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Abstract—Multiplier plays an important role in digital signal processing circuits. It requires considerable power and area. 
Normally a fixed width multiplier is used to reduce the power and area occupied by the multiplier on a chip. The proposed 
method consists of designing a fixed width multiplier using booth algorithm. It simplifies structure of multiplier to reduce 
power and improve performance of the circuit. Fixed width multiplier receives two numbers, each of n bit long and produces 
an n bit product. The direct truncation of least significant part of the product produces the large error in the resultant product 
if fixed width output is the requirement. This paper proposes a truncation error reducing logic that is multi-level conditional 
probability (MLCP) which considerably reduces truncation error. 
 
Index Terms— MLCP, booth multiplier, fixed width multiplier, truncation.  
 
I. INTRODUCTION 
 
In many Digital Signal Processing (DSP) 
applications, Moving Picture Expert Group (MPEG) 
coding and multimedia application requires a 
fixed-width multiplier for operation elements in 
internal multiplications. This signifies the importance 
of fixed-width multiplier. The fixed-width multiplier, 
however, truncates half of the output width of the 
multiplier. This produces truncation error. In 
fixed-width multiplier, the multiplication of an n-bit 
multiplier by an n-bit multiplicand produces an n-bit 
result. The fixed-width multiplier with highest 
accuracy is called a post truncated (P-T) multiplier. It 
truncates half of the LSBs results after calculating all 
products. A P-T multiplier requires a large circuit area 
for calculating truncation products. By contrast, a 
direct-truncated (D-T) multiplier truncates half of the 
LSBs products directly to conserve circuit area, but 
produces a large truncation error. To achieve a 
balanced design between accuracy (P-T) and area cost 
(D-T), several researchers have presented various 
error-compensated circuits to reduce the truncation 
errors in Baugh–Wooley (BW) multipliers [2]–[6] and 
Booth multipliers [7]–[17]. The multipliers have a 
smaller truncation error than that of BW multipliers 
[13]. Therefore, many previous works have focused on 
the compensation circuits in Booth multipliers 
[7]–[17]. Song et al has shown that the Booth 
algorithm is widely used in the implementation of 
ASIC-oriented circuits due to a higher-speed with a 
smaller. The modified Booth algorithm was proposed 
by the Mac Sorley [1] in which a triplet of bits is 
scanned at a time. It is well known that the recoding 
technique of the modified Booth algorithm has two 
main advantages. First one is that almost half the 
partial products compared to the Baugh-Wooley 
multiplier can be saved. Hence, the number of rows of  

the partial product array can be reduced by 2. The 
second one is that, based on the first advantage, the 
critical delay time can be shorter than that of the 
Baugh-Wooley multiplier. 
This study proposes a Multi level conditional 
probability (MLCP) method for reducing the 
truncation error in a fixed-width Booth multiplier. 
The MLCP formula is derived from the probabilistic 
analysis in the partial product array after the Booth 
encoder.  
 
II. MODIFIED BOOTH MULTIPLIER 
 
Consider the multiplication of two n-bit signed 
number 

 
The modified booth encoding groups the bits of the 
multiplier into triplets, as shown in Figgure 1, B can 
be expressed as   
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 Where b-1  = 0 and Mi ϵ {-2,-1,0,1,3}                       
 
Based on the encoded results shown in Table 1, the 
Booth encoder and the partial product generation 
circuit, as shown in Figure 2,  are adopted to choose 
one of the multiple multiplicand -2A, -A, 0, A and 2A 
for generating each partial product row PPi where 0≤ 
I ≤ n/2-1 and aj bar is the complement of aj (0≤ j ≤ 
n-1). As shown in Table I, left shifting of A by one bit 
produces 2A. For negation, each bit of A is inverted 
and an extra binary value ‘1’ is added to the LSB of 
next partial product row. Adding ‘1’ can be 
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considered as a correlation bit Cori which indicates 
that partial product is PPi is positive if cori=0 or 
negative if cori=1. Further, the sign bit for partial 
product row must be extended up to (2n-1) bit 
position because each PPi row is represented in two’s 
complementation. 
 
III.  PROPOSED FIXED WIDTH MODIFIED 

BOOTH MULTIPLIER  
 
The values of partial product bits are mainly 
dependent on the outputs of Booth encoders. Firstly a 
relation between the outputs of Booth encoders is 
explored and then the carry value is propagated from 
TP to MP. 

 
Table 1: Modified Booth Encoding Table 

 
 
Next, an effective and easy error compensation 
function is derived. It takes the outputs of Booth 
encoders as inputs and then generates the equal carry 
value. It reduces the truncation error and makes the 
error distribution as symmetric and centralized as 
possible. Finally, an easy and fast compensation 
circuit is designed to form an accurate fixed-width 
multiplier, as shown in Figure 3.  

 

 
Figure 1:  Modified Booth Recoding 

 
The quantized product PQ for a fixed-width multiplier 
can be expressed as follows. 

p = pQ = mp + tp = mp + σ.2i    (5) 

Where mp is the main part of multiplier, which uses 
real partial products to calculate results; tP is the 
truncation part, which is truncated using fixed width 
multiplication. The σ represents a compensated bias of 
the MLCP estimator. It consists of TPmj and TPmi 
parts as a result of rounding operation. 

 
Figure 2: Partial product generation circuit 

 
Figure 4 shows that the truncation part can be 
partitioned into group set (G) and column set (C). The 
groups in C can be defined as -  

 

 
Figure 3: Block diagram of the proposed booth multiplier 

 
Figure 4:  Truncation part considering w = 3 
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Fixed width multiplier can be effectively implemented 
by using FIR filter structure. General FIR filer 
performs ordinary multiplication of co-efficient and 
input without considering the length. Thus the 
multiplier structure can be improved by replacing the 
existing multiplier with the proposed new structure of 
fixed width. 
 
IV. SIMULATION RESULT 
 
In these section simulation results of the above 
described technique is presented. The results are 
simulated by using of XILINX ISE 13.1. The 

simulations tests carried out on the XILINX ISE 13.1 
version are indicated in Figure 5, as a screen shots for 
chosen examples input numbers. 
 
CONCLUSION 
 
In this paper, a reduced error fixed-width modified 
Booth multiplier is proposed. In the proposed 
multiplier, the partial product matrix multiplier was 
slightly modified and an error compensation function 
was derived. Simulation results show that the 
proposed fixed-width modified Booth multiplier using 
MLCP can improve the performance of error 
parameter. The mean-square error  

Figure 5: FIR Filter output from simulation tests 
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has considerably reduced for newly implemented 
structure. This justifies the new design for proposed 
circuit. 
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