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1. Summary

1.1 EdkDSP IP core evaluation package

This application note describes precompiled Vivado 2014.4 Artix7 designs with the floating point EdkDSP
accelerators and examples. The evaluation MicroBlaze SoC design with the AXI-lite bus is based on the Xilinx
BIST (build in self-test) provided by Xilinx for the Artix7 AC701 board and the Vivado 2014.4 design flow. The
network HW controller is supporting 1Gbit/100Mbit/10Mbit standards with HW DMA and a SW stack based on
the IwlIP TCP/IP stack library v1.4.1 with Xilinx adapter v2.2. The implementation follows guidelines described in
the Xilinx application note XAPP1026 [3], [4]. The MicroBlaze processor is controlling 5 EdkDSP floating point
accelerators. Each accelerator is organised as 8xSIMD reconfigurable computing data path, controlled by a
PicoBlaze6 controller. This evaluation package is provided by UTIA for the Xilinx AC701 board with the 28nm
Artix7 xc7a200t-2 device. This application note explains how to install and use the demonstrator on Windows?7,
(32 or 64 bit) and the Xilinx AC701 development board [1], [2].

These key features are demonstrated:

o  WWW server running on Artix7 AC701 board with the Iwip141 stack running in RAW mode on “bare metal”
with standalone bsp or SOCKET mode with the Xilkernel bsp, supporting the POSIX compatible threads.

e TFTP server running on Artix7 AC701 board with the IwlIP stack running in RAW mode or SOCKET mode.

e RAM based file system with file system present in the DDR3 memory on the AC701 board.

e 5 reprogrammable floating point accelerators for local embedded computing on the Artix7 28nm chip.

e Demo implementation of an adaptive acoustic noise cancellation on 1 of the 5 EdkDSP accelerators is
computing the recursive adaptive LMS algorithm for identification of regression filter with 2000 coefficients
in single precision floating point arithmetic with this sustained performance:

0 754,0 MFLOP/s on a single 125 MHz (8xSIMD) EdkDSP accelerator (only 1 of 5 units is used).
o 8,6 MFLOP/s on the 100 MHz MicroBlaze processor with the floating point HW unit.

e The EdkDSP accelerators can be reprogrammed by firmware. Programming of firmware is possible in C with
the use of the UTIA EDKDSP C compiler. Each accelerator can store two firmware programs simultaneously.
Each accelerator can swap firmware programs in only few clock cycles in the runtime.

e This evaluation package supports download of alternative firmware to EdkDSP accelerators from internet in
parallel with the execution of the current firmware. This is demonstrated by the download of firmware by
the TFTP server and by swap of the firmware (computing the acoustic room-response by FIR filter) to
firmware performing the adaptive LMS identification of filter coefficients in the adaptive acoustic noise
cancellation demo.

e The EdkDSP accelerator is providing single-precision floating point results bit-exact identical to the reference
software implementations running on the MicroBlaze with the Xilinx HW single precision floating point unit.

e Single 125 MHz (8xSIMD) EdkDSP accelerator is 87x faster than computation on the performance optimized
100 MHz MicroBlaze with HW floating point unit, in the presented case of the 2000 tap adaptive LMS filter.

e The floating point 2000 tap coefficients FIR filter (acoustics room model) is computed by single 125 MHz
(8xSIMD) EdkDSP accelerator with the floating point performance of 1111 MFLOP/s. Peak performance (only
theoretical) of each 125 MHz (8xSIMD) EdkDSP accelerator is 2 GFLOP/s.

e Peak performance of the five instances of 125 MHz (8xSIMD) EdkDSP accelerators implemented in this demo
design is 10 GFLOP/s (this is only theoretical peak figure).

e This evaluation package presents (8xSIMD) EdkDSP accelerator family with a single pipelined floating point
divider data path. The IP cores differ by supported vector floating point operations, area used on the device
and by power consumption.

e Precompiled evaluation designs also support debug of one EdkDSP IP core accelerator in the Vivado 2014.4
Hardware Manager in real-time. This is possible due to the support of the in-circuit logic analyser (ILA).
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1.2 What is included

The evaluation package includes precompiled Vivado 2014.4 Artix7 designs with floating point EdkDSP
accelerators and examples in form of Xilinx SDK 2014.4 SW projects for Windows 7 (32 or 64 bit):

e 8 evaluation versions of precompiled Artix7 designs. Each design contains one MicroBlaze and five instances
of the EdkDSP accelerators. Each accelerator has 8xSIMD floating point data paths and programmable
PicoBlaze6 controller for scheduling of floating point vector operations in the accelerator. The MicroBlaze
works with 100 MHz system clock and EdkDSP acelerators use 125 MHz clock. The MicroBlaze processor
works with 1Gb Ethernet with DMA controller and 1GB DDR3 memory. Designs are compiled in Xilinx Vivado
2014.4.

e UTIA is providing source code for the demo applications and SW projects for the Xilinx SDK 2014.4. These
source code projects are compiled with the UTIA library libwal.a serving for the EdkDSP communication and
the library libmfsimage.a with the initial file system supporting the simple www server GUIl example.

e The included evaluation designs with UTIA EdkDSP accelerators have HW limitation of maximal number of
performed accelerated vector operations.

e The UTIA EDKDSPC C compiler is provided in form of 4 binary applications running in the Ubuntu OS installed
in the VMware Workstation 12 Player.

e The firmware for accelerators is provided in source code and also in format of binary file headers to enable
initial evaluation of the EdkDSP accelerator IP cores without the need to install the EDKDSPCC C compiler.

e UTIA partners of the Eniac THINGS2DO [6] project, can get from UTIA the release version of Vivado 2014.4
HW design projects with the evaluation versions of the EdkDSP IP core accelerators (in the Vivado 2014.4 IP
netlist format) for free. See chapter 6 for specification of deliverables for the Eniac THINGS2DO [6] project
partners with the license details.

e Release versions of Vivado 2014.4 HW design projects and release version of EdkDSP IP core accelerators for
the Xilinx AC701 board is offered by UTIA. All customers can order and buy from UTIA the release version of
this demo. It includes the Vivado 2014.4 HW design projects with the EdkDSP accelerators (in the Vivado
2014.4 IP netlist format) with the HW limitation of maximal number of performed vector operations
removed. See sections 7 of this application note for specification of deliverables and license details.
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2. Description of EAKDSP Accelerators in IoT Demonstrators

2.1 Description of EdkDSP accelerators and evaluation designs

This application note describes how to set-up and use of 8 HW designs running on one MicroBlaze processor
with five (8xSIMD) EdkDSP accelerators on Xilinx AC701 board. See Figure 1 and Figure 2 and Figure 62.

Figure 1: Evaluation package is combining MicroBlaze with 1 Gb Ethernet, WWW server, TFTP server
with 5x (8xSIMD) EdkDSP floating point accelerator IP cores on Xilinx AC701board with Artix7

HW designs precompiled in Vivado 2014.4 combine MicroBlaze and five 8xSIMD EdkDSP accelerators. All designs
demonstrate use of 8xSIMD EdkDSP floating point accelerators on 32 bit AXI-lite bus of the Xilinx MicroBlaze
processor on the Xilinx Artix7 AC701 board. See Figure 2.

Common properties of precompiled Vivado 2014.4 evaluation designs:

o The EdkDSP floating point accelerators are reconfigurable during runtime by change of firmware.

e Al HW evaluation designs have been compiled in Xilinx VIVADO 2014.4 with SW projects for SDK 2014.4.

e 4 designs are precompiled without ILA debug support and 4 designs include ILA debug support

The demonstrator package includes source code of set of SW demos prepared for easy import of projects and
compilation in the Xilinx SDK 2014.4.
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Figure 3: Hierarchical SoC design with EJKDSP IPs in the Vivado 2014.4 IP Integrator view

e All EdkDSP accelerators are memory mapped on the 32 bit AXI-lite bus. Each (8xSIMD) EdkDSP
accelerator has reserved address space 1 MByte. See Figure 2.

e Figure 3 describes the SoC with MicroBlaze in hierarchical view.

e Procesor block includes MicroBlaze processor with BRAM block for the initial boot. See Figure 4.

e The 1Gb Ethernet subsystem is presented in Figure 5.

e Hierarchical block ”io” contains standard I/O peripheral interfaces, timer, uart, analog digital converter,

temperature sensor. See Figure 6.

e Hierarchical block “accelerators” contains five (8xSIMD) EdkDSP accelerators. See Figure 7.
e Single (8xSIMD) EdkDSP accelerator IP core is presented in Figure 8 with better resolution with the

input, output and debug probe signals.
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Figure 8: EdKDSP accelerator IP in Xilinx Vivado 2014.4 IP Integrator

The SoC system described in Figure 2 and Figure 3 serves for evaluation of four different EdkDSP floating point
accelerator IP cores bce_fp12_1x8_0_axiw_v1_[10]20|30]|40]. Four grades [10|20]|30]|40] of the EdkDSP
accelerator IP differ in HW-supported vector computing capabilities:

Accelerator bce_fp12_1x8 0_axiw_v1_10 is area optimized and supports only data transfers and vector floating
point operations FPADD, FPSUB in 8 SIMD data paths.

Accelerator bce_fp12_1x8_0_axiw_v1l_20 performs identical operations as bce_fp12_1x8 0 _axiw_v1_10 plus
the vector floating point MAC operations in 8 SIMD data paths. MAC is supported for length of vectors 1 up to
10. This accelerator is optimized for applications like floating point matrix multiplication with one row and
column dimensions <= 10.

Accelerator bce_fp12_1x8 0_axiw_v1_30 supports identical operations as bce fpl12 1x8 0 axiw_v1 20 plus
HW accelerated computation the floating point vector by vector dot products performed in 8 SIMD data paths. It
is optimized for parallel computation of up to 8 FIR or LMS filters, each with size up to 250 coefficients. It is also
effective in case of floating point matrix by matrix multiplications, where one of the dimensions is large (in the
range from 11 to 250).

Accelerators bce_fp12_1x8_0_axiw_v1_40 support identical operations as bce_fp12 1x8 0 axiw_v1 30 plus an
additional HW support of dot product. It is computed in 8 data paths with HW-supported wind-up into single
scalar result propagated into all SIMD planes.

All bce_fp12_1x8_0_axiw_v1_[10]|20]|30|40] accelerators support single data path for, pipelined, floating-point
division (FPDIV) with vector operands taken from the first SIMD plain and the result vector propagated into all 8
SIMD plains:
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All bce_fp12_1x8_0_axiw_v1_[10]|20|30]40] accelerators are suitable for applications like adaptive normalised
NLMS filters and the square root free versions of adaptive RLS QR filters and adaptive RLS LATTICE filters.

The debug probes (see Figure 2, Figure 3, Figure 7 and Figure 8) can provide visibility auto-generated addresses
and the schedule of vector operation in the first (8xSIMD) EdkDSP accelerator IP core.

Concrete processed floating point data are not displayed. Floating point data can be better analysed directly by
the MicroBlaze debugger. MicroBlaze program can access content of dual-ported memories of the (8xSIMD)
EdkDSP accelerator, copy them to corresponding C variables located in the DDR3 memory and display/analyze
them in the MicroBlaze debuger.

This is description of ILA debug probe ports of the (8xSIMD) EdkDSP accelerator (the instantiated ILA stores 32k
samples for all probes with the 125 MHz clock):

bce_atoa[0:9]
bce_atob[0:9]
bce_atoz[0:9]
bce_done[0:7]
bce_led4b[0:3]
bce_mode[0:3]
bce_op[0:7]
bce_port[0:7]
bce_port_id[0:7]

bce_port_wr
bce r pb
bce_we

Memory A address (addressing 1024 32 bit floating point values)
Memory B address (addressing 1024 32 bit floating point values)
Memory Z address (addressing 1024 32 bit floating point values)
Vector operation in progress or finished
4bit output, intended for led signalling. Unconnected in the design.
Mode of communication protocol PicoBlaze6 - MicroBlaze
Vector operation to be performed.
Data on external port.
External port address. Address space [0xO ... Ox1F] are reserved for internal
construction of the WLIW instruction to the 8xSIMD vector
processing unit of the EdkDSP. Address space [0x20 ... 0xFF] can be used by the
user.
Write strobe related to writing of 8bit data to the external port address
Reset of the PicoBlaze6
Write strobe related to writing of a WLIW instruction to the 8xSIMD vector
processing unit of the EdkDSP.

These probes are used for the real-time analysis of the computation inside of the 8xSIMD vector processing unit
of the EdkDSP. This helps with the debug of the coordination of the PicoBlaze6 firmware code, the vector
processing unit together with MicroBlaze code.
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2.2 Resources used by the designs

Resources used by the 4 presented designs without ILA are summarised in Figure 8 and by 4 designs with ILA in

Figure 9
7a200t-2

No ILAmem |fp fp fp fp fp Design size Performance
Add Dot |[S8 FFs |LUTs |Bram LMS FIR
Mul |Mac |Prod |Prod|Div |% % No (of) Mflop/s | Mflop/s

ac701_bist 10 |21 74 (365)

(5x)

fp12_1x8 10 |8x 1x |21,1|52,3 |254(365)

(5x)

fpl12_1x8_20 |8x 8x 1x |23,0 52,8 |254(365)

(5x)

fp12_1x8 30 |8x 8x 8x 1x |25,0 |55,8 |254(365)

(5x) (5x) (5x)

fp12_1x8 40 |8x 8x 8x 1x [1x |25,1|58,1 |254(365) 754 1111

Figure 9: Resources used by MicroBlaze and 5x (8xSIMD) EdkDSP, no ILA
7a200t-2

With ILA mem | fp fp fp fp fp Design size Performance
Add Dot |S8 FFs |LUTs |Bram LMS FIR
Mul Mac |Prod |Prod|Div |% % No (of) Mflop/s | Mflop/s

ac701_bist 10 |21 74 (365)

(5x)

fpl2_1x8_10 |8x 1x |23,3 56,6 |310 (365)

(5x)

fpl2_1x8_20 |8x 8x 1x |25,3 |57,0 |310(365)

(5x)

fp12_1x8 30 |8x 8x 8x 1x |27,2 69,7 |[310(365)

(5x) (5x) (5x)

fp12_1x8 40 |8x 8x 8x 1Ix |[1x (27,3 (62,2 |[310(365) 754 1111

Figure 10: Resources used by MicroBlaze and 5x (8xSIMD) EdkDSP, with ILA

The ac701_bist design describes resources used by the MicroBlaze SoC without EdkDSP accelerators and without
ILA memories. The internal block RAM memory is set to 32KB and 128KB. All evaluation designs with EdkDSP
accelerators work with:

signaw processing
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40 single precision 3-stage pipelined floating point add/sub units each performing up to 125 MFLOP/s.
40 single precision 4-stage pipelined floating point multiply units each performing up to 125 MFLOP/s.
5 PicoBlaze6 8-bit controllers with 125 MHz system clock, each executing 62.5 Mil. instructions/s.

1 MicroBlaze (ver 9.4) 32-bit processor (100 MHz) working with one single precision pipelined floating
point add/sub unit and one single precision pipelined floating point multiply unit, 32 KB data cache and
32 KB instruction cache.

5 single precision 16-stage pipelined floating point divide units each performing up to 125 MFLOP/s.
The designs can use accelerators bce_fp12_1x8_0_axiw_v1_[10]20]30|40] with different HW
supported operations. This is reflected in the difference of resources used by the designs. See Figure 9
and Figure 10.
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2.3 Use of external DDR3 memory

Presented evaluation designs are running on the Xilinx AC701 development board [1], [2]. See Figure 1. It is
using the 1GB DDR3 memory with clock signal 400 MHz. The external DDR3 memory is connected to Xilinx Artix7
xc7a200t-2 chip by 64 bit wide data path.

2.4 Re-programmability of EdkDSP accelerators

Each (8xSIMD) EdkDSP floating point accelerator subsystem contains one reprogrammable Xilinx PicoBlaze6
8-bit controller and the floating point (8xSIMD) DSP data paths. The performance of the accelerator is
application specific. The Xilinx PicoBlaze6 processor has fixed configuration with maximal size of the program
memory 4096 (18 bit wide) words and 64 Bytes scratch pad RAM memory.

Each (8xSIMD) EdkDSP accelerator IP works with 2 separate program memory blocks. Both program memories
are accessible by the MicroBlaze processor via the AXI-lite bus. The MicroBlaze application can write new
firmware to the currently unused program memory, while the PicoBlaze6 controller is executing firmware from
the second program memory. All 5 EdkDSP accelerator IPs can run on parallel and each accelerator can use its
own different firmware code.

2.5 Debug of evaluation designs with the EdkDSP accelerator IPs

MicroBlaze program can communicate individually with each of the 5 EdkDSP accelerators via the AXl-lite bus.
The communication is using UTIA Worker Abstraction Layer (WAL) library API. This APl is also used for support of
exchange of debug information and for the access from the accelerator to the MicroBlaze terminal.

The PicoBlaze6 controller [5] can exchange data and text via the 8 bit communication data path with the
MicroBlaze processor. This path is used to communicate parameters to the accelerators and to get messages or
reports from accelerators for debugging. Text file with information from the accelerator can be stored in the
RAM based file system of the MicroBlaze processor. This ASCII2 text file can be downloaded to PC by TFTP client
via the p2p 1G Ethernet for inspection. It is possible due to the TFTP server running in in background on the
MicroBlaze processor.

Floating point data are accessed by the MicroBlaze processor via the dual ported block memories of EdkDSP
accelerator IPs. The MicroBlaze side of the dual-ported memories is mapped into the MicroBlaze memory. The
MicroBlaze processor can copy data from the dual ported memories to the DDR3 global workspace and display
floating point data in the debugger.

The computation performed in the (8xSIMD) EdkDSP accelerator IPs usually overlaps with MicroBlaze
communication with the DDR3. It is supported by data and program cache. The Ping-Pong swap of memory
banks is usually used by the accelerator firmware. The (8xSIMD) EdkDSP accelerator firmware is computing (in
parallel) in some banks of its dual ported memories. MicroBlaze is communicating (sequentially) to/from DDR3
in another set of banks of these dual-ported memories. This process can be stopped in synchronisation points,
inspected and debugged by the MicroBlaze debugger running in the SDK 2014.4.

This standard C debugging approach is combined with the possibility to display probes for the first EdkDSP
accelerator by the in-circuit-logic-analyser ILA. The ILA analyser is capable to display 32K of 125 MHz samples
with user defined trigger conditions. ILA is part of the HW Manager utility present in the Xilinx Vivado 2014.4
tool.
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Evaluation package provides support for fast iterations of a debug cycle for the EdkDSP accelerators IP firmware:

1.

HW design and MicroBlaze code is running and does not need to be re-booted. It supports RAM based
filesystem, TFTP server and WWW server.

EdkDSP accelerator IP firmware can be modified and recompiled from C source code by the EDSKDSP CC
compiler running on the PC.

Compiled EdkDSP accelerator IP firmware can be downloaded via TFTP to the DDR3 filesystem of
MicroBlaze.

The ILA trigger conditions can be modified and the ILA core can be armed in the HW Manager utility.
EdkDSP application is started (usually from the WWW GUI). MicroBlaze updates the new EdkDSP
accelerator firmware and starts the computation.

The ILA is triggered and samples 32K samples of probe signals. This can be analysed together with the
console output and possibly with text files uploaded to PC via TFTP from the MicroBlaze file system.

If results are OK, we are done. If not, we can go back to step 1.

This debug iteration loop 1-7 can be very fast. It includes only single compilation step from C source code to
the EdkDSP firmware code. ILA probes are usually combined with the use of MicroBlaze debugger in the SDK
2014.4.

The MicroBlaze C source code is usually used for computation of “golden” reference data.

ILA display helps to visualise the internal synchronous data which drive the computation in the first EdkDSP
accelerator with the single clock cycle (128 MHz resp. 8ns) resolution. This visibility often helps to the
developer to gradually optimize the initial (already working, but not optimised) HW implementation of the
firmware running in the (8x SIMD) EdkDSP accelerator IP core.
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3. Installation and use of the evaluation package

3.1 Import of precompiled HW and SW projects into Xilinx SDK 2014.4

Unzip the evaluation package to directory of your choice. The directory c:\VM_07 will be used in this application

note. You will get these directories:

C:\VM_07\d_44\d_7a200t_fp12_5x8
C:\VM_07\d_44\d_7a200t_fp12_5x8_IMPORT

Select SDK 2014.4 workspace in C:\VM_07\d_44\d_7a200t_fp12_5x8\SDK_Workspace. See Figure 11.

50k Workspace Launcher X

Select a workspace

¥ilinx SDK stores your projects in a folder called a workspace.
Choose a workspace folder to use for this session.

(LT et =rl B WM 07%d 44Vd 72200t fpl12 Sx8\SDK Workspace j Browse... |

[~ Use this as the default and do not ask again

QK I Cancel

Figure 11: Select the SDK Workspace
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Add C:\VM_07\d_44\d_7a200t_fp12_5x8\repo_edkdsp path to the Iwip141_v2_1 repository.
See Figure 12.

il

| type filter text Add, remove or change the order of SDK's software repositories. & Eae

General
Ant
CfC++ C:WM_07d_44\d_7a200t_fp12_5x8Yrepo
Help
InstallUpdate REmoye
Java
Remote Systems
Run/Debug
- Team

- Terminal
=1 ¥ilin SDK
- Boot Image Global Repositories (available across workspaces)
BSP Preferences
Flash Programming
Hardware Spedfication

x

Local Repositories (available to the current waorkspace)

=
m
=

=

(=] ]

HEEEEEEED

Relative

: R

i+ Log Information Level ELEE
Repositories ]

f XMD Startup

[t

L

SDK Installation Repositories
C: fpf Xilime/SDE 2014, 4/data\embeddedsw

Rescan Repositories

Mote: Local repository settings take precedence over global repository settings.

Restore Defaults | Apply I
@ oK | Cancel

Figure 12: Include the UTIA EdkDSP Repository

Click on the “Rescan Repositories” button. Click on the “Apply button”, and finally click on the OK button. The
path to the SW drivers has been defined.
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Predefined HW and SW projects can be imported into SDK now. Select:

File -> Import -> General -> Existing Projects into Workspace
Click on Next button. See Figure 13.

S [=] .4
Select
Create new projects from an archive file ar directory. H - 5 I

Select an import source:

I type filter text

El-[= General

@; Archive File

----- Ié Existing Projects into Workspace
{:L File System

e L Preferences

E, Cjc++

H-(= Instal

(= Remote Systems

#-(= Run/Debug

&= Team

® < Back I Mext = I Fimist Cancel

Figure 13: Import existing projects into workspace

Select the directory with projects to be imported. See Figure 14.
C:\VM_07\d_34_7a\d_7a200t_fp12_5x8_IMPORT

Set the “Copy projects into workspace” check box.
Click on Finish button. See Figure 14.
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ompot o]
Import Projects
Select a directory to search for existing Edlipse projects.

¥ select root directory: | C:\WM_07'\d_449\d_7a200t_fp12_Sx3_IMPORT j Browse...
" Select archive file: | j Browse, .,
Projects:

bist (C:WM_07\d_44\d_7a200t_fp12_5x3_IMPORThist) Select All

- [#] edkdsp (C:\WM_07d_44\d_7a200t_fpi2_5SwE_IMPORT \edkdsp)

- [#] edkdsp_cc (C:\WM_07\d_44\d_7a200t_fp12_5x&_IMPORT\edkdsp_cc) Deselect Al

- [#] hw_platform_0 {C:\WM_07\d_44\d_7a200t_fp12_5x&_IMPORTYhw_platform_o)

- [#] hw_platform_10 (C:\WM_07\d_49\d_7a200t_fpi2_5Sx&_IMPORTYw_platform_10)

- [#] hw_platform_10_no_ila (C:\WM_07'd_44'd_7a200t_fp12_5x8_IMPORT\hw_platform_10_no_ila)

- [¥] hw_platform_20 (C:\WM_07\d_49\d_7a200t_fpi2_5Sx8_IMPORT Yw_platform_20)

- [w] hw_platform_20_no_ila (C:\WM_07%d_44'\d_7a200t_fpi2_Sx8_IMPORT\hw_platform_20_no_ila)

- [w] hw_platform_30 (C:\WM_07\d_44\d_7a200t_fpi2_Sx8_IMPORTYw_platform_30)

- [#] hw_platform_30_no_ila (C:\WM_07'd_44'd_7a200t_fp12_Sx8_IMPORT\hw_platform_30_no_ila)

- [#] hw_platform_40 (C:\WM_07\d_44\d_7a200t_fp12_Sx8_IMPORTYw_platform_40)

- [#] hw_platform_40_no_ila (C:\WM_07'd_44'd_7a200t_fp12_5x8_IMPORT\hw_platform_40_no_ila)

- [#] raw _fp12_5x&_eval_op (C:\WM_07\d_44\d_7a200t_fp12_5x&_IMPORTYaw_fp12_5xE_eval_op)

- [¥] socket_fp12_5x&_eval_op (C:\WM_07\d_44\d_7a200t_fp12_5x&_IMPORT\socket_fpi2_5xE_eval_op)
- [#] socket_fp12_5x&_fir_lms (C:\WM_07\d_44\d_7a200t_fpi2_SxE_IMPORT\socket_fp12_Sx&_fir_lms)
- [w] standalone_bsp_0 (C:\WM_07\d_44\d_7a200t_fp12_S5x&_IMPORT\standalone_bsp_0)

- [#] xilkernel_bsp_0 (C:\WM_07\d_44\d_7a200t_fp12_Sx8_IMPORT wilkernel_bsp_0}

Refresh

ik L

— Options
[~ Search for nested projects
v Copy projects into workspace

—Working sets
[~ add project to working sets

Working sets: j Selech, . |

@:l < Back Mexk = | | Finish I Cancel

Figure 14: Select copy projects into workspace and finish the import of all projects

Process of compilation will start automatically. This first compilation of all SDK SW projects can take several
minutes to finish. It should finish without errors. See Figure 15.
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3.2 Evaluation of demo projects

The “bist_app” project in the “Project Explorer” window of the SDK 2014.4 is only slightly modified version of
the Xilinx BIST SW application project. The RAM memory test is adjusted for the 128 KB RAM. See Figure 15.

sok CfC++ - hw_platform_40/system.hdf - Xilinx SDK -0 x|
File Edit Source Refactor MNavigate Search Project Xilinx Tools Run  Window Help
=i |¢v e @& 2 EEED A -G I -0 -9 - w & 5 -
= . Y b - | . |Qui-:k Access [ = | | % CfC++
[7 Project Explorer 2 = O || system.hdf 3 l = 8 (|[* 3
B =~ R B
. =R hw_platform_40 Hardware Platform Specification —
[+-1= hist P-ﬂtl
Lo outline is
u;" edkdsp Design Information nnk
E edkdsp_cc available.
1—3 hw_platform_0 Target FPGA Device: 7a200t
1-3 hw_platform_10 Created With: Vivado 2014.4
_1.3 b J:llatﬁ:lrm_llj no ila Created On: Sat Jul 18 15:50:45 2015
1’3 hw_platform_20 Add f crobla
1.3 hw_platform_20_no_ila ress Map for processor microblaze_0
- hw_platform_30 axi_bram_ctrl_0 00000000 0=c001ffff
-3 hw_platform_30_no_ila axi_bram_ctrl_0 0zcO0000000 0zcO01ffff
El fS hw_platform_40 axi_ethernet_0_dma 0z41e00000 Dx41ls0ffff
i |3 debug_nets.lb axi_sthernet_0_eth_buf 0x40c00000 O=40c3f£EF
|2 system_bd. tcl axi_gpio_0 0=z40000000 0=z4000f£f§
12 system.hdf axi_gpio_1 0=40010000 Ox4001f£fff
1—3 hw_platform_40_no_ila axi_gpio_2 0xz40020000 0=x4002i£fff —
BG5S raw_fp12_5x8_eval op axi_gpio_3 0x40030000 0x4003f£ff
::‘3,- sn:u:k_et f|:|_12 5;8 E‘u_'a| op axi_gpio_4 0=40040000 0=x4004f£Ff§
__, L Sl:lcket_fp 12_5:(8_ﬁr Ir;s axi_iic_0 0x40800000 0=4080£££ff
% o B B axi_timer 0 0x41c00000 0x41c0ffff
@ ikernel b‘ g‘ axi_uart16550_0 O=d 0400000 D=4040£££€
£ MIKErnEl_bsp bee_fp12_1x8_0_axiw_0 0x44b00000 Ox44bfffff
bee_fp12_1x8_0_awiw_1 O0x44c00000 Oxddcfffff
bee fpl12 1x8 0 _awiw_2 0x44d00000 Oxd44dfffff
bee_fpl2_1xd_0_awiw_3 0x44e=00000 Oxddefffff
bee_fpl2_1x8 0_axiw_4 O0x44f00000 ODxd44ff£f£££
mdm_1 0=41400000 0=41400££§
microblaze_0_axi_intc O0x41200000 O=x4120ff£f
microblaze_0_local_memory_dimb_bram_if_cntr 0=00000000 O0=00001£f££
microblaze_0_local_memory_ilmb_bram_if_cntr Ox00000000 Q=00001fff
mig_7series_0 0=x80000000 Oxbfffffff
= mig_7series_ 0 O0=x80000000 Oxbifffffff
o Target Connections &3 = xadc_wiz_0 0x44200000 0D=d4a0ffff
e -
...... +- Local [default] Crverview
I = Auto Discovered = -
TP T [ Bc E:@\EIP‘@T| = B SDKLugEEI BE = O
b Gl sl GBEE G| tf B - O] 16:19:01 warn [Hsi 55-1559] (|
CDT Build Console [hw_platform_40] 16:19:81 WARN [Hsi 55-1559]
=1l 16:19:81 WARN [Hsi 55-1559] =
[ a R 2

Figure 15: All projects are compiled. See IP blocks present in the design

The “edkdsp” project is extending the “bist_app” with tests of the EdkDSP accelerator, without Ethernet.
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The “raw_axi_bce _fp12 1x8 eval op” project is extending the “edkdsp” with RAW version of the IwIP
Ethernet www server GUI, the TFTP file server and the RAM based file system.

The “socket_axi_bce fp12_ 1x8 eval _op” project is extending the “edkdsp” with SOCKET version of the
IwIP Ethernet www server GUI, the TFTP file server and the RAM based file system.

The “socket_axi_bce fpl12_1x8 fir_Ims” project is demonstrating the floating point FIR filter and LMS
filter computation on a single (8xSIMD) EdkDSP accelerator with the SOCKET version of the IwlP
Ethernet www server GUI, the SOCKET version of the TFTP file server and the RAM based file system.

Connect the jtag and serial line USB cables to your AC701 board. Switch ON the board.

3.3 Boot of the bitstream in Vivado 2014 Hardware Manager

_iolx

File Edit Flow Tools Window Layout View Help [Q~ Search commands
2 o BB X< 3| 3 |25 pefault Layout e N ®
Hardware Manager - unconnected X |
(@) No hardware target is open. Open target ‘
Hardware — O 1 ¥  DebugFrobes — O ¥
a==[H & »»HE Q T =[E
Name | status |
= ——
« =B x

Tdl Console _ O > =
E start_gqui -
=) l open_hw

- INFO: [IP Flow 19-234] Refreshing IF repositories

lm INFO: [IP_Flow 1%-1704] No user IPF repcositories specified

@ r INFQ: [IP_Flow 19-2313] Loaded Viwado IF repository "C:/pf/Xilinx/Vivado/2014.4/data/ip’.

X

|EJ ;l;ll

Tcl Console LD Messages L% Serial I/0 Links L Serial 1/0 Scans I

Figure 16: Select and open the Hardware Manager tool from the Vivado 2014.4 initial menu
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x

Select a bitstream programming file and download it to your hardware device. You can optionally select a debug
probes file that corresponds to the debug cores contained in the bitstream programming file.

Bitstream file: IC:NM_D?,.’d_%,.’d_?alDDt_fp12_5x8fSDK_iﬁrurkspaceﬂw-.' _platform_40/download. bit J

Debug probes file: IC:,."I.-'M_D?,.’d_%,.’d_?al[][]t_fp12_53(B,.’SDK_'LﬁJ'DrkspaceﬂwWJ:ulatForm_%fdebug_nets.Itx| _I

| Program I Cancel |

Figure 17: Select download.bit to program the Artix device and file defining the debug nets

=10l x|

File Edit Flow Tools Window Layout View Help | Search commands

o 13| a1 B3 B X | 8| (3 [ pefaitLayout R ®

| Hardware Manager - localhost/xilinx_tcf/Digilent/2102038240834 X |
Hardware — 0O = Debug Probes — O x S IA-hw_ila_1 x [ R
O\ Z % | !}‘ |>| [>[> O\ Z % E ILA Properties <« Trigger Capture Status ® 0O
Name Status I B hw_ila_1 = 1= i 7 <
- L,| Trigger Mode Settings e i Tl YTy S I WO o
E- B localhost (1) Connected g system_ijbee_stoa[0:9] Z [ | =
=l wilinx_tcf/Digilent/2102038240834 (1) Open -] SVSEm_ﬁfhEE_ﬁh’b[ﬂig] = T I_BAE """""
0 (2} Programmed --4g system_ijbee_stoz[0:9] o Basic Trigger Setup 42 0O
g system_ifbee_done[0:7] 3 Q) _Mame I Compare Value
-4 system_ibce_led4b[0:3] i l>| Capture Mode Settings
: -4 system_ijbce_mode[0:3] D[) . X
Hardware Device Properties —Ov ® A system_ijbce_op[0:7] Capture mode: 5
-4 system_ijbce_port{D:7] " it
- | umber of windows I . .
allnd ' --4g system_ifbce_port_id[0:7] LL] D'“tg‘ “”Fcli o ‘:‘g Itl‘-"
& xc7a200t_0 -1z system_ijbce_port_wr —= Window data depth E:Eb:i . ::gc.--e g
= o system_ijbce_r_pb . ) " o o
Name: ¥c7a200t_0 :I o system_ifbcs_we Trigger pasition in w
Part: xc7a200t = 7=
General Settings
[ ——) a[E
— e R
Tdl Console — 0O 2 x
Z set_property PFROBES.FILE [C:/VM 07/d 44/d_Ta200t_fpl2 5xE&/5DK Workspace/hw_platform 40/debug nets.ltx} [lindex [get_hw_devices] 0] =]
% set_property PROGRAM.FILE {C:/VM_07/d_44/d 7a2200t_fpl2 5x8/SDK Workapace/hw_platform 40/downlead.bit] [lindex [get_hw_devices] 0]
program_hw_devices [lindex [get hw_devices] 0]
[m INFC: [Labtools 27-32] Done pin status: HIGH
c§'J program _hw_devices: Time (s): cpu = 00:00:08 ; elapsed = 00:00:08 . Memory (MB): peak = £19.305 ; gain = 111.727
él refresh_hw_device [lindex [get_hw devices] 0]
x INFO: [Labtools 27-2302] Device xcT7a200t (JIAG device index = 0) is programmed with a design that has 1 ILA core(s).
| | 0
= Tel Console L'(;‘- Messages L“u Serial /0 Links | [&] Serial IfO Scans I

Figure 18: Board HW is booted and debug nets are identified

Open the Vivado 2014.4 Hardware manager tool. Select “open target”, confirm default server setup and auto-
connect via USB/jtag to the board. See Figure 16. Select bitstream file and debug nets file. See Figure 17.
C:\VM_07\d_44\d_7a200t_fp12_5x8\SDK_Workspace\hw_platform_40\download.bit
C:\VM_07\d_44\d_7a200t_fp12_5x8\SDK_Workspace\hw_platform_40\debug_nets.Itx

The Artix part is configured by jtag and the Vivado 2014.4 Hardware Manager tool is prepared for ILA debugging
using the debug probes. See Figure 18.
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On PC, start PuTTY terminal. Set 9600 baud and “Flow control” to None. See Figure 19 and Figure 20.

8 PuTTY Configuration x|
Categary:
=R Sfassinn | Basic options for your PuTTY session |
B Ten |..og|g|ng - Specify the destination you wart to connect to
smina Host Mame (or IP address) Port
- Keyboard
- Bel I |22
- Features Connection type:
= Window " Raw 1 Telnet © Rlogin & 55H (" Senal
- Appearance B i
. Behaviour Load, save or delete a stored session
.... Tranglation Saved Sessions
- Selection
-+ Colours Default Settings Load
[=- Connection cosim_spbl5
- Data prepinac 5
- Progy zpk05 il
.. Telnet Delete
- Rlogin
- 55H
- Senal Close window on exit:
" Mways ¢ MNewer % Onlyon clean ext
About Open Cancel |

Figure 19: Open PuTTY terminal

2 PuTTY Configuration X

Category:

[=]- Session Options controlling local serial lines |

 Select a senal line

- Teminal
- Keyboard Senial line to connect to ICO M3

- Bell
. Features ~ Configure the serial line

=~ Window Speed (baud) IEI'E{I'I}
~ Appearance Data bits IE—

- Behaviour

- Translation Stop bits |1

- Selection .

- Colours Parity I MNone vI
El- Connection Flow control INDI‘IE "I
- Data

- Preogy
- Telnet
- Rlogin
- 55H

About Open Cancel |

Figure 20: Select “*Serial”, select your COL port, set speed to 9600 and flow control to None
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signau processing

3.4 Ethernet point to point connection with PC

The SDK SW projects included in this evaluation package demonstrate integration of the UTIA EdkDSP
accelerator IPs cores in MicroBlaze SoC the Xilinx 1Gb Ethernet controller. The connection to the Ethernet is
based on two versions of the LwIP SW:

e Raw versions of SDK SW projects use raw version of the LwlIP 14.1 library without real-time OS.

e Socket versions of SW projects use the socket version of LwIP 14.1 on top of the Xilinx XilKernel.

Set your PC Ethernet connection to point-to-point with the fixed IP address: 192.168.1.100
All included evaluation designs are setting the IP address of the AC701 board to: 192.168.1.10
This setting enables the direct point to point Ethernet connection with PC.

3.5 Boot of the SW application

The SW bist_app.elf application from the “bist_app” project can be downloaded to the DDR3 memory and
started. Select the “bist_app” project in the project navigator.

In SDK, select:
Run -> Run Configuration -> Xilinx C/C++ ELF

Click on the “New launch configuration” in the Run configuration screen and the bist_app.elf project executable
is ready for download to DDR3 via the jtag cable. Click on “Run” button to download the executable. See Figure
21. Click on the “Program” button.

4 Run Configurations =
Create, manage, and run configurations ;—;
B [Ion -+,
= X | = 5F Mame: |bist_app Release
I:-_::E filter text D Main . ¥ Device Initializat q ¥ STDIO Connecﬁon} i.° Profile Opﬁons] @ Debugger Opﬁons} = Common}
. E C/C++ Application C/C++ Application:

i E C/C++ Remote Application
@ Launch Group

x Remote ARM Linux Applicatic Variables. .. | Search Project... | Browse... |
fﬁ Target Communication Frame

I Release'bist_app.elf

Project:

| bist_app Browse... |

Build (if required) before launching

Build configuration: IREIease j
[V Select configuration using 'C/C++ Application'

" Enable auto build " Disable auto buid
' Use workspace settings Configure Workspace Settings...

¥ | Cormect process nput & output b a terminal.

4 | B
J Apply

Rewert
Filter matched 7 of 7items | |

@j Run Close |

Figure 21: Select “bist_app.elf”” code
Run the application bist_app.elf by clicking on Run. See Figure 22.
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@2 COM3 - PuTTY -0l x|

LR R A B B & & & 5 5 5 5 5 5 B B B B B A A A 5 A A K AR B R B R B B B B B EEEEEEEEE &5
LR R A B B & & & 5 5 5 5 5 5 B B B B B A A A 5 A A K AR B R B R B B B B B EEEEEEEEE &5
3 3 3 b b . 3 =V
ek Xilinx Artix-7 FPGA ACT0l Evaluation Eit =
LR R A B B & & & 5 5 5 5 5 5 B B B B B A A A 5 A A K AR B R B R B B B B B EEEEEEEEE &5

R R R R R R R R R R R R R

Choose Feature to Test:

1: TART Test

LED Test

ITC Test

TIMEER Test

ROTARY Test

SWITCH Test

LCD Test

DDR3 External Memory Test
BEAM Internal Memory Test
ETHEENET Loopback Test
BUTTCH Test

Exit

=1 o LNl Ld R

k) D oo m

R R R R R R R R R R R R R

R R R R R R R R R R R R R
=

o ACT01 - GPIC LED Test o

R R R R R R R R R R R R R

R R R R R R R R R R R R R

Watch the LEDs

Press any key to return to main menu
Choose Feature to Test:

1: TART Test

LED Test

ITC Test

TIMEER Test

ROTARY Test

SWITCH Test

LCD Test

DDR3 External Memory Test
BEAM Internal Memory Test
ETHEENET Loopback Test
BUTTCH Test

Exit

=1 o LNl Ld R

[T i B =R e B

01
[m]
[m]
0
&)
k]
m

[

Figure 22: Run bist_app.elf and select tests from the terminal keyboard (PC)

The Xilinx bist_app demo serves for test of standard MicroBlaze peripherals. Stop and terminate MicroBlaze
program execution from the SDK. This is done by click on the red square icon on top of the SDK Debugger
console and next on the X icon to close the debugger session in SDK.

Download again the bitstream from Vivado 2014.4 Hardware Manager. Select the edkdsp SW project for
download in SDK. Run it. See the extended menu enabling tests of the EdkDSP accelerator. See Figure 23.
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@2 COM3 - PuTTY -0l x|
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R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R ORR R R R R R OR R R R R
o AC701 - GPIO LED Test o
R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R ORR R R R R R OR R R R R

R R R R RO R R R R R R R R R R R R R R R R R RO R RO R R R R R R R R R R R R R R R R R

Watch the LEDs

Press any key to return to main menu
Choose Feature to Test:

TUART Test

LED Test

ITC Test

TIMEE Test

ROTARY Test

SWITCH Test

LCD Test

DDR3 External Memory Test
BRAM Internal Memory Test
ETHERNET Loopback Test
BUTTCH Test

Exit

[ T R O = V- I & I B T Y - WL I B

Good-bye!

R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R
R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R
i ¥ilinx Artix-T7 FPGA ACT01 Evaluation Eit ksl
R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R

R R R R RO R R R R R R R R R R R R R R R R R RO R RO R R R R R R R R R R R R R R R R R

Choose Feature to Test:

TUART Test

LED Test

ITC Test

TIMEE Test

ROTARY Test

SWITCH Test

LCD Test

DDR3 External Memory Test
BRAM Internal Memory Test
ETHERNET Loopback Test
BUTTCH Test

EdkDSP Ewval Cp

Exit

Hlo O W w e =] oo L R

Figure 23: Run the edkdsp.elf application and select the EdKDSP Eval Op test

Select the “C” option from the terminal keyboard to run test of the EdkDSP accelerator. See Figure 24.
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£ COM3 - PuTTY

TUART Test

LED Test

ITC Test

TIMEE Test

ROTARY Test

SWITCH Test

LCD Test

DDR3 External Memory Test
BRAM Internal Memory Test
ETHERNET Loopback Test
BUTTCH Test

EdkDSP Ewval Cp

Exit

—— Entering main() -—-

Tests of wvector operations.

(EAKDSP E8x5IMD) Capabilitiesl = 13FFFF

(EAKDSP E8x5IMD) CapabilitiesZ = 13FFFF

(EAKDSP E8x5IMD) Capabilities3 = 13FFFF

(EAKDSP E8x5IMD) Capabilitiesd4 = 13FFFF

(EAKDSP E8x5IMD) CapabilitiesS = 13FFFF

ah=0 bh=0 zh=0
(EAKDSP E8x5IMD) VZ24A '"workerl' ....... CE
(EAKDSP E8x5IMD) VBEZ2A '"workerl' ....... CE
(EAKDSP Ex5IMD) VZ2E '"workerl' ....... CE
(EAKDSP E8x5IMD) VAZE 'workerl' ....... CE
(EAKDSP E8x5IMD) VADD '"workerl' ....... CE
(EdKDSF 8x5IMD) VADD BZZR 'workerl' CE
(EdKDSF 8x5IMD) VADD RZZE '"workerl' CE
(EAKDSP Ex5IMD) V3UE '"workerl' ....... CE
(EdKDSF B8x5IMD) VSUE BZZR 'workerl' CE
(EdKDSF 8x5IMD) VSUE REZZE '"workerl' CE
(EAKDSP E8x5IMD) VHMULT ‘workerl' ...... CE
(EdKDSF 8x5IMD) VMULT BZ24 'workerl® CE
(EdKDSF 8x5IMD) VMULT RZIZE 'workerl® CE
(EAKDSP E8x5IMD) VEPEROD 'workerl' ...... CE
(EAKDSP E8x5IMD) VHMAC '"workerl' ....... CE
(EAkKDSP E8x5IMD) VMSUBAC '"workerl® CE
(EdKDSF 8x5IMD) VPFROD 58 'workerl® CE
(EdKDSP E8x5IMD) VDIV 'workerl' ....... CE
Press any key to return to main menu (I
-

=101 %]

Figure 24: The EdkDSP basic vector floating point operations have been tested

Press any key to return to menu. Type O to terminate program. Stop and terminate MicroBlaze program

execution from the SDK.

Download again

raw_axi_bce_fp12_1x8_eval_op SW project . See Figure 25.
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# COM3 - PuTTY

Initializing MFS at
Done.
Located index.html

————— 1wIP EAW Mode Demo LApplication

Start PHY autonegoti
Waiting for PHY to c
autonegotiation comnp

0x802598B38

ation
omplete autonegotiation.
lete

auto-negotiated link speed: 1000

DHCP Timeout
Configuring default

Board IP: 182
Hetmask : 255,
Gateway : 182
Initializing MFS at
Done .

Located index.html

Server

tftp =server
http server

.168.

&
.168.1.
2

IF of 1%2.168.1.10

255.

=10l x|

62 £ tftp -i 1%2.168.1.10 PUT <source-filex
80 Point vyour web browser to http://152.168.1.10

[~

Figure 25: Select “raw_axi_bce_fp12_eval_opl.elf application to test the IwlP services in RWW mode

The RAW version of the TFTP server and the RAW version of the HTTP server have been started on the Artix7
MicroBlaze processor. See Figure 25.

Open WWW browser (Internet Explorer) in your PC and connect it to the board address http://192.168.1.10/

See Figure 27.

Support script files are downloaded to the PC from the Artix7 MicroBlaze DDR3-based file system and the

interface page is started. See

Figure 26.

The loaded scripts support two buttons in the GUI. See Figure 27. The ”Update Status” button serves to get the

DIP switches status. The ”"Toggle LEDs” button is toggling the led output on the board and starts the EdkDSP

accelerator evaluation. See Figure 28.
Click on the "Toggle LEDs” button to evaluate elementary vector functions of the EdkDSP accelerator IP.

e The SW application is testing presence of an updated firmware in the RAM based file system of the

board. If it is not present, the default firmware is used.

e The file FP1101.TXT is open for WR in the RAM based file system. It will store text messages from the

tested EdkDSP accelerator.

e The capabilities of all 6 EdkDSP accelerators are displayed next. This information is based on the reply

from the initialised accelerators.

e Testis performed.

e Finally the top directory of the RAM based file system is listed together with the information about used

and free blocks.
See Figure 28.
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http://192.168.1.10/

& COM3 - PuTTY - 0] x|
Initializing MFS at Ox802598B8 =
Done .

Located index.html

————— 1wIP RAW Mode Demo Application —-—--—-—-
Start PHY autonegotiation

Waiting for PHY to complete autonegotiation.
autonegotiation complete

auto-negotiated link speed: 1000

DHCP Timeout

Configuring defauwlt IP of 15%2.168.1.10

EBoard IP: 152.168.1.10
Hetmask : 255.255.255.0
Gateway : 182.168.1.1
Initializing MFS at 0x802598BSB
Done.

Located index.html

Server Port Connect With..
tftp server 69 £ tftp -1 192.168.1.10 PUT <source-file>
http server 80 Point your web browser to http://1%2.168.1.10

http GET: index.html

http GET: c=2=s/main.css
http GET: images/logo.gif
http GET: wvui/vahoo.js
http GET: vui/dom.j=

http GET: yuifevent.js
http GET: j=/main.j=

http GET: vuifconn.js
http GET: yuifanim.j=
http POST: switch state: O
http POST: ledstatus: 0

[
Figure 26: The Java Script has been loaded from the FPGA RAM based file system to your browser
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£ Xilinx WebServer Demo - Internet Explorer

@v | @ nttp:/192.168.1.10, 0O 7] (2 xilinx WebServer Dema x [- A AT

x

2 XILINX

Hello! This 1s a demonstration of a simple embedded webserver created using IwIP. Using the IwIP
networking stack, a webserver can be easily embedded into your software application. A webserver
provides an easy method to control or monitor the embedded platform via an Internet browser.

Documentation on how to setup a webserver using IwIP is available here.

This example 1s intended to illustrate how the functionality of the embedded system can be
controlled from the browser. Here, the LED's on the board can be switched on or off by clicking on
the 'Toggle LEDs' button.

LEDs are now OFF.
Toggle LEDs

A webserver could be used to monitor the status of the system. For example, the status of the DIP
switches on the board is shown below. Once you change the state of the DIP switches on the board.
press Update Status' to see the new settings in the browser.

Update Status

{Note that these links point to locations not served by the embedded wabserver)

+ |wIP Home Page o
.o

Figure 27: The demo www server GUI
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2 COM3 - PuTTY

Tests of wector operations.
File FP1101P0.DEC not found.
Default firmware will be used.
File FP1101P1.DEC not found.
Default firmware will be used.
File FP1101.TXT created for wr

MEO (EdEDSP 8x5TMD) Capabilitiesl = 13FFFF
MEOQ (EAKDSP 8x5IMD) Capabilitcies2 = 13FFFF
MBO (EAKDSP 2x5IMD) Capabilities3 = 13FFFF
MEO (EAEDSP 8x5IMD) Capabilities4 = 13FFFF
MEBO (EAKDSP 8x5IMD) Capabilities5 = 13FFFF
ah=0 bh=0 =zh=0

MEBO (EAKDSP 8x5IMD) VZI2A 'workerl' .......
MEOQ (EAKDSP 8x5IMD) VB2RA 'workerl' .......
MEBO (EAEDSP 8x5IMD) VZI2BE '"workerl' .......
MEO (EdEDSP 8x5TMD) VAZEB 'workerl' .......
MEBO (EAKDSP 8x5IMD) VADD 'workerl' .......
MBO (EAkDSF E8x3IMD) VADD BZZR 'workerl'
MEBO (EdkDSF E8x5IMD) VADD RZZE 'workerl'
MEBO (EAKDSP 8x5IMD) VSUB 'workerl' .......
MEOQ (EAKDSF 8x5IMD) V5UEB BZIZA 'workerl'
MEBO (EdkDSF 8x5IMD) VSUE _RZZE 'workerl'
MEO (EdEDSP 8x5TMD) VMULT 'workerl' ......
MEBO (EQKDSF 8xS5IMD) VMULT BZ2L ‘workerl'
MBO (EAkKDSF E8x3IMD) VMULT AZ2E 'workerl'
MEO (EAEDSP 2x5IMD) VPROD 'workerl' ......
MEBO (EAKDSPF 8x5IMD) VMAC 'workerl' .......
MEOD (EAKDSP 8x53IMD) VMSUBAC 'workerl'

MEBO (EAkKDSF 8x5IMD) VPROD 58 'workerl'

MBO : (EAkKDSP 8x5TMD) VDIV 'workerl' .......
Blocks used 238
Blocks free 62

Directory cs= 00000003

Directory images 00000005

Directory js 00000003

Directory yui 00000007

index.html 00000cOb

FP1101.TXT 00000&1e
http POST: ledstatus: FFFFFFEFFE

Figure 28: Test of basic operations of EdKDSP IP core

Close the web browser. Stop and terminate MicroBlaze program execution from the SDK.

Download again the bitstream from Vivado 2014.4.

Select the socket_axi_bce_fp12_1x8_eval_op project for download and run it from the SDK. See Figure 29.
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&2 COM3 - PuTTY o [m]
Initializing MFS at OxB0328C4C ]
Done.

Located index.html

————— 1wIF Socket Mode Demo Application —--—--—--—-—
Start PHY autonegotiation

Waiting for PHY to complete autonegotiation.
autonegotiation complete

auto-negotiated link speed: 1000

ERRCR: DHCP request timed out

Configuring default IP of 15%2.168.1.10

Board IP: 152.168.1.10

Netmask : 255.255.255.0

Gateway : 192.168.1.1

Server Port Connect With..

tftp server 69 £ tftp -i 1%2.168.1.10 PUT <source-file>
http =server 80 Point your web browser to http://15%2.168.1.10
| -
Figure 29: Start the socket_axi_bce _fp12_1x8 eval_op.elf demo application, working on top of the
XilKernel OS

The SOCKET version of the TFTP server and the HTTP server run on the Artix7 MicroBlaze processor. Open www
browser (Internet Explorer) and connect to the board address: http://192.168.1.10/ See Figure 29.

Click on the Toggle LEDs button to toggle the led output on the board and to starts the EdkDSP accelerator
evaluation. The SOCKET version of the server supports use of both buttons in parallel. See Figure 30.
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http://192.168.1.10/

#? COM3 - PuTTY
http server

http POST: switch state: 0O
http POST: ledstatus: 0

Tests of vector operations.
File FP1101P0.DEC mnot found.
Default firmware will be used.
File FP1101P1.DEC mnot found.
Default firmware will be used.
File FP1101.TXT created for wr

=10 x|

80 Point your web browser to http://192.168.1.10 :J

MBO : (EdkD5SF 8x5IMD) Capabilitciesl 13FFFF
MBO : (EdkDSF 8x5IMD) CapabilitiesZ 13FFFF
MBO : (EAdkDSP 8x5IMD) Capabilities3 13FFFF
MBO : (EAdkDSPF 8x5IMD) Capabilitiesd 13FFFF
MBO : (EAdkDSP 8x5IMD) Capabilitiess 13FFFF
ah=0 bh=0 zh=0

MBO : (EdkDSP 8x5IMD) VZ2A 'workerl' ....... CK
MBO : (EAdkDSPF 8x5IMD) VBZA 'workerl' ....... CK
MEO : (EJdkKDSP EBxS5IMD) VZI2EB 'workerl' ....... CE
MBEO : (EJdkKDSP ExS5IMD) VAZE 'workerl' ....... CE
MED : (EJdkKDSP ExS5IMD) VADD 'workerl' ....... CE
HMBO : (EdkDSF 2xSIMD) VADD BZZR 'workerl® CE
HMEO : (EdkDSF 2xSIMD) VADD RZZE 'workexrl® OE
MBEOQO : (EdkDSF 8x5IMD) V5UBE 'workerl®' ....... COE
HMBO : (EdkDSF 2xSIMD) VSUEB BZZR 'workerl' CE
MEO : (EdJKDSF 2x5IMD) VSUE RZZEB 'workerl' CK
MBO : (E4dkKDSP 8x5IMD) VMULT ‘workerl' ...... CK
MBO : (EdJKDSPF gx5IMD) VMULT BZ2A 'workerl® CK
MEO : (EdkDSP 8xS5IMD) VMULT AZZE 'workerl' . OK
MBO : (EdkKDSPF 8x5IMD) VPRCD 'workerl' ...... CK
MBO : (E4dkKDSP 8x5IMD) VMAC 'workerl' ....... CK
MBO : (E4dkDSP 8x5IMD) WVMSUBAC 'workerl' .... CE
MEO : (EdkDSP 8xS5IMD) WPROD 58 'workerl' ... OK
MED : (EJdkDSP ExS5IMD) VDIV 'workerl' ....... CE

BElocks_used 238
Blocks_free &2

Directory css 00000003
Directory images 00000005
Directory Jjs 00000003
Directory yui 00000007
index.html 00000c0b

FP1101.TXT 0000061e

http POST: ledstatus: FFFFFFEF

Figure 30: Test of vector operations is started from the www browser GUI. It is served by the IwIP

library working on top of the XilKernel

Close the web browser. Close the socket based application running on the Artix7 from the SDK.

Download again the bitstream from Vivado 2014.4. Select the socket axi_bce fp12_ 1x8 fir Ims project for

download and run it. See Figure 31.
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&2 COM3 - PuTTY Y [m]
Initializing MFS at OxE804B71F0 -
Done.

Located index.html

————— 1wIF Socket Mode Demo Application ———-——-
Start PHY autonegotiation

Waiting for PHY to complete autonegotiation.
autonegotiation complete |-
anto-negotiated link speed: 1000

ERRCE: DHCPF regquest timed out

Configuring default IP of 15%2.168.1.10

Board IP: 152.168.1.10

Hetmask : 255.255.255.0

Gateway : 1982.168.1.1

Server Port Connect With..
tftp server 6% £ tftp -i 1%2.168.1.10 PUT <source-filex
http server 80 Point vour web browser to http://192.168.1.10

=l

Figure 31: Start the socket_axi_bce fpl2_1x8 fir_Ims.elf application

The SOCKET version of the TFTP and HTTP servers have been started on the Artix7 MicroBlaze processor. Open
www browser (Internet Explorer) client and connect to the board address: http://192.168.1.10/ Click on the
Toggle LEDs button to toggle the led output on the board and starts the FIR and LMS filter computation on single
(8xSIMS) EdkDSP accelerator. See Figure 32.
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http://192.168.1.10/

& COM3 - PuTTY -0 x|
Initializing MFS at OxE804B71F0 =
Done.

Located index.html

————— 1wIP Socket Mode Demo Application ————-—-
Start PHY autonegotiation

Waiting for PHY to complete autonegotiation.
autonegotiation complete

auto-negotiated link speed: 1000

ERRCE: DHCP reguest timed out

Configuring default IP of 192.168.1.10

Board IP: 192.168.1.10

Hetmask : 255.255.255.0

Gateway : 182.168.1.1

Server Port Connect With..
tftp server 69 £ tftp -i 192.168.1.10 PUT <source-file>
http sServer 80 Point vour web browser to http://152.168.1.10

http POST: switch state: O
http POST: ledstatus: 0O

File FP1124FP0.DEC not found.

Default firmware will be used.

File FP1124P1.DEC not found.

Defanlt firmware will be used.

File FP1124.TXT created for wr

MBO : (EdkDSP 8x5IMD) Capabilitiesl = 13FFFF

MEBO : (EdkDSP 8x5IMD) Capabilities2 = 13FFFF
MBO : (EdkDSF 8=x5IMD) Capabilities3 = 13FFFF
MBO : (EdkDSP 8x5IMD) Capabilities4 = 13FFFF
MBO : (EdkDSP 8x5IMD) Capabilities5 = 13FFFF
MBO : Generating far-end signal

MBO : (EdkDSP 8x5IMD) FIER filter ... 1111 MFLCPs
MBO : Adding near-end =signal

MEO : (EdkDSP EB8x5IMD) LMS filter ... 754 MFLOP=s

MEQ : LMS filter

Step 29 of 100: LMS acceleration 215x.
CE
Elocks used 238
Blocks_free &2

Directory c== 00000003
Directory images 00000005
Directory j= 00000003
Directory wvui 00000007
index.html 00000cOb

FP1124.TXT 000007d0

http POST: ledstatus: FFFFFFEF

| [

Figure 32: The FIR and LMS computation is started from the web browser GUI

The performance for FIR and LMS is displayed and the speedup in comparison to the MicroBlaze is reported
during the MicroBlaze verification run. The result from the EdkDSP is identical to the MicroBlaze result.
Close browser. Stop the Artix7 application.
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3.6 Use of the C compiler for the EdkDSP firmware with download from Ethernet

This section is describing the use of the UTIA EdkDSP C compiler to recompile the firmware for the PicoBlaze6
controller present in each of the five (8xSIMD) EdkDSP accelerator IP cores in the AC701 board.

In SDK Project Explorer, open the project edkdsp_cc and the subdirectory edkdsp_cc/a. See Figure 33. It
contains C source code of the EdkDSP accelerator firmware and Ubuntu scripts for the compilation. The
compiled versions of firmware are already present in the demonstrated applications in form of headers for the
MicroBlaze applications. This helps to evaluate the EdkDSP accelerators without installation of the C compiler

for the EdkDSP.

sok CfC++ - edkdsp_cc/afa_fp1124p0.c - Xilinx SDK

File

Edit Source Refactor Mavigate Search Project Xilinx Tools Run Window Help

=101 ]

5 - Olr-i-aceRE D N @B G B0 ™[I
,Q’, - ﬁ. - - - | | |QL|i-:k Access Iy | %C,’C++
[7 Project Explorer 53 = [ a_fp1124p0.c 23] = 8 ||* 8
= <}==D| F < binclude "stdic fpil.h" = EETN
E-25 bist = #include "a_fpll24pd.h™ -
Igc ESSSD unsigned char i, j, n, op, led, btn; oat
-1+ edkdsp_cc .
B&a - void main() { ;' >
@ a_fp1101p0.c pb2dfu_set(C_PBP_REGBL, @); )
—[8 a_fp1101p0.h op = mb2pb_read_data(); ® I
- [8] afpiidipLe if (op == C_DFU_OP_WVER) { n
18 afoi0ipLh pb2dfu_set(C_DFU_CNT, @); ® o
= pb2dfu_set(C_DFU_OP, op); ® |z
-~ lel a_fp1124p0.c ph2dfu_waitahw(); @ bt
- €] a_fp1124p0.h 1 else { o m
[ a_fpi124pe n = mb2pb_read_data();
- [€] a_fp1124pLh
- |=| ca_fpll.sh =y pb2lecd_ascii text();
. ca.sh i pb2lecd_ascii char(hex_h(n), C_LCD _84);
cc_fpilsh / pb2lcd_ascii_char(hex_1(n), C_LCD_@5); | |
- =l cesh , . ,
for (1 =@; 1 < 4; i++
B FuzenT for (325 3= ) S0y ¢
- [g stdio_fp11h Ims(j, n, op);
B tools pb2mb_eoc(led);
2| settings.sh T
[]--B hw_platform_0 }
{3 hw_platform_10 =
L ) ' btn = btn2pb();
1'3 :mlj:axrm_lo_no_lla =¥ pb2lecd_ascii char(hex_h(bgn), C_LCD 8E);
(A hw_platform_20 1y pb2lcd ascii char(hex 1(btn), C_LCD 8F);
['3 hw_platform_20_no_ila led = led2pb();
-3 hw_platform_30 =V7, pb2led_ascii_char(hex_h(led), C_LCD_@9);
1’3 hw_platform_30_no_ila Iy pb2led_ascii char(hex_1(led), C_LCD_8A); -
['3 hw_platform_40 _ILI il s lIJ _PI
4 3
I | Eipr. [#ETa.. Bco. E@]EIPr... |§'Te...| = B ||Elsokleg 2 g = O
o Torget Comec... I—EI <k {PEM CHEH = n_-'ll| =% B - £+ || 15:28:18 INFO Launching XSDB server: xsdh;l
& JE COT Build Console [edkdsp_cc] 15:28:31 INFO  : Restering local repositery
L Local [default] ;l C:WM_e7\d_4a4\d_7azeet_fpl2 Sx8\repo
BI-(= Auto Discovered 15:38:22 INFO : Processor reset is complete
15:45:82 INFO  : Processor reset is complete
15:58:21 INFO  : Processor reset is complete
o Al — wi

| Writable | Smart Insert | 1:1

Figure 33: Evaluate the included C code for reprograming of the EdKDSP accelerators
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The UTIA EdkDSP C compiler is provided as implemented as several Ubuntu binary applications.
The “VMware Workstation 12 player” software is used to run 32bit Ubuntu image on Windows 7 (64bit) PC.
The “VMware player” 3.0.0 software can be also used to run 32bit Ubuntu image on Windows 7 (32bit) PC.

The Ubuntu image used in UTIA needs one DVD (4.7GB) for installation. That is why it is not included as part of
the evaluation package. If you would need this image, write an email request to kadlec@utia.cas.cz to get it with

correct Ubuntu image from UTIA (free of charge).

Install the VMware Player 3.0.0 or the VMware Workstation 12 player software on your PC.
In VMware Player open the Ubuntu_EdkDSP package. See Figure 34.

g Ubuntu_EdkDSP

Ubuntu_EdkDSP

State:
0s:
Version:
RAM:

Powered Off

Ubuntu

Workstation 5.x virtual machine
512 MB

@ Play virtual machine

é’g@' Edit virtual machine settings

Figure 34: Start the VMware Player to run the C compiler for the EdKDSP accelerators as an Ubuntu
binary user application
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mailto:kadlec@utia.cas.cz

so, 1.1is, 09:56 [l vs~ @ @ BH B¢

(A =

Soubor Upravit Zobrazit Terminal Karty MNapovéda

devel@ubuntu:~% cd bin
devel@ubuntu:~/bing samba_07.sh
[sudo] password for devel:
Password:

devel@ubuntu:~/binsg

@ [ devel@ubuntu: ~/bin
Bvmware

Figure 35: Mount the Windows 7 directoy c:\VM_07as /mnt/cdrive in Ubuntu

Open the VMware Player and select the “Ubuntu_EdkDSP” image. The Ubuntu will start. Login as:
User: devel
Pswd: devuser

The PC directory c:\VM_07 needs to be shared by Windows 7 with Ubuntu.
e In Windows 7, set the directory c:\VM_07 and its subdirectories as shared for Read and Write.
e In Ubuntu, open terminal and mount the PC directory c:\VM_07 to Ubuntu. The Windows 7 c:\VM_07
directory is mounted to the Ubuntu OS as: /mnt/cdrive
This process is automated in script samba_07.sh. Script has to be updated to reflect the PC user name and to
identify the virtual Ethernet connection of Win 7 PC and VMware Player for the virtual Ubuntu OS.
See Figure 35.

In Ubuntu terminal, change the directory to:
S c¢d /mnt/cdrive/d_44/d_7a200t_fp12_5x8/SDK_Workspace/SDK_Workspace/edkdsp_cc

The EdkDSP C compiler utilities have to be on the Ubuntu PATH. This is done by sourcing the settings.sh script in
this directory. Type in Ubuntu terminal. See Figure 36.
S source settings.sh

In Ubuntu terminal, change the directory to the example directory “./a” (See Figure 36):
Scda
devel@ubuntu:/mnt/cdrive/d_44/d_7a200t_fp12_5x8/SDK_Workspace/SDK_Workspace/edkdsp_cc/a$

Si-lll & o i )
= apr S http://zs.utia.cas.cz
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-QApIikace Mista Systém

Soubor Upravit Zobrazit Terminal Karty Napovéda

devel@ubuntu:

devel@ubuntu:

devel@ubuntu:

devel@ubuntu:

devel@ubuntu:

devel@ubuntu:

devel@ubuntu:

devel@ubuntu:

devel@ubuntu:

devel@ubuntu:

devel@ubuntu:

devel@ubuntu:

devel@ubuntu:

devel@ubuntu: /% cd /mnt/cdrive/sd 34 7a/d 7a200t fpl2 6x8/SDK Workspace/edkdsp cc
devel@ubuntu: /mnt/cdrive/d 34 7a/d 7a200t fplz 6x8/SDK Workspace/edkdsp cc$ ls

a tools

devel@ubuntu: /mnt/cdrive/d_34 7a/d_7a200t_fpl2_6x8/SDK_Workspace/edkdsp_cc$ source settings.sh
EdkDSP environment set to '/mnt/cdrive/d_34 7a/d_7a200t_fpl2 6x8/SDK_Workspace/edkdsp_cc'
devel@ubuntu: /mnt/cdrive/d_34 7a/d_7a200t_fpl2_6x8/SDK_Workspace/edkdsp_cc$ cd a
devel@ubuntu: /mnt/cdrive/d_34 7a/d_7a200t_fplz_6x8/SDK_Workspace/edkdsp_cc/ag 1s

devel@ubuntu: /mnt/cdrive/d 34 7a/d 7a200t fplz2 6x8/SDK Workspace/edkdsp_cc/a$

@ [ devel@ubuntu; /mntjcd... ]

Figure 36: Source the path to the EdkDSP C compiler tools

In SDK, open the C source code of the current firmware for the EdkDSP accelerator in the file
edkdsp_cc\a\a_fp1101p0.c

See the original listing in Figure 37.

To demonstrate the compilation and new firmware download via Ethernet, we will change the message going
from EdkDSP PicoBlaze processor to the MicroBlaze and to the FP1101.TXT log file from “1=00"; to “Input=00".

Uncomment the four commented lines from // pb2mb_Write (‘n’); to // pb2mb_Write (‘t’);
See Figure 37.
Save the modifications in Win 7 SDK editor.
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% C/C++ - edkdsp_ccfafa_fp1101p0.c - Xilinx SDK o =] |
File Edit Source Refactor MNavigate Search Run  Project Xiinx Tools Window Help

L U|*' v oo |@-8-d-@-[%-0-&- | |80 |&2RH|E|®5- 0 [Bg cle++
[sE @ |8 -l-0 oG- -
r[\jijectE}q:ik:rer &3 = O|| [ a_fp1101po.c 3 = N)l =g
= A pb2mb_write(C_SCREEN_1); ] o
< b 1 A W s
E’met—app pb2mb_write('\n"}; SRR RN
""7 edkdsp pb2mb_write(' "); @ ‘:‘t
= edkdsp_cc pb2mb_write('L'); 0 stio ol
B a pb2mb_write('='); . stdio_]
----- a_fp1101p0.c pb2mb_write(hex_h(led)); -l a_fp:ll[.'l.l
..... a_fp1101p0.h pb2mb_write(hex_1(led)); - @ ahunsic
..... 1 - @ bh : unsic
[€ a_fp1101plc
..... a_fp1101p1lh pb2mb_eoc(led); . @ zh : unsig
..... ~ - @ n: unsigr,
a_ffgiiixg; pb2mb_write(C_SCREEM_2}; ® op:unsic
..... Bl & ) T :
""" [€] a_fp1124pL.c pb2mb_write{'\r'); 2 led 'Il’ms'_['
----- a_fpli24p1h pb2mb_write(' '); bin. * uns
ca_fpilsh pb2mb_write('L'); @ main(): v
ca.sh pb2mb_write('=");
11.5h pb2mb_write(hex_h(led));
EE-:E F pb2mb_write(hex_1(1led));
. }
""" stdio_fp1Lh pb2mb_eoc(led);
(= tools

----- |=| settings.sh pb2mb_write(C_SCREEN_3);

|::|--13 hw_platform_0 {
E]---&ﬁ raw_axi_bce_fp12_1x8_eval_op pb2mb_wr :i.te( AL H
55 socket_axi_bee_fp12_ix3_eval_op pb2mb_wr }te( RE o
= ) pb2mb_write('I");
5= socket_axi_bce_fp12_1x8_fir_Ims e
pb2mb_» n'y;
([ standalone_bsp_0 pb2mb_ ('p');
B[ wilkernel_bsp_0 pb2mb (u ) :
pb2nb_x ite('t');
="}

pb2mb_write(’
pb2mb_write(hex_h{btn));
pb2mb_write(hex_1{btn)});

}
pb2mb_ecc(led); -
I | S|

'* Problems |+ Tasks | & console 32 ElPropertiesW@Terminaq ® 5 | E" Eﬁ| @|@| = El -7 70
socket_axi_bce_fp12_1x8_eval_op Release [Xilinx C/C++ application (GDE)] C:\WM_07'd_34_7a'd_7a200t_fp12_6x8\SDK_Workspace'socket_axi_bee_f

Process STDIO not connected to console. -~
If you'd like to see UART output in this consecle, please modify STDIO settings in the Run/Debug cenfig

4| | LILI
J=-<>

Ll | Writable | Smart Insert | 81:37 J

Figure 37: See the details of communication from the accelerator to MicroBlaze in the original code

We will demonstrate the complete process related to the compilation, download of results from Artix7 to the
PC.

e Download again the bitstream from Vivado 2014.4 Hardware Manager.
e Start the application socket_axi_bce_fp12_5x8_eval_op.elf

e Open the www browser

e Start the demo run by clicking on the Toggle LEDs button.

See Figure 38 and Figure 39.
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#* COM3 - PuTTY

Server Port Connect With..

69 £ tftp -i 192.168.1.10 PUT <=ource-file>
80 Point vour web browser to http://152.168.1.10

tftp =server
http =server

switch state: 0O
ledstatus: 0

http POST:
http POST:

Test=z of vector operations.
File FP1101P0.DEC not found.
Default firmware will be used.
File FP1101P1.DEC not found.
Default firmware will be used.

=101 x|

File FP1101.TXT created for wr

MEBO (EAEDSP 8x5IMD) Capabilitiesl = 13FFFF
MEBO (EAEDSP 8x5IMD) Capabilities2 = 13FFFF
MEBO (EdEDSP 8x5IMD) Capabilities3 = 13FFFF
MEO [EAEDSE E8x5IMD) Capabilities4 = 13FFFF
MEBO (EAEDSPE 8x5IMD) Capabilities5 = 13FFFF
ah=0 bh=0 zh=0

MBO : (EdkDSP 8x5IMD) VZ2h 'workerl' ....... CE
MEBO (EdEDSP 8x5IMD) VB2A 'workerl' ....... CE
MEBO (EAEDSP 8x5IMD) VZI2ZB 'workerl' ....... CE
MEBO (EdEDSP 8x5IMD) VAZE 'workerl' ....... CE
MEBO (EdEDSP 8x5IMD) VADD 'workerl' ....... CE
MEBO (EdkDSFP 8x3IMD) VADD BZ2R 'workerl' CE
MEBO (EdkDSFP 8x3IMD) VADD AZ2E 'workerl' CE
MEBO (EdEKDSP 8x5IMD) VS5UB 'workerl' ....... CE
MEBO (EdkDSP 8x53IMD) V5UB BZ2R 'workerl' CE
MEBO (EdkDSP 8x3TMD) V3UB AZ2E 'workerl' CE
MEBO (EdEDSP 8x5IMD) VMULT ‘workerl' ...... CE
MEBO (EdkDSP 8x53IMD) VMUOLT BZZ4 'workerl® CE
MBO (EdkDSP 8xS5IMD) VMULT AZZE 'workerl® CE
MEBO (EdEDSP 8x5IMD) VPRCD 'workerl' ...... CE
MEBO (EdkKDSP 8x5IMD) VMAC 'workerl' ....... CE
MBO (EAKDSF 8=x5IMD) VMSUBAC "workerl' CE
MEBO (EdkDSP 8x5IMD) VFROD 58 'workerl® CE
MBO : (EdkDSP 8x5IMD) VDIV 'workerl' ....... CE
Blocks used 238

Blocks free &2
Directory c=s= 00000003

Directory images 00000005

Directory j= 00000003
Directory wvui 00000007
index.html 00000cOb
FP1101.TXT 00000&1e
http POST: ledstatus:

FFFFFFEFF

Figure 38: Test has been performed and the tested EdKDSP accelerator created data file FP1101.TXT in
the RAM file system located in the DDR3 of the AC701 board
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Open the TFTP application on your PC as a TFTP client connected to the Artix7 host 192.168.1.10 with Port 69.
See Figure 39.

" Titpd6d by Ph. Jounin - II:I|5|

Current Directary IE:'xpf'fotpdEd j Browse I
Server interfaces |12?.n.n.1 Software L v | Shaw Dir |

Titp Server  THp Client | DHCP server I Syzlog server I Log wiewer I
Host [192168.1.10 Pot 9

Local File IE:'\VM_D?"-.d_dd'xd_?aEDDt_f o

Remoate File |FF1101.TXT|

E!ggk IDefauIt 'I
et | Put | Ereakl

About | Settings I Help |

Figure 39: Start TFTP client and get the file FP1101.TXT from the Artix7 FPGA to PC via Ethernet
Select Local (PC) file to:

c:\VM_07\ d_44\d_7a200t_fp12_5x8\SDK_Workspace\edkdsp_cc\a\FP1101.TXT
and the Remote File (Artix7 file system) to:

FP1101.TXT

Click on “Get” to download the file to PC from the board.

x

b 4blocks transferred in 0 second
/.-' 0 blodk retransmitted
= MD5: 42193f46ea3ada 10392 163f5290f5533

Figure 40: Ssize of FP1101.TXT received from the Artix7 FPGA to PC via Ethernet. Confirm OK

The EdkDSP firmware after the compilation is presented in Figure 39.
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Screenl

L=00

Screen2

L=00

Screen3

1=00

Screend

ah=00 bh=00 zh=00

Figure 41: Received FP1101.TXT file.

In SDK, Refresh the edkdsp_ccl\a directory (by F5) to see the received FP1101.TXT file
downloaded from the server running on the Artix7 FPGA. Notice that the input data are printed as
“I=00". Select the directory where you want to get the FP1101.TXT file.

il
Player « | - @ ) & £
-t:}' Aplikace Mista Systém U, 10.lis, 16:56 = [ TN ﬂe@l@ UsA

Soubor Upravit Zobrazit Terminal Karty Napovéda

devel@ubuntu:~% cd bin

devel@ubuntu:~/bin$ samba_07.sh

[sudo] password for devel:

Password:

devel@ubuntu:~/bing cd /mnt/cdrivesd 44/d 7az00t fplz S5x8/SDK_Workspace/edkdsp cc
devel@ubuntu: /mnt/cdrivesd 44/d 7a200t_fpl2 Sx8/SDK_Workspace/edkdsp ccg ls

a tools

devel@ubuntu: /mnt/cdrive/d 44/d 7a200t_fpl2 Sx8/SDK Workspace/edkdsp cc$ source settings.sh
EdkDSP environment set to '/mnt/cdrivesd 44/d 7a200t fpl2z Sx8/SDK_Workspace/edkdsp cc'
devel@ubuntu: /mnt/cdrive/d 44/d 7a200t_fTpl2 Sx8/SDK Workspace/edkdsp cc$ cd a
devel@ubuntu: /mnt/cdrive/d 44/d 7a200t_fTpl2 Sx8/SDK Workspace/edkdsp cc/ag Ls

devel@ubuntu: ,fmnt,’cdrlve,‘d 44/d 7azo0t_fpl2 Sx8/SDK_Workspace/edkdsp cc/a$ cc_fpll.sh a

ECKDSPCC @ a fpllDlpD [ .

ECKDSPPSM: FPL1101FO.PSEM ...

EDKDSPCC : a_fpllOlpl.c ... I
ECKDSPPSM: FP1101F1.PSEM ...

EDKDSPCC : a_fpll24p0.c ...

ECKDSPPSM: FP1124F0.PSM ...

ECKDSPCC @ a fp1124p1 [N

ECKDSPPSM: FP1124F1.PSM

devel@ubuntu: ,fmnt,’cdrlve,‘d 44,‘d 7a200t_Tpl2 Sx8/SDK Workspace/edkdsp cc,fa$l

@ [ devel@ubuntu:fmntfcd...] — a

Figure 42: Compile the C code with uncommented lines to display Input=00 instead of 1=00

Refresh the project explorer view by F5 in SDK. The uploaded log file FP1101.TXT can be open. See Figure 42.
The PicoBlaze6 original firmware is writing “I=00" to the log file as expected.
cc

o Keep the application running on the Artix7 together with the browser GUI open.

e Compile the modified firmware source code by script cc_fp11.sh with parameter a.

Type inthe-Ubuntu terminal:
L pro .
saraL prozessng http://zs.utia.cas.cz
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S cc_fpllsha

Four C firmware programs will be compiled to header files with the firmware binary code. See Figure 43:
a_fp1101p0.c is compiled to FP1101P0.DEC
a_fp1101pl.c is compiled to FP1101P1.DEC
a_fp1124p0.c is compiled to FP1124P0.DEC
a_fpl124pl.c is compiled to FP1124P0.DEC

This compiled firmware can be uploaded from PC to the running demo application in the Artix7 chip.

Upload the compiled firmware from PC to the Artix7 File system. See Figure 44 - Figure 47.

= Total Commander 7.03 - Ustav teorie informace a automatizace AV CR = |EI|£|

Files Mark Commands MNet Show Configuration Start Help
2 BB %« | DD ED RSB

[[c1 =] Lnone 1 185792 824 k of 466 710 524 kfree |\ | - [[c-] =] [none_] 185 792 824 k of 466 710 524 k free v -
c\VM_07\d_44\d_7a200t_fp12_5xB\SDK_Workspace\edkiJE Sihallc VM _07\d 44\d o200t fp12 5x8\SDK Workspace\edkds

TMName Exd |Size Date Attr TName BExd |Size Date Attr

&L <DIR> 10.11.2015 16:55 — 1 L1 <DIR> 09.11.2015 16:39 —

[Ya_fp1101p0 c 2779 10.11.2015 16:555-a— | J[a] <DIR> 10.11.2015 16:55 —

[Ya_fp1101p0 h 1120 04.03.2012 19:40a— | Jftools] <DIR> 09.11.2015 16:39 —

[fa_fp1101p1 c 2 691 01.06.2013 18:34a—  |[ ] project 213 21.09.2014 15:11a—

[fa_fp1101p1 h 1120 04.03.2012 19:41-a—  |[ | settings sh 1161 23.08.2014 08:26 -a—

[fa_fp1124p0 c 1200 10.11.2015 16:28 a—

[(a_fp1124p0 h 5 547 01.06.2013 15:06 -a—

[(a_fp1124p1 c 1202 01.06.2013 18:34 a—

[fa_fp1124p1 h 3761 01.06.2013 13:13-a—

[fca sh 208 21.09.2014 13:46 a—

[ca_fp1l sh 127 21.09.2014 13:45 -a—

[fce sh 168 02.07.2013 14:13 -a—

[(ec_fp11 sh 127 28.04.2013 19:53 -a—

- FP1101 TXT 1566 10.11.2015 16:52 -a—

5 FP1101PD DEC 4606 10.11.2015 16-56 -a—

[ FP1101PT DEC 4438 10.11.2015 16:56 a—

| |FP1124 TXT 2000 18.07.2015 08:02 -a—

[ FP1124P0 DEC 2794 10.11.2015 16:56 -a—

[ FP1124P1 DEC 2 154 10.11.2015 16:56 -a—

[F| stdio_fp11 h 11 472 28.05.2013 12:46 -a—

8k /47kin 2 / 19files Ok /1kin 0/ 2files. 0 / 2 dir(s)

I_fp12_5Sx8\SDK_Workspace\edkdsp_cc\a> | |
F3 View | F4 Edit | F5Copy | F6Move | F7NewFolder | F8Delete |  At+F4 Exit

Figure 43: Select compiled binaries in Total Commander or in another file explorer
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" Titpd&4 by Ph. Jounin - |I:I|£|

Cument Directary  [C:\pfiT ftpd6d | Browse |
Server interfaces |-|2?.|:|.|:|.-| S oftware L.j S ko Die |

Tip Server  THp Clisnt | DHCP zerver I Syzlog server | Log wiewer |
Host [132168.1.10 Pat 9
Lacal File |E:WM_DF&-:I_AM'\::I_?aEDDt_f —
Remote File ||

g!gﬂck IDefauIt "I
Get | Pt I Ereakl

About I Settings | Help |

Figure 44: Drag and drop the firmware files to the TFTP client for the download to the Artix7 FPGA

x

| Upload (Put) 2 files to host ?

Ano I Me | Storno |

Figure 45: Confirm Ano (yes in Czech...)

x

2 files fully transferred in 18 blocks and 0 retransmission

Figure 46: The TFTP server is indicating number of files and blocks transferred to Artix7 file system.
Confirm OK

The transfer of each new firmware file is also reported in the console. See Figure 47.

In the www browser user interface, start new test of the EdkDSP accelerator IP by clicking on the "Toggle LEDs”
button. See Figure 47. The new firmware files have been found, and the firmware of the tested EdkDSP

accelerator IP core has been updated. Tests have been performed and the log file FP1100.TXT is stored in the
Artix7 RAM based file system.
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& COM3 - PuTTY

Directory c=s 00000003

Directory images 00000005

Directory j=s 00000003

Directory yui 00000007

index.html 00000c0b
FP1101.TXT 00000&1e
http POST: ledstatus:

FFFFFFFF

TFTIP RRQ (read regquest): FP1101.TXT
TFIP WRQ (write regquest): FPl101P0.DEC
TFTP WRY (write request): FPl101P1.DEC

Tests of wector operations.

Updating firmware FP1101FP0.DEC
Updating firmware FPL101FP1.DEC
File FP1101.TXT created for wr

HMEBO (EdKDSF 8=x5IMD)

HMEBO (EdKDSF 8=x5IMD)

HMEBO (EdKDSF B8=xS5IMD)

HMEBO (EdKDSF B8=xS5IMD)

MEO (EAKDSP SxS5SIMD)

ah=0 bh=0 =zh=0

HMEBO (EAEDSF S8xS5IMD) VZz2ha
MBO (EAKDSF 8x5IMD) VBZ24
MBO (EAKDSF 8x5IMD) VZIZE
MBO (EQKDSF 8x5IMD) VAZE
HMEBO (EdkKDSP 8xS5IMD) VADD
HMEBO (EdkKDSP 8xS5IMD) VADD
HMEBO

HMEBO (EdkKDSP 8xS5IMD) V5UB
HMEBO

HMEBO

HMEO (EAKDSP 8x5TMD) VMULT
MEO

HMEO

HMEBO

MBO

MBO

MBO

HMEBO

Capabilitiesl = 13FFFF
CapabilitiesZ2 = 13FFFF
Capabilities3 = 13FFFF
Capabilities4 = 13FFFF
Capabilities5 = 13FFFF

"workerl' .......
'"workerl'
"workerl'
"workerl'
'workerl'

BZ2L '"workerl'

(EdKDSF 8x5IMD) VADD:RZEE 'workerl'

'workerl'

(EdkDSF 8xSIMD) VSUE BZIZA 'workerl'
(EdkDSF 8xSIMD) VSUE RZIZE 'workerl'

'workerl'

(EdKDSF g8xSIMD) VMULT BZZ2XA 'workerl'
(EdKDSP E8xS5IMD) VMULT &Z2E 'workerl'

(EAkKDSF 8x5IMD) VPROD "workerl®
(EdkKDSF 8x5IMD) VMAC 'workerl®

(EAKDSF 8x5IMD) VMSUBAC ‘workerl'
(EdkDSF 2xS5IMD) VPRCD 58 'workerl'

(EdKDSF 8x5IMD) VDIV ‘workerl'

Blocks_used 238
Blocks free 62
Directory c=s 00000003

Directorv images 00000005

Directory j= 00000003
Directory wvui 00000007
index.html 00000c0b
FPL1101.TXT Q0000666

http

POST: ledstatus: O

CE
CE
CE
CE
CE
CE

=10l x|

Figure 47: The TFTP server is indicating number of blocks uploaded to Artix7 file system

Download the FP1101.TXT file to PC with the TFTP client application, and see its content in the SDK. The
messages from the tested EdkDSP accelerator have been modified to “Input=00”. See Figure 50.
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x

File exists, overwrite it ?

Ano I Me | Storno |

Figure 48: Confirm Ano (yes in Czech...)

x

k. 4 blocks transferred in 95 seconds
) o block retransmitted
MD5: 847269105 1dad3ed6cdY9actaizeac?d

Figure 49: FP1101.TXT received from the Artix7 FPGA to PC via Ethernet. Confirm OK

Screenl

L=00

Screen2

L=00

Screen3

Input=00

Screend

ah=00 bh=00 zh=00

Figure 50: The console output indicates that 2 firmware files have been found.

Close the browser application. Stop the application on the Artix7 MicroBlaze processor from the SDK.

We have demonstrated the upload of re-compiled firmware from PC to the Artix7 and to the EdkDSP accelerator
IP core and download of resulting log file from the Artix7 file system to the PC via Ethernet.
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3.7 Use of the C compiler for the EdkDSP firmware without Ethernet

This section is describing the use of the UTIA EdkDSP C compiler to recompile the firmware for the PicoBlaze6
controller present in each of the 5 (8xSIMD) EdkDSP accelerators in the AC701 board for simple application
without internet connectivity. The edkdsp project in the SDK project explorer will be used as an example.

i
Player v| - @ T & &
43 Aplikace Mista Systém st, 11.lis, 08:3s -+ = IR0 @ B:cH usa

Soubor Upravit Zobrazit Terminal Karty Napovéda

devel@ubuntu:~$ cd bin

devel@ubuntu:~/bing samba_07.sh

[sudo] password for devel:

Password:

devel@ubuntu:~/bing cd /mnt/cdrives/d 44/d 7az200t fpl2 Sx8/S0K_Workspace/edkdsp_c

c

devel@ubuntu: /mnt/cdrivesd 44/d 7a200t fpl2 Sx8/SDK_Workspace/edkdsp_cc$ source settings.sh
EdkDSP environment set to '/mnt/cdrive/d_44/d_7a200t_fpl2z_5x8/S0DK_Workspace/edkdsp_cc'
devel@ubuntu: /mnt/cdrive/sd_44/d_7a200t_fpl2 Sx8/SDK_Workspace/edkdsp_cc$ cd a

devel@ubuntu: /mnt/cdrive/d_44/d_7az00t_fpl2 Sx8/SDK_Workspace/edkdsp_cc/a$ s

devel@ubuntu: /mnt/cdrive/d_44/d_7az200t_fpl2 Sx8/SDK_Workspace/edkdsp_cc/a$ ca_fpll.sh a
EDKDSPCC : a_fpllOlpO.c ...

EDKDSPASM: FA11Q1PQ.PSM ...

Generated M function file in the M file ././f11l_FAl101PO program store.m
Generated C header file in the H file ./fill_FA1101P0_program_store.h
EDKDSPCC : a_fpllOlpl.c ...

EDKDSPASM: FA1101P1.PSM ...

Generated M function file in the M file ././f11l_FAl101P1_program_store.m
Generated C header file in the H file ./fill_FA1101P1_program_store.h
EDKDSPCC : a_fpll24p0.c ...

EDKDSPASM: FA11Z24P0O.PSM ...

Generated M function file in the M file ././f1ll_FAl124P0_program_store.m
Generated C header file in the H file ./f11l FA1124P0 program store.h
EDKDSPCC : a_fpll2dpl.c ...

EDKDSPASM: FAL11Z24P1.PSM ...

Generated M function file in the M file ././fi1l_FAl124P1_program_store.m
Generated C header file i1n the H file ./f1ll _FAl124P1 program_store.h
devel@ubuntu: /mnt/cdrive/d_44,/d_7az00t_fpl2 Sx8/SDK_Workspace/edkdsp_cc/a$ s

devel@ubuntu: /mnt/cdrive/d_44/d_7az200t_fpl2 SxB8/SDK_Workspace/edkdsp_cc/a$

@ [ devel@ubuntu: /mntfed. .. l ﬁ

Figure 51: Compile C source code for the accelerator by the EDKDSPCC compiler
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signau processing

The firmware C source code examples can be compiled by the script ca_fp11.sh with parameter a.
Type in the Ubuntu terminal (See Figure 51):
Sca_fpllssha

Compile C source code. It will create the assembler source code and firmware binary in format of C .h header
files. These headers can be used for inclusion into the EdkDSP demo project (without the TFTP file server).

This will compile and assemble all four C firmware programs to header files with the firmware binary code:
a_fp1101p0.c is compiled to fil_FA1101P0_program_store.h

a_fpl1101pl.c is compiled to fil_FA1101P1_program_store.h

a_fp1124p0.c is compiled to fill_FA1124P0_program_store.h

a_fpl1124pl.c is compiled to fill_FA1124P0_program_store.h

Copy and paste the compiled headers into the src directory of the MicroBlaze project edkdsp of the SDK 2014.4.
See Figure 52 - Figure 54.

80k C/C++ - edkdsp_cc/a/FA1101P0.PSM - Xilinx SDK =10 x|
File Edit Source Refactor Mavigate Search Project Xilinx Tools Run  Window Help
o - |64 - meeEMO -8 -F- H-O0-Q-N @ 5-
- - - - | o IC_-_. ck Access [ = ||E|CIC++
[ Project Explorer ES] £ | T = 8 || B ratomro.pesm ES] = 8 (| O
EIIEC: edkdsp ;I =
--q;-?‘ Binaries 3 An outline
ﬂ-l Indudes ¥ is not
= Debug H available.
§ e
[Eb%rc ) ; Memory usage:
libmfsimage. a ; adr size typ  variable
libwal.a ; --- B A1B1 main()
= edkdsp_cc ;57 1 2982 btn
B a ; 58 1 2982 led
[ a_fp1i01p0.c ; 59 1 2902 op
B v EEE 3
. £
i a_fpiiniple ; 62 1 2082 bh
1€ a_fp1101p1h ; 63 1 2082 ah
(€] a_fp1124p0.c i --- 8 alel pb2led_ascii_text()
-] a_fp1124p0.h B
€] a_fp1124pl.c
- [8 a_fp112401h CONSTANT ~ _btn , 39
N ca_fp1lsh CONSTANT _led , 3A
= cagh CONSTANT _op , 3B
'_' ' h CONSTANT _n, 3C
El o fpils CONSTANT ~ _zh , 3D
= cesh CONSTANT _bh , 3E
-|_| FA1101P0.log CONSTANT ~ _ah , 3F
- =] FA1101P0.PSM
-~ FA1101P1.log
~[E] FA1101P1.PEM e LOAD  sF,39
-] FA1124P0.log , dc’ﬁ‘“‘ ~main
main_en
= :ﬁiﬁ?rsm JUMP main_end
-B Jog
-5l FAL124PLPSM j===s=s===oosssssssooossssssooossssssooossssssoooes =
@ fil_FA1101P0_program_store.h ﬂ T bl ;I
- fill_LFA1101P0_program_store.m
B86) il F21101P1 program_store.h Eip |wr |Bc 2 l =] |-;\PT | = 0 SDK Log [EB Progress &3 ] % - 0O
1
-] fil_LFA1101P1_program_store.m B rE - = . 3 L
PN i 2 1124°0_program_store.h PR =S B Ex | 7% Bl - [ - || Nooperations to display at this time.
5 = P E— COT Build Console [edkdsp_cc]
-] fil_LFA1124P0_program_store.m ;I
@ fil_FA1124P1 _program_store.h
- ®] fil FA1174P1 nroaram store.m LI
4 Target Connections 53 4 42 = B8
o - Local [default]
(= Auto Discovered Al _ILI
A4 k

@ 4 items selected

Figure 52: Select firmware header files and Ctrl-C Ctrl-V them to the edkdsp/src directory
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s0x Run Configurations ’_

M=k

| type filter text

~-[E] CJC++ Application
~[E] c/c++ Remote Application
B Launch Group
£ Remote ARM Linux Application
! Target Communication Framework
E-&, iinx C/C++ zpplication (GDE)
{ et

‘X socket_fn12_5x8_fir_lms Debu

Filter matched 8 of 11items

Figure 53: Confirm to overwrite multiple files

M~  department of

signaL processin .
g P g http://zs.utia.cas.cz

52/67
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signau processing

50k CfC++ - edkdsp/srcfmenu.c - Xilinx SDK =lal x|

File Edit Source Refactor Mavigate Search Project Xilinx Tools Run  Window Help

i B - mCRH@OE -&8-¢- G- H-0-%-x ®y- & % IR R

JQuick Access [ = ||%CIC++
[ Project Explarer EX] = <fg>| ¥ ¥ = 0 FA1101P0.PSM [@ menu.c EXI = 8 (|™ 7 8
15 bist B e Fmee e -
E-=5 edkdsp for (i =8; i < 3; i++) { -

fill_FP11@1P@_program_store[i]
fill FP11@1P1_program_store[i]

fill FA11@1P@ program store[i];
fill FA11@1P1_program store[i];

for (i = EDKDSP_BOOT; i < WAL FW FULL_SIZE; i++) {

) fill_FP11@1P@ program_store[i] = fill FA11@1P@_program_store[i];
- [€] bee_fp12_5x8_0_axin_g.c fill FP1181P1_program_store[i] = fill_FA1181P1_program_store[i];
- [£] bre_fp12_5x8_0_axiw.c 3 - - - - - -
:IIB bee_fp12_5x8_0_axiw.h
- [A| board_test_app.h //Program and initialize the accelerator HW. Get HW Operations Code.
- [€] bram_mem_test_example.c wal_set_firmware(workerl, WAL _PBID P@, fill FP11@1P@_program_store, -1);
wal_set_firmware(workerl, WAL _PBID PI, fill FP11@1P1_program_store, -1);
wal_get_capabilities(workerl, WAL_PBID P@, &capabilitiesl);
xil_printf("\r\n MB@ : (EdkDSP 8x5IMD) Capabilitiesl = %x", capabilitiesl);

]@ ddrx_mem_test_example.c
]@ fill_FA1101P0_program_store.h
]@ fil_FA1101P1_program_store.h
- [6] fil_FA112470_program_store.h //Program and initialize the accelerator HW. Get HW Operations Code.

- [h] fil_FA1124P1_program_store.h wal_set firmware(worker2, WAL PBID Pa@, fill_FP1181P@ program_store, -1);
--[h| fil_FP1101P0_program_store.h wal_set_firmware(worker2, WAL _PBID PI, fill FP11@1P1_program_store, -1);
]@ fil_FP1101P1_program_store.h wal_get_capabilities(worker2, WAL_PBID P@, &capabilities2);

- [h gpio_header.h xil_printf("\r\n MB@ : (EdkDSP 8x5IMD) Capabilities2 = %x", capabilities2);

£
£
[
£
£
£
£
£
[
£
£
£
£
S% :Zeduoc_oL:prL;e.c .-"_.*'P'cg'an'land initialize the accele'atc'lHr.'. Get HW Operations Code.
- wal_set_firmware(worker3, WAL _PBID P@, fill FP11@1P@_program_store, -1);
B led_simple.c wal_set_firmware(worker3, WAL _PBID PI, fill FP11@1P1_program_store, -1);
E — wal_get capabilities(worker3, WAL_PBID P@, Rcapabilities3);
£ menu.h xil_printf("\r\n MB@ : (EdkDSP 8x5IMD) Capabilities3 = %x", capabilities3);
B ush_button_test.c
[ :—jomr;_simpl;c //Program and initialize the accelerator HW. Get HW Operations Code.
e wal_set_firmware(worker4, WAL PBID P@, fill FP11@1P@_program_store, -1);
B \\ral_set_'l’ir‘lm\r?r‘x?(\)«:ur‘ker‘t-'l-J WAL _PBID PI, 'Fill_FP118:!.PZ!._[I:lr‘cugr‘am_stcur‘eJ -1);
E xaxiethemet_example_intr_sgdma.c \\f?l_gEF_CEpEblllt:LES(\VOI"k.EI"4J J\".4L_P.B.?.'.D_PE?J &Fa?al:.lllltles“-l)',' o
i xaxiemernet_example_uﬁl.E xil_printf("\r\n MB@ : (EdkDSP 8x5IMD) Capabilities4 = %x", capabilities4);
[ xaxiethernet_example.h 1 | |
[
£
£
£

wal_bee_jk.h
wal.h

xcope.h 1% pro... | v Tasks | & co... EXIEPro...|§'Ter..‘| = O SDKLogIEBProgress EXI

xgpio_tapp_example.c
xiic_eeprom_example.c @ @ ,g| '—ﬁ Sﬁ - ._-'||| ] = - fﬁ + || Mo operations to display at this time.
xtmrctr_intr_example.c COT Build Console [edkdsp]
----- Tl lscript.ld make all ;I

PR EEREERE

-
-
-
-
-
-
-
-
-
-
-
-
-
-

..... 2 RFANMF. et LI make: Nothing to be done for “all’.
3 a =
o Target Comnections 32 [ 4 U B || g8:47:2 Build Finished (took 156ms)
- Local [default] -
B Auto Discovered hd

4« | _’I_

@ fedkdsp fsrcfmenu.c

Figure 54: See the updated edkdsp/src directory and section of the Microblaze source code, where the
recompiled modified firmware is updated and EdkDSP accelerators are programmed

Notice also the listing of the firmware in the assembler in Figure 52.
Figure 54 is presenting the firmware update section of the C code in the Microblaze edkdsp project.

In SDK, recompile the edkdsp project, to reflect the change of the firmware in header files.

To test the new firmware, take these steps:
e Recompile edkdsp.elf application (clear the current project, to take into account the new, changed
firmware in MicroBlaze header files)
e Download again the bitstream from Vivado 2014.4 Hardware Manager.
See Figure 55.
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s0x Run Configurations

Create, manage, and run configurations

=
FEX|E3-

Mame: | edkdsp Debug

® Target Setup ™[] applianon] %’ sto10 Connecﬁon] |? Profile Opﬁoﬂ.q =) Common]

I type filter text

~-[E] CJC++ Application 1=
; C/C++ Remote Application Debug Type: ISIandaIana Application Debug j
B Laundh Group . L Connection: ILu(aI j Mew
A Remote ARM Linux Application
iﬁ Target Communication Framework: Device: | Auto Detect Select
E|--§DAB Xilinx CfC++ application (GDE)
[ g,,-s edkdsp Debug
o a‘n‘s socket_fp12_5x8_fir_Ims Debu Hardware platform: Ihwjlatfurm_[) j
Processor: Imicmblazej j
Bitstream file: I download. bit ﬂl M
Tnibizlizatizr fie: I

Search., | Erawse. ., |

Summary of operations to be performed

IRaset Processor j ollowing operations will be performed before launching the debugger. ;I
1. Reset processor.
I | Program FRGE, . 'CH\WM_07\d_49\d_7a200t_fp12_5xB8\SDK_Workspace\edkdsp'\Debug'edkdsp. elf’ will be downloaded to the processor ‘microblaze_0

™ Run Qs _imit:
I | Run ps7_post_config

I | Enisble Cross-Tringeting

]| £

4 L3
I | J Apply | Fevert |
Filter matched 8 of 11items

@ I
Figure 55: Recompile edkdsp project, download the .bit file and run the edkdsp.elf on Artix

Figure 56 is presenting the initial menu of the edkdsp application.
e Type Cto select test of the EdkDSP operation
e See results of the test of the EAkDSP accelerator with modified firmware.
o Type 0 to exit from the edkdsp simple menu.
e C(Close the debug session from SDK console.
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Figure 56: Test the EDAKDSP accelerator with the new firmware from the menu (type C)
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signau processing

3.8 Use of ILA for debug of the EdkDSP accelerator IP

The Vivado 2014.4 Hardware Manager ILA trigger can be triggered from the EdkDSP firmware running on the
PicoBlaze6 firmware inside of the (8xSIMD) EdkDSP unit. This firmware can be modified and recompiled in the

SDK 2013 .4.

In SDK, open the edkdsp_cc/a/a_fp1124p1l.c file. See section of the modified C code FIR firmware. Code
includes the additional call to the pb2dfu_set() function. It will be used for triggering of the ILA in this specified

point of computation of the EdkDSP accelerator.

pb2dfu_set(0x20, 1); // To provide the trigger (0x01 on port 0x20) for the ILA
for (i=0;i<4;i++){
for (j=2;j<=3; j++) {
fir(j, n, op);
pb2mb_eoc(led);

In Vivado, in the ILA configuration page, change the trigger condition to:

(bce_port_wr ==1) AND (bce_port_id[0:7]==0x20) AND (bce_port[0:7]==0x01)

/A Vivado 2014.4 =[]
Fle Edt Flow Tools Window Layout Miew Help Search commands
Piis A= N REEN x|%||{-}|%DefﬁultLayout N & \1}3\‘\{?
Hardware Manager - localhost/xilinx_tcf/Digient/210203824083A x
Hardware — O x Debug Probes — 0O e = @ IA-hw ila_1 x O x
O\ Z % | E | |>| D[> O\ Z '(% IE ILA Properties €€ Trigger Capture Status a0
Name | stats | 14 hw_ila_t = . )
- . ., 2, Dger Mode Settings Core status: | Idle | Waiting For Trigger | Post
= E localhost (1) Connected g syst&m_!fbca_ama[D.Q] - 1
E-@e wiinx_tcf/Digientf2102038... Open 4@ system_ifbce_atob[0:5] = Trigger mode: | BASIC_ONLY - Window 1of 1 Window sample 0 of 323
- xcTa200t_0(2) Programmed ~ig system_ifbce_atoz{0:9] s ’ — Capture status: | 1dle I Idle
i XADC (System Monitor) 5 system_ifbce_done[0:7] 3 )
% hw_ia_1(ILA) O 1dke g system ijbce_led4b[0:3] | | [»] Plure Mode Settings
15 system_i/bce_mode[0:3] [
P i . g Capture mode: ALWAYS -
; 2 sysm_lfbce_op[ ] P . | _’I
......... oLl HeE. ort[0: -
" q . B Number of windows: 1 [1-32768]
Debug Probe Properties —Ouw x ig system_i/bee_port_id[0:7] | 7| §9 E e
- - ) _ :  Basic Trigger Setup £ 0
&+ w -l system_ifbce_port_ar Window data depth: 32768 - || [1-32758]
1= system_ifbce_r_pb _ o ~ Name: I Compare Value |
& system_i/bce_port[0:7] e system_ifbce_we Trigger position in window: |0 [0 - 32757] x = system_ijbce_we = [B] 1 -
= - " iz system_ijbce_port id[0:7] = [H] 20 ~
Source: NETLIST j neral Settings system_j/bce_port[0:7]
Probe type: ILA
Width: 8 Refresh rate: IEDD ms
| | _I_I
Properties | J I » E‘ _'I | d .........
Td Console — 0O =

Z éset_pr:party TRIGGER_COMFARE VALUE egl'bl [get_hw_probes system i/bce_we -of_cbjects [get_hw ilas hw_ila 1]]

% set_property TRIGGER ‘BRE_VALUE eq8'h20 [get_hw_probes system i/bce_port_id -of_cbjects [get_hw_ilas hw_ila 1]]
| set_property TRIGGER 'RRE VALUE egf8'h00 [get_hw probes system i/bce port -of cobjects [get_hw ilas hw ila 1]]
Dﬂ set_property TRIGGER_COMPFRRE_VALUE egB'h0l1 [get_hw_probes system i/bce_port -of_objects [get_hw_ilas hw_ila_1]]

ﬁj 1 -
=l A | ;Ij
!l

2 Tcl Console L';:‘- Messages L‘\b Serial 1/0 Links lg Serial 1/0 Scans J

Figure 57: Vivado 2013.4 ILA display of the FIR filter computation

In Vivado HW Manager, arm the ILA by pressing Run Trigger button in Hardware window. See Figure 57. ILA will
wait for this function call and it will trigger 32K samples of all debug signals with the sampling rate 125 MHz and

provide the detailed trace of the initial 32k samples of the FIR filter computation.
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The red trigger is corresponding to the event. We can zoom in the data and define additional markers. Selected
markers indicate single elementary step of the FIR filter. It takes 308 clock cycles (125 MHz = 8ns clock period) to
compute the vector product of two floating point vectors (coefficients and data), both with length 250*8=2000
elements and to update the data vector (circular buffer). The ILA provides sufficient level of visibility and debug
capabilities for the developer of the (8xSIMD) EdkDSP IP and its firmware. See Figure 58.

hw_ila_dats_1.wcfg= _oOax

N
bl
L=
=
o
B

Figure 58: Vivado 2014.4 HW Manager ILA display of the FIR filter computation
In SDK, see also edkdsp_cc/a/a_fp1124p0.c code implementing the LMS filter on the identical EAKDSP HW.

pb2dfu_set(0x20, 0); // To provide dedicated trigger (0x00 on port 0x20) for the ILA
for (i=0;i<4;i++){
for (j=2;j<=3; j++) {
Ims(j, n, op);
pb2mb_eoc(led);

In Vivado hardware manager select new trigger condition for the ILA:
(bce_port_wr ==1) AND (bce_port_id[0:7]==0x20) AND (bce_port[0:7]==0x00)
In Vivado, arm the ILA by pressing Run Trigger button in Hardware window. This will trigger 32K samples of all

debug signals with the sampling rate 125 MHz and provide detailed trace of the initial 32k samples of the LMS
filter computation. See Figure 44.

RS PR http://zs.utia.cas.cz

0m: | Akademie véd Ceské republiky . © 2014 UTIA AV CR, v.v.i.
Ustav teorie informace a automatizace AV CR, v.v.i. All disclosure and/or reproduction rights reserved



hw_ila_data_1.wcfg —_ O a =

Figure 59: Vivado 2014.4 HW Manager ILA display of adaptive LMS filter computation

The red trigger is corresponding to the event. We can zoom in the data and define additional markers. Selected
markers to indicate single elementary step of the LMS filter. It takes 1156 clock cycles (125 MHz = 8ns clock
period) to compute the vector product of two floating point vectors (coefficients and data), both with length
250*8=2000 elements, update the data vector (circular buffer), compute the prediction error and adapt the
coefficients of the LMS filter. See Figure 59.

The bce_op[0:7] debug signal is displayed in the analogue/hold mode and indicate the sequence of vector
operations issued by the PicoBlaze6 firmware, while implementing the LMS single step on the (8xSIMD) EdkDSP
vector unit IP.

3.9 Display of Temperature, Debug and Verification

Temperature of the Artix chip can be measured and displayed by the Vivado HW manager support in a separate
dashboard. See Figure 60.

MicroBlaze code can be compiled with —00, ..., -O3 optimisations and executed in debugger in combination with
ILA triggering. The —O0 option provides lower performance MicroBlaze, but the corresponding code includes no
transformations. This makes the debugging of C code easier. This helps in debugging of the interactions of
MicroBlaze with the EdkDSP accelerator IP. Complete blocks of floating point data can be inspected and verified
in the MicroBlaze debugger.

The EdkDSP accelerator code is deterministic and all operations can be emulated in the MicroBlaze C code,
including the exact sequence of all floating point operations. The floating point unit cores of the MicroBlaze for
the ADD and MULT provide bit-exact identical results to the floating point units used in the (8xSIMD) EdkDSP
vector unit.

This determinism secures, that the MicroBlaze code provides bit-exact identical results to the (8xSIMD) EdkDSP
IP core. This is used for verification of algorithms.
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Figure 60: Dashboard display: Temperature of the chip. No cooling at all.
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Figure 61: Dashboard display: Temperature of the chip. Active cooling OFF-ON-OFF
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Figure 62: PC screen snapshot. Demonstrates debug of EAKDSP IP core with ILA

Figure 62 is presenting the PC debug screen. See also Figure 1.

This is brief list of applications open on the screen:

Top

e Vivado 2014.4 HW Manager chip temperature measurement
e Vivado 2014.4 HW Manager ILA probes detecting the LMS filter computation

e Board terminal
Middle

e  Microsoft Internet Explorer (11.0) GUI served by the demonstrator
e TFTP client used for transfer of recompiled EdkDSP accelerator IP firmware to the board

Bottom

e SDK 2014.4 with open C source code of the EdkDSP IP firmware

e Total Commander for managing of files on PC
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5. Evaluation version of Vivado 2014.4 Artix7 designs
I —————————————

The enclosed Evaluation version of precompiled Vivado 2014.4 Artix7 designs with evaluation versions of UTIA
(8xSIMD) EdkDSP accelerator cores can be downloaded from UTIA www pages free of charge and used for
evaluation together with the five UTIA (8xSIMD) EdkDSP accelerators.

The evaluation package includes one DVD or the www download package with these deliverables:

8 precompiled designs with UTIA (8xSIMD) EdkDSP accelerators for Xilinx Artix7 AC701 board [1], [2] compiled in
Xilinx Vivado 2014.4. The UTIA (8xSIMD) EdkDSP accelerators are compiled with HW limit on number of vector
operations. The termination of the nonexclusive, non-transferable evaluation license is reported in advance by
the demonstrator on the terminal.

The evaluation package includes SDK 2014.4 SW projects with C source code for MicroBlaze processor. SW
projects support the family of UTIA (8xSIMD) EdkDSP accelerators for the Xilinx AC701 board [1], [2].

The evaluation package includes this compiled library:

libwal.a EdkDSP api (SDK 2014.4, MicroBlaze) for EAkDSP accelerators on AC701 board.
libmfsimage.a The library with file system supporting simple www server GUI.

The library libwal.a has no time restriction. The nonexclusive, non-transferable evaluation license is provided by
UTIA only for the use with the family of UTIA EdkDSP accelerators designed for the Xilinx AC701 board. Source
code of this library is owned by UTIA and it is not provided in this evaluation package.

The evaluation package includes these binary applications for Ubuntu:

edkdsppp EdkDSP C pre-processor binary for Ubuntu (x86 PC) under the VMware Player.
edkdspcc EdkDSP C compiler binary for Ubuntu (x86 PC) under the VMware Player.
edkdspasm EdkDSP ASM compiler binary for Ubuntu (x86 PC) under the VMware Player.
edkdsppsm EdkDSP ASM compiler binary for Ubuntu (x86 PC) under the VMware Player.

These binary applications have no time restriction. The user of the evaluation package has nonexclusive, non-
transferable license from UTIA to use these utilities for compilation of the firmware for the Xilinx PicoBlaze6
processor inside of the UTIA EdkDSP accelerators in the 8 precompiled designs for the Xilinx AC701 board. The
source code of these compilers is owned by UTIA and it is not provided in the evaluation package.

The evaluation package includes demonstration firmware in C source code for the Xilinx PicoBlaze6 processor for
the family of UTIA EdkDSP accelerators for the Xilinx AC701 board.

The evaluation package also includes compiled versions of this firmware in form of header files .h. These
compiled firmware files can be used for initial test of the UTIA EdkDSP accelerators on the Xilinx AC701 board
without the need to install the UTIA compiler binaries and the Ubuntu (x86 PC) OS image under VMware Player
3.0.0 (on Win 7, 32bit PC) or under VMware Workstation 12 Player (on Win 7, 64bit PC).

On email request to kadlec@utia.cas.cz, UTIA will send DVD with the Ubuntu (x86 PC) image free of charge.
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6. Release version of designs for THINGS2DO project partners
I —————————————

The release version of Vivado 2014.4 Artix7 designs with evaluation versions of UTIA (8xSIMD) EdkDSP
accelerator cores for THINGS2DO [6] project partners can be ordered from UTIA AV CR, Vv.v.i., by email
request for quotation to kadlec@utia.cas.cz. UTIA will provide quotation by email. After the confirmed order
received by email to kadlec@utia.cas.cz, UTIA AV CR, v.v.i. will deliver (by standard mail to the THINGS2DO
project partner) a printed version of this application note together with DVD with deliverables described in this
section. UTIA AV CR, v.v.i., will also send to the THINGS2DO project partner (by email) and by the standard
mail the invoice for:

Release version of Vivado 2014.4 Artix7 designs
with evaluation versions of UTIA (8xSIMD) EdkDSP accelerator cores
for THINGS2DO [6] project partners (without VAT) 0,00 Eur

The package includes this application note and the EdkDSP DVD with these deliverables:

8 precompiled designs with UTIA (8xSIMD) EdkDSP accelerators for Xilinx AC701 board, compiled in Xilinx Vivado
2014.4. The UTIA (8xSIMD) EdkDSP accelerators are compiled with HW limit on number of vector operations.
The termination of the evaluation license is reported in advance by the demonstrator on the terminal.

The Release version of Vivado 2014.4 Artix7 designs with evaluation versions of UTIA (8xSIMD) EdkDSP
accelerator cores for THINGS2DO [6] project partners include all 8 Vivado 2014.4 design projects and the
evaluation versions of the UTIA (8xSIMD) EdkDSP accelerators provided in form of netlisted IP cores generated
in Xilinx VIVADO 2014.4:

bce_fpl12_1x8_0_axiw_v1_10 c
bce_fp12_1x8_0_axiw_v1l_20 c
bce_fp12_1x8_0_axiw_v1 30 c
bce_fp12_1x8 0_axiw_v1_40 c

These evaluation versions of UTIA (8xSIMS) EdkDSP netlist pcores are compiled with an HW limit on number of
vector operations. THINGS2DO [6] project partners have nonexclusive, non-transferable license from UTIA to
integrate these evaluation netlists into their own VIVADO 2014.4 designs and to compile them to unlimited
number of bit-streams for designs on Xilinx Artix7 FPGAs. This nonexclusive, non-transferable license has no
time restriction. The source code of the evaluation versions of (8xSIMS) EdkDSP accelerators is an IP owned by
UTIA and it is not provided in the release package to the THINGS2DO project partners.

The package for the THINGS2DO [6] project partners includes the SDK 2014.4 SW projects in source code for

MicroBlaze as described in this application note. Projects support the evaluation versions of the UTIA (8xSIMD)
EdkDSP accelerators (in the netlist pcore format) for the Xilinx AC701 board.
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The package for the THINGS2DO project partners includes the library:

libwal.a EdkDSP api (SDK 2014.4, MicroBlaze) for EAkDSP accelerators on AC701 board.
libmfsimage.a The library with file system supporting simple www server GUI.

The library libwal.a has no time restriction. The nonexclusive, non-transferable evaluation license is provided by
UTIA only for the use with the family of UTIA EdkDSP accelerators designed for the Xilinx AC701 board. Source
code of this library is owned by UTIA and it is not provided in this evaluation package.

The package for the THINGS2DO project partners includes these binary applications for Ubuntu:

edkdsppp EdkDSP C pre-processor binary for Ubuntu (x86 PC) under the VMware Player.
edkdspcc EdkDSP C compiler binary for Ubuntu (x86 PC) under the VMware Player.
edkdspasm EdkDSP ASM compiler binary for Ubuntu (x86 PC) under the VMware Player.
edkdsppsm EdkDSP ASM compiler binary for Ubuntu (x86 PC) under the VMware Player.

These binary applications have no time restriction. The THINGS2DO project partners have nonexclusive, non-
transferable license from UTIA to use these utilities for compilation of the firmware for the Xilinx PicoBlaze6
processor inside of the family of UTIA EdkDSP accelerators for the Xilinx AC701 board. The source code of these
compilers is owned by UTIA and it is not provided in the evaluation package.

The package includes demonstration firmware in C source code for the Xilinx PicoBlaze6 processor for the family
of UTIA EdkDSP accelerators for the Xilinx AC701 board.

The package also includes compiled versions of this firmware in form of header files .h. These compiled firmware
files can be used to evaluate the UTIA EdkDSP accelerators on the Xilinx AC701 board without the need to install
the UTIA compiler binaries and the Ubuntu (x86 PC) OS image under VMware Player 3.0.0 (on Win 7, 32bit PC)
or under VMware Workstation 12 Player (on Win 7, 64bit PC).

The release package deliverables also includes DVD with the Ubuntu (x86 PC) image (free of charge). This image
is provided to ease the installation of the UTIA EdkDSP C compiler under VMware Player 3.0.0 (on Win 7, 32bit
PC) or under VMware Workstation 12 Player (on Win 7, 64bit PC).

Any and all legal disputes that may arise from or in connection with the use, intended use of or license for the

software provided hereunder shall be exclusively resolved under the regional jurisdiction relevant for UTIA AV
CR, v. v. i. and shall be governed by the law of the Czech Republic.
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7. Release version of Vivado 2014.4 Artix7 designs
I —————————————

The release version of Vivado 2014.4 Artix7 designs with the release version of the UTIA (8xSIMD) EdkDSP
accelerator cores can be ordered from UTIA AV CR, v.v.i.,, by email request for quotation to
kadlec@utia.cas.cz. UTIA will provide quotation by email. After the confirmed order received by email to
kadlec@utia.cas.cz, UTIA AV CR, v.v.i. will deliver (by standard mail) to the customer the printed version of
this application note together with 3 DVDs with deliverables described in this section. UTIA AV CR, v.v.i., will
send to the customer (by email) and by the standard mail the invoice for:

Release version of Vivado 2014.4 Artix7 designs with the release version of
UTIA (8xSIMD) EdkDSP accelerator cores (without VAT) 400,00 Eur

The release package includes this application note and the EdkDSP DVD with these deliverables:

8 precompiled designs with UTIA (8xSIMD) EdkDSP accelerators for Xilinx AC701 board [2], compiled in Xilinx
Vivado 2014.4. The UTIA (8xSIMD) EdkDSP accelerators included in these designs are compiled with no HW limit
on number of vector operations. Therefore, all these precompiled designs of the release package run on AC701
without limitations of the evaluation package.

The release package includes all 8 Vivado 2014.4 design projects. The UTIA (8xSIMD) EdkDSP accelerators are
provided in the form of netlist IP cores generated in Xilinx VIVADO 2014.4:

bce_fp12_1x8 0_axiw_v1_10 _c
bce_fp12_1x8_0_axiw_v1_20_c
bce_fp12_1x8_0_axiw_v1_30_c
bce_fp12_1x8_0_axiw_v1_40_c

These UTIA (8xSIMS) EdkDSP netlist pcores have no HW limit on number of vector operations. The user of the
release package has nonexclusive, non-transferable license from UTIA to integrate these netlists into its own
VIVADO 2014.4 designs and to compile them to unlimited number of bit-streams. This nonexclusive, non-
transferable license has no time restriction. The source code of the (8xSIMS) EdkDSP accelerators is an IP owned
by UTIA and it is not provided in the release package to the customer.

The release package includes SDK 2014.4 SW projects in source code for MicroBlaze as described in this
application note. Projects support the family of UTIA (8xSIMD) EdkDSP accelerators for Xilinx AC701 board [2].
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The release package includes the library:

libwal.a EdkDSP api (SDK 2014.4, MicroBlaze) for EdkDSP accelerators on AC701 board.
libmfsimage.a The library with file system supporting simple www server GUI.

The library libwal.a has no time restriction. The nonexclusive, non-transferable evaluation license is provided by
UTIA only for the use with the family of UTIA EdkDSP accelerators designed for the Xilinx AC701 board. Source
code of this library is owned by UTIA and it is not provided in this release package.

The release package includes these binary applications for Ubuntu:

edkdsppp EdkDSP C pre-processor binary for Ubuntu (x86 PC) under the VMware Player.
edkdspcc EdkDSP C compiler binary for Ubuntu (x86 PC) under the VMware Player.
edkdspasm EdkDSP ASM compiler binary for Ubuntu (x86 PC) under the VMware Player.
edkdsppsm EdkDSP ASM compiler binary for Ubuntu (x86 PC) under the VMware Player.

These binary applications have no time restriction. The user of the evaluation package has nonexclusive, non-
transferable license from UTIA to use these utilities for compilation of the firmware for the Xilinx PicoBlaze6
processor inside of the family of UTIA EdkDSP accelerators for the Xilinx AC701 board. The source code of these
compilers is owned by UTIA and it is not provided in the release package.

The release package includes demonstration firmware in C source code for the Xilinx PicoBlaze6 processor for
the family of UTIA EdkDSP accelerators for the Xilinx AC701 board.

The release package also includes compiled versions of this firmware in form of header files .h. These compiled
firmware files can be downloaded into the UTIA EdkDSP accelerators for the Xilinx AC701 board without the
need to install UTIA compiler binaries and the Ubuntu (x86 PC) OS under under VMware Player 3.0.0 (on Win 7,
32bit PC) or under VMware Workstation 12 Player (on Win 7, 64bit PC).

The release package deliverables also includes DVD with the Ubuntu (x86 PC) image for the VMware Player (free
of charge). This image is provided to ease the installation of the UTIA EdkDSP C compiler under VMware Player
3.0.0 (on Win 7, 32bit PC) or under VMware Workstation 12 Player (on Win 7, 64bit PC).

Any and all legal disputes that may arise from or in connection with the use, intended use of or license for the

software provided hereunder shall be exclusively resolved under the regional jurisdiction relevant for UTIA AV
CR, v. v. i. and shall be governed by the law of the Czech Republic.
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Disclaimer

This disclaimer is not a license and does not grant any rights to the materials distributed herewith. Except as
otherwise provided in a valid license issued to you by UTIA AV CR v.v.i., and to the maximum extent permitted
by applicable law:

(1) THIS APPLICATION NOTE AND RELATED MATERIALS LISTED IN THIS PACKAGE CONTENT ARE MADE
AVAILABLE "AS IS" AND WITH ALL FAULTS, AND UTIA AV CR V.V.l. HEREBY DISCLAIMS ALL WARRANTIES AND
CONDITIONS, EXPRESS, IMPLIED, OR STATUTORY, INCLUDING BUT NOT LIMITED TO WARRANTIES OF
MERCHANTABILITY, NON-INFRINGEMENT, OR FITNESS FOR ANY PARTICULAR PURPOSE; and

(2) UTIA AV CR v.v.i. shall not be liable (whether in contract or tort, including negligence, or under any other
theory of liability) for any loss or damage of any kind or nature related to, arising under or in connection with
these materials, including for any direct, or any indirect, special, incidental, or consequential loss or damage
(including loss of data, profits, goodwill, or any type of loss or damage suffered as a result of any action brought
by a third party) even if such damage or loss was reasonably foreseeable or UTIA AV CR v.v.i. had been advised
of the possibility of the same.

Critical Applications:

UTIA AV CR v.v.i. products are not designed or intended to be fail-safe, or for use in any application requiring
fail-safe performance, such as life-support or safety devices or systems, Class Ill medical devices, nuclear
facilities, applications related to the deployment of airbags, or any other applications that could lead to death,
personal injury, or severe property or environmental damage (individually and collectively, "Critical
Applications"). Customer assumes the sole risk and liability of any use of UTIA AV CR v.v.i. products in Critical
Applications, subject only to applicable laws and regulations governing limitations on product liability.
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