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Abstract

The god of the projed in this paper is to gan
experience on QoS (Quality of Service) based dstributed
system for EDF's power control apgications. EDF isthe
French power utility. QoSis related to time anstraints
in ou case. We adopted a distributed system approach
to buld our exeation datform. The first prototype uses
a modified ChorusOS micro-kernel with a real-time
inter-process comnunication facility based on an ATM
network and supports a spedfic real-time java virtua
machine. Our secmnd proposal attempts to buld an
equivalent architedure using off-the-shelf product.
Reality constraints leads to a CoS (Clasdfication o
Service) based design. We show that there is no
available off-the-shelf QoS nor CoS baed techndogy
today for real-time objea oriented dstributed
applications.

1. Introduction

The goal of the projed described in this paper is to
gain experience on QoS (Quality of Service) based
distributed system for EDFs power plant control
applicaions. EDF is the french power utility. QoS is
related to time oonstraints in our case, it does not ded
with reliability nor seaurity constraints.

Process control applicéions are naturally distributed.
They resped the CIM (Computer Integrated
Manufaduring) hierarchy [43] different levels: level O
deds with cegptors and aduators, level 1 supparts
aquisition and control, level 2 performs supervision
functions, level 3 deds with plant production control.
Current solutions are dedicated mondlithic architedure,
message oriented distributed appli cations, built on top of
OSl or proprietary protocol stadks. Generaly, networks
are heterogeneous: fieldbuses [44] [35] or point to padnt
links at the lower levels (1 and 2), LANSs at the other
levels. Operating systems are heterogeneous too: red-
time micro-kernels at level 1, general purpose reliable
kernels at level 2 or higher, and then dfferent suppliers
areinvolved.
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We aoped a distributed system approach to buld
our architedure. This distributed architedure is
suppcsed to suppat cooperating oljeds as it is required
by modern platforms [10Q], [20], [34], [16]. Interadions
are subjed to with red-time mnstraints. We seleded
QoS as a design peradigm to map red-time mnstraints
from the applicaion [5]. It offers a uniform way to
hande time requirements as delay, jitter and throughput
at any level of the achitedure, including applicaion
level. The concept of loss ratio issued from network
tedhndogies as ATM can be retained as an application
QoS parameter. It keeps its meaning with task
scheduling, and can represent the ratio of eliminated
tasks missing their deadline. The red problem comes up
with the way QoS is implemented in the exeaution
platform.

The first platform that we have designed addresses
red-time cnstraints with an homogeneous environment
built from scratch. The first exeaution datform is a
prototype. It has been built in the mntext of a join
projed between ou lab, CNAM-Cedric, and a @mmpany,
CSTI in Lyon [25]. It uses on a modified ChorusOS
micro-kernel  [25] with a red-time inter-process
communication fadlity [22] based onan ATM network
[21] and offers a spedfic red-time java virtual machine
to applicdion entities [24]. MidArt [28] is an ather
example of a ATM based middleware achitecure for
process sipervision.

From an industrial point of view, it seems to be not
redistic to address all the parts of a process control
application with the same system platform, espedally
when you consider the amst of ATM techndogy. This
approach helped us to focus on design properties that
shodd be met with an off-the-shelf products based
platform. Therefore, our second proposal attempts to
build an equivalent architedure using off-the-shelf
product. Red-time nstraints leads to a CoS
(Classificaion d Service) based design[1]. Usually CoS
is dedicaed to DiffServ Internet networks, but this
concept can be extended to exeaution platform and
applies to dstributed systems and to applicaions. We
show that despite the interest of a QoS nor a CoS objed
oriented distributed system approach, one can say that



there is no avail able off- the-shelf products today for red-
time distributed appli cations.

This paper is organized as follows. Sedion 2 presents
the key fedures of the power plant control application.
Sedion 3 describes afirst prototype based on a modified
ChorusOS micro-kernel with a red-time inter-process
communicaion fadlity over an ATM network that offers
a red-time java virtual machine. Sedion 4 presents an
aternate solution built with off-the-shelf componrents.
Sedion 5concludes and presents future diredions of our
projed.

2. Application Characteristics

The main adivity of EDF is to produce energy. You
can seeon figure 1, a typicd example of an eledricity
production processand typicd functions we ae going to
supervise. Casdcd thermic power plants are based ona
water/steam cycle. Water, when presented to a hot
source is transformed to an optimal steam in terms of
eledricity production. Then this geam is injeded in a
turbine mupled with an aternator. This last element
produces diredly the power. Finally, the used hot steam
needs to be freshened into water. A new cycle can be
started.

To alow thiscycle, thereisalot of different elements
in the plant: pumps (espedaly water pumps which
asaure water transportation in the whole drcuit), tanks
(water, fuel), valves, transformers, circuit bregers... In
fad, the processpresented in figure 1 is more complex.
Conducting teams ded with this complexity, they can
conduct the plant manually. But more cntrol command
systems are continuowsly added to help them. It helps by
aqquiring data eout plant elements (such as valves
states :open o closed), by transmit commands diredly to
the same dements, by presenting process s$ate in a
graphicd and more usable way, by ddng auto-regulation
and more. These adions need reliability. In most of the
cases, thisis adhieved by redundant systems.

Power Production

Figure 1. Thermal
Process (Thermo-electricity)

The gplicaion is naturaly distributed. Control
devices are distributed along the process and control
functions are mapped on different computers with

replicaion schemes for fault tolerance purpose. The
clasdcd design d such applications is layered by the
CIM model. Our work targets the low levels of the
control application: level 0 deds with cgptors and
aduators, level 1 supports aaquisition and control, level
2 performs supervision functions (operator interface
processregulation, alarms and states recording, printing
...). Current solutions are cost effedive dedicaed
mondithic achitedure, message oriented dstributed
applications, built on top o OSI or proprietary protocol
stacks. Operating systems and hardware ae fully
heterogeneous. RT constraints are soft: the applicaion
end-to-end celays (from level O to level 2) are aout
500ms, no information losses are dlowed and solutions
shoud run at least during thirty yeas. This architecure
is described on figure 2 and 3, both hardware and
software point of views.
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Figure 3. Representative Software Architecture

Figure 4 shows data flows between level one and
level two cdculators. In ou next platform, we want to
replacethe ATM network with a fast Ethernet, and to
useit for levels one, two and three
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3. An ATM based Real-Time Distributed
System Ar chitecture

3.1. Principles of the platform

The design of the platform is born from CSTI's
requirements to address red-time gplicaions
encourtered in the process control and manufaduring
domains. Initial CSTI's platform, ANTARA [12],
choices were : PowerPC based baards, ChorusOS as
red-time micro-kernel, and a 155Mb/s ATM network for
communicaions. The micro-kernel is suppacsed to drive
acduators and captors diredly, or programmable logic
controllers via a fieldbus gstem. Figure 5 gves an
overview of an applicaion targetted by CSTI's
distributed system. Equivalent requirements are made by
the MidArt platform [28].
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Figure 5. ANTARA platform for Process Control

To med hard red-time mnstraint requirements, the
ChorusOS  micro-kernel has  been  enhanced.
Enhancements are described below and deds with
scheduling, priority inheritance, buffer management and
distributed inter-process communicaions. On top of this
distributed system, a java virtual madiine has been
ported to support distributed ohjeds.

3.2. Extensionsto the ChorusOS microker nel
ChorusOS is a micro-kernel based dstributed red-
time operating system. Its kernel scheduler implements a

pre-emptive highest priority first (HPF) scheduling.
Affedation o kernel priorities to the various tasks is
performed by upper scheduling classes that implement
policies. Users never manage the kernel priority of tasks,
but have to provide scheduling parameters that are
spedfic to ead class One of the problems with resped
to red-time scheduling is that applicaions may have
distinct metrics to expressthe aiticdity of their tasks.
They may notably be expressed in terms of urgency or
importance, or as a cmbination of both. The new
scheduling architedure enables the implementation o
dealine-based scheduling pdicies. This framework
retains a dea separation between generic kernel
mechanisms and upper level scheduling classes.

We schedule red-time tasks using the @ncept of
generalized priority, defined as a tuple whose terms
condgitute a set of scheduling criteria. Generalized
priorities are made of a aiticdity level, an absolute
dealine and a logicd timestamp. Criticdity comes into
play only during owerloads. During underloads, all tasks
are expeded to share the same criticdity, so that a pure
Earliest Dealline First (EDF) scheduling is observed
[40]. With overloads, criticdity help to determine the
subset of tasks that would mee their deadline. Tasks are
additionally stamped by positive or negative values upon
rescheduling events: a task that becmes runreble is
exeauted after any other task already runneble that has
the same aiticdity and the same deadline, a task which
is preanpted by ancther one will be later re-eleced
before any ather task already runnable that has the same
criticdity and the same deadline. With this framework, a
pure ealiest dealline first agorithm can be
implemented, but enhanced pdicies such as D-over [19]
or Robust EDF [9] can be dso supported. This
framework preserves compatibility with the original
priority-based scheduling classes shipped with the on-
the-shelf ChorusOS, original classes can be scheduled on
aper criticdity basis.

The modificaions have dightly lowered the overall
performances of the system. For instance when 2
(respedively 100) tasks compete for the processor with a
standard micro-kernel, task switches perform in 11us
(respedively 4.2us) on 30 MHz PowerPC hosts. With
the new scheduling framework, this time now varies
from 1.5us to 6.4us, depending on the number of
runreble tasks in the scheduler. From an applicaion
point of view, the drawbadk of this overhead is
"compensated” by the ability to do deadline and criti city-
based scheduling.

The ChorusOS red-time mutexes support priority
inheritance. They have been modified to preserve our
new generalized priority-based model. More details are
given in [24][25]. This framework can be used by the
Javavirtual madine.



3.3. Real-time communicationsover ATM

ATM has been chosen for its cgpability to handle QoS
constrained streams. It emerges from users requirements
[2] that power plant supervision reeds audio and video
information. Therefore, ATM is an attradive technology
to merge control-command and audio/video streams in
an hamogeneous way.

3.3.1. Clock Synchronization

The aility to synchronize the docks of a distributed
system can be an important feaure to provide red-time
distributed services or to maintain the herence of
distributed data. We needed this gynchronization kecause
our system allows absolute deadlines propagation and
inheritance. So, absolute deadlines must have aglobal
meaning in the system.

There is two dfferent kinds of clock synhronization
in a distributed system: internal and external. External
synchronizaion is based on an external time reference
such as TDF in France or Naval Observatory in USA.
Internal synchronization is based on an interna time,
time given by the dock of one of the distributed
system’'s computers. External  approach  permit
interadions with farest distributed systems but is a
centrdized approach: if your reference source or
equipment used to get that time fails, there is no more
time synchronizaion in the system. On the other hand,
the internal approadc is more fault tolerant but is only
suited for intranet designs, isolated from external world.

We use ahyhbrid approach which combines internal
and externa solutions as described abowe, to achieve
certain properties [15]. First, when an external sourceis
avail able, clocks are synchronized with it. Second, if that
absolute reference is no more available (whatever the
reason is), clocks are synchronized in an internal way.
Clock synchronizaion remains valid even if distributed
system’'s stes or determined clocks fails. Finaly,
synchronizaion is acarrate enough, even when externa
time referenceis poor quality.

We use GPS as the eterna time reference Sites
periodicdly exchange stamps to achieve the
synhronizaion. Each site synchronizes with the external
sourceif it is available, in an internal way else. The use
of ATM capabiliti es such as CBR (Constant Bit Rate)
circuits, that offer bounded delays and bounded jitter,
allows at the end a synchronization acairacy better than
100ps.

3.3.2. The Red-Time IPC in the extended ChorusOS
ChorusOS is nat only a red-time micro-kernel but
also a distributed system. It offers a D-IPC (Distributed
Inter-Processus Communication) fadlity that allows
locaion independant communications between entities.
From a red-time point of view, it delivers a best-effort
service It does not offer any guarantee doout
transmisson delays and works in a non-conneded mode.
It means that every message is nt separately, as sand-

adone data units, and that you can't do resources
reservation.

Becaise the gplicaions targeted need a red-time
communicating system, a new D-IPC service has been
defined. It includes red-time support and works in
conreaded mode. This new D-IPC takes advantage of the
underlying ATM network. As the original ChorusOS D-
IPC, communications between tasks (locd or distant) are
identicd and remains |ocation independant.

The messages ent over this new red-time D-IPC is
dightly different. First, it is alocated staticdly at the
beginning of the task, to prevent memory alocaion a
swap owerheal. Sewnd, it contains an absolute deadline
(defined at message initialization a inherited from the
sending task). This dealline is transmitted to the
recaving task and has to ke its meaning. This is the
reason why clock synchronizaion has been introduced.

The red-time port is represented by an oljed with
three interfaces, one for eath server/client of the
communication service ad one for control. This model
with the three interfaces makes this red-time service
compliant to the RM-ODP reference model [5].

We introduce another objed cdled the binding objed.
It is an oljed between two red-time ports involved in
the communicaion, source port and target port. This
model is compliant with the RM-ODP model and is
diredly linked to the concept of explicit binding [41]. A
bindng ohed has aso three interfaces, two for
conredion with source and target red-time ports, and
oneinterfaceto control the binding state (monitoring).

To have red-time communicaions, you have to be
able to ensure properties abou delays, jitter and ahers
that permit you to baund end-to-end delays. These
communication charaderistics are cmmonly cdled the
Quiality of Service

Conredion request is subjed to admisson cortrol, in
order to ensure that the QoS required by the applicaion
can be provided. In the cae of alocd communication,
this gep always succeals. Admissontests are based ona
description o the wnnedion that detals the
charaderistics of the data traffic being conveyed and the
QoS expeded from the RT-IPC service Traffic
spedficaion is expreseed in term of peak and
substainable rates, and maximum message size, while
the QoS spedficaion includes transfer delay and
maximum admissble jitter. Traffic and QoS
spedficaions compose the flow spedficaion
(flowspeg. For any conredion establishment request,
two flowspecs are submitted: a target flowspeg that
denotes the nomina service level for the conredion
being requested and an acceptable flowspec that defines
the minimum servicelevel acceptable for the conredion.
If the service provider is unable to establish the
conredion at the requested target level, it should try to
establish it at the best possble level, greaer or equa to
the accetable flowspec



Conredion request also includes a commitment level
that expreses the degree of cetainty that the QoS
requested will be provided. Three @mmitment levels are
currently defined: guaranteed (QoS will be kept as long
as the service provider functions properly), predicted
(QoS will be kept under the assumption that the future
load of the service provider corresponds to the load
currently observed, resources reserved can be preempted,
if necessary, to establish new guaranteed-commitment
conredions) and best-effort (QoS will be kept as good
as posshle however, there is no guarantee that the
required performance is ever provided and hence, there
isnoadmisson control nor resource reservation).

These D-IPC QoS charaderistics are diredly
conreded to the ATM network ones.

3.4. A Real-time Java ORB

On top of our red-time distributed platform we need
an oljed oriented framework to support mobhility of
software components. From our point of view, the Java
techndogy is one of the best candidates.

An open source Java Virtual Machine (VM) has
been ported over our red-time ChorusOS platform. It is
based on the Japhar padkage [36]. The runtime
environment provided by our JVM port has been
enhanced in order to take alvantage of the ChorusOS
red-time extensions. New fedures are used by the way
of new classes bunded in a spedfic Java package. New
clases have been introduced to crede periodic and
aperiodic tasks sheduled acording to an EDF poalicy.
Java threads are mapped onkernel threads. They inherit
from the Thread class but also provide alditional
methods required to manage the scheduling parameters
spedfic to ou EDF class As our new framework
remains compatible with the original priority-based
scheduling classes shipped with Chorus, regular Java
threads, simply charaderized by a priority level, are
scheduled acording to a FIFO pdicy. Our design
ensures that FIFO threads always exhibit a aiticdity
level lower than EDF tasks.

Java uses monitors to ensure mutua exclusion when
the synchronized keyword is used. Monitors are
generally implemented using condition variables based
on thread semaphores. In ou customized VM, the
implementation of the monitors now relies on our
modified red-time mutexes. Consequently, they take
advantage of the inheritance protocol provided by the
extended ChorusOS kernel.

In addition to the scheduling architecure, other
extensions have been feaured to the Chorus s/stem, and
have been integrated to our VM. The VM isableto use
the red-time cmmunicaion system described before
through the Java Native Interface (JNI). The dealline
concept is extended to Java thread communications that
use the endto-end dealline inheritance over ATM
networks. Therefore, the JNI interface has been
optimized to al ow the dired sharing of memory between

Java and rative code. This fedure dso grants JBva to
access memory segments mapped by data aquisition
and control devices.

The airrent implementation of our RT-JVM seams to
be dficient [23]. Our Java threads are ale to exchange
data & a throughput of 97Mb/s, with 0.3% cdl lossand
15 msdelay. Similar experiments in the context of MM'S
like services ontop o a Java ORB environment diredly
over an ATM network with a regular Linux and a
standard JVM [39] give athroughput of 82Mb/s, with a
14.1-45% cdl loss 90 ms delay [38]. For a more
acarate mparison, we should test our RT-JVM
against an off-the-shelf micro-kernel red-time based
JVM, for example PERC [29] that runs over different
red-time exeautives.

4. An Internet based Real-Time Distributed
System Ar chitecture

The achitedure described in sedion 3 appeasto be
very efficient but too spedfic. Users require the
reduction d costs, development time and integration
time. Our previous QoS based dstributed system design
highlight the right properties to be eicourtered in a
objeda oriented red-time distributed platform. Usually
CosS is dedicated to Diff Serv Internet networks, but this
concept can be extended to exeaution platform and
applies to dstributed systems and to applicaions. We
describe heredter how we map the previous architecure
on df-the-shelf products.

This approach is handled via ajoin projed between
EDF and CNAM-CEDRIC.

4.1. Real-time operating system

We drealy evaluated [3] the first software layer of
this new architedure, red-time operating systems.
Chosen products were LynxOS (Lynx Red-Time
Systems), pSOS+ (Wind River, formerly Integrated
Systems Inc.) and VxWorks (Wind River), because of
the users requirements [2] (red-time aspeds, perennity,
widely-used in industry, compliance to POSIX
standards...). Our conclusions are that all of them comply
both performance and function requirements. Other
aspeds are very important: development environment,
documentation, hotline, installation and configuration
flexibility. We dso evaluated these apeds that are
usually never considered.

Final operating systems would be pSOS+ or Wind
River, they are both preemptive red-time micro-kernels
and dfer the neaded red-time mechanisms like priority
inheritance and zero-copy version of the TCP/IP stack.

4.2 Communication Networ k

ATM is built to deliver native QoS properties. There
is no equivalent properties in the Internet stack. The
closer approach corresponds to the IntServ profil [7],



[11] and wses mainly the reservation framework based on
the RSVP protocol [14], [26]. The constraint is that all
nodes in the communication path including ends need to
implement the RSVP protocol, moreover, RSVP loads
the network with periodic reservation messages. We
dedded to eliminate the IntServ profil.

The DiffServ [6], [27] approach is the last avail able
Internet profile. It is not based on QoS handling bu on
prioritization mechanisms. This approach is cdled
Classification o Service Diffserv is well-suited to
operator networks. We canr wonder if it’s efficient for
our applicaion domain. We ca ony use the
management of priority in the Internet stack for plant
communicaion networks, mapping |P priorities from the
TOSfield of the datagram into layer 2 frame header.

Thisis enabled by the 802.1p fadlity included in the
8021Q standard (VLAN) [8].

4.3. Java Distributed Objects

There have been dfferent initiatives to promote the
use of Javain red-time systems[18] [37] [31]. The most
advanced projed seems to be PERC [29], a ommmercia
product proposed by NewMonics Inc. PERC uses an
extended daed of Java to enable the spedfication of
exeaution constraints in the Java cde. It also provides a
JVM that offers rate monotonic scheduling, priority
inheritance, red-time garbage wlledion and support for
runtime execution analysis. Interadions between red-
time Java programs and their environment use
proprietary Java dasses that enable accesto 1/O ports
and interrupt handing. The stringent need for a clea
definition of a red-time Java environment and for a
standardizaion of the related core dasss led to the
credion d a Red-Time Java Working Group (RTIWG)
hosted by the NIST US federal organization and, more
recently, of the J Consortium that aims to federate
ongang works in this diredion. As of this writing, the
members of the RTJWG are working on the spedficaion
of core red-time extensions for the Java platform [30].
These extensions would dffer to Java gplicaions the
basic services that are generally offered by commercial
red-time operating systems. They should also provide a
foundation upon which more sophisticated higher level
red-time caabiliti es would be constructed as optional
profil es.

Remote Method Invocaion is a high leve
programming paradigm for distributed objed systems.
None of the RT-JAVA spedficaions deds with Remote
Method Invocaion. Thisis an important lad that can be
handed by spedfic developments. Approach that we
want to avoid nown! An aternate solution implies the use
of java sockets, a low level abstradion, and to rely on
CoS properties of the underlying communicaion
protocols.

5. Conclusion

Our projed to build a QoS aware distributed system
for power plant control applicaionsis at the middle step
of its roadmap. Currently our experiments enforce the
interest of the Java ewvironment, it is a promising open
distributed platform considering that our red-time
constraints are soft.

The Java-extended ChorusOS-ATM platform [25]
appeas to be very efficient. It is QoS aware and
conforms the RM-ODP/ReTINA model [5] based on
binding oljeds. Building such an architedure with off-
the-shelf products ®ems to be difficult today. Off-the-
shelf products imply a Clasdfication d Service avare
architedure. The gap between QoS and CoS based red-
time distributed systems is related to the fad that no off-
the-shelf products handle deadlines.

Red-time micro-kernels are generally implemented
efficiently, and satisfy the CoS profile. The missng
building Hocks today are: operating systems dornit
handle priority in the network stadk (priority fields from
8021p frame and from the TOS field of the I P datagram
header). There is no RT-JAVA standard (two concurrent
spedficaions) but PERC from Newmonics [29] is
available RT-JAVA spedfications dont ded with inter-
objeds communicdions sich as RMI. CORBA Red-
time spedficdions [33] are more out-of-date and for
example support priority propagation, needed by ou
platform. Despite the interest of a QoS nor CoS Java
based dstributed system approacdh, one @an say that there
is no available off-the-shelf techndogy today for red-
time distributed appli cations.

Currently, we ae porting a VM (Embedded Java
from Sun) on pSOS+ and we want to use the Jonathan
ORB ontop d it. Jonathan [13] is a RM-ODP compliant
ORB that suppats a Java-RMI personrdlity. There dso
exists a QoS implementation in Jonathan, based on the
RSVP protocol [4]. We think such a platform, a WM
with red-time extensions on top of a red-time micro-
kernel will be available & an off-the-shelf soon. All of
the red-time micro-kernels vendors are drealy
proposing a VM based offer (without red-time
cgpabiliti es). Also, we will experiment the alvantages of
Jini [42] for platform deployement and configuration.

References

[1] L. Bawn, E. Bequet, E. Gresser-Soudan, C. Lizz, C.
Logé, L. Révellleau. "Provisioning QoS in Red-Time
Distributed Objea Architedures for Power Plant Control
Applications'. 2nd |IEEE International Symposium on

Distributed Objeds and Applications. DOA'00.
September 21-23, 2000. Antwerp. Belgium.
[2] L. Bawn, E. Gresser-Soudan. SETR : Systémes

d'Exploitation Temps Réd - Etude des contraintes
utilisateurs — Synthése entretiens.  HP-32/98/079/A.
1999.



(3]

[4]
(5]
(6]
[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Bawmn, E. Beauet, E. Gresder-Soudan. "Etude
Comparative de micronoyaux du commerce'. 7éme
Séminaire du Laboratoire d'Ingénierie de la Sreté de
Fonctionnement. 16-17 Mars 1999. Domaine de
Vill epreux. Bordeaux. France

Bedker. “ Qos in Jonathan with RSVP" . 1998.

Blair, JB. Stefani. "Open Distributed Processng and
Multimedia". Addison-Wesley. 1997.

S. Blake @ a. “An Architedure for Differentiated
Services’. RFC 2475, |IETF DiffServ Working Group.
Decanber 1998

B. Braden, S. Shenker, and D. Clark. “Integrated
Servicesin the Internet Architedure: an Overview”. RFC
1633, IETF IntServ Working Group. June 1994.

R. Breyer, S. Riley. "Switched, Fast and Gigabit
Ethernet, Understanding, Building, and Managing High-
Performance Ethernet Networks'. 3rd  Edition.
MaaMillan Tecdhnicd Publishing. Maamillan Network
Architedure and Development Series. 1999.

Buttaza, J.A. Stankovic. RED: A Robust Earliest Dead-
line Scheduling Algorithm. 3rd International Workshop
on Responsive Computing Systems, September 1993.
Chevasais. P. Curnier. R. Gadhes. E. Gresder. S. Natkin.
C. Toinard. "Pilot Requirement Definition - Aerospatiale
Demonstration Facility". Esprit Proje¢ 7096. CIME
Computing Environment Integrating a Communication
Network for Manufaduring Applications (CCE-CNMA).
Deliverable 3. Workpackage 7. July 1993. Editor:
AEROSPATIALE. CCE-CNMA Consortium. Private
Access Document.

D. Clark, S. Shenker and L. Zhang. “ Sypporting Real-
Time Applications in an Integrated Services Packed
Network Architedure and Medanisms’. ACM
Sigcomm Proc. 1992.

CS Tednologies Informatiques. “ ANTARA System
Functional Spedfication”. Document 101-00061, CSTI,
April 1996.

B. Dumant, F. Dang Tran, F. Horn, and J.-B. Stefani.
"Jonathan: an open distributed processng environment in
Java'. In N. Davies, K. Raymond, and J. Seitz, editors,
Middeware'98: IFIP International Conference on
Distributed Systems Platforms and Open Distributed
Processng, The Lake District, U.K., September 1998.

G. Gaines and M. Festa “A survey of RSVP/QoS
Implementations’, update 2, RSVP Working Group. July
1998.

L. George, C. Lizz, J. Montidl. "Externa/Internal Clock
Synchronizaion in ATM-based Distributed Systems”. 23
rd Euromicro Conference, September 1997.

E. Gresser-Soudan, M. Epivent, A. Laurent, R. Boisder,
D. Razdindramary, M. Raddadi, "Component oriented
control architedure, the COCA projed” Spedal Isaue on
Manuacturing, Microprocessors and Microsystems
Journal - V23N2 September 1999, p95-102, Elsevier
Science

R. Grimes. Professonna "DCOM Programming, A
guide to creating practical applications with Microsoft’s

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

Distributed Component Objed Model". Wrox Press
1997.

J consortium. “ Real-time @re exensions gedfications
for the Java platform” . February 2000.

G. Koren, D. Shasha. " An Optimal On-Line Scheduling
Al-gorithm for Overloaded Red-Time Systems'. 13IEEE
Real-Time Systems Symposium, Decenber 1992.

K. Kusunoki, I. Imai, H. Ohtani, T. Nakawaji, M.
Ohshima, K. Ushijima. "A CORBA-Based Remote
Monitoring System for Fadory Automation".
Procedlings of the 1st IEEE International Symposium on
Objed Oriented Real-Time Distributed Computing.
ISORC'98. Kyoto Japan. April 20-22. 1998.

C. Liza, E. Gresder-Soudan, J. Montiel. "A Red-Time
Communication Service for ATM-based Distributed
Systems'. ICATM'98. IEEE Internationa Conference on
ATM. June 98. Colmar France

C. Lizz, E. Gresser-Soudan. "A Red-Time IPC Service
over ATM networks for the Chorus Distributed System™.
Euromicro'98. 24th Euromicro Conference Vasteras.
Sweden. August 1998.

C. Lizz. "Java Red-Time Distributed Processng over
ATM Networks with ChorusOS'. ETFA'99. Barcdona,
Catalogna. Spain. October 1999.

C. Lizz. "Enabling Dealline Scheduling for Java Red-
Time Computing”. 20th IEEE Real Time Systems
Symposium  (RTSS99). Phoenix, Arizona, USA.
Decamber 1999

C. Lizz. "Design o an ATM based Real-Time
Distributed System". PhD Thesis. Conservatoire National
des Arts et Métiers. 14 Décenbre 1999. Paris. France
(text in french).

A. Mankin, ed., “Resource ReSerVation Protocol
(RSVP) Verson 1 Applicability Statement : Some
Guidelines on Deployment”. RFC 2208, IETF RSVP
Working Group. September 1997.

K. Nichdls, V. Jambson, and L. Zhang. “A two-bit
Differentiated Services Architedure for the Internet”.
November 1997.

I. Mizunuma, S. Chia, M. Takegaki, "New architedure
of industrial systems with red-time ATM middeware".
3rd |EEE International Workshop am Real-Time
Computing Systems and Appli cations. 1996.

K. Nilsen, “Isaes in the Design and Implementation of
Real-Time Java’, Tednicd Report, NewMonics Inc.,
1996.

K. Nilsen, “Functional Requirements for Core Real-
Time Extensions for the Java Platform”, Draft, Red-
Time Java Working Group, May 1999.

Nationd Institute Of Standards and Technology (NIST).
“ Requirements For Real-time Extensions for the Java
platform” . September 1999.

http://www.objedweb.org/. March 31st.2000.

Objed Management Group. “ Real-Time CORBA" . Joint
Revised Submisson. March 1999.

A. Polze D. Plakosh, K. Walnau. "CORBA in Red-
Time Settings: A problem from the Manufaduring



(35
(36]

(37]

(38

[39]

Domain". Procedalings of the 1st IEEE International
Symposium on Objed Oriented Real-Time Distributed
Computing. ISORC'98. Kyoto Japan. April 20-22. 1998.

http://www.PROFIBUS.com/, March 24h 1999

P. Reinhddtsen. "Japhar : the Hungry Programmers
Open Source JAva'. Norwegian Unix Users Group.
November 1998.

The Red-time Java Experts Group.
Sredfications for Java” . February 2000.

L. Seinturier. “ Intégration ce liaisons ATM dans I'ORB
CORBA Jonathan” . Personna Communicaion. January
1999.

L. Seinturier, A. Laurent, B. Dumant, E. Gresder-
Soudan, F. Horn. "A Framework for Red-Time

“ Real-time

[40]

[41]
[42]
[43]

[44]

Communication Based Objed Oriented Industria
Messaging Services'. ETFA'99. Barcdona, Catalogna.
Spain. October 1999.

J. Stankovic, M. Spuri, K. Ramamritham, G. Buttaz.
"Deadline Scheduling for Real-Time Systems, EDF and
Related Algorithms'. Kluwer Academic Publishers.
1998.

J-B. Stefani. “ Requirements for a real-time ORB” . OMG
Contribution. May 1996.

Sun Microsystems, “Jini Architecdure Spedfication”,
Technicd Report, January 1999.

Vaenzano. Demartini. Ciminiera. "MAP and TOP
Comnunications'. Addison Wesley. 1992.
http://WWW.worldfip.org/fag.html, March 24th 1999.



