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VECTOR > VectorCAST RSP for the GreenHills Integrity OS

1 Overview

A VectorCAST Runtime Support Package (RSP) is an extension of the VectorCAST product. It
provides an interface layer that allows you to use the VectorCAST testing techniques and methods on
an embedded target processor. The VectorCAST RSP will always run on your 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 applications that use
the GreenHills Integrity Operating System running on the Integrity Simulator or on a target board. The
GreenHills compiler is used to build the VectorCAST test harness.

VectorCAST offers off-the-shelf support for certain variants of Integrity running on a PPC or ARM
target. However, there are several configuration options that change the behavior of the RSP. The
intent of this paper is to explain those options and how they affect the RSP. Some of those options
are as follows:

Integrity Build type (Kernel, Monolith, Dynamic)
Integrity Version

GreenHills Multi & Compiler version

CPU (ARM, PPC, X86, etc.)

I/O Type (e.g., Standard I/O vs. File I/O)

Target Connection (e.g., Simulator vs. JTAG probe)

VVVVVYV
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2 Setup

2.1 Environment Setup

Before launching VectorCAST for use with the GreenHlills Integrity Operating System, 3 things need to
be done:

1) Setthe vC GHS 0S DIR environment variable to point to the location of Integrity
2) Set a path to the Multi Installation
3) Set a path to the Compiler installation

It is suggested to create a DOS batch file or Linux script to set this up and then launch VectorCAST
from that script. For Windows it would look something like this, depending on the version of the tools:

set VECTORCAST DIR=c:\vcast

set VC GHS 0OS DIR=c:\GHS\int1144

set GHS MultiPath=C:\GHS\multi 716d

set GHS CompilerPath=C:\GHS\comp 201416b

set path=%path%;% GHS MultiPath%;% GHS CompilerPath%; 3VECTORCAST DIR%
vcastgt.exe

Note that The GreenHlills Integrity RSP is very consistent across different CPUs (PPC, ARM, etc.).
For this application note, any reference to a CPU type will be PPC. Any change to the CPU type
should be obvious and the RSP should work in the same manner. In addition, the Integrity Simulator
works in the same manner as a real target, except for the connection method. Differences in the
connection method will be noted, but the rest of the configuration should mostly be the same.

2.2 Selecting the Proper Configuration
There are 3 build types for building Integrity Applications:

> Static
o This is for applications that run in Kernel Space
> Dynamic
o This is for applications that run in an Address Space and are downloaded separately
from the Kernel
> Monolith
o This is for applications that also run in an Address Space but are packaged with the
Kernel and both the Kernel and application are downloaded as one monolithic image.

Typically, you would want to select the build type that the code under test would use in the system
environment (outside of VectorCAST). However, most application code can run either in the kernel or
in an address space, so there may be reasons to use a different build type (to improve execution time
or for other reasons). Some experimentation may be needed before selecting the most expedient
build type.

In addition to the Build Type, you will also need to select one of 3 different Integrity Versions:

> Integrity 178b
o This is a special version of Integrity usually used for Safety Certified applications. This
version may encounter problems when building the environment or executing tests
and you may need to work with a VectorCAST Field Applications Engineer to correct
any issues. Some customers may want to use the commercial version of Integrity to
get started with their testing efforts because it may save development time, then
switch to Integrity 178b at a later point. The test development should easily port
between versions.
> Integrity 11
o This is “commercial” Integrity and is the most common and recent version of Integrity.
This version should work out-of-the-box.
> Generic Integrity
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o This option is for all other generic versions of Integrity, other than Integrity 11. This
may or may not work out of the box. There are suggestions below in section 2.4 on
how to diagnose any issues.

2.3 Building an Environment

First, select an empty directory for your work area. You can use the same working directory that have
the same configuration. If the configuration needs to change, it is suggested to create a new working
directory, so it doesn’t affect the original work area. Before setting the work directory, make sure all
current environments are closed, then do File->SetWorkingDirectory. Once the working directory is
set, you can create a new test environment based on the Integrity Build Type and Integrity version, as
discussed above. To create a new environment, do File->New C/C++ Unit Test Environment, and
then select the appropriate compiler. Here are a couple example screenshots:

> Monolith Build Type for Integrity 11:

[®1 Create Mew Environment

¢ ARM »|
ARM Clang " CAST MinGW (C++)
Analog Devices g
Borland 4
CEVA ' | Linker/Debug = Language Misc Mixed C/C++  Compiler Integration
—— ' Include flag: Define flag:
Clang e
Code Composer  ansion=0 -C 1 D
Code Composer Studio® | Flag to create an object file: Preprocessor file:
CodeWarrior » ©
Cosmic 4|
DDCI 4 + =
Diab '
Fujitsu v
GNU Native 4
GNU Target 4

68k
HighTec ¥ ARC 2
IAR » ARM
Intel * ARM64
Keil * BlackFin *»
Metaware * ColdFire »
Microchip r MIPS 4
Microsoft VisualC++ * NEC v850 9_5
NEC *| Native | . .
National Instruments * 9 v mé!.“;;e“g;a;‘;ﬂ T?St Settings...
Paradigm *| SuperH *| INTEGRITY q
anx QLI [NTEGRITY 11+ Simuiator [
Renesas * x86 * INTEGRITY 178B*
Rowley 2 vxWorks | | c+
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> Static Build Type for generic Integrity:

[&1 Create New Environment

¢ ARM 4|
ARM Clang * CAST MinGW (C++)
Analog Devices v
Borland 4
CEVA '| Linker/Debug = Language Misc Mixed C/C++ = Compiler Integration
CUDA >

Include flag: Define flag:

Clang 4
Code Composer 4 prsion=0 € ! °
Code Composer Studio® | Flag to create an object file: Preprocessor file:
CodeWarrior 3 o
Cosmic ¢
DDCI 3 .
Diab ’
Fujitsu »
GNU Native 4
GNU Target 4

68k
HighTec * ARC 4
IAR ' ARM L
Intel ' ARM64 »
Keil *  BlackFin »
Metaware *  ColdFire »
Microchip * MIPS d!
Microsoft VisualC++ * NEC v850* es
NEC *  Native | . .
National Instruments * IS Gore Board > [ oo TGS
Paradigm * SuperH *BUIISeNIN d MBX860 »
QNX * TriCore *| INTEGRITY 11+ *| MPC5554*
Renesas *  x86 *| INTEGRITY 178B» Dynamic*
Rowley o vxWorks > Monolith*
ST Micro :
Score L

C++

i Cmsbon

2.4 Testing Options

There are a lot of variables involved when building a VectorCAST test harness and running tests on
GreenHills Integrity, such as:

> Integrity Version
o Commercial vs. 178b

o Commercial version 5.x vs. 11.x, etc....
> Build Type

o Static vs. Monolith vs. Dynamic
> Compiler Version & Location

o In older versions of Multi, the compiler was in the Multi directory
o In new versions, the compiler is in its own directory

> Debugger (Multi) Version

o The execution script can be different for each version of the Multi Debugger
> Connection Method

o Simulator vs. MPServ vs. RTServ
> Output Mechanism

o Host File /0 vs. Standard Output
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Because of these variables, it's hard to test all combinations. VectorCAST offers a few example
combinations when you create a new environment, but those selections may or may not work because
of some of the complexities listed above. This section will suggest a progression of test environments,
starting with the simplest case and building up to more complicated scenarios. In this manner, you
can build confidence in the integration between VectorCAST and Greenhills and also become familiar
with how to diagnose any problems.

2.41 Greenhills Multi New Project Wizard

First, it is suggested to become familiar with the Greenhills Multi New Project Wizard, to build both
standalone and Integrity builds. Also, since VectorCAST typically uses the debugger to control
execution of the Test Harness, it is important to understand how to debug those projects outside of
VectorCAST. For starters, build a “hello, world” standalone application in Multi that you can build and
debug using the simulator. Then, add a simple routine like the following (i.e. “add2”) which you can
later test in VectorCAST:

#include <stdio.h>
int add2 (int x, int vy)
{
return(x + y);
}
int main(int argc, char *argv([])
{
printf ("Hello world. Add2: %d\n", add2(3,4));

return 0;

After successfully debugging the above code in the Multi Debugger, repeat this process for the various
Integrity Build Types (Static, Monolith, & Dynamic). Once familiar with these processes in Multi, you
can proceed to VectorCAST to start building a test harness against this code.

2.4.2 Testing Strategy

While the ultimate goal may be to test Integrity application code running on a live target, it is best to
take an incremental approach and start with some simple code (like the above “add2()” function)
running on the simulator. The sequence of steps should be as follows:

1) Test simple code on the standalone simulator (simppc)

2) Test simple code on the Integrity simulator (isimppc)

3) Test proprietary application code on the Integrity simulator (isimppc)
4) Test simple code on an Integrity target

5) Test proprietary application code on an Integrity target

In addition, most Integrity application code can run in one of 3 modes:

1) Static: Inside the Integrity kernel
2) Monolith: In its own address space, but packaged with the Kernel
3) Dynamic Download: In its own address space, but downloaded separately from the Kernel

You may want to experiment with each build type to see what is most conducive to your testing
requirements. The Test Scenarios below will give examples of each. Once you’ve selected the build
type you desire, using the other 2 build types is probably not necessary.

When selecting a compiler option, you typically will have a C & C++ option. C++ will work for both C &
C++ code, so select C++ unless you know for sure you will only be using C code.
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2.4.3 Test Scenarios

This section will describe how to build a VectorCAST test harness for both standalone and Integrity
build types (note: it is assumed that the reader has experience with VectorCAST and knows how to
build test environments in general).

In each of these scenarios, create a new working directory so you can keep your configuration
separate. When selecting a new working directory, all environments need to be closed, then do File-
>SetWorkingDirectory and select a blank directory with an appropriate name. Then do File->New-
>C/++UnitTestEnvironment, and chose the compiler as depicted in the following screen shots.

If any of these test scenarios fail, it's suggested to fix that problem before proceeding to other
scenarios because the same problem may persist.

2.4.3.1 Standalone Code running on the Simulator (simppc)

It's a good idea to start with a standalone project to verify the basic integration between VectorCAST
and Greenhills. Once the environment is built, ensure that test cases run successfully on the
standalone simulator. Here is a screenshot that shows the compiler selection:

(&} Create New Environment =

¢ ARM 2
:::Dg'ig‘egvices " |Hills PPC Bare Board Simulator (C++) | €% Choose Compiler
Borland » X83" -p $(VECTORCAST_DIR)/DATA/green_hills/multi_playback_file_multid.p ?j;;:qt'r:ef;‘:ém"mem
CEVA ' | Linker/Debug = Language Misc = Mixed C/C++ & Compiler Integration Build Options
CUDA . Include flag: Define flag: Locate Source Files
EladngC : I D Choose UUTs & Stubs
CZ d: szzzz:: Studior Flag to create an object file: Preprocessor file: gziznfgde (optional)
CodeWarrior vs -on "
Cosmic 4
DOCI , . =
Diab v
Fujitsu YLL
GNU Native JCON_ARRAY SUPPORT |
GNU Target 4

68k
HighTec * ARC 4
IAR * ARM v
Intel ' ARM64 »
Keil *| BlackFin »
Metaware *| ColdFire *»
Microchip *| MIPS r
Microsoft VisualC++ * NEC v850*
NEC i’ Native 2 -.f"-uuu.--.-d 1 fem Toart Cattinaes
National Instruments * [JEZCHIIE MEX860 * |
Paradigm *| SuperH *| INTEGRITY * MPC5554» |
QNX ¥ TriCore * [NTEGRITY 11+ * SPCS60 * Build
Renesas v x86 " INTEGRITY 178B* [SINEleld C
Rowley H vxWorks | ppc564xi»
ST Micrn b

2.4.3.2 Static Integrity Running on the Integrity Simulator (isimppc)

Even if you've decided to use an Integrity Monolith or Dynamic Download for your testing purposes,
it's a good idea to start with a Static Kernel. This is typically the simplest Integrity build type and it's
good to understand how that works. Once the environment is built, ensure that test cases run
successfully on the Integrity Simulator (isimppc). Here is a screenshot that shows the compiler
selection:
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MELII A | FULSS . WU IR, SRR B UL A LIILA LI auve

[#1 Create New Environment X
¢ ARM 4|
ARM Clang " Hills PPC INTEGRITY Simulator Static (C++) +| © Choose Compiler
Analog Devices d - - . N Name the Environment
Borland » X83" -p $(VECTORCAST_DIR)/DATA/green_hills/multi_playback_file_multi4.p Testing Method
CEVA ' | Linker/Debug = Language Misc Mixed C/C++ = Compiler Integration Build Options
EIUDA : . Include flag: Define flag: Locate Source Files
ang 0S_DIR) -bsp sim800 - D Choose UUTs & Stubs
Code Composer ’ A . . . User Code (optional)
Code Composer Studio® | ag to create an object file: Preprocessor file: .
—— , 0S_DIR) -bsp sim800 -0~ ammary
Cosmic 4|
DDCI 4 * =
Diab v
Fujitsu an
GNU Native :
GNU Target 4
68k
HighTec ' ARC 2
IAR * ARM »
Intel * ARM64 »
Keil *  BlackFin »
Metaware *  ColdFire »
Microchip * MIPS »
Microsoft VisualC++ » NEC v850" g
NEC * Native »| . .
National Instruments * & 4 PE;EE:a;‘aM TTSt Settings...
Paradigm *| SuperH » EB(RISeigng d MBX860 »|
QNX * TriCore | INTEGRITY 11+ »* MPC5554» Build
Renesas » xB6  * INTEGRITY 178B» Dynamic
Rowley P vxWaorks v Monolith*
ST Micro * Static e
Score ’
Ciin Farta 13

2.4.3.3 Monolith Integrity Running on the Integrity Simulator (isimppc)

Using a Monolithic image means that the test harness runs in its own address space but is combined
into one file with an Integrity Kernel. The build process for a Monolith is similar to a Dynamic
Download but executing the test harness is simpler because there is only 1 file that needs to be
considered (i.e. the monolithic image). The utility that controls the linkage between the application
address space and the Kernel is called “intex” and you’ll see that command on the linker options in
VectorCAST. It uses a specification file with a “.int” extension to control the linkage. “intex” is used by
both Monolithic & Dynamic Download build types, but it is not used with Static builds.

Here is a screenshot that shows the compiler selection for a Monolith:
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WL LA e PaD | EUES . M) T L, LI LI, el LI LIS, el auve

[®1 Create New Environment x
¢ ARM v
ARM Clang. * |Hills PPC INTEGRITY 11+ Simulator Monolith (C++) -] © Choose Compiler
Analog Devices | - . . . Name the Environment
Borland »iP $(VECTORCAST_DIR)/DATA/green_hills/multi_playback_monolith_multiS.p Testing Method
CEVA ' | Linker/Debug = Language Misc Mixed C/C++ = Compiler Integration Build Options
CUDA ' Include flag: Define flag: Locate Source Files
Cang ’ DS_DIR) -bsp sim800 -1 D Choose UUTs & Stubs
Code Composer I Flag to create an object file: Preprocessor file: User Code (optional)
Code Composer Studio* bs DIk - 9 3 A : Summary
CodeWarrior » DS_DIR) -bsp sim800 -0
Cosmic 4|
DDCI 4 * = F
Diab v
Fujitsu FEL
GNU Native JCON ARRAY SUPPORT ]
GNU Target 4
68k
HighTec *| ARC »
IAR *| ARM »
Intel *  ARMe&4 »
Keil * BlackFin »
Metaware * ColdFire »
Microchip * MIPS d
Microsoft VisualC++ * NEC v850* eg
NEC ¥ Native | . .
National Instruments * g2 o PE;:E}“BHOAa;‘;A T?St Settings...
Paradigm *| SuperH * INTEGRITY 2
QNX QLS [NTEGRITY 11+ Simulator [INes Build
Renesas * xB6 *INTEGRITY 178B* . Monolith* e
Rowley 4 vxWorks 4 B -
ST Micro 4

2.4.3.4 Dynamic Download Image Running on Integrity

As mentioned above, a Dynamic Download image is similar to the image used with a Monolith. The
only difference is that it is not combined with a Kernel image in a monolithic file. To run a Dynamic
Download image, it needs to be downloaded to a target that already has a Kernel running. This is
done thru a target server utility called RTSERV (or RTSERV2). On the execute line, you'll see
something like this: “multi -nosplash -remote "rtserv2 -port udp@localhost ...” , where
“‘udp@localhost” is the IP Address of the Integrity Target. This IP address could be the host computer
(running isimppc with a prebuilt Kernel image) or an IP address of a physical target running an
Integrity image for that target.

Note that when using the Integrity simulator (isimppc), the Kernel needs to be built with the RTSERV
debug agent. The default Kernel for the simppc BSP should be adequate. Here is an example of how
to run isimppc with that image.

isimppc C:\GHS\int1144\bin\sim800\kernel

Alternatively, the kernel can be started up in the Multi Debugger. Regardless of how the Kernel is
started, VectorCAST should be able to connect to the image and download the Test Harness.

Here is a screenshot that shows the compiler selection for a Dynamic Download:
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[E1 Create New Environment ®

¢ ARM v
:::;Tegvices " |Hils PPC INTEGRITY 11+ Simulator Dynamic (C++) - ' Choose Compiler
Borland + |p $(VECTORCAST_DIR)/DATA/green_hills/multi_playback_rtserv_multis.p - ?:;t;sqt";:ef;:go”me"t
Lot ’ | Linker/Debug = Language Misc Mixed C/C++ | Compiler Integration Build Options
CUDA ' Include flag: Define flag: Locate Source Files
Clang ’ DS_DIR) -bsp sim800 I -D Choose UUTs & Stubs
goje gompcser Studi : ) Flag to create an object file: Preprocessor file: User Code (optional)
oS 0 bs_DIR) -bsp smB00 -0 Summary
Cosmic 4
DDCI v N 4
Diab v
Fujitsu L
GNU Native »
GNU Target 4

68k »
HighTec *| ARC »
IAR * ARM v
Intel *  ARM64 »
Keil »  BlackFin »
Metaware »  ColdFire *
Microchip r MIPS 4
Microsoft VisualC++ » NEC v850F ¢
NEC *| Native *| . .
National Instruments » B9 v r%;;éqéga;«ahﬂ T?St Eeing
Paradigm » SuperH * INTEGRITY 3
anx SR [N TEGRITY 11+ Smulator | Dynamic IS
Renesas | x86 ' INTEGRITY 178B* | Monolith'
Rowley 2 vxWorks g T '

2.4.4 Advanced Test Scenarios

At this point, you've taken some simple code and have run it on the Standalone simulator (simppc)
and with at least one of the Integrity Build Types (Static, Monolith, and/or Dynamic) using the Integrity
simulator (isimppc). You should now be ready to take similar steps with the following scenarios:

> Proprietary code running on the Integrity Simulator with one (or all) of the Integrity build types
> Simple code running on an actual Integrity target
> Proprietary code running on an actual Integrity target

2.5 Use Case: Debugging

VectorCAST typically uses the Multi Debugger to download and control the execution of the Test
Harness. To do this, it invokes Multi and passes in a debug script (*.p file) to control the execution.
Here is an example execution command:

multi -remote "isimppc -cpu=ppc860" -p multi playback monolith multi5.p

There are a series of debug scripts (*.p files) located in the VectorCAST installation directory for THE
various build types. You can find those scripts here:

$VECTORCAST DIR%\DATA\green hills

If for some reason the Test Harness doesn’t execute properly, the debug script can be modified to
help diagnose the problem (you will see some examples with a “_debug” suffix). With your
environment open, go to Tools->Options->C/C++->LinkerDebug and note the “debugger command”.
This will be very similar to the execute command, but with a different script. If that command is not
present, then copy the execute command to the debug command and replace the debug script with
one of your own (see one of the “_debug” scripts for an example, such as
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“multi_playback _monolith_multi5_debug.p”). This will allow you to debug the Harness using the Multi
Debugger.

2.6 Miscellaneous Options

2.6.1 Hostl/O

The Multi Debugger supports a mode called “Host 1/0”, where 1/O calls are captured on the target and
executed on the Host. When Host I/O is used, the Test Harness data gets written directly to files in
the host’s environment directory, instead of being written to standard output. Host I/O is typically
slower than Standard Output because the debugger needs to handle an exception on each 1/O call.
However, it has the advantage that the test harness does not need to get rebuilt for each test case. If
rebuild time is excessive, Host /0O may be an option. To enable Host I/O, do the following:

> Add “-Ihostio” as a Linker option
> Disable Standard Output, as follows:

=

GUI C/C++ Wizard Builder Execute Report Target Coverage

Board name: Boot hostname:
Harness file prefix: Maximum string length: 1000
I/O Directory:
| Header Options ~ vxWorks Options = Input/Output Options | Harness Size Options
I/O uses stdin/stdout Read from serial port
Execute using stdin and stdout Port name: COM1

1/O uses stdout only Lalfhisis 2ELe
Execute using stdout only

Enable file indexing mode Number of data bits: |8

Buffer /O Number of stop bits: |1
Dump Buffer

Output buffer size:|20000

2.7 Speed Improvement: Using the Integrity Simulator Directly

When test cases are run in VectorCAST, the execution command will invoke Multi and connect to the
Integrity Simulator (isimppc) and then use the debugger to control execution. A breakpoint is typically
send at the end of the Test Harness and when the break is hit, the debugger will exit and VectorCAST
will be triggered to process the output data. However, this is somewhat slow because of the
interaction with the debugger. To improve this process, it's possible to run isimppc directly without the
debugger. For example, the execution command would look like this:

> Isimppc uut_inst.exe

When you do that, you should see the Test Harness output in the command window. However, the
problem is that VectorCAST doesn’t know when the harness is finished. To solve this problem, there is
a utility that can monitor the output and detect when the “end” string is written. Here is what that
command would look like:

> pty monitor_stdout isimppc uut_inst.exe

This utility (i.e. “pty monitor”) is not fully documented, but it should work, and you should see improved
execution time.

Note this only works for Static & Monolithic builds. Also, standard output needs to be enabled.

Copyright © 2024 - Vector Informatik GmbH 11



VECTOR > VectorCAST RSP for the GreenHills Integrity OS

2.8 Speed Improvement: Using “mprintf” instead of “print£”

As an alternative to the method described in the previous paragraph, the GreenHills debugger has a
feature that can speed up standard output. This is called “mprint£” and it is functionally equivalent to
“orintf” except that the output is buffered and reduces the number of i/o calls. To enable this, you
need to define the symbol VCAST OUTPUT VIA DEBUGGER when building the harness. Also, “dump
buffer” needs to be disabled and the buffer size must be limited to 8k (8192) due to a limitation in
mprintf. The advantage of doing “mprintf” over “printf” is that it is usually much faster. Here are 2
screen shots of the required configuration items:

Q]
GUI C/C++ Wizard Builder Execute Report Target Coverage

Choose Compiler | Green Hills PPC INTEGRITY Simulator Static (C++) v
Execute command: multi -nosplash -remote "isimppc -cpu=ppc860 -X83" -p $(VECTORCAST_DIR)\DATA\GREEN_HILLS\multi_playback_file_multiS_mprintf.p

Preprocessor/Compiler | Linker/Debug Language Misc Mixed C/C++ Compiler Integration

Preprocessor command: Include flag: Define flag:
cxintppc -E -C -cpu=ppc860 -os_dir $(VC_GHS_O0S_DIR) -bsp sim800 -1 -D
Compile command: Flag to create an object file: Preprocessor file:
cxintppc -c -G -w --exceptions -cpu=ppc860 -os_dir $(VC_GHS_OS_DIR) -bsp  -0”

Default source directories for Wizard:  Current Environment Directories Defined variables:

GUI C/C++ Wizard Builder Execute Report Target Coverage

Board name: Boot hostname:
Harness file prefix: Maximum string length: 1000
I/O Directory:
Header Options = vxWorks Options  Input/Output Options | Harness Size Options
¥ [/O uses stdin/stdout Read from serial port
Execute using stdin and stdout  Port name: COoM1
¥ I/O uses stdout only Baud rate: 9600
Execute using stdout only Parity: N
Enable file indexing mode MNumber of data bits: 8
< Buffer 1/0 Number of stop bits: |1
Dump Buffer

Output buffer size: 8000 =
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3 Additional Resources

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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