Digital System Design with High-Level Synthesis in FPGA

Basic Output — Exercises Solution www.highlevel-synthesis.com

Exercise 1

1- Create a Vivado-HLS project with the name of
“basic_output_exercise_01-vhls”.

¢ New Vivado HLS Project m] *
Project Configuration &
Create Vivado HLS project of selected type @
Project name: | basic_output_exercise_01 —Vh\s| o |
Location: | Dilabs\HLSLDC curse e Browse...

< Back Einish Cancel

2- Choose “basic_output_exercise_01" as the top-function name.

¢ New Vivado HLS Project [m} X
Add/Remove Files <
Add/remove C-hased source files (design specification) %V
Top Function: baslc_uutput_exerclse_m‘ Q | Browse...
Design Files
Name CFLAGS CSIMFLAGS Add Files...
New File...
Edit CFLAGS...

Edit CSIMFLAGS...

Remove

< Back ey Cancel
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1- Choose the Basys-3 board as the target FPGA platform.

¢ New Vivado HLS Project m] X

Solution Configuration f—

Create Vivado HLS solution for selected technology I

Solution Name: ‘ solution ‘

Clack

Period: ‘ 10 | Uncertainty: ‘ |
Part Selection

Part: Basys3 {xc7a35tcpg236-1) o Ol

[ vitis Bottom Up Flow

< Back Finish Cancel

2- Create a new design file under the Source folder with the name of

“basic_output_exercise _01.cpp”.

3- Add the top-function as follows. As the function should return a 16-bit

value, it has used short int as its return data type.

1 | short int basic_output_exercise_01() {
2 | #pragma HLS INTERFACE ap_ctrl_none port=return
3 return 0b1111000011110000;
4 |}
File Edit éroject Solution ﬂir:dow _H_elp o o . (
=g B! EX o RCEGDB AR -M @8- TN
I-—[\:l Explorer &2 Q:)G‘ = O @ basic_output_exercise 01.cpp 2 ED Synthesis(solution‘l)(basic_outd
v = basic_output_exercise_01-vhls 1
[ Includes E
~ = Source i

2= khort int basic_output_exercise_01() { -

[ basic_output_exercise 01.cp #pragma HLS INTERFACE ap_ctrl_none port=return ¥

5
= Test Bench [ return 8b1111668611116668; 4
Y= solution1 7}
1
1
P
. ' i —- N o P S o 4
o W - e P
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4- Synthesise the code. The report should be as follows.

Sy. v rvae it fOr b Lo wutoud exercise .

General Information

Date:
Version:
Project:

Solution:

Wed 5ep 16 04:41:52 2020

2020.1 (Build 2897737 on Wed May 27 20:21:37 MDT 2020)

basic_outout_exercise_01-vhld

solutiond

Product family: artix7

Target device:

xc7a35t-

Performance Estimates

cpg236-1

= Timing
= Summary
Clock | Target | Estimated | Uncertainty
ap_clk | 10.00 ns Ons 1.25 ns
o Latency

I WY PO

Utilization Estimates

= Summary

MName

BRAM_18K | DSP43E

FF

LUT | URAM

Dsp

Expression

FIFO

Instance

Memory

Multiplexer

Register

Total

0

Available

41600

20800

Utilization (%)

0

0

.E‘Dem“ ’-..AAAJ}'___ J‘M‘ ’.....-ﬁ ._J

Interface o

= Summary
RTL Ports | Dir | Bits Protocol Source Object C Type
ap_return | out 16 | ap_ctrl_none | basic_outout_exercise 01 | return va

Export th ing the Ex =
portthe reportlptml) wsing the Exportiéoand
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5- Generate the RTL IP and be ready for creating the Vivado project.

B C e g (e ceiae b - Y
File Edit EIXJect Solution Window Help
A= ERANE EXe R UGB B e -F 8 - fer
[ Explorer 52 = B |[[¢ basic_outout_exercise_Dl.cpp =] Synthesi ion1)(basic_outout_exercise_(11_csynth.rpt)
. UTiZaton Lstimates
» 2% basic_outout_exercise_01-vhld .
B T |1 e TP W S

E Console &3 Q] Emrors| & Warnings| ‘S DRCs| 42 Terminal
Vivado HLS Console

seskas yivado v2020.1 (64-bit)
**** oW Build 2982548 on Wed May 27 19:54:49 MDT 2828
*#*%% TP Build 2982112 on Wed May 27 22:43:36 MDT 2820
** Copyright 1986-2828 Xilinx, Inc. All Rights Reserved.

source run_ippack.tcl -notrace

INFO: [IP_Flow 19-234] Refreshing IP repositories

INFO: [IP_Flow 19-1784] No user IP repositories specified

INFO: [IP_Flow 19-2313] Loaded Vivadoe IP repositery 'D:/Xilinx/Vivado/2028.1
INFO: [Common 17-286] Exiting Vivade at Wed Sep 16 @4:45:56 2028...

Finished export RTL. e
, PP o i -» - -~ ,
. WO

it anm it R

6- Create a Vivado project. Choose “basic_output _exercise_01-vivado” as
the name.

¢ New Project

Project Name

Enter a name for your project and specify a directory where the project data files will be stored

Project name. bas\c_oulwul_exermse_U1af|vado| o

Project location: D:flabs/HLSLDCourse

[+ Create project subdirectory

Project will be created at: D:labs/HLSLDCourse/basic_outout_exercise_01-vivado

)]
2/

Cancel

7- Choose the Basys3 board as the target FPGA.
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§ New Project 'Y
Default Part
Choose a default Xilinx part or board for your project. ‘
Parts | Boards
Reset All Filters Install/lUpdate Boards
Vendor: | All v Mame: | All ~ Board Rew:  Latest ~
Search: | Q- v
Display Name Preview Vendor File Version Part /0 Pin Count  Board Re
Basys3 ™
digilentinc.com 1.1 xc7a35tcpg236-1 236 c.o

WicroZed 7010 Board

em.avnet.com 12 xc7z010cig400-1 400 ]
MicroZed 7020 Board
em.avnet.com 12 xc7z020clg400-1 400 g
MiniZed
em.avnet.com 12 xc7z007sclg225-1 225 1.0
PicoZed 7010 SOM + FMC Carrier V2 [ hd
< ?
() F
S E

8- Create a block design.

#  basic_outout_exercise_01-vivado - [D:/labs/HLSLDCourse/basic_outout_exercise_01-vivado/basic_outout

File Edit Flow Tools Reports  Window  Layout View  Help Q- Quic
EA - b‘ I - T
Flow Navigator A8 PROJECT MANAGER - basic_outout_exercise_01-vivado
~ PROJECT MANAGER
Sources
£+ Settings
Q T & +

Add Sources
Design Sources

Language Templates » B Consiraints

<F IP Catalog ~ = Simulation Sources
sim_1
v IPINTEGRATOR > Lility Sources

Create Block Design o

Open Block Design

Generate Block Desian

~ SIMULATION

Hierarchy | Libraries  Compile Order
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9- Add the generated RTL-IP to the Vivado repository.

Diagram  x Address Editor

Right-click inside the Diagram e o .o

area and select IP Settings
+ addiP
zt‘i:nl‘v;:du\e. , [This designis empty. Press the = button to add IP.

[ Validate Desian
Create Hierarchy.
Create Gomment
Create Port
Create Interface Port

C Regenerate Layout

- Save as PDF File...

In the setting dialog, select P—
Repository under the IP option. ' v

Project Settings Specify various settings associated to IP.
General

Simulation Core Containers

Elaboration
Use Core Containers for IP
Synthesis
Implementation Simulation
Bitstream
v P | Use Precompiled IP simulation libraries

Regas\tﬂr[ o | Automatically generate simulation scripts for IP

Packager
Upgrade IP

Tool Settings
Project ) Generate log file
P Defaults Default IP Location
> XHub Stere
Location that IP added to the project will have output praducts =
Source File
IP location: | e <Local to Project=
Display
\
WebTalk IP Cache
Help
N Qut of Context per IP Synthesis needs to be used to take advant:
> Text Editor ;
rckParty Camhamsanpe nca

Click on the plus icon and
brows the Vivado-HLS project (- i .

selected repository. I an 1P is disabled then a taol-ip will alert you to the reason.

folder. The Vivado tool
+
searches the folder and add all iy an
generated IPs to its repositoty. e[S ] 1 0 944 DX L0

Display
WebTalk

Help

Text Editor
3raParty Simulators

Calors

Selection Rules

Cancel
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10-

middle of the diagram area.

11-

basic_outout exercis 0

Vivade™ HLS

’

ap_return[15:0]

basic_outout_exercis_0

Py

Basic_outout_exercise_01 (Pre-Produc

Block Pin Properties...
Highlight 3

Copy

Search...
Select All
AddIP...

Add Module...
Make ExlemaL\} Crrl+T
Pinning 13
IP Settings

Validate Design

Start Connection Mode

Make Connection.

Debug

Create Hierarchy.
Create Comment
Create Port...

Regenerate Layout

Save as PDF File...

Add the IP to the Diagram area by clicking on the plug icon in the

Basic_outout_exercise 01 (Pre-Production)

Select on the design port and make that external.
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12-

> Nets
~ 4 pasic_outout_exercis_0 (Basic_outout_exercise_01:1.C

& ap_retum

< >
External Port Properties ? 00X
@ led - &
Name: led
Diraction:  Qutput
From: 15 To: €
MNet ‘ T basic_outout_exercis_0_ap_return
< b

General  Properties

13-

.\\“'\-‘-._,“\A\

A

Change the port name to “led”.

basic_outout_exercis_0

’ I:' ] ap re‘urn[1su|H led[15:0]

Basic_outoul_exerdise_01 (Pre-Praduction)

Now create a constraint file

Right-click on the Constraints
folder in the Sources tab and
select the Add Sources
option.

2

BLG e JESGN - des.yor_ . *

~ = Design Sources (1)

> Utility Source C

s Dgtau]idirectoy;, ATl 5 DCouUrs efasicemutohe

Sources » Design Signals | Board ? _0O0Q Dia/,,
¥
a| =z ||+ o QF

design_1 (design_1.bd)

Constraints 4
consirs_ i o«
Constraint Set Properties...
~ [ Simulation € 4
Hierarchy Update |

> sim_1 (]
Refresh Hierarchy

IP Hierarchy 3

T W

Edit Constraints Sets...

Hierarchy P 3 4
Edit Simulation Sets... {'
Constraint Set Pr¢ +  Add SourCT%.. Alt+A
constrs_1 Report IP Status 4
S—

{
-t

Make sure that the “Add or
create constraints” option is
selected.

4 Add Sources

VIVADO!

HLY Editions

£ XILINX

Add Sources

This guides you through the process of adding and creating sources for your project

(®) Add or create constraints o

() Add or create design sources

") Add or create simulation sources

Cancel

Next»
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Click on the Create File button | |

Add or Create Constraints
a n d Se | eCt Specify or create constraint files for physical and timing constraint to add to your project. '
o“ H H n
basic_output_exercise_01
Specify constraint set: constrs_1 (aftive
4 Creste Constraints File X
as the name. | [+

Creale a new constraints file and add it to
| your project

Eile type: I xoc ~

Filename:  [basic_outout_exercise_01| 2

Filg location: & <Local to Project= v
®
Add Files Create File o

@

14- Add these constraints inside the created file

# LEDs
set_property PACKAGE_PIN U16 [get_ports {led[0]}]

set_property IOSTANDARD LVCMOS33 [get_ports {led[0]}]
set_property PACKAGE_PIN E19 [get_ports {led[1]}]

set_property IOSTANDARD LVCMOS33 [get_ports {led[1]}]
set_property PACKAGE_PIN U19 [get_ports {led[2]}]

set_property IOSTANDARD LVCMOS33 [get_ports {led[2]}]
set_property PACKAGE_PIN V19 [get_ports {led[3]}]

set_property IOSTANDARD LVCMOS33 [get_ports {led[3]}]
set_property PACKAGE_PIN W18 [get_ports {led[4]}]

set_property IOSTANDARD LVCMOS33 [get_ports {led[4]}]
set_property PACKAGE_PIN U15 [get_ports {led[5]}]

set_property IOSTANDARD LVCMOS33 [get_ports {led[5]}]
set_property PACKAGE_PIN U14 [get_ports {led[6]}]

set_property IOSTANDARD LVCMOS33 [get_ports {led[6]}]
set_property PACKAGE_PIN V14 [get_ports {led[7]}]

set_property IOSTANDARD LVCMOS33 [get_ports {led[7]}]
set_property PACKAGE_PIN V13 [get_ports {led[8]}]

set_property IOSTANDARD LVCMOS33 [get_ports {led[8]}]
set_property PACKAGE_PIN V3 [get_ports {led[9]}]

set_property IOSTANDARD LVCMOS33 [get_ports {led[9]}]
set_property PACKAGE_PIN W3 [get_ports {led[10]}]

set_property IOSTANDARD LVCMOS33 [get_ports {led[10]}]
set_property PACKAGE_PIN U3 [get_ports {led[11]}]

set_property IOSTANDARD LVCMOS33 [get_ports {led[11]}]
set_property PACKAGE_PIN P3 [get_ports {led[12]}]

set_property IOSTANDARD LVCMOS33 [get_ports {led[12]}]
set_property PACKAGE_PIN N3 [get_ports {led[13]}]

set_property IOSTANDARD LVCMOS33 [get_ports {led[13]}]
set_property PACKAGE_PIN P1 [get_ports {led[14]}]

set_property IOSTANDARD LVCMOS33 [get_ports {led[14]}]
set_property PACKAGE_PIN L1 [get_ports {led[15]}]

set_property IOSTANDARD LVCMOS33 [get_ports {led[15]}]
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15-

Right-click on the design_1 under the Design Source folder in the

Sources tab and select “Generate Output Products”

oLOCK DESILN - weagn_1*

E
L.

Sources x Design Signals Board ? -0
Q = ¢ +
v Design Sources (1) 4
[ desigr————=
y Constraints Source MNode Properties...
v constrs, = OpenFile
I basi Create HDL Wrapper...
v [ Simulation € View Instantiation Template
i’ sim_1 (1 Generate Output Products...

> Utility Source
Reset Qutput Products...

IHierarcIly IP3

Source File Prope ¢ RemoveFiIefromF')piad .
R Y P ¥ ~

16-

[
&

Diagram 4

a o

¥

O
’i
{
y

Lielete |

Right-click on the design_1 under the Design Source folder in the

er”

Sources tab and select “Create HDL Wrapp
brocK DE. design,
Sources x Design | Signals | Board ? 00
Q0 &+ Updating O 4%

Design Sources (1)
@ design_1
L= Source Node Properties...
Constraints (1)

I .
\ v coa 11
I o Simul Sou

> sim_1 (1)

= OpenFile

Create HDL%\frapper

View Instantfation Template
Generate Output Products...
» Utility Sources

Reset Qutput Products...

Source File Propertie )( Remaove File from Project...

e

Sesinhd o e

G,

Diagram

a a

-

B, oy t W
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17-

Now generate the bitstream and program the FPGA

Click on the Generate Bitstream

Lpe dbeicee sign - E
|+] Enabled
v SYMTHESIS Location: D:flabsa’HLS)'
P Run Synthesis Type: ElﬂCkDESfL
> Open Synthesized Design Part: ¥cTa35tcpg23.
K]
[ —
~ IMPLEMEMTATION General Properties .
P Run Implementation ’
> OpenImplemented Design TclConsole  x P-'lf-JSSGUES/
&
a =z = 11 B
v PROGRAM AND DEBUG ' generate_target: Time
fi Generats Bijstream catch { config_ip_cache
:§ E export_ip user_files k.
» Open Hardware Manager | create_ip_run [get_file
I U . laynch_:uns desigp 1 b
¢ o ;1 . m,1s_nsr~)-
H o
Then click on the “Open
”
Hardware Manager
H o ” |
Click on the “Open target” link s e it e e
File Edit Flow Tools Repors Window Layout View Help O QuickAccess
-
and select the Auto-Connect 5 >, b8z ,
PROJECT MANAGER © No hardware targetis open. Open target o
s {
ettings & Auto Connect
Hardware loul,exerc\s‘e
Add Sources
I

Language Templates

LSLDCuur};{

Finally click on the “Program
device” link to program the
FPGA.

Open New Targst
4F IP Catalog P 9 — - 3
set_propé.
set_property’
IP INTEGRATOR T e el
Create Block Design | set_property /
No content e
Open Block Design st property E
set_prop
Generate Block Design |
set_prope:
't t
 SIMULATION pet: propertyf
set_pro,
Run Simulation set_property 1
set_prop
o s oS cafilePronesios . g 4 2 et i st prinegly
YRR * —ashboard v

HARDWARE MANAGER - 10C3mostmling toiDigilsntz101834B4 3684

3 Thers ars no debug cores. Prura: e Rofesh dorce

Hardware ?

Q = < &
name Status.

~ W localhost Connscted

B dine IDigient2 1018244358, Open

~ @ x7a3AI(M ot programit
XADC (system |
< >
Hardware Device Properties oo
@ xTadst 0 &
Hame 478350
Part a3t
10 coe: 03620083
R lengin 6
Stglus. Jiiarpses®

basic_outout_exercise_01xdc
DUMABSHLSLDGOLISEMasIC_DUDU_EIEItSe_11ha00/asic_outaul_exeicise_DT4NG0D SIcaiconsiis_1newmasic_d

Q - X B 0 X N E Q
et _property TOSTANDAED IVCMOSSS [oet_ports [1ed[0]]] i

set_property PACKAGE_PIN 219 [get ports (led[1])]
set._property [OSTANDAAD LVCMOS33 [get ports {1ed[1]}]

* sst_property SACKRGE_PIN T1S [get_ports [1=d[2]]]
‘set_property LOSTANDAAD LVCMOS33 [get_ports (led[2]})
set_property EACKRGE_EIN V1S [get ports [1ed[3])]

4 Progiam Device

X

e p— et W

: &l Selecta tieseam programming

select dabug probes file thal cormesponds to the debug cores contained in the bilstisam
ad programming e

-

Bisegmite.  [pme_osou_eroms Dt rsip_esign et

Debug probes fle.

) Enatie end of startup chek

€
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18- Now examine the board and check the ON and OFF patten on the
LEDs.

o O W (5

=} m%ixg:[
L= et

oS PR

L6 ——1t05
‘wz) ae u:n im:n g(u;; .wxs: .wm .wm i(um

D4
ituw B
. .

4‘ 3 = .
: _QC‘
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Exercise 2
Follow the steps of exercise 1 as follows

1- Create a new Vivado-HLS project with the name of
“basic_output_exercise_02-vhls”.

2- Choose “basic_output_exercise_02” as the top-function name

3- As all C/C++ data types are limited to 8-bit boundaries except the bool
C++ data type, we use this data type to define five separate bits to drive
five LEDs.

void basic_output_exercise_02(
bool &led 0,
bool &led 1,
bool &led_2,
bool &led_3,
bool &led_4,) {

#pragma HLS INTERFACE ap_ctrl_none port=return
#pragma HLS INTERFACE ap_none port=led_0
#pragma HLS INTERFACE ap_none port=led_1
#pragma HLS INTERFACE ap_none port=led_2
#pragma HLS INTERFACE ap_none port=led_3
#pragma HLS INTERFACE ap_none port=led_4

led 0
led 1
led 2
led 3
led 4

1}
“e

.« e

mn mn u
OR ®RFR PR
. .

e

}

4- The synthesis report shows eight one-bit output ports.

Interface

- Summary
RTL Ports | Dir | Bits | Protocol | Source Object | CType
led_O out 1 | ap_none led_0 | pointer
led_1 out 1 | ap_none led_1 | pointer
led 2 out 1 | ap_nocne led_2 | peinter
led_3 out 1 | ap_none led_3 | pointer
led_4 out 1 | ap_none led_4 | pointer
Export theseport(html) ypiteg the E - Wizaed )

5- Generate the RTLIP.
6- Create a new Vivado project with the name of
“basic_output_exercise_02-vivado”.
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7- Add the generated IP to the Vivado repository. Also, add the IP into the
Diagram area and make all its ports external and change their names as
shown in the following figure.

basic_output_exercis_0

led 0 m— > led 0
Viade™ HIS | led 1 p=—] > led_1
led 2 m— > led_2
‘ led 3 m— > led 3
led 4 =T > led_4

B asic_uutp.ﬁt_cxcrcis e 02 (P rc-bruductiur‘.)

-

8- Create a new constraint file and add these physical constraints

# LEDs

set_property PACKAGE_PIN U16 [get_ports {led_0}]
set_property IOSTANDARD LVCMOS33 [get_ports {led_0}]

set_property PACKAGE_PIN E19 [get_ports {led_1}]
set_property IOSTANDARD LVCMOS33 [get_ports {led _1}]

set_property PACKAGE_PIN U19 [get_ports {led _2}]
set_property IOSTANDARD LVCMOS33 [get_ports {led_2}]

set_property PACKAGE_PIN V19 [get_ports {led_3}]
set_property IOSTANDARD LVCMOS33 [get_ports {led_3}]

set_property PACKAGE_PIN W18 [get_ports {led_4}]
set_property IOSTANDARD LVCMOS33 [get_ports {led_4}]

9- Generate the output product, then Create the HDL Wrapper. After that,
generate the bitstream and finally program the FPGA and check the
LEDs.
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e
W~

oF g B E
. Reald g-n-n

CLK!OIMH:

LD8 Loz

3) ﬂ(u:n fu» fausn i(um imm ‘(um ous .(ms; .(nso ’(uu)

SUS ~ SWB ~ SW7Z ~ SUE SU5 ~ SH4 SW3 T
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Exercise 3
Follow the steps explained in the first exercise.

1- Choose basic_output_exercise_03-vhls as the Vivado-HLS project name.
2- Choose led controller as the top-function name.
3- The top-function would be as follows.

1 | char led_controller(char &lower_leds) {
#pragma HLS INTERFACE ap_ctrl_none port=return

N

3 | #pragma HLS INTERFACE ap_none port=lower_leds
lower_leds = 0b10110110;
4 return 0b01011;

4- The HLS report shows two output ports for the design.

egIstel
Interface o
=] Summary ]
RTL Perts | Dir | Bits Protocol Source Object C Type
lower_leds | out a ap_none lower_leds pointer F
'_.-"
ap_return out 8 | ap_ctrl_none | led_controller | return value ¥
Exporighafeport(html) ygsina the Export Wizag / PR

5- Choose “basic_output_exercise_03-vivado” as the Vivado project name.
6- Note that the name of the IP is led_controller.
7- Change the port names as the following figure
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o led controller 0
Vivada™ HLS
lower leds[7:0] lower leds[7:0] 1
' ap_return[7:0] upper_leds[7:0]

Led controller (Pre-Production)

S s A, e ot .

8- The physical constraints are as follows.
Please look at the port names and the indices of the upper_leds in the
constraints.

# LEDs
set_property PACKAGE_PIN U16 [get_ports {lower_leds[0]}]

set_property IOSTANDARD LVCMOS33 [get_ports {lower_leds[0]}]
set_property PACKAGE_PIN E19 [get_ports {lower_leds[1]}]

set_property IOSTANDARD LVCMOS33 [get_ports {lower_leds[1]}]
set_property PACKAGE_PIN U19 [get_ports {lower_leds[2]}]

set_property IOSTANDARD LVCMOS33 [get_ports {lower_leds[2]}]
set_property PACKAGE_PIN V19 [get_ports {lower_leds[3]}]

set_property IOSTANDARD LVCMOS33 [get_ports {lower_leds[3]}]
set_property PACKAGE_PIN W18 [get_ports {lower_leds[4]}]

set_property IOSTANDARD LVCMOS33 [get_ports {lower_leds[4]}]
set_property PACKAGE_PIN U15 [get_ports {lower_leds[5]}]

set_property IOSTANDARD LVCMOS33 [get_ports {lower_leds[5]}]
set_property PACKAGE_PIN U14 [get_ports {lower_leds[6]}]

set_property IOSTANDARD LVCMOS33 [get_ports {lower_leds[6]}]
set_property PACKAGE_PIN V14 [get_ports {lower_leds[7]}]

set_property IOSTANDARD LVCMOS33 [get_ports {lower_leds[7]}]
set_property PACKAGE_PIN V13 [get_ports {upper_leds[0]}]

set_property IOSTANDARD LVCMOS33 [get_ports {upper_leds[0]}]
set_property PACKAGE_PIN V3 [get_ports {upper_leds[1]}]

set_property IOSTANDARD LVCMOS33 [get_ports {upper_leds[1]}]
set_property PACKAGE_PIN W3 [get_ports {upper_leds[2]}]

set_property IOSTANDARD LVCMOS33 [get_ports {upper_leds[2]}]
set_property PACKAGE_PIN U3 [get_ports {upper_leds[3]}]

set_property IOSTANDARD LVCMOS33 [get_ports {upper_leds[3]}]
set_property PACKAGE_PIN P3 [get_ports {upper_leds[4]}]

set_property IOSTANDARD LVCMOS33 [get_ports {upper_leds[4]}]
set_property PACKAGE_PIN N3 [get_ports {upper_leds[5]}]

set_property IOSTANDARD LVCMOS33 [get_ports {upper_leds[5]}]
set_property PACKAGE_PIN P1 [get_ports {upper_leds[6]}]

set_property IOSTANDARD LVCMOS33 [get_ports {upper_leds[6]}]
set_property PACKAGE_PIN L1 [get_ports {upper_leds[7]}]

set_property IOSTANDARD LVCMOS33 [get_ports {upper_leds[7]}]
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9- Generate the bitstream and program the board.
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