
T. Snowsill, N. Fyson, T. De Bie and 
N. Cristianini, Refining causality: who 
copied from whom? KDD’11.IM 
In Press.

Harriet Mills
Harriet has had a paper accepted 
at the Journal of the Royal Society 
Interface, entitled “Modelling the 
performance of isoniazid preventive 
therapy for reducing TB in HIV 
endemic settings: the effects of 
network structure”, with Ted Cohen 
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Nick Fyson
Flaounas, I., M. Turchi, O. Ali, N. 
Fyson, T D. Bie, N. Mosdell, J. Lewis, 
and N. Cristianini, The Structure 
of the EU Mediasphere, PLoS 
ONE, Vol 5(12), e14243, 2010. N. 
Fyson, T. De Bie and N. Cristianini, 
Reconstruction of Causal Networks 
by Set Covering, ICANNGA’11

Oliver Purcell 
Purcell. O, di Bernardo. M, 
Grierson. CS, Savery NJ (2011) A 
Multi-Functional Synthetic Gene 
Network: A Frequency Multiplier, 
Oscillator and Switch. PLoS ONE 
6(2): e16140. doi:10.1371/journal.
pone.0016140 

Owen Rackham
David de Lima Morais, Hai Fang, 
Owen J L Rackham, Derek Wilson, 
Ralph Pethica, Cyrus Chothia, 

 

You don’t need to study at the Bristol 
Centre for Complexity Science long 
to realise that a lot of things are 
thought to be ‘complex’ but pinning 
down exactly what is complex and 
just how complex something is can 
be tricky.
A quick perusal of the BCCS website 
will enlighten you as to the general 
idea. A complex system is (roughly) 
one which contains many interacting 
parts, with the behaviour of the 
system ‘emerging’ from these 
interactions and so it cannot be 
understood using reductionist, 
bottom-up methods (i.e. looking 
at each component in isolation). 
There are many very important 
unsolved problems which fall under 
this description such as higher brain 
function emerging from interactions 
between neurons and the boom 
and bust of markets from interacting 
traders.
The vision is therefore to use holistic 
top-down methods, using tools from 
many disciplines… Somewhat like 
holistic detective Dirk Gently, the 
creation of novelist Douglas Adams, 
who, to quote from Wikipedia, 
“makes use of ‘the fundamental 
interconnectedness of all things’ to 
solve the whole crime, and fi nd the 
whole person. This involves running 
up large expense accounts and then 
claiming that every item (such as 
needing to go to a tropical beach in 
the Bahamas for three weeks) was, 
due to this ‘interconnectedness’”. 
The similarity to BCCS students is 
uncanny.

…But getting back to the problem 
at hand, there have been many 
attempts at defi ning complexity 
quantitatively in order to bring some 
mathematical rigour to the loose 
criteria that are commonly used to 
identify complex systems. My work 
has focussed on one of the more 
promising efforts, computational 
mechanics devised and developed 
principally by Jim Crutchfi eld and 
Cosma Shalizi, both of whom have 
visited the centre.
The central idea is that the behaviour 
of complex systems is diffi cult to 
predict. This builds on the idea 
of Kolmogorov complexity. The 
Kolmogorov complexity of a string is 
the length of the shortest computer 
programme (in some language) 
which will generate that string. 
This distinguishes between random 
strings and strings which contain 
some structure which may be utilised 
to obtain a shorter description. 
Random strings are assigned a 
high complexity, and strings with 
increasing regularity are less and less 
complex.
What happens if we change this 
slightly to require a programme 
which given half of a string will 
make as good a prediction of the 
rest of the string as is possible? Now 
we also assign a low complexity to 
purely random strings since the best 
we can do in this case is to guess at 
what character comes next. Our new 
measure of complexity, statistical 
complexity, is maximised for data 
which contains both structure and 

lunches) there are a lot of ideas for 
possible projects in the air. Everyone 
is forthcoming with advice on who 
might be a suitable supervisor and 
what to look out for to ensure a 
project is a success. 
It’s interesting to refl ect how one’s 
aspirations can change over the 
course of a year. Many of us have 
found ourselves taking an interest in 
an application that we would never 
have even considered before the 
taught modules. The three months 
that projects run for gives time to 
form relationships with colleagues 
and to get an idea whether this 
is the research direction that you 
would like to follow for three years.
Whatever we decide to do we have 
the assurance that Bristol University 
and the Centre for Complexity 
Sciences will be there to support us. 
The centre has both a continually 
growing contact with academics 
who are leaders in their application 
area and an arsenal of great 
theory supervisors, who already 
have experience in applying their 
expertise to a range of application 
areas. This, coupled with the way the 
centre is structured with continual 
communication, gives us access to 
a comprehensive network of peer 
support.
When we embark on our thesis 
the research avenues we chose 
not to follow will add to our 
increasingly wide range of skills.  
The multidisciplinary nature of our 
backgrounds and the centre may 
enable us to consider problems 
from unique perspectives that may 
seem radical to a specialist in an 
application and allow the divergence 
of thought that so often furthers the 
progress of science.

randomness, data which requires a 
lot of effort to model.
The analogy here is drawn to a 
scientist attempting to model some 
phenomenon, encapsulated in a data 
set. The programme is the model a 
scientist constructs to explain and 
predict the data, represented by the 
string.
Computational mechanics provides 
a way of devising minimal, optimal, 
statistical predictors (called 
ε-machines) for discrete data. The 
computation-theoretic framework 
used sidesteps the dependence of 
the measure of programme size on 
the language in which it is written 
and the algorithms make the 
statistical complexity computable 
(unlike Kolmogorov complexity). In 
addition these ε-machines represent 
a data-driven top down approach to 
modelling the underlying system.
Under the supervision of Karoline 
Wiesner I have been applying 
computational mechanics to various 
systems. Since real data is rarely 
discrete, we have extended the 
methods to clustered continuous 
data. This enables us to apply it to 
single molecule experimental data, 
namely Fluorescence Resonance 
Energy Transfer spectra of Holliday 
junction conformational dynamics, 
taken in collaboration with Mark 
Dillingham in the School of 
Biochemistry. The new analysis 
methods provide advantages over 
conventional statistical approaches 
to data analysis and also provide 
a new perspective of the system, 
we can now characterise its natural 
information processing capacity.
Additionally, computational 
mechanics has been applied to 
abstract models of protein folding 
looking for a relationship between 
the robustness of a protein structure 

and the statistical complexity of the 
sequences which fold to it.
Finally, work in collaboration with 
Matt McVicar and Raúl Santos 
Rodriguez has looked at using 
statistical complexity to construct 
measures of image similarity which 
have shown promising results in 
comparison to the best existing 
measures.
It is hoped that by providing 
more versatile tools to the 
complex systems community the 
‘interconnectedness of all things’ and 
the resulting complex behaviour will 
be more readily explained and we 
will understand the whole picture.
The continuous data adaptation 
of computational mechanics has 
been implemented as a Matlab 
toolbox and will soon be available to 
download at http://www.maths.bris.
ac.uk/~dk3531/

Jonathan Potts
Publication:
Giuggioli L, Potts JR, Harris S (2011) 
Animal Interactions and the 
Emergence of Territoriality. PLoS 
Comput Biol 7(3): 
e1002008.doi:10.1371/journal.
pcbi.1002008 (Featured research 
03/11)

Pre-print:
Giuggioli L, Potts JR, Harris S. 
Brownian walkers within subdiffusing 
territorial boundaries. 
arXiv:1102.0966v2

Prize:
Art of Science 2010 winner (featured 
in the Daily Telegraph, 1 Dec 2010)

 

Mostly Complex 
by Dave Kelly

and Caroline Colijn as co-authors. 

Harriet Mills, Thomas Gorochowski, 
David Kelly, Daniel Cowley and Tom 
Jordan all presented posters at the 
Natural Systems and Processes poster 
session at the University of Bristol. 

Matt McVicar
Matt McVicar, Yizhao Ni, Raul 
Santos-Rodriguez, and Tijl De Bie, 
using online chord databases to 
enhance chord recognition.

“In all science, error precedes the truth, and it is 
better it should go fi rst than last.”

Hugh Walpole

 

Julian Gough. *SUPERFAMILY 
1.75 including a domain-centric 
gene ontology method.<http://
www.pubmedcentral.nih.gov/
articlerender.fcgi?artid=3013712&to
ol=pmcentrez&rendertype=abstract> 
* *Nucleic acids research* (2010-10-21) 

Thomas Vincent 
T.L. Vincent, C. T. Armstrong, (co 
fi rst-authors), Peter J. Green and 
Derek N. Woolfson. “SCORER 2.0 - 
A coiled-coil oligomeric-state 

predictor”. Bioinformatics. 2010.
In Press. 
A. Yoshizumi, J. M. Fletcher, Z, Yu, 
A. Persikov, G. J. Bartlett, A. L. Boyle, 
T. L. Vincent, D. N. Woolfson and 
B. Brodsky. “Designed coiled coils 
promote folding of a recombinant 
bacterial collagen’’. Journal of 
Biochemical Chemistry. 2010. 
In Press. 

Finding their place in the world: 
the emergence of territories.

“In nature, many animals are 

territorial. To model the process 

behind this phenomenon, simulated 

animals were “let loose”, and 

their movements monitored. 

As they avoided others’ “scent-

markings”, the area became 

segregated into territories. The 

plot above shows the territories 

that emerged from this process. 

Each colour denotes an individual 

animal. The deeper the colour, the 

more the animal used that area.”



June 15 - 17, 2011
SB5.0, Stanford University

The Fifth International Meeting on 
Synthetic Biology will be held in 
Stanford, California.  The conference 
is organised by the BioBricks 
Foundation, and will include three 
days of plenary and workshop 
sessions.  Such meetings of cross-
disciplinary fi elds considering the 
emerging fi eld of Synthetic Biology 
aim to cement ideas into concrete 
applications.  The developments 
in biotechnology are utilised to 
engineer synthetic biological systems 
for useful purposes, and in the 
process increase our understanding 
of these interactions with the natural 
world.

June 28 - July 2, 2011
ECMTB, Krakow

The 8th European Conference 
on Mathematical and Theoretical 
Biology and the Annual Meeting 
of the Society for Mathematical 
Biology will be held in Krakow.  The 
key topics considered will include 
immunology, cellular systems 
biology, neurosciences, regulatory 
networks and population dynamics.  
The conferences will bring together 
engineers, mathematicians and 
biologists.

July 4 - 16, 2011
5th Annual French Complex 
Systems Summer School, 
“Complex Systems & 
Complex Networks”, Paris

This two week summer school 
will provide an in-depth multi-
disciplinary audience of researchers 
and students.  Lecture courses 
will be of a wide range of areas 
and levels, and as well as complex 
systems modelling methods, 
application areas will be studied 
such as physics, biology, computer 
science, geography and linguistics.

July 23 - 28, 2011
CNS*2011, Stockholm

The Twentieth Annual 
Computational Neuroscience 
Meeting will be held at the Royal 
Institute of Technology.  This year’s 
conference theme is “Neuronal 
network structure and dynamics in 
function and dysfunction”.
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A s the taught component of our 
MRes degree draws to a close it is 
time for us fi rst years to choose two 
three-month projects. These past 
seven months have given us many 
useful resources and experiences 
which will inform our choices.
Our journey began in October 
programming a climate change 
simulation using GENIE software 
on Bristol’s award winning 
supercomputer Blue Crystal. Help 
was at hand for those of us who 
were not familiar with C, R and 
remote access to a Linux operating 
system which were essential to 
complete the task. By the end of the 
fi rst three weeks each of us was able 
to change parameters and produce a 
model of a particular climate change 
scenario.
After a lecture series in Neuroscience 
we tried our hand at physiological 
modeling. We used XPP and Matlab 
to build a Morris-Lecar model 
neuron and analyse its behaviour 
using dynamical systems theory. 
Once the model was operational we 
explored and presented the different 
classes of neural behavior modeled 
over different ranges of parameter 
values.
In between lecture courses we 
undertook two projects working 
together as a year group. The 
fi rst of these looked at examining 
sociological data to try to uncover 
the dynamics and characteristics of 
poverty. We had a large amount of 

data and a week in which to 
interrogate it. To address the 
problem effectively, we split into 
two groups, one group looking at 
the movement of individuals in and 
out of poverty, and the other group 
examining which features might 
contribute to poverty.
In doing so, we each contributed 
different specialisms to the problem. 
Mathematical skills were used to 
really get under the hood of the 
poverty cycle, looking at Markov 
models and stochastic differential 
equations to characterise this 
movement. Computational 
clustering methods including 
k-means, Gaussian mixture models 
and self-organising maps were used 
to try to elucidate the different 
elements that contribute to poverty. 
Underpinning this, we discussed the 
philosophical diffi culties with trying 
to quantify poverty.
As well as bringing our areas of 
specialism to the problem, we 
learnt new techniques and had the 
opportunity to apply these to a 
problem outside the usual area of 
interest. We gained experience in 
working together as a team, sharing 
and explaining ideas and producing 
the report collaboratively.
Partaking in the MRes course has 
given us the fl exibility to read around 
the areas we fi nd most fascinating. 
With the help of members of 
staff and other year groups (and 
particularly at our weekly group 
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Decision time
by Martha Lewis and Edward Rooke

MRes year making gold 
nanoparticles
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