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R‘i); 1. Motivations

* Air Force Command and Control System is based on:

— Heterogeneous information sources kept in
multiple platforms, application and databases.
— Different islands of information.

— Poor provision of internal sharing of data and
services

®* |nsecure communication of information.

* Poor Decision Support System
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</ 1. Motivations
R,

e Decision Support Systems (DSS) are
extensively used to take decisions

—In defense organizations

« Example: Security and safety operations, mission
planning, resource allocation, etc.

—In corporate world:

 Example: Market analysis, product distribution,
resource and employee allocations, etc.
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+,/ Motivations (contd.
B’j ( )

e A crucial drawback of these DSS consists of
the guarantee of freshness for the collected
Information, because:

— When a decision spans over a longer period of time, the
original states of these retrieved information often change
during the period of the validity of the decision.

EX. Weather condition alters during the rescue operation and
brings difficulty to the rescue workers.

— Architecturally, DSS integrates service/s with a one-time
execution of a multi-task business process.
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+,/ Motivations (contd.
B')f ( )

e The solutions to this problem are:

— Periodically recalculate the decision from user’s side irrespective of
any change of information.

* Integrate and compose remote services,

monitoring.
: c’\‘)(
» Leverage re-execdfioft the

change in djs abUrees.
<

erfeice for the user application to subscribe to a

ogram some analysis and optimization capabilities in the
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. 2. Objectives
) J

1. To identify a business case for the

use of service integration as an
Infrastructure for distributed

decision support.
) Decision Support
To design the software et

capabilities needed to develop
this middleware.

Client
Application

To demonstrate a procedure to S |
upgrade the current status of the / Middleware \/Se;\;lldces
"Digital Cockpit" middleware to nformation Sources
Include almost real-time AGEpES I ey

| |
Integration, and monitoring of web =
services.

Finally, to conclude with a partial
standard based implementation of
e system followed by the

shots of user interface.
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m\? 3. Systems characteristics & capabilities

> A network distributed middleware

> Present the synthesized information as a structured
navigational big picture that offers the ability to drill into
the details.

» Based on peer-to-peer architecture (publish-subscribe)

> Provides users with the ability to rapidly access data and
to perform many sorts of statistics and calculations on it.

» Modular efficient service based integrated infrastructure
to carry out efficient decision making in net-centric
fashion.

> |s a software platform performing real-time _
Integration/monitoring and re-execution of web services.
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m\/ Competitive advantages of DC
e
» Align strategy with execution:

v'Highlight key performance indicators
v'Help to make more accurate decisions.

v Improve organizational performance.

»Monitor key performance indicators :

v'Proactively alert commander with relevant information.

v'ldentify trends.

» Create personal views of information with a DC
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R-,/ As a downstream result

» Extract useful information from large data sets and databases.

» Improve the decision-making process.

» Bridge the gap between planners and operations

> LInk between available resources and mission objectives.

L_everage the coherence and optimality in database management.

R & D pour la défense Canada — Valcartier  Defence R&D Canada - Valcartier



- 4. Approach
B il
v -

1 t t
Presentation '
We have chosen messaging service for the
sharing of information.

Tier Publisher Publisher Publisher Publisher

Integration
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@7 Approach : Service Integration (contd.)

msg. initial
request — uer .
a | Msg. Binding msg. query | Invocation
Component Framework 5
Service = v 5
Client Execution I= 0 3
1 Engine E . Cc:cs< %
s e 2
L Msg. Out P _ g
Component -1 Msg. Receiver ¢--
response - |
:changes :
pnd : J .changes
notifications : :

Weather Service

Notification Manager «-:

Integration Container
Request response mechanism

-------- Message based notification mechanism
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m\? Approach: Java Message Service

Client Application

Server Application A
@ — G Client Application
creates - > % ______________ . 5 @ Client Application
. : Q :
N

| Session |

; |: |: creates
: []

|  Connection |

M y_creates ¢ ’U: ¢creates
essage ' PR -
sendegr UMessage """"" ( Queue l M | SeSIS|0n |
binds t ; @ L R >U@ creates
i -[ Mes‘;age HEEEEEE
; : S I receiver
(D Publish Subscribe Messaging ry

©
extract

(2) Point-to-Point Messaging

Message based communication:

 Asynchronous and loosely coupled.
 Real time notification.

Cross-VM communication.

e  Uniform environment.

*  Quality control.

Easy extensibility.
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m)? Approach: Data Integration

Department 1 Department 2
[ ] [ ] [ ] W [ ] [ ] [ ]
— — — o — — —
Client Client Client l:l_: Client Client Client
Applets Applets Applets U\') Applets Applets Applets
| | | > | | |
Law)

Application Application Application Application |7> Application Application
\ 4 Y A 4 y A\ 4 A\ 4

- . m - -
Application Server/s E Application Server/s
| I
Integrator ;\ 2 Integrator
Law)

Topic \

JMS

JMS
Topic Topic Sender Topic Topic
. H

Data Sources Data Sources

Publisher




R,i)? Service Integration Procedure:

oo 1 ------------- .
o)

External
Service
Integration

Service call

Notification
Required?
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n
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=2
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c
. ! 0,
_ _ ! Re/Compute >
. Registration \| Result P
:f_\ 1 m
| Manager /! n
| 8 i )
Web = | Q
: > ! =
service X ! =
| © ' @]
| > 1
1E ' 2
i i+ Re-compute §
Send to -
S Next Node
Notification i
Manager U A

Service Execution Engine
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m)B Methodology-System’s overview

e Integrator: connects all the sources of information
within and across the organization. |ntegra’[e

o Display: Presents the synthesized information into a
meaningful and structured format.

e MonItor: Allows the active monitoring of the -
| | , | Monitor
information systems’ state for the purpose of testing and
responding to thresholds.
° Analyzer: Performs pattern and trend analysis, Analyze
simulation of “what-if” scenarios etc. | |
Controller: enhance and o_ptimize the used Control
rocesses, methods and strategies.
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Tb*)’ 6. Technology & Implementation Stack

Decision Support Middleware

v v v v v
Information Integration Display Analysis Security

& Layer & & &
Service Sources y Monitoring Control Reliability
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m)f Technology & Implementation Stack

Decision Support Middleware

v v v v v
Information
&
Service Sources |
Challenges Used technologies
« Heterogeneity of sources. Data Sources

Oracle database.
Sybase database.
MS-Access files.
Legacy System.

» Distant location of storage of
information.

Absence of an integrated Service Sources

platform. « WSDL description.

» Proprietary XML schema.
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m‘)} Technology & Implementation Stack

Decision Support Middleware

v v v v v

Integration
Layer
~J 7
Application Server
Sun J2EE Server + Good documentation - Not truly free license
+ Ease of use - Performance
- Bad overall reputation
JBoss Application + Documentation - Incompatibility with AXIS API

Server .
+ Relative ease of use

+ Community support

Apache Geronimo
Server

Community support - Poor official documentation (yet)
Apache reputation

Most efficient free JMS Implementation (ActiveMQ)
ServiceMix JBI (JSR 208) Integration

Apache license

+ o+ o+ o+ o+ o+

Professionally designed

+

Jonas Relative ease of use - Small community

Server French-centric

R & D pour la défense Canada — Valcartier  Defence R&D Canada - Valcartier



m‘)} Technology & Implementation Stack

Decision Support Middleware

v v v v v

Integration
Layer
7 P4
Service Execution
ActiveBPEL + Good documentation - Hard to deploy on Geronimo
+ Relative ease of use - No WS-Naotification support
- Only SOAP over HTTP
Apache Twister + Community support - Still not mature
+ Apache reputation - Only SOAP over HTTP
+ Well designed
Fivesight PXE \ -+ Integrated with ServiceMix / Java Business Integration (JBI) - JBI : no documentation besides the JSR 208 spec
+ WS-Notification support provided by ServiceMix (codeHaus) - Poor PXE / ServiceMix documentation
+ Integration with Spring (Inversion Of Control)
+ Asynchronous support provided by JBI / JIMS
IBM BPWS4J + Ease of use - No updates
- No support
- Many limitations
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m)/" Technology & Implementation Stack

Decision Support Middleware

|

Challenges Used technologies

A 4
Display
&

Monitoring

7

. . e Spring lightweight container :
o Gl’aphlca| repl’esentatlon — Inversion of Control (IoC) paradigm
— Flexibility
. . . . — Maintainability
« Real time view & notification. _ Unit-Testability
AXIS and XFire SOAP Stacks :

— Integration with Spring

e Performance.

— Automatic generation of artifacts (WSDL..)
jWeather METAR / TAF (Legacy Data) Parser.
JFreeChart.

Espresschart (Quadbase Inc.)
Java3D.
JMS API: Msg. communication.
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m)/" Technology & Implementation Stack

Decision Support Middleware

v v v v v
Analysis
&
Control
Challenges Used technologies
. Understanding Scenarios. » JFREEChart data analysis library.

_ _ » Jakarta POI.
« Suitable analysis and

- . - » Game theory based decision support
optimization algorithms. mechanism.
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m)/" Technology & Implementation Stack

Decision Support Middleware

v v v v v

Security

PRI [ [ [ [

&

Challenges Used technologies

 Distributed applications. « Network and authorization protocols.

.- i i » Crypto-protocols.
« Military applications.
« JSSE APL.

Traceability.
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~/ User Interface

xlab

¥ MEMBER 1 M MEMBER2 | MEMBER3
MEMBER 4 © MEMBERS W MEMBER &

¥ MEWBER 1 M MEMBER 2  MEMBER 3
MEMBER 4 ©/ MEMBERS ™ MEMBER &

£ Mission Crew Count E@@

® NSH_WW_ID0 =32 ® MSN_WM_ID 1= 16
S MSH_WW_ID2 =16 MSN_WW_ID3= 16
MSN_WAN_ID 4= 19

Access Control List
=] Moritoring
& Cren daily readiness
+--# Mission Cost
% Mission Crew Count
* % Mission Deleay Duration
©-# Mission Status
Y vission Type
@ Analyzing

Digital Cockpit

i unfitled - Paint

Graphical Presentation.
Weather Maps.
Missions View.
Real-Time Notification.
Analysis Scenarios.
Optimization Scenarios.
Operation Logging.
Authentication.

Access Control.
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-/ User Interface
R,

1. Graphical Presentation.

2. Weather Maps.
3. Missions View.
4. Real-Time Notification.

5. Analysis Scenarios.

0o . | 6. Optimization Scenarios.

i ..:
b ?.';! “.‘ '; '.t . y ..\“‘
e
. b Canadé/ Sy Ernbidmentchgd

7. Operation Logging.

Natifications

8. Authentication.

# Morthly day fly hours p 9 . ACCeSS ContrOI L

& Morthly night iy hours %

Weather Maps:

View the weather from the same digital cockpit window.
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7 U
R

ser Interface

Raw Data

Maps and Charts

g:b Current: KBVY

Available Data

efl Boston: Charts

eﬂ‘ Montreal: Charts

g‘:b Current; KCNK Canada: Maps
eﬂ Toronto : Charts

@ USA: Aviation @ USA:Winds
g\:’b Current: KLAX 53) Current: ESPC 3D View
g:;“) Forecast: Toronto g::‘_‘) Forecast: Montreal
g:b Forecast: Boston
date |conditionsle. Jtemperatur...|temperatur...| cloudAmou... claudAmou..[directio
Sun Aug 07 320 920 |5
FriAug 05 -
Mon Aug 0
Tue Aug 09.., 89.0
SunAug 07 |8 560 3220
‘Visual Navigation
Mon Aug 0. 440 192.0
Frifug 05 | /
[ Il I ol | y
feather Forecast Real-Time Notifications
@d Location \ Count \ Updated Parameters \
* Toronto 13 12 Hourly Probability of Precipitation, Conditions [cong, Snow Amount, Wind Direction, Daily Maximum Temperature, Apparent Tem. =
* KBy B wind speed by, dewPointhy , Weather, pressure by, temperatureby , Wind Direction by ,
* Boston 13 Liguid Precipitation Amount, ¥ind Speed, Ti , Daily Maximum T , Apparent Te , Dew Point Temperat j

Graphical Presentation.
Weather Maps.
Missions View.
Real-Time Notification.
Analysis Scenarios.
Optimization Scenarios.
Operation Logging.
Authentication.

Access Control.

Weather Service:
Analyze weather information from distant weather service sources.

R & D pour la défense Canada — Valcartier  Defence R&D Canada - Valcartier




~/ User Interface

3D View
1. Graphical Presentation.

2. Weather Maps.
3. Missions View.
4. Real-Time Notification.

5. Analysis Scenarios.

6. Optimization Scenarios.
7. Operation Logging.

8. Authentication.

9. Access Control.

Weather Service:
Expanded view of a specific weather web service scenario.
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Digital Cockpit

0 % w5 TH0A

Graphical Presentation.
Weather Maps.
Missions View.
Real-Time Notification.
Analysis Scenarios.
Optimization Scenarios.
Operation Logging.
Authentication.

Access Control.

Missions View:

See as events happening on the map of Canada (e.g. flights./ wings )
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-/ User Interface
RJ __

> H - D
- [111] —=Anonth -
== 0000
000
' 2
% £
@
£
E
z

Digital Cochpit

U005 Fen-2005 Mar-2005  Ap-2005  May-2005  Jun-2005  JUb200S  AUg-2005  Sep-2008  Oct2005  Nov-2005  Dee-2005
Date

WUNTI  ®LNTZ 4 UNT3 uniT 4 UNTS Y unT2

\\\\\ 2005 WH005  Aug-2005  Sep-2008  Oct2006  Now-2005  Dec-2005
Date

WUNTI  ®UNT2 & UNTZ UNIT 4 UNTE ¥ UNIT2

o

* Morthly tetal fiy ho

& Montriy day fly hours p

# Monthly right fly hours v
| >

Graphical Presentation.
Weather Maps.
Missions View.
Real-Time Notification.
Analysis Scenarios.
Optimization Scenarios.
Operation Logging.
Authentication.

Access Control.

Analysis Scenarios:
Allows time-based prediction analysis.
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R,%,\? User Interface

~= 1. Graphical Presentation.

e%‘.‘;'i,.g,;—‘r_m:

ﬂ:ﬂ"i-,-
..=? E_K
R j@sﬁ wwﬁﬂ T == 2. Weather Maps.
F ey - SA =
IR Vo % 3. Missions View.
i — ~ ::;: Watched Missions
\‘ = LD::-:’_) q;‘—nl—-‘t“"‘ @mmm
' oL ~ : T
3 i Qs 4. Real-Time Notification.
N g"“w 5. Analysis Scenarios.
Qe o .
Qeser 6. Optimization Scenarios.

7. Operation Logging.
8. Authentication.

9. Access Control.

note weather scenarios.
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m\/" /. Conclusion

This paper presents a novel approach of service integration
and monitoring that is based on:

— Open implementation standards.
— Event-based Asynchronous integration.

— Almost real-time notification over information changes.

— Scope of re-computation is identified independently from
the integration style.

— Well-designed integration architecture.

Future Work:

—Quality of Service computation of web service re-execution.

—Developing cutting-edge decision support mechanisms.
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