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What is Uncertainty?

 The most used definitions of uncertainty simply distinguish between 
natural variability of physical processes (i.e., aleatory or stochastic 
uncertainty) and the uncertainties in knowledge of these processes 
(i.e., epistemic or state‐of‐knowledge uncertainty).

 For proposing such a taxonomy for uncertainties in computer systems 
models, we base on a general definition of uncertainty in modeling 
given in [2] as: "any deviation from the unachievable ideal of 
completely deterministic knowledge of the relevant system".
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[1] Diego Perez‐Palacin, Raffaela Mirandola: Uncertainties in the modeling of self‐adaptive systems: a taxonomy and an example of 
availability evaluation, ICPE 2014.
[2] W. Walker, P. Harremo´ Ss, J. Romans, J. van der Sluus, M. van Asselt, P. Janssen, and M. Krauss: Defining uncertainty. a conceptual basis 
for uncertainty management in model‐based decision support, Integrated Assessment, 4(1):5–17, 2003.



Uncertainty in Software Development 

 Requirements or design models tend to contain 
uncertainty, because all of the concerns cannot be 
captured at the early phase.

 Uncertainty can appear in all aspects of software 
development.

Modeling Evolution
(Program Execution)Implementation

Alternative 
Implementation 

Policies

Unfixed 
Requirements

Alternative 
Algorithms
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Two Types of Uncertainty

Known Unknowns Unknown Unknowns

• Known what is unknown • Unknown what is unknown
e.g., Design Alternatives

Design A

Design B

Which should 
be selected？
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e.g., Users’ Preference

Unknown Unknowns

recommend

Accepted!

Unaccepted...

Users

Sebastian, E., and David S. R.: Known Unknowns: Testing in the Presence of Uncertainty, 22nd ACM SIGSOFT International Symposium on Foundations of Software Engineering(FSE 2014), 2014.



Problem: Ad‐hoc Approach to Uncertainty
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Problem
 Invade Separation of Concerns
 Uncertain concerns are not 

separated!
 The exploratory modification 

process may be repeated again and 
again until all uncertain concerns 
are fixed.

Problem
 Invade Separation of Concerns
 Uncertain concerns are not 

separated!
 The exploratory modification 

process may be repeated again and 
again until all uncertain concerns 
are fixed.

Uncertainty is not dealt with properly
in current programming languages.

e.g., Approach with using comments



Modeling Implementation Evolution

Our Research Goal
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Partial Model

Modeling and Programming
with Uncertainty

Self‐Adaptation
with Uncertainty

Current Research Next Step

Can our idea deal with dynamic evolution?



Modularity
for

Uncertainty
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Modeling and Programming 
for

Living with Uncertainty



SAT Solver
Check a Property
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Famelis, M., Salay, R., Chechik, M.: Partial Models: Towards Modeling and Reasoning with Uncertainty,34th International 
Conference on Software Engineering (ICSE 2012), 2012.

Alternative Models

Partial Model

Merge

Partial Model: Modeling with Uncertainty

If True…

We can continue development 
embracing uncertainty



Modular Programming with Uncertainty

 Idea 1: Uncertainty as Pluggable Interface
[Expression of Uncertainty]

 Idea 2:  Modular Reasoning based on Partial Model
[Type Checking of Uncertainty]
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Requirements 
Analysis Design Implementation

Partial Model

Modeling with Uncertainty

Bridge
between Modeling and

Implementation



Design Implementation

Two Types of Uncertainty

 ソフトウェア開発において
「不確かさ(Uncertainty)」というものは避けられない
• 開発早期の段階ではわからないことも多いため

 「不確かさ」はソフトウェア開発の要求分析、設計、実装
など様々な段階で見られる

Uncertain whether used or not

e.g., 
Is notify() really used?

Uncertain which is used

public void BubbleSort(){
・・・

}
public void MergeSort(){

・・・
}

e.g.,
Which sort algorithm should be 
used?
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Requirements 
Analysis

Requirements 
Analysis



Uncertainty as Pluggable Interface

Archface‐U

Uncertain Archface [1]
(Sub‐Interface)

AlternativeAlternative MethodA()

MethodB()

MethodC()

Uncertain which method 
is used

OptionalOptional

Uncertain the method
is used or not

MethodD()

Certain Archface
(Super‐Interface)

extends

14Idea 1 

[1] Naoyasu Ubayashi, Jun Nomura, and Tetsuo Tamai, Archface: A Contract Place Where Architectural Design and Code 
Meet Together, 32rd ACM/IEEE International Conference on Software Engineering (ICSE 2010).



Archface‐U : Component Interface

interface uncertain uSubject extends Subject {
public void {removeObserver(), deleteObserver()};
[public void notify();]

}

interface component Subject {
public void addObserver();
public void setState();

}

Certain Archface

Uncertain Archface

{ } Alternative
[ ] Optional

Java Interface based
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Archface‐U : Connector Interface

Finite State Process (FSP) [2] based

interface connector uObserverPattern extends cObserverPattern
(cSubject, cObserver) {

cSubject = (cSubject.setState‐> [uSubject.notify] 
‐>cObserver.update‐>cSubject.getState‐>cSubject);

}

interface connector cObserverPattern(cSubject, cObserver)
{

cSubject = (cSubject.setState‐>cObserver.update
‐>cSubject.getState‐>cSubject);

}

Certain Archface

Uncertain Archface

[2] Magee, J. and Kramer, J.: State Models and Java Programs (1999).
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Type Check with Archface‐U
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class MyNode{
void cancel(){

…
}
void completed(){

…
} 

} Java Code

Idea 2 

Type Check is OK !

Alternative Models

Archface‐U
Type Check

Generate

Simulation?



Tool for Type Check : iArch‐U

Java Code Archface‐U

Errors & Info.

Type Check
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Eclipse
Plugin



Bridging between Model and Code
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Design Implementation

Alternative Models

Java Code

(￢A∧B)∨…
Property ΦP

This Code
Satisfies the Property

Archface‐U

Requirement 
Analysis

Type CheckOK!

Partial Model

Partial Model & Property Checking

OK!



Algorithms for Partial Model  Archface‐U
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ΦM=(A∧ B)∨ ( A∧B)

C2

Partial Model
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Alternative

C1 ‐> {U1,U2}‐> C2
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U2
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U1

$P1 = P1.C1 ‐> $P2

$P2 = P2.U1 ‐> $P3

$P2 = P2.U2 ‐> $P3

$P3 = P3.C2 ‐> $P4

2. Merge same processes
$P2 = {P2.U1, P2.U2} ‐> $P3

3. All processes treat as a process, and merge 
$P1 = P1.C1 ‐> {P1.U1, P1.U2} ‐> P1.C2 ‐> $P1

4. Adjust uncertain actions and processes
$P1 = C1 ‐> {U1, U2} ‐> C2 ‐> $P1

1. Separate all uncertain actions

Partial Model

ΦM=(A∧B∧C∧ D)∨
( A∧ B∧ C∧D)
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$P2 = P2.U1 ‐> $P3

$P2 = P2.C2 ‐> $P4

$P3 = P3.C2 ‐> $P4

U1

2. Merge same processes
$P2 = {P2.U1 ‐> $P3, P2.C2} ‐> $P4
⇔ $P2 = {P2.U1 ‐> P3.C2, P2.C2} ‐> $P4

3. All processes treat as a process, and merge
$P1 = P1.C1 ‐> {P1.U1 ‐> P1.C2, P1.C2} ‐> $P1

4. Adjust uncertain actions and processes
$P1 = C1 ‐> {U1 ‐> C2, C2} ‐> $P1
⇔ $P1 = C1 ‐> {U1,φ} ‐> C2 ‐> $P1
⇔ $P1 = C1 ‐> [U1] ‐> C2 ‐> $P1

1. Separate all uncertain actions
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Towards Self‐Adaptive 
Systems
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Change of Program Execution
for

Living with Uncertainty



Uncertainty in Self‐Adaptive Systems
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Diego Perez‐Palacin, Raffaela Mirandola: Uncertainties in 
the modeling of self‐adaptive systems: a taxonomy and an 
example of availability evaluation, ICPE 2014.

Three‐dimension classification



Modeling Implementation Evolution

Can Our Approach Deal with Uncertainty 
in Self‐Adaptive Systems?
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Partial Model

Modeling and Programming
with Uncertainty

Self‐Adaptation
with Uncertainty

Archface‐U

Model Code Program
Execution

Type
Check Simulation? Simulation? Simulation?

Change Behavior



Summary
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Modeling Implementa on Evolu on

Our Research Goal

7

Par al Model

Modeling and Programming 
with Uncertainty

Self‐Adapta on 
with Uncertainty

Current Research Next Step

Modeling Implementa on Evolu on

Can Our Approach Deal with Uncertainty 
in Self‐Adap ve Systems?
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Par al Model

Modeling and Programming 
with Uncertainty

Self‐Adapta on 
with Uncertainty

Archface‐U

Model Code Program 
Execu on 

Type 
Check Simula on? Simula on? Simula on? 

Change Behavior


