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Abstract 

Decimal multiplication is the one of the most important multiplication, nowadays it has the growing demand in the area of 
commercial, financial and for billing calculations in banking sector.  In this parallel decimal multiplication directly we can give the 
Binary coded decimal (BCD) values as input data and the output is as follows, in this algorithm mainly we proposed three methods 
as partial product generation (PPG), partial product reduction (PPR) and signed digit(SD) conversion. Here the digit set conversion 
is used to decrease the area in terms of number of logic gates. First a redundant number system is applied to recode not only 
multiplier, but also multiples of multiplicand signed digit numbers. Reconfigurability and signed digit extensions are carried out for 
both 4-bit and 8-bit input data. 

So for we are using radix-10 booth multiplier for decimal multiplication, but the main motive of this parallel decimal multiplication 
is to optimize area, faster processing by using redundant encoding. The module functionality is described by using verilog HDL and 
the performance issues like area, power and frequency are analysed using the tool called QUARTUS. 

Index Terms— redundant number,  Binary coded decimal (BCD), partial product generation(PPG), partial product reduction(PPR)  and 
signed digit(SD). 

1. INTRODUCTION 

Decimal computer arithmetic is becoming more attractive in the financial and commercial computing area which includes currency 
conversion, billing and banking system, and tax calculation, since its binary counterpart has an inherent defect in aforementioned 
applications. Multiplication is one of the four basic arithmetic operations. An analysis of benchmarks shows that the percentage of 
execution time of decimal multiplication could reach over 27 percent in some applications. Decimal floating-point (DFP) units are 
expected to be embedded in many processors' cores to perform the decimal operation faster than the software packages and with 
higher accuracy. In this algorithm which recodes the multiples into a specific redundant digit-set to reduce the number of the partial 
products and simplify the partial product reduction (PPR) in second method.  In the meantime, the carry propagation penalty in the 
partial product generation (PPG) is avoided. Moreover, in order to reduce partial products, the multi operand SD addition algorithm 
which reduces SD partial products by binary arithmetic units and generates the decimal transfer digit. Finally a digit-set conversion 
algorithm to obtain the result in binary coded decimal (BCD) encoding is introduced. 

 
The main aspects of the decimal multiplication algorithm are listed as follows: A PPG algorithm which creates lower number of bits 
in partial products and single-bit carry for each partial product without carry propagation in entire algorithm. 
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•  A PPR method is based on the decimal multi operand SD addition. 

•  An optimized digit-set conversion algorithm with a hybrid carry prefix network is used to get final step of output BCD 
result. 

Here two input operands and one output product are represented by X, Y and R respectively. The encoding of the signal is indicated 
at the subscript to that operand. For a signal S, the index of a digit in it is indicated by the subscript as Si, and the index of a bit 
inside one digit is indicated by the superscript as Sji . For example, the third bit of the fourth digit of a signal X is represented as 
X23. all indexes are starting from 0. The digit width of the input is n, the product in BCD encoding is in 2n digits, and the bit width 
of the internal signal is expressed by the multiple of n. S represents the signed digit with a negative sign of the value of S. 
Multipliers are based on a new algorithm for decimal carry–save multi operand addition that uses a novel BCD–4221 recoding for 
decimal digits. It significantly improves the area and latency of the partial product reduction tree with respect to previous proposals. 
We also present three schemes for fast and efficient generation of partial products in parallel. The recoding of the BCD–8421 
multiplier operand into minimally redundant signed–digit radix–10, radix–4 and radix–5 representations using new recoders reduces 
the complexity of partial product generation. In addition, SD radix–4 and radix–5 recodings allow the reuse of a conventional 
parallel binary radix–4 multiplier to perform combined binary/ decimal multiplications. Evaluation results show that the proposed 
architectures have interesting area–delay figures compared to conventional Booth radix–4 and radix–8 parallel binary multipliers 
and other representative alternatives for decimal multiplication. Hardware implementation of all the basic radix-10 arithmetic 
operations is evolving as a new trend in the design and implementation of general purpose digital processors. Redundant 
representation of partial products and remainders is common in the multiplication and division hardware algorithms, respectively. 
Carry-free implementation of the more frequent add/subtract operations, with the byproduct of enhancing the speed of multiplication 
and division, is possible with redundant number representation. A new faster decimal signed digit add/sub unit is presented and 
shows how it can be efficiently used in the design of decimal multipliers and dividers, where all operands and results are represented 
with the same redundant digit set [–7, 7]. 

 
2. MULTIPLICATION SCHEME 
 
Here first of all we recode one of the two operands into the digit-set [-5,5] and represent the multiples of the other operand from -5X 
to 5X in the digit-set [-8,8]. By doing so, all the multiples could be obtained in a constant delay, and only n + 1 partial products, 
namely PP, are generated. Furthermore, to reduce the n + 1 levels of partial products into the final SD result, a multilevel multi 
operand SD addition is discussed.  

 
Fig.1.Top level architecture of parallel decimal multiplication . 
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To reduce the delay and area of the hardware in PPR unit, we apply binary arithmetic units and combinational recoders in the multi 
operand SD adder. Finally, a digit-set converter with hybrid carry propagation network is applied to convert the product from SD to 
BCD encoding. In the proposed hybrid prefix tree, we apply different prefix trees with less digit width to construct a big prefix carry 
propagation network. Consequently, in the prefix tree, the levels of prefix nodes after the longest column in the PPR unit are 
reduced. Overall, the structures of the PPG, PPR, and final converter are balanced, and the delay of the proposed multiplier is 
optimized.  
 
In the first stage, the n-digit operand YBCD is recoded into (n+1)-digit YSD in digit-set [-5,5]. The 5-bit “hot one” selection signal 
Ysi for each digit is generated based on the recoded operand, YSD. In the proposed design, only the positive multiples, X through 
5X, are implemented by logic gates. The negative multiples, -X, -2X, -3X, -4X, and -5X, could be represented in the similar way. 
However, to reduce the area of the multiplier, we generate the negative multiples by inverting the sign on each digit of the positive 
multiples. Since the digit in the proposed SD multiples is represented in 2’s complement encoding.  Note that only one bit is enough 
to invert a partial product; therefore, the increment bits for all digits in a partial product are identical. The second stage in the 
multiplication is a PPR unit implemented by multiple levels of multi operand SD adders. For example, in a 16*16 digit 
multiplication, after the PPG unit, there are 17 partial products need to be reduced. We rearrange the layout of the partial product 
array to apply two levels of SD adders to generate the final product in SD format. In such multi operand SD addition, the operands 
could be first reduced by the binary arithmetic unit, and in the end, a recoder is applied to correct the transfer digit and interim sum 
within the decimal manner. Thus, in the multiplication, the decimal correction is compacted as much as possible. In the third stage, 
to convert the SD product back to BCD encoding efficiently, a hybrid carry propagation network which consists of several small 
carry prefix networks is provided to counterbalance the different delays on different bits of the result of the PPR unit. Since the 
middle columns in a partial product array consume more delay than the ending columns, the overall delay of the multiplier could be 
further reduced with the proposed hybrid prefix tree. An example to illustrate each component of a proposed 4*4-digit multiplier is 
provided in Fig. 2. 

 
Fig.2.Example of 4*4-digit multiplication algorithm. 

 
3. SD PARTIAL PRODUCT GENERATION  

 
In the multiplier follow the SD radix-10 method described in [8] to recode YBCD into the SD digit-set [-5,5]. To represent 
multiples, we provide a new method which generates n + 1 partial products without carry propagation. The positive multiples from 
1X to 5X are represented in the SD digit set [-8,7]. Thus, a 4-bit 2’s complement number could be applied to represent each digit in 
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the multiples from 1X to 5X. To reduce the area of the PPG unit, the negative multiples are generated by inverting the sign on each 
digit of the corresponding positive multiples, and the digit-set for all multiples from -5X to 5X is extended to [-8,8] (i.e., {[-8,7] U [-
7,8]} belongs to [-8,8]). Unlike the binary signed digit encoding proposed in the decimal signed digit number system in [14], to 
invert the sign of each digit, an increment bit is involved in the proposed encoding system. Therefore, one signed digit in the 
proposed multiples is represented by 5 bits. However, the penalty on the hardware area is minimized, since the increment bits for all 
digits in a partial product are identical. 

 

4. MULTIPLES GENERATION 
 

 All the multiples could be divided into two parts except the 5Xi which is divided into three parts. To simplify the representation of 
the multiplies generation, we define three variables, where Wi represents the residual number which has the same weight as the 
current BCD digit. Ti+1 and Ki+2 are the transfer digits to the next two digits which have 10 and 100 times weight of the current 
BCD digit, respectively. The sum of the three variables is restricted in the range of [-8,7] to form one digit in SD number.  Since the 
variables can be directly generated according to different inputs, and the carry (transfer digit) never propagates exceeding three 
neighbor digits, the delay of the proposed PPG is independent on the width of the operand. In addition, for an n-digit operand, each 
multiple contains n+2 SD digits. The SD multiple could be obtained by adding Ki, Ti, and Wi with a 4-bit adder after a recoder 
generating these variables. Due to the specific converting pattern in Table 1, the conversion can be assumed as a constant addition. 
Thus, we optimize the 4-bit add operation and convert it to the combinational logic to reduce area and delay. The equations of one 
digit of the positive multiples are listed below. Note that the signals on the right side of the equal sign in BCD encoding, and the 
signals on the left side of the equal sign is in proposed SD encoding. 
 

1X generation: Since the digit-set [-8, 7] is applied to generate the positive multiples in the proposed PPG algorithm, 1X has to be 
converted to the target digit-set. In the equation, the signal Ti represents the incoming transfer digit which is determined by the 
previous one digit 

 
 
2X generation: In the proposed algorithm, since the transfer digit from last digit in multiple 2X could be from 0 to 2, two bits (i.e., 
T1i and T0i ) are needed to represent the incoming transfer digit. 
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3X generation: By applying the redundant number system to represent the partial product, the 3X logic does not contain the carry 
propagation in digit level any more. Thus, a constant delay in PPG could be achieved. 
 

 
 

4X generation: By applying the redundant number system to represent the partial product, the 4X logic does not contain the carry 
propagation in digit level any more. Thus, a constant delay in PPG could be achieved. 

 

 
 

5X generation: To generate multiple 5X in digit-set [-8,7], two transfer digits which have 10 and 100 times weight of the current 
digit are needed. Since only two elements are in the digit-sets of the residual number Wi and the transfer digit Ki, the logic could be 
simplified as shown in below equations. These digits does not depend upon the earlier digits. 
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5. PARTIAL PRODUCT SELECTION 
 

In this multiplier, a minimally redundant radix-10 digit-set  [-5,5] is applied to represent the operand Y. Since the recoded set is 
symmetrical, and the multiples are encoded in signed digit number, the selection signals for the negative multiples are the same as 
the positive. 
 
If a negative multiple is selected, a one-bit negation signal Y ni for each selected partial product is applied to invert the signs of all 
digits in the corresponding positive multiple. The equations for the selection signal and negation signal are given in Table 1, the 
column for the Ti+1 of Yi shows that an n-digit operand YBCD could generate an (n+ 1)-digit SD recoded operand YSD, and the 
(n+1)th digit in YSD can only be 0 or 1. 

 
 
 

 
 

 
 
 
 
 
 
 
Thus, for the (n+1)th partial product can only be 0X (all zeros) or 1X. Furthermore, since the (n+2)th digit of the multiple 1X is 
always zero, and the (n+1)th digit of the 1X can only be 0 or 1, only 1 bit is enough to represent the most significant two digits in 
the (n+1)th partial product, PPn.    Thus, the selection logic for PPn could be simplified.  
 
Additionally, the actual bit-widths on the output of the PPG are 4*(n+2)*n+(4*n+1) for the partial product PP and n for the 
inversion signal Yn.  

 
6. SD ADDITION 

 
The total partial products are reduced to one signed digit by using signed digit adder. The total bits of operands of the signed digit 
adder of first level is six, these can be reduced to signed digit result by adding carry-sum pair by binary full adders and half adders 
as shown in below figure. 

 
Fig.4signed digit addition of hybrid prefix network. 
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7. SD-BCD CONVERSION 
 

The total partial products are reduced to one signed digit by using signed digit adder. After getting SD result it can be converted to 
BCD by using SD-BCD conversion algorithm. 
 
SD-BCD Conversion Algorithm: The 2n-digit result of signed digit set is in [-8,7]. The digit is negative then that digit is assigned to 
borrow. The conversion is back to BCD encoding, the negative digit is increased by 10, and the first nonzero digit with higher value 
is reduced by one. The continuous zeros in between the current negative digit and first nonzero digit on its left side are converted to 
9. 

 
1. Detect borrow generation bit and propagation bit for each digit of signed digits. 

�� � �1											��		� 
 00								��������, 
�� � �1										��		� � 00						��������, 

��,� � ���																																									��	� � 	0�� � ��� . ����:��				��		� � �, 
��:� � ���															��	� � ��� . ����:� 		��	� � �. 

           2. Compute the negative carry Ci of s (C0=0). 

                   Ci+1= Gi:j+ (Pi:j . Cj) 

           3. Converting of signed digit to BCD encoding. 

 � �
!"
# 	� 								��	$�%�$� � 00	� & 1		��	$�%�$� � 01	� � 10	��	$�%�$� � 10	� � 9			��	$�%�$� � 11

 

by using below conditions Ci is calculated. 

 
         

8. EXPERIMENTAL RESULTS  
 
RTL view of the parallel decimal multiplication is synthesized by using QUARTUS, both positive and negative signed digit 
extensions are simulated and the reconfigurability of the multiplication verification is shown in below figures. Area, power 
and timing delays are calculated. 
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FIG.5.RTL View of decimal multiplication 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.6.Simulated result of 4-bit input data 
 

 
TABLE I 

Gate level results of radix-8 booth multiplication 
 

Gates 4068 
Area(mm2) 775 
Power(mw) 895.3 

 
 

Gate level results of decimal multiplication 
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Gates 4068 
Area(mm2) 263 
Power(mw) 858.8 

 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.7.Simulated result for 8-bit input data 

 

9. CONCLUSION 
 

In this parallel decimal multiplication the multiples (from -5x to 5x) are represented in a redundant digit-set [-8,8]. Thus the 
n+1 SD partial products could be generated without carry propagation up to 3x. To reduce the further carry propagation SD 
addition is discussed. Reconfigurability and signed digit extensions are carried out using verilog HDL synthesis. The 
performance metrics like area, power and frequency are synthesized using QUARTUS to optimize. Comparing to booth 
radix-8 multiplication and decimal multiplication, parallel decimal multiplication achieved performance metrics using 
redundant encoding. 
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