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3!�24�%XEMPLE������SUPERVISOR	3!�24�%XEMPLE������SUPERVISOR	

.O�IMAGE

)MAGE

&/6
INCREASE

&/6
DECREASE

�IMAGE�
%����TO�MAKE�ONE�IMAGE

&/6�INCREASE
4���TO�INCREASE�&/6
&/6�MODIFICATION

��TRUE

&/6�DECREASE

4���TO�DECREASE�&/6�

�STOP�IMAGE�
$���TO�MAKE�ONE�IMAGE

�&/6�MODIFICATION
���FALSE

�&/6�MODIFICATION
��FALSE

INIT
�&/6�MODIFICATION

���FALSE

&/6�MODIFICATION��TRUE
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2AISED�PROBLEMS2AISED�PROBLEMS

.O�VALIDATION.O�VALIDATION
uu .O�CHECK�OF�THE�CONSISTENCY�OF�THE�SYSTEM�BEHAVIOR.O�CHECK�OF�THE�CONSISTENCY�OF�THE�SYSTEM�BEHAVIOR

uu 0ARTIAL�USE�OF�OPERATIONAL�SCENARIOS���NO�CHECK�OF�THE0ARTIAL�USE�OF�OPERATIONAL�SCENARIOS���NO�CHECK�OF�THE
COMPLETNESS�OF�THE�SYSTEM�BEHAVIOR�	COMPLETNESS�OF�THE�SYSTEM�BEHAVIOR�	

.O�CONTINUITY�BETWEEN�FUNCTIONAL�ANALYSIS�AND�SYSTEM.O�CONTINUITY�BETWEEN�FUNCTIONAL�ANALYSIS�AND�SYSTEM
ARCHITECTURE�DEFINITIONARCHITECTURE�DEFINITION
uu .EW�DIAGRAMS��CONSISTENCY�	.EW�DIAGRAMS��CONSISTENCY�	

3EVERAL�MODELS��SIMULATION�TOOLS��CONFIGURATION3EVERAL�MODELS��SIMULATION�TOOLS��CONFIGURATION
MANAGEMENT�MANAGEMENT�
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#URRENT�PRACTICE�IN#URRENT�PRACTICE�IN
k$ISTRIBUTED�-ODELING���3IMULATION{k$ISTRIBUTED�-ODELING���3IMULATION{
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$O$�$-3/$O$�$-3/
4WO�RECENT�$EFENSE�3CIENCE�"OARD��$3"	�4ASK�&ORCES

�2EPORTS�ON�!DVANCED�$ISTRIBUTED�3IMULATION�AND

2EADINESS��REFERENCES���	�AND���		�HAVE�RECOMMENDED

THAT�ARCHITECTURAL�EFFORTS�TO�COMBINE�LIVE��VIRTUAL�

AND�CONSTRUCTIVE�SIMULATION�BE�BROADENED�

)N�ADDITION��RECENT�SPECIAL�STUDIES�HAVE�NOTED�THE

NEED�FOR�ARCHITECTURAL�ACTIVITIES�TO�PROMOTE�THE

INTEROPERABILITY�AND�REUSE�OF�MODELS�AND�SIMULATIONS

TO�SUPPORT�OTHER�FUNCTIONAL�AREAS�SUCH�AS�ACQUISITION

�2EPORT�ON�-�3��REFERENCE��E		�

)NTEROPERABILITY�AND�REUSE�ARE�LIMITED�BECAUSE�THE�$EPARTMENT

OF�$EFENSE�LACKS�A�COMMON�TECHNICAL�FRAMEWORK�FOR�SIMULATION

ARCHITECTURE�

4HERE�IS�NOW�A�CONSENSUS�THAT�$O$�MUST�ESTABLISH�SUCH�A

FRAMEWORK�TO�FACILITATE�THE�INTEROPERABILITY�OF�ALL�TYPES

OF�MODELS�AND�SIMULATIONS�AMONG�THEMSELVES�AND�WITH�#�)

3YSTEMS��AS�WELL�AS�TO�FACILITATE�THE�REUSE�OF�-�3�COMPONENTS�

��	��$EFENSE�3CIENCE�"OARD��/FFICE�OF�THE�5NDER�3ECRETARY�OF

$EFENSE�FOR�!CQUISITION���2EPORT�OF�THE�$EFENSE�3CIENCE�"OARD

4ASK�&ORCE�ON�!DVANCED�$ISTRIBUTED�3IMULATION���!UGUST�����

�D	��$EFENSE�3CIENCE�"OARD��/FFICE�OF�THE�5NDER�3ECRETARY�OF

$EFENSE�FOR�!CQUISITION�AND�4ECHNOLOGY���2EPORT�OF�THE���$EFENSE

3CIENCE�"OARD�4ASK�&ORCE�ON�2EADINESS���*UNE�����

&ROM�THE�3IMULATION�"ASED�$ESIGN&ROM�THE�3IMULATION�"ASED�$ESIGN

�3"$	�PROJECT�3"$	�PROJECT
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4HE�PROPOSED�-ETHODOLOGY4HE�PROPOSED�-ETHODOLOGY

4HE�CO
VALIDATION�APPROACH

2
%
&
��
4
#
/
?
%
.
�

�/
U
IT
L�
0
O
W
E
R0
O
IN
T

)NFORMATION�INCLUDED�IN�THIS�DOCUMENT�ARE�4HOMSON
#3&�GROUP�S�OWN�PROPERTY��4HESE�ONES�SHALL

NOT�BE�DISCLOSED�WITHOUT�THE�PRIOR�WIRTTEN�CONSENT�OF�4HOMSON
#3&�/PTRONIQUE�

$4���'©NIE�/PTRONIQUE

/NE�MODEL��THREE�6IEWS/NE�MODEL��THREE�6IEWS

0ROVIDE�ONE�MODEL��WITH�SEVERAL�VIEWS�ADAPTED�TO�EACH�DEVELOPMENT
STAGES�
u !�BEHAVIORAL�VIEW

l TO�CHECK�CONSISTENCY�OF�THE�SYSTEM�BEHAVIOR�

u !N�OPERATIONAL�VIEW
l TO�CHECK�COMPLETNESS�OF�THE�SYSTEM�BEHAVIOR�

u !N�ARCHITECTURAL�VIEW
l TO�REFINE�THE�SYSTEM�BEHAVIOR�IN�TERMS�OF�COMPONENTS�AND�A�REFERENCE�ARCHITECTURE�
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4HE�"EHAVIORAL�6IEW4HE�"EHAVIORAL�6IEW

#OMPLEX�SYSTEMS�SUCH�AS�MULTI
SENSORS�/PTRONICS�SYSTEMS�HAVE�TO
BE�REACTIVE�TO�EVENTS�COMING�FROM�THEIR�ENVIRONMENT��
u &OR�INSTANCE��SENSORS�,INE�/F�3IGHT�MAY�HAVE�TO�CHANGE�ACCORDING�TO�SCENE

UPDATES��PILOT�COMMANDS��DATA�FUSION�RESULTS��TARGET�RECOGNITION��ETC�

u (OW�THESE�EVENTS�MUST�BE�HANDLED���7HICH�PRIORITIES�MUST�BE�FOLLOWED��

u (OW�TO�ENSURE�THE�SPECIFICATIONS�DON T�FORGET�A�PARTICULAR�COMBINAISON�OF
HAPPENING�EVENTS�

3INCE�;(AREL�����=��THE�STATECHART�APPROACH�HAS�SHOWN�TO�BE�USEFUL
TO�MODEL�REACTIVE�SYSTEMS�
u 2ELATIVES�RESEARCHES���'AJSKI�3PEC#HARTS��5NIVERSITY�OF�3TANFORD	�

%STEREL�3YNC#HARTS��).2)!�#-!	��0TOLEMY�
#HARTS��5#�"ERKELEY	�

u (IERARCHICAL�&INITE�3TATE�-ACHINES��&3-S	�TO�PROCESS�EVENTS�

u CONCURRENT�MODELS�BETWEEN�&3-S�TO�MODEL�COLLABORATION�BETWEEN�SYSTEM
FUNCTIONS�
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4HE�"EHAVIORAL�6IEW4HE�"EHAVIORAL�6IEW

TO�VALIDATE�THE�CONSISTENCY�OF�THE�SYSTEM�BEHAVIOR��
u CHECKING�OF�THE�SYSTEM�MODES�SPECIFICATION�WITH�THE�(IERARCHICAL�&INITE�3TATES

-ACHINE�FORMALISM�

u CHECKING�OF�THE�DELAYS�ACCROSS�THE�SYSTEM�WITH�THE�$ISCRETE�EVENTS�FORMALISM�

4HE�SPECIFIER�USES�THESE�FORMALISMS�TO�FIGURE�OUT�HOW�THE�SYSTEM
MUST�BEHAVE�AND�REACT�TO�EXTERNAL�AND�INTERNAL�EVENTS�ACCORDING�TO
THE�REQUIREMENTS�

/THER�FORMALISMS�MAY�BE�SELECTED�TO�MEET��FOR�INSTANCE��FAULT

TOLERANT�CONSTRAINTS�
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4HE�/PERATIONAL�6IEW4HE�/PERATIONAL�6IEW

4O�VALIDATE�THE�COMPLETNESS�OF�THE�SYSTEM�BEHAVIOR
u THE�MISSIONS�OF�THE�SYSTEM�THROUGH�SCENARIOS��

l TACTICAL�ENVIRONMENT�DEFINITION�

u THE�(UMAN�3YSTEM�)NTERFACE��
l SYMBOLOGY�

l CONTROLS���JOYSTICK��ETC�	�

l VISUAL�DEFINITIONS�

4HE�CUSTOMER�AND�THE�SPECIFIER�AGREE�ON�WHAT�MUST�BE�THE�SYSTEM
BEHAVIOR��AND�MISSIONS�
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4HE�!RCHITECTURAL�6IEW4HE�!RCHITECTURAL�6IEW

2EFINEMENT�OF�THE�MODEL�IN�TERMS�OF�COMPONENTS�AND
AN�ARCHITECTURE��
u COMPONENTS�CAPTURE�TECHNICAL�FUNCTIONS��

l PROCESSING�COMPONENTS�

l CONTROL�COMPONENTS�

l SENSORS�AND�ACTUATORS�COMPONENTS�

l ETC�

u ARCHITECTURE�CAPTURES�INTERACTIONS�BETWEEN�COMPONENTS��

l MODELS�OF�CONCURRENCY��COMMUNICATION�AND�CONTROL�

u DEFINITION�OF�COMPONENT�INTERFACE�WITH�THE�ARCHITECTURE�AND�AVOID�DIRECT
DEPENDANCY�BETWEEN�COMPONENTS�

,AST�STAGE�BEFORE�TECHNOLOGY�CHOICES��
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u $ATA&LOW�FOR�PROCESSING�COMPONENTS�

u &INITE�3TATE�-ACHINES�FOR�CONTROL�COMPONENTS�

u $ISCRETE�%VENTS�FOR�PERFORMANCE�EVALUATION�

!N�INFRASTRUCTURE�WITH�GENERAL�PURPOSE�SERVICES��
u LIBRARIES�OF�REUSABLE�COMPONENTS�

u GRAPHERS�
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u EXTENDABILITY���OBJECT
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u THE�"EHAVIORAL�6IEW�OF�THE�SYSTEM�MODEL�

u AND�THE�!RCHITECTURAL�6IEW�

7E�EXTENDED�0TOLEMY�TO�SUPPORT
u THE�/PERATIONAL�6IEW�THROUGH�INTERFACES�WITH�THE�$)3��$ISTRIBUTED
)NTERACTIVE�3IMULATION	�STANDARD�PROTOCOL�FROM�$O$�$-�3�/FFICE�

4HE�$)3�DOMAIN�IS�DERIVED�FROM�THE�$%�DOMAIN
u EVENTS�ARE�DISPATCHED�TO�THE�INPUTS�OF�THE�BEHAVIORAL�MODEL�

u OUTPUTS�OF�THE�BEHAVIORAL�MODEL�EMIT�EVENTS�TO�THE�OPERATION
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'OAL��PROVIDE�SERVICES�TO�SUPPORT�INTEROPERABILITY�AMONG�FEDERATES�WITH�DIFFERENT�LOCAL�TIME
MANAGEMENT�SCHEMES�IN�A�SINGLE�FEDERATION�EXECUTION�
/BSERVATION���24)�BY�ITSELF�CANNOT�GUARANTEE�INTEROPERABILITY�

2UN�4IME

)NFRASTRUCTURE��24)	

TRAINING�FEDERATE�

REAL
TIME�EXECUTION

CONSTRUCTIVE�FEDERATE�

TIME
STEPPED

EXECUTION
2UN�4IME

)NFRASTRUCTURE��24)	

CONSTRUCTIVE�FEDERATE�

EVENT�DRIVEN

EXECUTION
2UN�4IME

)NFRASTRUCTURE��24)	

LIVE�COMPONENT�

REAL
TIME�EXECUTION

W��HARD�DEADLINES

2UN�4IME

)NFRASTRUCTURE��24)	

MULTIPROCESSOR

PARALLEL�SIMULATION�FEDERATE�

OPTIMISTIC�4IME�7ARP

EXECUTION
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%VENT�$RIVEN�&EDERATE%VENT�$RIVEN�&EDERATE

WHILE��SIMULATION�STILL�IN�PROGRESS	

INVOKE�.EXT�%VENT�2EQUEST��4
LOCAL

���TIME�STAMP�OF�NEXT�LOCAL�EVENT	

24)�DELIVERS�NEXT�43/�EVENT�W��TIME�STAMP� �4
LOCAL

�IF�ANY�EXIST����OTHERS�W��SAME�TIME�STAMP	

24)�ADVANCES�FEDERATE S�LOGICAL�TIME���INVOKES�4IME�!DVANCE�'RANT

IF��43/�MESSAGE�S	�DELIVERED�IN�ABOVE�.EXT�%VENT�2EQUEST�SERVICE�CALL	

PROCESS�THE�REMOTE�EVENT�S	�DELIVERED�TO�THE�FEDERATE

ELSE

PROCESS�NEXT��LOCAL�EVENT

'OAL��MERGE�43/�MESSAGES��EVENTS�FROM�OTHER�FEDERATES	�WITH
LOCAL�EVENTS�SO�ALL�EVENTS�ARE�PROCESSED�IN�TIME�STAMP�ORDER

24)

FEDERATE

43/

MESSAGES

LOCAL

EVENTS LOGICAL
TIMECURRENT

TIME

NEXT
LOCAL
EVENT

NEXT
REMOTE
EVENT

4
LOCAL
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$)3�(,!�BUS$)3�(,!�BUS

$)3�DOMAIN$)3�DOMAIN

&3-�DOMAIN&3-�DOMAIN 6ISUALIZATION6ISUALIZATION
--)��'5)��--)��'5)��
-AN
3YSTEM-AN
3YSTEM
)NTERFACE�	)NTERFACE�	

4ACTIC4ACTIC
MODELMODEL #ARRIER�MODEL#ARRIER�MODEL

/PTRONICS�SYSTEM�CONTROL�LOGIC/PTRONICS�SYSTEM�CONTROL�LOGIC
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#ONCLUSION#ONCLUSION

3YSTEMS�DEFINITION�METHOD�IMPROVED��
u $)3�SIMULATIONS�TO�DEFINE�SYSTEMS�MISSIONS�

u 0TOLEMY�SIMULATIONS�TO�SPECIFY�SYSTEMS�SUPERVISION�

u #O
SIMULATIONS�TO�FILL�THE�k�GAP�{�BETWEEN�OPERATIONALS�AND
INDUSTRIALS�

3IMULATION�INFRASTRUCTURE�ENHANCED��
u 0TOLEMY�$)3�DOMAIN�PROTOTYPE�

-AINTENABILITY���BETTER�CHANGES�MANAGEMENT
u HELP�TO�CHECK�INTRODUCTION�OF�NEW�FUNCTIONS�IN�SYSTEM�DEFINITION�
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2EFINEMENT�OF�BEHAVIORAL�MODELS�WITH��
u TIMING�PROPERTIES��AND�PARAMETRIC�PHYSICAL�RELATIONS�OR�DIFFERENTIAL
EQUATIONS��#4�DOMAIN��	

!DD�DEAD
2ECKONING�TO�THE�0TOLEMY�$)3�DOMAIN�
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4HE�GENERIC�0TOLEMY�$)3�MODEL4HE�GENERIC�0TOLEMY�$)3�MODEL
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