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Abstract: Multipliers are important components that dictate the
overall arithmetic circuits’ performance. The most critical
components of multipliers are compressors. In this paper, a new
5:2 compressor architecture based on changing some internal
equations is proposed. In addition, using an efficient full-adder
(FA) block is considered to have a high-speed compressor. The
proposed architecture is compared with the best existing designs
presented in the state-ofthe-art literature in terms of power,
delay and area.
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L INTRODUCTION

Multipliers are one of the most significant blocks in computer
arithmetic and are generally used in different digital signal
processors. There is growing demands for high speed
multipliers in different applications of computing systems,
such as computer graphics, scientific calculation, image
processing and so on. Speed of multiplier determines how fast
the processors will run and designers are now more focused on
high speed with low power consumption. The multiplier
architecture consists of a partial product generation stage,
partial product reduction stage and the final addition stage.
The partial product reduction stage is responsible for a
significant portion of the total multiplication delay, power and
area. Therefore in order to accumulate partial products,
compressors usually implement this stage because they
contribute to the reduction of the partial products and also
contribute to reduce the critical path which is important to
maintain the circuit’s performance. Most computerized
mathematic applications are executed utilizing digital logic
circuits, in this manner working with a high degree of
reliability and precision. In any case, numerous applications,
for example, in multimedia and image processing can endure
mistakes and imprecision in calculation and still produce
important and helpful results. Exact and precise models and
algorithm are not generally suitable or productive for use in
these applications. The paradigm of inaccurate calculation
depends on relaxing completely precise and totally
deterministic building modules when for instance, planning
energy efficient system.

This permits uncertain calculation to divert the current design
procedure of computerized circuits and systems by exploiting
a reduction in multifaceted nature and expense with
conceivably a potential increment in execution and force
productivity. In exact (or vague) figuring depends on utilizing

this property to design disentangled, yet inexact circuits
working at higher execution and/or lower power utilization
contrasted and exact (definite) logic circuits. Expansion and
multiplication are broadly utilized operations as a part of
computerized mathematic; for expansion adders and proposed
a few new measurements for assessing rough and probabilistic
adders as for brought together figures of legitimacy for outline
appraisal for estimated processing applications. For every data
to a circuit, the Error Distance(ED) is characterized as the
mathematic separation between a mistaken yield and the right
one. The Mean Error Distance (MED) and normalized error
distance (NED) are proposed by considering the averaging
impact of various inputs and the standardization of multiple-
bit adders. The NED is almost invariant with the measure of
an execution and is accordingly valuable in the unwavering
quality evaluation of a particular configuration. The tradeoff in
the middle of accuracy and force has additionally been
quantitatively assessed in.

1I. COMPRESSOR ARCHITECTURES

Compressors are building blocks used for accumulating partial
products during the multiplication process. The basic idea in
an n : 2 compressor is that n operands can be reduced to two,
by doing the addition while keeping the carries and sums
separate. This means that all of the columns can be added in
parallel without relying on the result of the previous column,
creating a two-output adder with a time delay that is
independent of the size of its inputs. The full adder is the most
primitive compressor and is often referred to as the 3 : 2
compressor since it compresses three operands into two. The
sum and carry outputs are given by the following set of
equations:

Sum = 1, £xs B
Cany = xjx + X0 + 1165

where x1 and x2 are the input operands and ci is the carry
from previous stage. This 3:2 compressor has a delay of two
XOR gates, and is normally used in carry-save form to sum up
the partial products in a multiplier tree. Though the addition
used in this manner is much faster than that of a ripple carry
adder, the interconnections are very irregular thereby making
the structure more complex.

The 4:2 compressor was initially designed by an intricate
connection of two 3:2 compressors as shown in Fig 1. The
structure has a delay of four XORs. The advantage of the
structure lies in its carry free nature, whereby the carry from
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the previous stage is not propagated to the next stage. A novel
design of a 4:2 compressor with XORs and multiplexers
(MUX ) as building blocks is presented in [5]. This design is
based on a modified set of equations for the sum and carry
outputs as:

Sum =x; B Bay Py B o

Cammy = (1 B2 Bxy Exa)e + (1 B x2S x Sxglx,

C, = [x; @xajes + () Bl
A widely used compressor of significant importance is the 5:2
compressor. Its block diagram is shown in Fig. 2. It has seven
inputs of which five are direct inputs and two are carry-in bits
from a previous stage. Similarly, there are four outputs of
which two are carry-out bits to the next stage and the other
two are sum and carry bits. All the 5:2 compressors of
different designs abide by the generic equation:

Xt X2+ X3+ X4 X5+ Ol + Ca2

= Sum + 2(Carry + Cy + Caa)

LTI § LA P X
| |
el
s

CHIPIEss: | Ll

L I g il |

L

COMpressor

C I | — | Dielay

Carry  Bum

Fig 1: 5:2 compressor Implementation using 3:2 compressors

In its simplest form, a 5:2 compressor can be designed by
cascading three 3:2 compressors as shown in Fig 1. This
structure has a delay of 6 XORs and is slower than the 6:2
compressor presented in [3], which has a delay of only five
XORs. A faster implementation of the 5:2 compressor with 5
XOR delays is presented in [6].

I1I1. PROPOSED OPTIMIZED 5:2 COMPRESSOR
DESIGN

In this section the proposed architecture is introduced. Two
improvement approaches are used to propose the new 5:2
compressor architecture. First, by a closer look at dashed box
of Fig. 1, it represents the functionality of a conventional FA
and can be replaced by variety of FAs presented in the
literature. This replacement is expected to lead to considerable
speed improvement, due to 34% faster operation of CMOS FA
in comparison to two cascaded CMOS XOR gates, as it is
explained in [14]. Therefore, the CMOS FA presented in [15]
is used in our proposed 5:2 compressor architecture. To
further improvement, we make some changes to internal
equations of the 5:2 compressor to eliminate final Not gates of
the CMOS FA. By doing so, we could have reduced power
dissipation as well as improved operational speed. To achieve

this goal, we have to use XNOR gates instead of XORs of the
second stage of the architecture. Hence, we propose the

architecture which is shown in Fig 2.
X1 X3

— Full adder

Sum Carry
Fig 2: optimized design of 5:2 compressor
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Carry=AB+BC+AC

Carry=

By taking the NOT of Carry, we could use part of the circuit,
which generates Sum signal, to generate Carry signal. Thus
the higher performance of full adder could be achieved. Based
on the above formulae, it is conjectured that lowering the
critical path delay of the (5:2) compressor. However, it is very
likely to explore different logic design styles at transistor level
to achieve significantly improved low power and high-speed
(52) compressor. However, in terms of power dissipation,
Design 1 might be a better choice due to its use of MUX for
implementing Col, even though both circuits may have
comparable values for power.

In this section, the impact of using the proposed compressors
for multiplication is investigated. A fast (exact) multiplier is
usually composed of three parts (or modules). In the design of
a multiplier, the second module plays a pivotal role in terms of
delay, power consumption and circuit complexity.
Compressors have been widely used [9, 10] to speed up the
CSA tree and decrease its power dissipation, so to achieve fast
and low-power operation. The wuse of approximate
compressors in the CSA tree of a multiplier results in an
approximate multiplier.

IV. SIMULATION RESULTS
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Fig 3: simulation result for the proposed dadda multiplier using optimized 5:2

compressor
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Fig 6: summary report for the proposed dadda multiplier using optimized 5:2
compressor
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V. CONCLUSION

R4

In this paper we examined the various 5:2 compressors
available in the literature and then proposed two new
highspeed 5:2 compressor architectures. The new designs limit
the carry propagation delay to a single compressor stage. They
are then analysed for their critical delay paths and are found to
be faster than the best one reported in the literature. It is
concluded that the proposed architecture consumes the lowest
power, operates faster and consequently is the most energy
efficient one.
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Fig 4: RTL of the proposed dadda multiplier using optimized 5:2 compressor

REFERENCES

[1]. O. Kwon, K. Nowka, and E. E. Swartzlander, "A 16-Bit by 16-Bit
MAC Design Using Fast 5:3 Compressor Cells," The Journal of VLSI
Signal Processing, vol. 31, pp. 77-89, 2002.

[2]. R. Modugu, C. Minsu, and N. Park, "A fast low-power modulo 2n +1
multiplier design," in Instrumentation and Measurement Technology
Conference, 2009. 2MTC '09. IEEE, 2009, pp. 951-956.

[3]. C. H. Chang, J. Gu, and M. Zhang, "Ultra low-voltage low-power
CMOS 4-2 and 5-2 compressors for fast arithmetic circuits," IEEE
Transactions onCircuits and Systems, vol. 51, pp. 1985-1997, 2004.

[4]. S. Veeramachaneni, K. M. Krishna, L. Avinash, S. R. Puppala, and M.
B. Srinivas, "Novel Architectures for High-Speed and Low-Power 3-2,
4-2 and 5-2 Compressors," in Proc. of 20th Int. Conf. on VLSI Design,
2007, pp. 324-329.

[5]. R. Menon and D. Radhakrishnan, "High performance 5 : 2 compressor
architectures," Circuits, Devices and Systems, IEE Proceedings -, vol.
153, pp. 447-452, 2006.

[6]. M. Tohidi, M. Mousazadeh, S. Akbari, K. Hadidi, and A. Khoeli,
"CMOS implementation of a new high speed, glitch-free 5-2
compressor for fast arithmetic operations,” in Mixed Design of
Integrated Circuits and Systems (MIXDES), 2013 Proceedings of the
20th International Conference, 2013, pp. 204-208.

[7]. O. Kwon, K. Novka, and E. E. Swartzlander, "A 16-bit X 16-bit MAC
design using fast 5:2 compressor,” in IEEE Int. Conf.
ApplicationSpecific Systems, Architectures, Processors, 2000, pp. 235-
243.

[8]. K. Prasad and K. K. Parhi, "Low-power 4-2 and 5-2 compressors," in
Proc. of the 35th Asilomar Conf. on Signals, Systems and Computers,
2001, pp. 129-133.

Fig 5: Technology schematic of the proposed dadda multiplier using [9]. R. Zimmermann and W. Fichtner, "Low-Power Logic Styles: CMOS

optimized 5:2 compressor Versus Pass-Transistor Logic," IEEE J. Solid-State Circuits, vol. 32,
pp. 1079-1090, 1997.

[10]. G. Jiangmin and C. Chip-Hong, "Low voltage, low power (5:2)

compressor cell for fast arithmetic circuits," in Acoustics, Speech, and

B B 84 oK Ol

nn-nbnnu-d-d bu-n-nu-nn-n nd-bbn-
bﬂ'DDDhD |- BuYud fudu S ui{u] fal akfuindut o) @ utin e ulis

o{en] v 8| v e v el b Bl E{O B o e (o o o 6] |5 b ool Bl 7

nnnhp.n-n'-'h.n olp- h.nn-nn-nnn Vo BpoH 0 OOy O fr Ch{m{odcioe || B Al n oY n

[m]



International Journal of Ethics in Engineering & Management Education
Website: www.ijeee.in (ISSN: 2348-4748, Volume 4, Issue 9, September 2017)

Signal Processing, 2003. Proceedings. (ICASSP '03). 2003 IEEE
International Conference on, 2003, pp. II-661-4 vol.2.

[11]. C. Vinoth, V. S. K. Bhaaskaran, B. Brindha, S. Sakthikumaran, V.
Kavinilavu, B. Bhaskar, M. Kanagasabapathy, and B. Sharath, "A
novel low power and high speed Wallace tree multiplier for RISC
processor," in Electronics Computer Technology (ICECT), 2011 3rd
International Conference on, 2011, pp. 330-334.

[12]. R. Shende, P. Zode, and P. Zode, "Efficient design 2k -1 binary to
residue converter," in Devices, Circuits and Systems (ICDCS), 2012
International Conference on, 2012, pp. 482-485.

[13]. M. Rouholamini, O. Kavehie, A. P. Mirbaha, S. J. Jasbi, and K. Navi,
"A New Design for 7:2 Compressors," in Proc. IEEE/ACS Int. Conf. on
Computer Systems and Applications, 2007, pp. 474-478.

[14]. A. Pishvaie, G. Jaberipur, and A. Jahanian, "Improved CMOS (4;2)
compressor designs for parallel multipliers," Computers & Electrical
Engineering, vol. 38, pp. 1703-1716, 2012.

[15]. N. Weste and K. Eshraghian, Principles of CMOS VLSI design, 2nd
ed.: Addison Wesley, 1993.

[16]. S. Nishizawa, T. Ishihara, and H. Onodera, "Analysis and comparison
of XOR cell structures for low voltage circuit design,” in Quality
Electronic Design (ISQED), 2013 14th International Symposium on,
2013, pp. 703-708.



