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Where in the Lifecycle is SysML Computational?

Engineering Trade-off
Analysis ' Analysis '

“Analysis Time”

Model System
Verification ' Simulation '
L. § System
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IBM Analytics

A note on terms

= A computational model is ultimately one that can be expressed mathematically in an
evaluable fashion

— An executable model is a computational model that is evaluated in a generated running
system, whether as a simulation or an actual delivered system

— An executable model is a “computational model with a direction of computation”
— For example, f =ma

« Computationally, if any two values are known, the third value can be computed.
Such a model is evaluable by equation solvers.

« However, if declare f to be the dependent variable, then it becomes executable.

= Computational models come in roughly two flavors, depending upon when the computation
occurs.

— Computational analysis models are evaluated at “analysis time” or “design time”

* In SysML, this is normally specified with constraint properties on parametric

diagrams. These can be evaluated by linking to computational engines such as
MATLAB or Maxima

— Computational design models are evaluated at “run time” either as simulations or actual
delivered systems

* In SysML, this is normally specified as state or activity diagrams, but may be

augmented with methods outside of SysML, such as with FMI/FMU, Modelica,
SimulationX, or Simulink
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Computational Analysis Models

» Purpose: analyze proposed system properties to guide engineering decision making
= Examples

— Determine system safety from analysis of fault probabilities
— Determine optimal technology selection from alternatives (trade studies)
— Analyze important system properties under conditions of interest

2 Internet Things © 2018 IBM Corporation
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Analysis Time Computation: Parametric Diagram

» I[mposes mathematical constraints on properties of Blocks (in system’s context):
— Constraint Block: groups non causal mathematical expressions
(equations/inequalities)
— Constraint Parameter: a variable of the math expressions that can be
bounded to a design property
— Constraint Property: a usage of a constraint block in a specific context

— Binding Connector: declared that the value of the design property must be
equal to the value of the constraint parameter

par [Package] ACCAnalysis [JerkCheck]

Block> Block>
AdaptiveCruiseControl::Architecture::Observer PlantAndController
| § 1 «ConstraintProperty»
; V|  itsleckCalculation:JeckCalculation
. xAttnbute». | khToMs «Attribute»
vehicleSpeedX:kmph Constraints ‘ kmPerHourToMperSec:RhpReal=3.6

ihi{{calclerk} jerk = der( der(v / khToMs))}

jerk
jerk
1 | «ConstraintProperty»
itsJerkDetection:JerkDetection
Constiaints

<Attributes maxJerk {1} {{minJerkCheck} -maxJerk < jerk}
JerkCheckContext.maxJerk:Jerk=>3.0  mm— 1k {{maxderkCheck} jerk < maxJerk}
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Using Parametric Constraint Evaluator Profile

= UML/SysML tools are not generally capable of
computational analysis. However, they can capture
constraints in such a way that they can invoke such tools to
perform such analysis.

— Example: SPT and MARTE profiles provide a standard
means for specifying performance properties for
schedulability analysis so that other tools — such as
TriPacific’s RapidRMA tool — can extract the information
and “do the math.”

— Example: Rhapsody’s Dependability Profile (available at
www.bruce-douglass.com) allows you to specify the
probability of fault occurrence but does not directly
compute the probability of the resulting hazard.

» These problems can be expressed on SysML Parametric
Diagrams but cannot be evaluated directly in SysML.

» Rhapsody provides a Parametric Constraint Evaluation
(PCE) profile that allows you to link parametric diagrams
(and contained constraint models) to either Matlab or
Maxima for mathematical evaluation.
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Example Fault Tree Analysis

= Each of the Fault and
events have a likelihood
(probability) or
occurrence.

» Therefore, it is possible
to compute the
likelihood of the hazard
using the connective
logical operators AND,
OR, NOT, NOR, and so
on.

7 InternetoiThings
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Calculating the likelihood of hazards

* You can calculate the hazard probability via “propagation of probabilities” by performing
computations up the causal chain.

= Probability Computation
— Step 1: Create FTA
— Step 2: Document primitive fault probabilities (0.0 to 1.0)
« Assume Required Conditions and Required Events have probability 1.0
— Step 3: Write the FTA as a succession of equations

* AND: P,\p = P; * P, where P, is the probability of input 1 & P, is the probability of
input 2

OR: Pogr =P, +P,—P;*P,
NOT: Pyor = 1.0 - P,
NAND: Pyanp =1.0-P; * P,
NOR: Pyor =1.0-P, +P,-P, *P,
XOR: Remember: Pyor = (P; AND (NOT P, )) OR ((NOT P,) AND P,)
SO Pyor = (Py * (1.0-P,)) + ((1.0-Py) * Py) - (P * (1.0-P,)) * ((1.0-P,) * P,)
— Step 4: Do the math
— Step 5: Repeat in the next step of the causal chain
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Evaluating with a Parametric Diagram

= Build a library of constraint blocks for the various gates:

3

= ConstraintBlock =
ANDGate ConstraintBlock

CorEfans

{03 {{ANDOutput} OutputP = InputP1 * InputP2;}

OutputP:Real

InputP1:Real InputP2:Real
[ ] [ ]

= ConstraintBlock =

ORGate_ConstraintBlock

\

Constans

up utP = Inp +Inp -Tnpu pu
{13 {{OROuUpuLt} OutputP = hputPl + IputP2 - putP1 * hputP2}

InputP1:Real

OutputP:Real

InputP2:Real

-

L

/

Constraint Blocks for the logic gates

s InternetoiThings
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Calculating the likelihood of hazards: Doing the math

What is the i
ikelihood of s f(“)\

. o) lazard
this hazard ) e

1 |
«BasicFault>
(\ L [mase
: FAULT
BasicFault 2
Pbf2 =0.5
«ResultingCondition»
Prc2 = 227 ® 0]
3 ResukingCondtion 2
@ 0

Prcl =?72?
«ResukingCondition»

/|\ ResultingCondition 1

Phel=0.4

«Hazardopis Event»

HazardousEvent 1

Pbf1=0.3

Pnel =0.2 T T
«Norrlalsvem»

NormalEvent 1

«BalicFauIt»

BASIC
FAULT

BasicFault 1
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waePrapertys
Hazard1:Real

OutputP:Real {01} {ANDOUtput} OutputP = InputP1 * InputP2;}

1 wConstraintProperty=
itsANDGate_ConstraintBlock_1:ANDGate_ConstraintBlock

Constraints

InputP1:Real InputP2:Real
T
Vi
BasicFault2:Real=0.5
1 wConstraint Propertys
itsORGate_ConstraintBlock:0RGate_ConstraintBlock
[T ——— - .
HazardEventl:Real=0.4
{01} {{OROuput} OutputP = InputP1 + InputP2 - InputP1 * Inp... _ =Weheopty.
InputP L:Real ResultingCondition2:Real
—_— OutputP:Real [ 3
InputP2:Real
[1
1 wConstraintProperty
itsORGate_ConstraintBlock_1:0RGate_ConstraintBlock
Constraints
T —
= - = S
{DH{OROuUpUt: QutputP = InputP1 + InputP2 - InputP1 * InputP2} Outputp:Resl ResultgCondition1:Real
(I
InputP1:Real InputP2:Real
[1 IIJ—|
kot w\ahplropetys

NormalEventl:Real=0.2 BasicFaultl:Real=0.3
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Calculating the likelihood of hazards: Doing the math

What is the
likelihood of

«Hazard»

~> &

Hazard 1

k

this hazard? 1 prom——
Phl = 2?27 itsANDGate_ConstraintBlock_1:ANDGate ConstraintBlock
{fY Fraacy L@ - O *
Eralinie Name Type Original Value Value Min, Max. Commanc ™
MormalEvent] Real 0.2 0.2 Fi
e ™ ResultgCondition Real 0.4 -
\ , = ResultingCeondition2 Real 0.664 y=
«Resultin, =
Refresh from Model = Hazardi Real 0.332 e e
Prc2 = 277 ® ™ HazardEvent] Real 0.4 0.4 Fi
Jpinizouiis M BasicFault? Real 05 05 Fi
0/ W itsORGate_ConstraintBloc ORGate_Constraint..,
Generate Report E InputP Real 04
b InputP2 Real 0.44 Real
N\ | Fx] OutputP Real 0.664
Import Data... {=} OROuUput Constraint OutputP = In... OutputP = In...
Export Data... W [m itsAMNDGate_ConstraintBle ANDGate_Constrai...
Prel =227 B InputP1 Real 0.664
«ResukingCondition» Export Constraints... E InputP2 Real 0.5
@ ® x| OutputP Real 0332
Q =} ANDQutput Constraint OutputP = In.. CutputP = In...
Q [} v itsORGate_ConstraintBloc ORGate_Constraint...
/|\ ResukingCondtion 1 B InputP1 Real 0.2
Fx] InputP2 Real 0.3
bx| OutputP Real 0.44
{&} OROuput Constraint OutputP = In... OutputP = In... v
Pnel = 0.2 T 1‘ Pbfl =0.3 . < . >
Ready [3 free variable(s), 3 equation(s]]
«NorrlaIEvenl» «BalicFaJlt» =V AePropetys =V efrogenly=
l BAS |C NormalEvent1:Real=0.2 BasicFaultl:Real=0.3
FAULT
NormalEvent 1 BasicFault 1
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Architectural Trade Study Analysis

We will examine the trade offs for movement of the trim tabs and extension of
some of the control surfaces, looking at three technical solutions:

Double Acting Cylinder

— Movement
Piston moves
Piston surface \L - =

Qilunder
pressure

2"d Piston
moves trim tab

Qil reserve

. = High pressure circuit

D = Low pressure circuit

Hydraulic actuator

Electro-hydraulic actuator

Piston moves
surface

] o,
773, o”of.sz«
;:;‘\ oo %C‘@ j
Selectorvalve l

moves trim tab

From the Harmony aMBSE Deskbook available at
https://www.bruce-douglass.com/papers

Qilunder
pressure

Oilreserve Electric motor
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Architectural Analysis: Define Assessment Criteria

M Identify the assessment criteria:

» Accuracy of movement —
o Welght PositionControl
. .y- E smoes Accuracy: float
o Rellablllty = «moes Reliability:float
E smoex Weight:float
¢ Parts COSt E smoe PartsCost: float
° Maintenance cost E =moe= MaintenanceCost: float
» Assign them normalize weight (importance) values Operations
. Accuracy of movement 0.30 E“‘“ET,”':’T"”*“”
zero():void
° We|ght 020 k= validateCommand(x:int):RhpBoolean
. Reliability 0.25 T

Parts cost 0.10
Maintenance cost 0.15

13 Internet Thing‘s © 2018 IBM Corporation
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Architectural Analysis: Define the Utility Curves

i1 Obtain the values of the MOEs for all the technical solutions

Solution/ Accuracy Weight Reliability Parts Main.
moe (mm) (kg) (mtbf hrs) cost($) Cost ($)
Hydraulic 5 72 4000 800 2000
Electric 1 24 3200 550 2700
Electrohydr 2 69 3500 760 2100
aulic

M Define the (linear) utility curves so that the worst solution returns a value of 0 and the best
solution returns a value of 10

25
accuracyMOE = — 2 accuracy + Y

5
weightMOE = —ﬂweight + 15

reliability
reliabilityMOE = ——  — 40
80
partsCost
partCostMOE = —— + 32
25
maintenanceCost 270
maintenanceCostMOE = — =0 + -

14 Internet Thing‘s © 2018 IBM Corporation
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Architectural Analysis: Define Assessment Criteria

KM Capture the utility functions on a parametric diagram

par [Package] TrimControlTradeStudy [Trim Control Trade Study Parametrics]

Note: To evaluate, _<Block>
P » PositionControl

the “initial value” of

each of the value

«ValuePropertys
Accuracy:float=5

properties must be

set, and then the /
constraint blocks i SR
are evaluated for

the specific set of
values.

«ValueProperty»
Weight:float=72

«ValueProperty»
PartsCost:float=800

Note: the Objective
Function sums up
the “goodness” of
each criterion
weighted by its
importance

«ValueProperty»
MaintenanceCost:float

ObjectiveFunction:float

1 «ConstraintProperty»
TrimControlMOEs

Constiants

:float
SR AL 1} {{accuracyConstraint} accuracyMOE = -5*acouracy/2 + 25/2}

iH{{maintenanceCostConstraint} maintenanceCostMOE= -maintenanceCost/70 + 270/7}
i} {{ partsCostConstraint} partsCostMOE= -partsCost/25 + 32}
i} {{reliabilityConstraint} reliabilityMOE= reliability/80 - 40}

reliability:float i} {{weightConstraint} weightMOE=-5*weight/24 + 15}

weight:float

partsCost:float

maintenanceCost:float

accuracyMOE:float

weightMOE:float  reliabilityMOE:float  partsCostMOE:float

accuracyMOE:floa

reliabilityMOE:ﬂoat, partsCostMOE:ﬂslat

«ConscaintProperty»
itsWeightedObjectiveFunction

Constrants

t
weightMOE:float

{0} {{ ObjediveFundion Constraint} ObjediveFunction=acauracyMOE*0.30 + weightMOE*0.20 + reliabilityMOE*0.25 + partsCostMOE*0.10 + maintenanceCostMOE*0.15}

15 Interneto:Things
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Architectural Analysis: Evaluate

Solution/ moe Accuracy Weight  Reliability Parts cost Main. Cost
- Hydraulic 5 72 4000 800 2000
Electric 1 24 3200 550 2700
Electrohydraulic 2 69 3500 760 2100
{f} Timcontrolcy " b a = - O
Evaluate MName Type Original Value Value Mi
) Trim Control Trade Study Parametrics Parametric Diagram
Plot.. SeztenEontre: Sesittantome:
= Accuracy float 5 5
Refresh from Model = Reliability float 4000 4000
E -
Update Model Weight float 72 72
B PartsCost float 800 800
B MaintenanceCost float 2000 2000
Generate Report TrimContralOELs TrimContralhdOLs
x| accuracy float 5
Import Data.. ] reliability float 4000
] weight float 72
Export Data.. ] partsCost float 800
Export Constraints.. ] maintenanceCost float 2000
] accuracyMOE float 0
] weightMOE float 0
] reliabilityMOE float 10
x| partsCostMOE float 0
%] maintenanceCostMOE float 10
©) accuracyConstraint Constraint accuracyMOE = -5... accuracyMOE = -5*accuracy/2 + 25/2
e} weilghtConstraint Constraint welghtMOE=-5*w... welghtMOE=-5*weight/24 + 15
o} reliabilityConstraint Constraint reliabilityMOE= re... reliabilityMOE= reliability/80 - 40
@) partsCostConstraint Constraint partsCostMOE= -p... partsCostMOE= -partsCost/25 + 32
2} maintenanceCostConstraint Constraint maintenanceCost... maintenanceCostMOE= -maintenanceCost/70 + 270/7
i itsWeightedObjectiveFunction WeightedObjectiveFunction
x| accuracyMOE float 0
] reliabilityMOE float 10
] weightMOE float 0
] partsCostMOE float 0
[ x| ObjectiveFunction float 4
“rObjectiveFunctionConstraint Constraint ObjectiveFunction... Objectiverunction=accuracyMOE 0,30 + welghiMOE*0.20 + relability...
< >

Ready [6 free variable(s), 6 equation(s}]

16 Interneto:Things
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Architectural Analysis: Evaluate

Solution/ moe Accuracy Weight  Reliability Parts cost Main. Cost
i Option 2 (mm) (kg) (mtbf hrs) (%) ($)
Hydraulic 5 72 4000 800 2000
—p  Electric 1 24 3200 550 2700
Electrohydraulic 2 69 3500 760 2100
{f} TrimControlCv " (=} ] - O
Evaluate Namg Type Original Value Value M
¥ Trim Control Trade Study Parametrics Parametric Diagram
el sitionControl PositionControl
= Accuracy float 1 1
Refresh from Model B Reliability float 3200 3200
B Weight float 24 24
Update Model
poa 8 partsCost float 550 550
e B MaintenanceCost float 2700 2700
Generate Report ; OiMOEs TrmControtvoEs
] accuracy float 1
Import Data.. ”_‘ reliability float 3200
2 weight float 24
Export Data.. 2] partsCost float 550
Export Constraints... I maintenanceCost float 2700
%! accuracyMOE float 10
&] weightMOE float 10
reliabilityMOE float 0
] partsCostMOE float 10
] maintenanceCostMOE float 0
‘“’accuracyConstramt Constraint accuracyMOE = -5.. accuracyMOE = -5*accuracy/2 + 25/2
o} weightConstraint Constraint weightMOE=-5*w... weightMOE=-5*weight/24 + 15
© reliabilityConstraint Constraint reliabilityMOE= re... reliabilityMOE= reliability/80 - 40
®} partsCostConstraint Constraint partsCostMOE= -p... partsCostMOE = -partsCost/25 + 32
©} maintenanceCostConstraint Constraint maintenanceCost... maintenanceCostMOE= -maintenanceCost/70 + 270/7
/¥ itsWeightedObjectiveFunction WeightedObjectiveFunction
5‘ accuracyMOE float 10
] reliabilityMOE float 0
X weightMOE float 10
float 10
] maintenanceCostMOE float 0
%] ObjectiveFunction float 6
©) Onhiective ia
< >
Ready (6 free variable(s), 6 equation(s)]

17 InternetoiThings
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Architectural Analysis: Evaluate

M Option 3

18 InternetoiThings

Solution/ moe Accuracy Weight  Reliability Parts cost Main. Cost
(mm) (kg) (mtbf hrs) (%) ($)
Hydraulic 5 72 4000 800 2000
Electric 1 24 3200 550 2700
—— Electrohydraulic 2 69 3500 760 2100
{f} TrimControlCV ? [=] = — O
Evaluate Name Type Original Value Value M
¥ Trim Control Trade Study Parametrics Parametric Diagram
Plot. SitionControl PositionControl
= Accuracy float 2 2
Refresh from Model 8 Reliability float 3500 3500
= Weight float 69 69
Spcan e B partsCost float 760 760
B MaintenanceCost float 2100 2100
Generate Report e OVOES frmControtvMOoEs
x| accuracy fioat 2
DR E reliability float 3500
] weight float 69
Export Data.. ] partsCost float 760
Export Constraints... T"; maintenanceCost float 2100
%] accuracyMOE float 75
] weightMOE float 0625
] reliabilityMOE float 375
fx] partsCostMOE float 16
fx] maintenanceCostMOE float 8.571428571428571
b’accuracyConstraim Constraint accuracyMOE = -5.. accuracyMOE = -5*accuracy/2 + 25/2
o} weightConstraint Constraint weightMOE=-5*w... weightMOE=-5*weight/24 + 15
© reliabilityConstraint Constraint reliabilityMOE= re... reliabilityMOE= reliability/80 - 40
o} partsCostConstraint Constraint partsCostMOE= -p... partsCostMOE = -partsCost/25 + 32
©} maintenanceCostConstraint Constraint maintenanceCost... maintenanceCostMOE= -maintenanceCost/70 + 270/7
/¥ itsWeightedObjectiveFunction WeightedObjectiveFunction
] accuracyMOE float 75
i} reliabilityMOE float 3.75
] weightMOE float 0625
] partsCostMOE float 16
] maintenanceCostMOE float 8.571428571428571
| ] ObjectiveFunction float 4.758214285714286
!'\I—l‘ 2L L. H L C. nk)'ng Vol 25 ('\kl‘ 2. a ,l‘ﬂElf\ 20 "L IVTal=TaleTa} l'-\k‘l'n,
< >

Ready [6 free variable(s), 6 equation(s)]

© 2018 IBM Corporation
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Run-Time Computational Behavior: Executable Models

= Executable Models do computation in a specific direction at run-time. UML/SysML provides
behavioral models that can perform computation that takes place a run-time.

= Run-time can be either in a simulation or in an actual developed system

» |n addition, Rhapsody can connect to other tools that provide run-time computation,
including

— Simulink

— Functional Mockup Interface (FMI) tools such as SimulationX or Modelica
» These can be used in a number of different ways, such as

— Model verification, such as with executable requirements models

— System simulation with tools providing environmental or physics models

— Systems with control models done in Simulink

— Digital Twins combining actual operational data with system simulation (such as for
preventative maintenance)

19 Internet Thing‘s © 2018 IBM Corporation
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Run-Time Computational Behavior: State Machine
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Run-Time Computational Behavior: Activity Diagrams
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Run-Time Computational Behavior: Sequence Diagrams
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Run-Time Computational Behavior: Panel Diagrams
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Executable UML/SysML

» SysML behavioral models organize and orchestrate the execution of actions

— Actions appear as usages of action specifications in state diagrams as entry, exit,
transition, or internal actions

T

[ NotAMumber

-

@)

fgreeultzﬂ; tensPlace = 10;

[else]f print("ERROR. - char out of range”, d);

GotANumber

CheckingWholeDigit

(& dgtoK = (ch >= '0) && (ch <="0);

eDigt/
ch = params->c;

eds/
print("Result =", result);

[elsa]/ print{"ERROR - char out of range”, ch);

(s

[digitok]

ProcessingWholePart

(& resilt = realt*10 + digit{ch);

CheckingFractionalDigit @|

5 dgkOK = (ch >= '0) && (ch <="'9); ‘

evDigit/
fé ch = params-=c;

| State NotAMumber in Default: Tokenizen:statechart_0 i

Ldigitok]

tensPlace *= 10;

ProcessingFractionalPart

evDot

(25 result += digit(ch)/tensPlace;

-,
@i
e\Digh/
ch = params>g

@

evDot
@i
o
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Executable UML/SysML

» SysML behavioral models organize and orchestrate the execution of actions
— Actions appear in activity diagrams as usages of action specifications

act [Package] ScratchPad [MakeDinner]

[Shop For Dinner ]

entreelnredients:Food i sideDishingredients-Food
Ingredients |, Ingredients [}
PeparesauteIngredients \1 [’ PerpareSideDish
| N
preparedingredients:Food i icuukﬂemp Celcius preparedingredients:Food cookTemp:Celcius
'”9’9‘-'"9”"5 Food [ cookTemp: Celcms ingredients:Food [} 1| cookTemp:Celcius
CookFood | CookFood |
3 L )
cookedFood cookedFood
entree [ sideDish [y
Eat Dinner
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Executable UML/SysML

» SysML behavioral models organize and orchestrate the execution of actions
— Actions may be specified
* By activity diagrams

CallBehavior : PepareSautelngredients in MakeDinner EE]
General |I'_‘ iption | Relations I Tags II" perti |
Name: PepareSauteIngredients Label... . .. . .
_ This activity defines a behavior
Stersotype: - @ %
Reference
Prepareingredients in ScratchPad - act [Package] ScratchPad [Preparelngredients]
This action invokes a behavior l

Locate oK ‘
\

act [Package] SctchPad [MakeDinner]
Ingredients:Food
[Shop For Dinner ] l:ng’edientsln

entreelnredients\Food i sideDishingredients:Food SpeC|f|Cat|0n
L3

Inghedients //
e : £ ingredients |7
| N PepareSautelngredients ‘ PerpareSideDish

choppedingredients |
{Look up cooking Temperature

temp
Mix
h | Ingredients
preparedingredients:Food cookTemp:Celcius preparedingredients:Food cookTemp:Celcius ¢ mixedingredients
ingredients:Food [7) [3)  cookTemp:Celcius ingredients:Food [ cookTemp:Celcius
i CookFood | B
e CallBehavior : PerpareSideDish in MakeDinner - B
cookedFood General | D ion | Relations I Tags I Properti | preparedingredients:Food ‘
\ | tame: PerpareSideDish Label...
Stereotype: - Ll
entree [y @ﬂ
Eat Dinner Reference
PrepareIngredients in ScratchPad -
= © 2018 IBM Corporation
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Executable UML/SysML

» SysML behavioral models organize and orchestrate the execution of actions
— Actions may be specified

« By an “action language” such as C, C++, Ada, or Java

Operation : getCurrentTemp in HotBlock * o = |

| HotBlock::getCurrentTemp i
*r——

General Description Implementation Arguments Relations Tags Properties

‘ﬂoat getCument Temp()

v

float defC;

Y| RETURN ‘ std::cout << "Enter temperature in deg c ";
std::cin >> def(C;

return defC;

~

<

degC |3

) Locate oK Apply
| HotBlock::convertCtoF =

‘ Operation : convertCtoF in HotBlock -
“pri mitive” action 7 (3] RETURN General Description Implementation Arguments Relations Tags  Properties
Statement l |ﬂoai convertCtoFfloat degC)

float degF;
degF = 9/5 * degC + 32;

[TOKB‘J} 30] [else] return degF;

- decision —

[
J/
!

| std::cout << "Not

print("It's HOT!"); ‘ Locate oK Apply
hot" << std::endl; \L
\ < Operation : print in HotBlock

-4

\ General Description Implementation Arguments Relations Tags

Properties

|void print(const RhpStringd s)

@)

std::cout << s << std::endl;

FA A T 11 A2 T ] ) v Leps lllllluﬂ

Locate 0K
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Verification of an Executable Requirements Model

1 Sequence Disgrams: Animeted Animated Gas mng template ~ = Eo abysisPhgMistinsesPlg - telicMixGare = J[ET]TE ]| %, statechart.! of abhysician in Functionalaral =@ =
tslicMixGases [its02WallSupply [iteH2WallSuy fteHeWallSupply| itshitdlalSuppl itsAPhygiciar ~
ry soatechent_i0 stotechart_1
= 0z Nz He Air
[ e | seistart e ] ] [ ]
. = enableGasFlow to pMxGases
ItscMxGases itsO2w/alSupply IENZWallsuoply itsHealSupoly itsAirWialsupoly ItsAPhysId.
| e PN
T \ ) - Salect 02
; [ Fomil]] state_0 aredGasOutputFlon) Push
I Dl e putFlow/ st
TistDe veing . — b l-2cout << Measured Total Gas Flow = * << porams->flom << std:zend);
— PN L s ECBUbagobieastg): Select N2
meanned020utpuiConceniration]
- sld:zcout << Measured 02 Concentration = ™ < < params->conceniration = < sidssendl; Push
Irysoschtszre]] Y =
Selact He
TP G4 VTS O AEEETED 3 e st cout << “Selected Gas Flow Set Ta = * << params->flow << std:end; -
| [ - opbow e omil Send Enabia Seloct Air
___________________________________ cace OF_GAS: sil:-cout << "02 “brask;
‘ - x ek Push Push
! * e . Send Stof Set O2 Flow
| . |. fsiee- AR " A . P
g e e seecedan = g CradingFion e s Push | Push ‘
ool - | seion
| sFom Qo — selectas(02 GAS) lopMiGases Set N2 Flow
P <
- selectas(N2_GAS) to pMivGases Push
| 4 catie =<
ol e T e DR FanoOffagalemfion)] 2, = selectGas(HE_GAS) to pMxGases. ) Set He Flow
T selar N <
selectGas(AIR_GAS) to piatiases Push
FomsesemaFian] 2 Payamen —— serd02 = ow(02) o PG Set Air Flow
maFion
ez
—————————————————————————————————— setFlow{iz) to prnGases P“s"
= - sendre
Tradive it MessaingFow setFlow{He) to pHixGases
- =
| soplon sendiic R e —
) setFiow(Ar] to pHxGases
I
|
|
|
| & v
4 & < > < >

Sequence Diagram
(generated)
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Cosimulation with SysML: «SimulinkBlock»

= The stereotype «SimulinkBlock» means the block’s behavior is specified in a Simulink model
= Every input/output port in the Simulink model is represented as a SysML atomic flow port
= Type matching rules need to be applied

bdd [Packs ge]CruseControDomanPkg

= Block SruzturedSmuinkSiocks Siock SemuinkBlocks =
Vehicle Drag ‘
Vabes L1 Pores
[~tsVehicle
: | @xuaﬁpeed:KnH
‘ OpEatixe ‘ i#]thrug:Newton
i Tags
[ L=} link P ro e ctFil i ink\Drag.mdl
enginzControl NE cruiseControl, 1 spdm | 1
o= B [ | [ e 3|
EngineControl ‘ CruiseControl [ ’ Speedometer i
Vabes Pors Valves
= inpThrus:Nevion=0 ) actuaiSpeed KmH = act aiSpe ed KmH =0
= cutThrust:Newton =0 i3] desredS peed:KmH = cost:USDoliar
{#]thrustNewon = maxSpediKmH
= j precision:KmH
Operatons j =mpleRate:Hz
P chinpThrust) = peed:KmH=0
Ope ratons
‘ P chActualspeed()
' ¢
o |1
ccCtr| 1 “ 5=
N = «Block SmuinkBlocks O&}‘
«Blozis ) PropFeedback |
CCControl
Values
Values -
" = Kizreal _T=0,100000
E desiredSpeed:KmH=0 = Koireal T=1500.0
E dSpeed:KmH=0 == = = PO
7] ack: alSpeed:KmH
& Operations 8] desredSpead:KmH
& chDesiredSpeed() 5| thrug :Nevton
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Tags
i Simulink ProjectFile:Rh pString =Simulink\Prop Feedback ‘

-
| Drag

=nncn X

File Edit View Simulation Format Tools Help

L

inertia=1/mass {1705 kg)

E‘—

drag force, N

speed, mis

speed range

b
actualSpeed

mJs to km/h

B PropFeedback

File Edit View Simulation Format Tools Help

¥
x
L3}

6

desired spegd diff
* i
. P e R L
desiredSpeed - Ll 5 f
K 5
actualSpeed
s
sctus| spee: "

Yy

= :
D)

force limit
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Cosimulation with SysML: «StructuredSimulinkBlock»

» The stereotype «StructuredSimulinkBlock» means the block has parts typed by Simulink blocks

— A block that owns a part typed by a «StructuredSimulinkBlock» is also a
«StructuredSimulinkBlock»

= A «StructuredSimulinkBlock» can be exported to Simulink for simulation

— All non Simulink blocks are transformed to a single S-Function in Simulink

bdd [Packa ge] CruseControDomanPkg
d [«StructuredSmuinkBck» Bbck] CrusseControl [CruseControBtructure]

«Block SruturedSmuinkBiocks | «Block SemirkBiocks =
Vehicle | Drag
-1
Vabes Kvee ) @ Porss 1 ccCtri:CCControl S
— = act alSpe ed:KmH deseedspeed:KmH Attrbutes ! phPropFeedback T3
o i#]hrus:Nevton 1-] " o Attroutes S
70 E dSpeed:KmH=0 < = Kereal T=0.100000 r
Y ‘ Tars desvedSpeed:KmH = Kp:real T=1500.0
ﬁ-« . T . eatons thrust:Newton
erh;\rvaCunml_I1 £ .
«Blocks T
EngineControl actualspeed:KmH

Valres
= inpThrus:Nevton=0
= outThrust:Newton =0 actuatspeed:KmH

Operatons | CruiseControl * =] e
E chinpThrust) File Edit View Simulation Format Tools Help
Operatons D SHES © &) » = 00 [Nomal cl| BB BE@E®
P chActusispesd )
. |
pf|1 e
ecCirl |1 ; X = esiredSpeesl_desiredSpeed s
«Biocks il PropFeedback | b e
cCControl E )
Valies =
) - | = Kirreal_T=0,100000
E desiredSpeed:KmH=0 | = koreal T=1500.0 thrust
E dSpeed:KmH=0 I o
¥ ! (] ack alSpeed:KmH
Operations 1] desredSpeed:KmH
[ chDesiredSpeed() | thnug:Nevton e
L | T sctiaipeed
| & simuink Proje hpstri ink\Prop
ady 104% oded5
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= Our approach uses generated C/C++ code to generate behavior of blocks brought to the
simulator

» «SimulinkBlock» may reference C/C++ code generated by MATLAB Embedded Coder

— This code is compiled with the rest of the code into an executable used by Rhapsody
simulation

» «StructuredSimulinkBlock» is transformed to a Simulink model with an auto-generated S-
Function Block that encapsulates the behavior of the native SysML blocks

= Modelica has adopted the Functional Mockup Interface (FMI) standard (see
/www. fmi- ) to exchange behavior using generated C code

—Unlike S-Function, FMI is non-proprietary

WU [DIVLK] LT UISELOTIU UF [T UISELOTU UIDU UL e

-
Add New L Import/Sync Simulink Model
Cut Ctrl+X
Copy s tatlab Exe Path
1 ccCtrk:CCControl e H i ]
= o o ; L:AMATLABNRZ0T 25\bin\win32WMAT LAB exe
desedspeed:KmH s 1 pf:RhpPropFeedbad Copy with Model
= desiredSpeed:KmH=0 desiredSpeed:KmH SIS Jent o Sirnulink Model File
= dSpeed:KmH=0 Remove from View Del —
desiredSpeed:kmH z Set Stereotype » Simulink\PropFeedback
Operations Change to »
dSpeed:KmH Refacton s Simulink Generated Source Code .
Simulink\PropFeedback_ert_riwhPropFeedback.c
o = Navigate » P == P PR
actualSpeed:KmH L X N
Create Unit Simulink Model Sample Time (in miliseconds)
Class 4 100
Open Model in Simulink
actualSpeed:KmH
Import/Sync Simulink Model ) |
Create Implicit Object : Import/Sync Cancel
Ports 3
Format...
Display Options...
SETSREig R © 2018 IBM Corporation
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Flow ports are used to connect to Simulink for co-simulation

Entire Mode! View ~

ruizeControlSystemCpp
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FMI Standard

The FMI development was part of the ITEA2 MODELISAR project (2008 - 2011; 29
partners, Budget: 30 Mill. €). From 2012 FMI is developed as Modelica Association
project

= FMI development initiated, organized and headed by Daimler AG

Improved Software/Model/Hardware-in-the-Loop Simulation,
of physical models from different vendors.

Open Standard
FMI Standard Releases

— FMI 1.0in 2010
— FMI2.0in 2014

Over 35 FMI compliant tools (Modelica tools, Simulink add-ons, Rhapsody, etc)
— httns:/mmw fmi-standard.org/tools

= a5 \\
> .'"\
( & A\
> < - v
M "

etc.

e

e~

Engine Gearbox Thermal Automated Chassis components,
with ECU with ECU systems cargo door roadway, ECU (e.g. ESP)

functional mockup interface for model exchange and tool coupling
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Function Mockup Unit (FMU)

€.
\J
control simulator reads
GU "
model.dll

— [ aitributes

fmiModelDescription EI—

XML schema (.xsd)
defined by the
FMI specification

Tool specific data (ignored by
other toals)

Exposed watiables of the
rmadel

references

T run 1 or many

simulator

solver
3« InternetoflThings

modelDescription.xml
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FMU SimulationX / IBM Rhapsody Integration
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Hybrid Simulation Platform Vision

Simulink model
computation algorithm

UML based
behavioral model

System
composition

TrromRzT— l i compz Tgxtual
1 = requirements
a1 —

-

Physical Domain

Hybrid Simulation Platform

%

Models, designs and results repository
Version control and dependency analysis
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