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Abstract:- To make addition operations more
efficient parallel prefix addition is a better
method. In this paper 16-bit parallel prefix
addition has been implemented with the help of
cells like black cell and white cell operations for
carry generation and propagation. This process
gives high speed computations with high fan-out
and makes carry operations easier. This paper
presents different types of parallel prefix adders
and compares them with the Simple Adder. The
adders are designed using Verilog HDL code
and simulated and synthesized using Xilinx
design suite 14.5 software tool and Modelsim
altera 10.0c. In order to make it suitable for
FPGA implementation, Han Carlson adder is
modified using fast carry logic technique. The
modified adder provides better performance
over the Simple adder for the higher order bit
widths.

In addition, binary adders are also helpful in units
other than Arithmetic Logic Units (ALU), such as
multipliers, dividers and memory addressing[3].
Therefore, binary addition is essential that any
improvement in binary addition can result in a
performance boost for any computing system and,
hence, help improve the performance of the entire
system. The major problem for binary addition is
the carry chain[4]. As the width of the input
operand increases, the length of the carry chain
increases. In order to improve the performance of
carry-propagate adders, it is possible to accelerate
the carry chain, but not eliminate it. Consequently,
most digital designers often resort to building faster
adders when optimizing computer architecture,
because they tend to set the critical path for most
computations.

Index terms - FPGA, Binary addition, Carry
tree adders, Prefix computation, Prefix addition.

Parallel-prefix structures are found to be common
in high performance adders because of the delay is
logarithmically proportional to the adder width.
Such structures can usually be divided into three
stages as follows: precomputation, prefix tree and
post computation.

I INTRODUTION
The decimal numbers are easy to comprehend and
implement for performing arithmetic. However, in
digital systems, such as a microprocessor, DSP
(Digital Signal Processor) or ASIC (ApplicationSpecific Integrated Circuit), binary numbers are
more pragmatic for a given computation. This
occurs because binary values are optimally
efficient at representing many values[2]. Binary
adders are one of the most essential logic elements
within a digital system.
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II PRELIMINARIES

Fig1Parallel prefix adder structure
An example of a parallel-prefix structure is shown
in Fig 1. In the prefix tree, generate/propagate are
the
only
signals
used.
The
group
generate/propagate equations are based on single
bit generate/propagate, which are computed in the
pre-computation stage.
𝑔𝑖 = 𝑎𝑖 . 𝑏𝑖
(1)
𝑝𝑖 = 𝑎𝑖

𝑏𝑖

(2)

226
All Rights Reserved © 2016 IJARECE

ISSN: 2278 – 909X
International Journal of Advanced Research in Electronics and Communication Engineering (IJARECE)
Volume 5, Issue 2, February 2016

Where 0 < i < n. 𝑔−1 = 𝑐𝑖𝑛 and 𝑝−1 = 0. Sometimes,
𝑝𝑖 can be computed with OR logic instead of an
XOR gate. The OR logic is mandatory especially
when Ling's scheme [5] is applied. Here, the XOR
logic is utilized to save a gate for temporary sum
𝑡𝑖 . In the prefix tree, group generate/propagate
signals are computed at each bit.
𝐺𝑖:𝑘 = 𝐺𝑖:𝑗 + 𝑃𝑖:𝑗 . 𝐺𝑗 −1:𝑘
(3)
𝑃𝑖:𝑘 = 𝑃𝑖:𝑗 . 𝑃𝑗 −1:𝑘
(4)
(𝐺𝑖:𝑘 , 𝑃𝑖:𝑘 ) = (𝐺𝑖:𝑗 ,𝑃𝑖:𝑗 )
(𝐺𝑗 −1:𝑘 , 𝑃𝑗 −1:𝑘 ) (5)
More practically, Equation (5) can be expressed
using a symbol “ ” denoted by Brent and Kung.
Its function is exactly the same as that of a black
cell.

Fig 2 Cell structures
In Fig1.2, various cell structures are represented.
The "
" operation will help make the rules of
building prefix structures. In the post-computation,
the sum and carry-out are the final output.
𝑠𝑖 = 𝑝𝑖 . 𝑔𝑖−1:−1
(6)
𝑐𝑜𝑢𝑡 = 𝐺𝑛 :−1
(7)
where “-1” is the position of carry-input. The
generate/propagate signals can be grouped in
different fashion to get the same correct carries.
Based on different ways of grouping the
generate/propagate signals, different prefix
architectures can be created.
III KOGGE STONE ADDER FOR 16 BIT
Kogge Stone prefix tree is among the type of prefix
trees that use the fewest logic levels.

maximum branch fan-out at each logic level. The
maximum fan-out is 2 in all logic levels for all
width Kogge-Stone prefix trees.
Gray cells are inserted similar to black cells except
that the gray cells final output carry outs instead of
intermediate 𝐺/𝑃 group. The reason of starting
with Kogge-Stone prefix tree is that it is the easiest
to build in terms of using a program concept.
For the Kogge-Stone prefix tree, at the logic level
1, the inputs span is 1 bit (e.g. group (4:3) take the
inputs at bit 4 and bit 3). Group (4:3) will be taken
as inputs and combined with group (6:5) to
generate group (6:3) at logic level 2. Group (6:3)
will be taken as inputs and combined with group
(10:7) to generate group (10:3) at logic level 3, and
so on so forth. With this inspection, the structure
can be described with the Algorithm 1.1 listed
below.
Algorithm 1.1 Building Kogge-Stone Prefix Tree
L=𝑙𝑜𝑔2 (𝑛);
for llevel = 1; llevel < L; llevel ++ do
u =2𝑙𝑙𝑒𝑣𝑒𝑙 ; {output bit span}
v =2𝑙𝑙𝑒𝑣𝑒𝑙 −1 ; {input bit span}
for i = v - 1; i < n - 1; i ++ do
𝐺𝑃𝑖:𝑖−𝑢+1 = 𝐺𝑃𝑖:𝑖−𝑣+1
(𝐺𝑃𝑖−𝑣:𝑖−𝑢 +1 )
end for
end for

IV HAN CARLSON ADDER FOR 16 BIT
The idea of Han-Carlson prefix tree is similar to
Kogge-Stone's structure since it has a maximum
fan-out of 2 or f = 0. The difference is that HanCarlson prefix tree uses much less cells and wire
tracks than Kogge-Stone. The cost is one extra
logic level. Han-Carlson prefix tree can be viewed
as a sparse version of Kogge-Stone prefix tree. In
fact, the fan-out at all logic levels is the same (i.e.
2). The pseudo-code for Kogge-Stone's structure
can be easily modified to build a Han-Carlson
prefix tree. The major difference is that in each
logic level, Han-Carlson prefix tree places cells
every other bit and the last logic level accounts for
the missing carries.

Fig 3 16-bit Kogge-Stone prefix tree
A 16-bit example is shown in Fig 3. In fact, KoggeStone is a member of Knowles prefix tree. The 16bit prefix tree can be viewed as Knowels [1,1,1,1].
The numbers in the brackets represent the

Fig 4 16-bit Han-Carlson prefix Tree
Figure 4 shows a 16-bit Han-Carlson prefix tree,
ignoring the buffers. The critical path is shown
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with thick solid line. A good trade-off between
fanout, number of logic levels and number of black
cells is given by Han-Carlson. The outer rows of
the Han-Carlson topology are Brent-Kung graphs,
while the inner rows are Kogge-Stone graphs.

V HAN-CARLSON ADDER WITH ERROR
DETECTION AND ERROR CORRECTION
The conditions in which at least one of the
approximate carries is wrong (misprediction) are
signaled by the error detection stage. In case of
misprediction, an error signal is asserted by error
detection stage and the output of the postprocessing stage is discarded. The error correction
stage will give the correct sum in the next clock
period. The error correction stage computes the
exact carry signals, to be used in case of
misprediction. The error correction stage is
composed by the levels of the prefix- processing
stage pruned to obtain the speculative adder.

Fig 5 16-bit Han- Carlson topology
The Han-Carlson adder in Fig 5 uses a single
Brent-Kung level at the beginning and at the end of
the graph, and the number of levels is 1 +
𝑙𝑜𝑔2 (𝑛). Here black dots represent the prefix
operator, while white dots are simple placeholders.
Han-Carlson adder constitutes a good trade-off
between fanout, number of logic levels and number
of black cells. Because of this, Han-Carlson adder
can achieve equal speed performance respect to
Kogge-Stone adder, at lower power consumption
and area. Therefore it is interesting to implement a
speculative Han Carlson adder. Moved by these
reasons, we have generated a Han-Carlson
speculative prefix-processing stage by deleting the
last rows of the Kogge-Stone part of the adder.

Fig 7 Error correction and detection stages for the
proposed speculative Han-Carlson adder
The Fig 7 shows the error correction stage of the
proposed speculative Han-Carlson adder; the error
correction for Kogge-Stone topology can be
obtained similarly. It can be observed that the
inclusion of the error correction stage increases the
fanout of some of the cells of the speculative
prefix-processing stage, with adverse effect on
adder speed.
VI SIMULATION AND RESULT

Fig 6 Han-Carlson speculative prefix-processing
stage
As an example, the Fig 6 shows the Han-Carlson
adder in which the two Brent-Kung rows at the
beginning and at the end of the graph are
unchanged, while the last Kogge-Stone row is
pruned. In general, one has K=n/2𝑃 where P is the
number of pruned levels; the number of levels of
the speculative Han-Carlson stage reduces from
1 + 𝑙𝑜𝑔2 (𝑛) to 1 + 𝑙𝑜𝑔2 (𝐾) (assuming K that is
a power of two).
In general, the computed propagate and
generate signals for the speculative Han-Carlson
architecture are:
(𝑔, 𝑝)𝑖:0
for: i < K
(𝑔, 𝑝)𝑖:𝑖−𝐾+1 for: i > K, i odd
(𝑔, 𝑝)𝑖:𝑖−𝐾
for: i > K, i even

The Ideal N-bit tree adder would have:
 L= log N logic levels
 Fan-out of 2
 No more than one wiring track between
levels
Kogge-Stone, Han-Carlson and Knowles adders
require a large number of parallel wiring for wide
bit adders. Thus packing the wires close together
will increase the coupling capacitance on each
wire. Sklansky architecture becomes slow due to its
high fan-out. When interconnect is considered HanCarlson become attractive one as it requires only
half the number of columns. Individually
specifications are like Kogge-Stone has least logic
levels but hard to P and G. Brent-Kung is the very
first and bad-one. Ladner-Fischer has a bit more
logic levels and high fan-out. Han-Carlson has
more logic levels but less cells. S. Knowles
possesses many cells and wires and some fan-out.
Sklansky has least logic levels and highest fan-out.
If wire capacitance is neglected Kogge-Stone adder
is the best among the others.
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Simulation and synthesis is done using Xlinx
design suite 14.5, selecting device Spartan-3E
FPGA (XC3S500E-4FG320C). The adder
abbreviations used in the following discussions are:
RCA for the ripple carry adder, KSA for the
Kogge-Stone adder, and HCA for the Han-Carlson
adder. Table.1 shows the synthesis results of
different adders.
Table 4.1 Comparison table on RCA, KSA and
HCA
PARAMETER

Number of

Fig 9 Simulation result of Han Carlson adder

RIPPLE

KOGGE

HAN

CARRY

STONE

CARLSON

2%

4%

2%

2%

3%

2%

40%

63%

51%

33.378ns

15.946ns

15.460ns

The following are RTL schematic of the kogge
stone adder and the han Carlson adder.

slices
Number of 4
input LUTs
Number of
I/Os
Estimation of
timing
In Fig 8, it shows the Simulation and synthesis of
Han-Carlson adder using ModelSim altera 10.0c
for 16 bit binary variable.

Fig 10 RTL schematic of Kogge Stone adder

Fig 8 Simulation result of Han-Carlson adder
In Fig 9, it shows the Simulation and Synthesis of
Han-Carlson adder using Xilinx design suite 14.5
for 16 bit binary variable.

Fig 11 RTL schematic of Han Carlson adder

VII CONCLUSION
The variable latency Han-Carlson parallel prefix
speculative adder for high-speed application is
proposed. A new, more accurate, error detection
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network is introduced, which allows reducing the
error probability compared to the other approaches.
Compared with traditional, non-speculative, adders,
our analysis demonstrates that variable latency
Han-Carlson adders show sensible improvements
when the highest speed is required; otherwise the
burden imposed by error detection and error
correction stages overwhelms any advantage. This
can be used in various applications like digital
signal processing, satellite and mobile phones.
The 16 Bit Existing and Proposed adders are
implemented. In the future work, proposed
architecture will be converted into 32 bit Adders
and analyzes the area and speed. This adder will be
done by using our verilog and the Adder design
will implemented into FPGA.
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