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Introduction

Binary multipliers are fundamental components in digital electronics that play a crucial role in
performing many computing tasks. In the world of digital systems, binary multipliers are used.
This report aims to explain and test two of the most common binary multipliers, the Brauns
and Wallace.

This project has asked that 8x8 versions for each of these multipliers be designed and
simulated to analysed performance characteristics. This will be done utilising Vivaldo software.
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Project Research

Before discussing Brauns and Wallace multipliers, it is important to understanding their basic
building blocks. These are half and full adders.

Half Adder:

A half adder is a digital circuit used to add two binary digits. It consists of two inputs, A and B,
and will produce two outputs known as the sum and carry. To produce the sum, inputs A and
B are fed into an XOR gate that performs addition. For the carry, inputs Aand B are fed through
an AND gate that performs multiplications. The sum and carry will then be combined similarly
to algebraic addition to produce a final product.

The basic circuit diagram and truth table for a half adder can be seen below in Figure 1.

A 0_4)
SUM
ol ) > A | B S Gamy
0 0 0 0
0 1

CARRY

0
0
1

—
o
O = =

Figure 1 - Half-Adder Structure and Truth Table [5]

Full Adder:

A full adder consists of three inputs, A, B and Cin, and two outputs, the sum and carry. The
sum is again produced via addition through a series of XOR gates. The carry is now produced
via two AND gates and an OR gate before a final product is produced.

The structure and truth table for a full adder can be seen in Figure 2.

Input Output
A B Cin Sum Carry
A [el— —)D_ 0 0 0 0 0
, ) SUM TH T 1 0
' 0 1 1 0
B 5
0 1 1 0 1
c [@ CARRY 1 0 0 1 0
1 0 1 0 1
1 1 0 0 1
1 1 1 1 1

Figure 2 - Full-Adder Structure and Truth Table [1]
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Multipliers:

Fundamentally, multipliers are used to find the product of two or more values. In computing,
they are used to find the product of binary numbers. By using specific configurations of logic
gates, half and full adders, binary multipliers can be created.

Two of the most efficient multipliers for this application are Brauns and Wallace multipliers.

Brauns Multiplier:

The Brauns multiplier, also known as the carry-save-array multiplier [2], is a simple parallel
device that is limited to finding the product of two unsigned numbers. It is made up of an array
of AND gates and adders arranged in a configuration that does not require logic registers for
operation. Because of this, product bits can be generated simultaneously.

Each partial product can be combined with the previous sum of partial products, using a row
of adders. This is done through a carry-save-adder that shifts carries one bit to the left [3].

The Least Significant Bit (LSB) is always fed into a half adder at the start of each row. The
sum from the first half adder will represent a bit value within the final calculated product.

A carry-save-adder then feeds the carry into an adjacent adder to the left. The final carry of
each row is fed into the input of the final adder of the proceeding row. The sum from each full
adder is used as an input for the adder directly below in this array configuration.

This sequential addition continues until the final row of the multiplier. The sum from each adder
within this row will represent a bit value within the final binary product. The final carry for this
row will represent the Most Significant Bit (MSB) of the product.

The performance of the Brauns multiplier is excellent when working with unsigned operands
that are less that 16-bit. It is fast, consumes little power and occupies a very small area due
to its simplicity. This straightforward structure is also beneficial for expansion and fault finding
within a 16-bit range.

The problem with Brauns multipliers is that their component requirement increases
exponentially with the bit rate of the multiplier. Brauns multipliers for 16-bit plus operations are
typically slow, inefficient and consume higher power compared to other multiplier
configurations [2].

A flowchart highlighting the configuration of an 8x8 Brauns multiplier can be seen in Figure 3.
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Wallace Multiplier:

The Wallace multiplier is another parallel multiplier that follows a similar array structure to the
Brauns. There are however maijor differences between designs.

The Wallace multiplier generates fewer partial products compared to the Brauns multiplier. It
achieves this by grouping operands into smaller blocks and generating the partial products of
each block. This is known as partial product reduction [4].

Due to this, the carries are directly fed into the next stage of adders instead of laterally as seen
in a Brauns configuration.

Despite circuit complexity increasing due to additional hardware requirements of partial
product reduction, the overall efficiency of the multiplier improves as fewer partial products are
calculated [4]. A Wallace multiplier is also scalable and doesn’t suffer the same exponential
setbacks through expansion as the Brauns device. This makes Wallace multiplier better suited
to multiplication of larger numbers [2].

The additional hardware does however increase circuit size and complexity as well as overall
power consumption of the device.

An example of an 8x8 Wallace multiplier can be seen in Figure 4. A dot diagram has also been
created shown in Figure 5.
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8x8 Wallance Multiplier Dot Diagram
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Figure 5 - Dot Diagram of an 8x8 Wallace Multiplier
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Multiplier Simulation

With a fundamental understating of both Brauns and Wallace type multipliers, this project now
asks that an 8x8 version for each is designed and tested utilising Vivaldo software.

The full programs created for each of these multipliers can be seen in Appendix 1.0 and 2.0.

Brauns Simulation:

Once the Brauns program was written, a simulation was conducted to confirm correct
operation. Basic hexadecimal multiplication was used for this as shown in Figures 5 and 6.

Objects Untitied 1
Q,
Name Value Data Type EROSCROOUES
> W AT:0] 08 Aray
> W B[r0) 09 Aray
> W PMSC 0048 Aray
Bs2 o0 Logic
U s3 1 Logic
U sS4 0 Logic
U ss 0 Logic
1 ss 0 Logic
U s7 0 Logic
Wwss 0 Logic
WS 1 Logic
WS 0 Logic
Ws2 0 Logic
WSz 0 Logic
WS4 0 Logic
WS15 0 Logic
WS 0 Logic
Bsis 0 Logic
Bs19 0 Logic
Ws20 1 Logic
Bs21 0 Logic
Ws2 0 Logic
Ws23 0 Logic
Ws2a o Logic
Ws26 0 Logic
Ws27 1 Logic
Figure 7 — Hexadecimal Multiplication of 8 and 9
Objects Untitled 1
Q &
Name Value Data Type "
> W AT0] 0a Array
> @ B[7.0) Oc Array
> W PRSC 0078 Array
U os2 0 Logic
83 0 Logic
Ws4 0 Logic
Wss 0 Logic
Uss 0 Logic
Usr o0 Logic
wss o0 Logic
WS 1 Lagic
Bsn oo Logic
Ws1z 1 Logic
“s13 0 Logic
s 0 Logic
Wsi5 0 Logic
UsE 0 Logic
UWsis 1 Logic
Wsta 1 Logic
Ws20 1 Lagic
Ws21 0 Logic
Ws22 0 Logic
Ws23 0 Logic
Ws2a 0 Logic
Ws26 1 Logic
Ws27 1 Logic o

Figure 6 — Hexadecimal Multiplication of A and C
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With correct operation confirmed, design synthesis was conducted and a simulated schematic
of the Brauns multiplier was created as seen in Figure 8.

Project Summary x| Device x| Braunswhd x| Fulladdervhd x| Halfaddervhd x| Schematic x 00

@ a X B O C  147Cells  320U0Ports 163 Mets o

fiFe L]

Figure 8 - 8x8 Brauns Multiplier Circuit Schematic

Brauns Timing:

The inputs and outputs (I/O) for this multiplier are now designated to specific pins to create
nets within the multiplier. This allows for system implementation to be conducted to highlight
timing data within the multiplier. The timing summary for this device can been seen in Figure
9 below.

ciConsole | Messages | Log Reports DesignRuns | Timing x Power DRC | PackagePins | L0 Ports
Q /& C|H 4 Design Timing Summary
»
General Information ~
Timar Sattings Setup Hold Pulse Width
Design Timing Summary Worst Negative Slack (WNS)  inf Worst Hold Slack (WHS): inf Worst Pulse Width Slack (WPWS): NA
Methodology Summary Total Negative Slack (TNSE  0.000 ns Total Hold Slack (THS): 0.000 ns Total Pulse Width Negative Stack (TPWS): Na

» = Check Timing

Infra-Clock Paths

Inter-Clock Paths

Other Patn Goups

iser Innored Paths ol
Timing Summary - impl_1(saved) % Timing Summary - timing_1  x

Mumber of Failing Endgoints. 0 MNumber of Failing Endpoints. 0 Mumber of Failing Endpoints M&
Total Number of Endpoints: 18 Total Number of Endpoints: 18 Total Number of Endpoints: NA

There are no user specified timing constraints.

Figure 9 - Initial Timing Summary of Brauns Multiplier

It can be seen that no time constraints are currently applied to the multiplier. This may cause
operational delays and prevent the multiple from working efficiently.

Using the timing datasheet, the maximum delay within this device can be deduced. Time
constrains can then be implemented to reduce this delay. The combinational delays for his
simulation can be seen in Figure 10.
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Tcl Console Messages Log Reports Design Runs Timing * Power |DRC Package Pins 110 Ports
Q T &2 C H 4 O, Combinational Delays
General Information ’ From To Port M VI Max Process Min Min Process
Timer Settings Port a Corner Delay Corner
Design Timing Summary B Bl1] P[13] 23128 SLOW 6.496 FAST
Methodology Summary B A7) P[13  23.076 SLOW 5347 FAST
» = Check Timing (0) B ALl P[13] 23.045 SLOW 5307 FAST
Intra-Clock Paths & BI0] P[13] 22925 SLOW 6.267 FAST
Inter-Clock Paths B AL P[13] 22782 SLOW 5600 FAST
Other Path Groups B B2 P13 22713 SLOW 5843 FAST
User Ignored Paths B Bl1] P[14] 22691 SLOW 6.247 FAST
Unconstrained Paths B A2l P[14] 22639 SLOW 5331 FAST
= Datasheet B A3l @ P[14] 22609 SLOW 5291 FAST
Input Ports Setup/Hold B Af5] P[3] 22574 SLOW 5119 FAST
Output Ports Clock-to-out B Al4] P[13] 22500 SLOW 5.200 FAST
Combinational Delays & Bi0] P14] 22439 SLOW 6.018 FAST
Setup between Clocks B ALl Pl14] 22.345 SLOW 5584 FAST

Figure 10 - Brauns Multiplier Preliminary Combinational Delay

For this multiplier, it can be seen that a maximum delay of 23.128ns is present between input
B1 and output P13. This maximum delay is also known as the critical path of the multiplier.

This critical path can also be approximated manually using the following assumptions:

1. AND gate time delay is equal to 1ns.
2. Each adder time delay is equal to 2ns.

Referring back to Figure 3, it can be seen that route B1 to P13 travels through seven AND
gated and seven total adders. Hence the manually calculated critical path is:

Critial Path = (7 x 1)+ (7 x 2) = 21ns

To eliminate the delay from this critical path, a time delay can be added between pins B1 and
P13. The set-up for this timing delay can be seen in Figure 11.
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[
¢ Edit Set Maximum Delay X

Specify maximum delay for timing paths

Specify path delay 23.128| :l ns

Targets  Options

Start Points

Erom:  [get_ports {B[1]}] E‘Transitinn riseffall v

Through Points

Through EI +

End Points

To: [get_ports {P[13]}] E‘Transitinn riseffall v

Command: set_max_delay -datapath_only -from [get_ports {B[1]}] -to [get_ports {P[13]}] 23.128

Pt
'\_?/' ‘ Reference | ‘ Resetto Defaults ‘

Figure 11 - Brauns Multiplier Delay Implementation

With this timing constrain, the device was re-implemented, and the following timing summary
was created.

clConsole | Messages | Log Reports Design Runs | Timing x Powe DRC Package Pins D Ports
Q T 2 C W 4 Design Timing Summary
>

General Information
Timer Seitings Setup Hold Pulse Width
Design Timing Summary Worst Negative Slack (WNS):  0.000 ns Warst Hold Slack (WHS): int Waorst Pulse Width Stack (WPWS) NA
Clock Summary Total Negative Slack (TNS)  0.000ns Total Hold Slack (THS): 0,000 ns Total Pulse Width Negative Slack (TPWS). NA
Methadology Summary Mumber of Failing Endpoints: 0 Mumber of Failing Endpoints: 0 Number of Failing Endpoints NA

» Check Timing (1 Total Number of Endpoints. 1 Total Number of Endpoints: 16 Total Number of Endpoints: NA

Intra-Clock Paths

All user specified timing consiraints are met.
Inter-Clock Paths

Figure 12 - Timing Summary with Time Constraint

This shows that there is now Ons Worst Negative Slack (WNS) occurring as a result of the
time constraints added. This can be further highlighted when inspecting the new combinational
delays. A minimum delay of Ons is now measure between B1 to P13 as shown in Figure 13.
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Tcl Console Messages Log Reports Design Runs
Qe |ClH
General Information From
Timer Settings Port
Design Timing Summary 2 8]
Ciock Summary (1 B 8f1)
Methodotogy Summary 2 A2
> “ Check Timing (1) B A3
Intra-Clock Paths 2 Bl0]
Inter-Clock Paths 2 A1)
» = Other Path Groups 2 Bf2)
» = Userignored Paths 2 A5)
> = Unconstrained Paths ]
v . Datasheet 2 B{1]
Input Ports Setup/Hold B A2l
SHIP £08s Cocxto-aut 2 81
[Combinational Delays| B A
Setup between Clocks B A2l

Timing x

To Port

€ Pi13;
€ P14
& Pi14)
& P114)
€ P(14)
& Pi14)
€ Pi14)
€ P14
“ Pi14]
€l P[10)
€ P110]
€ Pi12)
4 P10}
4 P112)

Power

DRC

¢« Q, Combinational Delays
>

Max v,

Delay
23128
22691
22639
22609
22.489
22345
22217
22137
22072
21.974
21929
21915
21899
21863

Comer
SLow
SLOW
SLOwW
SLow
SLOW
SLOW
SLOW
SLow
SLOW
SLOW
SLow
SLOowW
SLOW
SLOW

Package Pins

Max Process

VO Ports

Min Min Process

Delay Comer

6.247 FAST
5331 FAST
5291 FAST
6.018 FAST
5584 FAST
5594 FAST
5103 FAST
5274 FAST
6.635 FAST
4997 FAST
6.121 FAST
4670 FAST
5202 FAST

Figure 13 - Combinational Delays with Timing Constraints Implemented

Brauns Power Consumption:

In addition to a timing summary, power consumption from this multiplier can also be analysed.

invalid switching activity

Launch Power Constraint Advisor to find and fix

Figure 14 - Brauns Multiplier Power Usage

Tcl Console Messages Log Reporis Design Runs Timing Power ¥ DRC Package Pins 'O Ports
Qg X &2 C W 4 Summary
»
Settings .
g - Power analysis from Implemented netlist. Activity On-Chip Power
Summary (0.081 W, Margin: 1.919 W) derived from constraints files, simulation files or
Power Supply vectorless analysis. 18% [ Dynamic: 0.014W  (18%)
~ Utilization Details Total On-Chip Power: 0.081W 1% [ signals: 0002W  (11%)
Hierarchical (0.014 W) .
Design Power Budget: 2w I Logic 000w (7%
~ Signals (0.002 W) 82% 82% :
Power Budget Margin: 1.919W : (82%)
Data (0.002 g 0 [ wo: 0.012W  (32%)
Logic (0.001 W) Junction Temperature: 254°C : :
WO (0.012'W) Thermal Margin: 74.6°C (148 W) [Tl Device Static. ~ 0.067W  (82%)
Effective GJA: 5.0°CWw
Power supplied to of-chip devices: 0W
Confidence level: Low

Of the specified 2W power budget, Figure 14 shows that only 0.081W is being utilised by the

Brauns multiplier.
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Brauns Utilisation:

With the final implementation complete, the utilisation tool can now be used to highlight device
usage of its Look-Up Tables (LUTs) and I/0 components. From Figure 15, it can be seen that
this Brauns multiplier utilises 90 LUTs and 27 1/O ports.

Hierarchy

Summary

~ Slice Logic
w Slice LUTs (1%)

LUT as Logic (1%

~ Slice Logic Distribution
~ Slice (1%)
SLICEM
SLICEL
~ LUT as Logic (1%)

Brauns Summary:

Resource Utilization Available Utilization %
LUT 90 10400 0.87
1o 27 106 25.47
LUTH 1%
10 25%
0 25 50 75 100

Utilization (%)

Figure 15 - Brauns Utilisation

The figures within this section summaries the final design of this 8x8 Brauns multiplier.

Project Summary x Brauns.vh x illadder.vhd x
Overview | Dashboard

Projedt location:
Product family

DLyl 6/Electronics Il/Brauns_1
Ariix-7 Low Voltage

Project part: xc7a15tcpg236-2L

Top module name Brauns

Target language. VHDL

Simulator language: VHDL

Synthesis.

Status: ~ Complete

Messages: 1waming

Part xc7a15lcpg236-2L

Strategy: Vivado Synthesis Defaults
Report Strategy vivado Synthesis Default Reports

Incremental synthesis:  Automatically selected checkpoint

DRC Violations

Summary: 2 crifical wamings
1 warming

Implemented DRC Report

Halfadde

vhd

x

Implementation

Status:

Messages:

Part

Strategy;

Repart Strategy:
Incremental implementation:

Timing

Worst Negalive Slack (WNS).
Total Negative Slack (TNS}:
Number of Failing Endpoints:
Total Number of Endpoints:

Implemented Timing Report

Power

Total On-Chip Power:
Junction Temperature:
Thermal Margin:

Effective 3JA:

Utilization | Post-implementation
Graph | Table
LUTH 1
] 28%
0 25 50 100

Utilization (%)

Gareth Davies 2218705

/' route_design Complete, Failed Nets!
12 critical wamings
xc7a15topg236-2L
Vivado Implementation Defaults
Vivado Implementation Default Reports

None

3.145ns

0ns

0.081W
254°C
746°C(148W)
5.0°Caw

Power supplied to off-chip devices: 0W

Confidence level
Implemented Power Report

Low

Figure 16 - Summary of the Brauns Multiplier

Summary

| Route Status | Failed Nets

Setup | Hold | Pulse Wiath

Summary | On-Chip
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Figure 17 - Device Routing for Brauns Implementation

Figure 18 - Brauns Multiplier I/O Planner
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Figure 19 - RTL Analysis of 8x8 Brauns Multiplier
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Wallace Simulation:

Using an identical method of that described for the Brauns, the designed Wallace 8x8 program
was then simulated, synthesised, and implemented.

Objects Untitled 2
Q & |0 HW @ 9 ¥ ¥ « |4 M = o2 4T &
Name Value Data Type A
> B AT0] 08 Array
> B B[T0) 09 Array > WA
> W P[15:C 0048 Array
" s2 0 Logic
Wsa 1 Logic
Yss 0 Logic
Wss 0 Logic
Wss 0 Logic
2 s7 0 Logic
1 s8 0 Logic
w1 1 Logic
wst 0 Logic
Ws1z 0 Logic
sz 1 Logic
Wsia 0 Logic
¥s15 0 Logic
“s16 0 Logic
wsis 0 Logic
Ws1g 0 Logic
Ws20 1 Logic
Ws21 0 Logic
Ws22 0 Logic
Ws2z 0 Logic
Ws24 0 Logic
Ws2s 0 Logic
Wae2r 4 Logic (]
Figure 21 - Hexadecimal Multiplication of 8 and 9
Objects Untitled 2
Q & |0 HW @ 9 ¥ ¥ « |4 M = o2 4T &
Name Value Data Type A
> B AT0] 08 Array
> B B[T0) 09 Array
> W P[15:C 0048 Array
Ws2 0 Logic
Wsa 1 Logic
Uss 0 Logic
Wss 0 Logic
Wss 0 Logic
2 s7 0 Logic
" s8 0 Logic
ws1o 1 Logic
wst 0 Logic
We1z 0 Logic -
Ws13 1 Logic _
Ws1s 0 Logic —
¥s15 0 Logic -
Ws16 0 Logic _
wsis 0 Logic _
Ws1g 0 Logic _
= n o I I
Ws21 0 Logic e E—— —
bl o -1 1 [ |
24 0 Logic e e ———— —
Ws2s 0 Logic
Wae2r 1 Logic ]

Figure 20 — Hexadecimal Multiplication of A and C
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e
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Figure 22 - 8x8 Wallace Multiplier Circuit Schematic
Wallace Timing:
TclConsole | Messages Log | Reports Design Runs | Timing x Find Results
Q = & C MW 4 Design Timing Summary
»
General Infarmation ~
Timer Settings Setup Hold Pulse Width
Design Timing Summary WorstNegative Slack (WNS):  inf WorstHold Slack (WHS): inf Worst Pulse Width Slack (WPWS): NA
Methodology Summary Total Negative Slack (TNS):  0.000 ns Total Hold Slack (THS): 0000 ns Total Pulse Width Negaiive Stack TPWS). NA
> = Check Timing (0 Number of Failing Endpoints: 0 Number of Failing Endpoints: 0 Number of Failing Endpoints: NA
Inira-Clock Paths Total Number of Endpoints: 16 Total Number of Endpoints: 16 Total Number of Endpoints: NA
Inter-Clock Paths . i N
There are no user specified timing constraints.
Other Path Groups
oo MserianoredPaths .. ] G
Timing Summary - timing_1

Figure 23 - Initial Timing Summary of Wallace Multiplier
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Tcl Console Messages Log Reports Design Runs Timing ¥ Power DRC Package Pins IO Ports
Q T =2 C W 4 O, Combinational Delays
»
General Information From To Port M vl Max Process Min Min Process
Timer Settings Port Jre a Comer Delay Comer
Design Timing Summary B Al4] P[0]  17.937 SLOW 5735 FAST
Methodology Summary B BI0] P[10]  17.690 SLOW 5412 FAST
» = Check Timing (0) B Afg] P[0]  17.656 SLOW 5750 FAST
Intra-Clock Paths B Al4] PM3]  17.567 SLOW 5067 FAST
Inter-Clock Paths B Blo] PM3]  17.552 SLOW 5713 FAST
Other Path Groups B A3 P[0]  17.541 SLOW 4900 FAST
User Ignored Paths Br Al4] P2  17.301 SLOW 4898 FAST
» = Unconstrained Paths = B[0] P[12] 17.286 SLOW 5543 FAST
- Datasheet B A5l P[13]  17.238 SLOW 5208 FAST
Input Ports Setup/Hold B A3] PM3] 17121 SLOW 5002 FAST
Output Ports Clock-to-out B A2l P13] 17.056 SLOW 5349 FAST
OETEGIE BEEE Br A2] P[0]  17.017 SLOW 4506 FAST
Setup between Clocks B B[ 4@ PMO] 16992 SLOW 5158 FAST
B Af5] P2  16.972 SLOW 5271 FAST
B Al4] PM1]  16.330 SLOW 4984 FAST
B Bl0] P[11]  16.865 SLOW 5404 FAST
B A3 P[2] 16.355 SLOW 4838 FAST
Br Al2) P2l 16790 SLOW 5185 FAST
B B2 P[0] 16764 SLOW 5358 FAST
B B2 P13l 16.704 SLOW 5255 FAST

Figure 24 — Wallace Multiplier Preliminary Combinational Delay

It can be seen that a maximum delay of 17.987ns is present between input A4 and output P10
of this Wallace multiplier. This is its critical path.

This critical path can also be approximated manually using the following assumptions:

1. AND gate time delay is equal to 1ns.
2. Each adder time delay is equal to 2ns.

Referring back to Figure 4, it can be seen that route A4 to P10 requires one AND gate and
seven total adders. Hence the manually calculated critical path is:

Critial Path = (1 x1) + (7 x2) = 15ns

To eliminate the delay from this critical path, a time delay can be added between pins A4 and
P10. The set-up for this timing delay can be seen in Figure 25.
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Targets

Through

End Poin

To:

¢ Edit Set Maximum Delay

Specify maximum delay for timing paths.

Specify path delay:

17087 2| ns

Options

Start Points

Erom: [get_ports {A[41H

Points

Through:

ts

[get_ports {P[101]

III Transition | risefall hd

riseffall +

III Transition | risefall A

Command: set_max_delay -datapath_only -from [get_ports {A[4]}] -to [get_ports {P[10]}] 17.987

©)

Reference | | Resetto Defaults

| N [

Figure 25 - Wallace Multiplier Delay Implementation

Tcl Console Messages Log Reporis Design Runs Timing x Power DRC Package Pins 1O Ports
Q T =2 C W 4 Design Timing Summary
»
General Information =
Timer Settings Setup Hold Pulse Width
Design Timing Summary ‘Worst Negative Slack (WNS). 0.000 ns Worst Hold Slack (WHS): int Worst Pulse Width Slack (WPWS). NA
Clock Summary (1 Total Megative Slack (TNS) 0.000 ns Total Hold Slack (THS) 0.000ns Total Pulse Width Negative Slack (TPWS) NA
Wethodology Summary Number of Failing Endpoints: 0 Mumber of Failing Endpoints: 0 Mumber of Failing Endpoints: NA
> [ Check Timing (1 Total Number of Endpoints: 1 Total Number of Endpoints: 16 Total Number of Endpoints NA
Intra-Clock Paths
Al user specified timing constraints are met,
Inter-Clock Paths
>l OtherPathGrowos . ML .. ______._________
Timing Summary - impl_1 (saved) = Timing Summary-timing_1 % | Timing Summary - timing_2

Figure 26 shows that the timing constraints added have reduced the WNS to Ons.
combinational delays shown in Figure 27 also confirm a Ons delay on the critical path.
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Figure 26 - Timing Summary with Time Constraint
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Tel Comsode Messages Liog Reports Dexign Fsns Timing W Power ORC Packsge Fins O Ports
aQ = & ¢ W 1 O Combinational Delays
Ggnacal Infarmatan g Fram To Por Max v’ Max Process Min Min Process
Timer Semngs Pt Dielay Commer Cofned
Dresign Timing Summany B A @ P 17087 SLOW
Clack Summary [ B A4 @ PHY 17567 SLOW 5.057 FAST
ethodology Summary BBy @& Py 17652 SLOW 5711 FAST
» T Chck Taming (1 = ] 17301 SLOW 4898 FAST
Intra-Clock Pathes E By 4 Phd 17286 SLOW E£48 FAST
Inter-Clock Patfe N k| 17538 SLOW 5290 FAST
3 S Other Path Groups =N - k| 17121 SLOW 5007 FAST
¥ = et Ignoted Pahe B A @ P 17.056 SLOW 5340 FAST
# = Unconsirained Paths B AE E Py 16872 SLOW 5371 FAST
= Datasheet B a4 A e 16,820 SLOW 4584 FAST
Input Peets Satupola B ooy @ ep1v) 16055 SLOW 5404 FAST
DU Parts Glock-t-ou B Ay @enz 18,855 SLOW 2839 FAST
comtinabional Detars| B Az EPna 16,790 SLOW £185 FAST
B0 batsaan Clocks = k| 16,704 SLOW 5255 FAST
B Al @ PLISI 16,658 SLOW 4416 FAST
B A4l @ P 16,851 SLOW 5810 FAST
B ominl 4@ PriSI 16,854 SLOW 5062 FAST

Figure 27 - Combinational Delays with Timing Constraints Implemented

Wallace Power Consumption:

Tcl Console Messages Log Reports Design Runs | Timing Power x DRC Package Pins 0 Ports

Q I 2 C H 4 Summary
b
Setti :
etings - Power analysis from Implemented netlist. Activity On-Chip Power
Summary (0.081 W, Margin: 1.918 W) derived from constraints files, simulation files or
Power Supply vectorless analysis 17% ["] Dynamic: 0.014W  (17%)
 Utilization Details Total On-Chip Power: 0.081W 11% [ signals: 0.002W  (11%)
Hierarchical (0.014 W) -
' Design Power Budget: 2w I Logic: 0OMW  (6%)
~ Signals (0.002 W) . 83% 83% '
Data (0.002 W) Power Budget Margin: 1.919W [ wo: 0.012W  (82%)
Logic (0.001 W) Junction Temperature: 25.4°C . - -
VO (0,012 W) Thermal Margin: 746°C (14.8W) [7] Device Static.  0.067W  (83%)
Effective SJA 5.0°CIW

Power supplied to off-chip devices: 0W

Confidence level Low

Launch Power Constraint Advisor to find and fix
invalid switching activity

Figure 28 - Wallace Multiplier Power Usage

Despite using a different multiplication method, Figure 26 highlights a power consumption of
0.081W for this Wallace configuration, identical that of Brauns.
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Wallace Utilisation:

The utilisation tool shows that the Wallace multiplier requires 86 LUTs and 26 /O port to
operate as shown in Figure 29.

Tcl

Q

Console

- -~
. -

Hierarchy

Summary

~ Slice Logic

~ Slice LUTS (1%)

Messages

LUT as Logic(1%)

~ Blice Logic Distribution

~ Slice (=1%)
SLICEM
SLICEL

~ LUT as Lagic (1%)

Wallace Summary:

Log

Reports Design Runs Utilization » Timing Power DRC Package Pins ' Ports
4 Summary
»
Resource Utilization Available Utilization %
LuT 86 10400 0.83
10 26 106 2453
LUTy 4%
10 25%,
] 25 a0 75 100

Utilization (%)

Figure 29 - Wallace Utilisation

The figures within this section summaries the final design of this 8x8 Wallace multiplier.

Project Summary

Overview | Dashboard

Settings  Edit

Project name:
Project lacation:
Proguct family.
Project part

Top module name:
Target language:
Simulator language

Synthesis

Status
Wessages:

Part

Strategy:

Report Stratzgy:
Incremental synthesis

DRC Violations

Summary. @ 2 critical

x Device

x | Schematic  x

WALLACE_2

Di/Lvi B/Electronics IMWALLACE 2
Artix-7 Low Voltage
Xc7a15ticpg236-2L

Wallace

VHDL

VHDL

~ Complete
1 waming
xc7a15tcpg236-2L
Vivado Synthesis Defaults
Vivado Synthesis Default Reports
Automatically selected checkpoint

warnings

1 waming

Implemented DRC Report

Utilization

LUTy 1%
10

Post-Synthesis | Postimplementation

Graph | Table

Utilzation (%)

100

2

Implementation Summary | Route Stalus | Failed Nets
Status: ~4 route_design Complete, Failed Nets!

Messages © 14 critical wamings

Part xc7al5ticpg236-2L

Strategy Vivado Implementation Defaults

Report Strategy Vivado Implementation Default Reports

Incremental implementation: None

Timing Setup | Hold | Pulse Width
Worst Negative Slack (WNS). 271 ns

Total Negative Slack (TNS): ons

Number of Failing Endpoints: 0
Total Number of Endpoints 1

Implemented Timing Report

Power summary | On-Chip
Total On-Chip Power: 0.081 W

Junction Temperature: 254°C

Thermal Margin 74.6°C (143 W)

Effective SJA 5.0°CW

Power supplied to off-chip devices: 0W
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Figure 30 - Summary of the Wallace Multiplier
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Figure 31 - Device Routing for Wallace Implementation

Figure 32 - Wallace Multiplier I/O Planner
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Figure 33 - RTL Analysis of 8x8 Wallace Multiplier
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Multiplier Comparison

Table 1 is a comparison table used highlight the key differences between the Brauns and
Wallace multiplier simulations.

Multiplier Critical Path Delay Power Consumption LUTs
Brauns 23.128 ns 0.081 W 90 27
Wallace 17.987 ns 0.081 W 86 26

Table 1 - 8x8 Multiplier Comparison

From Table 1, it can be seen that the simulated multipliers follow the general tends outlined in
the project research.

The critical path delay measured for the Brauns multiplier is nearly 33% longer compared to
that experience by the Wallace. This is due to the to the partial products being calculated for
each bit pair within the Brauns. The partial product reduction of the Wallace equivalent reduces
this delay.

Despite research suggesting the Walles multiplier would consume addition power due to
hardware requirements, it can be seen that power consumption is identical during simulation.
It is thought that this has occurred due to the relatively small size of the 8-bit multipliers. Should
a 16 or 32-bit multiplier be used, it is believed a discrepancy between powers would be seen.

The LUTs and /O required for the Brauns multiplier is seen to be slightly higher than that of
the Wallace. This is due to the AND gate requirements for partial product calculations of every
bit pair within Brauns configuration. This difference would again get significantly wider if the
multipliers size was increased.
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Conclusion

The 8x8 multipliers designed and simulated for this project have been used to support project
research highlighting the difference between Brauns and Wallace configurations.

The Braun multiplier has been found to be ideal for small, less than 16-bit applications, that
required efficient area utilisation and low power consumption. Due to its additional gate
requirements, this is achieved at the cost of operational speed.

On the other hand, Wallace multipliers are ideal for higher speed applications facilitated
through the use of partial product reduction. They are also better suited to the multiplication of
larger numbers due to their scalability. The downside to this configuration is that the circuit
complexity increases device size and the overall power consumption of the device.

Whilst basic trends have been found through these simulations, the power consumption and
device requirements of the 8x8 Brauns and Wallace multipliers are very similar. It is believed
more decisive results would be achieved through the simulation of 16 and 32-bit versions of
the multipliers.

Moving forward, expansion into these larger multipliers would be recommended. Additionally,
both multiplying techniques can be configured in slightly varying methods for different
applications. Research and simulation of these new methods may provide better insight into
the overall operational characteristic for each type of multiplier.
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Appendix 1.0

Brauns Multiplier Program

library IEEE:
wuse IEEE.STD_LOGIC_1164.ALL;

entity Brauns is
Port { & : in STD_LOGIC VECTOR (7 downto 0);
B : in STD_LOGIC VECTOR {7 downto 0);
P : out STD_LOGIC VECTOR (15 downto 0)):
=nd Brauns;

architecture Behavioral of Brauns is
component Fulladder is

Forc ( & : in STD_Logic,
5 : in STD_Logi

S @ out STD_Logic;
Cout : out STD_Logic):
end component;

component Halfadder is
Port { & : in STD_LOGIC;
B : in STD_LOGIC;
5 : our STD_LOGIC:
Cout : out STD_LOGIC):
end componsnt:

s8, 510,511,512, 513, 514,515, S1¢, 518, 518,520, 521, 522, 523, 524, 526, 527, 528, 529, 530, 531, 532, 534, 535, 536, 537, 53¢, 539, 54
7,C8,C9,€10,C11,€12,€13,C14, €15, C1§, €17, C18, €19, €20,C21, €22, C23, €24, C28, €26, €27, 028, €29, €30, €31, C32,C33, €34,

542,543,544, 345, 54¢, 547, 548: STD_Logic;
35, C3¢,C37,C38, C 0,041,042,043,044, C45, C4€, 047, €48, 048, C5C

signal 52,53,54,95,56,5

€51,052,053,C54,055: STD_Legics
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60 132 kegin
£l ' =ignal R1B0 : STD Logic: 133
£z | signal 2230 : STD Logic: 1340 RIBO <= R{L) RND B{0);
£3 ' signal A3B0 : STD Logic: 135, R2BO <= R{2) AND B{O);
£4 | s3ignal L4E0 : STD Legic: 136 | R3BO <= R(3) MND B{(D);
€5 ' signal ASBO : STD Logic: 137, R4BO <= R{4) AND B(0);
¢6 | signal RéB0 : STD Logic; 138} ASBO <= A(3) AND B{0);
£7 | signal A720 : STD Logic: 139, REBO <= A(E) AND B(0):
. - 140 | BTBO <= A{7) AND B{0):
6 3ignal ROBL : STD Logics el
70 ' signal A1B1 : STD Logic: 142 ) ROBL <= R{0) AND B{l):
71} signal A2B : STD Logics 143 ' B1B1 <= R{l) AND B{(1):
72 | signal 2381 : STD Logic: 144 A2Bl <= A(2) AND B(l);
2 signal 2451 . STD Logicr 145 | B3B1 <= A(3) AND B{(1):
74 | signal ASB1 : STD Logic: 146, AdBL <= A(4) AND B(1):
o siamal a5l . STD Logier 147 | BSBL <= R({S) AND B{(1):
. siomel 2721+ STD Legic: 145 | REBl <= A{6) AND B{(1):
. - 145 | B7BL <= A{7) AND B{(1);:
. : . - 150
g e 2 e s
’ : _Logl 152 | B1B2 <= A{l) AND B{(2):
90, signal 2282 : STD_Logie; 153 | A2B2 <= L{2) LND B{2):
L signal R3E2 : STD Logic: 154 | R3B2 <= A(3) AND B(2):
°2 . signal R4BZ ¢ STD Logic: 155 | RdB2 <= A{4) END B(2);
signal ASB2 : STD_Loglc; 156 | ASB2 <= A{S) AND B{2):
24 signal ReB2Z : 5TD Leogic: 157 L6B2 <= A(&) AND B{2):
° signal RA7B2 : STD_Logic; 158 | ATB2 <= A(7) AND B{2):
el 159
2 gignal AOE3 : STD_Logics 60 LOB3 <= A{0) AND B{3):
E signal RIB3 : STD_Logic; 161 | RIB3 <= A{l) END B{3):
28 signal R2B3 : 5TD Leogic; 162 L2B3 <= L({2) LND B(3):
20, signal R3E3 : STD_Logics 163 | B3B3 <= R(3) AND B(3);:
g1 signal R4BE3 : STD Logic; 164 L4B3 <= L({4) AND B{3);
g2 gignal A5E3 : STD_Logic; 165 LSB3 <= A(5) BND B{3);:
93 signal REE3 : STD Leogic; 166 L6B3 <= A(€) AND B{(3):
94 signal ATES : STD_ Logics 187 BA7B3 <= A(7) AND B(3);
95 I
98 signal ROB4 : STD Leogic; g9 ROB4 <= A{0) AND B{4);
a7 gignal RIE4 : STD_ Logic; 170 B1B4 <= A(l) AND B(4):
signal R2B4 : STD Logic: 171 ' B2B4 <= A{2) AND B{(4):
signal B384 : STD Logic; 172 | B3B4 <= A(3) AND B{4):
signal R4B4 : STD Legic: 173 | R4B4 <= B{4) IND B{4):
signal RSB4 : STD Logic; 174 | BSB4 <= A(5) AND B{4):
signal LéB4 : STD Logic; 175 | Ré€B4 <= A(6) AND B{(4):

signal AT24 : STD Logic: LTB4 <= A(7) END B{4);

BOBS <= A({0) AND B(5):
LIBS <= B(1) RND B(5);

signal ROBS : S5TD Legic: [
gignal RIBES : STD_Logic; 175

signal A2BS : STD Logic; 18 L2BS <= A(2) AND B(5):
signal A3BS : STD Logic: 18 L3B5 <= A(3) AND B(S5):
signal R4BS : STD_Logic; 18 L4B5 <= A(4) AND B(S5):
signal RSBS : STD Logic; 18 L5BS <= B(5) AND B(5);
signal R€BS : STD_Logic: 18 LEBS <= L(6) AND B(5):
signal R7BS : STD Logic; 185 ¢ RBTBS <= A({7) IND B{(5):

18
signal ROBE : STD Logic; 18 ROB& <= R({0) RAND B{sg):
signal RLBE : STD Logic; 18 L1B& <= B(1) RND B(&);

11 + signal A2B6 : STD_Logic: 1859+ RB3BE <= R(2) AND B(#):

117 | signal R3BEé : STD Logic: 190 ! RB3B6 <= A({3) AND B(&):

118 . signal R4BE : STD_Logic: 191 . RB4B6 <= A(4) AND B(&):

118 signal RSBE : STD Logic; 192 ASB& <= RA(5) RND B(&);

120 signal REBE : STD Logic; 163 LEBE <= A(&) AND B(&);

121 signal A7Bé : STD_Logic: 194 ATB& <= A(7) AND B(&);

122 185

12 signal AOB7 : STD Logics 196 R0OBT <= A({0) AND B{(7);

124 signal 137 : STD Legic: 197 | RIB7 <= A{l) AND B(7);

125 | asignal R2B7 : STD_Logic: 198 R2BT <= R(2) AND B(T);

12¢ ' signal R3B7 : STD Logic: 188 | R3BT7 <= R(3) AND B(7);

127 | signal R4B7 : STD Logic; 200 R4BT <= R(4) RND B(7):

128 + signal Z587 : STD Logic: 201, RSBT <= R(S) AND B{7):

125 | signal RéB7 : STD Logic: 202 1 R€BT <= R(€) AND B(7);

130 | signal A737 : STD Logic: 203, ATBT <= R(7) AND B(T):

131 - 204
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HRE1l : Halfadder port map (534,R0B6,P(6),C41):

FA62 : Fulladder port map (535,A1B6,C41,542,C42);
FLE3 : Fulladder port map (536,R2B&,C42,543,043);
FLE4 : Fulladder port map (537,RA3B6,C43,544,C44);
FAE5 : Fulladder port map (S38,RA4B6,C44,545,C45);
FAGE : Fulladder port map (53%,A5B&,C45,546,C46);
FLE7 : Fulladder port map (540,RA6B&,C46,547,C47);
FAE3: Fulladder port map (C40,R7Bé&,C47,545,C48);

B0 : P{0) <= L{0) AND B{(0):

HR11 : Halfadder port map (R1BO,RO0B1,P(1),Cl):
FAl12 : Fulladder port map (A2BO,A1B1,C1,52,C2);
FR13 : Fulladder port map (A3BO,A2B1,C2,53,C3);
FR14 : Fulladder port map (R4BO,RA3B1,C3,54,C4);
FA1S : Fulladder port map (ASBO,R4B1,C4,55,C5);
FR1€ : Fulladder port map (A6BO,ASBl1,CS,S56,C6);
FR17 : Fulladder port map (A7BO,RA6Bl1,C&,57,C7);
HR18 : Halfadder port map (A7B1,C7,58,C8);

71 : Halfadder port map (S42,R0B7,P(7),C45);
FA72 : Fulladder port map (543,A1B7,C4%9,B(3),C50);
FA73 : Fulladder port map (544,R2B7,C50,PB(9),C51);
FAT4 : Fulladder port map (545,R3B7,C51,P(10},C52):
FATS : Fulladder port map (S46,R4B7,C52,P(11},C53);
FATé : Fulladder port map (S47,A5B7,C53,PB(12),C54);
FAT7 : Fulladder port map (548,R6B7,C54,P(13),C55);
FA72 : Fulladder port map (R7B7,C48,C55,B(14),PB(15));

HR2]1 : Halfadder port map (S2,RA0B2,P(2),C9);:
FA22 : Fulladder port map (53,RA1B2,C9,510,C10);
FA23 : Fulladder port map (54,RA2B2,Cl0,511,Cl1);:
FA24 : Fulladder port map (55,A3B2,Cl1,512,C12);
FA25 : Fulladder port map (56,R4B2,C12,513,C13);:
FA2E : Fulladder port map (57,AS5B2,C13,514,Cl4);:
FR27 : Fulladder port map (58,R6B2,Cl4,515,C15):
FA22 : Fulladder port map (C8,A7B2,Cl5,516,Cl6);:

end Behavioral;

HR31 : Halfadder port map (S10,R0B3,P(3),Cl7):

FA32 : Fulladder port map (511,A1B3,C17,518,Cl8);
FA33 : Fulladder port map (S12,RA2B3,Cl18,51%,C18);
FA34 : Fulladder port map (513,A3B3,C19,520,C20);
FA35 : Fulladder port map (514,R4B3,C20,521,C21);
FA3E : Fulladder port map (515,A5B3,C21,522,C22);
FA37 : Fulladder port map (516,RA6B3,C22,523,C23);
FA32 : Fulladder port map (Clé,A7B3,C23,524,C24);

235

HR41 : Halfadder port map (S18,R0B4,P(4),C25);

FR42 : Fulladder port map (519,RA1Bd4,C25,526,C26);
FR43 : Fulladder port map (520,A2B4,C26,527,C27);
FA44 : Fulladder port map (521,A3B4,C27,528,C28);
FR45 : Fulladder port map (522,R4B4,C28,529,C29);
FR46 : Fulladder port map (S523,A5B4,C29,530,C30);
F247 : Fulladder port map (524,RA6B4,C30,531,C31);:
FR42 : Fulladder port map (C24,A7B4,C31,532,C32);

HRS1 : Halfadder port map (S26,R0BS,P(5),C33);

FAS2 : Fulladder port map (527,R1B5,C33,534,C34);
FA53 : Fulladder port map (528,A2B5,C34,535,C35);
FAS4 : Fulladder port map (529,A3B5,C35,536,C36);
FL55 : Fulladder port map (S30,R4B5,C36,537,C37);
FASE : Fulladder port map (531,A5B5,C37,538,C38);
FA57 : Fulladder port map (532,RA6B5,C38,539,C39);
FAS2 : Fulladder port map (C32,A7B5,C39,540,C40);
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Appendix 2.0

Wallace Multiplier Program

library IEEE;
use TEEE.STD_LOGIC 1164.RLL;

entity Wallace is
Fort (A : in STD_LOGIC Vector(7 downto 0);
B : in STD_LOGIC Vector (7 downte 07
P : cut STD_LOGIC Vector(1S downte 0));
end Wallace;

architecture Behavioral of Wallace is
component Fulladder is

Port (2 : in STD_Logic;
B : in STD_Logic;

Cout : out STD_Logic):
end component;

500 component Halfadder is

51 . Port ( & : in STD_LOGIC:

52 B : in STD_LOGIC;

53 . Sum : out STD_LOGIC;
54 Cout : out STD_LOGIC);
55() end component;

signal S2,53,54,55,5¢,57,58,510,511,512, 513,514, 515, 51, 518, 518, 520, 521, 522, 523, 524, 52€, 527, 528, 529, 530, 531, 532, 534, 535, 53¢, 537, 538, 539, 540, 542, 543, 544, 545, 546, 547, 548: STD_Logic:
signal C1,c2,C3,C4,CS,C6,C7,C8,C8,CLa, C11,C12,C13, €14, C15, C16,C17, €18, C18, C20, €21, 22, C23, €24, €25, C26, C27, £28,£28, C30,C31,C32, €33, £34, £35, C36, C37, £38, C39, C40, C41,C42, C43, C44, C45, C46, C47, £48, 48, C50, 51,52, 053, £54, C55: STD_Logic;
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signal
signal
signal
signal
signal
signal
3ignal

3ignal
signal
signal
signal
signal
signal
signal
3ignal

3ignal
signal
signal
signal
signal
signal
signal
3ignal

[}
s

w

3ignal
signal
signal
signal
signal
signal
signal
3ignal

2

3ignal
signal
signal
signal
signal
signal
signal
3ignal

3ignal
signal
signal
signal
signal
signal
signal
3ignal

3ignal
signal
signal
signal
signal
signal
signal
3ignal

3ignal
signal
signal
signal
signal
signal
signal
3ignal

£
w
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L1EO
L2B0
L3E0
L4B0
RSB0
ReBO
ATEO

AOBL
LIBL
L2B1
L3EBL
L4B1
RSBEL
REBl
A7EL

A0B2
L1B2
L2B2
L3B2
L4B2
RSB2
ReB2
LT7B2

LOB3
L1B3
L2B3
L3B3
L4B3
RSE3
REB3
LTBE3

L0B4
L1B4
L2B4
L3B4
L4B4
RSB4
ReB4
L7B4

LOBS
L1BS
L2B5
L3BS
L4B3
RSES
REB5
LTES

L0Be
L1B&
L2B6
L3Be
R4BE
ASBE
ReBE
LT7BE

LOBT7
L1RBT7
L2R7
L3BT
R4BT7
RSE7
ReB7
LTRT

5TD_Logic;
5TD_Logic;
5TD Logic;
5TD Logic;
5TD Logic;
5TD Logic;
5TD_Logic;

5TD_Logic;
5TD_Logic;
5TD_Logic;
5TD Logic;
5TD Logic;
5TD Logic;
5TD Logic;
5TD_Logic;

5TD_Logic;
5TD_Logic;
5TD_Logic;
5TD Logic;
5TD Logic;
5TD Logic;
5TD Logic;
5TD_Logic;

5TD_Logic;
5TD_Logic;
5TD_Logic;
5TD Logic;
5TD Logic;
5TD Logic;
5TD Logic;
5TD_Logic;

5TD_Logic;
5TD_Logic;
5TD_Logic;
5TD Logic;
5TD Logic;
5TD Logic;
5TD Logic;
5TD_Logic;

5TD_Logic;
5TD_Logic;
5TD_Logic;
5TD Logic;
5TD Logic;
5TD Logic;
5TD Logic;
5TD_Logic;

5TD_Logic;
5TD_Logic;
5TD_Logic;
5TD Logic;
5TD Logic;
5TD Logic;
5TD Logic;
5TD_Logic;

5TD_Logic;
5TD_Logic;
5TD_Logic;
5TD Logic;
5TD Logic;
5TD Logic;
5TD Logic;
5TD_Logic;

131
132
133
134
135
136
137
138
135
140
141
142

144
145
14§

148
145

150

152

TS RRTS TRl
[ T

WL

WL
o

[r]
=

e el el el et e el el
\ =
w

begin

R1BO
R2B0
A3BO
R4BO
A5BO
RERBO
ATBO

AOBL
A1B1
R2B1
A3IB1
R4B1
ASBL
REBL
ATBL

AOB2
AlB2
h2B2
A3B2
R4B2
ASB2
heB2
ATB2

ROB3
R1B3
R2B3
B3B3
R4B3
B5B3
ReB3
ATB3

AOB4
L1B4
B2B4
LiB4
R4B4
LIB4
LEB4
ATB4

ROBS
A1BS
R2BS
A3BS
R4BS
AIBS
REBS
ATBS

LOBG
L1BG
B2Be
L3Be
R4Be
A5Be
ReB6
ATBE

ROBT
R1B7
RB2RBT
RB3IBT
R4ART
ASBT
RERT
ATBT

= A{l)

a(2)
A(3)
a(4)
A(3)
B{&)

= &(7T)

= B{0}

(1)
(2)
A(3)
(4]
L(5)
L(8)

= A(7T)

= B{0}

(L)
a(2)
L(3)
A(4)
A(3)
L(&)

= R({T)

= A(0)

A(l)
a(2)
A(3)
a(4)
A(3)
a(6)

= &(7T)

= B{0}

(1)
(2)
A(3)
(4]
L(5)
L(8)

= A(7T)

= B{0}

(L)
a(2)
A(3)
L4}
L(s)
a(g)

= R({T)

= A(0)

(L)
a(2)
A(3)
a(4)
A(3)
a(6)

= &(7T)

= A(0)

(1)
(2)
A(3)
(4]
L(5)
L(8)

= A(7T)

LND B{0};:
LND B{0};:
LND B{0};:
LND B{0};:
LND B{0};:
LND B{0);:
LND B{0);:

IND B(1};
IND B(1};
IND B(1};
IND B(1};
IND B(1};
IND B(1};
IND B(1};
AND B(l};

AND B(2);
AND B(2};
AND B(2);
AND B(2);
AND B(2);
AND B(2);
AND B(2);
AND B(2);

LND B(3):
LND B(3);
LND B(3);
LND B(3);
LND B(3);
LND B(3);
LND B(3);
LND B(3);

LND B(4};
LND B(4};
LND B(4};
LND B(4};
LND B(4};
LND B(4};
LND B(4};
AND B(4);

LND B(5);
LND B(5);
LND B(5);
LND B(5);
LND B(5);
LND B(5);
LND B(5);
LND B(5);

LND B(6):
LND B(6):
LND B(€);
LND B(€);
LND B(€);
LND B(€);
LND B(€);
LND B(&);

LND B(7);
LND B(7};
LND B(7};
LND B(7};
LND B(7};
LND B(7};
LND B(7};
AND B(7);
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EO

HR11
Fnlz2
FR13
FR14
FR1S
FRlE
FR17

B{0) <= A{0) ZND

Halfadder
Fulladder
Fulladder
Fulladder
Fulladder
Fulladder
Fulladder

: Halfadder

Halfadder
Fulladder
Fulladder
Fulladder
Fulladder
Fulladder
Fulladder
Fulladder

Halfadder
Fulladder
Fulladder
Fulladder
Fulladder
Fulladder
Fulladder
Fulladder

: Halfadder

Fulladder
Fulladder
Fulladder
Fulladder
Fulladder
Fulladder
Fulladder

Halfadder
Fulladder
Fulladder
Fulladder
Fulladder
Fulladder
Fulladder
Fulladder

port
port
port
port
port
port
port
port

port
port
port
port
port
port
port
port

port
port
port
port
port
port
port
port

port
port
port
port
port
port
port
port

port
port
port
port
port
port
port
port

B(O);

mag
map
map
map
map
map
map
map

mag
maR
maR
mag
map
maR
maR
map

maE
map
map
map
mag
map
map
maE

map
map
map
map
maE
map
map
map

map
map
map
map
map
map
map
map

(R1B0,R0BI, B(1),Cl);
(A2B0,R1B1,R0B2, 52, C2) ;
(A3B0,A2B1,A182,53,C3) ;
(R4B0,A3B1,A282, 54, C4) ;
(ASB0,R4B1,A3B2, 55,C5) ;
(REB0,ASB1,R4B2, 56, C8) ;
(ATB0,A6B1,A5B2, 57,C7) ;
(A7B1,R6B2,58,C8) ;

(52,C1,P({2),C9) ;
(53,C2,R0B3, 510,C10) ;
(54,C3,R1B3,511,C11) ;
(55,C4,A2B3,512,C12) ;
(56,C5,L3B3,513,C13) ;
(57,C6,R4B3,514,C14) ;
(58,C7,L5B3, 515, CL5) ;
(C8,A7B2, A6B3, 516,CL6) ;

(510,C9,P(3),C17);

(511,C10, R0B4, 518,C18) ;
(512,C11,A1B4,519,C19) ;
(513,C12,A2B4, 520,C20) ;
(514,C13,A3B4,521,C21) ;
(515,C14, R4B4, 522,C22) ;
(516,C15,A5B4, 523, C23) ;
(C16,L7B3,L6B4,524,C24) ;

(518,C17,P(4),C25) ;

(519,C18, ROBS, 526, C26) ;
(520,C19, A1B5, 527, C27) ;
(521,C20, A2B5, 528, C28) ;
(522,C21,A3B5, 529,C29) ;
(523,C22, R4B5, 530, C30) ;
(524,023, B5B5,531,C31) ;
(C24,17B4,L6B5, 532, C32) ;

(526,C25,P(5),C33) ¢

(527,C26,0B6, 534,C34) ;
(528,C27,21B6,535,C35) ;
(528,C28, 2286, 536,C36) ;
(530,C29,23B6,537,C37) ;
(531,C30,24B6,538,C38) ;
(532,C31,15B6,539,C39) ;
(C32,A7B5,L6B6, 540, C40) ;
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HAE]1 : Halfadder
FAE2 : Fulladder
FA63 : Fulladder
FAg4 : Fulladder
FAES : Fulladder
FAE€ : Fulladder
FAE7 : Fulladder
FRg3

HA71 : Halfadder
FAT2 : Fulladder
FAT3 : Fulladder
FA74 : Fulladder
FA7S5 : Fulladder
FAT6é : Fulladder
FAT7 : Fulladder
FATE : Fulladder

284 ) end Behavioral;

port
port
porc
port
port
port
port

port
port
port
port
port
port
port
port

map
map
map
map
map
map
map

map
map
map
map
map
map
map
map

(534,033, P(6),C41);

(535,034, A0BT, 542,C42) ;
(S36,C35,ALB7, 543,C43) ;
(S37,C36, A2B7, 544,C44) ;
(S38,C37,A3B7, 545,C45) ;
(539,032, R4B7, 546, C46) ;
(S40,C39, ASBT, 547,C47) ;

: Fulladder port map (C40,R7B6,R6B7,548,C48);

(542,C41,P(7),C49);
(543,C42,C49,P(8) ,C50) ;
(544,C43,C50,P(9) ,C51) ;
(S45,C44,C51, P(10),C52) 7
(S46,C45,C52, P(11),C53) 7
(547,C46,C53, P(12),C54) ;
(548,C47,C54,P(13),C55) ;
(R7B7,C48,C55,P(14) ,B(15));

Page | 35



