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Getting Started

Overview

Learning to Use the Nios II Embedded Development Suite

This lab teaches you how to use the Nios II Embedded Development Suite (EDS) to develop code for
embedded solutions running on the Nios II processor in Altera FPGA’s. You will learn how to
navigate the tool and to Run and Debug code on an Embedded Target board, the BeMicroSDK.

In addition you will learn how Hardware accelerators can be used to vastly enhance the computational
throughput of the embedded target. You will also learn about Micrium’s uC/Probe debug tool that
allows real time instrumentation of your embedded design.

Note: This lab guide requires an Arrow Electronics BeMicroSDK FPGA-based MCU Evaluation
Board (www.arrow.com/bemicroSDK).

Altera Corporation &. BeMicro SDK Lab
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Getting Started

MODULE 1: Getting Started

Module Objective

Your first objective is to ensure that you have all of the items needed and to install the tools so that you are ready to
create and run your design.

List of required items

®  Arrow Electronics BeMicro SDK FPGA-based MCU Evaluation Board

®  Design Software (Quartus® Il design software v10.0., Nios® Il EDS 10.0, Micrium uC/Probe)

" Intel Pentium Il or compatible Windows PC, running at 866MHz or faster, with a minimum of 512MB of system
memory. NOTE REGARDING LAB SUPPORTED OPERATING SYSTEMS: 32 bit versions of Windows XP,
Windows Vista and Windows 7 are supported by software tools required for this lab. NO 64 bit versions are
supported

®  Lab Design Files

1.1 Acquire the BeMicro SDK Development Board

This development kit can be ordered from http://www.arrow.com/bemicrosdk.

w~imm | _EDS 4

= imam ED7
~mm | EDS
~mm | EDS
wimm | ED4 5

~oma ED3 T
«eimm| ED2

1.2 Install the Altera Design Software

You will need to install ALL of the following design software packages:
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Getting Started

1) Quartus IT Web Edition design software v10.0 — FPGA synthesis and compilation tool that contains
SOPC Builder and the MegaCore IP library with the Nios II processor IP core
2) Nios II EDS v10.0 — A complete integrated development environment for software development

The Quartus II design software and the Nios II EDS is available via the Altera Complete Design Suite
DVD or by downloading from the web.

If you already have both Quartus Il and the Nios Il EDS installed on your machine, you may skip ahead
to Section 1.3 to install Micrium uC/Probe Software.

INSTALLING FROM THE DVD-ROM: Select Install Free Package and Press Next until you reach
the page titled End User License Agreement. Click on the checkbox at the bottom of the page. Press
Next until you reach the page titled Select Components. Please skip ahead to step 4 of the installation
instructions.

INSTALLING FROM THE WEB: Please follow steps 1 through 4 of the installation instructions.

The Web Edition can be downloaded from the Altera web site. Please carefully follow the steps shown
below.

1. Go to the Altera Download web page at https://www.altera.com/download/dnl-index.jsp

Download Center

Home > Support > Dounloads » 0c Download the Windows

&# Version of the Altera Installer

OUAR'F{IS i ModelSim Nios'II DSP Builder

Download your choice of current design software:
Quartus® 11 v10.0 {includes MegaCare® IP Library)

» Subscription Edition (30-day free trial)

» "Web Edition (free) Compare
ModelSima-Altera®

Download
Windows VYersion
11 MB)

Update Subscription Edition Service Pack 1

* ModelSim-Altera Starter Edition (free) Install Web Edition Service Pack 1

® ModelSim-Altera Edition Compare
Nios® 11 Embedded Design Suite (free) Read before downloading software.
DSP Builder Read altera Software w10.0 Installstion FAQ

2. Login to myAltera account. Use your existing login, or get One-Time Access

myAltera Account Sign-In

Home > Suppert > mySuppart >

Get One-Time Access

Name

»
>

Eargot Your User Name or Passward?

Login to existing account Password
LI Remember me

Sign In

Don't have an account?

@ Create Your myAltera Account O Get One-Time Access
Your myAltera account allows you to file a service One-time guest access can begfed to acoess the
request, register for a class, download software, and download center without oreging an myaltera
rmore. account. However, you t complete this form on
each return visit,
Enter your email address.
[ Enforyoarenigladdross,

(i your ematl address already exists in our spstem L |
toaassocated inderrations) [ wes, 1'd like to receive product announcsment

m Altera

Altera Corporation &. BeMicro SDK Lab
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3. Altera Installer Setup. Run the Altera Installer and Navigate to the Installer Setup page. Select the Download
Installation Files from the Internet pilot button

.. Altera Software Installer | Iz'i‘

Installer Setup
Select the location of the installation files.

() Specify the Installation Files Directory |~ Select this Pilot Button

Select this option if wou want the altera Software Installer to retrieve installation files fro
wour hard disk or local netwark.

Installer Source Directary:

| / Browse

(%) Download Installation Files from the Internet
Select this option if you want the Altera Software to retrieve installation Files From the
Internet,

Specify how you are connected ba the Internet:

&) Mo proxy (recommended)

> Installer Setup ) Manual prosey corfiguration

Web Proxy: i | Part: | |

Username: | |

Password: | |

< Back H [dext = J[ Zancel

4. Select Components. Select Quartus Il Software Web Edition and Nios II Embedded Design Suite components for
download.

. Altera Software Installer EIE\E

Select components
Select the software components you wank ta install,

Components Install Size  Download Size
=3 Quartus II software (includes IP Library)
[ [w] Quartus 1T 'Web Edition software (Free!
ModelSin-Altera Edition (Paid) 2,306 MB 517 MB
| Nios IT Embedded Design Suite : Lk Lk SeleCt these Components
D3P Builder 117 MB 51 MEB
Stand-Alone Quartus 1T Programmer (Free) 404 MB 161 ME
Description

Installs the ModelSim-altera Starter Edition software, The ModelSim-Altera Starter Edition
> Components Select saftware supparts behavioral simulation and WHOL ar Yerilag HOL {not mixed-language

P simulation) kestbenches For all Altera devices. The ModelSim-altera Starter Edition
software has a 10,000 executable line limitation and is ideal For simulating smaller FPGA

designs.,
Install: Download:
Space Required: TTTEME 353TME Select/Deselect all
Space Available: 2,706ME 2,T06ME

[ = Back H Mext = H Cancel ]

BeMicro SDK Lab Altera Corporation &
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1.3 Install the Micrium uC/Probe Software

The Micrium uC/Probe Trial version is available via download from the web at
http://micrium.com/download/Micrium-uC-Probe-Setup-Trial.exe. Download, save and run the setup
file and then follow the instruction guidelines.

i uC-Probe

Welcome to the uC-Probe Setup Wizard

The installer will guide vou thiough the steps required to install uC-Probe an pour computer.

wARNIMG: This computer program is protected by copyright law and intermnational treaties.
Unauthorized duplication or distribution of this program, or any portion of it, may resull in severe civil
or criminal penalties, and will be prosecuted ta the makimum extent possible under the law.

Cancel

This Trial version does not expire and allows up to a maximum of eight application symbols.

1.4 Extract the BeMicro SDK Installation and Lab Files

Create a folder called altera_trn on your PC (eg. C:\altera_trn). Download the BeMicroSDK.zip ZIP
archive from the http://www.arrow.com/bemicrosdk web page and then extract to the altera_trn folder
on your PC. Make sure that there are NO SPACES in the directory path.

1.5 Install the USB-Blaster Device Driver

4J Found New Hardware
LI5E-Blaster

BROLLLIRE s

After the Quartus II and Nios II software packages are installed, you can plug the BeMicro SDK board
into your USB port. Your Windows PC will find the new hardware and a then the “Found New
Hardware Wizard” will come up and request that the driver needs to be installed:

Altera Corporation &. BeMicro SDK Lab
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Select “Install from a list or specific location (Advanced)” and continue through the wizard.

Found New Hardware Wizard

Welcome to the Found New
Hardware Wizard

This wizard helps you inztall software for:

USE-Blaster

"J If your hardware came with an installation CD
&2 or floppy disk. insert it now.

‘wihat do vou want the wizard to do?

() Install the software automatically (Fecommended)

Click Mexst to continue.

[ Mest > l[ Cancel

In the next dialog box point the wizard to the drivers which can be found in your Quartus installation directory under

“<install directory>\10.0\quartus\drivers\usb-blaster”. If Windows presents you with a message that the drivers have

not passed Windows Logo testing, please click “Continue Anyway”.

Found New Hardware Wizard Hardware Installation

Please choose your search and installation options.

< 1

Use the check boxes below ko limit or expand the default search, which inchudes local
paths and removable media. The best driver found will be installed.

(®) Search for the best driver in these locations.

[ Gearch remorable media (floppy, CO-ROM. )

Inchude this lacation in the search:

| Cihalterah1 0.0 quartushdrivershusb-blaster £

(O Dion't search | will chaose the driver to install

Choose this option to select the device driver from a list. \Windows does not guarantee that
the driver you choose will be the best match for your hardware.

The software you are instaliing for this hardware:

Altera LISE-Blaster

haz not paszed Windows Logo testing to verify its compatibility

with 'Windows 3P, [Tel me why this testing is important. ]

Continuing your installation of this software may impair
or destabilize the correct operation of your system
either immediately or in the future. Microsoft strongly
recommends that pou stop this installation now and
contact the hardware vendor for software that has
passed Windows Logo testing.

< Back ” MNeut > ][ Cancel

[ Continue Anyway ] [ STOP Installation |

If you have trouble with the USB-Blaster installation, please contact your Arrow FAE.

CONGRATULATIONS!!

You have just completed all the setup and installation requirements and are now ready to

examine the system-level design.

BeMicro SDK Lab
November 2010
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MODULE 2: Examine the System Design

Module Objective

Developing software for an Altera System on a Programmable Chip (SOPC) requires an understanding
of the design flow between the SOPC Builder system tool and the Nios II Embedded Development Suite
(EDS). Typically, design requirements begin with customer requirements and become inputs to system
definition. System definition is hence the first step in the design flow process. For this lab, the system
definition and design is complete and an FPGA image derived from that has been flashed into the
BeMicro SDK kit. Our objective is to learn how to use the Nios II EDS to build software projects for
this system. The objective of this module is to examine the system architecture and development tools
that you will be using today.

21 Examine the System Tool Flow

1

4 SOPC Builder
Define System

sopc
[N Guilder

Concept to System In Minutes

HDL Files System Description

e Select IP

e Make Connections
e Generate System

/ Quartu"s ! \ S

FPGA Design
e Edit

/ { Nios II EDS \

Software
Development

e Assign Pin-out = Add Source Files

= Edit
= Build
+ Debug

/ K =0

e Timing Constraints
e Compile
e Download

Configure FPGA L Hardware J Download Application

The above diagram depicts the typical flow for system design. System definition is performed using
SOPC Builder. The results are two-fold:

Altera Corporation &. BeMicro SDK Lab
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= System description that the Nios Il Embedded Development Suite, the software design tool, uses to create
a new project for the software application.
= HDL files for the system that are used by the Quartus II FPGA design software to compile and generate
the hardware system.

The output of the Hardware Flow is an FPGA image that is used to configure the FPGA. This flow has been completed
for you and the FPGA image has been flashed into the BeMicro SDK kit. The output of the Software Flow is an
executable from which the Nios II processor executes instructions.

2.2 Examine the BeMicro SDK Kit

Examine the components on the BeMicro SDK board hardware:

Micron Mobile DDR 8 User LEDs
Linear Technology 512 Moit CPU Reset
Power Supplies National 10/100
Ethernet PHY

National Temperature
Sensor

USB-Blaster

Altera 60nm DIP Switch
Cyclone IV E FPGA
with 22k LEs

A Micro-SD card connector is located on the reverse side of the board. An Altera serial flash device is also located on
the reverse side. This is used to configure the FPGA hardware image and store CPU boot images.

BeMicro SDK Lab Altera Corporation &
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Examine the System Design

2.3 System Architecture

The BeMicro SDK kit is architected using the components shown in the sketch below:

To mobile To Ethernet To SD card To EPCS serial To temperature
SDRAM PHY Flash sensor
Nios IT SDRAM FIR Filter Ethernet SD Card EPCS Temperature
/f controller Accelerator controller controller controller sensor
CPU SPI
< System Interconnect Fabric
High LED Pushbutton JTAG JTAG
PLL System Resolution PIO PIO UART UART
Timer Timer
From 50 MHz To bank of 8 From user To Nios IT To uCProbe
oscillator LEDs pushbutton console via console via
JTAG JTAG

The system was entered in SOPC Builder using a standard library of re-useable IP blocks. The System
Interconnect Fabric is automatically generated by SOPC Builder and binds the blocks together. The
system interconnect manages dynamic bus-width matching, interrupt priorities, arbitration and address

mapping.

This system is capable of running operating systems such as uC-OSII or Linux. Today you will be using
the system description file provided by SOPC Builder to create a software application for the
architecture shown in the sketch. You will also become familiar with the development and debug
features available in the Nios II EDS.

24 Software Lab

The software lab implements a finite impulse response (FIR) filter with both a software function and its
hardware accelerator equivalent. The flexibility of the FPGA makes it possible to add custom
accelerators to any embedded design to improve computational throughput.

A FIR filter can be constructed using coefficient constants, adders , multipliers and registers for storage.
The FIR filter structure is shown below.

Altera Corporation &. BeMicro SDK Lab
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Parallel Symmetric FIR Accelerator Diagram

Dotted line represents the data path when the accelerator
is configured by software to operate using an odd number of faps

dalaP datal dalaN dalal dalal datak dalal dalal 4
i
— <+ + - 4 ks - +— -
\'\
L)
b
)
k
A
A\
inpul_data datah dataB datal: datal datak dataF datals “w" dataH
[From SDRAM) i i il
L r r v r L r
. — |

L I

casfh coefB coafC cosil coelE coslF coefG coelH

term#, termB lermG tarmD termE termF lerm G termH
- ! — — -

‘ addard addarB ‘

o
%

output_buffer

v

This FIR filter has the following characteristics

Low pass with a cutoff frequency of 1.25MHz
15 Taps

Hanning Window with a sampling rate of 10’
Symmetrical

The input data is comprised of two sine waves at low and high frequencies

e First Sine: Amplitude = 100, Frequency = 2.5MHz
¢ Second Sine: Amplitude = 1000, Frequency = 156.25KHz

The input data is fed through the filter architecture and the results are moved to a destination data-buffer. The input
data is separately filtered by both the software and hardware filters. The results from each are written to data-buffers in
external memory and the results are compared for exactness.

BeMicro SDK Lab Altera Corporation &
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Examine the System Design

Finally the time taken to compute the filter results is measured for both the software and hardware filters. The time for
each is compared and an acceleration factor is computed.

There are two main files that we will use in the lab. labl.c implements the software FIR filter while lab2.c implements
both the software and hardware FIR filters. The filter functions are located in the src subdirectory. The uC-CPU, uC-
LIB and uC-Probe folders contain all of the embedded code needed to support the uC/Probe on the embedded target.

CONGRATULATIONS!!

You now understand the architecture of the BeMicro SDK and the tool flow used to create it.

Altera Corporation &. BeMicro SDK Lab
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MODULE 3: Create a New Project

Module Objective

In this module you use the Nios II Software Build Tools (SBT) for Eclipse to develop the software application that will
run on your system. You will create a new software application project, add the software source files to the project,
configure the project and build it. The result of the build is an executable (ELF). The application will be downloaded
into memory from where it will be executed.

3.1 Launch the Nios Il Software Build Tools for Eclipse

Launch the Nios II SBT from the Start -> All Programs -> Altera -> Nios II EDS 10.0 -> Nios II 10.0
Software Build Tools for Eclipse

NOTE: Windows 7 users will need to right-click and select “Run as Administrator”. Another method is to
right-click and select Properties and click on the Compatibility tab and select the Run This Program As An
Administrator check box, which will make this a permanent change.

1. Initialize Eclipse workspace

When Eclipse first launches, a dialog box appears asking what directory it should use for its workspace. It is
useful to have a separate Eclipse workspace associated with each hardware project that is created in SOPC
Builder.

¢ Browse to the BeMicroSDK_lab sub-directory and click Make New Folder to create a folder for your
software project. Name the folder “eclipse_workspace”.

=

] Select Workspace Directory. @gl
Select a workspace Select the workspace direckory to use.
Eclipse stores wour projects in & folder called a workspace,
Choose a workspace folder to use For this session.

= () alkera_trn A
Workspace: | C:haltera_trr{BeMicrosOK|10_D\BeMicrasDk_labl\eclipse_warkspace v = ) BeMicrasDK
EfSEUE:

o

» Copy Settings

=]
@ <o
) Config.Msi
@ 3 DELL
# [C3) Documents and Settings b

Folder; edipse_workspace
Maks New Folder

s ————

After selecting the workspace directory, click “OK” and Eclipse will launch and the workbench will appear in
the Nios II perspective.

BeMicro SDK Lab Altera Corporation &
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& Hios Il - Eclipse Platform
File Edit Mavigate Search Project Run NMiosII Window Help

An outling is not avalable,

(.\\ Overview

pot an

3.2 Create a new software project in the SBT

. Select File -> New -> Nios II Application and BSP from Template.

Edit Mavigate Search Project Rum Mios I window  Help

Al+ShiftH P | 8 Mios 11 Application and BSP from Template
Open File. .. [&] Mios 11 Application
@ Mios 11 Board Support Package
@ Mios 11 Library

= Project...

i @' &5 - ié}' G- #3‘5\"' 0'%' =N =R E}‘;@N\DSII|%C.‘C++
r[\jProjact Explorer 2% = [m| = = EE Cutline &2 = {ml @ Welcome 3 = [m]
=R o E

N0

This lab is based on a hardware design that was created using Altera’s SOPC Builder tool. SOPC Builder creates a

hardware description file called a .sopcinfo file. This file describes all the hardware components within the design as

well as the memory map and interrupt structure. The Nios II SBT tools use the .sopcinfo file to build the appropriate

drivers for the Board Support Package (BSP) project

Define the Target Hardware Information

¢ (Click the Browse button in the SOPC Information File Name dialog box.

e Select the BeMicroSDK.sopcinfo file located in BeMicroSDK_lab directory.

Choose a Project Template

e  Set the name of the Application project to “BeMicroSDK_lab”.

¢  Select the Blank Project template under Project Template.

e (Click the Finish button.

Altera Corporation &.
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& Nios Il Application and BSP. from Template

Nios II Software Examples

Create a new application and board support package based on a software example template

Target hardware information

SOPC Information File name: | C:ialtera_trniBeMicrosDK 10_04\BeMicroSDE,_lablBeMicroSDK, sopeinfo @
CPU name: [nios2_cpu w

Application project

Project name: | BeMicroSOK_lab

Use default location

Project location: :

Project template

Template description )
Blank Project creates an empty project to which you can add your code,

Count: Binary For details, click Finish to create the project and refer to the readme. txt file in the project directory.,
Hello Freestanding
Hello MicroZ fOS-11

Hello world The BSP for this template is based on the Altera HAL operating system, To use a BSP based on a
Hello World Small different
Memory Test operating system, click Next and select the BSP from the BSP projects list,
Memory Test Small
5L5 SO Host Controller For information about how this software example relates to Mios IT hardware design examples,
Simple Socket Server refer ko the Design Examples page of the Nios IT documentation available with your installation at:
Simple Socket Server (RGMII) <installation_directory =/niosZeds/documents/inde:. htm.
Web Server
‘Web Server (RGMIL)
e —
=
@ [ JCaen ) ]
———

The tool will create two new software project directories

Each Nios II application has 2 project directories in the Eclipse workspace.

a. The application software project itself - this where the application lives.

b. The second is the Board Support Package (BSP) project associated with the main application
software project. This project will build the system library drivers for the specific SOPC system. This
project inherits the name from the main software project and appends “_bsp” to that.

L[ Project Explarer &3 = 0
q*:é* v

=% BeMicrosDK_lab_bsp [EeMicras0K]

Initial content of the project

Since you chose the “blank” project template, there are no source files in the application project directory at
this time. The BSP contains a directory of software drivers as well as a system.h header file, system
initialization source code and other software infrastructure.

BeMicro SDK Lab Altera Corporation &
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3.3 Configure the Board Support Package

Configure the board support package to specify the properties of this software system by using the BSP Editor tool.
These properties include what interface should be used for stdio and stderr messages, the memory in which stack
and heap should be allocated and whether an operating system or network stack should be included with this BSP.

= Right click on the BeMicroSDK_lab_bsp project and select Nios II -> BSP Editor... from the right-click menu.

=R
[t Includes Hew '
(= drivers Go Into
B2 HAL Open in Mew Window
- |e] alk_sys_it
= linker.h | = Copy Chrl+C
= system.h
createth 5¢ pejete Delete
=] linker.x
@ Makefile
@ mem_init
Temory.i Rename. .. Fz
7 e
* L Expatt,.,
& summary 3 B
Build Project
Clean Project
& Refresh F5
Close Project
Close Unrelated Projects
Build Configurations 3
Make Targets 3

Index L4

Canwvert Ta...

Run As L4
Debug As 3
Profile As r
Team L3
Compare With 3
Restore from Local History. ..

Nios II Command Shell...

Generste BIP
Properties Alt+Enker

Flash Programmer. ..

The software project provided in this lab does not make use of an operating system. All stdout, stdin and stderr
messages will be directed to the jtag_uart.

Select the “Common” settings view. In the “Common” settings view, change the following settings:

1. Select the jtag_uart for stdin, stdout and stderr messages. Note that you have more than one
choice.

2. Select the sys_timer peripheral as the hardware for the sys_clk_timer.

3. Select the high_res_timer peripheral as the hardware for the timestamp_timer.
4. Select mobile_ddr_sdram as the linker target for exception_stack_memory_region_name.

5. Select mobile_ddr_sdram as the linker target for interrupt_stack_memory_region_name.

Altera Corporation &. BeMicro SDK Lab
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ws Nios I BSP Editor - settings.bsp
File Edit Tools Help

Iain | éoftware Packages' I '[.)rivers- Il .Linker Scriptl §E_Enable File Generation. I .farget BSP Direckary |

SOPC Information file: ... \BeMicroSDK. sopcinfa
CPU name: nios2_cpu
Operating system:  Alkera HAL
BSF target directory: )

=-Settings

-ghable_gprof
~enahle_reduced_device_drivers
-enatle_sim_optimize
~gnatle_small_c_library

wstdarr

-stdin

~stdout

-sys_clk_tirmer
~timestamp_timer

hlinker

enable_exception_stack
enable_intermuipt_stack
exception_stack_memory_region_na..
exception_stack_size

interrupt_stack_memory_region_na... || hallinker
interrupt_stack_size
=-make [ enable_sxception_stack

bsp_cflags_debug )
-bsp_cflags_optimization [ enahble_interrupt_stack

F-Advanced eWD n_name:

( mohile_ddr_sdram 2 hd

exception_stack_size:
1024 |

interru = region_hame:

mabile_ddr_sdram b
| g 42—)

~

I InFormation | Problems | Processing |

BeMicro SDK Lab Altera Corporation &
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Click on the Drivers tab

All drivers are selected by default. The application may not require that the BSP support all of these drivers.

¢ Disable the uCProbe_uart driver by un-checking the enable check box.

i Nios I BSP Editor - settings.bsp

File Edit Tools Help

Main || Software Packages

inker Script | Enable File Generation || Target BSP Directory

Module Mame

accelerator FIR FIR ...

descriptor_memory
dipsw_pio
EC_GPIO_L
EC_GPIO_2
epcs_flash controller
EXP_PRESENT
high res timer
jtag uart

led pin
wobile ddr sdram
nENET req reset
nioszZ_cpu

nRESET EXP
performance counter
pll
remote_update_bhlk
aodma rx

sodma tx

sls_sdhc
ays_tiner

sysid
LEmMp_Sende_spi
t3e_mac
uCProbe_uart

user pio pushbtn

Module Class Name

accelerator FIR FIR HW

altera avalon onchip memorys
altera avalon pio

altera avalon pio

altera avalon pio

altera avalon_epcs_flash controller
altera avalon pio

altera avalon timer

altera avalon jtadq uart

altera avalon pio

ntx_avalon sdram

altera avalon pio

altera niosz

altera avalon pio

altera avalon performance counter
altpll

altera avalon remote_update cyclon. ..

altera avalon sgdma
altera avalon sgdma
sls_sdhc_top

altera avalon timer
altera avalon sysid
altera avalon spi
triple_speed ethernet
altera avalon jtad uart
altera avalon pio

Module Yersion

L
10.
10.
10.
10.
10.
10.
10.
10.
10.

5.
10.
10.
10.
10.
10.
10.
10.

10

Z.

10

10.
10.
10.
10.
10.

oooocoooYoooooooo®*ooooooooo

i}

Criver Name

none
none

altera avalon pio_driver

altera avalon pio_driwver

altera avalon pio_driwver

altera awalon epcs_flash controller_d...
altera avalon pio_driver

altera avalon timer driver

altera awvalon Jjtag_uart_driver

altera avalon pio_driver

nomne

altera avalon pio_driwver

altera niosZ_hal_ driwver

altera avalon pio_driver

altera avalon performance counter driwver
none

none

altera avalon sgdma driver

altera avalon sgdma driver

none

altera awvalon timer driver

altera avalon sysid driver

altera awvalon spi_driwver
triple_speed_ethernet driver hal

altera avalon jtag uart driver

altera avalon pio driver

The BSP code size could be further reduced by disabling device drivers that will not be used.

Click on the Linker Script tab and change the following linker regions:

Altera Corporation &.
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Drriver Yersion

none
none

10.
10.
1a.
i0.
i0.
i0.
10.
10.

oo oooooo

none

1a.
10.
10.
10.

1}
o
o
o

none
none

10.
1a.

1}
i}

none

i0.
i0.
10.
10.
10.
10.

oo oo oo

Enable
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s Nios |1 BSP Editor - settings. bsp
File Edit Tools Help

IMain | Software Packages | Driver Enable File Generation | Target BSP Directary |

Linker Section Mappings

Linker Section Mame Linker Region Name Mernory Device Name [ Add... ]
.bas mobile_ddr_sdram mobile_ddr_sdram
-entry reset epcs_flash controller [ Restore Defaults,.. ]
.exceptions mobile_ddr sdram mobile_ddr_sdram
-heap mobile_ddr sdram mobile_ddr_sdram
.rodata mobile ddr sdram mobile_ddr sdram
.rwdata mobile ddr sdram mobile ddr_ sdram
.stack mobile_ddr_sdram mobile_ddr_sdram
. TEXT mobile ddr sdram mobile ddr sdraw

Linker Memaory Regions

Linker Region Mame Address Range Memory Device MName Size (bytes) Offset (bytes) [ Add... ]
epcs_flash controller Ox0A003520 - OxOAOOSFFF |epcs_flash controller 2016 32|

reset 0x0A003800 - Ox0AOQ3SLF |epcs_flash controller 32 D[ Restore Defaults, .. ]
descriptor_memory 0x09000000 - 0x09000FFF |descriptor_memory 4096 o

wobile ddr_ sdram 0x04000020 - Ox07FFFFFF |mobile ddr_sdram 671085832

nobile ddr sdram EEFORE EXCEPTION 0x04000000 - 0x040000LF |mobile ddr sdram 3z ol Add Memory Device... ]

[ Memory Usage. .. ]

[ Memory Map... ]

Grayed aut entries are automatically created at generate time. They are not editable or persisted in the BSP settings file.

Information Problems || Processing -

@ Mapped section "rwdata" to memary region 'imo‘l‘:i‘lé_‘ﬂc‘l‘r_sﬂ‘raﬁﬁ".. A
@ Mapped section ".bss" to memary region "mobile_ddr_sdram”,

@ Mapped section " heap” to memory region “mobile_ddr_sdram",

@ Mapped section " stack” to memory region “mobile_ddr_sdram",

@ Finished loading BSP section mappings from settings file,

@ Found Flash Mermaory: epcs_flash_controller For CPU: nios2_cpu

@ Loading drivers from ensemble report,

@ Finished loading drivers from ensemble report,

(@ Finished loading SOPC Builder system info file "C:\alkera_trniBeMicroSDK10_04BeMicroSDK_lab\BeMicroSDK, . sopcinfo” vl

Generate ] [ Exit

e Point the .heap linker section to the mobile_ddr_sdram.

e Point the .stack linker section to the mobile_ddr_sdram.

Ensure that the other sections are all pointing to mobile_ddr_sdram.
e Select File -> Save to save the board support package configuration to the settings.bsp file.
¢ (Click the Generate button to update the BSP.
®  When the generate has completed, select File -> Exit to close the BSP Editor.

BeMicro SDK Lab Altera Corporation &
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Create a New Project

3.4 Configure BSP Project Build Properties

In addition to the board support package settings configured using the BSP Editor, there are other compilation settings
managed by the Eclipse environment such as compiler flags and optimization level.

= Right click on the BeMicroSDK_lab_bsp software project and select Properties from the right-click menu.
®=  On the left-hand menu, select Nios I BSP Properties.

®=  During compilation, the code may have various levels of optimization which is a tradeoff between code size and
performance. Change the Optimization level setting to Level 2.

®=  Since our software does not make use of C++, uncheck “Support C++”.

& Properties for BeMicroSDK_lab_bsp

Nios II BSP Properties ) -
Resource
Builders Flags
(- CfC++ Build Defined symbols: | none

[#- CJC++ General

Hios I1 BSP Properties Undefined symbals: | none

Project References Assembler flags: -Wa,-gdwarf2
Refactoring History .
Run/Debug Settings \Warning flags: I -wall
[+ Task Repositary User flags: none
WikiText
Debug level: on v

Optimization level: |Level 2w

[] reduced device drivers

[ Modelsim only, no hardware support
D Support C4+4

[] aPROF suppart:

[] small € library

ESP Editor...

()
©

= Click Apply. Click OK.

3.5  Add source code to the project

In Windows Explorer locate the project directory which contains a directory called “software_source_files”
This directory contains an “inc” directory, “src¢” directory and “labl.c” and “lab2.c” files. It also contains
three other sub directories that are used to support the uCProbe tool on the embedded target. You will copy
these files and directories from Windows Explorer and drag and drop them into the Eclipse software project
directory, “BeMicroSDK_lab”.

Altera Corporation &. BeMicro SDK Lab
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= Select all the files EXCEPT lab2.c and drag them over the “BeMicroSDK_lab” directory in the SBT
window and drop the files onto the project folder.

r[\j Explorer X = B ||[ 5 Makefile 2

® software_source_files

=5 BeMicrosDK lab €—J)_Fil=  Edit ‘Wiew Favaorites Tools  Help
5 Includes = —
|5/ create-this-app @ Back ~ l'ﬁe p ) Search [t_" Folders |'$ j x n v
| @ Makefile i —
|5 my_include_paths.in || Address |23 C:lalkera_triMgeMicrasDKL10_D\EeMicrosDE_lablsoftware_source_files
L= q
= BeMicrosSDK_lab_bsp Folders Size | Type
= ) BeMicrosDE_lab File Falder
) eclipse_workspace File Folder
[C3) software File Folder
B I software_source_files File Falder
3 inc File Falder
1 sre 4KE CFile
(3 uc-CPU &KE CFile
(T uC-LIB 1KE INFile
(£ uC-Probe
=  This should cause the source files to be physically (2 Project Exglorer ©3 =3
. . . . & | &8s ¥
copied into the file system location of the software 5 ==
=1 BeMicroSDK_lab
. . . . 3] | - N
project directory and register these source files &% Brares
[nl Includes
within the Eclipse workspace so that they appear in &

== obj
= src
(= uC-CPU
(= uC-LIB
= uC—Prope

the Project Explorer file listing.

3.6 Configure Application Project Build Properties

Just as you configured the optimization level for the BSP project, you should set the optimization level for the
application software project “BeMicroSDK_lab” as well.

= Right click on the BeMicroSDK_lab software project and select Properties from the right-click menu.
®  On the left-hand menu, select the Nios II Application Properties tab

®=  Change the Optimization level setting to Off.

& Properties for BeMicroSDK_lab

I:l Nios II Application Properties hd
Resource
Bulders Flags
CiC++ Buld ELF name: [ BeMicrosck _lab.elf

CIC++ General
Mios 1t Application Propertiss Defined symbols: |

Project References Undefined symbols: | ]
Refactoring History
RunyDebug Settings Asserbler flags: | |
Task Repository Warning flags: [t ]
WikiText
User lags: [ ]
Debug level; o~

Optinieation level: | ETHNNE |

Create object dump
Enable source management

B3P project location: | ../BeMicroSOK_lab_bsp L]
< | -&PDW
®
BeMicro SDK Lab Altera Corporation &

November 2010 22 Arrow Electronics, Inc.



Create a New Project

3.7

Define Application Include Directories

It is useful to be able to see code line numbers. Go ahead and enable line numbers in the source code

Select Window -> Preferences

In the Preferences window expand General
then expand Editors and then select Text

Editors

Click on Show Line Numbers

Click OK

Help

Mew Window
Mew Editor

Open Perspective
Show Wiew

Customize Perspective. ..
Save Perspective As...

Resst Perspective. .
Close Perspective
Close Al Perspectives

Navigation

& Preferences

= General

Appearance
Compare/Patch
Content Types

- Edtors

File Associations

Text Editors
Keys

Hetwork Connections
Perspectives
Search

Security

Text Editors

Undo history size:
Displayed tab width:
[Jinsert spaces for tabs
Highlight current line
[ Shows print mardin

@t ine nunters
Shaws range indicator
Pt e

200

B

Application code can be conveniently organized in a directory structure. This section shows how to define these paths

in the makefile.

CONGRATULATIONS!!

The paths have been provided for you. Double click on

“my_include_paths.in” to open the file.

(= uCLIB
= uC-Probe
inchude_paths.in

Click the Ctrl and A keys to select all the text. Click

the Ctrl and C keys to copy all the text.

Double click on “Makefile” to open the file.

If you see the message shown here about resources
being out of sync, right click on the Makefile and

select Refresh

Select line 196 ¢ APP_INCLUDE_DIRS :=”

Click the Ctrl and V keys to replace line 196 with the

include paths.

L[5 Project Expl

115 BeMicrosDK_lab
(5] Includes

=i
s

(= uc-cPy

[® labi.c

lorer &5

|5 reate-this-app

= my_i
& Maksfile

@ Makefile &3

Resource is out of sync with the file system: '[BeMicroSDK_labjiMalkefile',

Select File » Refresh to refresh the file,

1
1
_—» 1

Click the Ctrl and S keys to save the Makefile.

EJAPP TNCLUDE DIRS
97APP_LIBRARY DIRZ
S5APP_LIBRARY MAMES :

1954 List of application specific

125# List of application specific include d

126APP_INCLUDE DIRSF
127APP_INCLUDE DIRSF
195 APP_ INCLUDE DIR3J
192AFF INCLUDE_DIRS
ZOOAFP_INCLUDE_DIR3
ZO1AFPP_INCLUDE_DIR3
Z0ZAPP_INCLUDE_DIR3
203 APP_INCLUDE_DIRS
204 APP_INCLUDE_DIRS
2Z05APP_LIBRARY DIRS

=
=
=
=
=
.
.
.
.

206 APP_LIERARY MAMES :

inc
sro
uCc-CcpU

uC-CPU/ B3P
uC-CPU/CFG
uC-CPU/NiosII

uc-LIE

uC-LIB/Cfy
ucC-Probe

You now understand how to create a new BeMicroSDK Application and BSP project and define

the properties of that project.
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MODULE 4: Compile, Download and Run the Software project
Module Objective

In this module you use the Nios II Software Build Tools (SBT) for Eclipse to build the Application and BSP projects
and that will run on your system. You will verify that the System ID value of the .sopcinfo hardware description file
matches the System ID peripheral in the BeMicroSDK FPGA hardware image. This is a critical step since a hardware
engineer can make modifications to the hardware image that could result in memory map or other system modifications.
The Application will be downloaded to the BeMicroSDK board memory from where it will be executed.

4.1 Build the Application and BSP Projects

= Right click the BeMicroSDK_lab_bsp software project and choose Build Project to build the board support
package.

®  When that build completes, right click the BeMicroSDK_lab application software project and choose Build
Project to build the Nios II application.

These 2 steps will compile and build the associated board support package, then the actual application software project
itself. The result of the compilation process will be an Executable and Linked Format file for the application, the (*.elf)
file.

L Project Explaorer £3 =0 L™ Project Explarer &3 =d
0 = = -
= = <}===>>
=5 BeMicrasDK_lab =
EREAFEMicrosDK ab beo [BeMicrosDE #2 BeMicroSL  Mew 4

=0 [FellicroSOK
New L4
Go Inko

Go Into

Open in Mew Window
Open in New Window

= G Chri+C
=| Copy Chrl+C =l “opy "
¥ Delete Delete X Delete Delete
Rename... F2 Rename. .. F2
fug Import... 23 Import...
£ Export... 7y Export...
Build Praject Build Project
lean Project Clean Project
& Refresh FS & | Refresh F5
BeMicro SDK Lab Altera Corporation &
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4.2 Verify the Board Connection

The BeMicroSDK hardware is designed with a System ID peripheral. This Peripheral is assigned a unique value based
on when the hardware design was last modified in the SOPC Builder tool. SOPC Builder also places this information in
the .sopcinfo hardware description file. The BSP is built based on the information in the .sopcinfo file. It is important to
compare the contents of the System ID peripheral in the FPGA with that in the .sopcinfo file and verify that they match
before running an application.

& Nios Il - Eclipse

File Edit Mavigaste Search Project RGN Mios 1T Window Help

: L=<j - B @ - &% % Fun Last Launched Chrl+F11
%, Debug Last Launched  F11

= Select the BeMicroSDK_lab Application project.

[ Project Explorer 53

= = Run Hiskory 4
. - Run As 4
" Select Run -> Run Conﬁguratlons' a EREg eeticrosDE _lab Run Configurations. ..

[ Includes =

= inc Debug History 3
= Select the Nios II Hardware hardware ' '

configuration type.

= Press the New Button to create a new

configuration \

-+, .
= Configure |
®=  Change the configuration name to BeMicroSDK | L -Pres
and click Apply. [c] cfc++ application = -Pres

= Launch Group
. v Jios 11 Hardware R -Pres
®  On the Target Connection tab, press the Refresh g el
Mias IT ModelSim *. _Pres
1

Connections button. You may need to expand the
window or scroll to the right to see this button.

= Select the jtag uart as the Byte Stream Device for

stdio.
O\
marne:(l eMicroSDk )

~~— —
Projeck l Target Connection 3‘;‘& Debugger T:%// Source | ] Camman

Connections

Processors:
Cable Device Device 1D Instance ID Mame: Architecture | Refresh Connections _|

[I5E-Elaster on localhost [... 'SCZ5/EP. .. 0 nioszZ cpu HNiosz:3 [

Resolve Mames ]

[ Syskem ID Properties. .. ]

Byke Stream Devices:
Cable Device Device 1D Instance ID Mame Wersion
e —

[I5E-Elaster oh localhost [...
U5E-Blaster on localhost [...

jtag uart
Ay 3o

{ e ISRV P TS & P Y [P N

@ System 1D mismatch - connected: [ Refresh Connections ]

If the System ID mismatch error is reported, press the “Refresh Connections” button to update the System ID properties.
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4.3 Run the software application on the target

To run the software project on the Nios II processor:

e  Press the Run button in the Run Configurations window.

This will re-build the software project to create an up—to-date executable and then download the code into memory on
our BeMicroSDK hardware. The debugger resets the Nios II processor, and it executes the downloaded code. Note that
the code is verified in memory before it is executed.

121 Problems | v Tasks & Console 53 =1 Properties F}fﬂNios 11 Console
<terminated = BeMicroSDK [Nios I1 Hardware] nios2-download (1043710 10:36 PM)

Using cable "U3E-Elaster [U3IE-0]", device 1, instance 0Ox0O0
Processor is already paused

Reading System ID at address 0x080002A48: werified
Initializing CPU cache (if present)

0]14

Downloading 04000020 | 0%)
Downloading 04010000 (92%)
Downloaded 69KE in 1.2= (57.5KEB/s)
Verifying 04000020 [ 0O%)
Verifying 04010000 (92%)

Verified OK
Starting processor at address 0x04000184

4.4 Software Application Output

Once the application starts executing, it will relay the messages back to the Nios SBT via the JTAG UART interface
and the messages from this interface will be placed into a new “Nios II Console” pane within the Eclipse GUL
Results will also be reported to the user via the uC/Probe tool in Section 6.

[%1 Problems |+ Tasks El consale | = Properties ﬁDebug o Mios 1T Console =%

Mew_configuration - cable: USE-Blaster on lacalhast [USE-0] device ID: 1 instance I0T 1 name;: jkag_uark

EeMicro SDE Labl:

Creating buffer source data

Joftware filter is aoperating (please be patient)
Foftware filter is done

Goftware processing time was: 2.467277 seconds

Processing time will also be reported by uC-FProbe:

CONGRATULATIONS!I You now understand how to build, download & run a new
BeMicroSDK Application to the BeMicroSDK target board..
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MODULE 5: Examine the Nios Il SBT Debug Perspective

Module Objective

In this module you will examine the debug capabilities of the Nios II Software Build Tools (SBT) for Eclipse. You
will learn how to switch to the debug perspective and set breakpoints in your code. You will also learn how to single
step through code, step into functions and inspect registers, variables and memory locations.

5.1 Start a Debug Session

The debug session launches a different perspective to the run session. This perspective or view allows the user to see a
number of different debug windows that will aid in the navigation and understanding of the code being implemented.

17 Project Explorer £3 =4

-

=k
B
g Binariy  Ew
) Inclug~ GoInte

g inhc Open in New Windaw
. . . + ob]
¢ Right click on the BeMicroSDK _lab e [[2copy Criac
. . = uC-CR
apphcatlon' g “g':“ 3 Delete Dielete
+ i -Fr
[ lab1.q
. 35 BaMic
¢ Select Debug As and then select Nios I1 [0) mevie, Rename.. F2
= BeMi
Hardware ) L2 TR

Makef Build Project
fi:g BeMicrost Clean Project
# | Refresh
Clase Project
Close Unrelated Projects

Build Configurations 4 p—
Make Targets » B consdle | = Properties F‘,;'ﬂ Mios

Index » laster on localhost [USE-0] device I0:

Convert T,
Run &s 3
[£] 1 Local CjC++ Apalcation
Profile As L4
Team L4
[ v Debug Confiqurations. ..
& Confirm Perspective Switch E|

This kind of launch is configured ko open the Mios II Debug perspective when

¢ Confirm Perspective Switch. Select Yes \_‘-:/ it suspends.

This perspective is designed to suppart efficient development of a Mios IT
praject. It kurns off automatic build and adds the Mios 1T Consale wview which
is particularly useful.

Do wou want to open this perspective now?

[CIremember my decision
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5.2

Active threads

Examine the Nios Il Debug Perspective

Navigation buttons

£ Nios |1 Debug - BeMicroSDK_lab/lab1.c - Eclipse
Fle Edit Source Refactor Navigate Search Project Run KiosTl Wjhdow Help

il o B0 Q-
35 Debug 52

= P BeMicrosDK [Nios 1T Hardware]
= &2 Abera COLGORD=byoaer (OG0 G 46 AN

X G-
i+ &~ =0

Variable, Register & Memory windows

(= yariab £1 . O reak | Wi Regist | O Memor| p Disass

F | %5 hios 11 Debug | [0 >
(]
S ST =2

@i <terminated, ext value: 0nios2-download (10/7/10 8:46 AM)
Bl niosZ-dovnload (1047710 &:46 AM)
»ol nios2-elF-gdb (10/7/108:46 AR

Sy Thread (0] (Suspended)
= 1 main() Cihaktera_trr\BeMicroSDKY10_D{BeMicroSDK_labisoftwarelBeMicroSDK_labilabl,c:50 0x040001e4

Mare
0 i
09+ sw_time _t
0= su_time_2

5.3

Yalue
559038737
67184648
67178576

[g] labt.c 2T = O |82 outine &3 R e Y0
© int main() ~ o firh
o stdioh
int i o ioh
=1 sys/alt_timestamp.h
unsigned long sw_time 1, sSw_time 2: @  source_databuffer : short[]
®  sw_destination_databuffer : short[]
// turn off the LEDE ® 5w _proc_time ¢ float
IQUR (LED PIOQ BASE,O,0xFF); ©  main():int
printf ("BeMicro SDE Labl: yn");
PTANEE [M-mmmmmmmmmmmmmm o Ynin")
// Create the input data waveform
printf ("Creating buffer source datainin®);
for(i = 0; i < DATA BUFFER SIZE: i++] b7
stdi 501 < ») >
stdio console 1 —
B Console | 42 Tashs | P nios 11 Console 52 BE-"=
BeMicroSDK - cable: USEFBIaSter an Tocalest [TSE-0] device ID: 1 instance I0; 1 name:; jtag_uart
ol 2:1

Setting Breakpoints

A breakpoint is traditionally defined as a place in your program where you want execution to stop so that you can

examine program variables and data structures.

* Double Click in the margin to left of line 95 to insert a breakpoint at FIR_SW

¢ (lick on the Breakpoints Tab. Notice that the breakpoint is now listed.

[¢] lahi.c £3 9= Yariables | ©a Breakpoints £3 14 Registers | [0 Memary Disassembly
83 source datsbuffer[i] = input data 7 v
a3 - - [#] @ iCialkera_trm\BeMicrasDKi 10 OiBeMicraSDE_labhsaftware|BeMicrasDk abtlabl.c [line: 957
E
86 /¢ record the value of the high res:
57 if(alt_timestawp_start(] < 0)
a3 {
89 printf ("Please add the high resol
=lu} return 0:
21
az
293 printf("Software filter is operatim
94 sw_time 1 = alt timestamwpi):

@ 95 FIR SW(source_datsbuffer,

EL DATL BUFFER SIZE,
a7 sw_destination databuffer,
a5 T,
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5.4 Run, Stop & Step

The Nios II SBT allow the following code navigation options. Code can be run continuously or run till it hits a
breakpoint. Code can also be stepped line by line. When stepping two options are available. The first is to step into a
software function. A step return can then be used to go back to the line after the function was called. The second
option is to step over any software functions.

The following controls are available in the Debug Perspective

Terminate  Step Over

O = L

Resume Step Into Step Return

Run to the breakpoint then step into the FIR_SW function.
¢ (lick on the Resume button. The code halts at the breakpoint on line 95 of labl.c.

¢ (lick on the Step Into button. The code halts at line 50 of fir_sw.c. This can be seen in the Debug Tab where
are active threads are listed.

¢ Note that all variables local to a thread are shown by default. Click on the Variables Tab.

35 Debug &2 €'§f‘? (b= = DR i 7 "2}3 = B | |69 yariables i3 B Breakpaints | 814 Registers | [ Mer
= F}_‘ﬂ Mew _configuration [Mios 1T Hardware] Mame Value
= Altera CDI GDE Debugger (10/26/10 6:25 AM) (Suspended) # W input_data 0x001FPedc
= Thread [0] {Suspended) 4 length 1000000
= Z FIR_3W{) C:\altera_trmiBeMicrosDE} 10_0YBeMicroSDK_labisoftwareiBeMicrosDE_labisrcifir_sw,c:50 000000690 # % output_data 0x0000F9cc
= 1 main() C:\altera_trniBeMicrosDK, 10_01BeMicroSDK_labisoftwars|BeMicrosDK_labllab1,c:95 0x00000410 47 tap_length 15
B <terminated, exit value: D=nios2-download {10/26/10 6:25 AM) 4 coefa 40
B nios2-download {10/26/10 6:25 AM) 4 coefE 754
b nios2-elf-gdb (10/26/10 6:25 AM) 4 coefc 455
42 coefD 0
647 coefE 1699
647 coefF 4450

Global variables are not automatically visible in the variable Tab, but they can be manually added.

¢ (Click on the Variables Tab and right-click in the background, then select Add Global Variables.

¢ C(Click on the source_databuffer and sw_destination_databuffer global variables.
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¢ Expand the source_databuffer variable as shown below. It is possible to see the sine wave values in the

array.
()= Yariables &7 g Breakpoints | 4 Regist £ Global Variables |_ ‘@@ (9= yariables 3 O Breakpoints | ¥4 Registers | [ Memary Disassembly
Mame Walue . Hame Value
Select Yariables: r X
_ 5 + [*% sw_destination_databuffer Ox040146d0
)= sw_time_1 67164648 L PVDEERSBZ—RXP“C" e’ = [ source_databuffer 0x041FchS0
N ProbeR5Z32_RxState
= sw_time_2 67178576 = - = 0...9939
e [] ProbeRs232_TxictiveFlag [ ]
A = [E [0..99]
Select Al Chr+A L| ProbeRS232_TxBuf 00 databuffer0] o
. ) [] Proberszaz_TxBuflnlse source_databulter
=| Copy Variables Chr+C [] Prabers232_TxBufRdlx ©9= source_databuffer[1] 193
[] Proberszaz_Txctr ©9= source_databuffer(2] 195
Disable LI ProbeR3232_TxIntState (9= source_databuffer[3] 190
L] ProbeRS232_Txlen 9= source_databuffer[4] 333
L| ProbeR5z32_TxSkate 0= source_databuffer[5] 571
A Cast To Type... [ sgdma_rx
5 L | sgdma_tx
i [¥| source_databuffer
iew Memory =
N L Str_MultCnFThThbl_Int32u
Farmat [+¥] sw_destination_databuffer
Find... Chri+F [ sw_proc._time
9& Change Walue. .. [] zeroes.3453 =
G )
& Add Watchpoink (C/CH+)...
Select All eselect All
=y
©
Y wakch

Step through the C source code and view the equivalent disassembled code.
¢ C(lick on the Disassembly Tab and press the Step Over button a few times.
¢ Notice that the active line of code in both the C and Disassembly windows are highlighted in green

¢ Also notice the close correlation between the C and assembly code. This is because we have the code
optimization for the Application is currently off.

)= yariables | ¥ Breakpoiris | 4388 Registers | @ Memory | & Disassembly

datal = dataC: datal = Finput_data++:
dataC = dataB; 0x040007ac <FIR SW+364>: ldw r2,-60(fp)
dataB = datad; 0x040007b0 <FIR 3W+3658>: ldhu rZ,0(r2)
datald = *Tinput datat+: 0x040007h4 <FIR_SW+372>: sth ri,-4166 (fp)
- 0x040007k8 <FIR_SW+376>: ldw  r2,-60(fp)
/% calculate all the multiplication terms in parallel */ 0x040007be <FIR_SW+3580>: addi ri,rz.2
termld = (datal + dataP) * coefl: 0x040007c0 <FIR_3W4+35845>: stw riZ,-60(fp)
termB = (dataB + datzl) * coefB; termld = (datal + dataP) * coefld;
cerm = (dataC + datal] * coefC; P20x040007c4 <FIR_3W+355>: ldh ri,-41a66(fp)
termD = (dataD + dataM] * coefD; 0x040007c8 «<FIR_SW4+35925: ldh r2,-4196 (fp)
termE = (datsE + datal)] * coefE; 0x04000%7ce <FIR SW+3596>: add ri,r3,r2
cerwF = (dataF + datakK) * coefF; 0x040007d0 <FIR_3W+400>: ldh ri,-44(fp)
terms = (dataG + dataJ] * coefG: 0x040007d4d <FIR_SW+404>: mul r2,r3,rz
terml = (datal + dataI) * coefH; 0x040007d38 <FIR SW+408>: stw r2,-4200 (fp)

/% these are just temp variables so that all eight multiplication terms

A fun exercise that you can do later would be to change the compiler optimization to Level 2 and then see the
correlation between the C and assembly code .
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5.5 Memory & Register examination

The Nios II SBT tools provide access to the processor registers and any location within the systems memory map

Register Examination. Detach the Disassembly window and move lower so both the Disassembly and Register

windows are visible.

9= Variables | ©@ Breakpoints | 558 Registers | [ Memary | [T Disassembly 5~

Right click on the Disassembly Tab and select Detached. Drag the disassembly window lower

Fast Wiew
datak = *input_datatt; Detached Disassembly 3
0x040007ac <FIR_SU+364>: ldw  r2,-60(fp) datad = *input_datat:
0x040007b0 <FIR 3W+365>: ldhu rZ,0(rz) Mrve 3 Ox040007ac <FIR_SU+3 cd>: ldw £Z,-60(£p]
0x040007h0 <FIR_3W+3658>: ldhu rZ,0(rZ)
0x040007kd <FIR_3W+37Zx: sth ri,-4166(fp)
0x040007hE <FIR_3W+376>: ldw ri,-60(Lfp)
0x04000%7hc <FIR_3W+380>: =sddi ri,ri,Z
e AN A5 STTT ST 29 A . — - SO
(= yarisbles | ®g Breakpoints | 418 Registars &2 D Memory
. Narme Value
¢  C(lick on the Registers Tab. Expand Main. = 54 man
siad zero i
i a 3735928559
. . 1010
¢ Click on Step Over a few times. ot potsesss
a0t
e re 0
. . fities 0
¢ Note the active assembly line code change e 1699
el 17 15
2
¢ Note that register changes are highlighted in p
Disassembly -3
yellow datal = *input_datat++;
Dx040007as <FIR_SW+364>: ldw  r2,-80(fp)
0x04000700 <FIR_3W+368>: ldhu rZ,0(r2)
0x040007h4 <FIR_SW+372Z>: sth rz,-4166 (fp)
0x040007hE <FIR_SW+376>: ldw rz,—60 (fp)
O0=x040007he <FIR_SW+350>: addi rz,rz,2
Dx040007c0 <FIR_SW4384>: stw  rZ,-50 [£p)
termlk = [(datal + dacaP) ¥ coefd:
Pa0x040007c4 <FIR_SW+3&8>: ldh r3,-4166(fp)
0=x040007cs <FIR_SW+3592>: ldh r2,-4196 (fp)
0x040007ce <FIR 3W+396>: add r3,r3.r2
Reset the Debug Perspective Help
T Mew Window
- Mew Editor
e  (Click on the Window Tab and select Reset open Persportive R & b 2T (R %7 0O
. Shaw Wiew » Na
Perspective
Customize Perspective... .
4 Save Perspective As.., & Reset Persl,ec"“
'Y Select OK in the Reset PeI‘Specthe Dialog bOX )t " Prsp \:‘p Do you want ta reset the current ios 11 Debug perspective ta its defaults?

Close All Perspectives
Mavigation 3

Preferences

Return from the FIR_SW function to main.

Click on the Step Return button

Altera Corporation &.
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Memory Examination

The Nios II SBT tools allows the user to view or alter any location in the Embedded Systems memory map. This is

done with memory monitor windows. Multiple memory monitors may be opened.

e  Click on the Memory Tab (9= variables | “e Breakpoints |80 Registers  [J Memory &3

Monibors @

|F'.|:||:| Mermary Ml:unitcnr|

¢ (lick on the Add Memory Monitor button

& Monitor Memony.

¢ Enter 0x08000220. This is the address of the LED PIO port

Enter address or expression ko monitar:

@H' [ Ok l [ Cancel

¢ Right click within the address map and Select Format.

¢ In the Format window Click on the Column size pull-down menu and select 1.

0= Yarisbles | 9 Breakpoints | 1 Registers | [ Memary 2 Disassembly

Filais dh B % (0x08000220 : 0xB000220 <Hexs 52 ok New Renderings... el e e,
Row Size! 16 % | unitfs) per row
Addresa o- 3 4 - 7 8 - B
osooozzo R meoessesanenens 3 Column Size: 4 || unit(s) per column
02000230 Dz00C F° Add Rendering 5 PR A [ e o Defauiks
osooozan  0iood ¥ Remove Rendering i} e ;
08000250  FOFFE 3 6~
08000260  FCFFE o Reset to Base Address 5 <hddress> WXKR XXX KKRK  RKRR
5o ko Address. .. <Address> RRXX XERR KXXK RERR
08000270 01000 g chddresss HEKN MEEH KKK HERH
naNNnzan annne il
Default Row Size: 16 unit(s) per row
Default Colurn Size: 4 unit(s) per column
©

e Observe the LEDs on the BeMicroSDK.
[1 Memary &2 Cisassermbly
| % |0x0B000220 : 0xE000220 <Hex> 53 - < Mew

Lddress 0 1 Z &
osooozzo B oo oo oo
08000230 03 00 00 00

¢ Click on address 0x08000220.
¢ Change the value to 0x00.
¢  Observe the LEDs again

¢ Change the value back to 0xff

SE

Revert to the Nios I Perspective
=} ‘ % HMios II Debug ‘@

[n]
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Set the Compiler Optimization for the BeMicroSDK_lab Application to Level 2

& Properties for BeMicroSDK_lab

¢ Right click on the BeMicroSDK_lab Application project and Nios II Application Properties
select Properties from the right-click menu. Resource
Builders Flags
CfC++ Build ELF name: BeMicrosDK_lab.elf
. . . CIC++ General i
¢ On the left-hand menu, select the Nios II Application Hios 1 Appication Froperties | D= symbol:
. Project References Undefined symbols:
RunjDebug Settings
Properties tab
Task Repository Assembler Flags:
WikiText Warning flags: -itdall
¢ Change the Optimization level setting to Level 2. User flags;
Debug level: on v
o Click OK Optinization level: |OFF v
[¥] Create ohject djon
[¥]Enable source Levell
B3P project location: | .. /BeMicroSDK_lab_bsp
Convert To... 4
& 1Lauterbach 155
. . . Debug s ¥ [&] 2 Local €/C++ Application
Run the BeMicroSDK _lab Application Profie 4z " R
Team * B8 4 hios I1 Madelsinn
Compare With 3
. . . . . . Restore from Local History... Run Configurations. ..
¢ Right click on the BeMicroSDK_lab Application project and ’ ’
select Run As -> Nios II Hardware from the right-click menu.
Altera Corporation &. BeMicro SDK Lab
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5.6 Profiling

The Nios I SBT tools provide a code profiler. The profiler provides an estimation, not an exact
representation, of the processor time spent in different functions. To use the GNU profiler successfully with
your custom hardware design, you must ensure that your design includes a system clock timer.

When the Application is run as hardware a profiling file gmon.out will be written into your software project
directory. To save time this has been pre built for you and the results are displayed below. Please do NOT
attempt this now. See appendix B to implement this AFTER you have completed MODULE 7.

|| labl.c

gmon.out £

1Flat profile:

2

3Each sample counts as 0.01 seconds.
self

4 %

5
)
7
=1
9
u}
1

® Notice that 86.19 % of the total processing time (2.31s) was spent in the software FIR filter.

time
86.
6.
3.594
Z.24
1.
0.16

hR=]
34

iz

cumilative

seconds

Z.
.45
.59
.65
.65
.65

[N R N ]

31

seconds

Z.
17
.11
.06
.03

o oo oo

31

oo

calls

[

self

=/call

Z.
17
.03
.01
.03

o oo oo

31

oo

total
=/call

Z.
.45
.03
.01
.03

L I i

31

oo

®  6.34% (0.17s) was spent in main initializing the arrays

name
FIR_SW

mwain

altera avalon jtag_uart_close
temperature_alarm callback
_exit

altera avalon jtag uart_timeout

*  3.94% was spent managing printf statements (altera_avalon_jtag_uart)

e 2.24% was spent servicing the temperature callback function

CONGRATULATIONS!!

You have successfully examined a number of debug features provided by the Nios II Software

Build Tools.
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MODULE 6: Instrument the Design using uC/Probe
Module Objective

A notable challenge in embedded systems development is to overcome the lack of feedback that such systems typically
provide. Many developers resort to blinking LEDs or instrumenting their code with printf() in order to determine
whether or not their systems are running as expected. Performance and memory footprint may be negatively impacted
(Heisenberg effect). Micrium provides a unique tool named puC/Probe to assist these developers. With this tool,
developers can effortlessly read and write the variables on a running embedded system.

pnC/Probe is a visualization tool, meaning that it allows developers to see inside embedded systems. In this module you
will learn how to visually instrument the lab design with uC/Probe. You will also see how pC/Probe can gather data
from running systems without negatively impacting application performance.

6.1 How uC/Probe functions

uC/Probe is made up of two components
e A Windows program that serves as a customizable interface to running embedded systems
¢ Embedded code that responds to requests from the Windows program

pnC/Probe can be used to create a custom graphical interface for an embedded system. Developers simply drag
and drop components onto data screens. uC/Probe accepts an executable file as input. Any compiler that
produces executable files of the ELF format can be used with uC/Probe

Jtag UART

a0 PC i Embedded
b, Target
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Setting up uC/Probe

Launch uC/Probe

Launch uC/Probe from the Start -> All Programs -> Micrium -> uC-Probe. A small dialog box is launched.
Press the Evaluate button.

Select uC/Probe options.

=1 Micripm pC/Probe - Untitled Workspace

. . ‘ﬁ' Home: Mumerics teters Graphs Sliders Tanks
¢ (lick on the uC/Probe icon on the top ) e r—
left portion of the screen. .
H 1 Open
As-
¢ (lick on the options button to open the o

dialog box @ Xew

X
Set target board communication protocol as JTAG UART P
g JT\I;:;P[LIDP] ‘@HSW PR
¢  (Click on the Communication Tab icon L
Ta'ggf‘a"““ @ symbols/ses
on the top left portion of the dialog box Cles
¢ Select the JTAG UART pilot button.
-EIK -Eamie\ -App\y
Setup JTAG UART communication settings r— R — sy
JTI;S;P :j;d :lSEB\asAev[USB q : MYL‘;?EM
e Select the JTAG-UART option. e ol jE;
e  Press the Open File button to select the o
JTAG Debug Information file (.jdi) M = .
My Metwork | Files of type: “id v
* Navigate to the <install directory>BeMicroSDK_lab
directory folder and select the BeMicroSDK jdi file.
Press Open.
Seftings
e Type the value 1 in the the Device Id window. PN < -5lcss [USE0] =
Device Id |1 v
¢ Select uCProbe_uart(0) from the Instance Id pulldown menu. Irstance d: I v
Press Apply and OK to exit the options menu. The embedded L

target has two UARTSs. uCProbe will be communicating with the
uCProbe_uart.
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Populate the Symbol Browser

uC/Probe is able to extract variable information from an embedded target by using that targets ELF file. The
ELF file provides symbol listings of all global variables and their location within the targets memory space.
The ELF file is generated by the Nios II SBT tools during the Application build process.

04014594 o 0 b=z uinlnluialnlsEW=1r proc time

‘wiarkspace Explorer a
w AR
Add symbols.
Project {0)
@ Data Sereen (0]

¢ Locate the Symbol Browser within the
Workspace Explorer

¢ Right click within the Symbol Browser. Select Add Symbols (38 ictkspace Explore | B8 Fiopettes

Symbol Browser a

from the menu

2] Add symbols

2 Fikers
Expand All
Collapse Al
¢ Navigate to the BeMicroSDK _lab software application = @ gagl—l\::mm 2 gi:;]
folder and select the BeMicroSDK_lab.elf. Select = -_"3—;8Micmm " ngé_cpu
Open, ¥ | 5) edipse_workspace [DucIe

= | 5) software I[LJucC-Probe

@ JCproject

@ force_rebuild

alt_srmno.c
alt_flash_dev.c
alt_irg_handler.c
alt_irg_vars.c
alt_main.c

alt_sbrk.c

alt_syz_initc

alt_tick.c
altera_avalon_sgdma.c
altera_avalon_timer_wvarz.c
atexit o

CpU_Core.C

dp-bit.c

+

e Note that the Symbol Browser has been populated with all
global variables within the embedded target project.

=] at
]
= =
N=|
2 5]
= =
N=|
2 5]
= =
=
2 5]
2 5
E 5
=g
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6.3 Create an instrument Data Screen in uC/Probe

Add a Numeric Instrument Component to the Data Screen

B Home | Numerics | Melers  Graphs  Siders  Tanks  Mi
. 1 h merics T
Select the Numerics Tab = @@ @D ) Em
Data Sereen 1]
I
|
I
¢  (lick on the selected numeric indicator and drag it into the
¥ >
Data Screen .
o
Symbol Browser L
® 2] alt_mainc -~
® - alt_sbikc
® ] alt_sys_int.c
L. ® =] alt_tick o
¢ Expand the symbols within labl.c and select the - P
. jatexil_r: T
sw_proc_time check box @ [ esutooree
+ dp-bit.c
@ j1 l.:hinc
@ ] impure.c
# =] int_enno.c
2 O kble
[ coefficients
[ input_data

[ source_databuffer
A sw_destination_databi
&) sw_proc_time

= FAR bk

6.4 Run & Display Results

¢ Press the play button to begin the capture session. The result
is displayed in seconds.

<% Micrizm uC/Probe - Untitled Works pace.

m Home Numerics Meters Graphs
= R et e

The software processing time is only calculated once when the target code is run. You will now
instrument a variable that is constantly updating. If you inspect lab1.c you will see the
following lines of code. This initializes the temperature sensor on the BeMicroSDK board by
setting up an alarm_callback that is updated every 300mS.

65  //enshle the temperature sensor
66  temp_sensor_init():
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= Micripm pC/Probe - Untitled Workspace

e Press the stop button

@ Data Logging [ Change Sersen -

Home Mumerics Meters Graphs Sliders Tanks Miscellaneous Switches LEDs Dials. Levels

e  Select the Levels Tab

Vo]

¢ (lick on the selected levels indicator and drag it into

a -
the Data Screen - B

Praoperties )
=/ Seltings
= Levell
¢ Click on the properties tab set the following values. Minimum Lo wnde
. Fi it C
= 65, Maximum = 90. You can alter these values once you S
. Color Text [l Black
get a baseline of the temperature in the room. InrvalL.. | Auo
Maximum 100
i
* Layout

B8 Workspace Explorer | 54 Properties

ey + lliocr.
e Expand the symbols within temp.c and then expand the - ﬂ ;n;bo:_[ Ccom_c
temperature_context symbol and select the value check box 2 ] probe 12320
+ J probe_232c.c
= 5] tempc
+ |:| temperature_alarm
e Press the play button to begin the capture session. = Ll temperature_content
value 2
¢ Place your finger on the temperature sensor. Observe the
temperature gauge on the Data screen
Y
«vimam _ED7
- imun _EDS
~«imm | FDS
wom | ED4 3
~mm | ED3
»vimm | ED2
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Log the Captured Data
e
see | Dah Looging [ Changs Sereen -
¢ Press the REC button to start recording ®) oo
é Savein | 3 BeMicioSDK _lab ¥ O& e mE-
Dg L\}) gmhc [Emakefile
e Enter BeMicroSDK.log for the filename - T | .
£ @ oime
. ;;% Force_reink
e  Place your finger on the temperature | e
] A \_:]semucvnizi,lah‘map
Sensor. SRl e
E My Computer Bt c
‘;'] File name; ~
g L
e Press the stop button to end the capture A oo -
session

@ Data Logging [ Change Sersen -

e Open the log file to observe the recorded
data.

B BeMicroSDK. log - Motepad

Eile Edit Format Vew Help

10/9/20010 1F:13:44:46
Sw_proc_time=9. 70030117034912
temperature_context.value=585. 84375

10/8/2010 17:13:44:156
sw_proc_time=9. 70030117034912
temperature_context.value=86.84375

10/8/2000 17:13:44:265
Sw_proc_time=9. 70030117034912
temperature_context.value=85§. 84375

10/9/20010 17:13:44:359
sw_proc_time=5%, 70030117034912
Temperature_context.value=86. 9000015258789

10,/9/20010 17:13:44:468
Sw_proc_time=9. 70030117034912
temperature_context.value=85§. 9000015258789

10/9/20010 17:13:44:578
sw_proc_time=5%, 70030117034912
Temperature_context.value=86. 9000015258789

10/8/2010 17:13:44:687
sw_proc_time=9. 70030117034912
temperature_context.value=86. 9000015258789

CONGRATULATIONS!!

You have successfully used uC/Probe to instrument the embedded target design.
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MODULE 7: Use Hardware Accelerators to Improve Performance

Module Objective

In this module you will see how carefully selected application functions, that consume large amounts of processor
bandwidth, can be replaced with hardware accelerators. These accelerators are highly optimized for that specific
function.

In this lab we have added a custom FIR_HW accelerator to the BeMicroSDK embedded design. It is wired via the
System Interconnect Interface to the Nios IT CPU.

To mobile
SDRAM
Nios IT SDRAM FIR Filfer
/f controller Accelerator
CPU

|

A quick examination of the software function versus its equivalent hardware accelerator is illuminating. You can
examine these by opening the files in the src folder. The appropriate information is passed to the FIR_SW function.
Pointers to the input_data and output_data buffers are provided as are all the filter coefficient values. The FIR_SW
function operates in a do while loop until “length” number of samples have been processed. Every step is
performed by the Nios I CPU.

roid FIR 5W(short * input_data, S 15
long length,
short * output data,
unsigned char tap_length,
short coefh,
short coefE,
short coefC,
short coefD,
short coefE,
short coefF,
short coefG,
short coefH,
unsigned char divide order)

lonyg adderd, adderE;

short datal, datab, datal, datal, dat
short datal, datad, datak, datal, dat
long termb, termB, termC, termD, term
long output buffer [OUTPUT_BUFFER_LENG
unsigned short indexd, indexE;
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__inline  wvoid FIR H¥ [ short * input_data,
long length,

short

* output_data,

unsigned char tap_length,

short
short
short
short
short
short
short
short

coefd,
coefB,
coefC,
coefD,
coefE,
coefF,
coefG,
coefH,

unsigned char divide order

)

IOWR_32DIRECT (ACCELERATOR FIR FIR HW MAWNAGED INSTANCE CPU INTERFACEO EBASE, (4], (int)
IOWR_3EDIRECT (ACCELERATOR FIR FIR HW MAWAGED INITANCE CPU INTERFACEO BASE, (3), iint)
IOWR_3ZDIRECT (ACCELERATOR_FIR FIR HW MANAGED INSTAWNCE CPU_INTERFACED_BASE, (12), (int)
IOWR_3ZDIRECT (ACCELERATOR_FIR FIR HW MANAGED INSTAWNCE CPU_INTERFACED_BASE, (16), (int)
IOWR_32DIRECT (ACCELERATOR FIR FIR HW MANAGED INSTANCE CPU INTERFACEO_BASE, (20), (int)
IOWR_3EDIRECT (ACCELERATOR _FIER FIR HW MAWAGED INSTANCE CPU INTERFACEOD _BASE, (Z4), (int)
IOWR_3ZDIRECT (ACCELERATOR_FIR FIR HW MANAGED INSTAWNCE CPU_INTERFACED_BASE, (28), (int)
IOWR_3z2DIRECT (ACCELERATOR FIR FIR HW MANAGED INSTANCE CPU _INTERFACEOD_BASE, (32), (int)
IOWR_3ZDIRECT (ACCELERATOR FIFR FIR HW MANAGED INSTANCE CPU_INTERFACEO _BASE, (36), (int)
IOWR_3ZDIRECT (ACCELERATOR_FIR FIR HW MANAGED INSTANCE CPU_INTERFACED_BASE, (40), (int)
IOWR_3ZDIRECT (ACCELERATOR_FIR FIR HW MANAGED INSTANCE CPU_INTERFACED_BASE, (44), (int)
IOWR_3ZDIRECT (ACCELERATOR FIR FIR HW MANAGED INSTANCE CPU INTERFACEO_BASE, (48), (int)
IOWR_3EDIRECT (ACCELERATOR _FIER FIR HW MAWAGED INSTANCE CPU INTERFACEO _BASE, (52), (int)
alt_deache flush allf():

f% Write 1 to address 0 starts the accelerator */
IOWR_3EZDIRECT (ACCELERATOR FIR FIR HW MANAGED INSTANCE CPU INTERFACEO _BASE, (0 * sizeof (int)),1):
/% Poll. When read from address 0 returns 1, the accelerator is done */
while (IORD 3ZDIRECT (ACCELERATOR FIR FIR HW MANAGED INSTANCE CPU_INTERFACEOD BASE, (0 * sizeof(int))) == 0

i}

{input_data) ) ;
(length)):
{output_data)
{tap_length]):
(zoefd) )
[coefB) )
[coefC) )
[zoefD) )
(zoefE) )
[coefF) )
[coef3) )
(coefH) )
(divide order)

I:

In the FIR_HW function we see the same parameter information being passed from main. That is where the
similarities end. The accelerator is comprised of a large register file which is addressable by the Nios II CPU and

the function parameters are written (using the IOWR macro) to the register file. The accelerator is started by writing

the value one to offset address 0. The register file contains the input and output data pointers. The read and write

masters independently move data in and out of external memory while funneling it through the hardware FIR
filter. It is an independent co-processor.

Register File

R

FIR filter

*outout data |

Nios I |_;i-m2a_| Read Master Write Master
Processor =
Arbiter |
Hardware Accelerator
s
Memory
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71 Build the Application and BSP Projects with Accelerator

Build the App with the accelerator 25 BeMicrasDk_lab
ﬁ? Binaries
e Includes
= inc
= obj
: : (= src

e Switch back to the Nios II SBT tools i
= uZ-LIB
= uC-Probe

¢ Right click on labl.c. Select Delete [
:)t? BeMic e 4

|i4] Bemic

[4] Bettic  “PE"

B creats Open With L4

o -0 Makef [ copy Chrl+C
iz BeMicrosl

¢  (lick on lab2.c. Drag it into the
BeMicroSDK_lab App folder

| 3 software_source_files

m BeMicrosDE_lab.m.

[14) Rabticrncni 1ah A

File Edit View Favorites Tools  Help
=5 BeMicroSDK_ab = L
B oy 3 ) =, [ -
#, Binaries \ @Back <d l? 7 ) Search ‘H_ Folders | |/cp | 3% X m
[} Includes =
& Inc Addr N CHialbera_trn\BeMicroSDKY 10_0\BeMicroSDK_labisoftware_source_Files
[ obj Folders x | Mame
-
= sre =I5 akera_trn G Sine
& uC-cPU = [ BeMicros0K Dsre
(= uC-LIB 25100 [Euc-cru
% LG Frage = [ BeMicrasDK_lab | e
lab1.c I3 eclipse_waorkspacs [Euc-Probe
|‘:=j labl.c

3@ BeMicroSDK_Iab.eI] B ) software

= () BeMicrosDK_lab

[ ] Right click on BeMlcrosDK_lab App Select &Prob\ems ETasks El console [ Properties ﬁDebug mmos 11 Consols &2

lew_configuration - cable: LUSE-Blaster on localhost [LISB-0] device ID: 1 instance ID: 1 name: jtag_uark

Build PI‘OjeCt_ BeMicra SUE Lab:

Creating buffer source data

° Right click on BeMlCI‘OSDK_lab App SeleCt Software filter is operating (please be patient)

Hdoftware filter is done

Run As -> Nios II Hardware. Harduace filter is cperacing

Hardware filter is done

Cowparing hardware and software filter results
The results match

Software processing time was: 2.348574 seconds
Hardware processing time was: 0.042350 seconds
Hardware speedup factor over the software implementation was: 55.46 times

Processing times will also be reported by uC-Probe:
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7.2 Instrument uC/Probe

Update uC/Probe with the new Symbol Table

Switch back to the uC/Probe tool

Symbol Browser 2

Right click on the Symbol Browser and select -
refresh symbols. The location and availability
of symbols will vary after a design is
recompiled.

Waorkspacs Explorer L]

Delete the existing Data Screen and create a new one

¢ (Click on the Workspace Explorer Tab and
select Data Screen(0). Press the delete button
to remove it.

¢ Select the Add Data Screen button to add a

Instrument the accelerated design

5 ] impures
——

5

[ dobite
B

Add Symbols

cccccccccccc Remove Symbols

_iab.eF

0 input_data 2 Reheshsmbos »

Cilakerat _0lBeMicrosDK

O souce_databuifer

Fiters

=@ e X i

Expand Al
Collapse Al

+ 19

“wiorkspace Explarer R

2 e A K

Project i) _____ Fraject (0)

new canvas.

Qo

e  Select and drag the numeric indicator three
times onto the Data Screen canvas.

¢ Expand the symbols within lab2.c. Select the
first numeric indicator and the sw_proc_time
check box.

e Select the second numeric indicator and the
hw_proc_time check box.

e  Select the third numeric indicator and the
speedup_factor check box.

BeMicro SDK Lab
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Workspace Explorer Properties

P2 fome | Mumeres | Meles  Graphe  Siers

- B OD @ Em

Symbol Browser n

+ _1 atexit.c ~
# =] cpu_core.c

5 _1 dp-bit.c

5 _1 fp-bit.c

# =] impure.c

# =] int_emao.c

= 2] lab2c
O

coefficients
é

hw_destination_databt
hw_proc:_time
input_data
source_databuffer
speedup_factor
aw_destination_databe
sw_proc_time

‘Wrkspace Explorer Properties

Tanks Mi
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7.3

‘Wotkspace Explorer

)
aX |t

“Data Screen (0) |

Project (0)

0 Data Screen(0)

5 Wotkspaos Exlorer [ Foperies

1 o o o

Results of Acceleration

Press the play button to begin the capture session. The

results for the first two numeric indicators are displayed in

seconds. The last is a ratio and shows the speed up factor of
the hardware FIR function over the software FIR function

¥ Micriym pC/Probe - Untitled Workspace

= = O G Em

=1 Micripm pC/Probe - Untitled Works pace

@ ' Dugggf‘chgs

SW processing time (s)

HW processing time (s)

Data Scre

Speed up factor|

It is of interest to analyse the profile gmon.out file for lab2. The results below show a close resemblance to the

FEach sawple counts as 0.01 seconds.

uC/Probe findings
grnan.out 23
1Flat profile:
2
4 % curmlative
5 time seconds
5 80.03 2.34
7 11.26 2.67
& 5.52 2.54
9 1.37 2.88
10 1.09 2.91

Altera Corporation &.
Arrow Electronics, Inc

self
Secon

0.
]

0.

d=

33
]

03

calls
1

-

self

z/call

2

o o o a

45

.34
L33
04
04
K]

total
zaicall

2

Lo T T Y

.34
.71
.04
.04
.03

natne
FIER =u
main

altera avalon jtag uart close

FIFR_HU
exit

BeMicro SDK Lab
November 2010



Use Hardware Accelerators to Improve Performance
I EEEEEEEEEEE——

Appropriately selected Hardware accelerators (or co processors) use moderate amounts of resources in the FPGA
and yield disproportionate increases of computational throughput. In this example we would have to run the
processor 55 times faster to get the same throughput that the hardware accelerator yields. Hardware accelerators
allow the embedded design to achieve the required system performance while keeping clocking rates and power
utilization to a minimum.

CONGRATULATIONS!!

You have successfully used hardware accelerators to improve system performance..
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MODULE 8: Taking the Next Step

Altera has a number of resource available to assist you in further product development at www.altera.com/embedded

Some of the resource available are:

Purchase an evaluation or development kit

Embedded Development Kit Resources
http://www.altera.com/products/ip/processors/nios2/kits/ni2-dev_kits.html

Get more information about the Nios Il Processor

The Nios II Processor Reference Handbook
http://www.altera.com/literature/hb/nios2/n2cpu_niiSv1.pdf

Get more information about the Nios Il Software Development Tools

The Nios II Software Developers Handbook
http://www.altera.com/literature/hb/nios2/n2sw_niiSv2.pdf

Get more information about Embedded System Design

Embedded Design Guide
http://www.altera.com/literature/hb/nios2/edh_ed_handbook.pdf

Get more information about SOPC Builder and Embedded IP Peripherals

SOPC Builder (Quartus II) Handbook
http://www.altera.com/literature/hb/qts/qts_qii5v4.pdf

Embedded Peripherals Handbook
http://www.altera.com/literature/hb/nios2/n2cpu_niiSv3.pdf

Get Ready made Nios Il Processor System Design Examples and Software Applications

Nios II Design Examples page
http://www.altera.com/support/examples/nios2/exm-nios2.html
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Taking the Next Step

Get Free Online Tutorials or take an In person training course

Embedded Training Resources
http://www.altera.com/technology/embedded/training/emb-training.html

Get support for your development by joining the Nios Il User Community

Nios I User Community
http://www.altera.com/technology/embedded/community/emb-community.html

Get Technical Support from Altera

Embedded Technical Support
http://www.altera.com/technology/embedded/support/emb-support.html

For all resources visit www.altera.com/embedded
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Appendix A: Restoring the Factory Hardware Image

Appendix A: Restoring the Factory Hardware Image

The BeMicroSDK board has been flashed with an FPGA hardware image and a Software image.
During development new images can be flashed to the board. To restore the factory image follow these steps.
Open a Nios II Command Shell

e  Start->Programs->Altera->Nios II EDS 10.0 -> Nios II 10.0 Command Shell

© Altera Nios Il EDS 10.0sp1 [gccd] B=EY
. — [<]

ell [GCC 41

CD to the Factory_Image Directory

¢ cd c:/altera_trn/Factory_Image

ltera Nios Il EDS 10.0sp1 [gec4]

ra_trn/Factory_Image.

Connect the BeMicroSDK board to a USB port on the PC.
Run the Script and wait for it to complete.

e At the prompt type “source restore_factory_image.sh”

ttera Nios Il EDS 10.0sp1 [gccd] NE=E o< Altera Nios Il EDS 10.0sp1 [gccd]
- [-]

und

Altera Nios2 Command Shell [GCC 41 Bx14
%2820815

1, Build 262 i rmation from section [EPCS-28208151
i Byte (16Mhit>

are:
32 x 64K
8:08
Checksunning existing contents
: Uerifying e
: Needs eras
: Yeril

(5@x>: Programming
ed S7KB +71KB in 1.9s <67.3KB/s)>

Did not attempt to verify device contents

Leaving target processor pause

lbash-3.1%
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Appendix A: Restoring the Factory Hardware Image

Force the hardware to reconfigure with the new image.

¢  Press the Reconfig Button.

79

G ~mmLEDS
v |_ED7
v | EDS

@ ~vmm|_EDS

Y s ED4 Z-

~ma ED3
«eimm| ED2
:‘Jﬂa " /9ED1

= .oV 5701
w 0"

A temperature sensor software application has also been flashed to the board. It reads the temperature sensor and

obtains the temperature in degrees F. These are displayed on the eight LEDs in a Binary Coded Decimal (BCD) format.
For example the figure above is displaying a 83 deg. F

BeMicro SDK Lab
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Appendix B: Using the Profiler

Appendix B: Using the Profiler

Profiling

The Nios I SBT tools provide a code profiler. The profiler determines the percentage of time spent in each
function by interpolation, based on periodic samplings of the program counter. The periodic samples are tied to
the system clock’s timer tick. The profiler can only take samples when interrupts are enabled, and therefore
cannot record the processor cycles spent in interrupt routines. The GNU profiler cannot profile individual
functions. You can use the profiler to profile the entire system, or not at all.

The profiling data is a sampling of the program counter taken at the resolution of the system timer tick.
Therefore, it provides an estimation, not an exact representation, of the processor time spent in different

functions. To use the GNU profiler successfully with your custom hardware design, you must ensure that your
design includes a system clock timer.

Enable Profiling in the BeMicroSDK_lab_bsp project

® Right click on the BeMicroSDK_lab_bsp software project and select Properties from the right-click
menu.

®  On the left-hand menu, select the Nios II BSP Properties tab
®  (Click on the GPROF support check box

® Select OK

& Properties for BeMicroSDK_lab_hsp

Nios IT BSP Properties -
Resource
Builders Flags
[ CfC++ Build Defined symbols: | none

CfC++ General

Undefined symbols: | none

Assembler flags: “wa,-gdwarfz
Run/Debug Settings ) r
- Task Repostary ‘Warning flags: _-WaII
WikiTesxt User flags: none
Debug level: on ~

Optimization level: |Level 2w

[ Reduced device drivers

] Modelsim anky, no hardware support
[l Support C++
FROF support
[ small € library
ESP Editor...
Bpply

a3
@
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Appendix B: Using the Profiler
I EEEEEEEEEEE——

Rebuild the BeMicroSDK_lab Application project and execute it.

¢ Right click on BeMicroSDK_lab App. Select
Run As -> Nios II Hardware.

Pay attention to the console output tab. Notice that after the application has completed and exited that the
gmon data is uploaded from the target to the SBT tools.

(£ Problems | ¥4 Tasks | B consele 53 £ Propeties | %5 Debug | P Mios T Consale
<terminated = Mew_configuration [Mios I Hardware] niosg-download (10/28/10 5:06 AR)
Using cable "U3E-Elaster [UIE-0]7, |dewvice 1, instance 0x00
Processor is already paused
Reading 3ystem ID at address 0x0S000ZAS: werified
Initializing CPU cache (if present])

()4

Downloading 00000020 | 0%)
Downloaded S52EE in 0.9z (57.7EB/f=

Verifying 00000020 | 0O%)
Verified OK
Funnir program until exit
oading GMON data: Il 0$00075%0007 530007550007 630007 650007 6%
ploaded GMON data: SKE in 0.1s
Leawd target processor paused

Refresh the BeMicroSDK_lab Application project and examine the profiler output.

¢ Right click on BeMicroSDK_lab App project.

Select Refresh.
5 ! Mew .
+ Einari
» I Go Into
# [}l Inclug
H = inc Open in MNew Windos
+- = obj
-G sre = Copy Chrl+C
22 uC-CF
H = uC-LIL 3¢ Delste Dielste
[ = uC-Pr
+ |ﬁ lab1.o
+ EaMi
ﬁ = ?c Rename. .. Fz
m BeMic
[i7] Bemic g Impart..,
create &y Expart...
PMakef
5 BeMicrosl Biuild Project
Clean Project
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Appendix B: Using the Profiler

Notice that a new file gmon.out has been added
to the BeMicroSDK_lab App project .

L Project Explorer &3 =C

+ Binaries

[n}Y Includes

= inc

(= obj

= st

(= uC-CPuU

(= uc-LIB

== uC-Probe

|ﬁ labi.c

%‘9 BeMicroSDE _lab. elf - [alteranioszle]

m BeMicraSDE _lab.map

m BeMicrosDK _lab. objdurmnp
create-this-app

O [ O O B B

Double click on gmon.out to open it in a
profiling window.

The results of acceleration become quite apparent when you study the profiler output. The SW_FIR
function takes 2.32s while the HW_FIR function only takes 0.04s.

Please refer to Altera Application Note 391 : Profiling Nios II Systems for more detailed information on

how to use the profiler.

grnon.out o

lklat profile:

2
ZEach sample counts az 0.01 seconds.
4 % cumlat ive self self total
5 time seconds seconds calls s3/call a/fcall
5 G4.76 Z.32 Z.32 1 2.3z Z.32
7 o12.04 Z.65 0.35 1 0.33 Z.68
=1 1.46 Z.69 0.04 1 0.04 0.04
El 1.16 Z.72 0.03 1 0.03 o.03
i0 0.64 Z2.74 0.0z 9 0.oo O.oo
11 0.00 Z.74 o.oo 254 o.aoo o.oo
iz 0.00 2.74 0.00 275 0.oo O.oo
13 0.00 Z.74 0.oo 275 0.oo o.aoo
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At
FIR 35U

main

FIER_HU

_exit

temperature_alarm callback
alt irg handler

alt avalon timer sc_irg
alt_tick

BeMicro SDK Lab
November 2010



