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BCTCS 22

The British Colloquium for Theoretical
Computer Science (BCTCS) is an
annual event for UK-based researchers
in theoretical computer science. A
central aspect of BCTCS is the training
of PhD students, providing an
environment for students to gain
experience in presenting their work, to
broaden their outlook on the subject,
and to benefit from contact with
established researchers. The scope of
the colloquium includes all aspects of

theoretical computer science,
including automata theory,
algorithms, complexity theory,
semantics, formal methods,

concurrency, types, languages and
logics.

This year's special theme is History of
Theoretical Computer Science. Four of
the Invited Speakers have been
chosen based on their lifetime
achievements in developing
Theoretical Computer Science in the
UK and have been invited to present
personal histories of their fields of
expertise. The History of TCS in Britain
talks are sponsored by EHP -
Educational, Historical and
Philosophical Foundations in
Computer Science, the Research arm
of Technocamps.

BCTCS 2022 includes two special
sessions: one on Explainable Al, the
other on Theoretical Aspects of
Security.

At the end of the first day there is a
discussion event on the Pedagogy of
Theoretical Computer Science, led by
Barnaby Martin and Eleni Akrida.



http://www.bctcs.ac.uk/

WIFI

The Swansea University Visitor network is available for visitors and guests of the
university who do not have academic accounts/access to eduroam.

Connect to ‘SwanseaUni-Visitors'

The first thing you need to do is view the list of available wireless networks on
your device and then connect it to the open SwanseaUni-Visitors SSID. Once
you are connected you should be prompted to sign-in. If you are not prompted,
open a web browser and type in the URL of https://socialwifi.swansea.ac.uk

Login

After you have connected, you need to log in using either Facebook credentials
or your email address. Once you are logged in the window may close, or you will
be redirected to the university web site.
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SWANSEA
UNIVERSITY

Swansea University's history goes
back to 1920. Its first campus, the
Singleton Campus, is located in a
lovely setting by the sea, right next
to one of the biggest parks in
Swansea. The second campus, the
Bay Campus, was opened in 2015.
Lying between the Bay Campus and
Neath Estuary is our very own
nature reserve, Crymlyn Burrows,
N which we certainly recommend
visiting during your stay. The dunes,
saltmarsh and beach are protected
as a Site of Special Scientific Interest
(SSSI). i

S i

In 2018 the doors to the
Computational Foundry, the home
of the departments of Computer
Science and Mathematics, were
opened. We are proud to host this
year's BCTCS event here.
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Previously Swansea University
hosted BCTCS 1995, BCTCS 2006
.~ and BCTCS 2020.


https://www.swansea.ac.uk/media/baycampusmap.pdf
https://www.swansea.ac.uk/life-on-campus/our-grounds/crymlyn-burrows-sssi/
https://www.swansea.ac.uk/science/computationalfoundry/

RR - Robert Recorde Room; LH - Lecture Hall; CR - Crucible

PROGRAMME

11:00 - 11:50 Registration
11:50 - 12:00 Opening

Alexander Knapp (Augsburg University) - Keynote speaker
Specifying Event/Data-based Systems
(Joint work with Rolf Hennicker and Alexandre Madeira)

12:45 - 13:30 CR Lunch

12:00 - 12:45 RR

Security Session
13:30 - 14:00 Martin Barrere (Imperial College London)
; : Trustworthy Ciritical Infrasfructure Systems
14:00 - 14:30 Arnold Beckmann (Swansea University)
' ‘ Blockchain-based Cyber-Physical Trust Systems and their Application
RR
14:30 - 15:00 Hoang Nga Nguyen (Coventry University)
: g Towards Systematic Threat Assessment and Security Testing for Automotive OTA
o 15:00 - 15:30 Pardeep Kumar (Swansea University)
E > ' Security in Cyber Physical Smart Environments
15:30 - 16:00 CR Coffee
n Contributed Talks - Stream A
16:00 - 16:25 Yoav Monfoc;ute (University of Cambridge)
< The Path of Hidden Pebbles
1625 - 16:50 Amlh Karamlou (University of Oxford)
Logical Aspects of Non-Local Games
F RR
1650 - 17°15 Richard Allen (Swansea University)
F : ' Runtime Verification for Android Security
- e S Abdul Ghani (Durham University)
> : ¢ Depth lower bounds in Stabbing Planes for combinatorial principles
Contributed Talks - Stream B
< 14:00 - 16:25 Alpay Ozkeskin (University of Liverpool)
: ' Scheduling with Precedence Constraints for Electricity Cost in Smart Grid
> : Peace Ayegba (University of Glasgow)
16:25 - 16:50 : A P
Resource allocation problem in wireless communications
LH
z 16:50 - 1715 Galen Wilkerson (Imperial College / University of Surrey)
: : Spontaneous Emergence of Computation in Network Cascades
o 1715 - 17-40 David Kutner (Durham University)
: ' Payment scheduling in the Interval Debt Model
E 17:45-18:30 Education Session
18:30-19:30 R Reception

CNENEN



09:30-10:15
10:15 - 10:45

10:45-11:30

RR - Robert Recorde Room; LH - Lecture Hall; CR - Crucible

Cliff Jones (Newcastle University) - Keynote speaker
Formal Methods in the UK - A (Personal) History

Mike Paterson (University of Warwick) - Keynote speaker
Algorithms and Complexity Theory in the UK - A (Personal) History

Contributed Talks - Stream A

11:30-11:55

11:55-12:20

12:20 - 12:45

Tansholpan Zhanabekova (University of Liverpool)
Deciding What is Good-for-MDPs

Dimitrios Los (University of Cambridge)
Balanced allocations with incomplete information

James Hinns (Swansea University)
Quantifying Underspecification with Feature Attribution Algorithms

Contributed Talks - Stream B

11:30-11:55

11:585-12:20

12:20 - 12:45
12:45 - 13:30

13:30-14:15

Harry Bryant (Swansea University)
Exploring the IC3 Algorithm to improve the Siemens-Swansea Ladder Logic
Verification tool

Victor Cai (Swansea University)
Counterexample Visualisation in the Railway Domain

Fahad Alhabardi (Swansea University)
Verification of Bitcoin's Smart Confracts in Agda using Weakest Preconditions for
Access Confrol

Rick Thomas (University of Leicester / University of St Andrews) - Keynote speaker
Some Interactions Between Automata Theory and Algebraic Structures in the UK
- A (Personal) History

Contributed Talks - Stream A

14:15 - 14:40

14:40 - 15:05

15:05 - 15:30

Laura Larios-Jones (University of Glasgow)
Reordering Edges in Temporal Graphs to Maximise Reachability

Nina Klobas (Durham University)
The Complexity of Temporal Vertex Cover in Small-Degree Graphs

Tamio-Vesa Nakajima (Oxford University)
Linearly Ordered Colouring of Hypergraphs

Contributed Talks - Stream B

14:15 - 14:40

14:40 - 15:05

15:05-15:30
15:30 - 16:00

16:00 - 16:45

16:45-17:30
19:00 - late

Sahar Jahani (London School of Economics)
Aufomated equilibrium analysis of 2x2x2 games

Michael McKay (University of Glasgow)
Envy-freeness in fixed size coalition formation games

Theofilos Triommatis (University of Liverpool)
On Maximising the Visibility Area with a Rotating Field of View

John Tucker (Swansea University) - Keynote speaker
Logic and Semantics in the UK - A (Personal) History

Conference Dinner
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RR - Robert Recorde Room; LH - Lecture Hall; CR - Crucible

09:30-10:15

10:15 - 10:45

RR

Francesca Toni (Imperial College London) - Keynote speaker
Argumentative Explainable Al

_Coffee.

Contributed Talks - Stream A

Uchenna Nnawuchi (Middlesex University)

WEDNESDAY, 13 APRIL

10:45-11:10 Investigating the existence of the right to explanation of Al in the context of the
GDPR
Jamie Duell (Swansea University)
11:10-11:35 RR |On Explainable Artificial Inteligence for Medical Diagnostics and its Potential
Scope for Future Development
Raghava Kovvuri (Swansea University)
11:35-12:00 Understanding the Influence of Confrollable Factors in Feature Aftribution
Algorithms
Contributed Talks - Stream B
: : Ruba Alassaf (Manchester University)
10:45-11:10 > S :
Uniform Interpolation in Modal Logic
Kiana Samadpour Motalebi (Manchester University)
11:10-11:35 LH A
Tableau methods for modallogic
S e Francis Southern (Swansea University)
0912 80 Singular DP-reduction
XAl Session
: : Hsuan Fu (Université Laval)
ete XAl in the finance & economics studies
RR
Adam Wyner (Swansea University)
12:30-13:0 g
0 Explainability in Al and Law
Contributed Talks - Stream C
12:00 - 12:25 Steffgn Mon (Independent Researcher)
LH Routing as a Game
12:25 - 12:50 Fiippos Pantekis (Swansea University)

Towards Massively Parallel SAT
Close
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INVITED
SPEAKERS

CLIFF JONES
NEWCASTLE UNIVERSITY

ALEXANDER KNAPP
AUSBURG UNIVERSITY
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SPECIAL SESSIONS

SECURITY

MARTIN BARRERE
IMPERIAL COLLEGE LONDON

ARNOLD BECKMANN
SWANSEA UNIVERSITY

PARDEEP KUMAR
SWANSEA UNIVERSITY

HOANG NGA NGUYEN
COVENTRY UNIVERSITY

XAl

HSUAN FU
UNIVERSITE LAVAL

ADAM WYNER
SWANSEA UNIVERSITY

N


https://www.imperial.ac.uk/people/m.barrere
https://www.dcs.warwick.ac.uk/people/academic/Mike.Paterson/
https://www.dcs.warwick.ac.uk/people/academic/Mike.Paterson/
https://pureportal.coventry.ac.uk/en/persons/hoang-nga-nguyen
https://www.swansea.ac.uk/staff/science/compsci/kumar-p/
https://www.swansea.ac.uk/staff/science/compsci/kumar-p/

ABSTRACTS

Ruba Alassaf (University of Manchester)
Uniform Interpolation in Modal Logic

A formula ¢’ is said to be a uniform Y—inferpolant of ¢, if for any
over the signature X, ¢ is implied by ¢’ if and only if « is implied by ¢.
Uniform interpolation has been the subject of many recent research
papers due to its potential use in applications. In this talk, we introduce
uniform interpolation and its variants, and present a saturation-based
inference system that computes a

local uniform interpolant for a formula and a “keep" signature.

Fahad Alhabardi (Swansea University)
Verification of Bitcoin’s Smart Contracts in Agda using Weakest Precon-
ditions for Access Control

This paper addresses the verification of Bitcoin smart contracts using
the interactive theorem prover Agda. It focuses on two standard smart
contracts that govern the distribution of Bitcoins, Pay to Public Key
Hash (P2PKH) and Pay to Multisig (P2MS). Both are written in Bitcoin’s
low-level language script, and provide the security property of access
control to the distribution of Bitcoins. The paper infroduces an oper-
ational semantics of the script commands used in P2PKH and P2MS,
and formalises it in the Agda proof assistant using Hoare friples. It ad-
vocates weakest preconditions in the context of Hoare triples as the
appropriate notion for verifying access control. Two methodologies for
obtaining human-readable weakest preconditions are discussed in or-
der to close the validation gap between user requirements and formal
specification of smart contracts: (1) a step-by-step approach, which
works backwards instruction by instruction through a script, sometimes
stepping over several instructions in one go; (2) symbolic execution of
the code and translation into a nested case distinction, which allows to
read off weakest preconditions as the disjunction of accepting paths.
A syntax for equational reasoning with Hoare Triples is defined in order
to formalise those approaches in Agda.
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Richard Allen (Swansea University)
Runtime Verification For Android Security

Users of computer systems face a constant threat of cyberattacks by
malware designed to cause harm or disruption to services, steal infor-
mation, or hold the user to ransom. Cyberattacks are becoming in-
creasingly prevalent on mobile devices like Android. Attacks become
more sophistficated along with countermeasures in an ever-increasing
arms race. A novel attack method is *collusion’, where the attack gets
hidden by distributing the steps through many malicious software ac-
fors.

We investigate the use of runtime verification to detect collusion at-
tacks on the end-users device. We have developed a novel algo-
rithm called RRH that is a variation of an existing algorithm by Grigore
Rosu and Klaus Havelund. Our approach is computationally efficient
enough to detect collusion in realtime on the Android device and does
not require prior knowledge of malware source code. Thus, it can de-
tect future malware without modification to the detection system or
the software under scrutiny.

Peace Ayegba (University of Glasgow)
Resource allocation problem in wireless communications

Wireless communications is fransforming every sector of the economy
as it enables billions of people to keep in touch with work and family
via their smart devices. However, the current tfechnology cannot meet
the demands of the future (i.e., explosive growth in number of devices,
better coverage and connection rate). For future wireless communi-
cations, the key technology that has the potential to enhance con-
nectivity for billions of users is referred to as Cell Free Massive Multiple-
Input Multiple-Output (CF-mMIMQO). One of the many challenges in CF-
mMMIMO is how to efficiently manage limited resources (spectrum, en-
ergy. and power) —the so called resource allocation problem in wireless
communications. This talk will give a survey of some of the problems
arising in this context, as well as mathematical tfechniques that have
been explored to tackle them.
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Martin Barrere (Imperial College London)
Trustworthy Critical Infrastructure Systems

Critical infrastructure systems are systems that are considered vital for
the proper functioning and development of a society. Some examples
are power plants, smart grids, and water distribution networks. These
systems are often composed of diverse interconnected subsystems,
thus creating a complex network of highly inferdependent software,
processes, and hardware components. From a security perspective,
cyber attacks on these cyber-physical systems can have very serious
consequences such as flooding, blackouts, or even nuclear disasters.
In this talk, | will cover some of the main concepts regarding crifical in-
frastructure systems, their importance, and related security manage-
ment challenges. Afterwards, | will present two of the research ar-
eas that we are currently working on, namely, identification of critical
cyber-physical components and cyber-physical attack graphs. | will
conclude my talk by describing a number of open problems and ex-
citing security challenges that require further investigation.

Arnold Beckmann (Swansea University)
Blockchain-based Cyber-Physical Trust Systems and their Application

Cyber Physical Trust Systems (CPTS) are Cyber Physical Systems enriched
with tfrust as an explicit, measurable, festable and verifiable system
component. In this talk we will describe our research in relation to CPTS
that are driven by blockchain. We will explain what blockchain is. We
will highlight some of the security properties of Blockchain-based CPTS
and their formal proofs using the Tamarin Prover tool. We will also de-
scribe the context of this research by highlighting the application of
Blockchain-based CPTS in real world projects we are involved in.

Harry Bryant (Swansea University)
Exploring the IC3 Algorithm to improve the Siemens-Swansea Ladder
Logic Verification tool

The last years have seen a radical transformation in railways. Among
the new infrastructure, signalling software is a key technology to in-
crease rail capacity and automation. However, verifying the safety
of this software is a challenge for the railway industry. Siemens Mobil-
ity and Swansea University have developed an effective automated
verifier for railway interlocking programs, which our project sets out to
improve. The purpose of our research is deal efficiently with the false
positive problem, where verification fails although the property under
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discussion holds. This problem arises due to the specific algorithmic ap-
proach taken. We are investigating if the false-positive problem can
be addressed by Bradley’s IC3 algorithm and its parallel and symbolic
variations. The overall goal of our research is to refine it offer a solution
that scales to a challenge in rail industry.

Victor Cai (Swansea University)
Counterexample Visualisation in the Railway Domain

In railway, the placement of equipment on a frack plan is safety-critical
and underlies many constraints (more than 300 are known in industry).
For ETCS Level 2, our industrial partner has a design tool that lets en-
gineers place equipment on frack plans. The objective of our project
is fo visualise constraint violations in this tool, discovered through SMT
solving. There is an approach under development that translates data
from the design tool into a directed graph, which is then encoded in
the SMTLib2 format, and finally checked against a set of design rules
using the Z3 SMT solver. Our contribution is to take the unsatisfiable
core of such check and visualise it on the track plan in the design tool,
by reversing the two model tfransformations that made the frack data
accessible 1o SMT solving. Our work provides a new instance of the
challenge fo translate from the language of a prover back into the
language of the domain from which the problem originated.

Jamie Duell (Swansea University)
On Explainable Atrtificial Intelligence for Medical Diagnostics and its
Potential Scope for Future Development

eXplainable Artificial Intelligence (XAl) aims to provide intelligible ex-
planations to users to support decision making. Current XAl methods,
such as SHAP, LIME, and Scoped Rules, focus on calculating feature
importance in predictions. Although XAl has attracted increasing at-
fention, applying XAl technigues to healthcare to inform clinical de-
cision making is sfill challenging. Our experimental results show that
the studied XAl methods circumstantially generate different top fea-
tures. The identified features including shared top important features
demonstrate clinical significance in making diagnosis under different
scenarios. Our work shows that medical diagnostics is a promising do-
main for applying XAl technologies. We aim to further this coalition of
important features and the respective impact to surrounding features,
by infroducing peer-influence as a means of identifying underlying re-
lations.
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Abdul Ghani (Durham University)
Depth lower bounds in Stabbing Planes for combinatorial principles

This talk will infroduce Stabbing Planes as a proof system, discuss its
relevance, and indicate a few methods of finding lower bounds.

James Hinns (Swansea University)
Quantifying Underspecification with Feature Attribution Algorithms

For a given dataset and machine learning (ML) task, various predic-
fors can be constructed with different reasoning that produce near-
optimal test performance. However, due to this variance in reasoning,
some predictors can generalise whilst some perform unexpectedly on
unseen data. The existence of multiple equally performing predictors
exhibits underspecification of the ML pipeline used for producing such
predictors and presents challenges for credibility.

In this work, we propose identifying underspecification by estimating
the variance of reasoning within a set of near-optimal predictors pro-
duced by a pipeline. We implement our approach by producing a set
of well-performing predictors, computing their Shapley additive explo-
nations and then measuring various distance and correlation metrics
between them. We demonstrate our approach on multiple datasets
drawn from the literature, and in a COVID-19 virus transmission case
study.

Sahar Jahani (London School of Economics)
Automated equilibrium analysis of 2x2x2 games

In this project, we study the Nash equilibria in three-player non-cooperative
games in which each player has two strategies. We present a pro-
gram that outputs a full description of these equilibria even for de-
generate games, which has not been done before. These games are
the simplest games with more than two players. Then the players’
best-response functions are non-linear and a new formulation for these
functions is proposed. The procedure of finding Nash equilibria is di-
vided info two main algorithms: one to compute the partially mixed
equilibria, and one compute the completely mixed equilibria. Both al-
gorithms are implemented in Python with a 3D representation of best-
response surfaces. The program will be added to the Game Theory
Explorer, which is a web application for analyzing different types of
games.
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Cliff Jones (Newcastle University)
Formal Methods in the UK - A (Personal) History

| owe my real start in “formal methods” to two spells in Vienna but that
was long enough ago that | can talk about many years of developing
and promoting such approaches in the UK. I'd like to describe how
difficult things were back in the 70s, how much better they are today,
but also to address why it has taken so long and the situation is still
far from ideal. | won’t have time to get very technical but will provide
pointers to more technical material.

Amin Karamlou (University of Oxford)
Logical Aspects of Non-Local Games

A non-local game consists of a group of spatially separated players
who are trying to convince an adversary (the referee) that they know
the answers to a set of questions. Ever since the pioneering work of
Bell in the 1960s this rather abstract framework has proven to be one
of our most useful tools for understanding quantum advantage, that is,
the ability of a quantum system to outperform a classical one. My PhD
focuses on analysing non-local games by using techniques traditionally
associated with the field of logic in computer science. | will present an
overview of the questions in this area, and the progress made thus far
in solving them.

Nina Klobas (Durham University)
The Complexity of Temporal Vertex Cover in Small-Degree Graphs

Temporal graphs naturally model graphs whose underlying topology
changes over time. Recently, the problems TEMPORAL VERTEX COVER (Or
TVC) and SLibING-WINDOW TEMPORAL VERTEX COVER (Or A-TVC for time-
windows of a fixed-length A) have been established as natural exten-
sions of the classic VERTEX COVER problem on static graphs with con-
nections to areas such as surveillance in sensor networks.

In this paper we initiate a systematic study of the complexity of TVC
and A-TVC on sparse graphs. Our main result shows that for every
A > 2, A-TVC is NP-hard even when the underlying topology is de-
scribed by a path or a cycle. This resolves an open problem from lit-
erature and shows a surprising contrast between A-TVC and TVC for
which we provide a polynomial-time algorithm in the same setting. To
circumvent this hardness, we present a number of exact and approx-
imation algorithms for femporal graphs whose underlying topologies
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are given by a path, that have bounded vertex degree in every time
step, or that admit a small-sized temporal vertex cover.

Alexander Knapp (Augsburg University)
Specifying EventData-based Systems
(Joint work with Rolf Hennicker and Alexandre Madeira)

Event/data-based systems are controlled by events, their local data
state may change in reaction to events. Numerous methods and nota-
tions for specifying such reactive systems have been designed, though
with varying focus on the different development steps and their refine-
ment relations. We first briefly review some of such methods, like tem-
poral/modal logic, TLA, UML state machines, symbolic transition sys-
tems, CSP, synchronous languages, and Event-B with their support for
parallel composition and refinement. We then present E|-logic for cov-
ering a broad range of abstraction levels of event/data-based systems
from abstract requirements to constructive specifications in a uniform
foundation. E|l-logic uses diamond and box modalities over structured
events adopted from dynamic logic, for recursive process specifica-
tions it offers (control) state variables and binders from hybrid logic. The
semantic interpretation relies on event/data transition systems; specifi-
cation refinement is defined by model class inclusion. Constructive op-
erational specifications given by state transition graphs can be char-
acterised by a single E|l-sentence. Also a variety of implementation
constructors is available in E|-logic to support, among others, event re-
finement and parallel composition. Thus the whole development pro-
cess can rely on E|-logic and its semantics as a common basis.

Veera Raghava Reddy Kovvuri (Swansea University)
Understanding the Influence of Controllable Factors in Feature Attribu-
tion Algorithms

Feature attribution XAl algorithms enable their users to gain insight info
the underlying patterns of large data sets through their feature impor-
fance calculation. Existing feature attribution algorithms treat all fea-
tures in a data set homogeneously, which may lead to misinterpretation
of consequences of changing feature values. In this work, we consider
partitioning features intfo controllable and uncontrollable features, and
propose the Controllable fActor Feature Attribution (CAFA) approach
to compute the relative importance of controllable features. CAFA is
different from the existing feature attribution algorithms in mainly in the
following aspects. First, as already mentioned, we distinguish between
controllable and uncontrollable features instead of treating them ho-
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mogeneously. Secondly, we compute the relative importance of con-
frollable features through selective perturbation and global-for-local
interpretation. We applied CAFA to two medical datasets, a lung can-
cer dataset and a breast cancer dataset. The experimental results
show that after using CAFA, though the model is built over all fea-
tures, the explanations of controllable features do not interfere with
the uncontrollable ones. We further studied CAFA on the COVID-19
non-pharmaceutical control measures dataset, which was collected
by ourselves. This study also showed that the controllable and uncon-
frollable features are relatively independent.

Pardeep Kumar (Swansea University)
Young People’s Awareness and Habits on Cybersecurity

With the advancement and ubiquity of technology, children in the
Western world are being exposed to smartphones, tablets, and gam-
ing systems from their early age/primary or high school days. Most
of children already own a mobile device when they entered to the
school. Increased exposure to the infernet has highlighted the need
for security education to be directed to young age groups, especially
considering the rise in cases of identity fraud amongst children. As the
young people are increasingly becoming responsible for the security
of their devices, yet do not appear to have the knowledge to protect
themselves online. In this talk, some interesting results from one of our
recent studies, i.e., understanding young people’s experiences of cy-
bersecurity, will be discussed.

David Kutner (Durham University)
Payment scheduling in the Interval Debt Model

Financial Networks consist of banks (nodes) connected by debts (edges).
We intfroduce the Interval Debt Model, in which debts are due at in-
feger time intervals on a temporal graph with lifetime T. We define
valid payment schedules as ones consistent with the obligations of the
nodes in the input, and study the problem of finding a schedule which
minimizes (or maximizes) the number of nodes which go bankrupt. We
also study the problem of bailout minimization, in which the aim is to
minimize the bailout payments made by a Financial Authority to make
possible a schedule with no bankruptcies.

We find that bankruptcy minimization and maximization are NP-hard

even on directed acyclic graphs of bounded degree; that bailout mini-
mization is NP-hard on graphs of bounded degree; and that bankruptcy
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minimization remains weakly NP-hard on graphs with O(1) vertices.

Laura Larios-Jones (University of Glasgow)
Reordering Edges in Temporal Graphs to Maximise Reachability

Temporal graphs consist of an underlying graph (G, E) and an assign-
ment ¢ of fimesteps to edges that specifies when each edge is active.
This allows us to model spread through a network which is time-sensitive.
We will keep the set of timesteps the same and explore reordering them
to optimise reachability. Previous work has mainly explored minimising
spread for applications such as epidemiology. Here, we will be looking
at the opposite problem of increasing movement through a graph. In
particular, our goal is to reorder the timesteps assigned to the edges
in our graph such that the minimum number of vertices reachable
from any starting vertex is maximised. We will discuss which analogous
structural and algorithmic results from the minimisation case hold in this
case. Maximising spread can be useful in situations where we would
like information or resources to be shared efficiently, such as advertising
or even vaccine rollout.

Dimitrios Los (University of Cambridge)
Balanced allocations with incomplete information

In the balanced allocations setting, we have to allocate m tasks (balls)
sequentially intfo n servers (bins), so as to minimise the gap. i.e. the dif-
ference of the maximum load to the mean m/n. The simple process of
allocating each ball to a random bin, achieves w.h.p. a ©(y/m/nlogn)
gap when m > n. A great improvement over this process, is the Two-
Choice process, where each ball queries the load of two randomly
chosen bins and is then placed in the least loaded bin. It achieves
w.h.p. alog,logn + ©(1) gap for m > n.

In the first part of this talk we give some background on balanced al-
location processes. In the second part, we investigate variants of the
Two-Choice process where allocations are made under incomplete in-
formation, giving insights into this dramatic improvement of Two-Choice
over One-Choice.

This is joint work with Thomas Sauerwald and John Sylvester.

Michael McKay (University of Glasgow)
Envy-freeness in fixed size coalition formation games
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In this talk we consider a variation of the three-dimensional Stable Room-
mates problem, which can also be thought of as a coalition formation
game. Agents specify preference lists over their peers, and the task is
to partition the agents into sets of size 3 based on these preferences. In-
stead of seeking a “stable” partition, our aim is to construct a partition
in which no agent has “envy” for another. There is a close relafion o
stability. In this talk we assume that agents have additive preferences.
For three possible definitions envy-freeness, we show that it is NP-hard in
general to find envy-free partitions, but we present new results relating
o restrictions of each problem in which an envy-free partition can be
found in polynomial tfime. These results help us explore the boundary
between NP-hardness and polynomial-time solvability in problems of
coadlition formation.

Steffan Mon (Independent Researcher)
Routing as a Game

The internet can be viewed as a big game played on a graph, where
each vertex makes forwarding decisions based on selfish preferences
over the path the data takes. Changes in forwarding decisions by one
vertex may cause others to change their decisions, causing a ripple
effect through the graph, resulting in degraded performance.

Path formation games formalise and model this scenario along with
other problems of interest. Although not every instance of Path Forma-
fion games has a solution, we prove how some special cases of are
guaranteed to have an efficiently computable solution.

Originally introduced for Stable Paths Problems, we also show how lack-
ing a structure known as a dispute wheel is a sufficient condition for a
game to have a solution.

This is a joint work with Dr Arno Pauly.



Yoav Montacute (University of Cambridge)
The Path of Hidden Pebbles

Pebble games are a type Spoiler-Duplicator game used in finite model
theory to compare models and, as a result, examine expressive pow-
ers of logical systems. Recently, these games were shown to provide
an equivalent intermediary between fragments of different logical lan-
guages and categorical structures named comonads. This realises a
unified language that can be used to study combinatorics categori-
cally and to infroduce alternative consolidated proofs for results with a
common general form. This falk will begin with a current overview on
this research project, originating from the seminal work of Abramsky,
Dawar and Wang. The second part of the talk will focus on a new type
of pebble game which utilises the idea of a hidden pebble and yields a
novel homomorphism-counting theorem via a comonad whose coal-
gebras characterise pathwidth. This will follow with concluding remarks
regarding possible research directions involving this comonad.

Kiana Samadpour Motalebi (University of Manchester)
Tableau methods for modal logic

Logics of confluence, defined by generalisations of the axiom of con-
fluence, cover a wide range of standard modal logics including modal
logic K and single axiom extensions with the axioms T, B, 5, BAN, alt1,
G0111, G and D, which are simple instances of a generalised pattern
of axioms of confluence. Two kinds of tableau calculi for this class
of logics using respectively structural rules and propagation rules are
studied. Structural rules ensure that the constructed models satisfy the
characteristic frame conditions of the logic, whereas propagation rules
only construct pre-models which are sufficient to discover unsatisfiabil-
ity and can be completed or adapted to give concrete models.



Tamio-Vesa Nakajima (Oxford University)
Linearly Ordered Colouring of Hypergraphs

Linearly ordered colouring is a type of special hypergraph colouring. In
normal hypergraph colouring, one must colour each vertex with one
of K different colours such that no hyperedge is monochromatic. In
linearly ordered colouring, one must colour each edge so that it has
a unigue maximum colour. In this talk we discuss several interesting
results about such colourings — both tractability of certain cases, and
hardness of others. In particular, we will discuss "promise" problems:
rather than frying to find a linearly ordered colouring with K colours for
arbitrary hypergraphs, we will assume that the hypergraph admits a
linearly ordered colouring with fewer than K colours.

Hoang Nga Nguyen (Coventry University)
Towards systematic threat assessment and security testing for automo-
tive OTA

Modern cars host numerous special-purpose computing and connec-
tivity devices facilitating the correct functioning of various in-vehicle
systems. These devices host complex software systems with over 100-
million lines of code, requiring regular and fimely updates for func-
tfional and security improvements. Addressing the shortcomings of the
legacy update system, over-the-air (OTA) software update systems have
emerged as an efficient, cost-effective, and convenient solution for
delivering updates to automobiles remotely. While OTA offers several
benefits, it introduces new security challenges requiring an immediate
attention, as attackers can abuse these update systems to undermine
vehicle security and safety. This talk will present our two model-based
approaches to addressing the security assessment problem for auto-
motive OTA systematically.



Uchenna Nnawuchi (Middlesex University)
Investigating the existence of the right to explanation of Al in the con-
text of the GDPR

The growth of Artificial Intelligence (Al) in various aspects of human
society has affected the landscape of human cognition, social order
and political power. Machine Learning (ML) algorithms are increas-
ingly becoming responsible for decision-making in many industry sec-
tors owing to their efficiency in performing tasks. However, the growing
worry is that ML algorithms are fraught with opacity and bias. Some
legal scholars and data scientists have claimed that the right to explo-
nation exists and is a persuasively appealing approach for challenging
and providing redress to ML opacity. However, the existence or other-
wise of such right is at the centre of global debate. This paper inves-
figates whether there is a legal right to explanation of ML algorithms
in the context of GDPR. The paper analyses the argument from various
scholars on both sides of the divide with a view to ascertaining whether
the right actually exists.

Alpay Ozkeskin (University of Liverpool)
Scheduling with Precedence Constraints for Electricity Cost in Smart
Grid

We study a scheduling problem arising in demand response manage-
ment in smart grid. Consumers send in power requests with a flexible
feasible time interval during which their requests can be served. The
grid conftroller, upon receiving power requests, schedules each request
within the specified interval. The electricity cost is measured by a con-
vex function of the load in each time slot. The objective is to schedule
all requests with the minimum total electricity cost. Previous work has
studied a special case where the power requirement and the duration
arequest demands are both unit-size. We extend this case by allowing
jobs to have precedence constraints. We present a polynomial time
offline algorithm that gives an optimal solution when the feasible time
intervals for the jobs in order of precedence are the same.

This is a joint work with Wing-Kai Hon, Hsiang-Hsuan Liu, Deyu Sun, and
Prudence W.H. Wong.
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Filippos Pantekis (Swansea University)
Towards massively parallel SAT

Parallelisation of SAT is an area that faces many challenges, includ-
ing the sharing of information between threads causing restrictions to
performance. In this work, we present steps in massively parallelising
SAT checking using new GPGPU architectures in a manner that is both
loosely coupled and fully scalable. We demonstrate techniques for
successful parallelization of SAT in these special environments and present
early results in favour of their use.

Mike Paterson (Warwick University)
Algorithms and Complexity in the UK - A (Personal) History

One person’s story of how they found their way into this area during the
60’s and 70’s.

Francis Southern (Swansea University)
Singular DP-reduction

It is useful to be able to reduce one set of boolean constraints to an-
other, which is simpler relative to some complexity measure, in such a
way that solutions can be translated back to the original problem. One
operation which achieves this and has been utilised in both theoretical
and practical work on the propositional satisfiability problem is Davis-
Putnam reduction, which eliminates a variable v from a clause-set F by
replacing the clauses containing v with their resolvents (on v).

In general, while reducing the number of variables, DP-reduction may
increase the number of clauses. However, the special case of singular
DP-reduction, in which the eliminated variable occurs in one of its po-
larities only once, decreases the number of clauses as well as variables.
My talk will cover some structural properties of singular DP-reduction on
minimally unsatisfiable clause-sets.



Rick Thomas (University of St Andrews)
Some Interactions Between Automata Theory and Algebraic Structures
in the UK - A (Personal) History

We will survey some of the impact that automata and formal language
theory has had on the theory of algebraic structures, particularly group
theory, focussing on some work done in the UK. We will also point out
some results and questions in automata theory arising from these infer-
actions.

Francesca Toni (Imperial College London)
Argumentative Explainable Al

It is widely acknowledged that transparency of automated decision
making is crucial for deployability of intelligent systems, and explain-
ing the reasons why some outputs are computed is a way to achieve
this transparency. The form that explanations should take, however, is
much less clear. In this talk | will explore two classes of explanations,
which | call ‘lean” and ‘'mechanistic’: the former focus on the inputs
contributing to decisions given in output; the latter reflect instead the
infernal functioning of the automated decision making fed with the
inputs and computing those outputs. | will show how both classes of
explanations can be supported by forms of computational argumen-
tation, and will describe forms of argumentative XAl in some seftings
(e.g. for multi-attribute decision making and machine learning).

Theofilos Tiommatis (University of Liverpool)
On Maximising the Visibility Area with a Rotating Field of View

Imagine the following we have a polygon-shaped platform P and only
one static spotlight outside of P. Which direction should the spotlight
face to light most of the platform? More formally, we define and pro-
vide an algorithm for the problem of finding the maximum intersection
between a polygon and a rotating field of view. If we were to guess
the direction that yields the maximum intersection this means that we
would have to go through an infinite number of guesses. We provide
an FPTAS that approximates the rotation that yields the maximum inter-
section.
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John Tucker (Swansea University)
Logic and Computation in the UK - A (Personal) History

Developments in the field as seen through the eyes of a septuagenar-
ian.

Galen Wilkerson (Imperial College London / University of Surrey)
Spontaneous Emergence of Computation in Network Cascades

Neuronal network computation and computation by avalanche sup-
porting networks are of interest to the fields of physics, computer sci-
ence (computation theory as well as statistical or machine learning)
and neuroscience. Here we show that computation of complex Boo-
lean functions on inputs arises spontaneously in threshold networks as
a function of connectivity and antagonism (inhibition), computed by
logic motifs. We also obtain lower bounds on function probabilities,
and show that these results agree with those obtained by others.

Tansholpan Zhanabekova (University of Liverpool)
Deciding What is Good-for-MDPs

Nondeterministic Good-for-MDP (GFM) automata are for MDP model

checking and reinforcement learning what good-for-games automata

are for synthesis: a more compact alternative o deterministic automarta
that displays nondeterminism, but only so much that it can be resolved

locally, such that a syntactic product can be analysed. GFM has re-

cently beeninfroduced as a property for reinforcement learning, where
the simpler BUchi acceptance conditions it allows to use is key. How-

ever, while there are classic and novel techniques to obtain automata

that are GFM, there has not been a decision procedure for checking

whether or not an automaton is GFM. We show that GFM-ness is decid-

able and provide an EXPTIME decision procedure as well as a PSPACE-

hardness proof.
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CELEBRATING

This year, BCTCS will celebrate two important birthdays, John Tucker, 70, who co-
founded BCTCS, and Faron Moller, 60, who was the president of BCTCS for 15 years

(2004-2019).

JOHN TUCKER

Professor Tucker is a computer scientist
whose research addresses what can and
cannot be computed by people and
machines.

He also studies the historical development
of data and computing and their influence
on society. He founded the University's
History of Computing Collection and the
new Swansea research group called
Educational, Historical and Philosophical
Foundations of Computing.

Professor Tucker is also an expert on the
history and heritage of science and
technology in Wales.

Since coming to Swansea in 1989, he has

served as Head of Department of Computer

Science (1994-2008), Head of School of

Physical Sciences (2007-11), and Deputy Pro-

Vice Chancellor (2011-19).

FARON MOLLER

Faron Moller is a Professor of Computer
Science at Swansea University within the
Theoretical Computer Science Group,
where he is the Founding Head of the
Swansea Railway Verification.

Faron is also Director of Technocamps, a
pan-Wales schools and community
outreach programme based at Swansea
University but with hubs in every
university in Wales. He is also Head of the
Institute of Coding in Wales, which
represents the business engagement arm
of Technocamps, and co-Lead of the
Research Theme on Educational,
Historical and Philosophical Foundations
of Computer Science, which represents
the research arm of Technocamps.



~~ Swansea city centre offers several restaurants and cafes.
—~ =—Here are some options that you might consider:

“£-££ Awa Grill House (Middle Eastern):
8-10 College Street, Swansea, SA1 SAE

http://awagrillhouse.restaurantwebx.com

£-££ Turkish Kitchen (Turkish):
= 21 High St, Swansea SA1I1LF
__https://www.swanseaturkishkitchen.com

£-££ Panshee (Indian):A =
29 Singleton St, Swansea SA1 3QN
https:/ [www.pansheeswanseq.co.uk

££ Nishimura (Japanese):
83 Brynymor Road, Swanseaq, SAl4JE
https://nishimura.co.uk

https://www.iguanas.co.uk -

wall @Awa Grill House

££ Ask ltalian (Halian, Mediterranean):

6 Wind Street, Swansea, SA1 IDF
https://www.askitalian.co.uk

£f Las Iguanc[s (Mexican, Latin American):
1-4 Castle Square, Swansea, SA11DN

££-£££ Gallini’s (Halian):

Unit 3, Fishmarket Quay, SA11UP
http://www.gallinisrestaurant.co.uk

££-£ff Madeira (Porfuguese):
46 Kingsway, Swansea, SA1 SHG
https://www.madeirarestaurantswansea.co.uk

@ Turkish Kitchen
Plantasia @ b

&
v

Madeirg\@ sea Castle 9 g

Stardust Casino Slots 0

@ Panshee

\S

[

e Ni;himura
am | @ «.‘»“

vn Court Q

Tesco Superstore o

@Las lguanasnsbury's Q
@Ask Italian

84489
Mobile Booth

Swansea Museum @

Swansea Museum

SSC EUROPE @ Tramway Centre

@6\

@ Gallini’s
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http://awagrillhouse.restaurantwebx.com/
https://www.swanseaturkishkitchen.com/
https://www.pansheeswansea.co.uk/
https://nishimura.co.uk/
https://www.madeirarestaurantswansea.co.uk/
https://www.askitalian.co.uk/
https://www.iguanas.co.uk/
http://www.gallinisrestaurant.co.uk/
https://www.madeirarestaurantswansea.co.uk/
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Computational Foundry
Swansea University Bay Campus
Crymlyn Burrows
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