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Abstract:  A scalable approximate multiplier, called Truncation and Rounding Based Scalable Approximate Multiplier (TOSAM) 

is presented, which reduces the number of partial products by truncating each of the input operands based on their leading one-bit 

position. In the proposed design, multiplication is performed by shift, add, and small fixed-width multiplication operations 

resulting in large improvements in the energy consumption and area occupation compared to those of the exact multiplier. To 

improve the total accuracy, input operands of the multiplication part are rounded to the nearest odd number. Because input 

operands are truncated based on their leading one-bit positions, the accuracy becomes weakly dependent on the width of the input 

operands and the multiplier becomes scalable. Higher improvements in design parameters can be achieved as the input operand 

widths increase. To evaluate the efficiency of the proposed approximate multiplier, its design parameters are compared with those 

of an exact multiplier and some other recently proposed approximate multipliers. Results reveal that the proposed approximate 

multiplier with a mean absolute relative error in the range of 11%–0.3% improves delay, area, and energy consumption up to 
41%, 90%, and 98%, respectively, compared to those of the exact multiplier. It also outperforms other approximate multipliers in 

terms of speed, area, and energy consumption. The proposed approximate multiplier has an almost Gaussian error distribution 

with a near-zero mean value. We exploit it in the structure of a JPEG encoder, sharpening, and classification applications. The 

results indicate that the quality degradation of the output is negligible. In addition, we suggest an accuracy configurable TOSAM 

where the energy consumption of the multiplication operation can be adjusted based on the minimum required accuracy. 

 

Index Terms: Accuracy configurable, approximate multiplier, area efficient, low energy, scalable, truncating. 

I. INTRODUCTION 

Power consumption is one of the critical design constraints in designing digital systems. Approximate computing (AC) is one 

of the approaches which may be used to reduce energy consumption and/or increase the speed. Since the computing result may 

not be correct, AC can be exploited in error-resilient applications. Examples of these applications include audio and image 

processing, machine learning, and data mining. More specifically, in many signal processing applications, a large portion of the 
energy consumption is caused by arithmetic operations (e.g., up to almost 75% of the total energy consumption of a fast Fourier 

transform architecture). Among these operations, multiplication, which is used repeatedly, is a high latency and energy 

consuming operation. This makes approximate multipliers good candidates for being employed in error-tolerant signal processing 

units. 

 

Generally, a multiplication operation consists of three steps. In the first step, the partial products are generated based on the input 
operands. In the second step, the partial products are accumulated until only two rows remain. In the final step, the remained two 

rows are summed by employing a adder. One may apply the approximation to each of these steps. Approximation can be invoked 

in the first step to decrease the number of partial products or to decrease the complexity of their generation. Approximation may be 

applied in the second step of the multiplication process to decrease the latency or power consumption of the reduction levels. One 

of these approaches is to utilize approximate compressors. The latency and power consumption of the multiplication operation are 

highly affected by the architecture of the adder used in the final step of the multiplication process. Hence, one may also employ an 

approximate adder in the final step to improve the power consumption of the multiplier. 

 
In this project, we present an approximation technique for decreasing the number of partial products. In the proposed 

approximate algorithm, input operands are truncated to h and t bits according to the position of their leading one bit, where these 

truncated values are employed for the multiplication and addition operations. In addition, to reduce the error resulting from the 

truncation operation, we find the approximate amount of the truncated values by rounding them. These simplifications result in 

higher accuracy and performance compared to those of the state-of-the-art approximate multipliers. Moreover, the proposed 

approximate multiplier has a nearly normal error distribution with near zero mean value. The calculation core of the proposed 

multiplier performs multiplication and addition operations on truncated and rounded numbers and the result is shifted to the left to 

generate the final output. Because the arithmetic operations are performed on the truncated values, the calculation core of the 

proposed multiplier is small and consumes less energy compared to that of the exact multiplier. 

II. LITERATURE SURVEY 

Energy Efficient Multiplier for High Speed DSP Application by Sumant Mukherjee, Dushyant Kumar Son 

       A multiplier is one of the important hardware blocks in most digital and high performance systems such as microprocessors. 

With improving in technology, many researchers have tried and trying to design multipliers which offer high speed, low power 
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consumption and less area. However area and speed are two most constraints. In this paper we propose Energy Efficient 

approximate multiplier using AHA and AFA. Due to this area reduces up to 35% and carry propagation delay also reduces. 

 

A Dynamic Range Unbiased Multiplier for Approximate Applications by Soheil Hashemi 

        Many applications for signal processing, computer version, and machine learning show an inherent tolerance to some 
computational error. This error resilience is often exploited to trade off accuracy for savings in power consumption and area. 

Since multiplication is an important mathematical process for these applications, we focus specifically on this operation and 

propose an approximate multiplier with a dynamic range selection scheme. We design the multiplier to possess an unbiased error 

distribution, which finishes up in lower computational errors in real applications because errors cancel one another out, rather 

than accumulating as the multiplier is employed repeatedly for a computation. Approximate multiplier design is additionally 

scalable, enabling designers to parameterize to counting on their accuracy and power targets. 

Energy-Efficient Approximate Multiplication For Digital Processing And Classification Application By D.Jeon 

       The need to help various applications on energy-constrained systems for digital signal processing (DSP) and identification 

has been steadily growing. Such programs also calculate matrix using fixed-point arithmetic while showing tolerance for certain 

numerical errors, It is therefore crucial to boost the energy efficiency of multiplications. In this overview, we suggest 

architectures for multipliers that can deal with numerical precision at design time with energy consumption. 

 

A low energy truncation-based approximate multiplier by S. Vahdat, M. Kamal, A. Afzali-Kusha, and M. Pedram 

       In this article, we suggest an estimated multiplier model that is energy efficient and obtained by truncating the input 

operands. In the structure, the operation of n-bit multiplication is transformed into a smaller multiplication of bit length plus some 

operations of add and shift. The basic essence of computation allows a flexible and low-power structure for the multiplier.We also 

propose an output value-tunable multiplier that can adjust the performance of output during the multiplication process. The 

characteristics of the suggested multiplier were matched in a 45 nm system with those of the same multiplier and some other 

hypothetical multipliers. 

III. EXISTING METHOD 

Fast multipliers are main components of automated systems for signal processing. For optical signal processing as well as in 

general processors today the pace of multiply activity is of tremendous significance, in particular since media processing has been 

begun. A series of changes, subtractions and adjustments was typically introduced in the past. A sequence of repetitive additions 

may be known as multiplication. The quantity to be applied is the multiplier; the multiplier is the amount of times it is inserted 

and the value is the consequence. A partial product is produced at every step of the addition. The operand usually holds the same 

number on most computers. In order to preserve information content, the product usually lasts twice as long as the operating 

system is interpreted as integers. This repeated method of supplementation proposed by the arithmetic definition is slow that 

almost always an algorithm using positional representation is replaced. Multipliers may be split down into two sections. The first 

part deals with partial product creation, and the second part gathers and integrates partial items. 

 

Basic Multiplication Schemes: 

      In contrast to other arithmetic procedures, multiplication equipment also requires a lot of time and energy. A multiplicator / 

MAC Machine are a basic building block for optical signal processors and the algorithms operating them are always multi-

intensive.  

Two measures can be accompanied by a multiplication operation: 

1) The partial products are produced. 

2) Inventory (add) limited products. 

 

 

 
                                                             Figure1: Partial product arrays 
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                                              Figure.2: Generic Multiplier Block Diagram 

 

Array Multiplier: 

       Every multiplier is multiplied by a fraction, which creates N partial products. Each of these components is either the sum or 

the amount changed by 0. Partial goods production consists of basic multiplier AND’ ing and multiplicand. 

Multiplier for Tree: 
The multiplier decreases the time taken to generate component items by adding them all in sequence, as any portion of the 

commodity is inserted in the series by the multiplier. CSAs are typically used by the tree multiplier to store partial items.  

Wallace Tree: 
A general example of a tree reduction for an 8*8-bit partial product tree is shown in Figure.3 when partial products were 

reduced with full additive as carry-save additional (also called a 3:2 counter) as the Wallace Tree. 

 

 
 

Figure.3: Wallace Tree for an 8 * 8-bit partial product tree 

 

 

In the multiplier, after partial product, we again need to add that partial product by using adders. So if we would like to hurry 

up the MAC unit we've to attenuate carry propagation delay 

 

IV.PROPOSED METHOD 

 

 

 

 

 

 

 

Figure.4: Amount of YAPX according to the amount of Y for the case of S =4. 

 

        Each positive integer number (N) can be represented as 

𝑁 =∑2𝑖
𝑘

𝑖=0

𝑥𝑖(1) 

 

 

      Where k denotes the position of its leading one bit and 𝑥𝑖 is the 𝑖𝑡ℎ bit of N By factoring 2k from (1), it is written as 

𝑁 = 2𝑘 (∑2𝑖−𝑘
𝑘

𝑖=0

𝑥𝑖) = 2𝑘 × 𝑋(2) 

 

     Where X is a fractional number between 1.0 and 2.0 based on (2), the result of multiplying A by B may be calculated as  

http://www.jetir.org/


© 2020 JETIR November 2020, Volume 7, Issue 11                                                  www.jetir.org (ISSN-2349-5162) 

JETIR2011396 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 879 
 

 

𝐴 × 𝐵 = 2𝑘𝐴+𝑘𝐵 × 𝑋𝐴 × 𝑋𝐵(3) 
 

      Widths of XA and XB are the same as A and B making the calculation of the exact value of XA × XB time and power 

consuming. We propose calculating the approximate amount of this term based on the fractional parts of XA and XB. In the 

remainder of this paper, we represent the fractional part of X as Y obtained from 

𝑌 = 𝑋 − 1(4) 
      For example, assume that X = (1.1101)2. In this case, Y = (0.1101)2. To generate the approximate value of Y we divide this 

range (0.0–1.0) into S equal segments where S is a power of two represented by 

𝑆 = 2ℎ(5) 
      Where, h denotes an arbitrary positive integer which is one of our design parameters. It is obvious that the length of each 
segment is equal to 1/S. We propose to generate the approximate value of Y as 

𝑌𝐴𝑃𝑋 =
2𝑚 − 1

2𝑆
𝑖𝑓
𝑚 − 1

𝑆
≤ 𝑌 <

𝑚

𝑆
,𝑚 = 1,2,… , 𝑆(6) 

      The approximate quantities of Y for a case with S equal to 4 are illustrated in the figure for a better illustration. 1. For locate 

YAPX, the h most significant pieces of Y have to be taken into account. For examples, if S = 4 (h = 2), if there is a zero in two of 

the most important Y bits, it implies 0 = Y < 1/4. We select as YAPX so 1/8 = (0.001)2. When there are two big y bits, "10," 

which implies 2/4 t [Y] < 3/4, YAPX is therefore approximated to 5/8 = (0.101)2. In other words, the YAPX meaning is actually 

truncated Y to h bits and a "1" bit on the right side of the truncated y is added. This implies that YAPX is equal to h + 1 bits in 

dimension. (4), (3) shall be recast Using 

 

 
      Now, the approximate of (7) may be expressed as 

 
       In order to increase the speed of computation, YA and YB are cut to t bits, of which we relate to (YA)t and (YB)t in the rest  
of this article. We are now modifying (8) 

 

𝐴 × 𝐵 ≈ (𝐴 × 𝐵)𝐴𝑃𝑋 = 2𝑘𝐴+𝑘𝐵 × (1 + (𝑌𝐴)𝑡 + (𝑌𝐵)𝑡 + (𝑌𝐴)𝐴𝑃𝑋 × (𝑌𝐵)𝐴𝑃𝑋)(9) 
 

Where (YA) APX ((YB) APX width is h + 1 bit. The dot diagram in the suggested algorithm is seen in the figure in order to 

help explain the point diagram where t = 7 or h = 3 relative to the same 16-bit multiplier. 2. The "1" bit is shown on the gross 

square in the 1+ (YA) t + (YB) t + (YA) APX = AT (YB) APX word. The circles in orange show limited (YA) APX) goods, while 

the pieces of purple (YA)t and (YB)t are identified by a series of purple triangles. Gray circles and triangles should not be included 

in equations and should not be listed. Like the figure above. 4.2, the number of partial products in the exact 16-bit multiplier is 256, 

which must be summed up to produce a final result in the proposed method; Just 31 of the partial products are retained (that is to 

say, 88% reduction of the partial products). When the bit length of the multiplier entry operands decreases this amount would 

increase. For e.g., for t=7 and h=3, steps of multiplying A by B are shown in Fig.5. In the remainder of this article, TOSAM (X,Y) 

shows our systems, in which X and Y fits h and t. 

 
 

                   Figure.5: Dot diagram of term 1+(YA)t +(YB)t +(YA)APX ×(YB)APX where t = 7 and h = 3 

 

The precision of the solution suggested depends on the parameter t and h values. Thus, a relation between t and h parameters 

is identified in the error analysis segment (Segment V) to achieve almost high precision thus maintaining reasonable speed and 
energy consumption ultimately, for non-signed operands the suggested multiplication technique is feasible. The absolute value of 

the input operands can be identified, multiplied by the proposed formula to be used for signed multipliers, and the sign of final 

result can be set by the input operand signature. If the exact absolute value of the input operands is found, the calculation speed 

may be degraded and therefore produced using the method set in [7].      
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                           Figure.6: Numeric example of 16-bit TOSAM (3, 7) with A = 11761 and B = 2482. 

The estimated [(A = B) APX] findings are equal to 28 901 376 while the precise [(A = B) Exact] findings are equal to 29 190 

802. The tests are comparable. The actual error is 289 426 (in this situation it is less than 1%), which is roughly 0.99% of the exact 

production. 

 
 

 

Figure.7: Block diagram of the proposed approximate signed multiplier. 

 

       The block diagram of the proposed signed approximate multiplier is depicted in Fig. 4. First, the approximate absolute value 

of the input operands (|A|app,|B|app) is determined using the Approximate Absolute Unit, similar to the one exploited in [7]. In 

this unit, the bits of the input are inverted if the input is negative and they are not changed if the input is positive. |A|app and 

|B|app are injected to the Leading-One Detector Unit and the positions of their leading one bits are found using 

 
 

       May be, or, where I should be. Only one bit of signal K is "1," which indicates the reference location leading to a point. The 

KA and KB signals in a search table may be used to produce kA and KB signals needed for (7). The schematic for 8-bit input 

operands for the Leading-One Detector Device is shown in the figure. 9. Assume, for example, that KA = (0110000)2 and kA = 

(100)2 = 4 in this situation. Signals A, KA & KB are then used for the processing of (YA)t and (YB)t in the truncation device . 

Assume that this function is I and (Y)t input and output. The fire in this situation 

 

(𝑌)𝑡[𝑖] = 𝑗 = 0𝑛 − 2(𝐾[𝑗] ∧ 𝐼[𝑗 + 𝑖 − 𝑡])𝑓𝑜𝑟𝑖 < 𝑡(11) 

 

  

Figure.8: Schematic of the Leading-One Detector Unit for 8-bit input operands. 
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        To order to measure the word 1+(YA)t+(YB)t +(YA)APX — to the Arithmetic System (YB)t), Signals (YA)t and (YB)t are 

then practiced for computing the word1. It is necessary to remember that the most necessary (YA)APX and (YB)APX bits are the 

same as the most important (YA)t or (YB)t bits whose rightmost bits are often "1." Thus, extra hardware does not need to be 

inserted to generate (YA) APX and (YB) APX signals generated with easy wiring. The Arithmetic Unit output in the Move Units 

is moved to kA + KB to generate the term 2kA + KB . The arithmetic unit output is transferred by kA + KB to the left to create 

the term 2kA + KB. The output signal is set to the value of the multiplier entry op in the Value and zero detector array Even, 

whenever at least one of the inputs is negative its set to zero. In the case of unofficial multipliers it would not be necessary to use 

the Approximate Absolute Unit to replace the Sign to Zero Detector Unit with the Zero Detector Module.  
 

 
 

Figure.9: Reduction levels of accuracy configurable TOSAM with three different operating modes. 

        Many vendors and logical AND gates in the Arithmetic Unit should be power gated by operating mode to improve the 

performance of the system. The decrease levels of partial products are shown in the figure based on operating modes. 

 

V.RESULTS 

Proposed TOSAM: 

 
 

 

 

Figure.10: Simulation results of proposed approximate multiplier 

        TOSAM here in this project in order to check working functionality of  multiplier we  need to give two inputs and we will 
get three outputs of exact product approximate product and difference between them, by just running test bench of code we will 

get those all outputs. 

        The table given below describes input given to tosam find corresponding outputs exact product, approximate output, 

difference error distance. 

Table.1: TOSAM Corresponding Output Values 

Operand-A Operand-B Exact Product Approximate Product Difference 

13604 24193 329121572 326631424 2490148 

54793 22115 1221745195 234356786 997390469 

 

Table.2: Comparison Table of Existing and Proposed Method 

 Delay(in ms) Area(in ALU) 

    Existing Method 23.363 274 

Proposed Method 22.389 268 
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CONCLUSION 

In this paper, we suggested an approximate ROBA multiplier, high speed but also energy-efficient. The suggested multiplier 

was based on the rounding of the inputs in 2n, which had high precision. It overlooked to increase speed and energy efficiency for 

a minor error the computing heavy portion of the multiplication. The solution suggested extended to both signed and unsigned 
multiplications. Three hardware architectures were addressed one for the unsigned and two for the signed operations. Through 

contrasting the efficiencies with those of certain reliable multipliers, they were assessed Multipliers of multiple feature criteria, 

and estimated. Results shows that the ROBA multiplier architectures in most (all) instances outperformed the correct estimated 

(exact) multipliers. However, two image processing systems for sharpening and smoothing have tested the usefulness of the 

suggested approximate multiplication method. The analysis showed the same accuracy of the picture as the same algorithms for 

multiplication. 
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