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Abstract : In order to distribute new multimedia applications on a high scale, the mostly used and analyzed
wide area networks (WAN) are the Internet on one side and ATM based networks on the other side. One of the
current research activities in the networking area consists in trying to federate the Internet new mechanisms /
protocols (IP new Generation : IPnG) and the ATM ones, in order to allow applications to be guarantied with an
end to end Quality of Service (QoS). Study which is presented in this paper dills with this specific activity and
has been realized within a project implying a French Industrial (Dassault Electronique) and three French re-
search Laboratories (LAAS-CNRS, LIP6) and Institute (INRIA Sophia Antipolis)' ; the general goal of the pro-
ject was to specify and then perform the QoS required by a distributed interactive simulation (DIS application)
in an heterogeneous WAN environment : IPnG and ATM (national MIRIHADE platform, today SAFIR). Results
exposed in this paper are mainly related to the QoS characterization a DIS application has to require so as to
be distributed in a WAN environment ; a shorter part of the paper is dedicated to the end to end communica-
tion architecture defined within the project in order to provide a QoS matching DIS applications requirements.

their traffic characterization and the QoS specification

1. Introduction to require from the network.

1.1. Work context In order to distribute these new applications on a high

scale, the mostly used and analyzed wide area net-
work (WAN) solutions are the Internet on one side
and ATM based networks on the other side.
In spite of (or due to) its popularity, the current
Internet does not allow an adequate treatment d
multimedia applications features and require-

These latest years, technological improvements in
both computer science and telecommunications a-
eas led to the development of new distributed multi-
media applications implying processing and (differed
or in real time) transmission of all media kinds. Com-
munication requirements of such applications make it

necessary the use of new networks providing both
high speed transmissions and guaranteed qualities of
service (QoS) : throughput, transit delay, etc. Among
these applications, distributed interactive simulation
(DIS) applications have specific features (interactivity,
hard time constraints, ...) that make it difficult both

ments ; these latest years, several works have
been initiated so as to solve the problem : particu-
larly, the Integrated Service (IntServ) working
group [i] of the IETF (Internet Engineering Task
Force) has recently proposed some extensions of
the current Internet service model [ii][iii], and also
published lots of papers related to mechanisms
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and protocols [\V{[V] allowing to perform the newly
defined services.

On the other side, several local ATM platforms
have been developed in different places, m@rticu-
larly in France in three research laboratories : the
LAAS/CNRS (Toulouse), the INRIA (Sophia Anti-
polis) and the LIP6 (Paris) ; in 1997, the intercon-
nection of these platforms led to the born of the
MIRIHADE platform (today SAFIR) on which sew
eral experiments have been per-
formed (performances measurements, multimedia
applications testing, etc. [\]).

One of the main research activities in the network
area consists in trying to federate Internet and ATM
worlds in order to provide applications with end to end
guaranteed QoS, independently of the used physical
networks. The study exposed in this paper dills with
this specific activity and has been realized within the
“DIS/ATM” project? implying a French industrial (Das-
sault Electronique) and the three previously cited
laboratories (LAAS/CNRS, INRIA and LIP6).

The general goal of the project was to specify and

then perform the QoS required by a DIS application in

a WAN environment implying the Internet new Gen-

eration (IPnG) and ATM. Within the project, LAAS-

CNRS has been mainly implied in the following three

parts :

1. characterization of the QoS a DIS application has
to require so as to be distributed in a WAN envi-
ronment ;

2. design of an end to end communication architec-
ture :

- providing a QoS matching DIS applications e-
quirements ;

- distributed over an Internet version 6 (IPv6) net-
work environment, able to provide the IETF Int-
serv service models (Guaranteed Service and
Controlled Load);

3. integration of the targeted DIS application within
this architecture in a PC/Linux machine/system.

1.2. Paper Content

Results exposed in this paper are mainly related to
the first of the previous points : characterization of the
QoS a DIS application has to require so as to be dis-
tributed in a WAN environment.

2 The DIS/ATM project (convention n° 97/73-291) is co-financed
by the French MENRT (Ministére de I’ Education Nationale, de
la Recherche et de la Technologie) and the DGA (Direction G&
nérale de I’ Armement).

The following of the paper is structured as follows :
the major part of the paper (section 2) consists in an
analysis of the end to end QoS a DIS application has
to require in WAN environment, in order to be coher-
ently® distributed ; more precisely, we first show the
DIS standard QoS specification limits when the appli-
cation is distributed in a WAN environment ; in a sec-
ond step, a solution allowing to solve the enounced
limits is given. The third part of the paper (section 3
proposes a DIS PDUs* classification that matches
application requirements, but also allows the design
of an end to end communication architecture based
on an architectural principle mainly applied these lat-
est years in the multimedia architecture context. The
fourth part of the paper presents an overview of the
defined end to end architecture (section 4). Finally,
conclusions and future works are presented in section
5.

2. DIS Applications and Networking QoS

The goal of this section is to define the QoS a DIS
application has to require from a WAN (such as IPnG)
so as to be coherently distributed through the net-
work.

Following this goal, we first show the DIS standard
QoS specification limits in a WAN environment. Then,
another QoS expression is proposed allowing to solve
the problems associated to the previous limits. More
detailed information related to this work may be con-
sulted in [vii].

Note : Several work themes performed within the DIS
context are not presented in this paper. Readers may
consult Wiii][ix][x][xi][xii][xii]] to get more information
about these themes.

2.1. Coherence notion

Traffic generated by a DIS application may be divded
into three parts :

traffic corresponding to the broadcasting of the
simulated entities state Entity State PDU, etc.)
and events fire PDU, Detonation PDU, Collision
PDU, etc.) ;

traffic corresponding to the communication be-
tween participants or exchanges between captors
: radio communications (Signal PDU) and electro-
magnetic interactions (EM-emission PDU, etc.) ;

traffic corresponding to the distributed simulation
management : simulation initialization, participants

% Thisterm will be defined in the appropriate section (section 2).
4 PDU : Protocol Data Unit



synchronization,
etc.).

With regard to the DIS standard KiVi[x\][xvi], a DIS
application is correctly distributed if any simulation
site has both a temporal and a spatial coherent view
of the distributed simulation ; in other words, this
means that :

any event (fire, detonation, ...) occurred at time t,
on a given site has to be known by the other sites
at least T time units after the date t, (temporal co-
herence) ;

the state (position, orientation, ...) of any entity
simulated on a given site has to be “almost” iden-
tical to the one extrapolated on any other site (by
application of the same dead reckoning algorithm),
the “almost” term meaning that the difference be-
tween those two states has to be less than a
maximal value defined as the threshold value in the
DIS standard (spatial coherence).

... (Start PDU, Resume PDU,

In order to illustrate this second point, let's consider
the example of an entity A representing a fly simu-
lated on a site S;. At a given time, another site S, has
a spatially coherent view of A if the difference between
the knowledge S2 has from the state of A and the real
state of A (i.e. the one simulated on site S;) does not
exceed a given threshold value, defined in the DIS
standard as the maximal acceptable error done on the
position (Thpes) and the orientation (Thg,) on each en-
tity.

The underlying Figure 1 illustrates on a same plan the
position and the orientation of the entity A (supposed
here to be a fly), respectively on site S; (fly on the left)
and on site S, (fly on the right). While the position
error E, and the orientation error E, do not exceed
their espective threshold (Thp,s and Thy,), Siand S,
have a spatially coherent view of A. Out of one of
those thresholds, it is necessary for S, to refresh the
state of A by means of a state information sent by S,
(typically an Entity State PDU).

(actua) state
of Aonsite§
(extrapolated) state
of Aonsite S,
. .

Ep = error on the position
Eo = error on the orientation

Figure 1 : Position and orientation of an entity
2.2. DIS standard QoS specification

As they are expressed within the DIS standard, DIS
application requirements are the following ones :

the application has to be provided with a multicast
transport level service ;

QoS associated with the end to end DIS PDUs
transport is defined by means of three parameters
whose value depends on the coupling of the corre-
sponding entities with the other entities :

- reliability, defined as the maximal PDU loss

rate ;
- maximal end to end transit delay ;
- maximal jitter for radio type PDUs.

Let's first recall the coupling notion.

Assume A be an entity simulated on a given site. Ac-
cording to the DIS standard, one of the two following
situations may to be identified : (1) A is loosely cou-
pled with all other entities or (2) A is tightly coupled
with at least another (local or distant) entity. As an
example (given in the standard) :

Two distant tanks (5 kilometers between them)
provide an example of loosely coupled entities ;

Several tanks in formation at a fast speed provide
an example of tightly coupled entities.

From this situation, QoS associated with the transfer
of the Entity State PDUs is defined as it follows :

a transit delay less than or equal to 100 millisec-
onds (ms) and a loss rate less than or equal to 2
% is required for the transfer of PDUs associated
with tightly coupled entities ;

a transit delay less than or equal to 300 millisec-
onds (ms) and a loss rate less than or equal to 5%
is required for the transfer of PDUs associated with
loosely coupled entities.



2.3. DIS standard QoS specification limits

Two major limits may be identified from the Previous Thog oo @

QoS specification :

(L1) First, it does not allow the design of an end to
end architecture based on a several time &-
plied architectural principle [xvii][xviii][Xix][xX] :
“ one end to end channel per user flow, provid-

Ts

E = Error on the extrapol ated position

@ ESPDUemisson

" Sendingstes,

ing a specific QoS associated with the features - _ gror onthe extrapolated position

and the constraints of the transported flow ”.

(L2) The second limit results in the impossibility to
make it possible the respect at any time of the
simulation spatial coherence.

Let’s detail this second affirmation.

Assume two sites Sg and S, belonging to the same
DIS exercise ; Sgand S, are supposed to be perfectly
synchronized. Assume now an entity A simulated on
site S, whose state is maintained on site S, by appli-
cation of a dead reckoning (DR) algorithm. In order to
simplify future explanations, A state will be reduced in
the following to the position of A according to only one
dimension.

The underlying Figure 2 illustrates on a same plan
ewolution in time of the extrapolation error® E made on
A position, respectively on site S (superior part of the
figure) and on site S, (inferior part of the figure) ; both
sites are supposed to have a same reference time
and to apply a same DR algorithm. Let's also recall
that only S, is able to calculate the real state of A.

Black (respectively gray) plumps on Figure 2 corre-
spond to the sending Ts dates (respectively receiving
Tr dates) of the entity state (ES) PDUs refreshing A.
We suppose that the time origin corresponds to the
sending date of the first ES PDU (Tsg). Thus, Try, Try,
Tr, and Trzcorrespond to the receiving dates of the ES
PDUs sent at Tsy, Ts;, Ts;and Tss.

5 The extrapolation error E is obviously defined as the geometrical
difference between the actual and the “dead reckoned” state of
the considered entity.

Thpog e

= THPos -} rermn ey

O ESPDU reception

Receiving site S

Figure 2 : Extrapolation error evolution
Let's analyze Ts;, Ts, and Ts; dates.

Starting from Ts,, the error E between the extrapo-
lated and the actual position of A is growing up (in
absolute value) and raises its maximal acceptable
value (Thpes, corresponding to the position thresh-
old value) at Ts; : at this time, an ES PDU is gen-
erated by S (DR application), indicating the actual
position of A ; error E becomes null on site S;.

Starting from Ts,, the error E between the extrapo-
lated and the actual position of A varies between (-
Thpes) and (+Thpys) Without exceeding one of those
two values ; after a Heart Beat Timer (HBT) spent
time, i.e. at Ts; = Ts, + 5 second (default value for
the HBT in the DIS standard), an ES PDU is
automatically generated by S, indicating as in the
previous case the actual position of A ; error E be-
comes null on site S..

Let's now analyze the evolution of error E on site S,.

Starting from Ts,, the error E between the extrapo-
lated and the actual position of A is identical to the
one on Sy ; particularly, E raises its maximal ac-
ceptable value Thpys at time Ts,, corresponding to
the ES sending date on S.. However, A position is
not updated before Tr;, the time interval separating
Ts, from Tr;, corresponding to the ES PDU transit
delay through the network. Consequently, it then
appears an indetermination on E value between
Ts; and Try : during this time period, E may ex-
ceed the Thpes value, and then potentially generate
a spatial coherence violation.



Analogously, a same indetermination may occur
between Ts, and Tr,, and between Tsz; and Trg, il-
lustrated on Figure 2 by the gray zones.

It results from this analysis that the current standard
QoS definition makes it possible a spatial coherence
guaranty except eventually during each [Ts;, Trj] time
interval : during those time periods, the error E may
transitorily exceed in absolute value the maximal ac-
ceptable value (DIS standard threshold). Such a case
is illustrated on Figure 3.

AE 3" IE =transitory excess corresponding to

QoS associated with the end to end DIS PDU

transport is defined by means of the same three

parameters than the ones defined in the DIS stan-
dard :

- reliability, defined as the maximal PDU loss rate
(total reliability meaning a 0 % loss rate ; null re-
liability meaning that a 100 % loss rate is ac-
ceptable) ;

- maximal end to end transit delay (possibly infi-
nite) ;

- maximal jitter for radio PDU ;

But and differently from the standard specification, we

----- propose :

to give up the coupling notion which is used in the
standard to define QoS parameter values ;

to evaluate QoS parameters value :

SO as to guaranty at any time that the extrapo-

T |Tro Tsii T
= Thipgg]eesies eeeee ¢ v O U, I
D

@ ESPDUemisson @) ES PDU reception

Figure 3 : Transitory excess illustration

Two questions may then be raised :
1. Is this phenomenon a problem for a DIS exercise ?

2. In this case, is it possible to solve the problem ; in
other words, is it possible to keep the transitory
excess Er illustrated on Figure 3 under a given
value ?

As far as the first question is concerned, the transi-
tory excess becomes problematic as soon as the
transit delay (TD on Figure 3) is non negligible regard
with the mean time interval separating two ES PDU
consecutive receptions. In this case, it then results
that the receiving sites may have an incoherent view
of the simulation during non negligible time periods,
and even “almost all time ” if the refreshing period is
negligible compared with the ES transit delay ; of
course, this risk does not occur in a LAN environ-
ment, but has to be taken into account when the ap-
plication is distributed in WAN environment such as
the one considered in our study.

As far as the first question is concerned, we now for-
mulate a QoS proposition aimed at allowing the -
spect of a maximal transitory error value.

2.4. QoS proposition

In order to solve the previous two limits (L1 and L2),
the QoS specification that is proposed is based on
the followings points :
as in the DIS standard, the application has to be
provided with a multicast transport level service ;

lated and the actual state of any simulated entity
do not differ from each other beyond a maximal
value ; in that, we provide an answer to limit (L2).
only from the information contained in each
PDU ; in that, we provide an answer to limit (L1) ;

Let's now study how the announced guaranty can be
performed. More exactly, let's study how the transi-
tory excess Ey illustrated on Figure 3 may be kept
under a maximal value.

2.5. Transitory excess control mechanism

Consider the underlying Figure 4. Obviously, the tran-
sitory excess E may be kept under a maximal Evpax
value as soon as the ES PDUs transit delay does not
exceed the TD, value illustrated on the figure.

TDmex
AE
<>
Emax
Ermax @ ESPDU emision
O ESPDU reception
R 1T (L~ . AR
] time
Tro Ts; Ty

Figure 4 : Transitory excess control

Intuitively, it is possible to conceive that E; value de-
pends on the dynamic (i.e. the acceleration) of the
corresponding entity : the higher this dynamic, the
higher E; (potentially). Consequently, one can also
conceive that Ern value also depends on the entity
dynamic.

Let' now formalize this approach of the problem.



On each receiving site, the influence of the transit
delay (TD) on the extrapolated state of a distant entity
is related to the difference (in absolute value) ep(t)
between the actual position P4(t) and the extrapolated
position Ppg(t) of the considered entity (relation 1).

1P,(1) = g, dugg Aq () dt +(t- Ts;)v; +,

i
Tep(®) =[Pa(t) - Por()]=

where :
- A(t) gives the actual acceleration of the consid-
ered entity attime t ;
- P;, Vi, and A, respectively give the actual posi-
tion, speed and acceleration of the entity at time
Tsi.

&tsi duﬁ% [Aa(t)' Ai]xdt H

Let's note that P;, V;, and A, are three specific fields of
the ES PDU sent at time Ts;.

If the entity has a bounded acceleration (]| Aait) || £
Anad, then ep(t) can be bounded during each [Ts;1,
Tsi.1+TD] time interval.

ep(t) being less than or equal to Thpes While t £ Ts;,, it
is then possible to major ep(Ts;,1+TD) by a sum of
three terms (relation 2) :

& (Tsi+1+TD) £

Tsi41+TD
* qsi+1

@ duge [Aa(t) - Aj]at H

\TIsj41+TD d \u
ug-
q-sl+l

[A t)- At H

Following the dead reckonlng mechanism on the
sender site, the first term is obviously majored by
Thpes.
The third term is majored by :
- (%) An. TD? for a linear extrapolation

( Por(t) =R +Vi.(t-Ts))
- Amx. TD? for a quadratic extrapolation

(Por(®) =R +Vi-(t'T$)+%Ai - Ts)?)

It is then to major the second term, corresponding
to the product ketween TD and a constant repre-
senting the difference between the entity actual
speed and its extrapolated speed at time Ts;.s,
sending date of the ES (relation 3) :
NET
™ "@rsi'”[A a(t) - Aj]xdt
@ =LViea- Vi) A x(Tsi4q - Ts;)]xD
=(Va(tsis1)- Vpr (Tsi+1)) <D

1
. TDmax £
(;g’.'”duqusi [Aatt)- Al H ®) Fmax®y i 4 Thpos*Ermax- yThpos

This difference raises its maximal absolute value
when the difference between the entity actual speed
and its extrapolated speed is also maximal during the
whole [Ts;, Ts;:4] time interval.

Under those conditions, the second term of relation

(2) is majored by JZAmaX XThpgs XTD for a linear ex-

trapolation and by Z/Amax XThpos XD for a quadratic
expression.

As a conclusion, it is then possible to major ep(t) by
the following expression (relation 4) :

|
Th +TD % ’— foralmear extr
@) € t)£ 8 Pos Amax ap.

f (JThpOS +TD><,/AmaX) foraquadraticextrap.

In order to keep the transitory error E; under a maxi-
mal Eq.a Value, it is then necessary and sufficient to
guaranty for each ES PDU a maximal end to end
transit delay whose value is given by the following
expressions (relation 5) :

i wlThPos*' Ermax- \/ThPos
JO5%Amax

foralinear extrap.

| foraquadratic extrap.

1 1/ Amax

In other words, it is then possible to ensure a spatial
coherence guarantying the entity position inside a
uncertainty circle whose radius is Thpes + Eqma, pro-
vided by the ES PDUs end to end transit delay is less
or equal than TD .

The previous discussion may be easily extended to
the case of an extrapolation on the orientation. Re-
sults are similar, but provide more complex expres-
sions due to the rotation matrix.

Let's finally note that :

for a given Thpys + Eqma if Thpes decreases, then
TDmex grows up : temporal constraints are then
easier to satisfy (from the network point of view),
but ES PDUs are sent more frequently (the
throughput grows up) ;

the TD, Value is smaller with a quadratic extrapo-
lation than with a linear one ; consequently, tem-
poral constraints are then more difficult to satisfy
(from the network point of view) but ES PDUs are
sent less frequently.



In both cases, relation (5) allows to deduce the transit
delay expected from the underlying network, from fea-
tures and constraints (acceleration and thresholds)
expressed at the application level. Furthermore, this
is accomplished without any modification of the stan-
dardized DR algorithm : the sending of an ES PDU
occurs when the extrapolation error value (for the posi-
tion or the orientation) goes beyond a fixed threshold.
A modification of this sending criterion (by adding a
threshold mechanism for the speed or the accelera-
tion) may esult in a reduce of either the generated
ES PDU number or the required temporal constraints.

3. DIS PDU Classification

Starting from this QoS proposal, a DIS PDU classifi-
cation is now formulated. Two goals are pursued
within this classification :

the respect at any time of the simulation coher-
ence ;

the design of an end to end architecture based on
a well known architectural principle for the support
of multi-flow applications (such as multimedia ap-
plications) : “establishment of an end to end chan-
nel providing a specific QoS for each application
level flow”.

Four classes have been defined, the fourth one being
subdivided into sub-classes :

The discrete PDU class (Collision, Fire and Deto-

nation PDU), that requires as QoS parameters :

- a total reliability ; such a QoS results from the
discrete feature of the concerned PDUs that
makes it impossible their extrapolation ; as an
example, if a Fire PDU is lost, the associated in-
formation could not be deduced from the next re-
ceived PDU (at the opposite of Entity State
PDUs) ;

- a maximal end to end delay associated with the
willed interactivity (we kept thel00 millisecond
(ms) recommended by the DIS standard for
PDUs whose associated entity is in strong inter-
action with at least another one).

The simulation management PDU class (Start,

Stop, ... PDU), that requires as QoS parameters :

- a total reliability ; indeed, as they are defined in
the DIS standard, PDU exchange rules do no
precise the DIS software behavior when a simula-
tion management PDU loss occurs : implicitly,
the underlying network is supposed to be per-
fectly reliable ;

- an unbounded end to end transit delay (no spe-
cific temporal constraint).

The signal PDU class (only one PDU : the Signal

PDU), that requires as QoS parameters :

- a “strong” reliability depending from the audio
coding algorithm ;

- a 250 ms maximal transit delay ms, correspond-
ing to the value recommended for a real time dis-
tributed audio conferencing system ;

- a 50 ms jitter as it is specified in the DIS stan-
dard.

The continuous PDU class (essentially Entity

State PDU) that requires as QoS parameters :

- a total reliability (implicit hypothesis in the previ-
ous TD, calculation) ;

- a maximal end to end transit delay, deduced
from the previous relation (5) ; as a conse-
guence, several sub-classes are defined that we
summarized Figure 5.

Anax domain Guaranteed DT
[0, A TD,
Armax [Al, AZ] TD>» TDmax
[A’]_ly Anl TDn

Figure 5 : Entity State PDU classification

At each maximal acceleration [Ai.;, Aj] interval is
associated a maximal transit delay allowing a
spatial coherence respect for entities whose
maximal acceleration is comprised between A,
and A,.

4. The End to End Resource Reserva-
tion Architecture

Starting from the previous results, our second goal
was to design an end to end architecture allowing DIS
applications to be distributed with respect to the QoS
defined for each of the defined PDU class.

In order to perform this goal, two preliminary needs
had been identified :

the availability of a network providing both a multi-
cast transfer and QoS guaranties ; within the pro-
ject, the chosen network has been the Internet
new Generation through (1) the IETF Intserv ser-
vice models (Guaranteed Service, Controlled
Load), (2) a traffic control similar to the Class
Based Queuing (CBQ) one and (3) the RSVP pro-
tocol ;

a characterization of the DIS traffic generated by
each site, so as to provide the network with ele-
ments required to perform the resource reservation
phase.



Remind that this paper is not dedicated to the end to
end architecture (readers may consult [vii][xxi] to get
more information on this part of our work) ; conse-
quently, only the main hypothesis and principles are
exposed in this section.

4.1. Traffic characterization principles

The traffic characterization methodology is based on
the basic principle that a global DIS traffic may be
considered as the aggregation of individual traffics
generated by identifiable application level elements
(AE) (Figure 6).

AE : Application

Applicatio —7\ Elements

raffic

Figure 6 : Global traffic vs. individuals ones

More precisely, three hypothesis are underlying to the
defined methodology.

- H1: AEs must be identifiable ; in other words, ap-
plication might be decomposable into several
autonomous parts, each generating its own traffic
; in the DIS application context, AEs identified on
a given site have been chosen as the entities (lo-
cally simulated) whose morphology® is the same
; this choice has been validated experimentally.

- H2: So as to be statistically reproducible, traffic
generated by each AE must depend on applica-
tion intrinsic parameters ; if these hypothesis
seems to be verified in a DIS context (through
the basic idea : “each entity or entity group gen-
erates an individual and well characterized traf-
fic"), interactivity between the simulated entities
may result in a traffic evolution. This aspect has
not been tackled in our study and consists in a
future work ;

® The term morphology is defined in the DIS standard as a “set of
header fields describing both the physical appearance and behav-
ior of one simulated entity” . More precisely, a morphology is
composed of eight fields : Entity, Kind, Domain, Country, Cate-
gory, Subcategory, Specific and Extra ; we only keep the first
four in our experiments.

- H3: it exists a correlation between AE individual
traffics and the global traffic generated by their
composition. At the current time, we only &-
sume this hypothesis valid, without no more
demonstration.

From those hypothesis, the applied methodology con-
sists in the following points.

We first developed a few software’s allowing to
capture and isolate the DIS traffic corresponding to
each identifiable morphology.

We then generated a reproducible DIS traffic by
means of a public software named DIS Control
Station (DIS-CS) [xxii].

By means of simple software’s allowing to calcu-
late RSVP Tspec parameters for a given traffic, the
Entity State traffic generated by each identified
DIS morphology has finally been characterized in
order to constitute a Traffic Information Base (TIB).

Knowing morphology and number of the locally simu-
lated entities, it is then possible (by means of the
previous TIB) to evaluate the ES PDUs initial traffic
generated by a given site.

4.2. End to end architecture design principles

Starting from the previous results (QoS and TIB con-
stitution), the end to end architecture defined within
the project (Figure 7) relies on the following principles.

Applying a principle several times used in the de-

sign of end to end multimedia architecture

[xxiii][xxiv][xxV][xxvi], a DIS+ level multicast chan-

nel (aimed at providing a specific QoS) is estab-

lished for each identified PDU class.

A reservation process is then executed in order to

make it effective the QoS guaranty on each

opened channel. This static’ process is made up

of two different steps :

- (1) for each sender : the specification of the to be
generated traffic profile ;

- (2) for each receiver : the resource reservation.

 Satic meaning “ without re-negotiation ” after the beginning of
the smulation.



Application HMI

Atowibveitoorbaitoiiesl

Traffic
DIS analvsis e
Channel PDU AssO- Tspec/Rspec
Establi- splitting ciation parameters calculus
shment table

| RSVP management |

RSVP

Figure 7 : The end to end architecture

Two different problems are then to be tackled :

channels management, meaning :

- channels establishment ;

- DIS PDU splitting and de-splitting in and from the
adequate channel.

QoS control of each channel, part dedicated to

a Resource reSerVation Manager: the RSVM

module illustrated in Figure 7, whose main func-

tions are the following ones.

- The first function of the RSVM is to make it pos-
sible for the DIS application the specification of
its traffic (via an RSVM level APE or an HMF) in
terms of owner oriented parameters rather than
network oriented ones (typically : RSVP Tspec
parameters). More precisely, these terms are the
morphology and the number of the locally simu-
lated entities.

- The second function is to translate application

parameters in terms of Tspec parameters ; to

perform this task, the RSVM uses a Traffic In-
formation Base (TIB), containing the <morphol-
ogy , Tspec> associations as they have been
deduced from the DIS traffic characterization.

The TIB is basically achieved in a calibration

phase occurring before any DIS exercise ; how-

ever, it can also be upgraded during a DIS exer-
cise by the way of probes measuring the &-
change traffic.

The third function is to manage RSVP so as to

establish one RSVP session with the adequate

QoS (i.e. corresponding to the one required for

the transported PDU class) per opened channel.

8 API : Application Programming Interface
9 HMI : Human Machine Interface

This architecture has been implemented in order to
make it possible the project contractual demonstra-
tions.

5. Conclusions and Future Works

This paper has presented part of the work performed
within the DIS-ATM project whose general goal was to
specify and then perform the QoS required by a DIS
application in a WAN environment implying the Inter-
net New Generation (ntserv service models, associ-
ated traffic control mechanisms, RSVM) and ATM.

The major part of the paper dills with DIS application
requirements and QoS specification (section 2 and 3)
; results exposed in those two sections may be
summarized in three points :

the first one concerns the DIS standard limits as
far as the QoS specification is concerned ; indeed,
in its current state, this specification does not
guaranty the simulation coherence in a WAN envi-
ronment ; moreover, it does not allow the design of
an end to end architecture based the architectural
principle “one channel with a specific QoS for each
application level data flow” ;

the second result dills with a QoS specification
proposal allowing to solve the previous two limits ;

the third result consists in a DIS PDU classifica-
tion, each class requiring a specific QoS whose
parameters value have been given.

On the basis of these results, the end to end architec-
ture defined to satisfy the previous QoS has been
summarized in section 4. In the first part of the sec-
tion, a methodology allowing a Tspec characterization
of DIS traffics has been introduced. In the second part
of the section, the end to end architecture has been
exposed.

Different kinds of perspectives are currently studied ;
the main three are the following ones :

The first one consists in the experimental valida-
tion of the architecture through two different a-
pects : (1) traffic characterization methodology
validation and (2) QoS respect. More precisely, the
goal of the first work is to prove that the initial traf-
fic generated by a given DIS application conforms
the “a priori” estimate Tspec. The second work is
based on already performed measures (not pre-
sented in the article) showing that the QoS defined
in the first part of the paper is not ensured when
the application is distributed in the DIS/ATM pro-
ject network environment without resource control ;
architecture validation (as far as QoS respect is



concerned) is currently performed by means of
analogous measures now performed in the project
network environment implementing resource con-
trol.

The second perspective is to tackle the major a-
chitecture drawback : its static aspect. At the cur-
rent time, once resources have been associated to
the defined end to end channels, no modification
occurs in the network even if DIS traffic varies (due
to entity death or new entity creation). It is then
our purpose to specify a resource reservation re-
negotiation phase.

The third perspective is to extend the proposed
architecture in order to take into account a more
general application / network environment context,
including other real time applications and other
Internet service models.

The last two perspectives are envisaged within a new
project whose main goals are to extend and general-
ize results obtained within the DIS/ATM project.
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