27 onnuol INCOSE
iNternafional symposium
!I - Adelaide, Australia

ST ANDY
L L / July 15 - 20, 2017

Semantically-enabled Model-based Systems Engineering of
Safety-critical Network of Systems

Leonard Petnga (1), Mark Austin (2) and Mark Blackburn (3)

Affiliations: (1) University of Alabama, (2) University of Maryland, and (3) Stevens Institute of Technology.

www.incose.org/symp2017/



Outline f'-\'

[/
ksl

Problem Statement

. State-of-the-Art Capability

. Semantic Foundations for MBSE

Problem Solving Strategies

. Simple Example (Family-School-Urban Dynamics)

. Temporal and Spatial Logic

Integration Challenge (Safety at Traffic Intersections)
. Scaling things up (Work in Progress)

References

©0O~NO A WN-=

Acknowledgement: Financial support and collaborations with NAVAIR and NIST.

www.incose.org/symp2017 2



ey

Wy

Problem Statement

Need for Model-Based Systems Engineering
Approaches for Network of Systems (NoS)
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What is a Network of Systems (NoS)? @J,-,\'J/

Cyber space (cloud)

Physical sensing

nterconnected

Distributed
Integrated
Intelligent/

Organ/human on-a-chip systg

Integrated Smart Grid/Buildings  Traffic Control (UAS/ATC)
Intelligent Transportation
Systems (ITS)

Definition: Aggregation of system of systems (SoS) and complex cyber-physical
sytems (CPSs) operating in a networked environment.
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Network of Systems Backbone: CPS and SoS wesyy

° Tigh.t integration of cyber and @ Arrangement of systems into an
physical elements independent, larger system
@ Distributed/networked system @ Mission oriented, with weak (and/or
components tight) coupling of components
@ Embedded computational platforms @ Might have human in the loop
v >
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Distributed System Behavior Modeling for NoS f\

| AN
‘\ .#

Enabling Distributed System Control

@ Research Question: How should decision makers cooperate to achieve
system-wide performance and management objectives in large scale NoS?

@ Solution strategy: behavior modeling with ontologies, rules and
message-passing mechanisms = many-to-many interactions in the SP
[Austin,2015]

w
Physical Infrastructure Domain Business / Work Domain Transportation Domain
Uality Network Urban Business Bus Routes
Flows of: information, Flows of: information,
goods, energy. goods, energy.
-t--- - ’ Iv--b 4————————1' Ir-—-b
: I I I
I I I |
. I I |
1 ! Q_p ! |
I | |
Y Y Y Y
. Government .
Power Network Infrastructure — Business Business — Trans.
[ Mediator ‘] Department [ Mediator ] Metro System Routes
A A A A
: I I I
1 1 I I
1 1 | |
- I — | >
O Flows of: information, Flows of: information,
goods, energy. goods, energy.

Source: Coelho, Austin and Blackburn, 2017.
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Motivating Application: Safety of Self-driving Cars 4]

North

(.M) @w ©
()
* : trl

Key Challenges: Distributed and concurrent behaviors; networking obstructions;
delays; safety-critical operations; need for formal approaches to analysis.
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Transition to Semantically-enabled
MBSE

Two basic questions: 1. What does state-of-the-art MBSE
for NoS look like? 2. How efficient are the semantic
foundations?

www.incose.org/symp2017 8



State-of-the-Art MBSE Capability f!,1,-,\,;,;/

. L Figure: Multi-level approach [Mosteller, 2014]
Flgure: Big picture MBSE [Austin, 2011]

Customers / Users

Design
/ - 8 A
" " | Requiremeats |  Engineering Semi-formal - -
Crganization — Logal agroemect Sysmem Analysis Goals / Scenarios B UML / SysML E
- -t - 2
: [ T - ! ! A F
REAL WORLD SPACE | Dita | | Sol'm Dita | Sol’ms Y \ Transformation i £
MODELING SPACE . + h + | - - ezs
¥ : L : - [ Trade-off Analysis J [ Detailed Simulation ] B
< : “ormal -4
Strategy L0 - — Capture . O — Behavior Analysis Y4 < =
Businesss processes Representation Cost Design Space Explorati Validati d Verificati £
Resoucrces Organization Ascembly sign Space Exploration ] [ alidation and Verification ] é
Staff 00 (e Evaluaton et - =~ - Maintenance Y =
Allocation / Flowdown Rey System Design System Analysis
Traceability | . . .
Validation / Verification ‘| Differcatial Equations
Managemeat | ]
Evaluation of logical relationships . . .
| TG A — 4 Design correctness = semantic-driven
Organization Project

approach to modeling/integration

MBSE ill-equipped for decision making/reasoning

@ Requirements elicitation /specification, weak language/physical semantics

@ Separation of concerns = loose coupling

@ Broken integration approaches formal vs semi-formal models.




Semantics in MBSE

Why semantics for MBSE?

@ Meaning of models: formal VS lexical VS conceptual
@ In practice: precise def. of intended behavior of ontology-based tools/systems;

@ Semantics defined in terms of models in the sense of model theory

Semantics Support Approaches for MBSE

@ Language retrofitting: logic strengthens semantics of UML, SysML [Graves, 2012]
@ Ontological profiling: profile in the modeling tool (OWL-SysML) [Wagner, 2012]

Engineering questions Transformation Logical questions
2 ¥ SSAmEL

Reasoning

onto/ogl services/ §
algorithms
Behavior | 0 Y GGy 0oL ¢
\ Diagrams / j
Eng. Models Logi Auto. Reasonin
: gic Rep. . g
(Semi-formal) (Formal) , (Formal)
\
Engineering Answers Interpretation Logical Answers
Ans.: Model inconsistencies, redundancies. Q.: System level req. (safety)?, Dynamics?
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Strategic Approaches to Development

Basic issue: How to remain productive in the face of rapidly
Increasing system complexity?

www.incose.org/symp2017 11



Tenets of Our Approach e

Tenet 1: NoS should be designed and managed through the use of

models, as opposed to documents

@ Bang for the bucks: minimal mechanism, maximal function
@ Reliable operation in a wide range of environments

@ Ease of accommodation for future technical improvements

Tenet 2: NoS design methodologies need to employ semantic

descriptions of domains and formal reasoning

@ Adaptive validation of requirements
e Multidiscipline/models communication and integration

@ “Data” instead of “Tool-to-tool” interoperability

@ Assessment of system capability in uncertain environments

www.incose.org/symp2017 12



Enabling Infrastructure: Semantic Web Layer Cake %

Event-driven

L tesplaons - conrel
control
L uniyegiogent | - Proofs
RDQL/ Rules: Ontologies
searct || iakenamiesioors) (| 1] Jer and Rules
Rules
 owamerchngeror | - Granhs of data

Legend: Substitute to
standardized
technologies
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System Architecture (Work in Progress)

Semantic
Model

Cross-
domain
knowledge

(Application) Models

_(Control) Semantic Model
Rttt - LN . | uses
+ [ Integrator/ Design |!
1| Controller /an |
\ /

o
o
g
>
constraints é
Req. Semantic §Model
i \
'| Require »( Reg. |:
| ment dom. '
! | Ontology rules '

(Component) Semantic Model(s)

Engineering Model(s)

..........................

. ~
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:/ \‘ : :
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1
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decisioq
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( System Structure
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l Space Onto. I

[ Space rules ]
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Simple Example
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Simplified Semantic Modeling of a Family ... oy

v
Fact. Sam is a boy. He was born October 1, 2007. Q Ontology
| basAge Q
Rule 1: For a given date of birth, a built-in function h“wﬁi‘g;l;--__@ e O
getAge() computes a person’s age. goe 2w
¢ attendsPreschoo

l | |
Rule 2: A child is a person with age < 18. [ mae | [ Remae | [ cna ]

N
Rule 3: Children who are age 5 attend preschool. Event-driven

Boy .
evolution of

Feb 1, 2008 Feb 1, 2015

semantic graph.

The Facts : A

“

Sam
7

¢ hasBirthdate f” hasBirthdate 1'? hasBirthdate ¢ hasBirthdate
™\

-

Oct. 1, 2([)(7] Oct. 1, 2007 J Oct. 1, 2(07] Oct. 1, 2007

J

Source: Delgoshaei, Austin, Pertzborn 2014.
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Behavior Modeling of Family-School Interactions E-.x-,

Nl %
| | Semantic graph and
Family Domain | Mediator Domain | School System Domain |nte rfaCe model

[ U U U

listen

listen | Enrollment — ! Enrollment
|

1 1
Family Graph Family Interface [ . [ School System School System
- I Mediator I »-
Model Model : : Interface Model Graph Model
i i , A
i o — |
-l — —
Reasoner : Report : Report Reasoner
i Tt T ' i
import : : import

I : school system

family rules I | rules
1
I I

family — school
interaction rules ] — — — — — m e —— -

Source: Coelho, Austin and Blackburn, 2017.
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Family-School-Urban System Dynamics

Layers

<

Buildings
Grid Model

Highways

<

House Layer

<

Residential Streets

o v Schools
(=]
b
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e
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QIOB\
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3
o . 2
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.
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Temporal and Spatial Logic

Basic issue: How do notions of space and time affect safety
in safety-critical NoS? How should we reason with spatial
and temporal phenomena?

www.incose.org/symp2017 19



Hierarchies of Logic @.'\-’,

Temporal Logic: Describes how the conditions of a system changes over time:

We want to know what is true, and when?

Spatial Logic: Is concerned with regions and their connectivity, allowing one to
address issues of the form:

We want to know what is true, and where?

Spatio-Temporal Logic: Spatial logics are combined with temporal logics,
allowing one to address issues of the form:

We want to know not only what is true, but when and where?

www.incose.org/symp2017 20



Allen’s Temporal Interval Calculus (ATIC)

Interval-based models: formal analysis having time-dependent behavior

(2) Topological(connects): Do intervals /; and /, meet? and,
(3) Logical (rules-based) : Does proposition ¢ hold within the interval /17

Proper Time Intervals with fully specified Time-points for reasoning
Restricted axioms ensuring time reasoning decidability (in OWL DL)

Temporal properties and their evolutions:
(1) Mereology (part-of ): Does t occur within /17,

Thirteen (13) relations

Seven main relationships
I I 12 I 12
[ 4
12
intBefore (11,12) intMeets (11,12)
intEquals (11,12)
I Il 12 11
12 12 Il 12
— P — b
intStarts (11,12) intFinishes (11,12) intDuring (11,12) intOverlaps (11,12)

Example (intOverlaps)

intOverlaps(ly,lp ) = [Properinterval(ly) A\ Properinterval(l)]
A (3 tp, t3)[ends(tp, Iy ) A begins(tz, I ) A\ before(ts, t3)
A (V t1 )[begins(ty, I ) = before(ty, t3 )]
A (VY ty )[ends(ty, I, ) = before(ty, ty )]]]]

www.incose.org/symp2017
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lllustration: ATIC-based Time Ontology and Reasoning

g

Eacts: Car 1 is at location X at time tX and at time tB at
location B. Similarly, Car 2 is at location S at tS and at B at
tB. Interval tXB starts and ends at the same time
respectively as tX and tB. Idem for interval tSB and tS and

B.

Sample rules(literal):

Rule 1: Time instants are partially ordered

Rule 2: For a given proper time interval, a built-in
function getDuration() computes an interval duration
Rule 3: Two time intervals finish at the same time if
the share the same end instant (intFinishes)

Initial Facts After Rule 1
hasTime _ (30170228
1 B !
12 S
'3 . ‘S !
2017-02-28 2.7 / St
09-00:10 " %l
= 2,
$!  Rulel o
ule
L * . - s = s
.
-4 ' '
1
! i ¢
: 2 " ‘}\ { '
)
gl =
2017-03-03 lg'-* 7 S |
11000002 J© 5/ 8! egins
c i T et
5 = -
ok i S & E’\es_‘-ﬁr_ 2017-03-03
i T09:58:102
' B 1
L - Ll
1] = 'l
’

m

2017-03-03 |’
T09:58:102

beginsAt _»

uogeingsey

happensBefore

happenkefore
e B
I

happens‘efore
cemenngee———
I

@hji'_'"]e_ 2017-02-28
U4 00 0
~ = eginsar

2017-03-03
110:00:002

L]

]

L}

* 1

]

Eh_a{“_rqe_ 2017-03-03 !
109:58:202 1

Time Ontology

After Rule 3

~

ili
’
.

-

Event-driven
evolution of the
Semantic Graph

Uoneingsey

aysiul4u

~

N,
A (Cpaprsomses

e 4

oneingsey

i
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Reusable Semantic Block (Time)

Ontology (OWL)

[) time.rules £2 ,

aa

12

14

16

18

20

22

24

13// Rule Def@l: Definition of an BegDur Interval .... greaterThan(?d,P)

15 [ BegDurIntervDef: (?x rdf:type af:TemporalEntity) (?x af:hasDuration ?d) (?X
17// Rule Def@2: Definition of an EndDuration Interval ....
19 [ EndDurlIntervDef: (?x rdf:type af:TemporalEntity) (?x af:hasDuration ?d) (7%
21// Rule Def@3: Definition of an BegEnd Interval ....

23 [ BegEndIntervDef: (?x rdf:type af:TemporalEntity) (?x af:beginsAt ?t1) (?x d

25// Rule Def@4: Definition of an open Interval ....

greaterThan(?d,P)

Time reasoning engine

OowL

Time

Ontology

[} myTimeOntology.owl %

i
// Object Properties
W il
e

<!-- http://www.isi.edu/~pan/damltime/time-entry.owl#happensBefore -->

<rdf:Description rdf:about="&time-entry;happensBefore”>
<rdf:type rdf:resource="8owl;AsymmetricProperty"/>
</rdf :Description>

<!-- http://www.isi.edu/~pan/damltime/time-entry.owl#hasDuration -->
<rdf:Description rdf:about="&time-entry;hasDuration”>

<rdf:type rdf:resource="8owl;FunctionalProperty"/>
</rdf :Description>

1) GetGreaterThanUnit java £ |

856

A 86
87

@ 88
8
%

9
92

93
34

95

%

97
9

9
100
101
A102
103

104
185

€0verride
public boolean bodyCall(Node[] args, int length, RuleContext context) {
checkArgs(length, context);
BindingEnvironment eny = context.getEnv();
Node n1 = getArg(®, args, context);
Node n2 = getArg(l, args, context);
Node n3 = getArg(2, args, context);
String incompatibleUnits="";

System.out.printin("");
System.out.println("*** In GetGREATER_THAN_UNIT.bodyCall()....");

if (nl.isliteral() == true 8& n2.isliteral() == true 8& n3.isliteral() == true) {
Object vl = nl.getliteralValue();
Object v2 = n2.getlLiteralValue();
Object v3 = n3.getliteralVolue();
Node leBoolean = null;

1f (vl instonceof String 8& v2 instanceof String 8& v3 instonceof String) {

www.incose.org/symp2017
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Region Connectedness Calculus (RCC) @,\,
\ .'Adl
@
3 P 3

© Space-region theory: convex region
of any shape with D > 1

© Mereotopological description; DC(X,Y) TPP(X,Y) TPP™
© Boundaries; static and

dynamic-based reasoning support ‘ @
v

DC No info. DR,PO,PP
EC DR,PO,PPi  DR,PO,TPP,TPi

PO(X,Y) NTPP(X,Y) NTPP~™

Figure: RCC-8, possibly -5 relations

% @ Example ( Restrictions - for decidability)

© 3D abstraction with 0, 1, 2D rep.

Figure: Composition table(excerpt) © Closed convex spatial entities;

© Regular shapes; No transitivity deductions;

www.incose.org/symp2017 24



lllustration: RCC8-based Ontology and Rules

Facts: At a given instant t, cars, as spatial entities c1, .., c4
are traveling through a subset of the intersection as spatial
entities s1, ., s4 respectively along trajectories trl,  ,tr4.
Spatial entities types and (JTS) geometries - e.g., Point
LineString, Polygon - are known

Sample rules (literal):
Rule 1: From a given JTS geometry, a built-in function

getGeometryType() infers the type of a spatial entity

Rule 2: For a given type of space, a built-in function
getDimension(), computes the dimension of a spatial
entity

Rule 3: Two spatial entities are disconnected if their
geometry are disjoints

Spatial data

www.incose.org/symp2017
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Spatial Reasoning with Jena and Jena Rules

[java] Named Class(4): Region Statements: Statements for space s1 ...

E t f :java} === Full Name: http://petnga.org/ontologies/space#Region Statesent! 1) tate ents
java] --- Superclass: Resource ... Subject : http://petnga.org/ontologies/spacesSl H
Xcerp O [java] --- Superclass: SpatialEntity ... Predicate: mtp://pemga.orglontoloqxes/suce‘reoiquals aSSOCIated

. [java] --—- Superclass: Thing ... Object : http://petnga.org/ontologies/spacesSl
[java) --- Subclass: ThreeDRegion ... Statement| 2)
eg Ion aSS [java] === Subclass: TwoDRegion ... Subject : http://petnga.org/ontologies/space#S1 . H
[java] --- Subclass: OneDRegion ... Predicate: http://petnga.org/ontologies/space#regdisConnected Wlt atla
[java] --—— Disjoint with: ZeroD$pace ... Stog’“‘t( : ;;tp://pemga.orglontoloquslsucets. Rule3
— . atemen
[fava) . Data Property "“e: hasGeometryType ... Subject : http://petnga.org/ontologies/spacesSl (RCC-8) .
[java) Domain: SpatialEntity ... Predicate: http://petnga.org/ontologies/spacesregDisConnected
(java] === Data Property Name: hasDimension ... Object : http://petnga.org/ontologies/spacesTrd eason I ng
[java] --- Domain: SpatialEntity ... Statement| 4]
[javal --- Data Property Name: hasGeometry ... Subject : http://petnga.org/ontologies/space#Sl Rule 1
[java] — Domain: SpatialEntity ... Predicate: http://petnga.org/ontologies/spacefhasGeometryType ule
{java] --- Data Property Name: hasLength ... s Object l : ;:olyqon"
ava) === Domain: Region ... tatement
:}avai -—— Data Property Name: haguue 3“1’1:" : :np:;/pemga.org;onto{ogses;spaceosl »
[javal — Domain: SpatialEntity ... redicate: http://petnga.org/ontologies/spacesoutside
[java] - Object Property Name: regTangPropPartiny. «.. 5‘2:{.:;” ] :;tp./lvetnga.orqlontoloquslspacecﬂ
[java] === Domain: Region ... Subject : http://petnga.org/ontologies/space#S1 Rule 2
[java] -~ Object Property Name: regNonTangPropPart ... Predicate: http://petnga.org/ontologies/spaces#hasDimension u
[java] —-- Domain: Region ... Object : “2*~http://www.w3.0org/2801/XMLSchemasint"
[java] --- Object Property Name: on ... Statement| 7)
[java) --- Domain: SpatialEntity ... ;ubll’:ﬂt : mn:xne:m-orojm:O}oeieS?pu:::: -
— P : redicate: http://petnga.org/ontologies/spaceshasGeonetry =
:;:;:} e e ta: Ao . GOblect i “POLYGON ((308 200, 300 409, 700 400, 700 208, 300 200)°| 3
. tatesent
:}:::} - Object "°P°f'g°x::: gmggjgm?,mmm:! Subject : nnp:/Ipﬂnga.org/ontoloquslsp:cnsl L
: Predicate: http://www.w3.org/1999/82/22-rdf-syntax-ns#type =
(java] --- Object Property Name: regPartialOverlaps ... Object : http://petnga.org/ontologies/spacesTwoDRegion &
[java] === Domain: Region ... Statement| 9)
[java] --- Object Property Name: inside ... Subject : http://petnga.org/ontologies/spacesSl -
[java] — Domain: SpatialEntity ... Predicate: http://www.w3.org/1999/02/22-rdf-syntax-ns#type
[java] - Object Property Name: hasShell ... s‘ott»ject" :l:;tp:/lpﬂnqa.orq/ontologus/spacenegzon -
[java) === Domain: Region ... stenen (=}
l;"al --= Object Property Name: rgTangPropPart . Subject : http://petnga.org/ontologies/space#Sl B
[java] — Domain: Region Predicate: http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type [ 3
8 i Reg Object : http://petnga.org/ontologies/space#SpatialEntity 0o
[java] -—— Object Property Name: regDisConnected ... Statesent{ 11) a5
[java] - Domain: Region ... Subject : http://petnga.org/ontologies/spacesSl o
{java] === Object Property Name: outside ... Predicate: http://www.w3.0rg/1999/02/22-rdf~syntax-ns#type aZ
[java] === Domain: SpatialEntity ... Object : http://www.w3,0rg/2000/01/rdf-schemasResource @ c
[java] --- Object Property Name: regExtConnected ... Statement| 12) P4
[java] — Domain: Region ... Subject : http://petnga.org/ontologies/spacesSl o
[java] -— Object Property Nome: hasCentroid ... Predicate: http://www.w3.org/1999/02/22-rdf-syntax-ns#type
{java] =-- Domain: Region ... Object : http://www.w3.org/2002/07/owl#Thing i
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Model Integration

Basic issue: How to integrate models in the semantic
framework for effective simulation and analysis of NoS?

www.incose.org/symp2017 27



Whistle: System Integration Language @,\
\ '#/

Language capabilities Looping Constructs

x =0 cm;
Integration of models of physical components & computation presf e o omll
print x X
Simulation and analysis of continuous & discrete behaviors e R a
} else {
Support: Units, branching, looping, Multi-format(XML,0OSM,.. «-x+2em  Networks of finite state
}
o } . .
machine behaviors
CyberWorld b i A T PR e
:_ A Semantic graph 1 _ :-' ? :
S [ ==
: g update Ievents : - ‘ — :
: : I g \ T ) | : .
't ewnis T faewonst N J == Systems Integration
. —®% Rules for Control 1 T —r ‘ 2 :

L i —— d e e emes e e e e e e e e e e e e e e -— - - - -
S maps 1 .I sensesI fdn’ves
implements Visualization . uses l
° — ){ _Interface B e

I implements | lom uta l' . Abstract ;

F s Re iy
et l ! —— . For a description of Whistle, see

:C_—'Jn_ @a_"iij § Input file J i Delgoshaei, Austin and Pertzborn

omputation Framework | : (problem description)
| [2014].

use

IULSIHM

www.incose.org/symp2017 28



Application: Traffic Intersection with No Traffic Lights

Behavior
modeling and
control.
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[l

Tjeal Stnesest] 1]

[jowal  Sebect : Bwgc/)petege.orp/eetslogien) La0iad

{foal  Poaicate: 209/ . ud. 2o TR 212t -uyntan-oaitype
Tl BRject o Bempc/petage. pog entulag hes) eaAc o N
[jeal Stnesest] 21

(Jomal  Sedjmct : Be%p:/)petege.ovpivetsliogion infin]

(il Poatticane: 2t/ petage. oog/uetnlogion imtverieloci tyl atPorCorTankalnr
sl Wject 'u.mr

[jomal Stmemest|

{jomal  Sebimct vﬁ 113wt ooploetzlagien) iniad

Tjwal m».n RT3 )M, 500t Lag s L PN Lax Lt vt
[jal  Bject 1 T TR AR A DML et g

[jomal Stutemest| T

[fowal  Sebmct : Bee:/lpwisge.oop/uetzlogion intind

Tjwal m“m Mg /g, P

m e B .
a--«u .=

__________

PN GrS sty W’MW et
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Spatio-Temporal: Reasoning, Communication and Control

|| car.rules | im.rules || wraffic.rules 4] *CarOntologyMod I3 . - O 0 O . mm_"esm
& * CarModel.java: Create an ontoloay-based car model - o

i package ontologies.models; l]ﬂva]

(java Statesents: 1M1 ...

- G# import java.util.*;

public class CarOntologyModel extends AbstroctOntologyModel {

lisa)
. {]ﬂi} Statesent[ 1]
| S fed Serie Semee £ - S/ Aot e jon] ~ Subject : http://petnga.org/ontologies/ intial
Inte rSGCtIOn o ek ekl S - Realiciiss http: //petnga. org/ontologies/ infhasRegisteredCarIDListStr
priot nt(loss (ornt\'ty. Poss;nger(av". Truck, Sedon, Sport .I'Mttp://W~'3-°r9/2“mm“m9.

M a n ag e r / Ve h ICI e 81 private DatatypeProperty hasCarld, hasCarNome, hosCorWeight, hasCarN H::} St;t‘;;n(: ﬂtp:/,mtm.org/mmlwiﬁlmul

// Base URI and namespace declarations

. . " " [java] Predicall http://petnga.org/ontologies/inthasRegisteredCarIMPathListStr
Communlcatlon XingRequest — S e 3 [java] Object I "it11-it13;it12-it13**http://www.w3.0rg/2001/XMLSchenasstring"
_ kste [java] Statesenti 3]

listen

- -

B <> e

[javal Subjectf http://petnga.org/ontologies/in#inl

{jm} Predica h;tp:/ége;nga.org/mtologies/izl“has(arDNelocityListStr
java]  Object R "21.4-28,6"*http://wwi.w3.0rg/2001/MLSchenadstring"

[java] Statesent@ T T

[java] ~Subjectfi http:J/petnga.org/ontologies/intinl

[java] Predical http:J/petnga.org/ontologies/inshasExpectedCarIMArrivalTineListSt
[java] Object 'Ili-ut“‘http /v 43,0rg/2001/XMLSchemadst ring"

—

—— - - - - -

Decision r[jm] Statesent (| 5] 1 :
o 1 [java]  Subjectilt http:¥/petnga.org/ontologies/ istial ' :
1 [javal Predicall http:{/petnga.org/ontologies/inghasCurrentConfPtLocIDListStr .

1 [javal Object & "s13", -

I [java] StatesentQM6] '

~d [java] Subject@® http:{/petnga.org/ontologies/in#inl "

: [java] Predicall http:f/petnga.org/ontologies/inthasCarListTineIntForConfPtsStr |

CarRules [ ipules | | 1 [l Biec [ bW :
- : jectlR http:)/petnga.org/ontologies/intial I

' http:}/petnga.org/ontologies/inshasCarsAllenIntStr |

| ol _jec e . !

|| carrules L im.rules

traffic.rules 2 [4) CarOntologyMode s, Freeee i AR L L L

|
, ‘ :http:i/petnqa.org/ontoloqies/iﬂill :
y ljaval Predicate: http:{/petnga,org/ontologies/inthasIMPostedSpeedLinit :
A [java] Object : "25.0f"http://waw.u3.0rg/2001/XMLSchesaddouble” '
|
|
|
|

Pprefix rdf: <http://www.w3.org/1999/02/22-rdf -syntax-ns#>.

t// Traffic.rules:
/7 Applied to the IMOntologyModel to enforce traffic rules ond policy

1 [java] Statesent[ 9]

1 [java] Subject : httpag/petnga,org/ontologies/insinl

[ []ava] Predlcate: .org/ontologies/indsetVelocityListForCarTasksStr
| 24-25.0"

/7 Rule 01: Propagate class hierarchy relationships ...
[ rdfs@l: (?x rdfs:subClassOf ?y), notEqual(?x,?y) -» ( (7a rdf:type ?y) <- (70

/7 Rule RelS: Use Traffic rules ond policy to resolve SPATIO-TEMPORAL conflict
[ResolSTconf: (7iml rdf:type {e:IMEntity) (7iml {e:hasIMTemporalConflict 7itc)
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Scaling Things Up
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Work in Progress (2017-2018

Layers [0 x koo Ter{ © O O JavaFX Scene Graph BWI Airport - NEW ANIMATION "

= h o | . |

v Buildings [javal s Aircraft
Footways i =" G [javal Initial Layout Coord: 0.0 : 0.0

[javal Starting Point Coord: (259.32940640451096 , 345.7874458337566)

) A . [javal Translate Values:208.13043376037297 : 292.527937853731

EEIGRERD * <\ [javal CurrentTime Values :5891.666666666667 ms

Holding Positions & 7 - [javal TotalDuration Values :12062.0 ms

RalivaylStation < ™~ [javal Current Position Front Values:(215.23309494555173,284.2061187120755)

[javal Current Position Center Values:(225.13043376037297,298.027937853731)

[javal Current Position Back Values:(235.0277725751942,311.84975699538643)

Grid

¢ Trajectory

Residential Streets

SRS 1 4 N\ . [javal Current Direction Values:NW
Service Roads // \ N [javal Current Angle Values:0.9493688006757288
. ; k [javal End Point Coord: (189.10531767736484 , 247.71818985146447)
Taxiways
[javal
Terminal Aprons N [java]

_ Spatial entity
(block)

Terminal Buildings = = [javal Starting P

[javal
[javal Initial Layout Coord: 0.0 : 0.0

[javal Starting Point Coord: (259.32940640451096 , 345.7874458337566)

[javal Translate Values:207.9295772585592 : 292.24743798159517

[javal CurrentTime Values :5925.166666666667 ms

[javal TotalDuration Values :12062.0 ms

[javal Current Position Front Values:(215.03223844373795,283.9256188399397)
[javal Current Position Center Values:(224.9295772585592,297.74743798159517)
[javal Current Position Back Values:(234.82691607338043,311.5692571232506)
[javal Current Direction Values:NW

[javal Current Angle Values:0.9493688006757288

[javal End Point Coord: (189.10531767736484 , 247.71818985146447)

[javal

[javal Initial Layout Coord: 0.0 : 0.0

[javal Starting Point Coord: (259.32940640451096 , 345.7874458337566)

[javal Translate Values:207.8335154533439 : 292.1132858688345

[}
[javal CurrentTime Values :5941.833333333333 ms p o

[javal TotalDuration Values :12062.0 ms e L4

[javal Current Position Front Values:(214.93617663852265,283.79146672717906) L

[javal Current Position Center Values:(224.8335154533439,297.6132858688345) .

[javal Current Position Back Values:(234.73085426816513,311.43510501048996) L]

[javal Current Direction Values:NW

Research Challenges: Large volumes of data; semi-automated synthesis of
semantic models; dynamic integration of ontologies and rules in decision making.
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Summary f..x.

7

Nl 7
Design challenges of Network of Systems

@ Increasingly complex, heterogeneous, distributed and
connected

e Limitations MBSE: weak domain & language semantics,
model inconsistencies

Semantic-based platform for MBSE of NoS

@ Formal model of systems (i.e domains and metadomains)
using decidable OWL

@ Allen's Temporal Intervals Calculus & restricted Region
Connection Calculus

| h

@ Modular, flexible, reusable reasoning-enabled semantic blocks

@ System integration with Whistle scripting language (under
development)
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Management of Software Complexity

J,

*& "‘A’g{

Increasing System Complexity: Software programmers need to find ways to solve
problems at high levels of abstraction.

-

Ratio of Source Lines to Machine Instructions

Programmer Productivity

1000 5

1960
1965
1970
1975

- Machine Instructions

- Macro Assemblers

- High-Level Languages
- Database Managers

100

1980 -
1985 -
1986 -

High-Level Language

- Regression Testing

Online Development

Prototyping
4GL

Compiler

10 4

1990 -
1992 -
1995 -
2000 -

Subsecond Timesharing
Small-scale Reuse

Q0

(Large-scale Reuse)

Low-=Level Executable

Code

1960 1965 1970 1975 1978 1980 1985 1938 1990 1992 1995 2000

Ref: Bernstein 1997

Year

@ 2003-2005 by Digital Aggregates Corp. All rights reserved.
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Proposed Implementation

Problem domain

Process

Solution domain

Specify/modify
goals/scenarios

e, N
—
1
.................................... Requirements  _ _ _ _ _ e
t satisfied
1
Develop/modify
T Component
- Models
1
: :
v '
oy Simulate and . <Requirements Document
----- ) e >C
Configure System > Evaluste A fystam .
performance specifications

->

Develop/modify &
Test Semantic
Models
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