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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;
o Simulation, evaluating the performance, cost and other parameters of the system design;

o Verification, integrating checks of system properties against requirements.

Our general approach for tutorials on creating SysML model with parametrics follows
I Create Project
. Create Infrastructure
Il Create Structural Model
V. Create Constraints

V. Create Parametric Model
VI. Validate Parametric Model
VII.  Create an Instance
VIII.  Solve the Instance
Steps | and Ill are equivalent to those already performed by SysML users and it is generally

straightforward to add parametrics to existing models. Step Il, 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 17.0.1

e MagicDraw SysML 17.0.1 plug-in

e ParaMagic 17.0.1 or 17.0.1 Lite, the InterCAX SysML Parametrics plug-in for

MagicDraw

e Mathematica 8 (Wolfram Research) and/or OpenModelica 1.7 (or 1.8)

Several features of the tutorial models are specific to the MagicDraw and ParaMagic 17.0.1 and may not
work correctly with earlier versions. Contact NoMagic or InterCAX for further information.
The fifth and sixth tutorials use two additional tools:
e Microsoft Excel

o 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,
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ParaMagic® 17.0.2 e Tutorials

OpenModelica 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.

The first tutorial, Addition, starts with three objects in the simplest possible relationship, a + b =
¢, and describes the steps in minute detail for those unfamiliar not only with parametrics, but with the
MagicDraw SysML plug-in (MagicDraw Version 17.0.1) 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 vehicle, 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 and scripts programmed in MATLAB can be integrated into the
parametric simulation. MATLAB scripts can, in turn, call Simulink models.

The seventh tutorial extends the LittleEye model from the third tutorial to demonstrate trade
studies. The eighth tutorial, Electronics, introduces complex aggregates and generalization, powerful
features of SysML that allow a simple parametric model to apply to a wide range of concrete system
realizations.

Several of the tutorial models cannot be executed by ParaMagic 17.0.1 Lite because they include
model elements that are not supported, including MATLAB, custom Mathematica and complex aggregate
functions. Table 1.1 summarizes this information.

Tutorial ParaMagic™ ParaMagic™ Lite
Addition Yes Yes

Satellite Yes Yes

LittleEye Yes Yes
CommNetwork Yes Yes

Orbital Yes Partial (No Mathematica graphing)
HomeHeating Yes No (MATLAB function and script)
LittleEye Trade Study Yes Yes

Electronics Yes No (complex aggregates)

Table 1.1 Tutorial Applicability for ParaMagic™ and ParaMagic™ Lite

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:

Copyright © 2012, InterCAX LLC S
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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.

Behavior diagrams, which describe what the system does. We will not deal with any behavior
diagrams in these tutorials.

Requirements diagrams, which describe the design and performance objectives the system must
meet. We introduce requirements diagrams in the tutorials Satellite and Electronics, 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.

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 gualitative 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.

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
the Body, the efficiency of the Engine, and so forth in green. Creating and executing parametric
diagrams is the primary focus of these tutorials.

Automobile
- mileage Constraint
« weight Mileage = flweight, drag,
efficiency)
y e |
_ |
v | . 4 ‘
Rotational . Gasoline
Wheels Engine Body
- efficiency « drag

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.

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.

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.
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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.

zhlocks= ==hlock=> <<hlock== =

Wheel Motorcycle .| WhiteWallRadial : Wheel
vales . ModleINurlr?be:lr:”MSCMR”
- | ModelMurrber © String . B Radius ="24
et -Frunt‘u’\pheel : E-BackWheel '
=<hlock==
Wheel
vallas
| Modelurmber ; String
Fadius : Real
Figure 1.2a Block Figure 1.2b Part Properties '  Figure 1.2¢ Instance of a Block

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.
In the text, causalities are denoted in italics.

As an example, consider the two equation network

atb=c c+td=e
Our objective is to calculate e, which is assigned target 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 c is solved for in calculating e, its causality changes to ancillary. It is
also possible to assign both ¢ and e to target 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
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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 c. In general, Mathematica and
OpenModelica, the solver engines 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. In general, Mathematica is more robust in dealing with overconstraint/
underconstraint issues than OpenModelica.

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, 2w, ...). 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.

Copyright © 2012, InterCAX LLC 8
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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 I —

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
o 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 | 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. User-assigned names and constraints for specific SysML
elements are given in Bold.
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

Copyright © 2012, InterCAX LLC 9
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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

[ New Project 3 Cankainment a 7
Create a new blank SysML project o -
Systems Modsling Languags (SysML) is designed For systems engineering applications. B
Creating a SysML project will swikch application o the SysML graphical user interface and wil
use the SysML model templates. Specify a project name, select a location to store the newly =8 EI E 1
|_ New Element 4 SysML Requirements »
General-Purpose Modeling % || Name: | Addition ] -
0 i Mew Diagram » SysML Blocks »
L Use Case IMew Relation ] SysML Yalues 3
Project Project [ Create directory for project and related data
Open in Mew Tab
[ E3 B Class
Praject Guide ta et
from Existing ML Diagrams Specification Eniter 3 Interface
Source Code Project . X
Systems Engineering x Use Case Mumbering. .. B Enumeration
Go Ta y ||[E2 Package
Related Elements » Prafile
Enterprise Modeling v
Business Process Modeling ¥ Tools b HE Stereotype
Service-Oriented Modeling ¥
v | UseCase
Lo Stereokype 3

Figure 2.2 New Project window

Step Il Create Infrastructure
5. Install ParaMagic Profile module
a. On MagicDraw menu bar, select File—Use Module... and select as below (Figure 2.4).

Figure 2.3 Creating Package in Data folder

This loads a module containing all the ParaMagic features as part of the project.

Click Next and Finish (Figure 2.5).

E Use Module @

{#) 1. Select module

{7 2. Module Settings

Select module File.

<project.dir =

Modules path: ElyE=1 Natale e i
<install.rook=imodelLibraries

L]

------ = MOF_Hrafie. xmil

| Metworking_Profile, mdzip

| Oracle DOL constraints. mdzip

------ @ Qracle_DOL_Profile, xml
ParaMagic Profile. mdzip

----- [£] Patkerns_Profile. =zmil.zip

----- (2] Proactivity Profile.zml.zip

------ E ProjectEstimation_Profile.rmdzip

----- [£] relationships_Profile. xml.zip

------ @ Requirements Profile. mdzip

------ @ RM_ODP_Profile, xml

[

Module description:

< Back

Mext = H Finish H Cancel H

Help

Figure 2.4 Use Module window
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E Lse Module E|
Module Accessibility Module Load Mode
() 1. Select module
Read-only Blvays load
(%) 2. Module Settings ® ®
) Read-write ) Autoload
Specify moduls settings, ) Autoload with prompk
Use Module Index ) Manual load

Module Packages:

Shared Package Preferred Path Mounted On
‘Eﬂ ParalMagic Prafile

Finish H Cancel H Help

Figure 2.5 Module settings for ParaMagic Profile

Step 111 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. RC Addition
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
1. Name=C
2. Type =Real

Copyright © 2012, InterCAX LLC 11
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R value Property - A @

B (@« =

Histary :| OA +4 @ SyshL Profile::Blocks: :Real [Addition: :alpha) v|

ML Profile: :Blocks: :Real
Dacumentation/Hyperlinks
Template Parameters
Usage in Diagrams
Relations

i
[=] & = oz
=]

Properties:| Standard + € Customize

- Marme il
o Constraints ;Real [SysML Profile: :Blocks ] E]E-]
Wisibilitry public
Defaulk Yalue
Cnner £ alpha [Addition]
Multiplicity
To Do
Type

The bype of the TypedElement.

Close

Figure 2.6 Value Property window, enter Type

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

a.

RC Addition

b. Select New Diagram—SysML Diagrams—SysML Block Definition Diagram

C.

i. Name = AdditionBDD

Drag Alpha, Beta, and Gamma from Containment window into AdditionBDD (Figure 2.7)

i. To rearrange position, drag using top half of block.
To resize block, click on top half of block and use cursors at corners

If attributes (e.g. B) 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 used as parts of

Gamma.
a.
b.

Click on Gamma in the Block Definition Diagram

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 used as Part Properties inside Gamma.
Under the Gamma block in the Containment window, assign these Part Properties the

names alp and bet, respectively.

bad [Package] Addtion[ [ Additj‘onaBDDU : bdd [Fackage] Addtion[ [ 5] AdditionaBDDy : 7-
. . . _ _ o
zzblocks== <<hlocks= zzhlocks= z<plocks=
----- Alpha Gamma Alpha Gamma et
/|
: values valles i values i values B
- |A:Red |- CReal . A Rea |- - Real =[P
' : G )
.......................... /
: IR S (I S R I
<=blocks> <zplocks= o«
..... Beta Beta A
: values : valles A
. o|BiReal ) - |B: Real ]
........... IF
WA,

Figuré 2.8 Block Definition Diagram with 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 package in the Containment tree.
i. Select New Element—SysML Blocks—Constraint Block
1. Name = AdditionEqn
b. RC the AdditionEqn constraint block
i. Select New Element—Constraint Parameter
1. Name=a
2. Type (of a) = Real
c. RC AdditionEgn
i. Select New Element—Constraint Parameter
1. Name=b
2. Type =Real
d. RC AdditionEqgn
i. Select New Element—Constraint Parameter
1. Name=c
2. Type = Real
e. DC (double-click) AdditionEqn
i. Inthe window labeled Constraint Block — AdditionEqgn (Figure 2.9),
1. select Constraints, click Create
2. under Name, enter sum
3. under Specification, enter ¢ = a + b (putting a space between each
parameter and operation is optional, but enhances readability).
4. click Close.
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m Constraint Block - AdditionEqn @
T d= =  History ;| B AdditionEqn [Addition]
_@ &dditionEqn Constraints
Ei Bf B Profile: | <all= w
Mame Specification | |
El

Attributes
Relations = —
------ Signal Receptions

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. RCthe Gamma block in the Containment tree. é .
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 default diagram name is Gamma.
c. Dragthe Constraint Block AdditionEgn into the Gamma parametric diagram.
i. AdditionEqn 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 Select Parameters 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
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.
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'*““”’ & [ compartment Edit E'
BT o o ol oo el (A Constraints | Tagged Values | Default Value| Struckure |
1= B0 b Syat proflesibiocks: Resl [add All: Selected:
Ly : -
Ok Cancel Help
= — [ ]
Figure 2.11 Select Figure 2.12 Edit Compartment window

Parameters window

e. The parametric diagram at this stage should appear something like Figure 2.13.

par [EI::u:k] Gamma[E E_Fj Gs@mma U

==hlock== i | : ==hlock== =1 ==MalueTypes=
alp : Alpha : bet : Beta : C: Real

2V alueTypes== — : 2ValuaTypes== —
& : Real . B : Real

a: Real|_| b: Real|_| c: Real |_|
T ==constraint==
. . 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:AdditionEgn constraint property in the Gamma
diagram..

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 the part
property alp:Alpha. If the connection is yellow, then the parameter may be
incorrectly linked to the outer rectagle, alp:Alpha, instead of the value property,
A:Real.

iii. Repeat stepsi.andii. 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.
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par [Elnck] Gamma[f Ga:mma u

==hlock==
bet : Beta

==hlock==
alp : Alpha

C : Real

=2valueTypes==

=22valueTypes==

add : AdditionEqn

A : Real B : Real
a . Real |_| b Real |_|
==constraint==

Step VI Validate Parametrics Model
11. To validate the model schema,

a.

Right-click on block Gamma in the
Containment tree

i. select ParaMagic—Validate
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.
A Message window will appear with a
listing of parametric model statistics.

Figure 2.14 SysML Parametrics Diagram with connectors, connector icon highlighted

'ﬂg Conkainment r & Inhetitance rﬁﬂ Diagrarns r<> Model Extensions

Containment o & =

T =]
=5 Data
5-£7 Addition
5.3 Relations
+]--g Association]Addition: :3amma - alp: Addition: :alpha]
Association[ Addition: :Gamma - bet:Addition::Beta]
T -a Syskl Profile::Blocks::Real
T b SysML Profile::Blocks::Real
tee 0 -0 SysML Profile:Blocks: Real
ted b sum=c=a+h
=& alpha
LoD 44 ¢ SyshL Profile::Blocks: Real
- Beta
H LT 4B+ SysL Profile::Blorks: :Real
=E H Gamma
E|7 Relations
- Connector[Addition:: AdditionEqn::a - Addition:: Alpha::a]
" Connector[&ddition:: AdditionEqn::b - Addition::Beta::B]
- Connector[Addition:: AdditionEqn::c - Addition: :Gamma::C]
Gamrma
[l iC ¢ SyeML Profile::Blocks: Real
[H +alp : Addition: :alpha
te-[H +het  Addition: Beta
L[ +add : Addition::AdditionEqn
[ AdditionaBLD
B~ MO Custarnization For SysML [MD_customization_for_SysML mdzip]
: £ UML Standard Profile [UML_Standard_Profile.xml]
Paramagic Profile [ParaMagic Profile. mdzip]
--fEg SysML Profile [SystL Profile, mdzip]
@ Code engineering sets

Note: Validation is applied to Gamma, the “root block” of ~ Figure 2.15 Containment Tree
our parametric model. The root block is the highest level in the model structure; validation is applied to
the root block and all its part properties.

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. RC the Addition package in the Containment tree
i. Create New Element — Package
1. Name = AdditionInstance01
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b. RC Additioninstance01
i. Create New Diagram —SysML Diagrams —SysML Block Definition Diagram

1. Name =Instance01

@Addition 55| Gamma @Instanceﬂl X

kL id-E e g IS0 LA

£ Comman E':E:EL_J

= Mote >

% problem bdd: [Packays] Sddtioninstance [ @ o,

E Rationale

abe Text Box - Select, search for, or create elements

Search for an element by using lisk or tree

B anchor - : : . . :
: . : : l:l views, To find an element bype text or wildcard
A Containment ¥ ol (*,7) into the "Search by name" input field.

: : : : : Search elements by their qualified names or

nea mamal faca whan cazechina iF Fha

- Dependency

A
n Bllocate

---- Separator - — . . . . .
Seatch by name:
B Image Shape o, . : . . . - "
- |Type et or wildcard {*, ¥ to search |

Package Diagram |- oo e e
: : : : : Eo Tree

=
[ £ Block Definition Di... &= List
EBbCk AE s e o Bt mt B
I . . I I =i 218 makches Found
Conskraint Block - - - - -
g Damain - N o = JNSPECIFIED = {\
: : : : : El-E& Data (218 matches)

[ Walue Type = : : : : : EHE Addition (6 matches)

[ Enumeration B2 Relations

" retance |
[=] Instance

—0 Inkerface
El Flows Specific. ...

T Part ==
W Internal Block Diaw.. (|0 oo

BHEg Constraint Block Library [Constraint Block Library.mc
I BB Matrix Templates Profile [Matrix_Templates_Profile.:
E]--m M0 Customization for SystL [MD_customization_for, 2

1D oI L i men s TRATY st imbmeeimmbime, Foe CoshAl e i ]

Information Flows : : : : : < | >
@UseCaseDiagram @w%
Requirements Dia... . . . . . }

. . . . . b Mulkiple Selection

Profiling Mechanism

[2] Stereatype : : : : :

= Metaclass [ Cancel | Help
Figure 2.16 Creating an instance of Alpha inside AdditionInstance01

c. 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 Tree tab, Select Classifier window, and press OK.

ii. DC the :Alpha block on Instance01 and name it alpha01.

Alternative: In the next tutorial, we introduce the “Create Instances” utility to expedite
the process of creating an instance from each block in the schema.
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2% BE - -

= Alpha0l : Addition::alpha Slots
DocumentationfHyperlinks X
Bt eg g -y

Usage in Diagrams
Deployved Artifacts L (D)
i ==

Inner Elements
Relations

Tags
Constraints

History: :| = Alpha0l : Addition::Alpha [Addition: :add

[Remove Value] [Edit Value]

Close

Figure 2.17 Instance Specification

bdd [Package] Addtioninstance01] £ Instancedt U

==hlock== o + . ==hlock== = | + i
alphal : Alpha : gamnmalq : :
: Gamma :
e N -
c=m :
<eblock==s |- - -
betal1 : Beta .
= ... . .
.............................. '--EI—E- .

Figure 2.18 Instance diagram, preliminary

d. Repeat process in step c to create instances beta0l:Beta and gamma0l:Gamma.

Instance diagram should appear similar to Figure 2.18.

e. Click gamma01 and select link (top solid line with small L) on floating toolbar.

f. Draw the link from gamma01 to alpha01

i.  On the 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 a link from gamma01 to beta01. See diagram in Figure 2.21.

E Select Association

Select Association |

fscociation]Addition: :Gamma - alp: Addition: :Alpha]

Unselect Al
[ E=N

X

m Create Slots

i CE +alp : Addition: :alpha [Addition::Gamma] role of alphani
- [ @ : addition::Gamma [Addition:: ] rele of gammanl

’ Unselect All ” Select Al ]

o] =

Figure 2.19 Select Association window

Figure 2.20 Create Slots window
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bdd [Package] Addtioninstance0t] [£] Instancett U

==hlack== ==hlack==
alphal1 : Alpha - - gammali :
: : Gamima
A= o
: : c="
: - | alp=alpha01
..... pet= betad1
==hlocks== L .
betal1 : Beta . .
=1 . .

Figure 2.21 Instance diagram, preliminary

gl

B (B e =

E Instance Specification - alpha01

History :‘ = alpha0t ¢ Addition: Alpha [Addtion::AddiionInstancen1 ] v‘

= alpha0l : Addition: :alpha
ocumentation/Hyperlinks
sage in Diagrams
eployed Artifacts

B Constraints

Clase

Sloks
m By IE =V Property:
Bt
Walue
[CIHTML
10
Remnvev.alue] [Edit\fa"—fa] T E]

Figure 2.22 Setting value for A in Instance01

13. Add values to the instance and define inputs and outputs. Review Section 1.3 on causality.
Add a value to A for to be used in solving the instance.
i. Double-click on alpha01,

a.

click on Slots,

ii. clickonA=""
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.

in central Instance Specification window (Figure 2.22),

b. Repeat step a for beta01, specifying “20” as value and given as causality.

C.

Repeat step a for gamma01l, but do not specify a value, and for <<causality>>, select

target. Final instance diagram should appear similar to Figure 2.24.

Alternative: In the next tutorial, we assign causality directly in the ParaMagic browser.

B B =

E Instance Specification, - alpha01 E]

bdd [Package] Addtioninstancen1] [ nstance01 u

History :| =1 alphall : Addition::Alpha [Addition:: Additioninstancen]

4

=1 alphanl ; Addition: :alpha

ocumentation/Hyperlinks
5a0e in Diagrams
eploved Artifacts

Close

Tags

Profile; ‘ <AL=

v \ Property:

(o |-

-4 <<causalty >

T Le
B+ <<column_filter ==
{0 added

@ Applied Stereatyps
& Element Type
& package

@ private

@ Property Type
@ protected

@ public

@ removed

@ Scope

b T

Value

given

Remove Yalue

Edit Value

TP HGE

Figure 2.23 Instance diagram, preliminary

==hlock== ==hlock==
alphai1 : Alpha - gammaii :
. Gamma
A="10" Gamma
N G=T
- | alp=alphall :
..... T | pet= betaDt
=sblock== 3. .. .
betal1 : Beta . .
B="20 | - .
Figure 2.24 Instance diagram, final
19

=1
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Step VIII Solve the Instance
14. Run the parametric solver
a. RC gamma0L1 (instance of the root block) in the Containment tree.

b. Select ParaMagic—Browse. Expand the alp and bet part properties in the browser
(click the + sign beside them) and it should appear as in Figure 2.25.

M ParaMagic(TM) 17.0 - gamma01 M=

Mame Qualified Name Tvpe Causality | Values
| Gamma Addition: : AdditionInskance0l::gammall  Gamma

] C Real karget P
EI alp Addition: :AdditionInstance0l::alphall — Alpha

I Real given 10
E-CF bet Addition: : AdditionInstance01::beta0l Beta

L.[TB Real given 20

[ e |

A

rook § Gamma )

Mame Local | Cne... Relation Active

add [ | [0 |c=bet.B+alp.s |

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 to SysML”. C=30 should appear in the Containment tree and Instance
diagram.

¥ ParaMagic(TM) 17.0 - samma01 =13

hame Cualified Name Twpe Causality | Malues
| Gamma fddition: :AdditionInstance0ligammall  Gamma

EI C Real karget 30
EEI alp Addition: :AdditionInstancedl:alphadl  Alpha

¢ =[TA Real given 10
E-- bet Addition: :AdditionInstance0l ::betall Beta

LB Real given 20

[ Expand ” Collapse All ]

rook { Gamma )

[ Reset ” Update to SwsML

Mame Local Cne... Relation Active

add ['v | [ |c=bet.E+alp.a |

Figure 2.26 Browser window with solution
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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
Wopro, Ppro Wins, Pins Wocon, Pcon Wopsy, 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 | 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 Il Create Infrastructure

3. Install ParaMagic Profile module, same as in the first tutorial.

Step 111 Create Structural Model
4. Create elements in model

a. RC on Satellite

i. Create New Element—Package

1.

Name = ValueTypes

ii. RCon ValueTypes, create New Element—SysML Values— ValueType

1.
2.

Name = Kilowatt
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.
2.

b. RC Satellite

Name = Kilogram
Base Classifier = Real

i. Create New Element—SysML Blocks—Block

1.

Name = SatelliteSystem

ii. In SatelliteSystem, create three new value properties

1.

2.
3.
4

Name = Weight, Type = Kilogram
Name = Weight_MOS, Type = Real
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 Kilowatts. ParaMagic expects valuetypes used for parameters to be subtypes of the
Real valuetype, so we use the Base Classifier entry to make this assignment (alternatively, the
quantityKind field can be populated, see ParaMagic User Guide).

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.
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c. RCon Satellite
i. Create New Element—SysML Blocks—Block
1. Name = Propulsion
ii. In Propulsion, create two new block properties
1. Name = Wpro, Type = Kilogram
2. Name = Ppro, Type = Kilowatt
d. Repeat step b. for Instrumentation, Control, and PowerSystem subsystems with
attribute names as shown in Figure 3.2
e. RCon Satellite
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
f.  Click on SatelliteSystem in the diagram, choose a Directed Composition arrow from
the floating toolbar, and drag the arrow to Propulsion.
g. Name part property Prol.
h. Repeat steps f. and g. for Instrumentation, Control, and PowerSystem subsystems
as shown in Figure 3.2.

bdd [Package] Satelite [ | &) SateliteBOD ]J
S —
: SatelliteSystem :
vakes
: Wigight © Kilogram :
PR DT Hng T RCeR D HRE T
==hlock== ==hlock== : ==hlock== ==hlock==
_________ Propulsion . Instruments s Control ... PowerSystem | .
valwes valwes : values : values
: Ppro : Kilowatt Pinz ; Kilowatt : Poon ; Kilonwatt © |Powver : Kiloweatt .
o (Wpro : Kilooram - [winz ;- Kilogram < |itoon : Kilogram © [Wypsy o Kilogram s
:  da s

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. RC Satellite, select New Element—SysML Blocks—Constraint Block, Name =
WeightBalance
b. RC WeightBalance, create New Element—Constraint Parameter
i. Name =w, Type = Kilogram
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c. Copy w, paste four times inside WeightBalance and rename to create parameters

wil, w2, w3 and w4.

d. DC (double-click) WeightBalance

i. Inthe window labeled Constraint Block

1. select Constraints
click Create

vk wN

click Close

under Name, enter weightbalance

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

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 [Package] Satelite [ @ SateliteBOD ]J

==hlock==
Satellite System

Weight © Kilogram
Wagight MOS : Real
Powver _MOS : Real

conshaints
weeight [ WeightBalance
powver] : PowerBalance
PMOS : PovverkOs
DS [ WeighthdOS
+Prol +in=1 +Zond +Payl |
==hlock== ==hlack== ==hlock== ==hlack==
Propulsion Instruments Control Powersystem
values valms values valwes
Ppra : Kiloweatt Pins : Kilowstt Pon : Kilowystt ©|Posver : Kiloseestt
Waara o Kilograrm inz : Kilogram ~ vvicon : Kilograrm - Wypsy  Kilogram
==constraint== ==constraint==
PowerBalance WeightBalance
o =p1+p2 +p3} o =l + w2 + s+ owed )
pamaneters pammneters

B o Hilowneatt -y Kilogram
Bl o Kilowweatt C. [l o Kilogram
B2 Kilowwatt w2 o Hilogram
B3 Hiloswestt w3 Hilogram

oL Hilogram

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.
RC on Satellite, create New Element—Package, Name = SatelliteReqts
RC on SatelliteReqts, create New Diagram—SysML Diagrams—SysML Requirements
Diagram, Name = SatelliteReqts
c. Dragtwo 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
d. RCon SatelliteReqts, create New Element—SysML Blocks—Constraint Block
i. Name = WeightMOS (Margin of Safety)
e. RCon 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)
g. Drag PowerMOS and WeightMOS into the Requirements diagram
h. Use the Verify arrow (central toolbar) to show the relationship between each
Constraint Block and the Requirement it verifies.
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req :[Packag:e]

Satelite | [E SateliteRedts ]J :

...........

...........

...........

==requirement==
WeightReqt

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

= -, — . — — T —

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

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

==requirement==
PowerReqqt

ld="2.01"
Teut=" Total systermn power use must be
less than 10,000 kilowsatts”

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

Figure 3.4 SysML Requirements Diagram

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

==canstraint==
WeightMO0S
{mog = (10000

- actual)1 0000}

mos : Real
actual : Kilogram

pamnEters

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

==canstraint==
PowerMos
{mos = (10000

- actual) 0000}

mos ; Real

pamamEters

actual ; Wiloweatt

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. InSelect/Create Part for Type window, choose WeightBalance

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

SatelliteSystem
a. RC SatelliteSystem
b.
C.
d.
diagram
ii. Name the constraint property weight1.
iii.
iv.
e.
f.

Rearrange port icons inside weightl as shown in Figure 3.5.
Repeat step d for a Constraint Property of the type of PowerBalance.
Add connectors (central toolbar or floating toolbar) from the Value or Part Property

attributes to the Constraint Property parameters as shown in Figure 3.5.
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par [Block] SateliteSystem | sate||ne$ystemfu
"""""" ==constraint== i

. weight1 : WeightBalance
T =l Hwd Hwed Fwed) |
________ we o Hilogram wel o Kilogram w2 - Kilogram w3 Kilogram wed o Kilogram
................ el e

Sl e e e s
"""" ) <<Un'r!>: m | ==hlockys= = ==hlock== = - ==hloci== = - ==hlogk==
Weight : Kilogram Pro1: Proppl Ine1 : Ingtruments Con : Control Psyl : PowerSystem

: : : : : ==Un_'rt}= | <<lnit== = ==lnit== m ==Lnit== o
Wpro : Kilogram Wins : Kilogram [ - Wecon : Kilogram - Wpsy : Kilogram
o o o o o o Ppro: Kilowatt — 22V alueTypes= - =2=ValueTypes== - P:jzlru?;:‘llz::ﬂ o

. . . . . Pins : Kilowatt Pcon : Kilowatt i
........................................ P U - S I S
[ [ 7 Kilowestt [ ] p2: Hilowatt [ Tp3: Kiowwstt L]

: ==constraint== o Hilowestt
[ power1 : PowerBalance

: fp=pl +p2 +p3}

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. RC SatelliteSystem

b. Create New Diagram—-> SysML Parametric Diagram, Name = SatelliteVerify

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

d. Use Edit Compartment to show the Value property, Power, inside Psy1.
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.

g. 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 [ [B§ SatellteVerify ]J
==constraint== :
. . . WMOS : WeightMOS .
{mos = (10000 - sctusi 0000} !

|_| actual ; Kilogral |_| mos ;. Real
......... . = . . . . _ L .
""""" T""""Weight:l(ilugramm oot Weight_MOS: Real [ T
: : : ==constraint== :
L TEEREE PMOS : PowerMOS R
: : : {mos = (10000 - sctusd 0000} :
""""""""" [ | actual : Kilowatt [ |mos: Real )
......... R - & I I
Psy1 : PowerSystem E_ Power_MOS : Real =
Power : Kilowatt — :

Figure 3.6 SysML Parametrics Diagram

Step VI Validate Parametrics Model
9. To validate the model schema, RC on SatelliteSystem, the root block, 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 is launched as in Figure 3.7a.

Note: The shortcuts taught in this tutorial, including Create Instances... (step 10) and entering the values
and causalities directly into the ParaMagic browser (step 11) can be quicker than the manual entry
methods shown in the first tutorial. ParaMagic has the ability to create instances and set values directly
from Excel spreadsheets (see the Orbital tutorial for an example), which can be even quicker for more
complex models.
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m Automatic Instantiation Wizard

(1, Select parts B[] & satelitesystem [Satelite]

() 2. Select a package [} 8 +Conl : Sakelibe:: Control [Satelibe: :Satelitesysken]

B} [ +Inst : Satelite: :Inskruments [Satelite: :SatelibeSystem]

B[] 0@ -PMOS ; Satellite:: SateliteSpecification: : PowerMos [Satelite:: SateliteSystem]

Select partis) | propertyis) ko - [w] O +Power _MOS ¢ SysML Profile: Blocks: Real [Satelite:: SatelliteSystem)
be instantiated, Y¥ou can

B[] 02 -powerl @ Satellice: :PowerBalance [Satelite:: SateliteSystem ]
change type of the selected
part (to another subtype) B [«] CE +Prol @ Satelite:: Propulsion [Satelite:: SateliteSystem)
using the drop-down lisk bos: B [¢] OB +Psyl : Satelite:: PowerSystem [Satelite:: SateliteSystem]

below the tree, A part with an

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

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

type ko one of the subtype of

the abstract bype. Default B[] O -weightl : Satelite: :WeightBalance [Satelite: :SatelliteSystem]

values, if existed, wil be B[] CF -WMOS ; Satelite:: Satelitespediication:: WeightMOS [Satelite: :5ateliteSystemn]

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

Mext = H Finish ” Cancel H Help

Figure 3.7a 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 _ [X Automatic Instantiation [‘5_<|

Create a diagram

-[=] Daka )
O 1. select parts = EI . Check the "Create a new diagram” checkbo: if you want to create a [ -
2. Gelect K E‘D Satellite new diagram for displaying instance specification(s), Check the "Create [ St
- - [[nsCance 0 ink. between instances” checkbox iF you would like bo display "Linkis.
(& 2. select a package : tance. 01 link. b " checkbox if Id like to display "Link{s)"

() 3. Select a diagram -~ Satellitespecification
v] Create a new diagrarm
- WalueTypes () 1. Select parts y
Select & package to hold () 2. Select a package
instance specification(s) to be ) T (D e
- () 3. Create a diagram i
|Instance of the SatelliteSystem |
Create Clane Select diagram type:
|SysML Elock Definition Diagram A |
< Back ] [ Mext > l [ Finish ] [ Cancel ] [ Help l Select owner For diagram:
B[ Data f
EH-E3 Satelite

D Instance_01
D Satellite Specification
: £ ValueTypes

= Contral

& Instruments v

[ Create Owner ] [ Clone ]

[ Finish H Cancel H Help ]

Figure 3.7b Automatic Instance Generation, Part 2  Figure 3.7c Automatic Instance Generation, Part 3
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v. Click the “Create a 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

Step VIII Solve the Instance bdd [Packsge] Seiclie [ [Bfjnstance 01 1]

11. Assign causality and value to all variables.

. . . ==hlack== = |
In this example, we will enter these using satelliteSystem : SatelliteSystem
ParaMagic and the browser, rather than Cont = satelliteSystern.con
directly into the instances as taught in the | Ins1 = satelliteSystem.ins
first tutorial. Power_og ="
. . | Pro1 = satelliteSystern.proi
a. RCon satelliteSystem:Satellite Psyl = satelliteSysterm. psy
System (the root instance). Wigight=""
i. Select ParaMagic—Browse. SO S
ii. A message as shown in
. . . ==hlocks= =s=hlock==
Figure 3.9 will appear. This =ntellite satelliteSyst
indicates that no causalities em.psyl : E’g'“&
. Power e Control
have been assigned. m —
iii. Click Reassign. This assigns Power="" Wican ="
undefined casuality to Wipsy ="
variables without values
i X ==hlack== ==hlack==
and given causality to satelliteSyst satelliteSyst
variables with starting em.ins1: em.proi :
Instruments Propulsion
values. At this stage, no A —m
FPins = Ppro=
variables have been Wing =" Wipro=""
assigned a value. The

ParaMagic browser appears

as in Figure 3.10

Figure 3.8 Satellite Instance_01 Diagram,
after wizard

@ One or mare slats (or slot values) have no or invalid causality assignments (see Details). Press Reassign to automatically update the causality of these slats (or slob values).

| Reassign | [ Cancel I [ Details >

Figure 3.9 ParaMagic Browser for Instance_01, before solution

b. Assign a given value of 5000 (Kilowatts) to Ppro.
i. Click on the causality assigned to Ppro, initially undefined.
ii. On the pulldown menu that appears, change Ppro’s causality to given.
iii. “InputValue!” appears in the Values column. Change it to 5000.
c. Repeat step c. for all the variables as shown in Figure 3.11. Note that Power_MOS
and Weight_MOS are reassigned to target causality.
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M) 17.0 - satelliteSystem

Mame GQualified Mame Type Causality Yalues
E SatelliteSystem Satellite:; Instance_01::satelliteSystem SatelliteSystem

[ T1] Power_MOS Real urdefined Frdee
-] Weight Kilogram undefined TEFET
-] Weight_MOS Real undefined Frirds

Satellite::Instance_01::satelliteSystem.conl  Contral
Kilowatt undefined krares
Kilogram undefined Frirds
Satellite::Instance_01::sateliteSysten.insl  Instruments
Kilowatt undefined krares
Kilogram undefined Frirds
Satellite: :Instance_01::satelliteSystem.prol  Propulsion
Kilowatt undefined krares
Kilogram undefined Frirds
Satellite: :Instance_01::sateliteSysten.psvl  PowerSysten
Kilowatt undefined krares
Kilogram undefined Frirds

[ Expand ” Collapse Al ] ’ Reset ” Update ko SyskL
root { SateliteSysten )

Mame Local Ore,..  Relation Active
PMOS b (] |Power_MOS={10000-Psy1 . Power ) 10000 [¥]
WMOS G [] |weight_MOS=(10000-Weight)/10000 [v]
piowerl i [ ] |Psyl.Power=Prol Ppro+Insl.Pins+Conl . Pcon [v]
wieight1 K [] |weight=Pral.\wpro+Insl.Wwins+Conl Meon+Psyl Wpsy [v]

Figure 3.10 ParaMagic Browser for Instance_01, before solution

] ParaMagic(TM) 17.0 - satelliteSystem

FEX

Mame Qualified Mame Type Causality Yalues
B < sbellibeSystem Satellite:: Instance_01::sateliteSystem SatelliteSystem
-0 Power_MOS Pieal target Y
-] \Weight Kilogram undefined YT
-] \Weight _MOS Real karget PRI
=-{F Conl Satelite: Instance_01::sateliteSystem,conl  Contral
L[ Pcon Kilowakt given 1,500
[0 Wean Kilogram given 500
EHII Ins1 Satelite::Instance_01::sateliteSystem.insl  Instruments

1] Piris Kilowsatt qiven 2,000

0] wins Kilogram given 2,000
Satelite;;Instance_01;:sateliteSystem.prol  Propulsion

Kilowsatt qiven 5,000

Kilogram given 5,000
Satelite;;Instance_01;:sateliteSystem.psyl  PowerSystem

Kilowakt undefined ke

Kilogram given 2,000

[ Expand ” Collapse &ll

Update to SysML

aw

root { SatelliteSystem )

Mame Local One.,.  Relation Active
PMOS b (] |Power_MOS=(10000-Psy1 Power)f 10000 [v]
WMIOS W [] [|weight_MoS={10000-%eight)i10000 [v]
pioer 1 0 [ ] [|Psyl.Power=Prol.Ppro+Insl.Pins+Conl Poon [v]
wiaight1 0 [] [|weight=Prol.Wpro+Ins1. Wins+Conl. Weon+Psyl Wpsy [v]

Figure 3.11 ParaMagic Browser for Instance_01, before solution
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12. Solve the parametric model.

a. Press

calculated values.

b. Press

The results in Figure 3.12 show positive values of Weight_MOS and
Power_MOS. In other words, both requirements have been successfully
met with positives margins of safety.

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.

“Update to SysML”. Then you should see the new calculated values in the

Instance diagram.

N ParaMagic(TM) 17.0 - satelliteSystem E]E|E|
Marmne Zualified Manme Type Causality Walues
B copeliteSystem Satellibe::Instance_01:;sateliteSystem Satellite3ywstem
0] Pover_MOS Real target 0.15
-] W'eight Kilogram ancillary 9,500
[0 W'eight_MOS Real target 0.05
E-F Cont Satellite::Instance_01::sateliteSystem.conl  Control
Ijl Pcon Kilowatt given 1,500
LT Weon Kilogram given S00
= Inst Satellibe::Instance_01::sateliteSystem.insl  Instruments
[T Pins Kilowatt given 2,000
LT Wins Kilogramm given 2,000
=-H Prol Satellite::Instance_01:;sateliteSystem.prol  Propulsion
Ijl Ppro Kilowatt given 5,000
LT Wpro Kilogram qiven 5,000
B-F1 Psyl Satellite::Instance_01::sateliteSystem.psyl  PowerSystem
Ijl Powwer Kiliwakt ancillary 3,500
L[ Wpsy Kilogram given 2,000
[ Expand “ Callapse all ] [ Reset ][ IUpdate ko SwsML
root § SateliteSystem )
Marne Laocal One...  Relation Ackive
PMOS i []  |Power_1M0S=(10000-Psy 1 Power)i10000 [v]
WMOS v [ |#eight_MOS=(10000-Weight)f 10000 ]
piower 1 0 [ ] |Psyl.Power=Prol.Ppro+Insi.Pins+Conl Pean [v]
weight1 i [] |weight=Prol.wpro+Ins1.Wins+Conl Woon+Psyl, Wpsy [v]

Figure 3.12 ParaMagic Browser for Instance_01, after solution

13. It is 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 change a given value, click on that value in the browser window and edit. This
will reset the solution.
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] ParaMagic(TM) 17.0 - satelliteSystem

To change a target or undefined value to a given, or a given value to target or
undefined, 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.

EOX

MNarne

|| SateliteSystem
{0 Power_MOS
-] Weeight
-] Weight _MOS
E-{F Canl

[ Pron
-] Ycon
E-FlIns1

~[1] Pins

E-{F Prol
[0 Ppro
[T Wpro
E-CF] Psyl
W] Poweer
-] Wpsy

Figure 3.13 ParaMagic Browser for Instance_01, before solution, with changes in causality

Cualified Mame

Satellite

Satellite

Satellite

Satellite

Satellite

Discussion — Causality

Mathematica is

In

an “acausa

vInstance_01:

vInstance_01:

vInstance_01:

vInstance_01:

vInstance_01:

rzatelliteSyskem

rzatelliteSystem.conl

rzatelliteSystem.ins1

rzatelliteSyskem, prol

rzatelliteSystem. psyl

Tvpe
SatelliteTystem
Real
Kilogram
Real
Conkrol
Kilowwatt
Kilogram
Instruments
Kilowwatt
Kilogram
Propulsian
Kilowwatt
Kilogram
Power Systen
Kilowwatt
Kilogram

Zausality

given
undefined
given

given
given

Largek

given
given

undefined
given

Yalues

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 acausal (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 always be solved uniquely for D given A, B
and C). Keeping track of causality can require some effort on the part of the modeler.
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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 NightCameras
Number MilesScannedPer24Hours = NumberAvailablePlanes x MilesScannedPerHour x 24
berAvailableSy = MINIMUM{Number AvailablePlanes, Number AvailableCrews, NumberAvailableFuel Loads}
berAvailablePlanes = 0.5*(Number AvailablePlanesByDay + NumberAvailablePlanesByNight}* DutyCyclePlane

DutyCydePlane = {1-DutyCycleTumaround} x {1-DutyCycleCameraRefit} x {1-DutyCycleMaintenance}
NumberAvailablePlanesByDay = MINIMUM{Number Planes, Number DayCameras)

ber AvailablePlanesByhNight = MINIMUM{NumberPlanes, Number NightCameras}
Number AvailableCrews = NumberCrews x CrewTimeOn
Number AvailableFuel Loads = Fuel SupplyPer Day/DailyFuel LoadPerPlane

Information Provided

MilesScannedPerHouwr = 40 mph

CrewTimeOn = _42 {120 howrs on over 12 day period}
DutyCydeTumaround = 23 {30 hours tumnaround per 100 flight minutes}
DutyCydeCameraRefit= 02 {15 minutes refit per 12 hour period}
DutyCydeMaintenance = 09 {3 hours maintenance per 30 flight hours}
DailyFuel LoadPerPlane = 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

o 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 | Create Project

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

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

Step 111 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
: : NumberMilesScannecdPer24Hours : Real

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

. -LittleAircraft . . LittleCrew . . -LittieFuel.

s ==hlock== 1 ==hlock== : =<hlock== ot

: : LittleEyeAircraft [ LittleEyeCrew LittleEyeFuel
R, values value s - values

: : Mumber&vailableFlanes ; Real C |MumbervailableCrews : Real | [MumberAvailableFuelloads | Real

: : MNumberPlanes : Real - |MumberCrews : Real FuelSupplyPerDay : Real :
--------- + - - |DutyCycle_Plane : Real + [CrewTimeOn . Real - |DailyFuelLoadPerPlane : Real s

. . DutyCyecle_Turnaround ; Real [ .

: : DutyCyele_CameraRefit : Real [ - - - - - - - - - :
- - - - - |DutyCycle_Maintenance : Real
Number &vailableFlanesByDay : Real |
: : Mumber&vailablePlanesByMight : 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 the 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 the LittleEye package, 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] LitieEve] [£] LmIeEyeBDD:U

==hlock==
LittleEyeSystem
vales
- [MumberMilezScannedPer24Hours © Real
MilesScannedPerHour | Real
MurberAvailableSystems | Real
- [Mumber&vailableF uelloads | Real
MumberAvailablePlanes © Real
MurnbetdyvailableCrews @ Real
conshaints

SE : ScanningEcn
SAE : SystemAvailabilityEqn

: :-LmIeA'[craﬂ: : : : Littlefrew - :

! Littlefued
==hlock== ==hlock== ==hlock==
LittleEyeAircraft LittleEyeCrew LittleEyeFuel

vakes
MurnberdyvailableCrews | Real
MumberCrews : Real
| CrewTimeOn : Real
constaiits
CAE : CreweAvailabilityEgn

. values
MurnberAvailablePlanes : Real

MumberPlanes : Real

© |DutyCycle_Plane : Real

DutyCyele_Turnaround : Real

DutyCyele_CatneraRefit | Real

. values
Murnber&vailableFuelloads | Real

FuelSupplyPerDay : Real

. CrailyFuelloadPerPlane : Real

corstaiits

FAE : FueldysilabilityEgn

© |DutyCycle_Maintenance : Real

Murmber AvailablePlanesByDay © Real

Murnber AvailablePlanezByhight : Real

" |MumberDayCameras : Real

RMurnberMightCameras : Real
constaits

©|DCAE : DayCamdyvailabilityEgn

MCAE : MightCamiyailabiityEgn

PAE : PlanevailabilityEcn

" |PDCE : PlanelutyCycleyEgn

Step V Create Parametrics Model

==canstrairt==
ScanningEqn
© [{hmE = has *msph * 24}

C fnas = minthap hac hafl)

==constraint== .
SystemAvailabilityEqn |*

==constraint== o ‘
. [CrewAvailabilityEqn

==constraint==
PlaneAvailabilityEqn

{hac=nc*cto}|. .

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

fhafl=tzpd / dilpp}

. ==conatraint== . ==conztraint==
. |FuelfvailabilityEqn | PlaneDutyCyeleyEqn

* |{ciop=(1-dcty*(1 -or)*e1 -com) )

o ==canstraint== .
. |DayCam AvailabilityEqn |
{hapd =minnp noc) )|

==constraint== | .
HightCamaAwailabilityEgn
{hapn=minihp hnc) }

Figdre 4.3 Block Definition Diagrarﬁ with Constraints and Model added

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.

i. Inthe Containment window, drag ScanningEqn and SystemAuvailabilityEqn

inside the LittleEyeSystem block.

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

name = LittleEyeSystem
iii. Use the Select Parts window to choose the six Value Properties inside

LittleEyeSystem to appear on parametrics diagram.
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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 =
SystemAvailabilityEqn.

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

par [Block] LittleEyeSystem] [25 LitleEyeSystem u

==canstraint== : =econstraint== : : : : : : :
SE : SeanningEqn e a... ... SAE:SystemAwailabilityEqn A A
{nins = nas *msph * 24} | - . . : : : . . . {hasz = minfhap hac nafl)}
o <<ValueType=r =t e S
hinz ; Real l:31' HumberMilesScannedPer24Hours : Real : =5 ==MalueTypes== :
i ———— nap: Real | | HumberAvailablePlanes : Real
: ==alueTypes= m | : : - - -
] E2 | MilesS dPerHour : Real : : : £ <2ialueTypess
msph : Real [ E=— MilesScannedPertour :Real | @ 0 et Real e i
E . . . . E HumberAvailableCrews : Real
- = alueT ypes= [ T .
has : Real Ei Humber AvailableSystems : Real . . :I fia=gRes &7 ==ValueType== )
: - . . nafl: Real l: Humber AvailableFuelLoads : 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[ Lﬂ'tI;aEyeCriaw U par [Elock] I_E'rt'tIeEye:FueI[ LmIeEyeFuei U

==constraint==

CAE: CrewhvailabilityEan | . .. .. ... ----FAE_::i?:f;:Z‘:;;tﬁqn
nac=nc*cto : : : : : : : : : : : : : : :
{ ! {hafl=fspd ! dflpp}
................................. . :
[ ) i G
rac : Real | HumberAvailableCrews : Real B L. s umberAvailableFuell oads : Real
K . _ _ . . fapd : B eal : ==valueTypes= ) :
. ~ wvaueType= g L. D e T e 2
ne: Real I:‘_ HumberCrews : Real : : : ol
_ . - o [ dflpp g§| ‘ ==valueTypes=
cio: Resl —EL <<Va_|ueType>> @ 7| DailyFuelLoadPerPlane : Real :
. E | CrewTimeOn : Real X . - - - - -

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 submodel blocks, before dragging them into the parametric
diagrams to create individual Constraint Properties of the same type. In each case, we have had to
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assign the 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, e.g. in a Constraints library, and drag them into
specific parametric diagrams as needed.

par [Eloc:k] I_E'rl'tleEye:Airc:raf':{[ Li‘l‘tleEye{AircraﬂEU
==conatraint== . . . . . . . . . . . . . . . . . . . . .
PAE : PlanefwailabilityEqn | . e
e m—s 0 6 : : : : : : : : : : : : : : : : : : : : :
- Py P — R T T
nap ; Feal E_ Humber AvailablePlanes : Real : : : DCAE : DayCamAvailabilityEqn | : : : : : :
. e —————————————— e inEpd =minnpndc)y LoD
} - ==alueTypes== = ‘en o . . . . . . .
napd: Real [~ gumperavailablePlanesByDay : Real | [ || napd: Real
ez =M alueTypes:= [l :_ ==ValueType== = ‘
. o =2l
napn : Real | Humber AvailablePlanesByHight : Real i : ndc : Real l: “— HumberDayCameras : Real
. SCEVDIDRINDINDIENENENE N O B T
dep: Resl [ ——=—— : : : : : : no: Real [ | el
‘ qq\.l'ame'rypepp o “ ‘ .........................
DutyCycle_Plane : Real | LR . . . . .
p—— w=ValeType>
PICE : PlaneDutyCycleyEqn : : : : : : : : : <=constraint== : *| HumberFianes : Real
topett ety Cloderrclgomy |0 e e b | HCAE : HightCamiwaltabilityEgn |+ T
. . . . . . . . . {hapn=minfnp nnc)} | . . . . .
dcp:ReaIl:...Z....Z....Z....Z....Z....Z....I....Z....Z..
it e[ -5 serpen  ea®| T - I
K .| DutyCycle_Turnaround :Real | .= . .. | . . L=
- = - - - . . np:ReaI[. B . . : . :
. <<ValueType=> @
der Resl_— putycyele_CameraRefit : Real S e
o ‘ c ‘14 <<Va|ueType>> (]
) e <<alue Types= | : : nne: Real | ] i a
detn Real[ - DutyCycle_Maintenance : Real . . |: : HumberHightCameras : Real

Figure 4.7 LittleEyeAircraft Parametrics Diagram

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 of LittleEyeSystem: 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 [Block] LitleEyeSyster] [25 LitleEyeSystem. 2 U
«bl.oc:k» . Q . . d.ﬁblc-ck; . - . «tc;lc-ck». E
LittleAircraft : LittleEyeAircrart : LittleCrew : LittleEyeCrew LittleFuel : LittleEyeFuel
2valleTypess o - 22 alleTypE== o - == alueTypes=
Humber AvailablePlanes : Real Humber AvailableCrews : Real HumberAuvailableFuell oads : Real
----- .<<\-"alu.eType:l>> o . o ==valueType== ] - o ==valueType== R
HumberAvailablePlanes : Real . HumberAvailableCrews : Real . Hunbepivailabiebuelloads:Real | ©

Figufe 4.8 Lit'tIeEYeSy'stem-_Z P.ararﬁetri-c Diégrarﬁ

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

a.

RC on LittleEyeSystem, the root block, 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 NumberPlanes, are user-set trial values, which will be

varied during the solving operation.

a.

b.
c.
d

Create a package called LittleEyelnstance01 inside the LittleEye package.

Create a block definition diagram for the instance.

Create instances of SystemO01, 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 Aircraft01, Fuel01 and CrewO01 blocks to SystemO01 block using the Link
connector on the floating toolbar (click on the block to see toolbar).
Assign causalities.
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Right-click LittleEyelnstance01.

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). This same function is carried out automatically
when the browser is opened if causalities are not already assigned.

Assign NumberMilesScannedPer24Hours target causality in this example.
RC SystemO01 in the Containment tree and select ParaMagic—Util—Set
default instance. This identifies the root instance within the LittleEye
Instance01 package and allows the parametric model to be browsed from
either the root instance or the package.

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

==hlock== Ol ==hlock== |
NumberMilesScannedPer24Hours = " NumberfwailableFuelloads = "
MilesScannedPerHour = "40" DailyFuelLoadPerPlane = "50"
MNumberfwvailableSystems = " FuelSupplyPerDay = "250"
MNumberfwailablePlanes = "
MNumberfvailableCrews = "
MNumberfwailableFuelLoads = "
LittleAircraft = AircraftOl
LittleFuel = Fuel01 ; ; ;
LittleCrew = Crew(1 —<blockes P
=
: NumberfvailablePlanes = "
| : : : MNumberfwvailablePlanesByDay = "
. ==hloc k== | MNumberAvailablePlanesByNight = "
Crew01:|ittlefveCrew NumberPlanes = "4"
MNumberfwvailableCrews = " MumberDayCameras = "3"
CrewTimeCn = "0.42" MNumberMightCameras = "7"
NumberCrews = "5" DutyCycle_Plane = ™"
DutyCycle_Turnaround = "0.23"
DutyCycle_CameraRefit = "0.03"
DutyCycle Maintenance = "0.02"

Figuré 4.9 -Creat-ing an Instance of the LittIéEye model

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
crews. The number of available aircraft, 2.4, and fuel loads, 5, are not the limiting factors in keeping

UAVs in the air.
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2 Little EyeSystem

Mame Symbol Twpe Causality | Values
(- Jroak LittleEweSystem
C-@ Littleircraft LitkleEywedircraft
------ & DutyCyele_CameraRefit REAL given 0.09
------ & DubyCycle_Maintenance REAL given 0.0z
------ & DutyCyele_Plane REAL undefined  ¥eeee
------ & DutyCyele_Turnaraund REAL given 0.23
------ & NurmberdwailablePlanes REAL undefined 7977
------ & NumnberivwailablePlanesByDay REAL undefined 7977
------ & Murnber iy ailablePlanesByMight REAL undefined ¥R
------ & MNurmberDayCameras REAL given 3
------ & MumberMightCameras REAL given 7
------ & NumberPlanes REAL given 4
- i@ LittleCrew LiktleEyeCrew
------ o CrewTimeCn REAL given 0.4z
------ @ MurmberfvailableCrews REAL undefined 77T
------ & MumberCrews REAL given 3
-4 LittleFuel LiktleEyeFusl
------ & DailyFuelloadPerPlane REAL given S0
------ & FuelSupplyPerDay REAL given 250
------ @ MumnberfvailableFuelLoads REAL undefined 77777
------ & MilesScannedPerHour REAL given 40
------ o MumberfvailableCrews RE&L karget T
------ & NumberfwailableFuelloads REAL karget T
------ & NurberfvailablePlanes REAL karget e
------ @ NumberfwailableSystems REAL undefined #7777
------ & MumberMilesScannedPer24Hours REAL karget e

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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£ Little EyeSystem

rame Svmbol Tvpe Causality | values
(- Yoot LittleEveSystem _
- Littleaircraft LittleEyeAircraft
------ & DubyCycle_Camerakefit REAL given 0.09
------ & DubyCycle_Maintenance REAL given 0.0z
------ @ DutyCyecle Plane REAL ancillary 0,636636
------ & DubyCycle_Turnaround REAL given 0.23
------ & MumberfvailablePlanes REASL ancillary 2,403401
------ & MumberfwvailablePlanesByDany REAL ancillary 3
------ & MumberAwailablePlanesByMight REAL ancillary 4
------ @ MNumberDiayCameras REAL given 3
------ @ 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 LittleEweFuel
------ & DailyFuelloadPerPlane REAL given a0
------ & FuelSupplyPerDay REAL given 230
------ & NumberfvvailableFuelloads REAL ancillary 5
------ & MilesScannedPerHour REAL given 40
------ & MumberfyvailableCrews REAL karget 2.1
------ & MurnberfwailableFuelloads REAL karget 5
------ & MurnberfyailablePlanes REAL karget 2.403401
------ & Mumber v ailableSwstems REAL ancillary 21
------ & MumberMilesScannedPer24Hoors 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. The
tutorial in Chapter 8 presents a different approach, using MS Excel to organize a trade study between
parameter sets.
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£ Little EyeSystem

Mame Symbal Type Causality | Malues
(- Jrack LittleEyeSystem _
C-@ Littledircraft LitkleEyedircraft
------ & DutvCvele_CameraRefit REAL given 0.09
------ @ DubyCyele_Mainkenance REAL given 0.0z
...... o DubyCwcle_Plane REAL ancillary 0. GBEE5E
------ & DutyCyele_Turnaround REAL given 0.23
...... & MurmnberavailablePlanes REAL ancillary 2,403401
------ @ MumberfvailablePlanesByDay REAL ancillary 3
------ o MumberfyvailablePlanesByMight REAL ancillary 4
------ & MurmberDayCameras REAL given 3
------ & MurnbertlightCameras REAL given 7
------ & MumberPlanes REAL given 4
£ i@ LittleCrew LitkleEyeCrew
------ & CrewTimedn REAL given 0.42
------ & MumberavailableCrews REAL ancillary 2,52
------ & MumberCrevs REAL given &
=@ LittleFuel LitkleEyeFuel
------ & DailvFuelloadPerPlane REAL given =0
------ & FuelSupplyPerDay REAL given 250
------ & MumberavailableFuslloads REAL ancillary 5
------ @ MilesscannedPerHour REAL given 40
------ & MumnberfvailableCrews REAL karget 2.52
------ & NurberfvailableFuelloads REAL karget a
------ & MumberfvailableFlanes REAL karget 2,403401
------ & MumberfwailableSystems 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 SyYSML 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 i
U Capacity[C]
Traffic Out Ghau, ElC Traffic In
Station1 o R I aCapacity[E] Station 4

Chan. el B Char.el
D

7

Station 3 Capacity[D]

Capacity[B]

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

Step Il Create Infrastructure
2. Install ParaMagic Profile module, same as in first tutorial.
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Step 111 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. Create a Flow Specification, Name = Signal, inside the CommNetwork package.
ii. 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, Type = Signal.
3. Repeat for other three flowports. Note that Direction is out for Trl and

Tr2.
[E—— [] #» Allacated [MamedElerment] [SysML Prafile:: Allacations] L
N1 : Node [] ## autoGenerakedMame [MamedElement] [UML Standard Profile: :MagicDraw Profile]

| [] @ BasicInterval [Property] [SysML Profile: :Mon-Mormative Extensions::Distributions.
ec - Signal Tr1 : Signal| - [] ## column_filker [Element] [MD Custamization Far SysML: imatrix kemplates::Matrix Te
BcZ ; Signal Tr2: Signal . [] ## ConnectorProperty [Property] [SysL Profile::Blocks]

[] #* ConstrainkParameter [Port] [MD Cuskamization For SysML:additional _stereatypes
[[] @ ConstraintProperty [Froperty] [SysML Profile:: ConstraintBlocks]

[] ## CustomImageHalder [Element] [UML Standard Profile: :MagicCraw Profile]

[] #* Dependency Criteria [Element] [MD Cuskomization Far SysML:imatrix templates: ik
[] @ bistributedProperty [Properky] [SwskL Prafile::Elocks]

[] =* Editable Matrix [Element] [MD Cuskomization For SysML:matrix templates: :Matrix
FlowwPaork [Port] [SwsML Prafile: : PorksgFlows]

[ Apply ][ Clear All ] [ e ][ Cancel ]

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

iii. 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 use only 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 = Inl, AppliedStereotype =
Flowport, Direction = in, Type = Signal.
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] Commiletwork [ [£] Network_BDD ]J :

==hlock==
Hetwork
O 1 17 0 R ' I -Cha | -ChE | -ChiZ | -ChD | - -ChE| .0
==hlock== ==hlock== :
Hode Channel *
values values
F1: Real M Real T
F2: Real ITZ : Real
F : Real IT: Real .
T: Real S Real e
T1: Real OT1 : Real :
T2: Real OT2 : Real
cl:fgedl - S| .. — .
C2: Real :
[r: Real :

Figure 5.4 CommNetwork Block Definition Diagram
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b. RCon Network block in Containment tree, create New Diagram—SysML
Diagrams—SysML Internal Block Diagram, Name = Network.
i. Drag all nine part properties in Network (four node and five channels) into the

diagram and arrange as shown in Figure 5.6.

ii. 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.

iii. 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.

==hlocks==

==hlock== = / i
N1: Node :l] N1: Node
)=
:E Tt2 : Sigral

Figure 5.5a Display Portsicon  Figure 5.5b Connector icon

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

==hlock==

o N2 : Node
=

“Rect signal  Trt: Sionar |

==hloc k==
ChC : Channel

==hlac k== . .
ChA : Channel | rr2iSional RecZ: Signal
: 1

N1 : Signal ot Signal

. . . ";"E:Signal outz:signal |
==hloc k== E
N1 : Node . : :

==hlocks=
N4: Node

e cenal i :
: Rec1 : Signal Tr1 : Signa

_Rec2:Signal  Trz:Sgnall o
Fec? : Signal Tr2 : Signal

==hlock==
ChD : Channel

.<<bloc R»
ChB : Channel

: 1 : Sigral Ut Signa

InZ : Signal

.

out2 : Signal

==hlock==
N3: Node

"thecE:SignaI Tr2: signal - -

Rect: Signal T Signa

Figu.re 5..6 Cdmm.l\letv.vork.lnte.rnal BIock Diégrafn
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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 [Block] Node[ Nodey
- - i j «canstraints

«ValueTyper g prod : Product : «WaueTypes

R1 :Real 3 o3 {C=a“b+d}ﬁ T1 :Real
1 j ja:Realc;Rea||: :

wValueTypes .

«constraints \3””:"'jd:Rea| b:ReaIE;:”" C1 :Real
sussam ||| ) | —
{fc=a+hb} 82811812' ...... u'é';'R'e'a .....
a:ReaI[; : «aleTyper : frac : Fraction
D :Real te e
l:):FéealE el | .
‘ ........................ 86
| c:Rea||—‘ ,Z : ( «Constraints : jc:Real
........... ]910 prod1 :Product1 9
«ValueTypes g | Z fe=a”(1-b)} :e L | b Real
R:Real breal = fes o
. 1914 . . ewja:Real : «ValueTypes
«ValueTyper = | ) 6 ;IR |: C2:Read
T: Real ! : :

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

«ValueTyper = | . . . . . . wValueTypes
R2 :Real T T2 :Real

Figure 5.7 Node parametric diagram (flowports deleted from 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
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input by an exponential factor based on Capacity C and total incoming traffic. No claim

is made about the realism of this model.

evalueTypes
IT1 : Real

par iElIUck] EChannéI[ @hannélﬂ

gconstraints
err1: ErrorRate
fd=a*(1-exp(-bic))}

.

h:

«constraints

su : Sum
fc=a+h!
Real
c: Real
Real

925

IT2 : Real

v alueTypes

Sl

valueTyper =g |- |-
C:Real :

S - §
avalueTypes g | - -
IT: Real

EeB

. :‘c:ReaI

:la:ReaI d:Reall:uée.1.D”'
jb:Real :

gconstraints
err2 : ErrorRate

:‘ ¢ Real
:‘ b Real

11

o alueTypes
O0T1:Real

(d=a(leaxpChiay) |

—{ Jasrea dReal[ =

Figuré 5.8 Chénnel-parémetfic diégrarh (ro.wpor'ts deleted from dia.gram.)

«valieTypes |

0T2 : Real

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 ark[ [B] Nod a1 U

N1: Node = |

ChA: Channel 1 |

T1:Real

IT1: Real

C1:Real

C:Real [

ChB: Channel = | -

C2:Real
T2 :Real —

C:Real 3
IT1: Real 3

Figure 5.9a Node 1 parametric

diagram (flowports deleted from

diagram)

par {Block] Netwark[ I:MudeZ 1

ChC : Channel |

ChA : Channel . N2 : Hode
OT1: Real &7 . : :
3 R1 : Real I:’n <Real 22 IT1: Real
o C1:Real €21 C:Real
R2 : Real C2: Real T2 Real -
: : &8 : eld 820
ChE : Channel
0T2: Real | | C:Real ‘ ‘ IT1 : Real

Figure 5.9b Node 2 parametric diagram (flowports deleted from

diagram)
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par [Block] MNetw ork[ Nndeély

par [Block] Netw ork [ [B§| Node3 u

ChC : Channel

N4 : Node

OT1: Real e

ChD: Channel

= Rl : Real

ChB: Channel [

ChE: Channel =
‘ OT : Real | C :Real ‘ IT2: Real
N3 : Node = |

‘M:Realm‘ |C2:Realm‘ ‘H:Realm‘

] |oTM:Realm | |

Figure 5.9c Node 4 pa

diagram (flowports deleted from

diagram)

OT1: Real el R :Real

rametric
diagram)

Step VI Validate Parametrics Model
7. To validate the model schema, RC on the Network block 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.

R1:Real

ChD: Channel

T1:Real r

IT1: Real

C1:Real \r

a. Create a library of standard instances of system element.

Instancelibrary

StartNode, Classifier = Node

C:Real

o}

Figure 5.9d Node 3 parametric diagram (flowports deleted from

RC on CommNetwork and select New Element->Package, Name =
RC on InstancelLibrary and select New Element->Instance Specification, Name =

Double-click on StartNode to open Instance Specification window (Figure

5.10a).
[ Instance Specification - StartNode [ Select Elements le
. . Search By Mame: Selected objects:
= A . .
'ﬂg e & = History | = StartMode [Commietwork:  Instancelibrary] W | m =04
m StartMode Al data: L. Node
DocumentationfHype A . B o EEI Data -~
Usage in Diagrams =+ v -3 CommMetwork
Deployved Artifacts Properties:| Standard
Shts E » add Al
Cwiner 3 Instancelibrary [Commbet. .. Add Recursively
Comstraints Applied Sterectype
Classifier
Specification 2 Fremove Al
Te i
Name E Productl
The name of the MamedElement. < S
. )

Figure 5.10a Instance Specification window Figure 5.10b Select Elements window

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
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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 1/O paths are used). Classifier =
Channel. Assign C =5 (capacity in arbitrary units).

_/ﬂgContai.. rﬁ”alnherita..rgﬂ Diagramsrc)ModelE..

Containment T viii. Assign causality to all standard instances by right-clicking on
> = Instancelibrary and selecting ParaMagic— Util—Assign default
Eata] -

B CommMetwork causalities.

H-- Relations
£ Instancedti

ix. The final contents of InstanceLibrary should appear as in

= Eﬂ;eﬁbf‘? Figure 5.11. Any of these instances can be dragged into an
_heading
=1 DoubleChannel : Commiictwork: :Charnel instance diagram in another package and used without further
=1 EndMode : Cormrmlebyork:  Node > A
=1 SingleChannel : Commkletwork: :Channel modification.

=1 StartMode @ Commbetwork: :Mode
= ThruMode @ Commbletwork: :Nods

Figu_re 5.11 Instancelibrary contents
b. Create a specific instance package for the network proposed

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

Definition Diagram, Name = Instance01.
iii. We need four separate copies of SingleChannel in our

Conkainment (LI
=Blalglaly = network, to represent Channels A, B, C, and D. In this example,
£3-£3 Commiletwork we will copy SingleChannel and paste four copies into
} Relations
=4 tan-:eﬂl Instance01, named SingleChanne0, SingleChannell,

- A0 Commblebwaork:: . .
e At Commhletwarks: SingleChannel2 and SingleChannel3.
e A1 CommiMetwark:: . . .
s Commetwvark:: iv. We need two separate copies of ThruNode in our network,
e A7 1 Commbetwark:: . .
7 Commbistork: to represent Nodes 2 and 3. In this example, we will copy
A+ Commietwork:: ThruNode and paste two copies into Instance01, named
e A1 Comnmmetork:
- /Lt Commhletwork:: ThruNode0O and ThruNodel.

- = DoubleChanneld @ Commlebwork:  Channel X

- 1 EndMode0 : Commbletwork: :Node v. We need copies of DoubleChannel, StartNode and

[l = Nekd : Commblebwark:  Metwork .

[ = SingleChanneld : Commflebwork: : Channel EndNOde in InstanceO1.

(- = SingleChannell @ Commiebwork: : Channel . . . . .

- 2 SingleChannelz : Commfictuork: Channel vi. Finally, create an instance of the Network block inside

B+ =0 SingleChannel ; Commilstwork:; Channel Instance01, Name = Net0. The final contents of Instance01

(-3 StarkModel : Commblebwork: :Node

(- = ThruModed : Commbetwork: :Node should appear as in Figure 5.12

[ = ThruModel @ Commblebwork: Node . ) . .
[ Tnstance01 vii. Drag all the instances in Instance01 into the Instance01

Figure 5.12 Instance01l contents diagram.
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viii. Using the connector icon on the floating toolbar, create link from Net0 to
StartNodeO. A Select Association window appears, as in Figure 5.13. Check the
first line to assign the StartNodeO instance to the N1 part property.

ix. Draw connectors from Net0 to the remaining instances. In each case, assign an
appropriate instance to each part property, as shown in Figure 5.14.

X. Assign target causality to slot R in EndNode0.

xi. The final contents of Instance01 diagram should appear as in Figure 5.14.

E Select Association

Select Association |

B ation[cCommd ;

-] of* Association[Commiletwork: (hetwork - M2: Commtetwark: :Mode] [ Commblztwark]
- ] " Association[Commtetwork: :Network - M3: Commtetwork: :Node] [ Commbletwark]
[] o Association[CommMetwork: :Metwark - ke : Commietwork: :Node] [ Commbetwork]

[ Clear all ” Select All ]

Figure 5.13 Select Association window assigning StartNode0 instance to N1

bdd [Package] Instance01 [ Instancem U

«hlocks =
Net0 : Network

ChA = SingleChannell

ChB = SingleChannell

ChC = SingleChannel2
ChD = SingleChannel3
ChE = DoubleChannel0
N1 = StartNode0

N2 = ThruNode0

N3 = ThruNode1

N4 = EndMode0

[ [ I [
«hlocks «hlocks = <blocks <blocks =
StartNode0 : ThruNode0 : ThruNode1 : EndHNode0 :
Hode Node Node Node

c1=" cl=" cl=" c1="1"

cz=" c2="" c2="" c2="1"

p=" D=" D=" D="

R=" R=" R=" R="

R1="10" R1="" R1="" R1=""

R2="0" R2=" R2=" R2="

Ti=t? T=" T=" T="

T="" =" =" T ="

T2="" T2="" T2="" T2=""

«hlocks = «hlocks = «hlocks = «hlocks = «hlocks
SingleChannel0 SingleChannel1 SingleChannel2 SingleChannel3 DoubleChannel0
: Channel : Channel : Channel : Channel : Channel

c="5" c="5" c="5" c="5" c="5"
T=" T=" T=" =" IT="
T =" =" =" =" [Tqe=
IT2="0" IT2="0" IT2="0" IT2="0" IT2=""
oT1="" oT1="" oT1=" oT1="" oTl="
oT2="" oT2="" oT2="" oT2="" oT2=""

Figure 5.14 InstanceO1 diagram complete
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Discussion — Instance Generation
We have used four different methods for creating instance in our first four tutorials,
e Creating individual instances from the central toolbar
e Creating individual instances using menu commands
Using the Instance Generation Wizard
e Copying and pasting existing instances from a standard instance library
Similarly, there are at least two ways of linking instances,

e Draw a link from the higher block to the lower and use the Select Association window to assign
the instance to an existing part property.

e 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 = DoubleChannelO.

Which method to choose depends on the situation. Being familiar with multiple approaches is
advantageous.

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.

BN ParaMagic(TM) 17.0 - Net0

BN ParaMagic(TM) 17.0. - Net0

Qualified Narmne Type Caus... Walues Mame: Qualified Mame Type Caus.., Walues
Commbetwork:: Instance0l:... Netwark, E Metwork CommMetwork:: Instance01:. ., Metwork
Cornmietwork Instance0l: ... Channel -7 Cha CommMetwork:: Instance0 ;... Channel
Commietwork:: Instance0l:... Channel --EI Che CommMetwork:: Instance01:... Channel
CarmMetwork: : Instance01: ... Channel --{jl ChiZ CommMebwork:: Instance0:, ., Channel
Commetwork: Instance0l:,., Channel E-CF Cho CommMetwork: i Instance0l .., Channel
- F ChE CommMetwork::Instance0l:... Channel EI-{F ChE Commietwork:: Instance0l:. .. Channel
Im&mmNetwork::InstanceDl t Node I = G N1 CommMetwork:: Instance01:. ., Mods
1 Real undefined 77777 o ] e | Feal ancillary 5
-] 2 Real undefined  ##ER [ C2 Real ancillary 5
-0 D Real undefined 77777 -1 D Real anwillay 05
~[I R Real undefined  ¥PEER - R Real ancillary 10
-] R1 Real given 10 -] R1 Real given 10
-1 R2 Real given ] [ R2 Real given i
- T Real undefined 77777 - T Real ancillary 10
-] T1 Real undefined 7?2777 -] T1 Real ancillary 5
-1 T2 Real undefined  #PEER -1 T2 Real ancillary 5
BRI M2 CommMetwork:: Instance01:... Node -CFI M2 CommMebwork::Instance0l:... Mode
B FI M3 Commbetwork:: Instance0l:.., Node FH-CF N3 CommMetwork:: Instance0l:,,, Mode
B-CF e CammPetwork: Instance0l:.., Node E-{F M4 CommMetwork:: Instancedl:.., Mode
-1 C1 Real given 1 -1 C1 Real given 1
-[0] C2 Real given 1 -] C2 Real given 1
-0 D Real undefined #7777 -1 D Real ancillary 0.s
- R Real target Errr -~ R Real target 4,699
- R1 Real undefined  #PPE? ~[IR1 Real ancillary 2,349
-1 RZ Real undefined 77777 - R2 Real ancillary 2,349
-1 T Real undefined #7977 -~ T Real ancillary 4,699
-1 T1 Real undefined 77777 -1 T1 Real ancillary 3.524
-0 T2 Real undefined  7P7E7? -1 T2 Real ancillary 1.175
[ Expand ][ Collapse Al ][ Salve ] Update to SysML [ Expand ][ Collapse Al [ Reset ][ Update to SyshL
M1 Mode ) M1 { Mode )
Mame | Lo.. O.. Relation Active Mame | Lo.. O.. Relation Artive
eld  |¥ ] k=1 = eld ] r=T []
frac  |% [] [p=cifici+czh [v] frac |7 [ |p=cifici+cz) [v]
prod  [v [] [T1=R1*D+RZ ] prod [t [] [T1=R1*D+RZ ]
prodl ¥ [] [Tz=R1*{1D} 7] prodl ¥ [] [Te=R1*{1-0) []
su v (] R=ri+rz 7] su v [1 R=Rit+Rz ]

Figure 5.15 Browser for Instance01 before solution  Figure 5.16 Browser for Instance01 after solution
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6 SYSML PARAMETRICS TUTORIAL - ORBITAL

Note: ParaMagic Lite does not have the ability to call external Mathematica functions. The graphing
function in the Orbital model will not be executable without upgrading to the full ParaMagic feature set.
Standard ParaMagic users must set Mathematica as the core solver to access all program features.

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.

Theté\\

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 = [A1, A, Az, Ay], 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
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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.

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.

o Inorder 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 | Create Project
1. Create new project
c. 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 Il Create Infrastructure
3. Install ParaMagic Profile module, same as in the first tutorial.

Step 111 Create Structural Model
4. Create elements in model

a. Inside the Orbital package, create blocks called Mission, Orbital, Spacecraft,
InPkgl, InPkg2, InPkg3, Transmitter, and PowerSystem.

b. Create a block definition diagram, Name = Mission, and drag the Orbital elements
into the diagram. See Figure 6.2. Use Directed Composition connectors to link the
blocks in the hierarchy shown.

c. 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.

d. Referring to Figure 6.2, create value properties as shown in the Spacecraft, InPkgl,
InPkg2, InPkg3, Transmitter, and PowerSystem blocks, all type Real.
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bdd [Package] Orbital [ [2] Mission ]) f
==hlock==
""" Mission T
. valmes .
L. |AveragePovwerindow | Resl
- | AverageXmitiindowy  Real
- |EffectivePowerBudaet | Resl .
.. .. |EffectivexXmitBuciget : Real e
: conshaints :
- |powvetcals © BudgetCalc .
L vl Average :
|avn2  Average :
- [xmitcalc : BudgetCalc .
-orbifah : : : : : :-spacé raft]- :
R ==hlock== o ==hlock== Cr
Orbital . . Spacecraft
..... vales vakes
Mt sage : Real [1..4] . . MzxPovwverBudget | Real
- |PoweerUzage - Real [1..%] : : MancdmitBucnet | Real :
----- Theta : Real [1.%] <o+ - |PovwerSupply : Real Ca
. |Flag : Real . . PovverDemand : Real .
: conshaits : : KmitSupply  Real
..... PlotOrhbital X5 TPIot coee [mitDermand @ Real
<inggd : : =in : -in|
......................................... ==hlock== o a=hlocks== B ==hlock==
InPkg1 . InPkg2 . InPkg3
. . . - - . - - valkes . vakes . valkes .
et I Povver : Resl C| o |Powver : Real ot |Powver : Real T
: : : . . : : ©|Mmit - Real © o |Mmit - Real © | Mmit - Real :
......................................... _p : : = ok :
: : : : : : : : : : : ==hlock== : : ==hlock=> :
R R R R R R PowerSystern TR P .
. . . . . . . . . . . valwes . . valwes . . .
s |Porever Ot Real Coo | KmitQut - Real
: : : - - : : : - : : - - |Povwer : Real - : :
: : A O

Figufe 6.2 Block Definition Diégrarh for Orbital model

e. Inside the Orbital block, 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 positive integer number of separate values.

iv. Repeat this procedure for PowerUsage and XmitUsage.

v. The Flag value property should not be created by users of ParaMagic 17.0.1 Lite,
which does not support Mathematica graphing functions.
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[X value Property - Theta

3

% | Histary :| I ML Prafile: :Blocks: :Real [1..*] [Crbital: :Orbital] V|
[mnl-Theta : SysML Profile: ;B ] Theta
DocumentationfHyperlinks P — i -
Template Parameters =+ v Propertles:|.ﬁ.ll b "ﬂ Glsanizs
IUsage in Diagrams = -
?Elatluns Gualified Mame Crhital:: Qrbital: : Theta
ags - £
| Constraints Type @ Real [SysML Profile: ;Blocks]
----- Language Properties Type Maditier
Wisibility private
Defaulk Yalue
Onner B crbital [Crbital]
Appli brpe YalueProperty [Property] [MD Customizatic
Multiplicity 1..*
IsRea alse
Is Static [] False F
MName
The name of the MamedElement.
< | >
Figure 6.3 Setting the value property Theta multiplicity to 1...*
Step IV Create Constraints
5. Create two constraint blocks, Average [ Containment G 8o
and BudgetCalc, as shown in Figure s B
6.4. Note that Average uses list, a E-E3 Orbital
. . T B3 Relatians
constraint parameter with multiplicity -0 Instancens
larger than one. To change the BB Average
T . - 1 -lisk : SysML Profile::Blocks: :Real [1,.%]
multiplicity of a constraint parameter, T -mean : Syl Profile::Blocks: Real
RC the constraint block in the BDD {1 average=mean = avagilist)
i E-E2 Budgetialc
dlagram' Average calculates the - 1 -window ¢ SysML Profile: :Blocks: :Real
average of all the values contained in — B -supply ¢ SyshL Profile::Blocks::Real
list and returns a single value result, I -budget : Syshil Profie::Blcks::Real
- ] - 1 -demand : SysML Profile: Blocks::Real
mean. The ParaMagic User Guide - {} powercale=budget = window * supply - dem...
provides a list of Mathematica i-E Cx5_heading
. . E-E InRkgl
functions that act on arguments with B InPhg2
multiplicity > 1. - InPhg3
P Y =] Mission
Fig. 6.4 Constraint Blocks
6. Create a constraint block for plotting

the power and transmission availability versus Theta. Users of ParaMagic 17.0.1 Lite will not be

able to execute this graphing function and should skip step 6 a-d.

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 output file.
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)

iv.

v. Enter a destination directory for any plots generated, e.g. C:\\MD-temp. Note
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

[ Constraint - plotxt

B @2 e =

Hiskory: :| I} plotxt=c=cMathematicaiICAxPlob:y T,k x. ..

[Orbital: v TPIot] ()

x]

Dacumnentation/Hyperlinks
Usage in Diagrams

Y Inner Elemants

4 Relations

------ Constrainks

1} plobxt=c=cMathematica{TCAXPlabXY T,k %, ..

Tags

Profile: | <ALL>

]

o Lo {} [=1=]
o o B[R] - = =

Property:

(= B N L [ Ny R =
- 3 Bidirectional
- (3 Column-row
- 3 Mok direcked
- {3 Properties
- 3 Row-column
- 3 Symbol Exists in Diagram
- (3 Tags
- {3 |UML Relation Tvpe and Stereotype
# < <External_Models =

El-#» <<mattix kemplates >

- 2 Zolumn Height

- 3 Zolumn kext direction
- {3 Description

< 1>

=N working_dir = "C:\\MD_temp”

Yalue

[CJHTML

CAMD_kemp

o e

Close

URORGNCRS

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 [Block] Mission [ [Z§ Mission ]J

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

==hlock==
orbital1 : Orbital

== alueTypes=

XmitUsage : Real [1..*]

[ == alueTypes= )

Powerlsage : Real [1..*]

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

thudget = window * supply - demand }

demand : Real

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

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

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

suppi_y_:lReal

) ) ) ) L& . &2 . . : )
......... o---------%---------%---'I|S1:Real[1..*]|_| [ Jiist: Real[1.7] T e
: : ==constraint== ==Eonstraint=- :
- . : . avg? : Average - - :
""" a=ialueTypes== avg? .Aue_rage ) imesn = avgllist)} ==valusTypes=
.| EffectiveXmitBudget : Real mefn : Real {mean = avgllisty} mean - Real EffectivePowerBudget : Real
. B . :
........................ ==MalueType== 'l EEEEREEE ==MalueType==
. AverageXmitWindow : Real AveragePowerWindow : Real 2p .
......... o e A | R
: : : : : : : windowy © Real budget : Real
........... |_|budget:Real Wlndow:Realu
==constraint== ==constraint=» . .
........... xmitcalc : BudgetCalc powercale : BudgetCalc e

{budget = window * supply - demand}

demand : Real

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

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

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

spacecraft1 : Spacecraft

==hlock==

==ValueType==
XmitSupply : Real

=valleTypes==
XmitDemand : Real

=="alueType== )
PowerSupply : Real

==alueType== )
PowerDemand : Real

..........

Figure 6.6 Parametric diagram for Mission

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

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. Users of ParaMagic 16.9 Lite will not be able to execute this graphing function
and should skip step 8 a-b.

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

appear in the diagram.

b. Drag the constraint block XYTPlot into the diagram and connect as shown in 6.7.
ICAXPIlotXYT will return a value of 1 into the parameter ¢ and then into the value
property Flag when the Mathematica function is successfully executed.
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par [Block] Orbital [

Orbital ])

==canstraint==
PlotOrbital : XYTPlot

{c=cMathematicalCAXPIGRY T tx v "Availability” "Sector” "Power™) }

[ ] t:Real[1.4] [ ] x:Real[1.7] [ ]v:Real[1.4 [ ]e:Real1]
el : : S| e : : : : o e :
. | Theta : Real (1.4 | : |PuwerUsage:Real 141 ‘: ‘XmitUSage:Rﬂal M1 o | :|F|ag:m=.a| = ‘ : :

Figure 6.7 Parametric diagram for Orbital

Step VI Validate Parametrics Model
9. To 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 parametric 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.
Open Excel and create and save the workbook spacecraft (.xls or .xlsx) shown in Figure

a.

A
Spacecraft Model

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

(LRI N VR ST RS TN

Max Budget
10 |Supply

11 |Demand
12

Figure 6.8a
values

6.8 (in worksheet Sheet1).

B 5

Power (Watts) *mit (Mb/sec)

100 20
100 50
150 100
500

300 300
-150 130
500 300
650 170

A
Spacecraft Model

1

2

3 |Instrumentation Pkg 1
4 |Instrumentation Pkg 2
5 |Instrumentation Pkg 3
6 |Power Supply Output
7 Transmitter Qutput
g
9

Max Budget
10 (Supply
11 Demand
12

B

Power (Watts)
100
100
150
500
300

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

=

¥mit (Mb/sec)
20
50
100

300
=C7-C3-C4-C5

=C7
=C3+C4A+C5

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

b. 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 C D
Author Date
ThetaOffset 0.5236
Theta Power Data

0.00 1.00 0.97
0.63 0.90 1.00
1.26 0.65 0.93
1.88 0.35 0.78
2.51 0.10 0.55
3.14 0.00 0.26
3.77 0.10 0.05
4.40 0.33 0.36
5.03 0.66 0.63
5.85 0.90 0.84

A
Orbital Mechanics Profile

Time Period

Author
ThetaOffset

Theta
=ROUND(A6*PI()/5,2)
=ROUND(A7*PI()/5.,2)
=ROUND(A8*PI()/5,2)
=ROUND(AS*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%P1()/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)"2,2)
=ROUND(COS{B3/2)2,2)
=ROUND(COS(B10/2)"2,2)
=ROUND(COS(B11/2)"2,2)
=ROUND(COS(B12/2)"2,2)
=ROUND(COS(813/2)"2,2)
=ROUND(COS(B14/2)"2,2)
=ROUND(COS(B15/2)"2,2)

Date

Data
=ROUND(ABS(COS((B8-5C$3)/2)),2)
=ROUND(ABS{COS((B7-3C33)/2)).2)
=ROUND(ABS(COS((B8-$C$3)/2)),2)
=ROUND(ABS(COS((B3-5C53)/2)),2)
=ROUND(ABS(COS((B10-5C$3)/2)),2)
=ROUND(ABS(COS((B11-5C$3)/2)),2)
=ROUND(ABS(COS((B12-5C$3)/2)),2)
=ROUND(ABS(COS((B13-5C$3)/2)),2)
=ROUND|ABS|COS((B14-5C$3)/2)),2)
=ROUND(ABS(COS((B15-5C$3)/2)),2)

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

values

Build and save the

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

report the results of the

parametric simulation, so the
non-title cells are currently

empty.

=B R = T, R R R N R

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.

a.
b.
c.

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

spa01: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.xlsx.
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bdd [Package] Instance0 [ @Instan:em u :
==hlock== 0
is : Missi
Averag e P owe iiind o ="
Averagexmitindow ="
Effective PowerBudget ="
EffectivexmitBudget=""
orbitall = orh1
spacecraftl = spall
==hlock== = =z=hlock== = B ==hbck== gl
orb1 ; Orbital : spali ; Spacecraft : in2_01: InPkg2 :
Flag="" -+ | MaxPowerBudget="" | Power="" S
Fowerllsage =" - | MaxmitBudget =" | Hmit=" :
Theta=" | PowerDemand =" L _ 1
Amitllsage =" o | PowerSupply="" : : : : : - :
C | KmitDemand =™ : ) ==hlock== = :
| EmitSupply="" c in3_01: InPkg3d R
' | Power="" :
................ ,,,,,}{mlt:""
<=hinck== S
. . . : im_01 : InPkg1 = : ==hck== = .
................................. Power =" . insmittar
Hmit="" : Povyer="" :
: Kmitout=""
.................................................... ==hick== E
: : 01: P 5 :
............................................................ Powerout="" S
R 5y :

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 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
before we load the slots. For example, if we were to double-click Theta 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

% = = Hiskory :| =1 orbl ¢ Orbital:Orbital [Orbital: Instancenl ] v|

=1 arbl : Orhikal:: Crhital Sloks
BB Documn.anta.tlnn,l'H';-'perllnks E— |E u Property:

----- |sage in Diagrams - =0

----- Deploved Artifacts I:u! Pawerlsage : Real[1..%] | | :]
[]... {5:. Thetba = "™, ™ 9 s o valos

Inner Elements b [T ¥ritUsage © Real[1..%]

----- Relations e’

_____ Tags m

----- Constraints

] HTML

< | >

b
BIBIGICIE

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

12. Create the connection between the spacecraft instance blocks and spreadsheet
spacecraft.xlsx.
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. Typeinthe filename, e.g. spacecraft.xlsx and click Refresh. If no path is
typed, it will assume spreadsheet is in the same folder as the model (.mdzip
file). This may be more flexible if the model and spreadsheet are moved
around between different systems.
c. After the Workbook name is entered and the Refresh button is clicked, 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.
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¥ Excel Setup - in1_01
5-= WorkbookWorksheet 5= [ WorkbookWorkshest
L2 Power i ) Power
Lo () it Default Warkbaok l:l Lo () it [] Default Workbaok | spacecraft.xlsx | [ Erowse. . ]
Default Workshest [[] Default Workshest
[ oK ] [ Cancel ] [ Apply ] [ oK ] [ Cancel ] [ Apply ]

L! Excel Setup - in1_01

Figure 6.13a ParaMagic- Excel Set-up for instance

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

d. Inthe Excel Setup browser, select the Power slot. See Figure 6.14.

Under Cell Range, enter the cell coordinates on the spreadsheet for the
parameter desired, B3.

Under Access Mode, select Read (the value in the spreadsheet cell will be
copied to the instance, though only after we transfer the data in step 14).

Repeat for Xmit. The corresponding Cell range is C3.

iv. Click OK
I Excel Setup - Power &‘ M Excel Setup, - AveragePowerWindow rz‘
wiorkbookfworksheet ‘wiorkbookjyworkshest
Floefauk workbock  [paceoaits: | [ mefaule workbook  [mission,xlsx | [Cerowse... ]
_ - 3 EffectivePowerBudget
[] Default Workshesk L@ EffectiveXmitBudget [ Defaul workshest  |Shest1 v| [ Refresh |
@ orbitall
Cell Selection T ol Selection
i (@ Flag
cellrange B3 v| [ Preview @ Powerllsage cellRange  |be v| [ preview |
(@ Theta
AccessMode (B Read (O Write () Nome = @ ¥mitUsage AccessMode (O Read O Write (O Nome
B @ spacecraftl
Excel Preview {} -1 spatt Excel Preview {1}
3 MaxPowerBudg
Current Value  {} Lo () Max¥mitBudget Current Value  {}
L. @ PowerDemand
L@ xipemand
e (8 ¥mitSupply
l oK l l Cancel l [ ] < | B [ oK ] [ Cancel l [ Apply ]

Figure 6.14 ParaMagic- Excel Set-up for slot

Figure 6.15 ParaMagic- Excel Set-up for slot

Nocel et etz X e. Repeat steps d, e, and f for the remainder of the
%Usm oot ot ‘e instance blocks in the diagram.
I i 8 [ o ] i. For slots where we will write the result
f,,”:‘; feuis S (e ] from the SysML model to the mission.xIsx
Rl O PR (s spreadsheet, set the Access Mode to Write, as in
et Figure 6.15.
ii. For slots where we will read in multiple
values from a spreadsheet, Cell range will contain a
o [ [ row or column of cells, as in Figure 6.16.

Figure 6.16 ParaMagic- Excel Set-up for aggregate slot
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Step VIII Solve the Instance
13. 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] |rstancg:1[@|tstanc@31]) : :

<<Boel Connection_Instance=>

mis : Mizsion

fexcel_workbook = "mission xlse",
excel_worksheet = “Sheet1” }

AveragePowerindow ="
AverageXmityindow = "

" | EffectivePowerBudget =™
EffectiveXmitBudget =™

-1 arbitall = orbl

spacecraftl = spall

==Becel_Connection_hstances==

orb1: Orbitsl

fexcel_workbook = “orbital xlzx",
excel_worksheet = “Sheet1™}

=<Beeel_Connection_hstance==

spall Spececrt

fexcel_workbook = "spacecraft zlsx’)

excel_worksheet = "Sheat1”}

<<Bcel_Connection_hstance=>=
inZ2 01 InPkge

fexcel_warkbook = “spacecraft.xlse’)

excel_workshest = "Sheat1”}

- [Power ="100.0"
| it = =000

Flag = "
© | PowerUsage ="1.0" "
Theta = "0.0", "0.63", "1 26", "1.88", "2.51", "3.14", "3.77", "4 4", "5.03", "5 65"

- ¥mitUsage = "0.57" , "1.0°, "0.93", "0.75", "0.95", "0.26", "0.058", "0.36", "0.63", "0.54"

MaxPovverBudget = "-150.0"

| MaxXmitBudget = "“130.0"

PoweerDemand = "650.0"

- | PoweerSupply = "a00.0"

¥mitDemand = "1 70.0"

| WmitSupply = "300.0"

|

<< B¢ eal_Connection_hstan ce ==

fexcel_workbook = “spacecraft.lsx’ | - -
excel_worksheet = "Sheatl” }

| Power =mz00m
| samit =100 00

<<Becel_Connection_hstance==
L01.T K

fexcel_warkbook = “spacecraft.xlse’)

excel_worksheet = "Sheatl” }

<<B¢eal Connection_Instan ce >

iod 04 InPkgl

fexcel_workbook = “spacecraft.xlsx”,

excel_worksheet = "Sheet1” }

| Powwer ="300.0"
- | KmitOut = "300.0"

| Power =100
it = "20.0"

Figure 6.17 Values displayed in Instance01 diagram after Read from Excel

<<Bscel_Connection_hstances=>=

Roy 01 ; Power Swatem

Jexcel_workbook = “spacecraftxlsx’ |

exiel_workshest = "Sheet1" ]

| Powerout = "s00.0"

14. Define the ParaMagic causality for ParaMagic/Mathematica calculations.
a. Right-click on Instance01 and select ParaMagic— Util—Assign default causalities.
b. Assign target causality to EffectivePowerBudget, EffectiveXmitBudget and Flag
using the procedure described in previous tutorials. Users of ParaMagic 17.0.1 Lite

will not have a Flag slot

15. Run the ParaMagic/Mathematica parametric simulation.
a. Right-click the Instance01 package.

b. Select ParaMagic—Browse

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. Users of
ParaMagic 17.0.1 Lite will not have a Flag slot.
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M ParaMagic(TM) 17.0 - mis 5] Bl M ParaMagic(TM) 17.0 - mis =13
Tame Gual... Twpe Causality | values Mame Qual... Type Causality | Values
E Mission Orbital... Mission Crbital... Mission
-] AveragePoweriindow Real undefined T - 1] AveragePowerindow Real ancillary 0.501
[0 Ayt agesmityindow Real undefined T -] Aweragexmitiiindow Real ancillary 0.637
-] EffectivePowerBudget Real target Frrrr -1 EffectivePowerBudget Real target -399.5
[0 EffectivexmitBudget Real target T - 1] EFfectiveXmitBudget Real target 21.1
E1-F] orhitall Orbital... Orbital E-{F] arbitall Crbital,,, Orbital
1] Flag Real target EErEss -[1] Flag Real target 1
B[] Powerlsage Reall1,7] -1 PowerUsage Reall1,7]
B[] Theta Reall1,7] -1 Theta Reall1,7]
B EmitUsage Real[1,7] -] KmitUsage Real[1,7]
B[] spacecraft1 Orbital... Spacecraft =-[F] spacecraftl Orhital... Spacecraft
-] MaxPowerBudget Real qgiven -150 - [1] MaxPowerBudget Real given -150
-] MaxkmitBudget Real given 130 - [1] MaxmitBudget Real given 130
[0 PowerDemand Real given 650 -] PowerDemand Real given 650
-] Powwer Supply Real given S0a -] Power Supply Real given 500
-[1] ®mitDemand Real given 170 -] ¥mitDemand Real given 170
-] ®mitSupply Real qiven 300 -] ¥mit Supply Real given 300
[ Espand | colapse sl | [ Sohve | [ Update tosystL | [ Expand ][ collapse sl | [ 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.xlsx. See Figure 6.20.

bdd [Package] hstanced? | [£ nstancen] U : : : : : : : : : A B
AR - - - = . . Ll 1 Mission Estimates
<<ExtelConnection=» 2
I 5
4 |Average Power Window 0.501
AveragePowerWindow = 0.501 5 | Average Xmit Window 0.637
AveragermityWindow = 0637 -
EffectivePowerBudget = 389 5 6 Effective Power Budget -399.5
EffectivemitBudoet = 21 089333333393339 7 |Effective Xmit Budget 211
orbitall = orb1 a
spacecraft! = spali
T —— B
Figure 6.19 Browser before execution. Figure 6.20 mission.xIsx after Write.

17. View the graph of PowerUsage and XmitUsage vs Theta created by ParaMagic. Users of
ParaMagic 17.0.1 Lite will not have included this graphing function and should skip step 17.
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 and select New Element— Hyperlink
ii. Adialog 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.
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c. Double-click on the hyperlink in the Containment Tree to see graph, as in Figure
6.22.

[ Insert Hyperlink
Hyperlink |

Text to display:

Tvpe the file name: F;hel
Iclear ta remowe the hypedink] Web Page |
|Fi|e:,I',I'C:,I'MD_temp,l'LinePIotXYT.jpg | |_ ‘i _| Element/Symbol |
Select Fram lisk: Caliber Requirement |

Clear DiataHub |

Active

Figure 6.21 Hyperlink

Availability

{0,063, 1.26,1.88,2.51,3.14,3.77, 4.4, 5.03, 5.65}

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

Note: ParaMagic Lite does not have the ability to call MATLAB functions and scripts. The
HomeHeating model will not be executable without upgrading to the full ParaMagic feature set. Standard
ParaMagic users must set Mathematica as the core solver to access all program features.

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.

E! s234sldemo_househeat SE

File Edit View Simulation Format  Tools  Help
u A
O =l S P o= 48 [Nomal || B 3= REES®
Thermal Model of a House
Hate: Time given in units of haurs
Qutl
blower
Temr cmid | onsois ?
Heat Flow -
Fahrenheit Troom Heat Cost |5' L]
g . to Calsius Thermostat Cost
et Point
Heater Caleulator FlotResults
F2c G
o C2F
4 fl Tirfoors
| Celzius to
House Fahrenheit
! "
1
Tourtd
In1 mdanrs Fahrenheit
to Celsius
3
Toutdoors -
o Temperaturez Outs
Copyright 1990-2007 The Mathiforke, Inc.
Outz
Ready 1009 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
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A large body of simulation models have been developed and validated using MATLAB and
Simulink (The MathWorks, Inc.). Being able to incorporate these existing models into larger SysML
models can greatly accelerate system development. ParaMagic allows Simulink/ MATLAB 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 | 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 Il Create Infrastructure
3. Install ParaMagic Profile module.

Step 111 Create Structural Model
4. Create elements in model

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

b. 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.

c. Create the Value Properties shown in Figure 7.2. All are Real with a multiplicity of 1.
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bdd [Package] HomeHesting[ |2 HomeHesting ]J

==hlock== ""E'
HomeHeatingSystem

DutdoorsHHS : : : : : -HomeHHS

.................. ==hlock== L ==hlock== o
Outdoors : Homie

. . . vales . parts :
e e Re -+ oD Home : Outdoors SRR
: : : Temp : Real : values .
- - . constaits . DailyCycle : Real .
Lo aT  QutsideTemp S | DutputRow © Resl SRR
. . . . OutputColumn : Real .

: DiailyCost © Real

canstaindts o .
SHH : SimulinkHomeHeating

Figure 7.2 Block Definition Diagram for HomeHeating model

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

function t = annualcycle (m)

[

% returns t, average temperature, based on m, month from 1 to 12
t =70 + 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
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iii. the name of the function or script, here annualcycle
iv.  theinput argument(s), here m. 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=inSel (1) ;
02=1inSel (2) ;

TempOutsite=

inSel (3);

Amplitute=inSel (4);

(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.

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

MATLAB files in ParaMagic.ini.
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.
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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% Testhodel ]J

........................... ==canstraint==

OT : OutzideTemp
ft=xtwExternall matlab function annualcycle m}

—l m: Resl t: Real

" |Month:Real | &1~ Temp : Real

Figure 7.3 Parametric diagram for Outdoors

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

n . . . .

. ==constraint== [ .

SHH : SimulinkHomeHeating .

{cogt=xfuwExternalimatiah scriptasci, demoscriptascisimuling rove colouttemp dayoyc) |
A

col : Real
|_| outtemp ; Real |_| daycye  Real |_| row : Real |_| |_| cost: Real

CowE—r ; Ted . ; ; &3 £2. e —Ea

f s . : : : : f f f : : : : : : : f f f f
*"[0D_Hbme : Outdoors = | | DailyCycle : Real | 1 OutputRow : Real — | | OutputColumn : Real — || DailyCost:Real [ [ @

.| | Temp : Real P

Figure 7.4 Parametric diagram for Home

Step VI Validate Parametrics Model
9. To 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
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bdd [Package] Instance03[ [ Instanced ]J :
""""" ' ==hlock== E F -
HHS03 : HomeHeatingSystem
--------- - | HomeHHS = Home03
: QutdoorsHHS = QD03
==hlock== s [ D ==hlock== =
. . 0003 : Outdoors . . Home03 : Home
| Month="1" .. | DailyCyole ="
: : Temp="" : : OD_Home=0D03
. . . . CutputColumn ="3"
IR @000 N S| QutputRow = "360"
: DailyCost=""

Figure 7.5 Instance of HomeHeatingSystem
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. Select Slots
iii. Click on OD_Home:Outdoors

iv. Click Create Value button

[X Instance Specification - Home03

% = = Histary :| = Homed3 | HomeHeating: :Home [HomeHeating:  Inskance0s] v|

=1 Homed3 : HomeHeating: :Home Slots
E-[B| DocumentationfHyperlinks o o

" B =y |22 Property:
----- Usage in Diadrams B B E & perty

----- Deploved Artifacts @ DailyCost =" | | (. ]
- = - 2 DailyCycle = "10"
. o Select property and click Create
© DailyCost = i [ OD_Home @ Cukdoors

--CE:J DailyCycle = "10" _____ (% OutputColumn = "3"
- OutputColumn = "3" .2 OutputRow = "360"
- (S OutputRow = "360"

Walue to create new wvalue Far it.

SHH ; SimulinkHomeHeating

Create Value Edit Value

Figure 7.6 Instance Specification for Home03
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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:

B[] Data A P | S=lected chiects
E}D HomeHeating

El-F7 Instance3
Q C%1_heading

/[ : HomeHeaking: :

b 0 HomeHeating:

EI HHS03 @ HomeHeating: :HomeHeakings

EI Horme03 + HormeHeating: :Home

Figure 7.7 Select Elements to link OD03 to OD_Home
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)

c. Assign causalities to slots using the Add default causalities utility. Change causality of

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

V] ParaMagic(TM) 16.0 - Instance03

Marne Symbal Tvpe Causality Yalues
._ HomeHeatingSystem HomeHeatingSystem
L—‘_I. HarneHHS Haome
J DoailyCost REAL Larget FErrs
b DailyCycle REAL qgiven 10

E-@ 0D_Home Cukdoors
{ i Maonth REAL qgiven 1
- Temp REAL undefined T

foe (g DUbpUtCalumn REAL given 3

L@ OLEpUER oW REAL given 360
El-@ CutdoorsHHS Cutdoors

J Month REAL given 1

Ll Temp REAL undefined  #eRET

[ Expand |[ Callapse &ll ] IUpdate to SysML

.

Figure 7.8 Browser before solution

a. 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 simulation
is complete and MATLAB exits.
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J PlotResults

S5 L0 HEE BA S

) J'i'”.'“a'”a"n"'ha'”'f “'H\'_\ u'nm'WN”\" il

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

Symbal Type

[] HomeHeatingSystem HomeHeatings. ..

El-4@ HomeHHS Home
& DailyCast REAL target 66,157994
i (@ DallyCycle REAL given 10
El-@ OD_Home Oukdaars
i beid Manth REAL given 1
i L Temp REAL ancillary 50
@ CutputColumn REAL given 3
L@ OutputR oW REAL given 360

=@ OukdoorsHHS Outdoors
L@ Manth REAL given 1
L@ Temp REAL ancillary 50

[ Expand ” Callapse All ] [ Reset ]| Update ta SysML |

-

rook [ HomeHeatingSystem )

Mame Local | One... Relation Active

Figure 7.10 Browser after execution.
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8 SYSML PARAMETRICS TUTORIAL — LITTLEEYE TRADE STUDY

8.1 Objective

This tutorial is a continuation of the LittleEye exercise in Section 4. Once a parametric model is
built and validated, users frequently want to explore variations in the initial parameter set. This can be
called a trade study, sensitivity analysis, or design of experiments and is helpful in identifying key inputs,
assessing risk and optimizing results.

ParaMagic uses the Excel Connection feature to set up the different initial parameter sets or
“scenarios” as rows in a spreadsheet. Parameter sets are automatically read, the model is repeatedly
executed and output values written back to the spreadsheet. Using the LittleEye model, we will run a
multi-variable trade study, to determine the sensitivity of the result to the number of planes, crews and
fuel loads available.

What the User Will Learn
e Running a ParaMagic trade study

8.2 Step-by-Step Tutorial
Step VII Set-up a Trade Study

Start with the LittleEye model created in Section Number of Number of Miles Scanned

4. The trade study uses the same ExcelConnection Planes Crews  Per 24 Hours
interface that was described in the earlier Orbital tutorial. 3 4

The only difference is that, instead of reading in a single
set of values from the spreadsheet, processing them 4 4
using the parametric solver, and writing the results back 5 4
to the spreadsheet, the Trades Studies feature runs 6 4
multiple value sets in an automated batch mode process. 7 4
1. Create an MS Excel spreadsheet for the i 2
trade study, as in Table 8.1. The trade 5 5
study will vary two parameters, Number of 6 5
Planes and Number of Crews, and calculate 7 5
a single output value, Miles Scanned Per 24 3 6
Hours. Each row is a single trial or 4 6
scenario. The trade study will start with 5 6
the first trial designated in the Excel 6 6
interface and work down one row at a 7 6
time. In this trade, we have 20 trials, a 3 7
combinatorial explosion of 3,4,5,6 and 7 4 7
planes and 4, 5, 6 and 7 crews. We save 5 7
the spreadsheet as LE_Trade.xIsx. 6 7
7 7
2. Set up the Excel linkages for Read and Table 8.1 LE_Trade.xlsx

Write as in the Orbital tutorial.
a. RC LittleEyelnstance01 and select ParaMagic—> Excel- Setup
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b. Select NumberPlanes
i. Enter LE_Trade.xlsx under Workbook
ii. Click Refresh
iii. Select Sheetl under Worksheet.
iv. Under Cell Range, enter A2, the cell containing the first trial value for this
parameter. Do not enter a cell range; the number of trials will be specified
later.

v. Under Access Mode, select Read (see Figure 8.1)

B Excel Setup - NumberPlanes

E-E3 System0l M1 workbookworksheet
El- Sk Littledircraft
E-[=1 Aircraftil [ ] Default Warkback |LE_Tra-:Ie.xIs>c: | [ Browse. ., ]
-2 DubyCycle_CarneraRefit
{2 DukyCyele_Maintenance [] Default Warksheet |Sheet1 v| [ Refresh ]

-2 DukyCycle_Plane
-2} DubyCycle_Turnaround

Cell Seleckion
-2 MurnberiyvailablePlanes
{2} MurnberdyvailablePlanesByDay ell F.ange |,|:.,2 v| [ Presview ]
- {2 MurnberiyailablePlanesByMigh
- {24 MumberDayCameras Access Mode  (3)Read () Write () Mone
-2} MumberMight Cameras
- ¥umberPlanes Excel Preview {1
EH Eh LiteCrew

E-E Crewii Current Walue {43
- {2} CremTimeon
- {2} MumberfvailableCrews -

w2 MurnberCrews __ear
- & LittleFuel

E-= Fueldl

-2} DailyFuelloadPerPlane
U = PPN [P Y. Y W ok ] [

Cancel ] [ Apply ]

Figure 8.1 Excel Setup window for trade study

c. Repeat for NumberCrews, with Cell Range = B2, Access Mode = Read
d. Repeat for MilesScannedPer24Hours, Cell Range = C2, Access Mode = Write.
e. Click OK to close Excel Setup window.

3. Set number of trade study scenarios to run.

a. Right-click on LittleEyelnstance01 and select ParaMagic—> Trade Study—> Setup.
b. Asshown in Figure 8.2, enter the number of scenarios (20 in this example) and click OK.
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Step VIII Run the Trade Study
4. Run the trade study.

a. Make sure that the trade study spreadsheet LE_Trade.xlIsx is closed. Results cannot be

written to an open file.

b. Right-click on LittleEyelnstance01 and select ParaMagic—> Trade Study—> Run.

c. Figure 8.3 shows the message when the trade study is complete. Click OK.
Open LE_Trade.xlIsx. It should appear similar to Table 8.2. Using the standard graphing
functionality of Excel, a plot similar to Figure 8.4 can easily be created.

] ParaMagic Trade Study Setup - System01 E|

Mumber of Scenarios

Y [ ok ][ cancel |

Figure 8.2 Trade Study Setup window

Number of Number of Miles Scanned Per
Planes Crews 24 Hours
3 4 1612.8
4 4 1612.8
5 4 1612.8
6 4 1612.8
7 4 1612.8
3 5 2016.0
4 5 2016.0
5 5 2016.0
6 5 2016.0
7 5 2016.0
3 6 2337.2
4 6 2419.2
5 6 2419.2
6 6 2419.2
7 6 2419.2
3 7 2337.2
4 7 2822.4
5 7 2822.4
6 7 2822.4
7 7 2822.4

Table 8.2 LE_Trade.xlsx after trade study

M Trade Study Run

3 ) Trade Study completed running 20 of 20

SCEMArios,

(ERNRNRNRRRRNRR RN R RRRRNRAE )

Figure 8.3 Trade Study Completion

3000

2500

2000

1500

Miles Scanned Per 24 Hours

2 4 6

Number of Planes

e ] Crews e 5 Crews

6 Crews e 7 Crews

Figure 8.4 Excel plot of trade study results

Copyright © 2012, InterCAX LLC

79




ParaMagic® 17.0.2 e Tutorials

9 SYSML PARAMETRICS TUTORIAL - ELECTRONICS

Note: ParaMagic Lite does not have the ability to calculate with complex aggregates. The Electronics
model will not be executable without upgrading to the full ParaMagic feature set. Standard ParaMagic
users must set Mathematica as the core solver to access all program features.

9.1 Objective

Create a SysML project describing a computer center that will be built in a variety of standard
configurations. Each configuration of the center will consist of one or more independent computer cells,
each composed of one or more server arrays, disk arrays, and other components. Each configuration can
also be viewed as consisting of one or more electronics racks, each of which contains one or more
electronic boxes, which might be a server array, a disk array, or some other component belonging to one
of the cells.

Each of the standard configurations has a specific set of requirements that it must meet in terms
of the number of cells and total computing capacity, e.g. server calculating speed, disk storage. In
addition, each rack has a set of requirements that cannot be exceeded, including physical space, electrical
power, cooling capacity, etc. Our objective is to create a SysML model that requires the minimum
modeling effort, yet describes the full range of standard configurations and can test parametrically
whether each configuration meets its requirements. Creating and modifying configurations should be
simple and intuitive, so alternative designs can be evaluated. For simplicity, this tutorial only considers a
few types of components and requirements.

Ordinarily, this type of problem is handled with a spreadsheet, which can grow quite complex.
Handling these same calculations inside the SysML model parametrically has several advantages,

e There is a single model, not a model and separate spreadsheet which must be synchronized,

e There is a clear distinction between the abstract model (the schema) and the concrete
configurations (instances) in SysML,

e The calculations are not hidden inside spreadsheet cells, but readily seen, modified and
documented in the SysML model itself.

What the User Will Learn
e Using complex aggregates

e Using generalization/specialization
e Working with requirements

Complex aggregates involve parameters shared by part properties with a multiplicity greater than
one. For example, if an assembly contains four equivalent parts, the weights of the four parts comprise a
complex aggregate of four values. This contrasts with the earlier concept of a primitive aggregate, a
single parameter containing multiple values. ParaMagic allows the user to sum, average, find a
maximum, or find a minimum of a complex aggregate, similar to the fashion in which primitive
aggregates are used in the Orbital example. The great value of complex aggregates is that parametric
relationships can be defined at the schema level without specifying the number of parts that will be used
in a specific instance.

Another useful feature of SysML is inheritance, or the ability to create generalized and
specialized forms of a system object. This helps when we want to group diverse objects in one set of
parametric calculations, but use each object’s unique properties in other calculations.
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9.2 Step-by-Step Tutorial

Step | Create Project
1. Create new SysML project and corresponding package named Electronics.

Step Il Create Infrastructure
2. Install ParaMagic Profile module.

Step 111 Create Structural Model
3. Create a structural model corresponding to Figure 9.1.

bdd [Package] Electronics [ @Electronics_BDD ] |

/
«block»
System
|
|
-Racks |1..* -Cells [1..*
«block»
Cell
values
Speed : GFlops
Storage : GB

SpeedReqt: GFlops
StorageReqt: GB
SpeedReqtVerify : Real
StorageReqtVerify : Real

-Boxes |1..* -Servers |1..* -Disks |1..*
«block» «block» «block»
Box ServerArray DiskArray
values values values
Height: mm Speed : GFlops Storage : GB

Figure 9.1 SysML Block Definition Diagram. Block color was set by right-clicking on block, selecting
Symbol Properties, and setting Fill Color to the desired shade.

a. Create ValueTypes for mm (millimeters), GFlops (calculating speed) and GB (gigabytes,
storage capacity). See the Satellite tutorial, Step 4a to review.
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b. Create the blocks, value properties, and direct composition relationships as shown in

Figure 9.1. Note the ValueTypes assigned to the value properties.
c. Setthe Multiplicities of the part properties Racks, Cells, Boxes, Servers and Disks as 1 to
1..*. This indicates that there can be, for example, one, two or more racks in a system.

To set the part property multiplicity for Racks,

i Double-click on the composition arrow between System and Rack,

ii. In the Association Window, select Association Ends (see Figure 9.2)

iii. Under Association End A, set Multiplicity to 1...*.

iv. Repeat the process for the remaining part properties.

E Association - <=

E% [BRe =

Histary | o' Association[Electronics: 1System - Racks:Electronics: :Rack] [Electronics]

)

o Association[Electronics:: System - Rack
[EI--- DocumentationHyperlinks
- IJsage in Diagrams

Association Ends

3

Template Parameters
- Conveyed Information
-[B] Innet Elements
Relations

- Tags

----- Constraints

Association Ends

iE| 2

E
Marmne
Mavigable

m-g B

Cimned By
Multiplicity
Type
Wisibility
Agaregation

Mame
Mawvigable
Cwned By
Multiplicity
Type
Wisibility
Agaregation

Racks

true

B system [Elzctronics]
1 - *

=

private

composite

[ False

o Association[Electronics::System - F.,..
1
=

private
none

Figure 9.2 Association properties box, Association Ends table. Multiplicity under Association End A

issetto1..*

d. Create a generalization relationship between Box and its two sub-types, ServerArray

and DiskArray.

i Drag the Box, ServerArray and DiskArray blocks from the Containment tree to

an open area of the Electronics_BDD block definition diagram

ii. Click on ServerArray and select the Generalization arrow (open triangular head

pointing up and to the right) from the floating toolbar.

iii.  Click on Box. A generalization is created pointing from ServerArray to Box

iv. Repeat for DiskArray. See Figure 9.3 (the two generalization arrows have been

merged).
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Generalization

In a generalization relationship, the sub-type,
such as ServerArray, inherits the value property
Height of its general type, Box, as well as having its
own value property Speed.  An instance of
ServerArray is also an instance of Box. We will use
this feature when we create instances of the system.
Each component will serve as both an instance of
Box as part of a specific Rack and an instance of
ServerArray or DiskArray as part of a specific Cell.
Other component types, e.g. Router, could have been
created as additional sub-types of Box.

Generalization relationships allow other
useful manipulations. For example, a constraint in a
subtype overrides a constraint of the same name in
the general type, so the parametric calculations can
be different at the instance level without changing the
schema.

Step IV Create Constraints

«block»
Box
values
Height: mm
«block» «block»
Serv erArray DiskArray
values values

Speed : GFlops Storage : GB

Figure 9.3 Generalization

4. Create a set of Requirements and a corresponding set of Constraint Blocks which mirror the

Requirements. See the Requirements diagram in Figure 9.4 for the contents. To review

creating Requirements and Requirements Diagrams, see the Satellite tutorial, Section 6.

Note that the constraint parameters have specific ValueTypes.

req [Package] Electronics [ Req uirements ] |

«requirement»
Rack Capacity

ld="10.1"

«refine»

«constraint
RackConstraint
{verify=if(actual<= 1000, 1, 0)}

Text="The total height of all components in arack
must not exceed 1000 millimeters. "

«requirement»
Computing Speed

ld="20.1"

parameters

Text="The total computing speed of all server
arrays in a cell must meet or exceed the
requirements for that cell. *

«requirement»
Computing Storage

ld="20.2"

Text= "The total longterm storage of all diskarrays
in a cell must meet or exceed the requirements for
that cell. "

Figure 9.4 Requirements diagram

actual : mm
verify: Real
«constraint
SpeedConstraint
{verify=if(actual>= reqt, 1, 0)}
«refine»
parameters
actual : GFlops
verify: Real
reqt: GFlops
«constraint
StorageConstraint
{verify=if(actual>= reqt, 1, 0)}
«refine»
parameters
actual : GB
verify: Real
reqt: GB
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5. Inside the Containment tree, create three constraint blocks to sum over Height, in the case
of Rack, and Speed and Storage, in the case of Cell. The contents of the constraint blocks
HeightSum, SpeedSum, and StoreSum, are shown in the two parametric diagrams shown in
Figure 9.5 and 9.6.

par [Block Rack[ [E§ Rack ] [

«constraint» «constraint»
HeightSum : HeightSum Con3: RackConstraint
{a=sum(b)} {verify=if(actual<= 1000, 1, 0)}
Boxes: Box [1.%] e
52 il el e3 actual : mm verify: Real

- 2 Height : mm
‘ et

’ HeightReqtVerify: Real ‘

Figure 9.5 Parametric diagram for Rack

par [Block Cell[ Cell]l
R

«constraint
Conl: SpeedConstraint
{verify=if(actual>=reqt, 1, 0)}

«constraint
Speed1: Speed Sum
{a=sum(b)}

e4
‘ SpeedReqt : GFlops reqt: GFlops

Servers: ServerArray[1.%]

el e3

e2 .
Speed : GFlops —F b:GFlops  a:GFlops qﬁ Speed : GFlops | ]acual:GFlops it Real

‘ SpeedReqtVerify: Real ‘

«constraint»
«constraint» Con2: StorageConstraint
Storel: StoreSum {verify=if(actual>= reqt, 1, 0)}

{a=sum(b)} StorageReqt : GB ad . reqt: GB
7 e8 actual : GB
:

Disks : DiskArray [1..*]

Storage: GB

verify: Real

?ell)

‘ StorageReqtVerify : Real ‘

Figure 9.6 Parametric diagram for Cell

Step V Create Parametrics Model

6. Create a SysML Parametric diagram to define and display the relationships inside Rack
(Figure 9.5). Note that the part property Boxes:Box[1..*] represents all boxes belonging to
that rack and the constraint property HeightSum adds the heights of each of those boxes to
calculate a total height for all boxes in the rack, even though the number of boxes has not
been specified at this stage. The second constraint property in the diagram, Con3,
compares the actual total height (in mm) to 1000 and returns a Boolean value, 1 if less than
or equal to 1000 (requirement passed) and 0 if greater than 1000 (requirement failed).
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7. Create a second SysML Parametric diagram to define and display the calculation of the
requirements verification relationships inside Cell (Figure 9.6). This appears like a doubling
of the Height requirement checking, with one branch for calculating speed of the Servers
and another for the storage capacity of the Disks. Note that the Speed and Storage
Requirements are left as variables, where the Height Requirement was “hard-coded” as
1000 in the constraint. In this project, each configuration (instance) of the system will have
different speed and storage needs, while racks are of a standard size.

Step VI Validate Parametrics Model
8. To validate the model schema, RC on System in the Containment tree and select
ParaMagic—Validate

Discussion - Schema and Instance

At this stage, we have created a rather simple schema which may be applied to multiple instances
of arbitrary complexity. The algorithms we use to calculate system performance and resource needs are
created once in an easily understood graphical format (parametric diagram), and re-used wherever the
block holding that parametric diagram occurs. Compare this with a typical spreadsheet, where the
distinction between schema and instance is not made. Each formula is buried in multiple cells, all of
which must be updated when the model is changed. While spreadsheets excel at the organization and
presentation of tabular data, they have their limits as system modeling tools.

Step VII Create an Instance
9. Create an instance library containing an instance block for each of the standard components
to be used in building real system configurations. These instances can be used in each of
the configurations we build.
a. RC Electronics and create a new Package = InstancelLibrary
b. RCInstancelibrary and create a new Instance Specification with Name =
A501_Server and Classifier = ServerArray
c. Assign values of 200 (mm) and 15 (GFlops) to the Height and Speed slots in
A501_Server.
d. RCInstancelibrary and create a new Instance Specification with Name = J30_Disk
and Classifier = DiskArray
e. Activate the Height and Speed slots in J30_Disk and assign values of 300 (mm) and 5
(GB).
f. RCInstancelibrary and select ParaMagic—Util— Assign Default Causality.

10. Create an instance of a system configuration comprised of one computer cell spread over
two racks. See Figure 9.7.
a. RCElectronics and create a new Package = Instance01
b. InInstance01, create one instance of System (System01), two instances of Rack
(Rackl and Rack2), and one instance of Cell (Cell1).
c. InlInstance01, create a block definition diagram Instance01.
Drag System01, Celll, Rackl and Rack2 into the diagram.
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e. Drag A501_Server into the diagram 3 times. This creates 3 symbols of the same
instance block, not 3 blocks.
Drag J30_Disk into the diagram 3 times.

g. Create the links as shown in Figure 9.7. Note that each component instance is
linked to one rack (where it is physically located) and one cell (where it is
electronically part of a specific computer system).

bdd [Package] Instance0l [ @ Instance01 ] |
«block» = |
System01: System
Cells = Cell1
Racks = Rackl ,Rack2
«block» «block» «block» (=]
Rackl : Rack Celll: Cell Rack? : Rack
Boxes = AS01_Server Disks = J30_Disk Boxes = AS01_Server
A501_Server, J30_Disk J30 _Disk, J30_Disk J30 Disk J30_Disk
Height="" Servers = A50L_Server Height=""
HeightReqtVerify= " AS01_Server, ASOL_Server HeightReqtVerify= "
Speed =""
SpeedReqt = "50"
SpeedReqtVerify =""
Storage=""
StorageReqt= "10"
StorageReqtVerify = ""

«bllock» E «bllock» E
AS501_Server | ServerArray AS501_Server | ServerAnray
Height = "200" Height = "200"

Speed = "15" Speed = "15"

«block» = «block» =
AS01_Server : Serv erArray J30 Disk : DiskArray
Height = "200" Height = "300"

Speed = "15" Storage = "5"

«block» «block»
J30_Disk : DiskArray J30_Disk : DiskArray
Height = "300" Height = "300"
Storage = "5" Storage = "5"

Figure 9.7 Instance01 diagram containing one Cell spread over two Racks

h. Activate the slots in the rack and cell instances. In Celll, SpeedReqt = 50 and
StorageReqt = 10. Other values are initially unknowns.
i. Apply Assign Default Causality to Instance01. Change causality of the ...Verify slots
to target.
Discussion — Instance Libraries
There are alternate ways to build instances from instance libraries, which may provide the same
answers but each with different strengths and weaknesses.
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¢ In the approach shown above, a single instance block of each type appears multiple times in the
diagram, but each diagram symbol refers back to the same instance. A change in a slot value for
the instance block will appear in all of the diagram symbols for that component.

e Alternately, we could cut-and-paste multiple copies of the component in InstanceLibrary into
Instance01, then drag those copies into the instance diagram. In this case, each instance of the
component is independent and each slot value can be varied independently. This is a much better
approach when the instance block contains an unknown calculated during parametric execution,
because each instance can hold a different calculated value for this slot.

o Alternately, we could drag a single instance block into the diagram and create multiple links to it.
For example, the A501_Server instance block would be the destination of two links from Rack1,
three from Celll and one from Rack2. While the resulting diagram might be somewhat smaller,
it mignt also be more difficult to understand.

Step VIII Solve the Instance
11. Run the parametric solver
a. RCthe Instance_01 package.
b. Select ParaMagic—Browse.

Mame Qualifie... | Type Causality Yalues
E Sysbem Electronic. .. System
E-CF Cells Cell[1,7]
E}--CEIIS[D] Electronic,.. Cell
-] Speed REAL karget FTETY
-1 SpeedReqt REAL qiven 50
-] SpeedReqtierify REAL undefined T
-] Skorage REAL Largek Y
-] SkorageReqt REAL qiven 10
-] ShorageR.eqtverify REAL undefined T
[E-{F] Disks Diskarray[1,7]
E-{_F] Servers Serverfrray[1,7]
E-Fl Racks Rack[1,7]
E}--Racks[lil] Electronic... Rack,
-] Heigh: REAL Larget Y
-] HeightReqtyerify REAL undefined T
i [EH-{F] Boxes Box[1,7]
E}--Racks[l] Electronic... Rack,
-] Heigh: REAL Larget Y
-] HeightReqtyerify REAL undefined T
E-{_F] Boxes Box[1,7]

Figure 9.8 ParaMagic Browser for Instance_01, before solution, partially expanded

c. Press “Solve”. The results in Figure 9.9 show 1 (Pass) for HeightReqtVerify for both
racks and for StorageReqtVerify for Celll. SpeedReqtVerify for Celll is O (Fail)
because the cumulative calculating speed of all servers in the cell is 45 GFlops, less

than the requirement of 50.
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Mame Qualifie... Type Causality Yalues
E Syskem Electronic,, . Syskem
=-LF Cells Cell[1,7]
E}--CEIIS[D] Electronic,., Cell
-] Speed REAL karget 45
-] SpeedReqt REAL qiven 50
-] SpeedReqtverify REAL ancillary 1]
-] Skorage REAL karget 15
-] StarageReqt REAL qiven 10
-] SharageReqgtyerify REAL ancillary 1
[H-[F] Disks Diskarray[1,7]
[-[F] Servers Serverdrray[1,7]
E-F] Racks Rack[1,7]
E}--Racks[[l] Electronic,,. Rack,
© 4[7] Height REAL target 700
-] HeightReqtverify REAL ancillary 1
i [H-[FlBoxes Box[1,7]
E}--Racks[l] Electronic,,. Rack,
-] Height REAL karget &00
-] HeightReqtverify REAL ancillary 1
[-[F] Boxes Box[1,7]

Figure 9.9 ParaMagic Browser for Instance_01, after solution

Step VIl Create an Instance (Second Configuration)
12. Create a new instance of a system configuration comprised of two computer cells spread
over three racks. See Figure 9.10. Repeat process in Step 10.

Step VIII Solve the Instance (Second Configuration)
13. Run the parametric solver. See Figure 9.11 for results. Note that no changes had to be made
to the parametric diagram or any other part of the schema to run the new parametric model
calculations.
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[ 1] Speed
[ 1] SpeedReqt
[ 1] SpeedReqtyerify
-] Storage
[ 1] StorageReqt
-] StorageReqtierify
E1-{F] Disks
i [-CF Servers
B-Cells{1]
[ 1] Speed
-{1] SpeedReqgt
[ 1] SpeedReqtyerify
[ 1] Storage
[ 1] StorageReqt
-{T] StorageReqtyerify
{71 Disks
B-{F] Servers
E-Fl Racks

E}-Racks[0]
¢ i Height
-1 HeightReqtyerify
1-[F] Boxes
Racks[1]
-] Height:
1] HeightReqtverify
i E-CF Boxes
E-Racks[2]
-] Height
[ 0] HeightRegt¥erify
- F] Boxes

Electroni..

Electrani,..

Electroni...

Electroni...

Electroni...

Electroni...

. System
Cell[1,7]
Cell
REAL ancillary 45
REAL given &0
REAL karget 1]
REAL ancilary 10
REAL given 15
REAL karget u]
Diskarray[1,7]
Serverarray[1,7]
Cell
REAL ancillary 30
REAL given 40
REAL target 1]
REAL ancillary 10
REAL given 10
REAL karget 1
Diskarray[1,7]
Serverarray[1,7]
Rack[1,7]
Rack
REAL ancilary 700
REAL karget 1
Box[1,7]
Rack
REAL ancilary 300
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Figure 9.11 Browser for Instance02 after solution
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Figure 9.10 Instance02 diagram containing two Cells spread over three Racks
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