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Section Objectives

& In this Section, you will learn:
<& How to model Constraints with Parametric Diagrams in SysML




Overview

¢? This section will discuss:
< Parametric Modeling Concepts
<& Why Model Parametric Diagrams?
¢ Defining Parametric Models
¢ Basics of Constraint Modeling
<& Defining Constraints in Constraint Blocks
% Defining and Using Constraint Blocks
¢ Binding Parameters in a Parametric Diagram
<& Constraining Value Properties of a Block
< Applications of Parametric Diagrams
< Modeling Constraints for In-Class Project
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Why Model Parametric Diagrams?

¢ Used to depict constraints on value properties
<& Parametric Models capture analysis, such as:
¢ Performance
% Reliability
% Cost
< Parametric Models support:
& Sensitivity analysis
¢ Trade-off studies
< Design optimization
< Design verification

& Provides a link between the system design model and the analysis
models

<& Each design may have multiple parametric diagrams each of which
captures a particular analysis




Defining Parametric Models

¢ Parametric models:

< Depict a network of equations
that constrain the properties
of blocks

& The properties of the system
are bound to the parameters
of the analysis equations (e.g.
vehicle mass is bound to ‘m’
in F=m x a)

<& Example: in the figure,
properties of the vehicle are
bound to the parameters of the
equations used to analyze
vehicle stopping distance

<& Parametric models thus help
identify the properties of the
system that are critical to
satisfying requirements

par [Block] Straight Line Yehicle Dynamics [ Value Bindings U

v.b.abs.m1.duty cycle : % v.mass : Kg
v.c.tifriction: N v.b.r.braking force : N
M|t % 1) S m: Ky
[ R fou [
e1: Braking Force 22 : Acceleration
Equation Equation

ff=rthrr01 40

a:mizecey U=ME}

a . mizec™?
&4 : Distance Equation |_|
f=chictt } e} : Velocity Equation
v misec v misec fa=clvicht
Xim t:=ec t: =eC

v.position : m

clk.time : sec

|
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Performing the Analysis

¢ Parametric diagrams capture the analysis

<& The paramteric model is then provided to an engineering analysis
tool to perform the analysis (e.g. performance, reliability, cost)

<& The analysis results are property values that can be incorporated
back into the SysML model

ibd [Block] Systam Modeling Environment [System Model to Analysis)

variables : ValueProperties
equations : Constraints

> < performance analysis tool:
System Analysis Tool

results : ValuePropetties

: System Modeling Teol

results : ValuePropetties

’ ‘ specialty engineering toal :
System Analysis Tool

model structure : ModelElements
variables : ValueProperties
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Basics of Constraint Modeling

¢ Defining Constraints in Constraint Blocks

¢ Defining and Using Constraint Blocks

H Binding Parameters in a Parametric Diagram
<& Constraining Value Properties of a Block




Defining Constraints in Constraint Blocks

¢ Constraint Blocks
<& Support the construction of parametric models
¢ Define equations so that they may be re-used and inter-connected
& Define a set of parameters
<& Contained in the ‘parameters’ compartment
<& Define an expression that constrains the parameters
<& Contained in the ‘constraints’ compartment
< Depicted with the keyword <<constraint>>

b

«constraint»
Joule’s Law

constraints
{power = current*voltage}

parameters
current : A
voltage : V
power : W

© 2008 Elsevier, Inc.: A Practical Guide to SysML
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Defining and Using Constraint Blocks
& The definition of a Constraint Block is depicted on a BDD

& The use of a Constraint Block is called a Constraint Property and is

depicted on a Parametric diagram
% The frame of the Parametric diagram represents a Block or a

Constraint Block

¢? Similar to BDD - IBD relationship
& Parameters are shown as small rectangles flush with the inner

surface of the diagram frame or Constraint Property

bdd [Package] Power Analysis/

wconstraint»
Power Consumption

constraints
pe :Joule's Law
ps : Power Sum

parameters
component demands : W [0.
current : A
voltage : W/

Bl |

]

Pe )

pPs,

par [Constraint Block] Power Consumption)

wconstraints
Joule's Law

constraints
{power = current’voltage}

parameters

power : W

«constraints»
Power Sum

constraints
{tatal power = sum
{component demands)}

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

component demands : W [0..7]

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

—
L
|—| total power: W
|_| power: W
current : A pe: Joule's Law
] || current : A
] | voltage : v
voltage : V

© 2008 Elsevier, Inc.: A Practical Guide to SysML
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Binding Parameters in a Parametric Diagram

% The interconnection between parameters is shown on a Parametric
diagram using binding connectors

s Bindin% connectors depict an equality relationship between the two
connected parameters or between a parameter and a value property

bdd [Package] Parametric Example J
«constraint par [ConstraintBlock] PQ
K
paramelers )
a : Real a a eq1 1K1 &
b Real 1] Ki=ab}
c: Real
d: Real :‘—
K : Real b b :I
K1 eq2 : K1*K2
:‘ {K = K1*K2}
K
! eq1 eq2 ¥ eq3 :l wad
«constraints «constraints «constraints K (-
K1 K1"K2 K2 K2
constraints constraints constraints
{K1 = a'b} {K = K1"K2) {K2 = c*d) ¢ gl  @q3:K2
parameters paramelers parameters :l :l {K2 =&}
a : Real K1 : Real ¢: Real :|
b : Real K2 : Real d : Real :I d d
K1 : Real K : Real K2 : Real

© 2008 Elsevier, Inc.: A Practical Guide to SysML
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Parametric Diagrams Constrain Value
Properties of a Block

& Value Properties are depicted as rectangles on a Parametric Diagram
& Nested Value Properties can be depicted in two ways
& Nested within its containing part symbol
<& Dot notation, where each level of nesting is separated by a dot

par [Block] Mechanical Power Subsystem [Fower Consumptlon])

demand equation
: Power Distribution

power source

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

voltage : V |:

current : A |:

component demands : W [0..7] |:

: Collect

ctw [ ]

&W[0.1]

| |
|

voltage : V

———————————

| altitude motor |

demand equation
: Power Distribution

voltage : V||
current : A I:

component demands : W [0..7] I:

i

W07

: Collect
ctw [ |
cow ||

aw [

cAw [

,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,

____________________

____________________
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Applications of Parametric Models

& Modeling Sensitivity Analysis
& Modeling Trade Studies
& Modeling Design Optimization
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Modeling Sensitivity Analysis

& SysML Block Definition and
Parametric diagrams can be
used to model a Sensitivity
Analysis

<& Block Definition Diagram
defines the Analysis
Context

¢ Defines the constraint
blocks used in an analysis

< Constraint blocks
define the generic
equations to be used

& References (i.e. identifies)
the subject of the analysis

bdd Parametrics [Analysis Oomextﬂ

block:
::Je?'?\[::\: @ «blocks
-
Acceleration AUDIOFHODHE!
Analysis omain

«constraintBlock:
Gravitational Forge

parameters
w: Pounds
g Pounds
theta: Radians

constiaints
{fg =w/g * sin(theta)}

«canstraintBlocke: «constrainiBlocks «constrainiBlocks «constraintBlock: «constrainiBlocke:
Drag Force Power Train Force Total Force Acceleration Integrator
parametars parameters parameltais parametars parameters

fd: Pounds fp: Pounds fi: Pounds f: Pounds y: Fifsec

rho: WMassMolume constraints fk: Pounds a Ftigec? 0. Ftisec

v Fifsec {ip(Tenag, Tirans, Tdiff, t)} ft. Pounds w: Pounds x: Fifsec2

Cd: Real fi: Pounds : .

constraints consiraims

canstraints constrains {f = twig) *a} vy = integral xdt} +y0}

{fid = 0.5"rho™*v*Cd} {ft=fi+f+1k}

«constraintBlocks

ccconztraintBlocks

«constraintBlocks

«constraintBlocks

Engine Torgue Transmission Torque Differential Torgue Wheel Force
parameters jparametars parameters parameters
Teng: Footpounds torque in: Foot pounds Tdiff: Foot pounds fw: Pounds

fuel flow rate: Mass/Volume
Noyl: Integer

displ: Cuhic Inches

eff eng: Percent

rpm: Real

gear rafio: Integer
Tirans: Foot pounds
elf tm: Percent

ell ta: Percent
torgque in: Foot pounds
ki Integer

forgque in: Foot pounds
wheel dia: Inches
fire friction: Real

consiraints

1 Teng (fuel flow rate, Neyl, displ, eff eng, mm}}

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

constraints
{Tdiff (torque in, k, eff ta)}

canstraints
{tw (torque in, wheel dia,
tire friction)}

© 2008 Elsevier, Inc.: A Practical Guide to SysML
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Modeling Sensitivity Analysis (cont’d)

¢ Parametric Diagram

@ Depicts how the par [block] Vehicle Acceleration Analysis)
equations are used to a.pe.rincline a.v.weight
perform the analysis

{3 Depicts how the ol
Parameters of the [1%
equations are bound
to each other, to the | o q—bmwﬁ;ﬁeq—ﬁmﬂﬂm —
properties of the o bt L o by
system or
environment that is | brag Force [
being analyzed o T]=

& Sensitivity analysis is
used to determine which

a.v.b.drag

prope rty Values have an © 2008 Elsevier, Inc.: A Practical Guide to SysML
impact on a requirement
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Modeling Trade Studies

<& SysML Block and Parametric diagrams can be used to model a Trade
Study and its results

& Trade Studies are used to compare alternative solutions
<& MOE’s are used to define a property to be evaluated in a trade study
<& Objective Functions are used to evaluate the MOE’s

<& Objective Functions are a kind of Constraint Block

<& Parameters of an Objective Function are related to MOE’s using
Parametric diagrams
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Modeling Trade Studies (cont’d)

& The set of possible solutions for the Trade Study can be depicted as
specialized blocks to a general block

& The general block defines all of the MOE’s
& The specialized blocks provide different values for the MOE’s

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

Camera

values
«moenpower consumption : W
«moerenvircnmental friendliness : Integer
wmaoeslight level : lux
«moerweight : kg

T

Camera with Light Low-Light Camera
values values
«moenpower consumption : W = 20 «moe»power consumption : W = 10
«moenenvironmental friendliness : Integer = 4 «moerenvironmental friendliness : Integer = 10
«moerlightlevel : lux = 0.01 «moerlightlevel : lux = 0.25
«moerweight: kg = 0.3 «moerweight : kg = 0.2

© 2008 Elsevier, Inc.: A Practical Guide to SysML
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Modeling Trade Studies (cont’d)

<& A Block is used to depict the Trade Study
<& Trade Study Block:
< References:
< Blocks that represent the different alternatives
<& Comprised of:
< Objective Function, that is used to evaluate the alternatives
< Value Properties, to capture the score for each alternative

bdd [Package] Night Performance [Night Performance Trade-of'f])

Night Performance Trade-off

values
/option1 : Real
/optien2 : Real

[
cf1 Jrcf2 E T )

wobjective Function» ‘ Low-Light Camera ‘ ‘ Gamera with Light ‘
NP Cost Function

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

© 2008 Elsevier, Inc.: A Practical Guide to SysML
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Modeling Trade Studies (cont’d)

<& Parametric diagrams are then used to relate the MOE’s to the
parameters of the Objective Function

& The Objective Function (score) specifies the overall value of each
alternative

par [Block] Night Performance Trade-ofu

: Camera with Light

wobjectiveFunction» e

I
¢f1 : NP Cost Function F power consumption : W = 20
I
L

power : W ||

“Moen
| T 5 "
- e environmental friendliness : Integer = 4
foption 1 : Real = 400}—__ ef : Integer || | 9
score : Real “moen
level : lux [ | {| light level : lux = 0.01
1 |
T I «moen
weight kg LT \eight : kg = 0.3
|

: Low-Light Camera

.
wobjectiveFunctions Mo

¢f2 : NP Cost Function |—:‘ power consumption : W =10
|
power : W i : wMQEn

— environmental friendliness : Integer = 10
foption 2 : Real = aso}f_ of  Integer [ — | e |
score : Real «moan [
level : lux [~ light level : lux = 0.25
i |
x . | “IMOen
Weghit kg |: | | weight: kg =0.2

© 2008 Elsevier, Inc.: A Practical Guide to SysML

20



Modeling Design Optimization

& A Top-level Parametric Diagram can be used to model how an
optimization function defines an overall operational effectiveness in

terms of various MOEs

¢ Lower-level Parametric Diagrams can be established for analyzing

each MOE

& This provides a flowdown from the top-level MOE to critical system

properties

par Analysis Context [Cost-Effectiveness Parametric Diagram] J

«moen
od.operational cost

effectiveness
[

par Analysis Context [Availability Analysis] J

|

cost effect

optimization function : Operational Objective Function

probability
avail emerg resp time exp cost fa of detection
|T| [ |T| [1
“moen «moe»

od.seo.expected

od.seo.availability
cost of false alarm

«moe»n
od.seo.emergency
response time

«moen

od.seo.probability
of intruder detection

“Imoss
od.se0.
availability
[T avail total
snter avail eq : Total Availability Equation
[] avail 1 []avail 2 []avail 3
«Mmoer «[Moe» «Mmoe»
od.seo.ess. od.eso.comm nw. od.seo.emerg serv.
availability availability availability
[ Tsys avail
838 : Availability Equation
[ ] mtbf [ ] mittr
|
«“Mopn» “«MOPs
od.s80.888. od.se0.e8s.
reliability repair ime

© 2008 Elsevier, Inc.: A Practical Guide to SysML
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Modeling Parametrics for In-Class Project

<& Create a Parametric Diagram for the Parking Garage Gate
Project
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Top-Level Parametric Diagram for Gate
System

par Operational Effectivensess Parametric Dizgram /J

wMoen

pperational effectivensss

P I_I B
winternalPropertys
overall effect

Operational Effectiveness Function

zinternalFProperhys winternalPropertys  winternalFroperys
avail oo process time pt process time

il [ 1 EL

wMoen Cppinl= eNBED

parking ticket processing
time

awailability credit card processing time
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Availability Analysis

par Awailability Parametric Diagram /

=vailability

aMmoan

p awail

-l

L]

ainternalPropertys tot avail

Total Availability Equation

winternalPropers; internalPropertys

= awail

0

avail

=

winternalPropers

cinternalPrapertys dy 9m avail

=

winternalProperys

ms awail

O

winternalPrppertys
pnt awail

[1

«Moex

processor awailability

wITIOE N

di=play unit =v=ilability

wITIOe s

sen=or =vailability

|_|otinternaIPropert5r»

proc avail

processor availability aq :
winternalProperhys mibf

=

|_| winternalFroperhys mitr

wMopmn

reliability

wMop®n

repair time

wmoen

rmagnetic strip reader

availability

wMogn

gate motor awailability

wMoes

printer =wailability
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Summary

¢ Parametric diagrams
¢ Capture the analysis as a network of equations

<& Help ensure consistency between the system design model and
multiple engineering analysis models

< Help to manage technical performance measures
¢ Constraint Blocks
¢ Define parameters and constraint expressions
< Represented on a Block Definition Diagram
<& Constraint Property
& Usage of constraint blocks
¢ Represented on a Parametric Diagram
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