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ABSTRACT: To avoid the problem of dual 

constant multiplication radix 2
r 

arithmetic is 

applied. Consider a number of M non negative 

constants having bit length N. To form the critical 

path we are going to determine the formulas for 

maximum number of additions, average number 

of additions and maximum number of cascaded 

additions. The problems that are predictable with 

problem size (M, N) is solved by the dual constant 

multiplication radix 2
r
 approach. This radix 2

r
 

approach gives the sub linear routine complexity 

O(M×N/r) where r is the function of (M,N). 

compared to other published DCM algorithms 

this algorithm gives the shortest path in addition. 

In case high complexity problems are occurred it 

is solved by this radix 2
r 

DCM algorithms. At last 

by using the dual constant multiplication radix 2
r
 

algorithm the power is low power is consumed 

and high speed is obtained. 

KEY TERMS: dual constant multiplication, radix 

2
r 
, cascaded additions. 

I.INTRODUCTION 

Multiple constant multiplication is an arithmetic 

operation which consists of set of multiples. This set 

of multiples consists of set of fixed point constants 

given as {C0, C1, C2,L,CM−1}. This constants 

consists of same fixed point variable and it is 

represented as X. The entire operation is based on the 

complexity of the transformations such as FIR, IIR, 

DSP transforms, crypto systems, LTI controllers. For 

the purpose of effective implementation MCM 

should avoid the rapid, compact and low power. To 

avoid this we will use costly multipliers. Coming to 

the hardware implementation we will use the 

multiplier less connections by using the additions, 

subtractions and left shifts. Coming to the addition 

and subtraction it has same area and speed cost but 

shifts are costless compared to both addition and 

subtraction. Here additions, subtractions and shifts 

are realized by the logic gates. So from this we can 

define that the MCM problem is the process of 

finding the minimum number of addition/subtraction 

operations. But the complexity of this process is very 

hard because the solutions that are obtained in this 

are very huge and optimal.  

 

 

 

 

 

 

 

 

At last the multiple constant multiplication approach 

gives reasonable amount of time and sub optimal 

solutions. Up to now we have discussed about the 

MCM the improved version of this approach is 

RADIX 2
r
 SCM. In this compared to MCM the 

determination of the formula for adder-cost (Upb), 

average (Avg), and adder-depth (Ath) are low. In this 

the power will be consumed depending upon the 

value of N if the value of N increases then the power 

will be saved more.  

Radix 2r 
 SCM algorithm gives the sub linear routine 

complexity with respect to N. In SCM radix 2
r
 

algorithm the space required is very small. Basically 

there are two features of radix 2
r
 SCM based 

algorithm they are it consists of huge constants and 

lowest runtime complexity with non digit recording 

algorithm.  Not only this one the more features of 

radix 2
r
 SCM is shown in below table 1. 

 

 
 

 

 
The radix 2

r
 SCM is the base number system that is 

properly given to bit length N of constant to obtain an 

optimal adder cost r1 and lower adder depth r2. 

Depending upon the design requirement the 

expression of r is chosen. r1 is used when area is 

targeted and r2 is used when speed and power is 

concerned. The main purpose of this process is to 

first apply the arithmetic operation to the MCM 

problem. The determination of the formula for adder-

cost (Upb), average (Avg), and adder-depth (Ath) are 

low this one is similar to the determination of the 

SCM. Next is to implementation of actual circuit by 

TABLE. 1 RADIX-2r SCM 

High Speed and Low Power Dual Constant Multiplier 
1
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using the application of radix 2
r
 MCM optimization 

of bench mark FIR filter. 

 
II. RADIX 2

r  
MCM 

The improved version of radix 2
r 

SCM is radix 2
r
 

MCM. In this a single variable X is multiplied with 

the set of M constants { C0, C1, C2,……CM-1} 

having  equal bit size N. Here the each bit constant Ci 

is given as  [(N+1)/r
1
] as well as bit length is given as 

r
1
+1. The partial production generation is obtained by 

adding the maximum number of partial products and 

maximum of 2
r-2

-1 non trivial partial products. The 

below figure (1) shows the partition of n bit constants 

of radix 2r SCM and radix 2r MCM. 

 

 
 

 

 

 
The analytical expression for adder and the adder 

depth is shown in above figure (1). Here in this the 

bit size is same but coming to the applications of the 

MCM the transposed form of the FIR filter 

coefficients will have different bit size. Let us 

consider that the constant Ci having bit size Ni. so 

from this the number of partial products for a set of 

M constants is given as ∑[(N+1)/r
1
]. 

 

III. DUAL CONSTANT LOGIC 
Basically the dual logic constant gives the high 

performance and less delay compared to the other 

multipliers. This is shown in below figure(2). It is 

depend upon the logical operations that are executed. 

It is divided into three layers having particular bit 

size. In case if it consists of 2 bit size then there will 

be 3 parts and for 4 bit size there will be 5 parts. 

Depending upon the bit size parts will be doubled in 

the architecture. The important thing is that the entire 

architecture depends up on the third layer because the 

third layer is depend upon the two operations. Here 

the one level of operation is performed next to the 

other. In this third layer the both AND and XOR 

operations arte performed. In the AND gate one gate 

is used to perform the operation coming to the XOR 

gate fives gates are used to perform the operation. So 

first preference in this architecture is given to the 

AND gate operation and second preference is given 

to the XOR operation. so from this we can say that in 

this entire operation the both AND and XOR 

operations plays very important role. 

 

 
 

 
 

From the below flow chart we can observe that it 

processes by taking two input values. This two input 

values are used for the purpose of reading which is 

known as multiplicand. Now the input registers reads 

the values of both multiplicand and the multiplier. 

These are passed through the dual logic level 

multiplier. 

 
 

 

 
 

FIG. 1  SLICE PARTITIONING OF N-BIT 

CONSTANTS IN RADIX-2R . (A) RADIX-2R SCM, 

(B) RADIX-2R MCM. 

FIG. 2  2 X 2 ARCHITECTURE OF DUAL 

CONSTANT  LOGIC 

FIG. 3 FLOW CHART OF DUAL CONSTANT 

LOGIC 
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As studied earlier that in the dual logic  level 

multiplier two operations will be performed. One is 

AND operation and the another is XOR operation. 

Now,  The product will be selected by the logic 

family after the completion of the multiplication 

process in the multiplier. The entire operation is seen 

in below figure. 3. 
 
                 IV.  RESULTS 

 

 
 

 

 
The below figure (4) shows the schematic view of the 

RTL. From the figure (5) we can observe the absolute 

values of the DCM. 

 

 

 

 

 
From figure (6) we can observe the technology view 

of the DCM and figure (7) shows the output of DCM. 

 

 
 

 
 

 
              V.   CONCLUSION 
As discussed earlier that to avoid the problem of dual 

constant multiplication first radix 2
r 

arithmetic is 

used. After for effective implementation we use the  

SCM based radix 2
r
 is used. For more effective 

implementation we uses the radix 2
r
 DCM is used. In 

this the DCM uses costly multipliers for low power 

consumption and high speed. so compared to others it 

is highly predictable and shorter adder path is 

developed. At last it gives exact values for the adder 

cost and adder depth bounds. 
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