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Abstract

The binary adder is the critical element in mogfitdl circuit designs including digital signal pessors
(DSP) and microprocessor data path units. As sextensive research continues to be focused on impydhe
power-delay performance of the adder. In VLSI impdatations, parallel-prefix adders(also known asyeee
adders) are known to have the best performance.eMenithis performance advantage does not tranglegetly
into FPGA implementations due to constraints oricldgock configurations and routing overhead. Tpaper
investigates three types of carry-tree adders Kihgge-Stone, sparse Kogge-Stone, and spanninctiéer) and
compares them to the simple Ripple Carry Adder (ROAese designs of varied bit-widths were impletedron a
Xilinx Virtex 5 FPGA and delay values were takeorr static timing analysis of synthesis results iolgiz from
Xilinx ISE design suite 10.1. Due to the presenteadast carry-chain, the RCA designs exhibit brettelay
performance up to 64 bits. The carry- tree addave la speed advantage over the RCA as bit widihmaph 256.

Keywords: Adders, KS adder, RCA,SKS adder,Simulation.

I ntroduction

In processors (DSP) and microprocessor data
path units, adder is an important element. As such,
extensive research continues to be focused on wimgo
the power-delay performance of the adder. In VLSI
implementations, parallel adders are known to hhee
best performance. Reconfigurable logic like Field
Programmable Gate Arrays (FPGASs) has been gaining
more popularity in recent years because it offers
improved performance in terms of speed and power o
DSP-based and microprocessor-based solutions, for
many practical designs involving mobile DSP and
telecommunications applications and a significant
reduction in development time and cost over
Application Specific Integrated Circuit (ASIC) dgss.
The power advantage is important with the growing
popularity of mobile and portable electronics, ethi
make extensive use of DSP functions. However, tsrau
of the structure of the configurable logic and tiog
resources in FPGAs, parallel-prefix adders willvéha
different performance than VLSI implementations. [hj
particular, most modern FPGAs employ a fast-carry
chain which optimizes the carry path for the sienpl
Ripple Carry Adder (RCA). this work was supported
part by NSF LSAMP and UT-System STARS awards.
The FPGA ISE synthesis software was supplied by the
Xilinx University program described. An efficierdsting
strategy for evaluating the performance of theskeelis
discussed. Several tree- based adder structuees ar
implemented and characterized on a FPGA and

compared with the Ripple Carry Adder (RCA) and the
Carry Skip Adder (CSA). Finally, some conclusiomsi a
suggestions for improving FPGA designs to enabteebe
tree-based adder performance are given. Parabékp
structures are found to be common in high perfowea
adders because of the delay is logarithmically
proportional to the adder width. Such structuras c
usually be divided into three stages:1. pre-
computation,2. prefix tree 3. Post-computation.
1. Pre processing This step involves computation of
generate and propagate signals corresponding tolo ea
pair of bits in A and B. These signals are giventiy
logic equations below:

pi = Ai XOR Bi gi = Ai AN Bi
2. Carry look ahead networkThis block differentiates
KSA from other adders and is the main force beliisd
high performance. This step involves computation of
carries corresponding to each bit. It uses groopagate
and generate as intermediate signals which arexdiye
the logic equations below:
Pi:j = Pi:k+1 AND Pk;j
Gi;j = Gi:k+1 OR (Pi:k+1 AND Gk:j)
3. Post processingThis is the final step and is common
to all adders of this family (carry look ahead)inkolves
computation of sum bits. Sum bits are computedhay t
logic given below:

Si = pi XOR Ci-1
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Parallel Prefix Adders

This section describes the basic adders used in
this thesis. The adders implemented on FPGAs ae th
Kogge-Stone adder, ripple carry adder and sparggéo
Stone adder. The ripple carry adder is one of the
simplest adder designs. The Kogge-Stone addernis a
example of a parallel prefix adder. The internaickb
used in the adder designs are described in detéilis
section.
a).Ripple Carry Adder:

The ripple carry adder is one of the simplest
adders. It consists of a cascaded series of fdied For
example 4-bit adder can be constructed by cascdding
full adders together as shown in Figure. The apgarry
adder is relatively slow as each full adder musit e
the carry bit to be calculated from the previoud f
adder. The worst case delay of a ripple carry adder
occurs when cin propagates from the first stag¢héo
most significant bit position. The delay for anbi-
adder is given by,

Cadder — (N o l)tcarry + Toum

H-lz P.lz H-Il ﬁ}l Hr'l) FTJ
Emﬂ:- FA L FA _L FA ‘_Ein
A

Figure 2.0: Ripple Carry Adder

b) Kogge—Stone adder

The Kogge—-Stone adderis a parallel prefix
form carry look-ahead adder. It generates the carry
signals in O(log n) time, and is widely considerbe
fastest adder design possible. It is the commoigaddsr

high-performance adders .It takes more area to
implement than the Brent—-Kung adder, but has a
lower fan-outat each stage, which increases

performance. Wiring congestion is often a problem f
Kogge—Stone adders as well.

The Kogge-Stone adder is classified as a
parallel prefix adder since the generate and thpagate
signals are pre-computed. In a tree-based addeieca
are generated in tree and fast computation is mdxaat
the expense of increased area and power. The main
advantage of this design is that the carry treeagesl the
logic depth of the adder by essentially generating
carries in parallel. The parallel prefix adder more
favorable in terms of speed due to the O(lgl@elay
through the carry path compared tonpD{or the RCA.
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The Kogge-Stone adder is widely used in high-
performance 32-bit, 64-bit, and 128-bit adders @&s i
reduces the critical path to a great extent contptrehe
ripple carry adder. The operation of the tree-bamtder
can be understood using the concept of the fundiainen
carry operation f€o). This operator works on the
generate and propagate pairs as defined by,

(gr.pr) o (gr Pr)= (gL * pPr Er. Pr * PR)
Where gL, pL are the left input generate and prafmag
pairs and gR, pR are the right input generate and
propagate pairs to the cell. For example, in at4hiry
look ahead adder, the carry combination equationbea
expressed as,

Car = (Eaw Pad O F (22 P3) O e o) o (gh prif

= (G P O (s ) o (B - poogs P opil] ]

1]

a Py g3 t g - Py g T Fra - JP3 - e

Since thefco obeys the associativity property, the
expression can be reordered to vyield parallel
computations in tree based structure,

cs= [(ga. p4) 0 (g5 p3)] 0 [(g2 p2) o (g1 pi)]
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Fig:2.1 16-bit kogge-stone adder

b).sparse kogge-stone adder generator

This generates Verilog code for adders with
large numbers of bits. While a complete adder would
produce the output of all bits, this just outputseaies of
carry bits at fixed intervals. These can be usedhas
carry-in bits for a series of smaller adders. Tisisseful
in particular for FPGAs, where small ripple-carddars
can be much faster than general-purpose logic thémk
fast connections between neighbouring slices. This
allows a large adder to be composed of many smaller
adders by generating the intermediate carries uick
The sparse Kogge-Stone adder consists of several
smaller ripple carry adders (RCAS) on its lowerf laald
a carry tree on its upper half. Thus, the sparsggke
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Stone adder terminates with RCAs.The number ofesarr
generates is less in a sparse Kogge-Stone adder
compared to the regular Kogge-Stone adder. The
functionalities of the GP block, gray cell and iazzll
remains exactly the same as the regular Kogge-Stone
adder. The schematic for a 16-bit sparse KoggeeSton
adder is shown in Figure 2.2. Sparse and regulggko
Stone adders have essentially the same delay when
implemented on an FPGA although the former utilizes
much less resources.
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Figure 2.2: 16-bit sparse kogge-stone adder

ALLIED Work

The Basys board is a circuit design and
implementation platform that anyone can use to gain
experience building real digital circuits. Built cand
Xilinx Spartan-3E Field Programmable Gate Array and
Cypress EZUSB controller, then the Basys board
provides complete, ready-to-use a hardware suitiile
hosting circuits ranging from basic logic devices t
complex controller. A large collection of onboarD |
devices and all required FPGA support circuits are
included,so the countless designs can be creatbdwti
the need for any other components.Four standard
expansion connectors allow designs to grow beybed t
Basys board using breadboards, user-designed tcircui
boards, or Pmods (Pmods are inexpensive analog and
digital I/O modules that offer A/D & D/A conversien
motor drivers, sensor inputs and many other
features)..The Basys board work seamlessly with all
versions of the Xilinx ISE tools, including the éré&Veb
Pack. It ships with a USB cable that provides posaret
a programming interfaces. So no other power supjglie
programming cables are required.

PGA Reset bation
and Done LED
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Result

Fig:4.0 Simulation Result of 16bit RC

Fig:4.1 Simulation Results of K SA -16 bit
Experimental Result

Adder Type Delay No. of Memory
slices

4-bit RC 8.69 ns 4 152556 KB

4-bit KSA 9.838ns| 4 151532 KB

16-bit RC 24.686 | 18 152556 KB
ns

16-bit KSA 21.700 |21 154604 KB
ns

16-bit SKSA 20.042 | 22 153580 KB
ns

128 BIT RC 162.44 | 147 159724 KB
ns

128 BIT KSA 26.877 | 646 173612 KB
ns

128 BIT SKSA | 75.400 | 272 164844 KB
ns

Conclusion

The Above Experimental Results proved that
parallel prefix adders are very high speed tharmabr
Ripple carry Adders when it will increase the width
the adders. All adders will successfully synthesiasing
Xilinx9.1 synthesis tool and simulation will donesing
ISE simulator. We are generating a synthesis regort
Spartan 3E FPGA The replacement of prefix adders in
place of Ripple Carry Adders offers great advantege
the reduction of delay.

http: // www.ijesrt.corfC)International Journal of Engineering Sciences & Rearch Technology
[3675-3678]



[Rao, 2(12): December, 2013]

References

[1]

(2]

[3]

[4]

[5]

[6]

[7]

(8]

(9]

Design and Characterization of Parallel Prefix
Adders using FPGAs David H. K. Hoe, Chris
Martinez and Sri Jyothsna Vundavalli
Department of Electrical Engineering The
University of Texas, Tylerdhoe@uttyler.edu
978-1-4244-9593-1/11/$26.00 ©2011 IEEE

R. P. Brent and H. T. Kung “A regular layout
for parallel adders” IEEE Trans Computer, vol
C-31 pp.260-264, 1982.

D. Harris “A Taxonomy of Parallel Prefix
Networks” in Proc 3% Asilomar Conf. Signal
Systems and Computers, pp. 2213-7, 2003.

N. H. E. Weste and D. Harris "CMOS VLSI
Design" 4th edition,Pearson—Addison-Wesley
2011.[5] P. Ndai, S. Lu, D. Somasekhar, and K.
Roy “Fine- GrainedRedundancy in Adders” Int.
Symp. on Quality Electronic Design, pp. 317-
321, March 2007.

M. Becvar and P. Stukjunger “Fixed-Point
Arithmetic in FPGA” Ac-ta Polytechnic, vol.
45, no. 2, pp. 67-72, 2005.

K. Vitoroulis and A. J. Al-Khalili “Performance
of Parallel Prefix Adders Implemented with
FPGA technology” IEEE Northeast Workshop
on Circuits and Systems, pp. 498-501, Aug.
2007.

P. M. Kogge and H. S. Stone “A Parallel
Algorithm for the Efficient Solution of a
General Class of Recurrence Equations” IEEE
Trans. on Computers, Vol. C-22, No 8, August
1973.

D. Gizopoulos, M. Psarakis, A. Paschalis and Y.
Zorian “Easily Testable Cellular Carry
Lookahead Adders” Journal of Electronic
Testing: Theory and Applications 19,285-298,
2003.

[10]S. Xing and W. W. H. Yu, “FPGA Adders:

Performance Evaluation and Optimal Design”
IEEE Design & Test of Computers, vol. 15, no.
1, pp. 24-29, Jan. 1998.

[11]T. Lynch and E. E. Swartzlander “A Spanning

Tree Carry Lookahead Adder” IEEE Trans. on
Computers,

ISSN: 2277-9655
Impact Factor: 1.852

http: // www.ijesrt.corfC)International Journal of Engineering Sciences & Rearch Technology

[3675-3678]



