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Systems Engineering

Introduction and Background
SysML

a UML profile for systems engineering
Modelica

modeling and simulation of physical systems
equation-based object-oriented language

ModelicaML

Modelica vs. SysML

a UML profile for Modelica based on SysML
Eclipse

Integrated Environments for Modelica
Short Demo of ModelicaML Eclipse Environment



Systems Engineering

Introduction and Background



System engineers

C

Requirements owner System designer System analyst Verification & Validation
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Customer interface Co-ordinator

Technical manager Information manager Process engineer  Classified ads engineer

S. Sheard,”12 Systems Engineering roles”, Proc of INCOSE 1996



Systems Engineering

Competing
System of system

Interest

e System of
ﬁ interest
— Development Production Verification
system system system
End user Training Disposal Maintenance
products system system system

Utilization
Concept Feasibility Development Production Stage Retirement
Stage Stage Stage Stage Support Stage
Stage




Example

System of

interest
|
| | |
Development Production Verification
system system system

End user Training Disposal Maintenance
products system system system




For a domain engineer complexity can be
bounded to a single engineering domain

For a systems engineer complexity lies in
the interactions between multiple
systems/domains

Multiple technologies
Inter-technology interference
Multiple components
Complex interfaces



Modeling Process

Operation

akenolde
Reg eme alilaatio
e O
CA .
- » O -
o Ame
A

Maintenance




Process over lifecycle

Concept system Development system

Utilization
Concept Feasibility Development Production Stage Retirement
Stage Stage Stage Stage Support Stage
Stage

Feasibility system



Simplified process view

Problem Solved problem

Synthesize Integrate

-

Specified solution Realized solution
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Process to manage complexity

Problem Solved problem

=
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Challenges in the life of a Systems Engineer

Specification ambiguity
Specification coherency
Information availability
Traceability

Verification and validation
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Systems Engineering Deliverables

SE deliverables
Specifications
System design
Analysis and trade-off
Test plans
etc.

Evolution
Document-based > Model-based
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Why model-based development?

Advantages
Improved communication

More rigorous and precise, less ambiguous, less
defects

More complete representation
Less maintenance cost
Easier to preserve the competence

Disadvantages

May stand for a high learning curve
due to new methods and notations (such as SysML)

14



What 1s UML?

“The Unified Modeling Language Is a visual language for
specifying, constructing and documenting the artifacts of
systems.” (OMG UMG 2.0 Superstructure Specification)

Object-oriented, visual modeling language
= notation (language, representation) + semantics (meaning)
UML is a language, not a method

De-facto standard
Software Engineering: Applications and components

Human activity systems: Industry sector, enterprises, business
processes

Brief history (most important versions)
1.0 1997, 1.4 2001, 2.0 2003

15



UML diagram concept

UML is defined around a e -

number of diagram types
Each with a specific purpose
and a specific symbol set e
Each symbol has a well %

defined meaning (semantics)

Diagram elements are not
tied to a specific diagram [ J
type \
Allows for smart rtion message
combinations of views on a
system within a single i \
diagram z [ACWJ [ vontor e j
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UML Mechanisms for Extensions

The language UML is defined using a language/toolbox
named MOF

MOF = Meta Object Facility
UML 1s defined to allow extensions to the semantics of
language elements

Stereotypes: Modification to original element semantics,
potentially with an associated attribute set (as defined by tagged
values)

Tagged values: A name-value combination that is used to define
properties of an element

The stereotype concept is used extensively within SysML
to define the language elements of interest to Systems
Engineers

Any number of stereotypes can be applied to a base UML objects

Extensions for a specific purpose can be summarized
In a “UML profile”
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SysML Scope

SE processes, methods and artifacts

Req Arch. Eval. Verific., -
Customer System solutions

needs

SoS

System ||
p——

SysML can be
used on each
system level

Subsystem Subsystem

Domain-specific
methods (e.g. HW,
SW) are still
required

Item 1] [Item N Item 1] [Item N
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SysML Scope

Adheres to the Systems Engineering
tradition to model a system in terms of
Requirements
Functionality
Architecture
Verification
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SysML

A visual modeling language
for Systems Engineering



System Modeling Language (SysML™)

Designed to provide simple but powerful
constructs for modeling a wide range of systems
engineering problems

Effective in specifying requirements, structure,
behavior, allocations, and constraints on system
properties to support engineering analysis

Intended to support multiple processes and
methods such as structured, object-oriented, etc.
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What Is SysML?

A graphical modeling language for Systems Engineering

a UML Profile that represents a subset of UML 2 with
extensions

Supports the specification, analysis, design,
verification, and validation of systems that
Include hardware, software, data, personnel,
procedures, and facilities.

Supports model and data interchange via XMl and
the evolving AP233 standard.
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What Is SysML?

Is a visual modeling language that provides
Semantics = meaning
Notation = representation of meaning

Is not a methodology or a tool
SysML Is methodology and tool independent
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SysML Vendors

Commercial
Artisan (Studio)

EmbeddedPlus (SysML Toolkit)
3rd party IBM vendor

No Magic (Magic Draw)

Sparx Systems (Enterprise Architect)
IBM / Telelogic (Tau and Rhapsody)
Visio SysML template

Open Source based on Eclipse
TopCased and Papyrus
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SysML vs. UML

UML SysML
db extensions
reuse Y to UML
SysML (SysML
uML (UMLA4SysML) Profile)
hot required
by SysML
(UML - ~SysML Extensions
UML4SysML) -Blocks
-Item flows
-Value properties
-Allocations
-Requirements
-Parametrics

-Continuous flows

from OMG SysML tutorial
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SysML vs. UML

A UML model can be sufficiently detailed
for creation of products out of the model

A SysML model is just an abstraction of the
final system to be delivered

Production drawings etc. will reside In
other tools/environments
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SysML Diagrams

Sy=ML Diagram

A\

Behawior : Requirement Structure
Diagram : Diagram Diagram

1 ;

Activity Sequence State Machine Use Case Block Definition Internal Block
Diagram Diagram Diagram Diagram Diagram Diiagram

Package Diagram

r----*-‘---‘

I:l Same as UML 2 : Parametric

] DCiagram
] odified from umL 2 fmemmmamnas
E::: Mew diagram type
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SysML pillars

1. Structure 2. Behavior

ibd [blocq Anti-LockController J‘ safisfis T act Prevent ockup [Swimlane Diagram])

[Irternal Block Diagram] arequirements

%trif-nl_r?ncgnce » wallocates L wallocates
o TractionDelector __.p-" BrakeModulator
d1fractionDetector i
allocatedFrom gl
ci:modulator ctivitywDetect_os Cate »
Interface T Traction a\\o
*
s I Detectl ossOf . ] Modulate
,/ m1:BrakeModulator Traction TractionLoss: BrakingForce
allocatedFrom " JL!  giocstedFom N
%Oh%edlﬁcde» aactivitysModulate - *,
raclionLoss. Hrakmgkgrce
: value allocatedTo [
values J - . —‘&-\ econnactorsc1:modulatorinterface
DuiyCycle: Percentage b| n d| n g \ ;
1 r [constraintBlock] JaightLineVehicleDynamics [Parametric Diagram
satisty pa L m g
req [package| VehicleSpegtications e h E—— —
[Reguirements Diagram - *rahng Requirements] LS FEBC%I:E::"& ok [Eat;t:?:i;:’ : E}ak?ngﬂgg: v\Weight:
Vehicle System Braking Subsystem
Specification Specification i |t bf: m:
\ LT o [ [l
erequirements erequirements 2 BrEaH"agl!:urDe A EDE":::diD"
StoppingDistance Anti-LockPerformance _Equation quation
[F =(tFbh)"(1-1)] [F =maz]
id="102" ="337"
texd="The vehicle shall stop text="Braking subsystem a
from 60 mph within 150 f shall prevent wheel lockup a
on a clean dry surface” \ under all braking conditions.”
VerifiedBy ' SatisfiedBy :DistanceE quation VelocityE quation
ainleractionnMinimumStopp}\ ablockefint-LockC ontroller b = dddt] [a = dv/di]

ingDistance ! 1
A \ i x
i i
| |
: aderiveReqts | == v.Position;

3. Requirements """

4. Parametrics
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SysML Diagram Frames

A SysML Diagram
represents a model element
must have a Diagram Frame

Diagram context defined in the header
Diagram kind (act, bdd, ibd, sd, etc.)
Model element type (package, block, activity, etc.)
Model element name
User defined diagram name or view name

[

Diagram Description

Version:
Description:

Completion stafus:
H eader Reference:

/ "r' (User-defined fields)
=

wdiagram usagen»
diagramKind [modelElementType] modelElementMame [diagramMName]

Contents

29



SysML

Specifying System Architecture



Used to specify System Architecture

SysML Diagram

A\

1
i Diagram
[ ]

[T T T T YY1y ¥l

SysML - Structure Diagrams

1

g Requirement

Structure
Diagram

N

Activity
Diagram

Sequence
Diagram

State Machine
Diagram

Use Case
Diagram

Block Definition
Diagram

Internal Block
Diagram

Package Diagram

Same as UML 2

Maodified from UML 2

New diagram type

Parametric !
Diagram j
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SysML Blocks

«block» stereotype provides a common root for
user-defined or domain-specific hierarchies of
system component types

Hardware «block»
SOftware BrakeModulator

allocatedFrom
Data Eactkiyityl_fl\/]odulate

rakingForce

Procedure e
Facll |ty DutyCycle: Percentage
Person

Blocks provide the backbone of the “system
hierarchy” or “system of systems’ architecture
which drives much of modern systems engineering

Blocks do not represent the parts view/product
structure of a product

Rather it is an abstraction of the system under specification
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Block Views

Block definition diagram

Composition may be handled to any number of
levels within a single diagram

Using the white diamond aggregation relationship
Based on the UML class diagram

Internal block diagram

Composition is captured In a single level per
diagram
Interfaces are captured explicitly
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About blocks

Based on UML Class from UML Composite Structure
Eliminates association classes, etc.

Differentiates value properties from part properties

Block interfaces
Service port - traditional SW service architecture
Flow port - for continuous or discrete signals

Block definition diagram describes the relationship among
blocks (e.g., composition, association, classification)

Internal block diagram describes the internal structure of
a block in terms of its properties and connectors

Requirements and Behavior can be allocated to blocks

Block subtypes may be created using stereotypes or

through classification .



Block views

Block Definition Diagram Internal Block Diagram
bdd [package] VehicleStructure [ABS-Block Definition Diagram] ibd [block] Anti-LockController ‘
[Internal Block Diagram]

«block» | | .. . 0 T ___—__—______

. «block» |
lerary:.: Anti-Lock 4[}] s1:Sensor :
Electronic Controller c2:sensor | l |
Processor Interface | ——--—-—-——---
% / i \ :% d1:Traction

d1 m1 s1 Detector
¢1:modulator

Detector Modulator ensor Modulator

Definition of building” A "part” indicate the usage of a
blocks particular block

Capture propertles Interfaces are visible

Can be used in multiple

contexts

Block relationships
35



Blocks, Parts, Ports, Connectors & Flows

ibd [blockl Anti-LockController J Reference

nal Block Diagram
Enclosing — gram] // Property
Block c2:sensor T T T (in, but not of)

Interface ——] s1:Sensor

|OA
«
/
|
|
|
|
|
|
|
|
|

—— ltem Flow

d1:Traction .
Detector | |—

Interface Y Part

Connector — m1:Brake [
= Modulator Kp,‘,:".f

c1:modulator

e

J

}
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Port types

Standard (UML) port

The port indicate the existence of a service
Interface which external blocks may call (as In
software)

Interaction is as defined for the individual
operation made available through the interface

Flow ports

Specifies what can flow in or out of a component

Has a specified direction and content
May be bi-directional

37



Port types

provided interface
(provides the operations)

ﬁf;?dard part1: [Jfl O\] part2:

required interface
(calls the operations)

Flow Port

Flow part1: B——F part2:
Port

item flow
38



Internal Block Diagram Example

asm: PowerSubsystem /

L :VehicleController
:driverlnput —
throttleCmd:signal gearSelect:signal rightRear:Wheel ]
tire
L LI LI
i :Engine :Transmission :Transaxle
fuel

«AllocatedStructure» .
{allocatedTo=d riveshaft}ﬁ leftRear:Wheel ; ]
‘tire

39



Allocation

SysML provides 3 mechanisms for representing
the allocation of functional or physical elements
to other physical elements

Via Swimlanes in activity diagrams
Elegant

Via the addition of a separate compartment in
the block structure

Via relationships directly on diagrams
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Allocation example

ibd [node] SF ResidenceJ
% =
* hod 2
| «hardware» «hardwares ehardwares s
1 : <>
I Ry
Iil i‘
ehardware» 3
- Site Processor E—gﬂ ﬁham'm'arex
allocatedFrom - NW Hub [— «hardwares 3
asoftware» Device Mgr allocatedFrom - DSL Modem
«software» Event Mgr «software» SF Comm I/F
«software» Site Config Mgr o
wsoftware» Site RDBMS A
«softwarer Site Status Mgr
«softwarer User /F
«software» User Valid Mgr —é . Dx(:galgt{glﬂrg;ive
allocatedFrom
edatar Video File
Ifﬂ whardwares
«hardwares - User Console
- Site Hard Disk [
allocatedFrom
edata» Site Database
]
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SysML

Parametric Constraints



Parametric Constraint

Used to express constraints between gquantifiable properties (aka non-
functional characteristics) of assemblies and their decomposition
Reusable

Non-causal (i.e. declarative statement of the invariant without specifying
dependent/independent variables)

Defined as a stereotype
Expression: text string specifies the constraint
Expression language can be formal (e.g. MathML, OCL ...) or informal

Computational engine is defined by applicable analysis tool and not by
SysML

Usage
Used in the context of a SysML assembly

Notation: parametric diagram distinguishes the parametric constraints
from other parts of a containing assembly

Properties of parts connected to parameters of relation

Value binding connector declares that parameter and property are bound
to the same value
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Defining Constraints

bdd [package] Analysis [Parametric Diagramy

«constraintBlock» v ablock»
StraightLineVehicle =  VehicleStructure
Dynamics ::Vehicle

\

/

/

/

«constraintBlock»
BrakingForceEquation

wconstraintBlock»
AccelerationEquation

«constraintBlock»
VelocityEquation

«constraintBlock»
DistanceEquation

constraints constraints constraints constraints
{f = (tf*bf)y*(1-t)} {F =m®"a} {a = dv/di} {v = dx/dt}
parameters parameters parameters parametlers
f:force F-force a:acceleration v:velocity
tf:force m:mass vivelocity X:position
bf:.force a:acceleration ttime ttime
t:loss
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Defining variable binding

par [constraintBlock] StraightLineVehicleDynamics [Parametric Diagramy
v.chassis.tire. v.brake.abs.m1. v.brake.rotor. N
Friction: DutyCycle: BrakingForce: v.Weight:
tf: tI' bf: m:
L]
:BrakingForce :Accelleration
Equation . Equation
{f = (tF*bf)*(1-tl)} ' {F = m*a}
[ 1]
a:
a:
L]
V:
:DistanceEquation :VelocityEquation
{v = dx/dt} v {a = dv/dt}
[ ]
X
v.Position:
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Parametric Diagram showing Vehicle Performance Par.

Rounded rectangles are parametric constraints
Rectangles are properties (parameters)

par:VehicIePerformancy
«paramConstraint)
:TotalWeight
{Wt= Sum Wi} Y,
] ) Critical Parameters
Vehicle.weight
. . «paramConstraint» | /«paramConstraint» ' «paramConstraint» ‘
Vehlckla:.grc::vgertraln 1 :TotalForce 11 :NewtonsLaws Vehicle.accel - :Speed - Vehicle.speed
&Ft = Fp+Fg+Ff+Fd} {f=wl/g* a} {v = Integral(accel)}
[
LI
Vehicle.drag
Force
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SysML Properties

SysML Extension for Property, to address:
Quantity - Values, Units, and Dimensions
Probability Distribution

Example for a vehicle that weighs 1000 pounds with a
uniform probability distribution:

Vehicle

totalWeight : VehicleMass=(value=1000.0, unit=pounds, distribution=(Uniform})(min=990.0,max=1010.0))

New predefined data types
Real
Complex

a7



Trade-off & Parametrics

Parametric relation can be used to support
evaluation of alternatives (trade-off analysis)
Alternatives represented by different models

Objective function specified as a parametric
relationship in terms of:
Criteria, weighting
Probability distributions can be applied to properties
Used to optimize based on measures of effectiveness

Can be represented in typical table format

Methods for trade-offs are not part of SysML
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SysML

Specifying Behavior



Behavior Diagrams

SysML Diagram

/\

Behavior : Requirement i Structure
Diagram : Diagram : Diagram
L]

4& R A
|

A_ctivity Se-_quence Stal:u:s Machine Us_e Case E!Ic-ck_ Definition Inter_nal Block Package Diagram
Diagram Diagram Diagram Diagram Diagram Diagram

: Parametric :
1 Diagram i
:

|:| Same as UML 2

| Modified from UML 2

I
LR R L |

teeos Newdiagram type
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Activity Diagrams and State Machine Diagrams

act PreventLockup] Activity Diagrar})

?

DetectLossOf

L TractionLoss
Traction

Modulate
BrakingForce

stm HSUVOperationalState S/

actPreventLockupBwimlane Diagrany

wallocates
TractionDetector

«allocates

BrakeModulator

e

DetectLossOf

= TractionLoss |-

Traction

Modulate
BrakingForce

T
allocatedTo
sconnectorsc modulatorinterface

AN

o .

I~
Off J: keyOff- _:"Q/

G A

start]in neutrall/start engine shutOff/stop engine

/_ Operate

P
accelerate/

when (speed = 0)

-./ releaseBrake/ ~N

Accelerating/ ‘

Cruising Braking

\—engageBrakei——

Nominal
states only

y

I
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SysML

Specifying Requirements



Information management in UML/SysML

All design elements will reside in exactly
one package

But can be used on many different
diagrams
Each diagram is located in a package

A design element iIs defined by all UML
artifacts related to the element
Regardless of diagram distribution

The complete picture may be distributed over
multiple diagrams
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pkg SampleModel [by diagram typey

pkg SampleModel [by Ievely

[ ]

Use Cases

[ ]

Requirements

[ ]

Behavior

[ ]

Structure

[ ]

1]

Enterprise

1]

System

1]

Logical Design

1]

Allocated
Design

[ 1

EngrAnalysis

Verification

pkg SampleModel [by IPTy

1]

Architecture
Team

1]

Requirements
Team

1]

IPT A

IPT B

IPTC

By Diagram Type

By Hierarchy

By IPT

Potential package structures
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What Is a requirement?

Obviously any element in SysML
specification Is expressing some kind of
requirement on a system

In SysML’s terminology a requirement is a
textual statement

No assumptions are made on the
Introduction of Requirement elements In
the process

Other model element can be used to
Identify requirements
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SysML Diagram Taxonom

A requirement Is a cross-cutting construct

Sy=ML Diagram

Structure
Diagram

Bahawvior
Diagram

g

Activity
Diagram

EE}

Sequence State Machine Use Case Block Definition Internal Block Pack Di
Diagram Diagram Diagram Diagram Diagram ackage Diagram
[ ] sameasumL2 memmm—m———

y Parametric

] Ciiagram
[ wodified from umL 2 R

E Y T

:___] Mew diagram type
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SysML Requirements Overview

SysML provides the following features

Representation of requirements
Representation of individual requirements
Requirement composition
Requirements can be sub-classed using specialization

Requirement relationships
derive relationship between derived and source requirements
satisfy relationship between design models and requirements
verify relationship between requirements and test cases

generalized trace relationship between requirements and other
model elements

rationale for requirements traceability, satisfaction, etc

Alternative graphical, tabular and tree representations

Supported by the standard, but currently not implemented in any
tools
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Requirement Representation

«requirement»
::No leisure traffic restriction:: Capacity

[oi::

11

txt
The system shall transport up to 15 passengeres
and 1000 kg of cargo under all weather conditions

Requirement is a stereotyped class

Multiple stereotypes can be combined

Possible to combine a requirement and safety critical stereotype to
form attribute set for a safety critical requirement

A requirement object has two mandatory attributes:

Id
Text

Possible to add new attributes
A class object is created for each individual requirement
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Requirement composition

Composition structure can be of arbitrary depth

«requirement»
No restriction to boat traffic

id#
1.2

txt
The system shall not impose restrictions on boat traffic

P

Al

«requirement»
::User requirements::No restriction to boat
traffic::No restriction to leisure traffic

«requirement»
::User requirements::No restriction to boat
traffic::No restriction to commercial traffic
: id#
id# '
121 1.2.2
txt

The system shall not impose restrictions on
commercial traffic

txt
The system shall not impose restrictions on
leisure traffic

59



Predefined requirement relationships

derive relationship between derived and source
requirements
The derived requirement is mandated by the source
requirement(s)
satisfy relationship between design models and
requirements

ldentified model element(s) are in existence because of the
identified requirement

verify relationship between requirements and test cases
A verification case may verify one or more requirements, or

Multiple cases may be defined for verification of a single
requirement

generalized trace relationship between requirements and
other model elements

For identification of relationships other than those identified
above
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«Requirement»
Seating

ID=1.2

The wehicle
shall seat 5
adults

Derive relationship example

- \ \
«derive» — — .

«Requirement»

Seat belts

ID =6.0.2

3-point seat

«Requirement»

Seat width

ID =6.0.1

Individual
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Managing requirements

Packages - UML concept for grouping
elements for some purpose can be used to
Separating requirements with different origins

Grouping requirements into packages is
Independent to grouping on diagrams

Nested pac

Kages supported

A single rec

uirement may appear on

multiple requirements diagrams but resides
In a single package
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Requirement relationships

req MasterCylinderSafety /

Decelerate Car

Fa
é:'f =<refing=>

wrationalex
body = “This design of the brake

requirements.”

“requirement»
Master Cylinder Efficacy

assembly satisfies the federal safety

<<block>>
BrakeSystem

f: FrontBrake

!

compartment for each service brake

Loss of fluid from one compartment
shall not result in a complete loss of
brake fluid from another compartment.”
ID="554.1

Text ="A master cylinder shall have a reservoir

subsystem serviced by the master cylinder.

i
¢ . P
i <<satisfy>>=
e =

PP

i .

<<deriveReqt>>

'
Fi

<<derveReqgi=>

“Wreguirements
LossOfFluid

wrequirement
Reservoir

Text ="Prevent complete loss of fluid”
ID="S54.1a"

f
h'--

Text = "Separate reservoir compartmeant”
ID="5541b

P ——
I —-———

h -

SatisfiedBy
BrakeSystem::m

«rationalex

body = “The best-practice
solution consists in using a set of

springs and pistons to confine the
loss to a single compartment”

r: Rear Brake
[1: BrakeLine
——= |2: BrakelLine
m: MasterCylinder

activateBrake()
releaseBrake()

«rationale
body = "The best-practice
solution consists in assigning
one reservoir per brakeline.”

L
'\l-u__‘-l"
"-_'-_'-.

SatisfiedBy
BrakeSystem::I1
BrakeSystem::I2
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Linking to verification

req burnish J

sm Burnish tey «testCase »

“reguirement>
NHTSASafetyRequirements

Accelerate

[Speed=80]

AN <<verify>>
Severify

Text =".."
ID = 157.135 ™S -
S~ [IBT=100 or
[count < 200] d >= 2 km]
Krequirement> condition
Burnish
Text ="(a) IBT..." [count=200]
ID=2S57.1

< Adjust >
brake @
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SysML Requirements Evaluation

Requirements use a lot of diagram real-
estate

Approach does not scale up - unable to

efficiently handle projects with several
hundreds of requirements

The traditional (graphical) UML view does not
lend itself well to requirements representation

A tabular view would be more appropriate (as used
In traditional requirements management tools)

Requirements modeling Is performed on
class definition basis

Each requirement is actually a new class
object
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Distribute requirements over multiple
diagrams

Create diagram exclusively for allocation
and traceability

Risk for loosing overview

Perform requirements management in
separate tool

Do the traceability in SysML
Difficult to maintain consistency
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SysML

Verification



Develop a model that defines the verification
conditions and procedure

Excellent for software where tests can be run within
the tool

Not necessary applicable when the model shall depict
a real world condition

Primary application for systems verification is the
capture of the verification procedure

Can not completely replace the traditional verification
documentation

At the present SysML does not support the
representation realized system elements

Not possible to represent the configuration and exact
properties of a unit under test
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Verification case development

Any set of model elements can be used to
define the verification environment for a
requirement

The verification procedure can be captured
In detall

Textual elements can be captured using
requirement objects with extra stereotypes

Verification cases may be stored In
dedicated packages
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SysML Support for verification

Verification
configuration
capture

Verification
report

Verification
environment
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Definition of verification case

req burnish J

“reguirement>
NHTSASafetyRequirements

Text =".."
ID = 157.135

AN <<verify>>
Severify

~
~

<requirement>
Burnish

Text ="(a) IBT..."
ID =S7.1

~

sm Burnish tey

«testCase »

Accelerate

[count < 200]

[Speed=80]

[IBT=100 or
d >= 2 km]

Initial
condition

[count=200]

Adjust
brake
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SysML

Application in the development process



Applying SysML In the development process

SysML Is process independent

Any use Is per definition correct

Model fidelity will increase over time
SysML does not define a strict top down
modeling method

Multiple viewpoints are supported via packages

Viewpoint integration must be considered
Which diagrams apply for a specific viewpoint?
What are the relationships between identified
viewpoints
The complete system specification will not
be available in a single diagram
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SysML In the design process

Requirements
Requirement Diagrams

Behavior
Activity Diagrams
Sequence Diagrams
State Machine Diagrams
Use Case Diagrams

Architecture
Block Diagrams
Parametric Diagrams
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Model management

Tools often have links to standard version
management systems

Individual elements can be under version
control

Configuration control (of hierarchical
structures) is typically not supported

75



Integration into the document centric paradigm

All system relevant information does not lend
Itself to modeling

Traditional documents will still exist

For good or bad we know how to manage
documents

Readability

CM support

SysML tools typically have
Report generators
Links to requirements management tools, e.g., DOORS

Need to add textual element to create fully
readable documents

All information on a system will not reside in the
SysML tool
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SysML

Summary



SysML - the good

It IS here, It Is available
Support from multiple vendors
Broad user base

It is UML - but simpler

Excellent software engineering integration

Most SysML implementations are actually on
top on UML tools

XMI, promise for data portability
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SysML - the bad (1)

It Is an adoption of UML
Ad hoc implementation

Contrived activity diagram semantics
Inherited from UML

Manual management of allocation
relationships

Minimal verification support
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Problem

The user must to manage all allocation relationships manually

SysML - the bad (2)

req MasterCyIinderSafety

Decelerate Car

o,
-
-

A’/ <<refineRegt>>

«rationale»
body = “This design of the brake

requirements.”

«requirementy
Master Cylinder Efficacy

assembly satisfies the federal safety

<<block>>
BrakeSystem

f: FrontBrake

7
!
'3
]

compartment for each service brake

Loss of fluid from one compartment
shall not result in a complete loss of

ID="854.1"

Text ="A master cylinder shall have a reservoir

subsystem serviced by the master cylinder. =

brake fluid from another compartment.”

i
<<deriveRegt>>

/
ya

Y

<<deriveReqt>>

I I
o <<satisfy>>"

r: Rear Brake
11: BrakeLine
_____ 12: BrakeLine
m: MasterCylinder

activateBrake()
releaseBrake()

«rationale»
body = “The best-practice

«requirementy
LossOfFluid

«requirement»
Reservoir

Text ="Prevent complete loss of fluid”
ID="854.1a"

solution consists in assigning
one reservoir per brakeline.”

Text = "Separate reservoir compartement”
ID="554.1b"

SatisfiedBy

SatisfiedBy
«part» BrakeSystem::m

«rationale»
body = “The best-practice
solution consists in using a set of
springs and pistons to confine the
loss to a single compartment”

«part» BrakeSystem::I1
«part» BrakeSystem::I2

Leads to cluttered diagrams

The elegant solution
Automatic management of relationships
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Verification support

SysML - the bad (3)

req burnish J

<requirement>
NHTSASafetyRequirements

Text =".."
ID =157.135

SN <<verify>>
Severify

<requirement>
Burnish

Text ="(a) IBT..."
ID=S7.1

sm Burnish tey «testCase »

[Speed=80]
Accelerate

[1BT=100 or
[count < 200] d >=2 km]

Initial
condition

[count=200]

< Adjust )
brake @

How do | capture the product verified?
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SysML Adoption Strategies

Minimal cost
Use SysML notation in Powerpoint or Visio

Hybrid MBSE

Use SysML tool to model key elements of a
specification/design

But maintain document paradigm for
deliverables

True MBSE
Full SysML adoption

The Alternative
Use existing SE tool with proprietary notation
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SysML - positive aspects

SysML is far better than PowerPoint!

Can be highly valuable for highlighting core
elements of a specification

Is perfectly suited for modeling of Software
Intensive systems

Tight coupling to UML outweighs negative aspects
Identified herein

Is the future

We must just ensure that SysML is modified and
extended over time such that the core problems are
addressed!

Integrated configuration and change management support

Connection to the complete system lifecycle

Connection to domain engineering disciplines
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SysML Conclusions

SysML i1s an admirable product considering
Its ancestry
The limited resources used in its creation

There are a number of weak areas in the language as
outlined In this presentation

The overarching problem is that SysMLs failure to address
the core Issues

Through life traceability

Configuration management
This is a problem inherited from the UML framework

And not addressed in contemporary SE tools

These problems are challenges for development system
vendors to overcome

With guidance and assistance from the user community
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SysML

Evaluation Summary



Tool Usability

SysML and UML tools have different target groups

Systems engineers will probably not gain from code
generation and all related functionality

Systems engineers will probably not modify the
underlying notation

Systems engineers will probably not modify the tool to
fit the problem

Tool vendors need to simplify the user interfaces
minimize actions and manipulations for using the tool
hide the extension mechanisms
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An 1deal Vision ...

A development environment that allows for

maintaining an overall traceability from the initial
Ideas to the realized product

Traceability ...

.. from requirements to the realized product

.. from and to software and hardware elements
.. across different variants of a product line

.. across different configurations

.. across time (history)

.. between every individual element
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... and the reality

The creators of SysML have been driven by
a less ambitious vision

I.e. more realistic vision

SysML lacks support for versions &
configurations

SysML has limited support for specific
Individuals

an individual realized product

SysML has a clear heritage of software
development language
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UML tool vendors have good understanding for
software-related system development

but lack understanding for SE in a broader perspective

There is a risk that the future development of
SysML (tools) will be predominantly influenced by
software engineering

And increased resources on ‘“code refactoring” do not

deliver any value to systems engineers
Systems Engineers risk to become yet another
customer of tools that are basically domain-
specific

e.g. the lack of integrated support for configuration

management
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Modelica

An equation-based object-oriented
language for modeling and simulation
of physical systems



Why Modeling & Simulation?

Increase understanding of complex systems
Design and optimization
Virtual prototyping

Verification
//. Build more complex systems
Mechanics
R L Axis, Axis,
I e o = oW
Reference Electric Bearing
L Angle- [~
Sensor
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Modelica - General Formalism to Model Complex Systems

Robotics
Automotive
Aircrafts
Satellites
Biomechanics
Power plants

Hardware-in-the-loop,
real-time simulation

etc



Kinds of Mathematical Models

Dynamic vs. Static models

Continuous-time vs. Discrete-time dynamic
models

Quantitative vs. Qualitative models
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Dynamic vs. Static Models

A dynamic model includes time in the model

A static model can be defined without
Involving time

i\ Resistor voltage — static system

Fr— - -

Input current
pulse

Capacitor voltage - dynamic

al
a®
a®
‘‘‘‘‘
-
at®
a®

*
*
’Q [ ] —_— | ] _— [ ] -
*
’0
*

*
*
*
*
*
*
*
*
*
‘Q
*
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Continuous vs. Discrete-Time Dynamic Models

Continuous-time models may evolve their variable
values continuously during a time period

Discrete-time variables change values a finite
number of times during a time period

N

/\/\/ Continuous

; s

I I I > time
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Principles of Graphical Equation-Based Modeling

Each icon represents a physical component i.e. Resistor,
mechanical Gear Box, Pump

Composition lines represent the actual physical
connections i.e. electrical line, mechanical connection,

heat flow
—éComponentl }——éComponentZ }—
/ Connection
—éComponent3 }—

Variables at the interfaces describe interaction with other
component

Physical behavior of a component is described by

equations
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Application Example - Industry Robot

k2

. is6
qddRef cut joint
qdRef qRef Kl 3Control iaMoor. | F3Drivel tn » 1
1 1 L S
pul - 1 =
5 s T~

qRef  psum

Kd
s
rel
Jmotor=J joint=0 .
axis4
ey =y
) - Bl —
wSsum rate2 rate3 iRef — 1
b(s) 3408
a(S) 3 -
axis3 :E%.
st
’_

tacho2 tachol

MQ.2)/052)=E1 05Z=_d

Srel = n*transpose(n)+(identity(3)- n*transpose(n))*cos(q)-
skew(n)*sin(q);

wrela = n*qd;

zrela = n*qdd;

Sb = Sa*transpose(Srel);

rob = ro0a;

vb = Srel*va;

wb Srel*(wa + wrela);

Srel*aa;

Srel*(za + zrela + cross(wa, wrela));

inertial

ab
zb

Courtesy of Martin Otter
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GTX Gas Turbine Power Cutoff Mechanism

parameter_zettings cortroller
[ — xap b
Pal... P el
dragp P o Ao
LC P LC
10 o 10 IGY |
il peipl P f p3 A7
Grie |+ A A A i
Parid [~ pila.. pia...

F _=wifch
™,
wdt b
Y
s
|T|
s
=11

o >
|3:1
]
b

T

—

pawver_cantrol POWEEL . Hz:...
— .. ?nl
clutch ... :

SrTTImE={20} — " k={2}

W
load_drop k=17 e chtch ..
1 o

chtch .. chich . j—

L

startTime=T350}
mech_kreak duraio... k=Ta00..
[
—l_ i variableDampdr el Inertiat
fartTime=0; L B
Fee. = J=1000
load_gain effect . ey
Rmmu g
stATimE=1a0 =T Developed
z8r0 .. by MathCore
— for Siemens
F=I0T

Courtesy of Siemens Industrial Turbomachinery AB W 98



Modelica

The Next Generation Modeling
Language



417

Internal-combustion engines

Thermodynamic comparative cycle as shown in the p-V- und T-S diagrams

2 3 ‘ 3
4 Ty=Ty
Tp=Ty
2, A
& 2/

P | Bofd
L d i |
0 0
0 [JA—— 0 [ —

fom T, to T, supplied by the heat
exchanger is coupled with a thermal
discharge (4 — 4'). If heat is completely
exchanged, the quantity of heat to be
added per unit of gas is reduced to

Gn=cp (Ts-T2)=¢p (Ta=T4)
and the quantity of heat to be removed is
qou=cp" (Te =T1)=¢p (T2=Th).

The maximum thermal efficiency for the
gas turbine with heat exchanger is:

Mn=1-Qo/Qn=1-(T2=T1 M(T5-Ts)

Z Z
Where palp; = ( T/Ty) -1 = (Ty/Tg) ¥
and Ty = T3 - (Ty/T2) thus

nn=1-(T/Ts)
Current gas-turbine powerplants achieve
thermal efficiencies of up to 35 %.
Advantages of the gas turbine: clean ex-
haust without supplementary emissions-
control devices; extremely smooth run-
ning; multifuel capability; good static tor-
que curve; extended maintenance
intervals.
Disadvantages: manufacturing costs still
high; poor transitional response; higher
fuel consumption; less suitable for low-
power applications.

12 11 109

Gas turbine 1 Filter and silencer, 2 Radial-flow compressor, 3 Bumer, 4 Heat exchanger,
5 Exhaust port, 6 Reduction gearset, 7 Power turbine, 8 Adjustable guide vanes, 9 Compressor
turbine, 10 Starter, 11 Auxiliary equipment drive, 12 Lubricating oil pump.

Stored Knowledge

Model knowledge is stored in books and human
minds which computers cannot access

“The change of motion is proportional

to the motive force impressed
— Newton

L I

Maatianen motns prapamma}m effes 2 motrici lmzpeﬂk,@\_ firi
- eondun lincam reﬁm gha < vis dk imprintitwr,

100



The Form - Equations

Equations were used In the third millennium
B.C.

IiEnql]J_g 3 4!16"*Wiﬂw* 1 g* gﬁ. = m =] L?g corde

Newton still wrote text (Principia, vol. 1, 1686)
“The change of motion is proportional to the motive force impressed "

CSSL (1967) introduced a special form of “equation”:
variable = expression

v = INTEG(F)/m

Programming languages usually do not allow equations!
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Modelica - The Next Generation Modeling Language

Declarative language

Equations and mathematical functions allow acausal
modeling, high level specification, increased
correctness

Multi-domain modeling

Combine electrical, mechanical, thermodynamic,
hydraulic, biological, control, event, real-time, etc...

Everything is a class

Strongly typed object-oriented language with a
general class concept, Java & Matlab like syntax

Visual component programming
Hierarchical system architecture capabilities
Efficient, nonproprietary
Efficiency comparable to C; advanced equation
compilation, e.g. 300 000 equations
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Object Oriented Mathematical Modeling

The static declarative structure of a
mathematical model is emphasized

OO is primarily used as a structuring concept

OO is not viewed as dynamic object creation and
sending messages

Dynamic model properties are expressed in a
declarative way through equations.

Acausal classes supports better reuse of modeling
and design knowledge than traditional classes
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Modelica Acausal Modeling

What is acausal modeling/design?
Why does it increase reuse?

The acausality makes Modelica library
classes more reusable than traditional
classes containing assignment statements

where the input-output causality Is
fixed.

Example: a resistor equation:
R*I = v;

can be used In three ways:

| .= V/R;

R*;

V/1,

| :
V
R :
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Brief Modelica History

First Modelica design group meeting in fall 1996

nternational group of people with expert
Knowledge in both language design and
ohysical modeling

ndustry and academia

Modelica Versions
1.0 released September 1997
2.0 released March 2002
2.2 released March 2005
3.0 released September 2007

Modelica Association established 2000
Open, non-profit organization
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Graphical Modeling Using Drag and Drop Composition

:@ MathModelica - [DCMotor.ysd:Model] - 0] x|
J@ File Edit View Insert Format Toaols Shape  MathModelica Window  Help _|E||£||
D-2E-Ba &Ry EHTHTH* O« / « G| o -
JNDI’I‘I‘IEI| ~ T Arial ~ 17pk, ~ | B IH|A*£*&- = - ==
@Mndelica.Electrical.ﬂ.nalng.ﬂasicJ "é"_.|.|.|.|.|.|.|.3|.|.|.|.|.I.|.|.|.|.|.|.|.|.|.|f1;.|.|.|.|.|.|.|.|.|.|.|.|.|.|.|.5|.|.|.|.|.|.|.|.|.|.|.|.|.|.|.|'.3|.|.|.|.|.|.|.|.:|
T e e |3
Ground HES%IF Conductor B_E
Capacitor  Inductor  Transfaor... _E
o= IH [
Gyrator BMF WO =
WiCC CCW CCC T:

— _{ Courtesy
%MDdelica.EIectrical..ﬂ.nalng.ﬁnua _E - I\E/latl.’lCOI’(_E AB
[ Modelica Mechanics. Rotational || [ 4] 4 » [ m]% Model {1con /| 4] I , ngineering
Drag 2 drop master(s) into the drawing, o

(Mathlore J 106




Graphical Modeling - Drag and Drop Composition

} Mathitho

E File Edit Yiew Insert Tools Shape ‘Window Help

‘SH rmE o (kST NOOO AR [ vio(BE

A S 42k MW 7T

~
[ Browse Libranes. .. - ]
Top Level View constantyoltage
todelica. Mechanic: Rotational EMF1
aroundl
I] A inductaor
Lbrary ||.|Jla['[| | H !n U.C
| ! ! f2.] - - inertial
Examples Interfaces Sensors resistort inductart resistor]
—_— 5 &
T =
Accelerate BearingFri Brake
chion z @ inefal @
=1
' :
Clitch  ConstantS CongtantT :
peed orque
L ) -[’E:]—Er 1
Damper ElastoBac  Fised
klash b —
grounc 3
®* T =
Gear Gear2  GearEffici
BNy
..
P eu =
|dealGear ldealGear IdealPlane
R2T Lary
= 2 ¥ v
lrertia | inearGne | issGear < >
Ll Parameters |Variables
Mame “alue Dezcription
J | 1/kgmz  Moment of inertia
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Multi-Domain (Electro-Mechanical) Modelica Model

A DC motor can be thought of as an electrical circuit
which also contains an electromechanical component

model DCMotor
Resistor R(R=100);
Inductor L(L=100);
VsourceDC DC(¥=10);
Ground G;
ElectroMechanicalElement EM(k=10,J=10, b=2);
Inertia load;
equation
connect(DC.p,R.N);
connect(R.p,L.n); ’<:>DC
connect(L.p, EM.n); y
connect(EM.p, DC.n);
connect(DC.n,G.p);
connect(EM.flange, load.flange); ﬁ G
end DCMotor —

L
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Corresponding DCMotor Model Equations

The following equations are automatically derived from the Modelica model:

0==DC.p.i+R.n.1i EM.u==EM.p.v-EM.n.v R.u==R.p.v-R.n.v
DC.p.v=R.n.v O0==EM.p.1+EM.n.1i 0==R.p.1+R.n.1i

EM.i ==EM.p.1 R.i==R.p.1
0==R.p.1+L.n.1i EM.u==EM.k *EM.w R.u==R.R*R.1
R.p.v==L.n.v EM.i ==EM.M/EM.k

EM.J*EM.w ==EM.M -EM.b+*EM.w L.u==L.p.v-L.n.v
O==L.p.1+EM.n.1i 0==L.p.1i+L.n.1
L.p.v=EM.n.v DC.u==DC.p.v-DC.n.v L.i==L.p.1i

0=DC.p.1+DC.n.1i L.u==L.L«L.1i"

0==EM.p.i+DC.n.i DC.i==DC.p.1i
EM.p.v==DC.n.v DC.u==DC.amp+Sin[27wxDC.£fxt]

0 ==DC.n.i+G.p.i _
P (load component not included)
DC.n.v=G.p.v

Automatic transformation to ODE or DAE for simulation:
dx

==f[x, u, t [dx xut]--O
E“ [.r s ] gEf 7 i ==
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Translation of Models to Simulation Code

Modelica \’::>
Graphical Editor Modelica :
::> Modelica

Model Source code
< > <{=== Modelica Model

Translator
< = <= Flat model
Analyzer
—__— {mmm Sorted equations
Optimizer Optimized sorted
S equations
Code generator

= = E C Code
Executable
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A Simple Rocket Model

thrust —mass - gravity

acceleration =
Mass
mass’ = —massLossRate - abs (th rust)
I \l/mg altitude’ = velocity

velocity’ = acceleration

D iy Tt S declaration
new model wellassoRackel clnacketiclassty comment
parameters (changeable <——t——parameter String !name;
before the simulation) Real mass(start=1038.358);

Real altitude(start= 59404);
floating point Realjvelocity(start= -2003); start value
type Real acceleration;

Real thrust; // Thrust force on rocket

name + default value

TS IESS—————

equation
(thrust-mass*gravity)/mass = acceleration; mathematical
der(mass) = -massLossRate * abs(thrust); equation (acausal)

der(altitude) = velocity;

1327 20 = 2T N 1
1 1

der(velocity), = acceleration;

end Rocket;

differentiation with
regards to time
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Celestial Body Class

A class declaration creates a type name in Modelica

class CelestialBody
constant Real g = 6.672e-11;

parameter Real radius;
parameter String name;
parameter Real mass;

end CelestialBody;

An Instance of the class can be
declared by prefixing the type
name to a variable name

CelestialBody moon;

The declaration states that moon iIs a variable
containing an object of type CelestialBody
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Moon Landing

Rocket
moong -moonmass
Tthfust apollagravity= _g —>
........ (apollaaltitude+ moonradius)

altitude

CelestlaIBody

class MoonLanding

parameter Real
parameter Real

only access
inside the class

access by dot <«
notation outside
the class

parameter Real

forcel
force2

36350;
1308;

thrustEndTime = 210;

parameter Real

thrustDecreaseTime = 43.2;

Rocket
CelestialBody

apollo{name="apoll1013™);
moon{ name=""moon"" ,mass=7.382e22,radius=1.738e6) ;

equation

apollo.thrust =

apollo.gravity=

end MoonLanding;

ifT (time < thrustDecreaseTime) then forcel

else 1T (time < thrustEndTime) then force2

else 0O;
moon.g*moon.mass/(apollo.altitude+moon.radius)”2;
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Simulation of Moon Landing

simulate(MoonLanding, stopTime=230)
plot(apollo.altitude, xrange={0,208})
plot(apollo.velocity, xrange={0,208})

30000

50 100 00

25000
-100
20000
-200
15000
10000 -300
5000 -400
50 100 150 200 ‘
It starts at an altitude of 59404 The rocket initially has a high
(not shown in the diagram) at negative velocity when approaching
time zero, gradually reducing it the lunar surface. This is reduced to
until touchdown at the lunar zero at touchdown, giving a smooth
surface when the altitude is zero landing
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Inheritance

parent class to Color

restricted kind <——vrecord Colorbata)
of class without 'parameter Real red = 0.2;
equations 'parameter Real blue = 0.6;
:Eeal ] class ExpandedColor
aean PR | parameter Real red=0.2;
, end ColorData;
child class or parameter Real blue=0.6;
subclass  &¥—7 7™ ™ § | | ‘Real green; ,
class (Color: equation
keyword «—| —extends’ ColorData; _>'red + blue + green = 1:
denoting equa‘tlon T
) ) e , end ExpandedColor;
inheritance ‘red + blue + green = 1; i
end Color;

Data and behavior: field declarations, equations, and
certain other contents are copied into the subclass
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Inheriting definitions

Legall Inheriting multiple

Identical to the

inherited field blue | identical

record ColorData

—paraneter Real red = 0.2 definitions results
parameter Real blue = 0.6;! in only one
Real  green; definition

end ColorData;

class ErrorColor

extends ColorData;

- sparameter Real blue = 0.6;
>parameter Real red = 0.3;
equation

red + blue + green = 1; eaar Inheﬂnng.
end ErrorColor; | Same name. but multiple different
different value definitions of the
same item is an
error
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Inheritance of Equations

class Color
parameter Real red=0.2;
parameter Real blue=0.6;
Real green;

equation

end Color;

Color isidentical to Color2
class Color2 // OK!

extends Color; Same equation twice leaves
equation _ one copy when inheriting

class Color3 // Error! Color3 is overdetermined
extends Color; ) ]

equation Different equations means
red + blue + green = 1.0; two equations!

// also i1nherited: red + blue + green = 1;
end Color3;
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Multiple Inheritance

Multiple Inheritance is fine — inheriting both geometry and color

class Point

class Color Eea: X; _
parameter Real red=0.2; deg _yi?’
parameter Real blue=0.6; end Point;

Real green; class ColoredPoint

equation & 0 T -eALLlts FOIIL

red + blue + green = 1; multiple inheritance TPy v T
end Color;

class ColoredPointWithoutlnheritance
Real Xx;
Real y, z;
parameter Real red = 0.2;
parameter Real blue = 0.6;
Real green;

equation
red + blue + green = 1;

end ColoredPointWithoutlnheritance;

Equivalent to
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Multiple Inheritance cont’

Only one copy of multiply inherited class Point is kept

class Point
Real x;
_"Real y;

end Point;

class VerticallLine class HorizontalLine
extends Point; extends Point;

Real vlength; DlamOnd |nher|tanCe Real hlength;

end VerticallLine; end HorizontalLine;

class Rectangle
\_extends VerticallLine;

extends HorizontalLine;
end Rectangle;
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Software Component Model

Interface Acausal coupling
Connector \L
? 3@ > SN
T ®
|
Component Connection Com||oonent

Causal coupling

A component class should be defined independently of the
environment, very essential for reusability

A component may internally consist of other components, i.e.
hierarchical modeling

Complex systems usually consist of large numbers of
connected components
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Connectors and Connector Classes

Connectors are instances of connector classes

electrical connector

connector class <—— connector: Pin’ oo mmmmemeo

________________ :

Voltage V; V + ! .

keyword Flow Flow Current i; Dpln i

indicates that currents end Pin; S :

of connected pins i b _____1
sum to zero.

an instance pin
of class Pin

mechanical connector

connector class <——fconnector iFlange;
Position S;
flow Force T; S |
end Flange; S ! !
(11l '
________________ | ange i
an instance flange e{lf_lg_n_ge_:_f_l_qqg_e_;l — !

of class Flange
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The Tlow prefix

Two kinds of variables in connectors:
Non-flow variables potential or energy level
Flow variables represent some kind of flow
Coupling
Equality coupling, for non-flow variables
Sum-to-zero coupling, for flow variables

The value of a flow variable is positive when the current
or the flow is into the component

______________

positive flow direction: —
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Physical Connector

Classes Based on Energy Flow

Domain  pgtential Flow Carrier Modelica
Type Library
: Electrical.
Electrical Voltage Current Charge Analog
lati I " . Mechanical.
Translationa Position Force Linear momentum e lEr e onE
- Angular Mechanical.
Rotational Angle Torque momentum Rotational
Magnetic Magne_t|c RGBT Magnetic flux
potential flux rate
Hydraulic Pressure Volume flow Volume HyLibLight
Heat Temperature Heat flow Heat HeatFlowlD
Chemical Chemlc_:al Particle flow Particles Under_
potential construction
Pneumatic Pressure Mass flow Air PneuLibLight
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connect-equations

Connections between connectors are realized as equations in Modelica

connect(connectorl,connector?) I

The two arguments of a connect-equation must be references to

connectors, either to be declared directly within the same class or be
members of one of the declared variables in that class

| i+ vV o+
. pinl —— ——{1pin2

—P |

Pin pinl,pin2;
//A connect equation

//in Modelica:

124



Connection Equations

Pin pinl,pin2;
//A connect equation

//in Modelica Corresponds to

pinl.v = pin2.v;
pinl.i1 + pin2.1 =0;

Multiple connections are possible:
connect(pinl,pin2); connect(pinl,pin3d); ... connect(pinl,pinN);

Each primitive connection set of nonflow variables is
used to generate equations of the form:

V, =V, =V, =...V,
Each primitive connection set of flow variables is used to generate
sum-to-zero equations of the form:

L+ +...(-1)+...1, =0
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Acausal, Causal, and Composite Connections

Two basic and one composite kind of connection in Modelica
Acausal connections
Causal connections, also called signal connections

Composite connections, also called structured
connections, composed of basic or composite
connections

-y

connector class <——connector’ OutPort

fixed causality .output Real signal;

end OutPort
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Common Component Structure

The base class TwoPIn has

two connectors p and n for I

. . ; ] pv i r+ TwoPin -1y B nwv
positive and negative pins —Tp n

. — | i
respectively sttt A
i
partial class ‘partialmodel TwoPin |
I(gztn :n(:;[atzgd) \éa;}:;gi \i/ {_Ez@l\r}_g_(;e_%ggg___lbj_ﬁ__: » electrical connector class
positive pin Pin_ p; flow Current i:
negative pin Pin n; end Pin- ’
equation i
V = p.V - N.v;

O =p.1 +n.i;
= p.i;

end TwoPin;

// TwoPin is same as OnePort iIn

// Modelica.Electrical.Analog. Interfaces
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Electrical Components

model Resistor ’ldeal electrical resistor”

extends TwoPin; p.i n.i
parameter Real R; — -
equation C C
R*j = v- pv - n.v

» \'

end Resistor;

model Inductor ’lIdeal electrical i1nductor”
extends TwoPin;

parameter Real L Inductance”; — -—
equation OoO———-
L*der(i) = v; pv B oy ™
end Inductor;
model Capacitor ldeal electrical capacitor”
extends TwoPin; p.i n.i
parameter Real C ; 75;’ +|| ‘75;
equation p.v | | n.v
i=C*der(v; N - >V
end Capacitor;
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Electrical Components cont’

model Source
extends TwoPin; . § V(1) .
) p.i n.i
parameter Real A,w; N s -
equation
v = A*sin(w*time); v n.v
end Resistor;

model Ground

Pin p;
equation _
p.v = 0; il

end Ground; -
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Resistor Circuilt

model ResistorCircuit
Resistor R1(R=100);
Resistor R2(R=200);
Resistor R3(R=300);
equation

_________________________

R2.p.v;
R3.p.v;
R2.p.1 + R3.p.1i

- Rl1.p.v
‘connect(R1.p, R2.p); & Corresponds to > R1.p.v

.connect(R1.p, R3.p); .

end ResistorCircuit;

+ 1
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Modelica Standard Library - Graphical Modeling

Modelica Standard Library (called Modelica) is a
standardized predefined package developed by
Modelica Association

It can be used freely for both commercial and
noncommercial purposes under the conditions of
The Modelica License.

Modelica libraries are available online including
documentation and source code from
http://www.modelica.org/library/library.html
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Modelica Standard Library cont’

Modelica Standard Library contains components from various
application areas, with the following sublibraries:

Blocks Library for basic input/output control blocks
Constants Mathematical constants and constants of nature
Electrical Library for electrical models

Icons Icon definitions

Math Mathematical functions

Mechanics  Library for mechanical systems

Media Media models for liquids and gases

Slunits Type definitions based on Sl units according to ISO 31-1992
Stategraph Hierarchical state machines (analogous to Statecharts)
Thermal Components for thermal systems

Utilities Utility functions especially for scripting
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Model1ca.Blocks

This library contains input/output blocks to build up block
diagrams.

Library Library Library Library Library Library
Continuous ~ Sources Math  Interfaces  NonLinear Discrete
Example:
feedhack?
— A B
— oD ]

step Fl1 limitert stateSpac e
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Modeli1ca.Electrical

Electrical components for building analog, digital, and
multiphase circuits

Library Library Library Library
Analog Digital Machines MultiPhase
Examples:
S T
L P e
AndG:te1 i i i

nnnnnnnnnnnnnnnnnnnnnnnn
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Model 1ca.Mechanics

Package containing components for mechanical systems

Subpackages:
Rotational 1-dimensional rotational mechanical
components
Translational 1-dimensional translational
mechanical components - - |
st emeone! -

—
- - - - Hopsi
rs—-—1 E&E—-—n—e—n—\/v{g—a—
4 i A i N A4 i : : —_— — JR— . N
tau '[ ]‘ '[=]' '[=] FixgdlLe OuterContacts SpringPlateA ringFlate

Spring fp gi I S QuterContactd
singe torgue inertial idealGear ineia2 spring ineia3
b [ | — —
Frictioni I::l Rod1 Rodz
[ru}

damper l::l - -

4 InnerContacts Innercontactd
— L

1
Rod3 Rod4

AT
- s ~ =
f
Sine1 Forcel .
Spool
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Connecting Components from Multiple Domains

e Block domain

e Mechanical domain

e Electrical domain

Mechanical
domain

+ Electrical 2
G domain

model Generator
Modelica.Mechanics.Rotational .Accelerate ac;
Modelica.Mechanics.Rotational . Inertia iner;
Modelica.Electrical .Analog.Basic.EMF emf(k=-1);
Modelica.Electrical _.Analog.Basic. Inductor ind(L=0.1);
Modelica.Electrical _.Analog.Basic.Resistor R1,R2;
Modelica.Electrical .Analog.Basic.Ground G;
Modelica.Electrical .Analog.Sensors.VoltageSensor vsens;
Modelica.Blocks.Sources.Exponentials ex(riseTime={2},riseTimeConst={1});
equation
connect(ac.flange b, iner.flange _a); connect(iner.flange b, emf.flange b);
connect(emf.p, ind.p); connect(ind.n, R1.p); connect(emf.n, G.p);
connect(emf.n, R2.n); connect(R1.n, R2.p); connect(R2.p, vsens.n);
connect(R2.n, vsens.p); connect(ex.outPort, ac.inPort);
end Generator;
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DCMotor Multi-Domain (Electro-Mechanical)

A DC motor can be thought of as an electrical circuit
which also contains an electromechanical component.

model DCMotor
Resistor R(R=100);
Inductor L(L=100);
VsourceDC DC(f=10);
Ground G;
EMF emf(k=10,J=10, b=2);
Inertia load;

equation
connect(DC.p,R.N);
connect(R.p,L.n);
connect(L.p, emf.n);
connect(emf.p, DC.n);
connect(DC.n,G.p);
connect(emf.flange, load.flange);

end DCMotor;
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ModelicaML

A UML profile for Modelica



ModelicaML - a UML profile for Modelica

Supports modeling with all Modelica constructs i.e. restricted
classes, equations, generics, discrete variables, etc.

Multiple aspects of a system being designed are supported

system development process phases such as requirements analysis,
design, implementation, verification, validation and integration.

Supports mathematical modeling with equations (to specify
system behavior). Algorithm sections are also supported.

Simulation diagrams are introduced to configure, model and
document simulation parameters and results in a consistent
and usable way.

The ModelicaML meta-model is consistent with SysML in
order to provide SysML-to-ModelicaML conversion and back.

139



SysML vs. Modelica

SysML
Pros
Can model all aspects of complex system design

cons

Precise behavior can be described but not simulated
(executed)

Modelica

Pros
Precise behavior can be described and simulated

cons

Cannot model all aspects of complex system design,
I.e. requirements, inheritance diagrams, etc
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ModelicaML - Purpose

Targeted to Modelica and SysML users

Provide a SysML/UML view of Modelica for
Documentation purposes
Language understanding
Better software engineering

To extend Modelica with additional design
capabilities (requirements modeling, inheritance
diagrams, etc)

To support translation between Modelica and SysML
models via XM
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ModelicaML - Overview

ModelicaML Diagram

Eghﬂvinr Reguirement Structure Simulation :
diagram diagrarm Diagram . diagram '
bmssmsmm = d
Class Internal Class Fackage
diagram diagram diagram
S " Farametric
Activity Sequence  + EQuation | StateMachine  Use Case diagram
diagram diagram : diagram : diagram diagram
B d
LR ] )
i______E Mew diggram type Modified fram Syshil same as SyshL
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ModelicaML - Package Diagram

The Package Diagram groups logically connected user
defined elements into packages.

The primarily purpose of this diagram is to support the
specifics of the Modelica packages.

1 1
PowerTrain  |<—{MyPowerTrain
Modelica P — P
Sv)
GearBoxes
| | Ireplaceapie} <4 | GearBoxes
Blocks | Examples | Mechanics | « ModelicaMadel »
S% & SampleModel
. | ) Parameters
Continuous Interfaces Rotational « import » Vodelica Siunit
Slunits Length L=10 |-~~~ ~——~—~————————== odelica. siunits
Slunits Velocity V =1
GeneralStack
GeneralStack —‘
«ModelicaClass » « ModelicaRecord » , RealStack
Element Stack « ModelicaClass » replaceable Element GeneralStack
{replaceable } «ModelicaRecord» Stack redeclare type Element = Real
«ModelicaFunction» Push
« ModelicaFunction » 0‘l‘«‘lOdelicsFmeticm» « ModelicaFunction » «ModelicaFunctions Pop —||nteger8tack
Push op Top . . GeneralStack
« ModelicaFunction» Top
redeclare type Element =Integer
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ModelicaML provides
extensions to SysML in order
to support the full set of
Modelica constructs.

ModelicaML defines unique
class definition types
ModelicaClass,
ModelicaModel,
ModelicaBlock,
ModelicaConnector,
ModelicaFunction and
ModelicaRecord that
correspond to class,
model, block,
connector, function and
record restricted Modelica
classes.

Modelica specific restricted
classes are included because
a modeling tool needs to
iImpose their semantic
restrictions (for example a
record cannot have equations,
etc).

ModelicaML - Class Diagram

«ModelicaClass» «ModelicaModel » «ModelicaBlock»
Class1 Model1 Block1
Conirainis
{x=>y}
Farameiers
Type1 parametert «ModelicaConnector » « ModelicaFunction»
Paris i
Class1 property(p1=2, p2 = 1000) Connector1 Function1
Connector] properyl « connectors
Class2 propertyl
Referances
Class3 property? [3] «ModelicaRecord »
‘ariables Record1
constant Integer property3 =99
+discrete Real propertyd =100
#flow Real propertys
« MaodelicaClass» « ModelicaClass »
Clags1 Class1
Namespace Strucure
- part1 - p1-p2 ]
Class? «p—— Class? pl1:Class4 —————— p2Z:Class5

Class Diagram defines Modelica
classes and relationships between
classes, like generalizations,

association and dependencies
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ModelicaML - Internal Class Diagram

Internal Class Diagram shows the internal
structure of a class in terms of parts and
connections

ModelicaML Internal « Modelicallodel »
Class Diagram Circuit
r-.._

| o n n 'J] - H]E
model Circuit 469 AC : VSourceAC EF_H] R1 : Resistor H] ] R2: Resistor
PP

Resistor R1(R=10); BR=10 P R =100
Capacitor C(C=0.01);
Registor R2Z(R=100);

Inductor L(L=0.1);
VSourceAC AC; n
Ground 3; \_H] C:Capacitor #4&1 L : Inductor H],
AHE G : Ground n
p

equation — P
connect (AC.p, R1.p); P C =001 L=0.1
connect (Rl.n, C.pl;
connect (C.n, AC.n);
connect (Rl.n, R2.p); R2=100 L=01

connect (R2.n, L.p);
C=0.01

R1=10

connect (L.n, C.n); | L
connect (AC.n, G.p); Modelica Connection e |l
end Circuit; Diagram s —l—1 ¢
+ 1
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ModelicaML - Equation Diagram

behavior Is specified using Equation Diagrams
all Modelica equations have their specific diagram:

Initial, when, for, If equations

model FrocessControl
parameter Real k=10,T=1:
parameter REeal T==0.001;
Eeal x (fixed=true,start=2):
Eezal xref;

disorete Beal xd(fixed=true,start=0):

dizsorete Beal u(fixed=true,start=0):;
eqnation

deri(x) = =—xX + 1u;

/4 Di=zcrete FI Controllerx
when =sammle (0,T=) then
xd=pre(xd)+I=s/T*(xref-x):
=k~ (xd + xref - x):
end when;
initial ecmation
pre(xd) = 0; pre(fu) = 0;
end ProcessControl:

'/ BProcess model

pre(zd) = 0;
prefu)l = 0;

ed ProcessControl /
« Initial-Equation » « Equation »
ProcessModel

der(z) =-% + u

« When-Equation »
DiscreteController

when sample(0,Ts) then

« ModelicaMode] »

ProcessControl
parameters
Real k=10
Real T =1
Real Ts = 0.001
variables

Real x{fixed = true, start = 2}
Real xref

discrete Real xd{fixed = true start = ()
discrete Real uifixed = true,start = 0)

&

zd = pre(zd) + Ts T=(zref - xz):
nu =%k * (zd + zref - xz):
end when
[ |
« Equation» Initial-Equation
ProcessModel ¢ a ’

pre(zd)] = 0;

deriz) =-xz + 1 prefu) = 0:

« When-Equation »
DiscreteController

when sample(0,Ts)
zd =
u=

then

lt =

(zd + zref - xz):

| end when

pre(zd) + Ts/T*(zref-z):
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ModelicaML - Simulation Diagram

sd MoonLanding /

« ModelicalModel »
«Parameter » asimParameters WoonLanding
forcet = 37000 | -—————-———— Parameters
Real force1 = 36350
«Parameter asimParameters | Real force2 = 1308 « Tequirement »
thrustEndTime =200 |"~~~~""""""=| RealthrustEndTime = 210 . .
_ MeoonLandingGravity
«Parameter» « simParameter» Real thrustDecreaseTime = 43.2 Gravity should be gradually increased
moon.radius = 1.738e6 [~~~ Parts when the rocket approches the lunar
Rocket apollo(name = "Apollo13”, mass(start=1038.358) ) | |surface
CelestialBody moon(name = "moon”, mass = 7.382e22 ) 7
.
{apollo.altitudeft], {t. 0. 208} } .~ apollo.gravity[t], {t, 0, 208} | S
asimResults Jé:’f asimResults r,f asatisfys
—{apallo.altitude) ] — ({apalla.grawity) [t] £

GOOooE j.-"

so000f 1-g2t / K

40000 f . . . N

50 100 150 Zoo

20000F 1_58

zoooop 1.58

loooof

1_54
=
50 100 150 Z00

Used to model, configure and document simulation
parameters and results

Simulation diagrams can be integrated with any Modelica
modeling and simulation environment (OpenModelica)
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Eclipse

Integrated Environments for Modelica



Generating Editors

M lava - org. modelica. umbfmo de sysml.ecore - GM
Fl= EdE Mawigst=  Search  Project Run Sample Ecore Edite

14 e | 0T B EMF - Eclipse Modeling
B moklicaclassintemalbiagrarn,. “_'&:_mdmcm

T BB Recuirement -» ModlaClasier I:rE“11E“A“3rk(

I lewsd : Elrb=oerObiect
~ = id : Skring
= priority ; ElnkegerChjeck =
==+ deriwedSrom : Requirement GMF — Graph ICaI
& derived @ Requiremant
= =kgkus ; Statuskind -
e o o Modeling Framework
i werfledsy : Modsicaclass g
o2 bracedTe : ModzlicaClass
o8 refinedfy ; Modelcalless -

# rmaster : Fequirement T h U M L 2 E I t
= dascrpkion @ Soring e C I pse m e a_
LeriveR.sgRelationship - = Mod=licaZlassitier
Satkf pRelatiorship - Modelicalassiisr - -
RO B model Im 0 lementation
MzdelicaFlationales - Camment
Satisfies - = ModelcaClassier
Satiefisskroperty - = Froperty
SatisfizdBy - Modeicalassifisr
Satisti=dBvProperty - = Property
SatifiedByR elationship - > Modeicadassifier
GerarslReationship > Modelcadassifiss

+
5

W 71 [0 I3 [T 0271 (071 00 0 71 00 T - - - - R 0 B

+ FeouirementHisrarchyRelationship -= Modedi
= Statuskind

= draft=10

= rejecked =1

— incomplete =7

= postpaned = 3

= internalyPrioficzsd = 4
— plammed =5

= r=fined =6

= ctarted =7

= done =1
S N N R SO 1Y ST RPN SR | S | SO 1 11X | R

Ol Selected Ohiect; plat orm;fresource org mod 149
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Eclipse environment for ModelicaML

& Modelica - SimpleGircuit.mcd - Eclipse SDK
File Edit Mavigate Search Project Disgram BRun FieldAssist  Window Help
Jf{j'['ﬁ'] |@J$‘ﬂ'%'J§JQJ_5'J.‘J@J T A== T 5 | B Modelica iid
|[rahoma s =] A v ne Jroe| BB || =N R fecic++ & Java
Y “h
6% Modelica Projects 23 =g SimpleCircuit. sysml impleCircuit.mcd X SimpleCircuit. mo | Interfaces.mo y =8
INI= = _a||=—Palette — »
-
T ; Select
B [ Slunits.mo 6% 2007-01-2300:24 hubertus = | Toen - s re— H? .
B[] StateGraph.mo 469 2007-01-23 00:24 hube: = S
=3 simpleCircuit.ma +n _— Vahe (=1 Mate -
. W
B+ [¥e SimpleCircuit ,_:.m.,m [== Modes *
5 AC E Class
% C @ Madel
<,
: LG Rmsintar [E] Block
? Baramalm s E Connector
qw [E] Record
= Paramalars X
""" %] .project sl E§ Resl L(fumt= WY HE] Function
----- [f3 simpleCircuit.med Farts Enumeration
..... E; SimpleCircuit.mci i = __||E= Links *
----- 2 5.|mph=-TC|rcun.sysmI . . YT /~ Generalization
EIE&L Libraries: C:'OpenModelica 1,4, 3\ Modelicalibrary ' y . /C =
=8 Modelica LR
..... @ extends Icons.Library; fvm = 1
E_EI---EEl Blocks o
: EE Constants -
=8 Electrical 1| | MO
b @ extends Modelica.Icons.Library2; - ™)
E|EE Analog Y Froblems ‘ Consaole | Bookmarks | Progress | Error Log ‘ Search rﬂ Froperties &3 s ;-'——:.') = =0
i © extends Modelica. Icons. Library2;
i ex n.an = Modelica.Icons, Library @‘
E|EE Basic
. © extends Modelica.Icons. Librar Property | value =
E-[v] Capacitor = = uML
3 i _rh e | _"I_I Access = public
Array Dimension =
o= Qutiine &3 E|=fY T O Default = unit = 'Ohm' b
Direction L= inout
Iz Flow L falze
Mame =R -
1| | 3
| o | NREEEIR TN &= e Trim (Bottom) 150




Requirements Modeling

esource - testfdefault3.mei - GMFE Base Platform

File Edit Diagram Mavigate Search Project Run  Modelicabl  Window  Help

RS e A LD B . .... "Requirements
£ | [ Resource |

5! '|i| defaulkz. mci ] defaults.mei &3 | Can be m Od e I ed
hierarchically
'ﬂ'\ rﬁaslter. cylinder shall have a res ij

can be traced
va can be linked with
e 28" other ModelicaML
IR models

o e can be queried
| g | & with respect of

Prevent cormplete loss of fluid Separate reservoir compartrent

¥ "B 1 o their attributes and

IIL < 55.4.1a I 4 55.4.1h

ok 4 links (coverage)

Master Cylinder Efficacy
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Requirements Modeling in Eclipse

M Resource - test/defaultZ.mci - GMF Base Platfarm
File Edit Diagram Mavigate Search Project Run  Modelicatl  wWindow  Help

+ I D R R R SR _ B
T . — ':?H\_: - ug - ?:_,"' - }ll’ j\{ — :_1|:||:|°.'"o |
& | [I:I Resource |
[d] defaulez.mei &3 =g
? ”~ “Palette — ¥
[D : = [:3 Select
Master Cylinder Efficacy |+, Zoom
= ! [=1 Mote e
= & rnaster cylinder shal ham_a a reservoir -] = Niodes -
o= cornpattrnent for each service brake _ |t
: : BrakeSystemn
subsystemn serviced by the master cylinder, | ] class
Loss of fluid from one compoartment =l Patamneters M) Made|
Block
4 55.4.1 = zsatisfy= = Parts % .
Unceion
£ | | E Canneckor
< incomplete Yariables [E] Record
53 FbnFrontBrake :
< «deriveReqts» < <deriveReqt>» g tb:RearBrake E Type
<4+ Rationale
Conneckions <= Rationale Mode
LossOfFhuid Reseryoir |- Requirements +
Mestad (=1 Requirement

= | <4 Satisfies
Presvvent complete loss of fluid Separate reservoilt compartrenit | < SatisFiedBy
Equations )
=] = < Higrarchy

J J J J | Parts *

4 55.4.1a 4 55.4.1b | (£ Class part
E1 - 1 Connector patt
< started ta < draft
R _E&-Links
p 5 CT .E',;Nested

Sk 4 . i - o
: L 9B 32



Creating Modelica projects (1)

& Modelica - Eclipse SDK

|Fi|E Edit Refactor Mavigate Search Project Run  Window Help € New Modelica Project

New Alt+Shift+N  * Create a Modelica project
Open File... Create a Modelica project in the workspace,
HH Modelica Packale
Zlmse (Zhr|+F4 S
: ndelica Class
Clase Al Chrl#Shift+F4 Project name: | demol
[_*] Folder
. Save CErlH-S % File
W e
i Createfa new Modelica project,
Wl Chrl4shift+s [ - Example..
Hevert = Other...
- Wizards:
[ave. ..
RERaE, .. 2 :
Fefresh S -2
Convert Line Delimiters Ta 3 :
ol Frint... Chr| P -2
Switch Workspace...
mwn Trnnrt

-[== Plug-in Development
= Simple
= Web

Creation of Modelica e e | o |l
projects using

q

= Bach I Mext = I Fimist Cancel |
153

wizards




Creating Modelica projects (ll)

= Modelica - Eclipse SDK

File Edit Refactor Mawigate Search Project Run Window Help
| T3~ JFJ‘%*J@J@'“J;E;E;EJ ERNE

=9
ST o

----- [X] .project

=-m Standard Library

= = ## Modelica
= EE‘ Blocks

~f} Continuous
- Discrete
83 Interfaces
&8 Logical
- Hf Math
&-83 Monlinear
&-f3 Sources
83 Types
- H3 Constants
(= H# Electrical
=- EE Analog

-4 Basic

-} Examples

E-83 Ideal

- Modelica project
EE Semiconductors ”[E_ Problems 52

-} Sensors . .
EE Sources 0 errors, 0 warnings, 0 infos

Icons | Description
Math
Mechanics
Slunits

LIsersGuide 154

I+

EEEEE




Creating Modelica packages

|Fi|E Edit Refactor MNavigate Search Project Run Window Help File Edit Refactor MNavigate Search Project Run

fes-Ciol s a8y |8

Cpen File, .. == —
B2 Modelica Package m\_ |
Close bl H-F4 :
: odelica Class El Tﬁ
Close &l (ZErIH-ShifE R -} MyPackage
R package.mo
.Save Zhrl+5 ----- ¥| .project
| R (- Standard Library
o Example. .. \ EIE Modelica
Wy e Al Chrl+-Shift 58 Blocks
Revert - X | [+ Continuous
& New Modelica Package |
Maoves.,
Modelica Package )
BEename, ..
Create a new Modelica package.
Refresh

Convert Line Delimiters To

ol Frint...

Source folder: | demao Browse. ..

Package: I Browse. /!
y 4
Mame: | MyPackage /

Description: | & Modelica Package|
[ is encapsulated padkage

Creation of Modelica

packages using
wizards

q

Finish I Cancel 1 55




= Modelica - Eclipse SDK

File Edit Refactor Mavigate Search Project Run Window Help

Creating Modelica classes

& Modelica - MyClass.mo - Eclipse SDK

File Edit Refactor Mavigate Search Project Rum  Window Help

. |03~ |rl@a- 18 |+ [88ACE- - |
= - - E 2 - -’
L} J -FI J % J _J J "t:l J :; :g :E J :E::. {:::. Madcko o = H MyCIass.mu 52
m = Eh]( EIIﬁ demo 1 within MyFackage:;
E| EEl MyPackage 2
B- IEH: demao H =- . MyClass, mo 3°model MyClass
. : MyClass 3
...... j i [A] Jproject £
E| E‘ﬁ EIE% Standard Library 7 lend MyClass:
= ¥ Delete 4 Modelica Package El-H Modelica
. E| -H3 Blocks
EC Ruild Project (. Modelica Class . B3 Continuous
i [H-ff Discrete
Refresh |/ Folder Pl e
. & New Modelica Class x|
Hpen Projeck % FHila
Close Projeck Modelica Class —
Create a new Modelica dass. (l. - a
. 150 Home -
¥ 50 Back
Source folder: IdemnﬂﬂyF‘ackagE Browse. .. |
= Go Into
E Package: I MyPackage Browse..,
Team 1
Mame: | MyClass
Restriction: Imu:udel = I
Maodifiers: [ indude initial equation blodk

Creation of Modelica

classes, models, etc,
using wizards

[ iz partial dass
™ | have extermal body

/

Cancel

Finish I
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Code browsing

£ Modelica - VanDerPol.mo - Eclipse SDK

File Edit Refactor Mavigate Search Project Run  Window Help
Jfﬁ" QJFJ%*J]J‘QJQQ;J&{#* 'JCnrrectIndenEﬁnn

3 Ty Bt
1 Modelica Pro... £3 = O My(Class.mo package.mo YanDerPol.mo XX = O

=12 demo - 1 |// Van der Pol model |
E-H MyPackage 3
E| MyClass.mo IZmodel VanDerPol "Van der Pol oscillator model”™
P MyClass - Real x(startc = 1);
o package.mo Eeal vy(starc = 1)
EI VanDerPal.ma !;na.ra.meter Real lambda = 0.3;

- : VanDerPal parameter Real & = Modelica.Constants.e;

...... o e ) _
______ o lambda Z egqoation
...... o x 2 | der(x) = y;
______ o vy C der(y) = - ®x + lambda*®* (1l - =x*x)¥*y;
..... |¥] .project =nd VanDerPol:
=B, Standard Library 12
=-E3 Modelica
- E Blocks

5 B e Code Browsing for
o easy navigation within
: 5 Modelica files.

21 problems 53 Automatic update on

&
=
]
=)
i

EEEEE
Cu
e
4

atan
0 errars, 0 warnings, 0 infos -
atan o
_____ bazelco I Description fl Ie Save -
H k=T
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Error detection (1)
R

File Edit Refactor Mawvigate Search Project Run  Window Help

J i J P J Q - J = J &5 J £1 £ £ J *o o - - J Correct Indentation ﬁ| [ Modelica &5 Java

r@ Modelica Pro,.. &4 = 83 r MyClass.mo package.mo ( YanDerPol.mo &4 = 8
-1 demo = 1 |// Van der Pol model am
=8 MyPackage 2
E| MyClass.mo J=model VanDerPol "Van der Pol oscillator model™
o MyClass 2 Bezl xz(start = 1);
" package.mo 5 Eeal wvistart = 1)
El"' VanDerPal.mo E & arameter Real lamkda = 0.3; -
B . ".':I'IZEFF'D| 7 parameter Beal e = Modelica.Constants.e:
______ o x Z equnation
...... oy g der(x) = vy:
..... K| .project 10 der(y) = - ®x + lambda* (1l - x*x)*vy;
@ Standard Library 11 end VanDerPol;
=83 Modelica 12
- f Blocks
#-E3 Constants -
EE Electrical il _pl_l
-
8 v = o0
EE Matrices 1 error, 0 warnings, 0 infos
acos | Description | Resource | In Folder | Location |
aii: 3! unexpected token: lambda, parsing resumed at token ;' on line &, column 29 VanDerPol.me  demo line & :
+- [ atan

Parse error

detection on
file save 158




Error detection (lI)
o/

File Edit Refactor Mavigate Search Project Run  Window Help

Iese @l | v |30 @ ]5 |7 | comtimtematn | DT |05 - 2|

f@ Modelica Projects &3 =) Absyn.mao X = 8]
E1-G= Compiler alll &3 public alw
E, absyn_builder 70 mniontype Program "- I level construct =
E, doc 71 A program is simply definitions declared at top
E’ mu:u:lpar Tz lewvel in the source file, i with 2 within statement that
E’ omc_debug 73 indicates the hieractical position of the program.
; = omc_release 4"
(= report 75 record PROERAM
E? S Ta list<=Class>» classes "classes ; List of classea™ ;
E? rmi2sig @ 77 Withi within "within ; Within statement™ ;
E:- e _; end EROERRM; -
. [= scripts : LI LIJ
: [ test_codegen = -
E;- tools Problems | Error Log (E Console &3 % | EN: | = B -r%-20
: a=Rl <terminated > OMDev-MINGW-OpenModelicaBuilder [Program] c:\OMDev \toolsmsys'binimake. exe
(= winruntime cp -p ../8tetic.mo Static.mo ;I
Absyn.mo cp -p -./S8imCodegen.mo SimCodegen.mo
Algarithm.mo cp -p ../ /Values.mo Values.mo
Builtin.mo cp -p -./System.mo System.mo
Ceval.mo Se/OMDev/ ftools/ml /bin/rmle —v —We,—03 -c Absayn_mo
ClassInf.mo "fo/OMDev/ ftools/ ml S /bin/ rml™ -Eplain Absyn _mo
ClassLoader.mo Abayn.mo-77.5-77.53 Error: unbound type constructor Withi
Codegen.mo Error: StaticElesborationError
Connect.ma make[Z] : Leaving directory */c/biny !
Corba.mo make[l] : Leaving directory “Jc/binfc
DAE.Mo make[Z]: *** [Zbayn.h] Error 1 -
oseet Semantic error
DAELow.mo meke: *** [omc] Error 2 )
Debug.mo
[r1l_Merive.mn ;I *I I deteCtI On On

| Writable Insert

compilation



Code assistance (1)

& Modelica - VanDerPol.mo - Eclipse SDK
File Edit Refactor Mavigate Search Project Run  Window Help

Jfﬁ'@QJFJ%'JEJQJQQQJﬂB{P' 'JCnrrE::tIndenEﬁnn b

3 Ty
[+ Modelica Pro... 3 = O MyClass.mo package.mo anDerPol.mo X

=122 demo = 1 |ff Van der Pol model
|_=_|EE|l MyPackage 2
El MyClass.mo 3=model VanDerPol "Van der Pol oscillator model™
- MyClass 4 import Modelica.

L package.mo g Feal x(stcart = 1 H Blocks
[—] VanDerPol.mo 5 Real v(start = 1 @ constants
- VanDerPol T parameter Real 1 DI‘IS. )

...... o B Electrical

______ S b 3 parameter Eeal e 3 1cons

o 3 egqnation B math

oy 10 der(x) = y; 3 Mecharics
..... [¥]| .project = derly) = - =+ 1 £ stunits
=z, Standard Library 12 end VanDerPol: B UsersGuide

E|EE|l Modelica 13

- H3 Blocks

EE Constants ll

83 Electrical -

El- 8 Icons [2{ Problems 53

EIEE Math 0 errors, 0 warnings, 0 infos

EE Matrices | Description

Code Assistance on
Imports
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Code assistance (ll)

£ Modelica - VanDerPol.mo - Eclipse SDK - 0] x|

File Edit Refactor Mawigate Search Project Run  Window Help

J i~ E & J P J% g J = J & J{Eﬂ £1 £1 J’i‘{]:l = . J Correct Indentation | [ Modelica &4 Java

f@ Modelica Pro.., &3 = EW r MyClass.mo package.mo = Eﬂ
E|'[£, dema = 1 |/ Van der Pol model ;I_
=~ H3 MyPackage 2
E| MyClass.mo 3=¥model VanDerPol "Van der Pol oscillator model™
P MyClass 4 import Modelica.Math;
o package.mo Real x(start = 1)
El vanDerpal.ma Real yistart = 1):
B P anzerF‘DI 7 parameter Real lambda = 0.3;
8 parameter Eeal e = Modelica.Constants.
------ @ lambda _
______ o x % eqgqonation o
...... oy 10 der(x} = y: o DR
_____ [¥] .project 11 der(y) = - x + lambda* (1l - X¥*X)*vy: o g
=z, Standard Library 12 end VanDerPol; o
ElEE Modelica 13 © epsilon_0
-} Blocks o
EE‘ Constants 4] °qgn
-} Electrical -
--H3 Icons [/ Problems £3
E|EE Math 0 errors, 0 warnings, 0 infos
E EE Matrices | Cescription Fesource | In Folder | Location |
aC0s
[+]-- Asin

Code Assistance on

assignments
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Code assistance (lll)

& Modelica - VanDerPol.mo - Eclipse SDK
File Edit Refactor Mavigate Search Project Run  Window Help

J Ci - E & J r J% = J = J 5 J:; £1 £ J’Ef,:' =N v J Correct Indentation ﬁ| [ Modelica &5 Java

‘ o T
[t Modelica Pro... &2 = 0 MyClass.mo package.mo “YanDerPol.mo X = 0

EIIﬁ demo = 1 |/ Van der Pol model =
El-#3 MyPackage e
E| MyClass.mo F=model VanDerPol "Van der Pol oscillator model™
P MyClass = import Modelica.Math;
o package.mo Real x(start = 1):
EI vanDerkol.ma Real vy(start = 1):

=% VanDerPal

parameter Beal lambda = 0.3:

o e
8 parameter Eeal e = Modelica.Constants.e:
@ lambda i _
o x 3 egoation
...... oy 1C der (x) = y: Real sin{5L.Angle u) |
_____ X .project 11 ¥ = Modelica.Math.=3in |
-, Standard Library 12 der(y) = - x + lambda®* (1l - X¥*x)*y:
=83 Modelica 13 'end VanDerPol; —
83 Blocks 14 =
-} Constants A 3
- £} Electrical - -
--H3 Icons [£{ Problems &2 = ~ = 0
ElEH Math Q errors, 0 warnings, 0 infos
. -3 Matrices | Description | 1n Folder | Location |
- - acos

Code Assistance on

function calls
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Code indentation

& Modelica - VanDerPol.mo - Eclipse SDK =10l x|

File Edit Refactor Mavigate Search Project Run Window Help

J Ci - B & J P J% @ J =l J = JQ £1 £7 J’E]:l = = J Currectlndenmﬁnn| T | [ Modelica | 82 3ava

o o T
[M] Modelica Pro... &3 = 8 || [M MyClass.mo package.mo = O
-1 demo | 1 f/ Van der Pol model |
E-H3 MyPackage 2
E| MyClass.mo 3 der Pol oscillator model™
: MyClass a

package.mo
- [M] VanDerPol.mo
=+ VanDerPal

TLn

noa.
0.3;

L D
= = Modelica.Constants.
i@ lambda
L@ X
b oy = v
_____ | .project der(yv) = - x + lambda® (1 - X*X)*v;

=10l x|

Project Fun  Window Help

T J = J & JQ £1 £ J’E]:' =] - J Correct Indentation T | [ Modelica &5 Java

- '
B MyClass.mo package.mo |
= 1 |[// Van der Pol model ‘|

&

-

: -- MyClass.mo
b MyClass
package.mo

model VanDerPol "Van der Pol oscillator model™
import Modelica.Math;

5 Real =(=tart = 1)
EI VanDerPol.ma £ Real y(start = 1):
B P ".-:nzerF‘Dl parameter Real lambda = 0.3;
______ o lambda parameter Real e = Modelica.Constants.e;
______ o x gquation
...... oy 1 der(x) = ¥:
_____ X .project 11 der(y) = — ®x + lambda®(l - X*X)*y:
-z, Standard Library 12 lend VanDerPol;
=3 Modelica 13

- Blocks -
G-} Constants 4] 3



Code Outline and Hovering Info

& Modelica - OpenModelicaf/Compiler/Absyn.mo - Eclipse SDK

File Edit Mavigate Search Project Run  Field Assist  Window Help

CH o= | B, J W@ -9 - J &\| & J =) J @ J i) J - - - - JCnrrect Indentation B E@cice+ »
[t Modelica Projects &3 T | =] <,==='ll} = =0 Absyrn.mo E3 =8
; -G rmi2sig ;| case (MATRIH (matrix = expll)) ;l

local list<list<list<ComponentBelix»>» resl;

~(gy runtime _
(& scripts

; [ test_codegen

- tools

[y VCT

eguation
resl = Util.listListMaplexpll, getCrefFromExp);
resi = Ugil.liscFlatteniresl);
res = Ucil.listFlatteniresi);

then
El EE, Abeyn.mo 3116 2003-02-04 14:44 krsta res;
- Ha Absyrn 3116 2008-02-04 1444 krsta case (RENGEI (stzrt = el,step = SCMEI(e3),stcp = e2))
EE, Algarithm.mo 2992 2007-12-22 22:17 adrpo equation

11 = getCrefFromExp (el);

- [} Builtin.ma 3585 2008-05-22 07:03 adrpo

gy Ceval.mo 3805 2008-05-27 02:48 adrpo
“[6) ClassInfumo 3426 2003-04-23 11:52 krsts
EE, ClassLoader.mo 3193 2008-02-1505:17 adrpo res o T T =
gy Codegen.mao 3535 2008-05-22 07:03 adrpa then input Exp inZxp; ) ) —
output list<ComponentRef> ocutComponentReflst;
EE, Connect.mao 3534 2008-05-22 06:45 adrpo res; algorithm
IL—‘B Constants.ma 3011 2007-12-22 22:36 adrpo mEEe :Rfl-'_'H outComponentReflst :=matchcontinue inExp
IEE, Convert.mo 3496 2003-04-23 11:59 krsta - quatiol o4
<| I » 1= ComponentRel cr;
1z =

o= outline 53 s "= X ¥ 70

1i { . 120
-
T
E # Absyn i’ 1 d|

ADD .
o [L Problems &3 = Console} E],]] Bu:u:uk.rnarksw i Prog
ALG_FAILURE(Algorithm equ) @ The identifier at start and end are different
ALG_LABEL (String labelNa® < O d e O u t I I n e fO r «en ;' on line| rmldump.mao OpenModelica_.'_tools_.'_rml2mnd
«en 'y on line| rmltomod.mo | OpenModelicatoolsfrml2mod
ALG_TRY(list<AlgorithmItem > tryBody - -
«en '} on line| rmltomod.mo | OpenModelicatools frml2maod

ALG_ASSIGN{Exp assignComponent, Exp value)

ALG_FOR.(Forlterators iterators, list<AlgorithmItem> forBo @3 The identifier at start and end are different

ALG_NORETCALL (CompanentR= «en 'y’ on line modrefacto.,. | OpenModelica tools/rml2mod

HLI‘? -..'H_El'i .:I*FEXD 'h-El'IStlTlt .hst .RHI M O d e I i Ca fi I eS en "' anline! rmitomod.ma | OnenMaodelicaftonls frml 2mod | _)Ij

Identifier Info on
ALG_CATCH(ist <AlgorithmTtem > catchBody) DESEelll o =
ALG_GOTO(String labelName) 3 The identifier at start and end are different, pa
ALG_RETURM = = = = - -
e aSy n aVI g atl O n WI th I n cen ;' on line moddump.mo | OpenModelica/toals frml2mad
|| ehvorasam @ | {lZ @l Ctri Contrib (Bottom) g

i i . y
ALG_EQUALITY (Algorithm equ) El & Errors {100 of 113 items) i
ALG_IF(Exp ifExp, list<@garithmItem pa
ALG_THROW
«en ;' on line| rmitomod.mo | OpenModelica/tools frml 2mod




Eclipse Debugging Environment

& Debug - OpenModelica/Compiler/Main.mo - Eclipse SDK

File Edit Mavigate Search Project Run Field Assist

Window Help

=10l x|

[ | |[#%-0-%- & | B®5 | @ |9 | [ | %5 Debug i
J i e = - J Correct Indentation B Modelica Bgj cjo++
%5 Debug 53 = B |[®a Breakpoints (I:“F Variables 3 = [H | 3 = =B
~ || MName | Value | Declared Type -
& O - = = B % p Absyn.Program Absyn.Program
v = |32 &5 E % [record] Absyn.PROGRAM[Z] {(Absyn.Class list, Absyn. Within) -
= F @ classes LIST Abszyn.Class list
B @ [0 Bbsyn, CLASS[T {{string, boal, bool, boal, Absyr.R,
= "m OMCD [Modelica Developement Tooling (MDT)] (0] H . 45507 . g =
=58 vpr & name Bla string
: UET B Main thread (steoning) & partial_ false bool
] =a|nM .re:- \SIEE:F'?Q’_ a5 i 21 el @ final_ falee bool
”a?n. a!'us:? Isgn;j 5 . ”' t' ca\. @ encapsulated_ false boal
| m Coibint a|niml;|n \|n.el.j .d O ca”. Zx frn'}:. @ restriction iiemum:Absyn.R_MODEL  Absyn.Restriction
------ 1\bin'cygwinhome\adrpo'\dev\OpenMadelica\bu
- cva #orp P B @ body Absyn.PARTS[Z] {{Absyn.ClassPart list, string optia
ll—l _'I [l % dassParts LIST Absyn,ClassPart list
El console 53 = H B @ [0 Absyn.PUBLIC[1] {{Abzyn.Elementltem list) == (Abs
OMED [Madelica Devel t Toolng (VDT Cr\binlcyguint E % contents| LIST Absyn.ElementItem list
- ° E'cel' ?_Vem:gr"ﬂlﬂ']g B i % [0]  Absyn.ELEMENTITEM[1] | ({Absyn.Element) = (Absyn.Elen
Ex ol & 04 L @ comment MNOME[D] string option
ﬂ @ info Absyn. INFO[R] {{string, boal, int, int, int, int) ==
@ within_ Absyn. TOP[] Absyn. Within | |
B @ f string string
@ - "Bla.mo” string hd
4| 3
Zkhsyn.Brogram =
. -
Kl _*IJ Kl y
Bla.mo &3 = 0| 5= outline 2 1B s §F o X ¥ 70
“model Bla - ; readSettingsFile(String filePath, Interacti'-.-'e.Interach"-.-'eS',';I
Integer z[10]; runBackendQ => Boolean
i‘ld Bls; = ' runModpar) == Boolean
serverLoop{Integer inInteger, Interactive, InteractiveSyr
Makefile. omdey.mingw ( Main.mo 52 Interactive.mo 1”1 serverLoopCorba(Interactive. InteractiveSymbolTable inn
loczl String =; ;I simcodegen(Absyn.Path inPath 1, SCode.Program inProaré
egquation transformFlatProgram(Absyn.Program p, String filename)
isModelicaFile (£); L translateFile(list <String > inStringlst)
© = Ferser.psrse (I); versionReguest
Debug. fprint {"dump”, "\n---———————————— Barsed progr *® import Absyn;
Debug.£fcall (" apk DumpCraphviz . dump, pli ® import Ceval;
Debug.£fcall(" , Dump.dump, pl; - ® import Corba; -
<] R LI_I 1] | LI_I
92—;., Tasks [3_\, Problems 23 & Seardﬂ :{——:D V= Eq

[ i | -5¥Maf254r~1 o |

|7 T

Type
Information
for all

variables

Browsing of
complex data
structures
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Conclusions

Conclusions

Eclipse environment supporting ModelicaML
Supports Requirements Engineering
Transformation between ModelicaML and Modelica

Extends Modelica with additional design capabilities
(requirements modeling, inheritance diagrams, etc)

Supports translation between Modelica and SysML

Future Work
Finalize the ModelicaML Eclipse environment
Better integrate Modelica with SysML
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Demo

Short Demo

Modelica Development Tooling (MDT)
http://www.ida.liu.se/~pelab/modelica/OpenModelica/MDT/

OpenModelica Project
http://www.OpenModelica.org
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Thank You!
Questions?

Modelica Development Tooling (MDT)
http://www.ida.liu.se/~pelab/modelica/OpenModelica/MDT/

OpenModelica Project
http://www.OpenModelica.org
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Encoding Requirements in Modelica

Using annotations
Pros: directly supported by Modelica

Cons:
can be present only at specific places
IS hard to keep track of them

type RequirementStatus =
enumeration(lncomplete, Draft, Started);
annotation(
Requirement(
1d=""S5.4_1",
level=0,
status=RequirementStatus. Incomplete,
name=""Master Cylinder Efficacy",
description=""A master cylinder.'));
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Encoding Requirements in Modelica

Using restricted class: requirement

Pros:
direct Modelica support for requirements
hierarchies of requirements supported by inheritance
easy linking with
cons:
Modelica specification needs to be extended

type RequirementStatus = requirement R2
enumeration(lncomplete, Draft, Started); extends R1;
String name'Loss Of Fluid";
requirement R1 String 1d="S5.4_1a"";
String name="Master Cylinder Efficiency"; e
String 1d="S5.4_.1""; end R2;
Integer level=0;
RequirementStatus status= model BreakSystem
RequirementStatus. Incomplete; annotation(satisfy=R1);
String description="A master cylinder L
shall have..”; end BreakSystem;
end R1;
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