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Abstract 

Truncated increase decreases some portion of the 

power required by multipliers by just registering the most-

noteworthy bits of the item. The most widely recognized 

way to deal with truncation incorporates physical 

diminishment of the halfway item network and a pay for the 

lessened bits by means of various equipment pay sub-

circuits. Be that as it may, this outcome in settled 

frameworks advanced for a given application at 

configuration time. A novel way to deal with truncation is 

proposed, where a full exactness multiplier is executed, 

however, the dynamic segment of the fractional item 

network is chosen progressively at run-time. This permits a 

power lessening trade-off against flag corruption which 

can be changed at runtime. Such an engineering unites the 

power decrease profits by truncated multipliers and the 

adaptability of reconfigurable and universally useful 

gadgets. Proficient usage of such a multiplier is displayed 

in a custom computerized flag processor where the idea of 

programming remuneration is presented and dissected for 

various applications. Test results and power estimations 

are considered, including power estimations from both 

post-blend reproductions and a created IC usage. The 

article proposes the single and two-way pipeline truncated 

multiplier implemented on FPGA platform. The proposed 

design shows the significant improvement in the throughput 

of the architectures.  

 

Keywords-component: Truncated Multiplier, SNR, 

Round-Off, Pipe-line Multiplier, FPGA, ASIC, Multiply 

Accumulate Unit (MAC)..etc   

I. INTRODUCTION 

The high increment of convenient putting 

gadgets and the propel correspondence and come in 

portable interactive media frameworks has made 

power utilization basic to improve in the outline of 

advanced flag preparing structures. Advances in 

substantial scale incorporated circuit innovation 

(VLSI) has been one of the real main thrusts for the 

development of computerized flag processors (DSP), 

empowering the execution of complex calculations in 

programmable DSP structures and settled application 

particular equipment. Inside DSP frameworks, 

multipliers are among the most key building pieces 

and parallel executions, required for fast calculation, 

the principle segment as far as power utilization of 

any equipment devoted to complex mathematic 

capacities, for example, separating, pressure, or 

arrangement. The connection between the physical 

qualities of the multiplier and its determination 

decide the proficiency and exactness of the 

frameworks. The streamlining of multipliers as far as 

region, power, and timing have been broadly 

examined in the past [2]- [3]. 
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Full or direct multiplier executions of a NxN- bit 

augmentation yields a 2N- bit item. With a specific 

end goal to keep the full precision of the framework, 

a DSP engineering would require a consistently 

developing piece width that would be unthinkable or 

illogical to actualize. To stay away from this comes 

about are generally truncated or adjusted down to 

keep comes about inside the points of confinement of 

the engineering bit width [4].  

Keeping in mind the end goal to decrease the 

parallel multiplier necessities in frameworks where a 

correct outcome isn't required, a few procedures that 

diminish control utilization to the detriment of lower 

accuracy have been introduced in the writing. Such 

strategies skirt the execution or potentially handicap 

parts of the fractional item framework to exchange 

vitality spent by the computational procedure for a 

debasement on the yield flag. These procedures fall 

into two classes, Word length Reduction [5], [6] and 

Truncated Multipliers [12]– [7]. 

Word length lessening systems limit exchanging 

action to the detriment of information exactness by 

input moving or truncation, however since the 

lessening is done from the information operands, 

control diminishments are acquired at the cost of high 

levels of yield commotion [3]. Truncated 

augmentation structures in view of Baugh-Wooley [8] 

or Booth [9] calculations, don't (by configuration) 

register the most minimal areas of the incomplete 

item lattice. Thusly, a certain blunder is presented in 

the yield while reserve funds in control, region, 

many-sided quality, and timing are accomplished.  

Most of the past productions [12]– [6], centered 

on settled width multipliers that deliver a settled - bit 

yield, what's more, their pick up versus blunder 

proportion is set by equipment. Configurable 

procedures result in adaptable designs, which while 

losing their advantages coming about because of 

territory enhancement and static power diminishment, 

give the multiplier the upside of flexibility [10], [5], 

[11]. This is alluring in frameworks with a specific 

level of programmability. 

The architecture presented in this paper, a 

programmable truncated multiplier (PTM), describes 

a full-precision multiplier, where the elements of the 

partial product matrix can be disabled through an 

external control word in a column-wise mode. 

Disabled columns cease to contribute to the dynamic 

power consumption, achieving power reductions in 

the multiplier. Benefits of PTMs include: 

 Constant control of the power-SNR 

trade in applications where control modes 

are switchable at run-time.  

 Flexibility on the precision 

determination for programmable gadgets, for 

example, DSP structures, that would profit 

by various truncation levels for various 

applications, and at diverse working 

purposes of an individual calculation. 

This paper proposes single pipeline and two-way 

pipeline truncated multiplier architectures. The 

Section -II will provide the brief description about the 

Two’s complement method, Section-III will provide 

the detail description about the Truncated multipliers. 

The Section – IV will describe about the proposed 

architectures and followed by Conclusion and Result 

analysis in Section -V.  

II. BACKGROUND 

First, confirm that you have the correct template 

for your paper size. This template has been tailored 

for output on the A4 paper size. If you are using US 

letter-sized paper, please close this file and download 

the file for “MSW_USltr_format”. 

Two’s Complement Multiplication:  

An N-bit fractional multiplicand and an N-bit 

fractional multiplier will be considered as the inputs 

of the multiplier.  

Let  X = -xN-1 +  and 

Y = -yN-1 +  where xi, yi € 0,1. 
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Also, for the sake of generality, their 2N-bit product 

Pstandard will be maintained in full precision, as:  

Pstandard = XY = -p2N-12 + 

 

Applying the Baugh-Wooley algorithm [31] to the 

partial product matrix that generates results in a final 

matrix of all-positive partial product bits such as 

 

Once the fractional item framework of the parallel 

multiplier is created, halfway item terms must be 

consolidated into the last item result. Tree structures 

are frequently liked to cluster usage because of their 

shorter basic way [8]– [10]. 

III. TRUNCATED MULTIPLIER 

Augmentation is a typical prerequisite in DSP 

frameworks and assumes a critical part as far as 

power utilization. In those frameworks where it isn't 

important to figure the correct slightest critical piece 

of the item, truncated multipliers accomplish control, 

zone and timing enhancements by skirting the usage 

of a piece of the minimum critical piece of the 

incomplete item grid.  

 

Fig 1. Partial Product matrix for a fixed width 16-bit 

Truncated Multiplier 

Rather than figuring the full-accuracy yield, the 

yield comes about from the entirety of the most 

significant (N+h) (where 0 ≤ h ≤ N) in addition to an 

estimation of the unformed bits. Fig. 1 shows a 

nonexclusive halfway item framework, where the 

fractional item lattice is part into two principle areas, 

the Least Significant part (LSP), which contains the 

minimum critical sections of the fractional item 

network, and the most significant part (MSP), that 

incorporates the most noteworthy sections of 

fractional item terms. LSP can additionally be part in 

two areas, LSP major being the most noteworthy 

section, and LSPminor being the slightest critical 

segments of the incomplete item grid. The item 

coming about because of a full-width multiplier, 

where the incomplete item is completely executed 

with a correct - bit result can be depicted as Pfull = 

SMSP + SLSP, where is SMSP the entirety of the 

fractional item bits having a place with MSP and SLSP 

is the whole of those having a place with the LSP.  

In numerous applications, item esteems created 

by settled width bit multipliers are truncated or 

adjusted back to the first piece width in last phases of 

the calculation stream. The N- bit item in the wake of 

adjusting is gotten as Pfull _round = tN (SMSP + SLSP + 

LSB/2), where LSB is the estimation of one piece at 

all critical segment of the MSP, and tN(x) 

furthermore, speaks to truncation of an operand by 

disposing of its most reduced bits. For this situation, 

bits are dropped to keep up the unique width of bits.  

Truncation permits a method for lessening the 

multifaceted nature of the multiplier unit by disposing 

of the lower parts of the halfway item framework. 

This outcome in a large portion of the blunder being 

created in the lower weighted bits of the yield that are 

disposed of while changing over the yield back to the 

first piece width. By doing as such, critical reserve 

funds in power and multifaceted nature can be 

accomplished, to the detriment of flag degradation. 

The easiest plan to get a truncated multiplier 

comprises of evacuating the lower segments of the 

incomplete item network that shape the LSP and is 

alluded to in the writing as immediate truncation (D-

Truncation). It brings about the multiplier 

prerequisites being practically split in both territory 

and power, at the cost of expansive blunders with a 

solid negative inclination presented in the multiplier 

yield.  
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Keeping in mind the end goal to decrease both 

the extent and inclination of the mistake presented by 

the truncation procedure, the greater part of the 

references accessible in the writing study settled 

width duplicating structures where the halfway item 

bits having a place with LSP minor are most certainly 

not executed.  

A remuneration term is added to adjust for the 

missing halfway items, as a rule as an element of the 

info adjustment incomplete items, where the terms 

are the incomplete item bits in the furthest left 

segment of LSP minor. The steady pay technique 

presented in [12], was additionally enhanced and 

investigated for settled width multipliers in [13], [14].  

Variable adjustment structures compute 

probabilistic evaluations of the whole of the 

components of the LSP minor by utilizing fractional 

items in the furthest left section of LSP minor. These 

plans vary from each other by various remuneration 

capacities connected to create the remuneration 

esteem [12], [15], [16], [17]. Survey papers [18] and 

[8] display audits of existing workmanship, with the 

last displaying an investigation on integrated 

adaptations of the referenced advancements, bringing 

about the to start with examination of the electrical 

advantages got from truncation.  

Novel ways to deal with variable redress 

techniques were presented in [9]. Here a novel way to 

deal with pay by applying two distinct inclinations in 

the wake of thresholding and estimation of the 

truncated part was introduced. In [11] a half and half 

pay strategy which consolidates steady and variable 

methods was tried on an FPGA, and [12] utilized a 

double tree mistake pay got by performing heuristic 

investigation of the truncated increase mistake.  

Late productions in the field of truncated 

multipliers [13]– [17] incorporate upgrades in the 

truncation mistake estimation by improving the 

convey estimation instrument, diminishing the normal 

mistake inclination by utilizing symmetric plans and 

limiting the mean square blunder. 

 
Fig. 2 Partial Product matrix for a 8-Bit 

Programmable Truncated Multiplier 

The diverse remuneration capacities are by and large 

figured from a subset of LSP minor terms and are 

easier than processing the components of LSP minor, 

subsequently bringing about power, zone and timing 

changes with bring down mistake levels than 

consistent pay. Late works address not just the 

mistake minimization, however the enhancement of 

the pay instruments. A determination of both the most 

important and freshest advances in the field of 

truncated duplication is recorded in Table I, where 

the proposed uses is characterized by the 

remuneration technique used, the applications used to 

dissect the procedure execution, their status in the 

outline stream (from hypothetical to silicon usage) 

and their reconciliation as either a remain solitary unit 

or inside a bigger framework. 

 

 

TABLE -1 History of Truncated Multipliers 
Archtictures [1] 

Settled width truncated multipliers limit control 

utilization and improve silicon range and timing, at 

the cost of including a truncation blunder, by not 

executing the LSP minor locale of the fractional item 
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lattice. Being reason and streamlined in equipment, 

they don't give any adaptability to work at various 

design modes in frameworks where the power and 

execution objectives fluctuate with time. 

 In [12], dynamic power utilization decrease in a 

multiplier is accomplished by utilizing discretionary 

levels of bit exactness on a full NxN bit multiplier. 

Here diminishing the info width brings about a 

lessening on the flipping examples of various parts of 

the multiplier, viably debilitating them when left-

moving the input operands.  

 Coarse programmability enables the client to 

cripple a subset of the districts that frame the halfway 

item framework, giving a restricted level of 

adaptability. An execution of a coarse programmable 

halfway item framework was initially presented in 

[15], where three control signals (s0, s1 and s2) 

control the operational condition of cells in three 

locales of the LSP (LSP0, LSP1, and LSP2). A way 

to deal with fine-grain control of the programmable 

truncated multiplier was displayed in [13], utilizing a 

segment based control conspire. An enhanced 

adaptation of such a multiplier is exhibited here, 

alongside an IC execution of a computerized flag 

processor containing the programmable truncated 

multiplier. 

Proposed Architecture 

 The Programmable Truncated Multiplier While 

many specific applications require the inputs and the 

output of the multiplier to have the same bit width, 

general purpose digital signal processors need the 

flexibility to support the generation of large output 

results in accumulators where the magnitude of the 

output is bigger than the multiplier inputs. They also 

need to deal correctly with small size operands that 

do not optimize the input bit width. Taking as a 

starting point a full -bit multiplier, where the full 

partial product matrix is computed to produce an 

exact two’s complement result, the architecture 

proposed in this paper provides a method to adjust 

the active width of the multiplier following a column-

based strategy, thus allowing a flexible truncation 

scheme capable of adapting the power consumption 

to the requirements of the application. 

Equation (1) demonstrates the scientific portrayal 

of the incomplete item lattice of a programmable 

truncated multiplier. Utilizing outer control flags, the 

dynamic flipping range can be characterized 

progressively 

 
where demonstrates a truncated duplication, is an info 

vector of components lined up with the yield item 

bits, also, are the terms that shape the incomplete 

item lattice. For a Baugh-Wooley execution terms can 

be acquired as shown in (2). 

 
where and terms correspond to the bits in the 

inputs of the multiplier X and Y. Fig. 2 illustrates the 

concept of programmable truncated multiplication in 

an 8x8 bit two’s complement multiplier. 

Multiplier Error Analysis 

In spite of the fact that the flag corruption 

presented by truncation has been widely 

contemplated by many creators, a depiction of the 

qualities of the clamor acquainted by applying 

truncation with multipliers is point by point in this 

segment. The fundamental contrast from the past 

mistake investigation is the investigation of 

truncation blunder while dispensing with more than 

segments. The earlier writing centers around settled 

multiplier models, where the truncation blunder was 

a settled plan parameter, never more prominent than 

N sections.  
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In this paper programmable truncation can be 

connected to the entire fractional item lattice. It will 

be appeared in Section V, that breaking down the 

programmable truncation plot from a framework level 

makes the likelihood of accomplishing higher 

truncation levels practical under certain application 

conditions. 

The contributions of the multipliers X and Y are 

shaped by bits xi and yi that will be thought to be 

autonomous arbitrary factors with a likelihood of 1/2 

of being one and 1/2 of being zero. Since the 

incomplete item bits get an estimation of 1 if and just 

if its framing terms xi , yi, and t are equivalent to one, 

the supposition is that the network is completely 

dynamic and all bits having a place with are set to 

one, setting the multiplier to its most extreme 

determination. The normal estimations of the diverse 

single halfway item bits that create the fractional item 

framework are characterized according to (3) 

 
And their variance can be obtained as 

 
 

While breaking down the blunder it is useful to 

part the fractional item lattice into LSP and MSP. For 

any of the lower N-1 most minimal weighted sections 

(LSP), there are m fractional item terms in the mth 

segment, where m is the position of the chose 

segment from the furthest right segment, and every 

one of them have a place with the sort xi, yi type , 

having a normal estimation of 1/4. Considering a 

fragmentary two's supplement multiplier, the 

heaviness of the most reduced piece equivalents to 2-

2N
 and the normal estimation of the entirety of the 

incomplete item terms in the m
th

 segment is (m/4). 

Since the m
th

 segment has a weight of 2
m-1-2N

, the 

normal esteem of the commitment because of the m
th

 

segment is 

mLSP_m = m. 2
m-3-2N

  (5) 

Consequently, the normal estimation of the 

commitment to the truncation blunder because of the 

total of the fractional item terms in the mth through 

the most reduced weighted (first) segment is 

 

 
It can be seen in Fig. 2 that truncation levels of N 

columns and past, include crippling the two sorts of 

halfway item bits and included by the Baugh-Wooley 

design. The normal estimation of the second piece 

sort is 3/4 rather than 1/4, acquainting a higher 

inclination with the yield item.  So the normal 

mistake for column m , with record from N to N-2 

can be displayed as 

 

A. Proposed Pipelined Truncated 

MultiplierArchitectures 

This article proposes a single and 2-way pipeline 

architecture which will enable high throughput. The 

proposed architectures were shown below. The  

 
Fig 3(a) Proposed Single Pipeline Truncated Multiplier 
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Fig 3(b) Proposed Two-Way Pieplined Truncated 

Multiplier 

IV. CONCLUSION 

The conventional Truncated multiplier, single and 

two-way pipelined multiplier were implemented on 

Xilinx FPGA devices.  

 

Fig 4. Throughput of cinventional , single and 2-
way pipeline Truncated Multiplier 

The results were analyzed and depicted I the 

below chart. The graph represents the throughput of 

the truncated multiplier for conventional, single – 

pipeline and two-way pipeline designs. The 

architecture was tested for 8-bit, 16-bit, 32-bit and 

64-bit designs. The results indicate the proposed 

pipeline architecture has the high-performance 

capabilities with minimal hardware resources. 
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