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1. Summary
_____________________________________________________________________________________________________________________________|

1.1 Key features

This application note describes designs for Xilinx Spartan3AN FPGA 3S700AN [1] with serial configuration FLASH
embedded in the FPGA chip [5]. The note describes use of an UTIA EdkDSP demonstrator package [9]. The
document explains how to install and use the demonstrator on Windows7, (32 or 64 bit). Package [9] can be also
installed and used without modification on x86 PC with Linux PC or Windows XP (32 or 64 bit).

The package [9] includes demo SoC systems based on Xilinx, area-optimized, MicroBlaze processor [11] and 0 up
to 3 1/0 subsystems based on PicoBlaze processors [10]. These controllers serve for processing of /0 operations
and work with fixed firmware. These PicoBlaze processors are interfaced to another PicoBlaze processor. It
serves for scheduling of vector floating point operations in the UTIA EdkDSP configurable floating point data
path. This PicoBlaze is programmable from the MicroBlaze application programs in the runtime. The MicroBlaze
processor is executing application software from an external 64 MB DDR2. This application SW and the EdkDSP
firmware programs are initially loaded by the first-stage boot-loader from an external, 4 MB parallel NOR Flash.
The EdkDSP firmware programs and data can be downloaded/uploaded to/from the DDR2 based file system via
10/100 Mb Ethernet p2p connection served by TFTP server running on MicroBlaze. XGA 1024x768p70 video
display is supported. WWW internet explorer user GUl is supported by HTTP server running on the MicroBlaze.

1.2 Use of designs in PANACHE project

Designs described un this app note serve as examples of relatively low cost system serving as low power loT
device. The targeted applications have to have low requirements on the Ethernet data exchange, but relatively
high requirements on security of the design against cloning. The configuration bitstream content and the initial
firmware programs can be protected by the automatic configuration from the eFLASH present in the chip. After
the power-up, the programmable logic of the 90 nm 3S700AN device is configured by bitstream data. It is read
internally from the 8 Mb serial eFLASH. The 32bit MicroBlaze processor and the three 8b PicoBlaze 1/O
controllers have the initial program firmware in internal RAM blocks. Data content of these RAM blocks is
internally configured from data present in the bitstream. These automatically initiated program memory blocks
will be called the non-volatile RAM or shortly NV RAM in this application note.

Main focus of the ENIAC JU project PANACHE [8] is the development and experimental pilot-line production of
eFLASH devices embedded in the SoC integrated circuits designed in technologies 55nm, 40nm and possibly
28nm. UTIA is contributing to this project by design and development of demonstrators and SW application
projects for these integrated circuits with internal eFLASH. Applications and designs presented in this application
note have been developed by UTIA in the first year of the Eniac JU project PANACHE [8] for the already mature
90nm 3S700AN device [6]. These 35700AN applications will serve as one of inputs for the comparison with other
SoC IC devices developed in next 3 years (2015-2017) within the PANACHE project. Main parameters to be
compared are:

e Operating temperature range (for the Commercial and for the Industrial grades).

e Performance in concrete application scenarios and user acceptance of this performance.

e Program cycles and data retention parameters of the internal eFLASH.

e Power consumption of the IC with internal eFLASH.
Power consumption of the complete PCB system, with the complete power DC2DC regulators.
Time to configure the HW after the power-up. From eFLASH to logic to NV RAM and start execution.
Time to boot the application from the external NOR Flash to the external DDR2 and start execution.
Presence of security features for protecting of the digital design and the initial firmware programs.
e The unit cost and the volume cost of the IC with the internal eFLASH and NV RAM blocks.
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1.3 Summary of 35700AN parameters.

Device (Xilinx)
System Gates
Equivalent Logic Cells
CLBs

Slices

Distributed RAM Bits

Block RAM 18Kbit blocks (potentially NV RAMs)

Block RAM Bits

Dedicated multipliers (18x18bit)

DCMs

Maximum user 1/O

Max differential I/O Pairs

Bitstream size

FPGA technology

eFLASH parameters

In-System Flash Bits

Page size

Page size in an optional power-of-2 mode
Pages

Blocks

Sectors

In-System Flash technology

Temperature range

Commercial grade Temperature Range (TJ)
Industrial grade Temperature Range (TJ)
eFLASH program cycles and data retention
Program/Erase cycles

Data retention

Access modes

Serial data transfers

eFLASH data protection and security
Sector protect

Sector lockdown

Security register

eFLASH unique identification of each device
Identifier unique to the in-system Flash
User-programmable field

Cost (Source: WWW of distributors, 30.12.2014)

Cost USD (Digikey) XC3S700AN-4FGG484C
Cost USD (Digikey) XC35S700AN-4FGG484I
Cost GBP (Farnell) XC3S700AN-4FGG484C
Cost USD (Avnet) 3S700AN starter kit [6]

See [1], [2], [3], [4] and [5] for additional details.
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This is summary of basic parameters of the 3S700AN device with the internal eFLASH:

XC3S700AN (XC3S700AN-4FGG484C)
700 K
13,248
1,472
5,888
92 Kb
20

360 Kb
20

8

372

165
2,669 Kb
90 nm

8 Mb

264 bytes

256 bytes

4,096

512

16

130 nm (X-FAB) and 110 nm (UMC) from 2014

0°Cto 85°C
-40°C to 100°C

100,000

20-year

random accessible, byte addressable
up to 66 MHz

write- and erase-protect a sector (changeable)
sector data is unchangeable (permanent)
128 byte

64 byte factory-programmed
64 byte one-time programmable

1: 541,16

1: 547,35

1: £35.43 10: £30.46 100: £29.27 200: £28.7 300: £28.14
1: $199,00 (HW-SPAR3AN-SK-UNI-G)

http://zs.utia.cas.cz

© 2014 UTIA AV CR, v.v.i.
All disclosure and/or reproduction rights reserved



1.4 Designs features

The designs described in this application note provide concrete measurable reference data for these features:

e The automatic internal configuration of the programmable logic and of the NV RAMs from the on-chip
eFLASH significantly improves security. The content of NV RAM is not directly accessible.

e The PicoBlaze controllers [10] with fixed program firmware in the NV RAMs act as finite state machines
dedicated to processing of the digital I/O. The concrete fixed PicoBlaze firmware is executed from the NV
RAMs by PicoBlaze controllers with the performance compatible to other parts of the design (75 MHz clock).

e All designs described in this app note support low-speed 10/100 Mb Ethernet connectivity.

e All designs support the XGA RGB565 video display with the resolution 1024x768p70 with final output
resolution reduced to RGB444 by simple resistor based D/A.

e Some designs implement an adaptive acoustic noise cancellation. Demonstrated accelerators compute the
recursive adaptive LMS algorithm for regression filter with 250 coefficients with the sampling frequency 40
KHz in single precision floating point arithmetic. This corresponds to the sustained performance of 40
MFLOP/s on 3S700AN device.

e The floating point 250 tap coefficients FIR filter (acoustics room model) is computed with the floating point
performance 92 MFLOP/s on the EdkDSP accelerator. The peak performance of the EdkDSP accelerator (only
theoretical) is 150 MFLOP/s on 35700AN device.

e The EdkDSP accelerator is internally organised with single reconfigurable floating point data path.

e The floating point applications are scheduled inside of the EdkDSP accelerator by the Xilinx PicoBlaze
processor. Each firmware program has maximal size of 1024 (18 bit wide words) and it is reprogrammable
from the MicroBlaze in the runtime.

o The EdkDSP accelerator can be reprogrammed by change of the firmware. The programming is possible in C
and ASM with the use of the UTIA EDKDSP C compiler. The accelerator can be programmed with two
firmware programs. The application can swap the execution of the program in only few clock cycles in the
runtime.

e The alternative firmware can be downloaded to the EdkDSP accelerator in parallel with the execution of the
current firmware. This is demonstrated by swap of the firmware for the FIR filter room response to the
firmware for the adaptive LMS identification of the filter coefficients in the acoustic noise cancellation
demos.

e The EdkDSP floating point accelerator is (in case of the 250 tap adaptive LMS filter) 2200x faster than the
area optimized, 50 MHz, MicroBlaze processor implementation. To save the area the MicroBlaze processor
has no HW floating point unit, no HW fixed point multiplication support and only minimal 256B Instruction
and Data caches. This area optimised PicoBlaze is still capable to run SW stacks with the LwlIP libraries [7],
needed for implementation of low performance Ethernet TFTP server, HTTP server and low-performance
rendering of the NPI based XGA video output. The SW stack is running on top pf the Xilinx Xilkernel which is
supporting the real time tasks and the Posix compatible pthreads.
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1.5 What is included in this demonstrator

This 3S700AN evaluation package includes these deliverables for the Windows 7 (32 or 64bit) with the
possibility (not documented in detail here) to be installed and tested also on Linux or Win XP (32 or 64bit):

e 12 evaluation versions of designs for the starter Kit 35700AN [6]. All designs include one EdkDSP accelerator
with single reconfigurable floating point data path. MicroBlaze works with 50 MHz clock, EdkDSP accelerator
and XGA display controller works with 75 MHz clock, DDR2 works with 100 MHz clocks.

e Designs have been developed in the Xilinx XPS 14.5 tool chain.

e All designs include the Xilinx xps_ethernet_lite 10/100Mb Ethernet controller.

e All 12 precompiled designs include XGA RGB565 1024x768p70 video controller based on the direct access to
the external DDR2 memory by the native port interface (NPI) of the Xilinx multi-port memory controller
(MPMC).

e Larger SW demos are using the Xilinx Xilkernel OS, the LwIP package [7] and the Xilinx memory file system
package xilmfs.

e UTIA is providing source code for the demo applications and SW projects for the Xilinx SDK 14.5. These
source code projects are linked with UTIA libraries libwal.a, libjpg.a, librgb.a and libmfsimage.a.

e The UTIA EdkDSPC C compiler is provided in form of executable binary applications for an Ubuntu Linux
32bit executable in Windows 7 (32 or 64 bit). Ubuntu can run in VMware Player in Windows 7.

e The user part of the demonstration firmware is provided in source C code and it is also provided as
precompiled binary files to enable the initial evaluation of the EdkDSP reconfigurable accelerators without
installation of the UTIA EdkDSPC C compiler.

Demonstrator packages:

e The evaluation versions of the UTIA EdkDSP accelerators compiled in the designs have HW limit of maximal
number of performed vector operations after each HW rest or complete power-off of the 3S700AN device.
The evaluation designs and this application note can be downloaded for free after the e-mail registration in
UTIA www page [9]. See sections 4-6 of this application note for specification of deliverables for PANACHE
project partners and the license details.

e A free evaluation version of the EdkDSP package for Spartan SK 3AN700, PLB bus is offered by UTIA to the
PANACHE project partners [8] for zero cost. It provides the Xilinx XPS projects for 3AN700, with the
evaluation versions of EdkDSP accelerators for the Spartan SK 3AN700 in form of netlisted PLB pcores. See
sections 4-6 of this application note for specification of deliverables for PANACHE project partners and the
license details.

o A release version of the EdkDSP package for Spartan SK 3AN700, PLB bus is also offered by UTIA
commercially. It provides EdAkDSP accelerators for the Spartan SK 3AN700 in form of netlisted PLB pcores
with the main HW limitation of the free evaluation packages removed. See sections 4-6 of this application
note for specification of deliverables and license details.
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2. Demonstrator of EdKDSP platform on 3S700AN board

2.1 Description of EdkDSP accelerators and evaluation designs

This application note describes how to set-up and use collection of 8 HW designs on Xilinx 3S700AN board [6]
with PLB bus. The demonstrator serves to evaluation of parameters of these floating point accelerator families:

e bce_fpll_1x1_0_plbw_v1_[1x|2x|3x]_a is a family of four floating point accelerators with single
reconfiguravle floating point data path.

The three grades [1x|2x|3x] of EdkDSP accelerator differ in HW-supported vector computing capabilities.

The area optimized accelerators bce_fp11l_1x1_0_plbw_v1_[10|11]12]|13]_a perform vector floating point
operations FPADD, FPSUB.

The accelerators bce_fp11l_1x1_0_plbw_v1_[20]|21]|22]|23]_a perform vector floating point operations FPADD,
FPSUB plus the vector floating point MAC operations for length of the vector 1 up to 10. These accelerators can
be used in applications like floating point matrix multiplication with row and column dimensions <= 10.

The accelerators bce_fp11l_1x1_0_plbw_v1_[30]|31|32|33]_a support identical operations as the
bce fpll 1x8 0 plbw_v1 [20]21]|22]|23] plus the floating point vector by vector dot product computation with
HW supported windup. It is optimized for computation FIR or LMS filter, 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 255).

The four different configurations [x0|x1|x2|x3] of EdAkDSP accelerator differ in HW supported 1/0 based on the
PicoBlaze modules with firmware executed from the NV RAM.

The accelerators bce_fp1ll_1x1_0_plbw_v1_[10]20]30]_a have:
e No rotary encoder input PicoBlaze pre-processor and no 1/O PicoBlaze pre-processor.
e No PicoBlaze controller for the LCD 2x32 character display.

The accelerators bce_fp11l_1x1_0_plbw_v1_[11]21]|31]_a have
e One rotary encoder input PicoBlaze pre-processor and one I/O PicoBlaze pre-processor.
e No PicoBlaze controller for the LCD 2x32 character display.

The accelerators bce_fp1l1l_1x1_0_plbw_v1_[12]22]32]_a have:
e No rotary encoder input PicoBlaze pre-processor and no 1/O PicoBlaze pre-processor.
e One PicoBlaze controller for the LCD 2x32 character display.

The accelerators bce_fp1l1l_1x1_0_plbw_v1_[13]23]33]_a have
e One rotary encoder input PicoBlaze pre-processor and one I/O PicoBlaze pre-processor
e One PicoBlaze controller for the LCD 2x32 character display.
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Figure 1: UTIA EdKDSP demonstrator with internet explorer GUI served from the 3S700AN kit

12 precompiled HW designs demonstrate use of single instance of UTIA EdkDSP floating point accelerator on
32bit PLB_v46 bus of the Xilinx MicroBlaze soft-core processor on the Xilinx Spartan SK 3AN700 FPGA board [6]
with accelerator clock 75 MHz. See Figure 2.

Common properties of all 12 precompiled evaluation designs:

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

e 10/100 Mbit Ethernet point-to point connectivity with the PC.

e MicroBlaze system.

e Designed in Xilinx EDK/ISE 14.5 tools.

e Video display with fixed resolution 1024x768 70Hz with progressive scan. The video clock is 75 MHz
e Video display is supporting flat panel monitors with analogue VGA input (RGB, 4 bit per pixel).

Presented HW accelerators can results in better POWER per MFLOPS ratio for certain class of DSP applications in
comparison to the computation on standard CPU with no floating point support. The demonstrator includes
source code of set of SW demos prepared for compilation in the Xilinx SDK 14.5. The display controller is used to
visualize the FIR RLS system parameter tracking by the recursive LMS algorithm. Results from accelerators are
identical with the results computed by the MicroBlaze (with no floating point support). Video display is also
demonstrating the measured acceleration of computation by this set of EAkDSP accelerators. See Figure 1,
Figure 4 and Figure 6.
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Figure 2: Architecture of EdKDSP designs on the 3S700AN board, xga75a_fp11_1x1_v1_33a.

Presented FPGA designs are running in the low-cost, Xilinx Spartan 3AN700 development board [6]. It is using
the Micron Technology DDR2 SDRAM MT47H32M16-3 and the STMicroelectronics Parallel NOR Flash PROM
M29DW3203DT. The memories are connected to Xilinx Spartan xc3s700an-4 fgg484 FPGA.

The DDR2 SDRAM maximal theoretical bandwidth is bandwidth is (100MHz*2B *2(DDR2)) = 400 MB/s.
The implemented designs require the DDR2 SDRAM bandwidth:
(50MHz*4B(MicroBlaze caches) + 75MHz*2B (RGB564 NPI port)) = 350 MB/s.

The 75 MHz EdkDSP subsystem contains 0-3 PicoBlaze processors [10] with programs in the NV RAM configured

automatically from the eFLASH. Processors support processing of general 1/0 including the rotary encoder, and
the 2 line, on board LCD display.
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The rotary encoder processor is converting pulses coming from the rotary encoder (including the direction of the
rotation) into an 8 bit world representing the position of the knob. The general I/O processor is converting the
buttons, switches and data from the rotary encoder controller into the output to the LED on the board and for
the EdkDSP PicoBlaze controller. See Figure 5 and Figure 7.

The LCD display controller is providing 32 8bit registers accessible for WR by the EdkDSP PicoBlaze controller. It
is sending the content of these registers to the 4bit interface of the 2x16 character LCD display on board. See
Figure 5 and Figure 7.

The 4-th PicoBlaze processor is reprogrammable and works with a complete Floating Point DSP unit, delivering
sustained 92 MFLOP/s in case of FIR filter computation and 40 MFLOP/s in case of adaptive LMS filter application
and data in the DDR2. Power consumption has been measured on the 1,2V FPGA core power line (<=240mA)
and on the 5,0V line (<=460mA) powering complete board [6], (before all DC2DC power regulators). See Figure
3.

2.2 Resources used by the designs

The resources used by the 12 presented designs are summarised in Figure 3

3s5700an-4 fgg484 fp fp fp User IO Design size Core Board Performance
add mac prod rot lcd ff Iut bram slice 1,2V 5,0V LMS FIR
mul enc dis % % no(of) % mA mA mflop mflop

xga75a_fpll_1x1_v1_10a 53 74 17(20) 94 200 450

xga75a_fpll 1x1 vl 1la 2x 55 78 19(20) 96 220 450

xga75a_fpll 1x1 vl 12a
xga75a_fpll 1x1 vl 13a
xga75a_fpll 1x1 vl 20a
xga75a_fpll 1x1 vl 21a
xga75a_fpll 1x1 vl 22a
xga75a_fpll 1x1 vl 23a
xga75a_fpll 1x1 vl 30a
xga75a_fpll 1x1 vl 31a

x 53 76 18(20) 96 210 450

2x x 56 80 20(20) 97 230 450

54 86 17(20) 97 190 450

2x 56 81 19(20) 98 230 450

55 78 18(20) 97 220 450

2x x 57 82 20(20) 97 230 450
56 81 17(20) 98 200 460 40 92
2x 58 85 19(20) 98 220 460 40 92
xga75a_fpll_1x1 vl _32a 56 83 18(20) 98 240 460 40 92
xga75a_fpl1 1x1 vl 33a X 2x x 59 87 20(20) 99 230 460 40 92

Figure 3: MicroBlaze 50 MHz; EdkDSP 75 MHz; PicoBlaze 1/0 processors with NV RAM

X X X X X X X X X X X X
xX X X

X X X X X X X X

2.3 Re-programmability of EdkDSP accelerators

The 75 MHz EdkDSP floating point accelerator subsystem contains one reprogrammable Xilinx PicoBlaze
processor and the reconfigurable floating point data path. It is delivering sustained 92 MFLOP/s in case of 250
tap FIR filter computation and 40 MFLOP/s in case of the adaptive 250 tap LMS filter identification on the
3S700AN. The Xilinx PicoBlaze processor has fixed configuration with size of the program memory 1024 (18 bit
wide) words, 64 Bytes scratch pad RAM memory and the interrupt vector in the address 1023.All EdkDSP
accelerator designs present in this package instantiate 2 program memories, each with the 1024 (18bit wide)
words. Both program memories are accessible by MicroBlaze processor via PLB bus. The PicoBlaze can execute
program from each of these memories. The MicroBlaze application can write new firmware to the currently
unused program memory, while the PicoBlaze is executing firmware from the other program memory.

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

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



robSES 1034x7E8 V:70 Hr HiS6 kMr clock 78 MHz
wv.utib.cas.cl tontact: Jird Kedlec email: kadlec@utis.cas.cx

FOL2BASETES: : <> MRABCOEFGHI JKLMNOPORSTUVWXY 2| 1" _"sbedefghijklnncparstuvweyaf |}~y

fp11 121 V1 % e

Figure 5: 35700AN 2-line LCD output. Demo is testing all FP vector operations
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Figure 7: 35700AN 2-line LCD output. Demo of the floating point FIR and adaptive LMS filters.
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3. Installation of the EdJKDSP platform on 3S700AN board

3.1 Import of precompiled projects and SW into Xilinx SDK 14.5

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\d_145 3an_plb

29.12.2014 21:03 <DIR>

29.12.2014 21:03 <DIR> .

29.12.2014 21:02 <DIR> d_3s700an_xga75a_fp1l 1x1
29.12.2014 21:02 <DIR> d_3s700an_xga75a_fpll 1x1_IMPORT
29.12.2014 21:02 <DIR> d_3s700an_xga75a_fp1ll 1x1 vl 10 a
29.12.2014 21:02 <DIR> d_3s700an_xga75a fpll 1x1 vl 11 a
29.12.2014 21:02 <DIR> d_3s700an_xga75a fpll 1x1 vl 12 a
29.12.2014 21:02 <DIR> d_3s700an_xga75a_fpll 1x1 vl 13 a
29.12.2014 21:02 <DIR> d_3s700an_xga75a_fpll 1x1 vl 20 a
29.12.2014 21:03 <DIR> d_3s700an_xga75a_fpll 1x1 vl 21 a
29.12.2014 21:03 <DIR> d_3s700an_xga75a_fpll 1x1 vl 22 a
29.12.2014 21:03 <DIR> d_3s700an_xga75a_fpll 1x1 vl 23 a
29.12.2014 21:03 <DIR> d_3s700an_xga75a_fpll 1x1 vl 30 _a
29.12.2014 21:03 <DIR> d_3s700an_xga75a_fpll 1x1 vl 31 a
29.12.2014 21:03 <DIR> d_3s700an_xga75a_fpll 1x1 vl 32 a
29.12.2014 21:03 <DIR> d_3s700an_xga75a_fpll 1x1 vl 33 a

Select SDK 14.5 workspace in c:\VM_07\d_145_3an_plb\d_3s700an_xga75a_fp11_1x1\SDK_Workspace.

4 Workspace Launcher x|

Select a workspace

¥ilimy SDE stores your projects in a folder called a workspace.,
Choose a workspace folder to use for this session,

I et ta=rl BC: WM 07%d 145 3an plb'd 3s700an xga75a f] ¥ 1\SDK,_Workspace Browse... |

[ Use this as the default and do not ask again

QK I Cancel

Figure 8: Select the SDK 14.5 Workspace
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Add path to the UTIA EdkDSP repository of SW drivers and path to the Xilinx repository of SW drivers
c:\VM_07\d_145 3an_plb\d_3s700an_xga75a_fp11 1x1\repo_edkdsp.

=10 x|
[ type fiiter text Add, remove or change the order of SDK's software repositories. E S
- General . ;
__ Cjc++ Local Repaositories (available to the current workspace)
- Help CWM_07d_145_3an_plb\d_3s700an_xga75a_fpll_lx1'repo_edkdsp New
-- Instal/Update
-- Remote Systems REmaye |
[~ Run/Debug
@ Tear Lo |
E----Terminal Bty |
(= ilinx SDK
- Boot Image Relative |
- Flash Programming
- Hardware Specification Global Repasitories (available across workspaces)
- Log Information Lewvel
- Repositories — |
- Target Manager |
B
- XMD Startup S
Up |
D |

SOK Installation Repositories

C:\pfidilime| 14, 5\ISE_DS\EDK\swib',

Cshpfixilin 14, _DSVEDK sw ilinxProcessorIPLiDY
C:hpfiXilin 14, _DSVEDK\sw iThirdParty

SE
SE

o

I
0

Rescan Repositories

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

Restore Defaults | Apply I

@ oK | Cancel

Figure 9: Include the Xilinx SW repository and the UTIA EdKDSP SW repository

Click on the “Rescan Repositories” button. Click on the “Apply button”, and finally click on the OK button. The
paths to the SW drivers have been defined.
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In SDK, select File -> New -> Project ... -> Xilinx -> Hardware Platform Specification.
Click on the Next button.

=18l

Select a wizard —

Wizards:

borme Elbar Fawt
I-.':-IIE er text

[#-[= General
E, c/c++
B2 Xilinx
& Application Project
i}‘.‘,. Board Support Package
]—-_] Hardware Platform Spedfication

@:l = Back I Mext = I Firishi Cancel

Figure 10: Specify the Hardware Platform

In the “New Hardware Project” screen, fill into the Project name:
hw_platform_0

In the New Hardware Project screen, fill into the Target Hardware Specification:

C:\VM_07\d_145 3an_plb\d_3s700an_xga75a_fp11_ 1x1 v1_33a\SDK_Export\hw\system.xml

This will specify one of the 12 precompiled HW designs present in the evaluation package.

We have selected design demonstrating the UTIA EdkDSP accelerator, with floating point single data path,
with 75 MHz clock, rotary encoder controller and LCD display controller in the evaluation netlist

bce fp1ll 1x1 0 plbw vl 33 a.

Click on “Finish” button to finalize the selection of the precompiled HW design.
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ISIT=TES

Mew Hardware Project

n
n
n L]
Create a new Hardware Project. - — 9
" e

Project name: I|‘|WJII|E'|ZFDFI‘I‘|_D

¥ Use default location
Location: IC:'-,'-;'M_EIF'-.n:I_HS_EanJ:uII:u'-.d_ESFIZIIIIan_xga?Sa_Fp11_1x1'-,SDK_'-.-'-;'u::rkspau:E'-h'A'J:uIatfc-rm_lj Browse, .. |

Choose file system: Idefault "I

—Target Hardware Specification

Provide the path to the hardware specification file expaorted from Project Mavigator or XPS or Vivado or IPI.
This file usually resides in SDE/SDK_Expart/hw folder relative to the ¥PS NVivado project location,
The spedification file and assodated bitstream content will be copied into the warkspace.

IC:1|,'I.-'I'~"I_I]?1|,d_145_3anJ:|Ib‘|,d_3s?DDan_xga?53_fp11_1!(1_'«1_3 3_a\sDK'\SDK_Exportihwsystem. xml Browse.. |
b Bitstream and BMM Files

® < Back | Mexk = | Finish I Cancel |

Figure 11: Use the name “hw_platform_0"" and selet one of the provided xml design descriptions

The hardware platform “hw_platform” has been created.

SDK is interpreting the system.xml and presents HW cores of in the design. See Figure 11.
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4% C/C++ - hw_platform_0/system.ml - Xilinx SDK - | I:Illl
File Edit Source Refactor Mavigate Search Run Project Xilinx Tools Window Help

[Nt [ -G |g-a-bd-F-|%-0-Q- | [0 = |#2KH|& |- E | Fec/e++

e PR

[ Project Explorer 52 = O || gz system.xml 2 = 5|(@ M\I » =q
B&|¥~ hw_platform_0 Hardware Platform Specification — Qﬂa‘ﬁﬂgize ot

EB hw_platform_o
system_bd.bmm Design Information
system.bit
1} system.xml

Target FPGA Device: xc3s700an
Created With: EDK 14.5
Created On: Mon Dec 29 11:27:31 2014
¥P5 Design Report:  file://C: VM 07/d 145 3an plb/d 3s700an xga75a fpil ixd vi 33 a/SDK/SDK Export/hwisystem.html

Address Map for processor microblaze_0

dimb_cntir 0=00000000 0=x00000££f
iimb_cntr 0x00000000 Ox00000££f
npi_vga_0 0=89200000 0=8920££ff
npi_vga_0 0=z89220000 0=x8922f£fff
rs232_dce 0=84000000 0=S400££££
gp_8bit_mb2pb 0x=81400000 0=8140f£f£ff
dips_dbit 0=x81420000 0x8142f££§
btns_3bit 0x81440000 OxB144£££f
header_j18_4bit 0=81460000 0x8146f££f
header_j20_4bit 0=81480000 0x8148f££f
ethernet_mac 0=81000000 0x8100£f£££
flagh O0xa0000000 Oxal3fffff
dual_timer_counter 0x83c00000 0x83c0ffEff
mdm_0 0x=84400000 0=8440£f£f£f
xps_intc_0 0x=81800000 0=8180f£fff
bee_fp1l_1x1 0 _plbw_0 O0x80000000 0x8001f££f
ddr2_sdram 0xcc000000 Oxcfffffff

1P blocks present in the design
< | v
Overview] Source |

[ Problems | =) Tasks | &l consale 52 . E Properﬁes}@Terminaq E" 5ﬁ| M E-7-70

SDK Log
@8:34:31 INFO : Reading in cores from local repositories: ;I
C:\WM_87\d_145_3an_plb\d_3s788an_xga75a_fpll_lx1\repo_edkdsp

@8:34:31 INFO : Updating libgen.options on all BSP projects.

©8:34:31 INFO : Cleaning BSP projects in the workspace.

@8:35:89 INFO : Saving repository preferences.

@8:37:3@ INFO : Project 'hw_platform_@' created. You can now create BSPs and application projects targeting |
-

4 | _’I_
[ |

Figure 12: Hardware platform with the MicroBlaze address map

SW projects can be imported into SDK now. Select:

File -> Import -> General -> Existing Projects into Workspace
Click on Next button. See Figure 12.
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_lolx

Select

Create new projects from an archive file ar directory.

=)

Select an import source:

It'-,:pe filter text

El-i= General
@; Archive File

i .=, Preferences
B-= cfc++

B2 Install

F-(= Remote Systems
(= Run/Debug
B Team

----- I§ Existing Projects into Workspace

@ = Barck I Mext = I

Fimish | Cancel

Figure 13: Import existing projects into Workspace

Type directory with projects to be imported. See Figure 13.

C:\VM_07\d_145_3an_plb\d_3s700an_xga75a_fp11l_1x1_IMPORT

Set the “Copy projects into workspace” check box.

Click on Finish button. See Figure 13.
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1ol
Import Projects
Select a directory to search for existing Edipse projects.

¥ Select root directory: | C:\WM_07\d_145_3an_plb\d_3s700an_xga75a_fp1l_1x1_IMPORT Browse...

" Select archive file: | Erowise,..

Projects:

- [¥] edkdsp {C:\WM_07'd_145_3an_plb\d_3s700an_xga75a_fp1l_1x1_IMPORT\edkdsp) Select Al
- [w] edkdsp_cc (C:\WM_07\d_145_3an_plb\d_3s700an_xga75a_fp1l_1x1 IMPORT\edkdsp_cc)
hello_xga_bee_fp11_1x1_eval_op (C:\WM_07'd_145_3an_plb\d_3s700an_xga75a_fp11_1x1_IMPORTYhello_xga_bece_fp11_1x1_eval_op) Deselect Al
hello_xga_bce_fpil ix1 fir_Ims (C:\WM_07'd_145_3an_plb'd_3s700an_xga75a_fpli_ixi_IMPORTYhelo_xga_bce fpil ixi fir_Ims)
raw_xga_bce_fp11_1x1_eval_op (C:\WM_07'\d_145_3an_plb\d_3s700an_xga75a_fp11_1x1 IMPORTYaw_xga_bce_fp1ll_1x1_eval_op) e
raw_xga_bce_fp11_1x1_fir_lms {C:WM_07\d_145_3an_plb\d_3s700an_xga75a_fpll_1x1 IMPORTVraw_xga_bece_fpll_l1x1_fir_lms)
socket_xga_bce_fpll_ix1_eval_op (C:\WM_07'd_145_3an_plb\d_3s700an_xga7Sa_fpll_ix1 IMPORT\socket xga_bre_fpll ixl_eval_op)
socket_wga_bce_fp11_1x1_fir_Ims (C:\WM_07\d_145_3an_plbld_3s700an_xga75a_fp1l_1x1 IMPORT\socket_wxga_bee_fpil 1x1_fir_Ims)

tandalone_bsp_0 (C:\WM_07\d_145_3an_plb\d_3s700an_xga75a_fp11_1x1_IMPORT\standalone_bsp_0)

- [#] xilkernel_bsp_0 (C:\vM_07\d_145_3an_plb\d_3s700an_xga75a_fp1l_ix1_IMPORTwikernel_bsp_0)

i [

¥ Copy projects into workspace

Working sets

[ Add project to working sets

Warking sets: j Select.., |

@j < Back | fExt = | Finish I Cancel

Figure 14: Select ‘Copy projects into workspace’ and click “Finish’ to import projects.

All the UTIA EdkDSP SW projects are imported into SDK workspace from the directory
C:\VM_07\d_145 3an_plb\d_3s700an_xga75a_fp11_ 1x1_IMPORT
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 14.
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3.2 Description of EdkDSP project

See content of the introductory “edkdsp” project in the “Project Explorer” window of the SDK. Inspect also
the list of IP blocks and related driver versions present in the evaluation design. See Figure 14.

4 C/C++ - hw_platform_0/system.axml - Xilinx SDK - |EI|1|
File Edit Source Refactor Mavigate Search Run Project Xilinx Tools Window Help
Rl |® -] - l@g-&8--@-|%-0-4-|x |0 |= |[&#K|& H |Fecie++
2 lemiiz 2a S
[7) Project Explorer &3 = B ([ system.xml 52 =g|@w™ =0
=] <'==={>| ¥ || 1P blocks present in the design ;I ::a‘i,lggize S
S e:ﬁsp util_bus_split_2 util_bus_split 1.00.a Datashest
edkdsp_cc ] ) . )
& hello n:la bee_fp11_1x1_eval_op util_bus_split_1 util_bus_split 1.00.a Datasheet
ello_x ce x1_eval_o
“’Z helloxabcefplllx lﬁr Is util_bus_split_0 util_bus_split 1.00.a Datashest
g hwjatfn:m D_ - T npi_vga_0 npi_vga 1.00.b
T raw xga bce_ fo11_tx_eval_op microblaze_0 micrablaze 8.50.a Datasheet
v Uy mb_plb plb_vw46 1.05.a
= raw_xga_bce_fp11_1x1_fir_Ims .
© ilmb Imb_w10 2.00.b
= socket_xga_bce_fp1l_1x1_eval_op dimb imh w10 2.00.6
s R .00,
i=> socket_xga_bce_fpl1_Ix1 fir_Ims dimb_cntr Imb_bram_if_cntr 3.10.c
H @ sT:andanne_bsp_D iimb_cntir Imb_bram_if_cntir 3.10.c
@ wikernel_bsp_0 Imb_bram bram_block 1.00.a
r=232_dce xps_uartlite 1.02.a
gp_8bit_mb2pb Xps_gpio 2.00.a
dips_4bit Xps_gpio 2.00.a
bins_3bit Xps_gpio 2.00.a
header_j18_4bit Xps_gpio 2.00.a
header_j20_4bit Xps_gpio 2.00.a
ethernet_mac xps_ethernetlite 4.00.a
ddr2_sdram mpme 6.06.3
flash *ps_mch_emc 3.01a
dual_timer_counter xps_timer 1.02.a
dock_generator_0 dock_generator 4.03.a
mdm_0 mdm 2.10.a
proc_sys_reset_0 proc_sys_reset 3.00.a
¥ps_intc_0 ¥ps_intc 2.01.a
bee_fp11_ix1 0_plbw_0 bee_fpll_1x1_0_plbw 1.33.a —
-
«| | 3|
Overview] Source |
T._\ Problems E,Tasks El consale 52 EProperﬁes}@Terminaq @ @ <fg>| '—ﬁ Sﬁ ._'-'||| a = - r{j - =0
CDT Build Console [hello_xga_bce_fp11_1x1_eval_op]
TTCLIU_AEO_ULC_TPIL IAL CVaLl_ UP:CLT d
ELF file : hello xga_bce_fpll 1x1_eval op.elf
elfcheck passed.
'Finished building: helle_xga_bce_fpll_ 1xl eval op.elf.elfcheck’

83:41:47 Build Finished (tock 65.838ms)

L

Ll :,5 hello_xga_bece_fp11_1x1_eval_op J

Figure 15: All projects are compiled. Open the ““edkdsp” introduction SW project.

The introductory “edkdsp” project is using only the serial link terminal and the Xilinx memory based file
system. It is not using the LwIP Ethernet libraries and it is not using the video display.

Connect the jtag and serial line USB cables to your 35700AN board and switch ON the board.

Start serial line terminal on your PC. See configuration of terminal PuTTY on Figure 15.
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% PuTTY Configuration |
Category:
B- S_essinn | Basic options for your PUTTY session |
L__| T:"" I..oglglng — Specify the destination you want to connect to
|- Termina
Host Mame (or IP address) Part
- Keyboard
- Bell | |22
- Features Connection type:
El- Window " Faw ¢ Telnet ¢ Flogin  55H { Seral
- Appearance B ;
- Behaviour Load, save or delete a stored session
. Translatian Saved Sessions
- Selection
-~ Colours Default Settings Load
=~ Connection cosim_sph05
- Data prepinac g |
- Praxy spElE ki
.. Telnet Delete
- Rlogin
(- 55H
- Serial Close window on exit:
" Mways ¢ MNewer ' Onlyon clean exit
About Open Cancel |

Figure 16: Start the serial line terminal (PuTTY)
Select 115200 baud and “Flow control” to None. See Figure 16 and Figure 17.

2 PuTTY Configuration x|
Category:
B- Sgssinn Options cortroling local senal lines |
L I_Iogglng r Select a senal line
[=- Terminal
- Keyboard Serial line to connect to ICOM‘I
- Bell
... Features r Configure the sernial line

= Window Speed baud) [115200

gppea@nce Data bits IB—
- Behaviour
- Translation Stop bits |1
- Selection .
... Colours Parity I Mone ~ I
- Connection Fow control None ~

- Data

- Praxy
- Telnet
- Rlogin
#- 55H

- Seral

About Cpen Cancel |

Figure 17: Setup your actual COM port, Speed 115200 baud, and Flow control ’None”
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% PuTTY Configuration

Category:

- Teminal

- Keyboard
- Bell

- Features
=~ Window

- Appearance
- Behaviour
- Translation
- Selection
- Colours

=+ Connection

.. Data

- Proxy

- Telnet

- Rlogin

- 55H

- Serial

About

Basic options for your PuTTY session

 Specify the destination you want to connect to

Serial line Speed
[com3 115200
Connection type:

" Raw 1 Telnet ¢ Rlogin © SS5H % Seral

— Load, save or delete a stored session
Saved Sessions

Default Settings
cosim_sp&05
prepinac

spb05

U

Load

Save

Delete

Close window on exit:

" Mways  Mever ¥ Onlyonclean

et

COpen

Cancel

Figure 18: Select “*Serial’” Session and the terminal window will open.

In SDK, program the 3S700AN board by selecting:

Xilinx Tools -> Program FPGA

Type or browse to the “system.bit” file and the “system_bd.bmm” file:

C:\VM_07\d_145 3an_plb\d_3s700an_xga75a_fp11_1x1\SDK_Workspace\hw_platform\system.bit
C:\VM_07\d_145 3an_plb\d_3s700an_xga75a_fp11_ 1x1\SDK_Workspace\hw_platform\system bd.bmm

Click on the “Program” button.

signau processing

Akademie véd Ceské republiky

Ustav teorie informace a automatizace AV CR, v.v.i.

http://zs.utia.cas.cz

© 2014 UTIA AV CR, v.v.i.

All disclosure and/or reproduction rights reserved



4% Program FPGA 5'
Program FPGA
Specify the bitstream and the ELF files that reside in BRAM memary

—Hardware Configuration
Hardware Spedfication: C:\WM_07'd_145_3an_plb\d_3s700an_xga75a_fp1l_1x1\5DK_Workspace\hw_platform_0'system, xml

Bitstream: I,IH..:'I,"."M_El?'I,lj_145_3E|I'IJII||:I'I,E|_3S?DDEII‘I_XQE?EE_‘FD11_13(1'ISDK_'I."'.I'DFkSpaEE'l||'l'a\'j|atftlrm_|:|'l§'y'stem.|:lit Browse., |

BMM File: |C:'n,'l.-'I"«"I_IIII-"'n,n:l_145_3an4:|ll:|'n,n:l_3s?ElDan_xga?5.a_fp11_1xI'EDK_iﬁIDrkspacE'n,hWJ:uIatﬁ:urm_D'nsystem_l:ud.l:umm Browse.. |

—Software Configuration

Processor | ELF File to Initialize in Block RAM |
microblaze_0 bootloop ;I

@:‘ Program I Cancel |

Figure 19: Specify the .bit and the .bmm file with location of the NV RAM for the MB program.

The 35700AN board is programmed with the .bit file now. The MicroBlaze is running in the initial bootloop.

The SW application from the edkdsp project has to be downloaded to the DDR3 memory, now.
The “edkdsp_introduction.c” application is performing these steps:

e |nitialize cache and serial line controller.
e |nitialize memory based file system from data linked in the .elf binary file.
e |nitialize data structures describing the edk_fp12_1x8 v1_40 a accelerator.
e Write firmware to both program memories of the accelerator.
e Read properties and the license status of the accelerator.
e MicroBlaze application can identify which member of the accelerator family is actually present
(10|20]30]40) and if the floating point pipelined divider data path is present or not.
e Test floating point vector addition computed in the accelerator with 8xSIMD data path.
0 Communicate from the accelerator data about input and led I/O to MicroBlaze.
0 Write these data to an ascii text file in the ram based file system and to the terminal.
e Verify the floating point results in MicroBlaze.
e Print to the terminal the number of free and used data blocks.
e Print list of top level directories present in the file system.

Select the “edkdsp” project by clicking on it in the SDK Project Explorer Window.

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

Click on the “New launch configuration” in the Run configuration screen and the “edkdsp” project executable
Debug\edkdsp.elf Is ready for download to DDR3 on the 35700AN board via the jtag cable.

Click on “Debug” button to download the executable and start the debugger. See Figure 19.

Click on “Yes” in the pop up window related to the switch to the Debug perspective.
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4P Debug Configurations

Create, manage, and run configurations

& [ i

L g ® | = Marne: | edkdsp Debug

I type filter text Main EV Sourcej ﬁ)@ Device Inih’alizaﬁ:ﬂ ﬁ%g STDIO Connecﬁorﬂ @ Remote Debugﬂ #y
E C/C++ Application CJc++ Application:

----- [€] cjc++ attach to Application
----- E CfC++ Postmortem Debugger
""" [C] cfc++ Remote Application Variables. .. | Search Praject... | Browse... |
----- = Launch Group Project:
----- x Remote ARM Linux Application

-5 Target Communication Framework | edkdsp Browse... |

I Debug\edkdsp, elf

& Xilinx CfC++ELF Build (if required) before launching
edkdsp Debug
..... 7 Xilinx TCF Build configuration: IDebug j
¥ Select configuration using 'C/C++ Application’
¢~ Enable auto build ” Disable auto build
% Use workspace settings Configure Workspace Settings. ..

¥ | Gonnect process input & output to & terminal .

aoply | Rlewert |
Filter matched 10 of 10 items

@ Debug I Close |

Figure 20: Debug ““edkdsp.elf”” code on MicroBlaze
The Debug\edkdsp.elf is executed up to the breakpoint on the first executable C code. See Figure 21.

Select next breakpoint as indicated in Figure 22 and click on Resume (F8) icon to run up to this new breakpoint
located inside of the triple loop on the call to the function
bce_fpll 1x1 VADD (workerl, capabilitiesl, ah, bh, zh);

Processor stops on the breakpoint and terminal is indicating properties of the accelerator. See Figure 23.
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4 Debug - edkdsp/src/edkdsp_introduction.c - Xilinx SDK - |EI|1|
File Edit Source Refactor Mavigate Search Run  Project Xilinx Tools Window Help
| i~ = | o [#%-0-%-|x|®p e PR D |w | 8E|E B | %5 pebug A c/c++
(&5 [l -l it
%% Debug 532 &t | i 7 T O|[ed= variables 2 % Breakpoimsw [3€ xmp Console} i1} Registers !&Modules} =0
=& edkdlsp Debug [Xin C/C+-+ELF] %@ & s es ™
E»@ XMD Target Debug Agent (31.12.14 11:14) (Suspended) Name I Value I
E---m? Thread [1] (Suspended: Breakpoint hit.) 0= ah 2
; “-= 1 main() edkdsp_introduction.c: 1055 Oxccl04ed4 9+ bh 4
ol mb-gdb (31.12.14 11: 14) 9= 2h 4
epe] C1WM_07\d_145_3an_plbld_3s700an_xga75a_fp1l_1x1\SDK_Workspace\edkdspi\Debug 0= 1024
()= capabilities1 1]
(= licensel 3422552512
x | 3 e
| 4 system.xml | edkdsp_introduction.c &3 = O|[ 5= outline &2 =0
. Al SN o %
: nable and initialize cache - #  UTIASPEDK_FPGA_3S700AN =5
7 -~ Bl xparameters.h
#if XPAR_MICROBLAZE_@ USE_TCACHE - 8 uartiite.h
microblaze_init_icache_range(®, XPAR_MICROBLAZE_@ CACHE_BYTE_SIZE); ™ stdio.h —

microblaze_enable_icache();
#endif

#if XPAR_MICROBLAZE @ USE_DCACHE

microblaze_enable_dcache();
#endif

if (wal_init_worker(workerl)) {
xil_printf("\r\n ERROR: Init wrk failed.\r\n");
I

microblaze_init_dcache_range(@, XPAR_MICROBLAZE_@ DCACHE_BYTE_SIZE);

string.h

wal.h

™ wal_bce_jk.h

sg_plbiface.h
worker1_BCE_JK_FP32M24_SG_PLE
worker1_BCE_JK_FP32M24_SG_PLE
worker1_data_structure : wal_works
worker1 : wal_worker_t*

=]
- bee_fp11_1x1_0_plbw.h -
» [ | 3

.
= console 2 2, Tasks} @ Terminal E'._\ Problems} O Executableq u Memorﬂ

IENEIEE TR

edkdsp Debug [Xilinx CfC++ ELF] C:\WM_07'd_145_3an_plb\d_3s700an_xga75a_fp11_1x1'SDK_Workspaceedkdsp\Debug'edkdsp.elf (31,12, 14 11:14) [Console not connected to process stdio]

Process STDIO not connected to console.

If you'd like to see UART output in this consocle, please modify STDIO settings in the Run/Debug configuration.

e

i

| Writable | Smart Insert | 1059: 1 J

Figure 21: The debugger stops on the first executable line of MicroBlaze C code.

Click on the on Resume (F8) icon to execute the the test function with parameters ah=0, bh=0, zh=0. See the

console output.

Click again the on Resume (F8) icon to execute the test function with parameters ah=0, bh=0, zh=1. See the

console output as indicated in Figure 24.

Remove the breakpoint and click on the on Resume (F8) icon to execute the program up to the end.
The debugger stops at the end of the program. Terminate the debugger and close the debug perspective and
return to the default SDK C/C++ perspective. The Debug\edkdsp.elf is running until you click on the “Remove

launch” (X) in the SDK.
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4 Debug - edkdsp/src/edkdsp_introduction.c - Xilinx SDK = |EI|1|
File Edit Source Refactor Mavigate Search Run  Project Xiinx Tools Window Help

[ i B RS B [#-0-Q-|x[p i@ |22  2F |30 |=|&8H|E 5|35 pebug ERclc++
[ & % 485l e
(%5 Debug 52 oyt P T = Ot varizbles 53 %mw}mm}h%?m}n\m} =
5§ edkdsp Debug [Xilinx C/C++ELF] tiok 0| & R (e
= @ ¥MD Target Debug Agent (31.12,14 11:14) (Suspended)
: Name [ value [
=l Thread [1] (Suspended: Breakpoint hit.) ©9- ah )
1 main{) edkdsp_introduction.c: 1112 0xcc005188 9= bh 0
o] mb-adb (31.12.14 11:14) o0 ah 0
.E C:\WM_07\d_145_3an_plb\d_3s700an_xga75a_fp1ll_1x1\SDK_Workspace\edkdsp'Debug e 1024
*)= capabiliies1 131071
()= license1 3
El
« | 3| I _>lJ
= 0|(E= outine 52 =0
Al =Ry oo Y
for (ah = @; ah < 4; ah++) { O 1 R W i
UTIASPEDK_FPGA_35700AN =

for (bh = @; bh < 4; bh++) {
for (zh = @; zh < 4; zh++) {

// Test of the HW evaluation license

wal_get license(workerl, WAL PBID P@, &licensel);

if (licensel) {
¥il_printf("\rin\r\n ah=%d bh=%d zh=%d", ah, bh, zh};
//bce_fpll_1x1 @ _VI2A(workerl, capabilitiesl, ah, bh, z
ffbce_‘Fpl1_1x1_8_\«'BZA(worker1, capabilitiesl, ah, bh,
//bce_fpll_1x1 @ VZI2B(workerl, capabilitiesl, ah, bh,
//bce_fpll_1xl @ VA2B(workerl, capabilitiesl, ah, bh, z

| bece_fpll 1x1 @ \M[I)(mrkerl capabilitiesl, ah, bh, zh};

xparameters.h

suartiite.h

stdio.h —
string.h

wal.h

wal_bee_jk.h

,!{ sg_plbiface.h
worker1_BCE_JK_FP32M24_SG_PLE
worker 1_BCE_JK_FP32M24_SG_PLE

?z%%?z‘?z

//bce_fpll_1x1 @_VADD BZ2A(workerl, capabilitiesl, ah, bh, zh); worker1_data_structure : wal_work:
//bce_fpll_1x1 @_VADD AZ2B(workerl, capabilitiesl, ah, bh, zh); — worker1 : wal_worker_t=
//bce_fpll_1x1 @ VSUB(wor‘ker‘l, capabilitiesl, ah, bh, zh); - bee_fp11_1x1_0_plbw.h -
Al oA Al B AR DTN ann Leme et o e E N | =l bl =l %o — - - =
K | [ | 3|

- o [=) = Y

El console 2 @TMW@TM&TE&M}OMW&SW“W\I [CTR—— &||§"|Eﬁ|@|@|ﬂa'rﬁ' ]

edkdsp Debug [Xilinx C/C++ ELF] C:\wM_07\d_145_3an_plb\d_3s700an_xga75a_fp11_1x1\SDK_Workspace'edkdsp\Debugledkdsp.elf (31.12. 14 11:14) [Console not connected to process stdio]

Process STDIO not connected to conscle. ;I

If you'd like to see UART ocutput in this conscle, please modify STDIO settings in the Run/Debug configuration.

4 o

[ |WriIzHe |5ma-trmert |1112:1 |

Figure 22: Set the breakpoint on function bce_fpl1l 1x1 0 VADD() testing the vector floating point
ADD operation.
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Figure 23: The application ““edkdsp” stopped on initial breakpoint.

Compare the MicroBlaze source code “edkdsp\src\edkdsp_introduction.c” in the SDK project “edkdsp” together
with the PicoBlaze controller firmware edkdsp_cc\a\a_fp1101p0.c in the accelerator. See Figure 25.

It is demonstrating, how the MicroBlaze processor communicates with the PicoBlaze controller present in the
accelerator. The MicroBlaze C WAL library functions support the exchange of floating point data in DDR2 (C
variables and arrays) to three dual-ported 4 kB memories Al, B1, Z1 of the accelerator. MicroBlaze can access
these memories via its PLB interface. Each memory is organised as 4 banks of 256 32 bit words. See the block
diagram on Figure 2. The PicoBlaze controller is executing binary firmware corresponding to program
edkdsp_cc\a\a_fp1101p0.c. It is controlling the configurable, floating point, data flow unit. The data flow unit
has HW supported access to read and write and into the three 4 kB memories Al, B1, Z1 from the accelerator
ports with programmable auto-increment of addresses.
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g = [

[

a
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[

[

Figure 24: Terminal after the second call to the tested bce_fpll 1x1 0 VADD() function.

The listing on Figure 25 is indicating, how the MicroBlaze “edkdsp_introduction.c” program cooperates with the
PicoBlaze firmware program edkdsp_cc\a\fp1101p0.c. It presents the initial sequence of the PicoBlaze firmware
program edkdsp_cc\a\a_fp1101p0.c. The function pb2dfu_set (C_DFU_OP, op) starts the vector floating point
operation of the data flow unit of the accelerator. See Figure 25. PicoBlaze C code is synchronised with the result
of the vector floating point operation of the 8xSIMD data flow unit in function call function pb2dfu_wait4hw ().
See Figure 25.

PicoBlaze also reads the LED information produced by the dedicated PicoBlaze processors for a rotary encoder
input in cooperation with the 1/O PicoBlaze pre-processor. The PicoBlaze firmware program
edkdsp_cc\a\a_fp1101p0.c communicates I/O data to the MicroBlaze. It also writes the information about the
progress of computation to the LCD 2x 16 character display via the dedicated PicoBlaze controller. See Figure 2.
The 3 controllers execute fixed firmware from the NV RAMs. Each NV RAM is initialised in the power-up
configuration phase from the bitstream. The bitstream is read by the 3S700AN chip from its internal eFLASH [5].
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4 C/C++ - edkdsp_cc/afa_fp1101p0.c - Xilinx SDK 100 x|
File Edit Source Refactor Mavigate Search Run Project Xilinx Tools Window Help
|05 |-G - |g@-e8-d-¢-1$-0-@- |00 |= &R |® - [ | Bg cre++
J o J = = = =
[ Project Explorer 53 = B[ [ edkdsp_introduction.c (I@ a_fplioipd.c 52 =04 N’L =5
= <)==D| F #include "stdic_fpll.h" = =
= #include "a_fpllelpe.h" _
Bl edkdsp = - ERERI
-3 Binaries unsigned char ah, bh, zh, n, op, led, btn; o %
B-ajl Indudes < -
(= Debug “wvoid main¢) { Hl st fo1
Bl src pb2dfu_set(C_PBP_REG®1, ®); a2 fp1101
..... libjpeg.a op = mb2pb_read_data(); @ gh:
3 lbmfsimage.a if (op == CDFUOP_WVER) { e ® th:
3 libreb pb2dfu_set(C_DFU CNT, @); [
¢ librgb. pb2dfu_set(C_DFU_OP, op); L ® n:
""" libwal.a pb2dfu_waitdhw(); @ op:
EIE edkdsp_cc }else { ® ‘Z'
B a pb2dfu_set(C_DFU_A_MEM_ADDR, mb2pb_read_data()); | || 7 =
- [& a_fp1101p0.c pb2dfu_set(C_DFU_A_MEM_SADDR, mb2pb_read_data()); [ ® bin:u
[ a_fp1101p0.h pb2dfu_set(C_DFU_B_MEM_ADDR, mb2pb_read data()); || ™~ ® main{: v
- [@ a_fpllﬂlpl c pb2dfu_set(C_DFU_B_MEM SADDR, mb2pb_read_data());
o _fpno llh pb2dfu_set(C_DFU_Z_MEM_ADDR, mb2pb_read_data());
m 2 tpL. pb2dfu_set(C_DFU_Z_MEM SADDR, mb2pb_read_data());
- (€ a_fp1124p0.c ah = mb2pb_read_data();
- [l a_fp1124p0.h pb2dfu_set(C_DFU_A_MEM_BANK, ah);
- [€] a_fp1124pl.c bh = mb2pb_read_data()};
5 a_fp1124pt.h ph2dfu_set(C_DFU_B_MEM_BANK, bh);
2 ca_fpilsh zh = mb2pb_read_data();
B cash pb2dfu_set(C_DFU_Z_MEM_BANK, zh);
| tc_fpltsh pb2dfu_set(C_DFU_A_INC, mb2pb_read_data());
h ' pb2dfu_set({C_DFU_B_INC, mb2pb_read_data(})};
s pb2dfu_set(C_DFU_Z_INC, mb2pb_read_data());
fil_FA1101P0_program_store.h n = mbpr read d;t;() - 1; - -
fil_FA1101P1_program_store.h pb2dfu_set(C_DFU_CNT, nj;
In| fil_FA1124P0_program_store.h
fil_FA1124P1_program_store.h pb2dfu_set(C_DFU_OP, op);
FP1101P0.DEC ‘;
FP1101P1.DEC .
FP1124P0.DEC pb2dfu_waitdhw();
= FP?IMPI'DEC pb2lcd_ascii text();
[ stdio_fp1lh - pb2lcd_ascii_char(hex_l(ah), C_LCD_@1);
B b pb2lecd_ascii char(hex_1(bh), C_LCD_@3);
B c pb2led_ascii_char(hex_1(zh), C_LCD_@5);
F-E d led = led2pb();
B e . nh?1rd ascii charfhay h(ladd ¢ 100 @ah- Ll_l ( | .
B[ toals J = _I
..... [E settings.sh &Problems =) Tasks | B Consdle 2 ﬂPromrﬁes}@'Terminaq o odr @' '—E Sﬁ _'-'|||  El-C i Eq
[]--g hw_platform_0 ﬂ COT Build Console [edkdsp_cc]
e L i =
J " I5| edkdsp_ccfa/fil_FA1101P0_program_store.h J

Figure 25: Initial section of the PicoBlaze controller firmware edkdsp_cc\a\a_fp1101p0.c.

Figure 25b presents the final section of the PicoBlaze firmware program edkdsp_cc\a\a_fp1101p0.c.

Before terminating, the PicoBlaze is communicating support information to several “Screens”. It is using
function pb2mb_write() to write a single byte to MicroBlaze. Each screan is terminated by function call
pb2mb_eoc(). This process of data exchange with MicroBlaze is terminated by selecting Screen0. See Figure 26.
and the corresponding Figure 24. MicroBlaze prints received data to the console in this simple introduction

example.

Larger demo presented on Figure 4 and Figure 5 is presenting execution of the same firmware (See Figure 25
and Figure 26) with output to the XGA display screens and to ascii file FP1101.TXT in the DDR2 RAM-based file
system of MicroBlaze processor. The FP1101.TXT file can be uploaded from the DDR2 to the PC by Ethernet with

support of TFTP server running on the MicroBlaze processor on the 3S700AN board [6].
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df C/C++ - edkdsp_cc/afa_fp1101p0.c - Xilinx SDK -0l =l
File Edit Source Refactor Navigate Search Run  Project Xilinx Tools Window Help
JL=<J>. =5 - v_—vjﬁvﬁﬁvgv vjﬁvev%vJ\JEJmJ%@J@JQQv I | A cfc++
([ ERiN R RS R R
[ Project Explorer 52 = O l¢ edkdsp_introduction.c (@ a_fpllU]pO c i =0 N’L =0
= - pbZmb_write( L - -
B®[¥ =\ pb2mb_write('n’ ), A
E=5 edkdsp N pb2mb_write('p’); =R
IZII"%'? Binaries ” pb2mb_write( u'); o
-l Indudes 4 pb2mb_write( f )i u -
(= Debug pb2mb_write('="y; e M stdio_fp1
B src pb2mb_write(hex_h(btn)y; A o a_fp1i01
pb2mb_write(hex_1(btn)y; M i @ . unsid
..... ibjpeg.a — ah : unsig
L Y @ bh:uns
..... libmfsimage.a pb2mb_eoc(led); e p €
..... librgb.a o :
----- libwal.a pb2mb_write(C_SCREEN_4); ® neu
E-1= edkdsp_cc r op:
B a pb2mb_write('\r'); ® Jed:
..... [ a_fp1101p0.c pb2mb_wr‘:!.te( o H @ bin:ur
_____ Bl 2 fpli0ip0.h pb2mb_write('a'); @ main)
i & ' pb2mb_write('h');
----- [€ a_fp1101plc pb2mb_write('=");
""" il a_fp1101pL.h pb2mb_write(hex_h(ah));
..... [8 a_fp1124p0.c pbzmb_write(hex 1(ah}));
----- I a_fp1124p0.h pb2mb_write(" '};
..... [8 a_fp1124pl.c pb2mb_wr‘:!.te( b");
----- I a_fp1124p1.h pb2mb_write('h');
_____ 2 cafpitsh pb2mb_write('="};

..... 2 ca.sh

=| cc_fpllsh

cc.sh

----- In| fil_FA1101PO_program_store.h
;| fil_FA1101P1_program_store.h
m| fil_FA1124P0_program_store.h
----- In| fil_FA1124P1_program_store.h
""" |Z/ FP1101P0.DEC

=| FP1101P1.DEC

FP1124P0.DEC

FP1124P1.DEC

pb2mb_write(hex_h(bh));
pb2mb wr‘lte(hex 1(bh});
pb2mb_write("

pb2mb_write( 'z
pb2mb_write('h’
pb2mb_write('=
pb2mb_write(hex_h(zh});
pb2mb_write(hex_1(zh));

RE
RE
)3
RE

3
3
3
3

}
pb2mb_ecc(led);

pb2mb_write(C_SCREEN_@);
pb2mb_ecc(led);

stdio_fpil.h }
E-E b e pb2mb_eoc('.");
b2mb_req_reset(".");

B c P _req_ | |

E-E d , pb2mb_reset();

B e 0| _IJ . | |

H( tools =

..... [ settings.sh [3_\ Problems |+ Tasks | &l Console 2 =| Properﬁes}@Terminal\l 4L qp |_| '—ﬁ | ~[9-708
[]--13 hw_platform_0 LI CDT Build Console [edkdsp_cc]
o= PSP =

J " | Writable | Smart Insert | iL31L

Figure 26: Final section of the PicoBlaze controller firmware edkdsp_cc\a\a_fp1101p0.c.

The PicoBlaze firmware program edkdsp_cc\b\b_fp1101p0.c demonstrates use of user defined function calls.

The C function prime() is computing some first prime numbers in PicoBlaze in parallel with the vector floating
point computation. See Figure 27. This demo is already precompiled by the EdkDSP C compiler into the header
file edkdsp_cc\b\fill_FA1101PO_program_store.h.

In SDK, copy and paste the file fill_

directory edkdsp\src.

In SDK project explorer,

select edkdsp project,

edkdsp_cc/b/FA1101P0_program_store.h into the SDK edkdsp project
select “Clean Project”

to force

recompilation the complete MicroBlaze “edkdsp” project with new PicoBlaze firmware and test it on the
3S700AN board. Result is displayed on Figure 28.

The PicoBlaze firmware program edkdsp_cc\e\e_fp1101p0.c demonstrates use of 16bit integer variables and

computes prime numbers in the (decimal) range <2 ...

320>. See Figure 28. Repeat copy and paste, recompile

and test on the 3S700AN board. See Figure 30 with the prime numbers computed by the PicoBlaze processor
and printed in the hexadecimal format by MicroBlaze.
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sinclude 3

#include I -
= B W

SdeFine WOOLM 28

unsigned ch

sdeve [HAKNI] ;

unsigned ch 5. m
unsigned char ah, bh, zh, n, op, led, btn;

wold main() |

saeseeeesRnRnEE # B

2pb_read_data

mwd®bhoothoS;

po2dfu_set(L_DFU_OF, op};
i
prime{steve, m, 1, 1);

ph2dfu_waitahu(); |
L | o T e ) Tl |
2 Problems |+ Tasks | 5] Conscle 11 | Prooerses | ) fersral e e S B e
CIT Bl Console [ackden_oc]

nddedsn_erfoffll_FA 110170 _program _stere.h

Figure 27: Listing of the PicoBlaze controller firmware program edkdsp_cc\b\b_fp1101p0.c.
=101 x|

Figure 28: Result of PicoBlaze controller firmware program edkdsp_cc\b\b_fp1101p0.c.
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Fie Edit Source Refactor

L[ Project Explorer £3

=15 edkdsp
-4 Binaries
-5l Indudes
#~(z= Debug
H-(= src
[} libjpeg.a

[t iomfsimage.a

[eh tibrab.a
[ab tibwal.a
=15 edkdsp_cc
H-E a
- b
- c
B d
Z-=e

ca_fpllsh

ca.sh

co_fpitsh

co.sh

[& e_fp1101p0.c

1101p0.h

41101P0_program_stor
FP1101P0.DEC

[l stdio_fo11.h

- tooks
settings.sh
3 hw_platform_0

) e - )

M5 xikernel_bsp_0

5 raw_xga_bce_foll_1x1_eval_op
5 raw_xga_bee_fp11_ix1_fir_Ims

125 socket_xga_bce_fp11_x1_eval_op
125 sodket_xga_bce_fpi1_ixi_fir_Ims
i) standalone_bsp_0

=5 wga_bee_fp11_1x1_eval_op

5 xga_bee_fp1_txi_fir_lms

5 edkdsp_cc/e/fil_FA1101P0_program_store.h

Navigate Search Run Project XiinxTools Window Help

§-G-%-0-a-|x D= 2R

] edkdsp_introduction.c [ a_fp1101p0.c [€] b_fp1101p0.c
#include "stdio_fp1l.h"
#include "e_fp1181p@.h"

#define MAXNUM 320
unsigned char sieve[MAXNUM / 8];

unsigned int i, j, m, m2;
unsigned char k;
unsigned char ah, bh, zh, n, op, led, btn;

void main() {
pb2dfu_set(C_PBP_REGE1, 0);
op = mb2pb_read_data();
if (op == C_DFU_OP_WVER) {

pb2dfu_set(C_DFU_CNT, @);
pb2dfu_set(C_DFU_OP, op);
pb2dfu_waitahw();

} else {

pb2dfu_set(C_DFU_A |
pb2dfu_set(C_DFU_A |
pb2dfu_set(C_DFU_B_|
pb2dfu_set(C_DFU B |
pb2dfu_set(C_DFU_Z_|

ah = mb2pb_read_data();
pb2dfu_set(C_DFU_A MEM_BANK, ah);

h = mb2pb_read_data();
pb2dfu_set(C_DFU_B_MEM_BANK, bh);

zh = mb2pb_read_data();
pb2dfu_set(C_DFU_Z MEM BANK, zh);
pb2dfu_set(C_DFU_A_INC, mb2pb_read_data());
pb2dfu_set(C_DFU_B_INC, mb2pb_read data());
pb2dfu_set(C_DFU_Z_INC, mb2pb_read_data())
n = mb2pb_read data() - 1;
pb2dfu_set(C_DFU_CNT, n);

pb2dfu_set(C_DFU_OP, op);
{

m = ((unsigned int) ((ah << 4) + (bh << 2) + zh + 17)) << 23

if ((m 1= m2) 82 (m < MAXNUM)) {

for (k = 8; k < (unsigned char) (m >> 3); ++k) |

[2¢ problems [ = Tasks | & console &3 . EJ properties | & Terminal
edkdsp Debug [Xilinx C/C++ELF] C:\WM_07\d_145_3an_plbld_3s700an_xga75a_fp11_1x1\SDK_Workspace \edkdsp\Debug \edkdsp.elf [Cansole noi

M cfct+

|_ADDR, mb2pb_read_data(
|_SADDR, mb2pb_read_data
|_ADDR, mb2pb_read_data(
|_SADDR, mb2pb_read_data(
_ADDR, mb2pb_read_data()
pb2dfu_set(C_DFU_Z MEM_SADDR, mb2pb_read_data(

©
N Y Y NN NN N NN NN N ENLELF

fﬂ_lj

#E-r9-=0

=1oj x|

Figure 29:Listing of the PicoBlaze controller firmware program edkdsp_cc\e\e_fp1101p0.c.

=101 x|

Figure 30: Result of the PicoBlaze controller firmware program edkdsp_cc\e\e_fp1101p0.c.

signaw processing

UTIA Akademie véd Ceské republiky .
Ustav teorie informace a automatizace AV CR, v.v.i.

http://zs.utia.cas.cz

© 2014 UTIA AV CR, v.v.i.

All disclosure and/or reproduction rights reserved



3.3 Evaluation and use of the EdkDSP C compiler

This section describes the use of the EJkDSP C compiler to recompile the firmware for the PicoBlaze controller
of EdkDSP accelerators. The evaluation package includes also precompiled files with the firmware ready for
download from PC to the 35700AN board. These files can be used if the EdkDSP C compiler is not installed on
your PC. The UTIA EdkDSP C compiler is implemented as Ubuntu binary utility.

An “VMware player” software and a compatible Ubuntu image version is needed to run the UTIA EdkDSP C
compiler on Windows 7 (64bit or 32bit) PC. The Ubuntu image used in UTIA needs two DVD disks (8GB). 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 these two DVD with correct
Ubuntu image from UTIA (free of charge) by standard mail.

Install from the Internet the VMware Player software (64bit or 32bit) on your PC. Open the VMware Player and
select the “Ubuntu_EdkDSP” image.

The Ubuntu will start. Login as:

User: devel

Pswd: devuser

B Ubunty_EckDSP

Ubuntu_EdkDSP

State: Powered Off
05: Ubuntu
Version: Workstation 5.x virtual machine
RAM: 512 MB

@ Play virtual machine

ﬁ}" Edit virtual machine settings

Figure 31: Select the Ubuntu_EdkDSP image in the VMware Player and click “Play Virtual machine™.
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The VMware Player creates virtual Ethernet connections to the PC.
The PC directory c:\VM_07 needs to be shared by Windows 7 and the Ubuntu applications by Samba.

In Windows 7, set the directory c:\VM_07 as the shared directory.
In Ubuntu, open terminal and mount the PC directory c:\VM_07 to Ubuntu by Samba.

This has been done by the script samba_07.sh. Script is asking for the Ubuntu user password and your Password
in Windows 7.

The Windows 7 c:/VM_07 directory is mounted to the Ubuntu OS as:
/mnt/cdrive

In Ubuntu, change directory to:
/mnt/cdrive/d_145_3an_plb/d_3s700an_xga_75a_fp12_1x1/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:

source settings.sh

The EdkDSP C compiler utilities located in the directory

c:/VM/d_145 3an_plb/d_3s700an_xga75a_fp11l_1x1/edkdsp_cc/tools/linux-i386/utia/bin/

are on the PATH path. See Figure 32.

In Ubuntu, change directory to the example directory : ./a

-!:}'Aplikace Mista Systém

Soubor Upravit Zobrazit Terminal Karty Népovéda

devel@ubuntu:~% cd bin

devel@ubuntu:~/bing samba_07.sh

[sudo] password for devel:

Password:

devel@ubuntu:~/bing cd /mnt/cdrive/d_145 3an_plb/d_3s700an_xga7Sa_fpll 1x1/SDK_Workspace/edkdsp_cc/
devel@ubuntu: /mnt/cdrive/d_145 3an_plb/d_3s700an_xga7Sa_fpll_lx1/SDK_Workspace/edkdsp_cc$ source settings.sh
EdkDSP environment set to '/mnt/cdrive/d_145 3an_plb/d_3s700an_xga75a_fpll_1x1/SDK_Workspace/edkdsp_cc'
devel@ubuntu: /mnt/cdrive/d_145 3an_plb/d_3s700an_xga7Sa_fpll_lx1/SDK_wWorkspace/edkdsp_cc$ cd a
devel@ubuntu: /mnt/cdrive/d_145 3an_plb/d_3s700an_xga7Sa_fpll_lx1/SDK_wWorkspace/edkdsp_cc/a$ cc_fpll.sh a
EDKDSPCC : a_fpllOlpO.c ...

EDKDSPPSM: FP1101PQ.PSM ...

EDKDSPCC : a_fpll0lpl.c ...

EDKDSPPSEM: FP1101P1.PSM ...

EDKDSPCC : a fpll2dp0.c ...

EDKDSPPSEM: FP1124P0.PSM ...

EDKDSPCC : a_fpll2dpl.c ...

EDKDSPPSEM: FP1124P1.PSM

devel@ubuntu: fmnt[cdrlve[d 145 3an_plb/d_3s700an_xga75a_fpll_lx1/SOK_Workspace/edkdsp_cc/a$ ca_fpll.sh a
EDKDSPCC : a_fpll@lpo.c ...

EDKDSPASM: FA11l01P0.PSM

Generated C header file in the H file ./f1l1_FAl101P0_program_store.h

EDKDSPCC : a_fpll0lpl.c ...

EDKDSPASM: FAL1O01P1.PSM ...

Generated C header file in the H file ./fill_FA1101P1_program store.h

EDKDSPCC : a fpll2dp0.c ...

EDKDSPASM: FAL124P0.PSM ...

Generated C header file in the H file ./f1ll_FAl1124P0 program store.h

EDKDSPCC : a_fpll2dpl.c ...

EDKDSPASM: FA1124P1.PSM

Generated C header file in the H file ./fill_FA1124P1_program store.h

devel@ubuntu: /mnt/cdrive/d_145_3an_plb/d_3s700an_xga7Sa_fpll_lx1/SDK_wWorkspace/edkdsp_cc/as I

@ [ devel@ubuntu: fmntjcd...

lTo direct input to this vitual machine, press Cti+G.

Figure 32: Set samba to the directory shared with Win7, source settings.sh script to set the PATH to the
EdkDSP C compiler binary utilities, change directory and compile the firmware

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

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



C examples can be compiled by script script cc_fpl1l.sh with parameter a. Type:
cc_fpll.sha

This script will recompile and assemble all four C programs present in this directory into .DEC files, ready for
download by the Windows 7 TFTP client to the ram-based file system of the 3S700AN board. See Figure 31.

C examples can be also compiled by the script ca_fp11.sh with parameter a. Type:
ca_fpllsha

This script will recompile and assemble all four C programs into .h C header files and .m Matlab scripts. The
header files can be used to modify the default PicoBlaze firmware headers (included in the MicroBlaze source
code) without need of the TFTP download of .DEC files via Ethernet. See Figure 31.

Example of use of header files: In SDK, you can copy and paste the generated fill_FA1101P0_program_store.h
and fill_FA1101P0_program._store.h files into the SDK edkdsp project directory edkdsp\src, recompile the
edkdsp project and test it on board with new firmware, without the TFTP support.

3.4 Examples of firmware modifications

Use of EdkDSP C compiler will be presented in this section. We will change, recompile and execute the PicoBlaze
firmware program edkdsp_cc\a\a_fp1101p0.c. See Figure 25b for the original code and Figure 33 for the
modified code. Instead of printing the accelerator external input as I= we will print from PicoBlaze to the
MicroBlaze Input=. See Figure 33

The modified firmware edkdsp_cc/a/a_fp1101p0.c is recompiled as indicated in Figure 34. In SDK, copy and
paste the generated fill FA1101P0_program_store.h and fill FA1101P1_program_store.h files into the SDK

edkdsp project directory edkdsp/src, recompile the edkdsp project and test it on board with new firmware.

Result is displayed on Figure 35. Please compare it with Screen3 string I= has been replaced with the string
Input= as expected.

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

| amj | Akademie vé&d 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



d CfC++ - edkdsp_ccfafa_fp1101p0.c - Xilinx SDK - |EI|5|
File Edit Source Refactor Mavigate Search Run  Project Xilinx Tools Window Help
Nl |- |- |Eg-a--F-|H-0-%-|N |30 |m E | Hecc++
|2 X| & |®y-| dan]|s-3-%6- -
(o Proectplrer 32 = OJ[8 2 puowoc 52 =B =8
| =
= pb2mb_write(C_SCREEN_3);
B ; ER R
‘t\“ Binaries pb2mb_write("\r'); o %
B[l Indudes pb2mb_write(" ');
- AR 'l stdio_fp1
(= Debug pb2mb_write('I"); .
E-E= src pb2mb_write('n'); - Wl a_fp1101
..... libipeg.a pb2mb_write('p'); - @ ah : unsic
_____ ibmfsmage.a pb2mb write('u'); - @ bh : unsic
_____ lbrab. pb2mb_write('t'); - @  zh: unsig
o I go. pb2mb_write('="); - @z unsigr
""" libwal. 2 pb2mb_write(hex_h(btn)); . ® op: unac
B edkdsp_cc pb2mb_write(hex_L(btn}); P unsg
B a } - @ led : unsic
""" [€] a_fp1101p0.c pb2mb_eoc(led); - @ bin : unsi
----- i a_fp1101p0.h ) v @ maing v
..... [£] a_fpii0ipl.c ?bzmb_wrlte(c_SCREEM_ﬂl);
.... a_fpli0lpLh pb2mb_write("\r');
""" a_fpii24p0.c pb2mb_write(' ');
""" a_fp1124p0.h pb2mb_write('a');
----- a_fpli24pl.c phamb_write('h');
----- In| a_fpiiz4pih pb2mb_write('=");
-2 ca_fpiish pb2mb_write(hex_h(ah));
-2 ca.sh pgig_ur:i.:egl?m%l(ah))j
B p _write H
B i pb2mb_write("b’);
El o pb2mb_write('h'); | |
""" = FA1101P0.log pb2mb_write('="};
- |=| FA1101P0.PSM pb2mb_write(hex_h(bh));
----- | FA1101P1Llog pb2mb_write(hex 1{bh});
~|Z| FA1101P1.PSM pb2mb_write(’ '});
----- __| FA1124P0.log pbamb_write(’z'); _l;l
-2/ FA1124P0.PSM | B 1] I
EI‘ E:iiﬁi:sgbﬂ [2. Problems (Z. Tasks (E Console &3 =] Pmpert'es} A=l Terrninaq =08
_____ 5| fil_FA1101P0_program_store.h «<terminated > edkdsp Debug [Xilinx C/C++ ELF] C:\'.‘M_OT‘;:I_l‘%S_Es_db_‘g:l_ﬁs‘%S_ﬂSa_Fpu_M\SDK_Work:pao
----- % fil_FA1101P0_program_store.m X% | s elleE| 2B -5
----- I| fil_FA1101P1_program_store.h Process STDIO not connected to console. ;I
..... “_'] fil_FA1101P1_proaram_store.m If you'd like to see UART cutput in this console, please modify STDIO setti
----- I5| fil_FA1124P0_program_store.h
----- ﬂ fil_LFA1124P0_program_store.m
----- I5| fil_FA1124P1_program_store.h =
..... ) fil_FA1124P1_program_store.m «| 4] | _PI_I
=
0~ 15 edkdsp |

Figure 33: Example of simple modification of edkdsp_cc\a\a_fp1101p0.c (‘I="is changed to ‘Input=")
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" Ubuntu_EdkDSP - VMware Player Fle ~ VM - Help - _Ax

-j Aplikace Mista Systém Pa, 2.led, 14:55 - - = OQJHE‘J\C UsA
= devel@ubuntiy mnt/cdnveyd BEbT 3 anTplby d fSsy 00 anixgay Sal fp Iy S RAN oTKspacefedkdspiccy e E@
Soubor Upravit Zobrazit Termindl Karty Népovéda

devel@ubuntu: /mnt/cdrive/d_145_3an_plb/d_3s700an_xga7Sa_fpll_1x1/SDK_Workspace/edkdsp_cc/a$ ca_fpll.sh a [+]

EDKDSPCC : a_fpllolpo.c ...

EDKDSPASM: FAL101PO.PSM ...

Generated C header file in the H file ./fill_FAl1l01P@ program_store.h
EDKDSPCC : a_fpllOlpl.c ...

ECKDSPASM: FAL1101P1.PSM ...

Generated C header file in the H file ./fill_FAl1l01P1_program_store.h
EDKDSPCC : a_fpll24p0.c ...

EDKDSPASM: FAL124P0.PSM ...

Generated C header file in the H file ./fill_FA1124P0_program store.h
EDKDSPCC : a_fpllzdpl.c ...

ECKDSPASM: FA1124P1.PSM ...

Generated C header file in the H file ./fill_FAl124P1_program_store.h
devel@ubuntu: /mnt/cdrive/d_145 3an_plb/d_3s700an_xga75a_fpll_lx1/SDK_Workspace/edkdsp_cc/a$ cd ../b =
devel@ubuntu: /mnt/edrive/d_145_3an_plb/d_3s700an_xga7Sa_fpll_1x1/SDK_Workspace/edkdsp_cec/b$ ca_fpll.sh b
EDKDSPCC : b_fpl101p0.c ...

EDKDSPASM: FAL101PO.PSM ...

Generated C header file in the H file ./fi1ll_FA1101P0 program store.h

devel@ubuntu: /mnt/cdrive/d_145 3an_plb/d_3s700an_xga75a_fpll_lx1/SDK_Workspace/edkdsp_cc/b$ cd ../e
devel@ubuntu: /mnt/cdrive/d_145 3an_plb/d_3s700an_xga75a_fpll_lx1/SDK_Workspace/edkdsp_cc/e$ ca_fpll.sh e
EDKDSPCC : e fpllOlpO.c ...

devel@ubuntu: /mnt/edrive/d_145_3an_plb/d_3s700an_xga7Sa_fpll_lx1/SDK_Workspace/edkdsp_cc/e$

[«

|E| | B devel@ubuntu: frmnt/cd... | g

To direct input to this vitual machine, press Ctd+G.

Figure 35: Result of PicoBlaze controller program a_fp110p0.c with ‘I=" replaced by ’Input="
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3.5 Compilation of all PicoBlaze exampes

Compilation of edkdsp_cc/b/b_fp110p0.c ... edkdsp_cc/e/e_fp110p0.c demos is similar.
In Ubuntu, change the directory and recompile by included scripts. Example:

cd../b
cc_fpllshb
ca_fpllshb

cd../e
cc_fpllshe
ca_fpllshe

The firmware edkdsp_cc\b\b_fp110p0.c computes prime numbers in the range from 2 to 20.

It is computed in parallel with the vector floating point computation pf the 8xSIMD data flow unit. See Figure 32.
It documents the use of user defined functions, declaration and use of single dimensional array in the EdkDSP C
compiler for the PicoBlaze controller.

Compilation can be seen on Figure 34. Listing of the firmware edkdsp_cc\b\b_fp110p0.c is presented in Figure
27. Results printed on the console are displayed on Figure 28.

Firmware edkdsp_cc\c\c_fp110p0.c perform identical computation of prime numbers as b_fp110p0.c.
It is documenting effects of the declaration of C variables dynamically in stack instead of the declaration as
global variables.

Firmware edkdsp_cc\d\d_fp110p0.c directory is computing prime numbers in the range from 2 to 255. This C
code is documenting the access to bits in an unsigned char array and the use of the unsigned int data type (with
16 bit values).

Firmware edkdsp_cc\e\e_fp110p0.c directory is computing prime numbers in the range from 2 to 320. The
algorithm is documenting printing and display of data larger than OxFF. Compilation can be seen on Figure 34.
Listing of the firmware edkdsp_cc\e\e_fp110p0.c is presented in Figure 29. Results printed on the console are
displayed on Figure 30.

Detailed information about PicoBlaze based peripheral controllers, related designs and the ASM language
programming of the PicoBlaze processor can be found in Xilinx application notes and design examples [12], [13],
[14], [15] designed and supported by Ken Chapman and also in the designs and application notes from project
VLAM [16], [17] (in Czech language).
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3.6 EdkDSP C compiler parameters, restrictions and the EdkDSP PicoBlaze API

The EdkDSP C compiler supports these data types:

e unsigned char 8 bit values 0x0 .. OxFF
e char 8 bit values 0x80 ... Ox7F
e unsigned int 8 bit values 0x0 ... OxFFFF
e int 16 bit values 0x8000 ... OXx7FFF

e Single dimensional array of unsigned char, char, unsigned int or int elements is supported.

e Pointer type pointing to the array, pointing to the array element or to the variable is supported.

e Function calls with all supported data types or pointers to these data types as output and input
arguments.

Restrictions of the EAkDSP C compiler.
e 32 bit integer (signed or unsigned) data type is not supported.
e Array of pointers is not supported.
e Structures are not supported.
e Global variables and arrays can be only declared. They are NOT initialised to zero and cannot be
statically initialised by the compiler. Content of global variables must be defined in the program.
e Text strings are not supported.

Restriction related to size of the PicoBlaze controller:

The PicoBlaze is working with only 64 bytes of the internal scratch pad memory. This memory serves for all C
program variables and arrays and it is also used by the C program stack.

Program size is limited to max 1024 assembly code instructions. Each instruction is 18 bit wide.

All assembler instructions are executed in 2 clock cycles.

Programming guidelines related to the restriction of the EAkDSP C compiler.
Use of Global variables and arrays if possible. It results in faster code.
Use software initialisation of Global variables and arrays as the first step of your program.

If two subsequent C programs use an identical set of global variables and arrays, the variables will be allocated in
identical locations of the scratch pad memory. If the first program performs software initialisation of global
variables and arrays, performs some computations and terminates, the second program can take the advantage
of initialised global variables left from the first program in the scratch pad memory. The sequence of declaration
of global variables, data types and the size of arrays must be identical to make this method valid.

Optimisations performed by EdkDSP C compiler:

Expressions with constants known in the compile time are computed by the compiler and only the resulting
constant is entering into the compilation process.

The compiler is using fixed set of processor registers for transfer of parameters and results in function calls. This
helps to work with mixed C and ASM language programming. The PicoBlaze I/O functions

are defined in the ASM language and declared as functions callable from C code.

The reserved PicoBlaze registers (unused by the EdkDSP C compiler) can be used by the ASM language code
functions. This is possible only if the interrupt is not used and if the ASM language code functions do not call
another ASM language code functions.
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EdkDSP C PicoBlaze programs can use this 1/0 API functions optimised in the ASM:

unsigned char mb2pb_read_data();

void pb2mb_write(unsigned char data);

void pb2mb_eoc(unsigned char data);

void pb2mb_req_reset(unsigned char data);

void pb2mb_reset();

unsigned char led2pb();
unsigned char btn2pb();

unsigned char hex_h(unsigned char ch);

unsigned char hex_l(unsigned char ch);

void pb2dfu_set(unsigned char mem,
unsigned char data);

void pb2dfu_wait4hw();

void pb2lcd_ascii_char(unsigned char ch,
unsigned char pos);

Read value from MicroBlaze
(blocking, includes handshake with MicroBlaze SW)

Write data value from PicoBlaze to MicroBlaze
(blocking, includes handshake with MicroBlaze SW)

Write data value from PicoBlaze to MicroBlaze
and indicate the end of string flag
(blocking, includes handshake with MicroBlaze SW)

Write data value from PicoBlaze to MicroBlaze
and indicate request from to reset PicoBlaze
(blocking, includes handshake with MicroBlaze SW)

Activate PicoBlaze reset from PicoBlaze program with MicroBlaze
support (blocking, includes handshake with MicroBlaze SW)

Read PicoBlaze LED port
Read PicoBlaze BTN port

Write hexadecimal ascii representation of the high 4bit of the
input 8bit argument from PicoBlaze to MicroBlaze
(blocking, includes handshake with MicroBlaze SW)

Write hexadecimal ascii representation of the low 4bit of the
input 8bit argument from PicoBlaze to MicroBlaze

(blocking, includes handshake with MicroBlaze SW)

Write 8bit data to the PicoBlaze I/0O port mem

Wait for the end of the EdkDSP floating point, vector operation

(blocking, waits for the end of the FP vector operation)

Write to local 2x16 Icd display. (In case of no HW support,
the function will write to unconnected ports with no effect).

User can call these optimized ASM functions from C.
User can define own C functions or ASM functions and include them in .h file or directly in the C code.

User defined functions can be defined and tested in C code first. The compiled ASM code can be often included
in the next stage with some additional optimisations leading to shorter code and improved performance.

Examples of this approach to the optimisation can be seen in the included EdkDSP C source code examples

edkdsp_cc\a ... edkdsp_cc\e.
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3.7 Short overview of all SW projects included in the package.

This application note presents source code of several projects working with the EdkDSP accelerator. The package
includes several modifications of these projects:

SDK SW projects with “xga” in the name are supporting RGB display with resolution 1024x768p70 and
rgb444 pixels. These projects have no file system support and no Ethernet support. These SW projects
can be used without an operating system or used as applications for the Petalinux operating system port
(without MMU) for the 3S700AN board.

SDK SW projects with “socket” in the name use the socket version of the LwlP library [7]. It works on top
of the XilKernel multitasking OS. Projects are supporting RGB565 display 1024x768p70 with output
resolution reduced to rgb444 pixels, DDR2 based Xilinx RAM file system, TFTP server and HTTP server.
See Figure 1, Figure 4 and Figure 6.

SDK SW projects with “raw” in the name use the raw version of the LwlIP library [7]. It works on top of
the RAW BSP without multitasking. The request coming from the Ethernet are processed with set of
callback functions. Projects are supporting RGB565 display 1024x768p70 with output resolution reduced
to rgb444 pixels, DDR2 based Xilinx RAM file system, TFTP server and HTTP server. See Figure 1, Figure 4
and Figure 6.

Use of examples with Ethernet and TFTP support:

Connect the S3700AN board to 10/100 Mbit PC Ethernet port. In case of 1Gb Ethernet port use a switch to auto
negotiate the speed to 100Mb. Set the PC Ethernet port to 192.168.8.2. In SDK, download the bitstream and run
the application. Open the Internet explorer on your PC and connect to http:/192.168.8.10. Demo GUI will start.
Firmware and log files can be downloaded or uploaded with a Win7 TFTP client connected to the 192.168.8.10.
port 69. See Figure 1. GUI button start drawing of .jpg logos ENIAC/PANACHE to demonstrate performance of
the area optimised minimal MicroBlaze installation. Another GUI button starts demos similar to the “xga” demos
and to the simple edkdsp project. All demos use PicoBlaze firmware identical to the edkdsp project. See Figure 4
and Figure 6.
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5. Deliverables for the evaluation version of EdkDSP 3S700AN.

The enclosed Evaluation version of the EDkDSP demonstrator for 3S700AN package of can be downloaded
from UTIA www page [9] free of charge and used for evaluation of EdkDSP accelerators on Windows 7 (32 or 64
bit).

The evaluation package includes (on 1 DVD) or as www download package these deliverables:
12 precompiled designs with UTIA EdkDSP accelerators for Xilinx 35700AN board, compiled in Xilinx EDK 14.5
and XPS (ISE) 14.5. The UTIA 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 as well as
on the display.

The evaluation package includes SDK 14.5 SW projects in source code for MicroBlaze. Projects support the family
of UTIA EdkDSP accelerators for Xilinx 35700AN board.

The evaluation package includes these libraries:

libwal.a EdkDSP api (SDK 14.5, MicroBlaze) for EdkDSP accelerators, 35700AN, PLB.
librgb.a EdkDSP api (SDK 14.5, MicroBlaze) for Xilinx PLB display controller.
libjpeg.a EdkDSP api (SDK 14.5, MicroBlaze) for decompression of .jpg pictures.

libmfsimage.a EdkDSP filesystem Image in form of a library. (It can be linked to the MicroBlaze .elf).

These libraries have no time restriction. The evaluation license is provided by UTIA only for the use with the
family of UTIA EdkDSP accelerators designed for the Xilinx 3S700AN board. Source code of these libraries 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.
edkdsppsm EdkDSP ASM compiler binary for Ubuntu (x86 PC) under the VMware Player.
edkdspasm 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 license from UTIA to
use these utilities for compilation of the firmware for the Xilinx PicoBlaze processor inside of the UTIA EdkDSP
accelerators in the 12 precompiled designs for the Xilinx 3S700AN board with PLB bus. The source code of these
applications 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 PicoBlaze processor in
the family of UTIA EdkDSP accelerators for the Xilinx 3S700AN board.

The evaluation package also includes compiled versions of this firmware. The compiled firmware files can be
downloaded into the UTIA EdkDSP accelerators for the Xilinx 35700AN board without the need to install of the
Ubuntu (x86 PC) image under the VMware Player.

On email request to kadlec@utia.cas.cz , UTIA will send 2 DVD CDs (8GB) with the Ubuntu (x86 PC) image for the
VMware Player free of charge.
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6. Deliverables for the EdkDSP 3S700AN demonstrator for
PANACHE project partners

The EdkDSP demonstrator for the 35700AN for PANACHE project partners 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 (based on the UTIA AV CR, v.v.i., email quotation) 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 the EAkDSP demonstrator for 35700AN
for PANACHE project partners (without VAT) 0,00 Eur
The package includes this application note and the EdkDSP DVD with these deliverables:

12 precompiled designs with UTIA EdkDSP accelerators for Xilinx 35700AN board, compiled in Xilinx EDK 14.5
and XPS (ISE) 14.5. The UTIA EdkDSP accelerators included in these designs are compiled with HW limit on
number of vector operations.

The demonstrator for PANACHE project partners includes source code of all 12 EDK design projects with UTIA
EdkDSP accelerators provided as these PLB netlist pcores generated in Xilinx ISE 14.5:

bce_fp11_1x1_0_plbw_v1_10_a
bce_fp11l_1x1_0_plbw_v1_11_a
bce_fp11l_1x1_0_plbw_v1_12_a
bce_fp11l_1x1_0_plbw_v1_13_a
bce_fp1l_1x1_0_plbw_v1_20_a
bce_fpll_1x1_0_plbw_v1_21 a
bce_fpll_1x1 0 _plbw_v1l 22 a
bce_fpll_1x1 0 _plbw_v1l 23 a
bce_fp1l_1x1 0 _plbw_v1 30_a
bce_fp1ll_1x1 0 _plbw_v1 31 a
bce_fp1l_1x1_0_plbw_vl_32_a
bce_fp1l_1x1_0_plbw_vi1_33_a
basic_io_core.ngc
upb_master.ngc

lcd_core.ngc

ADD,SUB,MUL

ADD,SUB,MUL,ROTARY

ADD,SUB,MUL,LCD

ADD,SUB,MUL,ROTARY,LCD

ADD,SUB,MUL,MAC

ADD,SUB,MUL,MAC,ROTARY

ADD,SUB,MUL,MAC,LCD

ADD,SUB,MUL,MAC,ROTARY,LCD

ADD,SUB,MUL,MAC,PROD
ADD,SUB,MUL,MAC,PROD,ROTARY
ADD,SUB,MUL,MAC,PROD,LCD
ADD,SUB,MUL,MAC,PROD,ROTARY,LCD

Rotary encoder controller with fixed PicoBlaze NV RAM firmware
General 1/0 controller with fixed PicoBlaze NV RAM firmware
LCD controller with fixed PicoBlaze NV RAM firmware

These UTIA EdkDSP evaluation netlist pcores for PANACHE project partners have HW limit on number of vector
operations. The user of the release package has license from UTIA to integrate these netlists into its own ISE
14.5 designs and to compile them to unlimited number of bit-streams for the Xilinx Spartan FPGA designs with
the MicroBlaze and the PLB bus. The source code of the EdkDSP accelerators is IP owned by UTIA and it is not
provided in the release package to the user.
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The package includes SDK 14.5 SW projects in source code for MicroBlaze as described in this application note.
Projects support the family of UTIA EdkDSP accelerators for Xilinx 3S700AN board.
The release package includes these libraries:

libwal.a EdkDSP api (SDK 14.5, MicroBlaze) for EdkDSP accelerators, 3S700AN, PLB.
librgb.a EdkDSP api (SDK 14.5, MicroBlaze) for Xilinx PLB display controller.
libjpeg.a EdkDSP api (SDK 14.5, MicroBlaze) for decompression of .jpg pictures.

These libraries have no time restriction. User has license from UTIA for linking of these libraries to MicroBlaze
applications with UTIA EdkDSP accelerators for 3S700AN, PLB bus. The source code of these libraries is owned by
UTIA and it is not provided in the release package.

The package includes library:

mfsimage EdkDSP filesystem Image in form of a library. (It can be linked to the MicroBlaze .elf).
Source code for generation of the libmfsimage.a by the user is included in the release package.
The package includes these binary applications:

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.
edkdsppsm EdkDSP ASM compiler binary for Ubuntu (x86 PC) under the VMware Player.
edkdspasm EdkDSP ASM compiler binary for Ubuntu (x86 PC) under the VMware Player.

These binary applications have no time restriction, and the user of the release package has license from UTIA to
use these utilities for compilation of the firmware for the Xilinx PicoBlaze processor inside of the UTIA EdkDSP
accelerators provided by the release package for the Xilinx 35700AN board with PLB bus. The source code of
these applications is owned by UTIA and it is not provided in the release package.

The package includes demonstration firmware in C source code for the Xilinx PicoBlaze processor in the family of
UTIA EdkDSP accelerators for the Xilinx 3S700AN board. The evaluation package also includes compiled versions
of this firmware. The compiled firmware files can be downloaded into the UTIA EdkDSP accelerators for the
Xilinx 35700AN board designs with PLB bus, without the need to install of the Ubuntu (x86 PC) image under the
VMware Player.

The package deliverables also includes two DVDs 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 on Windows 7 (32bit or
64bit) in the VMware Player.

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. Deliverables for the release version of EdkDSP 3S700AN, PLB.

The release version of the EAkDSP demonstrator for 35700AN, PLB package 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 (based on the UTIA AV CR, v.v.i., email quotation) 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 the EdkDSP demonstrator for 3S700AN, PLB package (without VAT) 400,00 Eur

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

12 precompiled designs with UTIA EdkDSP accelerators for Xilinx 35700AN board, compiled in Xilinx EDK 14.5
and XPS (ISE) 14.5. The UTIA 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 35700AN
without limitations of the evaluation package.

The release package includes source code of all 12 EDK design projects with UTIA EdkDSP accelerators provided
as these PLB netlist pcores generated in Xilinx ISE 14.5:

bce_fp1l_1x1 0 _plbw_v1_10_a
bce_fp1ll_1x1 0 _plbw_v1_11 a
bce_fpll_1x1_0_plbw_v1_12_a
bce_fp11l_1x1_0_plbw_v1_13_a
bce_fp11l_1x1_0_plbw_v1_20_a
bce_fpl1l_1x1_0_plbw_v1_21_a
bce_fpll_1x1_0_plbw_v1_22_a
bce_fpll_1x1_0_plbw_v1_23_a
bce_fpll_1x1_0_plbw_v1_30_a
bce_fpll_1x1_0_plbw_v1_31_a
bce_fpll_1x1_0_plbw_v1_32_a
bce_fpll_1x1_0_plbw_v1_33_a
basic_io_core.ngc
upb_master.ngc

lcd_core.ngc

ADD,SUB,MUL

ADD,SUB,MUL,ROTARY

ADD,SUB,MUL,LCD

ADD,SUB,MUL,ROTARY,LCD

ADD,SUB,MUL,MAC

ADD,SUB,MUL,MAC,ROTARY

ADD,SUB,MUL,MAC,LCD

ADD,SUB,MUL,MAC,ROTARY,LCD

ADD,SUB,MUL,MAC,PROD
ADD,SUB,MUL,MAC,PROD,ROTARY
ADD,SUB,MUL,MAC,PROD,LCD
ADD,SUB,MUL,MAC,PROD,ROTARY,LCD

Rotary encoder controller with fixed PicoBlaze NV RAM firmware
General 1/0 controller with fixed PicoBlaze NV RAM firmware
LCD controller with fixed PicoBlaze NV RAM firmware

These UTIA EdkDSP PLB netlist pcores have no HW limit on number of vector operations. The user of the
release package has license from UTIA to integrate these netlists into its own ISE 14.5 designs and to compile
them to unlimited number of bit-streams for the Xilinx Spartan FPGA designs with the MicroBlaze and the PLB
bus. This license has no time restriction. The source code of the EdkDSP accelerators is IP owned by UTIA and it
is not provided in the release package to the user.
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The release package includes SDK 14.5 SW projects in source code for MicroBlaze as described in this application
note. Projects support the family of UTIA EdkDSP accelerators for Xilinx 3S700AN board.
The release package includes these libraries:

libwal.a EdkDSP api (SDK 14.5, MicroBlaze) for EdkDSP accelerators, 3S700AN, PLB.
librgb.a EdkDSP api (SDK 14.5, MicroBlaze) for Xilinx PLB display controller.
libjpeg.a EdkDSP api (SDK 14.5, MicroBlaze) for decompression of .jpg pictures.

These libraries have no time restriction. User has license from UTIA for linking of these libraries to MicroBlaze
applications with UTIA EdkDSP accelerators for 3S700AN, PLB bus. The source code of these libraries is owned by
UTIA and it is not provided in the release package.

The release package includes library:

mfsimage EdkDSP filesystem Image in form of a library. (It can be linked to the MicroBlaze .elf).
Source code for generation of the libmfsimage.a by the user is included in the release package.
The release package includes these binary applications:

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.
edkdsppsm EdkDSP ASM compiler binary for Ubuntu (x86 PC) under the VMware Player.
edkdspasm EdkDSP ASM compiler binary for Ubuntu (x86 PC) under the VMware Player.

These binary applications have no time restriction, and the user of the release package has license from UTIA to
use these utilities for compilation of the firmware for the Xilinx PicoBlaze processor inside of the UTIA EdkDSP
accelerators provided by the release package for the Xilinx 35700AN board with PLB bus. The source code of
these applications 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 PicoBlaze processor in the
family of UTIA EdkDSP accelerators for the Xilinx 35700AN board. The release package also includes compiled
versions of this firmware. The compiled firmware files can be downloaded into the UTIA EdkDSP accelerators for
the Xilinx 3S700AN board designs with PLB bus, without the need to install of the Ubuntu (x86 PC) image under
the VMware Player.

The release package deliverables also includes two DVDs 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 on Windows 7
(32bit or 64bit) in the VMware Player.

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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