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 Many of the modern deep learning, machine learning, and artificial intelligence algorithms use adders, multipliers and 

multiplier accumulators (MAC) with mixed precisions. In general, fixed-point and floating-point adders, multipliers and MAC's 

are used in mixed precision hardware, such that the above algorithm can choose the appropriate hardware for its processing.  This 

work proposes an efficient mixed-precision multiply-accumulator circuit that can perform fixed-point or floating-point MAC 

operations. The MAC unit includes the multiplier, adder, and register. In the proposed design, the karatsuba multiplication 

algorithm is used to perform the multiplication and the Han-Carlson prefix adder is used to perform the addition. In the adder 

stage, the end-around carry technique is used to increase the performance of the MAC unit and to implement the above technique 

the late carry-in concept of the prefix adders is used on Han-Carlson adder. The existing and proposed designs are synthesized 

using the Cadence Genus Synthesis tool and mapped to 45 nm technology library. The proposed design is implemented without 

pipeline and with the 3-stage pipeline. The proposed design performs two parallel 8-bit fixed-point multiplications and 

accumulate the result to 32-bit value in fixed-point mode and also performs half-precision multiplication and accumulate result 

in single precision in floating-point mode.  
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1. INTRODUCTION 

 The MAC operation is mainly used in digital signal 

processing, image processing, and video processing 

applications. Hence, the MAC unit is the basic element 

in digital signal processors and Graphics Processing 

Units. Artificial Intelligence is evolving in the medical, 

finance, and automobile fields. The algorithms used in 

AI including machine learning and deep learning uses 

arithmetic operations such as multiplication, addition, 

and multiply-accumulate. The multiply-accumulate 

(MAC) operation is mostly used in those algorithms. So, 

the MAC unit is an essential component in the AI 

processor. Many researchers have proposed different 

MAC units for digital signal processors, i.e., either for a 

fixed point in integer format or floating-point 

operations. But for AI applications the MAC unit has to 

support both fixed and floating-point operations [1]. 

The floating-point MAC operation is used in the 

training stage and fixed-point operation is used in the 

inference stage.  

 These two operations are controlled by a control 

signal. The fused multiply-add was first introduced in 

IBM RS/6000. Later it is implemented by several 

companies like Hewlett Packard, Intel, and ARM. The 
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important feature of the fused multiply-add unit is to 

increase the performance by limiting the normalization 

and rounding. The overall performance of the MAC unit 

depends on the multiplier and adder blocks. As the 

multiplier takes a larger area and more time to compute, 

we can increase the performance of the MAC unit by 

modifying the adder block.  

 

2. LITERATURE SURVEY: 

 Artificial Intelligence is an emerging technology 

where the hardware cost is high to implement the 

models of AI. In the case of AI algorithms, there are two 

phases: one is the training phase and the other is the 

inference phase. The training is done on a large amount 

of data where it requires high-performance hardware. 

Many researchers demonstrated that both training and 

inference can be performed with lower numerical 

precision using 16-bit multipliers accumulated to 32 bits 

for training and 8 bits or fewer multipliers accumulated 

to 32-bits for inference. 

Karatsuba et al. [9] proposed an algorithm for 

multiplication. The algorithm uses the divide and 

conquers approach. This algorithm works by splitting 

the 𝐴 and 𝐵 numbers into two halves as shown in 

Equation 2.1.  

 2.1  

Where 𝐴2, 𝐵2 are less significant n bits of 𝐴, 𝐵 and𝐴1, 

𝐵1are remaining bits of 𝐴, 𝐵 

 2.2  

2.3    

According to Equation 2.3, to perform multiplication 

between A and B four multiplications are required i.e., 

𝐴1𝐵1, 𝐴1𝐵2, 𝐴2𝐵1 and 𝐴2𝐵2. But by using the karatsuba 

algorithm these can be reduced to three. By using 

karatsuba algorithm the equation 𝐴1𝐵2 + 𝐴2𝐵1 can be 

written as shown in Equation2.4 or Equation 2.5. 

According to those equations, the two multiplications 

can be reduced to one as 𝐴1𝐵1 and 𝐴2𝐵2 are 

precomputed. Hence by replacing 𝐴1𝐵2 + 𝐴2𝐵1 in 

Equation 2.3 with Equation 2.4 or Equation 2.5, the 

number of multiplications is reduced. Equation 2.4 is 

most popularly used as it requires only one subtraction 

to perform compared to Equation 2.5. But to perform 

subtraction it has to wait till the result for 𝐴1𝐵1 and 𝐴2𝐵2 

is obtained.  

 2.4  

 or   

 

 

Tackdon Han et al. [10] designed a new algorithm for 

prefix computation in parallel prefix adders. The paper 

claims that the designed adder shows low latency and 

area efficient. The computations in the prefix network 

are also reduced in this algorithm.  

 

Existing Method: 

The MAC unit consists of one multiplier, one adder, 

and one register. The input operands are multiplied in 

the multiplier and the addition of product value with 

the previous result is performed in adder. The final sum 

is stored in the register and given as one of the inputs to 

the adder to add with the next product value. The basic 

architecture of the MAC unit is shown in Figure, 

 

 

Fig: Basic MAC 

 The multiplication is the basic arithmetic operation 

and can be performed using distinct multipliers like 

Array multiplier, Wallace tree, Booth and Dadda 

multiplier. The multiplication can be performed in three 

stages: the initial stage is Partial Product Generation, the 

second stage is Partial Product Reduction and the final 

stage is Final Addition. When multiplication is 

performed on two N-bit numbers generates a product of 

2N-bit size.  

The partial product generation can be performed in two 

ways. The first is by using simple AND gates as shown 

in Figure 3.2. Here every single multiplier bit is 

performed AND operation with every bit of the 
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multiplicand. In this method of generating the partial 

products, the N-bit multiplier operand generates N 

number of partial products. As a result, the complexity 

of adding the partial products is increased. Hence the 

second method which is discussed further is used for 

generating partial products. 

 

3. PROPOSED DESIGN:  

          The Partial Product Reduction is a time 

consuming and also complex structure. Since the partial 

product generation depends on the number of bits in 

multiplicand and multiplier. If a higher number of bits 

are considered then partial products are increased. The 

addition of partial products becomes complex. Hence in 

the Partial Product Reduction stage, the carry-save 

adders are used to generate the intermediate sum and 

carry for the partial products. The reduction unit 

structures of the Wallace tree or Dadda multiplier are 

most popularly used. For an 8 bit multiplication, the 

operands are of 8-bit size. The partial products are 

generated using the modified booth technique are four 

for signed multiplication and five for unsigned 

multiplication as shown in Figure 3.3 and Figure 3.4. 

The carry-save adders required are three for unsigned 

multiplication and two for signed multiplication. 

Finally the sum and carry bits are generated in the 

Partial Product Reduction unit. 

 

 

Fig : Carry Propagate Adder  

In the initial and final stage of the network the 

Brent-Kung is used and in the middle, the Kogge-stone 

network is used. In this adder, initially, the carries for 

the odd number of bits are computed and finally by 

using these odd carries the even carries is computed. 

Hence these adders are apt for using as conditional 

adders. The fan-out is 2 throughout the network. For n 

number of bits, log(n) + 1 number of stages are required 

to compute the carries in prefix network phase. When 

compared with kogge-stone adder, the wiring 

congestion is less in this adder, but one extra stage is 

added to the prefix network. When compared with 

Brent-Kung adder the number of stages to compute 

carries is less. 

 

4. SIMULATION RESULTS: 

 A  B  accumulator  Operation  

1  (1009)16 (1208)16 (0000003𝐶)16 (16 x 18) + (9 x 

8) + 60 = 420  

2  (1009)16 (1208)16 (𝐹𝐹𝐹𝐹𝐹𝐹𝐶4)16 (16 x 18) + (9 x 

8) - 60 = 300  

3  (107𝐹)1

6 

(1208)16 (0000003𝐶)16 (16 x 18) + (-9 x 

8) + 60 = 276  

4  (107𝐹)1

6 

(1208)16 (𝐹𝐹𝐹𝐹𝐹𝐹𝐶4)16 (16 x 18) + (-9 x 

8) - 60 = 156  

5  (𝐹0𝐹7)1

6 

(1208)16 (0000003𝐶)16 (-16 x 18) + (-9 

x 8) + 60 = -300  

6  (𝐹009)1

6 

(1208)16 (0000003𝐶)16 (-16 x 18) + (9 x 

8) + 60 = -156  

7  (𝐹009)1

6 

(1208)16 (𝐹𝐹𝐹𝐹𝐹𝐹𝐶4)16 (-16 x 18) + (9 x 

8) - 60 = -276  

8  (𝐹0𝐹7)1

6 

(1208)16 (𝐹𝐹𝐹𝐹𝐹𝐹𝐶4)16 (-16 x 18) + (-9 

x 8) - 60 = -420  

 

 A  B  accumulat

or  

Opera

tion  

Hexadeci

mal  

1

  

(0.4)10 

(3666)

16 

(3.4)10 

(42𝐶𝐷)

16 

(6.24)10 

(40𝐶7𝐴𝐸14

)16 

(0.4 x 

3.4) + 

6.24 =  

7.6  

(40𝐹331𝐶2

)16 

2

  

(0.4)10 

(3666)

16 

(3.4)10 

(42𝐶𝐷)

16 

(−6.24)10 

(𝐶0𝐶7𝐴𝐸14)

16 

(0.4 x 

3.4) – 

6.24 = 

- 

4.88  

(𝐶09𝐶2𝐴66

)16 

3

  

(−0.4)

10 

 

(𝐵666

)16 

(3.4)10 

(42𝐶𝐷)

16 

(6.24)10 

 

(40𝐶7𝐴𝐸14)

16 

(-0.4 

x 3.4) 

+ 6.24 

=  

4.88  

(409𝐶2𝐴66

)16 

4

  

(−0.4)

10 

 

(𝐵666

)16 

(3.4)10 

(42𝐶𝐷)

16 

(−6.24)10 

(𝐶0𝐶7𝐴𝐸14)

16 

(-0.4 

x 3.4) 

– 6.24 

=  

-7.6  

(𝐶0𝐹331𝐶2

)16 
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5. CONCLUSION: 

In this thesis, an efficient implementation of a 

mixed-precision multiplier accumulator unit is 

proposed where fixed or floating-point MAC operation 

is performed. The proposed design performs two 

parallel 8-bit fixed-point multiplications and 

accumulate the result to 32-bit value in fixed-point 

mode and also performs half-precision multiplication 

and accumulate result in the single-precision format in 

floating-point mode. The proposed design is 

implemented with and without the pipeline. It achieves 

21.46% and 22.54% reduction in delay and energy when 

implemented without the pipeline. It achieves 33.33% 

and 18.46% reduction in delay and energy when 

implemented with the pipeline. Since the proposed 

design is implemented with pipeline the performance of 

the multiplier accumulator unit is improved. 
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