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Introduction

This report looks at both the theory and practical use of Braun and Wallace multipliers using VHDL. It
starts with background research on where and how multipliers are used, and explains the features,
benefits, and working methods of Braun and Wallace multiplier designs. The report then moves on
to show how each multiplier is built and tested in practice. Both types of multipliers are compared
based on their speed, complexity, and power use, highlighting the strengths of each design. [1]

Background Research

Multipliers play an important part of digital systems, they are used in many areas like signal
processing, image processing and computer systems where fast calculations are needed. The Braun's
and Wallace Trees are two commaon types of multipliers, each with their own advantages and
disadvantages. The Braun’s multiplier is known for its simple and regular design, which makes it
easier to build. However, the Wallace Tree multiplier is designed to be faster, this is due to the
reduction of steps needed to complete the process.

Choosing the right type of multiplier depends on the needs of the application. Things to be
considered would be speed, size and power. As signal processing tasks are becoming more
demanding, the need for faster and more efficient multipliers has increased. In real-time systems,
it's important to reduce any delays and power usage to meet performance requirements. By using
the application VHDL to design and test these multipliers, we are able to compare how they perform
and understand which one works better on different tasks. The choice of multiplier depends on the
specific needs of the system and can be categorised as ‘signed’ or ‘unsigned’. This is based on how

fast they can handle the values inputted into the system.

The Braun’s and Wallace Tree multipliers each have their own strengths and weaknesses. The
Braun’s multiplier is known for its simple and regular design, making it easy to understand and
implement in any software. It is a good option to choose when the design needs to be
straightforward and easy to implement. However, there are disadvantages to using the Braun’s
Multiplier, this includes slower processing and the use of more power due to longer delays in the
system. On the other hand, the Wallace Tree multiplier is designed for speed, it does this by
reducing the number of steps it takes to process the data, making it faster and more efficient for
high-performance tasks. While it offers better speed and is more suitable for larger operations, its
structure is more complex, which can make it harder to design and implement.

In comparison, when choosing between the two multipliers, it would really depends on the needs of
the application, whether simplicity or speed is more important. [1] [2]

VHDL is used as it allows us to describe, simulate and test systems before they are built on a
software. VHDL makes it easier to design complex systems, detect errors throughout the simulation
and make changes without physically rebuilding the circuit.

One key advantage of using VHDL is its public availability, as it is defined by the IEEE as an industry
standard language. This standardisation ensures that VHDL is both machine readable and human
readable, which helps improve the design, synthesis and testing of the software. VHDL follows a
common structure and format, it also simplifies the process of sharing, maintaining and modifying
any software designs. This is especially useful in long term projects, where updates or repairs may be
needed, as it ensures that the data remains accessible and useable over time.
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Applications & Advantages of Multipliers

Braun’s multiplier is commonly used in digital systems where simplicity and regular designs are
important. It is mostly used for applications such as image processing, signal processing and
embedded systems that require basic, unsigned multiplication. One of the main advantages of
Braun’s multiplier is it's simple structured layout, which makes it easy to design and implement on
any software. Especially when used on FPGAs (Field Programmable Gate Array). Its structure allows
for easy scaling when working with larger bit-widths. While it may not be the fastest, Braun’s
Multiplier is reliable, efficient for smaller systems and is a straight forward logic that makes testing
and fault finding easier. This makes the Braun’s muItlleer a good choice for simple projects, low
power designs and systems where speed is

FPGAs (Field Programmable Gate &s) are types of an integrated circuits that can be programmed
to perform different tasks after they are manufactured. They are commonly used in custom software
design, prototyping, high-performance computing and digital signal processing. FPGAs are flexible,
allowing engineers to test and modify designs quigkly_making them ideal for tasks that require high
speed processing or real time data handling. [3]

The Wallace Tree multiplier is widely used in applications that require high speed operations. These
include digital signal processing (DSP), microprocessors and image processing. The Wallace
Multiplier is particularly useful for large bit multiplications where speed and efficiency are critical.
One of the main advantages of the Wallace Tree multiplier is its ability to reduce the number of
stages, speeding up the multiplication process. By using carry and sum adders in a tree-like
structure, it minimises delays and improves performance. However, the increased complexity in
both the design and software may demand more resources, ay affect speed. [4]
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Flowchart

Braun’s Multiplier

Figure 1 — Braun’s Multiplier

Wallace Tree Multiplier
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Figure 2 - Wallace Tree Multiplier
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Methodologies

In this project we were required to design two 8x8 multipliers. One being the Braun’s Multiplier and
the other the Wallace Tree Multiplier. Both multiplier were designed, implemented and compared
using VHDL and the Vivado software. The Braun’s multiplier was built using AND gates and then
adding them using either full or half adders, this was dependant on the inputs into each gate. Each
component was written in VHDL and connected using port maps to build the complete multiplier,
which was then simulated and tested on FPGA. For the Wallace Tree multiplier, the design focused
on reducing multiple stages using a structured tree of adders to achieve faster performance. A dot
diagram below is used to calculate half or full adders in the multiplier. As shown below, anything
grouped as a three is a full adder, showing 3 inputs, where as anything grouped as a 2 is a half adder
with only 2 inputs, refer to figure.3 below. It is also then followed by VHDL implementation,
simulation and FPGA synthesis. . In the final step, both multipliers were compared by calculating
delays, finding the critical path and checking power use. This helped to understand which design
worked better in terms of speed and efficiency. =0

000

.ol -
<2333 e
M o

Figure 3 - Dot Diagrang
i 7
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VHDL Codes

8x8 Braun's VHDL Code
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Figure 4 - Braun’s VHDL - 1

Figure 5 - Braun’s VHDL - 2
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Figure 6 - Braun’s VHDL - 3
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Figure 12 - Braun's VHDL — 9
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Figure 13 - Braun's VHDL — 10
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8x8 Wallace VHDL Code
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Timing Diagrams & Schematics of Design

Braun’s Multiplier — Timing diagrams

The figures below show different timing constants applied to the Braun’s simulation. There has been
4 timing constraints applied. Each simulation has a forced clock on A & B with the leading edge value
of 1 and the trailing edge value of 0. The constants for each simulation has then been set to max,
min and two middle values.

Timing 1

Unistled 5

Figure 28 - Braun's simulation timing 1 {(Max value)

Figure 28 shows the simulation being run and the different behaviours. This figure shows the
maximum value that can be simulated on the multiplier.

AxB=P

Hex-
ff x ff = fe01

Binary-
1111 1111x11111111=1111 1110 0000 0001
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Timing 2

Usitithed 5

Figure 29 - Braun's simulation timing 2 (Min Value)

Figure 29 shows the minimum value input into this simulation.
AxB=P

Hex-
08 x 05=0028

Binary-
0000 1000 x 0000 0101 = 0000 0000 0010 1000
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Timing 3

Untithed &

1,150,000 ps

Figure 30 - Braun's simulation timing 3 {Midd Value 1)

Figure 30 shows the first middle value input into this simulation.
AxB=P

Hex-
Oaxbl =06ea

Binary-
0000 1010 x 1011 0001 = 00000110 1110 1010
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Timing 4

Unitled &

Figure 31 - Braun's simulation timing 4 (Midd '.-"u.'

Figure 31 shows the second middle value input into this simulation.

AxB=P

Hex-
cl x a9 =769

Binary-
1100 0001x 10101001 =01111111 0110 1001

As demonstrated throughout each simulation each input has given the correct value output. This
proves both coding and simulation are working correctly.
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Timing Constraints — Longest delay

Given that AND gate delay = 1ns
Full adder/half adder delay = 2ns

Longest delay = 1ns + 14* (2ns) = 29ns

Braun's longest delay diagram

110

Timing Summary

Figure 33 - Braun's timing summary & device

The figure shows the timing summary for the Braun’s multiplier. It indicates that there are no timing
violations, with zero negative slack and zero failing endpoints, meaning the design meets the
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required timing constraints. This confirms that the multiplier operates correctly within the expected
timing, making it reliable for FPGA implementation.

The next figures show the time delays of all signals in the Braun’s Multiplier.
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Figure 36 - Braun's time delays - 3
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Figure 37 - Braun's time delays - 4
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Figure 39 - Braun's time delays - 6

Figure 40 - Braun's time delays — 7
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Schematic

o
[i-
0

_|
m[]=

Figure 41 - Braun's Schematic
Figure 40 shows the Schematic layout for the Braun’s multiplieraestgfied in Vivado. The green lines
represent the interconnections between components in the circuit, which also include components
like AND gates and adders. This diagram help understand, test and improve the circuit.

Page 28 of 44




Rebecca Coles UWTSD — Electronics 2

Wallace Tree Multiplier — Timing diagrams

The same timing constant were applied on the Wallace Multiplier. See below figures of all 4
simulations.

Figure 42 - Wallace simulation timing 1 {(Max Value)

AxB=P

Hex-

ff x ff = fe01

Binary-
11111111x11111111=11111110 0000 0001

Diagram 2

"E®a

Figure 43 - Wallace simulation timing 2 (Min Value)
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AxB=P

Hex-
08 x 05 =0028

Binary-
0000 1000 x 0000 0101 = 0000 0000 0010 1000

Diagram 3

Figure 44 - Wallace simulation timing 3 (Midd Value 1)

AxB=P

Hex-
Oa x bl =06ea

Binary-
0000 1010 x 1011 0001 = 0000 0110 1110 1010
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Diagram 4

Figure 45 - Wallace simulation timing 4 (Midd Value 2)

AxB=P

Hex-
clxa9=7f69

Binary-
1100 0001x 10101001 =01111111 0110 1001

As shown in all 4 simulations, each input has given the correct value output again using the Wallace
Tree multiplier. This proves both coding and simulation are working correctly.

Page 31 of 44




Rebecca Coles UWTSD — Electronics 2

Timing Constraints — Longest delay

Given that AND gate delay = 1ns
Full adder/half adder delay = 2ns

Longest delay = 1ns + 20* (2ns) = 41ns

Figure 46 - Wallace longest delay diagram

Timing Summary

Figure 47 - Wallace timing summary & device

The timing summary for the Wallace Tree multiplier indicates that there are no timing violations,
with zero negative slack and zero failing endpoints, meaning the design meets the required timing
constraints. This again confirms that the multiplier operates correctly within the expected timing,
making it reliable for FPGA implementation. As it stands, using the same inputs with either
multiplier’s, we are receiving the same output.
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The next figures show the time delays of all signals in the Wallace Tree Multiplier.

:cM
General nfurmafion
Timer Settngs
Design Timing Summary
Clock Summary
MePoaoiegy SUTmary

¥ s Check Timing

I Siock Paths

Inter-Clnck Patns

Other Path Greups

User igned Patng

Unconeyaings Path

Datwsnest
Npul FOME SHupHoI0
Cutpust Farts Clock-o-out

D3
Sukep batween Clacs

e C W
al Information
Semings
1 Timing Summary
Summary (1
dology Sumenary
Timing
lock Paths
ook Fals
2ath Giougs.
nored P
airained Paths
aeet
ut Ports SehupHold
1putPorts Clock%o-out
mitnatonal Delays
tup between Clocks

& Timieg

4 O Combnatonaal Delays
"

Topo LD
aep oW
arn oW
arp o
arp oW
ae Lo
ArE =Low
e sLow
arm =ow
aep sow
B Ao Arm o
B A denol oW
B ao @rp =ow
By @y oW
By @rpy =ow
By @rng oW
B xo P o
CEVEE LU T
(1 P oW
LEVEE L] SLOW
B A1 AP LoN
CEVEE L] LT
B A dArm oW
B A1 AP T
B A @PR oW
B Al Aep SN
BN @Png ELOW
Byt @Ppt 18 sow
B A @Pnz 1145 sow
B A1l @PHI 11340 oW
B A d@Png 1152 sow
B At @Ppsl 11800 mOW
Bax @PE 6mz smow
B A APy 177 SN

"-Fr'g':_n:e zié - Wallace timing delay - 1

Design Runs  Taming

4 O Combinational Detays
»

From
Part

B A

% Taming Sumenary - timing_2 =

To ot

ams
ELE]
L
L]
anm
@ Fis
@ rm

ans
arm
@ P

=
Delay

11938
sea2
Lara
B34
a341
9486

10408

054

1005

12048

1567

1575

1871

12183

12169

8847
0482
0412
10550
1010
12054
173
11881
1577
12160
12175
7848
8852
2495
0417
0877

Fin Resums

Miax Frocess
Comer
sow
sLOW
SLow
sLow
sLow
SLOW

=ow
sLow
SLOW

sLow
sLow
SLOW

Figure 49 - Wallace timing delay - 2

Page 33 of 44




Rebecca Coles

UWTSD — Electronics 2

B W
B

o
= s
sl
am
s

Massages  Log
# C W

1 informaten
semings

Timing Summary
ummary (1

ology Summaty
Timing

ok P

ock Pae

o Groups

nored Paths
wained Patie

L1}

APt SetupMeld
put Peds Clack-lo-cut
wimnabeal Dtsars
up Detween Clocks

mary-timing_1 %

™
Delay  Comar

B A EPm 10728 SLOW

B a7

AP0l 1T SLow

Bam AP 11426 SLOW
B A7 @Pnz 11435 sLow
Bam @P 11430 SLOW
BAn @P4] 12022 SLOW

B a7

arps 12028 SLoW

B-Bll  @Pm 6681 SLOW
BB EP 6732 SLOW
BB @PR  GETT SLow
Bepm AP 7722 SLOW

B o

APl w1 SLOW

B B &P 8935 SLOW

B B

4 Piel 9431 SLOW

BBl @PM 10401 SLOW
BB @PE 10 sLoW
BBl @ P 10930 SLOW
B Bp @PI0] 12043 SLOW

B e

@Pp) 11582 SLow

B-Bp] @PHZ 11570 SLOW

B B

AP 1t sLow

BBl @ P4 12158 SLOW
Bom @Pns 1216 sLow
B o &P 6742 SLOW
BBl @PE 6685 SLOW

B Bl

BBl @PH  aM7 SLOW
BB EPE 544 SLOW
BBl @ Pl 2420 SLOW
Bemn @Fm 10409 sLOW

B el

AP 10ETO SLOW

BBl @PE 11008 SLOW

B B

Tening Swmmary - timisg_2

dPrn 12051 SLow

Figure 51 - Wallace timing delay - 4

Page 34 of 44




Rebecca Coles

[ |
ation

s

19 Summary
any (1
Summary

oups
Paths
dFaths

s Setupald
wts Clack-bo-out
fional Dedays
ween Clocks

4 O Combimational Delays
»

From

Fort

B B
=310
B Bi1
B B
B Bi1
B Bl

B B
E B3
Er B3
=: |
B B
B B

“tming 1 % Timing Swmimary - ming_2

Max  MaxFrocess
Delay  Comer
@ P 10570 SLOW
AP 11008 SLow
AP0 12051 SLOW
@ P 1ST0 sow
@ ez 1157 Sow
@RI 11574 sLow
P 12165 SLOW
& P15 12172 SLOW
4 Fp 6583 SLOW
& 77 SLOW
@ Pl B350 SLOW
4 P B947 SLOW
4 Pis] 0402 SLOW
EPM 10412 SLOW
@rE 10572 SLow
EFE 1010 Sow
& P10l 12084 SLOW
&P 1573 sow
P12 11581 SLOW
d P13 11577 SLOwW
@ P14 12169 SLOW
@ P15] 12175 SLOW

To Port

4 Py RSB SLOW
4 Pl 7753 SLOW
4@ Pisl B353 SLOW
4 Fif) 5918 SL0W
arm 5843 SLOW

4 rlg) 9981 SLOW
P 10441 SLOW
& P10] 11484 SLOW
P[] 11004 SLOW
@ P2 11012 SLow
€ P13 11007 SLOW

UWTSD — Electronics 2

Figure 52 - Wallace timing delay - 5
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FPGA Design & Pin Allocation

Allocation of port is an important part in the system. The input ports receive data, such as the
numbers to be multiplied, while the output ports deliver the result of the operation. Without
properly assigned 1/0 ports, the design cannot interact and provide any signals.

Braun’s Multiplier Pin Allocation

Figure 56 - Braun's pin allocation

Figure 57 - Braun's device
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Wallace Tree Multiplier Pin Allocation

UWTSD — Electronics 2

a
-

B o D Sk e T

Figure 58 - Wallace pin afloc u-

Figure 59 - Wallace device
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Results

Braun’s Multiplier

Battery Summary

The figure below shows the power summary of the Braun’s Multiplier.

Figure 60 - Braun's power summary

By knowing the power summary of the Braun’s multiplier it tells us how much power the circuit uses
when running. This helps in understanding if the design is energy efficient and suitable for use in real
software’s such as FPGAs. If the power is too high, it can cause heatingissues or reduce battery life
in portable devices. By checking the power summary, we are able to make changes to improve
performance and save energy.

The figure below shows what design power value we set, which is 1W.

IR won . <o

* o

S ——

Figure 61 - Braun's set power vm’uc\
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RTL Analysis

The following figure demonstrates the RTLanalysis of the design.

Figure 62 - Braun's RTL analysis

RTL (Register Transfer Level) analysis is important because it shows how data moves between
registers and logic in a digital circuit. By checking the RTL, we can make sure the logic is correct,
identify errors, and improve the design before moving to implementation.

'
LUT's
Utilization Post-Synthesis | Post-implementation Power
Graph | Taole
LuT 1%
[[+] 0%
o 25 50 75 100

Estimated Utilzation (%)

Figure 63 - Braun's LUT's

Utilization in the multiplier refers to how efficiently the software resources of an FPGA, such as
LUT’s, etc that are used to implement the design. It provides information on how much of the
available FPGA capacity is consumed by the multiplier. Monitoring utilization helps designers
understand the complexity and size of the design. High utilization may indicate a need to simplify the
design, while low utilization shows that more resources are available for other components. [5]
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Wallace Tree Multiplier

Battery Summary

UWTSD — Electronics 2

The figure below shows the power summary of the Wallace Tree Multiplier.

s
- -

o
P [T ]

Both Multiplier’s were given a design power value of 1W. Both values were kept the same for

comparison.

RTL Analysis

Figure 64 - Wallace power summary

The following figure demonstrates the RTLanalysis of the design on the Wallace.

T T T

"

3 o 1y ‘L"I'_‘}I'_‘}

Led=d s = o Rer (= o B s Ll s Rede oo

200 00 EY YO B0 £ 0D

Y e L T

I

Figure 65 - Wallace RTL analysis
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LUT's

Utilization

LT
10

UWTSD — Electronics 2

Post-Synthesis | Postdmplementation

Graph | Table

50 75 100

Utilization (%)

Figure 66 - Wallace LUT's
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Recommendations

Recgmmendations for the design and analysis of the Braun’s and Wallace Tree Multiplier are listed
beII\Jr design selection based on application, if the application requires a more simple and
lower resource usage, then the Braun’s multiplier would be suitable. This is due to its smaller
systems where power efficiency and ease of implementation are more important than speed.
Secondly optimisation for speed. For high speed or performance critical tasks like real time
processing, the Wallace Tree multiplier is more suited to the task. It is quicker due to reduction in
stages, despite its complexity and slightly higher power consumption.

Next would be the FPGA’s. Although both designs use FPGA’s, monitoring LUT's and power
consumption in detail and would help identify any design issue’s throughout the system.

Another recommendation would be power efficiency. When designing and choosing what multiplier
to use, considerations like low power design techniques to further enhance energy efficiency.
Finally simulation and testing. Additional testing and verification could be included to improve the
design, especially when implementing into real world applications.

Conclusion

In conclusion, this project implemented, analysed and compared two multiplier’s, one being Braun’s
and the other the Wallace Tree Multiplier. The Braun’s multiplier and the Wallace Tree multipliers,
both use VHDL and FPGA. As shown throughout the report, both simulations, including timings
constraints, power usage, input power, etc, have performed and worked correctly when tested.

The Braun’s multiplier demonstrated a simpler and more structured design, making it easier to use
and suitable for low complexity applications. However, the Wallace Tree multiplier, even though it is
a more complex design, it has proved to be more of an efficient system in regards to speed due to its
reduction process on the stages.

Both designs met the required timing constraints and power use, making them both suitable options
for software implementation. Overall, when choosing between both d would really depend
on the requirements of the application, whether it's simplicity and ease™ Plementation or speed
and performance. [6]

Page 43 of 44




Rebecca Coles UWTSD — Electronics 2

Referenceg
Bl17

[1 in Computer Arcitchture, John.L.Hennesy & David.A.Patterson, 2019.

]

[2 “Ripublication,” 11 04 2025. [Online]. Available:

] https://www.ripublication.com/acst17/acstv10n5_54.pdf.

[3 “AMD,” 12 04 2025. [Online]. Available: https://www.amd.com/en/products/adaptive-
] socs-and-fpgas/foga.html.

[4 “IEEE Explore,” 04 04 2025. [Online]. Available:

] https://ieeexplore.ieee.orgf/abstract/document/8605173.

[5 “iaENG,” 09 04 2025. [Online]. Available:

] https://www.iaeng.org/publication/IMECS2012/IMECS2012_pp275-277.pdf.
[6 “Academia,” 02 04 2025. [Online]. Available:

] https://www.academia.edu/114227557/FPGA_Based_High_Performance_Double_Preci
sion_Matrix_Multiplication?uc-sb-sw=7975393.

Page 44 of 44




Electronics 2 - ACDA6001

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

/100

PAGE 1

PAGE 2

PAGE 3

PAGE 4

PAGE 5

PAGE 6

’ Comment1 | = Engagement with literature(20)
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explain logic circuits like full adder and half adder clearly.
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Comment6 | = Engagement with literature(20)
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multiplier's dot diagram is neat.
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Give
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Comment 12 | = Practical Application (25)

The

report mentions pin mapping in the design flow, indicating awareness of
hardware setup.
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The

report includes critical path diagrams, power analysis screenshots, LUT usage
data, and area details, which shows effort towards evaluating the design
performance and resource utilisation.
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Comment 14 | = Cognitive skills (20)

Future recommendations are noted. They could be improved by incorporating additional
criteria.
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The structure and organisation of the report are well-executed, contributing to a clear and
logical flow of information.

Comment16 | = Cognitive skills (20)

Although
results are presented, there is no in-depth discussion linking them to the
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Adding
more recent papers and doing a proper review of existing multiplier methods
will improve the quality.
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ENGAGEMENT WITH LITERATURE(20)

Assesses clarity of definition, technical explanation, advantages,
disadvantages, applications, and use of relevant references. Also
includes critical analysis, research gaps, and proper citation and
referencing.

y‘ Few relevant references are used, and they are 8 2
poorly integrated. Analysis lacks originality or .
critical thought. Research gaps are not clearly
identified. Referencing is inconsistent and lacks
attention to formatting. Minimal variety in
sources.

KNOWLEDGE & UNDERSTANDING(20)

This section evaluates understanding of binary multiplication,
multiplier architectures, logic design, and adders. It also includes key
concepts like power efficiency, delay path, LUTs, and slack, reflecting
application of core engineering principles.

y‘ Adequate but limited understanding. Key topics 1 0 1
are mentioned (e.g., Braun, Wallace, logic design), .



but with shallow explanation. Neccessity for the
aspects like delay paths, power basics, and slack
needs more explaination.

COGNITIVE SKILLS (20)

This section includes analysis of design structures, performance
interpretation, and comparison of results using appropriate
techniques. Emphasis is placed on understanding technical
relationships, interpreting data, and drawing meaningful conclusions
with supporting evidence such as calculations, graphs, and
recommendation

y‘ Some understanding of analysis, but work is 1 1 3
mostly descriptive. Timing and performance .
metrics are discussed with limited accuracy.

Graphs may be missing or poorly used.
Conclusions are present but lack depth, and
recommendations are vague or underdeveloped.

PRACTICAL APPLICATION (25)

This section assesses the practical skills in VHDL implementation, port
mapping, FPGA pin assignment, simulation, and hardware proof. It also
includes synthesis, applying XDC constraints, and interpreting reports
on LUTs, power, delay, and timing, reflecting effective tool usage.

y‘ Very good execution of practical tasks. VHDL code 20 3
is functionally sound; port mapping and pin .
assignments are mostly correct. Simulation and
hardware outputs are included with minor gaps.

FPGA synthesis and report handling are well
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accuracy.



TRANSFERABLE SKILLS (15)

This section evaluates the ability to communicate work clearly and
effectively. It covers report writing, clarity of diagrams, structured
presentation, and appropriate use of screenshots. It also assesses how
well findings are explained, the accuracy with which procedures are
followed, and how results are summarised. Communication should be
suited to both technical and non-technical audiences, demonstrating

professionalism and clarity.

y“ Very good communication. Report is coherent and 8 9
includes clear diagrams and screenshots. Findings .
are explained well and structure is mostly
consistent. Procedural accuracy and summary are
evident. Minor improvements could be made in
tailoring language for diverse audiences.



