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pkg System Model )
1 1 ] 1

Structure Parametrics

Requirements Behavior

req Requirements ) act A0 J bdd Structure ) parAnaIysisJ)

«block» property 1

r :System 1 | :System 2
«requ;?ment» System Context
\ L
\E’j ?_W :Constraint 1
[

L4
. Sl // 1 [
«requirement» «requirement» | [ - T \»\V «blocko» «block»
R1.1 R1.2 «satisfy» System 1 | | System 2
Text =“1;he system values property 1.1 property 1.2
shall property 1
® I t Path names not included
N «bloc «block»
— Compolr(l); nt 1 Component 2

act A1 J /
values values

:Component 1 | :Component 2 property || property 1.2

oV
ibd Sysfm 1 )

oV

+£] :Component 1 I%—%I :Componentz%—[
FIGURE 3.3

|-y

Simplified diagrams highlighting some of the language features for each kind of diagram in SysML-Lite.



Podemos iniciar com uma visao geral do contexto do sistema

bdd [Package] Structure [Top Level Hierarchy ] )
- «block»
- Automobile Domain ->
———
driver, pass|0..4 bag v I pe
«block» «block» «block» «block» «block»
Driver | |Passenger Baggage «system of interest» Physical Environment
Vehicle ]
l J;, r ee [0.." atm
«block» «block» «block» «block»
Vehicle Occupant Road External Entity Atmosphere
values values
friction : Real temperature : DegC{unit = DegreeCelsius}
incline : Radian{unit = Radian} air density : Mass/Volume

FIGURE 4.3

Block definition diagram of the Autormobile Domain showing the Vehicle as the system of interest, along with the
Vehicle Occupants and the Environment. Selected value properties for the Road and Atmosphere are also shown.



Estudar a interconexao em alto nivel

ibd [Block] Automobile Domain [ Vehicle Context | )

pe : Physical Environment

ee : External Entity [0..*] atm : Atmosphere r : Road
1 1
right rear : Road IF left rear : Road IF
Y Ssensor Input '; Air
: Visual IF : Air IF
driver : Driver v : Vehicle right rear y
Accelerator Cmd : Ft-lb
. ] -
: Foot IF = [ || Accelerator IF torque
right rear : Tire IF —>|7 left rear :
) Gear Select I: A Ft-lb
: Hand 'F[—>] > [—:v Gear Select IF
left rear : Tire IF [—)]
1 =
[
: Fuel Supply IF

FIGURE 4.9

The internal block diagram for the Automobile Domain describes the Vehicle Context, which shows the
Vehicle and its external interfaces with the Driver and the Physical Environment that were defined in
Figure 4.3.



Descrever a sequencia funcional dos elementos principais

driver : Driver v : Vehicle
. - Accelbrator Cmd | : Provide Power | torque out
i|| (| torque : Ft-lb
I+| «continuous»
| \|/ «continuous» I7J Gear Select

| Control
Accelerator
| Position : Accelrator Cmd

Control
Gear g
Select : Gear Select

FIGURE 4.7

Activity diagram allocated from the Control Neutral, Forward, and Reverse Power interaction uses that are
referenced in the Drive Vehicle sequence diagram in Figure 4.5. [t shows the continuous Accelerator Cmd
input and the Gear Select input from the Driver to the Provide Power action that the Vehicle must perform.



bdd [Package] Structure [ Vehicle Hierarchyu
«block»
«system of interesty [*
- Vehicle >
-

c b i pt ] ba sa ] ea
«block» «block» «block» «block» «block» «block» «block» «block»
«hardware» «hardware» «hardware» | | «hardware» «hardware» «hardware» «hardware» «hardware»

Chassis Body Interior Power Train | | Braking Assembly | |Steering Assembly ||Suspension | |Electrical Assembly
values ] ]
drag coef : Real
ft eng trans diff left rear right rear vp
block
ablock» dblock» ablock» cblock» dblock» charcoarey
«hardware» «hardware» «hardware» «hardware» «hardware» Vehicle Processor
Fuel Tank Engine Transmission | |Differential Wheel
reforonces allocatedFrom
«store» : Fuel «block» «software»Vehicle Controller
{complete, disjoint}
«block» «block»
«hardware» «hardware»
4-Cylinder Engine 6-Cylinder Engine

mas.... depois de um tempo é desejavel fazer a decomposicao do SuD

A block definition diagram of the Vehicle Hierarchy that shows the Vehicle and its components. The Power
Irain is further decomposed into its components, and the Vehicle Processor includes the Vehicle Controller
software.




ibd [Block] Vehicle [ Power Subsystem] J |

ea : Electrical Assembly E as rE|aG6es internas dOS SUD

- Gear Select IF vp : Vehicle Processor
—»——=]: Gear select IF
Gear Select
: Transmission Control IF Eﬂ—
: Accelerator IF
E)]—b— :Accelerator IF
Accelerator Cmd
- Engine Control IF
L
pt : Power Train
E: ~Engine Control IF : ~'I(':r2:;sr|:|isl‘.sion diff : Differential right rear : Wheel i th nlegr ]
: M . ire
. : Wheel IF
eng : Engine L right : Diff Out IF et Bl > -
trans : Transmission : Tire IF torque right
-AIrIF :Air IF : Trans In IF - Diff In IF rear : Ft-lb
i Alir =l B Trans Out IFEH_L n left rear : Wheel left rear :
: Engine Out IF : Irans Qu : Tire IF
gine 2y left : Diff Out IF Wheel 'F_T. e o B
i Fuel IF - lire torque left
rear : Ft-lb
c : Chassis
Tj: Fuel IF
ft : Fuel Tank
FstoreT
: Fuel |
T: Fuel Supply IF
Fuel
: Fuel Supply IF
Lt
FIGURE 4.12
e The internal block diagram for the Power Subsystern shows how the parts of the Vehicle that Provide Power
are interconnected. The parts interact as specified by the activity diagram in Figure 4.11.




E descrever a arquitetura funcional no nivel de subsistemas...

act [Adtivity] Provide Power

«block» ft : Fuel Tank eng : Engine
«software»

Vehicle Controller

trans : Transmission

diff : Differential right rear : Wheel left rear : Wheel

«continuous»

Storeand  ).Fuel
Dispense Fuel ]

Engine
Parameters

include RPM, «continuous) out1: Engine Pgrameters
Temperature, Generate
: Fuel Torque
\ N
torfjue in
. ., : torque leftfrear
in : Engine[Parameters tgrt:ue Distribute }-0raue outfeft .:':;'.:ﬁ ] i left rear : Ft-lb
. . U i I i '
: Accelerator | «continuousy Control Fuel Air «continuous» — «continu «continuous» Torque «continuous» ccontinuous»
Cmd Mixture - - L ]  —T® ® torque in - torquelright rear
in: Acce ut Fuel-Air Cmd : Fugl-Air Cmd torque torque in | ] Provide :aht rear : Ft-lb
. out : Gear Select «continuous» Traction : ,Mr. -
e «continuous» : At torque out -Jright «continuous»
: Air |

) out2 : Engine Pafameters
«continuous»

B in : Enging Parameters

Control Gear
out]

Loss of
Traction

in: Gpar Select

- Gear Select

iURE 4.11 Cont’d FIGURE 4.11

The activity diagram for Provide Power shows how the Vehicle components generate the torque to move the

vehicle. This activity diagram realizes the Provide Power action in Figure 4.7 with activity partitions that
correspond to the components in Figure 4.10.



bdd [Package] Parametrics [Analysis Context] J

«block»

Vehicle Acceleration Analysis ~

ad «block»

Automobile Domain

{Teng (fuel flow rate, Ncyl, displ, eff eng, rpm)}

parameters
Teng : Ft-lb
fuel flow rate : Mass/Volume
Ncyl : Integer

displ : Cubic Inches
eff eng : Percent
rpm : RPM

{Ttrans (torque in, gear ratio, eff tm)}

{Tdiff (torque in, k, eff tdiff)}

«constraint» «constraint» «constraint» «constraint» «constraint» «constraint»
Gravitational Force Drag Force Power Train Force Total Force Acceleration Integrator
{fg=w/g*sin(theta)} {fd=0.5*rho™v*v*cd} {fp (Teng, Trans, Tdiff, Tw)} {f=Ai+fj+fk} {f=(w/g)*a} {yO+integral x(t)}
parameters paramefers parametlers parameters paramefers paramelers
w:LBS fd:LBS fp:LBS fi: LBS f:LBS y : MPH{unit = Miles per Hour}
fg:LBS rho : Mass/Volume fi: LBS a: Ft/Sec? y0 : MPH{unit = Miles per Hour}
theta : Radian v : Ft/Sec fk: LBS wt: LBS X : Ft/Sec2
cd : Real ft: LBS
«constraint» . i . :
Engine Torque «constraint» «constraint» «constraint»
g Transmission Torque Differential Torque WheelTorque

{Tw (torque in, wheel dia, tire friction)}

parameters
Ttrans : Ft-lb
torque in : Ft-Ib
gear ratio : Integer
eff tm : Percent

parameters

wheel dia : Inches

parameters
Tdiff : Ft-lb Tw : Ft-lb
torque in : Ft-Ib torque in : Ft-Ib
k : Integer

eff diff : Percent

tire friction : Real

FIGURE 4.13

mas.... agora... gostaria de descrever os parametros do meu SuD

Automonile Domain DIOCK Trom Figure 4.3 IS referenced since It IS the subject of the analysis.




par [Block] Vehicle Acceleration Analysis ) _
| ad : Automobile Domain |

«constraint» ‘ pe : Physical Environment
: Gravitational Force |
{w/g*sin(theta)} ‘ r: Road |
theta : Radian E ‘ incline : Radian |
_[fo:1BS [ w:LeS) | |

‘ v : Vehicle |
‘ weight : LBS |
[ [fc:LBS | | wt:LBS «constraint» |

«constraint» . BS «constraint» : Integrator |

: Total Force : Acceleration speed : MPH
{ft=fi+fj+fk} f:LBS a:Ft/Sec2 x:Ft/Sec2 y:MPH |
[]fi:uBs [ |fi:LBs [ ] yo:MPH | |
| b : Body |

fd : LBS Ll cd : Real

«constrainty | drag coef : Real |
: Drag Force

Ufp:LBS e
«constraint»

: Power Train Force

FIGURE 4.14

E descrever todo o equacionamento do SuD (no nivel desejado)
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Bem... vamos caminhar nos diagramas:

SysML
Diagram
[\
N
Package Requirement Behavior Parametric Structure
Diagram Diagram Diagram Diagram Diagram
NZ
. State Block Internal
Activity || Sequence | | y1ochine | | US€ €358 | | pefinition | | Block
Diagram Diagram : Diagram . .
Diagram Diagram Diagram

FIGURE 3.1

3 SysML diagram taxonomy.



Modelagem Parameétrica de
Restricoes (Constraints)

Capitulo 8




Introducao

* Um esforco de projeto tipico inclui a necessidade de realizar tipos
diferentes de analises de engenharia, como analise de budget, analise de
sensibilidade e otimizacao de projeto.

* Pode incluir a analise de desempenho, confiabilidade, custo e
propriedades do sistema em consideracao.

* O SysML suporta esse tipo de analise por meio do uso de modelos
parametricos.



Intro: Parametros sao propriedades/restricoes

* Os modelos paramétricos restringem as propriedades de um sistema, que
podem ser avaliadas por uma ferramenta de analise apropriada.

* As restricoes sao expressas como equacoes, com 0s parametros das
equacoes sendo vinculados as propriedades do sistema que esta sendo
analisado.



Intro: Constraint Block

* O SysML introduz o bloco de restricao para dar suporte a construcao de
modelos paramétricos.

* Um bloco de restricao € um usado para
para que possam ser reutilizadas e interconectadas.

* Os blocos de restricao tém dois recursos principais: um

* Que restringe esses parametros.

* Os blocos de restricao seguem o padrao de definicao e uso que se aplica a
blocos e partes.



bdd [Package] Power Analysis )

«constraint»
Power Consumption

constraints
pe : Joule’s Law
ps : Power Sum

parameters
component demands : W [0..*]
current: A
voltage : V
pe pS
«constraint» «constraint»
Joule’s Law Power Sum
constraints constraints
{power = current*voltage} {total power = sum
(component demands)}
parameters
current : A parameters
voltage : V component demands : W [0..*]
power : W total power : W

FIGURE 8.1

Example block definition diagram with constraint blocks.



Parametric Diagram

* Os diagramas parameétricos sao
usados para criar sistemas de
equacoes que podem restringir
as propriedades dos blocos.

O cabecalho completo para um

par [ConstraintBlock] Power Consumptioy

pe: Joule’s Law

. current : A
current : A[_| ]
. ]
power : W[_‘voltage VL voltage : V'—|

| |total power: W

ps: Power Sum component demands : W [0..7]
component demands : W [0..%] E

diagrama paramétrico é o ez

A parametric diagram used to construct systems of equations.

seguinte:

* par [model element kind] model
element name [diagram name]



Conteudo de uma restricao (constraints)

* O SysML inclui um mecanismo genérico para expressar restricoes em um

sistema como expressdes de texto que podem ser aplicadas a qualquer
elemento de modelo.

* SysML de restricao interna.

* A definicao de restricao deve incluir a linguagem usada para permitir que
a restricao seja avaliada.

* Uma restricGo também pode ser mostrada como um simbolo de nota anexado ao(s)

elemento(s) do modelo que ela restringe, com o texto da restricGo mostrado no
corpo da nota.



Blocos... Reusando restricoes

* O SysML também inclui um bloco de restricao que estende o conceito de
restricao genérica.

* Um bloco de restricao encapsula uma restricao para permitir que ela seja
definida uma vez e usada em diferentes contextos, semelhante a maneira
como as partes representam os usos de blocos em diferentes contextos.

* O conceito equivalente a parte € chamado de propriedade de restricao.

* A expressao de restricao de um bloco de restricao pode ser qualquer expressao
matematica e pode ter uma dependéncia explicita do tempo. Além da expressao
de restricao,

* Um bloco de restricao define um conjunto de parametros de restricao — um tipo
especial de propriedade usada na expressao de restricao. Os parametros de
restricao podem ser vinculados a outros parametros e as propriedades dos blocos.



*Um bloco de restricao é definido em um diagrama de
definicao de bloco (bdd)

* O compartimento de nome do bloco de restricao inclui a
palavra-chave «constraint» acima do nome para
diferencia-lo de outros elementos em um bdd.

* A expressao de restricao é definida no compartimento de
restricoes do bloco de restricao e os parametros de
restricao sao definidos no compartimento de parametros
usando o seguinte formato:

parameter name: type[multiplicity]



Usando composicao

* Os

modeladores
compor blocos de restricao

podem

complexos a partir de outros
blocos de restricao.

* Nesse

caso, O

bloco de

restricao composto descreve
uma equac¢ao que vincula os
parametros de suas restricoes

filho.

* [sso permite que equacoes

complexas

reutilizando equagdoes mais rouress

simples.

sejam definidas

bdd [Package] Power Analysis )

Power Consumption

«constraint»

constraints

pe : Joule's Law
ps : Power Sum

component demands : W [0..%]

current : A
voltage : V

parameters

T

pe

«constraint»
Joule’s Law

constraints

{power = current*voltage}

parameters
current : A
voltage : V
power : W

ps

«constraint»
Power Sum

constraints
{total power = sum
(component demands)}

parameters
component demands : W [0..*]
total power : W

A hierarchy of constraints on a block definition diagram.




*¥ 0 diagrama de parametros exibe a visdo
“interna” da relacdo entre restricoes/parametros

par [ConstraintBlock] Power Consumptioﬂ

~

pe: Joule’s Law
current : A current : A
power : W yoltage : V voltage : V
( total power : W )
ps: Power Sum component demands : W [0..]

component demands : W [0..*]

FIGURE 8.6
Internal details of the power consumption equation using a parametric diagram.




Interconexao igual ao IBD

-

~

demand equation
: Power Consumption

par [Block] Mechanical Power Subsystem [Power Consumption] ) ________________

| power source

voltage : V E
current : A |:

voltage : V

component demands : W [0..%] |:

rh

vy

: Collect

cl:W

current : A

kS
:
=

c2:W

c:WI[0.."]

:I c3:W
ca:w [ ]

_— e o — — — ——— —

e o o ——— — — — —

FIGURE 8.7

Binding constraints to properties on a parametric diagram.




Apontando valores

e Para permitir que uma ferramenta de

analise avalie blocos contendo
propriedades de restricao, pelo menos
algumas das propriedades de valor do
bloco em analise precisam ter valores
especificos definidos.

Muitas vezes, esses valores sao
fornecidos durante a analise por meio
da interface da ferramenta de analise,
mas também podem ser especificados

usando uma configuracao de bloco.

* [sso é feito criando uma especializagcdo do bloco com
os valores iniciais necessdrios ou usando uma
especificacdo de insténcia para descrever uma

instdncia do bloco.

par[Block] Mechanical Power Subsystem with 2W and 0.4W motors [All Values Supplied])

demand equation
: Power Consumption

voltage : V E
current : A E
component demands : W [0..*] l:

: Collect
cl :WE
cZ:WE

] c3W[ |

———————power source.voltage : V=12 |

c4:W E

FIGURE 8.8

Describing a specific analysis configuration.




Descrevendo propriedades temporais

* Uma propriedade de valor é frequentemente uma propriedade variavel
no tempo que pode ser restringida por equacoes diferenciais ordinarias
com derivadas de tempo ou outras equacdes dependentes do tempo:

* tratar o tempo como implicito na expressdo

* incluir uma propriedade de tempo separada que represente explicitamente o tempo
nas equacoes de restricGo



Tempo em uma expressao

par[Block] Mount Assembly [Azimuth Gimbal Position] )

azimuth gimbal. angular position: Radian

pos: Radian
g |_| I
: Angle Eq
{pos = integral(velocity)}

. [ ] )

velocity: Radian/s

azimuth motor.angular velocity: Radian/s = 0.1

FIGURE 8.9

Using a time-dependent constraint.



Tempo explicito entrando nos blocos

par[Block] Accelerating Object [Distance Traveled] )
r_ _ ﬁ;f_e;e_m_:; E:I_OEI;: : Distance at TO
: ; {if (t=0) d=0}
| time : s ' :
! | t:s [ ]d:m
d:m
( d:m| | )
: Distance Equation
—_ 1 *42
t:s ]t:s{d_u t+(a't)/2) [ ] a:m/s®>=9.8
a:m/s?
L u:mis'[ ]
u:m/s'=0

FIGURE 8.10

Explicitly representing time in a parametric diagram.



¥ Usando um restric3o para propriedades
associadas a um fluxo.

par [Block] Camera [Flux Loss] )

: Protective Housing

loss =0.5
external : Light ( loss ) polarized : Polarized Light
: Loss Eq
flux flux flux flux
___before after

FIGURE 8.11

Constraining item flows.



Parametros e dados no diagrama
de atividades
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* Os parametros de uma

atividade podem  ser
agrupados em conjuntos
de parametros, que
devem ter apenas
parametros de entrada ou
saida como membros.

FIGURE 9.9

Parametros das atividades

act [Activity] Request Camera Siaius)

camera number

I

diagnostic

[

error

IF':

power status

current mode

|_'7

An activity with parameter sets.

act Handle Status Hequesﬂ

{: Request Camera Status\

error

camera id : Integer

diagnostic

> | camera number

power status
current mode

(LU [

h. J/

o

e ~\
: Create Error

String
error

diagnostic

String
power

current status
.

: Create Status )

error string

camera
status : String

status string

FIGURE 9.10

Invoking an activity with parameters sets.




Buffers e Data Stores

* Um central buffer node fornece um armazenamento para tokens de
objeto fora de pinos e nds de parametro. Os tokens fluem para um no6 de
buffer central e sao

* As vezes, as atividades exigem que os mesmos tokens de objeto sejam
durante a execucao. Um tipo de
no de objeto chamado data store node pode ser usado para isso.

e Ao contrario de um no de buffer central, um né de armazenamento de dados
fornece uma copia de um token armazenado em vez do original.



act Capture Video J

light in focused light light in
{stream} {stream} {stream}
«optional» :Focus Light «datastore» :Convert Light video out : Video
captured image : Image .
current image - {stream}
{stream} images
{stream}
light in
{stream}

focus position :Adjust Focus
{stream} +H
FIGURE 9.11

Using a data store node to capture incoming light.
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Analysis Context



A modeler can create an analysis context

 What often occurs, however, is that the constraints on block properties
vary depending on the analysis requirements.

* An analysis context is modeled as a block with associations to the block
being analyzed (i.e., subject of the analysis), the chosen analysis model,
and any intermediate transformations.

* By convention, the block being analyzed is referenced by the analysis
context block because there may be many different analysis contexts for
the block being analyzed.

* A white diamond symbol or a simple association with no end adornment is
used to represent a reference from the analysis context block to the
subject of the analysis.



y

bdd [Package] Analysis [Network Latency Analysis])

Network Latency

values
video latency : Mbps
/analysis result : Boolean

T y subject
of
load satisfaction analysis analysis
computation , check model 4-Camera Wired
«constraint» «constraint» «constraint» Surveillance System
RealSum4 Compare Simple Queuing Model parts
parameters parameters parameters network: Wire:d Network
camera 1 : Wired Camera {subsets cameras}
o1 : Real goal : Real Ic:ad.: Real camera 2 : Wired Camera {subsets cameras}
sum : Real actual : Real service ratg : Real camera 3 : Wired Camera {subsets cameras}
02 : Real ok : Boolean response time : Real camera 4 : Wired Camera {subsets cameras}
03 : Real
04 : Real
FIGURE 8.12

An analysis context shown on a bdd (constraint equations not shown).




Binding values

* The parameters of the analysis model are bound to the properties of the
subject of analysis.

* The loads on the system from all four cameras in the subject of analysis
are summed to establish the total load using load computation. The
network bandwidth of the subject of analysis is used to establish the
service rate for the analysis model.

* The response time, calculated using analysis model, is then compared to
the required video latency using satisfaction check.



y

par [Block]

Network Latency )

subject of analysis
: 4-Camera Wired
Surveillance System

camera 1.data rate :

camera 2.data rate :

analysis model
: Simple Queuing Model

camera 3.data rate :

camera 4.data rate :

network.bandwidth :

:| load : Real

j service rate : Real

!
|
| load computation
| j : RealSum4

Mbps o1 : Real
| sum: Real |:
!

Mbps | | ] 02 : Real
!

Mbps | | ] 03 : Real
!
!

Mbps [ — ;\ 04 : Real )
!

Mbps ‘l

video latency : Mbps

required : Real

satisfaction check

.

response
time : Real

: Compare

offered : Real

A}

refines

«requirement» Required Network Throughplﬁ

ok : Boolean

/analysis result : Boolean

FIGURE 8.13

Binding values in an analysis context.




Trade

* A common use of constraint blocks is to support trade studies. A trade
study is used to compare a number of alternative solutions to see whether
and how well they satisfy a particular set of criteria.

e Each solution is characterized by a set of measures of effectiveness (often
abbreviated “moes”) that correspond to the evaluation criteria and have a
calculated value or value distribution.

* The moes for a given solution are then evaluated using an objective
function (often called a cost function or utility function), and the results
for each alternative are compared to select a preferred solution.



y

bdd [Package] Night Performance [Measures of Effectiveness] )

Camera

«moe»weight : kg

values

«moe»power consumption : W
«moe»environmental friendliness : Integer
«moe»light level : lux

T

Camera with Light

values
«moe»power consumption : W = 20
«moe»environmental friendliness : Integer = 4
«moe»lightlevel : lux = 0.01
«moe»weight : kg = 0.3

Low-Light Camera

values
«moe»power consumption : W = 10
«moe»environmental friendliness : Integer = 10
«moe»lightlevel : lux = 0.25
«moe»weight : kg = 0.2

FIGURE 8.14

Two variants of a camera for handling low-light conditions.




bdd [Package] Night Performance [Night Performance Trade-off] )

Night Performance Trade-off

values
/option1 : Real

/option2 : Real

I |

cf1 cf2

«objectiveFunction»
NP Cost Function

Low-Light Camera

parameters
weight : kg{unit = Kilogram, dimension = Mass}
power : W{unit = Watt, dimension = Power}
level : lux{unit = Lux, dimension = llluminance}
ef : Integer
score : Real

Camera with Light

FIGURE 8.15

A trade study represented as an analysis context.




par [Block] Night Performance Trade-off)

/option 1 : Real = 400

4 ™
«objectiveFunction»

cf1 : NP Cost Function

: Camera with Light

«Moe»
power consumption : W = 20

«moe»
[ | environmental friendliness : Integer = 4

«moe»

light level : lux = 0.01

«moe»

/option 2 : Real = 450

power : W I:

] ef : Integer [ |
score : Real

level : lux E

weight : kg [

AN J/

- 2

«objectiveFunction»
cf2 : NP Cost Function

weight : kg = 0.3

: Low-Light Camera

«moe»
power consumption : W = 10

power : W E
] ef : Integer [ |
score : Real

«mMoe»
| | | environmental friendliness : Integer = 10
|

«moe»

level : lux I:

light level : lux = 0.25

«moe»

weight : kg |:
vy

weight : kg = 0.2

FIGURE 8.16

Trade-off results between the two low-light camera variants.




What is a trade study!?



Step by step...



* 0) Create the packages of what you want to do a
trade study T Y

i

* First Create the basic S
packages General A
* Click on model, and create two
ackages: & Block
P 8 . ) E5 Interface Block
* Requirements and £l Constraint Block
e SuD and Value Tvpe
e Systems and
e TradeStudies R Contain.. . A0 =
Containment
| = ESwQ & -
E[+] Model
] Requirements
] SuD
] Systems

] TradeStudies



*¥ 1) Create the architecture that you want to do a
trade study

* Create the “systems” and a BDD

] Requirements

] SuD
E—l Curctnmac L bdd [Package] Systems [ Systems ])
C Create Diagram: |
«block» «block»
—.- ‘.—
Remote Avionics A-29 Platform
General # '

= Requirement Diagram
== Requirement Table
< SysML Activity Diagram autonomySystem  commLink flightControl

. ans . block block block
= SysML Block Definition Diagram - - e
AutonomySystem CommLink FlightControl

&5 Sure M1 Intarnal Rlacl NiaAaram




*¥ 1) Create the architecture that you want to do a
trade study

SuD and add the
compositions of the

«block»
SuD System (A-29 A-29 Remote
Remote) w/ the other ¥ f
existing elements
A-29 Platfonnv remote Avinnicsv
«block» «block»
A-29 Platform Remote Avionics

parts

flightControl: FlightControl
commLink : CommLink
autonomySystem : AutonomySystem




y

2) Create value alternatives (roll-up patterns

@ - .
Selection bdd [Package] SuD[ SuD ]
|+ ENER T
R oo
Tools n
% z T «block» P _|]E
Specification «
Common . L
te E — Symbol Properties <
DL Element Group >
[] Package
m El Block A-29 Platform Create Diagram
stem 9 Interface ... «block» Create Relation >
A-29 Platforr _
| ESl Flow Spe... TR Select in Containment Tree B
nics E Constrai... ‘g Select in Structure Tree
E2 Domain - Go To >
Value T... = Display >
CEl Enumerat... Related Elements >
, Sianal Refactor >

v

Hierarchy Diagram Wizard..

Create Instance... .

Extract Legends Edit Compartments
Generic Table Wizard... Stereotype
Create Internal Block Diagram by Behavior Model

Simulation >
Export to Modelica

Export to Simulink

Apply Rollup Pattern...

Remove Rollup Pattern...

Parametric Equation Wizard
12 use case Di... |

[ ] [ ] Rollup Pattern Wizard

Apply the rellup pattern

Select one or more pattern
Elocks to apply them
recursively.

Select Pattern Block:
B CostRollUpPattern -
Apply Recursively
Set Role Name
Set Subsetted Properties

o Create Value Properties and Redefine

OK Cancel Help

Create cost//mass

QSearch by Name
3 matches

B CostRollUpPattern
E] MassRollUpPattern
E] PowerRollUpPattern




e

Result of the rollup pattern

bdd [Package] SuD[ SuD ])

A-29 Platform

«block»
A-29 Remote

values
cost : Real [1] = 0.0{redefines cost}

/totalCost : Realredefines totalCost}
mass : Real [1] = 0.0{redefines mass}
/totalMass : Realredefines totalMass}

{subsets subCost, subsets subMass}

«block»
A-29 Platform

values
cost : Real [1] = 0.0{redefines cost}

/totalCost : ReaKredefines totalCost}
mass : Real [1] = 0.0{redefines mass}
/totalMass : ReaKredefines totalMass}

'

remote Avionicsl{subsets subCost, subsets subMass}

«block»
Remote Avionics

parts
flightControl: FlightControksubsets subCost,subsets subMass}

commLink : CommLink{subsets subCost,subsets subMass}
autonomySystem : AutonomySystem{subsets subCost,subsets subMass}

values
cost : Real [1] = 0.0{redefines cost}

ItotalCost : ReaKredefines totalCost}
mass : Real [1] = 0.0{redefines mass}
ItotalMass : ReaKredefines totalMass}




e

Result of the rollup pattern

bdd [Package] Systems [ Systems ])

«block»
Remote Avionics

values
cost : Real [1] = 0.0{redefines cost}

[totalCost : Realredefines totalCost}
mass : Real [1] = 0.0{redefines mass}
/totalMass : Real{redefines totalMass}

Y ]

autonomySystem |{subsets subCost, subsets subMass}

flightControl | {subsets subCost,

«block»
AutonomySystem

«block»
FlightControl

values
cost : Real [1] = 0.0{redefines cost}

[totalCost : Realredefines totalCost}
mass : Real [1] = 0.0{redefines mass}
/totalMass : Real{redefines totalMass}

values
cost : Real [1] = 0.0{redefines cost}

[totalCost : Realredefines totalCost}
mass : Real [1] = 0.0{redefines mass}
/totalMass : Real{redefines totalMass}

«block»
A-29 Platform

values
cost : Real [1] = 0.0{redefines cost}

[totalCost : Realredefines totalCost}
mass : Real [1] = 0.0{redefines mass}
[totalMass : Real{redefines totalMass}

subsets subMass}

commLink |{subsets subCost, subsets subMass}

«block»
CommLink

values
cost : Real [1] = 0.0{redefines cost}

ltotalCost : Realredefines totalCost}
mass : Real [1] = 0.0{redefines mass}
/totalMass : Real{redefines totalMass}




¥ Return into the Systems BDD and add 3
CommlLink alternatives

&2, & Systems X {

«block»
'mote Avionics

values
1] = 0.0{redefines cost}

teaKredefines totalCost}
[1]= 0.0{redefines mass}
Realredefines totalMass}

[
Zontrol|{subsets subCost, subsets subMass} commLink |{subsets subCost, subsets subMass}
«block» «block»
lightControl CommLink
values values
1] = 0.0{redefines cost} cost : Real [1] = 0.0{redefines cost}
teal{redefines totalCost} /totalCost : Realredefines totalCost}
[1]= 0.0{redefines mass} mass : Real [1] = 0.0{redefines mass}
Realredefines totalMass} /totalMass : Real{redefines totalMass}

«block» «block» «block»
RFComm SatComm LASERComm




To easy things up create a bdd of the commlink

JLY

bMass}

commLink |{subsets subCost, s.ut: o’ 'subMass}
b | 1

5

cos
[)/tot
ma
/tot
o7+

_3

«blc
RFCi

i _ Create Diagram:

bdd [Block] CommLink[ CommLink ])

*r

General

¢4) SysML Internal Block Diagram
4 SysML Parametric Diagram

=) SysML Activity Diagram

3| SysML State Machine Diagram

B SysML Block Definition Diagram

Expert

«block»
CommLink

values
cost : Real [1] = 0.0{redefines cost}

/totalCost : Reakredefines totalCost}
mass : Real [1] = 0.0{redefines mass}
/totalMass : Reakredefines totalMass}

«block» «block»
LASERComm SatComm

«block»
RFComm




Redefine all the property values (ONLY THE PV

» El

Block attributes CommLink[ CommLink ])

The Attributes node contains a list of Block attributes. Create or delete attributes. Use the attribute specification
button to edit properties of a specific attribute.

«block»
CommLink
values
e Attributes cost : Real [1] = 0.0{redefines cost}
/totalCost : Realredefines totalCost}
] LASERComm ol A b mass : Real [1] = 0.0{redefines mass}
I— [B] Documentation/C . z4 B =, 5% w /totalMass : Real{redefines totalMass}
ST LRG Refaulvalus Classifier z
= l
+ cost Real [SysML::Librari... O E] CommlLink [Systems] «block» «block» «block»
LASERComm SatComm RFComm
+ totalCost Real [SysML::Librari... E] CommlLink [Systems]
+ mass Real [SysML::Librari... O E] CommlLink [Systems]
+ totalMass Real [SysML::Librari... E] CommlLink [Systems]
sum BT totar [ CLSomg o costRonupratern . &=
+ sum total [MD Customiz... E] MassRollUpPattern ...
=
+ subCost E] CostRollUpPattern |... E] CostRollUpPattern ...
Inner Elements
Template Parame | | g pMass E] MassRollUpPattern ... E] MassRollUpPattern ...
o the same

Up Down Create edefine Delete

variations

Close Forward Help



Will result in a thing like this

bdd [Block] CommLink[ CommLink ])

«block»
CommlLink

values
cost : Real [1] = 0.0{redefines cost}

/totalCost : ReaKredefines totalCost}
mass : Real [1] = 0.0{redefines mass}
/totalMass : ReaKredefines totalMass}

cost : Real [1] = 0.0{redefines cost}
/totalCost : ReaKredefines totalCost}
mass : Real [1] = 0.0{redefines mass}
ftotalMass : Realredefines totalMass}

cost : Real [1] = 0.0{redefines cost}
ItotalMass : Realredefines totalMass}
ItotalCost : ReaKredefines totalCost}
mass : Real [1] = 0.0{redefines mass}

FAY
«block» «block» «block»
LASERComm SatComm RFComm
values values values

cost : Real [1] = 0.0{redefines cost}
ItotalCost : Reakredefines totalCost}
mass : Real [1] = 0.0{redefines mass}
ItotalMass : Realredefines totalMass}




Place some numbers...

bdd [Block] CommLink[ CommLink ])

«block»
CommLink

values
cost : Real [1] = 0.0{redefines cost}

ItotalCost : ReaKredefines totalCost}
mass : Real [1] = 0.0{redefines mass}
ItotalMass : ReaKredefines totalMass}

[AY

cost : Real [1] = 10.0{redefines cost}
/totalCost : ReaKredefines totalCost}
mass : Real [1] = 30.0{redefines mass}
totalMass : Real{redefines totalMass}

cost : Real [1] = 30.0{redefines cost}
/totalMass : ReaKredefines totalMass}
/totalCost : ReaKredefines totalCost}
mass : Real [1] = 10.0{redefines mass}

«block» «block» «block»
LASERComm SatComm RFComm
values values values

cost : Real [1] = 20.0{redefines cost}
/totalCost : ReaKredefines totalCost}
mass : Real [1] = 20.0{redefines mass}
/totalMass : ReaKredefines totalMass}

All this alternatives could be from a library of possible model configurations!!!




@0 Acsave @B O B YD v C -+ R tradeAutonomy — Saved

Home Insert Draw Pagelayout Formulas Data » () Comments

Create an Excel Alternative

B[] A-29 Remote |‘: o
i L= 0
[ Syster- 11
A . . 12
-/ R€ Create Diagram: ins 13 —1
& Sy
B A .
O A Other Diagrams
B C( Instance Table
E] Fli
B LA
b b Criteria
‘ r:é)dReelquirements Classifier: Drag elements from the Model Browse Scope (optional): Drag elements from the Model Browser Filter: Y~
[ SuD # ¥
—+—[] Systems

.- Relations
" Instance Table

£ Systems

=] A-29 Platform

E] AutonomySystem
=] CommLink

E] FlightControl

=] LASERComm

=] Remote Avionics

=] RFComm

M1 CatCAmm




Connect the reference to the file

54 B wQ
E—[=] Model

[ Requirements
[1SuD
[ Systems

E] CommLink

E] FlightControl

E] LASERComm

E] Remote Avionics
E] RFComm

E] satComm

B[ TradeStudies

Properties

| Element | Tags | Allocations | Traceability

B: B =t
=
Name Instance Table

Show Column Icons 3 true

Custom Columns
Displav Mode List

<>

TEIFR I fe= -
Criteria

Classifier: Autol

* Name

AirDrop
Recents
Applications
OneDrive
Downloads

1. tcloud

iCloud Drive
Documents
Desktop
Shared

- -

Scope (optional): Drag

cost : Real

Name

[CE-MBSE][EMB]][...
[CE-MBSE][EMB][...
B [CE-MBSE][EMB][...
== [CE-MBSE][EMB]]I...
B [CE-MBSE][EMB]L...
[CE-MBSE][EMB][...
B [CE-MBSE][EMB][...
* [CE-MBSE][EMB]]...
B [CE-MBSE][EMBI]L...
« [CE-MBSE][EMB]]...
[

B [CE-MBSE][EMB]]...

[CE-MBSE][EMB][...
= [CE-MBSE][EMB]]...
-] tradeAutonomy.xIsx

o R I N =

Filter:

[Vl mass : Real

s - Requisitos.pptx
sos de Uso (1).pptx
Casos de Uso.pdf

Casos de Uso.pptx
es e Requisitos.pdf
s e Requisitos.pptx
- SE e Modelos.pdf
SE e Modelos.pptx
ia Simplificada.pdf

a Simplificada.pptx
Ps e Interfaces.pdf
s e Interfaces.pptx
RADE STUDY.pptx

Q

AT

] SuD
=

DEBLAR -6 -

P2 Containment. 1% B
Containment

8% 5w Q

[] Systems

By -

Add Hyperlink
Create Attached File

[73 Create Diagram

I+

|

B[] Model
[] Requirements
[ SuD
-1 Systems
.7 Relations
™ Instance Table
£ Systems
] A-29 Platform
E] AutonomySystem
] CommLink
E] FlightControl
] LASERComm
] Remote Avionics
E] RFComm
E] satComm
tradeAutonomy. xlsx
E—~[] TradeStudies

= Properties
Properties

7 —
- Instance Table X
R e & Columns B L a
Criteria
Classifier: AutonomySystem Scope (optional): Drag elements from 1
# Name cost : Real mass : Real



=
- Check the sync

0 e Excel/CSV Sync Options

Set Excel/CSV sync options

xg s A = This tool allows you to specify settings before syncing content between an Excel/CSV file and a table. Select the
mns ;. e Q El Q Excel or CSV file to sync with the table. To define syncing or mapping options, click the Details button.
Excel/CSV File »

iptional): Drage  Read from File - Filtel ~Select Excel/CSV file

Write to File From file system
| mass : | O From model

- Excel/CSV File:
Syn C Optlo ns tradeAutonomy.xlsx >

~Sync Options

T

Excel/CSV Sync Options If rows in the file are deleted: ~ Mark as obsolete
~Mapping Options
| Sheet: Sheet1 &
[ First Cell: Al

]‘ CSV Delimiter:
Identification Property: © Default

First row contains headings
Table Columns Excel/CSV Columns

name (AL)

cost : Real cost (B1)
mass : Real mass (C1)

Details oK Cancel Help
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3) Requirements

* Create a requirement diagram

R - .

Containment %E

E ir 9 o I _
[=] Model Sﬁlﬂl:ltmn

[ Existing Elements . , loal T
[ R=== || ————. "
15t Create Diagram: | | ¢
General 2 n

in
|=] Requirement Diagram F

s Requirement Table

“= SysML Activity Diagram
& SysML Block Definition Diagram Bl
¢l SvsML Internal Block Diaaram cif




y

3) Requirements

* Create a Requirement Table

S - S — ~
Containment
of gt 63 ¥r Q o - i = v v-E-H
E—[z] Model SEIH““" req [Package] Requirements [ Requiements ]J
] Existing Elements u" Y mm T ‘
] Requirem==*= -
L& Requi create Diagram: req |

[ 5ubD

GCeneral

= Requirement Diagram
e

»

Requirement Table

»

Analysis Diagrams
S5 Satisfy Requirement Matrix
V Verify Requirement Matrix




Creating requirements

* Create into table ——

* Create into the diagram
* Copy and paste from e

&z Requirements X

& == Add New

Add New ( 381)
onal): Dragerements from the Model [

= Add Exist

2 Name

--- Horizont...

= Requirement...
[r] Requirement

-

| Ce] Extended
EY Constraint
_-a Satisfy

‘0 Derive

Require

- _J

ment




3) Requirements

* Create the requirements into the table view (could be on the requirement
diagram as well) — addnew and fill it.

= “ Requirements X |
¥ B [ - = Add New = Add Existing...
Criteria
Scope (optional): Drag elements from the Model [ Fil
# Name A Text

The Remote Aicraft mass shall not
1 [r] 3 Aicraft mass exceed 5400 kag.

The Remote Aircraft cost shall be
2 [r] 2 Overall Cost less than 100 M$.

The RemoteSystem cost shall be
3 [rRl 1 RemoteSystem Cost less than 4MS$.




3) Requirements

e Check the requirements

req [Package] Requirements[ Requirements ])

«requirement»
Aicraft mass

«reqguirement»
Overall Cost

I d - Il3ll
Text = "The Remote Aicraft

kg.

mass shall not exceed 5400

I d - Il2ll
Text = "The Remote Aircraft

cost shall be less than 100
MS$.

«requirement»
RemoteSystem Cost

Id - ll1ll
Text = "The RemoteSystem
cost shall be less than 4M$.

Table [Package] Requirements| Eﬁ Requirements ])
| # Name A Text

The Remote Aicraft mass shall not

1 [rl 3 Aicraft mass exceed 5400 kg.

The Remote Aircraft cost shall be

2 [rl 2 Overall Cost less than 100 M$.

The RemoteSystem cost shall be

3 [Rl 1 RemoteSystem Cost less than 4M$.




=

Enable requirement natural language processing

Options

Project

Tools

. . . — '
lmnee * Raal 1= N Niradafinac macel L

Analyze
Project Options

ble.mdzip [/Users/christophercerq
Specify general project properties

«requirement»

Aicraft mass

«requirement»
Overall Cost

Id ="3"
Text = "The Remote Aicraft

Id ="2"
Text = "The Remote Aircraft

: Project Usages
di
\ Specify the validation, project dependency checker options and other general project-specific options. kmgass shall not exceed 5400 :Aoss‘ shall be less than 100
Environment ‘ & 2
Perspectives a e o s‘
bdd [Package] SuD[ Si i
[ ge] [ Look andFeel g «requirement»
SDIOGIOH ) ) RemoteSystem Cost
Remote A-29 Q Type here to filter options General d="1"
alues : + =
cost : Real [1]= O\I.O{redeﬁnes cost} £ [ General . 9& B @3 B’Z I::: shaﬁhselesm;;asny:ﬁ;‘
=1 /totalCost : Real{redefines totalCost} — [ Browser = W i
- mass : Real [1] = 0.0{redefines mass} —™ Dependency Checker
.. /totalMass : Real{redefines totalMass} | ™ Di
power : Real [1] = 0.0{redefines power} lagrams 3 00 OTOTTe
ftotalPower : Real{redefines totalPower} — [ Element References Path to Used Project ] > . :
¥ General <install.root> /modelLibraries
... [ Legend Adorning /<install.root>/modelLibraries
i — [ Numbering Enable Dot Notation for Associations false
— [ ReqlF S .
(subsets subCoplafghaes subMass, subsegl&i‘ s su cé:;st subsets subMass, sm{::::i 's;m!‘mbsets _% Reg ubemeris Change Ownership of Non-Navigable Asso... true
M «block» «block» I— ¥ Simulation Qualified Name Display Style Absolute
I A-29 Platform FlightHelpingSystem ¢ — [ Suspect Links Synchronize Parameters and Arguments true
— o SYSML X Layout Template Creation Mode Definition
L— [ Validation
|— £ Diagram Info Layout use case scenario activity diagram false
Ej—lﬁ Symbol styles Decimal Places 4
#E Default model properties Eclipse UML2 XMI Output Location
Show Excel/CSV Import Migration Message true

(M Use Requirement Terms Glossary true

Use Glossary true
Tooltips Style Do Not Show

Use Requirement Terms Glossary
Set to true to use the Requirement Term glossary functionality which marks condition
phrases (e.g. less than, at least) in text.

Reset to Defaults

OK Cancel Help




y

Connect the requirement w/ the architecture

bdd [Package] SuD[ SuD ])

«block»
A-29 Remote

values
cost : Real [1] = 0.0{redefines cost}

/totalCost : ReaKredefines totalCost}
mass : Real [1]= 0.0{redefines mass}
/totalMass : Realredefines totalMass}

«requirement»
Overall Cost

A-29 Platform | {subsets subCost, subsets subMass}

«block»
A-29 Platform

values
cost : Real [1]= 0.0{redefines cost}

ftotalCost : ReaKredefines totalCost}
mass : Real [1]= 0.0{redefines mass}
/totalMass : Real{redefines totalMass}

1

remote Avionics |{subsets subCost, subsets subMass}

«block»
Remote Avionics

Id = "2"

Text = "The Remote Aircraft
cost shall be less than 100
MS.

«requirement»
Aicraft mass

parts
flightControl: FlightControlsubsets subCost,subsets subMass}

commLink : CommLink{subsets subCost,subsets subMass}
autonomySystem : AutonomySystem{subsets subCost,subsets subMass}

Id = "3"

Text = "The Remote Aicraft
mass shall not exceed 5400
kg.

values
cost : Real [1]= 0.0{redefines cost}

ftotalCost : ReaKredefines totalCost}
mass : Real [1]= 0.0{redefines mass}

«requirement»
RemoteSystem Cost

/totalMass : Realredefines totalMass}

Id - II1 1]
Text = "The RemoteSystem
cost shall be less than 4M$.




Relate total<values> to the requirements

* Select a total<value> and link w/ the corresponding requirement: ex.:
totalCost -> overall Cost

«requirement»
Overall Cost

RemoteSystem Cost




bdd [Package] SuD[ SuD ])

«block»
A-29 Remote

values
cost : Real [1]= 0.0{redefines cost}

/totalCost : Reakredefines totalCost} a
mass : Real [1]= 0.0{redefines mass}
/totalMass : Real{redefines totalMassja-

«satisfy»

«requirement»
Overall Cost

A-29 Platform | {subsets subCost, subsets subMass}

«block»
A-29 Platform

values
cost : Real [1]= 0.0{redefines cost}

/totalCost : ReaKredefines totalCost}
mass : Real [1]= 0.0{redefines mass}
/totalMass : Real{redefines totalMass}

—_—
—_—
—

remote Avionics |{subsets subC;st, éﬁbsets-sub__M_ass}

__ «satisfy»

«block»
Remote Avionics

parts
flightControl: FlightControfsubsets subCost,subsets subMass}

commlLink : CommLink{subsets subCost,subsets subMass}
autonomySystem : AutonomySystem{subsets subCost,subsets subMass}

values
cost : Real [1]= 0.0{redefines cost}

/totalCost : Real{redefines totalCost}
mass : Real [1] = 0.0{redefines mass}
/totalMass : Real{redefines totalMass}

Id - ll2ll
Text = "The Remote Aircraft cost shall
be less than 100 M$."

—_—
—_—

«requirement»
Aicraft mass

Id = l!3l!
Text = "The Remote Aicraft mass shall
not exceed 5400 kg."

«satisfy»

«requirement»
RemoteSystem Cost

TS

Id = l|1l!
Text = "The RemoteSystem cost shall
be less than 4M$."




4) Start the trade study analysis

* Create the trade package | T
5 % Q & -
* Create the bdd from the package B =] Model
1 Requirements
] SuD
D Systems
] Trade

Create Diagram: |

*r

General

= Requirement Diagram
&= Requirement Table

< SysML Activity Diagram

B} SysML Block Definition Diagram

2] SysML Internal Block Diagram

5 SysML Package Diagram



Create the trade study

bdd [Package] TradeStudies[ TradeStudies ])

«block»
«Analysis»

TradeStudy

values
OutOfSpec : Real
N : Integer
score : Real
winner : String

FAY

«block»
RemoteTradeAnalysis

A-29 Remote

«block»
A-29 Remote

parts
remote Avionics : Remote Avionics{subsets subCost,subsets subMass}
A-29 Platform : A-29 Platform{subsets subCost,subsets subMass}

values
cost : Real [1] = 0.0{redefines cost}
/totalCost : Reakredefines totalCost}
mass : Real [1] = 0.0{redefines mass}
/totalMass : Real{redefines totalMass}

«block»
Trade|

T2 Tree | E= List

3) Create a block and name it m
Tra deStUdy |t W||I bring the E Rem Block TradeStudy [MD Customi:
stereotype.

2) Create the analysis context

1) Drag the the system that will be trade



2

Results of creating the IBD of the trade analysis

A-29 Remote

«blocl
A-29 Rel

parts
remote Avionics : Remote Avionics{su

A-29 Platform : A-29 Platform{subsets

< |

Create Diagram: Search

ibd [Block] RemoteTradeAnalysis [ RemoteTradeAnalysis ])

General #
5% SysML Parametric Diagram

5] SysML Activity Diagram

53| SysML State Machine Diagram

&5 SysML Block Definition Diagram

Expert

Ascore : Real

A-29 Remote : A-29 Remote

/totalCost : Real

/totalMass : Real

remote Avionics : Remote Avionics

autonomySystem : AutonomySystem

commLink : CommLink

AQutOfSpec : Real AN : Integer

Awinner : String




Create a constraint of the object function

[R] Reference P...
[ Constraint ... |
Flow Pronarty

Constraint Property
Participanti ]

ibd [Block] RemoteTradeAnalysis [ Rem

oteTradeAnalysis ])

A-29 Remote : A-29 Remote

T

«constraint»
: Objective f
{score = - (0.4*cost + 0.6*mass)}

~_

A\

remote Avionics : Remote Avionics

}tﬁtal Cost : Real

J

otalMass : Real

autonomySystem : AutonomySystem

commLink : CommLink

AOutOfSpec : Real

AN : Integer Awinner : String




e
Show the parameter ports

«constraint» /totalCost : Real

ltotalCost : Real

/totalMass : Real

/totalMass : Real

o
g
g
-
ld | o) m

&

B il Display All Parameters

b

Parse and Create Parameters

—_—

IJ:'I—El TradeStudies

,? Relations . {score = - (0.4*cost + 0.6"mass)}
= TradeStudies

—--E3 Objective f

[ score : Real

[ cost : Real

O mass : Real

{} score = - (0.4*cc

1] RemoteTradeAnalysi

31



Interconnect w/ the architecture elements

ibd [Block] RemoteTradeAnalysis [ RemoteTradeAnalysis ])

«constraint»
: Objective f
{score = - (0.4*cost + 0.6*mass)}

( [ ]

A-29 Remote : A-29 Remote

«equal»
cost q

/totalCost : Real

remote Avionics : Remote Avionics

«equal»
mass «€q ItotalMass : Real

score
«equal»

Ascore : Real

autonomySystem : AutonomySystem

commLink : CommLink

AOutOfSpec : Real

AN : Integer

Awinner : String




5) Setting up the alternatives

* Via the possible specializations
* Via a excel file



[Pl Part Property

Create source references.. o A

Flow Property

—

N

Reference Property

score
«equal

ibd [Block] RemoteTradeAnalysis [ RemoteTradeAnalysis ])

A-29 Remote : A-29 Remote

«constraint» «equal»

[totalCost : Real

cost
: Objective f

{score = - (0.4*cost + 0.6*mass)}
mass «equal»

[totalMass : Real

( [ ]

score

«equal»

Ascore : Real

remote Avionics : Remote Avionics

autonomySystem : AutonomySystem

commLink : CommLink

AOQutOfSpec : Real

AN : Integer Awinner : String




Interconnect the block w/ the reference

L N Ty .~ .
ﬁ:rj Requirements Seleqlo"!h ibd [Block] RemoteTradeAnalysis [ RemoteTradeAnalysis ])
=[] SuD u ik -
A .
4 Relations Tools A-29 Remote : A-29 Remote
&2/ SUD 22T TR
=] A-29 Remote ¥

.27 Relations 7] Common
O «constraint»

LEl remote Avionics : Remote A |65 1htarnal Block Diagram e

[#l A-29 Platform : A-29 Platfo : Objective f

cost : Real [1] = 0.0 Value Property {score = - (0.4*cost + 0.6*mass)}

/totalCost : Real [Fl Part Property

mass : Real [1] = 0.0

/totalMass : Real

Z[] Systems Constraint Property

.27 Relations Flow Property

£ Systems —

] A-29 Platform

E] AutonomySystem

E] CommlLink
FlightControl

5 LAgSERComm E Constraint Parameter

=] Remote Avionics 1P Proxy Port -

A . AN -
= RFComm j/c Connector OutOfSpec : Real N : Integer

E] satComm S
#-[] TradeStudies ¥~ Binding Connector

«equal»

ost

ItotalCost : Real remote Avionics : Remote Avionics
ltotalMass : Real

mass «equal» autonomySystem : AutonomySystem

[Rl Reference Property

Ascore : Real

roperty

A —



e

How it shows

ibd [Block] RemoteTradeAnalysis [ RemoteTradeAnalysis ])

A-29 Remote : A-29 Remote

«constraint» «equal»

cost

/totalCost : Real

.

: Objective f E
{score = - (0.4*cost + 0.6*mass)}
mass «equal»

/totalMass : Real

k u 3

score

«equal»

Ascore : Real

remote Avionics : Remote Avionics

autonomySystem : AutonomySystem

commlLink : CommLink

AQutOfSpec : Real

AN : Integer

Awinner : String

" : AutonomySystem |

| : CommLink |

L __J




'
Do a binding connection

ITSIIVLE AYIVIITIVS . WEITIVLE AYIVIITLD Jﬂl
T, D DLbh,o-o. P | j/C —— — — —
-] autonomySystem : AutonomySystem | | 7 : AutonomySystem |
= = B e -

7 7

A
Binding Connector
Er

ISIHIVLIE AVIUVIIILYD . IEITIVLE AYIVITITLED
autonomySystem : AutonomySystem fgaual» [_: A_uto;om_ySy;teE |
[ .
commLink : CommLink {qauab | : CommLink |
e, —_— —_— —_— J




Change the stereotypes to alternatives

“E

equal» .y_ _____ N

=
D

qual» .

: AutonomySystem |

o = 1) Select both
elements

| : CommLink r

il

s~ Symbol Properties
Element Group

Create Relation

<+
>

>

TE Select in Containment Tree B

‘Bz Select in Structure Tree

Display

Related Elements
Refactor

Tools

Edit Compartments

Layout

vvvyvwvyy

>

: Auton¢c—-"-—*-— s

——== Stereotype: alter

alternatives [Property]
l I

aotype alfernatives [Property] [MD Customization for SysML::additional_stereoty

2) Select both elements

(press ~_ to select)

Apply Clear All Order



Link the specialization w/ the references

rofile:  <ALL> P

Ll = -y BO
ot ot (B -~ 8B

E- <> «alternatives» S
O kind n
O source

Qrsub|

J 'Eg Tree  B= List‘

=2

& <UNSPECIFIED>

2] Model

= MD Customization for SysM
== R Tags IJ;‘I—DIiSc:urceKind
[’ : CommLink -~ ~ O SUBTYPES
— 2] Usage in Diagrams i <ALL> izl

— 2] Documentation/Comments
— 2] Navigation/Hyperlinks

— (] Inner Elements

— (2] Relations

—[E] Connectors

—[2] Tags

—[E] Constraints

L [&] Traceability

L Ov _y oo

B «> «alternatives»
O kind
O source

Create Value commLink : CommLink elqual»

— -
«alternatives» |

: CommLink |

«alternatives»

| kind = SUBTYPES |




wy

Now link to the excel.

b R

: «alternatives» | I el
L aay  Specification
wemm= Symbol Properties

Element Group

& Tags

[R] : AutonomySystem -
. Profile: <ALL>

—[E]| Usage in Diagrams ]
— B8] Documentation/Comments B =% m o EEE
— [&]| Navigation/Hyperlinks '
— B Inner Elements B> «alternatives»
— B3] Relations O kind
— [&| Connectors O source
—[E] Tags
— [B] Constraints

L [&] Traceability

Create Value

autonomySystem : AutonomySystem

«e

2qual»

found in the Tree or List view. For an a
wildcards (*,7). You can also apply a fil

Qrexc

T3 Tree | E= List

=X

@ <UNSPECIFIED>
[2] Model
B[ MD Customization for SysML
E-[E SourceKind
L o EXCEL

«alternatives»

| : AutonomySystem |

walternatives»

| kind = EXCEL




¥ Adjust the source link w/ the excel - instance
table of the autonomy

TIHIVLE MAVIVIIILY ‘
Element tagged value specification . C auab = T ’
@ © Select Elements
Select a tag and click the Create Value button to create new value for it.
Select, search for, or create elements s 8
Type the name representing the model element you are searching for and select matches E o ] - *H—l‘—‘
_ found in the Tree or List view. For an advanced search, use the exact match, camel case, or = : vV
: = wildcards (*,?). You can also apply a filter to narrow down the search scope. ) '
0 < Tags \
T e Profile: <ALL>
Seg ACAATEATIN ~ Search for: Type and Package Property © Any Element
— [E&] Documentation/Comments 2l =X HEl -v 2O |]
— [2] Navigation/Hyperlinks v — A Q-|
— [E] Inner Elements <> «alternatives» T = |
— [E] Relations |: kind = EXCEL i ree E= List
— [E] Connectors O source EX
—[(E| Tags % <UNSPECIFIED>
— [E] Constraints Fx] Model

L—[B] Traceability 7 Relations

{71 MD Customization for Requirements [MD Customization for Requirements.mdzip]
7] MD Customization for SysML [MD_customization_for_SysML.mdzip]

7] MD Customization for ViewsViewpoints [MD_customization_for_ViewsViewpoints.mdzip]
7] Requirements

{71 SuD

7] Systems

-7 Relations

"™ Instance Table

£ Systems

E] A-29 Platform

EJ AutonomySystem

E] CommlLink

E] FlightControl




e

All settle

ibd [Block] RemoteTradeAnalysis [ RemoteTradeAnalysis ])

«constraint»
: Objective f
{score = - (0.4*cost + 0.6*"mass)}

. L]

4

« »
cost equal

A-29 Remote : A-29 Remote

/totalCost : Real

mass «equal)}

/totalMass : Real

score
«equal»

Ascore : Real

remote Avionics : Remote Avionics

autonomySystem : AutonomySystem

kequal» 5 «alternatives»

commLink : CommLink

qual»

«alternatives»

B kind = EXCEL
| source = Elnstance Table

AQutOfSpec : Real

AN : Integer

Awinner : String

;alte_maives_» |
: CommLink I

L

«alternatives» |

| kind = SUBTYPES




Create the Execution

] Systems | S~ .

=[] TradeStt - & T B3
.7 Relat Create Diagram: |sim| |
= Trad
Ed Obje!
] Rem

Simulation # |0

%3 Simulation Configuration Diagram

package TradeStudies| [{5f TradeStudies ]J

«SimulationConfig» X

«SimulationConfig»
addControlPanel = false

animationSpeed = 95

autoStart = true

autostartActiveObjects = true
cloneReferences = false
constraintFailureAsBreakpoint = false
fireValueChangeEvent = true
initializeReferences = false
numberOfRuns = 1

openSimulationPane = true
recordTimestamp = false
rememberFailureStatus = false
runForksinParallel = true
showActiveStatelmages = both
showActiveStatesOnPartShapes = true
showFlowingInformation = true
showHeldTokensInActivityDiagrams = false
showRuntimeValuesOnPartShapes = true
silent = false

solveAfterinitialization = true
startWebServer = false
terminateStreamingBehaviorsByOutputParameterMultiplicity = false
timeVariableName = "simtime"
treatAllClassifiersAsActive = true




Link the trade studies

7 Bo-Contaw— X8 T3 4] TradeStudies X
Containment Be i A - = )
24 5w Q o - _
E-[=] Model Selef_:_t_lopi package TradeStudies[ TradeStudies ]J
[] Requirements @ﬂ;u oot~
[ Results Tools y——
SimulationConfig» &
(7] SuD o T «
[ Systems 45 I
E—[] TradeStudies 1 Common «SimulationConfig»

.7 Relations

= TradeStudies
TradeStudies

X<>

Objective f

E] RemoteTradeAnalysis

Properties -

Element  Tags Allocations T 4 P E

Properties

= ¢ & -
B ||§|| B B

=

All

Name Results
Qualified Na... Results

Owner (2] Model

%] Simulation Configuration
X Simulation Confi

W User

age Switcher

e Configuration

ma Active Image

77 Time Series Chart
:FE Timeline Chart
A Histogram

O=
Y O=-
VOm

T3 Sequence Diagram Generator
[ CSV Export
Simulation Log

'S

Select Properties Config

addControlPanel = false

animationSpeed = 95

autoStart = true

autostartActiveObjects = true
cloneReferences = false
constraintFailureAsBreakpoint = false
fireValueChangeEvent = true
initializeReferences = false
numberOfRuns = 1

openSimulationPane = true
recordTimestamp = false
rememberFailureStatus = false
runForksinParallel = true
showActiveStatelmages = both
showActiveStatesOnPartShapes = true
showFlowingInformation = true
showHeldTokensInActivityDiagrams = false
showRuntimeValuesOnPartShapes = true
silent = false

solveAfterinitialization = true
startWebServer = false
terminateStreamingBehaviorsByOutputParameterMultiplicity = false
timeVariableName = "simtime"
treatAllClassifiersAsActive = true




Setup result location

Containment
L = wQ
+[=] Model
] Requirements
] Results
[ sub
7] Systems
E—[] TradeStudies
.7 Relations
2| TradeStudies
TradeStudies
Objective f
“& randon name )
] RemoteTradeAnalysis

Properties
Properties
Element | Symbol Tags

= H &~ -
Q’h ||§|I B B

All ¢
E|
Name randon name :)
Element ID _2021x_2_58b20
Terminate St... false
Silent false

Animation Sp... 95
Show Active ... true

Name)
Description)

N Tuna hava +A filtar neanartiac

Selection

B2 User Interface Con
2 Image Switcher

ma Active Image

#¥ Time Series Chart
:Ft Timeline Chart

A Histogram

3= Select Properties Config

7Y Sequence Diagram Generator
[} CSV Export

Simulation Log

-~

I:I# A

pac

-t B e S 25 EE

b Y | [ — | =™ s

kage TradeStudies[ [53) Tradi

addControlPanel = false
animationSpeed = 95
autoStart = frue
autostartActive Objects = tru
cloneReferences = false
constraintFailureAsBreakpo
ionTarget = =]Remo
ggeEvent = tru
initializeRefere
numberOfRuns = 1
openSimulationPane = true
recordTimestamp = false

—'rememberFailureStatus = fa

runForksinParallel = true
showActiveStatelmages = b
showActiveStatesOnPartSh
showFlowingInformation = ti
showHeldTokensInActivityD
showRuntimeValuesOnPart
silent = false
solveAfterlnitialization = true
startWebServer = false
terminateStreamingBehavio
timeVariableName = "simtin
treatAllClassifiersAsActive =

=}

f

Specify properties of the selected Simulation Configuration in the properties specification table. Choose the Expert or

Specification of Simulation Configuration properties

All options from the Properties drop-down list to see more properties.

=% @ @

“¢ randon name :)

—[E] Navigation/Hyperlinks
Usage In
Instances

Template Parameters
Inner Elements
Relations

Tags

L [E] Constraints

Web Server Properties

randon name :)

- B |EI| oEglc> ¢ T
=
» Name

Element ID

Execution Target
Auto Start

Number Of Runs
Result Location

Record Timestamp

ul
Execution Listeners

Solve After Initialization
Clone References

Constraint Failure As Breakpoint

Ramemhar Failure Status

Name
The name of the NamedElement.

Q Type here to filter properties

Close

Terminate Streaming Behaviors By Output...

randon name :)

false

Properties:

_2021x_2_58b2086d_1756671461685_1

7l

82

E] RemoteTradeAnalysis [TradeStudies]

true
1

false

true
false
false

falca

Back

Forward

Help

<>



y

Create an instance table to save the results

Lontainment

5w Q {5 =

-[2] Model

Selectiot

oo
=50
.

[7] Requirements
I:__l Re.ﬁ“‘"*
[JSuC Create Diagram: |inst

£ Sys

[ Tra

Other Diagrams

§8E Instance Table

g Conta. . A9 -

C

&l

## define the columns to add the selected system alternatives

" Instance Tablel X

8 Q o -

Model

[71 Requirements

[71 Results

L™ Instance Table1
[ SuD

[ Systems
[ TradeStudies
.7 Relations
52 TradeStudies

8% TradeStudies

£ Objective f

< randon name :)

E] RemoteTradeAnalysis

IIHE“

OHFHF

Criteria

=

Classifier: Drag elements from the Model Browsel

Scope (optional): Drag elements| m the Model Browser

Filter: "~

Properties
lement = Tags

A 4 gv
|Z¢ E B BX

#

Trade as classifier

Result as scope



* Now:

Play w/ the requirements and values to see the magic

o
e
L]
* If zero answers.. Remove all requirements and start to pla
er NSWers.. V requir n n I .
) = """ Instance Tablel X |2, 4 b
PR iRy fe= - + Columns Export @ ~ QY % - i a S5 -:iQ D -~
Criteria | Show or hide columns in the table
Classifier: RemoteTradeAnalysis Scope (optional): Results Filter: Y~
OutOfSpec . . . Cenns . . .
# Name - Real N : Integer score : Real winner : String [R] : AutonomySystem [’ : CommLink
1 = remoteTradeAnalysis 0 9 -3139.6 1 #3, : SatComm = OnlyFlight : AutonomySystem = remoteTradeAnalysis.satComm : SatComm
2 = remoteTradeAnalysis1 0 9 -3139.6 1 #3, : SatComm = OnlyFlight1 : AutonomySystem = remoteTradeAnalysis1.satComm : SatComm
3 =l remoteTradeAnalysis2 0 9 -3141.6 1 #3, : RFComm =1 OnlyFlight2 : AutonomySystem = remoteTradeAnalysis2.rfcomm : RFComm



Monte Carlo



What is a Monte Carlo Analysis?

* Definition:
* A Monte Carlo Analysis is a method that uses random sampling and probability to
explore the behavior of a system.

* Instead of calculating a single deterministic answer, we simulate the system
thousands of times with different possible input values.



How it works

* Define uncertain variables (e.g., component reliability, cost, fuel burn).
* Assign probability distributions (normal, uniform, triangular, etc.).
 Run many simulations (e.g., 10,000 runs).

 Collect the results to see the range of possible outcomes.

* It shows not just “what could happen” but how likely different outcomes
are.



Likelihood‘ <+ - Range of outcomes >

N

Chance of Risk to project

success budget

-

Risk to
business )

Project
contingency u ,

Management Final cost

Base cost reserve



Why is it Important in Systems Engineering?

e Systems Engineering deals with uncertainty
* System performance depends on many interacting variables.
* Requirements often include tolerances, probabilities, and margins.

* Monte Carlo helps to:
* Quantify risk and uncertainty in performance, cost, and schedule.

* Identify probability of requirement satisfaction (e.g., 95% chance aircraft range 2
3000 km).

* Support trade studies and design decisions with evidence.
« Communicate confidence levels to stakeholders (not just “it works” vs “it fails”).



Example

* Instead of saying: “The aircraft has a range of 3000 km.”

* We say: “There is a 90% probability that the aircraft range will exceed
3000 km, given uncertainties in fuel efficiency and payload weight.”



Tutorial step by step



So ok...

 Different of the Trade Study, where you select the alternatives and there is
no value iteration.

* The Monte Carlo will change the values of some parameters into a
distribution (usually normal).



Steps:

1. Create the study scope (pkg/par)
2. Add the normal variables

3. Create the Simulation
1. Setup the Simulation to show histograms and export the data to csv

4. Run



1 — Start creating the Package Structure

E 2w Q
=[] Model
—[] Analysis Context
— ] Requirements
— [ ] Results
— [ ] Simulations




¥ 1 — Create a single element that we will apply
Monte Carlo

E-[2] Model

[] Anghieie Fantavs | pkg [Package] Analysis Context[ Analysis Context ])

[ Re¢ create Diagram:
] Res

] Sim

»

General

“R% Requirement Diagram Rk
#m Requirement Table

<) SysML Activity Diagram

55 SysML Block Definition Diagram

] SysML Internal Block Diagram

@ SysML Package Diagram remote A29

O Cure Ml Dararmatrvice NiaArana ]
«block»

Create the pkg of the analysis context (to change a little) Remote A29

Analysis Context

Create the Analysis Context Block and add
the Remote A29



¥ 1. Define two constraints to create a simple
“math” (remember the parametric diagram!?)

it

«block»

Analysis Context

avionics temp

|

'

—>

«constraint»
temp_sim

constraints

{internal_temp = env_temp*kFac + massFlow*gasTemp*ACCoef + error}

—>

«constraint»
check_spck

constraints

{(internal_temp >= 50) && (internal_temp <=65)}

**random equation



y

1. Create values to the SuD

«block» S—

Analysis Context

@

remote A29

—>

Y

avionics_temp

«constraint»
temp_sim

constraints
{internal_temp = env_temp*kFac + massFlow*gasTemp*ACCoef + error}

«block»
Remote A29

values
aircond_coef : Real

mass_flow_rate : Real

«constraint»
check_spck

constraints

{(internal_temp >= 50) && (internal_temp <=65)}




¥ 1. Create the Parametric Diagram of the Analysis

Context

e
- :L Jii) avionics_temp
. | E

= Create Diagram:

tern
General = | =
&J SysML Internal Block Diagram F
< SysML Activity Diagram
53 SysML State Machine Diagram ?t_GE

&2 SysML Block Definition Diagram

Expert

L ]

par [Block] Analysis Context[ Analysis Context ])

remote A29 : Remote A29 .
«constraint»

avionics_temp : temp_sim

aircond_coef : Real {internal_temp = env_temp*kFac + massFlow*gasTemp*ACCoef + error}
mass_flow_rate : Real «constraint»
: check_spck

{(internal_temp >= 50) && (internal_temp <=65)}




1. Parse the constraints

T LM ITias>_1iovw_irdle . Redl
Il_'l— temp_sim

— ] ACCoef : Real

T — [ internal_temp : Real
— [ env_temp : Real

— [] gasTemp : Real

_ . ) — [ kFac : Real
______________ avionics_temp :temp_sim === | — O error : Real
{internal_temp = env_temp*kFac + massFlow*gasTemp*ACCoef + error} — [ massFlow : Real

— {} internal_temp = env_temp*kFac -

- DAamiramannte

«constraint»

—_

2 BB

«constraint»
: check_spck
{(internal_temp >= 50) && (internal_temp <=65)}

rse and Create Parameters

-

£ check_spck_
[ internal_temp : Real
{} (internal_temp >= 50) && (intern:

1 = a =~



1. Expose the ports

ntext ] ]

«constraint»

o lol

H
gl

i IfJis lay All Parameters
S:E-_r- play

118



par [Block] Analysis Context[ Analysis Context ])

remote A29 : Remote A29 ACCoef o

avionics_temp : temp_sim
{internal_temp = env_temp*kFac + massFlow*gasTemp*ACCoef + error}

internal_temp
aircond_coef : Real

env_temp

gasTemp

mass_flow_rate : Real

kFac

error

massFlow

A ENEEEEN

internal_temp

L]

«constraint»
: check_spck
{(internal_temp >= 50) && (internal_temp <=65)}




Create analysis variables and link to the aircraft:

par [Block] Analysis Context[ Analysis Context ])

remote A29 : Remote A29

«constraint» env_temp
avionics_temp : temp_sim I: env_Temp : Real
ACCoef {internal_temp = env_temp*kFac + massFlow*gasTemp*ACCoef + error}
aircond_coef : Real :|
error
mass_flow_rate : Real [ error : Real
asTem
massFlow [ 9 P gasTemp : Real

internal_temp kFac

kFactor : Real

int_temp : Real

internal_temp

[ ]

«constraint»
: check_spck
{(internal_temp >= 50) && (internal_temp <=65)}




pkg [Package] Analysis Context[ Analysis Context ])

avionics_temp «constraint»
«block» - )
Analysis Context fempreim
AT constraints

i = * * *
env_Temp : Real {internal_temp = env_temp*kFac + massFlow*gasTemp*ACCoef + error}
error : Real parameters
kFactor : Real ACCoef: Real
gasTemp : Real internal_temp: Real
int_temp : Real env_temp : Real
@ () () gasTemp : Real

kFac : Real

error : Real

massFlow : Real

«constraint»
remote A29
check_spck
«block»
constraints
Remote A29 {(internal_temp >= 50) && (internal_temp <=65)}
values
aircond_coef : Real : g peremetors
. internal_temp: Real

mass_flow_rate : Real




1. Initialize some values

«block»
Analysis Context

values
env_Temp : Real=90.0

error : Real

kFactor : Real= 0.5
gasTemp : Real=50.0
int_temp : Real

ma | f

remote A29

«block»
Remote A29

values
aircond_coef : Real = 0.02

mass_flow_rate : Real




2. Add the normal distribution types

AR avionics_temp
Analysis Context
“env_Tempvfll;;;I =900 g M «b‘lock» -
: Real -
WFacor :Real=05 1 ACCoef: Re Analysis Context
. S e e Ct t e Va u eS gdasTemp :Real=50.0 g internal_tem|
int_temp: Real env_temp : F
'BE gasTemp : R values
kFac : Real . -
tO Va rv: S env_Temp : Real=90.0
. jLasshlow.| «normal» error : Real
kFactor : Real = 0.5
¢ E 'ror mimsA gasTemp : Real= 50.0
«block» — )
. Remote A29 ol for «normal» int_temp : Real
([ J m i values —
I n t_te p .i;r:énc:lscv?ef pase| 2002 o internal tem ’ ”
L Symbol Properties X« ™
° fl Element Group >
Mass TIOW — . 3
— Create Relation >

P& Select in Containment Tree (B

° Ad d N orma | % Select in Structure Tres

Display

>
Related Elements >
stereotype : remote A29
Tools >
oo | [——d «block»
Edit Compartments o g . | B
sy ereotype: normal n Remote Azg
[ Stereotype | —
R
= lavout ‘ values
F aircond_coef : Real = 0.02

«normal» mass_flow rate : Real

(press ~_ to select)

Apply Clear All Order



¥ 2. Fill mean and std deviation in error /
mass flow

aviol
= I o «block»

[ ) @ Specification of Value Property error

. _ B Analysis Context
[ Specification of Value Property properties N

Specify properties of the selected Value Property in the properties specification table. Choose the Expert or All
options from the Properties drop-down list to see more properties.

values
’A env_Temp : Real = 90.0
«normal» error : ReaKkmean = 0.0, standardDeviation = 1.5}
i @ e kFactor : Real = 0.5
[ol error : Real 1 Bd o% abe . . =
Usage In Diagrams 24 a By O Properties: Standard & gaSTemp B Real 500
Documentation/Comments | E «normal» int_temp : Real
Naviaton typerinks | » (TS < <o -
Type Real [SysML::Libraries::PrimitiveValue Types] E:E ' ,
Default Value
Constraints . ValueProperty [Property] [MD Customization fc
B Applied Stereotype [@] Normal [Property] [SysML::Non-Normative Exts
Multiplicity (Unspecified)
Is Read Only false
Is Static false
Aggregation composite
Is Derived false
To Do
| Mean 0 | remote A29
Standard Deviation 1.5
«block»
Name Remote A29
The name of the NamedElement.
values
aircond _coef: Real=0.02
Q Type here to filter properties -—

«normal» mass_flow_rate : ReaKkmean = 36.0, standardDeviation = 2.0}
Close Back Forward Help . .




%Tjrg k Simulati [S' |ati ]J
3. Create Simulation

«SimulationConfig» X

w«SimulationConfig»

— e s N - . addControlPanel = false
=[] Model Selef_t_l'c'f_‘ animationSpeed = 95
[ Analysis Context @ S iog ~ autoStart = true
} Relations T autostartActiveObjects = true
B3 Analysis Context & = ¥ 7 cIoneR(::‘ferepces = false -
] Analysis Context - & constraintFailureAsBreakpoint = false
@ check_spck F1 Common fireValueChangeEvent = true
- initializeReferences = false
- Remote. A29 "2y Package Diagram numberOfRuns = 1
£ temp_sim ] Pac kage openSimulationPane = true
real . recordTimestamp = false
— [] Requirements 1 Package Import rememberFailureStatus = false
—[] Results ‘| . Element Import runForksinParallel = true
— [ Sim ™" - - showActiveStatelmages = both

showActiveStatesOnPartShapes = true

showFlowingInformation = true
showHeldTokensInActivityDiagrams = false
showRuntimeValuesOnPartShapes = true

% Simulation Configuration Diagram 1 silent = false

solveAfterinitialization = true

startWebServer = false
terminateStreamingBehaviorsByOutputParameterMultiplicity = false
timeVariableName = "simtime"

treatAllClassifiersAsActive = true

Create Diagram: |sim

% Zoom ' E | Simulation

b




3. Setup Simulation — bring the execution target

S = W Kk

E+[=] Model

-] Analysis Context
.7 Relations
B4 Analysis Context
£ Analysis Context
check_spck
] Remote A29
temp_sim
real
— ] Requirements
— [ Results
=[] Simulations

': Simulations

% mc_sim

Selection

- B

[] Common
-’ Simulation Configuration Di...
K Simulation Configuration

B3 User Interface Configuration
2 Image Switcher

ma Active Image

#4 Time Series Chart

FE Timeline Chart

A Histogram

O=

s Select Properties Config
T3 Sequence Diagram Generator
[isd CSV Export

Simulation Log

F'S

package Simulations| Simulations ])

«SimulationConfig»

«SimulationConfig»
addControlPanel = false

animationSpeed = 95

autoStart = true

autostartActiveObjects = true
cloneReferences = false
constraintFailureAsBreakpoint = false
fireValueChangeEvent = true
initializeReferences = false
numberOfRuns = 1

openSimulationPane = true
recordTimestamp = false
rememberFailureStatus = false
runForksinParallel = true
showActiveStatelmages = both
showActiveStatesOnPartShapes = true
showFlowinginformation = true
showHeldTokensInActivityDiagrams = false
showRuntimeValuesOnPartShapes = true
silent = false

solveAfterinitialization = true
startWebServer = false
terminateStreamingBehaviorsByOutputParameterMultiplicity = false
timeVariableName = "simtime"
treatAllClassifiersAsActive = true

g
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3. Set the number of runs

package Simulations| Simulations])

«SimulationConfig» X
mc_sim

«SimulationConfig»
addControlPanel = false

animationSpeed = 95

autoStart = true
autostartActiveObjects = true
cloneReferences = false
constraintFailureAsBreakpoint = false
executionTarget = =]Analysis Context
fireValueChangeEvent = true

initializeReferences = false
InumberOfRuns =200 I
openSimulationPane = true

recordTimestamp = false
rememberFailureStatus = false
runForksinParallel = true
showActiveStatelmages = both
showActiveStatesOnPartShapes = true
showFlowinglInformation = true
showHeldTokensInActivityDiagrams = false
showRuntimeValuesOnPartShapes = true
silent = false

solveAfterinitialization = true
startWebServer = false
terminateStreamingBehaviorsByOutputParameterMultiplicity = false
timeVariableName = "simtime"
treatAllClassifiersAsActive = true




3. Set some Ul w/ Histograms (bring the context

= = w K

E- =] Model
B[] Analysis Context

.27 Relations
£ Analysis Context
] Analysis Context
£ check_spck
] Remote A29
£ temp_sim
real
— 1 Requirements
—[] Results
[ Simulations

Simulations

A <>

& mc_sim

Selection

@ -

] Common
7] Simulation Configuration Di...
X Simulation Configuration

B3 User Interface Configuration
2 Image Switcher

ma Active Image

2~ Time Series Chart

-t Timeline Chart

A Histogram

43 Select Properties Config

7% Sequence Diagram Generator
[l CSV Export

Simulation Log

F's

package Simulations| Simulations ]J

«SimulationConfig» 4

«SimulationConfig»
addControlPanel = false

animationSpeed = 95

autoStart = true

autostartActiveObjects = true
cloneReferences = false
constraintFailureAsBreakpoint = false
executionTarget = =-]Analysis Context
fireValueChangeEvent = true
initializeReferences = false
numberOfRuns = 200
openSimulationPane = true
recordTimestamp = false
rememberFailureStatus = false
runForksinParallel = true
showActiveStatelmages = both
showActiveStatesOnPartShapes = true
showFlowingInformation = true
showHeldTokensInActivityDiagrams = false
showRuntimeValuesOnPartShapes = true
silent = false

solveAfterinitialization = true
startWebServer = false
terminateStreamingBehaviorsByOutputParameterMultiplicity = false
timeVariableName = "simtime"
treatAllClassifiersAsActive = true

«Histogram» i

& = T .
= a2l mc_ Sim '
«Histogram»

dynamic = false

«TimeSeriesChart»
annotateFailures = true
gridX = true
gridY = true

keepOpenAfterTermination = false
linearlnterpolation = true

plotColor = "#BC334E"
recordPlotDataAs = CSV




ure Histogram value = int_temp

- Specification of Histogram properties X
Specify properties of the selected Histogram in the properties specification table. Choose the Expert or All options
from the Properties drop-down list to see more properties. '
/2
=t R internal_temp
tinternal._ter.np ‘ ) 4 =t oy abe @ @] Select Nested Properties
Navigation/Hyperlinks - |
=) Select Nested Properties
Name inte  Select nested properties in a root classifier
Represents 1
i
|
o7
| o7
» Value | -
| B~ E] Analysis Context
| - : check_spck
|
F— avionics_temp : temp_sim
= | [~ env_Temp : Real = 90.0
L — [o] error : Real
X Label ' I
Y Label — gasTemp : Real = 50.0
Dynamic — [0l int_temp : Real
L Record Plot Data As CsvV — kFactor : Real = 0.5
g Value | B [® remote A29 : Remote A29 ||

Structural feature which value should be represen

Q Type here to filter properties

" Close B
Clear All Select All

~

. ~
UU.Uv.Uv;UUY - Divvi gy o TILC AL 1o TiniaiieTua.

00:00:00,000 : **** Block Analysis Context execution is terminated. ****

00:00:00,000 : Initial solving ... - Cancel

00:00:00,000 : Initial solving completed.
N0-0N-00 NNN - **%* Rlack Analucic Cantevxt ic initialized *¥**

Nan




et “keep open” and “dynamic”

(] (] Specitication ot Histogram internai_temp
packi Specification of Histogram properties
Specify properties of the selected Histogram in the properties specification table. Choose the Expert or All options
from the Properties drop-down list to see more properties.
T =) internal_temp
Al—erl:lr:)i_gt:tri]:)levperlinks B B =t = Properties: Standard
=
Name internal_temp
Represents = Analysis Context [Analysis Context]
Value [l int_temp : Real [Analysis Context::Analysis Cor
Title
X Label
Y Label
3 Dynamic true x

Record Plot Data As Ccsv
Result File csv
Grid X true
Grid Y true
Plot Color #BC334E
Keep Open After Termination true

J— Dynamic

— If true, open the histogram during multiple runs which shows dynamic results, otherwise

open the histogram at the end of all runs completion.

peed: Q Type here to filter properties

Close Back Forward Help

~ |[onmos 5o & =



3. Add histogram as Ul

pPacrage Jimuiauonsy Iﬂ OIITIUIH[IUHSJ)

mc_sim

«SimulationConfig» & «Histogram» A
internal_temp

«SimulationConfig»
addControlPanel = false

animationSpeed = 95

autoStart = frue

autostartActiveObjects = true
cloneReferences = false
constraintFailureAsBreakpoint = false
executionTarget = =]Analysis Context
fireValueChangeEvent = true
initializeReferences = false
numberOfRuns = 200
openSimulationPane = true
recordTimestamp = false
rememberFailureStatus = false
runForksinParallel = true
showActiveStatelmages = both
showActiveStatesOnPartShapes = true
showFlowingInformation = true
showHeldTokensInActivityDiagrams = false
showRuntimeValuesOnPartShapes = true
silent = false

solveAfterinitialization = true
startWebServer = false
terminateStreamingBehaviorsByQOutputParameterMultiplicity = false
timeVariableName = "simtime"
treatAllClassifiersAsActive = true

«Histogram»
dynamic = true
w«SelectPropertiesConfig»

represents = E=]Analysis Context
value = [oint_temp

« TimeSeriesChart»
annotateFailures = true
gridX = true
gridY = true

keepOpenAfterTermination = true
linearinterpolation = true
plotColor = "#BC334E"
recordPlotDataAs = CSV




S mc_sim D>
lations X
0 2 o - W ER el
package Simulations| Simulations])
«SimulationConfig» Y «Histogram» A

Di...

tion

ator

mc_sim

internal_temp

«SimulationConfig»
Ul = ‘&internal_temp
addControlPanel = false
animationSpeed = 95
autoStart = true
autostartActive Objects = true
cloneReferences = false
constraintFailureAsBreakpoint = false
executionTarget = (=]Analysis Context
fireValueChangeEvent = frue
initializeReferences = false
numberOfRuns = 200
openSimulationPane = true
recordTimestamp = false
rememberFailureStatus = false
runForksinParallel = true
showActiveStatelmages = both
showActiveStatesOnPartShapes = true
showFlowingInformation = true
showHeldTokensInActivityDiagrams = false
showRuntimeValuesOnPartShapes = true
silent = false
solveAfterinitialization = true
startWebServer = false

terminateStreamingBehaviorsByOutputParameterMultiplicity = false

timeVariableName = "simtime"
treatAllClassifiersAsActive = true

«Histogram»
dynamic = true
«SelectPropertiesConfig»

represents = =]Analysis Context
value = [olint_temp

« TimeSeriesChart»
annotateFailures = true
gridX = true
gridY = true

keepOpenAfterTermination = true
linearlnterpolation = true
plotColor = "#BC334E"
recordPlotDataAs = CSV




4. First Analysis nt_temp

int_temp
N 200
Mean 81.0266

50 | SD 2.5350
OutOfSpec 0.0000

* The value of outspec accept =«

235

c
all S0
X 5-30

 Why? |

* Because the constraint is
wrong: it is just um & ———
W check_spck

constraints
{(internal_temp >= 50) && (internal_temp <=80)}

parameters
internal_temp: Real




¥ 4 With the correct constraint fo

“opened” accepted value ©

rmula and

e > (T iA - - P& - 3 = i in - IE-E-iQ ip -
45 internal_temp
internal_temp
IE
int_temp mp «constraint»
— é t B
. emp_sim
int_temp =
65 1 N 200 constraints
s - | o *
60 | Mean 81.2587 {internal_temp = env_temp*kFac + massFlow*gasTemp*ACCoef + error}
SD 2.4991 parameters
OutOfSpec 0.6900 ACCoef: Real
internal_temp: Real
env_temp : Real
gasTemp : Real
> kFac : Real
g error : Real
§_ massFlow : Real
e
w

86

77 79 80 81 87 88 89

int_temp

73 74 75 76 82 83 84 85

.’a Derive

|

«constraint»
check_spck

constraints
{(intemal_temp >= 50) & (internal_temp <=80)}

parameters
internal_temp: Real

In this value 69% probability that it will meet the criterial



Consideracoes finais



Consideracoes

* A modelagem paramétrica tem vantagens.

VA {]

* Nada mais € do que conseguir indicar “parametros” “restricoes” a outros

blocos.

* O diagrama paramétrico € um diagrama de blocos dos parametros
(Constraints Blocks).

* Mais pra frente veremos que podemos usar essa técnica para fazer
analises, trades, co-engineering..
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