Journal of Physics: Conference Series

PAPER * OPEN ACCESS You may also like
. . - Stochastic emulation of quantum
Design and Implementation of General Hardware Bloorinms e

B_ M I . I 2n 2n B Daniel Braun and Ronny Muller

Inary u tl p Ier ( X ) ItS - Multiparty quantum random access codes
Debashis Saha and Jakub J. Borkaa

To cite this article: Alaa Ghazi Abdulbagia and Yasir Hashim 2022 J. Phys.: Conf. Ser. 2312 012084 - The Correlation between the Standard
Potentials of Metal Electrodes and Redox
Electrodes
Alexandr |. Chernomorskii

View the article online for updates and enhancements.

@ The Electrochemical Society
\ Advancing solid state lectrochemical science & technology

243rd ECS Meeting with SOFC-XVIII

More than 50 symposia are available!

Present your research and accelerate science

Boston, MA « May 28 — June 2, 2023

Learn more and submit!

This content was downloaded from IP address 185.206.172.59 on 18/10/2022 at 08:30


https://doi.org/10.1088/1742-6596/2312/1/012084
/article/10.1088/1367-2630/ac4b0f
/article/10.1088/1367-2630/ac4b0f
/article/10.1209/0295-5075/128/30005
/article/10.1149/MA2021-02541842mtgabs
/article/10.1149/MA2021-02541842mtgabs
/article/10.1149/MA2021-02541842mtgabs
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjsvhhacC18ZVNcs0R_sphJzPlca75mzJkxs7IrJ043_rwDUmEETip2Hglyp_6uZdffUSciEhnXs3Iie_koLXIO8HMkwN4KvfU4C0AcsL1826nA2L1IK479y5wn2utNGHfU29FV_jQhsq_szJoo0rHwZfqmKHQsWzlR-URhWp9HtZIfoZHiayQ9lDoHpkParRRVN-ALY4JaaNbB5c4IFOOJ4hjjUXDi-ucUfCvZvBe1oZ21USjvZ6-54ZJwuWYsY2rYgrdtyDlYGHB7w1eiLNGoUJ39lAXJysj4AGvKXaeHuZOA&sai=AMfl-YQtIzLHDqOcKOIp3L1DuWYSvy-nMIvJHYvLA3M_o3PT5rBf3_Uh4wY7Kpbo9vbGkXFVbdNXzTm7GN1mktVFhA&sig=Cg0ArKJSzOpwoxkwbWjA&fbs_aeid=[gw_fbsaeid]&adurl=https://ecs.confex.com/ecs/243/cfp.cgi%3Futm_source%3DIOP%26utm_medium%3Dbanner%26utm_campaign%3D243Abstract

ICE4CT2021 IOP Publishing
Journal of Physics: Conference Series 2312(2022) 012084  doi:10.1088/1742-6596/2312/1/012084

Design and Implementation of General Hardware Binary
Multiplier (2" x 2") Bits

Alaa Ghazi Abdulbagia’, Yasir Hashim? *

"Department of Information Technology, Tishk International University, Kurdstan Region, Erbil, Iraq

’Department of Computer Engineering, Tishk International University, Kurdstan Region, Erbil, Iraq

*yasir.hashim@ieee.org

Abstract. In this paper, a new general 2" x 2" bits hardware multiplier based on combinatorial
has been designed, implemented and analysed. First, a new design for circuit to multiply two
binary numbers with 2" bits length, this new design starts with basic 2x2 bits circuit multiplier,
n here equal to 1. Then based on this circuit, the 4x4 bits circuit multiplier has been designed.
And based on 4x4, the 8x8 bits multiplier has been designed and continually the 16x16 bits
multiplier. The final design for general 2"x2" bits multiplier has been presented. All these circuits
have been mathematically proved and tested to get the final results.

1. Introduction

Multiplication hardware circuits is a significant function electronics circuits in arithmetic operations [1-
2]. The multiplication of two binary numbers (2" x 2") bits and then accumulate the product are among
some of the repeatedly used calculation intensive mathematical functions [3-6] presently implemented
in many Digital Signal Processing (DSP) applications such as, convolution, fast Fourier transform,
filtering. The multiplication of two binary numbers (2" x 2") bits also used in microprocessors arithmetic
and logic units. As multiplication process dominates the executions of most mathematical operations in
the most applications of signal processing, so there is a necessity always to design a more powerful
hardware multiplier.

The implementation of hardware for binary multiplier can be distributing in to combinational and
sequential hardware multiplier design. Combinational hardware multipliers are the basic and direct kind
of multiplication. The types of combinational multipliers are Array multipliers, Booth multipliers, and
Wallace Tree Multiplier [7], all of these types depends on the main definition of multiplication that deals
with add and shift operations of numbers to find the final product, while the sequential hardware
multipliers are mainly depends on a one circuit of addition to accumulate the result of multiplication.
The sequential hardware multipliers are the smaller in size than the combinational hardware multipliers
[8-10].

In this paper, a new general 2" x 2" bits hardware multiplier based on combinatorial has been designed,
implemented and analyzed.

2. Design and Test Result of (2" x 2") Bits Multiplier
The design of the new binary multiplier is construct based on the concept of recursive use of hardware
multiplier circuit of 2™! x 2™ bits’ circuit to construct the hardware multiplier of 2" x 2" bits.
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2.1. Design and Test Result of (2 x 2) Bits Multiplier

Firstly, the design will start with two binary numbers A, and B with 2 bits’ length, then 2=2", then n=1,
it is possible to write:

A=2a;+ ay and B =2b;+ b

Where a,, b, are the minimum significant bits and 2a;, 2b; are the most significant bits for the A and B
binary numbers.

Then if we want to calculate the multiplication results (C):

C=A xBthen
221
j=0

While the number of bits for A and B are 2, So the maximum length of C will be 2% =4
Now, the multiplication of 2 x 2 bits can be summarized by Figure 1 below.

X 21 di 20 do 0
2%bo %1 bo 2° ag bo
P -+

21 do b1

C3 C2

Figure 1. Multiplication of 2 x 2 bits

Then the results of multiplication of 2x2 bits can be expressed in terms of Low part (Cr) and High part
(Chu) as following:
CL:2C1+C0 ,CH:2C3+C2

3

C=Z 2/ = 3234 224+ 12+ ¢92°=22Cy+ C,

j=0
Where:
Co = Qg by
c1= ayby+ agby
¢, = ap by + carry{c,}
c3 = carry{c,}
So to implement the logic circuit to execute 2x2 multiplication using LogicCircuit software version
2.21.01.10, and depending on the above mathematical analysis, in it is possible to construct the hardware
circuit of 2 x 2 multiplier using 4 AND Gates (each AND gate behaves like 1 x 1-bit multiplier and 2
Full Adder 1-bit circuits as shown in Figure 2. As illustrated in this circuit, the inputs are A and B as a
2-bits numbers and the output will be 4-bits number, 2-bits low and 2-bits high. As an example to test
this circuit, Figure 3 and Figure 4 represent the results of multiplying 3 by 3 and 3 by 2 in binary form
and the results are 9 and 6.
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Figure 2. Hardware multiplier of 2x2 bits.
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Figure 3. Test of 2x2 bits multiplier, by Appling (11,x115), the result
is (10012) (916).

=

2-bits Bus

2-bits Bus
4-bits Bus

Figure 4. Test of 2x2 bits multiplier, by Appling (11,x10,), the result
is (01102) (616).
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2.2. Design and Test Result of (4 x 4) Bits Multiplier
Following the same design principal of 2X2 bits multiplier, the 4 x 4 bits’ multiplier could be design, so
4=2", then n=2, we can summarize the results to be as following:

A= 224,+ A, ,and B= 22B, + B,

C=AB= (ZZAH+ AL)(ZZBH+ B, )

C=A,B, + 22 (AyB,+ A,By) + 2*AyBy

C=(AB, )+ 22 (A,B, )y + 2% [(AuBL)L + 22(AyB)y + (ALBy), + 22(AL Byl +
2* [(AyBy)L, + 2°(AyBy)n]

C = (AB, ) + 2% [((AyB) + (ABy)1) + (ALB)yl+ 2* [((AyBw + (ALByw) +
(AgBy) ]+ + 2° [(AyBy)ul

In this case we can separate the result (C) into Low and High parts Cy and Ci, and then separate each
part to Low and High as below:

C
C

CL+ 24 CH = CLL + 22 CLH + 24 (CHL + 22 CHH)
CL+ 24 CH = CLL + 22 CLH + 24 CHL + 26 CHH

By comparing the two equations we can conclude that:

C, = (ALB ),

Con = ((AyBL), + (ALBy)) + (ALB)y

Cu, = ((AgB)y + (ALBy)y) + (AuBy)y, + carry {C y}
Cun = (AyBy)y + carry {Cy.}

Those four equations can be realized by the circuit in Figure 5 utilizing the four 2 x 2 Multiplier Circuits
that represents in Figure 2 and five 2-bits parallel Adders. As an example to execute this circuit, Figure
6 shows the results of (1111,x10102) is (1001 01102) (961¢).

2.3. Design and Test Result of (8 x 8) and (16 x 16) Bits Multiplier
Similarly, we can expand the idea to construct 8 x 8 Multiplier, and 16 x 16 Multiplier as shown in the
Figures 7, to 10.

Figure 5. Hardware multiplier of 4x4 bits.
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Figure 6. Test of 4x4 bits multiplier, by Appling (1111,x1010,), the
result is (1001 01102) (9616).
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Figure 7. Hardware multiplier of 8x8 bits.

Figure 8. Test of 8x8 bits multiplier, by Appling (0001 1111,x0001 11115,), the
result is (0000 0011 1100 0001,) (03C1 ).
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Figure 9. Hardware multiplier of 16x16 bits.

Figure 10. Test of 16x16 bits multiplier, by Appling (0000 0001 1111 1110,x0000 0001 1111
11113), the result is (0000 0000 0000 0011 1111 1100 0000 00012) (0003FCO1 ).

2.4. Design of General n x n Bits Multiplier
Let us assume we have the two binary numbers A, and B with maximum bit length of 2".

2n-1 ) 2n—1 )
A= z a]' 2J , B = z b] 2J
j=0 ]=0
2(+1) _q

Then if we want to evaluate C=A x B then C = Z Cj 27
j=0
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So the maximum length of C will be 2"
The hardware circuit should be able to accurately evaluate the bits of C given the bits of A and B.

Each number like A can be separated into two parts with the same length, High part Ag and Low part
Av. Each has a maximum length of 2~ bits such that:

A= 224, + 4,

2n-1 -
A= Z} S aj 2 +Z aj 2 2 iz A, - 1)+12 + aJZ

By comparing the two above equations we can conclude that

2(-D_q

2= _q 2014

AH = Z ) az(n—1)+]- 27 and AL = Z ] aj 2J
j=0 j=0
Ag = aym)_q won e aym-n and Ap = ay;m-1_q e oo ao

Similarly, we can express B also as two parts
B=22"""B, + B,

Now the result of multiplication C = A B can be express in terms of 2 parts and then separate each part
in High and Low also, so we end up with 4 parts:

C — Zz(n)CH + CL — 2[2(n)+2(n—1)]CHH + 22(71)CHL + 22(71—1) CLH + CLL

Now we can evaluate each part of the output C separately in terms of the parts of the inputs A and B

C=AB= ( 22"V, + AL) (22("_1)BH + BL)
c=22"a,By + 22"V 4B, +22"7Y A,B, + A,B,

Now each multiplication term can be further separated into Low and High parts with the length of 2(*~1)
bits:

(n-1)

ALB, = (ALB} ), + 2? ( ' )(ALBL )
n-—1

A By = (ALBy ), + 22( ) (ALBy )u
n-—1

AyB, = (AyB, ), + 22 (AyBL )y

(n-1)
AyBy = (AyBy ), + 27 (AyBy )y
2(71—1)

2 (n-1) 2 (n-1)

¢ = 22" [(AuBi)s + 22" (AyBy)u| + 2
+ 2277 | (ALBy )y + 2277

[(AHBL)L + 2 (AHBL)H]
(ALBy )H] + [(ALBL)L 2207 (ALBL)H]

m) M)y ,(n-1) (n-1) (D]
€ =227 (4B )y + 227 (4B | + [227 7 (AuBL )L + 22" (AyBy )]
+ [Zz(n_l) (ALBy), + 22" (AL By )H] + [(ALBL )L+ 2207V (A.B, )H]

(n-1) (n-1) (n-1)
C=[(ALB.).] + [ 22" (ALBy), + 22 ' (AyBL) + 22 ' (ALB, )H]
2(m) [€D)] m M) L o(n-1)
+ [ (AgB )y + 2% (ALBy)u + 2% " (AyBy )L] + [22 2 (AgBy )1—1]
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C = [(A4,B).] + 22" [((AyBL )L + (A,B)w) + (ALBy).]

(n) () 4y o(n-1)
+ 227 [((AgBL)y + (ALBy)y) + (AyBy) ] + 2712 '

[ (AuBr)H]

By comparing with the equation

(n-1)

C = CLL + 22 CLH + 22(n)CHL + Z[Z(n)+2(n_1)]CHH

We can conclude that

Cr = [(ALBL )L]

Coy = ((AgBy)L + (ALB,)y) + (ALBy),

Cu, = ((AgBy)u + (ALBy)y) + (AyBy ) + Carry{Cry}
Cyn = (AyBy)y + Carry{Cy.}

So we can build the 2" x 2" utilizing four 2! x 2™! multiplier circuits and five 2™ bits Full Adders, as
shown in Figure 11.

Cu

2"1 bits Bus

b @ Parallel
Multip. Adder
Al \ Parallel 27 bits 21 bits Bus
Adder / CwH

2" bits

AL A Multip.
2

2" -bits Bus

2" bits Bus

Parallel

Multip. Adder ChL
iy 2+1bits \ Parallel 2 ;
/ Adder | 2™" bits Bus 2" bits Bus

2™ bits " i! Ei

2" bits Bus

Multip.
2rix oM

BH

2" bits Bus
CHH

Mixer of multiple
lines into 2™ bits Bus

Parallel
Adder
2" bits

-

Figure 11. General 2" x 2" Hardware Multiplier Circuit.
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3. Conclusion

This paper discussed the designing, analyzing and testing of general binary multiplier with bits’ length
of 2". the methodology of this new hardware design has been depends on building of a new basic 2x2
bits multiplier then based on this circuit proceed to build the more bits’ length multiplier circuits. All
designed circuits have been mathematically analyzed and then tested.
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