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! Inom den algebralska topologin, elier snarare den farenklade variant som Jag ér Intresserad av, studerar man geometriska ablelt:
! punklar, drklar, manghdmingar, kuber, kiot ach 54 vidare. Man ar framfor abt intresserad av at unders@ka nar etl objeid kan
" gverldras | ett annat via deformeringar och omformningar. Exempelvs kan man "platta ti* en tredimensionell kub s& ati man fir en

1

- exempel hur minga "hal" detlnneslater.

j Miti &mne &r lopologisk kombinalorik, en gren inom matematiken som férenar 4 ena sidan grafteori och diskret matemalik och &
| andra sldan algebraisk topologi.

Inom gralteorin studerar man cbjekt kallade "grafer”. Sadana abjekt bestar av ett antal punkter, kallade "hdm", och en uppséttning
linjestycken, kallade *kanler*, som sammanbinder olika par av hom. Ell prektisid exempel ar en schemalisk végkaﬂa dar stéder
reprasenteras av harn och vagar mellan staderna representeras av kanler. Graleorin ar elt delomréide av den diskrela matemaliken, |

som lite slarvig! kan beskrivas som det omrade av malematiken diir man studerar problem av *andlig” karaktar. Som exempel kan |
! ndmnas enumeraliva problem, vilka gar ut p4 att beslamma anlatet objakt | en &ndlig méngd, exempehds antalet mdjliga lottarader

med ett visst antal ralt. Andra diskreta problem handlar om alt ordna element pé et saH 53 atl de vpplyller vissa villkor. Nagra

' Kasslska exempel ar latinska kvadrater och [drglaggningar av politiska kartor. [ :

tvadimenslonell kvadiat. Man kan dven "krama om® kuben 54 all man far elt tredimanslonellt klot. Genom att inféra vissa regler far
vad man far och Iale tar gdra erhaller man en indelning av alla gecmetiska objekd i Klasser av "ekvivalenia® objekt, dir varja enskild
Klass innehalfer alla objekt som kan emlormas | vamandra enligt da givna reglema. En typisk regel ar alt férbjuda omlermningar dar
man bryter sdnder ett objekt. En annan regel ar att inte tifata atl man lagger kil elter fyller Igen &l "hal® som ar helt inneslutet §
cbjektet. Exempelvis &r det Inte tilldlet att grépa ur elt massivt kot s& alt man bara 147 kvar Klotels holje, del vill s3ga en
tregimensionell star. En grundpoang med algebralsk topotogl ar att [arsdka finga karnegenskaperna hos elt geomelriskt objeld, 1l

+ Den brygga fran diskre! matemalik il algebralsk topologl som utgdr sjalva hjariat | min forskning gar ut pa all man tolkar familjer av

- kanter och tre horn. Nasta objekt ar tetraederblocke!, vars rand bestar av lyra tdangelskivor, sex kanter och fyra horn. Har kan man
i skitnja elt madnster som sedan fortsatter i hagre dimensicner; (Gr alt biiga elt simplex ay dimenslon d behdver man d+41 simplex av

mangder som geomelriska objekt, s4 kallade "simpliciella komp!ex Dassa objekt &r uppbyggda av byggklossar kallade "simplex®, en;

far varje dimenslon. D& noll- och endimenslonella klossarna ar desamma som (i graler, alisa hGm respektive kanter. | deti ndrmast | .

hégre dimensionen hittar vi triange’skivor, alltsA tvadimensionella objekt vars rand ar uppbyggd av en liangel bestaende av lra

: dimenslon d-1, och resultatel har d+1 harn.

Man ethiller kopplingen meltian mangder och simplex genom alt Identifiera vaije element | en given mangd med eft hdrn och sedan

- bilda et simplex med dessa ham. Exempelvis ger en mangd med tva element upphov Hill elt simplex med Wa hdrn, altsa enkant. En @
: mangd med lre eller fyra element ger pd samma salt upphov till en triangelskiva efler ett tetraederblock. Om vi har en familj med
{ mangder ethaller vl sélunda en hel uppsaltning med simplex, narmara bestamt ett simplex far varje mangd. Vi konstruerar vart :
: simpliciela komplex genom alt Kistra ihop byggklcssama pé det "naturliga” sattel; hém som svarar mot samma element identifieras, ;

liksom kanter, lriangelskivor och simplex av hogre dimensfon. Genom alt studera det ethalina objektet ur ett topologiskt perspektiv |

kan man sedan dra Intressanta slutsalser om den ursprungliga familjen. i

; Detbeskeivna omradet | granslandet mellan diskret matematik och lopelegl &r ett mycket livaktigt forskningsomrade, bhde i Sverige |

i tarhoppningar om att kunna uppnd med min forskning. ;

! geh | uttande!, kanske framfor allt | USA, Tyskland, Israel och Rysstand. Det finns méinga exempel pA hur ett svart problem inom i

! diskret matemnalik har funni en I3sning genom att man har tilampat tepolcgiska metoder, och del &r bland annal detta jag har
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Jakob Jonsson 7209144 Appendix A: Rescarch programme 1

1 Specific goals

My maiu field of research has been topological combinaterics, the ermphasis
being on homology, homotopy type, and Euler characteristic of simplicial
complexes. My wish is to pursue this research in new dircctions:

(1) T want to study the theory of group actions on simplicial complexcs,
the ullimate goal being to apply such teclhiniques to conerete problems.
One example is the preblem of computing the integral homology of
the matching comptlex. I describe this problem in greater detail in the
overview below.

(2

~

I aim to get belter acquainted with the whole area surrounding the
evasiveness conjecture for different classes of vertex-trausitive simplicial
complexes such as monotone graph prepertics.

I want to examine conneclions between lopological combinatorics and
commutative algebra via Sitanley-Reisuer and similar theories. Such
connections already appear briefly in my work {scc below), but I want
to deepen my knowledge further.

—
oo
e

(4

—

I wish to learn more about the geometry of simplicial and cell com-
plexes. An important problem is that of finding a geometric realization
of a complex as the boundary complex of a convex polytope. Indeed,
open questions of this kind appear in my rescarch; see below.

2 Overview

In the previous section, I described four different dircctions for my future
research. Here 1 provide some background for these four directions.

(1) My doctoral thesis [3] evolved aroand graph complexes, which are graph
families on a fixed vertex set closed under delotion of cdges. Equivalently,
a graph complex A has the property that if G € A and e is an edge in
@, then the graph obtained from G by removing e is also in A. Since the
vertex set is fixed, we may identify cach graph in A with its edge set and
hence interpret A as a simplicial complex. In particular, we may rcalize A
as a geometric object and henee analyze its topology. If a graph complex

Jakob Jonsson 7209144l Appendix A: Rescarch programme 2

A is invariant under the action of the symmetric group on the underlying
vertex set, then we say that A is a monofone graph properly. In my thesis,
I cxamined munerous monotone graph properties, some examples being the
properiies of being bipartite, A-connected, and non-Hamiltonian.

While several monotone graph propertics ju my thesis turn out to be
easy to describe in terms of Lomology and homotopy iype, there are many
examples of complexes with a much more complicated struclure, including
torsion in the homology. This is where I believe Lhat representation theory
might be a uselul Lool.

Let me discuss the most well-studied monotone graph property in some
detail. The malching compler M,, is the simplicial complex of matchings in
the complete graph on n vertices; a matching is a set of edges such that no
two edges in the set have a vertex in common. Thanks to a beautiful result
due to Bouc [1], the rational homaology of M, is well-understood, but only
little is known about torsion in the integral homology. Building on Bouc’s
work, Shareshian and Wachs [9] provided a near-complete characterization
of the bottom nonvanishing homology group of M,. Proceeding in the same
spirit in recent work [4], I prove some new results about the existence and
nonexistenee of p-torsion in higher-degree homology groups of My, for different
primes p, most notably p=23 and p= 5.

Yet, regarding the [ull picture, we all remain stumbling in the dack. To
make substantial progress on the problem, it seems that we would need com-
pletely new ideas. Given that representation theory proved extremcly suc-
cessful in Bouc's analysis of the rational homology, it scems reasonable to
assume that the same is truc for the integral homology. The right approach
might be to combine representation theory with appropriately defined exact
sequences relating the homology of different matching complexes.

(2) Karp's longstanding cvasivencss conjecture for monotone graph propertics
states that cvery monotene graph property is cither a simplex or evasive,
an evasive simplicial complex is a collapsible complex with some further
structure. Using group theory, Iahn, Saks, and Sturtevant [6] settled the
conjecture in the case that the size of the underlying vertex set is a prime
power, but the general case remains open. Another reason for improving my
knowledge on group actions and representation theory is to better understand
this conjecture. Proving the conjecture in its full strength is likely to be
excessively difficult; for what we know, the conjecture may well be false.
Instead, one may focus on stronger versions of the conjecture, pushing the
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limits for what is certainly nof true. For example, in earlicr research, I
stumbled over a Q-acyclic monolone graph property on six verlices, and one
may ask whether there are similar examples of Z-acyclic, contractible or even
collapsible nontrivial monolone graph propertics. Again, group theory might
De of great help to get a better picture.

(3) Many deep results in topological combinalerics and commutative algebra
rely on the Stanley-Reisner correspondence, which associates a square-free
monomial ideal to any simplicial complex and vice vorsa. In my research,
1 have scratehed the surface of this correspondence on a few occasions. In
recent joint work with Volkmar Welker [5], we use this correspondence to
examing a certain simplicial complex and a related polynomial ideal of Pfaf-
fians, proving results about both objects. The objects reappeared in even
more recent work of Krattenthaler (7] and Rubey [8]. Defining clegant bi-
jections between different monomial ideals, the authors provide “nearly bi-
jective” prools of theorems about certain simplicial complexes having the
same h-vector. There are many ather cases, the theory of shifted complexes
being one example, where a detour via the theory of monomial idcals has
proved to be just the right approach to settling conjectures in topological
combinatorics.

(4) Pertaining to the previous bullet, for certain parameter cheices, the sim-
plicial complex examined by Welker and myself is a combinatorial sphere.
An Important problem is to determine whether this sphere adnits a real-
ization as the houndary complex of a polytope. What makes the complex
parlicularly interesting is that one may view it as a gencralization of the
associahedron. Specifically, identifying the facets of the associahedron with
triangulations of polygons, the generalization for a parameter k is to define
the minimal nonfaces to be sets of size k of pairwise crossing edges; k = 2
yields the associahedron. Given the multitude of polytopal realizations of the
associahedromn, it scems plausible that at least onc of these realizations admits
a geucralization to our situation. T am particularly interested in examining
the possibility of generalizing a recent construction due to Chapoton, Fomin,
and Zelevinsky [2].

Jakob Jonsson ?20914—‘ Appendix A: Rescarch programme 4

3 Project description

o Theory. My research will be based on well-established mathematical the-
ory as alluded to in previous sections: graph theory, discrete mathematies,
algebraic topology, representation theory, commutative algebra, and discrete
geomelry.

¢ Method. As is cuslomary among mathematicians, my most important
tools will be paper and pen. 1 will also use computers to check the validity
of different hypotheses and to verify complicated caleulations.

o Accomplishment. By the very nature of mathemaiical rescarch, how to ac-
comiplish my goals is virtually impossible to predict in any detail whatsoever.

4 Significance

The four research areas discussed in previous sections are all very active. For
example, there is an enormous pile of literature covering aspects of (3) inler-
sections between combinatorics and commuiative algebra and (4) geometric
realizations of associahedra and related simplicial complexes. Let me discuss
the two Temaining areas in some detail:

{1) Over the last 15 years, there have been numerous papers and also quite
a few PhD theses devoted to monotone graph properties and their rela-
tives. ‘I'he matching complex and variants thereof have been particularly
well-studied. As a consequence, a major breakthrough regarding the inte-
gral homology of this complex would be of interest to a large number of
mathematicians. In addition, the difficulty of understanding lorsion in the
homology of simplicial complexes has haunted topological combinatorialists
for a long time. 'The matching complex scems to be a good starting point for
improving our knowledge on this matter.

(2) Karp's evasiveness conjccture is considered a very important open prob-
lem in combinatorics and computer science. A proof, or a counterexample,
would be considered a major achievement. In fact, any significant progress
on the conjecture would be of great importance. Such progress may include
results suggesting that the conjecture is true (for example, a proof of the con-
jecture for vertex scts of size a product of two primes) or results suggesting
the opposite {for example, a counterexample to the stronger conjectures that
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nontrivial monctone graph properties are noncollapsible or noncontractible).
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1 Doctoral degree

Year

Freld
University
Department
Title of thesis
Advisor

2005

Topological and algebraic combinaterics
Kungl Tekniska higskolan, Stockholm
Mathematics

Simplicial Complexes of Grophs
Prafessor Anders Bjdrner

2 Post-doctoral positions

7/2006 — 6/2007

3/2006 - 7/2006

1/2006 — 3/2006

772005 — 12/2005

3 -

Inslructor, Messachuscetts Institute of Techunology, Cam-
bridge, Massachusetts, USA. Scicnlific leader: Professor
Nichard P. Stanley. Plenned.

Post-doctoral position, Technische Unlversitat Berlin,
Germany. Scicnlific feader: Professor Giinter Ziegler.

Post-doctoral position, Institut Mittag-Lefller, Djurs-
holm, Sweden. Sclenlific leaders: 1'rofessor Bjom Jahren
and Professor Bob Oliver.

Post-docloral position within the Eurcpean Graduate
Program "Cembinatorics, Geometry, and Computation”,
Techauische Universitat Berlin, Germany. Sclentific leader:
Professor Giinler #iegler.

4 Current employment

Universily
Departinent

Section

Time of employment
Research percentage
Scientific leader

Technische Universitht Betlin
Mathematics

Discrete mathematics

March 15 — July 15, 2006
100 %

Prafessor Giinter Ziegler

5 Previous employmeoents

Jakeb Jonssgn 720914—' Appendix B: Curriculum vitae 2

9/2003 - 6,/2005

9/2002 -- 8/2003

0/1999 - 8/2002

7/1997 — 3,/2000

Graduate student in mathematics, Kungl Tekniska
hogskaelan, Stockholm, Swedea.

Pre-doctoral position In mathemalles within the Research
Training Nelwork “Algebraic Combinatorics in Europe™,
Marburg University, Germany.

Part of the rescarch stafl at RSA Laboratories (the re-
search arm of SA Sccurity) In Stockholm. Part time
first six months.

Graduate student in mathemnatics, Stockholm University,
Sweden. Part time last six months.

6 Military service

Basic training: June 1991 — August 1992,

Relresher covrser March 1997,

7 Awards

In 1990, I qualified as one of 18 young mathematicians for the final round of the
Swedish Mathematical Olympiad.

8 —
9 —
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The mest important publications are marked with an asterisk.

The most relevant publications for the project under consideration are marked
with two asterisks.

1 Refereed articles

(#) {#+} Simplicial complexes of graphs and hypergraphs with a bounded cov-
ering numbez, STAM J. Discrete Motk 19 (2003), no. 3, 633-650.

{#) (##) Generalized triangulations and diagenal-free subsets of stack polyomi-
nees, J. Combin. Theory, Ser. A 112 (2005), 117-142.

(%) (++) The topology of the coloting complex, J. Algebraic Combin. 21 (2005),
ne. 3, 311-329,

(*) (#+} Optimal decision trees on simplicial complexes, Electronic J. Combin,
12 (2005), no. 1, 31 pages.

{#} (#4) On the topology of simpllcial complexes relaled to 3-connected and
Hamiltonian graphs, J. Combin. Theory, Ser. A 104 (2003), na. 1, 169-199

On the number of Euler Lrails in dlrecied graphs, Math. Scand. 90 (2002}, no
2, 191-214.
2 Refereed conference contributions

Sccurlng RSA-KEM via the AES, joint work with Matt Robshaw, Proceedings
Srom Public Key Cryplography - PKC 2005, Springer, 2005, 2946

() On the sccurity of CTIV + CBC-MAC, Proceedings from Selected Areas of
Cryplography — SAC 2002, Springer, 2002, 76-03.

(*) On the security of RSA encryption in TLS, joint work with Burt Kallski,
Advanees in Cryptogrephy — CRYPTO 2002, Springer, 127-142.

Cryplacalysls of the NTRRU Signature Scheme (NSS) from Eurocrypt 2001, joini
wark with Craig Geniry, Michael Szydlo, and Jacques Sterh, Advanees in Cryp-
tagraphy — ASTACRYPT 2601, 1-20.

Securily proafs for the TSA-PSS Signature Scheme and ils variants, Second apen
NESSIE Workshop, Royal Holloway, Egham, September 2001.

Funkspiel schemes: an alternative lo conventional tamper resistance, joint work
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with Johan Hastad, Ari Juels, and Maoti Yung, A CM Conference on Computer
and Comrmunications Security 2000, 125-133.

3 Theses

(*) {(#+) Simplicial Complexzes of Gmphs, Doctoral Thesls, Department of Math-
ematics, toyal Institute of Teehnology (KTH), Stockholm, May 2005, 350 pages.

Euler Trails and Trees in Direcled Graphs, Licentiate Thesis, Department of
Mathematics, Stockholin University, September 1999, 49 pages

4 Patents

None.

5 Computer programs

None.

6 Popular scientific articles

None.
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invest ils own resources coresporkiing 1o al least ona-third of the funds cblaired lrom the Commilles lor Educational Science, if the
- apptication Is approved. This co-Tunding may includa existing research if this can be finked wilh profecls in Educational Science. Host
univarsilies/instilulions or equivalant thal are awarded funds musl annvally submit a special report on how Lhe insUhution has measured up
" lotha ce-finanding requirement. For research conducted In collaborafion wilh researchers Irom olher educational institutions, the hosl
univgrsitydnstilulion or equivalanl is responsible for all agreemenls with the researchers concerned.

Inketnatiohal Postdocteral Fellowshlps are adminislered by the Swedish Research Council. The only signature required on the
application Is that of the applicanL

. Travel, Conlerence and Publicallon grants: The only signature required on the appfication is thal of Lhe applicanL.

Vetenskapsridets noteringar
Kod
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