Chapter 3: Hardware and Software Codesign Flow

3.1 Introduction to Nios Il Soft-Core Processor

1) Introduction to the Altera Nios Il Soft Processor:
<system cd>\DE2_115 tutorials\tut_nios2_introduction.pdf

»  focus: All of the information in this resource is needed for creating systems and
should be read carefully, as familiarity will greatly help students in avoiding time consuming
mistakes.

Nios Il is an embedded processor architecture designed specifically for Altera’s FPGA boards.
An example of a Nios Il processor system could be found on page 11 from Altera’s Nios Il
Processor Reference Handbook. When implementing your board there is three different types
of CPU’s to choose from which are the NIOS Il/fast, NIOS Il/standard, and NIOS Il/economy.
The main differences between the CPU’s are the balance between performance and cost.

Figure 1-1. Example of a Nios Il Processor System
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NOTE: This figure taken from Altera’s Nios Il Processor Reference Handbook:
http://www.altera.com/literature/hb/nios2/n2cpu_nii5v1.pdf page 11




Figure 2-1. Nios Il Processor Core Block Diagram
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NOTE: This figure taken from Altera’s Nios Il Processor Reference Handbook:
http://www.altera.com/literature/hb/nios2/n2cpu_nii5v1.pdf page 18

2) Nios Il Hardware Development:
http://www.altera.com/literature/tt/tt_nios2_hardware_tutorial.pdf
»  focus: This resource is an excellent overview of the basic requirements to creating
a system using QSys in Quartus I, instantiating the design in the project files, implementation,
and then creating the necessary software.
3) Nios Il Processor Reference: http://www.altera.com/literature/hb/nios2/n2cpu_nii5v1.pdf
* NOTE: This resource has a lot of detailed information which is not necessary to
complete most projects, but it is good to be familiar with document in the case of
troubleshooting.




3.2 Code sign Flow

Figure 1-2. Nios Il System Development Flow
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Figure 1-2 shows the Nios Il system development flow between hardware and software. This flow consists of three
types of development: hardware design steps, software design steps, and system design steps.

NOTE: This figure taken from Altera’s Nios Il Hardware Development Tutorial:
http://www.altera.com/literature/tt/tt nios2 hardware tutorial.pdf

3.3 Overview of System Integration Software SOPC Builder and QSys

Figure 1-1. Nios Il Hardware and Software Development Flows

Hardware System
Generated
in SOPC Builder

Hardware System
Generated
in Qsys

Software Project SDﬂ\gﬂmr;zaoject
inKios I DE inNios | SBT
(Eclipse or Command Line)

NOTE: This diagram was taken from Altera’s Nios 11 Software Developer’s Handbook,
http://www.altera.com/literature/hb/nios2/n2sw_nii5v2.pdf



System Integration Software

This software allows the designer to marry hardware and software. In order to use the Nios Il
soft-core processor, a system must be designed using either SOPC builder or QSys (both are
accessed from Quartus I1-> Menu -> Tools). QSys is a newer version of SOPC builder and it is
encouraged that students begin with QSys. This development tool primarily generates

the .sopcinfo file which is used in Nios Il SBT for Eclipse to create the software project to run on
top of the FPGA design, utilizing the Nios Il soft-core processor.

After creating a system to suit the students’ project needs, “Generation” (synonymous to
“Compilation”) automatically creates the necessary hardware files for low-level abstraction. A
main niosll module is created in this process, which is instantiated from the top-level hardware
file. This process is described as System Integration

Although much of the reading presented here applies to SOPC Builder, the information applies
also to QSys and an effort should be made to use QSys in place of SOPC Builder.

1) Introduction to the Altera SOPC Builder:
<system cd>\DE2_115 tutorials\tut_sopc_introduction_verilog.pdf
2) QSys System Design: http://www.altera.com/literature/tt/tt gsys_intro.pdf
*  QSys main reference page: http://www.altera.com/products/software/quartus-
ii/subscription-edition/gsys/gts-qsys.htmI?GSA_pos=10&WT.0ss r=1&WT.0ss=0Sys
3) SOPC Builder User Guide: http://www.altera.com/literature/ug/ug_sopc_builder.pdf

3.4 Introduction to Nios 11 SBT for Eclipse

Eclipse allows the user to use the software that was executed by a Nios Il processor-
based system in an FPGA. The user can configure the FPGA on the development board with
the pre-generated Nios Il standard hardware system by downloading the FPGA configuration
file to the board.

1) Nios Il Software Developer’s Handbook:
http://www.altera.com/literature/hb/nios2/n2sw_nii5v2.pdf
NOTE: Link is placed here for reference, but is not necessary for review in this stage.




Binary Adder Tutorial Using Nios I1 {Includes video and written instructions}
A link to the video describing the Binary Adder Tutorial:

http://www.youtube.com/watch?v=307zpB2Y UA&feature=channel video title

http://www.youtube.com/watch?v=6ATrkRqralY&feature=channel video title

The major steps were:
1) Create hardware system in system builder
2) Build new system in QSys system
3) Instantiate the Nios Il module in top level entity
4) Add IP variation file
5) Adjust .sdc
6) Place design on FPGA

7) Develop Software in Nios 11 SBT for Eclipse.

Hardware:
e Clock
e Red LEDs
e Switches
e 7 segment Hex
e LCD

NIOS Il Binary Adder
Step 1: System Builder
1) Open DE2 115 tools->DE2_115 system_builder to find DE2_115 SystemBuilder.exe

2) Name the project under Project Name: Binary_Adder_Nios

System Conguration |
Project Name:
[Binary_adder
™ CLOCK " RS-282
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3) Check all Components that you will be using: in this Tutorial we are using CLOCK,
LEDx27, 7-Segementx8, Switchx18, and of course the LCD.
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System Configuration
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4) Click Generate
5) Create a directory for your project and then click save
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6) To open this project open the .qpf file
Step 2: Building Qsys System

1) Open Qsys under tools tab
2) Start by adding a Nios 11 Processor Core: Under “Component Library”-> Processors ->
Nios Il Processor -> Add
a. Select “Nios Il/s”
b. Set “Hardware multiplication type” = “None”
c. Disable “Hardware divide”
d. “Finish”
e. Rename Nios to “cpu”
3) On-Chip Memory: Under “Component Library”-> Memories and Memory Controllers ->
On-Chip -> On-Chip Memory (RAM or ROM)-> Click “Add”
Block Type list = “Auto”
Total Memory size = “204800” to specify 2KB of memory
Do not change any other default settings.
“Finish”
Under the “System Contents” tab, right-click the on-chip memory and rename as
“onchip_mem”

Poo0 o



4) JTAG UART: Component Library -> Interface Protocols -> Serial -> JTAG UART ->

Add
a.
b.

Do not change any default settings
Rename to “jtag_uart”

5) Interval Timer: Component Library -> Peripherals -> Microcontroller Peripherals ->
Interval Timer-> Add

a.
b.
C.

Under “Hardware Options” set “Presets” to “Full-Featured”
Do not change any other default settings
Rename to “sys_clk_timer”

6) System ID Peripheral: Component Library-> Peripherals -> Debug and Performance ->
System ID Peripheral-> Add

a.
b.
7) PIO’s:

~® o0 oW

0.

Do not change any default settings

Rename as “sysid”

Component Library-> Peripherals -> Microcontroller Peripherals -> PIO -> Add
Under “Basic Settings” enter the value of “4” for the box labeled “Width”

Do not change any other default settings

Finish

Rename as “pio_led”

For this example us two “pio_led”

Repeat these steps for two “pio_sw” with 4 bits of width and change to input.
Repeat these steps for pio_hex0 through 7 with widths of 7 bits.

8) LCD: Component Library-> Peripherals -> Display-> Character LCD -> Add

a.

Finish

9) Go to the “Connections” column and connect the following ports: (Figure Below)

a.
b.

For all the components connect the clock input and outputs to clock 50

For all the components connect the Avalon memory mapped slave to the On-chip
memory AMMS.

Open the Nios Il processor named CPU and change the reset vector and
exception vectors to onchip_memory2

10) Go to the “Export” column and connect the following ports:

a.

b.

Click on “click to export” on the external connection row to activate connection
for all of the led’s, switches and 7 segment display.
Click on “click to export” on the external row for the LCD

11) Under Generation click generate

a.
b.

Save as “Nios”
Once generation is complete coping code from HDL example



Use  Connections Name Description Export Clock Base End IR
B clk_0 Clock Source
(e clk_in Clock Input clk
@l o—— clk_in_reset Reset Input reset
— clk Clock Output clk_0 =
—_— clk_reset Reset Output ASSlgl] Base
= onchip_memory2 Chi ory (RAM or ROM) Clock II]])I“ Addresses
a | %1 Clock Input clk_0
=1 Avalon MMS [elk] 0x00040000 |0x00071EEE I
reset] Reset Input [clk1]
= cpu Nios Il Processor Reset II’l])l!t
clk Clock Input clk_0
reset_n Reset Input [clk]
data_master Avalon Memory Mapped Master [clk] IRCQ O IRQ 31F—
instruction_master Avalon Memory Mapped Master [clk]
L jtag_debug_module_re...|Reset Output [clk]
[_] jtag_debug_module Avalon Memory Mapped Slave [clk] 0x00080800 ffoJfJOSfJfffI
H——t custom_instruction_m... |Custom Instruction Master
B jtag_uart JTAG UART
E1 clk Clock Input clk_0
%—( —_ reset Reset Input [clk]
avalon_jtag_slave Avalon Memory Mapped Slave [clk] 0x000810€0 (0x000810£7 >—‘[]:|
= B led Character LCD
] clk Clock Input D clk_0
| [ = Reset Input External Connections |y
%-( control_slave Avalon Memory Mapped Slave [clk] 0x00081020 (0x0008102E I
[ss ey external Conduit Endpoint [IDd_ex‘lernaI I
B sys_clk_timer Interval Timer
1l clk Clock Input clk_0
——— reset Reset Input [clk]
s1 Avalon Memory Mapped Slave [clk] 0x00081000 (0x0008101E >—‘E|
- B sysid_gsys System ID Peripheral
I-1 clk Clock Input clk_0
——— reset Reset Input [clk]
control_slave Avalon Memory Mapped Slave [clk] 0x000810E8 (0x000810E£E I
= pio_led PIO (Parallel VO
I clk Clock Input clk_0
—— reset Reset Input [clk]
s1 Avalon Memory Mapped Slave Iolk] 0x00081030 (0x0008103£
[ss ey external_connection Conduit Endpoint I pio_led_external_connec...
B pio_led2 PIO (Parallel VO
clk Clock Input clk_0
reset Reset Input [clk]
=51 Avalon Memory Mapped Slave [clk] 0x000810e0 (0x000&810ef
DT external_connection Conduit Endpoint I pio_led2_external_conne..
B pio_sw PIO (Parallel YO}
o | clk Clock Input clk_0
——— reset Reset Input [clk]
s1 Avalon Memory Mapped Slave [clk] 0x000810d0 (0x0008104E
[ss ey external_connection Conduit Endpoint I pio_sw_external_connec...}
B pio_sw2 PIO (Parallel VO
1| clk Clock Input clk_0
— reset Reset Input [clk]
51 Avalon Memorv Maoped Slave Iclkl 0x000810c0 |0x000810cE

Step 2: Quartus HDL Connections

1) Add IP Variation File: Menu bar: Assignments -> Settings
a. Under “Category” -> “Files” -> (...) Browse -> Choose script files for type to
find(*.tcl, *.sdc, *.qip)

b. Locate and choose the file nios2/synthesis/nios.qip

Add to project, click okay and close

2) Copy code under structural coding in Quartus (Code located in the Codes folder under
Binary_Adder_Quartus)

a. Notice LCD BLON issetto 1'bl;

b. Notice LCD ONissetto 1'b1;

C.

Notice all connections in parenthesis




I¥
/{ REG/WIERE declarations
’r

/ Turns on LCD
I

Structural coding

LCD BLON= 1'bl:
LCD ON= 1'bl;

4 bit values from left
SW's and LED's
4 bit values from right
SW's and LED's

assign
assign

Turns of HEX 2 and 3

assign HEXZ2= 7'b1111111;
assign HEX3= 7'b1111111;

= Nio ul {
.clk clk (CLOCE_50), ffelk.clk
.IeSet_reset n (1'b1), Iy reset.reset n
.pio_hex7 external connection export (HEXT), Iy pio [ fernal connection.export
.plo_hex6_ external_ connection_export (HEXE), Iy pio_hgxé ternal_ connection.export

.pio_hex5S external connection export (HEX5), // pic_he
.pioc_hex4 external connection export (HEX4), // pioc hs
//.pio_hex3 external connection export (HEX3), // pig
//.pio_hex2 external connection_export (HEX2), // pj
.pic_hexl external connection export (HEX1), // pig
.pioc_hex0 external connection export
.plo_sw2 external connection export
.plo_sw_external connection export
.pioc_led2 external connection export
.pio_led external connection export
«lod external E

ternal connection.export
external connection.export

3 external connection.export
xZ2_external_ connection.export
external connection.export
external connection.export

Wl external connection.export
¥ 5wW_external connection.eXport
#/pio_led2? external connection.export
//pioc_led external connection.export
/{led_external.E

«lcd external data tLCD:DATA}, J//.data
.lcd external RS (LCD_RS), //.RS
-led external RW (LCD_EW) SR

1

3) Compile and Run
a. Compile and Run



Step 3: Develop the Software for Nios I1 SBT for Eclipse

1) This step relies on the .sopcinfo file created when generating the Qsys system
2) Open Nios Il SBT for Eclipse
a) Indicate workspace as your project directory, and create a new file called
“Software” and click “Okay”
b) Set perspective to Nios II: Menu -> Window -> Open Perspective -> Other ->
Nios Il
c) Menu -> File -> New -> Nios Il Application and BSP from Template

= Mios II - dsaf/hello_world.c - Eclipse

Edit Source Refactor MNavigate Search Project Run  MiosI  Window Help

Mew Alt+Shift+N » | €% Mios I Application and BSP from Template
COpen File... 4 Mios I Application
Close Chrle W [E¥ Mios I Board Support Package
Close Al Curteshiftew | B NiosTLibrary
C¥%  Project..
2] save Ctrl+5
=
LnJ Save As... %  Other.. Ctrl+M

1) Under “Target Hardware Information” select file
<directory>\nios.sopcinfo

i) Under “Application Project” type “Binary Adder” as “Project Name”

iii) Under “Project Template” select “helloWorld”

iv) Click “Finish”



= Nios I Appli

=
ion and BSP from Template e

Nios Il Software Examples

Please specify a .sopcinfo file

Target hardware information

SOPC Information File name: (o)

CPU name: [

Application project

Project name:

[#] Use default location

Project location:

Project template

Templates Template description

Blank Project Hello World prints 'Hello from Mios II' to STDOUT. -
Board Diagnostics B
Count Binary This example runs with or without the MicroC/0S-IRTOS

Hello Freestanding and requires an STDOUT device in your system's hardware.
Hello MicroC/0S-IT L
For details, click Finish to create the project and refer to the |
Hello World Small readme.txt file in the project directory.

Memory Test

Memory Test Small The BSP for this template is based on the Altera HAL
Simple Socket Server operating system.

Simple Socket Server (RGMI)
Web Server

Web Server (RGMIT)

For information about how this software example relates to

@ < Back Mext > Finish
3) Include C++ code (Code located in the Codes folder under Binary_Adder_Nios2)

[€] *hello_world.c =32
#Finclnude <stcdio.h>
#include <stdlib.h>
#Finclunde "sv=cem.h™

#include "altera_avalon pio_regs.n"™

T woid lod display(int a, int b):

int main ()

i
int wvalue,value2;
static alt_uf segments[16] = {
o=xCO, OxFS, OxAh4, OxBO, Ox99,0x92, OxS82, OxFS8, Ox80, Ox90, -9
ox88, O=x83, Oxc6, Oxal, Ox86, OxSe Flr- T
¥z
while (1) {
walue= ITORD ALTERA AVALCON PIC DATA (PIC SW BASE) ;
walue2= ICRD ALTERA AVALON PIC_DATA (PIO_SW2_ BASE)
ITOWR _ALTERA AVALCON PIC DATA (PIC LED BASE, wvalue)
ICOWER_ALTERR AVALCON PILO_DATAR (PIC LED2 BASE, valueZ) :
TOWR_ALTERA AVALCON PIC DATA (PIC HEXNE BASE, segments[valuel1o]):
ICOWER_ALTERR AVALON PLO_DATAR (PIO_HEXT BASE, segments [values/10] ) 5
IOWR ALTERA AVALCON PIC DATA (PIC HEX4 BASE, segments[valwe2:10]) s
ICOWER_ALTERR AVALON PILO_DATAR (PIC HEXS BASE, segments[valus2/10]):
ICOWER_ALTERR AVALON PLCO_DATAR(PIO HEXO BASE, segments|[(valus+valuae2Z)ST10]):
ITOWR _ALTERA AVALCN PIC DATA(PIC HEXI1 BASE, segments[ (valuss+value2) /1015 :
lod displav(wvalueZ2,value) ;
*
retorn 07
¥

wvoid led display (int a, int b){
FILE =pLCD:
char text[32]:
sprintf(text, " %-2.2i + T-2.2i = T-2.2i =" , a ,b,a+b):
pPLCD = fopen (LCD_NAME, "w™) :
if (pLCD) {
fwrite (text, 32, 1, pLCD):
folose (PLCDY) -
relsed
printf("Failed to Displawhn™) :
*

4) Build project
5) Run as Hardware



Nios Il System Development Flow
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