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Foreword

Dr Dietmar Heinke
Chair of the BEAR user group

= a
The proceedings summarize the content of the BEAR PGR Conference in 2025. At this
conference BEAR users came together to hear about the fascinating research that
Postgraduate Researchers (PGRs) and academic staff undertake on the University’s
supercomputer, BlueBEAR. The BEAR PGR Conference is an annual event where we give
PGRs an opportunity to get experience in running a conference, gaining skills that will enrich
their CV.

This year the conference was a one-day event including poster presentations and talks. The
presenters came from a wide range of disciplines such as mechanical engineering, financial
economics, investment management, aero dynamics, climate research, chemical
engineering; physics & astronomy; applied health research; social policy and computer
science. We also had two excellent keynote speakers: Dr. Loic Lannelongue (University of
Cambridge) and Dr Xilin Xia (University of Birmingham). Loic introduced the Green
Algorithms project which aims to reduce the environmental impact of supercomputers. Xilin
provided very interesting insights into the latest advances in research into climate change.

| hope you find these abstracts very stimulating and will inspire you to go and find out more
about the presenters’ research and how BlueBEAR may help you with your own research.

The conference concluded by announcing the best poster and talk winners. It was a difficult
choice with such an excellent range of presentations, but the winner of the best poster was
Oskar Soulas, with his engaging and clear presentation and the winner of the best talk
Zhuangchen Wu, with his highly visual and impactful talk. We would like to thank Lenovo for
providing the prizes (Motorola smart phones) for the winners.

These proceedings and the conference would not have been possible without the
tremendous amount of work that goes on behind the scenes by many dedicated individuals.
So a big thank you to the organizing committee for their excellent work: Poppy Aves, Aaron
Wiggins, Brandon Ingram, Margarita Saranti, Hibah Saddal, Simone Ausilio, Ni Yang, Nina
Adler and the advisory Committee: Aslam Ghumra, Dr. Stephanie Thompson and Debbie

Carter.
Dietmar Heinke

Page 3 / 34



ORGANISING
COMMITTEE | At comi
MEMBERS

CHAIR

Poppy Aves
Psychology

SECRETARY

Aaron Wiggins
Chemical Engineering

DIGITAL ENGAGEMENT

Brandon Ingram

Psychology

PUBLICITY & PUBLIC
RELATIONS

Margarita Saranti
© Psychology

PUBLICITY & PUBLIC
RELATIONS

Hibah Saddal
Metallurgy and Materials

PUBLICITY & PUBLIC
RELATIONS

Simone Ausilio

Electrical Engineering

Page 4 / 34



ORGANISING
COMMITTEE
MEMBERS

PUBLICITY & PUBLIC
RELATIONS

Ni Yang
International Development

PUBLICITY & PUBLIC
RELATIONS

Nina Adler

Mechanical Engineering

Organising Committee

Page 5 / 34




KEYNOTE
SPEAKERS

DR. LOIC LANNELONGUE
CENG, FIMECHE

Senior Research Associate
University of Cambridge

DR XILIN XIA

Assistant Professor
University of Birmingham

Page 6 / 34



CONTRIBUTORS

Xilin Xia

Ben Jenkins
Chandan Bose
Son Nguyen
Hibah Saddal
Loic Lannelongue
Yibo Zhang

Tong Liu

Nina Adler
Lamya Majeed
Zhenyi Zhai
Zhuangchen Wu
Sophie Feltz
Haonan Tian
Mohammad Aldoub

TALKS

Winner best presentation
Zhuangchen Wu

PAGE

11
12
13
14
15
17
18
19
20
21
22
23
24
25
20

Page 7 / 34



CONTRIBUTORS

POSTERS
PAGE

Asim Abbas 21
Emily Allman 28
Junyue Huang 29
Ossama Shafiq 30
Yibo Zhang 31
Peter Graham 32
Nina Alder 33
Oskar Soulas 34

Winner best poster
Oskar Soulas

Page 8 / 34



AGENDA

Conference Agenda

Start Time Duration Event Title/Topic
10:00 00:30 Registration & Refreshments
10:30 00:10 Welcome Introduction by Dietmar Heinke - Chair of the BEAR User Group
10:40 00:45 ilin Xia Keynote: Development and application of computational models for

natural hazards and climate risk assessment

11:25 00:20 Ben Jenkins (ONLINE) Outcomes and Learnings from 4 Years of Research on DEM Calibration

Unleashing GPU-Accelerated Computing: Aerodynamics of Butterfly

11:45 00:20 Chandan Bose
Swarms
12:05 00:15 Break
1990 00:20 Son e Don’t Cry Over Spilled Oil: Stock Market Punishment for Environmental
Missteps
: Modelling Bio-Inspired Fluid-Structure Interaction Probl ' -
12:40 00:20 Hibah Saddal odelling Bio-Inspired Fluid-Structure Interaction Problems Using Open
Source Codes
13:00 01:00 Lunch + Posters
K te: Algorith Di REENER principles: maki
1400 00:45 llamelorme eynote: Green .gon ms,Green ISC e.de pr|nc?|p es: making
computational science more environmentally sustainable
14:45 00:20 Yibo Zhang When She Holds the Purse Strings: Intrahousehold Female Status and
Household Resilience under Natural Disaster Exposure
15:05 00:15 Break
15:20 00:05 Liu Tong Structural monetary policy and firms’ green innovation

Page 9 / 34



AGENDA

Start Time Duration Event Title/Topic
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15:35 00:05 Ty et The impact of airpo.rt expansion on local housing prices:
evidence from the UK
15:40 00:05 Zhuangchen Wu Ratings, popularity, and price setting
15:45 00:05 Haonan Tian Speed Limits, Noise Abatement, and.House? Prices:
Evidence from a Quasi-Natural Experiment in Wales
Mohammad B M Information shock and belief heterogeneity in the peer-
15:50 00:05
A J Aldoub to-peer secondary market
15:55 00:10 Break
16:05 Prizes and
Wrap-up
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ABSTRACTS

KEYNOTE : DEVELOPMENT
AND APPLICATION OF
COMPUTATIONAL MODELS
FOR NATURAL HAZARDS
AND CLIMATE RISK
ASSESSMENT

Xilin Xia
email: x.xia.1@bham.ac.uk

Due to Climate Change, there will be more extreme weather events such as intense
rainfall storms in the future. These events often cause hydrological hazards such as
flooding, landslides and debris flows. Modelling the risk from these rainfall-related
hazards is essential for increasing resilience. It underpins important applications that
reduces risk or enables faster recovery. In this presentation, | will present my recent
research on developing cutting-edge modelling methods for climate and weather-
related hazards, including both hydrodynamic and machine learning based
approaches, and their applications in risk assessment and real-time forecasting.
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ABSTRACTS

OUTCOMES AND LEARNINGS
FROM 4 YEARS OF RESEARCH
ON DEM CALIBRATION

Ben Jenkins
email: bdj746@student.oham.ac.uk
B.D. Jenkins(1,2), A.L. Nicusan(1), A. Neveu(2), G. Lumay(3), F

Francqui(2), J.P.K. Seville(1), and C.R.K. Windows-Yule(1)
(1) University of Birmingham, School of Chemical Engineering

(2) Granutools SPRL, Belgium

(3) Grasp laboratory, Belgium

Simulating granular materials through the Discrete Element Method (DEM) faces
several challenges, with one of the main issues being the calibration of coefficients that
define the forces between particles. Accurate calibration is essential to ensure that
DEM simulations reflect real-world behaviour at all scales, from individual particle
interactions to the collective dynamics of large systems. However, a lack of universally
accepted calibration standards has led to inconsistent and often inaccurate results in
DEM simulations, hindering its wider adoption in both research and industry [1]

This work focuses on indirect calibration methods using powder characterisation
instruments, which infer the interaction properties needed for DEM simulations by
mapping bulk behaviours to particle interactions. Our studies have identified the optimal
instruments, combinations, and regression models for effective calibration as
summarised in Figure 1. Over the past four years, significant progress has been made
in developing a more standardised calibration model, offering valuable insights and best
practices for DEM simulations. These findings could serve as a foundation for future
advancements in numerical powder simulation, benefiting both researchers and industry
practitioners.

Efficient and Accurate Improving Our Understanding Developing New
Digital Twins Thr‘ough Data Analysus Calibration Methods
. e - i Experimental Measurements
| kernel Density Estimator |
I
Calibrated Particle Properties
-

References
[1] C. R. K. Windows-Yule and A. Neveu. “Calibration of DEM simulations for dynamic particulate systems”. In: Papers in
Physics 14 (July 2022). doi: 10.4279/pip.140010. url: https://www.papersinphysics.org/papersinphysics/article/view/795.
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ABSTRACTS

UNLEASHING GPU-
ACCELERATED COMPUTING:
AERODYNAMICS OF
BUTTERFLY SWARMS

Chandan Bose

email: c.bose@bham.ac.uk

Chandan Bose(1), Debajyoti Kumar(2), Siddharth Sharma(2), Somnath
Roy(2,3)

(1) Aerospace Engineering, University of Birmingham, UK

(2) Centre for Computational and Data Sciences, IIT Kharagpur, India
(3) Department of Mechanical Engineering, IIT Kharagpur, India

The study of robotic butterfly swarms presents futuristic opportunities for understanding
complex aerodynamic interactions in bio-inspired flight formations. However, simulating
large-scale robotic swarms is computationally intensive due to intricate flow
Interactions,moving boundaries, and nonlinear phenomena. In this research, we
harness the power of GPU-accelerated computing to accelerate aerodynamic
simulations significantly using an Immersed Boundary Method and overset meshing
strategy. Our GPU-accelerated flow solver efficiently handles the complex flow
interactions inherent to the flapping wings of robotic butterflies, enabling detailed
characterization of aerodynamic performance metrics such as lift, thrust, and propulsion
efficiency. Through high-resolution computational fluid dynamics simulations, we
explore critical aerodynamic features emerging within robotic butterfly swarms,
including wake interactions, vortex formation, and aerodynamic synchronization
between multiple units. These insights not only deepen our fundamental understanding
of swarm aerodynamics but also directly inform the design principles of next-generation
robotic aerial systems. Ultimately, this study demonstrates the transformative potential
of GPU-computing in computational aerodynamics, offering robust and scalable tools
capable of unlocking new paradigms in bio-inspired engineering and robotics research.

Figure 1: Unsteady flow-field around two butterflies.

Raj, A., Khan, P. M., Alam, M. |., Prakash, A., & Roy, S. (2023). A GPU-accelerated sharp interface
immersed boundary method for versatile geometries. Journal of Computational Physics, 478, 111985.
* This project is funded by Royal Society and Baskerville RSE Funding, University of Birmingham.
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ABSTRACTS

DON'T CRY OVER SPILLED
OIL: STOCK MARKET
PUNISHMENT FOR
ENVIRONMENTAL MISSTEPS

Son Nguyen

email: sxn097@student.bham.ac.uk

We investigates the stock market consequences of corporate environmental offences,
with a focus on the role of environmental scandals - the heightened public and media
scrutiny following regulatory violations. Using an international panel of 8,298,782 firm-
month observations across 34 countries from 2010 to 2025, we construct a
comprehensive event study to examine how environmental misconduct affects stock
returns. Among 1,753 public firms tracked, we identify 678 firms involved in
environmental offences, and explore how market reactions vary across firms. Our
findings show that environmental violations lead to significant monthly stock return
declines, and this effect is exacerbated when the firm has a history of high-profile
environmental scandals. We argue that scandals amplify investor reaction by
intensifying reputational risk beyond the financial penalty alone. Further, we uncover
heterogeneity in the market response: firms with higher carbon emissions (reflecting
the pollution premium) and younger firms in early life-cycle stages face stronger stock
price punishments, while mature firms exhibit relative resilience. This study is among
the first to analyze the financial consequences of environmental scandals at a global
scale, integrating regulatory, reputational, and firm-specific risk dimensions in
understanding market discipline.
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ABSTRACTS

MODELLING BIO-INSPIRED
FLUID-STRUCTURE
INTERACTION PROBLEMS
USING OPEN-SOURCE CODES

Hibah Saddal

email: hxs619@student.oham.ac.uk

Hibah Saddal(1) and Chandan Bose(1)
(1)Aerospace Engineering, University of Birmingham, UK

This study investigates the modelling of bio-inspired flexible flaps and morphing foils
[1] inthe low Reynolds number regime using open-source codes. The incompressible
fluid flow is governed by the Navier-Stokes equations and solved using the finite
volume method in OpenFOAM. The structural parts are simulated using the finite
element based solver CalculiX. Two-way coupling between the fluid and structural
solvers is facilitated via preCICE, which enables efficient parallel execution and data
exchange between both solvers. The radial basis function interpolation technique is
employed for data mapping at the fluid-structure interface, while the Interface Quasi-
Newton Inverse Least Squares (IQN-ILS) acceleration scheme enables partitioned
strong coupling between the fluid and solid solvers. The numerical simulations
investigate the effects of governing parameters such as dimensionless bending
rigidity

ET psh

> UL L ) and mass ratio (u = orL )/density ratio (p Py
on the wake dynamics,where El is the bending rigidity, p;is the fluid density, p; is the
solid density, U.. is the free-stream velocity, h and L are the thickness and the length
of the flap, respectively. By varying the flexibility of covert-inspired flaps and
optimising their locations along the wing surface, we have found that the stall can be
significantly delayed, leading to increased lift. In another study, we show that passive
morphing mitigates spatial-temporal gust effects, improving aerodynamic efficiency.
Refer to the representative computational results presented in Figure 1. We aim to
present a detailed computational efficiency comparison of different coupling
algorithms and data-mapping schemes for these problems. This research provides a
robust open-source numerical framework for studying fluid-structure interaction
problems, with potential applications in optimising micro aerial vehicles and
unmanned aerial vehicles under gusty environments.

(Kp = = By
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ABSTRACTS

MODELLING BIO-INSPIRED
FLUID-STRUCTURE
INTERACTION PROBLEMS
USING OPEN-SOURCE CODES

Continued from previous page

Hibah Saddal

email: hxs619@student.oham.ac.uk

Hibah Saddal(1) and Chandan Bose(1)
(1)Aerospace Engineering, University of Birmingham, UK

| (B)

[ENE) R R 0.10 015

1 i L TR 1 ol ki 1.00
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Figure 1: Representative results: (a) leading-edge vortex separation delay through self-
excited vibration of flexible flaps; (b) gust mitigation by passive morphing of flapping foils.

1. LI, D.,, ZHAO, S., DA RONCH, A,, XIANG, J., DROFELNIK, J., LI, Y., & DE BREUKER, R. (2018). A REVIEWOF MODELLING AND
ANALYSIS OF MORPHING WINGS. PROGRESS IN AEROSPACE SCIENCES, 100, 46-62.
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ABSTRACTS

KEYNOTE : GREEN
ALGORITHMS, GREEN DISC
AND GREENER PRINCIPLES:
MAKING COMPUTATIONAL
SCIENCE MORE
ENVIRONMENTALLY
SUSTAINABLE

Loic Lannelongue

email: 11I582@medschl.cam.ac.uk

From genetic studies and astrophysics simulations to Al, scientific computing has
enabled amazing discoveries and there is no doubt it will continue to do so.
However, the corresponding environmental impact is a growing concern in light of
the urgency of the climate crisis, so what can we all do about it? Tackling this
issue and making it easier for scientists to engage with sustainable computing is
what motivated the Green Algorithms project. Through the prism of the GREENER
principles for environmentally sustainable science, we will discuss what we
learned along the way, how to estimate the impact of our work and what hurdles
still exist. It will also be a chance to highlight how the new Green DISC certification
framework can support scientists and institutions in making their research more
sustainable.
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ABSTRACTS

WHEN SHE HOLDS THE PURSE
STRINGS: INTRAHOUSEHOLD
FEMALE STATUS AND
HOUSEHOLD RESILIENCE
UNDER NATURAL DISASTER
EXPOSURE

Yibo Zhang

email: yxz1568@student.obham.ac.uk
Yibo Zhang, Alessandra Guariglia

This study investigates the role of intrahousehold female status in shaping
household development resilience under the impact of natural disasters. Utilising
panel data from the China Financial Panel Studies and the Emergency Events
Database spanning 2014-2022, our analysis reveals that households where
women are financial managers exhibit significantly greater resilience following
adverse events. This relationship is particularly pronounced among households
with less atfluent families, low education, and fewer children, suggesting that
female leadership may foster an environment conducive to sustained intra-
household economic growth. In summary, our findings underscore the pivotal
role of female status in enhancing household resilience after disasters, while
explaining the growing prevalence of women as household financial managers.
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ABSTRACTS

STRUCTURAL MONETARY
POLICY AND FIRMS' GREEN
INNOVATION

Tong Liu
email: tx|184@student.oham.ac.uk
Tong Liu, Alessandra Guariglia, David Dickinson

Using a panel of Chinese listed firms over the period 2015-2022, we examine the
impact of the 2018 expansion of the Midterm Lending Facility (MLF) collateral to
include green credit on corporate green innovation. We measure firms' exposure to
MLF based on their loan relationships with banks holding different levels of green
credit.

Using a difference-in-differences (DID) approach, we find that the 2018 MLF
expansion increased the number of green patents granted by approximately 8.8%.
This increase is mainly attributable to a 9.1% rise in green utility model patents, while
green invention patents remain unaffected.

Firms headquartered in developed eastern regions, operating in heavily polluting
industries, and those without sufficient credit ratings to issue bonds drive our results.
Because they respectively exhibit higher innovation efficiency, face stronger
regulatory pressure to green their operations, and rely more heavily on bank credit.

Mechanism analysis shows that, the 2018 policy raised firms’ total bank loan by
0.74%, mainly through a 0.79% rise in long-term loans. Short-term borrowing was not
affected, consistent with the medium-term nature of the MLF and its role in
encouraging longer-term financing. This provides evidence for the bank credit channel
of MLF.

Overall, the policy significantly expanded bank credit and stimulated corporate green
Innovation.
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ABSTRACTS

EFFECT OF LASER PULSING
AND INTERLAYING
MACHINING ON RESIDUAL
STRESSES IN LASER DIRECT
ENERGY DEPOSITION

Nina Adler
email: wjp140@student.oham.ac.uk

Additive manufacturing will play a crucial role on the path to more sustainable
manufacturing. The ability to produce near-net shape builds reduces waste, saves
material, and minimizes the need for post-processing, hence less energy and time.
However, before additive manufacturing is widely adopted, significant challenges
need to be overcome so it can substitute traditional manufacturing processes. One of
these is to control residual stress caused by the rapid heat cycle the material has to
overcome during the laser melting. Current methods are mainly based on post-
process treatment. However, this leads to an increase in process time. To cope with
this ongoing problem, my PhD investigates two in-process methods, pulsed laser and
interlayer machining.

To validate the experimental work of both methods, | am currently developing
simulations using the simulation software Abaqus on Blue-Bear. | calculate residual
stress development and heat distribution in these simulations on my manufactured
samples.

At the BEAR PGR Conference (2025), | would like to present how interlayer machining
and pulsed lasers can decrease residual stress in direct energy deposition. My focus
will be on the reduced heat induction caused by pulsed lasers, the relieving effect
interlayer machining can have on the stress distribution of the printed layers, and how
BlueBEAR helps understand these processes. Only a few works were done on
interlayer machining. Therefore, we still do not fully understand how machined layers
influence residual stress. This could further enhance our understanding of residual
stress and improve additive manufacturing processes to get one step closer to
sustainably manufactured products. Finally, | would like to show my simulations on this
topic.
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ABSTRACTS

INDUCED RESISTANCE:
PROGRAMMING
TOMATOES FOR
RESILIENCE

Lamya Majeed
email: dxw963@student.bham.ac.uk

Botrytis cinerea, the causal agent of grey-mould disease, poses a significant threat to
global tomato production, with post-harvest yield losses reaching up to 50%. Our
research investigates whether priming elicitors, such as [(3-aminobutyric acid (BABA),
can enhance intrinsic plant defenses and provide sustainable disease control
alternatives. We have demonstrated that BABA-induced resistance (BABA-IR) is long-
lasting and mediated by epigenetic mechanisms, including DNA methylation. Using
whole genome bisulfite sequencing, we observed reduced DNA methylation in CHH
contexts in young tomato plants compared to older plants, indicating greater
epigenetic imprinting capacity at early developmental stages.

Transcriptomic analysis through RNA-sequencing revealed that gene expression
changes associated with BABA-IR are strongly influenced by the developmental stage
of the tomato plant. Notably, we see that BABA-IR is consistently effective in plants
treated at two to three weeks of age but declines after four weeks, coinciding with
flowering—a pivotal developmental transition. Furthermore, we identified key genes
and molecular markers linked to these early developmental stages that are likely
involved in establishing long-lasting resistance in the tomato fruit. These genes are
also differentially expressed with BABA treatment, as well as during infection with
Botrytis cinerea, which further highlights the effectiveness of BABA-IR when treatment
Is at these early developmental stages.

Our findings provide new insights into the relationship between plant development,
epigenetics, and induced resistance, offering a mechanistic understanding of how
BABA establishes durable immunity in tomato. This work highlights its potential
application in improving crop protection strategies in other plant systems.
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ABSTRACTS

THE IMPACT OF AIRPORT
EXPANSION ON LOCAL
HOUSING PRICES: EVIDENCE
FROM THE UK

Zhenyi Zhai
email: zxz305@student.bham.ac.uk

This study investigates the relationship between airport expansion and house prices
in the UK. As airports develop to accommodate growing demand for air travel, their
expansion projects can bring benefits (such as improved accessibility and regional
economic growth) and costs (including increased noise, air pollution and congestion).
These opposing effects make the net impact on the value of nearby residential
property an important but unresolved empirical question. This study focuses on major
airport expansion projects in England between 2011 and 2019 and uses a difference
in-differences framework for analysis. The analysis aims to isolate the causal effect of
airport development on the housing market while controlling for local economic trends
and geographical characteristics. The study contributes to the wider literature on
urban economics and infrastructure policy by examining how large transport projects
affect real estate dynamics. The results of this study can guide the behaviour of future
policymakers and real estate investors.
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ABSTRAQCTS

RATINGS, POPULARITY, AND
PRICE SETTING

Zhuangchen Wu
email: zxw975@student.oham.ac.uk

Department of Economics, University of Birmingham

Using data from online menus of restaurants in the United Kingdom, we explore how
ratings affect price-setting behavior. In this paper, ratings from online consumers are
used as a measurement of levels of “consumer anger”. We find that the frequency of
price changes in British restaurants negatively correlates with ratings, which is
consistent with the consumer anger theory. However, the effects of consumer anger
are diminished as the restaurants gain higher popularity (a larger number of reviews).
Also, the “consumer anger” story is more pronounced for independent restaurants,
price increases, and main dishes. These results suggest that the consumer anger
theory might only work for independent sellers with limited bargaining power rather
than chains with large market shares.
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ABSTRACTS

TEMPORAL CLUSTERING OF
SEVERE EUROPEAN WINTER
WINDSTORMS ON
INTRASEASONAL
TIMESCALES

Sophie Feltz

email: sxf229@student.oham.ac.uk

Sophie Feltz(1), Kelvin Ng(1), Christopher Allen(2), Tim Kruschke(3), Michael Angus(4),
Andrew Quinn(5) and Gregor C. Leckebusch(1)

(1)University of Birmingham, Geography, Earth and Environmental Sciences,
Birmingham

(2)Gallagher Re, The Walbrook Building, London, United Kingdom UK

(3)Federal Maritime and Hydrographic Agency (BSH), Hamburg, Germany

(4)Met Office, Exeter, United Kingdom UK (michael.angus@metoffice.gov.uk)
(5)School of Engineering, University of Birmingham

Severe European winter windstorms cause high economic loss and environmental
damage. When these extreme storms cluster in time, these impacts are amplified.
Yet, the behaviour and drivers on shorter, intra-seasonal timescales have not been
fully investigated. The impact-relevant footprint of the storm system is identified using
the wind based impact-oriented tracking algorithm WiTRACK (Leckebusch et al.,
2008), for the core winter seasons (DJF) 1980/01-2022/23 from ERAS reanalysis.
Derived from a Poisson Process, we quantify the magnitude of clustering through the
widely established dispersion statistic (Mailier et al., 2006). On fixed 45- and 30-day
timescales, the spatial distribution of the dispersion statistic has been analysed. The
time-development of the dispersion statistic on shorter time horizons is investigated
through 21-, 15- and 11-day moving windows.

Preliminary results reveal an increase in clustering in the latter half of the winter
season on the fixed 45- and 30-day timescales. Shorter time horizons reveal clear
peaks at the middle and the end of the season. To analyse mechanisms that drive the
defined intraseasonal behaviour on the shorter time horizons (<30 -days), we
examined the roles of several large-scale variability modes, namely the North Atlantic
Oscillation (NAQO), the East Atlantic pattern (EA), and the Scandinavian pattern (SCA).
Results reveal a correlation between intra-seasonal variability of clustering and the
occurrence of such large-scale modes, suggesting the EA as a key driver for
increasing clustering. In addition, the individual contributions of large-scale modes to
clustering at different times of the season can be diagnosed.
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ABSTRACTS

SPEED LIMITS, NOISE
ABATEMENT, AND HOUSE
PRICES: EVIDENCE FROM A
QUASI-NATURAL
EXPERIMENT IN WALES

Haonan Tian email: hxt217@student.oham.ac.uk

This study investigates the causal effect of traffic noise reduction on residential
property prices by leveraging a quasi-natural experiment: the 2018 speed limit
reduction (from 70 to 50 mph) on five motorways in Wales. Combining granular
housing transaction data from the UK Land Registry (2013-2023) with geospatial road
boundaries manually digitized from Google Earth, we employ a Difference-in-
Differences (DiD) design to estimate localized housing market responses.

Results reveal that lowering speed limits significantly reduced traffic noise, leading to
a 6.6% increase in house prices for properties within 150 meters of treated motorway
segments compared to control areas. The price premium diminishes spatially,
declining to 2%—-3% at 400 meters and disappearing beyond this threshold, a pattern
consistent with the physical decay of noise propagation. Mechanism validation aligns
these effects with engineering estimates of noise reduction (3—5 dB under similar
policies), confirming that the policy’s impact operates primarily through environmental
improvements rather than confounding factors.

Methodologically, our integration of high-resolution spatial data with housing

characteristics (e.g., energy efficiency ratings from the Domestic EPC dataset)
strengthens causal identification and addresses spatial spillovers. The findings
highlight the economic value of noise mitigation, demonstrating that speed limit
policies can serve as dual-purpose tools to enhance environmental quality and
property values. Furthermore, the spatial heterogeneity of effects underscores.

opportunities for targeted urban planning, such as prioritizing speed reductions near
noise-sensitive zones like schools or residential clusters. As the first causal evidence
in the UK linking traffic noise abatement to housing market outcomes, this study
provides policymakers with actionable insights for balancing mobility, sustainability,
and equitable development.
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ABSTRACTS

INFORMATION SHOCK AND
BELIEF HETEROGENEITY IN
THE PEER-TO-PEER
SECONDARY MARKET

Mohammad B M A J Aldoub
email: mxa1542@student.oham.ac.uk

Novel to the literature, this paper identifies the differences in investors' opinions in the
secondary market of peer-to-peer (P2P)[1] lending and how they are influenced by
negative information shock. Using Bondora's[2] database, with around 17 million
observations, we create the dependent variable as the dispersion in investors'
opinions, calculated as the standard deviation of the price of notes (share of the
loans) traded within the same week. We have found that when there is a negative or
peculiar shock (information) regarding a loan, i.e., loan default, investors' opinions
diverge. This indicates that investors will begin to value loans differently if a negative
shock occurs suddenly.

We use DS-Heckman method, which is an extension of the Heckman model that uses
the lasso method for both the selection and outcome equations, which is a more
robust way of Heckman model.

The results also show that as risk increases, dispersion of beliefs increases, but that
at a certain point, as risk becomes extreme, dispersion will decrease and herding
behaviour will become more prevalent.

We also evaluate the impact of loan defaults during holidays and crises, finding that
the dispersion of defaults will be less during holidays than during regular days. In a
crisis, we test the COVID-19 pandemic (three phases), finding that investors are more
uncertain at the beginning but follow each other's behaviour during the second and
third waves. Furthermore, different negative shocks and spread measures are used
for robustness, and the results remain consistent.

[1] P2P lending platforms are technological platforms that bypass traditional intermediaries by connecting borrowers directly with lenders
without the need to pass through a financial institution as a middleman.
[2] Bondora is a peer-to-peer (P2P) lending platform operating in Europe.
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Structured Tender Entities
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UN,\,ERSI.I,WFXtraCt'On U Re T D MELESIPN 10 ofer Shanavas, Venelin Kovatchev,

BiRMINGHAM — With Few-short Learning Mubashir Ali

INTRODUCTION

g Information extraction is extensively researched, g To automate the multiple and composite tender

in the tender documents includes the name of the Tenderer, NLP techniques.

g the name of the products, the date the tender was issued,
etc. Tender Named Entities (TNE) is essential for automating RESEARCH CHALLENGE
systems like chatbots, virtual assistants, text summarizers,
and Information Retrieval (IR) systems.

MOTIVATION

J Extracting composite tender entities structurally from
complex tables is an ongoing research problem. While
extracting text from complex table structures, the
context is often lost, making it difficult to understand
for both humans and machines.

TENDER DOCUMENT STRUCTURE

FEW-SHOT LEARNING APPROACH

——— gThe tender entities of interest are
SplitrleZined | | Splitrlc2 incd s found in the firSt SeCtion of each Give the input text in structure format as outpat given in the examples or instruction Instruction
e Nme | it | document and formatted as complex|—— _
|211L1.. TRAMSMITTAL SMART INFRASTRUCTURE Ta: M.I:iI:IEHSI:Ih F;Q.'JEJ: BULCELEY IMC Dartie: I:\-.Ir]nba:-n:;
Merge rl2, 3 i o and dYNAMIC LADIES. || 2t 2o 2o mnteomens sou crder no. WE are SN v0U HEREWITH UNDER scraRaTE coven. |UBStructured
Merge ¢3, o4 in c2 THE ATTEMTION: SIEMEMS INDUSTRY, INC. SMART INFRASTRUCTURE SAN FRANCISCD BAY AREA BRANCH Lrata
BRYAN OFAWA 25897 BAYSIDE FEWY, STE 200 TELEFHOME MO: FREMONT, Cia 94538 (51043551845
Examples
q The table structure is highly complex CALIFERN €A S4157, USh, Goe, TFISHIBZ Our b Mot 450 SBAT, ob Nare: BECA 600 | _
MONTSOMERY, SEMENS INDLSTRY, INC SMART BFRASTRUCTURE, SAN FHA.HI:IE-ED BAY AREA BRANMCH, Structured
Merpe o and exlons due to frequent merging and splitting || foieme T T s RN o
" of rows and columns, leading to Repeat for N examples
inconsistencies during data D P‘i"““"’“ﬂ
extraction.
» 1:.-‘, — .. . |I:|.|ZI'I.L1._:"5h-".ﬁ.F:T INFRASTRULTURE Transmiittal To: D.'m:: Our Job Mo, NSER BUILDERS BT 1071003033
P qEntities are scattered across multiple Vour Grdes o, W A SENING Y0u HEREWITY UNDER SEPARATE COVeR T ATTENTon: snses | New Imput
o toms R . . IMDUSTRY, INC. JOHN BRIGGS SMART INFRASTRUCTURE, 6241 Kacella Awe. TELEPHOME NO- [715) 731.2240 | 1 TRSEFUSCERTES
. , ... columns and rows, requiring careful G ek
Merge rows in ¢l Split €2 in rows Footer . Orotpot: mM

EXPERIMENTS AND RESULTS

Table 2: Entity-level ender documents evaluation Pre- and Post-Few-shot Learning Approach

Average Relative Distance (ARD): Pre-Fewshot Learning and Post-Fewshot Learning Approach BB Pre-Fewshot [ Post-Fewshot Entities PDFMiner PYMUPDF  Unstruciured.ie  PDFPlumber PYPDEF2

(%) (%) (%) (%) (%)

R I T SO0 14,18 Pre  Post | Pre  Post | Pre Post Pre  Post | Pre  Post
TP 13,53 To Company By 00 [ 97,63 100 | 82.67 1000 85.33 10 | BL6T [[L1]
Io &dales 9. [Eh) 95 1K}y 92 1060) L33 1) 63 95.33

Lrate [[L] 1 1) 10Ky 95 100 100 1(M) 95 100

Tender No 100 100 100 100 100 100 100 104 95 100

Tender Mame 95 100 | 97.3 92 Hiy 100 91.67 100 | 94.33 1040

From Company I8 ' "0 92 Y 1 (M) 30.33 TN} B3.67 [[L1]

o= 188 From Address 9867 0| »7 o2 D uw .00 8733 100 | 82 100

B Post-Fewshot [ Pre-Fewshot Altention 9433 1Ny | 9133 52 B0.33 100} 37.67 (1] 38 [[L1]
Telephone No [[L4] 1Ky 90 1KY | 92.67 1000 63.33 M) | 49.67 100

b n
lqru:t?:uf = Z ll;i' o Z(szf‘f + !“l' 30 Jiv‘i — Q.H'!J-}: (3)
i=1 i=1

e Ju = ael
BP - exp (y:: T hhg{pn}) 9 Full Matc_:h(Fi): 2 points, Partially Match(I_Di): 2 points, Not
- (2) Match(Ni): -1 point and Wrong Match(Wi): -2 points.

T
CONCLUSION

The study combined LLMs, text extraction tools, rules, and regular expressions in a few-shot learning setup to enhance
structured text extraction and tender entity classification from complex PDF tables. Few-shot learning with LLMS
significantly improved performance and accuracy in structured text extraction, addressing the limitations of individual tools.

@ School of Computer Science, University of Birmingham %{‘ ;@ UNIVERSITYOF
. BIRMINGHAM

® axa2233@student.bham.ac.uk, m.g.lee@bham.ac.uk, n.shanavas@bham.ac.uk, v.o.kovatchev@bham.ac.uk,
m.ali.16@bham.ac.uk
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Research Project

INTRODUCTION

Resonant Acoustic Mixers (RAM) are a versatile non-

contact mixing technology, capable of delivering efficient

mixing using oscillations. They have been shown to
demonstrate superior mixing efficiency compared to
traditional mixing technologies, causing widespread

application across industries such as pharmaceuticals,

energetics and construction.
As RAM applications continue to expand, research is

being conducted to understand the factors effecting its

mixing performance. This study aims to assist in the
optimisation of industrial mixing processes.

METHODOLOGY

AIMS

¢ Clarify contradictions by Vandenberg and
Wille, and Osorio and Muzzio concerning the
impact of fill height on mixing efficiency

« Determine the significance of particle-particle
properties on mixing efficiency in vibrational
systems (in z-direction)

MEASUREMENTS OF STUDY

Particle-particle restitution: Amount of energy
dissipated during particle-particle interactions
Particle-particle rolling friction: Resistive force
acting on particles when they roll against each
other upon contact Particle-particle sliding
friction:Resistive force acting on particles when
they slide against each other upon contact

DEM simulations run on
LIGGGHTS, for varying fill
heights and particle-particle
properties.

Discrete Element Method
(DEM) modelling simulates
the movement of particles
through equations, such as
Newton’s 2nd law.

Type A

Tvpe B

The analysis assessed mixing efficiency using:

¢ Lacey mixing index to quantify mixedness, ranging from 0

5 ()
°

&.1e-04

ILi

|
Particle typa
in o
2§
E
Particle rad

(complete segregation) to 1 (perfect random mixing).
Mixing rate to evaluate particle dispersion speed - higher
rates indicate improved efficiency.

¢ Mixing time to measure how quickly uniformity is achieved -
shorter times suggest optimal energy transfer.

ParaView to visualise simulations and analyse parameter
effects interactively.

RESULTS AND DISCUSSION

RESTITUTION

Little correlation seen for Lacey mixing index
after 3 seconds of mixing or after the full run

time of 12.5 seconds

e Shown to influence mixing performance at the

start of mixing, at low fill heights

e

e Further studies recommended to reduce

variance, to analyse relation between mixing
efficiency, mixing rate and mixing time

Fill height has more significant impact on
mixing efficiency - negatively impacting the
performance, by reducing mixing rate and
increasing mixing time

Comwiston betwsen pactcie partls seibBston sad mang bew
Ch 1
LELE
I«

ROLLING FRICTION

¢ Defined gradient between Lacey mixing index
and rolling friction at varying fill heights,
reflecting findings of Zheng et al.

 EmEE
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- w A -
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¢ Reduced mixing efficiency at high rolling
friction values, due to the formation of MCC
particle clusters

¢ Increased rolling friction attributes to reduced
mixing rate and increased mixing time -
reducing mixing efficiency

SLIDING FRICTION

« 2-way gradient observed, whereby mixing
efficiency is best at low fill height with low
sliding friction, and high fill height with high
sliding friction

EF=EEEEE

= - S [ -
§ (- e (LR L [ N A e v o

. .
g v o o] e o v 1 § pg v o [ e [ -
k-—-—===EE i ! - = -
= | o -

e Balance required to achieve effective mixing -
free movement of particles associated with low
fill height and low sliding friction, and resistive

effects from high fill height and high sliding
friction, supporting findings of Rong et al.
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C e I 1 e tU S I e I 1 I U I a I I I EI a I EE S E] (I a e I I A. Vandenberg and K. Wille. “Evaluation of resonance acoustic mixing

Fill height is a predominant influence on mixing

efficiency in RAM, supporting findings of Vandenberg
and Wille, and contradicting claims of Osorio and Muzzio
Restitution has a minimal impact on mixing efficiency,
mostly seen at the start of mixing at low fill heights
Increasing rolling friction attributes to reduced mixing

efficiency

Impact of sliding friction in RAM is a balance between
the free movement of particles and resistive effects

¢ Investigation into the impact of varying
particle-particle and particle-wall
properties in situ on the mixing efficiency
o Experimental validation of this study

technology using ultra high performance concrete”. In: Construction and

Building Materials 164 (2018), pp. 716-730. ISSN: 0950-0618. DOI:
https://doi.org/10.1016/j.conbuildmat.2017.12.217.

J.G. Osorio and F.J. Muzzio. “Evaluation of resonant acoustic mixing
performance”. In: Powder Technology 278 (2015), pp. 46—-56. DOI:
https://doi.org/10.1016/j.powtec.2015. 02.033.

In: Powder Technology 436 (2024). DOI:
https://doi.org/10.1016/j.powtec.2024.119445.

Powder Technology 362 (2020), pp. 604-614. DOI:
https://doi.org/10.1016/j.powtec.2019.12.004.

Q.J. Zheng et al. “Interparticle forces and their effects in particulate systems”.

W. Rong et al. “Sensitivity analysis of particle contact parameters for DEM
simulation in a rotating drum using response surface methodology”. In:
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1. Introduction 4. Gene Set Enrichment Analysis

. A A = Enrichment plot: HALLMARK_PANCREAS_EETA_CELLS Enrichment plot: HALLMARK_GLYCOLYSIS
* Type | diabetes (T1D) is an autoimmune Type | diabetes s
disease where the immune system N g .

0 g = 0.2 i s ,‘P’

destroys the pancreatic beta cells with the g E o2/
islets of Langerhans, resulting in Parcasindastuction - -l
insufficient insulin secretion [1]. « Cell stops beta cells from ; J E |
replacement therapy has become a producing insulin Eid E oof -

promising therapeutic option of T1D. With
lab-grown insulin-producing stem cell-
derived beta cells (sBCs), we can replace

.1

AR NRRN 1T AT

destroyed beta cells and restore insulin| o ® o © o . o z d z ,
production and secretion. ¢ However, o O o gw 2w
sBCs generated in vitro are functionally| © o © o ® o © o g: 2o e 410 g: 2o et 40
and transcriptional immature compared to : 2o £
primary beta cells in human body [2-4]. = b ey e ) F —e L
& -] 2500 4.0 .00 8000 0000 12000 & -] 2500 Ll= e 0.000 L] 0000 A2 00
* We are interested in understanding S B
I- Ennchmignt prafily — Hits Ranking megtric scc:-;;l I Ennchment prafily — Hits Ranking metric scc:-;:J

the transcriptional profiles by
identifying novel factors that may play
essential roles in beta cell-specific
functions. We hope that will help us to

* We knockdown ZKSCAN1 using shRNA in a beta cell line (EndoC-H3) and sent
for bulk RNA-seq.
» Gene set enrichment analysis (GSEA) showed that differential expressed genes

generate better beta cells for more r;';i“;;;r t,gié‘;‘a”uffer (DEGs) upon knockdown of ZKSCAN1 are enriched in pancreas beta cells and
clinical applications. (GLUT4) glycolysis.

* This suggests ZKSCAN1 have a role in regulate beta cell-specific genes and beta
cell metabolism.

Identification of 13 novel * Gene Ontology analysis
transcription factors using | ————= | Islet-specific score & Co-regulation network | oyt et metabols process Upregulated DGEs for ZKSCAN1. showed that upregulated
bioinformatics ' small molecule metabolic process D EGS are en riched in
establishment of localization — .
l g carbohydrate derivative biosynthetic process metabO|IC proceSSeS and
= cellular metabolic process e . . . .
(@) positive regulation of protein transport —— |nVOIVed N |Oca|lsatI0n and
Model 1: TF shRNA Differential gene expression G B e e o I transport, while
knockdown USI'I'Ig u ~5eq anap’sis impqrtintocell I downl’e Ulated DEGS are
pancreatic beta cell line ' apoptotic process IEG—_—_—_— : g . .
ot 2 3 4 6 enriched in vesicle and
] SeoTepyELe tein  transport-related
pro =
Model 2: CRISPR/Cas9- processes.
mediated knockout of ; ; : :
ZKSCAN1 and in vitro = - ‘ PrEee e pmeson Downregulated DGEs for ZKSCAN1 Ul Slliggesis
analysis i ;
" B ZKSCAN1 impacts beta
pancreatic beta cell autophagy
differentiation € establishment of protein localization to organelle [ Ce”_related pathways and
@ vesicle-mediated tran'sport to the plasma membrane re— . . . .
S regulation of cellular response to stress | — IS malnly aSSOC|ated W|th
o} vesicle docking involved in excx_:yto_sis rm— g q q
organelle organization the regulat|0n Of |nsu||n
vesicle organization B
regulation of cellular component organization IEEE—_ secretion.
oo . - . 0123456 7 8 910111213
3. Identification of novel transcriptions log10(pValue)

08

i :
¢ ) g 2: S
§ b | s : - byt ‘§ - b i
= o 4 - 5
;E o o o .08 08 ‘g 08 0.8
= 8
B g
i : . 6. Current Work
7 0.8 :
L e dihel Emb i Definiti Primiti P ri P tic  Endocri
mmmmAW expression Emhwﬁnif‘. moryonic initive mitive osterior ancrea naocrineg Immature Mature

stem cells  endoderm gut tube foregut progenitor  progenitor
(clusters) (DE) (PP) (EP)

stem cells sc-islet sc-islet

All other transcription Factors (~1400)
« Known beta cell transcription factors
Candidate transcription factors
- Backup candidate transcription factors

Stage1 | Stage2 | Stage3 Staged | Stage5 | Stage6 | Stage7 |
« Approach 1 examined islet-specific gene expression patterns in 208 human islet i =b il e Al L
samples and 384 non-islet tissue samples. This described the expression patterns of
all transcription factors (TFs) in human islet and to identify candidate TFs with islet-
and beta cell-specific expression patterns.
» Approach 2 examined the transcriptional network of candidate TFs with
well-known beta cell regulators. Candidate TFs showed positive correlations with the
key mature beta cells regulators — PDX1, NKX6.1 and MAFA.
* With bioinformatic analysis, we identified 13 novel TFs that are related to
beta cell development or function. This project focuses on a particular TF
called ZKSCAN1 (zinc finger with KRAB and SCAN1 domain 1).
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From Text to Tech:

Simplifying Physics-Based Simulations with Large Language Models

How Does an LLM

Think of it like a supercharged language brain trained to predict

words and patterns.

Author: Ossama Shafiq | Supervisors: Dr Bahman Ghiassi & Dr Alessio Alexiadis | School of Engineering | School of Chemical Engineering

Work?

Introduction

Setting up physics-based simulations in civil and chemical engineering—like stress analysis in beams or fluid
flow in reactors—is often slow and complex. Engineers must manually define geometry, mesh domains, and

STEP1 STEP 2 STEP 3 GENERATE configure solvers, creating a barrier for rapid design. We explored how large language models (LLMs) like GPT-
READ EVERYTHING LEARN THE PREDICT WHAT USEFUL OUTPUTS . 1 . x E
=ity R N 05 4, LLAMA, and Phi-3 can automate this process. Our Text to Tech pipeline translates natural language into

Trained an huge
amounts of teat:
books, websites, code,
comarsations

Figures out how
words, phrases, and
concepls fit together
- likig Grarmmar,

structure, and conext responses

Like auto-complete, but smarter - and trained on an entire library!

= @B-O-@

Given a prompt, it
predicts the most likely
nixt word = again and
again = 1o form full

It doesn just quess

it creates helpful text,
answers, explanations,
and even code for
simulations

for simulation-driven engineering.

o Input File Generation ]

Used 9 LLMs (e.g., GPT-
40) to generate:
Geometry files (.geo)
for GMSH and
Simulation files (.sif) for
ELMER.

Text to Tech: Automating Geometry with Language Models

rectangle or circle

U‘

language descriptions.

o Simulation Setup ]

o Prompting Pipeline ]

Used Python/ LangChain:
1. Templates for prompts
2. Qutputs cleaned + tested
in GMSH/ELMER

3. Visuals checked against
simulation results

o Evaluation Metrics ]

Tested two geometries:
Square Bar (Simple) and
Wheel & Axle (Complex)
Simulations were run
under static load using
linear elastic properties.

Scored outputs on:
Geometry Fidelity,
Correctness of
Parameters,
Completeness of Files and
Simulation Success.

Vision to Tech: Interpreting Sketches with Multimodal Al

2

Sketch Vision .geo
LLM file

Sketch Collection: Hand-drawn examples (squares, circles, pipes,
etc.) were captured via tablet and annotated.

Simulation

Dataset: 480+ prompt-output pairs covering basic

' Prompt to code: Fine-tuned LLMs (e.g., Phi-3 Mini,
Qwen-1.5B) to generate .geo files from natural

(e.g., square, circle) and compound (e.g., pipe, |-beam)

LLM | Data Prep & Augmentation: Images were resized, cleaned, and
) =UapES: augmented. Each was linked to a .geo file.
AN
geo file G- : s e
== Tramlnﬁ Me;hclnd. Use-:li1 LOR: i?r Efflﬂle'g fne-tunine Model Fine-Tuning: Used FastVisionModel + LoRA adapters for
) DUEDEN s L E R Lo SR o lightweight training on sketch-to-geometry tasks.
Ev‘zl:atlo:.grlﬁerla: Evaluation:
2' o ape ,' = 'It‘; o 1. Shape Fidelity .
Simulation 3' F‘ilmensmrl‘:a EEEISIon 2. Dimensional Accuracy m:ﬁﬁ%ﬁﬂ
s lE R e 3. File Completeness and simulation through

o Simple Geometries ]

Al-powered lenses.

OCumplex Geometries ] o Simulation Input Files |

Top Models: GPT-40, GPT-4, LLAMA-3-70B, Top Models: GPT-40 (96), LLAMA-3-70B & Square Bar + Wheel & Axle Tasks:

MIXTRAL 8X22B

- Near-perfect .geo files (96-100/100)
= GPT-40 used Boolean operations-most

advanced.

—=>GPT-40, GPT-4, LLAMA-3-708,

MIXTRAL = 20/20

= PHI-3 Mini & LLAMA-2-70B = 1-6/20
(unusable files)

GPT-4 (91)
-> Correct alignment and full file outputs

Challenges: LLAMA-2-70B, PHI-3 Mini
-> Failed due to structural issues

Struggled: LLAMA-2-70B, LLAMA-3-8B,

PHI-3 Mini

—> Low accuracy and missing structure

I

[ Before Fine Tuning

After Fine Tuning ][ Multi-Geometry Prompts ] Gemma 3 4B: Successfully fine-

GPT-40: Top performer across
basic shapes. Struggled with
bent pipe.

Qwen-2.5 14B: Moderate
accuracy; struggled with
complex forms.

Phi-3 Mini & Qwen-1.5B: Weak
baseline; errors in dimensions
and syntax.

tuned to convert sketches into
accurate .geo scripts. Handled
complex shapes (I-beams, bent
pipes) with high precision.
GPT-40: Best at handling e
multiple shapes in prompt

‘circle next to a square’.

Phi-3 Mini: Perfect scores
(60/60) across all shapes. Qwen-
1.5B: Strong improvements but
slightly less consistent.

‘

Small fine-tuned models:
Unable to render the correct
geometries.

Qwen 2.5 VL 3B & 7B: Struggled
to generate correct outputs
despite strong visual models.
Outputs were incomplete or
incorrect for most geometries.

Prompt: ‘circle inside a square’

Qwen-2.5 14B: Better on basics,
challenged by complex shapes.

geometry and simulation input files. Through benchmarking, we assessed each model’s strengths and
weaknesses—finding that small, fine-tuned models can match larger ones for many geometry tasks. To go
beyond text, we developed a Vision to Tech extension: engineers sketch a shape, and a vision-language model
turns it into a valid .geo file. Using Low-Rank Adaptation (LoRA) fine-tuning on vision LLMs, we trained systems
that reliably convert hand-drawn sketches into simulation-ready geometries.
demonstrate that LLMs—both in text-only and multimodal forms—can significantly reduce the barrier to entry

Together, these contributions

What Is LORA?

Thinkef it like “plugging in” new knowlidge 1o a model
without retraining the whole thing

STEP1 STEP 2 STEP3
KEEP THE BIG ADD SMALL TRAIN ONLY
MODEL FROZEN ADAPTATIONLAYERS THE TINY LAYERS

—) ot —}@
) (B [

We don't touch
the original adapt to your
task.
Instead of fine-tuning
the whale model (which

wieights!

IS Expensivi), you
train just the new layers.
It's faster,
ues et memory,
and is perfect for
CUSTOM U CRS0%.

Just a few
million
parameters
instead of
billions!

The main model
stays unchanged -
like a frozen brain
with general
knowledge

o

45

8%

Conclusion

This project demonstrates how
large language models (LLMs) can
transform simulation workflows in
civil and chemical engineering by
automating the generation of
geometry and simulation files.

-

'l\

We began by evaluating the
capabilities of general-purpose
and fine-tuned LLMs in converting
text prompts into simulation-ready
.geo and .sif files. Our Text to Tech
pipeline showed that even
lightweight models, when fine-
tuned, can achieve near-perfect
results in geometry fidelity,
dimensional accuracy, and
simulation completeness—rivaling
larger models like GPT-4o.

To extend automation to
conceptual design stages, we
developed a Vision to Tech
pipeline that accepts hand-drawn
sketches as inputs. Using the
UnsLoth FastVisionModel and
LoRA adapters, we fine-tuned
vision-language models on
annotated image-geometry pairs.
In our comparative study, Gemma
3 4B significantly outperformed
other vision models (e.g., Qwen
2.5 VL 3B & 7B), accurately
translating sketches into valid .geo
files across a range of geometries.

Together, these pipelines
demonstrate that LLMs—both in
text-only and multimodal forms—
can reduce technical barriers,
speed up simulation setup, and
improve accessibility for engineers
working on real-world physical
systems.

Email | oxs391@student.bham.ac.uk
LinkedIn | ossama-shafig-776809167

UNIVERSITY ™
BIRMINGHAM
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POSTERS

Traditional lithium-ion batteries currently use an electrolyte consisting of a lithium-based salt dissolved in an organic solvent . However, traditional electrolytes are not ideal as they are
flammable and can contain toxic compounds as a result there is a desire to switch to a safer form of electrolyte. Solid electrolytes are far safer when compared to traditional electrolytes
making them the preferred choice for next generation batteries. We have been computationally studying lithium imide as a potential solid electrolyte. Lithium imide is as ideal solid
electrolyte as it has a high ionic conductivity comparable to liquid electrolytes.1 This means that there would be no performance lost if the switch was to be made. Aswell unlike other solid
electrolyte lithium imide only consists of very light elements making the batteries lighter. This makes lithium imide an ideal electrolyte for devices where the weight of battery is

important such as electric vehicles and portable electronics.

Defects will occur in any solid material that is not at absolute zero as they are entropically stabilizing. Defects within a solid electrolyte are of great interest as they can drastically alter the
properties of a solid electrolyte hence why we are interested in studying the defect chemist of lithium imide. Before we can study the defect chemistry of lithium imide, we must first

make sure that we are basing are calculations on the lowest energy or ground state structure at absolute zero. This is because otherwise are predictions about the defect present in lithium
imide will be incorrect and as these defects are very important in understanding how lithium imide functions as a solid electrolyte, we want to ensure that they are correct. The problem is
that this was a topic of debate in the early 2000's with many different structures being proposed however no conclusive answer was ever reached. This means that before we can study the

defect chemistry of lithium imide, we must first ensure that we have the ground state structure.

The first step was to determine which of the structures

i

proposed in the literature was the lowest in energy. This was
done using Density Functional Theory (DFT) which is a
computational method that can be used to predict structural
properties.

Seven proposed structures were taken and relaxed using
DFT.2-8 It was found that the structure proposed by Mueler &
Ceder was the lowest in energy, see figure 1.2 In this structure
the nitrogen's form a Face Centred Cubic (FCC) sub-lattice,
with a hydrogen bound to each while lithium occupies the
octahedral sites between the nitrogens.

=
Figure 1: Structure proposed by
Mueler & Ceder.2

Even though the MLP didn’t work the structure search continued, over 4000 more
structures have been generated and relaxed using DFT. Through these structures some
trends can be seen among the lowest energy structures.

We took 1000 of these AIRSS structures and extracted information about the local
coordination environment of each lithium ion using Pairwise Controlled Manifold
Approximations (PaCMAP). This was combined with the energy of each local environment
to produce figure 3. By looking at figure 3 we can see that there is only around 0.5 eV
difference in energy between lithium environments implying that energetically they are
quite similar. This is further supported by the fact the PaACMAP values determine for each
lithium have them cluster together with no clear clusters emerging within the graph this
implies that all lithium ions are in very similar local environments with no clear distinction
between them. By looking at some structures we can see that this is indeed the case as
most lithium tend to lie in a tetrahedral coordination environment of some distorted
version of such an environment, see figure 4 for examples. This tetrahedral coordination
lithium environment is also present in Mueler & Ceders structure, see figure 1, This is
strong support that the lithium ions in the Mueler and Ceder structure are indeed in their
lowest energy conformation and that a lower energy configuration does not exist.

PaCMAP Plot

PaCMAP 2

L] T T T

=15 =10 =5 0 5 10

: PaCMAP 1 . L
Figure 3: PaCMAP plot ofalﬁhf‘um's various coordination
environments

Figure 4: example structures

To ensure that we did indeed have the ground state structure of lithium imide we performed
Ab-Initio Random Structure Searching (AIRSS) to see if we could find a structure lower in
energy. We also decided to generate a Machine Learnt Potential (MLP) to see if would help
speed up the structure search. The first step to creating an MLP is generating a set of
training data. This was done by creating 2000 AIRSS structures before relaxing them with
DFT. Using the DeePMD software package we were able to train an MLP using this data. To
test its effectiveness 200 more structures were generated using AIRSS. These test
structures were relaxed with both DFT and our MLP with the energies given from each being
plotted to see how accurate the MLP is in comparison to DFT, see figure 2. From figure 2 we
can see that there is no correlation between the energies given by the MLP and DFT,
meaning that this MLP will not be of use in continuing the structure search and it would
most likely be easier to continue with the aid of an MLP.

Comparing MLP & DFT Eenergies
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Figure 2: A comparison between the energy of each system per formula unit calculated by DFT vs
MLP

In this poster we have discussed which among the various lithium imide structures
proposed by other research groups is the lowest in energy. We have also described our own
structure search and the attempt at using an MLP to quicken the search although
unsuccessful. We have also discussed the similarities among the AIRSS structures and how
it seems lithium prefers to sit tetrahedrally between nitrogen atoms much like the Mueler &
Ceder structure which supports its claim as the lowest energy lithium imide structure.
However, further work must be done so that we can be confident in our answer. This would
include continuing our structure search as well as analysing nitrogens and hydrogens
preferred local coordination environments

generated by AIRSS
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Origins of High lonic Conductivity in
Lithium Imide Solid Electrolytes

Oskar G. Soulas? Alexander G. Squires,3Jeremy Lowen, 2 UNIVERSITYOF
Josh W. Makepeac®, David O. Scanlor?
BIRMINGHAM

a. School of Chemistry, University of Birmingham, Birmingham, United Kingdom

Conductivity peaks at the pure imide

Lithium imide (Li2NH) (Fig. 1) was composition. The difference between artificial

previously studied for H storage,

but was first identified as a Li and naturally balanced compositions shows Li
conducting solid electrolyte in
2016.1

content isn’t the sole factor affecting mobility.

Part 3: Hydrogen Dynamics

Analysis of the AIMD trajectories of
H gives some insights as to its
preferential arrangement in
tetrahedral Li vacancies (Fig. 6).
This is consistent with clustering
(Fig. 7), and also allows us to
compare Li diffusion with H
occupation (Fig. 8).

Figure 1: Li2NH supercell.

Li: Purple, N: Blue, H: Grey Figure 2: Atom trajectories from AIMD.

Li: Purple, H: Grey

Li2NH has 2 dynamic species. We investigate the
factors affecting Li mobility for its optimisation.

+xNH1 _x 500K
+xNH1 _ 600K
+xNH1 -x 700K

i2 4+ xNH 500K

i2 + xNH 600K
+xNH 700K

Part 1: Lithium Dynamics

AIMD simulations run at a
selection of temperatures for a
minimum of 150 ps until
diffusion coefficients
converged.

18 20 22 24 26 28
Sites occupied by H

Figure 7: Anion FCC Sub-Lattice with Figure 8: Diffusion coefficients vs sites occupied by H

L . clustered H. N = Blue, H = Grey

10007 -1/K1
Figure 3: Arrhenius plot of Li diffusion

There is a correlation between sites being

Li conductivity is good, but can it be improved occupied by H and Li diffusion. Therefore, an
with disorder/off-stoichiometry? increase in H clustering reduces conductivity.

Part 2: Solid Solutions

Various compositions were investigated as a solid solutions of
imide, amide and nitride groups (Fig. 4).

=% | Part 4: Lithium Clustering
Previous studies found that

Li2NH’s lowest energy structures
have Li clusters around vacant

tetrahedra, that trap carriers and

<
'S

e
w

Li rich and deficient systems balanced with an artificial charge

rather than with H were used to observe the effect of adding or
removing Li whilst maintaining the FCC anion sub-lattice (Fig. 5).

Proportion

e
[N]

resist breaking apart.2 This is
clear when comparing the +2
00 artificially balanced system to its

1.0 2.0 3.0 4.0
Coordination Number of Tetrahedral Vacancies nltrlde_balanced COU nterpart
Figure 9: Coordination number distribution of .
vacant Li tetrahedra (F ’g- 9 )

b
H

The removal of H when balancing with a nitride

results in the increased clustering of Li,
explaining the reduction in conductivity.

-05 0.0 05 ~010 -005 000 005 0.10 Now that the factors affecting Li mobility have

x/Li2+xNH1—x X

Figure 4: Solid solution diffusion Figure 5: Diffusion coefficients for artificially and been identified, we can Iook to maxi mise
coefficients non-artificially charge balanced compositions . = A 5 A F
conductivity for use in Li-ion batteries.
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Some of the computations described in this poster were performed using the University of 2.G. Miceli et al., J. Phys. Chem. G2011,115, 7076-7080.
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