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Install Xilinx Vivado

If you are at the laboratory at Ta Quang Buu library building, the software is available.

Just run the command below

‘$ /opt/Xilinx/Vivado/2017.1/bin/vivado

Otherwise, you could download and install Vivado:

1. Create an free account at www.xilinx.com
2. Open URL: https://www.xilinx.com/support/download.html

File Edit View History Bookmarks Tools Help

— O
i: Downloads ® L+
€ ©a hips ilinccom/support/download.htm E1 ¢ Search w8 i A
APPLICATIONS PRODUCTS DEVELOPER ZONE SUPPORT ABOUT
Version
Vivado Design Suite - HLx Editions -
2016.4

Vivado Design Suite HLx

Important Information Editions (All Editions)

Archive

Vivado Web Installer Full Product Installatior

Use Vivado Web Installer to Download Only Apr 19, 2017

(Install Separately) or Download & Install 2017.x - Vivado Known =g
ssues

Download Only (Install Separately): Web Installer -

supports the feature to download full image 2017.1 - Release Notes @)

containing all devices and tool options without T Iy .
License 50 on Centel
running installation. Use this option to install full



http://www.xilinx.com/
https://www.xilinx.com/support/download.html

3. Scroll down to the middle and click suitable installation package link, for Windows or for Linux
(all CentOS, Ubuntu... are okay)
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4. Install Vivado. It may take a few hours.
Remember that: you should choice WebPack version. It’s free licensing.

Download Resources

Download slides and Verilog files

1. Open URL: http://dce.hust.edu.vn
2. At the left menu, click Cac hoc phan
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3. Open the post IT3282E — Computer Architecture: Content and References

dce.hust.edu.vn/it3282e-computer-architecture-content-and-references/
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4. Download slides and verilog files
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Create Project and add Verilog sources

Create Project
1. Run Vivado
Linux:

|$ /opt/Xilinx/Vivado/2017.1/bin/vivado
Windows: click vivado icon.

¢ Vivado 2017.1 — a X

File  Flow Tools Window Help Q- Quick Access

VIVADO! £ XILINX

HLx Editions ALL PROGRAMMABLE.

: Recent Projects
Quick Start )
CAExamples
Create Project > C:/Usersftienndv10/Desktop/CAExamples

Open Example Project >

Manage IP >
Hardware Manager >

Xilinx Tcl Store >

Learning Center

Documentation and Tutorials »

Tcl Console

2. Click Create New Project.

Quick Start

Create Project >

Open Project >

Open Example Project >




3. Click Next.

¢ Mew Project X

Create a New Vivado Project

VIVADO‘ This wizard will guide you through the creation of a new project.

HLx Editions

To create a Vivado project you will need to provide a name and a location for your project files. Next, you
will specify the type of flow you'll be working with. Finally, you will specify your project sources and

& XILINX choose a default part.
.

ALL PROGRAMMARLE-

Cancel

4. Name the project, for example CAExamples. Click Next.

¢ New Project X

Project Name

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

Project name: CAExamples |

Project ocation: | C/Usersftienndv10/Desktop B

+'| Create project subdirectory

Project will be created at: C:lUsersfienndv10/Deskiop/CAExamples

If';—\l
\2) Mext = Cancel

5. At New Project dialog, make sure that RTL Project is selected, and don’t choice Do not specify
sources at this time. Click Next.

¢ MewProject X

Project Type
Specify the type of projectto create. ‘

+ RTL Project
You will be able to add sources, create block designs in IP Integrator, generate IP, run RTL analysis, synthesis,
implementation, design planning and analysis.

Do not specify sources atthis time

Post-synthesis Project: You will be able to add sources, view device resources, run design analysis, planning and
implementation.

10 Planning Project
Do not specify design sources. You will be able to view part/package resources.

Imported Project
Create a Vivado project from a Synplify, XST or ISE Project File.

Example Project
Create a new Vivado project from a predefined template

P

Cancel




6. Target language should be Verilog. Click Next.

# New Project

Add Sources

Specify HODL, netlist, Block Design, and IP files, or directories containing those files, to add to your project. Create a new source ‘

file on disk and add it to your project. You can also add and create sources later.

+

F

Use Add Files, Add Directories or Create File butions below

Add Files ‘ ‘ Add Directories ‘ ‘ Create File

Scan and add RTL include files into project

P

py sources into project

ources from subdirectories

Target language: | Verilog ~ Simulator language: | Mixed ~

@
7. Click Next.
¢ New Project d
Add Constraints (optional)
Specify or create constraint files for physical and timing constraints. ‘
+,
Use Add Files or Create File buttons below
Add Files ‘ | Create File
Copy constraints files into project
@




8. Choice a certain FPGA, for example xa7al5tcpg236-2I. Click Next

¢ New Project X

Default Part
Choose a default Xilinx part or board for your project. This can be changed later. ‘

Select: | {8 Parts | B Boards

~ Filter
Product category: | All R Speed grade: | All -
Family: All - Temp grade: | All w
Package: All '
Reset All Filters
Search: | Q -
2 Pin  Available LUT } Block  Ultra Gb GTPE2
L Count  10Bs Elements FIrhEE RAMs RAMs pas Transceivers  Transceiv
| {8 xa7a15tcpg236-2| 236 106 10400 20800 25 0 45 2 2 -
{8 xaTa15tcpg236-11 236 106 10400 20800 25 0 45 2 2
{8 xa7a15tcpg236-1Q 236 106 10400 20800 25 0 45 2 2
{8 xaTa15tcsg324-2| 324 210 10400 20800 25 0 45 0 0 »
< Hd

|'r';\| > Finich

9. Click Finish.

¢ Mew Project *

New Project Summary

VIVADO/

HLx Editions o Anew RTL project named "CAExamples’ will be created.
Mo source files or directories will be added. Use Add Sources to add them later.
Mo constraints files will be added. Use Add Sources to add them later.

o The default part and product family for the new project:
Default Part: xa7a15tcpg236-21
Product: Artix-7
Family: XA Artix-7
Package: cpg236
Speed Grade: -2

& XILINX

ALL PROGRAMMARLE. To create the project, click Finish

Cancel




Add Verilog sources
1. Inthe Navigator windows, click Add Sources.

¢ CAExamples - [C:/Users/tienndv10/Desktop/CAExamples/CAExamples.xpr] - Vivado 20171

File  Edit Flow Tools Window  Layout VWiew  Help Q~ Quick Access

=, - 2 >
Flow Navigator to e A PROJECT MANAGER - CAExamples
» PROJECT MANAGER =
Sources ? 00 X
£} settings
Q = £ + : o
Add Sources
Design Sources -
Language Templates .
b Constraints
¥ IP Catalog ~ Simulation Sources
........... L= T o
v |P INTEGRATOR Hierarchy | Libraries  Compile Order

2. Select Add or create design sources. Click Next.

¢ Add Sources x

Add Sources

4
V|VADO This guides you through the process of adding and creating sources for your project
HLx Editions

Add or create constraints
* Add or create design sources

Add or create simulation sources

& XILINX

ALL PROGRAMMARLE.

@
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3. Click Add Files.

4 Add Sources X

Add or Create Design Sources

Specify HDL, netlist, Block Design, and IP files, or directories containing those file types to add to your project. ‘
Create a new source file on disk and add it to your project.

e e

Fl

Use Add Files, Add Directories or Create File buttons below

Add Files || Add Directories | | Create File




4. Select all module files you has downloaded, except testbench files (tb....v). Click OK.

¢ Add Source Files

File name: “booth16fy" "k "mult3.w” "multdbwy” rippley”

Lookin: |  CAExamples.src v 2 OHE RS IS s
2 booth16fy Recent Directories
@ L= C:Userstienndv10/Desktop/CAExamples hd
w8 mult3v
& multdbw.v File Preview
@ ripplev /¢ behavioral model for a Booth-encoded 8x8 signed mult™
@- thiks v /¢ 16-bit output =» interpreted as a 1é6-bit signed numk
@Ttﬁv module boothléf(x, v, plr
@m‘?ks-"" input [7:0] x, ¥r
@'1!}3.'@ oputput [15:0] p:
8 thsv

reg [g:0] &, b, c, d:
@“}?'v reg ud, ul, u2, ui;
@mgm.u wire [15:0] ppl, ppl, pp2, PR3, ER4:
2 tb1Bw

/4 perform the booth encoding w~
@@ tbev B -

Files of type: Design Source Files {vhd, vhdl, vhf, vhdp, vho, v, of, verilag, vr, vg, vb, if, vlog, vp, vm, veao, sva, vh, h,

5. Click Finish. The project as below

Flow Navigator c e B PROJECT MANAGER - CAExamples
v PROJECT MANAGER a
Sources ?
£ Settings
a = = + 10

Add Sources
> Design Sources (5)
Language Templates i . .
W& koogge_stone (ks ) (17)

¥ IP Catalog @ multdbw (multdbw.v) (15)

v v v w

@ mult3 (mult3.v) (6)
@ RCA (ripplev) (4)
@ booth16f (booth16f)

> Constraints

v IP INTEGRATOR

Create Block Design

Open Block Design
~ Simulation Sources (5)

Generate Block Design » sim_1(5)

~ SIMULATION

—0Ooo X

?
Project Summary 00X
Settings  Edit
Project name: CAExamples
Projectlocation: C:lUsersftienndv10/Desktop/
Product family: Arti-7

Project part:
Top module name:

Target language:

Simulator language:

Synthesis

¥a7a15tcpg236-21
kogge_stone
Verilog

Mixed




In the Navigator windows, click Add Sources again.

¢ CAExamples - [C:/Users/tienndv10/Desktop,/CAExamples/CAExamples.xpr] - Vivado 2017.1

File  Edit Flow Tools  Window  Layout View  Help Q- Quick Access

-3 I - T
Flow Navigator = A PROJECT MANAGER - CAExamples
~ PROJECT MANAGER
Sources ? 00 X
£} Settings
Q x = + : o
Add Sources
Design Sources -
Language Templates
> Constraints
T IP Catalog ~ [ Simulation Sources
___________ el e
v |PINTEGRATOR Hierarchy = Libraries Compile Order

Select Add or create simulation sources. Click Next.

¢ Add Sources *

Add Sources

[
V|VADO This guides you through the process of adding and creating sources for your project
HLx Editions

Add or create constraints

Add or create design sources

C XILINX * Add or create simulation sources

ALL PROGRAMMARLE.

©
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Cancel

Click Add Files.

¢ AddSources =

Add or Create Simulation Sources

Specify simulation specific HDL files, or directories containing HOL files, to add to your project. Create a new source file on disk and add it ‘
to your project.

Specify simulation set: | & sim_1 ~

Use Add Files, Add Directories or Create File buttons below

Add Files | | Add Directories | | Create File

I
n




9. Select all testbench files you has downloaded. Click OK.

¢ Add Source Files

Look in:

4 CAExamples.src -

P =g

8 booth16fy
W8 ksv

& multav
@@ multdbw.y
® ripplew
w8 thiksw
2 thlv

3 th2ks
2 th3.w

3 th&.y

8 thi.w

8 th9bw.y
3 th16v

Recent Directories

CiUsersftienndvi0/Deskiop/CAEXamples/iCAExamples.src

File Preview

fpodute thiks:

reg [7:0] a, b;
reg cO;
wire [T7:0]
wire c8;
reg  [8:0]

/ 1nsta

kogge_stone ksl

/ simulation of 50 random addition cperations
initial repeat (50) begin
a = srandom; b = srandom; cl = srandom;
check = a + b + c0;

P

File name:

"to1ks v 01w th2ks v b3V DSV D7V thabwy b 16,7 "the "

Files of type: Design Source Files (vhd, vhdl, vhi, vhdp, vho, v, vf, verilog, vr, va, vb, 1f, vlog, vp, vm, veo, svo, vh, h, sv

x5 [El:=

! met pew Aperand waln S . R —"
/ get nev operand values and compute a check wali

X

10. Click Finish. The project as below

~w PROJECT MANAGER
£ Settings
Add Sources
Language Templates

1F P Catalog

v P INTEGRATOR
Create Block Design
Open Block Design

Generate Block Design

¥ SIMULATION

Run Simulation

v RTL ANALYSIS

» Open Elaborated Design

Sources ? 00 X Project Summary
aQ X = <+ 5 Updating U £F
Settings  Edit

- Design Sources (5)

& kogge_stone (ks.v) (17) Project name:
multdbw (multdbw.v) (15) Project location:
mult3 (mult3.v) (6)

@ RCA (ripplev) (4)

@ booth16f (booth167y)

®e6

Product family:

v W w

Project part:

Top module name:

00 X
CAExamples
C:lJsersfienndv10/Desktopl
Artix-7

xaTa15tcpg236-21

kogge_stone

> Constraints Target language: Verilog
v [= Simulation Sources (9) Simulator language: Mixed
~ [ osim_1(9)
> @ thl (tb1v) (1)
> @ tb16 (tb16.:) (1) Synthesis
> @ thiks (tb1ks.v) (1)
“ s s ’ Status: Mot started
> @ th2ks (tb2ks.v) (1)
i Messages: Mo errors or warnings
> @ b3 (th3v) (1 -
---------------------------------- Part: ¥a7al5tcpg236-21
Hierarchy = Libraries Compile Order . .
Strateav: Vivado Svnthesis Defaults



View source, RTL, and Simulation

View source
Click filename at Sources windows, and view the source at the right editor

In the sample image below, the module’s name is mult3. mult3 includes 3 submodules halft_adder with
name hal, ha2, ha3; and 3 submodules full_adder with name fal, fa2, fa3.

-

»

B

Hierarchy

Crnrea Ciln Dranarfine - More W

PROJECT MANAGER - CAExamples

Design Sources (5)
#24du kogge_stone (ks.v) (17)

@ multdbw (mult4b

@ RCArippl )
@ booth16f (booth167v) -

Constraints

Project Summary

Sources ? 00 X
Q = £ + 10 L] Q

Simulation Sources (9) 18

sim_1(9)
> @da th (th1v) (1)

Libraries

Compile Order

RTL Analysis

RTL means Register Transistor Level. With RTL, you can see the logic diagram of your design.

1.

Because the design has so many modules,
and because we could test just a part of
design, so must choice the top module.

Right click the selected module, and click
Set as Top.

After that, the module must be bold
~ Design Sources (5)
¥8Jda multd (mult3v) (6)

@ kogoe_stone (ks.

>
»
> @ multdbw (multd
r

@ RCA (rippl )
@ booth16f (booth16fv)

SR ST R R

X

o

X | ks * | mult3.y b4

module half adder(a, b, s, cout);

input a, br
output 3, cout;

a3sign 3 = a~b;
a33ign cout = asb;

endmodule

: module full adder({a, b, cin, 3, cout):

input
cutput s, cout:

a, b, cin;

assign 3 = a“b~cin;
a33ign cout = (asb) | (bscin) | (ascin);

endmodule

module mult3{x, ¥, p):

m
1
|
h

» @4 kogge_stont Source Node Properties. ..

» & multdbw (my
| HV'.-T} Open File
~ @ mult3 (mult3.v)

@ ha1: half_| Replace File...

@@ ha2:half_| Copy File Into Project

@ fal:full_al Copy All Files Into Project
@ fa2:full_al % Remove File from Project.
@ ha3l:half_

@ fa3:full_al

) Disable File
> @ RCA (ripplev)

@@ pooth16f (boot
Constraints

Move to Simulation Sources

Simulation Source: Hierarchy Update

v = sim_1(9) C'  Refresh Hierarchy

> B (th. )
@ W1 101y IP Hierarchy

o5 [ SetasTop

Set Global Include

rarchy = Libraries




2. Inthe Navigation window, click Open Elaborated Design.
Click New Elaborated Design or Reload Design.
* B th3 (tb3.
w RTL AMALYSIS
» @B ths (th5.
~ (pen Elaborated Design
] Mew Elaborated Design...
Report Methodology - . I
Report DRC r
Schematic . . =
H M Open RTLin Mew Window
[ WEITT W
3. Waitin a few seconds.. and view the Schematic
Project Summary X | Schematic x ksv X | multiv X 200
- ® a I O C  15Cells  12U0Ports 27 Mets o
) 2w al i1 haz2 fal
e B ol - . -
::OTL._:ND o | = [ fa2 hal Ll = 2 pls:0]
1o _I_O half_addar =
"_"D—l = — = — ‘ Tul_addar
RTL_AND , o €in0i_0 b 5 o | s 1
z o = hall_adder fa3
RTL AMND full_addar .
- . had El =t
o p B0 = b 5 4
N " a0i_z 1 n @ a ' saut an
] s RTL_AND s | == full_addar
RTL_AND 1 p 201 ‘ hall_adder
o o
RTL_AND B 0 cind_i
z N o
RTL_AND
L0 o PO
o] i | o o
. - RTL_AND
5 o ati o
FL o

RTL_AND




Simulation
Run testbench file.

e Testbench defines stimulators for all inputs.

e The design calculates outputs.

e And the testbench verifies the outputs and expected results to make sure that the design is
correct.

1. Because the design has so many testbench, and because we could test just a part of design, so
must choice the top testbench.

Right click the selected module, and click Set as Top.

- Simulation Sources (9 Source Mode Properies...

v sim_1(0) =& OpenFile

@& b1 (to1v) (1 Replace File...
T B.v) (1
@ tb1Ks (to1ks.v)
8 th2ks (1b2ksv)

p]

’ Copy File Inta Project
»

p]

> @ tb3 (tb3v) (1)

p)

»

p]

p]

Copy All Files Into Project
»  Remove File from Project...
@ tb5 (tb5.v) (1)
@ tb7 (1b7.v) (1) Disable File
@ tb9 (tb9bw.v) (1
@ tbe (tbe.v) (1) Move to Design Sources

Hierarchy | Libraries C ierarchy Update ¢

(& Refresh Hierarchy
Source File Properties

i@ tb16v ¥ (Setas Top

After that, the testbench must be bold
e Simulation Sources (9]
- sim_1 (9]
> wBJ th16 (tb16.v) (1)
> @ th1(tb1v) (1)



2. Inthe Navigation window, click Run Simulation.
Click Run Behavioral Simulation.

¥ SIMULATION

ha?
Fun Simulation

Run Behavioral Simulation
~ RTL ANALYSIS

~ (Open Elaborate
[¥] Report Meths

Report DRC

3. Waitin a few seconds.. and view the result

SIMULATION - Behavioral Simulation - Functional - sim_1-1b16

Scope Objects Untitled 1
Q = % L] Q & Q W @ @
Name Design Unit Block Type MName Value
~ dtb16 tb16 Verilog M > R x[7:0] 00
@ mult_instance  booth16f Verilog M... > Ryiro) 64
@ gibl glol Verilog M... > % wal[31:0] 0
> % wal[31:0] 100
> & p[15:0) 0000
> % pvall31:0] 0
> ®#checki31:0] 0
> iRl 0
> #jR10] 100
> %inum_come.. 100 e
- m num_
> % num_wron 0 w8 num_wrong[31:0

Module, submodule

‘ o Result as waveform

Tcl Console
Q = = I B E @

4 if [ [llength [get_cbjects]] » 0] {

+ add_wave /

+ set_property needs save false [currenc_wave config]

# }oelse |

+ send msg_id Add Wave-1 WARNING "No top level signals found. Simulacor will start without a wave window. If you want to oper

# 0}

#1
# run 1000ns
INFO: [USF-XSim-96] ¥Sim completed. Design snapshot 'tblé_behav' loaded.

THMRA- [MTaF_¥Sim_871 ¥Sim simmlarinn ran far 10A0ne

Zoom-in, zoom-out waveform to view better.

And run simulation in a certain time range.

> B & X ¥ > »

10

ns

Result as text
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