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= Changed by

i —
— National strategic thinking

— Commander’'s operational needs
— Battlefield resources allocations

= Hard to firm the user’s requirements and

g ifications ’-r — ——4

“ I



Ooerl Issues

N Capamty of a—prOJect leader and system —
~ ‘engineer——

= Complexity of battlefield objects

= Formalization of military operation model .

= Selection of a reliable and adaptive. tool

= Additional issues in the system integration |
ﬂi’eapon system replacement

eal-tme dataicommunicatior —

=SBUSINESS process reengineering
— Command and control process changing




OUr Solutions

__= The rapid prototyping metho

— requirements analysis

— feasiblility studies

— systematic development | -
= The formal model
RS -




" = Rapidly evaluating requirements for real-
i — |
time control software using executable

prototypes

= Testing and integrating completed
subsystems through evolutionary

Jlietetyping t
T ———
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code generator '
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rlow CAFPS Works

GRAPHICAL
MODEL

PROGRAM
GENERATION

DEMONSTRATION
MODEL

REQUIREMENT
CONSTRAINTS

DECOMPOSITION
MODEL

RE-USABLE
SOFTWARE

PRODUCTION




Project
Control

Software
Database

Evolution
Control

Manager

Execution

Support
|

User
Interface |

Translator

Dynamic
Scheduler

Debugger

Component
Specification

Static
Scheduler

Graphic/text

editor

Tools
Interface

18



s O=PUWUNUS UC
p——— :
— P'denotes a set of military person objects
— W denotes a set of weapon system objects
— N denotes a set of navigation systemirobjects

— S denotes a set of platform sensor objects

senotes arset of communication link %(ectsi.iﬂi







= O(#1) = O (i) +40() | ——
= O(i+1).= P(i+1) O W(i+1) OUN(i+1) O S(i+1) U C(i+1)
= Ofi) = P(i) oW(i) UN(i) U S(i) U C(i)
E AO(I) AP(I) U AW(i) O AN(i) & AS(i) o AC(i) where
= AO(i) = Oswap_into(i) — Oswap_out _of(i) « Omodified(i)
= AP(i) = Pswap_into(i) — Pswap_out_of(i) © Pmodified(i)
= AW(i) = Wswap_into(i) — Wswap_out_of(i) «:\Wimodified(i)
= AN(i) = Nswap_into(i) — Nswap_out_of(i) & Nmodified(i)
= AS(i) = Sswap_into(i) — Sswap. out_of(i) U Smodified(i)

= N(i+1) = N(l)+AN(I)
= S(i+1) =S (i) + AS(i)

= C(i+1) = C (i) + AC(i)

AC(I) -Cswap /nto(/) Cswap._out_of(l)...Cmodified(i)
mw , :
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- The C4ISR system selected by our prOJect IS a
uge-grain program [Lugi, 1997] involving module
composition.

= We spent almost one year to conduct this project
by nine project teams.

= Each project team had one project leader and 24

project members in charge ofi25)/arge-graiits
SinaNReEite rated meta-

c ogram and 24 individual programs.
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ENetwork Centr‘C‘Warfare [Alberts et al., 1999]

~ " [Understanding Information Age Warfare [Alberts et al., 2001]
"Power to the Edge [Alberts et al., 2003]
“Information Warfare and Security [Denning, 1999]

2. Development and Implementation of the C4ISR Systems

Command and Control Theory
"Real-time Embedded Systems
Requirement Engineering and Rapid Prototyping
 Computer-Aided Prototyping System

ﬂfon of the C4ISR Systems

"Automated Software Engineering
Computer-Aided Software Engineering System [Harn, 1999a]




Coarztionzl Arcrl
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' :lomf Gpera lona —C@mmand and Control System (JOCCS) —

ﬂf‘D‘é’C]SIOﬂ-S-U‘p*port System of Operation Area Commander
(DSSOAC)

= Battle Command System (BCS)
= |ntelligence Surveillance and Reconnaissance.System =

(ISRS)
CS) t

= Air Defense System (ADS)

'e-Suppor{—and Geoerdination. SystemdES

= Personnel Information Integration System (PIIS)



| he Battlefield ©Objectsof. Eike

, 3 , T2 o , T/ FfA N
and Coordineiion SYysia)

= Military People

— Fire-coordinating Officer, Fire-supporting Director, Artilleryman,

NavyrLiaison Officer, Air Force Liaison Officer, Chemistry Officer,

Communication and Information Officer, Object-obtaining Officer,

Object-analyzing Officer, Air Force Support Director, J2 Air
Operational Officer, Air Control Director, Army Air Force Officer

= Weapon Systems

— Field Artillery, Rocket Forces, Armor Forces, Gunnery, Fighter-
bomber, Hunting Helicopter

= Navigation Systems

ﬂCNS, Satellite: Navigation GPS —
_ T T —
I lllance and' Reconnaissance Radar, Coast

Acquisition Radar, Searching and Ranging Radar, Weather
Radar, ATHS

= Communication Links

— High-rate Receive Links, High-rate Transmit Links, Low-rate
Receive and Transmit Links, Tadiran Communications
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f=3FiDL Editor : FOC p
File Edit View P
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File Edit Yiew PSDL Help
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File Edit View PSDL Help
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@ (D) fire_support_co_centr:
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Mame :

Implementation Language :

Trigger :

Defliriitor) of Ooerator

Yerlex Fio perties

radar_2d_integrated

Operator

By All

Stream List

If Condition

[
[ |

Required By

ID List
Enter or Edit IDs

Sporadic

radar_e
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Rexqu

200

ReqL E;g 1D Input Dialog

1400

ReqL Enter new Id
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Qutput Guards

Exception Guards
OK

Exception List

Timer Ops

Keywords

Informal Desc Formal D

Cancel
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R
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IMPLEMENTATION

" SPECIFICATION = GRAPH
— . INPUT radar : undefined_type — VERTEX nlo_34_0
= INPUT object : undefined_type PROPERTY x = 278
S PP O — PROPERTY y = 205
= OUTPUT objectradar : undefined. type PROPERTY radius = 35
L] OUTPRUT object # undefined_type PROPERTY color = 62
" =\[n} PROPERTY label_font = 5
PROPERTY label_x_offset =0
" IMPLEMENTATION Ada nlc_23 PROPERTY label_y_offset =0
. =\[p} PROPERTY met_font = 5

PROPERTY met_unit = 1
PROPERTY met_x_offset = 0
PROPERTY met_y_offset = -40 .
PROPERTY is_terminator =ifalse.
EDGE radar EXTERNAL ->nlo_34_0
PROPERTY. id =39

OPERATOR noc_26
SPECIFICATION
INPUT objectradar : undefined_type
OUTPUT radar : undefined_type
MAXIMUM EXECUTION TIME 0 ms

END PROPERTY label_font =5
PROPERTY label_x_offset = 0
L] IMPLEMENTATION Ada noc_26 PROPERTY label_y_offset = 0
= =\[p) PROPERTY latency. font = 5

PROPERTY latency_unit = 1
PROPERTY latency_x_offset = 0
PROPERTY Iatency y offset— -40

OPERATOR sfcp._29
SPECIEICATION

bject : undefined_type
adar: undefined type

rJOF ebjectinlo) .
HF’OH”‘F(J o

M = = = = m ®E ®m ®E E ®E ®E ®E E E S ®E N N N N N N N N N ®m @®m

IMRLEEMENTATION Adaisicpize TY label_x_offset =0
EEINID) PROPERTY label_y_offset = 0
PROPERTY latency._font = 5
PROPERTY latency. unit = 1

OPERATOR bnlo_
SPECIFICATION

= INPUT object : undefined_type PROPERTY latency_x offset = 0
= OUTPUT object : undefined_type PROPERTY latency_y_offset = -40
L] END PROPERTY spline =" 254 23 "

DATA STREAM
radar : undefined_type,
object : undefined_type
CONTROL CONSTRAINTS
OPERATOR nlo_34_0

= \[p}



methodologies and tools:
e —
— IDEF, UML, C4ISR Architecture Framework 2.0,
System Architect V9.1, ARIS, Rhapsody

= Petri-Net

= swap_Into, swap_out_of, modified and |
rchanged mechanism ____ﬁ-l

~ = Building




