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VectorCAST RSP Xilinx ZCU102 QEMU

1 Overview

VectorCAST Runtime Support Package (RSP) is an extension of the VectorCAST product. It provides
an interface layer that allows the user to use the VectorCAST testing techniques and methods on an
embedded target processor. The VectorCAST RSP will always run on the host platform (the same
platform as the compiler). Only the VectorCAST generated test harness will be downloaded to, and

executed on, the embedded target.

A VectorCAST RSP is always customized to a particular Target CPU, Cross Compiler, and Run-Time
environment (or kernel). As such, the information presented here contains sections for this specific
RSP.

This application note provides details on configuring VectorCAST to run tests on QEMU’s Xilinx
ZCU102 system emulation model. The ZCU102 has two simulated processors (Cortex-A53 and
Cortex-R5F) and VectorCAST can use either one for testing. VectorCAST uses the Xilinx Vitis
compiler and linker to build the VectorCAST test harness into an ARM ELF application. The

application is loaded into the one of the simulated processors for execution.

VectorCAST provides off the shelf RSPs for the Xilinx ZCU102 QEMU. If the user needs support for a
different architecture, need help configuring VectorCAST for their processor or debugger, or run into

any issues configuring VectorCAST, please contact support@vector.com.
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2 Setup

2.1 Use Case: Selecting the Prope

VectorCAST RSP Xilinx ZCU102 QEMU

r Configuration

When configuring the Xilinx ZCU102 QEMU RSP, select the correct processor as the target (Figure 1).

The Cortex-R5F will appear under the ARM configuration while the Cortex-A53 will appear under the

ARM®64 configuration.
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Figure 1 — Selecting the ZCU102 Configuration

After that, select the type of code to test.

Choose C for only testing C code, choose C++ for either

C++ or a combination of C and C++. Once the type of code is selected, the configuration will show up

in the project and the compiler node will b

e populated with the proper data, seen in Figure 2.
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Figure 2 — Project Configuration
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2.2 Use Case: Configuring a Xilinx Project in Vitis
The user must create or use a platform project from Xilinx Vitis to produce the proper libraries needed
by VectorCAST to execute on the Xilinx ZCU102 QEMU target. If the program already has an existing

platform project, then use that one. Otherwise, use the Xilinx Vitis tools to create the platform as seen
in Figure 3

New Platform Project o

Platform

Choose a platform for your project. You can also create an application from XSA through the 'Create a new platform from E
hardware (XSA)' tab.

[ create a new platform from hardware (XSA) Select a platform from repository
Hardware Specification

XSAFile: | zcu102 ¥ || Browse...

Software Specification

Specify the details for the initial domain to be added to the platform. More domains can be after the platform is created by
double clicking the platform.spr file

Operating system: | standalone -
Processor: psu_cortexa53 0 -
Architecture: 64-bit -

Note: A domain with selected operating system and processor will be added to the platferm. The platform project canbe
modified later to add new domains or change settings.

Boot components
Generate boot components
Target processor to create FSBL: @ psu_cortexa53_0

psu_cortexr5_0

@.

<Back Cancel

Figure 3 — Creating a Platform Project
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2.3 Use Case: Environment Setup

The Xilinx ZCU102 RSPs use environment variables to determine where the Xilinx tools have been
installed and where the platform project libraries are located. Additionally, the path to the Xilinx
compiler, IDE and QEMU binary directories need to be on the path environment variable. The

following environment variables are used in this RSP:

o VCAST_XILINX_INSTALL_DIR — Set to the base directory of the Vitis tools installation
export VCAST XILINX INSTALL DIR=/tools/Xilinx/Vitis/2020.2

e VCAST_XILINX_A53 LIB_DIR - if testing on the A53 - Set to the appropriate Xilinx Platform
project BSP library export directory.

export
VCAST XILINX A53 LIB_DIR=/home/user/workspace/demo/platform A53/export/pl
atform A53/sw/platform A53/standalone domain/bsplib/lib

e VCAST_XILINX R5F_LIB DIR - if testing on the R5F - Set to the appropriate Xilinx Platform
project BSP library export directory

export VCAST XILINX R5F LIB DIR=..

e PATH - The path will need to be updated to include the compiler, IDE, and QEMU binary
directories

$VCAST_XILINX_ INSTALL_DIR/data/emulation/gemu/unified gemu v5_0/sysroots/x86_64-
petalinux-linux/usr/bin/

SVCAST XILINX INSTALL DIR/bin

S$VCAST XILINX INSTALL DIR/gnu/armr5/lin/gcc-arm-none-eabi/bin

SVCAST XILINX INSTALL DIR/gnu/aarché64/lin/aarch64-none/bin

VectorCAST recommends putting these environment variables in a shell script that will also launch
VectorCAST. The start_vectorcast.sh may end up looking something like this:

export VCAST7XILINXilNSTALLiDIR=/tools/XilinX/Vitis/ZOZO.2
export
VCAST XILINX A53 LIB DIR=/home/user/workspace/demo/platform A53/export/platform A53/sw/plat
form A53/standalone domain/bsplib/lib
export
PATH=SVCAST XILINX INSTALL DIR/data/emulation/gemu/unified gemu v5 0/sysroots/x86 64-
petalinux-
linux/usr/bin:$VCAST XILINX INSTALL DIR/bin:$VCAST XILINX INSTALL DIR/gnu/armr5/lin/gcc-—
arm-none-eabi/bin:$VCAST XILINX INSTALL DIR/gnu/aarché64/lin/aarché4-none/bin:S$SPATH
SVECTORCAST DIR/vcastgt -lc &
Use start_vectorcast.sh to launch VectorCAST to build and execute unit test environments. If the user
needs to run VectorCAST from the command line, then create a similar shell script called
setup_vectorcast.sh and remove the last line that launches the VectorCAST GUI. The

setup_vectorcast.sh script must be run in order to execute any commands from the command line.

2.4 Use Case: Building Environments
If the user followed the setup instructions in this App Note, then they should be able to build
VectorCAST environments for either processor on the ZCU102. If the user is having trouble building

environments for one of the supported processors contact support@vector.com.
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2.5 Use Case: Testcase Execution

If the user followed the setup instructions in this App Note, then they should be able to execute
testcases on one of the processors included with the ZCU102 QEMU model without any further

modifications. If the user is having trouble executing tests on one of the supported processors contact
support@vector.com.

VectorCAST uses the Execute command in the VectorCAST options to execute tests. For the Cortex-

A53, VectorCAST will use GDB to execute the test harness in the QEMU model and gather the

results. For the Cortex-R5F, VectorCAST will call QEMU directly and use QEMU stdout to collect the
test results, as seen in Figure 4.

81 VectorCAST Options

GUI | C/C++ ‘ Wizard 1 Report \ Target \ Coverage 1

[ Choose Compier ||GNU Target Bare Board ARM Cortex-RSF ZCU102 QEMU (C)

Execute command: | $(VECTORCAST_DIR)/vpython $(VECT ORCAST_DIR)/DATA/gnu_target/xinx-gemu-execute.py --cmdsfile=$(VECT ORCAST_DIR)/DATA/gnu_target/xinx-zcu102/ cortex-r5f.txt I

Preprocessor/Compier ‘ Linker/Debug 1 Language 1 Misc \ Mixed C/C++ I Compiler Integration \

Preprocessor command: Incude flag:

armr5-none-eabi-gec -E -C -mepu=cortex-r5 -mfloat-abi=hard -mfpu=vfpv3-di6 I
Compile command:

Define flag:
-D
Flag to create an object file: Preprocessor file:

armr5-none-eabi-gcc - -g -mepu=cortex-r5 -mfloat-abi=hard -mfpu=vfpv3-di6 -0

Figure 4 — Testcase Execution
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2.6 Use Case: Debugging

When right clicking on a testcase and selecting ‘Execute with Debug’ VectorCAST will launch the
following information panel. Figure 5 shows the information panel instructs the user on how to use

Vitis to debug a testcase.

|

VectorCAST/RSP Debug Execution

How to debug ...

VectorCAST is ready to run a test with the Xilinx Vitis IDE

VectorCAST will automatically start the Xilinx Vitis IDE.

Once Eclipse is active, please follow the following steps:

1. Choose Debug Dropdown > Debug Configuration...
2. Duplicate your existing QEMU debug connection
3. Change the Application Tab » Application to the harness you
want to debug
- UUT_INST for Debug with Code Coverage
- UUT_INTE for Debug without Code Coverage

2s the test runs, you will see the test results shown in the Eclipse "Console® window.
When you see: "VCAST.END:END®", the test is complete.

Exit the debugger at this point, and control will return to VectorCAST.

Please note: Since you aren't returning the output to VectorCAST, the debugged testcase
will show as failed, that is expected

Click "Start Debugger” to begin debugging (this dialog will remain displayed for reference)
Click "Done® in this dialog to return contrel te VectorCAST.

NOTE: Executicn reports might not be created for debug execution!

Executable File and Location ...

Executable Location: /home/user/xilinx/vcast/a53/TEST/UUT_INST
Executable Filename: UUT_INTE

Cancel Start Debugger|

Figure 5 — Debug Information Panel

Note the Executable Location and Executable Filename. The executable location will show the user
where the source code is located for the test harness. The Execute Filename would give an indication

if the user selected Execute with Coverage or Execute without Coverage.

If the Execute Filename is UUT_INST then Execute with Coverage has been selected and users
should use <filename>_inst.c to use for debugging. If the Execute Filename is UUT_INTE then
Execute without Coverage has been selected and users should use <filename>_vcast.c to use for
debugging. This difference will be important when opening files and setting breakpoints. Click on the

<Start Debugger> button to open Vitis and use the instructions above to setup a debug session.
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Figure 6 shows an example of the modifications needed to update a debug configuration to launch the
VectorCAST harness as an external application.

Debug Configurations o ®

Create, and run ations ﬁ

CeeEX BY~

Name: debug_app_AS53

type filter text & Main |EJ Application . ® Target Setup| % Arguments B Environment| & Symbol Files % Source| & Path Map|

% AlEngine Emulator

@ stop at 'main’
@Launch Group

Summary
-~ OpenCL
~~OpenCL (TCF,
. $E;Siigle AS)lic)a tion Debug psu_cortexa53_0 |app_A53 | /home/user/xilinx/vcasl||stop at entry = false
psu_cortexa53_1 stop atentry = false
debug_app_A53
- psu_cortexa53_2 stop atentry = false
£ debug_app_A9
. psu_cortexa53_3 stop atentry = false
# debug_app_R5 texrS 0 top at entry = fal
% Debugger_app_A53-Default Dsui(ortexr?] StDD at n try : ratse
£.Single Application Debug (GDB) psu_cor e);r:, StOD at entry : :fe
FI5PM Analysis psu_pmu_| stop atentry = false
» & System Project Debug
B Target Communication Framewoi
Project: app_A53 Browse...
Application: | /home/user/xilinx/vcast/a53/TEST/UUT_INTE Search... Browse...

Stop at program entry

Filter matched 14 of 27 items Revert Apply
@ Close Debug

Figure 6 — Vitis Debug Configuration

Once the Debugger starts up the user can open the file under test using the filename modifications

above (with coverage or without coverage) and set a breakpoint on the function under test.
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From there, the user can debug as normal with Xilinx Vitis as seen in Figure 7.

File Edit Search Run Xilinx Project Window Help

o rhviBiv|»> ® R A A G
4 Debug 1 = i3 8 = 0 [ s3 target initializationh [ manager veast.c % | @ extc % §3 target initializationh

Teturn 702, % %
}

~ § debug_app_As3 (QEMU)
2 Gdbclient (localhest:1137)

# [function: _eait]

B o ' /rvcast int L al_end~ 1% #' [Function: main]
o struct table data type Table Dats; - manager_vcast.c ine: 100]
0x000000000000b2e4 Place_Order(): manage Table Data = Get Table Record(Table):

Table_Data. s Occupied = v_true;
Table Data.Kunber In Party = Table Data.Number In Party + L;
Table Data.Order(Seat] = Orde

1

0400000000000053 18 VCAST_DRIVER 8{):ma 1!

0x000000000000aFec veast 53 switch): 53 5|5
1
L

0x000000000000828 weTableBasedDriver(): £
0X0000000000008188 Main(): 50000003 <, line,
0x000000000000dcb4 _startup(): xil-crtns, lin||
» i Cartex-AS3 #1 (Suspended)
» i Cortex-As3 #2 (Suspended)
» P Cortex-AS3 #3 (suspended)

Add_Inclusen Dessert(sTable Data.Order(seat]);
switch(Order .Entree)

=|| Noscope specified

Table Data.Check Total = Table Data.Check Total + 14.0;
ireaks

reak; .
case CHICKEN : ! G
Table Data.

broak; Table_Data.Check_Total 1488000
case LOBSTER <
Table_Data.

break;

case PASTA : 14.00008
Table Data. Hex 41686008, Dec: 14,0006, Oct: 616130800606
break; Bin: 0109,0001,0110, 8009, 0309, 6960, 8080, 8090

¥ Size: 4 bytes, Type: FLOAT
Update Table Rec Address: 0x2608c

. Explorer 13 |l Assistant

— return 0
=) st 1 1 starte/}/vcast internal ende/ i
- s }
int Clear_Table(table index type Table)
b= am { Foveast interal starte
» = dlocking extern unsigned short 7 33 1;

129
130 extern int R 9 3;

131 extern unsigned char SBF 9 3;
1 3 {

if (SBF 9 L
B con.. ¥ FPro.. B Viti. O Exe.. [ Deb.. ElViti. &l Pro.. @Deb.. = O H-xscrcmnls @ Emulation Console & =0
0 Process
s oF B N = _—
Waiting for PH) to Start. Qemu_pids 176281 176782
Build Console gemu-system-aarche4: -cnardev socket,1d=pL-Tp,nos

3 boot.s
L A bsoconfieh e

»
» 8 asm_vectors.S
’
»

i Firmea
PMJ_ROM Version

writable Smart Insert 112:1:3588

Figure 7 — Debug Window

After the user has completed debugging, close Xilinx Vitis. The user will need to indicate to

VectorCAST that the debugging session has completed by clicking on the <Done> button as seen in
Figure 8.

VectorCAST/RSP Debug Execution

How to debug ...
VectorCAST is ready to run a test with the Xilinx Vitis IDE

VectorCAST

11 automatically start the Xilinx Vitis I
Once Eclipse is active, please follow the following steps:

Choose Debug Dropdown > Debug Configuration...
Duplicate your existing QEMU debug connection
Change the Application Tab > Application to the harness you
want to debug
- u

Wk e

INST for Debug with Code Coverage
- UUT_INTE for Debug without Code Coverage

As the test runs, you will see the test results shown in the Eclipse "Console® window.
When you see: "VCAST.END:END®, the test is complete.

Exit the debugger at this point, and control will return to VectorCAST.

Please note: Since you aren't returning the output to VectorCAST, the debugged testcase
will show as failed, that is expected

k "Start Debugger” to begin debugging (t
k "Done" in t

iz dialog will remain displayed for reference)
rn control to VectorCAST.

s dialog to r

HOTE

Execution reports might not be created for debug execution!

Executable File and Location ...

Executable Location: /home/user/xilinx/vcast/a53/TEST/UUT_INST
Executable Filename: UUT_INTE

Cancel

Figure 8 — Debug Information Window
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3 Additional Resources

https://www.xilinx.com/products/design-tools/vitis/vitis-platform.html

4 Trademarks

All mentioned names are either registered or unregistered trademarks of their respective owners.

5 Contacts

For a full list with all Vector locations and addresses worldwide, please visit http://vector.com/contact/.
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