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Who is a icas GmbH?
Aim: Promotion of modern softwa re development 
methods in embedded  and  time-c ritic a l c ontrol, systems. 

a ic as's pa rtners and c ustomers:

a ic as GmbH ¾   Company Profile



aicas Java ac tivities
European projec ts:

HIDOORS High Integ rity Distributed  Ob jec t-
Oriented  Rea ltime Systems

ESA ac tivities: 
AERO Arc hitec ture for Enhanc ed  

Reprogrammability...

RT Java Standardisation: 
J-Consortium ac tive member, work on RTDA
The Open Group RT Java  g roup

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

aic as GmbH ¾   Company Profile



Deeply embedded realtime 
applic ations

Examples: 
automotive, avionic , industria l automation, telec om,
med ic a l, ...

Java Tec hnology for Realtime Systems



Why Java Technology for realtime 
systems?

� Higher p roduc tivity

� Pla tform independenc e

� Reliab ility (type/ pointer sa fety)

� Flexib ility (dynamic  load ing )

Problems: 

� Memory requirements

� Poor runtime performanc e

� Lac k of rea ltime guarantees

Java Tec hnology for Realtime Systems



Classic  Garbage Collec tor

GC c an stop  exec ution for long  periods of time: 

Problem:
long , unpred ic tab le p auses d uring  exec ution.

Realtime Spec ific ation for Java: Overview



Real-Time Spec ification for Java (RTSJ)

Extension of Java  APIs to a llow rea ltime p rogramming

Areas addressed by the RTSJ: 

� Thread  Sc heduling

� Sync hronisa tion

� Memory Management

� Async hronous Events 

� Async hronous Control Flow /  Thread  Termina tion

� Acc ess to physic a l memory

Realtime Spec ific ation for Java: Overview



Threads in the RTSJ

Rea ltime-Threads w ith a t least 28 new p riority levels:

New thread c lasses:

� Rea ltimeThread

� NoHeapRea ltimeThread  

Priority p reemptive sc heduling  for these threads.

Priorities a re higher than those of standard  Java  threads.

Realtime Spec ific ation for Java: Overview



Synchronisation

Priority Inversion Avoidanc e mec hanisms:

Priority Inheritanc e Protoc ol:

� Default behaviour of Java  Monitors

Priority Ceiling Protoc ol:

� Op tiona l p rotoc ol 

Realtime Spec ific ation for Java: Overview



Memory Management

Aims: 

� p red ic tab le a lloc ation

� no ga rbage c ollec tion in c ritic a l c ode 

New memory areas are availab le:

� Immorta lMemory -- never c ollec ted

� Sc opedMemory -- stac k-like a lloc ation

Realtime Spec ific ation for Java: Overview



Garbage Collec tion in the RTSJ

Only spec ia l threads c an interrup t the garbage c ollec tor::

The app lic a tion must be sp lit into a  rea ltime and  a  non-
rea ltime part. Sync hroniza tion between these pa rts is not 
possib le!  

Realtime Spec ific ation for Java: Overview



Async hronous Events

Imp lementa tion of Interrup t Hand lers.

Features: 

� Simila r to  Rea ltime Threads

� Priority and  sc heduling  pa rameters suc h as Threads

� Hand lers a re exec uted in a  thread  c ontext

� This c ontext might c hange between invoc a tions

Realtime Spec ific ation for Java: Overview



Async hronous Control Flow

Mec hanism to throw an exc eption into another thread . 

Applic ations: 

� Provide a  time-out for a  c a lc ula tion

� Termina te a  thread  tha t is no longer used

Realtime Spec ific ation for Java: Overview



Acc ess to Physica l Memory

Safe ac c ess to physic a l memory reg ions:

Examples: 

� Memory Mapped  IO

� On-c hip  c ac hes

Two Ways to ac c ess phyisc al memory: 

� Raw-Memory, i.e., byte-wise

� As an Memory Area  to store Java  ob jec ts

Realtime Spec ific ation for Java: Overview



Periodic  Thread Example
    / * p riority for new thread: min+10 */
    int p ri = PrioritySc heduler.instanc e().getMinPriority()+10;
    PriorityParameters p rip  = new PriorityParameters(pri);

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

    / * re lease pa rameters for period ic  thread : */
    Period ic Pa rameters perp  = new PeriodicParameters(null,period ,null,null,null,null);

    / * c rea te period ic  thread : */
    Rea ltimeThread rt= new RealtimeThread(prip ,perp) {
      pub lic  void run() { 
        int n=1; 
        while (waitForNextPeriod() && (n<100)) {
          System.out.p rintln("Hello "+n);
          n++;
          }
        }
      };

    rt.start(); 

Realtime Spec ific ation for Java: Overview



Garbage Collec tion in the RTSJ

The RTSJ permit the development of rea ltime app lic a tions, 
but

� rea ltime c ode must be separa ted  from 'normal' c ode

� rea ltime c ode c an use only spec ia l memory a reas

� No Garbage Collec tion, danger of memory leaks

� Danger of Priority-Inversion when sync hroniza tion with 
non-rea ltime-c ode 

Realtime code c an use only a subset of Java features!

Realtime Garbage Collec tion



Realtime Garbage Collec tion
All Java-Threads must be rea ltime threads:

� GC-work is performed  a t a lloc a tion time

� GC-work must be suffic ient to  rec yc le enough 
memory before free memory is exhausted

� WCET for memory a lloc a tion is required

Realtime Garbage Collec tion



Relaxing Constra ints of RTSJ with 
Realtime Garbage Collec tion
The use of rea ltime ga rbage c ollec tion permits a ll threads 
to ac c ess the ga rbage c ollec ted  heap .

� No restric tion of heap  ac c ess in rea ltime c ode

� Sync hroniza tion between rea ltime and  non-rea ltime 
c ode d irec tly possib le 

Jama ic aVM provides rea ltime ga rbage c ollec tion. 

It was used  as the basis for the development in the AERO 
projec t. 

RTSJ and Realtime Garbage Collec tion



AERO-JVM Java Implementation for 
Satellite Onboard Software
Developed  by a  c onsortium of

� Astrium SAS, Franc e

� a ic as GmbH, Germany

� University of Linköp ing, Sweden

� ESA ESTEC, Netherlends 

Work based  on Jama ic aVM.

Prepara tion for c ertific a tion of VM in spac e doma in pa rt 
of the pro jec t.

AERO-JVM, Java Tec hnology for Onboard SW



Tasks Performed within the AERO 
projec t:

Evaluation of availab le Java solutions

� Selec tion of Jamaic aVM as basis

Spec ific ation of needs for spac e system

Implementation

� RTSJ support

� testsuite

� Port for ERC32 and  Leon ta rget system

� Sta tic  GC

Validation

AERO-JVM, Java Tec hnology for Onboard SW



Validation with Space Applications
OBJA Manager

Java -Version of sta te-of-the-a rt interp reted  p roc edure 
used  on Rosetta  and  E3000 family of telec om 
sa tellites.

Consists of mode manager, monitoring , 
rep rogrammable mission func tions etc . 

Attitude Control System algorithms 

Orbit propagator

AERO-JVM Validation and Certific ation



C-Code Coverage

Determined using toolg gc ov

raw va lue: 61.80% 
Adjusted  va lue: 84.73% 

Acc eptable for beta produc t 

Deta iled  desc rip tion of a ll C-routines, tha t a re not 
c overed  or c overed  only pa rtia lly

AERO-JVM Validation and Certific ation



C-Code Coverage

routine c ovrg. explanation

a lloc Java String pa rtia l - c ount a rgument is a lways -1 (design)
a lloc AndInternJavaString pa rtia l - Error c hec king c ode (Java  exc ep tion)
c a tJavaString  pa rtia l - Error c hec king c ode (out of memory) 
utf82javaString  pa rtia l - utf8 a rgument is never null (design) 
c 2javaString  pa rtia l - c str a rgument is never null (design) 
c lass2javaString  complete 
fea ture2javaString  none - Error c hec king c ode 
fea t2javaString  pa rtia l - fea ture a rgument is never null (design)

etc .

AERO-JVM Validation and Certific ation



Test Suite Results

Testsuite pass fa il

AERO tests 1506 0

Jama ic a  Tests 50309 2

MAUVE tests 5558 79

AERO-JVM Validation and Certific ation



AERO Projec t Traceability

Spec ific ation defines Requirements

unique id : e.g . REQ/  AERO. RT. SCH. 0020

eva lua tion method : test /  ana lysis /  c ode inspec tion

Validation Plan

Desc ribes tests to developed

Design Doc ument

Desc ribes mapping of requirements to sourc e c ode

Evaluation Doc ument

Va lida tion results 

AERO-JVM Validation and Certific ation



AERO Projec t Future

First Phase Finished Suc c essfully 

Second Phase of the Projec t is being set up

Goa ls of sec ond  phase

� Further Va lida tion towards c ertifiab ility:

� 100% c ode c overage

� Remova l of dead  c ode

� Extension of tests to c over open c ases

� First Mission: Proba  2 (launc h sc heduled  for 2005)

AERO-JVM Validation and Certific ation



Conc lusions

The RTSJ spec ific a tion b rings fea tures required  for rea ltime 
p rog ramming in the Java  language. 

The c omb ina tion w ith rea ltime ga rbage c ollec tion 
overc omes the restric tions of the RTSJ. 

Java  Imp lementa tions tha t will be c ertified  for use in 
sa fety c ritic a l app lic a tions a re being developed  and will 
be the next step . 

More information: 

www.aic as.c om www.aero-projec t.org

Realtime Java and Certific ation


