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ABSTRACT- While designing Very Large Scale 
Integration (VLSI) circuits having thousands of 
transistors fabricated in a single integrated circuit 
(IC), in that fabrication process Parallel prefix 
adders (PPA) play a crucial role by providing better 
delay performance. In this project we have 
observed the characteristics and performance of 
four types of Parallel prefix adders (PPA) They are 
Kogge Stone Adder (KSA), Spanning Tree Adder 
(STA), Sparse Kogge Stone Adder (SKA) and 
Brent Kung Adder (BKA). Apart from the above 
popular Parallel prefix adders, we have observed 
the performance and characteristics of Ripple Carry 
Adder (RCA), Carry Select Adder and Carry Skip 
Adder (CSA). These parallel prefix adders are 
implemented and simulating them in verilog 
Hardware Description Language (VHDL) by using 
the software Xilinx Integrated Software 
Environment (ISE) 14.7 Design Suite. These 
implemented designs are simulated and executed in 
the Xilinx Vertex 7 Field Programmable Gate 
Arrays (FPGA). We have compared all the above 
parallel prefix adders like Kogge Stone Adder 
,Spanning Tree Adder, Sparse Kogge Stone Adder 
and Brent Kung Adder, along with basic adders 
like Ripple Carry Adder, Carry Select Adder and 
Carry Skip Adder in terms of their characteristics 
like adder’s delay and performance.

I. INTRODUCTION

The main problem for the binary addition 
is the carry chain. As that the size of the input 
operand increases, the length of that carries chain 
increases. Figure 1.1 displays an example of the 8- 
bit binary add operation and how the carry chain is 
affected. This example shows the worst case that 
happens when the carry travels the longest possible 
path from the LSB (least significant bit) to the 
MSB (most significant bit). In order to increase the 
performance of carry-propagate adders it is 
possible to increase speed the carry chain, but not 
remove it. Accordingly most digital designers often 
alternative to the building faster adders, when 
optimizing computer architecture, because they 
tend to set the critical path for most computations. 
The binary adder is the most critical component in 
the digital circuit designs with digital signal 
processors and microprocessor data path units. As 
such, widespread research continues to be 
concentrated on improvement of the power delay 

arrangement of the adder. In VLSI applications, 
parallel-prefix adders are the greatest performance. 
Reconfigurable logic which has Field 
Programmable Gate Arrays (FPGAs) has been fast 
in desirability in recent years because it offering 
improve performance in term of speed and power 
over DSP-based microprocessor-based results.

Fig.1: Binary Adder Example

The binary adders have many practical 
designs involving mobile DSP and 
telecommunications applications and an important 
reduction in development time and cost over 
Application Specific Integrated Circuit (ASIC) 
designs. The implementations that have been 
established in this area help to improve the design 
of parallel-prefix adders and their related 
computing architectures. This has been the 
potential of impacting many application specific 
and general purpose computer architectures. 
Therefore, this work can influence the designs of 
many computing systems, as well as impacting 
many areas of engineers and science. In this the 
practical issues involved in designing and 
implementing tree-based adders on FPGAs are 
defined. Several tree-based adder structures are 
implemented and categorized on a FPGA and 
compared with the Ripple Carry Adder, Carry-Skip 
Adder. Finally, some conclusions and improving 
FPGA designs to enable better Parallel prefix -
based adder performance are given.

II. IMPLEMENTATION

To determination the delay of carry-
lookahead adders, the scheme of multilevel-
lookahead adders or parallel-prefix adders can be 
employed. The idea is to calculate small group of 
intermediate prefixes and then find large group 
prefixes, until all the carry bits are calculated. 
These adders have tree structures within a carry-
calculating stage similar to the carry propagate 

IAETSD JOURNAL FOR ADVANCED RESEARCH IN APPLIED SCIENCES

Volume VII, Issue XII, December/2020

ISSN NO: 2394-8442

PAGE NO:17



adder. However, the further two stages for these 
adders are called pre-computation and post-
computation stages. In pre-computation stage, each 
bit calculates its carry generate/propagate and a 
temporary sum.

All parallel-prefix structures be 
implemented with the equations above, however, 
Equation can be deduced in various ways, which 
leads to different types of parallel-prefix trees. For 
example, Brent-Kung is famous for its sparse 
topology at the cost of more logic levels. There are 
several design factors that can influence the 
performance of prefix structures.
 Radix/Valency
 Logic Levels
 Fan-out
 Wire tracks
Parallel-prefix structures are originate to be 
common in high performance adders because of the 
delay is logarithmically proportional to the adder 
width. Such structures can frequently be divided 
into three stages, pre-computation, prefix tree and 
post-computation. An example of an 8-bit parallel-
prefix structure is displayed in Figure 2. In the 
prefix tree, groups generate/propagate the only 
signals used.

Fig.2: 8-Bit Parallel-Prefix Structure

Parallel-prefix trees have several 
architectures. These prefix trees can be 
distinguished by four major factors. 1) 
Radix/Valency 2) Logic Levels 3) Fan-out 4) Wire 
Tracks. In the next discussion about prefix trees, 
the radix is assumed to be 2 (i.e. the number of 
inputs to the logic gates is always 2). The more 
aggressive prefix schemes have logic levels 
[log2(n)], where n is the width of the inputs. 
However, these schemes need higher fan-out, or 
many wire-tracks or dense logic gates, which will 
cooperation the performance e.g. speed or power. 
Some other schemes have relieved fan-out and wire 
track the cost of more logic levels. When radix is 

fixed, The design trade-off is made amongst the 
logic levels, fan-out and wire tracks.

Kogge-Stone prefix tree is among the type 
of prefix trees that use the littlest logic levels. A 
16-bit Kogge-Stone adder is shown in Figure 3.4. 
In element, Kogge-Stone is a member of Knowles 
prefix tree. The numbers in the brackets signify the 
maximum branch fan-out at each logic level. The 
concentrated fan-out is 2 in all logic levels for all 
width Kogge-Stone prefix trees. The key of 
construction a prefix tree is how to implement 
Calculation according to the specific features of 
that type of prefix tree and apply the rules 
described in the previous segment. Gray cells are 
introduced similar to black cells except that the 
gray cells final output carry outs instead of 
intermediate G/P group. The purpose of starting 
with Kogge-Stone prefix tree is that it is the easiest 
to build in terms of using a program concept. It is 
not difficult to extend the structure to any width if 
the basics are strictly monitored. KSA is a different 
of prefix trees that utilizes the least logic levels. 
The 16 bit Kogge-stone adder employs BC’s and 
GC’s and it won’t utilize full adders. The 16 bit 
KSA uses 36 BC’s and 15 GC’s. And this adder 
completely utilities on generate and propagate 
blocks. 

For the Kogge-Stone prefix tree, at the 
logic level 1, the inputs duration is 1 bit (e.g. group 
(4:3) income the inputs at bit 4 and bit 3). Group 
(4:3) will be taken as inputs and combined with 
group (6:5) to produce group (6:3) at logic level 2. 
Group (6:3) will be taken as inputs and collective 
with group (10:7) to generate group (10:3) at logic 
level 3, and so on so forth.

The number cells for a Kogge-Stone 
prefix tree can be calculated as follows. Each logic 
level has n-m cells, where m = 2llevel - 1. That is in 
each logic level is missing m cells. That number is 
the sum of a geometric sequences starting from 1 to 
n/2 which totals to n-1. The total number of cells 
resolves be nlog2n subtracting the total number of 
cells missing at each logic level, which storms up 
with nlog2n-n +1. It willingly seems that a key 
advantage of tree structured adder is the critical 
path due to carry delay is on the order to log2N for 
an N-bit widespread adder.
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Fig.3: 16-bit Kogge-Stone Prefix Tree

The procedure of the prefix network rise 
to several families of adders. For this study, the 
effort on the Kogge-Stone adder, known having 
minimal logic depth & fan-out .Here we select BC 
as the black cell It generates the ordered pair in the 
equation (1) the gray cell (GC) generate left signal 
only. The interconnect area is to be high, but for 
FPGA with large routing to begin with this is not as 
significant as in a VLSI implementation. The 
equivalence of the Kogge-Stone prefix network has 
built in severance which has consequences for 
fault-tolerant designs. 

The sparse Kogge-Stone adder is shown in 
the below Figure 4. This hybrid design finishes the 
summation process with 4-bit RCA permitting the 
carry prefix network be simplified.

Fig.4: 16-Bit Sparse Kogge-Stone Adder

The 16-bit sparse Kogge-Stone adder used 
11 black cells and 3 gray cells and 16 full adder 
blocks too. This adder using the black cells and 
gray cell which terminates 4-bit RCA’s.

Another carry-tree adder known as the 
spanning tree carry-lookahead (CLA) adder is also 
observed. Like the sparse Kogge-Stone adder, this 
design dismisses with a 4-bit RCA. As the FPGA 
uses a fast carry-chain for the RCA, it is motivating 
to compare the performance of this adder with the 
sparse Kogge-Stone and regular Kogge-Stone 
adders. Also of attentiveness for the spanning-tree 
CLA is its testability features.

Fig.5: 16-Bit Spanning Tree Adder

Another PPA (Parallel Prefix Adder), 
known as Spanning Tree Adder. Like the SKA, this 
adder also terminates with RCA. It also uses the 
BC’s and GC’s and full adder blocks like SKA’s 
but difference is the interconnection between them 
.The 16 bit STA is shown in the below Figure 5.

Brent-Kung prefix tree is a well-known 
structure with relatively sparse network. Brent-
Kung prefix tree is a bit complex to build because it 
has the most logic levels. The 16 bit Brent-Kung 
Adder is shown in the below Figure.

Fig.6: 16- Bit Brent-Kung Adder

The delay is estimated as the number of 
logic levels. The total number of cells can be 
calculated in the following way. In the first log2n 
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logic levels, the number of cells is a geometric 
series. The 16 bit Brent-Kung Adder uses fifteen 
black cells and eleven gray cells. The Brent-Kung 
Adder has less architecture and occupies less area.

III. SIMULATION RESULTS

Verilog is frequently used for the two 
different goals they are simulation of the electronic 
designs and the synthesis of designs. Synthesis is a 
process, where the Verilog are compiled and 
mapped into an implementation technology such as 
an FPGA. Many FPGA vendors have free tools to 
synthesize Verilog for use with their chips, where 
the ASIC tools are often very expensive. While 
different synthesis tools have different capabilities, 
there exists a common synthesizable subset of 
Verilog that defines what language constructs and 
idioms map into common hardware for many 
synthesis tools.
The design adders are simulated by using the 
software Xilinx ISE 14.7 version.
1. To observe the output waveforms, Click 
on ‘simulation’ then Isim simulator is displayed. 
And now check the errors by clicking on ‘check 
syntax’ 
2. Finally, click on ‘simulate behavioral 
model’ to observe the output waveforms.
A. Simulation Result for the Ripple Carry adder

Below Figure shows the output waveforms 
for 16-bit Ripple Carry adder by taking inputs as A 
input=000000000000010100, B 
input=00000000001000001 and Cin=0. 

Fig.8: Simulation Result of 16-bit Ripple Carry 
Adder

The above simulation result is for the 16-
bit Ripple Carry Adder, For A 
input=000000000000010100,B 
input=00000000001000001 and Cin=0, the 
resultant sum is 0000000001010101 and Cout=0.
B. Simulation Result for the Carry-Select Adder

Below Figure  shows the output 
waveforms for 16-bit Carry-Select Adder by taking 
inputs as A input=00000000000100110, B 
input=0000000000110011 and Cin=0

Fig.9: Simulation Result of 16- bit Carry-Select 
Adder

The above simulation result is for the 16- 
bit Carry-Select Adder, For A 
input=00000000000100110, B 
input=0000000000110011 and Cin=0,the resultant 
sum is 0000000001011001 and Cout=0.
C. Simulation Result for the Carry-Skip Adder

Below Figure shows the output waveforms 
for 16-bit Carry-Skip Adder by taking inputs as A 
input=00000000000001010, B 
input=00000000000110010 and Cin=0. 

 
Fig.10: Simulation Result of 16- bit Carry-Skip 
Adder

The above simulation result is for the 16-
bit Carry-Skip Adder, For A 
input=00000000000001010, B 
input=00000000000110010 and Cin=0,the resultant 
sum is 000000000000111100 and Cout=0.
D. Simulation Result for the Kogge-Stone Adder

Below Figure shows the output waveforms 
for 16-bit Kogge-Stone Adder by taking inputs as 
A input=0000001000001000, B 
input=00000000000101000 and Cin=0. 

Fig.11: Simulation Result of 16-bit Kogge-Stone 
Adder

The above simulation result is for the 16-
bit Kogge-Stone Adder, For A 
input=0000001000001000, B 
input=00000000000101000 and Cin=0,the resultant 
sum is 0000001000110000,  and Cout=0.
E. Simulation Result for the Sparse Kogge-Stone 
Adder

Below Figure shows the output waveforms 
for the 16-bit Sparse Kogge-Stone Adder by taking 
inputs A input=000000000000001010, B 
input=0000000000010100 and Cin=0. 
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Fig.12: Simulation Result of 16- bit Sparse Kogge-
Stone Adder

The above simulation result is for the 16- 
bit Sparse Kogge-Stone Adder, For A 
input=000000000000001010, B 
input=0000000000010100 and Cin=0,the resultant 
sum is 0000000000011110 and Cout=0.
F. Simulation Result for the Spanning Tree 
adder

Below Figure shows the output waveforms 
for 16-bit Spanning Tree adder by taking inputs as 
A input=000000000000001010, B 
input=00000000000010100 and Cin=0.

Fig.13: Simulation Result of 16- bit Spanning Tree 
adder

The above simulation result is for the 
Spanning Tree adder, For A 
input=000000000000001010, B 
input=00000000000010100 and Cin=0,the resultant 
sum is 0000000000011110 and Cout=0.
G. Simulation Result for the Brent-Kung Adder

Below Figure shows the output waveforms 
for 16-bit Brent-Kung Adder by taking inputs as A 
input=0000110000110100, B 
input=0000111111001101 and Cin=0. 

Fig.14: Simulation Result of 16-bit Brent-Kung 
Adder

The above simulation result is for the 16-
bit Brent-Kung Adder, For A 
input=0000110000110100, B 
input=0000111111001101 and Cin=0,the resultant 
sum is 0001110000000001 and Cout=0.

IV. CONCLUSION

By observing the both Implementation and 
simulation results of the parallel prefix adders we 
can say that the parallel-prefix adders are the more 
effective and better delay performance. However 
different from the other studies, we have the 
indication that carry-tree adders ultimately suppress 
or decreases the performance of the linear adder 
designs at the high level bit-widths, expected to be 
in the range of 128 to 256 bit range. This is the 

important for the large adders used in the precision 
arithmetic and cryptographic applications. The 
Design and Analysis done on the Delay and Look 
up tables & Input-output buffers and power, we 
have concluded that Out of four Parallel prefix 
Adders Brent-Kung Adder has taken less area in 
terms of LUT’s and IOB’s .The Kogge Stone 
Adder have the better delay performance when 
compared to Spanning Tree Adder, Sparse Kogge 
Stone Adder, Brent-Kung Adder Parallel prefix 
Adders.
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