e-ISSN 1607-3274 PagioenexrpoHika, iHpopmaTuka, ynpasiinss. 2020. Ne 1
p-ISSN 2313-688X Radio Electronics, Computer Science, Control. 2020. Ne 1

UDC 004.3

LUT BASED FREDKIN GATE

Tyurin S. F. — Dr. Sc., Professor, Professor of the Automation and Telemechanic Department, Perm National
Research Polytechnic University, Perm, Russia; Professor of the Software Computing Systems Department, Perm State
University, Perm, Russia.

ABSTRACT

Context. The concept of existing computers when achieving nanoscale hardware has almost exhausted itself. This also applies to
computing power and related energy costs. Reversible computing, for example billiard-ball computer, is the base model of the
quantum computing which are considered to be the prospect of IT technology. Billiard-ball computing is energy-effective computing
or green computing. Base of such paradigm are special logic gates. However, the mathematical apparatus for creating such
computers has not yet been fully developed. The problem is that for new reversible elements that have a one-to-one correspondence
between inputs and outputs, the application of well-known methods of analysis and synthesis encounters certain difficulties. So, for
example, it is forbidden to use branching, which significantly complicates the synthesis. Reversible elements should provide signal
transmission in the forward and reverse directions, which is in principle feasible in binary logic based on tri-states buffers, but

significantly complicates the device, increases the crystal area and power consumption, which they are designed to reduce.
Objective. The goal of the work is the analysis of the functionally complete reversible gates that named Toffoli gate, Fredkin
gate, the analysis of the binary full adder, based on Fredkin gates and to design method for circuits based proposed gate.
Methods. Analysis of the digital circuits with Boolean algebra. Synthesis digital circuits with proposed decomposition method.
Design Fredkin gate in term of the FPGA’s Look up Table. Simulation of proposed element in the system NI Multisim by National

Instruments Electronics Workbench Group.

Results. Analysis of the full adder based on Fredkin gates. Synthesis method of the reversible circuits based on Fredkin gates.

LUT based Fredkin gate and it simulation.

Conclusions. The conducted studies allows us to build circuits based on Fredkin gates from proposed novel elements.
KEYWORDS: Quantum Computing, Logic Function, Fredkin Gate, Shannon decomposition or Boolean factorization.

ABBREVIATIONS
CNF is a Conjunctive Normal Form;
DNF is a Disjunctive Normal Form;
FG is a Fredkin Gate;
FPGA is a Field-Programmable Gate Array;
LUT is a Look up Table of FPGAs;
TG is a Toffoli Gate;
XOR is an exclusive OR.

NOMENCLATURE

A is a third Fredkin Gate (or Toffoli Gate) input;

B is a second Fredkin Gate (or Toffoli Gate) input;
C is a first Fredkin Gate (or Toffoli Gate) input;
F1 is a first Fredkin Gate output;
F2 is a second Fredkin Gate output;
F3 is a third Fredkin Gate input;

g is a “trash” output of an Adder;
J(X X9, X0), = T,h g, v,W... s

function;

k is an iteration variable;

p is a first input/output of an Adder;
q is a second input/output of an Adder;

r is a third input or input carry of an Adder;
S is an additional function;

a decomposition

X X,,...X, are the abstract variables;
Z1 is a first Toffoli Gate output;

Z2 is a second Toffoli Gate output;
Z3 is a third Toffoli Gate output.

INTRODUCTION
Quantum computing is actual area of modern science
and technology [1, 2]. It is believed that quantum
computers, that manipulates g-bits and g-bytes, can give a
sharp leap in the memory size and computing power to
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solve many IT problems in the future. The area of
reversible computation is closely related to these studies
[3]. Reversible computation means that we can reverse
calculation process and get input data, for example to
check out computation. Reversible computation is the
base of green computing. For example, so called “billiard-
ball” computing get energy quants (“balls”), in contrast
traditional computing, only online, so power consumption
is many less. In ideal model the same balls can used many
times and turn back to the source. In Quantum computer,
in special quantum logic balls are Q-bits, but this
paradigm can be successfully used in binary logic, binary
computers and digital circuit. As energy quanta in billiard
computers, you can use charges stored on capacitors. In
addition, it can be used for modeling in quantum devices
design. Reversible computing requires novel reversible
gates, for example binary gates. Some of these elements
are TG, FG. Analyze and synthesis reversible gates
circuits have their own characteristics and difficulties, for
example fan-out problem. However, fan-out restricted
allows solving race hazard problem in digital devices.
Therefore, a detailed examination of these features is of
considerable interest.

The object of study are the elementary Quantum
gates and circuits based on binary Fredkin gates [4, 5].

The purposes of the work are to analyze of the full
adder based on binary Fredkin gates and design binary
Fredkin gates circuits synthesis method based on
proposed element, similar LUT FPGA.

1 PROBLEM STATEMENT
Given: Full adder based on FG [9]. There are five
rows of signals p,q,r, including constants 0,1 and five
reversible elements. The internal structure of the Fredkin
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element is not disclosed. The first p and second ¢ are the
bits (“g-bits” in common case) to be added, the third r is
the input carry (carry in). Some of the outputs (p,q) of the
device repeat the inputs (p,q). There are outputs
parityr @ p@® g and carry outrp Vv rq Vv pq. There is
“trash” output g. Every Fredkin gate has own inputs
C,B,A and outputs F1,F2,F3.

In case C=1, F1=1, F2=A4, F3=B. In case C=0,
F1=0,F2=B,F3=A. In the literature [1-17], the problems
of analyze and synthesis FG-circuits, FG realization in
FPGA are not fully covered. There is no detailed
description in terms of Boolean algebra [18].

It is required: perform Boolean analyze of the FG-
full adder, to propose Boolean synthesis method FG-
circuit for a given logic function, perform to design LUT
based FG and it simulation.

Describe every Fredkin gate input like Boolean
function 4; (p,q.7),B;(p,q,7),C;(p,q,r),i =1..5..

Describe every Fredkin gate output like Boolean

ﬁlnCtiOIlFi.i(p,q,}"),thi(p,q,}"),Fé.i(p,q,r),

Prove that the required parity and carry are formed at
the device outputs.

Based on the analysis, to propose a synthesis method
for a given logical function and verify it by completing
the construction of the circuit from the end. Taking logic
function f(xx,,...x,,) to get

A;(x1x7,..%,)), B; (x1x5,..x,,), C; (x1X,..%,, ), 6
F i (qxy,..x,), F5 ;(%g,..%,), 3 ; (%5,...,).

It is need to design element’s architecture based on
LUT FPGA logic elements and to perform simulate the
proposed element.

2 REVIEW OF THE LITERATURE

Currently rises research in reversible computing, in
quantum computing [1-5]. For the quantum operations
special gates are used. Let us consider how they are
described in the literature [1-9] and obtain in detail the
corresponding Boolean functions.

Toffoli gate TG [9], proposed in 1980, is Control-
Control NOT or CCNOT. Toffoli gate’s conditional
symbol and functions shows Fig. 1 and Table 1.

Minimization of the Toffoli gate’s function Z3 by
Karnaugh map and permutation matrix shows Fig. 1.

Here C,B are control inputs (Fig.1). If C=B=1 gate
works like NOT gate. Otherwise, the repeat function of 4
input is implemented on the Z3 output. Expressions (1)
describes Toffoli gate in DNF:

7,(CBA)=C;
Z,(CBA) =B, 1)
73(CBA) = CAv BAv CBA.
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c z3 0
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c d

Figure 1 — Toffoli gate: a — Conditional Symbol, 4,B,C —
Inputs, Z1,72,73 — outputs; b — C=B=1,4=1,Z3=0;
¢ — C=B=1,4=0,Z3=1; d — if C not equal B, then Z3=A

Table 1 — Toffoli Gate’s Truth Table for the binary logic

Ne C B A Z1 Z2 Z3
0 0 0 0 0 0 0
1 0 0 1 0 0 1
2 0 1 0 0 1 0
3 0 1 1 0 1 1
4 1 0 0 1 0 0
5 1 0 1 1 0 1
6 1 1 0 1 1 1
7 1 1 1 1 1 0
A
B
[ 1 3 2
0 F 1].| o _
| ——1——CA
4 L 5 7 6
0 1 0 [: ] -
l ) T CBA
c -
BA
a
i1 0/0/0 0|0 0 O
0/ 1/0/0 0|0 0 O
0 0|10 0(0 0|0
0 0|0|1 0|0 0O O
0 0|00 1|0 0 O
0 0j0|j0 0|1 0 O
0 0j0|j0 O|O0 O 1
0O 0|0|j0 0|0 1 O
b

Figure 2 — Toffoli gate: a — Truth table as the Karnaugh map;
b — Permutation Matrix

Note that Z3(C14)=CAvCA=C® A

Fredkin gate FG (CSWAP, Controlled swap gate)
proposed supposedly in 1982 together with Toffoli [1-5,
9]. Fredkin gate’s Conditional Symbol and functions
shows Fig. 3 and Table 2.

Minimization of the Fredkin gate’s functions Z2,73 by
Karnaugh maps and permutation matrix shows Fig.4
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A F1 PR W—
B F2 © o
C F3 e => O
a b
—.—

o— O

@—H—> O

c
Figure 3 — Fredkin Gate: a — Conditional Symbol; b — input
green and red balls swapped if C=1 (yellow ball); ¢ — input
green and red balls transit to the same outputs if C=0

Table 2 — Fredkin Gate’s Truth Table for the binary logic

Ne C B A F1 F2 F3
0 0 0 0 0 0 0
1 0 0 1 0 0 1
2 0 1 0 0 1 (1}
3 0 1 1 0 1 1
4 1 0 0 1 0 0
5 1 0 1 1 1 0
6 1 1 0 1 0 1
7 1 1 1 1 1 1
A -
_ ZB/CB
o 1
0 0 1 1 }/
4 5 7 6
0 1 1 0
c
CA
a
A
B
0 1 3 2
o | [ 1) | o
4 5 Tk_‘—:_\CA
o 0 1 )=
CB
(o
b
1/0/ 0/ 0 0O/ 0|00
0/1/0/0/ 0|00 O
0/0|1/0 0|00 O0
0 00|11 OO0 |0
0/0/0|0 /1 0|00
0O/0/0|0 /0|01 0O
0/0| 0|0 0|1 |00
0O 0/ 0/0 O/ O0/0 |1

c
Figure 4 — Fredkin gate: a — Truth table as the Karnaugh
map; b — Permutation Matrix
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Note that the parity is observed in Truth table Fig.4 a:
the number of units is the same at the input and output,
unlike Table 1. Really, in billiard logic it is impossible to
change the number of balls.

Therefore in DNF and Jegalkin Form (Polinom)
present expressions (2):

H=C
F, =CAvCB=CA®CB =
(CAYCB (CA)(CB) = (Cv 4)CBv (CAYC v B) =
=CAv CB; )
Fy=CAvCB=CA®CB=
=(CA)CB v (CA)(CB) = (C v A)CBv (CA)(Cv B) =
=CAvCB.

In F3 C and not C swapped. Let S is additional
Function [9]:
S(CBA)=(A® B)C. 3)

Therefore, we can get expression (4).

F,(CBA)=B®S, A
F(CBA)=A®S. )

Poretsky’s law used CBvB=CvB and common
gluing law ACv ABv CB=CAvCB- expression (5):
(A®B)COB=
=(CABv CAB)Bv (CABv CAB)B =
=CABv (Cv Av BYCv Av B)B =
=CABv (Cv ABv AB)B =
=CABv CBv AB= (5)
= A(CBv B)vCB=
=A(CvB)vCB=
=ACv ABv CB=
=CAv CB.
Similarly, we can prove next:
(ADB)CD A=
=(CABv CAB)Av (CABv CAB)A =
=CABv(Cv AvB)Cv Av B)A=
=CABv(Cv ABv AB)A=
=CABv CAv AB = (6)
=B(CAv A)v CA=
=B(Cv A)vCA=
=CAvCBv AB =

=CBv CA.

Functional completeness not respected for F2,F3. F2
has number 172 and not corresponds Post criterions (exist
truth-preserving and falsity-preserving: saves constants
0.1). F3 has number 202 and not corresponds Post
criterions too (saves constants 0.1). When B=0 for F2, we
get binary number 1000 (conjunction). Conjunction
implementation shows expression (7):
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F,y(CBA) = CAv CB = F,(C0A4) = CA. (7)

When B=1 for F3, we get binary number 1110

(disjunction). Implementation of Disjunction shows
expression (8):
F;(CBA) = CBv CA=> F5(C14)=CBv CA = ®

=CvCA=Cv A
When B=1,4=0 for F2, we get binary number 10

(NOT). Implementation of NOT operation shows
expression (9):
F5(CBA)=CAv CB=>Fy(C10)=C. ©9)

Thus, a Boolean analysis of TG and FG expressions
given in the literature performed. Expressions (7), (8), (9)
describes minimal functional complete sets AND,NOT
(7), (9) or OR,NOT (8),(9).

3 MATERIALS AND METHODS
Let us use Boolean analyze method for the circuit of a
single-bit binary adder based on five Fredkin gates [9] —
Fig. 5.

p —@ P

q T q
r 3¢ carry

sum
0 parity

1 g

Figure 5 — Full adder based on five FG

Note that there are no branches in this circuit. They
are forbidden in reversible logic. Instead, branches are
used repeaters. On the Fig. 5 uses additionally constant
“0” and “1” (ancilla bits).

We get the functions at the output of the first element
(the inputs “p”, 0,1 to the left of the vertical bar, the
outputs F). We get the expression (10):

F(CBA)=C=F ,(p,0,1)=p;
F,(CBA)=CAv CB=> F,,(p,0,1) = pl v p0 = p;

_ - SN0
F,(CBA)=CAv CB= F,(p,0,1) = plv p0=p.

So we have outputs of first gate — Fig. 6.
1 F1.1

5

q
3
r l carry
a4 sum
parity

1 . g
Figure 6 — Analysis of first FG
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Then it is necessary to get outputs of second gate —
expression (11):

F(CBA)=C= Fy (4, p,p) = p;
F5(CBA)=CAvCB= F55(q.p,p)=qpvqp=9®p; (11)
F3(CBA)=CAv CB = F5(q,p,p)=qpVvqp=q®p.

In terms of the Fredkin gate, it sounds like this: bits 0
and 1 are swapped places if the control signal =1 (is set),
that is, when p = 1, signal 0 appears at the output of F1.2,
and at the output of F1.3 appears 1. These crosses mean
“swap”. Analyze of the second element shows Fig. 7.

1 F1.1
p —>@ > p
2 F2.1 q 5
q ® ¢
r carry
4 sum
0 & parity
1 g

=]

qep
Figure 7 — Analysis of second FG
Thus, at the outputs of 2.2, and at the output of F2.3

the input bits 0 and 1 again change places if p = g. We
analyze the third element:

F(CBA)=C= F, (r,(q® p).(g ® p)) =7;
Fy(CBA)=CAv CB=> Fy,(r,(q® p).(q® p) =r(g® p)v r(q® p) =

=r®pdg; (12)
F5(CBA)=CAv CB= Fy5(r,(¢® p),(¢® p)) =r(q® p)vr(g® p)=

=r®pdyq.
Thus, we get Fig. 8.

1 p
r —@ p
2 5 — -
q I 1=

q & @ q rpeqvriPeq

=repeq

rpeq Vv riPeql=
=TFepeq

g
Figure 8 — Analysis of third FG

We see that indeed at the second output of the third
element a sum or a sign of parity is formed, in fact — not
parity. The control signal is the sum »@® p @ g because it

passes in transit to the output (parity). Other signals are
r®&op®q. So forth element
following functions:

and implements the

47
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F(CBA)=C=F,({rop®q},r,{ropdq}) =
=r®pdq;
Fy(CBA)=CAv CB =
Fi(rop®g},r.{r®pdg}) =
(rep@qr®p®gVvr®pdg)r=
=r®pdqr;
F3(CBA)=CAv CB =
Fu;(r®p®@gql,r,{ir®p®q}) =
(rep@q)rdpdgv(r®pdg)r=
=r®pdgvr®pdg)r=
=r®p®q)vr.

The fifth element implements the following functions

(13)

F(CBA) =C = Fs51(q,{r®@p@q)r} {r®p®q)vr})=
=q;
Fy(CBA) = CAv CB = Fs5(q.{(r® p@q)r} {(r® p@q)vr}) =

W@ p@Pvriva(r® p®q)r=

=q(r®&p®qvarvr(r®p®q);
F3(CBA)=CAv CB=
Fs3(q{r®p@qr} {r®p@q)vr}) =
W ®p@q)vrivalr® p@q)r} =
:;gvrgvr;:;@vr(m).

(14)

Therefore gq(r@ p@qg)vgrvr(r®p®gq) - is carry,
r(pq) v r(pv q)—is garbage function. It was analysis.

Now let us solve the inverse problem. Author
proposes synthesis method for FGs circuits with single

output f'(x,x,,...x, ), based on decomposition by 4,B,C

forms (2). First step is selection some variable X;:

Fk_2 =f(x1x2,...xn) =

- (15)
=X;8(x1%y,..%,) V Xih(x1 X7,..X,,).
Therefore, from (15) we can get inputs of last FG:
Cr = x;;
B k= h(xlxz,...xn); (16)

A =g(xy,..x,).
Now regard some input (4 or B), for example, B of
last FG (16) and select new variable x; :

B (= h(x,x,,..x,) = X V(X,X,,...X, ) V
_ (17)
VX W(X X, ,...X,).
So, we have inputs of k-1 FG. If x; #x; it means

that x,— is output of another FG, not /~1 FG, X, - 1S

output of all circuit. Similar steps are performed until the
decomposition functions (g,4,v,w... etc.) become input

variables X,X,,...x, or constants 0.1.
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4 EXPERIMENTS
Now regard synthesis. Let we need to get circuit for
next function on F2 output of the last FG:
4r®p®gvarvir®p@qyr. (18)

It is carry function (12). Conditional FG symbol
shows Fig. 9.

—A  F1}—

—{B F2}l— qgr@peq)varv (rep&q)r

—l1c F3

Figure 9 — Last FG
Let wuse Shannon decomposition or Boolean
factorization to get 4,B,C functions. Select ¢ variable:

(9@ p®g) v grvi(r® p@q)r)v

- _ - (19)
vq(q(r@p@q)vqrv {(r@p@q)r).

Conversing (19) we can get expression (20):
(@ p® v rvir®p@g)r)ve(ir®p@gyr)=

=q(r®@p@®g)vr)ve({r®p@q)r).

Expression (20) means, that inputs FG(k) are next:
C=gq;

B=(r®p®q)r;
A=(r®p@q)vr.

(20

@n

Expression (21) describes outputs of FG(k—1) too. So
we have FG(k) circuit, shows at Fig. 10.

q

—_— A F1 _q
(repeq)r . e —
—1B F2|— q(rep@q)vqrv(repeq)r
(repeq)vr ¢ F3

Figure 10 — FG(k) circuit
Having inputs 4,B,C we can get F3, but we don’t
want. Output F3 is not needed (trash). Getting inputs of
FG(%1) shows factorization by r:

FH.z:”((V@p@q)r)v;((r@p@q)r):

=(rép@qr.
Expression (22) means, that ¢ to the FG(k) transit
from another gate:

(22)

repeq
répaq J q
—a AH—7 A}
r réepaqgr _——_ J—
— B F2 B F2 |— qir®p@q)vqrv (répeqr
repeq | . F3 repeqvr | l

Figure 11 — FG(k) + FG(k—1) circuit

Further, we consider r® p®¢q (C input) and r —
factorization:
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r(r®&p®q)vr(r®p®q)=
~r(rgp~ rapv rap D)
Vr(rapv rap~ rap ) - (3)
=r(gpv ap)v r(gp v qp) =

=r(p@ v r(p®q).
Expression (23) means that k-2
formulas (24):

FG inputs are

C=r
B=p®gq; (24)
A=p®gq.
So Fig. 12 shows a new circuit.
repeq
e e A A=
"1 R [OP2U g F2|— ar@peavarvepear
opeq)|| . g (epe@vr| |
r r
—a F1
p&q repeq
_—8 F2
P | . g|| Ferew
Figure 12 — FG(k) + FG(k—1) + FG(k-2) circuit
Next step is p-factorization:
p(p@q)vp(p®q)=
=p(pav pa)v p(pgv pe)= (25)
= pgv pq.

Fig. 13 shows next circuit according additional
expression (25).

At last, we consider ¢ — factorization and
get F;,_4(g,1,0). So full circuit is shown at Fig. 14.

We see that the inputs of the device are r, p, ¢, 0, 1
and, although we got a slightly different Fig. 5 circuit, it
implements the same functions, namely a full single-bit
adder. The output of the last gate F3 is not used. Output
r® p@gq is parity (sum). It is easy to see that the circuit

is reversible.

repeq

repaq J q g
—-+HAa FA—H—A F1[—

r (réepeqr —_
—HB F2 B FZ — qr@p@q)vqrvrépeqr

rrepeﬁ_ ¢ F3 frepeq)vr e F3

r r

Peq répaq
B

Ppedll . g | rered

p

paq

Q| &
il

Fal] Pee

Figure 13 — FG(k) + FG(k—1)+ FG(k-2) + FG(k-3) circuit
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rep@q

repeq J q q
—+HA FmHH——A Fi}=

r (répeaq)r o — J—
—B F2 B F2|— drepeq)varv(repeqr

{repoﬂ_ ¢ F3 (repeq)vr c Fal

r r
—A A
pé&q repaq
He F
peq] || Tereq)
P P
2
q ®
Hs  rHP®
] | P R

A F1

q
1
-8 Fr2Ha
[

FS_a

Figure 14 — Full FG(k) + FG(k-1)+ FG(k-2) + FG(k-3) +
+FG(k—4) circuit

For example, we can set unit values and “drive” them
from inputs to outputs, using simple rules. If the input
unit C is a logical unit (“ball”), then the signals installed
at inputs 4 and B at the outputs are swapped. If there is a
logical zero at input C (there is no ball), then the signals
installed at inputs 4 and B go to the outputs without
changes. Therefore, at the p=1, g=1, =1 on outputs
“parity” and “carry” are formed 1. This is forward mode.
In the back mode we can install “parity”=1 and “carry”=1
and then “to roll” “balls” to the input p,q,r.

In this mode FG inputs and outputs are swapped:
F1=C; F2=B; F3=A.

5 RESULTS

Based on the above studies, is proposed FG realization

byl-LUT (Fig. 15).
F1
—0
c c

o— oI

b
. v
= ¥
| g |
=

m
=

Figure 15 — Proposed FG realization byl1-LUT

The signal C passes to the output F1 without
changing, and two inverters play the role of a signal
amplifier.

Signals B and 4 are transmitted to the outputs of either
F2 or F3 depending on the value of signal C which
controls the corresponding pass transistors.

1-LUT based FG simulation in Multisim CAD shown
at Fig. 16.
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Figure 16 — 1-LUT based FG simulation in Multisim CAD:

a— C=l1, B=1, A=0; b — C=0, B=1, A=0; ¢ — C=0, B=1,4=1; d — C=0, B=1, A=0; e — C=0, B=0, A=0; f — C=1, B=0, 4=0; g — C=1,

© Tyurin S. F., 2020
DOI 10.15588/1607-3274-2020-1-5

50

B=0, A=1; h— C=1, B=1, A=1



e-ISSN 1607-3274 PapioenexrpoHika, inpopmaTuka, ynpasminss. 2020. Ne 1
p-ISSN 2313-688X Radio Electronics, Computer Science, Control. 2020. Ne 1

6 DISCUSSION

Proposed LUT for one variable has two trees in
different to usual LUT FPGA [18]. Two NOT gates on C
input are needed to restore binary signal from another
gates. Output F1 repeat control input C. Input B can be
connected to the output 2 if C=0 or to the output F3 if
C=1. Input 4 can be connected to the output F3 if C=0 or
to the output F2 if C=1. NOT gates on input B, C and
NOT gates on outputs F2, F3 are needed to restore binary
signal from another gates too.

So there is bijective reflection CBA to F1F2F3
accordingly Truth Table 2. Such useful feature allows
checking out gates in fault tolerant devices [19-21]. This
implementation requires 16 transistors.

Successful simulation of the proposed FG-LUT shows
Fig.16. We see at C=1, B=1, A=0 F1=1, F2=0, F3=1 (B
and A swapped); at C=0, B=1, 4=0 F1=0, F2=1, F3=0; at
C=0, B=1, A=1 F1=0, F2=1, F3=1; at C=0, B=1, A=0
F1=0, F2=1, F3=0; at C=0, B=0, A=0 F1=0, F2=0, F3=0
etc. Table 2 proved.

As it evident from the Fig. 15,16 — this gate works in
one mode “Forward” from the left to right. If we modify
circuit Fig. 15 and include “Back” mode, we shall get
Fig. 17.

Forward

. l_r—DoTD- [ o F1
BackQ .||_:|‘0 Forward
~<HTH | g
1L
-!n_% Forward
Forward l _I_L?a'ﬂ—o F2
B ; Back ' |_:_ L
i L PE
1_ i _‘||_r Forward
Forward l I_Lbn]—o F3
P I
A = Ba?i B 1 _I_L l
ik

Figure 17 — I;roposed 1-LUT based FG with two modes:
Forward and Back

Complexity of modified gate is very larger: 24 (NOT
gates) +16 (pass transistors) = 40 transistors. Therefore,
we must find new ways two modes realization, for
example by tri-states buffers; however, it increase time
delay yet more and power consumption too.

Next discussion direction is using proposed gate in
future CMOS adiabatic logic: how to control “balls” of
power supply for the NOT gates? In addition, there is the
problem of capacitors power supply leaking.

Creating of the fault tolerant reversible logic may be
solve in view including redundancy [21-22] with
considering restriction [23].

CONCLUSIONS
The problem of creating reversible logic gates and
reversible circuits and devices is the point of growing
modern IT. Boolean algebra allows to describe reversible

© Tyurin S. F., 2020
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logic analyses and synthesis, but complexity such math
requires to design new more simply description in terms
“swap” or “not swap” relate each variable.

The scientific novelty of obtained results is that the
proposed synthesis method and proposed gates creates
base for design reversible circuits.

The practical significance of obtained results lies in
the fact that the simulation of the proposed gates
confirmed their effectiveness, which allows you to create
reversible systems in FPGAs.

Prospects for further research are to study the
problem of checking out and diagnosis of gates.
Optimization of the amount repeaters for the fan-out
imitation is interest direction. Design layout of the
proposed gate may be subject of the next article. Design
software for automatic synthesis proposed FG circuits
may be subject of the new science projects.
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YK 004.93

EJJEMEHT ®PEJKIHA HA BA3I LUT
Twopin C. ®. — n-p TexH. Hayk, npodecop, mpodecop kadeapu aBTOMAaTHKH 1 TeneMexaHiku [lepMChKOro HalliOHaJIBHOTO
JOCIIITHUIIBKOTO TOJIiTeXHIYHOro yHiBepcurery, Ilepmb, Pocis; nmpodecop kadenpu maremaruyHoro 3a0es3neueHHs OOYMCIIOBAIBHUX
cucreM [IepMCBKOTO IepKaBHOTO HALliOHAIBHOTO IOCIIJHUIBKOTO yHiBepcutety, [lepmb, Pocis.

AHOTALISA

AxTyanbHicTh. KoHIemNIis icHyr04nX KOMII'IOTEpiB IIpH JOCATHEHHI HAHOPO3MIpiB alapaTHHX 3ac00iB MpakTHYHO Buuepnana cebe. Lle
TaKOXK BIIHOCHUTBCS 10 OOYMCIIOBAILHOI MOTYKHOCTI 1 TIOB’SI3aHUMHU 3 HEIO BUTpaTamu Ha eHeprito. OOOPOTHI OOYMCIICHHS, HAPUKIA],
OUTbsApAHUI KOMI'IOTEp, € 0a30BOK0 MOJECIIF0 KBAaHTOBHUX OOYHCIICHb, sIKi BBaKAOThCS mepcrekTuBor IT-texHomoriit. Binmbspani
oOunciieHHs — 1€ eHeprosdepiratrodi abo eKoJoriyHO 4HCTi oOumcieHHs. OCHOBOIO TaKOl MapaJuIM{ € CIICIiajbHi JIOTIYHI €JIEMEHTH.
OpHak, MaTeMaTHYHUI anapaT JUisi CTBOPEHHSI TAKUX KOMII'IOTEpIB e He MOBHICTIO po3pobienuii. [Ipobiema monsrae B ToMy, IO JUIst
HOBHX OOOPOTHHX E€IIEMEHTIB, SIKi MalOTh B3a€EMHO OJIHO3HAYHY BiIMOBIIHICTH M BXOJaMH 1 BUXOJAMH, 3aCTOCYBaHHS BIIOMHUX METO/IIB
aHaJi3y 1 CHHTE3y CTHKA€ThCsA 3 IMEBHUMH TPyAHOIIAMH. Tak, HampuKiai, 3a00pOHEHO BHKOPHUCTOBYBATH PO3TaNy>KeHHS, IO ICTOTHO
yckiaaHioe cunTe3. OOOpPOTHI eIeMEHTH MOBHHHI 3a0e3MevyBaTH Mepeiady CUTHAIY B MPSIMOMY i 3BOPOTHOMY HaIpsIMKaXx, 1[0 B IPHHIIUITI
MO>IIMBO B JBIHKOBIi Jorimi, 3acHOBaHOI Ha Oydepax 3 TppoMa CTaHAMH, aje 3HAYHO yCKJIAJHIOE IPHCTPiif, 301IbIIye IOy KpucTaia i
€HeprocriOKUBaHHS, SKi BOHU NMOKIMKaHI 3MEHIINTH.

Meta. Metoro aaHoi poOOTH € aHali3 (YHKI[IOHAIBHO 3aBeplIeHUX 00OPOTHHUX BEHTHUIIIB, sKi Ha3BaHi BeHTWIeM Toddoni, BeHTHIeM
Openxina, aHami3 JIOBIYHOTO MOBHOTO CyMaTopa, 3aCHOBAaHOTO Ha BeHTWIAX @DpejkiHa, i 3ampONOHOBAHMN JIOTIYHHN METOJ CHHTE3Y
MIPOEKTYBAaHHS HAa OCHOBI 3aIIPOIIOHOBAHOTO JIOTIYHOTO EJIEMEHTA.

Mertonu. AHamiz nuppoBHX CXeM 3 BHKOpUCTaHHAM OyseBoi anreOpu. CHHTE3 UU(PPOBUX CXEM 3alpPONOHOBAHUM METO/IOM
nexomnosunii. J{uzaitn BenTmins @penkina Ha 6a3i LUT FPGA. MoaentoBaHHs 3arpornoHoBaHoro eieMenra B cuctemi NI Multisim Bix
National Instruments Electronics Workbench Group.

Pe3ysabTaTH. AHamiz HOBHOTO cyMaTtopa Ha OCHOBI BeHTWIiB ®pexnkiHa. Meron cuHTe3y OOOpOTHHX CXEM Ha OCHOBI BEHTHIIIB
®penkina. Benruns Opezxina va ocHoBi LUT i fioro MoienmoBaHHsI.

BucnoBku. [lpoBeneHi JOCHIIKEHHS 103BOJISIIOTH OyAyBaTH CXEMH Ha OCHOBI BeHTWIIB DpenkiHa i3 3amponOHOBaHHUX HOBUX
€JICMEHTIB.

KJIFOUOBI CJIOBA: kBanTOBI 004MCiIeHHs, joriuda yHKIis, BeHtiiabp penkina, pozknananns lllennona 6ynesa dakropuzarms.

YK 004.93
SJIEMEHT ®PEJKHHA HA BA3E LUT
Twopun C. ®. — n-p TexH. Hayk, npodeccop, mpodeccop kKadeapbl aBTOMATHKH U TejeMeXaHUKH [IepMCKOro HalpoHaJIbHOTO
HCCIIEN0BATENbCKOTO  MOJIMTEXHUUECKOro yHuBepcurera, Ilepmb, Poccusi; mpodeccop kadenpsl MareMaTH4ecKoro obecredeHus
BBIYHUCIIUTENIFHBIX cUCTEM [1epMCKOro rocyapcTBEHHOTO HAIIMOHAIBHOTO HCCIIeI0BAaTEIbCKOTO yHUBepcuTeTa, [lepmb, Pocenst.
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12.

AHHOTANUA

AKTyabHOCTh. KoHIENIHA CyIECTBYIOIHMX KOMIIBIOTEPOB IIPU JOCTHKEHHHM HAHOPa3MEPOB allapaTHBIX CPEJCTB NMPAKTUUECKH HMcuepraa
ce0s. DTO TakKe OTHOCUTCS K BBIYHCIHTEIbHOH MOIIHOCTH U CBA3aHHBIMHU C Hel 3aTpaTamMu Ha dHepruro. OOpaTHMble BBIYHCICHHUS, HAIPHMED,
OMIIBSIpIHBINH KOMITBIOTED, SBIIOTCS 6a30BOM MOJEIBI0 KBAHTOBBIX BHIYHCIICHHH, KOTOPBIE cunTaroTcs nepernektuBoii UT-rexnonoruit. buibspaHbie
BBIUHMCIICHUS — 3TO 3HEProcOeperarolue Win 3K0JI0rHYeCKU YMCThIe BhunciIeHUs. OCHOBOMN TaKoi mapajurMbl SBISIOTCS CIELHAIbHBIE JIOTHIECKHE
aneMenThl. OHAKO MaTeMaTHYECKHI ammapaT A CO3aHUs TaKHX KOMIIBIOTEPOB elle He MONHOCTBIO pazpaboran. [Ipobinema 3akimodaercs B TOM,
YTO JUI1 HOBEIX OOpAaTHMBIX JJICMCHTOB, KOTOpBIE MMEIOT B3aHMHO OJHO3HAYHOE COOTBETCTBHE MEXIY BXOJAMH M BBEIXOJAMH, NPUMCHEHHUE
M3BECTHBIX METOJIOB aHAJIN3a U CHHTE3a CTAJKUBACTCS C ONMpeJeTIeHHBIMU TPYAHOCTAMH. Tak, HampuMep, 3ampelieHo UCHONIb30BaTh Pa3BETBICHHUE,
YTO CYLIECTBEHHO YCIOXKHsAET cuHTe3. OOpaTuMBble JJIEMEHThI HODKHBI 00eCIIeunBaTh epeJady CUrHajla B IPSIMOM U 00paTHOM HANpaBICHHAX, YTO B
MIPUHIIAIIE BO3MOXKHO B IBOMYHOM JIOTHIKE, OCHOBaHHOW Ha Oydepax ¢ TpeMsl COCTOSHUSAMH, HO 3HAYUTENILHO YCIOKHAET YCTPOHCTBO, YBEIHINBACT
IUIONIA/b KPHCTAJIA U SHEProNoTpeOIIeHNE, KOTOPbIE OHU MPU3BAHBI YMEHBIIUTh.

Heab. AHanu3 (YHKIMOHAIBHO 3aBEPIICHHBIX OOPAaTMMbBIX BEHTUIICH, KOTOpbIE Ha3BaHbl BeHTHIEM Togdonu, BenTHiaeM PpenkuHa, aHaIu3
JBOMYHOTO MOJHOTO CYMMaTopa, OCHOBAHHOTO Ha BEHTHWIIX PpenkuHa, ¥ MpeUIoKEHHBIH JIOTMYEeCKHil METOJ| CHHTe3a IIPOSKTUPOBAHHS Ha OCHOBE
MPeJUI0KEHHOTO JIOTHYECKOT0 2/1eMEHTa.
Metoapl. AHanu3 HU(GPOBBIX CXEM C HCIIOIb30BaHUEM OyieBoi anreOpbl. CuHTE3 HU(PPOBBIX CXEM MPEIOKEHHBIM METOIOM JIEKOMITO3HIIMH.
Jnzaiin BenTmist @penkuna Ha 6aze LUT FPGA. MonenupoBanue npeuioxkeHHOro ainemenrta B cucteme NI Multisim ot National Instruments
Electronics Workbench Group.
Pe3yibTaThl. AHAIIU3 TOJIHOrO CyMMaropa Ha OcHOBe BeHTWel dpeakrHa. MeTosa cuHTe3a 00paTHMBIX CXEM Ha OCHOBE BeHTHIIeH DpenKuHa.
Bentune @penkuna Ha ocHose LUT u ero mogennposanue.
BriBoasl. IIpoBeneHHbIE HCCIEA0BAHNUS O3BOJISIOT CTPOUTH CXEMbl Ha OCHOBE BeHTHIIeH DpekuHa U3 MpeUI0)KEHHBIX HOBBIX JJIEMEHTOB.
K/IOYEBBIE CJIOBA: KBaHTOBbIC BBIYMCICHUS, Joruueckas QyHkuus, BeHTWwiIb @Dpenkuna, pasnoxeHue lllenHona wiu Oysesa
(axTopu3arus.
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