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ABSTRACT

The DSP industries make use of Multiply and Accumulate (MAC) units in their systems unanimously. As the
name implies, MAC unit performs both Multiplication and addition operations. The proposed MAC unit make
use of parallel prefix adder, instead of ripple carry adder, and hence there is an improvement in the performance
of the DSP processors. Further, this paper also examines the performance by using Brent-Kung adder, one of the
high-speed adders which is used to reduce the delay of MAC units. To enhance the performance of multiplication
process, the proposed design uses a Vedic multiplier, based on Urdhva Tiryagbhyam (UT) sutra. Verilog HDL
is used to do the analysis of the MAC unit and Xilinx ISE 14.7 is used to simulate and synthesis the MAC unit.
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INTRODUCTION

Power consumption of a DSP processor depends majorly on the power consumption of Mac unit in it [1]. A
digital circuit that adds numbers is called an adder. Traditional adders, such as Ripple Carry Adder (RCA) and
Carry Look-Ahead Adder (CLA), suffer from high propagation delay and increased complexity with larger bit
widths [2]. Similarly, conventional multipliers like the Booth and Array multipliers have latency issues due to
their sequential nature. To overcome these limitations, the Brent-Kung Adder (BKA) and Vedic Multiplier (VM)
have been integrated into MAC units to enhance speed and reduce the delay. Two single bit binary values A and
B can be "added" together using a simple binary adder circuit that can be created using regular AND and Ex-OR
gates [3]. According to the rules for binary addition, the addition of these two digits results in two outputs are
the sum and Carry-out (COUT) bit[12].

Compared to prior designs, a MAC unit utilizing Brent-Kung Adder and Vedic Multiplier exhibits reduced delay,
lower power consumption, and higher throughput, making it ideal for real-time applications. In the existing
network of MAC unit utilizes the Vedic multiplier with the carry look ahead adder. It provides the delay of
27.384ns. Therefore to reduce the delay we can move further design of MAC unit using Vedic multipler with
brent kung adder. Because of in now a days mostly designing of devices with low power and less area which
improves the performance of system [5]. So therefore to reduce the delay it is very important parameter in the
any device [2]. There is a high requirement of low power consuming devices. The significant adders and
multipliers performs a very important role in the MAC unit [15].

Existing work:

By using the basic adders like half adders, full adders and ripple carry adders we can add at a time only two bits
therefore it takes longer time for add more number of inputs. To overcome this problem then we can go to the
parallel adders.

A Carry look-ahead adder is an advanced digital circuit designed to perform fast binary addition by reducing the
delay in case of carry propagation [9]. Unlike a ripple carry adder, where the all full adder must wait for the
previous carry to compute the next sum, a CLA calculates carry signals in advance using generate and propagate
functions [4]. This significantly speeds up the addition process, making it ideal for high-speed arithmetic
operations in processors and digital circuits.
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The working of a CLA relies on the carry generation and carry propagation terms, which are derived from the
binary inputs [4]. The generate term (G) indicates that a carry will be produced regardless of the previous carry,
while the propagate term (P) shows that a carry will be passed to the next stage if a carry is received [3]. By
using these terms, the CLA can compute carry values directly using combinational logic, eliminating the need
for sequential carry propagation as seen in RCAs.

Proposed work:

To provide better performance in Very Large Scale Integration (VLSI) design we can use the parallel prefix
adders [3]. The parallel prefix adders requires the execution of the operation can be done in parallel which can
be produced via segmentation into smaller portions. The parallel Prefix Adder (PPA), which is used in Very
Large Scale Integration (VVLSI) circuits, is a very useful technology in the modern world. The VLSI chips heavily
rely on accurate and quick processing of arithmetic operations [1]. PPA is able to contribute to these
contributions. PPA comes in a variety of forms, including Brent-Kung, Kogge Stone, Ladner Fisher and Hans
Carlsonl. In this we can consider the Brent Kung Adder.

They are employed to handle binary additions due of their adaptability. Keep Your Head Up It uses the Adder's
(CLA) structure to obtain the parallel prefix adders. To accelerate arithmetic operations, tree structure algorithms
are utilised. For better performance arithmetic circuits the parallel prefix adders are employed since they speed
up operation. The brent kung adder is more advanced than other adders in parallel prefix adders. We can reduce
the latency by utilising this adder.

Block diagram of Brent-kung adder:

Propagate bit and generate bit cells
Step-1
Step-2 Prefix carry plantlet
XOR gates(sum cells
Step-3 gates( )

Fig:4.1.1 Block diagram of Brent-Kung adder

The three stages for to build the Brent Kung Adder
* pre-processing stage

* carry computation stage

* post-processing stage

Preprocessing Stage:

In this stage, the adder computes the Generates and Propagates signals for each bit of the input binary numbers.
These signals help determine whether a bit position will produce or pass a carry. The formulas for these
computations are:

* Generate (G): Gi=Ai-Bi (Carry is generated if both bits are 1)

* Propagate (P): Pi=Ai@Bi (Carry is propagated if at least one of the bits is 1)
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Each bit position calculates its own G and P values independently in this step.
Prefix Stage (Carry Computation):

This stage uses a hierarchical structure to compute the carry signals efficiently. Instead of computing all carry
signals sequentially in the Ripple Carry Adder, therefore in the Brent-Kung adder groups and processes them in
a tree-like manner.

Instead of waiting for the previous carry to propagate, we compute all carries in parallel using the formulas:
C1=G0+(P0-C0)
C2=G1+(P1-C1)
C3=G2+(P2-C2)
C4=G3+(P3-C3)

Since these computations happen in parallel using combinational logic, the delay is significantly reduced
compared to a ripple carry adder.

Post-Processing Stage (Sum Computation):

Once the carry signals are available from the prefix stage, the final sum bits are processed using the formula is
expressed below:
 Si=PiPCi—1

Since the carry values were computed efficiently in the previous step, the sum bits can now be determined in
parallel, completing the addition process with minimal delay.

Architecture of brent-kung adder:

In comparison to the Kogge Stone adder in the brent kung adder it has less wiring congestion and a higher degree
of regularity in this type of adder structure, which improves performance. Moreover it is more faster than the
ripple carry adders. The architecture of brent kung adder is shown below.
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Fig: 4.2.1 Architecture of brent kung adder
Designing of MAC using brent kung adder:

A MAC unit is the basic and the fundamental component in digital signal processing and machine learning
applications. It performs multiplication of two numbers followed by an addition operation, making it essential
for applications requiring high-speed arithmetic computations [3]. The efficiency of a MAC unit heavily depends
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on the design of the adder used for accumulation, as addition is a critical operation in the computation pipeline

[4].

One of the most efficient adders for high-speed arithmetic unit is the Brent-Kung adder, a parallel prefix adder
known for its minimal fan-out and structured carry propagation [2]. It significantly reduces the number of logic
levels required for addition, leading to improved speed and reduced power consumption compared to
conventional adders [10]. Integrating a Brent-Kung adder into a MAC unit enhances performance by optimizing
the accumulation step [7]. The design involves a partial product generation phase, followed by the summation
of these partial products using a fast adder [3]. The Brent-Kung adder helps in efficiently propagating carry
signals, ensuring minimal delay in the accumulation process [3].

The design of a MAC unit using a Brent-Kung adder consists of three primary stages: multiplication, addition,
and accumulation [1]. The multiplication stage uses an array or tree multiplier to generate partial products. These
partial outputs of products are then summed using a combination of carry-save adders (CSAs) [2] and the Brent-
Kung adder for final addition. This parallel prefix structure enables logarithmic time complexity for carry
propagation, reducing the overall critical path delay. This results in a high-speed MAC unit suitable for
applications requiring low latency and high throughput, such as image processing, neural networks, and real-
time signal analysis [8].

Multiplier [ Multiplicand

| MMultiplier |

1 |

~_~

| Accumulator |

— I
w

Output

Fig:4.3.1 Architecture of basic MAC unit

For the 32-bit MAC unit's design we can use the 16 bit multipliers. It was created using 8-bit multipliers [14].
Similar to this, by using the 4 bit multiplier we can design the 8-bit multiplier, and a 2-bit multiplier is used to
create a 4 bit multiplier [11].

Multiplier design by using vedic sutras:

It is possible to immediately apply Vedic mathematics, which is a very old method, to many other areas of
mathematics, including algebra and arithmetic. By eliminating the stages that are not necessary for calculating
any outcome, complexity is reduced. In vedic mathematics, there are 16 sutras. The various list of sutras is
presented in below table.

Table-5.1 Vedic multiplier sutras

S. No Sutras
1 (Anurupye) Shunyamanyat
2 Chalana-Kalanabhyam
3 Ekadhikena Purvena
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4 Ekanyunena Purvena
5 Gunakasamuccayah
6 Gunitasamuccayah
7 Paraavartya-Yojayet
8 Puranapuranabhyam
9 Sankalana-vyavakalanabhyam
10 Shesanyankhena-Charamena
11 Sopantyadvayamantyam
12 Urdhva-Tiryakbhyam
13 Vyashtisamastih
14 Yavadunam

Only two of the 16 sutras mentioned above—Urdhva Tiryakbhyam(UT) and Gunitasamuccayah can be used to
the multiplication of any two numbers [2]. In this MAC unit we caan utilized the UT sutra. Urdhva Tiryakbhyam
(UT) sutra is defined as "vertically and cornerwise"[8]. Two figures are added base-neutrally using this method.
Consider the partial product produced by the multiplication of two 3-bit values, such as U (20) and V (20), with
C (30) acting as the carry and Y (20) as the output. Moreover, the following conduct must be followed [18].

Step 1: COYO0 = UOVO

Step 2: CLY1 = (U0*V1) + (U1*V0) + CO

Step 3: C2Y2 = (U0*V2) + (U1*V1) + (U2*V0)
Step 4: C3Y3 = (U1*V2) + (U2*V1) +C1 C4Y4 =
Step 5: C4Y4 = (U2*V2) + C3

Hence, the final result is C4Y4Y3Y2Y1YO.

Architecture of MAC unit designed by using Brent-Kung adder and vedic multiplier:

multiplier multiplicand

= -

VEDIC MULTIPLIER WITH CSA
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Fig:5.2.1 Architecture of MAC unit
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The above block diagram shows the architecture of designed MAC unit. The MAC unit first performs
multiplication using the Vedic Multiplier [4], which leverages the Urdhva-Tiryagbhyam (vertically and
crosswise) algorithm to generate partial products in parallel, significantly reducing delay compared to
conventional multipliers like the Booth or Wallace tree multipliers [9]. Once the multiplication is complete, the
resultant product is fed into the accumulation stage, where it is added to a previously stored value using the
Brent-Kung Adder.

The BKA, a parallel prefix adder, optimizes carry propagation by using a hierarchical tree structure that reduces
the number of logic levels required to compute the final sum [7]. This approach minimizes propagation delay
and improves throughput, making it superior to traditional adders like the Ripple Carry Adder (RCA) and Carry
Look-Ahead Adder (CLA) [8]. By combining the Vedic Multiplier’s fast multiplication technique with the
Brent-Kung Adder’s efficient addition. The implementation of 32-bit multiplier design is shown in the below
figure.
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Fig: 5.2.2 Design of 32-bit multiplier based on UT sutra

The above block diagram shows the design of 32 bit multiplier. For the multiplication of two 32 bits we can use
the 16 bit vedic multiplier [12]. In the first case we can multiply the two lower words of A and B. Then again
multiply lower word of A with higher word of B bit [4]. Therefore like this perform another two cases also then
we have four partial product outputs [9]. For the addition of product outputs we can use the 32 bit carry select
adders by using this adders we can get the final 64 bit output [18].

RESULTS

Output Waveforms:

Untitled 7*

Q W @ a I ¥ o M M = x4 X

Fig:6.1.1 Output Waveforms for proposed MAC unit

The above figure shows the simulation result of MAC unit utilizes the Vedic multiplier and brent kung adder.
We are giving the two inputs A and B then we get the result of product out and the add with the previous data
called MAC output then we can get the final output.
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Fig:6.1.2 Output waveform for Vedic Multiplier and carry look ahead adder

The above figure shows the simulation result of MAC unit utilizes the Vedic multiplier and carry look ahead
adder. We are giving the two inputs A and B then we get the result of product out and the add with the previous
data called MAC output then we can get the final output.

Fig:6.1.3 Output waveform for array multiplier and ripple carry adder

The above figure shows the simulation result of MAC unit utilizes the array multiplier and ripple carry adder.
We are giving the two inputs A and B then we get the result of product out and the add with the previous data
called MAC output then we can get the final output.

View RTL schematic:

3 IT_USING_VEDICMULTIPLIER
Vv X

A A
MAC16BIT_USING_VEDICMULTIPLIER

Fig:6.2.1 RTL schematic
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Seeing the internal modules requires opening the window with the top module. simply choose the top module.

Fig: 6.2.2 RTL schematic internal module

Comparative Analysis of Different MAC Architectures in TERMS OF DELAY

S.NO Architecture Delay in ns

1. | 32-bit MAC unit using vedic multiplier and carry look ahead adder 27.384

2. | 32-bit MAC unit using vedic multiplier, Brent-Kung adder 16.094

3. | 32-bit MAC unit using array multiplier, ripple carry adder 42.840

Fig:6.3.1 Table for different MAC architectures

The above table represents the various delays by using the different architectures. By using the array multiplier
and ripple carry adder we can get the delay of 42.840ns. If any device run with high speed then the delay is can
be very small. That’s why we can go to further MAC unit that can be designed by using the Vedic multiplier
with carry look ahead adder in this we can get the delay of 27.384ns. This delay is also very high amount that’s
why we can go to the design mac unit with the Vedic multiplier and brent kung adder. By using this architecture
we can get the delay of only 16.094ns. Compared to above architectures the delay is less in this architecture
therefore the speed is also can be improved.

CONCLUSION

In this study, the Vedic multiplier and the Brent-Kung adder were used to build a 32-bit (MAC unit). For this
designed MAC unit we can get the delay of 16.094ns. Therefore compared to the other existing MAC unit the
delay is reduced. That’s why by using this architecture we can improve the system performance and utilized in
high speed applications [3]. Vedic multipliers are created utilising carry save adders that are based on the Urdhva
Tiryagbhyam(UT) sutra, and verilog HDL is used for simulation. Further we can design the MAC unit by using
another multiplier for different sutras like named as the Ekanyunena purveena sutra and Vyashtisamastih sutra
[16] then we can check the other parameters like speed and delay.
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