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4.0 Overview

This user guide covers the CoDeveloper Platform Support Package (PSP) for the Pico
Computing M501 module (referred hereon simply as “M501”). Highlights for this PSP include:

e Automatic creation of a complete ready-to-build Xilinx ISE project upon exporting
hardware for creating FPGA binary “.bit’ file referred to as the “bitfile”. The bitfile
may be built under Windows or Linux and either via the ISE GUI or from
command line using a build script.

e Application executable built via Makefile on a Linux platform.

e Loading of the FPGA on the M501 via host CPU over PCle.
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4.1. Hardware Block Diagram

4.1.1. Pico Computing Block Diagram

Below is a diagram of the M50X platform:

PCle DMA DDR3

FCleonitch Endpoint Engine  MCB

Pico Framework

co_stream adapter

co_memory adapter

PicoUserlLogic.v

Figure 1 — Firmware Architecture (Pico M50X Series Platform Support Package Users Guide)

The only elements of the architecture the user has control of are those contained inside
the Verilog module “PicoUserLogic.v”. All of the logic generated by Impulse
CoDeveloper and any external HDL modules must be instantiated inside this top level
user module
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5.0 Before Getting Started: Read This First

Before getting started, please ensure that you have obtained and installed all the necessary
software tools, additional files, and hardware as described below.

5.1. Hardware limitations:

1.
2.

co_streams require all data transfers to be a multiple of 128-bits/16bytes

co_streams to/from host do not support End-Of-Stream (EOS). Using
co_stream_close() on a stream to/from host will either cause extra data being
sent to the host or the hardware process to lockup.

co_memory (not used in Passthrough example) use limitations:

a. The memory interface requires that memory transfers begin at an address
with 256-byte alignment

b. The memory interface assumes that the transfer size in bytes is a multiple
of 16

5.2. Required Software Tools:

Impulse CoDeveloper v3.70.e.6 or newer for the Development System.
NOTE: The use of floating point for Virtex-6 and newer devices requires the use of
Xilinx’s v5.0 CORE Generator cores which is supported via a patch to CoDeveloper
made available via the ‘XilinxFPv5BetaPatch’ link under the supplied Pico PSP link.
Xilinx ISE 13.4 for Windows (exactly, not newer) for the Development System.
Windows 7 for Impulse CoDeveloper and Xilinx ISE 13.4 (the Development System).
Ubuntu (Debian) 12.04 LTS for the Host System (With EX500 PCle card and either
M501 or M503 FPGA modules)
Pico Linux installer package version 5.0.6.1 or newer for the Host System:

o Go to http://picocomputing.com/support/software

o Select Linux Installer (M-501, M-503, M-505)

= Linux_5.0.6.1_all.deb
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5.3. Additional Required Files

The following Examples files are not included with the installation of the software tools
and are required for development using this PSP. They include the CoDeveloper project
file (*.icProj), associated design files (*_hw.c, *_sw.c, *.h), and data files (*.dat) used as
stimulus. A link to download the M5xx PSP and Examples files should have already
been provided, if hot please email support@impulsec.com to request one.

Examples
M5XX
Passthrough

filter_in.dat
passthrough.icProj
passthrough_hw.c
passthrough_sw.c
passthrough.h

CoDeveloper will use the project file, “passthrough.icProj”, to generate HDL as well as a
software application to load the FPGA image.

5.4. Required Hardware

The following hardware is required for development using this PSP:

e EX500 x16 full length full height PCle FPGA Development Board.

e M501 or M503 FPGA module.

e Host System with Ubuntu 12.04 LTS 64-bit OS based development PC for running all
tools — Recommended: 100GB disk space available for tools installation and 12GB
RAM.

e Host System that has an Intel Motherboard with x58 chipset and available x16
(physical) Gen 2 PCle express slot. Consideration for your PCle video card must be
given if it is a x16 video card. The motherboard must accommodate (not a shared
resource) independent x16 Gen 2 PCle slots.

o Available 12 volt PCle power supply for the M501 FPGA development board in the
Host System. Consideration for your video card must be given if it also requires a
separate 12 volt power connection.

o Development System for installation of CoDeveloper and Xilinx ISE 13.4.

o Impulse CoDeveloper and M50x PSP: Windows only (32 or 64-bit)
o Xilinx ISE 13.4: Windows 64-bit or Linux 64-bit

10
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6.0 Host System Setup (Linux)
6.1. Install Pico M501 driver

After the Pico M501 and EX-xxx carrier are installed, the user must install the drivers.

1. After downloading the Pico Linux installer package (Linux_*.deb), follow the
“Linux_PicoGettingStarted.pdf” to install Linux software, firmware, and the driver
for the M50x.

6.2. Running ISE on Linux

6.2.1. Install Xilinx ISE 13.4
1. Please see vendor supplied documentation for installation.
2. Please see vendor supplied documentation for licensing.

6.3. Running ISE on Windows

6.3.1. Copy Pico Installer source from Host PC to Development PC

If Xilinx ISE will be run on Windows, prepare to copy the directory
“lusr/src/picocomputing-5.0.6.1” from the Linux Host PC to the Windows
Development system. For example, save the directory to a USB flash drive.

11
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7.0 Development System Setup (Windows)

7.1.

Install Impulse CoDeveloper v3.70.e.6 or newer

NOTE: The use of floating point for Virtex-6 and newer devices requires the use of
Xilinx’s v5.0 CORE Generator cores which is supported via a patch to CoDeveloper
made available via the ‘XilinxFPv5BetaPatch’ link under the supplied Pico PSP link

1. Add the Pico M5XX PSP to the CoDeveloper installation.

7.2.

7.2.1.

7.2.2.

7.2.3.

a. Copy the supplied “Architectures” directory to “Impulse\CoDeveloper3\”.
Architectures
Pico
pico_m501_linux_vhdl.xml

pico_m503_linux_vhdl.xml

Copy the supplied “Examples” directory to a working directory on the
development PC for access to the pre-built example files.

Download the latest version 3.x and installation note

a. http://lwww.impulseaccelerated.com/ReleaseFiles/

b. (optional) Installation of floating point support is via unzipping the .zip
file (password: impulsefpvbbeta) into ‘Impulse’ after each
CoDeveloper installation. Please see enclosed README file for
specific notes on the patch.

Running ISE on Windows

Install Xilinx ISE 13.4
Please see vendor supplied documentation for installation.

Please see vendor supplied documentation for licensing.

Copy the Linux Pico Installer
If Xilinx ISE is to be run on Windows: From the Host PC, copy “/usr/src/
picocomputing-5.0.6.1” to “c:\usr\src\picocomputing-5.0.6.1”

Configure Environment Variables
Add environment variable PICOBASE = “c:\usr\src\picocomputing-5.0.6.1”
Add environment variable XILINX = “c:\Xilinx\13.4\ISE_DS\ISE”
Add environment variable XILINX_BASE = “c:\Xilinx\13.4”

12
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8.0 Passthrough Example and Tutorial

“Passthrough” is provided as an example that may be used for quickly creating user
applications and for the purpose of a tutorial showing the steps involved to go from an
Impulse C application in CoDeveloper all the way through to a Xilinx ISE 13.4-compiled
FPGA binary and target application executable. The base files required for recreating
the example using this tutorial are provided within the Impulse supplied examples which
needs to be copied to a working directory on the development PC in order to run the
tutorial.

NOTE: Ensure there are no spaces (‘ ‘) in the directory path chosen to avoid potential
path issues with any of the tools.

The Passthrough example’s hardware process is “Passthrough()”, located in the source
file “Passthrough_hw.c”. It performs the following operations:

1) Read value from co_stream “input_stream”
2) Write value to co_stream to “output_stream”

NOTE: The hardware code runs continuously

13
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8.1. Prerequisites

The tutorial in this Platform Support Package assumes that you have read and
understand the introductory sections of the CoDeveloper User's Guide, installed with
CoDeveloper and accessed from the Help menu. In particular, you should take the time
to go through the tutorials provided with CoDeveloper so you have a good understanding
of the front-end design flow including both desktop software simulation and hardware
compilation.

14
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8.2. CoDeveloper Project Files

The Passthrough example CoDeveloper project is made up of the following files:
e Passthrough.icProj — CoDeveloper project file

e Passthrough_hw.c — Source code for hardware process
e Passthrough_sw.c — Source code for software processes

e Passthrough.h — Header file that defines the width of the stream

When you define the width of the steam, you must make the changes in the header file as well
as the in the passthrough_hw.c file. The default example defines the steam to be the maximum
width of 64 bit data bus.

€ TextPad - [D:\impulseC_PicoMrunk\Examples\M5XX\Passthrough_Linuxipassthrough. h] E|[E|E|
File Edit Search Wiew Tools Macros Configure  Window  Help 5 X
OlE B&E&0E § BRE D EE 29 @ 4HE Farh e » - OEM®= .
B EEEEEEEE——— —
/7 Jpassthrough example.
s

A« Copyright (o) 2003-2009 Impulse Accelerated Technologies, Inc.
A

#define INPUT_FILE “filter in.dat"
#define OUTPUT_FILE "filter out . dat"~<-all software =s=imulation will place output file in C:Inpul=essctrunlosEs
sszof tware companion to firmware implementation will place output file in

#define BUFSIZE 2 <% buffer size for FIFO in hardware *~
#define IMPULSEC_GLOBAL_RST_ADDE 0x08000000
#<128-bit math is impossible in C without function calls, =0 when running simulation we will use 64-bit math
#if defined(INPULSE C_SYNTHESIS) || defined{IMPULSE C_TARGET)
#define picobusWidth 64
#define picobusDataType uintbd
telse
fdefine picobuslidth b4

#define picobusDataType uintbd
#endif

ML >

z 4

Figure 2 - Impulse C Header File with 64 bit co_stream

15
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& TextPad - [D:AmpulseC_PicoMrunkitxamples\MbXX\Passthrough, Linux\passthrough_hw.c] r._|rg|g|
File Edit Search ‘Wiew Tools Macros Configure  Window  Help g X
DwH B&E&RE & BB DS 2 DY AN Farth o ens » o OB Z

ST L LTSS G TSI T IS T TSI ST LT T ST ST —
#+ Passthrough filter exanple. 2
Vs

< Copyright(c) 2003-2009 Impulse Accelerasted Technologies. Inc.

Vs

< passthrough_hw.c. includes the hardware process and configuration
s function.

< See additional comments in passthrough h.

#include <stdio h:
#include "co. h"

tinclude "cozim_ log k"
tinclude "passthrough h"

extern void test_producer{co_stream waveform_in):
extern void test_consumer{co_stream waveform_out);

IS
<< Thi= iz the

<< passthrough hardware process.

~< The process accepts a streamn representing a

< wawveforn of 32-bit =amnples and returns the

S0 =trean

< Adjust the Stagelelav pragna to balance nax
< frequency with pipeline rate

< Thiz =zamnple ha=z been modified to use the Pico ME0l's
Ao 128-bit bus.

woid passthroughico stream filter in. co_stream filter_out)

IF SIM(int =mamplesread = 0:)
IF SIM(int =mampleswritten = 0:)

IF_SIH({ cosim_logwindow log; )
IF_SIH { log = cosim_logwindow_create('passthrough"): )

do | ## Hardware processzes run forever

co_=tream_open(filter_in, O RDOHNLY, UIHT TYPE((picobu=sWidth))}:
co_=treamn_open(filter_out, O _WECONLY, UIHT TYPE({(picobu=sWidth))):

while (1) {
co_strean_readi(filter in, &nSample. sizeof(picobusDataTwype)):
IF_SIM(=amplesread++:)
co_strean write(filter out, &nSample. sizeof(picobusDataTypes)):
IF_SIM(=zampleswrittent++:)
IF_SIM({if (=sampleswritten == 10) break:)

L

co_streamn_close(filter_in):
co_strean_closei{filter_out):

IF SIMi{brealk:) .~ Only run once for desktop simulation

¥ whileil):
+

prs
b *

For Help, press F1 3a 5
Figure 3 - ImpulseC Hardware File with 64 bit co_stream
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8.3. Opening Project

Open the CoDeveloper project file ‘Passthrough.icProj’ by selecting and pressing ‘Enter’

or by double-clicking it:

r—"' Open — ﬁ‘
Look in: I |, Passthrough_Linux El G ﬁ“ '
Name . Date modified Type Siz
S Readmebiles: |AVGINMIEAAM. | Filefolder |
irg,rprassthroqgrh.icprpjr 11/4/20128:04 AM  Impulse C Project ...

< | i | 3

File name: Ipassthrough icProj
Files of type:  [ImpulseC Project Files ("icProj) | Cancel |

Figure 4 - Opening a project in CoDeveloper
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8.4. Building Desktop Simulation Executable
Build the desktop software simulation executable via the “Project” menu:

Impulse CoDeveloper Application Manager Universal Edition

© Ele Edit Wiew

Figure 5 - Build Simulation Desktop in CoDeveloper using pull-down menu

Or via toolbar:

Build Software Simulation Executable

Figure 6 - Build Simulation Desktop in CoDeveloper using toolbar icon

Note the compiler output in the CoDeveloper IDE “Build” window:

== Building target 'build_exe' in file _Makefile ===
" HImpuIsex’EoD 8VE|D|38I3.-"MInGW.-"bII"I.-"gCC" -g"IC: '\Impulse'\EUDeveloperS'\lnclude" "E:Ampulze/Coleveloper3/Stagetd asterfinclude” -DiwIN 32
" A mpulzes/Col eveloperd/MinGhw finclude” -0 passthrough_bwe.o -c passthrough_hw. c"'C: /A mpulze/Col eveloperd/MinGW bin/gec” -g

TN mpulzehCol eveloper3ncliude’ IC: Ampulze/CoDeveloper3/Stageb aster/include -DowiN 32 T Ampulze/CoDeveloper3inGhy Anclude”
-0 passthrough_sw.o -c pazsthrough_sw.c"C: Ampulze/CoDeveloperdMinGW binfgcc'’ -g passthrough_hw, o pazsthrough_sw.o
LC:Ampulze/CoDeveloper 3/Staget azterdlib "C:hilmpulzehCoDeveloperdiLibranes/ I mpulzeC.lb" -0 pazsthrough. exe

Build 1@ Find in Files lEI System J
Figure 7 - Output within the CoDeveloper IDE build window
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8.5. Running Desktop Simulation Executable
Launch the desktop software simulation executable via “Project” menu:

Impulse CoDeveloper Application Manager Universal Editio

Figure 8 - Launch software simulation window using pull-down menu

Or via toolbar:

Launch Simulation Executable

Figure 9 - Launch software simulation using toolbar icon

A command window will pop up in which the desktop simulation executable runs. Press

“Enter” to exit:

19
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C:A\Windows\system32\cmd.exe

"C:N\ImpulseC_Pico\Examples\M5XX\Passthrough_Linux\passthrough.exe" - j

Impulse C is Copyright 2812 Impulse Accelerated Technologies.
Consumer reading data...

Sending waveform...
test_producer:iriting
test_producer:lriting
test_producer:Writing
Filtered value: 1
Filtered value: 2
test_producer:Uriting
test_producer:lriting
Filtered value: 3
Filtered value: 4
test_producer:Writing
test_producer:Uriting
test_producer:Uriting
Filtered value: 5
test_producer:Writing
Filtered value: 6
test_producer:Uriting
Filtered value: 7
Filtered value: 8

value
value
value

value
value

value
value
value
value

value

Finished writing wavefornm.

Filtered value: ¢
Filtered value: a

Consumer read 18 waveform datapoints...

Application complete.

Press the Enter key to continue.

Inc.

Figure 10 - Pop-up window during desktop simulation

E=NEERTSCTN
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8.6. Project Setup Before Hardware/Software Generation and
Export

Settings within the CoDeveloper IDE necessary for generating and exporting both
hardware and software using this PSP are summarized below:
¢ Platform Support Package: “Pico M-501 Linux (VHDL)”

¢ Hardware export directory: <user hardware export directory>
e Software export directory: <user software export directory>
e Unsupported settings include:

o Generate dual clocks (must be unchecked)
o Active-low reset (must be unchecked)
o Include floating point library (must be unchecked)

An example of these settings as it appears in the Passthrough example:

-
Options @
Build | Simulate Generate I System | Registration |
Platform Support Package:
Pico M-501 Linux (VHDL) v
Hardware Optimization and Generation
[V Enable constant propagation ™ Generate dual clocks
[V Scalarize amay varables ™ Generate activedow reset
I” Relocate loop invariant expressions ™ Use std_logic types for VHDL interfaces
[V Do not include co_ports in bus interfface
Additional optimizer options: Additional library options:
Floating Point Options Output Directories
™ Include floating point library Hardware build directory:
ISl i Ihw
D Software build directory:
! [sw
r
r Hardware export directory:
export_hw
[T Ei |
Software export directory:
I |export_sw
0K | Cancel I A | Help I
|

Figure 11 - Project setup to pick Platform Support Package
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8.7. Generating Hardware
Generate hardware via “Project” menu:

Impulse CoDeveloper Application Manager Universal Editio

: File Edit  Yiew Tools  Help

Figure 12 - Generate HDL using pull-down menu

Or via toolbar:

zenerake HOL
Figure 13 - Generate HDL using toolbar icon

Final results will appear in the directory specified during project setup in “Hardware build

directory”. Note the final output in the CoDeveloper IDE’s “Build” window:
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Fie Edit View | Project | Tools Help

4 Generate HDL

&
5453 Source Fi

sfe]
143 Header Fil

Build/Launch Hardware Simulation Executable
) 2 M) xport Generated Hardware (HDL)
D Export Generated Software

B 23 Qptions
(21 Project Fes

(2 Document Fies
(21 Other Files

Summary

This sample projects the basics of streams-based

m

sSw
(sim)

Test
consumer

Character
generator

Pass-through
filter

5509
g
i
i)
s
E

’
i
i
Loading C:/Impuls e
i DI i i ..

/C
ading passthrough xic:

pspFie=pico_m501 Iwrux mdxmlboardanwl

roducer_process_wavefomn_in 64 picobus sp {} wavefomn_in {}

ccmedmnsz:ﬂneam wt p ‘consumer_process_wavefom_out 64 picobus sp {} wavefor_out

running picoCustomizelicfconnections = {stream in p_producer_process_wavefom_in upmhus sp {} wavefom_in {} 1} {stream out p_consumer_process_waveform_out 64 picobus sp {} wavefom_out {} 1}

icon = stream in p_producer_process_waveform_in 64 picobus sp {} wavefom_in

(con = stream out p_consumer_process_wavefom_out 64 picobus sp { wavefom_out ()1 1

sign generation complete:
chmod -R +rw hw
midir sw
C:/Impul _ib" "-aC:/Impuise/CoD _m501_inuox_vhelan” wdite fies "passthrough_sw.c” passthroughxic sw/co_int ¢

impuise C Software Interface Generator
(Copyigt 2002.201,impise Accslerted Techncloge, e
Al ight

Luadng Cﬂnwu/ﬁubevehwymeﬁuﬁ/nn:n msm Inux vhdlm .
Loadi

Lnadl'\;”' o3 VHDL ..

Loading passthrough xic .

fori n passthrough_swc: do cp Si sw; done
fori in passthrough h; do cp Sisw; done
chmod R +rw sw

Buid of target build' complete =

|#8)8uid [Z8 Find in Fies | E] System |

Generate HDL for platform target

|[lfovR] UM i

Figure 14 - Build window output
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8.8. Exporting Hardware
Export hardware via “Project” menu:

Impulse CoDeveloper Application Manager Universal Edition

¢ File Edit Wiew

Figure 15 - Export Generated Hardware (HDL) using pull-down menu

Or via toolbar:

-
[T | [4] HhE B
1 = ¢ ¥ |

Export Generated Hardware (HOL)

Figure 16 - Export Generated Hardware (HDL) using toolbar icon

Final results will appear in the directory specified during project setup in “Hardware

export directory”. Note the final output in the CoDeveloper IDE’s “Build” window:
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Project | Tooks Help

Generate HDL
Build/Launch Hardware Simulation Executable

Updated 2/5/2013

% Clean Project B'@ BRI A ®B
Project Bxplorer | I8 Buid Software Simulation Executable
= ® Launch Software Simuation Executable

[ pas 7 Options

PR Export Generated Software

(22 Other Files

Summary

This sample projects the basics of st based

SwW
(sim)

Pass-thr

Character
generator filter

Test
consumer

I

iding target ‘export_hardware' i file _Makefile
chmod -R +w hw
ot

p _sw.c: do cp $i sw; done
passthrough b do cp i sw; done
R

_m501_linux_vhdlxml"

(chmod -R +nw sw
"C:/impuise/CoDeveloperd/bin/impuise_export” -hardware -sroditw "-aC:/impuise/C:
Impuse C Design Exporter

Copyicht 2002200, impise Accslerted Technalgie, .

|Allrights reserve

Loading C:/Impuise/CoDeveloper3/Architectures/pico_m501_linux_vhdlxm
Loading C-/Impuise/CoDx L
Loading passthrough.xic ...
pspFie=pico_m501_linux_vhdxanl
board=m501

“Architecture passthrough_arch’

........ Buid of target ‘export_hardware’ complete ==

“export_hw"

iid {5 Find in Files | 5] System

Export generated hardware (HDL)

Figure 17 - Build window output

OVR| oM [ ]
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8.9. Compiling FPGA in Xilinx ISE 13.4

After exporting hardware, under the specified hardware export directory will be a
directory structure that includes all necessary files for building the FPGA binary.

> <« ImpulseC_Pico » Examples » M5XX » Passthrough_Linux » export_hw » v ; Search export_hw
Organize v Include in library v Share with = Burn New folder §= ~» [l
b Favoites 2 Name . Date modified Type Size
) hdl File folder
4 Libraries | build_bit_file.tcl TCL File 4 KB
5| Documents [&)] build_m501b240_passthrough_arch.bat Windows Batch File 1KB
: J Music || build_m5011x240_passthrough_arch.sh SH File 1 KB
=/ Pictures || customizeM501xise.tcl TCL File 3KB
=|| Subversion &l gen_ise_files.bat Windows Batch File 1 KB
E Videos | gen_ise_files.sh SH File 1 KB
| gen50x_xise.tcl TCL File 27 KB
+& Homegroup

Figure 18 - Compiling FPGA in exported ISE directory structure

At this point either Windows or Linux may be used to produce the bitfile running Xilinx
ISE either through the GUI or from command line. Windows and Linux both use the
following similar steps. Choose the one that suits your needs.

Windows:
1. Generate the ISE project files by running “gen_ise_files.bat”
2. Build the bit file using Xilinx ISE either by:
a. Running the generated “build_m50*.bat” file
b. Launching the Xilinx ISE GUI opening the newly built “m50*.xise” file
Linux:
3. Generate the ISE project files by running “gen_ise_files.sh”
4. Build the bit file using Xilinx ISE either by:
a. Running the generated “build_m50*.sh” file
b. Launching the Xilinx ISE GUI opening the newly built “m50*.xise” file

These methods will generate the necessary bitfile to be loaded on the Host System and
are outlined in the sections that follow.
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8.9.1.

Building bitfile under Windows

8.9.1.1. Generate Xilinx ISE Project Files

First generate the ISE project by executing “gen_ise_files.bat”. This process will
create an ISE project file as well as copy all the necessary HDL files and CORE
Generator components from the Pico installation needed by ISE to generate the

FPGA bitfile.

1.

2.
3.
4

Microsoft Windows [Uersion 6.1.760601]
Copyright {(c> 2089 Microsoft Corporation. All rights reserved.

C:\Users\Administrator>cd C:\ImpulseC_Pico\Examples\M5X¥\Passthrough_Linux\expoyr|
t_hu

C:\ImpulseC_Pico\Examples\M5X¥\Passthrough_Linuw\export_hu>gen_ise_files.bhat
C:\ImpulseC_Pico\Examples\M5XX¥\Passthrough_Linw\export_hu>C:\Eilinx\13.4\ISE_DS
NISENbin\nt64\xtclsh gen50x_xise.tcl m5011x240_passthrough_arch m581 1>gen_ise
files.log 2>&1

C:\ImpulseC_Pico\Examples\M5XX¥\Passthrough_Linux\export_hw>REM Make sure last 1i
ne of genS5Bx_ise.log = “"Success?!", otherwise look to last few lines in genS58x_is
e.log for more details on cause of error

C:\ImpulseC_Pico\Examples\M5X¥\Passthrough_Linuw\export_hu>

Open a command window
Change directories to “export_hw”
Execute “gen_ise files.bat’ as shown in Figure 19.

Verify that the files were created successfully by viewing the end of log file, as
shown in Figure 20. “Successful!” should be the last line in the log file (use “type
genb50x_xise.log” to display log).

Figure 19 - Generate ISE project files
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BN Administrator: C:\Wind

source/axi_bhasic_rx_pipeline.v
xfile_add: add glob file=firmware/m581/coregen—LE240T /v6_pcie_v2_4_8lane_gen2/
i_basic_top.v
add glob file=firmware/m5081/coregen—LE240T /v6_pcie_v2_4_8lane_gen2/
source/axi_basic_tx.v
xfile_add: add glob file=firmware/m581/coregen—L¥240T /v6_pcie_v2_4_8lane_gen2/
source/axi_basic_tx_pipeline.v
xfile_add: add glob file=firmware/m5081 /coregen—LE240T /v6_pcie_v2_4_8lane_gen2/
source/axi_basic_tx_thrtl _ctl.v
xfile_add: add glob file=firmuware/m581/coregen—LE240T /v6_pcie_v2_4_8lane_gen2/
source/gtx_drp_chanalign_fix_3752_vb.v
xfile_add: add glob file=firmware/m5081 /coregen—LE240T /v6_pcie_v2_4_8lane_gen2/
source/gtx_rx_valid _filter_ vb.v
xfile_add: add glob file=firmware/m581/coregen—L¥240T /v6_pcie_v2_4_8lane_gen2/
source/gtx_tx_sync_rate_vb.v
xfile_add: add glob file=firmware/m5081 /coregen—LE240T /v6_pcie_v2_4_8lane_gen2/
source/gtx_wrapper_uvb.v
xfile_add: add glob file=firmware/m581 /coregen—LE240T /v6_pcie_v2_4_8lane_gen2/
source/pcie_128_if .v
xfile_add: add glob file=firmware/m5081 /coregen—LE240T /v6_pcie_v2_4_8lane_gen2/
source/pcie_2_ B _vb.v
xfile_add: add glob file=firmware/m5081 /coregen—LE240T /v6_pcie_v2_4_8lane_gen2/
source/pcie_bhrams_vb.v
xfile_add: add glob file=firmware/m5081/coregen—LE240T /v6_pcie_v2_4_8lane_gen2/
source/pcie_bram_top_vb.v
i add globh file=firmware/m5081 /coregen—L¥240T /v6_pcie_v2_4_8lane_gen2/|
source/pcie_bram_vb.v
add glob file=firmware/m5081/coregen—LE240T /v6_pcie_v2_4_8lane_gen2/
source/pcie_cfg_128.v
xfile_add: add glob file=firmware/m5081/coregen—LE240T /v6_pcie_v2_4_8lane_gen2/
source/pcie_clocking_v6.v
xfile_add: add glob file=firmware/m5081/coregen—LE240T /v6_pcie_v2_4_8lane_gen2/
source/pcie_gtx_vb.v
i H add globh file=firmware/m501 /coregen—LZ2408T /v6_pcie_v2_4_8lane_gen2/
source/pcie_pipe_lane_vb.v
xfile_add: add glob file=firmware/m5081 /coregen—LE240T /v6_pcie_v2_4_8lane_gen2/
source/pcie_pipe_misc_vb.v
xfile_add: add glob file=firmware/m5081/coregen—LE240T /v6_pcie_v2_4_8lane_gen2/
source/pcie_pipe_vb.v
xfile_add: add glob file=firmware/m581/coregen—LE240T /v6_pcie_v2_4_8lane_gen2/
source/pcie_reset_delay_vb.v
Ixfile_add: add globh file=firmware/m501 /coregen—LZ2408T /v6_pcie_v2_4_8lane_gen2/
source/pcie_trn_128.v
xfile_add: add glob file=firmuware/m5081 /coregen—LE240T /v6_pcie_v2_4_8lane_gen2/
source/pcie_upconfig fix_ 3451 _vb6.v
xfile_add: add glob file=firmware/m5081/coregen—LE240T /v6_pcie_v2_4_8lane_gen2/
source/sync_fifo.v
xfile_add: add glob file=firmware/m581/coregen—LE240T /v6_pcie_v2_4_8lane_gen2/
source/trn_rx_128.v
xfile_add: add glob file=firmware/m5081/coregen—L8240T /v6_pcie_v2_4_8lane_gen2/
source/trn_tx_128.v
xfile_add: add glob file=firmware/m5081/coregen—LE240T /v6_pcie_v2_4_8lane_gen2/
source/vb_pcie v2_4_8lane_gen2.v
xfile_add: add file=firmware/m501/src/M501_LX240T_DDR3.ucf
I<f ile_add: add file=firmware/m581/src/M501_LX248T_PCle.ucf
xfile_add:End
Configuring project properties
c losing project
Success?

C:\ImpulseC_Pico\Examples\M5XX\Passthrough_Linux\export_hu)>

Updated 2/5/2013

Figure 20 - Expected gen50x_xise.log report

8.9.1.2. Compiling FPGA in Xilinx ISE GUI

Launch the Xilinx ISE GUI and open the ISE project located in the export_hw

directory. Select Pico_Toplevel in the Hierarchy window and double-click “generate

programming file” in the Processes window.

NOTE: Xilinx ISE will ask the user to regenerate two fifos (a one time process). The
following figures illustrate initial project launch, regenerate the two corgen fifos, and

final output with timing score equal to zero.
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> S N
L] —
T File Edit View Project Source Process Tools Window Layout Help HEE
D2E@IL[%obXx|va| #2838 2RIA[=E [#elprce
Desion © 08 x . | o Design Overview R
e G| TE summary r LR
5 < ) [} I0B Properties Project File: m5011x240_passthrough_arch.xise Parser Errors: No Errors
5] | Hierarchy ® [ Module Level Utilization ORI ICwE Pico_Toplevel Implementation State: New
21 g Ci st its
& ggﬁﬂ;ﬁggzﬁfﬁ:m"gh arch = ‘} D::‘Q’:g;ﬁﬁsﬂmm Target Device: XCBVIX240t-2fF1156 «Errors:
2| @ [ Unassigned User Library Modules o 1) Clock Report Product Version: ISE 134 *Warnings:
= - (1 Automatic ‘includes ) ) @ @ Static Timing = Timing +Routing Results:
= 2] PicoTestbench_Empty (C:\ImpulseC_Pic L @ - Errors and Warnings ——— 5 ———
| @ [ Pico Toplevel (ClmpuiseC Pi L hwy FE [ Parser Messages ign Strategy: martXplorer - mapior uming =
carry (C:\ImpulseC_Pic Li | 2 [ Synthesis Messages Environment: «Final Timing Score:
@ clk_ibuf (C:\ImpulseC_Pi L i [ Translation M: 4
= 2] comparator_mask (C:\ImpulseC_Pi Li by [ Map Messages 3
T | @ [¥] comparator_mask_static (C:AImpulseC_| Pl(n\ExampIes\MSXX\Passthrough Linwdeq [ Place and Route Messages Detailed Reports I 5]
- [v] comparator_sel_mask (C:\ImpulseC_Pi -
- [) comparator_sel_mask static (C:\ImpulseC_| P|cn\Examp!es\MSXX\Passthrough Linux e Staurs jechesated 5T oo Jaros
2] comparator_static (C:\ImpulseC_Pi by Messa... i t
- [¥] muxenc (CAImpulseC_| P _Li | & Detailed Reports — =
2] pico_block_axi (C:\ImpulseC_Pic L :_hwAh % Synthesis Report rensaton Repor
Translation Report Map Report
Kl P—— b [ Map Report Place and Route Report
[ Place and Route Report
P | B NoProcesses Running [ Post-PAR Static Timing Re.. Power Repoit
= [ Power Report | | |Post-PAR Static Timing Report
B, | Processes: Pico_Toplevel D Bitgen Report I
26| - £ Design Summary/Reports :
== G Design Utilities Design Properties
%@ User Constraints [7] Enable Message Filtering
2 Synthesize - XST Optional Design Summary Contents [ [&]
|2 8 Implement Design [C] Show Clock Report |Report Name | status Generated |
@8 Translate [£] Show Failing Constraints
@8 Map [C] Show Warnings Date Generated: 11/04/2012 - 14:18:01
@ 8 Place & Route [7] Show Errors
Generate Programmit
p  Configure Target Device
@+ Analyze Design Using ChipScope
Start | B3 Design | Fles | [ Lbraries = Design Summary 8]
Run highlighted process

Figure 21 - Initial Xilinx ISE GUI screen

-
5| ISE Project Navigator

The required file
C/1 IseC_Pico/E

)

ples/MSXX/P

of thisIP core only.

regeneration of all cores in the project.

Click "Abort" to exit the process and return to Project Navigator.

l ( ][ Abor ]

Yes ] [ No

h_Linux/export_hw/hdl/impulse/fifol28x512_synth.v
for the 1P core fifo128x512 xco was not found i ln the IP core source directory. In order for synthesis
to run successfully, you will need to either copy the file(s) to the IP core source directory or
regenerate the core. Would you like to create these files by regenerating the IP Core?

Click "Yes" to regenerate this IP core to create the necessary file(s). Click "No" to skip regeneration

The Regenerate All Cores process in Project Navigator can also be used to automate the

Figure 22 - Xilinx ISE regenerate IP core fifo128x512

5. ISE Project Navigator

(™

B

o

The required file
AmpulseC_Pico/Examples/M5XX/Passthrougt

like to create these files by regenerating the IP Core?

Click "Yes" to regenerate this IP core to create the necessary file(s). Click "No" to skip regeneration of this IP core

only.

The Regenerate All Cores process in Project Navigator can also be used to automate the regeneration of all cores in

the project.

Click "Abort" to exit the process and return to Project Navigator.

[ s J[ nNo ][ Abor |

_Linux/export_hw/firmware/src/pcie_axi/coregen_fifo_32x128_synth.v
for the IP core coregen_fifo_32x128 xco was not found in the IP core source directory. In order for synthesis to run
successfully, you will need to either copy the file(s) to the IP core source directory or regenerate the core. Would you

Figure 23 - Xilinx ISE regenerate IP Core coregen_fifo_32x128
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View Project Source

Process  Tools

Window Layout Help
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assthrough.archxise - [Design Summary (Programmiing File Generated)]

3 2 » = T =
D)Hm % X[0a| rrRRARIAmBE DL C L
Desig ©O8# x| . | & Design Overview R A
= ‘ L) S E Fics_ Tople e F
r} @ 10B Properties Project File: mS011x240_passthrough_arch.xise | Parser Errors: No Errors
] | Hierarchy ° [ Module Level Utilization Module Name: | Pico_Topleve! State:
G| © m5016240 passthrough arch 5] ) Timing Constraints - . = B
& € xebubRI0eILI56 o [ Pinout Report TargetDevice: |xc6vix240t-2ff1156 Errors: No Errors =
&h @ [ Unassigned User Library Modules [2] Clock Report Product Version: |ISE 13.4 *Warnings: 8030 Warnings (3089 new)
o | @ L Automatic lincludes @| Q@ staticTiming Design Goal: Timing Performance +Routing Results: | All Sianals Completely Routed
&l| @ [ PicoTestbench_Empty (C:AlmpulseC_Pic Li & Errors and Warnings 5 = 2
a ) [V, Pico_Toplevel (C:lmpulseC Pi ¥ i @ [B) Parser Messages Design Strategy: | SmartXplorer - mapioreq «Timing Constraints: | All Constraints M
carry (CAImpulseC_Pic L | 2 [B Synthesis Messages i System Settings «Final Timing Score: |0 (Timing Report)
@ clk_ibuf (C:\ImpulseC_Pi L i [2 Translation Messages £
= @ [v] comparator_mask (C:\ImpulseC_Pi by [ Map Messages
e ] comparator_mask_static (C:\ImpulseC_f Pum\Examples\Msxxwamhmugh Linud\exp [2) Place and Route Messages Device Utilization Summary. o
[} omparator_sel_mask (C:\ImpulseC_Pi [2] Timing Messages e e o
- [¥] comparator_sel_mask static (C:lmpulseC_| P|cn\Examp!es\MSXX\Passthrough Linue [2 Bitgen Messages S I ey | Aol eS| SURzaTion B Note(s)
2] omparator_static (C:\ImpulseC_| _h [2) Alllmplementation Messa... Number of Slice Registers 26,283 301,440 8%
- [¥] mux_enc (CAImpulseC_f L | - Detailed Reports Number used as Flip Fi 26,280
- [v] pico_block_axi (C:\ImpulseC_Pic L :_hw\h [E) Synthesis Report Lher ed e T ToRe a
[2) Translation Report Number used as Latches 3
< it ] , [E) Map Report Number used as Latch-thrus 0
[2) Place and Route Report L4 T -y
P | T2 NoProcesses Running [2) Post-PAR Static Timing Re... lumber used as logics
o [ Power Report Number of Slice LUTs 16,908| 150,720 11%
Processes: Pico_Toplevel
el b o= 0P [2) Bitgen Report < ||| Number used as logic 10,59 150,720 7%
o £ Design Summary/Reports :
] B8 Design Utilties Design Properties o Number using 06 output only 7,967
2 User Constraints [7] Enable Message Filtering Number using OS5 output only 601
— - Optional Design Summary Contents
| 2 TRd) Synthesize - XST Number using O and 06 2,031
B 2L\ Implement Design [E] Show Clock Report g X
[7] Show Failing Constraints Number used as ROM 0
[T] Show Warnings
] Show Erors Number used as Memory 2,533 58,400 4%
Number used as Dual Port RAM 1,156
51  Configure Target Device Number using O6 output only 320
€% Analyze Design Using ChipScope Number using OS5 output only 9
Number using 05 and 06 827
& Strt | B3 Desgn | (] Fies |[Q) Libraries E Design Summary (Programming File Generated) 8]

Figure 24 - Xilinx ISE 13.4 with tiﬁg—score =0

Once ISE 13.4 has completed, a bitfile “pico_toplevel.bit” will be present in the
export_hw directory.

Note: The bitfile will need to be renamed to “Pico_Toplevel.bit” when copying to
Linux to run with the software in the example.
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8.9.1.3. Compiling FPGA in Xilinx ISE using Command Line

In the top directory there will be the batch file “build_passthrough_arch.bat” used to
automatically run Xilinx ISE to create the necessary .bit file used to program the
M501 FPGA.

1. Open a command window
2. Execute “build_m501I1x240_passthrough_arch.bat” as shown in Figure 25.

Administrator: C\W

Microsoft Windows [Uersion 6.1.76681 -
Copyright <(c> 2089 Microsoft Corporation. All rights reserved.

m

C:\Users\Administrator>cd C:\ImpulseC_Pico\Examples\M5XX\Passthrough_Linux\expor
t_huw

C:\ImpulseC_Pico\Examples\M5X¥\Passthrough_Linw\export_hudgen_ise_files.bat \

C:\ImpulseC_Pico\Examples\M5XX¥\Passthrough_Linw\export_hu>C:\Eilinx\13.4\ISE_DS
NISENbin\nt64\xtclsh gen50x_xise.tcl m5011x240_passthrough_arch m581 1>gen_ise
files.log 2>&1

C:\ImpulseC_Pico\Examples\M5XX\Passthrough_Linux\export_hw>REM Make sure last 1li
ne of gen5Bx_ise.log = "Success?", otherwise look to last few lines in gen58x_is
e.log for more details on cause of error

C:\ImpulseC_Pico\Examples\M5XX¥\Passthrough_Linux\export_hu>bhuild_m5011x240_pass
hrough_arch.bat

C:\ImpulseC_Pico\Examples\M5XE\Passthrough_Linux\export_hw>rem THIS FILE IS AUTO
MATICALLY GENERATED BY IMPULSE CODEVELOPER. MODIFY AT YOUR OWN RISK.

[C:\ImpulseC_Pico\Examples\M5R8¥\Passthrough_Linux\export_hudrem build_m5011x248_p|
lassthrough_arch.bat: bhatch file to bhuild m5011x240_passthrough_arch.xise

C:\ImpulseC_Pico\Examples\M5XXE\Passthrough_Linux\export_hw>if [C:\Eilinx\13.4\IS
E_DS\ISE]1l == []1 echo ERROR: This bhatch requires environment variahle ZXILINXZ to
be preset to (xilinx install directoryd\{(desired version).

C:\ImpulseC_Pico\Examples\M5XE\Passthrough_Linux\export_hw>if not [C:\Eilinx\13.
ANISE_DSN\ISE] == [1 C:\Rilinx\13.4\ISE_DS\ISE\bin\nt64\xtclsh build_hit_file.tcl
m5011x2408_passthrough_arch.xise bit

ISE_tcl_helper.tcl: running (m5811x248_passthrough_arch.xised...

Figure 25 - Build bitfile in ISE 13.4

A command window will appear showing the FPGA build process (primarily made up
of many, many info and warning messages). Compile time will vary by machine
depending upon project size. When completed successfully, something similar to the
following will appear and a bitfile “pico_toplevel.bit” will be present in the export_hw
directory.

Note: The bitfile will need to be renamed to “Pico_Toplevel.bit” when copying to
Linux to run with the software in the example.
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5 p __Pi MSXX\I t_hw\Pico_Toplevel_summary.html
¢ Favorites | 3 [%] Suggested Sites v 2] Web Slice Gallery v 4 Building Applications that... 4 How to Configure Visual ... 5 How to Enable a 64-Bit Vis... >
/€ Xilinx Design Summary | o~ v [ g v Pagev Safetyv Toolsv @~
’!’ To help protect your security, Internet Explorer has restricted this webpage from running scripts or ActiveX controls that could access your computer. Click here for options... x
[ Pico_ Toplevel Project Status [
Project File: ‘m5011x240 _passthrough_arch xise |Parser Errors: | No Errors
Module Name: 1Pico_Topleve1 ‘ Implementation State: | Programming File Generated
Target Device: xc6vix240t-2f1156 o Ko | No Errors
Product Version: ‘ISE 134 W armings: 8090 Warnings (8089 new)
Design Goal: ‘Timing Performance 0L LR All Signals Completely Routed
Design Strategy: ‘SmartXplorer - mapioreg i Tiniiag Consamts: All Constraints Met L
| |
Environment: ‘System Settings s/ Emal Tniing Score: |0 (Timing Report)
} Device Utilization Summary \ 0
[Stice Logic Utilization | Used | Available |  Utilzation | Note(s)
Number of Slice Registers 26,283 301,440 8%:
Number used as Flip Flops 26,280
| Number used as Latches 3
Number used as Latch-thrus 0 il
7Number used as AND/OR K)gics 0 ‘ I
Number of Stice LUTs 16,908 150.720 11% :
Number used as logic 10,599 150,720 7% |
Number using O6 output only [ 7.967
Number using O5 output only 601
| Number using O5aad 06 2,031 }
Number used as ROM 0 \ I
Number used as Memory 2,533 58,400 4%| !
* Number used as Dual Port RAM | 1,156 o ) I
Number using O6 output only 320
Number using O5 output only 9
Number using O5 and 06 827
Number used as Single Port RAM 0
Number used as Shift Register 1377
Number using O6 output only \ 1237 i
@ Done M Computer | Protected Mode: Off ¥ v ®|100% ~

Figure 26 — Xilinx ISE 13.4 compile log file —timing score
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8.9.2. Building bitfile under Linux

8.9.2.1. Generate Xilinx ISE Project Files

First generate the ISE project by executing “gen_ise_files.sh”. This process will
create an ISE project file as well as copy all the necessary HDL files and CORE
Generator components from the Pico installation needed by ISE to generate the
FPGA bitfile.

1. Copy the export_hw directory to a location on your Host System that has the Linux
operating system. (ie Pico/Passthrough/export_hw).

Open a command console
Change directories to “export_hw”

Execute “source ./gen_ise_files.sh” as shown in Figure 27.

a > w DN

Verify that the files were created successfully by viewing the end of log file, as
shown in Figure 28. “Successful!” should be the last line in the log file (use “cat
gen50x_xise.log” to display log).

o ]

impulse@T620:"/Projects/Pico/Test/Passthrough_M503/export_hw$ source ./gen_ise_files.sh

If last line is not Success!, look to last few lines in penb0x_ise.log for more details on cause of error
Configuring project properties

closing project

Success|
impulse®@T620:~/Pro jects/Pico/Test /Passthrough M503/export_hu$ ]

Figure 27 - Generate ISE project files

xfile_add: add glob file=firmware/m503/coregen-LX240T/v6_pcie_v2_4_8lane_gen2/source/pcie_pipe_vb6.v
xfile_add: add glob file=firmware/m503/coregen-LX240T/v6_pcie_v2_4_8lane_gen2/source/pcie_brams_vb.v
xfile_add: add glob file=firmware/m503/coregen-LX240T/v6_pcie_v2_4_8lane_gen2/source/pcie_pipe_misc_vb.v
xfile_add: add glob file=firmware/m503/coregen-LX240T/v6_pcie_v2_4_8lane_gen2/source/axi_basic_rx.v
xfile_add: add glob file=firmware/m503/coregen-LX240T/v6_pcie_v2_4_8lane_gen2/source/pcie_clocking_vb6.v
xfile_add:  add glob file=firmware/m503/coregen-LX240T/v6_pcie_v2_4_8lane_gen2/source/trn_rx_128.v

xfile_add:  add glob file=firmware/m503/coregen-LX240T/v6_pcie_v2_4_8lane_gen2/source/axi_basic_tx_thrtl_ctl.v
xfile_add:  add glob file=firmware/m503/coregen-LX240T/v6_pcie_v2_4_8lane_gen2/source/pcie_reset_delay_v6.v
xfile_add: add glob file=firmware/m503/coregen-LX240T/v6_pcie_v2_4_8lane_gen2/source/axi_basic_rx_null_gen.v
xfile_add: add glob file=firmware/m503/coregen-LX240T/v6_pcie_v2_4_8lane_gen2/source/axi_basic_tx.v
xfile_add: add glob file=firmware/m503/coregen-LX240T/v6_pcie v2_ 4 _8lane_gen2/source/sync_fifo.v

xfile add: add file=firmware/m5Q3/src/M503_LX240T_DDR3_0.ucf

xfile add: add file=firmware/m%Q3/src/M503_LX240T_DDR3_1.ucf

xfile add: add file=firmware/mbQ3/src/M503_LX240T_PCle.ucf

xfile add:End

Configuring project properties

closing project

Success!

impulse®@T620: ™ /Pro jects/Pico/Test /Passthrough_M503/export_hu$ ]

Figure 28 - Expected gen50x_xise.log report
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8.9.2.2. Compiling FPGA in Xilinx ISE GUI

1. |If you already haven’t done so, launch or verify that the license manager is operational
and that your license is valid. Contact Xilinx for more information on licensing related to a
Linux installation.

2. Open a terminal window and set environment variables by executing the “settings64.sh”
script as well as the following variables:

a. source /opt/Xilinx/13.4/ISE_DS/setting64.sh
b. export PICOBASE=/usr/src/picocomputing-5.0.6.1
c. export XILINX=/opt/Xilinx/13.4/ISE_DS/ISE

3. Gotothe export_hw directory and begin executing the shell scripts to generate the Xilinx
ISE project.

a. cd /Pico/Passthrough/export_hw
b. source gen_ise_files.sh

4. Launch the Xilinx ISE 13.4 GUI, select the project, regenerate coregent files, and
generate the bitfile.

a. /opt/Xilinx/13.4/ISE_DS/ISE/bin/lin64/ise &

£ Open Project A

Look in: | 9 /home/administrator...ssthrough/export_hw :1 o & O A lﬁl =

& computer B _xmsgs
9 administ B nwe

& hdl

. m501ix240_ passthrough_arch.xise

(sl >
File name: m501ix240_passthrough_arch.xise i
Files of type: | ISE Project Files (*.xise) = ] l ¥ Cancel [

Figure 29 - Select the ISE project
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. pinistrator/Pico/Passthroug re_h through_arch.xise - [Design Summary]
¥ file Edit View Projest Source Process lools Window Layout Help e aiee
22 HW & X w w'ph s 2 H 23 A'R=
Dasign (@ , | & Dasign Overview |~
views &} implementat © 5 simuar
u ﬁ = thct pa’ througn ar:h xise
&l Hlerar:hy Q '~ Module 5 P ] == =
B odule -
# ms011x240_pazzthrough_arch 3 Cstictd
dd | O xcovixzaot 21150 Q 3 Target Device: xcbyixZace 21150 « Errors:
2 < (8 Unassigned Uzer Library Mc ) B Product Varsion: | I5F 13.4 « Warnings:
1 1 Automatic " includes P - —
B r\ PicoTestbench Enp’y (Pico' |y | Emors ard Warningz Design Goal: timing V:rfcvmang- . Rom Results:
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= Environment: * Final Timing Score:
+ [9) comparator_s ‘mazk (compan 0
"] [2) comparatce_maszk_static (o (] 0 T -
2 + [ comparater_sel_mask feom ) Detalled Reports l §0]
) i [} comparater_sel_mask_stati o 5
+ [3 comparatee_static icempar: ® Al impl mez...| |||Beort Name Batug: [Cenerated  |Rmess.  [Wemioge: |fufos
[ mux_erc tmux_enc.v} | Detailed Reports Syrthasis Roport
5 4 pi Tpi o . . 4 4 4
[3 pico_block_axi (pico_block. B o e e ‘
- Map Re
3 5 3 Map Report
Place and Raita Repart
Na Pracesses Running
> 9 Pq\lt" W:vwl
ma § Processes: Pico_Topiavel [ ||Past 2am starie Tlnlng Mpart
" ian S Secendary Reports i
G . Oes!uv ;n,.vl.ur\d'wlhsmb PO Bitgern fepert.
S g Design Utilities Design Properties
&Y User Constraints Enabie Message Hitering
K w8 Symhesize - X5T Opticnal Lesign Summary Contents
=8 mplement Design show Clock Heport Secondary Reports 151
| =& Tarslate Show Failing Constraints Report Name [ status lg.,,.,“.‘
B8y Map show Véamings :
= 83 Placs & Route .
GeNBratE Programming fike s O AR L7002 T i
= G Configure Target Device
@« Analyze Design Using Ch,
= Start |3 Design |L) Hiez [1/[p ® Design Summary X
Console

PINFO:ProjcctMgnt  Include file found: '/howe/adrinistrater/Pico/Passtarough/expert hw/hdl/impulse/Picolefines.v' in file */k Adn.
LINFO:PrejectMgnt  Include file found: 'shome/administrater/Pico/Passthrough/expert_hw/firmsarce/src/pele_axi/8ascPicoDefines.v' in file *
LINFO:ProjectMgnt - Parsing deszgn hierarchy completed successfully,

Launching Design Sumwary/Report Views: ...,

.
|2} €orsole [ @ Ermors f, waming: | & Findin Rles Results |

Figure 30 - Initial project status after loading project

ISE Project Navigator

The required file
/home/administrator/Pico/Passthrough/export_hw/hdl/impulse/fifo128x512_synth.v
for the IP core fifo128x512.xco was not found in the IP core source directory. In
order for synthesis to run successfully, you will need to either copy the file(s) to
the IP core source directory or regenerate the core. Would you like to create
these files by regenerating the IP Core?

Click "Yes" to regenerate this IP core to create the necessary file(s). Click "No" to
skip regeneration of this IP core only.

The Regenerate All Cores process in Project Navigator can also be used to
automate the regeneration of all cores in the project.

Click "Abort" to exit the process and return to Project Navigator.

[xabor | @me |[ @ves |

Figure 31 - Regenerate fifo128x512
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ISE Project Navigator A

The required file

\f) /home/administrator/Pico/Passthrough/export_hw/firmware/src/pcie_axi/coregen_fifo_32x128 synth.v
for the IP core coregen_fifo_32x128.xco was not found in the IP core source directory. In order for
synthesis to run successfully, you will need to either copy the file(s) to the IP core source directory
or regenerate the core. Would you like to create these files by regenerating the IP Core?

Click "Yes" to regenerate this IP core to create the necessary file(s). Click "No" to skip regeneration
of this IP core only.

The Regenerate All Cores process in Project Navigator can also be used to automate the
regeneration of all cores in the project.

Click "Abort" to exit the process and return to Project Navigator.

‘xAbortH @ No ]\ @ Yes ’

Figure 32 - Regenerate coregen_fifo_32x128

ISE Project Navigator (0.87xd) - home fadministrator/Pico/Passthrough fexport_hw/m5011x240_passthrough_arch.xise - [Design Summary {(Programming File Generated))

¥ tile Edit View Project Source Process Rools Window Layout Help =] alles
DAEHD B sx wr s saB@ascoisesr ety
Dasi (L X Dasign O i | . =
gf‘ e % 2 = asgn verview |& o Project Status - 21:87:26) |
1 | Views 88 wmplementst 5 imudat [ RISl Wi LY |
7o =) 108 Proporties 1] m5011x240_passthrough_arch xisc | Parser Errors: Na Emrors |
Hierarc! . - vt B £ e A T O R e S MR S |
& 5 m:mﬂw rerecrerpery e E :h"’"’:"“' Utllization Pico_Topleyel Implamentation State: | Programming file
B =] m5 _pazs! gh_: 5] X Timing Carstraints Gerarated
&l | O xcovix2a0t 241156 % Pinaus Asport 1
+ [ Unassigned User Libeary Mc %) Clack Repert xcbvix240e 21156 * Errors: No Erors |
i o (7 Autamatic " includes { 0 & static Timing liaF 134 « Wamings: 2090 Warnings |
5 . [ PicoTestbench_Empty (Pico @t E:m: :ﬁ::nrrmg: (RORG new)
¥ cany (camyel = = Synthesiz Moszages Design Goal: | fiming Perfurmance « Routing Results: | All Siguals [
a [ ek _ibuf (clk_ibuiv) i ® Trarslaticn Mezzages 3 o i ) Completely Fouted |
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+ [} comparater_sel_mask {com ® Timing = - s
s i [<] comparatee_sel_mask_stati ® Bitgen Mczzages Environment: System Settings + Final Timing 0 (Tirming Fegport)
+ [3) comparater_static {compar: ® Al Imal Mes... SETR
[ mux_erc imux_enc.y! | Detailed Feports
i+ [ pico_bleck_axi (pico_block ®) Synthcsiz Repert
&) Trarzlatica Report Device Utilization Summary 10}
&) Map Repeet - 1
K] 3 8 Place and Route Repart Shice Logic Utilization ‘Used  Available Utilization Noteis)
» 02 Mo Pracesses Ruaring ) Post PAR Static Timing .. Number of slice Ragisters |26283| 01440 &%
N t as Flip F {26,260 |
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€A, Wapiement De: show Clock Repurt Number of 51 16,908 1
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Figure 33 - Place and Route and bitfile generation with timing score equal to zero

8.9.2.3. Compiling FPGA in Xilinx ISE using Command Line

1. Copy the export_hw directory to a location on your Host System that has the Ubuntu
operating system. (ie Pico/Passthrough/export_hw).

36



Pico Computing M501 PSP User Guide — Linux v1.0.1 Updated 2/5/2013

2. If you already haven’t done so, launch or verify that the license manager is operational
and that your license is valid. Contact Xilinx for more information on licensing related to a
Linux installation.

3. Open a terminal window and set environment variables by executing the “settings64.sh”
script as well as the following variables:

c. cd /opt/Xilinx/13.4/ISE_DS

d. sudo ./setting64.sh

e. export PICOBASE=/usr/src/picocomputing-5.0.6.1
f. export XILINX=/opt/Xilinx/13.4/ISE_DS/IS

4. Go to the export_hw directory and begin executing the shell scripts to generate then
build the FPGA bitfile.

g. cd /Pico/Passthrough/export_hw
h. source gen_ise_files.sh
i. source build_m501Ix240_passthrough_arch.sh
5. Verify that the bitfile was generated and that the timing score equals zero.
j- I *.bit (should see Pico_Toplevel.bit)

k. grep—iscore *.par

2

administrator@ubuntu: ~/Pico/Passthroughfexport_hw

is incomplete. The signal does not drive any load pins in the design.
WARNING:Phys gnRules:367 The signal
i k/app/FrameworkPicoBus/s1261_stream/s0_desc_fifo/
ifo.rf/grf.rf/fgntv_or_sync_fifo.mem/gdm.dm/Mram_|
is incomp . The signal does not drive any load pins in the ¢
WARNING:Phys gnRules:367 The signal
<PicoFramework/app/FrameworkPicoBus/s1261_stream/s0_desc_fifo/ue/xst_fifo_gen
erator/gconvfifo.rf/grf.rf/gntv_or_sync_fifo.mem/gdm.dm/Mram_RAM18_RAMD_D1_O>
is incomplete. Th gnal does not drive any load pins in the design.
WARNING:PhysDesignRu 367 The stgnal
<PicoFramework/app/FrameworkPicoBus/s1261_stream/so_desc_fifo/ue/xst_fifo_gen
erator/gconvfifo.rf/grf.rf/gntv_or_sync_fifo.mem/gdm.dm/Mram_RAM16_RAMD_D1_0>
is incomplete. The si t drive any load pins in the design.
WARNING:PhysDesignRules:367 gnal
<PicoFramework/app/FrameworkPicoBus/s1261_stream/s0_desc_fifo/ue/xst_fifo_gen
erator/gconvfifo.rf/grf.rf/gntv_or_sync_fifo.mem/gdm.dm/Mram_RAM13_RAMD_D1_O>
is incomplete. The gnal does not drive any load pins in the design.
WARNING:PhysDesignRules:367 The stgnal
<PicoFramework/app/FrameworkPicoBus/s1261_stream/so_desc_fifo/u
erator/gconvfifo.rf/grf.rf/gntv_or_sync_fifo.mem/gdm.dm/Mram_RA
is incomplete. The signal does not drive any load pins in the d
ignRulek :367 The stgnal
<PicoFramework/app/FrameworkPicoBus/s1261_stream/s0_desc_fifo/us/xst_fifo_gen
erator/gconvfifo.rf/grf.rf/gntv_or_sync_fifo.mem/gdm.dm/Mram_RAM15_RAMD_D1_O>
is incomplete. The signal does not drive any load pins in the d n.
WARNING:Ph Rules:367 The stgnal
<PicoFram k/app/FrameworkPicoBus/s1261_stream/s0_desc_fifo/ua/ fo_gen
erator/gconvfifo.rf/grf.rf/gntv_or_sync_fifo.mem/gdm.dm/Mram_RA _D1_0>
is incomplete. The signal does not drive any load pins in the d
WARNING:PhysDesignRules:20845 - The MMCM_ADV block
<mig_v3_8 _DDR3_0/u_infrastructure/u_mmcm_adv> has CLKOUT pins that do not

drive the same kind of BUFFER load. Routing from the different buffer types
will not be phase aligned.

Process "Generate Programming File" completed successfully
INFO:TclTasksC:1850 - process run : Generate Programming File is done.
Run completed.

administrator@ubuntu:-/Pico/Passthrough/export hw$ .

Figure 34 - Ubuntu Xilinx ISE 13.4 Command Line output
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Plco_Toplevel.par (~/Pico/Passthroughfexport_hw) - gedit

B ™ oen - Bsae B undo

gozpsp.sh ® 7 Pico_Toplevel.par %
{MACM_PHASE_CRLLIBRATL | I I 1 1
JON_ML_LUT2_161_ML_NE | | | | | | Q timing score Alv
| W_CLK | Local| | 2| 0.0086 | ©.746
e B e e B B
| MMCM_PHASE_CALIBRATI | | | |
|ON_ML_LUT2_153_ML_NE | | | |
| W_CLK | Local | 2| e.000 | e.323 |
/O SRR U T EORa Ry -4 cerreecens cprvene .
|MMCM_PHASE CALTBRATI | | | | | |
JON_ML_LUT2_169_ML_NE | | | | |
| W_CLK | Local | 1| ©.008 | ©.293 |
B e B Femmmm- B B et 3
* Net Skew is the difference between the minimum and maximum routing
only delays for the net. Nate this is different from Clock Skew which
is reported in TRCE timing report. Clock Skew is the difference between
the mintmum and maximum path delays which includes logic delays.
* The fanout is the number of component pins not the individual BEL loads,
for example SLICE loads not FF loads.
ST o (Setup: 0, Hold: @, Component Switching Limit: o)
INFO:Timing:3386 - Intersecting Constraints found and resolved. For more
information, see the TSI report, Please consult the Xilinx Command Line
Tools User Guide for information on generating a TSI report.
Number of Timing Constraints that were not applied: 3
Asterisk (*) preceding a constraint indicates it was not met.
This may be due to a setup or hold violation.
Constraint | Check | Wworst Case | Best Case | Timing | Timing
| | Slack | Achievable | Errors | Score
TS_CLK_256 = PERIOD TIMEGRP "CLK_250" TS_ | SETUP | 0.685ns | 8l )
SYSCLK HIGH 50% PRIORITY 10 | HoLD 0.000ns | | Ll o
| MINPERIOD | 6.890ns | 4.806ns| Gl ]
TS_CLK_500 PERIOD TIMEGRP “CLK_580" TS_ | SETUP | 6.805ns| 1.995ns| el 6
SYSCLK * 2 HIGH 58% PRIORITY 1 | HoLD | 0.800ns | | a| ]
| MINPERIOD | 6.000ns| 2. s 0| o
Ln 779, Col1 INS

Figure 35 - Xilinx ISE 13.4 results file with timing score equal to zero
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8.10. Exporting Software

The software application to be run on the host computer (with the M501 installed with it's
drivers) can be exported in CoDeveloper.

~ Impulse CoDeveloper Application Manager Universal Edition - [passth
N Flle Edit ‘iew | Project | Tools Help
bCeD| 4aBdCcl 1 N -
j = ﬁ IXI Clean Project -
ption Emphasis  Tj—= = N N X ==
[exg] Build Software Simulation Executable b
[Ell B Launch Software Simulation Executable

% Export Generated Hardware (HDL)
splo]

=23 Header
Ipciated 74 7 .
o ﬁﬁ@ B o Options
(27 Project Fiies

(23 Document Files

=424 Other Files
passthrough.icProj This sample projects demaonstrates i

L
= Application f bl Generate HOL
n BuildfLaunch Hardware Simulation Executable
1. Export generaked software inkerfaces

" Export Generated Software

Summary

Figure 36 - Export Generated Software

Once completed without error in the Build window, it should be noted that the software
code will be written to a newly created directory. The user can modify the target
directory name. In this example, export_sw contains the exported software files.
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Project | Tools Help

Aed A {% Clean Project
[t Build Software Simulation Executable
=) - Launch Software Simulation Executable

{5 Application pad il Generate HDL

pEEr WRR B SOy

Updated 2/5/2013

ted software iterfaces Build/Launch Hardware Simulation Executable
— 4 Export Generated Hardware (HDL)
o osp(e] pa
£1-E3 Header Fil- % Export Software

R pa% # Options

(21 Project Fies
(22 Document Fies
(21 Other Fies

Summary

This sample projects demonstrates the basics of streams-based communications.

swW
(sim)

Test
consumer

Character
generator

Pass-through
filter

.

Buiding target ‘=xport_software'in fie _Makefile =
hrough_sw.c: do cp § sw; done

foriin passthrough h; do cp Si sw; done

chmod -R +w sw
“C:/Impuise/CoDeveloper3/bin/impuise_export” -software sredirsw "-aC:/Impuise/CoDeveloper3/Architectures/pico_m501_inux_vhdlxml" passthrough xic “export_sw"
Impulse C Design Exporter

Copyright 2002-2007. Impuise Accelerated Technologies, Inc.

Al ights reserved

Loading C:/Impulse/CoDeveloper3/Architectures/pico_m501_linux_vhdlxml
Loading C:/Impuse/CoDevel /Pico/M50x_Li .
Loading passthroughxic ...

= Build of target ‘export_software’ complete

Build Iﬁ Find in Fies| =] System |

Export generated software interfaces

\[llovr][

[Inum ||

i)

Figure 37 - Build window output

B> ’—:—jﬂ Subversion
> B Videos

I Homegroup

Figure 38 - Exported software directory

Organize v Include in library v Share with v Burn New folder =~ [ @
b Y& Favorites s Name . Date modified Type Size
L lib 11/2/20129:44 PM  File folder
4 Libraries €] co_init.c 11/2/2012 9:44 PM C Source 2KB
> | Documents || Makefile 11/2/20129:44 PM  File 1KB
N P J\ Music [n) passthrough.h 11/2/2012 9:44 PM C/C++ Header 1KB
|| [ Pictures & passthrough_sw.c 11/2/20129:44 PM  C Source 5KB
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8.11. Programming the FPGA

The compiled software application in the “export_sw” directory will program the FPGA
on the M501. Please continue to the next section.

41



Pico Computing M501 PSP User Guide — Linux v1.0.1

Updated 2/5/2013

8.12. Running Target Executable on the Host System

The Host System will need the following files:

1.

2
3.
4

Compiled bitfile output from ISE 13.4
Input data file

Application software source code
Makefile to compile the software

Please copy the following files and directory over to the Host System (figure 30). Create
a folder (ie Pico) and copy the following to that folder.

1.
2.

export_hw directory which includes “pico_toplevel.bit” bitfile

export_sw directory which includes the Makefile and software application source
code

filter_in.dat file which will be used to input stimulus to the FPGA via the software
application.

Once the files are copied, please copy filter_in.dat to the export_sw directory. The
application software will expect the input data file to be present in that directory.

Organize ¥ 3 Open Burn New folder =~ 0 @
2 Name ’ Date modified Type Size
@ export_hw File folder
- 0 e;port_sw File folder
= @ hw File folder
‘JE‘ % ReadmeFiles File folder
= Q@ sw File folder
= @ _Make_passthrough.bat Windows Batch File 1KB
B @ _Makefile M File 1KB
@) Makefile.defs 19AM  DEFSFile 1KB
@ (] filter_in.dat /2012804 AM _ DAT File 1KB
4] passthrough.h 11/4/20128:04 AM  C/C++ Header 1KB
- @) passthrough.i . Preprocessed C/C... 16 KB
@ & passthrough.icProj Impulse C Project ... 2KB
@ passthrough.pk0 PKO File 27 KB
@ passthrough.pkl PK1 File 14 KB
@ passthrough.pky PKY File 14 KB
@ | passthrough.sic SIC File 13KB
@ passthrough.smd SMD File 5KB
@ passthrough.snt SNT File 27 KB
@ passthrough.xhw XHW File 3KB
@/ passthrough.xic XIC File 4 KB
5] passthrough_hw.c C Source 3KB
@] passthrough_sw.c C Source 5KB
% | Readme.htm HTML Document 2KB
- 3 items selected Date modified: 11/4/2012 8:04 AM
L

Figure 39 - Files & Directories to be copied to the Host System
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The software application will load the FPGA every time it is executed and report the
results upon completion. Please note that the process of loading the FPGA may take up
to 20 seconds due to the driver re-start sequence after the FPGA bitfile has been
transferred to the card.

1. Open a terminal window.

2. Navigate to the location of your copied files and directories:
(ie. cd Pico/export_sw/software).

3. Run “make”

4. Execute the generated application: “./passthrough_arch”

@ ™ S administrator@ubuntu: ~/Picofexport_sw/software

administrator@ubuntu:~/Pico/export_sw/software$ make
g++ -03 -Wno-multichar -DLINUX -DPOSIX -I. -I/usr/src/picocomputing-5.0.6.1/soft
ware/include/1linux -I/usr/src/picocomputing-5.0.6.1/software/include -fmessage-1
ength=0 -fdiagnostics-show-option -fms-extensions -Wno-write-strings -DOSNAME=
"Linux" -I lib -o passthrough_arch passthrough_sw.c co_init.c lib/co_memory.c 11
b/co_process.c lib/co_stream.c lib/co_type.c lib/pico_wrapper.cpp /usr/src/picoc
omputing-5.0.6.1/software/source/GString.cpp Jusr/src/picocomputing-5.0.6.1/soft
ware/source/pico_drv.cpp /Jusr/src/picocomputing-5.0.6.1/software/source/pico_err
ors.cpp Jusr/src/picocomputing-5.0.6.1/software/source/linux/linux.cpp /usr/src/
picocomputing-5.0.6.1/software/source/pico_drv_linux.cpp
administrator@ubuntu:~/Pico/export_sw/software$
administrator@ubuntu:~/Pico/export_sw/software$s
administrator@ubuntu:~/Pico/export_sw/software$
administrator@ubuntu:~/Pico/export_sw/software$
administrator@ubuntu:~/Pico/export_sw/softwareS ./passthrough_arch
Pico_LoadFPGA:Loading FPGA with '../../export_hw/pico_toplevel.bit'
Impulse C is Copyright 2012 Impulse Accelerated Technologies, Inc.
Sending waveform...
test_producer:Writing value
test_producer:Writing value
:Writing value
2 :Writing value
test_producer:Writing value
test_producer:Writing value
test_producer:Writing value
test_producer:Writing value
test_producer:Writing value
test_producer:Writing value
Finished writing waveform.
Consumer reading data...
Filtered value:
Filtered value:
Filtered value:
Filtered value:
Filtered value:
Filtered value:
Filtered value:
Filtered value:
Filtered value:
Filtered value:
Consumer read 10 waveform datapoints...

U OVONOULSLHE WN R

OO NOUVHAE WN

Application complete. Press the Enter key to continue.
ac

Figure 40 - Exported SW executed on target platforn
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9.0 Memtest Example and Tutorial
9.1. Prerequisites

The tutorial in this Platform Support Package assumes that you have read and
understand the introductory sections of the CoDeveloper User's Guide, installed with
CoDeveloper and accessed from the Help menu. In particular, you should take the time
to go through the tutorials provided with CoDeveloper so you have a good understanding
of the front-end design flow including both desktop software simulation and hardware
compilation.
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9.2. Memtest Example Description

The Memtest example is a CoDeveloper project that includes three source files. A brief
description of the files and their functions is outlined in the following sections. This
example targets existing external DDR3 memory available on the M501 FPGA module.

1. memtest.h
2. memtest_hw.c
3. memtest_sc.c

The Memtest example allows a stream to write to DDR3 memory. The Impulse User
module will read from DDR3, increment the data by one, and write it back out to a
stream. The software application generates the data and checks the data returned from
the FPGA.

9.2.1. Overview of memtest.h

The figure below is a screen shot of header file. It defines the stream widths
(STREAMWIDTH) as 128 bits. It also defines the size of the target memory
(MEMORY_SIZE) that will be used by the co_memory API calls.

= TextPad - [D:\impulseC_PicoMrunk\Examples\M5XXWMemtestimemtest. h] g@@
File Edit Search Y“iew Tools Macros Configure  Window  Help g X
NDEEHBERE BB O =E=29 @U 4 ECh s ). OB G,

LTSI —

e
A Change BUFSIZE to match vour desired stream depth =size
v

< Change STEEAMWIDTH to match your desired =stream width

#define STREAMDEPTH 4 <% buffer size for FIFO in hardware *~
#define STREAMWIDTH 128

#define HUM_ELEMENTS 8192

#define MEMORY SIZE (8192*sizeof (inté4d))

Figure 41 - memtest.h

9.2.2. Overview of memtest_hw.c

The memtest_hw.c file is the user defined function that accesses external DDR3
memory. The figure below shows the user defined function, pass, that will be
implemented on the FPGA. On line 18, the ports are defined as input stream idata,
output stream odata, and memory port mem.

In this example, the function pass will receive, on stream idata, the number of words to
read from external DDR3. The “do” loop on line 29 indicates that this hardware process
run continuously. Input and output streams, idata and odata, are open as shown on
lines 32 & 33. Line 36 is an Impulse API to read in data from the stream. Line 39 shows
the Impulse API to read a block of data from external memory. The “for” loop on line 41
operates on each word as it is received from external memory and is also incremented
by one. Once all data had been read and incremented, it is written back to external
memory as shown on line 47. The data is also written back out on the stream, odata, as
shown on line 49. Once all data and processing is complete, the input and output
streams are closed.
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€. TextPad - [D:\ImpulseC_PicoMrunk\Examples\M5XX\Memtestimemtest_hw.c]

File Edit Search ‘iew Tools Macros  Configure  Window  Help g X

DEEH BESBE L BR O == 20 @9 8RR Fab B e b - Z

vwold pass(co_stream idata, co_stream odata, co_menory mem)

oo uintlZ8 datald;
inted data. inc:
inted work[HUM ELEMENTS] :

<« BEdT: co_bank= not awvailable until Coleweloper w3.70.d.13 or later
<« Configure array to be two banks of 64 bits to maxzimize throughput from 128
s co_array_config(work co_banks, "2"):

do
{

<« Hardware processes run f{orever
oo stream_openiidata, O EDOHLY, INT _TYPE({STREAMWIDTH))
co_strean_openiodata, O WREOHLY, INT _TYPE(STREAHWIDTH)):

< Read walues from the stream
while (co stream _read(idata. &datal?l. =izeof(datall)) == co_err none)
1
n = {int) datalz8 IF_SIH{[0]):
co_menory_readblock{mem, 0, work, n * sizeof{inted))
data = 0:
for (i = 0; 1 ¢« n; i++)
1
inc = work[i]:
work[i] = data:
data += 1inc:
1
co_menory_writeblock({mem, 0, work, n * =sizeof{inttd));
datalzd IF_SIMi{[0]) = data:
co_strean write(odata, &datalZl. sizeof(datalll)):
I
co_streamn_close(idata)
oo streamn _close(odata)

IF_SIM (break:.) » Only run once for desktop simulation
T while(l);

< ¥
For Help, press F1 20 14
Figure 42 - User defined funtion in memtest_hw.c

The configuration process defines the processes and ports that can be accessed by the
user defined function pass. Line 58 is the configuration config_memtest. Line 60 thru
62 defined the available ports while line 64 & 65 define processes. Lines 67 shows the
Impulse defined co_memory with type “mc0” and size MEMORY_SIZE. Lines 68 & 69
shows the Impulse defined co_streams of widths STREAMWIDTH and depth
STREAMDEPTH (both defined in the header file). The configuration statement also
defines the testbench process (line 71) as well as the user process (line 77). Line 86 is
necessary when using co_memory.
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€ TextPad - [D:AlmpulseC PicoltrunkibExamplesiM5XXWemtestimemiest hw.c] Q@E|
g X

File Edit Search ‘Miew Tools Macros  Configure  Window  Help

Dl BSRBE L B2E 0 S5 20 DV 8itd Fabh eue » - <

void config memtest(void *arg)
{
co_stream ipas=data;
co_stream opas=sdata;
CO_MEMOTY SSMEN

CO_pProcess pASS DroOcCess
oo_process testbench process:

asmen = co_memnory_createl "workmnem", "wmc0", MEMORY_SIZE) :
ipassdata = co strean _create('idata”, INT _TYPE(STREAMWIDTH). STEEAMDEFTH):
opazsdata = co stream create("odatza", INT_TYPE(STREAMWIDTH), STEEAMDEFTH)
testbench process = co_process create( "testbench", (co_function) Testbench.

3.

ipassdata.

opassdata,

AEmMEM ) |

pass process = co_process_createl "pas=s", (co _function) pass.
ipassdata,
opas=sdata.

AEMER ) ;

co_process_configipass process, co_loc, "FEO"):

}

co_architecturse co_initialize(int param)

{

return (co_architecture createl "nemtest_arch", "Generic", config _memtest, (wvoi

49 52

Figure 43 - Configuration in memtest_hw.c

9.2.3. Overview of memtest_sw.c

The software application provides stimulus and receives return data for post processing
of the user defined functions. Line 20 defines a process “Testbench” which also has
ports ipassdata, opassdata and mem. The port opassdata will send data to the user
defined function. In this example, line 31 generates data to be written to external
memory. Similar to the hardware process, streams must be open in order to read or
write to them. Lines 38 & 39 open streams. Line 42 calls the Impulse API co_memory
to write a block of data to external memory. Line 46 sends the number of bytes to be
read by the hardware process while line 49 waits for data to be return by the hardware
process. Line 55 reads data from external memory and that data is used to verify the
data received on the input stream as shown in the “for” loop on line 58. Finally, the
streams are closed as shown on lines 66 & 67.
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€ TextPad - [D:\ImpulseC_PicolMtrunk\Examples\M5XX\Memtestimemtest_sw.c] EI[E'E'
g X

File Edit Search Miew Tools  Macros  Configure  Window  Help

Nl BERE $BE 2 =27k 29 @Y L e Fagbh e -2 2

int 1;
co_uintl28 data:
intbtd te=zt[HUM_ELEMENTS]:

L
r1]
+
r1]
—
—
e
nmmumn
[ e o

for (i = 0: i ¢ NUM_ELEMENTS: i++)

T
printf{"=w total: Zd-n", (int) data[0]):

co_=trean_open(ipasz=sdata, O_WRONLY, INT _TYPE(STREAMWIDTH):
co_=treamn_openiopassdata, O _RDONLY, INT TYPE({STREAMWIDTH::

printf{"wvriting mnemnorvhn”l:
co_memnory_writeblock(mem. 0. test. =sizeoif(test)):

printf{"writing stream~n"):
data[0] = HUM_ELEMENTS:
co_stream_write(ipassdata, &data, =sizeof (datal):

printf({"reading strean~n"):
co_=trean_read(opazsdata, é&data, =sizeof (datal);
printf{"hw total: Zd-n", (int) data[0]):

nem=etitest, 0. sizecf(test)):

printf({"reading mnemorvn"):
co_menory_readblock (mem, 0, test, =izeof(test)):

datal[0] = 0;
for (i = 0; i < HUM_ELEMENTS: i++)
{

i1f (te=st[1] != data[0]}
printf{"error test[%d]=¥d {(empecting *d)~n"., 1. (int) test[1].
{int) data[0])
data[0] += 1:

co_=trean_cloze( ipassdata):
co_stream_close{opassdata):

20 35

Figure 44 - User defined stimulus in memtest_sw.c

The main function is shown below. The first step for the software application is to load
the FPGA bitfile using the Pico API Pico_LoadFPGA as shown on line 78. If the file
does not exist or an error is encountered, then an error is reported. Otherwise the
testbench is executed.
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€ TextPad - [D:\ImpulseC_PicolMtrunk\Examples\M5XX\Memtestimemtest_sw.c] |Z||E|r>__(|
File Edit Search Miew Tools  Macros  Configure  Window  Help 8 X
Nl BERE £ EBEE 2 Z7k2 29 DU 4R Fgeh eue -2 2
int mainfint argc., char *argw[]) jﬁ

co_architecture mv_arch:

wolid #param = HULL;

int o

char #bitFileNameP = " .  seExport_hwsPico Toplevel bit":

IF_HSTIM(
if (Pico LoadFPGA(LitFileNameF) < 0)
g

fprintf{=stderr., "“nFailed to load FPGA from file ¥=, exiting.™n".

)

ny_arch = co_initializelparam):
co_execute(my_arch)

printf{"dons. ~n");
IF SIH({printf{"Fre== Enter to exit.“~n"): getchili:)

return (03

||

|
|

37 1

Figure 45 - Main program in memtest_sw.c
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9.3. CoDeveloper Project Files

The Memtest example CoDeveloper project is made up of the following files:
e memtest.icProj — CoDeveloper project file

e memtest_hw.c — Source code for hardware process
e memtest_sw.c — Source code for software processes

¢ memtest.h — Header file that defines the width of the stream

When you define the width of the steam, you must make the changes in the header file as well
as the in the memtest_hw.c file. The default example defines the steam to be the width of 128

bit data bus.

File Edit Search View Encoding Language Settings Macre Run Plugins Window ?
cHEHE LB Bkl 2z BE51ED0EEEE &Y

[~ memtesth IE memtest_hw.c l

LITITTITTTITTIT T iiiiiiidiididiidiiddiididiidiiiiisiiiiiiiiisiil

7/
/l

// Change BUFSIZE to match your desired stream depth size

// Change STREAMWIDTH to match your desired stream width

s T Y ST I )

I #define STREAMDEPTH 4 /* buffer size for FIFO in hardware */
8 #define STREAMWIDTH 1

9 #define NUM EL
i 190 #define MEMORY SIZE

*sizeof (inté64))

C++ sourcefile length :350 lines:11 Ln:1 Col:1 Sel:0 UNIX ANSI INS

Figure 46 - Impulse C Header File
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File Edit Search View Encoding Language Settings Macre Run lugins Window ?

HBEE LB shRoe iy 2z BRR(S1EDDEEENGE &Y !

memtesth B memtest_hw.c I

Updated 2/5/2013

'//////////////////////////////////////////////////////////////////
/! memtest_hw.c: includes the hardware process and configuration
// function.

W o

4 £

5 // See additional comments in memtest.h.
6 1/

8 #include <stdio.h>

=) "co.h"

"cosim log

"memtest.h"
extern void Testbench(co_stream ipassdata, co_stream opassdata, CO_MEmOry mem);

LILELLILELLLLILL LI LI LL PP i1 i1fl]
// This is the hardware process.

m

1/
void pass(co_stream idata, co_stream odata, CO_MEmOry mem)
=R

int i, n;

co_uintl28 datal2s;
2 int64 data, inc;
23 int64 work|[NUM ELEMENTS];
24
25 // EdT: co_banks not available until CoDeveloper v3.70.d.13 or later
26 // Configure array to be two banks of 64 bits to maximize throughput from 128 bit memory.
27 // co_array config(work,co_banks,"2");
28
29 do
30 o { Til
31 // Hardware processes run forever
32 co_stream open(idata, O RDONLY, INT_ TYPE (STREAMWIDTH)) ;
33 co_stream open(odata, O _WRONLY, INT_ TYPE (STREAMWIDTH))
34
35 // Read values from the stream
38 while (co_stream read(idata, &datal28, sizeof(datal28)) = co_err none)
37 H {
38 n = (int) datal28 IF SIM([0]):
39 co_memory_readblock(mem, 0, work, n * sizeof(inté4)):
40 data = 0;
41 for (i =0; 1 < n; i++)
42 = {
43 inc = work[i]:
44 work[i] = data;
45 data += inc;
46 }
47 co_memory writeblock(mem, O, work, n * sizeof(inté4)):
48 datal2g IF_SIM([0]) = data;
49 co_stream_wrice(odaca, &datal2g8, sizeof(datal2s)):

i }
co_stream close(idata);
cn_stream clnse(ndata) @ X
C source file length:2317 lines: 90 Ln:1 Col:1 Sel:0 UNIX ANSI INS

Figure 47 - ImpulseC Hardware File
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9.4. Opening Project

Open the CoDeveloper project file ‘Memtest.icProj’ by selecting and pressing ‘Enter’ or
by double-clicking it:

[ Cpen -— @‘
|| Lookin: | | Memtest _'J - cf B~ l
I Name : Date modified Type Siz
% | memtest.icProj 11/1/2012 8:58 AM  Impulse C Project ...
< i, ] ;
File name: |memtest.icF‘roj
Files of type: I|mpulseC Project Files ("icProj) L] Cancel I

Figure 48 - Opening a project in CoDeveloper
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9.5. Building Desktop Simulation Executable
Build the desktop software simulation executable via the “Project” menu:

Impulse CoDeveloper Application Manager Universal Edition
© Ele Edit Wiew

Figure 49 - Build Simulation Desktop in CoDeveloper using pull-down menu

Or via toolbar:

Build Software Simulation Executable

Figure 50 - Build Simulation Desktop in CoDeveloper using toolbar icon

Note the compiler output in the CoDeveloper IDE “Build” window:

A x|
======== Building target build_exe"in file Maka‘ile S=————— =
E: /Irnpdse/CoDeveloperWnGW/bm/gcc -g "-IC:\Impulse\CoDeveloper3\Include" "-IC:/Impulse/CoDeveloper3/StageMaster/include” -DWIN32 "-
IC:/Impulse/CoDeveloper3/MinGW/include" -0 memtest_hw.o < memtest_hw.c

_h
"C:/Impulse/CoDeveloper3/MinGW /bin/gcc” g "-IC: \lrnpulse\CoDeveloper3\lndude "-|C:/Impulse/CoDeveloper3/StageMaster/include” -DWIN32
IC:/Impulse/CoDeveloper3/MinGW/include" -0 memtest_sw.o < memtest_s!

"C:/Impulse/CoDeveloper3/MinGW /bin/gcc” -g memtest_hw.o memtest_sw. o -LC /Impulse/CoDeveloper3/StageMaster/lib "C:\Impulse
\CoDeveloper3\Libraries/ImpulseC lib" -0 banktest.exe

======== Build of target build_exe' complete ========

Figure 51 - Output within the CoDeveloper IDE build window
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9.6. Running Desktop Simulation Executable
Launch the desktop software simulation executable via “Project” menu:

—~Impulse CoDeveloper Application Manager Universal Editio

File Edit Wiew |Project | Tools  Help

A2 S {#) Clean Project

4 Build Software Simulation Exscutable

| B Launch Software Simulation Executable

- . 144
= E Application K [ GerErate HOL

= ‘2 Source R Build/Launch Hardware Simulation Executable
h'ﬁ"ﬂ '@ Export Generakted Hardware (HOL)
3
= Ir.eader @ Export Generated Software
5 E
. hz:ﬂ & Cptions
__| Project Fre
| Document Files
] Other Files

Figure 52 - Launch software simulation window using pull-down menu

Or via toolbar:

E@Wﬂ@ &

[Launch Simulation Executable |

Figure 53 - Launch software simulation using toolbar icon

A command window will pop up in which the desktop simulation executable runs. Press
“Enter” to exit:

Fr N
C:\Windows\system32\cmd.exe \L@‘i—J

"C:N\ImpulseC_Pico\Examples\M5XX\Memtest\banktest.exe"
sw total: 33558336

writing memory

writing stream

reading stream

thw total: 33558336

reading memory

done .
Press Enter to exit.

Figure 54 - Pop-up window during desktop simulation
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9.7. Project Setup Before Hardware/Software Generation and
Export

Settings within the CoDeveloper IDE necessary for generating and exporting both
hardware and software using this PSP are summarized below:
e Platform Support Package: “Pico M-501 Linux (VHDL)”

¢ Hardware export directory: <user hardware export directory>
e Software export directory: <user software export directory>
e Unsupported settings include:

o Generate dual clocks (must be unchecked)
o Active-low reset (must be unchecked)
o Include floating point library (must be unchecked)

An example of these settings as it appears in the Memtest example:

-
Options Iér
Build | Simulate Generate I System | Registration |
Platform Support Package:
Pico M-501 Linux (VHDL) v
Hardware Optimization and Generation
[V Enable constant propagation ™ Generate dual clocks
[V Scalarize amay vanables ™ Generate activedow reset
™ Relocate loop invariant expressions ™ Use std_logic types for VHDL interfaces
[V Do not include co_ports in bus interfface
Additional optimizer options: Additional library options:
-Floating Point Options -Output Directories
™ Include floating point library Hardware build directory:
ISl i Ihw
D Software build directory:
" Isw
r
mill Hardware export directory:
export_hw
Software export directory:
I |e)q:|ort_sw
0K | Cancel I Apply | Help I
|

Figure 55 - Project setup to pick Platform Support Package
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9.8. Generating Hardware
Generate hardware via “Project” menu:

Impulse CoDeveloper Application Manager Universal Editio

: File Edit  Yiew Tools  Help

Figure 56 - Generate HDL using pull-down menu

Or via toolbar:

zenerake HOL
Figure 57 - Generate HDL using toolbar icon

Final results will appear in the directory specified during project setup in “Hardware build

directory”. Note the final output in the CoDeveloper IDE’s “Build” window:
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Buld x|

Updated 2/5/2013

Copyright 2002-20089, Impulse Accelerated Technologies, Inc. -
All rights reserved.

Generating pel/pass ...

Component generation complete

—Software activated—

"C:/Impulse/CoDeveloper3/bin/impulse_arch" "-aC:/Impulse/CoDeveloper3/Architectures/pico_m501_linux_vhdlxml" -no_port_bus_connect swdirsw -
files "memtest_comp.vhd memtest_top.vhd " -srcs " _hwe sth" st xic hw/memtest_top.vhd

Impulse C HDL Design Generator

Copyright 2002-2012, Impulse Accelerated Technologies, Inc.

All rights reserved.

Loading C:/Impulse/CoDeveloper3/Architectures/pico_m501_linux_vhdlxml ...

Loading C:/Impulse/CoDeveloper3/Architectures./Pico/M5x_Linwc/bus5kcxml ...

Loading C:/Impulse/CoDeveloper3/Architectures/Pico/M50«_Linux/axi_ddrxml ...

Loading C:/Impulse/CoDeveloper3/Architectures/VHD L /target xml ...

Loading C:/Impulse/CoDeveloper3/Architectures/VHD L/ Xilirc/vétech xml ...

Loading C:/Impulse/CoDeveloper3/Architectures/VHDL/Generic/Generic/systemxml ...

Loading memtest xic ...

pspFile=pico_m501_linux_vhdl| xml

board=m501

connectionsZi=memory mc0 axiddr {} mc0 {

connectionsZi=stream in p_testbench_ipassdata 128 picobus sp {} idata {

connectionsZi=stream out p_testbench_opassdata 128 picobus sp {} odata {

connections2i=stream in config 32 picobus sp {} config {

running picoCustomize Ucf

connections = {memory mc0 axiddr {} mc0 {} 0} {stream in p_testbench_ipassdata 128 picobus sp {} idata {} 1} {stream out p_testbench_opassdata 128
picobus sp {} odata {} 1} {stream in config 32 picobus sp {} config {} 2}

con = memory mc0 axiddr { me0 { 0, 0

con = stream in p_testbench_ipassdata 128 picobus sp {} idata {} 1. 1

con = stream out p_testbench_opassdata 128 picobus sp {} odata {} 1, 1

con = stream in config 32 picobus sp {} config {} 2, 2

Design generation complete —
chmod -R +w hw

mkdir sw

"C:/Impulse/CoDeveloper3/bin/impulse_lib" "-aC:/Impulse/CoDeveloper3/Architectures/pico_m501_linux_vhdl xml" -hwdithw files “memtest_sw.c"
memtest xic sw/co_init.c

Impulse C Software Interfface Generator

Copyright 2002-2012, Impulse Accelerated Technologies, Inc.

All rights reserved.

Loading C:/Impulse/CoDeveloper3/Architectures/pico_m501_linux_vhd|xml ...

Loading C:/Impulse/CoDeveloper3/Architectures/Pico/M50x_Linux/cpublcxml ...

Loading C:/Impulse/CoDeveloper3/Architectures/VHDL/Generic/Generic/system xml ...

Loading memtest xic ...

fori in memtest_sw.c; do cp $i sw; done

foriin memtest.h; do cp i sw; done

chmod -R +w sw

m

Figure 58 - Build window output
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9.9. Exporting Hardware
Export hardware via “Project” menu:

Impulse CoDeveloper Application Manager Universal Edition

¢ File Edit Wiew

Figure 59 - Export Generated Hardware (HDL) using pull-down menu

Or via toolbar:

[T | [4] HhE B
1 = ¢ ¥ |

Export Generated Hardware (HOL)

Figure 60 - Export Generated Hardware (HDL) using toolbar icon

Final results will appear in the directory specified during project setup in “Hardware
export directory”. Note the final output in the CoDeveloper IDE’s “Build” window:

B x|
======== Building target ‘export_hardware'in file _Makefile ======== ‘
chmod -R +w hw

for i in memtest_sw.c; do cp $i sw; done

foriin memtest.h; do cp i sw; done

chmod -R +w sw

"C:/Impulse/CoDeveloper3/bin/impulse_export" -hardware -srcdirhw "-aC:/Impulse/CoDeveloper3/Architectures/pico_m501_linux_vhdl xml" memtest xic
"export_hw"Impulse C Design Exporter

Copyright 2002-2007, Impulse Accelerated Technologies, Inc.

All rights reserved.

Loading C:/Impulse/CoDeveloper3/Architectures/pico_m501_linux_vhdlxml ...
Loading C:/Impulse/CoDeveloper3/Architectures/Pico/M5«_Linux/cpubcxml ...
Loading memtest xic ...

pspFile=pico_m501_linux_vhdl xml

board=m501

= Exporting Architecture memtest_arch =

** Exporting Architecture memtest_arch Complete =

Build of target ‘export_hardware’ complete ========

Figure 61 - Build window output
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9.10. Compiling FPGA in Xilinx ISE 13.4

After exporting hardware, under the specified hardware export directory will be a
directory structure that includes all necessary files for building the FPGA binary.

,('-\ Ca) ¥ <« Examples » M5XX » Memtest » export_hw » v | #9 ['| Search export h ol
Organize v Include in library v Share with v Bumn New folder S Ty | ‘@v
>
= Name Date modified Type Size
hdl File folder

|| build_bit_file.tcl TCL File 4 KB
& build_m5011240_memtest_arch.bat Windows Batch File 1KB
|| build_m501x240_memtest_arch.sh SH File 1KB
|| customizeM501xise.tcl TCL File 3KB
& gen_ise_files.bat Windows Batch File 1KB
| gen_ise_files.sh SH File 1KB
|| gen50x_xise.tcl 11/2/20 TCL File 27 KB

@

9 -~

8 items
|

Figure 62 - Compiling FPGA in Quartus directory structure

At this point either Windows or Linux may be used to produce the bitfile running Xilinx
ISE either through the GUI or from command line. Windows and Linux both use the
following similar steps. Choose the one that suits your needs.

Windows:
1. Generate the ISE project files by running “gen_ise_files.bat”
2. Build the bit file using Xilinx ISE either by:
a. Running the generated “build_m50*.bat” file
b. Launching the Xilinx ISE GUI opening the newly built “m50*.xise” file
Linux:
1. Generate the ISE project files by running “gen_ise_files.sh”
2. Build the bit file using Xilinx ISE either by:
a. Running the generated “build_m50*.sh” file
b. Launching the Xilinx ISE GUI opening the newly built “m50*.xise” file

These methods will generate the necessary bitfile to be loaded on the Host System and
are outlined in the sections that follow.

9.10.1. Building bitfile under Windows

9.10.1.1.  Generate Xilinx ISE Project Files

First generate the ISE 13.4 project by executing “gen_ise_files.bat”. This process
will create an ISE project file as well as all the necessary HDL files and corgen
components used to generate the bitfile when building in ISE.
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Open a command window
Change directories to “export_hw”

Execute “gen_ise_files.bat” as shown in Figure 58.

AP w DN PR

Verify that the files were created successfully by viewing the end of log file, as
shown in Figure 59. “Successful!” should be the last line in the log file.

r T N
Administrator: C:\Windows\system32\cmd.exe @M

Microsoft Windows [Uersion 6.1.760881
Copyright (c> 2889 Microsoft Corporation. All rights reserved.

:\Users\Administrator>cd C:\ImpulseC_Pico\Examples\M58¥\Mentest\export_hu

:N\ImpulseC_Pico\Examples\M5¥X\Mentest\export_hu>
NImpulseC_Pico\Examples\M5XX\Mentest\export_hudgen_ise_files.bhat

IC:\ImpulseC_Pico\Examples\M58¥\Memtest\export_hw>rem THIS FILE IS AUTOMATICALLY
IGENERATED BY IMPULSE CODEVELOPER. MODIFY AT YOUR OWN RISK.

IC:\ImpulseC_ P1co\Example°\HSXX\Hemtest\expoxt hu>C:\Eilinx\13 .4\ISE_DS\ISE\bin\n
t64\xtclsh gen58x_xise.tcl m5011x248_memtest_arch m501 1>gen_ise_files.log 2>&1

C: \ImpulgeC Pico\Examples\M58¥\Mentest\export_hu>REM Make sure last 11ne of gen5
Ax_ise.log “"Success?", otherwise look to last few lines in gen58x_ise.log for
more details on cause of error

C:\ImpulseC_Pico\Examples\M5X¥\Memntest\export_hud>_

Figure 63 - Generate ISE project files

E® Administrator: C:\Wind

xfile_add: add glob file=firmware/m501 /coregen—LX2408T /v6_pcie_v2_4_8lane_gen2/|
Isource/pcie_pipe_lane_vb.v
xfile_add: add glob file=firmware/m501 /coregen—L¥2408T /v6_pcie_v2_4_8lane_gen2/|
source/pcie_pipe_misc_vb.v

add glob file=firmware/m501 /coregen—LX2408T /v6_pcie_v2_4_8lane_gen2/|
source/pcie_pipe _vb.v
xfile_add: add glob file=firmware/m501 /coregen—L¥2408T /v6_pcie_v2_4_8lane_gen2/|
source/pcie_reset_delay _vb.v
xfile_add: add glob file=firmware/m501 /coregen—L¥2408T /v6_pcie_v2_4_8lane_gen2/
source/pcie_trn_128.v
xfile_add: add glob file=firmware/m501 /coregen—L¥2408T /v6_pcie_v2_4_8lane_gen2/
source/pcie_upconfig fix_3451_vb.v
xfile_add: add glob file=firmware/m501 /coregen—L¥2408T /v6_pcie_v2_4_8lane_gen2/
source/sync_fifo.v
xfile_add: add glob file=firmware/m501 /coregen—L¥2408T /v6_pcie_v2_4_8lane_gen2/
source/trn_rx_128.v

add glob file=firmware/m501 /coregen—L¥2408T /v6_pcie_v2_4_8lane_gen2/
source/trn_tx_128.v

add glob file=firmware/m501 /coregen—L¥2408T /v6_pcie_v2_4_8lane_gen2/
source/vb_pcie _v2_4_8lane_gen2.v
xfile_add: add file=firmwvare/m5081/src/M501_LX240T_DDR3.ucf

: add file=firmware/m5081/src/M501_LX2408T_PCle.ucf

Configuring project properties
project

IC:\ImpulseC_Pico\Examples\M5XX\Memtest\export_hud_

Figure 64 - Expected Gen_lIse_File log report

There are two method to produce the bitfile. The first is to launch the Xilinx ISE
GUI and generate the bitfile. The second method it to execute the build script in
the export_hw directory. Both method will generate the necessary bitfile to be

loaded on the Host System.
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Compiling FPGA in Xilinx ISE GUI
Launch the Xilinx ISE GUI and open the ISE project located in the export_hw

Updated 2/5/2013

directory. Select Pico_Toplevel in the Hierarchy window and double-click “generate
programming file” in the Processes window.

NOTE: Xilinx ISE 13.4 will ask the user to regenerate three fifos (a one time process).
The following figures illustrate initial project launch, regenerate the three corgen fifos,
and final output with timing score equal to zero.

\export_hwin

87xd) - CAImpulseC_Pi

g et eyl - -

Window Layout Help

X File Edit View Project Source Process [=]l=]x
D2E@ L% X|o o rrpRrRIBREDceeipc L)@
x| ~+ | & Design Overview
Dfs'gn & - P = g - 2 Pico_Toplevel Project Status
[5f |View: @ {8} tmplementation © ] Smuiation ) Project File: S0 1x240_memtest_arch.xise Parser Errors: No Errors
&l H'E’%"‘Y ® Module Name: Pico_Toplevel Implementation State: New
&) mS01b40_menmtest_arch =
€3 xc6vbd0t 2FF1156 6 j Pinout Report Target Device: Xc6vix240t-2ff1156 *Errors:
& @ (] Unassigned User Library Modules [) Clock Report Product Version: ISE 13.4 *Warnings:
—| @ [ Automatic includes = @ static Timing Design Goal: Timing Performance +Routing Results:
&l| @ [ PicoTestbench_Empty (C\ImpulseC_Pico\Examples\MSXX\Menf 3| B Eron nd Wamings - - -
... Pico_Toplevel (C:ImpulseC_Pico\Bamples\M5XX\Memtest\ [dch [ Parser Messages Design Strateny; Smartiplorer - mapioreq G GOSN
< carry (CAImpulseC_Pico\Bxamples\M5XX\Memtestiexport_hw\{ Ay Environment: «Final Timing Score:
@ clk_ibuf (CAlmpulseC_Pico\Examples\M5XX\Memtest\export_h{ ~—
—| @[] comparator_mask (C:ImpulseC_Pico\Examples\M5XX\Memtes{
7| &[] comparator_mask static (CAImpulseC_Pico\Examples\M5XX\M Detailed Reports [ ]
@ [v] comparator_sel_mask (C:AImpulseC_Pico\Examples\M5XX\Me -
i [V] comparator_sel_mask_static (C:\ImpulseC_Pico\Examples\M5X [ Bitgen M Regori Bame) et Senerated EHES LI Infos
& comparator_static (C:\ImpulseC_Pico\Examples\M5XX\Memtes{ [2) Alllmplementation Messages Synthesis Report
mux_enc (CAlmpulseC_Pico\Examples\M5XX\Memtest\export_| & Detailed Reports ransiation Report
[ Synthesis Report
O Tra Map Report
[ Map Report Place and Route Report
[ Place and Route Report
[ Post-PAR Static Timing Report PowerReport
T - . [ Power Report Post-PAR Static Timing Report.
£ jd tl\thEn P:tpcn Bitgen Report
€2 NoProcesses Running ecandany Repoits
Processes: Pico_Toplevel [ e L s [ H‘
L Design Summary/Reports Design Properties = o e |
) Design Utilties [] Enable Message Filtering
User Constraints 0
ptional Design Summary Contents . s
Synthes\ze-XST [F] Show Clock Report Date Generated: 11/06/2012 - 18:40:20
View RIL Schematic [7] Show Failing Constraints
) View Technology Schematic [ Show Warmings
€2 Check Syntax [] Show Errors
¥)  Generate Post-Synthesis Simulation Model
@ 2 Implement Design
€0 Generate Programming File
@ % Configure Target Device
@ Analyze Design Using ChipScope
V= Sot] @8 oesion [ Fies [ tibraries | > 1SE Design Suite InfoCenter e £ Design Summary @
?nnrs +08 X

« i

© erors [ viarings [ a8 Fndin FlesResits |

Figure 65 - Initial Xilinx ISE 13.4 GUI screen

5] ISE Project Navigator

e —

=)

The required file
C:/ImpulseC_Pico/Exampl

Core?

Click "Yes" to regenerate this IP core to create the necessary file(s). Click "No" to skip

regeneration of this IP core only.

The Regenerate All Cores process in Project Navigator can also be used to automate the

regeneration of all cores in the project.

‘export_hw/hdl/impulse/fifol28:x512com_synth.v
for the IP core fifol28x512com.xco was not found in the IP core source directory. In order for
synthesis to run successfully, you will need to either copy the file(s) to the IP core source
directory or regenerate the core. Would you like to create these files by regenerating the IP

Click "Abort" to exit the process and return to Project Navigator.

e )=

] [ Abor |

Figure 66 - Xilinx ISE 13.4 regenerate IP core fifo128x512com
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] ISE Project Navigator ;. - -. u

— — e

The required file
C:/ImpulseC_Pico/Examples/M5XX/Memtest/export_hw/hdl/impulse/fifol28x512_synth.v
for the IP core fifo128x512.xco was not found in the IP core source directory. In order for
synthesis to run successfully, you will need to either copy the file(s) to the IP core source
directory or regenerate the core. Would you like to create these files by regenerating the
1P Core?

Click "Yes" to regenerate this IP core to create the necessary file(s). Click "No" to skip
regeneration of this IP core only.

The Regenerate All Cores process in Project Navigator can alse be used to automate the
regeneration of all cores in the project.

Click "Abort" to exit the process and return to Project Navigator.

e ) e e ]

Figure 67 - Xilinx ISE 13.4 regenerate IP Core fifo128x512

- - - ;
5] ISE Project Navigator I — | — u

The required file
C:/ImpulseC_Pico/Examples/M5XX/Memtest/export_hw/firmware/src/pcie_axi/coregen_fifo_32128_synth.v
for the IP core coregen_fifo_32x128.xco was not found in the IP core source directory. In order for synthesis
to run successfully, you will need to either copy the file(s) to the IP core source directory or regenerate the
core. Would you like to create these files by regenerating the IP Core?

Click "Yes" to regenerate this IP core to create the necessary file(s). Click "No" to skip regeneration of this IP
core only.

The Regenerate All Cores process in Project Navigator can also be used to automate the regeneration of all
cores in the project.

Click "Abort" to exit the process and return to Project Navigator.

[ve J[ N J[ Ao |

Figure 68 - Xilinx ISE 13.4 regenerate IP Core coregen_fifo_32x128

X fle fdt Yiew Project Soure Proces Jook Vimdow Leyout Hep BO
PEL-T- 1Y xwo| A f-,pp 28 2E0
view: ® {3 tmplementaton  fiff Smuaton No Errors
Hiesarchy —
) mS01604) _memtest arch +
5 O x6AAAIISH i o
4 1 Unassigned User Ubrary Modules 175 Wermms @174 new)
Automstic includes (Al Scrvts Comk
Empty (C:lmpulseC g 2| 9 Ermors and Wamings ! '
& (5 Pico. X w\Pico_Toplevels)| ¥3 539 | Sl
4] camy (ClmpulseC_ LQKT\mig v3.8 SI2ME g4 hesis M | « Final Tiwing Score: o mrarecos
2 ¢ 0T v1.8.512] Transiaton Messages
= Timig Mop Messages
240 o Route Messages I | @
| Shce Logic Utikzation Used Avadable utization Hotel(s)
] comparator_satic (C:ImpulseC_ X240\ e w455 01,440 )
W muae enc (ChmpulseC_ X JQUOT\mig 3851, | 5 Detaled Reports e ==
hesis R :
Transtation Report Nuamber sed 3 Lot 7
Map Report Nuamber sed 3 Lot s o
Place and Route Report =
oo S Tortm eport ||| Mo e 2 AOIOR e 0
03 Power Report Nmber of Sce LTs en. 150,720 %
4 % [2 Bitgen Report
i ¥ s Namber sed 2 g 038 150,720 7
[ —— B WebTalk Report [ g o6t oy 325
8 WebTalk Log File Mamber ushng 05 cutouterly 54
71 | Processes: Pico_Topievel ——r—r —
2 b e
W5 e ] s e K o
User Constraints Nmber sed 32 emary I £ ™
7|3 (2 Srhesie 35T Nmber v s Dl Port AV L1
& &3 Implement Design P b b
SRR Tamste 2 Enae essageFering [ e g Ottty T
@ 2l M Optionsi Design Summary Contents Namber g 05 ot oy 3
Place & Route 71 Show Clock Report aamber uiog 05 nd 06 7
1 Show Faing Contraints
@ Configure Target Dev Bl stow Warmings Tomber used 2 Sevfe PortRAM o
% Ansiyze Design Using ChigScope 7] Show Erors Phrmber used 33 S Regster 137
Momber using 06 output orly 1297
Nember g 05 gt oy o
Namber uang 05 3 06 w
[ reep——— [
[ y—— S5
Narmber vt same s cory ood v
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~08x

porc_hw/usage_t ,_web
< has been succesafully sent © . Fer additional de
, plesse refer to the Wep
:_Pico/Examples/MSXX/Memtest,

WebTalk 13 complete.

Process "Generate Programming File" completed successfully

[@ corase @ 5o [ & Ve & Fed T

Figure 69 - Xilinx ISE 13.4 with timing score =0
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Once ISE 13.4 has completed, a bitfile “pico_toplevel.bit” will be present in the
export_hw directory.

9.10.1.3.  Compiling FPGA in Xilinx ISE using Command Line

In the top directory there will be the batch file “build_memtest_arch.bat” used to
automatically run Xilinx ISE 13.4 to create the necessary .bit file used to program the
M501 FPGA.

1. Open a command window

2. Execute “build_m501Ix240_memtest_arch.bat”.

A command window will appear showing the FPGA build process (primarily made
up of many, many info and warning messages). Compile time will vary by machine
depending upon project size. When completed successfully, something similar to the

following will appear and a bitfile “pico_toplevel.bit” will be present in the export_hw
directory.

9.10.2. Building bitfile under Linux

Please follow the steps outlined in the Passthrough example, Sections 8.9.1 — Building
bitfile under Linux, in order to build the bitfile for the Memtest example under Linux. It
is left to the user, as an exercise, to successfully build the bitfile.
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9.11. Exporting Software

The software application to be run on the host computer (with the M501 installed with it's

drivers) can be exported in CoDeveloper.

Impulse CoDeveloper, Application Manager Universal Edition - [passth

N Flle Edit ‘iew | Project | Tools Help

bCcD || daBiCcl 1 ; -
j = ﬁ| {#) Clean Project T
ption Emphasis Mj-= — = = = . i L s
[exg] Build Software Simulation Executable

[Ell B Launch Software Simulation Executable

= Application Iml Generate HOL
ﬁ N Pé BuildfLaunch Hardware Simulation Executable se
1. Export generated software interfaces
% Export Generated Hardware (HDL)
splo] i
~ =423 Header .
Updated 7i ﬁmﬁ o r/-’; Optians roject
(27 Project Fiies
D Document Files SUITIITIﬂT)‘
=424 Other Files
passthrough.icProj This sample projects demaonstrates i

" Export Generated Software | -

Figure 70 - Export Generated Software

Once completed without error in the Build window, it should be noted that the software

code will be written to a newly created directory. The user can modify the target
directory name. In this example, export_sw contains the exported software files.

======== Building target ‘export_software’in file _Makefile ========

fori in memtest_sw.c; do cp Si sw; done

for i in memtest h; do cp Si sw; done

chmod -R +w sw

"C./Impulse/CoDeveloper3/bin/impulse_export" -software -srcdirsw "-aC./Impulse/CoDeveloper3/Architectures/pico_m501_linux_vhdl xml" memtest xic
"export_sw"Impulse C Design Exporter

Copyright 2002-2007, Impulse Accelerated Technologies, Inc.

All rights reserved.

Loading C:/Impulse/CoDeveloper3/Architectures/pico_m501_linwx_vhdlxml ...
Loading C:/Impulse/CoDeveloper3/Architectures/Pico/M50x_Linwx/cpubtxxml ...
Loading memtest xic ...

Figure 71 - Build window output
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(('-\ uv . « Examples » M5XX » Memtest » export_sw » software » v | ¥9 ||| Search software pel
Organize v Include in library v Share with v Burn New folder == v [l @l
= ‘ ifie v iz
e FaV(‘j Name Date modified Type Size
i L lib 11/6/2012 6:42 PM File folder
A Libr €] co_init.c 11/6/20126:34 PM  C Source 2KB
3 D¢ | Makefile 11/6/2012 6:34 PM File 1KB
J’ M _fﬂ memtest.h 11/6/2012 6:42 PM C/C++ Header 1KB
[ Pi €] memtest_sw.c 11/6/2012 6:42 PM C Source 2KB
, 5 items

Figure 72 - Exported software directory
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9.12. Programming the FPGA

The compiled software application in the “export_sw” directory will program the FPGA
on the M501. Please continue to the next section.
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9.13. Running Target Executable on the Host System

The Host System will need the following files:
1.

2
3.
4

Compiled bitfile output from ISE 13.4
Input data file
Application software source code

Makefile to compile the software

Please copy the following files and directory over to the Host System (figure 68). Create
a folder (ie Pico/Memtest) and copy the following to that folder.

1. export_hw directory which includes “pico_toplevel.bit” bitfile

2. export_sw directory which includes the Makefile and software application source

code

@ )Y « Examples » M5XX » Memtest » +5 pel
Organize v = Open Bumn New folder v ©
€+  Neme ’ Date modified Type Size
@ export_hw 11/6/2012 6:40 File folder
© export_sw 11/6 File folder
@ hw 11/6 File folder
@ sw 11/6, File
a; _Exe_memtest.bat 11/6 1KB
' a; _Make_memtest.bat 11/6 1KB
@ | _Makefile 11/6 File 1KB
@ _Makefile.defs 11/6 DEFS File 1KB
| @ banktest.exe 11/6 Application 733KB
7| &) memtesth 1171 C/Cv+ Header 1KB
@) memtest.i 11/6 Preprocessed C/C. 17KB
& | memtest.icProj 1171 Imp 2KB
@] memtest.pk0 11/6, PKO File 29 KB
@) memtest.pkl 11/6. PK1 File 17 KB
@ memtest.pky 11/6, PKY File 17 KB
@ memtest.sic 11/6, SIC File 15KB
@ memtest.smd 11/6, SMD File 1KB
@ memtest.snt 11/6, SNT File 29 KB
@ memtestxhw 11/6, W File 10KB
@ memtest.xic 11/6 C File 9KE
%] memtest_hw.c 111 C Source 3KB
- | memtest_hw.o 11/6, O File 68 KB
&] memtest_sw.c 11/4 C Source 2KB
= | memtest_sw.o 11/6, O File 362 KB
J | 2 items selected Date modified: 11/6/2012 6:40 PM
f

‘Figure 73 - Files & Directories to be copied to the Host System

The software application will load the FPGA every time it is executed and report the
results upon completion. Please note that the process of loading the FPGA may take up
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to 20 seconds due to the driver re-start sequence after the FPGA bitfile has been
transferred to the card.

1. Open aterminal window.

2. Navigate to the location of your copied files and directories:
(ie. cd Pico/Memtest/export_sw/software).

3. Run “make”

4. Execute the generated application: “./memtest_arch”

™ @ administrator@ubuntu: ~/Pico/Memtest/export_sw/softwang

administrator@ubuntu:~/Pico/Memtest/export_sw/software$ make

g++ -03 -Wno-multichar -DLINUX -DPOSIX -I. -I/usr/src/picocomputing-5.0.6.1/sof
ware/include/linux -I/usr/src/picocomputing-5.0.6.1/software/include -fmessage-
ength=0 -fdiagnostics-show-option -fms-extensions -Wno-write-strings -DOSNAME
"Linux" -I 1ib -o memtest_arch memtest_sw.c co_init.c lib/co_memory.c lib/co_pr
cess.c lib/co_stream.c lib/co_type.c lib/pico_wrapper.cpp /usr/src/picocomputin
-5.0.6.1/software/source/GString.cpp /usr/src/picocomputing-5.0.6.1/software/so
rce/pico_drv.cpp /usr/src/picocomputing-5.0.6.1/software/source/pico_errors.cpp
Jusr/src/picocomputing-5.0.6.1/software/source/linux/linux.cpp /usr/src/picocom
uting-5.0.6.1/software/source/pico_drv_linux.cpp
administrator@ubuntu:~/Pico/Memtest/export_sw/software$
administrator@ubuntu:~/Pico/Memtest/export_sw/software$
administrator@ubuntu:~/Pico/Memtest/export_sw/software$ ./memtest_arch
Pico_LoadFPGA:Loading FPGA with '../../export_hw/pico_toplevel.bit'

sw total: 33550336

writing memory

writing stream

reading stream

hw total: 33550336

reading memory

done.

administrator@ubuntu:~/Pico/Memtest/export_sw/software$ ||

Figure 74 - Exported SW executed on target platforn
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