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*Interoperability has been a topic of concern for at
least 30 years
—DoD continues to experience interoperability problems

+*Much work has already been done:
— Military policy created
—Interoperability defined

—Frameworks, methods, models, and measures for
interoperability created
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— The ability of two or more systems or components to exchange

information and fo use rthe informafion that has been exchanged.

= |EEE Standard Computer Dictionary: A Compilation of IEEE Standard
Computer Glossaries. New York, NY: 1990.

— Being able to accomplish end—-user applications using different types
of computer systems, operating systems, and application software,

inferconnected by different types of local and wide area networks.
= James A. O'Bien and George M. [1]
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Related Works for Interoperability

< 1) Wrapper [Language level]
— Java?2l Wrapper Class
% 2) XML(eXtensible Markup Language)

?1)953&era’red Database System for managing Distributed, Heterogeneous Databases

:Heterogeneous databases :MZE L2 platformOilM AL 7t

— Internal database: Conceptual database, Physical database

— Exported schema

— Federated Schema : Integration

— External database: Logical database
4) Heterogeneous database?| 21F i Soap& T ANl T2 EE 217 [KIDA ]
5) Inter—LegacyzZt?| Interface Mechanism: IDL (Interface Definition Language)

— Interface: ComponentE&& interface® &

— Connector: InterfaceE& 21&0IFE= connector® 0|-§

- Adaptor:  Component 2] FE& HYGA|HF= AdaptorE FOIM HEAIE
% 6) Standardized API(Application Programming Interface: API2| Interface XiE 2
% 7) Any Platform (CORBA, EJB, .Net) Ol A2] X 2B 8 C17: & O|lA
% 8) MDA (Model Driven Architecture): Meta Modeling& S0l

— ArcStyler =+
< 9) High—level Architecture: BiXil A|[FIL]|7|RECHS, OIF%S]
% 10) Interoperability Testing Methodology and Framework [ICU 1999]

—- &N F& HBOIM ZZEZ0]| P O 21X}, ME ALY, I2t0|E{2] R TIX|O|
* 11) IMM (Interoperability Maturity Model) : LISI
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Inter—LegacyZt@l Interface Mechanism: IDL

[Lamb, 1983]

+IDL (Interface Description Language) is a software
interface description language (also referred to as
Interface Descriptor Language) created by William
Wulf and John Nestor of Carnegie Mellon University
and David Lamb of Queen's University, Canada.

+Like other interface description languages, IDL
defined interfaces in a language— and machine—
independent way, allowing the specification of
inferfaces between components written in different
languages, and possibly executing on different
machines using remote procedure calls.
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IDL (Interface Definition Language)

Structure simple Root exp Is
tree ::= lefaf | inner;
inner => op: operator,
sons:Seq Of tree;
leaf => name:String;
operator ::= plus | minus | times | dicide;
plus =>; minus=>; times =>; divide =>;
End

Simple IDL structure

Structure rep1 Refines simple Is
For leaf.name Use fixedstring 20;
For operator Use enumeration;

End

Structure rep?2 Refines simple Is
For leaf.name Use index;

End

Refining structures
m Hengik University
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Federated Database System for managing
Distributed, Heterogeneous Databases
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Federated Database System for managing
Distributed, Heterogeneous Databases

[McLeod and Heimbigner, 1985]

+ A federated database system is a type of meta—database management
system (DBMS) which transparently integrates multiple autonomous
database systems into a single federated database.

+ The constituent databases are interconnected via a computer network,
and may be geographically decentralized.

%+ Since the constituent database systems remain autonomous, a
federated database system is a contrastable alternative to the
(sometimes daunting) task of merging together several disparate
databases.

% A federated database (or virtual database) is the fully—integrated,
logical composite of all constituent databases in a federated database
system.

% MclLeod and Heimbignerlll were one of the first papers to define a
Federated Database Architecture define 1the architecfure and
inferconnect dafabases that minimize cenfral authority yet supporfs
partial sharing and coordination among database systems
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Federated database system for managing distributed,

heterogeneous, and autonomous daigabhg

+ External External “"-, _ _ o External

sch% /scﬁema o schema
Federated - | Federated
schema .+ schema

schema schema schema

Conceptual Conceptual
sch|ema =TT schema
Logical i i Logical

schema L schema
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What ITA : EA+TRM+SP

“ITA

EA (Enterprise Architecture)
+ TRM (Technical Reference Model)
+ SP (Standards Profile)

Business

< EA = Business Processes

X =
o 1

+ Information Flows and Relationships

(Information)

+ Applications / = = \
L Applicati
+ Data Descriptions Applcation
A =
+ Technology Infrastructure / (Data) \
o =
(Technology)
14
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High—level Architecture: ®1X§ A|X=[DoD, 1995]

+*Networked Virtual Environment(NVE)
—Interactions among simulation nodes connected to the
network
“*High Level Distributed Simulation Architecture for NVE
—Interaction among federates connected to the network

— Federation corresponds to NVE

entity Federate Federate

antity
i ILIL]

& Al A -
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HLA (High Level Architecture)

Weapon Systems |nstrumented

Simulations Real-world C4l Ranges
environment, military systems, doctrine

Individual
Combatants

HLA Interface Specification

Key: B Reusable across all DoD simulation systems

I Reusable across a simulation domain
B unique
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Adapter on any Platform
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Any Platform (CORBA, EJB, .Net) &0 A2] 4 ¥ 2%
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SOA & Web 2.0
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SOA(Service Oriented Architecture)[Gartner,

1996]
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SOA(Service Oriented Architecture)

Public or Private
UDDI Registry

Service
Registry
Service |
: Description !
WSDL ' Pub¥N
Description
Q
X'
S
Service
r
L 1 Bind
| Service It
' Proxy I SOAP Protocol
| (Client)
——————— ! http
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MDA (Model Driven Architecture)
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MDA (Model Driven Architecture)|[OMG, 2001]

+ The Model—-Driven Architecture approach defines system functionality
using a platform—independent model (PIM) using an appropriate
domain—specific language.

% Then, given a platform definition model (PDM) corresponding to CORBA,
.NET, the Web, etc., the PIM is translated to one or more platform—
specific models (PSMs) that computers can run. (EDIT: This requires
mappings and transformations and should be modeled too0.)

<+ The PSM may use different Domain Specific Languages, or a General
Purpose Language like Java, C#, PHP, Python, etc.[citation needed].
Automated tools generally perform this translation.

<+ The OMG organization provides rough specifications rather than
implementations, often as answers to Requests for Proposals (RFPs).
Implementations come from private companies or open source groups.

<+ MDA principles can also apply to other areas such as business process
modeling where the PIM is translated to either automated or manual
processes|[citation needed].
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MDA (Model Driven Architecture)
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MDA (Model Driven Architecture) for
Embedded Software System
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e—MDA (Embedded Model Driven
Architecture)[Robert Kim, 2005]
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Microsoft

e—MDA 7|gte| TEmR Ta9lS

Microsoft
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Process

input = = =p

Repository

model

Code Porting

WinCE Embedded Linux
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IMM (Interoperability Maturity Model) :
LISI[DoD, 1998]
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IMM (Interoperability Maturity Model) : LISI[DoD,

1998]

+LISI (Level of Information Systems Interoperability)
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Example

Implementation Options

LEVEL Interoperability Attributes
(Environment) P A D WAN
Multi-National .
_ Enterprises | Interactive . Cross- SIPRNET
Enterprise 4 [ —— gg:rots_s Multi- Enterprise
a ications i i Model
Level Enterprise PP ) Ezrlmer:sm_nal odels JWICS
n ; Full Object opologies Enterprise
(Universal) Govt Enterprise Cut & Paste Model NIPRNET
Shared Data |nternet) :
¢ DBMS (
Damain Domain O e paabiys > L Services
Level 3 o Froais, | SRupemmoraten | WAN ___Lpgimain Satab
Training, etc.
Full Text Models atabases
(Integrated) Cut & Paste I
<3 mager
Web Browser Program ~ g, y
Common - - 9 ST apimes
Operating Basic Operations AR odal _
Functional Environment Conas & Word Processing
Level 2 P et Advanced
Databases D ata
Program Adv. Messaging Form ats
(Distributed) standard Procedures. | i wiAtacnm ents NET
Basic Messaging
Standards (e.g.,Unformatted Text,
Connected 1 Compliant W Two Way Basic
Level - i Data
Simple Interaction
Security Profile (;.g.,TleI;melry, Formats STGndar‘ds DocumenT
(Peer-to-Peer) Text Chatter, Voice, Fax) One Way . DoD JTA
Media Exchange Removable Media F
Procedures Media Formats ANSI ormaTs
Coll_ccated systems, aSC
|50|ated 0 Single operator N/A Manual Private ISO
Collocated systems, aW
Level Separate operators Re-entry Data IEEE )
s Iwp
(Manual) NO KNOWN INTEROPERABILITY rtf wWpX

Mapping

Chart
ARC INFO
ARCVIEW

ATLAS
CMTK
Dew Drop
Delorme

Edge
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Heterogeneous database?l| Q1T Soap&

ol UK TZEE %47 [KIDA
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