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Remote Lab Demonstration Tutorial
Introduction

1 Introduction

1.1 Goals

After this demonstration/lesson you will understand:
e The hardware architecture of the Hpe® Industrial Reference Platform (IRP).
e The Linux* environment of the Hpe® IRP.
e How to create your own Field Programmable Gate Array (FPGA) design.

1.2 Referenced Documents

Document Document Number/Location
Intel® Remote Lab Access Guide Document will be emailed to individual customers.
Hpe® Industrial Reference Platform (IRP) User http://www.ge-research.com/attach/UserManual-Hpe_ IRP.pdf
Manual
Hpe® desk Basic Manual http://www.ge-
research.com/attach/UserManual_HpeDesk_basic.pdf
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2

System Overview

2.1

Block Diagram

PC
Ethernet Connection

4

Flash ETHZ2
[ ]
Clock
Factory

FPGA PCle|  Intel®
Arria GX Atom™

Blaster

PC
USB Connection ‘ USB

The Hpe® IRP consists of:

2.2

Intel® Atom™ processor on a Qseven* module
Intel® Atom™ Z530 processor (up to 1.6 GHz)

Intel® System Controller Hub US15W chipset with integrated Intel® Graphics Media
Accelerator (Intel® GMA) 500

1 GB DDR2 SDRAM (soldered)

Hard disk 250GB SATA

Gentoo Linux* OS

OSADL real-time kernel

Altera* Arria GX FPGA:

Programmable hardware

Contains all the IP cores

Connected with the Intel® Atom™ processor via PCle*

Programmable with an onboard USB Blaster or automatically from a Flash on system start-up.
Clocks are provided from a configurable Clock Factory.

Configurations

The configurations for the testing conducted by Gleichmann Electronic Research GmbH are listed in
subsequent tables.

324614-002




Table 1. Hpe_ IRP Firmware
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Firmware Version
BIOS X1.00n
EC swW 1.1

Table 2. Software Packages installed on the Hpe_IRP

Category Package Version
app-examples atem-demo 1.2
app-examples kpa-master-demo 1.4.7.0-r1
app-examples uio-python-base 1.0
app-examples can-utils 0.8
app-examples dma-demo 1.0
app-examples gpio-demo 1.0
app-examples hmi-demo 1.3
app-examples hmi-eth-demo 1.1
app-examples i2c-demo 1.1
app-examples interrupt-latency-demo 0.1
app-examples sercos-l1l1-master-demo 1.0
app-examples throughput-demo 0.2
app-examples webserver-demo 0.5-r2
app-examples ahb-ram-test 0.1
app-examples uart-demo 1.0
sys-apps installkernel 0.9
sys-apps irpselftest 0.4
sys-apps button-watch 0.8
sys-apps fpgautils 0.7
sys-apps pciutils 3.1.4
sys-devel gcc 4.1.2
sys-drivers pcie-base 1.6-r1
sys-drivers ahb-histogram-uio 1.0
sys-drivers ahb-ram-uio 1.5
sys-drivers ahb-trace-uio 1.4
sys-drivers can 1.4
sys-drivers com-crc32-uio 0.9
sys-drivers dma 0.5-r1
sys-drivers gpio-uio 1.5
sys-drivers hmi 1.4

System Overview

324614-002
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Table 3. Windows

Table 4. IP Cores

324614-002

Category Package Version
sys-drivers i2¢c 1.5
sys-drivers mtip100 1.6
sys-drivers sercos3 1.4
sys-drivers timer-counter-uio 1.5
sys-drivers uart 1.6
sys-libs glibc 2.6.1
sys-kernel osadl-sources 2.6.31.12
software

Name Version
Hpe_desk basic v3.1lpretestl3
Quartus 9.1SP2 Web Edition

Name Version
AHB_ARBITER v1/20090930
OSS_ROM v1/20081028
AHB-PCle v1/20090420
AHB-APB v1/20081028
AHB_DMA v1/20090930
AHBRAM v1/20080924
ZBTSRAM v1/20080924
CAN_GER v1/20090415
10/100ETHMAC 1.2/20090526
Sercos 111 v1/20090713
HMI-IRP v1/20090608
12C-Asics v1/20090608
UART v1/20090703
GPIO v1/20080917
Timer v1/20090529
AHBHistogram v1/20100622
AHBTrace v1/20090923
Com CRC32 v1/20100719
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2.3 Connectors

The Hpe® IRP offers a lot of connectors, most of them are on the back panel. For additional or custom
connectors, there are two internal high speed (up to 5 Gb/s) connectors for child boards.

Figure 1. Hpe® IRP Panel — Front

SFFFLTLA AN

gt ;-'-:J'h
g -
1 i
= HEE w7 wasiiial metswnes piattses i
1y 1 v ‘ .]llll“.kh 3 p - R r Wt N
o & SRR BB -
e Usl S0-Card Status Power | FPGA Cenbig §
N = E |esesePes | @ L 'I. 1
i 7]
L B, S
Reset Humry s \SE SD/MMC- Card GPIO Cenfiguration FPGA
Key MachinelF LEDs Status Configuration
Buttons
LCD Power Supply
Display Status
H ®
Figure 2. Hpe™ IRP Panel — Back
R5232 Power RS422/485 DVI-D CAN1 2w USBEZ.O Opto Coupler
COM1, COM2 Plug/Switch COM3, COM& Qut CANZ ETH2 o

Sacond Display Anzlog I/O Childboard Digital VO USBE2.0 Semulatar Gigabit Erernet
JILI3O ADYDA Backpanel TG PCIe x1 ETHO. ETHL
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Figure 3. Hpe® IRP Main Board — Top

Opto-coupled 2x USB 2.0 DVI-D Digital 170 1 12 Volt PSOC

1/0 Ethernet Power Plug Programming
2x Gigabit PCle* x1 USB OTG Digital 1/0 2 Analog 1/0
Ethernet Over Cable

Analog 1/0
CAN 2
CAN 1

Childboard 0
RS422/485-1
RS422/485-2 Childboard 1

Qseven
RS232-2
RS232-1

Fan Qseven
HMI Buttons
2nd Display Character USB 2.0 SD-Card USB 6/7 USB Blaster
Power Display USB 4/5
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Figure 4. Hpe® IRP Main Board — Bottom

Test JILI 30 SATA
Connector

For more detailed information refer to the manual; the shortcut "IRP Samba Server"” on the desktop of
Virtual Lab's Windows* machine contains "Hpe_ IRP_support\Manual\manual-1.0.3.pdf".

2.4 Inside the FPGA

Figure 5 shows the easiest configuration of the FPGA. This configuration is used in the delivery status
of the Hpe® IRP and in the beginning of this tutorial. Later on we will use the Hpe_desk software to
add further IP cores to the design.

324614-002
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Figure 5. FPGA Configuration

*
H Utilization Estimator: EP1AGX90EF1152

: i
L i ALUTS 11,377 72,176 16%
Clk IRQ AHB_ARBITER_0O Registers 8,264 72178 1%
Control Control ge-research MemoryBits 1,084,536 4477524 24%
LogicElements 14,197 72176 20%

AMBA Bus Clk:

AGH_CLK100M
100.0 MHE

sl 0SS_ROM_0
ge-research &
PCle* | Intel®
MIS, AHB-PCle_0 e
getesearch Atom™
Processor
S AHB-APB_O
geresearch

11250 MHZ

HMI-IRP_0

ge-research

The IP cores inside the FPGA are connected by the Advanced High-performance Bus (AMBA AHB) and
Advanced Peripheral Bus (AMBA APB). The IP cores shown in Figure 5 are explained in Table 1.

Table 5. FPGA Design Components

Component Function

AHB Arbiter Controls the AHB.

AHB-PCle* bridge Connects the AHB the Intel® Atom™ processor via PCle.

OSS ROM Stores the address ranges of the IP Cores, is needed to load the correct
drivers.

AHB-APB bridge Connects the AHB with the slower APB for peripherals.

HMI IRP Human machine interface controls the character - LCD, LEDs, keys on the

front and internal DIPs.

324614-002 13
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3 Starting Up

There are two ways to log into the IRP:
1. With a USB keyboard and a DVI-D display or
2. Remotely via a SSH network connection.

3.1 Connect Via SSH

In the Virtual Lab we will use a Secure Shell (SSH) connection. The Internet Protocol (IP) address of
the IRP is stated in the login credentials you received during the Virtual Lab registration process. In
the rest of this document we assume the IP address 192.168.101.3.

Step 1
Establish a connection to the Virtual Lab as described in [TODO]. The result should look like Figure 6.

Note that you can also find out the IRP's IP address by looking at the LCD or at the screen. You can
use the preset positions of the webcam for this.

The two blue LEDs in the FPGA Config section of the front panel indicate that the D (Device under
Test) in the FPGA and the CF (clock factory) are successfully configured.
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Figure 6. Web Cam View of the Hpe® IRP

L) Pan/Tilt Network Camera - Mozilla Firefox

Datei fearbeiten  Ansicht  Chrond  [esereichen Extras  Hife a
@ - - (D hweins 16810134 useesiview.corpraiemze [=] ] Gl oce =1
|| Pan/Tit Network Camera G || [ Remcto Lab "ontrol onvars =) -

@ TREnDﬂET Pan/Tilt Internet Gamerﬁfggﬁg

Location: McpLab seal 101 2010/05/18 1358:52
. Liv‘! lurrulllr
& Starting local ...
This iz hpe_irp.unknown_domsin (Linmc 686 2.5, 3¢ 4=
e IRP) 12152143 LI.J:_._-.,M]_”:_H*‘

bpe_irp login:

—— i3

-&fg}

- ﬁ-ﬁ' B = - T - -

-~

Trigger Out

| Fertig i
Step 2
1. Start up PUTTY (there is a shortcut on your desktop).
2. Type the IP address in the Host Name field (Figure 7), using the IP address from the LCD
display (see Figure 6).
3. Name the session.
4. Save the settings.
5. Open a connection and login using the following:

Login user: irp
password: irp
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Figure 7. PUTTY Configuration

__'f.\ PuTTY Configuration EH |
Categony:
= S_essi-:un = | B azic options for your PuT T session
L.ngglng — Specify your connection by host name or I[P address
=~ Terrninal
Host Mame [or IP address] Part
- K.eyboard
- Bel [ |22
- Features Protocol;
= wWindiow " Raw " Telnet ¢ Rlogn ' 55H
- AppEarance B i
- Behaviour Load, zave or delete a stared session
- Tranzlation Saved Sessions
- Selection I
E':'l':'!'"s D efault Sethings Load |
[=]- Conrection [lIRP =
- Data Wirtual Lab Linus Server & ave |
- Prowy
- Telnet Delete |
- Rlogin
=1+ 55H
Kex Cloze window on exit;
i;‘;h  Alwaps 0 Newver @ Orly on clean exit
Tunrels j
Ahout | Help | Open I Cancel

3.2 Create Hello World! Message

First let us try to output a "Hello, World!" message on the LCD character display on the front panel of
the IRP. The command to do so is shown in Figure 8.

Note: You must enclose the message in single quotes. Otherwise the shell (bash in this case) would
interpret the exclamation mark and try to do a history substitution.

When you look at the web cam you will see the output.

Figure 8. Print a Hello World! Message on the LCD

___.' irp@hpe_irp:~
Using username “irp™.
Authenticating with public key “rsa-key-28188518"

Last login: Tue HMay 18 14:43:46 2618 from emea-lab-wtsB4.mcplab.net

irp@hpe_irp
irpEhpe_irp

echo ‘Hello, World?' > fdev/irp_lcd
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3.3 Command: Ispci

But how does the system work and what devices are available? With the command ‘Ispci’ we get a list
of all available PCI devices.

“/usr/sbin/lIspci”
In this list we can find
“02:00.0 Class ff00: MSC Vertriebs GmbH Device 0004 (rev 01)”

This is our FPGA.

3.4 Command: Isfpga

With the command ‘Isfpga’ we can look into the FPGA to see its current configuration (see Figure 9).
The option “ -v” gives us a more detailed list.

/usr/sbin/lIsfpga
/usr/sbin/lIsfpga -v

In the "Hello, World!" example above we used the human machine interface (HMI) IP core (number 04

in Figure 9). The HMI IP core drives the LCD and the LEDs and reads the four buttons on the front
panel.

Figure 9. Examine the Contents of the FPGA With Isfpga

Using username “irp".

Authenticating with public key "rsa-key-28188518"

Last login: Tue HMay 18 16:12:55 2818 from emea-lab-wtsB4.mcplab.net
irp@hpe_irp fusrfsbin/lsfpga

0SS_ROM version: &4

ROM size : 748 bytes

Humber of IPs : &
Timestamp D 2018-85-18, 16:18:24 {(@xbubfZalb@)

AIM info size : @ bytes
: Bxc515265d [DK]

AHB Arbiter: Gleichmann Electronis Research {(rew:1)
0SS ROM: Gleichmann Electronis Research {rev:1)
AHB<->PCIe Bridge: Gleichmann Electronis Research {reuv:1)
AHB<->APB Bridge: Gleichmann Electronis Research (reuv:1)
HHMI: Gleichmann Electronis Research (rew:1)

irpBhpe_irp

3.5 Command Ismod

With the command "Ismod" we get a list of currently loaded kernel modules (drivers) as shown in
Figure 10. The module "hpe_irp_hmi" is the driver for HMI IP core. This driver provides the special file
"/dev/irp_lcd" which we used to output the "Hello, World!" message.

324614-002 17
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Figure 10. Examine the Loaded Drivers

hpe_irp_hmi
pcspkr

sdhci pci
sdhci 1

e1808e 11
hpe_irp_bridge 1
hpe_irp_bus
irp@hpe irp

Size
6788
2524
fohi
8592
aaze
aa12
L3BA

Used by

a8

8

8

1 sdhci_pci
8

8

2 hpe _irp_hmi,hpe_irp bridge
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3.6 Creating a Running Light

For a first project we will create a simple running light by using a shell script.

Step 1

1. Create a new folder in your work directory: mkdir led1
2. Change to this directory: cd ledl
3. Create a new file named led1.sh: touch ledl.sh
4. Now edit this file with the nano editor: nano ledl.sh
Step 2

Write the script:

1. Always start a bash shell script with the comment line (also known as Shebang):

#1/bin/bash
2. Write some comment explaining the script.
3. Then we need a variable “leds” pointing to the file standing for the LEDs.

leds="echo -n

/sys/bus/hpe_irp/drivers/hpe_irp_hmi/00*/leds”

4. Check to see if this file exists:

if [[ ! -e ${leds} 1] ; then

echo "ERROR: LEDs not available (Driver not

loaded?)"
exit 1
fi

5. Writing the values 0x01, 0x02, 0x04, ... to ${leds}

for ((i=0;i<8;++i)) ; do

printf Ox%x $((1<<i)) > ${leds}

sleep 1
done
6. Write the final output:
echo Done
7. Click CTRL +0O to save the file.
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8. Click CTRL +X to close the editor.

The script should like Figure 11:

Figure 11. Complete Script for Creating a Running Light

#1/bin/bash
#
# Shell script to demonstrate control the LEDs on the Hpe_IRP
leds="echo -n /sys/bus/hpe_irp/drivers/hpe_irp_hmi/00*/leds”
if [[ ! -e ${leds} 1] :; then
echo "ERROR: LEDs not available (Driver not loaded?)*
exit 1
fi
echo "Running 1 pattern on LEDs..."

# Simply write the hex numbers 0x1 0x2 0x4 ... to ${leds}

for ((i=0;i<8;++i)) ; do
printf Ox%x $((1<<i)) > ${leds}

sleep 1
done
echo Done
Step 3

To make the script an executable file you must change the permission of the script file:

chmod u+x ledl.sh

Step 4
Now you can run the script led1.sh.

If your script does not work you can find a final draft under “/home/irp/work/drafts/led1/led1.sh”.

3.7 Data Exchange

For easier data modification and data exchange you can mount a network drive on your computer. Use
the IP address shown on the IRP LCD after booting or use the command ifconfig to find out the actual
IP address of the IRP.

324614-002 19
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Figure 12. Mounting the IRP User's Home Directory on a Windows Machine

Map Network Drive

]

‘Windows can help wou connect to a shared netwark folder
and assign a drive |etter to the connection so that wou can
access the Folder using My Computer,

Specify the drive letter For the connection and the Folder
that vou want ta conmect ka:

Drrive: II: j
Folder: | 14192.188.101 Fjirp 7| Browse... |

Example: Viserverishare

¥ Reconnect at logan

Connect using a different user narme.

Sign up fior online storage or connect to a
network server,

= Back Finish Cancel

Connect As... E3

By default, vou will connect to the netwark Folder as
EMEA-LAB-WTS04 remotelab, To connect as another user,
enter their user name and password Below.

User narne: Iﬂﬂ j J Browse,.. |

Passward: | (1T}

oK I Cancel |
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4 Hpe® Desk

Now we will discuss how to create FPGA designs using the Hpe® Desk software. More specifically we
will use the AMBA-IP-Manager which is part of the Hpe® Desk.

4.1 Loading a Design

Use the desktop shortcut to locate the file "AIM-Designs\hmi-demo\hmi-demo.aim". Double-click this
file and Hpe® Desk will start. Now you should see a design as shown in Figure 13. This is the design
we used in the “Hello World!” and running light projects.

Figure 13. Opening Demol in Hpe® Desk

I Hpe_desk [HPE_IRP] - AMBA-TP-Manager LT
Fle Settngs AMBA-TP-Manager Automation Window Hep

3] .

& e - &
Diagnoss Clock Factory A6 AMBATP-Manager  Editor

webste
Libral — Y F ——
S— mon B dds o o [BA[R kAR
B . —
-8 eDwite CTRL AHB [as | &
® Unknown -
« Notlicensed B
EE 2 -
| AHB_ARBITER I~ Clk IRQ | AHB_ARBITER_0
@ e Control Control | geesearch g
L@ oss oM .
-1 Bruiges Extemal AMBA Bus Clk: !
e AGX_CLK100M
© ageCie 1000wz
] Bridges Internal
g ‘ o[ AHB-PCIeO
I Memary Controliers oW ge-research
{0 oMA
® a5 v

® Fash =
7 Memary Cards *

L@ Others =
1 tntarfacesiProtocol
B caN

@ CANGER
£ Ethamet sl AHB-APB_0
H @ 10/100 EhMAC ge-research
| B Humen Interface H

e
@ HMI-Re
o
i L]
B 1 H
i ° LIS
[ uarRT
@ uarT

W use =
] periphersle
| --B Display * - ;I

8

Log B Pyshel
Hpe_desk besic vi.sb (2010-02-08)
Python 2.5.4 (r254:§7916, Dec 23 2008, 15:10:54) [MSC v.1310 32 bit (Incel)] on win32

Info | Detsls | Warnings

E

s>

4.2 Creating a New Design

Now we want to add a Universal Asynchronous Receiver Transmitter (UART) to the design. Therefore,
we will start with an empty design to learn more about the needed components:
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| T Y Y P FH YT Step 1
CrTE— o |
m= Create a new design and save
it as Demol1v2 in the same
folder.
= = =
.é - A
= ez
" | Step 2

see BARRALE

We need an arbiter for the
=Advanced High-performance
Bus (AHB). The arbiter
schedules the accesses to the
bus and controls the
multiplexors for the address
and data signals of the AHB.

- .:._‘;H;“-‘.sr. - _n.lﬁ EEE T FY Step 3

I We always need an OSS ROM.
e In the OSS ROM the address

o) range and other important

information from all used IP

cores is stored automatically.

This information is needed to

load and configure the Linux

_ drivers automatically. The

L& | . _ | content of the OSS ROM is
= - e " | generated by Hpe® Desk
4 . | before the synthesis.
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Step 4

« BAamanin
na

The AHB-PCle* bridge is the
connection between the
Intel® Atom™ processor and
the AHB, which is the
internally-used bus in the
FPGA.

Step 5

Because the UART and HMI
use the Advanced Peripheral
Bus (APB) we need a bridge
between the AHB and the
APB. The APB is used to
integrate low speed
peripherals to the AHB. The
APB offers a simpler

2 interface, latched address and
control and consumes less
power.

Step 6

« BAZmANLE
s

Again we integrated the HMI
IP core to our design to have
access to the LCD, the LEDs,
and the keys.
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« BAZmANLE
s

. "

Step 7

Last we integrate the UART.
Hover the mouse over the
inserted IP cores to show
detailed information. By
double-clicking the IP cores
you can access IP details.

GEnerics I Inkerrupks I

[ Sumimary

Mare: uark_ger_wv1
Vendor: Gleichmann Electronics Research
Wersion: v1,1/20090703

i~ Descripkion

The GERA-UART {Gleichmann Electronic Research AMBA UART) is a macra,
which is functional compatible to the NS165504 UART, except for the
fFact that it supports fifo mode only,

Addressing
|70x02 100000, . 0x02 1 FFFFF

—Pin Assignrment

Preset ICOMI ~|  Edt Pin Assigrment |

~Resource Usage (approx, based on defaulks)

LogicElements: 533, ALUTs: 457, Registers: 310, MemoryBits: 128

QK |

Step 8

Double-click on the UART IP
core and set the Pin
Assignment to COM1 by
choosing COM1 from the drop
down menu. Click Edit Pin
Assignment to fully
customize the Pin
Assignmentl; however, it is
strongly recommended to use
the predefined assignments.

324614-002



Remote Lab Demonstration Tutorial

Hpe® Desk

x| Step 9

Details I Genetics |

i s Select the Interrupts tab.

p— Select Interrupt O from the
IRQL: GER-UART ID vl
drop-down box.
OK |
NOTES:

1. The pin assignment defines the association of the top level ports with the physical FPGA pins.

4.3 Clock Factory

There is a dedicated CPLD (complex programmable logic device) called clock factory on the Hpe® IRP.
This CPLD handles three tasks:

e Clock Distribution
e Board Configuration
e FPGA Configuration

4.3.1 Clock Distribution

On the Hpe® IRP a CPLD does the clock management. As you can see in Figure 14 three clocks are
delivered on the main board: 100MHz, 25MHz and one from an external connector.

324614-002 25



26

Remote Lab Demonstration Tutorial
Hpe® Desk

Figure 14. Hpe® IRP Clock Factory Configuration

FPGA

[ AGX_CLK100M
100 MHz Clock Factory AGX_CLKO

AGX_CLK1
AGX_CLK2
AGX_CLK4
AGX_CLK5
25MHz AGX_CLK13
AGX_CLK15

EXT

ETH PHYO J

CLK_TO_MAC

ETH PHY1

The clocks can be distributed to most of the clock pins of the FPGA. Use the Hpe® Desk to set the
rules for how the clocks are distributed (see Figure 14) and to configure the clock distribution. The
columns represent the FPGA clock input pins and the rows represent the clock sources. You can see
the currently active configuration by clicking on "Read Board Data". Reading the board includes
measuring the actual frequencies at the inputs of the clock factory. The results of this measurement
are shown in the "Frequency" column.

You may also generate further clocks inside the FPGA by using the phase locked loops (PLL) in the
FPGA.

In our design we do not need special clocking requirements and do not need to make any changes.

324614-002




Remote Lab Demonstration Tutorial
Hpe® Desk

Figure 15. Configuring the Clock Distribution in Hpe® Desk

== Hpe_desk [HPE_IRP] - ClockFactory =]
Elle Settings ClockFactory  Automation  Window  Help
& o5 & & | o
Diagnosis Clock Factory ITAG AMEA-IP-Manager Editar Website
ouT | Special Qutputs I
ClockFackary connection matrix for HPE_IRP (DUT)
Clk Sources Frequency  CkO Clkl Clk2 Clkd CIkS Clk13 Ckis
Mok used e (& (& = & i o
CLEF_CLK10OM lo000MHz ¢ O & & & O '
CLE_EXT = (@ e o o R o i
CLKF_CLKZsM  2s00mMHz  © O O O O e
r~Board Data and Configuration
| Read BEoard Data EII_ Auto Refresh Board Data
[ Use Spread Spectrum Clock: CLEF_CLE100M
™ Use Spread Spectrum Clock: CLKF_CLKZSM
r—Synthesize and Download Clock Settings
Synthesize ClockFactory Design | Download ClockFactory Design | Abort Synthesis
Log 8 |PyShel B
Info | Details Warnings Hpe desk basic w3i.0 (2010-04-293) &
Pycthon 2.5.4 (rZ54:67316, Dec 23 2008
0 errors, 0 warnings -l , 15:10:54) [M3C v.1310 32 hit (Intel
Info: Peak wirtual memory: 158 megabytes 1] on win3z
Info: Processing ended: Wed May 19
16:39:34 2010 ) ..
Info: Elapsed time: 00:00:Z0
Info: Total CPU time (on all
processors): 00:00:03
Funtime for Dowmload to ClockFactory CPLD:
00:00:22.05
= ~
| [rdlle .

4.3.2

Board Configuration

As you can see in Figure 15 there is a second tab called "Special Outputs". In this tab you can

configure the onboard Ethernet PHYs and details about the oscillators which provide the 25MHz and
the 100MHz clocks. For this tutorial we can use the default settings.
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4.3.3

FPGA Configuration
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The clock factory CPLD configures the FPGA on every system start. It loads a configuration stored in

an on-board FLASH memory into the FPGA.

4.4

Creating an FPGA Configuration File

@

Mebsibe LfE Manager

2 e
L A

£ E

AMBA-IP-Manager Editar

o w AN
ZTRL

Utilization Estimator:
\RBITER 0 ALUT: 11,377
research - Registers 5,254
MemaoryBits 1,094 536
LogicElemernts 14,197

0SS_ROM_0

geresearch g

<

Step 1

Clicking on the VHD icon will generate a
Top Level Entity and a new folder
Demol1v2 in which the Top Level Entity
can be found. If you want to see the
generate VHDL code, open the file
"toplevel.vhd" in the new folder.

P B |
AMBA-IP-Manager Editar
o & o\ [ AR
ZTRL AHB

LJE Manager

Step 2

Save the project and start the synthesis
by clicking on the SYN icon. During this
process the HDL sources (Hardware

Description Language) will be compiled,

———————— | mapped to the available FPGA resources
Utilization Estimator: . .

Pe—— S e | and finally place-and-route will be
research Registars sz | performed. The result of this is a file

vemaryits_ 109453 which can be downloaded to the FPGA.

LogicElements 14,197 .

L——=— " | The whole process will take about half an

) oss_RomM_0 hour.
ge-research

B Step 3

b B (@
AMBA-IP-Manager Editar “Website

o o w | A B Gh o

ZTRL AHB

Utilization Estimator:

ARBITER_O ALUTS 11,377

- Registers 5284
s| oss_RoMm_o
geresearch g

research
MemaoryBits 1,094 536
LogicElemernts 14,197

No we can download the design by
clicking on the FPGA icon. If you carefully
watch the webcam you will notice how
the blue LED (the left one in Figure 1 and
Figure 6) turns off during the
reconfiguration.
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YIremote Lab "Control Center™ - Mozill3 i [=] 3]

Datei  Bearbeiten  Ansicht  Chronk  Lesezeichen Extras  Hife

|| Pan/Tit Mebwark Camera || Remote Lab “Control Ce... 3

v [ «

Remote Lab "Control Center"

seat101

Lights ON Lights OFF [
=
STANDBY l
Power ON/OFF | Forced OFF | gch( U
oN
Refresh ]
| Fertig v

Step 4

Now we need to reset the IRP. This can
be done in the "Control Center" by
clicking the "Power ON/OFF" button.
Restarting the IRP disconnects the SSH
session; close the running session and
start a new one after the IRP has finished
rebooting. You can see the boot process
with the webcam or via
Keyboard/Video/MouseKVM. (Please refer
to the Intel® Remote Lab Access Guide.)
The boot process is finished when the
login prompt appears.

4.5 Running the New FPGA Configuration

Try to use the UART IP core. The RS232-1 interface of the Hpe IRP is connected to the COM2 of your

working machine by a null modem cable, so you can send and receive data to/from the PC.

First, check if the new configuration is really active by using the "Isfpga"” command. The output should

contain the new UART IP core (see Figure 16).

Clicking on the VHD icon (see Section 4.4) will generate a Top Level Entity and a new folder Demolv2
in which the Top Level Entity can be found. If you want to see the generate VHDL code, open the file

in the new folder.

Figure 16. FPGA Configuration with UART IP Core

irp@hpe_irp fusr/sbin/lsfpga
055 _ROH version: &4

ROH size 988 bytes
Number of IPs [i]

AIM info size 8 bytes
Bx54b95525 [OK]

AHB Arbiter: Gleichmann Electronis Research {rew:1)

0SS ROM: Gleichmann Electronis Research {rew:1)
AHB<->PCIe Bridge: Gleichmann Electronis Research (rew:1)
AHB<->APB Bridge: Gleichmann Electronis Research (rev:1}
HHMI: Gleichmann Electronis Research {rev:1)

UART: Gleichmann Electronis Research {(rev:11)

irp@hpe_irp

Timestamp - 2018-85-19, 16:52:19 (8z4bf3fb23)

Check if the proper driver is loaded by using the "Ismod" command. The output should contain the
module "hpe_irp_uart" (see Figure 17). Note that the drivers are loaded on demand, i.e., only those

drivers are loaded which are actually required by the active FPGA configuration.

324614-002
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Figure 17. Driver for the UART IP Core

sdhci_pci

hpe_irp_bridge 1 hpe_irp_uart
hpe_irp_bus 3 hpe_irp_hmi,hpe_irp_uart,hpe_irp_bridge
irp@hpe_irp

Go to the directory cd /home/irp/tutoriall/solution/UartDemo. Find t a file called UartDemo.c i. Open
the file with nano (“nano UartDemo.c”).

You can see the c-File by doing the following things:
1. Open a serial Port ttySO.

2. Configure the Port to 19200 Baud:

8 databits

no parity bit

1 stop bit
3. Writes “Hello, World!” to the serial port.
4. Close the Port.

Click CTRL +X to close the editor. To run this program you must compile it, therefore you would use
the gcc compiler “gcc —o uartl uartl.c”i.e., type "make". There should be no errors and you should
get a uartl.oUartDemo file.

To see the transmitted output, open a terminal program on the Windows machine in the Virtual Lab.
Start the terminal.exe on your desktop and configure it as shown in Figure 18. Click Connect.
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Figure 18. Configuring the Driver for the UART IP Core

J Terminal ¥1.9b - 200803150 - by Brdy++

Handzhaking

Baud rate
Ezgr:nt CR0 £~ 57600 & none
" Help C 1200 & 520G ¢ 115200  RTS/CTS
o ©oM0 i ¢ 128000 £ RONAOFF
About.. 4800 (" 38400 (" 256000 " RTS/CTS exONMKOFF
Quit 9600 ¢ 56000 ¢ custom " RTSonTx [ invert

—Setting:
setfont | | Dis;"Con.neu:t [~ Time [~ Stream log custom BR - Fis C"?if A5Clable | Seripting | =cTs Elco
[~ AutcStart Script [~ CR=LF [~ Stapon Top ISE;DD |2? 'vl Graph | _FRemote | DGR R

rReceive

ClEsR | _FesetCouner | [13 2] Counter= 0 € HEX T Dec [T BN guuop) sioplos|  REQ_RES |

& &SCI [~ Hes
=

T ranzmit

CLEAR | Send File ||n -;} [~ CR=CR+LF ak =0TR ERTS
—Macro

Set Macros | b1 | M2 | M3 | M4 | M5 | ME | M7 | ME | M3 | W10 M11 ] Mi12]

W12 [ 14| MI5] MIE[ W17 [ W15 15[ 20 | M21 | M22 | M23 [ M24 |

! R s | |
=
I
| | | | | Y

Switch back to the PUTTY session, type the command ./UartDemo and you will see the output on your
terminal program. If you do not have the permission to open the serial port, use the command “su” to
log in as root. The password is irp.

#include <stdio.h> /* Standard input/output definitions */

#include <string.h> /* String function definitions */
#include <unistd.h> /* UNIX standard function definitions */
#include <fcntl.h> /* File control definitions */
#include <errno.h> /* Error number definitions */

#include <termios.h> /* POSIX terminal control definitions */

int main(void)
{
int fd; /* File descriptor for the port */
struct termios options;
/* Open a Port

nnnnnnnnnnnnnnnnn /

fd = open(''/dev/ttyS0", O RDWR | O_NOCTTY | O_NDELAY);

if (fd == -1)

{ /* Could not open the port. */

perror("'open_port: Unable to open /dev/ttySO - ');
else

fentl(Fd, F_SETFL, 0);
b5
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/* Configure the Port
***********************************************************/
tcgetattr(fd, &options); /* read options */
cfsetispeed(&options, B19200); /* set 19200 Baud */
cfsetospeed(&options, B19200);

/* Enable the receiver and set local mode... */
options.c_cflag |= (CLOCAL | CREAD);
options.c_cflag &= ~PARENB /* no Parity */
options.c_cflag &= ~CSTOPB /* 1 stopbit */
options.c_cflag &= ~CSIZE; /* 8 databits */
options.c_cflag |= CSS8;
tcsetattr(fd, TCSANOW, &options); /* store options */

/* Write to the Port
***********************************************************/
n = write(fd, "Hello, World!\r", 14);
if (n <0)

fputs(C'write() of 14 bytes failed!\n", stderr);

/* Close the Port
***********************************************************/
close(fd);
return O;

}
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5 Summary

Finally we want to summarize what you learned in this demo.
1. You learned about the architecture of the Hpe® IRP.

. Human Interface
. us!
._ b‘:ll;n
R
[ ] 1 2* 20 char.
- LCD
: 3 [ SD-Card ’:?.;a
¥ Power s o
=1 1]
PC 2 AN .1 SATAZ i
i e ——— e e
R — Custom Logic Q-Seven
RESET ——] . oo
ARRIA™ GX Intel® Atom™ Z530
Clock Factory ————— — l—‘
I : .
. to | 100 FI b usE |
Confoiation w g[8 . :
Hee_child —— usB OTG
‘ I | ] Hpe_child ‘LL';"SW VD _‘
Connector L L (=
TS | e, P B
¢ Td .{wimopla] I | v | | 1010mG Re
2*aN0 | Rszaz
2. You learned that a Gentoo Linux with an OSADL real time kernel is running on the Hpe® IRP.
3. You learned that the FPGA is connected to the Intel® Atom™ processor by PCle*.
4. You learned that the Linux drivers automatically read information of the IP Cores from an OSS
ROM in the FPGA.
5. You learned that the content of this OSS ROM is generated by Hpe® Desk before synthesis.
6. You learned about the Linux* environment.
7. You learned how to establish a connection between your development machine and the Hpe®
IRP.
8. You learned how to access IP cores within the FPGA.
9. You learned how to create an FPGA design with the AMBA-IP-Manager.
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Summary
+
= : Utilization Estimator: EP1AGX90EF1152
Clk IRQ AHB ARBITER 0 ALUTs 11,834 72178 16%
Control Control ge-research Registers 8,594 72178 12%
T MemoryBits 1004584 447TTEM 4%
| AMBA Bus Clk: | ! LogicElemerts 14,730 TZATE  20%
A4 _CLKA 00N H
100 0 MHT i
: i sl 0SS_ROM_0
: ge-research g
: : wsl AHB-PCle_0
A .} uedesearch
s|  AHB-APB_O
H ge-research
H HMIIRP_0
S v oo
UART_0
geresearch
10. You learned which IP Cores we need in every design for the Hpe® IRP.
11. You learned which IP cores are available.
12. You learned how to make the pin assignment.
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