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Uncertainty

Uncertainty: Quality or state that involves imperfect and/or unknown information

= It appliesto: predictions of future events,
estimations,
physical measurements, or
properties of a system, its elements or its environment

= due to:
= Underspecification of the problem or solution domains

= Lack of knowledge of the system, its environment, or its underlying physics

= Lack of precision in measurements

= |mperfect, incorrect, or missing information

= Numerical approximations

= Values and parameters indeterminacy

= Different interpretations of the same evidences by separate parties
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Measurement uncertainty
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Measurement uncertainty

Measurement uncertainty: A kind of aleatory uncertainty that refers to a set of
possible states or outcomes of a measurement

Normally expressed by a parameter, associated with the result of a measurement x,
that characterizes the dispersion of the values that could reasonably be attributed to
the measurand: the standard deviation u of the possible variation of the values of x

Representation: x+u or (x,u)

99.7% of the data are within
3 standard deviations of the mean
95% within
2 standard deviations
68% within
< 1 standard —|
deviation

| —

Examples:

e Normal distribution: (x, o) with mean x, and
and standard deviation o
* Interval [a, b]: Uniform distribution is assumed

(x,u) with x = aTer, u= (Zz/g) J \\_

pu—3a u—20 n—a u uta w20 u+3c

JCGM 100:2008. Evaluation of measurement data — Guide to the expression of uncertainty in measurement (GUM). 5
http://www.bipm.org/utils/common/documents/jcgm/JCGM 100 2008 E.pdf



http://www.bipm.org/utils/common/documents/jcgm/JCGM_100_2008_E.pdf

However, the situation is not the same in software models ®

RoundObject

+posX . Real
+posYy : Real
+posZ . Real
+weight ;. Real
+width : Real
+height : Real

+movel dX : Real, dy : Real dz : Real )
+catch()

+drop(}

+fitzIn{ other : RoundObject )




Useful applications in software simulation

[¥3 set light color

repeat [ times

do w—p MoOve distance [8 steps ] speed [ slow ]
¢y rotate

Q rotate [ slight right

@i’@ set light color

.—s move [ forward ] distance [6 steps ] speed [ slow ]

Q rotate
-—s Mmove | forward distance | 7 steps | speed | slow




Motivation

Uncertainty in Software Engineering

Very limited support for representing uncertainty in software models

No support for considering such properties in model-based simulations

Not part of their type systems!

What is the uncertainty of the
measurement method?

How is this uncertainty propagated w
making calculations with uncertain
alues?

Measure

value : Real © O Q




Some problems with Measurement Uncertainty

Computations with uncertain values have to respect the propagation of
uncertainty (uncertainty analysis)

= |n general this is a complex problem, which cannot be manually managed

Comparison of uncertain values is no longer a Boolean property!
= How tocompare 17.7 + 0.2 with 17.8 + 0.2?

Other primitive datatypes are also affected by uncertainty
= Strings (OCR)
= Enumerations
= Collections



In our previous work...

= Extension of the OCL/UML

= Primitive types

= Collections

+elemeniType

0..1). +referred=ignal

Classifier
i
InvalidType VoidType Class AnyType MessageType
DataType TemplateParameterType .
—specification ; String Signal
| I | 0..1) #referredOperation
CollectionType PrimitiveType TupleType Operation

UnlimitedNatural

Integer

OrderedSetType

SequenceType

SetType

= Java Library — behavior of uncertain datatypes
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Our case study

“ Ozobot robot
= able to move in the direction its head points to
= They accept two type of commands: (1) to rotate the head, and (2) to move
forward
= The mission determines the target position the robot is supposed to reach with
the plan

r Class diagram 77 Fn i i s d' ="

Target

1target position : Coordinate

Robot * robot
/ Coordinate
Mission

position : Coordinate x - UReal

headsTo : UReal M t
eadsTo ea — Plan ovemen e

move - UReal

performAliMoves()

coincide(c : Coordinate) - UBoolean
distance(c : Coordinate) - UReal

* moves {ordered} | rotate - UReal
performMove()
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Our case study

= We are interested in analyzing whether the sequence of movements defined
in its fulfills the mission i.e., it reaches the target position

FF H|

r Class diagram -

Target

1 target

position : Coordinate

Robot * robot :
— - . Coordinate

position : Coordinate Mission ;
headsTo - UReal - : X . UReal

eadsTo : URea ovemen

rformAllMoves() | 1 "oPot —an UReal SR

erformAllMoves move - URea

P T coincide(c : Coordinate) : UBoolean
moves {ordered}| oTale . iea distance(c : Coordinate) : UReal
performMove()
I _|

* |nvariants:

context Coordinate ::coincide(c:Coordinate):UBoolean =
self .x = c.x and self.y = c.y
context Coordinate ::distance(c:Coordinate): UReal =

((self.x—c.x)*(self.x—c.x) + (self.y—c.y)x(self.y—c.y)).sqrt()

12



Our case study

= We are interested in analyzing whether the sequence of movements defined
in its fulfills the mission i.e., it reaches the target position

r Class diagram -

. )|

Target

1 target

position : Coordinate

Robot ;E}Et/
Mission

position : Coordinate
headsTo : UReal

performAliMoves()

Plan

1 robot

* moves {ordered}

Coordinate

Movement

move - UReal
rotate - UReal

X . UReal
y - UReal

performMove()

coincide(c : Coordinate) - UBoolean
distance(c : Coordinate) - UReal

Uncertainty is important!

It should be easily captured and propagated
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PrimitiveType

‘, = )

Our approach

Boolean Integer String
Z,\_\- true : Boolean XFV\\ 2 : Integer A\L Cadena' : String
Extends E-./Ienc:s E'-lenc; Extends
| p ~ |
UBoolean Real Ulnteger UString
UBoolean(true, 0.66) : UBoolean $ 2.5 : Real Ulnteger(2, 0.5) : Ulnteger UString("Cadena’, 0.6) : UString
Extends
UReal

CAWindows\system32\cmd.exe - 0 X
USE version 5.8.1, Copyright (C) 1999-2018 University of Bremen

use> ? UReal(2.5, ©.25) + 2.3 - 1 + UInteger(2, ©0.005)
-> UReal(5.8, ©.250049995) : UReal

use> ? UReal(2.5, ©.25).sin()
-> UReal(©.5984721441, ©.2002859039) : UReal

use> ? o.lenght * o.height
-> UReal(50.0, 5.1538820832) : UReal

14



Scope and goal

Test our Java library

Extend USE

Grammars

Java source code

Test USE (old + new functionality)




Extension of USE

Despite its graphical interface, the specification of models in USE is textual
We had to modify its OCL grammar:
= file org.tzi.use.parser.base.OCLBase.gpart

literal returns [ASTExpression n]
t='true' { $n = new ASTBooleanLiteral(true); }
| f='false' { $n = new ASTBooleanLiteral(false); }
| i=INT { $n new ASTIntegerLiteral($i); }
| r=REAL { $n new ASTRealLiteral($r); }
|
|

s=STRING { $n new ASTStringLiteral($s): }
'UString' LPAREN usve—additiveExpression COMMA
usue—additiveExpression RPAREN
{ $n = new ASTUStringLiteral($usve.n, $usue.n); }
| 'UReal' LPAREN urve—additiveExpression COMMA
urue—additiveExpression RPAREN
{ $n = new ASTUReallLiteral($urve.n, $urue.n); }
| 'UBoolean' LPAREN ubve—=conditionalImpliesExpression COMMA
ubpe—additiveExpression RPAREN
{ $n = new ASTUBooleanLiteral($ubve.n, $ubpe.n); }
| 'UInteger' LPAREN uive—additiveExpression COMMA
uiuve—additiveExpression RPAREN
{ $n = new ASTUIntegerLiteral($uive.n, $uiue.n); }

uncertaintyType returns [ASTType n]
name=("'UReal'|'UInteger'|'UBoolean'|'UString"')
{ $n = new ASTSimpleType($name); } ;

Using the ANTLR tools, the Java lexer, parser, tokens and listeners were
automatically generated



Extension of USE

* The implementation of datatypes in USE is done in a modular way

= |t distinguishes between values and expressions
= Both have a type

| | ]
org.tzi.use.uml.ocl.type . org.tzi.use.uml.ocl.expr | N org.tzi.use.uml.ocl.value
e /'|'\
|
USE | v

atenearesearchgroup.uncertainty.uDatatypes




Extension of USE

= org.tzi.use.uml.ocl.type

Type (O
Typelmpl
[ _ I — | : :
[CollectionType ‘ [OclAnyType | ‘VoidType ‘ BasicType F} UncertainType ‘
[ 1 [ 1 1 l J l
SetType ‘ BagType ‘ Unlimite dNaturalType | ||IntegerType | | RealType ‘ UintegerType ‘ URe alType | UBooleanType
.Se quence Type | ‘Drde redSetType | .BooleanType l ’StringType | ’LlhlimitedhlaturalType | ’UStringType ‘

= Each class contains:

= Constructor

= methods such as isTypeOfUReal, isKindOfUReal, isKindOfNumber and
isKindOfOclAny

18



Extension of USE

= org.tzi.use.uml.ocl.value

Value
[ | . | o | _ | _ | |
CollectionValue HBooleanValue| ’Undeiined‘.‘alue IntegerValue ‘ l StringValue ‘ l RealValue HUncertainValuel
J | | | [ I
OrderedSetValue BagValue SequenceValue SetValue ‘ UStringValue URealValue UlntegerValue |

= each class applies Adapter design pattern

UUnlim itedNaturalValue

UBooleanValue ‘

= and acts as a wrapper for the classes in the library

19



Extension of USE

org.tzi.use.uml.ocl.expr

Once the types and values of the new datatypes were created,
= make them available for their use inside OCL expressions

= make their operations available
= overload the existing operators such as “+”

20



Extension of USE

= We followed a test-driven methodology when extending use. Thus,

= we extensively used the testing facilities that USE provides for unit and system
testing

= We included our tests under the folder src/test
and executed them in batch using ANT

" We check both its grammar and its behavior

21



Extension of USE - Testing

System
testing |

—

* Compiling UReal(‘real’, 0.53)
Error

2/ ‘tres’

AST * Semantic UBoolean(true, 1.5)
Representation Error

Unit

* Evaluation .
testing

Expression
p Error

- Ulnteger(2, 0.3) / 0

22



Conclusions and Future work

Extension of the tool USE to enable the application of native uncertain types
for capturing measurement uncertainty

We have shown how we structured and implemented the extension

Future

Check and improve (if needed) the efficiency of the execution of operations
Extend the evaluation browser with aspects of uncertainty

Check how far other OCL evaluators can be extended in this way
= and study the effort required to do so

23
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