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Dear Prof Kratochvíl 
 
Candidate: Eva Jelínková 
Thesis title: Computational Complexity in Graph Theory 
 
As referee of the above candidate’s doctoral thesis, please find enclosed below my report. 
 
Contribution of the thesis 
This thesis is split into two main sections: Part 1 deals with the complexity of graph-theoretic 
problems related to Seidel switching operations, whilst Part 2 focuses on algorithmic results 
concerning the computation of economic equilibria in housing markets. A Seidel switch is a 
graph operation that involves a single vertex v and has the effect of making v adjacent to 
precisely those vertices that it was not previously adjacent to, whilst the remainder of the 
graph stays the same. 
 
Part 1 comprises Chapters 1-3, whilst Part 2 is split into Chapters 4-6. Chapters 1 and 4 
provide the necessary background (motivation, definitions and literature survey) for Parts 1 
and 2 respectively.  In addition, prior to Section 1 there is a short introduction to the thesis 
and a short preliminaries section giving basic graph-theoretic definitions. 
 
The new results for Part 1 occupy Chapters 2 and 3.  In Chapter 2, the author considers the 
complexity of problems concerning the reachability of graphs with few edges from a given 
graph via Seidel switching operations.  A key result is the NP-completeness of SWITCH 
FEW EDGES, which is the problem of determining whether one can reach a graph with at 
most k edges through Seidel switches, starting from an arbitrary graph.  This result is derived 
via a very intricate reduction from a restriction of MAX CUT.  The new reduction corrects an 
error in one of the author’s earlier papers.  Later in that chapter, the NP-completeness result 
is shown to hold even for graphs with bounded density, which partially answers a question of 
Matoušek and Wagner. 
 
Chapter 3 studies problems that relate to determining whether one can reach an H-free 
graph via a sequence of Seidel switches, starting from a given graph, for a fixed graph H.  
The objective is to characterise graphs G that lead to H-free graphs through Seidel switches 
via minimal forbidden induced subgraphs of G.  Among the results in this chapter it is shown 
that there are infinitely many graphs H for which the problem of determining whether G can 
be switched to an H-free graph is NP-complete.  These graphs H correspond to the class     
{Hk : k ≥ 3}, each of which is a “hedgehog” on 2k+3 vertices. 
 
The new results for Part 2 belong to Chapters 5 and 6.  Chapter 5 presents a very natural 
polynomial-time algorithm for the problem of computing an economic equilibrium, or 
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reporting that none exists, given a housing market with duplicate houses, where all 
preference lists are strict.  Here the initial setting is that agents are endowed with house 
types rather than houses (as in a standard housing market).  A price function is to be 
computed that assigns a real number to each house type.  As in the classical housing 
market context, the objective is to compute trading cycles among agents, but now the agents 
trade house types rather than houses.  An agent can only trade her house type if the house 
type she obtains costs no more than the house type she leaves.  An agent is dissatisfied in a 
given solution if she prefers a house type that is within her budget to the house type she 
obtains.  A solution is an economic equilibrium if no agent is dissatisfied.  The author’s 
algorithm improves on a previous algorithm of Cechlárová and Fleiner, bringing the time 
complexity down from O(MN) to O(L) where N is the number of agents, M is the number of 
house types and L is the total length of the agents' preference lists. 
 
In Chapter 6, the author presents approximability results for the problem of minimising the 
number of unsatisfied agents, given a housing market with duplicate houses.  Firstly, a 
clever 2-approximation algorithm is given for the case of trichotomous preferences based on 
computing maximum cycle packings in a directed graph.  Then a reduction is given from MIN 
VERTEX COVER which gives inapproximability results for the problem of minimising the 
number of unsatisfied agents in instances of housing markets with duplicate houses where 
preference lists are (i) trichotomous and more generally (ii) contain ties.  These results are 
presented relative to different assumptions, namely (a) the Unique Games Conjecture 
holding, and (b) P not equal to NP.  It is an interesting open question as to whether a 
constant-factor approximation algorithm exists for the case of preference lists with ties. 
 
General comments 
In general this thesis is well written and well structured.  Technically it maintains a very high 
standard of exposition throughout.  The results presented are original, interesting and useful.  
The originality and significance of the results are reflected in the fact that the author lists 
several publications in good quality journals and conference proceedings containing results 
from this thesis. 
 
To elaborate, my opinion is that the authors’ results in Chapters 2 and 3 will certainly be of 
interest to the community of researchers working on algorithmic aspects of Seidel switching.  
In particular, some of the results relate to questions posed by Hage in his PhD thesis and by 
Matoušek and Wagner in their 2014 paper.  Beyond this the author provides connections 
between SWITCH FEW EDGES and a problem arising in coding theory. 
 
Regarding Chapters 5 and 6, there is a large community of researchers studying solution 
concepts arising in housing markets, and the authors’ results will certainly be of interest to 
them, but especially so for those who have worked on housing markets with duplicate 
houses, and there are several researchers in this category. 
 
I have no hesitation in agreeing that this dissertation provides sufficient evidence of creative 
scientific work that might reasonably be expected of candidate seeking the degree of PhD.  I 
would certainly support any decision to recommend the degree of PhD on the basis of this 
thesis. 
 
Detailed remarks 
I have passed on an annotated pdf copy of the author’s dissertation that contains mainly 
minor suggested changes.  Among the more noteworthy points are the following: 
 
1. Section 2.1, first paragraph: the definitions of switching-minimal and switching-maximal 

don't seem to be precise enough.  The switching class of a graph contains many graphs 
in general.  It is not clear what is meant by having “the maximum (or minimum) number of 
edges in their switching class”.  Later on (first paragraph of Section 2.2), it seems to be 



the case that a graph is defined to be switching-minimal if, for all subsets A of the vertex 
set of G, S(G,A) contains at least as many edges as G. 

 
2. In many places throughout the thesis, the term “trichotomic” is used.  I believe that 

“trichotomous” would be better – it is consistent with the terminology used in reference 
[CF10] and is also the natural analogue to “dichotomous”, which is a term that has been 
used in many papers previously to describe the two preference-class case. 

 
3. In Chapter 5, an example illustrating a complete execution of Algorithm 

HousingEquilibrium could be helpful for the reader.  Note that I do not insist on this: the 
author can decide to not follow this recommendation if she feels that an example is 
unnecessary. 

 
The fact that I have relatively few suggestions for improvement is a reflection of the quality of 
the candidate’s scientific writing. 
 
Yours sincerely 
 

 
 
David Manlove 


