
Abstract 

This paper presents a new architecture 

for binary / BCD addition / subtraction to 

accelerate the operations and reduce 

delays in both signed numbers and 

unsigned numbers. Adding numbers in 

binary or BCD is one of the most 

important mathematical operations in 

digital systems. Various numbers of 

structures have been proposed to apply 

the BCD adder and subtraction, and the 

last structure presented in this article for 

BCD adder /subtraction of numbers 

assumes these numbers without any signs. 

Some articles have been used for some 

parts of this paper; and these articles, 

despite their strengths and advantages, 

contain some problems with their final 

computing. This paper has solved the 

problems in the final computing EOP. So, 

a new structure for addition / subtraction 

of BCD is presented if the sign bit is not 

taken into account and work properly. 
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1) Introduction

Adding operation is one of the basic 

operations in all digital systems. Although 

binary adding is used frequently in many 

digital systems, BCD adding of digital 

numbers for is favored in several digital 

systems, especially in those whose basis of 

interest is 10. BCD adding consists of more 

complications comparing to binary adding;  

 

therefore, BCD adders contain a larger area 

and more complexity than binary adders. [1] 

[2]. 

In [3], [4] and [5] all the presented BCD 

adders use high-speed adder binary 

structures such as CARRY LOOK AHEAD 

and CARRY SAVE ADDER to enhance the 

performance of their circuit. On the other 

hand, in [6], an adder has been presented 

and its unique feature is Restructuring, 

which means the adder can do BCD addition 

and subtraction in practice. The system 

presented in this paper assumes that the sign 

bit in BCD numbers is of no importance, 

and only in the Restructuring part, [6] has 

been used that consequently leads to an 

output signal named EOP that only activates 

at the end of the computation. 

This signal has not had a proper 

performance and will cause some 

ambiguities in the future. This paper has 

considered an addition/subtraction for BCD 

without any sign and has tried to eliminate 

the weaknesses of EOP signal and to present 

and adder/subtractor with the ability of 

binary/BCD Restructuring, that explains the 

end of computation without any ambiguity. 

The structure presented in [6] and its 

problems will be discussed in the following 

section. 

2) Mathematical background

Definition of BCD numbers: 

In this, the equivalent of binary numbers in 

the basis of interest 10 is directly used. 
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Binary bits can be given a weight or value 

due to their location. This approach is in the 

1,2,4,8 code of BCD. For example the code 

0110 due to the value of bits shows the 

number of 6 decimal because 0×8+1×4 

+1×2 + 0×1= 6 and also the negative values 

could be allocated to the decimal code in the 

figure of -1, -2, 4, 8. In this case of 0110, the 

number 2 is interpreted and is calculated as 

follows: 0×8+1×4 +1×(−2) + 0×(−1) = 2 

Addition BCD numbers: 

Adding two decimal numbers in BCD, with 

the possible carry, choose the previous 

number with the lower value from the pair; 

because the number is not more than 9, 

which means the adding cannot be more 

than 1+9+9=19, where the number 1 is the 

previous carry. If we want to do the same 

adding in BCD, it will be equivalent to 0000 

to 1001, in which the number 1 is the first 

number, the carry, and the rest of the adding 

in BCD. Adding two BCD numbers with n 

digits and no sign would be the same.  

Subtraction of BCD numbers: 

As discussed earlier, BCD numbers are 

basically decimal numbers, which only 

differ in the way of illustration. Therefore, 

for the subtraction of two BCD numbers 

named N and M, the second 10’s or 9’s 

complement must be found. 

Subtraction of BCD numbers: 

As discussed earlier, BCD numbers are 

basically decimal numbers, which only 

differ in the way of illustration. Therefore, 

for the subtraction of two BCD numbers 

named N and M, the second 10’s or 9’s 

complement must be found. 

3) Explanation of the proposed circuit 

performance 

3-1) The Binary case 

If X and Y are two numbers in case of 

 where 

 

and , in which   and 

 , then the numbers signed bits are binary 

and BCD numbers. In this structure we 

consider some signals called EOP, bin, and 

op where op identifies the adding and the 

subtraction operations (the input data op=0 

illustrates the adding operation and the input 

data op=1 illustrates the subtraction). And 

the variable bin determines the kind of 

operation which is done based on the binary 

or BCD; and in the end EOP (END 

OPERATION) which determines the kind of 

final operation considering sign bit (where 

EOP=0 illustrates subtraction and EOP=1 

illustrates the adding operation). 

 

 
 

Sub Add op (sub) op (add)    

0 1 1 0 1 0 0 

1 0 1 0 0 1 0 

1 0 1 0 0 0 1 

0 1 1 0 1 1 1 

 

 

 
Table 1 EOP definition 
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After the EOP operation was found using 

EOP equation, the result sign in binary 

system is calculated using the first operand 

sing  and carry-out. If the final 

effective operation is adding, the result sign 

will be equal to the first operand sign   

. But if the effective operation is subtraction, 

the result sign will depend on X sign and 

also the adder circuit carry-out. This shows 

if  and  , the final result sign for 

adding will 

be  and 

the final result sign for subtraction will be 

 . 

The final result sign in both 

adder/subtraction in BCD case, considering 

that sign bit in BCD numbers is of no value, 

will be zero that is shown in the figure 

below. 

 

Figure 1: Eop  

3-2) The proposed circuit performance in 

decimal case. 

Designing and applying the adder used in 

[6] and this paper is based on the structure 

of sklansky [7] adder. 

The addition and subtraction of BCD 

numbers that are considered without any 

signs will be discussed here and examples 

for both BCD addition and subtraction will 

be provided. It must be taken into account 

that, while adding BCD numbers, if for each 

carry lever there is another level, the 

correction block operation will be done; but 

if there is not any next level, no correction 

block operation would be necessary; which 

means the carry is transferred through one 

level and it is not transferred from one level 

to another. 

 

 

In continue, first the amount of X NEW is 

built and then the addition of BCD will be 

done, under the condition mentioned. 

 

 

 

 

 

 

              

Subtraction is examined in both cases of 

 and . The condition here is that 

carry is transferred from one level to 

another, and if  , the subtraction is 

binary (  where 

 is Y NEW), and in the beginning 1’s 

complement calculates Y, and as mentioned 

in [6], the subtraction is done. See the 

process in the example below. 

Because in the last level, carry out is 

produced, the number from the addition is 

added up with 1, and then the number from 

the subtraction is added up with 6, to change 

the result to BCD 

 

 

 

 

 

+ 

+ 
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* Because in the last level, carry out is 

produced, the number from the addition is 

added up with 1, and then the number from 

the subtraction is added up with 6, to change 

the result to BCD. 

Let’s take a look at the example of 

subtraction when  : 

 

 

 

 

 

 

 

 

 

* Because in the last level, carry out is not 

produced, the result number must be 

inversed (NOT) to calculate the subtraction 

result in binary, and then again, add it up 

with 6 to change it to BCD. 

4) The proposed architectural design 

The proposed architecture includes 

different parts such as: pre-correct X and 

Y "the idea of pre-correct is taken from [6] 

", post-correct and adder, and 

restructuring,. Each design part is 

discussed later individually. 

 

Figure 2: Final architecture 

        4-1) Designing sign bit logical 

expression. 

Considering the fact that sign bit for BCD 

numbers is of meaning (sign bit for BCD 

numbers is considered zero), the proposed 

circuit for different values of EOP and bin 

will operate as follows. There are two 

possible cases for sign bit in binary circuit; 

one is when EOP=0 , in which subtraction is 

done and the sign depends on Cout (which 

means if Cout= 0, then X<Y , and the sign 

bit is equal to the NOT (inversed) of the X 

sign; otherwise, it would be Cout=1 that 

shows X>Y and then the sign bit is equal to 

the bigger number sign. 

In this case, the bin select line in added to 

mux lines, that if Bin=0, shows the 

subtraction of BCD. In subtraction of these 

numbers, only smaller numbers are 

subtracted from the bigger ones and the sign 

is disregarded.  

+ 

1 

1 
+ 

1 

1 0 

+ 

1 

+ 

+ 
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Figure 3: Sign bit  architecture

EXPLIANTION  Bin EOP 
This case shows that the positive number has been taken into account and the 

subtraction is BCD and the sign bit is considered zero. 
0 0 

In this case, the subtraction is done on binary numbers and there are two possible cases 

for sign bit in binary circuit; one is when EOP=0 , in which subtraction is done and the 

sign depends on Cout (which means if Cout= 0, then X<Y , and the sign bit is equal to 

the NOT (inversed) of the X sign; otherwise, it would be Cout=1 that shows X>Y and 

then the sign bit is equal to the bigger number sign. 

1 0 

This means that the number is BCD, so the sign is of no meaning in that.  0 1 

This means that addition is to be done and the Xn sign will be considered for the result. 1 1 

 

4-2) The design of a mux to choose 

addition/subtraction in the idea of pre-

correction, because the binary addition 

depends on the amount of Cout and Eop, 

and to choose which one to use according to 

the situation. 

 

Figure4 : Pre correction adder/subtractor 
architecture 

4-3) The design of the 

addition/subtraction post-correction circuit 

(BCD). 

 

 

Figure5 : Post correction BCD  architecture  

5) Simulation: 

The XILINX software is often used in all of 

the simulations, and also here, the proposed 

circuit architecture is compared to the 

presented architecture in [6], and the results 

Table 2 Sign bit definition 
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in case of Delay and Logic Utilization are 

provided below. 

MY ARCHITECTURES [6]  

35.665ns  36.619 ns DELAY 

110 115 Logic 
Utilization 

 

 

6) Conclusion 

What was discussed in this paper was the 

design of a BCD/binary adder and 

subtraction with an ability of 

reconfiguration, assuming the sign bit in 

BCD numbers is of no meaning. Assuming 

that and without using any extra operation, 

the correct answer could be found and the 

problems faced with during this time from 

the article number [6] were solved and 

improved.  
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