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ObjecTime Support

Your opinions and suggestions are both welcome and vital to the evolution of ObjecTime.

ObjecTime Support Hotline: (613) 591-3400

ObjecTime Fax: (613) 591-3784

ObjecTime E-mail: support@objectime.com

Visit our Web Site: www.objectime.com



iv C Getting Started Guide



C Getting Started Guide Table of Contents   v

Table of Contents

Welcome to ObjecTime Developer for C 5.2 . . . . . . . . . . . . . . . . . . . . 1

Introduction  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

What’s new in Developer for C 5.2. . . . . . . . . . . . . . . . . . . . . . . . . . . 2

Year 2000 Compliance. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

Installation Information . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

Naming Conventions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

Supported Host & Reference Platforms  . . . . . . . . . . . . . . . . . . . . . . . 7

Changes in Developer 5.2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
Issues with running earlier models   . . . . . . . . . . . . . . . . . . . . .  9
Naming changes and impact to user models   . . . . . . . . . . . . .  9
Application Programmer Interface (API)   . . . . . . . . . . . . . . . .  10
Semantics   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10
User Code changes necessary for new 
C Target Services Library   . . . . . . . . . . . . . . . . . . . . . . . . . . .  11
External Debugging  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12
Problems Addressed in this Release   . . . . . . . . . . . . . . . . . .  12

General Information  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .13

Limits . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
C TargetRTS Services Library Limits   . . . . . . . . . . . . . . . . . .  13
Special Notes and Reminders  . . . . . . . . . . . . . . . . . . . . . . . .  13

Compliance Models . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

User Guide — Differences When Using the 

C Target Services Library  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

Troubleshooting  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .19
Compilation problems — Windows NT   . . . . . . . . . . . . . . . . .  19



vi   Table of Contents C Getting Started Guide

Developer for C Directory Contents  . . . . . . . . . . . . . . . . . . . . . . . . .  21

Known Limitations/Restrictions  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23
Inclusion Paths   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24
Solaris Multi-threaded   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24
Relay Ports   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24
Target Observability  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24
Tornado  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24
Known Problem Information  . . . . . . . . . . . . . . . . . . . . . . . . . .  24

Tornado Integration on NT. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25
Using Tornado on Windows NT  . . . . . . . . . . . . . . . . . . . . . . .  25
Environment setup  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25
Setting Up the Tool-web   . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30
What Tornado Needs  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31
What ObjecTime Needs  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  32

Tornado Integration  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .33
Configuration  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33
Source Breakpoints  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36
Source Breakpoint Hit   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  37
Help  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  39

Integrating Developer Studio on NT . . . . . . . . . . . . . . . . . . . . . . . . .  41

Overview. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .41

Configuration  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .42

Source Breakpoints  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .46

Source Breakpoint Hit. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .47



Chapter 1

C Getting Started Guide Welcome to ObjecTime Developer for C 5.2 1

1 Welcome to ObjecTime 
Developer for C 5.2

Introduction
Please see the ObjecTime Developer 5.2 Getting Started and Release Notice for information about new
toolset-related features in ObjecTime Developer for C 5.2.

ObjecTime Developer for C 5.2 provides major enhancements in the area of integration of the C lan-
guage within the toolset. As well, the entire compilation paradigm has been reworked to allow times-
tamp driven compilation. Generated code now persists between compilations, thereby facilitating rapid
re-targeting as needed. 

This chapter provides an introduction to using ObjecTime Developer for C 5.2. There are four main
areas:

• What’s new in ObjecTime Developer for C 5.2

• Year 2000 Compliance

• Installation Information

• Naming Conventions
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What’s new in Developer for C 5.2
The following list highlights some of the key new features.

• C actor toolset integration: C actors are now fully integrated into the toolset, with appropriate mod-
eling enforcement where needed.

• Target Observability for C: Target Observability of a running executable from within the toolset
has been added. This includes support for port injection and message tracing. 

• Timestamp driven compilation: ObjecTime Developer for C now uses industry standard times-
tamp driven compilation. Only modified or affected-by classes are recompiled.

• Generated code persistence: Code generation only takes place when classes are changed. As well,
generated files and compile outputs are never deleted, only overwritten. 

• External code generation and compilation: Code generation and compilation can be performed
outside the toolset via make. This is useful in situations where a large model needs to be recompiled.
Users can now trigger this activity outside the toolset so they may continue to work within the toolset
unhindered.

• Use of source file pairs: The generated C code is now in the form of one .h and one .c file created
for each actor and protocol class. 

• Reuse of build products: Reuse is now at the class level versus package level. Designer sessions
can pick up loadbuild results during compile. For ClearCase users, this is accomplished by using de-
rived objects made visible in user view. GNU make users can do so by setting the Load Build Paths
property in Update Properties Editor, and others can do so by manually copying loadbuild results.

• Internal model dependencies: Automatically generated. You can also add dependencies for situa-
tions where you require access to the public interface of an ObjecTime component in another Ob-
jecTime component. 

• External compile dependencies: Changes to user specified dependencies, explicitly created
through external .h inclusions, are now appropriately considered during the compilation phase, re-
sulting in incremental recompilation as necessary. 

• New toolset host support: IBM AIX, Silicon Graphics IRIX, NT and SunOS are officially support-
ed as host and target development environments.

• Tornado integration on NT: WindRiver Tornado has been added as a target development platform.
Refer to Appendix C of this guide for information on integrating and using Tornado.

• C Target Services Libraries: These are re-compiled libraries which are linked during each update
compile, rather than re-compiling every time an update is compiled.

• Code-generation pattern: The new code-generation pattern is smaller and more efficient.

• Debugger: The new debugger for Developer for C is similar to the C++ debugger.
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Year 2000 Compliance
Complete Year 2000 testing has been performed by ObjecTime Limited, including correct handling of
leap year calculations. ObjecTime Developer for C 5.2 is year 2000 compliant. The ObjecTime Devel-
oper class libraries will function correctly across the year 2000, boundary with one clarification. The
RPL Date class allows year to be specified as either a two digit (interpreted as 2000 - 2049 if the entered
year is less than 50, or interpreted as 1950 - 1999, if the entered year is greater than or equal to 50) or a
four digit (relative to the start of the Roman calendar) number. It is recommended that existing models
be converted to use the four digit year format. 

The license keys used by the License Manager are year 2000 compliant, with the exception of the
License Manager log file, which lists only the two last digits of the year

It is recommended that you review the Year 2000 compliance policies and statements from the vendors
of your operating system, development tools and configuration management software.
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Installation Information
The C target module can be installed either as an upgrade to the ObjecTime Developer 5.2 base, or as a
complete product package which includes the base. In either scenario, the installation instructions are
similar and the ObjecTime Developer 5.2 Getting Started and Release Notice provides complete details
on the installation instructions.

The only difference between the base ObjecTime Developer installation and the ObjecTime Developer
for C installation will be the number of packages that are to be installed, along with your installation
keys. The following figures represent the differences between the base install and an ObjecTime Devel-
oper for C install for the two different platforms — UNIX and Windows NT.

Figure 1 On Windows NT

If installing on a UNIX system, a typical install would appear as in the shell script that follows:

Figure 2 On Unix

Reading the setup directory...
Press T<ENTER> for Typical Installation,
or C<ENTER> for Custom Installation: t<ENTER>
The products selected for Typical Installation are:
ObjecTime Developer
C Target Module.
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Naming Conventions
In ObjecTime Developer for C 5.2 the C TargetRTS is renamed to C Target Services Library to better
reflect the implementation of the C TargetRTS and to clearly identify the different libraries. In this
guide, and throughout the documentation set, the terms cRSL, cRTS, C Target or C TargetRTS are used
to refer to the C Target Services Library.
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2 Supported Host & Reference 
Platforms

The following table shows the supported host platforms for ObjecTime Developer for C 5.2. . 

Reference ports are ports delivered as part of the standard ObjecTime Developer for C product. These
ports are fully tested by ObjecTime, and are covered by standard ObjecTime support. A reference port
can be used to facilitate a port to your environment of choice. 

A reference port is based on the following specifics:

• OS version

• Compiler version

• Processor type

5.2 Host Platforms

Toolset Host Simulation Services Library Name

Solaris 2.6 SUN5.sparc-gnu-2.8.1

WinNT 4.0 NT40.x86-VisualC++-5.0

HPUX 10.20 HPUX10.hppa-gnu-2.8.1

AIX 4.2.1 AIX4.ppc-gnu-2.8.1

IRIX 6.2 IRIX6.r4400-gnu-2.8.1

Sun OS 4.1.3 SUN4.sparc-gnu-2.8.1
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If you are using a line-up other than the one tested by ObjecTime and listed in this guide, standard sup-
port will cover problems encountered by you only to the extent that the problem is reproducible on the
line-up listed in this guide. 

Note: The following applies to the Tables in this chapter:

• S = Single-threaded

• T = Multi-threaded

Simulation Services Libraries don’t have an ‘S’ or a ‘T’ thread indicator in their names.

• Supplied = Simulation Services Libraries and Target Services Libraries are supplied as part of the
ObjecTime Developer for C installation.

• Generate = not supplied as part of the ObjecTime Developer for C installation, but can be generated
from source code that is supplied.

5.2 Reference Platforms & Ports

Toolset Host Target Services Library Name
Target

Services
Library

AIX 4.2.1 (PowerPC) AIX4S.ppc-gnu-2.8.1 Supplied

HPUX 10.20 HPUX10S.hppa-gnu-2.8.1 Supplied

IRIX 6.2 IRIX6S.r4400-gnu-2.8.1 Supplied

Solaris 2.6 SUN5S.sparc-gnu-2.8.1
SUN5T.sparc-gnu-2.8.1

Supplied

SunOS 4.1.3 SUN4S.sparc-gnu-2.8.1 Supplied

WinNT 4.0 NT40S.x86-VisualC++-5.0
NT40T.x86-VisualC++-5.0

Supplied

Solaris 2.6
WinNT 4.0

TORNADO101S.ppc-cygnus-2.7.2-960126
TORNADO101T.ppc-cygnus-2.7.2-960126
(Tornado 1.0.1: cygnus tools for VxWorks 5.3.1 on Pow-
erPC)

Generate
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3 Changes in Developer 5.2

This section will be of particular interest to customers who have used previous releases of ObjecTime
Developer. It describes new features that are available for ObjecTime Developer for C (version 5.2) that
were not available with ObjecTime Developer for C (version 5.0).

Issues with running earlier models 

Ob j e c Ti m e  De v e l o p e r  f o r  C  5 . 2  n o  l o n g e r  s u p p o r t s  t h e  e n v i r o n m e n ta l  v a r i a b le s
OBJECTIME_CRTS_HOME and OBJECTIME_CRTS_TARG. Before attempting to run earlier mod-
els, users must ensure that they have set-up their compilation environment properly (and, if necessary,
generated an appropriate C Target Services Library. Earlier releases of ObjecTime Developer for C
required that the C Target Services Library code be compiled every time an update was compiled). The
standard release is delivered with a standard set of target libraries for various target platforms, so
depending upon the desired target, it may be possible to work with one of the supplied libraries. See the
C Language Guide for information on how to compile C Target Services Libraries and updates in
ObjecTime Developer for C 5.2.

Subsequent sections document several other enhancements to ObjecTime Developer for C 5.2.
Although it is possible that an earlier update will run without modification in ObjecTime Developer for
C 5.2, it is likely that some modifications to customer updates will be required, particularly if the model
is multi-threaded or uses built-in RSL types directly.

Naming changes and impact to user models 

In ObjecTime Developer for C 5.2, the names of all run-time library support interfaces and variables
have been prefixed with ‘RSL’, which is an initialism meaning “Run-time Services Library”. The prefix
“cRTS” is no longer used. Also, all RSL base types have been defined via typedef (that is, struct key-
word is no longer required). Since access to most RSL services is via ROOM interface macros, for
example, ROOM_PortSend, most of these changes are hidden from users.

The RSL function “cRTSRegisterMainloop” has been renamed to “RSLRegisterExternalInterface”, to
more properly reflect it’s intended operation. See “Run-Time Services” on page 159 of the C Language
Guide for more information on the C Target Services Library service routines.

The name of the thread map specification function has been changed from ‘cRTSThreadMap’ to
‘RSLThreadMap’. See the next sections for a discussion on semantic changes.
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For header file compatibility reasons, it is required that the keyword timeout not be specified in any
user-defined code; instead, the macro RSL_Timeout() should be used (thus, at compilation time, the
correct keyword ‘timeout’ or ‘RSLTIMEOUT’ will be generated. You must, however, continue to use
‘timeout’ within the toolset for associating events with transitions).

Application Programmer Interface (API) 

A new Run-time Services Library function ‘RSLRegisterSignallingInterface’ has been introduced,
which allows local (per-thread) timer implementations to register a special function which the C Target
Services Library will invoke when an inter-thread message is delivered to that thread. Thus, it is now
possible to efficiently implement local timers with ObjecTime inter-thread messaging (via actor port
bindings). An example of this type of interface has been provided. See “C_TornadoQueuesWithTimers”
on page 234 of  the C Language Guide for further information.

The macro ROOM_Signal is still supported in ObjecTime Developer for C 5.2 (for compatibility rea-
sons with earlier releases), but it is no longer required for the specification of signal names. In this
release, all signal names are globally defined to be equivalent across all protocol classes (thus allowing
switching of signals across compatible protocol classes). This does continue to imply, however, that all
signal names must be unique symbols in the global compilation space (for example, avoid the use of
signal names that are C/C++ keywords, or are likely to be defined in system header files).

Users no longer have a configuration option of disabling/enabling message priority levels, as message
priority is now always enabled. Also, a new priority level (for internal C Target Services Library use to
support system/debugger messaging) has been added.

Semantics 

The name of the thread map specification function has been changed from ‘cRTSThreadMap’ to
‘RSLThreadMap’. In addition, since compilation settings are now configured in the toolset (where
physical thread priorities/stack-sizes are specified), these keywords are no longer specified in the
RSLThreadMap. Also, support for static registration of the external interface routine (previously called
IPCMainLoop) has also been eliminated, as each actor that requires those services should now register
their routines dynamically (via the RSLRegisterExternalInterface C Target Services Library function).
See the C Language Guide for additional details.

This release also supports a simple and efficient memory allocator, which is particularly effective for
target environments which allocate large blocks of memory, even if a small block of memory was
requested. See the C Language Guide for details on how to enable this feature. Note that these routines
are invoked by the core RSL technology during initialization, and only address memory allocation per-
formed by the C Target Services Library during initialization (although they may be used at an applica-
tion level, the user should be aware that there is no ability to “free” memory, once allocated using this
mechanism).

All C Target Services Library error messages are generated via a ‘RSLERROR’ call, thus providing
users with the ability to more easily identify possible RSL errors and generate alternate handling rou-
tines (for example, system logs, and so forth).
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The default entry point for the RSL is now called rtsMain, and is encapsulated in a separate file called
‘main.c’. See the C Language Guide and Porting Guide for details on how to change the entry point, if
required.

Users now have the option of supporting locally-supported thread timers in conjunction with Objec-
Time controlled inter-thread message communication (inter-thread actor port bindings), via a new API
function ‘RSLRegisterSignallingInterface’. See the C Language Guide for details and examples of how
to use this new multi-threaded capability.

User Code changes necessary for new C Target Services 
Library 

The following check list should be used to ensure that all necessary user code changes are made to use
the new 5.2 C Target Services Library (see the C Language Guide and/or Porting Guide, as required, for
additional details):

• Check to ensure that the proper compilation settings are created in the toolset configuration browsers
(since OBJECTIME_CRTS_HOME and OBJECTIME_CRTS_TARG are no longer supported);

• Check for the string “cRTS” in your updates; if found, theses are likely candidates for modification
to newly named “RSL” routines (these are likely to be either C Target Services Library API routines
or new RSL types);

• Verify that the default C Target Services Library configuration is suitable for your target. (See “RT-
Config.h” on page 199of the C Language Guide and the Porting Guide for additional information);

• Check to see if the routine “cRTSRegisterMainloop” was used. If so, change it to “RSLRegisterEx-
ternalInterface”;

• Check to see if ‘timeout’ has been specified as the name of the timeout signal in any user-specified
code; if so, replace with RSL_Timeout();

• Consider the configuration of the C Target Services Library efficient memory allocation routines;

• Consider eliminating the use of the ROOM_Signal macro interface, as it is no longer required in
OTDC 5.2. Also, check to see if any message switching (from one actor port to another) is per-
formed, and if so, it is possible that this code may be simplified;

• Consider changing the definition of RSLError in the core C Target Services Library code to some-
thing that may generate an appropriate log/error stream in your target environment;

• Verify that the executable entry point “rtsMain” is suitable for your executable; if not, see the Port-
ing Guide for information on how to change the default name.

• Ensure that no signal names match any variable names. The namespace for signal and variable
names is the same.

In addition, if the application is multi-threaded, 

• Change ‘cRTSThreadMap’ to ‘RSLThreadMap’, and eliminate any un-supported thread specifica-
tions, which are now either configured in the toolset, or dynamically registered by the application.
See the C Language Guide for further information on how to create logical and physical threads and
mappings and details on the RSLThreadMap function;
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• If supporting local (per-thread) timer implementations, consider using inter-thread port bindings, in
conjunction with the “RSLRegisterSignallingInterface” routine.

External Debugging

To switch between the Simulation Services Library and the C Target Services Library it is recom-
mended that you employ the LINE mode, which has the same syntax for both. This still entails that they
override the .objectime.debugger.commands file in your session directory, but at least it is
common to both.

The .objectime.debugger.commands file for xxgdb under C Target Services Library is as
follows:

attach "attach %d"
bline  "break %s:%d"
bfunc  "break %s%s"
cont   "cont"   
dir    "dir %s"
debug  "xxgdb -command=%s %s"
mode   "line"

This allows Target Observability to run with External Debugging.

Problems Addressed in this Release

For a complete list of problems which have been addressed in this release, please refer to the ObjecTime
web site at:

http://www.objectime.com/support/restricted-dir/index.html.

You will be prompted to enter your assigned ObjecTime user name and password to gain access.
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4 General Information

Limits
C TargetRTS Services Library Limits

When compiling for the C Target Services Library there may be only:

• 65534 actor references

• 65534 ports and SAPs

• 65534 threads

• 65534 port references per actor

• 65534 actor classes

• 65534 states in each actor

• 65534 port classes

• 65534 bytes of extended state variable space per actor instance

Special Notes and Reminders

• For an example of how to compile a C model for the Simulation Services Library and for the C Tar-
get Services Library, please see “The compilation process” on page 49 of the C Language Guide.

• Once an actor has been compiled, modifications to the replication factor of the actor itself or of any
ports may cause a recompile of the complete model. We recommend specifying the replication fac-
tors as early as possible or editing them in a batched fashion.

Also note that for unspecified replication factors (replication factor = *), if you change the root class of
a system, an actor’s previous replication factor will be statically copied over to the new system, and will
not take on an intended new value unless explicitly compiled. In this situation, we recommend regener-
ating the entire model to ensure that the intended replication factor is applied.
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Compliance Models
ObjecTime has included a number of models on the distribution media which allow you to test your tar-
get port against an ObjecTime developed compliance test suite. This compliance test suite has been used
extensively at ObjecTime to verify the reference ports which are shipped with the ObjecTime Developer
for C product package and you should take advantage of these models to validate your target port.

The following models can be found in the C Model Examples directory:

• C_HelloWorld: This is a simple model helping to confirm the proper configuration, compilation
and execution of a model.

• C_Multithreads: This model verifies the proper operation of threads for multi-threaded targets.

• C_General: This model tests the proper operation of the general modeling features available with
ObjecTime Developer which are States, Choice-points, Messages, Functions, Variables, State His-
tory, Multiple Port Bindings, SAPs and SPPs and Inheritance Mechanisms. A Raw Speed test is also
included in this model to permit the measurement of performance.

• C_Timers: This model verifies the correct operation of timers executing on a development platform.

• C_TornadoQueuesWithTimers: This model is an example of integrated timers and message
queues implementation for the Tornado target.

• C_FiveStatesA and C_FiveStatesATornado: These models confirm the operation of the target ob-
servability feature.

Additional information can be found in Appendix C - Compliance Suite & Examples in the C Language
Guide.
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User Guide — Differences When Using the C Target 
Services Library

Not all facilities described in the User Guide are supported in the C Target Services Library. Below are
the section title and page number for sections or chapters in the User Guide where there’s a known dif-
ference with the C Target Services Library. This is not necessarily a comprehensive list. The following
list also includes a brief description of what the difference is, or what other document to refer to for
additional information.

For detailed information on some key differences, please see “Differences between SimulationRTS and
C TargetRTS” on page 189 of the C Language Guide.

• Package List   p. 98 

“External Data packages” are not supported with the C Target Services Library.

• Data class list   p. 105 

“Data classes” are not supported with the C Target Services Library.

• Creating a new data class p. 121 

“Data classes” are not supported with the C Target Services Library.

• Listing the system-defined data classes p. 122 

“Data classes” are not supported with the C Target Services Library. Only the standard Fundamental
Types for the C Language are supported with the C Target Services Library.

• Differences Tests p. 145 

The various items having to do with “data classes” are not supported with the C Target Services Li-
brary.

• Multiple containment   p. 158 

“Multiple Containment” is not supported with the C Target Services Library.

• Rules for creating an equivalence p. 160

“Equivalences” are not supported with the C Target Services Library.

• Dynamic Structure   p. 161 

“Dynamic Structure” is not supported with the C Target Services Library.

• Optional actors p. 161 

“Optional actors” are not supported with the C Target Services Library.

• Imported actors p. 161 

“Imported actors” are not supported with the C Target Services Library.

• Combining Replication, Dynamic Structure and Multiple Containment p. 163 

“Dynamic Structure” and “Multiple Containment” are not supported with the C Target Services Li-
brary.

• Optional replicated actors p. 164 

“Optional replicated actors” are not supported with the C Target Services Library.
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• Imported replicated actors p. 165 

“Imported replicated actors” are not supported with the C Target Services Library.

• Including optional and imported actors in equivalences p. 167 

“optional and imported actors” are not supported with the C Target Services Library.

• Layered networking communication p. 169 

“Layered networking communication” is not supported with the C Target Services Library.

• Actor reference symbols p. 179

“Imported actors” and “Optional actors” are not supported with the C Target Services Library.

• Actor Reference Properties Editor p. 186 

The “Fixed, Optional, Imported” item is not supported with the C Target Services Library.All actors
are Fixed.

• Actor reference list item menu p. 192 

The various items having to do with “Equivalences” are not supported with the C Target Services
Library.

• Creating an equivalence (multiple containment) p. 198 

“Equivalences” and “Multiple Containment” are not supported with the C Target Services Library.

• Making an imported actor p. 198 

“Imported actors” are not supported with the C Target Services Library.

• Data Class p. 202 

“Data Classes” are not supported with the C Target Services Library.

• Signal list p. 203 

Signal “Data Classes” are not supported with the C Target Services Library.

• Log Service p. 223 

The “Log Service” is not supported with the C Target Services Library.

• Frame Service p. 223 

The “Frame Service” is not supported with the C Target Services Library.

• Basic Communication Service p. 225 

“Synchronous communication” is not supported with the C Target Services Library.

• Replying to messages p. 226 

This is not supported with the C Target Services Library.

• Name registration and binding p. 227 

“Name registration” is manual rather than automatic in the C Target Services Library.

• Simulation Communication Service p. 230 

The “Simulation Communication Service” is not supported with the C Target Services Library.

• Timing Service p. 231 

The “Timing Service” is implemented quite differently in the C Target Services Library. Please see
the C Language Guide for details.
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• Exception Service p. 233 

The “Exception Service” is not supported with the C Target Services Library.

• Variables Window p. 252 

The information about “Data Classes” is not supported with the C Target Services Library.

• Data Modeling p. 273 

The information in this chapter is not supported with the C Target Services Library.

• Data Class Browser & Editor p. 283 

The information in this chapter is not supported with the C Target Services Library.

• MSC Editor p. 337 

Design-time “MSCs” are a useful way of specifying requirements for any system. Run-time MSCs
can be captured from within the Simulation Services Library but are not supported with the C Target
Services Library.

• MSC Tool Palette p. 340 

The “Creation Tool” and “Stop Tool” are not supported with models that will run in the C Target
Services Library.

• Creations/Destructions p. 342 

“Creations/Destructions” are not supported with models that will run in the C Target Services Li-
brary.

• Message Sequence Charts p. 349 

“Message Sequence Charts” are only available when running C models in the Simulation RTS.
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5 Troubleshooting 

This section lists common problems and errors encountered when installing and running ObjecTime
Developer. With the description of the problem is the suggested course of action required to overcome
the problem. Refer to the ObjecTime Developer 5.2 Getting Started Guide & Release Notice for addi-
tional troubleshooting information.

• Recompiling (after deleting a Load-Build Path)

When you compile an update with a load-build path and then delete the load-build path and recompile,
a make error occurs, since the .dep files do not have paths hard-coded in them.

In order to remove previous compilation results you should manually remove all previous compilation
results after all load-build changes. From your Update Root Directory, the Unix shell command is:

  rm -R LF build C++ Makefile

Compilation problems — Windows NT

•  Compile fails on valid C model for Simulation Services Library with VC++ 5.0

If VC++ 5.0 installed at the default location in \Program Files\DevStudio, which contains spaces in the
path name, then ObjecTime will not find it. ObjecTime Developer 5.2 does not support embedded
spaces in the directory names. 

Reinstall VC++ 5.0 in the directory without spaces (for example, \DevStudio)

The INCLUDE and LIB environment variables may not be properly set. Start “ObjecTime Developer
Command Prompt” from “ObjecTime Developer 5.2” group in the Start Menu and run the “set” com-
mand. Ensure, that your compiler binaries are on the path and INCLUDE and LIB environment vari-
ables are set. (for example, they could be set for the user, who installed VC++, but not set for another
user). Set the environment variables. Refer to VC++ documentation for further details.

•  Error loading Actor (“could not spawn process”)

If the executable (Actor.exe) is stored on an NFS server then the NFS client must be configured to have
execute permission set.
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ADeveloper for C Directory Contents
 

After installation of the main ObjecTime files has been completed, the directory structure should be as
follows. Please ensure that the <INSTALL> directory and all its files are readable, and not writable, by
all users of ObjecTime. The Developer5.2 directory and its sub-directories contain all the individual
files that comprise the particular release. Some of the files and directories included by the C Target
Module are as follows:

• <INSTALL>/Developer5.2 

This is the top level directory.

• C 

This directory contains all of the source code, makefiles and other files required by the C Target Ser-
vices Library (cRSL).

• Help/C

This directory contains C documentation files used for the Online Help System.

• ModelExamples/C

This directory contains ObjecTime C models referenced at various locations in the documentation.

• Training/BasicTutorials/BasicTutorialC

This directory contains ObjecTime C model examples for Basic Tutorial.
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BKnown Limitations/Restrictions

• You cannot delete files when they are currently open or being observed in the Explorer. This impacts
how ObjecTime code generation and possibly other subsystems work. An error message is returned
if the update/C directory is opened.

• In the Simulation Services Library, the ROOM_SAPRegister() and ROOM_SPPRegister() macros
always return non-zero. In the C Target Services Library, the return code indicates only that the reg-
istration was performed, and not that a SAP/SPP pair was actually bound.

• The environment variable OBJECTIME_MAX_VFORKS no longer has any effect.

• Layer SPPs in C actors must be specified with a maximum replication factor, equal to the maximum
number of SAPs bound to it. An unspecified replication factor in this case equates to “0”.

• Changing permissions, deleting files, or using symbolic links to ObjecTime C generated directories
or files can cause ambiguous errors.

• System header files such as stdio.h are not automatically included. Due to this, expressions for
Choice Point and Transition Guard conditions should return an int (for example, 0 or 1). To return
TRUE or FALSE, user must explicitly include the header files containing the definition of TRUE
and FALSE.

• There is a difference in behavior between the Simulation and Target services library for isTimerVal-
id. The target system reported correctly false when the timer was invalid. Simulation reported true
in this case. (PR 7468)

• Models using timer actors may report the following warning at the end of the compilation - “warn-
ing: passing arg 2 of 'RSLRegisterExternalInterface' from incompatible pointer type”. Please ignore
this warning message. (PR 7936)

• To trace on a replicated port within the C TargetRTS Debugger you must follow the outlined proce-
dure. 

• List the different ports/saps/spp with "info <actor>"

• The port identifier number required for the trace command is the base number given by the info
command plus the index of the replicated port or SPP you wish to trace (port = Base_Port + port/
SPP Index)

• For example if you want to trace ids[5] of an actor which lists the following ports after the info
command:

End ports:
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    0: ThePort 
    1: MyPort
    2: ids[13]

• To trace the fifth occurrence of ids, you would have to enter the following command:

trace 1 end 7 (Base_Port is 2 and port/SPP Index is 5)

Inclusion Paths

• Use absolute inclusion paths (as opposed to relative inclusion paths) as the results from using rela-
tive inclusion paths can be inconsistent and in some cases will simply not work.

Solaris Multi-threaded

• Solaris threads support priorities but the priority specified in the cRSLThreadMap for solaris multi-
threaded is ignored, that is, it is not applied to the created thread. Although the meanings of priorities
with respect to other processes, and bound/unbound LWP is somewhat confusing, the priority should
be applied. Solaris does not support thread priorities. Thread priorities set in the toolset are ignored
in Solaris threads (Solaris only supports thread priorities with POSIX threads). (PR 5371)

Relay Ports

• The C Target Services Library Debugger Info command does not list the Relay Port information. For
relay ports, N/A will be displayed, as opposed to the actual value. (PR 7866)

Target Observability

• The limit on the number of actor instances that can be displayed in the Run-Time System panel is
approximately 1,000 actors. If the model to be run on target has more than this number of actor in-
stances within the first two levels of actor hierarchy, then the model will not be loadable with Target
Observability.

Tornado

• When you reset a Tornado board, the target operating system is also reloaded. This means that all 
applications will be reloaded whether or not they are directly related to your ObjecTime session. A reset 
can occur by pressing the Reset button in the Target Services Library, or by exiting from the Target 
Services Library. ObjecTime recommends using manual mode to prevent the automatic reset if extensive 
board setup is required. (PR1649) 

Known Problem Information

For a complete list of known problems in this release, please refer to the ObjecTime web site at:

http://www.objectime.com/support/restricted-dir/index.html.

You will be prompted to enter your assigned ObjecTime user name and password to gain access.
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CTornado Integration on NT

This appendix is added for reference and outlines detailed information on the integration of Tornado
with ObjecTime Developer. Since the syntax is the same with regards to Tornado integration when
designing an ObjecTime Developer model using either the C or C++ language, the references to the
C++ language can be disregarded, substitute the C language settings. 

Using Tornado on Windows NT

This section provides an introduction to using Tornado on NT, including

• a discussion of the environment setup, along with some tests to prove that all the pieces are working

• a description of the configuration used at ObjecTime Limited

• an overview of the tools used with Tornado

Environment setup

Assumptions

The instructions in this report assume that Tornado and ObjecTime are installed in their default loca-
tions, which are C:\Tornado and C:\ObjecTime\Developer5.2 respectively. It also
assumes that ObjecTime is working properly. If you have installed either package in a different location,
you will have to adapt the instructions in this report accordingly. As well, this report assumes you are
developing for a Motorola 68040 platform. Of course, Tornado VxWorks also has tools for the x86, and
PowerPC architectures. Since all of the instructions here work equally well for those targets, it should
be a simple matter to adapt them as appropriate.

Setting Your Environment Variables

Wind River's Installation Guide suggests that there is no need to set any environment variables when
you install Tornado on NT1. However, ObjecTime Developer needs to know enough about your Tor-
nado installation to properly invoke the make utility and the Tornado cross-compiler to compile your
model. ObjecTime Developer also needs to know the location of the target server registry in order for
Target Observability to work. For ObjecTime to work correctly with the WindRiver development tools,
the following NT environment variables must be properly set:

1. WindRiver Products Installation Guide, Tornado 1.0.1, 1997. p. 42.
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WIND_BASE=C:\Tornado
WIND_HOST_TYPE=x86-win32
GCC_EXEC_PREFIX=%WIND_BASE%\host\%WIND_HOST_TYPE%\lib\gcc-lib\
PATH=.;C:\WINNT\system32;C:\WINNT;%WIND_BASE%\host\%WIND_HOST_TYPE%\bin
WIND_REGISTRY=<host_name>

The first three variables can be found in the torVars.bat batch file located in the C:\Tor-
nado\host\x86-win32\bin directory. The meaning of these variables is as follows:

WIND_BASE —installation directory for Tornado

WIND_HOST_TYPE —name of host type

GCC_EXEC_PREFIX —location of GNU compiler subprograms

WIND_REGISTRY —name of the registry host

Note that the trailing backslash is important in the value of GCC_EXEC_PREFIX. The compiler driver,
cc68k, does not treat the variable as a directory. Instead it uses the text literally as a prefix. If the
backslash is missing, or if the value is incorrect, compilation will fail, usually with the preprocessor2.

Of course, your PATH variable will contain additional information depending on other software pack-
ages installed on your machine. For the most part, the path should not be a concern. However, if you
have installed other development utilities, such as another version of 'make', there may be a conflict.
The safest thing to do is open the ObjecTime Developer Command Prompt and verify that the make
utility is the version shipped by Wind River. From a Command Prompt type 'make -v' and insure that
the version is reported as '3.74+wrs-2'. Your version number might vary slightly. Figure 3 shows
the technique. Note that it is recommended that you make use of the ObjecTime Developer Command
Prompt because the correct path to the Developer 5.2 binaries is automatically appended to the PATH
variable.

2. User’s Guide: Tornado 1.0 (Unix Version), 1995. p. 56. 
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Figure 3 Verifying ‘make’ utility

Finally, if you are running the Tornado registry on a machine other than your workstation, you will have
to set the value of the WIND_REGISTRY environment variable to be the host name of the machine
where the registry is running. This variable is required even if you have changed the value of the regis-
try using Tornado’s Registry&License utility. Please refer to section 3.2 of the WindRiver User’s Guide
for more details on setting up a target server registry.

Testing the Cross Compiler

This section presents a method for establishing that the components of your tool-web are functioning
properly. The point to bear in mind throughout this section is that compiling your ObjecTime model is
no different than compiling any other source code. If you have not successfully compiled any source
code at all using the Tornado cross-compiler for your intended target, then you will have to resolve
these problems before attempting to compile your ObjecTime model. As discussed, ObjecTime expects
the make utility to be able to invoke the proper cross-compiler for your target platform. If the compiler
and related tools are not available from the command prompt, or if they are not functioning properly,
then there is nothing that the toolset can do except tell you the compile failed. Please refer to your 
WindRiver documentation, or contact the WindRiver support group to resolve any compiler problems
you encounter.

For the purposes of the following test, it is assumed that you have set your environment variables prop-
erly and that you are using the ObjecTime Developer Command Prompt. First, save the code below into
some directory on your working drive. For this example, let us assume that the file is called
C:\mydir\hello.c

#include <stdio.h>
void rtsMain()
{
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printf(‘Hello World\n’);
}

Next, save the makefile below in your working directory. For this example, the file is called
C:\mydir\makefile

From the ObjecTime Developer Command Prompt change directories to your working directory and
type ’make'. The figure below shows the expected results of building this “Hello World” program.

If these steps were successful, then you can be reasonably certain that your ObjecTime model will com-
pile. ObjecTime Developer should be able to run the make utility, which in turn will be able to invoke
the necessary executables to compile your model for VxWorks using the ObjecTime generated make-

hello : hello.o ctordtor.o
ld68k -r -ohello hello.o ctordtor.o

hello.o : hello.c
cc68k -c -ohello.o -DPRAGMA -ansi -nostdinc \
-DCPU=MC68040 –O4 -finline -finline-functions -Wall \
-m68040 -IC:\Tornado\Target/h hello.c
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file. If any of these steps failed, then you should contact your system administrator or WindRiver sup-
port contact to determine what is wrong. For an explanation of these steps, please see the next section.

Cross Platform Development

The sample makefile in the previous section was not explained in detail. However, it contained the exact
dependency rules that ObjecTime will use to build your model into a VxWorks application module. This
section will explain some of the compiler flags used in the makefile. If you have already done cross-
platform development in Tornado, then feel free to skip this section entirely. If, after this section, you
still have some questions, please consult the appropriate Wind River manuals for details. The GNU
Toolkit User’s Guide and User’s Guide are good places to start your exploration of this subject. 

Compiling an Application Module

The first step in building your model into an application module for VxWorks is to compile the Objec-
Time generated source code into object code. To do so, the make utility invokes the proper cross com-
piler driver for your target. In this case, it is the cc68k compiler. The compiler flags used will differ
from platform to platform. To compile your model for the 68040 target, the compiler invocation is as
follows:

cc68k -c -ohello.o -DPRAGMA -ansi -nostdinc -DCPU=MC68040 \
    -O4 -finline -finline-functions -Wall -m68040 \
    -IC:\Tornado\Target/h hello.c

The explanation of the flags is found in Table 13

Table 1 Compiler Flags

Flag Description

-c Compile only; do not link for execution under the host. The output is an unlinked object 
module with the suffix “.o”.

-o file Place the output in file, in this case hello.o (not strictly necessary in our example).

-DPRAGMA Define the symbol PRAGMA for the build.

-ansi Support all ANSI standard C programs. This option turns off certain features of the 
GNU compiler that are incompatible with ANSI C.

-nostdinc Do not search host-system header files; search only the directories specified with the -I 
flag and the current directory header files.

-I path Include VxWorks header files.

-O4 Perform all optimizations.

-finline Pay attention to the inline keyword.

-finline-functions Integrate all simple functions into their callers.
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Setting Up the Tool-web

ObjecTime Developer and WindRiver’s Tornado are closely integrated. In fact, the toolset can automat-
ically download your model to a VxWorks target and spawn it. Further, one can watch the execution of
a model through our Target Observability feature as it is running on the target. In order to implement
this integration though, a number of helper applications are required. These applications will vary
depending on the workstation OS and development environment you are working in. Figure 4 shows the
helper applications that are required for the client’s workstation and development environment. Please
note that all of the Tornado components need to be running and functioning properly for ObjecTime
Developer to automatically download and run models on a VxWorks target.

3. 

-Wall Turn on all compiler warnings.

-DCPU=arch Define the CPU-type.

-m68040 Generate output for 68040. Inhibits use of 68881/82 instructions that have to be emu-
lated on 68040. 

Table 1 Compiler Flags

Flag Description
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Figure 4 Tool-web

What Tornado Needs

To run Tornado on NT, you must have a portmapper and target registry4 running. Additionally, in most
development environments, a serial connection between the developer’s workstation and the target is
also required. This is used to bootstrap the target board and to receive standard out and standard error.
When working on NT, the ’HyperTerminal’ application is most often used to establish the serial connec-
tion. Finally, WindRiver hosts all development tools on the workstation to reduce the load on the

4. The registry does not have to be located on the developer’s workstation. It can be running anywhere on the network, but only
one registry can be used per session. Note too, that the WIND_REGISTRY variable must be properly configured if you are
running the registry on another host.
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VxWorks target. In order to accomplish this, a target server is required. The target server allows tools
like the WindShell and CrossWinds debugger to run on the host workstation and communicate with the
target.

What ObjecTime Needs

Like Tornado, ObjecTime employs a communication agent to enable the toolset to communicate with a
model that is running as a stand-alone executable. This agent is called the ’rtsController’. You start the
rtsController when you launch ObjecTime Developer with Target Observability enabled. Figure 5
shows how to start the rtsController when ObjecTime Developer is launched. When the ObjecTime
model is loaded onto the VxWorks target and spawned, it will attempt to communicate with the rtsCon-
troller running on the host workstation. As well, ObjecTime Developer needs to be able to communicate
with the target board in order to download the model to the target. Thus, there has to be a target server
running and the toolset needs to know the name of the target server.

Figure 5 Starting the RTSController
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Tornado Integration
ObjecTime Developer 5.1.1 provided basic support for WindRiver Tornado integration on Windows
NT. It provided users with Target Observability features such as loading, executing, monitoring and
resetting models on a given Tornado target. In ObjecTime Developer 5.2, users are able to set and clear
source line breakpoints. Users are notified when a breakpoint hit has been detected and given the appro-
priate steps to configure the Tornado debugger.

Configuration

The environment must be configured properly in order to use the Tornado source code breakpoint capa-
bility. To configure the environment, follow these steps:

1 Activate the desired configuration from the Configuration menu of the Update Browser. 

2 Open the Configuration Browser for the selected configuration.
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3 Activate the Target RTS entry in RTS Versions menu.

4 Activate the Tornado Language Option menu item.

5 Open the Tornado Language Option Browser.
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6 Activate the desired Tornado compilation settings for the target.

7 Open the Properties for the selected item in the Compiler menu and verify that the debug flag is set
for compilation in the Compiler Flags.

8 Go back to the selected Configuration Browser and select Tornado from the Debugging Tools menu.
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9 Open the property editor for the Tornado entry; specify the desired Tornado target server and the tar-
get processor in the Server and Arguments fields, respectively.

10 Activate the Tornado entry in the Debugging Tools menu of the Configuration Browser.

Source Breakpoints

ObjecTime Developer provides access to source line breakpoints through Transition and State Dae-
mons. To set a source breakpoint, Target Observability must be running. Invoke the Load item from the
Compile menu of the Update Browser.
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Daemons can now be created and activated. To set a source line breakpoint, open the Properties Editor
for the daemon of interest. Check the “Source Breakpoint” check box and make sure the daemon is acti-
vated. 

Note: Only Transition Daemons that are located at the start of a transition have the “Source Break-
point” check box enabled. Similarly, only State Daemons with entry-code have the “Source Break-
point” check box enabled.

Source Breakpoint Hit

When the ObjecTime Developer detects that a breakpoint hit, the following dialog is displayed. 
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The first time a breakpoint is hit, the user should follow the these steps:

1 Bring up Tornado if not currently running. 

2 Select the target server specified in the Breakpoint Hit dialog and invoke the debugger within Tor-
nado. 

3 Enter CONTROL-V (Windows paste operation). 

The appropriate “add-symbol-file” and “attach” commands are copied into the Windows clipboard
by ObjecTime Developer.

At this point, the debugger displays the file in which the breakpoint has occurred. Regular source line
debugging can take place. The Breakpoint Hit dialog can remain opened or can be closed by clicking
the Done button. The next time a breakpoint occurs, the dialog reappears if it was closed or the informa-
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tion is updated if it was opened. The user can disable the breakpoint dialog from appearing during the
current debug session by checking the “Disable the dialog” check box in the dialog and clicking Done.
The dialog is re-enabled when the target is reset.

Note: Only breakpoints that are set via ObjecTime Developer are displayed in this dialog. 

Note: Once a breakpoint is hit, the user must use the Tornado debugger to continue model execution.

Help

Help information is available when the user clicks the Help button on the Breakpoint Hit Dialog. The
help information is displayed in a simple dialog.
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DIntegrating Developer Studio on 
NT

Overview
ObjecTime Developer 5.1.1 introduced support for Microsoft MSDEV integration. This document
describes how a user is to configure ObjecTime Developer 5.2 to use the MSDEV source code break-
point capability. Since the syntax is the same with regards to Developer Studio integration when design-
ing an ObjecTime Developer model using either the C or C++ language, the references to the C++
language can be disregarded and in their place, substitute the C language settings.
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Configuration
The ObjecTime Developer environment must be configured properly in order to use the MSDEV source
code breakpoint capability. To configure the environment, follow these steps:

1 Activate the desired configuration from the Configuration menu of the Update Browser. 

2 Open the Configuration Browser for the selected configuration.
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3 Activate the Target RTS entry in RTS Versions menu.

4 Activate the Windows NT C++ Language Option menu item.
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5 Open the Windows NT C++ Language Option Browser.

6 Activate the desired Visual C++ compilation settings for the target. Verify that the /DEBUG link op-
tion is set.
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7 Open the Properties for the selected item in the Compiler menu. Verify that the debug flag is set for
compilation in the Compiler Flags.

8 Go back to the selected Configuration Browser and select VC50 from the Debugging Tools menu.

9 Activate the VC50 entry in the Debugging Tools menu of the Configuration browser.

Select VC50
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Source Breakpoints
ObjecTime Developer provides access to source line breakpoints through Transition and State Dae-
mons. To set a source breakpoint, Target Observability must be running. Invoke the Load item from the
Compile menu of the Update Browser.

Note: MSDEV is brought up on the first load for a given update and remains up until the VC50 de-
bugger option is deactivated or the session has terminated.

Daemons can now be created and activated. To set a source line breakpoint, open the Properties Editor
for the daemon of interest. Check the “Source Breakpoint” check box and make sure the daemon is acti-
vated.

Note: Only Transition Daemons that are located at the start of a transition will have the “Source
Breakpoint” check box enabled. Similarly, only State Daemons with entry-code will have the
“Source Breakpoint” check box enabled.
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Source Breakpoint Hit
When a source line breakpoint is hit, MSDEV will pop to the front and display the source code corre-
sponding to the breakpoint. The user can now use MSDEV and ObjecTime Developer to debug their
model. Note that once a breakpoint is hit, the user must use MSDEV to continue model execution.
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