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OVERVIEW

Model-Based Systems Engineering at Maryland

« Pathway to University of Maryland

* Model-Based Systems Engineering (MBSE) at ISR
e Our view of MBSE and CPS.

Current Research on CPS

« Ontology-enabled traceability. Semantic platforms for simulation and
control of trains and buildings.

» Ontologies of time and time-based reasoning. Ontologies of time and
space, and spatio-temporal reasoning.
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SYSTEMS ENGINEERING EDUCATION AT ISR

NEW FOR FALL 2010

ENES 489P

SPECIAL TOPICS IN ENGINEERING
HANDS-ON SYSTEMS
ENGINEERING PROJECTS

WOULD YOU LIKE TO
UNDERSTAND:

COMING IN SPRING 2014 !

ENCE 688R

ADVANCED TOPICS IN CIVIL ENGINEERING

CIVIL INFORMATION
SYSTEMS

Breadth

Systems Engineerng
~#—  Liaison among disciplines —

-uf}——— Systems analysis and trade—off ———f

WOULD YOU LIKE TO UNDERSTAND:

Depth

Y g g 5
5] 5] d
g8 58 E 8
- - -
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] ] qm
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Modeling and Systemns Tools ... Finance, Accounting ...
Simulation Networdng ... Strategic planning .....
Engineering Computer hardware and Business

software.

Engineering School : Systems Engineering Core

ENSE 621

Systems Engineerng
Principles

ENSE 622

- Systems Modeling

and Analysis

ENSE 623

- Systems Engineerng
Design Projects

Business School Components

ENSE 625

Systems Financial and
Contract Management

ENSE 626

Systems Life—cycle
Cost Estimation

ENSE 627

Quality Manage ment
in Systems

Department of Computer Science

ENSE 624

Human Factors in
Systems Engineering

Multi—disciplinary Research

ENSE 799

Masters Thesis
Research

+ How to develop engineering software in Java and
Python?

How to master system complexity?

How to build systems to meet time and
budget requirements?

+ How to develop graphical user interfaces in Java?
* How to use Java and Python with XML?

* How to model the structure and behavior of civil
systems?

How to build systems that can be easily
verified and validated?
How to control risk? + Data structures and algorithms for the modeling and

How to design safe systems? analysis of networked infrastructure systems?

This course will be a great opportunity for
senior-level undergraduates and graduate stu-
dents in all engineering disciplines. You'll get
the chance to work in teams on hands-on,
complex systems design in collaboration with
industry and government experts,

GOALS

This course will be a hands-on introduction to engi-
neering software development for the model-based

COMING IN FALL 2013!

ENSE 698E

SPECIAL TOPICS IN SYSTEMS ENGINEERING

Be among 10 select groups in the country
to be introduced to the new area of systems
engineering. Systems engineering is rapidly
developing as a much-sought-after career
path for engineers of all kinds and is proven
to be a critcal factor for US. competitiveness.
Get ahead of your class and get introduced to
the emerging model-based systems engineer-
ine ’ o ENERS
ing discipline! pret

INSTRU RS Professor Mark A. Austin and Py COURSE DESCRIPTION

LECTURE NOTE TIME CHANGE Tuesdays, 5:
LAB Thursdays, 3:30-6:00 p.m. SEIL Lab,
CLASS LIMIT 20 students Lea
3 CREDITS www.isr.umd.e|

INSTRUCTORS Associate Professors
Pamela Abshire and David Lovel
Tuesday and Thursday
12:30-1:45 pm,, 3102 EGR
CLASS LIMIT 20 students
CROSS-LIST  ENCE 688D

3 (three)

LECTURE

LEARN MORE ONLINE!
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MSSE PROGRAM

Model-Based Systems Engineering in a Systems Research Environment
(30-credits)
MBSE Design Sequence (9-credits)

«  Systems Concepts, Issues, and
Processes

«  Systems Requirements, Design,
and Trade-off Analysis

«  Systems Projects, Validation and
Verification

SE Specialty Courses (9-credits)
 Human Factors in SE

« Systems Life Cycle Analysis and
Risk Management

« System Quality and Robustness
Analysis

Thesis (6-credits)
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MODEL-BASED SYSTEMS ENGINEERING

Definition and Scope

* Formalizes the development of systems
through the use of models.

» Broad in scope, across multiple stages of
system development and multiple physics.

Benefits of MBSE

» Allows for the development of virtual
prototypes.

« Facilitates communication among
disciplines in team-based development.

« Enables semi-formal and formal
approaches to system assessment.

« Management of system complexity.
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MODEL-BASED SYSTEMS ENGINEERING

Tenet 1. Create Big-Picture View and Emphasize Model-Based Systems Engineering.
The mathematics needed for formal approaches to systems engineering is foreign to
many engineers.

Customers / Users

o J:[ Requirements J:[ Engineering
Qrganization
— Legal agreement System

|
REAL WORLD SPACE :
|

A ' A
I
I Data | | Sol’ns Data | Sol’ns
| | I
MODELING SPACE | ' \
! | Y : Y |
Strategy O~ ol Capture m Behavior
Businesss processes Representation Cost
Resoucrces Organization Assembly
Staff 00000 - ——— Evaluation |*I ————— Maintenance
T Allocation / Flowdown Ret -
' Traceability | | . . .
Validation / Verification L: Ditiscential Hquations
Management |||

- Evaluation of logical relationships

I — || - on large graphs.
Organization Project
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MODEL-BASED SYSTEMS ENGINEERING

Tenet 2: Emphasize Disciplined Approaches to Design. Techniques include
decomposition, abstraction, and formal analysis.

vl
8 ] - . . . .
= Requirements Requirements Build little design logic
W models.
iﬁ — Analyze them thoroughly
g Phase where for potential vielation of
3 Preliminary Design —  design decisions Formal Representation requ}rements. :
an are made. . Don’ move forward untl
g ~ of Requirements — . .
g __ design (or parts of design)
8 $ $ are provably correct.
A Detailed Design ] - ,
; Systemn Architecture ) | Reduced relance on
testing here ... to minor
[ . Phase where issues.
Implementation | desien errors -
- &n Implementation
$ %r are found. L y n
i _ Early detection of errors and "system operation” that
V Testing ] is "correct—by—construction”...

Traditional Approach to Design and Test....
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MODEL-BASED SYSTEMS ENGINEERING

Tenet 3: To keep the complexity of design activities in check, we need to employ
mixtures of semi-formal and formal approaches to system development.

Design Issues
B =
/ e N\ S i ,E‘ i
Semi—formal [ UML / SysML ] é o
Analysis ] [Goa]sf Scenarios ] g g
7 ~— N\ I
[m} a -H
— 2 = g o
Transformation v H & ks
B el & A B
\ = B 5
Formal / - o @
A T [ Detailed Simulation ] 5 Ei
S [ Design Space Exploration] = g
a— £ ¥
7 NEE IR

System Design System Analysis
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MODEL-BASED SYSTEMS ENGINEERING

Tenet 4: Use platform abstractions for system-level design.

Application Requirements ] Application Instances
— Functional requirements Application Space .

— Performance requirements / Family of Applications

— Interface requirements

7
— Test requirements i Design goals and constraints mapped

Application Models to platform constraints
— Apph:catl:on behavior NS Platform Interface defines the
— Application structure Explorable Design Space.

— Application interfaces -

Library of Design Options

Relevant design parameters

> - Options for implementing
Architecture Space the Physical System
— Component behavior
— Component structure Platform Instances
— Component interface
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MODEL-BASED SYSTEMS ENGINEERING

Motivating Application Area 1: Buildings!

Automated Buildings Evolution

2002-

A

Total Automated ) _
Bullding Market DDC Revolutian

v

Multiplexed Electronics
Head End Computers

The Eiftel Tover - April 1888

Lan

Other
Standards

Elecironic
Eiectric

Pneumatic | Cantrois

1800 1825 1950 1860 1880 1880 1995 2000

AutomatedBuildings.com avngion cor
Pearl River Tower Complex Green Technology Tower — Architectural Proposal for Chicago
=
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MODEL-BASED SYSTEMS ENGINEERING

Factors Driving Design

D e S i g n P I atfo rm S ta C k Architectural requirements. Design Flow Performance

Occupancy requirements.
External loads ( gravity, thermal, ... )

{ Architecture Design ]
Maximum ventilaton.

Research: Design of a scalable oy gencmin ogutemects. Y b Merimumponer geocaion
and extensible platform [rovemese ]

Sequence of operations. i Minimum response time.
i n fra Stru Ctu re Comfort requirements. Y Control accuracy.
{ Contrel Design ]
) Maximum available bandwidth.
Control speed requirements. 4 Maximum computational speed.
Sensor and actuator requirements. Yy Maximum storage size.
[ Network Design ]
Actual ventilation.
. X Tavout reanirements. ' A Actual power generation.
Building Architecture Platform  _ _ _ _ _ _ _ _ _ _ _____ \ Actual network speed.

Requirements 1 Abstract Models
Arch. Req.

Actual layout constraints.
Actual installation cost.

-~/

[ Implementation

i

- Functionality |

—{ Architecture Model Y

Abstract Dependencies

Abstract Models -
P e o e [
Abstract Graph Model & L] A —|— Mapping [ | 1
! 1
1 —  Controller * ’ Geometry ‘ ’ Topology ‘ ‘ Computation | |
! 1
b= =———— *--?--- 1 Network of spaces l | | | 1
1 S I
Abstract Controller 4{ Power System Model 1 Integr athluallzauon |
7 1
4 . ; |
Y ! Composite "
Controller : Controller |
1
]
Abstract Mapping < —_— 1 1
| EnergyPlus 1
| Simulation 1
1 I

= . 13
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MODEL-BASED SYSTEMS ENGINEEERING

Motivating Application Area 2: Platforms for Biomedical Experimental Research

—
Application Requirements
* Functional

* Performance

¢ Interface

e Test

Application Models
¢ Behavior

e Structure

* Interfaces

Library of Design Options

-- Component Behavior
-- Component Structure
-- Component Interface

Application Space
(Motivated by Biology)

Biomedical Application Instance

Family of Applications

Design Goals and Constraints

Mapped

to Platform Constraints

Relevant Design Parameters

Architecture Space
(Driven by Engineering)

Options for Implementing

| .
\the Physical System

Biomedical Device
Architecture Instance

stm [State Machine] INCOSE - State Machine Diagram [ ) INCOSE - State Machine Diagram] J

Biological Component Simulation

Physical Experimental Device System

Computing/
User Provides Running Simulation

Inputs

Waiting for
Inputs

Output
L Results

Simulation Saved
to Memory

System Idle-Waiting Provide
for User Experimental

Inputs

Terminate

Experiment System Active/
Experiment
in Progress

Data Processor

Sensing Network

—>{ Sensing }<—————{  standby |

Request for
Data

To
Processor

Transmitting
Data

Experiment Biological

Sensor Suftwars/

Inputs Element

Signal

Network Processing

T

Physical
System
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PART 1

MODEL-BASED SYSTEMS
ENGINEERING OF CYBER-PHYSICAL
SYSTEMS AT MARYLAND
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CYBER-PHYSICAL SYSTEMS

Our Definition of CPS

\ push

Cyber Domain J< >[ Physical Domain
push {

C-P Structure

Cyber capability in every physical component.  Spatial and network abstractions

Executable code —— physical spaces
Networks of computation —— physical and social networks.
Heterogeneous implementations —— networks of networks

Sensors and actuators.

C—-P Behavior

Dominated by logic Physics from multiple domains.

Control, communications Combined logic and differential equations.
Stringent requirements on timing Not entirely predictable.

Needs to be fault tolerant Multiple spatial— and temporal- resolutions.
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PATHWAY TO RESEARCH IN CPS

Scientific and Technical Challenges

Modeling: Lack of an integration science with needed mathematical
foundations

Design: Weak procedures for handing meta domains (time, space, ..).
Operation and Decision: High dependence on embedded and local
computational intelligence

Research Opportunities

Design cyber that can reason with physical quantities (not just numbers),
time and space.

Design component hierarchies and networks, and component ports that
work with physical quantities.

Embed physical quantities, ontologies, and reasoning capability deeply into
scripting languages. Script and solve practical applications.
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ENCE 688R: CIVIL INFORMATION SYSTEMS

P | C U d d d d COMING IN SPRING 2014 !

llot Course: Understand data structures an

algorithms for modeling and analysis of networked ENCE 688R

infrastructure systems. Focus on object-oriented ABVANCEDTOPICS IN CIVIL ENGINEERING
CIVIL INFORMATION

solutions and use of software design patterns. SYSTEMS

WOULD YOU LIKE TO UNDERSTAND:

. - + How to develop engineering software in Java and
Hands-On: Software development in Java, Python, o
+ How to develop graphical user interfaces in Java?
<l t Ji d Pyth ith XML?
J yth O n a n d X M L L < sz t: L:&jd:v::\::trucytu:na:l; behavior of civil
systems?

+ Data structures and algorithms for the modeling and
analysis of networked infrastructure systems?

Mechanism: Mixtures of Civil Engineering and
Systems Engineering graduate students.

ica ill be dra
L . rol roa , rai dunllt ne tw k tw k d building
Class projects S sl s o s 7 o
T areas.
INSTRUCTOR Professor Mark A. Austin

- Component based modeling of networked systems. = == oy sooss
» Transportation route selection.

* Network-based modeling of cities. LEARN HORE ONLINE!
 Dam modeling and visualization. ter.ps/ence688r
» European Gas Network Modeling.

« Ontology modeling and rule-based reasoning.

The
Instltute for

Systems

Research

THE A. JAMES CLARK SCHOOL ofENGINEERING
UNIVERSITY OF MARYLAND Jres el




SOFTWARE DESIGN PATTERNS (NETWORKS)

Observer Pattern

Point-to-Point Connection

Mediator

Mediator Design Pattern

Observable OL << interface >>
Observer
I
extends i implements
I
Observable Subject Concrete Observer

Hybrid MVC Pattern

User Actions
User Actions
property Component
change update
Model F=-----= - View
|
A :
Controller
property Select events from
update ! user actions
property ! | property
change ' update
! -——
/' - = ~
4 N
/7 \
] Network \
! of |
controllers !
/

Model 1 View | Model I — View]1
Model 2 View 2 Model 2 Mediator View 2
Model 3 View 3 Model3 — View3

/ Model-View-Controller (MVC)

Model

g

View requests data from model

User Actions

Model passes data to the view

View

T

P

Update the model
based on
events received.

Controller

e ——

The view determines
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to the controller.




ENCE 688R / MSSE PROJECT WORK

BUILDING FLOORPLAN EDITOR

Floorplan View Table View Building Floorplan Model
800 Plan View 800 Floorplan Features Table View p N
File Layers Graphics Q | |—=/ editing Task: ((Add Boor : Space . Column  Corner  Wall
3 Name x v Shift value Status
Point Edge Circle Polygon
-2 0.0 0.0 0.0
1-2 0.0 200.0 0.0
extends .
o . 00 3000 00 Composite Hierarchy
5
w -3 120.0 0.0 0.0
<p-7
£ f-1 0.0 60.0 0.0 << abstract > << interface »>
Tl Abstract Feature Feature
ip-) s 420.0 0.0 0.0
. — search ()
Tree View oy SRRERR 1 -200.0 0.0 0.0 accept ()
©.0 0 Floorplan Tree View b w2 ) P
v @@ Floorplan Model - f-5 0.0 460.0 0.0 — clone ()
v il Centerline -
" Grid Line: ¢-2 Anchor Point: (x,y) : -4 240.0 0.0 0.0 eXteDdS
~ Grid Line: f-2 Anchor Point: (x,y) =
Grid Line: f-3 Anchor Point: (x,y) = 4 00 380.0 00 [ |
“ Grid Line: ¢-3 Anchor Point: (x,y)
~ Grid Line: f-1 Anchor Point: (x,y) = << abstract »>> CompositeHierarchy
] Grid Une: ¢-5 Anchor Point: (x.) ¢ Abstract Compound Feature
Grid Line: c-1 Anchor Point: (x.y) b
“ Grid Line: -5 Anchor Point: (x,y) = 1 1 1 1 — search ()
~ Grid Line: ¢-4 Anchor Point: (xy) : | | —clone () — accept ()
= Grid Line: f-4 Anchor Point: (x) = i ! — clone ()
v @ Spaces @ Cid () Metro System () Metro Area () Building System (@) Floorplan System
“ Two-Dimensional Space: sp-1 == T I
“ Two-Dimensional Space: sp-2 == ! 1
- Two-Dimensional Space: sp-3 | 1 extends
Two-Dimensional Space: sp-4 ! 1 Models
“ Two-Dimensional Space: sp-5 == ( h
& Two-Dimensional Space: sp-6 == it ™o s ™o
~ Two-Dimensional Space: sp-7 == CONTROLLER Space Column Door Wall
v @ Columns <1 <1
Two-Dimensional Column: ¢l-1 = L )
v @ Corners T \ J
- Two-Dimensional Corner: cr-1 == 1
Two-Dimensional Corner: cr-2 |
Two-Dimensional Corner: ¢r-3 1
- Two-Dimensional Corner: cr-4 ( 3
- Two-Dimensional Corner: cr-5
Two-Dimensional Corner: cr-6 = GR]D MODEL
Two-Dimensional Corner: ¢r-7 =«
\ J
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ENCE 688R / MSSE PROJECT WORK

COMPONENT-BASED MODELING OF PIPE NETWORKS

long pipe

high friction

low flow
e =

B
Flow Diameter D —=
Velacity / Roughness e g AZ
 ——r— == - AR — =
—= 1
A N —

Lim] V" /2

P,|Pa] = P,[Pa] — p[kg/m3] * g[m/sz] * | Az[m] + f[dimensionless]

D[m] 2g[™/ ;]

Source: Karam Rajab, MSSE Graduate Student.
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ENCE 688R / MSSE PROJECT WORK
ONTOLOGY MODELING AND RULE-BASED REASONING

Fact. Sam is a boy. He was born October 1, 2007. Q Q

| hasAge
|

Rule 1: For a given date of birth, a built-in function hasWeig;;-___-LasBmme /C

getAge() computes a person’s age. y
i attendsPreschool

| |
Rule 2: A child is a person with age < 18. [ vale | [ Femae | [ cnm |
/\
Rule 3: Children who are age 5 attend preschool.
Boy
Feb 1, 2008 Feb 1, 2013 Feb 1, 2015
[ : : ] l true
The Facts . hasAge hasAge 5 + attendsPreschocl : hasAge
Age Rul ' —
[ Sam ]— - - -»[ Sam ] ————— -»'[ Sam ] ————— -.'[ Sam J
‘E'! hasBirthdate f" hasBirthdate L hasBirthdate ﬁl' hasBirthdate
[ Oct. 1, ZW] [ Oct. 1, 203?] [ Oct. 1, ZOU?J [ Oct. 1, Z(U}'J
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ENCE 688R / MSSE PROJECT WORK
DESIGN AND TRADE-OFF ANALYSIS WITH RDF GRAPHS

Trade-off Analysis: Min Cost versus Max Performance

System-Level Architecture Library of Components
2000}
. o | L R
Add new components . A S A : % .
2 I:l - - to library. 18001 : ; : s :
. 3 . H
.
1600 . . J
Select . . = :
components System Design Alternatives = A .
& 1400} . .
O . .
.3 . :
|: Environmental Model |:| 1200} . ° g
. .
Configurator - . . .
.
|: User Requirements 1000 - . . H
.
Problem Definition 800 ‘ ‘ . ‘ : . :
. . 16 18 20 22 24 26 28 30 32
RDF Graph Models Inference—Rule Driven Graph Transformations Performance
Design Architecture COIIlpOIICIIt Feasible System Trade-off Analysis: Min Cost versus Max Reliability
Components Connectivity Compatibility Configurations 2000
1800
1600
l §1400
Desgin Problem Requirements Feasible System Trade—Space
&l L O—p| | duen - IDIe DY B >P
Requirements Verification Designs Analysis o
800

20 30 40 50 60 70 80 90

Source: Nefretiti Nassar, MSSE Graduate Student.
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CURRENT RESEARCH ON CPS

Semantic Platforms for Design and Management
of Trains and Buildings

Civil Systems Ph.D. Student: Parastoo Delgoshaei (2010-present)
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TRACEABILITY MECHANISMS

New idea (2005): Ontology-enabled Traceability Mechanisms

State—of—the—Art Traceability

[ Requirements ]4 >{ Engineering }

Model

Proposed Model for Traceability

Physical System
'd ] N\ 'd ] 1\ . 1 ] ] N\
Requirements quety -  Design Imprement Engineering — H
D notification Concept < data Model -
| .
Design “ J
- Rule Sensors ij |
Checking B
L B Sensors
Visual indicator of requirements status.

Approach: Requirements are satisfied through implementation of design
concepts. Now traceability pathways are threaded through design concepts.

Key Benefit: Rule checking can be attached to “design concepts” (ontology),
therefore, we have a pathway for early validation.
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ONTOLOGY - ENABLED TRACEABILITY
(WITH VERY BASIC RULE CHECKING)

Key Advantage: Design |FS 00 oot e e -
rules and procedures for -
deSig n ru Ie CheCki ng Metmstation}—OMetrosystem Line :w n .
can be attached to T l
ontologies =
) vd i E;; g/ Line Requirement is Verified | .
Co | o 1
l o L PR ., [

Design rule checking is triggered by double clicking on a requirement.
Visualization shows the extent of ontologies and engineering entities involved in

the rule checking. Source: Cari Wojcik, 2006.
i @& L7
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VISION FOR VERSION II (2010)

Ontology to Engineering Model Traceability System Tradeoff
800 -
< DC Metr é Design Options /
el (— = B >
& == B ) ) RN | Cost constai »
' Schedule of Train Operations —
I Glenmont : ,,
- Metrostation]—‘ Metrosystem Line | | | [ || vaw 1 "
. ] | =
Forest Glen - . s
Y I .- : Performance constraint
[ I— I I I
Track Group \ System Performance
Train Behaviol ”[
v v System Performance

z

=]

s

o

g

=i

&

<

£

O

g

g

g

g

g G H
~ e ‘ O

June, 2009.

Re-design implementation to maximize use of software design patterns.
Model system schedules and train behavior with finite state machines.

System-level behavior will correspond to a network of
communicating finite state machines.
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SIMPLE LAMP ARCHITECTURE

Physical System
Requirements quesy Design implement Engineering |}
Engineering View - notification Concept data Model FE -
Time Model amp Demo = E:ls;gn Sensors ._J—I [ ]
Checling = Sensors
Digital Clock View
Time of Day
14:29:22
. . .
"""" |
'
T
)  User action Property changed
’ N hslcncrs, \ ’ ' V N T - Statechaet Controller
. - - - . T . X
Requirements Controller | | Ontology Controller ' - - | L-amp Controller X
L ) L ) L ) ! Statechart View ‘ *
‘ ‘ ‘ : Lamp Statechart
: V : ’ : ' Lamp System Statechart
- 2 n - 1 - - 1 N
Reguirements Model Lamp Ontology Model Lamp Model X Q
: sant
Reg 1. Structure ... ! v ~
P ossssssssss s [Connccti\'il_\' ] [ Power ] '
Regq 2. Behavior ... '
b ccc s v ncccccnn= ~ 4y
Reg 3. T hasBehmicar )
| L ) [ L ) | Statechart Model X ] =
Reguirements Workspace Ontology Workspace States ...
Transitions ... o
. > I
Lamp System Workspace
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RAILWAY SYSTEM ARCHITECTURE

Physical System
N " query Design implement Enginceriog -
notification Concept data Model r -
L Design E—l—
Rule Sensors n
= Checlcu:g - JZEDSOIS
S
Digital Clock View Individual Train Behavior(s)
06 Time of Day i ) i A 8006 |
Time Model Train Model Train Statechart |
1 4 n 2 9 ] 2 2 \ ; i J \ . i / Service Begins
u B [ ————— | | User action
Scheduler Statechart View o 7 o 7 [ LIEREHES J %‘" of Servnce]
Clock Controller Train Controller
S.chedulerSlale:han L ) L J l Service Ends ]
: ' Y
1 I l
Start : : |
[t==Sam] 1 ]
\dle Y ¥ System—Level Behavior of Trains.
[t==2am] re
i ——— Wheaton
Edd . Scheduler Controller -
- T
1
| Property changed
: - ilver Spring
listeners listeners ' -
'l ™ r~ ™ ~ ™~ akoma Park
. = = - - - - -#=  Metro System
Requirements Controller Ontol Controller [———
equ ontro. [t — — ology L-ontro - - - - Controller
J L b, L
4 ‘ + # 4 * Fort'Totten
s ' ™ - ! ™\ s ! ™ =
Requirements Model Metro System Metro System verle D\ Catholic Univ
Ontology Model Model o
Req1 B
___________________ Metro Center Gallery Place nion Station
Req2. C > ¢ > C > Structure ...
i _lie_q_3_ _____________ _ > > Behavior ... Smithsonian L Enfant Plaza Eastern Market
L J L J L J h » bl
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REQUIREMENTS-TO-STATECHART TRACEABILITY

‘ . P‘hxsivca] System
Requirement level (textual representation) e
- - “15; sssssss IJ_ [ ]
The metro system will start working at 5 am. e

Rule level (SWRL)

Cscheduler(?s)" hasTime(7?s,?t) » swrlb:greaterThan(?t,5) * train(?tr)

A isAvailable(?tr,true)=>sendTrain(?s,?tr) s

Scheduler Statechart

Guard Statement
"‘I'he transitior: from idlle to active is conditional on o h
[t == 5 am.]” evaluation results.

Dispatch

* The scheduler statechart will transition from idle

to active at 5:00 am. - Active J
* The statechart of at least one train will transition |

[t = 10 min]

Expected Behavior

to the “At Station” state.
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STATECHART TO REQUIREMENT TRACEABILITY
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Physical System
Wheaton Requirements | —2Y gl Design | implement  f g i cering n
ootification Concept data Model -
= Design .
= Rule Sensors m | ™
Checking = Sensors
s
F 4
/S
J
y
' 4
/,/ - NN Train Statechart
fop’loum Trainh Statechart View
r [Run)/runi
y —_—
u /Sn‘ccl Catholic Univ ,[ ]
9o stop
Metro Center é‘lkly Place nion Station
x .
) L - - 25
Smithsonian L Enfant Plaza Eastern Market [SafeDistance]/stop0
L ] o e Py
AND Washington DC Metro System (Table View) A N Requicements Hierarchical View
Design Constrames
Requirement Table - v
¥ B Safety Constraims
req4d Dunng rush service trams run mo. . false m
reqs The distace between two rains s true ~—— .
req?2 Metro will be closed at midnight S .. false Mathematical Constraints
reqs’ Metrorad will operate rush hour s... false ¥ B Timing Constrants
reql Metro will be open at S a.m. wee .. false reqd
reqb During normal service hour trains . false req2
req3
- reql
12 reqb
The




FROM TRAINS TO BUILDINGS (2013-2014)

Parastoo finishes MSSE Degree in Dec. 2012. S v = e

- L /.
Matriculates to Ph.D. in Civil Systems in Jan. 2013. % S, e 2 m

™

Design Rules and Reasoner Ontologies and Models Engineering Model Remarks
( ) System structures are
Design Rules Classes --—- System Structure y
modeled as networks

and composite hierarchies

¢ ’—> [ Relationships]
H of components.

I
|
i
i
i
i
[ Reasoner ]4* I
[ Properties ] : | Behaviors will be
i
i
|
|
|
|
|
|

&

associated with components.

~ d System Behavior
define Discrete behavior will be
Textual Requirements ¢ oy
9 ﬂ modeled with finite
Instances u state machines.

Continuous behavior will be
represented by partial
differential equations.

verify |
Individual ~ — |---- — = { Data ] —— -4
Requirement ‘
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INFERENCE RULES FOR HVAC ONTOLOGY

Requirement: Cooling coil will be locked out for winter operation (55 F)

Rule: (?cc RDF:type Cooling) (?cc ont:isLocked? ?1) (?out_temp ont:hasValue ?v)
lessThan(?v,55) ->(?I, true)

HVAC Ontology

W Class

I Object Property

Condenser

r Onotlogy Sanpshot

outdoor temperature 60 outdoor temperature 54

Thermostat

inZone AT

isLocked @

connects

has

B Data—type Property Zone
-
N

e

&

connect
AHU
| |
Fan Coil

Wire

T T T
[—l

Winter Operation Rule
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SYSTEM-LEVEL DESIGN / SIMULATION / CONTROL

Behavior Modeling and Control Building Floorplan / Architecture
( A |800 Plan View
( h (" h File Layers Graphics Q L | |—= editing Task: [ Add Door
Actuators Indoor Sensors L 2 —J

— switch — thermal
Open e Idle
— damper Push data — humidity o e .
— valve — luminance e RS 1
— occupancy o
N ]
How Read [EFTEES 1
2
1
[F3}— ' B
-

|
|
|
I
I
|
A 5 L] !
Pushdata = |
Components a — [ ) % y
[aT}
[=] 1 |
. —

k=] — pipe e L 1
%' — fan Ontology + Rules + Instances o : e o2 |
e — pump - 1 ip-3 :
— hfc coil 1 : |
Synthesis = u 1 !
L | eI :
- 2l
Control Algorithms L L L L L L L L il 1
[Temp <set d el :

& Ocoup4] m [Tempzct] Cloee heating coil I

Open heatingcoil valve 90% idle valve !

- !

|

\ J () Grid Metro Svuem! Metro Area Building System (&) Floorplan System

1
v Automated synthesis of building simulations.

Building Simulation

——Time history simulation.

L —— Performance assessment.
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SCRIPTING LANGUAGE DESIGN (2013)

Problem Statement and Approach Looping Constructs
. . . =0 ;
» Support the integration of physical while ((:mx <= 10 em ) {
components and computation of discrete ggil(‘tx"::*sxc; ')"{x;
and continuous behaviors. x=x+ 1 cm
« Units are embedded within the basic data Pt e
types, physical quantities, matrices of ) }
physical quantities, and branching and Matri
looping control. atrices
Assignment Statements Diotance = L imiam3m
Work = ForcexDistance;
// Setup parameters for tank 02 ....
h02 =1lm units N N N
1 2.00000e+00 3.00000e+00 4.00000e+00

// Setup parameters for pipe connecting tanks 01 and 02 ....
Matrix: Distance

pipeRadius = 10 cm; row/col 1
pipeArea = PIxpipeRadius”2; units m
pipeLength =5 m; 1 1.00000e+00
pipeRoughness = 0.005; 2 2.00000e+00

3 3.00000e+00

// Setup parameters for fluid contained in the pipe and tanks ....
Matrix: Work

rho = 1000.0 kg/m"3; // density of water ... row/col 1
g = 9.81 m/sec”2; // acceleration due to gravity ... units Jou
1 2.00000e+01
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A SIMPLE PROBLEM - FLOW BETWEEN TANKS

(" N o -
[java]
[java] Matrix: response0l
[java] row/col 1 2 3 4
[Jjava] units sec m m m~3/sec
[Jjava] 1 0.00000e+00 5.00000e+00 1.00000e+00 0.00000e+00
[Jjava] 2 5.00000e-01 4.99795e+00 1.00616e+00 1.23276e-01
[Jjava] 3 1.00000e+00 4.99184e+00 1.02449e+00 2.43276e-01

H: [Jjaval] 4 1.50000e+00 4.98189e+00 1.05434e+00 3.53771e-01

.. lines of output removed ...

Tank water levels versus time
G |

Flowrate Q 1

6 T T T

Control Volume

[ do(t) n J1

—2 |+ (55| @ ®] = [F] [Hu®) - Ha ().

Water level (m)

// Compute simulation response ...

for (i = 1; i < nsteps; 1 =1 + 1) {

// Compute fluid velocity update ...

velocityFluid = pipeRoughness/(4.0xpipeRadius)xvelocityOld«Abs (velocityOld)«dt;
velocityUpdate g/pipeLengthx( h010ld - h0201d )xdt; 0 20 40 60 80 100 120
velocityNew = velocity0ld + velocityUpdate - velocityFluid; Time (sec)

// Update water depths in tanks 01 and 02 ...

hOlNew = h010ld - (pJ:.peArea/areaOI)*(veloc1:.ty01d+veloc%tyNew)*dt/2.0; Near-te rm goal Support for
h02New = h0201d + (pipeArea/areal2)sx(velocityOld+velocityNew)xdt/2.0; (3()[T1[)l]t€itl()f1€i| flljl(j (j)/r]EﬂrT]l(:E;.
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| Physical System

o uer - implement .
FUTURE PLANS e = e =l
[] A
H

Sensors

Simulation Framework and 3D Visualization

Component Modeling Framework

extends
Chiller Fan
T ‘ ¢ drives senses ¢
Pipe Zone implements .
— — V—) r------- - Visualization Interface -, Executable Machine
uses . ? ?
——~  Finite Element Library | _imple TCOLS ] Finite Element Interface dﬂ‘_—
Abstract
implements . uses Syntax
- Matrix Libracy @ f------- -~ Matrix Library Interface  -—————— Tree
. N uses ﬁ ﬁ
——~| Physical Quantity Library [~
Input file ... problem description ....

Acknowledgement: Amanda Pertzborn
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CURRENT RESEARCH ON CPS

Ontologies of Time and Time-Based Reasoning.
Spatio-Temporal Systems.

Civil Systems Ph.D. Student: Leonard Petnga (2012-present)
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PROBLEM STATEMENT
What are Cyber-Physical Systems?

Systems with tight integration of networked computational and physical elements (Lee, 2010)

_ Cyper Network " Physical

Mathematical model: FSM Graph ODE

Time model: Discrete Discrete Continuous

Space model: Discrete Discrete Discrete/Continuous
Role: Decision/Computation/Reasoning Communication Sensing/Actuation

Scientific and Technical Challenges :
» Modeling: Lack of “Integration science” with needed mathematical foundations
» Design: Weak “procedures” for handing meta domains (time, space, ..) critical to system “ity”

» Operation/Decision : High dependence on embedded/local computational intelligence

= Right physical action at the right time and right place are critical to ... safety!

= How to embed physical semantics in cyber models for smartness
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OBJECTIVE AND SCOPE

Investigate and understand
Meta domains especially temporal and spatial theories
Ontologies roles in deriving formal, precise models and architecting CPS
DL-based semantics Reasoning for achieving System level safety in CPS
Allen’s Temporal Interval Calculus and Region Connection Calculus (RCC)

Semantic web technologies

To conceptualize formal procedures and reasoning framework enabling HW-SW
co-design, system-level safety study and domain-specific semantics in MBSE of

CPS.

mplement: integration mechanisms between temporal and non-temporal domains

in safety-critical systems in general and CPS in particular.

Applications: Civil Systems (traffic system, connected vehicles, automated aircraft
t

axing), robots (automated warehouse), aeronautic (UAV fleet), energy (wind farm).
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OUR APPROACH: What's New?

safety properties: decision

Analysis
(decision problem)

trees for safety requirements

Safety goals o U "I
(systom leval) N . v Modular framework : domains
SRl I
DL Rules glg: I .
(decidable) checking L and rules (theories) formally
A o) = 7 Reasoning Platfz\rm == defined; Ontologies integrity .
2ol ' .
cg| F Control I 2 v Reasoning-enabled : DL-
g 5K strategy | = ™ ™ =™ = = | I %
8| T~L o | 3 . . .
Qs ~ 4’%9@8 L 4 : 5 18 semantics for decision making;
y SN Formal Models | § )
| (Engineering, qualitative ) H :g Handling of physical quantities.
l S g
3 I 5 . .
' Detailed 'S S v |Interface ontologies : define
! modeling :% ' 8
: 18 and link primitive-domains.
| _ Modeling (subjdomains | CPS Architecture | _ | : 5
(Cyber+Physical+Meta) ,© v Formal analysis of system’s
[
[
[
[
[
[

System Requirements €= == - )
(hard constraints) checked;
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OUR APPROACH: Scope

CPS for which safety and performance depend
on correct time/space-based prediction of the

future state of the system.
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SUPPORTIVE SEMANTICS : TEMPORAL AND SPATIAL CALCULUS

& Allen’s Temporal Interval Calculus

Seven main relationships

I I 12 I

intMeets (11,12)

intStarts (11,12) 1eFiniehes (11,12)

€ Region Connection Calculus(RCC)

DC(X,Y) EC(X,Y) TPP(X,Y) TPP 1(X,Y)
PO(X,Y) EQ(X,Y) NTPP(X,Y) NTPP—1(X,Y)

= Trade-off between expressiveness and computability

>

>

Interval-based theory: proper time
intervals defined from time instants

Restricted axioms ensuring time
reasoning decidability (OWL DL)
Ex. intOverlaps (FOL)

Region-based spatial model:
Regular 2D spaces, convex shapes
”Maximal fragment” satisfiable in
polynomial time (Renz 1999)

Ex. disjoint (DC)

(Vx Vy(DC(x, y) < ~C(x, y)))
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SYSTEM ARCHITECTURE - HIGH-LEVEL

—_—

Domains and system

__ Abstractions of System of > - Domain
| interest & the worlds Semantics Modeling Layer
: (DL-backed domain and system level ontologies)
[
I Congepts,
i Relations & New triples/
| Data relationships
Reasoning
Laws, constraints CPS Problem .
= & thedties T dimenkions | Réasoning
(Inferencing, “Queryable” triples graph, Decision and dnits Layer
making)
Date with
compatible Results with
dimensiohs & units appropriate unit

v

o Semantic extension and computation
I Domains dimension and

R~ L\ Li* L) Sy Ly LGS —  Computation
Layer

units specifications

support

(System and Worlds’ abstractions + DL formalisms)
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SYSTEM ARCHITECTURE — COMPONENTS AND INTEGRATION

CPS Application

Integrator i
—————————————————————————————————————————————————————————————————————————————————————————————— 1

OWL
Integrated Ontology

Physical Subsystems Cyber Subsystems

OWL
Cyber
Ontology

OWL
Space
Ontology

OWL
Phys.
Ontology

OWL
Time
Ontology

Semantic and Computation support

AR EEE LR ERE R ) EEREEREEEER LR R R R RN 'V' ------------------- 2ZEEIXIEEEEEREEERE R IREREREEEREREY RERELER] 1
1 1
| | Java Topology Suite (JTS) |€ — = — =|= = = = = = = = DAE Solvers: | |
: v \ 4 Matlab, Dymola, | |
: [ JScience Paramagic,.... :
1 1
1 1
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Applications
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APPLICATION 1 : DILEMMA ZONE PROBLEM AT TRAFFIC INTERSECTION

Legend
Ontology W Cyber System m
( Model ] y [ ] ¢ |

e Semantics for models

—p Model data flow

—— Models’ input/output flow

Model
View

140

Car stopping distance(Human Driver) -

120

Normal conditions

100

Cinematic vie

Space Ontol¢
Model

179

22.4

Car speed [m/fs)

I

Total Stopping
Distance

raking
Distance

358

Vehicle Safety Model
- Stopping distance
\_ - Driver reaction ime )

1

r

|
i
i

!

< Trafic Lights Simulation f

s

- Type

- Size
L

- Wheels

Vehicle Ontology

Model

]

|

Vehicle Dynamic

Model

Space-Time conversl  erface

- Vehicle timing forecast
- Light timing projection
- Time intervals comparison
- Safety constraint check

- Decision making

Light Ontology Model

4 ™

)

e aDiogviac Light Behavior Model

- Instant -

- Time interval

- Timing
a ™ 44,
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APPLICATION 2 : AUTOMATED TAXIWAY SYSTEM AT AIRPORT

| Y
- - Taxiway Simulation - SRR — = M
x2

RW-R

(PN

Ja

I

<

=

‘ « g

Spatial primitives

! Start I ‘ Pause |

‘ Resume | ‘ Stopl ‘ Add a Plane I ‘ Remove a Plane
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APPLICATION 2 : AUTOMATED TAXIWAY SYSTEM AT AIRPORT

Reasoning view Simulation Framework and 2D Visualization
roo = - = A
900 T outputtxt = oceed = Taxiway Simulation - - - . - =)
|
(o] |Rw.
[ E— Path o ORIVER'S FIMAL DECISION —---vrv
[jma]
[ova] Resources: CorEntity nenbers vith def ined/calculoted ‘Stopping Distance” parmeter
[ioo]
[jova) The datobase contains stoppingDistance: for:
[3ova) Indivicual s hEtps /w51 du/~pon/donline/oar vl $2004FovdTourusSES has stoppingDistances 2420.8300000000004
(o] Individual s hps//n, 51 ecy/pon/donl ue/cor on E2BLGFrBOESUT s stoppingDistance: 629, 552850080AL
fi]
[jma]
[jova) Resources: CarEntity nenbers with def ined/calculoted ‘distance to light' parmeter
[ioo]
(o) The datatase contains distanceloLignt: for:
[jova) Indvicual hbtps /o, 51 edo/~pon/donl e/ car 0w £2004FavdTourysES hos distareeTelight: 2260.0
(o] Individual: o/, 51 e/ pon/donl ne/cor on E2BL0FaroBOEBUT s dtistanceTLight: 450.8
fi]
Ljoma] l t
Visualization Interface |
Semantl mOdellng Start | ‘ Pause I ‘ Resume I ‘ Stop I Add a Plane I ‘ Remove a Plane I
I L . I [ l 4
! Semantlc extension & ! ,l, T T
1 . 1
. computation support : - - .
> P PP I = = = =»| Visualization Interface € — — — — Executable Machine
1 1
: ; ' l T A A
: Domain & integration ontologies i : gt L L F:s:s:5:%: §:s:s:5: i
o .. 1 =
: : . Decision :
e R R R P P R PR E ! k= = =>» Computation Interface ¢ < = Tree i S
I 1 i
- ! )
_Engineering modeling - ! l T ! T T | 3
! N : E '3
! Model object types (Physical- 1 . . | Dimensional 1
! Engineering) ] I DBMS + Extension 1" Reduction Xspace > Plspace : %
1~ J | I | )
-l - I V=,
—> ,' ! * * )
n Libraries(computation & é ! I [ i
i Physical Quantity) : ! System :
I I Database ) ! requirements Ji
— ;s I ) |
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Thank You

E-mail: austin@isr.umd.edu
Web site: http://www.isr.umd.edu/~austin
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