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Abstract: In this paper a new high speed Approximate Adder will be introduced, which will reduce the hardware complexity and 

make justice with SPAA metrics. Adders are one of the key components in arithmetic circuits. Approximation can increase 

performance or reduce power consumption with a simplified or inaccurate circuit in application contexts where strict 

requirements are relaxed. For applications related to human senses, approximate arithmetic can be used to generate sufficient 

results rather than absolutely accurate results. Approximate design exploits a tradeoff of accuracy in computation versus 

performance and power. 
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I. Introduction 

The addition of two binary numbers is the fundamental and most often used arithmetic operation in 

microprocessors. In nearly all digital IC designs today, the addition operation is one of the most essential and 

frequent operations. Instruction sets for DSP's and general purpose processors include at least one type of 

addition. Other instructions such as subtraction and multiplication employ addition in their operations, and 

their underlying hardware is similar if not identical to addition hardware. Often, an adder or multiple adders 

will be in the critical path of the design, hence the performance of a design will be often be limited by the 
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performance of its adders. When looking at other attributes of a chip, such as area or power, the designer will 

find that the hardware for addition will be a large contributor to these areas. It is therefore beneficial to choose 

the correct adder to implement in a design because of the many factors it affects in the overall chip. The 

demand for high speed processing has been increasing as a result of expanding computer and signal 

processing applications. Higher throughput arithmetic operations are important to achieve the desired 

performance in many real-time signal and image processing applications.   

Digital signal Processing (DSP) is finding its way into more applications [19], and its popularity has 

materialized into a number of commercial processors [18]. Digital signal processors have different 

architectures and features than general purpose processors, and the performance gains of these features largely 

determine the performance of the whole processor. Basic operation found in MAC is the binary addition. 

Besides of the simple addition of two numbers, addition forms the basis for many processing operations, from 

counting to multiplication to filtering. But also simpler operations like incrimination and magnitude 

comparison based on binary addition. Therefore, binary addition is the most important arithmetic operation.  

                            

                                        Figure 1   MAC unit                                                                                       Figure 2  The Benchmark MAC unit 

It comparison based on binary addition. Therefore, binary addition is the most important arithmetic operation. 

It is also a very critical one if implemented in hardware because it involves an expensive carry-propagation 

step, the evaluation time of which is dependent on the operand word length. 

II. Literature Review 

In this part we begin with the basic building blocks used for addition, then go through different algorithms. 

 

A. Basic Adder blocks  

1. Half Adder   

The Half Adder (HA) is a combinational circuit with two binary input and two binary outputs such as sum and 

carryout. The equation (1) and (2) are the Boolean equations for sum and carryout, respectively.  
  

                                       sum = a xor  b                                     (1) 

                                 carryout = a and b      (2) 
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2. Full Adder   

The Full Adder (FA) is a combinational circuit that adds two bits and a carry and outputs a sum bit and a carry 

bit. Equation (3) , (4) and (5) are the Boolean equations for the full adder sum and full adder carryout, 

respectively. In both those equations cin means carryin.  

                           sum  = a  xor b xor cin                                         (3) 

                    carryout  = a  and b + b  and cin  + a and cin                (4) 

                             cin = a  and b + (a + b)and cin                        (5) 
 

From the above equations we see that sum and carryout is depends on carryin. 

 
3. Partial Full Adder 

The Partial Full Adder (PFA) is a structure that implements intermediate signals that  can be used in the 

calculation of the carry bit. Such as delete, propagate and generate. 

                                      

Table 1:  Extended Truth Table for a 1-bit adder 

                                                              generate(g) = a and b    (6) 

                                         delete(d) =    and       (7) 

                                                           propagate(p) = a and  b ( or a xor b )     (8) 

                                                 sum = p xor carryin                  (9) 

                                          carryout = g or p and carryin          (10) 

 

4. Ripple Carry Adder[14] 

 

In the parallel adder , the carry out of each stage is connected to the carryin of the next stage. The sum and 

carryout bits of any stage cannot be produced, until some time after the carryin of that stage occurs. This is 

due to the propagation delay in the logic circuitry , which lead to a time delay in the addition process. The 

carry propagation delay for each full adder is the time between the application of the carryin and the 

occurrence of the carryout. The parallel adder in which the carryout of each full adder is the carryin to the 

next more significant adder is called a ripple carry adder. 
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5. Carry Look Ahead Adder[15] 

In the case of the parallel adder , the speed with which an addition can be performed is governed by the time 

required for the carries to propagate or ripple through all the stages of the adder. The look ahead carry adder 

speeds  up the process by eliminating this ripple carry delay. It examines all the input bits simultaneaously and 

also generates the carry in bits for all the stages simultaneously. 

6. Carry save  Adder 

A carry-save adder is a type of digital adder, used in computer micro architecture to compute the sum of three 

or more n-bit numbers in binary. It differs from other digital adders in that it outputs two numbers of the same 

dimensions as the inputs, one which is a sequence of partial sum bits and another which is a sequence of carry 

bits. 

III. Problem Identification 

From the adder circuit we understand that the carry propagation is the main issue. In the ripple carry adder the 

carry out of each stage is connected to the carryin of the next stage. The sum and carryout bits of any stage 

cannot be produced, until some time after the carryin of that stage occurs. the time for this implementation of 

the adder is expressed in below Equation, where tRCAcarry is the delay for the carryout of a FA and 

tRCAsum is the delay for the sum of a FA. 

                                   Propagation Delay (tRCAprop) = (N - 1) . tRCAcarry + tRCAsum 

                                .  

Figure 3  Critical Path for an N-bit Ripple Carry Adder 

In the multiplier, after partial product we again have to add that partial product by using adders. So if we want 

to speed up MAC unit  we have to minimize carry propagation delay. 

IV. Proposed Architecture of 8 Bit approximate adder 

Here we proposed a new architecture of half adder and full adder as we know for 8 bit addition there is total 7 

full adder and 1 half adder is require. But in proposed approach we propose a new novel 8 bit architecture 

where we can put some error on lsb bit of adder. Here in approximate half and full adder there is no any carry 
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generation unit. So on first LSB  bit we are using proposed approximate half adder and on second LSB bit we 

use one approximate full adder for next third bit there is no any carry generate so there is no need to use one 

full adder so at the place of full adder we are using one half adder and after that we use 5 full  adder. So as we 

can see with small error generation we can reduce the hardware requirement and we can make justice with 

SPAA matrices.  

 

 

              

             Figure 4  Proposed Approximate Half Adder                                                                   Figure 5  Proposed Approximate Full Adder 

 

 

                                                                          Figure 6   Proposed Architecture of 8 Bit Approximate Adder                                                                        
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                                                               Figure 7 Implementation Detail  of proposed 8 Bit approximate adder 

V. Result &  Hardware Analysis 

Approximate Adder Accuracy Level = 95% 

The FPGA comparison analysis of proposed and accurate are shown below, here hardware analysis is done on 

Vertix 6 FPGA which is 45nm based technology. 

                                         

                                                                 Figure 8  Comparison analysis of  Luts of Accurate and Proposed Adder 

   From the above graphs we can see that 35%  reduction in logic block  is achieved 
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                                                                     Figure 9   Comparison analysis of delay of Accurate and Proposed Adder 

                                  

     Figure 10  Comparison analysis of frequency of an accurate and Proposed Adder 

 

VI. Conclusion 

This paper present a approximate Adder. There is small degradation in image quality which is tolerable by 

human eye. The overall area and Delay and Frequency analysis are presented and compared. From the results 

we can depict that approximately up to 25 to 35% of reduction at all levels are achieved. So due to this we use 

approximation , which will minimize delay . This design is particularly useful in computation-intensive 

applications which are robust to small errors in computation. The potential applications of this approximate 

Adder fall mainly in areas where there is no strict requirement on accuracy or where super-low power 

consumption and high speed performance are more important than the accuracy. One example of such 

applications is in the DSP application for portable devices such as cell phones and laptops. 
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