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Greetings! 

It is our great pleasure to welcome you to the 
2016 CMS Winter Meeting. This conference, hosted 
by McMaster University, covers a broad variety 
of topics in mathematical sciences. There is a 
tremendous scope for sharing ideas and for us to 
witness, first hand, the vibrancy and excellence of 
our Canadian mathematical community. As well, it 
should provide an excellent opportunity to renew 
collaborations and contacts with colleagues, from 
Canada and abroad.

The program includes five plenary lectures, by 
Karol Zyczkowski (Jagiellonian University), Diane 
Maclagan (University of Warwick), Natasa Sesum 
(Rutgers University), Glen Van Brummelen (Quest 
University), two CAIMS/CMS plenary lectures, by 
Mark Ablowitz (University of Colorado at Boulder) 
and Tom Salisbury (York University), and a public 
lecture by Dror Bar-Natan (University of Toronto).

At this Meeting, we also have the chance to 
celebrate excellence in teaching and research 
of mathematics, by honouring the recipients of 

Bienvenue à tous et à toutes! 

C’est pour nous un grand plaisir de vous souhaiter 
la bienvenue à la Réunion d’hiver 2016 de la SMC. 
Ce congrès, organisé par l’Université McMaster, 
couvre un large éventail de sujets en sciences 
mathématiques. L’occasion est particulièrement 
propice au partage d’idées et vous permettra de 
constater en personne le dynamisme et l’excellence 
de notre communauté mathématique canadienne. 
C’est en outre une occasion sans pareil de réactiver 
vos collaborations et de renouer avec vos collègues 
du Canada et d’ailleurs.

Le programme comprend cinq conférences plénières 
prononcées respectivement par Karol Zyczkowski 
(Université Jagellonne), Diane Maclagan (Université 
de Warwick), Natasa Sesum (Université Rutgers) 
et Glen Van Brummelen (Université Quest); deux 
conférences plénières SCMAI/SMC de Mark Ablowitz 
(Université du Colorado à Boulder) et Tom Salisbury 
(Université York); et une conférence publique de 
Dror Bar-Natan (Université de Toronto).

Welcome to the
2016 CMS Winter Meeting!
Message from Micheal Bennett 
President, CMS

Bienvenue à la Réunion 
d’hiver 2016 de la SMC !
Message de Michael Bennett  
Président, SMC
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the following prizes and awards: Adrien Pouliot 
Award and Lecture –Donald Violette (University 
of Moncton); Doctoral Prize and Lecture – Vincent 
Genest (Massachusetts Institute of Technology); 
Coxeter James Prize and Lecture – Louigi Addario-
Berry(McGill University) and the Jeffery-Williams 
Prize and Lecture – Daniel Wise (McGill University). 
All prizes will be awarded at the banquet on 
December 3 overlooking Niagara Falls.

In addition, the program includes 25 scientific 
sessions; 2 mathematics education session; 2 
applied mathematics sessions; a poster session, 
workshops and social event for students; a CMS 
Townhall Meeting; a CMS Women in Mathematics 
Committee luncheon; and an awards banquet at 
Elements on the Falls, where mathematics will 
have a spectacular view of the falls. 

We would like to express our gratitude to the 
sponsors of this Meeting: AARMS, CRM, Fields 
Institute, PIMS, and McMaster University. 

Hans Boden and Bartosz Protas (McMaster 
University), the Scientific Directors, have worked 
tirelessly to bring you an attractive and varied 
program and they deserve our thanks. Such a 
meeting requires much dedication and drive 
and would not have been possible without the 
hard work of the scientific directors, the session 
organizers, and the CMS staff.

And to all participants, we wish you a very fruitful 
and enjoyable Meeting. Welcome to Niagara Falls!

Michael Bennett  
(University of British Columbia)
President, CMS

Nous aurons aussi le privilège d’y célébrer 
l’excellence en enseignement des mathématiques 
et en recherche en honorant les lauréats des prix 
suivants : prix   Adrien-Pouliot et conférence - Donald 
Violette (Université de Moncton); Prix   de doctorat 
et conférence - Vincent Genest (Massachusetts 
Institute of Technology); prix   Coxeter-James et 
conférence - Louigi Addario-Berry (Université 
McGill) et prix Jeffery-Williams et conférence - 
Daniel Wise (Université McGill). Tous ces prix seront 
remis au banquet du 3 décembre, avec vue sur les 
chutes du Niagara.

Le programme comprend également 25 
sessions scientifiques; 2 sessions en éducation 
mathématique; 2 sessions en mathématiques 
appliquées; une session de présentations par 
affiches, des ateliers et des activités sociales pour 
les étudiants; une assemblée publique de la SMC; 
un lunch du Comité des femmes en mathématiques; 
et un banquet de remise des prix à Elements on the 
Falls, d’où la vue sur les chutes est magnifique. 

Nous tenons à exprimer notre gratitude aux 
commanditaires de cette Réunion : l’AARMA, le CRM, 
les instituts Fields et PIMS, et l’Université McMaster. 

Les directeurs scientifiques, Hans Boden et Bartosz 
Protas (Université McMaster), ont travaillé sans 
relâche pour vous concocter un programme 
attrayant et diversifié, et à ce titre, ils méritent nos 
remerciements. Un événement de cette envergure 
exige un dévouement et une vigueur sans pareils, 
et n’aurait jamais vu le jour sans le travail assidu 
des directeurs scientifiques, des organisateurs de 
sessions et du personnel de la SMC.

Nous souhaitons à tous les participants un congrès 
agréable et fructueux. Bienvenue à Niagara Falls!

Michael Bennett  
(Université de la Colombie-Britannique)
Président de la SMC
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Bienvenue à Niagara Falls et à la Réunion 
d’hiver 2016 de la SMC! Nous vous proposons un 
programme débordant d’activités : des plénières 
passionnantes, des conférences de lauréats et une 
conférence publique qui saura plaire à tous!

« Somme toute, les objectifs esthétiques et les 
objectifs utilitaires des mathématiques sont 
assez rapprochés. Notre instinct esthétique nous 
attire vers les mathématiques d’une certaine 
profondeur et d’une certaine connectivité. La 
profondeur et la beauté mêmes des motifs font 
en sorte qu’ils sont susceptibles de se manifester, 
de manières inattendues, dans d’autres secteurs 
des mathématiques, en sciences et dans le monde. 
Partager le plaisir et l’expérience intellectuelle 
des mathématiques - pour voler là où nous avions 
l’habitude de marcher -, voilà l’objectif d’une 
éducation mathématique.»
   – William Thurston

Cette citation illustre l’aspect merveilleux 
de la découverte et du partage de réflexions 
mathématiques, et cette Réunion offrira de 

Welcome to Niagara Falls, and welcome to the 
2016 CMS Winter Meeting!  The schedule is packed 
with lots of activities; exciting plenary talks, prize 
lectures and a public lecture that will be fun for 
all!

“The aesthetic goals and the utilitarian goals 
for mathematics turn out, in the end, to be 
quite close. Our aesthetic instincts draw us to 
mathematics of a certain depth and connectivity. 
The very depth and beauty of the patterns makes 
them likely to be manifested, in unexpected ways, 
in other parts of mathematics, science, and the 
world. To share in the delight and the intellectual 
experience of mathematics — to fly where before 
we walked — that is the goal of a mathematical 
education.”
                        – William Thurston

This quote captures the sublime wonder in 
the pursuit of discovery and the sharing of 
mathematical insight, and this meeting will provide 
many opportunities for showcasing the aesthetic 
and utilitarian sides of the discipline, while at the 
same time highlighting the many accomplishments 

Welcome Letter from the
Scientific Directors
Hans U. Boden (top) and Bartosz Protas 

Mot de bienvenue de le
Directeurs scientifique
Hans U. Boden (au-dessus) et Bartosz Protas
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of the Canadian mathematics community. Niagara 
Falls is a beautiful setting and it gives us all a 
chance to take in its many attractions, including the 
Horseshoe Falls, Rainbow Bridge, Winter Festival of 
Lights, Niagara Whirlpool, Niagara-on-the-Lake, and 
the rich history of the area which is on display at 
the many museums. 
 
The program highlights are the ten invited plenary/
prize talks, including a public lecture and two 
joint CAIMS-CMS plenaries, and nearly 350 invited 
talks in over 25 scientific sessions, as well as a 
session focused on student research and a women 
mathematicians’ panel discussion. 

Other special events of note include: 1) Welcome 
Reception on Friday evening, 2) Reception and 
Awards Banquet Dinner, Saturday evening, 3) CMS 
Town Hall meeting at 12:30 on Sunday, and 4) Math 
& Industry Panel Discussion and Luncheon at 12:30 
on Monday.   

A meeting of this size is a substantial undertaking 
and it is the result of cooperative efforts of many 
people. We acknowledge the generous support of 

CAIMS, CRM, Fields, PIMS, and McMaster University, 
and thank members of the Scientific Organizing 
Committee for their help in shaping the program. 
We are also grateful to the CMS staff,  especially 
Sarah Watson and Paul Glover, for their professional 
and painstaking handling all the nitty-gritty details 
of the meeting; coordinating the sessions, and 
scheduling the talks, and a million other logistical 
details.

Over 100 years ago, Georg Cantor asserted that 
“In mathematics the art of proposing a question 
must be held of higher value than solving it.” Enjoy 
your time in Niagara and take time to connect 
with your colleagues and to collectively explore 
new questions. We propose that the success of this 
meeting can be judged by how many of you leave 
Niagara Falls with more questions than you had 
when you arrived!

nombreuses occasions de mettre en valeur les côtés 
esthétiques et utilitaires de la discipline, tout en 
mettant en évidence les nombreuses réalisations de 
la communauté mathématique canadienne. Niagara 
Falls est un cadre magnifique qui permet à tous de 
profiter de ses nombreux attraits, dont les chutes 
Horseshoe, le pont Rainbow, le Winter Festival of 
Lights, les rapides Whirlpool, Niagara-on-the-Lake 
et la riche histoire de la région qui est présentée 
dans les nombreux musées. 
 
Les points saillants du programme sont les dix 
conférences plénières et de lauréats, dont une 
conférence publique et deux séances plénières 
conjointes CAIMS-SMC, près de 350 communications 
réparties en plus de 25 sessions scientifiques, ainsi 
qu’une session sur les recherches d’étudiants et une 
discussion en panel de mathématiciennes. 

Entre autres activités spéciales, mentionnons : 1) la 
réception d’accueil du vendredi soir; 2) la réception 
et le banquet du samedi soir; 3) l’assemblée 
publique de la SMC le dimanche à 12 h 30; et 4) 
une discussion en panel sur les mathématiques et 
l’industrie et le dîner du lundi à 12 h 30. 

Un congrès de cette ampleur est une entreprise 
importante et résulte des efforts concertés de 
nombreuses personnes. Nous remercions de 
leur générosité la SCMAI, le CRM, les instituts 
Fields et PIMS et l’Université McMaster, ainsi que 
les membres du Comité scientifique pour leur 
contribution à l’élaboration du programme. Merci 
également au personnel de la SMC, en particulier 
Sarah Watson et Paul Glover, qui se sont occupés 
avec professionnalisme et minutie des moindres 
détails de la Réunion, de la coordination des 
sessions, de la programmation des conférences et 
d’un million d’autres détails logistiques.

Il y a plus de 100 ans, Georg Cantor a écrit : « L’art 
de poser les bonnes questions, en mathématiques, 
est plus important que l’art de les résoudre. » 
Profitez de votre séjour à Niagara et prenez le 
temps de tisser des liens avec vos collègues et 
d’explorer collectivement de nouvelles questions. 
Nous proposons que le succès de cette Réunion 
soit mesuré d’après le nombre de participants qui 
quitteront Niagara Falls avec plus de questions 
qu’ils n’en avaient à leur arrivée! 
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Call for Sessions
Nous vous invitons

The Canadian Mathematical Society (CMS) welcomes and invites proposals for sessions
for the 2017 CMS Winter Meeting in Waterloo.  Proposals should include a brief
description of the focus and purpose of the session, the expected number of speakers, as
well as the organizer’s name, complete address, telephone number, e-mail address, etc.
All sessions will be advertised in the CMS Notes, on the CMS web site and in the AMS
Notices. Speakers will be requested to submit abstracts, which will be published on the
web site and in the meeting program. Those wishing to organize a session should send a
proposal to the scientific directors.

Ken Davidson, University of Waterloo, krdavids@uwaterloo.ca

Cam Stewart, University of Waterloo, cstewart@uwaterloo.ca

Contact us | Contactez nous :@CMSwinter
@hiverSMC

La Société mathématique du Canada (SMC) vous invitent à proposer des séances pour la
Réunion d’hiver de la SMC 2017 qui se tiendra Waterloo. Ces propositions de séances
doivent presenter une brève description de l’orientation et les objectifs de la séance, le
nombre de conférenciers prévu, de même que le nom, l’adresse complète, le numéro de
téléphone et l’adresse électronique de l’organisateur. Toutes les séances seront annoncées
dans les Notes de la SMC, sur le site Web et dans les AMS Notices. Les conférenciers
devront présenter un résumé, qui sera publié sur le site Web SMC et dans le programme de
la réunion. Toute personne qui souhaiterait organiser une séance est priée de faire parvenir
une proposition aux directeurs scientifiques.
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Schedule for Business Meetings / 
Horaire pour Séances de travail

Schedule for Business Meetings
Horaire pour Séances de travail

Thursday December 1 jeudi 1er décembre
18:30 - 22:30 CMS Executive Committee / Comité exécutif SMC, Chef’s Table - Sheraton - Fallsview Restaurant

Friday December 2 vendredi 2 décembre
10:30 - 12:30 CMS Development Group Luncheon / Lunch du Groupe de développement SMC, Strategy Room 3

12:30 - 16:30 CMS Board of Directors Meeting / Réunion du Conseil d’administration SMC, Strategy Room 3

Saturday December 3 samedi 3 décembre
10:00 - 12:30 CMS Publications Committee / Comité de publications de la SMC, Chef’s Table - Sheraton - Fallsview

Restaurant

11:30 - 13:30 CMS Research Committee / Comité de recherche, Executive Boardroom

13:00 - 17:00 CMS Student Committee / Comité des étudiants SMC, Chef’s Table - Sheraton - Fallsview Restaurant

Sunday December 4 dimanche 4 décembre
10:30 - 11:30 CMS Education Committee / Comité d’éducation SMC, Chef’s Table - Sheraton - Fallsview Restaurant

12:30 - 14:00 CMS Town Hall / Séance de discussion de la SMC, Great Room B
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Schedule for Related Activities /
Horaire pour Activités sociales

Schedule for Related Activities
Horaire pour Activités sociales

Friday December 2 vendredi 2 décembre
16:00 - 19:00 Registration / Inscription, Great Room Prefunction

17:45 - 18:00 Opening Address / Ouverture, Great room C

18:00 - 19:00 Welcome Reception / Réception de bienvenue, Great Room Prefunction

20:00 - 22:00 Student Social / Soirée étudiante, TBD

Saturday December 3 samedi 3 décembre
8:00 - 18:00 Registration / Inscription, Strategy Foyer, Sheraton, 3rd Level

8:00 - 18:00 AARMS-CMS Student Poster Session / Session de présentation par affiches pour étudiants AARMS-SMC,
Strategy Foyer, Sheraton, 3rd Level

10:00 - 10:30 Break / Pause, Strategy Foyer, Sheraton, 3rd Level

10:00 - 10:30 Judging - AARMS-CMS Student Poster Session / Jugement - Session de présentation par affiches pour
étudiants AARMS-SMC, Strategy Foyer, Sheraton, 3rd Level

10:00 - 10:30 Judging - AARMS-CMS Student Poster Session / Jugement - Session de présentation par affiches pour
étudiants AARMS-SMC, Strategy Foyer, Sheraton, 3rd Level

10:00 - 16:30 Exhibits / Expositions, Strategy Foyer, Sheraton, 3rd Level

14:30 - 15:00 Break / Pause, Strategy Foyer, Sheraton, 3rd Level

19:00 - 22:30 Awards Banquet / Banquet de prix, Table Rock Centre - Elements on the Falls Restaurant

Sunday December 4 dimanche 4 décembre
8:00 - 18:00 Registration / Inscription, Strategy Foyer, Sheraton, 3rd Level

8:00 - 18:00 AARMS-CMS Student Poster Session / Session de présentation par affiches pour étudiants AARMS-SMC,
Strategy Foyer, Sheraton, 3rd Level

10:00 - 10:30 Break / Pause, Strategy Foyer, Sheraton, 3rd Level

10:00 - 16:30 Exhibits / Expositions, Strategy Foyer, Sheraton, 3rd Level

15:00 - 15:30 Break / Pause, Strategy Foyer, Sheraton, 3rd Level

Monday December 5 lundi 5 décembre
8:00 - 18:00 Registration / Inscription, Strategy Foyer, Sheraton, 3rd Level

10:00 - 10:30 Break / Pause, Strategy Foyer, Sheraton, 3rd Level

15:00 - 15:30 Break / Pause, Strategy Foyer, Sheraton, 3rd Level
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Schedule / Horaire
Schedule
Horaire

Friday December 2 vendredi 2 décembre
16:00 - 19:00 Registration / Inscription, Great Room Prefunction

17:00 - 18:00 Dror Bar-Natan, PubLec, Great Room C, The Hardest Math I’ve Ever Really Used

17:45 - 18:00 Opening Address / Ouverture, Great room C

18:00 - 19:00 Welcome Reception / Réception de bienvenue, Great Room Prefunction

20:00 - 22:00 Student Social / Soirée étudiante, TBD

Saturday December 3 samedi 3 décembre
8:00 - 18:00 Registration / Inscription, Strategy Foyer, Sheraton, 3rd Level

8:00 - 18:00 AARMS-CMS Student Poster Session / Session de présentation par affiches pour étudiants AARMS-SMC,
Strategy Foyer, Sheraton, 3rd Level

8:00 - 8:30 Heinz Bauschke, LSOpt, King George Room, Crowne Plaza, 5th Floor

8:00 - 8:30 Francesco Cellarosi, SPDynS, Elizabeth Room, Crowne Plaza, UL Level

8:00 - 8:30 Richard Fournier, CxAna, Upper Fallsview A, Sheraton, 5th Level

8:00 - 8:30 Stephen Kirkland, MatrTh, Strategy Room 7, Sheraton, 5th level

8:00 - 8:30 Diane Maclagan, CAlgGeo, Strategy Room 1, Sheraton, 5th floor

8:00 - 8:30 Thomas Mark, GeoTop, Niagara Room, Crowne Plaza, UL Level

8:00 - 8:30 John Watrous, OpQuant, Canadian Room B, Crowne Plaza, 5th Floor

8:00 - 8:40 William Wylie, GeoPDE, Strategy Room 2 - Sheraton - 5th floor

8:00 - 9:00 Ragnar-Olaf Buchweitz, CommAlg, Strategy Room 3, Sheraton, 5th Level

8:00 - 9:00 Doug Ravenel, Equiv, Upper Fallsview B, Sheraton, 5th floor

8:30 - 8:55 Yu-Ru Liu, AnNumTh, Victoria Room, Crown Plaza, UL Level

8:30 - 9:00 John Baldwin, GeoTop, Niagara Room, Crowne Plaza, UL Level

8:30 - 9:00 Barbara Bolognese, CAlgGeo, Strategy Room 1, Sheraton, 5th floor

8:30 - 9:00 Raphaël Clouâtre, CxAna, Upper Fallsview A, Sheraton, 5th Level

8:30 - 9:00 Gerda de Vries, NLEvEq, Canadian Room A, Crowne Plaza, 5th floor

8:30 - 9:00 Shaun Fallat, MatrTh, Strategy Room 7, Sheraton, 5th level

8:30 - 9:00 Mark Girard, OpQuant, Canadian Room B, Crowne Plaza, 5th Floor

8:30 - 9:00 Tobias Hurth, SPDynS, Elizabeth Room, Crowne Plaza, UL Level

8:30 - 9:00 Caroline Junkins, TeachM, Boardroom C, Sheraton, 2nd floor

8:30 - 9:00 Fei Wang, LSOpt, King George Room, Crowne Plaza, 5th Floor

8:40 - 9:20 Jeff Case, GeoPDE, Strategy Room 2 - Sheraton - 5th floor

9:00 - 9:25 Cam Stewart, AnNumTh, Victoria Room, Crown Plaza, UL Level

9:00 - 9:30 Gilad Gour, OpQuant, Canadian Room B, Crowne Plaza, 5th Floor

9:00 - 9:30 Henri Guenancia, CxAna, Upper Fallsview A, Sheraton, 5th Level

9:00 - 9:30 Tim Hoheisel, LSOpt, King George Room, Crowne Plaza, 5th Floor

9:00 - 9:30 Robert L Jerrard, NLEvEq, Canadian Room A, Crowne Plaza, 5th floor

9:00 - 9:30 Ilias Kotsireas, MatrTh, Strategy Room 7, Sheraton, 5th level

9:00 - 9:30 Liviu Mare, Equiv, Upper Fallsview B, Sheraton, 5th floor

9:00 - 9:30 Zhijun Qiao, IntSys, Boardroom B, Sheraton, 2nd Level

9:00 - 9:30 Rebecca R.G., CommAlg, Strategy Room 3, Sheraton, 5th Level

9:00 - 9:30 Jerrod M. Smith, StudRes, Strategy Room 5/6, Sheraton, Level 5

9:00 - 9:30 Nicola Tarasca, CAlgGeo, Strategy Room 1, Sheraton, 5th floor

9:00 - 9:30 Peter Taylor, TeachM, Boardroom C, Sheraton, 2nd floor

9:00 - 9:30 Daniel Thompson, SPDynS, Elizabeth Room, Crowne Plaza, UL Level

9:00 - 9:30 Jeremy Van Horn-Morris, GeoTop, Niagara Room, Crowne Plaza, UL Level

9:20 - 10:00 Eric Bahuaud, GeoPDE, Strategy Room 2 - Sheraton - 5th floor
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9:30 - 9:55 Matilde Lalin, AnNumTh, Victoria Room, Crown Plaza, UL Level

9:30 - 10:00 Stanley Alama, NLEvEq, Canadian Room A, Crowne Plaza, 5th floor

9:30 - 10:00 Carmen Bruni, TeachM, Boardroom C, Sheraton, 2nd floor

9:30 - 10:00 Alexander Chernyavsky, StudRes, Strategy Room 5/6, Sheraton, Level 5

9:30 - 10:00 Eric Chitambar, OpQuant, Canadian Room B, Crowne Plaza, 5th Floor

9:30 - 10:00 David Duncan, GeoTop, Niagara Room, Crowne Plaza, UL Level

9:30 - 10:00 Angela Gibney, CAlgGeo, Strategy Room 1, Sheraton, 5th floor

9:30 - 10:00 Michel Grundland, IntSys, Boardroom B, Sheraton, 2nd Level

9:30 - 10:00 Po Hu, Equiv, Upper Fallsview B, Sheraton, 5th floor

9:30 - 10:00 Nathan Ilten, CommAlg, Strategy Room 3, Sheraton, 5th Level

9:30 - 10:00 Alexey Korepanov, SPDynS, Elizabeth Room, Crowne Plaza, UL Level

9:30 - 10:00 Leonid V. Kovalev, CxAna, Upper Fallsview A, Sheraton, 5th Level

9:30 - 10:00 Dominique Orban, LSOpt, King George Room, Crowne Plaza, 5th Floor

9:30 - 10:00 Rajesh Pereira, MatrTh, Strategy Room 7, Sheraton, 5th level

10:00 - 10:30 Break / Pause, Strategy Foyer, Sheraton, 3rd Level

10:00 - 10:30 Judging - AARMS-CMS Student Poster Session / Jugement - Session de présentation par affiches pour
étudiants AARMS-SMC, Strategy Foyer, Sheraton, 3rd Level

10:00 - 10:30 Judging - AARMS-CMS Student Poster Session / Jugement - Session de présentation par affiches pour
étudiants AARMS-SMC, Strategy Foyer, Sheraton, 3rd Level

10:00 - 16:30 Exhibits / Expositions, Strategy Foyer, Sheraton, 3rd Level

10:00 - 10:30 Jonguk Yang, SPDynS, Elizabeth Room, Crowne Plaza, UL Level

10:30 - 11:30 Karol Zyczkowski, Plenary, Niagara Room, On Mathematics useful in Quantum Theory (a personal per-
spective)

11:30 - 12:30 Donald Violette, APAward, Niagara Room, Crowne Plaza, Et si on enseignait la passion?

13:30 - 14:30 Louigi Addario-Berry, CJPriz, Niagara Room, Crowne Plaza, Probabilistic aspects of minimum spanning
trees

14:30 - 15:00 Break / Pause, Strategy Foyer, Sheraton, 3rd Level

15:00 - 15:25 Daniel Fiorilli, AnNumTh, Victoria Room, Crown Plaza, UL Level

15:00 - 15:30 Richard Cleve, OpQuant, Canadian Room B, Crowne Plaza, 5th Floor

15:00 - 15:30 Craig Fraser, HistPh, Boardroom B, Sheraton, 2nd Floor

15:00 - 15:30 Kevin Hare, FracGeo, Canadian Room A, Crowne Plaza, 5th Floor

15:00 - 15:30 Robert L Jerrard, NLPDE, Strategy Room 5/6, Sheraton, Level 5

15:00 - 15:30 Theodore Kolokolnikov, NLEvEq, Executive Boardroom, Sheraton, 5th level

15:00 - 15:30 Andrew McEachern, TeachM, Boardroom C, Sheraton, 2nd floor

15:00 - 15:30 Vern Paulsen, MatrTh, Strategy Room 7, Sheraton, 5th level

15:00 - 15:30 Thomas Ransford, CxAna, Upper Fallsview A, Sheraton, 5th Level

15:00 - 15:30 Sandra Di Rocco, CAlgGeo, Strategy Room 1, Sheraton, 5th floor

15:00 - 15:30 Alessio Sammartano, CommAlg, Strategy Room 3, Sheraton, 5th Level

15:00 - 15:30 Laura Sanità, CGOpt, Elizabeth Room, Crowne Plaza, UL Level

15:00 - 15:30 Henry Wolkowicz, LSOpt, King George Room, Crowne Plaza, 5th Floor

15:00 - 15:40 Robert Haslhofer, GeoPDE, Strategy Room 2 - Sheraton - 5th floor

15:00 - 16:00 Anna Marie Bohmann, Equiv, Upper Fallsview B, Sheraton, 5th floor

15:30 - 15:55 Tristan Freiberg, AnNumTh, Victoria Room, Crown Plaza, UL Level

15:30 - 16:00 Balázs Bárány, FracGeo, Canadian Room A, Crowne Plaza, 5th Floor

15:30 - 16:00 Maxime Fortier Bourque, CxAna, Upper Fallsview A, Sheraton, 5th Level

15:30 - 16:00 Mariya Boyko, HistPh, Boardroom B, Sheraton, 2nd Floor

15:30 - 16:00 Fabrice Colin, NLPDE, Strategy Room 5/6, Sheraton, Level 5

15:30 - 16:00 Douglas Farenick, MatrTh, Strategy Room 7, Sheraton, 5th level

15:30 - 16:00 Kseniya Garaschuk, TeachM, Boardroom C, Sheraton, 2nd floor

15:30 - 16:00 Sevag Gharibian, OpQuant, Canadian Room B, Crowne Plaza, 5th Floor

Schedule
Horaire

Friday December 2 vendredi 2 décembre
16:00 - 19:00 Registration / Inscription, Great Room Prefunction

17:00 - 18:00 Dror Bar-Natan, PubLec, Great Room C, The Hardest Math I’ve Ever Really Used

17:45 - 18:00 Opening Address / Ouverture, Great room C

18:00 - 19:00 Welcome Reception / Réception de bienvenue, Great Room Prefunction

20:00 - 22:00 Student Social / Soirée étudiante, TBD

Saturday December 3 samedi 3 décembre
8:00 - 18:00 Registration / Inscription, Strategy Foyer, Sheraton, 3rd Level

8:00 - 18:00 AARMS-CMS Student Poster Session / Session de présentation par affiches pour étudiants AARMS-SMC,
Strategy Foyer, Sheraton, 3rd Level

8:00 - 8:30 Heinz Bauschke, LSOpt, King George Room, Crowne Plaza, 5th Floor

8:00 - 8:30 Francesco Cellarosi, SPDynS, Elizabeth Room, Crowne Plaza, UL Level

8:00 - 8:30 Richard Fournier, CxAna, Upper Fallsview A, Sheraton, 5th Level

8:00 - 8:30 Stephen Kirkland, MatrTh, Strategy Room 7, Sheraton, 5th level

8:00 - 8:30 Diane Maclagan, CAlgGeo, Strategy Room 1, Sheraton, 5th floor

8:00 - 8:30 Thomas Mark, GeoTop, Niagara Room, Crowne Plaza, UL Level

8:00 - 8:30 John Watrous, OpQuant, Canadian Room B, Crowne Plaza, 5th Floor

8:00 - 8:40 William Wylie, GeoPDE, Strategy Room 2 - Sheraton - 5th floor

8:00 - 9:00 Ragnar-Olaf Buchweitz, CommAlg, Strategy Room 3, Sheraton, 5th Level

8:00 - 9:00 Doug Ravenel, Equiv, Upper Fallsview B, Sheraton, 5th floor

8:30 - 8:55 Yu-Ru Liu, AnNumTh, Victoria Room, Crown Plaza, UL Level

8:30 - 9:00 John Baldwin, GeoTop, Niagara Room, Crowne Plaza, UL Level

8:30 - 9:00 Barbara Bolognese, CAlgGeo, Strategy Room 1, Sheraton, 5th floor

8:30 - 9:00 Raphaël Clouâtre, CxAna, Upper Fallsview A, Sheraton, 5th Level

8:30 - 9:00 Gerda de Vries, NLEvEq, Canadian Room A, Crowne Plaza, 5th floor

8:30 - 9:00 Shaun Fallat, MatrTh, Strategy Room 7, Sheraton, 5th level

8:30 - 9:00 Mark Girard, OpQuant, Canadian Room B, Crowne Plaza, 5th Floor

8:30 - 9:00 Tobias Hurth, SPDynS, Elizabeth Room, Crowne Plaza, UL Level

8:30 - 9:00 Caroline Junkins, TeachM, Boardroom C, Sheraton, 2nd floor

8:30 - 9:00 Fei Wang, LSOpt, King George Room, Crowne Plaza, 5th Floor

8:40 - 9:20 Jeff Case, GeoPDE, Strategy Room 2 - Sheraton - 5th floor

9:00 - 9:25 Cam Stewart, AnNumTh, Victoria Room, Crown Plaza, UL Level

9:00 - 9:30 Gilad Gour, OpQuant, Canadian Room B, Crowne Plaza, 5th Floor

9:00 - 9:30 Henri Guenancia, CxAna, Upper Fallsview A, Sheraton, 5th Level

9:00 - 9:30 Tim Hoheisel, LSOpt, King George Room, Crowne Plaza, 5th Floor

9:00 - 9:30 Robert L Jerrard, NLEvEq, Canadian Room A, Crowne Plaza, 5th floor

9:00 - 9:30 Ilias Kotsireas, MatrTh, Strategy Room 7, Sheraton, 5th level

9:00 - 9:30 Liviu Mare, Equiv, Upper Fallsview B, Sheraton, 5th floor

9:00 - 9:30 Zhijun Qiao, IntSys, Boardroom B, Sheraton, 2nd Level

9:00 - 9:30 Rebecca R.G., CommAlg, Strategy Room 3, Sheraton, 5th Level

9:00 - 9:30 Jerrod M. Smith, StudRes, Strategy Room 5/6, Sheraton, Level 5

9:00 - 9:30 Nicola Tarasca, CAlgGeo, Strategy Room 1, Sheraton, 5th floor

9:00 - 9:30 Peter Taylor, TeachM, Boardroom C, Sheraton, 2nd floor

9:00 - 9:30 Daniel Thompson, SPDynS, Elizabeth Room, Crowne Plaza, UL Level

9:00 - 9:30 Jeremy Van Horn-Morris, GeoTop, Niagara Room, Crowne Plaza, UL Level

9:20 - 10:00 Eric Bahuaud, GeoPDE, Strategy Room 2 - Sheraton - 5th floor
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15:30 - 16:00 Baasansuren Jadamba, NLEvEq, Executive Boardroom, Sheraton, 5th level

15:30 - 16:00 Jonathan Montano, CommAlg, Strategy Room 3, Sheraton, 5th Level

15:30 - 16:00 Greg Reid, LSOpt, King George Room, Crowne Plaza, 5th Floor

15:30 - 16:00 Greg Smith, CAlgGeo, Strategy Room 1, Sheraton, 5th floor

15:30 - 16:00 Noriyoshi Sukegawa, CGOpt, Elizabeth Room, Crowne Plaza, UL Level

15:40 - 16:20 Ailana Fraser, GeoPDE, Strategy Room 2 - Sheraton - 5th floor

16:00 - 16:25 Steve Lester, AnNumTh, Victoria Room, Crown Plaza, UL Level

16:00 - 16:30 Pietro-Luciano Buono, NLEvEq, Executive Boardroom, Sheraton, 5th level

16:00 - 16:30 Antoine Deza, CGOpt, Elizabeth Room, Crowne Plaza, UL Level

16:00 - 16:30 Nursel Erey, CommAlg, Strategy Room 3, Sheraton, 5th Level

16:00 - 16:30 Brian Forrest, TeachM, Boardroom C, Sheraton, 2nd floor

16:00 - 16:30 John Holbrook, MatrTh, Strategy Room 7, Sheraton, 5th level

16:00 - 16:30 Silvia Jiménez-Bolaños, NLPDE, Strategy Room 5/6, Sheraton, Level 5

16:00 - 16:30 Lars Kastner, CAlgGeo, Strategy Room 1, Sheraton, 5th floor

16:00 - 16:30 Igor Kriz, Equiv, Upper Fallsview B, Sheraton, 5th floor

16:00 - 16:30 Saeid Molladavoudi, OpQuant, Canadian Room B, Crowne Plaza, 5th Floor

16:00 - 16:30 Allan Olley, HistPh, Boardroom B, Sheraton, 2nd Floor

16:00 - 16:30 Luke Rogers, FracGeo, Canadian Room A, Crowne Plaza, 5th Floor

16:00 - 16:30 Eric Schippers, CxAna, Upper Fallsview A, Sheraton, 5th Level

16:00 - 16:30 Levent Tuncel, LSOpt, King George Room, Crowne Plaza, 5th Floor

16:30 - 16:55 Sasha Mangerel, AnNumTh, Victoria Room, Crown Plaza, UL Level

16:30 - 17:00 Gwennaël Bricteux, HistPh, Boardroom B, Sheraton, 2nd Floor

16:30 - 17:00 Hoan Dang, OpQuant, Canadian Room B, Crowne Plaza, 5th Floor

16:30 - 17:00 Laura Escobar, CAlgGeo, Strategy Room 1, Sheraton, 5th floor

16:30 - 17:00 Richard Hoshino, TeachM, Boardroom C, Sheraton, 2nd floor

16:30 - 17:00 Di Kang, NLEvEq, Executive Boardroom, Sheraton, 5th level

16:30 - 17:00 Sophie Kriz, Equiv, Upper Fallsview B, Sheraton, 5th floor

16:30 - 17:00 Hasan Mahmood, CommAlg, Strategy Room 3, Sheraton, 5th Level

16:30 - 17:00 Cy Maor, NLPDE, Strategy Room 5/6, Sheraton, Level 5

16:30 - 17:00 Carla Michini, CGOpt, Elizabeth Room, Crowne Plaza, UL Level

16:30 - 17:00 Hristo Sendov, LSOpt, King George Room, Crowne Plaza, 5th Floor

16:30 - 17:00 Kevin Van der Meulen, MatrTh, Strategy Room 7, Sheraton, 5th level

16:30 - 17:00 Alden Walker, FracGeo, Canadian Room A, Crowne Plaza, 5th Floor

16:30 - 17:00 Michael Yampolsky, CxAna, Upper Fallsview A, Sheraton, 5th Level

16:40 - 17:10 Tracey Balehowsky, GeoPDE, Strategy Room 2 - Sheraton - 5th floor

17:00 - 17:25 Shabnam Akhtari, AnNumTh, Victoria Room, Crown Plaza, UL Level

17:00 - 17:30 Tony Bahri, Equiv, Upper Fallsview B, Sheraton, 5th floor

17:00 - 17:30 Sedi Bartz, LSOpt, King George Room, Crowne Plaza, 5th Floor

17:00 - 17:30 Ignacio Garćıa, FracGeo, Canadian Room A, Crowne Plaza, 5th Floor

17:00 - 17:30 Maryam Ehya Jahromi, CommAlg, Strategy Room 3, Sheraton, 5th Level

17:00 - 17:30 Jeremy Levick, OpQuant, Canadian Room B, Crowne Plaza, 5th Floor

17:00 - 17:30 Xin Yang Lu, NLPDE, Strategy Room 5/6, Sheraton, Level 5

17:00 - 17:30 Leonid Monin, CAlgGeo, Strategy Room 1, Sheraton, 5th floor

17:00 - 17:30 Lionel Pournin, CGOpt, Elizabeth Room, Crowne Plaza, UL Level

17:00 - 17:30 Mary Pugh, NLEvEq, Executive Boardroom, Sheraton, 5th level

17:00 - 17:30 Trevor Richards, CxAna, Upper Fallsview A, Sheraton, 5th Level

17:00 - 17:30 Margaret Stawiska-Friedland, HistPh, Boardroom B, Sheraton, 2nd Floor

17:00 - 17:30 Joseph Turnbull, TeachM, Boardroom C, Sheraton, 2nd floor

17:00 - 17:30 Peter Zizler, MatrTh, Strategy Room 7, Sheraton, 5th level

17:10 - 17:40 Shaoxiong Hou, GeoPDE, Strategy Room 2 - Sheraton - 5th floor

9:30 - 9:55 Matilde Lalin, AnNumTh, Victoria Room, Crown Plaza, UL Level

9:30 - 10:00 Stanley Alama, NLEvEq, Canadian Room A, Crowne Plaza, 5th floor

9:30 - 10:00 Carmen Bruni, TeachM, Boardroom C, Sheraton, 2nd floor

9:30 - 10:00 Alexander Chernyavsky, StudRes, Strategy Room 5/6, Sheraton, Level 5

9:30 - 10:00 Eric Chitambar, OpQuant, Canadian Room B, Crowne Plaza, 5th Floor

9:30 - 10:00 David Duncan, GeoTop, Niagara Room, Crowne Plaza, UL Level

9:30 - 10:00 Angela Gibney, CAlgGeo, Strategy Room 1, Sheraton, 5th floor

9:30 - 10:00 Michel Grundland, IntSys, Boardroom B, Sheraton, 2nd Level

9:30 - 10:00 Po Hu, Equiv, Upper Fallsview B, Sheraton, 5th floor

9:30 - 10:00 Nathan Ilten, CommAlg, Strategy Room 3, Sheraton, 5th Level

9:30 - 10:00 Alexey Korepanov, SPDynS, Elizabeth Room, Crowne Plaza, UL Level

9:30 - 10:00 Leonid V. Kovalev, CxAna, Upper Fallsview A, Sheraton, 5th Level

9:30 - 10:00 Dominique Orban, LSOpt, King George Room, Crowne Plaza, 5th Floor

9:30 - 10:00 Rajesh Pereira, MatrTh, Strategy Room 7, Sheraton, 5th level

10:00 - 10:30 Break / Pause, Strategy Foyer, Sheraton, 3rd Level

10:00 - 10:30 Judging - AARMS-CMS Student Poster Session / Jugement - Session de présentation par affiches pour
étudiants AARMS-SMC, Strategy Foyer, Sheraton, 3rd Level

10:00 - 10:30 Judging - AARMS-CMS Student Poster Session / Jugement - Session de présentation par affiches pour
étudiants AARMS-SMC, Strategy Foyer, Sheraton, 3rd Level

10:00 - 16:30 Exhibits / Expositions, Strategy Foyer, Sheraton, 3rd Level

10:00 - 10:30 Jonguk Yang, SPDynS, Elizabeth Room, Crowne Plaza, UL Level

10:30 - 11:30 Karol Zyczkowski, Plenary, Niagara Room, On Mathematics useful in Quantum Theory (a personal per-
spective)

11:30 - 12:30 Donald Violette, APAward, Niagara Room, Crowne Plaza, Et si on enseignait la passion?

13:30 - 14:30 Louigi Addario-Berry, CJPriz, Niagara Room, Crowne Plaza, Probabilistic aspects of minimum spanning
trees

14:30 - 15:00 Break / Pause, Strategy Foyer, Sheraton, 3rd Level

15:00 - 15:25 Daniel Fiorilli, AnNumTh, Victoria Room, Crown Plaza, UL Level

15:00 - 15:30 Richard Cleve, OpQuant, Canadian Room B, Crowne Plaza, 5th Floor

15:00 - 15:30 Craig Fraser, HistPh, Boardroom B, Sheraton, 2nd Floor

15:00 - 15:30 Kevin Hare, FracGeo, Canadian Room A, Crowne Plaza, 5th Floor

15:00 - 15:30 Robert L Jerrard, NLPDE, Strategy Room 5/6, Sheraton, Level 5

15:00 - 15:30 Theodore Kolokolnikov, NLEvEq, Executive Boardroom, Sheraton, 5th level

15:00 - 15:30 Andrew McEachern, TeachM, Boardroom C, Sheraton, 2nd floor

15:00 - 15:30 Vern Paulsen, MatrTh, Strategy Room 7, Sheraton, 5th level

15:00 - 15:30 Thomas Ransford, CxAna, Upper Fallsview A, Sheraton, 5th Level

15:00 - 15:30 Sandra Di Rocco, CAlgGeo, Strategy Room 1, Sheraton, 5th floor

15:00 - 15:30 Alessio Sammartano, CommAlg, Strategy Room 3, Sheraton, 5th Level

15:00 - 15:30 Laura Sanità, CGOpt, Elizabeth Room, Crowne Plaza, UL Level

15:00 - 15:30 Henry Wolkowicz, LSOpt, King George Room, Crowne Plaza, 5th Floor

15:00 - 15:40 Robert Haslhofer, GeoPDE, Strategy Room 2 - Sheraton - 5th floor

15:00 - 16:00 Anna Marie Bohmann, Equiv, Upper Fallsview B, Sheraton, 5th floor

15:30 - 15:55 Tristan Freiberg, AnNumTh, Victoria Room, Crown Plaza, UL Level

15:30 - 16:00 Balázs Bárány, FracGeo, Canadian Room A, Crowne Plaza, 5th Floor

15:30 - 16:00 Maxime Fortier Bourque, CxAna, Upper Fallsview A, Sheraton, 5th Level

15:30 - 16:00 Mariya Boyko, HistPh, Boardroom B, Sheraton, 2nd Floor

15:30 - 16:00 Fabrice Colin, NLPDE, Strategy Room 5/6, Sheraton, Level 5

15:30 - 16:00 Douglas Farenick, MatrTh, Strategy Room 7, Sheraton, 5th level

15:30 - 16:00 Kseniya Garaschuk, TeachM, Boardroom C, Sheraton, 2nd floor

15:30 - 16:00 Sevag Gharibian, OpQuant, Canadian Room B, Crowne Plaza, 5th Floor
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17:30 - 18:00 Almut Burchard, NLPDE, Strategy Room 5/6, Sheraton, Level 5

17:30 - 18:00 Ada Sze Sze Chan, MatrTh, Strategy Room 7, Sheraton, 5th level

17:30 - 18:00 Kai Fong Ernest Chong, CommAlg, Strategy Room 3, Sheraton, 5th Level

17:30 - 18:00 John Grant McLoughlin, TeachM, Boardroom C, Sheraton, 2nd floor

17:30 - 18:00 Askold Khovanskii, CAlgGeo, Strategy Room 1, Sheraton, 5th floor

17:30 - 18:00 David Kribs, OpQuant, Canadian Room B, Crowne Plaza, 5th Floor

17:30 - 18:00 Jeremy Lane, Equiv, Upper Fallsview B, Sheraton, 5th floor

17:30 - 18:00 Greg Lewis, NLEvEq, Executive Boardroom, Sheraton, 5th level

17:30 - 18:00 Walaa Moursi, LSOpt, King George Room, Crowne Plaza, 5th Floor

17:30 - 18:00 Sylvia Nickerson, HistPh, Boardroom B, Sheraton, 2nd Floor

17:30 - 18:00 Sebastian Pokutta, CGOpt, Elizabeth Room, Crowne Plaza, UL Level

17:30 - 18:00 Andrew Vince, FracGeo, Canadian Room A, Crowne Plaza, 5th Floor

17:30 - 18:00 Andrew Zimmer, CxAna, Upper Fallsview A, Sheraton, 5th Level

18:00 - 18:30 Hadi Kharaghani, MatrTh, Strategy Room 7, Sheraton, 5th level

19:00 - 22:30 Awards Banquet / Banquet de prix, Table Rock Centre - Elements on the Falls Restaurant

Sunday December 4 dimanche 4 décembre
8:00 - 18:00 Registration / Inscription, Strategy Foyer, Sheraton, 3rd Level

8:00 - 18:00 AARMS-CMS Student Poster Session / Session de présentation par affiches pour étudiants AARMS-SMC,
Strategy Foyer, Sheraton, 3rd Level

8:00 - 8:30 Stephen Anco, NLPDE, Strategy Room 5/6, Sheraton, Level 5

8:00 - 8:30 Luc Belair, MLogic, Executive Boardroom, Sheraton, 5th Level

8:00 - 8:30 Ilia Binder, CxAna, Upper Fallsview A, Sheraton, 5th Level

8:00 - 8:30 Florin Diacu, DynSys, Great Room B, Sheraton, 3rd Level

8:00 - 8:30 Yuri Faenza, CGOpt, Elizabeth Room, Crowne Plaza, UL Level

8:00 - 8:30 Jonathan Hanselman, GeoTop, Great Room C, Sheraton, 3rd Level

8:00 - 8:30 Nathan Ilten, CAlgGeo, Strategy Room 1, Sheraton, 5th floor

8:00 - 8:30 Fernando Kasun, SPDynS, Brock Room, Crowne Plaza, UL Level

8:00 - 8:30 Andrew McEachern, FYCalc, Rainbow Salon, Crowne Plaza, 10th Floor

8:00 - 8:30 Franklin Mendivil, FracGeo, Canadian Room A, Crowne Plaza, 5th Floor

8:00 - 8:30 Peter Miller, IntSys, Fallsview Studio C, Sheraton, 3rd Level

8:00 - 8:30 Tetsu Mizumachi, NLEvEq, Great Room A, Sheraton, 3rd Level

8:00 - 8:30 Erick Schulz, SPDisc, Fallsview Studio B, Sheraton, 3rd level

8:00 - 8:30 József Vass, LSOpt, King George Room, Crowne Plaza, 5th Floor

8:00 - 8:30 Xiaoying Wang, PopBio, Strategy Room 7, Sheraton, 5th level

8:00 - 8:30 Karol Zyczkowski, OpQuant, Canadian Room B, Crowne Plaza, 5th Floor

8:00 - 8:40 Jie Xiao, GeoPDE, Strategy Room 2 - Sheraton - 5th floor

8:00 - 9:00 Christin Bibby, Equiv, Upper Fallsview B, Sheraton, 5th floor

8:30 - 8:55 Kevin Hare, AnNumTh, Victoria Room, Crown Plaza, UL Level

8:30 - 9:00 Almaz Butaev, PopBio, Strategy Room 7, Sheraton, 5th level

8:30 - 9:00 Jinbing Chen, IntSys, Fallsview Studio C, Sheraton, 3rd Level

8:30 - 9:00 Matt Davison, FinMat, Fallsview Studio A, Sheraton, Level 3

8:30 - 9:00 Trubee Davison, FracGeo, Canadian Room A, Crowne Plaza, 5th Floor

8:30 - 9:00 Mark Demers, SPDynS, Brock Room, Crowne Plaza, UL Level

8:30 - 9:00 Yanxia Deng, DynSys, Great Room B, Sheraton, 3rd Level

8:30 - 9:00 Brian Forrest, FYCalc, Rainbow Salon, Crowne Plaza, 10th Floor

8:30 - 9:00 Levon Haykazyan, MLogic, Executive Boardroom, Sheraton, 5th Level

8:30 - 9:00 Ying Hu, GeoTop, Great Room C, Sheraton, 3rd Level

8:30 - 9:00 Jack Jefferies, CommAlg, Strategy Room 3, Sheraton, 5th Level

8:30 - 9:00 Will Kazez, GGrpTh, Boardroom C, Sheraton, 2nd Floor

8:30 - 9:00 Jon Lee, CGOpt, Elizabeth Room, Crowne Plaza, UL Level

8:30 - 9:00 Yoav Len, CAlgGeo, Strategy Room 1, Sheraton, 5th floor

8:30 - 9:00 Javad Mashreghi, CxAna, Upper Fallsview A, Sheraton, 5th Level

8:30 - 9:00 Geoff McGregor, NLPDE, Strategy Room 5/6, Sheraton, Level 5

8:30 - 9:00 Hung Phan, LSOpt, King George Room, Crowne Plaza, 5th Floor

8:30 - 9:00 Zbigniew Puchala, OpQuant, Canadian Room B, Crowne Plaza, 5th Floor

8:30 - 9:00 Gantumur Tsogtgerel, SPDisc, Fallsview Studio B, Sheraton, 3rd level

8:30 - 9:00 Tyler Wilson, NLEvEq, Great Room A, Sheraton, 3rd Level

8:40 - 9:20 Marcus Khuri, GeoPDE, Strategy Room 2 - Sheraton - 5th floor

9:00 - 9:25 Steve Gonek, AnNumTh, Victoria Room, Crown Plaza, UL Level

9:00 - 9:30 William C. Abram, FracGeo, Canadian Room A, Crowne Plaza, 5th Floor

9:00 - 9:30 Ali Alilooee, CommAlg, Strategy Room 3, Sheraton, 5th Level

9:00 - 9:30 Stephen Anco, IntSys, Fallsview Studio C, Sheraton, 3rd Level

9:00 - 9:30 Tahir Choulli, FinMat, Fallsview Studio A, Sheraton, Level 3

9:00 - 9:30 Doug Farenick, OpQuant, Canadian Room B, Crowne Plaza, 5th Floor

9:00 - 9:30 Ricardo Fukasawa, CGOpt, Elizabeth Room, Crowne Plaza, UL Level

9:00 - 9:30 Alex Grigo, SPDynS, Brock Room, Crowne Plaza, UL Level

9:00 - 9:30 Ting-Hao Hsu, PopBio, Strategy Room 7, Sheraton, 5th level

9:00 - 9:30 Diana Hubbard, GGrpTh, Boardroom C, Sheraton, 2nd Floor

9:00 - 9:30 Tyler Meadows, StudRes, Boardroom B, Sheraton, 2nd Level

9:00 - 9:30 Leonardo Mihalcea, Equiv, Upper Fallsview B, Sheraton, 5th floor

9:00 - 9:30 Rahim Moosa, MLogic, Executive Boardroom, Sheraton, 5th Level

9:00 - 9:30 Manuele Santoprete, DynSys, Great Room B, Sheraton, 3rd Level

9:00 - 9:30 Matt Thomas and Megan Martinez, FYCalc, Rainbow Salon, Crowne Plaza, 10th Floor

9:00 - 9:30 Dylan Thurston, CxAna, Upper Fallsview A, Sheraton, 5th Level

9:00 - 9:30 Ihsan A. Topaloglu, NLEvEq, Great Room A, Sheraton, 3rd Level

9:00 - 9:30 Martin Ulirsch, CAlgGeo, Strategy Room 1, Sheraton, 5th floor

9:00 - 9:30 Francis Valiquette, SPDisc, Fallsview Studio B, Sheraton, 3rd level

9:00 - 9:30 Li Wang, NLPDE, Strategy Room 5/6, Sheraton, Level 5

9:00 - 9:30 Shawn Wang, LSOpt, King George Room, Crowne Plaza, 5th Floor

9:00 - 9:50 Kristen Hendricks, GeoTop, Great Room C, Sheraton, 3rd Level

9:20 - 10:00 Lydia Bieri, GeoPDE, Strategy Room 2 - Sheraton - 5th floor

9:30 - 9:55 Eyal Goren, AnNumTh, Victoria Room, Crown Plaza, UL Level

9:30 - 10:00 Jennifer Biermann, CommAlg, Strategy Room 3, Sheraton, 5th Level

9:30 - 10:00 Alexander Bihlo, SPDisc, Fallsview Studio B, Sheraton, 3rd level

9:30 - 10:00 Ilia Binder, FracGeo, Canadian Room A, Crowne Plaza, 5th Floor

9:30 - 10:00 Sylvie Bronsard, StudRes, Boardroom B, Sheraton, 2nd Level

9:30 - 10:00 Abel Cadenillas, FinMat, Fallsview Studio A, Sheraton, Level 3

9:30 - 10:00 Alexei Cheviakov, IntSys, Fallsview Studio C, Sheraton, 3rd Level

9:30 - 10:00 Santanu Dey, CGOpt, Elizabeth Room, Crowne Plaza, UL Level

9:30 - 10:00 Mohammad El Smaily, NLEvEq, Great Room A, Sheraton, 3rd Level

9:30 - 10:00 Nicholas Faulkner, DynSys, Great Room B, Sheraton, 3rd Level

9:30 - 10:00 Jan Feys, NLPDE, Strategy Room 5/6, Sheraton, Level 5

9:30 - 10:00 Kimberly Herder, FYCalc, Rainbow Salon, Crowne Plaza, 10th Floor

9:30 - 10:00 Yao Li, SPDynS, Brock Room, Crowne Plaza, UL Level

9:30 - 10:00 Sam Payne, CAlgGeo, Strategy Room 1, Sheraton, 5th floor

9:30 - 10:00 Sarah Plosker, OpQuant, Canadian Room B, Crowne Plaza, 5th Floor

9:30 - 10:00 Mentor Stafa, Equiv, Upper Fallsview B, Sheraton, 5th floor

9:30 - 10:00 Mohamed Tawhid, LSOpt, King George Room, Crowne Plaza, 5th Floor

9:30 - 10:00 Nicholas Vlamis, GGrpTh, Boardroom C, Sheraton, 2nd Floor
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8:30 - 9:00 Jon Lee, CGOpt, Elizabeth Room, Crowne Plaza, UL Level

8:30 - 9:00 Yoav Len, CAlgGeo, Strategy Room 1, Sheraton, 5th floor

8:30 - 9:00 Javad Mashreghi, CxAna, Upper Fallsview A, Sheraton, 5th Level

8:30 - 9:00 Geoff McGregor, NLPDE, Strategy Room 5/6, Sheraton, Level 5

8:30 - 9:00 Hung Phan, LSOpt, King George Room, Crowne Plaza, 5th Floor

8:30 - 9:00 Zbigniew Puchala, OpQuant, Canadian Room B, Crowne Plaza, 5th Floor

8:30 - 9:00 Gantumur Tsogtgerel, SPDisc, Fallsview Studio B, Sheraton, 3rd level

8:30 - 9:00 Tyler Wilson, NLEvEq, Great Room A, Sheraton, 3rd Level

8:40 - 9:20 Marcus Khuri, GeoPDE, Strategy Room 2 - Sheraton - 5th floor

9:00 - 9:25 Steve Gonek, AnNumTh, Victoria Room, Crown Plaza, UL Level

9:00 - 9:30 William C. Abram, FracGeo, Canadian Room A, Crowne Plaza, 5th Floor

9:00 - 9:30 Ali Alilooee, CommAlg, Strategy Room 3, Sheraton, 5th Level

9:00 - 9:30 Stephen Anco, IntSys, Fallsview Studio C, Sheraton, 3rd Level

9:00 - 9:30 Tahir Choulli, FinMat, Fallsview Studio A, Sheraton, Level 3

9:00 - 9:30 Doug Farenick, OpQuant, Canadian Room B, Crowne Plaza, 5th Floor

9:00 - 9:30 Ricardo Fukasawa, CGOpt, Elizabeth Room, Crowne Plaza, UL Level

9:00 - 9:30 Alex Grigo, SPDynS, Brock Room, Crowne Plaza, UL Level

9:00 - 9:30 Ting-Hao Hsu, PopBio, Strategy Room 7, Sheraton, 5th level

9:00 - 9:30 Diana Hubbard, GGrpTh, Boardroom C, Sheraton, 2nd Floor

9:00 - 9:30 Tyler Meadows, StudRes, Boardroom B, Sheraton, 2nd Level

9:00 - 9:30 Leonardo Mihalcea, Equiv, Upper Fallsview B, Sheraton, 5th floor

9:00 - 9:30 Rahim Moosa, MLogic, Executive Boardroom, Sheraton, 5th Level

9:00 - 9:30 Manuele Santoprete, DynSys, Great Room B, Sheraton, 3rd Level

9:00 - 9:30 Matt Thomas and Megan Martinez, FYCalc, Rainbow Salon, Crowne Plaza, 10th Floor

9:00 - 9:30 Dylan Thurston, CxAna, Upper Fallsview A, Sheraton, 5th Level

9:00 - 9:30 Ihsan A. Topaloglu, NLEvEq, Great Room A, Sheraton, 3rd Level

9:00 - 9:30 Martin Ulirsch, CAlgGeo, Strategy Room 1, Sheraton, 5th floor

9:00 - 9:30 Francis Valiquette, SPDisc, Fallsview Studio B, Sheraton, 3rd level

9:00 - 9:30 Li Wang, NLPDE, Strategy Room 5/6, Sheraton, Level 5

9:00 - 9:30 Shawn Wang, LSOpt, King George Room, Crowne Plaza, 5th Floor

9:00 - 9:50 Kristen Hendricks, GeoTop, Great Room C, Sheraton, 3rd Level

9:20 - 10:00 Lydia Bieri, GeoPDE, Strategy Room 2 - Sheraton - 5th floor

9:30 - 9:55 Eyal Goren, AnNumTh, Victoria Room, Crown Plaza, UL Level

9:30 - 10:00 Jennifer Biermann, CommAlg, Strategy Room 3, Sheraton, 5th Level

9:30 - 10:00 Alexander Bihlo, SPDisc, Fallsview Studio B, Sheraton, 3rd level

9:30 - 10:00 Ilia Binder, FracGeo, Canadian Room A, Crowne Plaza, 5th Floor

9:30 - 10:00 Sylvie Bronsard, StudRes, Boardroom B, Sheraton, 2nd Level

9:30 - 10:00 Abel Cadenillas, FinMat, Fallsview Studio A, Sheraton, Level 3

9:30 - 10:00 Alexei Cheviakov, IntSys, Fallsview Studio C, Sheraton, 3rd Level

9:30 - 10:00 Santanu Dey, CGOpt, Elizabeth Room, Crowne Plaza, UL Level

9:30 - 10:00 Mohammad El Smaily, NLEvEq, Great Room A, Sheraton, 3rd Level

9:30 - 10:00 Nicholas Faulkner, DynSys, Great Room B, Sheraton, 3rd Level

9:30 - 10:00 Jan Feys, NLPDE, Strategy Room 5/6, Sheraton, Level 5

9:30 - 10:00 Kimberly Herder, FYCalc, Rainbow Salon, Crowne Plaza, 10th Floor

9:30 - 10:00 Yao Li, SPDynS, Brock Room, Crowne Plaza, UL Level

9:30 - 10:00 Sam Payne, CAlgGeo, Strategy Room 1, Sheraton, 5th floor

9:30 - 10:00 Sarah Plosker, OpQuant, Canadian Room B, Crowne Plaza, 5th Floor

9:30 - 10:00 Mentor Stafa, Equiv, Upper Fallsview B, Sheraton, 5th floor

9:30 - 10:00 Mohamed Tawhid, LSOpt, King George Room, Crowne Plaza, 5th Floor

9:30 - 10:00 Nicholas Vlamis, GGrpTh, Boardroom C, Sheraton, 2nd Floor

9:30 - 10:00 Gail Wolkowicz, PopBio, Strategy Room 7, Sheraton, 5th level

9:30 - 10:00 Malik Younsi, CxAna, Upper Fallsview A, Sheraton, 5th Level

10:00 - 10:30 Break / Pause, Strategy Foyer, Sheraton, 3rd Level

10:00 - 16:30 Exhibits / Expositions, Strategy Foyer, Sheraton, 3rd Level

10:30 - 11:30 Diane Maclagan, Plenary, Great Room C, Tropical Geometry

11:30 - 12:30 Daniel Wise, JWPriz, Great Room C, The Cubical Route to Understanding Groups

12:30 - 13:00 Ross Willard, MLogic, Strategy Room 5/6, Sheraton, 5th Level

13:00 - 13:30 Matthew Jordan, StudRes, Boardroom B, Sheraton, 2nd Level

13:00 - 13:30 Matthew Moore, MLogic, Strategy Room 5/6, Sheraton, 5th Level

13:30 - 14:00 Benoit Larose, MLogic, Strategy Room 5/6, Sheraton, 5th Level

13:30 - 14:00 Lee Van Brussel, StudRes, Boardroom B, Sheraton, 2nd Level

14:00 - 15:00 Glen Van Brummelen, Plenary, Great Room C, History for the Future: Heavenly Storytelling in the Math-
ematics Classroom

15:00 - 15:30 Break / Pause, Strategy Foyer, Sheraton, 3rd Level

15:00 - 15:30 Julienne Kabre, SPDisc, Fallsview Studio B, Sheraton, 3rd level

15:00 - 15:30 Hyejin Ku, FinMat, Fallsview Studio A, Sheraton, Level 3

15:30 - 15:55 Alexander Dahl, AnNumTh, Victoria Room, Crown Plaza, UL Level

15:30 - 16:00 Mark Ablowitz, IntSys, Fallsview Studio C, Sheraton, 3rd Level

15:30 - 16:00 Werner Bauer, SPDisc, Fallsview Studio B, Sheraton, 3rd level

15:30 - 16:00 Maritza Branker, FYCalc, Rainbow Salon, Crowne Plaza, 10th Floor

15:30 - 16:00 Barbara Csima, MLogic, Strategy Room 5/6, Sheraton, 5th Level

15:30 - 16:00 Dmitry Dolgopyat, SPDynS, Brock Room, Crowne Plaza, UL Level

15:30 - 16:00 Ed Furman, FinMat, Fallsview Studio A, Sheraton, Level 3

15:30 - 16:00 Chi-Kwong Li, OpQuant, Canadian Room B, Crowne Plaza, 5th Floor

15:30 - 16:00 Chiu-Ju Lin, PopBio, Strategy Room 7, Sheraton, 5th level

15:30 - 16:00 Francesco Lin, GeoTop, Great Room C, Sheraton, 3rd Level

15:30 - 16:00 Adam Lowrance, GGrpTh, Boardroom C, Sheraton, 2nd Floor

15:30 - 16:00 Yves Lucet, LSOpt, King George Room, Crowne Plaza, 5th Floor

15:30 - 16:00 Sarah Mayes-Tang, CommAlg, Strategy Room 3, Sheraton, 5th Level

15:30 - 16:00 Dmitry Pelinovsky, DynSys, Great Room B, Sheraton, 3rd Level

15:30 - 16:00 Yurij Salmaniw, StudRes, Boardroom B, Sheraton, 2nd Level

15:30 - 16:00 Kristin Shaw, CAlgGeo, Strategy Room 1, Sheraton, 5th floor

15:30 - 16:00 Levent Tuncel, CGOpt, Elizabeth Room, Crowne Plaza, UL Level

15:30 - 16:00 Boming Yu, FracGeo, Canadian Room A, Crowne Plaza, 5th Floor

15:30 - 16:10 Gantumur Tsogtgerel, GeoPDE, Strategy Room 2 - Sheraton - 5th floor

15:30 - 16:30 Laura Escobar, Equiv, Upper Fallsview B, Sheraton, 5th floor

16:00 - 16:25 Alia Hamieh, AnNumTh, Victoria Room, Crown Plaza, UL Level

16:00 - 16:30 Hans Boden, GeoTop, Great Room C, Sheraton, 3rd Level

16:00 - 16:30 Seth Chart, SPDynS, Brock Room, Crowne Plaza, UL Level

16:00 - 16:30 Konstantinos Georgiou, CGOpt, Elizabeth Room, Crowne Plaza, UL Level

16:00 - 16:30 Philip Greenspoon, PopBio, Strategy Room 7, Sheraton, 5th level

16:00 - 16:30 Richard Hoshino, LSOpt, King George Room, Crowne Plaza, 5th Floor

16:00 - 16:30 Svenja Huntemann, CommAlg, Strategy Room 3, Sheraton, 5th Level

16:00 - 16:30 Cody Hyndman, FinMat, Fallsview Studio A, Sheraton, Level 3

16:00 - 16:30 Tao Li, GGrpTh, Boardroom C, Sheraton, 2nd Floor

16:00 - 16:30 Daniel McQuillan, FYCalc, Rainbow Salon, Crowne Plaza, 10th Floor

16:00 - 16:30 Artur Palha, SPDisc, Fallsview Studio B, Sheraton, 3rd level

16:00 - 16:30 Barbara Prinari, IntSys, Fallsview Studio C, Sheraton, 3rd Level

16:00 - 16:30 Daniel Puzzuoli, OpQuant, Canadian Room B, Crowne Plaza, 5th Floor

16:00 - 16:30 Daniel Slonim, FracGeo, Canadian Room A, Crowne Plaza, 5th Floor
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9:30 - 10:00 Gail Wolkowicz, PopBio, Strategy Room 7, Sheraton, 5th level

9:30 - 10:00 Malik Younsi, CxAna, Upper Fallsview A, Sheraton, 5th Level

10:00 - 10:30 Break / Pause, Strategy Foyer, Sheraton, 3rd Level

10:00 - 16:30 Exhibits / Expositions, Strategy Foyer, Sheraton, 3rd Level

10:30 - 11:30 Diane Maclagan, Plenary, Great Room C, Tropical Geometry

11:30 - 12:30 Daniel Wise, JWPriz, Great Room C, The Cubical Route to Understanding Groups

12:30 - 13:00 Ross Willard, MLogic, Strategy Room 5/6, Sheraton, 5th Level

13:00 - 13:30 Matthew Jordan, StudRes, Boardroom B, Sheraton, 2nd Level

13:00 - 13:30 Matthew Moore, MLogic, Strategy Room 5/6, Sheraton, 5th Level

13:30 - 14:00 Benoit Larose, MLogic, Strategy Room 5/6, Sheraton, 5th Level

13:30 - 14:00 Lee Van Brussel, StudRes, Boardroom B, Sheraton, 2nd Level

14:00 - 15:00 Glen Van Brummelen, Plenary, Great Room C, History for the Future: Heavenly Storytelling in the Math-
ematics Classroom

15:00 - 15:30 Break / Pause, Strategy Foyer, Sheraton, 3rd Level

15:00 - 15:30 Julienne Kabre, SPDisc, Fallsview Studio B, Sheraton, 3rd level

15:00 - 15:30 Hyejin Ku, FinMat, Fallsview Studio A, Sheraton, Level 3

15:30 - 15:55 Alexander Dahl, AnNumTh, Victoria Room, Crown Plaza, UL Level

15:30 - 16:00 Mark Ablowitz, IntSys, Fallsview Studio C, Sheraton, 3rd Level

15:30 - 16:00 Werner Bauer, SPDisc, Fallsview Studio B, Sheraton, 3rd level

15:30 - 16:00 Maritza Branker, FYCalc, Rainbow Salon, Crowne Plaza, 10th Floor

15:30 - 16:00 Barbara Csima, MLogic, Strategy Room 5/6, Sheraton, 5th Level

15:30 - 16:00 Dmitry Dolgopyat, SPDynS, Brock Room, Crowne Plaza, UL Level

15:30 - 16:00 Ed Furman, FinMat, Fallsview Studio A, Sheraton, Level 3

15:30 - 16:00 Chi-Kwong Li, OpQuant, Canadian Room B, Crowne Plaza, 5th Floor

15:30 - 16:00 Chiu-Ju Lin, PopBio, Strategy Room 7, Sheraton, 5th level

15:30 - 16:00 Francesco Lin, GeoTop, Great Room C, Sheraton, 3rd Level

15:30 - 16:00 Adam Lowrance, GGrpTh, Boardroom C, Sheraton, 2nd Floor

15:30 - 16:00 Yves Lucet, LSOpt, King George Room, Crowne Plaza, 5th Floor

15:30 - 16:00 Sarah Mayes-Tang, CommAlg, Strategy Room 3, Sheraton, 5th Level

15:30 - 16:00 Dmitry Pelinovsky, DynSys, Great Room B, Sheraton, 3rd Level

15:30 - 16:00 Yurij Salmaniw, StudRes, Boardroom B, Sheraton, 2nd Level

15:30 - 16:00 Kristin Shaw, CAlgGeo, Strategy Room 1, Sheraton, 5th floor

15:30 - 16:00 Levent Tuncel, CGOpt, Elizabeth Room, Crowne Plaza, UL Level

15:30 - 16:00 Boming Yu, FracGeo, Canadian Room A, Crowne Plaza, 5th Floor

15:30 - 16:10 Gantumur Tsogtgerel, GeoPDE, Strategy Room 2 - Sheraton - 5th floor

15:30 - 16:30 Laura Escobar, Equiv, Upper Fallsview B, Sheraton, 5th floor

16:00 - 16:25 Alia Hamieh, AnNumTh, Victoria Room, Crown Plaza, UL Level

16:00 - 16:30 Hans Boden, GeoTop, Great Room C, Sheraton, 3rd Level

16:00 - 16:30 Seth Chart, SPDynS, Brock Room, Crowne Plaza, UL Level

16:00 - 16:30 Konstantinos Georgiou, CGOpt, Elizabeth Room, Crowne Plaza, UL Level

16:00 - 16:30 Philip Greenspoon, PopBio, Strategy Room 7, Sheraton, 5th level

16:00 - 16:30 Richard Hoshino, LSOpt, King George Room, Crowne Plaza, 5th Floor

16:00 - 16:30 Svenja Huntemann, CommAlg, Strategy Room 3, Sheraton, 5th Level

16:00 - 16:30 Cody Hyndman, FinMat, Fallsview Studio A, Sheraton, Level 3

16:00 - 16:30 Tao Li, GGrpTh, Boardroom C, Sheraton, 2nd Floor

16:00 - 16:30 Daniel McQuillan, FYCalc, Rainbow Salon, Crowne Plaza, 10th Floor

16:00 - 16:30 Artur Palha, SPDisc, Fallsview Studio B, Sheraton, 3rd level

16:00 - 16:30 Barbara Prinari, IntSys, Fallsview Studio C, Sheraton, 3rd Level

16:00 - 16:30 Daniel Puzzuoli, OpQuant, Canadian Room B, Crowne Plaza, 5th Floor

16:00 - 16:30 Daniel Slonim, FracGeo, Canadian Room A, Crowne Plaza, 5th Floor

16:00 - 16:30 Robert Williams, CAlgGeo, Strategy Room 1, Sheraton, 5th floor

16:00 - 16:30 Huaiping Zhu, DynSys, Great Room B, Sheraton, 3rd Level

16:10 - 16:50 Spyros Alexakis, GeoPDE, Strategy Room 2 - Sheraton - 5th floor

16:30 - 16:55 Allysa Lumley, AnNumTh, Victoria Room, Crown Plaza, UL Level

16:30 - 17:00 Hiraku Abe, CAlgGeo, Strategy Room 1, Sheraton, 5th floor

16:30 - 17:00 Alan Ableson, FYCalc, Rainbow Salon, Crowne Plaza, 10th Floor

16:30 - 17:00 Ben Bolker, PopBio, Strategy Room 7, Sheraton, 5th level

16:30 - 17:00 Laurent Charette, DynSys, Great Room B, Sheraton, 3rd Level

16:30 - 17:00 Jianyu Chen, SPDynS, Brock Room, Crowne Plaza, UL Level

16:30 - 17:00 Jiawei Chen, LSOpt, King George Room, Crowne Plaza, 5th Floor

16:30 - 17:00 Yael Karshon, Equiv, Upper Fallsview B, Sheraton, 5th floor

16:30 - 17:00 Herb Kunze, FracGeo, Canadian Room A, Crowne Plaza, 5th Floor

16:30 - 17:00 Adam Levine, GeoTop, Great Room C, Sheraton, 3rd Level

16:30 - 17:00 Adam Metzler, FinMat, Fallsview Studio A, Sheraton, Level 3

16:30 - 17:00 Alexander Odesski, IntSys, Fallsview Studio C, Sheraton, 3rd Level

16:30 - 17:00 Tamon Stephen, CGOpt, Elizabeth Room, Crowne Plaza, UL Level

16:30 - 17:00 Jonny Stephenson, MLogic, Strategy Room 5/6, Sheraton, 5th Level

16:30 - 17:00 Ari Stern, SPDisc, Fallsview Studio B, Sheraton, 3rd level

16:30 - 17:00 Zoran Sunic, GGrpTh, Boardroom C, Sheraton, 2nd Floor

16:30 - 17:00 David Wehlau, CommAlg, Strategy Room 3, Sheraton, 5th Level

16:30 - 17:00 Xiaohong Zhang, OpQuant, Canadian Room B, Crowne Plaza, 5th Floor

16:50 - 17:30 Stefanos Aretakis, GeoPDE, Strategy Room 2 - Sheraton - 5th floor

17:00 - 17:25 Asif Zaman, AnNumTh, Victoria Room, Crown Plaza, UL Level

17:00 - 17:30 H. Praise Adeyemo, CAlgGeo, Strategy Room 1, Sheraton, 5th floor

17:00 - 17:30 Karsten Hempel, PopBio, Strategy Room 7, Sheraton, 5th level

17:00 - 17:30 Tom Hurd, FinMat, Fallsview Studio A, Sheraton, Level 3

17:00 - 17:30 Petko Kitanov, DynSys, Great Room B, Sheraton, 3rd Level

17:00 - 17:30 Claude Laflamme, MLogic, Strategy Room 5/6, Sheraton, 5th Level

17:00 - 17:30 Christine Lee, GGrpTh, Boardroom C, Sheraton, 2nd Floor

17:00 - 17:30 George Papamikos, IntSys, Fallsview Studio C, Sheraton, 3rd Level

17:00 - 17:30 Jamie Sikora, OpQuant, Canadian Room B, Crowne Plaza, 5th Floor

17:00 - 17:30 Terry Soo, SPDynS, Brock Room, Crowne Plaza, UL Level

17:00 - 17:30 Stefan Sremac, LSOpt, King George Room, Crowne Plaza, 5th Floor

17:00 - 17:30 Chaitanya Swamy, CGOpt, Elizabeth Room, Crowne Plaza, UL Level

17:00 - 17:30 József Vass, FracGeo, Canadian Room A, Crowne Plaza, 5th Floor

17:00 - 17:30 Andy Wan, SPDisc, Fallsview Studio B, Sheraton, 3rd level

17:00 - 17:30 Maria Wesslen and Jaimal Thind, FYCalc, Rainbow Salon, Crowne Plaza, 10th Floor

17:00 - 17:30 Ian Zemke, GeoTop, Great Room C, Sheraton, 3rd Level

17:00 - 18:00 Marc Stephan, Equiv, Upper Fallsview B, Sheraton, 5th floor

17:30 - 17:55 Amir Akbari, AnNumTh, Victoria Room, Crown Plaza, UL Level

17:30 - 18:00 Jason Bramburger, DynSys, Great Room B, Sheraton, 3rd Level

17:30 - 18:00 Wenzhao Chen, GeoTop, Great Room C, Sheraton, 3rd Level

17:30 - 18:00 David J.D. Earn, PopBio, Strategy Room 7, Sheraton, 5th level

17:30 - 18:00 Petar Jevtic, FinMat, Fallsview Studio A, Sheraton, Level 3

17:30 - 18:00 Daniel Kraus, IntSys, Fallsview Studio C, Sheraton, 3rd Level

17:30 - 18:00 Matthias Takouda, LSOpt, King George Room, Crowne Plaza, 5th Floor

17:30 - 18:00 Tamás Terlaky, CGOpt, Elizabeth Room, Crowne Plaza, UL Level

17:30 - 18:00 Giulio Tiozzo, SPDynS, Brock Room, Crowne Plaza, UL Level

17:30 - 18:00 Dani Wise, GGrpTh, Boardroom C, Sheraton, 2nd Floor

17:30 - 18:00 Alex Woo, CAlgGeo, Strategy Room 1, Sheraton, 5th floor
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16:00 - 16:30 Robert Williams, CAlgGeo, Strategy Room 1, Sheraton, 5th floor

16:00 - 16:30 Huaiping Zhu, DynSys, Great Room B, Sheraton, 3rd Level

16:10 - 16:50 Spyros Alexakis, GeoPDE, Strategy Room 2 - Sheraton - 5th floor

16:30 - 16:55 Allysa Lumley, AnNumTh, Victoria Room, Crown Plaza, UL Level

16:30 - 17:00 Hiraku Abe, CAlgGeo, Strategy Room 1, Sheraton, 5th floor

16:30 - 17:00 Alan Ableson, FYCalc, Rainbow Salon, Crowne Plaza, 10th Floor

16:30 - 17:00 Ben Bolker, PopBio, Strategy Room 7, Sheraton, 5th level

16:30 - 17:00 Laurent Charette, DynSys, Great Room B, Sheraton, 3rd Level

16:30 - 17:00 Jianyu Chen, SPDynS, Brock Room, Crowne Plaza, UL Level

16:30 - 17:00 Jiawei Chen, LSOpt, King George Room, Crowne Plaza, 5th Floor

16:30 - 17:00 Yael Karshon, Equiv, Upper Fallsview B, Sheraton, 5th floor

16:30 - 17:00 Herb Kunze, FracGeo, Canadian Room A, Crowne Plaza, 5th Floor

16:30 - 17:00 Adam Levine, GeoTop, Great Room C, Sheraton, 3rd Level

16:30 - 17:00 Adam Metzler, FinMat, Fallsview Studio A, Sheraton, Level 3

16:30 - 17:00 Alexander Odesski, IntSys, Fallsview Studio C, Sheraton, 3rd Level

16:30 - 17:00 Tamon Stephen, CGOpt, Elizabeth Room, Crowne Plaza, UL Level

16:30 - 17:00 Jonny Stephenson, MLogic, Strategy Room 5/6, Sheraton, 5th Level

16:30 - 17:00 Ari Stern, SPDisc, Fallsview Studio B, Sheraton, 3rd level

16:30 - 17:00 Zoran Sunic, GGrpTh, Boardroom C, Sheraton, 2nd Floor

16:30 - 17:00 David Wehlau, CommAlg, Strategy Room 3, Sheraton, 5th Level

16:30 - 17:00 Xiaohong Zhang, OpQuant, Canadian Room B, Crowne Plaza, 5th Floor

16:50 - 17:30 Stefanos Aretakis, GeoPDE, Strategy Room 2 - Sheraton - 5th floor

17:00 - 17:25 Asif Zaman, AnNumTh, Victoria Room, Crown Plaza, UL Level

17:00 - 17:30 H. Praise Adeyemo, CAlgGeo, Strategy Room 1, Sheraton, 5th floor

17:00 - 17:30 Karsten Hempel, PopBio, Strategy Room 7, Sheraton, 5th level

17:00 - 17:30 Tom Hurd, FinMat, Fallsview Studio A, Sheraton, Level 3

17:00 - 17:30 Petko Kitanov, DynSys, Great Room B, Sheraton, 3rd Level

17:00 - 17:30 Claude Laflamme, MLogic, Strategy Room 5/6, Sheraton, 5th Level

17:00 - 17:30 Christine Lee, GGrpTh, Boardroom C, Sheraton, 2nd Floor

17:00 - 17:30 George Papamikos, IntSys, Fallsview Studio C, Sheraton, 3rd Level

17:00 - 17:30 Jamie Sikora, OpQuant, Canadian Room B, Crowne Plaza, 5th Floor

17:00 - 17:30 Terry Soo, SPDynS, Brock Room, Crowne Plaza, UL Level

17:00 - 17:30 Stefan Sremac, LSOpt, King George Room, Crowne Plaza, 5th Floor

17:00 - 17:30 Chaitanya Swamy, CGOpt, Elizabeth Room, Crowne Plaza, UL Level

17:00 - 17:30 József Vass, FracGeo, Canadian Room A, Crowne Plaza, 5th Floor

17:00 - 17:30 Andy Wan, SPDisc, Fallsview Studio B, Sheraton, 3rd level

17:00 - 17:30 Maria Wesslen and Jaimal Thind, FYCalc, Rainbow Salon, Crowne Plaza, 10th Floor

17:00 - 17:30 Ian Zemke, GeoTop, Great Room C, Sheraton, 3rd Level

17:00 - 18:00 Marc Stephan, Equiv, Upper Fallsview B, Sheraton, 5th floor

17:30 - 17:55 Amir Akbari, AnNumTh, Victoria Room, Crown Plaza, UL Level

17:30 - 18:00 Jason Bramburger, DynSys, Great Room B, Sheraton, 3rd Level

17:30 - 18:00 Wenzhao Chen, GeoTop, Great Room C, Sheraton, 3rd Level

17:30 - 18:00 David J.D. Earn, PopBio, Strategy Room 7, Sheraton, 5th level

17:30 - 18:00 Petar Jevtic, FinMat, Fallsview Studio A, Sheraton, Level 3

17:30 - 18:00 Daniel Kraus, IntSys, Fallsview Studio C, Sheraton, 3rd Level

17:30 - 18:00 Matthias Takouda, LSOpt, King George Room, Crowne Plaza, 5th Floor

17:30 - 18:00 Tamás Terlaky, CGOpt, Elizabeth Room, Crowne Plaza, UL Level

17:30 - 18:00 Giulio Tiozzo, SPDynS, Brock Room, Crowne Plaza, UL Level

17:30 - 18:00 Dani Wise, GGrpTh, Boardroom C, Sheraton, 2nd Floor

17:30 - 18:00 Alex Woo, CAlgGeo, Strategy Room 1, Sheraton, 5th floor

18:00 - 19:00 Tom Salisbury, JPlen, Great Room C, Uncertain longevity

18:00 - 18:30 Foivos Xanthos, FinMat, Fallsview Studio A, Sheraton, Level 3

Monday December 5 lundi 5 décembre
8:00 - 18:00 Registration / Inscription, Strategy Foyer, Sheraton, 3rd Level

8:00 - 8:30 Aghil Alaee, GeoPDE, Strategy Room 2 - Sheraton - 5th floor

8:00 - 8:30 Gustavo Carrero, Contrib, Fallsview Studio B, Sheraton, 3rd Level

8:00 - 8:30 Guo Deng, IntSys, Fallsview Studio C, Sheraton, 3rd Level

8:00 - 9:00 Matthias Franz, Equiv, Upper Fallsview B, Sheraton, 5th floor

8:30 - 9:00 Armando Cabrera, GeoPDE, Strategy Room 2 - Sheraton - 5th floor

8:30 - 9:00 Subhadip Chowdhury, GGrpTh, Strategy Room 1, Sheraton, 5th level

8:30 - 9:00 Chango Keem, Contrib, Fallsview Studio B, Sheraton, 3rd Level

8:30 - 9:00 Sitai Li, IntSys, Fallsview Studio C, Sheraton, 3rd Level

8:30 - 9:00 Traian Pirvu, FinMat, Fallsview Studio A, Sheraton, Level 3

9:00 - 9:30 Panagiotis Gianniotis, GeoPDE, Strategy Room 2 - Sheraton - 5th floor

9:00 - 9:30 Chen He, Equiv, Upper Fallsview B, Sheraton, 5th floor

9:00 - 9:30 Kasia Jankiewicz, GGrpTh, Strategy Room 1, Sheraton, 5th level

9:00 - 9:30 Elena Recio, IntSys, Fallsview Studio C, Sheraton, 3rd Level

9:00 - 9:30 Kristina Sendova, FinMat, Fallsview Studio A, Sheraton, Level 3

9:00 - 9:30 Muhammad Sufyan, Contrib, Fallsview Studio B, Sheraton, 3rd Level

9:30 - 10:00 Siao-Hao Guo, GeoPDE, Strategy Room 2 - Sheraton - 5th floor

9:30 - 10:00 Safouhi Hassan, Contrib, Fallsview Studio B, Sheraton, 3rd Level

9:30 - 10:00 Jingyin Huang, GGrpTh, Strategy Room 1, Sheraton, 5th level

9:30 - 10:00 Eckhard Meinrenken, Equiv, Upper Fallsview B, Sheraton, 5th floor

9:30 - 10:00 Jean-François Renaud, FinMat, Fallsview Studio A, Sheraton, Level 3

9:30 - 10:00 Qiao Wang, IntSys, Fallsview Studio C, Sheraton, 3rd Level

10:00 - 10:30 Break / Pause, Strategy Foyer, Sheraton, 3rd Level

10:30 - 11:30 Natasa Sesum, Plenary, Great Room C, Ancient solutions and singularities in geometric flows

11:30 - 12:30 Vincent Genest, DocPriz, Great Room C, 49 minutes to Bannai-Ito algebras

14:00 - 15:00 Mark Ablowitz, JPlen, Great Room C, Nonlinear Waves: Solitons At Age 50 and More. . .

15:00 - 15:30 Break / Pause, Strategy Foyer, Sheraton, 3rd Level

15:30 - 16:00 Tyrone Ghaswala, GGrpTh, Strategy Room 1, Sheraton, 5th level

15:30 - 16:00 Yiannis Loizides, Equiv, Upper Fallsview B, Sheraton, 5th floor

15:30 - 16:00 Ilie Radu Mitric, FinMat, Fallsview Studio A, Sheraton, Level 3

16:00 - 16:30 Lisa Jeffrey, Equiv, Upper Fallsview B, Sheraton, 5th floor

16:00 - 16:30 Rogemar Mamon, FinMat, Fallsview Studio A, Sheraton, Level 3

16:00 - 16:30 Sarah Mousley, GGrpTh, Strategy Room 1, Sheraton, 5th level

16:30 - 17:00 Peter Crooks, Equiv, Upper Fallsview B, Sheraton, 5th floor

16:30 - 17:00 Adam Kolkiewicz, FinMat, Fallsview Studio A, Sheraton, Level 3

16:30 - 17:00 Adam Sikora, GGrpTh, Strategy Room 1, Sheraton, 5th level

17:00 - 17:30 Taehan Bae, FinMat, Fallsview Studio A, Sheraton, Level 3

17:00 - 17:30 Reyer Sjamaar, Equiv, Upper Fallsview B, Sheraton, 5th floor

17:30 - 18:00 Donald Stanley, Equiv, Upper Fallsview B, Sheraton, 5th floor

17:30 - 18:00 Tuan Tran, FinMat, Fallsview Studio A, Sheraton, Level 3

18:00 - 18:30 George Lai, FinMat, Fallsview Studio A, Sheraton, Level 3
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18:00 - 19:00 Tom Salisbury, JPlen, Great Room C, Uncertain longevity

18:00 - 18:30 Foivos Xanthos, FinMat, Fallsview Studio A, Sheraton, Level 3

Monday December 5 lundi 5 décembre
8:00 - 18:00 Registration / Inscription, Strategy Foyer, Sheraton, 3rd Level

8:00 - 8:30 Aghil Alaee, GeoPDE, Strategy Room 2 - Sheraton - 5th floor

8:00 - 8:30 Gustavo Carrero, Contrib, Fallsview Studio B, Sheraton, 3rd Level

8:00 - 8:30 Guo Deng, IntSys, Fallsview Studio C, Sheraton, 3rd Level

8:00 - 9:00 Matthias Franz, Equiv, Upper Fallsview B, Sheraton, 5th floor

8:30 - 9:00 Armando Cabrera, GeoPDE, Strategy Room 2 - Sheraton - 5th floor

8:30 - 9:00 Subhadip Chowdhury, GGrpTh, Strategy Room 1, Sheraton, 5th level

8:30 - 9:00 Chango Keem, Contrib, Fallsview Studio B, Sheraton, 3rd Level

8:30 - 9:00 Sitai Li, IntSys, Fallsview Studio C, Sheraton, 3rd Level

8:30 - 9:00 Traian Pirvu, FinMat, Fallsview Studio A, Sheraton, Level 3

9:00 - 9:30 Panagiotis Gianniotis, GeoPDE, Strategy Room 2 - Sheraton - 5th floor

9:00 - 9:30 Chen He, Equiv, Upper Fallsview B, Sheraton, 5th floor

9:00 - 9:30 Kasia Jankiewicz, GGrpTh, Strategy Room 1, Sheraton, 5th level

9:00 - 9:30 Elena Recio, IntSys, Fallsview Studio C, Sheraton, 3rd Level

9:00 - 9:30 Kristina Sendova, FinMat, Fallsview Studio A, Sheraton, Level 3

9:00 - 9:30 Muhammad Sufyan, Contrib, Fallsview Studio B, Sheraton, 3rd Level

9:30 - 10:00 Siao-Hao Guo, GeoPDE, Strategy Room 2 - Sheraton - 5th floor

9:30 - 10:00 Safouhi Hassan, Contrib, Fallsview Studio B, Sheraton, 3rd Level

9:30 - 10:00 Jingyin Huang, GGrpTh, Strategy Room 1, Sheraton, 5th level

9:30 - 10:00 Eckhard Meinrenken, Equiv, Upper Fallsview B, Sheraton, 5th floor

9:30 - 10:00 Jean-François Renaud, FinMat, Fallsview Studio A, Sheraton, Level 3

9:30 - 10:00 Qiao Wang, IntSys, Fallsview Studio C, Sheraton, 3rd Level

10:00 - 10:30 Break / Pause, Strategy Foyer, Sheraton, 3rd Level

10:30 - 11:30 Natasa Sesum, Plenary, Great Room C, Ancient solutions and singularities in geometric flows

11:30 - 12:30 Vincent Genest, DocPriz, Great Room C, 49 minutes to Bannai-Ito algebras

14:00 - 15:00 Mark Ablowitz, JPlen, Great Room C, Nonlinear Waves: Solitons At Age 50 and More. . .

15:00 - 15:30 Break / Pause, Strategy Foyer, Sheraton, 3rd Level

15:30 - 16:00 Tyrone Ghaswala, GGrpTh, Strategy Room 1, Sheraton, 5th level

15:30 - 16:00 Yiannis Loizides, Equiv, Upper Fallsview B, Sheraton, 5th floor

15:30 - 16:00 Ilie Radu Mitric, FinMat, Fallsview Studio A, Sheraton, Level 3

16:00 - 16:30 Lisa Jeffrey, Equiv, Upper Fallsview B, Sheraton, 5th floor

16:00 - 16:30 Rogemar Mamon, FinMat, Fallsview Studio A, Sheraton, Level 3

16:00 - 16:30 Sarah Mousley, GGrpTh, Strategy Room 1, Sheraton, 5th level

16:30 - 17:00 Peter Crooks, Equiv, Upper Fallsview B, Sheraton, 5th floor

16:30 - 17:00 Adam Kolkiewicz, FinMat, Fallsview Studio A, Sheraton, Level 3

16:30 - 17:00 Adam Sikora, GGrpTh, Strategy Room 1, Sheraton, 5th level

17:00 - 17:30 Taehan Bae, FinMat, Fallsview Studio A, Sheraton, Level 3

17:00 - 17:30 Reyer Sjamaar, Equiv, Upper Fallsview B, Sheraton, 5th floor

17:30 - 18:00 Donald Stanley, Equiv, Upper Fallsview B, Sheraton, 5th floor

17:30 - 18:00 Tuan Tran, FinMat, Fallsview Studio A, Sheraton, Level 3

18:00 - 18:30 George Lai, FinMat, Fallsview Studio A, Sheraton, Level 3
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Joint CAIMS/CMS Plenary
Conférences plénières SCMAI/SMC

Joint CAIMS/CMS Plenary
Conférences plénières SCMAI/SMC

Schedule/Horaire Room/Salle: Great Room C

Sunday December 4 dimanche 4 décembre
18:00 - 19:00 Tom Salisbury, Uncertain longevity

Monday December 5 lundi 5 décembre
14:00 - 15:00 Mark Ablowitz, Nonlinear Waves: Solitons At Age 50 and More. . .

Abstracts/Résumés

MARK ABLOWITZ, University of Colorado, Boulder

[Monday December 5 / lundi 5 décembre, 14:00 – Great Room C]

Nonlinear Waves: Solitons At Age 50 and More. . .

The study of nonlinear waves has led to many remarkable discoveries, one of them being ‘solitons’, found some 50 years ago.
Solitons motivated the development of the Inverse Scattering Transform (IST). This is a method that leads to the solution of a
class of nonlinear evolution equations. History, background, examples and new nonlocal integrable equations will be discussed.

TOM SALISBURY, York University

[Sunday December 4 / dimanche 4 décembre, 18:00 – Great Room C]

Uncertain longevity

Each year that goes by sees people living about 1.5 months longer, on average. Actuaries factor such projections into the
pricing and hedging of both life insurance and annuities, but how risky is it to rely on such projections? Could a new drug
come along, scour the plaque from our arteries, add 10 years to our lives, and bankrupt all our pension plans and annuities?

Models of stochastic mortality have become an active topic in actuarial and financial research. We’ll survey some of those
models, and will use stochastic control theory to see how uncertainty around mortality rates might affect peoples’ optimal
investment decisions. We’ll look at alternative ways of designing annuities (called tontines) that are less susceptible to these
risks.
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Plenary Lectures
Conférences plénières

Plenary Lectures
Conférences plénières

Schedule/Horaire Rooms/Salles: Great Room C, Niagara Room

Saturday December 3 samedi 3 décembre
10:30 - 11:30 Karol Zyczkowski, Niagara Room, On Mathematics useful in Quantum Theory (a personal perspective)

Sunday December 4 dimanche 4 décembre
10:30 - 11:30 Diane Maclagan, Great Room C, Tropical Geometry

14:00 - 15:00 Glen Van Brummelen, Great Room C, History for the Future: Heavenly Storytelling in the Mathematics
Classroom

Monday December 5 lundi 5 décembre
10:30 - 11:30 Natasa Sesum, Great Room C, Ancient solutions and singularities in geometric flows

Abstracts/Résumés

DIANE MACLAGAN, University of Warwick

[Sunday December 4 / dimanche 4 décembre, 10:30 – Great Room C]

Tropical Geometry

Tropical geometry is geometry over the tropical semiring, where multiplication is replaced by addition and addition by minimum.
This turns objects from algebraic geometry into objects of polyhedral geometry, and allows new combinatorial techniques to
enter the area. This simple idea has had a surprisingly large impact over the last decade, both inside and outside algebraic
geometry, including connections to areas as diverse as number theory, combinatorics, mathematical biology, and economics. In
this talk I will survey a sampling of these ideas and applications, and introduce some of the algebraic foundations.

NATASA SESUM, Rutgers University

[Monday December 5 / lundi 5 décembre, 10:30 – Great Room C]

Ancient solutions and singularities in geometric flows

Ancient solutions appear as singularity models in geometric flows. Understanding those is important for understanding singu-
larities that occur while flowing a metric in either the Ricci flow or the Yamabe flow or flowing a hypersurface in the mean
curvature flow. In the first part of the talk we will give an overview of known properties for ancient solutions and our recent
classification results of those, especially in the mean curvature flow. In the second part of the talk we will discuss extension
results for the mean curvature flow.

GLEN VAN BRUMMELEN, Quest University

[Sunday December 4 / dimanche 4 décembre, 14:00 – Great Room C]

History for the Future: Heavenly Storytelling in the Mathematics Classroom

We learn best through stories, and the development of mathematics is one of the greatest stories ever told. History provides
a rich context for motivating topics, identifying research approaches, applying critical thinking, and illustrating the deep
implications of mathematical discoveries. We will explore the power of history in the mathematics classroom through several
examples, especially the invention of trigonometry and precursors to numerical analysis in pre-modern mathematical astronomy.
Resources for pedagogical materials will be highlighted, and we will suggest avenues for curricular development.

Plenary Lectures
Conférences plénières

Schedule/Horaire Rooms/Salles: Great Room C, Niagara Room

Saturday December 3 samedi 3 décembre
10:30 - 11:30 Karol Zyczkowski, Niagara Room, On Mathematics useful in Quantum Theory (a personal perspective)

Sunday December 4 dimanche 4 décembre
10:30 - 11:30 Diane Maclagan, Great Room C, Tropical Geometry

14:00 - 15:00 Glen Van Brummelen, Great Room C, History for the Future: Heavenly Storytelling in the Mathematics
Classroom

Monday December 5 lundi 5 décembre
10:30 - 11:30 Natasa Sesum, Great Room C, Ancient solutions and singularities in geometric flows

Abstracts/Résumés

DIANE MACLAGAN, University of Warwick

[Sunday December 4 / dimanche 4 décembre, 10:30 – Great Room C]

Tropical Geometry

Tropical geometry is geometry over the tropical semiring, where multiplication is replaced by addition and addition by minimum.
This turns objects from algebraic geometry into objects of polyhedral geometry, and allows new combinatorial techniques to
enter the area. This simple idea has had a surprisingly large impact over the last decade, both inside and outside algebraic
geometry, including connections to areas as diverse as number theory, combinatorics, mathematical biology, and economics. In
this talk I will survey a sampling of these ideas and applications, and introduce some of the algebraic foundations.

NATASA SESUM, Rutgers University

[Monday December 5 / lundi 5 décembre, 10:30 – Great Room C]

Ancient solutions and singularities in geometric flows

Ancient solutions appear as singularity models in geometric flows. Understanding those is important for understanding singu-
larities that occur while flowing a metric in either the Ricci flow or the Yamabe flow or flowing a hypersurface in the mean
curvature flow. In the first part of the talk we will give an overview of known properties for ancient solutions and our recent
classification results of those, especially in the mean curvature flow. In the second part of the talk we will discuss extension
results for the mean curvature flow.

GLEN VAN BRUMMELEN, Quest University

[Sunday December 4 / dimanche 4 décembre, 14:00 – Great Room C]

History for the Future: Heavenly Storytelling in the Mathematics Classroom

We learn best through stories, and the development of mathematics is one of the greatest stories ever told. History provides
a rich context for motivating topics, identifying research approaches, applying critical thinking, and illustrating the deep
implications of mathematical discoveries. We will explore the power of history in the mathematics classroom through several
examples, especially the invention of trigonometry and precursors to numerical analysis in pre-modern mathematical astronomy.
Resources for pedagogical materials will be highlighted, and we will suggest avenues for curricular development.
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Plenary Lectures
Conférences plénières

KAROL ZYCZKOWSKI, Jagiellonian University, Cracow, Poland

[Saturday December 3 / samedi 3 décembre, 10:30 – Niagara Room]

On Mathematics useful in Quantum Theory (a personal perspective)

Which branches of mathematics are the most important for a physicist working in quantum mechanics? How to foster an
interdisciplinary collaboration of a physicist and a mathematician? Basing on personal experience concerning research related
to dynamical systems, geometry of convex sets, differential geometry, operator theory, combinatorics, linear algebra, matrix
analysis and random matrices I will try to argue that such a collaboration is possible and can be fruitful.

Plenary Lectures
Conférences plénières

Schedule/Horaire Rooms/Salles: Great Room C, Niagara Room

Saturday December 3 samedi 3 décembre
10:30 - 11:30 Karol Zyczkowski, Niagara Room, On Mathematics useful in Quantum Theory (a personal perspective)

Sunday December 4 dimanche 4 décembre
10:30 - 11:30 Diane Maclagan, Great Room C, Tropical Geometry

14:00 - 15:00 Glen Van Brummelen, Great Room C, History for the Future: Heavenly Storytelling in the Mathematics
Classroom

Monday December 5 lundi 5 décembre
10:30 - 11:30 Natasa Sesum, Great Room C, Ancient solutions and singularities in geometric flows

Abstracts/Résumés

DIANE MACLAGAN, University of Warwick

[Sunday December 4 / dimanche 4 décembre, 10:30 – Great Room C]

Tropical Geometry

Tropical geometry is geometry over the tropical semiring, where multiplication is replaced by addition and addition by minimum.
This turns objects from algebraic geometry into objects of polyhedral geometry, and allows new combinatorial techniques to
enter the area. This simple idea has had a surprisingly large impact over the last decade, both inside and outside algebraic
geometry, including connections to areas as diverse as number theory, combinatorics, mathematical biology, and economics. In
this talk I will survey a sampling of these ideas and applications, and introduce some of the algebraic foundations.

NATASA SESUM, Rutgers University

[Monday December 5 / lundi 5 décembre, 10:30 – Great Room C]

Ancient solutions and singularities in geometric flows

Ancient solutions appear as singularity models in geometric flows. Understanding those is important for understanding singu-
larities that occur while flowing a metric in either the Ricci flow or the Yamabe flow or flowing a hypersurface in the mean
curvature flow. In the first part of the talk we will give an overview of known properties for ancient solutions and our recent
classification results of those, especially in the mean curvature flow. In the second part of the talk we will discuss extension
results for the mean curvature flow.

GLEN VAN BRUMMELEN, Quest University

[Sunday December 4 / dimanche 4 décembre, 14:00 – Great Room C]

History for the Future: Heavenly Storytelling in the Mathematics Classroom

We learn best through stories, and the development of mathematics is one of the greatest stories ever told. History provides
a rich context for motivating topics, identifying research approaches, applying critical thinking, and illustrating the deep
implications of mathematical discoveries. We will explore the power of history in the mathematics classroom through several
examples, especially the invention of trigonometry and precursors to numerical analysis in pre-modern mathematical astronomy.
Resources for pedagogical materials will be highlighted, and we will suggest avenues for curricular development.

Public Lecture
Conférence publique

Public Lecture
Conférence publique

Schedule/Horaire Room/Salle: Great Room C

Friday December 2 vendredi 2 décembre
17:00 - 18:00 Dror Bar-Natan, The Hardest Math I’ve Ever Really Used

Abstract/Résumé

DROR BAR-NATAN, University of Toronto

[Friday December 2 / vendredi 2 décembre, 17:00 – Great Room C]

The Hardest Math I’ve Ever Really Used

What’s the hardest math I’ve ever used in real life? Me, myself, directly - not by using a cellphone or a GPS device that
somebody else designed? And in ”real life” - not while studying or teaching mathematics?

I use addition and subtraction daily, adding up bills or calculating change. I use percentages often, though mostly it is just
”add 15 percents”. I seldom use multiplication and division: when I buy in bulk, or when I need to know how many tiles I need
to replace my kitchen floor. I’ve used powers twice in my life, doing calculations related to mortgages. For a long time, that
was all. In my talk I will tell you how recently a math topic discovered only in the 1800s made a brief and modest appearance
in my non-mathematical life. There are many books devoted to that topic and a lot of active research. Yet for all I know,
nobody ever needed the actual formulas for such a simple reason before.

Hence we’ll talk about the motion of movie cameras, and the fastest way to go from A to B subject to driving speed limits that
depend on the locale, and the ”happy segway principle” which is a the heart of the least action principle which in itself is at the
heart of all of modern physics, and finally, about that funny discovery of Janos Bolyai’s and Nikolai Ivanovich Lobachevsky’s,
that the famed axiom of parallels of the ancient Greeks need not actually be true.
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Prize Lectures /
Conférence des lauréats

Prize Lectures
Conférence des lauréats

Schedule/Horaire Rooms/Salles: Great Room C; Niagara Room, Crowne Plaza

Saturday December 3 samedi 3 décembre
11:30 - 12:30 Donald Violette, Niagara Room, Crowne Plaza, Et si on enseignait la passion?

13:30 - 14:30 Louigi Addario-Berry, Niagara Room, Crowne Plaza, Probabilistic aspects of minimum spanning trees

Sunday December 4 dimanche 4 décembre
11:30 - 12:30 Daniel Wise, Great Room C, The Cubical Route to Understanding Groups

Monday December 5 lundi 5 décembre
11:30 - 12:30 Vincent Genest, Great Room C, 49 minutes to Bannai-Ito algebras

Abstract/Résumé

Adrien Pouliot Award
Prix Adrien-Pouliot

DONALD VIOLETTE, Université de Moncton

[Saturday December 3 / samedi 3 décembre, 11:30 – Niagara Room, Crowne Plaza]

Et si on enseignait la passion?

ET SI ON ENSEIGNAIT LA PASSION? Deux adages m’ont toujours guidé depuis mes premiers balbutiements dans le monde
des mathématiques. Rien ne s’accomplit dans ce monde, sans passion et Être plus que parâıtre.

Ces adages m’ont amené à me questionner sur mon enseignement dès ma première année d’enseignement universitaire à l’âge
de 23 ans. J’ai vite compris qu’un professeur ne devait pas seulement transmettre des connaissances, mais également de la
passion. Car la passion est contagieuse, elle est communicative et elle rend les cours plus intéressants, plus vivants et plus
stimulants, ce qui est extrêmement gratifiant pour un professeur.

J’avais des rêves : mettre sur pied des activités intellectuelles de haut niveau pour les élèves doués des écoles francophones du
Nouveau-Brunswick. Ces rêves sont devenus réalité en fondant, entre autres, trois concours et trois camps de mathématiques
ainsi qu’une fondation mathématique, la première et la seule au Canada, qui englobe tous mes projets pour les jeunes.

Dans cette conférence, je vais vous parler de ma passion, de mes rêves, de mes projets, de ma façon unique d’enseigner, de
mon amour pour les mathématiques, l’enseignement et les jeunes, etc.

Coxeter-James Prize
Prix Coxeter-James

LOUIGI ADDARIO-BERRY, McGill

[Saturday December 3 / samedi 3 décembre, 13:30 – Niagara Room, Crowne Plaza]

Probabilistic aspects of minimum spanning trees
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One of the most dynamic areas of probability theory is the study of the behaviour of discrete optimization problems on random
inputs. My talk will focus on the probabilistic analysis of one of the first and foundational combinatorial optimization problems:
the minimum spanning tree problem. The structure of a random minimum spanning tree (MST) of a graph G turns out to
be intimately linked to the behaviour of critical and near-critical percolation on G. I will describe this connection, and present
some results on the structure, scaling limits, and volume growth of random MSTs. It turns out that, on high-dimensional
graphs, random minimum spanning trees are expected to be three-dimensional when viewed intrinsically, and six-dimensional
when viewed as embedded objects.

Doctoral Prize
Prix de doctorat

VINCENT GENEST, Massachusetts Institute of Technology

[Monday December 5 / lundi 5 décembre, 11:30 – Great Room C]

49 minutes to Bannai-Ito algebras

This talk will be an overview of Bannai-Ito algebras. Using concrete examples, I will explain the role played by these algebras
in Schur-Weyl dualities, how they arise in super-integrable quantum systems, and their relation to orthogonal polynomials.

Jeffery-Williams Prize
Prix Jeffery-Williams

DANIEL WISE, McGill

[Sunday December 4 / dimanche 4 décembre, 11:30 – Great Room C]

The Cubical Route to Understanding Groups

Cube complexes have come to play an increasingly central role within geometric group theory, as their connection to right-angled
Artin groups provides a powerful combinatorial bridge between geometry and algebra. This talk will introduce nonpositively
curved cube complexes, and then describe the developments that have recently culminated in the resolution of the virtual
Haken conjecture for 3-manifolds, and simultaneously dramatically extended our understanding of many infinite groups.

Prize Lectures
Conférence des lauréats
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Abstract/Résumé
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Call for noMinationS –

CMS reSearCh PrizeS
The CMS Research Committee is inviting nominations for three prize lectureships. These prize lectureships 
are intended to recognize members of the Canadian mathematical community. 

The Coxeter-James Prize Lectureship recognizes young mathematicians who have made outstanding 
contributions to mathematical research. The recipient shall be a member of the Canadian mathematical 
community. Nominations may be made up to ten years from the candidate’s Ph.D. A nomination can be 
updated and will remain active for a second year unless the original nomination is made in the tenth year 
from the candidate’s Ph.D. For more information, visit: https://cms.math.ca/Prizes/cj-nom

The Jeffery-Williams Prize Lectureship recognizes mathematicians who have made outstanding 
contributions to mathematical research. The recipient shall be a member of the Canadian mathematical 
community. A nomination can be updated and will remain active for three years. For more information: 
https://cms.math.ca/Prizes/jw-nom

The Krieger-Nelson Prize Lectureship recognizes outstanding research by a female mathematician. The 
recipient shall be a member of the Canadian mathematical community. A nomination can be updated and 
will remain active for two years. For more information: https://cms.math.ca/Prizes/kn-nom

The deadline for nominations, including at least three letters of reference, is September 30, 2017. 
Nomination letters should list the chosen referees and include a recent curriculum vitae for the nominee. 
Some arms-length referees are strongly encouraged. Nominations and the reference letters from the 
chosen referees should be submitted electronically, preferably in PDF format, to the corresponding email 
address and no later than September 30, 2017:

Coxeter-James: cjprize@cms.math.ca
Jeffery-Williams: jwprize@cms.math.ca
Krieger-Nelson: knprize@cms.math.ca
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aPPel de MiSeS en Candidature –

Prix de reCherChe de la SMC
Le Comité de recherche de la SMC lance un appel de mises en candidatures pour trois de ses prix de 
conférence. Ces prix ont tous pour objectif de souligner l’excellence de membres
de la communauté mathématique canadienne.

Le Prix Coxeter-James rend hommage aux jeunes mathématiciens qui se sont distingués par l’excellence 
de leur contribution à la recherche mathématique. Cette personne doit etre membre de la communauté 
mathématique canadienne. Les candidats sont admissibles jusqu’à dix ans après l’obtention de leur 
doctorat. Toute mise en candidature est modifiable et demeurera active l’année suivante, à moins que 
la mise en candidature originale ait été faite la 10e année suivant l’obtention du doctorat. Pour les 
renseignements, voir : https://cms.math.ca/Prix/cj-nom

Le Prix Jeffery-Williams rend hommage aux mathématiciens ayant fait une contribution exceptionnelle 
à la recherche mathématique. Cette personne doit être membre de la communauté mathématique 
canadienne. Toute mise en candidature est modifiable et demeurera active pendant trois ans. Pour les 
renseignements, voir : https://cms.math.ca/Prix/jw-nom

Le Prix Krieger-Nelson rend hommage aux mathématiciennes qui se sont distinguées par l’excellence 
de leur contribution à la recherche mathématique. La laureate doit etre membre de la communauté 
mathématique canadienne. Toute mise en candidature est modifiable et demeurera active pendant deux 
ans. Pour les renseignements, voir : https://cms.math.ca/Prix/info/kn

La date limite pour déposer une candidature, qui comprendra au moins trois lettres de référence, est le 
30 septembre 2017. Le dossier de candidature doit comprendre le nom des personnes données à titre de 
référence ainsi qu’un curriculum vitae récent du candidat ou de la candidate. Veuillez faire parvenir les 
mises en candidature et lettres de référence par voie électronique, de préférence en format PDF, avant la 
date limite, à l’adresse électronique correspondante et au plus tard le 30 septembre 2017 :

Coxeter-James : prixcj@smc.math.ca
Jeffery-Williams : prixjw@smc.math.ca
Krieger-Nelson : prixkn@smc.math.ca
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2017 adrien Pouliot aWard 
Nominations of individuals or teams of individuals who have made significant and sustained contributions 
to mathematics education in Canada are solicited. Such contributions are to be interpreted in the 
broadest possible sense and might include: community outreach programs, the development of a new 
program in either an academic or industrial setting, publicizing mathematics so as to make mathematics 
accessible to the general public, developing mathematics displays, establishing and supporting 
mathematics conferences and competitions for students, etc.

Nominations must be received by the CMS Office no later than April 30, 2017.
Please submit your nomination electronically, preferably in PDF format, to apaward@cms.math.ca.

 Nomination requirements
 • Include contact information for both nominee and nominator.
 • Describe the nominated individual’s or team’s sustained contributions to mathematics  
    education. This description should provide some indication of the time period over which 
    these activities have been undertaken and some evidence of the success of these 
  contributions. This information must not exceed four pages.
 • Two letters of support from individuals other than the nominator should be included with 
  the nomination.
 • Curricula vitae should not be submitted since the information from them relevant to 
  contributions to mathematics education should be included in the nomination form and the 
  other documents mentioned above.
 • If nomination was made in the previous year, please indicate this.
 • Members of the CMS Education Committee will not be considered for the award during 
  their tenure on the committee.

Renewals
Individuals who made a nomination last year can renew this nomination by simply indicating their wish 
to do so by the deadline date. In this case, only updating materials need be provided as the original has 
been retained.
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aPPel de CandidatureS – 
Prix adrien Pouliot 2017 
Nous sollicitons la candidature de personne ou de groupe de personnes ayant contribué d’une façon 
importante et soutenue à des activités mathématiques éducatives au Canada. Le terme « contributions » 
s’emploie ici au sens large; les candidats pourront être associés à une activité de sensibilisation, un
 nouveau programme adapté au milieu scolaire ou à l’industrie, des activités promotionnelles de 
vulgarisation des mathématiques, des initiatives spéciales, des conférences ou des concours à l’intention
des étudiants, etc.

Les mises en candidature doivent parvenir au bureau de la SMC avant le 30 avril 2017.
Veuillez faire parvenir votre mise en candidature par voie électronique, de préférence en format PDF, 
à prixap@smc.math.ca.

 Conditions de candidature
 • Inclure les coordonnées du/des candidat(s) ainsi que du/des présentateur(s).
 • Décrire en quoi la personne ou le groupe mis en candidature a contribué de façon soutenue 
  à des activités mathématiques. Donner un aperçu de la période couverte par les activités 
  visées et du succès obtenu. La description ne doit pas être supérieure à quatre pages.
 • Le dossier de candidature comportera deux lettres d’appui signées par des personnes autres 
  que le présentateur.
 • Il est inutile d’inclure des curriculums vitae, car les renseignements qui s’y trouvent et qui 
  se rapportent aux activités éducatives visées devraient figurer sur le formulaire de mise en 
  candidature et dans les autres documents énumérés ci- dessus.
 • Si la candidature a été soumise l’année précédente, veuillez l’indiquer.
 • Les membres du Comité d’éducation de la SMC ne pourront être mis en candidature pour 
  l’obtention d’un prix pendant la durée de leur mandat au Comité.

Renouveler une mise en candidature
Il est possible de renouveler une mise en candidature présentée l’année 
précédente, pourvu que l’on en manifeste le désir avant la date limite. 
Dans ce cas, le présentateur n’a qu’à soumettre des documents de mise à 
jour puisque le dossier original a été conservé.
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Analytic Number Theory
Théorie analytique des nombres

Combinatorial Algebraic Geometry
Géométrie algébrique combinatoire

Org: Kiumars Kaveh (University of Pittsburgh) and/et Frank Sottile (Texas A&M University)

Schedule/Horaire Room/Salle: Strategy Room 1, Sheraton, 5th floor

Saturday December 3 samedi 3 décembre
8:00 - 8:30 Diane Maclagan, Tree compactifications of the moduli space of genus zero curves

8:30 - 9:00 Barbara Bolognese, On the connectivity of dual graphs of projective curves

9:00 - 9:30 Nicola Tarasca, Du Val curves and the pointed Brill-Noether theorem

9:30 - 10:00 Angela Gibney, Combinatorial aspects of conformal blocks on the moduli space of curves

15:00 - 15:30 Sandra Di Rocco, Resurgence, Waldschmidt constants and Negative Curves

15:30 - 16:00 Greg Smith, Better Locally-Free Resolutions

16:00 - 16:30 Lars Kastner, Ext and Tor on two-dimensional cyclic quotient singularities

16:30 - 17:00 Laura Escobar, The multidegree of the multi-image variety

17:00 - 17:30 Leonid Monin, NEWTON POLYHEDRA THEORY FOR GENERICLY INCONSISTENT SYSTEMS OF
EQUATIONS

17:30 - 18:00 Askold Khovanskii, RESULTANT OF LAURANT POLYNOMIALS WHOSE NEWTON POLYHEDRA
ARE DEVELOPED

Sunday December 4 dimanche 4 décembre
8:00 - 8:30 Nathan Ilten, Dual curves, Newton polygons, and tropicalization

8:30 - 9:00 Yoav Len, A tropical Clifford’s theorem

9:00 - 9:30 Martin Ulirsch, Tropical and non-Archimedean geometry of toric stacks – with a view towards twisted
Losev-Manin spaces

9:30 - 10:00 Sam Payne, Top weight cohomology of moduli spaces of curves

15:30 - 16:00 Kristin Shaw, Non-existence of torically maximal hypersurfaces

16:00 - 16:30 Robert Williams, Minkowski sums of algebraic varieties

16:30 - 17:00 Hiraku Abe, A Weyl character formula for Hessenberg varieties

17:00 - 17:30 H. Praise Adeyemo, Equivariant Cohomology Theories and The Pattern Map

17:30 - 18:00 Alex Woo, Interval pattern avoidance for K-orbit closures

Abstracts/Résumés

HIRAKU ABE, McMaster University / Osaka City University Advanced Mathematical Institute

[Sunday December 4 / dimanche 4 décembre, 16:30 – Strategy Room 1, Sheraton, 5th floor]

A Weyl character formula for Hessenberg varieties

Hessenberg varieties are defined to be subvarieties of the full flag variety, and hence the line bundles on the full flag variety
restrict on Hessenberg varieties. In this talk, I will discuss a Weyl type character formula for the torus action on the space of
global sections of these line bundles on a regular semisimple Hessenberg variety. This is a work in progress with Naoki Fujita
and Jeremy Lane.

H. PRAISE ADEYEMO, Fields Institute, Toronto Canada

[Sunday December 4 / dimanche 4 décembre, 17:00 – Strategy Room 1, Sheraton, 5th floor]

Equivariant Cohomology Theories and The Pattern Map

Analytic Number Theory
Théorie analytique des nombres

Org: Patrick Ingram and/et Youness Lamzouri (York University)

Schedule/Horaire Room/Salle: Victoria Room, Crown Plaza, UL Level

Saturday December 3 samedi 3 décembre
8:30 - 8:55 Yu-Ru Liu, The shifted Turán sieve method on tournaments

9:00 - 9:25 Cam Stewart, Multiplicatively dependent vectors of algebraic numbers

9:30 - 9:55 Matilde Lalin, A polynomial sieve in a geometric setting

15:00 - 15:25 Daniel Fiorilli, Major arcs and moments of general arithmetical sequences

15:30 - 15:55 Tristan Freiberg, Poisson spacings between sums of two squares

16:00 - 16:25 Steve Lester, Quantum Unique Egodicity for half integral weight autmorophic forms

16:30 - 16:55 Sasha Mangerel, On the Bivariate Erdős-Kac Theorem and Correlations of the Mobius Function

17:00 - 17:25 Shabnam Akhtari, The difficulty of proving effective results for norm form equations.

Sunday December 4 dimanche 4 décembre
8:30 - 8:55 Kevin Hare, Continued Logarithms

9:00 - 9:25 Steve Gonek, The distribution of positive and negative values of Hardy’s Z-function

9:30 - 9:55 Eyal Goren, p-adic dynamics of Hecke operators

15:30 - 15:55 Alexander Dahl, Distribution of class numbers in continued fraction families of real quadratic fields

16:00 - 16:25 Alia Hamieh, Non-Vanishing of Central Values of Rankin-Selberg L-Functions

16:30 - 16:55 Allysa Lumley, A Zero Density Result for the Riemann Zeta Function

17:00 - 17:25 Asif Zaman, Brun-Titchmarsh analogue for the Chebotarev density theorem

17:30 - 17:55 Amir Akbari, Value-distribution of cubic L-functions

Abstracts/Résumés

AMIR AKBARI, University of Lethbridge

[Sunday December 4 / dimanche 4 décembre, 17:30 – Victoria Room, Crown Plaza, UL Level]

Value-distribution of cubic L-functions

Let k = Q(
√
−3) and let c ∈ Ok be a square free algebraic integer such that c ≡ 1 (mod (9)). Let ζk(c1/3)(s) be the Dedekind

zeta function of the cubic field k(c1/3) and ζk(s) be the Dedekind zeta function of k. For fixed real s > 1/2 we describe a
distribution theorem for the values of the Artin L-functions

Lc(s) =
ζk(c1/3)(s)

ζk(s)
,

as c varies. This is joint work with Alia Hamieh.

SHABNAM AKHTARI, University of Oregon

[Saturday December 3 / samedi 3 décembre, 17:00 – Victoria Room, Crown Plaza, UL Level]

The difficulty of proving effective results for norm form equations.

Let ω1, . . . , ωn be algebraic numbers that are linearly independent over the rationals, and let k = Q(ω1, . . . , ωn). We define
a homogeneous polynomial in n variables x1, . . . , xn by N(x) = Normk/Q(x1ω1 + . . . + xnωn). We are interested in the
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[Sunday December 4 / dimanche 4 décembre, 17:30 – Victoria Room, Crown Plaza, UL Level]

Value-distribution of cubic L-functions

Let k = Q(
√
−3) and let c ∈ Ok be a square free algebraic integer such that c ≡ 1 (mod (9)). Let ζk(c1/3)(s) be the Dedekind

zeta function of the cubic field k(c1/3) and ζk(s) be the Dedekind zeta function of k. For fixed real s > 1/2 we describe a
distribution theorem for the values of the Artin L-functions

Lc(s) =
ζk(c1/3)(s)

ζk(s)
,

as c varies. This is joint work with Alia Hamieh.

SHABNAM AKHTARI, University of Oregon
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points ξ ∈ Zn that satisfy N(x) = β, for a fixed non-zero β ∈ Q. In a breakthrough work, Wolfgang Schmidt used his
celebrated subspace theorem to give some bounds on the number of families of integer solutions to norm form equations. We
are interested in finding some effective bounds for the representatives of integral solutions of norm form equations. I will try
to explain the difficulty of obtaining such results and will report on some partial progress that we have made in this direction.
This is a joint work in progress with Jeff Vaaler.

ALEXANDER DAHL, York University

[Sunday December 4 / dimanche 4 décembre, 15:30 – Victoria Room, Crown Plaza, UL Level]

Distribution of class numbers in continued fraction families of real quadratic fields

Dirichlet’s class number formula for real quadratic fields shows that for a fundamental discriminant d > 0, the class number
of Q(

√
d) denoted by h(d) depends on the ratio of L(1, χd) and the logarithm of the fundamental unit. In order to study the

distribution of class numbers, one must therefore control these two values. One strategy is to consider a family of discriminants
for which the fundamental unit is explicitly given in terms of d, and then study the distribution for L(1, χd) for d in that family.
Some examples of such families were studied by Chowla and Yokoi. The fundamental unit in these cases was as small as
possible, and it was shown that (eventually) all of the d in these families have h(d) > 1. In a recent preprint, A. Dahl and
Y. Lamzouri take the above approach to studying the distribution of class numbers in Chowla’s family, constructing a random
model for L(1, χd) for d in the family. In a joint work with V. Kala, we observe that Chowla’s and Yokoi’s families belong to a
larger class of families whose fundamental units are as small as possible and that arise from continued fractions. These families

are defined by solutions to the equation
√

d = [�
√

d�, u1, u2, . . . , us−1, 2�
√

d�] with fixed coefficients u1, u2, . . . , us−1.

DANIEL FIORILLI, University of Ottawa

[Saturday December 3 / samedi 3 décembre, 15:00 – Victoria Room, Crown Plaza, UL Level]

Major arcs and moments of general arithmetical sequences

We discuss our work with Régis de la Bretèche on the first two moments of arithmetical sequences in progressions. Instead of
using the standard approximation, we generalize Vaughan’s major arcs approximation to general sequences, resulting in smaller
moments. In the case of the sequence of sums of divisors τk(n), we obtain a variance of the same order of magnitude as the
probabilistic variance studied in recent work of Rodgers and Soundararajan.

TRISTAN FREIBERG, University of Waterloo

[Saturday December 3 / samedi 3 décembre, 15:30 – Victoria Room, Crown Plaza, UL Level]

Poisson spacings between sums of two squares

Extending work of Connors–Keating and Smilansky, we formulate an analog of the Hardy–Littlewood prime k-tuple conjecture
for sums of two squares, and show that it implies that the level spacings in the sequence of sums of two squares are Poisson
distributed. We also give numerical evidence for the conjecture and its implications. This is joint work with Pär Kurlberg and
Lior Rosenzweig.

STEVE GONEK, University of Rochester

[Sunday December 4 / dimanche 4 décembre, 9:00 – Victoria Room, Crown Plaza, UL Level]

The distribution of positive and negative values of Hardy’s Z-function

We investigate the distribution of positive and negative values of Hardy’s function

Z(t) = ζ( 1
2 + it)χ(1

2 + it)−1/2
,

where χ(s) is the factor from the functional equation for the zeta function,

ζ(s) = χ(s)ζ(1 − s).

Analytic Number Theory
Théorie analytique des nombres

Org: Patrick Ingram and/et Youness Lamzouri (York University)

Schedule/Horaire Room/Salle: Victoria Room, Crown Plaza, UL Level

Saturday December 3 samedi 3 décembre
8:30 - 8:55 Yu-Ru Liu, The shifted Turán sieve method on tournaments

9:00 - 9:25 Cam Stewart, Multiplicatively dependent vectors of algebraic numbers

9:30 - 9:55 Matilde Lalin, A polynomial sieve in a geometric setting

15:00 - 15:25 Daniel Fiorilli, Major arcs and moments of general arithmetical sequences

15:30 - 15:55 Tristan Freiberg, Poisson spacings between sums of two squares

16:00 - 16:25 Steve Lester, Quantum Unique Egodicity for half integral weight autmorophic forms

16:30 - 16:55 Sasha Mangerel, On the Bivariate Erdős-Kac Theorem and Correlations of the Mobius Function

17:00 - 17:25 Shabnam Akhtari, The difficulty of proving effective results for norm form equations.

Sunday December 4 dimanche 4 décembre
8:30 - 8:55 Kevin Hare, Continued Logarithms

9:00 - 9:25 Steve Gonek, The distribution of positive and negative values of Hardy’s Z-function

9:30 - 9:55 Eyal Goren, p-adic dynamics of Hecke operators

15:30 - 15:55 Alexander Dahl, Distribution of class numbers in continued fraction families of real quadratic fields

16:00 - 16:25 Alia Hamieh, Non-Vanishing of Central Values of Rankin-Selberg L-Functions

16:30 - 16:55 Allysa Lumley, A Zero Density Result for the Riemann Zeta Function

17:00 - 17:25 Asif Zaman, Brun-Titchmarsh analogue for the Chebotarev density theorem

17:30 - 17:55 Amir Akbari, Value-distribution of cubic L-functions

Abstracts/Résumés

AMIR AKBARI, University of Lethbridge

[Sunday December 4 / dimanche 4 décembre, 17:30 – Victoria Room, Crown Plaza, UL Level]

Value-distribution of cubic L-functions

Let k = Q(
√
−3) and let c ∈ Ok be a square free algebraic integer such that c ≡ 1 (mod (9)). Let ζk(c1/3)(s) be the Dedekind

zeta function of the cubic field k(c1/3) and ζk(s) be the Dedekind zeta function of k. For fixed real s > 1/2 we describe a
distribution theorem for the values of the Artin L-functions

Lc(s) =
ζk(c1/3)(s)

ζk(s)
,

as c varies. This is joint work with Alia Hamieh.

SHABNAM AKHTARI, University of Oregon

[Saturday December 3 / samedi 3 décembre, 17:00 – Victoria Room, Crown Plaza, UL Level]

The difficulty of proving effective results for norm form equations.

Let ω1, . . . , ωn be algebraic numbers that are linearly independent over the rationals, and let k = Q(ω1, . . . , ωn). We define
a homogeneous polynomial in n variables x1, . . . , xn by N(x) = Normk/Q(x1ω1 + . . . + xnωn). We are interested in the
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Théorie analytique des nombres

We show that as T → ∞,
µ(I+(T, T )) � T and µ(I−(T, T )) � T,

where µ(·) denotes Lebesgue measure and

I+(T,H) =
{
T < t ≤ T + H : Z(t) > 0

}
,

I−(T,H) =
{
T < t ≤ T + H : Z(t) < 0

}
.

We also show that if the Riemann hypothesis and pair correlation conjecture are true, then

µ(I+(0, T )) ≥ .32909T and µ(I−(0, T )) ≥ .32909T.

This is joint work with A. Ivic.

EYAL GOREN, McGill University

[Sunday December 4 / dimanche 4 décembre, 9:30 – Victoria Room, Crown Plaza, UL Level]

p-adic dynamics of Hecke operators

In a joint work with Payman Kassaei, we are studying p-adic analytic dynamics of Hecke operators. While the questions we
ask can be posed and studied for the action of Hecke operators on Shimura (or special) sub varieties of any given ambient
Shimura variety, the case of modular curves is already a treasure trove and so I’ll focus in my lecture on this case.

ALIA HAMIEH, University of Lethbridge

[Sunday December 4 / dimanche 4 décembre, 16:00 – Victoria Room, Crown Plaza, UL Level]

Non-Vanishing of Central Values of Rankin-Selberg L-Functions

In this talk, we discuss some results on the non-vanishing of the central values of Rankin-Selberg convolutions of a family of
Hilbert modular forms. Such results are obtained by establishing some asymptotics of certain twisted first and second moments.
This is an on-going joint work with Naomi Tanabe.

KEVIN HARE, University of Waterloo

[Sunday December 4 / dimanche 4 décembre, 8:30 – Victoria Room, Crown Plaza, UL Level]

Continued Logarithms

Let 1 ≤ α ∈ R. Let y0 = α and recursively define an = �log2 yn�. If yn − 2an = 0, then terminate. Otherwise, set

yn+1 =
2an

yn − 2an

and recurse. This produces the binary (base 2) continued logarithm for y0:

y0 = 2a0 +
2a0

2a1 + 2a1

2a2+ 2a2
2a3+···

These binary continued logarithms were introduced explicitly by Gosper in his appendix on Continued Fraction Arithmetic.
These were further studied by Borwein et. al. extending classical continued fraction recurrences for binary continued logs and
investigating the distribution of aperiodic binary continued logarithm terms for quadratic irrationalities – such as can not occur
for simple continued fractions.

In this talk we will talk about recent work generalizing many of these results to higher bases.
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MATILDE LALIN, Université de Montréal

[Saturday December 3 / samedi 3 décembre, 9:30 – Victoria Room, Crown Plaza, UL Level]

A polynomial sieve in a geometric setting

We consider an application of a polynomial sieve to counting points of bounded height on a cyclic cover of Pn over the rational
function field.

This is joint work with A. Bucur, A. C. Cojocaru and L. B. Pierce.

STEVE LESTER, University of Montreal

[Saturday December 3 / samedi 3 décembre, 16:00 – Victoria Room, Crown Plaza, UL Level]

Quantum Unique Egodicity for half integral weight autmorophic forms

Given a smooth compact Riemannian manifold (M, g) with no boundary an important problem in Quantum Chaos studies
the distribution of L2 mass of eigenfunctions of the Laplace-Beltrami operator in the limit as the eigenvalue tends to infinity.
For M with negative curvature Rudnick and Sarnak have conjectured that the L2 mass of all eigenfunctions equidistributes
with respect to the Riemannian volume form; this is known as the Quantum Unique Ergodicity (QUE) Conjecture. In certain
arithmetic settings QUE is now known. In this talk I will discuss the analogue of QUE in the context of half-integral weight
automorphic forms. This is based on joint work Maksym Radziwill.

YU-RU LIU, University of Waterloo

[Saturday December 3 / samedi 3 décembre, 8:30 – Victoria Room, Crown Plaza, UL Level]

The shifted Turán sieve method on tournaments

We construct a shifted version of the Turán sieve method and apply it to some counting problems on tournaments. More
precisely, we obtain upper bounds for the number of tournaments which contain a fixed number of r-cycles. We also consider
an analogous question on t-partite tournaments. These results are the first which deal with cycles on “all tournaments”. This
is a joint work with Wentang Kuo, Sávio Ribas and Kevin Zhou.

ALLYSA LUMLEY, York University

[Sunday December 4 / dimanche 4 décembre, 16:30 – Victoria Room, Crown Plaza, UL Level]

A Zero Density Result for the Riemann Zeta Function

Let N(σ, T ) denote the number of nontrivial zeros of the Riemann zeta function with real part greater than σ and imaginary
part between 0 and T . We provide explicit upper bounds for N(σ, T ) commonly referred to as a zero density result. In 1940,
Ingham showed the following asymptotic result

N(σ, T ) = O(T
3(1−σ)
2−σ log5 T ).

Ramaré recently proved an explicit version of this estimate:

N(σ, T ) ≤ 4.9(3T )
8
3 (1−σ) log5−2σ(T ) + 51.5 log2 T,

for σ ≥ 0.52 and T ≥ 3.061 · 1010.
We discuss a generalization of the method used in these two results which yields an explicit bound of a similar shape while
also improving the constants. Furthermore, we present the effect of these improvements on explicit estimates for the prime
counting function ψ(x). This is joint work with Habiba Kadiri and Nathan Ng.
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SASHA MANGEREL, University of Toronto

[Saturday December 3 / samedi 3 décembre, 16:30 – Victoria Room, Crown Plaza, UL Level]

On the Bivariate Erdős-Kac Theorem and Correlations of the Mobius Function

Let ω denote the arithmetic function that counts the number of distinct prime factors of an integer, and let d ≥ 1. We develop
a bivariate probabilistic model to study the joint distribution of the deterministic vectors (ω(n), ω(n + d)) with n ≤ x as
x → ∞, where n and n + d are both required to be squarefree. The following three results are applications:
i) We establish a quantitative version of the bivariate Erdős-Kac theorem, a result first proven in a non-quantitative way by
W. LeVeque, on a proper subset of N.
ii) We give two partial results in the direction of a conjecture of Chowla on binary correlations of the Möbius function. Let
µz(n) := µ2(n)(−1)ω(n;z), where ω(n; z) is the number of distinct primes p|n with p ≤ z. Then as long as log x

log z → ∞ as

x → ∞,
∑

n≤x µz(n)µz(n + 1) = o(x).
In a related way, we show that if µ(n;u) := µ2(n)eiuω(n) then provided that u = o(1) and u

√
log2 x → ∞ as x → ∞ then∑

n≤x µ(n;u)µ(n + 1;u) = o(x).
iii) We finally prove a partial result in the direction of a conjecture of Erdős, Pomerance and Sarkőzy on the order of magnitude
of the number of n ≤ x such that τ(n) = τ(n + 1).

CAM STEWART, University of Waterloo

[Saturday December 3 / samedi 3 décembre, 9:00 – Victoria Room, Crown Plaza, UL Level]

Multiplicatively dependent vectors of algebraic numbers

This is joint work with Francesco Pappalardi, Min Sha and Igor Shparlinski. Let n be a positive integer and let (a1, a2, ..., an)
be a vector of algebraic numbers from K where K is a finite extension of the rationals.We shall discuss estimates for the number
of such vectors whose entries have height at most H and are multiplicatively dependent.

ASIF ZAMAN, University of Toronto

[Sunday December 4 / dimanche 4 décembre, 17:00 – Victoria Room, Crown Plaza, UL Level]

Brun-Titchmarsh analogue for the Chebotarev density theorem

The classical Brun-Titchmarsh theorem provides an upper bound for the number of primes in an arithmetic progression in a far
wider range than that afforded by the Prime Number Theorem for arithmetic progressions. The Chebotarev density theorem, on
the other hand, has few alternatives to adequately estimate the number of prime ideals with a prescribed splitting behaviour in a
Galois extension of number fields. Unfortunately, these alternatives are not sufficiently robust for many interesting applications.
We will discuss the existing literature and report on a new field-uniform generalization of Brun-Titchmarsh associated to the
Chebotarev density theorem. This result has consequences for counting primes represented by certain binary quadratic forms
and refining unconditional bounds towards the Lang-Trotter conjectures for elliptic curves. This talk is based on joint work
with Jesse Thorner.
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MATILDE LALIN, Université de Montréal

[Saturday December 3 / samedi 3 décembre, 9:30 – Victoria Room, Crown Plaza, UL Level]

A polynomial sieve in a geometric setting

We consider an application of a polynomial sieve to counting points of bounded height on a cyclic cover of Pn over the rational
function field.

This is joint work with A. Bucur, A. C. Cojocaru and L. B. Pierce.

STEVE LESTER, University of Montreal

[Saturday December 3 / samedi 3 décembre, 16:00 – Victoria Room, Crown Plaza, UL Level]

Quantum Unique Egodicity for half integral weight autmorophic forms

Given a smooth compact Riemannian manifold (M, g) with no boundary an important problem in Quantum Chaos studies
the distribution of L2 mass of eigenfunctions of the Laplace-Beltrami operator in the limit as the eigenvalue tends to infinity.
For M with negative curvature Rudnick and Sarnak have conjectured that the L2 mass of all eigenfunctions equidistributes
with respect to the Riemannian volume form; this is known as the Quantum Unique Ergodicity (QUE) Conjecture. In certain
arithmetic settings QUE is now known. In this talk I will discuss the analogue of QUE in the context of half-integral weight
automorphic forms. This is based on joint work Maksym Radziwill.

YU-RU LIU, University of Waterloo

[Saturday December 3 / samedi 3 décembre, 8:30 – Victoria Room, Crown Plaza, UL Level]

The shifted Turán sieve method on tournaments

We construct a shifted version of the Turán sieve method and apply it to some counting problems on tournaments. More
precisely, we obtain upper bounds for the number of tournaments which contain a fixed number of r-cycles. We also consider
an analogous question on t-partite tournaments. These results are the first which deal with cycles on “all tournaments”. This
is a joint work with Wentang Kuo, Sávio Ribas and Kevin Zhou.

ALLYSA LUMLEY, York University

[Sunday December 4 / dimanche 4 décembre, 16:30 – Victoria Room, Crown Plaza, UL Level]

A Zero Density Result for the Riemann Zeta Function

Let N(σ, T ) denote the number of nontrivial zeros of the Riemann zeta function with real part greater than σ and imaginary
part between 0 and T . We provide explicit upper bounds for N(σ, T ) commonly referred to as a zero density result. In 1940,
Ingham showed the following asymptotic result

N(σ, T ) = O(T
3(1−σ)
2−σ log5 T ).

Ramaré recently proved an explicit version of this estimate:

N(σ, T ) ≤ 4.9(3T )
8
3 (1−σ) log5−2σ(T ) + 51.5 log2 T,

for σ ≥ 0.52 and T ≥ 3.061 · 1010.
We discuss a generalization of the method used in these two results which yields an explicit bound of a similar shape while
also improving the constants. Furthermore, we present the effect of these improvements on explicit estimates for the prime
counting function ψ(x). This is joint work with Habiba Kadiri and Nathan Ng.
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SASHA MANGEREL, University of Toronto

[Saturday December 3 / samedi 3 décembre, 16:30 – Victoria Room, Crown Plaza, UL Level]

On the Bivariate Erdős-Kac Theorem and Correlations of the Mobius Function

Let ω denote the arithmetic function that counts the number of distinct prime factors of an integer, and let d ≥ 1. We develop
a bivariate probabilistic model to study the joint distribution of the deterministic vectors (ω(n), ω(n + d)) with n ≤ x as
x → ∞, where n and n + d are both required to be squarefree. The following three results are applications:
i) We establish a quantitative version of the bivariate Erdős-Kac theorem, a result first proven in a non-quantitative way by
W. LeVeque, on a proper subset of N.
ii) We give two partial results in the direction of a conjecture of Chowla on binary correlations of the Möbius function. Let
µz(n) := µ2(n)(−1)ω(n;z), where ω(n; z) is the number of distinct primes p|n with p ≤ z. Then as long as log x

log z → ∞ as

x → ∞,
∑

n≤x µz(n)µz(n + 1) = o(x).
In a related way, we show that if µ(n;u) := µ2(n)eiuω(n) then provided that u = o(1) and u

√
log2 x → ∞ as x → ∞ then∑

n≤x µ(n;u)µ(n + 1;u) = o(x).
iii) We finally prove a partial result in the direction of a conjecture of Erdős, Pomerance and Sarkőzy on the order of magnitude
of the number of n ≤ x such that τ(n) = τ(n + 1).

CAM STEWART, University of Waterloo

[Saturday December 3 / samedi 3 décembre, 9:00 – Victoria Room, Crown Plaza, UL Level]

Multiplicatively dependent vectors of algebraic numbers

This is joint work with Francesco Pappalardi, Min Sha and Igor Shparlinski. Let n be a positive integer and let (a1, a2, ..., an)
be a vector of algebraic numbers from K where K is a finite extension of the rationals.We shall discuss estimates for the number
of such vectors whose entries have height at most H and are multiplicatively dependent.

ASIF ZAMAN, University of Toronto

[Sunday December 4 / dimanche 4 décembre, 17:00 – Victoria Room, Crown Plaza, UL Level]

Brun-Titchmarsh analogue for the Chebotarev density theorem

The classical Brun-Titchmarsh theorem provides an upper bound for the number of primes in an arithmetic progression in a far
wider range than that afforded by the Prime Number Theorem for arithmetic progressions. The Chebotarev density theorem, on
the other hand, has few alternatives to adequately estimate the number of prime ideals with a prescribed splitting behaviour in a
Galois extension of number fields. Unfortunately, these alternatives are not sufficiently robust for many interesting applications.
We will discuss the existing literature and report on a new field-uniform generalization of Brun-Titchmarsh associated to the
Chebotarev density theorem. This result has consequences for counting primes represented by certain binary quadratic forms
and refining unconditional bounds towards the Lang-Trotter conjectures for elliptic curves. This talk is based on joint work
with Jesse Thorner.
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Session de recherche étudiante - SMC-comÉtud

Org: Kyle MacDonald (McMaster University) and/et Yingjie Qian (McGill University)

Abstracts/Résumés

SYLVIE BRONSARD, McMaster University

ALEXANDER CHERNYAVSKY, McMaster University

Long-Time Stability of Standing Waves in Hamiltonian PT -symmetric Chains of Coupled Pendula

I consider the Hamiltonian version of a PT -symmetric lattice that describes dynamics of coupled pendula perturbed by a
periodic resonant movement of their bases. Newton’s equations of motion are reduced asymptotically to the PT -symmetric
discrete nonlinear Schrödinger equation. In the limit of weak coupling between the pendula, existence of periodic synchronized
oscillations supported near one pair of coupled pendula follows by standard bifurcation analysis. If the gain-damping parameter
that corresponds to the periodic resonance force is sufficiently small, spectral stability of such synchronized oscillations can
be proved within the same limit. As the main contribution, I prove the nonlinear long-time stability of the synchronized
oscillations by using the Lyapunov method. The periodic movement of coupled pendula is a saddle point of a constrained
Hamiltonian function, which exists between the continuous bands of positive and negative energy. Nevertheless, I construct
the approximate Lyapunov function and use it for the proof of nonlinear long-time stability of the synchronized oscillations of
the coupled pendula.

MATTHEW JORDAN, McMaster University

The Eerie Oneness of Mathematics and Physics

Mathematics is freakishly good at describing the universe. For instance, it is possible to derive the fundamental laws of quantum
mechanics from mathematical first principles, without even knowing what a hydrogen atom is. This talk will investigate this
eerie oneness of mathematics and physics via the Heisenberg group, an easily-defined structure with far-reaching and deep
applications. I will begin by deriving the Heisenberg group from elementary matrices, then explain how a simple matrix group
can give us insights into Fourier analysis and quantum mechanics. In particular, I will demonstrate the relationship between
the Heisenberg group and the celebrated but widely misunderstood Uncertainty Principle. Finally, I’ll discuss some novel
attempts to prove variations of the Uncertainty Principle. These topics were investigated by myself, Kirk Hendricks (University
of Arizona), and Recep Çelibi (Lafayette College) as part of the Fields Undergraduate Summer Research Program 2015, under
the supervision of Dr. Hadi Salmasian (University of Ottawa).

TYLER MEADOWS, McMaster University

ANJALI NARAYANAN, McMaster University

YURIJ SALMANIW, McMaster University

CMS-Studc Student Research Session
Session de recherche étudiante - SMC-comÉtud

Org: Kyle MacDonald (McMaster University) and/et Yingjie Qian (McGill University)

Abstracts/Résumés

SYLVIE BRONSARD, McMaster University

ALEXANDER CHERNYAVSKY, McMaster University

Long-Time Stability of Standing Waves in Hamiltonian PT -symmetric Chains of Coupled Pendula

I consider the Hamiltonian version of a PT -symmetric lattice that describes dynamics of coupled pendula perturbed by a
periodic resonant movement of their bases. Newton’s equations of motion are reduced asymptotically to the PT -symmetric
discrete nonlinear Schrödinger equation. In the limit of weak coupling between the pendula, existence of periodic synchronized
oscillations supported near one pair of coupled pendula follows by standard bifurcation analysis. If the gain-damping parameter
that corresponds to the periodic resonance force is sufficiently small, spectral stability of such synchronized oscillations can
be proved within the same limit. As the main contribution, I prove the nonlinear long-time stability of the synchronized
oscillations by using the Lyapunov method. The periodic movement of coupled pendula is a saddle point of a constrained
Hamiltonian function, which exists between the continuous bands of positive and negative energy. Nevertheless, I construct
the approximate Lyapunov function and use it for the proof of nonlinear long-time stability of the synchronized oscillations of
the coupled pendula.

MATTHEW JORDAN, McMaster University

The Eerie Oneness of Mathematics and Physics

Mathematics is freakishly good at describing the universe. For instance, it is possible to derive the fundamental laws of quantum
mechanics from mathematical first principles, without even knowing what a hydrogen atom is. This talk will investigate this
eerie oneness of mathematics and physics via the Heisenberg group, an easily-defined structure with far-reaching and deep
applications. I will begin by deriving the Heisenberg group from elementary matrices, then explain how a simple matrix group
can give us insights into Fourier analysis and quantum mechanics. In particular, I will demonstrate the relationship between
the Heisenberg group and the celebrated but widely misunderstood Uncertainty Principle. Finally, I’ll discuss some novel
attempts to prove variations of the Uncertainty Principle. These topics were investigated by myself, Kirk Hendricks (University
of Arizona), and Recep Çelibi (Lafayette College) as part of the Fields Undergraduate Summer Research Program 2015, under
the supervision of Dr. Hadi Salmasian (University of Ottawa).

TYLER MEADOWS, McMaster University

ANJALI NARAYANAN, McMaster University

YURIJ SALMANIW, McMaster University
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JERROD M. SMITH, University of Toronto

Harmonic analysis on p-adic symmetric spaces, the discrete spectrum

Let F be a p-adic field and G = G(F ) the F -points of a connected reductive group defined over F . Given an involution θ
of G we define H to be the subgroup of θ-fixed points. The quotient H\G is a p-adic symmetric space. In this talk we will
discuss harmonic analysis on H\G and the notion of distinguished representations. In particular, we will consider the problem
of constructing the irreducible G-representations that occur as subrepresentations of the space of square-integrable functions
on H\G, the so called relative discrete series (RDS). We will give a construction of RDS representations for two symmetric
quotients of p-adic general linear groups.

LEE VAN BRUSSEL, McMaster University

A Closed-Form Solution of the Small Particle Limit in Landau-de Gennes Theory

In liquid crystal theory, the Landau-de Gennes (LdG) model can be used to find energy minimizing configurations in nematic
liquid crystal. Under relevant boundary conditions, an interesting situation occurs when we consider liquid crystal occupying
the space outside of some colloid particle in R3. In this setting, I will discuss the existence of LdG minimizing solutions and
derive a closed-form solution in the case of a small ellipsoidal colloid.

CMS-Studc Student Research Session
Session de recherche étudiante - SMC-comÉtud

Org: Kyle MacDonald (McMaster University) and/et Yingjie Qian (McGill University)

Abstracts/Résumés

SYLVIE BRONSARD, McMaster University

ALEXANDER CHERNYAVSKY, McMaster University

Long-Time Stability of Standing Waves in Hamiltonian PT -symmetric Chains of Coupled Pendula

I consider the Hamiltonian version of a PT -symmetric lattice that describes dynamics of coupled pendula perturbed by a
periodic resonant movement of their bases. Newton’s equations of motion are reduced asymptotically to the PT -symmetric
discrete nonlinear Schrödinger equation. In the limit of weak coupling between the pendula, existence of periodic synchronized
oscillations supported near one pair of coupled pendula follows by standard bifurcation analysis. If the gain-damping parameter
that corresponds to the periodic resonance force is sufficiently small, spectral stability of such synchronized oscillations can
be proved within the same limit. As the main contribution, I prove the nonlinear long-time stability of the synchronized
oscillations by using the Lyapunov method. The periodic movement of coupled pendula is a saddle point of a constrained
Hamiltonian function, which exists between the continuous bands of positive and negative energy. Nevertheless, I construct
the approximate Lyapunov function and use it for the proof of nonlinear long-time stability of the synchronized oscillations of
the coupled pendula.

MATTHEW JORDAN, McMaster University

The Eerie Oneness of Mathematics and Physics

Mathematics is freakishly good at describing the universe. For instance, it is possible to derive the fundamental laws of quantum
mechanics from mathematical first principles, without even knowing what a hydrogen atom is. This talk will investigate this
eerie oneness of mathematics and physics via the Heisenberg group, an easily-defined structure with far-reaching and deep
applications. I will begin by deriving the Heisenberg group from elementary matrices, then explain how a simple matrix group
can give us insights into Fourier analysis and quantum mechanics. In particular, I will demonstrate the relationship between
the Heisenberg group and the celebrated but widely misunderstood Uncertainty Principle. Finally, I’ll discuss some novel
attempts to prove variations of the Uncertainty Principle. These topics were investigated by myself, Kirk Hendricks (University
of Arizona), and Recep Çelibi (Lafayette College) as part of the Fields Undergraduate Summer Research Program 2015, under
the supervision of Dr. Hadi Salmasian (University of Ottawa).

TYLER MEADOWS, McMaster University

ANJALI NARAYANAN, McMaster University

YURIJ SALMANIW, McMaster University
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Géométrie algébrique combinatoire

Org: Kiumars Kaveh (University of Pittsburgh) and/et Frank Sottile (Texas A&M University)

Schedule/Horaire Room/Salle: Strategy Room 1, Sheraton, 5th floor

Saturday December 3 samedi 3 décembre
8:00 - 8:30 Diane Maclagan, Tree compactifications of the moduli space of genus zero curves

8:30 - 9:00 Barbara Bolognese, On the connectivity of dual graphs of projective curves

9:00 - 9:30 Nicola Tarasca, Du Val curves and the pointed Brill-Noether theorem

9:30 - 10:00 Angela Gibney, Combinatorial aspects of conformal blocks on the moduli space of curves

15:00 - 15:30 Sandra Di Rocco, Resurgence, Waldschmidt constants and Negative Curves

15:30 - 16:00 Greg Smith, Better Locally-Free Resolutions

16:00 - 16:30 Lars Kastner, Ext and Tor on two-dimensional cyclic quotient singularities

16:30 - 17:00 Laura Escobar, The multidegree of the multi-image variety

17:00 - 17:30 Leonid Monin, NEWTON POLYHEDRA THEORY FOR GENERICLY INCONSISTENT SYSTEMS OF
EQUATIONS

17:30 - 18:00 Askold Khovanskii, RESULTANT OF LAURANT POLYNOMIALS WHOSE NEWTON POLYHEDRA
ARE DEVELOPED

Sunday December 4 dimanche 4 décembre
8:00 - 8:30 Nathan Ilten, Dual curves, Newton polygons, and tropicalization

8:30 - 9:00 Yoav Len, A tropical Clifford’s theorem

9:00 - 9:30 Martin Ulirsch, Tropical and non-Archimedean geometry of toric stacks – with a view towards twisted
Losev-Manin spaces

9:30 - 10:00 Sam Payne, Top weight cohomology of moduli spaces of curves

15:30 - 16:00 Kristin Shaw, Non-existence of torically maximal hypersurfaces

16:00 - 16:30 Robert Williams, Minkowski sums of algebraic varieties

16:30 - 17:00 Hiraku Abe, A Weyl character formula for Hessenberg varieties

17:00 - 17:30 H. Praise Adeyemo, Equivariant Cohomology Theories and The Pattern Map

17:30 - 18:00 Alex Woo, Interval pattern avoidance for K-orbit closures

Abstracts/Résumés

HIRAKU ABE, McMaster University / Osaka City University Advanced Mathematical Institute

[Sunday December 4 / dimanche 4 décembre, 16:30 – Strategy Room 1, Sheraton, 5th floor]

A Weyl character formula for Hessenberg varieties

Hessenberg varieties are defined to be subvarieties of the full flag variety, and hence the line bundles on the full flag variety
restrict on Hessenberg varieties. In this talk, I will discuss a Weyl type character formula for the torus action on the space of
global sections of these line bundles on a regular semisimple Hessenberg variety. This is a work in progress with Naoki Fujita
and Jeremy Lane.

H. PRAISE ADEYEMO, Fields Institute, Toronto Canada
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[Sunday December 4 / dimanche 4 décembre, 17:00 – Strategy Room 1, Sheraton, 5th floor]

Equivariant Cohomology Theories and The Pattern Map

Combinatorial Algebraic Geometry
Géométrie algébrique combinatoire

Org: Kiumars Kaveh (University of Pittsburgh) and/et Frank Sottile (Texas A&M University)

Schedule/Horaire Room/Salle: Strategy Room 1, Sheraton, 5th floor

Saturday December 3 samedi 3 décembre
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Billey and Braden defined a geometric pattern map on flag manifolds which extends the generalized pattern map of Billey an
Postnikov on Weyl groups. The interaction of this torus equivariant map with the Bruhat order and its action on line bundles
lead to formulas for its pull back on the equivariant cohomology ring and on equivariant K-theory. These formulas are in terms
of the Borel presentation, the basis of Schubert, and localization at torus fixed points. This is joint work with Frank Sottile

BARBARA BOLOGNESE, Fields Institute

[Saturday December 3 / samedi 3 décembre, 8:30 – Strategy Room 1, Sheraton, 5th floor]

On the connectivity of dual graphs of projective curves

In 1962, Hartshorne proved that the dual graphs of an arithmetically Cohen- Macaulay scheme is connected. After establishing
a correspondence between the languages of algebraic geometry, commutative algebra and combinatorics, we are going to refine
Hartshorne’s result and measure the connectedness of the dual graphs of certain projective schemes in terms of an algebro-
geometric invariant of the projective schemes themselves, namely their Castelnuovo-Mumford regularity. This is joint work
with B. Benedetti and M. Varbaro.

LAURA ESCOBAR, The Fields Institute and University of Illinois at Urbana Champaign

[Saturday December 3 / samedi 3 décembre, 16:30 – Strategy Room 1, Sheraton, 5th floor]

The multidegree of the multi-image variety

The multi-image variety is a subvariety of Gr(2, 4)n that models taking pictures with n rational cameras. We compute its
cohomology class in the cohomology ring of Gr(2, 4)n and its multidegree in the Plücker embedding (P5)n. Joint work with
Allen Knutson.

ANGELA GIBNEY, University of Georgia

[Saturday December 3 / samedi 3 décembre, 9:30 – Strategy Room 1, Sheraton, 5th floor]

Combinatorial aspects of conformal blocks on the moduli space of curves

In this talk I will give a low-tech definition of vector bundles of conformal blocks on the moduli space of curves, and explain
why the bundles are interesting to people who study moduli of curves and moduli of vector bundles on curves. I will illustrate
the combinatorial interplay between bundles of conformal blocks and the moduli spaces of curves and vector bundles on curves
through a sample of results.

NATHAN ILTEN, Simon Fraser University

[Sunday December 4 / dimanche 4 décembre, 8:00 – Strategy Room 1, Sheraton, 5th floor]

Dual curves, Newton polygons, and tropicalization

Classical formulas of Plücker and Noether dictate how the degree of the projective dual C∗ of a plane curve C depends on the
degree of C and its singularities. In this talk, I will consider a more refined invariant: the Newton polygon. Given a polygon P
and any sufficiently generic plane curve C with Newton polygon P , I will show how the Newton polygon of C∗ can determined
solely from the combinatorics of P . Our main tools are tropical geometry, and the notion of the projective dual of a tropical
plane curve. This is joint work in progress with Yoav Len, Bernd Schober, and Kristin Shaw.

LARS KASTNER, The Fields Institute

[Saturday December 3 / samedi 3 décembre, 16:00 – Strategy Room 1, Sheraton, 5th floor]

Ext and Tor on two-dimensional cyclic quotient singularities

The geometry of two-dimensional cyclic quotient singularities is deeply connected with the associated continued fractions, as
discovered by Riemenschneider. This connection has been exploited for studying e.g. the monodromy and deformations of
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A Weyl character formula for Hessenberg varieties

Hessenberg varieties are defined to be subvarieties of the full flag variety, and hence the line bundles on the full flag variety
restrict on Hessenberg varieties. In this talk, I will discuss a Weyl type character formula for the torus action on the space of
global sections of these line bundles on a regular semisimple Hessenberg variety. This is a work in progress with Naoki Fujita
and Jeremy Lane.
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cyclic quotient singularities. In this talk we will show how this connection appears when computing Ext of two torus invariant
Weil divisors on a cyclic quotient singularity. If one uses the Tor functor instead of Ext, one observes almost the same structure
as for Ext. This leads to a new connection between Ext and Tor, thereby also connecting Tor with the associated continued
fractions.

As an application one can compute generators of the global sections of the sheaf of a torus-invariant Weil divisor from the
continued fraction.

ASKOLD KHOVANSKII, University of Toronto

[Saturday December 3 / samedi 3 décembre, 17:30 – Strategy Room 1, Sheraton, 5th floor]

RESULTANT OF LAURANT POLYNOMIALS WHOSE NEWTON POLYHEDRA ARE DEVELOPED

My talk is based on a joint work with Leonid Monin.

A system of n equations in (C∗)n whose Newton polyhedra are developed (that is, they are in general position relative to each
other) in many ways, resembles an equation in one unknown. As in the one-dimensional case, one can explicitly compute:
1) the sum of values of any Laurent polynomial over the roots of the system; 2) the product of all of the roots of the system
(regarded as elements in the group (C∗)n). We study the resultant R (defined up to a sign) of an (n + 1)-tuple of Laurent
polynomials P1, ..., Pn+1, such that for any n-tuple of them, the corresponding Newton polyhedra are developed. One can
show that in this case R = ±QiMi for any 1 ≤ i ≤ n, where Qi is the product of Pi over the common zeros of the Pj , for
j �= i, and Mi is a certain monomial in the coefficients of all the Laurent polynomials Pj with j �= i. Thus the identity

QiMi = QjMj(−1)f(i,j)

for some f(i, j) ∈ Z/2Z holds. We find explicit formulas for the monomials Mi, Mj and for the sign (−1)f (i, j). The
identity above make sense by itself (without mentioning the resultant). One can give an explicit algorithm for computing the
products Qk (for any 1 ≤ k ≤ n + 1). Hence we get an explicit algorithm for computing the resultant R.

YOAV LEN, University of Waterloo

[Sunday December 4 / dimanche 4 décembre, 8:30 – Strategy Room 1, Sheraton, 5th floor]

A tropical Clifford’s theorem

I will discuss several tropical versions of classical results concerning special divisors on curves. I will show that tropical curves,
and more generally metrized complexes, satisfy Clifford’s theorem in its full generality. That is, having a special divisor whose
rank equals half the degree is not only necessary, but in fact sufficient for hyperellipticity. I will consider other classical
characterizations for hyperellipticity, and show that they don’t carry well into the tropical world. When a tropical curve is
already known to be hyperelliptic, I will provide a full description of its special divisors.

DIANE MACLAGAN, University of Warwick

[Saturday December 3 / samedi 3 décembre, 8:00 – Strategy Room 1, Sheraton, 5th floor]

Tree compactifications of the moduli space of genus zero curves

The moduli space M0,n of smooth genus zero curves with n marked points has a standard compactification by the Deligne-
Mumford module space of stable genus zero curves with n marked points. The compactification can be constructed as the
closure of M0,n inside a toric variety. The fan of the toric variety is moduli space of phylogenetic trees. I will discuss joint work
with Dustin Cartwright to construct other compactifications of M0,n by varying the toric variety using variants of phylogenetic
trees. These compactifications include many of the standard alternative compactifications of M0,n.

LEONID MONIN, University of Toronto

[Saturday December 3 / samedi 3 décembre, 17:00 – Strategy Room 1, Sheraton, 5th floor]
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Billey and Braden defined a geometric pattern map on flag manifolds which extends the generalized pattern map of Billey an
Postnikov on Weyl groups. The interaction of this torus equivariant map with the Bruhat order and its action on line bundles
lead to formulas for its pull back on the equivariant cohomology ring and on equivariant K-theory. These formulas are in terms
of the Borel presentation, the basis of Schubert, and localization at torus fixed points. This is joint work with Frank Sottile

BARBARA BOLOGNESE, Fields Institute

[Saturday December 3 / samedi 3 décembre, 8:30 – Strategy Room 1, Sheraton, 5th floor]

On the connectivity of dual graphs of projective curves

In 1962, Hartshorne proved that the dual graphs of an arithmetically Cohen- Macaulay scheme is connected. After establishing
a correspondence between the languages of algebraic geometry, commutative algebra and combinatorics, we are going to refine
Hartshorne’s result and measure the connectedness of the dual graphs of certain projective schemes in terms of an algebro-
geometric invariant of the projective schemes themselves, namely their Castelnuovo-Mumford regularity. This is joint work
with B. Benedetti and M. Varbaro.

LAURA ESCOBAR, The Fields Institute and University of Illinois at Urbana Champaign

[Saturday December 3 / samedi 3 décembre, 16:30 – Strategy Room 1, Sheraton, 5th floor]

The multidegree of the multi-image variety

The multi-image variety is a subvariety of Gr(2, 4)n that models taking pictures with n rational cameras. We compute its
cohomology class in the cohomology ring of Gr(2, 4)n and its multidegree in the Plücker embedding (P5)n. Joint work with
Allen Knutson.

ANGELA GIBNEY, University of Georgia

[Saturday December 3 / samedi 3 décembre, 9:30 – Strategy Room 1, Sheraton, 5th floor]

Combinatorial aspects of conformal blocks on the moduli space of curves

In this talk I will give a low-tech definition of vector bundles of conformal blocks on the moduli space of curves, and explain
why the bundles are interesting to people who study moduli of curves and moduli of vector bundles on curves. I will illustrate
the combinatorial interplay between bundles of conformal blocks and the moduli spaces of curves and vector bundles on curves
through a sample of results.

NATHAN ILTEN, Simon Fraser University

[Sunday December 4 / dimanche 4 décembre, 8:00 – Strategy Room 1, Sheraton, 5th floor]

Dual curves, Newton polygons, and tropicalization

Classical formulas of Plücker and Noether dictate how the degree of the projective dual C∗ of a plane curve C depends on the
degree of C and its singularities. In this talk, I will consider a more refined invariant: the Newton polygon. Given a polygon P
and any sufficiently generic plane curve C with Newton polygon P , I will show how the Newton polygon of C∗ can determined
solely from the combinatorics of P . Our main tools are tropical geometry, and the notion of the projective dual of a tropical
plane curve. This is joint work in progress with Yoav Len, Bernd Schober, and Kristin Shaw.

LARS KASTNER, The Fields Institute

[Saturday December 3 / samedi 3 décembre, 16:00 – Strategy Room 1, Sheraton, 5th floor]

Ext and Tor on two-dimensional cyclic quotient singularities

The geometry of two-dimensional cyclic quotient singularities is deeply connected with the associated continued fractions, as
discovered by Riemenschneider. This connection has been exploited for studying e.g. the monodromy and deformations of
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[Saturday December 3 / samedi 3 décembre, 16:30 – Strategy Room 1, Sheraton, 5th floor]

The multidegree of the multi-image variety

The multi-image variety is a subvariety of Gr(2, 4)n that models taking pictures with n rational cameras. We compute its
cohomology class in the cohomology ring of Gr(2, 4)n and its multidegree in the Plücker embedding (P5)n. Joint work with
Allen Knutson.

ANGELA GIBNEY, University of Georgia
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cyclic quotient singularities. In this talk we will show how this connection appears when computing Ext of two torus invariant
Weil divisors on a cyclic quotient singularity. If one uses the Tor functor instead of Ext, one observes almost the same structure
as for Ext. This leads to a new connection between Ext and Tor, thereby also connecting Tor with the associated continued
fractions.

As an application one can compute generators of the global sections of the sheaf of a torus-invariant Weil divisor from the
continued fraction.

ASKOLD KHOVANSKII, University of Toronto
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RESULTANT OF LAURANT POLYNOMIALS WHOSE NEWTON POLYHEDRA ARE DEVELOPED

My talk is based on a joint work with Leonid Monin.

A system of n equations in (C∗)n whose Newton polyhedra are developed (that is, they are in general position relative to each
other) in many ways, resembles an equation in one unknown. As in the one-dimensional case, one can explicitly compute:
1) the sum of values of any Laurent polynomial over the roots of the system; 2) the product of all of the roots of the system
(regarded as elements in the group (C∗)n). We study the resultant R (defined up to a sign) of an (n + 1)-tuple of Laurent
polynomials P1, ..., Pn+1, such that for any n-tuple of them, the corresponding Newton polyhedra are developed. One can
show that in this case R = ±QiMi for any 1 ≤ i ≤ n, where Qi is the product of Pi over the common zeros of the Pj , for
j �= i, and Mi is a certain monomial in the coefficients of all the Laurent polynomials Pj with j �= i. Thus the identity

QiMi = QjMj(−1)f(i,j)

for some f(i, j) ∈ Z/2Z holds. We find explicit formulas for the monomials Mi, Mj and for the sign (−1)f (i, j). The
identity above make sense by itself (without mentioning the resultant). One can give an explicit algorithm for computing the
products Qk (for any 1 ≤ k ≤ n + 1). Hence we get an explicit algorithm for computing the resultant R.
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A tropical Clifford’s theorem

I will discuss several tropical versions of classical results concerning special divisors on curves. I will show that tropical curves,
and more generally metrized complexes, satisfy Clifford’s theorem in its full generality. That is, having a special divisor whose
rank equals half the degree is not only necessary, but in fact sufficient for hyperellipticity. I will consider other classical
characterizations for hyperellipticity, and show that they don’t carry well into the tropical world. When a tropical curve is
already known to be hyperelliptic, I will provide a full description of its special divisors.
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The moduli space M0,n of smooth genus zero curves with n marked points has a standard compactification by the Deligne-
Mumford module space of stable genus zero curves with n marked points. The compactification can be constructed as the
closure of M0,n inside a toric variety. The fan of the toric variety is moduli space of phylogenetic trees. I will discuss joint work
with Dustin Cartwright to construct other compactifications of M0,n by varying the toric variety using variants of phylogenetic
trees. These compactifications include many of the standard alternative compactifications of M0,n.

LEONID MONIN, University of Toronto
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Consider a system of equations
P1 = · · · = Pk = 0

in (C∗)n, where P1, . . . , Pk are Laurent polynomials with the supports A1, ..., Ak ⊂ Zn. Assume that the generic system with
fixed supports A1, ..., Ak is inconsistent.

Problem. Compute discrete invariants of X ⊂ (C∗)n defined by a system of equations which is generic in the set of
consistent systems with supports A1, . . . , Ak.

I will show how to solve this problem by reducing it to the theory of Newton polyhedra. Unlike the classical situation, not only
the Newton polyhedra of P1, . . . , Pk, but also the supports A1, . . . , Ak themselves are relevant. That is, it is not enough to
consider only the convex hulls.

SAM PAYNE, Yale

[Sunday December 4 / dimanche 4 décembre, 9:30 – Strategy Room 1, Sheraton, 5th floor]

Top weight cohomology of moduli spaces of curves

The top weight cohomology of the moduli space of smooth curves with marked points can be computed (with a degree shift)
as the reduced rational homology of a moduli space of stable tropical curves. I will present new applications of this tropical
approach, based on recent joint work with M. Chan and S. Galatius.

SANDRA DI ROCCO, KTH, Royal Institute of Technology, Stockholm

[Saturday December 3 / samedi 3 décembre, 15:00 – Strategy Room 1, Sheraton, 5th floor]

Resurgence, Waldschmidt constants and Negative Curves

The resurgence of a homogeneous ideal of points in projective plane is an invariant defined by Bocci and Harbourne in order
to measure the relationship between ordinary powers and symbolic powers of the ideal. Resurgence is related to the so called
Waldschmidt constant, bounding the order of vanishing of homogeneous forms throw the given points. The study of negative
curves on the blow up surface turns out to be an affective tool to compute such invariants. We will present recent results
regarding the Klein and Wiman configuration of lines in projective space. This is joint work with Thomas Bauer, Brian
Harbourne, Jack Huizenga, Alexandra Seceleanu, and Tomasz Szemberg.

KRISTIN SHAW, Fields Institute

[Sunday December 4 / dimanche 4 décembre, 15:30 – Strategy Room 1, Sheraton, 5th floor]

Non-existence of torically maximal hypersurfaces

Simple Harnack curves are extremal objects in real algebraic geometry that were introduced by Mikhalkin. Since then they
have appeared in different areas of mathematics and finding their higher dimensional analogues has been an interesting open
problem. One proposed generalisation are torically maximal subvarieties. These are real subvarieties of the complex torus
whose logarithmic Gauß map is generically totally real. In this talk we will explain why, beyond the case of curves, the only
torically maximal projective hypersurfaces are hyperplanes. In higher dimensions we also show that the only real hypersurfaces
having a totally real logarithmic Gauß map are hyperplanes of projective spaces. In higher codimension, products of torically
maximal hypersurfaces are also torically maximal, but the existence of other examples remains an open problem.

This talk is based on joint work with Erwan Brugallé, Grigory Mikhalkin, and Jean-Jacques Risler.

GREG SMITH, Queen’s University

[Saturday December 3 / samedi 3 décembre, 15:30 – Strategy Room 1, Sheraton, 5th floor]

Better Locally-Free Resolutions

Syzygies capture subtle geometric properties of a subvariety in projective space. However, when the ambient space is a product
of projective spaces or a general smooth toric variety, minimal free resolutions over the Cox ring are too long and contain many
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geometrically superfluous summands. After illustrating this problem, we will construct some shorter free complexes that better
encode the intrinsic geometry. This talk is based on joint work with Daniel Erman and Christine Berkesch Zamaere.

NICOLA TARASCA, Fields Institute

[Saturday December 3 / samedi 3 décembre, 9:00 – Strategy Room 1, Sheraton, 5th floor]

Du Val curves and the pointed Brill-Noether theorem

The pointed Brill-Noether theorem describes under which condition a general pointed curve admits a linear series with prescribed
vanishing sequence at the marked point. While the statement holds for a general pointed curve, no examples was known of
smooth pointed curves satisfying the theorem. In recent joint work with Gavril Farkas, we show that a general pointed Du Val
curve satisfies the theorem. In particular, we give explicit examples of smooth pointed curves of arbitrary genus defined over
Q which satisfy the pointed Brill-Noether theorem.

MARTIN ULIRSCH, Fields Institute for Research in Mathematical Sciences

[Sunday December 4 / dimanche 4 décembre, 9:00 – Strategy Room 1, Sheraton, 5th floor]

Tropical and non-Archimedean geometry of toric stacks – with a view towards twisted Losev-Manin spaces

In this talk I am going to report on joint work-in-progress with Steffen Marcus and Matthew Satriano concerning the tropical
and non-Archimedean geometry of toric stacks. Extending the class of toric varieties, toric stacks are a rather restrictive type
of algebraic stack whose geometry can be completely described in terms of a combinatorial object, a so called stacky fan. The
first part of this talk will be concerned with a reinterpretation of these stacky fans as geometric stacks over the category of
rational polyhedral fans (with torsion). Using this language we can then describe two different geometric realizations of these
stacky fans as topological stacks, both of which arise naturally as a stack-theoretic non-Archimedean skeleton of the original
toric stack. The second half of the talk will deal with a particular example: the moduli space L≤N

n of twisted stable chains
of projective lines with n + 2 marked points, where the orders of the stabilizer groups are bounded by N , a so called twisted
Losev-Manin space. We will show that this moduli space is a root stack over the toric variety of the permutohedron and exhibit
its tropicalization as a moduli stack of twisted stable rational tropical chain curves.

ROBERT WILLIAMS, Texas A&M University

[Sunday December 4 / dimanche 4 décembre, 16:00 – Strategy Room 1, Sheraton, 5th floor]

Minkowski sums of algebraic varieties

The Minkowski sum is a classical operation, and the sum of two polytopes is a well-known construction. This talk will focus
on applying the Minkowski sum to a more geometrically diverse class of objects- algebraic varieties. Unlike with convex bodies,
the sum of two algebraic varieties is not necessarily a variety. We will explore the conditions under which Minkowski sum
respects Zariski closure as well as when it is well behaved with respect to the dimension and degree of the varieties.

ALEX WOO, University of Idaho

[Sunday December 4 / dimanche 4 décembre, 17:30 – Strategy Room 1, Sheraton, 5th floor]

Interval pattern avoidance for K-orbit closures

Let G = GL(n), B the subgroup of upper-triangular matrices, and K = GL(p) × GL(q) where p + q = n. The group
K acts with finitely many orbits on the flag variety G/B, and one can study the closures of K-orbits just as one studies
Schubert varieties, which are the closures of B-orbits. The set of K-orbits is parameterized by combinatorial objects known as
(p, q)-clans. I will explain an older theorem relating interval pattern avoidance on permutations and singularities of Schubert
varieties and how to extend this relationship to (p, q)-clans and K-orbit closures.

This is joint work with Ben Wyser and Alexander Yong.
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Saturday December 3 samedi 3 décembre
15:00 - 15:30 Laura Sanità, Elizabeth Room, Crowne Plaza, UL Level, On the circuit diameter of some polytopes in

combinatorial optimization

15:30 - 16:00 Noriyoshi Sukegawa, Elizabeth Room, Crowne Plaza, UL Level, Improving bounds on the diameter of
a polyhedron in high dimensions

16:00 - 16:30 Antoine Deza, Elizabeth Room, Crowne Plaza, UL Level, Primitive Lattice Polytopes

16:30 - 17:00 Carla Michini, Elizabeth Room, Crowne Plaza, UL Level, Totally Unimodular Congestion Games

17:00 - 17:30 Lionel Pournin, Elizabeth Room, Crowne Plaza, UL Level, Improved bounds on the diameter of lattice
polytopes

17:30 - 18:00 Sebastian Pokutta, Elizabeth Room, Crowne Plaza, UL Level, Lazifying Conditional Gradients

Sunday December 4 dimanche 4 décembre
8:00 - 8:30 Yuri Faenza, Elizabeth Room, Crowne Plaza, UL Levellaza, An invitation to 2-level polytopes

8:30 - 9:00 Jon Lee, Elizabeth Room, Crowne Plaza, UL Level, Volumetric tuning of sBB for global optimization of
factorable formulations

9:00 - 9:30 Ricardo Fukasawa, Elizabeth Room, Crowne Plaza, UL Level, Implementing the (not so) trivial lifting
problem

9:30 - 10:00 Santanu Dey, Elizabeth Room, Crowne Plaza, UL Level, Some cut generating functions for second-order
conic sets

15:30 - 16:00 Levent Tuncel, Elizabeth Room, Crowne Plaza, UL Level, Geometric and analytic properties of MaxCut
SDP

16:00 - 16:30 Konstantinos Georgiou, Elizabeth Room, Crowne Plaza, UL Level, Geometric and Computational
Aspects for Attacking Combinatorial Optimization Problems Using Semi-Definite Programs

16:30 - 17:00 Tamon Stephen, Elizabeth Room, Crowne Plaza, UL Level, On the Circuit Diameter Conjecture

17:00 - 17:30 Chaitanya Swamy, Elizabeth Room, Crowne Plaza, UL Level, Approximating Min-cost Chain-
constrained Spanning Trees: A Reduction From Weighted To Unweighted Problems

17:30 - 18:00 Tamás Terlaky, Elizabeth Room, Crowne Plaza, UL Level, A Polynomial Column-wise Rescaling von
Neumann Algorithm

Abstracts/Résumés

SANTANU DEY, Georgia Institute of Technology

[Sunday December 4 / dimanche 4 décembre, 9:30 – Elizabeth Room, Crowne Plaza, UL Level]

Some cut generating functions for second-order conic sets

We study cut generating functions for conic sets. Our first main result shows that if the conic set is bounded, then cut
generating functions for integer linear programs can easily be adapted to give the integer hull of the conic integer program.
Then we introduce a new class of cut generating functions which are non-decreasing with respect to second-order cone. We
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show that, under some minor technical conditions, these functions together with integer linear programming-based functions
are sufficient to yield the integer hull of intersections of conic sections in R2.

This is joint work with Asteroide Santana.

ANTOINE DEZA, McMaster University

[Saturday December 3 / samedi 3 décembre, 16:00 – Elizabeth Room, Crowne Plaza, UL Level]

Primitive Lattice Polytopes

We introduce and study a family of polytopes which can be seen as a generalization of the permutahedron of type Bd. We
highlight connections with the largest possible diameter of the convex hull of a set of points in dimension d whose coordinates are
integers between 0 and k, and with a parameter controlling the computational complexity of multicriteria matroid optimization.
Based on a joint work with George Manoussakis and Shmuel Onn.

YURI FAENZA, Columbia University

[Sunday December 4 / dimanche 4 décembre, 8:00 – Elizabeth Room, Crowne Plaza, UL Levellaza]

An invitation to 2-level polytopes

2-level polytopes are a generalization of stable set polytopes of perfect graphs. They naturally appear in several areas of
mathematics, including polyhedral combinatorics, combinatorial optimization, and statistics. Those polytopes have received
some attention in the last years because of their connections with the theory of linear and semidefinite extended formulations
and the log rank conjecture in communication complexity. Still, even basic questions on their structure lie unanswered. In
this talk, I will present some known results, open problems, and promising research directions. In particular, I will focus on an
algorithm for enumerating, up to affine transformations, all 2-level polytopes.

RICARDO FUKASAWA, University of Waterloo

[Sunday December 4 / dimanche 4 décembre, 9:00 – Elizabeth Room, Crowne Plaza, UL Level]

Implementing the (not so) trivial lifting problem

When generating cuts for MIPs from multiple rows of the simplex tableau, one approach has been to relax the integrality of
the non-basic variables, compute an intersection cut, then strengthen the cut coefficients corresponding to integral non-basic
variables using the so-called trivial lifting procedure. Although of polynomial-time complexity in theory, this lifting procedure can
be computationally costly in practice. For two-row relaxations, we present an algorithm that computes trivial lifting coefficients
in constant time, for arbitrary lattice-free sets. This borrows ideas from solving integer programs in fixed dimensions and our
results show that a bound on the number of iterations can be derived from the lattice width and covering radius of the lattice
free set. Computational experiments confirm that the algorithm works well in practice.

KONSTANTINOS GEORGIOU, Ryerson University

[Sunday December 4 / dimanche 4 décembre, 16:00 – Elizabeth Room, Crowne Plaza, UL Level]

Geometric and Computational Aspects for Attacking Combinatorial Optimization Problems Using Semi-Definite Programs

In this talk we will introduce the paradigm of Semi-Definite Programming (SDP) relaxations as a tool for attacking (intractable)
Combinatorial Optimization problems. According to this cornerstone algorithmic technique, the optimization problem at hand
is first formulated as an Integer/Quadratic Program. When the integrality condition is dropped, the resulting optimization
problem is a SDP, i.e. a tractable (under mild assumptions) optimization problem.

SDP relaxations have given rise to numerous state-of-the-art approximation algorithms for Combinatorial Optimization Prob-
lems. Still, the discrepancy between the optimal exact solutions and the solutions to the relaxation is a natural barrier for the
performance of any SDP-based algorithm. One way of coping with this obstacle is geometric. Solutions to SDPs give rise to
so-called negative-type metrics, i.e. a subsets of Rn equipped with the �22 norm. The relaxation of the original formulation to
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a SDP can be actually interpreted as the relaxation of an �1 metric space to a negative-type metric. As such, a natural way
for strengthening SDPs is to add �1 constraints, including k-gonal inequalities, or more generally, hypermetrics inequalities.

The main subject of the talk will be to further elaborate on computational aspects regarding the addition of �1 constraints in
SDPs, and the induced approximability trade-offs for Combinatorial Optimization Problems.

JON LEE, University of Michigan

[Sunday December 4 / dimanche 4 décembre, 8:30 – Elizabeth Room, Crowne Plaza, UL Level]

Volumetric tuning of sBB for global optimization of factorable formulations

Using volume calculations, I will demonstrate how we can get mathematical guidance for convexification strategies and for
branching-point selection, in the context of the spatial branch-and-bound algorithm for factorable global-optimization formu-
lations. We carry out this in considerable detail for the the basic function of multiplying three terms. This is joint work with
Emily Speakman.

CARLA MICHINI, University of Wisconsin Madison

[Saturday December 3 / samedi 3 décembre, 16:30 – Elizabeth Room, Crowne Plaza, UL Level]

Totally Unimodular Congestion Games

We investigate a new class of congestion games, called Totally Unimodular (TU) Congestion Games, where the players’
strategies are binary vectors inside polyhedra defined by totally unimodular constraint matrices. Network congestion games
belong to this class.

In the symmetric case, when all players have the same strategy set, we design an algorithm that finds an optimal aggregated
strategy and then decomposes it into the single players’ strategies. This approach yields strongly polynomial-time algorithms
to (i) find a pure Nash equilibrium, and (ii) compute a socially optimal state, if the delay functions are weakly convex. We
also show how this technique can be extended to matroid congestion games.

We then introduce some combinatorial TU congestion games, where the players’ strategies are matchings, vertex covers, edge
covers, and stable sets of a given bipartite graph. In the asymmetric case, we show that for these games (i) it is PLS-complete
to find a pure Nash equilibrium even in case of linear delay functions, and (ii) it is NP-hard to compute a socially optimal
state, even in case of weakly convex delay functions.

SEBASTIAN POKUTTA, Georgia Institute of Technology

[Saturday December 3 / samedi 3 décembre, 17:30 – Elizabeth Room, Crowne Plaza, UL Level]

Lazifying Conditional Gradients

Both, discrete optimization techniques as well as machine learning approaches have made significant progress over the last
decades and can be considered important tools that are regularly used in applications. However, very little has been done at the
intersection of the two disciplines despite their unprecedented real-world significance: as soon as the underlying set of decisions
that we want to optimize over is of a combinatorial or discrete nature standard learning approaches fail due to unacceptable
running times or real-world irrelevant guarantees. At the same time many strategic, tactical, and operational challenges that
we face (e.g., in dynamic routing, ad allocation, pick path optimization, dynamic pricing, demand prediction, etc.) require a
tight integration of data, learning, and decision making. In this talk I will provide a general method to significantly speed-up
convex optimization and learning by modifying conditional gradient algorithms. This new approach is particularly effective in
the context of combinatorial problems leading to several orders of magnitude in speed-up.

(joint work with Gábor Braun and Daniel Zink)
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KONSTANTINOS GEORGIOU, Ryerson University

[Sunday December 4 / dimanche 4 décembre, 16:00 – Elizabeth Room, Crowne Plaza, UL Level]

Geometric and Computational Aspects for Attacking Combinatorial Optimization Problems Using Semi-Definite Programs

In this talk we will introduce the paradigm of Semi-Definite Programming (SDP) relaxations as a tool for attacking (intractable)
Combinatorial Optimization problems. According to this cornerstone algorithmic technique, the optimization problem at hand
is first formulated as an Integer/Quadratic Program. When the integrality condition is dropped, the resulting optimization
problem is a SDP, i.e. a tractable (under mild assumptions) optimization problem.

SDP relaxations have given rise to numerous state-of-the-art approximation algorithms for Combinatorial Optimization Prob-
lems. Still, the discrepancy between the optimal exact solutions and the solutions to the relaxation is a natural barrier for the
performance of any SDP-based algorithm. One way of coping with this obstacle is geometric. Solutions to SDPs give rise to
so-called negative-type metrics, i.e. a subsets of Rn equipped with the �22 norm. The relaxation of the original formulation to
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LIONEL POURNIN, Université Paris 13

[Saturday December 3 / samedi 3 décembre, 17:00 – Elizabeth Room, Crowne Plaza, UL Level]

Improved bounds on the diameter of lattice polytopes

The focus of this talk is on the largest possible diameter δ(d, k) of a lattice polytope contained in the hypercube [0, k]d. A
recent result by Del Pia and Michini bounds δ(d, k) above by kd − �d/2� when k ≥ 2. Pursuing their approach, Deza and
Pournin have improved this bound when k ≥ 3 as kd − �2d/3�. The key arguments of the proof will be given as well as a
number of reasons why further improving this bound using the same ideas may be challenging.

LAURA SANITÀ, University of Waterloo

[Saturday December 3 / samedi 3 décembre, 15:00 – Elizabeth Room, Crowne Plaza, UL Level]

On the circuit diameter of some polytopes in combinatorial optimization

The diameter of a polyhedron P is the maximum value of a shortest path between a pair of vertices of P, where one is allowed
to walk on the edges (1-dimensional faces) of P. The circuit diameter of P is instead defined as the maximum value of a
shortest circuit-path between a pair of vertices of P, where one is allowed to walk using the direction of potential edges of P,
i.e. edges that can arise by translating the facets of P. In this talk, we will give new bounds on the diameter and on the circuit
diameter of some polytopes that describe the set of feasible solutions of classical combinatorial optimization problems.

TAMON STEPHEN, Simon Fraser University

[Sunday December 4 / dimanche 4 décembre, 16:30 – Elizabeth Room, Crowne Plaza, UL Level]

On the Circuit Diameter Conjecture

A key concept in optimization is the combinatorial diameter of a polyhedron. From the point of view of optimization, we
would like to relate it to the number of facets f and dimension d of the polyhedron. In the seminal paper of Klee and Walkup,
the Hirsch conjecture, that the bound is f − d, was shown to be equivalent to several seemingly simpler statements, and
was disproved for unbounded polyhedra through the construction of a particular 4-dimensional polyhedron with 8 facets. The
Hirsch bound for polytopes was only recently narrowly exceed by Santos.

We consider analogous questions for a variant of the combinatorial diameter called the circuit diameter. In this variant,
paths are built from the circuit directions of the polyhedron, and can travel through the interior. We are able to recover the
equivalence results that hold in the combinatorial case. Further, we show that validity of the circuit analogue of the non-
revisiting conjecture for polytopes would imply a linear bound on the circuit diameter of all unbounded polyhedra. Finally, we
prove a circuit version of the 4-step conjecture. These results offer some hope that the circuit version of the Hirsch conjecture
may hold, even for unbounded polyhedra.

Our methods require adapting the notion of simplicity to work with circuits. We show that it suffices to consider such circuit
simple polyhedra for studying circuit analogues of the Hirsch conjecture, and use this to prove the equivalences of the different
variants.

This is joint work with Steffen Borgwardt and Timothy Yusun.

NORIYOSHI SUKEGAWA, Chuo University

[Saturday December 3 / samedi 3 décembre, 15:30 – Elizabeth Room, Crowne Plaza, UL Level]

Improving bounds on the diameter of a polyhedron in high dimensions

In 1992, Kalai and Kleitman proved that the diameter of a d-dimensional polyhedron with n facets is at most nlog2(d)+2.
Recently, Todd improved the Kalai-Kleitman bound to (n − d)log2(d), which is tight for d ≤ 2, i.e., in low dimensions.
We propose a method for tightening Todd’s analysis in high dimensions, and prove further improved upper bounds such as
(n − d)log2(d)−1 for d ≥ 7, (n − d)log2(d)−2 for d ≥ 37, and (n − d)log2(d)−3+O(1/d) for d ≥ 1.
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a SDP can be actually interpreted as the relaxation of an �1 metric space to a negative-type metric. As such, a natural way
for strengthening SDPs is to add �1 constraints, including k-gonal inequalities, or more generally, hypermetrics inequalities.

The main subject of the talk will be to further elaborate on computational aspects regarding the addition of �1 constraints in
SDPs, and the induced approximability trade-offs for Combinatorial Optimization Problems.

JON LEE, University of Michigan

[Sunday December 4 / dimanche 4 décembre, 8:30 – Elizabeth Room, Crowne Plaza, UL Level]

Volumetric tuning of sBB for global optimization of factorable formulations

Using volume calculations, I will demonstrate how we can get mathematical guidance for convexification strategies and for
branching-point selection, in the context of the spatial branch-and-bound algorithm for factorable global-optimization formu-
lations. We carry out this in considerable detail for the the basic function of multiplying three terms. This is joint work with
Emily Speakman.

CARLA MICHINI, University of Wisconsin Madison

[Saturday December 3 / samedi 3 décembre, 16:30 – Elizabeth Room, Crowne Plaza, UL Level]

Totally Unimodular Congestion Games

We investigate a new class of congestion games, called Totally Unimodular (TU) Congestion Games, where the players’
strategies are binary vectors inside polyhedra defined by totally unimodular constraint matrices. Network congestion games
belong to this class.

In the symmetric case, when all players have the same strategy set, we design an algorithm that finds an optimal aggregated
strategy and then decomposes it into the single players’ strategies. This approach yields strongly polynomial-time algorithms
to (i) find a pure Nash equilibrium, and (ii) compute a socially optimal state, if the delay functions are weakly convex. We
also show how this technique can be extended to matroid congestion games.

We then introduce some combinatorial TU congestion games, where the players’ strategies are matchings, vertex covers, edge
covers, and stable sets of a given bipartite graph. In the asymmetric case, we show that for these games (i) it is PLS-complete
to find a pure Nash equilibrium even in case of linear delay functions, and (ii) it is NP-hard to compute a socially optimal
state, even in case of weakly convex delay functions.

SEBASTIAN POKUTTA, Georgia Institute of Technology

[Saturday December 3 / samedi 3 décembre, 17:30 – Elizabeth Room, Crowne Plaza, UL Level]

Lazifying Conditional Gradients

Both, discrete optimization techniques as well as machine learning approaches have made significant progress over the last
decades and can be considered important tools that are regularly used in applications. However, very little has been done at the
intersection of the two disciplines despite their unprecedented real-world significance: as soon as the underlying set of decisions
that we want to optimize over is of a combinatorial or discrete nature standard learning approaches fail due to unacceptable
running times or real-world irrelevant guarantees. At the same time many strategic, tactical, and operational challenges that
we face (e.g., in dynamic routing, ad allocation, pick path optimization, dynamic pricing, demand prediction, etc.) require a
tight integration of data, learning, and decision making. In this talk I will provide a general method to significantly speed-up
convex optimization and learning by modifying conditional gradient algorithms. This new approach is particularly effective in
the context of combinatorial problems leading to several orders of magnitude in speed-up.

(joint work with Gábor Braun and Daniel Zink)
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LIONEL POURNIN, Université Paris 13

[Saturday December 3 / samedi 3 décembre, 17:00 – Elizabeth Room, Crowne Plaza, UL Level]

Improved bounds on the diameter of lattice polytopes

The focus of this talk is on the largest possible diameter δ(d, k) of a lattice polytope contained in the hypercube [0, k]d. A
recent result by Del Pia and Michini bounds δ(d, k) above by kd − �d/2� when k ≥ 2. Pursuing their approach, Deza and
Pournin have improved this bound when k ≥ 3 as kd − �2d/3�. The key arguments of the proof will be given as well as a
number of reasons why further improving this bound using the same ideas may be challenging.

LAURA SANITÀ, University of Waterloo

[Saturday December 3 / samedi 3 décembre, 15:00 – Elizabeth Room, Crowne Plaza, UL Level]

On the circuit diameter of some polytopes in combinatorial optimization

The diameter of a polyhedron P is the maximum value of a shortest path between a pair of vertices of P, where one is allowed
to walk on the edges (1-dimensional faces) of P. The circuit diameter of P is instead defined as the maximum value of a
shortest circuit-path between a pair of vertices of P, where one is allowed to walk using the direction of potential edges of P,
i.e. edges that can arise by translating the facets of P. In this talk, we will give new bounds on the diameter and on the circuit
diameter of some polytopes that describe the set of feasible solutions of classical combinatorial optimization problems.

TAMON STEPHEN, Simon Fraser University

[Sunday December 4 / dimanche 4 décembre, 16:30 – Elizabeth Room, Crowne Plaza, UL Level]

On the Circuit Diameter Conjecture

A key concept in optimization is the combinatorial diameter of a polyhedron. From the point of view of optimization, we
would like to relate it to the number of facets f and dimension d of the polyhedron. In the seminal paper of Klee and Walkup,
the Hirsch conjecture, that the bound is f − d, was shown to be equivalent to several seemingly simpler statements, and
was disproved for unbounded polyhedra through the construction of a particular 4-dimensional polyhedron with 8 facets. The
Hirsch bound for polytopes was only recently narrowly exceed by Santos.

We consider analogous questions for a variant of the combinatorial diameter called the circuit diameter. In this variant,
paths are built from the circuit directions of the polyhedron, and can travel through the interior. We are able to recover the
equivalence results that hold in the combinatorial case. Further, we show that validity of the circuit analogue of the non-
revisiting conjecture for polytopes would imply a linear bound on the circuit diameter of all unbounded polyhedra. Finally, we
prove a circuit version of the 4-step conjecture. These results offer some hope that the circuit version of the Hirsch conjecture
may hold, even for unbounded polyhedra.

Our methods require adapting the notion of simplicity to work with circuits. We show that it suffices to consider such circuit
simple polyhedra for studying circuit analogues of the Hirsch conjecture, and use this to prove the equivalences of the different
variants.

This is joint work with Steffen Borgwardt and Timothy Yusun.

NORIYOSHI SUKEGAWA, Chuo University

[Saturday December 3 / samedi 3 décembre, 15:30 – Elizabeth Room, Crowne Plaza, UL Level]

Improving bounds on the diameter of a polyhedron in high dimensions

In 1992, Kalai and Kleitman proved that the diameter of a d-dimensional polyhedron with n facets is at most nlog2(d)+2.
Recently, Todd improved the Kalai-Kleitman bound to (n − d)log2(d), which is tight for d ≤ 2, i.e., in low dimensions.
We propose a method for tightening Todd’s analysis in high dimensions, and prove further improved upper bounds such as
(n − d)log2(d)−1 for d ≥ 7, (n − d)log2(d)−2 for d ≥ 37, and (n − d)log2(d)−3+O(1/d) for d ≥ 1.
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CHAITANYA SWAMY, University of Waterloo

[Sunday December 4 / dimanche 4 décembre, 17:00 – Elizabeth Room, Crowne Plaza, UL Level]

Approximating Min-cost Chain-constrained Spanning Trees: A Reduction From Weighted To Unweighted Problems

We consider the problem of finding a min-cost spanning tree satisfying degree bounds for a nested family (i.e., a chain) of
node-sets. We give the first approximation algorithm for this problem that approximates both the cost and degree bounds
by a constant factor. This is also the first result that obtains an constant-factor approximation for both the cost and degree
bounds for any spanning-tree problem with general degree bounds on node sets, where an edge participates in a non-constant
number of degree constraints. Our algorithm is based on a novel use of Lagrangian duality to simplify the cost structure of
the underlying problem to obtain a decomposition into uniform-cost subproblems, and then using a known algorithm for the
unweighted problem. We show that this Lagrangian-relaxation based idea is in fact applicable more generally and, for any
cost-minimization problem with packing side-constraints, yields a reduction from the weighted to the unweighted problem. We
believe that this reduction is of independent interest. As another application of our technique, we consider the k-budgeted
matroid basis problem, where we leverage a recent rounding algorithm for the problem to obtain an improved nO(k1.5/ε)-time
algorithm that returns a solution that satisfies (any) one of the budget constraints exactly and incurs a (1 + ε)-violation of the
other budget constraints.

TAMÁS TERLAKY, Lehigh University, Bethlehem, PA

[Sunday December 4 / dimanche 4 décembre, 17:30 – Elizabeth Room, Crowne Plaza, UL Level]

A Polynomial Column-wise Rescaling von Neumann Algorithm

Recently Chubanov proposed a method which solves homogeneous linear equality systems with positive variables in polynomial
time. Chubanov’s method can be considered as a column-wise rescaling procedure. We adapt Chubanov’s method to the von
Neumann problem, and so we design a polynomial time column-wise rescaling von Neumann algorithm. This algorithm is the

rst variant of the von Neumann algorithm with polynomial complexity. Joint work with Dan Li and Kees Roos.

LEVENT TUNCEL, University of Waterloo

[Sunday December 4 / dimanche 4 décembre, 15:30 – Elizabeth Room, Crowne Plaza, UL Level]

Geometric and analytic properties of MaxCut SDP

Given a simple undirected graph with weights on the edges, finding a cut of maximum weight in the graph is a fundamental,
and hard combinatorial optimization problem (called MaxCut). Since the early 1990’s, one of the most intriguing approaches
for solving the MaxCut problem (both in practice and in terms of computational complexity) has been the utilization of
convex relaxations based on Semidefinite Programming (SDP). We study some goemetric and analytic properties of the most
commonly used SDP relaxation of the MaxCut problem (the MaxCut SDP).

This talk is based on joint work with Marcel de Carli Silva.
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Org: Maxime Fortier Bourque (University of Toronto) and/et Malik Younsi (Stony Brook University)

Schedule/Horaire Room/Salle: Upper Fallsview A, Sheraton, 5th Level

Saturday December 3 samedi 3 décembre
8:00 - 8:30 Richard Fournier, Three polynomial inequalities for the price of one!

8:30 - 9:00 Raphaël Clouâtre, Ideals and zero sets for multipliers on the ball

9:00 - 9:30 Henri Guenancia, Multiplier ideal of toric plurisubharmonic functions

9:30 - 10:00 Leonid V. Kovalev, Symmetrization and extension of bi-Lipschitz maps

15:00 - 15:30 Thomas Ransford, Cyclic polynomials on the bidisk

15:30 - 16:00 Maxime Fortier Bourque, The Teichmuller space of conformal pentagons

16:00 - 16:30 Eric Schippers, Conformal invariants associated with quadratic differentials

16:30 - 17:00 Michael Yampolsky, Complexity of attractors of real quadratic polynomials

17:00 - 17:30 Trevor Richards, The rational conformal modeling question

17:30 - 18:00 Andrew Zimmer, Negatively curved metric spaces and several complex variables

Sunday December 4 dimanche 4 décembre
8:00 - 8:30 Ilia Binder, The Exploration process for critical percolation converges to SLE6 polynomially fast.

8:30 - 9:00 Javad Mashreghi, Approximation via Toeplitz operators

9:00 - 9:30 Dylan Thurston, Degenerating Riemann surfaces and elastic graphs

9:30 - 10:00 Malik Younsi, Constructive approximation by Julia sets

Abstracts/Résumés

ILIA BINDER, University of Toronto

[Sunday December 4 / dimanche 4 décembre, 8:00 – Upper Fallsview A, Sheraton, 5th Level]

The Exploration process for critical percolation converges to SLE6 polynomially fast.

We discuss the rate of convergence of the exploration process for critical percolation to SLE6. Essentially, it is a conditional
result: as soon as a convergence itself is established for a percolation model, the power rate of convergence holds. So far, the
result is unconditional for critical site percolation on hexagonal lattice and for some of its generalizations. I will emphasise the
Complex Analytical ingredients of the proof. The talk is based on joint projects with Lincoln Chayes (UCLA), Helen Lei, and
Larissa Richards (Toronto).

MAXIME FORTIER BOURQUE, University of Toronto

[Saturday December 3 / samedi 3 décembre, 15:30 – Upper Fallsview A, Sheraton, 5th Level]

The Teichmuller space of conformal pentagons

I will discuss about the space of Jordan domains with 5 points marked along their boundary up to conformal equivalence. The
Teichmuller metric on this space is complete and uniquely geodesic, yet its balls are not necessarily convex. However, the
space is exhausted by compact convex sets. In particular, the convex hull of any finite set is compact. Whether this holds for
Teichmuller spaces in general is an open question of H. Masur.
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RAPHAËL CLOUÂTRE, University of Manitoba

[Saturday December 3 / samedi 3 décembre, 8:30 – Upper Fallsview A, Sheraton, 5th Level]

Ideals and zero sets for multipliers on the ball

We study the closed ideals of an algebra of holomorphic functions on the unit ball, namely the multiplier algebra Ad of the
Drury-Arveson space. Using a recent description of the dual space of Ad, we shed some light on the structure of ideals and
give an analogue of classical results of Carleson-Rudin and Hedenmalm on the ball algebra. Deeply intertwined with ideals
are zero sets of multipliers. We show how a zero set being small with respect to Ad reveals a close relationship between the
associated ideal and its closure in some weak topology. In general, determining the size of a zero set on the sphere is quite
difficult, and we explain how our results may give a new perspective on an old unresolved question of Rudin. This is joint work
with Ken Davidson.

RICHARD FOURNIER, Dawson College and CRM

[Saturday December 3 / samedi 3 décembre, 8:00 – Upper Fallsview A, Sheraton, 5th Level]

Three polynomial inequalities for the price of one!

I will exhibit and discuss an interpolation formula which contains in a rather obvious way the Bernstein inequality for trigono-
metric polynomials, an improvement of the Bernstein inequality for algebraic polynomials on the unit circle as well as the
Duffin-Schaeffer-Markov inequality for polynomials on the unit interval. This follows from joint work with Dimiter Dryanov
and Stephan Ruscheweyh.

HENRI GUENANCIA, Stony Brook University

[Saturday December 3 / samedi 3 décembre, 9:00 – Upper Fallsview A, Sheraton, 5th Level]

Multiplier ideal of toric plurisubharmonic functions

Given a plurisubharmonic function ϕ on the unit polydisk Dn ⊂ Cn , a fundamental object attached to ϕ is the so-called
multiplier ideal

I(ϕ) := {f ∈ O(Dn);
∫

Dn

|f |2e−ϕdλ < +∞}

The goal of the talk is to describe I(ϕ) in the case where ϕ is invariant under the natural action of the torus (S1)n; this will
require to introduce a Newton convex body attached to any torus invariant psh function generalizing the well-known ”algebraic
case” when ϕ = log

∑
I |zI |2 i.e. when ϕ is the logarithm of the sum of square of (the modulus of) monomials .

LEONID V. KOVALEV, Syracuse University

[Saturday December 3 / samedi 3 décembre, 9:30 – Upper Fallsview A, Sheraton, 5th Level]

Symmetrization and extension of bi-Lipschitz maps

The Lipschitz extension problem is: given a subset A of a metric space X and a Lipschitz map f : A → Y , find a Lipschitz map
F : X → Y that agrees with f on A. In addition, one may want to have an estimate on the Lipschitz constant of the extended
map. And if the original map had a Lipschitz inverse, it is natural to look for F with the same property. I will describe recent
progress in this direction, which involves an attempt to transform a simple closed curve on a plane into a centrally symmetric
one, while controlling the increase of the Lipschitz constant of its parametrization.

JAVAD MASHREGHI, Laval University

[Sunday December 4 / dimanche 4 décembre, 8:30 – Upper Fallsview A, Sheraton, 5th Level]

Approximation via Toeplitz operators
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result: as soon as a convergence itself is established for a percolation model, the power rate of convergence holds. So far, the
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Teichmuller metric on this space is complete and uniquely geodesic, yet its balls are not necessarily convex. However, the
space is exhausted by compact convex sets. In particular, the convex hull of any finite set is compact. Whether this holds for
Teichmuller spaces in general is an open question of H. Masur.
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In several Banach spaces of analytic functions on the open unit disc D, analytic polynomials are dense. The standard technique
is to approximate a function f by its dilations fr. The latter is a function which is defined on a disc larger than the open unit
disc and thus one expects a better behavior by fr on D. Therefore, we ”expect” to be able to approximate fr by polynomials
on D and, if r is close enough to one, these polynomials should also be close enough to f . This general approach works in
many function spaces, e.g., Hardy , Bergman and Dirichlet spaces. However, this method dramatically fails in de Branges-
Rovnyak spaces H(b). But, at the same time, polynomials are still dense in these spaces. The first proof of this fact was
non-constructive. Using Toeplitz operators, we provide a new constructive proof.

This is a joint work with O. El-Fallah, E. Fricain, K. Kellay, and T. Ransford.

THOMAS RANSFORD, Université Laval

[Saturday December 3 / samedi 3 décembre, 15:00 – Upper Fallsview A, Sheraton, 5th Level]

Cyclic polynomials on the bidisk

Let Dα be the Hilbert space of holomorphic functions f(z) :=
∑

k≥0 akzk on the unit disk such that
∑

k≥0(k+1)α|ak|2 < ∞.
It is well known that, if −∞ < α ≤ 1, then a polynomial p(z) is cyclic in Dα (that is, it generates the whole of Dα as a closed
shift-invariant subspace) iff it has no zeros in the open unit disk; and if 1 < α < ∞, then p(z) is cyclic iff it has no zeros in
the closed unit disk. In this talk, I shall discuss an analogous result for function spaces on the bidisk. (Joint work with Greg
Knese, �Lukasz Kosiński and Alan Sola.)

TREVOR RICHARDS, Washington and Lee University

[Saturday December 3 / samedi 3 décembre, 17:00 – Upper Fallsview A, Sheraton, 5th Level]

The rational conformal modeling question

For a domain D ⊂ C and a meromorphic function f : D → C, the rational conformal modeling question asks whether there
exists an injective analytic map (a conformal map) ϕ : D → C and a rational function R such that f = R ◦ ϕ on D. If D
is simply connected, and f is analytic, it is reasonable to expect R to be a polynomial (the polynomial conformal modeling
question). The conformal degree of f on D is the minimal degree of the rational function R.

Partial solutions for the polynomial and rational conformal modeling questions will be discussed, with results regarding the
conformal degree as well. Of special interest is the case where D = D, the unit disk, and f is a finite Blaschke product. In
this case the polynomial conformal modeling question is related to the fingerprint of a polynomial lemniscate. The problem of
computing the polynomial conformal model (ie. the function R) and the conformal map (ie. the function ϕ) for a given finite
Blaschke product f will also be discussed.

ERIC SCHIPPERS, University of Manitoba

[Saturday December 3 / samedi 3 décembre, 16:00 – Upper Fallsview A, Sheraton, 5th Level]

Conformal invariants associated with quadratic differentials

We associate a conformal invariant of nested pairs of simply connected domains to any quadratic differential such that the
boundary of the outer domain is a trajectory. The resulting conformal invariants are monotonic, strictly negative, and are
zero precisely when the inner domain is the outer domain minus trajectories of the quadratic differential. By choosing various
quadratic differentials one obtains various inequalities for bounded univalent functions or domain functions.

The construction is a generalization of a technique of Nehari for extremal problems for families of conformal maps, involving
Dirichlet energies of singular harmonic functions.

DYLAN THURSTON, Indiana University, Bloomington

[Sunday December 4 / dimanche 4 décembre, 9:00 – Upper Fallsview A, Sheraton, 5th Level]

Degenerating Riemann surfaces and elastic graphs

Complex Analysis and Applications
Analyse complexe et applications

We study degenerating families of open Riemann surfaces, and in particular when one degenerating family conformally embeds
in another in a given homotopy class. Using a characterization of conformal embeddings via extremal length, we show that,
under suitable hypotheses, conformal embedding is captured by suitable elastic graphs associated to the degenerations.

MICHAEL YAMPOLSKY, University of Toronto

[Saturday December 3 / samedi 3 décembre, 16:30 – Upper Fallsview A, Sheraton, 5th Level]

Complexity of attractors of real quadratic polynomials

We construct examples of quadratic maps of the interval with Cantor attractors which are effectively computable, but have
arbitrarily high computational complexity. The construction uses tools of parabolic implosion and renormalization. This is a
joint work with Cristobal Rojas.

MALIK YOUNSI, University of Washington

[Sunday December 4 / dimanche 4 décembre, 9:30 – Upper Fallsview A, Sheraton, 5th Level]

Constructive approximation by Julia sets

The study of possible shapes of polynomial Julia sets was instigated by Kathryn Lindsey, who proved that any Jordan curve in
the plane can be approximated by polynomial Julia sets arbitrarily well in the Hausdorff distance, thereby answering a question
of Bill Thurston. In this talk, I will present a constructive proof based on potential theory that any bounded subset of the
plane whose interior has connected complement can be approximated in a strong sense by polynomial filled Julia sets. Several
illustrative examples will be presented, as well as estimates for the rate of approximation in terms of geometric and potential
theoretic quantities. This is joint work with Kathryn Lindsey.

ANDREW ZIMMER, University of Chicago

[Saturday December 3 / samedi 3 décembre, 17:30 – Upper Fallsview A, Sheraton, 5th Level]

Negatively curved metric spaces and several complex variables

In this talk I will discuss how to use ideas from the theory of metric spaces of negative curvature to understand the behavior
of holomorphic maps between bounded domains in complex Euclidean space. Every bounded domain has an metric, called the
Kobayashi metric, which is distance non-increasing with respect to holomorphic maps. Moreover, this metric often satisfies
well-known negative curvature type conditions (for instance, Gromov hyperbolicity or visibility) and one can then use this
negative curvature to understand the behavior of holomorphic maps. Some of what I will talk about is joint work with Gautam
Bharali.



Réunion d’hiver de la SMC 2016 59

Complex Analysis and Applications
Analyse complexe et applications

We study degenerating families of open Riemann surfaces, and in particular when one degenerating family conformally embeds
in another in a given homotopy class. Using a characterization of conformal embeddings via extremal length, we show that,
under suitable hypotheses, conformal embedding is captured by suitable elastic graphs associated to the degenerations.

MICHAEL YAMPOLSKY, University of Toronto

[Saturday December 3 / samedi 3 décembre, 16:30 – Upper Fallsview A, Sheraton, 5th Level]

Complexity of attractors of real quadratic polynomials

We construct examples of quadratic maps of the interval with Cantor attractors which are effectively computable, but have
arbitrarily high computational complexity. The construction uses tools of parabolic implosion and renormalization. This is a
joint work with Cristobal Rojas.

MALIK YOUNSI, University of Washington

[Sunday December 4 / dimanche 4 décembre, 9:30 – Upper Fallsview A, Sheraton, 5th Level]

Constructive approximation by Julia sets

The study of possible shapes of polynomial Julia sets was instigated by Kathryn Lindsey, who proved that any Jordan curve in
the plane can be approximated by polynomial Julia sets arbitrarily well in the Hausdorff distance, thereby answering a question
of Bill Thurston. In this talk, I will present a constructive proof based on potential theory that any bounded subset of the
plane whose interior has connected complement can be approximated in a strong sense by polynomial filled Julia sets. Several
illustrative examples will be presented, as well as estimates for the rate of approximation in terms of geometric and potential
theoretic quantities. This is joint work with Kathryn Lindsey.

ANDREW ZIMMER, University of Chicago

[Saturday December 3 / samedi 3 décembre, 17:30 – Upper Fallsview A, Sheraton, 5th Level]

Negatively curved metric spaces and several complex variables

In this talk I will discuss how to use ideas from the theory of metric spaces of negative curvature to understand the behavior
of holomorphic maps between bounded domains in complex Euclidean space. Every bounded domain has an metric, called the
Kobayashi metric, which is distance non-increasing with respect to holomorphic maps. Moreover, this metric often satisfies
well-known negative curvature type conditions (for instance, Gromov hyperbolicity or visibility) and one can then use this
negative curvature to understand the behavior of holomorphic maps. Some of what I will talk about is joint work with Gautam
Bharali.

Complex Analysis and Applications
Analyse complexe et applications

We study degenerating families of open Riemann surfaces, and in particular when one degenerating family conformally embeds
in another in a given homotopy class. Using a characterization of conformal embeddings via extremal length, we show that,
under suitable hypotheses, conformal embedding is captured by suitable elastic graphs associated to the degenerations.

MICHAEL YAMPOLSKY, University of Toronto

[Saturday December 3 / samedi 3 décembre, 16:30 – Upper Fallsview A, Sheraton, 5th Level]

Complexity of attractors of real quadratic polynomials

We construct examples of quadratic maps of the interval with Cantor attractors which are effectively computable, but have
arbitrarily high computational complexity. The construction uses tools of parabolic implosion and renormalization. This is a
joint work with Cristobal Rojas.

MALIK YOUNSI, University of Washington

[Sunday December 4 / dimanche 4 décembre, 9:30 – Upper Fallsview A, Sheraton, 5th Level]

Constructive approximation by Julia sets

The study of possible shapes of polynomial Julia sets was instigated by Kathryn Lindsey, who proved that any Jordan curve in
the plane can be approximated by polynomial Julia sets arbitrarily well in the Hausdorff distance, thereby answering a question
of Bill Thurston. In this talk, I will present a constructive proof based on potential theory that any bounded subset of the
plane whose interior has connected complement can be approximated in a strong sense by polynomial filled Julia sets. Several
illustrative examples will be presented, as well as estimates for the rate of approximation in terms of geometric and potential
theoretic quantities. This is joint work with Kathryn Lindsey.

ANDREW ZIMMER, University of Chicago

[Saturday December 3 / samedi 3 décembre, 17:30 – Upper Fallsview A, Sheraton, 5th Level]

Negatively curved metric spaces and several complex variables

In this talk I will discuss how to use ideas from the theory of metric spaces of negative curvature to understand the behavior
of holomorphic maps between bounded domains in complex Euclidean space. Every bounded domain has an metric, called the
Kobayashi metric, which is distance non-increasing with respect to holomorphic maps. Moreover, this metric often satisfies
well-known negative curvature type conditions (for instance, Gromov hyperbolicity or visibility) and one can then use this
negative curvature to understand the behavior of holomorphic maps. Some of what I will talk about is joint work with Gautam
Bharali.
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Org: Jeffrey Carlson and/et Elisheva Adina Gamse (University of Toronto)

Schedule/Horaire Room/Salle: Upper Fallsview B, Sheraton, 5th floor

Saturday December 3 samedi 3 décembre
8:00 - 9:00 Doug Ravenel, The slice filtration revisited

9:00 - 9:30 Liviu Mare, Equivariant cohomology of cohomogeneity one actions

9:30 - 10:00 Po Hu, Derived Representation Theory

15:00 - 16:00 Anna Marie Bohmann, Constructing equivariant cohomology theories

16:00 - 16:30 Igor Kriz, Computations of ordinary equivariant cohomology for powers of cyclic groups of prime order

16:30 - 17:00 Sophie Kriz, Equivariant cohomology and the super reciprocal plane of a hyperplane arrangement

17:00 - 17:30 Tony Bahri, Topology and geometry of polyhedral products

17:30 - 18:00 Jeremy Lane, Symplectic invariants of focus-focus singularities and bifurcations of integrable systems

Sunday December 4 dimanche 4 décembre
8:00 - 9:00 Christin Bibby, Representation stability for the cohomology of arrangements associated to root systems

9:00 - 9:30 Leonardo Mihalcea, Chern-Schwartz-MacPherson classes for Schubert cells and characteristic cycles

9:30 - 10:00 Mentor Stafa, Spaces of commuting elements in Lie groups

15:30 - 16:30 Laura Escobar, Torus orbits inside matrix Schubert and brick varieties

16:30 - 17:00 Yael Karshon

17:00 - 18:00 Marc Stephan, On free actions by elementary abelian p-groups

Monday December 5 lundi 5 décembre
8:00 - 9:00 Matthias Franz, A quotient criterion for syzygies in equivariant cohomology

9:00 - 9:30 Chen He, GKM descriptions of the equivariant cohomology rings of homogeneous spaces

9:30 - 10:00 Eckhard Meinrenken, Spinor bundles for Hamiltonian loop group spaces

15:30 - 16:00 Yiannis Loizides, [Q,R]=0 and Verlinde Series

16:00 - 16:30 Lisa Jeffrey, The genus 2 moduli space

16:30 - 17:00 Peter Crooks, Equivariant projective compactifications of semisimple orbits

17:00 - 17:30 Reyer Sjamaar, Convexity properties of presymplectic Hamiltonian actions

17:30 - 18:00 Donald Stanley, Connected sums of quasi-toric manifolds manifolds.

Abstracts/Résumés

TONY BAHRI, Rider University

[Saturday December 3 / samedi 3 décembre, 17:00 – Upper Fallsview B, Sheraton, 5th floor]

Topology and geometry of polyhedral products

Cartesian products have embedded within them certain natural subsets which are indexed by combinatorial information. The
geometric characterization of these subspaces, known now as polyhedral products, has wide application in toric geometry and
topology, combinatorics, geometric group theory, number theory, free groups, homotopy theory and arachnid mechanisms. The
cohomology of these spaces will be described briefly from complementary algebraic and geometric perspectives.
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CHRISTIN BIBBY, University of Western Ontario

[Sunday December 4 / dimanche 4 décembre, 8:00 – Upper Fallsview B, Sheraton, 5th floor]

Representation stability for the cohomology of arrangements associated to root systems

From a root system, one may consider the arrangement of reflecting hyperplanes, as well as its toric and elliptic analogues.
The corresponding Weyl group acts on the complement of the arrangement and hence on its cohomology. We consider a
sequence of linear, toric, or elliptic arrangements which arise from a family of root systems of type A, B, C, or D, and we study
the rational cohomology as a sequence of Weyl group representations. Our techniques combine a Leray spectral sequence
argument similar to that of Church in the type A case along with FIW -module theory which Wilson developed and used in the
linear case.

ANNA MARIE BOHMANN, Vanderbilt University

[Saturday December 3 / samedi 3 décembre, 15:00 – Upper Fallsview B, Sheraton, 5th floor]

Constructing equivariant cohomology theories

Equivariant cohomology theories that are cohomology theories incorporate a group action on spaces. These types of cohomology
theories are increasingly important in algebraic topology but can be difficult to understand or construct. In recent work,
Angelica Osorno and I have developed a construction for building them out of purely algebraic data based on symmetric
monoidal categories. Our method is philosophically similar to classical work of Segal on building nonequivariant cohomology
theories. In this talk I will discuss this work, and as well as an extension to the more general world of Waldhausen categories.
Our new construction is more flexible and is designed to be suitable for equivariant algebraic K-theory constructions.

PETER CROOKS, University of Toronto

[Monday December 5 / lundi 5 décembre, 16:30 – Upper Fallsview B, Sheraton, 5th floor]

Equivariant projective compactifications of semisimple orbits

Semisimple adjoint orbits are affine varieties of interest to both algebraic and symplectic geometers. In particular, these orbits
have been studied in the context of mirror symmetry, for which some understanding of their projective compactifications has
been useful.

I will begin with an overview of complex adjoint orbits and their salient features, subsequently specializing to the semisimple
case. Having done this, I will describe some joint work with Steven Rayan on constructing and understanding projective
compactifications of semisimple orbits.

LAURA ESCOBAR, The Fields Institute and University of Illinois at Urbana Champaign

[Sunday December 4 / dimanche 4 décembre, 15:30 – Upper Fallsview B, Sheraton, 5th floor]

Torus orbits inside matrix Schubert and brick varieties

Given a projective algebraic variety X with an action of a torus T consider the closure of the torus orbits a point in the variety.
If we start with a general point then its orbit closure is the toric variety of the moment polytope of the variety. This polytope
allows us to verify if X is a toric variety with respect to T . We present this framework in the context of matrix Schubert
varieties and brick varieties.

MATTHIAS FRANZ, University of Western Ontario

[Monday December 5 / lundi 5 décembre, 8:00 – Upper Fallsview B, Sheraton, 5th floor]

A quotient criterion for syzygies in equivariant cohomology

We start by reviewing the theory of syzygies in equivariant cohomology for actions of a compact connected Lie group G as
initiated by Allday, Puppe and the speaker. Among other things, it permits to characterize the G-spaces for which a GKM-type
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9:00 - 9:30 Liviu Mare, Equivariant cohomology of cohomogeneity one actions
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15:30 - 16:30 Laura Escobar, Torus orbits inside matrix Schubert and brick varieties

16:30 - 17:00 Yael Karshon

17:00 - 18:00 Marc Stephan, On free actions by elementary abelian p-groups

Monday December 5 lundi 5 décembre
8:00 - 9:00 Matthias Franz, A quotient criterion for syzygies in equivariant cohomology

9:00 - 9:30 Chen He, GKM descriptions of the equivariant cohomology rings of homogeneous spaces

9:30 - 10:00 Eckhard Meinrenken, Spinor bundles for Hamiltonian loop group spaces

15:30 - 16:00 Yiannis Loizides, [Q,R]=0 and Verlinde Series

16:00 - 16:30 Lisa Jeffrey, The genus 2 moduli space
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17:00 - 17:30 Reyer Sjamaar, Convexity properties of presymplectic Hamiltonian actions

17:30 - 18:00 Donald Stanley, Connected sums of quasi-toric manifolds manifolds.

Abstracts/Résumés

TONY BAHRI, Rider University

[Saturday December 3 / samedi 3 décembre, 17:00 – Upper Fallsview B, Sheraton, 5th floor]

Topology and geometry of polyhedral products

Cartesian products have embedded within them certain natural subsets which are indexed by combinatorial information. The
geometric characterization of these subspaces, known now as polyhedral products, has wide application in toric geometry and
topology, combinatorics, geometric group theory, number theory, free groups, homotopy theory and arachnid mechanisms. The
cohomology of these spaces will be described briefly from complementary algebraic and geometric perspectives.
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description of equivariant cohomology holds. We will highlight the role played by a suitably defined equivariant homology, and
we will discuss big polygon spaces as non-trivial examples.

We finally present a criterion that permits to read off the syzygy order of the equivariant cohomology of a manifold with a
torus action from the orbit space. This criterion unifies and generalizes several results about the freeness and torsion-freeness
of equivariant cohomology for various classes of such manifolds.

CHEN HE, Northeastern University

[Monday December 5 / lundi 5 décembre, 9:00 – Upper Fallsview B, Sheraton, 5th floor]

GKM descriptions of the equivariant cohomology rings of homogeneous spaces

For a homogeneous space G/H where G and H are of the same rank and both compact connected, Guillemin, Holm and
Zara gave the GKM description of its equivariant cohomology ring. In this talk, we will use generalized GKM theories in both
even and odd dimensions to consider the case where G and H have rank difference at most 1 and not necessarily connected,
including the interesting examples of certain class of real or oriented flag manifolds.

PO HU, Wayne State University

[Saturday December 3 / samedi 3 décembre, 9:30 – Upper Fallsview B, Sheraton, 5th floor]

Derived Representation Theory

I will talk about the construction of a theory of Lie algebras and their representations,making use of M. Ching’s Lie operad and
Elmendorf-Mandell’s infinite loop space machinery. In particular, I will discuss the construction of spectra version of concepts
from representation theory, such as Verma modules and Harish-Chandra pairs, as well as the application of categorifying slk
link invariants in the category of spectra. (joint work with I. Kriz and P. Somberg)

LISA JEFFREY, University of Toronto

[Monday December 5 / lundi 5 décembre, 16:00 – Upper Fallsview B, Sheraton, 5th floor]

The genus 2 moduli space

(Joint with Nan-Kuo Ho, Khoa Dang Nguyen and Eugene Xia)

The moduli space of gauge equivalence classes of flat connections on a 2-manifold of genus 2 was proved to be isomorphic to
complex projective 3-space by Narasimhan and Ramanan in 1969. Their proof used algebraic geometry. We use the Hamiltonian
flows of Goldman (which were shown by Jeffrey and Weitsman to give moment maps for Hamiltonian circle actions on an
open dense set) to give an identification between an open dense set of this moduli space and an open dense set of complex
projective space.

YAEL KARSHON, University of Toronto

[Sunday December 4 / dimanche 4 décembre, 16:30 – Upper Fallsview B, Sheraton, 5th floor]

IGOR KRIZ, University of Michigan

[Saturday December 3 / samedi 3 décembre, 16:00 – Upper Fallsview B, Sheraton, 5th floor]

Computations of ordinary equivariant cohomology for powers of cyclic groups of prime order

I will talk about my joint work with John Holler on computing the RO(G)-graded coefficients of ordinary equivariant co-
homology with coefficients Z/p where G is a power of Z/p. I will elaborate on the key step of computing the coefficients
of the corresponding ”geometric fixed point” spectrum and certain related spectra. By recent results of Sophie Kriz, these
computations are closely related to the theory of hyperplane arrangements.
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CHRISTIN BIBBY, University of Western Ontario

[Sunday December 4 / dimanche 4 décembre, 8:00 – Upper Fallsview B, Sheraton, 5th floor]

Representation stability for the cohomology of arrangements associated to root systems

From a root system, one may consider the arrangement of reflecting hyperplanes, as well as its toric and elliptic analogues.
The corresponding Weyl group acts on the complement of the arrangement and hence on its cohomology. We consider a
sequence of linear, toric, or elliptic arrangements which arise from a family of root systems of type A, B, C, or D, and we study
the rational cohomology as a sequence of Weyl group representations. Our techniques combine a Leray spectral sequence
argument similar to that of Church in the type A case along with FIW -module theory which Wilson developed and used in the
linear case.

ANNA MARIE BOHMANN, Vanderbilt University

[Saturday December 3 / samedi 3 décembre, 15:00 – Upper Fallsview B, Sheraton, 5th floor]

Constructing equivariant cohomology theories

Equivariant cohomology theories that are cohomology theories incorporate a group action on spaces. These types of cohomology
theories are increasingly important in algebraic topology but can be difficult to understand or construct. In recent work,
Angelica Osorno and I have developed a construction for building them out of purely algebraic data based on symmetric
monoidal categories. Our method is philosophically similar to classical work of Segal on building nonequivariant cohomology
theories. In this talk I will discuss this work, and as well as an extension to the more general world of Waldhausen categories.
Our new construction is more flexible and is designed to be suitable for equivariant algebraic K-theory constructions.

PETER CROOKS, University of Toronto

[Monday December 5 / lundi 5 décembre, 16:30 – Upper Fallsview B, Sheraton, 5th floor]

Equivariant projective compactifications of semisimple orbits

Semisimple adjoint orbits are affine varieties of interest to both algebraic and symplectic geometers. In particular, these orbits
have been studied in the context of mirror symmetry, for which some understanding of their projective compactifications has
been useful.

I will begin with an overview of complex adjoint orbits and their salient features, subsequently specializing to the semisimple
case. Having done this, I will describe some joint work with Steven Rayan on constructing and understanding projective
compactifications of semisimple orbits.

LAURA ESCOBAR, The Fields Institute and University of Illinois at Urbana Champaign

[Sunday December 4 / dimanche 4 décembre, 15:30 – Upper Fallsview B, Sheraton, 5th floor]

Torus orbits inside matrix Schubert and brick varieties

Given a projective algebraic variety X with an action of a torus T consider the closure of the torus orbits a point in the variety.
If we start with a general point then its orbit closure is the toric variety of the moment polytope of the variety. This polytope
allows us to verify if X is a toric variety with respect to T . We present this framework in the context of matrix Schubert
varieties and brick varieties.

MATTHIAS FRANZ, University of Western Ontario

[Monday December 5 / lundi 5 décembre, 8:00 – Upper Fallsview B, Sheraton, 5th floor]

A quotient criterion for syzygies in equivariant cohomology

We start by reviewing the theory of syzygies in equivariant cohomology for actions of a compact connected Lie group G as
initiated by Allday, Puppe and the speaker. Among other things, it permits to characterize the G-spaces for which a GKM-type
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SOPHIE KRIZ, Summers-Knoll school

[Saturday December 3 / samedi 3 décembre, 16:30 – Upper Fallsview B, Sheraton, 5th floor]

Equivariant cohomology and the super reciprocal plane of a hyperplane arrangement

Motivated by computations of equivariant cohomology, I will talk about a certain object of algebraic geometry, namely a
graded-commutative version of the reciprocal plane of a hyperplane arrangement. I will also discuss a superscheme version of
a related toric compactification.

JEREMY LANE, University of Toronto

[Saturday December 3 / samedi 3 décembre, 17:30 – Upper Fallsview B, Sheraton, 5th floor]

Symplectic invariants of focus-focus singularities and bifurcations of integrable systems

[joint in progress with Daniele Sepe] Since Duistermaat (1980) it has been known that focus-focus singularities obstruct an
integrable system from being toric; these singularities introduce a global topological obstruction known as monodromy. More
recently, Vu Ngoc (2002) showed that the presence of focus-focus singularities in integrable systems introduces more than just
topological monodromy: for each focus-focus fibre there is an invariant that classifies the germ of the Lagrangian foliation up
to symplectomorphism.

At the same time, one can often deform an integrable system so that the focus-focus singularity bifurcates into an elliptic
singularity, and elliptic singularities have no such invariants. The obvious question is therefore: what happens to Vu Ngoc’s
symplectic invariants as the system bifurcates?

As a first step towards answering this question, we have undertaken the computation of symplectic invariants in the Hamiltonian-
Hopf bifurcation. The Hamiltonian-Hopf bifurcation is a family of integrable systems on R4 that interpolates between the
harmonic oscillator and the particle in a champagne bottle, introduced by Bates, which was one of the first systems known to
possess focus-focus singularities. In this talk I hope to share some preliminary results and ideas they inspire.

YIANNIS LOIZIDES, University of Toronto

[Monday December 5 / lundi 5 décembre, 15:30 – Upper Fallsview B, Sheraton, 5th floor]

[Q,R]=0 and Verlinde Series

Let G be a compact, connected, simply connected Lie group, and let LG denote the loop group. There is a one-one
correspondence between proper Hamiltonian LG-spaces and compact quasi-Hamiltonian G-spaces. We prove a ‘norm-square
localization’ formula for the quantization of a quasi-Hamiltonian G-space, with terms indexed by the components of the critical
set of the norm-square of the moment map of the corresponding LG-space. An important application is to give a new proof
of a quantization-commutes-with-reduction theorem. This is joint work with E. Meinrenken.

LIVIU MARE, University of Regina

[Saturday December 3 / samedi 3 décembre, 9:00 – Upper Fallsview B, Sheraton, 5th floor]

Equivariant cohomology of cohomogeneity one actions

I will mainly speak about actions of compact Lie groups on closed manifolds whose cohomogeneity (i.e., codimension of
principal orbits) is equal to 1. The first result I will mention says that the equivariant cohomology module of any such action
is Cohen-Macaulay. A special attention will be paid to the actions which are equivariantly formal. Finally, I will discuss the
difficulties that arise in the study of actions whose cohomogeneity is greater than 1. This is joint work with Oliver Goertsches
(University of Marburg, Germany).
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Géométrie et topologie équivariantes

ECKHARD MEINRENKEN, University of Toronto

[Monday December 5 / lundi 5 décembre, 9:30 – Upper Fallsview B, Sheraton, 5th floor]

Spinor bundles for Hamiltonian loop group spaces

Let G be a compact Lie group, and N a Hamiltonian LG space, with proper moment map.Associated to these data is a finite
dimensional quasi-hamiltonian G-space M with G-valued moment map. We will give a geometric construction of a canonical
”twisted spin-c structure” on M. This is based on joint work with Yiannis Loizides and Yanli Song.

LEONARDO MIHALCEA, Virginia Tech

[Sunday December 4 / dimanche 4 décembre, 9:00 – Upper Fallsview B, Sheraton, 5th floor]

Chern-Schwartz-MacPherson classes for Schubert cells and characteristic cycles

The Chern-Schwartz-MacPherson (CSM) class of a variety X is a class in the homology of X. In the case when X is a compact
manifold, it coincides with the total Chern class of the tangent bundle of X. Its existence was conjectured by Deligne and
Grothendieck, and it was first constructed by MacPherson. One can associate a CSM class to any constructible subset of X,
and I will explain how one calculates this class for a Schubert cell in a (generalized) flag manifold G/P. It turns out that these
classes are closely related to characteristic cycles of Verma D-modules on the cotangent bundle of G/P, and to Maulik and
Okounkov’s stable envelopes. This is based on joint work with P. Aluffi, and on ongoing joint work with P. Aluffi, J. Schürmann
and C. Su.

DOUG RAVENEL, University ofRochster

[Saturday December 3 / samedi 3 décembre, 8:00 – Upper Fallsview B, Sheraton, 5th floor]

The slice filtration revisited

The slice spectral sequence is the main computational device used to prove the Kervaire invariant theorem. It is based on
a certain filtration of the category of G-spectra for a finite group G which generalizes the filtration by connectivity in the
nonequivariant case. Using geometric fixed points, we give a new definition of it that is easier to work with than the original
one.

REYER SJAMAAR, Cornell University

[Monday December 5 / lundi 5 décembre, 17:00 – Upper Fallsview B, Sheraton, 5th floor]

Convexity properties of presymplectic Hamiltonian actions

I will present a generalization of the convexity theorem of Atiyah, Guillemin-Sternberg and Kirwan, to Hamiltonian Lie group
actions on presymplectic manifolds. The result implies convexity theorems for actions on contact manifolds, cosymplectic
manifolds, as well as certain symplectic ”generalized manifolds”. This is joint work with Yi Lin.

MENTOR STAFA, Indiana University Purdue University Indianapolis (IUPUI)

[Sunday December 4 / dimanche 4 décembre, 9:30 – Upper Fallsview B, Sheraton, 5th floor]

Spaces of commuting elements in Lie groups

Spaces of group homomorphisms Hom(π,G) from a discrete group to a Lie group have been studied in various contexts. We
study the space of pairwise commuting n-tuples, i.e. π is free abelian, in a compact and connected Lie group G, from the
topological viewpoint. We will describe a way to stabilize spaces of homomorphisms by introducing an infinite dimensional
topological space, reminiscent of a Stiefel variety, that assembles the spaces of commuting tuples into a single space. Hilbert-
Poincare series will be also described, in addition to other properties.
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ECKHARD MEINRENKEN, University of Toronto

[Monday December 5 / lundi 5 décembre, 9:30 – Upper Fallsview B, Sheraton, 5th floor]

Spinor bundles for Hamiltonian loop group spaces

Let G be a compact Lie group, and N a Hamiltonian LG space, with proper moment map.Associated to these data is a finite
dimensional quasi-hamiltonian G-space M with G-valued moment map. We will give a geometric construction of a canonical
”twisted spin-c structure” on M. This is based on joint work with Yiannis Loizides and Yanli Song.

LEONARDO MIHALCEA, Virginia Tech

[Sunday December 4 / dimanche 4 décembre, 9:00 – Upper Fallsview B, Sheraton, 5th floor]

Chern-Schwartz-MacPherson classes for Schubert cells and characteristic cycles

The Chern-Schwartz-MacPherson (CSM) class of a variety X is a class in the homology of X. In the case when X is a compact
manifold, it coincides with the total Chern class of the tangent bundle of X. Its existence was conjectured by Deligne and
Grothendieck, and it was first constructed by MacPherson. One can associate a CSM class to any constructible subset of X,
and I will explain how one calculates this class for a Schubert cell in a (generalized) flag manifold G/P. It turns out that these
classes are closely related to characteristic cycles of Verma D-modules on the cotangent bundle of G/P, and to Maulik and
Okounkov’s stable envelopes. This is based on joint work with P. Aluffi, and on ongoing joint work with P. Aluffi, J. Schürmann
and C. Su.

DOUG RAVENEL, University ofRochster

[Saturday December 3 / samedi 3 décembre, 8:00 – Upper Fallsview B, Sheraton, 5th floor]

The slice filtration revisited

The slice spectral sequence is the main computational device used to prove the Kervaire invariant theorem. It is based on
a certain filtration of the category of G-spectra for a finite group G which generalizes the filtration by connectivity in the
nonequivariant case. Using geometric fixed points, we give a new definition of it that is easier to work with than the original
one.

REYER SJAMAAR, Cornell University

[Monday December 5 / lundi 5 décembre, 17:00 – Upper Fallsview B, Sheraton, 5th floor]

Convexity properties of presymplectic Hamiltonian actions

I will present a generalization of the convexity theorem of Atiyah, Guillemin-Sternberg and Kirwan, to Hamiltonian Lie group
actions on presymplectic manifolds. The result implies convexity theorems for actions on contact manifolds, cosymplectic
manifolds, as well as certain symplectic ”generalized manifolds”. This is joint work with Yi Lin.

MENTOR STAFA, Indiana University Purdue University Indianapolis (IUPUI)

[Sunday December 4 / dimanche 4 décembre, 9:30 – Upper Fallsview B, Sheraton, 5th floor]

Spaces of commuting elements in Lie groups

Spaces of group homomorphisms Hom(π,G) from a discrete group to a Lie group have been studied in various contexts. We
study the space of pairwise commuting n-tuples, i.e. π is free abelian, in a compact and connected Lie group G, from the
topological viewpoint. We will describe a way to stabilize spaces of homomorphisms by introducing an infinite dimensional
topological space, reminiscent of a Stiefel variety, that assembles the spaces of commuting tuples into a single space. Hilbert-
Poincare series will be also described, in addition to other properties.

Equivariant geometry and topology
Géométrie et topologie équivariantes

DONALD STANLEY, University of Regina

[Monday December 5 / lundi 5 décembre, 17:30 – Upper Fallsview B, Sheraton, 5th floor]

Connected sums of quasi-toric manifolds manifolds.

Quasi-toric manifolds are topological versions of toric manifolds. They have even dimension and have an action of a torus of
half the dimension. If we start with two such manifolds of the same dimension we can glue the two manifolds together along
orbits of this action. We describe the rational homotopy type of the resulting connected sum. This is joint work with Soumen
Sarkar.

MARC STEPHAN, University of British Columbia

[Sunday December 4 / dimanche 4 décembre, 17:00 – Upper Fallsview B, Sheraton, 5th floor]

On free actions by elementary abelian p-groups

Carlsson conjectured that if a finite complex admits a free action by an elementary abelian p-group of rank n, then the sum
of its mod-p Betti numbers is at least 2n. For the prime p = 2, he reduced the conjecture to an algebraic problem which he
solved for low n. In this talk, I will report on joint work in progress with Jeremiah Heller with the goal of extending Carlsson’s
methods to all primes. The crucial ingredient is a new notion of Koszul p-complexes.
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Org: Petar Jevtic (McMaster University), Adam Metzler (Wilfred Laurier University) and/et Traian
Pirvu (McMaster University)

Schedule/Horaire Room/Salle: Fallsview Studio A, Sheraton, Level 3

Sunday December 4 dimanche 4 décembre
8:30 - 9:00 Matt Davison, Approximating the Value of Oil Storage Options using Forward Dynamic Optimization

9:00 - 9:30 Tahir Choulli, Risk Decomposition with Application to Mortality/Longevity Securitization

9:30 - 10:00 Abel Cadenillas, Optimal Investment and Liability Ratio Policies in a Multidimensional Regime Switch-
ing Model

15:00 - 15:30 Hyejin Ku, Portfolio Optimization for a Large Investor under Partial Information and Price Impact

15:30 - 16:00 Ed Furman, Gini-Type Measures of Risk and Variability: Gini Shortfall, Capital Allocations, and Heavy-
Tailed Risks

16:00 - 16:30 Cody Hyndman, A geometric approach to arbitrage-free modelling, estimation, and prediction

16:30 - 17:00 Adam Metzler, A Simple and Accurate Approximation to the Early Exercise Boundary for American Put
Options

17:00 - 17:30 Tom Hurd, Symmetric Cascades in Banking Networks

17:30 - 18:00 Petar Jevtic, The joint mortality of couples in continuous time

18:00 - 18:30 Foivos Xanthos, Robust representations of risk measures on Orlicz spaces via Orlicz hearts

Monday December 5 lundi 5 décembre
8:30 - 9:00 Traian Pirvu, One bank problem in the funds market

9:00 - 9:30 Kristina Sendova, The Gerber-Shiu function when the claim counting process is a homogeneous
compound-birth process

9:30 - 10:00 Jean-François Renaud, Variations on the idea of Parisian ruin for spectrally negative Lévy processes

15:30 - 16:00 Ilie Radu Mitric, On the conditional moments of compound renewal sums with discounted claims taking
into account the past information

16:00 - 16:30 Rogemar Mamon, Putting a price tag on temperature

16:30 - 17:00 Adam Kolkiewicz, Optimal Static Hedging of Path-Dependent Options

17:00 - 17:30 Taehan Bae, On the limit of a conditional Spearman’s rho coefficient under the common factor model

17:30 - 18:00 Tuan Tran, Asset fire sales and strategic trading by regulated banks

18:00 - 18:30 George Lai, Simulation of Greeks of multiasset options for time-changed Brownian motions by Malliavin
calculus

Abstracts/Résumés

TAEHAN BAE, University of Regina

[Monday December 5 / lundi 5 décembre, 17:00 – Fallsview Studio A, Sheraton, Level 3]

On the limit of a conditional Spearman’s rho coefficient under the common factor model

In this talk, I will discuss the limit of a conditional Spearman’s rho coefficient under the common factor structural model of
credit risk. The considered conditioning event is that the common systemic factor stays below a threshold and the limit is
taken as the threshold tends to negative infinity. The main result, established through a relation with the classical theory of
regular variation, is that the limiting Spearman’s rho is determined by the tail thickness of the distribution function of the
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Schedule/Horaire Room/Salle: Fallsview Studio A, Sheraton, Level 3

Sunday December 4 dimanche 4 décembre
8:30 - 9:00 Matt Davison, Approximating the Value of Oil Storage Options using Forward Dynamic Optimization

9:00 - 9:30 Tahir Choulli, Risk Decomposition with Application to Mortality/Longevity Securitization

9:30 - 10:00 Abel Cadenillas, Optimal Investment and Liability Ratio Policies in a Multidimensional Regime Switch-
ing Model

15:00 - 15:30 Hyejin Ku, Portfolio Optimization for a Large Investor under Partial Information and Price Impact

15:30 - 16:00 Ed Furman, Gini-Type Measures of Risk and Variability: Gini Shortfall, Capital Allocations, and Heavy-
Tailed Risks

16:00 - 16:30 Cody Hyndman, A geometric approach to arbitrage-free modelling, estimation, and prediction

16:30 - 17:00 Adam Metzler, A Simple and Accurate Approximation to the Early Exercise Boundary for American Put
Options

17:00 - 17:30 Tom Hurd, Symmetric Cascades in Banking Networks

17:30 - 18:00 Petar Jevtic, The joint mortality of couples in continuous time

18:00 - 18:30 Foivos Xanthos, Robust representations of risk measures on Orlicz spaces via Orlicz hearts

Monday December 5 lundi 5 décembre
8:30 - 9:00 Traian Pirvu, One bank problem in the funds market

9:00 - 9:30 Kristina Sendova, The Gerber-Shiu function when the claim counting process is a homogeneous
compound-birth process

9:30 - 10:00 Jean-François Renaud, Variations on the idea of Parisian ruin for spectrally negative Lévy processes

15:30 - 16:00 Ilie Radu Mitric, On the conditional moments of compound renewal sums with discounted claims taking
into account the past information

16:00 - 16:30 Rogemar Mamon, Putting a price tag on temperature

16:30 - 17:00 Adam Kolkiewicz, Optimal Static Hedging of Path-Dependent Options

17:00 - 17:30 Taehan Bae, On the limit of a conditional Spearman’s rho coefficient under the common factor model

17:30 - 18:00 Tuan Tran, Asset fire sales and strategic trading by regulated banks

18:00 - 18:30 George Lai, Simulation of Greeks of multiasset options for time-changed Brownian motions by Malliavin
calculus

Abstracts/Résumés

TAEHAN BAE, University of Regina

[Monday December 5 / lundi 5 décembre, 17:00 – Fallsview Studio A, Sheraton, Level 3]

On the limit of a conditional Spearman’s rho coefficient under the common factor model

In this talk, I will discuss the limit of a conditional Spearman’s rho coefficient under the common factor structural model of
credit risk. The considered conditioning event is that the common systemic factor stays below a threshold and the limit is
taken as the threshold tends to negative infinity. The main result, established through a relation with the classical theory of
regular variation, is that the limiting Spearman’s rho is determined by the tail thickness of the distribution function of the

Financial and Actuarial Mathematics
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systemic factor. Specifically, conditions for the limiting Spearman’s rho to be strictly less than one or equal one, are obtained.
As an illustration, the calculation of Stress Value-at-Risk for the loss ratio of a homogeneous loan portfolio will be presented.

ABEL CADENILLAS, University of Alberta

[Sunday December 4 / dimanche 4 décembre, 9:30 – Fallsview Studio A, Sheraton, Level 3]

Optimal Investment and Liability Ratio Policies in a Multidimensional Regime Switching Model

We consider an insurer who faces an external jump-diffusion risk that is negatively correlated with the capital returns in a
multidimensional regime switching model. The insurer selects investment and liability ratio policies continuously to maximize
her/his expected utility of terminal wealth. We obtain explicit solutions of optimal investment and liability ratio policies for
logarithmic and power utility functions. We study the impact of the insurer’s risk attitude, the negative correlation between
the external risk and the capital returns, and the regime of the economy, on optimal policy.[This is a joint work with Bin Zou].

TAHIR CHOULLI, University of Alberta

[Sunday December 4 / dimanche 4 décembre, 9:00 – Fallsview Studio A, Sheraton, Level 3]

Risk Decomposition with Application to Mortality/Longevity Securitization

In this talk, I consider a market model where there are two flows of information. One flow is the public information, while
the other flow contains additional information generated by a death time of an insured. I am interested in addressing the
mortality/longevity risk and its securitization. This securitisation requires the dynamics’ specification for the prices of the
mortality/longevity-linked derivatives such as longevity bonds. Thus, one can ask the following: Can we get these prices
without any assumption on the time of death and its connection to the market model? Can we decompose any mortality-linked
risk into pure financial risks, pure mortality risks and correlated risk(s) from these two kind of risks?

In my talk, I will answer these questions and I will highlight the key innovative stochastic ideas behind our answers. Our results
are useful for a much broader scope of applications, even though they are essentially motivated and applied to longevity/mortality
risks. In fact, by using the progressive enlargement of filtration with the death time, we introduce new classes of martingales.
Then, via these new spaces of martingales, we derive a complete, precise and explicit optional decomposition for martingales
stopped at the death time. Afterwards, we elaborate the “dual” decomposition of our optional decomposition for any risk up
to the death time. These two decompositions are vital for addressing numerous problems in risk management and portfolio
analysis under mortality.

This talk is based on two joint works with C. Daveloose/M. Vanmaele (Belgium) and with Sina Yansori (UofA) respectively.

MATT DAVISON, Western University

[Sunday December 4 / dimanche 4 décembre, 8:30 – Fallsview Studio A, Sheraton, Level 3]

Approximating the Value of Oil Storage Options using Forward Dynamic Optimization

Joint work with Behzad Ghafouri

Under some market circumstances it is popular to rent unused oil tankers as floating storage platforms. The holder of this or
other similar storage facilities for crude oil controls a real option, the value of which is a complicated functional of the time
evolution of the oil forward curve. The problem of valuing this option is complicated by the many degrees of freedom held by
the option holder, who can trade in a wide variety of forward contracts. An approximation to the value of this option can be
made by fixing a class of trading strategies and optimizing over their values. In this work we present the outcome of one such
valuation process, Forward Dynamic Optimization, on a fairly realistic model both of forward curve dynamics and oil tanker
markets. Conclusions are drawn on the key drivers of value for this trading strategy and whether this is a good way to think
about this complicated problem.
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Org: Petar Jevtic (McMaster University), Adam Metzler (Wilfred Laurier University) and/et Traian
Pirvu (McMaster University)

Schedule/Horaire Room/Salle: Fallsview Studio A, Sheraton, Level 3

Sunday December 4 dimanche 4 décembre
8:30 - 9:00 Matt Davison, Approximating the Value of Oil Storage Options using Forward Dynamic Optimization

9:00 - 9:30 Tahir Choulli, Risk Decomposition with Application to Mortality/Longevity Securitization

9:30 - 10:00 Abel Cadenillas, Optimal Investment and Liability Ratio Policies in a Multidimensional Regime Switch-
ing Model

15:00 - 15:30 Hyejin Ku, Portfolio Optimization for a Large Investor under Partial Information and Price Impact

15:30 - 16:00 Ed Furman, Gini-Type Measures of Risk and Variability: Gini Shortfall, Capital Allocations, and Heavy-
Tailed Risks

16:00 - 16:30 Cody Hyndman, A geometric approach to arbitrage-free modelling, estimation, and prediction

16:30 - 17:00 Adam Metzler, A Simple and Accurate Approximation to the Early Exercise Boundary for American Put
Options

17:00 - 17:30 Tom Hurd, Symmetric Cascades in Banking Networks

17:30 - 18:00 Petar Jevtic, The joint mortality of couples in continuous time

18:00 - 18:30 Foivos Xanthos, Robust representations of risk measures on Orlicz spaces via Orlicz hearts

Monday December 5 lundi 5 décembre
8:30 - 9:00 Traian Pirvu, One bank problem in the funds market

9:00 - 9:30 Kristina Sendova, The Gerber-Shiu function when the claim counting process is a homogeneous
compound-birth process

9:30 - 10:00 Jean-François Renaud, Variations on the idea of Parisian ruin for spectrally negative Lévy processes

15:30 - 16:00 Ilie Radu Mitric, On the conditional moments of compound renewal sums with discounted claims taking
into account the past information

16:00 - 16:30 Rogemar Mamon, Putting a price tag on temperature

16:30 - 17:00 Adam Kolkiewicz, Optimal Static Hedging of Path-Dependent Options

17:00 - 17:30 Taehan Bae, On the limit of a conditional Spearman’s rho coefficient under the common factor model

17:30 - 18:00 Tuan Tran, Asset fire sales and strategic trading by regulated banks

18:00 - 18:30 George Lai, Simulation of Greeks of multiasset options for time-changed Brownian motions by Malliavin
calculus

Abstracts/Résumés

TAEHAN BAE, University of Regina

[Monday December 5 / lundi 5 décembre, 17:00 – Fallsview Studio A, Sheraton, Level 3]

On the limit of a conditional Spearman’s rho coefficient under the common factor model

In this talk, I will discuss the limit of a conditional Spearman’s rho coefficient under the common factor structural model of
credit risk. The considered conditioning event is that the common systemic factor stays below a threshold and the limit is
taken as the threshold tends to negative infinity. The main result, established through a relation with the classical theory of
regular variation, is that the limiting Spearman’s rho is determined by the tail thickness of the distribution function of the
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systemic factor. Specifically, conditions for the limiting Spearman’s rho to be strictly less than one or equal one, are obtained.
As an illustration, the calculation of Stress Value-at-Risk for the loss ratio of a homogeneous loan portfolio will be presented.

ABEL CADENILLAS, University of Alberta

[Sunday December 4 / dimanche 4 décembre, 9:30 – Fallsview Studio A, Sheraton, Level 3]

Optimal Investment and Liability Ratio Policies in a Multidimensional Regime Switching Model

We consider an insurer who faces an external jump-diffusion risk that is negatively correlated with the capital returns in a
multidimensional regime switching model. The insurer selects investment and liability ratio policies continuously to maximize
her/his expected utility of terminal wealth. We obtain explicit solutions of optimal investment and liability ratio policies for
logarithmic and power utility functions. We study the impact of the insurer’s risk attitude, the negative correlation between
the external risk and the capital returns, and the regime of the economy, on optimal policy.[This is a joint work with Bin Zou].

TAHIR CHOULLI, University of Alberta

[Sunday December 4 / dimanche 4 décembre, 9:00 – Fallsview Studio A, Sheraton, Level 3]

Risk Decomposition with Application to Mortality/Longevity Securitization

In this talk, I consider a market model where there are two flows of information. One flow is the public information, while
the other flow contains additional information generated by a death time of an insured. I am interested in addressing the
mortality/longevity risk and its securitization. This securitisation requires the dynamics’ specification for the prices of the
mortality/longevity-linked derivatives such as longevity bonds. Thus, one can ask the following: Can we get these prices
without any assumption on the time of death and its connection to the market model? Can we decompose any mortality-linked
risk into pure financial risks, pure mortality risks and correlated risk(s) from these two kind of risks?

In my talk, I will answer these questions and I will highlight the key innovative stochastic ideas behind our answers. Our results
are useful for a much broader scope of applications, even though they are essentially motivated and applied to longevity/mortality
risks. In fact, by using the progressive enlargement of filtration with the death time, we introduce new classes of martingales.
Then, via these new spaces of martingales, we derive a complete, precise and explicit optional decomposition for martingales
stopped at the death time. Afterwards, we elaborate the “dual” decomposition of our optional decomposition for any risk up
to the death time. These two decompositions are vital for addressing numerous problems in risk management and portfolio
analysis under mortality.

This talk is based on two joint works with C. Daveloose/M. Vanmaele (Belgium) and with Sina Yansori (UofA) respectively.

MATT DAVISON, Western University

[Sunday December 4 / dimanche 4 décembre, 8:30 – Fallsview Studio A, Sheraton, Level 3]

Approximating the Value of Oil Storage Options using Forward Dynamic Optimization

Joint work with Behzad Ghafouri

Under some market circumstances it is popular to rent unused oil tankers as floating storage platforms. The holder of this or
other similar storage facilities for crude oil controls a real option, the value of which is a complicated functional of the time
evolution of the oil forward curve. The problem of valuing this option is complicated by the many degrees of freedom held by
the option holder, who can trade in a wide variety of forward contracts. An approximation to the value of this option can be
made by fixing a class of trading strategies and optimizing over their values. In this work we present the outcome of one such
valuation process, Forward Dynamic Optimization, on a fairly realistic model both of forward curve dynamics and oil tanker
markets. Conclusions are drawn on the key drivers of value for this trading strategy and whether this is a good way to think
about this complicated problem.
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ED FURMAN, York University

[Sunday December 4 / dimanche 4 décembre, 15:30 – Fallsview Studio A, Sheraton, Level 3]

Gini-Type Measures of Risk and Variability: Gini Shortfall, Capital Allocations, and Heavy-Tailed Risks

I will introduce a new tail-based risk measure - the Gini Shortfall (GS), and discuss its properties and links to the Solvency II
Accord. The GS risk measure aims to catch the variability along the (right) tail of the risk’s distribution, but unlike the Tail
Standard Deviation risk measure ([Furman, E. and Landsman, Z. (2006). Tail variance premium with applications for Elliptical
portfolios of risks. ASTIN Bulletin, 36(2), 433 - 462]), the GS risk measure is coherent and only requires the finiteness of the
first moment. I will suggest an economic capital allocation rule induced by the GS risk measure and show explicit expressions
in the context of risk portfolios with jointly elliptical risk components. This is a joint work with Ruodu Wang of the University
of Waterloo and Ricardas Zitikis of Western University.

TOM HURD, McMaster University

[Sunday December 4 / dimanche 4 décembre, 17:00 – Fallsview Studio A, Sheraton, Level 3]

Symmetric Cascades in Banking Networks

Systemic risk (SR) concerns the possibility of large-scale instability in financial networks. The Eisenberg-Noe 2001 model,
because of its simplicity and clarity, has become the paradigmatic treatment of cascading in such systems. This talk will
explore some important pieces of the SR puzzle that have been omitted from the EN 2001 model. It then provides a way these
effects can be built into a minimally more general framework that shares the spirit of elegant simplicity of the original model.

CODY HYNDMAN, Concordia University

[Sunday December 4 / dimanche 4 décembre, 16:00 – Fallsview Studio A, Sheraton, Level 3]

A geometric approach to arbitrage-free modelling, estimation, and prediction

We develop a new approach to stochastic modelling, estimation, and prediction in mathematical and computational finance.
In the modelling step, we show how to obtain an optimal model by exploiting the implicit geometry characterizing the class
of arbitrage-free models. Since the resulting optimal model is non-Euclidean, estimation and implementation is performed
using new manifold learning algorithms. We conclude by showing these models best balance the nonlinearities and financial
information present in the data. Moreover, the manifold learning algorithms have greater predictive power than their classical
Euclidean counterparts. This talk is based on joint work with Anastasis Kratsios.

PETAR JEVTIC, McMaster University

[Sunday December 4 / dimanche 4 décembre, 17:30 – Fallsview Studio A, Sheraton, Level 3]

The joint mortality of couples in continuous time

This paper introduces a probabilistic framework for the joint survivorship of couples in the context of dynamic stochastic
mortality models. The new framework gives an intuitive and flexible pairwise cohort-based probabilistic mechanism that can
accommodate both deterministic and stochastic effects which the death of one member of a couple causes on the other. It is
sufficiently flexible to allow modelling of effects that are short-term (called the ”broken-heart effect”) or long-term (named ”life
circumstances bereavement”). In addition, it can account for the state of health of both the surviving and dying spouse and
can allow for dynamic and asymmetric reactions of varying complexity. Finally, it can accommodate the pairwise dependence of
mortality intensities before the first death. Analytical expressions for bivariate survivorship in representative models are given,
and their sensitivity analysis is performed for benchmark cases of old and young couples. Simulation and estimation procedures
are provided that are straightforward to implement and lead to consistent parameter estimation on synthetic dataset of 10000
pairs of death times for couples.
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ADAM KOLKIEWICZ, Department of Statistics and Actuarial Science, University of Waterloo

[Monday December 5 / lundi 5 décembre, 16:30 – Fallsview Studio A, Sheraton, Level 3]

Optimal Static Hedging of Path-Dependent Options

We present a novel method of hedging path-dependent options in a discrete time setup. Assuming that prices are given by
the Black–Scholes model, we first describe the residual risk when hedging a path-dependent option using only a European
option. Then we find the hedging option that minimizes the shortfall risk, which we define as the expectation of the shortfall
weighted by some loss function. The payoff function of this option is obtained as a solution of a non-parametric optimization
problem. We first illustrate the method using Asian options. Then we discuss a generalization of the method that can be used
to characterize optimal ways of risk mitigation for non-traded assets and liabilities.

HYEJIN KU, York University

[Sunday December 4 / dimanche 4 décembre, 15:00 – Fallsview Studio A, Sheraton, Level 3]

Portfolio Optimization for a Large Investor under Partial Information and Price Impact

In this talk, we consider a large investor with an objective of expected utility maximization from terminal wealth. The drift
of the underlying price process is modeled as a diffusion affected by a continuous-time Markov chain and the actions of the
large investor. Using the stochastic filtering theory, we reduce the optimal control problem under partial information to the
one with complete observation. For logarithmic and power utility cases we solve the utility maximization problem explicitly and
we obtain optimal investment strategies in the feedback form. We compare the value functions to those for the case without
price impact, and observe that the investor would be better off due to the presence of a price impact. This is a joint work with
Zehra Eksi.

GEORGE LAI, Wilfrid Laurier University

[Monday December 5 / lundi 5 décembre, 18:00 – Fallsview Studio A, Sheraton, Level 3]

Simulation of Greeks of multiasset options for time-changed Brownian motions by Malliavin calculus

This talk will present simulation of sensitivities or Greeks of multi-asset European style options under a special Lévy process
model - the time-changed or subordinated Brownian motions for the asset prices. Malliavin calculus combined with Monte
Carlo and quasi-Monte Carlo methods is used in simulations. By using the chain rule, integration by parts, reflection principle,
etc. from Malliavin calculus, as well as the tower property of conditional expectation, we are able to derive formulas of option
Greeks in terms of the expectations of the option payoff functions multiplied by the weights involving Malliavin derivatives
for multi-asset options. Numerical results show that the Malliavin calculus method is usually more efficient than the finite
difference method for options with non-smooth payoffs. The superiority of the first over the second is even more significant
when both are combined with quasi-Monte Carlo methods.

ROGEMAR MAMON, University of Western Ontario

[Monday December 5 / lundi 5 décembre, 16:00 – Fallsview Studio A, Sheraton, Level 3]

Putting a price tag on temperature

A model for the evolution of daily average temperatures (DATs) is put forward to support the analysis of weather derivatives.
The goal is to capture simultaneously the stochasticity, mean-reversion, and seasonality patterns of the DATs process. An
Ornstein-Uhlenbeck (OU) process modulated by a hidden Markov model (HMM) is proposed to model both the mean-reversion
and stochasticity of a deseasonalised component. The seasonality part is modelled by a combination of linear and sinusoidal
functions. Modified and more efficient OU-HMM filtering algorithms relative to the current ones in the literature are presented
for the evolution of adaptive and switching model parameter estimates. Numerical implementation of the estimation technique
using a data set compiled by the National Climatic Data Center was conducted. A sensitivity analysis of the option prices with
respect to the model parameters is included. This is joint work with PhD student H Xiong.

Financial and Actuarial Mathematics
Mathématiques financières et actuarielles

ED FURMAN, York University

[Sunday December 4 / dimanche 4 décembre, 15:30 – Fallsview Studio A, Sheraton, Level 3]

Gini-Type Measures of Risk and Variability: Gini Shortfall, Capital Allocations, and Heavy-Tailed Risks

I will introduce a new tail-based risk measure - the Gini Shortfall (GS), and discuss its properties and links to the Solvency II
Accord. The GS risk measure aims to catch the variability along the (right) tail of the risk’s distribution, but unlike the Tail
Standard Deviation risk measure ([Furman, E. and Landsman, Z. (2006). Tail variance premium with applications for Elliptical
portfolios of risks. ASTIN Bulletin, 36(2), 433 - 462]), the GS risk measure is coherent and only requires the finiteness of the
first moment. I will suggest an economic capital allocation rule induced by the GS risk measure and show explicit expressions
in the context of risk portfolios with jointly elliptical risk components. This is a joint work with Ruodu Wang of the University
of Waterloo and Ricardas Zitikis of Western University.

TOM HURD, McMaster University

[Sunday December 4 / dimanche 4 décembre, 17:00 – Fallsview Studio A, Sheraton, Level 3]

Symmetric Cascades in Banking Networks

Systemic risk (SR) concerns the possibility of large-scale instability in financial networks. The Eisenberg-Noe 2001 model,
because of its simplicity and clarity, has become the paradigmatic treatment of cascading in such systems. This talk will
explore some important pieces of the SR puzzle that have been omitted from the EN 2001 model. It then provides a way these
effects can be built into a minimally more general framework that shares the spirit of elegant simplicity of the original model.

CODY HYNDMAN, Concordia University

[Sunday December 4 / dimanche 4 décembre, 16:00 – Fallsview Studio A, Sheraton, Level 3]

A geometric approach to arbitrage-free modelling, estimation, and prediction

We develop a new approach to stochastic modelling, estimation, and prediction in mathematical and computational finance.
In the modelling step, we show how to obtain an optimal model by exploiting the implicit geometry characterizing the class
of arbitrage-free models. Since the resulting optimal model is non-Euclidean, estimation and implementation is performed
using new manifold learning algorithms. We conclude by showing these models best balance the nonlinearities and financial
information present in the data. Moreover, the manifold learning algorithms have greater predictive power than their classical
Euclidean counterparts. This talk is based on joint work with Anastasis Kratsios.

PETAR JEVTIC, McMaster University

[Sunday December 4 / dimanche 4 décembre, 17:30 – Fallsview Studio A, Sheraton, Level 3]

The joint mortality of couples in continuous time

This paper introduces a probabilistic framework for the joint survivorship of couples in the context of dynamic stochastic
mortality models. The new framework gives an intuitive and flexible pairwise cohort-based probabilistic mechanism that can
accommodate both deterministic and stochastic effects which the death of one member of a couple causes on the other. It is
sufficiently flexible to allow modelling of effects that are short-term (called the ”broken-heart effect”) or long-term (named ”life
circumstances bereavement”). In addition, it can account for the state of health of both the surviving and dying spouse and
can allow for dynamic and asymmetric reactions of varying complexity. Finally, it can accommodate the pairwise dependence of
mortality intensities before the first death. Analytical expressions for bivariate survivorship in representative models are given,
and their sensitivity analysis is performed for benchmark cases of old and young couples. Simulation and estimation procedures
are provided that are straightforward to implement and lead to consistent parameter estimation on synthetic dataset of 10000
pairs of death times for couples.
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ADAM KOLKIEWICZ, Department of Statistics and Actuarial Science, University of Waterloo

[Monday December 5 / lundi 5 décembre, 16:30 – Fallsview Studio A, Sheraton, Level 3]

Optimal Static Hedging of Path-Dependent Options

We present a novel method of hedging path-dependent options in a discrete time setup. Assuming that prices are given by
the Black–Scholes model, we first describe the residual risk when hedging a path-dependent option using only a European
option. Then we find the hedging option that minimizes the shortfall risk, which we define as the expectation of the shortfall
weighted by some loss function. The payoff function of this option is obtained as a solution of a non-parametric optimization
problem. We first illustrate the method using Asian options. Then we discuss a generalization of the method that can be used
to characterize optimal ways of risk mitigation for non-traded assets and liabilities.

HYEJIN KU, York University

[Sunday December 4 / dimanche 4 décembre, 15:00 – Fallsview Studio A, Sheraton, Level 3]

Portfolio Optimization for a Large Investor under Partial Information and Price Impact

In this talk, we consider a large investor with an objective of expected utility maximization from terminal wealth. The drift
of the underlying price process is modeled as a diffusion affected by a continuous-time Markov chain and the actions of the
large investor. Using the stochastic filtering theory, we reduce the optimal control problem under partial information to the
one with complete observation. For logarithmic and power utility cases we solve the utility maximization problem explicitly and
we obtain optimal investment strategies in the feedback form. We compare the value functions to those for the case without
price impact, and observe that the investor would be better off due to the presence of a price impact. This is a joint work with
Zehra Eksi.

GEORGE LAI, Wilfrid Laurier University

[Monday December 5 / lundi 5 décembre, 18:00 – Fallsview Studio A, Sheraton, Level 3]

Simulation of Greeks of multiasset options for time-changed Brownian motions by Malliavin calculus

This talk will present simulation of sensitivities or Greeks of multi-asset European style options under a special Lévy process
model - the time-changed or subordinated Brownian motions for the asset prices. Malliavin calculus combined with Monte
Carlo and quasi-Monte Carlo methods is used in simulations. By using the chain rule, integration by parts, reflection principle,
etc. from Malliavin calculus, as well as the tower property of conditional expectation, we are able to derive formulas of option
Greeks in terms of the expectations of the option payoff functions multiplied by the weights involving Malliavin derivatives
for multi-asset options. Numerical results show that the Malliavin calculus method is usually more efficient than the finite
difference method for options with non-smooth payoffs. The superiority of the first over the second is even more significant
when both are combined with quasi-Monte Carlo methods.

ROGEMAR MAMON, University of Western Ontario

[Monday December 5 / lundi 5 décembre, 16:00 – Fallsview Studio A, Sheraton, Level 3]

Putting a price tag on temperature

A model for the evolution of daily average temperatures (DATs) is put forward to support the analysis of weather derivatives.
The goal is to capture simultaneously the stochasticity, mean-reversion, and seasonality patterns of the DATs process. An
Ornstein-Uhlenbeck (OU) process modulated by a hidden Markov model (HMM) is proposed to model both the mean-reversion
and stochasticity of a deseasonalised component. The seasonality part is modelled by a combination of linear and sinusoidal
functions. Modified and more efficient OU-HMM filtering algorithms relative to the current ones in the literature are presented
for the evolution of adaptive and switching model parameter estimates. Numerical implementation of the estimation technique
using a data set compiled by the National Climatic Data Center was conducted. A sensitivity analysis of the option prices with
respect to the model parameters is included. This is joint work with PhD student H Xiong.
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ADAM METZLER, Wilfrid Laurier University

[Sunday December 4 / dimanche 4 décembre, 16:30 – Fallsview Studio A, Sheraton, Level 3]

A Simple and Accurate Approximation to the Early Exercise Boundary for American Put Options

Consider an American put option in the Black-Scholes framework, and suppose that the option is exercised at the first hitting
time of the stock price to a given exponential barrier. Omberg (1987) shows that the value of such a strategy can be computed
in closed form, and suggests that the option price can be approximated by optimizing this value over all possible exponential
barriers. In this talk we show how the Omberg formula can be used as the starting point for an approximation to the optimal
exercise barrier. The approximation is remarkable for both its simplicity and accuracy, as well as its intuitive content.

ILIE RADU MITRIC, Université Laval

[Monday December 5 / lundi 5 décembre, 15:30 – Fallsview Studio A, Sheraton, Level 3]

On the conditional moments of compound renewal sums with discounted claims taking into account the past information

We study the compound renewal present value risk process with constant or variable discount factor, taking into account the
past information. The first two conditional moments and the joint moments are found. We show that the mean of future
discounted aggregate claims is an increasing (decreasing) function of the difference between the current time and the time of
the last claim when the inter-arrival times are IFR (DFR).

TRAIAN PIRVU, McMaster University

[Monday December 5 / lundi 5 décembre, 8:30 – Fallsview Studio A, Sheraton, Level 3]

One bank problem in the funds market

The model of this talk gives a convenient strategy that a bank in the funds market can use in order to maximize its profit in a
contemporaneous reserve requirement (CRR) regime. The reserve requirements are determined by the demand deposit process,
modelled as a Brownian motion with drift. We propose a new model in which the cumulative funds purchases and sales are
discounted at possible different rates. We formulate and solve the problem of finding the bank’s optimal strategy. The model
can be extended to involve the bank’s asset size and we obtain that, under some conditions, the optimal upper barrier for fund
sales is a linear function of the asset size. As a consequence, the bank net purchase amount is linear in the asset size.

JEAN-FRANÇOIS RENAUD, UQAM

[Monday December 5 / lundi 5 décembre, 9:30 – Fallsview Studio A, Sheraton, Level 3]

Variations on the idea of Parisian ruin for spectrally negative Lévy processes

In the last few years, the idea of Parisian ruin has attracted a lot of attention. In Parisian-type ruin models, the insurance
company is not immediately liquidated when it defaults: a grace period is granted before liquidation. Roughly speaking,
Parisian ruin occurs if the time spent below a pre-determined critical level is too long. In this talk, I will present recent results
related to different definitions of Parisian ruin for spectrally negative Lévy processes.

KRISTINA SENDOVA, University of Western Ontario

[Monday December 5 / lundi 5 décembre, 9:00 – Fallsview Studio A, Sheraton, Level 3]

The Gerber-Shiu function when the claim counting process is a homogeneous compound-birth process

In this paper we introduce a non-homogeneous compound-birth process as the claim-counting process of an insurance company.
The main feature of this process is that it may account for batch claim arrivals. As a result, the insurer’s detailed record of costs
resulting from claim processing may be used for fine-tuning the relative security loading. Further, assuming a homogeneous
compound-birth process, we study the Gerber-Shiu function and some of its special cases in more detail.
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sales is a linear function of the asset size. As a consequence, the bank net purchase amount is linear in the asset size.

JEAN-FRANÇOIS RENAUD, UQAM

[Monday December 5 / lundi 5 décembre, 9:30 – Fallsview Studio A, Sheraton, Level 3]

Variations on the idea of Parisian ruin for spectrally negative Lévy processes

In the last few years, the idea of Parisian ruin has attracted a lot of attention. In Parisian-type ruin models, the insurance
company is not immediately liquidated when it defaults: a grace period is granted before liquidation. Roughly speaking,
Parisian ruin occurs if the time spent below a pre-determined critical level is too long. In this talk, I will present recent results
related to different definitions of Parisian ruin for spectrally negative Lévy processes.

KRISTINA SENDOVA, University of Western Ontario

[Monday December 5 / lundi 5 décembre, 9:00 – Fallsview Studio A, Sheraton, Level 3]

The Gerber-Shiu function when the claim counting process is a homogeneous compound-birth process

In this paper we introduce a non-homogeneous compound-birth process as the claim-counting process of an insurance company.
The main feature of this process is that it may account for batch claim arrivals. As a result, the insurer’s detailed record of costs
resulting from claim processing may be used for fine-tuning the relative security loading. Further, assuming a homogeneous
compound-birth process, we study the Gerber-Shiu function and some of its special cases in more detail.
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TUAN TRAN, McMaster University

[Monday December 5 / lundi 5 décembre, 17:30 – Fallsview Studio A, Sheraton, Level 3]

Asset fire sales and strategic trading by regulated banks

In this paper we study how banking regulatory constraints such as liquidity and capital requirements affect the equilibrium price
of assets and the behaviour of financial institutions participating on the open market. We consider a static game theoretic
model, where each agent is a regulated bank that aims to maximize their profit while still satisfying a certain liquidity or capital
requirements set up by the regulator. Trading is assumed to bear transaction costs and has an impact on the asset price via a
aggregate demand function. With this setup, we prove the existence of Nash equilibrium strategies for the game and provide
algorithms to find these equilibrium strategies in linear time.

FOIVOS XANTHOS, Ryerson University

[Sunday December 4 / dimanche 4 décembre, 18:00 – Fallsview Studio A, Sheraton, Level 3]

Robust representations of risk measures on Orlicz spaces via Orlicz hearts

In 2002, Delbaen proved a robust representation theorem for risk measures on L∞ via L1. It has since been an intriguing
problem to extend this result to a more general class of underlying spaces. In this talk, we present a solution to this problem
for Orlicz spaces.
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Saturday December 3 samedi 3 décembre
15:00 - 15:30 Kevin Hare, Families of self-affine maps

15:30 - 16:00 Balázs Bárány, On the Hausdorff dimension of self-affine sets and measures

16:00 - 16:30 Luke Rogers, Spectral properties of pseudodifferential operators on the Sierpinski Gasket

16:30 - 17:00 Alden Walker, Circle actions on the boundary of Schottky space

17:00 - 17:30 Ignacio Garćıa, Assouad dimensions of complementary sets

17:30 - 18:00 Andrew Vince, Fractal Transformations

Sunday December 4 dimanche 4 décembre
8:00 - 8:30 Franklin Mendivil

8:30 - 9:00 Trubee Davison, A Positive Operator-Valued Measure Associated to an Iterated Function System

9:00 - 9:30 William C. Abram, Intersections of Cantor Sets and Self-Similarity

9:30 - 10:00 Ilia Binder, Multifractal spectrum of SLE boundary collisions.

15:30 - 16:00 Boming Yu, A review on the fractal geometry theory for porous media and its applications

16:00 - 16:30 Daniel Slonim, Path Sets and Interleaving

16:30 - 17:00 Herb Kunze, Star-Shaped Set Inversion Map Fractals

17:00 - 17:30 József Vass, Fractal Potentials of the Laplace and Wave Equations

Abstracts/Résumés

WILLIAM C. ABRAM, Hillsdale College

[Sunday December 4 / dimanche 4 décembre, 9:00 – Canadian Room A, Crowne Plaza, 5th Floor]

Intersections of Cantor Sets and Self-Similarity

We study finite intersections of multiplicative translates of p-adic Cantor sets. For p = 3, this is motivated by a problem
of Erdős on the base 3 expansions of powers of 2. Consider the discrete dynamical system on the 3-adic integers Z3 given
by multiplication by 2. The exceptional set E(Z3) is defined to be the set of all elements of Z3 whose forward orbits under
this action intersect the 3-adic Cantor set Σ3,2 (of 3-adic integers that omit the digit 2) infinitely many times. This set is
conjectured to have Hausdorff dimension 0, and attempts to prove this conjecture have led to the study of many interesting
families of intersections of Cantor sets. These intersection sets are fractals whose points have 3-adic expansions describable by
labeled paths in a finite automaton, whose Hausdorff dimension is exactly computable and is of the form log3(β) where β is a
real algebraic integer.

The theoretical framework that we have developed to study intersections of Cantor sets, including the idea of a path set and
of p-adic path set fractals, has found application to the study of multi-layer cellular networks. I will also discuss current work
using this framework to study the self-similarity of intersections and unions of translations of Cantor sets.

BALÁZS BÁRÁNY, Budapest University of Technology, MTA-BME Stochastics Research Group

[Saturday December 3 / samedi 3 décembre, 15:30 – Canadian Room A, Crowne Plaza, 5th Floor]
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15:30 - 16:00 Balázs Bárány, On the Hausdorff dimension of self-affine sets and measures

16:00 - 16:30 Luke Rogers, Spectral properties of pseudodifferential operators on the Sierpinski Gasket

16:30 - 17:00 Alden Walker, Circle actions on the boundary of Schottky space
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by multiplication by 2. The exceptional set E(Z3) is defined to be the set of all elements of Z3 whose forward orbits under
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In the last few years considerable attention has been paid for the dimension theory of self-affine sets and measures, furthermore
new methods and new techniques appeared in this field. The Furstenberg measure, which is the stationary measure induced
by the cocycle of the matrices, plays an important role. We will show that self-affine measures satisfy the Ledrappier-Young
formula, and from the dimension of the induced Furstenberg measure we can conclude to the dimension of the self-affine
measure. This two facts allows us to give two different, almost every type results on the dimension w.r.t. the matrices.

The talk is based on my joint works with Antti Käenmäki, Henna Koivusalo, Micha�l Rams and Károly Simon.

ILIA BINDER, University of Toronto

[Sunday December 4 / dimanche 4 décembre, 9:30 – Canadian Room A, Crowne Plaza, 5th Floor]

Multifractal spectrum of SLE boundary collisions.

I will discuss the multifractal spectrum of the intersection of chordal SLEκ curves with the real line. For κ > 4, this intersection
is a random fractal of almost sure Hausdorff dimension min{2 − 8/κ, 1}. We study the random sets of points at which the
curve collides with the real line at a specified “angle” (or, equivalently, the local dimension of harmonic measure is prescribed)
and compute an almost sure dimension spectrum describing the metric size of these sets. The talk is based on a joint work
with Tom Alberts (Utah) and Fredrik Viklund (KTH).

TRUBEE DAVISON, Unaffiliated

[Sunday December 4 / dimanche 4 décembre, 8:30 – Canadian Room A, Crowne Plaza, 5th Floor]

A Positive Operator-Valued Measure Associated to an Iterated Function System

Given an iterated function system (IFS) on a complete and separable metric space Y , there exists a unique compact subset
X ⊆ Y satisfying a fixed point relation with respect to this IFS. This subset is called the attractor set, or fractal set, associated
to the IFS. The attractor set supports a specific Borel probability measure, called the Hutchinson measure, which itself satisfies
a fixed point relation. P. Jorgensen generalized the Hutchinson measure to a projection-valued measure, under the assumption
that the IFS does not have essential overlap. The situation when the IFS exhibits essential overlap has also been studied by
Jorgensen and colleagues. We build off their work to generalize the Hutchinson measure to a positive operator-valued measure
for a general IFS, that may exhibit essential overlap. We also discuss Naimark’s dilation theorem with respect to this positive
operator-valued measure.

IGNACIO GARĆIA, University of Waterloo

[Saturday December 3 / samedi 3 décembre, 17:00 – Canadian Room A, Crowne Plaza, 5th Floor]

Assouad dimensions of complementary sets

Given a positive, decreasing sequence a, whose sum is L, we consider all the closed subsets of [0, L] such that the lengths of
their complementary open intervals are in one to one correspondence with the sequence a. The sets in this class have zero
Lebesgue measure. In this talk I’m going to discuss the possible values that Assouad-type dimensions can attain for this class
of sets. In many cases, the set of attainable values is a closed interval whose endpoints we determine. This is joint work with
Kathryn Hare and Franklin Mendivil.

KEVIN HARE, University of Waterloo

[Saturday December 3 / samedi 3 décembre, 15:00 – Canadian Room A, Crowne Plaza, 5th Floor]

Families of self-affine maps

Let f1, f2, . . . , fn be a set of contraction maps. We define the IFS based on f1, f2, . . . , fn as the unique non-trivial compact
operator K such that K = ∪fi(K). In this talk we consider the very simple IFS coming from the two contraction maps,
f1(�v) = A�v − �a and f2(�v) = A�v + �a. Here we will consider the structure of the IFS based upon the matrix A, considering
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conjectured to have Hausdorff dimension 0, and attempts to prove this conjecture have led to the study of many interesting
families of intersections of Cantor sets. These intersection sets are fractals whose points have 3-adic expansions describable by
labeled paths in a finite automaton, whose Hausdorff dimension is exactly computable and is of the form log3(β) where β is a
real algebraic integer.

The theoretical framework that we have developed to study intersections of Cantor sets, including the idea of a path set and
of p-adic path set fractals, has found application to the study of multi-layer cellular networks. I will also discuss current work
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such things as for which A is the IFS connected, or totally disconnected, or having interior? There is a surprising rich structure
to these questions.

HERB KUNZE, University of Guelph

[Sunday December 4 / dimanche 4 décembre, 16:30 – Canadian Room A, Crowne Plaza, 5th Floor]

Star-Shaped Set Inversion Map Fractals

Inversion of points in the plane with respect to a circle has been of interest to geometers, including those working in fractals.
Indeed, in The Fractal Geometry of Nature, Mandelbrot discusses successive inversion with respect to a family of circles. Some
relatively recent work illustrates the fractal attractors generated by systems of circle and/or star-shaped set inversion maps. It
appears that the handful of papers in the literature focus on the graphical beauty of the sets, without any careful discussion of
the underlying mathematical machinery. In this talk, we establish that such systems can be cast in terms of contractive maps
on an appropriate complete metric space. We show some examples and, for fun, demonstrate that the LIFSM framework for
signals can readily be adapted to use such maps. (This talk is based on the MSc work of B. Boreland.)

FRANKLIN MENDIVIL, Acadia University

[Sunday December 4 / dimanche 4 décembre, 8:00 – Canadian Room A, Crowne Plaza, 5th Floor]

LUKE ROGERS, University of Connecticut

[Saturday December 3 / samedi 3 décembre, 16:00 – Canadian Room A, Crowne Plaza, 5th Floor]

Spectral properties of pseudodifferential operators on the Sierpinski Gasket

The celebrated Szegö limit theorem states that

lim
n→∞

1
n + 1

log det Pn[f ]Pn =
∫ 2π

0

log f(θ)
dθ

2π

where [f ] is the operator of multiplication by a positive C1+α function f and Pn is the projection onto the span of {eikθ, 0 ≤
k ≤ n} in L2 of the unit circle. Later generalizations allow more complicated operators than [f ].
In joint work with M. Ionescu and K. Okoudjou we consider an analogue of this result on the Sierpinski Gasket in which [f ] is
replaced by a pseudo-differential operator, the projection is onto the eigenspaces of L2 with eigenvalues less than Λ and the
limit is taken as Λ → ∞. For a suitable class of pseudo-differential operators the result gives asymptotics of the operator from
its symbol.

DANIEL SLONIM, Purdue

[Sunday December 4 / dimanche 4 décembre, 16:00 – Canadian Room A, Crowne Plaza, 5th Floor]

Path Sets and Interleaving

I will first give a brief overview of how questions in number theory and fractal geometry led to a discussion of sequences
generated by infinite walks on graphs. Given the right structure, a graph presents a set of sequences, called a ”path set.” A
path set P can be associated to a fractal set of p-adic integers, and the toplogical entropy of P can be used to calculate the
Hausdorff dimension of its associated fractal set. We will look at interleaving and related operations on these path sets, discuss
the effect these operations have on the graphs presenting the path sets, and discuss an algorithm for detecting path sets that
are irreducible with respect to the interleaving operations.

JÓZSEF VASS, York University

[Sunday December 4 / dimanche 4 décembre, 17:00 – Canadian Room A, Crowne Plaza, 5th Floor]

Fractal Potentials of the Laplace and Wave Equations

Fractal Geometry, Analysis, and Applications
Géométrie fractale, analyse et applications

The invariant measure introduced by Hutchinson is the fixed point of a contractive transfer operator, and it is supported on
an IFS fractal. The Laplacian and the d’Alembertian operate on functions in Poisson’s equation, in space and spacetime
respectively. With appropriate boundary conditions at infinity, this equation induces a bijection between potentials and prob-
ability measures, which becomes an isometric isomorphism under certain metrics. It enables us to show the existence of an
”invariant potential” of the appropriately generalized transfer operator, which corresponds uniquely to the invariant measure.
This invariant potential is also referred to as a ”fractal potential”, a weakly harmonic function that satisfies the Laplace or
Wave equations almost everywhere. Its singularities correspond to the support of the invariant measure, required to have
vanishing Lebesgue measure.

ANDREW VINCE, University of Florida

[Saturday December 3 / samedi 3 décembre, 17:30 – Canadian Room A, Crowne Plaza, 5th Floor]

Fractal Transformations

Fractal transformations are natural maps associated with an iterated function system (IFS). A fractal transformation is
basically a transformation that takes each point in the attractor of one IFS to a point with the same address in another IFS.
A precise definition, examples, results, and applications will be discussed.

ALDEN WALKER, Center for Communications Research

[Saturday December 3 / samedi 3 décembre, 16:30 – Canadian Room A, Crowne Plaza, 5th Floor]

Circle actions on the boundary of Schottky space

To a complex parameter c, we associate the two-generator iterated function system f(x)=cz-1, g(z)=cz+1. I’ll describe how
the IFS for certain parameters (those on the boundary of the connectedness locus) can give rise to circle actions. A finite
amount of data encoded in these circle actions describes the set of cut points in the limit set of the IFS. In addition, these
circle actions can be thought of as double covers of Lorenz maps and generalizations. This talk should be broadly accessible,
and pictures will be provided. This is joint work with Danny Calegari, building on previous work with Danny Calegari and
Sarah Koch.

BOMING YU, Huazhong University of Science and Technology

[Sunday December 4 / dimanche 4 décembre, 15:30 – Canadian Room A, Crowne Plaza, 5th Floor]

A review on the fractal geometry theory for porous media and its applications

Available data have been shown that the microstructures of naturally formed porous media such as soil, rocks, sandstones,
oil/gas//water reservoirs, biological tissue and organics, etc. are fractal objects and can be described by the fractal geometry
theory and technique. This presentation attempts to review and summarize the progresses on research in the area of the fractal
geometry theory and technique for porous media. Then, review and summary are presented for the progresses on research
of the applications of the theory and technique in the areas such as transport properties of fractal porous media regarding
the thermal conductivities, permeabilities, gas diffusivity and imbibitions based on the fractal geometry theory and technique
for porous media. Finally, a few of comments are made with respect to the theoretical developments and applications in the
future.

Keywords: Fractal, Transport properties, Porous media.

References: 1. Mandelbrot, B. B., The Fractal Geometry of Nature, W.H. Freeman and Company, New York, 1983. 2. Sahimi,
M., “Flow phenomena in rocks: from continuum models to fractals, percolation, cellular automata, and simulated annealing”,
Rev Modern Phys. 65, 1393-1534, 1993. 3. Yu, B.M., Analysis of flow in fractal porous media, Appl. Mech. Rev. 61,
050801(2008). 4. Yu, B.M. and Li J.H., Some fractal characters of porous media, Fractals, 9(3), 365-372(2001).
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[Saturday December 3 / samedi 3 décembre, 17:30 – Canadian Room A, Crowne Plaza, 5th Floor]

Fractal Transformations

Fractal transformations are natural maps associated with an iterated function system (IFS). A fractal transformation is
basically a transformation that takes each point in the attractor of one IFS to a point with the same address in another IFS.
A precise definition, examples, results, and applications will be discussed.

ALDEN WALKER, Center for Communications Research
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Available data have been shown that the microstructures of naturally formed porous media such as soil, rocks, sandstones,
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theory and technique. This presentation attempts to review and summarize the progresses on research in the area of the fractal
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8:30 - 9:00 Will Kazez, Boardroom C, Sheraton, 2nd Floor, Tautness of foliations

9:00 - 9:30 Diana Hubbard, Boardroom C, Sheraton, 2nd Floor, On the annular refinement of Khovanov homology

9:30 - 10:00 Nicholas Vlamis, Boardroom C, Sheraton, 2nd Floor, Graphs of curves on infinite-type surfaces

15:30 - 16:00 Adam Lowrance, Boardroom C, Sheraton, 2nd Floor, The Jones polynomial of almost alternating and
Turaev genus one links

16:00 - 16:30 Tao Li, Boardroom C, Sheraton, 2nd Floor, Heegaard genus and degree-one map

16:30 - 17:00 Zoran Sunic, Boardroom C, Sheraton, 2nd Floor, Left Relatively Convex Subgroups

17:00 - 17:30 Christine Lee, Boardroom C, Sheraton, 2nd Floor, A trivial tail homology for non A-adequate links.

17:30 - 18:00 Dani Wise, Boardroom C, Sheraton, 2nd Floor, Virtual Limit Groups

Monday December 5 lundi 5 décembre
8:30 - 9:00 Subhadip Chowdhury, Strategy Room 1, Sheraton, 5th level

9:00 - 9:30 Kasia Jankiewicz, Strategy Room 1, Sheraton, 5th level

9:30 - 10:00 Jingyin Huang, Strategy Room 1, Sheraton, 5th level, The action dimension of Artin groups
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the Liftable Mapping Class Group

16:00 - 16:30 Sarah Mousley, Strategy Room 1, Sheraton, 5th level, Boundary Maps

16:30 - 17:00 Adam Sikora, Strategy Room 1, Sheraton, 5th level, On algebraic proprties of skein algebras of surfaces

Abstracts/Résumés

SUBHADIP CHOWDHURY, University of Chicago

[Monday December 5 / lundi 5 décembre, 8:30 – Strategy Room 1, Sheraton, 5th level]

TYRONE GHASWALA, University of Waterloo

[Monday December 5 / lundi 5 décembre, 15:30 – Strategy Room 1, Sheraton, 5th level]

Cyclic Branched Covers of the Sphere and the Liftable Mapping Class Group

Given a (possibly branched) covering space between surfaces, we can ask the following question: Which elements of the
mapping class group of the base space have representatives that lift to homeomorphisms of the total space? Birman and
Hilden first considered this question in the case of the 2-sheeted cover of the sphere where the deck group is generated by a
fixed hyperelliptic involution. In this case, they answered the question above with a resounding ”everything lifts”! In this talk
we will answer the same question for other families of cyclic branched covers over the sphere, and correct an error of Birman
and Hilden.

This is joint work with Rebecca Winarski.
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8:30 - 9:00 Subhadip Chowdhury, Strategy Room 1, Sheraton, 5th level

9:00 - 9:30 Kasia Jankiewicz, Strategy Room 1, Sheraton, 5th level

9:30 - 10:00 Jingyin Huang, Strategy Room 1, Sheraton, 5th level, The action dimension of Artin groups

15:30 - 16:00 Tyrone Ghaswala, Strategy Room 1, Sheraton, 5th level, Cyclic Branched Covers of the Sphere and
the Liftable Mapping Class Group

16:00 - 16:30 Sarah Mousley, Strategy Room 1, Sheraton, 5th level, Boundary Maps

16:30 - 17:00 Adam Sikora, Strategy Room 1, Sheraton, 5th level, On algebraic proprties of skein algebras of surfaces

Abstracts/Résumés
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8:30 - 9:00 Will Kazez, Boardroom C, Sheraton, 2nd Floor, Tautness of foliations

9:00 - 9:30 Diana Hubbard, Boardroom C, Sheraton, 2nd Floor, On the annular refinement of Khovanov homology

9:30 - 10:00 Nicholas Vlamis, Boardroom C, Sheraton, 2nd Floor, Graphs of curves on infinite-type surfaces

15:30 - 16:00 Adam Lowrance, Boardroom C, Sheraton, 2nd Floor, The Jones polynomial of almost alternating and
Turaev genus one links

16:00 - 16:30 Tao Li, Boardroom C, Sheraton, 2nd Floor, Heegaard genus and degree-one map

16:30 - 17:00 Zoran Sunic, Boardroom C, Sheraton, 2nd Floor, Left Relatively Convex Subgroups

17:00 - 17:30 Christine Lee, Boardroom C, Sheraton, 2nd Floor, A trivial tail homology for non A-adequate links.

17:30 - 18:00 Dani Wise, Boardroom C, Sheraton, 2nd Floor, Virtual Limit Groups

Monday December 5 lundi 5 décembre
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JINGYIN HUANG, McGill University

[Monday December 5 / lundi 5 décembre, 9:30 – Strategy Room 1, Sheraton, 5th level]

The action dimension of Artin groups

The action dimension of a group G is the smallest dimension of a manifold model for BG. We give a lower bound for the action
dimension for Artin groups, and show that in most cases, when the K(π, 1) Conjecture holds for an Artin group, its action
dimension can be computed. This is joint work with M. Davis.

DIANA HUBBARD, University of Michigan

[Sunday December 4 / dimanche 4 décembre, 9:00 – Boardroom C, Sheraton, 2nd Floor]

On the annular refinement of Khovanov homology

In 2006, Plamenevskaya proved that the homology class of a distinguished element in Khovanov homology is an invariant of
transverse links. In this talk I will define an annular refinement of this element, kappa. Kappa is a conjugacy class invariant of
braids. We will see applications of kappa relating to transverse links, properties of braids, and the word problem in the braid
group. This work is joint with Adam Saltz.

KASIA JANKIEWICZ, McGill

[Monday December 5 / lundi 5 décembre, 9:00 – Strategy Room 1, Sheraton, 5th level]

WILL KAZEZ, University of Georgia

[Sunday December 4 / dimanche 4 décembre, 8:30 – Boardroom C, Sheraton, 2nd Floor]

Tautness of foliations

I will give a brief overview of the role tautness plays in the study of foliations of 3-manifolds. Elementary examples will be
constructed to show that notions of tautness that are equivalent for fairly smooth foliations are not equivalent in the world of
less smooth foliations. These examples of ”phantom tori” have implications in the study of approximations of taut foliations
by contact structures. This is joint work with Rachel Roberts.

CHRISTINE LEE, University of Texas at Austin

[Sunday December 4 / dimanche 4 décembre, 17:00 – Boardroom C, Sheraton, 2nd Floor]

A trivial tail homology for non A-adequate links.

For semi-adequate links, the non-zero coefficients of the colored Jones polynomial are known to stabilize and give geometric
information on the knot complement. The power series formed by collecting these stable coefficients is called the tail of the
polynomial. Rozansky has extended this result to the categorification of the colored Jones polynomial by constructing a tail
homology whose Euler characteristic gives a tail of the colored Jones polynomial of all links. For non semi-adequate links, he
conjectures that this tail is trivial. In this talk, I will discuss the proof of this statement and discuss its relation to a larger
conjecture concerning link homologies.

TAO LI, Boston College

[Sunday December 4 / dimanche 4 décembre, 16:00 – Boardroom C, Sheraton, 2nd Floor]

Heegaard genus and degree-one map

We explore some relation between Heegaard splittings and certain degree-one maps. We also discuss an application on tunnel
numbers of satellite knots.
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SUBHADIP CHOWDHURY, University of Chicago

[Monday December 5 / lundi 5 décembre, 8:30 – Strategy Room 1, Sheraton, 5th level]

TYRONE GHASWALA, University of Waterloo

[Monday December 5 / lundi 5 décembre, 15:30 – Strategy Room 1, Sheraton, 5th level]

Cyclic Branched Covers of the Sphere and the Liftable Mapping Class Group

Given a (possibly branched) covering space between surfaces, we can ask the following question: Which elements of the
mapping class group of the base space have representatives that lift to homeomorphisms of the total space? Birman and
Hilden first considered this question in the case of the 2-sheeted cover of the sphere where the deck group is generated by a
fixed hyperelliptic involution. In this case, they answered the question above with a resounding ”everything lifts”! In this talk
we will answer the same question for other families of cyclic branched covers over the sphere, and correct an error of Birman
and Hilden.

This is joint work with Rebecca Winarski.
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ADAM LOWRANCE, Vassar College

[Sunday December 4 / dimanche 4 décembre, 15:30 – Boardroom C, Sheraton, 2nd Floor]

The Jones polynomial of almost alternating and Turaev genus one links

A link is almost alternating if it is non-alternating and has a diagram where one crossing change transforms the diagram into
an alternating diagram. The Turaev surface of a link diagram is a Heegaard surface on which the link has an alternating
projection. It is constructed from a certain cobordism between the all-A and all-B Kauffman states of the diagram. The Turaev
genus of a link is the minimum genus of the Turaev surface of any diagram. In this talk, we show that the Jones polynomial
of an almost alternating or a Turaev genus one link has either leading or trailing coefficient of plus or minus one.

SARAH MOUSLEY, University of Illinois at Urbana-Champaign

[Monday December 5 / lundi 5 décembre, 16:00 – Strategy Room 1, Sheraton, 5th level]

Boundary Maps

There are natural embeddings of right-angled Artin groups G into the mapping class group Mod(S) of a surface S. The groups
G and Mod(S) can each be equipped with a geometric structure called a hierarchically hyperbolic space (HHS) structure.
Durham, Hagen, and Sisto developed a notion of a boundary for such spaces. In this talk, we will explore the following question:
does an embedding φ : G → Mod(S) extend continuously to a boundary map ∂G → ∂Mod(S)? That is, given two sequences
(gn) and (hn) in G that limit to the same point in ∂G, do (φ(gn)) and (φ(hn)) limit to the same point in ∂Mod(S)? No
background in HHS structures is needed.

ADAM SIKORA, SUNY Buffalo

[Monday December 5 / lundi 5 décembre, 16:30 – Strategy Room 1, Sheraton, 5th level]

On algebraic proprties of skein algebras of surfaces

For a surface F , the space of links in F × [0, 1] modulo the Kauffman bracket skein relations is called the skein algebra of F ,
denoted by S(F ). It is a non-commutative deformation of the SL(2, C)-character variety of F , of significant importance to
quantum topology. In particular, for F with boundary, it is (almost) the quantum Teichmuller space of F . We are going to
the explore zero divisors in skein algebras and their centers.

ZORAN SUNIC, Texas A&M University

[Sunday December 4 / dimanche 4 décembre, 16:30 – Boardroom C, Sheraton, 2nd Floor]

Left Relatively Convex Subgroups

Let G be a group and H be a subgroup of G. We say that H is left relatively convex in G if the left G-set G/H has at least
one G-invariant order. When G is left orderable, this holds if and only if H is convex in G under some left ordering of G.

We give a criterion for H to be left relatively convex in G that generalizes a well known criterion of Burns and Hale. We
then use this criterion to show that all maximal cyclic subgroups are left relatively convex in free groups, in right-angled Artin
groups, and in surface groups that are not the Klein-bottle group. The free-group case extends a result of Duncan and Howie.
We show that if G is left orderable, then each free factor of G is left relatively convex in G. More generally, for any graph of
groups, if each edge group is left relatively convex in each of its vertex groups, then each vertex group is left relatively convex
in the fundamental group; this generalizes a result of Chiswell. Finally, we show that all maximal cyclic subgroups in locally
residually torsion-free nilpotent groups are left relatively convex.

This is a joint work with Yago Antolin and Warren Dicks.
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NICHOLAS VLAMIS, University of Michigan

[Sunday December 4 / dimanche 4 décembre, 9:30 – Boardroom C, Sheraton, 2nd Floor]

Graphs of curves on infinite-type surfaces

The curve graph of an infinite-type surface has diameter 2, and as such it is not interesting from the perspective of coarse
geometry. We study when the mapping class group of an infinite-type surface S admits an action with unbounded orbits on a
connected graph whose vertices are simple closed curves on S. We introduce a topological invariant for infinite-type surfaces
that determines in many cases whether there is such an action. This is joint work with Matthew Durham and Federica Fanoni.

DANI WISE, McGill

[Sunday December 4 / dimanche 4 décembre, 17:30 – Boardroom C, Sheraton, 2nd Floor]

Virtual Limit Groups

I will describe a family of groups that have a finite index subgroup which is a limit group. The family includes every word-
hyperbolic group that splits as a free product of two free groups amalgamating a cyclic subgroup.
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Abstracts/Résumés

AGHIL ALAEE, University of Alberta

[Monday December 5 / lundi 5 décembre, 8:00 – Strategy Room 2 - Sheraton - 5th floor]

Mass-angular momentum-charge inequality in minimal supergravity

Recently, the investigation of general relativity in higher dimensions (D ≥ 5) has attracted a great deal of interest for a number
of physical reasons, such as string theory. The minimal supergravity is the simplest supersymmetric generalization of general
relativity in higher dimensions. In practice, string theories are often analyzed within the supergravity approximation. In this
talk, I will give a brief review of geometric inequalities in higher dimensions. In particular, I will present a proof of mass-angular
momentum-charge inequality for a broad class of maximal, asymptotically flat, bi-axisymmetric initial data within the context
of 5-dimensional minimal supergravity. I further show that the extreme charged Myers-Perry black hole initial data are the
unique minimizers. Finally, I will present a rigidity statement for the relevant BPS bound, and give a variational characterization
of BMPV black holes (This is a joint work with Marcus Khuri and Hari Kunduri).
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SPYROS ALEXAKIS, Toronto

[Sunday December 4 / dimanche 4 décembre, 16:10 – Strategy Room 2 - Sheraton - 5th floor]

STEFANOS ARETAKIS, University of Toronto

[Sunday December 4 / dimanche 4 décembre, 16:50 – Strategy Room 2 - Sheraton - 5th floor]

Asymptotics for the wave equation and the black hole stability problem

The asymptotic behavior of solutions to the wave equation on curved backgrounds is closely connected with various important
problems in general relativity such as the strong cosmic censorship and the black hole stability problem. In this talk, I will
present a new technique that allows us to obtain the precise late-time asymptotics for solutions on such backgrounds. This is
joint work with Y. Angelopoulos (UCLA) and D. Gajic (Imperial).

ERIC BAHUAUD, Seattle University

[Saturday December 3 / samedi 3 décembre, 9:20 – Strategy Room 2 - Sheraton - 5th floor]

Low regularity conformally compact Einstein metrics

A C2 conformally compact Einstein metric has sectional curvature decay to −1 up to corrections that are quadratic in the
boundary defining function. In this talk I’ll discuss the relationship between the curvature decay rate of a generic asymptotically
hyperbolic metric and the regularity of the conformal compactification. I then discuss recent work with John M Lee that proves
the existence of a low regularity conformally compact Einstein metric with quadratic curvature decay.

TRACEY BALEHOWSKY, University of Toronto

[Saturday December 3 / samedi 3 décembre, 16:40 – Strategy Room 2 - Sheraton - 5th floor]

Uniqueness of a Riemannian metric from minimal area data

A classical question in Riemannian geometry is to ask “from what geometric information about the Riemannian manifold can
one determine the metric?”. For 2-dimensional, compact, simple manifolds with boundary, Pestov and Uhlmann (2005) proved
that one may determine the Riemannian metric from knowledge of the geodesic distance between two boundary points — that
is, they showed simple 2-manifolds are “boundary rigid”. Their strategy to show uniqueness for the metric was to relate the
boundary distance information to scattering data associated to a harmonic inverse problem.

In this talk, we address a (very broadly) dimension 2 version of the boundary rigidity problem for certain compact, Riemannian
3-manifolds with boundary. We present new results which show that if given any closed curve on the boundary, we know the
area of the minimal surface bounded by the curve, then one may uniquely determine the metric. In our setting, we demonstrate
uniqueness for the metric by reformulating parts of our problem as a 2-dimensional inverse problem on a minimal surface. In
particular, we relate our minimal area information to knowledge of the Dirichlet-to-Neumann map for the stability operator on
a minimal surface.

LYDIA BIERI, University of Michigan, Department of Mathematics, Ann Arbor, MI 48109, USA

[Sunday December 4 / dimanche 4 décembre, 9:20 – Strategy Room 2 - Sheraton - 5th floor]

The Cauchy Problem for the Einstein Equations and Gravitational Radiation

In Mathematical General Relativity (GR) the Einstein equations describe the laws of the universe. This system of hyperbolic
nonlinear pde has served as a playground for all kinds of new problems and methods in pde analysis and geometry. An
interesting feature of GR is the phenomenon of gravitational radiation. In 2015, Advanced LIGO measured gravitational waves
for the first time. Two black holes merging are sending out gravitational waves, which are nothing else but the fluctuation of
the spacetime curvature. In order to understand this radiation as well as the dynamics of the gravitational field, we have to
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Abstracts/Résumés

AGHIL ALAEE, University of Alberta

[Monday December 5 / lundi 5 décembre, 8:00 – Strategy Room 2 - Sheraton - 5th floor]

Mass-angular momentum-charge inequality in minimal supergravity

Recently, the investigation of general relativity in higher dimensions (D ≥ 5) has attracted a great deal of interest for a number
of physical reasons, such as string theory. The minimal supergravity is the simplest supersymmetric generalization of general
relativity in higher dimensions. In practice, string theories are often analyzed within the supergravity approximation. In this
talk, I will give a brief review of geometric inequalities in higher dimensions. In particular, I will present a proof of mass-angular
momentum-charge inequality for a broad class of maximal, asymptotically flat, bi-axisymmetric initial data within the context
of 5-dimensional minimal supergravity. I further show that the extreme charged Myers-Perry black hole initial data are the
unique minimizers. Finally, I will present a rigidity statement for the relevant BPS bound, and give a variational characterization
of BMPV black holes (This is a joint work with Marcus Khuri and Hari Kunduri).
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[Monday December 5 / lundi 5 décembre, 8:00 – Strategy Room 2 - Sheraton - 5th floor]

Mass-angular momentum-charge inequality in minimal supergravity

Recently, the investigation of general relativity in higher dimensions (D ≥ 5) has attracted a great deal of interest for a number
of physical reasons, such as string theory. The minimal supergravity is the simplest supersymmetric generalization of general
relativity in higher dimensions. In practice, string theories are often analyzed within the supergravity approximation. In this
talk, I will give a brief review of geometric inequalities in higher dimensions. In particular, I will present a proof of mass-angular
momentum-charge inequality for a broad class of maximal, asymptotically flat, bi-axisymmetric initial data within the context
of 5-dimensional minimal supergravity. I further show that the extreme charged Myers-Perry black hole initial data are the
unique minimizers. Finally, I will present a rigidity statement for the relevant BPS bound, and give a variational characterization
of BMPV black holes (This is a joint work with Marcus Khuri and Hari Kunduri).



2016 CMS Winter Meeting82

Geometric PDEs, the Einstein equation, and mathematical relativity
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investigate the Cauchy problem for the Einstein equations. I will talk about geometric-analytic results on gravitational radiation
and the memory effect of gravitational waves. We will connect the mathematical findings to experiments. I will also address
recent work with David Garfinkle on gravitational radiation in asymptotically flat as well as cosmological spacetimes.

ARMANDO CABRERA, University of Connecticut

[Monday December 5 / lundi 5 décembre, 8:30 – Strategy Room 2 - Sheraton - 5th floor]

On the instability of the Riemannian Penrose inequality in higher dimensions

Mantoulidis and Schoen constructed 3-dimensional asymptotically flat initial data sets with prescribed horizon boundary, whose
mass can be made arbitrarily close to the optimal value in the Riemannian Penrose inequality, while the geometry of the horizon
is far from being rotationally symmetric. In this talk we will describe an adaptation of this construction that leads to higher
dimensional black hole initial data sets with analogous properties. This talk is based on joint work with Pengzi Miao.

JEFF CASE, Penn State University

[Saturday December 3 / samedi 3 décembre, 8:40 – Strategy Room 2 - Sheraton - 5th floor]

Conformally covariant operators and scattering theory

Using scattering theory on Poincare–Einstein manifolds, Graham and Zworski defined a family of conformally covariant pseu-
dodifferential operators on the boundary with principal symbol that of fractional powers of the Laplacian. I will present an
equivalent characterization of these operators as Dirichlet-to-Neumann operators. As applications, I will discuss a new sharp
Sobolev trace inequality for traces of functions in W 2,2 and a positivity result for the Green’s function of the conformally
covariant operator (−∆)3/2 + l.o.t.

AILANA FRASER, University of British Columbia

[Saturday December 3 / samedi 3 décembre, 15:40 – Strategy Room 2 - Sheraton - 5th floor]

Existence and regularity of harmonic maps into CAT(1) spaces

The celebrated work of Eells and Sampson initiated a wide interest in the study of harmonic maps between Riemannian
manifolds, and harmonic maps have proven to be a useful tool in geometry. A more recent development is the harmonic
map theory for non-smooth spaces. The seminal works of Gromov-Schoen and Korevaar-Schoen consider harmonic maps
from a Riemannian domain into a non-Riemannian target. Further exploration of harmonic map theory to the singular setting
includes works of Jost, J. Chen, Eells-Fuglede and Daskalopoulos-Mese. The above mentioned works all assume non-positivity
of curvature. In this talk I will discuss joint work with Breiner, Huang, Mese, Sargent, Zhang on existence and regularity
results for harmonic maps when the target curvature is bounded above by a constant that is not necessarily 0. We prove a
generalization to the metric space setting of Sacks and Uhlenbeck’s celebrated work on the bubbling phenomena for harmonic
maps. This has important connections to the non-smooth uniformization problem.

PANAGIOTIS GIANNIOTIS, University of Waterloo

[Monday December 5 / lundi 5 décembre, 9:00 – Strategy Room 2 - Sheraton - 5th floor]

Ricci flow from spaces with isolated conical singularities

In this talk I will present joint work with Felix Schulze on the short-time existence of the Ricci flow from initial data with
isolated conical singularities. Assuming the links of the cones that model the singularities are spheres with curvature operator
greater that one, we construct a smooth Ricci flow which achieves the initial condition in the Gromov-Hausdorff sense and
smoothly away from the singular points. Moreover, the tangent flow at each singular point is the unique, positively curved,
gradient Ricci expander that is asymptotic to the cone modeling the singularity.
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SPYROS ALEXAKIS, Toronto

[Sunday December 4 / dimanche 4 décembre, 16:10 – Strategy Room 2 - Sheraton - 5th floor]

STEFANOS ARETAKIS, University of Toronto

[Sunday December 4 / dimanche 4 décembre, 16:50 – Strategy Room 2 - Sheraton - 5th floor]

Asymptotics for the wave equation and the black hole stability problem

The asymptotic behavior of solutions to the wave equation on curved backgrounds is closely connected with various important
problems in general relativity such as the strong cosmic censorship and the black hole stability problem. In this talk, I will
present a new technique that allows us to obtain the precise late-time asymptotics for solutions on such backgrounds. This is
joint work with Y. Angelopoulos (UCLA) and D. Gajic (Imperial).

ERIC BAHUAUD, Seattle University

[Saturday December 3 / samedi 3 décembre, 9:20 – Strategy Room 2 - Sheraton - 5th floor]

Low regularity conformally compact Einstein metrics

A C2 conformally compact Einstein metric has sectional curvature decay to −1 up to corrections that are quadratic in the
boundary defining function. In this talk I’ll discuss the relationship between the curvature decay rate of a generic asymptotically
hyperbolic metric and the regularity of the conformal compactification. I then discuss recent work with John M Lee that proves
the existence of a low regularity conformally compact Einstein metric with quadratic curvature decay.

TRACEY BALEHOWSKY, University of Toronto

[Saturday December 3 / samedi 3 décembre, 16:40 – Strategy Room 2 - Sheraton - 5th floor]

Uniqueness of a Riemannian metric from minimal area data

A classical question in Riemannian geometry is to ask “from what geometric information about the Riemannian manifold can
one determine the metric?”. For 2-dimensional, compact, simple manifolds with boundary, Pestov and Uhlmann (2005) proved
that one may determine the Riemannian metric from knowledge of the geodesic distance between two boundary points — that
is, they showed simple 2-manifolds are “boundary rigid”. Their strategy to show uniqueness for the metric was to relate the
boundary distance information to scattering data associated to a harmonic inverse problem.

In this talk, we address a (very broadly) dimension 2 version of the boundary rigidity problem for certain compact, Riemannian
3-manifolds with boundary. We present new results which show that if given any closed curve on the boundary, we know the
area of the minimal surface bounded by the curve, then one may uniquely determine the metric. In our setting, we demonstrate
uniqueness for the metric by reformulating parts of our problem as a 2-dimensional inverse problem on a minimal surface. In
particular, we relate our minimal area information to knowledge of the Dirichlet-to-Neumann map for the stability operator on
a minimal surface.

LYDIA BIERI, University of Michigan, Department of Mathematics, Ann Arbor, MI 48109, USA

[Sunday December 4 / dimanche 4 décembre, 9:20 – Strategy Room 2 - Sheraton - 5th floor]

The Cauchy Problem for the Einstein Equations and Gravitational Radiation

In Mathematical General Relativity (GR) the Einstein equations describe the laws of the universe. This system of hyperbolic
nonlinear pde has served as a playground for all kinds of new problems and methods in pde analysis and geometry. An
interesting feature of GR is the phenomenon of gravitational radiation. In 2015, Advanced LIGO measured gravitational waves
for the first time. Two black holes merging are sending out gravitational waves, which are nothing else but the fluctuation of
the spacetime curvature. In order to understand this radiation as well as the dynamics of the gravitational field, we have to
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investigate the Cauchy problem for the Einstein equations. I will talk about geometric-analytic results on gravitational radiation
and the memory effect of gravitational waves. We will connect the mathematical findings to experiments. I will also address
recent work with David Garfinkle on gravitational radiation in asymptotically flat as well as cosmological spacetimes.

ARMANDO CABRERA, University of Connecticut

[Monday December 5 / lundi 5 décembre, 8:30 – Strategy Room 2 - Sheraton - 5th floor]

On the instability of the Riemannian Penrose inequality in higher dimensions

Mantoulidis and Schoen constructed 3-dimensional asymptotically flat initial data sets with prescribed horizon boundary, whose
mass can be made arbitrarily close to the optimal value in the Riemannian Penrose inequality, while the geometry of the horizon
is far from being rotationally symmetric. In this talk we will describe an adaptation of this construction that leads to higher
dimensional black hole initial data sets with analogous properties. This talk is based on joint work with Pengzi Miao.

JEFF CASE, Penn State University

[Saturday December 3 / samedi 3 décembre, 8:40 – Strategy Room 2 - Sheraton - 5th floor]

Conformally covariant operators and scattering theory

Using scattering theory on Poincare–Einstein manifolds, Graham and Zworski defined a family of conformally covariant pseu-
dodifferential operators on the boundary with principal symbol that of fractional powers of the Laplacian. I will present an
equivalent characterization of these operators as Dirichlet-to-Neumann operators. As applications, I will discuss a new sharp
Sobolev trace inequality for traces of functions in W 2,2 and a positivity result for the Green’s function of the conformally
covariant operator (−∆)3/2 + l.o.t.

AILANA FRASER, University of British Columbia

[Saturday December 3 / samedi 3 décembre, 15:40 – Strategy Room 2 - Sheraton - 5th floor]

Existence and regularity of harmonic maps into CAT(1) spaces

The celebrated work of Eells and Sampson initiated a wide interest in the study of harmonic maps between Riemannian
manifolds, and harmonic maps have proven to be a useful tool in geometry. A more recent development is the harmonic
map theory for non-smooth spaces. The seminal works of Gromov-Schoen and Korevaar-Schoen consider harmonic maps
from a Riemannian domain into a non-Riemannian target. Further exploration of harmonic map theory to the singular setting
includes works of Jost, J. Chen, Eells-Fuglede and Daskalopoulos-Mese. The above mentioned works all assume non-positivity
of curvature. In this talk I will discuss joint work with Breiner, Huang, Mese, Sargent, Zhang on existence and regularity
results for harmonic maps when the target curvature is bounded above by a constant that is not necessarily 0. We prove a
generalization to the metric space setting of Sacks and Uhlenbeck’s celebrated work on the bubbling phenomena for harmonic
maps. This has important connections to the non-smooth uniformization problem.

PANAGIOTIS GIANNIOTIS, University of Waterloo

[Monday December 5 / lundi 5 décembre, 9:00 – Strategy Room 2 - Sheraton - 5th floor]

Ricci flow from spaces with isolated conical singularities

In this talk I will present joint work with Felix Schulze on the short-time existence of the Ricci flow from initial data with
isolated conical singularities. Assuming the links of the cones that model the singularities are spheres with curvature operator
greater that one, we construct a smooth Ricci flow which achieves the initial condition in the Gromov-Hausdorff sense and
smoothly away from the singular points. Moreover, the tangent flow at each singular point is the unique, positively curved,
gradient Ricci expander that is asymptotic to the cone modeling the singularity.
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SIAO-HAO GUO, Rutgers University

[Monday December 5 / lundi 5 décembre, 9:30 – Strategy Room 2 - Sheraton - 5th floor]

Analysis of Velázquez’s solution to the mean curvature flow with a type II singularity

J.J.L. Velázquez in 1994 used the degree theory to show that there is a perturbation of Simons’ cone, starting from which the
mean curvature flow develops a type II singularity at the origin. He also showed that under a proper time-dependent rescaling
of the solution around the origin, the rescaled flow converges locally uniformly to a minimal hypersurface which is tangent to
Simons’ cone at infinity. In this talk, we will present that the rescaled flow actually converges locally smoothly to the minimal
hypersurface, which appears to be the singularity model of the type II singularity. In addition, we will present that the mean
curvature of the solution blows up near the origin with a rate which is smaller than that of the second fundamental form. This
is a joint work with N. Sesum.

ROBERT HASLHOFER, University of Toronto

[Saturday December 3 / samedi 3 décembre, 15:00 – Strategy Room 2 - Sheraton - 5th floor]

Ricci curvature and martingales

We generalize the classical Bochner formula for the heat flow on a manifold M to martingales on the path space PM, and
develop a formalism to compute evolution equations for martingales on path space. We see that our Bochner formula on PM
is related to two sided bounds on Ricci curvature in much the same manner as the classical Bochner formula on M is related to
lower bounds on Ricci curvature. This establishes a new link between geometry and stochastic analysis, and provides a crucial
new tool for the study of Einstein metrics and Hamilton’s Ricci flow in the smooth and non-smooth setting. Joint work with
Aaron Naber.

SHAOXIONG HOU, Department of Mathematics and Statistics, Memorial University of Newfoundland

[Saturday December 3 / samedi 3 décembre, 17:10 – Strategy Room 2 - Sheraton - 5th floor]

A mixed volume from the anisotropic Riesz-potential

As a geometrical understanding of the maximal gravitational potential in computational and mathematical physics, this talk
investigates a mixed volume induced by the so-called anisotropic Riesz-potential and establishes a reverse Minkowski-type
inequality. As one of the applications, some embedding problems of function spaces in PDEs are improved.

MARCUS KHURI, Stony Brook University

[Sunday December 4 / dimanche 4 décembre, 8:40 – Strategy Room 2 - Sheraton - 5th floor]

The area-angular momentum-charge inequality for black holes in cosmological spacetimes

We establish the conjectured inequality between area, angular momentum, and charge for stable apparent horizons in spacetimes
with positive cosmological constant, and show that it is saturated precisely for extreme Kerr-Newman-de Sitter data. As with
previous inequalities of this type, the proof reduces to minimizing a functional that is related to a renormalized harmonic
energy. In this case the maps are from S2 → H2

C, and the functional is significantly distorted by the presence of a cosmological
constant. Nevertheless we observe that the functional is convex along geodesic deformations, guaranteeing a unique minimizer.
This observation also simplifies previous proofs of less embellished inequalities. This is joint work with E. Bryden.

GANTUMUR TSOGTGEREL, McGill University

[Sunday December 4 / dimanche 4 décembre, 15:30 – Strategy Room 2 - Sheraton - 5th floor]

A prescribed scalar-mean curvature problem

In this talk, we will be concerned with a problem of prescribing scalar curvature and boundary mean curvature of a compact
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[Monday December 5 / lundi 5 décembre, 8:30 – Strategy Room 2 - Sheraton - 5th floor]

On the instability of the Riemannian Penrose inequality in higher dimensions

Mantoulidis and Schoen constructed 3-dimensional asymptotically flat initial data sets with prescribed horizon boundary, whose
mass can be made arbitrarily close to the optimal value in the Riemannian Penrose inequality, while the geometry of the horizon
is far from being rotationally symmetric. In this talk we will describe an adaptation of this construction that leads to higher
dimensional black hole initial data sets with analogous properties. This talk is based on joint work with Pengzi Miao.

JEFF CASE, Penn State University

[Saturday December 3 / samedi 3 décembre, 8:40 – Strategy Room 2 - Sheraton - 5th floor]

Conformally covariant operators and scattering theory

Using scattering theory on Poincare–Einstein manifolds, Graham and Zworski defined a family of conformally covariant pseu-
dodifferential operators on the boundary with principal symbol that of fractional powers of the Laplacian. I will present an
equivalent characterization of these operators as Dirichlet-to-Neumann operators. As applications, I will discuss a new sharp
Sobolev trace inequality for traces of functions in W 2,2 and a positivity result for the Green’s function of the conformally
covariant operator (−∆)3/2 + l.o.t.
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includes works of Jost, J. Chen, Eells-Fuglede and Daskalopoulos-Mese. The above mentioned works all assume non-positivity
of curvature. In this talk I will discuss joint work with Breiner, Huang, Mese, Sargent, Zhang on existence and regularity
results for harmonic maps when the target curvature is bounded above by a constant that is not necessarily 0. We prove a
generalization to the metric space setting of Sacks and Uhlenbeck’s celebrated work on the bubbling phenomena for harmonic
maps. This has important connections to the non-smooth uniformization problem.

PANAGIOTIS GIANNIOTIS, University of Waterloo

[Monday December 5 / lundi 5 décembre, 9:00 – Strategy Room 2 - Sheraton - 5th floor]

Ricci flow from spaces with isolated conical singularities

In this talk I will present joint work with Felix Schulze on the short-time existence of the Ricci flow from initial data with
isolated conical singularities. Assuming the links of the cones that model the singularities are spheres with curvature operator
greater that one, we construct a smooth Ricci flow which achieves the initial condition in the Gromov-Hausdorff sense and
smoothly away from the singular points. Moreover, the tangent flow at each singular point is the unique, positively curved,
gradient Ricci expander that is asymptotic to the cone modeling the singularity.
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SIAO-HAO GUO, Rutgers University

[Monday December 5 / lundi 5 décembre, 9:30 – Strategy Room 2 - Sheraton - 5th floor]

Analysis of Velázquez’s solution to the mean curvature flow with a type II singularity

J.J.L. Velázquez in 1994 used the degree theory to show that there is a perturbation of Simons’ cone, starting from which the
mean curvature flow develops a type II singularity at the origin. He also showed that under a proper time-dependent rescaling
of the solution around the origin, the rescaled flow converges locally uniformly to a minimal hypersurface which is tangent to
Simons’ cone at infinity. In this talk, we will present that the rescaled flow actually converges locally smoothly to the minimal
hypersurface, which appears to be the singularity model of the type II singularity. In addition, we will present that the mean
curvature of the solution blows up near the origin with a rate which is smaller than that of the second fundamental form. This
is a joint work with N. Sesum.

ROBERT HASLHOFER, University of Toronto

[Saturday December 3 / samedi 3 décembre, 15:00 – Strategy Room 2 - Sheraton - 5th floor]

Ricci curvature and martingales

We generalize the classical Bochner formula for the heat flow on a manifold M to martingales on the path space PM, and
develop a formalism to compute evolution equations for martingales on path space. We see that our Bochner formula on PM
is related to two sided bounds on Ricci curvature in much the same manner as the classical Bochner formula on M is related to
lower bounds on Ricci curvature. This establishes a new link between geometry and stochastic analysis, and provides a crucial
new tool for the study of Einstein metrics and Hamilton’s Ricci flow in the smooth and non-smooth setting. Joint work with
Aaron Naber.

SHAOXIONG HOU, Department of Mathematics and Statistics, Memorial University of Newfoundland

[Saturday December 3 / samedi 3 décembre, 17:10 – Strategy Room 2 - Sheraton - 5th floor]

A mixed volume from the anisotropic Riesz-potential

As a geometrical understanding of the maximal gravitational potential in computational and mathematical physics, this talk
investigates a mixed volume induced by the so-called anisotropic Riesz-potential and establishes a reverse Minkowski-type
inequality. As one of the applications, some embedding problems of function spaces in PDEs are improved.

MARCUS KHURI, Stony Brook University

[Sunday December 4 / dimanche 4 décembre, 8:40 – Strategy Room 2 - Sheraton - 5th floor]

The area-angular momentum-charge inequality for black holes in cosmological spacetimes

We establish the conjectured inequality between area, angular momentum, and charge for stable apparent horizons in spacetimes
with positive cosmological constant, and show that it is saturated precisely for extreme Kerr-Newman-de Sitter data. As with
previous inequalities of this type, the proof reduces to minimizing a functional that is related to a renormalized harmonic
energy. In this case the maps are from S2 → H2

C, and the functional is significantly distorted by the presence of a cosmological
constant. Nevertheless we observe that the functional is convex along geodesic deformations, guaranteeing a unique minimizer.
This observation also simplifies previous proofs of less embellished inequalities. This is joint work with E. Bryden.

GANTUMUR TSOGTGEREL, McGill University

[Sunday December 4 / dimanche 4 décembre, 15:30 – Strategy Room 2 - Sheraton - 5th floor]

A prescribed scalar-mean curvature problem

In this talk, we will be concerned with a problem of prescribing scalar curvature and boundary mean curvature of a compact
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manifold with boundary. This is an ongoing work motivated by the study of the Einstein constraint equations on compact
manifolds with boundary, and builds on the results of Rauzy and of Dilts-Maxwell.

WILLIAM WYLIE, Syracuse University

[Saturday December 3 / samedi 3 décembre, 8:00 – Strategy Room 2 - Sheraton - 5th floor]

Weighted Ricci curvature with synthetic dimension 1

We study Riemannian and Lorentzian manifolds with density that satisfy weighted Ricci curvature bounds of effective dimension
one, a weaker condition than has previously been studied. The main observation is that the weighted Ricci tensor in this case
carries an extra structure, as it is the Ricci tensor of a natural torsion free connection. Using this connection we prove sharp
generalizations of the basic comparison results for Ricci curvature lower bounds. A general feature of all of our rigidity results
is that warped or twisted products, as opposed to direct products are characterized. Some of the material in this talk comes
from joint works with Eric Woolgar and Dmytro Yeroshkin.

JIE XIAO, Memorial University

[Sunday December 4 / dimanche 4 décembre, 8:00 – Strategy Room 2 - Sheraton - 5th floor]

p-capacity in 3-manifold

As an inclusive (1, 3) � p - extension of Bray-Miao’s Theorem 1 and Corollary 1 in Invent. Math. 172(2008)459-475 for
p = 2, this talk presents a sharp isoperimetric inequality for the p-harmonic capacity of a surface in the complete, smooth,
asymptotically flat 3-manifold with nonnegative scalar curvature, and then an optimal Riemannian Penrose type inequality
linking the ADM/total mass and the p-harmonic capacity by means of the deficit of Willmore’s energy.
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Integrable systems and applications
Systèmes intégrables et applications

equation, Degasperis-Procesi equation, Novikov equation, and FORQ/modified Camassa-Holm equation. All of the equations
in the general family are shown to possess weak solutions given by multi-peakons. The most general subfamily of these
equations that possess the Hamiltonian structure shared by the Camassa-Holm and FORQ/modified Camassa-Holm equations
is derived. As examples, one-parameter families of generalized CH and FORQ/modified Camassa-Holm equations with multi-
peakon solutions and a Hamiltonian structure are presented. Wave breaking criteria are outlined for these equations.

QIAO WANG, State University of New York at Buffalo

[Monday December 5 / lundi 5 décembre, 9:30 – Fallsview Studio C, Sheraton, 3rd Level]

Whitham modulation theory for the Kadomtsev-Petviashvili equation

In this talk we present the derivation of the genus-1 KP-Whitham system, namely the Whitham modulation equations for
both variants of the Kadomtsev-Petviashvili (KP) equation. We also discuss the basic properties of the KP-Whitham system
and show how it can be used to study the stability of the genus-1 solutions of the KP equation. This is joint work with M.J.
Ablowitz and G. Biondini.
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Geometry and Topology in Low Dimensions: 
Interactions with Floer theory /
Géométrie et topologie en basse dimension: 
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Org: Cagatay Kutluhan (University of Buffalo) and/et Liam Watson (Sherbrooke University)

Schedule/Horaire Rooms/Salles: Great Room C, Sheraton, 3rd Level; Niagara Room, Crowne
Plaza, UL Level

Saturday December 3 samedi 3 décembre
8:00 - 8:30 Thomas Mark, Niagara Room, Crowne Plaza, UL Level, Obstructing Stein structures on contractible

4-manifolds

8:30 - 9:00 John Baldwin, Niagara Room, Crowne Plaza, UL Level, Stein fillings and SU(2) representations

9:00 - 9:30 Jeremy Van Horne-Morris, Niagara Room, Crowne Plaza, UL Level, Incorporating genus into the
Heegaard Floer differential

9:30 - 10:00 David Duncan, Niagara Room, Crowne Plaza, UL Level, Heat flows for cylindrical end manifolds

Sunday December 4 dimanche 4 décembre
8:00 - 8:30 Jonathan Hanselman, Great Room C, Sheraton, 3rd Level, Bordered Floer modules as immersed curves

in the torus

8:30 - 9:00 Ying Hu, Great Room C, Sheraton, 3rd Level, Left-orderability and representations into subgroups of
Homeo+(S1)

9:00 - 9:30 Kristen Hendricks, Great Room C, Sheraton, 3rd Level, Involutive Heegaard Floer homology

15:30 - 16:00 Francesco Lin, Great Room C, Sheraton, 3rd Level, Khovanov homology in characteristic two and
Pin(2)-symmetry

16:00 - 16:30 Hans Boden, Great Room C, Sheraton, 3rd Level, Concordance of virtual knots

16:30 - 17:00 Adam Levine, Great Room C, Sheraton, 3rd Level, Heegaard Floer invariants for homology S1 × S3s

17:00 - 17:30 Ian Zemke, Great Room C, Sheraton, 3rd Level, Link cobordisms and functoriality in link Floer homology

17:30 - 18:00 Wenzhao Chen, Great Room C, Sheraton, 3rd Level, Upsilon invariant and Cabling

Abstracts/Résumés

JOHN BALDWIN, Boston College

[Saturday December 3 / samedi 3 décembre, 8:30 – Niagara Room, Crowne Plaza, UL Level]

Stein fillings and SU(2) representations

In recent work, Sivek and I defined invariants of contact 3-manifolds with boundary in sutured instanton Floer homology. I
will sketch the proof of a theorem about these invariants which is analogous to a result of Plamenevskaya in Heegaard Floer
homology: if a 4-manifold admits several Stein structures with distinct Chern classes, then the invariants of the induced contact
structures on its boundary are linearly independent. As a corollary, we conclude that if a homology sphere Y admits a Stein
filling which is not a homology ball, then its fundamental group admits a nontrivial representation to SU(2). This is joint work
with Steven Sivek.

HANS BODEN, McMaster

[Sunday December 4 / dimanche 4 décembre, 16:00 – Great Room C, Sheraton, 3rd Level]

Concordance of virtual knots

This talk will examine concordance for virtual knots. The main theorem is that two classical knots are concordant as virtual
knots if and only if they are concordant as classical knots. This result is joint work with Matthias Nagel, and it answers a
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question raised in papers by Kauffman and Turaev. It follows that inclusion induces an injection from the concordance group
of classical knots into the concordance group of long virtual knots. We give examples of slicing virtual knots in terms of their
Gauss diagrams, and time permitting, present some new results on concordance invariants for virtual knots, which represents
joint work in progress with Micah Chrisman and Robin Gaudreau.

WENZHAO CHEN, Michigan State University

[Sunday December 4 / dimanche 4 décembre, 17:30 – Great Room C, Sheraton, 3rd Level]

Upsilon invariant and Cabling

Derived from knot Floer homology, the Upsilon invariant can be viewed as a homomorphism from the smooth knot concordance
group to the group of piecewise linear functions on [0, 2], which generalizes an earlier known concordance invariant τ . It is
natural to ask how Upsilon invariant behaves under the cabling operation. As a partial answer to this question, in this talk
we will show an inequality relating the Upsilon invariant of a knot and that of its cable, obtained by generalizing the work of
Hedden and Van Cott on τ -invariant of cable knots. We will also discuss some applications of this inequality.

DAVID DUNCAN, McMaster University

[Saturday December 3 / samedi 3 décembre, 9:30 – Niagara Room, Crowne Plaza, UL Level]

Heat flows for cylindrical end manifolds

We discuss several recent results for heat flows on cylindrical end manifolds, and mention applications to Floer-type invariants.

JONATHAN HANSELMAN, University of Texas at Austin

[Sunday December 4 / dimanche 4 décembre, 8:00 – Great Room C, Sheraton, 3rd Level]

Bordered Floer modules as immersed curves in the torus

We consider bordered Heegaard Floer homology of 3-manifolds with boundary a torus. As originally defined, these invariants
take the form of differential or A∞ modules over a particular algebra. We show that these objects can be replaced by collections
of immersed curves in the boundary torus minus a basepoint, decorated with local systems. Recovering ĤF of a closed manifold
from two bordered Floer invariants typically involves taking the homology of a tensor product of modules; in our setting, we
show that ĤF is obtained by simply counting intersection points of the corresponding immersed curves. The moral of the
talk is: bordered Heegaard Floer homology is not as scary as it looks! In addition to making many computations easier, this
geometric perspective leads to simple proofs of some important results about L-spaces. This is joint work with J. Rasmussen
and L. Watson.

KRISTEN HENDRICKS, Michigan State University

[Sunday December 4 / dimanche 4 décembre, 9:00 – Great Room C, Sheraton, 3rd Level]

Involutive Heegaard Floer homology

We use the conjugation symmetry on the Heegaard Floer complexes to define a three-manifold invariant called involutive
Heegaard Floer homology, which is meant to correspond to Z4-equivariant Seiberg-Witten Floer homology. From this we
obtain two new invariants of homology cobordism, explicitly computable for surgeries on L-space knots and quasi-alternating
knots, and two new concordance invariants of knots, one of which (unlike other invariants arising from Heegaard Floer homology)
detects non-sliceness of the figure-eight knot. We also give a formula for how this theory behaves under connected sum, and
use it to give examples not homology cobordant to anything computable via our surgery formula. This is joint work with C.
Manolescu; the last part of is also joint with I. Zemke.
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question raised in papers by Kauffman and Turaev. It follows that inclusion induces an injection from the concordance group
of classical knots into the concordance group of long virtual knots. We give examples of slicing virtual knots in terms of their
Gauss diagrams, and time permitting, present some new results on concordance invariants for virtual knots, which represents
joint work in progress with Micah Chrisman and Robin Gaudreau.

WENZHAO CHEN, Michigan State University
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Upsilon invariant and Cabling

Derived from knot Floer homology, the Upsilon invariant can be viewed as a homomorphism from the smooth knot concordance
group to the group of piecewise linear functions on [0, 2], which generalizes an earlier known concordance invariant τ . It is
natural to ask how Upsilon invariant behaves under the cabling operation. As a partial answer to this question, in this talk
we will show an inequality relating the Upsilon invariant of a knot and that of its cable, obtained by generalizing the work of
Hedden and Van Cott on τ -invariant of cable knots. We will also discuss some applications of this inequality.

DAVID DUNCAN, McMaster University
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Bordered Floer modules as immersed curves in the torus

We consider bordered Heegaard Floer homology of 3-manifolds with boundary a torus. As originally defined, these invariants
take the form of differential or A∞ modules over a particular algebra. We show that these objects can be replaced by collections
of immersed curves in the boundary torus minus a basepoint, decorated with local systems. Recovering ĤF of a closed manifold
from two bordered Floer invariants typically involves taking the homology of a tensor product of modules; in our setting, we
show that ĤF is obtained by simply counting intersection points of the corresponding immersed curves. The moral of the
talk is: bordered Heegaard Floer homology is not as scary as it looks! In addition to making many computations easier, this
geometric perspective leads to simple proofs of some important results about L-spaces. This is joint work with J. Rasmussen
and L. Watson.

KRISTEN HENDRICKS, Michigan State University

[Sunday December 4 / dimanche 4 décembre, 9:00 – Great Room C, Sheraton, 3rd Level]

Involutive Heegaard Floer homology

We use the conjugation symmetry on the Heegaard Floer complexes to define a three-manifold invariant called involutive
Heegaard Floer homology, which is meant to correspond to Z4-equivariant Seiberg-Witten Floer homology. From this we
obtain two new invariants of homology cobordism, explicitly computable for surgeries on L-space knots and quasi-alternating
knots, and two new concordance invariants of knots, one of which (unlike other invariants arising from Heegaard Floer homology)
detects non-sliceness of the figure-eight knot. We also give a formula for how this theory behaves under connected sum, and
use it to give examples not homology cobordant to anything computable via our surgery formula. This is joint work with C.
Manolescu; the last part of is also joint with I. Zemke.
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YING HU, UQAM

[Sunday December 4 / dimanche 4 décembre, 8:30 – Great Room C, Sheraton, 3rd Level]

Left-orderability and representations into subgroups of Homeo+(S1)

In this talk, I will discuss the relationship between left-orderability of a group and its representations into Homeo+(S1), the
homeomorphism group of a circle. In particular, I will show an equivalent relationship between certain 3-manifold groups being
left-orderable and the existence of a representation of the group into a specific subgroup of Homeo+(S1).

ADAM LEVINE, Princeton University

[Sunday December 4 / dimanche 4 décembre, 16:30 – Great Room C, Sheraton, 3rd Level]

Heegaard Floer invariants for homology S1 × S3s

Using Heegaard Floer homology, we construct a numerical invariant for any smooth, oriented 4-manifold X with the homology
of S1×S3. Specifically, we show that for any smoothly embedded 3-manifold Y representing a generator of H3(X), a suitable
version of the Heegaard Floer d invariant of Y , defined using twisted coefficients, is a diffeomorphism invariant of X. We
show how this invariant can be used to obstruct embeddings of certain types of 3-manifolds, including those obtained as a
connected sum of a rational homology 3-sphere and any number of copies of S1 × S2. We also give similar obstructions to
embeddings in certain open 4-manifolds, including exotic R4s. This is joint work with Danny Ruberman.

FRANCESCO LIN, Princeton

[Sunday December 4 / dimanche 4 décembre, 15:30 – Great Room C, Sheraton, 3rd Level]

Khovanov homology in characteristic two and Pin(2)-symmetry

Bar-Natan has introduced for a link L in S3 a variant of Khovanov homology which is defined only over fields of characteristic
two. We discuss a geometric interpretation of his construction: we show how a version of his invariant naturally appears as
the E2-page of the analogue of the Ozsváth-Szabó spectral sequence for the branched double cover in the context of Pin(2)-
monopole Floer homology. Conjecturally, this spectral sequence converges to a version of the Floer homology of the branched
double cover.

THOMAS MARK, University of Virginia

[Saturday December 3 / samedi 3 décembre, 8:00 – Niagara Room, Crowne Plaza, UL Level]

Obstructing Stein structures on contractible 4-manifolds

A Stein manifold is a complex manifold with particularly nice convexity properties. In real dimensions above 4, existence of a
Stein structure is essentially a homotopical question, but for 4-manifolds the situation is more subtle. We will show that there
exist homotopically trivial smooth 4-manifolds that do not admit Stein structures, answering a question that has circulated
among contact and symplectic topologists recently. Along the way we will provide new evidence for a conjecture of Gompf,
which asserts that a nontrivial Brieskorn homology sphere cannot be embedded in complex 2-space as the boundary of a Stein
submanifold.

JEREMY VAN HORNE-MORRIS, University of Arkansas

[Saturday December 3 / samedi 3 décembre, 9:00 – Niagara Room, Crowne Plaza, UL Level]

Incorporating genus into the Heegaard Floer differential

Utilizing work of Hutchings and Kutluhan-Lee-Taubes, one can incorporate the genus of holomorphic curves into the Heegaard
Floer differential of the Honda-Kazez-Matic description of the Heegaard Floer complex associated to an open book decompo-
sition. We will describe how this can be used to define a version of the Oszvath-Szabo contact invariant that is more sensitive
to tightness and to Stein cobordisms. This is joint work with Cagatay Kutluhan, Gordana Matic and Andy Wand.
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IAN ZEMKE, UCLA

[Sunday December 4 / dimanche 4 décembre, 17:00 – Great Room C, Sheraton, 3rd Level]

Link cobordisms and functoriality in link Floer homology

We will outline an approach to defining cobordism maps in link Floer homology for link cobordisms decorated with a set of
divides. We will describe the maps for simple link cobordisms. As an application, we will describe a relation involving the
dividing sets in a “bypass triangle” and show how this relation recovers the formula for the Sarkar map on link Floer homology,
as well as other similar relations. We will additionally describe a grading change formula, which recovers well known bounds
on the invariant tau.
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show how this invariant can be used to obstruct embeddings of certain types of 3-manifolds, including those obtained as a
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Obstructing Stein structures on contractible 4-manifolds

A Stein manifold is a complex manifold with particularly nice convexity properties. In real dimensions above 4, existence of a
Stein structure is essentially a homotopical question, but for 4-manifolds the situation is more subtle. We will show that there
exist homotopically trivial smooth 4-manifolds that do not admit Stein structures, answering a question that has circulated
among contact and symplectic topologists recently. Along the way we will provide new evidence for a conjecture of Gompf,
which asserts that a nontrivial Brieskorn homology sphere cannot be embedded in complex 2-space as the boundary of a Stein
submanifold.

JEREMY VAN HORNE-MORRIS, University of Arkansas
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Incorporating genus into the Heegaard Floer differential

Utilizing work of Hutchings and Kutluhan-Lee-Taubes, one can incorporate the genus of holomorphic curves into the Heegaard
Floer differential of the Honda-Kazez-Matic description of the Heegaard Floer complex associated to an open book decompo-
sition. We will describe how this can be used to define a version of the Oszvath-Szabo contact invariant that is more sensitive
to tightness and to Stein cobordisms. This is joint work with Cagatay Kutluhan, Gordana Matic and Andy Wand.
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Histoire et philosophie des mathématiques

Org: Maritza M. Branker (Niagara University)

Schedule/Horaire Room/Salle: Boardroom B, Sheraton, 2nd Floor

Saturday December 3 samedi 3 décembre
15:00 - 15:30 Craig Fraser, Mathematics in Library Subject Classification Systems

15:30 - 16:00 Mariya Boyko

16:00 - 16:30 Allan Olley, Celestial Mechanics as Applied Mathematics

16:30 - 17:00 Gwennaël Bricteux, What is a Diagram? Views from Category Theory and Logic

17:00 - 17:30 Margaret Stawiska-Friedland, Tadeusz Ważewski’ s early works in topology

17:30 - 18:00 Sylvia Nickerson

Abstracts/Résumés

MARIYA BOYKO, University of Toronto

[Saturday December 3 / samedi 3 décembre, 15:30 – Boardroom B, Sheraton, 2nd Floor]

GWENNAËL BRICTEUX, Université de Montréal

[Saturday December 3 / samedi 3 décembre, 16:30 – Boardroom B, Sheraton, 2nd Floor]

What is a Diagram? Views from Category Theory and Logic

We examine the rôle of diagrams in sequent calculus and their correspondence to the categorical notion of diagram in limits
and colimits. In Peirce’s theory of signs, the diagram is a type of sign which represents the internal relations of its object, more
specifically, as an icon that relates indices of the object’s constituents. This grammatical element is made explicit in the notation
of the sequent calculus, where it is closely linked to deductive inference. We consider in particular how the characterization
of the diagram determines different modes of inference, and thus different kinds of logic (classical, intuitionistic, linear, etc.),
each with its own set of inference rules. A correspondence is then made with the cognate notion of diagram in category theory
(as presented by Awodey, Leinster), where the limit structure, dualized into the colimit, is said to bear on the diagram of an
index category. We consider what the characterization of the diagram might amount to in a categorical perspective. To that
end, we introduce the generalization of the diagram into a category of diagrams, i.e. a category of set-valued functors.

CRAIG FRASER, University of Toronto

[Saturday December 3 / samedi 3 décembre, 15:00 – Boardroom B, Sheraton, 2nd Floor]

Mathematics in Library Subject Classification Systems

Insofar as library science is concerned, modern classification of mathematical subjects occurred within the larger framework of
library classification, a vast project of sustained attention in the period from 1870 to 1920. The two American giants in library
work in the formative period of classification were Melvil Dewey and Charles Cutter. In 1876 Dewey published the famous
Dewey decimal system of classification, while Cutter’s expansive system of 1885 would provide the basis for the Library of
Congress system. The latter was established in 1905, the work of James Hanson and Charles Martel, both European immigrants
to the United States. The work of the library cataloguers was carried out against the background of a broad nineteenth-century
interest in the classification of knowledge. We examine how mathematical subjects were classified, from the most general level
down to the level of particular subject areas in analysis. The focus is on the Library of Congress classification system in its
various forms from 1905 to the present.

History and Philosophy of Mathematics
Histoire et philosophie des mathématiques
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Org: Maritza M. Branker (Niagara University)

Schedule/Horaire Room/Salle: Boardroom B, Sheraton, 2nd Floor

Saturday December 3 samedi 3 décembre
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various forms from 1905 to the present.



Réunion d’hiver de la SMC 2016 89

History and Philosophy of Mathematics
Histoire et philosophie des mathématiques

SYLVIA NICKERSON, York University

[Saturday December 3 / samedi 3 décembre, 17:30 – Boardroom B, Sheraton, 2nd Floor]

ALLAN OLLEY, Independent Scholar

[Saturday December 3 / samedi 3 décembre, 16:00 – Boardroom B, Sheraton, 2nd Floor]

Celestial Mechanics as Applied Mathematics

Celestial Mechanics, the study of the motion of heavenly bodies (the Sun, Moon and planets), is perhaps the oldest exact
science and has long been subject to large demands of precision and involved intricate calculations. In turn celestial mechanics
has been the starting point of important developments in mathematics, such as Poincaré’s studies on quasi-periodic orbits,
which demonstrated the complex unpredictability of physical systems. In trying to arrive at a more accurate Lunar theory in
the 1960s and 70s astronomer Wallace Eckert argued that his new solution (set of equations) for the Moon’s orbit would test
the limits of the convergence of series. Charles Delauney’s wholly algebraic solution for the motion of the Moon served as a
test bed for computer algebra systems in the 1970s. In this talk I will discuss this relationship between celestial mechanics and
mathematics; how the careful tracking of empirical terms in celestial mechanics has implications for the conceptual realm of
mathematics.

MARGARET STAWISKA-FRIEDLAND, Mathematical Reviews, Ann Arbor, MI, USA

[Saturday December 3 / samedi 3 décembre, 17:00 – Boardroom B, Sheraton, 2nd Floor]

Tadeusz Ważewski’ s early works in topology

In 1947, Tadeusz Ważewski, a Polish mathematician, proved his Retract Principle, a profound application of topology to
ordinary differential equations. It was subsequently generalized by many authors and gave rise to the theory of Conley index.
In this talk we will discuss Ważewski’s Retract Principle and his earlier topological works which set a course for this important
result. We will also provide information about Ważewski’s life and present some unpublished documents. This is joint work
with Stanis�law Domoradzki (University of Rzeszów, Poland).
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Org: Jaimal Thind and/et Maria Wesslén (University of Toronto)

Schedule/Horaire Room/Salle: Rainbow Salon, Crowne Plaza, 10th Floor

Sunday December 4 dimanche 4 décembre
8:00 - 8:30 Andrew McEachern, How to Get an A in Math: An Updated Perspective

8:30 - 9:00 Brian Forrest, Can digital assets help improve Calculus performance?

9:00 - 9:30 Matt Thomas and Megan Martinez, “Points”-less Calculus

9:30 - 10:00 Kimberly Herder, Facing the Challenges of Entry Level Calculus

15:30 - 16:00 Maritza Branker, Homework Portfolios: Allowing students to critically think about their learning

16:00 - 16:30 Daniel McQuillan, Please reveal the beauty—do not hide the beauty—of the best theorems of calculus!

16:30 - 17:00 Alan Ableson, Comparing a Lecture-Focused and a Blended Calculus Course

17:00 - 17:30 Maria Wesslen and Jaimal Thind, What Next? - A Guided Discussion

Abstracts/Résumés

ALAN ABLESON, Queen’s University

[Sunday December 4 / dimanche 4 décembre, 16:30 – Rainbow Salon, Crowne Plaza, 10th Floor]

Comparing a Lecture-Focused and a Blended Calculus Course

At Queen’s University, we have a lecture-based calculus course for 700 first-year engineers, and a blended/flipped calculus course
for 1,300 first-year Arts&Science students. As the coordinator of both courses, I’ll present some of the contrasts between the
teaching approaches, and specifically how students respond to them. Results from engagement studies will be included.

MARITZA BRANKER, Niagara University

[Sunday December 4 / dimanche 4 décembre, 15:30 – Rainbow Salon, Crowne Plaza, 10th Floor]

Homework Portfolios: Allowing students to critically think about their learning

This talk will cover a relatively new practice I implemented in my first year calculus courses. My motivation for the change
will be discussed, along with my students’ initial responses and the impact on their performance in the course. My teaching
style has evolved due to the small classes at my institution but I believe this innovation could be successfully implemented in
tutorials attached to a large lecture in a typical Canadian university.

BRIAN FORREST, University of Waterloo

[Sunday December 4 / dimanche 4 décembre, 8:30 – Rainbow Salon, Crowne Plaza, 10th Floor]

Can digital assets help improve Calculus performance?

At the University of Waterloo we are in the process of redesigning our Faculty’s core courses in Calculus. As part of this process
we will be building fully-online versions of these courses. In this talk I will give some insight into why I believe that the digital
assets developed for the online courses can play a key role in the success of our new on-campus courses.

KIMBERLY HERDER, University of Guelph

[Sunday December 4 / dimanche 4 décembre, 9:30 – Rainbow Salon, Crowne Plaza, 10th Floor]

Facing the Challenges of Entry Level Calculus
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One of the challenges that we face in an entry level Calculus class is the entirely different background and level of preparation
that our students come from. Students arrive from different high schools across Canada, or perhaps entirely different school
systems from across the world! It is our job to “get everyone on the same page” before we can even hope to discuss Calculus.
So how do we ensure that students have the basics down so that they are capable of studying at this higher level? One way
that I have helped students to check their basic knowledge is to give them a “Warm up Test”; a short assessment within
the first week of class that exactly tests these basics. As beginners to the University scene, this gives students exposure to
University testing as well as giving them information about what topics they need to work on.

Contrary to their high school careers where many admit that memorization played a major role in their success, we are obliged
to train students how to study productively while encouraging life long learning. With this idea in mind, we will discuss a few
methods for combatting the memorization method in favour of strong problem solving skills, and the ability to apply knowledge
outside of in-class problems.

ANDREW MCEACHERN, Queen’s University

[Sunday December 4 / dimanche 4 décembre, 8:00 – Rainbow Salon, Crowne Plaza, 10th Floor]

How to Get an A in Math: An Updated Perspective

More than a decade ago, Jack Weiner released a 1 page document called ”How to Get an A in Math”. It was part of the
Mathematics Survival Kit, available to first year students taking calculus. Students that followed the recommendations of the
document often did get the grade they desired, and from an anecdotal perspective it seems to have been effective in improving
success. It has served a couple of generations of students very well, but the document needs to be updated for the age of
YouTube, cell phones, blended learning, and current university culture. The creation of a document that captures the spirit of
Jack’s original while taking this new order into account is my goal. After presenting what Jack has done and what I am hoping
to do, I am looking for the input of people who have taught first year calculus to help produce something that other instructors
and I can give to a calculus class at the beginning of a semester, that will ease some of the burden on the instructors and
facilitate the transition to university calculus.

DANIEL MCQUILLAN, Norwich University

[Sunday December 4 / dimanche 4 décembre, 16:00 – Rainbow Salon, Crowne Plaza, 10th Floor]

Please reveal the beauty—do not hide the beauty—of the best theorems of calculus!

Part I of the Fundamental Theorem of Calculus is a beautiful theorem—yet most of our students do not see it as a spectacular
achievement of human imagination. This is due to the fact that almost every introductory course postpones its treatment until
after students have been misled to believe that calculus consists primarily of rules for calculating derivatives and anti-derivatives.

This talk is a plea for returning to the once universally accepted axiom that learning is improved when students are offered a
deep understanding of the material that they are supposed to master; that language makes more sense when we know what
the words mean and that geometric facts become clear when we can look at the right picture. We focus on slight changes to a
standard calculus course that introduce the Fundamental Theorem of Calculus early and often, resulting in the communication
of its essential meaning. This summarizes work with Darlene Olsen* and Rob Poodiack** at Norwich University, as well as
many years of experimenting with calculus teaching going back to last century.

*A Truly Beautiful Theorem: Demonstrating the Magnificence of the Fundamental Theorem of Calculus, D. McQuillan and
D. Olsen, Journal of Humanistic Mathematics, Vol. 6, No 2, July 2016, pp. 148-160.

**On the Differentiation Formulae for Sine, Tangent and Inverse Tangent, D. McQuillan and R. Poodiack, College Mathematics
Journal, Vol. 45, No. 2, March 2014, pp. 140-142.

MATT THOMAS AND MEGAN MARTINEZ, Ithaca College

[Sunday December 4 / dimanche 4 décembre, 9:00 – Rainbow Salon, Crowne Plaza, 10th Floor]

“Points”-less Calculus
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Comparing a Lecture-Focused and a Blended Calculus Course

At Queen’s University, we have a lecture-based calculus course for 700 first-year engineers, and a blended/flipped calculus course
for 1,300 first-year Arts&Science students. As the coordinator of both courses, I’ll present some of the contrasts between the
teaching approaches, and specifically how students respond to them. Results from engagement studies will be included.

MARITZA BRANKER, Niagara University

[Sunday December 4 / dimanche 4 décembre, 15:30 – Rainbow Salon, Crowne Plaza, 10th Floor]

Homework Portfolios: Allowing students to critically think about their learning

This talk will cover a relatively new practice I implemented in my first year calculus courses. My motivation for the change
will be discussed, along with my students’ initial responses and the impact on their performance in the course. My teaching
style has evolved due to the small classes at my institution but I believe this innovation could be successfully implemented in
tutorials attached to a large lecture in a typical Canadian university.

BRIAN FORREST, University of Waterloo

[Sunday December 4 / dimanche 4 décembre, 8:30 – Rainbow Salon, Crowne Plaza, 10th Floor]

Can digital assets help improve Calculus performance?

At the University of Waterloo we are in the process of redesigning our Faculty’s core courses in Calculus. As part of this process
we will be building fully-online versions of these courses. In this talk I will give some insight into why I believe that the digital
assets developed for the online courses can play a key role in the success of our new on-campus courses.

KIMBERLY HERDER, University of Guelph

[Sunday December 4 / dimanche 4 décembre, 9:30 – Rainbow Salon, Crowne Plaza, 10th Floor]

Facing the Challenges of Entry Level Calculus
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One of the challenges that we face in an entry level Calculus class is the entirely different background and level of preparation
that our students come from. Students arrive from different high schools across Canada, or perhaps entirely different school
systems from across the world! It is our job to “get everyone on the same page” before we can even hope to discuss Calculus.
So how do we ensure that students have the basics down so that they are capable of studying at this higher level? One way
that I have helped students to check their basic knowledge is to give them a “Warm up Test”; a short assessment within
the first week of class that exactly tests these basics. As beginners to the University scene, this gives students exposure to
University testing as well as giving them information about what topics they need to work on.

Contrary to their high school careers where many admit that memorization played a major role in their success, we are obliged
to train students how to study productively while encouraging life long learning. With this idea in mind, we will discuss a few
methods for combatting the memorization method in favour of strong problem solving skills, and the ability to apply knowledge
outside of in-class problems.

ANDREW MCEACHERN, Queen’s University

[Sunday December 4 / dimanche 4 décembre, 8:00 – Rainbow Salon, Crowne Plaza, 10th Floor]

How to Get an A in Math: An Updated Perspective

More than a decade ago, Jack Weiner released a 1 page document called ”How to Get an A in Math”. It was part of the
Mathematics Survival Kit, available to first year students taking calculus. Students that followed the recommendations of the
document often did get the grade they desired, and from an anecdotal perspective it seems to have been effective in improving
success. It has served a couple of generations of students very well, but the document needs to be updated for the age of
YouTube, cell phones, blended learning, and current university culture. The creation of a document that captures the spirit of
Jack’s original while taking this new order into account is my goal. After presenting what Jack has done and what I am hoping
to do, I am looking for the input of people who have taught first year calculus to help produce something that other instructors
and I can give to a calculus class at the beginning of a semester, that will ease some of the burden on the instructors and
facilitate the transition to university calculus.

DANIEL MCQUILLAN, Norwich University

[Sunday December 4 / dimanche 4 décembre, 16:00 – Rainbow Salon, Crowne Plaza, 10th Floor]

Please reveal the beauty—do not hide the beauty—of the best theorems of calculus!

Part I of the Fundamental Theorem of Calculus is a beautiful theorem—yet most of our students do not see it as a spectacular
achievement of human imagination. This is due to the fact that almost every introductory course postpones its treatment until
after students have been misled to believe that calculus consists primarily of rules for calculating derivatives and anti-derivatives.

This talk is a plea for returning to the once universally accepted axiom that learning is improved when students are offered a
deep understanding of the material that they are supposed to master; that language makes more sense when we know what
the words mean and that geometric facts become clear when we can look at the right picture. We focus on slight changes to a
standard calculus course that introduce the Fundamental Theorem of Calculus early and often, resulting in the communication
of its essential meaning. This summarizes work with Darlene Olsen* and Rob Poodiack** at Norwich University, as well as
many years of experimenting with calculus teaching going back to last century.

*A Truly Beautiful Theorem: Demonstrating the Magnificence of the Fundamental Theorem of Calculus, D. McQuillan and
D. Olsen, Journal of Humanistic Mathematics, Vol. 6, No 2, July 2016, pp. 148-160.

**On the Differentiation Formulae for Sine, Tangent and Inverse Tangent, D. McQuillan and R. Poodiack, College Mathematics
Journal, Vol. 45, No. 2, March 2014, pp. 140-142.

MATT THOMAS AND MEGAN MARTINEZ, Ithaca College

[Sunday December 4 / dimanche 4 décembre, 9:00 – Rainbow Salon, Crowne Plaza, 10th Floor]

“Points”-less Calculus

Improving success rates in first year calculus
Améliorer le taux de réussite en première année de calcul différentiel et intégral

After a set of meetings outlining a set of both content and process learning goals, the calculus 1 instructors decided to reinvent
our course. In order to address notions that math problems can be solved “quickly,” we implemented long group-based labs,
and made all homework problems context-based. In order to encourage students to revisit and revise prior work, all work would
be graded as either correct or incorrect, with no partial credit, allowing for revisions. This was implemented as a part of a
specifications/standard based grading scheme, which allowed for grading to be based on specific numbers of tasks accomplished.
The homework problems were each designated with learning goals which were provided to the students so they could record
which of the learning goals had been completed. This allowed for a much higher degree of transparency in assessment, allowing
students to see and participate in the process of analyzing their learning throughout the course. In order to ensure that these
changes were not made at the expense of procedural fluency, two gateway exams were created, which students were able to
retake until they were successful. To address student beliefs about the nature of mathematics, bi-weekly readings on topics
such as growth mindset were assigned for reflection and were discussed during class. In the talk, we will discuss the changes
we made, including examples, as well as the results we have seen so far, and initial student impressions, as well as how we
envision changing the course in subsequent semesters.

MARIA WESSLEN AND JAIMAL THIND, University of Toronto

[Sunday December 4 / dimanche 4 décembre, 17:00 – Rainbow Salon, Crowne Plaza, 10th Floor]

What Next? - A Guided Discussion

This is an interactive workshop where participants will have the opportunity to share their experiences in teaching first year
calculus and addressing student success rates. Discussions centred on a couple of given questions will take place in small
groups allowing everyone to participate. Participants will receive feedback and ideas from other instructors on projects that
they are implementing, or are considering implementing. A goal of the workshop is to help participants identify promising large
scale and small scale initiatives for their own departments, including several which require little or no additional resources.
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Org: Stephen Anco (Brock University) and/et Gino Biondini (University of Buffalo)

Schedule/HoraireRooms/Salles: Boardroom B, Sheraton, 2nd Level; Fallsview Studio C, Shera-
ton, 3rd Level

Saturday December 3 samedi 3 décembre
9:00 - 9:30 Zhijun Qiao, Boardroom B, Sheraton, 2nd Level, Negative order integbale hierarchy and soliton equations

9:30 - 10:00 Michel Grundland, Boardroom B, Sheraton, 2nd Level, Immersion formulas obtained via the general-
ized symmetry approach

Sunday December 4 dimanche 4 décembre
8:00 - 8:30 Peter Miller, Fallsview Studio C, Sheraton, 3rd Level, Semiclassical Aspects of the Three-Wave Reso-

nant Interaction

8:30 - 9:00 Jinbing Chen, Fallsview Studio C, Sheraton, 3rd Level, The backward Neumann system to the construc-
tion of algebro-geometric solutions of the negative-order KdV hierarchy

9:00 - 9:30 Stephen Anco, Fallsview Studio C, Sheraton, 3rd Level, Integrable multi-component peakon equations
from a modified AKNS scheme

9:30 - 10:00 Alexei Cheviakov, Fallsview Studio C, Sheraton, 3rd Level, A Recursion Formula for the Construction
of Local Conservation Laws of Differential Equations

15:30 - 16:00 Mark Ablowitz, Fallsview Studio C, Sheraton, 3rd Level, Rogue waves in water and light

16:00 - 16:30 Barbara Prinari, Fallsview Studio C, Sheraton, 3rd Level, Discrete solitons for the focusing Ablowitz-
Ladik equation with non-zero boundary conditions via inverse scattering transform

16:30 - 17:00 Alexander Odesski, Fallsview Studio C, Sheraton, 3rd Level, A family of integrable evolution equations
of third order

17:00 - 17:30 George Papamikos, Fallsview Studio C, Sheraton, 3rd Level, On Darboux transformations of the vector
sine-Gordon equation and related structures

17:30 - 18:00 Daniel Kraus, Fallsview Studio C, Sheraton, 3rd Level, Hamiltonian structure of multi-peakon sector of
the FORQ (modified CH) equation

Monday December 5 lundi 5 décembre
8:00 - 8:30 Guo Deng, Fallsview Studio C, Sheraton, 3rd Level, Small dispersion limits of integrable nonlinear PDEs

with cosine initial conditions

8:30 - 9:00 Sitai Li, Fallsview Studio C, Sheraton, 3rd Level, Soliton solutions of Maxwell-Bloch equations with non-
zero background

9:00 - 9:30 Elena Recio, Fallsview Studio C, Sheraton, 3rd Level, A general family of multi-peakon equations

9:30 - 10:00 Qiao Wang, Fallsview Studio C, Sheraton, 3rd Level, Whitham modulation theory for the Kadomtsev-
Petviashvili equation

Abstracts/Résumés

MARK ABLOWITZ, University of Colorado, Boulder

[Sunday December 4 / dimanche 4 décembre, 15:30 – Fallsview Studio C, Sheraton, 3rd Level]

Rogue waves in water and light

Large amplitude rogue waves can be generated by the interaction of two oblique interacting waves in deep water. A ‘rogue’
condition is found which links the angle of interaction with the group velocities of these waves. With this condition the
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analysis is reduced to a coupled nonlinear Schrodinger (CNLS) system. For a range of interactions this CNLS system exhibits
many more extreme events than does the one-dimensional scalar NLS system. Elliptically polarized birefringent light waves
also satisfy a CNLS system. The generation of rogue waves is frequently associated with modulation instability. It is often
expected that since the CNLS equations exhibit larger growth rates they would produce more rogue events than their scalar
counterparts. This is found to occur only when both equations are focusing. When at least one component is defocusing, the
CNLS equations may still exhibit larger growth rates, compared to the scalar system, but that does not necessarily result in
more or larger events. The nature of the rogue event will also be discussed.

STEPHEN ANCO, Brock University

[Sunday December 4 / dimanche 4 décembre, 9:00 – Fallsview Studio C, Sheraton, 3rd Level]

Integrable multi-component peakon equations from a modified AKNS scheme

The standard AKNS scheme for generating integrable evolution systems is modified to obtain integrable peakon systems. In
the simplest case, the modified scheme yields a large family of integrable multi-component peakon equations, together with
their recursion operators, symmetries, conservation laws, and bi-Hamiltonian structure.

JINBING CHEN, Southeast University

[Sunday December 4 / dimanche 4 décembre, 8:30 – Fallsview Studio C, Sheraton, 3rd Level]

The backward Neumann system to the construction of algebro-geometric solutions of the negative-order KdV hierarchy

In this talk, the backward Neumann system is applied to deduce algebro-geometric solutions for the negative-order KdV (nKdV)
hierarchy. From a symmetric constraint, the nKdV hierarchy is reduced to a class of backward Neumann systems that separate
its temporal and spatial variables. The backward Neumann systems are shown to be integrable in the Liouville sense, whose
involutive solutions yield the finite parametric solutions of nKdV hierarchy. The negative-order Novikov equation is attained to
specify a finite-dimensional invariant subspace of nKdV flows. Under the Abel-Jacobi variable, the nKdV flows are integrated
with Abel-Jacobi solutions on the Jacobi variety of a Riemann surface. Finally, the Riemann-Jacobi inversion of Abel-Jacobi
solutions is studied, by which some algebro-geometric solutions to the nKdV hierarchy are derived.

ALEXEI CHEVIAKOV, University of Saskatchewan

[Sunday December 4 / dimanche 4 décembre, 9:30 – Fallsview Studio C, Sheraton, 3rd Level]

A Recursion Formula for the Construction of Local Conservation Laws of Differential Equations

A simple formula is presented that, for any given local divergence-type conservation law of a system of partial or ordinary
differential equations (PDE, ODE), generates a divergence expression involving an arbitrary function of all independent variables.
In the cases when the new flux vector is a local expression inequivalent to the initial local conservation law flux vector, a new
local conservation law is obtained. For ODEs, this can yield additional integrating factors. Examples of systems of differential
equations are presented for which the proposed new relationship yields important local conservation laws starting from basic
ones. Examples include a nonlinear ODE and several fundamental physical PDE models, in particular, general classes of
nonlinear wave and diffusion equations, vorticity-type equations, and a shear wave propagation model in hyper-viscoelastic
fiber-reinforced solids.

GUO DENG, State University of New York at Buffalo

[Monday December 5 / lundi 5 décembre, 8:00 – Fallsview Studio C, Sheraton, 3rd Level]

Small dispersion limits of integrable nonlinear PDEs with cosine initial conditions

We employ the WKB method to study the scattering problem of the Korteweg-deVries equation in order to analytically
characterize the Zabusky-Kruskal numerical experiment. We obtain explicit asymptotic expressions for the number of solitons
as well as their amplitudes. We confirm the results by comparing them with recent shallow water experiments. We then
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MARK ABLOWITZ, University of Colorado, Boulder

[Sunday December 4 / dimanche 4 décembre, 15:30 – Fallsview Studio C, Sheraton, 3rd Level]

Rogue waves in water and light

Large amplitude rogue waves can be generated by the interaction of two oblique interacting waves in deep water. A ‘rogue’
condition is found which links the angle of interaction with the group velocities of these waves. With this condition the
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analysis is reduced to a coupled nonlinear Schrodinger (CNLS) system. For a range of interactions this CNLS system exhibits
many more extreme events than does the one-dimensional scalar NLS system. Elliptically polarized birefringent light waves
also satisfy a CNLS system. The generation of rogue waves is frequently associated with modulation instability. It is often
expected that since the CNLS equations exhibit larger growth rates they would produce more rogue events than their scalar
counterparts. This is found to occur only when both equations are focusing. When at least one component is defocusing, the
CNLS equations may still exhibit larger growth rates, compared to the scalar system, but that does not necessarily result in
more or larger events. The nature of the rogue event will also be discussed.

STEPHEN ANCO, Brock University

[Sunday December 4 / dimanche 4 décembre, 9:00 – Fallsview Studio C, Sheraton, 3rd Level]

Integrable multi-component peakon equations from a modified AKNS scheme

The standard AKNS scheme for generating integrable evolution systems is modified to obtain integrable peakon systems. In
the simplest case, the modified scheme yields a large family of integrable multi-component peakon equations, together with
their recursion operators, symmetries, conservation laws, and bi-Hamiltonian structure.

JINBING CHEN, Southeast University

[Sunday December 4 / dimanche 4 décembre, 8:30 – Fallsview Studio C, Sheraton, 3rd Level]

The backward Neumann system to the construction of algebro-geometric solutions of the negative-order KdV hierarchy

In this talk, the backward Neumann system is applied to deduce algebro-geometric solutions for the negative-order KdV (nKdV)
hierarchy. From a symmetric constraint, the nKdV hierarchy is reduced to a class of backward Neumann systems that separate
its temporal and spatial variables. The backward Neumann systems are shown to be integrable in the Liouville sense, whose
involutive solutions yield the finite parametric solutions of nKdV hierarchy. The negative-order Novikov equation is attained to
specify a finite-dimensional invariant subspace of nKdV flows. Under the Abel-Jacobi variable, the nKdV flows are integrated
with Abel-Jacobi solutions on the Jacobi variety of a Riemann surface. Finally, the Riemann-Jacobi inversion of Abel-Jacobi
solutions is studied, by which some algebro-geometric solutions to the nKdV hierarchy are derived.

ALEXEI CHEVIAKOV, University of Saskatchewan

[Sunday December 4 / dimanche 4 décembre, 9:30 – Fallsview Studio C, Sheraton, 3rd Level]

A Recursion Formula for the Construction of Local Conservation Laws of Differential Equations

A simple formula is presented that, for any given local divergence-type conservation law of a system of partial or ordinary
differential equations (PDE, ODE), generates a divergence expression involving an arbitrary function of all independent variables.
In the cases when the new flux vector is a local expression inequivalent to the initial local conservation law flux vector, a new
local conservation law is obtained. For ODEs, this can yield additional integrating factors. Examples of systems of differential
equations are presented for which the proposed new relationship yields important local conservation laws starting from basic
ones. Examples include a nonlinear ODE and several fundamental physical PDE models, in particular, general classes of
nonlinear wave and diffusion equations, vorticity-type equations, and a shear wave propagation model in hyper-viscoelastic
fiber-reinforced solids.

GUO DENG, State University of New York at Buffalo

[Monday December 5 / lundi 5 décembre, 8:00 – Fallsview Studio C, Sheraton, 3rd Level]

Small dispersion limits of integrable nonlinear PDEs with cosine initial conditions

We employ the WKB method to study the scattering problem of the Korteweg-deVries equation in order to analytically
characterize the Zabusky-Kruskal numerical experiment. We obtain explicit asymptotic expressions for the number of solitons
as well as their amplitudes. We confirm the results by comparing them with recent shallow water experiments. We then

Integrable systems and applications
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analysis is reduced to a coupled nonlinear Schrodinger (CNLS) system. For a range of interactions this CNLS system exhibits
many more extreme events than does the one-dimensional scalar NLS system. Elliptically polarized birefringent light waves
also satisfy a CNLS system. The generation of rogue waves is frequently associated with modulation instability. It is often
expected that since the CNLS equations exhibit larger growth rates they would produce more rogue events than their scalar
counterparts. This is found to occur only when both equations are focusing. When at least one component is defocusing, the
CNLS equations may still exhibit larger growth rates, compared to the scalar system, but that does not necessarily result in
more or larger events. The nature of the rogue event will also be discussed.

STEPHEN ANCO, Brock University

[Sunday December 4 / dimanche 4 décembre, 9:00 – Fallsview Studio C, Sheraton, 3rd Level]

Integrable multi-component peakon equations from a modified AKNS scheme

The standard AKNS scheme for generating integrable evolution systems is modified to obtain integrable peakon systems. In
the simplest case, the modified scheme yields a large family of integrable multi-component peakon equations, together with
their recursion operators, symmetries, conservation laws, and bi-Hamiltonian structure.

JINBING CHEN, Southeast University

[Sunday December 4 / dimanche 4 décembre, 8:30 – Fallsview Studio C, Sheraton, 3rd Level]

The backward Neumann system to the construction of algebro-geometric solutions of the negative-order KdV hierarchy

In this talk, the backward Neumann system is applied to deduce algebro-geometric solutions for the negative-order KdV (nKdV)
hierarchy. From a symmetric constraint, the nKdV hierarchy is reduced to a class of backward Neumann systems that separate
its temporal and spatial variables. The backward Neumann systems are shown to be integrable in the Liouville sense, whose
involutive solutions yield the finite parametric solutions of nKdV hierarchy. The negative-order Novikov equation is attained to
specify a finite-dimensional invariant subspace of nKdV flows. Under the Abel-Jacobi variable, the nKdV flows are integrated
with Abel-Jacobi solutions on the Jacobi variety of a Riemann surface. Finally, the Riemann-Jacobi inversion of Abel-Jacobi
solutions is studied, by which some algebro-geometric solutions to the nKdV hierarchy are derived.

ALEXEI CHEVIAKOV, University of Saskatchewan

[Sunday December 4 / dimanche 4 décembre, 9:30 – Fallsview Studio C, Sheraton, 3rd Level]

A Recursion Formula for the Construction of Local Conservation Laws of Differential Equations

A simple formula is presented that, for any given local divergence-type conservation law of a system of partial or ordinary
differential equations (PDE, ODE), generates a divergence expression involving an arbitrary function of all independent variables.
In the cases when the new flux vector is a local expression inequivalent to the initial local conservation law flux vector, a new
local conservation law is obtained. For ODEs, this can yield additional integrating factors. Examples of systems of differential
equations are presented for which the proposed new relationship yields important local conservation laws starting from basic
ones. Examples include a nonlinear ODE and several fundamental physical PDE models, in particular, general classes of
nonlinear wave and diffusion equations, vorticity-type equations, and a shear wave propagation model in hyper-viscoelastic
fiber-reinforced solids.

GUO DENG, State University of New York at Buffalo

[Monday December 5 / lundi 5 décembre, 8:00 – Fallsview Studio C, Sheraton, 3rd Level]

Small dispersion limits of integrable nonlinear PDEs with cosine initial conditions

We employ the WKB method to study the scattering problem of the Korteweg-deVries equation in order to analytically
characterize the Zabusky-Kruskal numerical experiment. We obtain explicit asymptotic expressions for the number of solitons
as well as their amplitudes. We confirm the results by comparing them with recent shallow water experiments. We then
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generalize our approach to study the defocusing nonlinear Schrodinger equation, and we apply the corresponding results to
characterize some recent experiments in nonlinear optics. This is joint work with G. Biondini and S. Trillo.

MICHEL GRUNDLAND, Université du Québec à Trois-Rivières

[Saturday December 3 / samedi 3 décembre, 9:30 – Boardroom B, Sheraton, 2nd Level]

Immersion formulas obtained via the generalized symmetry approach

This talk is devoted to a study of the connections between three different analytic descriptions for the immersion functions
of 2D soliton surfaces corresponding to the following three types of symmetries: gauge symmetries of the linear spectral
problem, conformal transformations in the spectral parameter and generalized symmetries of the associated integrable system.
We present the necessary and sufficient conditions under which the immersion formulas associated with these symmetries are
linked by gauge transformations. We illustrate the theoretical results by examples involving the CP (N−1) sigma model.

DANIEL KRAUS, Brock University

[Sunday December 4 / dimanche 4 décembre, 17:30 – Fallsview Studio C, Sheraton, 3rd Level]

Hamiltonian structure of multi-peakon sector of the FORQ (modified CH) equation

There has been much recent interest in the FORQ (modified CH) equation as an integrable system with multi-peakon solutions.
However, unlike all of the other known integrable multi-peakon equations — Camassa-Holm, Degasperis-Procesi, Novikov —
no Hamiltonian structure has yet been found for its multi-peakon sector.

In this talk, we explain the basic obstacle and derive a Hamiltonian structure for multi-peakon solutions but at the cost of
working in a distributional setting which differs from the standard weak formulation of the equation.

SITAI LI, State University of New York at Buffalo

[Monday December 5 / lundi 5 décembre, 8:30 – Fallsview Studio C, Sheraton, 3rd Level]

Soliton solutions of Maxwell-Bloch equations with non-zero background

We present several exact solutions of the Maxwell-Bloch equations for non-degenerate two-level systems with non-zero back-
ground fields, derived by formulating the inverse scattering transform for systems with finite, non-zero boundary conditions
for the optical field. We obtain the general form of N-soliton solutions for both the optical field and the density matrix. We
then discuss in particular one-soliton solutions, both in the case of inhomogeneous broadening and in the sharp-line limit,
and we analyze their properties. We also consider various limiting cases, which result in several additional solutions, such as
time-periodic solutions and rational solutions. These soliton solutions, all of which are novel to the best of our knowledge,
are the analogue for Maxwell-Bloch systems of the Kuznetsov-Ma solitons, Tajiri-Watanabe solitons, Akhmediev breathers
and Peregrine solution of the focusing nonlinear Schrodinger equation. This is joint work with G. Biondini, I. Gabitov and G.
Kovacic.

PETER MILLER, University of Michigan

[Sunday December 4 / dimanche 4 décembre, 8:00 – Fallsview Studio C, Sheraton, 3rd Level]

Semiclassical Aspects of the Three-Wave Resonant Interaction

I will describe joint work with Robert Buckingham and Robert Jenkins to analyze the initial-value problem for the three-wave
resonant interaction equations, an integrable system governing three quadratically coupled fields, in an appropriate semiclassical
limit. As the system is non-dispersive, long time limits do not reveal any particular simplification of the dynamics, but the
semiclassical limit allows for the practical calculation of the interaction process. I will describe the construction of an appropriate
semiclassical soliton ensemble and show how such ensembles can be used to understand the behavior of resonant triads in a
wide variety of systems.

Integrable systems and applications
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ALEXANDER ODESSKI, Brock University

[Sunday December 4 / dimanche 4 décembre, 16:30 – Fallsview Studio C, Sheraton, 3rd Level]

A family of integrable evolution equations of third order

We construct a family of integrable equations of the form vt = f(v, vx, vxx, vxxx) such that f is a transcendental function
in v, vx, vxx. This family is related to the Krichever-Novikov equation by a differential substitution. Our construction of
integrable equations and the corresponding differential substitutions involves geometry of a family of genus two curves and
their Jacobians.

Joint work with M. Babela.

GEORGE PAPAMIKOS, University of Reading

[Sunday December 4 / dimanche 4 décembre, 17:00 – Fallsview Studio C, Sheraton, 3rd Level]

On Darboux transformations of the vector sine-Gordon equation and related structures

We present the vector sine-Gordon equation (vSG) together with its Lax representation and its reduction group. We are
interested in Darboux transformations invariant under the same reduction group and the corresponding Backlund/symmetry
transformations of the vSG. We use the Darboux transformation to construct a related vector Yang-Baxter map, an integrable
partial difference equation and a vector differential-difference equation on the sphere. We will briefly discuss the dressing
method and the construction of soliton solutions for the vSG.

This is a joint work with Prof J.P. Wang (Kent) and Prof A.V. Mikhailov (Leeds)

BARBARA PRINARI, University of Colorado Colorado Springs

[Sunday December 4 / dimanche 4 décembre, 16:00 – Fallsview Studio C, Sheraton, 3rd Level]

Discrete solitons for the focusing Ablowitz-Ladik equation with non-zero boundary conditions via inverse scattering transform

Soliton solutions of the focusing Ablowitz-Ladik (AL) equation with nonzero boundary conditions at infinity are derived within
the framework of the inverse scattering transform (IST). After reviewing the relevant aspects of the direct and inverse problems,
explicit soliton solutions will be discussed which are the discrete analog of the Tajiri-Watanabe and Kutznetsov-Ma solutions to
the focusing NLS equation on a finite background. Then, by performing suitable limits of the above solutions, discrete analog
of the celebrated Akhmediev and Peregrine solutions will also be presented. These solutions, which had been recently derived
by direct methods, are obtained for the first time within the framework of the IST, thus providing a spectral characterization
of the solutions and a description of the singular limit process.

ZHIJUN QIAO, University of Texas

[Saturday December 3 / samedi 3 décembre, 9:00 – Boardroom B, Sheraton, 2nd Level]

Negative order integbale hierarchy and soliton equations

In this talk, I will show how to generate a negative order integrable hierarchy from the Lenard recursion operators, and then
find the Lax pair for the entire hierarchy to guarantee the integrability. Interesting thing is that the peakon equation is coming
from the negative hierarchy. I will show some amazing examples including the CH, Negative KdV, two-component short pulse
equations etc. Particularly, real and complex short pulse equations can be derived from some earlier work I did in 90’s.

ELENA RECIO, Universidad de Cadiz & Brock University

[Monday December 5 / lundi 5 décembre, 9:00 – Fallsview Studio C, Sheraton, 3rd Level]

A general family of multi-peakon equations

A general family of peakon equations is considered, involving two arbitrary functions of the wave amplitude and the wave
gradient. This family contains all of the known breaking wave equations, including the integrable ones: Camassa-Holm
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generalize our approach to study the defocusing nonlinear Schrodinger equation, and we apply the corresponding results to
characterize some recent experiments in nonlinear optics. This is joint work with G. Biondini and S. Trillo.

MICHEL GRUNDLAND, Université du Québec à Trois-Rivières

[Saturday December 3 / samedi 3 décembre, 9:30 – Boardroom B, Sheraton, 2nd Level]

Immersion formulas obtained via the generalized symmetry approach

This talk is devoted to a study of the connections between three different analytic descriptions for the immersion functions
of 2D soliton surfaces corresponding to the following three types of symmetries: gauge symmetries of the linear spectral
problem, conformal transformations in the spectral parameter and generalized symmetries of the associated integrable system.
We present the necessary and sufficient conditions under which the immersion formulas associated with these symmetries are
linked by gauge transformations. We illustrate the theoretical results by examples involving the CP (N−1) sigma model.

DANIEL KRAUS, Brock University

[Sunday December 4 / dimanche 4 décembre, 17:30 – Fallsview Studio C, Sheraton, 3rd Level]

Hamiltonian structure of multi-peakon sector of the FORQ (modified CH) equation

There has been much recent interest in the FORQ (modified CH) equation as an integrable system with multi-peakon solutions.
However, unlike all of the other known integrable multi-peakon equations — Camassa-Holm, Degasperis-Procesi, Novikov —
no Hamiltonian structure has yet been found for its multi-peakon sector.

In this talk, we explain the basic obstacle and derive a Hamiltonian structure for multi-peakon solutions but at the cost of
working in a distributional setting which differs from the standard weak formulation of the equation.

SITAI LI, State University of New York at Buffalo

[Monday December 5 / lundi 5 décembre, 8:30 – Fallsview Studio C, Sheraton, 3rd Level]

Soliton solutions of Maxwell-Bloch equations with non-zero background

We present several exact solutions of the Maxwell-Bloch equations for non-degenerate two-level systems with non-zero back-
ground fields, derived by formulating the inverse scattering transform for systems with finite, non-zero boundary conditions
for the optical field. We obtain the general form of N-soliton solutions for both the optical field and the density matrix. We
then discuss in particular one-soliton solutions, both in the case of inhomogeneous broadening and in the sharp-line limit,
and we analyze their properties. We also consider various limiting cases, which result in several additional solutions, such as
time-periodic solutions and rational solutions. These soliton solutions, all of which are novel to the best of our knowledge,
are the analogue for Maxwell-Bloch systems of the Kuznetsov-Ma solitons, Tajiri-Watanabe solitons, Akhmediev breathers
and Peregrine solution of the focusing nonlinear Schrodinger equation. This is joint work with G. Biondini, I. Gabitov and G.
Kovacic.

PETER MILLER, University of Michigan

[Sunday December 4 / dimanche 4 décembre, 8:00 – Fallsview Studio C, Sheraton, 3rd Level]

Semiclassical Aspects of the Three-Wave Resonant Interaction

I will describe joint work with Robert Buckingham and Robert Jenkins to analyze the initial-value problem for the three-wave
resonant interaction equations, an integrable system governing three quadratically coupled fields, in an appropriate semiclassical
limit. As the system is non-dispersive, long time limits do not reveal any particular simplification of the dynamics, but the
semiclassical limit allows for the practical calculation of the interaction process. I will describe the construction of an appropriate
semiclassical soliton ensemble and show how such ensembles can be used to understand the behavior of resonant triads in a
wide variety of systems.
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ALEXANDER ODESSKI, Brock University

[Sunday December 4 / dimanche 4 décembre, 16:30 – Fallsview Studio C, Sheraton, 3rd Level]

A family of integrable evolution equations of third order

We construct a family of integrable equations of the form vt = f(v, vx, vxx, vxxx) such that f is a transcendental function
in v, vx, vxx. This family is related to the Krichever-Novikov equation by a differential substitution. Our construction of
integrable equations and the corresponding differential substitutions involves geometry of a family of genus two curves and
their Jacobians.

Joint work with M. Babela.

GEORGE PAPAMIKOS, University of Reading

[Sunday December 4 / dimanche 4 décembre, 17:00 – Fallsview Studio C, Sheraton, 3rd Level]

On Darboux transformations of the vector sine-Gordon equation and related structures

We present the vector sine-Gordon equation (vSG) together with its Lax representation and its reduction group. We are
interested in Darboux transformations invariant under the same reduction group and the corresponding Backlund/symmetry
transformations of the vSG. We use the Darboux transformation to construct a related vector Yang-Baxter map, an integrable
partial difference equation and a vector differential-difference equation on the sphere. We will briefly discuss the dressing
method and the construction of soliton solutions for the vSG.

This is a joint work with Prof J.P. Wang (Kent) and Prof A.V. Mikhailov (Leeds)

BARBARA PRINARI, University of Colorado Colorado Springs

[Sunday December 4 / dimanche 4 décembre, 16:00 – Fallsview Studio C, Sheraton, 3rd Level]

Discrete solitons for the focusing Ablowitz-Ladik equation with non-zero boundary conditions via inverse scattering transform

Soliton solutions of the focusing Ablowitz-Ladik (AL) equation with nonzero boundary conditions at infinity are derived within
the framework of the inverse scattering transform (IST). After reviewing the relevant aspects of the direct and inverse problems,
explicit soliton solutions will be discussed which are the discrete analog of the Tajiri-Watanabe and Kutznetsov-Ma solutions to
the focusing NLS equation on a finite background. Then, by performing suitable limits of the above solutions, discrete analog
of the celebrated Akhmediev and Peregrine solutions will also be presented. These solutions, which had been recently derived
by direct methods, are obtained for the first time within the framework of the IST, thus providing a spectral characterization
of the solutions and a description of the singular limit process.

ZHIJUN QIAO, University of Texas

[Saturday December 3 / samedi 3 décembre, 9:00 – Boardroom B, Sheraton, 2nd Level]

Negative order integbale hierarchy and soliton equations

In this talk, I will show how to generate a negative order integrable hierarchy from the Lenard recursion operators, and then
find the Lax pair for the entire hierarchy to guarantee the integrability. Interesting thing is that the peakon equation is coming
from the negative hierarchy. I will show some amazing examples including the CH, Negative KdV, two-component short pulse
equations etc. Particularly, real and complex short pulse equations can be derived from some earlier work I did in 90’s.

ELENA RECIO, Universidad de Cadiz & Brock University

[Monday December 5 / lundi 5 décembre, 9:00 – Fallsview Studio C, Sheraton, 3rd Level]

A general family of multi-peakon equations

A general family of peakon equations is considered, involving two arbitrary functions of the wave amplitude and the wave
gradient. This family contains all of the known breaking wave equations, including the integrable ones: Camassa-Holm
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equation, Degasperis-Procesi equation, Novikov equation, and FORQ/modified Camassa-Holm equation. All of the equations
in the general family are shown to possess weak solutions given by multi-peakons. The most general subfamily of these
equations that possess the Hamiltonian structure shared by the Camassa-Holm and FORQ/modified Camassa-Holm equations
is derived. As examples, one-parameter families of generalized CH and FORQ/modified Camassa-Holm equations with multi-
peakon solutions and a Hamiltonian structure are presented. Wave breaking criteria are outlined for these equations.

QIAO WANG, State University of New York at Buffalo

[Monday December 5 / lundi 5 décembre, 9:30 – Fallsview Studio C, Sheraton, 3rd Level]

Whitham modulation theory for the Kadomtsev-Petviashvili equation

In this talk we present the derivation of the genus-1 KP-Whitham system, namely the Whitham modulation equations for
both variants of the Kadomtsev-Petviashvili (KP) equation. We also discuss the basic properties of the KP-Whitham system
and show how it can be used to study the stability of the genus-1 solutions of the KP equation. This is joint work with M.J.
Ablowitz and G. Biondini.
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Org: Heinz Bauschke (University of British Columbia, Kelowna) and/et Henry Wolkowicz (University
of Waterloo)

Schedule/Horaire Room/Salle: King George Room, Crowne Plaza, 5th Floor

Saturday December 3 samedi 3 décembre
8:00 - 8:30 Heinz Bauschke, Remembering Jon Borwein

8:30 - 9:00 Fei Wang, Polynomial optimization by SDP and facial reduction

9:00 - 9:30 Tim Hoheisel, Epi-convergent smoothing with applications to convex-composite functions

9:30 - 10:00 Dominique Orban, LSLQ: An Iterative Method for Linear Least-Squares Problems with a Forward Error
Minimization Property

15:00 - 15:30 Henry Wolkowicz, Low-Rank Matrix Completion (LRMC) using Nuclear Norm (NN) with Facial Re-
duction (FR)

15:30 - 16:00 Greg Reid, Optimization and critical point methods for numerical characterization of real varieties

16:00 - 16:30 Levent Tuncel, Convex optimization via domain-driven barriers and primal-dual algorithms

16:30 - 17:00 Hristo Sendov, Stronger Rolle’s Theorem for Complex Polynomials

17:00 - 17:30 Sedi Bartz, Multi-marginal monotonicity and convex analysis

17:30 - 18:00 Walaa Moursi, The Douglas-Rachford algorithm in the possibly inconsistent case

Sunday December 4 dimanche 4 décembre
8:00 - 8:30 József Vass, Minimization of the Inverse Problem Error between the Solutions of the KCE Equations and

Experimental Data

8:30 - 9:00 Hung Phan, Applying Geometric Constraints in Three Dimensions

9:00 - 9:30 Shawn Wang, Generalized quadratic functions and epiconvergences

9:30 - 10:00 Mohamed Tawhid, Genetic whale optimization algorithm for minimizing molecular potential energy func-
tion

15:30 - 16:00 Yves Lucet, Approximate Subdifferential Computation in Computational Convex Analysis

16:00 - 16:30 Richard Hoshino, Solving Quadratic Optimization Problems using the Cauchy-Schwarz Inequality

16:30 - 17:00 Jiawei Chen, Optimality conditions of constrained inverse variational inequalities via image space analysis

17:00 - 17:30 Stefan Sremac, A Semidefinite Programming Approach to D-Optimal Designs

17:30 - 18:00 Matthias Takouda, On the Doubly Stochastic Matrix Completion Problem

Abstracts/Résumés

SEDI BARTZ, University of British Columbia, Kelowna

[Saturday December 3 / samedi 3 décembre, 17:00 – King George Room, Crowne Plaza, 5th Floor]

Multi-marginal monotonicity and convex analysis

Similar to the two-marginal case, multi-marginal monotonicity and convex analysis arise naturally in the framework of multi-
marginal optimal transport theory. However, even for classical cost functions, unlike in the two-marginal case, multi-marginal
monotonicity and convex analysis is a largely an unexplored territory. We present natural problems and discuss open questions,
recent resolutions and generalizations from the well studied two-marginal monotone operator theory and convex analysis to
the multi-marginal settings. In particular, we discuss the existence of explicit c-splitting potentials and multi-marginal maximal
monotonicity theory.
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HEINZ BAUSCHKE, UBC (Kelowna campus)

[Saturday December 3 / samedi 3 décembre, 8:00 – King George Room, Crowne Plaza, 5th Floor]

Remembering Jon Borwein

This is not a formal talk; instead, we will share memories of Jonathan Borwein who unexpectedly passed away and who was a
collaborator, mentor, friend, or colleague to many of the speakers in this session.

JIAWEI CHEN, Southwest University, PRC and UBC Okanagan, CA

[Sunday December 4 / dimanche 4 décembre, 16:30 – King George Room, Crowne Plaza, 5th Floor]

Optimality conditions of constrained inverse variational inequalities via image space analysis

Inverse variational inequalities (IVI) is a special model of variational inequalities, which was extensively applied to transportation,
economic management, optimal control and algorithm design and so on. In this talk, we introduce a new constrained IVI.
By using oriented distance function and indicator function, two nonlinear (regular) weak separation functions are proposed.
Moreover, by the nonlinear separation functions, theorems of the weak alternative and necessary and sufficient optimality
conditions for constrained IVI are established. A global saddle-point condition for a nonlinear function is also derived. It is
shown that the existence of a saddle point, which implies the existence of solutions of IVI with constraints, is equivalent to
a nonlinear regular separation of two suitable subsets of the image space. The relationships between constrained IVI and its
primal variational inequalities are also presented under some suitable conditions.

TIM HOHEISEL, McGill University

[Saturday December 3 / samedi 3 décembre, 9:00 – King George Room, Crowne Plaza, 5th Floor]

Epi-convergent smoothing with applications to convex-composite functions

Smoothing methods have become part of the standard tool set for the study and solution of nondifferentiable and constrained
optimization problems as well as a range of other variational and equilibrium problems. In this note we synthesize and extend
recent results due to Beck and Teboulle on infimal convolution smoothing for convex functions with those of X. Chen on
gradient consistency for nonconvex functions. We use epi-convergence techniques to define a notion of epi-smoothing that
allows us to tap into the rich variational structure of the subdifferential calculus for nonsmooth, nonconvex, and nonfinite-
valued functions. As an illustration of the versatility and range of epi-smoothing techniques, the results are applied to the
general constrained optimization for which nonlinear programming is a special case.

RICHARD HOSHINO, Quest University Canada

[Sunday December 4 / dimanche 4 décembre, 16:00 – King George Room, Crowne Plaza, 5th Floor]

Solving Quadratic Optimization Problems using the Cauchy-Schwarz Inequality

Quadratic Programming (QP) is an example of a non-linear programming problem, where the goal is to optimize a quadratic
function on n variables, subject to linear constraints on those variables. In this talk, we provide an alternative way of solving
one special type of QP problem, via the Cauchy-Schwarz Inequality.

We apply the technique to determine the optimal fare prices for any transportation network that charges its commuters by
total travel distance, where the goal is to maximize fare revenue given a fixed ridership. Our “fare price formula” is applied to
a well-known 47-station transportation network in British Columbia with 400,000 daily commuters.

This research will inform the work of Metro Vancouver’s transportation authority, an organization that is in the process of
conducting a comprehensive review of transit fare policy for the first time in its history.
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gradient consistency for nonconvex functions. We use epi-convergence techniques to define a notion of epi-smoothing that
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valued functions. As an illustration of the versatility and range of epi-smoothing techniques, the results are applied to the
general constrained optimization for which nonlinear programming is a special case.

RICHARD HOSHINO, Quest University Canada
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total travel distance, where the goal is to maximize fare revenue given a fixed ridership. Our “fare price formula” is applied to
a well-known 47-station transportation network in British Columbia with 400,000 daily commuters.

This research will inform the work of Metro Vancouver’s transportation authority, an organization that is in the process of
conducting a comprehensive review of transit fare policy for the first time in its history.
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HEINZ BAUSCHKE, UBC (Kelowna campus)

[Saturday December 3 / samedi 3 décembre, 8:00 – King George Room, Crowne Plaza, 5th Floor]

Remembering Jon Borwein

This is not a formal talk; instead, we will share memories of Jonathan Borwein who unexpectedly passed away and who was a
collaborator, mentor, friend, or colleague to many of the speakers in this session.

JIAWEI CHEN, Southwest University, PRC and UBC Okanagan, CA

[Sunday December 4 / dimanche 4 décembre, 16:30 – King George Room, Crowne Plaza, 5th Floor]

Optimality conditions of constrained inverse variational inequalities via image space analysis

Inverse variational inequalities (IVI) is a special model of variational inequalities, which was extensively applied to transportation,
economic management, optimal control and algorithm design and so on. In this talk, we introduce a new constrained IVI.
By using oriented distance function and indicator function, two nonlinear (regular) weak separation functions are proposed.
Moreover, by the nonlinear separation functions, theorems of the weak alternative and necessary and sufficient optimality
conditions for constrained IVI are established. A global saddle-point condition for a nonlinear function is also derived. It is
shown that the existence of a saddle point, which implies the existence of solutions of IVI with constraints, is equivalent to
a nonlinear regular separation of two suitable subsets of the image space. The relationships between constrained IVI and its
primal variational inequalities are also presented under some suitable conditions.

TIM HOHEISEL, McGill University

[Saturday December 3 / samedi 3 décembre, 9:00 – King George Room, Crowne Plaza, 5th Floor]

Epi-convergent smoothing with applications to convex-composite functions

Smoothing methods have become part of the standard tool set for the study and solution of nondifferentiable and constrained
optimization problems as well as a range of other variational and equilibrium problems. In this note we synthesize and extend
recent results due to Beck and Teboulle on infimal convolution smoothing for convex functions with those of X. Chen on
gradient consistency for nonconvex functions. We use epi-convergence techniques to define a notion of epi-smoothing that
allows us to tap into the rich variational structure of the subdifferential calculus for nonsmooth, nonconvex, and nonfinite-
valued functions. As an illustration of the versatility and range of epi-smoothing techniques, the results are applied to the
general constrained optimization for which nonlinear programming is a special case.
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Abstracts/Résumés

SEDI BARTZ, University of British Columbia, Kelowna

[Saturday December 3 / samedi 3 décembre, 17:00 – King George Room, Crowne Plaza, 5th Floor]

Multi-marginal monotonicity and convex analysis

Similar to the two-marginal case, multi-marginal monotonicity and convex analysis arise naturally in the framework of multi-
marginal optimal transport theory. However, even for classical cost functions, unlike in the two-marginal case, multi-marginal
monotonicity and convex analysis is a largely an unexplored territory. We present natural problems and discuss open questions,
recent resolutions and generalizations from the well studied two-marginal monotone operator theory and convex analysis to
the multi-marginal settings. In particular, we discuss the existence of explicit c-splitting potentials and multi-marginal maximal
monotonicity theory.
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YVES LUCET, University of British Columbia

[Sunday December 4 / dimanche 4 décembre, 15:30 – King George Room, Crowne Plaza, 5th Floor]

Approximate Subdifferential Computation in Computational Convex Analysis

Computational convex analysis focuses on the computation of convex operators that routinely appear in convex analysis e.g.
Legendre-Fenchel conjugate, Moreau envelope, etc. After recalling what computation the (open source) CCA numerical library
allows, we will switch the focus from convex transforms like the Legendre-Fenchel transform to convex operators like the
subdifferential. We will present results on efficiently computing the approximate subdifferential of a convex univariate function.

Joint work with W. Hare, A. Bajaj, and D. Kumar.

WALAA MOURSI, University of British Columbia (Okanagan campus)

[Saturday December 3 / samedi 3 décembre, 17:30 – King George Room, Crowne Plaza, 5th Floor]

The Douglas-Rachford algorithm in the possibly inconsistent case

The Douglas–Rachford algorithm is a very popular splitting technique for finding a zero of the sum of two maximally monotone
operators. The behaviour of the algorithm remains mysterious in the general inconsistent case, i.e., when the sum problem
has no zeros. However, more than a decade ago, it was shown that in the (possibly inconsistent) convex feasibility setting, the
shadow sequence remains bounded and its weak cluster points solve a best approximation problem. In this talk, we advance
the understanding of the inconsistent case significantly by presenting a complete proof of the full weak convergence in the
convex feasibility setting. We also provide linear rate of convergence and strong convergence in special cases.

DOMINIQUE ORBAN, Ecole Polytechnique and GERAD, Montreal

[Saturday December 3 / samedi 3 décembre, 9:30 – King George Room, Crowne Plaza, 5th Floor]

LSLQ: An Iterative Method for Linear Least-Squares Problems with a Forward Error Minimization Property

We propose an iterative method named LSLQ for solving consistent linear systems or linear least-squares problems Ax ≈ b
of any shape based on the Golub-Kahan process, where the dominant cost consists in products with A and AT . In the rank
deficient case, LSLQ identifies the minimum least-squares solution. LSLQ is formally equivalent to SYMMLQ (Paige and
Saunders, 1975) applied to the normal equations so that the estimate norm ‖xk‖2 increases monotonically and the forward
error ‖xk − x∗‖2 decreases monotonically. We provide lower and upper bound estimates on the forward error along the LSLQ
iterations. The upper bound translates to an upper bound on the forward error in the Euclidean norm for LSQR, which was
previously unavailable. We report numerical experiments on standard test problems and on a full-wave inversion problem arising
from geophysics in which an approximate least-squares solution corresponds to an approximate gradient of a relevant penalty
function that is to be minimized.

(joint work with Ron Estrin (ICME, Stanford) and Michael A. Saunders (ICME, Stanford))

HUNG PHAN, University of Massachusetts Lowell

[Sunday December 4 / dimanche 4 décembre, 8:30 – King George Room, Crowne Plaza, 5th Floor]

Applying Geometric Constraints in Three Dimensions

In Computer Assisted Design (CAD), an object can be represented as a triangular mesh in three dimensions. In many cases, a
problem is to enforce certain constraints on the individual triangles in the mesh. For example, in civil engineering, a designer
may be concerned about drainage requirements of a grading site that is represented as a Triangulated Irregular Network (TIN).
Hence, the designer may want to enforce some slope and flow direction constraints on the triangles.

In this talk, we model various engineering constraints as geometric constraints in three dimensions. We then find projection
operators for these constraints, and solve the problem by iteratively applying these projectors. Besides, we also consider
optimization problems in which we seek solutions that are optimal with respect to certain criteria.

(*) Joint-work with Valentin Koch (AutoDesk, Inc.)
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[Sunday December 4 / dimanche 4 décembre, 8:30 – King George Room, Crowne Plaza, 5th Floor]

Applying Geometric Constraints in Three Dimensions

In Computer Assisted Design (CAD), an object can be represented as a triangular mesh in three dimensions. In many cases, a
problem is to enforce certain constraints on the individual triangles in the mesh. For example, in civil engineering, a designer
may be concerned about drainage requirements of a grading site that is represented as a Triangulated Irregular Network (TIN).
Hence, the designer may want to enforce some slope and flow direction constraints on the triangles.

In this talk, we model various engineering constraints as geometric constraints in three dimensions. We then find projection
operators for these constraints, and solve the problem by iteratively applying these projectors. Besides, we also consider
optimization problems in which we seek solutions that are optimal with respect to certain criteria.

(*) Joint-work with Valentin Koch (AutoDesk, Inc.)

Large Scale Optimization: Theory, Algorithms and Applications in memoriam Jonathan Borwein
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Optimisation à grande échelle : théorie, algorithmes et applications. Un hommage à Jonathan
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GREG REID, University of Western Ontario

[Saturday December 3 / samedi 3 décembre, 15:30 – King George Room, Crowne Plaza, 5th Floor]

Optimization and critical point methods for numerical characterization of real varieties

Given a system of polynomial equations with real approximate coefficients, a fundamental unsolved problem is to give a
stable numerical algorithm to characterize its real solution set (real variety). This means stably computing at least one real
approximate point on each connected real solution component of the variety. There has been dramatic recent progress in this
area, and I will describe some of this progress including our recent contributions. This is joint work with Fei Wang, Henry
Wolkowicz and Wenyuan Wu.

The techniques described involve semi-definite programming, facial reduction and critical point methods. The critical points
are real points on the variety that optimize the distance from a point or plane to the real solution components. Some comments
about larger structured problems will be made.

HRISTO SENDOV, The University of Western Ontario

[Saturday December 3 / samedi 3 décembre, 16:30 – King George Room, Crowne Plaza, 5th Floor]

Stronger Rolle’s Theorem for Complex Polynomials

Every Calculus student is familiar with the classical Rolle’s theorem stating that if a real polynomial p satisfies p(−1) = p(1),
then it has a critical point in (−1, 1). In 1934, L. Tschakaloff strengthened this result by finding a minimal interval, contained
in (−1, 1), that holds a critical point of every real polynomial with p(−1) = p(1), up to a fixed degree. In 1936, he expressed
a desire to find an analogue of his result for complex polynomials.

This talk will present the following Rolle’s theorem for complex polynomials. If p(z) is a complex polynomial of degree n ≥ 5,
satisfying p(−i) = p(i), then there is at least one critical point of p in the union D[−c; r] ∪ D[c; r] of two closed disks with
centres −c, c and radius r, where

c = cot(2π/n), r = 1/ sin(2π/n).

If n = 3, then the closed disk D[0; 1/
√

3] has this property; and if n = 4 then the union of the closed disks D[−1/3; 2/3] ∪
D[1/3; 2/3] has this property. In the last two cases, the domains are minimal, with respect to inclusion, having this property.

This theorem is stronger than any other known Rolle’s Theorem for complex polynomials. In particular, it answers Tschakaloff’s
question for polynomials of degree 3 and 4.

This is a joint work with Blagovest Sendov from the Bulgarian Academy of Sciences.

STEFAN SREMAC, University of Waterloo

[Sunday December 4 / dimanche 4 décembre, 17:00 – King George Room, Crowne Plaza, 5th Floor]

A Semidefinite Programming Approach to D-Optimal Designs

In statistics, a D-Optimal Design Matrix is used to construct efficient experiments. One such matrix is the circulant type
D-Optimal Design Matrix, which is characterized by binary, circulant matrix variables satisfying the so called periodic autocor-
relation constraint. The problem can easily be reduced from the space of n×n matrices to a combinatorial feasibility problem
over n-vectors. It has become well known that combinatorial optimization problems may be ‘lifted’ to semidefinite programs
and in turn provide strong approximations. In this talk we present an approach to the D-Optimal Design problem utilizing
semidefinite programming (SDP). We use both the first and second SDP liftings, then use facial reduction to break symmetries
in the feasible set, and solve the reduced problem using the Douglas-Rachford (DR) method and the Alternating Direction
Method of Multipliers (ADMM).

MATTHIAS TAKOUDA, Laurentian University

[Sunday December 4 / dimanche 4 décembre, 17:30 – King George Room, Crowne Plaza, 5th Floor]

On the Doubly Stochastic Matrix Completion Problem
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area, and I will describe some of this progress including our recent contributions. This is joint work with Fei Wang, Henry
Wolkowicz and Wenyuan Wu.

The techniques described involve semi-definite programming, facial reduction and critical point methods. The critical points
are real points on the variety that optimize the distance from a point or plane to the real solution components. Some comments
about larger structured problems will be made.

HRISTO SENDOV, The University of Western Ontario

[Saturday December 3 / samedi 3 décembre, 16:30 – King George Room, Crowne Plaza, 5th Floor]

Stronger Rolle’s Theorem for Complex Polynomials

Every Calculus student is familiar with the classical Rolle’s theorem stating that if a real polynomial p satisfies p(−1) = p(1),
then it has a critical point in (−1, 1). In 1934, L. Tschakaloff strengthened this result by finding a minimal interval, contained
in (−1, 1), that holds a critical point of every real polynomial with p(−1) = p(1), up to a fixed degree. In 1936, he expressed
a desire to find an analogue of his result for complex polynomials.

This talk will present the following Rolle’s theorem for complex polynomials. If p(z) is a complex polynomial of degree n ≥ 5,
satisfying p(−i) = p(i), then there is at least one critical point of p in the union D[−c; r] ∪ D[c; r] of two closed disks with
centres −c, c and radius r, where

c = cot(2π/n), r = 1/ sin(2π/n).

If n = 3, then the closed disk D[0; 1/
√

3] has this property; and if n = 4 then the union of the closed disks D[−1/3; 2/3] ∪
D[1/3; 2/3] has this property. In the last two cases, the domains are minimal, with respect to inclusion, having this property.

This theorem is stronger than any other known Rolle’s Theorem for complex polynomials. In particular, it answers Tschakaloff’s
question for polynomials of degree 3 and 4.

This is a joint work with Blagovest Sendov from the Bulgarian Academy of Sciences.

STEFAN SREMAC, University of Waterloo

[Sunday December 4 / dimanche 4 décembre, 17:00 – King George Room, Crowne Plaza, 5th Floor]

A Semidefinite Programming Approach to D-Optimal Designs

In statistics, a D-Optimal Design Matrix is used to construct efficient experiments. One such matrix is the circulant type
D-Optimal Design Matrix, which is characterized by binary, circulant matrix variables satisfying the so called periodic autocor-
relation constraint. The problem can easily be reduced from the space of n×n matrices to a combinatorial feasibility problem
over n-vectors. It has become well known that combinatorial optimization problems may be ‘lifted’ to semidefinite programs
and in turn provide strong approximations. In this talk we present an approach to the D-Optimal Design problem utilizing
semidefinite programming (SDP). We use both the first and second SDP liftings, then use facial reduction to break symmetries
in the feasible set, and solve the reduced problem using the Douglas-Rachford (DR) method and the Alternating Direction
Method of Multipliers (ADMM).

MATTHIAS TAKOUDA, Laurentian University

[Sunday December 4 / dimanche 4 décembre, 17:30 – King George Room, Crowne Plaza, 5th Floor]

On the Doubly Stochastic Matrix Completion Problem

Large Scale Optimization: Theory, Algorithms and Applications in memoriam Jonathan Borwein
Optimisation à grande échelle : théorie, algorithmes et applications. Un hommage à Jonathan

Borwein

A doubly stochastic matrix is a square matrix where the sum of each row or column entries is 1. We explore the problem of
reconstructing a doubly stochastic matrix using projections-based algorithms, commonly used to tackle feasibility problems.

MOHAMED TAWHID, Thompson Rivers University

[Sunday December 4 / dimanche 4 décembre, 9:30 – King George Room, Crowne Plaza, 5th Floor]

Genetic whale optimization algorithm for minimizing molecular potential energy function

We propose a new hybrid algorithm by combining the whale optimization algorithm and the genetic algorithm in order to
minimize a simplified model of the potential energy function of the molecule. The proposed algorithm is called Accelerated
Whale Optimization Algorithm (AWOA). Also, we test the proposed algorithm with different molecule size with up to 200
dimensions to minimize the potential energy function. Moreover, we compared the proposed algorithm against 8 benchmark
algorithms, in order to verify the efficiency of it for solving molecules potential energy function. The numerical experiment
results show that the proposed algorithm is a promising and efficient algorithm and can obtain the global minimum or near
global minimum of the molecular energy function faster than the other comparative algorithms in reasonable time.

——–Joint Work with Ahmed Ali

LEVENT TUNCEL, University of Waterloo

[Saturday December 3 / samedi 3 décembre, 16:00 – King George Room, Crowne Plaza, 5th Floor]

Convex optimization via domain-driven barriers and primal-dual algorithms

During the last two decades, primal-dual algorithms enjoyed very significant advances in solving convex optimization problems
in conic form over symmetric cones. However, many other highly demanded convex optimization problems lack comparable
advances. To close this gap, we propose a theory of infeasible-start primal-dual interior-point algorithms for convex optimization
problems in ”domain-driven” formulation. We show that the domain-driven formulation covers many interesting classes of
optimization problems including those in a conic form, naturally (without artificial embedding variables etc.). After presenting
our techniques, and our convergence theorems, we introduce our Matlab-based code that solves a large class of problems
including LP, SOCP, SDP, QCQP, Geometric programming, and Entropy programming among others, and mention some
numerical challenges.

This talk is based on joint work with Mehdi Karimi.

JÓZSEF VASS, York University

[Sunday December 4 / dimanche 4 décembre, 8:00 – King George Room, Crowne Plaza, 5th Floor]

Minimization of the Inverse Problem Error between the Solutions of the KCE Equations and Experimental Data

An ill-posed inverse problem is introduced for the determination of parameters that induce a given exact solution of the
parametrized system of partial differential equations of Kinetic Capillary Electrophoresis (KCE). The problem is set up as the
minimization of an error between the a priori given solution and the approximating solutions for various parameters — this
is the target function of the optimization problem, with the parameters as its independent variables. The practical resolution
of the problem hinges partly on the efficient generation of solutions to the PDE — the direct problem — which implies the
efficiency of the target function evaluation. This optimization requires an efficient algorithm for processing high volumes of
data. The problem is highly relevant to experiments carried out for the evaluation of pharmaceuticals via the estimation of
kinetic rate constants of their binding to therapeutic targets.

FEI WANG, University of Western Ontario

[Saturday December 3 / samedi 3 décembre, 8:30 – King George Room, Crowne Plaza, 5th Floor]

Polynomial optimization by SDP and facial reduction
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[Sunday December 4 / dimanche 4 décembre, 9:30 – King George Room, Crowne Plaza, 5th Floor]

Genetic whale optimization algorithm for minimizing molecular potential energy function

We propose a new hybrid algorithm by combining the whale optimization algorithm and the genetic algorithm in order to
minimize a simplified model of the potential energy function of the molecule. The proposed algorithm is called Accelerated
Whale Optimization Algorithm (AWOA). Also, we test the proposed algorithm with different molecule size with up to 200
dimensions to minimize the potential energy function. Moreover, we compared the proposed algorithm against 8 benchmark
algorithms, in order to verify the efficiency of it for solving molecules potential energy function. The numerical experiment
results show that the proposed algorithm is a promising and efficient algorithm and can obtain the global minimum or near
global minimum of the molecular energy function faster than the other comparative algorithms in reasonable time.

——–Joint Work with Ahmed Ali

LEVENT TUNCEL, University of Waterloo
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results show that the proposed algorithm is a promising and efficient algorithm and can obtain the global minimum or near
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problems in ”domain-driven” formulation. We show that the domain-driven formulation covers many interesting classes of
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numerical challenges.

This talk is based on joint work with Mehdi Karimi.
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Polynomial optimization by SDP and facial reduction

Large Scale Optimization: Theory, Algorithms and Applications in memoriam Jonathan Borwein
Optimisation à grande échelle : théorie, algorithmes et applications. Un hommage à Jonathan

Borwein

Recent breakthroughs have been made in the use of semidefinite programming and its application to real polynomial solving.
Existing methods are computationally expensive and have poorer accuracy on larger examples. In this talk we give a method
to compute the generators of the real radical for any given degree d. We combine the use of moment matrices and techniques
from SDP optimization: facial reduction first developed by Borwein and Wolkowicz. In use of the semidefinite moment matrices
to compute the real radical, the maximum rank property is very key, and with facial reduction, it can be guaranteed with very
high accuracy. Our algorithm can be used to test the real radical membership of a given polynomial. In a special situation, we
can determine the real radical ideal in the positive dimensional case

SHAWN WANG, University of British Columbia

[Sunday December 4 / dimanche 4 décembre, 9:00 – King George Room, Crowne Plaza, 5th Floor]

Generalized quadratic functions and epiconvergences

We consider the epigraphical limit of a sequence of quadratic functions and categorize the results. We also explore the question
of when a quadratic function is an Moreau envelope of a generalized quadratic.This is a joint work with Chayne Planiden.

HENRY WOLKOWICZ, University of Waterloo

[Saturday December 3 / samedi 3 décembre, 15:00 – King George Room, Crowne Plaza, 5th Floor]

Low-Rank Matrix Completion (LRMC) using Nuclear Norm (NN) with Facial Reduction (FR)

Minimization of the NN is often used as a surrogate, convex relaxation, for solving LRMC problems. The minimum NN problem
can be solved as a trace minimization semidefinite program (SDP). The SDP and its dual are regular in the sense that they
both satisfy strict feasibility. FR has been successful in regularizing many problems where strict feasibility fails, e.g., SDP
relaxations of discrete optimization problems such as QAP, GP, as well as sensor network localization. Here we take advantage
of the structure at optimality for the NN minimization and show that even though strict feasibility holds, the FR framework
can be successfully applied to obtain a proper face that contains the optimal set. This can dramatically reduce the size of the
final NN problem while guaranteeing a low-rank solution. We include numerical tests for both exact and noisy cases.

(work with Shimeng Huang)
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Borwein
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Org: Bradd Hart and/et Matthew Valeriote (McMaster University)

Abstracts/Résumés

LUC BELAIR, UQAM

Recognizable sets of power series over a finite field

Consider the alphabet given by a finite field F and the languages of infinite words over this alphabet. Then the languages
which are ω-recognizable by automata correspond to the sets definable in the additive group of formal power series over F
enriched with some natural predicates.

BARBARA CSIMA, University of Waterloo

Degrees of Categoricity on a Cone

A degree of categoricity is, roughly speaking, the Turing degree of difficulty of computing isomorphisms between all computable
copies of a given computable structure. Not all computable structures have a degree of categoricity, and we do not have a
characterization of which Turing degrees are degrees of categoricity. In this talk, we discuss the notion of a structure having a
degree of categoricity on a cone, that is, having a cone in the Turing degrees where the structure has a degree of categoricity
relative to every degree in the cone. When we look at degrees of categoricity on a cone, the strange behavior disappears.

LEVON HAYKAZYAN, University of Waterloo

Constructing Quasiminimal Structures

An uncountable structure is called quasiminimal if every definable set is countable or cocountable. Quasiminimal structures
play an important role in nonelementary categoricity. In this talk we will explore possibilities of constructing a quasiminimal
model of a given first-order theory.

CLAUDE LAFLAMME, University of Calgary

Logic in Calgary, some recent projects

We will present an overview of a few logic and combinatorial projects involving colleagues and postdoctoral fellows from
Calgary, some also related to other Canadian mathematicians. Topics include equimorphy, linear orders, trees, Ramsey Theory,
and homogeneous metric and ultrametric spaces.

BENOIT LAROSE, LaCIM/UQAM

Asking the metaquestions in constraint tractability

The constraint satisfaction problem (CSP) involves deciding, given a pair (G, H) of relational structures, whether or not there
is a homomorphism from the first structure to the second structure. The CSP is in general NP-hard; a common way to restrict
this problem is to fix the second structure H, so that each structure H gives rise to a problem CSP (H). The problem family
CSP (H) has been studied using an algebraic approach, which links the algorithmic and complexity properties of each problem
CSP (H) to a set of operations, the so-called polymorphisms of H. Certain types of polymorphisms are known to imply the
polynomial-time tractability of CSP (H), and others are conjectured to do so. We systematically study—for various classes of
polymorphisms—the computational complexity of deciding whether or not a given structure H admits a polymorphism from
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the class. Among other results, we prove the NP-completeness of deciding a condition conjectured to characterize the tractable
problems CSP (H), as well as the NP-completeness of deciding if CSP (H) has bounded width. Joint work with H. Chen.

MATTHEW MOORE, McMaster University

Dualizable congruence modular algebras have a cube term

An early result in the theory of Natural Dualities is that an algebra with a near unanimity (NU) term is dualizable. A converse
to this is also true: if V(A) is congruence distributive and A is dualizable, then A has an NU term. An important generalization
of the NU term for congruence distributive varieties is the cube term for congruence modular (CM) varieties, and it has been
thought that a similar characterization of dualizability for algebras in a CM variety would also hold. We prove that if A omits
tame congruence types 1 and 5 (all locally finite CM varieties omit these types) and is dualizable, then A has a cube term.

RAHIM MOOSA, Waterloo

An application of model theory to noncommutative algebra

I will describe recent work, joint with Jason Bell and Omar Leon Sanchez, that uses the model theory of differentially closed
fields to solve certain cases of the Dixmier-Moeglin equivalence problem for finitely generated associative algebras.

JONNY STEPHENSON, University of Waterloo

Structures of finite computable dimension

In computable structure theory, two computable structures are often considered equivalent if they are computably isomorphic.
The computable dimension of a computable structure is the number of equivalence classes which its computable copies are
split into under the relation of computable isomorphism. I will discuss some joint work with Barbara Csima regarding structures
of finite computable dimension.

ROSS WILLARD, University of Waterloo

Jónsson’s finite basis problem for finite algebras

An algebraic structure A in a finite signature is finitely based if the universally satisfied equations true in A are logical
consequences of some finite number of them. An enduring problem in universal algebra is the ongoing attempt to prove that
large swaths of the landscape of finite algebraic structures are finitely based. In this lecture I will describe the current state of
this project, focussing in particular on a question (still open) of Bjarni Jónsson which has generated some beautiful positive
results.

Mathematical Logic
Logique mathématique

Org: Bradd Hart and/et Matthew Valeriote (McMaster University)

Abstracts/Résumés

LUC BELAIR, UQAM
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Consider the alphabet given by a finite field F and the languages of infinite words over this alphabet. Then the languages
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A degree of categoricity is, roughly speaking, the Turing degree of difficulty of computing isomorphisms between all computable
copies of a given computable structure. Not all computable structures have a degree of categoricity, and we do not have a
characterization of which Turing degrees are degrees of categoricity. In this talk, we discuss the notion of a structure having a
degree of categoricity on a cone, that is, having a cone in the Turing degrees where the structure has a degree of categoricity
relative to every degree in the cone. When we look at degrees of categoricity on a cone, the strange behavior disappears.

LEVON HAYKAZYAN, University of Waterloo

Constructing Quasiminimal Structures

An uncountable structure is called quasiminimal if every definable set is countable or cocountable. Quasiminimal structures
play an important role in nonelementary categoricity. In this talk we will explore possibilities of constructing a quasiminimal
model of a given first-order theory.

CLAUDE LAFLAMME, University of Calgary

Logic in Calgary, some recent projects

We will present an overview of a few logic and combinatorial projects involving colleagues and postdoctoral fellows from
Calgary, some also related to other Canadian mathematicians. Topics include equimorphy, linear orders, trees, Ramsey Theory,
and homogeneous metric and ultrametric spaces.

BENOIT LAROSE, LaCIM/UQAM

Asking the metaquestions in constraint tractability

The constraint satisfaction problem (CSP) involves deciding, given a pair (G, H) of relational structures, whether or not there
is a homomorphism from the first structure to the second structure. The CSP is in general NP-hard; a common way to restrict
this problem is to fix the second structure H, so that each structure H gives rise to a problem CSP (H). The problem family
CSP (H) has been studied using an algebraic approach, which links the algorithmic and complexity properties of each problem
CSP (H) to a set of operations, the so-called polymorphisms of H. Certain types of polymorphisms are known to imply the
polynomial-time tractability of CSP (H), and others are conjectured to do so. We systematically study—for various classes of
polymorphisms—the computational complexity of deciding whether or not a given structure H admits a polymorphism from
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Horaire

Abstracts/Résumés

BEN BOLKER, McMaster University

Stochastic mutation-selection-drift models of parasite virulence evolution

Mathematical models of parasite evolution most often use a deterministic framework, where the only role of stochasticity is to
provide raw material for adaptation via mutation. In an attempt to consider the diversity of parasite virulence from a broad
perspective, and in particular to understand the broad range of virulence and the large number of low-virulence parasites found
in natural communities, we explore a range of stochastic, discrete-population models. Our models incorporate mutation, drift,
and selection; each distinct parasite strain differs in transmission, host clearance rate/virulence, or both. In the absence of a
virulence-transmission tradeoff, we find as expected that parasites are strongly selected for increased transmission and decreased
virulence, limited only by the effects of mutation and drift; smaller host populations have lower-transmission/lower-virulence
parasites. We also observe a bimodal distribution of outcomes depending on the mean and standard deviation of the mutational
spectrum.

ALMAZ BUTAEV, Concordia University

On the Skellam model with time delay and non-zero drift

In this talk we consider the following initial value problem

{
(∂t − ∆x + w · ∇x + αI)u(t, x) = βu(t − τ, x), t ∈ R+, x ∈ Rn

u(t, x) = φ(t, x) ∈ C([−τ, 0];L1(Rn)), t ∈ [−τ, 0], x ∈ Rn.

The question we are interested in is the following. Under which conditions on parameters τ, w, α, β, is the trivial solution u = 0
stable?

In the context of population dynamics, this initial value problem can be viewed as a model of a population undergoing
Malthusian growth and spreading by a random diffusion with the drift w . The growth is characterized by a death rate α, birth
rate β and a gestation/maturation period τ . The problem is: given coefficients α, β, w, τ determine if the population invade
the habitat or goes extinct.

In the drift-free case, a complete solution was given by Travis and Webb. We will show that in some cases the relation between
α and β plays the dominant role in the extinction of the population. However, in the opposite cases, the drift can help the
population to survive.

DAVID J.D. EARN, McMaster University

Growth of plagues of long ago

A variety of historical records reveal the temporal patterns of a sequence of plague epidemics in London, England, in the 14th
and 17th centuries. We estimate and compare the initial rates of growth of these outbreaks and consider the implications for
ecology and evolution of Yersinia pestis.
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Biologie mathématique des populations

Org: Ben Bolker, Jonathan Dushoff and/et David Earn (McMaster University)

Schedule
Horaire

Abstracts/Résumés
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The question we are interested in is the following. Under which conditions on parameters τ, w, α, β, is the trivial solution u = 0
stable?

In the context of population dynamics, this initial value problem can be viewed as a model of a population undergoing
Malthusian growth and spreading by a random diffusion with the drift w . The growth is characterized by a death rate α, birth
rate β and a gestation/maturation period τ . The problem is: given coefficients α, β, w, τ determine if the population invade
the habitat or goes extinct.

In the drift-free case, a complete solution was given by Travis and Webb. We will show that in some cases the relation between
α and β plays the dominant role in the extinction of the population. However, in the opposite cases, the drift can help the
population to survive.

DAVID J.D. EARN, McMaster University

Growth of plagues of long ago

A variety of historical records reveal the temporal patterns of a sequence of plague epidemics in London, England, in the 14th
and 17th centuries. We estimate and compare the initial rates of growth of these outbreaks and consider the implications for
ecology and evolution of Yersinia pestis.
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PHILIP GREENSPOON, University of Toronto

Parasite transmission among relatives halts Red Queen dynamics

The theory that coevolving hosts and parasites create a fluctuating selective environment for one another (i.e., produce Red
Queen dynamics) has deep roots in evolutionary biology; yet, empirical evidence for Red Queen dynamics remains scarce.
Fluctuating coevolutionary dynamics underpin the Red Queen Hypothesis for the evolution of sex, as well as hypotheses
explaining the persistence of genetic variation under sexual selection, local parasite adaptation, the evolution of mutation rate
and the evolution of non-random mating. Coevolutionary models that exhibit Red Queen dynamics typically assume that hosts
and parasites encounter one another randomly. However, if related individuals aggregate into family groups or are clustered
spatially, related hosts will be more likely to encounter parasites transmitted by genetically similar individuals. Using a model
that incorporates familial parasite transmission, we show that a slight degree of familial parasite transmission is sufficient to
halt coevolutionary fluctuations. Our results predict that evidence for Red Queen dynamics, and its evolutionary consequences,
are most likely to be found in biological systems in which hosts and parasites mix mainly at random, and are less likely to be
found in systems with familial aggregation. This presents a challenge to the Red Queen Hypothesis and other hypotheses that
depend on coevolutionary cycling.

KARSTEN HEMPEL, McMaster University

Estimating epidemic coupling between populations from invasion times

Understanding the mechanisms by which diseases are transmitted between human populations is critical in any efforts to
understand and predict widely-spread epidemics and pandemics. Modeling and parameterizing transmission between populations
is a difficult problem, however, since the process of transmission is largely unobservable, and information about transmission
between populations is usually obscured by local dynamics. We present a method for estimating coupling between two
populations modeled as susceptible-infected-recovered (SIR) systems, where an epidemic begins with a single infection in one
population and later spreads to the second population. We show that the strength of coupling between the two populations
can be estimated from the time taken for the disease to invade the second population. Confidence in the estimate is low when
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we present considers a simple scenario, but is valuable progress in developing and verifying methods for estimating epidemic
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TING-HAO HSU, Department of Mathematics and Statistics, McMaster University

Bifurcation delay and the entry-exit relation

In planar systems of the form ẋ = εf(x, z, ε), ż = g(x, z, ε)z, where f(x, 0, 0) > 0 and xg(x, 0, 0) < 0 for x �= 0, the
phenomenon of ”bifurcation delay” is that the limiting attracting and repulsion points are given by the so-called entry-exit
function. This phenomenon has been observed in certain classes of predator-prey models, including the systems that have
two predators competing exploitatively for the same prey in constant environment, and a diffusive version of Holling-Tanner
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CHIU-JU LIN, Department of Mathematics and Statistics, McMaster University

Modeling the trade-off between transmissibility and contact in infectious disease dynamics

Symptom severity affects disease transmission both by impacting contact rates, as well as by influencing the probability of
transmission given contact. This involves a trade-off between these two factors, as increased symptom severity will tend to
decrease contact rates, but increase the probability of transmission given contact (as pathogen shedding rates increase with
symptom severity). This talk explores this trade-off between contact and transmission given contact, using a simple compart-
mental susceptible- infected-recovered type model. Under mild assumptions on how contact and transmission probability vary
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BEN BOLKER, McMaster University

Stochastic mutation-selection-drift models of parasite virulence evolution

Mathematical models of parasite evolution most often use a deterministic framework, where the only role of stochasticity is to
provide raw material for adaptation via mutation. In an attempt to consider the diversity of parasite virulence from a broad
perspective, and in particular to understand the broad range of virulence and the large number of low-virulence parasites found
in natural communities, we explore a range of stochastic, discrete-population models. Our models incorporate mutation, drift,
and selection; each distinct parasite strain differs in transmission, host clearance rate/virulence, or both. In the absence of a
virulence-transmission tradeoff, we find as expected that parasites are strongly selected for increased transmission and decreased
virulence, limited only by the effects of mutation and drift; smaller host populations have lower-transmission/lower-virulence
parasites. We also observe a bimodal distribution of outcomes depending on the mean and standard deviation of the mutational
spectrum.
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and 17th centuries. We estimate and compare the initial rates of growth of these outbreaks and consider the implications for
ecology and evolution of Yersinia pestis.
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with symptom severity, we give sufficient, biologically intuitive criteria for when the basic reproduction number varies non-
monotonically with symptom severity. Multiple critical points are possible. We give a complete characterization of the region
in parameter space where multiple critical points are located in the special case where contact rate decreases exponentially
with symptom severity. We consider a multi-strain version of the model with complete cross-immunity and no super-infection.
In this model, we prove that the strain with highest basic reproduction number drives the other strains to extinction. This
has both evolutionary and epidemiological implications, including the possibility of an intervention paradoxically resulting in
increased infection prevalence. (jointly with K. A Deger and J. H. Tien)

XIAOYING WANG, University of Ottawa

Pattern formation of a predator-prey model with the cost of anti-predator behaviors

We propose and analyse a reaction-diffusion-advection predator-prey model in which we assume that predators move randomly
but prey avoid predation by perceiving an repulsion along predator density gradient. Based on recent experimental evidence
that anti-predator behaviors alone lead to a 40% reduction on prey reproduction rate, we also incorporate the cost of anti-
predator responses into the local reaction terms in the model. Sufficient and necessary conditions of spatial pattern formation
are obtained for various functional responses between prey and predators. By mathematical and numerical analyses, we find
that small prey sensitivity to predation risk may lead to pattern formation if the Holling type II functional response or the
Beddington-DeAngelis functional response is adopted while large cost of anti-predator behaviors homogenises the system by
excluding pattern formation. However, the ratio-dependent functional response gives an opposite result where large predator-
taxis may lead to pattern formation but small cost of anti-predator behaviors inhibits the emergence of spatial heterogeneous
solutions.

GAIL WOLKOWICZ, McMaster University

Analysis of a simplified model of anaerobic digestion

Anaerobic digestion is a complex naturally occurring process used for waste and wastewater treatment to produce bio-gas as
a renewable source of energy. The so-called Anaerobic Digestion Model No. 1 (ADM1) includes 32 state variables and is
not mathematically tractable. We analyze a simplified model proposed by Bornh oft, Hanke-Rauschenback, and Sundmacher,
that seems to capture the qualitative dynamics of the ADM1 model, including the possibility of bi-stability and the bifurcation
dynamics when substrate concentration is used as the bifurcation parameter. Our analysis applies to a general class of response
functions. We then consider the effects of stochastic perturbations of the model using several different numerical schemes
having different interpretations in an attempt to understand how to recognize and prevent imminent failure of the reactor.
This is joint work with Tyler Meadows and Marion Weedermann.
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Théorie matricielle

Org: Hadi Kharaghani (University of Lethbridge) and/et Javad Mashreghi (Université Laval)
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8:30 - 9:00 Shaun Fallat, The Rank of Principal Submatrices and a Principal Rank Property

9:00 - 9:30 Ilias Kotsireas, Goethals-Seidel difference families with symmetric or skew base blocks

9:30 - 10:00 Rajesh Pereira, Matrix methods for bounding products of zeros of polynomials.
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16:30 - 17:00 Kevin Van der Meulen, Polynomial root bounds using intercyclic companion matrices
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ADA SZE SZE CHAN, York University

[Saturday December 3 / samedi 3 décembre, 17:30 – Strategy Room 7, Sheraton, 5th level]

Complex Hadamard matrices and distance regular graphs

Let A be the adjacency matrix of a graph X on n vertices. The continuous-time quantum walk on a graph X is given by the
transition operator e−itA. We say the continuous-time quantum walk on X is instantaneous uniform mixing at time τ if

|e−iτA|uv =
1√
n

, for all vertices u and v.

This condition is equivalent to
√

ne−iτA being a complex Hadamard matrix. Hence, if a graph admits instantaneous uniform
mixing then its adjacency algebra contains a complex Hadamard matrix. In this talk, we search for complex Hadamard matrices
in the adjacency algebra of distance regular graphs.

SHAUN FALLAT, University of Regina

[Saturday December 3 / samedi 3 décembre, 8:30 – Strategy Room 7, Sheraton, 5th level]

The Rank of Principal Submatrices and a Principal Rank Property

We discuss problems related to the rank of the principal submatrices of a given matrix. Specifically, what properties matrices
possess to ensure that their rank can be obtained as the order of the largest invertible principal submatrix. Such a property
has been called a principal rank property and is known to hold for symmetric matrices among other classes. In addition
to identifying properties of such a matrix, we also obtain a construction in order identify these maximal invertible principal
submatrices. This work represents joint research with Dr. Ryan Tifenbach.

DOUGLAS FARENICK, University of Regina

[Saturday December 3 / samedi 3 décembre, 15:30 – Strategy Room 7, Sheraton, 5th level]

Isometric linear maps of the space of Toeplitz matrices
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8:00 - 8:30 Stephen Kirkland, On Random Walk Centrality

8:30 - 9:00 Shaun Fallat, The Rank of Principal Submatrices and a Principal Rank Property

9:00 - 9:30 Ilias Kotsireas, Goethals-Seidel difference families with symmetric or skew base blocks

9:30 - 10:00 Rajesh Pereira, Matrix methods for bounding products of zeros of polynomials.

15:00 - 15:30 Vern Paulsen, Numerical Ranges and Spectral Sets

15:30 - 16:00 Douglas Farenick, Isometric linear maps of the space of Toeplitz matrices

16:00 - 16:30 John Holbrook, Triply generated matrix algebras

16:30 - 17:00 Kevin Van der Meulen, Polynomial root bounds using intercyclic companion matrices

17:00 - 17:30 Peter Zizler, On Non-stationary Cyclic Convolution and Combination

17:30 - 18:00 Ada Sze Sze Chan, Complex Hadamard matrices and distance regular graphs

18:00 - 18:30 Hadi Kharaghani, (0,1)-matrices arising from Generalized Hadamard matrices

Abstracts/Résumés
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The structure of linear isometries of the operator system of Toeplitz matrices is determined. This is joint work with M. Mastnak
and A. Popov.

JOHN HOLBROOK, U of Guelph

[Saturday December 3 / samedi 3 décembre, 16:00 – Strategy Room 7, Sheraton, 5th level]

Triply generated matrix algebras

An old result, often called Gerstenhaber’s Theorem, states that the algebra of polynomials in two commuting nxn matrices
has dimension at most n. Here we discuss the possibility of extending this result to algebras generated by THREE commuting
matrices.

HADI KHARAGHANI, University of Lethbridge

[Saturday December 3 / samedi 3 décembre, 18:00 – Strategy Room 7, Sheraton, 5th level]

(0,1)-matrices arising from Generalized Hadamard matrices

Let G be a group of order n. A (n, k;λ)-difference matrix over G is a k × nλ matrix D = (dij) with entries from G, so that
for each 1 ≤ i < j ≤ k, the multiset

{di�d
−1
j� : 1 ≤ � ≤ nλ}

contains every element of the group λ times. The multiplication table in any finite field Fn forms an (n, n; 1)-difference matrix.
An (n, nλ; λ)-difference matrix over the group G is said to be a generalized Hadamard matrix, over the group G. Concentrating
on generalized Hadamard matrices arising from finite fields, some very interesting applications which lead to symmetric designs
and commutative association schemes will be discussed. This is a joint work with Sara Sasani and Sho Suda.

STEPHEN KIRKLAND, University of Manitoba

[Saturday December 3 / samedi 3 décembre, 8:00 – Strategy Room 7, Sheraton, 5th level]

On Random Walk Centrality

We consider a notion of random walk centrality for undirected graphs that has been proposed in the literature on complex
networks, and show how this notion is naturally related to an accessibility index for the states of a discrete-time, ergodic,
homogenous Markov chain on a finite state space. We provide several characterisations of this accessibility index, and establish
upper and lower bounds on the accessibility index in terms of the eigenvalues and eigenvectors of the transition matrix for
the associated Markov chain. We also investigate the behaviour of the accessibility index under perturbation of the transition
matrix, and describe some examples that exhibit counterintuitive behaviour.

ILIAS KOTSIREAS, Wilfrid Laurier University

[Saturday December 3 / samedi 3 décembre, 9:00 – Strategy Room 7, Sheraton, 5th level]

Goethals-Seidel difference families with symmetric or skew base blocks

We introduce a class of difference families that we call Goethals-Seidel (GS) difference families. They consist of four subsets
(base blocks) of a finite abelian group of order v, which can be used to construct Hadamard matrices via the well-known
Goethals-Seidel array. We consider the special class of these families in cyclic groups, where each base block is either symmetric
or skew. The case where all four blocks are symmetric (Williamson matrices) has been studied extensively and we focus on
the remaining three cases. By extending the previous computations by several authors, we complete the classification of
GS-difference families of this type for odd v < 50.

Joint work with Dragomir Z. Djokovic.
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Théorie matricielle

Org: Hadi Kharaghani (University of Lethbridge) and/et Javad Mashreghi (Université Laval)

Schedule/Horaire Room/Salle: Strategy Room 7, Sheraton, 5th level

Saturday December 3 samedi 3 décembre
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submatrices. This work represents joint research with Dr. Ryan Tifenbach.

DOUGLAS FARENICK, University of Regina

[Saturday December 3 / samedi 3 décembre, 15:30 – Strategy Room 7, Sheraton, 5th level]

Isometric linear maps of the space of Toeplitz matrices

Matrix Theory
Théorie matricielle

VERN PAULSEN, University of Waterloo

[Saturday December 3 / samedi 3 décembre, 15:00 – Strategy Room 7, Sheraton, 5th level]

Numerical Ranges and Spectral Sets

We give a new proof of a result of Drury and extend it to the case of matrix-valued polynomials. This talk is based on joint
work with K. Davidson and H. Woerdeman.

RAJESH PEREIRA, University of Guelph

[Saturday December 3 / samedi 3 décembre, 9:30 – Strategy Room 7, Sheraton, 5th level]

Matrix methods for bounding products of zeros of polynomials.

We look at some recent matrix techniques for bounding the products of zeros of polynomials. We give a generalization of the
Cauchy and Fujiwara bounds on the zeros of polynomials found using compound matrices and explore possible applications of
the weak majorization order to Mahler measure and Lehmer’s conjecture.

KEVIN VAN DER MEULEN, Redeemer University College

[Saturday December 3 / samedi 3 décembre, 16:30 – Strategy Room 7, Sheraton, 5th level]

Polynomial root bounds using intercyclic companion matrices

Using matrix norms, the Frobenius companion matrix has been used to provide bounds on the roots of a monic polynomial.
More recently, Fiedler companion matrices have been explored as a source of sharper bounds on the root of a polynomial. We
extend some of these results to the larger class of intercyclic companion matrices and compare the new bounds with the old.
We include indirect techniques involving the inverse matrix and the monic reversal polynomial.

Joint work with Trevor Vanderwoerd

PETER ZIZLER, Mount Royal University

[Saturday December 3 / samedi 3 décembre, 17:00 – Strategy Room 7, Sheraton, 5th level]

On Non-stationary Cyclic Convolution and Combination

We provide results on matrices arising in the non-stationary cyclic convolution and combination and its Fourier Transform.
Spectral properties for these matrices, along with results on the non-stationary frequency filtering, are given.

Matrix Theory
Théorie matricielle

The structure of linear isometries of the operator system of Toeplitz matrices is determined. This is joint work with M. Mastnak
and A. Popov.

JOHN HOLBROOK, U of Guelph

[Saturday December 3 / samedi 3 décembre, 16:00 – Strategy Room 7, Sheraton, 5th level]

Triply generated matrix algebras

An old result, often called Gerstenhaber’s Theorem, states that the algebra of polynomials in two commuting nxn matrices
has dimension at most n. Here we discuss the possibility of extending this result to algebras generated by THREE commuting
matrices.

HADI KHARAGHANI, University of Lethbridge

[Saturday December 3 / samedi 3 décembre, 18:00 – Strategy Room 7, Sheraton, 5th level]

(0,1)-matrices arising from Generalized Hadamard matrices

Let G be a group of order n. A (n, k;λ)-difference matrix over G is a k × nλ matrix D = (dij) with entries from G, so that
for each 1 ≤ i < j ≤ k, the multiset

{di�d
−1
j� : 1 ≤ � ≤ nλ}

contains every element of the group λ times. The multiplication table in any finite field Fn forms an (n, n; 1)-difference matrix.
An (n, nλ; λ)-difference matrix over the group G is said to be a generalized Hadamard matrix, over the group G. Concentrating
on generalized Hadamard matrices arising from finite fields, some very interesting applications which lead to symmetric designs
and commutative association schemes will be discussed. This is a joint work with Sara Sasani and Sho Suda.

STEPHEN KIRKLAND, University of Manitoba

[Saturday December 3 / samedi 3 décembre, 8:00 – Strategy Room 7, Sheraton, 5th level]

On Random Walk Centrality

We consider a notion of random walk centrality for undirected graphs that has been proposed in the literature on complex
networks, and show how this notion is naturally related to an accessibility index for the states of a discrete-time, ergodic,
homogenous Markov chain on a finite state space. We provide several characterisations of this accessibility index, and establish
upper and lower bounds on the accessibility index in terms of the eigenvalues and eigenvectors of the transition matrix for
the associated Markov chain. We also investigate the behaviour of the accessibility index under perturbation of the transition
matrix, and describe some examples that exhibit counterintuitive behaviour.

ILIAS KOTSIREAS, Wilfrid Laurier University

[Saturday December 3 / samedi 3 décembre, 9:00 – Strategy Room 7, Sheraton, 5th level]

Goethals-Seidel difference families with symmetric or skew base blocks

We introduce a class of difference families that we call Goethals-Seidel (GS) difference families. They consist of four subsets
(base blocks) of a finite abelian group of order v, which can be used to construct Hadamard matrices via the well-known
Goethals-Seidel array. We consider the special class of these families in cyclic groups, where each base block is either symmetric
or skew. The case where all four blocks are symmetric (Williamson matrices) has been studied extensively and we focus on
the remaining three cases. By extending the previous computations by several authors, we complete the classification of
GS-difference families of this type for odd v < 50.

Joint work with Dragomir Z. Djokovic.
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Théorie matricielle

VERN PAULSEN, University of Waterloo

[Saturday December 3 / samedi 3 décembre, 15:00 – Strategy Room 7, Sheraton, 5th level]

Numerical Ranges and Spectral Sets

We give a new proof of a result of Drury and extend it to the case of matrix-valued polynomials. This talk is based on joint
work with K. Davidson and H. Woerdeman.

RAJESH PEREIRA, University of Guelph

[Saturday December 3 / samedi 3 décembre, 9:30 – Strategy Room 7, Sheraton, 5th level]

Matrix methods for bounding products of zeros of polynomials.

We look at some recent matrix techniques for bounding the products of zeros of polynomials. We give a generalization of the
Cauchy and Fujiwara bounds on the zeros of polynomials found using compound matrices and explore possible applications of
the weak majorization order to Mahler measure and Lehmer’s conjecture.

KEVIN VAN DER MEULEN, Redeemer University College

[Saturday December 3 / samedi 3 décembre, 16:30 – Strategy Room 7, Sheraton, 5th level]

Polynomial root bounds using intercyclic companion matrices

Using matrix norms, the Frobenius companion matrix has been used to provide bounds on the roots of a monic polynomial.
More recently, Fiedler companion matrices have been explored as a source of sharper bounds on the root of a polynomial. We
extend some of these results to the larger class of intercyclic companion matrices and compare the new bounds with the old.
We include indirect techniques involving the inverse matrix and the monic reversal polynomial.

Joint work with Trevor Vanderwoerd

PETER ZIZLER, Mount Royal University

[Saturday December 3 / samedi 3 décembre, 17:00 – Strategy Room 7, Sheraton, 5th level]

On Non-stationary Cyclic Convolution and Combination

We provide results on matrices arising in the non-stationary cyclic convolution and combination and its Fourier Transform.
Spectral properties for these matrices, along with results on the non-stationary frequency filtering, are given.
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Nonlinear Evolution Equations
Équations d’évolution non linéaires

Org: Almut Burchard (University of Toronto) and/et Marina Chugunova (Claremont Graduate
University)

Schedule/Horaire Rooms/Salles: Canadian Room A, Crowne Plaza, 5th floor;
Executive Boardroom, Sheraton, 5th level;

Great Room A, Sheraton, 3rd Level

Saturday December 3 samedi 3 décembre
8:30 - 9:00 Gerda de Vries, Canadian Room A, Crowne Plaza, 5th floor, A Model of Microtubule Organization in

the Presence of Motor Proteins

9:00 - 9:30 Robert L Jerrard, Canadian Room A, Crowne Plaza, 5th floor, Concentrated vorticity in the Gross-
Pitaevskii equations

9:30 - 10:00 Stanley Alama, Canadian Room A, Crowne Plaza, 5th floor, Bistable transition layers with Hamiltonian
Dynamics

15:00 - 15:30 Theodore Kolokolnikov, Executive Boardroom, Sheraton, 5th level, A PDE model of aggregation
formation in bacterial colonies

15:30 - 16:00 Baasansuren Jadamba, Executive Boardroom, Sheraton, 5th level, Minimization of a principal eigen-
value in a mixed dispersal model

16:00 - 16:30 Mohammad El Smaily, Executive Boardroom, Sheraton, 5th level, Homogenization and influence of
fragmentation on reaction-diffusion fronts

16:30 - 17:00 Di Kang, Executive Boardroom, Sheraton, 5th level, Thin liquid film coating on a sphere.

17:00 - 17:30 Mary Pugh, Executive Boardroom, Sheraton, 5th level, A Variable Step Size Implicit-Explicit Scheme for
the Solution of the Poisson-Nernst-Planck Equations

17:30 - 18:00 Greg Lewis, Executive Boardroom, Sheraton, 5th level, Matrix-free continuation methods for electro-
convection

Sunday December 4 dimanche 4 décembre
8:00 - 8:30 Tetsu Mizumachi, Great Room A, Sheraton, 3rd Level, Asymptotic linear stability of line solitary waves

of the Benney-Luke equation

8:30 - 9:00 Tyler Wilson, Great Room A, Sheraton, 3rd Level, Stabilization, Extension and Unification of the
Lattice Boltzmann Method Using Information Theory

9:00 - 9:30 Ihsan A. Topaloglu, Great Room A, Sheraton, 3rd Level, Droplet phase in a nonlocal isoperimetric
problem under confinement

9:30 - 10:00 Pietro-Luciano Buono, Great Room A, Sheraton, 3rd Level, Bifurcations and dynamics of a O(2)
symmetric hyperbolic PDE model for animal aggregation

Abstracts/Résumés

STANLEY ALAMA, McMaster University

[Saturday December 3 / samedi 3 décembre, 9:30 – Canadian Room A, Crowne Plaza, 5th floor]

Bistable transition layers with Hamiltonian Dynamics

Transition layer solutions are well studied within the context of bistable reaction-diffusion equations and systems, such as
the Allen-Cahn model. In this talk I will discuss the existence and stability of stationary and traveling layer solutions under
Schrödinger dynamics. I will present two different contexts: first, a system of coupled Gross-Pitaevskii equations admitting
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orbitally stable stationary domain wall solutions. Second, traveling wave solutions for a Hamiltonian system in the plane which
in addition solve an isoperimetric problem for a degenerate metric defined by the bistable potential.

PIETRO-LUCIANO BUONO, University of Ontario Institute of Technology

[Sunday December 4 / dimanche 4 décembre, 9:30 – Great Room A, Sheraton, 3rd Level]

Bifurcations and dynamics of a O(2) symmetric hyperbolic PDE model for animal aggregation

I will be presenting recent results concerning a 1D hyperbolic PDE model for animal aggregations developed by R. Eftimie
(Dundee, UK). This PDE model with periodic boundary conditions is O(2) symmetric where the group O(2) is generated
by translations and a reflection. The focus of the talk will be on discussing the emergence of spatio-temporal patterns near
steady-state/Hopf and Hopf/Hopf codimension two bifurcation points at a homogeneous equilibrium with full symmetry. I will
also be showing how some more exotic patterns can be associated with invariant sets in phase space. Finally, I will briefly
explain theoretical results on the applicability of Lyapunov-Schmidt reduction and the Centre Manifold Theorem. This is joint
work with R. Eftimie (Dundee, UK).

GERDA DE VRIES, University of Alberta

[Saturday December 3 / samedi 3 décembre, 8:30 – Canadian Room A, Crowne Plaza, 5th floor]

A Model of Microtubule Organization in the Presence of Motor Proteins

Microtubules and motor proteins interact in vivo and in vitro to form higher-order structures such as bundles, asters, and
vortices. In vivo, the organization of microtubules is connected directly to cellular processes such as cell division, motility,
and polarization. To address questions surrounding the mechanism underlying microtubule organization, we have developed a
system of integro-partial differential equations that describes the interactions between microtubules and motor proteins. Our
model takes into account motor protein speed, processivity, density, and directionality, as well as microtubule treadmilling and
re-organization due to interactions with motors. Our model is able to provide a quantitative and qualitative description of
microtubule patterning. Simulations results show that plus-end directed motor proteins form vortex patterns at low motor
density, while minus-end directed motor proteins form aster patterns at similar densities. Also, a mixture of motor proteins
with opposite directionality can organize microtubules into anti-parallel bundles such as are observed in spindle formation.

MOHAMMAD EL SMAILY, University of New Brunswick

[Saturday December 3 / samedi 3 décembre, 16:00 – Executive Boardroom, Sheraton, 5th level]

Homogenization and influence of fragmentation on reaction-diffusion fronts

We consider a semi-linear parabolic PDE with diffusion and reaction terms depending on the spatial variable. For each L > 0,
the model admits traveling-front solutions and a minimal speed of propagation c∗L. We determine the homogenization limit of
the minimal speeds as the period L → 0. Moreover, in the case of an environment composed of “habitat” and “non-habitat”
patches, we show that habitat fragmentation decreases the speed of propagation.

BAASANSUREN JADAMBA, Rochester Institute of Technology

[Saturday December 3 / samedi 3 décembre, 15:30 – Executive Boardroom, Sheraton, 5th level]

Minimization of a principal eigenvalue in a mixed dispersal model

In this work, we study a mixed dispersal model of population dynamics and its corresponding linear eigenvalue problem. The
model describes evolution of a population which disperses both locally and nonlocally. We investigate the minimization of
the positive principal eigenvalue under the constraint that the resource function is bounded from above and below, and with
a fixed total integral. The minimization problem is motivated by determination of optimal spatial arrangement of favorable
and unfavorable regions for the species to die out more slowly or survive more easily. Numerical results are presented to show
various scenarios. This is a joint work with Marina Chugunova, Chiu-Yen Kao, Christine Klymko, Evelyn Thomas and Bingyu
Zhao.
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the Presence of Motor Proteins

9:00 - 9:30 Robert L Jerrard, Canadian Room A, Crowne Plaza, 5th floor, Concentrated vorticity in the Gross-
Pitaevskii equations

9:30 - 10:00 Stanley Alama, Canadian Room A, Crowne Plaza, 5th floor, Bistable transition layers with Hamiltonian
Dynamics

15:00 - 15:30 Theodore Kolokolnikov, Executive Boardroom, Sheraton, 5th level, A PDE model of aggregation
formation in bacterial colonies

15:30 - 16:00 Baasansuren Jadamba, Executive Boardroom, Sheraton, 5th level, Minimization of a principal eigen-
value in a mixed dispersal model

16:00 - 16:30 Mohammad El Smaily, Executive Boardroom, Sheraton, 5th level, Homogenization and influence of
fragmentation on reaction-diffusion fronts

16:30 - 17:00 Di Kang, Executive Boardroom, Sheraton, 5th level, Thin liquid film coating on a sphere.

17:00 - 17:30 Mary Pugh, Executive Boardroom, Sheraton, 5th level, A Variable Step Size Implicit-Explicit Scheme for
the Solution of the Poisson-Nernst-Planck Equations

17:30 - 18:00 Greg Lewis, Executive Boardroom, Sheraton, 5th level, Matrix-free continuation methods for electro-
convection

Sunday December 4 dimanche 4 décembre
8:00 - 8:30 Tetsu Mizumachi, Great Room A, Sheraton, 3rd Level, Asymptotic linear stability of line solitary waves

of the Benney-Luke equation

8:30 - 9:00 Tyler Wilson, Great Room A, Sheraton, 3rd Level, Stabilization, Extension and Unification of the
Lattice Boltzmann Method Using Information Theory

9:00 - 9:30 Ihsan A. Topaloglu, Great Room A, Sheraton, 3rd Level, Droplet phase in a nonlocal isoperimetric
problem under confinement

9:30 - 10:00 Pietro-Luciano Buono, Great Room A, Sheraton, 3rd Level, Bifurcations and dynamics of a O(2)
symmetric hyperbolic PDE model for animal aggregation

Abstracts/Résumés

STANLEY ALAMA, McMaster University

[Saturday December 3 / samedi 3 décembre, 9:30 – Canadian Room A, Crowne Plaza, 5th floor]

Bistable transition layers with Hamiltonian Dynamics

Transition layer solutions are well studied within the context of bistable reaction-diffusion equations and systems, such as
the Allen-Cahn model. In this talk I will discuss the existence and stability of stationary and traveling layer solutions under
Schrödinger dynamics. I will present two different contexts: first, a system of coupled Gross-Pitaevskii equations admitting
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Saturday December 3 samedi 3 décembre
8:30 - 9:00 Gerda de Vries, Canadian Room A, Crowne Plaza, 5th floor, A Model of Microtubule Organization in

the Presence of Motor Proteins

9:00 - 9:30 Robert L Jerrard, Canadian Room A, Crowne Plaza, 5th floor, Concentrated vorticity in the Gross-
Pitaevskii equations

9:30 - 10:00 Stanley Alama, Canadian Room A, Crowne Plaza, 5th floor, Bistable transition layers with Hamiltonian
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15:00 - 15:30 Theodore Kolokolnikov, Executive Boardroom, Sheraton, 5th level, A PDE model of aggregation
formation in bacterial colonies

15:30 - 16:00 Baasansuren Jadamba, Executive Boardroom, Sheraton, 5th level, Minimization of a principal eigen-
value in a mixed dispersal model

16:00 - 16:30 Mohammad El Smaily, Executive Boardroom, Sheraton, 5th level, Homogenization and influence of
fragmentation on reaction-diffusion fronts

16:30 - 17:00 Di Kang, Executive Boardroom, Sheraton, 5th level, Thin liquid film coating on a sphere.

17:00 - 17:30 Mary Pugh, Executive Boardroom, Sheraton, 5th level, A Variable Step Size Implicit-Explicit Scheme for
the Solution of the Poisson-Nernst-Planck Equations

17:30 - 18:00 Greg Lewis, Executive Boardroom, Sheraton, 5th level, Matrix-free continuation methods for electro-
convection

Sunday December 4 dimanche 4 décembre
8:00 - 8:30 Tetsu Mizumachi, Great Room A, Sheraton, 3rd Level, Asymptotic linear stability of line solitary waves

of the Benney-Luke equation

8:30 - 9:00 Tyler Wilson, Great Room A, Sheraton, 3rd Level, Stabilization, Extension and Unification of the
Lattice Boltzmann Method Using Information Theory

9:00 - 9:30 Ihsan A. Topaloglu, Great Room A, Sheraton, 3rd Level, Droplet phase in a nonlocal isoperimetric
problem under confinement

9:30 - 10:00 Pietro-Luciano Buono, Great Room A, Sheraton, 3rd Level, Bifurcations and dynamics of a O(2)
symmetric hyperbolic PDE model for animal aggregation

Abstracts/Résumés

STANLEY ALAMA, McMaster University

[Saturday December 3 / samedi 3 décembre, 9:30 – Canadian Room A, Crowne Plaza, 5th floor]

Bistable transition layers with Hamiltonian Dynamics

Transition layer solutions are well studied within the context of bistable reaction-diffusion equations and systems, such as
the Allen-Cahn model. In this talk I will discuss the existence and stability of stationary and traveling layer solutions under
Schrödinger dynamics. I will present two different contexts: first, a system of coupled Gross-Pitaevskii equations admitting
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ROBERT L JERRARD, University of Toronto

[Saturday December 3 / samedi 3 décembre, 9:00 – Canadian Room A, Crowne Plaza, 5th floor]

Concentrated vorticity in the Gross-Pitaevskii equations

We study the motion of thin, nearly parallel vortex filaments in 3d solutions of the Gross-Pitaevskii equations. In particular,
we show that in a certain scaling limit, these filaments are governed by a system of nonlinear Schroedinger equations formally
derived by Klein, Majda, and Damodaran in the mid ’90s in the context of the Euler equations. This is the first rigorous
justification of the Klein-Majda-Damodaran model in any setting. This is joint work with Didier Smets.

DI KANG, Claremont Graduate University

[Saturday December 3 / samedi 3 décembre, 16:30 – Executive Boardroom, Sheraton, 5th level]

Thin liquid film coating on a sphere.

We study the time evolution of a thin liquid film coating the outer surface of a sphere in the presence of gravity, rotation,
surface tension and thermal effects. We derive the fourth-order nonlinear partial differential equation that models the thin film
dynamics, including Marangoni terms arising from the dependence of surface tension on an externally imposed temperature
field. For constant surface tension, we show that the steady states are of three different types: uniformly positive film thickness,
or states with one or two dry zones on the sphere, depending on the strength of the centrifugal force relative to gravity. We
also give a constructive proof for the existence of non-negative weak solutions in a suitable weighted Sobolev space. In the
absence of rotation, but with an externally imposed temperature field, we consider two different heating regimes with axial
or radial thermal gradients and discuss the resulting dynamics of the film in both cases. We also analyze the stability of an
initially uniform coating under small perturbations and carry out numerical simulations in COMSOL for a range of parameter
values.

THEODORE KOLOKOLNIKOV, Dalhousie

[Saturday December 3 / samedi 3 décembre, 15:00 – Executive Boardroom, Sheraton, 5th level]

A PDE model of aggregation formation in bacterial colonies

We study pattern formation in a model of cyanobacteria motion recently proposed by Galante, Wisen Bhaya and Levy. By
taking a continuum limit of their model, we derive a novel fourth-order nonlinear parabolic PDE. Using this PDE, we derive
the instability thresholds for the onset of pattern formation. We then compute analytically the spatial profiles of the steady
state aggregation density. These profiles are shown to be of the form sechp where the exponent p is related to the switching
rates and other parameters of the model. Full numerical simulations give a favorable comparison between the continuum and
the underlying discrete system, and show that the aggregation profiles are stable above the critical threshold.

GREG LEWIS, UOIT

[Saturday December 3 / samedi 3 décembre, 17:30 – Executive Boardroom, Sheraton, 5th level]

Matrix-free continuation methods for electroconvection

We investigate the flow transitions in sheared annular electroconvection using matrix-free numerical bifurcation methods. In
particular, we study a model that simulates the flow of a liquid crystal film in the Smectic A phase suspended between two
annular electrodes, and subjected to an electric potential difference and a radial shear. Due to the Smectic A nature of the
liquid crystal, the fluid can be considered two-dimensional and is modelled using the 2-D incompressible Navier-Stokes equations
coupled with an equation for charge continuity. The matrix-free method is implemented to identify the transitions of the flow
that result due to changes in the Rayleigh number. The primary transition from axisymmetric flow to rotating waves, and the
secondary transition from rotating waves to amplitude vacillation are investigated. This is joint work with Jamil Jabbour of
UOIT, and Mary Pugh and Stephen Morris of the University of Toronto.

Nonlinear Evolution Equations
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TETSU MIZUMACHI, Hiroshima University

[Sunday December 4 / dimanche 4 décembre, 8:00 – Great Room A, Sheraton, 3rd Level]

Asymptotic linear stability of line solitary waves of the Benney-Luke equation

In this talk, I will consider linear stability of line solitary waves of the two-dimensional Benney-Luke equation which is an
isotropic long wave model of three dimensional water waves. If the surface tension is weak, then small line solitary waves
are spectrally stable in a weighted space whose weight function grows exponentially in the direction of the motion of the line
solitary wave. Thanks to the transversal effect, there appears a curve of continuous eigenvalues that touches 0 and locates in
a stable half plane and all the rest of the spectrum of the linearized operator is apart from the imaginary axis as is the case
with the KP-II equation.

MARY PUGH, Mathematics, University of Toronto

[Saturday December 3 / samedi 3 décembre, 17:00 – Executive Boardroom, Sheraton, 5th level]

A Variable Step Size Implicit-Explicit Scheme for the Solution of the Poisson-Nernst-Planck Equations

The Poisson-Nernst-Planck equations with generalized Frumkin-Butler-Volmer boundary conditions (PNP-gFBV) are equations
which describe ion transport with Faradaic reactions and have applications in a wide variety of fields. In this talk, we develop
a variable step size implicit-explicit time stepping scheme for the solution of the PNP-gFBV equations. We test our chosen
numerical scheme on a simplified “toy” version of the PNP-gFBV equations, with special care paid to how we extrapolate the
coupled nonlinear terms in the boundary condition. We evaluate various ways of incorporating the boundary condition into
the scheme, and a method based on ghost points is chosen for its favorable numerical properties compared to the alternatives.
We also observe a thresholding in the time step values, which we found to occur when we temporally extrapolate terms in the
boundary condition. With the method we develop, we are able to run simulations with a large range of parameters, including
any value of the length scale parameter ε. This is joint work with Dave Yan and Francis Dawson (both from Electrical and
Computer Engineering, University of Toronto).

IHSAN A. TOPALOGLU, Virginia Commonwealth University

[Sunday December 4 / dimanche 4 décembre, 9:00 – Great Room A, Sheraton, 3rd Level]

Droplet phase in a nonlocal isoperimetric problem under confinement

In this talk I will consider the small volume-fraction asymptotic limit of a nonlocal isoperimetric functional with a confinement
term. This functional is derived as the sharp interface limit of a variational model for self-assembly of diblock copolymers
under confinement by nanoparticle inclusion. By considering confinement densities which are spatially variable and attain a
nondegenerate maximum, I will present a two-stage asymptotic analysis in the sense of Γ-convergence wherein a separation of
length scales is captured due to the competition between the nonlocal repulsive and confining attractive effects in the energy.
The results will also relate to existence and non-existence of minimizers of a recently well-studied nonlocal isoperimetric
functional which appears in the liquid drop model. This is a joint work with S. Alama, L. Bronsard, R. Choksi.

TYLER WILSON, Fields Institute

[Sunday December 4 / dimanche 4 décembre, 8:30 – Great Room A, Sheraton, 3rd Level]

Stabilization, Extension and Unification of the Lattice Boltzmann Method Using Information Theory

The Lattice Boltzmann Method (LBM) is an increasingly popular method for simulating fluids, particularly in complex geome-
tries. However, it is well known to suffer from numerical instabilities in certain flow regimes. In this talk I will discuss how one
can use Information Theory to improve the stability of the LBM while uniting two alternative stabilization approaches. Finally
I will discuss how this viewpoint suggests interesting avenues for expanding the use cases for the LBM.
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Équations d’évolution non linéaires

ROBERT L JERRARD, University of Toronto

[Saturday December 3 / samedi 3 décembre, 9:00 – Canadian Room A, Crowne Plaza, 5th floor]

Concentrated vorticity in the Gross-Pitaevskii equations

We study the motion of thin, nearly parallel vortex filaments in 3d solutions of the Gross-Pitaevskii equations. In particular,
we show that in a certain scaling limit, these filaments are governed by a system of nonlinear Schroedinger equations formally
derived by Klein, Majda, and Damodaran in the mid ’90s in the context of the Euler equations. This is the first rigorous
justification of the Klein-Majda-Damodaran model in any setting. This is joint work with Didier Smets.

DI KANG, Claremont Graduate University

[Saturday December 3 / samedi 3 décembre, 16:30 – Executive Boardroom, Sheraton, 5th level]

Thin liquid film coating on a sphere.

We study the time evolution of a thin liquid film coating the outer surface of a sphere in the presence of gravity, rotation,
surface tension and thermal effects. We derive the fourth-order nonlinear partial differential equation that models the thin film
dynamics, including Marangoni terms arising from the dependence of surface tension on an externally imposed temperature
field. For constant surface tension, we show that the steady states are of three different types: uniformly positive film thickness,
or states with one or two dry zones on the sphere, depending on the strength of the centrifugal force relative to gravity. We
also give a constructive proof for the existence of non-negative weak solutions in a suitable weighted Sobolev space. In the
absence of rotation, but with an externally imposed temperature field, we consider two different heating regimes with axial
or radial thermal gradients and discuss the resulting dynamics of the film in both cases. We also analyze the stability of an
initially uniform coating under small perturbations and carry out numerical simulations in COMSOL for a range of parameter
values.

THEODORE KOLOKOLNIKOV, Dalhousie

[Saturday December 3 / samedi 3 décembre, 15:00 – Executive Boardroom, Sheraton, 5th level]

A PDE model of aggregation formation in bacterial colonies

We study pattern formation in a model of cyanobacteria motion recently proposed by Galante, Wisen Bhaya and Levy. By
taking a continuum limit of their model, we derive a novel fourth-order nonlinear parabolic PDE. Using this PDE, we derive
the instability thresholds for the onset of pattern formation. We then compute analytically the spatial profiles of the steady
state aggregation density. These profiles are shown to be of the form sechp where the exponent p is related to the switching
rates and other parameters of the model. Full numerical simulations give a favorable comparison between the continuum and
the underlying discrete system, and show that the aggregation profiles are stable above the critical threshold.

GREG LEWIS, UOIT

[Saturday December 3 / samedi 3 décembre, 17:30 – Executive Boardroom, Sheraton, 5th level]

Matrix-free continuation methods for electroconvection

We investigate the flow transitions in sheared annular electroconvection using matrix-free numerical bifurcation methods. In
particular, we study a model that simulates the flow of a liquid crystal film in the Smectic A phase suspended between two
annular electrodes, and subjected to an electric potential difference and a radial shear. Due to the Smectic A nature of the
liquid crystal, the fluid can be considered two-dimensional and is modelled using the 2-D incompressible Navier-Stokes equations
coupled with an equation for charge continuity. The matrix-free method is implemented to identify the transitions of the flow
that result due to changes in the Rayleigh number. The primary transition from axisymmetric flow to rotating waves, and the
secondary transition from rotating waves to amplitude vacillation are investigated. This is joint work with Jamil Jabbour of
UOIT, and Mary Pugh and Stephen Morris of the University of Toronto.
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TETSU MIZUMACHI, Hiroshima University

[Sunday December 4 / dimanche 4 décembre, 8:00 – Great Room A, Sheraton, 3rd Level]

Asymptotic linear stability of line solitary waves of the Benney-Luke equation

In this talk, I will consider linear stability of line solitary waves of the two-dimensional Benney-Luke equation which is an
isotropic long wave model of three dimensional water waves. If the surface tension is weak, then small line solitary waves
are spectrally stable in a weighted space whose weight function grows exponentially in the direction of the motion of the line
solitary wave. Thanks to the transversal effect, there appears a curve of continuous eigenvalues that touches 0 and locates in
a stable half plane and all the rest of the spectrum of the linearized operator is apart from the imaginary axis as is the case
with the KP-II equation.

MARY PUGH, Mathematics, University of Toronto

[Saturday December 3 / samedi 3 décembre, 17:00 – Executive Boardroom, Sheraton, 5th level]

A Variable Step Size Implicit-Explicit Scheme for the Solution of the Poisson-Nernst-Planck Equations

The Poisson-Nernst-Planck equations with generalized Frumkin-Butler-Volmer boundary conditions (PNP-gFBV) are equations
which describe ion transport with Faradaic reactions and have applications in a wide variety of fields. In this talk, we develop
a variable step size implicit-explicit time stepping scheme for the solution of the PNP-gFBV equations. We test our chosen
numerical scheme on a simplified “toy” version of the PNP-gFBV equations, with special care paid to how we extrapolate the
coupled nonlinear terms in the boundary condition. We evaluate various ways of incorporating the boundary condition into
the scheme, and a method based on ghost points is chosen for its favorable numerical properties compared to the alternatives.
We also observe a thresholding in the time step values, which we found to occur when we temporally extrapolate terms in the
boundary condition. With the method we develop, we are able to run simulations with a large range of parameters, including
any value of the length scale parameter ε. This is joint work with Dave Yan and Francis Dawson (both from Electrical and
Computer Engineering, University of Toronto).

IHSAN A. TOPALOGLU, Virginia Commonwealth University

[Sunday December 4 / dimanche 4 décembre, 9:00 – Great Room A, Sheraton, 3rd Level]

Droplet phase in a nonlocal isoperimetric problem under confinement

In this talk I will consider the small volume-fraction asymptotic limit of a nonlocal isoperimetric functional with a confinement
term. This functional is derived as the sharp interface limit of a variational model for self-assembly of diblock copolymers
under confinement by nanoparticle inclusion. By considering confinement densities which are spatially variable and attain a
nondegenerate maximum, I will present a two-stage asymptotic analysis in the sense of Γ-convergence wherein a separation of
length scales is captured due to the competition between the nonlocal repulsive and confining attractive effects in the energy.
The results will also relate to existence and non-existence of minimizers of a recently well-studied nonlocal isoperimetric
functional which appears in the liquid drop model. This is a joint work with S. Alama, L. Bronsard, R. Choksi.

TYLER WILSON, Fields Institute

[Sunday December 4 / dimanche 4 décembre, 8:30 – Great Room A, Sheraton, 3rd Level]

Stabilization, Extension and Unification of the Lattice Boltzmann Method Using Information Theory

The Lattice Boltzmann Method (LBM) is an increasingly popular method for simulating fluids, particularly in complex geome-
tries. However, it is well known to suffer from numerical instabilities in certain flow regimes. In this talk I will discuss how one
can use Information Theory to improve the stability of the LBM while uniting two alternative stabilization approaches. Finally
I will discuss how this viewpoint suggests interesting avenues for expanding the use cases for the LBM.
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Nonlinear PDEs and Variational Problems
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Schedule/Horaire Room/Salle: Strategy Room 5/6, Sheraton, Level 5

Saturday December 3 samedi 3 décembre
15:00 - 15:30 Robert L Jerrard, Effective energy of nearly-parallel Ginzburg-Landau vortex filaments

15:30 - 16:00 Fabrice Colin, The Effects of Dissymmetrical Nonlinearities on the Palais-Smale Condition for Elliptic
Systems

16:00 - 16:30 Silvia Jiménez-Bolaños, Nonlinear Neutral Inclusions: Assemblages of Spheres and Ellipsoids.

16:30 - 17:00 Cy Maor, Non-Euclidean elasticity and asymptotic rigidity of manifolds

17:00 - 17:30 Xin Yang Lu, Geometric complexity of Voronoi cells in optimal CVTs in 3D

17:30 - 18:00 Almut Burchard, On a non-local shape optimization problem related with swarming

Sunday December 4 dimanche 4 décembre
8:00 - 8:30 Stephen Anco, A vortex filament equation with peakon solutions

8:30 - 9:00 Geoff McGregor, The Generalized Equal Area Principle

9:00 - 9:30 Li Wang, Modeling and simulation of multiscale crowd dynamics with emotional contagion

9:30 - 10:00 Jan Feys, A spectral scheme for nonlinear integro-differential equations with discontinuity propagation;
application to epidemic models

Abstracts/Résumés

STEPHEN ANCO, Brock University

[Sunday December 4 / dimanche 4 décembre, 8:00 – Strategy Room 5/6, Sheraton, Level 5]

A vortex filament equation with peakon solutions

The vortex filament equation is well-known to be equivalent under a Hashimoto transformation to the nonlinear Schrodinger
equation which is part of a hierarchy of integrable equations. I will discuss recent work on deriving a new integrable equation
that is connected to this hierarchy and has peakon solutions. Through a Hashimoto transformation, this equation represents
a new kind of integrable vortex filament equation.

ALMUT BURCHARD,

[Saturday December 3 / samedi 3 décembre, 17:30 – Strategy Room 5/6, Sheraton, Level 5]

On a non-local shape optimization problem related with swarming

I will discuss recent work with Rustum Choksi and Ihsan Topaloglu on a shape optimization problem where the energy functional
is given by an attractive/repulsive interaction potential in power-law form. A natural conjecture is that balls minimize this
energy for large mass, and minimizers fail to exist if the mass falls below a certain critical threshold. We have partial results
that support this view.

FABRICE COLIN, Laurentian University

[Saturday December 3 / samedi 3 décembre, 15:30 – Strategy Room 5/6, Sheraton, Level 5]
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Palais-Smale and Palais-Smale-type conditions have been essential in the development of critical point theory on Banach and
Hilbert spaces. In this talk, we will show, under a minimum number of assumptions, the impact of dissymmetrical nonlinearities
on the fulfillment of the Palais-Smale condition by functionals whose critical points correspond to weak solutions of elliptic
systems. Both cooperative and non-cooperative cases will be studied and applications will be discussed. This is joint work
with Dr. Batkam.

JAN FEYS, McMaster University

[Sunday December 4 / dimanche 4 décembre, 9:30 – Strategy Room 5/6, Sheraton, Level 5]

A spectral scheme for nonlinear integro-differential equations with discontinuity propagation; application to epidemic models

In this talk, we consider the age-structured SIR and MSEIR epidemic models. These models contain two independent variables
(an age variable a and a time variable t) and are governed by a set of coupled nonlinear integro-differential equations. The
numerical analysis of these equations is challenging and, in order to make a numerical study feasible, most studies in the past
have discretized the age variable by considering a finite number of age groups. In practice, the number of age groups has been
quite limited.

Our goal is to study the SIR and MSEIR equations in a continuous fashion, i.e., with a continuous age variable. We will do
this by employing a spectral method to resolve the problem with respect to the variable a up to machine precision. As far as
we know, it is the first time that has been done for the two aforementioned disease models. The piece of software developed
for our investigation uses Chebfun and will be made available online.

This is joint work with Zain Patel, Youssef Guirguis, Eric Koritko and Dr. Jamie Foster.

ROBERT L JERRARD, University of Toronto

[Saturday December 3 / samedi 3 décembre, 15:00 – Strategy Room 5/6, Sheraton, Level 5]

Effective energy of nearly-parallel Ginzburg-Landau vortex filaments

Starting from the Ginzburg-Landau model in cylindrical 3d domains, we derive an effective free energy functional for nearly-
parallel vortex filaments. As a con- sequence, we establish the existence of solutions of the Ginzburg- Landau equations in
certain scaling regimes, possessing a collection of vortex filaments minimizing this effective energy. This is joint work with
Andres Contreras.

SILVIA JIMÉNEZ-BOLAÑOS, Colgate University

[Saturday December 3 / samedi 3 décembre, 16:00 – Strategy Room 5/6, Sheraton, Level 5]

Nonlinear Neutral Inclusions: Assemblages of Spheres and Ellipsoids.

If a neutral inclusion is inserted in a matrix containing a uniform applied electric field, it does not disturb the field outside
the inclusion. The well known Hashin coated sphere is an example of a neutral coated inclusion. In this talk, we consider the
problem of constructing neutral inclusions from nonlinear materials. In particular, we discuss assemblages of coated spheres
and ellipsoids.

XIN YANG LU, McGill University

[Saturday December 3 / samedi 3 décembre, 17:00 – Strategy Room 5/6, Sheraton, Level 5]

Geometric complexity of Voronoi cells in optimal CVTs in 3D

Centroid Voronoi Tessellations (CVT) are tessellations using Voronoi regions of their centroids. This is closely related to
Gersho’s conjecture, which states that there exists an asymptotically optimal CVT whose Voronoi regions are all rescaled
copies of the same polytope. Straightforward in 1D, and proven in 2D, Gersho’s conjecture is still open for higher dimensions.
One of the main difficulties is that Gersho’s conjecture is a strongly nonlocal, infinite dimensional minimization problem (even
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[Saturday December 3 / samedi 3 décembre, 17:30 – Strategy Room 5/6, Sheraton, Level 5]

On a non-local shape optimization problem related with swarming

I will discuss recent work with Rustum Choksi and Ihsan Topaloglu on a shape optimization problem where the energy functional
is given by an attractive/repulsive interaction potential in power-law form. A natural conjecture is that balls minimize this
energy for large mass, and minimizers fail to exist if the mass falls below a certain critical threshold. We have partial results
that support this view.

FABRICE COLIN, Laurentian University
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in 3D). In this talk we will present some recent results which reduce Gersho’s conjecture to a local, finite dimensional problem
in 3D. Joint work with Rustum Choksi.

CY MAOR, University of Toronto

[Saturday December 3 / samedi 3 décembre, 16:30 – Strategy Room 5/6, Sheraton, Level 5]

Non-Euclidean elasticity and asymptotic rigidity of manifolds

Liouville’s rigidity theorem (1850) states that a map f : Ω ⊂ Rd → Rd that satisfies Df ∈ SO(d) is an affine map. Reshetnyak
(1967) generalized this result and showed that if a sequence fn satisfies Dfn → SO(d) in Lp, then fn converges to an affine
map.

In this talk I will discuss generalizations of these theorems to mappings between manifolds, present some open questions, and
describe how these rigidity questions arise in the theory of elasticity of pre-stressed materials (non-Euclidean elasticity). If time
permits, I will sketch the main ideas of the proof, using Young measures and harmonic analysis techniques, adapted to the
Riemannian settings. Based on a joint work with Asaf Shachar and Raz Kupferman.

GEOFF MCGREGOR, McGill University

[Sunday December 4 / dimanche 4 décembre, 8:30 – Strategy Room 5/6, Sheraton, Level 5]

The Generalized Equal Area Principle

The equal area principle is a technique used for locating shocks in weak solutions of scalar conservation laws. Despite widespread
knowledge of the equal area principle, little work has been done to make it viable from a numerical standpoint. In particular,
stronger analytical results for general initial conditions and convex flux functions are required. In this talk we present a theorem
which accomplishes this. We provide an extension called the generalized equal area principle and prove it’s equivalence to
the Rankine-Hugoniot jump condition. This extension yields the basis for our proposed numerical framework, enabling high
accuracy numerical methods which utilize the equal area principle. To conclude we will discuss key properties of our proposed
numerical framework, along with numerical results and plans for future work.

LI WANG, SUNY Buffalo

[Sunday December 4 / dimanche 4 décembre, 9:00 – Strategy Room 5/6, Sheraton, Level 5]

Modeling and simulation of multiscale crowd dynamics with emotional contagion

We developed a hierarchy of models to study the crowd dynamics coupled with emotion. The model involves movement with a
speed proportional to a fear variable that undergoes a temporal consensus averaging based on distance to other agents. In the
continuum limit, we observe a threshold for the the interaction distance vs. interaction timescale that produce qualitatively
different behavior for the system - in one case particle paths do not cross and there is a natural Eulerian limit involving nonlocal
interactions and in the other case particle paths can cross and one may consider only a kinetic model in the continuum limit.
We also designed efficient numerical methods to couple the kinetic and continuum models in a multiscale setting.
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Org: Nathaniel Johnston (Mount Allison University), Rajesh Pereira (University of Guelph) and/et
Sarah Plosker (Brandon University)

Schedule/Horaire Room/Salle: Canadian Room B, Crowne Plaza, 5th Floor

Saturday December 3 samedi 3 décembre
8:00 - 8:30 John Watrous, Semidefinite programming, cone programming, and quantum state discrimination

8:30 - 9:00 Mark Girard, Conversion witnesses for transforming quantum states under PPT-operations.

9:00 - 9:30 Gilad Gour, Semidefinite Programming and Quantum Resource Theories

9:30 - 10:00 Eric Chitambar, A Classical Analog to Entanglement Reversibility

15:00 - 15:30 Richard Cleve, Efficient Quantum Algorithms for Simulating Lindblad Evolution

15:30 - 16:00 Sevag Gharibian, Classical approximation algorithms for quantum constraint satisfaction problems

16:00 - 16:30 Saeid Molladavoudi, Symmetry Reduction in Multiparty Quantum States

16:30 - 17:00 Hoan Dang, Galois-unitary symmetry of mutually unbiased bases as a toy model for SIC-POVMs

17:00 - 17:30 Jeremy Levick, An Uncertainty Principle for Quantum Channels

17:30 - 18:00 David Kribs, Private Algebras, Private Quantum Channels, etc

Sunday December 4 dimanche 4 décembre
8:00 - 8:30 Karol Zyczkowski, Distinguishing generic quantum states

8:30 - 9:00 Zbigniew Puchala, Asymptotic properties of random quantum channels

9:00 - 9:30 Doug Farenick, Some extremal properties of quantum probability measures

9:30 - 10:00 Sarah Plosker, Optimal bounds on fidelity of quantum state transfer with respect to errors

15:30 - 16:00 Chi-Kwong Li, Quantum states with prescribed reduced states, and special Quantum channels

16:00 - 16:30 Daniel Puzzuoli, Ancilla dimension in quantum channel discrimination

16:30 - 17:00 Xiaohong Zhang, Hadamard diagonalizable PST graphs

17:00 - 17:30 Jamie Sikora, Completely Positive Semidefinite Rank

Abstracts/Résumés

ERIC CHITAMBAR, Southern Illinois University

[Saturday December 3 / samedi 3 décembre, 9:30 – Canadian Room B, Crowne Plaza, 5th Floor]

A Classical Analog to Entanglement Reversibility

In this talk I describe intriguing similarities between the quantum theory of entanglement and the classical theory of secret key.
Just as entanglement can be shared by two or more quantum systems, secret correlations can be shared by two or more classical
systems, whose states are described by probability distributions. Entanglement cannot be increased under local (quantum)
operations and classical communication, and likewise secret correlations cannot be increased under local (classical) operations
and public communication. Analogous to the tasks of entanglement distillation and formation are the classical tasks of secret
key distillation and secrecy formation.

An old open problem in entanglement theory involves characterizing the states that possess reversible entanglement; i.e. states
whose rate of entanglement distillation equals its rate of entanglement cost. In this talk, I introduce a similar notion of
reversible secrecy. When one of the honest parties holds a binary random variable, the structure of distributions possessing
reversible secrecy can be identified exactly. An indispensable tool used in this analysis is a conditional form of the Gacs-Korner
common information. Finally, I describe how the structure of distributions possessing reversible secrecy can be related to the
structure of quantum states possessing reversible entanglement.
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reversible secrecy. When one of the honest parties holds a binary random variable, the structure of distributions possessing
reversible secrecy can be identified exactly. An indispensable tool used in this analysis is a conditional form of the Gacs-Korner
common information. Finally, I describe how the structure of distributions possessing reversible secrecy can be related to the
structure of quantum states possessing reversible entanglement.

Optimization Techniques in Quantum Information Theory
Techniques d’optimisation en théorie de l’information quantique

Org: Nathaniel Johnston (Mount Allison University), Rajesh Pereira (University of Guelph) and/et
Sarah Plosker (Brandon University)

Schedule/Horaire Room/Salle: Canadian Room B, Crowne Plaza, 5th Floor

Saturday December 3 samedi 3 décembre
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8:30 - 9:00 Mark Girard, Conversion witnesses for transforming quantum states under PPT-operations.

9:00 - 9:30 Gilad Gour, Semidefinite Programming and Quantum Resource Theories

9:30 - 10:00 Eric Chitambar, A Classical Analog to Entanglement Reversibility

15:00 - 15:30 Richard Cleve, Efficient Quantum Algorithms for Simulating Lindblad Evolution

15:30 - 16:00 Sevag Gharibian, Classical approximation algorithms for quantum constraint satisfaction problems

16:00 - 16:30 Saeid Molladavoudi, Symmetry Reduction in Multiparty Quantum States

16:30 - 17:00 Hoan Dang, Galois-unitary symmetry of mutually unbiased bases as a toy model for SIC-POVMs

17:00 - 17:30 Jeremy Levick, An Uncertainty Principle for Quantum Channels

17:30 - 18:00 David Kribs, Private Algebras, Private Quantum Channels, etc

Sunday December 4 dimanche 4 décembre
8:00 - 8:30 Karol Zyczkowski, Distinguishing generic quantum states

8:30 - 9:00 Zbigniew Puchala, Asymptotic properties of random quantum channels

9:00 - 9:30 Doug Farenick, Some extremal properties of quantum probability measures

9:30 - 10:00 Sarah Plosker, Optimal bounds on fidelity of quantum state transfer with respect to errors

15:30 - 16:00 Chi-Kwong Li, Quantum states with prescribed reduced states, and special Quantum channels

16:00 - 16:30 Daniel Puzzuoli, Ancilla dimension in quantum channel discrimination

16:30 - 17:00 Xiaohong Zhang, Hadamard diagonalizable PST graphs

17:00 - 17:30 Jamie Sikora, Completely Positive Semidefinite Rank
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A Classical Analog to Entanglement Reversibility

In this talk I describe intriguing similarities between the quantum theory of entanglement and the classical theory of secret key.
Just as entanglement can be shared by two or more quantum systems, secret correlations can be shared by two or more classical
systems, whose states are described by probability distributions. Entanglement cannot be increased under local (quantum)
operations and classical communication, and likewise secret correlations cannot be increased under local (classical) operations
and public communication. Analogous to the tasks of entanglement distillation and formation are the classical tasks of secret
key distillation and secrecy formation.

An old open problem in entanglement theory involves characterizing the states that possess reversible entanglement; i.e. states
whose rate of entanglement distillation equals its rate of entanglement cost. In this talk, I introduce a similar notion of
reversible secrecy. When one of the honest parties holds a binary random variable, the structure of distributions possessing
reversible secrecy can be identified exactly. An indispensable tool used in this analysis is a conditional form of the Gacs-Korner
common information. Finally, I describe how the structure of distributions possessing reversible secrecy can be related to the
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RICHARD CLEVE, University of Waterloo

[Saturday December 3 / samedi 3 décembre, 15:00 – Canadian Room B, Crowne Plaza, 5th Floor]

Efficient Quantum Algorithms for Simulating Lindblad Evolution

The Lindblad equation is the natural generalization to open systems of the Schroedinger equation. We give a quantum algorithm
for simulating the evolution of an n-qubit system for time T under the Lindblad equation with local terms. The gate cost of
the algorithm is optimal within polylogarithmic factors. A key component of our algorithm is a new ”linear combinations of
unitaries” construction that pertains to channels which we believe is of independent interest. This is joint work with Chunhao
Wang.

HOAN DANG, University of Calgary

[Saturday December 3 / samedi 3 décembre, 16:30 – Canadian Room B, Crowne Plaza, 5th Floor]

Galois-unitary symmetry of mutually unbiased bases as a toy model for SIC-POVMs

Besides applications in quantum information, symmetric informationally-complete (SIC) POVMs have deeply interesting math-
ematical properties due to their high degree of symmetry. Here we focus on g-unitary symmetry, which is a generalized notion
of anti-unitary symmetry. G-unitary operators are defined with respect to a number field extension. For the case of mutually
unbiased bases (MUB) where the relevant field extension is simple, we find that g-unitaries help us to solve problems such as
MUB-cycling and finding MUB-balanced states.

DOUG FARENICK, University of Regina

[Sunday December 4 / dimanche 4 décembre, 9:00 – Canadian Room B, Crowne Plaza, 5th Floor]

Some extremal properties of quantum probability measures

A quantum probability measure is a positive operator-valued measure (POVM) whose value on the entire sample space is
the identity operator acting on a Hilbert space H. In the event that H is 1-dimensional, then a quantum probability measure
is simply a probability measure in the classical sense. Optimality questions are often linked to the issues of optimisation on
a convex set, in which case knowledge of the extreme points of the convex set becomes important. In this lecture, I will
discuss the structure of extreme points and C*-extreme points in the space of quantum probability measures, and explain
how quantum probability measures that satisfy a certain norm-theoretic optimality condition are related to the C*-extreme
points. In connection with this latter result, the role of operator systems in the analysis of quantum probability measures will
be explained. This lecture is drawn from collaborative work with R. Floricel, S. Plosker, and J. Smith.

SEVAG GHARIBIAN, Virginia Commonwealth University

[Saturday December 3 / samedi 3 décembre, 15:30 – Canadian Room B, Crowne Plaza, 5th Floor]

Classical approximation algorithms for quantum constraint satisfaction problems

The study of approximation algorithms for Boolean satisfiability problems such as MAX-k-SAT is a well-established line of
research. In the quantum setting, there is a physically motivated generalization of MAX-k-SAT known as the k-Local Hamil-
tonian problem (k-LH), which is of interest for two reasons: From a complexity theoretic perspective, k-LH is complete for
the quantum analogue of NP, and from a physics perspective, k-LH asks one to estimate the energy of a quantum system
when cooled to very low temperatures. For the latter reason in particular, the condensed matter physics community has
devoted decades to developing heuristic algorithms for k-LH and related problems. However, recent years have witnessed the
development of the first classical approximation algorithms for k-LH, which shall be the focus of this talk. We will begin with
an introductory overview of some existing results, with no background in quantum computing assumed. We will then discuss
recent work in progress on generalizing the celebrated Goemans-Williamson algorithm for MAX-CUT to approximate physically
motivated special cases of k-LH. The latter is joint work with Yi-Kai Liu (NIST, USA).
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Techniques d’optimisation en théorie de l’information quantique

RICHARD CLEVE, University of Waterloo
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[Saturday December 3 / samedi 3 décembre, 15:30 – Canadian Room B, Crowne Plaza, 5th Floor]

Classical approximation algorithms for quantum constraint satisfaction problems

The study of approximation algorithms for Boolean satisfiability problems such as MAX-k-SAT is a well-established line of
research. In the quantum setting, there is a physically motivated generalization of MAX-k-SAT known as the k-Local Hamil-
tonian problem (k-LH), which is of interest for two reasons: From a complexity theoretic perspective, k-LH is complete for
the quantum analogue of NP, and from a physics perspective, k-LH asks one to estimate the energy of a quantum system
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Optimization Techniques in Quantum Information Theory
Techniques d’optimisation en théorie de l’information quantique

MARK GIRARD, University of Calgary

[Saturday December 3 / samedi 3 décembre, 8:30 – Canadian Room B, Crowne Plaza, 5th Floor]

Conversion witnesses for transforming quantum states under PPT-operations.

The primary goal in entanglement theory is to find conditions that determine whether one quantum state can be converted into
another under the restriction to local operations and classical communication (LOCC). This is typically done by considering
entanglement monotones, but this analysis is difficult due to the fact that the LOCC operations are difficult to describe. It is
common to instead consider the larger, yet easier to describe mathematically, class of operations that preserve positivity under
partial transpose (PPT). I consider the problem of finding conditions for PPT-conversion of bipartite states in the single-shot
regime. In this talk, I will present a family of PPT-conversion witnesses and a new entanglement monotone that are based on
the binegativity. I’ll finish by presenting a new complete witness for PPT-conversion that is derived using duality properties of
semidefinite programs.

GILAD GOUR, University of Calgary

[Saturday December 3 / samedi 3 décembre, 9:00 – Canadian Room B, Crowne Plaza, 5th Floor]

Semidefinite Programming and Quantum Resource Theories

One of the main goals of any resource theory such as entanglement, quantum thermodynamics, quantum coherence, and
asymmetry, is to find necessary and sufficient conditions (NSC) that determine whether one resource can be converted to
another by the set of free operations. In this talk I will present such NSC for a large class of quantum resource theories which
we call affine resource theories (ARTs). ARTs include the resource theories of athermality, asymmetry, and coherence, but not
entanglement. Remarkably, the NSC can be expressed as a family of inequalities between resource monotones (quantifiers)
that are given in terms of the conditional min entropy. The set of free operations is taken to be (1) the maximal set (i.e.
consists of all resource non-generating (RNG) quantum channels) or (2) the self-dual set of free operations (i.e. consists of
all RNG maps for which the dual map is also RNG). As an example, I will discuss the applications of the results to quantum
thermodynamics with Gibbs preserving operations, and several other ARTs. Finally, I will discuss the applications of these
results to resource theories that are not affine.

DAVID KRIBS, University of Guelph

[Saturday December 3 / samedi 3 décembre, 17:30 – Canadian Room B, Crowne Plaza, 5th Floor]

Private Algebras, Private Quantum Channels, etc

In this talk, I will discuss my ongoing work with collaborators on the development of a structure theory for a fundamental
notion in quantum privacy; known in different settings as private quantum channels, private quantum codes, quantum secret
sharing, private subsystems, decoherence-full subsystems, and private algebras. I’ll also discuss connections with quantum error
correction. Based on joint works with Jason Crann, Tomas Jochym-O’Connor, Raymond Laflamme, Rupert Levene, Jeremy
Levick, Rajesh Pereira, Sarah Plosker, and Ivan Todorov.

JEREMY LEVICK, University of Guelph

[Saturday December 3 / samedi 3 décembre, 17:00 – Canadian Room B, Crowne Plaza, 5th Floor]

An Uncertainty Principle for Quantum Channels

We present an ”uncertainty principle” for quantum channels, showing a relationship between the dimension of the range
of a channel and the dimension of the range of its complement. We examine some interesting specific cases, and discuss
consequences for privacy of quantum channels.

Optimization Techniques in Quantum Information Theory
Techniques d’optimisation en théorie de l’information quantique

CHI-KWONG LI, College of William and Mary

[Sunday December 4 / dimanche 4 décembre, 15:30 – Canadian Room B, Crowne Plaza, 5th Floor]

Quantum states with prescribed reduced states, and special Quantum channels

We consider the set of quantum states with prescribed reduced states, and the set of quantum channels with special properties.
In particular, we study the geometrical properties of these sets, and special elements attaining optimal values of certain
functions.

SAEID MOLLADAVOUDI, University of Ottawa

[Saturday December 3 / samedi 3 décembre, 16:00 – Canadian Room B, Crowne Plaza, 5th Floor]

Symmetry Reduction in Multiparty Quantum States

Symmetries are ubiquitous in natural phenomena and also in their mathematical descriptions and according to a general
principle in Mathematics, one should exploit a symmetry to simplify a problem whenever possible. In this talk, we focus on
elimination of continuous symmetries from multi-particle quantum systems and discuss that the existing methods equip us with
a powerful set of tools to compute geometrical and topological invariants of the resulting reduced spaces. As an intermediate
step, we consider the maximal torus subgroup T of the compact Lie group of Local Unitary operations K and elaborate on
the symmetry reduction procedure and use methods from symplectic geometry and algebraic topology to obtain some of the
topological invariants of these relatively well-behaving quotients for multi-particle systems containing r qubits. We elaborate
on an explicit example with two qubits and discuss further implications in quantum information theory.

SARAH PLOSKER, Brandon University

[Sunday December 4 / dimanche 4 décembre, 9:30 – Canadian Room B, Crowne Plaza, 5th Floor]

Optimal bounds on fidelity of quantum state transfer with respect to errors

Quantum state transfer within a quantum computer can be achieved through the use of a quantum spin chain as a ”data bus”
for quantum states. More generic graphs besides a chain can also be used to perform this important task. The fidelity, which
measures the closeness between two quantum states, is used to determine the accuracy of the state transfer. Ideally the fidelity
is 1, representing perfect state transfer. We analyse the sensitivity of the fidelity of a graph exhibiting perfect state transfer to
small perturbations in readout time and edge weight in order to obtain physically relevant bounds on the fidelity.

Joint work with Whitney Gordon, Steve Kirkland, Chi-Kwong Li, and Xiaohong Zhang

ZBIGNIEW PUCHALA, Institute of Theoretical and Applied Informatics, Polish Academy of Sciences

[Sunday December 4 / dimanche 4 décembre, 8:30 – Canadian Room B, Crowne Plaza, 5th Floor]

Asymptotic properties of random quantum channels

We consider random quantum channels, especially the limiting behaviour of the diamond norm for two independent random
quantum operations. In order to define random channels we use the Choi-Jamio�lkowski isomorphism and consider Wishart
matrices with normalized partial trace. Next, we derive an asymptotic behaviour of empirical eigenvalue distribution for this
ensemble and, using free probability theory, we derive the eigenvalue distribution for the difference of two random Choi-
Jamio�lkowski matrices. We show the concentration of measure occurs for the diamond norm. In the case of flat measure on
random channels, the limiting value of the diamond norm is equal to 1

2 + 2
π .

DANIEL PUZZUOLI, University of Waterloo

[Sunday December 4 / dimanche 4 décembre, 16:00 – Canadian Room B, Crowne Plaza, 5th Floor]

Ancilla dimension in quantum channel discrimination
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for quantum states. More generic graphs besides a chain can also be used to perform this important task. The fidelity, which
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Asymptotic properties of random quantum channels

We consider random quantum channels, especially the limiting behaviour of the diamond norm for two independent random
quantum operations. In order to define random channels we use the Choi-Jamio�lkowski isomorphism and consider Wishart
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Ancilla dimension in quantum channel discrimination

Optimization Techniques in Quantum Information Theory
Techniques d’optimisation en théorie de l’information quantique

Single-shot quantum channel discrimination is a fundamental task in quantum information theory. It is well known that
entanglement with an ancillary system can help in this task. Thus, a fundamental question is: For a given pair of channels
with the same input and output spaces, how much entanglement is necessary to optimally discriminate them? I will present
results on a specific formulation of this question: Given a pair of channels, what is the minimum ancilla dimension necessary
for optimal discrimination? It is known that, in general, an ancilla with dimension equal to that of the input space of the
channels is always sufficient (and is sometimes necessary) for optimal discrimination. A natural question to ask is whether the
same holds true for the output dimension. That is, in cases when the output dimension of the channels is (possibly much)
smaller than the input dimension, is an ancilla with dimension equal to the output dimension always sufficient for optimal
discrimination? I will present a family of counterexamples which show that the answer to this question is no. This family
contains instances with arbitrary finite gap between the input and output dimensions, and still has the property that in every
case, for optimal discrimination, it is necessary to use an ancilla with dimension equal to that of the input.

JAMIE SIKORA, Centre for Quantum Technologies, National University of Singapore

[Sunday December 4 / dimanche 4 décembre, 17:00 – Canadian Room B, Crowne Plaza, 5th Floor]

Completely Positive Semidefinite Rank

A matrix X is called completely positive semidefinite (cpsd) if it can be represented as a Gram matrix of positive semidefinite
matrices of some finite size d. The cpsd-rank of a cpsd matrix is the smallest integer d for which such a representation is
possible. In this work, we initiate the study of the cpsd-rank which we motivate twofold. First, the cpsd-rank is a natural
non-commutative analogue of the completely positive rank of a completely positive matrix. Second, we show that the cpsd-rank
is physically motivated as it can be used to upper and lower bound the size of a quantum system needed to generate a quantum
behavior. Unlike the completely positive rank which is at most quadratic in the size of the matrix, no general upper bound is
known on the cpsd-rank. In fact, we show that the cpsd-rank can be exponential in terms of the size. The proof relies crucially
on the connection between the cpsd-rank and quantum behaviors. In particular, we use a known lower bound on the size
of matrix representations of extremal quantum correlations which we apply to high-rank extreme points of the n-dimensional
elliptope.

This is joint work with Anupam Prakash, Antonios Varvitsiotis, and Zhaohui Wei (arXiv:1604.07199).

JOHN WATROUS, University of Waterloo

[Saturday December 3 / samedi 3 décembre, 8:00 – Canadian Room B, Crowne Plaza, 5th Floor]

Semidefinite programming, cone programming, and quantum state discrimination

Semidefinite programming has found many applications in the theory of quantum information. In this talk I will will give a
brief introduction to semidefinite programming and its applications to the study of quantum information, and also discuss
the more general setting of cone programming and its application to a problem relating to quantum state discrimination by
spatially separated parties. The talk will include joint work with Somshubhro Bandyopadhyay, Alessandro Cosentino, Nathaniel
Johnston, Vincent Russo, and Nengkun Yu.

XIAOHONG ZHANG, University of Manitoba

[Sunday December 4 / dimanche 4 décembre, 16:30 – Canadian Room B, Crowne Plaza, 5th Floor]

Hadamard diagonalizable PST graphs

Our work focuses on Hadamard diagonalizable graphs. For integer-weighted Hadamard diagonalizable graphs, we give an
eigenvalue characterization of when such a graph exhibits perfect state transfer (PST) at time π/2, and then generalize the
result to rational-weighted Hadamard diagonalizable graphs. We also define a new binary graph operation, the merge, which
keeps the property of being Hadamard diagonalizable, and can be used to produce a lot of PST graphs. We give conditions
on two integer-weighted Hadamard diagonalizable graphs for their merge to have PST. Finally we show an intriguing result
about the merge operation: if exactly one of the two weights on this operation is an integer, and the other one is an irrational
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elliptope.

This is joint work with Anupam Prakash, Antonios Varvitsiotis, and Zhaohui Wei (arXiv:1604.07199).

JOHN WATROUS, University of Waterloo

[Saturday December 3 / samedi 3 décembre, 8:00 – Canadian Room B, Crowne Plaza, 5th Floor]

Semidefinite programming, cone programming, and quantum state discrimination

Semidefinite programming has found many applications in the theory of quantum information. In this talk I will will give a
brief introduction to semidefinite programming and its applications to the study of quantum information, and also discuss
the more general setting of cone programming and its application to a problem relating to quantum state discrimination by
spatially separated parties. The talk will include joint work with Somshubhro Bandyopadhyay, Alessandro Cosentino, Nathaniel
Johnston, Vincent Russo, and Nengkun Yu.

XIAOHONG ZHANG, University of Manitoba

[Sunday December 4 / dimanche 4 décembre, 16:30 – Canadian Room B, Crowne Plaza, 5th Floor]

Hadamard diagonalizable PST graphs

Our work focuses on Hadamard diagonalizable graphs. For integer-weighted Hadamard diagonalizable graphs, we give an
eigenvalue characterization of when such a graph exhibits perfect state transfer (PST) at time π/2, and then generalize the
result to rational-weighted Hadamard diagonalizable graphs. We also define a new binary graph operation, the merge, which
keeps the property of being Hadamard diagonalizable, and can be used to produce a lot of PST graphs. We give conditions
on two integer-weighted Hadamard diagonalizable graphs for their merge to have PST. Finally we show an intriguing result
about the merge operation: if exactly one of the two weights on this operation is an integer, and the other one is an irrational

Optimization Techniques in Quantum Information Theory
Techniques d’optimisation en théorie de l’information quantique

CHI-KWONG LI, College of William and Mary

[Sunday December 4 / dimanche 4 décembre, 15:30 – Canadian Room B, Crowne Plaza, 5th Floor]

Quantum states with prescribed reduced states, and special Quantum channels

We consider the set of quantum states with prescribed reduced states, and the set of quantum channels with special properties.
In particular, we study the geometrical properties of these sets, and special elements attaining optimal values of certain
functions.

SAEID MOLLADAVOUDI, University of Ottawa

[Saturday December 3 / samedi 3 décembre, 16:00 – Canadian Room B, Crowne Plaza, 5th Floor]

Symmetry Reduction in Multiparty Quantum States

Symmetries are ubiquitous in natural phenomena and also in their mathematical descriptions and according to a general
principle in Mathematics, one should exploit a symmetry to simplify a problem whenever possible. In this talk, we focus on
elimination of continuous symmetries from multi-particle quantum systems and discuss that the existing methods equip us with
a powerful set of tools to compute geometrical and topological invariants of the resulting reduced spaces. As an intermediate
step, we consider the maximal torus subgroup T of the compact Lie group of Local Unitary operations K and elaborate on
the symmetry reduction procedure and use methods from symplectic geometry and algebraic topology to obtain some of the
topological invariants of these relatively well-behaving quotients for multi-particle systems containing r qubits. We elaborate
on an explicit example with two qubits and discuss further implications in quantum information theory.

SARAH PLOSKER, Brandon University

[Sunday December 4 / dimanche 4 décembre, 9:30 – Canadian Room B, Crowne Plaza, 5th Floor]

Optimal bounds on fidelity of quantum state transfer with respect to errors

Quantum state transfer within a quantum computer can be achieved through the use of a quantum spin chain as a ”data bus”
for quantum states. More generic graphs besides a chain can also be used to perform this important task. The fidelity, which
measures the closeness between two quantum states, is used to determine the accuracy of the state transfer. Ideally the fidelity
is 1, representing perfect state transfer. We analyse the sensitivity of the fidelity of a graph exhibiting perfect state transfer to
small perturbations in readout time and edge weight in order to obtain physically relevant bounds on the fidelity.

Joint work with Whitney Gordon, Steve Kirkland, Chi-Kwong Li, and Xiaohong Zhang

ZBIGNIEW PUCHALA, Institute of Theoretical and Applied Informatics, Polish Academy of Sciences

[Sunday December 4 / dimanche 4 décembre, 8:30 – Canadian Room B, Crowne Plaza, 5th Floor]

Asymptotic properties of random quantum channels

We consider random quantum channels, especially the limiting behaviour of the diamond norm for two independent random
quantum operations. In order to define random channels we use the Choi-Jamio�lkowski isomorphism and consider Wishart
matrices with normalized partial trace. Next, we derive an asymptotic behaviour of empirical eigenvalue distribution for this
ensemble and, using free probability theory, we derive the eigenvalue distribution for the difference of two random Choi-
Jamio�lkowski matrices. We show the concentration of measure occurs for the diamond norm. In the case of flat measure on
random channels, the limiting value of the diamond norm is equal to 1

2 + 2
π .

DANIEL PUZZUOLI, University of Waterloo

[Sunday December 4 / dimanche 4 décembre, 16:00 – Canadian Room B, Crowne Plaza, 5th Floor]

Ancilla dimension in quantum channel discrimination
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Optimization Techniques in Quantum Information Theory
Techniques d’optimisation en théorie de l’information quantique

number, then the merge exhibits pretty good state transfer (PGST) from one vertex to several other vertices under certain
circumstances.

KAROL ZYCZKOWSKI, Jagiellonian University, Cracow, Poland

[Sunday December 4 / dimanche 4 décembre, 8:00 – Canadian Room B, Crowne Plaza, 5th Floor]

Distinguishing generic quantum states

Properties of random mixed states of dimension N distributed uniformly with respect to the Hilbert-Schmidt measure are
investigated. We show that for large N , due to the concentration of measure phenomenon, the trace distance between two
random states tends to a fixed number 1/4+1/π, which yields the Helstrom bound on their distinguishability. To arrive at this
result we apply free random calculus and derive the symmetrized Marchenko–Pastur distribution. Asymptotic value for the root
fidelity between two random states,

√
F = 3/4, can serve as a universal reference value for further theoretical and experimental

studies. Analogous results for quantum relative entropy and Chernoff quantity provide other bounds on the distinguishability
of both states in a multiple measurement setup due to the quantum Sanov theorem. Entanglement of a generic mixed state
of a bi–partite system is estimated.

Optimization Techniques in Quantum Information Theory
Techniques d’optimisation en théorie de l’information quantique

Single-shot quantum channel discrimination is a fundamental task in quantum information theory. It is well known that
entanglement with an ancillary system can help in this task. Thus, a fundamental question is: For a given pair of channels
with the same input and output spaces, how much entanglement is necessary to optimally discriminate them? I will present
results on a specific formulation of this question: Given a pair of channels, what is the minimum ancilla dimension necessary
for optimal discrimination? It is known that, in general, an ancilla with dimension equal to that of the input space of the
channels is always sufficient (and is sometimes necessary) for optimal discrimination. A natural question to ask is whether the
same holds true for the output dimension. That is, in cases when the output dimension of the channels is (possibly much)
smaller than the input dimension, is an ancilla with dimension equal to the output dimension always sufficient for optimal
discrimination? I will present a family of counterexamples which show that the answer to this question is no. This family
contains instances with arbitrary finite gap between the input and output dimensions, and still has the property that in every
case, for optimal discrimination, it is necessary to use an ancilla with dimension equal to that of the input.

JAMIE SIKORA, Centre for Quantum Technologies, National University of Singapore

[Sunday December 4 / dimanche 4 décembre, 17:00 – Canadian Room B, Crowne Plaza, 5th Floor]

Completely Positive Semidefinite Rank

A matrix X is called completely positive semidefinite (cpsd) if it can be represented as a Gram matrix of positive semidefinite
matrices of some finite size d. The cpsd-rank of a cpsd matrix is the smallest integer d for which such a representation is
possible. In this work, we initiate the study of the cpsd-rank which we motivate twofold. First, the cpsd-rank is a natural
non-commutative analogue of the completely positive rank of a completely positive matrix. Second, we show that the cpsd-rank
is physically motivated as it can be used to upper and lower bound the size of a quantum system needed to generate a quantum
behavior. Unlike the completely positive rank which is at most quadratic in the size of the matrix, no general upper bound is
known on the cpsd-rank. In fact, we show that the cpsd-rank can be exponential in terms of the size. The proof relies crucially
on the connection between the cpsd-rank and quantum behaviors. In particular, we use a known lower bound on the size
of matrix representations of extremal quantum correlations which we apply to high-rank extreme points of the n-dimensional
elliptope.
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brief introduction to semidefinite programming and its applications to the study of quantum information, and also discuss
the more general setting of cone programming and its application to a problem relating to quantum state discrimination by
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[Sunday December 4 / dimanche 4 décembre, 16:30 – Canadian Room B, Crowne Plaza, 5th Floor]
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Our work focuses on Hadamard diagonalizable graphs. For integer-weighted Hadamard diagonalizable graphs, we give an
eigenvalue characterization of when such a graph exhibits perfect state transfer (PST) at time π/2, and then generalize the
result to rational-weighted Hadamard diagonalizable graphs. We also define a new binary graph operation, the merge, which
keeps the property of being Hadamard diagonalizable, and can be used to produce a lot of PST graphs. We give conditions
on two integer-weighted Hadamard diagonalizable graphs for their merge to have PST. Finally we show an intriguing result
about the merge operation: if exactly one of the two weights on this operation is an integer, and the other one is an irrational
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Abstracts/Résumés

ALI ALILOOEE, University of Wisconsin-Stout

[Sunday December 4 / dimanche 4 décembre, 9:00 – Strategy Room 3, Sheraton, 5th Level]

REGULARITY OF POWERS OF UNICYCLIC GRAPHS

Castelnuovo–Mumford regularity is one of the most important invariants in commutative algebra. It has been investigated by
various authors from different point of view. One of the interesting properties of regularity is its asymptotic behavior. In this
talk first we will see some well-known facts of regularity and then I will present some known results of asymptotic behavior of
quadratic squarefree monomial ideals (edge ideal of a graph). At the end my recent work with Selvi Beyarslan about regularity
of unicyclic graphs will be presented.

JENNIFER BIERMANN, Hobart and William Smith Colleges

[Sunday December 4 / dimanche 4 décembre, 9:30 – Strategy Room 3, Sheraton, 5th Level]

Bounds on the regularity of toric ideals of graphs

Let G be a finite simple graph. We give a lower bound for the Castelnuovo-Mumford regularity of the toric ideal IG associated
to G in terms of the sizes and number of induced complete bipartite graphs in G. When G is a chordal bipartite graph, we
find an upper bound for the regularity of IG in terms of the size of the bipartition of G.
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RAGNAR-OLAF BUCHWEITZ, University of Toronto Scarborough (UTSC)

[Saturday December 3 / samedi 3 décembre, 8:00 – Strategy Room 3, Sheraton, 5th Level]

Constructing all graded torsionfree modules over quasi-homogeneous Gorenstein curve singularities

In this joint work with Iyama and Yamaura we show that the stable category of graded maximal Cohen-Macaulay modules over
a quasi-homogeneous Gorenstein curve singularity with nonnegative a-invariant admits an (explicit!) tilting object.

This means, in particular, that that triangulated category is exact equivalent to the derived category of modules of finite
length over a (usually noncommutative) Artin algebra. If the singularity is reduced, then that Artin algebra is of finite global
dimension and one can use this to construct any graded torsionfree module over the curve singularity through finitely many
extensions of finitely many modules and their (co-)syzygies.

KAI FONG ERNEST CHONG, Nanyang Technological University

[Saturday December 3 / samedi 3 décembre, 17:30 – Strategy Room 3, Sheraton, 5th Level]

Beyond the g-theorem

The g-theorem is a momentous result in combinatorial commutative algebra that characterizes the f -vector of a simplicial
polytope ∆. In all its known proofs, a suitable graded algebra R is considered, whose Hilbert function encodes the h-vector
of ∆, and the difficult part is to show that R admits a Lefschetz decomposition. More recently, there has been much interest
in the g-conjecture, which asserts that the g-theorem can be extended to all simplicial homology spheres. In this talk, we
introduce the “stress algebra”, an Artinian Gorenstein graded algebra with geometric significance that can be associated to
any simplicial homology sphere, and we explain its relevance to the g-conjecture. This is joint work with Tiong Seng Tay.

NURSEL EREY, North Dakota State University

[Saturday December 3 / samedi 3 décembre, 16:00 – Strategy Room 3, Sheraton, 5th Level]

Powers of Edge Ideals with Linear Quotients or Linear Resolutions

A classical result of Fröberg states that the edge ideal I(G) of a graph G has linear minimal free resolution if and only if the
complement graph Gc is chordal. For edge ideals, Herzog, Hibi and Zheng showed that having linear minimal free resolutions is
also equivalent to having linear quotients. Moreover, they proved that if I(G) has a linear minimal free resolution, then every
power of I(G) has linear minimal free resolution. This result was extended by D’Al̀ı by showing that every power of I(G) has
linear quotients if I(G) has linear quotients.

I will provide linear quotients orderings for powers of edge ideals of some graphs and present related results. In the second
part of my talk, I will talk about the problem of describing edge ideals whose powers eventually have linear resolutions. In
particular, I will discuss powers of edge ideals of some gap-free graphs.

SVENJA HUNTEMANN, Dalhousie University

[Sunday December 4 / dimanche 4 décembre, 16:00 – Strategy Room 3, Sheraton, 5th Level]

Simplicial Complexes of Strong Placement Games

Strong Placement Games are a class of 2-player, perfect information games in which pieces are placed on a graph (the board),
and the order of the placement does not matter. To each strong placement game we can assign two simplicial complexes, the
legal and illegal complex, which have a natural bipartition of vertices corresponding to each player. We will show that in turn
every simplicial complex with a specified bipartition is the legal and illegal complex of some strong placement games. The case
in which the legal complex is a flag complex is further studied. This is joint work with Sara Faridi and Richard Nowakowski.

Recent Advances in Commutative Algebra
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Org: Sara Faridi (Dalhousie University), Federico Galleto (McMaster University) and/et Adam Van
Tuyl (McMaster University)

Schedule/Horaire Room/Salle: Strategy Room 3, Sheraton, 5th Level

Saturday December 3 samedi 3 décembre
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Abstracts/Résumés

ALI ALILOOEE, University of Wisconsin-Stout

[Sunday December 4 / dimanche 4 décembre, 9:00 – Strategy Room 3, Sheraton, 5th Level]

REGULARITY OF POWERS OF UNICYCLIC GRAPHS

Castelnuovo–Mumford regularity is one of the most important invariants in commutative algebra. It has been investigated by
various authors from different point of view. One of the interesting properties of regularity is its asymptotic behavior. In this
talk first we will see some well-known facts of regularity and then I will present some known results of asymptotic behavior of
quadratic squarefree monomial ideals (edge ideal of a graph). At the end my recent work with Selvi Beyarslan about regularity
of unicyclic graphs will be presented.

JENNIFER BIERMANN, Hobart and William Smith Colleges

[Sunday December 4 / dimanche 4 décembre, 9:30 – Strategy Room 3, Sheraton, 5th Level]

Bounds on the regularity of toric ideals of graphs

Let G be a finite simple graph. We give a lower bound for the Castelnuovo-Mumford regularity of the toric ideal IG associated
to G in terms of the sizes and number of induced complete bipartite graphs in G. When G is a chordal bipartite graph, we
find an upper bound for the regularity of IG in terms of the size of the bipartition of G.
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NATHAN ILTEN, Simon Fraser University

[Saturday December 3 / samedi 3 décembre, 9:30 – Strategy Room 3, Sheraton, 5th Level]

Stanley-Reisner degenerations for dual quotient bundles on G(2,n)

Let Q∗ denote the dual of the quotient bundle on the Grassmannian G(2, n). I will discuss how the ideal of Q∗ in its natural
embedding has initial ideal equal to the Stanley-Reisner ideal of a certain unobstructed simplicial complex. This can be viewed
as a generalization of Sturmfels’ classical result relating the Plücker ideal of G(2, n) to the n-associahedron. As corollaries, we
obtain that the coordinate ring of Q∗ is Cohen-Macaulay and, for n > 5, has no infinitesimal deformations. This is joint work
with Charles Turo.

MARYAM EHYA JAHROMI, Dalhousie University

[Saturday December 3 / samedi 3 décembre, 17:00 – Strategy Room 3, Sheraton, 5th Level]

Whitney’s Theorem and Subideals of Monomial Ideals

The reconstruction of a graph from certain subgraphs has always been an interesting topic in graph theory and is still an open
question. The vertex-deck (or simply the deck) of a graph G is the family of all its subgraphs which are obtained by removing
exactly one vertex of G. Similarly we can define the edge-deck of a graph G.

The main question is whether one can uniquely determine a graph from its unlabeled vertex-deck. In 1964, Harary conjectured
that any two graphs with at least four edges and the same edge-deck are isomorphic.

Long before that, in 1932 Whitney proved that if the line graphs of two simple graphs G and H are isomorphic, then G and
H are also isomorphic except for the cases K3 and K1,3. Using this result, Hemminger proved that the edge reconstruction
conjecture for graphs is equivalent to the vertex reconstruction conjecture for line graphs.

Trying to extend Whitney’s theorem to hypergraphs, Berge introduced two hypergraphs Ep and Op and proved that if two
hypergraphs have isomorphic (p− 1)-edge-decks then they are isomorphic only if they do not contain an Ep −Op pair. In 1987
Gardner proved the other direction under extra hypotheses.

In this talk we will discuss the ideal theory of hypergraphs with isomorphic (p − 1)-edge-decks, using the results mentioned
above.

JACK JEFFERIES, The University of Michigan

[Sunday December 4 / dimanche 4 décembre, 8:30 – Strategy Room 3, Sheraton, 5th Level]

Local Okounkov Bodies and Limits in Positive Characteristic

This is based on joint work with Daniel Hernández.

The Hilbert-Samuel multiplicity of an m-primary ideal is a well-known example of an interesting numerical invariant in Com-
mutative Algebra. For rings of positive characteristic, there are many invariants that are analogous to the Hilbert-Samuel
multiplicity, but instead are defined via sequences of ideals related by the Frobenius map. In general, such sequences exhibit
non-polynomial growth, and existence of limits is a difficult question.

In this talk, we will discuss a proof of the existence of many limits in this context. Our method realizes these positive
characteristic multiplicities as volumes of regions in euclidean space. In addition to existence, this association provides new
insights into these numerical limits.

HASAN MAHMOOD, Department of Mathematics, GC University Lahore, Pakistan.

[Saturday December 3 / samedi 3 décembre, 16:30 – Strategy Room 3, Sheraton, 5th Level]

A NOTE ON F- IDEALS

f -vector is an important invariant of a simplicial complex ∆. It is also very useful in computing the Hilbert series of the Stanely-
Reisner ring K[∆]. f -Ideals are precisely those square-free monomial ideals in the polynomial ring S = K[x1, x2, . . . , xn] for
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which the corresponding facet complex and the non-face complex have the same f -vector. Thus, for an f -ideal I, the Hilbert
series of S/I can be computed more easily, by using the f -vector of facet complex of I. The notion of f -ideals is recent, and
have so far been studied in the papers given in references only. In my talk, I will present, systematically, what have been done
in this particular direction, and propose some new problems to see what can be done more.

References

[1] Abbasi, G.Q., Ahmad, S., Anwar, I. and Baig, W.A., 2012. f-Ideals of degree 2. Algebra Colloquium Vol. 19, No. spec01,
pp. 921-926.

[2] Anwar, I., Mahmood, H., Binyamin, M.A. and Zafar, M.K., 2014. On the characterization of f-Ideals. Communications in
Algebra, 42(9), pp.3736-3741.

[3] Guo, J., Wu, T. and Liu, Q., 2013. Perfect sets and f -Ideals. arXiv preprint arXiv:1312.0324.

[4] Guo, J., Wu, T.,2015. On the (n, d)th f -ideals, J. Korean Math. Soc. 52(4), pp.685-697.

[5] Mahmood, H., Anwar, I. and Zafar, M.K., 2014. A construction of Cohen-Macaulay f-graphs. Journal of Algebra and Its
Applications, 13(06), p.1450012.

[6] Mahmood, H., Anwar, I., Binyamin, M.A. and Yasmeen, S., 2016. On the connectedness of f-simplicial complexes. Journal
of Algebra and Its Applications, p.1750017.

SARAH MAYES-TANG, Quest University Canada

[Sunday December 4 / dimanche 4 décembre, 15:30 – Strategy Room 3, Sheraton, 5th Level]

Betti tables of graded systems of ideals

Several patterns emerge in collections of Betti tables associated to the powers of a fixed ideal. For example, Wheildon and
others demonstrated that the shape of the nonzero entries in these tables eventually stabilizes the fixed ideal has generators
of the same degree. In this talk we will discuss patterns in the graded Betti numbers of other graded systems of ideals. In
particular, we will describe ways in which the Betti tables may stabilize, and how different types of stabilization are reflected
in the corresponding Boij-Söderberg decompositions.

JONATHAN MONTANO, University of Kansas

[Saturday December 3 / samedi 3 décembre, 15:30 – Strategy Room 3, Sheraton, 5th Level]

The Core of Monomial Ideals

Let R be a commutative ring and I an R-ideal. Rees and Sally defined the core of I as the intersection of all of its reductions.
In general it is very hard to explicitly compute the core of an ideal as it may require the intersection of infinitely many ideals. In
this project we find a formula for the core of monomial ideals satisfying certain residual assumptions. This is work in progress
jointly with Louiza Fouli, Claudia Polini, and Bernd Ulrich.

REBECCA R.G., Syracuse University

[Saturday December 3 / samedi 3 décembre, 9:00 – Strategy Room 3, Sheraton, 5th Level]

Directed families of big Cohen-Macaulay algebras in equal characteristic

A big Cohen-Macaulay algebra over a local ring R is an algebra B such that every system of parameters on R is a regular
sequence on B. Previously, Geoffrey Dietz proved that big Cohen-Macaulay algebras in characteristic p > 0 form a directed
family. In joint work with Geoffrey Dietz, we extend these results to the equal characteristic 0 case using work of Schoutens on
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JONATHAN MONTANO, University of Kansas
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reduction to characteristic p via ultraproducts. This work has applications to the use of closure operations to study singularities.

ALESSIO SAMMARTANO, Purdue University

[Saturday December 3 / samedi 3 décembre, 15:00 – Strategy Room 3, Sheraton, 5th Level]

Blowup algebras of rational normal scrolls

The Rees ring and the special fiber ring of a polynomial ideal I, also known as the blowup algebras of I, play an important
role in commutative algebra and algebraic geometry. A central problem is to describe the defining equations of these algebras.
I will discuss the solution of this problem when I is the homogeneous ideal of a rational normal scroll.

DAVID WEHLAU, Royal Military College and Queen’s University

[Sunday December 4 / dimanche 4 décembre, 16:30 – Strategy Room 3, Sheraton, 5th Level]

Homogeneous regular sequences and symmetric group actions

Consider a polynomial ring R on n indeterminants equipped with the action of a group G acting via algebra automorphisms.
A set of n homogeneous polynomials {f1, f2, . . . , fn} ⊂ R forms a regular sequence if the origin is the only common zero of
the fi. Of particular interest are regular sequences for which the ideal (f1, f2, . . . , fn) they generate is stable under the action
of G. A number of authors have considered the possible degrees d1, d2, . . . , dn of such sequences for various group actions.
Concentrating on the natural action of the permutation group on n letters, I will describe some of the known results and open
questions about possible values for the di.

This is joint work with Federico Galetto (McMaster) and Tony Geramita (Queen’s).
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Org: Pietro-Luciano Buono (University of Ontario Institute of Technology) and/et Victor LeBlanc
(University of Ottawa)

Schedule/Horaire Rooms/Salles: Great Room
B, Sheraton, 3rd Level; Great Room B, Sheraton, 3rd LevelGreat Room B, Sheraton, 3rd Level

Sunday December 4 dimanche 4 décembre
8:00 - 8:30 Florin Diacu, Great Room B, Sheraton, 3rd Level, Bifurcations in the N-body problem when the space

curvature varies

8:30 - 9:00 Yanxia Deng, Great Room B, Sheraton, 3rd LevelGreat Room B, Sheraton, 3rd Level, Conley-Zehnder
index and bifurcation of fixed points of Hamiltonian maps.

9:00 - 9:30 Manuele Santoprete, Great Room B, Sheraton, 3rd Level, Canonoid and Poissonoid Transformations,
Symmetries and bi-Hamiltonian structures.

9:30 - 10:00 Nicholas Faulkner, Great Room B, Sheraton, 3rd Level, Equivariant KAM Theorem

15:30 - 16:00 Dmitry Pelinovsky, Great Room B, Sheraton, 3rd Level, Bifurcations of self-similar solutions in slow
diffusion equations

16:00 - 16:30 Huaiping Zhu, Great Room B, Sheraton, 3rd Level

16:30 - 17:00 Laurent Charette, Great Room B, Sheraton, 3rd Level, Pattern Formation on a Time Dependent
Spherical Cap

17:00 - 17:30 Petko Kitanov, Great Room B, Sheraton, 3rd Level, Dynamics of meandering spiral waves with weak
lattice perturbations

17:30 - 18:00 Jason Bramburger, Great Room B, Sheraton, 3rd Level, Spiral wave solutions to lambda-omega lattice
dynamical systems

Abstracts/Résumés

JASON BRAMBURGER, University of Ottawa

[Sunday December 4 / dimanche 4 décembre, 17:30 – Great Room B, Sheraton, 3rd Level]

Spiral wave solutions to lambda-omega lattice dynamical systems

In this talk we inspect an infinite system of coupled lambda-omega differential equations indexed by the two-dimensional integer
lattice and show there exists a spiral wave solution. It is demonstrated that the infinite-dimensionality of the system poses
unique problems in that traditional techniques from systems of finitely many differential equations cannot be directly applied.
In particular, the existence proof requires extensive results from Banach space theory and a ”Hard” Implicit Function Theorem.
Some brief remarks on the history and relevance of lambda-omega systems are also provided to properly frame the results.

LAURENT CHARETTE, University of British Columbia

[Sunday December 4 / dimanche 4 décembre, 16:30 – Great Room B, Sheraton, 3rd Level]

Pattern Formation on a Time Dependent Spherical Cap

We try to extend the theory of diffusely-driven patterns on a spherical cap surface by introducing a domain that is slowly
dependent on time. The domain evolution preserves the base of the cap, but slowly changes its curvature. The goal of the
project is to try to extend the normal form theory for this slow domain evolution using asymptotic expansions on series of
eigenfunctions of the Laplace-Beltrami operator, so we can approximately predict how patterns emerge in this case using only
non-autonomous ordinary differential equations.
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This is work that is currently in progress with Wayne Nagata, so the contents of the talk are currently unknown, but it will
probably include a quick overview of the results in the static domain, the extension of the partial differential equation to
accommodate for domain evolution, some details on the ODE reduction and possibly some numerical results.

YANXIA DENG, Queen’s University

[Sunday December 4 / dimanche 4 décembre, 8:30 – Great Room B, Sheraton, 3rd LevelGreat Room B, Sheraton, 3rd Level]

Conley-Zehnder index and bifurcation of fixed points of Hamiltonian maps.

We study the bifurcations of fixed points of Hamiltonian maps and symplectic diffeomorphisms. We are particularly interested
in the bifurcations where the Conley-Zehnder index of a fixed point changes. The main result is that when the Conley-Zehnder
index of a fixed point increases (or decreases) by one or two, there are several bifurcation scenarios. Under some non-degeneracy
conditions on the one-parameter family of Hamiltonian maps, two, four or eight fixed points bifurcate from the original one.
We give a relatively detailed analysis of the bifurcation in the two dimensional case. Higher dimensional cases can be reduced
to the two dimensional case.

FLORIN DIACU, University of Victoria

[Sunday December 4 / dimanche 4 décembre, 8:00 – Great Room B, Sheraton, 3rd Level]

Bifurcations in the N-body problem when the space curvature varies

We consider the classical N-body problem in spaces of constant curvature k, namely 3-spheres, hyperbolic 3-spheres, and the
Euclidean space. Our equations of motion recover the Newtonian case when k=0. We show how the integrals of motion
bifurcate when k varies and then focus on the 3-body case to study the bifurcation of triangular solutions.

NICHOLAS FAULKNER, University of Ontario Institute of Technology

[Sunday December 4 / dimanche 4 décembre, 9:30 – Great Room B, Sheraton, 3rd Level]

Equivariant KAM Theorem

Kolmogorov-Arnold-Moser (KAM) theory has a rich and well developed history. In this talk we present a KAM theory for
Γ-equivariant Hamiltonian systems. Hamiltonian systems with discrete symmetry groups Γ arise naturally in many settings
including for instances the N -body problem. If Γ is Abelian, then KAM theorem applies, but for Γ non-Abelian, 1 : 1 resonance
effects lead to small divisor problems. These problems can be overcome by combining the isotypic decomposition of phase
space with a detailed study of Γ and Torus invariants, all within the classical iterative proof structure. This is joint work with
Dr. Luciano Buono.

PETKO KITANOV, University of Ottawa

[Sunday December 4 / dimanche 4 décembre, 17:00 – Great Room B, Sheraton, 3rd Level]

Dynamics of meandering spiral waves with weak lattice perturbations

Spiral waves are observed in many different situations in nature, perhaps most importantly in excitable electrophysiological
tissue where they are believed to be responsible for pathological conditions such as cardiac arrhythmias, epileptic seizures and
hallucinations. Mathematically, spiral waves occur as solutions to systems of reaction-diffusion partial differential equations
which are frequently used as models for electrophysiological phenomena. These equations are invariant with respect to the
Euclidean group SE(2) of planar translations and rotations. In reality however, Euclidean symmetry is at best an approximation.
Inhomogeneities and anisotropy in the medium of propagation of the waves break the Euclidean symmetry, and can lead to such
phenomena as anchoring and drifting. In this paper, we study the effects on quasi-periodic meandering spiral waves of a small
perturbation which breaks the continuous SE(2) symmetry, but preserves the symmetry of a regular square lattice. Our main
results are on the effects of lattice symmetry-breaking on respectively quasi-periodic meandering waves, on meandering waves
whose meander path is a closed epicycle (we pay special attention to phase-locking in this case), and on modulated travelling
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Abstracts/Résumés

JASON BRAMBURGER, University of Ottawa

[Sunday December 4 / dimanche 4 décembre, 17:30 – Great Room B, Sheraton, 3rd Level]

Spiral wave solutions to lambda-omega lattice dynamical systems

In this talk we inspect an infinite system of coupled lambda-omega differential equations indexed by the two-dimensional integer
lattice and show there exists a spiral wave solution. It is demonstrated that the infinite-dimensionality of the system poses
unique problems in that traditional techniques from systems of finitely many differential equations cannot be directly applied.
In particular, the existence proof requires extensive results from Banach space theory and a ”Hard” Implicit Function Theorem.
Some brief remarks on the history and relevance of lambda-omega systems are also provided to properly frame the results.

LAURENT CHARETTE, University of British Columbia

[Sunday December 4 / dimanche 4 décembre, 16:30 – Great Room B, Sheraton, 3rd Level]

Pattern Formation on a Time Dependent Spherical Cap

We try to extend the theory of diffusely-driven patterns on a spherical cap surface by introducing a domain that is slowly
dependent on time. The domain evolution preserves the base of the cap, but slowly changes its curvature. The goal of the
project is to try to extend the normal form theory for this slow domain evolution using asymptotic expansions on series of
eigenfunctions of the Laplace-Beltrami operator, so we can approximately predict how patterns emerge in this case using only
non-autonomous ordinary differential equations.
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Spiral waves are observed in many different situations in nature, perhaps most importantly in excitable electrophysiological
tissue where they are believed to be responsible for pathological conditions such as cardiac arrhythmias, epileptic seizures and
hallucinations. Mathematically, spiral waves occur as solutions to systems of reaction-diffusion partial differential equations
which are frequently used as models for electrophysiological phenomena. These equations are invariant with respect to the
Euclidean group SE(2) of planar translations and rotations. In reality however, Euclidean symmetry is at best an approximation.
Inhomogeneities and anisotropy in the medium of propagation of the waves break the Euclidean symmetry, and can lead to such
phenomena as anchoring and drifting. In this paper, we study the effects on quasi-periodic meandering spiral waves of a small
perturbation which breaks the continuous SE(2) symmetry, but preserves the symmetry of a regular square lattice. Our main
results are on the effects of lattice symmetry-breaking on respectively quasi-periodic meandering waves, on meandering waves
whose meander path is a closed epicycle (we pay special attention to phase-locking in this case), and on modulated travelling
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waves. In each of these cases, we give the main mathematical results, give an interpretation for how these mathematical
results translate to dynamical features of spiral waves, and then illustrate with numerical results performed on FitzHugh-
Nagumo system for various choices of inhomogeneity functions, and various kinematic parameters.

DMITRY PELINOVSKY, McMaster University

[Sunday December 4 / dimanche 4 décembre, 15:30 – Great Room B, Sheraton, 3rd Level]

Bifurcations of self-similar solutions in slow diffusion equations

We consider the slow nonlinear diffusion equation subject to a strong absorption rate and construct local self-similar solutions for
reversing (and anti-reversing) interfaces, where an initially advancing (receding) interface gives way to a receding (advancing)
one. We use an approach based on invariant manifolds, which allows us to determine the required asymptotic behaviour
for small and large values of the concentration. We then ‘connect’ the requisite asymptotic behaviours using a robust and
accurate numerical scheme. We show that the self-similar solutions bifurcate from the time-independent solutions for standing
interfaces. Such bifurcations occur when the confluent hypergeometric functions satisfying Kummer’s differential equation is
truncated into a finite polynomial. This condition specifies a countable set of admissible values for the parameters of slow
diffusion and strong absorption. A two-scale asymptotic procedure allows us to deduce the asymptotic dependencies of the
self-similar reversing interfaces near the bifurcation points. The asymptotic results are shown to be in excellent agreement with
numerical computations.

MANUELE SANTOPRETE, Wilfrid Laurier University

[Sunday December 4 / dimanche 4 décembre, 9:00 – Great Room B, Sheraton, 3rd Level]

Canonoid and Poissonoid Transformations, Symmetries and bi-Hamiltonian structures.

Symplectic transformations between symplectic manifold are maps that preserve the symplectic structure. Such maps transform
any Hamiltonian system on the first symplectic manifold to a Hamiltonian system on the second symplectic manifold. Canonoid
transformations are a generalization of symplectic transformation. They transform a given Hamiltonian system defined on a
symplectic manifold to another Hamiltonian system. The term “canonoid” was introduced by Saletan and Cromer in 1971.
A modern coordinate-free definition was given by Marmo in 1976. In this talk we will give an introduction to canonoid
transformations. Then we will generalize such transformations to the Poisson case, introducing “Poissonoid transformations”.
We will give a brief introduction to bi-Hamiltonian systems, an important type of integrable systems. We will show that
Poissonoid transformations may be useful to obtain bi-Hamiltonian structures in certain examples (e.g. the rigid body, the
multidimensional rigid body, and Kirchhoff’e equations for a rigid body in a fluid).

HUAIPING ZHU, York University

[Sunday December 4 / dimanche 4 décembre, 16:00 – Great Room B, Sheraton, 3rd Level]
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Org: Alexander Bihlo (Memorial University) and/et Andy Wan (McGill University)
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8:00 - 8:30 Erick Schulz, Convergence of Discrete Exterior Calculus

8:30 - 9:00 Gantumur Tsogtgerel, Approximation properties of finite element exterior calculus

9:00 - 9:30 Francis Valiquette, Symmetry-Preserving Numerical Schemes

9:30 - 10:00 Alexander Bihlo, Well-balanced mimetic mesh-based and meshless schemes for the shallow-water equa-
tions with bottom topography

15:00 - 15:30 Julienne Kabre, An Energy-Preserving Discretization for the Poisson-Nernst-Planck Equations

15:30 - 16:00 Werner Bauer, Variational integrators for anelastic and pseudo-incompressible flows

16:00 - 16:30 Artur Palha, High order mimetic discretizations

16:30 - 17:00 Ari Stern, Multisymplectic HDG methods

17:00 - 17:30 Andy Wan, Conservative methods and long-term stability for dynamical systems

Abstracts/Résumés

WERNER BAUER, Imperial College London, Department of Mathematics

[Sunday December 4 / dimanche 4 décembre, 15:30 – Fallsview Studio B, Sheraton, 3rd level]

Variational integrators for anelastic and pseudo-incompressible flows

The anelastic and pseudo-incompressible equations are two well-known soundproof approximations of compressible flows useful
for both theoretical and numerical analysis in meteorology, atmospheric science, and ocean studies. In this talk we derive and
test structure preserving numerical schemes for these two systems. The numerical schemes are based on a finite dimensional
approximation of the group of volume preserving diffeomorphisms and are derived via a discrete version of the Euler-Poincaré
variational formulation of the anelastic and pseudo-incompressible systems.

The resulting variational integrators allow for a discrete version of Kelvin circulation theorem, are applicable to irregular meshes
and exhibit excellent long term energy behavior. We then report a series of tests for these models on regular and irregular
meshes with strongly deformed cells. In the benchmark test of hydrostatic adjustment we verify that the models correctly
represent the dispersion relations. We further show that these schemes correctly capture the Kelvin Helmholtz instability.
Finally, on the rising and falling bubble test cases we illustrate the models’ accurate representation of advection dominated
processes. For these test cases and grid types, these variational models show excellent long time energy conservation.

This is a joint work with François Gay-Balmaz (Laboratoire de Météorologie Dynamique, École Normale Supérieure/CNRS,
Paris, France).

ALEXANDER BIHLO, Department of Mathematics and Statistics, Memorial University of Newfoundland

[Sunday December 4 / dimanche 4 décembre, 9:30 – Fallsview Studio B, Sheraton, 3rd level]

Well-balanced mimetic mesh-based and meshless schemes for the shallow-water equations with bottom topography

We formulate a general criterion for the exact preservation of the lake at rest solution in general mesh-based and meshless
numerical schemes for the strong form of the shallow-water equations with bottom topography. The main idea is a careful
mimetic design for the spatial derivative operators in the momentum flux equation that is paired with a compatible averaging
rule for the water column height arising in the bottom topography source term. We demonstrate the well-balanced property

Recent Advances in Structure-Preserving Discretizations
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meshes with strongly deformed cells. In the benchmark test of hydrostatic adjustment we verify that the models correctly
represent the dispersion relations. We further show that these schemes correctly capture the Kelvin Helmholtz instability.
Finally, on the rising and falling bubble test cases we illustrate the models’ accurate representation of advection dominated
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numerically using finite difference and RBF-FD schemes in the one- and two-dimensional case. This is joint work with Scott
MacLachlan.

JULIENNE KABRE, Illinois Institute of Technlogy

[Sunday December 4 / dimanche 4 décembre, 15:00 – Fallsview Studio B, Sheraton, 3rd level]

An Energy-Preserving Discretization for the Poisson-Nernst-Planck Equations

The Poisson-Nernst-Planck (PNP) equations have recently been used to describe the dynamics of ion transport through
biological ion channels besides being widely employed in semiconductor industry. This work is about the design of a numerical
scheme to solve the PNP equations that preserves exactly (up to roundoff error) a discretized form of the energy dynamics of
the system. The proposed finite difference scheme is of second-order accurate in both space and time. Comparisons are made
between this energy dynamics preserving scheme and a standard finite difference scheme, showing a difference in satisfying the
energy law. Numerical results are presented for validating the orders of convergence in both time and space of the new scheme
for the PNP system.

ARTUR PALHA, Eindhoven University of Technology

[Sunday December 4 / dimanche 4 décembre, 16:00 – Fallsview Studio B, Sheraton, 3rd level]

High order mimetic discretizations

In this work we will present the High Order Mimetic Discretization Framework and discuss two fundamental aspects for
the construction of structure-preserving discretizations: (i) the definition of the discrete degrees of freedom of physical field
quantities, and (ii) the formulation of the physical field laws.

For the first, we will introduce geometric degrees of freedom, which are associated to geometric objects (points, lines, surfaces
and volumes), and then establish their relation to differential forms. It will be shown that we can construct discrete polynomial
function spaces of arbitrary degree associated to these geometric degrees of freedom. These function spaces constitute a
discrete de Rham complex:

R −→ V 0
h ⊆ H(∇, Ω) ∇−→ V 1

h ⊆ H(∇×,Ω) ∇×−→ V 2
h ⊆ H(∇,̇Ω) ∇·−→ V 3

h ⊆ L2(Ω) → 0 .

In this way it is possible to exactly discretize topological equations even on highly deformed meshes. All approximation errors
are included in the constitutive equations, which are encoded in the Hodge-� operator. This leads to discretizations that
exactly preserve the divergence free constraint of velocity fields in incompressible flow problems and of magnetic fields in
electromagnetic problems, for example.

For the second, the Navier-Stokes equations will be used as an example and we will show that although at the continuous level
all equivalent formulations are equally good, at the discrete level, the choice of a particular formulation has a fundamental
impact on the conservation properties of the discretization.

These ideas will be applied to the solution of: e.g. Poisson equation, Maxwell eigenvalue problem, Darcy flow, fusion plasma
equilibrium and Navier-Stokes equations.

ERICK SCHULZ, McGill University

[Sunday December 4 / dimanche 4 décembre, 8:00 – Fallsview Studio B, Sheraton, 3rd level]

Convergence of Discrete Exterior Calculus

Discrete exterior calculus (DEC) is a structure-preserving discretization of exterior calculus put forward by N. Hirani and his
collaborators. By using simplicial complexes from algebraic geometry and the connection between a triangulation and its
dual, DEC preserves key geometric structures of differential forms that are important for computation. Applications of DEC
include problems from homology, Riemannian geometry, fluid dynamics and discrete mechanics, such as variational problems
in computer vision and animation. However, establishing a convergence theory for DEC remains an open problem. We will

Recent Advances in Structure-Preserving Discretizations
Percées récentes en discrétisations avec préservation des structures
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Abstracts/Résumés

WERNER BAUER, Imperial College London, Department of Mathematics

[Sunday December 4 / dimanche 4 décembre, 15:30 – Fallsview Studio B, Sheraton, 3rd level]

Variational integrators for anelastic and pseudo-incompressible flows

The anelastic and pseudo-incompressible equations are two well-known soundproof approximations of compressible flows useful
for both theoretical and numerical analysis in meteorology, atmospheric science, and ocean studies. In this talk we derive and
test structure preserving numerical schemes for these two systems. The numerical schemes are based on a finite dimensional
approximation of the group of volume preserving diffeomorphisms and are derived via a discrete version of the Euler-Poincaré
variational formulation of the anelastic and pseudo-incompressible systems.

The resulting variational integrators allow for a discrete version of Kelvin circulation theorem, are applicable to irregular meshes
and exhibit excellent long term energy behavior. We then report a series of tests for these models on regular and irregular
meshes with strongly deformed cells. In the benchmark test of hydrostatic adjustment we verify that the models correctly
represent the dispersion relations. We further show that these schemes correctly capture the Kelvin Helmholtz instability.
Finally, on the rising and falling bubble test cases we illustrate the models’ accurate representation of advection dominated
processes. For these test cases and grid types, these variational models show excellent long time energy conservation.

This is a joint work with François Gay-Balmaz (Laboratoire de Météorologie Dynamique, École Normale Supérieure/CNRS,
Paris, France).

ALEXANDER BIHLO, Department of Mathematics and Statistics, Memorial University of Newfoundland

[Sunday December 4 / dimanche 4 décembre, 9:30 – Fallsview Studio B, Sheraton, 3rd level]

Well-balanced mimetic mesh-based and meshless schemes for the shallow-water equations with bottom topography

We formulate a general criterion for the exact preservation of the lake at rest solution in general mesh-based and meshless
numerical schemes for the strong form of the shallow-water equations with bottom topography. The main idea is a careful
mimetic design for the spatial derivative operators in the momentum flux equation that is paired with a compatible averaging
rule for the water column height arising in the bottom topography source term. We demonstrate the well-balanced property
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Recent Advances in Structure-Preserving Discretizations
Percées récentes en discrétisations avec préservation des structures

share recent advancements for boundary value problems on 0-forms and discuss the main difficulties in extending these results
to higher-order forms and approximations.

ARI STERN, Washington University in St. Louis

[Sunday December 4 / dimanche 4 décembre, 16:30 – Fallsview Studio B, Sheraton, 3rd level]

Multisymplectic HDG methods

For Hamiltonian ODEs, symplectic numerical integrators exhibit superior numerical performance in a global sense. For Hamil-
tonian PDEs, a suitable numerical method should be ”multisymplectic” — but what does this mean? We answer this question
using the ”unified framework” of Cockburn et al. for hybridizable discontinuous Galerkin (HDG) methods, which turns out to
be particularly well-suited to this problem. Specifically, we give necessary and sufficient conditions for an HDG method to be
multisymplectic, and we examine these criteria for several popular methods.

(Joint work with Robert McLachlan, Massey University, New Zealand.)

GANTUMUR TSOGTGEREL, McGill University

[Sunday December 4 / dimanche 4 décembre, 8:30 – Fallsview Studio B, Sheraton, 3rd level]

Approximation properties of finite element exterior calculus

In this talk, we will discuss characterizations of various approximation classes for finite element exterior calculus in terms of
classical smoothness spaces such as Besov spaces. This is an ongoing work joint with Alan Demlow.

FRANCIS VALIQUETTE, State University of New York at New Paltz

[Sunday December 4 / dimanche 4 décembre, 9:00 – Fallsview Studio B, Sheraton, 3rd level]

Symmetry-Preserving Numerical Schemes

Most important differential equations from mathematical physics admit Lie point symmetries which reflect physical properties
of the system of equations. It is therefore desirable to preserve these symmetries when discretizing such equations. In my
presentation I will explain how to construct symmetry-preserving numerical schemes using the novel method of equivariant
moving frames, and we will explore numerical implementations of these schemes.

ANDY WAN, McGill University

[Sunday December 4 / dimanche 4 décembre, 17:00 – Fallsview Studio B, Sheraton, 3rd level]

Conservative methods and long-term stability for dynamical systems

The multiplier method was recently introduced as a general conservative discretization to preserve conservation laws of ODEs
and PDEs. In particular, the multiplier method is applicable even for systems without a symplectic or variational structure,
such as dissipative problems. In this talk, we apply the multiplier method to first order ODEs and systematically construct
conservative schemes for a variety of dynamical systems. Moreover, we discuss a fundamental result on the long-term stability
of conservative methods.

This is joint work with A. Bihlo (Memorial University at Newfoundland) and J.-C. Nave (McGill University).



Réunion d’hiver de la SMC 2016 139



2016 CMS Winter Meeting140

Stochastic Properties of Dynamical Systems
Propriétés stochastiques des systèmes dynamiques

Stochastic Properties of Dynamical Systems
Propriétés stochastiques des systèmes dynamiques

Org: Jacopo De Simoi (University of Toronto), HongKun Zhang (University of Massachusetts
Amherst) and/et Ke Zhang (University of Toronto)

Schedule/HoraireRooms/Salles: Brock Room, Crowne Plaza, UL Level; Elizabeth Room, Crowne
Plaza, UL Level

Saturday December 3 samedi 3 décembre
8:00 - 8:30 Francesco Cellarosi, Elizabeth Room, Crowne Plaza, UL Level

8:30 - 9:00 Tobias Hurth, Elizabeth Room, Crowne Plaza, UL Level, Smooth invariant densities for switching sys-
tems on the torus

9:00 - 9:30 Daniel Thompson, Elizabeth Room, Crowne Plaza, UL Level, Thermodynamic formalism for geodesic
flow on CAT(-1) spaces.

9:30 - 10:00 Alexey Korepanov, Elizabeth Room, Crowne Plaza, UL Level

10:00 - 10:30 Jonguk Yang, Elizabeth Room, Crowne Plaza, UL Level, Siegel Disks of Dissipative Hénon Maps

Sunday December 4 dimanche 4 décembre
8:00 - 8:30 Fernando Kasun, Brock Room, Crowne Plaza, UL Level, An Error Term in the Central Limit Theorem

for Sums of Discrete Random Variables

8:30 - 9:00 Mark Demers, Brock Room, Crowne Plaza, UL Level, Escape rates and limiting distributions for inter-
mittent maps with holes

9:00 - 9:30 Alex Grigo, Brock Room, Crowne Plaza, UL Level, A study of a billiard like dynamical system

9:30 - 10:00 Yao Li, Brock Room, Crowne Plaza, UL Level, Polynomial convergence rate to nonequilibrium steady-state

15:30 - 16:00 Dmitry Dolgopyat, Brock Room, Crowne Plaza, UL Level, Beck Theorem for number of bounded type

16:00 - 16:30 Seth Chart, Brock Room, Crowne Plaza, UL Level, Statistical properties of intermittent generalized
baker’s transformation via anisotropic Banach spaces and renewal methods

16:30 - 17:00 Jianyu Chen, Brock Room, Crowne Plaza, UL Level, Statistical properties of one-dimensional expanding
maps with poor singularities

17:00 - 17:30 Terry Soo, Brock Room, Crowne Plaza, UL Level, A monotone isomorphism theorem

17:30 - 18:00 Giulio Tiozzo, Brock Room, Crowne Plaza, UL Level, The local Hoelder exponent for the dimension of
invariant subsets of the circle

Abstracts/Résumés

FRANCESCO CELLAROSI, Queen’s University

[Saturday December 3 / samedi 3 décembre, 8:00 – Elizabeth Room, Crowne Plaza, UL Level]

SETH CHART, Towson University

[Sunday December 4 / dimanche 4 décembre, 16:00 – Brock Room, Crowne Plaza, UL Level]

Statistical properties of intermittent generalized baker’s transformation via anisotropic Banach spaces and renewal methods

We construct Banach spaces with anisotropic norms adapted to the dynamics of a class of generalized baker’s transformations,
which are piecewise non-uniformly hyperbolic maps on the unit square (see Bose Murray 2013, Bose 1989, Alexander Yorke
1984, Tsujii 2001, Rams 2003). We apply operator renewal theory (see Sarig 2002, Gouezel 2004) to analyse the action of the
transfer operators associated to these maps and deduce their statistical properties.
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[Sunday December 4 / dimanche 4 décembre, 16:00 – Brock Room, Crowne Plaza, UL Level]

Statistical properties of intermittent generalized baker’s transformation via anisotropic Banach spaces and renewal methods

We construct Banach spaces with anisotropic norms adapted to the dynamics of a class of generalized baker’s transformations,
which are piecewise non-uniformly hyperbolic maps on the unit square (see Bose Murray 2013, Bose 1989, Alexander Yorke
1984, Tsujii 2001, Rams 2003). We apply operator renewal theory (see Sarig 2002, Gouezel 2004) to analyse the action of the
transfer operators associated to these maps and deduce their statistical properties.

Stochastic Properties of Dynamical Systems
Propriétés stochastiques des systèmes dynamiques
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JIANYU CHEN, University of Massachusetts Amherst

[Sunday December 4 / dimanche 4 décembre, 16:30 – Brock Room, Crowne Plaza, UL Level]

Statistical properties of one-dimensional expanding maps with poor singularities

We consider one-dimensional non-Markov uniformly expanding maps, whose derivatives may have unbounded variations. Under
certain conditions, we are able to show the existence of absolutely continuous invariant measure, exponential decay or correla-
tions, central limit theorem and large deviation principle. Our method applies to the beta transformation, the Lorenz-like map,
the Gauss map, and their C1 perturbations.

MARK DEMERS, Fairfield University

[Sunday December 4 / dimanche 4 décembre, 8:30 – Brock Room, Crowne Plaza, UL Level]

Escape rates and limiting distributions for intermittent maps with holes

Dynamical systems with holes model systems in which mass or energy is allowed to escape over time and have attracted much
attention over the last ten years. Typically, one starts with a closed system and declares a subset of the phase space to be
the ’hole,’ essentially an absorbing set. To date, most published works focus on systems in which the rate of mixing, and thus
the rate of escape, are exponential. This talk will investigate a class of polynomially mixing systems with holes which exhibit
qualitatively different behavior from exponentially mixing systems; this behavior can be characterized as a loss of stability
from the point of view of the absolutely continuous invariant measure for the closed system. By varying the potential of the
associated transfer operator in this family, we are able to classify three distinct regimes with different limiting behaviors based
on a relation between the rate of mixing and the rate of escape. Finally, we attempt to recover some notion of stability via the
measures supported on the survivor set of the open system, even when no limiting absolutely continuous conditionally invariant
measure exists. This is joint work with Bastien Fernandez, CNRS, and Mike Todd, St. Andrews.

DMITRY DOLGOPYAT, University of Maryland

[Sunday December 4 / dimanche 4 décembre, 15:30 – Brock Room, Crowne Plaza, UL Level]

Beck Theorem for number of bounded type

We discuss several results and open questions related to limit theorems for circle rotations. In particular we consider in detail
the case where the initial condition is fixed but the time is chosen at random.

ALEX GRIGO, University of Oklahoma

[Sunday December 4 / dimanche 4 décembre, 9:00 – Brock Room, Crowne Plaza, UL Level]

A study of a billiard like dynamical system

Billiard like systems are popular models in statistical mechanics and dynamical systems theory. In this talk I will present one
such model, which is a mathematically simplified version of a popular interacting particle system. I will show how an averaging
theorem can be established to extract a transport law that in the many particle system context has been studied by many
numerical and physical experiments as well as kinetic theory.

TOBIAS HURTH, University of Toronto Mississauga

[Saturday December 3 / samedi 3 décembre, 8:30 – Elizabeth Room, Crowne Plaza, UL Level]

Smooth invariant densities for switching systems on the torus

We consider a random dynamical system governed by two smooth vector fields on the two-dimensional torus, with switches
between these vector fields happening according to a Poisson process. If the vector fields are transversal to each other at every
point on the torus and if their flows are smoothly conjugated to flows without periodic orbits, the invariant measure of the
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Statistical properties of intermittent generalized baker’s transformation via anisotropic Banach spaces and renewal methods
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associated Markov semigroup has a smooth density for any switching rate. This talk is based on work with Yuri Bakhtin, Sean
Lawley and Jonathan C. Mattingly.

FERNANDO KASUN, University of Maryland, College Park

[Sunday December 4 / dimanche 4 décembre, 8:00 – Brock Room, Crowne Plaza, UL Level]

An Error Term in the Central Limit Theorem for Sums of Discrete Random Variables

We consider sums of independent identically distributed random variables whose distributions have d + 1, (d ≥ 2) atoms.
Such distributions never admit an Edgeworth expansion of order d but we show that for almost all parameters the Edgeworth
expansion of order d − 1 is valid and the error of the order d Edgeworth expansion is typically of order n−d/2. This is a joint
work with Dmitry Dolgopyat.

ALEXEY KOREPANOV, University of Warwick

[Saturday December 3 / samedi 3 décembre, 9:30 – Elizabeth Room, Crowne Plaza, UL Level]

YAO LI, University of Massachusetts Amherst

[Sunday December 4 / dimanche 4 décembre, 9:30 – Brock Room, Crowne Plaza, UL Level]

Polynomial convergence rate to nonequilibrium steady-state

In this talk I will present my recent result about the ergodic properties of nonequilibrium steady-state (NESS) for a stochastic
energy exchange model. The energy exchange model can be seen as a stochastic approximation of a certain billiards-like
deterministic particle system that models the microscopic heat conduction in a 1D chain. By using a technique called the
induced chain method, I proved the existence, uniqueness, polynomial speed of convergence to the NESS, and polynomial
speed of mixing for the stochastic energy exchange model. All of these are consistent with the numerical simulation results of
the original deterministic billiards-like system.

TERRY SOO, University of Kansas

[Sunday December 4 / dimanche 4 décembre, 17:00 – Brock Room, Crowne Plaza, UL Level]

A monotone isomorphism theorem

In the simple case of a Bernoulli shift on two symbols, zero and one, by permuting the symbols, it is obvious that any two
equal entropy shifts are isomorphic. We show that the isomorphism can be realized by a factor that maps a binary sequence
to another that is coordinatewise smaller than or equal to the original sequence.

DANIEL THOMPSON, The Ohio State University

[Saturday December 3 / samedi 3 décembre, 9:00 – Elizabeth Room, Crowne Plaza, UL Level]

Thermodynamic formalism for geodesic flow on CAT(-1) spaces.

Locally CAT(-1) spaces are geodesic metric spaces satisfying a metric notion of negative curvature. These spaces are not
necessarily manifolds, covering examples such as graphs equipped with an interior metric, yet they still have a geodesic flow
defined on them. While there are analogies with the dynamics of the geodesic flow on a negative curvature Riemannian manifold,
the full power of uniformly hyperbolic dynamics is not currently available in this setting: there is a coding of the geodesic flow
by a suspension flow over a shift of finite type, but rather than being a conjugacy, it is via an orbit semi-equivalence.

In general, orbit equivalence is too weak a relationship to preserve any refined dynamical information. However, we are able to
use a geometric argument to show that the geodesic flow inherits the weak specification property from the suspension flow.
We use the specification property directly on the geodesic flow for CAT(-1) spaces, obtaining thermodynamic results analogous
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to the negative curvature Riemannian setting. In particular, we prove uniqueness of equilibrium states for Holder potential
functions, the large deviations principle, and the equidistribution of weighted periodic orbits.

This is joint work with Dave Constantine and Jean-Francois Lafont.

GIULIO TIOZZO, University of Toronto

[Sunday December 4 / dimanche 4 décembre, 17:30 – Brock Room, Crowne Plaza, UL Level]

The local Hoelder exponent for the dimension of invariant subsets of the circle

We consider for each t the set K(t) of points of the circle whose forward orbit for the doubling map does not intersect the
interval (0, t), and look at the dimension function η(t) := H.dim K(t). We prove that at every bifurcation parameter t, the
local Hölder exponent of the dimension function equals the value of the function η(t) itself. A similar statement holds for
general expanding maps of the circle: namely we consider the topological entropy of the map restricted to the survival set,
and obtain bounds on its local Hölder exponent in terms of the value of the function. Joint work with C. Carminati.

JONGUK YANG, University of Toronto

[Saturday December 3 / samedi 3 décembre, 10:00 – Elizabeth Room, Crowne Plaza, UL Level]

Siegel Disks of Dissipative Hénon Maps

I will give a survey of the renormalization theory of semi-Siegel Hénon maps of two complex variables. I will describe the
universality results in this setting, and explain their implications on the topology and geometry of the Siegel boundary. This
talk is based on the recent works of Gaidashev, Radu, Yampolsky, and the speaker.
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Org: John Grant McLoughlin (University of New Brunswick) and/et Caroline Junkins (Western)

Schedule/Horaire Room/Salle: Boardroom C, Sheraton, 2nd floor

Saturday December 3 samedi 3 décembre
8:30 - 9:00 Caroline Junkins, The language we use to teach mathematics: a TA workshop

9:00 - 9:30 Peter Taylor, Development of a secondary mathematics curriculum based on significant works of art.

9:30 - 10:00 Carmen Bruni, Mathematical Housing: Downsizing a First Year Proofs Course

15:00 - 15:30 Andrew McEachern, How Tournaments Can Change The Classroom

15:30 - 16:00 Kseniya Garaschuk, Collaborative exams in large university courses

16:00 - 16:30 Brian Forrest, Lessons Learned from Teaching Online

16:30 - 17:00 Richard Hoshino, Inspiring Change Through Linear Algebra

17:00 - 17:30 Joseph Turnbull, Creating classroom learning communities

17:30 - 18:00 John Grant McLoughlin

Abstracts/Résumés

CARMEN BRUNI, University of Waterloo

[Saturday December 3 / samedi 3 décembre, 9:30 – Boardroom C, Sheraton, 2nd floor]

Mathematical Housing: Downsizing a First Year Proofs Course

In 2015, the University of Waterloo made a bold decision to reduce the size of their first year first term Introduction to
Mathematical Proofs course from 180 students per class to 60. In addition, it was also decided that the course would move
from 3 lecture hours a week to 4 lecture hours a week with the intention that students see a mix of both lecturing and tutorial
work during class time. All of this followed a course reform that took place in 2012 to account for the changes in education
in incoming populations of students.

I will discuss some of the results of this experiment and the effect it has had on first year attrition rates. I will also discuss
many of the techniques that I have personally infused into my classroom in response to the additional classroom time.

BRIAN FORREST, University of Waterloo

[Saturday December 3 / samedi 3 décembre, 16:00 – Boardroom C, Sheraton, 2nd floor]

Lessons Learned from Teaching Online

It is a wide held belief that one of the most significant advantages of face-to-face instruction over on-line delivery is that it is
much easier to foster deep understanding of the content in the former setting. It this talk I will speak about my experiences
teaching a variety of classes online and about the lessons I have learned concerning student engagement. In particular, I will
try to explain how these experiences have reshaped the way I approach on campus courses.

KSENIYA GARASCHUK, University of the Fraser Valley

[Saturday December 3 / samedi 3 décembre, 15:30 – Boardroom C, Sheraton, 2nd floor]

Collaborative exams in large university courses

As we use more and more group work in our classes, should we consider introducing it into our assessments? One model that
has been used are so-called two-stage assessments, where students first complete and turn in the questions individually and
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from 3 lecture hours a week to 4 lecture hours a week with the intention that students see a mix of both lecturing and tutorial
work during class time. All of this followed a course reform that took place in 2012 to account for the changes in education
in incoming populations of students.

I will discuss some of the results of this experiment and the effect it has had on first year attrition rates. I will also discuss
many of the techniques that I have personally infused into my classroom in response to the additional classroom time.

BRIAN FORREST, University of Waterloo

[Saturday December 3 / samedi 3 décembre, 16:00 – Boardroom C, Sheraton, 2nd floor]

Lessons Learned from Teaching Online

It is a wide held belief that one of the most significant advantages of face-to-face instruction over on-line delivery is that it is
much easier to foster deep understanding of the content in the former setting. It this talk I will speak about my experiences
teaching a variety of classes online and about the lessons I have learned concerning student engagement. In particular, I will
try to explain how these experiences have reshaped the way I approach on campus courses.

KSENIYA GARASCHUK, University of the Fraser Valley

[Saturday December 3 / samedi 3 décembre, 15:30 – Boardroom C, Sheraton, 2nd floor]

Collaborative exams in large university courses

As we use more and more group work in our classes, should we consider introducing it into our assessments? One model that
has been used are so-called two-stage assessments, where students first complete and turn in the questions individually and
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Org: John Grant McLoughlin (University of New Brunswick) and/et Caroline Junkins (Western)

Schedule/Horaire Room/Salle: Boardroom C, Sheraton, 2nd floor

Saturday December 3 samedi 3 décembre
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then, working in small groups, answer the same questions again. This technique was first introduced in the UBC Faculty of
Science in 2009 and is now being used in at least 20 science courses.

In this session, we will discuss a study of feasibility and effectiveness of two-stage quizzes as introduced into two mathematics
courses at UBC with a total of 834 students. We examine both short and long term retention resulting from introducing group
assessments, we analyze results of collaborative learning based on question type and group composition. Finally, we present
student and instructor feedback as well as discuss future directions of implementation and research.

JOHN GRANT MCLOUGHLIN, University of New Brunswick

[Saturday December 3 / samedi 3 décembre, 17:30 – Boardroom C, Sheraton, 2nd floor]

RICHARD HOSHINO, Quest University Canada

[Saturday December 3 / samedi 3 décembre, 16:30 – Boardroom C, Sheraton, 2nd floor]

Inspiring Change Through Linear Algebra

Since February 2013, I have taught math at Quest University Canada, a small liberal arts and sciences university in Squamish,
B.C. In this presentation, I’ll share the vision and philosophy of my Linear Algebra course, which uses rich inquiry-driven
problems to help students discover key concepts on their own (e.g. learning matrix inversion via codebreaking), and has
students deliver in-class presentations to share the applications of linear algebra to create deeper engagement.

The biggest success of the course has been the students’ final projects, where they must find some real-life problem that can
be solved using Linear Algebra. Though none of these students are ”math majors”, some of these student projects have now
been fully implemented: an Integer Program that assigns courses to professors to maximize preferences, as well as automated
programs to produce 14-day schedules for a coffee shop in downtown Squamish (with 30 employees) and a trendy restaurant
in downtown Victoria (with 25 employees).

I’ll conclude by sharing how this inquiry-driven approach has allowed these undergraduates to engage more deeply with course
content, where they are able to apply Linear Algebra to inspire change on the issues that matter to them.

CAROLINE JUNKINS, Western University

[Saturday December 3 / samedi 3 décembre, 8:30 – Boardroom C, Sheraton, 2nd floor]

The language we use to teach mathematics: a TA workshop

With little control over course content or its mode of delivery, how can a teaching assistant make an impact on undergraduate
student learning? This fall, I ran a 90-minute TA workshop at Western University in which we developed concrete recommen-
dations on how language can be used as a tool to increase student engagement and motivation. In the workshop, we focused
on making improvements to the language we use when introducing new subjects, when teaching one-on-one or in a classroom
setting, and when providing feedback and support to students.

In this talk, I will give an overview of the workshop and the feedback provided by participants. I will also discuss research by
Mesa and Chang which motivated the theme of language and the more technical recommendations for the appropriate use of
heterogloss voice to promote and/or steer classroom discussion.

ANDREW MCEACHERN, Queen’s University

[Saturday December 3 / samedi 3 décembre, 15:00 – Boardroom C, Sheraton, 2nd floor]

How Tournaments Can Change The Classroom

Mathematical games are often overlooked as teaching tools in classrooms of all levels. They are low-floor, high-ceiling when
it comes to student engagement, and students of all abilities tend to grapple with them fairly readily. This talk will focus on
the high school and undergraduate level, and describe some ways in which a tournament using mathematical games can fire
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then, working in small groups, answer the same questions again. This technique was first introduced in the UBC Faculty of
Science in 2009 and is now being used in at least 20 science courses.

In this session, we will discuss a study of feasibility and effectiveness of two-stage quizzes as introduced into two mathematics
courses at UBC with a total of 834 students. We examine both short and long term retention resulting from introducing group
assessments, we analyze results of collaborative learning based on question type and group composition. Finally, we present
student and instructor feedback as well as discuss future directions of implementation and research.

JOHN GRANT MCLOUGHLIN, University of New Brunswick

[Saturday December 3 / samedi 3 décembre, 17:30 – Boardroom C, Sheraton, 2nd floor]
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the imagination of your students. I will describe some pitfalls I’ve dealt with, and give some helpful advice to those interested
in running a tournament, especially for a large group.

PETER TAYLOR, Queen’s University

[Saturday December 3 / samedi 3 décembre, 9:00 – Boardroom C, Sheraton, 2nd floor]

Development of a secondary mathematics curriculum based on significant works of art.

Peter Taylor, Divya Lala, Kariane Ouellet, Stefanie Knebel

The humanities and creative arts use a wonderfully “human” curriculum model that is not found in school mathematics. This
model begins with the discussion and study of significant works of art and more from there to the creative processes of analysis,
reconstruction and even reinvention. Along the way, essential technical skills are developed and practised. Mathematics turns
this process around. There are wonderful works of art found in mathematics but school curricula begin with an agenda (often
referred to as a laundry list) of technical skills with the ultimate intention of moving on to these works once technical mastery
has been achieved. Alas, this grinding mastery turns out to be a slow and deadly process and most often the art and much
of the meaning never appear, though the survivors are promised that these will be delivered in university. We discuss the
possibilities for a “works of art” model in school mathematics and present an example from the Ontario Grade 10 curriculum.

JOSEPH TURNBULL, King’s University College at the University of Western Ontario

[Saturday December 3 / samedi 3 décembre, 17:00 – Boardroom C, Sheraton, 2nd floor]

Creating classroom learning communities

Several techniques for promoting student engagement and active learning will be discussed, centered on the marriage between
collaborative learning and individual assessment in first-year mathematics courses. These strategies include several forms of
collaborative quiz preparation, mathematics video library projects, and ’teaching through assessment’ of in-class tasks.
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8:30 - 9:00 Chango Keem, Irreducibility and components rigid in moduli of the Hilbert scheme of smooth curves

9:00 - 9:30 Muhammad Sufyan, Mathematical Modeling of Transmission of Dynamics of HIV/AIDS and other viral
disease

9:30 - 10:00 Safouhi Hassan, Numerical Treatment of Quantum Mechanical Problems

Abstracts/Résumés

GUSTAVO CARRERO, Athabasca University

[Monday December 5 / lundi 5 décembre, 8:00 – Fallsview Studio B, Sheraton, 3rd Level]

Describing and quantifying the binding pathway of histone H1

Histones H1 or linker histones are highly dynamic proteins that diffuse throughout the cell nucleus and interact with the
chromatin structure (DNA and associated proteins), regulating its organization and DNA accessibility to transcription factors.
The binding mechanism of histone H1 has been proven to involve a kinetic process characterized by rapid and slow binding
interactions with the chromatin structure. When considering these two types of biding interactions explicitly in a mathematical
model for the purpose of describing and quantifying the dynamics of histone H1 it becomes apparent that there could several
binding pathways to the chromatin structure. In this work, we model all these different pathways using systems of reaction-
diffusion equations and carry out a model comparison analysis using FRAP (Fluorescence Recovery After Photobleaching)
experimental data from different histone H1 variants to determine the most feasible binding pathway of histone H1. The
analysis favors two different types of binding pathways which share common features that provide new meaningful biological
information on histone H1 dynamics. To illustrate the applicability of the results, we use the mathematical model describing
one of the favored pathways to assess the kinetic changes of histone H1 after core histone acetylation.

SAFOUHI HASSAN, University of Alberta

[Monday December 5 / lundi 5 décembre, 9:30 – Fallsview Studio B, Sheraton, 3rd Level]

Numerical Treatment of Quantum Mechanical Problems

The one dimensional anharmonic oscillator is of great interest to field theoreticians; it models complicated fields in one-
dimensional space-time. The study of quantum anharmonic oscillators as potentials in the Schrödinger equation has been on
the edge of thrilling and exciting research during the past three decades. Numerous approaches have been proposed to solve
this problem and while several of them yield excellent results for specific cases, it would be favourable to have one general
method that could handle efficiently and accurately any anharmonic potential.

The Sinc collocation method (SCM) has been used extensively to solve many problems in numerical analysis. Their applications
include numerical integration, linear and non-linear ordinary differential equations. The double exponential transformation yields
optimal accuracy for a given number of function evaluations when using the trapezoidal rule in numerical integration. Recently,
combination of the SCM with the double exponential (DE) transformation has sparked great interest.

In this talk, we present a method based on the double exponential Sinc collocation method (DESCM) for solving anharmonic
oscillator eigenvalue problems to unprecedented accuracies. The DESCM approximates the wave function as a series of
weighted Sinc functions and by evaluating the expression at several collocation points, we obtain a generalized eigensystem
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which can be transformed into a regular eigenvalue problem. The method is successfully applied to Coulombic anharmonic
oscillator potentials that describe the interaction between charged particles and consistently arises in physical applications.
These applications include interactions in atomic, molecular and particle physics, and between nuclei in plasma.

CHANGO KEEM, Seoul National University

[Monday December 5 / lundi 5 décembre, 8:30 – Fallsview Studio B, Sheraton, 3rd Level]

Irreducibility and components rigid in moduli of the Hilbert scheme of smooth curves

Denote by Hd,g,r the Hilbert scheme of smooth curves, which is the union of components whose general point corresponds
to a smooth irreducible and non-degenerate curve of degree d and genus g in Pr. A component of Hd,g,r is rigid in moduli if
its image in the moduli space Mg of smooth curves of genus g under the natural map π : Hd,g,r ��� Mg is a one point set.
In this talk, we discuss about the non-existence of a component rigid in moduli for g > 0 and r = 3. In case r ≥ 4, we also
discuss about the non-existence of a component of Hd,g,r rigid in moduli in a certain restricted range of d, g > 0 and r ≥ 4.
In the course of the discussion, we establish the irreducibility of Hd,g,3 beyond the range which has been known before.

MUHAMMAD SUFYAN, University of Punjab Gujranwala Campus

[Monday December 5 / lundi 5 décembre, 9:00 – Fallsview Studio B, Sheraton, 3rd Level]

Mathematical Modeling of Transmission of Dynamics of HIV/AIDS and other viral disease

Numerical Modeling comprises construction, application and analysis of reliable numerical schemes to solve continuous models.
These schemes are constructed with the aim that discrete model displays the same behavior as the continuous model. Discrete
models must have some very important properties like stability, dynamical consistency, positivity and boundedness of the
solution. In this dissertation , a dynamical model for the transmission dynamics of HIV/AIDS and a dynamical model for
the transmission dynamics of Dengue fever has been constructed by introducing a new partition of SIR Model.Using standard
methods for analyzing a system, the stability of disease free equilibrium point of this immunization based model has been
determined. Finally an unconditional numerical model has been constructed and analyzed for the same problem and numerical
experiments are performed for different values of discretizations parameter “h”. Results are compared with well known numerical
scheme i.e. Euler’s and Runge-Kutta method of order four (RK-4), Unlike Euler’s RK-4 which fails for large time steps, the
developed numerical scheme for the HIV/AIDS model gives results that converged to steady states of the continuous model
for any time step used.
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optimal accuracy for a given number of function evaluations when using the trapezoidal rule in numerical integration. Recently,
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1
Nadia Alluhaibi
Contributor(s):
Supervisor(s): Tatyana Barrons
Institution:

On Vector-Valued Automorphic Forms On Bounded Symmetric Domains

This work has extended the framework of constructions scalar-valued automorphic forms associated to a sub-manifold of
irreducible bounded symmetric domains, studied by T. Foth in the paper on Poincare series on bounded symmetric domains,
to vector-valued ones. It has studied the asymptotics behaviour of the inner product of two submanifolds in case that the
irreducible bounded symmetric domain is being the complex unit ball with some illustrated examples.

2
Emilia Alvarez
Contributor(s): Professor R. Raphael
Supervisor(s): Professor R. Raphael
Institution: Concordia University

Every convergent series has an absolutely convergent regrouping

This result demonstrates how any conditionally convergent infinite series can be regrouped to form an absolutely convergent
infinite series. The result is then extended to infinite series of functions under certain conditions.

3
Sylvie Bronsard
Contributor(s):
Supervisor(s): Dr. Dmitry Pelinovsky
Institution: McMaster University

Searching for an integrable semidiscretization of the DNLS

We search for an integrable discretization of the 1D derivative non-linear Schrödinger equation (DNLS). This equation governs
the propagation of circular polarized non-linear Alfvén waves in plasma, and radio frequency waves in plasma. We adapt
the ideas of Ablowitz and Ladik in their paper ”Nonlinear Differential-Difference Equations” for the NLS, to the DNLS. The
DNLS is integrable and we know its Lax pair; we attempt to discretize its continuous Lax pair in such a way as to recover a
discretization of the DNLS as the compatibility condition. Our search yield only the discrete NLS.

4
Brydon Eastman
Contributor(s): Tedra Bolger, Madeleine Hill
Supervisor(s): Dr. Gail Wolkowicz
Institution: McMaster University

Predator Response Functions in the Chemostat: A Cautionary Tale

Biological models of predator-prey interaction have been shown to have high sensitivity to the functional form of the predator
response. Focus is restricted to a chemostat model with several functional responses of Holling Type II form. By way of
bifurcation theory, the sensitivity of dynamics to our choice of functional form is demonstrated. These results should be a
warning to modelers, since by data collection and curve-fitting alone it is impossible to determine the exact functional form of
the predator response.

5
Sardar Hussain
Contributor(s):
Supervisor(s): José Alberto Cuminato
Institution: University of São Paulo
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Nadia Alluhaibi
Contributor(s):
Supervisor(s): Tatyana Barrons
Institution:

On Vector-Valued Automorphic Forms On Bounded Symmetric Domains

This work has extended the framework of constructions scalar-valued automorphic forms associated to a sub-manifold of
irreducible bounded symmetric domains, studied by T. Foth in the paper on Poincare series on bounded symmetric domains,
to vector-valued ones. It has studied the asymptotics behaviour of the inner product of two submanifolds in case that the
irreducible bounded symmetric domain is being the complex unit ball with some illustrated examples.

2
Emilia Alvarez
Contributor(s): Professor R. Raphael
Supervisor(s): Professor R. Raphael
Institution: Concordia University

Every convergent series has an absolutely convergent regrouping

This result demonstrates how any conditionally convergent infinite series can be regrouped to form an absolutely convergent
infinite series. The result is then extended to infinite series of functions under certain conditions.

3
Sylvie Bronsard
Contributor(s):
Supervisor(s): Dr. Dmitry Pelinovsky
Institution: McMaster University

Searching for an integrable semidiscretization of the DNLS

We search for an integrable discretization of the 1D derivative non-linear Schrödinger equation (DNLS). This equation governs
the propagation of circular polarized non-linear Alfvén waves in plasma, and radio frequency waves in plasma. We adapt
the ideas of Ablowitz and Ladik in their paper ”Nonlinear Differential-Difference Equations” for the NLS, to the DNLS. The
DNLS is integrable and we know its Lax pair; we attempt to discretize its continuous Lax pair in such a way as to recover a
discretization of the DNLS as the compatibility condition. Our search yield only the discrete NLS.
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Contributor(s): Tedra Bolger, Madeleine Hill
Supervisor(s): Dr. Gail Wolkowicz
Institution: McMaster University
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Simulation of two-dimensional groundwater flow

This work consists of the study of two-dimensional groundwater flow of circular inhomogeneities by the Analytic Element
method. Each circular inhomogeneity has the influence that can be expanded in a series which exactly satisfy the Laplace’s
equation. In series expansion, the unknown coefficients can be obtained from the discharge potentials of all other elements
that are related with the coefficients of the expansion. For all inhomogeneities, sizes, locations and conductivities may be
selected arbitrarily. Direct method is used for solving system of linear equations.

6
Sara Maghdoori
Contributor(s):
Supervisor(s): Dr. Seyed Moghadas
Institution: York University

Modelling the effect of screening at hospital admission on curtailing Clostridium difficile infection

Clostridium difficile infection has become the leading cause of hospital acquired nosocomial diarrhea worldwide, with alarming
rates in terms of morbidity and mortality. The main objectives, motivated by practical applications of different CDI control
strategies, are investigating the dynamics of CDI in a hospital setting, and quantifying the effects of various interventions
including patient screening, and effectiveness of isolation for colonized patients with Clostridium difficile.

7
Nasser Mohsin
Contributor(s): Harjas Singh
Supervisor(s): Dr Pablo Olivares
Institution: Ryerson University

Pricing structured derivatives under multivariate Levy processes in the electricity and related markets

In order to get approximating pricing methods for the price of real options with underlying assets related to energy and
electricity markets such as Cracks, Sparks and Quark contracts, models with independent increments and stochastic correlation
are developed. Calibration procedures are used to estimate parameters related to both models and contracts. Adaptive hedging
strategies for structured derivatives are then formed incorporating unique features such as a fuel switching option and a currency
hedge component.

8
Anjali Narayanan & Aurora Basinki-Ferris
Contributor(s):
Supervisor(s):
Institution: McMaster University

Describing the Dynamics of Interpersonal Relationships using First Order Differential Equations

This project analyzes the dynamics of dyadic, non-autonomous, platonic relationships using quantifiers. Coupled first-order
differential equations are used to describe a relationship with functions and parameters representing different aspects of that
relationship. MATLAB is used to model this relationship over time, providing insight on its interpersonal dynamics. Solutions
will be described in the context of social interactions and will be compared briefly with existing social theories regarding
interpersonal relationships.

9
J.C. Saunders
Contributor(s): Yu-Ru Liu
Supervisor(s): Kevin Hare, Yu-Ru Liu
Institution: University of Waterloo
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Sieve Methods in Random Graph Theory

We develop the use of the Turan Sieve and the Simple Sieve first developed by Paul Turan in 1934. We use these sieves to solve
problems in random graph theory. We look at sets of graphs with an arbitrary number of vertices n and allow the probability
of any edge appearing in a graph to be expressed as a function in terms of n, denoting it by p(n). From this, we obtain bounds
on the probability of a graph having diameter 2 (or diameter 3 in the case of bipartite graphs) from the asymptotics for the
function p(n). This is joint work with Yu-Ru Liu.

10
Affan Shoukat
Contributor(s):
Supervisor(s): Seyed Moghadas
Institution: York University

Delay in Booster Schedule as a Control Parameter in Vaccination Dynamics.

Many vaccine preventable diseases require a booster dose in addition to the primary vaccination in order to provide adequate
level of protection. However, the optimal timing of booster dose after primary vaccination is often difficult to determine. We
propose an agent-based model to investigate the timing of booster vaccination, based on the efficacy of primary vaccine series
and the coverage of booster dose. We show that, if the primary and booster coverages are maintained at high levels, a longer
time interval between primary and booster doses leads to better outcomes.

11
Vladmir Sicca
Contributor(s):
Supervisor(s): Alberto Saa
Institution: University of Campinas - Unicamp

Sequential Narrative: A Way Of Presenting Theorems

Attempts of using comics as a lighter way to present Maths at elementary levels are not uncommon. This poster, instead,
tries to show that sequential narrative is also a clear form to present advanced rigorous proofs and mathematical constructions.
With this in mind, we present known results from Differential Geometry that the student has met during his studies.

12
Zhao Wei Yang
Contributor(s):
Supervisor(s): Amy Wu, Michael Chen
Institution: York University

On Some Aspects of Model Selection Variability

We investigated the data analytic approach to integrate the model selection uncertainty into the statistical inferences of high
dimensional estimators. Closed-form formulae of covariance matrices are derived for high dimensional bagging estimators. In
our simulation studies, several model selection methods — the hypothesis testing, the Mallows’ Cp, AIC, BIC and LASSO —
are compared in terms of the effects on the accuracy of bagging estimators in the context of multivariate linear regression.

13
Xiaohong Zhang
Contributor(s): Whitney Gordon, Steve Kirkland, Chi-Kwong Li, and Sarah Plosker
Supervisor(s): Steve Kirkland, Sarah Plosker
Institution: University of Manitoba

Bounds for fidelity of quantum state transfer with respect to timing errors and manufacturing errors

In quantum state transfer, the fidelity is used to determine the accuracy of the state transfer. Ideally, it is 1, representing

AARMS-CMS Graduate Student Poster Session
Session de présentations par affiches pour étudiants - AARMS-SMC

perfect state transfer (PST). In reality, it is inevitable to have errors in readout time and in setting the interacting strength
between the spins. In this work, we analyze how sensitive the fidelity is to each of the above two errors, giving some lower
bounds to ensure that small perturbations will not reduce the state transfer fidelity drastically when PST occurs. The numerical
range and the matrix norm play an important role in the analysis.
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Donald Violette (Université de Moncton) est le 
lauréat du prix Adrien Pouliot 2016 de la SMC pour 
sa contribution exceptionnelle à l’enseignement 
et l’éducation des mathématiques au Canada, en 
particulier dans sa province natale du Nouveau-
Brunswick. 

Depuis  plus de 25 ans, Violette joue un rôle actif et 
du premier plan dans la promotion, l’enseignement, 
la reconnaissance et l’appréciation des 
mathématiques dans sa communauté et sa province 
natale du Nouveau-Brunswick. Sa réputation en tant 
que professeur exceptionnel ne s’est pas démentie 
depuis le début de sa carrière à l’âge d’à peine 
vingt-trois ans.

L’énergie et la passion incroyable de professeur 
Violette lui ont permis de travailler à démystifier 
le sujet des mathématiques pour les étudiants et 
le grand public. En dehors de l’enseignement des 
mathématiques au niveau post-secondaire, Violette 
a un horaire assez chargé avec ses activités de 
sensibilisation dans sa communauté. Il a présenté 
environ 450 causeries dans les écoles primaires et 

Donald Violette (University of Moncton) is the 
recipient of the 2016 Adrien Pouliot Award for 
his excellence in teaching and contributions to 
mathematics education in Canada, particularly in 
his home province of New Brunswick. 

For over 25 years, Violette has played an active 
and leading role in the promotion, teaching, 
recognition and appreciation of mathematics in his 
community and home province of New Brunswick. 
His reputation as an exceptional teacher has only 
flourished since the beginning of his teaching career 
at the age of twenty-three.

Violette’s incredible energy and passion have 
allowed him to work towards demystifying the 
subject of mathematics for students and the 
general public. Outside of teaching mathematics 
at the post-secondary level, Violette has kept 
busy with outreach activities, from conducting 
over 450 workshops benefiting nearly 17,000 
students at local high schools, to initiating new 
programs and math competitions, which include 
concours de mathématiques Poincaré, concours 

Adrien Pouliot Award  
Donald Violette 

Prix Adrien-Pouliot 
Donald Violette 
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de mathématiques de Möbius and concours de 
mathématiques de Sierpinski. 

He is also the founder and organizer of many 
math camps in New Brunswick, including camps 
mathématiques de l’Acadie, camp Séjour 
vacances : à la découverte des mathématiques 
and camp Les mathématiques, c’est magique. In 
2014, Violette established the first mathematical 
foundation in Canada, Fondation Mathématique 
Donald Violette Inc., a non-profit organisation with 
the main objective of supporting math outreach 
activities. 

His colleague, Professor Salah Eddine El Adlouni, 
from the University of Moncton has said that, 
“Professor Donald Violette is a person whose 
teaching, research and community service have 
made outstanding contributions in an exceptional 
way, to the lives of our students.” 

Violette’s teaching style and dedication are also 
admired by his students:

secondaires auxquelles ont assisté 17 000 élèves.  
Il est le fondateur de nouveaux programmes et 
concours mathématiques, qui comprennent  entre 
autres les concours de Poincaré, de Möbius et de 
Sierpinski.

Professeur Violette est aussi le fondateur et 
l’organisateur principal de plusieurs camps 
mathématiques au Nouveau-Brunswick, comme 
les camps mathématiques de l’Acadie, le 
camp Séjour vacances : à la découverte des 
mathématiques et le camp Les mathématiques, 
c’est magique. En 2014, Il a fondé la première 
fondation mathématique au Canada, la 
« Fondation Mathématique Donald Violette Inc. », 
un organisme à but non lucratif qui chapeaute des 
projets de sensibilisation en mathématiques. 

“Le professeur Violette est une personne qui 
a contribué de façon remarquable à la vie des 
étudiants à travers l’enseignement, la recherche 
et le service  communautaire” dit son collègue 
professeur Salah Eddine El Adlouni, de l’Université 
de Moncton.

“Mr. Violette is a teacher who has the student’s 
success at heart. His course always revolves around 
the student so that he or she does not only finish 
the course with a set of notes, but with the cultural 
background essential to any first year student. 
The working method and the method of reasoning 
acquired from his course are of great value,” noted 
one of his former students in a letter of support for 
Violette’s Adrien Pouliot Award candidacy.

Le style d’enseignement  et le dévouement de 
professeur Violette sont également appréciés par 
ses étudiants: 

“M. Violette est un prof qui a la réussite de 
ses étudiants à cœur. Son cours est centré sur 
l’étudiant afin que ce dernier n’en sorte pas 
uniquement avec des notes, mais avec un certain 
bagage culturel indispensable à tout étudiant de 
1re année. En effet, la méthode de travail acquise 
et le raisonnement sont d’une utilité primordiale,” 
a écrit un de ses anciens étudiants dans une lettre 
se support pour sa nomination au prix Adrien-
Pouliot.

Continued on page 160. please see Adrien Pouliot Award

Suite à la page 160, veuillez consulter Prix Adrien-Pouliot 

Violette’s incredible energy and 
passion have allowed him to work 
towards demystifying the subject of 
mathematics for students and the 
general public.

 « L’énergie et la passion incroyable 
de professeur Violette lui ont 
permis de travailler à démystifier le 
sujet des mathématiques pour les 
étudiants et le grand public. »
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Une tradition séculaire en physique théorique 
et mathématique repose sur la solution exacte 
de modèles pertinents.  En général cela requiert 
la présence de symétries. En conséquence, 
l’identification des symétries de systèmes 
physiques, la découverte et l’obtention des 
représentations de structures mathématiques 
adaptées à la description de nouvelles symétries, 
l’études de polynômes orthogonaux qui encodent 
des symétries sont autant de sujets d’intérêt 
soutenu. Vincent Genest est à l’origine de plusieurs 
percées significatives dans chacune de ces 
directions.

Vincent Genest a obtenu son Ph.D. en physique 
théorique de l’Université de Montréal en 2015. Il 
a œuvré au Centre de Recherches Mathématiques 
sous la supervision de Luc Vinet. Sa thèse des 
plus remarquables comprend 28 articles qui ont 
maintenant tous été acceptés dans des journaux 
tels Communications in Mathematical Physics, 
Ramanujan Journal, Letters in Mathematical 

A secular tradition in theoretical and mathematical 
physics resides in the exact solution of models 
of interest. Typically this requires the presence 
of symmetries. Hence, the identification of 
symmetries in physical systems, the discovery and 
the understanding of new mathematical structures 
and their representations that are adapted to 
the description of novel symmetries, the study 
of orthogonal polynomials that are encoding 
symmetries, are topics of perennial interest. 
Vincent Genest is responsible for a number of 
significant advances in each of these areas.

Vincent Genest has obtained his Ph.D. in theoretical 
physics from the Université de Montréal in 2015. 
He has worked at the Centre de Recherches 
Mathématiques (CRM) under the supervision of 
Luc Vinet. His most remarkable thesis is based 
on 28 papers now all accepted in journals  such 
as Communications in Mathematical Physics, 
Ramanujan Journal, Letters in Mathematical 
Physics, Proceedings of the American Mathematical 

Doctoral Prize
Vincent Genest

Prix de doctorat
Vincent Genest
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Society etc. . Nicolai Reshetikhin from UC Berkeley 
who acted as the External Examiner of the PhD jury 
commented : « The dissertation is a tour de force 
in the area of integrability and special functions.  
(…) My recommendation is to use this work as a 
basis for a book. » Vincent Genest is currently an 
Instructor in Pure Mathematics at MIT.

Let us give a few examples of Vincent Genest’s 
numerous major contributions. He has provided 
an insightful understanding of superintegrable 
models in the framework of Lie (super)algebra 
recoupling problems, showing that the quadratic 
symmetry algebras of these models are generated 
by intermediate Casimir operators. In the case 
when the superalgebra osp(1,2) is considered, the 
invariance algebra is the one that describes the 
Leonard bispectrality of the Bannai-Ito polynomials 
introduced in 1984 in the description of association 
schemes. Vincent Genest has also shown in his 
thesis that the Bannai-Ito algebra of rank one is 
isomorphic to a degenerate double affine Hecke 

Physics, Proceedings of the American Mathematical 
Society etc. Nicolai Reshetikhin de la UC Berkeley 
a agi comme examinateur externe de la thèse 
de Vincent Genest et a écrit dans son rapport : 
« The dissertation is a tour de force in the area 
of integrability and special functions.  (…) My 
recommendation is to use this work as a basis 
for a book. » Vincent Genest est présentement 
Instructor in Pure Mathematics au MIT.

Donnons quelques exemples des nombreuses 
contributions majeures de Vincent Genest. 
Celui-ci a donné une description fort éclairante 
des modèles superintégrables dans le cadre des 
problèmes de recouplage de représentations 
d’algèbres et superalgèbres de Lie. Il a montré 
que les algèbres de symétrie quadratiques de 

algebra and he uncovered the superintegrable 
model on the 2-sphere with these symmetries.

Vincent Genest has provided the definitive 
algebraic interpretation of important families 
of multivariate orthogonal polynomials and 
found physical applications of these. Introduced 
by Griffiths in the 70s, the multivariate 
polynomials of the Krawtchouk and Meixner 
types were rediscovered a few years ago and 
their characterization was proving problematic. 
Vincent Genest offered a lucid understanding of 
their properties by showing that these polynomial 
families arise as matrix elements of reducible 
representations of orthogonal and pseudo-

 « Celui-ci a donné une description fort éclairante des modèles 
superintégrables dans le cadre des problèmes de recouplage de 
représentations d’algèbres et superalgèbres de Lie. » 

ces modèles sont engendrées par les opérateurs 
de Casimir intermédiaires. Ce point de vue est 
maintenant généralement adopté. Lorsque la 
superalgèbre osp(1,2) est considérée, l’algèbre 
d’invariance associée est celle qui traduit la 
bispectralité de Léonard des polynômes de Bannai-
Ito introduits en 1984 dans l’étude des schémas 
d’association. Vincent Genest a aussi démontré 
dans sa thèse que l’algèbre de Bannai-Ito de rang 1 
est isomorphe à une algèbre de Hecke doublement 
affine dégénérée et il a mis en évidence le modèle 
superintégrable sur la 2-sphère avec ces symétries.

Suite à la page 167, veuillez consulter Prix de doctorat

Continued on page 167, please see Doctoral Prize

 He has provided an insightful 
understanding of superintegrable 
models in the framework of Lie 
(super)algebra recoupling problems
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Jim Agler (Université de la Californie à San Diego) 
et John E. McCarthy (Université de Washington 
à St. Louis) sont les lauréats du prix G. de B. 
Robinson 2016 de la Société mathématique du 
Canada pour leur article « Global Holomorphic 
Functions in Several Noncommuting Variables » 
(Journal canadien de mathématiques, vol. 67:2 
[2015] pages 241-285). Ce prix rend hommage 
à des mathématiciens qui se sont distingués par 
l’excellence de leurs articles parus dans le Journal 
canadien de mathématiques (JCM) ou le Bulletin 
canadien de mathématiques (BCM). L’article 
de MM. Agler et McCarthy est une contribution 
fondamentale à l’analyse libre, domaine en pleine 
expansion des mathématiques modernes qui étudie 
la théorie des fonctions dans les variables non 
commutatives libres.

Les auteurs sont tous deux des spécialistes bien 
connus de l’analyse complexe multivariée et de 
la théorie des opérateurs. Le comité de sélection, 
présidé par les rédacteurs en chef Henry Kim et 
Robert McCann du JCM, a souligné que l’article 
primé était « sans aucun doute l’un des articles 

Jim Agler (University of California, San Diego) and 
John E. McCarthy (Washington University,
St. Louis) have been named the recipients of 
the Canadian Mathematical Society’s (CMS) 2016 
G. de B. Robinson Award for their paper Global 
Holomorphic Functions in Several Noncommuting 
Variables (Canadian Journal of Mathematics Vol. 
67:2 (2015) pp. 241-285). The award recognizes 
outstanding contributions to the Canadian Journal 
of Mathematics (CJM) or the Canadian Mathematical 
Bulletin (CMB).  Agler and McCarthy’s paper is a 
fundamental contribution to free analysis, a rapidly 
developing area of modern mathematics which 
studies function theory in free noncommutative 
variables.

Both Agler and McCarthy are well-known specialists 
in multivariate complex analysis and operator 
theory. The selection committee, chaired by CJM/
CMB Editors-in-Chief Henry Kim and Robert McCann, 
noted that the prize-winning article, “Without 
doubt is one of the most influential papers in the 
area. The article’s nomination for the Robinson 

G. de B. Robinson Award
Jim Agler (top) and John E. McCarthy

Prix G. de B. Robinson
Jim Agler (au-dessus) et John E. McCarthy
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Prize was enthusiastically supported by the CMS 
Editorial Board due to its novelty, originality and 
introduction of important techniques leading to 
pioneering results.”

les plus influents dans ce domaine » et que la 
candidature de l’article pour le prix G. de B. 
Robinson « avait été appuyée avec enthousiasme 
par le comité de rédaction de la SMC en raison 
de sa nouveauté, de son originalité et de sa 
présentation de techniques importantes menant à 
des résultats avant-gardistes ».
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Adrien Pouliot Award, 
continued from page 155

Prix Adrien-Pouliot   
suite de la page 155

a écrit un de ses anciens étudiants dans une lettre 
se support pour sa nomination au prix Adrien-
Pouliot.

Le professeur Violette a été honoré pour son 
travail acharné et son engagement à la cause 
de l’enseignement des mathématiques par ses 
collègues, ses étudiants et par la communauté. 
Tout au long de sa carrière excitante, Violette a 
remporté de nombreux prix pour son enseignement, 
le dévouement et l’engagement. Parmi ces 
nombreux prix qu’il a reçu, le prix du professeur le 
plus dévoué à la vie étudiante (2014) de l’Université 
de Moncton, le prix d’excellence en enseignement 
des Sciences (1995) du Conseil des sciences des 
provinces atlantiques (maintenant connu comme 
sous le nom Atlantic Science), le Prix d’excellence 
en enseignement (2002) de l’Université de Moncton 
et la médaille du jubilé de diamant  de la Reine 
Élisabeth II (2013) pour ses services rendus au 
Canada et ses réalisations remarquables dans le 
domaine de l’éducation.

Originaire de Saint-Quentin à Nouveau-Brunswick, 
le professeur Violette a commencé sa carrière 
comme mathématicien en 1984 après l’obtention 
d’un  doctorat (Ph.D.) en mathématiques pures 
de l’Université de Sherbrooke. À son retour au 
Nouveau-Brunswick, il a été célébré comme le 
premier francophone de la province à obtenir un 
doctorat en mathématiques.

Violette est présentement un professeur de 
mathématiques au département des mathématiques 
à l’université de Moncton.  

Violette has been honoured and revered for 
his hard work and commitment to the cause of 
mathematics education by his colleagues, students 
and community. Throughout his exciting career, 
Violette has won numerous awards for his teaching, 
dedication and commitment. Some of the many 
awards that he has received include The Most 
Devoted Professor to Student Life Award (2014) 
from the University of Moncton, the Excellence 
in Teaching the Sciences Award (1995) from the 
Atlantic Provinces Council on the Sciences (now 
known as Science Atlantic), the Excellence in 
Teaching Award (2002) from the University of 
Moncton and the Queen Elizabeth II Diamond 
Jubilee Medal (2013) for his services to Canada 
and his remarkable achievements in the domain of 
education. 

Born in Saint-Quentin, New Brunswick, Violette 
started his teaching career at the University of 
Moncton in 1977. In 1984, he earned his Ph.D. 
in Pure Mathematics from the University of 
Sherbrooke. Upon returning to New Brunswick, he 
was celebrated as the first francophone from the 
province to earn a Ph.D. in mathematics. 

Violette is currently a Professor of Mathematics in 
the Department of Mathematics of the University of 
Moncton.
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It’s here! After much anticipation, the new CRM 
system is ready!

The CMS has undertaken a review of its IT 
operations and is now implementing a new 
Customer Relationship Management (CRM) system 
to better serve you.  This will mark a substantial 
improvement and streamlining in the way members 
can renew and donate directly to the Society, 
receive receipts automatically by email and allow 
them to manage their own profiles and preferences 
of communication, and much more!

All members should have received an email with 
instructions on how to set up their user account 
and update their profile.  If you haven’t done so 
yet, we encourage you to review/update your 
profile as soon as possible. You can renew/apply 
for membership through this portal, donate to the 
CMS, and subscribe to our publications, all at your 
fingertips. More features will be added in the year 
to come such as registering for CMS meetings.  

We ask for your patience and understanding during 
this significant transition. Thank you for your 
continued support of the CMS and I hope that you 
appreciate the new CMS portal.

Should you encounter any difficulties setting up 
your profile or renewing your membership, please 
contact us at memberships@cms.math.ca

C’est ici! Après beaucoup d’anticipation, la SMC a 
terminé le nouveau portail des membres.

La SMC revoit en ce moment ses activités 
informatiques et met en place un système de 
gestion de la relation client (GRC) pour mieux 
vous servir. Ce système améliorera et rationalisera 
substantiellement les processus et permettra 
aux membres de renouveler leur adhésion et de 
faire un don directement à la Société, de recevoir 
automatiquement des reçus par courriel et de 
gérer leurs propres profils et préférences de 
communication, et bien plus encore!

Tous les membres ont reçu un courriel contenant 
la marche à suivre pour activer leur compte 
d’utilisateur et mettre à jour leur profil. Nous vous 
encourageons à consulter ou à mettre à jour votre 
profil le plus tôt possible. Vous pouvez renouveler 
/ faire une demande d’adhésion à travers ce 
portail, faire un don à la SMC, et vous abonner à 
nos publications, tout au bout des doigts. D’autres 
fonctionnalités seront ajoutées dans l’année à 
venir, comme l’inscription aux réunions de la SMC. 

Nous implorons votre patience et votre 
compréhension pendant cette importante 
transition. Je vous remercie de votre soutien 
continu à la SMC et j’espère que le nouveau portail 
de la SMC vous plaira.

Si vous éprouvez des difficultés à créer votre profil 
ou à renouveler votre adhésion, écrivez-nous à 
adhesions@smc.math.ca.

launCh of the  
New CRM 
SySteM!

lanCeMent du 
nouveau 
SyStèMe de 
GRC à LA SMC!
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Daniel Wise est généralement reconnu comme l’un 
des meilleurs théoriciens des groupes géométriques 
dans le monde, et le meilleur de sa génération. 
Ses travaux ont des répercussions profondes non 
seulement en théorie des groupes géométriques, 
mais aussi en raison de leur rôle clé dans la 
résolution de problèmes jamais encore résolus en 
théorie des variétés à 3 dimensions. Son travail 
sur les hiérarchies virtuelles quasiconvexes est 
au cœur de la récente résolution spectaculaire 
de la conjecture virtuelle de Haken formulée par 
Waldhausen, et d’autres réalisations incroyables 
comme la preuve de Thurston de la conjecture de 
fibration virtuelle et le théorème selon lequel les 
variétés hyperboliques de dimension 3 sont des 
«LERF» (Large Early Release Fractions).

L’une des réalisations majeures de M. Wise est 
son travail sur les complexes cubiques spéciaux 
et les hiérarchies quasiconvexes des groupes 
hyperboliques. Un examinateur qualifie son 
programme d’étude des variétés à 3 dimensions 
(terminé par Ian Agol) de « révolutionnaire et 
remarquable, que personne n’avait prévu avant lui, 

Daniel Wise is widely recognized as one of the 
top geometric group theorists in the world, and 
the best of his generation. His work has had a 
profound impact, not only in the immediate subject 
of geometric group theory, but has also played 
a key role in the solution of outstanding open 
problems in the theory of 3-manifolds. His work 
on quasi-convex virtual hierarchies is the core of 
the recent spectacular resolution of Waldhausen’s 
virtual Haken conjecture and other incredible 
achievements such as the resolution of Thurston’s 
virtual fibering conjecture and the theorem that 
hyperbolic 3-manifold groups are LERF.

One of Wise’s major achievements is his work 
on special cube complexes, and quasi-convex 
hierarchies of hyperbolic groups. His program to 
study 3-manifolds via hierarchies and special cube 
complexes (that was finally completed by Ian Agol), 
is described by one reviewer as “revolutionary and 
remarkable, was not expected by anyone before 
him, and is clearly the biggest breakthrough in 
3-dimensional topology since Perelman’s resolution 
of the Poincare Conjecture”. In this work Wise 

Jeffery-Williams Prize
Daniel Wise

Prix Jeffery-Williams
Daniel Wise
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revolutionized small cancellation theory, and 
managed to apply it in a much more geometric 
setup. He developed completely new tools to study 
the profinite topology and the LERF property of 
groups.

The profound impact and originality of Wise’s 
work have been recognized through several major 
awards, most notably an invited address at the 
2014 International Congress of Mathematicians 
and the 2013 Veblen Prize of the American 
Mathematical Society, the most prestigious prize 
that is awarded in geometry and topology. Wise is 
the first Canadian mathematician to have received 
the Veblen Prize since its inception in 1964. Wise 
was the recipient of the 2016 CRM-Fields-PIMS 

et qui constitue clairement la plus grande percée 
dans la topologie des variétés à 3 dimensions depuis 
que Perelman a résolu la conjecture de Poincaré ». 
Dans ce programme, Daniel Wise a révolutionné 
la théorie des petites annulations et a réussi 
à l’appliquer dans une configuration beaucoup 
plus géométrique. Il a conçu des instruments 
entièrement nouveaux pour étudier la topologie 
profinie et les propriétés LERF des variétés.

L’importance et l’originalité du travail de 
M. Wise ont été soulignées par plusieurs prix 
importants, notamment une invitation à titre 
de conférencier invité au Congrès international 
des mathématiciens 2014 et le prix Veblen 2013 
de l’American Mathematical Society, prix le plus 
prestigieux décerné en géométrie et en topologie. 
M. Wise est d’ailleurs le premier mathématicien 
canadien à recevoir le prix Veblen depuis sa 
création en 1964. Il a de plus reçu le prix CRM-
Fields-PIMS 2016 et a été fait titulaire de la chaire 
Henri-Poincaré par l’Institut Henri-Poincaré en 
2015-2016. En 2014, il est également devenu 
Membre de la Société royale du Canada.

Prize, and was selected as Henri Poincare Chair at 
the Institute Henri Poincare for 2015-2016. In 2014 
he was elected a Fellow of the Royal Society of 
Canada.

Wise received his PhD in 1996 from Princeton 
University under the supervision of Martin Bridson. 
He was an NSF Postdoctoral Fellow at U.C. Berkeley 
in 1996-1997 and H.C. Wang Assistant Professor at 
Cornell University from 1997-2000. He was Visiting 
Assistant Professor at Brandeis University in 2000-
2001, before joining the Mathematics Department 
at McGill University in 2001, where he is currently 
James McGill Professor.

“His work has had a profound impact, not only in the immediate 
subject of geometric group theory, but has also played a key role 
in the solution of outstanding open problems in the theory of 
3-manifolds.”

 « Ses travaux ont des répercussions 
profondes non seulement en 
théorie des groupes géométriques, 
mais aussi en raison de leur rôle 
clé dans la résolution de problèmes 
jamais encore résolus en théorie 
des variétés à 3 dimensions. » 

M. Wise a obtenu son doctorat en 1996 de 
l’Université Princeton sous la direction de Martin 
Bridson. Il a été boursier postdoctoral de la NSF à 
l’Université de la Californie à Berkeley en 1996-
1997 et professeur adjoint H.C. Wang à Cornell de 
1997 à 2000. Il a été professeur auxiliaire invité 
de l’Université Brandeis en 2000-2001, avant de 
se joindre au Département de mathématiques de 
l’Université McGill en 2001, où il est en ce moment 
titulaire d’une chaire James-McGill.
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Le trajet le plus court entre deux points est la ligne 
droite : c’est l’une des premières leçons que l’on 
enseigne en géométrie élémentaire. En pratique, 
c’est faux, puisqu’il y a des obstacles : sinon nous 
pourrions aller de Londres aux îles des Antipodes, 
en Nouvelle-Zélande, en passant par un tunnel 
qui traverserait directement le centre de la Terre. 
Prenons comme autre exemple les fleuves et les 
rivières, qui font des méandres et contournent 
les obstacles pour aller se jeter dans l’océan. La 
trajectoire des cours d’eau n’est pas le chemin 
le plus court, au sens euclidien traditionnel, mais 
c’est la trajectoire « optimale » dans le sens où, au 
moins localement, elle minimise en quelque sorte 
l’énergie dépensée par l’eau dans sa trajectoire de 
la source jusqu’à la mer. Bien sûr, ce cheminement 
est également imprévisible et sensible aux aléas 
topographiques des abords des cours d’eau. Quel 
serait un modèle mathématique raisonnable pour 
une telle trajectoire?

Un domaine difficile et passionnant en probabilité 
et en physique statistique consiste à définir 
en termes mathématiques et à étudier de 

The shortest route between two points is a straight 
line: this is one of the first lessons we teach in 
basic geometry. In practice, it is false, because of 
obstacles: otherwise we would travel from London 
to New Zealand’s Antipodes Islands by tunnelling 
directly through the centre of the earth. For a 
more organic example, consider the trajectories 
of river systems, which twist and turn around 
obstacles en route to the ocean. The river’s route 
is not a shortest path in the traditional, Euclidean 
sense, but it is “optimal” in the sense that, at least 
locally, it approximately minimizes the energy 
expended by the water in its trajectory from source 
to sea. Of course, this process is also unpredictable, 
sensitive to the topographical vagaries of the river’s 
surroundings. What is a reasonable mathematical 
model for such a route?

A challenging and exciting area of investigation 
in probability and statistical physics is to 
mathematically define and study such “random 
energy landscapes”. As in the case of a river 
system, an extraordinarily large number of these 

Coxeter-James Prize
Louigi Addario-Berry
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models turn out to have an underlying branching 
structure present as a key feature. One of the aims 
of Louigi Addario-Berry’s research is to investigate 
the structure and scaling limits of typical and 
exceptional paths (perhaps: the branches and 
trunk of a river drainage system) in probabilistic 
discrete models and in their scaling limits, and in 
particular in systems containing a phase transition 
or exhibiting some form of tree-like behaviour. 
Another aspect of his research, which turns out to 
be closely related, is the study of random discrete 
structures arising in combinatorial optimization. 
Indeed, the latter subject is also concerned with 
minimization problems: whereas the path taken 
by a river may minimize energy expenditure, in 
combinatorial optimization one may be attempting 
to minimize the total distance travelled when 

tels « paysages énergétiques aléatoires ». À 
l’image d’un bassin hydrographique, un nombre 
extraordinairement élevé de ces modèles ont une 
ramification sous-jacente comme caractéristique 
principale. L’un des objectifs de recherche de 
Louigi Addario-Berry est d’étudier la structure et 
les limites d’échelle des trajectoires typiques et 
exceptionnelles (par exemple les ramifications 
du bassin hydrographique d’une rivière) dans des 
modèles probabilistes discrets et dans leurs limites 
d’échelle, et en particulier dans les systèmes 
contenant une transition de phase ou présentant 
une certaine forme de comportement arborescent. 
Un autre aspect de ses recherches, qui se révèle 
étroitement lié au précédent, est l’étude des 
structures aléatoires discrètes résultant de 
l’optimisation combinatoire. En effet, ce dernier 
sujet concerne également des problèmes de 

visiting a fixed set of cities (the travelling salesman 
problem) or the total miles of asphalt required 
to ensure one can drive from each city to any 
other (the minimum spanning tree problem). 
Remarkably, the probabilistic analysis of some 
such models leads directly to the heart of modern 
discrete probability, in some cases to the very same 
questions that arise from attempting to describe 
and analyze biological systems and models from 
statistical physics. 

   
 
 
 

minimisation : si la trajectoire empruntée par 
une rivière peut réduire au minimum les dépenses 
d’énergie, il est possible, en optimisation 
combinatoire, d’essayer de minimiser la distance 
totale à parcourir pour visiter un ensemble fixe 
de villes (problème du vendeur itinérant), ou le 
nombre de kilomètres d’asphalte nécessaire pour 
pouvoir se rendre d’une ville à n’importe quelle 
autre (problème de l’arbre de poids minimum). 
Fait remarquable, l’analyse probabiliste de certains 
de ces modèles mène directement au cœur de la 
probabilité discrète moderne et, dans certains 
cas, aux mêmes questions qui se posent lorsque 
l’on tente de décrire et d’analyser les systèmes et 
modèles biologiques de la physique statistique. 

Continued on page 166, please see Coxeter-James Prize
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Among Addario-Berry’s contributions is the 
description of a measured metric space scaling limit 
for the minimum spanning tree, the construction 
of which allowed he and his coauthors to fully 
resolve a 20-year-old conjecture of David Aldous. 
As part of his body of work on random planar 
maps and their limits, Addario-Berry and Albenque 
answered a well-known question of Jean-FranÃ§ois 
Le Gall by showing that the scaling limit of simple 
triangulations is the Brownian map. Addario-Berry’s 
widely cited work on behaviour near the front in 
branching random walks and branching Brownian 
motion, both of which are models for reproducing 
populations that migrate over time, has catalyzed a 
major renewal of research in the area.

Addario-Berry received his PhD from McGill 
University under the supervision of Bruce Reed. He 
was Marie Curie Fellow at the University of Oxford 
and Professeur Adjoint at Universite de Montreal, 
before joining the faculty at McGill University 
in 2009 where he is currently an Associate 
Professor. He has held visiting positions at Ã‰cole 
Polytechnique Paris and ENS Lyon, was Leverhulme 
Visiting Professor at Oxford, and Simons Visiting 
Fellow at Isaac Newton Institute Cambridge. He 
has established an outstanding record of service 
to the mathematics community in Canada, having 
served as Member of the CMS Research Committee, 
Chair of the CMS Doctoral Prize Committee, Vice 
President for Quebec of the CMS, and Scientific 
Director of the 2015 CMS Winter Meeting, and is 
currently the Deputy Director, Scientific Programs 
at the Centre de recherches mathÃ©matiques. 
He is an Associate Editor of Electronic Journal of 
Probaility, Electronic Communications in Probability, 
Canadian Journal of Mathematics, and Canadian 
Bulletin of Mathematics. 

Parmi les contributions de Louigi Addario-Berry, 
soulignons la description d’une limite d’échelle pour  
un arbre de recouvrement minimal dans un espace 
métrique équipé d’un mesure, qui lui a permis, 
ainsi qu’à ses coauteurs, de résoudre complètement 
une conjecture de David Aldous datant de 20 ans. 
Dans le cadre de leurs travaux sur les cartes planes 
aléatoires et leurs limites, M. Addario-Berry et 
Mme Albenque ont répondu à une question bien 
connue de Jean-François Le Gall en démontrant que 
la limite d’échelle des triangulations simples était 
la carte brownienne. Les travaux largement cités 
de Louigi Addario-Berry sur le comportement « près 
de l’avant » dans les marches aléatoires sur des 
arbres de branchement et le mouvement brownien 
branchant, deux modèles permettant de reproduire 
les populations qui migrent au fil du temps, ont 
suscité un grand renouveau de la recherche dans ce 
domaine.

M. Addario-Berry a obtenu son doctorat de 
l’Université McGill sous la direction de Bruce 
Reed. Il a été boursier de recherche Marie-Curie 
à l’Université d’Oxford et professeur adjoint 
à l’Université de Montréal avant de se joindre 
au corps professoral de l’Université McGill en 
2009, où il est actuellement professeur agrégé. 
Il a été professeur invité à l’École Polytechnique 
de Paris et à l’ENS de Lyon, professeur invité 
Leverhulme à Oxford et chercheur-boursier 
Simons à l’Institut Isaac-Newton de Cambridge. 
Il a contribué de façon exceptionnelle à la 
communauté mathématique canadienne : il a 
été membre du Comité de recherche de la SMC; 
président du Comité du Prix de doctorat de la 
SMC; vice-président pour le Québec de la SMC; 
directeur scientifique de la Réunion d’hiver de 
la SMC 2015, et il est actuellement directeur 
adjoint, Programmes scientifiques, du Centre de 
recherches mathématiques. Il est rédacteur associé 
du Electronic Journal of Probaility, du Electronic 
Communications in Probability, du Journal canadien 
de mathématiques et du Bulletin canadien de 
mathématiques. 
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Another area that Vincent Genest much developped 
is that of Dunkl harmonic analysis. Dunkl operators 
are a generalization of partial derivatives that 
involve reflections ; they arise in many contexts. 
Vincent Genest gave a thorough analysis of Dunkl 
oscillators and their associated special functions. 
He has also shown that a class of Dunkl spherical 
harmonics on the 2-sphere form a representation 
space for the Bannai-Ito mentioned before. He 
further proved that the Dirac-Dunkl equation has 
the same symmetry algebra and used the Cauchy-
Kovalevskaia extension map to obtain the associated 
Dunkl monogenics.

These are three broad examples of the remarkable 
contributions of Vincent Genest and much more 
can be found in his thesis. As should be clear from 
these lines, he has already much influenced each of 
the following areas : integrable systems, harmonic 
analysis, special functions and representation theory 
and moreover has built useful new bridges between 
them.

Vincent Genest a fourni l’interprétation algébrique 
définitive de familles importantes de polynômes 
multivariés et leur a trouvé diverses applications 
physiques. Introduits par Griffiths au début des 
années 70, les polynômes multivariés de type 
Krawtchouk et Meixner ont été redécouverts 
il y a quelques années et leur caractérisation 
posait problème. Vincent Genest a proposé une 
explication lucide de leurs propriétés en observant 
que ces familles de polynômes interviennent 
dans l’expression d’éléments de matrice de 
représentations réductibles de groupes orthogonaux 
et pseudo-orthogonaux sur les vecteurs d’état 
d’oscillateurs harmoniques quantiques.

Un autre domaine que Vincent Genest a beaucoup 
développé est celui de l’analyse harmonique 
de Dunkl. Les opérateurs de Dunkl sont une 
généralisation des dérivées partielles qui impliquent 
des réflexions ; elles apparaissent dans de nombreux 
contextes. Vincent Genest a fourni une analyse 
exhaustive des oscillateurs de Dunkl et des fonctions 
spéciales qui leurs sont associées. Il a aussi montré 
qu’une classe d’harmoniques sphériques de Dunkl 
sur la 2-sphère forme un espace de représentation 
de l’algèbre de Bannai-Ito mentionnée 
précédemment. Il a démontré que l’équation de 
Dirac-Dunkl a la même algèbre de symétrie et a 
utilisé l’application de Cauchy-Kovalevskaia pour 
obtenir les monogéniques de Dunkl correspondantes.

Voilà trois grands exemples des contributions 
remarquables de Vincent Genest sachant que 
plusieurs autres peuvent être trouvés dans sa 
thèse. Comme ces lignes l’auront évoqué, Vincent 
Genest a déjà profondément influencé chacun des 
domaines suivants : systèmes intégrables, analyse 
harmonique, les fonctions spéciales et la théorie des 
représentations et il a de plus construit de nouveaux 
ponts importants entre ceux-ci.

Doctoral Prize, 
continued from page 157
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MatheMatical congress of the aMericas
congrès MathéMatique des aMériques

July 24-28 Juillet Montréal, canada

 The second Mathematical Congress of the 
Americas (MCA) will take place from July 24-28, 
2017, at Centre Mont-Royal and McGill University 

in Montreal, Canada.
MCA 2017 will highlight mathematical achievements of 
the Americas and will foster collaboration between the 
continents’ mathematical communities.
There will be a large number of special sessions.  
Follow this link to view the confirmed scientific sessions: 
https://mca2017 .org/program/scentific-program
Registration is now open!

mca2017 .org

 L e deuxième Congrès mathématiques des 
Amériques (CMA) aura lieu du 24 au 28 juillet 
2017 au Centre Mont-Royal et l’Université McGill 

à Montréal, Canada. 
Le CMA 2017 met en lumière les accomplissements 
mathématiques des Amériques et encourage la 
collaboration entre les différentes communautés 
mathématiques du continent.
Un grand nombre de sessions spéciales seront au 
programme. Consultez la page https://mca2017 .org/
program/scentific-program pour voir les sessions 
confirmées.
La période d’inscription est ouverte! 

mca2017 .org/fr

Connectez vous a la SMC ! 

flickr.com/people/canadianmathematicalsociety

google.com/+CanadianMathematicalSocietyOttawa

facebook.com/canmathsoc/

Connect with the CMS!

twitter.com/canmathsociety

cms.math.ca

smc.math.ca
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