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System Generator for DSP Overview

Introduction

The System Generator for DSP is a design tool in the Vivado® Design Suite that enables you to use the
MathWorks® model-based Simulink® design environment for FPGA design. Previous experience with
Xilinx® FPGA devices or RTL design methodologies is not required when using System Generator.
Designs are captured in the Simulink™ modeling environment using a Xilinx-specific block set.
Downstream FPGA implementation steps including RTL synthesis and Place and Route are automatically
performed to produce an FPGA programming bitstream.

Over 80 building blocks are included in a Xilinx-specific DSP block set for Simulink. These blocks include
common building blocks such as adders, multipliers and registers. Also included are complex DSP
building blocks such as forward-error-correction blocks, FFTs, filters and memories. These blocks
leverage Xilinx LogiCORE™ IP to produce optimized results for the selected target device.

In this tutorial, you will do the following:

o Lab 1: Use Simulink to create a simple design, create a subsystem, and then simulate.

o Lab 2: Build a basic design in System Generator, simulate the design, and then generate an
FPGA bitstream for a target Xilinx technology.

o Lab 3: Learn how signal routing blocks are used to re-define or modify fixed-point numbers at
the bit-level.

o Lab 4: Create a finite state machine using the Mcode block in System Generator.

o Lab 5: Change sample rates in a multi-rate DSP design and then convert a serial data stream to
a parallel data word and a parallel data word to a serial data stream.

o Lab 6: Use a Xilinx ROM block to implement a trig or math function such as arcsin.

o Lab 7: Include a System Generator model within a Vivado IDE design and combine that model
with other RTL sources.

o Lab 8: Import C/C++ source files into a System Generator model by leveraging the tool
integration with Vivado High-Level Synthesis (HLS).

o Lab 9: Include a System Generator Design as a Module in an IP Integrator Design
o Lab 10: AX14-Lite Interface Synthesis
o Lab 11: Black Box Examples
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i. XI I—I NXo» Software Requirements

Software Requirements

The lab exercises in this tutorial require the installation of MATLAB 2014a (or later) and Vivado Design
Environment 2014.3 (or later).

Hardware Requirements

The supported Operating Systems include Redhat 5.6 Linux 64, and Windows 7 (32 and 64 bit). Xilinx
recommends a minimum of 2 GB of RAM when using the Vivado Design Suite.

Configuring MATLAB to the Vivado® Design Suite

Before you begin, you should verify that MATLAB is configured to the Vivado Design Suite. Do the

following:

1. Select Start > All Programs > Xilinx Design Tools > Vivado 2014.x > System Generator >
System Generator 2014.x MATLAB Configurator

# Select a MATLAB installation for System Generator Vivado E@
Choose MATLAB for System Generator Vivado

MATLAB Version Status Location

[] 4 R20135 Mot Configured Ch\Program Files\MATLABYR2013a

[] 4\ R2013b Mot Configured C\Program Files\MATLABYR2013b

[] 4 R20145 #£ Configured Ch\Program Files\MATLAB\R20144a

Find MATLAB Remove Apply \ Ok J I Help I

2. Click the check box of the version of MATLAB you want to configure and then click OK.

On Windows OS systems you may need to launch the MATLAB configurator as Administrator. When
MATLAB configurator is selected in the menu, use the mouse right-click to select Run as Administrator.
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i. XILINX@” Locating and Preparing the Tutorial Design Files

Locating and Preparing the Tutorial Design Files

There are separate project files and sources for each of the labs in this tutorial. You can find the design
files for this tutorial under Vivado Design Suite -2014.3 Tutorials on the Xilinx.com website.

1. Download the ug948-design-files.zip file from the Xilinx website.

2. Extract the zip file contents into any write-accessible location on your hard drive or network
location.

RECOMMENDED: You will modify the tutorial design data while working through this
tutorial. You should use a new copy of the ug948-design-files directory each time you

start this tutorial.
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Lab 1: Using Simulink

Lab 1: Introduction

In this lab exercise, you will learn the basics of using Simulink. You will use a Simulink block set to
generate a simple design and take it through simulation. You will then change the sampling settings to
see its effect on the output. You will then learn how to create a subsystem.

Objectives

After completing this lab, you will be able to:

. Use the Simulink tool to create a simple design
o Create a subsystem and simulate

. Describe the effect of the sampling period

Procedure

This exercise has four primary parts.

e InStep 1, you are introduced to the Simulink environment.

e In Step 2, you will analyze the effect of the sampling period.

e In Step 3, you will create a simple filter design using a Simulink block set.

e Finally, in Step 4, you will create a subsystem of the design and perform simulation.
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i. XILINX@» Step 1: Introduction to Simulink

Step 1: Introduction to Simulink

In this Step you become familiar with the MATLAB and Simulink environments (software tools from The
MathWorks suite). You will start with a blank worksheet, add a Sine Wave source element, add a Scope
sink element, and wire the two together.

1. Select Start > Programs > Xilinx Design Tools > Vivado 2014.x > System Generator > System
Generator 2014.x.

2. Navigate to the labl folder: cd C:/ug948-design-files/labl.

You can view the directory contents in the MATLAB Current Directory window, or type Is at the
command line prompt. Many UNIX-type shell commands work from the MATLAB command
window.

3. Type simulink at the MATLAB command prompt, or click the Simulink button in the MATLAB
toolbar to open the Simulink Library Browser.

B

» Analyze Code om| ||
L (@a) [ (5} preferences

Simulink  Layout [~ Set Path
L@ Clear Commands ¥  Library -

CODE SIMULINI ENVIRONMENT

éf Run and Time

4. Examine the available blocks in the Simulink Library Browser.
The following elements, among others, display:
o Simulink (sources and sinks)
o Xilinx Blockset

0 Xilinx Reference Blockset
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(A XILINX@ Step 1: Introduction to Simulink

"i Simulink Library Browser

File Edit View Help

Bl 3 »  Enter search term "-“ &

Libraries Library: SimulinkiSources | | I»
=-[Pa] Simulink -
--Commonly Used Blocks ﬂ'l.\[ I F
- Continuous
- Discontinuities =
. Band-Limited -
~Discrete White Noise 3
- Logic and Bit Operations
- Lookup Tables
- Math Operations /W“ ! |
- Model Verification
- Model-Wide Utilties Chirp Signal
- Ports & Subsystems
- Signal Attributes
-~ Signal Routing
- Sinks ®
- Sources
- User-Defined Functions =
[+- Additional Math & Discrete

EE--E Communications System Too...
Wﬂi:_i] Computer Vision System To...

E] Control System Toolbox 1 b
+-[*a] DSP System Toolbox
E] Image Acquisition Toolbox Constant

|§| Report Generator
-[a] Simulink 3D Animation

-[Pg] Simulink Coder m A

- [Pg] Simulink Extras

@ Stateflow Counter Free-
- [Pa] Xiinx Blockset Running
m Xilinx Reference Blockset

F"Hﬂl _ -

Showing: Simulink/Sources

This provides details about the block.
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& XILINX.

You can also select Help from the Xilinx Blockset elements as shown below.

Step 1: Introduction to Simulink

- -
#3, Simulink Library Browser E=SIER)
File Edit View Help
e I | » Enter search term - M 5
Libraries Library: Simulink/Sinks ' Seg 1 lé.b."
= tﬂ Simulink [ -
-~ Commonly Used Blocks ,IEI
-~ Continuous
[ e pissl  Addtoanewmodel  Ctrlsl
-~ Discrete -
- Logic and Bit Operations Help for the Display block
~Lookup Tables Go to parent
-~ Math Operations I:
- Model Verification Block parameters
- Model-Wide Utilities ————. =
~Ports & Subsystems et b it | [

5. Click the New model button in the Simulink Library Browser to create a new model blank sheet. The
name of the new model worksheet is untitled by default. Later you will change the name of the
model.

6. In the Library Browser window, expand the Simulink Library and click Sources.

7. Scroll through the library to find the Sine Wave source. Select and drag Sine Wave onto the
worksheet.

8. From the Simulink Browser, select Simulink Sinks, add the Scope block, and draw a wire from the
Sine Wave to the Scope block. An automatic block connection tip appears.

Note: To draw a wire, move the cursor to the source output port (the cursor will become a cross-hair).
Click and drag your mouse to an input port of destination.

Assigning the Frequency

Next, assign a 2*pi*(1/150) frequency to the Sine Wave element and show port data types. Change
the stop time of the simulation to 150 and set the Solver options.

1. Double-click the Sine Wave block.
The Block Parameters dialog box opens.

2. Change the frequency to 2*pi*(1/150), as shown below and then click OK to close the dialog box.

Frequency:
2*pi*(1/150)

3. On the worksheet, select Display > Signal & Ports > Port Data Types.
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iA XILINX@ Step 1: Introduction to Simulink

The signal type displays above the wire, as shown below:

P2, untitled * [E=REEE 5
File Edit View Display Diagram Simulation Analysis Code Tools Help
[#a] =] ] = IR (
-8 & -2 4P » @~
Model Browser v= mﬁﬁ;ﬂ“ |
Tl untitled | ® |[Pajuntitied v
&« (AN ,I:I'
|V
@ Sine Wave Scope
=
Ready i 100% odeds

4. From the project sheet, select Simulation > Model Configuration Parameters.

5. From the Configuration Parameters dialog box, enter 150.0 in the Stop time field, and make the
following selections in the Solver and Task mode options:

o Type: Fixed-step
° Solver: discrete (no continuous states)
. Tasking mode for periodic sample times: SingleTasking

Setting these parameters allows your simulation to run for 150 time units.

) Configuration Parameters: untitled/Configuration (Active) @
Selact: Simulation time =
Solver Start time: 0.0 Stop time: 150.0
Data Import/Export
> Optimization Solver options
> Diagnostics Type: lFixed—step '] Solver: ldiscrete (no continuous states) i
Hardware Implementat...
Model Referencing Fixed-step size (fundamental sample time): auto
> Simulation Target

Tasking and sample time options

Periodic sample time constraint: lUnconstrained

Tasking mode for periodic sample times: lSingIeTasking

[T] Automatically handle rate transition for data transfer

[”] Higher priority value indicates higher task priority

b

< 1

" ] I OK H Cancel H Help H Apply

6. Click OK.
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iA X”—INXe Step 1: Introduction to Simulink

Parameterizing the Scope Block

Next, you parameterize the Scope block.

1. Double-click the Scope block.

2. Click the Scope Parameters button.

[ B scope ELM1

E@Q"Q"é BERBOaS »

3. In the Scope Parameters dialog box, set the Time range to 150 and then click OK.

[ -
B ‘Scope’ parameters &‘_&

G | Hi
enera! Hmoryl

Axes

Number of axes: 1 [] fioating scope

Time range: 150|

Tick labels: | bottom axis only %)

Sampling

Decimation |1

‘ OK Hc;ancei|| Help HApplyH

A

Next, you run the simulation.
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Running the Simulation

Step 1: Introduction to Simulink

1. From your Simulink project worksheet, select Simulation > Run or click the Run simulation button.

i | 3
P2, untitled * b=l B e
File Edit View Display Diagram Simulation Analysis Code Tools Help
= ) = (
-8 a s ©-E @Lﬁ" I> 9~
Model Browser v= untiled | [Run }
| R = e N - — Il

2. On the Scope display, click the Autoscale button so that the output fits into the Scope.

a3

3. View the Scope output.

rnScu:vpe @Eﬂ1
ao@Q<: %N Bas -

A smooth sine wave should fit into your scope window, which is what you would expect because

you are running a double-precision software simulation.
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iA XILINX@ Step 2: Analyzing the Sampling Period Effect

Step 2: Analyzing the Sampling Period Effect

Now you will run the simulation at a slower sampling period (sample period of 5) of the sine wave
source and analyze the sampling period effect. You will then change the stop time to 500, run the
simulation, and observe the output. Finally, you will change the stop time back to 150.

1. Double-click the Sine Wave block to open its parameter dialog box.
2. Change the Sample time of the Sine Wave source to 5, click OK, and run the simulation.

Note: As the Sample time (s increased (i.e. fewer inputs are sampled), the quantization error is
increased.

( Scope e ) |

a0 @« iR Bas -

3. Type 500 in the worksheet toolbar window and press Enter to change the simulation stop time.

==

m  Simulation Analysis Code Tools Help

e B2 4 P ® v sbo | [Nomad <] (@~

4. Run the simulation and observe the output in the scope window.

You might need to click the Autoscale button in the Scope block GUI to see three complete Sine
wave cycles.

5. Change the simulation stop time back to 150.
6. Change the Sample time of the Sine Wave source back from 5 to 0 and click OK.
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i‘ XILINX” Step 3: Creating a Simple Filter Design Using Simulink Blocks

Step 3: Creating a Simple Filter Design Using Simulink Blocks

In this step, you build a simple design to implement the following function by using the appropriate
blocks from the Simulink block set: Y(n+1) = X(n+1) + 3 * X(n-1).

1. From the Simulink Library browser, select the Discrete library.
2. Select and add the Delay block to the design.
3. Double-click the Delay block and verify the Delay length set to 2.
4. From the Simulink Library browser, select the Math Operations library.
5. Select and add the Gain block to the design.
6. Double-click the Gain block and change the Gain to 3.
7. From the Simulink Library browser, select the Math Operations library.
8. Select and add the Add block to the design.
9. Connect the blocks as shown below:
double o e =
Sine Wave 'Md —
o 72 |foube ||> douby
Integer Delay Gain
10. Run the simulation and observe the output.
B scope ST

aE Per ABREB PaAF -

4
3
2
1
-
a
2
3
4

2

1
g =)
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& XILINX.

Step 4: Creating a Subsystem

Step 4: Creating a Subsystem

In this step you will select all the blocks between the source and sink, and then create a subsystem. You
will name the subsystem Filter, run the simulation and verify that the output is still the same. You then
save the model as lab1l.sIx in the current working directory and then exit MATLAB.

1. Click in a white space and create a rectangle enclosing all relevant blocks and connections to select
all the blocks between the source and sink.

'd N
>i untitled * @M
File Edit View Display Diagram Simulation Analysis Code Tools Help
] = \
- a OB 4P = @ s D -
Model Browser = | untitled
\"a| untitled © |[%a]untitled v
@)'
= V\ kdeubﬁe o
& Y]] [ = %D|
Sine Wave \ml
= r - Scope
2 [euble [P double
>z ">
L Delay ~ Gain
« N
Ready 100% FixedStepDiscrete
-

2. Select Diagram > Subsystem & Model Reference > Create Subsystem from Selection, or press

Ctrl+G.
¥ untitied * (=N N~~~
File Edit View Display | Diagram | Simulation Analysis Code Tools Help
E - g.ﬁl Refresh Blocks Ctrl+K h [Normal— =] | (A~
Subsystem & Model Reference i Create Subsystem from Selection Ctrl+G
untitled Format N Expand Subsystem Ctrl+Shift+G
@ |Pauntitled Rotate & Flip N Convert Subsystem to
i@ Arrange Y Model Block Normal Mode Visibility...
E3 Mask Refresh Selected Model Block
= Library Link
=] W Signals & Ports y W1
Sine Wave Block Parameters .
Properties...
LI ==
: P
Dolay Gain
b
Ready 100% FixedStepDiscrete .:
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i: XILINXe Summary

3. Name the subsystem Fi lter by selecting and typing over the title.

[, untitied * [E=SEN)
File Edit View Display Diagram Simulation Analysis Code Tools Help
=-8 & OB QOP ) @ w0 (em o] @~
ModelBrowser  v= | untited |
> [%a] untitled ® |[Pa]untitled » "
@ doutie
=k (RPN ey
5|
[Suesys e
«
.Readyi 100% FixedStepDiscrete

You can adjust block placements so that the design appears lined up. The design should look similar
to the following figure.

#4, untitled * o=
File Edit View Display Diagram Simulation Analysis Code Tools Help
m'é %g@' %Q)UD \&) ¥ 150.0 »uv
Model Browser *= | untitied
> [l untitled | @ |[Pajuntitied » i
Q [ Jécubie double |
@ Ilr\f g_ . #{in1 Cutt > :I
Sine Wave Scope
= Filter
T B
Ready 100% FixedStepDiscrete

4. Click File > Save and enter Iabl.slx as the filename.
5. Click Save to save the file in the current directory.
Notice that the worksheet name at the top-left corner changes from untitled to labl.

6. Type exitin the MATLAB command window to close MATLAB.

Summary

In this lab, you learned the basic design flow involved in Simulink using the Simulink block set. You
observed the effect of a sampling period. You simulated the design using the Simulink simulator and
observed the output using the Scope block. Finally, you created a subsystem. The solution to this lab
can be found in the following location:

C:/ug948-design-files/labl/solution.
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& XILINX.

Lab 2: Working with Data Types

Lab 2 Introduction

This lab exercise introduces you to the basic concepts of creating a design using System Generator for
DSP within the model-based design flow provided through Simulink. The design is a simple multiply-
add circuit.

Objectives

After completing this lab, you will be able to:

o Simulate a design in System Generator for DSP
o Run the System Generator token to generate a Xilinx FPGA bitstream
o Create a subsystem

. Improve performance using dedicated Xilinx FPGA math functions

Procedure
This lab has four primary Steps.

. In Step 1, you open and simulate a Simulink block set-based design that serves as an
executable specification.

o In Step 2, you re-create the Simulink design using the Xilinx block set.

o In Step 3, you take the Xilinx executable specification through the full implementation flow.

o Finally, in Step 4, you explore different hardware architectures to achieve the best
performance.
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iA XILINX@ Step 1: Simulate the Executable Specification

Step 1: Simulate the Executable Specification

1. Launch the MATLAB program and change the working directory to:

C:/ug948-design-files/lab2

2. Open the file Iab2.slx, and observe the following design.

V|

Random
Number

Product

i

Add

V

Sine Wave

Constant

Note: This design is an executable specification created in Simulink using the standard Simulink
block set. It is a simple multiply-add circuit but serves to demonstrate many of the key concepts of

Scope

model-based design. You are going to design a Xilinx FPGA to this specification.

3. Simulate the design for 100 cycles by pressing the play button

4. View the waveform by double-clicking on the Scope block.

on the toolbar.

VHSCDPE l:l @ﬁ

R EREFELIERE
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i. X”—INX@ Step 2: Duplicate the Design using Xilinx Blocks

Step 2: Duplicate the Design using Xilinx Blocks
1. From the Simulink® Library browser, open the Xilinx® Blockset Library and the Index sub-library to

access the blocks.
2. Create a Xilinx version of the multiply/add design using Xilinx blocks.

IMPORTANT: Remember you must use the Xilinx Gateway In / Gateway Out blocks to define
the FPGA boundary and you must place a Xilinx System Generator™ token in the design, as

shown in the following figure.

Leave all the block settings at their default values, except the AddSub block. Double-click on the

3.
AddSub block and change the latency on the AddSub block to 0, to ensure the circuit matches the
figure below.
Random
Number »
" N N[
Product g
V Add Scope
Sine Wawe
| &
Constant
_'E'—l_. Gerersier
Gateway In 8 z‘-’
axb
b
e L
L » AddSub
Gateway In2
4. Simulate the design and view the waveform on the Scope attached to the Xilinx implementation.
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iA XILINX@ Step 2: Duplicate the Design using Xilinx Blocks

Notice that the waveforms have square edges. This is because the System Generator block set forces a
discrete sampling of the input signals that represents the behavior of the actual hardware that operates

on synchronous clock edges.

f n Scopel @M

WJ\L J

5. Compare the results from the executable specification versus the Xilinx implementation using a
Subtractor from the Simulink/Math Operations library as shown below. This is an important
model-based design concept.

M

andom
Number

A

Yy
X

Yy

Product

I\ Add

Sine Wave

1 i =: ]
N

Subtract

Y

Constant
- System Scope
Generator
*D{ In }—‘ »ls =
Gateway In1 a=b =
b
—»{n asn—>p|  Out]

Gateway In2 Mult I'P o Gateway Out

AddSub
S Ca—

Gatewsay In2

6. Simulate the design and view the waveform on the Scope

As shown in the following figure, the Scope output shows the outputs from both paths are different.
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iA XILINX@ Step 2: Duplicate the Design using Xilinx Blocks

B Scopel =N EoR <~
o @« d| D%k Ba 5 -

.l:
- I| A by
0 'n'.flf £

Il\ll f |'II

I|| 4
'u' a,,,||' "rl ||,n

a0 100

Time offset: 0

The reason for these differences is that the elements in the Xilinx block set introduce delays.
7. Double-click on the Mult block to confirm the latency is 3.

This latency models that the multiplication will require 3 clock cycles to complete. To ensure both paths
have the same behavior in time, you must balance the delays

8. Add a Delay block from the Discrete Library at the output of the Product.
9. Double-click on the Delay block and set the Delay Length to 3 and Sample time to 1.

The design should now look like the following figure:

Random

Number :. -3 "
+
,Jﬂ—j’\ Product Delay

Sine Wave
,I,‘ 8
Constant "
System .
Generator -
Gateway In \—. a .

I:l b axb \—’

Add

Gateway In2 Mt a

> »lb

1 | bl |- Gateway Out
Gateway In1 AddSub

10. Re-simulate the design.

The design is now functionally matching the executable specification. The next part is to perform the
FPGA implementation steps that include RTL generation, RTL synthesis, and Place and Route.
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& XILINX.

Step 3: Implement the Xilinx Design

Step 3: Implement the Xilinx Design

1. Double-click the System Generator token and set the Compilation target to HDL Netlist, as

shown below. Also, set the Part to Kintex7 xc7k325t-2ffg900.

B System Generator: lab2

) & @
T v P ., P

Compilation Clocking General

Compilation :

Target directory :

|_| Create interface document

HDL Netiist

Part :

= Kintex? xcTK325-2ffgR00

Hardware description language : VHDL library :
VHDL w | |xil_defauttib

Anetlist
Synthesis strategy : Implementation strategy :
Wivado Synthesis Defaults ¥ Vivade Implementation Defaults ¥

|_| Create testbench

Browse...

Model upgrade. ..

’F‘erfnrmance Tips] lGenerate] [

OK ] ’ Apply l ’ Cancel ] ’ Help ]

2. Click the Generate button to initiate the netlisting process.

System Generator automatically executes the HDL netlist generation and displays the following

message when finished.

7

3¢ Compilation status (=l
v
Generation Completed
A
| oK
A

3. Invoke the Vivado Integrated Design Environment (IDE):

Start > All Programs > Xilinx Design Tools > Vivado 2014.x > Vivado 2014.x

4. Click Open Project and then navigate to the folder
C:/ug948-data-files/lab2/netlist/hdl_netlist.
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& XILINX.

Step 3: Implement the Xilinx Design

5. Double-click the file lab2 . xpr and the Vivado IDE invokes the generated project file as shown:

i lab2 - [C:/ug948-design-files/lab2/netlist/hdl_netlist/lab2 xpr] - Vivado
File Edit Flow Tools Window Layout View Help

&2 @
Flow Navigator

Q 57 e
e =

=

4 Project Manager
@ Project Settings
O? Add Sources
¥ Language Templates
LF 1P Catalog

4 [P Integrator
i Create Block Design
¥ Open Block Design
Generate Block Design

[N

Simulation
15 Simulation Settings
(i} Run Simulation

[N

RTL Analysis
> [&* Open Elaborated Design

[N

Synthesis
15 Synthesis Settings
# Run Synthesis
> [@¥ Open Synthesized Design

4 Implementation
5 Implementation Settings
[» Run Implementation
> [@¥ Open Implemented Design

[N

Program and Debug
15 Bitstream Settings
¥ Generate Bitstream
> @ Open Hardware Manager

<«

| P |6 K| L G |3 Default Layout

Project Manager - lab2
Sources
AZ=E wat R

&

-

Hierarchy | IP Sources | Libraries

£ Sources

7 Design Sources (2)
+1illd lab2 - structural (labz.vhd
~ (@l synth_reg_reg - behav (synth_
| Constraints (2)
| Simulation Seurces (2)

Co

V Templates

Properties

?‘-}

Design Runs

=
o
[==]
=

[\ |
»
«
4

-

5 Tel Console

Name !

=h= synth_1 4
s=r impl_1 4

1

) Messages | B L

6. Click Run Implementation, select OK when prompt for missing synthesis results (synthesis will be
run) and let the Synthesis and Implementation processes complete.

You now have an initial implementation.

7. Close the Vivado IDE and the lab2.xpr project.

The remainder of this lab focuses on some common techniques used to explore different hardware

architectures.
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& XILINX.

Step 4: Explore Different Hardware Architectures

Step 4: Explore Different Hardware Architectures

1. Select all the Xilinx components, including the System Generator token and place them into a
subsystem by pressing Ctrl-G. The diagram should look like the following figure.

Random

Numbe
:

Product Delay

Add

Subtract  gegpet

P in

Y

In20ut1

P Ind

Subsystem

2. Copy the subsystem to create a second subsystem and connect it to the design as shown in the
following figure.

[

Random
Number :. 2_3
@ Product Delay ol
Sine Wave
E
o =
Subtract s 1
»in1
» In20ut1
»in3
Subsystem
™ in1
P In20ut1 ﬂ
»in3 Subtract?
Subsystem

You now have a Simulink diagram that contains two subsystems each with a System Generator
token. This represents two FPGAs or two blocks of a single FPGA within a larger DSP system.
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&

XILINX@” Step 4: Explore Different Hardware Architectures

Each System Generator token creates a top-level entity from the subsystem from which it is

associated. It will not merge with the other subsystem.

Q

TIP: Creating subsystems can be a useful technique when exploring hardware architectures for a

given design.

Mo

Push into the copy of the subsystem (subsystem1) and modify the design to implement the same

function using the Xilinx DSP48 Macro 3.0 block.

Select and delete the Mult and AddSub blocks.

Right-click, select Xilinx BlockAdd and type dsp in the Add block field.
Double-click the DSP48 Macro 3.0 block and position the block as shown below.

&

In1 System
Souble Foc 16_14 Generator
e
Gateway In
In2 Fix 18_14 Fix 48_28 doubke

ot ln ~ F—— p——__out)——CD)

Gsteway In1 Gateway Out Outt
Fix 48_28
doube Gatewsy In2

DSP48 Macro 2.0

Using this block allows improved control over the hardware implementation. The DSP48 macro
forces the use of the DSP48 primitives in the final netlist. Port c on the DSP 48 Macro 3.0 block
requires an input quantization of Fix_48_28.

Double-click the Gateway In2 block:
a. Set the Number of bits to 48

b. Set the Binary point to 28

c. Click OK.

To view the port quantization values as shown above, execute the following pulldown menus:
Display > Signals & Ports > Port Data Types.
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& XILINX.

9. Double-click the DSP48 3.0 Macro block to bring up the properties dialog box editor.

10. From the Instructions tab, verify the equation to be A*B+C, as shown below.

p
3¢ DSP48 Macro 3 0 (Xilinx DSP48 Macro 3.0)

(= [ © |

Instructions | Pipeline Options | Implementation |

A, BCIN,B

Valid operators: +, -, %, ()

Valid functions: RNDSIMPLE, RNDSYM

Instructions are case insensitive and tolerate spaces.

Valid operands: CONCAT, P, C, PCIN, P>>17, PCIN>>17, CARRYIN, CARRYCASCIN, ACIN,

Target XtremeDSP Slice: DSP43E1

k=B+C

Available Instructions
- -~

(A+D) L4
(A4D)*B

(A4D)*B4C
(A+D)*B+C+CARRYIN
(A+D)*B+CARRYIN
(A+D)*B+P
(A+D)*B+P+CARRYIN
(A4D)*B+P>>17
(A+D)*B+P>>174CARR

YIN

(A+D)*B+PCIN
(A+D)*B+PCIN+CARRYI

N -

[] Show Filtered Instructions

| [ oty |

11. Observe the other implementation options, leaving them at their default values.

12. Click the Pipeline Options tab and set the Pipeline Options to Expert, as shown in the following

figure.
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& XILINX.

Summary

r N
3¢ DSP48 Macro 3 0 (Xilinx DSP48 Macro 3.0) S

CONCAT > >
C s >
CARRYIN Lyl Lyl >

CONTROL =

h 4

4 m

—/-i' 2 T Tier 4
7 A A A

A

13. As shown, click the following:

a. A, B, and C boxes in Tier 1
b. M and C boxes in Tier 5

c. Pboxin Tier6.
14. Un-click all other boxes, then click OK.
15. Re-simulate the design to insure functional correctness.

16. Double-click the System Generator token to re-generate the HDL Netlist. After the netlist
generation completes, save the lab2.slx design model and exit from MATLAB.

NOTE: If you get an error, it usually means that you forgot to close the 1ab2 . xpr project file at the
end of the previous major Step.

Summary

In this lab, you learned the basic design flow involved in Simulink using the Simulink block set. You
observed the effect of a sampling period. You simulated the design using the Simulink simulator and
observed the output using the Scope block. Finally, you created a subsystem. The complete solution to
this lab is in the following location:

C:/ug948-design-files/lab2/solution
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& XILINX.
Lab 3: Signal Routing

Lab 3 Introduction

This lab exercise introduces you to the System Generator features that you use to:

. Convert fixed-point numbers from floating-point
. Re-define the fixed-point format
o Perform bit slice, pad and unpad operations.

You will also design and verify the padding and unpadding logic using the System Generator signal
routing blocks.

Objectives
After completing this lab, you will be able to:
o Understand how signal routing blocks can be used to redefine or modify a fixed-point number
at the bit level
o Convert a fixed-point number into a new fixed-point number
. Slice bits from a fixed-point number

o Pad and Unpad a fixed-point number

Procedure

In this lab you will create an initial design and use the Reinterpret and Concat blocks to convert a fixed-
point number to a floating point number. In Step 2, you use the Slice and Reinterpret blocks to convert
the numbers in the opposite direction.
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& XILINX.

Step 1: Designing Padding Logic

Step 1: Designing Padding Logic

1. Launch the MATLAB program and change the working directory to:
C:/ug948-design-files/l1ab3

2. Launch the Simulink library browser by clicking the Simulink icon on the MATLAB toolbar:

3. As shown in the following figure, click the New model button in the Simulink Library Browser to
create a new model blank sheet.

’
4, Simulink Library Browser

=)

File Edit View Help
L L3 »  Enter search term

Librapse-

-8 6

Library: Simulink/Sinks Set

; J New model }»
= | Parommammm—

i~ Continuous

I -

4. Create the design shown below.

Commonly Used Blocks

a. Use a Constant block from the Simulink Sources block set and a Display block from the Simulink

Sinks block set

b. Set the value of the constant to .5

c. Add a Xilinx Gateway In block quantized to fixed_8_6 (signed 2's comp)

d. Add a Xilinx Gateway Out block

5. Connect the blocks already added in the design model as shown below.

O TIP: Remember that a System Generator token is also required in this diagram.

6. To display the signal, type Fix_8_6 as shown below by selects the work sheet menu item

Display >Signals & Ports >Port Data Types, and then run a simulation.

Corstant
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& XILINX.

The objective of this lab is to convert the binary representation of the number .5 when quantized to
fixed [8 6] to the number .007813 when quantized to ufixed [12 12].

Step 1: Designing Padding Logic

fixed [8 6]
[0 o] 1o[o[ o]0 0]
Sign Bit _ _.
Integer Bit Fractional Bits

ufixed [12 12)
LofoJofofojoft]ofofojofoj

Fractional Bi'ts

To accomplish this you are going to have to zero pad the MSBs and reinterpret the number. This
requires the use of the Concat and Reinterpret blocks. Review the Help text for these blocks to
gain a greater understanding of how they work.

7. Now modify the block diagram previously shown to convert the input constant value of .5 to an
output value of .007813. You will first need to use the Reinterpret block to convert the number to
ufix [8 0]. You then use a Constant and Concat block to convert to ufix [12 0], and then
use another Reinterpret block to convert ufix [12 12].

The solution to this exercise can be found in the following location:
C:/ug948-design-files/lab3/solution/lab3 stepl solution.slx.
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i. XILINX@» Step 2: Designing Unpadding Logic

Step 2: Designing Unpadding Logic
You are going to perform an exercise similar to Step 1, but in the other direction.

Here the input is the constant .007813 and you want the output to be converted to .5 through bit
manipulation, not arithmetic.

1. Create the design as shown in the following figure. The input constant should be set to .007813
and the input gateway can be set to fix [12 12].

Remember to include the System Generator token in the diagram.

double Fix 12_12 double

Gatewsy In Gateway Out Display

Constant

2. Use the Slice and Reinterpret blocks to manipulate the binary number to achieve an output of _5.
a. First, use the Slice block to convert the number to ufix [8 0]

b. Then use the Reinterpret block to get fix [8 6]. Refer to the binary diagrams in Step 1 of this
lab.

The solution to this exercise can be found in the following location:
C:/ug948-design-files/l1ab3/solution/lab3 step2_solution.slx.

Summary

In this lab, you:
o Learned how to convert between signal data types.

o Learned how the slice, concatenation and reinterpret blocks are used to manipulate signal
types.
Solutions to this lab can be found in the following location:
C:/ug948-design-files/lab3/solution.
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Lab 4: System Control

Lab 4 Introduction

In this lab exercise you will be creating a simple finite state machine (FSM) using the MCode block to
detect a sequence of binary values 1011. The FSM needs to be able to detect multiple transmissions as
well, such as 10111011.

Objectives

After completing this lab, you will be able to create a finite state machine using the Mcode block in
System Generator

Procedure

In this lab exercise you will create the control logic for a Finite State Machine using M-code. You will
then simulate the final design to confirm the correct operation.

Step 1: Designing Padding Logic

1. Launch the MATLAB program and change the working directory to:
C:/ug948-design-files/lab4.

2. Open the file lab4.slx.

You see the following uncompleted diagram.

Gener ator

(OO 0O f——m s e[ Outl——»

Repesting Input Found1
Sequence Output of Block Ram
Ster State Machine

3. Add an MCode block from the Xilinx Blockset/ Index library. Do not wire up the block yet; first,
edit the MATLAB function to create the correct ports and function name.
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& XILINX.

4. Double-click the MCode block and as shown below, click the Edit M-file option.

Step 1: Designing Padding Logic

[ 3¢ MCode (Xilinx MCode Block) [ESREER™

Pass input values to a MATLAB function for evaluation in Xilinx fixed-
point type. The input ports of the block are input arguments of the
function. The output ports of the block are output arguments of the
function.

Basic | Interface | Advanced | Implementation |
Block Interface
MATLAB function

aimax
Browse... [ Edit M%

Explicit Sample Period
[ Specify explicit sample period

5. Edit the default MATLAB function to include the function name state_machine and the input din
and output matched.

6. You can now delete the sample M-code.

FILE EOIT NAVIGATE  Breakpoints Run Runand Runand |- Advance

vV v v v Tme Advence 1

| BREAKPOINTS | RUN _-

*[ state_machinem x|

1 function matched = state_machine (din) U
2

| state machine

7. After you make the edits, save the MATLAB file as state_machine.m to the Iab4 folder, and use
the Browse button ensure that the MCode block is referencing the local MCode file.
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8. In the MCode Dialog Box, click OK.
You will see the MCode block assume the new ports and function name.

9. Now connect the MCode block to the diagram as shown below:

System

Generator

DO OO Cf———»im  |—»dn  state_machine matches—>[ out}—»

Repesting Input matched

Sequence Moode Output of Block Ram
State Machine

Stair

You are now ready to start coding the state machine. The bubble diagram for this state machine is

Step 1: Designing Padding Logic

shown in the following figure. This FSM has five states and is capable of detecting two sequences in

succession.

Din=1

Matched =0
@ Din=1

Din=0
Din=1

Matched =1

Matched =0

Din=0

Din=1

Din=0

Din=1

Matched =0
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i: XILINXe Summary

10. Edit the MCode file, state_machine.m, and define the state variable using the Xilinx xI_state data
type as shown below. This requires that the variable be declared as a persistent variable. The
xl_state function requires two arguments: the initial condition and a fixed-point declaration.
Because you need to count up to 4, you need 3 bits.
persistent state, state = xl_state(0,{xlUnsigned, 3, 0});

11. Use a switch-case statement to define the FSM states shown. A small sample is provided below to
get you started.

Note: you need an otherwise statement as your last case.

switch state

case O
if din == 1
state = 1;
else
state = 0O;
end

matched = 0O;
12. Save the MCode file and run the simulation. The waveform should look like the following figure.

You should notice two detections of the sequence.

rn Figures - Output of Block Ram State Machine E=E
@0« i 0Ns| »EmB 20~ »x

| Output of Block Ram State Mac... xl

Summary

In this exercise you learned how to create control logic using M-Code. The final design may be used to
create an HDL netlist, in the same manner as designs created using the Xilinx BlockSets. The complete
solution to this lab is in the following location:

C:/ug948-design-files/lab4/solution
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iA XILINX«» Lab 5 Introduction

Lab 5: Multi-Rate Systems

Lab 5 Introduction

In this lab exercise you will explore the effects of the rate changing blocks available in System Generator
including the Up Sample, Down Sample, Serial to Parallel and Parallel to Serial blocks.

. Upsampling is the process of increasing the sampling rate of a signal.

o Down sampling is the process of decreasing the sampling rate of a signal. It is common
practice in signal processing systems to change the sample rate of a signal to simplify the
hardware or processing tasks.

Objectives

After completing this lab, you will be able to:

. Change the sample rates in a DSP System
. Convert a serial stream of data to a parallel word

. Convert a parallel word of data into a serial stream

Procedure

In this lab exercise you will first learn to understand how the sampling rate impacts the operation of the
design by using the Down Sample and Up Sample blocks. In steps 3 and 4 you then use this
understanding of the sample rate to create some rate changing designs (serial and parallel converts).

Step 1: Changing Sample Rate: Down Sample

1. Launch the MATLAB program, and change the working directory to:
C:/ug948-design-files/labs.

2. Open a new Simulink model and save it as 1ab5.slIx in the current working directory.

3. Create the simple diagram as shown in the following figure.

a. Use the Counter Limited block from the Simulink/Sources library and set the upper limit of
the counter to 10.

b. Set the quantization of the Gateway In block to fix [8 0].
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Step 1: Changing Sample Rate: Down Sample

3 Fx 80
-—»-—-—-.""me“" Fe  |me [ ou}—— ]

Gateway In Gateway Out

Generator

4. Simulate the counter for 10 simulation cycles and observe the results.

rnSa:vpe 1‘5‘%1
aela<~P %% Oas -
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i. XILINX@’ Step 2: Changing Sample Rate: Up Sample

5. As shown in the following figure, add a Down Sample block from the Xilinx Blockset/Index library
between the Gateway In and Gateway Out blocks, then re-simulate the design.

"
A

lim unt8 Foe 8_0 £ Foe 8.0 ——— double I:I
—m  }—— [ out >
P . [ ou]

Gateway In Gatewsay Out

Scope

&

Counter
Limited Down Sample

What do you observe?

Step 2: Changing Sample Rate: Up Sample

6. Replace the Down Sample block with an Up Sample block and re-simulate the design.

The System Generator token is going to generate an error that indicates your sample rate is
incorrect.

7. Double-click the System Generator token and change the Simulink System Period to % as the
message suggests.

8. Re-simulate the design.

9. Add Sample Time probes from the Xilinx Blockset/Index library before and after the Up Sample
block and connect the outputs of the probes to Gateway Out blocks and the Display block from the
Simulink/Sinks as shown in the following figure.

These probes do not add any hardware to the design, but offer a powerful debugging tool for
complex multi-rate systems.
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10. Re-simulate the design to observe the sample rate in the Display sinks.

Step 2: Changing Sample Rate: Up Sample

UFx 2_0 double
»| ST —— :-'l 'l »l 3
5 Out

Sample Time Gateway Out1 Deplay
UFee 1_0 doub 1
slst—  outl L1

Ssmple Time1 Gateway Out2 Deplay1

lim uints Fix 8 0 Fix 8 0 double
g In > 12 ’:,' Out ,' N{—
Courter | ined Gateway In Gateway Out s
Up Sample

*

System

Generafor

In the next two steps, you explore the rate changing effects of using the Serial to Parallel and
Parallel to Serial blocks from the Xilinx Blockset.
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& XILINX.

Step 3: Using Serial-to-Parallel Blocks

Step 3: Using Serial-to-Parallel Blocks

1. Open a new blank model, and then create the design shown in the following figure.

System
Generator

Gateway In

Counter
Limited

“m_|JJ_I_|JJ—| uint8 UFx 2_0
# In s z"

Serial to Parallel

UFx 8.0 double
P -

Gateway Out

Scocpe

2. Set the Upper limit on the Counter Limited block to 1. This is simply going to generate the

sequence 1010101010.

3. Set the output of the Serial to Parallel block to Unsigned [8 O].

N '
3¢ Serial to Parallel (Xilinx Serial to Parallel C... E@&

Groups of samples presented serially at the input become single
samples presented at the output.

Basic | Implementation |

Input order:

Latency 1

Q@ Least significant word first

Binary point

Optional Ports

OQutput Precision
Arithmetic type:

() Signed (2's comp)
Number of bits 8

© Unsigned

0

[T] Provide reset port

[] Provide enable port

) Most significant word first

The Serial to Parallel block imposes a rate change on the system equal to the number of output
bits / number of input bits. In this example, you have 8 output bits and 2 input bits so the rate

change will be set to 4.
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i. XILINX@» Step 4: Using Parallel-to-Serial Blocks

4.

In the Block dialog box, click OK, and then add sample rate probes to the input and output of the
Serial to Parallel block.

Re-simulate the design and observe the sample rates.
Input Sample Rate
Output Sample Rate

Change the output quantization of the Serial to Parallel block to fix [16 0] and re-simulate.
What are the sample rates now?

Input Sample Rate
Output Sample Rate

Step 4: Using Parallel-to-Serial Blocks

1. Replace the Serial to Parallel block with the Parallel to Serial block. Leave the output quantization
at the default ufix [1 O0].

2. Change the sample rate in the System Generator token from 1 to %, then click OK.

3. Re-simulate the design and record the input and output sample rates.
Input Sample Rate
Output Sample Rate

Summary

In this exercise you learned how to work with the system sample rate to accurately create designs in

which the rate of computation changes. The complete solution to this lab is in the following location:

C:/ug948-design-files/lab5/solution.
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Lab 6: Using Memories

Lab 6 Introduction

In this lab exercise you learn how to use a Xilinx ROM block to implement a LUT-based operation such
as an arcsin using block or distributed RAM. This provides an efficient implementation for trig and
math functions with inputs that can be quantized to 10 bits or less.

Objectives

After completing this lab, you will be able to use a Xilinx ROM block to implement a trig or math
function such as arcsin.

Procedure

In this exercise you will first examine a standard simulink look-up-table and then implement similar
version using Xilinx block RAM.

Step 1: Using ROM for a Look-Up-Table

1. Launch the MATLAB program and change the working directory to:
C:/ug948-design-files/lab6.

2. As shown in the following figure, open the Simulink executable specification named lab6.slIx.
Double-click the Lookup Table block to see how the arcsine function is defined.

10

[1:201;-1:.01:1T ':/ »
From .
Lockup Table
Workspace up XY Graph
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iA XILINX@ Step 1: Using ROM for a Look-Up-Table

3. Simulate the counter for 201 simulation cycles and observe the results. The design is using the
Simulink X'Y Graph to plot the output data as a function of the input data.

(B XY Graph [E=SER)
XY Plot
2 .
15}
1F
05+
o
Z ot
=
05}
-1 L
15
) L L L
-1 05 0 05 1
X Axis

\

Note: This plot is a Simulink representation of the MATLAB arcsine example that is displayed when
you type doc asin from the MATLAB command line prompt.

X = -1:.01:1;
plot(x,asin(x)), grid on

4. Add a Xilinx Gateway In, Gateway Out, System Generator token, and a ROM block, as shown in
the following figure:

10

[1:201;-1:.01:1T ':/ >
From Logkup Table
Workspace XY Graph
Cée-“e'-a::r O
Gateway In Gateway Out
[k ROM XY Graph1

5. Double-click the ROM block and set the initialization vector equal to asin([-1:.01:1]) and
the depth to 256.

This is the same initialization as the Simulink Lookup Table block.
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i. XILINX@* Step 1: Using ROM for a Look-Up-Table

The Xilinx memory blocks are going to require depths to fall on power of 2 boundaries. The
MATLAB statement used to initialize the ROM is only going to set 201 locations. The other locations
will be uninitialized.

6. Simulate the design for 201 clock cycles.

You get an error indicating an incorrect quantization at the input of the ROM block. You left the
quantization of the Gateway In block to the default value of fixed [16 14].

To address a Xilinx memory, the quantization must be uFix with no fractional bits. Because you
have a 256 element address space, you are going to need an input quantization of ufix [8 0].

7. Change the gateway and re-simulate.

8. View the waveform in XY Graphl. Notice that it is incorrect.

XY Graphl o | &
XY Plot

2
151 .
1} 4
05¢ .
ok . 4

Y Axis

051 .

The reason the waveform does not match is that the quantization of the Gateway In is truncating
the fractional bits and the sign bit. It is not as simple as just re-specifying the quantization. The
arcsine value for the input -1 is stored at address location zero and the arcsine value for 1 is
stored in location 201.

To match the behavior of the MATLAB LUT block, which can accept negative and fractional numbers
as inputs, you need to convert the input data to an appropriate RAM address.

9. Add a second From Workspace block to the diagram and configure the block to generate outputs
from O to 201. This is the simplest approach.
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10. Specify the data field as follows:
[1:201;0:1:200]"

Summary

[1:201:-1:.01:1T Z

From Lok up Table
Workspace

System

Generator

Gateway In Gateway Out
ROM

From
Workspacel

11. Re-simulate. You should see correct results.

XY Graph

[1:201:0:1:200] -—DD—D addr,

XY Graph1

Summary

In this exercise you learned how to implement a memory. The complete solution to this lab is in the

following location: C:/ug948-design-files/lab6/solution.
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Lab 7: Including a System Generator
Model in a Vivado IDE Design

Lab 7 Introduction

Typically, a System Design Engineer has to include hardware design sources from a variety of different
formats and put them together into a final system-level design. This lab exercise provides an overview
of how you can include a System Generator model within a Vivado® IDE design and combine that
model with other RTL sources.

Objectives

After completing this lab, you will be able to integrate designs created with in the Simulink environment
with other blocks in a system using the Vivado IDE.

Procedure

In this exercise you will first create a Vivado IDE project for a DSP design using a design file from
MATLAB, along with an associated HDL wrapper and constraint file. In step 2, you will review how these
sources can be analyzed, modified and synthesized into an FPGA implementation.

Step 1: Create a new Vivado IDE Project with DSP Sources

1. Invoke the Vivado Integrated Design Environment (IDE):

Start > All Programs > Xilinx Design Tools > Vivado 2014.x > Vivado 2014.x
2. Select Create New Project from the Welcome screen.
3. On the first screen of the New Project wizard, click Next .

4. As shown in the following figure, specify the project name as vivado_dsp and the project location
as C:/ug948-data-files/lab7/vivado_dsp_source, then click Next.
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"::, MNew Project

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

Project name:  vivado_dsp
Project location: | C: fug948-data-files/lab7/vivado_dsp_source
[¥] Create project subdirectory

Project will be created at: C:fug948-data-fileslab7/vivado_dsp_source fvivado_dsp

5. Select the RTL Project option, as shown in the following figure. Make sure that the option Do not
specify sources at the time is unchecked, and then click Next.

[

4% New Project

Project Type
Spedify the type of project to create.

o RTLProject
[] Do not specify sources at this time
Post-synthesis Project

Do not specify sources at this time

= 1fO Planning Project
Do not spedify design sources, You wil be able to view part/package resources,

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

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

You will be able to add sources, generate IP, run RTL analysis, synthesis, implementation, design planning and analysis.
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& XILINX.

Step 1: Create a new Vivado IDE Project with DSP Sources

6. As shown in the following figure, click the Add Files button, navigate to folder rtl_sources,
select top_level .vhd, click OK, then click Next.

-

4L Add Source Files

Look in: rtl_source

<
Recent Items

B top_level.vhd

b4
2B RADXS B
Recent Directories
) C: fug946-data-filesflab7fvivado_dsp_source -

File name:

Files of type:

top_level.vhd

All Design Source Files (.vb, veo, vho, tf, elf, v, vhf, verilog, vhd, edn, svh, sv, dep, edf, vr, h, ngc, vhe

7. In the Add Existing IP dialog box, click the Add Files button, navigate to the dsp_source folder,

select rgb2gray .slx and click Next.

4. Add Configurable IP

ot
Recent Items

Desktop

My Docum...

A

Computer

@

Look in: [ | dsp_source

_ rgb2gray.six Recent Directories

20 ERADXS O

= C:fug948-design-files/lab7/vivado_dsp_source/rtl_source «
File Preview

File: rgb2gray.skx

Directory:
C:/ug948-design-files/lab7/vivado_dsp_source/dsp_source
Created: Sunday 05/18/14 12:07 PM

Accessed: Sunday 05/18/14 12:07 PM

Modified: Monday 11/11/13 07:47 AM

Size: 23.2KB

Type: SLX

Owner: XLNX\duncanm

4 I | 2

Network
File name:

rgb2gray.skx

Files of type: jConﬁgurabIe 1P (including DSP sub-designs) (.xco, xci, mdl, slx, bd) Vj

8. In the Add Constraints dialog box, select Add Files, and then navigate to the constraints

directory.
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& XILINX.

9. As shown in the following figure, add the kc705 . xdc file, then click Next.

Step 1: Create a new Vivado IDE Project with DSP Sources

g Y
¢ Add Constraint Files &
Lookin: | | constraints | PO E ARG B
2 ke705.xdc | Recent Directories
&} 1 C:fug948-data-fileslab7fvivado_dsp_source/constraints -
Recent Items
File Preview
Y p— i ; -
- 24 C) Copyright 2010-2011 Xilinx, Inc. All Right|g
Desktop 3é
4 3-
E 5 §--
¢ -
My Documents 7 #-- respective
B #--
-‘_L 9 &- se
P 10#-~ =
Computer ] b

-,
‘-@ File name: kc705.xdc

Network  mgag of type: Design Constraint Files (.sdc, xdc)

10. In the Project Pane, select Boards and then select Kintex-7 KC705 Evaluation Platform as shown
in the following figure:

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

Select: @ Parts

4 Filter

Vendor: All -

Display Name: | All -

Board Rev: Latest -

Reset All Filters

Search: |
Display Name Vendor Board Rev  Part /O Pin Count File Version
@ MicroZed Board em.avnet.com f i xc7z010clg400-1 400 1.1 ]
@ ZedBoard Zynq Evaluation and Development Kit em.avnet.com d i xc7z020clg484-1 484 1.2 ]
@ Artix-7 AC701 Evaluation Platform xilinx.com 1.1 @ xc7a200tfbg676-2 676 1.1 |
“ Kintex-7 KC705 Evaluation Platform 4 xc7k325tfgo00-2 jogoo i1 !
& Virtex-7 VC707 Evaluation Platform xilinx.com 1.1 § xcTvx485tffg1761-2 1,761 1.1 1
@ Virtex-7 VC709 Evaluation Platform xilinx.com 1.0 @ xcIvrB90tgl761-2 1,761 1.4
@ Virtex UltraScale VCU107 Evaluation Board xilinx.com A G xovu095-ffvd1924-2-e-es1 1,924 1.2
@ ZynQ-7 ZC702 Evaluation Board xilinx.com 1.0 @ xc7z020clg484-1 484 1.1
@ 7YNQ-7 ZC706 Evaluation Board xilinx.com 1.1 @ xc7z045ffgo00-2 900 1.1
<| 1] A=

11. Click Next and then click Finish.
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& XILINX.

The previous steps setup a project. The following figure shows the hierarchy of the project in Vivado IDE
Hierarchy Browser:

Step 2: Explore the DSP Module from the Vivado IDE Cockpit

Project Manager - vivado_dsp

Sources O
e R

[ZH= Design Sources (1]

. [ top_level - structural (top_level.vhd) (1)
32 u_rgbh2gray - rgb2gray (rob2gray.slh)
[=H= Constraints (1)

. [EM& constrs_1 (1)
w5 ke705.xde
[=H= Simulation Sources (1)
(=l sim_1 (1]
=& top_level - structural (top_level.vhd) (1)

¥ u_rgb2gray - rgb2gray (rgb2agray.sh)

T
*

G 5 iy el
X\ ==

Hierarchy | IP Sources | Libraries | Compile Order

Step 2: Explore the DSP Module from the Vivado IDE Cockpit

1. Open the DSP Design created in MATLAB by double clicking on the file rgd2gray.six file in the
Design Source top-level model as shown in the following figure.

Project Manager - vivado_dsp
Sources O
A= 2 R

[ZH Design Sources (1)

i [EHihd top_level - structural (top_level.vhd) (1)
. .
== Constraints (1)
. M constrs_1 (1)
“-HY ke705.xdc
[=H= Simulation Sources (1)
[=hE sim_1 (1)
[ top_level - structural (top_level.vhd) (1)

g&.]u_rab2gray - rgb2gray (rgb2gray.six)

Hierarchy | IP Sources | Libraries | Compile Order

Tu
b

This opens the System Generator model in MATLAB/Simulink.
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i‘ XILINX@ Step 2: Explore the DSP Module from the Vivado IDE Cockpit

[4] rgb2gray BRI
File Edit Yiew Simulation Format Tools Help |
v
ayscale comversion using the fol louing weights]
re Grauscale = 0.3%R + 0,556 + 0.‘1_1‘3 ) Copuright 1995-2013 Xilinx, Inc.
System #-= All rights reserved.
Generator
lin | &
red -
Ragister
] 1}
green PR
rst
Registerl
B Freetpt
blue o
Seope
FegisterZ
[ ores(1,23) 0] In
rst

You can make modifications to this Simulink model if necessary.
2. Exit MATLAB and transfer control back to the Vivado IDE.

3. Double-click on the file top_level .vhd inside the Design Sources as shown in the following
figure.

Project Manager - vivado_dsp

Fa
*

Sources — O
o= 2 RIE

[=H= Design Sources (1)

=X Ytop_level - structural (top_level.vhd) (1)
L5t u_rgbh2gray - rgh2gray (rgbZaray.sk)
=1 Constraints (1)

=} constrs_1 (1)

[=H& Simulation Sources (1)
= sim_1 (1)
=i top_level - structural (top_level.vhd) (1)
i3 u_rgb2gray - rgh2gray (rob2gray.sh)

Hierarchy | IP Sources | Libraries | Compile Order

This file instances the DSP module created using System Generator for DSP into an RTL design. To
perform this instantiation, you must include a component declaration (lines 92-101). The name of the
component should be the same as the name of the DSP module, as indicated in the following code
snippet.

component rgb2gray is
port (
blue: in std _logic_vector(7 downto 0);
clk: in std_logic; -- clock period = 10.0 ns (100.0 Mhz)
green: in std_logic_vector(7 downto 0);
red: in std _logic_vector(7 downto 0);
rst: in std_logic;
grey_output: out std logic_vector(31 downto 0)

o/
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& XILINX.

Step 2: Explore the DSP Module from the Vivado IDE Cockpit

end component;

Lines 118-126 instantiate the module:

-- System Generator Design #1
u_rgb2gray :rgb2gray

port map (
blue
clk
green
red
rst

=>
=>
=>
=>
=>

blue,
clk,
green,
red,
rst,

grey _output => grey_ output

);

4. Using the Vivado Flow Navigator (left-hand side of the GUI), click Open Elaborated Design in the
RTL Analysis group.

This action recognizes that the System Generator model has not yet been generated, and
automatically triggers generation. All files generated by the System Generator model are included in
the synthesis and implementation steps automatically. You will see the MATLAB/Simulink tool that is

on your path launched and the System Generator model is generated and elaborated as shown in

the schematic below.

blue[7:0][>

cdk_p[ >
ck_n[ >

green[7:0][>

red[7:01[D
rst[_>
ce[ >

u_rgb2gray
| i_IBUFGDS
m 0 blue[7:0]
IBUFDS kel
green[7:0] _lgrey_output[31:0 grey_output[31:0]
red[7:0]
rst]
rgh2gray

You can now invoke other downstream tool steps, such as Run Synthesis and Run
Implementation, just like any other RTL design in the Vivado IDE.
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i: XILINXo» Summary

Summary

In this exercise you learned how to incorporate a MATLAB design file into an RTL project and learned
how a top-level RTL wrapper is required, in which to instantiate the MATLAB design. You have seen how
these sources can be viewed and modified from within the Vivado IDE and how synthesis is performed.

This exercise showed you how to import a MATLAB design into the Vivado IDE and use the Vivado IDE
to synthesize the design into an FPGA implementation.
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Lab 8: Importing C/C++ Source Files
into System Generator by Leveraging
Integration with Vivado HLS

Lab 8 Introduction

The System Edition of the Vivado® Design Environment includes the feature called Vivado HLS which
has the ability to transform C/C++ design sources into RTL. System Generator has a block called Vivado
HLS located in the Control and Index libraries that enables you to bring in C/C++ source files into a

System Generator model.

Objectives

After completing this lab, you will be able to incorporate a design, synthesized from C, C++ or SystemC
using Vivado HLS, as a block into your MATLAB design.

Procedure

In this exercise you will first synthesize a C file using Vivado HLS Vivado IDE project for a DSP design
using a design file from MATLAB, along with an associated HDL wrapper and constraint file. In step 2,
you incorporate the output from Vivado HLS into MATLAB and use the rich simulation features of
MATLAB to verify that the C algorithm correctly filters an image.
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i‘ XILINXw Step 1: Creating a System Generator Package from Vivado HLS

Step 1: Creating a System Generator Package from Vivado HLS

1. Invoke Vivado HLS: Start > All Programs > Xilinx Design Tools > Vivado 2014.x > Vivado HLS >
Vivado HLS 2014.x.

2. Select Open Project in the welcome screen and navigate to the Vivado HLS project directory
C:\ug948-design-files\lab8\hls_project as shown in the following figure.

Browse For Folder @

4 ug948-design-files
labl
lab2
lab3
lab4
lab5
lab6
lab7
4 lab8

4 his_project

m

.apc
solutionl
lab9 -

Folder:  his_project

Make New Folder oK l | Cancel

3. Click OK to open the project.
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4. Expand the Source folder in the Explorer pane (left-hand-side) and double-click on file
MedianFi lter.cpp to view the contents of the C file as shown in the following figure.

[t5 Explorer 2 =08 MedianfFilter.cpp =0
= his_project 14#include "MedianFilter.h" -
& Includes 2 #define WINDOW_SIZE 3
= Source itypedef unsigned char PixelType; i
L5) Medianfilter.cpp 5 #define PIX_SWAP(a,b) { PixelType temp=(a);(a)=(b);(b)=temp; }
i Test Bench 6 #define PTX_SORT(a,b) { if ((a)>(b)) PTX_SWAP((a),(b)); }
= solution1 7
# constraints 8 PixelType OptMedian®(PixelType * p)
W directives.tcl 9{

10 PIX_SORT(p[1], p[2]) ; PIX_SORT(p[4], p[5]) ; PIX_SORT(p[7], p[8]) ;

E}ﬁ"rscript’“' 11 PIX_SORT(p[0], p[1]) ; PIX_SORT(p[3], p[4]) ; PIX_SORT(p[6], p[7]) ;
;Irt? ild 12 PIX_SORT(p[1], p[2]) ; PIX_SORT(p[4], p[5]) ; PIX_SORT(p[7], p[8]) ;
ul

13 PIX_SORT(p[0], p[3]) ; PIX_SORT(p[5], p[8]) ; PIX_SORT(p[41, p[7]) ;
= report 14 PIX SORT(p[3], p[6]) ; PIX SORT(p[1], p[4]) ; PIX SORT(p[2], p[5]) ;
15 PIX_SORT(p[4], p[7]) ; PIX_SORT(p[4], p[2]) : PIX_SORT(p[6], p[4]) :

6 PIX_SORT(p[4]1, p[2]} ;
17 return(p[4]) ;
8}

20 PixelType Mean(PixelType* buffer)
21 { =
4

This file implements a 2-Dimensional median filter on 3x3 window size.

5. Synthesize the source file by right-clicking on solutionl and selecting C Synthesis > Active
Solution as shown in the following figure.

[ Explorer &2 = O[[& MedianFilter.cpp 2 =0
4 125 his_project 1#include "MedianFilter.h" -
& Includes 2 #define WINDOW_SIZE 3

4 £ Source itypedef unsigned char PixelType;
[© MedianFilter.cop S#define PIX_SWAP(a,b) { PixelType temp=(a);(a)=(b);(b)=temp; }
» = Test Bench 6 #define PIX_SORT(a,b) { if ((a)>(b)) PIX_SWAP((a),(b)); }

= solution” ..
- % Solution Settings...

il

4 4 constl OptMedian9(PixelType * p)
& dirl Rename
W scr Copy ORT(p[1], p[2]) ; PIX_SORT(p[4], p[5]) ; PIX_SORT(p[7], p[81) ;
+ & csim | & Paste ORT(p[e], p[1]) ; PIX_SORT(p[3], p[4]) ; PIX_SORT(p[6], P71} ;
. = pyl % Delete ORT(p[1], p[2]) ; PIX_SORT(p[4], p[5]) ; PIX_SORT(p[7], p[8]) ;
OPTLolal ~f210 - DTX SORT(p[5], p[8]) ; PIX_SORT(p[4], p[7]) ;
> & refl C Synthesis » B+ Active Solution  SORT(p[1], p[4]) ; PIX SORT(p[2], p[51) ;

ORI CashlEEe > | AlSslitoms CSORT(p[4], p[2]) ; PIX_SORT(p[6], p[4]) ;
Export RTL B> Select Solutions...

n(p[4 ;
Open Report 4

19

20PixelType Mean(PixelType* buffer)

21{ -
I

After the synthesis is complete you can package the source for use in System Generator for DSP.

6. Right click on solutionl and select Export RTL.
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& XILINX.

7. Set Format Selection to System Generator for DSP as shown in the following figure and click OK.

Step 1: Creating a System Generator Package from Vivado HLS

¥

+ | Export RTL Dialog [l

Export RTL
po -

Format Selection

lSystem Generator for DSP vl

Options

| Evaluate [Verilog vl

|| Do not show this dialog box again.

[ oK ] l Cancel

8. When the Export RTL process completes and Vivado HLS displays the message “@I [LIC-101]
Checked in feature [VIVADO_HLS]” Exit Vivado HLS.
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Step 2: Including a Vivado HLS Package in a System Generator Design

Step 2: Including a Vivado HLS Package in a System Generator

Design

1. Launch System Generator and open the sysgenHLSMedianFilter.slx file in the 1ab8 folder.

This should open the model as shown in the following figure.

# sysgenHLSMedianFilter * =N EGR <™
File Edit View Display Diagram Simulation Analysis Code Tools Help
-8 <« O -E- GO P © 20 @ ~
sysgenHLSMedianFilter
@ ||*a sysgenHLSMedianFilter » v
-
&
Double click . .
g i: for (c) Copyright 1995-2014 Xilinx, Inc.
= more information. #—-All rights reserved
System
Senerator Double Click for Copyright Motice
—
Al
» Cut | pixel
_________ Moisy Input Image
Consiant
ffffffffff oo} ]
T - 3
Fed Gateway Out
i > Out »
B emccmmn Gateway Outi
Gre=n ¥ pixel i E > out
(=01 SRR B AT Gatewsay Dut2
_________ RPN, e o Cut >
B | Gateway Outd
Holsy Image RGB2Y LineBuffer Gateway Outd Soope
o e e |
» Cutput Delay!
Filtered Imans
Ready 100% VariableStepDiscrete

2. Add a Vivado HLS block by right-clicking anywhere on the canvas workspace.
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& XILINX.

3. Select Xilinx BlockAdd and scroll down to the Vivado HLS block as shown in the following figure.

*i sysgenHLSMedianFilter *

File Edit View Display Diagram Simulation Analysis Code Tools Help

= @)=

- - - * |256%256%2 Normal ~ -
sysgenHLSMedianFilter
@® (& sysgenHLSMedianFilter ¥ -
-
Double click
for (c) Copyright 1995-2014 Xilinx, Inc.

more information

#-—All rights reserved.

Double Click for Copyright Notice

»> pixal

Noisy Input Image

o L&) =
f +  Add block
IEfE=0 ¥ Toolbar
& Up Sample
Bl i1 Viterbi Decoder 9.0
B | Vivado HLS

W Band-Limited White Noise

Moisy Image L J
y Imag RGB2Y LineBuffer Scope

W Bus Creator
& Ric Selactar

pixel L

5 Cutput DetayT
Filtered Image
Ready 100% VariableStepDiscrete .

4. Double-click on the Vivado HLS block to add a block called Vivado HLS as shown in the following

figure.

#4 sysgenHLSMedianFilter *
File Edit View Display Diagram Simulation Analysis Code Tools Help

(=N N =~

H-@ @ @S- GO o @ s @ -
sysgenHLSMedianFilter
® sysganHLSMadianF\ltarb A
-
Double click
(c) Copyright 1995-2014 Xilinx, Inc.
more information. #-All rights reserved.
Double Click for Copyright Notice
* Out
| L
Inp
777777777 Nus\mnage
Constant —
o oul— =
E B0 [
[
S
G
e
B
Nolsy mage RGBSY LineBuffer Gateway Cutd Scope
Lo o] o o | L
» Output Delay!
Filtered Image
Ready 100% VariableStepDiscrete
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& XILINX.

5. Double-click the Vivado HLS block and use the Browse button to select the solution created by

Step 2: Including a Vivado HLS Package in a System Generator Design

Vivado HLS C:\ug948-design-files\l1ab8\hls_project\solutionl as shown in the
following figure, then click OK.

5t Vivado HLS (Xilinx High Level Synth.. | = | & |[st3m]

This block allows including C,C++ and SystemC source files in
System Generator for DSP designs.

Solution 2sign-files/lab8/hls_project/solution1’

["] use ¢ simulation model if available

|| pisplay signal types

Output Sample Times[SimuIink system period 'l

o] [ cmes | [ vep ] [ e

6. Connect the input and output ports of the block as shown in the following figure.

# sysgenHLSMedianfilter * = BR[|
File Edit View Display Diagram Simulation Analysis Code Tools Help
b8 BEO-BE- 40P 0 ©- sese @~
sysgenHLSMedianFilter
® | *a|sysgenHLSMedianFilter » A
- -
Double click . .
E3 for (c) Copyright 1995-2014 Xilinx, Inc.
- more information #-All rights resenved.
System
= '.rf\r'rr' Double Click for Copyright Notice
&=
[ out} » izl
Inp
Moisy Input Image:
Congtant —
> Qut > c
D—’ - slart b | —] pER—— =
R " ap.stal  ap il » out | D
Heclia ngill Gateway Outl
[ amn o G o e BN o, SN
G =) o v Gateway Oul2
o =) V_ap vkl > Out >
: |—> us
5 Vivato HLS
Moisy Image ACB2Y LineBufter Gateway Cutd Scope
ol = forfe | L
5 Output Doty T
Filtered Imane
Ready 100% VariableStepDiscrete
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& XILINX.

8. Navigate into the Noise Image sub-system and double-click on the Image From File block
jena.png to open the Source Block Parameters dialog box.

Step 2: Including a Vivado HLS Package in a System Generator Design

9. Use the Browse button to ensure the file name correctly point to file lena.png as shown below.

["&| Source Block Parameters: Image From File ﬁ

Image From File
Reads an image from a file.
Use the File name parameter to specify the image file you want

to import into your model. Use the Sample time parameter to
set the sample period of the block.

Main Data Types

Parameters

File name: C:\ug948-design-files\lab8\lena.jpg

Sample time: ImSize*ImSize

Image signal: [Separate color signals ']

Qutput port labels: R|G|B

[ OK H Cancel H Help H Apply ]

10. Press OK to exit the Source Block Parameters dialog box.

11. Simulate the design and verify the image is filtered, as shown in the following figures.
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CIX B

Summary
B Noisy Input Image ' o | @ || & | | H Filtered Image o <
File Tools View Simulation Help = File Tools View Simulation Help =
2 B 0k || 0% M S| B0 |« a7 s -

CEXIET"

Ready 1:256x256

T=131072.000

Ready [:256x256 T=131072.000

Summary

In this lab exercise you were able to take a filter written in C, synthesize it with Vivado HLS and
incorporate the design into MATLAB. This process allows you to use any C, C++ or SystemC design and

create a custom block for use in your designs.

This exercise showed you how to import a MATLAB design from Vivado HLS and use the design inside

MATLAB.
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& XILINX.

Lab 9: Including a System
Generator Design as a Module in
an IP Integrator Design

Lab 9 Introduction

System Generator has a feature that lets you export a design as an IP module into the Vivado® IP
Catalog. From the IP Catalog, you can then import the System Generator design as IP into a Vivado IP
integrator design. For example, you can create a data-path module in System Generator and then add
the data-path to a larger processor-centric design in IP integrator.

There are two IP creation modes in System Generator and a combination of these modes is supported

as well:

o Port/Pin Interface Packaging. When used in this manner, the port names on the IP match
exactly the Pin names of the Gateway In and Gateway Out blocks used in System Generator.

. Port-Name-Based Interface Inference. In this mode of operation, multiple Gateway In and
Gateway Out blocks are grouped into a single port on the IP.
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iA XILINX@ Step 1: Packaging IP with Port/Pin Interfaces

Step 1: Packaging IP with Port/Pin Interfaces

Do the following:

1. Invoke System Generator, navigate to the lab9/raw_interface design data folder and open the
file named raw_interfaces.slx.

raw_interface *

File Edit View Display Diagram Simulation Analysis Code Tools Help
%~ B He-2 40P - ©- -@-
raw_interface | | ” ” )
® Iﬁ’]raw_interface '}
= \ » In
3 V

Sina Wave data_signal
— System » b

Ganaraor -]»-b
EI P rst rasult
Scope

Constant 5
»
Ready 100% oded5|

2. Double-click the System Generator token and verify that the IP Catalog compilation target is
selected.
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& XILINX.

Step 1: Packaging IP with Port/Pin Interfaces

. N N
B System Generator: raw_interface o | @ | 23|
1 g\
goo = 7
Compilation Clocking General

Compilation :

IP Catalog
Part :

Kintex7? xcTk325t-3fbgb76

Hardware description language : VHDL library :

VHDL v| |xi_defautiv

Target directory :

Unetlist
Synthesis strategy : Implementation strategy :

Vivado Syntheszis Defaults b Vivado Implementation Defaults =

|_| Create interface document Iil Create testbench Model upgrade. ..

[Perfurmancenps] leenerate] l oK ] l Apply ] l cancel ] l Help ]

When you select the IP Catalog compilation target and generate the design, the following output
products are placed in the <target_directory>/ip_catalog directory:

. <Vendor>_<Library>_ <design_name>_<Version>.zip: This is the IP created from
System Generator.

o <design_name>.xpr : This is an example project file that instantiates the IP that is created. It
contains an IP integrator block diagram with an example instantiation of the IP.

3. Verify that the Create testbench option is checked.

This will ensure a testbench is created and the example project contains an RTL Testbench instantiating
the IP.

4. Click the Settings button and configure the IP Catalog:Settings as shown in the following figure.

5. Ensure the option Auto Infer Interfaces is unselected.
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iA XILINX@ Step 1: Packaging IP with Port/Pin Interfaces

& IP Catalog: Settings o B [

— IP Properties:
Vendor: |User Company Library: [SysGen
MName: I'EI".I‘I_iIﬂEI'fElCE_I:‘.I‘.I' Version: 1.0

Category: System Generator for DSP | Status: | Production |
[ |Auto Infer Interface
|| Use commaon repaository directory

=

l OK ] l Cancel ] l Help

6. Click OK, to exit the IP Catalog:Settings
7. Click Generate on the System Generator token.

Instructions on using the IP are displayed in the Compilation status dialog box, as shown below.

3 Compilation status ==y X

v
Generation Completed
A

Begin generation

Checking model status

Checking simulation times

Performing compilation and generation

Compilation and generation completed in 7.8708 seconds

1. In your Vivado project, click on "IP Catalog™. In the IP Catalog window, right
click on any empty area, 3select "IP Settings...".
2. In the pop up dialog, press on "Rdd Repository...” button from "Repository Manage

r" and provide the path to your IP location(<Target Directory>/ip) and click O

3. Find your IP category from IF Catalog, your IP will be under this category. Doubl
e click to add this IP to your project.

4. Under Design Sources of your project, vou will find a new IF added in. Use that I
P name in your code to finish your design.
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i. XILINX@’ Step 1: Packaging IP with Port/Pin Interfaces

8. Navigate to the directory C:\ug948-design-
files\lab9\raw_interface\netlist\ip_catalog and double-click project file
raw_interface.xpr to open the example design project in the Vivado IDE.

9. In the Vivado Flow Navigator pane, select Run Simulation and then Run Behavioral Simulation.
This demonstrates the IP can be verified with RTL simulation inside the Vivado IDE.

10. In the Vivado Flow Navigator pane, select Open Block Design to open the example IP integrator
project.

raw_interface 1

signal_x0[15:0] [Cp———msigral_x0[15:0] \‘
rst[_————marst[0:0] - .
clk [ —ck ’g

result[15:0] result[15:0]

\-

raw_interface

11. Click on the Validate Design toolbar button to confirm the IP works within IP integrator.
12. Exit the Vivado IDE.
13. Close the raw_interfaces design in MATLAB.
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i‘ XILINX@ Step 2: Packaging the IP with Port-Name Interface Inference

Step 2: Packaging the IP with Port-Name Interface Inference

1. Navigate to the lab9/gain_control folder and open the System Generator design named
gain_control .slx.

A gain block is implemented using a multiplier with one input controlled using an AXI4-Lite

gain_control

| File Edit View Display Diagram Simulation Analysis Code Tools Help
[ 1) = -~
-8 « BHe-E 4O P ® ~ [1200 » @D~
Model Browser = |gain_control * | AXlLiteinterface |
@ |74l gain_control ¥ -
|Pa| AXI Transaction Ger
[Pa AXILiteinterface &
EH—E - [
Lo z
@l = e
= data_out
Mult Scope
g
——
AR
o ;' AXIL talnta face|
"
5
o
&
ol
4
AXI Transaction
(Ganerator
=
EI
£l ) «
Ready [100% oded5

Inside the AXI4-Lite Interface subsystem is an MCode block that models a single AXI4-Lite Interface.
The MCode block is attached to Gateway In and Gateway Out blocks, as shown in the following

figure.
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& XILINX.

Step 2: Packaging the IP with Port-Name Interface Inference

awvalid value

awaddr
awready

wvalid
wready

wdata
bvalid
bready AXILiteSlaveRegisterFull

bresp
arvalid

arready
araddr

rready rvalid

aresetn rdata

MCode

As you can see, all gateways are named with a the same base name, s_axi and suffixes that match
the signals in an AXI4-Lite interface. This naming convention ensures that the pins may be grouped
into a single AXI4-Lite interface port named s_axi .

2. Double-click the System Generator token.

3. Open Settings and verify the Auto Infer Interface setting is checked.

B 1P Catalog: Settings

Category: |System Generator for DSP | Status:
|| Auto Infer Interface
|| Use commaon repository directory

=R Eh =

— IP Properties:
Vendor: |User Company Library: |SysGen
Mame: gEIiH_CIZIIﬂFIZI|_C"f'-.I' Version: 1.0

Production -

=

[ DK l [ Cancel l [

Help l

This option will infer ports based on their pin names. The following ports are inferred from pin names
provided the following are both true:

e The pins must have a common prefix name.

e The suffix must match the name shown in the following table.

Interface Name

Gateway In (Restriction)

Gateway Out (Restriction)

AXI4-Lite Slave

awaddr

awready (1 Bit Wide)
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& XILINX.

Step 2: Packaging the IP with Port-Name Interface Inference

Interface Name

Gateway In (Restriction)

Gateway Out (Restriction)

awvalid(1 Bit)

wdata

wready (1 Bit Wide)

wvalid(1 Bit)

bready(1 Bit)

bresp (2 Bits Wide)

bvalid
AXI4-Stream Slave tdata tready
tvalid(1 Bit)
AXI4-Stream Master tready(1 Bit) tdata
tvalid(1 Bit)
Reset (full name) aresetn
Clock clk

4. Click OK in the IP Packager settings menu.

5. Click Generate to create the IP.

6. Navigate to C:\ug948-design-Tiles\lab9\gain_control\netlist\ip_catalog and

open the Vivado project gain_

control _xpr.

7. In the Vivado Flow Navigator pane, select Open Block Design and confirm port s_axi on
gain_control is an AXI4-Lite interface.

ck_wiz_1

M1 aD—qﬂo(u LD ::-oul.&
reset_rtl i [ ‘

mdgt_ [/ ee—

microblaze_1

y ™ I
L 4 1
= =

microblaze | _local memory

LM
nme
1

Micre3laze | e}

data_in[15 :-:D—I

gain comtrol 1

: .
MI B

Laresstn
| I—-mu_.nus o

Model-Based DSP Design using System Generatorwww.xilinx.com

UG948 (v2014.3) October 28, 2014

| Send Feedback I

73



http://www.xilinx.com/
http://www.xilinx.com/about/feedback.html?docType=Tutorials&docId=UG948&Title=Vivado%20Design%20Suite%20Tutorial%3A%20Model-Based%20DSP%20Design%20using%20System%20Generator&releaseVersion=2014.3&docPage=73

iA X”—INX@ Step 3: Programming an AXI4 Interface from Software

Step 3: Programming an AXI4 Interface from Software

The first step to writing software is to export this design to the Software Development Kit (SDK).

Also in the Address editor pane, you must verify that the right address range is allocated to the System
Generator AXI-Lite interface. As you can see, 4K address space is reserved because while exporting from
System Generator awaddr and araddr are 12 bits wide.

Ze Diagram X @& Address Editor X
Q| cell |Base Name | Offset Address |Range | High Address |
wn | @-1F /microblaze_1
o| ¢@Daa
= _ ’[n /microblaze_1_local_memory/dimb_... Mem 0x00000000 8K ~ Ox00001FFF
Bat = [gain_control_1 reg0 0x44A00000 4K ~ 0x44A00FFF
| & @ Instruction
L= fmicroblaze_1_local_memory/iimb_b... Mem 0x00000000 BK ~ 0x00001FFF

1. Right-click the IP integrator design and select Export Hardware to SDK as shown in the following
figure, and ensure that SDK launches.

» Design Sources (2) o
@, gain_control_bq |
r‘Jl“ ain_cantral b k'\_
oS = Source Node Properties... Ctr
o4 User * Open File Alt
o5 IP-X Create HDL Wrapper
) Constra . o
e . Yiew Instantiation Template
— Simulati
& sim. Generate Output Products...
i:gﬁ-: Reset Output Products...
@ Export Hardware for SDK... |
L4 : Package Block Design...
wh

In SDK, you need to create a default Application project for the given exported hardware. This
creates a test application for all peripherals.

In this case, the only major peripheral is the System Generator IP.
2. Open the xparameters.h file included in the Peripheral Test application and see the following

lines:

/* Definitions for peribheral GAIN _CONTROL 1 */
#define XPAR_GAIN_CONTROL_1 BASEADDR 0x44A00000
#define XPAR_GAIN_CONTROL_1 HIGHADDR 0x44A00FFF

This can be co-related with the address map in the IP integrator design Environment and is
essentially the software interface to the System Generator peripheral.
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& XILINX.

3. Modify the Test Peripheral application as shown in the following figure.

Step 3: Programming an AXI4 Interface from Software

#include <stdio.h>
#include "xparameters.h”
#include "xil cache.h"

| #include "xil io.h" |

int main()

{

Xil_ICacheEnable();

Xil_DCacheEnable();

//

ift 1,

for (1 =0; 1> -1; 1++) {
Xil_Out32(XPAR_GAIN_CONTROL_1_BASEADDR,1i);

1

//
Xil_DCacheDisable();
Xil_ICacheDisable();

return 0;

4. Save and Exit. This creates an ELF file executable.

5. Locate the ELF file and associate as shown in the following two figures. The ELF file should be
located in gain_control .sdk/SDK/SDK_Export/test/Debug/*.elf.

Model-Based DSP Design using System Generatorwww.xilinx.com | Send Feedback l 75
UG948 (v2014.3) October 28, 2014


http://www.xilinx.com/
http://www.xilinx.com/about/feedback.html?docType=Tutorials&docId=UG948&Title=Vivado%20Design%20Suite%20Tutorial%3A%20Model-Based%20DSP%20Design%20using%20System%20Generator&releaseVersion=2014.3&docPage=75

& XILINX.

'3?—'\.'__,‘ SUIMUIALIon >ources (1)

@& sim_1 (24)

&4, gain_control_bd_

©—ihgw gain_control_bd_wrapper - STRUCTURE (oain

Step 3: Programming an AXI4 Interface from Software

Top modul

Synthesis

&~gh gain_control_{ @ Source Node Properties... Ctri+E
@h gain_control_tb - ST|  (* Open File Alt+0
@h FPGA_Express_work Create HDL Wrapper
Wi FPGA_Express_work r o
& Data Files (18) Wiew Instantiation Template
& ELF 2) Generate Output Products...
< ] Reset Qutput Products...
Hierarchy IP Sources Libraries Export Hardware for SDK...
& Sources ¥ Templates Package Block Design...
Replace File
Prqpenie? ® Copy File Into Project
L 4 Copy All Files Into Project Alt+l
# gain_control_bd.bd X Remove File from Project... Delete
Enable File Alt+Equals
Location: Jwrkjhds Disable File Alt+Minus
Type: @ Hierarchy Update »
Part: %c7k325| @ Refresh Hierarchy
Size; 44.2 KB ae SET as Top
Modified: Today at Set As Qut-Of-Context Module
Copied to: gain_con Set File Type...
Read-only. No Set Used In...
y Edit Constraints Sets...
General | Properties Edit Simulation Sets...
Associate ELF Files...
Tcl Console &% Add Sources... Alt+A
Z| :Iﬂ:nsoggggi Mamnrv o Go To Source i

(8 Assoclate ELF Flles X

ELF File Associations

o Associate an ELF file with a processor instance (Address Map). ELF files are
./ available after running generate on your embedded design sources.

Processors/Address Maps

| Associated ELF File

m7 Design Sources
- @ gain_control_bd_i
L@ microblaze_1
&’ Simulation Sources
@1 sim_1
©- 4 gain_control_bd_i
L@ microblaze_1

test.elf =)
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& XILINX.

Lab 10: Packaging a Synthesized AXI4-Lite Interface

Lab 10 Introduction

In this lab, you learn how to package a System Generator design with a synthesized AXI4-Lite interface

such that a processor can control the value of registers within the interface ports.

Requirements

To complete this lab, you must have the following tools installed:

o Vivado Design Environment System Edition with SDK (v2014.3 or greater)
. MicroZed Hardware Board or any other Xilinx supported Board

Note: You can verify that the SDK tool is installed by navigating to the Xilinx installation directory
and observing the SDK folder.

If the SDK folder is not present, download the file named Vivado 2014.3: Standalone SDK Single File
Download Image from the www.xilinx.com download area and install the file.

= B B8

@ @/} « Local.. » Xilinx » v-"? | Search xitine ©
R

Organize » Include in library »  » = 0 @

L 2 Nam
 Favorites :

B Desktop DocMav
& Downloads SDK

m

= Recent Places Vivado
Vivado_HLS

w4 Libraries B = Tt "
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£ XILINX. ent

Step 1

1. Invoke System Generator for DSP from the Windows Start menu, navigate to the Lab 10 folder,
and then open the rgb2gray.slx model in Simulink. The model is shown in the following figure:

Grayscale conversion using the following weights
Grayscale = 16 + B5/256"R + 129/266"G + 25/266"B

Constant Red T
Rt B+ b
AddSub
e ] xus J
Green a
Constant1 b o
GMult i ;+ b | reinterprat |—m| casl —F D
AddSubi -
- AddSub2 Reinterpret Convert Luminance Scope
e
x
Conslant2 Blug
BMult Constant3

2. Simulate the model to ensure that the results are correct. In this case, the output should be 17.

3. Do the following to map each Gateway In block to an AXI4-Lite Slave Interface so it can be
controlled by a microprocessor:

a. Open (double-click) the Gateway In block named Red.
b. Select the Implementation tab.

c. As shown in the following figure, set the control called Interface to AXI4-Lite.
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£ XILINX. ent

Gateway in block. Converts inputs of type Simulink integer, single,
double and fixed-point to Xilinx fixed-point or floating-point data
type.

Hardware notes: In hardware these blocks become top level input
ports.

| | Basic | Implementation .

Interface Options

Interface | AXI4-lite -

(V] Auto assign address offset

Description ‘Red’

Note: It is important to provide a “meaningful” name to the Gateway In block, in this case "Red”
because it will be used in the Software Driver Generation, as you will see later.

4. Repeat the process for the Gateway In blocks named Green and Blue, and the Gateway Out block
named Luminance.

You are now ready to package the design.

5. Double-click the System Generator token and note that the Compilation Target is set to IP
Catalog. Additionally, for this lab, the device is set to ZynQ, the same device located on the
MicroZed board.

6. Change the target directory to ./netlist_mzed, and click the Generate button on the System
Generator token.

This action packages the System Generator design as an IP module in the subdirectory called
./netlist_mzed/ip. In addition, an example Vivado IDE project file named rgb2gray.xpr is
created and configured to the MicroZed board.

Note: The board is inferred from the part settings on the System Generator token located at
-/netlist_mzed/ip_catalog/rgb2gray.xpr

7. Double-click the rgb2gray . xpr project file to open the Vivado IDE project. The sources view looks
like the following figure.
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8 XILINXa Step 1

= R o

T2 2e hE

-7 Design Sources (2)
@i, rgb2gray_bd wrapper STRUCTURE (rgb2gray bd_wrappd
BN o2orer oo dbrer b b3y i) (1)
E-ah rd:Zl;ray_bd - STRUCTURE (rgngray bd vhd) (4)
: [i} @ rgb2gray_stub - STRUCTURAL (rgb2aray_mod.vhd) (1)
#-{ Constraints
@+ Simulation Sources (2)

| Hierarchy | IP Sources | Libraries | Compile Order |
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£ XILINX. cens

8. Double-click the rghb2gray_bd_i block design instance to open the IP integrator Block Diagram, as
shown in the following figure:

| E= Diagram  x | B Address Editor X | m
#[]| s rgbagray_bd »

&
o

Q0 7 |8

cRak s E L

9. As shown in the following figure, move to the Flow Navigator and select IP Integrator > Generator
Block Design:

Flow Navigator &

G pia
[

4 Project Manager
@ Project Settings

&% Add Sources Nrob2gray_bd_i - rgb2gray_bd (rgb bd.bd) (1)
£ 1P Catakog P rﬁ- rd:znvbd mm(rgblgray bdvhd)m

| @ rob2gray_stub - STRUCTURAL (rab2aray_mod.vhd) (1)
1 Cor

l%] - Smulation Sources (2)

= “
< (B | e o
a - . \ % Sources il

10. Right-click and press the Generate button on the dialog box, or, in the Flow Navigator, click
Generate Bitstream.
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& XILINX.

4 Implementation .
Design Runs
% Implementation Settings C\
5 Name
[» Run Implementation —l=
ﬁ Open Implemented Design o | 5= oynth_1
b pen Imple i ey
{33 = impl_1
4 Program and Debug : 3
73 Bitstream Settings ]
o - »
<
B Launch iMPACT =
& G

Generate a programming file after implementation

Step 1

11. As shown in the following figure, bring the Vivado IDE Sources pane to the front, right-click the
rgb2gray_bd_i Block Design instance and select Export Hardware to SDK.

_ Block Design rgb2gray_bd

Sources e =] i A | %o Diagram X |
T2 s hE iDI.aJrgngav_bd »
-7 Design Sources (2) I Ql
[ whgy rgb2gray_bd_wrapper - STRUCTURE (rgb2gray_bd w rap| -
(SRF-Nrgb2gray_bd_i - rgb2gray_bd (rgb! o=
[ gh rgb2gray_bd - STRUCTURE (rg 3 Source Node Properties... Ctrl+E
(@ rgb2gray_stub - STRUCTURAL (rab2ar{ 3  Open File Alt+0 [Sre
[#-1Z) Constraints 2
@) Simulation Sources (2) Create HDL Wrapper... s
View Instantiation Template :a-:
Generate Output Products... perip!
Reset Output Products... sRel
o = | Export Hardware for SDK... I _ ;
Hierarchy | IP Sources | Libraries | Compie Ord Package Block Design...

12. As shown in the following figure, select the Launch SDK option on the pop-up dialog box, then click

OK.

]
4. Export Hardware for SDK

‘0} Export hardware platform for SDK.
-y

4

Options
Source: i rgb2gray_bd.bd
Exportto: | @) <Local to Project>
Workspace: | <Local to Project>

"]

OK

| [ concel ]

Next, you are going to add the rgb2gray_bd IP to SDK, so SDK can find the appropriate drivers.
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£ XILINX. ent

13. As shown in the following figure, in the SDK GUI, select Xilinx Tools > Repositories and add the
full path to the directory containing the System Generator Model (../netlist_mzed/ip) to the
local repositories in SDK.

File Edit Source Refactor Navigate Search Run Project | Xilinx Tools | Window Help

S Y | ol — &~ e~ ¢ E Generate linker script 2
v O - v - % e Settings
: = = Repositories
Ly Project Explorer &2 B || g systemaxml 3 | B Rer
B&| Y~ T &3 Program FPGA
4 [ hw_platform_0 = ] Dump/Restore Data File
| example_dds_bd_wrapper.bit Design Informatia E Program Flash
[@ ps7_init.c el
B psi_inith Target FPGA Dewlc [3 XMD Console
@ psT_inithtml Created Wi 57 Launch Shell
| ps7_inittcl Created C % Configure JTAG Settings
@ psl_summary.htral Address Map for o #¢  System Generator Co-Debug Settings
@ systemxml pIory

Create Zynq Boot Image

LY i S T

14. Create a new Application Peripheral Tests Project by selecting File>New>Application Project.

15. Name the application testsysgen as shown in the following figure, and click Next.

@ New Project = [[@][=]
Application Project —E
Create a managed make application project. f 7

Project name:  testsysgen

1¥] Use default location
CAsb\netlist_mzed\ip_catalog\rgb2gray.sdiSDENSDE_Expon

default

Target Hardware

Hard Platform ihw_._' tform_0 v|
Processor ! psi_cortexad 0 -/
Target Software

05 Platform standalone ']
Language @ C Ces

Board Support Package @ Create New  testsysgen_bsp

Use existing  testRgh_bsp

@ <Back [ Net> ][ Fnsh ][ cancel |

16. Select Peripheral Tests as shown in the following figure, and then click Finish.
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Step 1

@D New Project o (2=
Templates N G

Create one of the available templates to generate a fully-functioning I/ /

application project. L-——/
Available Templates:

[Dhrystone | |Simple test routines for all peripherals in

Empty Application the hardware,

Helle Werld

| lwIP Echo Server

Memary Tests

i —

Zynq FSBL

9, | < Back Next Finich [ Cancel ]

17. Modify the test program to exercise the System Generator Peripheral as shown below:

Include the driver header file. This is derived from the top-level name of the RTL created from
System Generator for DSP design. This should be similar to the name of the Simulink model with
lower-case characters as well as some mangling to ensure the name does not conflict with a
reserved VHDL or Verilog words.

#include “‘rgb2gray.h”
In the main() code, add the following lines to help with modifying frequency :
{ /*
* Writing to Red Blue and Green Ports
*/
rgh2gray Instance;
rgb2gray_ Initialize(&Instance, XPAR_RGB2GRAY_ 0O DEVICE_ID);
rgb2gray_red _write(&lnstance, 1);
rgb2gray blue write(&lInstance, 1);
rgb2gray green_write(&lnstance, 1);
/*
* Writing to Red Blue and Green Ports
*/
u8 luminance;
luminance = rgb2gray_luminance_read(&Instance);

rgb2gray_red write(&lnstance, 2);

rgb2gray blue write(&lnstance, 2);

rgb2gray green_write(&lnstance, 2);
3
XPAR_RGB2GRAY_O DEVICE_ID is defined in xparameters.h that was used to create
the board support package.

Model-Based DSP Design using System Generatorwww.xilinx.com Send Feedback 84
UG948 (v2014.3) October 28, 2014 [—\/—]


http://www.xilinx.com/
http://www.xilinx.com/about/feedback.html?docType=Tutorials&docId=UG948&Title=Vivado%20Design%20Suite%20Tutorial%3A%20Model-Based%20DSP%20Design%20using%20System%20Generator&releaseVersion=2014.3&docPage=84

t: XILINX@ Step 1

{75 Project Explorer 82 Sifal | [€] testperiph.c 52 \ =il EE Outline 83 (® Make Targe. STE
=R-SR A #include "xqspips.h” - ERET NI -
T #include "qspips header.h" B ik |
5 (3 hw_platform_0 qspips_ 21 stdio.h
i Léc w‘:a s A #include "xdevcfg.h" :I -
4 k—,-te:t ‘gb ! #include "devcfg_header . h” m‘l Xparameters.h
b 35, Binaries #include "xscutimer.h”
b il Includes #include "scutimer_header.h” 21 xscugich
b (= Debug #?nclude ::xscuwdt.h" " =1 il_exception.h
4 (= src :;:ciuge “ic;t;d:_he;fer.h 81 scugic_header.h
» [n) devcfg_headerh GRS, FRRCRERY =1 xdmaps.h
b dmaps_headerh T - int main B &1 dmaps_header.h
in()

b [h] emacps_headerh
b |kl qspips_header.h
b [hl scugic_header.h

=1 xemacps.h

Bl xemacps_exampleh
static XScuGic intc; 21 emacps_headerh

static XEmacPs ps7_etherne|

> [H] scutimer_headerh static XScuTimer ps?‘_ﬁstu‘t::i.:jE B "qs‘_’ips'h

» [n scuwdt_headerh static XScuWdt ps7_scuwdt_t = qspips_headerh
b | testperiph.c | % xdevcfg.h

b | xdevcfg_selftest_example.c |= Xil ICacheEnable(); | 2 devcfg_headerh
+ | xdmaps_example_w_intr.c )f}l_DCacheEnable()j = 21 xscutimerh

= Fi

(€] xemacps_example_intr_dma, * Writing to Red Blue and ¢

= scutimer_header.h

e e
SR e

b ]Q xemacps_example_util.c -/ H  xscuwdth
> [ xemacps_example.h rgb2gray Instance; = scuwdt_header.h
+ [€] xqspips_selftest_example.c i rgb2gray_Initialize(&Instal 80 rab2aravk

rgb2gray_red_write(&Instan
rgb2gray_blue_write(&Instal .
il —T— o

[€] xscugic_tapp_example.c

o
-
-
-

i

b

b [€ xscutimer_intr_example.c

» [€l xscutimer polled example.c

18. Setup SDK for Debug. In the Project Explorer, right- click testsysgen and select Debug As>Debug
Configurations.

Show in Remote Systems view W scutimer_heac

|
ing to Red Blue and

Convert To... W xscuwdt.h
y Instance; B scuwdt_heade

Run As y B Tnitiali-allTnctar 1] - L N

Debug As » | & 1Launch on Hardware (GDB)

Profile As » 35, 2 Launch on Hardware (System Debugger)

Team » | [€] 3 Local C/C++ Application |

Compare With » | &0 4 Remote ARM Linux Application ;

Restore from Local History... Plabiy Conbriaatae !

A Dun CICis Cada Anaheric
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19. As shown in the following figure, select Reset entire system and Program:

Conclusion

Name: System Debugger Local Host testRgb.elf

_ M, . Target Sdu-p 3 Applicatior; 0= Argumentsl P Environment| 55 Symbol Files By Source |

Debug Type: [Standaione Application Debug vl

Hardware platform: | hw_platform 0 ~
Bitstream file: rgb2gray_bd_wrapper.bit Browse...
Initialization file: psT_init.tcl Browse... !

Summary of operations to be performed

V] Reset entire system Following operations will be performed before launching the debugger.
V] Program FPGA 1. Reset entire system.
2. Program FPGA fabric (PL).
[¥] Run ps7_init 3. Run ps7_init.

4. Run ps7_post_config.
5. All processors in the system will be suspended, and Applications will be
downloaded to the following processors as specified in the Applications
tab.

1) ps7_cortexa% 0

[¥] Run ps7_post_config

20. Select Debug to launch the Debugger and step through the code.
21. Verify that the value of Luminance is 17 and then 18.

Conclusion

A System Generator design can be packaged to include an auto-generated AXI4-Lite interface at the
ports.
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Lab 11: Modeling Blocks with HDL

Lab 11 Introduction

In this lab exercise you will import an RTL design into System Generator for DSP as a black box.

o A black box allows the design to be imported into System Generator for DSP without even
though the description is in Hardware Description Language (HDL) format.

Objectives

After completing this lab, you will be able to:

o Import an RTL HDL description into System Generator for DSP

o Configure the black box to ensure the design can be successessfully simulated

Step 1: Import RTL as a Black Box

1.

Invoke System Generator and from the MATLAB console, change the directory to: lab6/examplel.
The following files are located in this directory:

e black box_exl.slx - A Simulink model containing a black box example.

e mac.vhd - Multiply and add component used to build the transpose FIR filter.

e transpose_fir.vhd - Top-level VHDL for a transpose form FIR filter. This file is the VHDL
that is associated with the black box.

Open the file black_box_ex1.slx.

Open the subsystem named Down Converter, and then the subsystem named Transpose FIR Filter
Black Box. At this point, the subsystem contains two input ports and one output port.
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iA X”—INXe Step 1: Import RTL as a Black Box

The following figure shows the subsystem that will contain the black box:

{ Y
bﬁ black_box_examplel/Down Converter/Transpose FIR Filter Black Box lilﬂlg
File Edit View Display Diagram Simulation Analysis Code Tools Help
]| == 3 =
E-Ha e BEe-E2a® P ® ~ s » @ ~
Transpose FIR Filter Black Box |
® hlacl(_bnx_acampla‘l » ann Converter b Tran;pn;e FIR Filter Black Box A
£z
= Y
In
OQut
@
rst
»
Ready 130% FixedStepDiscrete

4. Right-click the design canvas, select Xilinx BlockAdd, and add a black box block to this subsystem.

A browser window opens that lists the VHDL source files that can be associated with the black box.
From this window, select the top-level VHDL file transpose_fir.vhd. This is illustrated in the
following figure:

Select the file that contains the entity description for the black box u
uu | . % labll_working_copy » examplel b4 |4’|| Search examplel P‘
Organize v MNew folder ==+ 0 l@l

J¢ Favorites i Mame Date modified Typ
Bl Desktop | macwhd 10/14/20133:35 AM  VHO

4 Downloads i || transpose firvhd 10/14/2013 3:35 AM  VHO
5l Recent Places I
i Libraries —
3 Documents
J’ Music
= Pictures
El] Subversion
E Videos
v 4 1. | 3
File name: transpose firvhd - lAIISuppor‘ted HDL Files (", ™ ']
[ open |+] [ concel |

The VHD file opens in an Editor for modifications. Close the Editor for now.

5. Wire the ports of the black box to the corresponding subsystem ports and save the design.
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6. Double click the black box block. The dialog box is shown in the following figure:

Step 1: Import RTL as a Black Box

3% Black BoxS (Xilinx Black Box) =] B

Incorporates bladk box HDL and simulation model into a System
Generator design.

You must supply a Black Box with certain information about the HDL
component you would like to bring into System Generator. This
information is provided through a Matlab function.

When "Simulation mode” is set to “Inactive”, you will typically want to
provide a separate simulation model by using a Simulation Multiplexer.
When "Simulation mode” is set to "External co-simulator”, you must
include a ModelSim block in the design.

Basic Implementation

Block configuration m-function

transpose_fir_config|

Simulation mode:

@ Inactive () Vivado Simulator () External co-simulator
HOL co-simulator to use (specify helper block by name)
[ verbose
[ OK ] ’ Cancel ] I Help l [ Apply

\

The following are the fields in the dialog box:

. Block configuration M-function - This specifies the name of the configuration M-function for
the black box. In this example, the field contains the name of the function that was generated
by the Configuration Wizard. By default, the black box uses the function the wizard produces.
You can, however, substitute one you produce yourself.

. Simulation mode - There are three simulation modes:

o0 Inactive - When the mode is Inactive, the black box participates in the simulation by
ignoring its inputs and producing zeros. This setting is typically used when a separate
simulation model is available for the black box, and the model is wired in parallel with the
black box using a simulation multiplexer.

o Vivado Simulator - When the mode is Vivado Simulator, simulation results for the black box
are produced using co-simulation on the HDL associated to the black box.

0 External co-simulator - When the mode is External co-simulator, it is necessary to add a
ModelSim HDL co-simulation block to the design, and to specify the name of the ModelSim
block in the field labeled HDL co-simulator to use. In this mode, the black box is simulated
using HDL co-simulation.
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10.

11.

12.

13.

14.
15.
16.
17.

Step 1: Import RTL as a Black Box

To continue this exercise, leave the parameters set as they currently are, and close the dialog box.

Move to the top-level of the design and run the simulation by clicking the Simulation Run button
(green button) and then double-click the Scope block.

Notice the black box output shown in the Output Signal scope is zero. This is expected because the
black box is configured to be Inactive during simulation.

B P9 AEE

| 1put £ ignal

SO0 - - - e
WU sl
2000

1]
4000 :

Tiwulel 2

From the Simulink menu, select Display > Signals & Ports > Port Data Types to display the port
types for the black box.

Compile the model (Ctrl-d) to ensure the port data types are up to date.

Notice that the black box port output type is UFix_26_0. This means it is unsigned, 26-bits wide
and has a binary point 0 positions to the left of the least significant bit.

Open the configuration M-function transpose_fir_config.m and change the output type from
UFix_26 0to Fix_26_12. The modified line (line 26) should read:

out_port.setType("Fix 26 12%);

Continue to edit the configuration M-function to associate an additional HDL file with the black
box.

Locate the line 67: this_block.addFile("transpose_fir.vhd");
Immediately above this line, add the following: this_block.addFile("mac.vhd®);
Save the changes to the configuration M-function and close the file.

Click the design canvas and recompile the model (Ctrl-d).
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Step 1: Import RTL as a Black Box

18. Your Transpose FIR Filter Black Box subsystem should display as follows:

r >
#1 black_box_examplel/Down Converter/Transpose FIR Filter Black Box * = | B |
File Edit View Display Diagram Simulation Analysis Code Toels Help
5] == e =
E-Ea e 4@ B 40P @ " @~
|b\ad<_box_examp|e1 | Down Converter | Transpose FIR Filter Black Box > |
® black_box_axamp\d » Down Converter ¢ Transpose FIR Filter Black Box hd
Fix_12_9
= 7
in
In Fix_26_12
= ol (1)
Boal re Out
2
2 Black Box
rst
»
Ready 130% FixedStepDiscrete

19. From the Black Box block parameter dialog box, change the Simulation mode field from Inactive to
Vivado Simulator and then click OK.

20. Move to the top-level of the design and run the simulation.

21. Examine the scope output after the simulation has completed.

When the Simulation Mode was Inactive, the Output Signal scope displayed constant zero.

Notice the waveform is no longer zero. Instead, the Output Signal shows a sine wave as the results
from the Vivado Simulation.

22. Right click the Output Signal canvas and select Autoscale. You should see a display similar to that

shown below.
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