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Abstract--- Truncated multiplication reduces part of the
power required by multipliers by only computing the mostsignificant bits of the product. The truncation and radix-2
multiplication includes physical reduction of the partial
product matrix and a compensation for the reduced bits via
different hardware compensation sub circuits. However,
these results in fixed systems optimized for a given
application at design time. A novel approach to truncation is
proposed, where a full precision multiplier is implemented,
but the active section of the partial product matrix is
selected dynamically at run-time. This allows a power
reduction tradeoff against signal degradation which can be
modified at run time. Such an architecture brings together
the power reduction benefits from truncated multipliers and
the flexibility of reconfigurable and general purpose
devices. Efficient implementation of such a multiplier is
presented in a custom digital signal processor where the
concept of software compensation is introduced and
analyzed for different applications. Experimental results and
power measurements are studied, including power
measurements from both post-synthesis simulations and a
fabricated IC implementation. This is the first system-level
DSP core using a fine-grain truncated multiplier. Results
demonstrate the effectiveness of the programmable
truncated MAC (PTMAC) in achieving power reduction,
with minimum impact on functionality for a
number of applications. Software
compensation is also shown to be effective when deploying
truncated multipliers in a system.
keywords: — Arithmetic, flexible dsp, low power, Radix -2
with truncated multiplier, truncated multiplication.
I. INTRODUCTION
The high increase of portable communication and
computing devices and the advance in mobile multimedia
systems has made power consumption critical to optimize in
the design digital signal processing architectures. Advances
in very large scale integrated-circuit technology (VLSI) has
been one of the major driving forces for the growth of
digital signal processors (DSP), enabling the implementation
of complex algorithms in programmable DSP architectures
and fixed application specific hardware. Within DSP
systems, multipliers are among the most fundamental
building blocks and parallel implementations, required. this
paper represent the main component in terms of power
consumption of any hardware dedicated to complex
mathematic functions, such as filtering, compression, or
classification. The relationship between the physical
characteristics of the multiplier and its resolution determine
the efficiency and accuracy of the systems. The optimization
of multipliers in terms of area, power and timing has been
extensively studied in the past Full or direct multiplier
implementation

Fig. 1: Partial product matrix for a fixedwidth 16-bit
truncated multiplier.
Such techniques skip the implementation and/or
disable parts of the partial product matrix to trade energy
spent by the computational process for a degradation on the
output signal. These techniques fall into two categories,
namely Word length Reduction and Truncated Multiplier.
Word length reduction techniques minimize switching
activity at the expense of data precision by input shifting or
truncation, but since the reduction is done from the input
operands, power reductions are obtained at the cost of high
levels of output noise Truncated multiplication structures
based on Baugh- Wooley or Booth algorithms, do not (by
design) compute the lowest sections of the partial product
matrix. By doing so, a certain error is introduced in the
output while savings in power, area, complexity, and timing
are achieved. Focused on fixed-width multipliers that
produce a fixed -bit output, and their gain-vs-error ratio is
set by hardware. Configurable techniques result in flexible
architectures, which while losing their benefits resulting
from area optimization and static power reduction, provide
the multiplier with the advantage of adaptability. This is
desirable in systems with a certain degree of
programmability. The architecture presented in this paper, a
programmable truncated multiplier (PTM), describes a fullprecision multiplier, where the elements of the partial
product matrix can be disabled through an external control
word in a column-wise mode. Benefits of PTMs include:
- Real-time control of the power-SNR exchange in
applications where power modes are switchable at runtime.
- Flexibility on accuracy selection for programmable
devices such as DSP structures, that would benefit from
different truncation levels for different applications.
II. TRUNCATED MULTIPLIERS
Multiplication is a common requirement in DSP systems
and plays an important role in terms of power consumption.
In those systems where it is not necessary to compute the
exact least significant part of the product, truncated
multipliers achieve power, area and timing improvements by
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skipping the implementation of a part of the least significant
part of the partial product matrix. Instead of computing the
full-precision output, the output results from the sum of the
most significant columns (where) plus an estimation of the
unformed bits. Fig. 1 displays a generic partial product
matrix, where the partial product matrix is split into two
main regions, the least significant part (LSP), which
contains the least significant columns of the partial product
matrix, and the most significant part (MSP), that includes
the most significant columns of partial product terms. LSP
can be also be split in two regions, LSP major being the
most significant column, and LSP minor being the least
significant columns of the partial product matrix. The
product resulting from a full-width multiplier, where the
partial product is fully implemented with an exact -bit result
can be described as , where is the sum of the partial product
bits belonging to MSP and is the sum of those belonging to
the LSP. In many applications, product values generated by
fixed width bit multipliers are truncated or rounded back to
the original bit width in latter stages of the algorithm flow.

The single MAC FIR filter is well suited and dualport block RAM is the optimal choice for the memory
buffer. The filter coefficients are also stored in the same
dual-port block RAM, and are output at port B. Hence, the
RAM is used in a mixed-mode configuration. The data is
written and read from port A (RAM mode), and the
coefficients are read only from port B (ROM mode). The
control logic provides the necessary address logic for the
dual-port block RAM and creates a cyclic RAM buffer for
port A (data buffer) to create the FIR filter delay line. An
optional output capture register maybe required for
streaming operation, if the accumulation result cannot be
immediately used in downstream processing.
IV. FRAME WORK
A. Baugh-Wooley Two's Complement Multiplier:
Baugh–Wooley technique was developed to design direct
multipliers for Two’s compliment numbers. When
multiplying two’s compliment numbers directly, each of the
partial products to be added is a signed numbers. Thus each
partial product has to be sign extended to the width of the
final product in order to form a correct sum by the Carry
Save Adder (CSA) tree. According to Baugh-Wooley
approach, an efficient method of adding extra entries to the
bit matrix suggested to avoid having deal with the
negatively weighted bits in the partial product matrix.
Baugh-Wooley schemes become an area consuming when
operands are greater than or equal to 32 bits.

.
Fig. 2: Bit-matrix of a truncated magnitude multiplier
III. FIR FILTER BASED ON TRUNCATED MULTIPLIER
Finite impulse response (FIR) digital filter is one of the
fundamental components in many digital signal processing
(DSP) and communication. It is also widely used in many
portable applications which require fast operations. In
general the transfer function for a linear, time-invariant,
filter can be expressed in Z domain as,
H

(z) =

Fig: 3: 5*5 unsigned multiplications

=

When the denominator part is made equal to unity
then the equation becomes for an FIR filter. So the final
equation for the FIR filter of order N can be expressed as,
Y(n)
=
=∑

x (n-i)

Single-Multiplier MAC FIR Filter
The single-multiplier MAC FIR is one of the
simplest DSP filter structures. The MAC structure uses a
single multiplier with an accumulator to implement a FIR
filter sequentially versus a full parallel FIR filter. This tradeoff reduces hardware by a factor of N, but also reduces filter
throughput by the same factor. The general FIR filter
equation is a summation of products defined as,

Y (n) = ∑

Fig:4: 5*5 Signed Multiplication
Baugh-Wooley Multiplier is used for both unsigned
and signed number multiplication. Signed Number operands
which are represented in 2 have complemented form. Partial
Products are adjusted such that negative sign move tolast
step, which in turn maximize the regularity of the
multiplication array. Baugh-Wooley Multiplier operates on
signed operands with 2’s complement representation to
make sure that the signs of all partial products are positive.
V. BOOTH ALGORITHM
It is a powerful algorithm for signed-number multiplication,
which treats both positive and negative numbers uniformly.
For the standard add-shift operation, each multiplier bit
generates one multiple of the multiplicand to be added to the
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partial product. If the multiplier is very large, then a large
number of multiplicands have to be added. In this case the
delay of multiplier is determined mainly by the number of
additions to be performed. If there is a way to reduce the
number of the additions, the performance will get better.
Booth algorithm is a method that will reduce the number of
multiplicand multiples. For a given range of numbers to be
represented, a higher representation radix leads to fewer
digits. Since a k-bit binary number can be interpreted as
K/2-digit radix-4 number, a K/3-digit radix-8 number, and
so on, it can deal with more than one bit of the multiplier in
each cycle by using high radix multiplication

Thus f1(n) and f2(n) are obtained by decimating x(n)
by a factor of 2, and hence the resulting FFT algorithm is
called a decimation-in-time algorithm.
Now the N-point DFT can be expressed in terms of
the DFT's of the decimated sequences as follows:

But WN2 = WN/2. With this substitution, the equation can be
expressed as

Fig. 5: Booth Multiplication
VI. BOOTH RECODING
The Booth technique has its major advantage if,
- the operands have a large number of bits.
- multiplier contains longsequences of 1’s and it has its
limitations if the multiplier nd of 1’s or even
alternating 0–1 pairs.
It can be enhanced by bit-pairing,
- 50% maximum number of summands
- handling 0–1 pairs efficiently
additional overhead for
multiplicand

VII. PROPOSED WORK
This proposed work is based on Radix-2
multiplier. It is the simplest and most common form of the
Cooley–Tukey algorithm, although highly optimized
Cooley–Tukey implementations typically use other forms of
the algorithm.Extend Range By Replicating The Sign Bit Of
Multiples
- Product Has 2n Bits
-

The Multiple

Subtracted Instead Of Added

Radix-2 Algorithm
Let us consider the computation of the N = 2v point
DFT by the divide-and conquer approach. We split the Npoint data sequence into two N/2-point data sequences f1(n)
and f2(n), corresponding to the even-numbered and oddnumbered samples of x(n), respectively, that is,

where F1(k) and F2(k) are the N/2-point DFTs of
the sequences f1(m) and f2(m), respectively.Since F1(k) and
F2(k) are periodic, with period N/2, we have F1(k+N/2) =
F1(k) and F2(k+N/2) = F2(k). In addition, the factor WNk+N/2
= -WNk. Hence the computation of X(k) requires 2(N/2)2 +
N/2 = N 2/2 + N/2 complex multiplications. This first step
results in a reduction of the number of multiplications from
N 2 to N 2/2 + N/2, which is about a factor of 2 for N large.
VIII. SIMULATION RESULTS

Fig. 6: .simulation output
Power consumption of the chip at the target clock
frequency(50 MHz) with maximum resolution is 2.4 mW.
The power used by the multiply-and-accumulate unit is 1.45
mW when operating as a full precision multiplier. Power
reductions in the arithmetic computation block improves at
high truncation levels such as 16 bits (0.75 mW). Higher
configurations achievable byprogrammable truncation
include truncated values higher than16. As an example
applying a truncation value of, the power consumption
measured in the arithmetical unit of PTMAC chip was 0.55
mW,
with
power
savings
achieved
reaching
61%.Normalization of silicon power measurements indicate
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a consumption range of [48 38] uW/MHz for the whole
chip, and[24 10] uW/MHz for the arithmetic section,
allowing comparison with recent reference publications
measured power consumption levels of [36.6 12.2] uW/MHz
for a 16-bit multiplierin 0.13 technology in [22], and [71.3
38.6] uW/MHz for a 16-bitmultiplier and a 20-bit
accumulator in 0.18 technology in [23]. Both papers study
variable compensation implementations on fixed-width
multipliers. Results for different post-layout simulations
where PTMAC is used to perform several DSP applications
are presented in this section. Performing typical filtering
tasks where the arithmeticunit is active during half the
operations at a clock frequency of 50 MHz indicated a clear
dominance of dynamic over static. Simulation results
presented in this section are followed by details of
measurements performed on the actual PTMAC chip.
IX. CONCLUSION
In this paper, a new architecture to perform truncated
multiplication has been presented and compared against
previous implementations. This represents the first DSP
system with a truncated multiplier integrated into a
programmable DSP block. Software based error
compensation offers a practical and effective solution in
practice. Programmable truncation has been thoroughly
tested within a DSP block suitable for simple but
arithmetically intensive algorithms, and its performance is
evaluated at a system level. Results show that conservative
power savings of up to 17% of the full DSP power can be
saved while still maintaining reasonable SNR values. A
number of real algorithms implemented on the device show
the actual benefits of using truncated multiplication in a
practical scenario. The architecture presented has been
fabricated on the TSMC 90 nm process and samples have
verified correct operation in terms of functionality and
power reductions obtainable.
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