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1 Introduction

1.1 IMAGE

IMAGE project aims at implementing a generic and universal environment in order to
make complex, distributed and heterogeneous integrated simulators cooperate.
IMAGE focuses on such themes as interoperability, modularity, flexibility, cost
reduction, etc.

The object of this document (output of WP 2.3) is to precise a wide range of
requirements and needs expressed by users of real time applications that the IMAGE
API should meet.

1.2 Task WP 2.3
This sub-task specifies the generic architecture for the IMAGE system.

CORBA. ar!d HLA implementations are the basic mean for inter-process
communication.

e CORBA advantage: (100% standard, free, portable).

e OKTAL, IRIT, LABEIN point-out architecture requirements.

e LABEIN designs the distributed architecture fitting with.

1.2.1 Objectives
The technological objectives of the project raise themes such as:

¢ Interoperability
e Heterogeneity
e Generic environment
e Optimisation of the data exchange
e Control
e Administration
e Normalisation
We will mainly explore the axes:

e The system’s distributed architecture allowing to optimise the distribution of all
the simulation resources

e The simplification of the communications between the systems and the reuse
of the existing modules

e The use of more generic platforms fulfilling the users’ expressed needs.

Items associated to systems interoperability appearing as crucial for the users:
e To allow cooperation between heterogeneous simulation.

e To handle the constraints of synchronous/asynchronous modules through a
simulation supervision module
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To remain coherent: participants must be aware of each other’'s actions on
objects concerning them

To exchange data among simulation modules with the minimum of manual
interaction

To keep an acceptable level of performance

1.3 Research methodology

Each Task Document will refer to current state of the art, by analysing sources or
communications found on each subject.

1.4 Simulation Classification

141

Levels of Interoperability (LISI)

Domain

Levels of Interoperability (LISI) Classification

The LISI Reference Models translate interoperability levels into requisite capabilities.
LISI considers the ability to exchange and share services between systems. The
specific capabilities needed to achieve each level are described in four attributes
(procedures, applications, infrastructure and data). The LISI Reference Model
defines five levels:

1.4.2

Level 0 — Isolated Interoperability: systems have no direct electronic
connection. Data exchange occurs via manual keyboard entry or extractable
common media format (diskette).

Level 1 — Connected Interoperability: systems are linked electronically.
Allows to exchange files, little capability to fuse information together to support
decision-making.

Level 2 — Functional Interoperability: distributed systems residing on local
networks allowing complex, heterogeneous data sets to pass from system to
system.

Level 3 — Domain-Based Interoperability: integrated systems connected
via wide area networks (WAN) allowing multiple users to access data.

Level 4 — Enterprise-Based Interoperability: systems can operate using a
distributed global information space across multiple domains. Multiple users
can access and interact with complex data simultaneously. Data and
applications are fully independent and can be distributed.

Domain classification

Aeronautical simulators are used in different domains:

Electronic Component simulation
Hybrid simulation

Standalone simulation
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e Coupled simulators

e Large distributed simulation

e Distributed numerical computation
e Web simulation

e Parallel Simulation

1.4.2.1 Electronic Component simulation
Used to design and check electronic equipments. “Hardware-in-the-loop” simulation.

1.4.2.2 Hybrid Simulation

Used to test and check unitarily some module in a realistic environment that include
real or simulated equipments. “Hardware-in-the-loop” or “Man-in-the-loop” simulation.

1.4.2.3 Standalone simulation

Used to study or train specific equipment. “Man-in-the-loop” simulation. The goal is to
improve the relationship between humans and systems:

e By studying new services, to facilitate the human job

e By training end users.

1.4.2.4 Coupled ssimulators

Used to study or train a small team to cooperate in a unique simulation environment.
The Department of Defence (DoD) has promoted two military standards: DIS
(Distributed Interactive Simulation) and HLA (High Level Architecture). No civil
standard exists in this domain.

1.4.2.5 Largedistributed simulation
Simulation where a large number of participants interact.

1.4.2.6 Distributed numerical simulation
To simulate complex system, usually not in real time, and without a man in the loop.

1.4.2.7 Web simulation
Uses Web protocol to distribute simulation components on Web.

1.4.2.8 Parallel Simulation
Simulations running on massive parallel system with a large number of processors.

1.4.3 Image target
Level of Interoperability:

e Level 4 — Enterprise-Based Interoperability

Domain:

e Standalone simulation
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Coupled simulators
Distributed numerical simulation
Web simulation

Parallel Simulation

1.5 Traceability

This document refines and trace requirements outputs D2.1 [1] and D2.2 [2] , see
here below 1.5.1 and 1.5.2.

Requirements ID for Real Time domain, have the following syntax: RTR_x_y z.
Requirements ID for Numeric Simulation, have the following syntax: NSR_x y z.

1.5.1 WP 2.1 Requirements

Id Requirement description Task
Interoperability

RTR_1 1 [The IMAGE system must allow heterogeneous simulations\WP23 [3]
(in terms of hardware, software, data, network protocols,
etc.) to cooperate.

RTR_1 2 [The IMAGE system must allow distant simulations toWP23 [3]
cooperate with the illusion of being located in the same
place.

RTR_1 3 [The IMAGE system must allow incompatible simulations toWP23 [3]
cooperate. WP24 [4]

RTR_1 4 [The IMAGE system must allow similar simulators toWP23 [3]
cooperate. WP24 [4]

RTR_1 5 [The IMAGE system must manage time constraints forWP24 [4]
modules handling different times by supervision.

RTR_1 6 [The IMAGE system must remain coherent: all participants\WP23 [3]
should be aware of each other's action on objects\WP24 [4]
concerning them.

Heterogeneity

RTR_2 1 [The IMAGE system must handle simulators or simulationWP23 [3]
running on different Operating systems, platforms, network\WP24 [4]
protocols, etc.

RTR_2 2 [The IMAGE system must handle simulations with pure\WP23 [3]
simulation modules, real equipment modules, man in the
loop (through HMI).

RTR_2 3 [The IMAGE system must be able to handle simply simulationWP23 [3]
modules from various work domains.

RTR_2 4 [The IMAGE system must be able to be simply used byWwP23 [3]
"heterogeneous users”. WP24 [4]
Modularity

RTR_3 1 [The IMAGE system has to be generic with regards toWP24 [4]
numerous types of applications. WP25 [5]

RTR_3 1 1 [The IMAGE system must allow the use of existing simulators\WP24  [4]

or simulation applications by encapsulating them.

WP25 [5]

©IMAGE CONSORTIUM
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Id

Requirement description

Task

RTR_3 1 2 [The IMAGE system must allow the use of simulationWP24 [4]
modules designed for IMAGE for other applications. WP25 [5]

RTR_3 1 3 [The IMAGE system must foster the normalisation andWP25 [5]
standardisation the simulation components through
development rules and tools.

Flexibility

RTR_3 2 1 [The IMAGE system must allow any module matching the\WP24 [4]
IMAGE format (by encapsulation or using the IMAGE API) toWP25 [5]
join or leave a simulation during the run and being aware off
all the other participants.

RTR_3 2 2 [The IMAGE system must allow any module matching the\WP24 [4]
IMAGE format joining a simulation to be able to detect
dynamically the available services and participants.

RTR_3 2 3 [The IMAGE system must be able to run several simulationsWP23 [3]
one after the other (for Monte-Carlo methods). WP24 [4]

RTR_3 2 4 [The IMAGE system may be able to run a whole simulationWP25 [5]
on a single platform.

RTR_3 2 5 [The IMAGE system must allow the modules to run withoutWpP23 [3]
being part of a simulation. WP24  [4]

WP25 [5]

RTR_3 2 6 [The IMAGE system must allow modules to run sequentiallywWpP23 [3]

and exploit each other’s data. WP24 [4]
WP25 [5]

RTR 3 2 7 [The IMAGE system must allow a simulation to stop/restart. |WP24 [4]
Compatibility

RTR_3 3 1 [The IMAGE system must ensure the compatibility of many\WP23 [3]
software used (e.g. Data Base Management Systems, etc.). WP25 [5]

RTR_3 3 2 [The IMAGE system must manage the different user profiles\WP24 [4]
of a distributed simulation.

Optimisation of the data exchange

RTR_4 1 [The IMAGE system must allow the exchange of dataWP23 [3]
between simulators without common definitions of theifWP25 [5]
objects.

RTR_4 2 [The IMAGE system must handle important data flows. WP23  [3]

WP24 [4]

RTR_4 3 [The IMAGE system must provide a generic format that all theWP23 [3]
other users can understand/use but being able to get specific(WP25 [5]
enough to satisfy the user.

RTR_4 4 [The IMAGE system must be able to exchange data both onWP23  [3]
LAN or WAN or through the internet. WP24 [4]

RTR_4 5 [The IMAGE system supervision module should be able toWP23 [3]
cast data only to the module interested (multicast) WP24 [4]

RTR_4 7 [The IMAGE system should ensure the availability of the\WP25 [5]
treated data. WP23 [3]
Security

RTR_ 5 1 1 [The IMAGE system must allow a safe run of multi-sites\WP24 [4]

simulations in terms of access to the simulation

(unauthorized hosts can not join a simulation).
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Id
RTR 5 1 2

Requirement description

The IMAGE system must allow safely the running of multi-
sites simulations in terms of access to the simulation
information (unauthorized hosts can not access some
information).

Task
WP24 [4]

RTR 5 1 3

The IMAGE system must allow safely the running of multi-
sites simulations in terms of data exchange (unauthorized
hosts can not spy on the exchanged data).

WP24 [4]

RTR 5_1 4

The IMAGE system must handle the interaction between
secured/unsecured networks.

WP24 [4]

RTR 5 1 5

information are not changed, altered or modified without
authorization.

The IMAGE system must make sure that the exchangedWP24 [4]

RTR 5 1 6

The IMAGE system must provide multi-user distributed
simulation data propriety protection capabilities.

WP24 [4]

Safety

RTR 5 2 1

The IMAGE system increases the safety of the software and
hardware modules by allowing them to be tested extensively
from the beginning of the development.

\WP25 [5]

RTR 5 2 2

The IMAGE system must provide testing and controlling tools
to test and control modules and whole simulation behaviour.

WP24 [4]

RTR 5 2 3

The interaction between real world and simulation must be
particularly safe.

WP24 [4]

Robustness

The IMAGE system must detect and handle errors.

WP24 [4]

The IMAGE system must go on running even if a simulation
module goes off. Being able to restart a module that went off.

WP24 [4]

The IMAGE system must be able to follow part or all the
simulation, to access data without perturbing the simulation.

WP24 [4]

RTR 5 3 4

The IMAGE system must be able to detect if a connecting
participant has a sufficient power and so will not degrade the
performance of the networked simulation.

WP24 [4]

Learning and experimentation support

RTR 6 1 1

The IMAGE system must integrate more efficiently in the
simulation the learning supports associated to the different
modules.

WP24 [4]

RTR 6 1 2

The IMAGE system must reinforce the guidelines for the
experimentation supports of the simulation.

WP24 [4]
WP25 [5]

RTR 6 1 3

The IMAGE system must improve the experimental
framework (duration of the experimentation execution,
number of replications needed, combination of input factors
to be used for specific simulation run, etc.).

WP24 [4]

The IMAGE system must provide simulation analysis tools.

WP24 [4]

The IMAGE system must provide learning and training
support.

WP24 [4]

Administrative support

RTR 6 2 1

The IMAGE system must allow simulation services

management.

WP23
WP24 [4]

[3]

©IMAGE CONSORTIUM
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Id

Requirement description

Task

RTR_6_2 2 [The IMAGE system must provide off-line simulation resource \WP24 [4]
management.

RTR_6_2 3 [The IMAGE system must be easily maintainable. WP24 [4]

WP25 [5]

RTR_6_2 4 [The IMAGE system must store relevant data and provide WP24 [4]
tools to replay (the user can interact) or redisplay (the user is
passive) a simulation.

RTR 6 2 5 [The IMAGE system should provide debugging facilities. WP24 [4]

RTR_6_2 6 [The IMAGE system must enable data management in WP24 [4]
distributed simulation environment.

RTR_6_2 7 [The IMAGE system must provide implementation constraints \WP24 [4]
management capabilities. WP25 [5]

RTR_6 2 8 [The IMAGE system must allow distributed and WP24 [4]
heterogeneous simulations interfaces management.

RTR_6_2 9 [The IMAGE system must provide consolidated statistical WP24 [4]
facilities.

RTR_6_2 1 [The IMAGE system must ensure distributed cross- WP24 [4]

0 referencing capabilities.

Configurability

RTR_6_3 1 [The IMAGE system must be able to configure the simulation \WP24 [4]
with regard to the user needs as simply as possible.

RTR_6_3 2 [The IMAGE system must be able to record/load a WP24 [4]
configuration.

RTR_6_3 3 [The IMAGE system must build a hosting structure for a WP25 [5]
distributed simulation from a library of systemic and reusable
components.

RTR_6_3 4 [The IMAGE system must allow the user to build simulation |\WP24 [4]
clusters. WP25 [5]
Norms and standards

RTR_7_1 [The IMAGE system must be able to make the system WP2
respect a specific norm or standard or to demonstrate that it
respects this standard or norm.

Cost reduction

RTR_8 1 [The IMAGE system will allow easy interfacing of components\WP25 [5]
from different simulation systems.

RTR_8 2 [The IMAGE system must allow the replacing of real WP25 [5]
equipment by computerized elements.

RTR_8 3 [The IMAGE system will encourage the replacing expensive WP23 [3]
dedicated platforms by several cheaper generic platforms
(typically PC).

RTR_8 4 [The IMAGE system will allow the sharing of computers and |WP23 [3]
network resources on a distributed system.

RTR_8 5 [The IMAGE system must keep an acceptable level of quality \WP23 [3]
(performance, speed, precision of the data, ...).

1.5.2 WP 2.2 Requirements

Id Requirement  Task

Interoperability

©IMAGE CONSORTIUM
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Id Requirement  Task
NSR 01 1 [Allowing heterogeneous simulations (in terms of hardware, | WP23 [3]
software, data, network protocols, etc.) to co-operate.
NSR_01_2 |Allowing distant simulations to cooperate with the illusion of | WP23 [3]
being located in the same place.
NSR 01 3 |Allowing incompatible simulations to co-operate. WP23 [3]
NSR_01_4 Synchronisation WP23 [3]
WP24 [4]
NSR_01 5 Consistency WP23 [3]
WP24 [4]
NSR_01_6 Performing multi-physic simulations WP23 [3]
WP25 [5]
Heterogeneity
NSR _02_1 |[Simulation running on different Operating systems,|WP23 [3]
platforms, network protocols, etc.
NSR_02_2 |[Handling simulations with pure simulation modules, real|WP23 [3]
equipment modules and man in the loop (through HCI).
Cost Reduction
NSR_03_1 |[Interfacing easily components from different simulation|WP25 [5]
systems (development time gain).
NSR_03_3 |[Choosing cheap image generating systems using graphics |WP23 [3]
cards on PC technologies and monitors projection instead
of complex immersing system.
NSR 03 4 |In a more general way, replacing expensive dedicated | WP23 [3]
platforms by several cheaper generic platforms (typically
PC).
NSR 03 5 |[Sharing the computers and network resources on a|WP23 ]3]
distributed system.
NSR _03_7 |[Keeping an acceptable level of performance. WP23 [3]
WP25 [5]
Modularity
NSR 04 _1 ([Using existing simulators or simulation applications by|WP25 [5]
encapsulating them.
NSR 04 2 |[Using simulation modules for other applications WP25 [5]
NSR_04 4 |Normalising and standardising the simulation components | WP2
through development rules and tools.
Flexibility
NSR 05 1 [Allow encapsulation for the C and FORTRAN languages WP25 [5]
NSR 05 2 [Allowing any module matching the IMAGE format (by|WP24 [4]
encapsulation or using the IMAGE API) to join or leave a
simulation during the run (handled by the supervision part)
and being aware of all the other participants.
NSR 05 3 |[Being able to detect dynamically the available services. WP24 [4]
NSR_05 4 |[Being able to run several simulations one after the other (for | WP23 [3]
Monte-Carlo methods). WP24 [4]
NSR 05 6 |[Being able to run a whole simulation on a single platform. WP25 [5]
NSR_05 7 |Allowing the modules to run without being part of a|WP23[3]
simulation. WP24 [4]
NSR 05 8 |Allowing modules to run sequentially and exploit each|WP24 [4]
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Id Requirement  Task
other’s data. WP25 [5]
Optimisation of the data exchange

NSR 06 _1 |[Exchanging data between simulators without common|WP23 [3]
definitions of their objects. WP25 [5]

NSR 06 2 |[Handling important data flows. WP23 [3]

NSR _06_3 |[Providing a generic format that all the other users can|WP23 [3]
understand/use but being able to get specific enough to|WP25 [5]
satisfy the user: preserving meaning and being mutually
interpretable.

NSR 06 4 |[Being able to exchange data both on LAN or WAN. WP23 [3]

NSR _06_5 |[Exchanging data (mesh, geometry) among simulation|WP25 [5]
packages with the minimum manual interaction.

NSR 06 6 |Availability of treated data. WP23 [3]

NSR 06 7 |Sharing data via Internet WP23 [3]
Security

NSR_07_1 |Running safely multi-sites simulations in terms of access to | WP24 [4]
the simulation (unauthorised hosts can not join a
simulation).

NSR_07_2 |[Running safely multi-sites simulations in terms of access to | WP24 [4]
the simulation information (unauthorised hosts can not
access some information).

NSR_07_3 |[Running safely multi-sites simulations in terms of data|WP24 [4]
exchange (unauthorised hosts can not spy on the
exchanged data).

NSR_07_4 |Handling the interaction between secured/unsecured|WP24 [4]
networks

NSR_07_5 |[Making sure that the exchanged information are not|{WP24 [4]
changed, altered or modified without authorisation.

NSR_07_6 |Provide multi-user distributed simulation data propriety | WP24 [4]
protection capabilities.

Safety

NSR_08 1 |Increasing the safety of the software and hardware modules | WP24 [4]
by testing them extensively from the beginning of the |WP25 [5]
development.

NSR_08 2 |[Providing testing and controlling tools to test and control|WP24 [4]
modules and whole simulation behaviour.

Robustness

NSR_09 1 |Going on running even if a simulation module goes off | WP24 [4]
(handled by the supervision part). Being able to try to restart
a module that went off.

NSR_09_2 [Detecting and handling errors (handled by the supervision|WP24 [4]
part).

NSR_09 3 |Being able to follow part or all the simulation, to access data | WP24 [4]
without perturbing the simulation.

NSR_09 4 |Being able to detect if a connecting participant has a|WP24 [4]
sufficient power and so will not degrade the performance of
the networked simulation.

Learning and experimentation support
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Id Requirement  Task

NSR_ 10 1 |[Increasing existing lack of difficulty of learning packages|WP24 [4]
associated to simulations and simulator environment. There | WP25 [5]
is a need to implement user-friendly interfaces and online
help modules for the several modules.

NSR 10 2 |[Enhancing guidance for simulation experimentation support. | WP24 [4]
There is a need to provide online help documentation with | WP25 [5]
examples of the modules and simulations and perhaps a
small wizard to start the simulations.

NSR_ 10 3 [Allow for better experimental design support, e.g. duration|WP24 [4]
of experimental run, number of replications needed, | WP25 [5]
combination of input factors to be used for specific
simulation run, etc.

NSR 10 4 |[Improve the simulation environment, output design and|WP24 [4]
analysis facilities. WP25 [5]
Administrative support

NSR 11 1 (Enable data management in distributed simulation|WP23 [3]
environment. WP24 [4]

NSR_11 2 |Provide off-line simulation resource management WP24 [4]

NSR_11 3 |[Provide implementation constrains management | WP24 [4]
capabilities. WP25 [5]

NSR_11 4 |Allow for simulation services management. WP23 [3]

WP24 [4]

NSR 11 5 [Allow for distributed and heterogeneous simulations|WP25 [5]
interfaces management. WP24 [4]

NSR 11 6 |Provide consolidated statistical facilities. WP24 [4]

NSR 11 7 |[Ensure distributed cross-referencing capabilities. WP24 [4]
Configurability

NSR_12_1 |Ensure that the simulation environment can be configured | WP24 [4]
to correspond to the users needs.

NSR_12_2 |Build simulation environment from library of distributed | WP24 [4]
simulation systems to extract ready-built components of |WP25 [5]
simulation.

Compatibility

NSR 13 1 |(Provide facilities for compatibility of various simulation|WP23 [3]
packages used (e.g. DBMS’, etc.). The data environment|WP24 [4]
should ensure that any other tool would use data generated | WP25 [5]
by any tool.

NSR 13 2 |[Enable compatibility of user logic for co-operating|WP24 [4]
(distributed-heterogeneous) simulations WP25 [5]
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2 Middleware & Interoperability
Middleware is the *“glue” software. It must provide security, identification,
authentication and synchronisation services and ensure the correct data interchange.

2.1 Interoperability

Interoperability is the ability of a set of models and simulation to provide services to
and accept services from other models and simulations.

e Technical interoperability.

e Data interoperability.

2.2 Middleware

Middleware (systems software residing between the applications and the lower-level
hardware and software infrastructure) coordinates how applications are connected
and interoperate.

Host infrastructure middleware encapsulates and enhances native OS
communication and concurrency mechanisms to create reusable network
programming components, See as examples JVM (JAVA Virtual Machine) and ACE
(ADAPTIVE Communication Environment).

Distribution middleware defines higher-level distributed programming models
whose reusable APIs and components automate and extend the native OS network
programming capabilities encapsulated by host infrastructure middleware. At the
heart of distribution middleware are request brokers, such as CORBA, an open
standard that allows objects to interoperate across networks.

Common middleware services augment distribution middleware by defining higher-
level domain-independent services that allow application developers to concentrate
on programming business logic.

Domain-specific middleware services are tailored to the requirements of particular
domains. Domain-specific middleware services are targeted at vertical markets.

2.3 Applicable Requirements from WP2.1 to the task WP23

2.3.1 Interoperability

[o] Requirement description

RTR_1 1 [The IMAGE system must allow heterogeneous simulations (in terms of
hardware, software, data, network protocols, etc.) to cooperate.
RTR_1 2 [The IMAGE system must allow distant simulations to cooperate with the
illusion of being located in the same place.

RTR 1 3 [The IMAGE system must allow incompatible simulations to cooperate.
RTR 1 4 [The IMAGE system must allow similar simulators to cooperate.

RTR_1 6 [The IMAGE system must remain coherent: all participants should be
aware of each other’s action on objects concerning them.
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2.3.2 Heterogeneity

Id Requirement description
Heterogeneity

RTR_2 1 [The IMAGE system must handle simulators or simulation running on
different Operating systems, platforms, network protocols, etc.

RTR_2 2 [The IMAGE system must handle simulations with pure simulation
modules, real equipment modules, man in the loop (through HMI).

RTR_2 3 [The IMAGE system must be able to handle simply simulation modules
From various work domains.

RTR_2 4 [The IMAGE system must be able to be simply used by “heterogeneous

users”.

2.3.3 Flexibility

Id
RTR

Requirement description
The IMAGE system must be able to run several

3
RTR_3

The IMAGE system must allow the modules to run without being part of a|
simulation.

The IMAGE system must allow modules to run sequentially and exploit

each other’s data.

2.3.4 Compatibility

RTR 3.3 1

Requirement description
The IMAGE system must ensure the compatibility of the various software

used (e.g. Data Base Management Systems, etc.).

2.3.5 Optimisation of the data exchange

Id

Requirement description

RTR_4 1 [The IMAGE system must allow the exchange of data between simulators
without common definitions of their objects.

RTR 4 2 [The IMAGE system must handle important data flows.

RTR_4 3 [The IMAGE system must provide a generic format that all the other users
can understand/use but being able to get specific enough to satisfy the
user.

RTR_4 4 [The IMAGE system must be able to exchange data both on LAN or WAN
or through the internet.

RTR_4 5 [The IMAGE system supervision module should be able to cast data only

to the module interested (multicast)

2.3.6 Administrative support

RTR 6 2 1

Requirement description
he IMAGE system must allow simulation services management.

2.3.7 Norms and standards

Requirement description

The IMAGE system must be able to make the system respect a specific
norm or standard or to demonstrate that it respects this standard or
norm.
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2.3.8 Cost reduction

Id Requirement description

RTR_8 3 [The IMAGE system will encourage the replacing expensive dedicated
platforms by several cheaper generic platforms (typically PC).
RTR_8 4 [The IMAGE system will allow the sharing of computers and network
resources on a distributed system.

RTR_8 5 [The IMAGE system must keep an acceptable level of quality
(performance, speed, precision of the data, ...).
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3 Proposed Architecture

The IMAGE architecture is composed of the following elements:
e IMAGE middleware
e IMAGE Simulation Components
e IMAGE Tools
e Third party or commercial simulation components and tools
¢ |IMAGE Bridge to external services

e Repository

3.1 Simulation Component.
Simulation Component is developed in D2.5 [5] .

Heterogeneity NSR 02 3
Interoperability NSR 01 1,NSR 01 3,NSR 01 6
Modularity NSR 04 1,NSR 04 2

3.2 Simulation Commercial Component
General Commercial simulator that we wish to integrated into the system.

Interoperability NSR 01 6
Heterogeneity NSR 02 3
Cost Reduction NSR 03 1, NSR 03 2
Modularity NSR_04 3,NSR 04 4

3.2.1 Wrappers
Wrappers mask the difference in implementation of legacy systems.

Interoperability NSR 01 3
Modularity NSR 04 1
Heterogeneity NSR 02 2
Flexibility NSR 05 1,NSR 05 2, NSR 05 8

3.3 IMAGE Middleware
The IMAGE middleware follows a layering architecture:

e At the bottom layer, communication between heterogeneous operating
systems is encapsulated.

e The second layer of the middleware handles data and time management.

e The third layer (Supervision, Administration and Security components)
provides abstractions for communications and interoperability exchange.

Interoperability NSR 01 1,NSR 01 2, NSR 01 3
Heterogeneity NSR 02 1
Cost reduction. NSR 03 1,NSR 03 5
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3.3.1 Communications Service

Interoperability NSR 01 5

Heterogeneity NSR 02 1

Modularity NSR 04 3,NSR 04 4

Optimisation of the data exchange |[NSR 06 1, NSR 06 2,NSR 06 4, NSR 06 5

3.3.2 Time management Service

Interoperability

NSR 01 2,NSR 01 3,NSR 01 4

Cost Reduction NSR 03 7
3.3.3 Data Management Service

Interoperability NSR 01 5
Robustness NSR 09 3
Modularity NSR 04 4
Compatibility NSR 13 2

3.3.4 Supervision Service

The supervision service is developed in D2.4 [4] .

Flexibility NSR 05 3
Robustness NSR 09 3,NSR 09 4
Safety NSR 08 2
Administrative support NSR 11 1-NSR 11 5

3.3.5 Analysis & Statistics Service

| Administrative support |

NSR 11 6,NSR 11 7

3.3.6 Administration Service

The administration service is developed in D2.4 [4] .

| Administrative support \

NSR 11 4,NSR 11 7

3.3.7 System Configuration Service

Flexibility NSR 05 3
Administrative support NSR 11 2NSR 11 3
Comfigurability NSR 12 1

3.3.8 User Management Service

Heterogeneity NSR 02 2
Compatibility NSR 13 2

Security NSR 07 6
Administrative Support NSR 11 2
Configurability NSR 12 1

3.3.9 Security Service

The security service is developed in D2.4 [4] .

| Security \

NSR_07 1, NSR 07 6

3.3.10Repository

This service allows storing and retrieving session and simulation data.
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3.4 IMAGE Bridge Component

An IMAGE Bridge Component is defined to handle services from external systems.

Heterogeneity

NSR 02 1

Interoperability

NSR_01 3, NSR 01 5

Cost Reduction

NSR 03 1, NSR 03 4

Modularity NSR 04 3
Flexibility NSR 05 1
Compatibility NSR 13 2

Optimisation of the data exchange

NSR_06_4, NSR_06 5

3.5 IMAGE Utilities Component.

| Administrative support

INSR 11 4,NSR 11 7

3.5.1 Supervision Service.

Flexibility NSR 05 3
Robustness NSR 09 3,NSR 09 4
Safety NSR 08 2
Administrative support NSR 11 1-NSR 11 5

3.5.2 User Management Service.

Heterogeneity NSR 02 2
Compatibility NSR 13 2
Security NSR 07 6
Administrative Support NSR 11 2
Configurability NSR 12 1
3.5.3 System Configuration Service.

Flexibility NSR 05 3

Administrative support

NSR 11 2,NSR 11 3

Comfigurability

NSR 12 1

3.5.4 Analysis & Statistics Service.

| Administrative support

INSR_11 6,NSR_11 7

3.6 IMAGE Tools Component.

3.6.1 Testing and controlling tools

Safety

NSR_08 1, NSR_08 2

Robustness

NSR 09 3

3.6.2 Learning and experimentation support

| Learning and Experimentation Support

INSR 10 1, NSR 10 4

3.6.3 Post-processing results and visualisation.

| Learning and experimentation support

INSR_10 4
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4 Conclusion

This document presents a potential architecture for the IMAGE system.

The set of elements used in the architecture are:
e Simulation Components.
e Commercial Simulation Component. Integrated using Wrappers.
¢ IMAGE Middleware. Offering five services.
e IMAGE Uitilities.
e IMAGE Tools.
e |IMAGE Bridge.

Each of them was described and referenced to the identifier of requirements met.
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