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Summary

The world is undergoing a profound transformation in which systems controlled by software
systems are increasingly used to support critical tasks across essential domains (e.g.,
healthcare, transportation, banking) characterized by high degrees of uncertainty introduced
by the complex interactions with their human users, the use of machine learning
components, nontrivial interdependencies between their physical elements and software,
and rapidly changing environmental conditions. Hence, providing assurance about the safety
and performance of such “software-intensive” systems under specified levels of uncertainty
is crucial to their adoption.

During the last decade, researchers have made an important effort in supporting the
analysis and management of software-intensive systems that operate under uncertainty by
devising modeling notations, analysis, and assurance mechanisms that have increasingly
started to capture and mitigate the effects of different types of uncertainty [1]. However,
these solutions tend to tackle different types of uncertainty in isolation; yet, different
uncertainty types are rarely independent and often interact, causing emergent effects that
impact the achievement of system goals in subtle and often unpredictable ways [2, 3].

Indeed, these interactions can hinder the assurance and adoption of software-intensive
systems. Consider, for instance, an autonomous service robot operating in a healthcare
facility. When navigating between two hospital locations, this robot may face uncertainty
due to: (i) its limited knowledge of the environment (e.g., presence of people in corridors,
remaining energy in the battery -- which has to be estimated based on measured voltage),
and (ii) an overly abstract model of the environment that does not represent the geometry
of obstacles in detail and can increase the chance of collision and the need for subsequent
recovery routines that increase energy consumption. These uncertainty sources, when
considered together, can cause the robot to deplete its battery before completing its task,
while individual sources of uncertainty would not have caused the same situation. For
instance, if the robot has an abstract model that causes a collision, an accurate knowledge of
the remaining battery and presence of people can allow re-planning that might still allow it
to reach its target location. However, the same situation with uncertainty in the remaining
battery, or the presence of humans who delay the progress of the robot through a corridor
can lead to the generation of a plan based on unrealistic estimates, and therefore prone to
make the robot fail its mission (e.g., due to battery depletion).

Our proposed seminar aims to further the advances made by other relevant Shonan
and Dagstuhl seminars that have discussed the engineering of software-intensive systems
under uncertainty, but have not explicitly acknowledged and therefore have not explored
the pivotal role of the Uncertainty Interaction Problem (UIP) [2, 3] and the need for an



explicit management of uncertainty interactions in building safer and more resilient
software-intensive systems.

Topics to be discussed in the seminar

UIP concepts and terminology. Concepts related to uncertainty (e.g., nature, category,
sources) have been coined and developed in different fields like statistics, economics, and
computer science. Even within computer science, there are multiple taxonomies that
employ different concepts, categorisations and terminology [1, 4, 5, 6]. Hence, the first topic
of the seminar will be disentangling this mishmash of terminology and concepts to reach a
clear definition of uncertainty interaction and uncertainty-related concepts.

State-of-the-art methods for taming uncertainty and their integration. The need to manage
different types and sources for uncertainty in SiS has fostered the development of various
ad-hoc methods that address the specific issues induced by these uncertainties, often
isolated from interactions with other sources of uncertainty, and for individual applications
[7, 8, 9, 10]. These ad-hoc methods include: (i) representation of uncertainty and its
propagation, (ii) analysis techniques able to provide guarantees about system behavior
under prescribed levels of uncertainty, for instance using quantitative verification techniques
such as probabilistic model checking [11], and (iii) mitigation of the effects of uncertainty,
e.g., through adaptation techniques that are able to anticipate disruptions and mitigate their
effects proactively [9, 10]. The discussion of these methods during the seminar are key for
understanding their merits, limitations, and for making progress towards a common
conceptual framework that allows their integration and exploitation.

Uncertainty interaction classification and patterns. To develop a common conceptual
framework for managing uncertainty interactions, there is a need to identify the common
categories of uncertainty interaction that affect the quality (e.g., safety, security) of SiS
across strategic domains. Hence, the seminar will discuss: (i) identification of common types
of uncertainty interaction across different domains and classes of system (e.g., ML-enabled
systems, CPS), (ii) how to devise appropriate notations and patterns to represent such types
of uncertainty interactions, as well as mitigation actions and strategies for their impact on
system properties. This discussion will be informed by the expertise of the participants and
driven by the set of preliminary challenges identified in [3].

Planned Outcomes

1. A common understanding and a survey of the research landscape on uncertainty
interaction across disciplines. This will include an alignment of the state of the art of
uncertainty management in the form of an ontology. We aim to achieve a better
understanding of uncertainty-related concepts and their connections to facilitate
communication, understanding of common problems and solutions.

2. A research agenda for uncertainty interaction in self-adaptive systems. This will include
defining a set of open challenges that will unify and inform the future international
research on UIP, and identifying and proposing preliminary lines of research that have the
potential to lead to solutions for these challenges.

3. An initial suite of use cases for the evaluation of future UIP solutions. This will involve
defining use cases in the application domains represented by industrial experts attending
the seminar, including at least automotive, robotics and healthcare.



4. A preliminary repository of patterns for uncertainty interaction management. This
repository will include descriptions of uncertainty interaction types, pairing them with
blueprints of potential solutions. The contents of the repository will be informed, among
other sources, by use cases from item 3.

5. A research roadmap for UIP. This will involve operationalizing the UIP research agenda
from item 2 by (i) prioritizing and suggesting a high-level plan for the delivery of the
research to address its objectives depending on their benefits, interdependencies and
current state of progress; and (ii) proposing ways in which the use cases from item 3 can
be leveraged to support this delivery.

Seminar Structure

We envisage a 3.5-day meeting with a structure summarized in Table 1. We will start
with an introductory session, which will be followed by two rounds of break-out group work.
Each round will end with a plenary in which groups will report about their discussion. The
seminar will finish with a session to plan next steps and follow-up activities on Thursday
morning. The two break-out rounds will focus on delivering outcomes mentioned in this
document. In each round, the participants will be incorporated into different groups of
between five and seven members (with a total of 27 participants, we may be looking at 3-4
groups). We will actively manage the partition process to aim at balancing group
composition.

Table 1. Seminar structure.

Day/ Planned activities

Session

Wl L Welcome reception (evening)

(Sunday)

Day 1: March

2nd

(Monday) 9:00 Welcome
9:05 Organizers present seminar aims and planned outcomes
9:20 Round of short introductions (27 x 2 minutes)

10:15 Coffee Break

10:45 Short context-setting talks

11:45 Lunch

13:45 Round 1 break-out groups:
Definition of topics and partition into groups

14:15- | Round 1 break-out groups:
17:00 e Alignment of vocabulary, concepts and challenges across disciplines
e Specific technical aspects of UIP

Day 2:




March 3rd

9:00 Round 1 break-out groups (work continues)
(Tuesday)
10:30 Break
11:00 Plenary session: Reports from Round 1 break-out groups and discussion
11:45 Lunch
13:45 Talks about use cases
14:45 Round 2 break-out groups: definition of topics and partition into groups
15:15 Round 2 break-out groups:
e Definition of use cases
e Uncertainty interaction classification and patterns
Day 3:
March 4th 9:00 Round 2 break-out groups (work continues)
(Wednesday)
10:30 Break
11:00 Plenary session: Reports from round 2 break-out groups and discussion
11:45 Lunch
13:30 Excursion (Kamakura tour)
e Visit to Kamakura area by bus
e Visit various sites in the area
19:00- Banquet
21:30 ® Inthe Kamakura area
® Kaiseki-style dinner
Day 4:
March 5th 9:00 Planning of next steps and follow-up activities:
(Thursday) e Organizer’s presentation of draft UIP research agenda (based on
round 2), preparation of seminar report and summary article
® Planning of joint publications based on the results of the break-out
groups: definition of target venues and groups of contributors
11:30 Wrap-up and closing
11:45 Lunch
13:00- Departure
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