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1. Introduction

In digital signal processing and embedded system applications, multiplication is a fundamental
arithmetic operation, especially in high-speed and power-efficient systems. Efficient multiplier
design is crucial in various computer systems including image processing, cryptography, and real-
time control systems such as door entry systems. Among the many multiplication techniques
available, Braun’s Multiplier and the Wallace Tree Multiplier are two prominent methods used in
hardware implementations due to their parallelism and performance.

This assignment aims to critically evaluate, synthesise, and compare the performance of these two
multiplier architectures using VHDL (VHSIC Hardware Description Language). Through the
implementation of an 8-bit multiplier using both techniques, this project explores hardware design
principles, timing considerations, and resource utilization. Additionally, this project synthesises the
designs on FPGA using Xilinx Vivado to assess real-world performance metrics such as power
consumption and logic utilisation.

2. Background Research

Braun’s Multiplier

Braun’s multiplier, also known as an array multiplier, is a regular structure that implements unsigned
multiplication. It forms the product by generating all partial products simultaneously and summing
them using a structured array of adders (typically full adders and half adders). The design is easy to
implement and scales well, but it can suffer from increased propagation delay due to carry chains in
the adder structure. [1]

Advantages Disadvantages
Regular and modular structure, making it Slower for large operand widths due to linear
suitable for hardware implementation. delay from carry propagation.
Easier to layout on FPGA and ASICs. Not as power-efficient as some optimised
structures.

Good for moderate-speed applications.
Figure 1 - Braun's Advantages/Disadvantages Table

Wallace Tree Multiplier

The Wallace Tree multiplier is a fast multiplication technique that reduces the number of adding
stages. It uses a tree-like structure of ‘carry’ adders to sum the partial products more efficiently. The
method reduces the number of sequential addition levels, leading to reduced delay. [2]

Advantages Disadvantages

Faster than array multipliers due to minimised Irregular structure can make it harder to
adder depth. implement and debug.

More efficient for high-performance systems. More complex routing may lead to higher

power consumption and area.
Figure 2 - Wallace Tree Advantages/Disadvantages Table

Applications of Multipliers
Multipliers are often found in equipment such as:

- Control systems (door entry, motor control etc).
- Image and video processing.
- Cryptographic algorithms.
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DSP applications.

Modern trends including multiplier design focus on:

3.

Lower power designs for embedded and portable devices.

Higher-speed multipliers for real-time systems.

Artificial intelligent computing where exact results aren’t necessarily required.
Pipelined/parallelled designs using FPGA. [3]

Flowchart

The flowchart below simply outlines the step-by-step process of performing an 8-bit multiplication
using logic which is applicable to both Braun’s and Wallace Tree multipliers.

Start: The entry point of the system where the process begins.
Input A & B: The system takes two 8-bit binary numbers as input. These are the multiplicand
(A) and the multiplier (B).
Generate Partial Products: Each bit of A is ANDed with each bit of B to create a matrix of
partial products. This results in 64 partial products (8 rows x 8 columns).
Sum Partial Products: The partial products are added together to create the final result.

o InBraun’s, this is done through a structured array of adders.

o InWallace Tree, the partial products are reduced layer-by-layer using full and half

adders in the structure of a tree. [4]

Get 16-bit Result: The result of multiplying two 8-bit numbers can be up to 16 bits long, so
the final output is a 16-bit binary number.
Complete.

START

k4

INFUTA&B

4

SUM PARTIAL
PRODUCTS

k4

GENERATE PARTIAL
PRODUCTS

4

GET 16-BIT RESULT

4

END

Figure 3 - Flowchart Explaining 8-bit Multiplication
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Braun’s Diagram
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Wallace Tree Diagram
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Figure 5 - Wallace Diagram

4. Methodology

Requirements Analysis
The goal is to design an 8-bit multiplier using two different architectures: Braun’s and Wallace Tree
Multipliers. Both designs will need too:

- Accept two x 8-bit inputs
- Output a 16-bit product.
- Written in VHDL.

- Synthesised using Vivado.

Design Strategy

Braun’s Multiplier
- Partial products are generated using AND gates for each bit of the operands.
- Astructure of half adders and full adders is used to add partial products.
- Components (AND gates, HAs, FAs) are implemented as separate VHDL entities and then
integrated using port mapping.

Wallace Tree Multiplier
- Partial products are also generated using AND operations.
- The products are reduced using layers of carry-sum adders (using half and full adders).
- The first two rows are added using standard binary adder.

VHDL Implementation
- All basic components (AND gates, Half Adders, Full Adders) are coded in behavioural or
structural VHDL.
- Designs are tested using VHDL testbenches to verify correctness.
- Port mapping is used to integrate components into the complete multiplier structure.
- Simulations are run in Vivado’s Simulator to validate logical behaviour.
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Synthesis and FPGA Implementation
- The VHDL designs are synthesized using Xilinx Vivado targeting a suitable FPGA (e.g., Basys 3
with Artix-7).

- Constraints are added for pin mapping and clock frequency.

- FPGA implementation results will be analysed to assess:
o Resource utilisation.
o Power consumption.
o Maximum operating frequency.

Performance Evaluation
- Delays, LUT usage and power are compared between Braun’s and Wallace Tree designs.
- Four test samples are used to compare functional outputs and performance.
- Delay analysis is compared with synthesis reports to validate critical path findings.
- Strengths and limitations of each design are discussed with recommendations for
improvement.

5. Algorithm Comparison
The operational comparison between Braun’s and Wallace Tree multipliers reveals significant
differences in design complexity and performance, as shown in Table 3 — Algorithm Comparison
below [5],[6]:

Step Braun's Multiplier Wallace Tree Multiplier
1. Input Operands A[7:0], B[7:0] (unsigned) A[7:0], B[7:0] (unsigned)
2. Generate Partial AND every bit of A with every bitof B AND every bit of A with every bit of B
Products (8x8 matrix) (8x8 matrix)
3. Grouping of Structured in array rows (fixed Grouped by weight (bit position) for
Products layout) tree reduction
4. Addition Strategy = Adders in a triangular array structure Carry-save adders reduce layers in
parallel
5. Final Addition Ripple through final row of adders Fast adder (e.g., ripple carry) for final
sum
6. Output Result 16-bit result P[15:0] 16-bit result P[15:0]
7. Design Simple and regular, easy to Complex but faster and efficient
Complexity implement
8. Speed Moderate (delayed by carry chains) High (fewer addition stages)

Figure 6 — Table Comparing Algorithms

6. Simulation & Testing

Braun’s Multiplier

The following table shows the simulation results for four different test cases, verifying the
functionality of the Braun’s multiplier implementation in VHDL. Each sample multiplies two unsigned
8-bit binary numbers and checks the 16-bit product output.

Sample Input A Input B Decimal A x Output Output (Binary) Status
(Hex) (Hex) B (Hex)
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1 01 01 1 0001 0000 0000 0000

0001 Pass
2 FF FF 65025 FEO1 1111 1110 0000

0001 Pass
3 7F 7F 16129 3F01 0011 1111 0000

0001 Pass
4 FF 80 32640 7F80 01111111 1000

0000 Pass
Figure 7 - Output Table for Braun's Multiplier

Sample 1

Objects Untitled 1
Q #| Q W @ 9 I ¥ < ) + i
Name Value Data Type o
> W A7:0] 01 Array
> W B[7:0] 01 Array
W A7:0]
> W P[15:C 0001 Array
W B[7:0]
¥ A1B0O 0 Logic
— » P[15:0]
4 AOB1 0 Logic
8 A1B0
1 A2B0 0 Logic
- 4 A0B1
¥ A1B1 0 Logic
= é A2B0
i A0B2 0 Logic
6 A1B1
4 A3B0 0 Logic
4 A0B2
¥ A2B1 0 Logic
— 4 A3B0
@ A1B2 0 Logic
= 6 A2B1
1 AOB3 0 Logic
- 4 A1B2
4 A4B0 0 Logic
Y 4 A0B3
@ A3B1 0 Logic
= 8 A4BO
@ A2B2 0 Logic
1 6 A3B1
8 A1B3 0 Logic
res 8 A2B2
i A0B4 0 Logic
é A1B3
5 A5BO 0 Logic
6 A0B4
W A4B1 0 Logic
8 A5B0
¥ A3B2 0 Logic
= 6 A4B1
@ A2B3 0 Logic
8 A3B2
¥ A1B4 0 Logic
= 8 A2B3
12 A0BS 0 Logic
= 8 A1B4
4 AGB0 0 Logic
18 ASB1 0 Logic
B A4B2 0 Logic Wl

Figure 8 - Braun's Multiplier Sample 1
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Sample 2

Objects t t| ? o r v x| Untitled 1 x 200

Value Data Type o 1,150,000 ps
ff Array
ff Array
fe01 Array

o AT7:0]
W B[7.0]
 P[15:0]
& A1BO
@ A0B1
& A280
8 A1B1
& A0B2
8 A380
& A2B1
8 A1B2
4 A0B3
& A4B0
8 A381
8 A2B2
8 A1B3
@ A0B4
& ASBO
@ A4B1
8 A3B2
& A283

e A1B4

1 Logic
1 Logic
1 Logic
i) Logic
4 Logic
1 Logic
1 Logic
1 Logic
1 Logic
1 Logic
1 Logic
1 Logic
1 Logic
1 Logic
1 Logic
1 Logic
1 Logic
1 Logic
1 Logic
1 Logic
1 Logic
1 Logic
1 Logic Ql

Figure 9 - Braun's Multiplier Sample 2

Sample 3

Objects NS ? oo uns_M: ! Untitled 1
Q | Q W @ @ I ¥ < ) +
Name Value Data Type ™
> W A70] 7f Array
> W B[7:0] 7f Arra
170 J W A[7:0]
> W P[15:C 301 Array
- W B[7:0)
Logic
W P[15.0]
Logic
4 A1B0
Logic
6 A0B1
Logic
8 A2B0
Logic
8 A1B1
Logic
8 A0B2
Logic
Logic
: 8 A2B1
Logic
8 A1B2
Logic
6 A0B3
Logic
& A4B0
Logic
8 A3B1
Logic
6 A2B2
Logic
6 A1B3
Logic
6 ADB4
Logic
8 ASBO
Logic
8 A4B1
Logic
8 A3B2
Logic
6 A2B3
Logic
6 A1B4
Logic
Logic
Logic -

Figure 10 - Braun's Multiplier Sample 3
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Objects 3 Untitled 1
Q #| O W @ Q@ N ¥ < € ) +
Name Value Data Type o 1,250,000
> W A70 f Array
> W B[7:0] 80 Arra
[7:0] y ¥ A7)
> W P[15:C 7130 Array

1 A1B0
& A0B1
14 A2B0
¥ A1B1
& A0B2
1 A3B0
14 A281
i A1B2
18 A0B3
12 A4BO
¥ A3B1
i A2B2
¥ A1B3
14 A0B4
14 ASBO
& A4B1
14 A3B2
4 A2B3
& A1B4
¥ A0BS
14 ABBO
& A5B1

0

'O 0O O © 00 © 0 © 0000000 o 0o o o o

> W B[7:0]
 P[15:0)

Logic

Logic
e 6 A1B0

6 AOB1
8 A2B0
6 A1B1
6 A0B2
6 A3B0
6 A2B1
8 A1B2
6 AOB3
6 A4BO
8 A3B1
6 A2B2
8 A1B3
6 AOB4
6 A5BO
6 A4B1
8 A3B2
8 A2B3
6 A1B4

Logic
Logic
Logic
Logic
Logic
Logic
Logic
Logic
Logic
Logic
Logic
Logic
Logic
Logic
Logic
Logic
Logic
Logic
Logic

Logic

Figure 11 - Braun's Multiplier Sample 4

Interpretation of Results

Sample 1 verified the multiplier's basic functionality with the minimal input case (1 x 1),
producing the expected result of 1.

Sample 2 tested the maximum 8-bit input values (255 x 255), correctly producing 65025
(FEO1 in hex).

Sample 3 evaluated mid-range symmetric inputs (127 x 127), yielding the accurate result of
16129 (3F01).

Sample 4 combined a high-value operand (FF) with a power-of-two (80), resulting in 32640
(7F80), validating correct handling of higher-order bit multiplication.

The multiplier demonstrated consistent and reliable operation across a range of input cases,
from edge values to more complex combinations.

No logical or arithmetic errors were observed in the simulation outputs, indicating that
partial product generation and structured summation using full and half adders functioned
as intended.

Wallace Tree Multiplier
Similarly to the Braun’s multiplier, identical simulation tests were carried out to ensure an even
comparison could be used between to two.

Sample Input A Input B Decimal A x Output Output (Binary) Status
(Hex) (Hex) B (Hex)

1 01 01 1 0001 0000 0000 0000

0001 Pass
2 FF FF 65025 FEO1 1111 1110 0000

0001 Pass
3 7F 7F 16129 3F01 0011 1111 0000

0001 Pass
4 FF 80 32640 7F80 011111111000

0000 Pass
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Figure 12 - Output Table for Wallace Tree

Sample 1

Untitled 1 ]
Q Q Q@ X ¥ o M = 2 o o

474,942,850,000 )4

474,942,849,994 ps ,850,000
> W B[7:0]
> W P[15:0]
6 S2
6 S3
oS4
8 S5
e S6
e S7
© S8
6 S10
e S11
8 S12
é S13
6 S14
é S15
8 S16
6 S18
e S19
é S20
8 S21
6 S22

v <

Figure 13 - Wallce Tree Sample 1
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Sample 2

Untitled 1 X
Q W @ @ I ¥ < |« + o

W A[7:0]
W B[7:0]
¥ P[15:0]
6 S2
e S3
6 S4
e S5
@ S6
e S7
e S8
8 S10
6 S11
8 S12
6 S13
8 S14
6 S15
8 S16
6 S18
8 S19
8 S20
é S21
8 S22

Figure 14 - Wallace Tree Sample 2
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Sample 3

Untitled 3

Q W @ @ & ¥ « I« + 0

1,049,995 ps 1,049,996 EE 1,049,998 ps |1,049,99¢ 1,050,000

> W A[7:0]
> W B[7:0]
> ¥ P[15:0]
e S2
e S3
6 S4
e S5
6 S6
8 S7
© S8
e S10
e S11
e S12
8 S13
6 S14
e S15
e S16
6 S18
e S19
8 S20
e S21
© S22

1 L AR
I
1 MR R
| AR R
1 L R
1 00 000

Figure 15 - Wallace Tree Sample 3

Sample 4
Untitled 3

Q W @ @ X ¥ « I + L]

1,100,000 ps

1,099,993 ps (1,099,994 ps (1,099,995 p ,099 5 ,099,997 ps 1,099,998 1,099,999 ps 1,100,000 ps 1]
> W A[7:0]
W B[7:0]
o P[15:0]
6 S2
6 S3
é sS4
8 S5
é S6
e S7
6 S8
8 S10
6 S11
6 S12
6 S13
6 S14
8 S15
8 S16
é S18
8 S19
8 S20
6 S21
6 S22

Figure 16 - Wallace Tree Sample 4
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Interpretation of Results

e The Wallace Tree multiplier returned correct 16-bit products for all simulation inputs,
confirming the design’s functional correctness.

e Sample 1 served as a baseline, verifying successful multiplication of two minimal values.

e Sample 2 tested the architecture with maximum operand values, resulting in the correct
product of 65025.

e Sample 3 used symmetric mid-range inputs (127 x 127), producing 16129, validating the
Wallace Tree's multi-stage summation accuracy.

e Sample 4 demonstrated correct output for a combination of the maximum 8-bit value and a
power-of-two (255 x 128 = 32640).

e The tree structure’s reduction of partial products and carry-save adders performed
efficiently across all test cases.

e Simulation confirms that the implementation handles critical paths and input diversity
without functional errors.

Performance Evaluation — Braun’s Multiplier

Manual Delay Estimation
Assuming:

e AND gate delay: 1 ns
e Adder delay (HA or FA): 2 ns

Manual Delay = 1 ns (1°* AND gate) + 7 x 2 ns (HA) + 13 x 2ns (FA) =41 ns

Vivado Timing Summary (Post Synthesis)

Vivado reports an actual delay budget of 13.5 ns for the worst-case path, which may involve
optimised logic reduction during synthesis. This is lower than the manually estimated 31 ns due to
parallel optimisations. All timing constraints met, confirming the design is timing-safe at the current
clock setup.

Design Timing Summary

Setup Hold Pulse Width
Worst Negative Slack (WNS):. 13.508 ns Worst Hold Slack (WHS): NA Worst Pulse Width Slack (WPWS): NA
Total Negative Slack (TNS): 0.000 ns Total Hold Slack (THS): NA Total Pulse Width Negative Slack (TPWS): NA
Number of Failing Endpoints: 0 Number of Failing Endpoints: NA Number of Failing Endpoints: NA
Total Number of Endpoints: 16 Total Number of Endpoints:  NA Total Number of Endpoints: NA

All user specified timing constraints are met.

Figure 17- Braun's Multiplier Timing Summary

Power Consumption (Post Synthesis)

Braun’s multiplier is very power-efficient, especially in static conditions — ideal for moderate-speed,
low-power embedded applications. IO Power dominates dynamic consumption (0.008 W from 10)
whereas Logic and Signal Switching consume negligible power (<0.001 W).



Launch Power Constraint Advisor to find and fix
invalid switching activity

Figure 18 - Braun's Power Consumption

Report Utilisation
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Summary
Power analysis from Implemented netlist. Activity On-Chip Power
derived from constraints files, simulation files or 1% ,
vectorless analysis. || Dynamic: 0.009W (11%)
Total On-Chip Power: 0.08 W [] signals: <0.001W  (4%)
Design Power Budget: 2W ic: 3%)

. 20% 93% B Logic: <0.001W (3%

Power Budget Margin: 1.92wW ] vo: 0.008W (93%)
Junction Temperature: 25.4°C
Thermal Margin: 59.6°C (11.9W) Il Device Static. ~ 0.072W  (89%)
Effective SJA: 5.0°CW
Power supplied to off-chip devices: 0W
Confidence level: Low

UWTSD

Braun’s multiplier has a very small logic footprint, making it an ideal candidate for area-constrained

designs on FPGA.

Summary
Resource Utilization Available Utilization %
LUT 87 20800 0.42
10 32 106 30.19
LUTq 1%
10\ 30%
0 2'55'07l5 160 l
Utilization (%)
Figure 19 - Braun's Utilisation %
Design Runs Utilization x  Timing
Q = % % Hierarchy
N “ _ SliceLUTs BondedIOB
S (20800) (106)
' Brauns_Multiplier 87 32

Figure 20 - Braun's Multiplier Uti;isation Figures
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Summary of Braun’s Performance

Metric Value
Manual Delay ~41 ns
Vivado Delay (WNS) 13.5ns
Power 0.08 W (mostly static)
LUT Usage 87 (0.42%)
IO Usage 32 pins (30.2%)

Figure 21 - Braun's Performance Summary

Performance Evaluation — Wallace Tree

Manual Delay Estimation
Assuming:

e AND gatedelay=1ns
e Adder delay (HA/FA) =2 ns

Manual Delay = 1 ns (1°* AND gate) + 7 x 2 ns (HA) + 7 x 2ns (FA) = 29 ns

Vivado Timing Summary (Post Synthesis)
Vivado reports a shorter critical path than Braun’s, confirming Wallace Tree’s improved speed due to
reduced adder depth.

Design Timing Summary

Setup Hold Pulse Width
Worst Negative Slack (WNS): 6.078 ns Worst Hold Slack (WHS): NA Worst Pulse Width Slack (WPWS): NA
Total Negative Slack (TNS): 0.000 ns Total Hold Slack (THS): NA Total Pulse Width Negative Slack (TPWS). NA
Number of Failing Endpoints: 0 Number of Failing Endpoints: NA Number of Failing Endpoints: NA
Total Number of Endpoints: 16 Total Number of Endpoints: NA Total Number of Endpoints: NA

All user specified timing constraints are met.
Figure 22 - Wallace Tree Timing Summary

Power Consumption (Post Synthesis)
Slightly higher dynamic power compared to Braun (0.012 W vs 0.009 W) — expected due to Wallace
Tree’s increased switching activity in its deeper logic tree.



David Mathew Lewis 2219439 UWTSD
Summary
Power analysis from Implemented netlist. Activity On-Chip Power
derived from constraints files, simulation files or ,
vectorless analysis. 14% | Dynamic: 0.012W (14%)
Total On-Chip Power: 0.084 W [] signals:  0.001W  (4%)
Design Power Budget: 2W B Logic: <0.001W (2%)
86% 94% |
Power Budget Margin: 1916 W | 1O: 0.011W (94%)
Junction Temperature: 25.4°C
Thermal Margin: 59.6°C (11.9W) i Pedva St 0.072W  (96%)
Effective SJA: 5.0°CW

Power supplied to off-chip devices: 0W
Confidence level: Low

Launch Power Constraint Advisor to find and fix
invalid switching activity

Figure 23 - Wallace Tree Power Consumption

Report Utilisation

Wallace Tree uses almost identical area as Braun, despite offering better speed — thanks to Vivado's

optimization and efficient adder reuse.

Summary
Resource Utilization Available Utilization %
LUT 86 20800 0.41
10 32 106 30.19
LUTH 1%
10 | 30%
6 .2,5 '5'0""7'5""1(')0' )

Utilization (%)

Figure 24 - Wallace Tree Utilisation %

Design Runs Utilization x Timing

Q = = %

N
Name

Wallace_Tree

Hierarchy

Slice LUTs Bonded 0B
(20800) (106)

86 32

Figure 25 - Wallace Tree Utilisation Figures
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Summary of Wallace Tree Performance

Metric Value
Manual Delay ~29 ns
Vivado Delay (WNS) 6.078 ns
Power 0.084 W
LUT Usage 86 (0.41%)
10 Usage 32 pins (30.2%)

Figure 26 - Wallace Tree Performance Summary

Multiplier Performance Comparison
Here's a side-by-side comparison table of Braun’s vs. Wallace Tree Multiplier performance metrics.

Metric Braun’s Wallace Tree Multiplier
Multiplier

1 Estimated Delay 41ns 29ns
2 Vivado Delay 13.508ns 6.078ns
3 Total Power 0.080W 0.084W
4  Dynamic Power 0.009W 0.012W
5 Static Power 0.072W 0.072W
6 LUT Usage (%) 87 86
7  LUT Utilisation 0.42% 0.41%
8 1/O Pin Usage 32 32
9 |/O Utilisation (%) 30.19% 30.19%

Figure 27 - Wallace/Braun's Performance Comparison
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7. 1/0 Planning

The figure below shows the 1/0 Planning layout for the Braun’s multiplier after synthesis in Vivado
[7]. The diagram represents the physical pin assignments distributed along the periphery of the
FPGA. This output confirms that the logical ports from the VHDL design have been successfully
mapped to available /0 pins on the physical device. The outer grid area illustrates /0 blocks, while
internal blocks show various configuration and logic elements.

Package
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Figure 28 - Braun's 10 Planning

The figure below presents the I/0O Planning view for the Wallace Tree multiplier implementation
post-synthesis. This visualization confirms that the 8-bit inputs and the 16-bit output (P[15:0]) have
been successfully mapped to physical I/O pins on the FPGA device. Compared to the Braun
implementation, the Wallace design shows a more compact and slightly asymmetrical layout of I/0
cells yet remains evenly distributed along the outer edge of the FPGA.
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Figure 29 - Wallace Tree 10 Planning

I/O Planning Summary
The I/0 planning diagrams for Braun’s and Wallace Tree multipliers reveal differences in how each
design maps signals to the FPGA [8].

e Braun’s multiplier shows a more evenly distributed and symmetrical layout, reflecting its
regular array structure. This makes routing simpler and more predictable.

o Wallace Tree’s layout is slightly more clustered and asymmetric, due to its complex carry-
save adder structure. Despite this, it still fits efficiently within the I/O constraints.

e Both designs use 32 1/0 pins, showing equal resource usage in terms of input/output
connections.

Overall, Braun’s design offers cleaner 1/O organization, while Wallace Tree trades symmetry for
performance without increasing I/O resource usage.

8. Device View

The device layout visualisations below highlight how each multiplier design is physically
implemented across the FPGA’s logic regions after synthesis in Vivado.

Braun’s Multiplier

The Braun layout shows a wider horizontal distribution of logic resources across multiple clock and
logic regions. This reflects the regular and structured grid-like logic of the array multiplier, where
partial products are summed in aligned rows and columns. The layout appears more evenly
dispersed, which helps reduce local congestion and improves routing simplicity.

Wallace Tree Multiplier
The Wallace Tree implementation exhibits a more vertically compact and centralized distribution of
logic. This design condenses the carry-save adder structure into a narrower area, which is typical for
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tree-based architectures that prioritize reduction depth over horizontal symmetry. Although more
compact, it may result in denser routing within clustered regions.

Comparison Summary

While both designs occupy similar overall space, the Braun architecture spreads its logic more
evenly, which can be advantageous for clarity and thermal distribution. The Wallace Tree
concentrates logic for speed, trading off slightly higher local density in exchange for improved
performance, as confirmed by its lower critical path delay.

0
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=]
=]
=]
o
o
E

Figure 30 - Braun's Device View
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Figure 31 - Wallace Tree Device

9. Schematics
In digital design, schematic diagrams serve as visual representations of the underlying logic
synthesized from HDL code. These schematics are automatically generated by design tools such as
Xilinx Vivado and are essential for verifying the structure, connectivity, and function of the
implemented logic. There are typically two types of schematics:

e RTL Schematic: Shows the high-level module interconnections as described in the VHDL
source code.

e Technology Schematic: Displays the gate-level implementation of the design, including logic
primitives such as lookup tables (LUTs), adders, and multiplexers.

The following schematics correspond to the technology-level views of both Braun’s and Wallace Tree
multipliers, offering insight into their internal logic structure and complexity after synthesis.
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Figure 33 - Wallace Tree Schematic
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Figure 34 - Braun's RTL Schematic

Figure 35 - Wallace Tree RTL Schematic
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10. Pins Layout

Braun’s Multiplier

v B A@®)
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Wallace Tree
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Figure 36 - Brauns Pinout
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€ P(16) OUT
@ P[15] oUuT L1
@ P[14] ouT P1
€ P[13] OUT N3
@ P[12) ouT P3
€ P[11] ouTt U3
< P[10] OUT w3
€ P[9) out v3
@ Pl out V13
4P out V14
< P[6] OUT U14
€ P5) ouT u15
< Pl4] ouTt w18
€ P[3] oOuT V19
€ P2 our u19
€ P[] our E19
€ Plo) ouTt u16

Figure 37 - Wallace Tree Pinout

11. Recommendations

Based on the design, simulation, and synthesis results of both Braun’s and Wallace Tree multipliers,
the following recommendations are proposed:

For speed-critical applications, the Wallace Tree Multiplier is recommended due to its
significantly lower delay (6.078 ns vs. 13.508 ns). Its tree-structured summation stages make
it more suitable for high-performance digital signal processing (DSP) or real-time computing
systems.

For area- or power-sensitive applications, the Braun Multiplier is more appropriate. Despite
being slower, it uses slightly fewer LUTs (87 vs. 86) and has lower dynamic power
consumption (0.009 W vs. 0.012 W). Its regular structure is easier to debug and implement
on smaller FPGAs or ASICs.

To improve overall design efficiency:

12.

Pipelining could be applied to both architectures to reduce critical path delays and increase
clock speed.

Approximate computing techniques may be introduced in non-critical sections for further
area/power savings, especially in Al or multimedia applications.

Custom VHDL component reuse (e.g., parameterized adders) can make the design more
modular and scalable.

Conclusion

This assignment successfully explored and compared two prominent unsigned multiplier
architectures — Braun’s Multiplier and the Wallace Tree Multiplier — using VHDL and FPGA
implementation tools.
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Both multipliers were:

e Designed structurally in VHDL

e Simulated and functionally verified with multiple test samples
e Synthesised using Xilinx Vivado and implemented on FPGA

e Analysed in terms of timing, power, area, and performance

The Braun multiplier proved to be highly regular, efficient in area, and easy to implement, while the
Wallace Tree offered better performance through reduced critical delay. /O planning and device
layout diagrams demonstrated successful synthesis and placement on hardware.

Through quantitative and visual analysis, it is evident that design choice should be guided by
application-specific requirements — Braun’s for simplicity and Wallace Tree for speed. Both designs
show potential for future improvement and integration into more complex systems [9].
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14. Appendices

Braun’s Code
-- Company: UWTSD

-- Engineer: David Mathew Lewis

-- Design Name: 8x8 Brauns Multiplier
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-- Module Name: Braun - Behavioral

-- Project Name: Electronics Il

library IEEE;

use [EEE.STD_LOGIC_1164.ALL;

entity Brauns_Multiplier is

Port ( A :instd_logic_vector (7 downto 0);

B :in std_logic_vector (7 downto 0);

P : out std_logic_vector (15 downto 0));

end Brauns_Multiplier;

2219439

architecture Behavioral of Brauns_Multiplier is

signal A1BO :
signal AOB1 :
signal A2BO :
signal A1B1 :
signal AOB2 :
signal A3BO :
signal A2B1:
signal A1B2 :
signal AOB3 :
signal A4BO :
signal A3B1 :

signal A2B2 :

std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;

std_logic;

UWTSD
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signal A1B3 : std_logic;
signal AOB4 : std_logic;
signal A5BO : std_logic;
signal A4B1 : std_logic;
signal A3B2 : std_logic;
signal A2B3 : std_logic;
signal A1B4 : std_logic;
signal AOBS5 : std_logic;
signal A6BO : std_logic;
signal A5B1 : std_logic;
signal A4B2 : std_logic;
signal A3B3 : std_logic;
signal A2B4 : std_logic;
signal A1B5 : std_logic;
signal AOBG6 : std_logic;
signal A7BO : std_logic;
signal A6B1 : std_logic;
signal A5B2 : std_logic;
signal A4B3 : std_logic;
signal A3B4 : std_logic;
signal A2B5 : std_logic;
signal A1B6 : std_logic;
signal AOB7 : std_logic;
signal A7B1 : std_logic;
signal A6B2 : std_logic;
signal A5B3 : std_logic;
signal A4B4 : std_logic;
signal A3B5 : std_logic;
signal A2B6 : std_logic;
signal A1B7 : std_logic;

signal A7B2 : std_logic;
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signal A6B3 : std_logic;
signal A5B4 : std_logic;
signal A4B5 : std_logic;
signal A3B6 : std_logic;
signal A2B7 : std_logic;
signal A7B3 : std_logic;
signal A6B4 : std_logic;
signal A5B5 : std_logic;
signal A4B6 : std_logic;
signal A3B7 : std_logic;
signal A7B4 : std_logic;
signal A6B5 : std_logic;
signal A5B6 : std_logic;
signal A4B7 : std_logic;
signal A7B5 : std_logic;
signal A6B6 : std_logic;
signal A5B7 : std_logic;
signal A7B6 : std_logic;
signal A6B7 : std_logic;
signal A7B7 : std_logic;
signal SO : std_logic;--PO
signal S1 : std_logic;--P1
signal C1 : std_logic;--P2
signal S2 : std_logic;
signal C2 : std_logic;--P3
signal S3 : std_logic;
signal C9 : std_logic;
signal S10 : std_logic;
signal C3 : std_logic;--P4
signal S4 : std_logic;

signal C10 : std_logic;
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signal S11 : std_logic;
signal C17 : std_logic;
signal S18 : std_logic;
signal C4 : std_logic;--P5
signal S5 : std_logic;
signal C11 : std_logic;
signal S12 : std_logic;
signal C18 : std_logic;
signal S19 : std_logic;
signal C25 : std_logic;
signal S26 : std_logic;
signal C5 : std_logic;--P6
signal S6 : std_logic;
signal C12 : std_logic;
signal S13 : std_logic;
signal C19 : std_logic;
signal S20 : std_logic;
signal C26 : std_logic;
signal S27 : std_logic;
signal C33 : std_logic;
signal S34 : std_logic;
signal C6 : std_logic;--P7
signal S7 : std_logic;
signal C13 : std_logic;
signal S14 : std_logic;
signal C20 : std_logic;
signal S21 : std_logic;
signal C27 : std_logic;
signal S28 : std_logic;
signal C34 : std_logic;

signal S35 : std_logic;
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signal C41 : std_logic;
signal S42 : std_logic;
signal C7 : std_logic;--P8
signal S8 : std_logic;
signal C14 : std_logic;
signal S15 : std_logic;
signal C21 : std_logic;
signal S22 : std_logic;
signal C28 : std_logic;
signal S29 : std_logic;
signal C35 : std_logic;
signal S36 : std_logic;
signal C42 : std_logic;
signal $43 : std_logic;
signal C49 : std_logic;
signal C8 : std_logic;--P9
signal C15 : std_logic;
signal S16 : std_logic;
signal C22 : std_logic;
signal S23 : std_logic;
signal C29 : std_logic;
signal S30 : std_logic;
signal C36 : std_logic;
signal S37 : std_logic;
signal C43 : std_logic;
signal S44 : std_logic;
signal C50 : std_logic;
signal C16 : std_logic;--P10
signal C23 : std_logic;
signal S24 : std_logic;

signal C30 : std_logic;
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signal S31 : std_logic;
signal C37 : std_logic;
signal S38 : std_logic;
signal C44 : std_logic;
signal $45 : std_logic;
signal C51 : std_logic;
signal C24 : std_logic;--P11
signal C31 : std_logic;
signal S32 : std_logic;
signal C38 : std_logic;
signal S39 : std_logic;
signal C45 : std_logic;
signal S46 : std_logic;
signal C52 : std_logic;
signal C32 : std_logic;--P12
signal C39 : std_logic;
signal S40 : std_logic;
signal C46 : std_logic;
signal S47 : std_logic;
signal C53 : std_logic;
signal C40 : std_logic;--P13
signal C47 : std_logic;
signal S48 : std_logic;
signal C54 : std_logic;
signal C48 : std_logic;--P14
signal C55 : std_logic;

signal C56 : std_logic;--p15

component Full_Adder is

Port (A:in STD_LOGIC;
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B :in STD_LOGIC;
Cin :in STD_LOGIC;
S:out STD_LOGIC;

Cout : out STD_LOGIC);

end component;

component Half_Adder is

Port (A:in STD_LOGIC;
B:in STD_LOGIC;
S: out STD_LOGIC;

Cout : out STD_LOGIC);

end component;

begin

A1BO <= A(1) and B(0);
AOB1 <= A(0) and B(1);
A2B0 <= A(2) and B(0);
A1B1 <= A(1) and B(1);
AO0B2 <= A(0) and B(2);
A3BO0 <= A(3) and B(0);
A2B1 <= A(2) and B(1);
A1B2 <= A(1) and B(2);
AOB3 <= A(0) and B(3);
A4BO0 <= A(4) and B(0);

A3B1 <= A(3) and B(1);

UWTSD



David Mathew Lewis 2219439 UWTSD

A2B2 <= A(2) and B(2);
A1B3 <= A(1) and B(3);
AOB4 <= A(0) and B(4);
A5BO0 <= A(5) and B(0);
A4B1 <= A(4) and B(1);
A3B2 <= A(3) and B(2);
A2B3 <= A(2) and B(3);
A2B1 <= A(2) and B(1);
A1B4 <= A(1) and B(4);
AOBS5 <= A(0) and B(5);
A6BO <= A(6) and B(0);
A5B1 <= A(5) and B(1);
A4B2 <= A(4) and B(2);
A3B3 <= A(3) and B(3);
A2B4 <= A(2) and B(4);
A1B5 <= A(1) and B(5);
AO0B6 <= A(0) and B(6);
A7BO0 <= A(7) and B(0);
A6B1 <= A(6) and B(1);
A5B2 <= A(5) and B(2);
A4B3 <= A(4) and B(3);
A3B4 <= A(3) and B(4);
A2B5 <= A(2) and B(5);
A1B6 <= A(1) and B(6);
AOB7 <= A(0) and B(7);
A7B1 <= A(7) and B(1);
A6B2 <= A(6) and B(2);
A5B3 <= A(5) and B(3);
A4BA4 <= A(4) and B(4);
A3B5 <= A(3) and B(5);

A2B6 <= A(2) and B(6);
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A1B7 <= A(1) and B(7);
A7B2 <= A(7) and B(2);
A6B3 <= A(6) and B(3);
A5B4 <= A(5) and B(4);
A4B5 <= A(4) and B(5);
A3B6 <= A(3) and B(6);
A2B7 <= A(2) and B(7);
A7B3 <= A(7) and B(3);
A6B4 <= A(6) and B(4);
AS5B5 <= A(5) and B(5);
A4B6 <= A(4) and B(6);
A3B7 <= A(3) and B(7);
A7B4 <= A(7) and B(4);
A6B5 <= A(6) and B(5);
A5B6 <= A(5) and B(6);
A4B7 <= A(4) and B(7);
A7B5 <= A(7) and B(5);
A6B6 <= A(6) and B(6);
A5B7 <= A(5) and B(7);
A7B6 <= A(7) and B(6);
A6B7 <= A(6) and B(7);

A7B7 <= A(7) and B(7);

PO : P(0) <= A(0) and B(0);--PO

P1 : Half_Adder port map (A=>A1B0, B=>A0B1, S=> P(1) , Cout=> C1);--P1

S2_1: Full_adder port map (A=>A2B0 ,B=>A1B1 ,Cin=> C1, S=>S2 ,Cout=> C2);--P2

P2: Half_Adder port map (A=>A0B2, B=>S2 , S=>P(2), cout=>C9);

S3_1: Full_adder port map (A=>A3B0, B=>A2B1, Cin=>C2 , S=>S3, Cout=>C3);--P3
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S10_1: Full_adder port map (A=>A1B2, B=>S3, Cin=>C9, S=>510, Cout=>C10);

P3 : Half_Adder port map (A=>A0B3, B=>510, S=>P(3), Cout=>C17);

S4_1: Full_Adder port map (A=>A4B0, B=>A3B1, Cin=>C3, S=>54 , Cout=>C4);--P4
S11_1: Full_Adder port map (A=>A2B2 , B=>S4 , Cin=>C10, S=>S11, Cout=>C11);
S18_1: Full_Adder port map (A=>A1B3, B=>S11, Cin=>C17, S=>518 , Cout=>C18);

P4 : Half_Adder port map (A=>A0B4 , B=>518, S=>P(4) , Cout=>C25);

S5 _1: Full_Adder port map (A=>A5B0, B=>A4B1, Cin=>C4 , S=>S5, Cout=>C5);--P5
S12_1: Full_Adder port map (A=>A3B2, B=>S5, Cin=>C11, S=>512, Cout=>C12);

S19 1: Full_Adder port map (A=>A2B3, B=>S12, Cin=>C18, S=>519 , Cout=>C19);
S26_1: Full_Adder port map (A=>A1B4 , B=>5S19, Cin=>C25, S=>526 , Cout=>C26);

P5 : Half_adder port map (A=>A0B5 , B=>526, S=>P(5) , Cout=>C33);

S6_1: Full_adder port map (A=>A6B0, B=>A5B1, Cin=>C5, S=>56, Cout=>C6);--P6
S13_1: Full_adder port map (A=>A4B2 , B=>S6, Cin=>C12, S=>513, Cout=>C13);

S20_1: Full_adder port map (A=>A3B3, B=>513, Cin=>C19, $S=>520, Cout=>C20);
S27_1: Full_adder port map (A=>A2B4 , B=>520, Cin=>C26 , S=>S27 , Cout=>C27);
S34_1: Full_adder port map (A=>A1B5, B=>527, Cin=>C33, S=>S34 , Cout=>C34);

P6 : Half_adder port map (A=>A0B6 , B=>534 , S=>P(6) , Cout=>C41);

S7_1: Full_adder port map (A=>A7B0, B=>A6B1, Cin=>C6 , S=>57, Cout=>C7);--P7
S14 1 : Full_adder port map (A=>A5B2, B=>S7, Cin=>C13, S=>514, Cout=>C14);

S21_1: Full_adder port map (A=>A4B3, B=>S14, Cin=>C20, S=>521 , Cout=>C21);
S28 1: Full_adder port map (A=>A3B4 , B=>521, Cin=>C27 , S=>S528 , Cout=>C28);
S35_1: Full_adder port map (A=>A2B5, B=>528, Cin=>C34, S=>S35 , Cout=>C35);
S42 1 : Full_adder port map (A=>A1B6 , B=>S35, Cin=>C41, S=>542 , Cout=>C42);

P7 : Half_adder port map (A=>A0B7 , B=>542 , S=>P(7) , Cout=>C49);

S8 1: Half _Adder port map (A=>A7B1, B=>C7, S=>S8 , Cout=>C8);--P8

S15_1: Full_adder port map (A=>A6B2 , B=>S8, Cin=>C14 , S=>515, Cout=>C15);
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S22_1: Full_adder port map (A=>A5B3, B=>S15, Cin=>C21, S=>S22 , Cout=>C22);
S29 1: Full_adder port map (A=>A4B4 , B=>522, Cin=>C28, 5=>529 , Cout=>C29);
S36_1: Full_adder port map (A=>A3B5, B=>529, Cin=>C35, 5=>536 , Cout=>C36);
S43_1: Full_adder port map (A=>A2B6 , B=>5S36, Cin=>C42 , S=>S43 , Cout=>C43);
P8 : Full_adder port map (A=>A1B7, B=>543, Cin=>C49 , S=>P(8) , Cout=>C50);
S16_1: Full_adder port map (A=>A7B2 , B=>C8, Cin=>C15, S=>516 , Cout=>C16);--P9
S23_1: Full_adder port map (A=>A6B3, B=>516, Cin=>C22, S=>523 , Cout=>C23);
S30_1: Full_adder port map (A=>A5B4 , B=>523, Cin=>C29, S=>S30, Cout=>C30);
S37_1: Full_adder port map (A=>A4B5, B=>530, Cin=>C36, S=>537 , Cout=>C37);
S44 1 : Full_adder port map (A=>A3B6 , B=>537, Cin=>C43 , S=>544 , Cout=>C44);

P9 : Full_adder port map (A=>A2B7 , B=>544 , Cin=>C50, S=>P(9) , Cout=>C51);

S24 1: Full_adder port map (A=>A7B3, B=>C16, Cin=>C23, S=>524 , Cout=>C24);--P10
S31_1: Full_adder port map (A=>A6B4 , B=>524, Cin=>C30, S=>S31, Cout=>C31);
S38_1: Full_adder port map (A=>A5B5, B=>S31, Cin=>C37, S=>S38 , Cout=>C38);
S45 1 : Full_adder port map (A=>A4B6 , B=>538, Cin=>C44 , S=>545 , Cout=>C45);

P10 : Full_adder port map (A=>A3B7 , B=>545, Cin=>C51, S=>P(10) , Cout=>C52);

S32_1:Full_adder port map (A=>A7B4 , B=>C24, Cin=>C31, S=>532 , Cout=>C32);--P11
S39 1: Full_adder port map (A=>A6B5, B=>532, Cin=>C38, 5=>539 , Cout=>C39);
S46_1: Full_adder port map (A=>A5B6 , B=>539, Cin=>C45 , S=>546 , Cout=>C46);

P11 : Full_adder port map (A=>A4B7 , B=>546, Cin=>C52, S=>P(11), Cout=>C53);

S40_1: Full_adder port map (A=>A7B5, B=>C32, Cin=>C39, S=>540, Cout=>C40);--P12

S47 1 : Full_adder port map (A=>A6B6 , B=>540, Cin=>C46 , S=>S47 , Cout=>C47);

P12 : Full_adder port map (A=>A5B7 , B=>547, Cin=>C53, S=>P(12) , Cout=>C54);

S48 1:Full_adder port map (A=>A7B6 , B=>C40 , Cin=>C47 , S=>548 , Cout=>C48);--P13

P13 : Full_adder port map (A=>A6B7 , B=>548, Cin=>C54 , S=>P(13), Cout=>C55);

P14 : Full_adder port map (A=>A7B7, B=>C48, Cin=>C55 , S=>P(14) , Cout=>C56);--P14
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P15 : P(15) <= C56;--P15

end Behavioral;

Wallace Tree Code
-- Company: UWTSD

-- Engineer: David Mathew Lewis
-- Design Name: 8x8 Wallace Tree Multiplier
-- Module Name: Wallace Tree - Behavioral

-- Project Name: Electronics Il

library IEEE;

use |[EEE.STD_LOGIC_1164.ALL;

entity Wallace_Tree is

Port (A :in STD_LOGIC_VECTOR (7 downto 0) ;

B:in STD_LOGIC_VECTOR (7 downto 0) ;

P : out STD_LOGIC_VECTOR (15 downto 0)) ;

end Wallace_Tree;

architecture Behavioral of Wallace_Tree is

component Full_Adder is

Port (A :in STD_LOGIC;
B :in STD_LOGIC;
Cin : in STD_LOGIC;
S:out STD_LOGIC;

Cout : out STD_LOGIC);

UWTSD
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end component;

component Half_Adder is

Port (A:in STD_LOGIC;

B :in STD_LOGIC;

Cout : out STD_LOGIC;

S : out STD_LOGIC);

end component;

signal
S2,53,54,55,56,57,58,510,511,512,513,514,515,516,518,519,520,521,522,523,524,526,527,528,529,S30
,531,532,534,535,536,537,538,539,540,542,543,544,545,546,547,548 : STD_LOGIC;

signal
C1,C2,C3,¢4,C5,C6,C7,C8,C09,C10,C11,C12,C13,C14,C15,C16,C17,C18,C19,C20,C21,C22,C23,C24,C25,C
26,C27,C28,C29,C30,C31,C32,C33,C34,C35,C36,C37,C38,£39,C40,C41,C42,C43,C44,C45,C46,C47,C48,
C49,C50,C51,C52,C53,C54,C55 : STD_LOGICG;

signal A1BO : STD_LOGIC;

signal A2B0 : STD_LOGIC;

signal A3B0 : STD_LOGIC;

signal A4B0 : STD_LOGIC;

signal A5B0 : STD_LOGIC;

signal A6BO : STD_LOGIC;
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signal A7B0

signal AOB1 :

signal A1B1:

signal A2B1 :

signal A3B1:

signal A4B1:

signal A5B1 :

signal A6B1 :

signal A7B1 :

signal AOB2 :

signal A1B2 :

signal A2B2 :

signal A3B2:

signal A4B2 :

signal A5B2 :

signal A6B2 :

: STD_LOGIC;

STD_LOGIC;

STD_LOGIC;

STD_LOGIC;

STD_LOGIC;

STD_LOGIC;

STD_LOGIC;

STD_LOGIC;

STD_LOGIC;

STD_LOGIC;

STD_LOGIC;

STD_LOGIC;

STD_LOGIC;

STD_LOGIC;

STD_LOGIC;

STD_LOGIC;
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signal A7B2 :

signal AOB3 :

signal A1B3:

signal A2B3:

signal A3B3:

signal A4B3:

signal A5B3 :

signal A6B3 :

signal A7B3:

signal AOB4 :

signal A1B4 :

signal A2B4 :

signal A3B4 :

signal A4B4 :

signal A5B4 :

STD_LOGIC;

STD_LOGIC;

STD_LOGIC;

STD_LOGIC;

STD_LOGIC;

STD_LOGIC;

STD_LOGIC;

STD_LOGIC;

STD_LOGIC;

STD_LOGIC;

STD_LOGIC;

STD_LOGIC;

STD_LOGIC;

STD_LOGIC;

STD_LOGIC;

2219439
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signal A6B4 :

signal A7B4 :

signal AOBS5 :

signal A1B5 :

signal A2B5 :

signal A3B5 :

signal A4B5 :

signal A5B5 :

signal A6B5 :

signal A7B5 :

signal AOB6 :

signal A1B6 :

signal A2B6 :

signal A3B6 :

signal A4B6 :

signal A5B6 :

STD_LOGIC;

STD_LOGIC;

STD_LOGIC;

STD_LOGIC;

STD_LOGIC;

STD_LOGIC;

STD_LOGIC;

STD_LOGIC;

STD_LOGIC;

STD_LOGIC;

STD_LOGIC;

STD_LOGIC;

STD_LOGIC;

STD_LOGIC;

STD_LOGIC;

STD_LOGIC;

2219439
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signal A6B6 : STD_LOGIC;

signal A7B6 : STD_LOGIC;

signal AOB7 : STD_LOGIC;

signal A1B7 : STD_LOGIC;

signal A2B7 : STD_LOGIC;

signal A3B7 : STD_LOGIC;

signal A4B7 : STD_LOGIC;

signal A5B7 : STD_LOGIC;

signal A6B7 : STD_LOGIC;

signal A7B7 : STD_LOGIC;

begin

A1BO0 <= A(1) and B(0);

A2BO0 <= A(2) and B(0);

A3BO0 <= A(3) and B(0);

A4B0 <= A(4) and B(0);

A5BO0 <= A(5) and B(0);

A6BO <= A(6) and B(0);

A7B0 <= A(7) and B(0);
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AOB1 <= A(0) and B(1);
A1B1 <= A(1) and B(1);
A2B1 <= A(2) and B(1);
A3B1 <= A(3) and B(1);
A4B1 <= A(4) and B(1);
A5B1 <= A(5) and B(1);
A6B1 <= A(6) and B(1);

A7B1 <= A(7) and B(1);

AO0B2 <= A(0) and B(2);
A1B2 <= A(1) and B(2);
A2B2 <= A(2) and B(2);
A3B2 <= A(3) and B(2);
A4B2 <= A(4) and B(2);
A5B2 <= A(5) and B(2);
A6B2 <= A(6) and B(2);

A7B2 <= A(7) and B(2);

AOB3 <= A(0) and B(3);
A1B3 <= A(1) and B(3);
A2B3 <= A(2) and B(3);
A3B3 <= A(3) and B(3);
A4B3 <= A(4) and B(3);
A5B3 <= A(5) and B(3);
A6B3 <= A(6) and B(3);

A7B3 <= A(7) and B(3);

AO0B4 <= A(0) and B(4);
A1B4 <= A(1) and B(4);
A2B4 <= A(2) and B(4);

A3B4 <= A(3) and B(4);
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A4BA4 <= A(4) and B(4);
A5B4 <= A(5) and B(4);
A6B4 <= A(6) and B(4);

A7B4 <= A(7) and B(4);

AOBS5 <= A(0) and B(5);
A1B5 <= A(1) and B(5);
A2B5 <= A(2) and B(5);
A3B5 <= A(3) and B(5);
A4B5 <= A(4) and B(5);
A5B5 <= A(5) and B(5);
A6B5 <= A(6) and B(5);

A7B5 <= A(7) and B(5);

AO0B6 <= A(0) and B(6);
A1B6 <= A(1) and B(6);
A2B6 <= A(2) and B(6);
A3B6 <= A(3) and B(6);
A4B6 <= A(4) and B(6);
A5B6 <= A(5) and B(6);
A6B6 <= A(6) and B(6);

A7B6 <= A(7) and B(6);

AOB7 <= A(0) and B(7);
A1B7 <= A(1) and B(7);
A2B7 <= A(2) and B(7);
A3B7 <= A(3) and B(7);
A4B7 <= A(4) and B(7);
A5B7 <= A(5) and B(7);
A6B7 <= A(6) and B(7);

A7B7 <= A(7) and B(7);
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-first stage

PO :P(0)<=A(0)and B(0);

hall :Half Adder port map(A=>A1B0,B=>A0B1,5=>P(1),Cout=>C1);

fal2 :Full_Adder port map(A=>A2B0, B=>A1B1, Cin=>A0B2, S=>S2, Cout=>C2);
fal3 : Full_Adder port map(A=>A3B0, B=>A2B1, Cin=>A1B2, S=>S3, Cout=>C3);
fald : Full_Adder port map(A=>A4B0, B=>A3B1, Cin=>A2B2, S=>54, Cout=>C4);
fal5 : Full_Adder port map(A=>A5B0, B=>A4B1, Cin=>A3B2, S=>S5, Cout=>C5);
falé : Full_Adder port map(A=>A6B0, B=>A5B1, Cin=>A4B2, S=>S6, Cout=>C6);
fal7 :Full_Adder port map(A=>A7B0, B=>A6B1, Cin=>A5B2, S=>S7, Cout=>C7);

hal8 :Half Adder port map(A=>A7B1, B=>A6B2, S=>S8, Cout=>C8);

--second stage

ha21 :Half Adder port map(A=>S2, B=>C1, S=>P(2), Cout=>C9);

fa22 :Full_Adder port map(A=>S3, B=>C2, Cin=>A0B3, $S=>510, Cout=>C10);
fa23 :Full_Adder port map(A=>54, B=>C3, Cin=>A1B3, S=>511, Cout=>C11);
fa24 :full_Adder port map(A=>S5, B=>C4, Cin=>A2B3, S=>512, Cout=>C12);
fa25 :Full_Adder port map(A=>S6, B=>C5, Cin=>A3B3, $S=>513, Cout=>C13);
fa26 : Full_Adder port map(A=>S7, B=>C6, Cin=>A4B3, S=>514, Cout=>C14);
fa27 : Full_Adder port map(A=>S8, B=>C7, Cin=>A5B3, S=>515, Cout=>C15);

fa28 : Full_Adder port map(A=>A7B2, B=>C8, Cin=>A6B3, S=>516, Cout=>C16);

--third stage

ha31 :Half_Adder port map(A=>S10, B=>C9, S=>P(3), Cout=>C17);
fa32 :Full_Adder port map(A=>511, B=>C10, Cin=>A0B4, S=>518, Cout=>C18);
fa33 : Full_Adder port map(A=>S12, B=>C11, Cin=>A1B4, S=>519, Cout=>C19);

fa34 : Full_Adder port map(A=>S13, B=>C12, Cin=>A2B4, S=>520, Cout=>C20);
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fa35 :Full_Adder port map(A=>514, B=>C13, Cin=>A3B4, S=>521, Cout=>C21);
fa36 : Full_Adder port map(A=>S15, B=>C14, Cin=>A4B4, S=>S522, Cout=>C22);
fa37 :Full_Adder port map(A=>S16, B=>C15, Cin=>A5B4, S=>523, Cout=>C23);

fa38 : Full_Adder port map(A=>A7B3, B=>C16, Cin=>A6B4, S=>524, Cout=>C24);

--fourth stage

had4l :Half_Adder port map(A=>S18, B=>C17, S=>P(4), Cout=>C25);

fa42 :Full_Adder port map(A=>S19, B=>C18, Cin=>A0B5, $S=>526, Cout=>C26);
fa43 : Full_Adder port map(A=>S20, B=>C19, Cin=>A1B5, $S=>527, Cout=>C27);
fa44 : Full_Adder port map(A=>521, B=>C20, Cin=>A2B5, S=>528, Cout=>C28);
fa45 : Full_Adder port map(A=>522, B=>C21, Cin=>A3B5, S=>529, Cout=>C29);
fad6 : Full_Adder port map(A=>S23, B=>C22, Cin=>A4B5, S=>530, Cout=>C30);
fad7 :Full_Adder port map(A=>524, B=>C23, Cin=>A5B5, S=>531, Cout=>C31);

fad8 : Full_Adder port map(A=>A7B4, B=>C24, Cin=>A6B5, S=>532, Cout=>C32);

-fifth stage

ha51 : Half_Adder port map(A=>S26, B=>C25, S=>P(5), Cout=>C33);

fa52 : Full_Adder port map(A=>S27, B=>C26, Cin=>A0B6, S=>534, Cout=>C34);
fa53 : Full_Adder port map(A=>528, B=>C27, Cin=>A1B6, S=>S35, Cout=>C35);
fa54 : Full_Adder port map(A=>529, B=>C28, Cin=>A2B6, S=>536, Cout=>C36);
fa55 : Full_Adder port map(A=>S30, B=>C29, Cin=>A3B6, S=>537, Cout=>C37);
fa56 : Full_Adder port map(A=>S31, B=>C30, Cin=>A4B6, S=>538, Cout=>C38);
fa57 : Full_Adder port map(A=>532, B=>C31, Cin=>A5B6, S=>539, Cout=>C39);

fa58 : Full_Adder port map(A=>A7B5, B=>C32, Cin=>A6B6, S=>540, Cout=>C40);

-- sixth stage

ha6l :Half Adder port map(A=>S34, B=>C33, S=>P(6), Cout=>C41);

fa62 : Full_Adder port map(A=>S35, B=>C34, Cin=>A0B7, S=>542, Cout=>C42);
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fa63 : Full_Adder port map(A=>536, B=>C35, Cin=>A1B7, S=>543, Cout=>C43);
fab4 : Full_Adder port map(A=>S37, B=>C36, Cin=>A2B7, S=>544, Cout=>C44);
fa65 : Full_Adder port map(A=>S38, B=>C37, Cin=>A3B7, S=>545, Cout=>C45);
fa66 : Full_Adder port map(A=>539, B=>C38, Cin=>A4B7, S=>546, Cout=>C46);
fa67 : Full_Adder port map(A=>540, B=>C39, Cin=>A5B7, S=>547, Cout=>C47);

fa68 : Full_Adder port map(A=>A7B6, B=>C40, Cin=>A6B7, S=>548, Cout=>C48);

-- seventh stage

ha71 :Half _Adder port map(A=>S42, B=>C41, S=>P(7), Cout=>C49);

fa72 : Full_Adder port map(A=>S43, B=>C42, Cin=>C49, S=>P(8), Cout=>C50);
fa73 : Full_Adder port map(A=>S44, B=>C43, Cin=>C50, S=>P(9), Cout=>C51);
fa74 : Full_Adder port map(A=>S45, B=>C44, Cin=>C51, S=>P(10), Cout=>C52);
fa75 :Full_Adder port map(A=>546, B=>C45, Cin=>C52, S=>P(11), Cout=>C53);
fa76 : Full_Adder port map(A=>547, B=>C46, Cin=>C53, S=>P(12), Cout=>C54);
fa77 :Full_Adder port map(A=>548, B=>C46, Cin=>C54, S=>P(13), Cout=>C55);

fa78 : Full_Adder port map(A=>A7B7, B=>C48, Cin=>C55, S=>P(14), Cout=>P(15));

end Behavioral;



