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Abstract— Low-cost finite impulse response (FIR) designs 

are presented using the concept of faithfully rounded 

truncated multipliers. Here the optimization of bit width and 

hardware resources without sacrificing the frequency 

response and output signal precision are considered. In this 

multiple constant multiplication/accumulation (MCMA) is 

used to reduce the area, which reduces the cost and power 

dissipation and hardware resources also reduced. The 

MCMA module is realized by accumulating all the partial 

products (PPs) where unnecessary PP bits (PPBs) are 

removed without affecting the final precision of the outputs. 

The bit widths of all the filter coefficients are minimized 

using non uniform quantization with unequal word lengths 

in order to reduce the hardware cost while still satisfying the 

specification of the frequency response. 
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I. INTRODUCTION 

There are two basic FIR filter structures: direct form and 

transposed form, as shown in Fig (3.1) for a linear-phase 

even-order FIR filter. In the direct form in Fig (3.1) the 

multiple constant multiplication (MCM)/accumulation 

(MCMA) module performs the concurrent multiplications of 

individual delayed signals and respective filter coefficients, 

followed by accumulation of all the products. Thus, the 

operands of the multipliers in MCMA are delayed input 

signals x [n−i] and coefficients. 

 
Fig (3.1): Structures of linear-phase even-order FIR 

filter direct form 
The low-cost implementations of FIR filters based 

on the direct structure in Fig (3.1) with faithfully rounded 

truncated multipliers. The MCMA module is realized by 

accumulating all the partial products (PPs) where 

unnecessary PP bits (PPBs) are removed without affecting 

the final precision of the outputs. The bit widths of all the 

filter coefficients are minimized using nonuniform 

quantization with unequal word lengths in order to reduce 

the hardware cost while still satisfying the specification of 

the frequency response.  

 
Fig (3.2): Structures of linear-phase even-order FIR 

filters transposed form 

In the transposed form in Fig (3.2) the operands of 

the multipliers in the MCM module are the current input 

signal x(n) and coefficients. The results of individual 

constant multiplications go through structure adders and 

delay elements. In the past decades, there are many papers 

on the designs and implementations of low-cost or high-

speed FIR filters.  

II. BINARY MULTIPLICATION 

In the binary number system the digits, called bits, are 

limited to the set [0, 1]. The result of multiplying any binary 

number by a single binary bit is either 0, or the original 

number. This makes forming the intermediate partial-

products simple and efficient. Summing these partial-

products is the time consuming task for binary multipliers. 

One logical approach is to form the partial-products one at a 

time and sum them as they are generated. Often 

implemented by software on processors that do not have a 

hardware multiplier, this technique works fine, but is slow 

because at least one machine cycle is required to sum each 

additional partial-product. For applications where this 

approach does not provide enough performance, multipliers 

can be implemented directly in hardware. 

 
Fig. 3.11:.Multiplication 0peration in hardware 

The two main categories of binary multiplication 

include signed and unsigned numbers. Digit multiplication 

is a series of bit shifts and series of bit additions, where the 

two numbers, the multiplicand and the multiplier are 

combined into the result. Considering the bit representation 

of the multiplicand x = xn-1…..x1 x0 and the multiplier y = 

yn-1…..y1y0 in order to form the product up to n shifted 

copies of the multiplicand are to be added for unsigned 

multiplication. The entire process consists of three steps, 

partial product generation, partial product reduction and 

final addition. 
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A. Multiplication Process 

The simplest multiplication operation is to directly calculate 

the product of two numbers by hand. This procedure can be 

divided into three steps: partial product generation, partial 

product reduction and the final addition. To further specify 

the operation process, let us calculate the product of 2 two’s 

complement numbers, for example, 11012 (−310) and 01012 

(510), when computing the product by hand, which can be 

described according to fig (3.12). 

 
Fig (3.12): Multiplication calculations by hand 

The digits are the sign extension bits of the partial 

products. The first operand is called the multiplicand and the 

second the multiplier. The intermediate products are called 

partial products and the final result is called the product. 

However, the multiplication process, when this method is 

directly mapped to hardware, is shown in fig (3.11). As can 

been seen in the figures, the multiplication operation in 

hardware consists of PP generation, PP reduction and final 

addition steps. The two rows before the product are called 

sum and carry bits. The operation of this method is to take 

one of the multiplier bits at a time from right to left, 

multiplying the multiplicand by the single bit of the 

multiplier and shifting the intermediate product one position 

to the left of the earlier intermediate products. 

All the bits of the partial products in each column 

are added to obtain two bits: sum and carry. Finally, the sum 

and carry bits in each column have to be summed. Similarly, 

for the multiplication of an n-bit multiplicand and an m-bit 

multiplier, a product with n + m bits long and m partial 

products can be generated. The method is also called a non-

Booth encoding scheme. 

III. WALLACE TREE MULTIPLIER 

A Wallace tree is an efficient hardware implementation of a 

digital circuit that multiplies two integers, devised by an 

Australian Computer Scientist Chris Wallace in 1964.  

The Wallace tree has three steps: 

 Multiply (that is - AND) each bit of one of the 

arguments, by each bit of the other, yielding 

results. Depending on position of the multiplied 

bits, the wires carry different weights, for example 

wire of bit carrying result of 32 (see explanation of 

weights below). 

 Reduce the number of partial products to two by 

layers of full and half adders. 

 Group the wires in two numbers, and add them 

with a conventional adder. 

The second phase works as follows. As long as 

there are three or more wires with the same weight add a 

following layer: 

 Take any three wires with the same weights and 

input them into a full adder. The result will be an 

output wire of the same weight and an output wire 

with a higher weight for each three input wires. 

 If there are two wires of the same weight left, input 

them into a half adder. 

 If there is just one wire left, connect it to the next 

layer. 

Multiplication of two 4 bit numbers using Wallace 

Tree multiplication, Suppose two numbers are being 

multiplied: 

  a3a2a1a0  X  b3b2b1b0      

               a3b0 a2b0 a1b0 a0b0 

                       a3b1 a2b1 a1b1 a0b1 

              a3b2 a2b2 a1b2 a0b2   

   a3b3 a2b3 a1b3 a0b3 

Arranging the partial products in the form of tree structure 

  a3b3 a2b3 a1b3 a0b3 a0b2 a0b1 a0b0 

           a3b2 a2b2 a1b2 a1b1 a1b0 

                   a3b1 a2b1 a2b0   

                            a3b0  

A. Example for 4bit Multiplication using Wallace tree 

 

IV. PP TRUNCATION AND COMPRESSION 

The FIR filter design in this brief adopts the direct form in 

Fig (2.14) where the MCMA module sums up all the 

products Instead of accumulating individual multiplication 

for each product, it is more efficient to collect all the PPs 

into a single PPB matrix with carry-save addition to reduce 

the height of the matrix to two, followed by a final carry 

propagation adder Fig (2.8). This illustrates the difference of 

individual multiplications and combined multiplication for A 

× B + C × D. In order to avoid the sign extension bits, this 

complement the sign bit of each PP row and add some bias 

constant using the property ¯s = 1− s, where s is the sign bit 

of a PP row all the bias constants are collected into the last 

row in the PPB matrix. The complements of PPBs are 

denoted by white circles with over bars. In the faithfully 

rounded FIR filter implementation, it is required that the 

total error introduced during the arithmetic operations is no 

larger than one unit last place (ULP). 

http://en.wikipedia.org/wiki/Computational_complexity_theory
http://en.wikipedia.org/wiki/Computer_hardware
http://en.wikipedia.org/wiki/Chris_Wallace_%28computer_scientist%29
http://en.wikipedia.org/wiki/Adder_%28electronics%29
http://en.wikipedia.org/wiki/Full_adder
http://en.wikipedia.org/wiki/Half_adder
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Fig (3.14): Truncated multiplier designs using (a) the 

approach and (b) the improved version. 

Truncated multiplier design in so that more PPBs 

can be deleted, leading to smaller area cost. It compares the 

two approaches. In the removal of unnecessary PPBs is 

composed of three processes: deletion, truncation, and 

rounding. Two rows of PPBs are set undeletable because 

they will be removed at the subsequent truncation and 

rounding. The error ranges of deletion, truncation, and 

rounding before and after adding the offset constants are 

given as follows: Fig (3.14)  shows an example of the 

approach , this  propose an improved version of the 

faithfully rounded truncated multiplier design as shown in 

Fig (3.14)Only. 

A. Synthesis results of FIR filter: 

1) Direct Mul FIR Filter 

 

 
2) Indirect Multiplier 
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3) Pra Direct FIR Filter 

 

 

4) Pra indirect fir filter 

 

 

V. CONCLUSION 

It has presented low-cost FIR filter designs by jointly 

considering the optimization of coefficient bit width and 

hardware resources in implementations. Although most prior 

designs are based on the transposed form, we observe that 

the direct FIR structure with faithfully rounded multiple 

constant multiplication or accumulation technique 

(MCMAT) leads to the smallest area cost and power 

consumption. 

            A truncated multiplier was proposed in order to 

reduce the area and delay required by the multiplier used in 

the design of FIR filter. By observing the results obtained so 

far, and comparing with existing work, it can be concluded 

that the proposed truncated multiplier provides an efficient 

solution. The performance provided by different tap fir filter 

using a truncated novel multiplier has been investigated in 

this paper. The analysis shows that fixed width multipliers 

are a suitable replacement for a full width multipliers for the 

design of FIR filters. As increasing bit width the silicon area 

occupation can be reduced. 
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