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Nicolaas Govert "Dick" de Bruijn  

http://www.win.tue.nl/automath/images/photos/deBruijn.jpg 

(9 July 1918 – 17 February 2012)  



werk 

• De Bruijn sequence (1946) 

• BEST Theorem (1951) 

• Automath (1967) 



Automath Archive 

The last theorem of 
Edmund Landau's book  

'Grundlagen der 
Analyses' is 

entered... 
 

From left to right:  
(probably) Bram 

Kornaat, Bert Jutting, 
Ids Zandleven,  

Roel de Vrijer, prof. 
de Bruijn 

The last theorem 
('Satz 301') of 

Landau's book 
explained by Bert 

Jutting 

The situation is 
tensed,  

something does not 
appear to go well... 

 It appears to be 
succesful after all. 

Pressing the enter 
button and..... 

 The print with the 
proof of the last 

theorem! 

http://www.win.tue.nl/automath/images/photos/Landau_2.jpg
http://www.win.tue.nl/automath/images/photos/Landau_6.jpg
http://www.win.tue.nl/automath/images/photos/Landau_1.jpg


http://www.scribd.com/doc/2452802/Landau-Edmund-Grundlagen-der-Analysis 



http://www.win.tue.nl/automath/archive/pdf/aut012.pdf 

Example of a text in the formal language AUTOMATH,  
L.S. van Benthem Jutting, August 1970 



werk 

• De Bruijn sequence (1946) 

• BEST Theorem (1951) 

• Automath (1967) 



BEST 

• BEST Theorem (1951) 
de Bruijn, van Aardenne-Ehrenfest, Smith and Tutte 

http://spikedmath.com/327.html 

# euler cycles 

# spanning trees 
‘into’ w 



Theorem of the Day 

http://myweb.lsbu.ac.uk/~whittyr/MathSci/TheoremOfTheDay/ 
CombinatorialTheory/BEST/TotDBEST.pdf 

speciaal geval 

d(v)=2 



werk 

• De Bruijn sequence (1946) 

• BEST Theorem (1951) 

• Automath (1967) 



Köningsbergen 

http://www.math.dartmouth.edu/~euler/docs/originals/E053.pdf 

L. Euler 
Solutio problematis ad 
geometriam situs 
pertinentis,  
Comment. Academiae Sci. 
I. Petropolitanae 8 
(1736) 128-140 



Theorem 8.3 

Een samenhangende graaf heeft een Euler trail 
desdals elk punt even graad heeft. 

Een Euler trail is een gesloten wandeling die elke 
lijn precies één keer bevat.          ‘traversable’ 

§8.5 rondwandeling 

trail  ‘all edges distinct’ 

► zeven bruggenprobleem van Köningsbergen 

http://en.wikipedia.org/wiki/Seven_Bridges_of_K%C3%B6nigsberg 



Euler & Hamilton 

► Euler graaf 
 Leonhard Euler   (1736) Königsberger bruggen 
 elke lijn precies een keer     ‘trail’ 
 

 eenvoudige karakterisatie     Theorem 8.3 
 efficient te herkennen 

 
► Hamilton graaf 
 William Rowan Hamilton   (1858) Icosian Game 
 elke knoop precies een keer 
 ‘handelsreiziger’ 
  
Ore (1960) A graph with n vertices (n>3) is Hamiltonian 
if, for each pair of non-adjacent vertices, the sum of 

their degrees is n or greater  
 

 geen karakterisatie 
 NP compleet 
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de Bruijn graaf 0011 

1 

0 



de Bruijn graaf 

0000110010111101000 
 

0000111101100101000 



de Bruijn rijtjes 

de Bruijn, Nicolaas G. (1946), "A combinatorial 
problem", Proc. Koninklijke Nederlandse Akademie 

v. Wetenschappen 49: 758–764, MR0018142, 
Indagationes Mathematicae 8: 461–467 

 
 

Flye Sainte-Marie, Camille (1894), "Solution to 
question nr. 48", L'intermédiaire des 

Mathématiciens 1: 107–110  



feb’01 - human genome 



genetic / physical map 

genetic: genes 
physical: landmarks 



 physical mapping 

Select a subset of cosmid clones of minimum 

total length that covers the YAC DNA. 

C: Full DNA 
108 bp 

Cut C and clone 

into overlapping 

YAC clones. 106 bp 

Fragment 

assembling 

Physical 

mapping 

Physical 

mapping 

Cut the DNA in each YAC clone and 

clone into overlapping cosmid clones. 
104 bp 

Duplicate the cosmid and then cut the copies randomly. 

Select and sequence short fragments and then reassemble 

them into a deduced cosmid string. 
102 bp 

R. C. T. Lee – National Chinan University 



sequencing by hybridization 

all possible probes of length ℓ 

hybridization: determine substrings 
reconstruct from (multi-)set of substrings 

AA AC AG AT 

CA CC CG CT 

GA GC GG GT 

TA TC TG TT ATTGAC 

ℓ = 3 

1990 now ‘short read sequencing’ 

DNA array 



chain-termination sequencing 

(Sanger) 
300 – 1000 mer  

h
t
t
p
:
/
/
e
n
.
w
i
k
i
p
e
d
i
a
.
o
r
g
/
w
i
k
i
/
D
N
A
_
s
e
q
u
e
n
c
i
n
g
 

http://en.wikipedia.org/wiki/File:Radioactive_Fluorescent_Seq.jpg


SBH example 

ℓ = 3 

{ ATG, TGG, TGC, GTG, GGC, GCA, GCG, CGT } 

ATG  
 TGG 

Hamilton approach: all nodes 
(overlap ℓ-1) 

ATGGCGTGCA 

‘characteristic triplets’ 

triplet=node 

as before: overlap graph (not a good choice) 



SBH example 

ℓ = 3 

{ ATG, TGG, TGC, GTG, GGC, GCA, GCG, CGT } 

Hamilton approach: all nodes 
(overlap ℓ-1) 

‘characteristic triplets’ 

as before: overlap graph (not a good choice) 

ATGCGTGGCA ATGGCGTGCA 
another solution 

triplet=node 

ATG  
 TGG 



SBH example 

ℓ = 3 

{ ATG, TGG, TGC, GTG, GGC, GCA, GCG, CGT } 

Euler approach: edges 
(overlap ℓ-1 = node) 

linear  

ATGGCGTGCA 

AT TG 

GT 

GG 

GC 

CG 

CA 

ATG 

we can do better with same problem: 

triplet=edge 



SBH example 

ℓ = 3 

{ ATG, TGG, TGC, GTG, GGC, GCA, GCG, CGT } 

Euler approach: edges 

ATGGCGTGCA 
ATGCGTGGCA 

AT TG 

GT 

GG 

GC 

CG 

CA 

ATG 

even degree nodes 
(except start+finish) 



DNA assemblers 

actg............ccat 

practical issues 
 
coverage 
 
‘reads’ :  
100 mer → 55 mer 
 
errors & repeats 
multiplicities, ‘bulges’ 
 
paired reads 
 
hardware & software 



end... 
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