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Appendix C: AMD Vivado Tutorial

In Chapter 2, we introduce the industry IC design flow. Although this book
primarily focuses on the RTL design and simulation aspects of the IC design
flow, it is important to establish a connection between RTL design and real
hardware to write effective Verilog code. To achieve this, we recommend using
the synthesis tool AMD Vivado to check the equivalence between the design
block diagram and the RTL analysis results. Additionally, AMD Vivado can
estimate the resource cost of FPGA designs.

As mentioned in Chapter 1, the elaborated design schematic provided by
AMD Vivado differs from the ASIC gate-level netlist. However, it can help
users establish a connection between Verilog code and hardware components,
and a student free-license version of the software is available. In this tutorial,
we present seven steps for using AMD Vivado, from creating a project to the
final netlist programming.

Step 1: Create a new project.

Step 2: Add the design source code and constraint file.
Step 3: Run simulation.

Step 4: Run RTL analysis.

Step 5: Run synthesis.

Step 6: Run implementation.

NS ok W=

Step 7: Program the netlist.

We use the ddot design project, which was introduced in Chapter ?7, as
an example for this tutorial.

Step 1: Create a new project.
To create a new project, follow these steps:
1. Click File-Project-New (shown Fig. C.1). And then click Next to
display the Project Name window.

2. Name the project (default “project 17”) in the “Project name” box
and navigate to the syn folder in the “Project location” box (as
shown Fig. C.2). Click Next to go to the Project Type window.
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494 Appendiz C: AMD Vivado Tutorial

3. Select RTL project and click Next to proceed to the Add Sources
Files window (as shown Fig. C.3).

Vivado 2022,

File Flow Tools Window Help Q- Quick Access

Checkpoint » Open...

Open Recent »

Open Example...

Open Project >

Open Example Project >

Tel Console
Q = = Il B E @
© start_gui

¢

Type a Tcl command here
FIGURE C.1

Step 1.1: Create a new project

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: project_1

Project |ocation: I.’homelbasic-ddct!syn |E

Create project subdirectory

Teoo ] NEEM | o

FIGURE C.2
Step 1.2: Direct to the syn folder
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New Project X

Project Type
Specify the type of project to create. '

‘@ RTLProject

" 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 at this time
[") Project is an extensible Vitis platform

) Post-synthesis Project

" You will be able to add sources, view device
resources, run design analysis, planning and
implementation,

ot specif st th
I/0 Planning Project
Do not specify design sources. You will be able to
view part/package resources.

Imported Project

FIGURE C.3
Step 1.3: Select RTL project

Cancel
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Step 2: Add the design source code and the constraint file.

In the Add Sources Files window, as shown in Fig. C.4, you need to find and
select all the design files in the ../dut folder. Since the project is located in
the syn folder, you need to return to the parent folder and then enter the
dut folder to find the design sources. Once you have selected all the necessary
design files, click OK to add them to the project.

Vivado 2022.1.1 x

Eile Flow Tools Window Help

VlVADO g Add Source Files ; N

ML Editions { Look in: dut v teWEd,s mXC =
New Prnji

® basic ddotv | ecent Directories
® binary_lib.v
@ rP_adder.v

Add Sources ho kunyang/Downloads/b -ddot/syn v

Specify HDL. netlist, Block Design, and IP filg . q
containing those files, to add to your projec| (@ FP_multiplier.v| | File Preview
hodule basic_ddot (input clk ~

‘ input rst

input ready,
input [31:0] x0,x1,x2,x3,x4,x5,x6,x7,
: | input [31:0] y0.yl,y2,y3.y4.yS.y6.y

output reg vid .
output [31:0] z N

wire [31:0] pO, pl, p2, p3, pd, pS. p6, p7:
wire [31:0] s0, s1, s2, s3, sd, s5;

FP_muUlﬂler uO_fp_mul(.(:l‘ud’( (clk

| ).
[ addriles || add pirectord reset  (rst ),
.ie_in_a (x0 ),
Jdo_inb (yo ).
.io_out_s(p0 ));
Td (¢ FP_nultiplier ul_fp_mul(.clock (clk ), o
< cmmt  femr 5
Q Target \anguage: Simul
File name: "basic_ddot.v* "binary_lib.v' "FP_adder.v" "FP_multiplier.v"

s
|
1 (@ < Back

Add HDL and Netlist files to your project

Files of type: Design Source Files (.vhd, vhdl, vhf, vhdp, vho, v, Vf, verilog, vr, vg, vb, tf,

Cancel

FIGURE C.4
Step 2.1: Add all the design files.

After adding the design files, click Next to go to the Add Constraints
window. If you don’t need to demonstrate your FPGA design, you can skip
adding the constraint file and move on to the Default Part window.

In the Default Part window, as shown in Fig. C.5, you need to select the
specific FPGA part. You can select the FPGA part using the Parts or Boards
panel. For example, if you're using the Alveo U250 Data Center Accelerator
Card, click Boards and select the specific board in the Display Name list. Then,
click Next to go to the New Project Summary window. Check the summary
and click Finish if no updates are needed.

In summary, adding the design files and selecting the appropriate FPGA
part are important steps in creating a new project in Vivado.
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New Project x

Default Part
Choose a default Xilinx part or board for your project. '

0 To fetch the |atest available boards from git repository, click on 'Refi

Reset All Filters

Vendor:  All ~ | Name: All

a o,

Search: @ v

Display Name Pr

I-Elveo U250 Data Center Accelerator Card I N

£ >

Refresh
{ '-’ < Back Cancel

FIGURE C.5
Step 2.3: Select the FPGA part.

Step 3: Run simulation.

In what follows, we will build the “project 1” as shown in Fig. C.6. The
Flow Navigator panel shows the steps involved in the project creation, includ-
ing Simulation, RTL Analysis, Synthesis, Implementation, and finally, Pro-
gramming and Debugging. The Sources panel shows that the design hierarchy
begins with the top design module, “basic_ddot”. Note that in the simula-
tion sources, the top module is also “basic__ddot” since the testbench has not
been added yet. The Project Summary panel provides information about the
project name, location, and part. The Design Runs panel indicates that the
“synth 1”7 and “impl 1”7 projects have not yet been started.

Running simulation in Vivado is not necessary as the simulation was al-
ready carried out using Siemens Modelsim. However, to illustrate the differ-
ences between different simulators, we will add the testbench located in the
../tb folder. Click the plus button and then select Add simulation sources.
Since the testbench is for simulation purposes only, it must be added as sim-
ulation sources, not design sources.

Fig. C.7 illustrates how to add the testbench. The “tb_basic ddot” file is
located in the ../tb folder. Click OK and then Finish to add the testbench to
the simulation sources.

Fig. C.8 shows the updated simulation hierarchy after adding the test-
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project_1 - [/home/basic-ddot/syn/project_1/project_1.xpr] - Vivado 2022....

Step 3.1: Design hierarchy.

Eile Edit Flow Tools Repgrts Window Layout View Help Q- Quick Acc
= P, B & X == Default Layout
PROJECT MANAGER - project_1
» PROJECT MANAGER
Sources ? 00X Project Summary ?
> IP INTEGRATOR Qxz s+ » Overview | Dashboard
w [ Design Sources (1)
> SIMULATION |> @ basic_ddot (basic_{ | Settings  Edit
> Constraints . Project name: project_1
> RTLANALYSIS v = Simulation Sources (1) Project location: homefbasic-ddet/syn/project_1f
Project part: Alveo U250 Data Center Accele
> SYNTHESIS basic_ddot Top module name: Not defined
’ Target language: Verilog
> IMPLEMENTATION Simulator language: Mixed
{ G
> PROGRAM AND DEBUG Hierarchy  Libraries @ »
Board Part
Properti Display name: Alveo U250 Data Center Accelerat
Board part name: xilinx. com:au250:part0:1.3
Board revision: 1.0
Drop £
Tcl Console | Messages |Log | Reports | Design Runs  x ?
Q =/ + %
Name Constraints  Status WNS TNS WHS THS WBSS TPWS T
v synth_1 constrs_1 Not started
impl_1  constrs_1 Not started
<



File Edit Flew Tools Reports Window Layout View Help Q- Quick Access
q bl ’4 #oa x | Add Sources x
Flow Navigator | PROJECT MANAGER - proia:t_l—l
> PROJECT MANAGER - Add or Create Simulation Sources
Sources ? — OO X | specify simulation specific HDL files, or directories [}

v

IP INTEGRATOR Qxz @

» | containing HDL files, to add te your project, Create a

w [ Design Sources (1)

> SIMULATION > @~ basic_ddot (basic_ Specify simulation set: sim_1 v
> = Constraints
> RTL ANALYSIS v = Simulation Sources (1)
v @ sim_1 (1)
> SYNTHESIS > @ .= basic_ddot (ba Jse Add Files, Add Directories or Create File buttons below
> [ Utility Sources
> IMPLEMENTATION
S U | Add Files ‘ [ Add Directories
> PROGRAM AND DEBUG Hierarchy  Librariesd » =
Add Source Files x plect

Add HDL and Ni

Luukin:l th VI'QQQ- BXC
n
Recent Directories

/h kunyang/Downloads/b ddot/dut v

File Preview

| ~ F
~ [BSS TPWS Totall
< 2] LS >

IF\Ie name: tb_basic_ddot.v I

Files of type: Design Source Files (.vhd, vhdl, vhf, vhdp, vho, v, Vf, verilog, vr, vg, vb, tf,

FIGURE C.7
Step 3.2: Add testbench.
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bench. The unique name of the design, “u_basic _ddto”, is under the test-
bench, “tb_basic _ddot”. Click Run Simulation to begin the simulation.

Eile Edit Flow Tools Reports Window Layout View Help lic
=, P, B B X
GETAENOEIGTAE ] PROJECT MANAGER - project_1
> PROJECT MANAGER
Sources 200X Project Summary
> IP INTEGRATOR Q = = + o Overview | Dashbo
~ . Design Sources (1) ~
> SIMULATION > @2 basic_ddot (basic_ddot.v) (15) Settings  Edit
b Constraints Project name:
> RTL ANALYSIS ~ = Simulation Sources (1 Project location:
Vi@ sim] (1 Project part:
> SYNTHESIS ~ @ 2 tb_basic_ddot (b basic ddot Top module name:
~ @ u_basic_ddot : basic_ddot (bz Target language:
> IMPLEMENTATION > @ u0_fp_mul : FP_multiplier (I Simulator language:
> @ ul_fp_mul: FP_multiplier (|
> PROGRAM AND DEBUG < 5 @ 0? fnomul - FP multinlier (1Y
Board Part
Hierarchy Libraries Compile Order
Display name:
Properties ?2 00X Board part name:
o Board revision:
Connectors:
select an object to see properties <
Tcl Console | Messages | Log | Reports | Design Runs
Qa 2 + %
Name Constraints  Status WNS TNS WHS THS
v synth_1 constrs_1 Not started
impl_1 constrs_1 Not started

FIGURE C.8
Step 3.3: Simulation hierarchy.

Fig. C.9 shows the simulation result in the Scope panel. The waveform is
very similar to the waveform obtained from ModelSim. In this test case, the
eight inputs, “x0-x7”, are all hexadecimal 0x3f800000 (FP 1.0), and the eight
inputs, “y0-y7”, are all hexadecimal 0x40000000 (FP 2.0). Therefore, the ddot
result should be hexadecimal 0x41800000 (FP 16.0), which is shown precisely
in the simulation waveform. Note that the “vld” signal is asserted when the
valid output, “z”, is pushed out. By comparing the simulation result with our
expected timing diagram designs shown in Fig. 7?7 in Chapter 77, we can
ensure that our design features has been correctly verified.
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Layout
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Flow Navigator SIMULATION - Behavioral Simulation - Functional - sim_1 - tb_basic_ddot
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S x Untitled 1*
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FIGURE C.9
Step 3.4: Run simulation.
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Step 4: Run RTL analysis.

Showing the RTL analysis result is a useful step in Vivado, as it can help us
verify that our Verilog code has been correctly synthesized into hardware. To
view the RTL analysis schematic, we can click on Open Elaborated Design,
as shown in Fig. C.10.

File Edit Flow Tools Reports Window Layout View Help Q- Quick Acce Ready

=, @& p ¥ oo E- 2N = Default Layout v

Flow Navigator : & 7 ELABORATED DESIGN - Acceleration Platform Board ? X

> PROJECT MANAGER g Project Summary x Schematic x ?o0

> IP INTEGRATOR 5 - ] H RO C 22cels S48UOPorts
w

> SIMULATION

Netlist

~ RTL ANALYSIS
Iv Open Elaborated Desigr‘ I

> IMPLEMENTATION

_5_
[2) Report Methodology E
Repor: DRC ;‘ 45_[
Report Noise % :ﬂ_li_é]_[
"] Schematic g B :ﬂ_%_hé]_l
|
> SYNTHESIS 3 T 1 —D
E [ Sim=1Izn -
]

> PROGRAM AND DEBUG

:

Tel Console Messages Log

FIGURE C.10
Step 4.1: Click Open Elaborated Design.

The RTL analysis schematic can provide a visual representation of the
hardware design structure. For example, in Fig. C.11, we can see that all
the FP multipliers are instanced in the red boxes, while the FP adders are
instanced in the following three layers of the orange boxes. The middle blue
boxes contain the registers used in the timing controller design. By comparing
the RTL analysis result with our expected RTL designs shown in Fig. 7?7 in
Chapter 7?7, we can ensure that our Verilog code has been correctly synthesized
into hardware.
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FIGURE C.11
Step 4.2: RTL analysis result.

Step 5: Run synthesis.

Synthesis is the process of converting a high-level RTL design into a gate-
level representation. To run synthesis in Vivado, refer to Fig. C.12, and click
Run Synthesis. Once synthesis finishes, click Report Utilization to see a more
accurate estimate of the resource cost. In the Utilization panel, the design is
reported to take 4,329 LUTs, 489 Registers, 16 DSPs, 548 10s, etc.

To view the power estimation after implementation, click Report Power
and Schematic. The implementation of the ddot design is reported to consume
16.205 W static power and 128.081 W dynamic power, as shown in Fig. C.13.

Step 6: Run implementation.

Synthesis is the process of translating an RTL-specified design into a gate-level
representation. Implementation, on the other hand, involves a series of steps
necessary to place and route the netlist onto the FPGA device resources.

To check the resource utilization after implementation, refer to Fig. C.14
and click Run Implementation. Once the implementation is complete, click
Report Utilization to obtain a more accurate estimation of the resource cost.
The Utilization panel will display the number of LUTs, Registers, DSPs, 1Os,
and other resources used by the implementation. In this example, the imple-
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File Edit Flow Tools Reports Window Layout View Help Q- Quick Acce Synthesis Complete +/
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v SYNTHESIS Hierarchy Name . cBLwTs fe C:;?ers CARRYS DSPs B‘Eged
B Run Synthesis Summary (17280000 (3 dE00g) (2160000 (12288) (g7
 CLB Logic N
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[~ ARITHMETIC > u3_fp_add (FF 88 32 0 0
Report Clock Inte « DSPs (<1%) > [ u3_fp_mul (FP 103 32 3 2 0
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Bonded 108 > (1] uS_fp_add (FF 88 32 s 0 0
Report Noise
v CLock > (1] uS_fp_mul (FF 103 32 3 2 0
v GLOBAL CLOCKIY 5 [1] u6_fp_add (FF 39 32 s 0 0
w Report Fower BUFGCE > [1] ub_fp_mul (FF 472 32 g 2 0
ADVANCED
> [ u7_fp_mul (FP 103 32 3 2 0
A schematic CONFIGURATION
Primitives
> IMPLEMENTATION Black Boxes v
< PANRE 1 >
> PROGRAM AND DEBUG | | Utilization 1

FIGURE C.12
Step 5.1: Synthesis result of resource utilization.

mentation requires 4,315 LUTs, 489 Registers, 16 DSPs, 548 10s, and so on.

To view the power estimation after implementation, refer to Fig. C.15 and
click Report Power and Schematic. The power report shows that the ddot
implementation consumes 23.093 W static power and 145.975 W dynamic
power.

Step 7: Program the netlist.

To program the selected FPGA board, click Generate Bitstream and then
open Hardware Manager. From Hardware Manager, select Open Target and
then Program to load the generated bitstream onto the FPGA board.
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FIGURE C.13

Step 5.2: Synthesis result of power report and schematic.
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FIGURE C.14
Step 6.1: Implementation result.
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FIGURE C.15
Step 6.2: Implementation result.








