Software Driven Test of FPGA Prototype
Methods & Use cases

Krzysztof Szczur, Aldec Inc.
Radostaw Nawrot, Aldec Inc.

ALDEC
ll THE DESIGN VERIFICATION COMPANY 2017
dcceinera | VRS

SYSTEMS INITIATIVE




Motivation - SoC verification challenge

e SoC = Hardware + Software
— both need verification
— software on critical-path (schedule risk)

 Complex architecture

— Hierarchical Network-on-Chip (NoC)
* Corner case hardware/software bugs

— Re-usable IPs: CPU, MEM, DMA, ...
 RTL code not available for FPGA prototyping

— Custom IPs: Co-processors, Function
accelerators
e Often need late hardware debugging
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Tutorial Agenda

e Software driven v.s. traditional
 FPGA Technology enabling software driven verification

 Embedded software driven testbench — application examples with HES-
US-440
— Using HES Proto-AXI host interface
— Bare metal approach
e Software driven testbench in simulation
— QEMU co-simulation with Riviera-PRO
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Traditional Prototyping Bench

e Controllability & Configuration

— Dip switches % & [
— Push buttons ceiitl
— UART or JTAG ports
e Status & Debug Prototype
— LED & Panels i
FPGA
— Logic analyzers

e Live data streams
— PHY components
— Peripheral devices
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Software Driven Testbench (SDT)

e Controllability & Configuration

— Use CPU
e Status & Debug

— Use CPU

— Logic analyzers (external & on-chip) DUT

. Prototype
* Live data streams in

FPGA
— PHY components

— Peripheral devices
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FPGA Technology Enabling SDT

Xilinx Zyng and the like...

* Processing System
— ARM Cortex CPU
— Standard I/O peripherals

 Programmable Logic

— Classic FPGA used for:

* More peripherals
* Glue logic & Bridge

accellera © Accellera Systems Initiative
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Aldec HES-US-440

* Main FPGA: | e
— Virtex UltraScale™ XCVU44 |
— 26 Million ASIC Gates

USB
* Host FPGA Ethernet |
— Zynqg-7000, XC7Z100 HDMI 1

— CPU: ARM Cortex A9
— FPGA: Kintex-7

PCle

XCVUu440 XC7Z100
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HES-US-440 Diagram

* Memory
— DDR4 (64 GB) : 2 x SO-DIMM
— RLDRAM-3 (1152 Mb)
— NAND Flash, SPI Flash
— 2X MircoSD card slots

1/O0 Connectivity
— Inter-FPGA:
— 80 DIFF /160 SE, 4 GTH
— FMC connectors
— 320 DIFF / 640 SE, 26 GTH
Peripherals
— PCle x8 gen3 & gen2
— USB 3.0 & 2.0 & OTG, SATA
— Ethernet 1Gb, QSFP+ 40Gb
— BullsEye

Clocks

=
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— 7x programmable clock modules
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* FMC up to 3.3V
** EMC up to 1.8V

*¥** UltraScale devices are capable of operating at Gend data rates
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SDT application examples on HES-US-440

e (Case-1: Aldec HES-ProtoAXI
— Zyng image ready to use (PL & PS)
— Use Aldec Proto-AXI IP
— Ready Embedded Linux env.
— Simple Proto-AXI C/C++ API

— Spend all your time to develop SDT

* (Case-2: Bare metal / Custom
— Use Xilinx Vivado & SDK
— Create custom C2C bridge in PL
— Create custom SDT in PS

accellera © Accellera Systems Initiative

SYSTEMS INITIATIVE

Zynq-7000

Aldec
Proto-AXI

nux

Virtex UltraScale

DUT

PS

ARM
Cortex A9

Virtex UltraScale

Zyng-7000

SelectlO
>

Chip2Chip
Bridge

DuT

2017

DESIGN AND VERIFICATION™

DV O

NNNNNNNNNNNNNNNNNNNNNNN



Use Case-1 with HES Proto-AXI

Connect DUT to HES Proto-AXI & implement

FPGA bitstream

Develop & build software TB

Run test

© Accellera Systems Initiative
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Step-1: Connecting DUT to HES-Proto-AXI

* Connect HES Proto-AXI
— Use any HDL Editor
— VHDL or Verilog templates available
— Fixed size AXI4 memory mapped interface
— Master interface is optional

e Configure address translation
parameters (Address Remapper)

 DUT gets access to on-board DDR4
through HES Proto-AXI

 Compile and implement project in
Xilinx Vivado

accellera © Accellera Systems Initiative 11
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Step-2: Developing & building testbench

// Get Proto-AXI handler
HesProtolAxiHandler HesProtoGetAxiInterface (

* Develop testbench as C/C++ code const char *_axisimconfig = 0);
// AXI write (blocking transaction)
_ Use HES PrOtO_AXI C API HesProtoAxiTrans HesProtoAxiWrite (
. . . HesProtoAxiHandler  handler,
— #include “hesprotoaxiapi.h” HesProtoAxiLocation _location,
HesProtoAxiUe4 _address32,
— S|mp|e’ user app Ievel APl HesProtoAxiBuffer _buffer,
HesProtolAxilUoc4 _bufferSize3Z);

* needn’t know Zynq or Linux kernel

// AXI read (non blocking transaction)

. . bool HesProtolAxiReadNoCheck (
° Complle and bUIId HesProtoAxiHandler  handler,
. . HesProtoAxiLocation location,
— Cross-compilation on host PC HeSProtoAxilUe4 “address32,
HesProtoAxiBuffer _buffer,
— Use GCC toolchain from Xilinx SDK HesProtoAxiUes _butferSize32);

// GPI write
HesProtoAxiStatus HesProtoAxiWriteGpi (
HesProtoAxiHandler handler,

e arm-xilinx-linux-gnueabi-g++

HesProtoAxiUle6 _value) ;
// GPIO read 2017
HesProtoAxiStatus HesProtoAxiReadGpio ( BESISN AND VERImICATION ™
accellera . DV TIN
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DUT
Bitstream
XCVvUu440
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Step-3: Running Test

Proto-AXI Zynqg Ethernet 3

Images >
Linux & FPGA Config UART/USB

Welcome to minicom 2.3

NS: I18n

Press CTRL-A Z for help on special keys

dia/card/v1.1/bin# AT S57=45 S0=0 L1 V1 X4 &cl1 E1 Q8

not found
not found
AT S7=45 SB8=0 L1 V1 X4
a/card/v1.1/bin# I

Software TB
APP
tbh.elf

YALHIA

XNITX
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HES Proto-AXI Highlights

Data for HES-US-440

AMBA AXI4 memory mapped

8x Master & Slave interfaces

Data width: 256, Burst length: 256

Local clock: 160 MHz

RAM space: 16GB DDR4 + 64MB RLD
Customizable address translation

16x GPI and GPIO additional lines

Simple C API

HES Proto-AXI simulation model available
Embedded & PC Host modes

acce”era © Accellera Systems Initiative 14
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Questions

Next: Case-2: Bare metal approach
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Use Case-2 — Bare metal approach

1. Test controller (Zynq)

A. Hardware design
B.
C. Software development

Embedded Linux development

2. Design connectivity (U440)

A. Custom interconnect

B. FPGA implementation

SYSTEMS INITIATIVE
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Hardware Design

..............................

Xilinx Vivado HLx

H Create Block Design h

Configure PS and IP cores
Apply constraints

\Handle IP address space

~

\)
: 3" party/user IP's
CDC/Simulation

: Aldec ALINT/Riviera-PRO '

1

Implementation Flow
(Synthesis, Place&Route,

"

L Bitstream) y
o f Export HW )

[ (Bitstream .bit & hardware

Embedded Linux
Development

.= =

1.Bootloader u-boot.elf
2. Kernel image ulmage
3.Devicetree devicetree.dth
4. Filesystem uramdisk.image.gz

9,

! Manual compilation
from sources or
Linux build tools like
Buildroot, Yocto or

Xilinx Petalinux o

...............................

@IP Integrator

. | description file .hdf)

Software Development

Xilinx SDK

_____________________________________________

Y Prepare FSBL
v (First Stage
Boot Loader)

Prepare

user application

app.elf

@fsbl.elf

Generate Boot Image
BOOT.bin

Format FAT32

Set partition as bootable

E Linux OS / Standalone OS

: 1. BOOT.bin

E (fsbl.elf, 1. BOOT.hin

: bitstream.bit, OR (fsbl.elf,
u-boot.elf) bitstream.bit,
2. ulmage app.elf)

: 3. devicetree.dtb

1 | 4. uramdisk.image.gz

h '
'
'
' H :
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'
+ B —— - ’
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. +
»
.
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#
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Step 1.A: Hardware design

Hardware Design

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

* Short path: start with reference design Xilime Vivado HLx

v Create Block Design
' Confi PS and IP
from Aldec > E[L}j;;?y cnni?raintsmres
. . Handle IP address space
* Customize reference design , ﬂp ,ntegmtm
— Add your custom chip-2-chip connectivity i
o ] ' [ 3" party/user IP's ] .
* Use Aldec Riviera-PRO with QEMU to § CDC/Simulation

Aldec ALINT/Riviera-PRO :

1l

Implementation Flow ]

verify your changes

(Synthesis, Place&Route,
Bitstream)

U

Export HW
(Bitstream .bit & hardware N 2017

* Run Vivado to implement bitfiles and
export hardware description ' [

description file .hdf) DESIEN AND VErSEIGATION
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Step 1.B: Embedded Linux development

* Embedded Linux projects available: < -
Embedded Linux

“Yocto ] Development
— Petalinux § N
. r 1.Bootloader u-boot.elf :
° Other than I—anX: i 2. Kernel image ulmage -
; 3.Devicetree devicetree.dth '
— Free RTOS + | 4. Filesystem uramdisk.image.gz | !
— Bare metal — no OS :  Manual compilation : :
* Xilinx SDK provides toolchain for such mode E Li,:[;";ﬁﬁ;f;isl;{ike A
Buildroot, Yoctoor [ 3~ !
. Xilinx Petalinux ‘_:

------------------------------
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Step 1.C: Software development

.............................................

Xilinx SDK

¢ U Se Xi | i nX S D K .':: [ Prepare FSBL ] [ Prepare ] "-‘

(First Stage user application
Boot Loader) app.elf

@fsbl.elf B

Generate Boot Image
BOOT.bin

aZ NV

— Bootloader for ARM (PS configuration) g e B

— to develop test application
— create bootable Linux image

e Copy files to Micro-SD
— Bitstream for FPGA (PL configuration)

: : : S Rormat FAT3Z ..
— Linux image & device tree G5\ (Standaions 03 |
. . 1. BOOT.bin '
. fsbl.ef, . BOOTbi

User application (app.elf) gt | o | FEgoTEN |
u-boot.elf) bitstream bit, | !

2. ulmage app.elf) '

: 3. devicetree.dtb ' '

: | 4. uramdisk.image.gz i :

:. "/ i

Tt nonn e n s et / 2017

l‘. 'J DESIGN AND VERIFICATION™
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Step 2: Design connectivity

* Use Xilinx Vivado to implement XCVU440 - Xilinx XCVU440 B
— Create custom interconnect Custom
Coupling with one created in Zynq Interconnect
. Use any standard (AXI, PCle) N
. Use any signaling (LVDS, GTX)
— Connect with the DUT
| | (7~ )
— Run FPGA implementation [ Software T8 ] Custom

ARM
Cortex-A9

\ Xilinx Zyng /
2017
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Questions

Next:
Software driven testbench in simulation:
QEMU co-simulation with Riviera-PRO
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QEMU co-simulation platform

* Parts of the flow:
—Riviera-PRO Advance Verification Platform
—Aldec AXI BFM
— Aldec QEMU Bridge
—QEMU Emulator Y & XILINX

nnnnnnnnnn
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QEMU co-simulation platform

* Full debug capabilities of RTL IP Core in Riviera-PRO simulator:
— Waveforms
— Hardware Breakpoints
— Hardware steps
— Transaction based verification and debug

 Kernel and driver debug via GDB
— Software Breakpoints
— Variable probing

* Zyng Linux OS ready to use on QEMU without modifications

accellera - N E TN
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Riviera-PRO Verification Platform

System on Chip
A Verification Platform A Internet of Things

that grows with System Interfaces
your requirements. MATLAB®, SystemVue®

Debugging Mixed-Language IDE, Code Tracing,
Waveform, Dataflow, Image Processing, DSP

Metrics Coverage, Test Rank, Assertions, Code and
Functional Coverage, SVA/PSL/OVM

Test Automation TLM, RTL, Gate-Level, SystemVerilog,
SystemC, Python, UVM, C/C++

Simulation Mixed-Language, Mixed-Signal, Hardware/Software,
Verilog, Verilog-AMS, VHDL

accellera o DV
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Riviera-PRO Highlights

e High Performance Simulation
— Extensive simulation optimization algorithms
— Support for latest Verification Libraries: UVM, OSVVM , UVVM, CocoTB and more

* Advanced Debugging

SYSTEMS INITIATIVE

Transaction Level simulation end debug

Multi-language debug environment (Verilog, VHDL, SystemVerilog, SystemC, Verilog-AMS)
Support for MATLAB and Simulink

C/C++ debug environment

Support for external C/C++ compilers (GCC, Visual C++)

UVM Toolbox, Graph and Class Viewer

Code tracing, Waveform, Dataflow, FSM window, Coverage, assertions, memory visualization
Comprehensive Assertions-Based Verification (SVA and PSL)

Advanced Code and Functional Coverage

User-defined test plan linking with coverage database

Plot Viewer and Image Viewer

2017
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QEMU — Virtual Platform

* Free and open-source
Fast emulator

¢ Supports Mmany machines:
— Xilinx-zyng-a9
* Supports many ARM processors:
— ARM926
— ARM946
— Cortex-A8
— Cortex-A9
— Cortex-A15
— Cortex-A53
— Cortex-A57

QEMU

2017
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Riviera-PRO and QEMU

Aldec Riviera-PRO

QEMU Emulator
(Linux for TySOM board)
with
Xilinx SystemC SoC Library
ARM Cortex-A9 model

ARM application
running on Linux

ndom read with B bits of entropy available
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- where duty_cy

f HDL IPcore to
NTEPORT

SEMDTEPORT WHITE

dang PWM du fi HOL IPCore

Aldec QEMU
Bridge

Aldec

AXl BFM

Gy

X

\—/

Custom
IP Core

R Riviera-PRO - Untitled l.awc* - o x

L

-
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} e e
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<+ Drivers

Name Hier
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Aldec AXlI BFM usage

e Distributed with precompiled libraries }

* Instantiation in HDL part of the project

e Configuration set by parameters
a8 e Turn on build-in transaction recorder

e Automatic connection with Aldec QEMU
Bridge process done at simulation stage

8008//6'!2? . DV
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Aldec AXI BFM

[ ) AX 3 M a Ste r‘ it Libraries )]
@J !!‘ ﬂb 1. = c
Name Type Path
¢ AX 3 S | ave il act3_ver (RO) {/lnome/radekn/Aldec/Riviera-PRO-2017.06-x
il aldec (RO) i/fnome/radekn/Aldec/Riviera-PRO-2017.06-x
E-ill\ aldec_axi_bfm_gemu (RO) i/nome/radekn/Aldec/Riviera-PRO-2017.06-x
i AX 4 M a Ste r ....gixoo:xig,Maste,BFM Name: aldec_axi_bfm_gemu
% Ax_Axi3MasterBFm{ TYPe: Library Mapping . ) ) ) )
-8 Ax Axi3SlaveBFM LEiDrary: /home/r_adfkn/Aldec/annera-PRo_-zo17.06-x64/vllb/aIdec_axn_bfm_qemu/aldec_axu_bfm_qemu.I|b
[ } AX 4 S | a Ve - $5% Ax_Axi3SlaveBFMcore éModule glhome/radekn/AIdec/Riviera-PRO-ZO17.06—x
ﬁ Ax_Axi4LiteMasterBFM iTop module i/home/radekn/Aldec/Riviera-PRO-2017.06-x
o B0 Ax_Axi4LiteMasterBFMcore EModule glhome/radekn/AIdec/Riviera-PRO-2017.06-x
. - §%5 Ax_Axi4LiteSlaveBFM iTop module i/fnome/radekn/Aldec/Riviera-PRO-2017.06-x
o AX 4 L | te M a Ste r - §% Ax_AxidLiteSlaveBFMcore ‘Module {/home/radekn/Aldec/Riviera-PRO-2017.06-x
i% Ax_Axi4MasterBFM §Top module glhomelradekn/AIdec/Riviera-PRO-ZO17.06-x
- 5% Ax_Axi4MasterBFMcore iModule i/fhome/radekn/Aldec/Riviera-PRO-2017.06-x
° . | - £ Ax_Axi4SlaveBFM éTop module glhome/radekn/AIdec/Riviera-PRO-ZOl7.06-x
AX 4 L I te S ave - 3% Ax_Axi4SlaveBFMcore iModule ifhome/radekn/Aldec/Riviera-PRO-2017.06-x
- 555 Ax_Axi4StreamMasterBFM iTop module i/fnome/radekn/Aldec/Riviera-PRO-2017.06-x
- §5% Ax_Axi4StreamMasterBFMcore gModule §/home/radekn/AIdec/Riviera-PRO-2017.06-x
- 2% AX_Axi4StreamSlaveBFM Top module {/home/radekn/Aldec/Riviera-PRO-2017.06-x
¢ AX 4 St re a m IVI a Ste r g Ax_-_Axi4StreamS|aveBFMcore éModule glhomelradekn/AldeclRiviera-PRO-ZOl7.06-x
ﬁ TransactionRecorderAxi3 §Top module §/home/radekn/Aldec/Riviera-PRO-ZO17.06-x
% TransactionRecorderAxi4 gTop module glhome/radekn/Aldec/Riviera-PRO-ZO17.06-x
o AX 4 St re a m S I ave - §% TransactionRecorderAxi4Lite ;Top module §/home/radekn/AIdec/Riviera-PRO-2017.06-x
R UnitScopePackage_1 iSV Package ihome/radekn/Aldec/Riviera-PRO-2017.06-x
% protected_S12eb4b7af147c73dbdfe0)éTop module glhome/radekn/AIdec/Riviera-PRO-ZO17.06-x
- §% protected_efl6c1876adfla8fe7b4971> Top module i/fnome/radekn/Aldec/Riviera-PRO-2017.06-x
/e
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AXI BFM mstance in HDL Code

accellera
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design_wrapper_compile.do [7][x |D Untitled1.awc* [7][x |D DpiBridge.so [7][x |Dn design_1.v |z|| w | % Hierarchy
" S AR KRS G =2 » |
765 .AWVALID (processing system7 @ M AXI GP1 AWVALID), ¢« | | Name Design unit Library
766 .BID(processing_system7_@_M_AXI_GPl_BID), = - design_1 ‘design_1 iil_defaultlib
767 .BREADY (processing_system7 @ M _AXI GP1 BREADY), B} 3 axi_bram_ctrl_0 esign_1_axi_bram_ctrl_0F:xil_defaultlib
768 .BRESP(processing system7 8 M _AXI GP1 BRESF), E1- 3 axi_bram_ctrl_0_bram esign_1_axi_bram_ctrl_0kixil_defaultlib
769 .BVALID(processing system7 & M AXI GP1 BVALID), G- ¥ axi_cdma_0 esign_1_axi_cdma_0_0(dixil_defaultlib
F7e .RDATA(processing_system7 08 M AXI GP1 RDATA), B+ 3 axi_mem_intercon_1 esign_1_axi_mem_interc defaultlib
77l .RID(processing system7_©_M_AXI_GP1 RID), B 3 axi_protocol_converter_0 esign_1_axi_protocaol_cor ixil_defaultlib
772 .RLAST(processing system7 @ M AXI GP1 RLAST), Gl 3 master_0 ®_Axi3MasterBFM ialdec_axi_bfm_gemu
773 .RREADY (processing_system7 @ M AXI GP1 RREADY), Gt 4 master_1 X_Axi3MasterBFM :aldec_axi_bfm_gemu
774 .RRESP(processing_system7 8 M AXI GP1 RRESP), G- 3 slave 0 _Axi3SlaveBFM ialdec_axi_bfm_gemu
775 .RVALID(processing_system7_©_M_AXI_GP1_RVALID), -3 @INITIAL#829_0@ iil_defaultlib
776 JWDATA(processing_system7_0_M_AXI_GP1_WDATA), -3 @INITIAL#841_1@ xil_defaultlib
777 .WID(processing system7 © M AXI GP1 WID), b3 glbl bl ixil_defaultlib
778 .WLAST(processing_system7 6 M AXI GP1 WLAST), - 3 TIm2BfmPlugin m2BfmPlugin jaldec_axi_bfm_gemu
779 .WREADY (processing_system7 @& M AXI GP1 WREADY), - 4§ DpiPlugin piPlugin :aldec_axi_bfm_gemu
780 .WSTRB(processing_system7_0 M _AXI_GP1l WSTRE]}, - i@ \package UnitScopePackage_1\ nitscopePackage_1 ialdec_axi_bfm_gemu
781 .WVALID(processing_system7 @ M _AXI_GPl WVALID) : 3 std.standard istd
BT )i % \IName: std.standard v
a3 ¢ S\ Hierarchy Path: sim:/ istd
784 > E|| Ax_ Axi3SlaveBFM #( - i ig Type: Package ;iEEE
785 .DATA_BUS_WIDTH(&4), - i Language: VHDL HES
786 .ADDRESS WIDTH(32), % a| Design Unit: standard jram _ctri_funcs | X faxi_bram_ctrl_v4_0_10
787 F .ID WIDTH(12)) - i@ ig Library: std d_logic_arith ‘leee
jeg o slave 0 ( - iyl UNisim.VCOMPONENTS COMPOMNENTS ‘unisim
789 .ACLK(processing_system7 @ FCLK CLK@), - gl ieee VITAL Timing TAL_Timing liese
790 .ARESETn (processing_system7 0@ FCLK_RESETO_N), vd ieee VITAL Primitives TAL_Primitives jieee
791 .ARADDR (axi_mem intercon_1 M@1 AXI ARADDR), "l - W@ unisim.VPKG PKG unisim
792 .ARBURST (axi_mem_intercon_1 M81 AXI ARBURST), - leee.STD_LOGIC_UNSIGNED iSTD_LOGIC_UNSIGNED  iieee
7a3 .ARCACHE (axi mem_intercon_ 1 M@1 AXI ARCACHE), - B imee st Innic mise istd lnnir mise lipee
794 LARID({1'bO,1'ho,1'bo,1'b0,axi mem_intercon_1 MO1 AXI ARID}), Hierarchy | Datasets | Classes
795 LARLEM({4'b0,axi mem_intercon_1 MO1_AXI_ARLEN}), > Obi
796 .ARLOCK(axi mem intercon 1 M@1 AXI ARLOCK), n® Objects
797 .ARPROT (axi mem intercon_1 M1 AXI_ARPROT), |
798 .ARREADY (axi mem intercon_ 1 M@1 AXI ARREADY),
799 LARSIZE (axi_mem_intercon_1 MO1_AXI_ARSIZE), _Value _TYPE
300 LARVALID (axi_mem_intercon_1 MOl AXI_ARVALID), P i1 iwire
301 -AWADDR (axi_mem_intercon_1 M@1_AXI_AWADDR), = ARESETn i1 wire
302 .AWBURST (ax:l_ mem :Lntercun 1 MA1 AXI M\IBURST}I - : iZi0 {Io_w
- e T, ml Objects  |Drivers/Readers|
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AX| BFM instance in HDL Code

Window Help C

2 @ » P [100ns [2] »l o By C3 |1372ms 2] =

‘TR DO0SSR-FY O UYW WER® R 2T eoeoae B L D9 @

[ design_wrapper_compile.do [#][x] [[xr Untitledl.awc* [#][x||[} DpiBridge.so (7] |[& design_1.v IZH | w |z Hierarchy FIFx]
| et o (S AR KRS |5 = || ~| ¥ (4 | Attributes
682 | // .5 _AXI HPO WDATA(axi_mem intercon 1 MO1 AXI WDATA), « ™| | Name Design unit Library
683 /i .S AXI HPO WID({1'b®,1'b0,1'b0,1'b@,1'b0,axi mem_intercon 1 MO1 AXI WID}}* EH 4 design_1 design_1 il_defaultlib A
684 £ .S _AXI _HPO WLAST(axi_mem_intercon 1 MOI1 AXI WLAST), G- 3 axi_bram_ctrl_0 design_1_axi_brarm_ctrl_0}:xil_defaultlib
685 /i .5_AXI HPO WREADY(axi_mem intercon_ 1 MO1_AXI WREADY), Et- JF axi_bram_ctrl_0_bram idesign_1_axi_bram_ctrl_0}ixil_defaultlib
686 I/ .S _AXI HPO WRISSUECAP1 EN{1'b@), B 4 axi_cdma_0 idesign_1_axi_cdma_0_0{drxil_defaultlib
687 ’f .S _AXI_HPO WSTRB(axi_mem_intercon_ 1 MO1 AXI WSTRB), = G- ¥ axi_mem_intercon_1 idesign_1_axi_mem_interchixil_defaultlib
688 -/ .5 _AXI HPO WVALID {axi_mem_j ntercon_1 M1 _AXI_WVA LIn)); G- 3 axi_protocol_converter 0 idesign_l_axi_pmtoco I_cor?xil_d efaultlib
689 Bt % master_0 Ax_Axi3MasterBFM aldec_axi_bfm_gemu
690 //assign processing system7 @ M AXI GP@ WID = 12'b0O; b 3 master_1 Ax_Axi3MasterBFM aldec_axi_bfm_gemu
691 O Ax_Axi3MasterBFM #( G- 4 slave_0 Ax_Axi3SlaveBFM ialdec_axi_bfm_gemu
692 .DATA_BUS WIDTH(Z2), -3 @INITIAL#829_0@ ‘ ixil_defaultlio
693 .ADDRESS WIDTH(22}, (3 @INITIALE841 1@ : xil_defaultlib
694 | .ID WIDTH(12)) G- 3 gibl ‘albl ixil_defaultlib
695 ©H maste r_@ ( f Tim2BfmPlugin TIm2EfmPlugin aldec_axi_bfm_gemu
696 .ACLK (processing_system7_® FCLK_CLK@), -~ 3 DpiPlugin :DpiPlugin :aldec_axi_bfm_gemu
697 .ARESETn(processing_system7_@_FCLK_RESET®_N), - iyl \package UnitScopePackage_1\ EUnitSco pePackage_1 Ealdec_axi_bfm_qemu
698 .ARADDR.(processing_system7 @ M _AXI GP@_ ARADDR), W9 std.standard istandard istd
699 .ARBURST (processing_system7 @ M _AXI_GPO_ARBURST), “up vl.verilog_logic iverilog_logic wl
7688 .ARCACHE (processing_system7_© M _AXI_GPO_ARCACHE), # std. TEXTIO TEXTIO std
701 .ARID (processing_system7 @ M AXI_GPO_ARID), eee.std_logic_1164 std_legic_1164 ieee
702 .ARLEN(processing_system7 © M AXI_GP@ ARLEN), - W leee. NUMERIC_STD ‘NUMERIC_STD lieee
703 ARLOCK( process i ng_system7 6 M AXI G PG_ARLOCK} . i 38X i_bram_ctrl_v4_0_10.axi_bram_ctrl_funcs ;axi_b ram_ctrl_funcs Eaxi_b ram_ctrl_v4_0_10
704 .ARPROT (processing_system7_©_M_AXI_GP@_ARPROT), - W ieee.std_logic_arith std_logic_arith lieee
705 .ARREADY (processing_system7 _© M _AXI_GPO_ARREADY), - @ unisim.VCOMPONENTS VCOMPONENTS unisim
706 .ARSIZE(processing_system7 8 M _AXI_GP@_ARSIZE), -~ W ieee.VITAL Timing VITAL Timing ieee
787 LARVALID (processing_system7_@ M AXI_GPO_ARVALID), - W ieee VITAL_Primitives VITAL_Primitives ieee
708 .AWADDR(processing_system7 @ M AXI GPG_AWADDR), ~ W@ unisim.VPKG VPKG iunisim
769 .AWBURST (processing system7 @ M AXI GP@_AWBURST), eee.STD_LOGIC_UNSIGNED 'STD_LOGIC_UNSIGNED fieee !
710 .AWCACHE (processing_system7 @ M _AXI_GPO_AWCACHE) , - 84 imee st Innic mice it Innic mise lirae b’
711 .AWID(processing_system7_@_M_AXI_GPO_AWID), Hierarchy | Datasets | Classes
712 JAWLEN(processing_system7_©@ M AXI_GP@_AWLEN), > ’ =
713 .AWLOCK (processing system7 © M AXI GP@ AWLOCK), ri EliEEE =il
714 .AWPROT (processing_system7 @ M _AXI_GPO_AWPROT), | - | ¥ (% Attributes w
715 .AWREADY (processing_system7 @ M AXI GPO_ AWREADY), =
716 .AWSIZE(processing_system7 0 M _AXI_GPO_AWSIZE), Name Vvalue Type
717 .AWVALID (processing system7 @ M AXI GPO_AWVALID), -Jir axi_bram_ctrl_0_BRAM_PORTA_ADDR iNo data {[12:0]wire =
718 .BID(processing system7 @ M AXI GPO BID), - JUI axi_bram_ctrl_0_BRAM_PORTA_CLK iNo data iwire
719 .BREADY (processing_system7 @ M AXI GPG BREADY), = g I axi_bram_ctrl_0_BRAM_PORTA_DIN ENo data E[EI]:O]wi re =

AT Thmont ’ ST onmnneem s Nhiacts  [PrivarciReadars]
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T &

Built-in Transaction Recorder

=

P e R 0 UW WE S = &= FF eewae i

[s design_wrapper_ccm,,,LLIE: Untitled...LLI.D DpiBri...LL'[@: desi...Lil@z Ax_Axi3Slav... |z|| |

8 |

704
785
706
767
708
709
718
711
712
713
714
715
716
717
7l8
719
720
721
722
723
724
725
726
727
728
729
730
731
732
733
734
735
736
737
738
739
740
741

RRKIR

b9 9

v | o |§|E| = =

axl slv_bfm_core.wait_on(phase, count);

Fendtask |
LELATETETLSL LSS TLALAT A0 Td 7477/ BFM ALTERA WRAPPER - SystemVerilog ////// /717711177
Fendif

B ifdef ALDEC_USE TRANSACTIONS
=] TransactionRecorderAxi3 #(
.DATA_BUS_WIDTH(DATA_BUS WIDTH),
.ADDRESS_WIDTH(ADDRESS_WIDTH),
.ID_WIDTH(ID WIDTH),
F CINSTANCE (Ssformat f{"=m")))
TransRecorder {
LACLK (ACLK) ,
.ARESETn (ARESETN),
LAWID(AWID),
. AWADDR (AWADDR) ,
LAWLEN(AWLEN) ,
AWSIZE (AWSIZE) ,
.AWBURST ( AWBURST) ,
.AWLOCK ( AWLOCK) ,
. AWCACHE ( AWCACHE) ,
AWPROT (AWPROT) ,
CAWVALID (AWVALID) ,
. AWREADY ( AWREADY ) ,
WID(WID),
.WDATA(WDATA) ,
.WSTRB(WSTRB) ,
WLAST(WLAST) ,
WVALID (WVALID),
.WREADY (WREADY) ,
.BID(BID),
.BRESP(BRESP) ,
.BVALID(BVALID),
.BREADY (BREADY ) ,
.ARID(ARID),
.ARADDR ( ARADDR) ,

]
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&2 ? @
w | %= Hierarchy ==X
- | = | ¥ (# | Attributes =
« Name Design unit Library
< £t % design_1 idesign_1 il_defaultlib -
- % axi_bram_ctrl_0 idesign_1_axi_bram_ctrl_D¥ixil_defaultlib
4 axi_brarm_ctrl_0_bram §design_l_axi_bram_ctrl_o_b
¥ axi_cdma_0 Edesign_l_axi_-:dma_o_ﬂ{c’
& axi_mem_intercon_1 ‘design_1_axi_mem_interckixi
4 axi_protocol_converter_0 ‘design_1_axi_protocol_cor xil_defaultlib
4 master_0 EA):_AxiBMasterBFM Ealdec_axi_bfm_qemu
& master_ 1 iAx_Axi3MasterBFM ialdec_axi_bfm_gemu
& 4 slave_0 ‘Ax_Axi3SlaveBFM ‘aldec_axi_bfm_gemu
f axi_slv_bfm_core EAx_AxBSIaveBFMcDre ;aldec_axi_bfm_qemu
3 TransRecorder TransactionRecorderAxi3 ialdec_axi_bfm_gemu
- {3 @INITIAL#ini@ : ‘aldec_axi_bfm_gemu
(3 @INITIAL#829 0@ ixil_defaultlib
- - (3 @INITIAL#841_1@ :
- 3 glbl ‘albl ixil_defaultlib
f Tim2BEfmPlugin ETImZBmeIugin Ealdec_axi_bfm_qemu
- 4 DpiPlugin iDpiPlugin ialdec_axi_bfm_gemu
- @ \package UnitScopePackage_ 11 EUnitScope Package_1 Ealdec_axi_bfm_qemu
- gl std.standard istandard istd
- i vl.verilog_logic iverilog_legic il
- @ std TEXTIO TEXTIO istd
% ieee.std_logic_1164 istd_logic_1164 licee
W# ieee.NUMERIC_STD INUMERIC_STD lieee
- @ @xi_bram_ctrl_v4_0_10.axi_bram_ctrl_funcs Eaxi_bram_ctrl_funcs Eaxi_b ram_ctrl_v4_0_10
- gy ieee.std_logic_arith Estd_lu-gic_arith ;ieee
- iy Unisim.VCOMPOMENTS 'VCOMPONENTS iunisim
- iy ieee VITAL Timing IVITAL Timing iece |
e % imee VITAl Primitives AWITAL Primitives linae 3
Hierarchy | Datasets | Classes
i@ Objects =[x
| | ¥ 1% | Attributes w
Name Value Type
b ACLK i1 iwire =
= ARESETR i1 iwire
= AWID Z70 {[ID_WIDTH-1:0wire 5
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Riviera-PRO QEMU environment

Riviera-PRO - Untitled1.awc* x
File Edit View Control Simulation Waveform Tools Window Help C
I
BE-adBE® XP0 5¢ HE W & ©» »lwons /M 44« W G. B 2 [219800us w2
GERE S i Wwh i G-TMOCSER-F O U WE® TR ®Is eecae a2 B9 @
[ Filesystem [#][#](x) [Bs  design_wrapper_compile.do [7]x/|[&  untitledl.awc* [7][x]|[] DpiBridge.so [ x| ‘ ¥ |5 .. [F[Fx] |@ Classes FEX)
=~ =1 = P e o —_— Configuration ~ F
il ¢ | Fr % e @ 6 ®f-297550231160ps|v || A X L BEHB RKNKAFKFER QL% %R e hh (Ao - 9 €9 [ SN
— " - Properties ~
«amples/tools/qemu/zyng_demojpl_logic| <D || Name Hisipichy) Al % Value P oo unooo @ onuonona Ffonnoan o Bonnuan B ohononnFhonina 0™ Hame
B compile - = m axi arcache /design_1/axi_cdma 0 3 3 e
3 dataset.asdbw ~ @ m_axi_rready /design_1/axi_cdma_0 ]
3 hdl_src = m_axi rvalid /design 1/axi_cdma 0 ) |
[ riviera @ = m_axi_rdata /design_1/axi_cdma_0 OCCNKXXK XHXRRHKA
9 work B = m axi rresp sdesign 1/axi cdma 0 0 X
= dataset.asdb X :
~® m axi_rlast /design_1/axi_cdma_0 K I
dataset.tmp = - e
[& design_wrapper_compile.do = m_axi awready /design 1/axi cdma 0 1 |
DpiBridge.so ~ @ m_axi_awvalid /design_1/axi_cdma_0 o
library.cfg @ = m axi awaddr /design 1/axi_cdma 0 00000000
Untitled1.do B @ m_axi_awlen /design_1/axi_cdma_@ 00 00
E- = m axi awsize /design 1/axi_cdma 0 ] i}
G- @ m_axi_awburst /design_1/axi_cdma_0 0 [:]
H- = m axi awprot /design 1/axi _cdma 0 o i}
- @ m_axi_awcache Jdesign_1/axi_cdma_0 3 3
m Filesystem ‘ - ® m_axi wready /design 1/axi_cdma 0 ) |
Design Manager] Fesystem | # m_axi wvalid /design_1/axi_cdma_0 )
i Libraries )] | B = m axi wdata /design 1/axi cdma 0 DOUOUXOER OOOCKNK
- i i 2] IF
o iy £ “l o e m_ax%_wstrb /dss%gn_lf‘ax%_cdma_m F 1 }
- & m axi wlast /design 1/axi _cdma 0 )
Nam: 5 @ m_axi_bready fdesign_1/axi_cdma_0 1 [
vtl_dbg (RO) - . . .
4 xilinxcorelib (RO} - mﬁax%ibvalld /des%gnil/axlicdmaiu ) |_
i xilinxcorelib_ver (RO} G » m_axi_bresp /dss%gn_lf‘ax%_cdma_m o e |
,"(p (RO} ~ - Default curser 219 800 us 210 800 us I3 .
‘ 3 [ K] | 0fs - 297550231160ps | 0 Configuration|4 » |4 »
I Consale [%]| |= Transaction Streams [BL[E
M 0 " | @Emors | A warnings | @ Messages || Mams, Hierarchiy,
. . . start_qgemu.sh; bash
s # KERMEL: SLP simulation initialization done - time: 0.8 [s]. e !
o # KERMEL: Kernel process initialization done. No sourdcards found,
a# Allocation: Simulator allocated 54280 kB (elbread=25043 elab2=22689 kernel=6627 sdf=0) RAMDISK: gzip image found at block O
o # VPI: ALDEC AXI BFM version 1.7.1 Eﬂ:—is Eramgg: couldn't mount as extg dﬁedt? feature incgﬁpaﬁlbilitles iod
- . N ) - ~fs (ram0)t warning! mounting unchecked fs, running e2fsck is recommendes
a # KERMEL: ASDB f_1'le was created in location /home/radekn/Aldec/Riviera-PRO-2017.06-x64/examples/tools/gemu/ EiTd—F= warning (dewice rand)! ecbd_update_dnamic_rewi717t updating to rew 1 b
zynq_demo/pl_logic/dataset.asdb cause of new feature flag, running e2fsck is reconmended
s # VSIM: 176 object(s) traced. EXTd~Fs (ram0): mounted Filesystem without journal, Opts: (null)
o # WSIM: @ object(s) traced. WFS: Hounted root (extd Filesystem) on device 1:0.
v ; ; Ny . , : . devbnpfs: mounted
# lu.A\‘EFDRM‘ 8 ohJect(B) }n;erted to v%rtual array m_ax?_rdatalﬁ.?l . Freeing vrised kernsl menory: 264K (cOBSB000 - cO728000)
o # WAVEFORM: 8 object(s) inserted to virtual array 'm_axi_rdata[8:15]'. Gtarting reS,..
o # WAVEFORM: 8 object(s) inserted to virtual array 'm_axi_rdatall6:23]'. ++ Hounting £ilesysten
o # WAVEFORM: 8 object(s) inserted to virtual array 'm axi rdata[24:31]". mount: mounting /dev/mnchlkOpl on wnt failed: Mo such file or directory
o # WAVEFORMN: 4 abject(s) inserted to virtual recerd 'Virtual Record 1'. nount: mounting /dew/mncblkd on /nnt Failed: No such File or directory
: : ++ Setting up mdev
o # VS5IM: 8 object(s) traced. ++ Gtarting telnet dasmon
= # KERMNEL: Block Memory Generator module ++ Starting http daemon
design_l.axi_bram_ctrl_0_bram.inst.native mem_mapped module.blk _mem _gen v& 3 5 inst is using a behavioral model for ++ Starting Ftp daemon
simulation which will not precisely model memory collision behavior. ++ Starting ssh daemon
E random: sshd urandom read with O bits of entropy available
rcS Complete
; |zung> L Adma_test,bin I
Console Messages

accellera

SYSTEMS INITIATIVE

©

[ 5 % [ | Default = Debug Coverage Console Documents o

Accellera Systems Initiative

34

2017

DESIGN AND VERIFICATION™

DV O

CONFERENCE AND EXHIBITION



Hardware and Software co-sim

-
Riviera-PRO - /home/radekn/Aldec/Riviera-PRO-2017.06-x64/examples/tools/qemu/zyng_demo/linux_app_src/main.c /home/radekn/Aldec/Riviera-PRO-2017.06-x64/examples/.. %
File Edit View Control Simulation Tools Window Help File Edit HDE [#][s
B . . M Lo B, 03 ([1372ms 0 B a8 - | s oa » o
/home/radekn/Aldec/Riviera-PRO-2017.06-x64/examples/tools/qemu/zyng-demo/linux_app.. x l : ‘ l |—| ;
s 22 @F3 0CQGE a2 @ 252 ATTRIBUTE X INTERFACE INFO OF m axi awread <
File Edit HDE [(#[2) L . - G e 253 ATTRIBUTE X_INTERFACE_INFO OF m_axi_awvali®
B F S B B S - e = = [&¢  design_wrapper_compile.do [7][x|[[&r Untitledl.awc* [7|x||[) DpiBridge.so [7][x] 254 ATTRIBUTE X INTERFACE INFO OF m_axi_awaddr
N L L L ) =IPEEES li 255 ATTRIBUTE X_INTERFACE_INFO OF m_axi_awlen:
55 «f FF %E 0 @ 0 ®|1388248568435ps v | N A A » Y» INv»> |Auo I 256 ATTRIBUTE X_INTERFACE_INFO OF m_axi_awsize
56 #define DDR_MAP_SIZE 0x100088000 = S 257 ATTRIBUTE X INTERFACE INFO OF m axi awburs
57 “define DDR MAP MASK (DDR MAP SIZE - 1) Name flierarchy, T ST 1 PETeTTe S ATTRIBUTE X_INTERFACE_INFO OF m_axi_awprot
58 = (9) /design 1/axi_cdma @ | 259 ATTRIBUTE X INTERFACE INFO OF m axi awcach
59 //#define BUFFER BYTESIZE 1024 - (8) /design 1/axi cdma @ | 268 ATTRIBUTE X_INTERFACE_INFO OF m_axi_wready
60 = (7) /design 1/axi cdma @ ATTRIBUTE X INTERFACE INFO OF m axi wvalid
61 int main{int argc, char* argv(]) .= (6) /design_1/axi_cdma 0 ATTRIBUTE X_INTERFACE_INFO OF m_ax%_wdata:
62 B{ = (5) design 1/axi cdma 8 ATTRIBUTE X INTERFACE INFO OF m axi wstrb:
63 int memfd; Lan_ e ATTRIBUTE X_INTERFACE_INFO OF m_axi_wlast:
64 void *mapped base, *mapped_dev_base; - (4) /design_1/axi_cdna 6 ATTRIBUTE X_INTERFACE INFO OF m_axi_bready
65 off t dev base bram = BRAM BASE ADDRESS; = (3) /design_1/axi_cdma_g ATTRIBUTE X_INTERFACE_TNFO OF m_axi_bvalid
66 = (2) /design_1/axi_cdma_@ ATTRIBUTE X INTERFACE INFO OF m axi bresp:
67 int memfd 1; = (1) /design_1/axi_cdma_g8 EIBEGIN  cd
68 void *mapped _base_1, *mapped_dev _base 1; 2 (o) design 1/axi _cdma 8 ue : axi cdma
69 off_t dev base cdma = CDMA BASE ADDRESS; o . trb Id ,g ‘1 - d _0 v = GENERIC MAP (
70 = m_axl_wstr /design_1/axi_cdna | € 5 AXI LITE ADDR WIDTH => &,
71 int memfd 2; = m_axi wlast /design 1/axi_cdma 0 C_S_AXI_LITE_DATA_WIDTH => 32,
72 void *mapped_base_2, *mapped_dev_base_2; = m axi bready /design 1/axi cdma @ C AXI _LITE IS ASYNC => 0,
73 off t dev base ddr = DDR BASE ADDRESS; = m axi bvalid sdesign 1/axi cdma 0 C_M_AXI_ADDR_WIDTH == 22,
74 . . . B » m_axi _bresp /design l/axi cdma @ 8 € M AXI_DATA WIDTH == 32,
75 unsigned int TimeQut =5; . cama Evect out /desi nilf‘axl?cdmaio C_M AXI MAX BURST LEMN == 16,
76 unsigned int ResetMask = - — an_ A - C_INCLUDE DRE == O,
77 unsigned int RegValue; | | & » m axi rd fdesign 1/axi c 2} 66600008 C_USE_DATAMOVER LITE => @,
78 unsigned int BUFFER BYTESIZE = 28; = I]_E‘--‘l'tual Record 1 C_READ_ADDR_PTPE_DEPTH => 4,
79 if (arge == 2) L B m_axi_rdatale:7] C_WRITE ADDR PIPE DEPTH => 4,
ee sscanflargv[1], "%d", &BUFFER BYTESIZE); L -Bm_axi_rdata[8:15] C_INCLUDE SF == 0O,
81 B if (BUFFER_BYTESIZE<l || BUFFER_BYTESIZE=1024){ = @m_axi_rdata[lﬁ'B] C INCLUDE SG == 0,
82 printf("[WARNING] Passed number of bytes are wrong. Supported val - C_M_AXI_SG_ADDR WIDTH => 32,
83 BUFFER_BYTESIZE=28; B m_axi_rdata[24:31] C M_AXI 56 _DATA WIDTH => 32,
84 1 E || !-Defautt cursor 1372ms C_DLYTMR_RESOLUTION => 256,
85 q CEAMILY == "zyng"
86 unsigned char SrcArrayl[1e24 1; = start_gemu.sh; bash x
87 unsigned char DestArray[1024 ]; AP (
a8 unsigned int Index; zung> L Jdma_test.bin i_aclk == m_axi_aclk,
89 int result=0; [i] Happing FL logic BRAM memory, i lite aclk == s axi lite aclk,
] = /dev/men opened. . > S
-y 90 /* BRAH memary mapped to user space i lite aresetn => s_axi_lite_arese
.4 91 STEP 1 : In1t15!1129 the source buffer bytes with a pattern and cle: writing data 28 to BRAM. : Lrout == cdmaiintrulzlt,‘
a4 92 location .a) [1] BRAM transfer finished. Memary unmapped. i_lite awready == s_axi_lite_awres
.4 93 f [1] Happing AXI CDMA to user space L lite awvalid == s axi lite awval
.4 94 for (Index = 0; Index < BUFFER BYTESIZE; Index++) }/examples/tool. :s::g’"ggﬁgpe”ad' i lite awaddr == s_axi_lite_awaddr
4 95 & { enabling “Z‘ter.mpt‘ i lite wready => s axi lite wready
a4 96 SrcArray[Index] = Index; checking for the Bus Idle, i lite wvalid == s axi lite wvalid~
a4 97 DestArray[Index] = ©; S e s S = soonono o
set, source addres to = . FEETTTIE
= 4 gg ° 3 set destination address to HP_SLAVE = 0010000, 50 |Is0-8850-1 ~ | Unix INS RAW
o # / - N wait for DMA transfer status.
. 4 1808 STEP 2 : Map the kernel memory location starting from 0x20000080 to i Transfer Completed
a4 181 ¢ [1] DMA transfer Finished and unnapped From user space,
.4 102 printf("[i] Mapping PL logic BRAM memory.\n"); [1] Hap bz””?l MEMOry ;D USBr space
- .‘ Imem® . eu/nen opered,
oy 103 l!wemfd71 = open("/dev/mem”, O RDWR | O SYNC); Hemory mapped at. address Oxafe33000,
.4 104 if (memfd 1 == -1)
105 B { i i The data pattern:
: 106 printf{"Can't open /dev/mem.\n"); using & behavl | e re1011121 31 4151617181 92021 22754252837
187 exit(0); The data read fron HIL:
> | 108 - o 01234567831011121 31415161 716192021 222324252627
109 printf{"\t/dev/mem opened. \n"}; - DATH TiansFer is Successful,
» Y

¥ » Ln1 Coll €SO |I15O-8859-1 ~ | Unix INS R/W 20] 7
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Transaction based debug

Untitled Lawc* X
File Edit Waveform [#][2]
C @ Q @ Q & [1351110666987ps ~ | A" A 2 HIHE R M KA K KR QL % %% %% Nvep R % (e ~| 1]
Hierarchy AII\:VaIue T - - o [r320 | L |3z | o = L pass L, pass ., [EEs0
H- = m axi awsize /design 1/axi cdma 8 @ ]
i @ m axi awburst /design 1/axi cdma 8 i@ o
i = m_axi_awprot /design_l/axi_cdma_8 @ [
i @ m_axi_awcache Jdesign_1/axi_cdma @ 3 3
= m_axi_wready /design_1/axi_cdma_8 i1
= m axi wvalid /design 1/axi cdma 8 i1
- = m_axi wdata /design 1/axi cdma @ BFOEODBC 63820100 87860504 |BBEABIDE |BFeEEDAC| 13121118 117161514 /1B1A1918
i # m_axi wstrb /design 1/axi cdma 8 F F ]
= m_axi_wlast /design_1l/axi_cdma_8 @
= m_axi_bready /design_1/axi_cdma_8 i1
= m_axi_bvalid /design_1/axi_cdma_8 @
i = m_axi_bresp /design_1/axi_cdma_8 i@ ]
- = cdma_tvect out /design 1/axi cdma © 00000000
g » m axi rdata /design 1/axi cdma @ (13121110 63020100 |8786P504 0BBABSDE |BFBEODAC 113121118 (17161514 |1B1A1918
#- [ Virtual Record 1 {0 123F /{4567 {8 9 1a 11} {12 13 14 15} {16 17 1B 19} {20 21 22 231 1{24 25 26 271 46 6 0 0}
v Count (2) v| Relations [v| Auto height
W_Stream /design_1/slave_@/Tram: v_Stream
Sender name design_1.slave 0 © desigh l.slave @ [E design l.slave @ design 1.s..
Sender WID zZ0 zZ8 z28 relations i.
Sender WDATA 0706050403020100 67686050403020108 67Bebd0cAbBaBIns relations o.
Sender WSTRB ff f T
Sender WLAST a i L] [}
Sender WVALID 1 1 1
Sender WREADY 1 1 1
Signal Value Value Value
relations in( @ ) relatigns in{ @ ) relations in{ @ )
relations out{ @ relatigns out{ @ ) relations out( @ )
Sender name : design_l.slave_0
2 Sender WID : 220
Sender WDATA : 0706050403020100
~|Sender WSTRB : ff
B v/ Count (1) v/ Relations |v| Aute height Sender WLAST : 0
Sender WVALID : 1
R_Stream /design_1/master_08/Tra: R_Stream Sender WREADY : 1
~|Signal : Value
Stream: sim:/design_l/slave_O/TransRecorder/W_Stream
Substream: 1
Begin time: 1342ms
End time: 1344ms
1 1
1
Value
relations in( @ )
relations out( 0 )
Ev! count (1) v| Relations [v| Auto height
AR_Stream /design_1/master 8/Tra AR_Stream
O design l.master ©
208
72200004
[}
El
o Default cursor 1342 650 us. [T3az650us]
L] 1335029333013ps - 1351110666987ps| |
ll DESIGN AND VERIFICATION™
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- Transaction logs

F P HE O 6 6 ®es500us-421500us|v || AN L HBEHEIMKRANREKFIROIL (% %% Nved R |ae - al

Name Hierarchy All ‘: Value Pao ‘ (1) (2} (3) (4 (5) (6) (7% () (9) (10}M1L) (12} (13} (14]) (15} (16} (17} (1B} (19} (20} (21} (22} [23)‘ 1y (2} (3) & (5) (6) 1y (20 (3) (4) (5) (6) (7) (8) (9) (10} (11} (12} (13}(14]) (15} (16} (17} (18} (19} (20} (21} (22} (23} (24} (25} (26} | (1) (2} (
T T O T T 1 O Y T T T T S T T H I SR
/v Count (1) v/ Relations |v| Auto height
W_Stream /design_l/master_1/Tra W_Stream
2 design_l.master..| [E design 1l.master 1 2 design_
086 oae 086
00000000 000008160 ogoze0
1 2 4
. 1 1 1
1 1 1
1 1 1
Value Value Value
relations in{ @ ) relations in( @ ) relatio
relations out( 0. relations out( @ ) relatio
= - P
|EI Count Relations |v| Auto height
W_Stream /design_l/master 8/Tra W_Stream
Sender name design_l.master_ @ El design_l.master_©
Sender WID 000 068
Sender WDATA 00067008 08067080
Sender WSTRB f
Sender WLAST 1
Sender WVALID 1
Sender WREADY 1
Signal Value
sim:/design_1/master_0/TransRecorder/W_Stream X
File Edit [#][2)
| Begin Time - ¥ GE R B
Begin Time End Time Sender name Sender WID Sender WDATA Sender WSTRB Sender WLAST Sender WVALID Sender WREADY Signal
|1 |198ms 200ms design_l.master_0: 000 00000004 f 1 1 1 Value
2 284ms 286ms design_1.master_0: 000 ‘00007000 f 1 1 1 Value
3 926ms 928ms design_l.master_0: 000 00000004 f 1 1 1 Value
4 |972ms 974ms design_l.master_0: 000 00000004 f 1 1 1 Value
5 1018ms 1020ms design_l.master_0: 000 00000004 f 1 1 1 Value
6 1064ms 1066ms design_l.master_0: 000 00000004 f 1 1 1 Value
7 1110ms 1112ms design_l.master_0: 000 00000004 f 1 1 1 Value
8 1176ms 1178ms design_l.master_0:000 00007000 f 1 1 1 Value
9 |1242ms 1244ms design_l.master_0: 000 81000000 f 1 1 1 Value
10 1268ms 1270ms design_l.master_0: 000 80010000 f 1 1 1 Value
11 12%4ms 1296ms design_l.master_0:000 0000001c f 1 1 1 Value
¢ Shows selected transacations in waveform

- Default cursor 284 ms = 11 284 ms + 11 2 O] 7
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Riviera-PRO and QEMU - project flow

Aldec Riviera-PRO

QEMU Emulator
(Linux for TySOM board)
with
Xilinx SystemC SoC Library
ARM Cortex-A3 model

ARM application

running on Linux

available

» - where duty_

IPcore o

1 HOL IPCore

Aldec QEMU
Bridge

Aldec
AXl BFM

/)
L AX

Custom
IP Core

R Riviera-PRO - Untitled l.awc* - o x

Fle Edt Wiew Control Simulaton Waveform Tools Window Help C
Br@ Mm@ XHE = W @ b kb l00ns 2l .e # | 316 903 080 ps »
38 B E L'y Brd @ 0 W = = = @ T e Bw []w

% desig... W de.. aldec... 7| [E pw... [ ald. hd
$ & @ B O, & ops-316003100ps [+ A A 2 G i » » Foww |Ato - v |l =

Hame Valys - 1510 P03y .| N_al'li'

} in froa 1 | | ] I o| E- B design1 <

' 0 from 1 [ [ N [ 1 [

) 1 fron g [LTLIITLE TLLTLITTIL

- 1

1l 01200200 from DOOOD BAOREAOR AORADEAD

e 1 from € [} 13

i 0 "

£ 220 220

i} 0 ]

- ? ?

i} i) [

B 0 [

h 1

# 2 froa 0 [ 2 o

I 1 from © & Ori

o} OBR0BG0E BA00AA0R

& {i] [

& 0 B <+ Drivers

3 220 220 -

i} a L] Mame Hier

- ? 7

i) 0 ]

- 0 [

; 1

3 0 8

L n
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SoC

TySOM-1

XC7Z030

TySOM-2

XCT7Z045/100

TySOM-ZA

XCTFZ030
2FF=676I

DDR3

SPI Flash

uSD/SD/EMMC

I2C EEPROM

USE 2.0

USE 3.0

UART/USB —
UART

JTAG PL Header

1 Gh Ethernet

Ethernet
IEEE1S88

Andio INJOUT

HDMI/VGA

Camera Con

mPClIe

FMC

Pmod

GPIO

ADC

(i-Fi/Bluetooth

Sensors

RTC

TounchPannel/L.CI}
Interface

User DIPF switch

FBG454 FFGES00
5128 1GB 1B
16MB 16MB 16MB
uso usD usD
64Kb 64Kb 64Kb
2 4 4
2 -
2 UART 1 UsSB — UART 1 USE — UART
1 1 1
W AU
V -
HDNMI HDMI HDMI
W -
W
- w2 =1
2=6 -
43 (%) 14(*%)
1 on MMCX con 16 on FMC con 4 on FMC can
W W W
- v
Temp. Accelerometer Temp. Accelerometer Temp. Accelerometer
W v W
T.P & LCD -
8 8 8
B 4 4

User LED

**&vailable on XADC Header.

accellera
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* Awailable on mother boards / expansion carrier board.

© Accellera Systems Initiative

TySOM - Zynqg Based EDK

Boards
Specs

Communication
interfaces

Mizcellaneons

39

FMC - IoT

64 Kb EEPROM, usD,
USER SATA

FMC — Vision

64 K EEFROM

64 Kb EEPROM

4 Gb MAND Flash, 2=
32 Mb 5PI Flash
Mermaory, 64 Kb

EEPROM, usD

FMC, 1x Ethernet
IEEE1588, Wi-Fi,
Bluetooth 4.1,
ZigBes, 6LOWPAN,
RF4CE, SP100,
WirelessHART,
Sigfox, WMBus,
mPCle, USB 2.0,
Micro Sim card, RS-
485, 2=6 Digilent
Prmod

FMC, 1x HDMI IN, 1
HDMIOUT, 1=
Display Port IN, 1=
Display Port QUT,
MIPI D51, MIPI C5I,
Audio Codec, 2= USB
3.0

FMIC, 5= FPD-Link Il
(LVDS interface), 1=
URMZT7_Va.0
Ultrazonic sensor
connector, 1=
LIDAR-Lite_W2
Connector

FMC, 1= Ethernet,
PCI-Express
connector, Q5FP4
connector, 1= USB
2.0, 1= UART to USB

2= user clock, 1=
clock for SATA,
Dedicated clock to
PCIE

2= Oscillators, 2=
Clock for
transceivers

Buzzer, 2= Oscillator

3= Oscillator, 8= User
DIP switch, 8= User
LED, GPIO (20 10s,
220 gold pins
connector)

2017
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Summary

e SoC FPGA Verification Platform

* Processor modeling based on QEMU emulator (instead of simplified BFM
model)

 Hardware and Software debugging

* Fast RTL IP Core Verification and bugs fixing
* Driver and Firmware Verification

e Built-in Transaction Recorder

e Support for many platforms and processors

e Support for different Linux versions
— Yocto project

accellera o DV
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Resources
Al DEc Training www.aldec.com/training
S Support www.aldec.com/support

THE DESIGN VERIFICATION COMPANY Blog WWW.aIdec.com/company/blog

Questions

accellera o (2017

DV O

CONFERENCE AND EXHIBITION

SYSTEMS INITIATIVE


http://www.aldec.com/training
http://www.aldec.com/support
http://www.aldec.com/company/blog

	Software Driven Test of FPGA Prototype�Methods & Use cases
	Motivation - SoC verification challenge
	Tutorial Agenda
	Traditional Prototyping Bench
	Software Driven Testbench (SDT)
	FPGA Technology Enabling SDT
	Aldec HES-US-440
	HES-US-440 Diagram
	SDT application examples on HES-US-440
	Use Case-1 with HES Proto-AXI
	Step-1: Connecting DUT to HES-Proto-AXI
	Step-2: Developing & building testbench
	Step-3: Running Test
	HES Proto-AXI Highlights
	Questions
	Use Case-2 – Bare metal approach
	Step 1.A: Hardware design
	Step 1.B: Embedded Linux development
	Step 1.C: Software development
	Step 2: Design connectivity 
	Questions
	QEMU co-simulation with Riviera-PRO
	QEMU co-simulation platform
	QEMU co-simulation platform
	Riviera-PRO Verification Platform
	Riviera-PRO Highlights
	QEMU – Virtual Platform
	Riviera-PRO and QEMU
	Aldec AXI BFM usage
	Aldec AXI BFM
	AXI BFM instance in HDL Code
	AXI BFM instance in HDL Code
	Built-in Transaction Recorder
	Riviera-PRO QEMU environment
	Hardware and Software co-sim
	Transaction based debug
	Transaction logs
	Riviera-PRO and QEMU – project flow
	TySOM – Zynq Based EDK
	Summary
	Questions

