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Abstract— An important component of digital computers is 

adders. Adders are used in many different parts of the digital 

computer. They are not only used in the Arithmetic Logic 

Unit (ALU) but also in address calculation. Adders are also 

used in multipliers and other functional units. One of the Most 

Prominent adders In VLSI Industry is Parallel Prefix adders. 

The Parallel Prefix Adder (PPA) is one of the fastest types of 

adder that had been created and developed. One of the 

common types of parallel prefix adder is Kogge Stone adder. 

In existing system by using the Xilinx 14.1 software, the 

designs for Kogge Stone adders was developed for 8-bit.This 

paper focuses on the implementation and simulation of 16-bit 

and 32 bit Kogge adder based on Verilog code and compared 

for their performance in Xilinx. Hence, this paper is 

significant in showing which of the adder being tested 

perform better in terms of computational delay based on 

different sizes of bits.    
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I. INTRODUCTION 

Arithmetic circuits are the ones which perform arithmetic 

operations like addition, subtraction, multiplication, division, 

parity calculation. Most of the time, designing these circuits 

is the same as designing multiplexers, encoders and decoders. 

In electronics, an adder or summer is a digital circuits[7] that 

performs addition of numbers. In many computers and other 

kind of processors, adders are other parts of the processor, 

many computers and other kinds of processors, where they 

are used to calculate addresses, table and similar. The binary 

adder[7,10] is the one type of element in most digital circuit 

designs including digital signal processors(DSP) and 

microprocessor data path units. Therefore fast and accurate 

operation of digital system depends on the performance of 

adders [6]. Hence improving the performance of adder is the 

main area of research in VLSI[10] system design. Parallel 

prefix adder is a technique for increasing the speed in DSP 

processor while performing addition.  

II. PARALLEL PREFIX ADDER 

A Parallel Prefix Adder (PPA) is equivalent to the CLA 

adder. The two differ in the way their carry generation block 

is implemented Parallel prefix adders are fastest adders and 

these are used for high performance arithmetic circuits in 

industries. The meaning of Parallel Prefix Operation is:-  

A. Prefix:  

The outcome of the operation depends on the initial inputs.  

B. Parallel:  

Involves the execution of an operation in parallel. This is 

done by segmentation into smaller pieces that are computed 

in parallel.  

C. Operation:  

Any arbitrary primitive operator “O” that is associative is 

parallelizable It is fast because the processing is 

accomplished in a parallel fashion.  

For a large number of applications, the speed critical 

computation block includes adders: either as stand-alone 

blocks or integrated N bit multiplier architectures. Due to this, 

specialized speed optimized adder architectures are required 

for high performance systems. The Main Component is the 

arithmetic Unit of ALU. In ALU Most of the Calculations in 

Multiplier is done with the help of adder. PPA can be divided 

into three main parts,  

D. Pre-Possessing Stage:  

In this stage we compute, generate and propagate signals to 

each pair of inputs A and B. These signals are given by the 

logic equations (1) & (2):  

Pi=Ai xor Bi............................... (1) 

Gi = Ai and Bi............................. (2) 

E. Carry Generation Network: 

In this stage we compute carries corresponding to each bit. 

Execution of these operations is carried out in parallel [5]. 

After the computation of carries in parallel they are 

segmented into smaller pieces. It uses carry propagate and 

generate as intermediate signals which are given by the logic 

equations (3(i)& 3(ii)): 

The operations involved in this figure are given as:  

P=P’ and P’’.............................  (3(i)) 

G= (P’ and G’’) or G’................ (3(ii)) 

F. Post Processing:  

This is the final step to compute the summation of  

Input bits. It is common for all adders and the sum  

Bits are computed by logic equation (5) :-  

Ci-1=(Pi and Cin) or Gi.................. (4) 

Si=Pi xor Ci-1...............................   (5) 

G. Carry Look-Ahead Adder (CLA): 

The main idea behind carry look-ahead addition is an attempt 

to generate all incoming carries in parallel and avoid waiting 

until the correct carry propagates from the stage (FA) of the 

adder where it has been generated. The carry, Ci+1, produced 

at the ith stage is given as follows:  

 
The equation can be interpreted as stating that there 

is a carry either if one is generated at that stage or if one is 

propagated from the preceding stage. In other words, a carry 

is generated if both operand bits are 1, and an incoming carry 

is propagated if one of the operand bits is 1 and the other is 0. 

Therefore, let Gi and Pi denote the generation and 

propagation at the ith stage, we have: for operand bit xi and 

yi and carry-in ci. These expressions allow us to calculate all 
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the carries in parallel from the operands. For example, the 

carries for a 4-bit adder are given as 

C0  = C0, 

C1  =  G0 + C0P0, 

C2  = G1 + G0P1 + C0 P0 P1, 

C3  = G2 +G1P2 +  G0P1P2+C0P0P1P2 

C   = G3  +G2P3+ G1P2P3+G0P0P1P2 

The equations of the well-known CLA adder can be 

formulated as a parallel prefix problem by employing a 

special operator “O”. This operator is associative hence it can 

be implemented in a parallel fashion  

H. Parallel Prefix Adders are classified into  

1) Kogge- Stone Adder  

2) Brent-Kung Adder  

3) Ladner-Fischer Adder  

III. PROPOSED KOGGE STONE ADDER 

Kogge-Stone adder is a parallel prefix form carry look ahead 

adder. The Kogge-Stone adder [3] was developed by peter M. 

Kogge and Harold S. Stone which they published in 1973. 

Kogge-Stone prefix adder is a fast adder design. KS adder has 

best performance in VLSI implementations. Kogge-Stone 

adder has large area with minimum fan-out.  

The Kogge- Stone adder is widely known as a 

parallel prefix adder that performs fast logical addition. 

Kogge-Stone adder[15] is used for wide adders because of it 

shows the less delay among other architectures. Each vertical 

stage produce Propagate and Generate bits. Generate bits are 

produced in the last stage and these bits are XORed with the 

initial propagate after the input to produce the sum bits. Thus 

the kogge stone adder is operated with the parallel prefix 

method. 

 
Fig. 1: 2-Bit KSA 

 
Fig. 2: 4-Bit KSA 

 
Fig. 3: 8 BIT KSA 

 
Fig. 4: 32 Bit KSA 
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IV. SIMULATION RESULTS AND COMPARISON 

Various adders were designed using Verilog language in 

Xilinx ISE Navigator 10.1 and all the simulations are 

performed using Modelsim 6.5e simulator. The 

performance[12] of proposed adders are analyzed and 

compared. In this proposed architecture, the implementation 

code for 32-bit Kogge-Stone developed and corresponding 

values of delay and area were observed. TABLE-1 shows the 

trade-off between different topologies and shows the 

comparison of adders. The simulated outputs of 16- bit and 

32-bit proposed adders are shown in Figure 5& Figure-6. 

 
Fig. 5: Simulation Result of 16 Bit Kogge Stone Adder 

 
Fig. 6: Simulation Results of 32 Bit Kogge Stone Adder 

Bit size Adder Area Delay in ns 

 

8-bit 

 

Regular RCA 144 11.92 

BEC 132 13.69 

Modified CBL 111 11.15 

KSA 83 5.776 

16-bit 

Regular RCA 348 16.15 

BEC 291 18.77 

Modified CBL 276 15.48 

KSA 166 12.85 

32-bit 

Regular RCA 698 28.97 

BEC 762 34.44 

Modified CBL 552 26.23 

KSA 332 24.56 

Table 1: Comparison of Different Types of Adder with 

Proposed 32 Bit KSA 

V. CONCLUSION 

A generate and propagate signals are created in the first stage, 

then ther are used to compute the intermediate carries in 

parallel. The final sum is an XOR of the carry and propagate 

signals. The advantage of using a Kogge-Stone adder is 

that„ the attributes associated with a Kogge-¬Stone are low 

logic depth, high node count, and minimal fanout. While a 

high node count implies a larger area, the low logic depth and 

minimal fanout allow for faster performance. The advanced 

Kogge-Stone parallel prefix adder provides O(log2N) 

latency, producing a critical path delay twelve times less than 

the standard Ripple Carry topology. 

In future it would be interesting to design 64 bit and 

128 bit kogge stone adders combined with other different 

types of adders. 
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