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Ʒ computational biology

nog even geduld é
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BAPC 2006

A. Geodes
B. Bowling
C. High spies
D. Digital Friends
E. The Bavarian Beer Party
F. Evacuation 
G. Decompression
H. Rummikub
I. Make it Manhattan

website BAPC

http://www.nkp.nl/


programmeerwedstrijd voor teams



E. The Bavarian Beer Party

Description
The professors of the Bayerische Mathematiker Verein have 
their annual party in the local Biergarten . They are sitting 
at a round table each with his own pint of beer. As a 
ceremony each professor raises his pint and toasts one of the 
other guests in such a way that no arms cross.

Figure 2: Toasting across a table with eight persons: 

no arms crossing(left), arms crossing(right)

We know that the professors like to toast with someone that 
is drinking the same brand of beer, and we like to maximize 
the number of pairs of professors toasting with the same 
brand, again without crossing arms . Write an algorithm to do 
this, keeping in mind that every professor should take part 
in the toasting.



E. The Bavarian Beer Party

Input
The first line of the input contains a single number: the number of 
test cases to follow. Each test case has the following format: 
One line with an even number p, satisfying 2 Ò p Ò 1000: the number 
of participants, 
One line with p integers (separated by single spaces) indicating the 
beer brands for the consecutive professors (in clockwise order, 
starting at an arbitrary position). Each value is between 1 and 100 
(boundaries included).

Output
For every test case in the input, the output should contain a single 
number on a single line: the maximum number of non - intersecting 
toasts of the same beer brand for this test case.

Sample Input
2 
6 
1 2 2 1 3 3 
22 
1 7 1 2 4 2 4 9 1 1 9 4 5 9 4 5 6 9 2 1 2 9 
Sample Output
3 
6 



bijvoorbeeld

1 7 1 2 4 2 4 9 1 1 9 4 5 9 4 5 6 9 2 1 2 9 

1 2 2 1 3 3 
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Sample Input
2 
6 
1 2 2 1 3 3 
22 
1 7 1 2 4 2 4 9 1 1 9 4 5 9 4 5 6 9 
2 1 2 9 
Sample Output
3 
6 
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alle mogelijkheden?
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alle mogelijkheden?

handshaking problem : - Catalan numbers

opgave: teken bijbehorende smiling faces



alle mogelijkheden?

http://www.maths.usyd.edu.au/u/kooc/catalan.html »
klik op ôsmiling facesõ en ôhandshaking problemõ

handshaking problem : - Catalan numbers

http://www.maths.usyd.edu.au/u/kooc/catalan.html


hoeveel mogelijkheden?

ôSloaneõ On- Line Encyclopedia of Integer Sequences 

http://oeis.org/search?q=1+2+5+14+42

A000108 Catalan numbers: C(n) = binomial(2n,n)/(n+1) = 
(2n)!/(n!(n+1)!). Also called Segner numbers.

ÁThe solution to Schroeder's first problem. A very large 
number of combinatorial interpretations are known - see 
references, esp. Stanley, Enumerative Combinatorics. 
ÁNumber of ways to insert n pairs of parentheses in a word 
of n+1 letters. E.g. for n=3 there are 5 ways:
((ab)(cd)) , (((ab)c)d) , ((a(bc))d) , (a((bc)d)) , (a(b(cd))) . 
ÁShifts one place left when convolved with itself. 
ÁWays of joining 2n points on a circle to form n 
nonintersecting chords . 
ÁArises in Schubert calculus - see Sottile reference. 
ÁInverse Euler transform of sequence is A022553. 
ÁWith interpolated zeros, the inverse binomial transform of 
the Motzkin numbers A001006.               [ é etc é ]

http://oeis.org/search?q=1+2+5+14+42


Eugène Charles Catalan

wiki:catalan

Eugène Charles Catalan (Brugge, 30 
mei 1814 ð Luik, 14 februari 1894) 

was een Belgisch wiskundige

http://en.wikipedia.org/wiki/File:Eugene_charles_catalan.jpg
http://en.wikipedia.org/wiki/Eug%C3%A8ne_Charles_Catalan


hoeveel?

Sloane: Catalan numbers
http://www.research.att.com/~njas/sequences/A000108 »

1 1 
2 2 
3 5 
4 14 
5 42 
6 132 
7 429 
8 1430 
9 4862 

10 16796 
11 58786 
12 208012 
13 742900 
14 2674440 
15 9694845 
16 35357670 

(precies)

a(n) ~ 4^n / ( sqrt(Pi*n) * (n+1) )

(ongeveer)

http://www.research.att.com/~njas/sequences/A000108


hoeveel?

( ) x x x x x x x x ( 0)4  1 x14

( x x ) x x x x x x ( 1)3  1 x 5

( x x x x ) x x x x ( 2)2  2 x 2

( x x x x x x ) x x ( 3)1  5 x 1

( x x x x x x x x ) ( 4)0  14 x 1

0 1 2 3  4  5   6
1 1 2 5 14 42 132

42

+

òShifts one place left when convolved with itselfó



hoeveel ɰ algoritme

( ) x x x x x x x x bav (3,10) +match(1,2)

( x x ) x x x x x x bav (2,3) +bav (5,10) +match(1,4)

( x x x x ) x x x x bav (2,5) +bav (7,10) +match(1,6)

( x x x x x x ) x x bav (2,7) +bav (9,10) +match(1,8)

( x x x x x x x x ) bav (2,9)            +match(1,10)

bav(1,10) = maximum van é

dynamisch programmeren



hoeveel ɰ algoritme

( ) x x x x x x x x bav (1,2) +bav (3,10)

( x x ) x x x x x x bav (1,4) +bav (5,10)

( x x x x ) x x x x bav (1,6) +bav (7,10)

( x x x x x x ) x x bav (1,8) +bav (9,10)

( x x x x x x x x ) bav (2,9) +match(1,10)

bav(1,10) = maximum van é

dynamisch programmeren



bav(1,10) = maximum van é
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Bavarian Beer Party

1 2 2 1 3 3 2 2
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k lj j+1k+1 l - 1k l

bav[k,l] =  max 

- bav[k+1,l - 1] + match(k,l) 
- ("j) bav[k,j]+bav[j+1,l]

bav[k,l]

dynamic programming
even length segments 



Bavarian Beer Party
int proost ( int totaal )
{ int i, eerst, laatst, aantal, best, som;

// initialisatie: paren
for (i=1; i<totaal; i++)
{ bav [i][i+1] = ( brand[i] == brand[i+1] ); }

if (totaal == 2) { return bav [1][2] ; }

for (aantal=4; aantal<=totaal; aantal+=2)
{ // dynamische loop: 'aantal' toastende professoren

// aantal == laatst - eerst + 1
for (eerst=1; eerst< totaal - aantal ; eerst++)
{

laatst = eerst + aantal - 1;
best = ( brand[eerst] == brand[laatst] );
best += bav [eerst+1][laatst - 1] ;
for (i=eerst+1; i<=laatst - 2; i=i+2)
{ // alleen even matches!

som = bav [eerst][i] + bav [i+1][laatst] ;
if (som > best)  best = som;

}
bav [eerst][laatst] = best;

}
}// loop
return bav [1][totaal] ;

}// proost  



lekker belangrijk é



A Adenine
C Cytosine
G Guanine
U Uracil
A=U  GɷC 

RNA secondary structure



vorige week

Bavarian beer party = RNA structuur

ôhaakjes zettenõ Catalan
4n mogelijkheden

dynamisch programmeren
deeloplossingen systematisch in tabel

n3 rekenstappen



ʯcomputational molecular biology



application

Computational Biology

H.J. Hoogeboom
(Hendrik Jan)

Theory oriented view

A.P. Gultyaev (Sacha)

Application oriented view

www.liacs.nl/home/hoogeboo/mcb/



ñA scientific milestone of 

enormous proportions, the 

sequencing of the human 

genome will impact all of us in 

diverse ways ïfrom our views of 

ourselves as human beings to 

new paradigms in medicine. ò

febô01 - human genome
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bio-chemistry
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DNA
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human genome

statistics

Å23 pairs of chromosomes

Å3.1 109 nucleotide bases

Åavarage 3000 bases / gene

dystrophin 2.4 million

Å30,000 - 40,000 genes

Åprotein variants 1 million   (splicing)

Å99.9% exactly the same in humans



themes

problemÝ model   (eg. graph) 

Åknown algorithms

Åcharacterization

unprecise data

complexity

Ý heuristics

what is the right answer?



central dogma

DNA

RNA

protein

eiwit

transcription

& splicing

translation

ógene expressionô



DNA
bases

4 symbols

a c t g

RNA
a c u g

proteins
amino acids

20 symbols

A R D N C

E Q G H I

L K M F P

S T W Y V

two alphabets

eiwitten



A C G

A U G U G G U A U G C A C U U U G G U G C

G A A A C CC G U

mRNA

ribosome

tRNA

protein chain

eiwitketen

amino-

acid

codon

translation
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genetic

code

UGG

Þ

Trp

U G G

U C A G

U Phe Ser Tyr Cys U

Phe Ser Tyr Cys C

Leu Ser Stop Stop A

Leu Ser Stop Trp G

C Leu Pro His Arg U 

Leu Pro His Arg C 

Leu Pro Gln Arg A 

Leu Pro Gln Arg G 

A Ile Thr Asn Ser U 

Ile Thr Asn Ser C 

Ile Thr Lys Arg A 

Met Thr Lys Arg G 

G Val Ala Asp Gly U 

Val Ala Asp Gly C 

Val Ala Glu Gly A 

Val Ala Glu Gly G 



ÅLookup

ï Is the gene known for my protein (or vice versa)?  

ï On which chromosome is the gene located?

ïWhat sequence patterns are present in my protein? 

ï Are the mutations known which cause this disease?

ï To what class or family does my protein belong? What is known?

ÅCompare

ï Are there sequences in the database resembling my protein?

ï How can I optimally align the members of this protein family?

ï Are these two sequences similar?

ÅPredict

ïCan I predict the active site residues of this enzyme?

ïWhy are these patients ill?

ï Can I make a 3D model for my protein?

ïCan I predict a (better) drug for this target?

ï How can I improve the thermostability? (protein engineering)

ï How can I predict the genes located on this genome?

questions



BLAST

The following DNA sequence fragment, 
containing some mutation, was isolated 
from a patient: 

tttgctccccgcgcgctgtttttctcagtgactttcagcgggcg
gaaaag

(a) In what gene the mutation is located? On 
which chromosome? How many nucleotides 
are changed? 

(b) Could you indicate a possible disease 
determined by this mutation? 

http://www.ncbi.nlm.nih.gov/ »

http://www.ncbi.nlm.nih.gov/


2D & 3D Structures of Yeast 

Phenylalanyl-Transfer RNA

2D Structure 3D Structure


