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1 INTRODUCTION AND REVIEW

1.1 Introduction

The primary purposes of SysML up to this point have been Documentation, precise specification
of system design, and Communication, sharing the design among multiple parties. Adding parametric
execution to SysML enables additional purposes,

o Consistency, enforcing internal relationships to insure a coherent, self-consistent data set;

e Simulation, evaluating the performance, cost and other parameters of the system design;
e Verification, integrating checks of system properties against requirements.

Our general approach for tutorials on creating SysML model with parametrics follows

L Create Project

IL Create Infrastructure

I11. Create Structural Model
IV. Create Constraints

V. Create Parametric Model
VL Validate Parametric Model
VIIL Create an Instance

VIII. Solve the Instance

Steps 1 and IIl are equivalent to those already performed by SysML users and it is generally
straightforward to add parametrics to existing models. Step II, Infrastructure, requires the user to import a
standard module into each project to enable parametrics execution. Step IV, Constraints, has the user
define the generic mathematical relationships to be used. Step V “wires up” the connections between
numerical attributes in the structural model and the constraint equations, using one or more SysML
Parametric diagrams. Step VI, Validation, checks that the parametrics model is properly constructed for
the InterCAX plug-in. In Step VII, the user must create a specific example of the model, populating some
of the attributes in the model with real numbers and identifying others as unknowns to be calculated in
Step VIII. This outline is not offered as a general methodology for building parametric models, so much
as a helpful outline for organizing the detailed instructions.
Before the user can reproduce these tutorials, the user must install and configure
e MagicDraw 16.6

e MagicDraw SysML 16.6 plug-in
e ParaMagic 16.6, the InterCAX SysML Parametrics plug-in for MagicDraw
e Mathematica 6 or 7 (Wolfram Research)

Several features of the tutorial models are specific to the MagicDraw and ParaMagic 16.6 and may not
work correctly with earlier versions. Contact NoMagic Inc or InterCAX for further information.
The fifth and sixth tutorials use two additional tools:
e Microsoft Excel

e MATLAB (The MathWorks, Inc.) with the Simulink toolkit

In each case, refer to the installation instructions in the appropriate user guide. It is also necessary to
modify ParaMagic so that it points to the copy of Mathematica. We assume that MagicDraw, ParaMagic,
MATLAB and Excel (if required) are all installed on the user’s local machine. Mathematica may be local
or accessed through a web services interface.

InterCAX Proprietary Information 3
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The first tutorial, Addition, starts with three objects in the simplest possible relationship, a + b =
c, and describes the steps in minute detail for those unfamiliar not only with parametrics, but with the
MagicDraw SysML plug-in (MagicDraw Version 16.6) as well. In the later tutorials, we will hide more
of the procedural detail as we model more complex and realistic systems.

The second tutorial, Satellite, models the weight and power budgets of a satellite system,
introducing concepts of hierarchy, requirements and multiple constraints. The third tutorial, LittleEye,
models the operational capability of an unmanned aerial wvehicle, introducing object-oriented
programming in model design and non-arithmetic functions. The fourth tutorial, CommNetwork,
introduces the use of simple elements to build up and simulate more complex networks.

The fifth and sixth tutorials provide an introduction to special features for interfacing to Excel
and MATLAB. The Orbital tutorial shows how Excel may be used to load initial values into a model for
space mission planning and to record parametric simulation results. The HomeHeating tutorial
demonstrates how external functions programmed in MATLAB can be integrated into the parametric
simulation.

As in many subjects, the best way to learn SysML Parametrics is by doing. The author
recommends building the models described in the first four tutorials, comparing your results with the
figures in the text and exploring variations. There are generally multiple ways to implement any model
and, in a few cases, alternate procedures are described. The author would appreciate user feedback on
errors and unclear descriptions in this document (info@intercax.com).

1.2 Short Review of SysML

SysML is a powerful and wide-reaching language for modeling systems. In this section, we will review a
few aspects of SysML of special importance to parametrics, to help make sense of the detailed
instructions in the tutorials for new users with limited SysML experience. This is not intended as a broad
introduction or primer on SysML.

SysML supports three major classes of diagrams, which are ways at the looking at the system model:

e Structure diagrams, which describe what the system is composed of. Parametrics is part of
structure and these diagrams are our principal focus in the tutorials.

e Behavior diagrams, which describe what the system does. We will not deal with any behavior
diagrams, which do not support parametrics at this time.

e Requirements diagrams, which describe the design and performance objectives the system must
meet. We introduce a requirements diagram in the tutorial Satellite, to show how parametrics can
help build requirements checking into a system model.

With respect to structure diagrams, there are three important types. These are illustrated in Figure 1.1.

e Block definition diagrams (BDD), which describe the organization of the structure, the hierarchy
of system, subsystems, and all the elements that make up the system. In Figure 1.1, the Body,
Engine, and Wheels are elements that belong to the object Automobile, the ownership
relationships shown in black. Our tutorials usually begin by creating a BDD.

¢ Internal block diagrams (IBD), which describe qualitative flows between elements. In Figure 1.1,
gasoline flows from a tank in the Body to the Engine, as shown in red. In the tutorial
CommNetwork, we use an IBD to keep track of message traffic channels between stations, but
IBDs do not affect parametrics directly.

e Parametric diagrams (PAR), which describe quantitative relationships between properties of the
elements. In Figure 1.1, mileage, which is a property of Automobile, is a function of the drag of
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the Body, the efficiency of the Engine, and so forth in green. Creating and executing parametric
diagrams is the primary focus of these tutorials.

Constraint
Mileage = flweight, drag,
efficiency)

Rotational Gasoline

Eneroy

Figure 1.1 Structure diagram relationships

Finally, we need to clarify three types of objects within the system: blocks, part properties, and instances.
Examples are illustrated in Figure 1.2.

e Blocks represent a generic object, like the Wheel in Figure 1.2a. A block may have value
properties which describe it, like model number or radius, but these properties typically do not
contain specific values.

e Part properties represent usages of a block; i.e. a block as part of some larger system. In Figure
1.2b, Front Wheel and Back Wheel are two separate roles that Wheel plays as part of Motorcycle.

e Instances represent a specific example of a generic object, like WhiteWallRadial in Figure 1.2c.
The value properties have specific values, which may be fixed or calculated from other system
values. ParaMagic executes parametric calculations for specific instances of system models.

<hlockss <<hlock== <<hlock== =

Wheal C Motorcycle .| WhiteWallRadial : Wheel|
valles . Mod_eINurlrjbe”r: "MSC24R"
ModelMurrber : Sting . Y % Radius ="24
gl -Frunt\f‘vheel E-Bau:k\z‘f‘v'heel
=<hlock==
Wheel
Valies
| ModelNurmber ; String
Radius : Real
Figure 1.2a Block Figuré 1.2b Part Pr'opertie's ' ' Figure 1.2¢ Instance of a Block
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1.3 Short Review of Solving Equations

ParaMagic’s primary function is to solve the often-complex network of parametric equations within the
system model, so it is valuable to review a few concepts that will come up in the tutorials.

Causality is the organization of known and unknown variables in the equations. ParaMagic requires the
assignment of a causality state to each variable, which can be done manually by the user or semi-
automatically by the ParaMagic program. The allowable causality states are

e Given — a parameter with a known value provided by the user before the ParaMagic calculation.

e Target — a parameter with an initially unknown value that the user specifically wishes to
calculate. Each ParaMagic calculation requires at least one target variable.

e Undefined — a parameter with an initially unknown value, that may be calculated in the process of
solving for the target.

e Ancillary — an undefined parameter after its value has been calculated by ParaMagic. It can’t be
assigned before solution.

As an example, consider the two equation network

atb=c ctd=e
Our objective is to calculate e, which is assigned farget causality. If we know beforehand thata =3, b =
2, and d = 5, these parameters would be assigned given causality. The remaining parameter, ¢, could be
assigned undefined causality. When ¢ is solved for in calculating e, its causality changes to ancillary. It is
also possible to assign both ¢ and e to farget causality, but multiplying targets unnecessarily may slow
down solving for larger equation sets.

Assigning causality requires consideration of overconstraint/underconstraint. Underconstraint occurs
when insufficient variables are assigned values (and given causality) to calculate the targets. For
example, in the equations above, if we set a = 3 and d = 5, there are an infinite number of solutions for e
and the equation set is underconstrained. Alternately, if we assigned a =3, b =2,d =5, and e = 6, the
system is overconstrained and there are zero possible solutions for ¢. In general, Mathematica, the solver
engine for ParaMagic, will alert the user when overconstraint/underconstraint occurs, but some analysis
by the user might be required to determine the correct number of knowns for complex equation sets.

A third issue to consider in assigning causality is reversibility. Some equations, like ¢ = a + b, are
reversible or acausal. We can solve for ¢ knowing a and b, or we can solve for a, knowing b and c.
Other equations are not. a = sin(b) can be solved uniquely for a knowing b, but may have multiple
possible solutions for b knowing a (e.g. for a = 0, b can be equal to 0, w, 2z, ...). Similarly, a =
minimum(b,c,d) is not always reversible. ParaMagic treats these types of equations as “one-way” and
causality assignments must take this into account.

InterCAX Proprietary Information 6
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2 SYSML PARAMETRICS TUTORIAL - ADDITION
2.1 Objective

Create a SysML project with three elements. Each element has one attribute. The attribute of the
third element is the sum of the first two attributes. Create an instance of this model and solve for the third
attribute parametrically.

Alpha
Attributea
Gamma
Attributec
Beta
Attributeb -

Figure 2.1 Outline of Objective

What the User Will Learn
e Creating the basic elements of SysML models in MagicDraw: blocks, properties, constraints,
etc.
e Building a SysML parametrics model and diagram
e Creating a instance of the model with input and output parameters
e Opening and using the ParaMagic browser window
e Exporting a parametrics model to Mathematica

2.2 Step-by-Step Tutorial

Step I Create Project
1. Open MagicDraw
2. On MagicDraw menu bar, select Options—Perspectives—Perspectives and set to System
Engineer

3. Create new project
a. On MagicDraw menu bar, select File—New Project,
b. In New Project window (Figure 2.2), choose SysML Project,
c. Set Name = Addition
d. Set or browse for location to save project.

4. Create a package within the project
a. RC (Right-click) on Data folder in Containment tree (Figure 2.3)
b. Select New Element—Package
c. Enter Name = Addition

InterCAX Proprietary Information 7
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Note for Mac Users: Right-Click is substituted by the Mac keystroke: Control-Click. While ParaMagic is
compatible for both Windows and Macintosh operating systems, certain keystrokes and paths are
bound to vary. The author will make note of any significant differences in ParaMagic for Mac users

hereafter.
(G K Containment 5 8 x
1 53 e |Acderd o =
:l:f:'! E Projert lecatione | \Tuserser |y Cecument siMD_Tengl Sy Panamatrie Turonad 1) | [ ] ._u—| = |
B & [l creste deessony for pratoct sndrelsisd dita E‘ E |— Mew Element 4 | SwsML Requirements 3
'j;,::‘,%: g £ Tew Diagram 4 SysML Blocks 4
o Mew Relation 3 SwsML Yalues »
s Open in Mew Tab O Class
Specification Enter ) Interface
Use Case Mumbering. .. el Enumeration
GoTo » |E| Package
Related Elements » Profile
Tools » #“# | Stereatype
i B e Stereobype ] l UseCase
Figure 2.2 New Project window Figure 2.3 Creating Package in Data folder

Step II Create Infrastructure
5. Install ParaMagic Profile module
a. On MagicDraw menu bar, select File—Use Module... and select as below (Figure 2.4).
This loads a module containing all the ParaMagic features as part of the project.

(®) 1. Select module <praject. dir> E]
Modules pakth: Byt Wata s ey =5

() 2. Module Settings Zinstall root =ymodelLibraries
------ = MCE_Frofie, <ml

Select module File. t] Metworking_Profile.mdzip

el Oracle DOL constraints. mdzip

------ | Qracle_DOL_Profile. =ml
Paralagic Profile. mdzip
----- [ Patterns_Profile.:ml.zip

----- [£] Proactivity Profile.xml.zip

------ I ProjectEstimation_Profile. mdzip
----- [£] relationships_Profile. xml.zip
------ E Requirements Profile. mdzip

------ =5 B ODP Profile. sml

Module description:

>

= Back. Mext > H Finish H Cancel H Help

Figure 2.4 Use Module window

i. Click Next (Figure 2.5)
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E Lse Module E|
Module Accessibility Module Load Mode
) 1. Select module
Read-only Always load
(%) 2. Module Settings ® ®
) Read-write ) Autoload
Specify module settings, ) Autoload with prompk
Use Madule Index ) Manual load
Module Packages:
Shared Package Preferred Path Mounted On

‘Eﬂ ParalMagic Prafile

[ Finish ” Cancel l[ Help ]

Figure 2.5 Module settings for ParaMagic Profile

ii. Select Finish. If program asked whether to show auxiliary resources, click Yes to
display other profiles present in Containment window tree.

Step III Create Structural Model
6. Create elements in model

a. RC (Right-click) Addition package in Containment window
i. Select New Element—SysML Blocks—Block
1. Enter Name = Alpha in blank text box
b. RC Addition
i. Select New Element—SysML Blocks—Block
1. Name =Beta
c. RCAddition
i. Select New Element—SysML Blocks—Block
1. Name =Gamma

d. RC Alpha
i. Select New Element—SysML Properties—Value Property
1. Name=A
2. To set the Type of the property, DC (double click) on A and enter Real in
the Value Property window (Fig. 1.6) or select Real from dropdown list
e. RC Beta
i. Select New Element—SysML Properties—Value Property
1. Name=B
2. Type =Real

f. RC Gamma
i. Select New Element—SysML Properties—Value Property
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1. Name=C
2. Type = Real

Histary :| O +4 ; SysML Profile::Blocks: :Real [Addition: ; alpha) V|

g ; :l
?2:”1?:tha::’:nanri:';irllnks L B B Properties: Standard + 9 Customize
Usage in Diagrams B
. Relations Narme a
o Constrainits ;Real [SysML Profile::Blocks]| [w ]l
Yisihiliby public
Defaulk Yalue
Cnner E] alpha [addition]
Multiplicity
To Do
Type
The type of the TypedElement.,

Figure 2.6 Value Property window, enter Type

7. Create a block definition diagram, a graphical view of the entire system
a. RCAddition

b. Select New Diagram—SysML Diagrams—SysML Block Definition Diagram
i. Name = AdditionBDD

c. DragAlpha, Beta, and Gamma from Containment window to BDD (Figure 2.7)
i. Torearrange position, drag using top half of block.
ii. To resize block, click on top half of block and use cursors at corners

iii. If attributes (e.g. A) are not listed inside the blocks, display the attributes by,
1. RCon block,

2. choose Presentation Options,
3. uncheck Suppress Attributes.

Alternatives: To show or hide the interior features of a block, right-click on the
block and use the Symbol Properties, Edit Compartment and Presentation Options
commands. Alternately, click on the block and look for small plus and minus icons
on the left edge to display or suppress interior features.

8. Create relationships between elements of the model. Alpha and Beta can be considered as
parts of Gamma.

a. Click on Gamma in Block Definition Diagram

b. Select Directed Composition arrow from floating toolbar (arrow with solid diamond at
base).

c. Dragend of arrow to Alpha
Repeat steps a-c for Beta (Figure 2.8)
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e. This procedure causes blocks Alpha and Beta to be mirrored as Part Properties inside
Gamma. Under the Gamma block in the Containment window, assign these Part Properties

the names alp and bet, respectively.

bdd [Package] Addtion] [£] Additj‘onaBDDU f bdd [Package] Addtion] [ Additj‘onaBDDy : ';-
: : : . : /7
<<hloclke= <=hlocks= zzplocks= <<hlocks=
..... Alpha Gamma Alpha Gamma 15
=
: values valles : values : values B
- |AiRed |- C: Real A Redl <o+ |{C:Real =
: . = o)
.......................... /s
: AR S I S PR e
==block=> <=hlocks= o
----- Beta Beta oA
: valles : values A
| |BiReal ) - |B: Real A
........... I
| W,

Figuré 2.8. Block Déﬁnitibn Diagrafn wifh Floating
Toolbar and Directed Composition Arrows

Figure 2.7 Block Definition Diagram

Step IV Create Constraints
9. Create a constraint block, which contains a mathematical relationship that the model will use.
a. RC Addition
i. Select New Element—SysML Blocks—Constraint Block
1. Name = AdditionEgn
b. RC AdditionEgn
i. Select New Element—Constraint Parameter
1. Name=a
2. Type (of a) = Real
c. RCAdditionEgn
i. Select New Element—Constraint Parameter
1. Name=b
2. Type (of b) = Real
d. RC AdditionEgn
i. Select New Element—Constraint Parameter
1. Name=c
2. Type (of c) = Real
e. DC (double-click) AdditionEgn
i. Inthe window labeled Constraint Block — AdditionEgn (Figure 2.9),
1. select Constraints
2. click Create
3. under Name, enter sum
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4. under Specification, enter c = a + b (putting a space between each
parameter and operation is good procedure to enable Mathematica to
parse the constraint expression correctly)

5. click Apply

6. click OK

7. click Close

f. Drag the constraint block, AdditionEgn, from the Containment window to the BDD
diagram.

[2 Constraint Block - AdditionEqn

e = = Histury:‘@.ﬂ.dditiunEqn [Addition] v‘

E5 additionEqn Zonstraints
Documentation/Hypetlinks —1 .. P
; IUsage in Diagrams gy B BX
5l _onstrainks
Pararneters
Attributes 2

Relations =um c=a+b

Signal Receptions

Profile: | <ALL v |

harne Specification |

Figure 2.9 Constraint Block window showing Constraint

Step V Create Parametrics Model

10. Create a SysML Parametric diagram to define and display the relationships
inside Gamma

a. RCGamma =
b. Select New Diagram— SysML Parametric Diagram S E-_ .
i. The Select Parts window will appear. Select Enter, and all the . :\
value properties and part properties of Gamma will appear Figure 2.10

automatically on the diagram.
ii. The diagram name is Gamma
c. Dragthe Constraint Block AdditionEqn into the Gamma parametric diagram.
i. AdditionEgn will appear inside Gamma (in the Containment tree and in the
parametric diagram) as a Constraint Property of the type AdditionEqn. Assign it
a unique name, add.
ii. Use the Display Parameters icon (Figure 2.10) and SelectParameters window
(Figure 2.11) to show parameters a, b and c.
iii. Arrange them at top of block as shown in Figure 2.13.
d. Display the internal structure of alp:Alpha by
i. RCon alp:Alpha

InterCAX Proprietary Information 12
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ii. Select Edit Compartment—Structure from list
iii. Select A from the Edit Compartment window (Figure 2.12)

iv. Move it to the right side of window using central arrow or double arrow buttons
v. Click OK

vi. Repeat step i.-vi. for B in bet:Beta

Note: In general, Edit Compartment and Presentation Options provide control in displaying
or hiding properties inside blocks, but displaying ports or parameters inside constraint
blocks and constraint properties uses the floating toolbar icons like in Figure 2.10.

o R = Compartment Edit E|
Constraints | Tagged Values | Default Value| StrUCtUFE|
all: Selected:
—+# 1 SysML Profile: :Blocks: :Real
-
[ox ] [conca ] [ ]
Figure 2.11 Select Figure 2.12 Edit Compartment window

Parameters window

e. The parametric diagram should appear something like Figure 2.13.

par [Block] Gammal [25 Gamma U

A ==hlock== ol ... ==hlock=» O [ sevaeType g |
: : alp : Alpha : bet : Beta : C : Real
A : ddVaIueTypEbbE ddVaIuEzT':.-'pE:bbm
. A : Real . B : Real . . .
: : a: Real|_| h:ReaI|_| c:ReaI|_| :
R ceconstraints=

add : AdditionEqn

Figure 2.13 Parametric Diagram before Connectors added

f.  Create the connections between the model attributes (A, B, and C) and the constraint
parameters (a, b, and c).

i. Click on parameter a in the add:AdditionEqgn constraint block.

InterCAX Proprietary Information 13
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ii. From the floating toolbar that appears, choose the Connector icon (simple
straight line, see highlight in Figure 2.14) and drag the end to A in block
alp:Alpha. If the connection is yellow, then the parameter is incorrectly linked
to the block, alp:Alpha, instead of the value property, A:Real.

iii. Repeat stepsi.and ii. for b to B and c to C connectors.

iv. At this stage, the parametric diagram should look like Figure 2.14 and the
Containment tree should look like Figure 2.15.

par [Block] Gammal [2§ Gamma u

L o ‘ ==hlock== = L ==hlock== o s=WalueType== = |. . ... ..
X alp : Alpha X bet : Beta . C: Real
""""" : =valleTypes== — D =ValueTypes= —
. A : Real . B : Real
. a: Real|_| b Real|_|
""""" " ==constraint==

add : AdditionEqn

Figure 2.14 SysML Parametrics Diagram with connectors, connector icon highlighted

e Conkainment r &4 Inhetitance ]’gﬂ Diagrams r<> Model Extensions

Step VI Validate Parametrics Model

Caontainment o 8 =
11. To create the CXS_heading and validate the model :[olg] =
=& Data
schema, B-£7 Addition
[ Relations

o Association[Addition: :5amma - alp: Addition: :Alpha]
o' Association] Addition: :Garmma - bet:addition: :Beta)
=

T -a: SysML Profile::Blocks::Real

T -b ¢ SyskL Profile::Blocks::Real

B o SysML Profile::Blocks: Real

tsum=c=a+b

a. Right-click on block Gamma in the
Containment tree
i. select ParaMagic—Util—Create

CXS_heading 5 aipha
. . . - +# : SysML Profile: :Blacks: :Real
b. If a CXS_heading object already exists, 5 et
) “en[l 4B 1 SysML Profile: Blocks: :Real
a prompt asks whether to overwrite. &-& Gamma

2" Connector[Addition:: AdditionEqn::a - Addition: : Alpha::A]
" Conmectar[Addition:: AdditionEqn::b - Addition: :Beta::B]
2" Conmector[Addition:: AdditionEqn::c - Addition: :Gamma::C]
& Gamma
Ol +C : SysML Profile::Blacks: :Real
[E +alp : Addition: :Alpha
A +bet ¢ Addition: :Beta
[T +add @ Addition:: sdditionEgn
. X . o[£ AdditionaBDD
S pe lel C SCh ema version be | ng - MD Customization For SystL [MD_customization_for_SystL.mdzip]
: 8 UML Standard Profile [UML_Standard_Profile.xm]

Press OK.

c. Enter 1.0 or some other string at the
prompt for a version number. This
feature allows the user to identify the

va I Idated g ParaMagic Profile [ParsMagic Profile.mdzip]
B-fEg SysML Profile [SysML Profile. mdzip]
d. A new CXS_heading block will appear & Code engineering sets

in the Containment tree. The . .
. Figure 2.15 Containment Tree
CXS_heading block property root_cob

InterCAX Proprietary Information 14
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points the parametrics solver at the root element containing the highest level
parametric relationships, in this case, Gamma.

e. RCon Addition in the Containment tree

i. select ParaMagic—Validate

f. If the message reads “SysML block structure is valid. Warning: schema structure
validation does not check for equation over-constraints, etc. —See Users Guide
Limitations”, go on to Step VII. Otherwise, correct model errors, which will be
specified in the message window at the bottom of the screen, and repeat

validation.

Step VII Create an Instance

12. Create an instance. An instance is an example of the model with specific values assigned to the

given parameters and which can be solved for the unknown(s).
a. RCAddition
i. Create New Element—Package
1. Name = AdditionInstance01
b. RC AdditionInstance01
i. Create New Diagram—SysML Diagrams—SysML Block Definition Diagram
1. Name =Instance01

InterCAX Proprietary Information
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@ AdditionaBDD Gamm}/@ InstanceD1 l

k&
£ Common
= Mote
% Problem
Ei Rationale

i Euhme Bior i - E

bdd [Package] Addtioninstance0t] [£] Instanced U

' E Select Classifiers

abe Text Box

= anchor

B Cantainment

"' Dependency

3 dllocate

---- Separakar

= Image Shape
Package Diagramm
| ] Block Defirition Di...
] Block

Q Structured Block
Constraint Block

47 <none>
B Data

=+ Addition
- Relations

Ta

@ [Cromain
] Yalue Type
[e] Enumeration

— Inkerface
A Interface Re

/1 Link

" Directed Ass

C.

Eca|
W

o Directed Aaar... =

L]

al.,, v

e ¥

Click on Instance from the central toolbar (highlighted in Figure 2.16) and click inside
the diagram to draw an Instance block.
i. Select Alpha on the Select Classifiers window and press OK.
DC :Alpha block on Instance01 and name alphaO1.
To display parameters inside alpha01,
1. DCon alpha01 (see Figure 2.17)
2. Select Slots,
3. DCon A, and Click Close.

Alternative: In the next tutorial, we introduce the “Make Instance” utility to expedite the
process of creating instance from each block in the schema.
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[A Instance Specification - Alpha01

'ﬂg = = Hiskary :| = Alphadl : Addition::Alpha [Addition:: Add
= Alphao1 ; Addition::Alpha Slots
+-{2| Documentation/Hyperlinks o = —

Usage in Diagrams B BR IE =

Deployed Artifacts L (B m

1]

Inner Elernents

Relations

Tags

Constraints

Remove \u'alue] [Edit Value]
Back. Forward

bdd [Package] Addtioninstance01[ &) Instancett U

==hlock==
alpha : Alpha

P

==hlack==
betail1 : Beta

B="

==hlock==

gamnald :
Gamma

el

Figure 2.17 Instance Specification

Figure 2.18 Instance diagram, preliminary

d. Repeat process in step c for B in betaO1l:Beta and C in gamma01:Gamma. Instance

diagram should appear similar to Figure 2.18.
e. Click gamma01 and select connector (top solid line on floating toolbar).
f. Draw the connector from gamma01 to alpha01l

i.  Onthe Select Association window, check the box by the association and click

OK. See Figure 2.19.

ii. On the Create Slots window, check alp:Alpha and click OK (Figure 2.20).

g. Repeat steps e and f for connector from gamma01 to beta01. See diagram in Figure 2.21.

3 select Association [A create Siots El

Select Association | { Select Association Addition:: Gamma - aip:Additian:: Alpha] endsis) |

ation[Addition: iGamma - alp: Addition: :Alphal o 8 +alp ¢ addition: alpha [Addition: :5amma] role of alphanl
(o [0 @ : addition::Gamma [Addition::] rale of gammall
Select Al ’ Unselect Al ] [ Select Al ]
Figure 2.19 Select Association window Figure 2.20 Create Slots window
17
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bdd [Package] Additioninstance0] @In:stancem U : : : [ Instance Specification - alpha01
B % <:=- = H\stnry:|EIa|phaDl:Additinn::nlpha[Additinn::Additiﬂnlnstancam]v‘
. . . [=1 alphall : Addition:: Alpha Slots
==hlock== e ==hlock=> Bl ; Documentation/Hyperlinks o = == Property:
alphal1 : Alpha - - gammald : . Usage in Diagrams BLEX -]~ perty:
—m . . Gamma ployed Artifacts H l:l e
A= @
....... com =
Inner Elements 2
: - | alp=alphad1 : Relations [HmL
s s | et = hata 0 M Tags 10
. . . . . . . Constraints
=<hlock== 3| .
betad : Beta
B=" : :
Remwe\l‘alue] [Edit\ia\ue] T (1 B

Figure 2.21 Instance diagram, preliminary Figure 2.22 Setting value for A in Instance01

13. Add values to the instance and define inputs and outputs
a. Add avalue to A for solving in the instance.
i. Double-click on alpha01,
ii. click on Slots,
iii. click on A =""in central Instance Specification window (Figure 2.22),
iv. enter “10” as value on right side of window.
v. Expand Slots (click on + box next to Slots),
vi. expand A="",
vii. select Tags (see Figure 2.23).
viii. DC on <<causality>> type.
ix. Select “given” from dropdown list and Close.
b. Repeat step a for beta01, specifying “20” as value.
c. Repeat step a for gamma, but do not specify a value and for <<causality>>, select
“target”. Final instance diagram should appear similar to Figure 2.24.

[ instance Specification - alpha01 X bdd [Package] Additioninstancent] [ & instancent U

% = = Histary :| =1 alphani @ Addition: alpha [Addition:: Additioninstanceni] v‘
=1 alphad! : Addition::&pha Tags ) - " k. - : . - o -k -
- ==hlocks= . : ==hlock==
BB Documentation/Hyperlinks Profile: ‘cALb v‘ pa— - i EEEEEE ] B
Usage in Diagrams alphal1 : Alpha - - gammai :
Deployed Artifacts BE BY =v 25 l:l . A="10" . . Gamma
=] Slats v L. 2 [
& h="10" El-<3 <<causality>> A [ value : : (=
ocunsmaenits || ] given 3 : - | alp=alpha01
Clement St <<colmn_filter 3 T Sl =
: ner Elements T & added 3 : : : : : : het=hetal1
. lied Sterectype
B Corstraints @ Apol i =< =5 - .
] Trmer Elements @ Element Type .. hlock: By -
Relations g Da_"“:ge betad ; Beta
L Tags et —oonp
L Constraints & Property Type .| B="20 : :
& protected
@ public
o removed Il |
& Scope
o T (4
Remove Yalus Edit Yalus 1] (L] [#
. B ==t e g
Figure 2.23 Instance diagram, preliminary Figure 2.24 Instance diagram, final
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Alternative: In the next tutorial, we introduce the “Assign default causalities” utility to
minimize the process of assigning causality to each variable.

14. Create a CXI_heading, which contains a string that uniquely identifies the file generated in the
following step
a. RC Additioninstance01
i. Select ParaMagic—Util—Create CXI_heading,
ii. Assign an identifying string such as “1.0”, to the version,
iii. Click OK.

Step VIII Solve the Instance
15. Run the parametric solver
a. RC Additioninstance01 in the Containment tree.

b. Select ParaMagic—Browse. Browser should show up like Figure 2.25.

M ParaMagic (TM) 15.1a2 - Data M=1E3
Marmne Symbol Type Causality | Yalues
@ Gamma zamma
b C REAL target T
- @ alp &lpha
Ll B REAL given 10
E|. bet Beta
- REAL qiven 20
[ Expand ][ Collapse Al ] [ Saolve ][ pdate ko SwshL ]

W

rook { Gamma )

Mame Local Cne... | Relakion Ackive
add [ | |sCm==<alp.&>+<bet B> |

Figure 2.25 ParaMagic Browser window

c. Press “Solve”
i. The ????? symbols in the target variables should change to their calculated
values, in this case C = 30 (Figure 2.26).
d. Press “Update SysML”. C=30 in the Containment tree or Instance diagram
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N ParaMagic(TM) 15.1a2 - Data

Syrmbol Type Causality | Values

aamma

REAL Largek a0

Alpha

REAL given 10

Beta

REAL given 20
[ Expand ][ Collapse All ] Siolve Ilpdate to SwshL
roak | Gamma )
Marme Local Cne... | Relation Active
add [ | |<C===<alp.A>+=<bet B> |

— — —

Figure 2.26 Browser window with solution

InterCAX Proprietary Information 20



ParaMagic'™ 16.6 spl e Tutorials

3 SYSML PARAMETRICS TUTORIAL - SATELLITE
3.1 Objective

Create a SysML project comprising a satellite system composed of four subsystems: Propulsion,
Instrumentation, Control and PowerSystem. Each subsystem has a weight and there is a total weight
budget for the satellite of 10,000 kilograms. The Propulsion, Instrumentation, and Control subsystems
each draw electrical power from the PowerSystem, which can supply a maximum of 10 megawatts. Given
the weights of all four subsystems and the power requirements of three, calculate the total weight and
power demand for the system and compare against requirements.

Satellite
Attribute Weight
Propulsion || Instruments Control PowerSystem
Attributes Attributes Attributes Attributes
Wpro, Ppro Wins, Pins Wocon, Pcon Wpsy, Power

Weight = Wpro + Wins + Wcon + Wpsy < 10,000 kg
Power = Ppro + Pins + Pcon < 10,000 kW

Figure 3.1 Outline of Objective
What the User Will Learn

e Apply SysML parametrics to a realistic system with subsystems
e  Working with multiple constraints

e  Working with requirements

e  Working with ValueTypes

e Changing causality — reversing the direction of calculation

3.2 Step-by-Step Tutorial

Step I Create Project
1. Create new SysML project
a. Name = Satellite
2. Create a package within the project
a. RC (Right-click) on Data folder in Containment tree (left column)
b. Choose New Element—Package
c. Enter Name = Satellite
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Step II Create Infrastructure
3. Install ParaMagic Profile module, same as in the first tutorial.

Step III Create Structural Model
4. Create elements in model
a. RCon Satellite
i. Create New Element—Package
1. Name = ValueTypes
ii. RCon ValueTypes, create New Element—SysML Values— ValueType
1. Name = Kilowatt
2. Base Classifier = Real
a. DCon Kilowatt in Containment tree
b. In Value Type — Kilowatt window click to the right of Base
Classifier row in table
c. Click on button with three dots
In Select Elements window, enter Real in Search by name
text box
e. Select Real (SysML Profile::Blocks)
f. Click OK and Close.
iii. RCon ValueTypes, create New Element—SysML Values— ValueType
1. Name = Kilogram
2. Base Classifier = Real
b. RC Satellite
i. Create New Element—SysML Blocks—Block
1. Name = SatelliteSystem
ii. In SatelliteSystem, create three new value properties
1. Name = Weight, Type = Kilogram
2. Name = Weight_MOS, Type = Real
3. Name = Power_MOS, Type = Real

Discussion — ValueTypes, Units, and Dimensions

We frequently want to apply units to a value property, for example, electrical power in our model
will be expressed in kilowatts. We do this by assigning a ValueType to the value property. We can
use the Type property to make this assignment. We create two new ValueTypes in step 4.a above,
Kilograms and Kilowats. ParaMagic expects valuetypes used for parameters to be subtypes of the

Real valuetype, so we use the Base Classifier entry to make this assignment.

Assigning valuetypes to properties makes the model more exact and helps identify mismatches
when block properties and constraint parameters are linked in parametric diagrams. Note that units
are not assigned to value properties directly, so the Kilogram unit in the MD SysML profile is not
used in step 4.b.ii.1 above. The full description of the relationship between ValueTypes, Units and

Dimensions is described in the MagicDraw User Guide.

c. RCon Satellite
i. Create New Element—SysML Blocks—Block
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1. Name = Propulsion

ii. InPropulsion, create two new block properties

1.
2. Name = Ppro, Type = Kilowatt

attribute names as shown in Figure 3.2

RC on Satellite

Name = Wpro, Type = Kilogram

Repeat step b. for Instrumentation, Control, and PowerSystem subsystems with

i. Create New Diagram—SysML Diagrams—SysML Block Definition Diagram
ii. Name the diagram SatelliteBDD.
iii. Drag SatelliteSystem, Propulsion, Instrumentation, Control and

PowerSystem from the Containment tree into the diagram and arrange

toolbar, and drag the link to Propulsion.

Name part property Prol
Repeat steps f. and g. for Instrumentation, Control, and PowerSystem subsystems as

shown in Figure 3.2.

Click on SatelliteSystem, choose a Directed Composition arrow from the Links

bdd [Package] Satelite [ @ SateliteE0D0 ]J

==hlock==

SatelliteSystem

valwes
Weight ;- Kilogram
=B PR - B o' - B P - B MR
==hlock== ==hlock== ==hlock== : ==hlock==
Propulsion Instruments Control .. | PowerSystem
valwes valwes . values : values

Ppro: Kilosstt Pins : Kilosyatt : Poon : Kiloweatt © [Powver ;o Kiloweatt

Wiaro ;o Kilogram - Wins ;- Kilogram <o Wyizon ;s Kilogram ©o sy Kilogratm
. :I-'D A

Figure 3.2 SysML Block Definition Diagram

Step IV Create Constraints
5.

Inside Containment tree window, create two constraint blocks, which contains a

mathematical relationship that the model will use for weight and power calculation

a.

b. RC WeightBalance, create New Element—Constraint Parameter

C.

WeightBalance

i. Name =w, Type = Kilogram

wl, w2, w3 and w4.

InterCAX Proprietary Information

RC Satellite, select New Element—SysML Blokcks—Constraint Block, Name =

Copy w, paste four times inside WeightBalance and rename to create parameters
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d. DC (double-click) WeightBalance

i. Inthe window labeled Constraint Block

1. select Constraints
click Create

click Apply

No v s wN

click Close

under Name, enter weightbalance

under Specification, enter w = w1 + w2 + w3 + w4

click OK in Select Element dialog box

e. Create a second constraint block, name = PowerBalance, with four constraint

parameters (p, p1, p2, p3), Type = Kilowatt, and one constraint, name =

powerdemand, specification = p = p1 + p2 + p3, using the same process as steps as

a.-d.

f. Drag both new constraint blocks into the SatelliteBDD block definition diagram,

which will appear similar to Figure 3.3.

bdd [Packags] Satelite [ @ Satelit=B0D ]J

==hlock==
SatelliteSystem

Weight © Kilogram
Weight_MOS - Real
Powver MOS : Real

corFhEAR s
weeight [ WeightBalance
powver] | PovwwerBalance
PMOS : PowerkOs
WRACKS | WEighthCs
+Prol +n=1 +Con +Payl |.
==hlock== =<=hlack== ==hlack== ==hlock==
Propulsion Instruments Control Powersystem
valuwe s vales valuwes valuwes
Ppro : Kilowstt Pinz : Kilowestt Poon : Kilowestt o |Posver ;o Rilosestt
Waara : Kilograrm ~Wins : Kilogram ~ vvicon ;- Kilogram © sy o Kilogram
==constraint== ==constraint==
PowerBalance WeightBalance
fp=p1 +p2+p3} farr =] + e oS+ owed )
paranehers paranmeters

B - Kilowyatt - wy o Kilogram
p1 : Kilowestt S el Kilogram
p2 o Kilowwatt w2 o Hilogram
p3 : Kilowestt wed o Kilogram

o eed s Kilooram

Figure 3.3 SysML Block Definition Diagram with Constraints
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Create a Requirements diagram to show the specifications for the Satellite system. The

purpose of a Requirements diagram is to make clear the requirements the system must

meet and how these requirements tie to specific values of the model. For our purpose, we

can pair each Requirement with a Constraint Block that mirrors it , making it easy to

automatically verify the constraint when ParaMagic is executed.

a.

RC on Satellite, create New Element—Package, Name = SatelliteReqts
RC on SatelliteReqts, create New Diagram—SysML Diagrams—SysML Requirements
Diagram, Name = SatelliteReqts
Drag two requirements blocks from the center toolbar into the diagram
i. Name = WeightReqt, id = 1.0.1, text = Total system weight must be less than
10,000 kilograms
ii. Name = PowerReqt, id = 2.0.1, text = Total system power use must be
less than 10,000 kilowatts
RC on SatelliteReqts, create New Element—SysML Blocks—Constraint Block
i. Name = WeightMOS (Margin of Safety)
RC on WeightMOS (in containment tree),
i. Create a New Element—Constraint Parameter, Name = mos, Type = Real
ii. Create a New Element—Constraint Parameter, Name = actual, Type =
Kilogram
iii. Create a constraint, Name = wtmos, Specification = mos = (10000 -
actual)/10000. This constraint calculates the margin of safety as the
difference between the target value, 10,000 kg, and the actual weight as
calculated, divided by the target value. It will be positive if system weight is
below the target value, negative if it exceeds the target.
Repeat step e. for PowerMOS (see Figure 3.4 for specifics)
Drag PowerMOS and WeightMOS into the Requirements diagram
Use the Verify arrow (central toolbar) to show the relationship between each
Constraint Block and the Requirement it verifies.
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req [Package] Satelite [ [B| SateliteRects ]J f

...........

...........

...........

==requirement==
WeightReqt

ld="1.0.1"
Text = "Total system weight must be
less than 10,000 kilograms"

= -, — — — . —

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

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

=arequirement==
PowerReqt

[d="2.01"
Text=" Total systermn power use must be
less than 10,000 kilowatts”

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

Figure 3.4 SysML Requirements Diagram

Step V Create Parametrics Model
7. Create a SysML Parametric diagram to define and display the relationships inside

SatelliteSystem

==canstraint==
WeightMO0S
imaz = (10000 - actuslM 0000}

pamnEters
mos : Real
actual : Kilogram

==canstraint==
PowerMoOs
{mioz = (10000 - actual)M 0000}

pamaneters
mos ; Real
actual ; Kilowatt

Create New Diagram—SysML Parametric Diagram, Name = SatelliteSystem
Use the Select Parts window to select the Weight Value Property and four Part

Properties inside SatelliteSystem. Uncheck Value Properties: Weight_MOS and

Power_MOS as they will be used in the second Parametric Diagram.
i. Use the Edit Compartment and Presentation Options commands to display

the internal structure as shown in Figure 3.5

Drag a constraint property icon from the central toolbar into the parametric

i. In Select/Create Part for Type window, choose WeightBalance

toolbar (see Figure 2.10). Click OK on Select Parameters window.

Rearrange port icons inside weightl as shown in Figure 3.5.
Repeat step d for a Constraint Property of the type of PowerBalance.

a. RCSatelliteSystem

b.

C.

d.

diagram

ii. Name the constraint property weight1.
iii.
iv.

e.

f.

attributes to the Constraint Property parameters as shown in Figure 3.5.
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Click on weight1 and select the Display Parameters icon from the floating

Add connectors (central toolbar or floating toolbar) from the Value or Part Property
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par [Block] SateliteSystem [ sate||ne$ystemfu

==conatraint==

weight1 : WeightBalance

Pwv =l w2 +aedEoed) |

we o Hilogram wel o Kilogram w2 Kilogram w3 Kilogram wed o Kilogram
................ =) R
12 R -t S
"""" ) ::Un'r!” m| ==hlockz= | ==hlock== o ==hlock== u ==hlogk==
Weight : Kilogram Pro1 : Proppl Ins1 : Instruments Conf : Control Psy1 : PowerSystem

==Unit== m

<<=lnit== m
Wpro : Kilogram

Wins : Kilogram

==lnit== m
Weon : Kilogram

<==Unit== m
Whpsy : Kilogram

=valueTypes=

WalueT
=aVallelypes:= Power : Kilowatt

=valueTypes=

Ppro: Kilowatt —

Pins : Kilowatt Pcon : Kilowatt
................. O - N - B DN - B
|_|p1:KiI0waﬂ |_| P2 Kilowwatt |_|p3:KiIowaﬂ |_|
==constraint== 2 Kiloweatt

power1 : PowerBalance
fp=pl +p2+p3

i

Figure 3.5 SysML Parametrics Diagram

8. Create a second SysML Parametric diagram to define and display the calculation of the

requirements verification relationships inside SatelliteSpecfication

a.
b.
C.

RC SatelliteSystem

Create New Diagram—> SysML Parametric Diagram, Name = SatelliteVerify

Use the Select Parts Window to allow only the Part Property, Psyl, and the Value
Properties: Weight, Weight_MOS, and Power_MQOS, to appear in the parametric
diagram.

Use Edit Compartment to show the Value property, Power, inside Psy1l.

Drag the WeightMOS constraint block inside the diagram and give it the name
WMOS as a constraint property of SatelliteSystem. Display the constraint
parameters and arrange as shown in Figure 3.6.

Repeat for the PowerMOS constraint block.

Add connectors from the Value or Part Property attributes to the Constraint
Property parameters as shown in Figure 3.6.
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par [Block] SateliteSystem [ [B5 SatellteVerify ]J
==constraint== :
. . . WMOS : WeightMOS .
I {mos = (10000 - actuald 0000} !

[ | actual: Kilogra [ | mos: Real
.................. — - : - - - Lt :
""Z""T""Z"'Weight:l(ilugramm Tt Weight_MOS : Real E'Z""f
: : : ==conzstraint== :
PMOS : PowerMOS SR
: ' ' fmos = (10000 - sctuallA 0000} '
""""""""" [ | actual : Kilowatt [ |mos: Real ) R
; : : : ; : : .311:3 . .
......... e -2 L S R
Psyl : Powersystem E_ Power_MOS : Real =
Power : Kilowatt :

Figure 3.6 SysML Parametrics Diagram

Step VI Validate Parametrics Model
9. To create the CXS_heading and validate the model schema,
a. RC on SatelliteSystem in the Containment tree and select ParaMagic—Util—Create
CXS_heading
b. RC on Satellite in the Containment tree and select ParaMagic—Validate.

Step VII Create an Instance
10. Create an instance by creating a new block definition diagram containing the model, the
elements whose attributes are givens or unknowns in the calculation. In the first tutorial,
we created the diagrams and instances individually. In this example, we use the
Instantiation Wizard, which can create complex instances more efficiently, particularly
where there are many elements.
a. RCon SatelliteSystem (the root block) and select Create Instance...
i. The Automatic Instantiation Wizard (new since MagicDraw 16.5) is launched
as in Figure 3.7. Click Next.
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m Automatic Instantiation Wizard

(%) 1. Select parts B[] B sateliteSystem [Satelie]

() 2. Select a package [} 8 +Conl : Sakelite:: Control [Satelibe: :SateliteSysken]
B [ +Inst : Satelite: :Instruments [Satelite: :SatelibeSystem]
B[] 03 -PMOS ; Satelite::SateliteSpecification: : PowerMoS [Satelite:: SatelliteSystem]

Select partis) | propertyis) ko O +Power_MOS @ SvsML Profile: Blocks::Real [Satelite:: Sateliteystem]
be instantisted. You can
change type of the selected
park (to another subbype)
using the drop-down lisk boo:
below the tree, & part with an

,_|
Lol

-[] @ -powerl : Satelite::PowerBalance [Satelite: SateliteSystem]
- A +Prol : Satellite: :Propulsion [Satellite:: SatelibeSy skem]
- CH +Psyl : Sakelice: PowerSystemn [Satelite:: SatelitzSystem]

F1....[F]
=

abstract bype cannot be - [w] O +Weight @ Kilograrn [Satelite:: SateliteSystem]

selected, unless changing its - [W] CH +WWeight_MOS @ SysML Profile: :Blocks::Real [Satelite: :SakeliteSystem]

type ko one of the subtype of

the abstract bype, Default B[] & -weightl : Satelite: :WeightBalance [Satelite: :SateliteSystem]

values, if existed, wil be B [] O -WMOS ; Satelite::SateliteSpecification: WeightMOS [Satelite: :5ateliteSystem]

used; new inskance wil not be
created for a part with
default value, Select tvpe bainstantiate:

Mext = H Finish ” Cancel H Help

Figure 3.7 Automatic Instance Generation, Part 1

ii. Click Next.

iii. Click Create and create the Instance_01 package in the Satellite package
(see Figure 3.7b)

iv. Click Next.

E Automatic Instantiation Wizard

| Create shape on news diagram
() 1. Select parts El-[= Data () 1. Select parts v ?
EHET Satellite

(%) 2. Select a package () 2. select a package Type diagram name:

( 3. Select a diagram (%) 3. select a diagram |Instance_l2|1| |

Select diagram bype:
Select & package to hold Check the "Create shape on p—
instance specification(s) to be new diagram” checkbax if you |SYSML Black Definition Diagram i |
created. wank to create a new diagram

' : Select owner For diagran:
ta display instance

Create Clane specification(s). ’ Create Cwner ] l Clone l
[ < Back H Mext > ][ Finish H Cancel ][ Help ] [ Finish H Cancel H Help l

Figure 3.7b Automatic Instance Generation, Part 2 Figure 3.7c Automatic Instance Generation, Part
3

v. Click the “Create shape on new diagram” checkbox (see Figure 3.7c).
vi. Diagram name = Instance_01, Type = SysML Block Definition Diagram.
vii. Click Finish.
b. The diagram Instance_01 looks similar to Figure 3.8
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bdd [Package] Satelite [ @ Instance_01 ]J 'ﬂgCDntainm.. rﬁ';'alnheritancer%ﬂ Diagrams r::::wlu:udel Ext

.............. S e e e e e e CDntainment EI_| j;l =
3Mel|ﬂeWem : SatelliteSystemn E-[2] Data
Caont = satelliteSystermn.cont E-Eq M Customization For SysML [MD_customization_for_S
| Ins1 = satelliteSysterm.ins Bl Satelite
Power_MOS =" : -2 Relations
| Pro1 = satelliteSystem.prol . EIEI Instance 01
Prel = pelall St : E-= C-:unIII_l : Satellite: :Control
Yeight="" T
|weight mos== || | © Peon = "1500
----- = Weon = "500
E- = Insl ¢ Sakelite:: Instruments
<<block=» sshiock== 0 1 b D e {2 Pins = "2000"
satelliteSyst Sgtrﬁ'::'::; I I {2 Wins = "2000"
ENUEE Control El- =1 Pro0i : Satelite: :Propulsion
Power e === N N
m Peon=" (0| i i@ i = iZ Ppro="5000
— N {2 Wpro = "S000"
e e =P Elll:frg_t [like: P Swsk
Wisy =" sy0l ) 53 E.:..E” oErSyskem
..... @ Power =
==hlock== edblock=> — | | i i i i " © Wipsy ="2000"
- - EH- =1 3ak01 ; Satelite:  Satelitedystem
satelliteSyst satelliteSyst
em.insi : emprol: || | i i i i 0 2 Conl = Condl
Instruments Propulgion | | [ | i i i b e 2 Insl = InsOl
Ping =" Pprl:l T O I:%::I F‘DWE[’_MDS ="
Wiing =™ me —m e e @ Prol = Prodi
----- iZh Psyl = Psy0l
----- S Weight_MOS ="
......................................... @ weight =™
@ Instance_01

Figure 3.8 Satellite Instance_01 Diagram, Figure 3.9a Satellite Insténce_Ol Tree, after revision

after wizard

c. Modify the instance diagram to prepare for parametric solving by assigning inputs.
Some of the suggested changes make the diagram better organized and easier to
read.

i. The four part properties instances are dragged outside the satelliteSystem
instance block.

ii. Double-click on satelliteSystem.prol:Propulsion
1. Rename the block as Pro01 in the Instance Specification window
2. Click on Slots
3. Assign a value of 5000 to the Ppro slot.
4. Assign a value of 5000 to the Wpro slot.

iii. Double-click on satelliteSystem.con1:Control
1. Rename the block as Con01 in the Instance Specification window
2. Click on Slots
3. Assign a value of 1500 to the Pcon slot.
4. Assign a value of 500 to the Wcon slot.
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iv. Double-click on satelliteSystem.ins1l:Instruments
1. Rename the block as Ins01 in the Instance Specification window
2. Click on Slots
3. Assign a value of 2000 to the Pins slot.
4. Assign a value of 2000 to the Wins slot.
Double-click on satelliteSystem.psyl:PowerSystem
1. Rename the block as Pow01 in the Instance Specification window
2. Click on Slots
3. Assign a value of 2000 to the Wpsy slot.
vi. Double-click on satelliteSystem.SatelliteSystem
1. Rename the block as Sat01 in the Instance Specification window
vii. Drag the Instance_01 diagram into the Instance_01 package in the
containment tree.
d. The instance package should appear as in Figure 3.9a and the instance diagram
should appear similar to Figure 3.9b.

<

bdd [Package] Instance_01 [ [&)Instance_01 ]/J
==hlack== 0
Satl1 : SatelliteSystem
Conl = Cond1
Ins1 =In=01
Fower_Mos=""
Fro1 = Prod
Fsyl = Psy01
Weight=""
Weight_mMOQ5 ="
==hlock== i | - ==hlock== i | . ==hlock== = | - ==hlock== i o
Pro01: Coni1: : Ins01 : Psyi1 :
Propulsion o Control -~ | Instruments © | Power Eem
Fpro="5000" FPeon="1500" Fins ="2000" Poer ="
Wpro ="a000" < | Wcon="500" < | Wins ="2000" S Wpsy ="2000"

Figuré 3.9b Satellite Ins'tance-_Ol Diagrarh

11. Create a CXI_heading, which contains a string that uniquely identifies the file generated in
the following step
a. RClInstance_01
i. Select ParaMagic—Util—Create CXI_heading
ii. Assign an identifying string such as “1.0”, to the version,
iii. Click OK.

InterCAX Proprietary Information 31



ParaMagic'™ 16.6 spl e Tutorials

12. Assign causality to all variables.
a. RCon the package Instance_01
i. Select ParaMagic—Util—Assign default causalities. See discussion of
Causality below.
b. Change causality for Power_MOS and Weight_MOS to target
i. Double-click on Sat01,
ii. Expand Slots (click on + box next to Slots),
iii. Double-click on Weight_MQOS,
iv. select Tags,
v. DCon <<causality>> type,
vi. Select target from dropdown list and Close.
vii. Repeat for Power_MOS.

Discussion — Causality

The Assign default causalities utility automatically assigns given causality to slots (parameters)
with assigned real values and undefined causality to empty slots, which will be calculated by ParaMagic.
However, at least one slot must be assigned target causality (as in 13b above) for ParaMagic to seek a
solution. Typically, these will be the final results, not intermediate results. One parameter in each
independent system of equations should be a target. For example, in this tutorial, if Weight MOS is
assigned as a target and Power MOS as undefined, no value for Power MOS will be calculated since that
equation is independent from the weight calculation.

Step VIII Solve the Instance
13. Run the parametric solver
a. RCthe Instance_01 package.

b. Select ParaMagic—Browse.

N ParaMagic(TM) 16.0 - Instance_01

Mame Symbuol Type Causality Values
@ SatelliteSystem SatelliteSystem
- Control
REAL given 1,500
REAL given S00
Instruments
REAL given 2,000
i REAL aiven 2,000
----- Power_MOS REAL target TETY
-4 Prol Propulsion
@ Ppro REAL given 5,000
o Wpro REAL given 5,000
Psyl PowerSystem
i Power REAL target Y
L Wipsy REAL given 2,000
----- @ Weight REAL undefined T
----- @ ‘Weight_MOS REAL target 77777
|
[ Expand I Collapse all ] Solve Update to SysML

root { SateliteSystem )

Mame Local Oneway | Relation Active

weight 1 i Ll Weight=Pral.Wpro+Ins1.Wins+Conl Weon+Psyl. Whsy [v] ~
power 1 Y : Psyl. Power=Pral Ppro+Ins1.Pins+Conl.Poon z
PMOS 03 ] Power_MOS=(10000-Psy1,Power ) 10000 [v]
W MOS v [ Ilweight MOS=(10000-Weight)/10000 [] hs

Figure 3.10 ParaMagic Browser for Instance_01, before solution
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calculated values.

i. The results in Figure 3.11 show positive values of Weight_MOS and
Power_MOS. In other words, both requirements have been successfully
met with positives margins of safety.

ii. After solution, parameters that began with undefined causality now have
calculated values and ancillary causality. Slots for which no values were

calculated remain as undefined. This may be caused by an error in building
the parametric model, by a failure of Mathematica to solve the parametric
equations, or by these slots not being in the path required to calculate the
target values.
Press “Update to SysML”. Then you should see the new calculated values in the
Instance diagram.

] ParaMagic(TM) 16.0 - Instance_01

Marme Symbol Type Causality Values
@ Satelitesystem SatelliteSystem
E-@ Cant Contral
L@ Poon REAL given 1,500
L G Wcon REAL given 500
@ Ins1 Instruments
: REAL aqiven 2,000
: REAL given 2,000
----- o Power_MOS REAL karget 0.15
El-@ Prol Propulsion
L@ Ppro REAL given 5,000
REAL given 5,000
PowerSystem
REAL target 5,500
- REAL given 2,000
----- weight REAL ancillary 9,500
----- @ Weight_MOS REAL target 0.05
l Expand ][ Collapse al ] l Reset ]| Update to SyshL
root { SatelliteSystem )
Mame Local Cineway  Relation Active
weight 1 i []  [weight=Prol.Wpro+Insl.Wins+Conl Weon+Psy 1. Wpsy [w] S
piowerl 0 []  |Psvl.Power=Prol.Ppro+Insi.Pins+Conl.Pcon [v]
PMOS v []  |[Power_MoS=(10000-Psy1.Power )i 10000 [v]
R ] i Fl Weight MOS=(10000-Weight)j 10000 [v] b

Figure 3.11 ParaMagic Browser for Instance_01, after solution

14. Itis possible to manipulate the values inside the browser window to repeat the calculation with
a new set of given values, or even change the choice of given and target values. Selecting the
Causality type for a parameter in the Browser opens a pull-down list with three choices: given,
undefined, and target.

a.

To reset a target value in the browser window, change the causality for that value
from target to undefined, then back to target. The value will reset to ????.

To change a given value, click on that value in the browser window and edit. This
will reset the solution
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c. Tochange a target value to a given, or a given value to a target, change the causality

for that parameter. In Figure 3.12, the problem has been inverted.
“Given the weight budget (10,000 kg) and power budget (10,000 kW) and the

properties of the other subsystems, how much weight and power can be allocated
to the Instruments subsystem?”. In this example, we set the margins of safety equal
to zero and calculate Wins and Pins as targets. The solution is shown in Figure 3.13.

N ParaMagic(TM) 16.0 - Instance_01

Symbiol

Tvpe

given
given

target
target
given

given
given

undefined
given
undefined
given

Causality

‘alues

Figure 3.12 ParaMagic Browser for Instance_01, before solution, with changes in causality

Discussion — Causality

Control
REAL
REAL
Instruments
REAL
o Wins REAL
o Power_MOS REAL
Prol Propulsion
@ Ppro REAL
o Wpro REAL
Psyl PowerSystem
o Power REAL
o Wpsy REAL
----- o Wieight REAL
----- @ Weight_MOS REAL
[ Expand “ Collapse All l

Update ko SwsML

Mathematica is a non-causal solver, that is, it can solve many equations in any direction. The user
can take advantage of this to use the same model to answer different kinds of questions. However, not
all solvers are non-causal (e.g. Microsoft Excel formulas work in one direction only) and not all functions
work in multiple directions (e.g. A = MINIMUM(B,C,D) cannot be solved for D given A, B and C). Keeping
track of causality can require some e ffort on the part of the modeler.

] ParaMagic(TM) 16.0 - Instance_01

Symbal

Control
REAL
REAL
Inskrurments
REAL
REAL
REAL
Propulsion
REAL
REAL
PowserSystem
REAL

REAL
----- ‘eight REAL
----- @ Weight_Mos REAL

Causality

given
given

target
target
given

given
given

ancillary
given
ancillary
qiven

Walues

1,500
s00

3,500
2,500

5,000
5,000

10,000
2,000
10,000

Figure 3.11 ParaMagic Browser for Instance_01, after solution
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4 SYSML PARAMETRICS TUTORIAL - LITTLEEYE
4.1 Objective

The third tutorial concerns using SysML to determine operational performance using a sequence of
equations. The system is the LittleEye unmanned aerial vehicle (UAV) which is used to provide
reconnaissance. The objective is to calculate how many miles of road can be scanned per 24 hours,
which will be determined by the number and duty cycle of aircraft, the number and duty cycle of
crews, and the availability of fuel.

LittleEye System
LittleEye Aircraft LittleEye Crew LittleEye Fuel
DayCameras Night Cameras

Number MilesScannedPer24Houwrs = Number AvailableManes x MilesScannedPerHowr x 24
NumnberAvailableSysterns = MINIMUM{NumberAvailablePlanes, NumberAvailableCrews, NumberAvailableFuelLoads}
NumnberAvailablePlanes = 0.5*{Number AvailablePlanesByDay + NumberAvailablePlanesByMNight}* DutyCyclePlane
DutyCydePlane = {1-DultyCycleTurnaround} x {1-DutyCycleCameraRefit} x {1-DutyCycleMaintenance}
NumnberAvailablePlanesByDay = MINIMUM{Number Planes, Number DayCameras}
NumnberAvailablePlanesByNight = MINIMUM{Number Planes, Number NightCameras}

NumberAvailableCrews = NumberCrews x CrewTimeOn

NumnberAvsilableFuell oads = FuelSupplyPer Day/DailyFuel LoadPer Plane

Information Provided

MilesScannedPerHowr = 40 mph

CrewTimeOn = _42 {120 howrs on over 12 day period}

DutyCydeTumnaround = 23 {30 howrs tumaround per 100 flight minutes}

DutyCydeCameraRefit= 102 {15 minutes refit per 12 hour period})

DutyCydeMaintenance = 19 {3 hours maintenance per 30 flight howrs}
DailyFuel L cadPer Mane = 50 gallons

Figure 4.1 Outline of Objective

The complexity of the model, with six elements, eight constraints and more than twenty parameters,
makes it a good place to introduce “object-oriented” modeling techniques, which allow a complex model
to be built from simple, independent and potentially reusable subsystems, tied together only at the highest
levels

What the User Will Learn

e Applying an “object-oriented” approach to SysML parametrics

e Embedding constraints and parametric diagrams within multiple blocks in the model
e Using standard functions, e.g. Minimum

e Using simulation to explore a model with “what-if scenarios”
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4.2 Step-by-Step Tutorial

Step I Create Project

1. Create new SysML project, Name = LittleEye
2. Create new Package, Name = LittleEye

Step II Create Infrastructure
3. Install ParaMagic Profile module, same as in the Addition tutorial.

Step III Create Structural Model
4. Create a Block Definition Diagram containing the four structural elements with attributes as
shown in Figure 4.2

bdd [Package] LitleEye[ | LittleEyeBDD ]J :

==hlock==
LittleEyeSystem
values
: : NumberMilesScannedPer24Hours : Real

: : MilesScannedPerHour : Real :
......... + - |Number&vailableSystems : Real o
. . Mumber AvailableFuelloads : Real .
: : Number AvailablePlanes ;. Real
oo |Number AvailableCrews | Real

. -Littlesircraft . . -LittleCrew . . -LittleFuel.
s ==hlock== 1 ==hlock=:= : =<hlock== ot
: : LittleEyeAircraft [ LittleEyeCrew LittleEyeFuel
vakies [ values . values
: : MumberAvailableFlanes ; Real C |Mumber&vailableCrews : Real | [NumberAvailableFuelloadls | Real
: : MumberPlanes : Real - \MumberCrews : Real FuelSupplyPerDay : Real :
--------- + - - |DutyCycle_Plane : Real + [CrewTimeOn . Real - |DailyFuelLoadPerPlane : Real s
. . DutyCycle_Turnaround ; Real [ .

: : DutyCyele_CameraRefit : Real [ - - - - - - - - - :
............ DutyCyele_Maintenance : Real
: o |Mumber&vailablePlanesByDay ; Real : : : : : : : : : :
: : Mumber AvailablePlanesByMight : Real | . . . . . . . . . .
. NumberMightZameras : Real

Figure 4.2 Structural Elements in Block Definition Diagram LittleEyeBDD

a. Create the Directed Composition arrows as demonstrated,to show that Aircraft, Crew and
Fuel are parts of System.

b. Name the Part Properties created inside LittleEyeSystem by the Directed Composition
arrows (LittleAircraft, LittleCrew, and LittleFuel in this example).
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Step IV Create Constraints

5. Inside LittleEye, create eight constraint blocks, which contain the eight mathematical

relationships appearing in Figure 4.1, using the procedure described in the earlier tutorials.

Figure 4.3 shows the eight constraint blocks displayed on the right side of the LittleEye Block

Definition Diagram. The parameter list has been hidden for the constraint blocks by

selecting Presentation Options—Suppress Parameters, Operations, Attributes on each

block.

bdd [Package] LitieEye] [£] LmIeEyeBDD:U

SE : ScanningEgn
SAE : SystemAvailabilityEgn

==hlock==
LittleEyeSystem
vales
- [MumberiMilezScannedPer24Hours © Real
MilzzScannedPerHour © Real
MurmberAvailableSystems | Real
- [Mumber&vailableF uelloads | Real
MumberAvailablePlanes : Real
MurnbetdyvailableCrews @ Real
corsthaints

: : -Lmle.&'[craﬂ: : : :

==hlock==
LittleEyeAircraft

==hlock==
LittleEyeCrew

==hlock==
LittleEyeFuel

- .:@u-e.: r

. vales
Murnber&vailablePlanes : Real

MumberPlanes : Real

© |DutyCycle_Plane : Real

DutyCyele_Turnaround : Real

DutyCyele_CatneraRefit | Real

© |DutyCycle_Maintenance : Real

Murnber AvailablePlanesByDay : Real

Murnber LvailablePlanesByMight : Real

" |MumberDayCameras : Real

RMurnberiightCameras : Real

coRstaits

©|DCAE : DayCambvailabiltyEgn

MCAE : MightCamiyailabiityEgn

PAE : PlaneAvailabilityEcn

" |PDCE : PlanelutyCycleyEgn

valkwes
MurnberdvailableCrews | Real
MumberCrews © Real
| CrewTimeon : Real
corskaints
CAE : CreweAvailabilityEgn

. valwes
MurnberdvailableFuelloads | Real

FuelSupplyPerDay : Real

. CrailyFuelloadPerPlane : Real

conrshaints

FAE : FuelfywsilabilityEgn

==canstraint==
ScanningEqn
. [{nms = has *msph * 24}

. {nas = minfhap hac hafl)

==constraint== .
SystemAvailabilityEqn |*

==constraint== o ‘
. [CrewAvailabilityEqn
{hac=nc*cto}|. .

. [{nap=0.5*hapd+napn)*dcp}| . . .

==constraint==
PlaneAvailabilityEqn

==constraint== . ==cohstraint==
FuelAvailabilityEqn | PlaneDutyCyeleyEqn

fhafl=tzpd / dilpp}

* |{ciop=(1-tict)*(1 -ior )1 -com) )

==conatraint== :
DayCam AvailabilityEqn |

==conatraint== | ...
HightCamAvailabilityEgn

{hapd =min(hp ndc)} |

{hapn=minihp hnc)

Figtjre 4.3 Block Definition Diagfan’i with Constraints and Model added

Step V Create Parametrics Model

6. Using an “object-oriented” programming approach, the four elements of Figure 4.2 will be

converted into independent submodels containing internal constraints and relationships.

Each sub-model could be modified without damaging the larger system model. It could also

be copied and reused in a different project.

a. The submodel LittleEyeSystem will contain the six values listed in Figure 4.3 plus

two constraints that connect them, the Scanning Equation and the System

Availability Equation at the top right of Figure 4.2. See Figure 4.4.

Availability Equation inside the LittleEyeSystem block.

name = LittleEyeSystem

LittleEyeSystem to appear on parametrics diagram.

InterCAX Proprietary Information

In the Containment window, drag the Scanning Equation and the System

In LittleEyeSystem, create a New Diagram—SysML Parametrics Diagram,

Use the Select Parts window to choose the six Value Properties inside
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iv. Create a new Constraint Property by dragging the Constraint Block
ScanningEqn into the parametrics diagram, Name = SE. Use the Display
Parameters icon to show nms, msph, and nas inside SE.

v. Repeat step iv. for a second constraint property, name = SAE, Type =
SystemAvailabilityEqgn.

vi. Using connectors, wire the value properties and constraint parameters as
shown in Figure 4.4.

par [Elock] I_E'rt'lIeEye:Sys{en‘:a[ Li:ﬂleEye:Sys{em U
«=constrairt== ==congtraint== : : : : : : :
SE : ScanningEqn e e e e .| SAE:SystemAwvailabiltyEqn | . L
fnms = nas *msph * 24} . {hasz = minlhap hac hafl)} . . . . . . .
o e e -t |
nms : Real I:31' HumberMilesScannedPer24Hours : Real . e5 ==MalueTypes=
i —— nap: Real [_| Humber AvailablePlanes : Real
: =22valleTypes= o | : : - - -
e 2 il : . . . ==V alueTypes=
tsph ; Real E<__| MilesScannedPerHour :Real | 0 nac Real ef. v
E . . . . E HumberAvailableCrews : Real
: . 22V alleTypes== | - .5:4 L ‘ L . N . X
has © Resl Ei Humber AvailableSystems : Real i ] res : Resl ] =7 2=valueTypes:
: - . . nafl: Resl l: HumberAvailableFuelloads : Real

Figure 4.4 LittleEyeModel Parametrics Diagram

b. Create submodels for the Aircraft, Crew, and Fuel blocks using the same
procedures, ending with the parametrics diagrams shown in Figures 4.5, 4.6 and
4.7

par [Eloc:k] I%'rt'tleEyeerew[ L'rt'tI;aEyeCriaw U par [Elock] I_E'rt'tIeEye:FueI[ LmIeEyeFuei U

==constraint==

CAE: CrewdwailabilityEan | ... ... ... ... Lo | FAE;:iT;i‘;::‘:;;ﬁqn
fac=hctcto : : : : : : : : : : : : : : :
{ ! {hafl=fspd ! dflpp}
"""""""""""""""""" nafl: Regl
' ] maml RS
nac : Real | HumberAvailableCrews : Real B - e umberAvailableFuell oads : Real
K ' . _ . . fapd Feal : == alueTypes== ] :
. L, prymps e L . e e |
ne : Real I:‘_ HumberCrews : Real : : : e
: . ’ B [ ciffp g§'|' ‘ ==valueTypes=
cio: Resl —EL <=Va_|UETYPE=> o 7| DailyFuelLoadPerPlane : Real :
. I: | CrewTimeOn ; Real . . - - - - -

Figure 4.5 LittleEyeCrew Parametrics Diagram Figure 4.6 LittleEyeFuel Parametrics Diagram

Discussion: Adding Constraint Properties to Parametric Diagrams

In the first three tutorials, we have used slightly different methods to incorporate constraints
into parametric diagrams. In the first, we dragged the Constraint Block from the Containment tree
into the parametric diagram, creating a Constraint Property of the same type. In the second, we
dragged a constraint property icon from the toolbar into the parametric diagram and used the
Select Classifier window to identify it with an existing Constraint Block. In this example, we placed
the Constraint Blocks inside the submodels, before dragging them into the parametric diagrams to
create individual Constraint Properties of the same type. In each case, we have had to assign the
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Constraint Property created a unique name.

All three methods work. The third implies an exclusive ownership of the constraint by a
particular submodel, which may be misleading if the constraint block is to be re-used by other parts
of model. Assigning ownership may be useful in a collaborative environment, but it is also OK to
keep Constraint Blocks anywhere in the project package and drag them into specific parametric

diagrams as needed

par [Block] LittieEyeircraft] Li‘l‘tleEye{AircraﬂEU

==canEtraint==
PAE : PlaneAvailabilityEqn
{hap=0.5*hapd+napn)*dop

nap : Real EE1

==ValueType==
HumberAvailablePlanes : Real

napd : Real l:—

==V alueTypes==
Humber AvailablePlanesByDay : Real

naph : Real l:e2_

=M alueTypes:=
Humber AvailablePlanesByHight : Re:

==canstraint==

PDCE : PlaneDutyCycleyEqn
{olcp=(1-cct)*(1-der ) 01 -dom) b

dep: Real l:__._|

==WalueType== m |

DutyCycle_Plane : Real

dop : Real I:

== alueTypes==

det : Real[ | f

)
.| DutyCyele_Turnaround : Real

.............. T
DCAE : DayCamdAvailabilityEqn
{hapd =minnp hoc)
-ed
.......... | napd: Real
al - redc : Real E91 D
np Real I:
el
==constraint==
"""""" " | HCAE : HightCamAvailabilityEqn
{hapn=minfhp nnc)} |
_:I naph : Real

==Y alueType==

der Real:

DutyCycle_CameraRefit : Real

=M alueTypes:=

=
DutyCycle_Maintenance : Real

Figure 4.7 LittleEyeAircraft Parametrics Diagram

HumberDayCameras : Real

=M alueTypes:=

. ==WalueTypes=
. | HumberPlanes : Real

hp : Real l:

nnG : Real E

==NalueType== m
HumberHightCameras : Real

7. ltis also necessary to create an overall parametric diagram to connect the different

submodels. This is an objective of “object-oriented” programming, to create independent
modules and link them in the simplest possible way. Within the top-level block, LittleEye
System, several properties have been created with the same names as properties in the

lower-level models, e.g. NumberAvailablePlanes. In the following steps, we use connectors
to link models together through these duplicate parameters. (Alternate: the duplicate
parameters could also be linked using explicit equality constraint relationships, created as

an Equality constraint block in Step 8 and used three times within this parametric diagram.

However, this involves a lot of extra work. ParaMagic interprets direct connections between

value properties as equality relationships).
a. Create a second SysML Parametrics diagram inside LittleEyeSystem called

LittleEyeSystem_2.
b. Use the Select Parts window to select the Part Properties LittleAircraft, LittleCrew
and LittleFuel, to appear in the parametrics diagram.
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c. Dragthe three value properties, NumberAvailablePlanes, NumberAvailableCrews
and NumberAvailableFuelLoads into the parametric diagram.

d. Using Edit Compartment and Presentation Options, display the internal structure of
the three submodels as shown in Figure 4.8. Note that only the parameters
necessary for wiring between the high-level model and the submodels are shown;
all other parameters can remain hidden.

e. Draw connectors between model properties as shown in Figure 4.8.

par [Elock] I_;i‘t'tIeEyeijs‘terr:a[ L&lleEye:Sysiemf_ZU
=<blocks= = . «<blocks= B «<blocks= =)
Little Aircraft : LittleEye Aircraft : LittleCrew : LittleEyeCrew LittleFuel : LittleEyeFuel
==WalueTypes== = . z=alueTypes= = o =="alueType==
Humber AvailablePlanes : Real HumberAvailableCrews : Real HumberAvailableFuelLoads : Real
----- ==valueTypes== A - o ==valueTypes= ) - o ==valueTypes== ) T
HumberAvailablePlanes : Real . HumberAvailableCrews : Real . . | HumberAvailableFuellLoads : Real

Figufe 4.8 LiftleEVeSyéten‘i_Z P.aranﬁetri-c Diégrarh

Step VI Validate Parametrics Model
8. To create the CXS_heading and validate the model schema,

a.

b.

RC on LittleEyeSystem in the Containment tree and select
ParaMagic— Util—Create CXS _heading
RC on LittleEye and select ParaMagic—Validate.

Step VII Create an Instance

9. Create an instance of the model. The steps are similar to previous tutorials, however, some

short-cuts are used. For example, the values of the given are assigned in step d below and

most causality tags are set automatically using the “Assign default causalities” utility in step

f. Figure 4.9 is an example of an instance. The values for several of the givens are taken

from Figure 4.1. Others, such as the Number of Planes, are user-set trial values, which will

be varied during the solving operation.

a.

b
C.
d

Create a package called LittleEyelnstanceO1 inside the LittleEye package.

Create a block definition diagram for the instance.

Create instances of System01, Aircraft01, Crew01 and FuelO1.

To display parameters inside each instance, DC on the instance, select Slots, DC on
each parameter to be displayed, assign a value if the parameter is a given, and
close the window when all parameters in that instance are complete.

i. When inputting decimal values less than one, it is necessary to use the
notation 0.42 instead of .42 or the ParaMagic browser window will not
open.

Link the AircraftO1, Fuel01 and Crew01 blocks to System01 block using the Link
connector on the floating toolbar (click on the block to see toolbar).
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f. Create a CXI_heading element inside LittleEyelnstance01

i. Right-click LittleEyelnstanceO1 in the Containment tree

ii. Select ParaMagic—Util—Create CXI_heading

iii. Approve over-write, if necessary

iv. Provide a version number and press OK.

g. Assign causalities.

i. Right-click LittleEyelnstance01.

ii. Select ParaMagic —Util—Assign default causalities. All parameters that
have been assigned a numerical value are now assigned as givens. All
parameters that were assigned an empty value are now assigned as
undefined (to be calculated by the solver).

iii. Assign NumberMilesScannedPer24Hours target causality in this example
(see Step 12b in Tutorial Satellite).

bald [Package] LittieBy einstanc e[ | £ LitleEy einstancen1 ﬂ :

==hlock== [ | ==hlock== s |

System01: LittleFyeSysiem

Fueldi: |ittleFyeFuel

MumberMilesScannedPer24Hours = "
MilesScannedPerHour = "40"

NumberfvailableFuelLoads = "
DailyFuelLoadPerPlane = "50"

MNumberfwvailableSystems = "
MumberfvailablePlanes = ""
MumberfvailableCrews = ""
MurmberfvailableFuelloads = "
LittleAircraft = AircraftOn
LittleFuel = Fueld1

LittleCrew = Crew(01

FuelSupplyPerDay = "250"

==hlock== =

Aircraftoq: LittleFyeAircraf
MumberAvailableFlanes = "
MNumberfvailablePlanesByDay = "
MNumberfwvailablePlanesByMight = "
MumberPlanes = "4"
MNumberDayCameras = "3"
MNumberMightCameras = "7"
DutyCycle Plane ="
DutyCycle_Turnaround = "0.23"
DutyCycle_CameraRefit = "0.09"
DutyCycle Maintenance = "0.02"

==hlo; k== =
Crew01:|ittleFveCrew
MumberfvailableCrews = "
CrewTimeCOn = "0.42"
MumberCrews = "&"

Figuré 49 -Creat-ing an Instance of the LittIéEye model
Note: The Assign default causalities utility can be applied to the Instance package only after the
CXI_heading has been created, but may be applied to the individual instance blocks after step d.

Step VIII Solve the Instance

The trial parameters appear in the browser window as shown in Figure 4.10. After solution, the
results are shown in Figure 4.11. The target result, NumberMilesScannedPer24Hours, is 2, 016 miles.
Note that the number of available systems is 2.1, on average, and is limited by the number of available
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crews. The number of available aircraft, 2.4, and fuel loads, 5, are not the limiting factors in keeping
UAVs in the air.

—

2 | ittle EyeSystem H[El [E'

Mame Symbol Twpe Causality | Walues

- Yoot LittleEyeSystemn
- i@ Littleaircraft LiktleEyedircraft
------ & DubyCyecle_CameraRefic REAL given 0.09
------ & DubyCycle_Maintenance REAL given 0.0z
------ & DubyCyele_Plane REAL undefined  #797
------ & DutyCyele_Turnaround REAL given 0.23
------ @ Nurnber v ailablerlanes REAL undefined  #¥eE
------ @ Nurnberiv ailablePlanesByDay REAL undefined  #¥eE
------ & Murnber s gilablePlanesByMight REAL undefined  7¥7eE
------ & MumberDiayCameras REAL given 3
------ & MumberMightCameras REAL given 7
------ & MurberPlanes REAL given 4
B @ LittleCrew LittleEyeCrew
------ o CrewTimeon REAL given 0.42
------ @ Murnber vy ailableCrews REAL undefined #3797
------ & MumberCrews REAL given =
- @ LittleFuel LitkleEyeFuel
------ & DailyFuelloadPerPlans REAL given =0
------ & FuelSupplyPerDay REAL given &30
------ & MumberfvailableFueloads REAL undefined 77777
------ & MilesscannedPerHour REAL given 40
------ & MNurnberfvailableCrews REAL karget T
------ & MumberfwvailableFuelloads REAL karget T
------ & NurnberfvailableFlanes REAL karget T
------ & NumberfwvailableSystems REAL undefined 77777
------ & MumberMilesScannedPer24Hours REAL karget Fre

Figure 4.10 Browser for First Instance of the LittleEye model, before Solution

In Figure 4.11, several parameters are labeled “ancillary” after solution. This implies that they were
calculated during the solution process, and were used in further calculations. For example, the number
of available crews was calculated from the number of crews and the crew duty cycle, and is used in
calculating the number of available systems.
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2 Little EyeSystem

Mame Svmbol Tvpe Causality | Yalues |
(- Yoot LittleEweSystem _
1~ Littleaircraft LittleEweAircraft '

------ & DubyCycle_CameraRefit REAL given 0.09
------ & DubyCycle_Maintenance REAL given 0.0z
------ o DutyCyecle Plane REAL ancillary 0,636636
------ & DubyCycle_Turnaround REAL given 0.23
------ o MumberfvailablePlanes REASL ancillary 2,403401
------ & MumberfvailablePlanesByDay REAL ancillary 3
------ & MumberwvailablePlanesByMight REAL ancillary 4
------ @ MNumberDayCameras REAL given 3
------ o MumberMightCarneras REAL given 7
------ & MurnberPlanes REAL given 4
=] i LittleCrew LittleEveCram
------ o CrewTimeon REAL Qiven 0.4z
------ @ MurmberfvailableCrews REAL ancillary 2.1
------ & MumberCrews REAL given 3
[=] i@ LittleFuel LittleEveFuel
------ & DailyFuelloadPerPlane REAL given a0
------ & FuelSupplyPerDay REAL given 23l
------ o NumberfvailableFuelloads REAL ancillary 5

------ @ MilesScannedPerHour REAL given 40

------ & MumberfyvailableCrews REAL karget 2.1

------ & MurmnberfwailableFuelloads REAL karget 3

------ & MurmberfyailablePlanes REAL karget 2.403401

------ & Mumber v ailableSwstems REAL ancillary 21

------ & MumberMilesScannedPer24Hours REAL karget 2,016

Figure 4.11 Browser for First Instance of the LittleEye model, after solution

In Figure 4.12, the number of crews assigned to the base is increased by one, from 5 to 6. After
solution, the average number of available systems has increased to 2.4, now limited by the number of
available planes, and the number of miles scanned per 24 hours has increased to 2307. Increasing the
number of crews by 20% has increased the number of miles scanned by only 14% because a different
resource became the limiting factor. Further experimentation would show how the numbers of planes,
day cameras, and night cameras affects total miles scanned.

In some cases, the user will want to create and save multiple instances to record the effect of
changing input variables. One way to do this is to make multiple copies of the original instance within
the model and modify each one as desired, with a different set of input parameters, for example.
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2 LittleEyeSystem

Mame Symbaol Type Causality  Malues
@ m LitH=E vesyskem _
=@ Littlesircraft Littl=Eyedircraft
------ & DubyCyecle_CameraRefic REAL given 0.0
------ @ DutyCyele_Maintenance REAL given 0.0z
------ & DukyCyele Plane REAL ancillary 0.636636
------ & DubyCyele_Turnaround REAL given 0.23
------ & MurmberavailablePlanes REAL ancillary 2403401
------ & MumberfvailablePlanesByDay REAL ancillary 3
------ & MNumber vy ailablePlanesByMight REAL ancillary 4
------ & MumberDayCameras REAL given 3
------ & MumberMightCameras REAL given 7
------ @ MurmberPlanes REAL given 4
- i@ LittleCrew LittleEyeCrew
------ @ CremTimeon REAL given 0.42
------ & MNumberayailableCrews REAL ancillary 2,52
------ @ NumberCrews REAL given &
=@ LittleFuel LittleEyeFuel
------ & DailyFuelloadPerPlane REAL given =0
------ & FuelsupplyPerDay REAL given 23l
------ & NumberfvailableFuelloads REAL ancillary 5
------ & MilesscannedPerHour REAL given 40
------ & MumberfwvailableCrews REAL kargek 2,52
------ & MumnberfvailableFuelloads REAL kargek 5
------ & MumberfvailableFlanes REAL karget 2.403401
------ & Mumberfvailablesystems REAL ancillary 2,403401
------ & MumberMilesScannedPer24Hours REAL karget 2,307 . 26496

Figure 4.12 Browser for Second Instance of the LittleEye model, NumberCrews increased by one, after
solution
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5 SYSML PARAMETRICS TUTORIAL - COMMNETWORK

5.1 Objective

The fourth tutorial uses SysML to simulate a simple communication network. The objective is to
calculate the output of the network given the input and the loss in the individual channels between

stations..

Capacity[A]

Station 2 N

1

Capacity[C]

Traffic Qut Traffie [

N

Station1 o L = Capacity[E] Station 4

el

Chan.elB

v

Capacity[B] Station 3

Capacity[D]

Figure 5.1 Outline of Network

The focus of this tutorial is working with limited number of standard elements to build up more complex
structures. In this example, there are only two standard elements, stations (nodes) and channels. Each
element contains constraint relations describing its behavior. An Internal Block Diagram is created to
assist in completing the parametric diagrams correctly. Parametric constraints are also used at a higher

level to define interactions between elements.

What the User Will Learn
e Building complex structures from multiple usages of simple structures
e Using internal block diagrams

5.2 Step-by-Step Tutorial

Step I Create Project
1. Create new SysML project and Package, Name = CommNetwork

Step II Create Infrastructure
2. Install ParaMagic Profile module, same as in first tutorial.
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Step III Create Structural Model
3. Create three blocks: Network, Node and Channel.

a. Network will be the top level (root) block, but contains no value properties.

b. Node represents a station which can receive and transmit messages. It has two inputs,
two outputs, and the ability to redistribute the message traffic depending on the
capacity of the transmission channels. To build the node model, we will use flowports,
value properties and parametric diagrams.

i. Each node has four flowports, two for receiving message traffic and two for
transmitting (see Figure 5.2). To create a flowport
1. RCon Node, create New Element—Port
2. Double-click on the new port, Name = Recl, AppliedStereotype =
Flowport, Direction = in
3. Repeat for other three flowports. Note that Direction is out for Trl and

Tr2
. [] =» Allocated [MamedElement] [SystL Profile:: Allocations] “_‘
N1 : Node [] #* autoGeneratediame [MamedElement] [UML Standard Profile::MagicDraw Prafile]

| [] @ BasicInterval [Property] [SysML Profile: :Mon-Maormative Extensions::Distributions.
Bel - Signal Tr1 - Signal| - [] ## column_filker [Element] [MD Customization For SysML: :matrix templates: :Matrix Te
[] #* ConmectarProperty [Property] [SyslL Profile::Blocks]

[] ## ConstraintParameter [Fort] [MD Custormization For SvsML:additional _stereotypes
[[] @ cConstraintProperty [Froperty] [SysML Profile:: ConstraintBlocks]

[] =* CustomImageHalder [Element] [UML Standard Prafile: :Magichraw Prafile]

ec? : Signal Tr2 : Signal )

[] ## Dependency Criteria [Elerment] [MD Cuskomization For SysML:matrix templates: :h
[[] @ Cistributedrroperty [Properky] [SyskL Prafile::Elocks]

[] #* Editable Matrix [Element] [MD Cuskomization For SysML:matrix templates: :Matrix
FlawPort [Port] [SwsML Profile: :PortsgFlows]

< | ¥

[ Apply ][ Clear all ] [ Mew ][ Cancel ]

Figure 5.2 Node with Ports Figure 5.3 Select Applied Stereotype as Flowport

ii. The Node block has nine Value Properties, all Real. Six represent levels of
message traffic at input and output, units unspecified: R1, R2, R, T1, T2, and T.
Two represent the capacities of the upstream channels: C1 and C2. The final
attribute, D, represents the redistribution factor in splitting outgoing message
traffic between the Trl and Tr2 ports.

c. Channel represents a two-way communication link between two stations. The
throughput of each line, the output signal divided by the input, is a function of the
channel capacity C and the total signal traffic level. It has two inputs and two outputs,
but may only use one I/O pair in a particular instance. To build the channel model, we
will use flowports, value properties and parametric diagrams.
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Each channel has four flowports, two for input message traffic and two for
output (see Channel blocks in Figure 5.6). To create a flowport

1. RCon Channel, create New Element—Port

2. Double-click on the new port, Name = In1, AppliedStereotype =
Flowport, Direction =in
3. Repeat for other three flowports. Note that Direction is out for Outl

and Out2.
The Channel block has six Value Properties, all Real. Five represent levels of
message traffic at input and output, units unspecified: IT1, IT2, IT, 0T1, and 0T2.
C represents the intrinsic capacity of the channel.

4. Create a Block Definition Diagram and an Internal Block Diagram

a.

RC on CommNetwork package, create New Diagram—SysML Diagrams—SysML Block

Definition Diagram, Name = Network_BDD

Drag Network, Node and Channel blocks into the diagram

Using the Direct Composition connector from the floating toolbar, connect as
shown in Figure 5.4. Note that four connections are made from Network to a
single Node block, and the resulting four Part Properties are named N1, N2, N3
and N4. Similarly, five connections are made from Network to a single Channel
block, named as ChA thru ChE.

bdd [Package] Commbletwork [ [£] Network_BDD ]J :

==hlock==
Hetwork
O 1 ! (7 0 R A I -Cha | “ChE | -ChZ | -ChD | - -ChE| .0
==hlock== ==hlocks== :
Hode Channel *
values values
F1: Real M Real
F2: Real ITZ : Real
F: Real IT: Real .
T: Real S Real e
T1: Real OT1 : Real :
T2 Real OT2 : Real
iR o |, .
C2: Real :
[r: Real :

Figure 5.4 CommNetwork Block Definition Diagram
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RC on Network block in Containment tree, create New Diagram—SysML

Diagrams—SysML Internal Block Diagram, Name = Network.

Drag all nine part properties in Network (four node and five channels) into the
diagram and arrange as shown in Figure 5.6.

Click on each block and use the Display Ports icon on the floating toolbar (Figure
5.5a) to show the ports. Arrange the ports as shown in Figure 5.6.

Click on a port and use the Connector icon on the floating toolbar (Figure 5.5b)
to create a connector, which can be dragged to the matching port on another
block. Arrange the connectors as shown in Figure 5.6.

==flock==

[ ]
<=hlocks= s )
N1: Node ]] N1: Node
E Tr2 : Signal

Figure 5.5a Display Portsicon  Figure 5.5b Connector icon

gl
Tzosenal o

ibd [BlocK Metw ark [ i Networ}k]) : :

==hlock==

o N2 : Node
=

-~ Rect DSignal - Tl Signa

==hloc k==
ChC : Channel

==hloc k== X . .
ChA : Channel - | - Tr2:Signal  Rec2:Signal | -
- T

N1 : Signal Qut1 : S

CUInZ: Signal  Ouwtz: Si

==hlocks==
N4: Node

© “Reet : Signal Tr1 : Sig

Fec? : Signal Tr2 : Signal

==hlock== =
ChD : Channel

P hloc R»
ChB : Channel

: A1 Signal  Qut!: Signa

InZ2 : Signal

.

Qut2 : Signal

==hlock==
CReez: Signal Tr2iSianal s

*JRect:Signal  Tr1: Signa

Figure 5.6 CommNetwork Internal Block Diagram
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Step IV Create Constraints
5. Create the five constraint blocks required by the model: ErrorRate, Fraction, Product, Productl
and Sum. Usage of these constraint blocks are shown in the parametric diagrams in Figure 5.7
and 5.8, which show the constraints and constraint parameters for each.

Step V Create Parametrics Model(s)

6. Create a parametric model for CommNetwork. There are standard relationships internal to
Node and Channel elements and there are equalities tying the Nodes and Channels together
into a network.

a. Create a parametrics diagram within the Node block, Name = Node. This diagram,
shown in Figure 5.7, contains four separate constraint properties, with the constraints
shown, the nine internal value properties, and the nested connectors tying them
together. In this example, the objective of the equations to redistribute the incoming
signal to the two outgoing channels, based on their relative capacities. No claim is made
about the realism of this model.

par [Elock] Node [ [E§ Node1 U

<<ValueType>> 4 ‘Regl  <<constraint>>

. c . . . .
T1 : Real i :I prod : Product . <<ValueType>>
{c=a*b+d | C1:Real
. i . : ] '
| <<ValueType>> I | - - - - - - |a Real
R1 : Real ] e e S [ JaiReal )
[ |_| |_| <<constraint>>
| la:Real) : : : : : : : : f"a;’ :Fri"(tm"b)}
" . . . . . . . . c=alla+
<<:?Jn-stserr;t>> E ) <<ValueType>> g || <<ValueType>> [ | :I
E g . i . 1 ¢ : Real
{c BaReg : R2 : Real D:Real
) <<gonstraint>> )
. c:Real |I—| J prod1 : Product1 : Z - | b:Real| |
| <<ValueType>> = | .| B=E 1S
R:Real : b : Real |: - : : . . .
N I —:| a: Real | <<ValueType>> = | | <<ValueType>>
<<ValueType>> g | C : Real I:_ T2 :Real C2 :Real
T :Real

Figure 5.7 Node parametric diagram
b. Create a parametrics diagram within the Channel block, Name = Channel. This diagram,

shown in Figure 5.8, contains three constraint properties (including two usages of the
ErrorRate constraint), with the constraints shown, the six internal value properties, and
the nested connectors tying them together. In this example, the objective of the
equations to reduce the signal throughput at the output of each line relative to the
input by an exponential factor based on Capacity C and total incoming traffic. No claim
is made about the realism of this model.
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par [Block] ChannelE] 2% ChannelE U e
err1_E : ErrorRate
. . . . . . . . . . . . . fd=a*(1-exp-bich}t . . . . . .
sValeTypess g |t o [eveneTpes o |
IT1_E : Real - - - - - - - - - .:la:ReaI d.ReaI[ - OT4_E : Real .
.............. Tl e ”:ea...E:‘b:Real
_________ L cEreal | [T
: suE : Sum ; ; : | ] o:Red : : : : : :
=ath . : ) : : : : : :
........................................... en|
ed| - . . . . . —
. ] : : : : larl ==constraint== :
......... S | € (2] : : ||| erm2E:ErorRate | oD LD
: : s=valueType== o | S| td=at(1 -explbicn) :
e3 . c: Real o -
o P bRl e — LR |
o T T
=2ValueType== — : : : : . =i n =2ValueType== — : :
T2 E:Real - - - S ———— - C W L otzkirear |

Figure 5.8 Channel parametric diagram

c. Create parametric diagrams connecting the channels and nodes through equalities as in
Figure 5.9a-d. Use the internal block diagram in Figure 5.8 to keep track of which blocks
and ports connect. In this example, we have chosen to divide the entire set of high level
parametric relationships into four separate diagrams in order to keep each individual
diagram simpler with fewer elements. This illustrates the combined use of internal
block diagrams for a high-level qualitative perspective and narrower parametric
diagrams to make the actual quantitative connections.

par [Block] Netw ok [3§ Node U : : : : par [Block] Network [ [5 Unttved )]

ChA : Channel 2 : Node = ChC : Channel —

ChA: Channel 7 |

N1 :Node =

OT1:Real 14 7 =
T1:Real g — IT1: Real 3 L dmil | Rifml T1:Real IT: Real 5
C1:Real - - C:Real g ] €1:Real g C:Real

R2:Real C2:Real g T2:Real gy

ChB: Channel = | -

C2 :Real C:Real
. . 1 ChE: Channael =
2L ezl o M:Real = | |- OT2:Real .y | | C:Real g | | IT1:Real

Figure 5.9a Node 1 parametric Figure 5.9b Node 2 parametric diagram
diagram
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par [Block] Metw ork[ Eg] Lintit

ChC :Channel 3

[ OT1:Real 4 |

[ chD: channel o

OT1 :Real g »-

Ie||.1 u

M4 Node

- -R1:R1ea|3|

>

mR2:Real oy

=

par [Tork] Netw ork| B/ NnrlP.'i!J
ChE: Channel Q
OT1 :Real C:Real IT2: Real
N3 : Node =
: . | Re:Real 0 | |c2:Real | | 12:Real g n
| €hB: Channal o | | ChD: Channel
Jiell:Peelicm § | R1:Real T1:Heal|—.||’_ IT1: Real g
C1:Real b i C:Real
v

Figure 5.9c Node 4 parametric

diagram

Figure 5.9d Node 3 parametric diagram

Step VI Validate Parametrics Model
7. To create the CXS_heading and validate the model schema,

a.

RC on Network in the Containment tree and select ParaMagic—Util—Create

CXS_heading

b. RC onthe CommNetwork package and select ParaMagic—Validate.

Step VII Create an Instance

8. We will create an instance of CommNetwork using a library of standard instances, rather than

creating each instance individually. The ability to create a library in a separate package from the

main instance is new to ParaMagic since 16.5.

a. Create a library of standard instances of system element.
i. RCon CommNetwork and select New Element->Package, Name =
Instancelibrary
ii. RCon Instancelibrary and select New Element—>Instance Specification, Name =
StartNode, Classifier = Node

Double-click on StartNode to open Instance Specification window (Figure 5.10a).

[3 select Elements E|
2 & = History :| =1 StartNode [CommMetwork: :Instancelibrary] V| Search By Name: =] peectedeaeee]
Eltartriode | Starthlode Al data: i Mode
DocurentationfHype =] a: & (mEr B Data ~
sage in Diagrams X B OER 3 CommMetwark
eploved Artifacts Properties: -3 Relations
s 2 ~
?e\atlons Owner 3 Instancelibrary [Commbet, ..
a0s )
Constraints Applied Sterectype
Classifier
Specification I,
Te i
Name -5 Productl v
The name of the MamedElement. ¢ i >
. .
Figure 5.10a Instance Specification window Figure 5.10b Select Elements window
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iv. Select Classifier and click Edit icon to open window in Figure 5.10b

v. Double-click on Node to set StartNode as an instance of Node and click OK.

vi. Click Slots in Instance Specification window (Figure 5.10a) and double-click on
each of the value properties to activate them. For the StartNode instance, we
assume a given input signal level by assigning R1 as 10 (arbitrary units) and R2
as 0. All the remaining slots are left empty. Click Close at the end.

vii. Repeat this process for four more standard instances:

1. ThruNode (stations which both receive from and transmit to other
stations in the network). All slots are activated, but left empty.

2. EndNode (stations which only receive, i.e. final destination). Assign C1
and C2 values = 1 or any non-zero fixed value because there are no
“downstream” channels to supply these values.

3. SingleChannel (channels in which only one I/O path is used). Classifier =
Channel. Assign C =5 (capacity in arbitrary units) and IT2 = 0 because
input to second I/O path is not used.

4. DoubleChannel (channels in which both I/O paths are used). Classifier =
Channel. Assign C =5 (capacity in arbitrary units).

_/ﬂgContai.. rﬁlnherita..rgﬂ Diagramsrc)ModelE..

Containment @ g x Vviii. Assign causality to all standard instances by right-clicking on
o B InstancelLibrary and selecting ParaMagic— Util—Assign default
e3frats | -
B Commietwork causalities.
-7 Relations . P . .
-9 Istancent ix. Create a CXI heading in Instancelibrary by selecting
&0 Etz:iet‘b“;f*‘ ParaMagic—Util—Create CXI_heading. The final contents of
_heading
&1 DoubleChannel : Commhietwork: :Channel InstancelLibrary should appear as in Figure 5.11. Any of these
= EndMode @ Cormmiklebwork: : Mode . . ) . .
=1 SingleChannel : Commietwork: :Channel instances can be dragged into an instance diagram in another
=1 StartMode @ Febwork: Mod . . re .
- TharLN;d: cfnTnTN:t:f:k Nfd: package and used without further modification.

Flgure 5.11 Instancelerary contents

b. Create a specific instance package for the network proposed

i. RCon CommNetwork and select New Element—Package, Name = Instance01
ii. RCon Instance01 and select New Diagram—SysML Diagrams—SysML Block
Definition Diagram, Name = Instance01.

iii. We need four separate copies of SingleChannel in our
%Containmentr% Inheritanceri‘ﬁ_:,‘:| Diagraris r<>Mod| P P g

o - network, to represent Channels A, B, C, and D. In this
. FERE example, we will copy SingleChannel and paste three copies
2-C B into Instance01, named SingleChannell, SingleChannel2 and
=R T3 Commbletwork
E--2 Relations SingIeChanneB.
B-E7 Instancenl i . .
8- CX1_heading iv.  We need two separate copies of ThruNode in our
--EI MekD1 ¢ Commfetwork:: Network, . .
B 21 SingleChannelt : Commistwork::Channel network, to represent Nodes 2 and 3. In this example, we will

- (= SingleChannel? : Commiizticrk:: Channel copy ThruNode and paste two copies into Instance01, named
= SingleChannel3 ; Commietwork:: Channel

Eh+ = Thrublodel ; Commietwork: :Node ThruNodel.
l =1 ThruMode : Commietwork: :Node

----- @ Instance0l
-] InstanceLibrary

Figure 5.12 Instance01 contents
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Vi.

vii.

viii.

Create an instance of the Network block inside Instance01, Name = Net01.
The final contents of Instance01 should appear as in Figure 5.12

Drag all the instances in Instancelibrary and Instance01 into the Instance01
diagram.

Using the connector icon on the floating toolbar, create link from Net01 to
StartNode. A Select Association window appears, as in Figure 5.13. Check the
first line to assign the StartNode instance to the N1 part property.

Draw connectors from Net01 to the remaining instances. In each case, assign an
appropriate instance to each part property, as shown in Figure 5.14.

Assign target causality to slot R in EndNode.

Create a CXI heading in package Instance0O1 by selecting
ParaMagic—Util—Create CXI_heading. The final contents of Instance01

diagram should appear as in Figure 5.14.

E Select Association

Select Assodiation |

; pssociation[ CommMetwark: :Metwork - N1 CommMatwork: iNods]

] o™ Association] Commtetwork: :Metwork - M2:CommNetwork: :Node] [CommRetwark]
; ] o™ Association] Commietwork: :Metwork, - M3 :Commietwark: :Node] [Commietwark]
i [ o Association[Commmetwork: :Metwork - M4:CammMetwork: :Node] [Commiletwork]

[ Clear all H Select &l ]

Figure 5.13 Select Association window assigning StartNode instance to N1
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bdd [Package] Instance0! [ [ InstanceDt ]J f
......... <ahlock== =1k .
Hetd1 : Hetwork
[ Cha = SingleChannel o
ChE = SingleChannell :
......... ChC = SingleChannel2 N
ChD = SingleChannel3 .
ZhE = DoubleChannel
[ M1 = StaMade
M2 =ThruMode :
--------- M3 = Thrubode2 s
M4 = Endiode :
: ] T [ I : :
' ==hlock=:» = =<hlock== ==hlock== = ==hlock== ' '
""""" T StartHode : ThruHlode : " | Thrulode?2 : EndHode : Lt
Hode Hode Node Hode
T ceeen cr=" cl1=" c1=" c1="1" | -] - R e
: ca=" Ca=" ca=" =" : :
......... D=" D=" =" D=m"
: R = b R = b R = e R = b
R1=" R1=" R1=" R1="
A S RI=m Rz Rz=m Rz=m | S e
. T="10" T="" T=" T=" . .
......... , TT=" T1=" Tr=m T1=" ,,
: Ta=" T2=" T2=" T2=" : :
==hlock== =<hlock=» ==hlock=> ==hlock=> ==hlock=> :
""""" SingleChannel : SingleChannel SingleChannel SingleChannel3 DoubleChannel A
Channel 1: Channel 2: Channel + Channel : Channel :
......... c="g c="g c="g" c="g" C="g Lo
T=" =" T=" =" T="
_________ T1=" mr=" T =" mr=" m=m T
IT2="0" [T2="0" IT2="0" [T2="0" Tz2="" :
oTi=" oT1=" oTi=" oTt=" oTi="
I oT2=" oT2="" oT2="" oT2="" oTz=" | S

Figure 5.14 Instance01 diagram complete

Discussion — Instance Generation
We have used four different methods for creating instance in our first four tutorials,

Creating individual instances from the central toolbar
Creating individual instances using menu commands
Using the Instance Generation Wizard

Copying and pasting existing instances from a standard instance library

Similarly, there are at least two ways of linking instances,

the instance to an existing part property.

Draw a link from the higher block to the lower and use the Select Association window to assign

Double-click on the higher block, click on Slots, double-click on a part property, and assign it to

an existing instance. In this approach, no visible line connects the instances on the instance
diagram, but the higher-level instance box displays the association, e.g. ChE = DoubleChannel.
Which method to choose depends on the situation. Being familiar with multiple approaches is

advantageous.
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Step VIII Solve the Instance
9. InFigures 5.15 and 5.16, only a few of the output variables are expanded to display. All of the

values are available, however.

M ParaMagic(TM)16.5 beta 1 - Instance01 (=1t3 ic(TM) 16.5 beta 1 - Instance01 M=1E3
Mame Symbol  Type Cau,..  Walues Mame Symbol | Type Cau,.. Values
@ retwork Tetwork @ network Metwork,
EH@ Cha Channel 1-@ Cha Charnel
Channel Che Channel
Channel Channel
channel Channel
Charnel Channel
Mode Mode
REAL undefi,., 2277 REAL ancilary S
REAL undsfi... #7777 REAL ancilary 5
REAL undefi,,, 77777 REAL ancilary 0.5
REAL undefi,.. 77777 Egit :;z'f”’ ig
REAL gen 10 REAL gwen O
REAL gien 0 REAL ancilary 10
REAL undefi... 37777 REAL ancilary S
REAL undefi,.. 7777 REAL ancillary 5
REAL undefi... ¥7e? Mode
Mods Node
Mode Mode
Made REAL given 1
REAL given 1 REAL given 1
o e REAL given 1 REAL ancillary 0.5
- v REAL undefi... 7P REAL target  4.6589
- A REAL target  ¥EEEY REAL ancillary  2.3494
- R1 REAL undefi... 3777 REAL ancillary  2.3494
-l RZ REAL undefi,.. 77777 REAL ancillary 46939
- T REAL undefi... 777 REAL ancillary  3.5241
Tl REAL undefi... 77777 REAL ancillary 1.1747
- T2 REAL undefi,.. 7777
[ Expand ][ Collapse all Solve [ Reset |i Update to SysML
[ Expand " Collapse Al ] ’ Salve ] Reset | Update ko SyshL o
M1 Mode )
1 { Mode } Mame | Local O... Relation Active
Mame | Local . Relation Active 4 u L] |[P=Rl+R2 i
il | | e :
frac Y L D=C”E'=C1+C2) 4 Erodl 0 [] [rz=ri*1D3 =
prod Y d T1=R1*D+R2Z é o4 M = R=T 3
prodl Y [] [Tz=R1%(1-0) ] = =
el4 i ] Rr=T [v]

Figure 5.15 Browser for Instance01 before solution  Figure 5.16 Browser for Instance(1 after solution
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6. SYSML PARAMETRICS TUTORIAL - ORBITAL
6.1 Objective

Create a SysML project combining an orbital mechanics subsystem and a spacecraft subsystem.
The orbital mechanics section is linked to a spreadsheet which calculated solar power levels and data
transmission levels for ten sections in the spacecraft’s orbit around Mars, based on the geometry between
the spacecraft, Mars, Earth and the Sun. See Figure 6.1. Note that the writer claims no expertise in this
field.

Th et:’:\i\\\.

Figure 5.1 Outline of Objective

The spacecraft subsystem is tied to a second spreadsheet which contains the power and data transmission
requirements for the spacecraft by subsystems, three instrument packages, a transmitter, and a power
system. Information from both spreadsheets is combined at the Mission level using parametric
constraints solved by Mathematica and final results are written to a third spreadsheet.

What the User Will Learn

e Read and write between Microsoft Excel spreadsheets and MagicDraw SysML instance blocks
e  Working with aggregates (parameters that can contain a list of values)

e Plotting aggregates with standard Mathematica functions

Aggregates are parameters with multiple values, for example, A = [A;, Ay, Az, A4], and are
valuable in multiple ways. They can express vectors, time series, and other sets of numbers that will be
handled collectively or repetitively. In this tutorial, the individual elements of the aggregates represent
values for ten separate sections of the orbital cycle. The specific number of elements does not need to be
defined until the instance stage.

Mathematica has extensive graphics capability. Graphs can be created and saved during
ParaMagic execution, using several ParaMagic-provided standard functions. User-created Mathematica
functions, described in the ParaMagic Users Guide, provide even more flexibility.
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Spreadsheets, such as Microsoft Excel, could be envisioned either as a means of loading data into
a specific instance from an existing table or database, a means of reporting and organizing results from a
parametric simulation, or a mathematical solver for parametric relationships that are part of the model.
Currently, ParaMagic only supports the first two functions.
System Requirements

e  Microsoft Excel 2003 or 2007. Note: Excel is not required to execute the ParaMagic-Excel
interface. It is required to create, edit and view the spreadsheets used in the example.

e In order to use standard Mathematica functions that produce a graphics file, Mathematica must
be loaded on the user’s local machine or server (no web services) and the ICAX standard
function library must be installed for autoloading.

6.2 Step-by Step Tutorial

Step I Create Project
1. Create new project
d. Name = Orbital
2. Create a package within the project
a. RC (Right-click) on Data folder in Containment tree (left column)
b. Choose New Element—Package
c. Enter Name = Orbital

Step II Create Infrastructure

3. Install ParaMagic Profile module, same as in Tutorial 1.

Step III Create Structural Model
4. Create elements in model
a. Inside the Orbital package, create blocks call Mission, Orbital, Spacecraft, InPkgl,
InPkg2, InPkg3, Transmitter, and PowerSystem.
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bdd [Package] Orbital [ [2] Mission ]J

Figufe 6.2 Block Definition Dia.gran.l for Orbital model

==hlock=>
Mission

- |AveragePoweriVindow ;. Real
- | AverageXmitiindowy : Real

- |[EffectivePowerBudget : Real
. |[EffectivexXmitBudget : Real

© |powvercalc : BudgetCalc
C|lavgl : Average

©|avg2  Average

- [xmitcale : BudgetCalc

valwes

cofstaints

-orkitiall -

==hlock=>
Orbital

vales

| EmitUsage @ Real [1..7%]
© |PowerUsage : Feal [1.7]

Theta : Real [1.%]

. |Flag : Real

constaints

- |PlotCrbital ; Xy TPIot

: -spa-:é
==hlock== Ch
Spacecraft .
Al s .
MaxPowerBudget © Real .
MaxXmitBudget : Real :

- |PovwerSupply © Real .
PowerDemand : Real .
KmitSupply  Resl .
AmitDemand : Real :

<ing : : Ang2 - : -in :
==hlock=> ==hlock== ==hlock==
InPkg1 InPkg2 InPkg3
. vales . valhe s . vale s .
* |Powver : Real * |Powver : Real Cr [Povver : Real T

Xmit : Real Xmit : Real © [Xmit : Real '

. -p = L .
: =<hlock== : =<=hlock== :
....... PowerSystem Transmitter Ceeie

: Poraverout @ Real

values

. valwes
CHmitOut @ Real
- |Povwer : Real

a. Create a block definition diagram, Name = Mission, and drag the Mission elements

into the diagram. See Figure 6.2. Use Directed Composition connectors to link the

blocks in the hierarchy shown.

b. Inside Mission, create a value property called AveragePowerWindow and assign it a

Type as Real. Repeat this procedure for three additional properties in Mission:

AverageXmitWindow, EffectivePowerBudget, and EffectiveXmitBudget.

c. Referring to Figure 6.2, create value properties as shown in the Spacecraft, InPkg1,

InPkg2, InPkg3, Transmitter, and PowerSystem blocks, all type Real.

d. Inside Orbital, create the value properties as shown in Figure 6.2.

i. Create Theta, Type Real

ii. Double click on Theta (in Containment tree or on block definition diagram) and

open the Value Property dialog box (see Fig. 6.3).

iii. Choose 1...* from the dropdown list next to Multiplicity. This allows the variable

Theta to contain any number of separate values.

iv. Repeat this procedure for PowerUsage and XmitUsage.
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[ value Property - Theta El

al [1..*] [Crbital::0

;{elatlnns Qualified MNarme
ags
Conskrainks i =
..... Language Properties Type:Modfier
Wisibility

Template Parameters
IUsage in Diagrams
Inner Elements

sML Profile::

ital] g

History :| mn -Thets :

B! [ Theta—

Default ¥alue
Chwner

Multiplicity
Is Read Only
Is Skatic

Name

Close Bach

Applied Stereotype

2 e
E ¥alue Property
me L

[The name of the NamedElement.,

Properties:!_ﬁll

w il_‘R Cuskomize

Crhital:: Orbital: : Theta
@ Real [SywsML Profile: ;Blocks]

private

= orbital [Orbital]

@ ValueProperty [Property] [MD Cuskomizatic

1“*

[] false
[] false

Forward

|%

Figure 6.3 Setting the value property Theta multiplicity to 1...*

Step IV Create Constraints

5.

Create two constraint blocks, Average
and BudgetCalc, as shown in Figure
6.4. Note that Average uses list, a
constraint parameter with multiplicity
larger than one. To change the
multiplicity of a constraint parameter,
RC the constraint block in the BDD
diagram. Average calculates the
average of all the values contained in
list and returns a single value result,
mean. The ParaMagic User Guide
provides a list of Mathematica
functions that act on arguments with
multiplicity > 1.

Create a constraint block for plotting

Cantainment

aznn i}
“” o

0

the power and transmission availability versus Theta.

EF-E7 Crbital

- Relations
-3 Instanceni
BB Average
- -lisk  SysML Profile: :Blocks::Real [1,.%]

— A -mean ; SysML Profile::Blocks: :Real
- {} average=mean = avgllist)

E-E3 Budgetialc

- | -window 1 SysL Profile::Blocks: :Real
— A -supply 1 SysiL Profile::Blocks: :Real
- 1 -budget ; SysML Profile: :Elocks: :Real

- 2 -demand : SysML Profile: :Blocks: Resl
- |} powercalc=budget = window * supply - dem. ..
E-=] C%5_heading
E-E Infkal
E-E Inpkgz
E-E InPkgs
- Mission

Fig. 6.4 Constraint Blocks

a. See User Guide for a list of standard Mathematica graphics and statistical functions that

are provided with ParaMagic. These should be configured to automatically load when

Mathematica is started.
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b. Create a constraint block, XYTPlot, with four constraint parameters, x, y, t and c, where
X, ¥, and t have multiplicity = 1.
c. Add a constraint to XYTPlot.
¢ = cMathematica(ICAXPlotXYT,t,x,y," Availability","Sector","Power")
ICAXPlotXYT is a standard function for graphing two lists of values against a third list (x,
y, and t, respectively), with the three final string arguments (in quotes) determine graph
title, x axis label, and y axis label.
d. Assign the destination for the XYTPlot graphics file (new for ParaMagic since 16.5)
i. Double-click on the constraint and open the Constraint window (see Figure 6.5)
ii. Select Tags
iii. Scroll down to <<External Models>> section
Double-click on working_dir (or select and click Create Value)
v. Enter a destination directory for any plots generated, e.g. C:\\MD-temp. Note

iv.

that this directory must already exist when the ParaMagic model is executed (it
will not be created automatically) and a double back-slash character is used in
the pathname.

Note for Mac Users: The destination directory needs to be phrased using the path notation common to
Mac operating systems. For example /Users/JohnDoe/Documents/Orbital

E Constraint - plotxt

E & '<:=- =

Hiskory ' {1 plotxt=c=cMathematica{ICAxPlobxy T,k ... [Orbital e TRIoE] Vl

{} plobxt=c=cMathematica{ICAXPlaEXY T,k %, ..
¥ Dacumentation/Hyperlinks

-Tags

- {3 Properties

- 7 Row-colurnn

- (1 Symbol Exists in Diagram

- (3 Tags

- % IUML Relation Tvpe and Stereotype
# < <External_Models =

Bl <zmatrix kemplates

- {3 Column Height

- 3 Zolumn kext direction
- {3 Description

< |3

- Yworking_dir = "C:\\MD_temp”

s Profile: t:P.LL> v Property:
Usage in Diagrams — |
5 Inrner Elements B B |working_di : Stri e
Y| Relations LCPET IO T TS =
- {3 Bidirectional B[ ¥alue
------ Constraints - 3 Column-row []HTML
- 3 Mok direcked CHMD_temp

o e

Close

aiEIGIcEE]

Figure 6.5 Constraint window for defining graph output destination
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Step V Create Parametrics Model
7. Create the parametrics diagram shown in Figure 6.6 inside the block Mission. There are two

usages of each of the constraint blocks defined in Step 5.

par EBIock] :r-nission:[ ru'iission ]J

==hlock==

orbital : Orbital

=<WalueTypes=
XmitUsage : Real [1.."]

[}

PowerlUsage : Real [1..*]

==WalueTypes=

. e

Z' e . . . . . . . . .
: list: Real[1.4] ,,,

==constraint==
xmitcalc : BudgetCalc

. ==constraint==
L powercalc : BudgetCalc

waconstraintss ==canstraint==
- - - g avg?2 : Average : - - -
=W alleTypes= aug1 : Average i {mean = avalist)} B == alueTypess
|| EffectiveXmitBudget : Real mean : Real imean = avgllist)} mean : Real EffectivePowerBudget : Real
: : . : o : :
==YalueTypes= @ ==WalueTypes= [ A A,
. ef AverageXmitWindow : Real AveragePowerWindow : Real ep .
RS I R P A R N N EEEEEET R FNEEENE v
: : : : : - - windowy - Real - hudet]: Real
...... l_lbudgE‘l:Real window T Resl

Figure 6.6 Parametric diagram for Mission

{ludget = wincow * supply - demand} | - {budget = window * supply - demand} |-
L SUppi'Y—:‘Real demand : Real [ . ... ... . SUppiﬁ‘Real demand © Real . ......... L
el - Celd : el : e : :
==hlock== s | T
spacecraft! : Spacecraft
==WalueType== ==WalueType== ==valueTypes= )] ==MalueTypes== |
XmitSupply : Real XmitDemand : Real PowerSupply : Real PowerDemand : Real

8. Create a second parametrics diagram inside Orbital, as shown in Figure 6.7. This diagram
exists to plot the values of the PowerUsage and XmitUsage against Theta during ParaMagic

execution.
a.

Use Select Parts window to select PowerUsage, XmitUsage, Theta and Flag to

appear in the diagram. ICAXPIotXYT will return a value of 1 into the parameter Flag
when the Mathematica function is successfully executed.
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par [Block] Crbitsl [ [E5) Orbital ]J

=z=constraint==

PlotOrbital : XYTPlot
{c=chathematicallCAXPIGtYT txy "Ayvailability” "Sector” "Power™1}

[ ] t:Real[1.4] [ ] x:Real[1.%] [ ]y:Real[1.4 [ ]e:Real[1]
g : e : : : : | et :
. | Theta : Real [1.4] | : |inerUsage:Real M4 = ‘: |XmitUsage:Real M1 = | Z‘FIag:Rﬁal m ‘ : :

Figure 6.7 Parametric diagram for Orbital

Step VI Validate Parametrics Model
9. To create the CXS_heading and validate the model schema, follow the instructions in Step VI of

previous tutorials

Step VII Create an Instance

In this example, we will create an instance of the SysML model and three separate Microsoft
Excel spreadsheets that will link to this instance and allow data to be written from Excel to MagicDraw
SysML and from MagicDraw SysML to Excel. This supports the use of spreadsheets to load data into a
model and to report results from parameteric simulation of the model. In normal circumstances, some
or all of these spreadsheets may exist prior to the SysML model, but in this tutorial, we will create them

at this stage.

10. Create three workbooks in Microsoft Excel that instances of the model will link to.

a.

Open Excel

b. Create New

C.

A
Spacecraft Model

Instrumentation Pkg 1
Instrumentation Pkg 2
Instrumentation Pkg 3
Power Supply Output
Transmitter Qutput

N o n e w N e

8

9 Max Budget
10 |Supply

11 |Demand

17

Figure 6.8a
values

B

Power (Watts)
100
100
150
300
300

-150
00
650

c

Xmit (Mb/sec)
20
50
100

300
130

300
170

[-RE--REN R R R R U

==
= o

12

A
Spacecraft Model

Instrumentation Pkg 1
Instrumentation Pkg 2
Instrumentation Pkg 3
Power Supply Output
Transmitter Output

Max Budget

Supply
Demand

B

Power (Watts)
100
100
150
500
300

=B6-B3-B4-B5-B7
=B6
=B3+BA+B5+B7

Build and save the workbook spacecraft shown in Figure 6.8 (in worksheet Sheet1).

&

Xmit (Mb/sec)
20

50

100

300
=C7-C3-C4-C5

=C7
=C3+Ca+C5

Workbook spacecraft, showing Figure 6.8b Workbook spacecraft, showing formulas

d. Build and save the spreadsheet orbital shown in Figure 6.9 (in worksheet Sheet1).
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A
Orbital Mechanics Profile

Time Period

[ R T R R Ry -]

B
Author

ThetaOffset

Theta
0.00
0.63
1.26
1.88
2.51
3.14
3.77
4.40
5.03
5.85

0.5236

Power

1.00
0.50
0.65
0.35
0.10
0.00
0.10
0.35
0.66
0.50

Date

Data
0.97
1.00
0.93
0.78
0.55
0.26
0.05
0.36
0.63
0.84

A
Orbital Mechanics Profile

Time Period

Author
ThetaOffset

Theta
=ROUND(A6*PI()/5,2)
=ROUND(A7*PI{)/5,2)
=ROUND(AB*PI{)/5,2)
=ROUND{A9*PI{)/5,2)
=ROUND(A10*PI{)/5,2)
=ROUND(A11*PI{)/5,2)
=ROUND(A12*PI{)/5,2)
=ROUND(A13*PI{)/5,2)
=ROUND(A14*PI{)/5,2)
=ROUND(A15*PI{)/5,2)

0.5236

Power
=ROUND(COS{B6/2)"2,2)
=ROUND(COS{B7/2)%2,2)
=ROUND(COS(B8/2)72,2)
=ROUND(COS{B9/2)%2,2)
=ROUND(COS(B10/2)"2,2)
=ROUND(COS(B11/2)"2,2)
=ROUND(COS(B12/2)42,2)
=ROUND(COS(B13/2}"2,2)
=ROUND(COS{B14/2)"2,2)
=ROUND(COS(B15/2)"2,2)

Date

Data
=ROUND(ABS(COS((B6-5C33)/2)},2)
=ROUND[ABS({COS((B7-5C53)/2)),2)
=ROUND(ABS(COS((B8-5C$3)/2)),2}
=ROUND[ABS{COS((B9-5C53)/2)),2)
=ROUND(ABS(COS((B10-5C5$2)/2)),2)
=ROUND[ABS{COS({B11-5C33)/2)),2)
=ROUND|ABS(COS((B12-5C$3)/2)),2)
=ROUND(ABS({COS((B13-5C33)/2)),2)
=ROUND|ABS(COS((B14-5C$3)/2)),2)
=ROUND(ABS({COS((B15-5C33)/2)),2)

Figure 6.9a Workbook orbital, showing Figure 6.9b Workbook orbital, showing formulas

values

spreadsheet mission shown
in Figure 6.10 (in worksheet
Sheetl). This will be used to

Build and save the

report the results of the

parametric simulation, so the
non-title cells are currently

empty.

0O |=J | (LN | LRI

Mission Estimates

Average Power Window
Average Xmit Window
Effective Power Budget
Effective Xmit Budget

Fig. 6.10 Workbook mission, showing titles

11. Create an instance. Review Step VIl in the previous tutorials for the detailed procedures.

Create a package, Instance01, within the package Orbital.

Create a block definition diagram, Instance01, within the package Instance01.

Create the instances of the model elements as shown in Figure 6.11 by dragging

Instance from the toolbar, selecting the block it will be an instance of from the

Select Classifiers window, and assigning the instance block a unique name.

Create linkages between mis:Mission and orb1:Orbital, and between mis:Mission

and spa01:Spacecraft. Note that no linkages have been created between

spa0l:Spacecraft and its subsystems. These are not required because there are no

parametric calculations linking these blocks in SysML parametric diagrams. They are

linked inside the spreadsheet spacecraft.xIsx.

Activate the slots as in previous tutorials, by double-clicking on the blocks, selecting

Slots, and double-clicking on each slot to be activated. In this example, no slot has

values assigned at this stage. Given values will be loaded from the spreadsheets.
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bdd [Packsge] Instancel [ @Instan:em u :
==hlock== =
AveragePowerindow ="
Averageximitindow ="
EffectivePowerBudget=""
EffectivexmitBudget=""
orbitall = orh1
spacecraftl = spall
==hlock== = ==hlock== | ==hiock== = [ A
Flag="" | MaxPowerBudget="" Power=" ...
Fowerllsage =™ MamitBudget="" Hrmit=""
Theta="" | PowerDemand=" | 1
AmitUsage =" PowerSupply =" : :
XmitDemand =" ) ==hlock== =
| HmitSupply =" in3 01:InPkg3 |
Power="
.................................................... . }{mit:""
................................. ==hlock== L
im_01: InPkg1 = ==hlock== |
................................. PDWEr:"" m_m-:-‘[mnﬁmmﬂ P
Xmit= Povyer=""
Xmitout=""
............................................................ ==hinck== = [} I
pow 01 : PowerSystem
............................................................ Powerout="" S
Rt El-y

Figure 6.11 Instance01 Diagram

Discussion — Aggregates

There are two methods for creating Slots with multiple values (aggregates) in instances. The first
method, which we use here, is to activate the slot as a single value and then read multiple values into it
(e.g., from a range of cells in a spreadsheet). Multiple slot values are automatically created. The second
method is to create room for multiple values when we activate the slots. For example, if we were to
activate Theta by double-clicking it in the Instance Specification window as usual (see Figure 6.12), we
could add additional empty slots by clicking the Plus button on the bottom right side of the Instance
Specification window nine times to create a total of ten empty values. We could enter ten numbers in a
similar way, using the Plus button after each value was entered.
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E Instance Specification - orbl

'ﬂg = o= Histary:|EI orbl ; Crbical:Orbital [Orbital::Instance0l] V|

=1 orbl ¢ Orbital:: Orbital Slots
[:I--- DocurmentationHyperlinks . )
B BY tg =y Property:

Usage in Diagrams
|| Deploved Artifacks t-[ Powerllsage : Real[1,.%] | | Lo )
B S FTheta =", ", ™, ", value
niner Elements b ¥rnitlsage : Real[1..%] -

Relations C ]
Tags C
..... Constraints

[ HTML

< | >

w
BBIGICIE

Figure 6.12 Assigning ten empty values to the Theta parameter in orb1

12. Define the ParaMagic causality of each parameter. Each slot value in the instance can be
assigned two causalities, one for ParaMagic/Mathematica calculations and one for Excel
export/import actions. We will set the Excel causality type for each parameter in the XIF-
Excel Browser windows in the following steps. We still need to set ParaMagic causality type
for all parameters used in Mathematica calculations.

a. Right-click on Instance01 and select ParaMagic—Util—Create CXI_heading.

b. Right-click on Instance01 and select ParaMagic—Util—Assign default causalities.

c. Assign Target causality to EffectivePowerBudget, EffectiveXmitBudget and Flag
using the procedure described in previous tutorials.

13. Create the linkage between the Spacecraft instance blocks and spreadsheet spacecraft.x/sx.
a. Inthe Containment window, right-click on the instance block In1_01 and select
ParaMagic—Excel—Setup.
b. The ParaMagic-Excel Setup window will appear as in Figure 6.13a. The spreadsheet
to be linked can be identified in two ways
i. Browse to the desired file. This will enter the full path name in the
Workbook file text box, or
ii. Type inthe filename, e.g. spacecraft.xIsx and click Refresh. If no path is
typed, it will assume spreadsheet is in the same folder as the model (.mdzip

InterCAX Proprietary Information 65



ParaMagic'™ 16.6 spl e Tutorials

file). This may be more flexible if the model and spreadsheet are moved
around between different systems.

c. After the Workbook name is entered, the available worksheets within that file will
appear as a drop-down list by the Worksheet name label. Select the desired
worksheet, Sheetl. See Figure 6.13b.

d. Click OK.

ParaMagic-Excel Setup - in1_01 E ParaMagic-Excel Setup - in1_01

workbook: file || H Browse Workbook file |spacecraFt.xst H Browse l

K

Worksheet name | % Woarksheet name | Sheskl

Figure 6.13a ParaMagic- Excel Set-up for instance Figure 6.13b ParaMagic- Excel Set-up for instance
after completion

e. Inthe Containment window, right-click on the Power slot under instance block
in1_01 and select ParaMagic—Excel—Setup. See Figure 6.14.
i. Under Cell range, enter the cell coordinates on the spreadsheet for the
parameter desired, B3.
ii. Under Access Mode, select Read_from_Excel (the value in the spreadsheet
cell will be copied to the instance, though only after we transfer the data in
step 14).
iii. Click OK

ParaMagic-Excel Setup - Power @ ParaMagic-Excel Setup - AveragePowerWindow E]

‘“Warkbook File |spacecraft.xlsx | [ Browse ] Workbook File |missinn.xlsx | [ Browse ]

Wotksheet name | Shestl |+ Worksheet name | Sheetl

Cell range |BS| | el range ||:|4| |

Access Mode Read_from_Excel Access Mode Write_to_Excel W
Figure 6.14 ParaMagic- Excel Set-up for slot Figure 6.15 ParaMagic- Excel Set-up for slot

f. Repeat for the Xmit slot under instance block in1_01. The corresponding Cell range
is C3.

g. Repeat steps d, e, and f for the remainder of the instance blocks in the diagram.

!

ParaMagic-Excel Setup - Theta i. For slots where we will write the result
from the SysML model to the mission.xIsx

Wotkbook: File |nrbita|.><ls><| |[ Browse ] dsh h q
spreadsheet, set the Access Mode to
Warksheet name ’

“Write_to_Excel”, as in Figure 6.15.

Cell range |b6:b15 |

ii. For slots where we will read in multiple
values from a spreadsheet, Cell range will contain

Access Mode Read_from_Excel

Ok

Figure 6.16 ParaMagic- Excel Set-up for aggregate slot
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a row or column of cells, as in Figure 6.16.

Step VIII Solve the Instance

14. Run the Excel—SysML data transfer

a. Right-click the Instance01 package.

b. Select ParaMagic—Excel—Read from Excel
c. During execution, all target values are read from all spreadsheets and written to
the SysML instance diagram. See Figure 6.17.

bdd [Fackage] Instancaj‘t[Elnstanc@Jﬂ) : :

<«B¢cel Connection_Ins tance =

mis : Mission

faxcel_workbook = "mission xlse",
excel_worksheat = "Sheet1" }

AveragePowerindow ="
AverageXmityindow = "'
" | EffectivePowerBudget = ™
EffectiveXmitBudget =™
- | orhitall = arbl
spacecraft! = spall

<2Beoal_Connection_hstance >
orb 1 Orbital
fexcal_workbook = “orbital xlsx”,
excel_worksheet = "Sheet1" ]}

<<Beeel_Conne ction_hstance s>

spall Spacecrdft

{axcel_workbook = “spacecraft.xlsx”

excel_worksheet = "Sheet1” }

=<B¢cel_Connection_hstances=
iz 01 :InPkgZ

fexcel_workbook = “spacecraft.xlsx’

excel_worksheet = “Sheat1” }

| Powwer ="00.0"

- | Kmit = "50.0"

Flag ="
© | PowerUsage =" | d 35", "0 d
Theta ="0.0", "0.& "3 74 03", "5 6

| ¥mitUsage = "0.97" " 0, "0.93", "0.78", "0.55", "0.26", "0.05", 0,36, "0.63", "0 84"

Iz Poweer Budget = "-150.0"

U | MaxKmitBudget = "130.0"

PowwerDemand = "650.0"

- | PowerSupply = "500.0"

¥mitDemand = "170.0"

| MmitSupply = "300.0"

<< Beeel_Conne ction_hstance ==

fexcal_workbook = “spacecraft.elsx’
excel_worksheet = "Sheet1" }

- | Power ="150.0"
| samit = o0 00

=<Beeel_Conne ction_hstance==

L 01T B
fexcel_workbook = “spacecraft.xlsx"
excel_worksheet = “Sheatl” }

<<B¢ el Connection_Instance ==

inl 01 :inPkgl

fexcel_workbook = "spacecraft.elsx”,

excel_worksheet = "Sheet1” }

- | Powyer = "300.0"

- WmitOut = "300.0"

| Power ="100.0"
Kt = "20.0"

Figure 6.17 Values displayed in Instance01 diagram after Read from Excel

15. Run the ParaMagic/Mathematica parametric simulation.

a. Right-click the Instance01 package.
b. Select ParaMagic—Browse

<<Bccel_Conne ction_hstance==
oy 01 Power System

fexcel_workbook = “spacecraft.xlsx’,

excel_worksheet = “Sheet1” }

© 0| PowwerOut = "500.0"

c. Click Solve. Browser before and after solution is shown in Figure 6.18. Note that
Flag has a value of 1 after solution, indicating completion of the graph.
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M ParaMagic(TM) 16.0 - Instance01 = |[5]3</Jl M ParaMagic(TM) 16.0 - Instance01
Iarne Sy, Type Causaliky Values Mame Syma, . Type Causality Yalues
@ Mission Mission Mission IMission
i@ PweragePowerwindow REAL undefined ErEEes @ AveragePowerwindow REAL ancillary 0,501
@ Averagexmitiindow REAL undefined bress - Avwerage¥mitvwindow REAL ancillaty 0,637
& EffectivePowerBudget REAL target EEEEEs - EffectivePowerBudget REAL target -399.5
@ EffectiveXmitBudget REAL target FEEET - EffectiveXmitBudget REAL target 211
Orbital Crbital
REAL target FEErEs REAL target 1
LiskOfREALS LiskOFREALS
LiskOFREALs LiskOFREALs
I [ ¥mitUsage LiskOFREALS LiskOFREALs
El-@ spacecrafti Spacecraft Spacecraft
L@ MaxPowerBudget REAL undefined  -150 REAL undefined  -150
-1 MaxxmitBudget REAL undefined 130 REAL undefined 130
- PowerDemand REAL undefined 650 REAL undefined 650
-1 PowerSupply REAL undefined 500 REAL undefined 500
# @ ¥mitDemand REAL undefined 170 REAL undefined 170
Lol WmitSupply REAL undefined 300 L HmitSupply REAL undefined 300
[ Expand ” Callapse Al ] ’ Solve ] [ Expand ][ Collapse All ] [ Reset || Update to SysML
Figure 6.18a Browser before execution. Figure 6.18b Browser after execution.

d. Click Update to SysML. Mis:Mission slot values appear as in Figure 6.19.

16. Run the SysML—Excel data transfer
a. Right-click the Instance01 package.
b. Select ParaMagic—Excel—Write to Excel
c. During execution, all given values are read from the SysML instance diagram and
written to the spreadsheet mission.x/sx. See Figure 6.20.

bdd [Package] nstancent [ [ ns@ncen! U : A B
1 Mission Estimates
=<BxcelConnections= 3
I 5
4 |Average Power Window 0.501
AveragePowerindow = 0.501 5 | Average Xmit Window 0.637
AveragermityWindow = 0637 -
EffectivePowerBudget = 338 5 6 Effective Power Budget -399.5
EffectivexmitBudget = 21.09998999958339 7 |Effective Xmit Budget 21.1
orbitall = orb1 2
spacecraft! = spall
e
Figure 6.19 Browser before execution. Figure 6.20 mission.xlsx after write.

17. View the graph of PowerUsage and XmitUsage vs Theta created by ParaMagic.
a. The ICAXPlotXYT function always returns a graphical file named XYTlineplot.jpg
and saves it in the directory designated in step 6.d.
b. Create a hyperlink from the model to the graph so that it can be called up quickly
after the simulation is complete.
i. Right-click on the package Orbital—=New Element— Hyperlink
ii. A dialog box will appear, as shown in Figure 6.21. User the browser (button
with three dots) to point to the graphics file. Alternately, type in the name
or select it from the list.
c. Double-click on the hyperlink in the Containment Tree to see graph, as in Figure
6.22.
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[ Insert Hyperlink [z
Hypetlink |

Text ko display:

Seleck Fram list:

Twpe the filz name: FI—|E|
lclear ta remowe the hypedink] wWeb Page |
|Fi|e:,I',I'C:,I'MD_ternp,l'LinePIotXYT.jpg | L J Element/Symbal |

_CEIEJ Requirement |

Active

Figure 6.21 Hyperlink

Aeailability

Porrer.

sl \\\
\
\\
06k \\
N

02r

{0,063, 1.06, 188, 2.51,3.14,3.77, 4 4, 5.03, 5.65}

Figure 6.22 Graph created during ParaMagic execution
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7. SYSML PARAMETRICS TUTORIAL - HOMEHEATING

7.1 Objective

Create a SysML project incorporating a Simulink simulation model of a home heating system and
a MATLAB function that predicts outside temperature. The Simulink model, a minor modification of a
standard demonstration model from MathWorks, is shown in Figure 7.1. Input 1 is the outside
temperature, which varies periodically through the day and through the year. Outputs 1, 2 and 3 are the
cumulative cost, indoor temperature, and outdoor temperature as a function of time. The objective is to
estimate the cost per day of heating the home.

il s234sldemo_househeat_SE

File Edit “Wiew Simulakion Format Tools  Help
u O
- = = Pou s |Noml > 55 g B & rEE®
Thermal Model of a House
Mote: Time given in units of hours
Out1
blower
Temr cmid | onsogs ?
Heat Flow =
Fahrenheit Troom Heat Cost |f; [
R to Celsius Thermostat Cost
Set Point
Heater Caleculator PlotResults
F2c 5
| C2F
& = Tinfoors
| Celsius to
Hause Fahrenheit
! "
1
Tourtd
Ind outdaars Fahrenhait
to Celsiusz
Toutdoors e BTemperature: oot
Copyright 1990-2007 The hathioke, Ine.
Out2
Ready 100%; odeds

Figure 7.1 Outline of Objective

What the User Will Learn

e Connect to MATLAB functions and scripts through SysML constraint blocks

e Connect to Simulink models through SysML constraint blocks

A large body of simulation models have been developed and validated using MATLAB and
Simulink (from The MathWorks, Inc.). Being able to incorporate these existing models into larger
SysML models can greatly accelerate system development. ParaMagic allows Simulink/MATLAB
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models to be treated as “black box” constraint blocks within MagicDraw parametric models. ParaMagic
does not convert SysML models into Simulink models or the reverse.

We assume in this tutorial that the reader is familiar with MATLAB and Simulink and focus
completely on the steps necessary to interface existing MATLAB/Simulink elements to SysML

parametric diagrams. For further help, see the ParaMagic Users Guide and the user documentation for
MagicDraw and MATLAB.

7.2 Step-by Step Tutorial

Step I Create Project
1. Create new project
a. Name = HomeHeating
2. Create a package within the project

a. RC(Right-click) on Data folder in Containment tree (left column)
b. Choose New Element—Package
c. Enter Name = HomeHeating

Step II Create Infrastructure
3. Install ParaMagic Profile module.

Step III Create Structural Model
4. Create elements in model

a. Inside the HomeHeating package, create blocks HomeHeatingSystem, Home and
Outdoors.

bdd [Package] HomeHeating[ [ £ HomeHesting U

==hlock== o :
HomeHeatingSystem
~OutdoorsHHS : : : . . -HomeHH
==hlocks=:= ==hblock== |
: : : Outdoors : Home

. . . valwes : parts :
R TR - oD Hame - Outdoars

: : : Temp . Real : vales .

. . . constaits . DailyCycle : Real .

: : : : OutputCaolumn © Real :

: : DailyCost : Real :
......... enrtraits

SHH : SimulinkHomeHeating

Figure 7.2 Block Definition Diagrarh for HomeHeating model
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e. Create a block definition diagram, Name = HomeHeating, and drag the blocks into the
diagram. See Figure 7.2. Note that we use a Directed Composition connector to link
HomeHeatingSystem to Home but reference the Outdoors block with a Directed
Aggregation arrow.

f. Create the Value Properties shown in Figure 7.2. All are Real with a multiplicity of 1.

Step IV Create Constraints
5. Create a constraint block using the MATLAB function annualcycle,

function t = annualcycle (m)

[o)

% returns t, average temperature, based on m, month from 1 to 12
t =70 4+ 20 * sin(2 * pi() / 12 * (m - 4));

annualcycle takes a month in the form of a number from 1 to 12 and returns t, the average daily
temperature (degrees F) for that month. We assume, for this tutorial, that the function already
exists. To use it with ParaMagic,

a. Add the following final two lines to the function, using the MATLAB editor or some other

text editor.

save ('output.txt','t', '-ASCII");
exit
These lines cause the value of t to be saved in an ascii file, output.txt, and retrieved by
ParaMagic after MATLAB has exited.
b. Save the complete function as annualcycle.m in the directory set up for MATLAB files in

ParaMagic.ini.

c. Create a constraint block, OutsideTemp, in the HomeHeating package, with two
constraint parameters, m and t, and the constraint, t = xfwExternal(matlab, function,
annualcycle, m). The arguments of the function xfwExternal are

i. external solver being called, here MATLAB
ii. type of element called, function or script, here function
iii.  the name of the function or script, here annualcycle
iv. the input arguments, here m. All input arguments must have multiplicity 1.
There may be more than one input argument.

6. Create a constraint block using the MATLAB script demoscriptasciisimulink, which launches the
Simulink model s234sldemo_househeat_SE.mdl. We assume that the Simulink model and
MATLAB script has been previously developed and tested.

a. Add the following initial and final lines to the script file

inSel= load('input.txt');
ol=1inSel (1) ;
02=1inSel (2);

TempOutsite=inSel (3);
Amplitute=inSel (4) ;
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(Body of existing script)

a=yout (ol,02);
save ('output.txt','a', '-ASCII");
exit

The initial lines open a text file, input.txt, created by ParaMagic, and extract the four
input parameters for use in the Simulink model. The final lines extract a single value for
the 720 x 3 element matrix yout created by the Simulink model and save it to another
text file to be read by ParaMagic.

b. Save the modified script as demoscriptasciisimulink.m in the directory set up for

MATLARB files in ParaMagic.ini.

c. Create a constraint block, SimulinkHomeHeating, in the HomeHeating package, with five
constraint parameters and the constraint, cost=xfwExternal(matlab,scriptascii,
demoscriptasciisimulink,row,col,outtemp,daycyc). The arguments of the function
xfwExternal are

i the external solver being called, here MATLAB
ii. type of element called, function or script, here scriptascii
iii. the name of the function or script, here demoscriptasciisimulink
iv. the first input argument, here row, the row of the matrix element to be
returned (the 360" element is at time 24 hours in this Simulink model)
V. the second input argument, here col, the column of the matrix element to be
returned (the 3" element is the cumulative cost in this Simulink model).
Vi. the third input argument, here outtemp, the outside temperature.
vii. the fourth input argument, here daycyc, the amplitude of the daily temperature
variation.
viii.  The value returned is cost, the cumulative cost after one day of heating, which
corresponds to element (360,3) of the output matrix calculated by the Simulink
model.

Step V Create Parametrics Model
7. Create the parametrics diagram shown in Figure 7.3 inside the block Outdoors. The constraint
block OY:OutsideTemp contains the MATLAB function annualcycle.

par [Block] Testhodel [ [E% TestMods! ]J

2=conatraint== 0T
: : : : : OT : OutsideTemp
{t=xtwExernall matlab function annualcycle m

Month:Real | &1~ t: Real

Temp : Real

Figure 7.3 Parametric diagram for Outdoors
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8. Create the parametric diagram shown in Figure 7.4 inside the block Home. The constraint block

contains the MATLAB script demoscriptasciisimulink, which launches the Simulink model

s234sldemo_househeat SE.mdl. Note that the value Temp calculated by the MATLAB function
annualcycle is one of the inputs to the Simulink model.

par [Block] Home[ @Hm{ne ]J

==constraint==

5SHH : SimulinkHomeHeating

|_| daycye  Real

rowvy : Real

cost=xtwExternal(matlab, soriptascii, demoscriptascisimuling, row col outtemp dayoye) |
AR

col : Real

W ;
. -85

|_| outtemp ; Real
E B B

- ed

=]

[~

" '| OD_Home : OQutdoors —

.| | Temp: Real

Figure 7.4 Parametric diagram for Home

Step VI Validate Parametrics Model

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

9. To create the CXS_heading and validate the model schema, follow the instructions in Step VI

of previous tutorials

Step VII Create an Instance
10. Create an instance as shown in Figure 7.5

bdd {Package] Instance03[ | Instancel ]J :

=<hlock==
HHS03 : HomeHeatingSystem

HomeHHS = Home03
QutdoaorsHHS = QD03

==hlock==
0003 : Outdoors

Month ="1"
Ternp=""

Figure 7.5 Instance of HomeHeatingSystem

==hlack==

Homel3 : Home

DailyCycle =10

0D_Home= 0003
OutputCalumn ="3"
QutputRow = "360"

DailyCost=""

‘m

InterCAX Proprietary Information

74



ParaMagic'™ 16.6 spl e Tutorials

a. Point the Part Property OD_Home inside Home03 to the instance OD03:0utdoors. Note
that this assignment is not made automatically in creating the linkages, as in previous
examples.

i. Open the Instance Specification for Home03 (Figure 7.6)
ii. SelectSlots
iii. Click on OD_Home:Outdoors
iv. Click Create Value button

B (@@ e =

Hiskary :| = Homed3 : HomeHeating: :Home [HomeHeating: :Instance03] V|

=1 Homed3 : HormeHeating: :Home

i} =0 DailyCosk ="
G} 2 DailyCycle = "10"
-- = outputColumn = "3"
B} & OutputRow = 360"
Inner Elements
Relations

- Tags

----- Constrainks

—Slats

ozollory |;g =u

-2 DailyCost =""

L.(Z) DailyCycle = 10"
t-CH OD_Home @ Cutdoors
----- Z OutputColumn ="3"
-2 OutputRow = "360"

SHH ; SimulinkHomeHeating

Properky:
| [ -

Select property and click Create
Yalue ko create new value for it

Create Value Edit Value

Figure 7.6 Instance Specification for Home03

v. Select OD03:HomeHeating:Outdoors in the Select Elements window (see Figure
7.7)
vi. Click Add, OK, and Close

E Select Elements

Al data: Selecked objects:
E-E Data ”
E}D HomeHeating ]
El-F7 Instance3
L2 c¥1_heading
/7 HomeHeating:: Sdd Al
A 1 HomeHeating:: L]
i (=] HH303 @ HomeHeating: :HomeHeating= Add Fecursively
=1 Homels : HomeHeating: : Home
LE ' 1 HomeHeating: s outdoor s Remove
%5 _heading
""" % Home b Remove Al
< | »
Create Clone

Cancel

Figure 7.7 Select Elements to link OD0O3 to OD_Home

InterCAX Proprietary Information

75



ParaMagic'™ 16.6 spl e Tutorials

b. Create the links and populate the slots as shown in previous tutorials. The givens are

i. Month =1 (January)
ii. DailyCycle = 10 (temperature varies +/- 10 daily)

iii. Row =360 (one day as Simulink model timescale is set)

iv. Col =3 (cumulative cost as Simulink model output array is configured)
Create a CXI_Heading in the instance folder and assign causalities to slots using the Add
default causalities utility. Change causality of DailyCost to target.

Step VIII Solve the Instance
11. Open the Browser (Figure 7.8) and click Solve.

] ParaMagic(TM) 16.0 - Instance03

-

Mame
@ HomeHeatingSystem
El-@ HomeHHS

J DrailyCast
J DailyCycle
0@

J CukpukR.ow

El-4@ CutdoorsHHS
J Manth
.‘ TEITID

Symbaol Type Causality Yalues

HormeHeatingSystem

Harne

REAL ktarget "

REAL given 10

Cukdoors

REAL given 1
REAL undefined T
@ OutputColumn REAL given 3

FEAL given 360

Qukdoors

FEAL given 1

REAL undefined YT

[ Expand |[ Collapse Al ] Update to SyshL

L 3

Figure 7.8 Browser before solution

During ParaMagic execution, MATLAB will launch and several figures will appear
briefly on your screen, including the Simulink model diagram from Figure 7.1 and
the PlotResults graph shown in Figure 7.9. The PlotResults window shows the
cumulative cost in the upper window over a two day period. The lower window
shows the outdoor temperature (violet) and the indoor temperature (yellow) on the
same time scale. The target indoor temperature is a constant, 70 F, set inside the
Simulink model (although the model could be modified to treat this as an input from
SysML, as well), but the actual indoor temperature varies as the thermostat cycles
on and off.

The appearance of these figures is set in the Simulink model, not in the SysML
model or in the MATLAB script. These windows will disappear when the the
simulation is complete and MATLAB exits.
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J PlotResults

BE L0 HEE BAH

A in"q\ A \1‘ I

Time offset. 0

Figure 7.9 Plot Results window during Simulink execution

e. The final browser results are shown in Figure 7.10.

M ParaMagic(TM) 16.5 - Instance03

Symbol Type
(] HomeHeatingSystem HomeHeatings. ..
El-@ HomeHHS Home
& DailyCast REAL target 66,157994
i (@ DallyCycle REAL given 10
= Outdoors
REAL given 1
REAL ancillary 50
; REAL given 3
L@ OutputRaw REAL given 360
E-- 4@ OukdoorsHHS Outdoors
i@ Mantth REAL given 1
L Temp REAL ancillary 50
[ Expand ” Callapse all ] [ Resat ]| Update ko SysML
root { HomeHeatingSystem )
Mame Local = One...| Relation Active

Figure 7.10 Browser after execution.
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