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Where in the Lifecycle is SysML Computational?
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A note on terms

A 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 executabl e model Il s a Acomputational m ¢
- Forexample, f =ma

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

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

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

- Computational analysis models are evaluat

A'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
delivered systems

AIn 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

A Purpose: analyze proposed system properties to guide engineering decision making
A 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
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Analysis Time Computation: Parametric Diagram

A Imposes mathematical constraints on properties of Blocks (in system& 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

A 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 i such as
Tr i Pa RapidRMAdGosl i can extract the information
and fido the math. o

- Exampl e: Rhapsodyodés Depenc
www.bruce-douglass.com) allows you to specify the
probability of fault occurrence but does not directly
compute the probability of the resulting hazard.

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

A 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

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

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

AYou can calculate the hazard probability vi
computations up the causal chain.

A Probability Computation
- Step 1: Create FTA
- Step 2: Document primitive fault probabilities (0.0 to 1.0)
A Assume Required Conditions and Required Events have probability 1.0
- Step 3: Write the FTA as a succession of equations
A AND: P, = P, * P, where P, is the probability of input 1 & P, is the probability of
input 2
AOR: Py =P, +P,i P, *P,
ANOT: P71 =1.0-P,
ANAND: Pypp =1.0-P, * P,
ANOR: Pyog =1.0-P, +P,i P, *P,
A XOR: Remember: Py, = (P, AND (NOT P, )) OR ((NOT P,) AND P,)
SO Pyxor = (P1 * (1.0-Py)) + ((1.0-Py) * Py) - (Py * (1.0-Py)) * ((1.0-Py) * 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

A 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
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Calculating the likelihood of hazards: Doing the math

What is the gHaza
ikelinood of s f(“)\
this hazard? ) e

\ ¢Resylting

,T\ ¢Basic
(-\ ; BASIC
FAULT

BasicFault 2
Pbf2=0.5

Prc2 = 227 ® 0]
e ResuttingCondition 2
@ O

A

Phel=0.4

Prcl =?72?
¢Resu|ting

ResultingCondition 1

—

cHazgrdous

HazardousEvent 1

Pe1=02 4 T Pbf1=03
- BASIC
FAULT
NormalEvent 1 BasicFault 1

10 InternetoiThings

% 1 wConstraintProperty=
itsANDGate_ConstraintBlock_1:ANDGate_ConstraintBlock
Consiraits
[T — |
e T OutputP:Real {1} {{ANDOUtput} OutputP = InputP1 * InputP2;}
InputP1:Real InputP2:Real
T
= ValePropart
BasicFault2:Real=0.5
1 wConstraint Propertys
itsORGate_ConstraintBlock:0RGate_ConstraintBlock
&‘Wr' Constraints
HazardEventl:Real=0.4
{01} {{OROuput} OutputP = InputP1 + InputP2 - InputP1 * Inp... _ =Weheopty.
InputP L:Real ResultingCondition2:Real
——— OutputP:Real [ ;
]
InputP2:Real
[1
1 wConstraint Propertys
itsORGate_ConstraintBlock_1:0RGate_ConstraintBlock
Consiraints
wVahrPropetys

= - =
{0}H{{OROuUpU} QutputP = InputP1 + InputP2 - InputP1 * InputP 2} Quiputp:Real

ResultgCondition1:Real

(I
InputP1:Real InputP2:Real
[1 I|J—|
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

¢Haza

~> &

Hazard 1

k

this hazard? 1 prom——
Phl =222 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 -
\ cRes M ResultingCondition2 Real 0.664 =
Refresh from Model = Hazard Real 0.332 Real=05
Prc2 = 277 ® ™ HazardEvent] Real 0.4 0.4 Fi
@ Update Model M BasicFault? Real 05 05 Fi
0/ W itsORGate_ConstraintBloc ORGate_Constraint..,
Generate Report E InputP Real 04
b InputP2 Real 0.44 Real
Fx] OutputP Real 0.664
Import Data... {=} OROuUput Constraint OutputP = In... OutputP = In...
Export Data... W [m itsAMNDGate_ConstraintBle ANDGate_Constrai...
Prel =277 B InputP1 Real 0.664
¢Resulting Export Constraints... Bx| InputP2 Real 03
@ ® x| OutputP Real 0332
Q =} ANDQutput Constraint OutputP = In.. CutputP = In...
Q v itsORGate_ConstraintBloc ORGate_Constraint...
/|\ ResultingCondition 1 E InputP1 Real 0.2
Fx] InputP2 Real 0.3
bx| OutputP Real 0.44
{&} OROuput Constraint OutputP = In... OutputP = In... v
Pnel = 0.2 1, 1\ Pbfl =0.3 . < . >
Ready [3 free variable(s), 3 equation(s]]
¢ Nol mal E [+ BL sic +Vahergtys *\Vaedropetys
l BAS |C NormalEvent1:Real=0.2 BasicFaultl:Real=0.3
FAULT
NormalEvent 1 BasicFault 1

11 Interneto:Things

© 2018 IBM Corporation




| a ||
||I||I
i
lIn
o ||
T
@
.
V-2
\

IBM Analytics

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:
A Accuracy of movement

A Weight positonControl
A Reliability gxz:::;i;;:;i:z:i
smoe» Weight:float

A s cos S e
A Assign them normalize weight (importance) values Operations

A Accuracy of movement 0.30 E;‘:Eﬁinﬂwﬂid

A Weight 0.20 & validateCommand (x:int):RhpBoolean

A Reliability 0.25 T

A Parts cost 0.10
A Maintenance cost 0.15
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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 + —

5
weightMOE = —ﬂweight + 15

reliability
reliabilityMOE = ——  — 40
80
partsCost
partCostMOE = —— + 32
25
maintenanceCost 270
maintenanceCostMOE = — =0 + -
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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, Posi:i?‘.l::;]k:;ntrol 1 «ConstraintProperty»
~ s . . N TrimControlMOEs
the Ainitial valueo |of =
«ValuePropertys . s
each of the value Accuracy-float=5 accuraty:float .. {{accuracyConstraint} accurayMOE = -5*acauracy/2 + 25/2}
pro pe rties must be iH{{maintenanceCostConstraint} maintenanceCostMOE= -maintenanceCost/70 + 270/7}
/ i} {{ partsCostConstraint} partsCostMOE= -partsCost/25 + 32}
set, and then the 12} {{reliabilityConstraint} reliabilityMOE= reliability/80 - 40}
constraint blocks Reliabiltyifloat=4000| | relabily:float| ) {1eghtConstrint} welghthOE="5"weight/24 + 15}

are evaluated for

the specific set of —
«Valuerropel >
values. Weight:float=72 weight:float

«ValueProperty»
PartsCost:float=800 partsCost:float
e e—

Note: the Objective

Function sums up

t h e ﬁ g OO0 d nes S O«ValuePQerI» maintenanceCost:float
. . MaintenanceCost:float

each criterion

Welghted by |tS weightMOE:float  reliabilityMOE:float  partsCostMOE:float
importance

accuracyMOE:floa maintenanceCostMOE :float

t
ObjectiveFunction:float weightMOE:float | reliabilityMOE:float partsCostMOE:fidat

accuracyMOE:float maintenanceCostMOE:float

«ConscaintProperty»
itsWeightedObjectiveFunction

Constrants

{0} {{ ObjediveFundion Constraint} ObjediveFunction=acauracyMOE*0.30 + weightMOE*0.20 + reliabilityMOE*0.25 + partsCostMOE*0.10 + maintenanceCostMOE*0.15}
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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}]
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Architectural Analysis: Evaluate
Solution/ moe Accuracy Weight  Reliability Parts cost Main. Cost
. (mm) (kg) (mtbf hrs) (%) ($)
K Option 2 Hydraulic 5 72 4000 800 2000
—p  Electric 1 24 3200 550 2700
Electrohydraulic 2 69 3500 760 2100

a
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