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The Women 
are (still) here

News from 
Twitter

Your Chair is Watching You

Victorian mathematician Ada 
Lovelace is a towering figure in 
computer science. She worked 
with Charles Babbage on how to 
program the first computer ever 
designed. More significantly 
she realised that computers 
could be used for more than just 
calculations. She suggested, for 
example, that by representing 
other things like music as 
numbers they would one day  
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be able to compose music. That 
idea is the core of the 21st 
century digital revolution. 

Has Ada been the only important female 
computer scientist? Hardly! In this issue 
we look at lots more inspirational work 
of women in computing and electronic 
engineering all the way from the start of 
the computer age to the present. As Karen 
Spärck Jones pointed out:

“Computing is too important to be left 
to men”.

Powerful men too often say what they 
think women should or shouldn’t do, so 
let’s finish with a motto that stuck with 
Admiral Grace Hopper. She wrote the first 
compiler - the program that made high-
level languages possible:

“A ship in port is safe; but that is not what 
ships are built for.  Sail out to sea and do 
new things.”

Having reliable news always matters to us: 
whether when disasters strike, of knowing for 
sure what our politicians really said, or just 
knowing what our favourite celebrity is up to. 
Nowadays social networks like Twitter are a 
place to find breaking news, though telling 
fact from fake-news is getting ever harder, and 
how do you know where to look? Sameena 
Shah leads a research team at news provider 
Thomson Reuters. They provide trusted 
information for news organisations worldwide. 
To help ensure we all have fast, reliable news, 
Sameena’s team have created a program to 
automatically discover news from the mass of 
social networking information that is constantly 
being generated. It combines programs that 
process and understand language to work 
out the meaning of people’s posts - ‘natural 
language processing’ - with machine learning 
programs that look for patterns in all the data 
to work out what is really news. Sameena’s 
work is helping make sure we all know what’s 
really happening.

QMULs Sophie Skach is interested in both 
textiles and computers. In a recent summer 
project she explored how much your chair 
could tell about you. When sitting talking, we 
change postures a lot, and maybe that gives 
vital clues to what is actually happening when 
groups of people are talking. By embedding 

sensors in the fabric of a chair, perhaps it can 
tell something about the social roles involved 
- who is dominant in the conversation, who 
is passive, who is speaking, who is listening, 
who isn’t. Intelligence starts with being 
able to sense the world, so sytems like this 
may one day help make computers more 

intelligent, making it easier for them to work 
out, unobtrusively, the nuances of what we 
humans are up to.

One day soon your chair may be keeping an 
eye on you!



Can a robot get cancer? Silly question. Our bodies are made of cells. 
Robots aren’t. Cells are the basic building blocks of life and come 
in lots of different forms from long thin nerve cells that allow us to 
sense the world, to round blood cells that carry oxygen around our 
bodies. Cancer occurs when cells go rogue and start reproducing in 
an uncontrolled way. A computer can’t get cancer, but you can allow 
virtual diseases to attack virtual cells inside a computer. Doing that may 
just help find cures. That is what Jasmin Fisher, who leads a research 
group at Microsoft Research in Cambridge, has devoted her career to.

Computational Modelling is changing the 
way the sciences are done. It is the idea 
that you can run experiments on virtual 
versions of things you are investigating. A 
computer model is essentially just a program 
that simulates the phenomena of interest. 
For example, by writing a program that 
simulates the laws of Physics, you can use 

“Becoming a 
medic isn’t the 
only way to help 
save lives!”

it to run virtual Physics experiments about 
the motion of the planets, say. If your virtual 
planets do follow the paths real planets do, 
then you have evidence the laws are right. If 
they don’t your laws (or the models) need to 
change. You can also make predictions such 
as when an eclipse will happen. If you are 

Executable 
Biology
by Paul Curzon, QMUL
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right it suggests the laws you coded are good 
descriptions of reality. If wrong, back to the 
drawing board.

Jasmin has been pioneering this idea with 
the stuff of life and death. She focusses 
on modelling cells and the specific ways 
that we think cancer attacks them. It gives 
a way of exploring what is going on at the 
level of the molecules inside cells, and so 
how well new medicines might, or might 
not, work. Experiments can be done quickly 
and easily on the programmed models by 
running simulations. That means the real 
experiments, taking up expensive lab time, 
can focus on things that are most likely to 
be successful. Jasmin’s work has helped 
researchers design more effective actual 
experiments because they start with a better 
understanding of what is going on. One of 
the most important questions she is studying 
is how cells end up becoming what they are, 
and how this differs between normal cells 
and cancer cells. Understand this and we will 
be much closer to understanding how to stop 
cancer.
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that fast and furious movement, the birds 
never crash into each other. Fascinated, 
Sabine started to explore how swarms of 
robots might be used to solve problems for 
people. 

Her first idea was to create swarms of 
flying robots to work as a communications 
network, providing wi-fi coverage in places 
it would otherwise be hard to set up a 
network. This might be a good solution in 
a disaster area, for example, where there is 
no other infrastructure, but communication 
is vital. You want it to scale over the whole 
disaster area quickly and easily, and it has to 
be robust. She set about creating a system 
to achieve this. 

The robots she designed were very simple, 
fixed wing, propellor-powered model planes. 
Each had a compass so it knew which 
direction it was pointing and was able to talk 
to those nearest using wi-fi signals. It could 
also tell who its nearest neighbours were. 
The trick was to work out how to design the 
behaviour of one bird so that appropriate 
swarming behaviour emerged. At any time 
each had to decide how much to turn to 
avoid crashing into another but to maintain 
the flock, and coverage. You could try to 
work out the best rules by hand. Instead, 
Sabine turned to machine learning. 

The idea of machine learning is that 
instead of trying to devise algorithms that 
solve problems yourself, you write an 
algorithm for how to learn. The program 
then learns for itself by trial and error the 
best solution. Sabine created a simple first 

program for her robots that gave them fairly 
random behaviour. The machine learning 
program then used a process modelled 
on evolution to gradually improve. After 
all evolution worked for animals! The way 
this is done is that variations on the initial 
behaviour are trialled in simulators and 
only the most successful are kept. Further 
random changes are made to those and 
the new versions trialled again. This is 
continued over thousands of generations, 
each generation getting that little bit better 
at flocking until eventually a behaviour of 
individual robots results that leads to them 
swarming together.

Sabine has now moved on to to thinking 
about a situation where swarms of trillions 
of individuals are needed: nanomedicine. 
She wants to create nanobots that are each 
smaller than the width of a strand of hair 
and can be injected into cancer patients.  
Once inside the body they will search out 
and stick themselves to tumour cells. The 
tumour cells gobble them up, at which point 
they deliver drugs directly inside the rogue 
cell. How do you make them behave in a 
way that gives the best cancer treatment 

Sabine Hauert: 
Swarm Engineer
by Paul Curzon, Queen Mary University of London 
Based on a 2016 talk by Sabine Hauert at the Royal Society

Sabine Hauert is a swarm engineer. She is fascinated by the idea of making use of 
swarms of robots. Watch a flock of birds and you see that they have both complex 
and beautiful behaviours. It helps them avoid predators very effectively, for example, 
so much so that many animals behave in a similar way. Predators struggle to fix on 
any one bird in all the chaotic swirling. Sabine’s team at the University of Bristol 
are exploring how we can solve our own engineering problems: from providing 
communication networks in a disaster zone to helping treat cancer, all based on the 
behaviours of swarms of animals.

Sabine realised that flocks of birds have 
properties that are really interesting to an 
engineer. Their ability to scale is one. It 
is often easy to come up with solutions to 
problems that work in a small ‘toy’ system, 
but when you want to use it for real, the 
size of the problem defeats you. With a 
flock, birds just keep arriving, and the flock 
keeps working, getting bigger and bigger. 
It is common to see thousands of Starlings 
behaving like this - around Brighton Pier 
most winter evenings, for example. Flocks 
can even be of millions of birds all swooping 
and swirling together, never colliding, always 
staying as a flock. It is an engineering 
solution that scales up to massive problems. 
If you can build a system to work like a 
flock, you will have a similar ability to scale.

Flocks of birds are also very robust. If one 
bird falls out of the sky, perhaps because 
it is caught by a predator, the flock itself 
doesn’t fail, it continues as if nothing 
happened. Compare that to most systems 
humans create. Remove one component 
from a car engine and it’s likely that you 
won’t be going anywhere. This kind of 
robustness from failure is often really 
important.

Swarms are an example of emergent 
behaviour. If you look at just one bird you 
can’t tell how the flock works as a whole. In 
fact, each is just following very simple rules. 
Each bird just tracks the positions of a few 
nearest neighbours using that information 
to make simple decisions about how to 
move. That is enough for the whole complex 
behaviour of the flock to emerge. Despite all 

“Throwing 
those flying 
robots and 
seeing them 
flock was truly 
magical”
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though? For example, how do you stop them 
all just sticking to the same outer cancer 
cells? One way might be to give them a 
simple swarm behaviour that allows them to 
go to different depths and only then switch 
on their stickiness, allowing them to destroy 
all the cancer cells. This is the sort of thing 
Sabine’s team are experimenting with.

Swarm engineering has all sorts of other 
practical applications, and while Sabine is 
leading the way, some time soon we may 
need lots more swarm engineers, able to 
design swarm systems to solve specific 
problems. Might that be you?

Explore swarm behaviour using the Oxford 
Turtle system. Go to https://www.turtle.
ox.ac.uk/csac to see how to run a flocking 
simulation as well as program your own 
swarms.
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In an early issue we looked at how robots, female scientists and women 
generally were portrayed in 20th century science fiction movies. It 
wasn’t great. Robots were killers, scientists evil. Computer scientists 
were introverted and thickheaded. Women were either sexbots or a 
helpless love interest to be rescued by the hunky male star. 1995’s 
film Hackers was about as good as it got. At last a woman had expert 
computing skills. It’s hardly surprising some girls are led to believe 
computing isn’t for them with a century-long conspiracy aiming to 
convince them their role in life is to be helpless. 

As this issue shows the truth is far more interesting. Women have 
always played a big part in the development of modern technology. So 
have things improved in films? There are more films with strong action-
heroine stars now, though few films pass the Bechdel test: do two 
women ever talk together about anything other than a man? So can we 
at least find any 21st century films with realistic main character roles for 
women as computer experts? Here goes…

Return of 
the killer 

robot? 
Evil 

scientist?! 
Helpless 

woman?!?
by Paul Curzon, Queen Mary University of London  

1999-2003: Matrix 
Trilogy
Hero Neo discovers reality isn’t what it 
seems. It is all a virtual reality. Trinity is there 
to be his romantic interest - she’s been told 
by the Oracle that she will fall in love with 
the “One” (that’s him). It’s not looking good. 
In film 2 Neo has to save her. Oh dear. 
At least she is supposed to be a super-
hacker famous for cracking an uncrackable 
database. Oh well.

2009: The Girl With 
the Dragon Tattoo
This is the story of super-hacker Lisbeth 
Salander. Both emotionally and sexually 
abused as a child she looks after herself, 
and that includes teaching herself to be 
an expert with computers. She uses her 
immense skills to get what she wants. She is 
cool and clever and absolutely not willing to 
let the men treat her as a victim. Wonderful.

2014: Captain 
America: The 
Winter Soldier
This film is all about a male hunk, so it’s 
not looking good, but then early on we see 
Agent Natasha Romanoff, (also known as 
superheroine the Black Widow). She is the 
brains to Captain America’s brawn and 
from the start she is clearly the expert with 
computers. While Captain America beats 
people up, her mission is to collect data. 
Let’s hope she gets her own film series!

2015: Star Wars: 
Episode VII – the 
Force Awakens
Rey is a scavenger with engineering skills. 
She is very smart, and can look after herself 
without expecting men to save her. She’s not 
a hacker! Instead, she creates and mends 
things. She repurposes parts she finds on 
wrecked spaceships to sell to survive. She 
learnt her engineering skills tinkering in old 
ships and fixes the Millennium Falcon’s 
electro-mechanical problems. She is even 
the main character of the whole film!

There are plenty of moronic films, made by 
men who can’t portray women in remotely 
realistic ways, but at least things are a bit 
better than they were last century. The 
women are already here in the real world. 
They are slowly getting there in the movies. 
Let’s just hope the trend speeds up, and we 
have more female leads who create things, 
like the real female computer scientists.

Email your reviews of female characters  
in science fiction films (good or bad) to 
cs4fn@eecs.qmul.ac.uk 
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It’s not just on the big screen that women play techstars. TV crime 
drama series are peppered with female computer science experts, 
sleuthing in the back office with algorithms and hastily hacked code. 
Huge screens track bad guys, countdown clocks thwart explosions, 
fingerprint programs join the dots flashing up suspects, forensic 
examinations of, not bodies, but hard drives, lead to car chases 
and arrests. Here are some of the growing family of felony fighting 
females.

2003-2014 
Chloe O’Brian  
in 24
Chloe, specialist counter terrorist computer 
scientist, has helped Jack Bauer save the 
world some half a dozen times, and always 
in less than 24 hours. Appearing in over 130 
episodes, only Jack has outdone her. Chloe 
has even had a US government research 
and development project named after her, 
an unmanned aerial vehicle that in reality is 
there to keep the skies safe. Real 24 stuff.

2006-2011: 
Toshiko Sato  
in Torchwood
Torchwood are a team of alien hunters, 
defending the Earth. The computer genius 
of the team, Toshiko, isn’t a token woman - 
she has the longest history with Torchwood 
aside from Captain Jack himself. 

2013: Clarissa 
Mullery in Silent 
Witness
Not for the faint hearted, this crime drama, 
now in its 20th series, is all about science. 
The team of forensic pathologists do post 
mortem lab time with Clarissa bringing 
together the clues from the ‘body work’ 
with the scene of crime evidence. Liz Carr, 
the actress playing Clarissa is a disability 
rights activist and her role in Silent Witness 
champions not only women in tech but 
also shows that people are not defined by a 
disability.

2015: Mattie 
Hawkins in 
Humans
Synths do all the mundane jobs in Humans, 
but a small band, supported by Mattie and 
her family, are more than they seem. They 
can think! Mattie not only fixes Synths, she 
also hacks the program to make Synths 
sentient and sends it viral. Her struggle over 
the ethics of AI is something we need to 
consider with or without this Sci-fi series.  

2015:  
Special Agent 
Patterson in 
Blindspot
A woman with amnesia covered in tattoos 
is left in a bag in Times Square: a great 
opening for a show needing an algorithm 
expert to crack the body art puzzles. Step 
in FBI forensic scientist Patterson with a 
script stacked with computer science. Can 
you work out what she is talking about in 
these quotes? “I checked the signature 
elements in Trakzer’s source code against 
our malware database.” “I could find 
his username with DARPA’s deep Web 
crawler. Or, track his Bitcoin usage in the 
Blockchain.” 

In the real world, cyber security is in trouble, 
there are shortages of staff with the right 
specialist skills to do the job, and keep us 
safe. Whatever gender you are, we need 
more people like you becoming cyber-
security specialists. There are university 
courses and apprenticeships to prepare 
the next generation of security and forensic 
computer scientists. Why not find out more, 
and try the cyber security challenge:  https://
cybersecuritychallenge.org.uk/

Felony fighting 
females
by Jane Waite, Queen Mary University of London

Write a review and send us any cyber 
security specialists (male or female) you 
spot in TV, film, books and plays. Any 
review we like we will add to our website.

If you like writing, why not write a 
mystery short story with a believable 
cyber specialist detective? What might be 
the hi-tech clues that they need to find to 
unravel the mystery?
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While still a student Sophie spent a 
summer designing a system that could 
automatically feed cows. It was powered 
by a microcomputer called the MOS 6502: 
one of the first really cheap chips. As a 
result Sophie gained experience in both 
programming using the 6502’s set of 
instructions but also embedded computers: 
the idea that computers can disappear into 
other everyday objects. After university she 
quickly got a job as a lead designer at Acorn 
Computers and extended their version of the 
BASIC language, adding, for example, a way 
to name procedures so that it was easier to 
write large programs by breaking them up 
into smaller, manageable parts. 

Acorn needed a new version of their 
microcomputer, based on the 6502 
processor, to bid for a contract with the BBC 
for a project to inspire people about the fun 
of coding. Her boss challenged her to design 
it and get it working, all in only a week. 
He also told her someone else in the team 
had already said they could do it. Taking 
up the challenge she built the hardware in 
a few days, soldering while watching the 
Royal Wedding of Charles and Diana on 
TV. With a day to go there were still bugs 
in the software, so she worked through the 
night debugging. She succeeded and within 
the week of her taking up the challenge it 

Where would 
feeding cows 
take you?
by Paul Curzon, Queen Mary University of London

Some people’s innovations are so amazing it is hard to know where to 
start. Sophie Wilson is like that. She helped kick start the original 80’s 
BBC micro computer craze, then went on to help design the chips in 
virtually every smartphone ever made. Her more recent innovations 
are the backbone that is keeping broadband infrastructure going. The 
amount of money her innovations have made easily runs into tens 
of billions of dollars, and the companies she helped succeed make 
hundreds of billions of dollars. It all started with her feeding cows!



worked! As a result Acorn won a contract 
from the BBC, the BBC micro was born 
and a whole generation were subsequently 
inspired to code. Many computer scientists, 
still remember the BBC micro fondly 30 
years later.

That would be an amazing lifetime 
achievement for anyone. Sophie went on 
to even greater things. Acorn morphed into 
the company ARM on the back of more 
of her innovations. Ultimately this was 
about returning to the idea of embedded 
computers. The Acorn team realised that 
embedded computers were the future. As 
ARM they have done more than anyone to 
make embedded computing a ubiquitous 
reality. They set about designing a new chip 
based on the idea of Reduced Instruction 
Set Computing (RISC). The trend up to 
that point was to add ever more complex 
instructions to the set of programming 
instructions that computer architectures 
supported. The result was bloated systems 
that were hungry for power. The idea 
behind RISC chips was to do the opposite 
and design a chip with a small but 
powerful instruction set.  Sophie’s 
colleague Steve Furber set to 
work designing the chip’s 
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architecture - essentially the hardware. 
Sophie herself designed the instructions 
it had to support - its lowest level 
programming language. The problem was 
to come up with the right set of instructions 
so that each could be executed really, 
really quickly - getting as much work done 
in as few clock cycles as possible. Those 
instructions also had to be versatile enough 
so that when sequenced together they 
could do more complicated things quickly 
too. Other teams from big companies had 
been struggling to do this well despite all 
their clout, money and powerful computer 
mainframes to work on the problem. Sophie 
did it in her head. She wrote a simulator 
for it in her BBC BASIC running on the 
BBC Micro. The resulting architecture 
and its descendants took over the world, 

with ARM’s RISC chips running 95% of all 
smartphones. If you have a smartphone you 
are probably using an ARM chip. They are 
also used in game controllers and tablets, 
drones, televisions, smart cars and homes, 
smartwatches and fitness trackers. All these 
applications, and embedded computers 
generally, need chips that combine speed 
with low energy needs. That is what RISC 
delivered allowing the revolution to start. 

If you want to thank anyone for your 
personal mobile devices, not to mention the 
way our cars, homes, streets and work are 
now full of helpful gadgets, start by thanking 
Sophie...and she’s not finished yet!



10 www.cs4fn.org

Machines Inventing 
Musical Instruments
by Paul Curzon Queen Mary University of London
based on a 2016 talk by Rebecca Fiebrink

Machine Learning is the technology driving driverless cars, recognizing 
faces in your photo collection and more, but how could it help machines 
invent new instruments? Rebecca Fiebrink of Goldsmiths, University of 
London is finding out. 

Rebecca is helping composers and 
instrument builders to design new musical 
instruments and giving them new ways 
to perform. Her work has also shown that 
machine learning provides an alternative 
to programming as a way to quickly turn 
design ideas into prototypes that can be 
tested.

Suppose you want to create a new drum 
machine-based musical instrument that is 
controlled by the wave of a hand: perhaps 
a fist means one beat, whereas waggling 
your fingers brings in a different beat. To 
program a prototype of your idea, you would 
need to write code that could recognize 
all the different hand gestures, perhaps 
based on a video feed. You would then have 
some kind of decision code that chose the 
appropriate beat. The second part is not too 
hard, perhaps, but writing code to recognize 
specific gestures in video is a lot harder, 
needing sophisticated programming skills. 
Rebecca wants even young children to be 
able to do it!

How can machine learning help? Rebecca 
has developed a machine learning program 
with a difference. It takes sensor input - 
sound, video, in fact just about any kind of 
sensor you can imagine. It then watches, 
listens...senses what is happening and 
learns to associate what it senses with 
different actions it should take. With the 
drum machine example, you would first 
select one of the kinds of beats. You then 
make the gesture that should trigger it: a 
fist perhaps. You do that a few times so it 
can learn what a fist looks like. It learns that 
the patterns it is sensing are to be linked 
with the beat you selected. Then you select 
the next beat and show it the next gesture 

- waggling your fingers - until it has seen 
enough examples. You keep doing this with 
each different gesture you want to control 
the instrument. In just a few minutes you 
have a working machine to try. It is learning 
by example how the instrument you are 
wanting works. You can try it, and then 
adjust it by showing it new examples if it 
doesn’t quite do what you want.

Rebecca realised that this approach of 
learning by example gives a really powerful 
new way to support creativity: to help 
designers design. In the traditional ways 
machine learning is used, you start with lots 
of examples of the things that you want it to 
recognize - lots of pictures of cats and dogs, 
perhaps. You know the difference, so label 
all these training pictures as cats or dogs, 
so it knows which to form the two patterns 
from. Your aim is for the machine to learn 
the difference between cat and dog patterns 
so it can decide for itself when it sees new 
pictures.

When designing something like a new 
musical instrument though, you don’t 
actually know exactly what you want at the 
start. You have a general idea but will work 
out the specifics as you go. You tinker with 
the design, trying new things and keeping 
the ideas that work, gradually refining your 
thoughts about what you want as you refine 
the design of the instrument. The machine 
learning program can even help by making 
mistakes - it might not have learnt exactly 

what you were thinking but as a result 
makes some really exciting sound you never 
thought of. You can then explore that new 
idea.

One of Rebecca’s motivations in wanting 
to design new instruments is to create 
accessible instruments that people with a 
wide range of illness and disability can play. 
The idea is to adapt the instrument to the 
kinds of movement the person can actually 
do. The result is a tailored instrument 
perfect for each person. An advantage 
of this approach is you can turn a whole 
room, say, into an instrument so that every 
movement does something: an instrument 
that it’s impossible not to play. It is a play 
space to explore. 

Playing an instrument suddenly really is just 
playing.

“It is learning 
by example how 
the instrument 
you are wanting 
works.”
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The 19th century French philosopher, 
Diderot said about music: “It‘s through 
numbers, rather than the senses, that 
music’s sublimeness can be measured.”  
Professor Elaine Chew of Queen Mary, 
University of London has taken this idea 
to heart, integrating music, maths and 
engineering. She is a computer scientist, 
mathematician and an accomplished 
musician. Using her diverse background she 
is exploring questions like  “Can we really 
measure the sublime?”

Music can provoke the senses, give pleasure, 
and sometimes move people to tears. Elaine 
has been exploring what computer models 
and visualizations can tell us about this 
amazing phenomenon, using a combination 
of experiments and musical performance. It’s 
the whys of music she is really interested in 
- why did the performer or composer choose 
this over that? Why is this passage surprising? 
For example, she has investigated aspects 
of timing in music she calls ‘tipping points’ 
- timeless moments of suspended motion 
in the music -  which can be the defining 
moment of a performance. She has been 
able to describe how the timing of these 
moments works, when they can be used and 
why they have the effect on a performance 
that they do.

So the next time a piece of music sends 
shivers down your spine or leaves you in 
raptures, Elaine may be able to explain why!

Just 
sublime!
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Gendered 
Timeline of 

Computer 
Science  

Stars

1842 
Data representation
Ada Lovelace points out 
that once other things, like 
music, are represented by 
numbers computers can 
be much more than just 
calculators.

1958 
Electronic Music
Daphne Oram a pioneer of 
electronic music, co-founds 
the BBC Radiophonic 
Workshop, responsible for 
the soundscapes behind 
hundreds of tv and radio 
programmes. She suggests 
the idea of spatial sound 
where sounds are in specific 
places.

1858 
Data Visualisation
Florence Nightingale is the 
first person to combine lots 
of data with good ways of 
presenting all those numbers 
so the patterns can be 
seen and be persuasive. 
She successfully uses it to 
convince politicians to take 
action over deaths in hospital 
due to poor cleanliness.

1941 
Frequency Hopping
Hedy Lamarr co-invents 
frequency hopping: 
communicating by 
constantly jumping from 
one frequency to another. 
This idea underlies 
much of today’s mobile 
technology.

1952 
High Level Languages  
and Compilers
Grace Hopper suggests 
programming should be done 
using english words rather than 
obscure codes or numbers, 
then writes the first compiler  
to make it a reality.
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Women have played a 
gigantic role in the history of 
computing. Their ideas form 
the backbone to modern 
technology.

1972 
Search Engines 
Karen Spärck Jones invents 
an algorithm to decide 
which documents are most 
relevant. Variations form 
the core of most search 
engines.

1985 
Embedded computers 
Sophie Wilson designs the instruction 
set for the first ARM RISC chip 
creating a chip that is both faster 
and uses less energy than traditional 
designs: just what you need for 
mobile gadgets. This chip family go 
on to power 95% of all smartphones.

Cyber security 
Shafi Goldwasser co-invents, zero 
knowledge proofs: a way to show 
that a claim being made is true 
without giving away any more 
information. This is important in 
cryptography to ensure people are 
honest without giving up privacy.

Image 
compression 
Ingrid Daubechies comes 
up with a practical 
way to use ‘wavelets’, 
mathematical tools 
that when drawn are 
wave-like. This opens 
up new powerful ways to 
store images in far less 
memory, make images 
sharper, and much, 
much more.

1988  
Programming Languages 
Barbara Liskov develops a series of 
programming languages. Argus is 
the first language to support writing 
distributed programs. Her earlier CLU 
language includes important ideas that 
ultimately lead to the development of 
object-oriented programming.

It is of course important to remember that men occasionally 
helped too! The best computer science and innovation arise when 
the best people of whatever gender, culture, sexuality, ethnicity 
and background work together.

2006 
Computational Thinking 
Jeannette Wing promotes the idea of 
computational thinking as the key 
problem solving skill set of computer 
scientists. It is now taught in schools 
across the world.

1995 
Detecting collisions 
Ming Lin co-invents algorithms for tracking moving 
objects and detecting collisions based on the 
idea of bounding them with boxes. They are used 
widely in games and computer-aided design 
software.

1966 
Optimizing Compilers
Fran Allen sets out a clear foundation 
for the way compilers can improve 
programs written in high level 
languages, so that the resulting code 
is faster but does the same thing as 
the original.
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3D models 
in motion

People have been working on this problem for years, not 
least because the techniques are behind the amazing 
realism of CGI characters in blockbuster movies. When 
we see the world, somehow our brain turns all that 
information about colour and intensity of light hitting 
our eyes into a scene we make sense of - we can pick 
out different objects and tell which are in front and 
which behind, for example. In the 1950s Psychophysics 
researcher Gunnar Johansson showed some of how our 
brain does this. He dressed people in black with lightbulbs 
fastened around their bodies. He then filmed them 
walking, cycling, doing press-ups, climbing a ladder, all in 
the dark … with only the lightbulbs visible. He found that 
people watching the films could still tell exactly what they 
were seeing, despite the limited information. They could 
even tell apart two people dancing together, including 
who was in front and who behind. This showed that we 
can reconstruct 3D objects from even the most limited 
of 2D information when it involves motion. We can keep 
track of a knee, and see it as the same point as it moves 
around. It also shows that we use lots of ‘prior’ information 
- knowledge of how the world works - to fill in the gaps.

The cave paintings in Lascaux, France are early 
examples of human culture from 15,000 BC. 
There are images of running animals and even 
primitive stop motion sequences - a single 
animal painted over and over as it moves. 
Even then, humans were intrigued with 
the idea of capturing the world in motion! 
Computer scientist Lourdes Agapito is 
also captivated by moving images. She 
is investigating whether it’s possible to 
create algorithms that allow machines to 

make sense of the moving world around 
them just like we do. Over the last 10 years 
her team have shown, rather spectacularly, 
that the answer is yes.

by Paul Curzon Queen Mary University of London
based on a 2016 talk by Lourdes Agapito
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Shortcuts
Film-makers already create 3D versions 
of actors, but they use shortcuts. The 
first shortcut makes it easier to track 
specific points on an actor over time. 
You fix highly visible stickers (equivalent 
to Johansson’s light bulbs) all over the 
actor. These give the algorithms clear 
points to track. This is a bit of a pain for 
the actors, though. It also could never be 
used to make sense of random YouTube 
or CCTV footage, or whatever a robot is 
looking at.

The second shortcut is to surround the 
action with cameras so it’s seen from lots 
of angles. That makes it easier to track 
motion in 3D space, by linking up the 
points. Again this is fine for a movie set, 
but in other situations it’s impractical.

A third shortcut is to create a computer 
model of an object in advance. If you 
are going to be filming an elephant, then 
hand-create a 3D model of a generic 
elephant first, giving the algorithms 
something to match. Need to track 
a banana? Then create a model of a 
banana instead. This is fine when you 
have time to create models for anything 
you might want your computer to spot.

It is all possible for big budget film 
studios, if a bit inconvenient, but it’s 
totally impractical anywhere else.

No shortcuts!
Lourdes took on a bigger challenge than 
the film industry. She decided to do it 
without the shortcuts: to create moving 3D 
models from single cameras, applied to any 
traditional 2D footage, with no pre-placed 
stickers or fixed models created in advance.

When she started, a dozen or so years ago, 
making any progress looked incredibly 
difficult. Now she has largely solved the 
problem. Her team’s algorithms are even 
close to doing it all in real time, so making 
sense of the world as it happens, just like 
us. They are able to make really accurate 
models down to details like the subtle 
movements of their face as a person talks 
and changes expression.

There are several secrets to their success, 
but Johansson’s revelation that we rely 
on prior knowledge is key. One of the first 
breakthroughs was to come up with ways 
that individual points in the scene like the 
tip of a person’s nose could be tracked 
from one frame of video to the next. Doing 
this well relies on making good use of prior 
information about the world. For example, 
points on a surface are usually well-behaved 
in that they move together. That can be used 
to guess where a point might be in the next 
frame, given where others are.

The next challenge was to reconstruct all the 
pixels rather than just a few easy to identify 
points like the tip of a nose. This takes more 
processing power but can be done by lots 

of processors working on different parts of 
the problem. Key to this was to take account 
of the smoothness of objects. Essentially 
a virtual fine 3D mesh is stuck over the 
object - like a mask over a face - and the 
mesh is tracked. You can then even stick 
new stuff on top of the mesh so they move 
together - adding a moustache, or painting 
the face with a flag, for example, in a way 
that changes naturally in the video as the 
face moves.

Once this could all be done, if slowly, the 
challenge was to increase the speed and 
accuracy. Using the right prior information 
was again what mattered. For example, 
rather than assuming points have constant 
brightness, taking account of the fact 
that brightness changes, especially on 
flexible things like mouths, mattered. Other 
innovations were to split off the effect of 
colour from light and shade.

There is lots more to do, but already the 
moving 3D models created from youtube 
videos are very realistic, and being 
processed almost as they happen. This 
opens up amazing opportunities for robots; 
augmented reality that mixes reality with the 
virtual world; games, telemedicine; security 
applications, and lots more. It’s all been 
done a little at a time, taking an impossible-
seeming problem and instead of tackling 
it all at once, solving simpler versions. All 
the small improvements, combined with 
using the right information about how the 
world works, have built over the years into 
something really special.
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What the Real  
Pros Say We asked some computer scientists and electronic 

engineers we know what they most liked about their 
job and the subject...

“Building software that protects 
billions of people from online 
abuse ... I find it tremendously 
rewarding...Every code change I 
make is a puzzle: exciting to solve 
and exhilarating to crack; I love 
doing this all day, every day.”

-  Despoina Magka, Software 
engineer, Facebook

“The flexibility 
of working 
from any 
place at 
any time. It 
offers many 
opportunities to 
collaborate with, 
and learn from, brilliant people 
from all over the world.”

-  Greta Yorsh, Lecturer QMUL, 
former software engineer, 
ARM.

“Possibilities! When you try to 
do something that seems crazy 
or impossible and it works, it 
opens up new possibilities... 
I enjoy being surrounded by 
creative people”

- Justyna Petke, Researcher, UCL 

“That we get to study the deep 
characteristics of the human 
mind and yet we are so close to 
advances in technology and get 
to use them in our research.”

-   Mehrnoosh Sadrzadeh, Senior 
Lecturer, QMUL

“Because computer science skills 
are useful in nearly every part 

of our lives, I get to work with 
biologists, mathematicians, 

artists, designers, educators 
and lately a whole colony of 

naked mole-rats! I love the 
diversity.”

-  Julie Freeman, artist  
and PhD student, QMUL

“It is fascinating to be able to 
provide simpler solutions to 
challenging requirements faced 
by the business.”

-  Emanuela Lins, Vice President, 
Morgan Stanley

“I get the opportunity to understand 
what both business people and 
technologists are thinking about, 
their ideas and their priorities and I 
have the opportunity to bring these 
ideas to fruition. I feel very special 
being able to do this! I also like that 
it is a creative subject – elegant 
coding can be so beautiful!”

-  Jill Hamilton, Vice President, 
Morgan Stanley

“Taking on new challenges and 
overcoming my limitations with every 
program I write, every bug I fix, and 
every application I create. It has and 
continues to inspire me to grow, 
both professionally and personally.“

-  Kavin Narasimhan, Researcher, 
University of Surrey

Hear  
and their 
magic 
square
by Peter W. McOwan, Queen Mary University of London

You ask a volunteer to choose a 
number. Immediately you write out 
a four by four magic square. When 
finished the square contents adds 
to their chosen number in all the 
usual ways magic squares do. An 
impressive feat of superhuman 
mathematical skills that you can  
learn to do almost instantly by going 
to www.cs4fn.org/magicsquare.php 
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The first computers transformed the way 
research is done. One of the very first 
computers, EDSAC, contributed to the work 
of three Nobel prize winners: in Physics, 
Chemistry and Medicine. Astronomer, 
Joyce Wheeler was an early researcher to 
make use of the potential of computers 
to aid the study of other subjects in this 
way. She was a Cambridge PhD student in 
1954 investigating the nuclear reactions 
that keep stars burning. This involved 
doing lots of calculations to work out the 
changing behaviour and composition of 
the star. Joyce had seen EDSAC on a visit 
to the university before starting her PhD, 
and learnt to program it from its basic 

“I get to ask questions 
about people, and set 
about answering them 
in an empirical way. 
Computer science can 
lead you in a variety of 
unexpected directions”

-  Shauna Concannon, 
Researcher, QMUL

“… you get to be both a thinker 
and a creator. You get to think  
logically and mathematically, be 
creative in the way you write and 
design systems and you can be 
artistic in the way you display 
things to users. ...you’re always 
learning something new.”

-  Yasaman Sepanj, Associate,  
Morgan Stanley

“You never know what research 
area the solution to your 
problem will come from, so every 
conversation is valuable.”

-  Vanessa Pope, PhD student, QMUL

“I think the best thing is how you 
can apply it to so many different 
topics. If you are interested in 

biology, music, literature, sport 
or just about anything else you 

can think of, then there’s a problem 
that you can tackle using computer 

science or electronic engineering...I 
like writing code, but I enjoy making 
things even more.”

- Becky Stewart, Lecturer, QMUL
Cropped image of Rebecca Stewart copyright 
Thomas Bonte, CC BY 2.0

programming manual so that she could 
get it to do the calculations she needed. 
She would program by day and let EDSAC 
number crunch using her programs 
every Friday night, leaving her to work 
on the results in the morning, and then 
start the programming for the following 
week’s run. EDSAC not only allowed her 
to do calculations accurately that would 
otherwise have been impossible, it also 
meant she could run calculations over and 
over, tweaking what was done, refining the 
accuracy of the results, and checking the 
equations quickly with sample numbers. As 
a result EDSAC helped her to estimate the 
age of stars.

The Life 
of a Star
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Pixel pictures
The digital age is founded on the idea that 
you can represent signals: whether sound or 
images,  radio waves, or electrical signals, as 
sequences of numbers. We digitise things by 
breaking them into lots of small pieces, then 
represent each piece with a number.  As I 
look out my window, I see a bare winter tree, 
with a robin singing. If I take a picture with a 
digital camera, the camera divides the scene 
into small squares (or pixels) and records 
the colour for each square as a number. The 
real world I’m looking at isn’t broken into 
squares, of course. Reality is continuous 
and the switch to numbers means some of 
the detail of the real thing is lost. The more 
pieces you break it into the more detail 
you record, but when you blow up a digital 
image too much, eventually it goes blurry. 
Reality isn’t fuzzy like that. Zoom in on the 
real thing and you see ever more detail. 
The advantage of going digital is that, as 
numbers, the images can be much more 
quickly and easily stored, transmitted and 

manipulated by Photoshop-like programs. 
Digital signal processing is all about how you 
store and manipulate real-world things, those 
signals, with numbers. 

Curvy 
components
There are different ways to split signals up 
when digitising them. One of the bedrocks 
of digital signal processing is called Fourier 
Analysis. It’s based on the idea that any 
signal can be built out of a set of basic 
building blocks added together. It’s a bit 
like the way you can mix any colour of 
paint from the three primary colours: red, 
blue and yellow. By mixing them in the 
right proportions you can get any colour. 
That means you can record colours by 
just remembering the amounts of each 
component. For signals, the building blocks 
are the pure frequencies in the signal. 
The line showing a heartbeat as seen on a 
hospital monitor, say, or a piece of music 
in a sound editing program, can be broken 
down into a set of smooth curves that go up 
and down with a given frequency, and which 

Computer scientists rely on maths a lot. As mathematicians devise 
new mathematical theories and tools, computer scientists turn 
them into useful programs. Mathematicians who are interested 
in computing and how to make practical use of their maths are 
incredibly valuable. Ingrid Daubechies is like that. Her work has 
transformed the way we store images and much besides. She 
works on the maths behind digital signal processing - how best 
to manipulate things like music and images in computers. It boils 
down to wiggly lines.

Wiggly 
lines help 
catching 
crime  
by Paul Curzon Queen Mary University of London

when added together give you the original 
line - the original signal. Their negative parts 
of one wave can cancel out positive parts 
of another just as two ripples meeting on a 
pond combine to give a different pattern to 
the originals.

This means you can store signals by 
recording the collection and strength of 
frequencies needed to build them. For 
images the frequencies might be about how 
rapidly the colours change across the image. 
An image of say a hazy sunset, where the 
colours are all similar and change gradually, 
will then be made of low frequencies with 
rolling wave components. An image with 
lots of abrupt changes will need lots of high 
frequency, more spiky, waves to represent all 
those sudden changes.

Blurry bits
Now suppose you have taken a picture and 
it is all a bit blurry. In the set of frequencies 
that blurriness will be represented by the 
long rolling waves across the image: the 
low frequencies. By filtering out those low 
frequencies, making them less important 
and making the high frequency building 
blocks stronger, we can sharpen the image 
up.

By filtering in different ways we can have 
different effects on the image. Some of the 
most important help compress images. If a 
digital camera divides the image into fewer 
pixels it saves memory by storing less data, 
but you end up with blocky looking pictures. 
If you instead throw away information 
by losing some of the frequencies of 
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a Fourier version, the change may be 
barely noticeable. In fact, drawing on our 
understanding of how our brains process the 
world to choose what frequencies to drop we 
might not see a change in the image at all.

more like 
keyhole surgery 
on a signal than 
butchering the 
whole thing. 

The power of Fourier Analysis is that it 
allows you to manipulate the whole image in 
a consistent way, editing a signal by editing 
its frequency building blocks. However, that 
power is also a disadvantage. Sometimes 
you want to have effects that are more local 
- doing something that’s more like keyhole 
surgery on a signal than butchering the 
whole thing. 

Wiggly 
wavelets
That is where wavelets come in. They 
give a way of focussing on small areas 
of the signal. The building blocks used 
with wavelets are not the smooth, forever 
undulating curves of Fourier analysis, but 
specially designed functions, ie wiggly lines, 
that undulate just in a small area - a bit like 
a single heart beat signal. A ‘mother’ wavelet 
is combined with variations of it (child 
wavelets) to make the full set of building 
blocks: a wavelet family. 

Wavelets were perhaps more a curiosity than 
of practical use to computer scientists, until 
Ingrid Daubechies came up with compact 
wavelets that needed only a fixed time to 
process. The result was a versatile and very 
practical tool that others have been able to 
use in all sorts of ways. For example, they 
give a way to compress images without 
losing information that matters. This has 
made a big difference with the FBI’s 

fingerprint archive, for example. A family 
of wavelets allows each fingerprint to be 
represented by just a few wavelets, so a  
few numbers, rather than the many 
numbers needed if pixels were stored. The 
size of the collection takes up 20 times less 
storage space as wavelets without corrupting 
the images. That also means it can be sent 
to others who need it more easily. It matters 
when each fingerprint would otherwise 
involve storing or sending 10 Megabytes  
of data.

People have come up with many more 
practical uses of Wavelets, from cleaning up 
old music to classifying stars and detecting 
earthquakes. Not bad for a wiggly line. 



20 www.cs4fn.org

We humans are very good at subtle 
behaviour, and do much of it without even 
realising it. One example is the way we 
stand when we form small groups to talk. 
We naturally adjust our positions and the 
way we face each other so we can see 
and hear clearly, while not making others 
feel uncomfortable by getting too close. 
The positions we take as we stand to talk 
are fairly universal. If we understand what 
is going on we can create computational 
models that behave the same way. Most 
existing models simulate the way we 
adjust positions as others arrive or leave by 
assuming everyone tries to both face, and 
keep the same distance from, the midpoint 
of the group. However, there is no evidence 
that that is what we actually do. There are 
several alternatives. Rather than pointing 
ourselves at some invisible centre point, we 
could be subconsciously maximising our 
view of the people around. We could be 
adjusting our positions and the direction we 
face based on the position only of the people 
next to us, or instead based on the positions 
of everyone in the group.

The stereotype of a computer scientist is someone who 
doesn’t understand people. For many, how people behave is 
exactly what they are experts in. Kavin Narasimhan is one. 
As a student at QMUL, she studied how people move and 
form groups at parties, creating realistic computer models 
of what is going on. 

Understanding 
parties 
by Paul Curzon Queen Mary University of London

Kavin videoed real 
parties where 
lots of people 
formed small 
groups to find out 
more of the precise detail of how we position 
and reposition ourselves. This gave her 
a bird’s eye view of the positions people 
actually took. She also created simulations 
with virtual 2D characters that move around, 
forming groups then moving on to join other 
groups. This allowed her to try out different 
rules of how the characters behaved, and 
compare them to the real party situations. 

She found that her alternate rules were 
more realistic than rules based on facing 
a central point. For example, the latter 
generates regular shapes like triangular 
and square formations, but the positions 
real humans take are less regular. They 
are better modelled by assuming people 
focus on getting the best view of others. 
The simulations showed that this was also 
a more accurate way to predict the sizes of 
groups that formed, how long they formed 
for, and how they were spread across the 
room. Kavin’s rules therefore appear to give 
a realistic way to describe how we form 
groups.

Being able to create models like this 
has all sorts of applications. It is 
useful for controlling the precise 
movement of avatars, whether in 

virtual worlds or teleconferencing. 
They can be used to control how computer-
generated (CGI) characters in films behave, 
without needing to copy the movements 
from actors first. It can make the characters 
in computer games more realistic as they 
react to whatever movements the real 
people, and each other, make. In the future 
we are likely to interact more and more 
with robots in everyday life, and it will be 
important that they follow appropriate rules 
too, so as not to seem alien.

So you shouldn’t assume computer 
scientists don’t understand people. Many 
understand them far better than the average 
person. That is how they are able to create 
avatars, robots and CGI characters that 
behave exactly like real people. Virtual 
parties are set to be that little bit more 
realistic.
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Hedy Lamarr was a movie 
star. Back in the 1940’s, in 

Hollywood’s Golden Age, she 
was considered one of the 
screen’s most beautiful 
women and appeared 
in several blockbusters. 
But Hedy was more 
than just good looks and 
acting skills. Many people 
remembered Hedy for 

her pithy quote “Any girl can be glamorous. 
All she has to do is stand still and look 
stupid”, but at the outbreak of World War II 
she and composer George Antheil invented 
an encryption technique for a torpedo radio 
guidance system!

Their creative idea for an encryption system 
was based on the mechanism behind 
the ‘player piano’ - an automatic piano 
where the tune is controlled by a roll of 
paper with punched holes. The idea was 
to use what is now known as ‘frequency 
hopping’ to overcome the possibility of the 
control signal being jammed by the enemy. 
Normal radio communication involves 
the sender picking a radio frequency and 
then sending all communication at that 
frequency. Anyone who tunes in to that 
frequency can then listen in, but also jam 
it by sending their own more powerful 
signal at the same frequency. That’s why 
non-digital radio stations constantly tell you 
their frequency like “97-99 FM”. Frequency 
hopping involves jumping from frequency to 
frequency throughout the broadcast. Then, 
only if sender and receiver share the secret 
of exactly when the jumps will be made, and 
to what frequencies, can the receiver pick 
up the broadcast or jam it. That is essentially 
what the piano roll could do. It stored the 
secret.

Though the navy didn’t actually use the 
method during World War II, they did use 
the principles during the Cuban missile 
crisis in the 1960’s. The idea behind 
it is also used in today’s satnav, Wi-Fi, 
Bluetooth and mobile phone technologies, 
underpinning so much of the technology of 
today. In 2014 Hedy was inducted into the 
US national inventor’s hall of fame. 

The movie 
star, the 
player piano 
and the 
torpedo 
by Peter W. McOwan Queen Mary University of London

Hidden Figures

NASA Langley was the birthplace of the 
U.S. space program where astronauts 
like Neil Armstrong learned to land on 
the moon. Everyone knows the names 
of astronauts, but behind the scenes a 
group of African-American women were 
vital to the space program: Katherine 
Johnson, Mary Jackson and Dorothy 
Vaughan. Before electronic computers 
were invented ‘computers’ were just people 
who did calculations and that’s where 
they started out, as part of a segregated 
team of mathematicians. Dorothy Vaughan 
became the first African-American woman 
to supervise staff there and helped make 
the transition from human to electronic 
computers by teaching herself and her staff 
how to program in the early programming 
language, FORTRAN. The women switched 
from being the computers to programming 
them. These hidden women helped put the 
first American, John Glenn, in orbit, and 
over many years worked on calculations 

like the trajectories of spacecraft and 
their launch windows (the small period 
of time when a rocket must be launched 
if it is to get to its target). These complex 
calculations had to be correct. If they got 
them wrong, the mistakes could ruin a 
mission, putting the lives of the astronauts 
at risk. Get them right, as they did, and 
the result was a giant leap for humankind.

See the film ‘Hidden Figures’ for more  
of their story.
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Randomized controlled trials revolutionized 
medicine. They could revolutionize 
many other aspects of our lives too, from 
education to prison reform, if they were used 
more. Computer scientists realized that, 
and more trials are now used on software 
than medicines. It’s part of the Big Data 
revolution and is the way to avoid relying 
on hunches, instead relying on scientific 
method to find out what the right answer 
really is.

But what if ...?
The problem with the way we do most things 
is “what-if”. We make decisions, but never 
know what would have happened if we took 
the other choice. If things go well we pat 
ourselves on the back and tell ourselves we 
are right. But things might have gone even 
better had we only made the other decision. 
We will never know. However good or bad it 
seems, there is no way of knowing actually 
if our decision was the right one, if all we do 
is make it. We then delude ourselves, and 
so keep doing bad things, over and over. 
That’s why illness was treated by getting 
leeches to suck blood for centuries!

Controlled trials overcome this. The big 
idea boils down to making sure you do 
both alternatives! Not only do you make the 
change, you also leave things alone too! 
That sounds impossible, but it’s simple. Split 
your population (patients, users, prisoners, 
students, …) into two groups at random. 
Apply the change to one group, but leave 
the other group alone. Then at the end of a 

Google, one of the most powerful companies in the world, is famous 
for being founded by Larry Page and Sergey Brin, but a key person, 
the 20th person employed, was engineer, programmer and believer 
in detail, Marissa Mayer. Her attention to detail made a gigantic 
difference to Google’s success. She was involved in most of their 
successful products, from the search engine to Gmail to Adwords and 
if she wasn’t convinced about a new feature or change, then it didn’t 
happen. When a designer suggested a new shade of blue for the links 
of ads, for example, she had to be persuaded. But how could she be 
sure she did make the right decisions? She used a centuries old idea 
from medicine, first used to help cure scurvy in sailors, and applied it 
to software design: the randomized controlled trial. 

Lemons Linking 41 
Shades of Blue 
by Paul Curzon Queen Mary University of London

www.cs4fn.org

suitable period, long enough so you can see 
any difference, compare the results. You see 
not only the result of making the change, 
but also what would have happened if you 
didn’t. Only then, with hard data about the 
consequences of both possibilities, do you 
take the decision.

The first medical trial like this involved 
sailors who were ill with scurvy - a disease 
that killed more wartime sailors than enemy 
action in the 18th century. Scottish Navy 
surgeon James Lind waited until his ship 
had been at sea long enough for many 
sailors to get scurvy. He then split a dozen 
into 6 pairs: one group had oranges and 
lemons on top of the normal food, and the 
others were given different alternatives like 
cider or vinegar instead. Within a week, the 
two eating fruit were virtually recovered. 
More to the point, there was no difference in 
any of the others apart from an improvement 
in the pair given cider. Eating fruit was 
clearly the right decision to cure scurvy. All 
new drugs are now tested in trials like this to 
find out if they really do make patients better 
or not. Because you know what happens to 
those not given the new treatment, you know 
any improvement wouldn’t have happened 
any way.

So how do computer scientists use this 
sort of trial? The way Marissa Mayer’s team 
did it is a classic example. One of Google’s 
designers was suggesting they use a slightly 
different shade of blue for the links on ads 
in Google’s mail program. Rather than take 

his word that it was an improvement, they 
ran a trial. They created a version of the 
program that had multiple colours possible 
for the links, each a different shade of blue. 
They then split all the users of the program 
into groups and gave each a different shade 
of blue for their links, tracking the results. 
One particular shade led to more clicks on 
the ads than any other. That was the shade 
Marissa chose (and it wasn’t the shade the 
designer had suggested!)

Software trials like this are called A/B 
Testing. They have become the mainstay 
of hi-tech companies wanting an edge. It 
actually leads to a new way of developing 
software. Rather than get a perfect product 
at the outset you get something basic that 
works well enough quickly. Then you set to 
work running trials on lots of small details, 
making what are called ‘marginal gains’, 
as soon as possible. One small detail may 
not make a big difference, but when you 
pile them up, each known to be a definite 
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improvement because of the trial, then very 
quickly your software improves. Trials can 
give better results than intelligent design!

Does it make a difference? Well the one 
decision about that shade of blue of 
Marissa’s team supposedly made Google 
$200 million a year, as a result of more 
people clicking on ads.  Google now run 
tens of thousand of trails like this each year. 
Add the benefits of lots and lots of small 
improvements and you get one of the most 
powerful companies on the planet.

Little Gains in Life
The idea of developing software through marginal gains is actually based on the process 
used by nature: evolution by natural selection. Each species of animal seems perfectly 
designed for its environment, not because they were designed, but because only the fittest 
individuals survive to have babies. Any small improvement in a baby that gives it a better 
ability to survive means the genes responsible for that improvement are passed on. Over 
many generations the marginal gains add up to give creatures perfectly adapted to their 
environment.
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Sky high
GPS in cars is common, but GPS on a bike 
takes cycling to a whole new level. Systems 
can now let you know exactly where you 
are and how far you have cycled. They can 
also detect if your bike has been stolen and 
is heading off into places it wouldn’t be 
expected. But to know where you are on the 
road needs the on-board computer to know 
where satellites are whizzing high above 
in orbit. It’s by calculating the distance 
from these satellites that your position on 
the ground is known. What’s even more 
impressive is that the accuracy of the GPS 
also depends on Einstein’s theory of relativity 
which is used to calculate the terrestrial 
positions.

Winning line: up!

Hat help 
Cycle helmets are a safety essential. 
Computer scientists have been using 
supercomputers to design 3D printed 
helmets that could help reduce brain 
damage in an accident. A main cause 
of brain damage is that as you hit a hard 
surface, your brain twists inside your skull. 
The new helmets are designed to allow 
the skull to move a little in the helmet in 
case of an accident so potentially reducing 
brain damage. Being able to 3D print safety 
helmets also allows computers to design 
the helmets themselves using AI. Not to be 
left behind you can 3D print a steel bicycle 
frame too.

Winning line: ouch!

A helping foot 
Cycling up a hill can be exhausting. 
Wouldn’t it be nice to have a friendly bit 
of computer science to help you along. 
That’s exactly what electrical assist systems 
do. Using sensors distributed about the 
bike and pedals, the on-board computer 
monitors the ways you are cycling around 
1000 times a second. An electric motor that 
helps drive the wheels gives a boost of up 
to 20 miles an hour whenever the computer 
thinks it would help you along and smooth 
the ride.

Winning line: zoom!

Laser bright 
laser light 
Sometimes other road users don’t notice 
cyclists. The consequences of this low 
visibility can be serious. The answer? Build 
lights with sensors which know when it’s 
getting dark. To make it brighter still engage 
the laser! In one system the bright graphics 
of a cycle is projected from the handlebar 
onto the road just in front. In much of the 
USA, cars are not allowed to approach 
within three feet when overtaking. To ensure 
the car knows where your virtual ‘bike lane’ 
is, your bike projects two laser beams onto 
the road marking out your space with a 
space age shine.

Winning line: zap!

Eyes down look 
forward
Head up displays are normally associated 
with jet fighters, allowing the pilot to see 
the readout from the plane’s instruments 
projected onto a transparent screen in 
front of their eyes, so they aren’t distracted. 
Smart sunglasses show the bike rider useful 
data such as speed, heart rate, distance 
and even a map. The mini-projector sits on 
a stalk in front of the lens and shines the 
signal onto the surface of the sunglasses. 

Winning line: forward!

Cycle desk 
generator 
Normally we consider sitting at a desk to 
be a fairly lazy relaxing thing to do. But one 
company makes simply sitting a powerful 
activity. The ‘bike desk’ is, well, a bike 
attached to a desk. As you sit on the bike 
you can work on the desk surface in front 
while your legs feverishly peddle beneath, 
generating electricity. The invention 
produces enough electricity to power your 
laptop. Perhaps, in the future, you will join 
other bike desk friends to generate enough 
electricity to sell to the national grid. A 
renewable energy source that keeps you fit 
and switched on.

Winning line: sweat!
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At the 2016 Rio summer Olympics, when cyclists Laura Trott, 
Katie Archibald, Joanna Shand and Elinor Barker crossed the 
winning line, they smashed the existing world record to defeat 
the USA, with Trott becoming the first British woman to win 
three Olympic gold medals. Impressive feet! In tribute to their 
bicycling lives we consider how computer science, cunning 
tech and cycling have hit the road together. 

For the stories of many more 
women in computer science visit 
www.cs4fn.org/women/


