD’+A'B'C’D+ABCD=u46=
S*(1,4)

27)ABC'D'+A'BCD'+A'BC'D+AB'CD'+AB'C'D+ A'B'CD +
ABCD =u47=S"2,4)

28)A'B'C'+A'B'D'+A'C'D+B'C'D'+A'BCD+AB'CD+ABC'D
+ABCD' = u48=5%0,1,3)

29) ABC'D'+A'BCD'+A'BC'D+AB'CD'+AB'C'D+A'B'CD+
ABCD+A'B'C'D' = u49 = $%0,2,4)

30) A'BCD+AB'CD+ABC'D+ABCD'+A'B'C'D+A'B'CD'+A"
BC'D+AB'C'D' = u50= S*(1,3)

I require total 17 gates, out of which total AND-NAND
gates are 3 numbers and OR-NOR gates are 14 numbers for
4 input variables. Fig. 11 shows the circuit diagram of the
realized symmetric functions by taking 4-input variables and
Table-1I indicates the comparison of all the parameters of
symmetric functions realization in a nutshell.

For adding 4-inputs binary variable, the sum is obtained
as u50 or S*(1,3) and the carry is obtained as u27 or S*(3,4)
in symmetric function synthesis. Generally sum of the adder
circuit is appearing at output of the last gate.

V. GENERAL EQUATION OF SYMMETRIC FUNCTION
SYSNTHESIS FOR ANY ARBITRARY NUMBER OF
INPUT VARIABLES

Total numbers of gates are required for two variables are
3, for three variables are 8, for four variables 17 etc. Thus a
general equation for total number of gates requiring is
framed. For n number of input variables, I have (2" — 2)
numbers of symmetric functions, in this case total
(2" + n — 3) number of gates are required. Similarly, for 5
input variables to realize all the 62 numbers symmetric
functions, at least 34 numbers of total gates are required,
accordingly AND-NAND, OR-NOR gates are distributed.

Therefore, maximum optimization is done to have all the
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symmetric functions for an arbitrary number of input
variables (say n variables) by AND-NAND and OR-NOR
gates on QCA based design principle. I achieve a general
equation for requiring the total number of gates (like AND-
NAND, OR-NOR gates) to n number of input variables as
(2"+ n — 3) number of gates. This equation is explained and
modified as below:

If X is the total number of gates requiring for n number of
input variables comprising with (2"'—2) number of
symmetric functions,

X=Q2"+n-3)
or,
Yo [Total No of n- Varlablze Symmetric Function +(n2)]
or,
Y= [Total No of n-variable Symmetric Function N

2
(Number of garbage output )]

Here, (n — 2) is the garbage output. The garbage output is
neither a symmetric function nor fed as further input to the
gates. Thus, the garbage output can not be used further.
Symmetric functions realized for 2 input variables, garbage
output is 0; for 3 inputs, garbage output 1; for 4 inputs
garbage outputs 2; for 5 inputs garbage outputs 3 etc, so
garbage outputs are in AP series, which is clearly indicated
in Table-II.

Again, X =2"+n—3=mn—1)+Q2"—2)
or, X =Number of AND-NAND gates + Number of
OR-NOR gates

I require at least total (n — 1) number of AND-NAND
gates and total (2" — 2) number of OR-NOR gates to have
all the symmetric functions realized by n-input variables.
The detailed comparison of the parameters for symmetric
function synthesis is shown in Table-II.

These symmetric functions yield adder circuit functions
in addition to all other different kind of Boolean functions.
All other combinational circuits like subtractor, multiplier,
divisor, multiplexer, encoder, comparator etc can be
designed by the adder circuit only. Thus it enables to design
next generation IC with higher capacity and processing
speed as well as less power and space consumption.

VI. CONCLUSIONS

Although symmetric functions are difficult to realize
practically with the minimum number of gates, my proposed
design with adoption of QCA technology enlightens a new
direction in the field of symmetric function synthesis.
Ultimately a general solution for minimum number of QCA
gates (AND-NAND and OR-NOR) requiring is invented,
identifying the "garbage" output. Thus QCA based design of
symmetric functions are simulated by AND-NAND, OR-
NOR gates and compared with the results of conventional
CMOS based technique. These symmetric functions provide
different kind of Bollean functions or combinational circuits
with high resolution for next generation IC design. Moore’s
Law is satisfied in the coming age by implementation of

216

symmetric function designed by these special QCA gates
(AND-NAND, OR-NOR). It is also observed that the
implementation of symmetric functions with QCA design is
more advantages than that of CMOS design. In all aspects,
this QCA based design symmetric functions are highly
suitable for higher growth of IC processors which can afford
as a precious element in the coming generation.
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Fig. 11. Symmetric functions circuit diagram for 4-Input variables.

TABLE II. COMPARISON OF SYMMETRIC FUNCTIONS REALIZED BY ANY ARBITRARY NUMBER OF INPUT VARIABLES

Srl Number of Input Total Number Total Total Total Total Total No of
No Variables of Symmetric Number of Number of Number of Number of Garbage
Functions AND- OR-NOR Gates Garbage Output not
NAND gates Outputs act as
gates further
Input
i) 2 6 1 2 3 NIL NIL
i) 3 14 2 6 8 2 1
iii) 4 30 3 14 17 4 2
iv) 5 62 4 30 34 6 3
V) n 2m—2 n—1 2"—2 2"+n—3 2n—4 n—2
217

International Association of
Computer Science and Information Technology
WWW.IACSIT.ORG




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Algerian
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /BaskOldFace
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /FangSong_GB2312
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /FZSTK--GBK1-0
    /FZYTK--GBK1-0
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KaiTi_GB2312
    /Kartika
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LiSu
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /MaturaMTScriptCapitals
    /MicrosoftSansSerif
    /MicrosoftYaHei
    /MingLiU
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MVBoli
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Pristina-Regular
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /STCaiyun
    /Stencil
    /STFangsong
    /STHupo
    /STKaiti
    /STLiti
    /STSong
    /STXihei
    /STXingkai
    /STXinwei
    /STZhongsong
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /YouYuan
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


