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OK Computer
The world is full of problems, but not every problem has a good algorithm that 
can solve it. Meet the researchers who make the computer think.

Using an Internet search engine 

to find the hottest restaurant 

in town? Letting your car’s GPS 

tell you where to turn left to reach 

the parking garage? Worrying if your 

money is safe when you use online 

banking? Looking for the love of your 

life on an Internet dating site? You 

can be sure that an algorithm has 

helped you on your way.

No easy answers
Not that such mundane questions 

as restaurant choice or people’s love 

lives are part of the day-to-day work 

of the Algorithms Research Group at 

the University of Bergen (UiB). Yet 

their work to develop new math-

ematical theories to find and provide 

better algorithms will most certainly 

be of help to each and every one of 

us in our daily lives.

“In the algorithms group we work 

on problems deemed ‘difficult’, ” says 

Professor Pinar Heggernes. “There 

are problems for which there are 

still no good algorithms. Problems it 

would take a computer thousands of 

years to solve.”

However, the group does not pri-

marily deal with practical issues. 

They are mainly focusing on the 

mathematical representation of a 

problem.

“Everyone in our field of research 

dreams of solving complex problems, 

because there are huge practical 

consequences if you do. For instance, 

the security systems used in Internet 

banking are based on problems of 

this kind, whose difficulty level is 

unresolved. If someone comes up 
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Fedor Fomin, professor, Department of Informatics, UiB. DeALING WITH ADVANCeD ALGoRITHMS: Paper, pencil, and the human brain are the main ingredients in the 
average workday for the Algorithms Research Group at UiB.

with a simple and efficient algorithm 

for one of these problems, then all 

online banking security evaporates,” 

Heggernes explains. “On the other 

hand, however, a range of complex 

tasks will suddenly become possible 

to solve fast and efficiently.”

Searching for ‘good’ algorithms
Professor Fedor Fomin of the same 

group is the recipient of an advanced 

grant from the European Research 

Council (ERC), one of six such grant 

recipients at UiB. (see page 13 for 

more information on the other 

grant holders.) So what does it take 

to be awarded an ERC grant?

“A lot of work and a bit of luck,” 

Fomin says and smiles.

The ERC grant awarded to Profes-

sor Fomin focuses on special types 

of algorithms called pre-processing 

algorithms. While usually algorithms 

try to solve the problem, the goal of 

pre-processing algorithms is more 

humble; they just try to simplify the 

problem. Combined with other algo-

rithms, pre-processing can be very 

powerful.

He uses Sudoku puzzles as an 

example.

“A naïve strategy to solve the puz-

zle would be to use ‘brute force’ by 

trying all possibilities of filling the 

empty cells. But there are so many 

variants that this approach can take 

months if not ages! Instead of trying 

brute force immediately, an experi-

enced Sudoku-solver tries to simplify 

the puzzle by eliminating the impos-

sible cases. In other words, doing pre-

processing,” Fomin explains. “There 

are many rules in Sudoku allowing 

the solution of most easy puzzles. 

For more difficult puzzles such pre-

processing is used to reduce possible 

cases, and with a combination of 

other techniques, to solve the puzzle.”

“The goal of the project is to un-

derstand pre-processing algorithms 

theoretically,” he continues. “We want 

to know why and when such algo-

rithms behave well and why and 

when they fail. Pre-processing algo-

rithms are ubiquitous and we need 

this theory to find out how they can 

be improved.”

So why do algorithms matter?

“Algorithms are high-level de-

scriptions of instructions to perform 

computational tasks. They form the 

basis of the computer and compu-

tational science. For engineers and 

experimentalists, an algorithm is a 

success if it works well in practice,” 

Fomin says. “Design and analysis of 

algorithms is also one of the most 

important areas in theory of com-

puting, and the goal here is to pro-

vide provable guarantees about the 

performance of algorithms under 

all conditions. Developing rigorous 

mathematical theories that explain 

the behaviour of practical algorithms 

has become an increasingly impor-

tant challenge, and this is the topic 

of my project.”

 “ 
 Our goal is to understand algorithms  

 theoretically. We want to know why and  
 when such algorithms behave well. 

 ”  

 
Fedor Fomin, professor, UiBl
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ERC grants at UiB
Advanced grants from the European Research Council (ERC) 
are awarded to researchers working on projects that are highly 
ambitious, pioneering, and unconventional. In addition to 
Professor Fedor Fomin, five other UiB researchers are recipients 
of ERC advanced grants.

Organisms in the ocean
There are millions of viruses and other organisms in a litre of water, and the 
interaction between them is complex. The research group Marine Microbiology, 
headed by Professor Frede Thingstad, wants to get a better understanding of the 
complexity of how organisms in the ocean interact. (Read moRe about thingstad 
and the gRoup’s woRk on pages 28-31 of this magazine.)

Hearing voices
Schizophrenia can make you hear voices in your head, but where do these voices 
come from? That is one of the questions Professor Kenneth Hugdahl and the 
Bergen fMRI Group are trying to answer. fMRI is short for functional Magnetic 
Resonance Imaging, and a particular focus for the group is the study of auditory 
hallucinations in schizophrenia, and so-called dichotic listening studies of 
cognitive control.

Early man's symbols
The TRACSYMBOLS project, headed by Professor Christopher Henshilwood, 
looks at how environmental changes influenced key behavioural features of 
Neanderthals and early Homo sapiens in Europe and southern parts of Africa. 
Henshilwood’s archaeological finds in South Africa have shed new light on early 
humans’ abilities to adapt to climate change: research that may hold value as 
modern man faces climate change challenges of his own.

Solving obesity
What roles do diet and genetics play in the development of obesity and diabetes? 
This is one of the questions on which Professor Pål Rasmus Njølstad and his 
colleagues at the Department of Paediatrics at Haukeland University Hospital 
are working. It is for Njølstad’s and his team’s studies of mothers and children in 
Norway relating to diet and genetics that he has been awarded with an ERC grant. 

Space is the place
Professor Nikolai Østgaard is the most recent addition to UiB’s ERC stable. 
His ERC project is to study the so-called terrestrial gamma ray flashes (TGFs), 
a recently discovered exotic phenomenon with unknown effects on the 
atmosphere. The ERC project constitutes one of four main topics that the 
Birkeland Centre for Space Centre will focus on. The centre is also one of UiB’s 
Centres of Excellence (SFF).
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Speed is essential
Algorithms are put together in dif-

ferent ways and speed is of the es-

sence. But speed or no speed, there 

are a number of issues that look 

surmountable at the outset, but that 

may turn out to be impossible to solve 

in real life.

“Say there is a gathering of 1,000 

people and amongst them you want 

to select the largest possible group 

of people who all know one another. 

That is an example of one such dif-

ficult question,” Heggernes points out. 

“It is easy to ask all of them who they 

know. And it is easy to pick a group 

at random to and check if they know 

each other. But to pick the largest 

group who all know one another, the 

only algorithm we have is basically to 

run through all possible selections of 

groups of people from the gathering. 

That, however, takes an unbelievably 

huge amount of time.”

Another example would be the 

destination map of an airline. Sched-

uling aircraft and crew is a classic 

problem for which good algorithms 

come in handy. On the one hand an 

airline may want to maximise its 

profit by purchasing as few planes 

as necessary and thus employ as few 

pilots as possible. They may also wish 

to plan flights so that planes always 

have a high seat load. It doesn’t take 

many destinations before such a 

problem becomes extremely time-

consuming to solve.

Brains over computers
It may sound rather ironic that com-

puters do not play a major part in 

algorithms research. Fomin, Heg-

gernes and the other algorithms re-

searchers at UiB spend most of their 

time thinking, writing, and reading 

articles about other people’s results. 

Nothing works better than thinking 

alongside others.

“Guests visit us frequently. Tal-

ented people arrive here to work with 

us for a week or two. Discussions are 

an integral part of what we do, and it 

is way easier to do this face-to-face 

than via e-mail,” says Heggernes.

Yet in a time where the amount of 

data is exploding beyond calculating 

power and all information is stored 

and registered, there is ever greater 

need for good algorithms: not only to 

retrieve information from the data, 

but also to store the material in a 

way that makes it more accessible.

Even though the algorithm re-

searchers work on mathematical 

models, they always keep in mind 

that their work needs a practical 

outlet. Getting excited about a nice 

mathematical result is easy, but if it 

has no use beyond itself, this result 

will soon gather dust in a drawer and 

be forgotten.

“At the end of the day the implica-

tions of our results should be usable 

in a computer programme. We may 

define problems that give difficult 

theoretical results and better math-

ematical understanding, but this is 

only of use if the theory helps us 

understand some practical behaviour 

as well,” says Heggernes. 

FAC T S
 

Algorithms Research Group
• An algorithm is a list of instructions leading 

from one set of data (input) to an end result 
(output).

• A good algorithm performs a finite number 
of steps, never gives the wrong answer, and 
works for all problems of the same type, 
regardless of input.

• The running time of the algorithm, i.e. the 
number of steps it performs, is very important.

• The word algorithm is derived from the Latin 
form of the name of the Persian mathematician 
Al-Khwarizmi, who lived in the ninth century.

• The Algorithms Research Group at UiB’s 
Department of Informatics works on the 
development of algorithms that can solve 
problems more quickly on a computer.

• On top of the ERC advanced grant awarded to 
Professor Fedor Fomin, the group has received 
an ERC starting grant to Professor Saket 
Saurabh and research grants from a number 
of donors – including the Bergen Research 
Foundation.

• The group received a top rating when the Rese-
arch Council of Norway evaluated the standard 
of Norwegian ICT research in 2012.

 

Pinar Heggernes, professor, Department of 
Informatics, UiB. 

 “ 
 There are problems for which there are  

 still no good algorithms. 
 ” 

Pinar Heggernes,  

 professor, UiBl
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