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 DM840 – Algorithms in Cheminformatics

A ”solution” is a shortest 
path in a directed graph



Reactions – Application of Transformation Rules
1,2-ethenediol + formaldehyde

aldol addition
−−−−−−−−→ glyceraldehyde
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The Formose Chemistry
4 reaction patterns:

C C

O C

OH

L

C C

O C

OH

K

C C

O C

OH

R

(a) Aldol addition (r2). (Reverse aldol addition (r3))
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(b) Keto-to-enol (r0). (Enol-to-keto (r1))
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Reaction Network for Formose

Initial State
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Reaction Network for Formose
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Reaction Network for Formose
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Reaction Network for Formose
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Reaction Network for Formose
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Shortest	Path(s)

A	”solution”	is	a	shortest	path	in	a	
directed	graph

http://cheminf.imada.sdu.dk/mod



Shortest	Path(s)

A	”solution”	is	a	shortest	path	in	a	
directed	graph

How	to	find	the	k	best	solutions?

In	hypergraphs?	

Algorithms?

Computational	Complexity?



How chemists do it



(Sub-)Graph Isomorphism / Canoncial Representaions of Graphs

Are these 2 colored graphs isomorph?

Algorithms? Computational Complexity? State-of-the-Art?

 



(Sub-)Graph Isomorphism / Canoncial Representaions of Graphs

Are these 2 colored graphs isomorph?
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(Sub-)Graph Isomorphism / Canoncial Representaions of Graphs

Canoncial representations of graphs (i.e. molecules):

Algorithms? Computational Complexity? 
And … w.t.h. went wrong in Chemistry?



Counting

h

 



More Counting

h

Applications: Sampling, Analysis of Algorithms, Chemistry 
  



Even more counting

h
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Cycle Bases (Scheduling, Distributed Computing, Chemistry)

More Topics

How to find a minimal cycle basis? 
Algorithms? 
Computaional Complexity?  
...and w.t.h. went wrong in chemistry?

More Topics



QSAR / PCA

Flux Balanced Analysis

Petri Nets

More Topics



More Topics

...and many more
For example: Traverse a tetrahedron, each edge twice. 



More Topics

...and many more
For example: Traverse a tetrahedron, each edge twice. 



Algorithms in Cheminformatics - DM840

TopicsTopics

    Canonical Representations
    Structure Descriptors
    Graph Isomorphism
    Pólya's Counting Theory
    Artificial Chemistries
    Graph Grammars
    Cycle Bases
    Metabolic Networks and Metabolic Pathways
    Concurrency Theory
    Petrinets
    Applications in Industry
    ...

Algorithms

Computational Complexity

Formal Model

Applications (including Chemistry)
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TopicsTopics

    Canonical Representations
    Structure Descriptors
    Graph Isomorphism
    Pólya's Counting Theory
    Artificial Chemistries
    Graph Grammars
    Cycle Bases
    Metabolic Networks and Metabolic Pathways
    Concurrency Theory
    Petrinets
    Applications in Industry
    ...

- 10 ECTS

- max. 2 programming
  projects
    
    
   no chemistry knowledge needed!
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Enzyme Design

https://cheminf.imada.sdu.dk/novo-synergy/


