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Abstract—Addition is important in many of data path subsystems. The primary factor for any design is to reduce the power 
dissipation and to increase the performance. To achieve the performance and to reduce the power dissipation, selection of 
adder topology is an important thing. The use of parallel prefix adders (PPA’s) increases the performance by reducing the 
power dissipation. This paper represents the comparison between the different prefix trees and the implementation of radix-
4, 32 bit parallel prefix adder with sparseness of 4. The work involves the implementation of radix-2 and radix-4 32 bit 
parallel prefix adder structures by comparing power, delay, power delay product and number of computational nodes. The 
comparison result reveals that radix-4, 32 bit parallel prefix adder realizes minimum power and delay. The power and delay 
of both the adders are analyzed and compared. Cadence sim vision tool used for verilog implementation and Cadence 
virtuoso tool used for schematic implementation and the Encounter tool is used for the physical design of the both the 
adders. 
 
Keywords —Parallel prefix adders, arithmetic and logic unit, Power delay product. 
 
I. INTRODUCTION  
 
Addition is important in all processing and computing 
devices such as ALU, and MAC design units. It is a 
most important in all data path sub systems. ALU is 
one of the applications where all the processing 
parameters are depends on its performance. So, design 
of adder is most important in consideration.  
The main aim in ALU design is to reduce the adder 
critical path, which decides execution time in terms 
of delay and power. These two factors are most 
essential in adder design. Parallel prefix adder design 
is most preferable for their higher speed of operation. 
There are different algorithms are used in process of 
addition. They mainly aim on improvising the 
performance of PPAs by optimizing performance 
parameters such as Speed, Power, Area and number 
of gate counts. There are various topologies of prefix 
adders are there, they gives the comparisons among 
the various parallel tree adders [4-14].  
These tree structures validate the benefits of each one 
of them with the other by making use of the 
performance parameters. The various tree structures 
are mentioned in the literature based on delay, fan-out 
and complexity in circuit design. Sklansky proposed a 
tree [4], where intermediate carry signals are 
computed by using tree structures. In case of the 
Kogge-Stone [5], it uses recursive doubling property 
which leads to the fan-out limited to unity at the each 
stage of carry merge. This uses more wires at each 
level of carry merge. The minimum depth prefix 
graphs is introduced by Ladner and Fischer [6]. If the 
wire of one node connecting it to the other n/2 nodes, 
so the fan-out will be more. To avoid these condition 
we need to make use of the appropriate buffering 
inverters are added to drive the large load. Brent-
Kung [7] proposed a tree, where the lateral fan-out of  

 
each path restricted to unity. In Kogge-Stone tree [5] 
the logical depth is increased. Han-Carlson tree which 
is hybrid of both Brent-Kung and Kogge-stone adders 
[8]. Here, the computational node is reduced and 
slightly the logic depth will be increased. Some 
adders uses Sparseness to reduce the fan-out instead 
of the full parallel tree. There are plenty of sparse 
trees are implemented and published with sparseness 
of two [9], [10], [14] and four [3], [11], [12]. In [13] 
ling has proposed different carry generation equations 
to simplify the carry merge and to reduce the critical 
path delay. 
In this work I have implemented the Radix-2 tree 
structure and Radix-4 structure with the sparseness of 
four. So, the number of logical stages, logic depth and 
hence, reducing the delay in computation. Then we 
relate both the structure and implemented it to the 
ALU. 
The organization of paper is as follows. Section 2 
describes the Prefix computation Structure. Section 3 
tells about the various design choices. Section 4 
presents various Prefix trees. Section 5 gives 
implementation of Radix-4 Han-Carlson Adder. 
Section 6 is the application of the prefix adder in ALU 
design. Section 7 gives the simulation result, inference 
and Comparison of various prefix trees and Section 8 
Concludes the paper. 
 
II. OVERVIEW OF THE PREFIX ADDER 
 
Parallel prefix adder which uses Parallel Computation 
and Parallel Execution. It has three different stages for 
addition [6]. For the operand X and Y with width m, 
the figure below shows the structure of Prefix 
addition. 
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Fig.1. Structure of Prefix tree Adder. 

 
A. Pre-Processing Stage: 
The Pre-Processing Stage computes the all the 
Generate and Propagate signals of all the input bits of 
operand X and Y. The equations corresponding to 
Pre-Processing stage is as shown below: 

                   Gi = Xi · Yi                                                       (1) 
                    Pi = Xi + Yi                                                      (2) 

Where 0 ≤ i ≤ m-1, here m represents the number of 
bits. 
B. Carry Chain Computation: 
In carry chain computation, the carry merge operation 
performed. It is a most hungry product in all prefix 
tree adders. The Group generate and Group Propagate 
signals are calculated for jth bit to ith bit using the 
below equation: 
                     Gi:j = Gi:k + Gk-1:j Pi:k.                           (3) 

              Pi:j = Pi:k Pk-1:j.                                                         (4) 
Where, i > k > j. 

C. Post-Processing Stage: 
The final product can be obtained by using an XOR 
gate or by using Conditional Sum Adders. In 
conditional sum adder the corresponding sums can be 
selected based on the carry in to the present stage.  
While, designing the PPAs, there are various 
topologies which includes full tree or sparse trees. 
The validation of both the radix-2 and Radix-4 prefix 
tree are done by embedding it to the application of 
ALU design.  

 
III. DESIGN CHOICES. 
 
The group Generate and Propagate signals produced 
during the carry merge stage is modeled in to prefix 
trees [10], that are depends on the following 
parameters. 

 Radix/Valency/Prefix: It identifies the number 
of bits to be merged at each logic stages. 

 Logic depth: It defines maximum number of 
logic stages in carry graph. 

 Fan-out: Highest number of nodes driven by a 
node in a stage. 

 Wire tracks: Maximum number of wires 
routed across the bit pitch between two 
successive levels of the carry merge. 

IV. RADIX-2 PREFIX ADDERS. 
 
The Radix-2 Prefix adders have wide range of tree 
structures these can be validated through delay, fan-
out and wiring complexity. The main block needed in 
the prefix adders are Carry chain computation or carry 
merge stage. It decides the performance parameters. 
The Black dots in the carry merge represents the 
Black cell which can hold both group Generate and 
Propagate signals. The rest of dots represents the Grey 
cells. Prefix adders are divided into six categories as 
mentioned in the literature [4-14]. Among them I have 
chosen only three of them, because of the high 
performance parameters. 
 
A. 32 bit Brent-Kung Adder. 
It computes the valency for the group of two bits and 
again these can be used to for the valency of four bit 
groups, which intern used for eight bit group & so on. 
The valencies are fan back to find carries in each bit. 
The tree requires 2(log2 N-1) logical levels or stages 
for N bit logic implementation. The fan out is limited 
to two at each stages. The figure below shows the dot 
diagram of 32-bit Brent-Kung Adder. 

 

 
Fig.2. Structure of Brent-Kung Adder. 

 
B. 32 bit Kogge-stone Adder. 
The Kogge-Stone Adder achieves both (log2 N) stages 
and the fan out of two. It uses too much of wires 
between the logic cells. Thus, the complexity of 
wiring increases. The tree contains more Propagate 
and generate cells. The area is not impacted on this 
design whereas power consumption increases. Despite 
of this drawbacks the Kogge Stone adder is most 
widely used. The figure below shows the dot diagram 
of 32 bit Kogge-Stone Adder. 

 

 
Fig.3. Structure of Kogge-Stone Adder. 
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C. 32 bit Han-Carlson Adder. 
It is a network in which it comprises of both Kogge-
Stone and Brent-Kung Adders. In which it performs 
Kogge-Stone on odd numbered bits, whereas this may 
uses the one or more ripple to the even positions so as 
to avoid the bit ambiguity and to reduce the data path 
delay, the Buffers are used at each of the long wire 
networks. 

 
Fig.4. Structure of Hybrid Han-Carlson Adder. 

 
V. RADIX-4, SPARSE-4, HAN-CARLSON 
ADDER. 
 
Any carry graph can be converted to sparse tree and 
can have sparseness greater than two. Rather than 
using the full tree, sparse tree has been used. The 
sparse tree separates the critical path and non-critical 
path. Instead of producing carry at each bit. The 
sparse tree adder produced every 4th bit as shown in 
the dot diagram. It reduces the fan out, and reduces 
the interconnect length between the stages of the 
carry merge tree. 

 
Fig.5. Structure of Radix-4, Sparse tree Han-Carlson Adder. 

 
The figure above shows the carry graph of 32 bit 
prefix adder with sparseness of four, in structure the 
empty circle represents bit generate and propagate, 
top eight black dots which are shown as group one 
carry merge stage, groups the bit generate and 
propagate signals four by four to produce the first 
level group propagate and group generate signals 
using the equations shown below: 

Pj = Pi+3 · Pi+2 · Pi+1· Pi.                                                          (5) 
Gj = Gi+3 + Pi+3· Gi+2 + Pi+3 ·Pi+2 ·Gi+1  
       +Pi+3 · Pi+2 · Pi+1 · Gi                                   (6)   

                           

Here, j=i/4, and j= 0, 1,….7. 
 

The next four black dots which are shown as group 
two carry merge further groups the signals from 
group one four by four and produces its second level 
Group propagate and group generate signals as shown 
below: 
PGPj = GPi+3 · GPi+2 · GPi+1· GPi.                             (7) 
PGGj = GGi+3 + GPi+3· GGi+2 + GPi+3 · GGPi+2 · GGi+1              

     + GPi+3 · GPi+2 · GPi+1 · GGi.                               (8) 
 

The carry signal {c7, c11, and c15} are produced by 
the carry merge block which is shown as group three.  
In figure, the carries {c19, c23, c27, c31} are 
produced from carry merge blocks which are shown 
as group four. By grouping the signals from group 
two and group three using the equation: 
C19 = GG0 + GP0 · C3.                                                              (9) 
C23 = GG1 + GP1 · C7.                                                              (10) 
C27 = GG2 + GP2 · C11.                                                            (11) 
C31 = GG3 + GP3 · C15.                                                            (12) 
Then, by using appropriate number of conditional 
sum generators in the last stage all the sum bits can 
be produced. The non-critical section of the adder 
which works in parallel with the critical section 
consists of four bit conditional sum generators. As 
shown in figure, a four bit conditional sum generator 
produces the pair of sum bits, assuming an input carry 
of zero and one respectively 
 
VI. ALU IMPLEMENTATION 
 
To validate the efficient adder design I implemented 
the ALU which can perform faster than that of any 
other prefix adders. The same adder used for the 
subtraction with some modification made. There are 
certain operations performed with ALU design these 
functions can be shown in table below. The figure 6 
shows the functional block diagram of ALU. 
 

 
Fig. 6.ALU Block diagram. 

 
Table .1 . ALU Functions. 
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VII.  SIMULATION RESULTS AND 
DISCUSSION 

 
The figure below shows the simulation result which is 
performed for various adders. 
 

 
Fig.7. Simulation result of 32 bit adder. 

 
The graph below shown in fig.8 represents the 
performance parameters i.e., delay and power between 
various adders. 

Fig.8. Comparisons of delay and power for various Radix-2 
Prefix adders. 

 
Table.2. Parameters comparison between both the 

adders. 

 
 

Table.3. ALU implementation results. 

 
 
CONCLUSIONS 
 
By the simulation result i came to know that both the 
adders are functionally verified. And by synthesis and 

physical design I came to know that Radix-4, Sparse-
4 Han Carlson Adder is more efficient than that of 
Radix-2 Hybrid Han Carlson Adder. 
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