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architectures for decimal multipliers that provide some 
degree of flexibility with a small overhead in terms of area, 
delay, and throughput [11]. To continue with this trend, a 
reconfigurable 16-digit by 16-digit decimal multiplier is 
proposed in this paper. 

The proposed multiplier consists of some building blocks 
(smaller combinational multiplier blocks and carry-save 
adders) that are laid out to form a reconfigurable pipeline for 
a desired multiplier width. The effects of building block 
granularity as well as using non-BCD coding will be 
discussed in detail. 

This paper is organized as follows: Section 2 contains a 
discussion on the previous works. The proposed architecture 
is described in detail in Section 3. The synthesis results are 
analyzed in Section 4. Section 5 concludes the paper.  
 

2. Related Works 
 
In general, fixed-point multiplication consists of three steps: 
1) partial product generation, 2) partial product reduction, 
and 3) final addition. While these three steps are needed in 
both binary and decimal multiplications, decimal 
multiplication is usually more complicated than binary 
because BCD operations may require some form of 
correction hardware [12]. 

As mentioned earlier, decimal multiplication can be done 
using two general approaches of sequential and 
combinational. These two approaches will be discussed 
further in the next two subsections. 
 
2.1. Sequential Decimal Multipliers 
 
In general, sequential multipliers have lower area but higher 
delay than combinational multipliers [12]. Thus in some 
cases that low area is more important than delay, sequential 
multipliers are proposed. 

One of the simplest methods to perform decimal 
multiplication is the iterative multiplication of the multiplier 
digits to multiplicand digits. The resulting partial products 
are stored in a register in each cycle. After each iteration, the 
register is shifted one digit to left and a partial product 
addition is performed [12]. One of the most important 
drawbacks of this method is its large critical path delay. To 
make the multiplier faster, a set of easy multiples is often 
generated and used. For example, easy multiples such as 
2X, 5X, 4X, 8X are produced for an input X and other multiples 
are calculated using the easy multiples [12]. 

It has been reported that using digit-by-digit multipliers 
will result in a higher performance [13]. Three reasons have 
been given for this observation: 1) that this architecture 
reduces the number of cycles required to perform the 
multiplications 2) it requires a simpler interconnection 
network and 3) there is no need to use registers to store the 
multiples [13]. In this type of multiplier, unsigned binary 
multiplier units are used. These units take two 4-bit inputs 
(one decimal digit) and produce an 8-bit output (two decimal 
digits). It is noteworthy that in this design the output is 
binary and must be converted to BCD. 

In some sequential designs such as [14], the partial 
product reduction section is divided into two parts that 
perform the additions in parallel. Even though each part is a 
sequential circuit but the overall critical path delay is 

reduced. Furthermore, BCD Carry-Save Adders (CSA) is 
used instead of carry ripple adders to further reduce the 
latency. Figure 1 shows this design. 
 

 
 

Figure 1. A sequential decimal multiplier proposed in [14] 
 

In another research, the multiplier range has been 
changed to -5 to 5 and multi-operand redundant adders are 
employed to further reduce the critical path delay [15].  It  
has also been shown that changing the coding from BCD to 
other less common codes such as 4221 or 5211 may reduce 
the delay [16]. This is because all of the ten combinations of 
these codes are valid and their correction is less complex 
compared to 8421.For instance, by using 4221 coding in the 
partial product generation and reduction steps of figure 1, the 
overall delay of the multiplier has been reduced considerably 
[16]. 
 
2.2. Combinational Decimal Multipliers 
 
Generally speaking, combinational decimal multipliers are 
faster than their sequential counterparts but they also take a 
larger space. This is because they usually use more logic for 
partial product generation and reduction. For the final 
addition stage, they often use tree adders. This type of adder 
typically consists of three stages. In the first stage, the carry 
propagate and generate signals (p and g, respectively) are 
produced. If the sum of two digits is 9, p will be 1 and if it is 
10 or more, g will be 1. In the second stage, the result will be 
added with 1 and 0. In the final stage, if carry is propagated 
the “result +1” is selected; otherwise “result + 0” is selected 
[17]. 

Like the sequential multipliers, the notion of using 
multiple coding schemes has proven beneficial in speeding 
up combinational multipliers as well. As evidence, reference 
[18] proposes architecture in which after partial product 
generation in BCD format, they are converted into their 
4221equivalents. Since 4221 addition does not require a 
complicated correction, this recoding saves the time that 
would have been otherwise wasted during correction. It is 
important to note that had the partial products been generated 



The CSI Journal on Computer Science and Engineering, Vol. 13, No. 1, 2015                                                                                                  16 
 
using 4221 code at the first place, the anticipated delay 
reduction would have been more pronounced than the 
reduction reached now. But this idea has not been discussed 
in [18]. 

In addition to simpler correction, implementation of 
partial product generation using non-BCD codes has been 
reported to be simpler than using BCD [19]. For example, for 
2X multiple in 4221 coding, the multiplicand is recoded to 
5211 and then shifted to left by1 bit. The result is 2X in 4221 
coding. For 5X multiple, the 4221 multiplicand is shifted 3 
bits to the left and then recoded to 4221. This is because the 
internal result after 3-bit shift is valid in 5211 coding. 
Another important advantage of these codes is that, unlike 
BCD, they are self-complement. 

As mentioned earlier, combinational multipliers are 
generally faster than the sequential ones and sequential 
multipliers take a smaller area compared to their 
combinational counterparts. In this paper, we propose a 
pipelined structure in which the advantages of both 
combinational and sequential multipliers are maintained in 
order to reach Pareto optimal solutions in terms of area and 
delay. To achieve this, the proposed architecture relies on 
4221 coding and recoding as well. The proposed pipeline 
architecture is designed in such a way that it can take 
multipliers and multiplicands of different widths whereby 
featuring a certain degree of reconfigurability. 
 

3. Proposed Architecture 
 
The proposed architecture, which will be elaborated in this 
section, is designed to perform 16-digit by 16-digit decimal 
multiplication. However, it also possesses the flexibility to be 
configured to perform any other combinations of digits up to 
64-digit by 4-digit decimal multiplication as well. 

The proposed multiplier has a modular design, i.e., it is 
based on sixteen smaller 4-digit by 4-digit multipliers. The 
smaller multipliers are put together hierarchically along with 
appropriate adders to form the larger 16-digit by 16-digit 
multiplier. 

When choosing the appropriate granularity for the 
building block multiplier (in this case, 4-digit by 4-digit), one 
has to consider the impact of their choice on the incurred 
overhead. For instance, if fine-grained building blocks (such 
as 1-digit by 1-digit multiplier) is used, the reconfigurability 
overhead due to extra steering logic and longer interconnects 
will be more significant. But using coarse-grained blocks 
instead (e.g., 8-digit by 8-digit multiplier) causes 
considerable wasted resources. Given this fact, our 
experiments showed that 4-digit by 4-digit multipliers 
provide a suitable tradeoff. Hence, they were used in the 
proposed architecture and will be explained in the next 
subsection. 
 
3.1. The 4-Digit By 4-Digit Multiplier Block 
 
As mentioned before, there is a tradeoff between area and 
speed when choosing fully combinational vs. sequential 
multiplier. Since the proposed architecture has a modular 
design, it is plausible to assume that if a fully combinational 
multiplier block is put together in a pipelined, i.e., sequential 
fashion, one can obtain the benefits of both schemes. As 

such, a fully-customized combinational 4-digit by 4-digit 
multiplier was designed in this research. 

For the reasons explained earlier, the proposed decimal 
multiplier is based on 4221 and 5211 codes rather than 8421. 
This decision has an impact on the partial product generation 
circuitry that will be discussed in the next subsection. 
 
3.1.1 Partial Product Generation in 4-Digit 
Multiplier 
 
For partial product generation, two set of multiples are 
chosen as easy multiples, namelyPଵ ൌ  ሼ0, 5X, 10Xሽ and Pଶ ൌ
 ሼ0, േX, േ2Xሽ. These multiples were chosen because they have 
a rather straightforward implementation. Other multiples are 
generated by combining suitable members of each set. For 
instance, 3X is generated as 5X ൅ ሺെ2Xሻ. Table 1 shows the 
various combinations that form each multiple. 
 

Table 1. The combinations that form multiples 
  

Multiples Pଵ Pଶ 

0 0 0 

1X 0 1X 

2X 0  2X 

3X 5X -2X 

4X 5X -X 

5X 5X 0 

6X 5X 1X 

7X 5X 2X 

8X 10X -2X 

9X 10X -X 

 
In order to generate the said easy multiples, the BCD 

input has to first be recoded to either 4211 code or 5211 
code, depending on which code would require an easier 
circuit. The steps taken for each easy multiple generations is 
as follows: 
 

૛܆ Multiple: Each BCD digit of the multiplicand is recoded 
into 5211 coding and then shifted one bit to the left. The 
resulting number is 2X in 4221 coding [19]. Figure 2 
illustrates an example for this procedure. 
 

 
 

Figure 2. 2X multiple in 4221 coding 
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૞܆ Multiple: The BCD input digits are recoded to 4221 
coding and then shifted three bits to the left. The outcome 
number is 5X in 5211 coding. Therefore, a single-digit 
recoder will then be needed to recode from 5211 to 4221 
[19]. Figure 3 shows how this multiple is generated. 
 

૚૙܆ Multiple: 4-bit (1-digit) left shift is performed on 4221 
multiplicand. The resultant number is 10X multiple in 4221 
coding. 

 
 

Figure 3. 5X multiple in 4221 coding 
 
െ܆ Multiple and – ૛܆ Multiple: Since 4221 code is self-
complement, the 10’s complement of a 4221 number can be 
obtained by inverting the bits of the multiplicand and adding 
1 to it. Thus, these easy multiples are simply the 10’s 
complement of X and 2X multiples, respectively. 
 

 
 

Figure 4. Partial products general structure 
 

Figure 4 shows the two multiplexers that are used to pick 
the proper easy multiple (P୧) and generate the partial 
products. In this figure, the control signals of multiplexers 
are obtained directly from the multiplier bits (yଷyଶyଵy଴) using 
the following logical functions: 
 

Zଵሺ5Xሻ ൌ ሺሺyଵy଴ሻ ൅ yଷሻ ൅ yଶ 
Zଵሺ10Xሻ ൌ  yଷyଶyଵ 

Zଵሺ0ሻ ൌ  ሺሺyଶ ൅ yଷሻ ൅ ሺyଵy଴ሻሻ 

Zଶሺെ2Xሻ ൌ  ሺሺy଴ ْ yଶሻ ൅ ሺyଶ ْ yଷሻ ൅ yଵሻ 

ZଶሺെXሻ ൌ  ሺሺyଶ ْ y଴ሻ ൅ ሺyଵ ْ y଴ሻ ൅ yଷሻ 

Zଶሺ0ሻ ൌ ሺሺyଷ ْ y଴ሻ ൅ yଶ ൅ yଵሻ 

ZଶሺXሻ ൌ  ሺሺy଴ ْ yଵሻ ൅ ሺyଵ ْ yଷሻ ൅ yଶሻ 

Zଶሺ2Xሻ ൌ  ሺሺyଷ ْ y଴ሻ ൅ yଶ ൅ yଵሻ 
 

To conserve area and reduce the delay, the multiplexers 
were designed using tri-state buffers. Once the single-digit 
multiplications are done, partial products for 4-digit by         
4-digit multiplier are generated. The next step is partial 
product reduction and will be discussed below. 
 

3.1.2. Partial Product Reduction in 4-Digit 
Multiplier 
 
Figure 5 shows the partial products positions in the 4-digit 
multiplier. Each two parallel short lines represent Pଵ and Pଶ 
(the multiples generated by the two MUXes in figure 4) 
coded in 4221. In this figure, each n-digit column is reduced 
to two digits by means of a cascade of 3-digit: 2-digitCarry-
Save Adders (CSA) for each column. Therefore, the columns 
are reduced in parallel. To avoid long carry propagation 
delay between columns, the carry produced from each 
column will not be propagated and will be kept until the final 
step. 
 

 
 

Figure 5. Partial product reduction scheme 
 

The reason for using CSA adders in the proposed 
architecture is that this kind of adder matches 4221 code in a 
way that additions are performed without a need for 
correction. An efficient implementation of a 3-bit: 2-bit CSA 
adder is shown in figure 6. 
 

 
 

Figure 6. A 3-bit: 2-bit CSA adder [19] 
 

The circuit that makes a 3-digit: 2-digit CSA adder out of 
3-bit: 2-bit CSA adder is shown in figure 7. 
 

 
 

Figure 7. The 3:2 CSA structure for 3 digits 
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As will be explained later, the pipeline structure of the 
proposed 16-digit by 16-digit multiplier is inspired by the 
idea of lattice multipliers. The next section describes this 
idea and the proposed architecture. 
 
3.2.  Lattice Multiplier 
 
Lattice multiplication is a method of multiplying large 
numbers using a grid. This method breaks the multiplication 
process into smaller steps. As shown in figure 8, in this 
method a lattice is formed with each cell divided into two 
parts diagonally. The multiplier (124576 in the figure) and 
multiplicand (3857 in the figure) are placed on the top and 
right side of the lattice, respectively. The most significant 
digit (MSD) of the multiplicand is on the top right hand side 
and its least significant digit (LSD) on the bottom right hand 
side. The content of each cell is the product of the digits that 
reside on its row and column. The final result from MSD to 
LSD is formed on the top left side to the bottom right side 
(480489632 in the figure). 
 

 
 

Figure 8. Lattice multiplier 
 

The underlying concept of this research is to use the idea 
behind a lattice multiplier to perform 16-digit by 16-digit 
multiplication. To this end, several questions needed to be 
answered. The first question was how to map the cells of a 
lattice multiplier on to actual hardware blocks. To find the 
answer to this question, the lattice multiplier was analyzed 
with respect to the timing and data dependency of each 
product generation and the possibility of parallelism among 
them. Figure 9 illustrates the results. Each short line is a      
4-digit partial product in 4221 coding. As this figure shows, 
16-digit decimal multiplication requires sixteen 4-digit 
multiplications that could be executed in any order and then 
reduced by 24 additions to generate the final product. To 
explore the possibility of performing these multiplications in 
parallel, one needs to look at their data dependency and 
critical path. Figure 9 shows that theoretically the sixteen 
multiplications can be performed independently. Therefore, 
one could envision a fully combinational matrix of sixteen of 
the afore-mentioned 4-digit by 4-digit multiplier blocks 
connected together to produce sixteen partial products all at 
once. The problem with such architecture is the fact that the 
partial product reduction has to be done serially using several 
adders. So this setup would take a huge space with still a 
considerable latency. 

A better approach is to perform the additions while some 
of the multiplications are taking place. In other words, strike 
a balance between the number of resources and the achieved 
latency by performing the partial product reduction during 
the multiplications. This notion will lead to the proposed 
pipelined architecture that delivers a tradeoff between area 
and latency. 

 
 

Figure 9. 16-digit multiplication scheme 
 

 
 

Figure 10. Timing characteristics of 4-digit multiplications in 
the 16-digit lattice multiplier 
 

Figure 10 depicts the timing characteristics of the sixteen 
multipliers. The blocks with the same color in this figure 
have equal weights mathematically and have to be added 
together during partial product reduction. The longest chain 
of partial products resides in the main diameter and 
constitutes the critical path. The duration of this path dictates 
the minimum latency achieved by the proposed multiplier. 
The chains on the two sides of the critical path are shorter in 
length and may accommodate the necessary adders without 
incurring an extra delay. In other words, an architecture in 
which the blocks are laid out in a pipeline where 
combinational adders and 4-digit multipliers are interlaced in 
a carefully designed sequence provides an optimum structure 
to gain the least latency with the minimum number of adders 
and multiplier blocks. 

The next question is how many 4-digit multiplier blocks 
and adders are needed and how should they be laid out to 
achieve the said minimum latency. These questions are 
answered in the next section. 
 
3.3. Finding Pareto Optimal Number of 4-Digit 
Multiplier Blocks and Adders 
 
In order to find the Pareto optimal number of 4-digit decimal 
multiplier blocks and adders, the extreme case with sixteen 
dedicated multipliers will have to be revisited. Since the 4-
digit multiplier blocks are combinational, they generate their 
results in one cycle. These results must be added in the next 
cycles. Assuming no constraint on the number of adders, the 
partial product reduction will take at least 3 cycles as shown 
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in figure 11. In this figure, the numbers inside the colored 
boxes show the cycle in which a partial product is generated. 
The colors around each box represents which cycle (from T1 
to T4) the additions (reductions) are performed. As is clear in 
the figure, the critical path is located in the middle columns. 
Overall, this approach takes 16 multiplier blocks, 24 adders, 
and takes 1 cycle for partial product generation and 3 cycles 
for reduction (total 4 cycles). 
 

 
 

Figure 11. Partial product reduction scheme with no 
constraint on the number of multipliers and adders 
 

Now that the solution for the unconstrained problem is 
known, we try to obtain the Pareto optimal solution by 
reducing the number of resources (multipliers and adders) 
while maintaining the minimum latency of 4 cycles. 

Since the two multipliers that generate A0B0 and A3B3 
are farthest from the critical path, it would be conceivable to 
remove a dedicated multiplier from them. This would reduce 
the number of multiplier blocks to 14. Figure 12 shows the 
partial product reduction scheme in this scenario. As can be 
seen, fewer multipliers and adders are used in this scheme 
while the latency is still 4 cycles. 
 

 
 

Figure 12. Partial product reduction scheme with 14 
multipliers 
 

Continuing this trend indicates that by using 8 multiplier 
blocks and 10 CSA adders, partial product reduction will still 
take 3 clock cycles. But removing one more multiplier block 
will inevitably increase the latency. So 8 multiplier blocks 
and 10 CSA adders is the Pareto optimal solution for 
hardware resources in this problem (total latency of 1+3=4 
cycles). In this arrangement, the utilization factor for 4-digit 
multiplier blocks is 100%. Figure 13 shows the partial 
product scheme in this Pareto optimal point. 

The same procedure can be repeated for other latency 
limits. For instance, five 4-digit multipliers allow for 5-cycle 
partial product reduction stage. But the utilization factor for 

multiplier blocks will not be 100% in all cycles. So, some of 
the hardware resources may be considered underused. With 4 
multiplier blocks and 7 adders the latency of 6 cycles will be 
achieved. It should be noted that in this case the 
multiplications take 4 cycles (100% utilization factor) and 
the additions take 5 cycles. But the additions can start at the 
second cycle. Therefore, for the total latency of 6 cycles, the 
Pareto optimal point is obtained with 4 multiplier blocks and 
7 adders. The pipeline structure for this Pareto optimal point 
is shown in figure 14. 
 

 
 

Figure 13. Partial product reduction scheme with 8 
multipliers and 10 adders 
 

Table 2. Comparison of two pare to optimal points 
 

# Multipliers # Adders Total latency Utilization 

8 10 4 100% 

4 7 6 100% 

 
For a better comparison between the two Pareto optimal 

points discussed above, the results have been summarized in 
table 2. The latency in the second row is 50% more than the 
first row. However, the total area of the first row is more than 
twice the second row. So overall, the second row presents a 
better tradeoff between the area and delay and will be 
considered in the remainder of this paper. 
 
3.4. Analytical Lower Bound for the Number of 
Clock Cycles 
 
The number of partial products generation and reduction 
cycles can be estimated analytically. Clearly, a lower bound 
for the partial product generation cycles can be reached by 
dividing the total number of necessary 4-digit multiplications 
(in this case, 16) by the number of available 4-digit 
multipliers (navail.). The partial products that are generated in 
the last cycle require at least one more cycle to be added to 
the final product. Therefore, Equation (1) can be used to 
estimate a lower bound for the number of clock cycles. 
Depending on the number and arrangement of the adders 
used in the partial product reduction circuitry, the actual 
number of clocks may be a lot more than what is predicted 
by this equation. 
 

݊௖௬௖௟௘ ൒ ቒ
ଵ଺

௡ೌೡೌ೔೗.
ቓ ൅ 1                                                            (1) 

 

3.5. Final Addition Step for 16×16 Multiplier 
 
After partial product reduction, the final addition with carry 
propagation has to be performed. As mentioned before, the 
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coding for internal operations are 4221. So the intermediate 
results must be converted back to BCD and then added. This 
operation is performed in a few levels of logic, as shown in 
figure 15. 

Upon completion, the BCD sum may need correction. 
The correction unit is implemented as a tabular correction 
ROM. This approach was chosen to further reduce the delay. 
 

 
 

Figure 14. The 16-digit multiplier pipeline structure using 4 
4-digit multiplier blocks 
 

 

 
 

Figure 15. BCD correction scheme    
 

3.6. Reconfigurability of the Proposed 
Multiplier 
 
With the 4-digit by 4-digit multiplier as a building block, 
other multiplier widths are possible. For example, 16×4, 
16×8, 16×12, 8×8, 8×4, 12×4, 12×8, 12×12, 32×8, 64×4 
digits decimal multipliers can all be obtained. 

The proposed architecture can complete a 32-digit by 8-
digit multiplication using four 4-digit multiplier blocks and 6 
(out of 7) CSA adders in 6 cycles. This is very similar to the 
original 16-digit by 16-digit multiplication and can be in one 
reconfigurable design. For 32×8 multiplication the structure 
of figure 16 is recommended. In order to integrate these two 
designs in one, appropriate steering logic (such as 
multiplexers and interconnections) should be added among 
the 4-digit multipliers and CSA adders. Figure 17 shows the 
steering logic which was added among multipliers and CSA 
adders to reach this goal. 
 

 

Figure 16. The 32-digit by 8-digitarrangement 
 

A reconfigurable design has inevitably some area and 
delay overhead. In this design two levels of multiplexers are 
added among blocks in pipeline stages. So the area and delay 
of this design is increased. This increase is not too          
much. The synthesis results show this overhead in next 
section. 
 

4. Synthesis Results and Comparison 
 
The 4-digit multiplier blocks and the overall 16-digit 
multiplier have been synthesized using Synopsys Design 
Compiler and TSMC 90nm CMOS standard cell library 
under typical conditions (1V, 25Ԩ). The FO4 delay is     
given as 45ps. The syntheses results are shown in                
table 3 and comparison with previous works are shown in 
table 4. 
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Figure 17. The steering l ogic that was added among 
multipliers and CSA adders 

  

Table 3. Synthesis results 
 

Delay (ns) Area (µ݉ଶ) Design 

0.66 2108.33 
Partial Product 

Generation (4×4) 

1.17 11291 Reduction (4×4) 

1.83 13399.33 Multiplier (4×4) 

0.78 2557.09 
Reduction 
(16×16) 

11.02 89431.08 
Multiplier 

(16×16) Pipeline 

1.04 7329.77 Final Addition 

12.27 95147.33 Total 

 
As shown in table 3, the delay of 4-digit multiplier block 

is more than the delay of reduction step. So the 4-digit 
multiplier delay has to be used to determine the 16×16 
pipelined multiplier clock period. However, considering the 
delay caused by the flip-flops used for pipelining, the 16-
digit multiplier delay (11.02ns) is slightly larger than 6 times 
1.83ns. 

The top half of table 4 includes state of the art purely 
sequential, non-reconfigurable decimal multipliers found in 
literature. Like the proposed architecture, [16] employs 4221 
coding but [12] and [14] use BCD. As the table clearly 
shows, the area of the proposed multiplier is smaller than all 
three designs. But its delay is slightly longer than the 4221-
based design and shorter than the conventional BCD   
designs. This shows the impact of proper coding on the 
overall delay. 

The bottom half of table 4 shows result comparison with 
fully combinational multipliers that use the same 4221 
coding. As anticipated, purely combinational designs are 
considerably faster than the proposed architecture which is a 
hybrid of combinational and sequential. However, as also 
anticipated, the proposed pipeline architecture is 3 times 
smaller than the best combinational designs found in the 
literature. 
 

Table 4. Comparison with previous works 
 

Sequential Multipliers 

Ratio 
Area 

(Nand2) 
Ratio 

Delay 
(FO4) 

Design 

1 15875.88 1 272.66 Proposed 

1.43 22725 0.84 230 [16] 

1.11 17638 1.16 318 [14] 

1.007 16000 1.17 320 [12] 

Combinational Multipliers 

Ratio 
Area 

(Nand2) 
Ratio 

Delay 
(FO4) 

Design 

2.80 44500 0.17 48 
[19] SD 
radix-10 

3.13 49700 0.17 46.5 
[19] SD 
radix-5 
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The synthesis results for reconfigurable multiplier are 
shown in table 5. As this table shows, the reconfigurability 
area overhead is about 10% of the total area and its delay 
overhead is approximately 2% of the total delay. These 
overhead are negligible compared to the added value of 
reconfigurability. 
 

Table 5. Reconfigurability overhead results 
 

Delay 
(FO4) 

Delay 
(ns) 

Area 
(Nand2) 

Area (µ݉ଶ)  

6.7 0.27 1638.78 10816 
Reconfigurability 

Overhead 

284 
6×2.13 
=12.78 

17513.33 105963.33 
Reconfigurable 

Multiplier 

 

5. Conclusion 
 
In this paper, a reconfigurable 16-digit decimal multiplier 
was proposed. Since the design was done in a hierarchical 
manner, a building block of a 4-digit by 4-digit 
combinational multiplier was designed based on a discussion 
on the appropriate granularity of the building block. Using 
4221 coding (instead of BCD) and CSA adders in these 
blocks led to minimum delay. The optimized 4-digit 
multiplier blocks were devised in a pipeline structure that 
was inspired by lattice multipliers. For a given maximum 
latency, Pareto optimal points for a 16-digit by 16-
digitdecimal multiplier were obtained. To make the design 
reconfigurable, suitable steering logic was added among 
resources. Synthesis results show that the reconfigurability 
overhead in terms of area and delay is negligible. In 
comparison to pervious sequential multipliers, the 16-digit 
lattice multiplier takes about 30% smaller area but has 16% 
more delay than [16] (best case). Compared to previous 
combinational multipliers, the area of both architectures in 
[19] are 3 times larger than 16-digit lattice multiplier and 
their delay is 0.17 times the 16- digit lattice multiplier. 
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