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Who i1saicas GmbH?

Aim: Promotion of modern software development
methodsin embedded and time-critical control, systems.
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alcas Java activities

European projects:
HIDOORS High Integrity Distributed Object-
Oriented Realtime Systems

ESA activities:
AERO Architecture for Enhanced
Reprogrammanbility...

RTJava Sandardisation:
J-Consortium active member, work on RTDA

The Open Group RTJava group

Java User Community:
JUGS, JUG Java User Groups
Live Embedded-Linux Group



Qlas Java Technology for Realtime Systems

Deeply embedded realtime
applications

Examples:
automotive, avionic, indudsrial automation, telecom,
medical, ...



Java Technology for Realtime Systems

Why Java Technology forrealtime
systems?

Higher productivity

Platform independence
Reliability (type/pointer safety)
Hexibility (dynamic loading)

Problems:
Memory requirements
Poorruntime performance
Lack of realtime guarantees



Realtime Specification for Java: Overview

Classic Garbage Collector

GC can stop execution forlong periodsof time:

Problem:
long, unpredictable pausesduring execution.



Realtime Specification for Java: Overview

Real-Time Specification for Java (RTJ)

Extension of Java APIsto allow realtime programming

Areas addressed by the RTSJ:
Thread Scheduling
Synchronisation
Memory Management
Asynchronous Events
Asynchronous Control How / Thread Termination

Accessto physicalmemory



Realtime Specification for Java: Overview

Threads in the RTS]

Realtime-Threadswith at least 28 new priority levels:
New thread classes:

RealtimeThread
NoHeapRealtimeThread

Priority preemptive scheduling forthese threads.

Prioritiesare higherthan those of standard Java threads.



Realtime Specification for Java: Overview

Synchronisation

Priority Inverson Avoidance mechanisms.
Priority Inheritance Protocol:

Default behaviour of Java Monitors
Priority Ceiling Protocol:

Optional protocol



Realtime Specification for Java: Overview

Memory Management

Aims:
predictable allocation
no garbage collection in critical code

New memory areasare available:
ImmortalMemory -- nevercollected
SopedMemory --gack-like allocation



Realtime Specification for Java: Overview

Garbage Collection in the RTS]

Only specialthreadscan interrupt the garbage collector::

The application must be split into a realtime and a non-
realtime part. Synchronization between these partsisnot
possble!



Realtime Specification for Java: Overview

Asynchronous BEvents

Implementation of Interrupt Handlers.

Features:
Smilarto Realtime Threads
Priority and scheduling parameterssuch asThreads
Handlersare executed in a thread context
Thiscontext might change between invocations



Realtime Specification for Java: Overview

Asynchronous Control How

Mechanism to throw an exception into anotherthread.

Applications:
Provide a time-out fora calculation
Terminate a thread thatisno longerused



Realtime Specification for Java: Overview

Accessto Physical Memory

Safe accessto physcal memory regions

Examples:

Memory Mapped IO
On-chip caches

Two Waysto accessphyiscal memory:
Raw-Memory, i.e., byte-wise
Asan Memory Area to store Java objects



Realtime Specification for Java: Overview

Periodic Thread Example

/* priority for new thread: min+10 */
int pri = PriorityScheduler.instance().getMinPriority()+10;
PriorityParametersprip = new PriorityParameters(pri);

RelativeTime period = new RelativeTime(20/* ms*/,0/* ns*/);

/*release parametersforperiodic thread: */
PeriodicParametersperp = new PeriodicParameters(null,period ,null,null,null,null);

/* create periodic thread: */
RealtimeThread rt= new RealtimeThread(prip,perp) {
public void run() {
int n=1;
while (waitForNextPeriod() && (n<100)) {
System.out.printin("Hello "+n);
n++;
}
}
2
rt.start();



Realtime Garbage Collection

Garbage Collection in the RTS]

The RTSJ permit the development of realtime applications,
but

realtime code must be separated from 'normal code
realtime code can use only specialmemory areas
No Garbage Collection,dangerof memory leaks
Danger of Priority-Inverson when sync hronization with
non-realtime-code

Realtime code can use only a subset of Java features!



Realtime Garbage Collection

Realtime Garbage Collection

All Java-Threadsmust be realtime threads:

GC-workisperformed at allocation time
GC-work must be sufficient to recycle enough
memory before free memory isexhausted
WCETformemory allocation isrequired



RTSJ and Realtime Garbage Collection

Relaxing Constraints of RTSJ with
Realtime Garbage Collection

The use of realtime garbage collection permitsall threads
to accessthe garbage collected heap.

No restriction of heap accessin realtime code

Synchronization between realtime and non-realtime
code directly possible

JamaicaVM providesrealtime garbage collection.

It wasused asthe basisforthe development in the AERO
project.

7Jamaica VM



AERO-JVM, Java Technology for Onboard SW

AERO-JVM Java Implementation for
Stellite Onboard Software

Developed by a consortium of

Astrium SAS Hance
aicasGmbH, Germany

University of Linkdping, Sveden
ESA ESTEC, Netherlends

Work based on JamaicaVM.

Preparation for certification of VM in space domain part
of the project.



AERO-JVM, Java Technology for Onboard SW

Tasks Performed within the AERO
project:
Evaluation of available Java solutions
Slection of JamaicaVM asbasis
Soecification of needsfor space system

Implementation

RTSJ support
testsuite
Port for ERC32 and Leon target system

Satic GC

Validation



AERO-JVM Validation and Certification

Validation with Space Applications
OBJA Manager

Java-Version of state-of-the-art interpreted procedure
used on Rosetta and E3000 family of telecom
satellites.

Consistsof mode manager, monitoring,
reprogrammable misson functionsetc.

Attitude Control System algorithms
Orbit propagator



AERO-JVM Validation and Certification

C-Code Coverage

Determined using toolg gcov

raw value: 61.80%
Adjusted value: 84.73%

Acceptable for beta product

Detailed description of all C-routines, that are not
covered orcovered only partially



AERO-JVM Validation and Certification

C-Code Coverage

routine covrg. explanation

allocJavaSring partial -count argument isalways-1 (design)
allocAndinternJavaSring partial - Bror checking code (Java exception)
catJavaSring partial - Brrorchecking code (out of memory)
utf82java ring partial - utf8 argument isnever null (design)
c2javasring partial -cstrargument isnever null (design)
class2javaSring complete

feature2java Sring none - Brror checking code

feat2javaString partial - feature argument isnever null (design)

etc.



AERO-JVM Validation and Certification

Test Suite Results

Testsuite pass fall
AERO tests 1506 0
Jamaica Tess 50309 2

MAUVEtests 5558 79



AERO-JVM Validation and Certification

AERO Project Traceability

Soecification defines Requirements

unigue id: e.g. REQ/ AERO. RT. SCH. 0020
evaluation method: test / analysis/ code inspection
Validation Plan

Describesteststo developed

Design Document

Describesmapping of requirementsto source code
Evaluation Document

Validation results



AERO-JVM Validation and Certification

AERO Project Ruture

Hrst Phase Hnished Successfully
Second Phase of the Projectisbeing set up
Goalsof second phase
Further Validation towards certifiability:
100% code coverage
Removal of dead code
Extension of teststo coveropen cases
Hrst Mission: Proba 2 (launch scheduled for 2005)



Realtime Java and Certification

Conclusions
The RTSJ specification bringsfeaturesrequired forrealtime
programming in the Java language.

The combination with realtime garbage collection
overcomesthe restrictionsof the RTSJ.

Java Implementationsthat will be certified foruse in
safety critical applicationsare being developed and will
be the next step.

More information:

www.aicas.com WwWWw.aero-project.org



