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1. Summary
_____________________________________________________________________________________________________________________________|

1.1 Key features

This application note describes the asymmetric multiprocessing design (AMP) based on the Xilinx application
note XAPP1093 [1]. The AMP design is ported from ISE 14.5 design flow to the Xilinx Vivado 2015.2 and SDK
2015.2 design flow. The ARM Cortex A9 processor [5] works together with the MicroBlaze processor, sharing the
terminal and block ram. Both processors execute program from the same external DDR3 memory. The
MicroBlaze processor is controlling 4 EdkDSP floating point accelerators. Each accelerator is organised as 8xSIMD
reconfigurable data path, controlled by the PicoBlaze6 controller.

This evaluation package is provided by UTIA for these three system-on-modules [2] on the TE0701-05 carrier
board [3]:

e TE0720-02-2IF Xilinx XC7Z020-2CLG484I Zynq; temperature range -40 ... +85

e TE0720-02-1CF Xilinx XC7Z020-1CLG484C Zynq; temperature range -00 ... +70

e TE0720-02-1QF Xilinx XA7Z020-1CLG484Q Automotive Zyng; temperature range -40 ... +105

This application note explains how to install and use the demonstrator on Win7 64 bit PC.

These key features are demonstrated:

e Implementation of adaptive acoustic noise cancellation on 1 of 4 accelerators is computing the recursive
adaptive LMS algorithm for identification of regression filter with 1984 coefficients in single precision
floating point arithmetic with sustained performance

O 775 MFLOP/s on 125 MHz MicroBlaze processor with single 125 MHz (8xSIMD) EdkDSP accelerator
O 338 MFLOP/s on single 666 MHz ARM Cortex A9 (with the 32bit vector floating point NEON unit)
0 160 MFLOP/s on single 666 MHz ARM Cortex A9 (with the HW floating point unit)

O 10 MFLOP/s on single 125 MHz MicroBlaze processor (with the 32bit floating point HW unit)

o EdJKDSP accelerators can be reprogrammed by firmware. Programming is possible in C with compilation by
UTIA EDKDSP C compiler. Accelerators can contain two firmware programs. Accelerators can swap in the
real time from one firmware to the other firmware in only few clock cycles in the runtime.

e The floating point applications are scheduled inside of the 8x SIMD EdkDSP accelerator by the Xilinx
PicoBlaze6 processor [7]. Each firmware program has maximal size of 4096 (18 bit wide words).

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

e The 8xSIMD EdkDSP accelerator provides single-precision floating point results, which are bit-exact identical
to the reference software implementation running on the MicroBlaze processor with the Xilinx HW 32bit
floating point unit.

e The 125 MHz 8xSIMD EdkDSP accelerator is 2,3x faster than the 666 MHz ARM Cortex A9 (with NEON vector
processing unit), 4,8x faster than the 666 MHz ARM Cortex A9 without code optimized for NEON and 78x
faster than 125 MHz MicroBlaze with HW floating point unit. These data are measured for the presented
case adaptive LMS filter with 1984 coefficients.

e The FIR filter with 1984 coefficients is computed by single 125 MHz (8xSIMD) EdkDSP accelerator with the
floating point performance 1227 MFLOP/s.

e Peak performance of four 125 MHz (8xSIMD) EdkDSP accelerators implemented in this demo design is
8 GFLOP/s (single precision floating point).
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1.2 What is included

The asymmetric multiprocessing on ZYNQ (AMP) with the EdkDSP platform evaluation package contains these

deliverables for the Win 7 64 bit:

e Evaluation versions of AMP designs. Designs work with one ARM Cortex A9 processor core with NEON vector
floating point unit, one MicroBlaze and one instance or four instances of the EdkDSP accelerators, each with
8xSIMD floating point data paths. Designs are compiled in Xilinx Vivado 2015.2 [10]. See Figure 1.

o Clocks: ARM 666 MHz; MicroBlaze 100 MHz and 125 MHz; EdkDSP accelerators 100 MHz and 125 MHz.

e UTIA is providing source code for the demo applications and SW projects for the Xilinx SDK 2015.2 [11].
These source code projects are compiled with the UTIA library libwal.a serving for the EdkDSP
communication.

e Included evaluation versions of the UTIA EdkDSP accelerators have HW limitation of maximal number of
performed vector operations.

e UTIA EdkDSPC C compiler is provided as 3 executable applications for Ubuntu. It can be executed in the
VMware Workstation 12 Player on a 64bit Win7 PC.

e The firmware is also provided in format of binary files to enable testing of accelerators without C compiler.

e Partners of the Artemis EMC2 project [9] can get from UTIA the Vivado 2015.2 HW design projects with the
evaluation versions of the EdkDSP accelerators (in the Vivado 2015.2 IP netlist format) for free. See chapter
6 for specification of deliverables for the EMC2 project partners and license details.

e Release of AMP designs with the commercial version of EdkDSP accelerators for Trenz TE0720-02-2IF,
TE0720-02-1CF and automotive TEQ720-02-1Q system-on-modules on Trenz TE0701-05 carrier board is
offered by UTIA. It includes the Vivado 2015.2 HW design projects with the EdkDSP accelerator IP cores (in
netlist format) with main limitations of the evaluation version removed. See sections 7 of this application
note for specification of deliverables and license details.

The Vivado 2015.2 SoC design (see Figure 2) serves for evaluation of four different EdkDSP floating point
accelerator IP cores bce_fp12_1x8_0_axiw_v1_[10]|20|30]40] (see Figure 3). Four grades [10]20|30]40] of the
EdkDSP accelerator IP differ in HW-supported vector floating point computing capabilities:

e bce_fpl2_1x8 0_axiw_v1_10 is area optimized and supports local vector data transfers (HW supported
8xSIMD transfers inside of the accelerator IP) and vector floating point operations FPADD, FPSUB in 8xSIMD
data paths.

e bce_fpl2_1x8_0_axiw_v1l_20 performs identical operations as bce_fpl2 1x8 0 _axiw_v1l_10 plus the
vector floating point MAC operations in 8xSIMD data paths. MAC is supported for length of vectors 1 up to
10. This accelerator is optimized for applications like floating point matrix multiplication with one row and
column dimensions <= 10.

e bce_fpl2_1x8_0_axiw_v1_30 supports identical operations as bce_fpl2_1x8 0_axiw_v1l 20 plus HW
accelerated computation the floating point vector by vector dot products performed in 8xSIMD data paths.
It is optimized for parallel computation of up to 8 FIR or LMS filters, each with size up to 250 coefficients. It
is also effective in case of floating point matrix by matrix multiplications, where one of the dimensions is
large (in the range from 11 to 250).

e bce_fpl2_1x8 0_axiw_v1l_40 supports identical operations as bce fp12 1x8 0 axiw vl 30 plus an
additional HW support of dot product. It is computed in 8xSIMD data paths with HW-supported wind-up
into single scalar result. This result is propagated into all 8 SIMD data planes.

All bce_fp12_1x8_0_axiw_v1_[10]20|30|40] accelerators IP cores support single data path for, pipelined,

floating-point division (FPDIV) with vector operands taken from the first SIMD plain and the result vector
propagated into all 8 SIMD data plains.
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All bce_fp12_1x8_0_axiw_v1_[10]20]30|40] accelerators IP cores (see Figure 3) are suitable for applications
like adaptive normalised NLMS filters, Square-root-free versions of adaptive RLS QR filters and Adaptive RLS
LATTICE filters.
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Figure 2: AMP evaluation design with 4 EdkDSP accelerators in Xilinx Vivado 2015.2 IP Integrator
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2. Demonstrator AMP with EdkDSP accelerators
]

2.1 Description of EdkDSP accelerators and evaluation designs

This application note describes how to set-up and use HW designs running in an asymmetric multiprocessing
architecture formed by one ARM Cortex A9 processor with NEON vector accelerator and one MicroBlaze
processor with one or four (8xSIMD) EdkDSP accelerators IPs cores on the Trenz TEQ720-02-2| system on

module and TE0O701-05 carrier board (see Figure 4 and Figure 5).
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Figure 4: Trenz TEO720-02-2IF system on module on the TEO701-05 carrier board with Imageon FMC
board
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i i

Figure 5: Asymmetric multiprocessing demo running on ZYNQ with ARM, MicroBlaze and 4 ( 8xSIMD)
EdkDSP floating point accelerators. (Vivado 2015.2 evaluation design)

Common properties of precompiled Vivado 2015.2 evaluation designs:

o The EdkDSP floating point accelerators IP cores are reconfigurable during runtime by change of firmware.
e Asymmetric multiprocessing of ARM Cortex A9 and MicroBlaze system with shared external DDR3.

e HW evaluation designs have been compiled in Xilinx VIVADO 2015.2 [10].

e SW projects are compiled in Xilinx SDK 2015.2 [11].

e Project HW can be debugged with use of Xilinx Vivado Lab Edition 2015.2 [12].

Software Development Kit (SDK) 2015.2 [11] requires 64bit PC. It can be downloaded for free after registration.
Vivado Lab Edition 2015.2 [12] serves for programming and logic/serial 10 debug of all 7 series, Zyng, and

UltraScale devices. The Vivado Lab Edition 2015.2 requires no certificate or activation license key and supports
64- and 32-bit OS platforms (Win7 or Linux). It can be downloaded for free from [12].
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2.2 Resources used by the designs

Resources used by designs are summarised in Figure 6 and Figure 7.

TE0720-02-2IF fp32 | fp32 |fp32 |[fp32 fp32 |[Resources (complete PL) EdkDSP performance
EdkDSP vector op |Add Dot |S8 FF Lut Bram LMS FIR
Clk: 125 MHz Mul |Mac |[Prod |Prod div % % no(of) Mflop/s Mflop/s
fpl2_1x8_10 8x 1x 8,5 20,8 |48(140)

fpl2_1x8_ 20 8x | 8x 1x 9,5 |22,4 |48(140)

fpl2_1x8_30 8x | 8x 8x 1x 10,5 (24,5 |48(140)

fp12_1x8 40 8x | 8x 8x 1x 1x 10,5 (24,9 |48(140) 776 1228
TEO0720-02-1CF

TE0720-02-1QF fp32 [ fp32 |[fp32 |[fp32 fp32 |Resources (complete PL) EdkDSP performance
EdkDSP vector op | Add Dot (S8 FF Lut Bram LMS FIR
Clk: 100 MHz Mul |Mac |Prod |Prod div % % no(of) Mflop/s Mflop/s
fp12_1x8_10 8x 1x 8,53 | 20,85 |48(140)

fp12_1x8 20 8x | 8x 1x 9,51 (22,45 (48(140)

fp12_1x8 30 8x | 8x 8x 1x 10,2 | 24,32 |48(140)

fp12_1x8 40 8x | 8x 8x 1x 1x 10,5 (24,90 |48(140) 621 984

Figure 6: AMP design on ZYNQ, ARM A9, MicroBlaze and 1x (8xSIMD) EdkDSP, with FP division

TE0720-02-2IF fp32 | fp32 ([fp32 |fp32 fp32 |[Resources (complete PL) EdkDSP performance
EdkDSP vector op | Add Dot |[S8 FF Lut Bram LMS FIR
Clk: 125 MHz Mul |Mac |Prod |Prod div % % no(of) Mflop/s Mflop/s
(4x) (4x) (4x)

fp12_1x8 10 8x 1x 23,1 (61,7 |138(140)

(4x) (4x) | (4x) (4x)

fp12_1x8 20 8x | 8x 1x 27,1 67,9 |138(140)

(4x) (4x) |(4x) | (4x) (4x)

fp12_1x8 30 8x | 8x 8x 1x 31,1 (73,5 |138(140)

(4x) (4x) | (4x) |(4x) [(4x) (4x) (4x) (4x)
fp12_1x8 40 8x [8x |8 |1x 1x 31,1 (77,4 |138(140) | 775 1227
TE0720-02-1CF

TE0720-02-1QF |fp32|fp32 |fp32 |[fp32 fp32 | Resources (complete PL) EdkDSP performance
EdkDSP vector op | Add Dot |S8 FF Lut Bram LMS FIR
Clk: 100 MHz Mul [Mac |Prod |Prod div % % no(of) Mflop/s Mflop/s
(4x) (4x) (4x)

fpl12_1x8_10 8x 1x 23,6 (62,05 |138(140)

(4x) (4x) | (4x) (4x)

fpl2_1x8_20 8x | 8x 1x 27,5 (68,19 |138(140)

(4x) (4x) |(4x) |(4x) (4x)

fpl12_1x8_30 8x | 8x 8x 1x 31,5 (73,76 |138(140)

(4x) (4x) |(4x) [(4x) [(4x) (4x) (4x) (4x)
fpl2_1x8_40 8x | 8x 8x 1x 1x 31,6 (78,28 |138(140) 622 989

Figure 7: AMP designs on ZYNQ, ARM A9, MicroBlaze and 4x (8xSIMD) EdkDSP, with FP division
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2.3 Asymmetric multiprocessing and use of external DDR3 memory

Presented FPGA designs are running on the Trenz electronic TE0720-02-21 System on Module and the TE0701-05
carrier board. See Figure 3 and Figure 4. It is using the 1GB DDR3 memory with clock signal 533 MHz. The DDR3
is connected to Xilinx ZYNQ FPGA by 32 data path. The first % of the DDR3 are reserved for the ARM A9
processor. The last % is used by the MicroBlaze processor with the EdkDSP accelerators. The presented AMP
demo is extending the Xilinx application note XAPP1093 [1] solution from the Xilinx ISE/EDK 14.5 flow to the
Xilinx Vivado 2015.2 design flow. See Figure 1 for the architecture of the design.

2.4 Re-programmability of EdkDSP accelerator IP cores

Each of the four 125 MHz 8xSIMD EdkDSP floating point accelerator subsystems contains one reprogrammable
Xilinx PicoBlaze6 8-bit processor and the floating point 8xSIMD DSP unit. The performance of the accelerator is
application specific. In this demo, a single 8xSIMD EdkDSP unit is delivering sustained 1228 MFLOP/s in case of
FIR filter with 1984 coefficients and 776 MFLOP/s in case of the adaptive LMS identification of filter with 1984
coefficients.

The Xilinx PicoBlaze6 processor has fixed configuration with size of the program memory 4096 (18 bit wide)
words, 64 Bytes scratch pad RAM memory and the interrupt vector in the address 1023. Both PicoBlaze6
program memories are accessible by the MicroBlaze processor via AXI-lite bus. The PicoBlaze6 processor can
execute program from each of these memories. The MicroBlaze application can write new firmware to the
currently unused program memory, while the PicoBlaze6 is executing firmware from second program memory.

2.5 Debug of the AMP system with EdkDSP accelerators in the evaluation package

All EdkDSP accelerators can communicate with MicroBlaze program. The communication is using the Worker
Abstraction Layer (WAL) library API. This API is used for support of writing of the debug information from the
worker to the MicroBlaze terminal. MicroBlaze is using the terminal of the ARM A9 processing system, present
in the ZYNQ processing system. ARM and MicroBlaze communicate via memory controller of the ZYNQ
processing system. See Figure 1.

ARM and MicroBlaze can be both debugged simultaneously from the SDK 2015.2 debuggers integrated in the
Xilinx SDK tool [11]. The PicoBlaze6 processors [7] can exchange data and text via the 8 bit communication data
path with the MicroBlaze processor. This path is used to communicate parameters to the accelerators and to get
messages or reports from accelerators for debugging.

Floating point data are accessed by the MicroBlaze processor via the dual ported block memories of
accelerators. The MicroBlaze sides of the dual-ported accelerator memories are all mapped into the MicroBlaze
memory space. The MicroBlaze processor can copy data from these dual ported memories to its global DDR3
workspace and display floating point data in the debugger.

The computation in the (8xSIMD) EdkDSP units can overlap with the communication with the DDR3. It is
performed by MicroBlaze and supported by cache. A Ping-Pong swap of memory banks is used. The 8xSIMD
EdkDSP firmware scheduling the parallel (8xSIMD) computation in some banks accelerator memories. The
MicroBlaze program is communicating (sequentially) to/from DDR3 in another set of banks of the dual-ported
accelerator memories. This process can be stopped, inspected and debugged by the MicroBlaze debugger from
the SDK.
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3. Installation of AMP with EdkDSP platform

3.1 Import of precompiled projects and SW into Xilinx SDK 2015.2

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 for the three system-on-module packages:

e TE0720-02-2IF system-on-module:
¢:\VM_07\d_52\d_7z020_te7020-2\d_7z020_fp12_1x8
¢:\VM_07\d_52\d_7z020_te7020-2\d_7z020_fp12_1x8 IMPORT
¢:\VM_07\d_52\d_7z020_te7020-2\d_7z020_fp12_4x8
¢:\VM_07\d_52\d_7z020_te7020-2\d_7z020_fp12_4x8 IMPORT

e TE0720-02-1CF system-on-module:
c¢:\VM_07\d_52\d_7z020_te7020-1\d_7z020_fp12_1x8
¢:\VM_07\d_52\d_7z020_te7020-1\d_7z020_fp12_1x8 IMPORT
c¢:\VM_07\d_52\d_7z020_te7020-1\d_7z020_fp12_4x8
¢:\VM_07\d_52\d_7z020_te7020-1\d_7z020_fp12_4x8 IMPORT

e TE0720-02-1QF system-on-module (automotive):
c:\VM_07\d_52\d_7z020_te7020-1Q\d_7z020 fp12_1x8
c:\VM_07\d_52\d_7z020_te7020-1Q\d_7z020 fp12_1x8 IMPORT
c:\VM_07\d_52\d_7z020_te7020-1Q\d_7z020 fp12_4x8
c:\VM_07\d_52\d_7z020_te7020-1Q\d_7z020 fp12_4x8 IMPORT

The installation and use is identical for all three SoM modules. Use of the package is described for TE0720-02-2IF
system-on-module in detail. Other two packages can be used identically.

Start Xilinx SDK 2015.2 and select the directory for the SDK 2015.2 workspace. See Figure 8.
Select c:\VM_07\d_52\d_72020_te7020-2\d_72020_fp12_4x8\SDK_Workspace.

50k Workspace Launcher X

Select a workspace

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

Workspace: I C:\WM_07\d_52%d_TFz020_te7020-2\d_7z020_fp12_4w3\SDE_Workspace j Browse. ., I

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

K Cancel

Figure 8: Select the SDK Workspace
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HW and SW projects can be imported into SDK now. Select:
File -> Import -> General -> Existing Projects into Workspace
Click on Next button. See Figure 9.

_lolx

Select
Create new projects from an archive file ar directory. IE - 5 I

Select an import source:

I type filter text

(= General
@‘ Archive File
Existing Projects into Workspace

: - L Preferences
H-E= CjC++

H-(= Instal

(= Remote Systems
#-(= Run/Debug
-2 Team

@:J < Back I Mext = I Finish Cancel

Figure 9: Import Existing Projects into Workspace

Type directory with projects to be imported. See Figure 10.
c:\VM_07\d_34_7z_te7020\d_7z020_fp12_4x8_IMPORT

Set the “Copy projects into workspace” check box.
Click on Finish button. See Figure 10.

All SW projects are imported into SDK workspace from the directory
c:\VM_07\d_52\d_72020_te7020-2\d_72020_fp12_4x8_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 11.
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oamport =
Import Projects
Select a directory to search for existing Edlipse projects.

¥ Select root directory: I C:\WM_0P\d_52\d_7z020_te7020-2'd_7z020_fp12_4x8_IMPORT ﬂ Browse. ..
" select archive file: I j Brawse:.,
Projects:

- [#] amp_cpu_0_1x&_all (C:\wM_07\d_52'd_7=020_te7020-2d_7z020_fp12_4x8_IMPORT\amp_cpu_0_1x&_all) Select All

- [#] amp_cpu_0_1x38_all_bsp {C:\WM_07\d_52\d_7z020_te7020-2\d_7z020_fp12_4xB_IMPORT‘\amp_cpu_0_1x3_all_bsp)

- [#] edkdsp (C:\WM_07\d_52\d_72020_te7020-2\d_72020_fp12_4x&_IMPORT\edkdsp) Deselect Al

- [#] edkdsp_cc (C:\WM_07\d_52\d_7z020_te7020-2\d_7z020_fp12_4x&_IMPORT'edkdsp_cc)

. [#] edkdsp_fp12_4x6_all (C:\WM_07\d_52\d_72020_te7020-2\d_72020_fp12_4x8_IMPORT\edkdsp_fp12_4x&_all)
FSBL (C:\WM_07\d_52\d_7z020_te7020-2'd_7z020_fp12_4x8 IMPORTYFSEBL)

FSBL_bsp (C:\WM_07\d_52\d_7z020_te7020-2'd_7z020_fp12_4x8_IMPORT'\FSEL_bsp)

- [#] hw_platform_0 (C:\WM_07\d_52'd_72020_te7020-2\d_72020_fp12_4x&_IMPORT'hw_platform_0)

- [#] hw_platform_10 {C:\WM_07\d_52'd_72020_te7020-2'd_7z020_fp12_4x&_IMPORTwy_platform_10)

- [ hw_platform_20 (C:\WM_07\d_52'd_72020_te7020-2\d_7z020_fp12_4x&8_IMPORT\we_platform_20)

- [#] hwe_platform_30 (C:\WM_07\d_52\d_72020_te7020-2\d_72020_fp12_4x&_IMPORT\w_platform_30)

- [#] hw_platform_40 (C:\WM_07\d_52'd_72020_te7020-2\d_72020_fp12_4x8_IMPORT\wv_platform_40)

--[# standalone_bsp_0 {C:\WM_07\d_52'd_7z020_te7020-2\d_72020_fp12_4x8_IMPORT\standalone_bsp ()

Refresh

JH A

~ Options
[™ search for nested projects
¥ Copy projects into workspace

—Warking sets
[~ Add project to working sets

‘Working sets: j Selech, ., |

@3‘ < Back | Mexk = | Finish I Cancel

Figure 10: Select “Copy projects into workspace” and finish the import of all projects

3.2 Asymmetric Multiprocessing Demo

The “amp_cpu_0_1x8_all” project in the “Project Explorer” window of the SDK 2015.2 [7] will be used to
program ARM core part of the AMP demo. The “edkdsp_fp12_4x8_all” project will be used to program the
MicroBlaze core and the four EdkDSP accelerators of the AMP demo. The “edkdsp” project contains the same
SW content as the “edkdsp_fp12_4x8_all” project and it includes in addition the precompiled libwal.a library for
the MicroBlaze processor. The “edkdsp_cc” directory contains C firmware for the PicoBlaze6 controller and
binary utilities for compilations of code for the EdkDSP accelerators. The UTIA EDKDSP C compiler can be
executed under the VMware player [9] as an Ubuntu binary application. Inspect also the list of IP blocks and
related driver versions present in the evaluation AMP design. The MicroBlaze processor has access to some
ZYNQ peripheral devices [5] in the AMP design. See Figure 11.
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50k CfC++ - hw_platform_40/system.hdf - Xilinx SDK

File Edit Source Refactor

Mavigate Search Project Xilinx Tools

Fun Window Help

=101 x|

4 49
- Hardware Server
#-(= Linux TCF Agent
(= QEMU TcfedbClient

Iy El sy R E A N =

CDT Build Consale [hw_platform_40]

o

=l

5 - | % - -G 2 EEEEe @ s oI ) I N
[g Q,-. o - - W = - | o IQui-:k Access [ %” | % C/C++
|-_|>_‘| Project Expl... &3 = O |5 system.hdf o 8 ||o l » = H
= vy Y
E = | W hw_platform_40 Hardware Platform -
-[EC, amp_cpu_0_1x8_all Specification An :_:nuﬁlne is not
@ amp_cpu_0_1x8_all_bsp P avalable.
ﬁ edkdsp i X
,[:_5 edkdsp_cc Design Information
ﬁ edkdsp_fp12_4w&_all Target FPGA Device: 72020
-5 FSBL Created With: Vivado 2015.2
@ FSEL_bsp Created On: Sun Mov 15 13:11:02 2015
13 hw_platform_0
13 hw_platform_10 Address Map for processor microblaze_0
- {F hw_platform_20 bee_fp12_1x3_0_axin_0 0x44b00000 Oxd4bfffff
- hw_platform_30 bee_fp12_1x8_0_axin_1 0x44c00000 Oxddcfffff
ERESdhw_platform_40 bee_fp12_1x8_0_axiw_2 Ox44d00000 Oxd44dffEff
""" @ ps7_init_gpl.c boe_fpl12 1k _0_axiw_3 Ox44=00000 Oxddefffff
""" [€] ps7_init_gpl.h microblaze_0_axi_intc 0x41200000 Ox4120ffff
""" le] ps7_init.c ps7_ddr_0 O0x30000000 Ox3fff£f£f£ff
----- ps7_init. ps7_ddr_0 0= =
(£ h dd Dx30000000 O=3fffffff
..... i@ ps7_init.himl ps7_ethernet_0 O0x=e000b0O00 Oxe000bEf£
----- = ps7_init.td ps7_agpio_0 Oxze000a000 Oxe000afff
[ system.hdf ps7_i2c_0 O=xe0004000 Dze0004££f
..... 2 top.bit ps7_i2c_1 O=e0005000 Dxe0005fff
..... 2 zyna_sys_bd.td ps7_ram_1 Qmfffc0000 O=mffffffff
EEI--{{@E standalone._bap ps7 sd_0 Oxe0100000 Oxe0l0O0fff
-7 ps7_uart_ 0 O=xe0000000 Oxe0000f£££
ps7_usb 0 Oxel002000 Oxe0002ff£ ;I
44 Target Con... EE] = O EQP|ET[EC EEIEP|§|T = B ||[E] sk Log E@l A E = B

28:18:22 INFO
28:18:32 INFO

1

Launching XSDE;I

: X5DB serwver he

5

E hwe_platform_40

Figure 11: All projects are compiled. See IP Blocks present in the design

Connect the USB cable to the Trenz electronic TE0720-02-21 System on Module [2] via the TE0O701-05 carrier
board [3]. In SDK, program the board. See Figure 12.

In SDK, select: Xilinx Tools -> Program FPGA. It is pointing (by default) to:
c:\VM_07\d_52\d_72020_te7020-2\d_72020_fp12_4x8

Click on the “Program” button.
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sok Program FPGA x|
Program FPGA
Specify the bitstream and the ELF files that reside in BRAM memory

—Hardware Configuration

Hardware Platform:

Connection: ILI::cal j Mew
Device: |Autu:| Detect Select... |
Bitstream: |1I?'I:'-bit Search... | Browse.. |

[" Partial Bitstream

BMM/MMI File: I Search... | Browse.. |

Software Configuration

Processar | ELF/MEM File to Initialize in Block RAM
microblaze_0 bootloop
udl | 2]

@ Program I Cancel |

Figure 12: The bitstream system.bit is selected by the tool

The TE0720-02-21 module on TEO701-5 carrier board is programmed with the top.bit file now. On PC, start the
Putty terminal. Set 115200 baud and “Flow control” to None. See Figure 13 and Figure 14.

& PuTTY Configuration x|
Category:
=- Sgssion Options controlling local seral lines |
P I_.ogglng ~ Select a senal line
=1 Terminal

- Keyboard Serial line to connect to ICOI‘U‘IE

- Bell

- Features r—Corfigure the serial line

- Window Speed baud) |1 15200

gppea@nce Data bits [z

- Behaviour

- Translation Stop bits I'I—
- Selection .

. Colours Parity I None hd I
- Connection Flow control None <

- Data

- Proxy
- Telnet
- Rlogin
- 55H

- Serial

About Open Cancel |

Figure 13: Setup your COM port. Select speed to 115200 baud, and Flow control “"None”
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2 PuTTY Configuration

Cateqgory:

= S;:ssion

- Teminal

- Keyboard
- Bell

- Features
= Window

- Appearance
- Behaviour
- Translation
- Selection
- Colours

- Connection

. Data

- Proxy

- Telnet

- Rlogin

- 55H

- Serial

About

| Basic options for your PUuTTY session

r Specify the destination you want to connect to

Seral line Speed
jcoms 115200
Connection type:

" Raw ¢ Telnet ¢ Rlogin ¢ S5H % Seral

 Load, save or delete a stored session
Saved Sessions

Default Settings Load
Ne_HD_115200

cosim_sp605 5
prepinac ﬁl

Cloge window on exit:

" AMways 1 MNever % Onlyonclean exit

Open Cancel

Figure 14: Select “Serial” in the category Session and click Open

The ARM part of the AMP application has to be downloaded to the DDR3 memory, now.

Select the “amp_cpu_0_1x8_all” project by clicking on it in the SDK Project Explorer Window.

In SDK, select:
Run -> Debug Configuration ->Xilinx C/C++application (GDB)

Click on the “New launch configuration” in the Debug configuration screen. The “amp_cpu_0_1x8_all” project
is open and the ARM executable Debug\amp_cpu_0_1x8_all.elf is ready for download to DDR3 on the TE0720-
02-21 module on TEQ701-05 carrier board via the jtag cable. See Figure 15.

Click on “Debug” button to download the executable. See Figure 15.

Click Yes in the perspective switch dialog window. See Figure 16.
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50k Debug Configurations

Create, manage, and run configurations

4= —*l
FEX | B3

Mame: I amp_cpu_0_1x8_all Debug

It*r'pe filter text

E Performance Analysis
Fﬁ Target Communication Framework

E---ED-B ¥ilinx C/C++ application (GDE)
I 8 =mp_cpu_0_1x8_all Debug

Fir ¥ilime CC++ application (System Debugger
e .?:-F ¥ilime C/C++ application (System Debugger)

Jd |

Filter matched & of 18 items

(@ Target setup ™ [ Appli:zﬁo.ﬂ E. Sour:e} !

Debug Type: ISEndalune Application Debug j

Connection: ILu::u:aI

| =

Deviee: | Auto Detect

Mew

Hardware platform: Ith:ulatForm_[J

[

r Program FPEs

V¥ Run ps7_init
¥ Run ps7_post_config
[~ Enable Cross-Triggering

Processor: Ips?_cnrtexag_[l j

Bitstream file: | top.bit Search... | B

Initialization file: | ps7_init, td Search... | Bi
—Summary of operations to be performed ———

IReset Processor j Following operations wil be performed before

aunching the debugger.
1. Reset processor,

2. Fun ps7_init. (Only first time after System res
board power COM)
3. Run ps7_post_config. {Only first time after Sy
reset or board power OM)
4.
C:WM_07\d_52'd_72020_te7020-2\d_7z020_fo
3\SDE_Workspace\amp_cpu_0_1x3_all\Debug'a
pu_0_1x8_all.elf will be downloaded to the proc
ps7_cortexad_0'

Spply | Rewvert |

©)

[_oebw |

Close |

Figure 15: Select “amp_cpu_0_1x8_all.elf” code for Debug on ARM
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i Confirm Perspective Switch x|

% This kind of launch is assodated with the Debug perspective.

This Debug perspective is designed to support application debugaing. It
incorporates views for displaying the debug stack, variables and breakpaint
management.

Do you want to open this perspective now?

[™ Remember my decision

Figure 16: Click Yes to switch to the debug perspective

The debug perspective is opened and Debug\amp_cpu_0_1x8_all can be debugged or started on the ARM core.
See Figure 17. Start the Resume button (F8) of the program from the debugger. It starts to run, with output to
the terminal window. The timer is started with 3ns resolution. CPUO: on terminal is indicating the output from
the Core_0 of the dual core Cortex A9 of the ZYNQ. The ARM processor is running and waiting in a pooling loop
for handshake with MicroBlaze. See Figure 18.

The ARM application amp_cpu_0_1x8_all.elf has prepared the initial waiting loop code for the MicroBlaze
processor at the address 0x30000000 in the DDR3. The MicroBlaze has been released from reset by the ARM
application. MicroBlaze is running the initial loop code at the address 0x30000000 now.

The MicroBlaze application edkdsp_fp12_1x8_all.elf will be loaded to the DDR3 memory in next steps.

The SDK has to connect to the running MicroBlaze via jtag. The MicroBlaze processor will be stopped under the
jtag control. The edkdsp_fp12_1x8_all.elf code will be downloaded to DDR3 and the MicroBlaze will be started
again by jtag from the second debugger instance.

Select the “edkdsp_fp12_1x8_all” project by clicking on it in the SDK Project Explorer Window.

In SDK, select:
Run -> Debug Configuration -> Xilinx C/C++application (GDB)

Click on the “New launch configuration” in the Run configuration screen. The “edkdsp_fp12_1x8_all” project is
open and the MicroBlaze executable Debug\edkdsp_fp12_1x8_all.elf will be ready for download to the DDR3
on the TE0720-02-21 module on TEQ701 carrier board via the jtag cable, to the address 0x30000000. See Figure
19.

This Microblaze debug session will need 3 adjustments to co-exist together with the first running ARM debug
session. Select “No reset”, unselect “Run ps7_init” and unselect “Run ps7_port_config”. Click Apply to activate
this selection. Click on Apply to apply both changes. See Figure 19.

Click on Debug to start the debuger.

The program edkdsp_fp12_1x8_all.elf will be downloaded to DDR3 from address 0x30000000 and this second

remote MicroBlaze debug section will be opened in the SDK, together with the already running ARM debug
section. See Figure 20.
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sok Debug - amp_cpu_0_1x8_all/src/main.c - Xilinx SDK

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

=10l x|
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Figure 17: Run amp_cpu_0_1x8_all.elf from the debugger as free running
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@2 COM10 - PuTTY
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Eeady for EMCZ AMP demo
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Figure 18: amp_cpu_0_1x8_all.elf will write to the terminal the initial text and it will wait for the
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Figure 19: Select “edkdsp_fp12_4x8_all.elf code for remote debug on MicroBlaze
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sk Debug - edkdsp_fpl2_4x8_ all/src/ipl12_4x8 all.c - Xilinx SDK
File Edit Source Refactor Mavigate Search Project  Xilinx Tools Run  Window Help
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Figure 20: Debug view with ARM and MicroBlaze. ARM is running. Start MicroBlaze

The ARM application is running. The MicroBlaze application is downloaded into DDR3 and the debugger is
waiting on the automatically inserted break point in the first MicroBlaze instruction. See Figure 20. You can step
through the MicroBlaze program or start free run of the program.

Run the MicroBlaze to get the output on the terminal from both processors (ARM and MicroBlaze) running in
parallel in the free run in the asymmetric multiprocessing configuration. See the terminal output on Figure 21.
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The demo application (2000 coefficient FIR filter) and (2000 coefficient LMS identification of filter coefficients) is
computed in single precision floating point on ARM CPUO first. The same demo application (2000 coefficient FIR
filter) and (2000 coefficient LMS identification of filter coefficients) is computed in single precision floating point
in the first 8xSIMD EdkDSP accelerator (with support from MicroBlaze) next. Finally, the same demo application
(2000 coefficient FIR filter) and (2000 coefficient LMS identification of filter coefficients) is also computed in
single precision floating point on MicroBlaze with the HW floating point unit to verify the EdkDSP result.
See Figure 21.
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Figure 21: Terminal output from the debugged AMP demo application

The AMP demo continues with testing of all basic vector floating point operations of the 8xSIMD accelerator.
These tests vector operations are also computed in single precision floating point on MicroBlaze with the HW
floating point unit to verify the EdkDSP result. See Figure 21. The demo application loops infinitely. The
accelerators are named workerl ... workerd. All 4 workers have identical capabilities, depending on the HW
design. See Figure 21.

Each of the two parallel running processors (ARM and MicroBlaze) can be stopped/resumed/terminated from
the debugger.

Terminate the debug session by this sequence of commands:

1.
2.
3.
4.
5.

(UTia]

Stop MicroBlaze.

Stop Arm.

Terminate MicroBlaze.

Terminate Arm.

Close the debug perspective.
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3.3 Performance of ARM NEON and EdkDSP accelerator

The performance of programs running on processors is dependent on the optimisation level of C compiler for
ARM and C compiler for MicroBlaze (see Figure 22 and Figure 23).

Set the optimisation level —00 for debug of the ARM code and for debug of the MicroBlaze code.

Lines FIR ARM and LMS ARM document how the ARM performance improves with the compiler optimisation
levels. Additional improvement can be reached by manual transformation of the source code. This is visible in
the lines FIR ARM NEON and LMS ARM NEON. The corresponding functions have been reorganised to group
together parallel computation of 4 single precision floating point MAC operations in parallel. This resulted in
better use of the vector capabilities of the NEON unit. See the corresponding C source code main.c in the ARM
project amp_cpu_0_4x8_all.

FIR MFLOP/s -00 -01 -02 -03
FIR ARM (666 MHz) 37 125 116 199
FIR ARM NEON (666 MHz) 69 320 321 436
FIR MB EdkDSP (125 MHz)

TE0720-02-2IF 1224 1227 1227 1227
FIR MB EdkDSP (100 MHz)

TE0720-02-1CF, TE0720-02-1QF 987 989 989 989

Figure 22: Measured performance in MFLOP/s for FIR filter computation

LMS MFLOP/s -00 -01 -02 -03
LMS ARM (666 MHz) 43 129 128 160
LMS ARM NEON (666 MHz) 56 270 282 338
LMS MB EdkDSP (125 MHz)

TE0720-02-2IF 775 775 775 775
LMS MB (125 MHz)

TE0720-02-2IF 4 9 10 10
LMS MB EdkDSP (100 MHz)

TE0720-02-1CF, TE0720-02-1QF 621 622 622 622
LMS MB (100 MHz)

TE0720-02-1CF, TE0720-02-1QF 3 7 8 8

Figure 23: Measured performance in MFLOP/s for LMS filter computation

The EdkDSP (8xSIMD) accelerator works with hand optimized code for the FIR and the LMS filter. The
optimisation levels of the MicroBlaze C compiler have impact on the MicroBlaze performance. This is visible in
line LMS MB in Figure 23. See the corresponding C source code fp12_4x8_all.c in the MicroBlaze project
edkdsp_fp12_4x8_all.

The optimisation levels of the MicroBlaze C compiler have only minimal influence on performance of the EdkDSP
accelerator. This is visible in lines FIR MB EdkDSP and LMS MB EdkDSP in Figure 22 and Figure 23. See the
corresponding hand optimized code for the FIR and the LMS filter a_fp1124p0.c and a_fp1124pl.c in the
directory edkdsp_cc\a. This code is compiled by the UTIA EdkDSP C compiler. Use of this compiler is described
next.
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3.4 Evaluation of the EdkDSP C compiler

This section is describing the use of the UTIA EdkDSP C compiler to recompile the firmware for the PicoBlaze6
controller present in each of the four (8xSIMD) EdkDSP accelerators in the AMP evaluation designs for the ZYNQ
TE0720-02-2IF, TE0720-02-1CF or TE0720-02-1QF module on TEQO701-05 carrier board.

The evaluation package includes also precompiled files with the firmware ready for download from PC to
TE0720-02-2IF, TE0720-02-1CF or TE0720-02-1QF module on TE0701-05 carrier board. These files can be used to
test the demo without installation of the EdkDSP C compiler to your PC.

The UTIA EdkDSP C compiler is provided as implemented as several Ubuntu binary applications. The “VMware
player” software and the 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) for installation. That is why it is not included as part
of the evaluation package. If you would need this image, write an email request to kadlec@utia.cas.cz to get
these two DVD with correct Ubuntu image from UTIA (free of charge).

Install VMware Workstation 12 Player [9] on Win 7 64 bit PC.

g Ubuntu_EdkDSP

Ubuntu_EdkDSP

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

@ Play virtual machine

f Edit virtual machine settings

Figure 24: Select the Ubuntu_EdkDSP image in the VMware Player and click “Play”
Open the VMware Workstation 12 Player and select the “Ubuntu_EdkDSP” image. The Ubuntu will start.
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Login as:
User: devel
Pswd: devuser

The PC directory c:\VM_07 needs to be shared by Windows 7 with Ubuntu.

In Windows 7, set the directory c:\VM_07 and its subdirectories as shared with the __vmware_user__ for Read
and Write.

In Ubuntu, open terminal and mount the PC directory c:\VM_07 to Ubuntu by typing:
cd bin

samba_07.sh

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

In Ubuntu terminal, change the directory to:
/mnt/cdrive/d_52/d_72020_te7020-2/d_72020_fp12_4x8/SDK_Workspace/edkdsp_cc

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

In Ubuntu terminal, change the directory to the example directory: cd a
/mnt/cdrive/d_52/d_72020_te7020-2/d_72020_fp12_4x8/SDK_Workspace/edkdsp_cc/a$
See these steps in Figure 25.

C source code examples can be compiled by the script ca_fp11.sh with parameter a.
Type in the Ubuntu terminal: ca_fpll.sh a

This will compile and assemble all four C firmware programs to header files with the firmware binary code:

a_fp1101p0.c is compiled to fil_FA1101P0_program_store.h
a_fp1101pl.cis compiled to fil_FA1101P1_program_store.h
a_fp1124p0.c is compiled to fill_FA1124P0_program_store.h
a_fp1124pl.c is compiled to fill_FA1124P0_program_store.h

The EdkDSP firmware before compilation is presented in Figure 26. See also the C code listing of the firmware
for computation of the LMS in the (8xSIMD) EdkDSP platform. The EdkDSP firmware after the compilation is
presented in Figure 27. See also the C code listing of the firmware for the basic test of vector operations in the
(8xSIMD) EdkDSP platform.
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-Q Aplikace Mista Systém UsAa @ e&@@| _l_l Me, 19, dub, 18:26

devel@ubuntu: ymnt/cdrve/d Sa. /rete D20 dL 7 7020 fp 12 axa 5D K Workspace/edikdspocofa L=l oy =il

Soubor Upravit Zobrazit Terminal Karty Napovéda

devel@ubuntu:~% cd bin

devel@ubuntu:~/bing samba_07.sh

[sudo] password for devel:

devel@ubuntu:~/bing cd /mnt/cdrive/d 34 7z te7020/d _7z020 fplZ2 4x8/SDK_Workspace/edkdsp_cc
devel@ubuntu: /mnt/edrive/d_34 7z te7020/d_7z020 fplz2_4x8/SDK_wWorkspace/edkdsp_ccg 1s

a settings.sh +tools

devel@ubuntu: /mnt/cdrive/d 24 7z te7020/d 7z020 fpl2 4x8/SDK_Workspace/edkdsp cc$ source settings.sh
EdkDSP environment set to '/mnt/cdrive/d 34 7z te7020/d 7z020 fpl2 4x8/SDK Workspace/edkdsp cc'
devel@ubuntu: /mnt/cdrivesd_34 7z_te7020/d_7z020 _fplz_4x8/SDK_Workspace/edkdsp_cc$ cd a
devel@ubuntu: /mnt/cdrive/sd_34 7z te7020/d_7z020 fpl2_4x8/SDK_Workspace/edkdsp_cc/a% 1s
a_fpllolpo.c a fpllolpl.c a fpll24po.c a fpll24pl.c ca fpll.sh stdio fpll.h
a_fpl1ioipe.h a fpliolpl.h a fpli24po.h a fpl124pl.h ca.sh

devel@ubuntu: /mnt/cdrive/d_34 7z_te7020/d_7z020_fplz_4x8/SDK_workspace/edkdsp_cc/a% ca_fpll.sh a
EDKDSPCC : a_fpllOlpO.c ...

EDKDSPASM: FA11O1PO.PSM ...

Generated M function file in the M file ././fill_FA1101PG_program_store.m

Generated C header file i1n the H file ./f1lL_FAll01PO_program_store.h

EDKDSPCC : a_fpllOlpl.c ...

EDKDSPASM: FA11O1P1.PSM ...

Generated M function file in the M file ././fill_FA1101P1_program_store.m

Generated C header file i1n the H file ./f1lL_FAll01P1l_program_store.h

EDKDSPCC : a_fpll24pO.c ...

EDKDSPASM: FA1124P0.PSM ...

Generated M function file in the M file ././fill_FA1124P0_program_store.m

Generated C header file i1n the H file ./f1ll_FAl124P0 program store.h

EDKDSPCC : a_fpll2dpl.c ...

EDKDSPASM: FA1124P1.PSM ...

Generated M function file in the M file ././f1l1l_FAl124P1_program_store.m

Generated C header file in the H file ./f1ll_FAl124P1 program store.h

devel@ubuntu: /mnt/cdrive/d 34 7z te7020/d _7z020 fpl2 4x8/SDK_Workspace/edkdsp cc/a% 1s
a_fplielpe.c a_fpll24pl.h FA1124P0.log fill_FA1101P1_program store.
a_fpllelpo.h ca_fpll.sh FA1124P0.PSM f1ll_FA1124P0 program_store.
a_fpliolpl.c ca.sh FA1124P1.log fill FA1124P0 program store.
a_fp11olpl.h FA1101PO.log FA1124P1.PSH fill FA1124P1 program store.
_fpl124po.c FA1101PO. fill_FA1101PO _program store.h fill_FA1124P1 program store.m
a_fpllz4po.h FAl1101Pl.log f1ill FA1101PO program store.m stdio fpll.h

a_fpl124pl.c FA1101P1. fi1l_FA1101P1 program store.h

devel@ubuntu: /mnt/cdrivesd_34_7z_te7020,/d_7z020_fpl2_4x8/SDK_wWorkspace/edkdsp_cc/a$ ||

| B devel@ubuntu: /mntfed...

Figure 25: Compilation of EdkDSP firmware in Ubuntu
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I CfC++ - edkdsp_ccfa/a_fpl124p0.c - Xilinx SDK - |I:I|5|
File Edit Source Refactor Mavigate Search Run  Project  Xilinx Tools Window Help
IG-Hials-4-G |Eg-&-[d-G-[%-0- Q- = o
. — = gt r
Injgle@|e o v-llsEm | -ol- o -
(Lposcen s\ = O)(pomenn_ (Dppiiptalin, ~S@u =5
<}==5| F hinclude "stdio fpll.h™ = ~
#include "a_fpll24pd.h™
-l amp_cpu_0_4x8_all - LA
@ amp_cpu_0_4x8_all_bsp unsigned char i, j, n, op, led, btn; S "HE
g edkdsp - -
B2 edkdsp_cc = void main() { .J stdio_fp1
B a pb2dfu_set(C_PBP_REG@®1, B); - wll a_fp1124
Pl a_fpi10ipl.c op = mb2pb_read_data(); - @ i1 unsigne
~ if (op == C_DFU_OP_VVER j : unsign
..... a ﬁ:lll[Jl]:lU.h p — — — . ] g
..... B - pb2dfu_set(C_DFU_CNT, @); - @ n:unsior
a_fp1101pl.c pb2dfu_set(C_DFU_OP, op); - @  op: unsic
""" In| a_fp1101p1.h pb2dfu_waitdhw(); @ led:
..... a_fpli24p0.c } else { @ b l.
----- a_fp1124p0.h n = mb2pb_read_data(); tr| s unsl
,,,,, @ a_fpli2dpi.c - @ main v
..... a_fpl124p1.h = pb2lcd_ascii text();
..... I b2lcd ascii char(hex_h(n), C LCD 84);
ca_fpilsh p _ _ | _LeD_
_____ ca.sh H pb2lcd_ascii char(hex_1(n), C_LCD_@5); (.
""" stdio_fp11h for (i=8; i< 4; i++) {
B todls for (3= 2; 3 <= 3; 3+ {
“~[5] settings.sh Ims(j, n, op);
- edkdsp_fp12_4x8_al pb2mb_eoc({led);
125 FSBL
- () FSBL_bsp 1
"g hw_platform 0 btn = btn2pb();
(M standalone_bsp_0 &7 pb2lcd_ascii char(hex h(bn), C_LCD @F);
I pb2lcd_ascii_char(hex_l(btn), C_LCD_@F);
led = led2pb(};
e/ pb2lcd_ascii_char(hex_h({led), C_LCD_@9);
I pb2lcd ascii char(hex 1(led), C LCD @A); bl
;| 3 |
AT = T
@ Problems (@ Tasks (E Console E@\E Prtpu"haq @ I'urrmdw 8
COT Build Console [edkdsp_cc] @GIE|ZEEE@H|§E'F3’
| nf | Writable ‘ Smart Insert ‘ 11 |

Figure 26: Initial firmware files and C listening of the LMS filter firmware for the EdkDSP
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P C/C++ - edkdsp_cc/afa_fp1101p0.c - Xilinx SDK -0l x|

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

| F4 - “w @ E - F-0-G- B8R B | BRcicrs

| & | &= 5 - ”_

JoI -Gl -

[ Project Explorer 53 = B ||| system.xml I/@ a_fp1124p0.c (@ a_fp1101p0.c &3 = 0O|[@ I'“'q » =0
<}=='=>| b #include "stdio fpll.h" - =
T #include "a_fpllelpaé.h" _
Bl amp_cpu_0_4x8_all = =
EE amp_cpu_0_4x8_all_bsp unsigned char ah, bh, zh, n, op, led, btn; o %
[F-1= edkdsp -
B2 edkdsp_cc - void main() { CE stde ol
E-E& a pb2dfu_set(C_PBP_REGB1, B8); - ull a_fp1101
--[&] a_fp1101p0.c op = mb2pb_read_data(); -~ @ gh:unsic
a_f'pll[llp[lh if (op == C_DFU_OP_WWER) { - @ bh : unsic
R - ' pb2dfu_set(C_DFU_CNT, @); b e @ zh:unsig
a_fplibiplc pb2dfu_set(C_DFU_OP, op); - ® n:unsin
[l a_fp1101pLh pb2dfu_waitahw(); @ A
(€] a_fp1124p0.c } else { 0 iaiod
[ a_fp1124p0.h pb2dfu_set(C_DFU_A_MEM_ADDR, mb2pb_read_data()); @ led: unsi
-[@ a_fp1124pt.c pb2dfu_set(C_DFU_A_MEM_SADDR, mb2pb_read_data()); - @ bin: unsi
-[B a_fp1124pLh pb2dfu_set(C_DFU_B_MEM_ADDR, mb2pb read data()); - @ main{) : v
B ca_ foi1.sh pb2dfu_set(C_DFU_B_MEM_SADDR, mb2pb_read_data());
I_' h ' pb2dfu_set(C_DFU_Z_MEM_ADDR, mb2pb_read_data());
= cas b2dfu_set{C_DFU_Z MEM_SADDR, mb2pb _read data());
FA1101P0.l P 1 - dat N P -
= Jed ah = mb2pb_read data();
- I=l FA1101P0.PSM pb2dfu_set(C_DFU_A_MEM_BANK, &h);
|| FA1101P1.log bh = mb2pb_read_data();
2| FA1101PL.PSM pb2dfu_set(C_DFU_B_MEM_BANK, bh);
|| FA1124P0.log zh = mb2pb_read_data();
I-_-l FA1124P0.PSM prdfu_set(C_DFU_Z_MEM_BANKJ Zh),‘
FA1129P Lo pb2dfu_set(C_DFU_A_INC, mb2pb_read _data());
= ed pb2dfu_set(C_DFU B_INC, mb2pb _read data({));
| FA1124P1.PSM pb2dfu_set(C_DFU_Z_INC, mb2pb_read _data());
fil_FA1101P0_program_store.h n = mb2pb_read_data() - 1;
- fil_FA1101P0_program_store.m pb2dfu_set(C_DFU_CNT, n);
fil_FA1101P1_program_store.h
%] fil_FA1101P1_program_store.m pb2dfu_set(C_DFU_OP, opj); _I'
fil_FA1124P0_program_store.h | LI L LI_I LI
-] fil_FA112490_program _store.m [Z. Problems (é, Tasks (E Console &3 ==| Propertieﬂ el Terminaq =0
fil_FA1124P1_program_store.h =i Iz [edkd ]
- fil_FA1124P1_program_store.m HHELELE Feaka s ST | '—ﬁ '—'ll M E -
- [l stdio_fpil.h =]
(= tools
"~ || settings.sh hd| =l

J :¢ Writable Smart Insert i:1 J

Figure 27: Directory shared by the Ubuntu and by the SDK 2015.2

To use the compiled headers in the SDK project, copy and paste the binary header files

edkdsp_cc/a/ fill_FA1101P0_program_store.h
edkdsp_cc/a/ fill_FA1101P1_program_store.h
edkdsp_cc/a/ fill_FA1124P0_program_store.h
edkdsp_cc/a/ fill_FA1124P0_program_store.h

to the SDK MicroBlaze AMP project directory: edkdsp_fp12_4x8_all/src/ and recompile the MicroBlaze project

“edkdsp_fp12_4x8_all”. The compiled firmware for the (8xSIMD) EdkDSP will be used by the MicroBlaze part of
the AMP demo for programming of the (8xSIMD) EdkDSP accelerators.
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3.5 Asymmetric Multiprocessing Demo with Boot from SD Card

The AMP demo can be booted from the SD card without the need of jtag booting. This section describes steps
needed to create the image. The ARM application code needs to be slightly modified.

4P C/C++ - amp_cpu_0_4x8_allfsrc/main.c - Xilinx SDK - IEIlil
File Edit Source Refactor Mavigate Search Run Project  Xilinx Tools Window Help
It-Beae|® -9 - |@g &8-&8-¢-|%-0-4-|/x |50 [82RH M | cic++
|@ @~ - || slen ¢ -5/-0G-
|.—[}‘_'|ProjectEx|:| “i =8 F_g system.xml r@ a_fp1124p0.c (@ a_fp1101p0.c (@ *main.c &3 =T I\ﬂ » =0
e - - -
ES | COMM_VAL = @; [
E'bcf amp_cpu_0_4x3_all =
--iizp Binaries = @ !HE
B Indudes mh. heotloop
#-(Z= Debug * If not using FSBL to download Microblaze elf to DDR e B N
EI * the reset vector of the Microblaze needs to contain wil_mm
= sre . . . -
2 [0 e * a 'branch to self' in order to provide the Microblaze -8 xpseu
main.c * valid code to run before before the debugger can halt o remap
1] remap_ocm.h * the Microblaze and download the application that T e
T8l Iseript.d * places valid code at the Microblaze's reset vector T b; i
README. txt : : staio.
B[ amp_cpu_0_4xa_all_bsp * If using SDK/XMD to downlead the Micreblaze application - Hllarm_n
-5 edkdsp uncomment the following two lines of code - CHECH
1= edkdsp_cc */ ﬁ VERBC—
1 o - # USET
Bl edkdsp_fp12 48 ol S //  Xil_Out32(8x30000000, 0xb300DE6A); o 4 TEST
-5 FsBL [ Xil Flush()s -
// ¥il DCacheFlush(); Wl wscuti
B-{H5 FsBL_bsp
-7 hw_platform_0 PP T A d i d i i i i i i idididiifiiifd o #  TIMER
B-{M5 standalone_bsp_0 //{ Data memory barrier. Wait until all ARM® @ timer:
// activities related to memory are done on HW. o @ Timerk
dmb () o ff GPIO_
FELEETFFFTT P i i FFiE i dddriidiiifiiidiiiiiss - #¢  GPIO
// Take PL out of reset _—" cOMM
// Enable emio bit 8 ;f/ MM
Xil Qut32(GPI0_DIRM, @x1); ’
_Out32(GPIO_DIRM, ex1); W
PP T A d i d i i i i i i idididiifiiifd [l o MM
/f Set emio[@] to release PL reset o NN
Xil Out32(GPI0_MASK DATA, @xfffessnl); = o MM
4| | 3 | | 3
[ Problems [ v Tasks [ B console 33 ElProperﬁes}@Terminaq ELRE T Q===‘>| =N NE" | = E-r5-=08
CDOT Build Console [amp_cpu_0_4x8_all]
-
18:@7:82 Build Finished (tock 7s5.972ms) _I
i — -
[ " ‘ Writable | Smart Insert ‘ 082:33 |

Figure 28: Modification of ARM code for boot of the AMP application from SD card

Open the main.c source code in amp_cpu_0_all project in the SDK Project Explorer. Comment the two lines as
indicated in Figure 28. This is the section of program, where ARM processor writes in the MicroBlaze assembly
code in hex format a loop to itself program for the MicroBlaze, starting at the DDR3 address 0x30000000. These
2 lines are needed only in the case of the jtag boot of MicroBlaze from the second remote debugger. The
MicroBlase must be running in the initial infinite loop. Secondary debugger can stop the MicroBlaze and
download the real debug program, starting from the DDR3 address 0x30000000.

In case of the boot of the AMP demo from the SD card the first stage boot loader ARM program FSBL.elf will

write the final MicroBlaze program from the address 0x30000000 before giving control to the ARM application
program amp_cpu_0_4x8_all.elf.
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To generate the BOOT.BIN file for the SD card take these steps. In SDK, select:

Xilinx Tools -> Create Zynq Boot Image

Select Create new BIF file and browse to the directory for the file with the structure of BOOT.BIN file.
C:\VM_07\d_52\d_72020_te7020-2\d_7z020_fp12_4ax8\boot\boot-O3\output.bif

The file output.bif file will be used by the bootgen.exe program for creation of the BOOT.BIN file.

Fill all the paths as indicated in Figure 29. The sequence is important:
C:\VM_07\d_52\d_7z020_te7020-2\d_7z020 fp12_4x8\SDK_Workspace\FSBL\Debug\FSBL.elf
C:\VM_07\d_52\d_7z020_te7020-2\d_7z020_fp12_4x8\SDK_Workspace\hw_platform_40\top.bit
C:\VM_07\d_52\d_7z020_te7020-2\d_7z020_fp12_4x8\SDK_Workspace\amp_cpu_0_1x8_all\Debug\amp_cpu_0_1x8_all.elf
C:\VM_07\d_52\d_7z020_te7020-2\d_7z020_fp12_4x8\SDK_Workspace\edkdsp_fp12_4x8_all\Debug\edkdsp_fp12_ 4x8 all.elf

The first is the ARM first stage boot loader; the second is the .bit file with the HW content of the PL part of the
chip; the third is the application code for ARM processor and the fourth is the application code for the
MicroBlaze processor.

g0k Create Zyng Boot Image

Create Zynq Boot Image
Creates Zyng Boot Image in .bin and .mcs formats from given FSBL elf and partition files in specdified output folder,

¥ Create new BIF file ¢ Import from existing EIF file

i =,

Qutput BIF file path: I CyWM_07\d_52%d_7z020_te7020-2'd_7z020_fp12_4x8'boot\boot-03%utput. bif Browse

[T Use Authentication

= Authentication kewvs

PRE: I Browse | Pk I
SEE: I Browse | S5k I
SPE sigriature; I Browse |

[ use encryption

\_E
L=
=
]
111}

)
0
=]
=
L%y
i

= Emcryphion key:

w
=
=
!
i

Kewy File: I
Keystore: €% BRAM €0 EFUSE

Park mame: I

Boot image partitions

File path Add
(bootloader) C:\WM_07\d_52%d_7z020_te7020-2%d_7z020_fp12_ 4x8\SDK_Workspace\FSBEL\DebugFSBL. elf
CyWM_07\d_52Yd_7z020_te7020-2'd_7z020_fp12_<4w8\SDK_Workspacethw_platform_40'top. bit

C:WM_07\d_52\d_7z020_te7020-2\d_7z020_fp12_4x3\sSDK_Workspace\amp_cpu_0_1x8_all\Debug'amp_cpu_0_1x3_all.elf Edit
CyWM_07\d_52'd_7z020_te7020-2\d_7z020_fp12_4x3\SDK_Workspace'edkdsp_fp12_4x&_al'\Debug\edkdsp_fp12_4x5_all.elf

1| | LI Do

Output path: | C:\WM_07\d_52\d_7z020_te7020-2\d_72020_fp12_4x8\boot\boot-03\BOCT. bin Browse

A

3
@) Preview BIF Changes | Create Image | Cancel

Figure 29: Select files for generation of BOOT.BIN image file for the SD card
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Click Create Image and the tool will generate file
C:\VM_07\d_52\d_7z020_te7020-2\d_7z020_fp12_4x8\boot_ila\boot-O3\BOOT.bin
Copy BOOT.bin file to the top level directory SD card.

Insert the SD card to the TEQ701 carrier board and reset the board. ZYNQ will boot from the SD card with output
to the terminal. The terminal output will be identical to Figure 21.

The evaluation package includes the precompiled files for different optimisations of ARM and MicroBlaze
compilers:

C:\VM_07\d_52\d_72020_te7020-2\d_7z020_fp12_4x8\boot\boot-O0\BOOT.BIN
C:\VM_07\d_52\d_72020_te7020-2\d_7z020_fp12_4x8\boot\boot-01\BOOT.BIN
C:\VM_07\d_52\d_72020_te7020-2\d_7z020_fp12_4x8\boot\boot-02\BOOT.BIN
C:\VM_07\d_52\d_72020_te7020-2\d_7z020_fp12_4x8\boot\boot-03\BOOT.BIN

You can use one of these files, copy it to the SD card and boot from the SD card, as the first evaluation step.

3.6 Asymmetric Multiprocessing Demo with single EdkDSP accelerator

The evaluation design with ARM Cortex A9 processor and MicroBlaze processor with single (8xSIMD) EdkDSP
accelerator contains two HW platforms. Platforms have single accelerator and are configured without or with
the Xilinx In-circuit Logic Analyser (ILA) for debug of EdkDSP accelerator.

C:\VM_07\d_52\d_72020_te7020-2\d_7z020_fp12_1x8\d_72020_fp12_1x8
C:\VM_07\d_52\d_72020_te7020-2\d_7z020_fp12_1x8\d_72020_fp12_1x8_IMPORT

You can repeat all evaluation and compilation steps as described in this application note for the system without

ILA: In SDK, select: Xilinx Tools -> Program FPGA select the default “hw_platform_40”
Click on the “Program” button.
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sok Program FPGA El

Program FPGA
Spedfy the bitstream and the ELF files that reside in BRAM memory

—Hardware Configuration

Hardware Platform:

Connection: IL::u:aI j Mew
Device: I.-‘J.thn:- Detect Select... |
Bitstream: Ib:'F'-t'it Search... | Browse.. |

[ Partial Bitstream

BMM /MM File: | Search... | Prowse. |

—Software Configuration

Processor | ELF/MEM File to Initialize in Blodk RAM
microblaze_0 bootoop
J | 2]

=
'x?;' Program I Cancel |

Figure 30: The default bitstream top.bit is selected automatically

This version of evaluation HW can be also quickly tested by booting from SD card with one of these files:

C:\VM_07\d_52\d_72z020_te7020-2\d_72020_fp12_1x8\boot\boot-O0\BOOT.BIN
C:\VM_07\d_52\d_72z020_te7020-2\d_72020_fp12_1x8\boot\boot-01\BOOT.BIN
C:\VM_07\d_52\d_72z020_te7020-2\d_72020_fp12_1x8\boot\boot-02\BOOT.BIN
C:\VM_07\d_52\d_72z020_te7020-2\d_72020_fp12_1x8\boot\boot-03\BOOT.BIN

SW projects (for the platform with single EdkDSP accelerator) can be also re-compiled, debugged and tested on
the enclosed demo demonstrating the AMP for ARM, MicroBlaze and EdkDSP PicoBlaze6. The compilation and
use of the demo has been already described in this application note for platform with 4 EdkDSP accelerators.

3.7 AMP demo with single EdkDSP accelerator with In-circuit Logic Analyser (ILA)

The evaluation design with ARM Cortex A9 processor and MicroBlaze processor with single (8xSIMD) EdkDSP
accelerator contains second HW platforms configured with the Xilinx In-circuit Logic Analyser (ILA) for debug of
EdkDSP accelerator from the Vivado 2015.2 Lab Edition tool. Free downloadable from Xilinx support portal [12]:
The AMP platform with single EdkDSP accelerator and ILA support is present in the directory:

C:\VM_07\d_52\d_72020_te7020-2\d_7z020_fp12_1x8\d_72020_fp12_1x8
C:\VM_07\d_52\d_72020_te7020-2\d_7z020_fp12_1x8\d_72020_fp12_1x8_IMPORT

You can repeat all evaluation and compilation steps as described in this application note for the system without

ILA: In SDK, select: Xilinx Tools -> Program FPGA select the default “hw_platform_40_ila”
Click on the “Program” button.
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This version of evaluation HW with ILA support can be also quickly tested by booting from SD card with one of
these files:

sok Program FPGA EI

Program FPGA
Spedfy the bitstream and the ELF files that reside in BRAM memory

—Hardware Configuration

Hardware Platform:

Connection: IL::u:aI j Mew
Device: IAutn Detect Select... |
Bitstream: Ib:'F'-t'it Search... | Browse.. |

[ Partial Bitstream

BMM /MM File: | Search... | Prowse. |

—Software Configuration

Processor | ELF/MEM File to Initialize in Blodk RAM
microblaze_0 bootoop
Jd | 2]

@:‘ Program I Cancel |

Figure 31: Change the default hw_platform_0O to the hw_platform 0_ila

C:\VM_07\d_52\d_7z020_te7020-2\d_72020_fp12_1x8\boot_ila\boot-O0\BOOT.BIN
C:\VM_07\d_52\d_72z020_te7020-2\d_72020_fp12_1x8\boot_ila\boot-O1\BOOT.BIN
C:\VM_07\d_52\d_72z020_te7020-2\d_72020_fp12_1x8\boot_ila\boot-02\BOOT.BIN
C:\VM_07\d_52\d_72z020_te7020-2\d_72020_fp12_1x8\boot_ila\boot-O3\BOOT.BIN

The implemented precompiled In-Circuit Logic Analyser (ILA) stores 32k samples of all output signals of the
(8xSIMD) EdkDSP Accelerator. See Figure 33 and detailed zoom of EdkDSP accelerator in Figure 3. Resources
used by the design with ILA are summarised in Figure 32. Compare with designs without ILA presented in Figure

6 and Figure 7.
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TE0720-02-2IF fp32 | fp32 |[fp32 |fp32 fp32 |Resources (complete PL) EdkDSP performance

EdkDSP vectorop |Add Dot |S8 FF Lut Bram LMS FIR
Clk: 125 MHz Mul [Mac |[Prod |Prod div % % no(of) Mflop/s Mflop/s
fpl2_1x8 10 8x 1x 14,0 (30,9 |114(140)

fpl2_1x8 20 8x 8x 1x 15,0 (32,6 |114(140)

fpl2_1x8 30 8x 8x 8x 1x 16,0 (34,6 |114(140)

fpl2_1x8 40 8x 8x 8x 1x 1x 16,0 (35,1 |114(140) 776 1228

TE0720-02-1CF
TE0720-02-1QF fp32 | fp32 |[fp32 |fp32 fp32 |Resources (complete PL) EdkDSP performance

EdkDSP vector op | Add Dot |[S8 FF Lut Bram LMS FIR
Clk: 100 MHz Mul |Mac |Prod |Prod div % % no(of) Mflop/s Mflop/s
fp12_1x8 10 8x 1x 14,0 (31,0 |114(140)

fp12_1x8 20 8x | 8x 1x 15,0 | 32,61 |114(140)

fp12_1x8 30 8x | 8x 8x 1x 16,0 | 34,48 |114(140)

fp12_1x8 40 8x | 8x 8x 1x 1x 16,0 (35,03 |114(140) 621 984

Figure 32: AMP design with Vivado In-Circuit Logic Analyser (ILA) on ZYNQ, ARM A9, MicroBlaze and 1x
(8xSIMD) EdkDSP, with FP division

| Diagram _&ax
il FrTT

&

P

: . — —
=s | [ MicBlazelsr
3 =

y

Figure 33: Evaluation design with single (1x8 SIMD) EdkDSP and ILA

The debug ports provide the basic visibility of the vector (8xSIMD) EdkDSP accelerator. Focus is on addresses and
vector operation schedule. Concrete processed floating point data are not displayed. These data can be better
analysed in the MicroBlaze debugger. MicroBlaze and its debugger can access all dual-ported memories of the
(8xSIMD) EdkDSP accelerator.
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Description of ILA debug ports of the (8xSIMD) EdkDSP accelerator IP (See Figure 3). All stored as 32k samples:

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

bce_port_wr
bce_r_pb
bce_we

Memory A address (addressing 1024 32 bit floating point values)

Memory B address (addressing 1024 32 bit floating point values)

Memory Z address (addressing 1024 32 bit floating point values)

Vector operation in progress or finished

4bit output, intended for led signalling. Unconnected in the design.

Mode of communication protocol PicoBlaze6 - MicroBlaze

Vector operation to be performed.

Data on external port.

External port address. Address space [0x0 ... Ox1F] are reserved for internal
construction of the WLIW instruction to the 8xSIMD vector
processing unit of the EdkDSP. Address space [0x20 ... OxFF] can be used by the
user.

Write strobe related to writing of 8bit data to the external port address

Reset of the PicoBlaze6

Write strobe related to writing of a WLIW instruction to the 8xSIMD vector
processing unit of the EdkDSP.

These signals are used for the real-time analysis of the computation inside of the 8xSIMD vector processing unit
of the EdkDSP accelerator IP ((See Figure 3). This helps with the debug of the coordination of the PicoBlaze6
firmware code, the vector processing unit together with MicroBlaze code.

3.8 Debug of Asymmetric Multiprocessing Demo with single EdkDSP accelerator with

In-circuit Logic Analyser (ILA)

Start demo design with ILA from the Vivado 2015.2 SDK or use the precompiled SD card image as described
above. Start the terminal. The AMP demo design is running.

It executes AMP demo SW on ARM with NEON unit, MicroBlaze with the single EdkDSP accelerator (with
PicoBlaze6 reprogrammable firmware) and the ILA HW interface configured for debugging of the EdkDSP
accelerator.

Start Vivado Lab Edition 2015.2 and select “Open Hardware Manager”. See Figure 34.
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A_Vivado Lab Edition 2015.2 =1o| x|

File Tools Window Help |EL Search commands
Lab Edition
Quick Start
67\ ’i el
Create Mew Project Open Project Open Hardware Manager

Information Center

:r’;‘ @

Documentation and Tutorials Quick Take Videos Release Motes Guide

& Td Console

Figure 34: Vivado Lab Edition 2015.2

Select: Open Target See Figure 35. Take all defaults by clicking Next button in coming screens.
See Figure 36, Figure 37, Figure 38 and Finish in Figure 39.

The Vivado Lab Edition 2015.2 is at this stage connected to the debugged board jtag. See Figure 40.

Names and parameters of probes (see Figure 3) which can be captured by the ILA configuration on HW and
visualised by Vivado Lab Edition 2015.2 are stored in file debug_nets.Itx.

In Vivado Lab Edition 2015.2 (see Figure 40) click on the “specify the probes file and refresh the device” link in
the Trigger setup hw_ila_1 window.

Specify file
C:\VM_07\d_52\d_72020_te7020-2\d_72020_fp12_1x8\SDK_Workspace\hw_platform_0_ila\ debug_nets.ltx
See Figure 41.

This will add the names and parameters of probes (see Figure 3) to the ILA Waveform window. See Figure 43.

Use + to select probes used for triggering, and select the condition for trigger for each probe and their
combination (use AND as default).
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Properties — O ¢ =
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Select an object to see properties

Td Console
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% open_hw

m| .
&l e

Type a Tel command here I

Figure 35: Select Open Target

% Open New Hardware Target 5[

Open Hardware Target

IVADO‘ This wizard will quide you through connecting to a hardware target.

Lab Edition To connect to a remote hardware target, provide the host name and IP port of the remote
machine an which the instance of a Vivado Hardware Server is running.

To continue, dick Mext.

= Back

_ Concel |

Figure 36: Open Hardware Target, next
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% Open New Hardware Target

Hardware Server Settings

Select local or remote hardware server, then configure the host name and part settings. Use Local server if the
target is attached to the local machine; otherwise, use Remote server,

Connect to: | Local server (taraet is on local maching) -

Click Mext to launch and/for connect to the hw_server {port 3121) application on the local machine.

¢

Einish

Cancel

Figure 37: Local server default, next

<% Open New Hardware Target

Salect Hardware Target

Select a hardware target from the list of available targets, then set the appropriate JTAG dodk (TCK) frequency.
If you do not see the expected devices, decrease the frequency or select a different target.

Hardware Targets

Type ITAG Clock Frequency
= ilimx_tcf |Digilentf2516330004284 |15000000

Hardware server: localhost: 3121

”

< Back FEimish

Cancel

Figure 38: List of hardware targets, default, next

L Open Hew Hardware Target

Open Hardware Target Summary

I\/ADO_ (i) Hardware Server Settings:

Lab Edition o Server: localhost: 3121

(i) Target Settings:
o Target: xilinx_tcf/Digilent/2516330004284
o Freguency: 15000000

To connect to the hardware described above, dick Finish

< Back

Cancel |

Figure 39: Summary, click Finish
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E-@e xiinx_tcf/D... Open ode: [BASIC ONLY v | b Ide Waiting or Trigger | Past-Trigger Ful
- arm_dap... N/A b Capture status
= .. Programmed
) Window 10f 1 Window sample 0 of 32768 Total sample 0 of 32768 —
Settings o ol o |
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node: awavs |\
[ o Trigger Setup - hw_ila_1 _ O % || capture Setup-hw_ila_t _o=
lata depth: 32768~ -
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i v ID— :: -3 peEd NE probes le and refresh the device
s | ]
Properties _ O % s et oo ms aveform - hw_iia_t =

] — | =

Td Console

T

(=]

= L

i (INFG: [Labtools 27-2302] Device xc72020 (JTAG device index = 1) is programmed with a design that has 1 LA core(s). =
- ,

|5 Tdl Console | (& Messages | % Seril 1/0 Links | {5 Serial 1/0 Scans |

Figure 40: Vivado Lab edition is connected to the board via jtag (single shared USB cable)

+% Refresh Device il

Specify the probes (.Itx) file and refresh the device. ‘

Debug probes file: IC:,"I.I'M_D?fd_EZfd_?zDZD_te?DZD-Efd_?zDZD_Fp12_lx8,|"5DK_'v’u'orks|:|ace,.'huu:nIatform_tl_ilafdebug_neiﬂ.Itx _l

Refresh I Cancel |

Figure 41: Select file with definition of probes present in HW

Some of probes used to trigger the capturing of data by ILA can be initiated and modified from the EdkDSP
firmware running on the PicoBlaze6 running inside of the (8xSIMD) EdkDSP unit. This firmware can be modified
and recompiled in the SDK 2015.2 as already described in this application note.

In SDK, open the edkdsp_cc/a/a_fp1124p1l.c file. See section of the modified C code FIR firmware. Code
includes the additional call to the pb2dfu_set() function. We will use it for selective triggering of the ILA in this
specified point of computation of the EdkDSP accelerator.

File fill_FA1124P1_program_store.h contains firmware resulting from compilation of C source code
a_fp1124pl.c. See Figure 42.
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pb2dfu_set(0x20, 1);
for(i=0;i<4;i++){
for (j=2;j<=

// To provide the trigger (0x01 on port 0x20) for the ILA

3; j+4) {

fir(j, n, op);
pb2mb_eoc(led);

50k C/C++ - edkdsp_cc/afa_fpl1124pl.c - Xilinx SDK = IEllil
File Edit Source Refactor Mavigate Search Project XiinxTools Run  Window Help
i gl¥-4-HCURABDE-E--G- F-0-%-%N @I [J@WE-5l-CE- -]
IQuicP Access [ =t H%CIC++
[T Project Explorer E@l S | ¥ T = 0 || g fp12_1x8_al.c ‘ (] a_fp1124p0.c [@ a_fpl124pl.c 32 l = 0|™ = O
E-E2 a | #include "stdio_fpll.h" -] = 18 &
[ a_fp1101p0.c #include "a_fpll24pl.h” =
a_fp1101p0.h
% a_ﬁlloﬁlc unsigned char i, j, n, op, led, btn; o st
| . H A
@ a_fp1101pLh = void main() { @
[¢] a_fp1124p0.c pb2dfu_set(C_PBP_REGR1, 8); ° i
| a_fp1124p0h op = mb2pb_read_data(); @ N
[ a_fpi124pl.c if (op == C_DFU_OP_WVER) { o n
- [€] a_fpi124pLh pb2dfu_set(C_DFU_CNT, 8); . op
2 cs_fpitsh ph2dfu_set(C_DFU_OP, op); @ e
5 cash pb2dfu_waitshw(); . @ bt
[ Fa }else { me
= FAL101P0.log n = mb2pb_read_data();
-+ = FA1101P0.PSM - -
[ FA1101PLlog pb2dfu_set(@x20, 1); // To provide the trigger (@x@l on port 8x28) for the
-5/ FA1101PLPSM for (i =@; 1< 4; ir+) {
| FA1124P0.log for (j =23 j <= 3; j++) {
2 Fa1124P0.PSM fir(j, n, op);
|| FA1124P Llog pb2mb_eoc(led);
- =] FA1124P1.PSM 1
€ fll_FA1101PO_program_store.h
&
=] fil_FA1101P0_program_store.m btn = btn2pb();
@ fil_FA1101P1_program_store.h led = led2pb();
- fil_LFA1101P1_program_store.m |
- [ fil_FA1124P0_program_store.h pb2mb_write(C_SCREEN_8);
- fill_FA1124P0_program_store.m | pb2mb_eoc(led);
€ fll_FA1124P1_program_store.h 3
fE
ﬁII_.FAJ]ZquJJrogram_store.m pb2mb_eoc(’.'); -
[ stdio_fp1Lh pb2mb_req_reset('.');
(= tools pb2mb_reset(); -
-5l settngs.sh =l 4| | E 7] | —’IJ
4 Target Connections 53 4 12 = O ||Elpro... | Tasks | B con... 22 I = Pro... |§,E'Ter...| = 0 ||[E]spxtog 22 e = 8
"Eb I—!ardwareserver EN Sﬁ| =% Bl - % - || 9:28:25 INFO  : Launching XSDB server: xsdb.bia|
BJ-{= Linux TCF Agent Program FPGA @9:28:42 INFO  : XSDB server has started succe:
F#1-{=> QEMU TcfGdbClient ;I @9:29:31 INFO : Saving repository preferences
@9:29:32 INFO  : Saving repository preferences
89:48:15 INFO  : Connected to target on host "
@9:48:15 INFO  : 'targets -set -filter {jtag ci
89:48:18 INFO : FPGA configured successfully i
= _l;l
Hl 3 [ '

| Writable

| Smart Insert | 26:1

Figure 42: Compilation results of EdkDSP CC compiler. FIR filter code with probe trigger call

In Vivado Lab Edition, in the ILA configuration page, change the trigger condition to:
(bce_port_wr ==1) AND (bce_port_id[0:7]==0x20) AND (bce_port[0:7]==0x01)

See Figure 43.
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Figure 43: Trigger conditions. Selection in Vivado Lab Edition 2015.2

In Vivado Lab Edition 2015.2, arm the hw_ila_1 core by pressing Run Trigger button in Hardware window.

Armed hw_ila_1 core will wait until the running AMP design comes to the point, where PicoBlaze6 calls this
dedicated function call pb2dfu_set(0x20, 1); as defined in FIR C code and the corresponding the PicoBlaze6
firmware. See Figure 42. ILA core will start to trigger 32K samples of all debug signals with the sampling rate 125
MHz. Data are captured and sent via jtag to Vivado Lab Edition 2015.2 for visualisation and analysis in the
waveform window. Data capture the detailed trace of the initial 32k clock cycles of the FIR filter computation as
defined by the SW fragment in Figure 42. See Figure 44. The red trigger is corresponding to the event.

We can zoom in the data and define additional markers. Selected markers indicate single elementary step of the
FIR filter. It takes 306 clock cycles (125 MHz = 8ns clock period) to compute the vector product of two floating
point vectors (coefficients and data), both with length 248*8=1984 elements and to update the data vector
(circular buffer).

This demonstrates how the Vivado Lab Edition 2015.2 [12] provides (in combination with the HW ILA support

instantiated in the design) sufficient level of visibility and debug capabilities for the developer of the (8xSIMD)
EdkDSP firmware.
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Figure 44: FIR filter waveforms after the trigger in Vivado Lab Edition 2015.2

While the AMP is running, we can modify the trigger condition and capture the initial phase of the LMS filter
Running on the same EdkDSP accelerator in the next phase of the demo.

In SDK, see edkdsp_cc/a/a_fp1124p0.c code implementing the LMS filter on the identical EdkDSP HW.

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

}

The dedicated additional function is sending (0x00 on port 0x20) this time. In Vivado Lab Edition 2015.2 modify
in the Trigger window the trigger condition for the same hw_ila_1 core to:

(bce_port_wr ==1) AND (bce_port_id[0:7]==0x20) AND (bce_port[0:7]==0x00)

In Vivado Lab Edition 2015.2, arm the hw_ila_1 core again by pressing Run Trigger button in Hardware window.
Armed hw_ila_1 core will wait until the running AMP design comes to the point, where PicoBlaze6 calls this
dedicated function call pb2dfu_set(0x20, 0); as defined in LMS C code and executed by the corresponding the
PicoBlaze6 controller inside of the EdkDSP accelerator. This will trigger new 32K samples of all debug signals
with the sampling rate 125 MHz and provide detailed trace of the initial 32k samples of the LMS filter
computation (see Figure 45 and Figure 46).
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Figure 45: LMS filter waveforms after the trigger in Vivado Lab Edition 2015.2

The red trigger is corresponding to the event. We can zoom in the data and define additional markers. Selected
markers to indicate single elementary step of the LMS filter. It takes 1155 clock cycles (125 MHz = 8ns clock
period) to compute the vector product of two floating point vectors (coefficients and data), both with length
248*8=1984 elements, update the data vector (circular buffer), compute the prediction error and adapt the
coefficients of the LMS filter (see Figure 46).

In Figure 46, the bce_op[0:7] debug signal is displayed in the analogue/hold mode and indicate the sequence of
vector operations issued by the PicoBlaze6 firmware, while implementing the LMS single step on the (8xSIMD)
EdkDSP vector unit.

The ARM code and the MicroBlaze code can be compiled with —00, ... , -O3 optimisations and executed under
both debuggers in combination with the ILA HW debug and visualisation in Vivado Lab Edition 2015.2. The —00
option provides lower performance on ARM and MicroBlaze, but the corresponding binary code includes no
transformations. This makes the co-debugging of the ARM and MicroBlaze C code easier.

The MicroBlaze debugger helps also in debugging of the interactions of the MicroBlaze with the EdkDSP
accelerator. Blocks of exchanged floating point data can be inspected and verified with support of MicroBlaze
debugger. The EdkDSP accelerator code is deterministic and all operations can be emulated in the MicroBlaze C
code, including the exact sequence of all floating point operations. The floating point unit cores of the
MicroBlaze for the ADD and MULT provide bit-exact identical results to the floating point units used in the
(8xSIMD) EdkDSP vector unit. This determinism secures, that the MicroBlaze code can deliver bit-exact identical
floating point results to the (8xSIMD) EdkDSP vector unit. This is used for verification of algorithms executed by
the EdkDSP accelerator.
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Figure 46: LMS filter waveforms in separate window and analog/hold format for bce_op
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Figure 47: Separate dashboard with display of temperature and voltage in Vivado Lab Edition 2015.2
The Vivado Lab Edition 2015.2 jtag based server supports continuous download of additional signals measure

in the ZYNQ fabric. Data can be opened in separate dashboard. See Figure 47.

The dashboard displays the temperature inside of the ZYNQ (round 55 degrees Celsius) and measures the
voltage of the VCCPINT rail (round 0,99V) with sampling rate 0,5 sec.

These measurements run in the background and does not influence the HW and SW running on the monitored
device.
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5. Evaluation version of the AMP demo on ZYNQ with (8xSIMD)
EdkDSP accelerator IP. Designed in Vivado 2015.2.

The enclosed Evaluation version of the AMP demo on ZYNQ with UTIA (8xSIMD) EdkDSP accelerator IP
designed in Vivado 2015.2 can be downloaded from UTIA www pages free of charge and used for evaluation
asymmetric multiprocessing on the TE0720-02-2IF, TE0720-02-1CF and the automotive TE0720-02-1QF system-
on-module [2] on the TE701-05 carrier board [3] together with four UTIA (8xSIMD) EdkDSP accelerators.

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

Precompiled designs with UTIA (8xSIMD) EdkDSP accelerators for the TE0720-02-2IF, TE0720-02-1CF and the
automotive TE0720-02-1QF system-on-module [2] on the TE701-05 carrier board, compiled in Xilinx Vivado
2015.2 [10]. The UTIA (8xSIMD) EdkDSP accelerators are compiled with HW limit on number of vector
operations. The termination of the nonexclusive, non-transferable evaluation license is reported in advance by
the demonstrator on the terminal.

The evaluation package includes SDK 2015.2 [11] SW projects related to the asymmetric multiprocessing on
ZYNQ with source code for MicroBlaze processor and ARM processor. SW projects support the family of UTIA
(8xSIMD) EdkDSP accelerators for the TE0720-02-2IF, TE0720-02-1CF and the automotive TE0720-02-1QF
system-on-module [2] on TE701-05 carrier board [3].

The evaluation package includes this compiled library:
libwal.a EdkDSP api (SDK 2015.2, MicroBlaze) for EdkDSP accelerators.

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

The evaluation package includes these binary applications for Ubuntu:
edkdsppp EdkDSP C pre-processor binary for Ubuntu in VMware Workstation 12 Player.
edkdspcc EdkDSP C compiler binary for Ubuntu in VMware Workstation 12 Player.
edkdspasm EdkDSP ASM compiler binary for Ubuntu in VMware Workstation 12 Player.

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

The evaluation package includes demonstration firmware in C source code for the Xilinx PicoBlaze6 processor for
the family of UTIA EdkDSP accelerators for the TE0720-02-2IF, TE0720-02-1CF and the automotive TE0720-02-
1QF system-on-module [2] on the TE701-05 carrier board [3].

The evaluation package also includes compiled versions of this firmware in form of header files .h. These
compiled firmware files can be used for initial test of the UTIA EdkDSP accelerators on the TE0720-02-2IF,
TE0720-02-1CF and the automotive TE0720-02-1QF system-on-module [2] on the TE701-05 carrier board [3].
without the need to install the UTIA compiler binaries and the Ubuntu image under the VMware Workstation 12
Player [9]. On email request to kadlec@utia.cas.cz , UTIA will send DVD with the Ubuntu image for the VMware
Workstation 12 Player [10] free of charge.
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6. AMP projects with evaluation version of (8xSIMD) EdkDSP

accelerator IP for the Artemis EMC2 project partners.
I —————————————

The release version of the AMP HW/SW Vivado 2015.2 projects for the TE0720-02-2IF, TE0720-02-1CF and the
automotive TE0720-02-1QF system-on-module [2] on the TE701-05 carrier board [3] with evaluation version
of the (8xSIMD) EdkDSP accelerator IP for the partners in the Artemis EMC2 project [8] can be ordered from
UTIA AV CR, V.v.i., by email request for quotation to kadlec@utia.cas.cz. UTIA will provide quotation by email.
After the confirmed order received by email to kadlec@utia.cas.cz, UTIA AV CR, v.v.i. will deliver (by standard
mail to the EMC2 project partners) a printed version of this application note together with DVD with
deliverables described in this section. UTIA AV CR, v.v.i., will also send to the EMC2 project partner (by email)
and by the standard mail the invoice for:

Release version of the AMP HW/SW Vivado 2015.2 projects on ZYNQ
with the evaluation version of the UTIA (8xSIMD) EdkDSP accelerator cores
for partners in the Artemis EMC2 project (without VAT) 0,00 Eur

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

Precompiled designs with UTIA (8xSIMD) EdkDSP accelerators for the TE0720-02-2IF, TE0720-02-1CF and the
automotive TEQ720-02-1QF system-on-module [2] on the TE701-05 carrier board [3], compiled in Xilinx Vivado
2015.2 [10]. The UTIA (8xSIMD) EdkDSP accelerators are compiled with HW limit on number of vector
operations. The termination of the nonexclusive, non-transferable evaluation license is reported in advance by
the demonstrator on the terminal.

The release version of the AMP HW/SW projects on ZYNQ with the evaluation version of the UTIA (8xSIMD)
EdkDSP accelerator cores for the Artemis EMC2 project partners includes source code of Vivado 2015.2 design
projects demonstrating the asymmetric processing on ZYNQ and the evaluation versions of the UTIA (8xSIMD)
EdkDSP accelerators provided in form of netlisted pcores compiled by Xilinx VIVADO 2015.2 [10]:

bce_fp12_1x8 0 _axiw_v1_10 c
bce_fp12_1x8 0 _axiw_v1_20 c
bce_fp12_1x8 0_axiw_v1_30 c
bce_fp12_1x8 0 _axiw_v1_40 c

These evaluation versions of UTIA (8xSIMS) EdkDSP netlist pcores are compiled with an HW limit on number of
vector operations. Partners in the Artemis EMC2 project [8] have nonexclusive, non-transferable license from
UTIA to integrate these evaluation netlists into their own Vivado 2015.2 [10] designs and to compile them to
unlimited number of bit-streams for the asymmetric multiprocessing designs on Xilinx ZYNQ FPGAs. This
nonexclusive, non-transferable license has no time restriction. The source code of the evaluation versions of
(8xSIMS) EdkDSP accelerators is an IP owned by UTIA and it is not provided in the release package to the Artemis
EMC2 project partners.

The package for the Artemis EMC2 project partners includes the SDK 2015.2 [11] SW projects in source code for
MicroBlaze as described in this application note. Projects support the evaluation versions of the UTIA (8xSIMD)
EdkDSP accelerators (in the netlist pcore format) for the TE0720-02-2IF, TE0720-02-1CF and automotive TEQ720-
02-1QF system-on-module [2] on the TE701-05 carrier board [3].
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The package for the Artemis EMC2 project partners includes the library:
libwal.a EdkDSP api (SDK 2015.2, MicroBlaze) for EdkDSP accelerators.

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

The package for the Artemis EMC2 project partners includes these binary applications for Ubuntu:

edkdsppp EdkDSP C pre-processor binary for Ubuntu in VMware Workstation 12 Player.
edkdspcc EdkDSP C compiler binary for Ubuntu in VMware Workstation 12 Player.
edkdspasm EdkDSP ASM compiler binary for Ubuntu in VMware Workstation 12 Player.

These binary applications have no time restriction. The Artemis EMC2 project partners have nonexclusive, non-
transferable license from UTIA to use these utilities for compilation of the firmware for the Xilinx PicoBlaze6
processor inside of the UTIA EdkDSP accelerators in precompiled designs. Source code of these binaries is
owned by UTIA and it is not provided in the evaluation package.

The package includes demonstration firmware in C source code for the Xilinx PicoBlaze6 processor for the family
of UTIA EdkDSP accelerators for the TE0720-02-2IF, TE0720-02-1CF and the automotive TE0720-02-1QF system-
on-module [2] on the TE701-05 carrier board [3].

The package also includes compiled versions of this firmware in form of header files .h. These compiled firmware
files can be used to evaluate the UTIA EdkDSP accelerators on the TE0720-02-2IF, TE0720-02-1CF and the
automotive TE0720-02-1QF system-on-module [2] on TE701-05 carrier board [3] without the need to install the
UTIA compiler binaries and the Ubuntu (x86 PC) OS image under the VMware Workstation 12 Player [9].

The release package deliverables also includes two DVDs with the Ubuntu (x86 PC) image for the VMware
Workstation 12 Player (free of charge). This image is provided to ease the installation of the UTIA EdkDSP C
compiler on Windows 7 64bit in VMware Workstation 12 Player [9].

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. AMP release version on ZYNQ with (8xSIMD) EdkDSP

accelerator IP. Designs in Vivado 2015.2.
I —————————————

The release version of the AMP demo on ZYNQ with UTIA (8xSIMD) EdkDSP package for designs in Vivado
2015.2 can be ordered from UTIA AV CR, v.v.i., by email request for quotation to kadlec@utia.cas.cz. UTIA
will provide quotation by email. After the confirmed order received by email to kadlec@utia.cas.cz, UTIA AV
CR, v.v.i. will deliver (by standard mail) to the customer the printed version of this application note together
with DVD 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 AMP demo on ZYNQ with UTIA (8xSIMD) EdkDSP package
for designs in Vivado 2015.2 (without VAT) 400,00 Eur

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

Precompiled designs with UTIA (8xSIMD) EdkDSP accelerators on the TE0720-02-2IF, TE0720-02-1CF and the
automotive TEQ720-02-1QF system-on-module [2] on the TE701-05 carrier board [3], compiled in Xilinx Vivado
2015.2 [10]. The UTIA (8xSIMD) EdkDSP accelerators included in these designs are compiled with no HW limit on
number of vector operations. Therefore, all these precompiled designs of the release package run without
limitations of the evaluation package.

The release package includes source code of Vivado 2015.2 [10] design projects demonstrating the asymmetric
processing on ZYNQ. The UTIA (8xSIMD) EdkDSP accelerator IP cores are provided in the form of netlist pcores
generated for Xilinx VIVADO 2015.2 [10]:

bce_fp12_1x8_0_axiw_v1_10 c
bce_fp12_1x8_0_axiw_v1_20 c
bce_fp12_1x8_0_axiw_v1_30_c
bce_fp12_1x8_0_axiw_v1_40_c

These UTIA (8xSIMD) EdkDSP netlist pcores have no HW limit on number of vector operations. The user of the
release package has nonexclusive, non-transferable license from UTIA to integrate these netlists into its own
VIVADO 2015.2 [10] designs and to compile them to unlimited number of bit-streams for designs on Xilinx ZYNQ
FPGAs. This nonexclusive, non-transferable license has no time restriction. The source code of the (8xSIMD)
EdkDSP accelerators is an IP owned by UTIA and it is not provided in the release package to the customer.

The release package includes SDK 2015.2 [10] SW projects in source code for MicroBlaze as described in this

application note. Projects support the family of UTIA (8xSIMD) EdkDSP accelerators on the TE0720-02-2IF,
TE0720-02-1CF and the automotive TE0720-02-1QF system-on-module [2] on the TE701-05 carrier board [3].
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The release package includes the library:
libwal.a EdkDSP api (SDK 2015.2, MicroBlaze) for EdkDSP accelerators.

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

The release package includes these binary applications for Ubuntu:

edkdsppp EdkDSP C pre-processor binary for Ubuntu in VMware Workstation 12 Player.
edkdspcc EdkDSP C compiler binary for Ubuntu in VMware Workstation 12 Player.
edkdspasm EdkDSP ASM compiler binary for Ubuntu in VMware Workstation 12 Player.

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

The release package includes demonstration firmware in C source code for the Xilinx PicoBlaze6 processor for
the family of UTIA EdkDSP accelerators for the TE0720-02-2IF, TE0720-02-1CF and the automotive TE0720-02-
1QF system-on-module [2] on the TE701-05 carrier board [3].

The release package also includes compiled versions of this firmware in form of header files .h . These compiled
firmware files can be downloaded into the UTIA EdkDSP accelerators on the TE0720-02-21F, TE0720-02-1CF and
the automotive TE0720-02-1QF system-on-module [2] on the TE701-05 carrier board [3] without the need to
install UTIA compiler binaries and the Ubuntu under the VMware Workstation 12 Player [9].

The release package deliverables also includes DVD with the Ubuntu (x86 PC) image for the VMware
Workstation 12 Player [9]. This Ubuntu image is provided by UTIA (free of charge) to ease the installation of the
UTIA EdkDSP C compiler on Windows 7 64 bit in the VMware Workstation 12 Player [9].

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 Il 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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