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Abstract

Multiplication is commonly used arithmetic operation in computers. An algorithm is proposed to perform multiplication of positive num-
bers using law of indices. The two inputs A and B are represented as binary numbers. Iteratively, the number A is multiplied with the
bits in B. The coefficients of the partial products are accumulated. These coefficients are represented as binary numbers, the result coeffi-
cients are calculated. The proposed algorithm is simulated using Quartus 2 tool for two four bit inputs. An improvement in timing by 18%
with comparable power consumption and increased area is observed for input of four bits. The proposed algorithm can be extended for n-

bit inputs.
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1. Introduction

Addition, subtraction, multiplication and division are basic opera-
tions of numbers. [1]. Multiplication finds vast application as in
DCT, matrix operations and various numerical calculations. Algo-
rithms to multiply two binary numbers are proposed in literature
[2, 3, 4,5, 6, 7]. This paper proposes multiplication algorithm for
sign magnitude numbers taking the magnitude only. The two
numbers are viewed as polynomial in binary number system. The
two numbers A and B are inspected for presence of one in various
positions. The coefficients of the resulting product is calculated by
iterating through B for A. The coefficients of the result thus ob-
tained are represented in binary notation, the exponents of the
resultant number are adjusted to obtain the result. The proposed
model is simulated in Quartus2 toolkit. A timing improvement of
18% with increase in area and comparable power consumption is
obtained compared with the multiplication algorithm present in the
tool.

The rest of paper is organized as follows. Mathematical back-
ground is in section 2, proposed algorithm in section 3, simula-
tions in section 4, conclusion in section 5 followed by references.

2. Mathematical Background

Consider binary number of four bits b;0,b,b,, b, € {0, 13. its

numerical value is 0, 2° +1,2% +b, 2" +b,2°. When two

binary numbers of four bits are multiplied, the result contains
maximum exponent of six. This concept can be extended to n-bit
numbers. When two n-bit binary, n>1, numbers are multiplied,
the result has maximum exponent of 2n. The coefficient of terms
is given by the following equations when the input is all ones. The
least significant bit is numbered as one and most significant bit is
numbered 2n.

Coefficient of term 27 is (j+1) if j <N 1)

Coefficient of term 2 is (2n-j) if j >N @)

The maximum coefficient value is (n) 3)

The number of binary digits required to express the maximum
coefficient value is 109, N+1. For the product of two n-bit

binary numbers , n=1, the result has maximum coefficient of one
and minimum coefficient of zero. The number of bits required to
express the maximum coefficient is one in this case.

3. Proposed Model

Consider two four bit binary numbers A and B. Let A=

(a,,a,,a,,a,),B=(b;,0,,b,,b, ). The result =
(F,,Fg T, Ty, s, F,u, Ty ) where I, € {0,1}. The array

C= (C7 1C6,C5C4,C3,C,,Cp, Cy ) stores intermediate results

where C; is decimal number.

. Start

. For i=0to 3 do steps 3-6

. If (a[i] = 0) do steps 4-6

. For j=0to 3 do steps 5-6

. If (b[j] '=0) do steps 6

. Assign c[i+j] = c[i+j] +1

. For k=0to 7 do steps 8-10

. If (c[k] '=0) do steps 9-10

. Express c[K] in binary as P= D, P, P,

10. Letc[k] =0

10. 1f (P, =1) then c[k+2] = c[k+2] + L. If c[k+2] = 2 then
c[k+3] = c[k+3] + 1, c[k+2] =0

it (P, =1) then clk+1] = cfkL] + L. If c[k+1] = 2 then c[k+2]
=c[k+2] + 1, c[k+1] =0
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it (P, =1) then c[k] = c[k} + 1. c[k] = 2 then c[k+1] = c[k+1]

+1,ck]=0

11. For k=0 to 7 do step 12

12. If (c[k] !=0) result[k] = 1

13 Stop

The computational complexity of the above algorithm is of the
order of the square of input number of bits. The above algorithm
can be extended for finding the product of two n-bit numbers in

which case, the time complexity is O(n2 ) The above algorithm

does not produce partial products.

For the algorithm proposed for four bit input, the result has maxi-
mum exponent of six. According to (3) the maximum coefficient
is (3+1) = 4. To represent 4 in binary notation we need three bits.

4. Simulation

Experiments using Verilog code of the proposed model is per-
formed in Quartus 2 toolkit with the parameters given in Table 1.
The proposed model is compared with the in-built multiplication
algorithm supported by the tool. The area, power consumed and
timing results are shown in Table 2. As seen from Table 2 there is
performance improvement of 18% with increase in area and com-
parable power consumption.

Table 1: Simulation Parameters

Parameter Value
Processor family Cyclonell
Device Auto selection by fitter
Package FBGA
Pin count 484
Speed grade Fastest

Table 2: Simulation Results
Description Traditional Proposed
Area (#slices/total 31/14448 42/14448
#slices)
Power 68.57mW 68.60mW
Time 8.118ns 6.598ns

Example: Consider the product of 1010 and 1001. The following

gives the steps in simulating the algorithm given in section 3.

1. A =1010 B = 1001 C is matrix of dimension 8x1. Result is
matrix of dimension 8x1

2. TakingAi=3,j=3,c[6]=1

i=3,j=0,c3]=1
i=1,j =3, c[4] =1
i=1, j=0,c[l] =1

The C matrix is [0,1, 0, 1, 1, 0, 1, 0]

3. Representing elements of C in binary the following is ob-
tained
Cl[6] = 001, c[6]
Cl[4] = 001, c[4]
C[3] = 001, c[3]
C[1] =001, c[1] =1

4. Assiging to Result matrix, the result is [0, 1, 0, 1, 1, 0, 1, 0]
which gives the answer as 01011010.

5. Stop

1
1
1

5. Conclusion

A multiplication algorithm to find the product of two four bit bina-
ry numbers is proposed in this paper. The algorithm finds the coef-
ficients of the product. It expresses the coefficients in binary nota-
tion, calculates the coefficients of the result based on the binary
number. Experiments using Verilog code and Quartus 2 toolkit are
conducted for the proposed model. It is compared with the multi-
plication algorithm supported by the Quartus 2 toolkit. A perfor-
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mance improvement of 18% is observed with increase in area and
comparable power consumption.
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