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1 Abstract

In this report the author demonstrates Wallace and Braun multiplier developed in Vivado. The
author also demonstrates the similarities and difference of the Braun and Wallace multiplier. The
results of this report show that Wallace multiples are preferred in any case where there is no need
for partial computation as it is faster smaller and more power efficient than Braun.

2 Introduction

This report will demonstrate how to design, implement and simulate two binary multipliers using
Vivado, an integrated development environment produced by Xilinx now owned by AMD. these
multipliers will be of 8x8 size and simulated on a basys3 development board

binary multipliers are regularly used in micro controllers, computers and FPGA's anywhere where
the user will need to perform multiplication calculations. From the earliest computers capable of
multiplication such as the “mark-1 from the USA”[7] the mark1 was developed in 1943 when
Wallace multipliers were not developed as such this machine likely used Bruan multipliers.
Computers capable of multiplication needed a form of multiplier. There are two focused on in this
report Braun and Wallace. Braun and Wallace multipliers take unsigned number inputs and produce
a multiplied output.

The Braun multiplier was first implemented in a “mechanical calculator made by Anton Braun” [8]
these are the basis of modern electronic Braun binary multipliers.

The Wallace multipliers were first devised by Chris Wallace in 1964 when he was asked to provide
suggestions on high speed multiplication methods. His methods used operand reduction in parallel
layers. [9]

Literature Review

This literature review examines two texts that inform on VHDL design “Fundamentals Of Digital
Logic With VHDL Design 3rd Edition” [5] and “free range VHDL” [6].

“Fundamentals Of Digital Logic With VHDL Design 3rd Edition” [5]
This book provides a from the ground up approach to how to design logic circuits in VHDL.

This book goes through the design basics, the implementation technologies and numeric
representation of arithmetic circuits.
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The author of this book provides a good foundation for novices. This was useful for the author of
this report. They provide numerous snippets of VHDL code as well as touching on multipliers. The
multipliers section assisted the author of this report with checking their designs.

in comparison with a book like free range VHDL it provides a more circuit based look at VHDL
design and focuses more on the circuits rather than the VHDL code that free VHDL looks at.

The author of the book has a from basics up approach with a start at basic logic and logic gates
working its way up to sequential circuits. This approach benefits learners but will be less efficient to
those with strong fundamentals such as experts in the field.

“free range VHDL” [6]

Free range VHDL is a book focused on the VHDL and how to best design VHDL code such as its
syntax applications and best practices. This book helped the author best understand how to layout
their VHDL code according to best practices and how to prepare for the design process.

Unlike fundamentals of digital logic with VHDL" changed to "This contrasts with Brown and
Vranesic's (2008) 'Fundamentals of Digital Logic with VHDL Design," which adopts a more circuit-
centric approach.

3 Design

4 In this section the author designs the block diagrams for the Wallace and Braun multiplier
and the logic circuits.

logic circuit design

half adder logic
The half adder is a logic circuit comprised of an and an or logic gate that produces a sum and a
carry from two inputs circuit below.

Alex Gravatt (2217176)



Carry

WAV,

Figure 1: half adder circuit

the half adder has a truth table demonstrated below

>Um

L~

A B sum carry
0 0 0 0
0 1 1 0
1 0 1 0
1 1 0 1

you can simplify the truth table into two k maps shown below
sum

ba 0

0 0
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1 1

(A or B)=sum

carry

ba 0
0 0
1 0

(A and B)=carry

full adder logic
the full adder logic circuit comprising the gates shown below.
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Figure 2: full adder circuit

It produces two outputs: a carry and a sum from three inputs.
the truth table is as below

sum

carry

a b C sum carry
0 0 0 0 0
0 0 1 1 0
0 1 0 1 0
0 1 1 0 1
9
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1 0 1 0 1
1 1 0 0 1
1 1 1 1 1

The full adder truth table can be simplified into the two maps below

abc 00 01 11 10
0 0 1 0 1
1 1 0 1 0

sum = (A XOR B XOR c¢)

carry

abc 00 01 11 10
0 0 0 1 0
1 0 1 1 1

carry = AB+AC+BC

After identifying the outputs and logic design of the half and full adder the author designed them in
VHDL to reduce the time taken later these were to be defined as components of the system.

Multiplier block diagrams

The author drew the multipliers out ahead of producing the VHDL code for the multiplier to allow
them to better visualise the paths the circuit would take and how the VHDL would need to be
written.
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Figure 3: braun dot diagram [11]

The dot diagram demonstrates the structure of the multiplier diagram

The 8x8 Braun multiplier is as shown below
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Figure 4: Braun multiplier logic diagram [2]

In the authors 8x8 Braun multiplier they map out all the internal signals that the latter
implementations will use to reduce development time.
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The Wallace multiplier is drawn similarly; the only difference is that the drawing used as a base by
the author combined the last set of adders into a single block called vector merging that was broken
out into its respective adders by the author as shown below.

Wallace dot diagram Demonstrates how the multiplier is constructed.
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Figure 5: Wallace dot diagram[10]
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Figure 6: Wallace logic diagram

Implementation

Using the drawings made in the design the author produced an 8x8 Braun multiplier the variables
are named P, C, S, AB these decided on based on the names on the drawing. The P is the internal
output of the sums from each half and full adder with the first number after the P being the row or
bank of the adder and the second being where it is in the bank.

C follows the same format as P only that C is for Carries.
S is the final sum and only appears at the bottom of the multiplier.

AB are the outputs of the Ands taken from the A, B input with the first number being what bank
and the second being where in the bank it is located ABO is bank 0.

These are defined as vectors giving them 0 to 7 and 15 in the case of the 8x8 this allows the AB to
iterate through the A parts in the multiplier.
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Mapping as vectors reduces the number of logic statements the author has to make and allows for
easier coding. This allows the author to reference different logic's outputs using c1(0) this means in
the authors code carry bank1 array value 1.

The Wallace multiplier the author designed is defined in the same way as the Braun multiplier
allowing for the use of the same inputs and outputs in the constraints file.

RTL design

777 §
{

T

Figure 7: Braun RTL

Wallace
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Project Summary X | Schematic X | 8x8 Wallace.vhd X | Schematic (2) X | Schematic (3) *  Schematic (4) X
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Figure 8: Wallace RTL

constraints

for a half adder the delay is 1 nano second.

for a full adder the delay is 2 nanoseconds

For the constraints file the author defined the minimum input delay for both the A port and B ports;
they also defined the max input delay for both. The author defines the max as 1 microsecond as this
is the longest it should take for an input to be registered on the author's process. This is different
from the max time to input which would cause errors if there was no input at all.

the author defined the virtual clock on the constraints to have a 20 microsecond period

The author defined the output of S port to have a max of 2 micro second and a min of 0.
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The author then defined the minimum delay from port A to Port B For Braun to 0 and the max as 47
microseconds; this is the max length the process should take to get through the longest route. The
author calculated the Wallace multiplier as 0 to 26 as it passes through 13 full adders.

Code in appendix 3

Below is how the author calculated the maximum length for both Wallace and Braun.

Braun
AN L P IPANKS
AN o} /{ ‘“’!/7 oS L
[H Half Adde SRR W0, W . W W W X,
] Full Adder A
© AND Gate Pl S, A - b, Sy R S - .
\ Sum o O W e W W R
R G ¥ .7 % %% |
) 'I.7 %\3
# 3 | = : ik
st & L - - - - -1H] .
Bd b 2n 9 e
el % - - - - - = 5
Sl ' T
V. - - - B ) i By
' = l%)?
=

—
Sis

Sf; Sq.)'L ng S1":n" Sa SQ( Sn7 S?g‘ Sa S« S Sa S S Sa
Figure 9: Braun multiplier longest path [2]

Wallace
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Figure 10: Wallace multiplier longest path

I/0 planning

The author defined pins A1 to B2 as the inputs and B3 to C4 as the outputs these were then set to
have their standard for 10 set as LVCMOS18 this is a standard that works at 1.8 V this decision was
made to minimise power usage and to follow the advice of the program that the user should not
leave the program to default. This advice is given to the author to allow the author to look at the
next component in the circuit and check what it needs as an output. In the case of this program it
will be powering a simulation or a led these are not power intensive parts.

LVCMOS comes in many versions the most common are 33 25 18 the difference is listed in the
sysIO document[3] from lattice Corporation they indicate that the main differences are slew rate
max voltage and amperage with 33 maxing at 24mA and 18 maxing at 12mA[3].

Braun
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Figure 11: io planning Braun

Wallace
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Figure 12: io planning Wallace

Implementation schematic

Braun
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Figure 13: implementation diagram Braun
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Figure 14: implementation diagram Wallace
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These schematics are generated by the Vivado design software to make it easier to trace how the
logic of the circuit is flowing. This particular schematic is more difficult to read than the RTL
design view as it is how the circuit is implemented on FPGA rather than in concept.

device

Braun

O
O
=
=
g8

Figure 15: device implantation
Braun

Wallace
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Figure 16: device
implementation Wallace

This shows how the circuit is allocated across the FPGA from pin to logic bit this is not something
the user controls in Vivado as the software looks to avoid the user causing inefficiency inside the

circuit.

Below is the setup of both Wallace and Braun in their constraints and design.

Braun
LUT’S used
Utilization
: Q = = % Hierarchy
- . SlicelUTs  Slice
Name
(10400) (8150)
braunmulti8xé 105 45
Figure 17: Braun LUT usage
pin setup
22
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Name Direction Neg Diff Pair ~ Package Pin Fixed Bank 1/0 std Veco  Vref Drive Strength Slew Type Pull Type Off-Chip Termination  IN_TERM
v v All ports (32)
v BA® IN (Multiple) LVCMOS15*  ~  1.500 NONE v NONE v
ATl N Al v 35 LVEMOS1S*  ~ 1500 NONE v NONE v
B Al6] N A v 35 LVCMOS1S*  ~ 1500 NONE v~ NONE v
B Al5] N AL v 35 LVCMOS1S*  ~ 1500 NONE v~ NONE v
B AM] N As v ¥ 35 LVCMOS1S* ~ 1500 NONE v~ NONE v
B ABI IN A6 v ¥ 35 LVCMOS15* ~ 1500 NONE ~  NONE v
B AR N A8 v ¥ 16 LVCMOS1S*  ~ 1500 NONE v NONE v
A1 IN A9 v 9 16 LVCMOS15* ~ 1500 NONE ~  NONE v
B Al] N A10 v 9 16 LVCMOS1S* ~ 1500 NONE v~ NONE v
v BB@® IN (v)  (Multiple) LVCMOS1S* ~ 1500 NONE v NONE 4
B B[ IN A1 v ¥ 15 LVCMOS1S*  ~ 1500 NONE ~  NONE v
B Bl6l IN A13 v ¥ 15 LVCMOS1S*  ~ 1500 NONE v NONE v
B 851 N Al4 v ¥ 15 LVCMOS1S*  ~ 1500 NONE v NONE v
2 B[4] IN Al5 v ¥ 15 LVCMOS15* ~ 1500 NONE v~ NONE v
® BBl N Al6 v ¥ 15 LVCMOSIS*  ~ 1500 NONE v~ NONE v
® B2 N A18 v ¥ 15 LVCMOSIS* ~ 1500 NONE ~  NONE v
B B[l IN B1 v ¥ 35 LVCMOS15* ~ 1500 NONE ~  NONE v
2 B[Ol N B2 v ¥ 35 LVCMOS15* ~ 1500 NONE v NONE v
Figure 18: Braun pin out 1
v @506 out (Multiple) LVCMOS15*  ~ 1500 12 v v NONE v FPVTT50 v
4 sn1sl our B3 v 35 LVCMOSTIS* - 1.500 2 v v NONE v FPVIT_S0 v
@ s[4 outr B4 v 35 LVCMOSIS* v 1500 12 v v NONE v FPVIT50 v
@ s[13) out B6 v 35 LVCMOSIS*  ~ 1500 12 v v NONE v FPVTT50 v
@ 51121 out B7 v 35 LVCMOSIS* - 1500 12 v v NONE v FPVTT50 v
@ s out B8 v 16 LVCMOS15* - 1.500 12 v v NONE v FPVIT_S0 v
@ s[10] outr B9 v 16 LVCMOS1S* ~ 1500 12 v v NONE v FPVIT50 v
@ spl out B11 v 15 LVCMOS1S* ~ 1500 12 v v NONE v FPVTT50 v
4 si8l out B12 v 15 LVCMOS15* ~ 1500 12 v v NONE v FPVTT50 v
@ s out B13 v 15 LVCMOS15* - 1500 12 v v NONE v FPVIT_S0 v
4 s[6] out Bl4 v 15 LVCMOS1S* ~ 1500 12 v v NONE v FPVITS0 v
@ sis] out B16 v 15 LVCMOS1S* ~ 1500 12 v v NONE v FPVTT50 v
@ st out B17 v 15 LVCMOS1S* ~ 1500 12 v v NONE v FPVTT50 v
4 si3] out B13 v 15 LVCMOS15* - 1500 12 v v NONE v FPVIT_S0 v
a s out a v 35 LVCMOSIS* v 1500 12 v v NONE v FPVITS0 v
@ s out @ v 35 LVCMOSIS*  ~ 1500 12 v v NONE v FPVTT50 v
@ sio] out 4 v 35 LVCMOSIS* - 1500 12 v v NONE v FPVTT50 v
Figure 19: Braun pin out 2
timing
Tel Console Messages Log Reports Design Runs Timing -0oo
Q ¥ & C W : Design Timing Summary
General Information ~
Timer Settings Setup Hold Pulse Width
Design Timing Summary Worst Negative Slack (WNS): 32518 ns Worst Hold Slack WHS): 1709 ns Worst Pulse Width Slack (WPWS): NA
Methodology Summary Total Negative Slack (TNS): 0,000 ns Total Hold Slack (THS) 0000 ns Total Pulse Width Negative Slack (TPWS): NA
Check Timing (0 Number of Failing Endpoints: 0 Number of Failing Endpoints: 0 Number of Failing Endpoints: NA
Intra-Clock Paths Total Number of Endpoints: 16 Total Number of Endpoints: 16 Total Number of Endpoints: NA
Inter-Clock Paths Al user specified timing constraints are met.
Other Path Groups
v

User Innored Paths

Timing Summary - timing_1

Figure 20: timing Braun synthesised

Alex Gravatt (2217176)

23




Project Summary ?200X

Overview | Dashboard + Add Gadget = %
Utilization (synth_1, Synth Design) & @ OX  Timing (impl_1, Route Design) Zn@®0OX
Report WNS WHS
& impl_1, Timing Summary - Route Design 26439 2999
/0 15%
LT 1% Utilization (impl_1, Place Design) sEe®OX
0 25 5 75 10 125 15 175 1/0 15%
Power (impl_1, Route Design) ox LUT 1%
Total Power 1 223 0 25 5 75 10 125 15 175
PL Static | 0.153 Methodology ¢ ox
Data for selected statistics unavailable/hidden
/O A 8.645
Logic | 1.116
Signals 1 1.509
0 25 5 75 10 125
DRC ox

Data for selected statistics unavailable/hidden

Figure 21: Braun utilisation timing and power implemented

Tdl Console Messages Log Reports Design Runs  Timing x Power Package Pins 1/0 Ports
Q = # : Design Timing Summary
General Information ~
Timer Settings Setup Hold Pulse Width
Design Timing Summary Worst Negative Slack (WNS):  26.439 ns Worst Hold Slack (WHS): 2.999 ns Worst Pulse Width Slack (WPWS): NA
Methodology Summary Total Negative Slack (TNS):  0.000 ns Total Hold Slack (THS): 0.000 ns Total Pulse Width Negative Slack (TPWS): NA
> [= Check Timing (0) Number of Failing Endpoints: 0 Number of Failing Endpoints: 0 Number of Failing Endpoints: NA
Intra-Clock Paths Total Number of Endpoints: 16 Total Number of Endpoints: 16 Total Number of Endpoints: NA
Inter-Clock Paths All user specified timing constraints are met.
> [ Other Path Groups
_.. Userlonored Paths. . .. e oo i m mimmimm m mm mm mm mm mm m mm mm m mm mm m mm mmi
Timing Summary - impl_1 (saved)

Figure 22: Braun timing implemented
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Total Power

PL Static

1/0

Logic

Signals

0.153

1.116

1.509

8.645

25 5

75 10

Figure 23: Braun power 1

Q = ¢ C W

TclConsole | Messages | Log | Reports | DesignRuns | Power x Timing

: Summary

invalid switching activity

impl_1 (saved) x| power1 X  power2 x

Launch Power Constraint Advisor to find and fix

Setti N
<Hings Power analysis from Implemented netlist, Activity | On-Chip Power
Summary (11423 W, Margin: 3577 W) derived from constraints files, simulation files or )
Sower Supply vectorless analysis. Dynamic: 1n270W (99
v il L1 .
Utilization Details Total On-Chip Power: 11.423W [y [ signals: 1500w
Hierarchical (1127 W) Design Power Budget: 5w 99% e M logic 1116W
 Signals (1.509 W Process: typic 11/0: 8645 W
Data (1.509 W)
ata Power Budget Margin: 357T7TW
Logic (1116 W) [ Device Static. ~ 0.153W
Junction Temperature: 79.6°C
1/0 (8645 W
Thermal Margin: 54°C(11W)
Ambient Temperature: 250°C
Effective SIA: 48 W
Power supplied to off-chip devices: 0W
Confidence level: Low

oo

Figure 24: Braun power 2

Wallace
LUT’S used

Name

oy , Slice LUTs

(10400)

Wallace_multiplier8bit 81

Figure 25: Wallace LUT's usage

pin setup
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TdConsole | Messages |Log | Reports | DesignRuns |I/OParts x Power
Q ¥ ¢ = + 1A
Name Direction Neg Diff Pair  Package Pin Fixed Bank /0 std Vcco  Vref  Drive Strength Slew Type Pull Type
~ Al ports (32)
v B A@® IN &) (Multiple) LVCMOS15* ~ 1500 NONE ~v  NONE
2 Al7] N Al v 9 35 LVCMOSIS*  ~ 1500 NONE v~ NONE
B Al6] N a3 v ¥ 35 LVCMOSIS* < 1500 NONE v NONE
B Al5] IN A4 v %) 35 LVCMOS15% ~ 1500 NONE ~  NONE
B A4 N A5 v ¥ 35 LVCMOSIS*  ~ 1500 NONE v~ NONE
2 AR N A6 v ¥ 35 LVCMOSIS*  ~ 1500 NONE v NONE
B ARZI N a8 v 16 LVCMOSIS*  ~ 1500 NONE v NONE
B Al IN A9 v %) 16 LVCMOS15* ~ 1500 NONE v NONE
2 A[0] N A10 v 16 LVCMOS1S*  ~ 1500 NONE v~ NONE
v BB N (Multiple) LVCMOS15* = 1.500 NONE v NONE
[ BIT] IN Al v 15 LVCMOS15% ~ 1500 NONE v NONE
[ Bl6] IN A3 v 15 LVCMOS15* ~ 1500 NONE ~  NONE
2 B[] N Al4 v 15 LVCMOSIS* = 1500 NONE v NONE
B B4l IN Als v 15 LVCMOSIS* - 1500 NONE v NONE
[ B[31 IN Ale v 15 LVCMOS15% ~ 1500 NONE ~  NONE
2 B2 IN Ale v 15 LVCMOSIS*  ~ 1500 NONE v~ NONE
2 B[N N B1 v 35 LVCMOSIS* - 1500 NONE v NONE
[ BIO] IN B2 v 35 LVCMOS15* ~ 1500 NONE v NONE
Figure 26: Wallace pin-out 1
v & 5(16 out ~  (Muitiple) LvCMOS15*  ~ 1500 12 v ~  NONE v
@ s[15] out B3 v ¥ 35 LVCMOSIS* = 1.500 12 v ~  NONE v
@ s[14] out B4 v ¥ 35 LVCMOSIS* = 1.500 12 v ~  NONE v
@ s[13] out B6 v ¥ 35 LVCMOSIS* = 1.500 12 v v NONE v
4 sn2] out B7 v %] 35 LVCMOS15% ~ 1500 12 v ~  NONE v
4 sn out B8 v %] 16 LVCMOS15* ~ 1500 12 v ~  NONE v
4 s[o) out B9 v &) 16 LVCMOS15* ~ 1500 12 v v  NONE v
4 s[91 out B11 v %) 15 LVCMOS15* ~ 1500 12 v v  NONE v
4 si8l out B12 v %) 15 LVCMOS15* ~ 1500 12 v v  NONE v
asm out B13 v ) 15 LVCMOS15* ~ 1500 12 v v NONE v
4 slel out B14 v ) 15 LVCMOS15* ~ 1500 12 v v NONE v
4 s[s1 out B16 v ) 15 LVCMOS15* ~ 1500 12 v v NONE v
as4 out B17 v %) 15 LVCMOS15* ~ 1500 12 v ~  NONE v
s3] out B18 v %) 15 LVCMOS15* ~ 1500 12 v ~  NONE v
@ s21 out o] v %) 35 LVCMOS15% ~ 1500 12 v ~  NONE v
as out c v ¥ 35 LVCMOSIS* = 1.500 12 v ~  NONE v
@ sjo out ca v ¥ 35 LVCMOSIS* = 1.500 12 v ~  NONE v
Figure 27: Wallace pin-out 2
timing
Tcl Console Messages Log Reports Design Runs  Timing X
Q = £ C MW : Design Timing Summary
General Information A
Timer Settings Setup Hold Pulse Width
Design Timing Summary Worst Negative Slack (WNS): 14.730 ns Worst Hold Slack (WHS): 1.706 ns Worst Pulse Width Slack (WPWS):
Methodology Summary Total Negative Slack (TNS): ~ 0.000 ns Total Hold Slack (THS): 0.000 ns Total Pulse Width Negative Slack (TPWS):
Check Timing (0 Number of Failing Endpoints: 0 Number of Failing Endpoints: 0 Number of Failing Endpoints:
Intra-Clock Paths Total Number of Endpoints: 16 Total Number of Endpoints: 16 Total Number of Endpoints:
Inter-Clock Paths Al user specified timing constraints are met.
Other Path Groups
v

User lonored Paths

Timina Cummans _ timina 1

Figure 28: Wallace timing sy
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FP_VTT 50
FP_VTT_50
FP_VTT_50
FP_VTT_50
FPVTT_50
FPVTT_50
FPVTT_50
FPVTT_50
FPVTT_50
FPVTT_50
FPVTT_50
FPVTT_50
FP_VTT_S50
FP_VTT_S50
FP_VTT_S50
FP_VTT 50
FP_VTT 50

NA
NA
NA
NA

Off-Chip Termination
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Project Summary x Constraints8x8.xdc b 200

Overview | Dashboard + Add Gadget = £
. ~
Utilization (synth_1, Synth Design) 21 O > Timing (impl_1, Route Design) Zm@0Ox
Report WNS  WHS
& impl_1, Timing Summary - Route Design 9717 2918
/0 15%
ilizati i i &1 [m 4
o 1% Utilization (impl_1, Place Design)
0 25 5 75 10 125 15 175 110 33
Power (impl_1, Route Design) Iz O x LuT 19%
Total Power 1 Uki) 0 25 5 75 10 125 15 17.5
PL Static | 0.149 Methodology 4 ox
Data for selected statistics unavailable/hidden
1/O A 8.647
Logic 0.950
Signals | 1408
0 25 5 75 10 125
DRC & [ ox
Data for selected statistics unavailable/hidden
b
Figure 29: Wallace power utilisation and timing implemented
power
Tcl Console | Messages |Log |Reports |DesignRuns |Power x Timing 2 _0m
a x ¢ Ccuw { Summary
Settings Power analysis from Implemented netlist. Activity | On-Chip Power A
Summary (11154 W, Margin: 3.846 W) derived from constraints files, simulation files or i
Power Supply vectorless analyss. Dynamic 1005W  (99%)
 Utilization Details Total On-Chip Power: 11.158W = Signals: 1408 W
Hierarchical (11.005 W) Design Power Budget: 15W 99% 53 Logic: 0.950 W
Process: ypica 1/0: 8647 W
Power Budget Margin: 3.846 W .
S— Device Static. ~ 0.149W  (1%)
Junction Temperature: 78.3°C
Thermal Margin: 67°C (14 W)
Ambient Temperature: 250°C
Effective 8JA: 48w
Power supplied to off-chip devices: 0W
Confidence level Low
Launch Power Constraint Advisor to find and fix
invalid switching activity
mpeaed x lpowert x|

Figure 30: Wallace power

hardware implementation

Braun
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10101010 x 11001100

=01000011101111000
Decimal value:
170 x 204
= 34680
10101010 | [x v| [11001100 =7

Calculate (P

Figure 31: Braun basys test calculator [5]

& e

(%)
50, 0nlyl A DIGILENT(E ] L
www.digllentinc.com B EEEE
curEﬂsESCllﬁ

EHAE gl Bt oEg XILINX

m;n ™

0% aEE]ESn’? . | UNIVERSITY PROGRAM
E 1 ms> 10
o *o L] HL@B " %2
o koot
(cuuoonnz !(BJIN;{‘ : =] ! A un7>

Y [ uS)

L [ f 3

r g B0 [P (R i |
b

0
BA an(e
BASYS 3 (J;‘,D);' ': B (0

X L LD: LD1 LO11 LD10 Los Los LD? LDé LDS LD4 J3 LD2 Lol Loo

gav oo goo G Gu G Fo  oud . fusn s fas pous P B .(ElS) pwue
1 SUIC"  SuI”  SMBT SWP-  SM6T SWST SWA  Su3T  su2”  SMl . SWO
SWS  sud  SMT  SuZ  Sull .

T P T ] o

Figure 32: Braun on basys3 board test

read right to left on the led's

an and b inputs are swapped between v2 w13

Wallace works the same this is the program working below
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Binary Calculator

Binary Calculation—Add, Subtract, Multiply, or Divide

Result a2

Binary value:

00110011 % 11110000
=010111111010000

Decimal value:
51 x 240
=12240

00110011 | [x v| [11110000 =2

Calculate

Figure 33: Wallace basys3 test calculator [5]

e 4 v 2
o
7 e
A ~

w3 C49

[e]ime C50

£

EL]

X
C46
C47
C48

-
www.digilentinc.com

£ c117E=lmE=ci0

~FES E=R]1N ,

S o B i1} :

R169

5:125: Epg}ff . X ['UNIVERSITY PROGRAM |

JXADC L L] . -
25

O

C55
CZic103

CLK100MHz
US>

BASYS 3}

QEw | -
0 LS  Loe L7 LB - LO5 LD+ 03 LD2 L
fo e Fu P s v e > e e fpue
é 3~ = i = S = = s~ . swo
uI0"  SWS sus i Sus SUS Su4 Su3 = Su2 0

LD1 LDO

Figure 34: Wallace basys3 test
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all code is in appendix 1

6 Testing
Braun
Untitled 4
Q @ @ X ¥ = I«

> M A[7:0]

> M B[7:0]

> M S[15:0]
> W ABO[7:0]
> W AB1[7:0]
> W AB2[7:0]
> W AB3[7:0]
> W ABA[7:0]

> W AB5[7:0]
> W AB6[7:0]

> W AB7[7:0]
> W CO[7:0]
> W C1[7:0]
> W C2[7:0]

Figure 35: Braun SIM test 1

34=52
52=82
14a8=4264

Alex Gravatt (2217176)
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Result

Hex value:
34 x 52 = 10A8

Decimal value:
52 x 82 = 4264

3 x ~] 52 =7

Figure 36: Braun SIM test Calc 1[5]

Untitled 4

o X

> M A[7:0]
> W B[7:0]

> M S[15:0]

> &' ABO[7:0]
> B AB1[7:0]
> ' AB2[7:0]
> B AB3[7:0]

> W' AB4[7:0]

> W AB5[7:0]
> W AB6[7:0]
> W AB7[7:0]
» W CO[7:0]

> W C1[7:0]
> W C2[7:0]

Figure 37: Braun SIM test 2
85=133

39=57

1d9d=7581
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Result

Hex value:
85 x 39 =1D9D

Decimal value:
133 x 57 = 7581

Figure 38: Braun SIM test Calc 2 [5]

Untitled 4

[ ] X

> M A[7:0]
> § B[7:0]
> B S[15:0]

» % ABO[7:0]
» W AB1[7:0]
W AB2[7:0]

> W AB3[7:0]
R ABA[7:0]
% AB5[7:0]
% AB6[7:0]

» W AB7[7:0]
» W CO[7:0]

> W C1[7:0]
> M C2[7:0]

Figure 39: Braun SIM test 3
9e =158

1f =31

1322 =4898
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Result

Hex value:
9e x 1f = 1322

Decimal value:
158 x 31 = 4898

PR

Calculate .

Figure 40: Braun SIM test Calc 3 [5]

braunmulti8x8.vhd x| TB Braun Multiplier8x8.vhd x| tb8x8.vhd X | Untitled4  x

Q Q @ W ¥ < 1 +

Value

\....6-000000000 ms |8.000000000 ms  [10.000000000 ms 12000000000 ms

¥ P1[7:0)
¥ P2[7:0]
¥ P3[7:0]
¥ P4[7:0)
¥ P5[7:0]
¥ P6[7:0) b4
¥ P7(7:0)

Figure 41: Braun SIM test 4

f6=246
fa=175
a82a= 43050
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Result a8

Hex value:
fé x af = A82A

Decimal value:
246 x 175 = 43050

i [ x v|lar =2

Figure 42: Braun SIM Calc 4 [5]

Wallace
all code in appendix 2

Untitled 1

Q @ Q I ¥ o I M 1= o2 4

» W B[7:0]
> B S[15:0]
» % ABO[7:0]

X
19.431100000 ms
10.000000000 ms 15.000000000 ms .

» & AB1[7:0]
> W AB2[7:0]

» % AB3[7:0]
» % ABA[7:0]
W AB5([7:0]

» % AB6[7:0]
» W AB7[7:0]
» W CO[7:0]

» B C1[7:0]

» W C2[7:0]

Figure 43: Wallace SIM test 1

the author set the program to clock and input of ab and 00 for A CD and 00 for B this outputs 88ef
when converting this to unsigned decimal the author got the same answer.

abis 171

CD is 205

88ef is 35055
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Result

Hex value:
ab x cd = 88EF

Decimal value:
171 x 205 = 35055

o ]

Figure 44: Wallace Calc test 1 [5]

Untitled 1

Q @ @@ X ¥ o ol = o2 4 X &

2,035.740000 us
1,500.000000 us 2,000.000000 ug

> W A[T:0]

> M S5[15:0]

> M ABO[T:0]
> M AB1[T0]
> W AB2[T:0]
> M AB3[T:0]
> M ABA[T0]
> W AB5[T:0]

> W AB6[7:0]
> W ABY[T:0]
> W CIT0]
> M C2[T0]
> B C3[T0)
> M CA[T0]

0]
> W CT[70]
> W PI70]
> M P2[7:0]
> W P3[7:.0]
> W PA[T0]

> M P5[7:0]

Figure 45: Wallace sim test2

The author set the program to clock and input of ff and 00 for A 11 and 00 for B this outputs 10ef
when converting this to unsigned decimal the author got the same answer.
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ff is 255

11is 17

10ef is 4335

Result a
Hex value:

ff x 11 = 10EF

Decimal value:
255 x 17 = 4335

m Jlx ~][ |

Calculate (P

Figure 46: Wallace SIM Calc 2 [5]

]|
-~
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Untitled 3

Q @ a i ¥ = I

> M A[7:0]

> W B[7:0]

> B S[15:0]
> % ABO[7:0]
> BAB1[7:0]

> W AB2[7:0]

> W ABA[7:0]
> W AB5[7:0]

[
[
[
> W AB3[7:0]
[
[
[

> W ABG[7:0]
> W AB7[7:0]
> W CO[7:0]
> W C1[7:0]
> ®MC2[7:0]

Figure 47: Wallace SIM test 3

fa = 250
fb= 251
f51e = 62750
Result a
Hex value:
fa x fb = F51E

Decimal value:
250 x 251 = 62750

)
X
<
o
n
N

Figure 48: Wallace SIM Calc 3 [5]
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Untitled 3

Q @ QO i ¥ = |«
Name

7,876,499,998 ps
> M A[7:0]
> M B[7:0]
> B S[15:0]

00

00

> W ABO[7:0]
> B AB1[7:0]
> W AB2[7:0]
> W AB3[7:0]
> W1 ABA[7:0]
> W AB5[7:0]
> W AB6[7:0]
> W ABT[7:0]
> W CO[7:0]

> W C1[7:0]
> W C2[7:0]

—
E—
—
—
—
E—
—
—
—
—
—
—
—
—

Figure 49: Wallace SIM test 4

44 = 68
86 =134
2198 = 9112

Result -]
Hex value:
44 x 86 = 2398

Decimal value:
68 x 134 = 9112

]|
-~

R X

Figure 50: Wallace SIM Calc 4[5]
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Evaluation

The author in this section evaluates the Braun and Wallace multipliers from design to final results
of their testing as well as a critical evaluation of their VHDL development in Vivado

Design and implementation

During the design phase the author started by designing the components of their VHDL this makes
it easier to develop later and allows the author to have a greater understanding of the adders before
creating the block diagram for the Wallace and barn.

The block diagram for Wallace and Braun showcases how the author used their knowledge of the
adders to map the outputs and inputs to assist with early development.

This focus on the adder VHDL made the k maps the author made less relevant as they used the truth
table and the VHDL code for their adders to develop their block diagram.

Timing

The authors calculated the longest route in their block diagram. They then calculated the time of
these longest routes using assumed times for a half and full adder. For Wallace the longest delay
was 26ns and for Braun it was 47ns. This is then visible in the timing tests as Braun is shown in
both synthesis and implemented designs to be slower by nearly double of Wallace. This matches the
longest route being nearly double Wallace's.

power consumption

the author gives a power budget of 15w for both Wallace and Braun they use most of their power in
their IO with 0.95 for Wallace used on logic and 1.408 for signals the board uses 11w at maximum
this is similar to Braun with it also using around 11w and most of its power in its signals this data is
shown in figure 24,30 above.

speed and power efficiency

Due to the speed Wallace processes at the and its lower power usage in the authors implementation
it is by far the most power efficient and fastest. although the differences in power are very minimal
so most of its efficiency comes from its speed.

LUTs

The Wallace multiplier uses 23 less LUTSs that the Braun multiplier making significantly more
space efficient than the Braun multiplier. This is shown in figure 25 and figure 29 above for both
Braun and Wallace and can be seen on the device image for both above figure 15 figure 16.

this would only benefit Wallace as it increases in size and the reduced size is part of the reason it
uses less power.
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FPGA implementation

When implementing it on FPGA the author decided to use the switches provided and the led’s
above them to input and show output respectively. This enabled them to input 8 binary numbers to
A and B as well as get 16 led outputs on S port. This was simplistic and effective as a route.

Tests

The test method of inputting a hex value to the simulation to test the device made it quick and
simple to identify bugs. After these tests demonstrating it on FPGA showed that it was not just the
software informing that it was functional and that it worked on physical hardware.

Tools and techniques

The author used Vivado as an industry standard tool and developed their knowledge of VHDL
development the authors use of Vivado. shows an understanding of FPGA development and VHDL
syntax.

When implementing Braun and Wallace in Vivado it is similar in approach the components are the
same; the difference between the two comes in the inputs and outputs of the components. in Braun
the components in each bank feed their carry’s to the final adder and then down and their sums
move down to the next bank. whereas Wallace moves its carry’s down as well as its sums enabling
it to shorten the route of the logical operations.

7 Conclusion

This report demonstrates a comparative analysis of Braun and Wallace multipliers and critically
evaluates their function in both VHDL synthesis via the Vivado software and implementation on the
basys3 board.

The findings reveal that Braun multiplier significantly outperform Braun multiplier in terms of
power efficiency utilisation efficiency and speed. This makes it a suitable multiplier to use on fpga
boards that commonly lack space.

In summary the Wallace multiplier is a preferred choice when selecting between the two multipliers
given due to its characteristics of being faster more efficient and smaller. The only time Braun
performs better in these cases is with partial computation where the Braun multiplier completes
each calculation at the end of each bank compared to the Wallace method that will only be valid at
the output.
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code
Braun
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raunmulti8x8.v
b lti8x8.vhd
C:/Users/rattb/Electronics2_multipliers/braunmulti8x8.vhd
Q B « ~» X E B X [/ W ©Q
=
2 | —-— Company:
3 - Engineer:
sl
5, —-— Cresate Date: 19.02.2025 16:28:20
£ - Design Name:
1
7 Lo Module Name: braunmulti8x8 - Behavioral
8 |, —— Project Name:
5 - Target Devices:

1
10+ —- Toecl Versions:
11 |, —-- Description:
12, -

13 ' —- Dspsndencies:
14 |, —
15 . -— Revision:

1
1g Lo Revisien 0.01 - File Created
17 | —-- Additiconal Commsnts:

18, -

]
et
20
21 |

1
22 ! likbrary IEEE;

232 | use IEEE.STD_LDG]C_IIE‘I.ALL;

24

25'51 —— Uncomment the following library declaration if using

26 | —-— arithmstic functicns with Signed or Unsignsd values

27 | --use IEEE.NUMERIC STD.ALL;

28 |

29 | —-— Uncommsnt the following library declaration if instantiating
30, -- any Xilinx leaf cells in this code.

1

31 ' -—library UNI5SIM;
32 Q) --use UNISIM.VComponents.all;
33
.
240) entity braunmultifxd is
35 port ( A: in STD LOGIC VECTOR (7 downto 0);
T B: in STD_LOGIC VECTOR (7 downto 0);
37 ! 5: out STD_LOGIC VECTOR (15 downto 0));
38 ) end braunmulti8xg;
329 & architecture Gate_Level of braunmultiBx8 is

1
40 ' -- Full Adder lbit Compenent Decalaraticn
41 ) component full adder vhdl codes
42 | port ( Z,B: in STD LOGIC;

. —

43 ! Cin: in STD LOGIC;
44 | Cout: out STD LOGIC;
45 | 3: out STD LOGIC);
! -
46 [—;I end component;
47
48 | -— Half Adder 1bit Component Decalaration
45 EJ component half adder vhdl code
50 | port ( A,B: in STD LOGIC;
51, Cout: out STD LOGIC;
. —
52 ! S: out STD_LOGIC};
52 (-] end component;
54 | —-- Intermediate declaration

1
55 ' signal ABO, AB1, AB2, AB3,AB4,ABS5,AB6,AB7: STD LOGIC VECTOR (7 downto 0);
56 |, signal C1, c2, C3,04,05,06,07: STD LOGIC VECTOR (7 downto 0);--carry

<
Figure 51: Braun code 1
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braunmulti8x8.vhd
Q
565
60 |
51 I:II
€2|£
£2 . ABO(0) <= A(D)
64 ' ABO(1) <= A(1)
65 ! ABO(2) <= A(2)
66 . BBO(3) <= B(3)
67 ' ABO(4) <= A(4)
63 | ABO(5) <= A(5)
65 | ABO(6) <= A(6)
70 ¢ ABO(7) <= A(7)
71 , —-—-And Bank?Z
72 . ABL(D) <= A(D)
73 ¢ BB1(1) <= A(1)
74 ' ABL(2) <= &A(2)
75 1 AB1(3) <= A(3)
76+ RB1(4) <= A(4)
77 ' BB1(5) <= A(5)
78 . ABl(E) <= B(E)
79 1 RBL(7) <= A(7)
80 | —--And Bank3
81 . AB2(0) <= B(0)
52 ' AB2(1) <= A(1)
23 ! AB2(2) <= A(2)
84 RB2(3) <= B(3)
85 E AB2(4) <= A(4)
26 ! AB2(5) <= A(5)
87 | BAB2(6) <= A(6)
8 1 RB2(7) <= A(7)
89 , —-And Bankd4
0 1 AB3(0) <= B(D)
51 ¢ EB3(1) <= A(1)
52 ' BB3(2) <= B(2)
S92 . AB3(3) <= A(3)
54+ RB3(4) <= A(4)
55 ' AB3(5) <= A(5)
96, RAB3(E6) <= BA(E)
57 © AB3(7) <= A(7)
98 E ——and Bank5
99 . AB4(0) <= B(0)
100 | AB4(1) <= A(1)
101 | AB4(2) <= A(2)
102 | AB4(3) <= A(3)
103 1 aB4(4) <= A(4)
104 | AE4(5) <= A(5)
105 | AB4(6) <= L(E)
106+ aB4(T) <= A(T)
107 | --and Bank6
108 | ABS(0) <= A(0)
109 ¢ ABS(1) <= A(1)
110 ! AB5(2) <= A(2)

Figure 52’: Braun code 2

and
and
and
and
and
and
and

and

and
and
and
and
and
and
and

and

and
and
and
and
and
and
and

and

and
and
and
and
and
and
and

and

and
and
and
and
and
and
and

and

and
and

and

C/Users/rattb/Electronics2_multipliers/braunmulti8x8.vhd

B B X f// W 9

signal AB0, ABl, AB2, RB3,AB4,RBS5,ABE,AB7: STD LOGIC VECTOR (7 downto 0);
signal C1, C2, C3,04,C5,C6,07: STD_LOGIC VECTOR (7 downto 0);-—carrcy
signal P1, P2, P3,P4,PS, P&, B7: STD LOGIC VECTOR (7 downto 0);-——port

B(D);
E(D);
BE(0);
B(0);
E(D);
E(D);
BE(0);
B(0);

E(1l);
B(1l);
B(l);
E(l);
BE(1l);
B(1l);
E(l);
E(l);

B(2);
E(2);
BE(2);
B(2);
B(2);
E(2);
BE(2);
B(2);

E(3);
BE(3);
B(3);
E(3);
E(3);
BE(3);
B(3);
E(3);

B(4);
B(4);
E(4);
BE(4);
B(4);
E(4);
E(4);
B(4);

E(3);
BE(3);
B(3);
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braunmulti8x8.vhd

C:/Users/rattb/Electronics2_multipliers/braunmulti8x8.vhd

Q x B B X [/ B ©Q
109 LES5(1l) <= A(l) and EB(5);
110 AB5(2) <= A(2) and B(S3);
111 ABS (3) <= A(3) and B(5);
112 ABS(4) <= A(4) and EB(53);
113 AB5(5) <= A(3) and B(S3);
114 LB5(6) <= A(E) and EB(5);
115 AB5(7) <= A(7) and EB(S3);
1le ——And Bank7

117 ABE(0) <= A(0) and B(6);
118 ABE(l) <= A(l) and B(€);
119 ABE(2) <= A(2) and EB(6);
120 ABE(3) <= A(3) and B(E);
121 LEG(4) <= A(4) and EB(6);

s8]
[

ABE(3) <= A(5) and B(6);
ABE(6) <= A(E) and B(E);
ABE(7) <= A(7) and B(6);

[SS T %)
[ 5 ]

nd Bankg
I AN DallKo

ABT(0) <= A(0) and B(7);
ABT(1) <= A(l) and B(7);

ST %)
&

s8]

28 LET(2) <= A(2) and EB(7);
25 ABT(3) <= A(3) and B(7);
30 AB7 (4) <= A(4) and B(7);
31 ABT(53) <= A(53) and EB(7);
3z AE7 (&) <= A(€) and B(7);
33 ABT(7) <= A(7) and EB(7);
34 ) —-half addders

35

36

37 ——Bankl

[
oo

W L

2=
[y

H&l: half adder_ vhdl code port map(Z =>RB0(1),
B=> AB1(0),
cout=> C1(0),
s=> P1(0));

o
%]

s

o
n

o
o

Frl 1: full adder vhdl code port map( B => ABO(Z),
B => BB1 (1),
cin == C1(0),
cout == C1({1l),
s =x P1{(1));

W
(=] 1

oo W
[ el =X s]

[¥)]
(5]

FAl 2: full adder_ vhdl code port map( & => ABO(3),
B => ABl(2),
cin == C1(1),
cout => C1(2),
s => Pl(2));

townoen
[ 92 IS A %)

o
=l o

o

o

FRl 3: full adder vhdl code port map( A => ABO (%),
B => BRE1(3),
cin => Cl(2),
cout => C1(3),
s => P1{(3));

[¥)]
Lo

oy oy
[l -

o
[

N = = e = e = e T = T T = T T T T R e e e e e e e S e T = T = T e e R e S S S T e )
s
W L

(3]
W LD

@
B T ) T | e I e [ S e L I T o

FAl 4: full adder_ vhdl code port map( & => ABO(3),

<
Figure 53: Braun code 3
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FaZ 1: full adder whdl code

FaZ 2: full adder wvhdl code

[T o]
= ]
e

[5%]
o

FaZ 3: full adder_ vwhdl code

ST %)
— (=]
1 ™

[
]

ST 6
=B

[5%]
- . =

b
=

FRZ 4: full adder_ vwhdl cods

ST %)

s L B

ST %)
@y Ln

Izl Fr2 5: full adder vhdl code
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Figure 54: Braun code 4

port

port

port

port

port

C:;/Users/rattb/Electronics2_multipliers/braunmulti8x8.vhd

x B B X /N W 9

S Frl 4: full adder vhdl cods port map( & => RBO(5),

B => RE1(4),
cin == C1(3),
cout => Cl(4),
s => P1l(4));

Frl S: full adder vhdl codes port map( A => ABO(&),

B => RE1(5),
cin => C1(4),
cout => Cl(35),
s=>= B1(3));

Frl ©: full adder vhdl codes port map( A => ABO(7),

B => REl(€),
cin => CL1(5),
cout => Cl{e&),
s => P1l{&));

Hr8: half adder vhdl code port map( A => Cl(eg),

B => BB1(7),
cout =» C1({7),
s => PL(7));

I 'Br2: half adder vhdl code port map (A => PLl(1l),

B=> RABZ2(0),
cout=> C2(0),
s== P2(0));

map{ B => P1(2),
B => RAB2 (1),
cin == C2(0),
cout =» C2(1),
s => P2(l));

map{ B => P1(3),
B => AB2(2),
cin => C2(1),
cout =» C2(2),
s => P2(2));

map( B => P1(4),
B => AB2(3),
cin => C2(2),
cout => C2(3),
s =>P2(3));

map( A => P1(3),
B =» AB2(4),
cin => C2(3),
cout => C2(4),
s => P2(4));
map{ & => Pl(€),
B => RABZ2(5),
cin => C2(4),
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217 B => AB2(5),
218 ! cin => C2(4),
219 | cout => C2(5),
22'w$| s => P2(5));
2215 FR2 6: full adder vhdl code port map( & => P1(7),
222 B => BAB2(§),
223 cin => c2(5),
224 cout => 22(€),
2258 s => P2(6));
2265

227 'E' FLZ 7: full adder vhdl code port map( & => Cl(7),
228 . B => B&B2(7),
229 cin => c2(6),
230 cout =» 22(7),
2318 s =» B2(7));
232 i ——bank3

233 HaA3: half adder whdl code port map( & => P2(1),
234, B => RB2(0),
235 cout => C2(0),
236 = =» P3I(0));
237 |

238 'é' FA3 1: full adder vhdl code port map( & => P2(2Z),
239 ! B => AB3 (1),
240 cin => c3(0),
241 cout => 3 (1),
2423 s=> P3(1));
243

244 'é' FA3 2: full adder vhdl code port map( A => P2(3),
245 ! B => AB3(2),
246 cin => c3(1),
247 cout => ©3(2),
248 9 s => P3(2));
245

250 'é' FA3 3: full adder vhdl code port map( A=> P2(4),
251 ! B=> BB3(3),
252 cin => c3(2),
253 cout=> ©3(2),
254 9 s => P3(3));
255

256 'é' FA3 4: full adder vhdl code port map( & => P2(3),
257 ! B => AB3(4),
258 | cin =» £3(3),
259 cout => C3(4),
2603 s => P3(4));
261 .

262 'é' FAL3 5: full adder vhdl code port map( & => P2(6E),
263 ! B => AB3(5),
264 cin =» cC3(4),
265 cout => C3(5),
2660 s => P3(3));:
267

268 'é' FAL3 6: full adder vhdl code port map( & => P2(7),
269 ! B => AB3 (&),
270 . cin =» c3(5),
271 cout => C3(6),
272 @ s => P3(6));

<
Figure 55: Braun code 5
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271 cout => C3(&),
272 13 s =x> P2(€));:
273

2740 FR3 T7: full_ adder vhdl_code port map( & => C2(7),
27 B => AB3(7),
276 cin => C3(6),
277 cout == C3(7),
278 @ s =x P3(7));
2_C|

280 ——bank4d

201 Hh4: half adder vhdl code port map( & => P3(1l),

282 B => AB4(0),
283 cout => C4(0),
284 3 s => P4(0));
285

286 Fr4 1: full adder vhdl code port map( & => P3(2),
287 B => AB4(1),
288 cin == C4({0),
289 cout => C4 (1),
2503 s == p4(1));
291

2920 Fr4 2: full adder vhdl code port map( & => P3(3),
293 B => AB4(Z2),
254 cin => C4(1),
295 cout => C4(2),
296 3 s => P4(2));

Fr4 3: full addsr vhdl cods port map( & => P3(4),

299 B => RB4(3),
300 cin => C4(2),
301 cout => C4(3),
302 @ s => P4(3));
303

304 ) FR4 4: full adder vhdl code port map( & => P3(3),
305 B => AB4(4),
306 cin => C4(3),
307 cout => C4(4),
3080 = => P4(4));

3 5=

210 FR4 5: full adder vhdl code port map( & => P3(E€),
311 B => AB4(5),
ilz cin => c4(4),
313 cout => c4(35),
314 @ s => P4(3));
315

316 ) Fr4 6: full adder vhdl_code port map( & == P3(7),
317 B => RAB4(6),
318 cin => C4(35),
319 cout => C4(g),
3208 = => P4(6));
321

222l FR4 T7: full adder vhdl code port map( & => C3(7),
323 B => AB4(7),
324 cin => C4(6),
325 cout => C4(7),
326 (@ s => P4(7));

%]

o

o
-|H———————4IF——{H———————4IF——{H———————4IF——|H————————HF——{H———————4EF——|H———————4IF——{H———————4IF——|H—————4H—————{H———————4IF——{H———

£

Figure 56: Braun code 5
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Q x B B X f/ B ©

325 E cout => C4(7),
326 B s => D4(T)):
327 | --Banki

328 'é' HAS: half adder_whdl code port map( & => P4(1),

329 ! B => AB5(0),
330 . cout => C5(0),
3310 s => P5(0));
332

333 ';' FAS 1: full adder wvhdl code port map({ A => P4(2),
334 E E => AB5(1),
335 ! cin => ©5(0),
336 . cout =» C5(1),
33?|$. s => P5(1));
338 |

3350 FAS 2: full adder vhdl code port map({ A => P4(3),
340 B => AB5(2),
341 ! cin =» ©5(1),
342 , cout =» C5(2),
343|$. s => B5(2));
344

345 ':—.,_' FZ5 3: full adder whdl code port map( & => P4(4),
346 B => AB5(3),
347 cin => C5(2),
348 | cout => C5(3),
3490 s => B5(3));
350

351 ';' FAS _4: full adder vhdl code port map({ & => P4(5),
352 E E => AB5(4),
353 ! cin => ©5(3),
354 cout => C5(4),
3550 s => P5(4));
3ise |

357 0 FAS 5: full adder vhdl code port map({ A => P4(€),
358 E B =» AB5(5),
359 ! cin =» e5(4),
360 cout => c5(5),
361|$. s => D5(5)):
362

3630 FAS 6: full adder vhdl code port map({ A => P4(7),
364 B => BB5(€),
365 | cin => C5(5),
366 cout => C5(6),
3e?|$. s => D5(6)):
368

269 ':—.,_' FAS_7: full adder_ vhdl code port map( A => C4(7),
370 B => AB5(7),
371 cin => C5(6),
372 . cout => C5(7),
3736 s => PS(7));
374 | —-bank6t

375 ';' HAe: half adder_whdl code port map( & => P53(1l},

37 E B => ABE(0),
377 ) cout =>» CE6(0),
3?8|$| = => PE(0));
379

380 'é‘ FAG l: full adder vhdl code port map({ A => P5(2),

Figure 57: Braun code 6
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Q ¥ B B X N/ W ©Q

379

387'é Fag_1: full adder vhdl code port map{ & => P3(2),
381 B => ABE(1),
382 E cin =» C&(0D),
383 cout => CE&E(1),
3849 s => PE(L));
3855

386'; Fhag 2: full adder vhdl code port map{ & => P3(3),
387 B => ABE(2),
388 E cin =» C&(1),
389 cout == C&(2),
3500 s => PE(2));
351

352 ) FRE 3: full adder vhdl code port map{ & => P5(4),
353 B => ABG(3),
354 cin =» 06(2),
355 cout => C&(3),
3%6 3 s => P6(3));
357

358 ) FRE 4: full adder vhdl code port map{ & => P5(53),
359 B => ABG(4),
400 cin =» C26(3),

B I U X Sy Y

cout => C&(4),
s => P&(4));

=

-

FAE 5: full adder vhdl code port map{ & => P3(€),
B => AB&(5),
cin =* c&(4),
cout => c&(53),
3 => P&(3));

T e T e R ]

=R ]

=]

FAG 6: full adder vhdl code port map{ & => PS3(7),
B => RABE(E),
cin =* CE&(5),
cout => CE&(&),
s => P&(e));

FAG 7: full adder vhdl code port map{ & => C5(7),
B => BBE(7),
cin == CE(E),
cout == C6(7),
s => Pe(7));

B T, B S TR R

[ L T T T Sy Sy ey

5%
[T ]

2
g
[l
o
lh
fil
o
o
]
lH
o
=y
.
lH
n
i)
o
1
o
a
H
o
=]
fu
il
y

==>P&(l).,

B => RmBT7(0),
cout == C7(0),
BT(0));

B2

[ ST G T % T O |
i
Il
W

I Y, T U R SR

B2

FAT 1: full adder vhdl code port map{ & => P&(2),
B => ABT(1),
cin =» C7(0),
cout => C7(L1l),
s => F7T(1)) ;-

[T =]

FAT 2: full adder vhdl code port map{ & => P&(3),
B => RET(2),

T I I T T I O I N I I I I = T T S T o S e S I S I S R N L s T S TS S S S =

[ ¥R T S T 6 R VST S I )

[ S TUI X

R () (SRS | [ () IS ) Fppp——— PRSI o, S I ) Ty SR ) W (DU ), W () R [ SRS PR,

Figure 58: Braun code 7
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433 'é' FRT7 2: full adder wvhdl code port map({ A => P&(3),
434 ! B => AB7(2),
435 | cin =» CT(1l},
436 i cout => C7(2),
437 s =» PT(2));
438 |

4395 'é' FRT7_3: full adder whdl code port map({ A => P&(4),
440 B => ABT(3),
441 | cin =» C7(2),
442 i cout => C27(3),
443 3 s => PT(3));
144

-’:"25'?' FAT7_4: full adder whdl_code port map({ A => P&(3),
446 ! B =» BB7(4),
447 cin => C7(3),
448 cout => C7(4),
449 3 s => P7(4));
450 |

451 'é' FAT7 5: full adder vhdl code port map( A => Pe(6),
452 ! B => ABT(5),
453 | cin => c7(4),
454 cout => 7(5),
455 s == BT(5));
456 |

457 'é' FRT7 &: full adder wvhdl code port map({ A => P&(7),
458 ! B => ABT(6),
459 | cin =» C7(5),
460 E cout == CT({&),
4619 s =» PT(6));
162

463 'é' FRT7_T7: full adder whdl code port map({ A => C&(7),
464 B =» BBT(7),
465 cin =» CT(&},
466 i cout => C27(7).,
467 O s == BT(7));
468 |

465

471

472

473 i S({l)<= B1(0);

474 | 3(2)<= P2(0);

475 i 5(3)<= B3(0);

476 | =(4)<= P4(0);

477 | 3(5)<= P5({0);

478 1 3(6)<= PE(0);

475 | 3({7)<= PT(0);

480 . 8(8)<= P7(1);

431 s(9)<= PT(2);

482 | B(10)<= P7(3);

492 | 8(ll)<= B7(4);

484 E 3(12)<= PT(5);

485 | 8(13)<= PT7(€);

486 |\ 2(14)<= PT(7);

487 1 8(15)<= C7(7);

488 ) end Gate Level;

Figure 59: Braun code 8
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C:/Users/rattb/Electronics2_multipliers/Electronics2_multipliers.srcs/sources_1/new/8x8 Wallace.vhd
Q x B B X [/ W ©
oI = [
2 | —-- Company:
3, - Enginesr:
!
4 -
5, ——
€. —
S
a8 -
5. —-
10 1 —-
11, --
12 1 —-
13 ' —- Dependencies:
14 |, -
15 | -- Revision:
le ! == Revision 0.01 - File Created
17 | -- Additiconal Comments:
18, —-
i
190 ———————————mm e
20 ,
21 .
22+ library IEEE;
23 | use IEEE.STD LOGIC 1164.2LL;
24 .
25|$J —— Uncemment the feollewing library declaraticn if using
26 | —— arithmstic functions with Signed or Unsignsd values
27 | —-uss IEEE.PILW_ERIC_STD.ALL;
28 !
29 |, —-- Uncomment the > wing library declaration if instantiating
30, - any Xilinx this cods.
31+ --library UNIS5
32 @ —-use UNISIM.VComponsnts.all;
33,
o
34 entity Wallace multiplier8bit is
35 , Port ( A : in STD LOGIC VECTOR(7 downto 0);
36 . B : in ST]]_I.C»SI-C_\J"E.CTORETIr downto 0);
37 ! 5 : out STD_LOGIC_VECTOR(IS downto 0));
28 ) end Wallace multiplierBbit;
39,
40 IEJ architecture Gate Level of Wallace multiplier8bit is
41 -- compeonuts
42 [EI —— Full Adder 1bit Ceomponsent Decalaraticon
43'51 component full adder vhdl code
44 | port ( B,B: in STD LOGIC;
45 Cin: in STD LOGIC;
46 ' Cout: out STD LOGIC;
47 S: out STD LOGIC);
45 [EI end componesnt;
i
49 !
50 |, —-- Half Adder 1bit Component Decalaration
518 component Half adder vhdl code
52 ' port ( A, B: in STD LOGIC;
53, Cout: out STD LOGIC;
54 S: out STD LOGIC);
. -
S5 end component;
56 ,
<

Figure 60: Wallace code 1
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57 Signal ABO,2ABl,AB2,AB3,AB4,ABS,AB6,AB7 :STD_LOGIC_VECTOR(7 downto 0);
S5 Signal CO,Cl,CZ,C3,C4,CS,CG:STD_LOGIC_YECTOR(7 downto 0);
S Signal PO,Pl,PZ,P3,P4,P5,P6:STD_LOGIC_VECTOR(7 downto 0);
60

61 begin

62 ABO(0) <= A(0) and B(0);

€63 ABO(1l) <= A(l) and B(0);

64 ABO(2) <= A(2) and B(0);

5 ABO(3) <= A(3) and B(0);

66 ABO(4) <= A(4) and B(0);

67 ABO(5) <= A(5) and B(0);

€8 ABO(€) <= A(€) and B(0);

€9 ABO(7) <= A(7) and B(0);

70 -—-bank?Z2

71 ABl1(0) <= A(0) and B(1l);

72 ABl1(1l) <= A(l) and B(1l);

73 ABl1(2) <= A(2) and B(l);

74 ABl1 (3) <= A(3) and B(l);

75 LBl (4) <= A(4) and B(1l);

76 AB1(S5) <= A(5) and B(1l);

77 ABl1(€) <= A(€) and B(1l);

78 AB1(7) <= &A(7) and B(1l);

79 ——-bank3

80 AB2(0) <= A(0) and B(2);

81 AB2 (1) <= a(l) and B(2);

83 AB2(3) <= A(3) and B(2);
84 AB2 (4) <= A(4) and B(2);
85 AB2(5) <= A(5) and B(2);
86 AB2 (€) <= A(€) and B(2);
87 AB2(7) <= A(7) and B(2);
88 ——-bank4

89 AB3(0) <= A(0) and B(3);
S0 AB3(1l) <= aA(l) and B(3);
91 AB3(2) <= A(2) and B(3);
952 AB3(3) <= A(3) and B(3);
93 LB3(4) <= A(4) and B(3);
94 AB3(5) <= A(5) and B(3);
95 AB3(€) <= A(€) and B(3);
96 AB3(7) <= A(7) and B(3);
97 ——-bank5

98 AB4(0) <= A(0) and B(4);
99 AB4(1l) <= a(l) and B(4);
100 AB4(2) <= A(2) and B(4);
101 AB4(3) <= A(3) and B(4);
102 LB4 (4) <= A(4) and B(4);
103 LB4 (5) <= A(5) and B(4);
104 AB4 (€) <= A(€) and B(4);
105 AB4(7) <= A(7) and B(4);
106 ——banké

107 AB5(0) <= A(0) and B(S);
108 ABS5(1l) <= A(l) and B(S);

82 E AB2(2) <= A(2) and B(2);

lex'ulavait (2z171/0)7 -7 TN
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159 ) FAL1 4: full adder vhdl code port map( A => AB3(2),
160 B => AB4 (1),
161 cin => AB5(0),

arn . s e mm AN

109 ' AB5(2) <= A(2) and B(5);

110 | AB5(3) <= A(3) and B(5);

111 . AB5(4) <= A(4) and B(5);

112 | aBS(5) <= A(5) and B(5);

112 | ABS5(6) <= A(6) and B(5);

114 | AB5(7) <= A(7) and B(5);

115 E ——-bank7

116 | AB6(0) <= A(0) and B(6);

117 . ABE(1l) <= A(l) and B(6);

118 ' ABE(2) <= A(2) and B(6);

119 | BB6(3) <= A(3) and B(6);

120 | ABE(4) <= A(4) and B(6);

121 E AB6(5) <= A(5) and B(6);

122 | BABE(6) <= A(6) and B(6);

123 | AB6(7) <= A(7) and B(6);

124 ' --bank8

125 | AB7(0) <= A(0) and B(7);

126 . AB7(1) <= A(1) and B(7);

127 | aB7(2) <= A(2) and B(7);

128 | AB7(3) <= A(3) and B(7);

129 . AB7(4) <= A(4) and B(7);

130 ' AB7(5) <= A(S) and B(7);

121 | AB7(6) <= A(6) and B(7);

132 . AB7(7) <= A(7) and B(7);

133

134 !

135 | --bankl

136 ‘?,.‘ Hal 1: half adder_vhdl code port map( A => ABO(1l),
137 ! B => AB1(0),
138 . cout => C0(0),
139{;'1 s => p0(0));
140 !

141 © FAl 1: full adder_ vhdl code port map( A => ABO(2),
142 B => AB1(1),
143 cin => AB2(0),
144 . cout => CO(1),
1450 s => PO(1));
146 !

147 @ FAl 2: full adder_vhdl code port map( A => AB1(2),
148 B => AB2(1),
149 cin => AB3(0),
150 E cout => C0(2),
1510 s => P0(2));
152 !

153 Q& FAl 3: full adder_ vhdl code port map( A => AB2(2),
154 B => AB3(1),
155 ! cin => AB4(0),
156 . cout => C0(3),
157 © s => P0(3));
158 !
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FAl 3: full adder vhdl code

[ ) ) |
[ T S )

wn
=] o
R ) [ ) SR R i, SR ] RSy iy, SR J | RPN iy Y Y (1 Y () S { | R YA (1) TN TSR ¢ [y RS ) Y

(4]

wn
o

wn
u

FAl 4: full adder vhdl code

(] [ T ) B )
[ S -
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ure 63: Wallace code 4

MAICA \JldvdlL \££1/71/79)

port

port

port

port

port

$ B B X // B Q0

B => AB2(1),
cin == AB3(0),
cout => C0(2),
s => PO(2));

map ( B => AB2(2),
B => AB3 (1),
cin => RAB4(0),
cout == Cc0(3),
s => BPO(3));

map ( A => RAB3(Z2),
B => AB4 (1),
cin == ABS(0),
cout => C0(4),
s =x p0O(4));

map( A == RAB4(2),
B => ABS(1),
cin == ABG(0),
cout == CO(5),
s == PO(3));

map( A => AB5(2),
B => ABG(1),
cin == ABT7(0),
cout => CO(&),
s => PO(6));

map ( B => RAB&(Z),
B => RAE7(1),
cout == CcO(7),
s == BPO(T));

HRZ: half adder vhdl code port map( & => C0O(0),

B => PO(1),
cout => 1(0),
s =» pl{0));

FRZ 1: full adder vhdl code port map( A => CO(1),

B => PO(2),
cin == ABO(3),
cout == C1l(1),
s == P1{1l));

FRZ2 2: full adder vhdl code port map( A => CO0(2),

B => B0O(3),
cin == AB1(3),
cout => C1l(2),
s => Pl(2));

2&&'? FRZ 3: full adder vhdl code port map( A => CO0(3),

B => PO(4),
cin => AB2(3),
cout == Cl(3),
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159

20&‘# FA2 3: full adder_vhdl code port map( A => CO0(3),
201 | B => PO (4),
202 cin => AB2(3),
203 cout => C1(3),
304\%I s => P1(3));
205

206‘? FA2 4: full adder_vhdl code port map( A => CO(4),
207 . B => PO(5),
208 cin => AB3(3),
209 cout => Cl1l(4),
2100 s => P1(4));
211

2120 FA2 5: full adder_vhdl code port map( A => CO(3),
213 . B => PO(6),
214 cin => AB4(3),
215 , cout => C1(5),
216\$| s => P1(5));
")l7 1

218\%|FA2_6: full adder_vhdl code port map( A => CO(€),

w

B => p0(7),
cin => AB5(3),
cout => Cl(€),
s => Pl(€));

ST SO T S I (V]
[SST SO T S I Y

[ SS T S

FA2 7: full adder_vhdl code port map( A => CO0(7),
B => AB6(3),
cin => AB7(2),
cout => C1(7),
s => P1(7));

[SS TN O T O6 T S T 6 ]
[ SS T O6 T O6 T oS T 6 ]
-~ o s W

—--bank3
HA3: half adder vhdl code port map( A => C1(0),
B => P1(1),
cout => C2(0),
p2(0));
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FA3 1: full adder_vhdl code port map( A => Cl(1),
B => P1(2),
cin => ABO(4),
cout => C2(1),
s => P2(1));
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FA3 2: full adder_vhdl code port map( A => Cl(2),
B => P1(3),
cin => ABl(4),
cout => C2(2),
s => P2(2));

[SSTN o6 TN o6 T oS T o ]

S I T ¥ B S VE T O B

FA3 3: full adder_vhdl code port map( A => Cl1l(3),
B => Pl(4),
cin => AB2(4),
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FA3 5:

FA3 6:

FA3 7:

—-—-bank4

HA4:

FR4 1:

FR4 2:

FR4 3:

FR4 4:

.

full adder_vhdl code port

full adder_vhdl code port

full adder_vhdl code port

full adder_vhdl code port

half adder vhdl code port map( &2 =

full adder_vhdl_ code port

full adder_ vhdl code port

full adder_vhdl_ code port

full adder_vhdl code port
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x B B X N/ W ¢

C:/Users/rattb/Electronics2_multipliers/Electronics2_multipliers.srcs/sour

Q

map( A => Cl(4
B => P1(5),
cin => AB3(
cout => C2(
s => P2(4))
map( A => C1(S
B => Pl(€),
cin => AB4(
cout => C2(
s => P2(5))
map( A => Cl(6
B => pl(7),
=> ABS5(
cout => C2(
=> P2(6))

cin
s

map( & => C1(7
B => AB6(4)
cin => AB7(
cout => C2(
s => P2(7))
c2(0),
P2(1),
=> C3(
p3(0))

map( A => C2(1
B => P2(2),
cin => ABO(
cout => C3(
s => P3(1))
map( A => C2(2
B => P2(3),
cin => ABI1(
cout => C3(
s => P3(2))
map( A => C2(3
B => P2(4),
cin => AB2(
cout => C3(
s => P3(3))
map( A => C2(4
B => P2(5),
cin => AB3(
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307 B => P2(6),
308 cin => AB4(5),
309 | cout => C3(5),
310 © s => P3(5));
311 !
3120 FA4 6: full adder vhdl code port map( A => C2(€),
313 B => p2(7),
314 | cin => ABE(5),
315 | cout => C3(6),
316 0 s => P3(6));
317 !
3180 FA4 7: full adder vhdl code port map( & => C2(7),
319 B => ABE(5),
320 cin => AB7(4),
321 . cout => C3(7),
220 s => p3(7));
323 ! --bank5
324 © HAS: half adder vhdl code port map( A => C3(0),
325 B => P3(1),
326 cout => C4(0),
3276 s => p4(0));
328
3290 FAS 1: full adder_ vhdl code port map( A => C3(1),
330 . B => P3(2),
331 cin => ABO(6),
332 | cout => C4(1),
3330 s => P4(1));
334
335 '?J FAS5 2: full adder_ vhdl code port map( A => C3(2),
336 | B => P3(3),
337 cin => aB1(6),
338 | cout => C4(2),
3390 s => P4(2));
340
341 ) FAS 3: full adder_vhdl_code port map( & => C3(3),
342 | B => P3(4),
343 cin => AB2(6),
344 cout => C4(3),
34509 s => P4(3));
346
347 ) FAS 4: full adder_ vhdl_code port map( & => C3(4),
348 , B => P3(5),
349 cin => AB3(6),
50 | cout => C4(4),
35189 s => pP4(4));
35’) [
353 '::J FAS 5: full adder vhdl code port map( A => C3(5),
354 | B => P3(€),
355 cin => AB4(6),
356 cout => C4(5),
3570 s => P4(5));
358
359 'é' FAS5 €: full adder vhdl code port map( A => C3(€),
Sen ! B —w ma2 T
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361 cin => AB5(6),
362 | cout => C4(6),
3630 s => P4(6));
364
3650 FAS 7: full adder_ vhdl code port map( A => C3(7),
366 | B => ABE(€),
367 cin => AB7(5),
368 | cout => C4(7),
3650 s => P4(7));
70 E —-—-bank6
371 ) HAE: half_adder_vhdl_code port map( A => C4(0),
372 | B => P4 (1),
373 cout => C5(0),
374 9 s => p5(0));
375 .
376 ::' FAE_1: full adder vhdl code port map( A => C4(1),
377 ! B => p4(2),
378 . cin => ABO(7),
375 E cout => C5(1),
3800 s => P5(1));
381
382 \?J FAE 2: full adder vhdl code port map( A => C4(2),
383 | B => P4(3),
384 , cin => aB1(7),
385 cout => C5(2),
386 s => P5(2));
387
388 \%J FAE_3: full adder_ vhdl code port map( A => C4(3),
389 ! B => p4(4),
390 . cin => AB2(4),
391 cout => c5(3),
3929 s => P5(3));
393 ,
394 él FAE_4: full adder_vhdl code port map( A => c4(4),
395 ! B => P4(5),
396 ., cin => aB3(7),
397 cout => C5(4),
398 @ s => P5(4));
399
400 \é.' FAE_5: full adder_ vhdl code port map( A => C4(35),
401 ! B => P4(6),
402 ., cin => AB4(7),
403 cout => C5(5),
404 s => P5(9));
405 .
406 \j:' FAE_6: full adder_vhdl code port map( A => C4(€),
407 ! B => P4(7),
408 . cin => AB5(7),
4095 E cout => C5(€),
4103 s => P5(€));
4115

69
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—-—-bank7

423 1) FA7 1: full adder_vhdl code

) FA7 2: full adder_vhdl code

- FAT7_3: full adder_vhdl code

=9
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o
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) FAT7 4: full adder_vhdl code

N
NS
w
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FA7 5: full adder_vhdl code
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wn
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- FAT7_€: full adder_vhdl code
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w
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FA7 7: full adder vhdl code
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port

port

port

port

port

port

port

s => P5(7))

~) HA7: half adder_ vhdl code port map( A => C5(0),

B => P5(1),
cout => c6(
s => p6(0))

map( A => C5(1
B => P5(2),
cin => c6(0
cout => cé6(
s => p6(1))

map( A => C5(2
B => P5(3),
cin => c6(1
cout => C6(
s => p6(2))

map( A => C5(3
B => P5(4),
cin => c6(2
cout => C6(
s => p6(3))

map( A => C5(4
B => P5(39),
cin => c6(3
cout => C6(
s => p6(4))

map( A => C5(S
B => P5(6),
cin => c6(4
cout => c6(
s => p6(5))

map( A => C5(6
B => P5(7),
cin => c6(5
cout => c6(
s => p6(6))

map( A => C5(7

70
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S(0) == ABO(0);
s(1) <=p0(0);
5(2) <=pl(0);
5(3) <=pz2(0);
5(4) <=p3(0);
S(3) ==p2(0);
5(6) <=p3(0);
S(7) <=pe(0);
5(8) ==pe(l);
3(9) <=p&(2);
S(10) ==p&(3);
S(11) <=pe&(4);
2(12) <=p&(5);
3(13) =<=pe&(e);
S(14) <=p&(7);
S(15) <=C&(7);

482 end Gate level;

<
Figure 69: Wallace code 10

Appendix 3

the section below changes slightly between Braun and Wallace implementation and synthesis with
brauns max delay on line 10 changing to 47.00

71
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54

Constraints8x8.xdc

# Set max delay for
set max delay -from

set min delay -from

set property
set property
set property
set property
set property
set property
set property
set property
set property
set property
set property
set property
set property
set property
set property
set property
set property
set property
set property
set property
set property
set property
set property
set property
set property
set property
set property
set property
set property
set property
set property
set property
set property
set property
set property
set property
set property
set property

the

PACEKAGE_PIN
PACKAGE_PIN
PACKAGE_PIN
PACEKAGE_PIN
PACKAGE_PIN
PACKAGE_PIN
PACEKAGE_PIN
PACKAGE_PIN
PACKAGE_PIN
PACEKAGE_PIN
PACKAGE_PIN
PACKAGE_PIN
PACEKAGE_PIN
PACKAGE_PIN
PACKAGE_PIN
PACEKAGE_PIN
PACKAGE_PIN
PACKAGE_PIN
PACKAGE_PIN
PACKAGE_PIN
PACKAGE_PIN
PACKAGE_PIN
PACKAGE_PIN
PACKAGE_PIN
PACKAGE_PIN
PACEKAGE_PIN
PACKAGE_PIN
PACKAGE_PIN
PACEKAGE_PIN
PACKAGE_PIN
PACKAGE_PIN
PACEKAGE_PIN
IOSTANDARD

IOSTANDARD

IOSTANDARD

IOSTANDARD

IOSTANDARD

IOSTANDARD
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crit

al
A3
n4
AS
a6
asg
a9
210
all
al3
al4
als
ale
als
Bl
B2
B3
B4
B6
B7
B8
BY
B11
Bl2
B13
Bl4
Blé
B17
Bl1l8

ical path (

[get_ports
[get ports
[get ports
[get_ports
[get ports
[get ports
[get_ports
[get_ports
[get ports
[get ports
[get_ports
[get ports
[get_ports
[get_ports
[get ports
[get ports
[get_ports
[get ports
[get ports
[get_ports
[get ports
[get ports
[get_ports
[get ports
[get ports
[get_ports
[get ports
[get ports
[get_ports

1 e
longest

{&[71}]
{afe]l}]
{A[3]1}]
{a[4]1}]
{a[3]1}]
{&[2]}]
{a[1]1}]
{a[0]1}]
{B[71}]
{B[€]}]
{B[S51}]
{B[4]}]
{B[31}]
{B[2]}]
{B[1]1}]
{B[O]}]
{s[13]}]
{S[14]1}]
{S[13]1}]
{s[12]}]
{s[11]}]
{S[10]1}]
{s[91}]
{s[8]}]
{S[71}]
{s[el}]
{s[51}]
{S[4]1}]
{s[31}]

Cl [get ports {S[2]}]
C2 [get ports {S[1]}]
c4 [get_ports {s[0]1}]

LVCMOS1S
LVCMOS1S
LVCMOS1S5
LVCMOS15
LVCMOS1S
LVCMOS15S

—ermmemmaA e P s

[get_p!
[get_p
[get_p!
[get_p!
[get_p
[get p

orts {S[€]}]
{s[311}]
{s[4]1}H]
{s[31H]
{s[21}]
{s[11H]

. fmrAaTy

orts
orts
orts
orts

orts

delay)

[get ports A*] -to [get ports S*] 26.000
[get_ports A*] -to [get ports S*] 0.000
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sSL propscoy
set property
set property
set property
set property
set property
set property
set property
set property
set property
set property
set property
set property
set property
set property
set property
set property
set property
set property
set property
set property
set property
set property
set property
set property

set property
set property

FRE NN
ICSTANDARD
ICSTANDARED
IOSTANDARD
ICSTANDARD
ICSTANDARD
ICSTANDARD
ICSTANDARED
ICSTANDARD
ICSTANDARD
ICSTANDARED
IOSTANDARD
ICSTANDARD
ICSTANDARD
ICSTANDARD
ICSTANDARED
ICSTANDARD
ICSTANDARD
ICSTANDARED
IOSTANDARD
ICSTANDARD
ICSTANDARD
ICSTANDARD
ICSTANDARED
ICSTANDARD

LV LD Lo
LVCMOS1S
LVCMOS1S
LVCMCOS153
LVCMOS1S
LVCMOS1S
LVCMOS1S
LVCMOS1S
LVCMOS1S
LVCMOS1S
LVCMOS1S
LVCMCOS153
LVCMOS1S
LVCMOS1S
LVCMOS1S
LVCMOS1S
LVCMOS1S
LVCMOS1S
LVCMOS1S
LVCMCOS153
LVCMOS1S
LVCMOS1S
LVCMOS1S
LVCMOS1S
LVCMOS1S

lUSL pPorLs
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports

ICARER Y
{2[8]}]
{3[5]}]
{s[10]}]
{s[12]1}]
{s[11]1}]
{8[13]}]
{5[14]}]
{8[1311}]
{&[7]}]
{n[E]}]
{&[3]}]
{n[4]}]
{n[3]}]
{B[2]}]
{a[1]}]
{n[0]}]
{B[7]}]
{B[E]}]
{B[3]1}]
{B[4]}]
{B[3]}]
{B[2]}]
{B[1]}]
{BIO]}]

CONFIG VOLTAGE 1.5 [aurrenp_design]
CEFGBEVS GND [current_design]

set operating conditions —design_powsr_budget 15.0

<
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Figure 71: constants code 2
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