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1.EdkDSP | Pl nCorroeducti on

This report describes desigh compact HW system based on Zynq all programmable 28nm chipmétortwo

Arm A9 processors and programmable logic area. System is optimised for Ethernet connected computing nodes
serving for industrial automation, local data processing and data conuation. The documented HW
architecture is one of candidates for wider use within the ECSEL Productive 4.Q foojbe edge computing

node inthe Industry 4.0 solution2 carrier boards and 3 Zyng modules from Trenz Electronic are supported.

The demastrated Zynq systers includethe runtime reprogrammable 8xSIMD EdkDSP IP .clhreombines the
MicroBlazeand the floating point singlenstruction multiple data (SIMD) data flow unit (DFU). The SIMD DFU is
controlled by a rurtime reprogrammable finitestate machindmplemented by Xilinx PicoBlaze6 8 bit controller
with dedicated embedded (on Zynqg executed) C compiler.

Theapplication note describes the installation of the HW system,3keé API, algorithmic implementation and
mapping to the 8xSIMD EdBP IPPresented HW system is also compatible with the Xilinx SR8dIL4.1
design environment. The SDSoC is supporting automated compilation edefsged C/C++ ARM functions into
HW accelerators witkeveral types oflata movers (zer@opy, DMA, S®MA) and the automated integration of
generated acderators as amARM Linuxperating system or standalone application

Debian image is provided for the Zynq board in format of image for the SD card. Chapter 10 dassuibes
installtion of additional SW packages and templates to get compatibility whithowhead frameworkG4.0 Java
services. These services run together with the Arrowhead database on a separate RaspberryPi 3B board an
form example of an Arrowhead local clagkeFigure32.

& & 2\
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LR e e—

Figurel: TEO70305 carrier boardwith TEQ72803-14S1CZyng module
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2.1l mpl ementati on Details

TEO703-05/TE0706-02 +TEQ720-03-2IF/1QF/14S SDSoC/Petalinux 2017.4.1 EdkDSP C Compiler; EdkDSP IP
8 ,
= 1x/2x ARM Cortex A9 666/766 MHz (PetalLinux) 1x MicroBlaze 100 MHz Standalone
o)
i P "
Alg. wW Alg. in SW

8 ARM data Data sink MB data Sl Data sink
é source SDSoC Interf. (compare) source EJKDSP Interf. (compare)
2 T £t I £
< (EdkDSP C Compiler ) | ( EdkDSP Prog
>
N |- A »
= A A
Q ‘ £ —
g Data Local Local Data Mu- 8x DP |l |8x DP [ |8x DP
o Mover RAM T RAM Mover | | tex BRAMJj BRAMJj|BRAM
@
£ Clock: 50 MHz 2 ', S . S, 3
g SDSoC 100 MHz PicoBlaze6 - | EdkDSP Floating point
2 Alg. in HW 120 MHz Prog. FSM 8x SIMD data paths 1

150 MHz ’ ’

Figure2: SDSoC compatible Zysystem with8BxSIMDEdkDSPdhting point accelerator

Evaluation systenparameters

The evaluation systeraupportstwo Trenz Electronicarrier board (TE070305 and TEQ70602) [3] and three

types ofTrenz ElectroniZynq moduls[1]:

1 TEO072003-2IF is an industrial grad€Tj =-n n c / {icd mdslwe speed 2 withdual core Arm A9,
The dual core Arm A9 and the PL pae fasterin comparison to the other two modules.

 TE072003-1QFis an automotive gradéTj =-n nc / @ & Mmdswey speed with dual core Arm A9.
This module can be used in applications requivinde temperature rangeModule is more expensive.

 TE072@03-14S1Cis acommercial gradét 2 I 1 ¢ Ymodulg, spesd A witlsinglecore Arm Cortex A9
and reduced programmable lodieL)size This idow cost modulesuitable for cost sensitive applications.

 TEO072@3-1CFASis a commercial grad€¢(@ ' n c Ymodulg, sgesd witllual core Arm Cortex A9.
This isassembledstarter kit with the TE072003-1CFAmodule, heat sink, TEO70305 carrier board, USB
cable SD card anthe 5V/4A power supply.

Main parameters ofhesemodulesare summarised irrable 1.
Tablel: Paraneters ofsupportedZyng nodules

Module Xilinx Zyngdevice | ARMA9 | A9dlock | Slices | LUTs | REG | BRAMs| DSPs|
TE072603-2IF XC7Z02@CLG484I 2x | 766MHz| 13300| 53200] 106400]  140| 220
TEO72003-1QF | XA7Z020lCLG484Q  2x | 666MHz| 13300| 53200] 106400|  140| 220
TE072603-14S1C | XC7Z0143CLG484¢  1x | 666MHz| 13300| 40600| 81200 107| 170
TE072003-1CFA | XC7Z02CLG48¢ 2x | 666MHz| 13300| 53200| 106400] 140| 220
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ThePLpart of the 28nmZynq device contains:

9 Therun-time reprogrammableé3xSIMD EdkDSP floating point BeC It is usind.20 MHz clock in case thfe

faster TEO72@3-2IF module and00 MHz clock in case tfe other two modules.

MicroBlaze 32 bit soft core processor operating at 100 MHz.

One of HW acceleratoigenerated inXilik SDSoC 2017.4.1 from C/C++ reference SW ARM A9 function and
operating with 150 MHz, 1201Hz,100 MHzor 50 MHzclock

)l
T

TheEdkDSHP Coreas 8xSIMD floating point accelerator. It is reprogrammable in runtime by change of firmware
of aPicoBlaze6 8bit controller. The PicoBlazeftroller schedules vector opet@ans performed in the8xSIMD
floating point data paths. The PicoBlaze6 controller serves-psogrammable finite state machine (FSM). It is
programmed by firmware compiled tan EdkDSEE Compiler and Assembler.

The EdkDSP C Compiler argseinblerare implemented as application programs running on the embedded
PetaLinuxX2017.4.1operating system. Th&xSIMCEdKDSHPis controlled by the 32bit MicroBlaze prasor.

TheMicroBlaze rungprograms from the DDR3 memoryhe DDR3 is interfaced by an Instruction and Data cache
(32k x 32bit) with HPO AXI interface

The 8xSIMDEdKDSRP is connected to the MicroBlaze by local dyabrted memories. MicroBlaze implements
data communiation from DDR3to 8xSIMDEdKDSP duglorted memoriesin software.This communication is
performed in parallel withhe 8xSIMD parallel floating point computationthe 8xSIMDEdAKDSHP.

Parameters of the 8xSIMD EdkDSP IP core

8x SIMDEdKDSP floatingoint acceleratollP core supports 8xSIMD vector floating point operations performed
from/to dual-ported BRAMSs A, B , Z. Each ¢uaited BRAM has 8 parallel layers of 1024b82vords. The set

of supported floating point operations is different for diféat grades [10]20]|30|40] of the 8xSIMDEdkDSP
accelerator IB. Thesupported floating point operations are summarisedliable 2.

9 The acceleratobce fpl2 1x8 0 axiw_vl1 16 areaoptimized and supports only data transfers and vector
floating point operations FPADD, FPSUB in 8 SIMD data paths.

9 The acceleratobce_fpl2_ 1x8 0_axiw_v1 28erforms identical operations as
bce fpl2 1x8 0 _axiw_vl 10 plieetvector floating point MAC operations in 8 SIMD data paths. MAC is
supported for length of vectors 1 up to 10. This accelerator is optimized for applications like floating point
matrix multiplication with one row and column dimensions <= 10.

9 The accelermr bce_fpl2_ 1x8 0_axiw_vl_ 3upports identical operations as
bce fpl2 1x8 0 _axiw_vl 20 plus Hdtelerated computation of the floating point vectby-vector dot
product operators performed in 8 SIMD data paths. It is optimized for parallel computdtigmto 8 FIR or
LMS filters, each with size up to 250 coefficients. It is also efficient in case of floating point matrix by matrix
multiplications, where one of the dimensions is large (in the range from 11 to 250).

9 The acceleratobce fpl2 1x8 0 axiw I 40supports identical operations as
bce fpl2 1x8 0 axiw_vl 30 plus an additional HW support of dot product. It is computed in 8 data paths
with HW:supported windup into single scalar result propagated into all SIMD planes.

Allbce_fp12_1x8_0_axiw_v11p|20|30]40] accelerates support single data path fgipelined,floating-point
divisionoperationswith vector operands taken from the firstNBD plain and the result igropagated into all 8
SIMD plains.

Allbce_fpl2 1x8 0 axiw_vl [10]20]30|40hccelerators are suitable for applications like adaptive normalised
LMS and NLMS filters asduare root free versions of adaptive RLS QR filters and adaptive RLS LATTICE filters.
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Table2: (8xSIMD) EdkDSP bce fpl2_ 1x8 40 accdi@raector operations.

Name in MicroBlaze C value (dec)

8xSIMD Floating point Operation

WAL_BCE_JK_VVER = 0 | Return capabilities of the (8xSIMD) EdkDSP accelerator

WAL_BCE_JK_VZ2A = 1 | 8XSIMD copy fi] <= z[j]; m=1..8 IP core: 10,20,30,40
WAL_BCE_JK_VB2A = 2 | 8XxSIMD copy nfi] <= by[j]; m=1..8 IP core: 10,20,30,4(
WAL_BCE_JK_VZ2B = 3 | 8XSIMD copy offi] <= z[j]; m=1..8 IP core: 10,20,30,4(
WAL_BCE_JK_VA2B = 4 | 8xSIMDopy Ki[i] <= a[j]; m=1..8 IP core: 10,20,30,4(
WAL_BCE_JK_VADD = 5 | 8xSIMD add nfi] <= &[j] + bm[k] ]; m=1..81P core: 10,20,30,4
WAL_BCE_JK_VADD_BZ2A= 6 | 8xSIMD add i] <= hy[j] + z[k] ]; m=1..81IP core: 10,20,30,4
WAL_BCE_JK_VADD_AZ2B= 7 | 8xSIMD add i] <= a[j] + z[k] ]; m=1..81P core: 10,20,30,4
WAL_BCE_JK_VSUB = 8 | 8xSIMD sub #i] <= &[] - bm[k]; m=1..8 IP core: 10,20,30,4
WAL_BCE_JK_VSUB_BZ2A= 9 | 8xSIMD sub di] <= ky[j] - Zn[k]; m=1..8 IP core: 10,20,30,4(

WAL_BCE_JK_VSUB_AZ2B= 10

8xSIMD sub }i] <= &[j] - zn[k]; m=1..8 IP core: 10,20,30,4(

WAL_BCE_JK_VMULT =11

8xSIMD mult #i] <= &[j] * bm[k]; m=1..8 IP core: 10,20,30,4

WAL_BCE_JK_VMULT_BZ2A 12

8xSIMDmult ay[i] <= bn[j] * zm[k]; m=1..8 IP core: 10,20,30,4

WAL_BCE_JK_VMULT_AZ2B 13

8xSIMD mult R[i] <= a&n[j] * zm[k]; m=1..8 IP core: 10,20,30,4

WAL_BCE_JK_VPROD =14

WAL_BCE_JK_VMAC =

15

8xSIMD vector products: IP core: 30,40
Zn[i] <= &'[j..j+nn]*bm[k..k+nn]; m=1..8; nn range 1..255
8xSIMD vector MACs: IP core: 20,30,40

Zy[i..i+nn] <= g[i..i+nn] + &[j..j+nn] * by[k..jk+nn];
nn range 1..13

WAL_BCE_JK_VMSUBAC = 16

8xSIMD vector MSUBACs IP core: 20,30,40
Zy[i..i+nn] <= g[i..i+nn]- aq[j..j+nn] * by[K..jJk+nn];
nn range 1..13

WAL_BCE_JK_VPROD_S8 =17

8xSIMDvector product (extended) IP core: 40
Zn[i] <= ( @[..J+nn]*b4[k..k+nn]+af..j+nn]*bz[k..k+nn])
+ (&'J..jrnn]*bak..k+nn]+@[j..j+nn]*ba[k..k+nn]) )
+
( @&'[..jtnn]*bs[k..k+nn]+@[j..j+nn]*bg[Kk..k+nn])
+ (&'[j..j+nn]*b[K..k+nn]+g]j..J+nn]*bg[k..k+nn]) );
m=1..8; nnrange 1..255

WAL_BCE_JK_VDIV =20

vector divisionextended) IP core: 10,20,30,4

Zu[i] <= a[j] / by[k]; m=1..8
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Ports of the 8xSIMIEJKDSP accelerator

1 bce_atoa]0:9] Memory A address (addressing 1024 32 bit floating point values)
1 bce_atob[0:9] Memory B address (addressing 1024 32 bit floating point values)
1 bce_atoz[0:9] Memory Z address (addressing 1024 32 bit floating point values)
1 bce_done[0:7] Vector operation in progress or finished
1 bce_led4b[0:3] 4 bit output, intended for ledignalling. (Unconnected in the evaluation desjgn
1 bce_mode[0:3] Mode of the communication protocol PicoBlazddicroBlaze
1 bce_op[0:7] Vector operation to be performed.
1 bce_port[0:7] 8 bit output pot. (Unconnected in the evaluation desjgn
9 bce_port_id[0:7] 8 bit output External port address.
Address space [0x0 ... Ox1F] is reserved for optimizatstruction of the VLIW
instruction to the 8xSIMD vectgrocessing unit of the EAKDSP.
Address space [0x20 0xFF] can be used by thser.
1 bce port_wr 1 bit output. Write strobe for write of 8 bit data to the external port address.
1 bce r pb 1 bit output. Reset of the PicoBlaze6.
1 bce_we 1 bit output. Write strobe signals start of execution of a VLIW instruction by the
8xSIMD vector proasing unit of the EdKDSP.
1 bce_dip4b[0:3] 4bit input (Connected to a constant in the evaluation dekign
1 Bce_gpi8b[0:7] 8bit input (Connected to a constant in the evaluation deksign
system_ila_0
EdkDSP_0 —
clk
bce_atoa[0:9] - probe0[0:9]
bce_atob[0:9] = probe[0:9]
bce_atoz[0:9] L probe2[0:9]
.- . bce_done[0:7] = probe3[0:7]
—i 4 s axi 2
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= be_gpi8b[7:0] bce_port[0:7] " probe7[0:3]
- bce_port_id[0:7] probe8[0:7]
bce_port_wr 4 - probe9[0:7]
bce_r_pb s [ probe10[0:7]
bce_we . probe11[0:0]
System ILA

Figure3: 8xSIMCEdKDSP floating point accelerator IP amith System ILA

Interface of the 8xSIMD EdkDSP t##the MicroBlazeprocessor

The EdkDSP IP core is connected to the 100 MHz MicroBlaze processor via the 100 MHz 32bit AXI lite bu
represented by ports_axj 100 MHz clock inputaxi_aclkand an asynchronous reset sigradi_aresetn Se

Figure3.
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Thedebug ports are used for the retiine visualisation, debug and analysis of the computation implemented
insideof the 8xSIMD data flownit (DFU)f the (8xSIMD) EdKDSP acceleratoif ti's makes easier to debug the
compiled PicoBlaze6 firmware codeheimplemented in circuit logic analyseystemILA debug probescan
capture 819ata samplesn case of TEOQ7208-2IF and TE07203-1QF moduleand 2048 data samples in case
of TE072M3-14S1C module.SystemILA provides visibility for the auto-generated addresses anfbr the

detailedschedule 6vector operation in the 8xSIMD EdkDBRore See Figure3.

Figure 4 presentsconnection of the two parts of the 8xSIMD EdkDSP IP core.
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Figure4: Internal details of8xSIMD) EdkDSP floating point accelerator IP core.

Allbce_fp12_1x8 0 _axiw_v1 [10]|20|30|40] acceleratorsrsions have identical Edk IP part.

The DSP part has identical ports and connectivity lobce_fpl2_ 1x8 0 axiw_v1_[10]20]|30|40] accelerators
versions.

The Edk part of th&dkDSP fhting point accelerar IP corebce _fpl2 1x8 0 axiw_vl Oimcludes inside the
PicoBlaze6 controller, its program memaries PO and P1 and the 8xSIMpodigal blockram memories 8xA,

8xB and 8xZ designed for parallel accessbtkefpl2 1x8 0 axiw_vl OIP is designed in the Xilinx System
Generator 14.5 and ported to the Viva@017.4.1compatible IP coreThe PicoBlaze6 firmware executes C code
and supports C constructs like loops, while, if, else, function calls etc.

The first of the two ports of Ablockrams are accessed liye MicroBlaze as memory via the At bus.
1 The second of the two ports of both program memories PO and P1 are connected to the PicoBlaze6
controller.
1 The second of the two ports of all data memories 8xA, 8xB and 8xZ ameated to the floating point
data paths of the data flow unit (DFU) unit and support parallel access.
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The DFUbce_fpl2 1x8 0 dsps designed in the Xilinx System Generator for R8P7.4.1 It contains 8
pipelined floating point ADD units, 8 pipelineddting point MULT unitand one pipelined floating point DIV
unit. The DFU sygorts all vector operations defined ifiable 2.

9 The 100bit VLIW instruction is transferred in two 50bit pontsm_bce i leandmem_bce_i_hi The
VLIW instruction is set by dedicated PicoBlaze6 output portsT Sele 3.

T
)l

The 8xSIMD data flow unit executes 8xSIMD floating point operations defifedbia 2.
The concrete 8xSIMD operation is defined by the PicoBlBfd® ORBbit output register driving the

mem_bce_opport of the bce_fpl2_1x8 0_axiw_vl 0 _t°. The transfer of the complete VLIW
instruction (100+8 bits) is triggered by the write strobe signaim_bce_we It is activated by PicoBlaze6
program write of the 8xSIMD operatidd~U_OPSe€Table 3.

The 8xSIMD data flow un{DFU)indicates end ofthe operation in the8bit output port mem_bce_done
PicoBlaze6 program can execute few instructions in parallel to the 8xSIMD operation defidied i®PENd of
the 8xSIMD operation is detected by the PicoBlaze6 program by reading ioout 8bit port mem_bce _done
PicoBlaze6 firmware defines the sequence of VLIW instructions for the 8xSIMD DFUitsritelljcatedoutput
registers PicoBlaze@ddresses of these dedicated output registers are ligtethble 3.

Table3: PicoBlaze6 ports forming VLIW instruction for the 8xSIMD EdkDSP data flow unit.

PicoBlaze6 registers used for definition of | Format VLIW Description of sections defined in the
the 100 bit wide VLIW instruction for the | [msb..Isb] | [2x 50bit] VLIW instruction for the EAKDSP Dat
EdkDSP Data Flow Unit mem_bce_i_hi| Flow Uni
mem_bce_ilo
[00b,DFU_CNT [2bit,8bit] | 10 bit [49.40] | Number of 8xSIMD steps (0 .. 255)
[00b,DFU_ZING [2bit,8bit] | 10 bit [39..30] | Auto increment of Z address (0 .. 255
[DFU_ZMEM_BANKDFU_ZMEM_SADDR| [2bit,8bit] | 10 bit [29..20] | Set Z address after auto incr overfloy
[DFU_ZMEM_BANKDFU_ZMEM_ADDR | [2bit,8bit] | 10 bit [19..10] | Initial Z address
[00b,DFU_BING [2bit,8bit] | 10 bit [09..00] | Auto increment of B address (0255)
[DFU_BMEM_BANKDFU_BMEM_SADDR| [2bit,8bit] | 10 bit[49..40] | Set B address after auto incr overfloy
[DFU_BMEM_BANKDFU_BMEM_ADDR | [2bit,8bit] | 10 bit[39..20] | Initial B address
[00b,DFU_AING [2bit,8bit] | 10 bit[29..20] | Auto incrementof A address (0 .. 255
[DFU_A MEM_BANRFU_A MEM_SADDF [2bit,8bit] | 10 bit[19..10] | Set A address after auto incr overfloy
[DFU_A_MEM_BANRFU A MEM_ADIR| [2bit,8bit] | 10 bit[09..00] | Initial A address
[0000b,PBP_REGD1 [4bit,4bit] | 8 bit Set actual VLIW instr. memory (0 .. 1
[DFU_OP [8hit] 8 hit Execute SIMD operation with
parameters in the actual VLIW instr.
memory (set by thé®BP_REGQqibrt).
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B3EdKDSP | PPICooRBl aze6 C Application

The EdKDSP compilembedded compilation of simple C and ASM programs or the PicoBlaze6 controller
PicoBlaze6 n@ograms can use predefineahd precompiledibrary functions listed inTable 4. Functions are
optimized inthe PicoBlaze6 assembleode and occupyfixed area of the firmware and serve e@mmonsimple

API for C and ASM PicoBlaze6 programs.

PicoBlaze6 firmware imagevith precompiled support functions is present in MicroBlaze header file
fill_def_program_store.hPicoBlaze6 application prografirmware is merged with this precompiled image by
the MicroBlaze S\grogram.

Table4: PicoBlaze6 precompiled suppdunctions

PicoBlaze6 predefined functions | Description

unsigned char mb2pb_read_data(); Singleunsigned chafrom MicroBlaze to PicoBlaze6

void pb2mb_write(unsigned char data); Singleunsigned chafrom PicoBlaze6 to MioBlaze

void pb2mb_eoc(unsigned char data); EOQunsigned charfrom PicoBlaze6 to MicroBlaze

void pb2mb_req_reset(unsigned char data) Request from PicoBlaze6 to MicroBlaze to initiate PB reset

void pb2mb_reset(); Information from PicoBlaze6 tdicroBlaze- PB reset

void pb2dfu_set(unsigned char mem, Setone section of th&/LIWinstruction for the data flow unit

unsigned char data); (DFUYo anunsigned char data/LIW instruction sectiorsre
addressed as PicoBlaze6 8bit output ports defiimetiable3

void pb2dfu_wait4hw(); PicoBlaze6 function is waiting for the termination of data fl
unit operation.

unsigned char led2pb(); Write from PicoBlaze6 to 4 bit led output port

unsigned char btn2pb(); Read from 4 bit input port to PicoBlaze6

unsigned char hex_h(unsigned char ch); Translate upper 4 bit nilde of anunsigned chato ascii

unsigned char hex_l(unsigned char ch); Translate lowed bit nilble of anunsigned chato ascii

void pb2lcd_ascii_char(unsigned char ch, | Write from PicoBlaze6 to LCD asci alphanumerical display

unsigned char pos);
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4 EdkDSP | PMiCor @BGQ afpepl i cati on I nter

MicroBlaze program isesponsible for data communication, programming and initialization of the PicoBlaze6
and global scheduling of the implemented algorithithe API providing MicroBlazePicoblaze6 interface is
called Worker Abstraction Layer (WAL).
1 8xSIMD EdkDSRemory pontersand program memory pointers (from MicroBlaze viewg definedin
Tableb.

1 WAL error codes are defingad Table6.
1 8xSIMD EdkDSP is supported by API functiohectedin the WALAPI ardisted and describedn Table
7.
Table5: MicroBlaze access names to 8xSIMD EdkDSP memory banks
MicroBlaze access hames Descriptionof the 8xSIMD EdkDSP memory banks
WAL _BCE_JK _DMEM_A index of the A data memotyanks (8x [0..1023] 32bit words)
WAL _BCE_JK _DMEM_B index of the B data memotyanks (8x [0..1023] 32bit words)
WAL _BCE_JK_DMEM Z index of the Z data memorpanks (8x [0..1023] 32bit words)
WAL_CMEM_MB2PB index to MB2PB control memory (the contreljisterof the worker)
WAL_CMEM_PB2MB index to PB2MB control memory (the status regigiethe worker)
WAL_PBID PO index to PO control memory (PicoBlaze program memory 1)
WAL_PBID P index to P1 control memory (PicoBlaze program memory 2)
Table6: MicroBlaze WAL error codes
MicroBlaze WAL codes Value Description
WAL_RES_OK 0 all is OK
WAL_RES_WNULL 1 argument is a NULL
WAL_RES _ERR -1 generic error
WAL_RES_ENOINIT -2 not initiated
WAL_RES _ENULL -3 null pointer
WAL_RES_ERUNNING -4 worker is running
WAL_RES ERANGE -5 index/value is out of range

Table7: MicroBlaze API functions for communication with 8xSIMD EdkDSP IP core

MicroBlaze API functions for communicatiomith 8xSIMD EdkDSIP core

wal_init_worker() - generalised function for worker initialising
*wrk isa pointer to the worker structure

This function is designed for calling from user applicafidgre function checks if thewrk structure is prepareq
to initiate worker(the family description structure must be set). Then the assigned fduarittion (init_wrk())
is called. In the called function all arrays of pointershared memories should be initiated.

Return Value: Téafunction returns return cde WAL_RES_OK if successful\ael_RES _E... if any error occl

int wal_init_worker(struct wal_worker *wrk);
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wal_done_worker- generalised function for worker clearp

*wrk isa pointer to the worker structure

This function is designed faralling from user applicationThe function calls done function (done_wrk
assigned to family descriptiostructure. In the called function all dynamically allocated workeguctures,
memories and resources should be clagnand released if thelgave keen created in the worker init function

Retun Value: The function return/ AL_RES ... codes.

int wal_done_worker(struct wal_worker *wrk);

wal_reset_worke() - generalised function for worker hard reset

*wrk isa pointer to the worker structure

This function is designed for calling from user applicatibhe function calls reset function (reset wrk
assigned to the famildescription structure. In the called function the worker control registrsuld be reset
(by HARD RESET bit in the woddaartrol register). The resés not acknowledged by accelerator.
Retun Value: The function returid&/AL_RES ... codes.

int wal_reset_worker(struct wal_worker *wrk);

wal_start_operation) - generalised function for starting operation on the accelerator

*wrk isa pointer to the worker structure*pbid isanindex of used PB firmwaréeNAL_PBID_...)

This function is designed for calling from user applicatidre function checks if the accelerator is in the i
state and thenit calls function forstarting operation (start_op()) assigned tlee family description structure|
The called function should stad new accelerator operation by setting accelerator control register
checking status register. This function is blocking, i.e. it waitadorowledgement from accelerator.

Retun Value: The function returi&/AL_RES ... codes.

int wal_start_operation(struct wal_worker *wrk, unsigned int pbid);

wal_end_operatior() - generalised function for finishing operation on the accelerator
*wrk isa pointer to the worker structure

This function is designed for calling from user applicafidre function checks if the accelerator is in process
state and therit calls function for ending operation (end_op()) assignethtofamily descriptiorstructure. The
called function should stop processingeration on the accelerator. And it waits for synchronization with
accelerator, therefore the function is blocking.

Retun Value: The function returin&/AL_RES ... codes.

int wal_end_operation(stuct wal_waorker *wrk);

wal_mb2ph() - generalised function for setting worker control register
*wrk isa pointer to the worker structuredatais user datato be sendo worker control register

This function:is designed for calling from uagplication.The function calls function for setting worker conti

(=] .
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register (mb2pb())assigned to the family description structure. The called function sheetdl user dats
through control register with controlling READ bit. It shaallsb waits for syrfwronization with accelerator.

Retun Value: The function return&/AL_REX codes.

int wal_mb2pb(struct wal_worker *wrk, const uint32_t data);

wal_pb2ml() - generalised function for reading worker status register

*wrk is a pointer to the workerstructure. *data is a pointer to an output buffer where read user data
written.

This function is designed for calling from user applicatidre function calls function for reading worker stat
register (pb2mb())assigned to the family description stture. The called function shouletad user data
through worker status register with waiting feynchronization with accelerator.
Retun Value: The function return&/AL_REX codes.

int wal_pb2mb(struct wal_worker *wrk, uint32_t *data);

wal_mb2cmeng) - generalised function for writing block of data to any worker control or suppa
memory

*wrk is a pointer to the worker structurememid is an index of control/support memory where data a
written to ( WAL_CMEM_... otWAL_... SMEM__...lnemoffs is offset in selected memory (in words not
bytes) outbuf is a pointer to memory where data are read frorien isa number of words to copy fromutbuf
to accelerator control memory

This function is designed for calling from user applicatidre functon checks index of the required memqg
and then it calls functiofor writing data to any control/support memory (mb2cmem()) assigned to the
family description structure. The called function should gegiointer to the right memory according to thg
required indexmemid. For accessing suppomemories they have to define indices greater then indices
control memories. Then the called function should cogpylock of data from CPU memonutbuf to an
accelerator contol/support memory selected bsnemid andoffset in selected memorgnemoffs.

Return ValueThe function return®AL_RES ... codes.

int wal_mb2cmem(struct wal_worker *wrk, unsigned int memid,
unsigned int memoffs, const uint32_t *outbuf, unsigned int len);

wal_cmem2mlf) - generalisedfunction for readinga block of data from any worker control or suppd
memory

*wrk is a pointer to the worker structurememid is an index of control/support memory where data are re
from

(WAL_CMEM_... oWAL_... SMEM_..nemoffsis offset in selected memory (in words not in byte$hnbuf

is a pointer to memory where data are written téen is anumber of words to copy fromaccelerator control
memory.

This function is designed for calling from user applicatidre function checks index of the required memqg
and then it calls functiorior reading data from any control/support memory (cmem2mb()) assigned to
family description structure. The called function should gegiointer to the right memory &cording to the
required indexmemid. For accessing suppomemories they have to define indices greater then indices
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control memories. Then the called function should capllock of data from theaccelerator conbl/support
memory selected bynemid and offset inselected memorynemoffs.

Retun Value: The function returi&/AL_RES ... codes.

int wal_cmem2mb(struct wal_worker *wrk, unsigned int memid,
unsigned int memoffs, uint32_t *inbuf, unsigned int len);

wal_mb2dmen() - generalised function for writing block of data to any worker data memory

*wrk isa pointer to the worker structuresimdidis anindex of SIMD which data memories are indexadmid
is an index of control/support memory where data are written toAL_CMEM _... o'WAL ... SMEM _...
memoffs is offset in selected memory (in words not in byte$yputbuf is a pointer to memory where data ar
read from lenisanumber of words to copy fromgutbuf to accelerator control memoty

This function is desigul for calling from user applicatioithe function checks index of the required mem
and then it calls functioffor writing data to any data memory (mb2dmem()) assigned tofémaily description
structure. The called function should gepointer to theright memory according to #required SIMBimdid

and memory indexnemid. Then the called function should copylock of data from CPU memotputbuf to

the accelerator data memory with offset inside the seleateeimorymemoffs.

Retun Value: The function returi&/AL_RES ... codes.

int wal_mb2dmem(struct wal_worker *wrk, unsigned int simdid, unsigned int memid,
unsigned int memoffs, const void *outbuf, unsigned int len);

wal_dmem2mk) - generalsed function for writinga block of data to any worker data memory

*wrk is a pointer to the worker structuresimdidis anindex of SIMD which data memories are indexaedmid
is an index of control/supportmemory where data are read frofaWAL_CMEM_... o'WAL_... SMEM__...
memoffs is offset in selected memory (in words not in bytesnbuf is a pointer to memory where data ar
written to. len isa number of words to copy froraccelerator control memory

This function is designed faaling from user applicationThe function checks index of the required mem
and then it calls functiorfor reading data from any data memory (dmem2mb()) assigned to famaily
description structure. The called function should get pointer to tiglht memoly according to the requireq
SIMD simdid and memory indexmemid. Then the called function should comyblock of data from the
accelerator data memory with afét inside the selected memorgemoffs.

Retun Value: The function return&/ AL_RES ... codes.

int wal_dmem2mb(struct wal_worker *wrk, unsigned int simdid, unsigned int memid,
unsigned int memoffs, void *inbuf, unsigned int len);

wal_set_firmwarg) - generalised function for writing PicoBlaze firmware
*wrk is a pointer to the worker structurepbid is an index of used PB firmwareWAL_PBID_...¥fwbuf is a

pointer to a firmware in CPU memoryvsizeis asize of the firmware in words, it can be a negative value tg
full firmware (4096n0rds)

Thisfunction is designed for calling from user applicati®he function checks if all arguments are correct i
then it calls functiorfor writing PB firmware (set_fw()). The called function should copy firmrar CPU
memory *fwbuf to PicoBazeb program menory in the accelerator. TheB program menmy is selected by thé
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argumentpbid. The firmware needn't be full 409%ord long. The firmware length (in wordsan be set by thg
argumentfwsize If the fwsizeis a negative valugyou can use defined value WAIW_WHOLE) the functig
assumes the FW lengtk 4096words.

Retun Value: The function returi&/AL_RES ... codes.

int wal_set_firmware(struct wal_worker *wrk, int pbid, const unsigned int *fwbuf, int fwsize);

wal_bce jk _get _i€) - implementation of the worker get_id() function for the BCE_JK families

*wrk is a pointer to the worker structurepbid is an index of used PB firmwareWAL_PBID_...putval isa
pointer to an output buffer for read worker ID

The function emulateseading worker ID from hardware because the BCHadKlies don't support thig
operation in the hardware.

Return Vale: The function always retur’¥AL_RES_OK.

int wal_get_id(struct wal_worker *wrk, int pbid, unsigned int *outval);

wal_bce jk get caf) -implementation of the worker get_cap() function for the BCE_JK families
*wrk is a pointer to the worker structurepbid is an index of used PB firmwareWAL_PBID_...Youtval is a
pointer to an output buffer for read capabilities

The function seds operation WAL_BCE_JR/ER to accelerator, reads tiverker capabilities andeturns the
read value in the dutval buffer.

Retun Value: The function returid&/AL_RES ... codes.

int wal_get_capabilities(struct wal_worker *wrk, int pbid, unsigned ifibutval);

wal_bce jk _get_lif) -implementation of the get_lic() function for the BCE_JK families
*wrk is a pointer to the worker structurepbid is an index of used PB firmwar&{AL_PBID_...Joutval is a
pointer to an output buffer for read license

The function reads the license from terker. For BCE_JK families tleense is a 2bit license dovaounter
contained in the value returnedby accelerator operation WAL_BCE_JK_VVER. The 2bit license coy
returned in the*outval buffer.

Retun Value: The function return&/ AL_RES ... codes.

int wal_get_license(struct wal_worker *wrk, int pbid, unsigned int *outval);

All worker abstraction layer API functions listedable7 are precompiled into thévlicroBlaze libraryval.aand
declared in MicroBlaze header filesl.nandwal_bce_jk.h.

The worker abstraction layer API functions listedTable 7 support instantiation of several (more than 1)
instances of the 8xSIMD EdkDSP IP core.
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5. EdkDSP | Pl €Cioegr ati on with dual cor
. ________________________________|

The 8xSIMDdKDSP IP core is integratedh tester systemwith architecture presented in
Figure2 and photo of the HWhresented inFigurel and Figureb.

The dual core ARM Cortex A9 systemsconfigured PetaLinu®017.4.1operating systenand supports:

M Ethernet 1 Gbit
1 SSHtelnetz C¢t = X
1 The system image is located on SD card. After the initial, loetfile systems decompressed tolte
RAM FS in DDR3. The SD &iggdsystems mounted and visible in the running Peiaux
Symmetricamultiprocessing on two ARM A9 processors
SDSo0@017.4.1generated HW accelerators with data movers based on:
o0 Simple DMA with HW supported data movers (DMA data width 32bit or 64bit) with no ARM
interrupts. Simple DMA requires allocation of continuous meyspace
0 SG DMA with data movers (DMA data width 32bit or 64bit) with ARM interrupts. SG DMA can
work with continuous allocation of memory or with standard Linux allocation of memory,
where the continuous allocation is not guaranteed.
o HW data movers amected to the advanced cache coherent port resolving in HW the cache
coherency of dual core ARM access and data mover access to DDR3.

=A =

The MicroBlaze processor and the 8xSIMD EdKDSP IP core require initialisation and synchronisation with Linu
and the duadcore ARM subsysterithis is arranged bie following configuration ofeserved DDRBemory (1
GB)

Table8: Organisation of DDR3 memory

Memory Area(in Bytes) Size Description

nEnnnn nnnn X 640 MByte | Memory managed by standard Linux memory allocation

mechanism. Used by dual core Arm A9 gyetrical

multiprocessing 32 bit Linux

NnEHyY nn n ORFFFFX 1 M Byte Reserved for MicroBlazeARM communication

It iscontinuousmemory reserved in Linux nfiguration
nEHynn nn nORFF 4 kByte Reserved for BdBlaze6 fO firmwaréMicoBlaze and ARM
0x2800n n n X 1FER 4 kByte Reserved for PdBlaze6 flirmware (MicoBlaze and ARM
0x28002000X 1 E RRFRK 4 kByte Reserved for PdbBlaze6 f2Zirmware (MicoBlaze and ARM
0x28003n nn X 3FER 4 kByte Reserved for BoBlaze6 f3irmware (MicoBlaze and ARM
0x28004n n n X F RAER Reserved| Reserved fo8xSIMD EdKDSP data (MicoBlaze and A

NnEnywmn nnnn X 15 MByte | MicroBlaze programd data Microblaze processor IP is

configured for execution of its code from 0x28100000.

It isa part of the continuous memory reserved in Wn

NEW! nn nnnn X 112 MByte | Continuous memory reserved fgideo frame buffers

nEonnn nnnn X |256MByte | Memoryreserved for SDSoC data mover and DMA driver,

Linux user application usdke four reserved 4k Byte aredsr copy of fourPicoBlaze6 firmwar@rograms.

These programs can be compiled on the dual core ARM A9 from the C and ASM sousstotedas asci files

on the mounted SD cardile system Compiled firmware programs are read by the user application nghon

ARM from the SD card files and copied as data to the reserved 4kB continuous memory areas. MicroBlaze
program(after HW mutex based synchronisation) reads this data and uses them for programriiingpBlaze6

FSM of the 8xSIMD EdKDSP IP.
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6.Setupaotiwhr e
I —————————————

HWsetup is based onomponents [1], [2], [3]4], [5] designed and manufactured by commpalrenz Electronic

TEO072@D3-2IF, Part: XC7Z02RCLG484l; 1 GByte DDR; Industrial G(age-n nc / & #[1].bmn n
TEO7203-1QF, Part:XA7Z020L.CLG484() GByte DDR; Automoti@rade(Tj=-n nc / @&F[1]bmH p
TE072@03-214S1G Part: XC7Z014$CLG484Cl GByte DDR; Industrial Grd@g¢=nc / G 2[1]lby pc/
Heatsink for TEO72Gpringloaded embedded?2]. The heatsink serves for the passoamoling ofZyng module
TEO70602 Carrier Boardrom Trenz Electronif8]. Board targets extension with second Ethernet in the Zynq PL.
TEO70305 Carrier Boardrom Trenz Electronif3]. Board targets wide 1/0O with prerocessing in a Lattice FPGA.
Pmod USBUARSerial converter & interfacgl]. Serves for output from MicroBlaze to PC console via PC USB.
TE079602 XMOD FTDI JTAG Adaptefilinx compatiblg5]. Supports console and Jtag in cas@ B070602.

The tedhnical reference manuals (TR the TE072603-2IF, TE072603-1QF and TEQ72603-214S1Cmodules
can be downloaded frorfil] andTRM forcarrier board TEQ7662 or TE07035 can be downloaded fror8].

T . : =5 e RIS s

Figure5: TE0O70802;, TE072603-14S1C USBUARand XMOD FTDI JT/A@Gapter
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Configuration of switchesnd jumperson carrier boards TEO70305 andTEQ70602

CGonfiguration ofthe TEO70305 board(and the TE0O72@3-1CFAS starter kit with the TEO7085 carrier)
1 Set jumpers of thdE070305 boardto VCCIOA3.3V; VCCIAOB=1.8V; VCCIOC=3.3V; VCCIODOxnB.3V
J5: connect B; J8: connect-R; J9: connect-3; J10: connect-3
1 Set switchS1of the TEQ70602 boardto:
1=0OFF2=0N 3=0ON 4=ON

Gonfiguration of TEO70®2 board

1 Set jumperof the TE0O70802 boardto generateVCCIOA3.3V;VCCIOE3.3V;VCCIOB3.3V by

JL0: connect 23; J11: connect-3; J12: connect-3

In case of the TEO7d@® boardthe VCCIAOBES8Vis set directly on the PCB (no dedicated jumper).
1 Set switch Sof the TEO70602 boardto:

1=0ON 2=0ON 3=0ON 4=0FF

Configuration of TEQ79602 xmod adapter
The TEQO70602 board ARM serial terminal/JTA&connected to thePC bya Mini USB(type B) cable via the
TEO079602 XMOD FTDI JTAG adagtgr SeeFigurel and Figureb.

M Setswitch in the XMOD module to

1 1=ON 2=0OFF3=0ON 4=0OFF
The jumper on the USBUART pmod is set to the default: cotaieetvce . With this setup, the USBUART pmod
convertor chip is powered from thBC 5V USB source. ThE0O79602 xmod adaptegenerates its local 3.3V
power supply by an emodule DC2DC power comter. SeeFigurel and Figure5b.

Configuration of USBUARJMod adapter
Theserial terminal for MicroBlaze is connected to the PC by a Micro USBwathe USBUARIMod adapter
The J6 connector on the TEQO7DB and J2 connector on the TEO7WB havethree lines of 32 pins named:

[A1 A2 A3A4A5A6 A
[B1 B2B3B4B5 B6 A
[C1 C2C3C4C5C6 A

In case of the TEO7d® board the USBUARPmMod is connected topins [ ™

oy #
" tof *
#f *

X] of.connector 6B

(central line B).See Table 9, Figure6 andthe concrete implemented solution drigureb:
Table9: Connection of USBUART to TEO7Z08

TEO70602 | USBUART Name | Function

J6pinBl |J2pin6 | 3.3V Disconnected by USBUART jumper. Power for USBUART from PC USEK
J6 pin B2 | J2pin 5 GND | Ground

J6pinB4 |J2pin3 | TXD FPGA PirAB2 FPGA design net: uart_pmod; Direction: from PC to FPG
J6pinB5 [J2pin2 | RXD | FPGA pin: U5; FPGA design natt_pmod_rx Direction: from FPGA to PC|

In case of te TE0O70®5, the USBUARPmMod can be alsato LJA ¥ &

®. MtheXconnect& 2 2 the

communication fromPC to MicroBlaze is not needdflneeded, use a custom cabieeTable 10 andFigure?.
Table10: Connection of USBUART to TEO#083

TEO7005 | USBUART Name | Function

J2pinBl1 | J2pin6 | 3.3V Disconnected by USBUART jumper. Powed8BUART from PC USB 5V
J2pinB2 |J2pin5 | GND | Ground

J2pinC3 | J2pin3 | TXD FPGA Pin: AB2; FPGA design net: uart_pmod_tx; Direction: from PC to
J2pinB5 | J2pin2 | RXD | FPGA pin: U5; FPGA design oatt_pmod_rx Direction: from FPGA to PC

(oTiA]
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5V power connector jack, J1

Reset switch, S2

USB2.0 type A receptacle, J7

Micro SD card socket with Card Detect, J4

50 pin IDC male connector, J5

1000BaseTl Gigabit RJ45 Ethernet MagJack, J3
1000BaseTl Gigabit RJ45 Ethernet MagJack, J2
XMOD JTAG UARTheader, JX1

User DIPswitch, S1

VCCIO selection jumper block, 3002

External connector (VG96) placeholder J6

{1 YGSO wl I 2 NI50B2B comnecfof JBh
{FYGSO wl I 2 NI50B2B cvmnecforf JB2
{1 YGdSO wl I 2 NI30B2B cvmecforf IJB2

Figure6: TEO706802 Carrier Board
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Figure 6 presents main components and connector locations of tM&070802 Carrier Board[3].
The evaluation packageleased together with this application note supports sinji®0Basel Gigabit RIb
Ethernet MagJack, & Arm A9 PetalLinux ethBeeFigure6. Output path fran MicroBaze to PC and input pat
from the PC keyboard to Micrtdze is supported by USBUART connected directly tadheectorJ& . m X .

pins. Seehttps://wiki.trenz-electronic.de/display/PD/TEQ706+THEIr source of the photo anébr detailed desdption of
the TEO70€02 carrierboard.
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Micro SD card socket with detect switch, J3
LEDndicators D1 and D2

Mini-USB type B connector, J4

LED indicators D3 and D4

Configuation DIP switches, S2

User push button (Reset), S1

External connector (VG96) placeholder, J1
External connector (VG96) placeholder, J2

M3.3V

w2
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VCCIO voltage selection jumper block, J5, J8, J9 and J10

Trxcom 1000Bas€ Gigabit RJ45 Magjack, J14

00000000CODODO0ODOCOOO

USB type A receptacle, J6 (optional micro USB 2.0 type B receptacle available, J1.

5V power connector jack, J13

Figure7: TE0O70305 Carrier Board

Figure 7 presents main components and connector locations of the TEQOBORarrier Board[3]. The
precompiled designs can be used withooodification on the TEQ7035. Output path fron MicroBaze toPC is
supportedif the USBUART is connectiedthe J2 . ™M X pins directly Output path fran MicroBaze to PC and

input path from the PC keyboard to Micra®e is supported only if the USBUART is connected to the

J2 B1 B2 C3 Bpins indirectly(viaa custom made cable Seehttps://wiki.trenz-electronic.de/display/PD/TE0703+THIr
source of the photo anébr description of theTEQ70305 carrierboard.
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7.Ref erence Applhi&xdat iMOn EfdkmDSP | P Co

The reference applications the active acoustics noise cancellation for the hands free telephony.

The near end signal e(i) (voice of a speaker) is disturbed by a disturbance signal received by the near enc
microphone. This unknown disturbance y(i) is generated by a known (measured) far end signal (example: noise
from the motor engine) u(i). The objee# of the active acoustics noise cancellation is to use the measured
disturbed near end microphone signal d(i) and the signal measured by the far end microphone u(i) for
reconstruction of the near end speaker signal e(i) with cancelled disturbance.

Thetransfer function from the far end (known) source of the disturbance is modelled by a recursive FIR filter
with 2000 cefficients with sampling rate 7l6Hz.

Recursive FIR filter algorithm:

Obijective of FIR filter is to generate sequence of modelled systgtputs d(i) based on the sequence of system
inputs u(i) and constant vector of N FIR filter coefficients. The generated output sequence includes also the
random additive output noise defined by white noise signal e(i).

(i) = u(i)
y(i) = [W(1)8 6 H O IV(NY * [x(), xtm 0 = -N1)JE 6 A
d(i) = y(i) + e(i)

Recursive adaptive LMS filter algorithm:

Objective of adaptive LMS filter is to identify recursively an unknown vector of N=2000 FIR filter coefficients
from a sequence of system inputs u(i) asystem odputs d(i) with sampling rate 76Hz. The algorithm works
under an assumption that the measured output sequence d(i) has been generated by a FIR filter with unknown
coefficients with dimension N=2000 and includes also the unknown random white smgeal. Signal e(i) is
estimated by the adaptive LMS filter.

X(i) = u(i)

yi)=[wW@)goH0E X I -VMEDMOIFEGA GEOAOS EOA

e(i)= d[i}yli] . A .
W(1),66H0S X I 60BOBUE B W66 GbD MO Sh-NOIE OFA SO A0 F WE O A (

Where N is order of the FIR and LMS filter. N = 2000 in the implemented designs.

u(i) is scalar, floating point input to the system

d(i) is scalar, floating point output of a system

y(i) is scalar, floating point output of FIR filter

e(i) is scalar, flating point prediction error

W@, 60H0> X X gobve Aa @GSOG2NI2F b alOlFtI NIz Ft21 a7
mu is scalar , floating point constant used for control of the speed of convergence of the adaptive LMS filter.

The 8xSIMIEdKDSPP Core

The 8xSIMD EdkDSP IP Core is configured for accelerated floating point computation of the recursive FIR filte
with constant parameters N=2000 and for acceleration of the adaptive recursive LMS filter with N=2000
unknown coefficients witmequired sustaned sampling frequency #Hz. The FIR filter models the environment

and generates the sequence of u(i), d(i) data measurements.
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The LMS filter serves for reconstruction of the unknown e(i) sequentiee speaker voice with partially
canceled disturbance from the far distance sourdgequirements and main implementatiacesults (for the
floating pointFIR & LMS filter implementation on the 8x8SIMdkDSP IBje listed inTablell.

Tablel1l1l: Requirements ancesults

Parameter(Module TE072603-2IF)

Requirement

SW MicroBlaze 100 MHZ
Requirements met (YES/NC

8xSIMD EdkDSP 120 Mk
Requirementsnet (YES/NO

FIR filter sampling rate Order N=2000 75kHz 225kHz (NO) 279.0kHz (YES)
FIR sustained performance (MFLOPS 300MFLOPs 9 MFLOPs(NO) 1119MFLOPs(YES)
LMS filter sampling rate Order N=200 75kHz 1.125kHz (NO) 90.75 KHz (YES)
LMS sustained performance (MFLOP| 600MFLOPs 9 MFLOPs(NO) 728MFLOPs (YES)

Parameter (Modules
TEO072603-1QF, TE07203-14S1C)

Requirement

SW MicroBlaze 100 MHZ
Requirements met (YES/NC

8xSIMD EdkDSP @MHz
Requirements met (YES/N(

FIR filter sampling rate Order N=2000 75kHz 2.25kHz (NO) 244.4kHz (YES)
FIR sustained performance (MFLOPS 300MFLOPs 9 MFLOPs(NO) 978MFLOPS(YES)
LMS filter sampling rate Order N=200 75kHz 1.125kHz (NO) 77.03 KHz (YES)
LMS sustained performance (MFLOP| 600MFLOPs 9 MFLOPs(NO) 618MFLOPS(YES)
Bit exact identical result®r 8xSIMD Required YES YES
EdkDSP IP and MBIR and LMS

Parallel EdkDSP computation aratal Required YES YES
transfersto/from DDR3 by MicroBlaze

Runtime change of 8xSIMD EdkDSP | Required NA YES
Embedded 8xSIMD EdkDSP C comp| Required NA YES
Compatibility with SDSaZD17.4.1 Required YES YES
Compatibility with PetalLinu2017.4.1 Required YES YES
Compatibility with free SDR017.4.1 Required YES YES

and free edition of Vivado HI2817.4.1

Summary of nain resultsrelated to the performance of the 8xSIMD EdkDSP IP

)l
)l

the TEQ72€03-2IF nodulewith the 120 MHz 8xSIMD EdkDSP

1 The sustained floatingoint performance of thee20 MHZ8xSIMDEdKDSP omE072803-2IF noduleis
728 MFLOPs in casetbe adaptive LMS filter and 11MFLOPs in case of the FIR filter.

1 The maximum sampling rate is 77 K3z forthe adaptive LMS filter and 244.4 kHz for the FIR filter on
the on TE0O7203-1QFor TEO7R-03-14S1C nodulewith the 100 MHz 8xSIMD EdkDSP.

i Thesustained floatingpoint performance of thel00 MHzZ8xSIMD EdkDSP on TECD3ALQFor TEQ720
03-14S1Cmoduleis 618 MFLOPs in case thfe adaptive LMS filter and 9M8FLOPs in case of the FIR

filter.

The reqired LMS filter sampling rate #Hz (withN=2000) iseachedfor the TEQ72603-2IF nodule.
The maximunsampling ratdés 90.75«Hz forthe adaptive LMS filter and 27PkHz for the FIR filtawn

1 The 8xSIMD EdkD&Rcontrolled from the 100 MHz MicroBlaze processor @perates in pardgl to the

Cortex A9 processor(s)

1 The 8xSIMD EdkDSP operates in paralleath of the21 Linuxexamplesand 19standalone examples
of HW accelerators generatddom selected Cortex A9 C/C++ functionghe XilinxSDSo@017.4.1

designenvironment.

1 The embedded C/ASM compiler utilities for the 8xSIMD EdkDSP accelerator rumxagplpiications on
the Arm Cortex A9 processcorhese utilities can reompile new EdKDSP firmware from the modified
C/ASM source code in the runtime.
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8l nstall ation and Use of Base Eval
]

This chapter describes the installation and use of a base evaluation package. Package is deéngpnstr

1 In-circuit Logic Analyser (ILAJAGbased inspection/observation/debug of the 8xSIMD EdkDSRAP.
works with internal buffer for 8k samples and operatesl@0 MHz (1gf and 14s device) ab?0 MHz
(2if device) SeeFigure9, FigurelO, Figurell, Figurel2.
1 The standalone examplasipport ILA and additionally can display theairp temperature via JTAG. See
Figurel3
1 Embedded Compilation from a C/ASM source code to firmware for the reprogrammable PicoBlaze6
finite state machine (FSM$chedulinginside of the 8xSIMD EdkDSP IP core the floating point
computation sequences performed in tBaSIMDdata flow unit (DFU).
This embedded compilation is supportéar the Linux example$eeFigurel4 Figurel5, Figurel6.
There is no need to install Xilinx SPIKL7.4.1 Xilinx Vivad®017.4.1tools or Xilinx SDSoC 2017.4.1
The Incircuit Logic Analyser (ILA) JTAG based inspection/observation/debug can be performed from the
free Alinx Lab Vivad@017.4.1tool installed on Win7 (64bit) or Win 10 (64bit) PC
1 The linux target examples support 1GBit Ethernet, SSH telnet and file system managemernkéotbis |
Total Commander for an fipased accessom PC to the SD card files.

= =

The base evaluation package providds demosfor the Linux target andthe 19 precompiled demosor the
standalone target.Tablel2 describes demos, PL resources and the HW/SW SPIBGCL. 1 acceleration data.
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Table12 Description of ARM SDSoC acceleration examptaspatible wittBxSIMD EdkDSP IP

Linux Standhlone | Description of ARM SDSoC acceleration exampidisexamples are extended version
HW/SW HW/SW of the Xilinx GitHub SDSoC 2017.1 examples. SW extensigpgort the initialisation
Acceeration | Acceeration | of the MicroBlaze processor and the 8xSIMD EdkDSP IP core.
teO1_| te0O1_s | array_partition - This example shows how to use array partitioning to impr
performance of a hardware functionlt performs int32 matrix multiplication
C[32,32F A[32,32}F B[32,32]
2if: 3.3K | 2if: 6.62 | 150MHz Slices: 63.20% Luts: 44.38égisters: 23.6% BRAM 76.79% DSPs: 54.55%
1gf:4.40x | 1qf:7.29x | 150 MHz Slices: 65.14% Luts: 43.27% Registers: 26.00% BRAMSs: 76.79% DSPs:
14s:4.46x | 14s:7.17x | 150MHz Slices: 63.71% Luts: 56.60% Registers: B4BFRAM: 89.25% DSPs: 709%9
1cfa: 1cfa: 150 MHz Slices: 65.06% Luts: 44.34% Registers:%3BEAMs: 76.79% DSPs: 54.55
te02_| te02_s | burst_rw - This is simple example of using AKildster interface for burst read an
write.
2if: 2if: 150MHz Slices: 56.80% Luts: 38.86%gisters: 21.1% BRAM 51.43% DSPs9.55%
1qgf: 1qf: 150 MHz Slices: 55.72% Luts: 38.89% Registers: 21.14% BRAMs: 51.43%55%Ps
14s: 14s: 150 MHz Slices: 54.65% Luts: 50.87% Registers: 27.67% BRAMs: 56.07% DSPs
1cfa: 1cfa: 150 MHzSlices: 56.06% Luts: 38%86Registers: 21.14% BRAMSs: 51.43% DSPs: 9,
te03 | te03_s | custom_data_type This is a simple example of RGB to HSV conversion to demon
Custom Data Type usage in hardware accelerator. Xilinx HLS compiler supports
data type to operate within the hardware function and also it acts as a mer
interface between PL to[DR3.
2if: 22.48x| 2if: 25.16x | 150 MHz Slices: 60.69% Luts: 42.18% Registers: 22.93% BRAMs: 51.43% DSPs
1qgf: 25.43x| 1qf: 28.94x| 150 MHz Slices: 59.81% Luts: 42.21% Registers: 23.07% BRAMSs: 51.43% DSPs
14s: 25.88x| 14s: 28.88x| 150 MHZzSlices: 59.32% Luts: 55.23% Registers: 30.07% BRAMSs: 56.07% DSPs:
1cfa: 1cfa: 150 MHz Slices: 60.29% Luts: 42.22% Register§92BRAMs: 51.43% DSPs: 10.91
te04 | te04_s | data_access_randomThis is a simple exampleiot32 matrix multiplication
(Row x ColC[32,32]= A[32,32]*B[32,32p demonstrate random data access pattern.
2if: 0.57x | 2if: 0.57x | 120 MHz Slices: 65.63% Luts: 43.55% Registers: 25.34% BRAMSs: 56.43% DSPs
1qf: 0.63x | 1qgf: 0.63x | 120 MHz Slice$4.33% Luts: 43.58% Registers: 25.35% BRAMs: 56.43% DSPs: 1
14s: 0.63x| 14s: 0.63x | 120 MHz Slices: 64.60% Luts: 57.02% Registers: 33.19% BRAMSs: 62.62% DSPs
1cfa: 1cfa: 120 MHz Slices: 65.34% Luts: 436 Registers: 25.35% BRAMs: 56.868Rs: 13.64%
te05 | te05_s | dependence_inter This is a simple example to demonstrate inter dependence
attribute. Using inter dependence attribute user can provide additional dependenc
details to compiler which allow compiler to perform unrolling/pipelining to get bette
performance.
2if: 5.84x | 2if: 6.51x | 150 MHz Slices: 58.66% Luts: 40.36% Registers: 22.57% BRAMs: 55.00% DSPs
1qf: 6.42x | 1qgf: 7.16x | 150 MHz Slices: 59.05% Luts: 40.30% Registers: 22.80% BRAMs: 55.00% DSPs
14s: 6.60x | 14s: 7.22x | 150 MHz Slices: 58.81% LU#8:72% Registers: 29.85% BRAMSs: 60.75% DSPs: 28
1cfa: 1cfa: 150 MHz Slices: 60.%¢Luts: 40.30% Registers: 22.80% BRAMSs: 55.00% DSPs: 2
te06_| te06_s | direct_connect This is a simple exampleiat32 matrix multiplication with matrix
addition (Ouf32,32]= (A[32,32] * B[32,32]) + §32,32]) to demonstrate direct
connection which helps to achieve increasing in system parallelism and concurren
2if: 8.61x | 2if: 9.14x | 150 MHz Slices: 75.00% Luts: 49.24% Registers: 29.73% BRARUE DSPs: 57.739
1qf: 8.36x | 1qgf: 8.92x | 120 MHz Slices: 72.65% Luts: 49.21% Registers: 29.73% BRAMs: 82.50% DSPs
14s: 9.55x | 14s:9.92x | 150 MHz Slices: 74.31% Luts: 62.99% Registers: 40.41% BRAMSs: 96.73% DSPs
1cfa: 1cfa: 120 MHZSlices: 73.46% Luts: 49930Registers: 29.73% BRAMSs: 82.50% DSPs: 57,
te07_| te07_s | dma_sg This example demonstrates how to use Sca@eather DMAs for data transfe
to/from hardware accelerator.
2if: 2if: 150 MHz Slices: 73.83% Luts: 48.9Reégisters: 29.41% BRAMs: 60.00% DSPs: 9.t
1qgf: 1qf: 120 MHz Slices: 72.84% Luts: 48.94% Registers: 29.41% BRAMs: 60.00% DSPs
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14s: 14s: 150 MHz Slices: 74.14% Luts: 64.08% Registers: 38.59% BRAMSs: 67.29% DSPs
1cfa: 1cfa: 120 MHZSlices: 74.60% Luts: 48%5Registers: 29.41% BRAMSs: 60.00% DSPs: 9,
te08 | te08 s | dma_simple- This example demonstrates how to insert Simple DMAs for data tran
between user program and hardware accelerator.
2if: 2if: 150 MHz Slices: 63.18%its: 43.06% Registers: 24.72% BRAMSs: 56.43% DSPs: ¢
1qf: 1qgf: 150 MHz Slices: 64.74% Luts: 43.07% Reqgisters: 24.78% BRAMSs: 56.43% DSPs
14s: 14s: 150 MHz Slices: 62.58% Luts: 56.34% Registers: 32.44% BRAMSs: 62.62% DSPs
1cfa: 1cfa: 120 MHz Slices: 64.49% Luts: 43.07% Registers%28BRAMSs: 56.43% DSPs: 9.55
te09 | Notimple- | file_io_manr_sobel Linux video processing application that reads input video from
(With Linux| mented as | file and writes out the output video to a file. Video processing includes Motion Ada
SD file R/W| standdone | Noise Reduction (MANR) followed by a Sobel filter for edge detection. You can rul
functions) supplyinga 1080p YUV422 file as input with limiting number of frames to a maximy
of 20 frames.
2if: NA 120 MHz Slices: 75.92% Luts: 51.33% Registers: 30.58% BRAMSs: 63.21% DSPs
1qf: NA 120 MHz Slices: 75.98% Luts: 51.32% Registers: 30.66% BRAMsDER21%0.91%
14s: NA 120 MHz Slices: 76.30% Luts: 67.15% Registers: 40.15% BRAMSs: 71.50% DSPs
1cfa: NA 120 MHz Slices: 76.29% Luts: 5%3Registers: 30.66% BRAMSs: 63.21% DSPs: 10,
tel0 | Notimple- | file_io_optical- Linux video processing application that reads input video from a filg
(With Linux| mented as | and writes out the output video to a file. Video processing performs LK Dense Opt
SD file R/W| standdone | Flow over two Full HD frames video file. You cantrbg supplying a 1080p YUV422 f
functions) route85 1920x1080.yuv as input.
2if: NA 120 MHz Slices: 99.50% Luts: 79.55% Registers: 51.34% BRAMSs: 88.93% DSPs
1qf: NA 50 MHz Slices: 99.35% Luts: 79.58% Registers24®@&AMs: 88.93% DSPs: 40.91
14s: NA SW impl. Slices: 43.88% Luts: 40.25% Registers: 19.66% BRAMSs: 50.00% D%Ps
1cfa: NA 100 MHz Slices: 98.62% Luts: 796®Registers: 50.90% BRAMSs: 88.93% DSPs: 40,
tell | tell s | full_array 2d- This is a simple example of accessing full data from 2D array.
2if: 2if: 150 MHz Slices: 60.20% Luts: 41.98% Reqgisters: 23.00% BRAMSs: 55.36% DSPs
1qf: 1qf: 150 MHz Slices: 59.52% Luts: 41.91% Reqgisters: 23.09% BRAMSs: 55.36% DSPs
14s: 14s: 150 MHz Slices: 59.86% Luts: 54.84% Reqgisters: 30.23% BRAMSs: 61.21% DSPs
1cfa: 1cfa: 150 MHz Slices: 59.91% Luts: 4¥0ORegisters: 23.09% BRAMSs: 55.36% DSPs: 12,
tel2 | tel2 s | hello_vadd- This is a basic hello world kind of example which demonstrates how ta
achieve vector addition using hardware function.
2if: 2if: 150 MHz Slices: 60.06% Luts: 41.46% Registers: 22.59% BRAMSs: 53.21% DSPs
1qf: 1qf: 150 MHz Slices: 58.95% Lu1%:48% Registers: 22.59% BRAMs: 53.21% DSPs: 9
14s: 14s: 150 MHz Slices: 57.40% Luts: 54.29% Registers: 29.57% BRAMSs: 58.41% DSPs
1cfa: 1cfa: 150 MHz Slices: 59.52% Luts: 4¥bRegisters: 22.59% BRAMs: 53.21% DSPs: 9,
tel3 | tel3 s | Imem_2rw- This is a simple example of vector addition to demonstrate how to utili;
both ports of Local Memory.
2if: 2if: 150 MHz Slices: 61.30% Luts: 42.13% Registers: 23.02% BRAMs: 55.36% DSPs
1qf: 1qgf: 150 MHz Slices: 61.26% Lu2:14% Registers: 23.02% BRAMs: 55.36% DSPs: 9
14s: 14s: 150 MHz Slices: 59.48% Luts: 55.12% Registers: 30.13% BRAMSs: 61.21% DSPs
1cfa: 1cfa: 150 MHz Slices: 62.19% Luts: 422 Registers: 23.02% BRAMs: 55.36% DSPs: 9,
teld | teld s | loop_fusion- This example will demonstrate how to fuse two loops into one to impr
the performance of a C/C++ hardware function.
2if: 2if: 150 MHz Slices: 61.41% Luts: 42.73% Registers: 23.57% BRAMs: 53.21% DSPs
1qf: 1qgf: 150 MHZSlices: 60.62% Luts: 42.72% Registers: 23.79% BRAMSs: 53.21% DSPs:
14s: 14s: 150 MHz Slices: 60.64% Luts: 55.86% Registers: 31.14% BRAMSs: 58.41% DSPs
1cfa: 1cfa: 150 MHz Slices: 62.74% Luts: 427 Registers: 23.79% BRAMs: 53.21% DSPH%
tel5 | tel5_s | loop_perfect- This nearest neighbor example is to demonstrate how to achieve be

performance using perfect loop.
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2if: 2if: 150 MHz Slices: 75.26% Luts: 53.49% Reqgisters: 29.28% BRAMSs: 53.21% DSPs
1qf: 1qgf: 150 MHZSlices: 73.72% Luts: 53.43% Registers: 29.51% BRAMSs: 53.21% DSPs:
14s: 14s: 150 MHz Slices: 74.11% Luts: 69.93% Registers: 38.63% BRAMSs: 58.41% DSPs
1cfa: 1cfa: 150 MHz Slices: 74.62% Luts: 534 Registers: 29.51% BRAMs: 53.21% D5KB§%
tel6 | tel6 s | loop_pipeline- This example demonstrates how loop pipelining can be used to imp
the performance of a hardware function.
2if: 2if: 150 MHz Slices: 60.06% Luts: 41.46% Registers: 22.59% BRAMSs: 53.21% DSPs
1qf: 1qgf: 150MHz Slices: 58.95% Luts: 41.48% Registers: 22.59% BRAMSs: 53.21% DSPs;
14s: 14s: 150 MHz Slices: 57.40% Luts: 54.29% Reqgisters: 29.57% BRAMSs: 58.41% DSPs
1cfa: 1cfa: 150 MHz Slices: 59.52% Luts: 4¥bRegisters: 22.59% BRAMs: 53.DBRBs: 9.55%
tel7 | tel7 s | loop_reorder- This is a simple example of matrix multiplication (Row x Col) to
demonstrate how to achieve better pipeline Il factor by loop reorderingerforms
int32 matrix multiplication C[32,32] = A[32,32] * B[32,32]
2if: 4.27x | 2if: 7.12x | 150 MHz Slices: 68.44% Luts: 45.64% Registers: 26.45% BRAMSs: 76.79% DSPs
1qf: 4.66x | 1gf: 7.72x | 150 MHz Slices: 67.90% Luts: 44.64% Registers: 27.53% BRAMSs: 76.79% DSPs
14s: 4.92x | 14s: 7.85x | 150 MHz Slices: 66.91%ts: 58.41% Registers: 36.04% BRAMSs: 89.25% DSPs: 77
1cfa: 1cfa: 150 MHz Slices: 67.88% Luts: 486Registers: 27.53% BRAMSs: 76.79% DSPs: 56
tel8 | tel8 s | shift_register- This example demonstrates how to shift values in each clock cycle.
2if: 1.96x | 2if: 4.19x | 150 MHz Slices: 63.03% Luts: 42.68% Registers: 24.19% BRAMSs: 53.21% DSPs
1gf: 2.02x | 1qgf: 4.54x | 150 MHz Slices: 62.23% Luts: 42.40% Registers: 24.52% BRAMs: 53.21% DSPs
14s: 2.10x| 14s: 4.52x | 150 MHz Slices: 618% Luts: 55.41% Registers: 32.10% BRAMSs: 58.41% DSPs: 3
1cfa: 1cfa: 150 MHz Slices: 62.87% Luts: 424 Registers: 24.52% BRAMs: 53.21% DSPs: 24.
tel9 | tel9 s | sys_port- This is a simple example which demonstrates sys_port usage.
2if: 2if: 120 MHz Slices: 83.92% Luts: 54.55% Registers: 34.77% BRAMs: 65.00% DSPs
1qf: 1qgf: 120 MHz Slices: 80.92% Luts: 54.53% Registers: 34.77% BRAMs: 65.00% DSPs
14s: 14s: 120 MHz Slices: 81.75% Luts: 71.42% Registers: 45.53% BRAMsDERPR6%R2.35%
1cfa: 1cfa: 120 MHz Slices: 84.68% Luts: 54b®Registers: 34.77% BRAMs: 65.00% DSPs: 9,
te20 | te20_s | systolic_array- Matrix multiplication implemented as systolic array.
2if: 0.066x| 2if: 0.162x| 150 MHz Slices: 68.55% Lu%:36% Registers: 26.67% BRAMs: 53.21% DSPs: 61
1qf: 0.077x| 1gf: 0.177x| 150 MHz Slices: 66.75% Luts: 46.26% Registers: 27.82% BRAMs: 53.21% DSPs
14s: 0.068x 14s: 0.198x 150 MHz Slices: 67.15% Luts: 60.51% Registers: 36.42% BRAMsDER41%9.41%
1cfa: 1cfa: 150 MHz Slices: 70.08% Luts: 46@2®Registers: 27.82% BRAMs: 53.21% DSPs: 61.
te2l | te21 s | wide_memory_rw- Wide memory read write 64 bit wide.
2if: 2if: 150 MHz Slices: 60.07% Luts: 39.74% Registers: 23.34% BRAMsDETR36%0.55%
1qf: 1qgf: 150 MHz Slices: 59.34% Luts: 39.77% Registers: 23.34% BRAMs: 55.36% DSPs
14s: 14s: 150 MHz Slices: 58.41% Luts: 52.05% Registers: 30.55% BRAMSs: 61.21% DSPs
1cfa: 1cfa: 150 MHz Slices: 59.59% Luts: 3%0/Registers: 23.34% BRAMs: 55.36% DSPs: 9.}
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Installation and use ofthe Releasdevaluation Rckageg standalone examples
In case of standalone target:

(1) In Win 7 or Win 10 (32bit or 64bit PC), unzip the basic atialu package
TEO0720_EdkDSP_2if te706_ila8k_Release INSTALL.zip
to directory of your chaie. We will use:
c: \TS7A TE0720_EdKDSP_2if te706 ila8k Release INSTALL \

(2) SelectoneofheSE YLX Sa 06 (i n my &he Xonténtofsil Zard deciory to the SD&ard.
Example Copy BOOT .bin from
c:\TS7A TE0720_EdkDSP_2if te706_ila8k Release INSTALL \SDSoC_PRMif \ SD_release
\te01 s\ Release\ sd_card \ BOOT.bin
to the root of the SD card as single file.

(3) Connect USB cable from J7 connector to the PC. It will serve as ARM termididA&htne.

(4) Connect another USB calitethe USBUARThd modile present in the J5 connecttr the PC. It will
serve as MicroBlaze terminal.

(5) Power ON the carrier boarchd openputty (or similar) terminal @nt for both USB serial lineSet the
serialcommunication to [speed11520Q databits 8, stop bits 1, parity none and flow control Noire]
both cases.

(6) Insert SD card to th€EQ706802 or TEQ70D5 carrierboard.
(7) Reset the carrier boar(52 button)

- The standalone system will staBee

Figures8.

- The ARM terminal will present output from the t01_s example

- The MicroBlaze terminal will present output from the 8xSIMD EdkD&edPigure8.

(8) In PC, open the Vivado Lab tool 2017 3ekFigure9.

Open Hardware Manager

PressAuto Connect icon in Hardware window

- Open description of debug nets present in fileus specifying the probes fites:

c: \TS7A TEQ720_EdKDSP_2if te706_ila8k Release INSTALL \SDSoC_PRMNif \ SD_release

\te01_s\ Release\ debug_nets.ltx

- Set the ILA triggeronditions and observe process of computation in the 8xSIMD EdkDSP IP.
SeeFigurel0, Figurell, Figurel2.

- Open new perspective and observe the chip temperat@ed-igurel3.

(9) Close Vivadl Lab2017.4.1tool project.
(10)Remove SD card and reprogram it in PC to test another example.
(11)Go to step (6).
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Figure8: Release demo t01 . ARMand 8xSIMDEdKDSP terminal output
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¢ project 89 - [C:/Users/kadlec/project 89/project 89.lpr] - Vivado Lab Edition 2017.4 - - -

File  Edit Tools Window  Layout View  Help

= L+ ] Dashboard ~ 25 Default Layout v
P

Hardware hw_ila_1
Q = h ad Waveform - hw_ila_1
Name Status @
=
~ E localhost (1 Connected =
~ @Ee xilink_tcfiDigilenti2516330004.. Open S
=
8 arm_dap_0(C MIA H
=
~ {8} xc72020_1 (3 Programmed §
g XADC (System
E hw_ila_1 (ILA O Idle
E hw_vio_1 (VIO OK - Outputs F
< »
Properties
&
Settings - hw Status - Trigger Setup - hw_ila_1 Capture Setup - hw_ila_1
rr » N + o,
Core status @) I
Capture status - Window 1 0f 1 7z020_1. Specifythe probes file and refresh the device
Window sample 0 of 8192
< >
Tcl Console
 x £ I B E @
open_hw target: Time (3): cpu = 00:00:04 ; elapsed = 00:00:06 . Memory (MB): peak = 1164.629% ; gain = 508.293
current hw device [get_hw devices 20_1]

refresh hw device -update hw probes false [lindex [get hw dewvices xc7z020_1] 0]
INFO: [Labtoocls 27-2302] Device xc7z020 (JTAG device index = 1) is programmed with a design that has 1 ILA core(s).
INFO: [Labtools 27-2302] Device xc7z020 (JTAG device index = 1) is programmed with & design that has 1 VIO core(s).

Figure9: Release demo t01_s. Vivado Lab T®open
The Vivado Lab tool is connectiedthe chip. Younave to specify the probes filSéeFigurelQ).

Cc:\TS74 TEO720_EdkDSP_2if te706 ilaBk Release INSTALL \SDSoC PRMIif \ SD release \te01
_s\ Release\ debug_nets.ltx

Names and parameters of probase addedo the ILA Waveform windovwseeFigurelO.

Use + to selectprobes used for triggering, and select the condition fioe trigger for each probe and their
combinatiors (use AND as default).

Some of debug probes can be used to trigger the capturing of data. The ILA can be triggered from the EdkDSI
firmware running on the PicoBlaze6 running inside of the (8xSIMD) EdkDSP unit.
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¢ project_89 - [C:/Users/kadlec/project_89/project_89.Ipr] - Vivado Lab Edition ZOI?W- ‘EB&

File  Edit Tools Window  Layout View  Help

= +~ B L+ ] )3 Dashboard - 25 Default Layout v
P

Hardware hw_ila_1
Q = h > » H ad Waveform - hw_ila_1
Name Status .
¥ 2 a + > > » E B @ Q 3 o I r o
~ B localhost (1 Connected % b
~ @ xlin_tciDigilenti2516330004...  Open _S ILA Status: Idle
8 arm_dap_0(C MIA §
2
~ {8 xc72020_1 (3) Programmed §
& XADC (System
2E hw_ila_1 (zsys_ilsystem_| ) 1dle
S hw_vio_1 (zsys_iio OK - Outputs F

< >
Properties
o
1k bce_we
Settings - hw| Status - Trigger Setup - hw_ila_1 Capture Setup - hw_ila_1
rr » N + D,
Core status @) I
essthe == bu
Capture status - Window 1 of 1 ol
< >
Tcl Console
a = £ Il BE B @

refresh_hw_device [lindex [get_hw devices xcT7z020_1] 0]
INFO: [Labtools 27-23021 Device xc7z020 (JTAG device index = 1) is programmed with & desian that has 1 ILA core(s).
3

FigurelO: Release demo t01_s. Probesifilspecified. Trigger conditiosse set.

In XilinxSDK2017.4.1 openthe EdKDSP C soure file:
c: \TS7A TE0720_EdKDSP_2if te706 ila8k Release INSTALL \SDSoC_ PRNif \ SDK_Workspacke
dkdsp\ a\ f2.c

See section fothe LMSC codefirmware. ThisC code includes the additional call to thEb2dfu_set()function
used for selective triggering of the ILgkope inspecified point of computation of the EdkKDSP accelerator.

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

>k
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hw_ila_1

Waveform - hw_ila_1

a + e b » WG @ 6 ¥ o K e &

ILA Status: Idle

Dashboard Options

007
000
201

00

stemn_ila_0/MU0/probe7_1[0:3]

ystem_ila_0/J0/probed_1]0:7]

stemn_ila_0/U0/probed_1[0:7]

stem_ila_0/U0/probe10_1[0°7]

Settings - hw_ila_1 Status - hw_ila_1 Trigger Setup - hw_ila_1 Capture Setup - hw_ila_1
s > » N a + D,
-y Name Operator Radix Value Port
Core status . Idle
nce_port_wr == v [E v o1 “~  probes[o]
Capture status - Window 1 0f 1 zsys_ifsystem_ila_0/J0/probe10_1[0:7] ~ [H ~ 20 ~  probel0[7:0]
zsys_ifsystem_ila_0/U0/probed_1[0:7] = ~ [H ~ 00 ~  probed[7:0]
Window sample 0 of 8192
Idle
~ ¢ >

Figurell: Release demo t01_s. Details of the 8xSIMD EdkDSP LMS filter computation

InVivado Lab Tool 2017.4.ih the ILA configuration page, change the trigger condition to:

(bce_port_wr==1) AND (probel0[0:7] ==0x20) AND (probe9[0:7] ==0x00).

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

Selecion on the first line corresponds to the System ILA input to the EdkDSP probes on the second line.
See connecrions of EAKDSP and Systen IIEAgare3.

In Vivado Lab Editior2017.4.1 arm the System ILéore by pressingRun Triggebutton in Hardwarewindow.
Armed System IL&ore will wait until the recompiled EJKDSP firmware comes to the point, where PicoBlaze6
calls functiorpb2dfu_set(0x20, 0).

In case offE072603-2IF, ILA capture®K samples of all debug probes 520 MHz.
In case of TEQ7208-1QF, ILA captures 8K samples of all debug probes@MH2.
In case of TEQ7208-14S1C, ILA captures 2K samples of all debug probes @iVtx.

Data are cptured and sent via jtaySB connection iWivado Lab EditioR017.4.1for visualisation and analysis
in the waveform window. This snapshot stores thetailed traceof the FIR filter computatiorSeeFigurel2.
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hw_ila_1

Waveform - hw_ila_1
a + > >

ILA Status: Idle

Dashhoard Options

» BB @ @ I«

201 oo
Ofa ooo
000 oo

0o

em_ila_0/U0/probe8_1[0:7]

em_ila_0MU0/probed_1[07]

Settings - hw_ila_1

z > » N

Core status .

Capture status - Window 1 of1

Window sample 0 of 8192

ldle

Status - hu_ila_1

2-May-12 1£:08:14

Trigger Setup - hw_ila_1

Capture Setup - hw_ila_1

a + o,
dl iy Mame Operator Radix Walue Port
e
bce_port_wr = ~ 8] 1 ~  probe5[Q]
zsys_ilsystem_ila_0/J0/probe10_1[0:7] == ~ [H v 20 ~  probel0[7:0]
zsys_ilsystem_ila_0/)0/probed_1[0:7] == ~  [H oM ~  probed[7:.0]

Figurel2: Release demo t01_Betails of the 8xSIMD EdkDSP FIR filter computation

In Vivado LabTool in the ILA configuration page, change the triggendition to (probe9[0:7]==0x01).

This corresponds to the conditidice_port[0:7]==0x01
of the FIR filter. Sekigurel2. The PicoBlaze C coofethe FIR example is listedfigurel.

. See connections iRigure3.

ILA willcapture start

The Vivado Labceeens presented ifrigurell and Figurel?2 displayalsothe 1024 samples before the trigger
event. This modés set in the trigger mode settings windo8creens display hoviné¢ PicoBlaze6 controller reset
signalbce_r_pbis deactivated. Picoblaze6 redtie 8 bit parametersop andn from the MicroBlaze before the
trigger evet. See completg@rogram listing irfFigurel9 with these intial lines of the PicoBlaze6 SW.:

A

pb2dfu_set (0x20,1 );

for (i=0;i<4;i++){

signaw processing
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for (j=2;j<=3;j++){
fir (, n, op);
pb2mb_eoc(led);
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" project 89 - [C:sters,fkadIecfprojecthfErojecLBQ.lEr] - Vivado Lab Edition 2017.4
 —

File  Edit Tools Window  Layout View  Help

= +~ B L+ ] )3 Dashboard - 25 Default Layout v
u
Hardware dashboard_1
a = = ad XADC (xc72020_1)
Name Status
, g+ -
~ B localhost (1 Connected %
~ Ee xilinx_tciDigilent’2516330004..  Open C| |MTemp 57.1°C
@
8 arm_dap_0(C MIA H
2
~ & xc72020_1 (3 Programmed § 85
£ XADC (System Monitor
2 hw_ila_1 (zsys_ilsystem_| O 1dle
E hw_vio_1 (zsys_ivio_ OK - Outputs F
a0
¢ 5 5
-
2
System Monitor Core Properties i
T
= 45
i XADC - & £
2
MName XADC
Handle: localhost3121kiling_tcfiDigilent’25163300044C,
40
35
151215 16:12:30 1512:45 1513:.00
¢ »
Time (HH:MM:58)
General Properties  Sensors

Tcl Console

- - -
a = = I B B 1
save_wave_config {C:/Users/kadlec/project_89%/hw_1/wave/hw_ila_data_1/hw_ila_data_l.wcfgl

< »

System Monitor Sensor: TEMPERATURE

Figurel3: Release demo t01_Stardalone demasupportsmeasurement®f the chip temperature

The standalone demos support measurement of the chip temperature in a new dashboard connected to the

XADC system monitor.
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Installation and use of ReleasEvaluation Rckageg Linux examples
In case of Linux target:

(1) In Win 7 or Win 10 (32bit or 64bit PC), unzip the basic evaluation package
TEO720_EdkDSP_2if te706_ila8k_Release_INSTALL.zip
to directory of your choice. We will use:
c: \TS7A TE0720_EdKDSP_2if te706 ila8k Release INSTALL \

(2) SelectoneofheSEI YLX S& 06 ( n my the cénteintionsd Eard ditegfory todHe SI2 card.
Example. Copthe content(and the subdirectory with its content) frothe directory:
c:\TS74 TE0720_EdKkDSP_2if_te706_ila8k_Release_INSTALL \ SDSoC_PRMif \ SD_release
\te01_| \ Release\ sd_card \
to the root of the SD card

(3) ConnectMini USB cable from J7 connector to the PC. It will serve as ARM terminal and JTAG line.

(4) ConnectMicro USB cablaém to the USBUARTd module present in the J5 connector) to the PC. It
will serve as MicroBlaze terminal.

(5) Power ON the carrier board. And open putty (or similar) terminal client for both USB serial lines.
Set the serial communication to
[speed115200, data bits 8, stop bits 1, parity none and flow control Nanbpth cases.

(6) Insert SD card to th€E0706802 or TEO7035 carrier board.
(7) Reset the carrier board.

- TheLinuxsystem will startSeeFigurel4.
type user name:
root
type password:
root
- Mount SD card to the director§seeFigurel5) /mnt by typng:
mount  /dev/mmcblkOpl1 /mnt
- Change directorySeeFigurel5) to /mnt
cd /mnt
-Compile firmware for the PicoBlaze6 by the EdkDSP C corf§eieffigurels):
Jedkdsp/tools/cc_  fx .sh ./edkdsp/a
or ./edkdsp/tools/cc_fx.sh ./edkdsp/b or ./edkdsp/tools/cc_fx.sh ./edkdsp/c
- The PicoBlaze6 C source cddle fl.c f2.c andf3.c from the directory./edkdsp/a
are compiled by the EdKDSP C compiler to the firmware(flegFigurelb):
f0.dec Jfl.dec f2.dec /f3.dec
- The ARM terminal will present output from tllkDSP C compiler
- The McroBlaze terminal is not active. EDKDSP is not programmed yet.
- Start theLinuxuser spaceapplication by typing
Jt01_l.elf
- The ARM terminal will present output from th@l_|. elf example.SeeFigurel®.
- The MicroBlaze terminal will present output from the 8xSIMD EdkDSP IP
working with new firmware programs as-ocempiled by the EAKDSP C compiler
from the C source code file®.c f1.c f2.c andf3.c
from the directory./edkdsp/a
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The output from the 8xSIMD EdkDSP is identical to the standalone outputigiees.

(8) In PC, open the Vivado Lab toseeFigure9.
OpenVivado Lab tools 2017.4.1 hardwar@anager
- Press Auto Connect icon in Hardware window
- Open description of debug nets present in file, thus specifying the probeSé&eEigurelO.
c:\ TS74 TE0720_EdkDSP_2if_te706_ila8k_Release INSTALL \SDSoC_PR 2if \ SD_release
\te01 | \ Release\ debug_nets.Itx
- Set the ILA trigger conditions anbiserveprocess of computation in the 8xSIMD EdkDSP IP.
SeeFigurell, Figurel2.

(9) Close Vivado Lab tool project.
(10)Remove SD card and reprogram it in PC to test another example.

(11)Go to step (6).

2 oo v R - =

udhcpe (vl1.24.1) started

m

2017.4 petalinux

x login: I -

Figureld: Release demo tO1_Linux start.
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Figurel5: Release demo t01; Login, Compilation dfrmware inthe EdkDSP @@piler.
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Figurel6: Release demo t01 Program and start 8xSIMBdkDSEema
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9.l nst aldnadt idbee b UEgQr al uatchkagP

The debugevaluation package is offered to the ECBRDDUCTIVE 4ject partners [8] on their written
request to UTIA for free. See the license conditions listed in next sections of this report.

The debugevaluation packagsupports:

1

T
)l

Compilation from C source code and debug for the MicroBlaze processor for Linux and standalone
targets
Creation and Release of SD cards with new compiled MicroBlaze SW and new compiled Picoblaze6
firmware for Linux and standalone targets.
In-circuit Logic Analyser (ILA) JTAG based inspection/observation/debug of the 8xSIMD EdkDSP IP.

0 Incase of TEQO7208-2IF, ILA captures &amples of debug probes 420 MHz.

0 Incase of TEO7208-1QF, ILA captures 8K sdeagpof debug probes dt00 MHz.

0 Incase of TE07203-14S1C, ILA captures Zamples of debug probes 400 MHz.
Embedded Compilation from a C/ASM source code to firmware for the reprogrammable PicoBlaze6
finite state machine (FSM) scheduling inside of the 8xSIMD EdkDSP IP core the fimatin
computation sequences performed in the 8xSIMD data flow unit (DFU).
This embedded compilation is supported for the Linux examples.
The standalone examples also support ILA and additionally can display -tl@potemperature via
JTAG.
The extendd evaluation package requires the Xilinx SP®&L7.4.1 tools (download is free).
SDK serves for compilation of MicroBlaze code, download of compiled MicroBlaze code via JTAG and fol
the debug of this code in parallel with the ILA inspection/observationigedf the EdKDSP IP core.
The Incircuit Logic Analyser (ILA) JTAG based inspection/observation/debug can be performed from the
free Xilinx Lab Vivad2017.4.1tool installed on Win7 (64bit) or Win 10 (64bit).PC
The linux target examples support 1G Bih&rnet, SSH telnet and file system management tools like
the Total Commander for an Ethernet based access from PC to the SD card files and editing of these files
from user PC.

The extended evaluation package provides 2&cpmpiled designs for theidux target and 19 precompiled
designs for the standalone target as describedablel?2 .
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Installation and use of debugvaluation package standalone examples

In case of standalone target:

(1) In Win7 or Win 104 bit PC), unzip the debwgyaluation pakage:
TEO0720_EdkDSP_2if te706 ila8k Debug INSTALL.zip
to directory of your choice. We will @s
C:\TS7A TE0720_EdKkDSP_2if te706_ila8 k_Debug INSTALL

In Xilinx SDR017.4.1createa new workspacen the directoryof your choice. We will use:
c:\TS7A TE0720_EdKDSP_2if te706 ilaBk Debug_SDK_ Workspace\

Select a directory as workspace

Kilinx SDK uses the workspace directory to store its preferences and development artifacts.

Workspace: CA\TS74\TE0720_EdkDSP_2if te706_ila8k_Debug_SDK_Worksp v

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

* Recent Workspaces

Figurel7: Create new SDR017.4.1lworkspace
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- EEESEEET L SRLE & & su o

Import Projects

Select a directory to search for existing Eclipse projects.

ir

(@) Select root directory:  C\TS74\TE0720_EdkDSP 2if te706 _ilaBk Debug INSTALL\SDSoC PFM\2if\SDK Workspace - Browse...
(7) Select archive file: - Browse...
Projects:

edkdsp (C\TS74\TEQ720_EdkDSP_2if_te706_ila8k_Debug_INSTALL\SDSoC_PFM\2if\SDK_Workspace\edkdsp) Select All

edkdsp_fp12_1x8_| (CATS74\TE0720_EdkDSP_2if_te706_ila3k_Debug_INSTALL\SDSoC_PEM\2iNSDK_Workspace\edkdsp_fp12_1x8_I)
edkdsp_fp12_1x8_s (CATS74\TE0720_EdkDSP_2if te706_ilagk Debug_INSTALL\SDSoC_PEM\2ifSDK_Workspace\edkdsp_fp12_1x8_s) Deselect All

mb01_bsp_0 (CATSTATE0720_EckDSP_2if te706_ilagk Debug INSTALL\SDSoC_PFM\2if\SDK_ Waorkspace\mb01_bsp_0)

mb01_hw_platform_0 (CA\TS74\TE0720_EdkDSP_2if_te706_ila8k_Debug_INSTALL\SDSoC_PFM\2if\SDK_Workspace\mb01_hw_platform_0)

Options

[] search for nested projects

Copy projects into workspace

[T Hide projects that already exist in the workspace

Working sets
[T Add project to working sets New...

hd Select..

@ Next > [ Fnish ||

Figurel8: Import the extendediebugevaluation package projects into the SDK Workspace.

Import (with copy) all SDK projects from

c:\ TS7A TE0720_EdkDSP_2if te706_ila8k_Debug_INSTALL \ SDSoC_PRNif \ SDK_Workspace
to the new SDKworkspace.

c: \TS7A TEQ720_EdKDSP_2if te706 _ilaBk _Debug SDK_ Workspace\

Both Microblaze projects will be compiled automatically by the SDK for the debug configuration.

(2) Select one ofhe examplesQ dzs m O A ) dddf dopytiad content ofthe sd_card directory to the SD
cad. ExampleCopyBOOT.bin to the root of the SD carftom:
c:\ TS74 TE0720_EdKDSP_2if te706_ila8k_Debug INSTALL \ SDSoC_PRNif \ SD_debug te01
s\ Release\ sd_card \ BOOT.bin

(3) ConnectMini USB cable from J7 connector to the PC. It will serve as ARM terminal and JTAG line.

(4) ConnectMicro USB cablé the USBUARTmd modile present in the J5 connectt the PC. It will serve
as MicroBlaze terminal.

(5) Power ON the carrier board. And open putty (or similar) terminal client for both USB serial lines.
Set the serial communication to [speed 115200, data bits 8, stop bitsritypene and flow control None]
in both cases.
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8 zsys - C/C++ - edkdsp/a/f3.c - Xilinx SD
I]File Edit Navigate Search Project Run Xilinx Tools Window Help
D HG B R B E O i DERME P A Gy Quick Access | 28| (@)
[ Project Explorer = 0 [EBfcx® =08 Z=ox ffp @m — O
EE|T < #include "stdio_fx.h" - B W o % -
4 (= edkdsp - #include "f3.h" U stdiofxh
4(=a X L. o f3h
@ f0.c unsigned char i, j, n, op, led, btn; e i:unsigned char
I5 f0.h - void main() { L] j:luns'gnec char
@ flc pb2dfu_set(C_PBP_REGO1, 0); ® n:unsigned char
I5 f1.h op = mb2pb_read_data(); ® op:unsigned char
& f2.c if (op == C_DFU_OP_WVER) { ® led: unsigned char
I f2.h pb2dfu_set(C_DFU_CNT, @); @ bin: unsigned char
@ fic pb2dfu_se‘_t(C_DFU_OP, op); e mainQ: void
n Bh | pb2dfu_waitdhw();
- = } else {
b std'o T n = mb2pb_read data();
> &b
» B pb2dfu_set(@x2e, 1); // To provide the trigger (9x01 o1
= include for (1 =0; 1<4; i) { =
> & lib for ](CJ z_2; i <=)3; i) {
¢ = tools 1riJ, n, opl;
. 3 edkdsp_fpl2_1x8_1 ) pb2mb_eoc(led);
4|1 edkdsp_fpl2 1x8 s 1
» 4% Binaries -
> &l Includes btn = btn2pb();
> = Debug led = led2pb();
4 5= src }
. @ bee fp12_1x8.0_axiw_g.c pb2mb_write(C_SCREEN_@);
ST b2mb_eoc(led);
> 18 bee_fpl2_1x8_0_axiw.c P —eoc(led);
> [0 bee_fpl2_1x8_0_axiwh 1
> [0 fill_def program_store.h pb2mb_eoc(".");
» [ fill_f0_program_store.h pb2mb_req_reset('."); 1
> [ fill_f1_program_store.h pb2mb_reset();
> [ fill_f2_program_store.h ¥ 4
- Al fill_f3_program_store.h - < 0y | '
4 Target Connections 31 £ 49 = g [l Problems ¥ Tasks & Consale Properties B SDK Termina = B [ElsDKlog B =0
> = Hardware Server & ﬁ}| CEEE =&l mMB~r8~ 19:19:29 INFO : Re »
) CDT Build Console [edkdsp_fpl2_1x8_s] 18:19:30 INFOQ © lLa
» (= Linux TCF Agent Al 16-10-32 TNED . el
> (= QEMU TcfGdbClient < = | s | T4 >
i edkdsp_fp12_1x8 s

Figurel9: SDK compiles MicroBlaze $Wijects for thestandalone ébug target
(6) Insert SD cartb the TEOQ70802 or TEQ7025 carrier board.
(7) Reset the carrier board.
- The standalone system will start.

- The ARM terminal will present output from th@l_s example
- The Arm application is waiting for the MicroBlaze.
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F

Figure20: Debugdemo t01_|;Execution of the ./t01 .elf example from the SD card

- The Xilinx SDRroject
Cc:\TS7A TE0720_EdkDSP_2if te706 ilaBk Debug SDK_ Workspace \ edkdsp fpl2 1x8 s
includesPicoBlaze6 firmware header filéd fO _program_store.h,
fil f1 _program_store.h, fill f2  program_store.h andfill f3 _program_store.h
Note: These files can be oempiledfrom the C source code e EdKDSP C conggilin the
Linux target session as described in the next segtion

- Inthe XilinxSDKwvorkspace compile theedkdsp_fpl2_1x8_s projectwith the existing (or new,
recompiled PicoBlaze@irmware headersill_f0_program_store.h,
fill_fl_program_s  tore.h, fill_f2_program_store.h andfill_f3_program_store.h

- In the Xilinx SDWorkspace slectDebug of Microlaze projecedkdsp_fpl2_1x8_s .In the Debug
/| 2y FAIdzNF GA2yas aSt SO0 ab2 NBaASGET dzyaSt SOG dawdzy

m Debug Configurations E

Create, manage, and run configurations @\

x. o
3“ = 5 Name: edkdsp_fpl2_1x8_s Debug

ype filter text ® Target Setup ™~ [C] Application| 5 Source| %" STDIO Connection | (& Debugger Options| = Common
E2 Performance Analysis

5] Target Communication Framewark Debug Type: |Standa|one Application Debug '|

a & Xilink C/C++ application (GDB) Connection: |L0ca| '| | New ‘
£, edkdsp_fp12_1x8_s Debug ==

£ Xilinx C/C++ application (System Debugger on QEMU) | | Device: Auto Detect |select.|

£ Xilinx C/C++ application (System Debugger)
Hardware platform: ‘mbUl_hw_platform_D "
Processor: ‘microblaze_l} - ‘ E
Bitstream file: |Sear(hm| ‘Browse”.|
Initialization file: ps7_inittel |Sear(hm| ‘Browse”.|

Summary of operations to be performed

No reset - Following operations will be performed before launching the debugger.
Program FPGA ' . }
ogram Fr/ 'CATSTATEO720_EdkDSP_2if_te706_ila8k_Debug_SDK Workspace\edkdsp_fp12_1x8 s\D
Run ps7_init ebug\edkdsp_fpl2_1x8_s.elf' will be downloaded to the processor 'microblaze_0'

Run ps7_post_config

Revert | ‘ Apply |

Filter matched 6 of 12 items

@ [ Debug ] ‘ Close |

Figure21: Debugdemot01_s Open project edkdsp_fp12_1x8 s for debug
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m TE0720 _EdkDSP_2if te706 ila8k _Debug SDK Workspace - Debug - edkdsp_fpl2 1x8 s/src/fpl2 1x8 s.c - Xilinx SDE, - W b
File Edit Source Refactor Navigate Search Project Run Xilinx Window Help
Amih | @it~ O ~in|m I =S NP G v g - - QuckAccessEﬁé}\@
%5 Debug = [## ¥ = O w-varables 32 s m = B8
P edkdsp_fpl2 1x8_s Debug [Xilinx C/C++ application (GDB)] =R [} =~
4 XMD Target Debug Agent (12.05.18 18:15) (Suspended) Name Value -
4 Thread [1] (Suspended: Breakpoint hit.) - # ConfigPtr 0x4326f405 E
= 1 main() fpl2_1x8 s5.c:2994 0x2811c5a0 )= Status -933411581
# mb-gdb (12.05.18 19:15) )= TimeoutCount 1572701843
s CATSTATED720_EdkDSP_2if te706_ilaBk_Debug_SDK_Workspace\edkdsp_fp12 1x8_ )= test_base_val 2047865155
- % test_base_ptr 0xf1800432 -
4 " 3
4 T 3 4 )
[€ fp12_1x8_s.c 2 = B %= Outline 2 = 0
- IR SRR
/7 static XIntc intc; = stdioh -

static XTmrCtr axi_timer_@_Timer; U platform.h E

& xparameters.h

init_platform();

P 0; o xtmrctrh
XMutex_Config *ConfigPtr; o tmretr_header.h
XStatus Status; # TMRCTR_DEVICE_ID
u32 TimeoutCount = ©; # TIMER_COUNTER_D

® TimerCounter : XTmrCt

e, 2

u es _base_ptr = @x 5 — # MUTEX_DEVICE_ID

u32 1iii=0; E

u32 jjjj=e; # MUTEX_NUM

i ®  Mutex: XMutex
- r = xparameters.h il

B Console = = |BEEE| BE([EFE B ~rf~=0 [Esdklog| A Memory & = 0
edkdsp_fp12_1x8_s Debug [Xilinx C/C++ application (GDB)] mb-gdb (12.05.18 19:15) i HE 6y -
_gdbinit: No such file or directory. ~ M+

Reading symbols from C:\TS74\TE@720_ FdkDSP_2if te706_ila8k_Debug SDK_Workspace\edkdsp fp12_1x8 s\Deb
0x2810000@ in _start ()

Temporary breakpoint 2, main () at ../src/fpl2 1x8 s.c:2994
2994 init_platform();

4 1" 3

Figure22: Debug demo t01_sStart the freerun from the debugger

- In the SDK debugger, step through the MicroBlaze source code, inspect conteriabfegsrsethe
breakpoints, step through the code and finadbiectthe free run of the MicroBlaze code
- At this stage, the ARM terminal willesentthe output from the ARMtO1_s.elf example.SeeFigure23.

Figure23: Debug demot01.8 N¥ & dF NI SR 9R15{t IYyR Ndlzya {5{2
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The MicroBlaze terminal will present output from the debugged MicroBlaze and the 8xSIMD
EdkDSP IP corBeeFigure24.

2 o+ ==

14
(HW FP ) N
(EdkDSE ) i YT - 1117 MFLOPs
(HW FP un ) I nd 1

MFETLC

JLKELD

Figure24: Debug demo t01_dlicroBlaze project output (Compiled for Dehug)

(8)In PC, open the Vivado Lab tool. $égure9.

- Open Hardware Manager

- Press Auto Connect icon in Hardware windowonnect to the board via JTAG line

- Open description of debug nets present in file, thus specifying the prapesf
c: \ TS7A TE0720_EdKDSP_2if_te706_ila8k_Debug_INSTALL \ SDSoC_PRNif \ SD_debug
te01_s \ Release\ debug_nets.ltx

- Set the ILA trigger conditions and observe process of computation in the 8xSIMD EdkDSP IP.
SeeFigurel0, Figurell, Figurel2,

- Open new perspective and observe the chip temperature.Fsgerel3. Close Vivado Lab toptoject.
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(9) In SDK debugger, stop MicroBlaze prooessid close the debug session.
(10)Remove SD card and reprogram ithie PC to test another example.

(11)Go to step (6).

Installation and use of Debugtvaluation Rckageg Linux examples

(1) In Win7 or Win 10 §4bit PC), unzip the basic evaluation package
TEO0720_EdkDSP_2if te706 ila8k Debug INSTALL.zip
to directory of your choice. We will use:
C:\TS7A TE0720_EdKDSP_14s te706_ila2k_Debug_INSTALL\
Open new Xilinx SDRD17.4.1workspace in the dactory
c: \TS7A TE0720_EdKDSP_2if te706 ilaB8k Debug \ SDK_ Workspacé

Import (with copy) all SDK projects from
c: \TS7A TE0720_EdKDSP_2if te706 ilaBk Debug INSTALL \ SDSoC_PRNif \ SDK_Workspacg

to the newSDK

(2) Select one of the example® @zs m 1 A ) ddd depy the content afd_card directory to the SD card.

Example. Copy content of the directory from
c: \ TS74 TE0720_EdkDSP_2if _te706_ila8k_Debug_INSTALL \ SDSoC_PRNRif \ SD_debug

te01 | \ Release\sd card\
to the root of the SD card

(3) Connect USB cable frodii connector to the PC. It will serve as ARM terminal and JTAG line.

(4) Connect USB cable the USBUARTd module present in the J5 connecttw the PC. It will serve as
MicroBlaze terminal.

(5) Power ON the carrier board. And open putty (or similar) terinitiant for both USB serial lines.
Set the serial communication to [speed 115200, data bits 8, stop bits 1, parity none and flow control None]

in both cases.

(6) Insert SD card to th€EQ70802 or TEQ7035 carrier board.

(7) Reset the carrier board.
- TheLinuxsystem will startSeeFigure25.
- Typethe Linuxuser nameand password:
root
root
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2 COMES5 - PuTTY

Password:

rootl@petalinux:~# mount /dev/mmcblk0Opl

root@petalinux:~# cd /mnt

root@petalinux:/mnt# 1s

BOOT.BIN _sds f0.dec f2. image.ub
README.txt edkdsp fl.dec f3. tell 1.elf
rootl@petalinux:/mnt# ./edkdsp/tools/cc fx.sh ./edkdsp/a
EDEDSPCC : f0.
EDKEDSPESM: f0.
EDEDSPCC : f1.
EDKEDSPPSM: f1.
EDEDSPCC : f2.
EDEDSPESM: f2.
EDEDSPCC : f3. ‘e
EDKEDSPPSM: f3.psm ...

root@petalinux:/mnt# ./edkdsp/tools//cs fx.sh ./edkdsp/a

EDEDSPCC : f0.c

EDKEDSPRASM: f0.psm

Generated M function file in the M file ././fill f0 program store.m
Generated C header file in the H file ./fill f0 program store.h
EDEDSPCC : fl.c

EDKEDSPASM: f1.psm

Generated M function file in the M file ././fill f1 program store.m
Generated C header file in the H file ./fill fl program store.h
EDEDSPCC : f2.c

EDKEDSPRASM: f2._psm

Generated M function file in the M file ././fill f2 program store.m
Generated C header file in the H file ./fill f2 program store.h
EDEDSPCC : f3.c ..

EDKEDSPRASM: f3.psm

Generated M function file in the M file ././fill f3 program store.m
Generated C header file in the H file ./fill f3 program store.h
root@petalinux:/mnt# ./te0l 1l.elf

/dev/mem opened.

Memory mapped at address 0
Memory mapped at address 0
BRMCPUO: Write firmware
ARMCPUO: Open input file fO.dec ... OK

LARMCPUO: Open input file fl.dec ... OK

LARMCPUO: Open input file f2.dec ... OK

LARMCPUO: Open input file f3.dec ... OK

LARMCPUO: Close input file fO.dec ... OK

LARMCPUO: Close input file fl.dec ... OK

LARMCPUO: Close input file f2.dec ... OK

LARMCPUO: Close input file f3.dec ... OK

BRMCPUO: Write firmware Done.

ARMCPUO: place 0x2B8100000 at start of MBO wectors
Reset for 1 sec.

LARMCPUO: MBO reset removed, BARM waiting ... I

¥y ]
B

no o oo n
] ]
g . 4 .

bef
3

X
Xae

Figure25: Compiled EdKDSP firmwa&arted debug dema Linuxtarget tO1 |.
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- Mount SD card to the directorfseeFigure25) /mnt by typing:
mount /dev/mmcblkOpl /mnt
- Change directory téamnt
cd /mnt
- Compile firmware for the PicoBlaze6 by the EdkDSP C coifgaitdrigure25) :
Jedkdsp/tools/cc_fx .sh ./edkdsp/a
- The PicoBlaze6 C source cdites from the directory./edkdsp/a
Jedkdsp/a/ f0.c ./edkdsp/a/ fl.c .ledkdsp/a/ f2.c .ledkdsp/a/ f3.c
are compiled by the EAKDSP C compiler to the firmware files:
f0.dec ./fl.dec ./[f2.dec f3.dec
- Optionally, you can also compile the PicoBlaze6 firmware into header files for the
standalone target. Compile firmware for the PicoBlaze6 by thk®dE&® C compilgiSeeFigure25):
.Jedkdsp/tools/cs _fx.sh ./edkdsp/a
Generated kader files with PicoBlaze6 firmware for the standalone target EDKDSP IP target are created
and stored irthe SD card root directory:
il _fO_program_store.h Jill_f1_program_store.h
Jfill_f2_program_store.h JAill_f3 _program_store.h
These headers serve for the standalone MicroBlaze projects. Headers are compiled directly into the
debugged MicroBlaze standalone applicatiordascribed above.
- Execute the ARMinuxapplicationSeeFigure25.
- The ARM terminal will present output from the EdKDSP C compiler
- The MicroBlaze terminal will present output from tBeSIMD EdkDSP IP
- Start the linux application by typing/t01_|.elf
- The ARM terminal will present output from th@l_l.elf  example.The Arm application is waiting for
the MicroBlazein this stage
- In the Xilinx SDK gimonment on the PC, seledebug projeci{SeeFigure26):
c: \TS7A TE0720_EdKDSP_2if te706 ilaBk Debug SDK_ Workspace \ edkdsp fpl2 1x8 |

B e e M
Create, manage, and run configurations ﬁ\
= EY
EIEEN Name: edkdsp_fp12_1x8_| Debug
® Target Setup ~_[C] Application | > Source| % STDIO Connection| & Debugger Options| [ Common
[ Performance Analysis
[ Target Communication Framework Debug Type: ISTE"d3|D"E‘APP|i[3TiD" Debug ']

4 & Xilinx C/C++ application (GDB)
<. edkdsp_fp12_1x8_| Debug

£ Xilinx C/C++ application (System Debugger on QEMU) Device: Auto Detect
£ Xilinx C/C++ application (System Debugger)

Connection: ILDcaI 'H New l

Hardware platform: lmbm,hwplarfmm,[) ']

Processor: lmi[rublazeﬁ 'I

Bitstream file: E
Initialization file:  ps7_inittcl
Summary of operations to be performed
Following operations will be performed before launching the debugger.
Program FPGA 1 - :
CA\TSTA\TEO720_EdkDSP_2if te706_ila8k Debug_SDK Workspace\edkdsp_fp12 1x8_N\Debug\ed

] Run ps7_init kdsp_fpl2_1x8_l.elf will be downloaded to the processor ‘microblaze_0'
] Run ps7_post_config
Enable Cross-Triggering

Filter matched 6 of 12 items

@ [ Debug ] l Close

Figure26: Select MicroBlaze project edkdsp_fpl2_ 1x8 tiédrug
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- In the SDK debugger, step through the MicroBlaze source code, ibp@tntent of variables, set
breakpoints etcSeeFigure27.

- In the SDK debugger, seléate run of the MicroBlaze cod&eeFigure27.

- The MicroBlaze terminal will present output from the 8xSIMD EdkDSP IP working with new
firmware programs as reompiled by the EAKDSP C compiler from the C source desle f
Jedkdsp/a/ f0.c , .Jedkdsp/a/ fl.c , .Jedkdsp/a/ f2.c and ./edkdsp/a/ f3.c
The terminalOutput is identical td~igure24.

- The ARM terminal will continue to present output from tdd4_l.elf  example SeeFigure28.

- In ARMterminal, type:

Is -Ir

to see listing of files compiled by the EdKDSP C compileFi§eae=28.

The compiled headdiles fill_fO_program_store.h, fill_f1_program_store.h ,
fill_f2_program_store.h , andfill_f3_program_store.h can be useas new source code for
the standalone MicroBlaze project

c: \TS7A TE0720_EdKDSP_2if te706 ilaBk Debug_SDK_ Workspace \ edkdsp f pl2 1x8 s

— * .
TEQ720_EdkDSP_2if_te706_ila8k_Debug_SDK_Workspace - Debug - edkdsp_fpl2_1x8 |/src/fpl2_1x8_l.c - Xilinx SDK gm
— R —_ o— il
File Edit Source Refactor MNavigate Search Project Run Xilinx Window Help
HAmihs | Bt ~-0~ | PIE M. SR OB G i dit oy Quick Access :| & | B[
%5 Debug [# = = 8 toVariab.. 2 % Break Regist.. [ XSC @ Emula Modules = O
a & edkdsp_fp12_1x8_| Debug [Xilinx C/C++ application (GDB)] B & | £9 =
4 i XMD Target Debug Agent (12.05.18 19:48) (Suspended) Name Value il
4 o Thread [1] (Suspended: Breakpoint hit.) - » ConfigPtr Oxd53ecdle ‘E‘
= 1 main() fp12_1x8_1.c:2994 0x2811c5a0 )= Status -294139712 N
s mb-gdb (12.05.18 19:48) 9= TimeoutCount 893994017
s CNTST4\TEQ720_EdkDSP_2if_te706_ila8k_Debug_SDK_Workspace\edkdsp_fpl: )= test_base_val 3359450778
+ # test_base_ptr Oxe8403176 -
< I |
-
< | 1 | Gl < »
[€ fp12_1x8 l.c 2 = B 5= Qutline & = b
- ElERE e ¥ ¥
I/ static XIntc intc; U stdioh -
static XTmrCtr axi timer @ Timer; U platformh |§|
— &l xparameters.h |
init_platform();
o 0; &1 xtmrctrh
XMutex Config *ConfigPtr; & tmrctr_headerh
XStatus Status; # TMRCTR_DEVICE ID |
u32 TimeoutCount = @; # TIMER_COUNTER_O |
® TimerCounter: XTmrCtr |
132 *testbaseptr - Ox28000000; 2 e |
uze “rest_baseptr = Ox ; B # MUTEX_DEVICE_ID
u32 iiii=e; El |
u32 jjjij=e; # MUTEX_NUM |
i ®  Mutex : XMutex |
. e - & xparameters.h Ly I
B Console &2 & Tasks B SDK Termina Problems @ Executables = b SDK Log 0 Memory 22| L ~IE8 EE sy - = o |
] |BeREE(EE) = B » 5~ Monitor §= I
edkdsp_fp12_1x8_| Debug [Xilinx C/C++ application (GDB)] CATS7TH\TEQ720_EdkDSP_2if_te706_ila8k_Det |
Process STDIO not connected to console. e |

If you'd like to see UART output in this console, please modify STDIO sett

Figure27: Select free run of MicroBlaze project edkdsp_fp12_1x8 |
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(8) In PC, open the Vivado Lab tairdware nanager SeeFigure9.

- Press Auto Connect icon in Hardware windoveonnect to the board via JTAG line

- Open description of debug nets present in fileys specifying the probes file

- Open descriptioof debug nets present in file
C:\TS7A TE0720_EdKkDSP_2if te706_ila8k_Debug_INSTALL \ SDSoC_PRNif \ SD_debud te01_s\
Release\ debug_nets.ltx

- Set the ILA tgger condions. SeeFigurel0, Figurell, Figurel2. Close Vivado Lab tool project.

(9) In SDK debugger, stop MicroBlaze proceandrclose the debug session

(10) Exit fromLinuxby typing on the ARM terminadxit

(11)Remove SD card and reprogram ithie PC to test another example.

(12)Go to step (6).

£2 COMBS5 - PuTTY y RS-

input fi
nut fi

x:/mnt# 1

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Figure28: Output from ARM MicroBlaze fort tOll CompiledEdkDSHrmware.
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Updatingof the releaseSD card imagef®r new standalonereleasetarget

Modified PicoblazeB8C source code can be compiledfionware headers inthe embedded EdkDSP C compiler
(Linuxtarget). Resulting headers can lircluded in the SDK MicroBlaze standaloeleasetarget project See
Figure 19. The standalonereleasetarget SD card image can be updatég re-compiation of the (possibly
modified) C source code for the MicroBlaze in 8igkprojectwith included updated PicoBlaze firmware header
files. SeeFigure29.

-
Create Boot Image P
Creates Zyng Boot Image in .bin format from given FSBL elf and partition files in specified output folder. '@

Architecture:

(0) Create new BIF file (@) Import from existing BIF file

Import BIF file path:  CA\TS74\TE0720_EdkDSP_2if_te706_ila8k_Release_INSTALL\SDSoC_PFM\2if\SD_release\te01_s\Release\uboot\te0l_s.bif

Basic  |Security

Output BIF file path: CA\TS74\TE0720_EdkDSP_2if_te706_ila8k_Release INSTALL\SDSoC_PFM\2If\SD_release\te01_s\Release\uboot\te0l_s.bif Browse...

UDF data: Browse...
[ spiit Output format;
Output path: CATS7TA\TEQ720_EdkDSP_2if_te706_ila8k_Release INSTALL\SDSoC_PFM\2if\SD_release\te01_s\Release\uboot\BOOT.bin Browse...

o]
o=
5]
=
v
1]

Boot image partitions

File path Encrypted  Authentic... Add
(bootloader) \zyng_fsbl.elf none none
\zsys_wrapper.bit none none
\te01_s.elf none none
Medkdsp_fpl2_1x8 _s.elf none none

| —
@3‘ lPreview BIF Changesl l Create Image ] l Cancel ]

Figure29: Create BOOT .bfor thet01 s demo

Seethe content of directory

c:\TS7A TE0720_EdKDSP_2if te706 _ilaBk Release INSTALL \SDSoC_ PRMif \ SD_release \ te01
_s\ Release\ uboot \

The newBOOT.bin image can be created frothesefive files:

t01 s.bif , zynqg_fsblelf , zynq_wrapper.bit.elf , t01 s.elf , edkdsp fpl2 1x8 s.elf
Replaceanold edkdsp_fpl2_ 1x8_s.elf file with the new file recompiled in the SDK (with new PicoBlaze6
firmware headersjrom the SDK project

c: \TS7A TEQ720_EdKDSP_2if te706 _ilaBk _Debug SDK_ Workspace\ edkdsp_fpl2_ 1x8 s

Use theBOOT.bin generation utility (In the BK workspace: Xilinx ToetsCreate Boot Image) and create the
new BOOT.bin file (Sed~rigure29):

Cc:\TS74 TEQO720_EdKDSP_2if te706_ilaBk Release INSTALL \SDSoC_ PRMIif \ SD_release \ te01
_s\ Release\ uboot \ BOOT.bin

Copy this nevBOOT .bin file it to:

c:\TS7A TE0720_EdKDSP_2if te706_ila8k_Release INSTALL \ SDSoC_PRMif \ SD_release \ te01
_s\ Release\ sd_card \ BOOT.bin

The content of thestandalonereleasetarget SDcard is updated with newlicroBlazeand PicoBlaze6 firmware
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Updatingof the release SD card images foew Linuxreleasetarget

The Linuxreleasetarget SD card imagean be updatedby reccompilation of he (possibly modified) C source
code for the MicroBlaze in the SDK proj&xeFigure30.

N

i
Create Boot Image P
Creates Zyng Boot Image in .bin format from given FSBL elf and partition files in specified output folder. '@

Architecture:

() Create new BIF file @) Import from existing BIF file

Import BIF file path:  CA\TS74\TEQ720_EdkDSP_2if_te706_ilag8k_Release_INSTALL\SDSoC_PFM\2if\SD_release\te01_I\Release\ubootite_l.bif

Basic | Security

Output BIF file path; CA\TS7M\TEQ720_EdkDSP_2if_te706_ila8k_Release INSTALL\SDSoC_PFM\2if\SD_release\te01_I\Release\uboot\te_l.bif Browse...
UDF data: Browse...
[ split Output format:

Output path: CATSTANTEQT20_EdkDSP_2if te706_ila8k_Release_INSTALL\SDSoC_PFM\2iR\SD_release\te01_|\Release\uboot\BOOT.bin Browse...

[n=]
=
/5]
=
v
]

Boot image partitions

File path Encrypted  Authentic... Add
(bootloader) \zyng_fsbl.elf none none
\zsys_wrapper.bit none none
\u-boot.elf none none
Medkdsp_fpl2_1x8_lelf none none

[ ——
@' lPreview BIF Changes] l Create Image ] l Cancel ]

Figure30: Create BOOT.bin fanet01 | demo

Usethe content of directory

c:\TS7A TE0720_EdKDSP_2if te706 _ilaBk Release INSTALL \SDSoC_ PRMNif \ SD_release \ te01
_I'\Release\ uboot\ The newBOOT.binimage can be created frotthese files:

te _Lbif , zyng_fsblelf , zyng_wrapper.bit.elf , U-boot.elf , edkdsp_fpl2_1x8 l.elf

Replace

c:\TS7A TEQ720_EdKDSP_2if te706_ilaBk Release INSTALL \SDSoC_PRNif \ SD_release \ te01
_I'VRelease\ uboot \ edkdsp_fp12 1x8 l.elf

with anew file recompiled in th&DKproject

c:\TS7A TEQ720_EdKDSP_2if te706 _ila8k_Debug SDK_ Workspace \ edkdsp_fp1l2_ 1x8 |

Use theBOOT.bin generation utility of the SDK and create the nB®OT .bin file:

Cc:\TS74 TEQO720_EdKDSP_2if te706_ilaBk Release INSTALL \SDSoC_ PRMIif \ SD_release \ te01
_I'\ Release\ uboot \ BOOT.bin

Copy this nevBOOT.bin file to:
c:\TS7A TE0720_EdKDSP_2if te706_ila8k_Release INSTALL \ SDSoC_PRMif \ SD_release \ te01
I\ Release\ sd_card \ BOOT.bin

i o i .
Sighae processing http://zs.utia.cas.cz

|U-'-'.A| Akademie véd Ceské republiky E 20808 A AV LR,

Ustav teorie informace a automatizace AV CR, v.v.i. All disclosure and/or reproduction rights reserved



Copy modified0.c, fl.c f2.c andf3.c to the directory:

c: \ TS74 TE0720_EdkDSP_2if_te706_ila8k_Release INSTALL \SDSoC_PRNif \ SD_release \
te01_| \ Release\ sd_card \ edkdsp\ a\

Copy compiledO.dec, f1.dec f2.dec andf3.dec to the directory:

c: \TS7A TE0720_EdKDSP_2if te706 ilaBk Release INSTALL \SDSoC_ PRNif \ SD_releas e\
te01_| \ Release\ sd_card \

The ontent of theLinuxreleasetarget SDcard is updated with newWlicroBlazeand PicoBlaze6 firmwaend
stored in the PC
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10.Ings al |l afi &nr owhead Framework Supp:«
I —————————————

This chapter describes an installation procedure of Arrowhead client on Zyng 7000 device with
support for the Xilinx SDSoC 2017.4 HW accelerators. The Zyng device runs Xilinx PetaLinux
2017.4. kernel with Debian 9.8 Stretch distribution (03.25.2019). The client SW acts as a Producer of
a service or as a Consumer requesting the service from an Arrowhead framework. The base
hardware platform for the Zynqg device is compiled with Xilinx Vivado 2017.4 tool. The entire
installation procedure has been tested on Win 7 Pro and Win 10 PC. To run and test Arrowhead
clients, it is required to have running Arrowhead-framework G4.0 light-weight installation running on
a RaspberryPi 3B board (RPi3).

HW configuration with simple arrowhead client example

The targeted HW works with one RPi3 board (bottom) and two Zynq boards (above). The RPi3
implements the Arrowhead framework. See [2] for the documentation. The Producer Zyng on the top
board hosts C++ provider capable to measure the actual temperature of the Xilinx XC77010-1C
device. The Consumer Zynq in the middle hosts C++ consumer capable to ask the Arrowhead
framework about the temperature provided as service by the Producer Zynq board. Zyng boards
host HW accelerators of Matrix MultiplyAdd (20x20 int32 matrices), delivering approximately 4x
shorter execution time in comparison to the optimized SW running on the 650 MHz Arm Cortex A9
processor.

Figure31: Zynqg module (TE0720-14S on TEQ706-02 carrier) with Debian an AH 4.0 Client
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Installation of arrowhead framework services on RPi3

Testing and running of the Arrowhead C++ clients on Zynq board requires Ethernet access to the
Arrowhead framework services. It is recommended to use the precompiled image for the RPi3
board. It includes already installed and configured Arrowhead framework G4.0 lightweight
implementation. The image is available as one of results of the work package WP1 of the running
ECSEL JU project Productive4.0 https://productive40.eu/.

It is accessible for all consortium project partners from the project ownCloud repository
https://productive4-cloud.automotive.oth-aw.de/index.php/login . Files are present in section WP1,
task 1.4. Please contact coordinator of the consortium for further information about the access to the
Arrowhead-framework G4.0 light-weight installation running on the RPi3 board. After receiving the
access to the download, unzip the three downloaded files Arrowhead-40-raspi.z01, Arrowhead-40-
raspi.z02 and Arrowhead-40-raspi.zip into the final image file image_180626.img (size
3.711.959.040 Bytes).

Copy the RPi3 image image_180626.img to (at least) 4GB SD card (speed grade 10). You can use
the Win32Disklmager utility from: https://sourceforge.net/projects/win32diskimager/ .

Connect the RPi3 to USB keyboard, HDMI monitor with inserted SD card. Connect it to Ethernet
with the DHCP server. Power ON the board by connecting the 5V power supply via micro USB
cable. Power can be provided from the PC via the USB port or, preferably, from the dedicated 5V
power supply.

Figure32: The RaspberryPi 3 will boot from the SD card image with text output to the HDMI monitor.
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https://productive40.eu/
https://productive4-cloud.automotive.oth-aw.de/index.php/login
https://sourceforge.net/projects/win32diskimager/

Login as user:

pi
Password:

raspberry
Find and write down the assigned Ethernet IP address for IP V4 and IP V6 by typing on the RPi3
keyboard:

ifconfig
To shutdown properly the RPi3 type on the RPi3 keyboard:

sudo halt
The OS will shutdown and all possibly open R/W operations to the SD card are closed. Remove
temporarily the SD card and disconnect the 5V power to switch OFF the board. Return the SD card
to RPi3 slot.

Install Debian immage on SD card for the Zynqg board

1. Unzip the preconfigured and precompiled Debian image for the Zyng board from from this
evaluation package file: te0720-debian.zip to the file te0720-debian.img (8GB).

2. Use again the Win32Disklmager tool for creation of the image te0720-debian.img on the SD
card. Use 8GB SD with speed grade 10.

3. Copy to the patrtition visible from Win7 or Winl10 (fat32 partition of the immage) card the
selected set of files with one of precompiled HW accelerated demos for the SDSoC accelerator
and precompiled firmware files and compiler tools for the 8x SIMD EdkDSP accelerator demo
as described in the first part of this application note.

4. Insert created SD card to the SD slot of the carrier of the Zyng module.
Connect the Zynq board with your Win7 or Win 10 PC via two micro USB cable.

6. Use putty or similar terminal client with speed (baud) 115200bps, data bits 8, stop bits 1, parity
none and flow control none.

7. The actual COM port number associated with your connection can be found in the windows
Device manager.

o

Install Arrowhead-f support on zyng
At this stage, the Debian OS present on both Zynq board can be upgraded to become compatible with
the Arrowhead framework G4.0 client and provider C++ demo applications.

1. Start Ethernet connected RPi3 board, Zynq board and the Win7 or Win 10 PC.

2. ldentify and write down the Ethernet addresses set by the HDCP server. The network has to
support access to the external Ethernet to get access to the needed SW repositories.
In Win7 or Win 10 PC use WiInSCP or similar tool to copy the arrowhead installation script
install-arrohead-cli-dep.sh from this evaluation package to the /root folder of the Zynq board:
[/root/install - arrohead -cli - dep.sh

3. To control the Zyng board, use SSH (preferred) or serial terminal of your Win7 or Win 10 PC.
Log in as: user root pswd root

4. To upgrade the Debian installations on the Zyng SD card image and to install the dependencies
required by the Arrowhead framework compatible C++ clients, execute on the Zynq board these

commands:

cd /root

chmod ugo+x install - arrohead -cli -dep.sh
Jinstall -arrohead -cli -dep.sh

Install arrowhead-f C++ provider on Zynq
To:control the Zynq device, use SSH (preferred) or serial terminal.
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1. Get the Arrowhead client source code. The sources include C++ version of the Arrowhead
Provider and Client skeletons.

cd /root

git clone https://github.com/arrowhead - ficlient - cpp
2. Compile Arrowhead ProviderExample.

cd client - cpp/Pr oviderExample

make

3. Modify the ProviderExample configuration file ApplicationServicelnterface.ini
mcedit ApplicationServicelnterface.ini

The configuration file consists of the following items.

9 sr_base uri i an address of the Arrowhead registration service running in insecure
mode, in our case it is the RPi3 IP address with port 8440.

9 sr_base uri_https i an address of the Arrowhead registration service running in secure
mode, in our case it is the RPi3 IP address with port 8441.

9 porti a port number where the Provider will be available on, set 8000.

1 addressi Provider IP address, Zynq IP.

1 Address6 - Provider IP address in IPV6

The ProviderExample configuration file example:

[Server]

sr_base_uri="http:// 10.42.0.141:8440  /serviceregistry/"
sr_base_uri_https="https:// 10.42.0.141:8441  /serviceregistry/"
port="8000"

address=" 10.42.0.103

address6="[ fe80::483b:e5ff.fe7f:610d 1"

Safe the file (F2) and exit the editor (F10).
4. Start the ProviderExample
/ProviderExample

The ProvidedExample registers itself in the Arrowhead framework database. On Consumer
request, it returns an artificial temperature, fixed to value 26 degrees Celsius.

Install arrowhead-f C++ consumer on Zynq
The Arrowhead ConsumerExample can be compiled and run on the same Zyng board.

1. Compile Arrowhead ConsumerExample.
cd /root/client - cpp/ConsumerExample
make

2. Configure the ConsumerExample. There are two configuration files: Orchestratorinterface.ini
and consumedServices.json.

a. Orchestratorinterface.ini
mcedit Orchestratorinterface.ini
The configuration file consists of the following items.
9 or_base_uri i an address of the Arrowhead orchestrator service running in
insecure mode, in our case it is the RPi3 IP address with port 8440.
9 sr_base_uri_https T an address of the Arrowhead orchestrator service running in
secure mode, in our case it is the RPi3 IP address with port 8441.
9 porti a port number where the Consumer will be available on, set 8002.
9 addressi Consumer IP address, Zynq IP.
9 address6 - Consumer IP address in IPV6
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https://github.com/arrowhead-f/client-cpp

The configuration file example:

[Server]

or_base_uri="  http://10.42.0.141:8440 /orchestrator/orchestration"
or_base_uri_https=" https://10.42.0.141:8441 /orchestrator/
port="8002"

address=" 10.42.0.10 3"
address6="[ fe80::1483b:e5 ff:fe7f:610d 1"

Safe the file (F2) and exit the editor (F10).

b. consumedServices.json
mcedit consumedServices.json

Modify the following items in the file:

orchestration

1 requestForm/requesterSystem/port i Number of the Consumer port.

1 Modify line
"security" ; ™"

1 preferredProviders/providerSystem/address i Preferred Provider IP address.
91 preferredProviders/providerSystem/port i Port number, where the preferred Provider

listen on.
This configuration file should look like this:
{
"consumerlD": "TestconsumerlID",
"r equestForm™: {
"requesterSystem": {
"systemName": "clientl",
"address": "dontcare",
"port": 8002,
"authenticationInfo": "null"
b
"requestedService": {
"serviceDefinition": "IndoorTemperature_ProviderExample",
"interfaces": ['REST - JSON SENML'],
"serviceMetadata":{
"security" :
}
Ji-
"orchestrationFlags": {
"overrideStore" : true,
"matchmaking” : true,
"metadataSearch” : false,
"pingProviders" : false,
"onlyPreferred" : true,
"externalServiceRequest" : false
Ji-
"preferredProviders": [{
"providerSystem":{
"systemName": "SecureTemperatureSensor",
"address": " 10.42.0.103
"port™"  8000"

}
1
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}
Save the file (F2) and exit the mcedit editor (F10).

The Debian midnight commander tool can be started from the command line by typing:
mc -s

Run the ConsumerExample
/ConsumerExample

The program should show the following response from the ProviderExample:

Provider Response:

{"e™:[{"n": "this_is_the_sensor_id","v":26.0,"t": "1553675692"}],"bn":

"this_is_the_sensor_id","bu": "Celsius"}

The ConsumerExample will fail in the first instance. The database of the Arrowhead-f running on the
RPi3 has to be configured. The ProviderExample and the ConsumerExample have to be connected by
the operator of the databaze. This is described next.

Modification of arrowhead database

The Arrowhead framework running on RPi3 provides phpMyAdmin interface to control its database. To
allow the ConsumerExample to get the ProducerExample service response, follow these steps:

#4 10.42.0.141 / localhost / = x

& C  ©® Nezabezpeceno | 10.42.0.141/phpmyadmin/sql.php?server=1&db=arr... Y @ &
iii Aplikace % Bookmarks W programovani WE jidlo @& UTIA @ HC » @ Ostatni zdlozky
p h p 7] Server: localhost:3306 » @ Database: arrowhead_test cloud_1» [~ £ =
Ele & e Browse ¢ Structure [/ SQL » Search ¥ More
Recent Favorites
=/ @ Show all | Numberofrows: | 25 v Filter rows: | Search this table
— ¢ New
+_ . arrowhead + Options
+_ . arrowhead2 *_T,... ¥ id service_definition
~_ . arrowhead_test_cloud_1 & Edit 3¢ Copy @ Delete 1 Billing
o New
T"’ amowhead_cloud o Edit 3¢ Copy @ Delete 2 ChargingReservation
+_ l» arrowhead_service & Edit 3¢ Copy @ Delete 3 DCCharging
9.0 arrowhead service_interfa o Edit 3¢ Copy @ Delete 4 IndoorTemperature
+_ »» arrowhead_system
8 2 broker & Edit f',g-:' Copy @ Delete 55 IndoorTemperature_ProviderExample
-Ib-_f event_filter o Edit 3¢ Copy @ Delete 25 InsecureAuthorizationControl

Figure33: phpMyAdmin interfacef the Arrowhead Database

1. On your Win7 or Win 10 PC, start web browser and go to the RPi3 phpMyAdmin web page,
http://10.42.0.141/phpmyadmin (use the IP address of your RPi3).

User name: root password: root
2. Getan ID of the ProducerExample.
Selecttablear r owhead test _cloud_1Yarrowhead_ system
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and locate the line containing the I[P address of the Zynqg with system_name
SecureTemperatureSensor.
In our case the ID is 5.

3. Get an ID of the ConsumerExample.
Selecttablear r owhead test _cloud_1Y arrowhead_system
Locate the line containing system_name:
clientl.
In our case itis 7.

4. Getan ID of the ProducerExample service.
Selecttablear r owhead test _cloud_1Y arrowhead _service
Locate the line containing service_definition called:

IndoorTemperature_ProviderExample.
In our case the ID is 55.

5. In table service_registry, check if the ProviderExample is linked with its service.
Link the ProviderExample, its service and the ConsumerExample together. In table
intra_cloud_authorization, add a new line containing: consumer_system_id 7,
provider_system_id 5 and arrowhead_service_id 55.

The ConsumerExample should get the proper response from the ProviderExample, now.

Mk 10.42.0.141 / localhost / = x

< C  @® Nezabezpeceno | 10.42.0.141/phpmyadmin/sql.php?server=1&db=arrowhead_test_cloud_1&table=intra... ¥ [2)

i Aplikace % Bookmarks @B programovani B jidlo @ UTIA @ HC [E{ Sports Tracker » @ Ostatnizalozky

@Server: localhost:3306 » @@ Database: arrowhead_test cloud_1 » [ Table: intra_cloud_authorization

@ij %) & ¢ | Browse | ¥ Structure @ || SQL v Search :'Jg-é Insert | =} Export « Import ¥ More
Recent Favorites
=& «” Showing rows 0 - 5 (6 total, Query took 0.0005 seconds.)
o New SELECT * FROM “intra_cloud_authorization®
+_ . arrowhead

¥ arrowhead2 Profiling [ Edit inline ] [ Edit ] [ Explain SQL ] [ Create PHP code ] [ Refresh ]

|
—_  arrowhead_test_cloud_1

|_ J New Show all Number of rows: | 25 v Filter rows: | Search this table Sort by key: | None
+_ i arrowhead_cloud
+_ i arrowhead_service + Options
114 arrowhead_service_interfar “Tﬂ w id consumer_system_id provider system_id arrowhead_service_id
4+ 1+ arrowhead_system & Edit 3¢ Copy @ Delete 1 4 1 1
+L « broker o Edit 3¢ Copy @ Delete 2 4 3 1
+_ 1 event filter S X

& Edit 3t Copy @ Delete 3 4 3 2
+_l» event_filter_metadata
+_ l» event_filter_sources_list & Edit 3¢ Copy @ Delete 4 7 3 &
4L« hibernate_sequence &’ Edit 3¢ Copy @ Delete 6 7 5 55
+_ » inter_cloud_authorization Lo ~

o’ Edit #c Copy @ Delete 5 7 6 4

+_ 4 intra_cloud_authorization
I S

Figure34: Theintra_cloud_authorization table of theArrowhead Database

Test the Zynqg consumer and producer
The ProducerExamples er ver i s runni n&nqwoardtndhe APr oducer o

Execute the ConsumerExamplec | i ent exampl e d&ynglodwrke AConsumer 0O
/ConsumerExample
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The ConsumerExample client example program should show the modelled constant temperature
response (26.0) from the ProviderExample and exit.

Provider Response:

{"e":[{"n": "this_is_the_sensor_id","v":26.0,"t": "1553675692"}],"bn":

"this_is_the_sensor_id","bu": "Celsius"}

This concludes the complete demo of Producer and Consumer on two Zynq boards omplemented as
C++ SW code compatible with the Arrowhead framework G4.0 lite-installation on the RPi3 board.

Producer service and Consumer client can run on a single Zyngbeery board or two different Zynq
boards. The configuration files and the configuration of the Arrowhead framework database described
in Chapter 6 - Chapter 10 provides setup for single Zynq board.

Change of the setup for two Zynqg boards involves only modification of the corresponding Ethernet
addresses assigned by the DHCP server.

The HW accelerated matrix multiplication demo can be executed on both Zynq boards by executing:
/boot/te06_|.elf

See the HW acceleration measured by the number of Arm A9 clock cycles.

Producer with real temperature measurement on zynq

Real temperature of the Xilinx chip of the Zyng board can be measured by modified
ProviderExample.cpp code. This code measures the real temperature of the chip:

#pragma warning(disable:4996)

#include "SensorHandler.h"
#include <sstream>
#include <string>

#include <stdio.h>

#include <thread>

#include dist>

#include <time.h>

#include <iomanip>

#ifdef _ linux__
#include <unistd.h>
#elif _WIN32
#include <windows.h>
#endif

#define TEMP_RAW_FILE  “/sys/bus/iio/devicesl/iio:deviceO/in_temp0_ps_temp_raw"
#define TEMP_OFFSET_FILE "/sys/buswitds/iio:deviceO/in_tempO_ps_temp_offset"
#define TEMP_SCALE_FILE "/sys/bus/iio/devices/iio:device0/in_temp0_ps_temp_scale"

const std::string version = "4.1";

bool bSecureProviderinterface = false; //Enables HTTPS interface on the application(sétiviteken enabled)
bool bSecureArrowheadinterface = false; //[Enables HTTPS interface towards ServiceRegistry AH module

inline void parseArguments(int argc, char* argv[]){
for(int i=1; i<argc; ++i)}{
if(strstr("--secureArrowheadInterface’grgvii]))
bSecureArrowheadInterface = true;

Signae priocessing http://zs.utia.cas.cz

|U-'-'.A| Akademie véd Ceské republiky 3 . E 2 oarg A AV LR,
Ustav teorie informace a automatizace AV CR, v.v.i. All disclosure and/or reproduction rights reserved



else if(strstr(*-secureProviderinterface", argvli]))
bSecureProviderinterface = true;

int main(int argc, char* argv[]){

printf("\n \rerovider Examplev%3n
version.c_str());

parseArguments(argc, argv);
SensorHandler oSensorHandler;

/ISenML format

/ltodo:

/lgenerate own measured value into "measuredValue"
/["value" should be periodically upted
/["sLinuxEpoch" should be periodically updated

std::string measuredValue; //JSGSENML format
time_t linuxEpochTime = std::time(0);
std::string sLinuxEpoch = std::to_string((uint64_t)linuxEpochTime);

FILE *f_t_raw, *f_t_off, *f_t_scale;

if ((f_t_raw = fopen(TEMP_RAW_FILE, "r")) == NULL ) {
printf("Cannot open file %", TEMP_RAW_FILE);
return -1;

if ( (f_t_off = fopen(TEMP_OFFSET_FILE, "r")) == NULL ) {
printf("Cannot open file %", TEMP_OFFSET_FILE);
return -1;

if ((f_t_scale = fopen(TEMP_SCALE_FILE, "r")) == NULL ) {
printf("Cannot open file %", TEMP_SCALE_FILE);
return -1;

}
printf("OKN");

int t_raw;
int t_off;
float t_scale;

fscanf(f_t_raw, "%d", &t_raw);
fscanf(f_t_off, "%d", &t_off);
fscanf(f_t_scale, "%f", &t_scale);
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if (fclose(f_t_raw) == EOF ) {
printf("Cannot close file %", TEMP_RAW_FILE);
return -1;

}
printf("OKn");

if (fclose(f_t_off) == EOF ) {
printf("Cannot close file %", TEMP_OFFSET_FILE);
return -1;

if (fclose(f_t_scale) == EOF ) {
printf("Cannot close file %", TEMP_S& E_FILE);
return -1;

/I double value = 26.0;

Il (raw + offset) * scale ... in milidegree Celsius
float value = ((float)(t_raw + t_off) *t_scale) / 1000.00f;

/lconvert double to string
std::ostringstream streamQb
streamObj << std::fixed;
streamObj << std::setprecision(1);
streamObj << value;
std::string sValue = streamObj.str();

measuredValue =
g
"\"e\":[{"
"\"n\":\"this_is_the_sensor_M,"
"\"wv\":" + sValue +","
"\"t\": \"" + sLinuxEpoch +""
K
"\"bn\": \"this_is_the_sensor_i,"
"\"bu\": \"Celsius"
"

//[do not modify below this
oSensorHandler.processProvider(measuredValue, bSecureProviderinterface, bSecureArrowheadinterface);
while (true) {

linuxEpochTime = std::time(0);
sLinuxEpoch = std::to_strir{g{nt64_t)linuxEpochTime);

Il if (value < 30.0) value +=0.1;
/i else value = 26.0;

SIgNEL P PFE==TE http://zs.utia.cas.cz

| U-'-'.A I Akademie véd Ceské republiky 3 . E 2 oerg A AV LR, v.
Ustav teorie informace a automatizace AV CR, v.v.i. All disclosure and/or reproduction rights reserved



if ((f_t_raw =fopen(TEMP_RAW_FILE, "r")) == NULL ) {
printf("Cannot open file %", TEMP_RAW_FILE);
return -1,
}
fscanf(f_t_raw, "%d", &t_raw);
if (fclose(f_t_raw) == EOF ) {
printf("Cannot close file %s", TEMP_RAW_FILE);
return -1,
}
value = ((float)(t_raw + t_off) * t_scale) / 1000.00f;
LINRY G F6b%e Wi, vatu)Y LI Y 2 F ¢/
streamObj.clear();
streamObj.str(");
streamObj << std::fixed;
streamObj << std::setprecision(1);
streamObj << value;
sValue = streamObj.str();
measuredValue =
g
"\"e\":[{"
"\"n\": \"this_is_the_sensor_M,"
"\"W\":" + sValue +""
"\"t\": \"" + sLinuxEpoch +""
K
"\"bn\": \"this_is_the_sensor_M,"
"\"bu\": \"Celsius""

F
oSensorHandler.processProvider(measuredValue, bSecureProvitate, bSecureArrowheadinterface);
#ifdef _ linux__

sleep(1);
#elif _WIN32
Sleep(1000);
#endif
}
printf("Close file %s ... ", TEMP_RAW_FILE);
if (fclose(f_t_raw) == EOF ) {
printf("FAILEDN");
return -1;
}
printf("OKN");
return O;

Figure35: Maodifications ofProviderExample.cppto measure temperature of the Zyng chip

All other files of the ProviderExample project remain identical.
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HTTF GET request received

Received URL: Athis_is_the_custom_url

Fezponze?

{"e":[{"n": "thiz_iz_the_sensor_id","w":61,9,"t": "1657232692"}+],"bn": "this_is_the_sensor_id","bu": "Celsius"}

Zyng Temp & B1,274303 °C

Mew meazurement received fromy thiz_is_the_sensor_id
LaztValue updated,

Zyng Temp ¢ B1,151260 °C

Mew meazurement received fromi thiz_is_the_sensor_id
LaztValue updated,

Zyng Temp ¢ B1,274303 °C

Mew meazurement received fromi thiz_is_the_senzor_id
LaztValue updated,

@S @ mc [root@zynq]:~/client-cpp/ConsumerExample

Dlare,
rootBzyng:“sclient—cppeConsumerExample# | ConsumerExample

ConsumedServiceTable

TestconzumerID @ § "requesterSystem": 4 "suystenMame": "clientl", “addresz": "dontcare”. "port": 3002, "authenticationInfo": "rull
1"}, "requestedService": { "serviceDefinition": "IndoorTemperature_ProviderExample”, "interfaces": [ "REST-JSOM-SEMML" 1, "servic
¥ eMetadata": { "zecurity":s " 3 k. "orchestrationFlags": { "owerrideStore": true, "matchmaking”: trus, “metadataSearch": false, "p
" ingProviders": false, "onlyPreferred": true, "externalServiceRequest": false }, "preferredProviders": [ { "providerSystem": { "sy

sztenManes": "SecureTemperatureSenzor", "address": "192,168,13,160", “port": "S000" 3} F 1}

Orchestrator Interface started - 192,168,13,160:8002
consumerID: Testconzumer [T
Sending Orchestration Request: {Insecure Arrouhead Interface]
Orchestration responze: {
"responze” ¢ [
"service" 3 i
"id" oy 0,
"zervicellefinition” ¢ "IndoorTemperature_ProviderExample”,
“interfaces" : [ "REST-JSOM-SEMML" 1.
"serviceMetadata" 4
"unit" t "Celzius"

“provider" r 4
"id" ¢ b,
"zyztembame" * "SecureTemperatureSenzor",
"addres=" 1 "192,168,13,180",
"part" r BOOO

"zeryicellRI" ¢ "thiz_is_the_custom_url”,
"warnings" ¢ [ ]

zendHttpRequest ToProvider

Provider Response:
{"e"s[{"n": "thiz_is_the_sensor_id", "w"+61,3,"t"+ "1BG7232632"}],"bn"s "this_is_the_sensor_id","bu": "Celsius"}

Tiare,
root@zyng: ™ el ient-cppdConsunerExanpled

Figure36: ProvideExample and ConsumerExample clients on Zyng.

i o i .
Sighae processing http://zs.utia.cas.cz

Akademie véd Ceské republiky 3 E 20808 A AV LR, v.
Ustav teorie informace a automatizace AV CR, v.v.i. All disclosure and/or reproduction rights reserved




Recompile the ProviderExample project by make. Test it on the Zyng board.

Modified ProviderExample is registered to the Arrowhead database. For debug purposes it also prints
the actual temperature of the chip to its console. See

Figure36. Modified ConsumerExample connects via the Arrowhead framework. It receives and
displayes the actual chip temperature.

In
Figure36, two instances of the Ubuntu PUuTTY SSH Client are used. Both clients are connected to the

Zyng module to test the Arrowhead framework.

Conclusions

Support for the Arrowhead framework (installed as G4.0 lite on the RPi3 board) has been
demonstrated. See
Figure36.

The Zynqg device remains compatible with the SDSoC 2017.4 system level compiler of HW
accelerators.

It also remains compatible with the 8xSIMD EdkDSP single precision floating point HW accelerator
running in the programmable part of the Zynq device. The firmware for the run-time reconfigurable
8xSIMD EdkDSP IP can be compiled from source code C by compiler application running on the same
Zyng device. Compiled firmware code can be downloaded by Debian user-space C-coded applications
during the run-time without the need to reset or reboot the Zynq board. This application note also
describes the clock-cycle-accurate debug support for the EdkDSP accelerator based on the Xilinx
ChipScope logic analyser instantiated in the programmable logic of the Zynq device.

The documented Arrowhead compatible Zynq Clients bring to the framework the additional support for

the acceleration of part of local computation in the programmable logic HW based on the SDSoC
compiler.
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GND| A3 i B13_L15 N B3 B13 121 P c3
I
Bis oD = Bis 2o i Bisliee =
Bi3 1190 N ig Bi3 122 P gg B13 117 N gg
Bi3_L10_P A7 Bi3_L24_N 57 Bi3_L17_P o7
B1i3_L23_N AB Bi3_L24_P BB B13_L20_N ca
Bi3 L23 P Bi3 L2 N Bi3 L20 P
B13_Li0_N i?o Bi3 L2 P g?n B13_1o N g?u
Bi3_L10_P A11 Bi3 L3 _N B11 Bi3_lo P o1
Bi3 14 N Bi3 L3 P B13 111 N
Bi3_L4 P i}g Bi3_Li3_N g}% B13_L11_P g]%
B1i3_Li4_N Al Bi3_L1i3_P B14 Bi3_L8_N C14
Bi3 Li4 P A5 Bi3 Li2 N B15 Bi3 18 P c15
Bi3 L1 N B13 Li2 P Bi3 L7 N
Bi3 L1 P i}? B1i3_L6_N g}? B13_L7_P g]?
B1i3_L5_N A18 Bi3 _L6_P B18 B35 Li0_P C18
Bi3 L5 P B35 Li P B35 Li9 N
E35_L7_P :;133 E35_L1_N g;g B35_L6_P g;g
E35_L7_N A1 E35_L3_P B21 B35_L6_MN c21
E35 LD P B35 L3 N B35 L5 P
B35 _L9_N gg B35 _L23 P gé% B35 _L5_N ggg
B35_Li0_P 74 B35 _L23 N 524 B35 Li1l_P 004
B35 Li0 N pu B35 L21 P B35 Li1 N
E35_L1i5_P gé E35_L21_N g%g B35 L8 P ggg
E35_L15_N AT E35_L2_P B27 B35_LS8_N ca7
E35_L24_P AZ8 E35_L2_N B2 B35_L1i8_P c28
E35 L24 N B35 Li6 P B35 Li8 N
- A29 B29 c29
pcoon A3D B35 L16.N | g3p | GND| C30
NOSEQ A31 GND| B31 33vo— C
GI\DI A32 VCCIoA 00— B3z M33VOUT &—— C32

Figure38: Connection oPCBslata lines to connectors on TEO7UB carrier board

Figure37 describes annection of PCBs data linesttee connectors orthe TE0O7035 carrier bard and

Figure38for the TEO70305 carrier boardTable 13 describes the commoronnections of Zynq pin® TE0703

05 and TEO7062 PCB datarles Users of the development package can use these data for creation of own user
constrains and extend theivado 2017.4.1 HW projects generated by the SDSoC 2017.4.1 design environment.
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Table13: Common ©nnectioms of Zynq pins to TE07085 and TEO70®2 PCBData Lines

Zynq Board 3.3V Zynq Board 3.3V Zynq Board 3.3V Zynq Board 1.8V
C22 B35_L16_N AA22 B33_L7_P AA12 B13_L7_P J18 B34_L7_P

D22 B35_L16_P AB22 B33 _L7_N AB12 B13 L7_N K18 B34_L7_N

G22 B35_L24 N AA21 B33_L8_P AA1l1 B13_L8_P J16 B34_L2 P

H22 B35_L24_P AB21 B33 _L8 N AB11 B13 L8 N J17 B34_L2_N

B22 B35_L18 N Y19 B33_L11_P AA9 B13 L11 P L17 B34_L4 P

B21 B35_L18 P AA19 B33 _L11_N AA8 B13_L11 N M17 B34_L4 N

A22 B35_L15_N Y18 B33_L12_P AB10 B13_L9 P N17 B34_L5 P

A21 B35_L15_P AA18 B33_L12 N AB9 B13_L9 N N18 B34_L5_N

G21 B35_L22_N V15 B33_VREF T4 B13 L20 P L18 B34_L12 P
G20 B35_L22 P AAl17 B33_L17_P U4 B13_L20_N L19 B34_L12_N
D21 B35_L17_N AB17 B33_L17_N AB7 B13_L17_P J21 B34_L8 P

E21 B35_L17_P AA16 B33_L18 P AB6 B13_L17_N J22 B34_L8 N

B20 B35_L13 N AB16 B33_L18 N AB5 B13_L16_ P J20 B34_L9 P

B19 B35 L13 P W20 B33_L4_P AB4 B13_L16_N K21 B34_L9 N

C20 B35_L14 N W21 B33_L4 N Y4 B13 L18 P R19 B34 _L22 P
D20 B35_L14_P W17 B33_L13_P AA4 B13 L18 N T19 B34 _L22 N
G16 B35_L4_ N W18 B33_L13_N AB2 B13_L15 P J15 B34_L1 P

G15 B35 14 P W16 B33_L14 P ABl1 B13_L15 N K15 B34 _L1_N

C19 B35_L12_N Y16 B33_L14_N V5 B13_L21_P P20 B34 _L18 P
D18 B35_L12_P V4 B13_L21_N P21 B34_L18 N
F19 B35 L20_N u7 B13 1025 P17 B34_L20_P
G19 B35 _L20 P Ul2 B13_L5 P P18 B34_L20_N
A19 B35_L10_N Ull B13_L5_N L21 B34_L10_P
Al18 B35_L10_P Ul0 B13_L6_P L22 B34_L10_N
Al17 B35_L9 N U9 B13_L6_N M19 B34_L13_P
Al16 B35_ L9 P V10 B13_ L1 P M20 B34_L13_N
B15 B35 L7_N V9 B13 L1 N T16 B34 _L21 P
C15 B35_L7_P Y9 B13_L12_P T17 B34 _L21_N
D17 B35_L2_N Y8 B13_L12_N M21 B34_L15_P
D16 B35_L2 P AA7 B13_L14 P M22 B34_L15 N
B17 B35 L8 N AA6 B13 L14 N R20 B34_L17_P
B16 B35 L8 P Y6 B13 L13 P R21 B34_L17_N
E20 B35 L21 N Y5 B13 L13 N R18 B34 _L23 P
E19 B35 L21 P V12 B13 L4 P T18 B34 _L23 N
C18 B35_L11_N W12 B13_L4 N M16 B34 _VREF
Cl17 B35 L11 P W11l B13_L3 P N19 B34 L14 P
F22 B35_L23_N W10 B13_L3_N N20 B34_L14 N
F21 B35_L23 P Y11l B13_L10 P

E18 B35 L5_N Y10 B13_L10_N

F18 B35_L5 P V8 B13 L2 P

D15 B35_L3_N w8 B13 L2 N

E15 B35 L3_P V7 B13 L23 P

F17 B35_L6_N W7  B13_L23 N

G17 B35_L6_P W6 B13 L24 P

E16 B35 L1_N W5 B13 L24 N

F16 B35_L1_P R6 B13 L19 P

H20 B35_L19 N T6 B13_L19 N

H19 B35_L19 P ué6 B13 L22 P

U5 B13_L22 N
R7 B13_100
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12.Ref er ences
]

[1] TEO72603-2IF, Part:XC72022CLG484l; 1 GByte DDRjustrialGrade(Tj==n nc/ &2 0bwmnan
http://shop.trenz-electronic.de/en/TEQ7203-2I1EXilinxZyngmodule XC7Z022CL G484ind -temp.-range 1-Gbyte
https://www.trenz-electronic.de/fileadmin/docs/Trenz_Electronic/TE0720/REV03/Documents/TROY 2603. pdf
https://www.trenz-electronic.de/fileadmin/docs/Trenz_Electronic/Modules and Module Carriers/4x5/TEQ720/REV03/
Documents/SCHEQ72603-2IF.PDF

TE072003-1QF Part: XA7Z02QCLG484Q; 1 GByte DDR; Automotive Grade-(iTji=c / (2 bwmHpc/

https://shop.trenzelectronic.de/en/TEQ7203-1QFXilinxZyngmoduleind.-temp.-rangewith-Automotive XA7Z020.CLG484Q
https://www.trenz-electronic.de/fileadmin/docs/Trenz_Electronic/Modules and Module Carriers/4x5/TEQ720/REV03/
Documents/SCHEQ72603-10QF.PDF

TE072003-214S1G Part: XC7Z0148/ [ Dnyn/ T m D. &GS 55wT LYy RdzdNRI

https://shop.trenz-electronic.de/en/TEQ7203-14S1GSoCModule-with-XilinxZyngZ-7014SSinglecore-1-GByteDDR3
https://www.trenz-electronic.de/fileadmin/docs/Trenz_Electronic/Modules and Module Carriers/4x5/TEQ720/REV03/
Documents/SCHEQ72803-14S1C.PDF

[2] Heatsink fofTE0720, sprinipaded embedded;
https://shop.trenzelectronic.de/en/26922Heatsinkfor-TEQ726springloadedembedded?c=38

[3] TEO70602 Carrierboard dr Trenz Electronic Modules with 4 x 5 cm Form factor
https://shop.trenzelectronic.de/en/TEQ7082-TEQ706Carrierboardfor-TrenzElectronieModuleswith-4-x-5-cm-Formfactor?c=261
https://www.trenz-electronic.de/fileadmin/docs/Trenz_Electronic/carrier_boards/TE0706/REV02/documentsIECGHI802.PDF
https://wiki.trenz-electronic.de/display/PD/TE0706+TRM

TEO70205 Carrierboardfor Trenz Electronic Modules with 4 x 5 cm Form factor
https://shop.trenzelectronic.de/en/TEQ7085TEQ703Carrierboardfor-TrenzElectroniemoduleswith-4-x-5-cm-form-factor?c=261
https://www.trenz-electronic.de/fileadmin/docs/Trenz_Electronic/Modules and Module Carriers/4x5/4x5_Carriers/
TE0703/REV05/Documents/STHO70305.PDF
https://wiki.trenz-electronic.de/display/PD/TE0703+TRM

[4] Pmod USBUARBerial converter & terface.
https://shop.trenzelectronic.de/en/24242PmodUSBUARTUSBto-UARTInterface?c=80

[5] XMOD FTDI JTAG Adaptetilinx compatible
https://shop.trenzelectronic.de/en/TEQ07902-XMODBFTDIJTAGAdapterXilinxcompatible

[6] Vivado HLx Web Install Clier2017.4.1

https://www.xilinx.com/support/download/index.html/content/xilinx/en/downloadNav/vivaddesigntools/20154.html

[7] SDS0€2017.4.1Full Productnstallations
https://www.xilinx.com/support/download/index.html/content/xilinx/en/downloadNav/sddevelopmentenvironments/sdso/2015
4.html

[8] PRODUCTIVE #foject www page in UTIA with pointers to evaluation packages for download
http://sp.utia.cz/index.php?ids=projects/productive40
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https://shop.trenz-electronic.de/en/TE0720-03-2IF-Xilinx-Zynq-module-XC7Z020-2CLG484I-ind.-temp.-range-1-Gbyte
https://www.trenz-electronic.de/fileadmin/docs/Trenz_Electronic/TE0720/REV03/Documents/TRM-TE0720-03.pdf
https://www.trenz-electronic.de/fileadmin/docs/Trenz_Electronic/Modules_and_Module_Carriers/4x5/TE0720/REV03/Documents/SCH-TE0720-03-2IF.PDF
https://www.trenz-electronic.de/fileadmin/docs/Trenz_Electronic/Modules_and_Module_Carriers/4x5/TE0720/REV03/Documents/SCH-TE0720-03-2IF.PDF
https://shop.trenz-electronic.de/en/TE0720-03-1QF-Xilinx-Zynq-module-ind.-temp.-range-with-Automotive-XA7Z020-1CLG484Q
https://shop.trenz-electronic.de/en/TE0720-03-14S-1C-SoC-Module-with-Xilinx-Zynq-Z-7014S-Single-core-1-GByte-DDR3
https://shop.trenz-electronic.de/en/26922-Heatsink-for-TE0720-spring-loaded-embedded?c=38
https://shop.trenz-electronic.de/en/TE0706-02-TE0706-Carrierboard-for-Trenz-Electronic-Modules-with-4-x-5-cm-Form-factor?c=261
https://www.trenz-electronic.de/fileadmin/docs/Trenz_Electronic/carrier_boards/TE0706/REV02/documents/SCH-TE0706-02.PDF
https://wiki.trenz-electronic.de/display/PD/TE0706+TRM
https://shop.trenz-electronic.de/en/TE0703-05-TE0703-Carrier-board-for-Trenz-Electronic-modules-with-4-x-5-cm-form-factor?c=261
https://www.trenz-electronic.de/fileadmin/docs/Trenz_Electronic/Modules_and_Module_Carriers/4x5/4x5_Carriers/%20TE0703/REV05/Documents/SCH-TE0703-05.PDF
https://www.trenz-electronic.de/fileadmin/docs/Trenz_Electronic/Modules_and_Module_Carriers/4x5/4x5_Carriers/%20TE0703/REV05/Documents/SCH-TE0703-05.PDF
https://wiki.trenz-electronic.de/display/PD/TE0703+TRM
https://shop.trenz-electronic.de/en/24242-Pmod-USBUART-USB-to-UART-Interface?c=80
https://shop.trenz-electronic.de/en/TE0790-02-XMOD-FTDI-JTAG-Adapter-Xilinx-compatible
https://www.xilinx.com/support/download/index.html/content/xilinx/en/downloadNav/vivado-design-tools/2015-4.html
https://www.xilinx.com/support/download/index.html/content/xilinx/en/downloadNav/sdx-development-environments/sdsoc/2015-4.html
https://www.xilinx.com/support/download/index.html/content/xilinx/en/downloadNav/sdx-development-environments/sdsoc/2015-4.html
https://sp.utia.cz/index.php?ids=projects/productive40

13.BaskRel|l e &sa&l u aRaickm g e

Thebase releaseevaluationpackagecan be downloaded from UTIA www pag@kfree of charge

Deliverables:

Thebase releaseevaluation packagf8] includesevaluation bitstreams with singi@xSIMDEdkDSP IRorking
in parallel with selectedHW-accelerated SDSoC algorithms the Trenz Electronid@ E072803-21F, TE07203-
1QF and TEQO7208-14S1Cmodule [1] located onthe Trenz Electroni@E070602 or TE070305 carrier [3] with
PMOD USBUARapter[4] and XMOD FTDI JTAG Adapigr.

The evaluation packad8] includes bitstreams compiled with the evaluation version of the (8xSEAHRDSPP
core. Bitstreams contaitnese IPs

bce fpl2 1x8 0 axiw vl 10 ¢ Evaluation version of the AKte interface
bce_fpl2_1x8 40 Evaluation version of the floating point data path

Thebase releaseevaluation version of th¢8xSIMS) EdkDSPisreompiledinto bitstreans with a HW limit on
number of vector operationsThe termination of thenonexclusivenon-transferableevaluation licensef this
evaluation IP corés reported in advance by the demonstrator on tAB1OD USBUARdrminal. The evalution
designswill run again aftethe reset(TE070802: Reset push buttois2 TEO70305: Reset push buttoisl).

Thebaseevaluation packagg] includes the® binary applications

edkdspppelf EdKkDSP C pqmocessor binary for ARM PetaLinux running on the evaluation board.
edkdspccelf EdKDSP C corigr binaryfor ARM PetaLinux running on the evaluation board.
edkdspmsm.elf EAKDSP ASM caiter binary for ARM PetalLinux running on the evaluation board

These binary applications have no timestriction. The user of the evaluation package hasexclusivenon-
transferable license from UTIA tesethese utilities for compilation of the firmware for the Xilinx PicoBlaze6
processor inside of th8xSIMDEdKDSPPin precompiled designg.he source code of tlse compilers is owned
by UTIA and it is not provided the evaluationpackage

Thebaseevaluation packagf] includes the Debian image
te0720-debian.zipZip archive with te072@ebian.img imagéor installation on the Zynq SD card.

The base releaseevaluation packagg8] includes demonstratiorfirmware in C source code for éhXilinx
PicoBlaze6 processor ftre family of UTIA EdkDSEcalerators for thelrenz Electronid E072603-21F, TE0720
03-1QF and TEO720B-14S1Cmodule [1] onTrenz Electroni#d E076@-02 or TE070305 carrier board [3]

HW boards are not part of deliverables. HW can be ordered separately frogiglL]

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 resolweder the regional jurisdiction relevant fadTIA AV
CR, v. v. i. and shall be governed by the law of the Czech Repeklialso the Disclaimer section.
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14 Extendedulgval uaProkagePRIODIWUCTI VE
partners

The extended,debug evaluation packageincludes MicroBlaz and PicoBlaze6 €ode and precompiled
bitstreams of HW projectsfor the Trenz ElectronicTEQ72003-2IF, TE07203-1QF and TEQ7208-14S1C
module [1]located onthe Trenz Electroni@E070802 or TEQ70305 carrier[3] with PMODUSBUARadapter[4]
and XMOD FTDI JTAG Adagtrwith the evaluation version othe (8xSIMD) EdkDSP. Partners ofthe ECSEL
PRODUCTIVE 4goject [8] can order this extended packagéom UTIA AV CR, v.v.by email request for
guotation tokadlec@utia.cas.cz

UTIAAV CR, v.v.iwill provideto the PRODUCTIVE 4fbject partnerquotation by email. After confirmatioof
the quotation by the custometJTIA AV CR, v.vwill sendto the customer thisnvoice

Theextended, debug evaluation package with MicroBlaze and PicoBlaze6dde and precompiled bitstream
of HW projectsfor the Trenz ElectronicTEQ72€03-2IF, TEQO7203-1QF and TE0Q7203-14S1C module [1]

located on theTrenz ElectronicTE070802 or TEOQ70305 carrier [3] with PMOD USBUARAadapter [4] and

XMOD FTDI JTAG Adapter mith the evaluation version of theBxSIMD EdKDSRP for the partners in the
ECSERPRODUCTIVE 4foject

(Without VAT) 0,00 Eur

After receiving confirmation from thERODUCTIVE 4fbject partner about the zerinvoice receivedUTIA AV
CR, v.v.iwill sendwithin 5 working days by standard mailinted version of this application note together with
DVD withthe Deliverables desdbed in this section.

Deliverables:

Theextended,debugevaluationpackagefor PRODUCTIVE 4artners[8] includesMicroBlaze and PicoBlaze6 C
code and precompiled bitstreasrof HW projectsMicroBlaze and PicoBlaz&W projectsan be modified and
recompled by thePRODUCTIVE 4fbjectpartner.

Theextended,debugevaluation version of th&JTIABXSIMDEdKDSP accelerattf is provded inprecompiled
bitstreams of HW projectawith these IPs

bce fpl2 1x8 0 axiw vl 10 ¢ Evaluation version of the AKte interface
bce_fpl2_1x8 40 Evaluation version of the floating point data path

Theextended,debugevaluation version of the 8xSIMS EdkDSP dénipiledinto bitstreamwith an HW limit on
number of vector operationsThe termination of thenonexclusivenon-transferableevaluation licensef this
evaluation IP corés reported in advance by the demonstrator on tRBIOD USBUARdrminal. The evaluation
designs will run again after the reset (TEOD26Reset push buttois2 TEO7035: Reset push buttoisl).

Theextended debugevaluation packagf8] includes these binary applications

edkdspppelf EdkDSP C pygrocessor binary for ARM PetaLinux running on the evaluation board.
edkdspccelf EdkDSP C contgr binaryfor ARM Petalinux running on the evaluation board.
edkdsppm.elf EAKDSP ASM caiter binary for ARM PetalLinux running on the evaluation board
edkdspam.elf EdKDSP ASM cqiter binary for ARM PetalLinux running on the evaluation board.

These binary applations have no timeestriction. The user of the evaluation package hasexclusivenon-
transferable license from UTIA tsethese utilities for compilation of the firmware for the Xilinx PicoBlaze6
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processor inside of thEI TIAEdKDSP accelerators irepompiled designsThe source code of tlse compilers is
owned byUTIA and it is not provided in tlevaluationpackage

Theextended, debugvaluation packagéor PRODUCTIVE 4.0 partniexdudes the Debian image
te0720-debian.zipZip archive witlie0720-debian.img imagéor installation on the Zynq SD card.

The extended,debugevaluation packagéor PRODUCTIVE 4@rtnersincludes demonstration firmware in C
source code for te Xilinx PicoBlaze6 processor the family of UTIA EdkDSRcalerators for theTrenz
ElectronicTEQ72003-2IF, TE07203-1QF and TEQ720B-14S1Cmodule [L] on Trenz ElectronitEQ70€&02 or
TEO70305 carrier board [3]

Theextended debugevaluation package fdPRODUCTIVE 4@rtnersincludes SDIKW projects wih C source
code for MicroBlaze The extended debug evaluation packagd8] includes static library for MicroBlaze
processor

libwal.a SDK2017.4.1UTIA stat library with EQKDSP API for MicroBlaze
This library hago time restriction. Source code diis libraryis not provided in this evaluation package.
HW boards are not part of deliverables. HW can be ordered separately from referencdS][1]

Partners of the ECSEHIRODUCTIVE 4ofoject [8] canorder the hardware[1] - [5] directly from the company
Trenz Electronior order the complete evaluation systerfrom UTIA AV CR, v.v.i

In case ofan orderfrom UTIA AV CR, v.y.anemail request fora quotation to kadlec@utia.cas.ds required.
UTIAAV CR, v.v.iwill provideto the PRODUCTIVE 4fbject partnerquotation by email. After confirmatioof
the quotation by thePRODUCTIVE 4fject partner UTIA AV CR, v.vwill buy from company Bnz Electronic
boards [1}[5] with cables and powesupply. UTIA will assemble and test the complete evaluation sysdech
send them to thePRODUCTIVE 4fbject partner for price identical to the price offered thye companyTrenz
Electronic plus théransport cost and th&/AT

Any and all legadisputes 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 relevadTfarAV
CR, v. v. i. and shall be governed by the lath@{Czech Republi§ee also the Disclaimer section.
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Di scl ai mer

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:

(@) THIS ARRCATION NOTE AND RELATED MATERIALS LISTED IN THIS PACKAGE CONTENT AR
AVAILABLE "AS IS" AND WITH ALL FAULTS, AND UTIA AV CR V.V.l. HEREBY DISCLAIMS ALL WARRAN
CONDITIONS, EXPRESS, IMPLIED, OR STATUTORY, INCLUDING BUT NOT LIMITED T@FWARRAI
MERCHANTABILITY, NARRINGEMENT, 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 kinchature 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 suffererbaslaof 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 advis
of the possibility of the same.

Critical Applications:

UTIA AV CR v.v.i. products are not designed or intende@ taibsafe, or for use in any application requiring
fail-safe performance, such as héeipport or safety devices or systems, Class Il medical devices, nuclear
facilities, applications related to the deployment of airbags, or any other applicationctioéd lead to death,
personal injury, or severe property or environmental damage (individually and collectively, "Ciritical
Applications"). Customer assumes the sole risk and liability of any use of UTIA AV CR v.v.i. products in Critice
Applications, subjet only to applicable laws and regulations governing limitations on product liability.
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