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1. CONFERENCE STRUCTURE

1.1. SCIENTIFIC ORGANIZING COMMITTEE

Nair Abreu (Universidade Federal do Rio de Janeiro, Brazil)
Tom Bella (University of Rhode Island, USA) 
Rajendra Bhatia (Indian Statistical Institute, New Delhi, India and Sungkyunkwan University, Korea)
Richard A. Brualdi (University of Wisconsin-Madison, USA)
Man-Duen Choi (University of Toronto, Canada)
Nicholas J. Higham (University of Manchester, UK)
Leslie Hogben (ISU and AIM, USA / ILAS Represeatative) 
Suk-Geun Hwang (Kyungpook National University, Korea) / Chair
Stephen Kirkland (University of Manitoba, Canada) 
Sang-Gu Lee (Sungkyunkwan University, Korea)
Helena Smigoc (University College Dublin, Ireland)
Fuzhen Zhang (Nova Southeastern University, USA)

1.2. LOCAL ORGANIZING COMMITTEE

Gi-Sang Cheon (Sungkyunkwan University, Korea)
Suk-Geun Hwang (Kyungpook National University, Korea) / Chair
Hyun-Min Kim (Pusan National University, Korea)
In-Jae Kim (Minnesota State University, Mankato, USA)
Sang-Gu Lee (Sungkyunkwan University, Korea) / Co-Chair
Yongdo Lim (Sungkyunkwan University, Korea)

1.3. PLENARY SPEAKERS

Ravindra Bapat (Indian Statistical Institute, Delhi, India) / LAMA Lecturer
Peter Benner (Max Planck Institute Magdeburg, Germany)  
Dario Bini (University of Pisa, Italy) / LAA Lecturer
Shaun Fallat (University of Regina, Canada) / Taussky-Todd Lecturer
Andreas Frommer (University of Wuppertal, Germany) / SIAG-LA Lecturer
Stephane Gaubert (INRIA, Domaine de Voluceau, France)
Chi-Kwong Li (College of William and Mary, USA)
Yongdo Lim (Sungkyunkwan University, Korea)
Panayiotis Psarrakos (National Technical University of Athens, Greece)
Vladimir Sergeichuk (Institute of Mathematics, Kiev, Ukrane)
Bernd Sturmfels (University of California-Berkeley, USA)
Tin-Yau Tam (Auburn University, USA)

1.4. INVITED MINISYMPOSIA(IMS)

IMS1 Combinatorial Problems in Linear Algebra, ORGANIZED BY Richard. A. Brualdi(USA) & 
Geir Dahl(Norway)
Rachel Quinlan(Ireland) Steve Butler(USA) Liliana Costa(Brazil)
Daniel Horsley(Australia) Louis Deaett(USA) Hein Van der holst(USA)
Zejun Huang(China) Hwa Kyung Kim(Korea) Carlos Marijuan(Spain)
Geir Dahl(Norway)

IMS2 Matrix Inequalities, ORGANIZED BY Fuzhen Zhang(USA) & Minghua Lin(Canada)
Tsuyoshi Ando(Japan) Rajendra Bhatia(India) Man-Duen Choi(Canada)
Fumio Hiai(Japan) Masatoshi Ito(Japan) Ren-Cang Li(USA)
Minghua Lin(Canada) Ramazan Turkmen(Turkey) Mitsuru Uchiyama(Japan)
Eun-Young Lee(Korea) Fuzhen Zhang(USA) Christopher Hillar(USA)
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IMS3 Spectral Theory of Graphs and Hypergraphs, ORGANIZED BY Vladimir S. Nikiforov(USA)
Joshua Cooper(USA) Renata Del-Vecchio(Brazil) Shenglong Hu(China)
Liying Kang(China) Vladimir Nikiforov(USA) Vilmar Trevisan(Brazil)
Maria Freitas(Brazil)

IMS4 Tensor Eigenvalues, ORGANIZED BY Jia-Yu Shao(China) & Liqun Qi(Hong Kong)
Jia-Yu Shao(China) Lihua You(China) ChangJiang Bu(China)
Chang-qing Xu(China) Michael K. Ng(Hong Kong) Xiying Yuan(China)

IMS5 Quantum Information and Computing, ORGANIZED BY Chi-Kwong Li(USA) & Yiu Tung Poon(USA)
Marybeth Ruskai(USA) Gergo Nagy(Hungary) Shengjun Wu(China)
Sarah Plosker(Canada) Raphael Loewy(Israel) Mikio Nakahara(Japan)
Nung-Sing Sze(Hong Kong) Yiu Tung Poon(USA)

IMS6 Riordan arrays and Related Topics, ORGANIZED BY Gi-Sang Cheon(Korea), Donatella Merlini(Italy)
& Louis W. Shapiro(USA)
Paul Barry(Ireland) Gi-Sang Cheon(Korea) I-Chiau Huang(Taiwan)
Tian-Xiao He(USA) Hana Kim(USA) Ana Luzón(Spain)
Donatella Merlini(Italy) Manuel Alonso Morón(Spain) Emanuele Munarini(Italy)
Louis W. Shapiro(USA) Renzo Sprugnoli(Italy) Sheng-Liang Yang(China)

IMS7 Nonnegative Matrices and Generalizations, ORGANIZED BY Judi McDonald(USA)
Daniel Szyld(USA) Leslie Hogben(USA) Minerva Catral(USA)
Marie MacCaig(United Kingdom) Sergei Sergeev(United Kingdom) Bit-Shun Tam(Taiwan)
Dmitri Logofet(Russian Federation)

IMS8 Toeplitz Matrices and Operators, ORGANIZED BY Torsten Ehrhardt(USA)
Yang Chen(Brunei Darussalam) Victor Didenko(Brunei Darussalam) Torsten Ehrhardt(USA)
Oleksiyi Karlovych(Portugal) Yuriy Karlovych(Mexico) Markus Seidel(Germany)
Ilya Spitkovsky(USA) Stefano Serra-Capizzano(Italy) Eugene Tyrtyshnikov(Russian Federation)
Jani Virtanen(United Kingdom)

1.5. CONTRIBUTED MINISYMPOSIA(CMS)

CMS1 Structured Matrix Equations, ORGANIZED BY Eric King-wah Chu(Australia)
Delin Chu(Singapore) Eric Chu(Australia) Hung-Yuan Fan(Taiwan)

CMS2 Inverse Spectral Problems, ORGANIZED BY Carlos M. Fonseca(Kuwait)
Wayne Barrett(USA) Natalia Bebiano(Portugal) Kazem Ghanbari(Iran)
Tomas Laffey(Ireland)

CMS3 Matrix Geometry, ORGANIZED BY Miklos Palfia(Japan) & Takeaki Yamazaki(Japan)
Zheng Qu(France) Ben Jeuris(Belgium) Sejong Kim(Korea)
Gabriel Larotonda(Argentina) Jimmie Lawson(USA) Lajos Molnar(Hungary)
Miklos Palfia(Japan) Takeaki Yamazaki(Japan) Frank Hansen(Japan)
Toan Ho(Vietnam) Hosoo Lee(Korea)

CMS4 Teaching Linear Algebra, ORGANIZED BY Ajit Kumar(India) & Abraham Berman(Israel)
Sang-Gu Lee(Korea) Avi Berman(Israel) Ajit Kumar(India)
Natanael Karjanto(Kazakhstan) Fuzhen Zhang(USA) Chang kyun Noh(Korea)
Sepideh Stewart(USA)

CMS5 Algebraic Combinatorics and Combinatorial Matrices, ORGANIZED BY Han Hyuk Cho(Korea), 
Jang Soo Kim(Korea) & Seungjin Lee(Korea)
Jihoon Choi(Korea) Sen-Peng Eu(Taiwan) Masao Ishikawa(Japan)
Kyoung-Tark Kim(Korea) Sangwook Kim(Korea) Suh-Ryung Kim(Korea)
Boram Park(Korea) Seunghyun Seo(Korea) Hwanchul Yoo(Korea)
Meesue Yoo(Austria) Soichi Okada(Japan) Han Hyuk Cho(Korea)

CMS6 Linear Least Squares and Applications, ORGANIZED BY Yimin Wei(China) & Marc Baboulin(France)
Marc Baboulin(France) Ken Hayami(Japan) Sanzheng Qiao(Canada)
Miroslav Rozloznik(Czech Republic) David Titley-Peloquin(France) Yimin Wei(China)
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CMS7 Generalized Laplacian and Green Matrices, ORGANIZED BY A. Carmona, A. M. Encinas(Spain) & 
Margarida Mitjana(Spain)
Milica Andelic(Portugal) Victor Anandam(India) Andres M. Encinas(Spain)
Silvia Gago(Spain) Woong Kook(Korea) Margarida Mitjana(Spain)

CMS8 Eigenvalue Computations and Applications, ORGANIZED BY Ren-Cang Li(USA)
Jiang Qian(China) Yueh-Cheng Kuo(Taiwan) Matthew Lin(Taiwan)
Zhongming Teng(China) Chern-Shuh Wang(Taiwan) Weichung Wang(Taiwan)
Wei-guo Wang(China) Leihong Zhang(China) Yunfeng Cai(China)
Tsung-Ming Huang(Taiwan)

CMS9 Inequalities in Matrices, Operators, and Lie Groups, ORGANIZED BY Natalia Bebiano & 
Tin-Yau Tam(USA)
Mohammad Sal Moslehian(Iran) Luke Oeding(USA) Masatoshi Fujii(Japan)
Ghadir Sadeghi(Iran) Takashi Sano(Japan) Hanyu Li(China)
Juri Morishita(Japan) Mandeep Singh Rawla(India) Sangjib Kim(Korea)
Mary Clair Thompson(USA) Dinh Trung Hoa(Vietnam)

CMS10 Matrix Methods in Computational Systems Biology and Medicine, ORGANIZED BY

Konstantin Fackeldey(Germany)
Natasa Conrad(Germany) Adam Nielsen(Germany) Amir Niknejad(USA)
Marcus Weber(Germany)

CMS11 Solution of Sylvester-like Equations and Canonical Forms, ORGANIZED BY

Stefan Johansson(Sweden)
Gerald Bourgeois(France) Chun-Yueh Chiang(Taiwan) Froilan Dopico(Spain)
Stefan Johansson(Sweden) Andrii Dmytryshyn(Sweden) Quoc Phong Vu(USA)
Qing-Wen Wang(China) Fernando De Teran(Spain)

CMS12 Generalized Matrix Inverses and Applications, ORGANIZED BY Jeffrey Hunter(New Zealand) &
Minerva Catral(USA)
Jianlong Chen(China) Lizhu Sun(China) Hihul Zhu(China)
Oskar Maria Baksalary(Poland) Xuzhou Chen(USA) Jeffrey Hunter(New Zealand)
Quan-Lin Li(China)

CMS13 Sign Pattern Matrices, ORGANIZED BY Zhongshan Li(USA) & Frank Hall(USA)
Avi Berman(Israel) Shaun Fallat(Canada) Wei Gao(USA)
Frank J. Hall(USA) Zhongshan Li(USA) Chin-Hung Lin(USA)
Yue Liu(China) Jin-Woo Park(Korea) Kevin Vander Meulen(Canada)
Michael Young(USA) Ling Zhang(China)

CMS14 Recent Developments in Linear Preserver Problems, ORGANIZED BY LeRoy Beasley(USA) &
Seok-Zun Song(Korea)
LeRoy Beasley(USA) Wai Leong Chooi(Malaysia) B. Kuzma(Slovenia)
Seok-Zun Song(Korea) Ngai-Ching Wong(Taiwan)

1.6 CONTRIBUTED TALK(CT) SPEAKERS

CT1 Kiam Heong Kwa(Malaysia) Pan Shun Lau(Hong Kong) Tanvi Jain(India)

CT2 Nikolai Krivulin(Russian Federation) Peter Chang-Yi Weng(Taiwan) Shih-Feng Shieh(Taiwan)
Wenzhe Wang(China)

CT3 Xiaofan Zhao(China) Yuki Seo(Japan) Zuzana Nemcova(Czech)
Hamed Najafi(Iran)

CT4 Daryl Granario(Philippines) Kennett Dela Rosa(Philippines) Naomi Shaked-Monderer(Israel)
Suleyman Solak(Turkey) 

CT5 Andrea Marchesini(France) Heike Fassbender(Germany) Jiang Zhou(China)
Kanae Akaiwa(Japan)
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2. CONFERENCE VENUE

2.1. SUNGKYUNKWAN UNIVERSITY(SKKU)
Sungkyunkwan University was founded in 1398 by royal decree as the highest national educational institute
in the early years of the Joseon Dynasty in Korea. As the oldest university in East Asia, it has fostered
leaders of our society for over 600 years. Old Sungkyunkwan went through vicissitudes with the country it
served over the centuries. The rich culture, which exudes from its long educational tradition, is a unique and
valuable aspect of the University. What the University has achieved in the past fifty years meets and exceeds
that of the preceding 550 years. Sungkyunkwan University operates two campuses: the Humanities and
Social Sciences Campus and the Natural Sciences Campus. Based on a highly successful partnership with
Samsung which has generously funded several core initiatives, the University has been rapidly developing
and prospering since 1996. The Department of Mathematices celebrates its 60th anniversary this year.

International Hall (Guk-Je-Gwan in Korean) All events including Opening Remark, Plenary Talks,
MiniSymposia(Invited & Contributed) and Contributed Talks, will be held at the International Hall except
the free friday loncheon box pick-up and the Banquet which are to be held at the 600th Anniversary Hall. 

CT6 Juan M. Pena(Spain) Leonardo Robol(Italy) M. Javad Nadjafi-Arani(Iran)
Makoto Namiki(Japan)

CT7 Ahmad Mojallal(Korea) Carlos Da Fonseca(Kuwait) Zhihua Zhang(China)
Chassidy Bozeman(USA)

CT8 Javier Perez(Spain) Jieyong Zhou(China) Jong-Hyeon Seo(Korea)
Maria Isabel Garcia-Planas(Spain)

CT9 Richard Cimler(Czech) Sang-Hyup Seo(Korea) Thomas Mach(Belgium)
Pudji Astuti(Indonesia)

CT10 Alicia Roca(Spain) Daowei Lu(China) Ji Gao(USA)
Katarzyna Kozlowska(United Kingdom)

CT11 Hye-Yeon Kim(Korea) Javier Gonzalez(Spain) Liping Zhang(China)

CT12 Joao Cardoso(Portugal) Matthias Bolten(Germany) Pappur Shivakumar(Canada)
Noemi De Castro(Spain)

CT13 Mojtaba Bakherad(Iran) Priyanka Grover(India) Volha Kushel(Germany)

CT14 Marianne Akian(France) Marta Pena(Spain) Miman You(China)
Ralph De la Cruz(Philippines)

CT15 Xiaohui Zhang(China) Yorick Hardy(South Africa) Yuji Nakatsukasa(Japan)
Daniil Stefonishin(Russian Federation)

CT16 Garnadi Agah(Indonesia) Huihui Zhu(China) Pengpeng Xie(China)

CT17 Esteban Segura Ugalde(France) Hana Tomaskova(Czech) Hanni Garminia(Indonesia)
James Hook(United Kingdom) 

CT18 James McTigue(Ireland) Leo Taslaman(United Kingdom) M. Eulalia Montoro(Spain)

CT19 Ji-Hwan Jung(Korea) Sung-Tae Jin(Korea) Minho Song(Korea)

CT20 Jan Hamhalter(Czech) Gangyong Lee(Korea)
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3. GENERAL INFORMATION

3.1. TECHNICAL SUPPORT

PRESENTATION EQUIPMENT All meeting rooms
are equipped with a high-lumen projector and large projection
screen together with a laptop/PC and remote control/laser
pointer. The provided laptop/PC may be used to present a talk
on a USB jumpdrive in either PDF or PPT format (though in
general, not all PPT formats seem to be compatible with all
PPT viewers). 
We encourage all presenters to preload the PDF for their talk
onto the laptop/PC beforehand, and ensure that it displays
correctly. We do not recommend use of other computers
directly to the projector.

WiFi INTERNET CONNECTION Wireless internet
services are available around the campus. To access this
service during the ILAS conference, follow these directions:
STEP 1. After turning on WiFi, connect to the WiFi network

and enter the url “www.skku.edu” of SKKU in the
address bar. 

STEP 2. After connecting to the homepage, you can change
the language to English by clicking the “ENGLISH”
button. Then choose the “Academy seminar(Guest)”.
You will see the wireless LAN authentication page. 

STEP 3. Enter the key value: the key is 4FEM2ZR. Click the
confirm button. When you get the completion
message, you can now access the internet after
rebooting your device.

2.2. SEOUL
Located in the western part of the central region of the Korean Peninsula, Seoul, the capital city of the
Republic of Korea, has been the center of the country throughout its long history from the prehistoric era to
the present day. Seoul has always been an important strategic point throughout the centuries in terms of
defense and the economy, from one kingdom to the next. The three kingdoms of Baekje, Goguryeo, and Silla
(BCE 57-CE 688) all fought over the area. Indeed, whichever kingdom claimed Seoul became the dominant
power. The Joseon Dynasty (1396-1910) declared Seoul its capital, a role that Seoul still plays to this day.
Seoul has a population of more than 10 million people. The Hangang(Han River) flows through the heart of
the city, dividing the city into two sections lying north and south of the river.

SKKU 600th Anniversary Hall over an old SKK building Seoul city logo represents the first
character of Korean name of
Seoul and depics Hangang(river)
with mountain and sun

http://www.skku.edu%E2%80%9D
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PC LAB Attendees are able to use the internet connected PCs in the PC Lab located at the B3 of the
International Hall(9B301) from 08:00 to 18:00 during the ILAS conference. 

3.2. ILAS BOARD MEETING

ILAS Board Meeting will be held at the International Hall, 2F, 90212 on Wednesday (Aug. 6) afternoon,
18:00-20:00.

3.3. ILAS MEMBERSHIP BUSINESS MEETING

ILAS will hold its Membership Business Meeting on Thursday (Aug. 7) afternoon, 16:00-18:00, in the
International Hall, 2B, 9B217.

3.4. SOCIAL EVENTS

WELCOME RECEPTION There will be a welcome reception for attendees arriving the night before the
conference, Tuesday (Aug. 5) evening, 18:00 - 20:00. The welcome reception will take place in the lounge,
the 1st floor of the International Hall. If you are arriving on Tuesday or earlier, please stop by!

EXCURSION Seoul City and DMZ are major tourist attractions in Seoul. 
The excursion to Seoul City or DMZ tour will take place on Friday (Aug. 8) afternoon, 13:00-18:30. 
Excursion fee : US$ 40 (KRW 40,000). The fee includes bus transportation to and from SKKU and
admission into several places visited. 
Tickets for the tours are not included in the conference registration fee and can be purchased at the
registration desk by cash or credit card until Wednesday, Aug. 6, while supplies last.

BANQUET The conference banquet will be held on Friday (Aug. 8) evening, 19:00 - 21:00 at the 5th
floor of the 600th Anniversary Hall. 
Banquet fee : US$ 50 (KRW 50,000).
Tickets for the banquet are not included in the conference registration fee and can be purchased at the
registration desk by cash or credit card until Wednesday, Aug. 6, while supplies last.

3.5. REGISTRATION

Registration fee : US$ 220 (KRW 220,000) (early bird, by May 15, 2014)
US$ 270 (KRW 270,000) (On-site).

The fee is waived for students and accompaning persons.

THE REGISTRATION DESK(1F, Lounge, International Hall) operation hours are :

Aug. 5th (Tue) : 16:00 - 20:00
Aug. 6th (Wed) : 7:30 - noon, 14:00-19:00
Aug. 7th (Thur) : 7:30 - noon
Aug. 8th (Fri) : 7:30 - noon
Aug. 9th (Sat) : 7:30 - noon 

Attendees who have already paid the registration fee may drop by the registration desk to pick up their
materials. The materials include name tag, program book, conference bag, a memopad and a pen. If you have
not yet paid the registration fee, you may pay at the registration desk by cash or credit card. 

CONFERENCE BAG and T-SHIRTS may be purchased at the registration desk while supplies last.
Conference bag : US$ 30 (KRW 30,000) / T-Shirts : US$ 5 (KRW 5,000).
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3.6. COFFEE BREAK

Coffee and tea will be available in the 1F lounge of the International Hall each morning, 08:00-08:30 (On
Wednesday 07:30-8:00). After the morning plenary sessions, 10:00-10:30, there will be a coffee break with
snacks. On Wednesday and Thursday afternoon, there will be a coffee break from 15:30 to 16:00.

3.7. FOOD AND DINING

There are some on-campus dining options. A meal in the cafeteria costs about US$ 3-6 (KRW 3,000-6,000).

Eun-Haeng-Gol: B2, 600th Anniversary Hall
Faculty Club : 6F, 600th Anniversary Hall
Ok-Ryu-Cheon : 1F, Faculty Hall

If you want to sample various local foods, you can find many different restaurants near the campus.

FREE FRIDAY LUNCH BOX On Friday(Aug. 8) noon, every participant may pick up a free lunch box
provided by Elsevier at 6F, Faculty Club, 600th Anniversary Hall.  

3.8. LAA SPECIAL ISSUE FOR ILAS 2014

A special issue of the journal Linear Algebra and its Applications (LAA) for ILAS 2014 conference will
be organized. Papers corresponding to talks given at the conference should be submitted by January 31, 2015
via the Elsevier Editorial System (EES) : 

http://ees.elsevier.com/laa/ choosing the special issue called “ SI-ILAS2014 Conference”. 
Guest editors for this special issue are: 

Ljiliana Cvetkovic,
Andreas Frommer,
Suk-Geun Hwang,
Helena Smigoc and
Fuzhen Zhang. 

In submitting a paper, Richard Brualdi should be chosen as the responsible editor-in-chief. Authors may
suggest one of the guest editors to handle their submission.

3.9. ICM 2014

ILAS 2014 is one of the satellite conferences of ICM 2014 which is held in COEX from Aug. 13, 2014 to
Aug. 21, 2014. Those who are interested may find additioanl information at http://www.icm2014.org.

3.10. T-MONEY CARD

The T-money card is a public transit card that can be used on any buses, subways and
taxis that accept T-money. After you purchase your T-money card(Price : KRW
2,500-3,000), you must charge it with the amount you wish to use. Then, you can
scan it to enter the subway or bus. When you exit, you must scan it again. It is
advantageous to have a T-money card not only because you don’t have to wait in line
to get a ticket every time you wish to ride the subway, but also you receive a
discounted fare of KRW 900 vs. the full KRW 1,000. Being able to use your T-
money card in taxis is a recent development. In fact, the number of places you can
use your card is growing. These days, the T-money card can be used at public
telephones, convenience stores, some vending machines and at many other locations.
Detailed information about the T-money card can be found in 

http://www.visitseoul.net/en/seoul-information/t-money.jhtml

http://ees.elsevier.com/laa
http://www.icm2014.org
http://www.visitseoul.net/en/seoul-information/t-money.jhtml
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3.11. From Incheon International Airport to ILAS Venue

1. After your arrival at the Incheon International Airport, we recommend you visit an Information Center
where you may get a city map and information about where to purhchase a T-money card. At the place
you purhchase your T-money card, charge it about US$40-100. In this process most credit cards are
accepted. 

2. Use your T- money card to enter an Airport Limousine Bus or Subway to reach your hotel.
For example, if you go to Toyoko Inn Hotel, take 6001 bus, if you go to SKKU, take 6011 bus.

3. Leave your belongings at your hotel. 

4. Most of hotels are near station on subway Line 4(blue line). With your T-money card, take Line 4 and get
off at Hyehwa station.

5. Exit via the Exit #1, and you will find SKKU shuttle bus shelter(green shelter) about 20 meters straight
ahead. Some of  our students will be there to help you on Aug. 5. 

6. A SKKU shuttle bus with the fare KRW300 will take you to the Conference Venue (SKKU International
Hall)  in 5 minutes.
Please see also the following sites : 

http://matrix.skku.ac.kr/ILAS-map/
http://matrix.skku.ac.kr/ILAS-map/ILAS-Venue-Map.pdf 
http://matrix.skku.ac.kr/2014-Album/2014-Toyoko-Inn.htm

3.12. Electricity

Korea works on a 220Volt eletricity system. 
Usable types of plug and socket(outlet) look like the  figure. 

http://matrix.skku.ac.kr/ILAS-map
http://matrix.skku.ac.kr/ILAS-map/ILAS-Venue-Map.pdf
http://matrix.skku.ac.kr/2014-Album/2014-Toyoko-Inn.htm
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SCHEDULE of Invited MiniSymposia(IMS), Contributed MiniSymposia(CMS) and Contributed Talks(CT)
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Aug. 6 (Wed)

Opening Remarks

PT Bernd Sturmfels

PT Peter Benner

Coffee Break

MS I & CT I

Lunch

PT Dario Bini

PT Shaun Fallat

Coffee Break

MS II & CT II

ILAS Board Meeting

Aug. 7 (Thur)

Coffee & Tea

PT Andreas Frommer

PT Stephane Gaubert

Coffee Break

MS III & CT III
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PT Ravindra Bapat

PT Chi-Kwong Li

Coffee Break
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Business Meeting

Aug. 8 (Fri)
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PT Yongdo Lim

PT Panayiotis Psarrakos
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MS IV & CT IV

Group Photo
(12:10-12:20)

Box Luncheon
(12:20-13:00)

6F, 600th Anniversary Hall

Excursion
(13:00-18:30)

Banquet
(19:00-21:00)

5F, 600th Anniversary Hall

Aug. 9 (Sat)

Coffee & Tea

PT Vladimir Sergeichuk

PT Tin-Yau Tam

Coffee Break

MS V & CT V

Lunch

MS VI & CT VI

Closing Remarks

08:00-08:30

08:30-09:15

09:15-10:00

10:00-10:30

10:30-12:10

12:10-14:00

14:00-14:45

14:45-15:30

15:30-16:00

16:00-17:40

18:00-20:00

PROGRAM International Hall

PT :  Plenary Talk 
MS :  MiniSymposia
CT :  Contributed Talk
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2. DETAILED SCHEDULE 

Wednesday, Aug. 6.

07:30-08:00 Coffee & Tea (1F, Lounge)

08:00-08:30 Opening Remarks (2B, 9B217)

08:30-10:00 Plenary Talks I (2B, 9B217), Chair : Richard A. Brualdi
08:30-09:15  Bernd Sturmfels, Beyond Linear Algebra
09:15-10:00  Peter Benner, Solving Large-Scale Matrix Equations: Recent Progress and New Applications 

10:00-10:30 Coffee Break (1F, Lounge)

10:30-12:10 Mini Symposia I (parallel)

IMS 1 (1F, 90110), Combinatorial Problems in Linear Algebra (Chair : Richard A. Brualdi)
10:30-10:55 Rachel Quinlan, Skew-symmetric nilpotent spaces in characteristic 2
10:55-11:20 Steve Butler, Results on principal rank sequences
11:20-11:45 Liliana Costa, The skeleton of acyclic Birkhoff polytopes
11:45-12:10 Daniel Horsley, Extending Fisher’s inequality to coverings

IMS 2 (2B, 9B217), Matrix Inequalities (Chair : Fuzhen Zhang)
10:30-10:55 Tsuyoshi Ando, Matrix inequalities involving partial traces
10:55-11:20 Rajendra Bhatia, Spreads of matrices: a new look at an old problem
11:20-11:45 Man-Duen Choi, Non-linear inequalities for positive linear maps on matrix algebras
11:45-12:10 Fumio Hiai, Anti Lie-Trotter formula

IMS 3 (1F, 90109), Spectral Theory of Graphs and Hypergraphs (Chair : Vladimir S. Nikiforov)
10:30-10:55 Joshua Cooper, Homogeneous adjacency spectra of random hypergraphs
10:55-11:20 Renata Del Vecchio, Laplacian integrality in P4-sparse graphs
11:20-11:45 Shenglong Hu, Spectral symmetry of uniform hypergraphs
11:45-12:10 Liying Kang, Extremal graph theory based on the p-spectral radius

IMS 4 (1F, 90104), Tensor Eigenvalues (Chair : Liqun Qi)
10:30-10:55 Jia-Yu Shao, Some spectral properties and characterizations of connected odd-bipartite

uniform hypergraphs 
10:55-11:20 Lihua You, Some results on the primitive degree of tensors
11:20-11:45 Changjiang Bu, A note on e-cospectral hypergraphs
11:45-12:10 Changqing Xu, Copositive Hankel tensors, completely positive Hankel tensors, and their

eigenvalues

IMS 8 (2B, 9B218), Toeplitz Matrices and Operators (Chair : Torsten Ehrhardt)
10:30-10:55 Yang Chen, An elementary derivation of the mid-gap probability of the finite n Gaussian

unitary ensembles
10:55-11:20 Victor Didenko, Kernels and cokernels of Toeplitz plus Hankel operators
11:20-11:45 Torsten Ehrhardt, On the inversion of Toeplitz-plus-Hankel bezoutians
11:45-12:10 Alexei Karlovych, Toeplitz operators on locally bounded Orlicz sequence spaces

CMS 2 (3B, 9B312), Inverse Spectral Problems (Chair : Carlos M. Fonseca)
10:30-10:55 Wayne Barrett, The extended inverse eigenvalue problem for undirected graphs
10:55-11:20 Natalia Bebiano, The inverse field of values problem
11:20-11:45 Kazem Ghanbari, Inverse eigenvalue problems for pentadiagonal matrices
11:45-12:10 Thomas Laffey, Classical polynomials in the nonnegative inverse eigenvalue problem

INTERNATIONAL HALL
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CMS 4 (3B, 9B321), Teaching Linear Algebra (Chair : Ajit Kumar)
10:30-10:55 Sang-Gu Lee, E-book, mobile linear algebra laboratory, random problem generator and

teaching linear algebra
10:55-11:20 Avi Berman, Definitions are important I the case of linear algebra
11:20-11:45 Ajit Kumar, Interactive linear algebra using mathdisk

CMS 6 (3B, 9B313), Linear Least Squares and Applications (Chair : Yimin Wei)
10:30-10:55 Marc Baboulin, Using condition numbers to assess numerical quality in least squares HPC

applications
10:55-11:20 Ken Hayami, Modulus iterative methods for box constrained least squares problems
11:20-11:45 Sanzheng Qiao, Hybrid method for lattice basis reduction
11:45-12:10 Miroslav Rozloznik, Numerical behavior of indefinite orthogonalization

10:30-12:10 Contributed Talks I (parallel)

CT 1 (2B, 9B208), Chair : Frank Hansen
10:30-10:55 Kiam Heong Kwa, Geometry of per-alternate triangular matrices
10:55-11:20 Pan Shun Lau, Convexity of linear images of real matrices with prescribed singular values

and sign of determinant
11:20-11:45 Tanvi Jain, Approximation problems in the Riemannian metric on positive definite matrices

CT 2 (2B, 9B215), Chair : Froilan M. Dopico
10:30-10:55 Nikolai Krivulin, Direct Algebraic Solutions to Tropical Optimization Problems
10:55-11:20 Peter Chang-Yi Weng, Solving large-scale nonsymmetric algebraic Riccati equations by

doubling
11:20-11:45 Shih-Feng Shieh, A structure-preserving flow for symplectic matrix pairs and its dynamics
11:45-12:10 Wenzhe Wang, On block triangular matrices with signed Drazin inverse

CT 3 (3B, 9B318), Chair : Amir Niknejad
10:30-10:55 Xiaofan Zhao, Symmetric pairs in Yetter-Drinfeld categories over weak Hopf algebras
10:55-11:20 Yuki Seo, On three geometric means of positive definite matrices 
11:20-11:45 Zuzana Nemcova, Convex sets in max-Lukasiewicz algebra
11:45-12:10 Hamed Najafi, Generalized Heinz type inequality

12:10-14:00 Lunch

14:00-15:30 Plenary Talks II (2B, 9B217), Chair : Leslie Hogben
14:00-14:45 Dario Bini(LAA Lecurer), Exploiting matrix structures in polynomial eigenvalue problems:

computational issues
14:45-15:30 Shaun Fallat(Taussky-Todd Lecturer), On the eigenvalues of positive matrices:In the spirit

of Taussky Unification

15:30-16:00 Coffee Break (1F, Lounge)

16:00-17:40 Mini Symposia II (parallel)

IMS 1 (1F, 90110), Combinatorial Problems in Linear Algebra (Chair : Geir Dahl)
16:00-16:25 Louis Deaett, The minimum rank problem for circulant graphs
16:25-16:50 Hein Van der Holst, On the inertia set of signed graphs that have a 1-separation
16:50-17:15 Zejun Huang, The maximum number of nonzero entries in special 0-1 matrices
17:15-17:40 Hwa Kyung Kim, Completion to an alternating sign matrix
IMS 2 (2B, 9B217), Matrix Inequalities (Chair: Fuzhen Zhang)
16:00-16:25 Masatoshi Ito, Relations among relative operator entropies and operator divergences
16:25-16:50 Ren-Cang Li, Classical min-max principles and beyond
16:50-17:15 Minghua Lin, Inequalities related to positive semidefinite 3-by-3 block matrices
17:15-17:40 Ramazan Turkmen, Majorization and matrix inequalities
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IMS 4 (1F, 90104), Tensor Eigenvalues (Chair : Jia-Yu Shao)
16:00-16:25 Michael K. Ng, Irreducible tensors, primitive tensors and directed hypergraphs
16:25-16:50 Xiying Yuan, The p-spectral radius of k-partite and k-chromatic uniform hypergraphs

IMS 8 (2B, 9B218), Toeplitz Matrices and Operators (Chair : Torsten Ehrhardt)
16:00-16:25 Yuriy Karlovych, C*- algebras of Bergman type operators
16:25-16:50 Markus Seidel, On semi-Fredholm infinite matrices
16:50-17:15 Ilya Spitkovsky, On Toeplitz operators with triangular monomial almost periodic matrix

symbols
17:15-17:40 Stefano Serra-Capizzano, The GLT class as a generalized Fourier analysis and applications

CMS 1 (1F, 90109), Structured Matrix Equations (Chair : Eric King-wah Chu)
16:00-16:25 Delin Chu, A linear equation approach for incremental linear discriminant analysis
16:25-16:50 Eric Chu, Solving tensor linear equations
16:50-17:15 Hung-Yuan Fan, Iterative methods for solving large-scale generalized Lyapunov/Stein and

rational Riccati equations

CMS 6 (3B, 9B313), Linear Least Squares and Applications (Chair : Marc Baboulin)
16:00-16:25 David Titley-Peloquin, Differentiating the method of conjugate gradients
16:25-16:50 Yimin Wei, Statistical condition estimates and randomized algorithms for large-scale total

least squares problems

CMS 10 (3B, 9B321), Matrix Methods in Computational Systems Biology and Medicine (Chair :
Konstantin Fackeldey)

16:00-16:25 Natasa Conrad, Modeling real-world systems using networks
16:25-16:50 Adam Nielsen, Finding the nearest reversible Markov chain
16:50-17:15 Amir Niknejad, Matrix methods in metabolic networks
17:15-17:40 Marcus Weber, Linear algebraic approaches to Markov chain analysis other than spectral

clustering

CMS 12 (3B, 9B312), Generalized Matrix Inverses and Applications (Chair : Jeffrey Hunter)
16:00-16:25 Jianlong Chen, Generalized invertibility of differences and products of idempotents

(projections) in rings
16:25-16:50 Lizhu Sun, Some results on drazin inverse of anti-triangular matrices with sign analysis
16:50-17:15 Hihul Zhu, TBA

16:00-17:40 Contributed Talks II (parallel)

CT 4 (2B, 9B208), Chair : Hana Kim
16:00-16:25 Daryl Granario, Sums of φS-orthogonal matricess

16:25-16:50 Kennett Dela Rosa, S-orthogonal matrices as products of symmetries
16:50-17:15 Naomi Shaked-Monderer, SPN completable graphs
17:15-17:40 Suleyman Solak, On applications of hyper-Fibonacci numbers in matrices

CT 5 (2B, 9B215), Chair : Jiang Qian
16:00-16:25 Andrea Marchesini, Asymptotic eigenvalue problems
16:25-16:50 Heike Fassbender, On complex J-symmetric eigenproblems
16:50-17:15 Jiang Zhou, Line star sets for Laplacian eigenvalues
17:15-17:40 Kanae Akaiwa, Convergence to multiple eigenvalues in the quotient-difference algorithm

CT 6 (3B, 9B318), Chair : Tom Laffey
16:00-16:25 Juan M. Pena, Accurate computations for classes of matrices related to Total Positivity
16:25-16:50 Leonardo Robol, A new class of block companion matrices related to matrix polynomials

16:50-17:15 M. Javad Nadjafi-Arani, A double counting by using matrix method for computing k th

coefficient of Wiener polynomial
17:15-17:40 Makoto Namiki, On the inside of hidden P-matrix sandwiches

18:00-20:00 ILAS Board Meeting (2F, 90212)
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Thursday, August 7

08:00-08:30 Coffee & Tea (1F, Lounge)

08:30-10:00 Plenary Talks III (2B, 9B217), Chair : Stephen Kirkland
08:30-09:15 Andreas Frommer (SIAG/LA Lecturer), Arnoldi approximation for matrix functions: how

to restart and when to stop
09:15-10:00 Stephane Gaubert, From tropical linear algebra to zero_sum games

10:00-10:30 Coffee Break

10:30-12:10 Mini Symposia III (parallel)

IMS 1 (1F, 90110), Combinatorial Problems in Linear Algebra (Chair : Richard A. Brualdi)
10:30-10:55 Carlos Marijuan, Polynomial functions preserving the nonnegativity of matrices
10:55-11:20 Geir Dahl, Majorization for partially ordered sets

IMS 2 (2B, 9B217), Matrix Inequalities (Chair : Minghua Lin)
10:30-10:55 Mitsuru Uchiyama, From a general theorem to concrete operator inequalities
10:55-11:20 Eun-Young Lee, Unitary orbits and decompositions of positive matrices
11:20-11:45 Fuzhen Zhang, A matrix decomposition and its applications
11:45-12:10 Christopher Hillar, Tight bounds on the infinity norm of inverses of symmetric diagonally

dominant positive matrices

IMS 3 (1F, 90109), Spectral Theory of Graphs and Hypergraphs (Chair : Vladimir S. Nikiforov)
10:30-10:55 Vladimir Nikiforov, Spectral methods for extremal problems in hypergraphs
10:55-11:20 Vilmar Trevisan, Laplacian energy among threshold graphs
11:20-11:45 Maria Freitas, Bounds on the entries in the principal eigenvector of the distance signless

Laplacian matrix

IMS 6 (1F, 90104), Riordan Arrays and Related Topics (Chair : Louis W. Shapiro)
10:30-10:55 Paul Barry, Riordan arrays, generalized Narayana triangles, and series reversion
10:55-11:20 Gi-Sang Cheon, Some combinatorial applications of the q-Riordan matrix
11:20-11:45 I-Chiau Huang, Riordan bases
11:45-12:10 Tian-Xiao He, Two linear operators defined on Riordan group and their applications

IMS 8 (2B, 9B218), Toeplitz Matrices and Operators (Chair : Torsten Ehrhardt)
10:30-10:55 Evgeny Tyrtyshnikov, Additional structures in Toeplitz-like matrices
10:55-11:20 Jani Virtanen, Toeplitz operators on generalized fock spaces

CMS 3 (3B, 9B320), Matrix Geometry (Chair : Miklos Palfia)
10:30-10:55 Zheng Qu, The contraction rate in Thompson’s part metric of an order preserving flow on

a cone
10:55-11:20 Ben Jeuris, Barycenters of structured matrices and their computation
11:20-11:45 Sejong Kim, The least squares mean of probability measures for positive definite matrices
11:45-12:10 Gabriel Larotonda, Convex bodies and optimizers in matrix geometry

CMS 4 (3B, 9B321), Teaching Linear Algebra (Chair : Abraham Berman)
10:30-10:55 Natanael Karjanto, Project-based learning in linear algebra through embedded librarianship
10:55-11:20 Fuzhen Zhang, Do we really know the angles between vectors (spaces)?
11:20-11:45 Chang kyun Noh, Embodeid approach to the concept of vector and its application
11:45-12:10 Sepideh Stewart, Teaching linear algebra with clickers in three worlds of embodied,

symbolic and formal mathematical thinking

INTERNATIONAL HALL
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CMS 11 (3B, 9B313), Solution of Sylvester-like Equations and Canonical Forms (Chair : Stefan
Johansson)

10:30-10:55 Gerald Bourgeois, The matrix equation XA – AX=F(X) and the Sylvester-like and Riccati-
like equations

10:55-11:20 Chun-Yueh Chiang, A note on Sylvester-like equations
11:20-11:45 Froilan Dopico, Sylvester equations and the matrix symmetrizer problem
11:45-12:10 Fernando De Terán, The equations AX + BX*= O, AX+X*B = O and AX+X*A = O :

analogies and differences

CMS 12 (3B, 9B312), Generalized Matrix Inverses and Applications (Chair : Minerva Catral)
10:30-10:55 Oskar Maria Baksalary, On a generalized core inverse
10:55-11:20 Xuzhou Chen, A new algorithm for computing moore-penrose inverse using Gauss-Jordan

elimination
11:20-11:45 Jeffrey Hunter, The computation of the group inverse and related properties of Markov

chains via perturbations
11:45-12:10 Quan-Lin Li, A unified computation for performance analysis of stochastic models through

generalized inverses

10:30-12:10 Contributed Talks III (parallel)

CT 7 (2B, 9B208), Chair : Louis Deaett
10:30-10:55 Ahmad Mojallal, On Laplacian Energy of graphs
10:55-11:20 Carlos Da Fonseca, On the maximal length chain in the Bruhat order for a class of binary

matrices
11:20-11:45 Zhihua Zhang, Characterisation of matrix entropies
11:45-12:10 Chassidy Bozeman, Minimum Rank of Graphs with Loops

CT 8 (2B, 9B215), Chair : Hung-Yuan Fan
10:30-10:55 Javier Perez, Backward stability of polynomial root-finding using Fiedler companion

matrices
10:55-11:20 Jieyong Zhou, Convergence criteria of iterative methods for singular linear equations
11:20-11:45 Jong-Hyeon Seo, Estimating the Convergence Rates of Functional Iterations for Solving

Quadratic Matrix Equations
11:45-12:10 Maria Isabel Garcia-Planas, Disturbance Decoupling Problems for Switched Linear

Systems. A Geometric Approach

CT 9 (3B, 9B318), Chair : Delin Chu
10:30-10:55 Richard Cimler, Simulation models with max-linear functions
10:55-11:20 Sang-Hyup Seo, The newton and the fixed point iterations for differentiable order-convex

matrix functions
11:20-11:45 Thomas Mach, Computing Approximate Rational Krylov Subspaces Without Explicit

Inversion
11:45-12:10 Pudji Astuti, Characteristic non-hyperinvariant subspaces and the characteristic hull of

subspaces

CT 10 (3B, 9B316), Chair : Sejong Kim
10:30-10:55 Alicia Roca, The number of characteristic non hyperinvariant subspaces
10:55-11:20 Daowei Lu, Cleft module cocategory
11:20-11:45 Ji Gao, Metrices and n-dimensional u-convexity in banach spaces
11:45-12:10 Katarzyna Kozlowska, Riemann-Hilbert problems and their applications related to the

asymptotics of Toeplitz determinants

12:10-14:00 Lunch

14:00-15:30 Plenary Talks IV (2B, 9B217), Chair : Fuzhen Zhang
14:00-14:45 Ravindra Bapat (LAMA Lecturer), Squared distance matrix of a tree
14:45-15:30 Chi-Kwong Li, Some matrix techniques, results, and problems in quantum information

science
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15:30-16:00 Coffee Break (1F, Lounge)

16:00-18:00 ILAS Membership Business Meeting (2B, 9B217)
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Friday, August 8

08:00-08:30 Coffee and Tea (1F, Lounge)

08:30-10:00 Plenary Talks V (2B, 9B217) Chair : Rajendra Bhatia
08:30-09:15 Yongdo Lim, Monotonicity of the Karcher mean
09:15-10:00 Panayiotis Psarrakos, Travelling from matrices to matrix polynomials

10:00-10:30 Coffee Break (1F, Lounge)

10:30-12:10 Mini Symposia IV (parallel)

IMS 5 (1F, 90110), Quantum Information and Computing (Chair : Yiu Tung Poon)
10:30-10:55 Marybeth Ruskai, Bounds on concavity of quantum entropy
10:55-11:20 Gergo Nagy, Transformations on density operators preserving quantum f-divergences
11:20-11:45 Shengjun Wu, Reveal quantum correlation via mutually unbiased bases 
11:45-12:10 Sarah Plosker, Reinterpreting majorization and trumping to study entanglement theory

IMS 6 (1F, 90104), Riordan Arrays and Related Topics (Chair : Gi-Sang Cheon)
10:30-10:55 Hana Kim, Profiles of a class of ordered trees with a mutation
10:55-11:20 Ana Luzon, Groups of finite Riordan matrices
11:20-11:45 Donatella Merlini, On the A-matrix of Riordan arrays
11:45-12:10 Manuel Alonso Moron, Non-Archimedean metrics on the rings of formal power series:

some applications 

IMS 7 (1F, 90109), Nonnegative Matrices and Generalizations (Chair : Judi McDonald)
10:30-10:55 Daniel Szyld, Nearly positive matrices
10:55-11:20 Leslie Hogben, Eventual properties related to nonnegativity
11:20-11:45 Minerva Catral, Potentially eventually exponentially positive sign patterns
11:45-12:10 Marie MacCaig, Integer solutions to systems of equations in max-algebra

CMS 3 (3B, 9B320), Matrix Geometry (Chair : Takeaki Yamazaki)
10:30-10:55 Jimmie Lawson, The least-squares mean and probability on NPC-metric spaces
10:55-11:20 Lajos Molnar, Isometries and isomorphisms of spaces of positive definite and unitary

matrices
11:20-11:45 Miklos Palfia, Operator monotone functions in several variables

CMS 5 (2B, 9B217), Algebraic Combinatorics and Combinatorial Matrices (Chair : Han Hyuk
Cho)

10:30-10:55 Jihoon Choi, On the matrix sequence {Γ(Am)}m
∞

=1 for a Boolean matrix a whose digraph is

linearly connected
10:55-11:20 Sen-Peng Eu, Variances and determinantal profiles of orientations
11:20-11:45 Masao Ishikawa, Selberg integrals and evaluations of Pfaffians
11:45-12:10 Kyoung-Tark Kim, Criteria for the existence of a Jordan-Chevalley-Seligman

decomposition

CMS 8 (2B, 9B218), Eigenvalue Computations and Applications (Chair : Reng-Cang Li)
10:30-10:55 Jiang Qian, Computing derivatives of repeated eigenvalues and corresponding eigenvectors

of quadratic eigenvalue problems
10:55-11:20 Yueh-Cheng Kuo, Structure-preserving doubling algorithm for large-scale nonlinear

matrix equations
11:20-11:45 Matthew Lin, A fast numerical algorithm for constructing nonnegative matrices with

prescribed real eigenvalues
11:45-12:10 Zhongming Teng, A block Chebyshev-Davidson method for linear response eigenvalue

problems
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CMS 9 (3B, 9B312), Inequalities in Matrices, Operators, and Lie Groups (Chair : Natalia Bebiano)
10:30-10:55 Mohammad Sal Moslehian, Some inequalities involving positive maps
10:55-11:20 Luke Oeding, Relations among principal minors of symmetric matrices
11:20-11:45 Masatoshi Fujii, Some refinements of operator inequalities
11:45-12:10 Ghadir Sadeghi, Some inequalities on noncommutative probability spaces

CMS 11 (3B, 9B313), Solution of Sylvester-like Equations and Canonical Forms (Chair : Stefan
Johansson)

10:30-10:55 Stefan Johansson, Stratifications of structured matrix pencils. Part II: generalized state-
space systems

10:55-11:20 Andrii Dmytryshyn, Stratifications of structured matrix pencils. Part I: skew-symmetric and
symmetric cases

11:20-11:45 Quoc Phong Vu, Simultaneous solutions of matrix and operator Sylvester equations and
functions of commuting matrices

11:45-12:10 Qing-Wen Wang, Systems of coupled generalized Sylvester matrix equations

CMS 13 (3B, 9B321), Sign Pattern Matrices (Chair : Zhongshan Li)
10:30-10:55 Avi Berman, Zero forcing for sign patterns
10:55-11:20 Shaun Fallat, Zero forcing and vertex coverings
11:20-11:45 Wei Gao, Sign patterns and point hyperplane configurations
11:45-12:10 Frank J. Hall, Sign patterns of g-matrices

10:30-12:10 Contributed Talks IV (parallel)

CT 11 (2B, 9B208), Chair : Takashi Sano
10:30-10:55 Hye-Yeon Kim, Iterative Methods solving matrix equation X p– M XM T = Q
10:55-11:20 Javier Gonzalez, Projection methods for large T-Sylvester equations
11:20-11:45 Liping Zhang, Homotopy for Rational Riccati Equations arising in Stochastic Control

CT 12 (2B, 9B215), Chair : Mandeep Singh Rawla
10:30-10:55 Joao Cardoso, The matrix arithmetic-geometric mean iteration and the computation of the

matrix logarithm
10:55-11:20 Matthias Bolten, Analysis of grid transfer operators for multigrid methods based on

Toeplitz matrices
11:20-11:45 Pappur Shivakumar, Hearing the shape of a drum with a hole
11:45-12:10 Noemi De Castro, Enumerating feedback classes of locally Brunovsky systems

CT 13 (3B, 9B318), Chair : Mary Clair Thompson
10:30-10:55 Mojtaba Bakherad, Some reverses of Cauchy-Schwarz inequality
10:55-11:20 Priyanka Grover, Birkhoff-James orthogonality of matrices
11:20-11:45 Volha Kushel, On the positive stability of P 2-matrices

CT 14 (3B, 9B316), Chair : Vilmar Trevisan
10:30-10:55 Marianne Akian, Tropical bounds for eigenvalues of matrices using Hungarian dual

variables
10:55-11:20 Marta Pena, Closed orbits in planar bimodal linear systems
11:20-11:45 Miman You, Constructing New Braided T-categories over Monoidal Han-Hope algebra
11:45-12:10 Ralph De la Cruz, The generalized Cartan-Dieudonne theorem

12:10-12:20 Group Photo (1F, Lounge)

12:15-13:00 Box luncheon(provided by Elsevier) for all participants (6F, Faculty Club, 600th Anniversary 
Hall)

13:00-18:30 Excursion : Seoul City Tour and DMZ Tour(Buses start at 13:00 in front of the International Hall)

19:00-21:00 Banquet (5F, 600th Anniversary Hall)
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Saturday, August 9

08:00-08:30 Coffee and Tea (1F, Lounge)

08:30-10:00 Plenary Talks VI (2B, 9B217), Chair: Man-Duen Choi
08:30-09:15 Vladimir Sergeichuk, Classification problems for systems of forms and linear mappings
09:15-10:00 Tin-Yau Tam, Some matrix asymptotic results and their Lie counterparts

10:00-10:30 Coffee Break (1F, Lounge)

10:30-12:10 Mini Symposia V (parallel)

IMS 5 (1F, 90110), Quantum Information and Computing (Chair : Chi-Kwong Li)
10:30-10:55 Raphael Loewy, On the extreme points of quantum channels
10:55-11:20 Mikio Nakahara, Recursive construction of noiseless subsystem for qudits
11:20-11:45 Nung-Sing Sze, Conditions for degradability of tripartite quantum states
11:45-12:10 Yiu Tung Poon, Quantum convex support and maximum entropy inference

IMS 6 (1F, 90104), Riordan Arrays and Related Topics (Chair : Donatella Merlini)
10:30-10:55 Emanuele Munarini, Jensen-like identities
10:55-11:20 Louis W. Shapiro, Riordan group survey
11:20-11:45 Renzo Sprugnoli, New and revisited problems on Riordan arrays
11:45-12:10 Sheng-Liang Yang, On the half of a Riordan array

IMS 7 (1F, 90109), Nonnegative Matrices and Generalizations (Chair : Judi McDonald)
10:30-10:55 Sergei Sergeev, On sets of eigenvalues of matrices with prescribed row sums and

prescribed graph
10:55-11:20 Bit-Shun Tam, Nonnegative square roots of nonnegative matrices
11:20-11:45 Dmitrii Logofet, Perron-Frobenius theory in matrix population models: a primary role of

the second positive eigenvalue

CMS 3 (3B, 9B320), Matrix Geometry (Chair : Miklos Palfia)
10:30-10:55 Takeaki Yamazaki, A converse of Loewner-Heinz inequality and applications to operator

means
10:55-11:20 Frank Hansen, Regular operator mappings and multivariate geometric means
11:20-11:45 Toan Ho, Interpolation functions and matrix means
11:45-12:10 Hosoo Lee, Moving averages on positive definite cones

CMS 5 (2B, 9B217), Algebraic Combinatorics and Combinatorial Matrices (Chair : Jang Soo Kim)
10:30-10:55 Sangwook Kim, Flags of lattice path matroid polytopes
10:55-11:20 Suh-Ryung Kim, Competition graphs and matrices
11:20-11:45 Boram Park, Matrix decompositions induced by competition-realizable pairs
11:45-12:10 Seunghyun Seo, Enumeration of (0, 1)-matrices avoiding some 2 × 2 matrices

CMS 7 (3B, 9B313), Generalized Laplacian and Green Matrices (Chair : A. Carmona)
10:30-10:55 Milica Andelic, Sufficient conditions for positive definiteness of tridiagonal matrices

revisited
10:55-11:20 Victor Anandam, Laplace operator and its perturbation in a finite non-symmetric network
11:20-11:45 Andres M. Encinas, Dirichlet-to-Robin maps on finite networks
11:45-12:10 Silvia Gago, The green matrix of a network with a new vertex
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CMS 8 (2B, 9B218), Eigenvalue Computations and Applications (Chair : Reng-Cang Li)
10:30-10:55 Chern-Shuh Wang, A relaxation strategy for computing low-rank approximate solutions of

large-scale algebraic Riccati
10:55-11:20 Weichung Wang, Parallel eigensolvers in simulations of three-dimensional photonic

crystals
11:20-11:45 Wei-guo Wang, Backward error and conditioning for the generalized eigenproblem
11:45-12:10 Leihong Zhang, Backward perturbation and residual-based error bounds for the linear

response eigenvalue problem

CMS 9 (3B, 9B312), Inequalities in Matrices, Operators, and Lie Groups (Chair : Tin-Yau Tam)
10:30-10:55 Takashi Sano, Matrices on indefinite inner product spaces
10:55-11:20 Hanyu Li, New rigorous perturbation bounds for the LU and QR factorizations
11:20-11:45 Juri Morishita, Kwong matrices and operator monotone functions on (0, 1)
11:45-12:10 Mandeep Singh Rawla, Generalized operator version of Bernoulli’s inequality

CMS 13 (3B, 9B321), Sign Pattern Matrices (Chair : Frank Hall)
10:30-10:55 Zhongshan Li, Sign vectors of subspaces and minimum ranks of sign patterns
10:55-11:20 Chin-Hung Lin, Reduction identities of the minimum rank on loop graphs
11:20-11:45 Yue Liu, A forbidden structure of ray nonsingular matrices
11:45-12:10 Jin-Woo Park, Sign idempotent sign pattern matrices that allow idempotence

CMS 14 (3B, 9B318), Recent Developments in Linear Preserver Problems (Chair : LeRoy Beasley)
10:30-10:55 LeRoy Beasley, Linear preservers: then and now
10:55-11:20 Wai Leong Chooi, Linear spaces and preservers of bounded rank-two per-symmetric

triangular matrices
11:20-11:45 B. Kuzma, Commutativity preservers
11:45-12:10 Seok-Zun Song, Linear preservers of Boolean rank between different matrix spaces
12:10-12:35 Ngai-Ching Wong, Orthogonally additive and zero product preserving holomorphic maps

of matrices

10:30-12:10 Contributed Talks V (parallel)

CT 15 (2B, 9B208), Chair : Quoc Phong Vu
10:30-10:55 Xiaohui Zhang, Making the Yetter-Drinfeld categories in to ribbon categories
10:55-11:20 Yorick Hardy, Towards a multiplicative Kronecker quotient
11:20-11:45 Yuji Nakatsukasa, Linearization for computing roots of rational functions
11:45-12:10 Daniil Stefonishin, Formulas and estimates for the generic rank of tensors

CT 16 (2B, 9B215), Chair : Natanael Karjanto
10:30-10:55 Agah Garnadi, Inclusion identification in inverse boundary value problems on weighted

networks
10:55-11:20 Huihui Zhu, Centralizers and Their Applications to Generalized Inverses
11:20-11:45 Pengpeng Xie, The numerical range of a real tensor

CT 17 (3B, 9B316), Chair : Chun-Yueh Chiang
10:30-10:55 Esteban Segura Ugalde, A contour integral approach to study invariant pairs
10:55-11:20 Hana Tomaskova, Optimization with max-linear functions
11:20-11:45 Hanni Garminia, The integrality of hypergraphs costrong product
11:45-12:10 James Hook, Max-plus singular values

12:10-14:00 Lunch

14:00-15:40 Mini Symposia VI (parallel)

CMS 5 (2B, 9B217), Algebraic Combinatorics and Combinatorial Matrices (Chair : Seungjin Lee)
14:00-14:25 Hwanchul Yoo, Factorizations in Schubert cells of affine Grassmannian
14:25-14:50 Meesue Yoo, Schur coefficients of the integral form Macdonald polynomials
14:50-15:15 Soichi Okada, Restricted Littlewood formulae and minor summation formula
15:15-15:40 Han Hyuk Cho, M-step competition graphs of digraphs
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CMS 7 (3B, 9B313), Generalized Laplacian and Green Matrices (Chair : A. M. Encinas)
14:00-14:25 Woong Kook, Applications of combinatorial laplacians
14:25-14:50 Margarida Mitjana, Green function of multiperiodic linear chains

CMS 8 (2B, 9B218), Eigenvalue Computations and Applications (Chair : Reng-Cang Li)
14:00-14:25 Yunfeng Cai, A polynomial eigenproblem approach for general joint block diagonalization
14:25-14:50 Tsung-Ming Huang, Singular value decompositions for single-curl operators in three-

dimensional Maxwell’s equations for complex media

CMS 9 (3B, 9B312), Inequalities in Matrices, Operators, and Lie Groups (Chair : Tin-Yau Tam)
14:00-14:25 Sangjib Kim, A partial order on hyperbolic elements
14:25-14:50 Mary Clair Thompson, Various results on determinants of matrix sums
14:50-15:15 Dinh Trung Hoa, A reverse powers-stormer inequality

CMS 13 (3B, 9B321), Sign Pattern Matrices (Chair : Hein van der Holst)
14:00-14:25 Kevin Vander Meulen, Spectrally arbitrary pattern extensions
14:25-14:50 Michael Young, The maximum nullity and zero forcing number of complete subdivision

graphs
14:50-15:15 Ling Zhang, TBA

14:00-15:40 Contributed Talks VI (parallel)

CT 18 (3B, 9B316), Chair : J. Virtanen
14:00-14:25 James McTigue, Maximal non-singular partial matrices
14:25-14:50 Leo Taslaman, Why does shift-and-invert Arnoldi work?
14:50-15:15 M. Eulalia Montoro, Characteristic non hyperinvariant subspaces

CT 19 (2B, 9B208), Chair : Ana Luzon
14:00-14:25 Ji-Hwan Jung, New orthogonal q-Sheffer sequences
14:25-14:50 Sung-Tae Jin, An equivalence class of the generating functions and application to solving

functional equations
14:50-15:15 Minho Song, On the commutator subgroup of the Riordan group

CT 20 (2B, 9B215), Chair : Seok-Zun Song
14:00-14:25 Jan Hamhalter, Jordan isomorphisms as preservers for important orders on matrix and

operator algebras
14:25-14:50 Gangyong Lee, Rudimentary subrings of partial matrix rings

15:40-16:00 Closing Remarks (2B, 9B217)
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Abstracts

1.PLENARY TALKS(PT)

BEYOND LINEAR ALGEBRA
Bernd Sturmfels
University of California-Berkeley, USA
Aug 6 (Wed), 08:30 – 09:15, (2B, 9B217)

Linear algebra is the foundation of scientific comput-
ing and its numerous applications. Yet, the world is
non-linear. In this lecture we argue that it pays off
to work with models that are described by non-linear
polynomials, while still taking advantage of the power
of numerical linear algebra. We present a glimpse of ap-
plied algebraic geometry, by discussing recent advances
in tensor decomposition, polynomial optimization, and
algebraic statistics
E-mail : bernd@math.berkeley.edu

SOLVING LARGE-SCALE MATRIX EQUATIONS:
RECENT PROGRESS AND NEW APPLICATIONS
Peter Benner
Max Planck Institute Magdeburg, GERMANY
Aug 6 (Wed), 09:15 – 10:00, (2B, 9B217)

We discuss the numerical solution of matrix equations
that lead to Kronecker tensor structured coefficient ma-
trices when re-written as a standard linear system of
the form . The prototypes of these equations are
Lyapunov and Sylvester equations and generalizations
thereof. They have traditionally played a major role in
systems, control and stability theory. Recently, a num-
ber of new applications have emerged. We will discuss
some of these and the numerical challenges imposed.
We will also review the recent advances in solving these
equations.
E-mail : benner@mpi-magdeburg.mpg.de

EXPLOITING MATRIX STRUCTURES IN
POLYNOMIAL EIGENVALUE PROBLEMS:
COMPUTATIONAL ISSUES
Dario Bini
University of Pisa, ITALY
Aug 6 (Wed), 14:00 – 14:45, (2B, 9B217)

The polynomial eigenvalue problem, that is comput-
ing the solutions of the equation detA(x) = 0 where
A(x) =

∑d

i=0 x
iAi and Ai are n × n matrices, is in-

vestigated from the computational point of view in the
framework of structured matrix analysis.
E-mail : bini@dm.unipi.it

ON THE EIGENVALUES OF POSITIVE
MATRICES:IN THE SPIRIT OF TAUSSKY
UNIFICATION
Shaun Fallat
University of Regina, CANADA

Aug 6 (Wed), 14:45 – 15:30, (2B, 9B217)

In 1958, Olga Taussky-Todd suggested an exploration
into possible unified treatments of a number of prop-
erties shared by various notions of "positive matrices."
For instance, item 4 in her original list, sought expla-
nations about the fact that both positive semidefinite
symmetric matrices and matrices with all minors of all
orders nonnegative (i.e., totally nonnegative matrices)
have all real nonnegative eigenvalues. In this talk we
will examine both of these facts by way of tridiagonal
matrices (a subclass of both classes of matrices above
in a sense). In addition, we will highlight other similar-
ities between the eigenvalues of these important classes
of the matrices, and conclude with a recent viewpoint
regarding the eigenvalues and eigenvectors of invertible
totally nonnegative matrices.
E-mail : sfallat@math.uregina.ca

ARNOLDI APPROXIMATION FOR MATRIX
FUNCTIONS: HOW TO RESTART AND WHEN TO
STOP
Andreas Frommer
University of Wuppertal, GERMANY
Aug 7 (Thu), 08:30 – 09:15, (2B, 9B217)

The Arnoldi approximation is a popular – and some-
times the only feasible – way to compute f(A)b for a
function f, a square matrix A and a vector b when A
is large and sparse. Even in the symmetric case, the
full Arnoldi (Lanczos) basis has to be stored unless the
method is restarted. We present a new approach to
restarts which uses an integral representation of the
error and avoids stability problems observed in other
restart methods. Moreover, the work per restart cy-
cle is kept constant. We also present theoretical results
on the convergence of the restart method and on (com-
putable) bounds or estimates for the error which can be
used as a stopping criterion. Numerical experiments in-
clude the matrix sign function as needed for the overlap
operator in lattice QCD simulations.
E-mail : frommer@math.uni-wuppertal.de

FROM TROPICAL LINEAR ALGEBRA TO
ZERO-SUM GAMES
Stephane Gaubert
INRIA, Domaine de Voluceau, FRANCE
Aug 7 (Thu), 09:15 – 10:00, (2B, 9B217)

Recently, some relations have appeared between tropi-
cal algebra, linear programming, Perron-Frobenius the-
ory, and zero-sum games. This talk is devoted to these
relations and to their consequences. In particular, we
shall make a connection between two well known un-
solved questions. The first is the existence of a strongly
polynomial pivoting rule in linear programming. Such
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a rule would allow us to solve a linear program in a
number of arithmetic operations bounded only by the
number of variables and the number of constraints. The
second question is the existence of a polynomial algo-
rithm to solve mean payoff games. In work with Allami-
geon, Benchimol, and Joswig, we showed that a positive
answer to the first question would yield a positive an-
swer to the second, provided the pivoting rule satisfies
certain conditions. This uses the equivalence between
mean payoff games and tropical linear programs, es-
tablished in an earlier work with Akian and Guterman.
The proof of these results will give us the opportunity to
see at work non-linear Perron-Frobenius theory, as well
as a number of basic tropical tools: tropical eigenval-
ues, extensions or symmetrization of semirings, tropical
analogues of Cramer theorem.
E-mail : Stephane.Gaubert@inria.fr

SQUARED DISTANCE MATRIX OF A TREE
Ravindra Bapat
Indian Statistical Institute, INDIA
Aug 7 (Thu), 14:00 – 14:45, (2B, 9B217)

Let G be a connected graph with vertex set V (G) =
{1, · · · , n}. The distance between vertices i, j ∈ V (G),
denoted d(i, j), is defined to be the minimum length
(the number of edges) of a path from i to j. The dis-
tance matrix D(G), or simply D, is the n × n matrix
with (i, j)-element equal to 0 if i = j and d(i, j) if i 6= j.
According to a well-known result due to Graham and
Pollak, if T is a tree with n vertices, then the deter-
minant of the distance matrix D of T is (−1)n−1(n −
1)2n−2. Thus the determinant depends only on the
number of vertices in the tree and not on the tree it-
self. A formula for the inverse of the distance matrix
of a tree was given by Graham and Lovàsz. Several
generalizations of these two results have been proved.
We first provide an overview of various distance matri-
ces associated with a tree. These include a weighted
analog of the classical distance matrix, a weighted ana-
log with matrix weights, a q-analog, and the exponen-
tial distance matrix, which has the (i, j)-element equal
to qd(i,j).
We then consider the entry-wise square of the distance
matrix of a tree. Thus the squared distance matrix ∆
has its (i, j)-element equal to d(i, j)2. In joint work with
S. Sivasubramanian, we gave a formula for the determi-
nant of ∆, which involves only the vertex degrees. It
turns out that ∆ is nonsingular if and only if the tree
has at most one vertex of degree 2. Continuing the joint
work, we obtain a formula for ∆−1, if it exists. When
the tree has no vertex of degree 2, the formula for ∆−1 is
particularly simple and depends on a certain "two-step"
Laplacian of the tree.
E-mail : rbb@isid.ac.in

SOME MATRIX TECHNIQUES, RESULTS, AND
PROBLEMS IN QUANTUM INFORMATION
SCIENCE
Chi-Kwong Li
College of William and Mary, USA
Aug 7 (Thu), 14:45 – 15:30, (2B, 9B217)

Some recent results and useful matrix techniques in
quantum information science will be described. A gen-
eral framework covering a number of topics including
quantum entanglement, quantum measurements, quan-
tum tomography, quantum error correction, etc. will be
demonstrated. Open problems will be mentioned. (No
quantum mechanics background is needed for the talk.)
E-mail : ckli@math.wm.edu

MONOTONICITY OF THE KARCHER MEAN
Yongdo Lim
Sungkyunkwan University, KOREA
Aug 8 (Fri), 08:30 – 09:15, (2B, 9B217)

The Karcher or least squares mean has recently be-
come an important tool for the averaging and study
of positive definite matrices. The important question
of the monotonicity (multivariable Loewner-Heinz in-
equality) of this mean, conjectured by Bhatia and Hol-
brook, has been solved by using the theory of nonposi-
tively curved metric spaces, techniques from probability
and random variable theory, non-linear matrix equa-
tions, operator power means, and proximal point algo-
rithms. We present an overview of these recent works
in the development of multivariable matrix geometric
means.
E-mail : ylim@skku.edu

TRAVELLING FROM MATRICES TO MATRIX
POLYNOMIALS
Panayiotis Psarrakos
National Technical University of Athens,
GREECE
Aug 8 (Fri), 09:15 – 10:00, (2B, 9B217)

The study of matrix polynomials of higher degree has
attracted considerable attention in recent years. The
interest has been motivated by a wide range of appli-
cations of polynomial eigenvalue problems in areas such
as differential equations, systems theory, control theory,
mechanics and vibrations. In this presentation, we will
see how results of the standard matrix theory, concern-
ing pseudospectra, eigenvalue condition numbers, Jor-
dan structure, numerical ranges, (entrywise) nonnega-
tive matrices and normality, have been extended to the
setting of matrix polynomials in a natural way. In par-
ticular, basic matrix theory can be viewed as the study
of the special case of matrix polynomials of first degree.
E-mail : ppsarr@math.ntua.gr
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CLASSIFICATION PROBLEMS FOR SYSTEMS OF
FORMS AND LINEAR MAPPINGS
Vladimir Sergeichuk
Institute of Mathematics, UKRAINE
Aug 9 (Sat), 08:30 – 09:15, (2B, 9B217)

A method of reducing the problem of classifying sys-
tems of forms and linear mappings to the problem of
classifying systems of linear mappings was developed in
[V.V. Sergeichuk, Classification problems for systems of
forms and linear mappings, Math. USSR Izv. 31(3)
(1988) 481-501]. I will describe this method and its ap-
plications: the law of inertia for such systems, canonical
forms, and others.
E-mail : sergeich@imath.kiev.ua

SOME MATRIX ASYMPTOTIC RESULTS AND
THEIR LIE COUNTERPARTS
Tin-Yau Tam
Auburn University, USA
Aug 9 (Sat), 09:15 – 10:00, (2B, 9B217)

We will discuss some recent asymptotic results in ma-
trix space and their extensions in Lie group, namely, (1)
Beurling-Gelfand-Yamamoto’s theorem and the gener-
alization of Huang and Tam; (2) QR and Iwasawa as-
ymptotic results of (3) Antezana-Pujals-Stojanoff con-
vergence theorem on Aluthge iteration and the general-
ization of Tam and Thompson; (4) Rutishauer’s LR al-
gorithm and the generalization of Thompson and Tam;
(5) Francis-Kublanovskaya’s QR algorithm and the gen-
eralization of Holmes, Huang and Tam. These results
are related to severalimportant matrix decompositions,
namely, SVD, QR, Gelfand-Naimark, Jordan and their
counterparts namely, Cartan decomposition, Iwasawa
decomposition, Bruhat decomposition, complete multi-
plicative Jordan decomposition.
E-mail : tamtiny@auburn.edu
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2.INVITED MINISYMPOSIA(IMS)

IMS 1. Combinatorial Problems in
Linear Algebra

SKEW-SYMMETRIC NILPOTENT SPACES IN
CHARACTERISTIC 2
Rachel Quinlan
University of Galway, IRELAND
Aug 6 (Wed), 10:30–10:55, (1F, 90110)

A square matrix A over a field F is called skew-
symmetric if AT = −A and the entries on the main
diagonal of A are all equal to zero (this latter stipulation
is necessary only if charF = 2). A skew-symmetric ma-
trix over a real field can be nilpotent only if it is the zero
matrix, since the trace of its square is the negative of the
sum of the squares of its entries. The same comment
applies to complex skew-Hermitian matrices; however
it is possible for a complex skew-symmetric matrix to
be nilpotent, and it was shown by R. Meshulam and N.
Radwan in 1998 that the maximum dimension of a space
of skew-symmetric nilpotent matrices in M2m+1(C) is
m2 + m. This talk will discuss analogous dimension
bounds in the case of fields of characteristic 2, where
skew-symmetric nilpotent spaces of these same dimen-
sions exist. The approach taken involves a mixture of
algebra and combinatorics.
Keywords : Nilpotent subspace, Skew-symmetric, Char-
acteristic 2, Duality
E-mail : rachel.quinlan@nuigalway.ie

RESULTS ON PRINCIPAL RANK SEQUENCES
Steve Butler
Iowa State University, USA
Aug 6 (Wed), 10:55–11:20, (1F, 90110)

Given a real symmetric n×n matrix the principal rank
sequence, a0a1 . . . an is formed by looking at all possible
k×k principal submatrices and assigning a value of 1 to
ak if all such submatrices have full rank and 0 otherwise.
We will give some new results related to such sequences
including determining all sequences for matrices of or-
der 7; what happens over some small finite fields; and a
refinement which allows us to consider three values for
the ak instead of two (i.e., none (N), some (S), or all
(A)).
Keywords : principal rank sequences, minors, symmet-
ric matrix, finite field
E-mail : butler@iastate.edu

THE SKELETON OF ACYCLIC BIRKHOFF
POLYTOPES
Liliana Costa
Universidade de Aveiro, PORTUGAL
Aug 6 (Wed), 11:20–11:45, (1F, 90110)

For a fixed tree T with n vertices the corresponding
acyclic Birkhoff polytope Ωn(T ) consists of doubly sto-
chastic matrices having support in positions specified
by T . This is a face of the Birkhoff polytope Ωn (which
consists of all n × n doubly stochastic matrices). The
skeleton of Ωn(T ) is the graph where vertices and edges
correspond to those of Ωn(T ), and we investigate some
properties of this graph. In particular, we character-
ize adjacency of pairs of vertices, compute the mini-
mum degree of a vertex and show some properties of
the maximum degree of a vertex in the skeleton. We
also determine the maximum degree for certain classes
of trees, including paths, stars and caterpillars.
Keywords : acyclic Birkhoff polytope, tree, skeleton,
minimum degree, maximum degree
E-mail : lmgccosta@gmail.com

EXTENDING FISHER’S INEQUALITY TO
COVERINGS
Daniel Horsley
Monash University, AUSTRALIA
Aug 6 (Wed), 11:45–12:10, (1F, 90110)

A (v, k, λ)-covering is a collection of k-element subsets,
called blocks, of a v-set of points such that each pair
of points occurs in at least λ blocks. If each pair of
points occurs in exactly λ blocks, the covering is a
(v, k, λ)-design. Fisher’s inequality is a classical result
in design theory that states that no (v, k, λ)-design with
fewer blocks than points can exist. An elegant proof of
Fisher’s inequality, due to Bose, centres on the observa-
tion that if X is the incidence matrix of a (v, k, λ)-design,
then XXT is non-singular. In this talk I show how new
lower bounds on the minimum number of blocks in a
(v, k, λ)-covering can be obtained by bounding the rank
of XXT , where X is the incidence matrix of a (v, k, λ)-
covering.
Keywords : covering, block design, incidence matrix
E-mail : rdanhorsley@gmail.com

THE MINIMUM RANK PROBLEM FOR
CIRCULANT GRAPHS
Louis Deaett∗, Seth Meyer
Quinnipiac University, USA
Aug 6 (Wed), 16:00–16:25, (1F, 90110)

The minimum rank of a graph G is the smallest rank
possible for a Hermitian matrix whose off-diagonal
nonzero entries occur in positions corresponding to the
edges of G. This talk examines the problem of deter-
mining this value in the special case of circulant graphs.
For certain families of circulants, we determine the mini-
mum rank exactly, and show how to construct a positive
semidefinite Hermitian matrix achieving the minimum
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rank in these cases. We also discuss when this construc-
tion can be carried out strictly over the reals to produce
a real symmetric positive semidefinite matrix.
Keywords : minimum rank, circulant graph
E-mail : Louis.Deaett@quinnipiac.edu

ON THE INERTIA SET OF SIGNED GRAPHS
THAT HAVE A 1-SEPARATION
Marina Arav, John Sinkovic, Hein Van der
holst∗
Georgia State University, USA
Aug 6 (Wed), 16:25–16:50, (1F, 90110)

A signed graph is a pair (G,Σ), where G = (V,E) is
a graph (in which parallel edges and loops are permit-
ted) with V = {1, . . . , n} and Σ ⊆ E. The edges in
Σ are called odd edges and the other edges of E even.
By S(G,Σ) we denote the set of all symmetric n × n
real matrices A = [ai,j ] such that if ai,j < 0, then there
must be an even edge connecting i and j; if ai,j > 0,
then there must be an odd edge connecting i and j; and
if ai,j = 0, then either there must be an odd edge and
an even edge connecting i and j, or there are no edges
connecting i and j. Here we allow i = j. Observe that
the signs of the diagonal entries of a matrix in S(G,Σ)
are determined by the loops at the vertices. For a sym-
metric real matrix A, the partial inertia of A is the pair
(p, q), where p and q are the number of positive and
negative eigenvalues of A, respectively. If (G,Σ) is a
signed graph, the inertia set of (G,Σ) is the set of the
partial inertias of all matrices A ∈ S(G,Σ).
In this talk, we will present a formula that allows us to
obtain the minimal elements of the inertia set of (G,Σ)
in case (G,Σ) has a 1-separation using the inertia sets
of certain signed graphs associated to the 1-separation.
Joint work with Marina Arav and John Sinkovic.
Keywords : signed graph, inertia, symmetric, loop, 1-
separation
E-mail : hvanderholst@gsu.edu

THE MAXIMUM NUMBER OF NONZERO
ENTRIES IN SPECIAL 0-1 MATRICES
Zejun Huang
Hunan University, CHINA
Aug 6 (Wed), 16:50–17:15, (1F, 90110)

Let n ≥ 2 be an integer. Denote by Mn{0, 1} the set of
n×n 0-1 matrices. We will present some results on the
following problems.

Problem 1. Determine the maximum number of
nonzero entries in an n × n matrix A such that Ak ∈
Mn{0, 1} for all positive integers k. Characterize the
matrices that attain the maximum number.

Problem 2. Let k ≥ 2 be an integer. Determine the
maximum number of nonzero entries in an n × n 0-1
matrix A such that Ak ∈ Mn{0, 1}. Characterize the
matrices that attain the maximum number.

This talk is based on joint work with Xingzhi Zhan.
Keywords : 0-1 matrix, digraph, directed walk
E-mail : mathzejun@gmail.com

COMPLETION TO AN ALTERNATING SIGN
MATRIX
Hwa Kyung Kim
Sangmyung University, KOREA
Aug 6 (Wed), 17:15–17:40, (1F, 90110)

An alternating sign matrix, abbreviated ASM, is an
n× n (0,+1,−1)-matrix such that, ignoring 0s, in each
row and column, the +1s and −1s alternate, beginning
and ending with a +1. We consider the problem of
completing a (0,−1)-matrix to an ASM by replacing
some 0s with +1s. We are concerned primarily with
bordered-permutation (0,−1) matrices, defined to be
n×n (0,−1)-matrices with only 0s in their first and last
rows and columns where the −1s form an (n−2)×(n−2)
permutation matrix. We show that any such matrix can
be completed to an ASM and characterize those that
have a unique completion. We also show that each com-
pletable symmetric (0,−1) matrix could be completed
into symmetric ASM. Finally, we consider some other
problem in ASM completion.

Joint work with Richard A. Brualdi
Keywords : Alternating sign matrix, completion,
bordered-permutation matrix, perfect matching, sym-
metric matrix
E-mail : indices@smu.ac.kr

POLYNOMIAL FUNCTIONS PRESERVING THE
NONNEGATIVITY OF MATRICES
Carlos Marijuan
Universidad de Valladolid, SPAIN
Aug 7 (Thu), 10:30–10:55, (1F, 90110)

An important motivation of this work is the study of
necessary conditions for the long-standing nonnegative
inverse eigenvalue problem which basically consists in
determining families of complex numbers that are the
spectra of nonnegative matrices. We follow the idea,
first expressed by Loewy-London for polynomials, con-
sisting of: if f is a primary matrix function mapping
nonnegative matrices into themselves, since the image
by f of the spectrum of a matrix is the spectrum of the
image of the matrix, then both the spectrum and its
image by f must satisfy the known necessary conditions.

First we consider the main known necessary conditions,
we show the dependence relations between them and
the reduction to a collection of independent necessary
conditions: Johnson-Loewy-London inequalities, Holtz
conditions about Newton’s inequalities, and coefficient
(of the characteristic polynomial) conditions. Then
we try to find new necessary conditions extending the
known by means of polynomial functions preserving the
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nonnegativity of matrices. We look at the possible exis-
tence or not of such non trivial polynomials and, finally,
we mention some combinatorial open problems related
to the extension of necessary conditions for the nonnega-
tive inverse eigenvalue problem by means of polynomials
preserving the nonnegativity of matrices.
Keywords : nonnegative inverse eigenvalue problem,
polynomials preserving nonnegative matrices, necessary
conditions
E-mail : marijuan@mat.uva.es

MAJORIZATION FOR PARTIALLY ORDERED
SETS
Richard A. Brualdi and Geir Dahl∗
University of Oslo, NORWAY
Aug 7 (Thu), 10:55–11:20, (1F, 90110)

This talk presents a generalization of the classical no-
tion of majorization in Rn to a majorization order for
functions defined on a partially ordered set P . In this
generalization one uses inequalities for partial sums as-
sociated with ideals in P . Some basic properties are
established, including connections to classical majoriza-
tion. Moreover, we briefly discuss transfers (given by
doubly stochastic matrices), complexity issues and as-
sociated majorization polytopes.
Keywords : Majorization, partially ordered sets, poly-
topes.
E-mail : geird@math.uio.no

IMS 2. Matrix Inequalities

MATRIX INEQUALITIES INVOLVING PARTIAL
TRACES
Tsuyoshi Ando
Hokkaido University, JAPAN
Aug 6 (Wed), 10:30–10:55, (2B, 9B217)

The partial trace ϕ1(·) from the tensor product Mm ⊗
Mn to the first factor Mm is defined as the adjoint of
the imbedding map Mm 3 X 7−→ X ⊗ In ∈ Mm ⊗Mn

where In is the identity in Mn. Correspondingly the
partial trace ϕ2(·) to the second factor Mn is defined.
We will show that the linear map Γ(·) defined on
Mm ⊗Mn by

Γ(S) := Tr(S)Im ⊗ In + S− ϕ1(S)⊗ In − Im ⊗ ϕ2(S)

is positive, where the positive cone is the cone of positive
semi-definite matrices inMmn, identified withMm⊗Mn.
We will show further that the non-linear maps

S 7−→ ϕi

(
S · Γ(S)

)
(i = 1, 2)

are positivity-preserving.
Those two can be considered as matrix inequalities be-
hind the known trace inequality:

Tr
(

S · Γ(S)
)
≥ 0 for 0 ≤ S ∈ Mm ⊗Mn.

Keywords : Matrix inequalities, Trace inequality, Par-
tial trace, Tensor product
E-mail : ando@es.hokudai.ac.jp

SPREADS OF MATRICES:A NEW LOOK AT AN
OLD PROBLEM
Rajendra Bhatia
Indian Institute of Statistics, INDIA,
Sungkyunkwan University, KOREA
Aug 6 (Wed), 10:55–11:20, (2B, 9B217)

Beginning with L. Mirsky in 1956, several authors have
derived inequalities for the spread—the maximum dis-
tance between the eigenvalues—of normal matrices. We
describe a new way of looking at the problem, linking
it with positive linear maps—a subject that has gained
in importance in recent years.
Keywords : Spread, numerical range, positive linear
map.
E-mail : rbh@isid.ac.in

NON-LINEAR INEQUALITIES FOR POSITIVE
LINEAR MAPS ON MATRIX ALGEBRAS
Man-Duen Choi
University of Toronto, CANADA
Aug 6 (Wed), 11:20–11:45, (2B, 9B217)

It seems surprising that there are non-linear inequali-
ties for linear maps. This shows the unknown depth
of the intrinsic structure of positive linear maps be-
tween matrix algebras (even for the very-low dimen-
sional cases). Along these lines, we look into the most
intriguing meaning of quantum entanglements.
Keywords : positive linear maps, inequalities, qunatum
entanglements
E-mail : choi@math.toronto.edu

ANTI LIE-TROTTER FORMULA
Fumio Hiai
Tohoku University, JAPAN
Aug 6 (Wed), 11:45–12:10, (2B, 9B217)

The Lie-Trotter formula for matrices says that

lim
n→∞

(eX/neY/n)n = eX+Y

for arbitrary matrices X and Y . A variant is

lim
p→0

(Ap/2BpAp/2)1/p = exp (logA+ logB)

for every positive definite matrices A and B. Our
concern is what happens about the convergence of
(Ap/2BpAp/2)1/p as p → ∞ reversely. Let A and B
be d×d positive definite matrices with the diagonaliza-
tions

A = V diag(a1, . . . , ad)V ∗, B = Wdiag(b1, . . . , bd)W ∗,

where a1 ≥ · · · ≥ ad, b1 ≥ · · · ≥ bd, and V , W are uni-
taries. By using the antisymmetric tensor technique, we
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see that the limit

Z := lim
p→∞

(Ap/2BpAp/2)1/p

exists for every A and B. When V ∗W is a permuta-
tion matrix corresponding to a permutation (j1, . . . , jd),
then it is obvious that

(Ap/2BpAp/2)1/p = V diag(a1bj1 , a2bj2 , . . . , adbjd)V ∗

for all p > 0, so Z is equal to the above right-hand
side. We characterize the maximal case (in the sense
of log-majorization) where the eigenvalues of Z are
a1b1, a2b2, . . . , adbd. In particular, this is the case when
all the minors of V ∗W are non-zero. We also consider
limp→∞(Ap #Bp)1/p, where Ap #Bp is the geometric
operator mean of Ap and Bp.
The talk is based on joint work with K.M.R. Audenaert.
Keywords : Lie-Trotter Formula, Positive Definite Ma-
trices, Eigenvalues, Antisymmetric Tensor Powers, Geo-
metric Mean.
E-mail : hiai.fumio@gmail.com

RELATIONS AMONG RELATIVE OPERATOR
ENTROPIES AND OPERATOR DIVERGENCES
Masatoshi Ito
Maebashi Institute of Technology, JAPAN
Aug 6 (Wed), 16:00–16:25, (2B, 9B217)

This is a joint work with H. Isa, E. Kamei, H. Tohyama
and M. Watanabe.
Fujii and Kamei introduced relative operator entropy
of strictly positive operators A and B by S(A|B) =
A

1
2 log(A

−1
2 BA

−1
2 )A 1

2 . By using S(A|B), Petz intro-
duced operator divergence D(A|B) = B −A− S(A|B).
Many researchers discuss relative operator entropy, op-
erator divergence and these generalizations. We remark
that these amounts are closely related to opeator means.
Moreover, we define operator distribution by A =
(A1, · · · , An) for strictly positive operators A1, · · · , An
with

∑n

i=1 Ai = I, and we introduce relative operator
entropy of operator distributions A and B by S(A|B) =∑n

i=1 S(Ai|Bi). Furuta has shown operator Shannon
inequality S(A|B) ≤ 0.
In this talk, we discuss relations among relative operator
entropies and operator divergences, and we get general-
izations of operator Shannon inequality.
Keywords : relative operator entropy, Tsallis relative
operator entropy, operator valued α-divergence, opera-
tor Shannon inequality, operator mean.
E-mail : m-ito@maebashi-it.ac.jp

CLASSICAL MIN-MAX PRINCIPLES AND
BEYOND
Ren-Cang Li
University of Texas at Arlington, USA
Aug 6 (Wed), 16:25–16:50, (2B, 9B217)

The classical min-max principles of Courant, Fischer,
Lidskii, and Wielandt for the Hermitian eigenvalue

problem Ax = λx were developed over a span of about
five decades from the 1900s to 1950s. These princi-
ples are very fundamental in the theory of eigenvalues,
and contribute in many ways to our deep understand-
ing of the problem as well as today’s efficient numeri-
cal methods for solving small and large scale Hermit-
ian eigenvalue problems. Owing to such prominent im-
portance, extensions of these min-max principles are of
great theoretical and practical interest for eigenvalue
problems beyond the Hermitian one. In this talk, we
will survey some of these extensions for generalized Her-
mitian eigenvalue problem Ax = λBx with indefinite
and possibly singular B, quadratic eigenvalue problem
(Aλ2 + Bλ + C)x = 0, and linear response eigenvalue
problem arising from time-dependent density functional
theory (TDDFT).
This is a joint work with Zhaojun Bai (UC Davis) and
Xin Liang (Peking University).
Keywords : Hermitian eigenvalue problem, Hyperbolic
quadratic eigenvalue problem, linear response eigen-
value problem, min-max principles
E-mail : rcli@uta.edu

INEQUALITIES RELATED TO POSITIVE
SEMIDEFINITE 3-BY-3 BLOCK MATRICES
Minghua Lin
University of Victoria, CANADA
Aug 6 (Wed), 16:50–17:15, (2B, 9B217)

Positive semidefinite matrices partitioned into 2-by-2
blocks are well studied. Such a partition is a source
of various matrix inequalities. However, an analogous
partition into 3-by-3 blocks seems not extensively inves-
tigated. In this talk, I shall present several inequalities
related to positive semidefinite 3-by-3 block matrices.
The talk is based on a joint project with P. van den
Driessche.
Keywords :positivity, determinantal inequality, norm in-
equality
E-mail : mlin87@ymail.com

MAJORIZATION AND MATRIX INEQUALITIES
Ramazan Turkmen
Selcuk University, TURKEY
Aug 6 (Wed), 17:15–17:40, (2B, 9B217)

In this talk, we first give some basic notation about
majorazation. Secondly, we mention relations between
majorization and convex functions, eigenvalues, singu-
lar values, determinant, trace, norm of matrices. Fi-
nally, we present some results about majorization and
2x2 block matrices
Keywords : Majorization, Doubly Stochastic matrices,
Positive semidifinite matrices, 2x2 block matrices, Sin-
gular values
E-mail : rturkmen@selcuk.edu.tr
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FROM A GENERAL THEOREM TO CONCRETE
OPERATOR INEQUALITIES
Mitsuru Uchiyama
Shimane University, JAPAN
Aug 7 (Thu), 10:30–10:55, (2B, 9B217)

The aim of this talk is to show a way to extract concrete
inequalities from a general theorem, which are estab-
lished by making use of majorization relation between
functions. In this way we can get a lot of inequali-
ties; among others we extend Furuta inequality as fol-
lows: Let fi, gj be positive operator monotone functions
on [0,∞) and put k(t) = tr0f1(t)r1 · · · fm(t)rm , h(t) =
tp0g1(t)p1 · · · gn(t)pn , where p0 ≥ 1 and ri ≥ 0, pj ≥ 0.
Then 0 ≤ A ≤ C ≤ B implies, for 0 < α ≤ 1+r0

p+r0
with

p = p0 + · · ·+ pn,(
k(C) 1

2 h(A)k(C) 1
2

)α
≤

(
k(C) 1

2 h(C)k(C) 1
2

)α
≤(

k(C) 1
2 h(B)k(C) 1

2

)α
.

Moreover, we show logCeAC ≤ logCeCC ≤ logCeBC,
provided C is invertible.
Keywords : Hansen-Pedersen inequality, Furuta in-
equality, Majorization between functions
E-mail : uchiyama@fc.ritsumei.ac.jp

UNITARY ORBITS AND DECOMPOSITIONS OF
POSITIVE MATRICES
Eun-Young Lee
Kyungpook National University, KOREA
Aug 7 (Thu), 10:55–11:20, (2B, 9B217)

A number of elegant matrix/operator is obtained with a
unitary orbit technique. Subadditivity type inequalities
are considered. Various trace, norm and determinantal
inequalities are derived. Combined with an interesting
decomposition for positive semi-definite matrices, sev-
eral results for partitioned matrices are also obtained.
Keywords : Matrix Inequalities, Matrix subadditiv-
ity Inequalities, Symmetric norm, Positive semi-definite
matrix
E-mail : eylee89@kun.ac.kr

A MATRIX DECOMPOSITION AND ITS
APPLICATIONS
Fuzhen Zhang
Nova Southeastern University, USA
Aug 7 (Thu), 11:20–11:45, (2B, 9B217)

We show the uniqueness and construction of the unitary
diagonal matrix Z in the matrix sectoral decomposition.
By using the decomposition, we give an affirmative an-
swer to a question proposed in [J. Math. Anal. Appl.
407 (2013) 436-442].
Keywords : accretive-dissipative matrix„ Cartesian de-
composition„ matrix decomposition„ numerical range„
unitarily invariant norm.

E-mail : zhang@nova.edu

TIGHT BOUNDS ON THE INFINITY NORM OF
INVERSES OF SYMMETRIC DIAGONALLY
DOMINANT POSITIVE MATRICES
Christopher Hillar
University of California, USA
Aug 7 (Thu), 11:45–12:10, (2B, 9B217)
We prove tight bounds for the infinity norm of the in-
verse of symmetric diagonally dominant positive ma-
trices. Applications include numerical stability for lin-
ear systems, bounds on inverses of differentiable func-
tions, and the consistency of maximum entropy graph
distributions from single samples. Our work was in-
spired by sensory coding in theoretical neuroscience and
we discuss some of the implications of our bounds in
this setting. (Joint work with Shaowei Lin and Andre
Wibisono.)
E-mail : chillar@berkeley.edu

IMS 3. Spectral Theory of Graphs and
Hypergraphs

HOMOGENEOUS ADJACENCY SPECTRA OF
RANDOM HYPERGRAPHS
Joshua Cooper
University of South Carolina, USA
Aug 6 (Wed), 10:30–10:55, (1F, 90109)

There has been a recent flurry of interest in the spectral
theory of hypergraphs as new ideas provide compelling
hypergraph homologues of spectral graph theory. We fo-
cus on one approach that uses a particularly algebraic
perspective – the homogeneous adjacency spectrum –
and where many seemingly basic questions about hy-
pergraph spectra remain out of reach. One of the prob-
lems that has yet to be resolved is the (asymptotically
almost sure) spectrum of a random hypergraph in the
Erdős-Rényi sense. We introduce the requisite frame-
work and discuss some progress in this area that in-
volves tools from commutative algebra, eigenvalue sta-
bility, and large deviations.
Keywords : Spectral Theory, Adjacency Hypermatrix,
Random Hypergraph, Ensemble Eigenvalues.
E-mail : cooper@math.sc.edu

LAPLACIAN INTEGRALITY IN P4-SPARSE
GRAPHS
R. R. Del-Vecchio∗, A. A. Jonesi
Federal Fluminense University, BRAZIL
Aug 6 (Wed), 10:55–11:20, (1F, 90109)

Let G(V,E) be a simple graph on n vertices, D(G) =
diag(d1, . . . , dn) the diagonal matrix of its vertex de-
grees and A(G), the adjacency matrix of G. Let L(G) =
D(G)−A(G) be the Laplacian matrix of G. A graph G
is called L-integral when all eigenvalues of L are integer
numbers. The search for Laplacian integral graphs has
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been done in special classes, as we can see in [2], [3] and
[6], for instance.
It is well known that every cograph is Laplacian integral,
[5]. Cographs are graphs free of P4 and a natural gen-
eralization of this class is the class of P4-sparse graphs,
[4], graphs with "few P4", containing the cographs: G is
P4-sparse graph if every set of five vertices in G induces
at most one P4.
These graphs have been extensively studied because
they have interesting structural properties that helped
in solving graph-theoretic problems (see [1]).
A question naturally posed in this context is if P4-sparse
graphs are Laplacian integrals. In this work we answer
negatively to this question, proving that there is no P4-
sparse graph, with integer Laplacian eigenvalues, unless
it is a cograph.

References

[1] D.G. Comeil, H. Lerchs, L.S. Burlingham, Complement
reducible graphs, Discrete Appl. Math. 3 (1981) 163-174.

[2] M. de Freitas, S. Kirkland, R. Del-Vecchio, N. Abreu,
Split non-threshold Laplacian integral graphs. Linear
and Multilinear Algebra, v. 58, (2010), p. 221-233.

[3] R.Grone, R. Merris, V.S.Sunders,The Laplacian spec-
trum of a graph II, SIAM J. Discrete Math. (1994) v.7,
pp. 221-229.

[4] C.T. Hoang,Perfect graphs, Ph.D. Thesis, School of
Computer Science, McGill University, 1985.

[5] R. Merris, Laplacian graph eigenvectors, Linear Algebra
and its Applicati- ons, v. 278, pp. 221-236, 1998.

[6] R. Merris, Degree maximal graphs are Laplacian inte-
gral,Linear Algebra and its Applications, v. 199, pp.
381-389, 1994.

Keywords : cograph, P4-sparse graph, Laplacian-
integral graph. Antisymmetric Tensor Powers, Geomet-
ric Mean.
E-mail : renata@vm.uff.br

SPECTRAL SYMMETRY OF UNIFORM
HYPERGRAPHS
Shenglong Hu
Tianjin University, CHINA
Aug 6 (Wed), 11:20–11:45, (1F, 90109)

It is known in graph theory that the spectrum (of the
adjacent matrix) of a simple graph is symmetric if and
only if the graph is bipartite. We can generalize the
notion of bipartite to k-partite for a k-uniform hyper-
graph, and the spectrum for the adjacent tensor through
eigenvalues of tensors. However, the spectral symmetry
of a k-uniform hypergraph cannot be completely char-
acterized by the k-partition when k is larger than three.
In this talk, we will discuss the spectral symmetry of
uniform hypergraphs with theory of determinants and
traces. In particular, we characterize the spectral sym-
metry by higher order traces of the adjacent tensor, and
3-uniform hypergraphs with symmetric spectra fully by
hoops.

Keywords : uniform hypergraph, eigenvalues of tensors,
symmetry
E-mail : tim.hu@connect.polyu.hk

EXTREMAL GRAPH THEORY BASED ON THE
P-SPECTRAL RADIUS
Liying Kang∗, Vladimir Nikiforov
Shanghai University, CHINA
Aug 6 (Wed), 11:45–12:10, (1F, 90109)

The p-spectral radius of graphs unifies several graph
parameters like the number of edges and the spectral
radius of the adjaceny matrix. This talk presents so-
lutions to some classical extremal problems using the
p-spectral radius instead of the number of edges. These
results merge large parts of classical and spectal ex-
tremal graph theory into one. The results are joint work
with V. Nikiforov.
Keywords : Spectral Theory, Hypergraphs, Extremal
Problems, Turan Problems
E-mail : vnikifrv@memphis.edu

SPECTRAL METHODS FOR EXTREMAL
PROBLEMS IN HYPERGRAPHS
Vladimir Nikiforov
University of Memphis, USA
Aug 7 (Thu), 10:30–10:55, (1F, 90109)

For 2-graphs extremal spectral problems have been
studied for long time, but until recently such results
were not known for hypergraphs. This talk will in-
troduce a new approach to extremal hypergraph prob-
lems, which unifies classical and spectral extremal hy-
pergraph theories. In particular, it turns out that spec-
tral extremal problems for hypergraphs are asymptot-
ically equivalent to the corresponding edge extremal
problems.
Keywords : Spectral Theory, Hypergraphs, Extremal
Problems, Turan Problems.
E-mail : vnikifrv@memphis.edu

LAPLACIAN ENERGY AMONG THRESHOLD
GRAPHS
Vilmar Trevisan
Universidade Federal do Rio Grande do Sul,
BRAZIL
Aug 7 (Thu), 10:55–11:20, (1F, 90109)

Finding the graph on n nodes with largest Laplacian en-
ergy is a natural extremal problem in the area of spec-
tral graph theory and has been considered before. It is
known, for example, that the star Sn is the tree with
largest Laplacian energy. For general graphs, this seems
to be a harder problem.
The connection between threshold graphs and high
Laplacian energy may be explained by the fact that for
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the graph G with degree sequence d and conjugate de-
gree sequence d∗,

LE(G) ≤
n∑
i=1

|d∗i − δ̄|,

a consequence of the Grone-Merris conjecture. Since
equality is attained by threshold graphs, it is natural
to consider this class of graphs as good candidates for
those having largest Laplacian energy.
In this talk we consider the problem of finding thresh-
old graphs with maximal Laplacian energy and find ex-
tremal graphs in this class fixing several parameters.
First we determine optimal graphs for a fixed number
of nodes, edges and trace. Then we find extremal graphs
fixing the number of nodes and edges and finally we fix
only the number of nodes.
In particular, we show that an extremal graph is a
disconnected threshold graph with trace f = b 2n+1

3 c,
f(f+1)/2 edges and whose Ferrers diagram is a rectan-
gle f(f+1). That is a clique of size b 2n+1

3 c+1 together
with bn−2

3 c isolated vertices. For connected threshold
graphs, we show that the Pineapple Pn,f ′ with clique
size f ′ + 1 = b 2n

3 c + 1 has largest Laplacian energy
among all connected threshold graphs with n vertices.
This partially proves the conjecture and gives further
evidence that Pn,f ′ is a connected graph on n vertices
having largest Laplacian energy.
Keywords :Laplacian Energy, threshold graphs.
E-mail : trevisan@mat.ufrgs.br

BOUNDS ON THE ENTRIES IN THE PRINCIPAL
EIGENVECTOR OF THE DISTANCE SIGNLESS
LAPLACIAN MATRIX
Maria Aguieiras A. de Freitas∗, C.M. da Silva
Jr, R.R. Del-Vecchio
Federal University of Rio de Janeiro, BRAZIL
Aug 7 (Thu), 11:20–11:45, (1F, 90109)

We investigate the greatest eigenvalue of the distance
signless Laplacian matrix, introduced by Aouchiche and
Hansen [1], and give bounds on the entries of its p-
normalized eigenvector.

References

[1] Aouchiche, M., Hansen, P. Two Laplacians for the dis-
tance matrix of a graph, Linear Algebra Appl. 439
(2013) 21-33.

Keywords : Distance signless Laplacian matrix
E-mail : maguieiras@im.ufrj.br

IMS 4. Tensor Eigenvalues

SOME SPECTRAL PROPERTIES AND
CHARACTERIZATIONS OF CONNECTED
ODD-BIPARTITE UNIFORM HYPERGRAPHS
Jia-Yu Shao∗, Hai-Ying Shan, Bao-feng Wui

Tongji University, CHINA
Aug 6 (Wed), 10:30–10:55, (1F, 90104)

A k-uniform hypergraph G = (V,E) is called odd-
bipartite ([5]), if k is even and there exists some proper
subset V1 of V such that each edge of G contains odd
number of vertices in V1. Odd-bipartite hypergraphs
are generalizations of the ordinary bipartite graphs.
We study the spectral properties of the connected odd-
bipartite hypergraphs. We prove that the Laplacian H-
spectrum and signless Laplacian H-spectrum of a con-
nected k-uniform hypergraph G are equal if and only
if k is even and G is odd-bipartite. We further give
several spectral characterizations of the connected odd-
bipartite hypergraphs. We also give a characterization
for a connected k-uniform hypergraph whose Laplacian
spectral radius and signless Laplacian spectral radius
are equal, thus provide an answer to a question raised
in [9]. By showing that the Cartesian product G�H
of two odd-bipartite k-uniform hypergraphs is still odd-
bipartite, we determine that the Laplacian spectral ra-
dius of G�H is the sum of the Laplacian spectral radii
of G and H, when G and H are both connected odd-
bipartite.
Keywords : tensor, hypergraph, Laplacian, signless
Laplacian, spectrum.
E-mail : jyshao@tongji.edu.cn

SOME RESULTS ON THE PRIMITIVE DEGREE
OF TENSORS
Pingzhi Yuan, Zilong He, Lihua You∗
South China Normal University, CHINA
Aug 6 (Wed), 10:55–11:20, (1F, 90104)

Let A be a nonnegative primitive tensor with order m
and dimension n. In this talk, we present a neces-
sary and sufficient condition for a nonnegative tensor
A to be a primitive one, show that its primitive de-
gree γ(A) ≤ (n−1)2 + 1, and the upper bound is sharp.
This confirms a conjecture of Shao (A general product of
tensors with applications, Linear Algebra and its Appl.
439(2013), 2350-2366). We also show that the exponent
set of nonnegative primitive tensors with order m(≥ n)
and dimension n have no gaps.
Keywords :tensor; product; primitive tensor; primitive
degree.
E-mail : ylhua@scnu.edu.cn

A NOTE ON E-COSPECTRAL HYPERGRAPHS
Changjiang Bu
Harbin Engineering University, CHINA
Aug 6 (Wed), 11:20–11:45, (1F, 90104)

Two hypergraphs are said to be E-cospectral if their
adjacency tensors have the same E-characteristic poly-
nomial. In this talk, we give a method for constructing
E-cospectral hypergraphs.
Keywords :Tensor Eigenvalues, Cospectral Tensors,
Cospectral Hypergraphs.
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E-mail : buchangjiang@hrbeu.edu.cn

COPOSITIVE HANKEL TENSORS, COMPLETELY
POSITIVE HANKEL TENSORS, AND THEIR
EIGENVALUES
Chang-qing Xu
Suzhou University of Science and Technology,
CHINA
Aug 6 (Wed), 11:45–12:10, (1F, 90104)

An mth order n-dimensional Hankel tensor A =
(Ai1i2...im) is a symmetric tensor which satis-
fies Ai1i2...im ≡ Ai1+i2+...+im−m for some vector
(A0, A1, . . . , AN ) with N = m(n− 1). It is shown that
anmth order n-dimensional Hankel tensor A always has

a Vandermonde decomposition A =
N∑
k=0

λkumk . We de-

fine the induced s-tensor of A for any given integer s
(1 ≤ s ≤ m) defined as

As =
N∑
k=0

λkusk

The plane tensor Ps = (Pi1...iNs ) associated with As =
(Ai1i2...is) is an (n − 1)s-order 2-dimensional Hankel
tensor defined as

Pi1...iNs = σ(k, s, n)Ak((n−1)s
k

)
where
σ(k, s, n) = |{(i1, i2, . . . , is) : i1 + . . .+ is = s+ k}| .

A rank-r completely positive (cp) mth order n-
dimensional tensor is a tensor which can be expressed

as form A =
r∑
k=0

vmk where each vk ∈ <n is nonneg-

ative. A is called copositive if the polynomial form
Axm ≡

∑
i1,...,im

Ai1i2...imxi1xi2 . . . xim ≥ 0 for all non-

negative vector x ∈ <n. We first investigate the decom-
positions of a Hankel tensor and show that a Hankel
tensor A is copositive if and only if each Ps is coposi-
tive. This result is also extended to completely positive
tensors. Furthermore, we will investigate some spectral
properties of Hankel cp tensors and Hankel copositive
tensors. This work was done while the author was vis-
iting The Hong Kong Polytechnic University
Keywords : Hankel tensor, Completely positive tensor,
Copositive tensor, Eigenvalue.
E-mail : cqxurichard@gmail.com

IRREDUCIBLE TENSORS, PRIMITIVE TENSORS
AND DIRECTED HYPERGRAPHS
Michael K. Ng
Hong Kong Baptist University, HONG KONG
Aug 6 (Wed), 16:00–16:25, (1F, 90104)

It is well-known that the concept of irreducibility of a
nonnegative matrix is equivalent to the connectedness
of a directed graph. The main aim of this paper is

to study the relationship between irreducible tensors
and directed hypergraph. In particular, we show that a
nonnegative tensor is irreducible if and only if its con-
structed directed hypergraph is connected. By using
the construction of directed hypergraphs from nonneg-
ative tensors, we can further show that a nonnegative
tensor is primitive if and only if the greatest common
divisor of all the cycles in the constructed hypergraph
is equal to 1.

(Joint work with Wen Li and Lu-Bin Cui, School of
Mathematical Sciences, South China Normal Univer-
sity, Guangzhou, China)
Keywords : Nonnegative tensor, Irreducible tensor,
Primitive tensor, Eigenvalues and Eigenvectors, Di-
rected hypergraph.
E-mail : mng@math.hkbu.edu.hk

THE P -SPECTRAL RADIUS OF K-PARTITE AND
K-CHROMATIC UNIFORM HYPERGRAPHS
L. Kang, V.Nikiforov, and X.Yuan∗
Shanghai University, CHINA
Aug 6 (Wed), 16:25–16:50, (1F, 90104)

The p-spectral radius of a uniform hypergraph G of or-
der n is defined for every real number p ≥ 1 as

λ(p) (G) = max
|x1|p+···+|xn|p=1

r!
∑

{i1,...,ir}∈E(G)

xi1 · · ·xir .

It generalizes several hypergraph parameters, including
the Lagrangian, the spectral radius, and the number of
edges. The paper presents solutions to several extremal
problems about the p-spectral radius of k-partite and
k-chromatic hypergraphs of order n. Two of the main
results are:
(I) Let k ≥ r ≥ 2, and let G be a k-partite r-graph of
order n. For every p > 1,

λ(p) (G) < λ(p) (T rk (n)) ,
unless G = T rk (n) , where T rk (n) is the complete k-
partite r-graph of order n, with parts of size bn/kc or
dn/ke.
(II) Let k ≥ 2, and let G be a k-chromatic 3-graph of
order n. For every p ≥ 1,

λ(p) (G) < λ(p) (Q3
k (n)

)
,

unless G = Q3
k (n) , where Q3

k (n) is a complete k-
chromatic 3-graph of order n, with classes of size bn/kc
or dn/ke.
The latter statement generalizes a result of Mubayi and
Talbot.
Keywords : uniform hypergraph, p-spectral radius, k-
partite hypergraph, k-chromatic hypergraph
E-mail : xiyingyuan@shu.edu.cn
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BOUNDS ON CONCAVITY OF QUANTUM
ENTROPY
Mary Beth Ruskai
Institute for Quantum Computing, USA
Aug 8 (Fri), 10:30–10:55, (1F, 90110)

New upper and lower bounds on the concavity of quan-
tum entropy are obtained. Comparisons are given with
other results in the literature.
Keywords : Quantum entropy Renyi bounds, convexity,
E-mail : ruskai@member.ams.org

TRANSFORMATIONS ON DENSITY OPERATORS
PRESERVING QUANTUM F -DIVERGENCES
Lajos Molnar, Gergo Nagy∗ and Patricia Szokol
University of Debrecen, HUNGARY
Aug 8 (Fri), 10:55–11:20, (1F, 90110)
Classical f -divergences between probability distribu-
tions were introduced by Csiszár and by Ali and Silvey,
independently. These concepts – which are widely used
in classical information theory and statistics – can be
regarded as measures of distance or difference between
probability distributions.
Recently, Hiai, Petz et al. have introduced and studied
the corresponding concept of quantum f -divergence for
quantum states (or density operators) in the place of
probability distributions.
Let H denote a given finite dimensional Hilbert space.
In this talk we present a Wigner-type result for transfor-
mations that preserve the f -divergence. Namely, for an
arbitrary strictly convex function f defined on the non-
negative real line we show that every transformation on
the space of all density operators on H which preserves
the quantum f -divergence is implemented either by a
unitary or by an antiunitary operator on H.
Keywords : quantum f -divergence
E-mail : nagyg@science.unideb.hu

REVEAL QUANTUM CORRELATION VIA
MUTUALLY UNBIASED BASES
Shengjun Wu
Nanjing University, CHINA
Aug 8 (Fri), 11:20–11:45, (1F, 90110)
An essential feature of genuine quantum correlation is
the simultaneous existence of correlation in complemen-
tary bases. We reveal this feature of quantum correla-
tion by defining measures based on invariance under a
basis change. For a bipartite quantum state, the clas-
sical correlation is the maximal correlation present in a
certain optimum basis, while the quantum correlation
is characterized as a series of residual correlations in
the mutually unbiased bases. Compared with other ap-
proaches to quantify quantum correlation, our approach
gives information-theoretical measures that directly re-
flect the essential feature of quantum correlation.
Keywords : quantum correlation, mutually unbiased
bases, mutual information

E-mail : sjwu@nju.edu.cn

REINTERPRETING MAJORIZATION AND
TRUMPING TO STUDY ENTANGLEMENT
THEORY
Sarah Plosker
Brandoon University, CANADA
Aug 8 (Fri), 11:45–12:10, (1F, 90110)
Majorization is a basic concept in matrix theory, and
has recently become a useful mathematical tool in quan-
tum information theory, beginning with work of Nielsen
(1999) that linked it with quantum operations described
by local operations and classical communication. In our
study, we re-characterize majorization and a generaliza-
tion called trumping using completely monotone func-
tions and Dirichlet polynomials. This not only gives
a re-interpretation of majorization and trumping, but
generalizes a characterization of trumping by Turgut
(2007) while simplifying the proof. This is joint work
with Rajesh Pereira.
Keywords : majorization, trumping, entanglement the-
ory, Dirichlet polynomials, completely monotone func-
tions.
E-mail : ploskers@brandonu.ca

ON THE EXTREME POINTS OF QUANTUM
CHANNELS
Raphael Loewy
Technion-Israel Institute of technology,
ISRAEL
Aug 9 (Sat), 10:30–10:55, (1F, 90110)
Let Lm,n denote the convex set of completely posi-
tive trace preserving operators from Cm×m to Cn×n,
i.e quantum channels. We give a necessary condition
for L ∈ Lm,n to be an extreme point. We show that
generically, this condition is also sufficient. We charac-
terize completely the extreme points of L2,2 and L3,2,
i.e. quantum channels from qubits to qubits and from
qutrits to qubits.

This paper is based on joint work with Shmuel
Friedland.
Keywords : extreme point, quantum channel
E-mail : loewy@tx.technion.ac.il

RECURSIVE CONSTRUCTION OF NOISELESS
SUBSYSTEM FOR QUDITS
Mikio Nakahara
Kinki University, JAPAN
Aug 9 (Sat), 10:55–11:20, (1F, 90110)
We describe a recursive way of constructing noiseless
subsystem (NS) for qudits, which is robust against col-
lective noise of the form SU(d)⊗n, where n is the number
of qudits [1]. This kind of error appears when the wave-
length of an external disturbance is much larger than
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the size of the quantum system or when photons are
sent through a channel which has a fixed imperfection.
NS is also applicable for qudits transmission between
two parties without a shared frame.
By a standard operator theory, there is a unitary matrix
Q ∈MN which will bring the error operator Ei into a
block diagonal form

Q†EiQ =
⊕
j

(Isj ⊗B
(i)
j ) with B

(i)
j ∈Mnj .

If we regardMN = (Isj ⊗Mnj )⊕Mq, q = N − sjnj for
some j, and apply the channel to a quantum state of the
form ρ = (ρ̃⊗ σ)⊕Oq, we have Φ(ρ) = (ρ̃⊗ σE)⊕ Oq.
The state ρ̃ ∈Msj encoded as above will not be affected
by the errors and can be easily recovered. This gives rise
to a NS. W ehave determine the maximum sj to get a
NS with maximum dimension [2]. Note, however, that
even if the irrep with maximum dimension is identified,
it may not be easy to implement the encoding/decoding
circuit.
By making a careful arrangement of the input
state and ancillary qudits, we obtain the iden-
tity Q†(E⊗d+1

i )Q |0〉⊗d−1 |ψ〉 |v〉 = |0〉⊗d−1 |ψ〉 (Ei |v〉),
which gives rise to a recursive construction of NS. Us-
ing this construction, one can get k correctable qudits
whenever kd+ 1 qudits are transmitted. The recursive
scheme generalizes the recursive scheme described in [3]
for qubits.

References

[1] U. Güngördü, C.-K. Li, M. Nakahara, Y.-T. Poon and
N.-S. Sze, Phys. Rev. A 89, 042301 (2014).

[2] C.-K. Li, M. Nakahara, Y.-T. Poon and N.-S. Sze,
arXiv:1306.0981 [quant-ph].

[3] C.-K. Li, M. Nakahara, Y.-T. Poon, N.-S. Sze and H.
Tomita, Phys. Rev. A 84, 044301 (2011).

Keywords : Qudits, Collective Noise, Irreducible Rep-
resentations, Noiseless Subsystem.
E-mail : nakahara@math.kindai.ac.jp

CONDITIONS FOR DEGRADABILITY OF
TRIPARTITE QUANTUM STATES
Chi-Hang Fred Fung, Chi-Kwong Li, Nung-Sing
Sze∗ and H.F. Chau
The Hong Kong Polytechnic University, HONG
KONG
Aug 9 (Sat), 11:20–11:45, (1F, 90110)
Alice, Bob, and Eve share a pure quantum state. We
introduce the notion of state degradability by asking
whether the joint density of Alice and Eve can be trans-
formed to the joint density of Alice and Bob by pro-
cessing Eve’s part through a quantum channel, in order
words, degrading Eve. We prove necessary and suffi-
cient conditions for state degradability and provide an
efficient method to quickly rule out degradability for a
given state. The problem of determining degradabil-
ity of states is different from that of quantum chan-
nels, although the notion is similar. One application of

state degradability is that it can be used to test chan-
nel degradability. In particular, the degradability of
the output state of a channel obtained from the maxi-
mally entangled input state gives information about the
degradability of the channel.
This work has been published in J. Phys. A: Math.
Theor. 47 (2014) 115306.
Keywords : quantum information, quantum communi-
cation, transformability of states, quantum cryptogra-
phy, quantum entanglement
E-mail : raymond.sze@polyu.edu.hk

QUANTUM CONVEX SUPPORT AND MAXIMUM
ENTROPY INFERENCE
Yiu Tung Poon
Iowa State University, USA
Aug 9 (Sat), 11:45–12:10, (1F, 90110)
Given k observables F = {F1, F2, . . . , Fk}, the quantum
convex support of F is

L(F) = {α|α = (trρF1, . . . , trρFk)
for some quantum state ρ}

For α ∈ L(F), the set

L(α) = {ρ|trρFi = αi, i = 1, . . . , k},
is called a linear family of quantum states. Let ρ∗(α)
denotes the state in L(α) with maximum entropy. We
study the continuity of the maps α → L(α) and α →
ρ∗(α).
Keywords : Quantum states, convex support, maximum
entropy
E-mail : ytpoon@iastate.edu

IMS 6. Riordan Arrays and Related
Topics

RIORDAN ARRAYS, GENERALIZED NARAYANA
TRIANGLES, AND SERIES REVERSION
Paul Barry
Waterford Institute of Technology, IRELAND
Aug 7 (Thu), 10:30–10:55, (1F, 90104)
Using elements of the associated subgroup of the group
of Riordan arrays we define a family of generalized
Narayana triangles and their associated generalized
Catalan numbers, and we study their links to series re-
version. The main tool used is Lagrange inversion. We
are able to express suitable series reversions in terms of
generalized Catalan numbers by these means.
Keywords :Riordan Array, Lagrange Inversion, series re-
version, Narayana numbers
E-mail : pbarry@wit.ie

SOME COMBINATORIAL APPLICATIONS OF
THE q-RIORDAN MATRIX
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Gi-Sang Cheon* and Ji-Hwan Jung
Sungkyunkwan University, KOREA
Aug 7 (Thu), 10:55–11:20, (1F, 90104)

Recently, the authors developed a q-analogue of Riordan
matrices by means of the Eulerian generating functions
of the form g(z) =

∑
n≥0 gnz

n/n!q where n!q is the q-
factorial of n. We apply this concept to give q-analogues
of some familiar objects from the set partitions with
double restrictions on blocks, namely the (r, s)-Bessel
numbers of both types. By setting r = 0 and letting
s → ∞, these numbers may be reduced to the Stir-
ling numbers of both kinds. Several algebraic formulas
for the q-analogues are also derived from combinatorial
method as well as the concept of q-Riordan matrix. Par-
ticularly, q-analogues of the classical Bessel numbers of
both kinds and their combinatorial interpretations are
obtained by using the concept of matchings in the n-set.
Keywords : q-Riordan matrix, q-multiplication, (r,s)-
Bessel numbers, set partitions, matching and crossing
E-mail : gscheon@skku.edu

RIORDAN BASES
I-Chiau Huang
Academia Sinica, TAIWAN
Aug 7 (Thu), 11:20–11:45, (1F, 90104)

To describe a power series, one has to specify variables.
However, there is no canonical choice of variables. As
a mater of fact, relations between different sets of vari-
ables is the theme of Lagrange inversion formulas. On a
power series ring, there is a metric defined by its maxi-
mal ideal. So we can consider convergence of a sequence
of power series. Recall that a sequence (fi) of power se-
ries is called a Schauder basis if every power series g can
be represented uniquely as g =

∑∞
i=0 aifi for some ai

in the underlying field. We call these ai coefficients of
g with respect to the Schauder basis. Representations
of a power series by two strictly monotone Schauder
bases give rise to an inverse relation with the orthog-
onal property. The converse also holds: every inverse
relation with the orthogonal property comes from rep-
resentations of a power series by two strictly monotone
Schauder bases.
Arbitrary Schauder bases may be not amenable to al-
gebraic manipulations. But for Riordan-Schauder bases
(that is, Schauder bases obtained from proper Riordan
arrays), there is a computational tool available, namely,
cohomology residues. Coefficients of a power series rep-
resented by a Riordan-Schauder basis can be extracted
using cohomology residues. The viewpoint of Schauder
bases accompanied by our computational tool provides
a framework, in which a problem in combinatorial anal-
ysis can be treated in a single algebraic system. Com-
putational rules for cohomology residues are simple and
nature. In the talk, we will demonstrate how cohomol-
ogy residues work for specific problems.
Keywords : combinatorial identity, inverse relation, Ri-
ordan array, Schauder basis.

E-mail : ichuang@math.sinica.edu.tw

TWO LINEAR OPERATORS DEFINED ON
RIORDAN GROUP AND THEIR APPLICATIONS
Tian-Xiao He
Illinois Wesleyan University, USA
Aug 7 (Thu), 11:45–12:10, (1F, 90104)

Here we discuss two linear operators defined on the Ri-
ordan group R, that is the matrix operator combining
upper and lower shift matrices and a newly defined op-
erator fromR to a type of Riordan array functions. The
isomorphic and homomorphic properties of the opera-
tors and the structures of their range sets are given. The
applications of the operators to the Riordan involutions
and Riordan pseudo-involutions are presented. By us-
ing the homomorphism of the second operator and the
properties of Bell subgroup of R, many well-known and
new identities of number sequences can be constructed
in a unified approach. The Riordan equivalent identi-
ties of Format Last Theorem and Beal Conjecture are
shown. Some of the above results are also extended
from the ordinary Riordan arrays (resp. Riordan group
R) to a newly defined generalized Riordan arrays (resp.
generalized Riordan group) associated with a type of
basic sets of polynomials.
Keywords :Riordan group, generating function, funda-
mental theorem of Riordan arrays, Pascal matrix, basic
sets of polynomials, shift operator, production matrix,
Bernoulli numbers, Euler numbers.
E-mail : the@iwu.edu

PROFILES OF A CLASS OF ORDERED TREES
WITH A MUTATION
Gi-Sang Cheon, Hana Kim∗ and Louis W.
Shapiro
Massachusetts Institute of Technology, USA
Aug 8 (Fri), 10:30–10:55, (1F, 90104)

A mutation may affect the individual and some or all of
its descendants. In this talk, we first give an overview
of some classical results on ordered trees defined by an
updegree function. We derive the generating functions
for some statistics concerning those trees. Further, pro-
files of trees are defined in terms of matrices. It turns
out that they can be expressed in terms of Riordan ma-
trices. As an application, profiles of a class of ordered
trees with a mutation are briefly discussed.
Keywords :Ordered trees, Riordan matrix, Profile of a
tree, Mutation
E-mail : hkim1@math.mit.edu

GROUPS OF FINITE RIORDAN MATRICES
Ana Luzón
Universidad Politecnica de Madrid, SPAIN
Aug 8 (Fri), 10:55–11:20, (1F, 90104)
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In this talk, I will present groups of finite Riordan ma-
trices. In this context, the classical Riordan group ap-
pears naturally as an inverse limit of groups of finite
matrices with natural homomorphisms between them.
I will introduce the reflected matrix of a finite Rior-
dan matrix and I will show the relation with the com-
plementary Riordan array recently studied by Merlini,
Morón, Sprugnoli and myself. I will also talk about the
algebraic structure of these groups. For instance, the
abelianized, the commutator, some new subgroups, fi-
nite order elements... In particular, and if time permits,
I will focus on involutions in these groups.
Keywords :finite Riordan matrices, reflected Riordan
matrix, involutions
E-mail : anamaria.luzon@upm.es

ON THE A-MATRIX OF RIORDAN ARRAYS
Donatella Merlini
University of Florence, ITALY
Aug 8 (Fri), 11:20–11:45, (1F, 90104)

In the first part of this talk, I revise the concept of A-
sequence and A-matrix of a Riordan array. Both con-
cepts allow us to define every element as a linear combi-
nation of other elements in the array; the A-sequence is
unique and corresponds to a linear dependence from the
previous row, starting from the previous column. The
A-matrix is not unique and corresponds to a linear de-
pendence of elements lying in a well-defined, but large
zone of the array, as shown in [1]. However, there are
many examples in which a Riordan array can be easily
studied by means of the A-matrix while the A-sequence
is very complex. From a combinatorial point of view,
this means that it is very challenging to find a construc-
tion allowing to obtain objects of size n+1 from objects
of size n. Instead, the existence of a simple A-matrix
may imply that there is a construction from objects of
various sizes less than n+ 1. For example, many lattice
path problems have a nice formulation in terms of the
A-matrix of a Riordan array.
In the second part of the talk, I concentrate on the
study of the languages L[p] ⊂ {0, 1}∗ of binary words w
avoiding a given pattern p and having the property that
|w0| ≤ |w1| for any w ∈ L[p], where |w0| and |w1| cor-
respond to the number of zeroes and ones in the word
w, respectively. The set of binary words avoiding a pat-
tern, without the restriction |w0| ≤ |w1|, is defined by
a regular language and can be enumerated in terms of
the number of bits 1 and 0 by using classical results.
However, when we consider the additional restriction
that the words have no more 0’s then 1’s, then the lan-
guage is no longer regular and its enumeration is more
difficult. In this talk I show, for some particular pat-
terns p, how the problem can be handled in terms of
Riordan arrays which are naturally defined by recur-
rence relations following the A-matrix characterization,
while the corresponding A-sequence is very complex. I
give explicit formulas for the corresponding algebraic

generating functions expressed in terms of the autocor-
relation polynomial associated to the pattern p. These
results extend the analysis presented in [2].

References

[1] D. Merlini, D.G. Rogers, R. Sprugnoli and M.C. Verri,
On some alternative characterization of Riordan arrays,
Canadian Journal of Mathematics, Vol. 49 (2), 301-320,
1997.
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Keywords : Riordan arrays, A-sequence, A-matrix, lan-
guages avoiding a pattern.
E-mail : donatella.merlini@unifi.it

NON-ARCHIMEDEAN METRICS ON THE RINGS
OF FORMAL POWER SERIES: SOME
APPLICATIONS
Manuel Alonso Morón
Universidad Complutense de Madrid, SPAIN
Aug 8 (Fri), 11:45–12:10, (1F, 90104)
In this talk I will use Banach’s Fixed Point Theorem,
and a suitable non- Archimedean metric (or ultramet-
ric), to get a recurrence relation for the coefficients in
the quotient of two multivariate power series. I will
describe, briefly, some applications to different things
as classical sequences of polynomials, symbolic com-
putation of solutions of partial (and ordinary) linear
functional-differential equations. But overall, I will fo-
cus on the description of some Riordan matrices encod-
ing the combinatorics and the topology (homology) of
iterative joins of simplicial complexes. If time permits, I
will introduce some related matrix groups (Lie groups)
where the hyperbolic metric appears naturally as a left-
invariant one. In the 3-dimensional case, this group
can be described as a semidirect product of the Heisen-
berg group, which is its commutator, crossed by the
group of geometric pro- gressions with the Hadamard
product, which is its abelianization. It is the way we
introduce differential calculus machinery to study the
Riordan group as an infinite dimensional Riemannian
manifold (in fact as an infinite-dimensional Lie group).
Keywords :join of simplicial complexes, Picard’s itera-
tions, q-cones and Riordan matrices
E-mail : mamoron@mat.ucm.es

JENSEN-LIKE IDENTITIES
Emanuele Munarini
Politecnico di Milano, ITALY
Aug 9 (Sat), 10:30–10:55, (1F, 90104)
In 1902, Jensen obtained the binomial identity

n∑
k=0

(
x+ kz

k

)(
y − kz
n− k

)
=

n∑
k=0

(
x+ y − k
n− k

)
zk .
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In recent years, this formula attracted the attention of
several mathematicians who reproved or generalized it
in several ways, employing algebraic techniques or com-
binatorial methods.
In this talk, using formal series techniques, we gener-
alize Jensen identity to Riordan sequences and Sheffer
sequences of polynomials, that is to polynomials pn(x)
having a generating series of the form∑
n≥0

pn(x) tn = g(t)f(t)x or
∑
n≥0

pn(x) t
n

n! = g(t)f(t)x .

In this general setting, we obtain three different Jensen-
like identities and we specialize them to several classi-
cal polynomials, such as Touchard polynomials, Her-
mite polynomials, (generalized) Bernoulli polynomials,
(generalized) Euler polynomials, Laguerre polynomials,
Cayley continuants, and so on.
Keywords :Riordan matrices, Sheffer sequences, Combi-
natorial sums, Formal series.
E-mail : emanuele.munarini@polimi.it

RIORDAN GROUP SURVEY
Louis W. Shapiro
Howard University, USA
Aug 9 (Sat), 10:55–11:20, (1F, 90104)
In this talk we will look at the progress that has been
made in the last ten years and speculate via open prob-
lems where progress might be made in the next ten
years. In the last ten years there has been a lot of
good work done. Cheon and his group at SKKU have
done much with variants of the A-sequence, connections
with number theory and polynomials. The connections
with orthogonal polynomials has been expanded upon
by many authors. One direction of expanding the Rior-
dan group is the concept of the double Riordan group
of Davenport and Woodson. The V = TL equation for
ordered trees has turned out to give simple approaches
to computing tree statistics and generalizes easily to
multiplication of Riordan arrays. Luzon and Moron
have found interesting dual group elements via the A-
sequence.
There are many other very nice and important results
that have appeared in the last ten years but the future
looks promising as well. One question is to find an ex-
tension of the Riordan group that is still conceptually
simple but which can handle derivatives. A second di-
rection is to do more with probabilities. We will pose
several open problems along these lines and look at some
of the other still open problems from the past
Keywords :Riordan arrays, C-finite sequences, recursive
matrices
E-mail : lou.shapiro@gmail.com

NEW AND REVISITED PROBLEMS ON RIORDAN
ARRAYS
Renzo Sprugnoli
University of Florence, ITALY

Aug 9 (Sat), 11:20–11:45, (1F, 90104)

1. An old identity of Shapiro can be interpreted
as a transformation of the arithmetic progression
(1, 3, 5, . . .) into the geometric sequence (1, 4, 16, 64,
. . .). We generalize this result to have a method to pass
from any arithmetic to any geometric progression; this
extension is very instructive because is a case in which
the algebraic and the combinatorial approaches to the
same problem collaborate to obtain more meaningful re-
sults. The transformation property is fine from a math-
ematical point of view, and allows us to solve, in terms
of Riordan arrays, some problems, as for example the
connection constant problem for C-finite sequences. C-
finite sequences are the sequences defined by a linear,
homogeneous recurrence relation with constant coeffi-
cients. They correspond to the simplest recursive se-
quences, but many well-known sequences belong to this
class, as Fibonacci, Lucas, Pell, Jacobsthal, and many
others.
2. The previous problem requires to introduce an opera-
tional extension of the concept of Riordan arrays, which
we call multi-layer Riordan array. This extension is con-
nected to the obvious observation that the sum of two
Riordan arrays is not necessarily a Riordan array; how-
ever, an array obtained as a finite linear combination
of Riordan arrays shares some properties with Riordan
arrays. We will show that some problems generated by
this fact, can be solved by this extension.
3. The problems at points 1 and 2 are better attacked
by means of recursive matrices (or bi-infinite Riordan
arrays), which, on their turn, lead us to face a problem
arising from the structure of the diagonals of these ma-
trices. Rather surprising, every diagonal contains the
values of a polynomial, computed at an integer coor-
dinate, times a power of a particular constant. To be
more precise, the coefficient in position dn,k, located on
the (n− k)-th diagonal, has the form p(n, k) · ak0 , where
p(n, k) is a polynomial of degree n − k and a0 is the
constant term in the A-sequence of the Riordan array.
It should be noted that this expression could be used to
have an asymptotic value of the generic element of the
array.
I stop here, but I leave a series of open questions, on
which I invite the interested researchers to work to bet-
ter understand and apply the infinite possibilities of Ri-
ordan arrays.
Keywords : Riordan arrays, C-finite sequences, recur-
sive matrices
E-mail : renzo.sprugnoli@unifi.it

ON THE HALF OF A RIORDAN ARRAY
Sheng-Liang Yang
Lanzhou University of Technology, CHINA
Aug 9 (Sat), 11:45–12:10, (1F, 90104)

The half of an infinite lower triangular matrix G =
(gn,k) is defined to be the infinite lower triangular ma-
trix G(1) =

(
g

(1)
n,k

)
such that g(1)

n,k = g2n−k,n for all
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n ≥ k ≥ 0. In this talk, we will show that if G is a
Riordan array then its half G(1) is also a Riordan array.
We use Lagrange inversion theorem to characterize the
generating functions of G(1) in terms of the generating
functions of G. Consequently, a analytic relation be-
tween G(1) and the initial array G is given, hence it is
possible to invert the process and rebuild the original
Riordan array G from the array G(1). If the process
of taking half of a Riordan array G is iterated r times,
then we obtain a Riordan array G(r). The further rela-
tions between the result array G(r) and the initial array
G are also considered.
Keywords : Riordan array, central coefficient, Pascal
matrix, Catalan number, generating function.
E-mail : slyang@lut.cn

IMS 7. Nonnegative Matrices and
Generalizations
NEARLY POSITIVE MATRICES
Bryan Shader, Naomi Shaked-mondere, Daniel
b Szyld∗
Temple University, USA
Aug 8 (Fri), 10:30–10:55, (1F, 90109)

Nearly positive matrices are nonnegative matrices
which, when premultiplied by certain orthogonal ma-
trices as close to the identity as one wishes, become
positive. In other words, all columns of a nearly posi-
tive matrix are mapped simultaneously to the interior of
the nonnegative cone by mutiplication by a sequence of
orthogonal matrices converging to the identity. In this
talk, nearly positive matrices are analyzed and charac-
terized in several cases. Different necessary and suffi-
cient conditions for a nonnegative matrix to be a nearly
positive matrix are presented.
Keywords :Nonnegative matrices, Positive matrices,
Completely positive matrices
E-mail : szyld@temple.edu

EVENTUAL PROPERTIES RELATED TO
NONNEGATIVITY
Leslie Hogben
Iowa State University, USA
Aug 8 (Fri), 10:55–11:20, (1F, 90109)

This talk will survey recent results on eventual prop-
erties related to nonnegativity, including relationships
between classes of matrices such as eventually nonnega-
tive matrices, strongly eventually nonnegative matrices,
eventually exponentially nonnegative matrices, eventu-
ally reducible matrices, eventually r-cyclic matrices, etc.
Characterizations of sign patterns that require or allow
these properties will be discussed.
Keywords :Eventual properties related to nonnegativity.
E-mail : hogben@aimath.org

POTENTIALLY EVENTUALLY EXPONENTIALLY
POSITIVE SIGN PATTERNS
Minerva Catral
Xavier University, USA
Aug 8 (Fri), 11:20–11:45, (1F, 90109)
A matrix A is eventually exponentially positive if there
exists some t0 ≥ 0 such that for all t ≥ t0, the entries
of the matrix etA =

∑∞
k=0

tkAk

k! are all positive. A sign
pattern is a matrix having entries in {+,−, 0}, and for
a real matrix A, the sign pattern of A is the sign pat-
tern having entries that correspond to the signs of the
entries in A. We discuss potentially eventually expo-
nentially positive (PEEP) sign patterns and establish
several results using the connections between these sign
patterns and the potentially eventually positive (PEP)
sign patterns.
Keywords :potentially eventually exponentially posi-
tive, potentially eventually positive, sign pattern ma-
trix.
E-mail : catralm@xavier.edu

INTEGER SOLUTIONS TO SYSTEMS OF
EQUATIONS IN MAX-ALGEBRA
Marie MacCaig
University of Birmingham, UK
Aug 8 (Fri), 11:45–12:10, (1F, 90109)

The max-algebraic semiring is (R,⊕,⊗) where R =
R ∪ {−∞}, a ⊕ b = max(a, b) and a ⊗ b = a + b.
Since our zero element is −∞ all matrices in the max-
algebra are in a sense non-negative. We consider the
existence and description of integer solutions to max-
algebraic systems of equations. We show that the inte-
ger subeigenproblem, Ax ≤ λx, is easily solved, and use
it to describe integer solutions to generic cases of two
harder problems: the integer eigenproblem, Ax = λx,
and the two sided system of equations Ax = Bx. At
present it is unknown whether the existence of an inte-
ger solution to a general instance of these systems can
be determined in polynomial time but these cases are
solvable in strongly polynomial time. We finish by dis-
cussing the complexity of finding an integer vector in
the max-algebraic column span of a matrix.
Keywords :Max-algebra, Integer solutions, Eigenvec-
tors, Column span
E-mail : mxm779@bham.ac.uk

ON SETS OF EIGENVALUES OF MATRICES
WITH PRESCRIBED ROW SUMS AND
PRESCRIBED GRAPH
Gernot Engel, Hans Schneider, Sergei Sergeev∗
University of Birmingham, UK
Aug 9 (Sat), 10:30–10:55, (1F, 90109)
Motivated by a work of Boros, Brualdi, Crama and
Hoffman, we consider the sets of (i) possible Perron
roots of nonnegative matrices with prescribed row sums
and associated graph, and (ii) possible eigenvalues of

44

mailto:slyang@lut.cn
mailto:szyld@temple.edu
mailto:hogben@aimath.org
mailto:catralm@xavier.edu
mailto:mxm779@bham.ac.uk


Invited Minisymposia

complex matrices with prescribed associated graph and
row sums of the moduli of their entries.

To characterize the set of Perron roots or possible eigen-
values of matrices in these classes we introduce, follow-
ing an idea of Al’pin, Elsner and van den Driessche, the
concept of row uniform matrix, which is a nonnegative
matrix where all nonzero entries in every row are equal.

Furthermore, we completely characterize the sets of pos-
sible Perron roots of the class of nonnegative matrices
and the set of possible eigenvalues of the class of com-
plex matrices under study. Extending known results to
the reducible case, we derive new sharp bounds on the
set of eigenvalues or Perron roots of matrices when the
only information available is the graph of the matrix
and the row sums of the moduli of its entries.
Keywords :Eigenvalue, Perron root, Row sums, Diago-
nal similarity, Sum scaling
E-mail : sergiej@gmail.com

NONNEGATIVE SQUARE ROOTS OF
NONNEGATIVE MATRICES
Bit-Shun Tam
Tamkang University, TAIWAN
Aug 9 (Sat), 10:55–11:20, (1F, 90109)

By a square root of a (square) matrix A we mean a ma-
trix B that satisfies B2 = A. The study of square roots
or pth roots of a general (real or complex) matrix can be
traced back to the early work of Cayley [1], [2], Sylvester
[8], Frobenius [4] in the nineteenth century, followed by
the work Kreis [7] and Cecioni [3] in the early twenti-
eth century. For more recent work on the pth roots or
square roots of matrices, see the reference list of [5]. Mo-
tivated by the use of stochastic matrices in the theory of
Markov chain models, in [5] by exploiting the theory of
functions, Highman and Lin have considered the ques-
tion of under what conditions a given stochastic matrix
has stochastic pth roots. Except for this and some other
indirect results (see, for instance, [6]), there is no much
literature addressed to (entrywise) nonnegative square
roots or pth roots of a nonnegative matrix. Here we
offer a study of the nonnegative square root problem,
adopting mainly a graph-theeoretic approach. To start
with, we settle completely the question of existence and
uniqueness of nonnegative square roots for 2-by-2 non-
negative matrices. Then we connect the nonnegative
square root problem with the square root problem for
a digraph. By the square of a digraph H, denoted by
H2, we mean the digraph with the same vertex set as
H such that (i, j) is an arc if there is a vertex k such
that (i, k) and (k, j) are both arcs of H. We call a di-
graph H a square root of a digraph G if H2 = G. It is
observed that a necessary condition for a nonnegative
matrix to have a square root is that its digraph has a
square root, and also that a digraph G has a square root
if and only if there exists a nonnegative matrix A with
digraph G such that A has a nonnegative square root.

For a digraph that is a path, a circuit or a disjoint union
of paths and/or circuits, we characterize when the di-
graph has a square root. We also identify certain kinds
of digraphs G, which necessarily have square roots, with
the property that every nonnegative matrix with G as
its digraph has a nonnegative square root; they include a
circuit of odd length, the disjoint union of two circuits
with the same odd length, a bigraph (V1, V2, E) such
that V1 consists of two vertices and G does not contain
every possible arcs from V1 to V2, etc. We character-
ize when a nonnegative generalized permutation matrix
and a rank-one nonnegative matrix has a nonnegative
square root. It is also found that a necessary condition
for a symmetric nonnegative matrix A to have a sym-
metric nonnegative square root is that the eigenvalues
of A are all nonnegative and the digraph of A has a
symmetric square root. Some open questions will be
mentioned.
This talk is based on a joint work with Peng-Rui Huang.
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Keywords :Nonnegative matrices, nonnegative square
roots of matrices, square roots of digraphs
E-mail : bsm01@mail.tku.edu.tw

PERRON-FROBENIUS THEORY IN MATRIX
POPULATION MODELS:A PRIMARY ROLE OF
THE SECOND POSITIVE EIGENVALUE
Dmitrii Logofet
Russian Academy of Sciences, RUSSIA
Aug 9 (Sat), 11:20–11:45, (1F, 90109)
Matrix population models describe the time dynamics
of a single-species population that is structured (into a
finite number of individual groups) by an observable at-
tribute of the individuals: age, size, ontogenetic stage,
or so. The corresponding matrix,L, of vital rates is
nonnegative, and the classical Perron.Frobenius theo-
rem is well known to substantiate the dominant eigen-
value λ1(L) = ρ(L) as the asymptotic rate of popu-
lation growth. It is of practical importance whether
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λ1(L) >,=, or <1 and, when L is not certain in all its
elements, it is of practical merit to have an indicator
function, R(L), that is always located on the same side
of 1 as isλ1(L). Matrix L = T + F represents tradi-
tionally the sum if its transition and fertility parts, and
the net reproductive rate R0(L)= ρ(F[I−T]−1) is well
known (and widely used in the literature) to possess the
indicator ability. Another, algebraically simpler, func-
tion R1(L) = 1 − det(I − L) is an indicator too if the
second positive eigenvalue, λ2(L), is less than 1. In
the general case, this principal location of λ2(L) is in-
ferred recently from the theory of rank-one corrections
for nonnegative matrices. A rank-one correction of a
nonnegative matrix is an addition of a rank-one matrix
still keeping the sum nonnegative. It expands the well-
know monotonicity of the spectral radius ρ(L) w.r.t. the
changes in any element of L to those in a number of ele-
ments at once, the changes being of different magnitude
or sign in general. The major issue is how many positive
eigenvalues these changes can shift beyond the spectral
radius, and the main theorem limits the number of such
eigenvalues to the increased spectral radius alone. The
fertility matrix F is typically of rank one in population
models, so that matrix L is a rank-one correction of its
transition part T with ρ(T) < 1 due to the demographic
sense of T. Therefore, it is only ρ( L) =λ1(L) that can
exceed ρ(T), hence λ2(L) < 1, indeed.
Also, I outline a set of biologically reasonable cases
where R1(L)is linear w.r.t. the elements of F, while
R0(L) is not. The linearity is advantageous as it helps
calibrate L from empirical data.
Keywords : Dominant eigenvalue, Rank-one correc-
tions, Spectral radius, Potential-growth indicator, Sec-
ond positive eigenvalue
E-mail : danilal@postman.ru

IMS 8. Toeplitz Matrices and Operators

AN ELEMENTARY DERIVATION OF THE
MID-GAP PROBABILITY OF THE FINITE N
GAUSSIAN UNITARY ENSEMBLES
Yang Chen
University of Brunei Darussalam, BRUNEI
DARUSSALAM
Aug 6 (Wed), 10:30–10:55, (2B, 9B218)

With the ladder operators and the associated compati-
bility conditions and a sum rule, we give an elementary
derivation of the mid-gap probability distribution func-
tion of the finite n Gaussian Unitary Ensembles , and
associated objects related to a PIV .
Keywords :Hankel determinants, Painleve equations.
E-mail : yangbrookchen@yahoo.co.uk

KERNELS AND COKERNELS OF TOEPLITZ
PLUS HANKEL OPERATORS
Victor D. Didenko∗, Bernd Silberman

Universiti Brunei Darussalam, BRUNEI
DARUSSALAM
Aug 6 (Wed), 10:55–11:20, (2B, 9B218)
Toeplitz plus Hankel operators T (a) +H(b), a, b ∈ L∞
acting on the classical Hardy spaces Hp, 1 < p < ∞,
are studied. If the generating functions a and b satisfy
the so-called matching condition

a(t)a(1/t) = b(t)b(1/t), t ∈ T,

an effective description of the structure of the ker-
nel and cokernel of the corresponding operator is de-
rived. The results depend on the behaviour of two aux-
iliary scalar Toeplitz operators T (c) and T (d), where
c(t) = a(t)b−1(t), d(t) = a(t)b−1(1/t), t ∈ T. In par-
ticular, we analyze the kernel of Toeplitz operator T (g)
the generating function of which satisfies the relation
g(t)g(1/t) = 1. This allows us to show which parts of
the kernels of the operators T (c) and T (d) make a con-
tribution to the kernels of Toeplitz plus/minus Hankel
operators T (a)+H(b) and T (a)−H(b). More precisely,
we establish decompositions of the kernels of the oper-
ators T (c) and T (d) describing these parts. The study
includes, inter alia, some classes of Toeplitz plus Han-
kel operators which are subject to Coburn–Simonenko
theorem. Note that the proofs of the results related to
Coburn–Simonenko theorem do not use any factoriza-
tion arguments.
Keywords :Toeplitz plus Hankel Operators, Matching
Condition, Kernel, Cokernel.
E-mail : diviol@gmail.com

ON THE INVERSION OF
TOEPLITZ-PLUS-HANKEL BEZOUTIANS
Torsten Ehrhardt
University of California, USA
Aug 6 (Wed), 11:20–11:45, (2B, 9B218)
It is well known that the inverses of Toeplitz or Hankel
matrices are matrices of a particular structure, called
Toeplitz- or Hankel-Bezoutians. Likewise, the inverses
of Toeplitz-plus-Hankel matrices are so-called Toeplitz-
plus-Hankel Bezoutians, which have a generalized Be-
zoutian structure. While this kind of inversion was in-
tensively studied in the literature, we are looking at the
opposite question: Given a Bezoutian matrix, how can
we invert it and find the coefficients that define its in-
verse, a Toeplitz, Hankel, or Toeplitz+Hankel matrix?
We have recently studied the inversion of Toeplitz-
Bezoutians and Hankel-Bezoutians. Using these results,
we study now the inversion of centrosymmetric and
centroskewsymmetric Toeplitz-plus-Hankel-Bezoutians.
Such Bezoutians B = [Bij ]ni,j=1 are characterized by
the property that they can be written as the sum of
two split-Bezoutians, i.e., in polynomial language

n∑
i,j=1

bijs
i−1tj−1

= u(s)v(t)−u(t)v(s)
(1−st)(t−s) + x(s)y(t)−x(t)y(s)

(1−st)(t−s)
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where u, v,x,y are polynomials of degree n + 1 with
symmetric or skewsymmetric coefficient vectors. The
result are O(n2) algorithms for the inversion which are
valid in the setting of the matrix entries of the Be-
zoutians taken from any field of characteristic different
from two.
The talk is based on joint work with Karla Rost.
Keywords : Toeplitz matrix, Hankel matrix, Bezoutian
matrix
E-mail : tehrhard@ucsc.edu

TOEPLITZ OPERATORS ON LOCALLY
BOUNDED ORLICZ SEQUENCE SPACES
Alexei Karlovych
University of Lisbon, PORTUGAL
Aug 6 (Wed), 11:45–12:10, (2B, 9B218)
We develop a Fredholm theory for Toeplitz operators
with matrix-valued symbols on locally bounded Orlicz
sequence spaces embedded in `1. Our setting covers
the case of (non-Banach) sequence spaces `p with p less
than one. The Wiener-Hopf factorization in decompos-
ing complete locally bounded algebras plays an impor-
tant role in our study.
Keywords : Toeplitz operator, matrix-valued symbol,
locally bounded space, Orlicz sequence space, Wiener-
Hopf factorization in decomposing algebras
E-mail : oyk@fct.unl.pt

C*-ALGEBRAS OF BERGMAN TYPE
OPERATORS
Yuriy Karlovych
University of Morelos, MEXICO
Aug 6 (Wed), 16:00–16:25, (2B, 9B218)
C∗-algebras generated by the Bergman and anti-
Bergman projections and by multiplication operators by
piecewise continuous functions that act on the Lebesgue
space L2(D) are studied for a class of convex polyg-
onal domains D. Applying representations of the
Bergman and anti-Bergman projections in terms of two-
dimensional singular integral operators in sectors, we
construct Fredholm symbol calculi for mentioned C∗-
algebras in terms of finite-dimensional matrix functions
and establish Fredholm criteria for the operators in
these algebras in terms of their Fredholm symbols. The
talk is based on a joint work with Enrique Espinoza-
Loyola.
Keywords :Bergman and Anti-Bergman Projections,
Piecewise Continuous Coefficients, C∗-Algebra, Matrix-
Valued Symbol, Fredholmness.
E-mail : karlovich@uaem.mx

ON SEMI-FREDHOLM INFINITE MATRICES
Markus Seidel
Chemnitz University of Technology,
GERMANY
Aug 6 (Wed), 16:25–16:50, (2B, 9B218)

Infinite matrices having just a finite number of non-zero
diagonals are usually referred to as band matrices. Re-
garded as linear operators on lp sequence spaces these
band operators form an algebra BO, and the elements of
its closure BDOp are called band-dominated operators.
This covers several more particular cases such as classes
of Toeplitz and Laurent operators (... having constant
diagonals), Jacobi operators or discrete Schroedinger
operators.
In this talk we will address the question whether or
when the semi-Fredholm property of band-dominated
operators already implies the Fredholm property. Sur-
prisingly, the answer is positive in all cases lp(Z, Y )
where 1 ≤ p ≤ ∞ and Y is a normed space of finite
dimension.
Keywords :Infinite matrix, Band-dominated operator,
(Semi-)Fredholm operator, Lower approximation num-
bers
E-mail : markus.seidel@mathematik.tu-chemnitz.de

ON TOEPLITZ OPERATORS WITH
TRIANGULAR MONOMIAL ALMOST PERIODIC
MATRIX SYMBOLS
Ilya M Spitkovsky
College of William and Mary, USA
Aug 6 (Wed), 16:50–17:15, (2B, 9B218)

We consider defined on the real line R matrix functions
with monomial terms of the form ceiλx on the main di-
agonal and one row, and with zero entries elsewhere.
The factorability of such matrices is established and,
moreover, the algorithm for their factorization is pro-
vided. In particular, formulas for the partial indices
are derived, and conditions for them to all equal zero
(that is, for the factorization to be canonical) are stated.
These results are then used to obtain Fredholmness cri-
teria for the respective Toeplitz operators, with such
matrix functions as their symbols.
The talk is based on joint work with Yuri Karlovich and
Juan Loreto-Hernández.
Keywords : Toepliz Operators, Almost Periodic Factor-
ization, Geometric Mean, Fredholm Operators.
E-mail : ilya@math.wm.edu

THE GLT CLASS AS A GENERALIZED FOURIER
ANALYSIS AND APPLICATIONS
Stefano Serra-Capizzano
University of Insubria, ITALY
Aug 6 (Wed), 17:15–17:40, (2B, 9B218)

Recently, the class of Generalized Locally Toeplitz
(GLT) sequences has been introduced as a generaliza-
tion both of classical Toeplitz sequences [3] and of vari-
able coefficient differential operators [6] and, for every
sequence of the class, it has been demonstrated that it
is possible to give a rigorous description of the asymp-
totic spectrum in terms of a function (the symbol) that
can be easily identified. This generalizes the notion of
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a symbol for differential operators (discrete and contin-
uous) or for Toeplitz sequences for which it is identified
through the Fourier coefficients and is related to the
classical Fourier Analysis. The GLT class has nice al-
gebraic properties and indeed it has been proven that
it is stable under linear combinations, products, and in-
version when the sequence which is inverted shows a
sparsely vanishing symbol (sparsely vanishing symbol
= a symbol which vanishes at most in a set of zero
Lebesgue measure). Furthermore, we remark that the
GLT class virtually includes any approximation by ’lo-
cal methods’ of partial differential equations (PDEs):
for the case of Finite Differences see [7, 8]; for Finite
Elements see [2]; for the isogeomtric analysis approach
see [5, 4]. We show that our results on GLT sequences
can be used in a PDE setting in various directions: 1)
as a generalized Fourier Analysis for the study of it-
erative and semi-iterative methods when dealing with
variable coefficients, non rectangular domains, non uni-
form gridding or triangulations, 2) in order to provide a
tool for the stability analysis of PDE numerical schemes
(e.g. a necessary von Neumann criterium for variable
coefficient systems of PDEs is obtained, uniformly with
respect to the boundary conditions), 3) for a multigrid
analysis of convergence and for providing spectral infor-
mation on large preconditioned systems in the variable
coefficient case, etc. We will discuss problems 1)–3) and
other possible directions in which the GLT analysis can
be conveniently employed.
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E-mail : stefano.serrac@uninsubria.it

ADDITIONAL STRUCTURES IN TOEPLITZ-LIKE
MATRICES
Eugene Tyrtyshnikov
Russian Acadamy of Sciences, RUSSIA
Aug 7 (Thu), 10:30–10:55, (2B, 9B218)
We investigate additional structures in Toeplitz and re-
lated matrices as consequences of certain structures in
their generators. In particular, we consider some gener-
alizations of the results recently obtained in [1].

References

[1] V. A. Kazeev, B. N. Khoromskij, E. E. Tyrtyshnikov,
Multilevel Toeplitz Matrices Generated by Tensor-
Structured Vectors and Convolution with Logarithmic
Complexity. SIAM J. Sci. Comput. 35 (2013), no. 3,
A1511-A1536.

Keywords : Toeplitz matrices, tensor decompositions,
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E-mail : eugene.tyrtyshnikov@gmail.com

TOEPLITZ OPERATORS ON GENERALIZED
FOCK SPACES
J. Virtanen
University of Reading, UK
Aug 7 (Thu), 10:55–11:20, (2B, 9B218)
We discuss some recent results on boundedness, com-
pactness and Schatten class membership of Toeplitz op-
erators acting on Fock spaces. The case of standard
weighted Fock spaces is well understood, and closely
related to the theory of these operators on Bergman
spaces. A standard reference (in the context of one com-
plex variable) is K. Zhu’s recent monograph “Analysis
on Fock spaces.”
In this talk we focus on the case of generalized Fock
spaces. A characterization of bounded and compact
Toeplitz operators was obtained only very recently by
Schuster and Varolin. Our work is concerned with fur-
ther properties of Toeplitz and Hankel operators on
these spaces. In particular, we give a characterization of
Schatten class Toeplitz operators with positive measure
symbols in terms of the Berezin transform and also in
terms of the standard averaging function of the symbol.
Our approach is based on some ideas stemming from
Luecking’s 1987 seminal paper on Schatten class oper-
ators acting on analytic function spaces. We also make
use of certain estimates (from Schuster and Varolin’s
work) on the behavior of the reproducing kernel, which
has no explicit formulas in the general case.
Keywords : Toeplitz operator, Fock space, Schatten
class.
E-mail : j.a.virtanen@reading.ac.uk
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3.CONTRIBUTED MINISYMPOSIA(CMS)

CMS 1. Structured Matrix Equations

A LINEAR EQUATION APPROACH FOR
INCREMENTAL LINEAR DISCRIMINANT
ANALYSIS
Delin Chu
National Singapore University, SINGAPORE
Aug 6 (Wed), 16:00–16:25, (1F, 90109)
It has been always a challenging task to develop a fast
and efficient incremental linear discriminant analysis
(LDA) algorithm. For this purpose, we conduct a new
study for LDA in this paper and develop a new in-
cremental LDA algorithms based on this study. We
propose a new batch LDA algorithm called LDA/QR
which only depends on the data matrix and the sizes
of data classes. LDA/QR is simple and fast LDA al-
gorithm which is obtained by computing the economic
QR factorization of the data matrix followed by solving
a lower triangular linear system. Based on LDA/QR,
we develop a new incremental LDA algorithm called
ILDA/QR which is the exact incremental version of
LDA/QR. Numerical examples have demonstrated the
efficiency of our new methods.
Keywords : linear discriminant analysis, incremental al-
gorithm, QR factorization
E-mail : matchudl@nus.edu.sg

SOLVING TENSOR LINEAR EQUATIONS
Eric Chu
Monash University, AUSTRALIA
Aug 6 (Wed), 16:25–16:50, (1F, 90109)
We consider the numerical solution of a linear equa-
tion in the tensor product space Rn1×···×nd of order
d, arising from the discretization of an elliptic partial
differential operator in Rd. The classical Cayley trans-
form is generalized, producing an equivalent general-
ized Stein equation which can be solved iteratively us-
ing d-stable operators. For large-scale problems defined
by sparse and structured matrices, the methods can be
modified for further efficiency, producing algorithms of
O(
∑

i
ni) computational complexity, under reasonable

assumptions. Some illustrative numerical examples will
be presented.
Keywords : Cayley transform, Kronecker product,
Large-scale problems, Sylvester equation, tensor linear
equation
E-mail : eric.chu@monash.edu

ITERATIVE METHODS FOR SOLVING
LARGE-SCALE GENERALIZED
LYAPUNOV/STEIN AND RATIONAL RICCATI
EQUATIONS
Hung-Yuan Fan∗, Peter Chang-Yi Weng and
Eric King-wah Chu

National Taiwan Normal University, TAIWAN
Aug 6 (Wed), 16:50–17:15, (1F, 90109)
In this talk we consider the numerical solutions of
the generalized Lyapunov and Stein equations, aris-
ing respectively from stochastic optimal control in
continuous- and discrete-time, as well as bilinear model
order reduction. Generalizing the Smith method, our
algorithms converge quadratically and have an O(n3)
computational complexity and memory requirement.
For large-scale problems, where the relevant matrix op-
erators are “sparse”, our algorithms are of an O(n) com-
plexity and memory requirement. Applying to Newton’s
method for the solution of the rational Riccati equations
(of large-scale), algorithms of an O(n3) (or O(n)) com-
plexity and memory requirement are obtained. This
contrasts favourably with the naive Newton algorithms
of O(n6) complexity or the slower modified Newton’s
methods of an O(n3) complexity. The methods also
provide efficient alternatives to the (Bi-)CG methods
with ADI preconditions by Benner and Breiten (2013)
for bilinear model order reduction. We shall also prove
that the solutions of large-scale problems are numeri-
cally low-ranked. The convergence and error analysis
will be considered and numerical examples provided.
Keywords : generalized Lyapunov/Stein equation, ra-
tional Riccati matrix equation, Smith method, stochas-
tic control system, large-scale problem
E-mail : hyfan@ntnu.edu.tw

CMS 2. Inverse Spectral Problems

THE EXTENDED INVERSE EIGENVALUE
PROBLEM FOR UNDIRECTED GRAPHS
Wayne Barrett∗, Curtis Nelson, John Sinkovic
and Tianyi Yang
, USA
Aug 6 (Wed), 10:30–10:55, (3B, 9B312)
Let S(G) be the set of all real symmetric n×n matrices
corresponding to an undirected graph G on n vertices
and let v be a vertex of G. One of the questions driving
much of the recent work in combinatorial matrix theory
is:
Given two lists of real numbers

Λ = λ1, λ2, . . . , λn U = µ1, µ2, . . . , µn−1,

satisfying the interlacing inequalities
λ1 ≥ µ1 ≥ λ2 ≥ µ2 ≥ · · · ≥ λn−1 ≥ µn−1 ≥ λn,

is there an A ∈ S(G) such that A has eigenvalues Λ
and A(v) has eigenvalues U? If there is we say Λ, U is
realizable for (G, v)
In the case that all inequalities are strict and G is a
tree, Antonio Leal Duarte answered the question affir-
matively by explicit construction, and recently Keivan
Monfared and Bryan Shader extended this to all graphs
by application of the implicit function theorem.
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My students and I have investigated the problem for all
possible combinations of equalities and inequalities and
have solved the problem completely for all graphs on
n ≤ 4 vertices and for any complete graph on n ver-
tices. The problem is also solved for two other n-vertex
graphs, the path for v pendent, and the star for v dom-
inant.
Keywords : inverse eigenvalue problem, undirected
graph, symmetric matrix, small graphs, interlacing in-
equalities
E-mail : wayne@math.byu.edu

THE INVERSE FIELD OF VALUES PROBLEM
Natalia Bebiano
, PORTUGAL
Aug 6 (Wed), 10:55–11:20, (3B, 9B312)
The field of values of a linear operator is the convex set
in the complex plane comprising all Rayleigh quotients.
For a given complex matrix, Uhlig proposed the inverse
field of values problem: given a point inside the field
of values determine a unit vector for which this point
is the corresponding Rayleigh quotient. In this talk we
present an alternative method of solution to those that
have appeared in the literature. Our approach builds on
the fact that the field of values can be seen as a union of
ellipses under a compression to the bidimensional case,
in which case the problem has an exact solution. Refin-
ing an idea of Marcus and Pesce, we provide alternative
algorithms to plot the field of values of a general com-
plex matrix, that perform faster and more accurately
than the existing ones.
Keywords : Field of values, Numerical range, Inverse
problem, Generating vector; Compression
E-mail : bebiano@mat.uc.pt
INVERSE EIGENVALUE PROBLEMS FOR
PENTADIAGONAL MATRICES
Kazem Ghanbari∗, Hanif Mirzaei and Mahsa
Moghaddam
Sahand University, IRAN
Aug 6 (Wed), 11:20–11:45, (3B, 9B312)
In this presentation, we consider a typical generalized
inverse eigenvalue problem of the form KnX = λMnX,
where Kn and Mn are both pentadiagonal matrices.
We propose an algorithm for reconstructing a penta-
diagonal matrix Kn. Let Kn be k × k leading principal
submatrix of Kn. Given Kn, a pentadiagonal matrix
Mn, distinct real numbers λ,µ,ν and real vectors X2 =
(xk+1, xk+2, . . . , xn)T , Y2 = (yk+1, yk+2, . . . , yn)T , Z2 =
(zk+1, zk+2, . . . , zn)T , where 2 ≤ k ≤ n − 2, we
construct pentadiagonal matrix Kn and three vectors
X1 = (x1, x2, . . . , xk)T , Y1 = (y1, y2, . . . , yk)T and
Z1 = (z1, z2, . . . , zk)T , such that Kk is leading prin-
cipal submatrix of Kn and (λ,X), (µ, Y ) and (ν, Z) are
eigenpairs of Kn, where X = (X1, X2)T , Y = (Y1, Y2)T
and Z = (Z1, Z2)T . Sufficient conditions for solvability
of the problem are given.
Keywords : Pentadiagonal matrices, Inverse eigenvalue
problems

E-mail : kghanbari@sut.ac.ir

CLASSICAL POLYNOMIALS IN THE
NONNEGATIVE INVERSE EIGENVALUE
PROBLEM
Thomas Laffey
University College Dublin, IRELAND
Aug 6 (Wed), 11:45–12:10, (3B, 9B312)

In seeking a constructive proof of the celebrated Boyle-
Handelman theorem on the spectra of nonnegative ma-
trices, the author identified a special class C of non-
negative matrices with the property that if a given list
L of complex numbers has the Perron property and all
its Newton power sums are positive, then L, with suf-
ficiently many zeros added, is the spectrum of an ele-
ment of C. In joint work with R. Loewy and H. Smigoc,
we have identified several remarkable algebraic, analytic
and combinatorial properties of the class C. In partic-
ular, we will highlight connections with the cycle index
polynomials for the finite symmetric groups, Hermite
polynomials and Catalan numbers.
Keywords : spectra of nonnegative matrices, Boyle-
Handelman, cycle index polynomial, orthogonal poly-
nomial
E-mail : thomas.laffey@ucd.ie

CMS 3. Matrix Geometry

THE CONTRACTION RATE IN THOMPSON’S
PART METRIC OF AN ORDER PRESERVING
FLOW ON A CONE
Stéphane Gaubert and Zheng Qu∗
Ecole Polytechnique, FRANCE
Aug 7 (Thu), 10:30–10:55, (3B, 9B320)

We study the general question of computing the con-
traction rate in Thompson’s part metric of an arbi-
trary order-preserving (time-dependent) flow defined on
a subset of the interior of a closed convex and pointed
cone in a possibly infinite dimensional Banach space.
This is motivated by a series of contraction proper-
ties concerning the standard Riccati equation, estab-
lished by Bougerol, Liverani, Wojtowski, Lawson, Lee
and Lim.
We give an explicit formula for the contraction rate,
from which we recover as corollaries earlier contraction
properties concerning the standard Riccati equation,
originally proved by means of symplectic semigroups.
Moreover, new results concerning the indefinite Riccati
equation can be derived from this explicit formula.
We point out two applications to optimal control. The
first concerns the generalized Riccati differential equa-
tion (GRDE) arising in stochastic optimal control. The
second concerns the complexity analysis of a numeri-
cal method in optimal control, McEneaney’s curse of
dimensionality attenuation scheme, in which the value
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function is approximated by a supremum of quadratic
forms.
Keywords : Thompson’s part metric, order-preserving
map, positive definite matrices, Perron-Frobenius the-
ory, optimal control, curse of dimensionality, Hamilton-
Jacobi PDE
E-mail : Stephane.Gaubert@inria.fr

BARYCENTERS OF STRUCTURED MATRICES
AND THEIR COMPUTATION
Ben Jeuris∗, Raf Vandebril, Dario Bini and
Bruno Iannazzo
KU Leuven, BELGIUM
Aug 7 (Thu), 10:55–11:20, (3B, 9B320)

In many applications, some system or process is inves-
tigated by means of repeated measurements. However,
these measurements can be subjected to errors because
of fluctuations in the system, roundoff errors, etc. To re-
duce these errors, multiple measurements are combined
using some center value, which should preserve the true
representation of the system and reduce the errors.
This talk focuses on applications where the measure-
ments are represented as (structured) matrices, which
can be found in, e.g., bioinformatics, radar technology,
etc. The barycenter of these matrices is chosen as their
center value, and is defined as the minimizer of the sum
of squared distances to the matrices. This concept of
barycenter is a natural generalization of the arithmetic
mean in Euclidean geometry.
An advantage of the barycenter is its adaptability to the
requirements of the application, since it is dependent on
two choices: the set in which we search our minimizer
and the geometry imposed upon this set.
The choice of the set emerges naturally from the ap-
plication. If the measurement matrices display some
structure corresponding to a physical interpretation,
this structure should also be present in the barycenter.
The choice of the geometry has an impact on the
barycenter since it affects the definition of the intrin-
sic distance in the set. Appropriate choices can result
in a barycenter with interesting properties towards the
application.
We will focus on the set of (structured) positive definite
matrices, with additional results for the set of Toeplitz
and Toeplitz-block block-Toeplitz matrices, and the set
of low (displacement) rank matrices.
Keywords : Matrix manifold optimization, Structured
matrices, Barycenter
E-mail : ben.jeuris@cs.kuleuven.be

THE LEAST SQUARES MEAN OF PROBABILITY
MEASURES
FOR POSITIVE DEFINITE MATRICES
Sejong Kim∗ and Hosoo Lee
Chungbuk National University, KOREA
Aug 7 (Thu), 11:20–11:45, (3B, 9B320)

In this paper we derive properties of the least squares
(or Karcher) mean of probability measures on the open
cone Ω of positive definite matrices of some fixed di-
mension endowed with the trace metric that generalize
known properties of the weighted least squares mean of
finitely many positive definite matrices. Our approach
is based on first defining the t-power mean of a probabil-
ity measure as the unique fixed point of the contractive
map

X ∈ Ω 7→
∫

Ω
X#tZµ(dZ)

with respect to the Thompson metric, establishing its
properties analogous to those of the power mean for a
finite number of positive definite matrices, and show-
ing the t-power means converge to the Karcher mean as
t→ 0. We carry out this program first of all for the com-
pactly supported probability measures and show that
theory extends to the general case.
Keywords : Bochner integral, Compactly supported
measure, Power mean, Least squares mean
E-mail : skim@chungbuk.ac.kr

CONVEX BODIES AND OPTIMIZERS IN MATRIX
GEOMETRY
Gabriel Larotonda
University Nacional de General Sarmiento,
ARGENTINA
Aug 7 (Thu), 11:45–12:10, (3B, 9B320)

The manifold of positive invertible matrices M+
n is

known for having certain nice properties: for instance
geodesics are defined for all time -in fact, they are one-
parameter subgroups-, and given a cloud of finite points
ai ∈M+

n there exist several ways to define and compute
a barycenter of them (Karcher means, etc.). These two
properties can be thought of as consequences of the com-
pleteness of the Riemannian metric ofM+

n , but we think
is more adequate (and more relevant) to see them as
consequences of the fact that the geodesic structure of
M+
n induces what is called a nonpositively curved geom-

etry in a wider (non-necessarily Riemannian) sense as
introduced and studied by Alexandrov, Cartan, Buse-
mann, Gromov and Toponogov among others [Ba95].
A remarkable feature of (finite or infinite dimensional)
linear spaces -with many applications in functional op-
timization problems, approximation by well-behaved
functions, etc.- is that given a convex body C, and a
point p outside it, there exists by convexity arguments
a point πC(p) ∈ C which is closer to p, called the nearest
point projection. The geodesic structure of M+

n appar-
ently enables us to discuss convexity notions and prob-
lems, and a main example of convex body C ⊂ M+

n

to have in mind is the (submanifold) of diagonal ma-
trices with positive entries (variations of this example
are obtained by considering a pinching by a family of
not necessarily one-dimensional but disjoint projections
that add up to the identity). With the nonpositively
curved geometry of M+

n at hand, we will discuss two
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approaches to the existence of a nearest projection map
πC : M+

n → C with extremely nice geometrical features,
in particular we will focus on the ideas introduced by
Mostow in [Mo55] and those introduced by Porta-Recht
in [Pr94]; we remark that it would be nice to use these
ideas to develop effective algorithms to compute π(a)
for given a ∈M+

n .
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THE LEAST-SQUARES MEAN AND
PROBABILITY ON NPC-METRIC SPACES
Jimmie Lawson
Louisiana State University, USA
Aug 8 (Fri), 10:30–10:55, (3B, 9B320)

Many basic notions of probability theory can be ex-
tended to the setting of non-positively curved (CAT0-
)metric spaces, with expected values being given by the
least square means. We give a brief overview of the way
that this generalization is carried out, some of the basic
results for the theory, and applications of the theory to
matrix and operator means. In the setting of positive
matrices, the appropriate metric is the trace metric.
Keywords : Least-squares mean, nonpositively curved
metric spaces, positive definite matrices, expected val-
ues
E-mail : lawson@math.lsu.edu

ISOMETRIES AND ISOMORPHISMS OF SPACES
OF POSITIVE DEFINITE AND UNITARY
MATRICES
Lajos Molnár
University of Debrecen, HUNGARY
Aug 8 (Fri), 10:55–11:20, (3B, 9B320)

By a generalized distance measure (sometimes called di-
vergence) on a set X we mean a nonnegative real-valued
function d on X × X such that d(x, y) = 0 holds pre-
cisely when x = y, x, y ∈ X.
Applying recent abstract versions of the famous Mazur-
Ulam theorem, it turns out in several cases that surjec-
tive transformations which leave a generalized distance
measure invariant (in particular, isometries) are closely

related to certain algebraic transformations (sort of iso-
morphisms) called Jordan triple maps.
In this talk we extend and unify previous investiga-
tions on the connections between the isometries and
the isomorphisms of certain non-linear spaces of ma-
trices, namely those of positive definite matrices and
unitary matrices. We describe the general form of all
(continuous) Jordan triple maps on these structures and
then, applying the above mentioned abstract Mazur-
Ulam theorems, we determine all surjective transforma-
tions on them which respect given generalized distance
measures from a broad class of divergences.
Former results on the forms of surjective isometries of
the space of positive definite matrices equipped with the
Thompson part metric or with the natural Riemannian
geodesic distance as well as the isometries of the unitary
group relative to unitarily invariant norms are simple
consequences of these new results. Remarks concerning
infinite dimensional generalizations (i.e., for operator al-
gebras) will also be given.
Keywords : Isometries, Generalized distance measures,
Jordan triple maps, Positive definite matrices, Unitary
matrices
E-mail : molnarl@science.unideb.hu

OPERATOR MONOTONE FUNCTIONS IN
SEVERAL VARIABLES
Miklós Pálfia
Kyoto University, JAPAN
Aug 8 (Fri), 11:20–11:45, (3B, 9B320)
We investigate the possible extensions of the theory
of one variable operator monotone functions to several
variables and its relations to means of several operators,
in particular the various different geometric means.
Keywords : operator monotone function, Karcher mean
E-mail : palfia.miklos@aut.bme.hu

A CONVERSE OF LOEWNER-HEINZ
INEQUALITY AND APPLICATIONS TO
OPERATOR MEANS
Takeaki Yamazaki
Toyo University, JAPAN
Aug 9 (Sat), 10:30–10:55, (3B, 9B320)
Let f(t) be an operator monotone function. Then
A ≤ B implies f(A) ≤ f(B), but the converse impli-
cation is not true. Let A]B be the geometric mean of
A,B ≥ 0. If A ≤ B, then B−1]A ≤ I; the converse
implication is not true either. We shall introduce that
if f(−λB + I)]f(λA + I) ≤ I for all sufficiently small
λ > 0, then A ≤ B. Moreover, we shall extend it to
multi-variable matrices means.
Keywords :Loewner-Heinz inequality, operator mean,
operator monotone function, Karcher mean,power mean
E-mail : t-yamazaki@toyo.jp

REGULAR OPERATOR MAPPINGS
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AND
MULTIVARIATE GEOMETRIC MEANS
Frank Hansen
Tohoku University, JAPAN
Aug 9 (Sat), 10:55–11:20, (3B, 9B320)

We introduce the notion of regular operator mappings
of several variables generalising the notion of spectral
function. This setting is convenient for studying maps
more general than what can be obtained from the func-
tional calculus, and it allows for Jensen type inequalities
and multivariate non-commutative perspectives.
As a main application of the theory we consider geo-
metric means of k operator variables that extend the
geometric mean of k commuting operators and the geo-
metric mean of two arbitrary positive definite matrices.
We propose different types of updating conditions that
seem natural in many applications and prove that each
of these conditions, together with a few other natural
axioms, uniquely defines the geometric mean for any
number of operator variables. The means defined in
this way are given by explicit formulas and are compu-
tationally tractable.
Keywords : regular operator mappings, perspectives,
multivariate geometric means
E-mail : frank.hansen@m.tohoku.ac.jp

INTERPOLATION FUNCTIONS AND MATRIX
MEANS
Toan M. Ho∗, Hoa Dinh and Hiroyuki Osaka
Veitnam Academy of Sciece and Technology,
VIETNAM
Aug 9 (Sat), 11:20–11:45, (3B, 9B320)

The hamornic mean and geometric mean of positive op-
erators are used in a study of electrical network connec-
tions. In an attempt to generalize those notions, Fumio
Kubo and Tsuyoshi Ando introduced the mean of two
positive operators by taking axiomatic approach. Us-
ing the same idea, for each natural number n, we can
also define mean two positive definite matrices of order
n and try to study the canonical map from the class of
matrix connections of order n to the class of positive n-
monotone functions on (0,∞) and its range covers the
class of interpolation functions of order 2n. In particu-
lar, the space of symmetric connections is isomorphic to
the space of symmetric positive n-monotone functions.
Keywords : interpolation functions, matrix monotone
functions, mean of positive matrices
E-mail : hmtoan@math.ac.vn

MOVING AVERAGES ON CONVEX METRIC
SPACES
Hosoo Lee
Yeungnam University, KOREA
Aug 9 (Sat), 11:45–12:10, (3B, 9B320)

We show that the moving average induced by a contrac-
tive mean on a complete metric space converges. This

general scheme of convergence covers the moving arith-
metic average studied recently by Bauschke, Sarada and
Wang (also by D. Borwein, J. M. Borwein and Sims).
Significant portions of the derivation can be carried out
in general convex metric spaces, which means that the
results have broader applications beyond the setting of
Banach spaces.
E-mail : hosoo@yu.ac.kr

CMS 4. Teaching Linear Algebra

E-BOOK, MOBILE LINEAR ALGEBRA
LABORATORY, RANDOM PROBLEM
GENERATOR AND TEACHING LINEAR
ALGEBRA
Sang-Gu Lee
Sungkyunkwan University, KOREA
Aug 6 (Wed), 10:30–10:55, (3B, 9B321)
The use of mobile devices in education recently gained
wide popularity through TED, Youtube, etc. We intro-
duce an e-book and a mobile linear algebra laboratory
which was recently made. These work well with most
mobile devices, and we employed Sage as a tool to be
used within them. Sage is a free, popular computa-
tional software which has efficient features adaptable to
our classroom use.
In this talk, we introduce our model of E-book, Mobile
linear algebra laboratory, and Random Problem Gener-
ator. We will discuss how these new technologies can
improve the quality of our linear algebra teaching.
Keywords : E-book, Mobile mathematics, Random
Problem Generator, Linear algebra laboratory, Teach-
ing Linear Algebra
E-mail : sglee@skku.edu

DEFINITIONS ARE IMPORTANT - THE CASE OF
LINEAR ALGEBRA
Avi Berman
Technion-Isrel Institude of Technology,
ISRAEL
Aug 6 (Wed), 10:55–11:20, (3B, 9B321)
We discuss the importance of students’ understanding
of concept definitions in mathematics and describe an
educational experiment in a first course in linear alge-
bra that improved the understanding and contributed
to the students’ success.
Keywords : linear algebra, concept definitions, educa-
tional experiment, understanding, success
E-mail : berman@technion.ac.il

INTERACTIVE LINEAR ALGEBRA USING
MATHDISK
Ajit Kumar
Institute of Chemical Technology, INDIA
Aug 5 (Wed), 11:20–11:45, (3B, 9B321)
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The aim of this presentation is to explore geometry be-
hind some of the key concepts in linear algebra using
a mathematical software called Mathdisk. Mathdisk is
wonderful teaching tool which is specifically designed
for pedagogical purposes. The symbolic and visual rep-
resentations of mathematics using natural math nota-
tions makes mathdisk an ideal tool to create online
interactive and live textbooks. Using one of the key
features of mathdisk called “progressive discovery", we
shall demonstrate how we can interactive and live teach-
ing modules to demonstrate geometric idea behind some
of the concepts in linear algebra.
Keywords : Mathdisk, Progressive discovery, Interac-
tive textbooks,Teaching modules
E-mail : ajit72@gmail.com

PROJECT-BASED LEARNING IN LINEAR
ALGEBRA THROUGH EMBEDDED
LIBRARIANSHIP
Natanael Karjanto∗ and Madina Kairatbekkyzy
Nazarbayev University, KAZAKHSTAN
Aug 7 (Thu), 10:30–10:55, (3B, 9B321)

A balance approach between a traditional teacher-
centered and a non-conven
tional student-centered of teaching and learning Linear
Algebra is adopted in this educational research. The
non-conventional pedagogical approach is implemented
through project-based learning activities. The students
are assigned several projects on various applications of
Linear Algebra in real life, including topics with relevant
local contexts. They work on small groups to brain-
storm, to explore, to discover and to write the project
reports. Since completing these reports requires some
literature findings, they are encouraged to utilize the
university library’s resources effectively. It has been ob-
served that the vast majority of the students are not able
to locate bibliographical resources and to identify rele-
vant information efficiently despite the fact that they
have been through rigorous training during their Foun-
dation program at the Center of Preparatory Studies
designed by University College London prior to their
undergraduate study. This present situation calls for
urgent action to improve the students’ information lit-
eracy and an embedded librarian plays an important
role to remedy this situation.
Although it means different things to different people,
the key elements of embedded librarianship is to move
librarians out of the traditional library setting into a
new framework of providing services—both physically
and virtually—in research as well as in teaching. Par-
ticularly, in the context of teaching and learning Linear
Algebra, both the instructor and the embedded librar-
ian communicate and collaborate closely to guide the
students not only to obtain reliable resources for the
project, but also to select and to verify relevant infor-
mation where applications of Linear Algebra are tangi-
ble. Examples of the projects are investigating Leon-
tief’s input-output model to describe the economy of

Kazakhstan (to study the applications of system of lin-
ear equations, matrices and matrix inverse), the appli-
cations of Markov chains in social status among Kazakh
people (to study transition matrix and its power) and
discrete predator-prey model to study eigenvalues and
eigenvectors. A typical written report includes litera-
ture study, implementing the use of technology (in this
case, using Matlab software) and a well-documented
bibliography. Some initial findings suggest that the stu-
dents consult the embedded librarian for assistance in
completing their projects and they also show enthusiasm
in studying Linear Algebra beyond the traditional con-
text of teaching and learning which is typically geared
toward theoretical aspects rather than the applications
of it. Anecdotal evidences and empirical comparisons
on students’ actual performance after completing this
course and students’ attitude toward Linear Algebra are
also reported.
Keywords : Project-Based Learning, Teaching and
Learning Linear Algebra, Applications of Linear Al-
gebra, Embedded Librarianship, Information Literacy,
Matlab.
E-mail : natanael.karjanto@nu.edu.kz

DO WE REALLY KNOW THE ANGLES
BETWEEN VECTORS (SPACES)?
Fuzhen Zhang
Nova Southeastern University, USA
Aug 7 (Thu), 10:55–11:20, (3B, 9B321)
Do we really know the angles between vectors (spaces)?
How much do we know? What are the angles between
vectors, anyway?
Let V be an inner product space over a number field F.
For unit vectors u, v ∈ V , and when F = R, the angle
between u and v has been defined in two different, but
equally common and important, ways:

θ (u, v) = cos−1 |〈u, v〉| ∈ [0, π/2] ,
Θ (u, v) = cos−1 〈u, v〉 ∈ [0, π] .

There are various reasons that the angles are defined
in these ways. The definition of θ may stem from the
angles between subspaces, while Θ makes perfect sense
intuitively. However, have you noticed that the angles
θ do not obey the law of cosines? If F = C, we extend
Θ to

ΘC(u, v) = cos−1 <〈u, v〉 ∈ [0, π] .

Then the law of cosine does hold for the angles ΘC , but
it is possible for two non-orthogonal vectors to have an
angle ΘC = π/2.
The definitions of these angles θ, Θ, and ΘC (and even
more angles) can be found in common and even popular
textbooks. We will attempt to give a comparison. What
are the angles for non-Euclidean geometries (spherical
geometry, say)?
Keywords : Angles, angles of vectors, angles of spaces,
triangle triplet, metric-preserving function, subadditive
function
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E-mail : zhang@nova.edu

EMBODEID APPROACH TO THE CONCEPT OF
VECTOR AND ITS APPLICATION
Han Hyuk Cho, Chang kyun Noh∗ and In yong
Choi
Seoul National University, KOREA
Aug 7 (Thu), 11:20–11:45, (3B, 9B321)

In this talk, we review some published research into the
concept of vectors, and then we propose our embod-
ied approach to the concept of vectors related to the
LOGO Virtual Microworld. The two important concep-
tual components of a vector are its direction and length.
We have designed mathematical symbolism that can ex-
press embodied aspects of vectors. We show how to
draw mathematical curve and random walks using em-
bodied vectors, and we also introduce how to express
polyhedron using embodied vectors so that 3D printer
can undestand to print.
Keywords : embodied approach to the concept of
vectors, LOGO Virtual Microworld, embodied vector,
mathematical symbolism
E-mail : hancho@snu.ac.kr

TEACHING LINEAR ALGEBRA WITH CLICKERS
IN THREE WORLDS OF EMBODIED, SYMBOLIC
AND FORMAL MATHEMATICAL THINKING
John Hannah, Sepideh Stewart∗ and Mike
Thomas
University of Oklahoma, USA
Aug 7 (Thu), 11:45–12:10, (3B, 9B321)

Linear algebra is one of the first advanced mathematics
courses that students encounter at university. Research
shows that although many students find the calcula-
tion side of the course, specially manipulating matrices
relatively straightforward, they lack the theoretical un-
derstanding of basic linear algebra concepts. In this
research we have employed Tall’s framework of three
worlds of embodied, symbolic and formal mathemati-
cal thinking to analyze students’ thinking processes and
suggest ways forward in teaching linear algebra. As part
of this study, we integrated clickers into teaching two
groups of linear algebra students to investigate whether
the order (formal definitions and theorems, symbolic
representations, geometry) in which the main linear al-
gebra concepts are presented has an impact on students’
learning.
Keywords : Linear Algebra, Three Worlds of Mathe-
matical Thinking, Pedagogy, Understanding.
E-mail : sstewart@math.ou.edu

CMS 5. Algebraic Combinatorics and
Combinatorial Matrices

ON THE MATRIX SEQUENCE {Γ(Am)}∞m=1 FOR A
BOOLEAN MATRIX A WHOSE DIGRAPH IS
LINEARLY CONNECTED
Jihoon Choi∗ and Suh-ryung Kim
Seoul National University, KOREA
Aug 8 (Fri), 10:30–10:55, (2B, 9B217)
In this talk, we extend the results given by Park et
al. [1] by studying the convergence of the matrix se-
quence {Γ(Am)}∞m=1 for a matrix A ∈ Bn the digraph
of which is linearly connected with an arbitrary number
of strong components. In the process for generaliza-
tion, we concretize ideas behind their arguments. We
completely characterize A for which {Γ(Am)}∞m=1 con-
verges. Then we find its limit when all of the irreducible
diagonal blocks are of order at least two. We go further
to characterize A for which the limit of {Γ(Am)}∞m=1 is
a J block diagonal matrix. All of these results are de-
rived by studying the m-step competition graph of the
digraph of A.
Keywords : irreducible Boolean (0,1)-matrices, linearly
connected digraphs, index of imprimitivity, m-step com-
petition graphs

References

[1] W. Park, B. Park and S. -R. Kim, A matrix sequence
{Γ(Am)}∞m=1 might converge even if the matrix A is not
primitive, Lin. Alg. Its Appl.,438 (2013) 2306–2319.

E-mail : gaouls@snu.ac.kr

VARIANCES AND DETERMINANTAL PROFILES
OF ORIENTATIONS
Sen-Peng Eu∗, Hui-lan Chang and Pei-lan Yen
National Taiwan Normal University, TAIWAN
Aug 8 (Fri), 10:55–11:20, (2B, 9B217)
Given a simple graph G = (V,E), let X be the random
variable which is the determinant of the (oriented) ad-
jacency matrix obtained from an orientation of G. It is
known that the expectation E(X) equals the number of
perfect matchings of G. In this paper we give a graph-
ical interpretation of the variance Var(X). We also
give complete determinantal profiles of several classes
of graphs, including trees, cycles, wheels, fans, general
books, and ladders.
Keywords : variance, determinant, orientation
E-mail : speu@math.ntnu.edu.tw

SELBERG INTEGRALS AND EVALUATIONS OF
PFAFFIANS
Masao Ishikawa
University of the Ryukyus, JAPAN
Aug 8 (Fri), 11:20–11:45, (2B, 9B217)
In this talk we give a hyperpfaffian formula and its ap-
plications in a special case. In the previous paper [6]
we proposed a way to evaluate Pfaffians of the form
Pf
(
(j− i)µi+j+r−2

)
1≤i,j≤2n

and its q-analogues, which
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we call Catalan-Hankel Pfaffians. Further we presented
many conjectures of this type in the paper.
In this talk I give a new approach to compute these
Catalan-Hankel Pffafians using the Selberg type inte-
grals, e.g. [11]

Sn(α, β, γ)
=
∫

[0,1]n
∏n

i=1 t
α−1
i (1− ti)β−1∏

1≤i<j≤n |ti − tj |
2γ dt

=
∏n−1
j=0

Γ(α+jγ)Γ(β+jγ)Γ(1+(j+1)γ)
Γ(α+β+(n+j−1)γ)Γ(1+γ)

as well as their q-analogues [5, 7]. In fact we show that
the evaluation of the Catalan-Hankel hyperpfaffians re-
duces to the formula (c.f. [2, 3, 10])∫
· · ·
∫

0≤x1<···<xn≤a

m∏
s=1

det (φs,i(xj)|ψs,i(xj)) ω(dqx)

= Pf [2m] (Qi1,··· ,i2m)1≤i1,··· ,i2m≤2n ,

where
Qi1,··· ,i2m =∫ a

0

∏m

s=1

{
φs,i2s−1(x)ψs,i2s(x)

−φs,i2s(x)ψs,i2s−1(x)
}
ω(dqx)

for 1 ≤ i1, . . . , i2m ≤ 2n. Here φs,i(x) and ψs,i(x) be
functions on [0, a] for 1 ≤ i ≤ 2n, 1 ≤ s ≤ m. And
we compute several special cases. In fact the original
Selberg integrals are closely related to the multivariate
Jacobi polynomials. As applications of the multivari-
able Al-Salam & Carlitz polynomials [1], we present the
following identities, which are partially conjectured in
our previous paper [6]:

Pf
(

(qi−1 − qj−1)Fi+j−3(a; q)
)

1≤i,j≤2n

= an(n−1)q
1
6n(n−1)(4n−5)∏n

k=1(q; q)2k−1,

Pf
(

(qi−1 − qj−1)Fi+j−2(a; q)
)

1≤i,j≤2n

= an(n−1)q
1
6n(n−1)(4n+1)∏n

k=1(q; q)2k−1
∑n

k=0 q
(n−k)(n−k−1) [n

k

]
q2
ak,

Pf
(

(qi−1 − qj−1)Gi+j−3(a; q)
)

1≤i,j≤2n
= an(n−1)q−n(n−1)(4n−5)/3∏n

k=1(q; q)2k−1,

Pf
(

(qi−1 − qj−1)Gi+j−2(a; q)
)

1≤i,j≤2n

= an(n−1)q−
2
3n(n−1)(2n−1)∏n

k=1(q; q)2k−1
∑n

k=0

[
n
k

]
q2
ak

where

F (a)
n (a; q) =

n∑
k=0

[
n

k

]
q
ak, G(a)

n (a; q) =
n∑
k=0

[
n

k

]
q
ak(k−n).

Here
[
n
k

]
q

= (q;q)n
(q;q)k(q;q)n−k

denotes the q-binomial coeffi-
cient. By this method we have proven all the conjectures
in [6] except the last one, which reads

Pf ((j − i)ai+j−1)1≤i,j≤2n
= 1

2n
∏n

k=1
(12k−6)!(4k−3)!(3k−1)!
(8k−6)!(8k−3)!(3k−2)! .

where an = 1
2n+1

(3n
n

)
= 1

3n+1

(3n+1
n

)
. Gessel and Xin

[4] prove that det (ai+j−1)1≤i,j≤n equals the number

of (2n + 1) × (2n + 1) alternating sign matrices that
are invariant under vertical reflection. This conjectured
identity is still open, and we can present several more
identities of this type which we cannot prove. We call
them Gessel-Xin type Pfaffians. Finally, we expect an
application of our Pfaffian (hyperpfaffian) idenitities in
the direction of [12].
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E-mail : ishikawa@edu.u-ryukyu.ac.jp

CRITERIA FOR THE EXISTENCE OF A
JORDAN-CHEVALLEY-SELIGMAN
DECOMPOSITION
Kyoung-Tark Kim
Pusan National University, KOREA
Aug 8 (Fri), 11:45–12:10, (2B, 9B217)

Let (L, [p]) be a finite dimensional restricted Lie alge-
bra over a field F of positive characteristic p. A Jordan-
Chevalley-Seligman decomposition of x ∈ L is a unique
expression for x as a sum of commuting semisimple and
nilpotent elements in L. It is well-known that, when F
is perfect, each x ∈ L has such a decomposition. In this
talk, when F is non-perfect, we give several criteria for
the existence of a Jordan-Chevalley-Seligman decompo-
sition for a given x ∈ L.
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Keywords : restricted Lie algebra, Jordan-Chevalley-
Seligman decomposition, Jordan-Chevalley decomposi-
tion, p-polynomial, additive polynomial
E-mail : poisonn00@hanmail.net

FLAGS OF LATTICE PATH MATROID
POLYTOPES
Sangwook Kim
Chonnam National University, KOREA
Aug 9 (Sat), 10:30–10:55, (2B, 9B217)

A lattice path matroid is a transversal matroid corre-
sponding to a pair of lattice paths on the plane. In this
talk, we discuss face and flag vectors of matroid base
polytopes corresponding to lattice path matroids.
Keywords : lattice path matroid, flag vectors, transver-
sal matroid
E-mail : swkim.math@gmail.com

COMPETITION GRAPHS AND MATRICES
Suh-Ryung Kim
Seoul National University, KOREA
Aug 9 (Sat), 10:55–11:20, (2B, 9B217)

The competition graph C(D) of a digraph D is the
graph which has the same vertex set as D and has an
edge between u and v if and only if there exists a vertex
x in D such that (u, x) and (v, x) are arcs of D. The
notion of competition graph may be rephrased in terms
of matrices. Given a graph D, let A = (aij) be the
Boolean adjacency matrix of D defined to be aij = 1 if
there is an arc from vertex vi to vertex vj and aij = 0
otherwise. Then two vertices u and v are adjacent in
C(D) if and only if the rows corresponding to u and v
have a nonzero entry in the same column of A.
In this talk, we present recent results on competition
graphs focusing on Opsut’ conjecture and competition
graphs of n-tuply partial orders.
Keywords : Competition Graph, Competition Number,
Opsut’s Conjecture, n-Tuply Partial Order
E-mail : srkim@snu.ac.kr

MATRIX DECOMPOSITIONS INDUCED BY
COMPETITION-REALIZABLE PAIRS
Suh-ryung Kim, Jung yeun Lee, Boram Park∗
and Yoshio Sano
NIMS, KOREA
Aug 9 (Sat), 11:20–11:45, (2B, 9B217)

Let M be a matrix over Z2. The row graph R(M) of M
[resp. column graph C(M)] is a graph whose vertices
are the rows [resp. columns] of M and two vertices are
adjacent if and only if two corresponding rows [resp.
columns] have a nonzero entry in a same column [resp.
a same row]. Given an m × n matrix over Z2, a pair
(G1, G2) of two graphs G1 and G2 is said to be a realiz-
able pair of M if there are two m× n matrices M1 and

M2 over Z2 such that G1 = R(M1), G2 = C(M2), and
M = M1 +M2.
In this paper, we characterize all realizable pairs of the
matrix over Z2 all the entries of which are 1. Mean-
while, among such pairs of graphs, we present the ones
with the minimum number of edges and the ones with
the maximum number of edges. These results are ob-
tained from studying the competition graphs of oriented
complete bipartite graphs.
Keywords : Matrix Decompositions, complete bipartite
graph, orientation, tournament, competition-realizable
pairs
E-mail : borampark@nims.re.kr

ENUMERATION OF (0, 1)-MATRICES AVOIDING
SOME 2× 2 MATRICES
Hyeong-kwan Ju and Seunghyun Seo∗
Kangwon National University, KOREA
Aug 9 (Sat), 11:45–12:10, (2B, 9B217)
We enumerate the number of (0, 1)-matrices avoiding
2×2 submatrices satisfying certain conditions. We also
provide corresponding exponential generating functions.
Keywords : Pattern avoiding matrix, Bipartite graph
E-mail : shyunseo@kangwon.ac.kr

FACTORIZATIONS IN SCHUBERT CELLS OF
AFFINE GRASSMANNIAN
Hwanchul Yoo
KIAS, KOREA
Aug 9 (Sat), 14:00–14:25, (2B, 9B217)
Kassel-Lascoux-Reutenauer showed how to factorize
any point in a Schubert cell of type A into certain ele-
mentary matrices, and applied it to study the reduced
words and balanced labellings. We extend their result to
affine type A case. More precisely, given an affine per-
mutation w and its reduced word a = (a1, a2, · · · , aN),
we construct a bijection from CN to the Schubert cell
Xw of affine Grassmannian GLN (C((t)))/GLN (C[[t]]):
Pa : (x1, x2, · · · , xN) 7→ Pa1(x1)Pa2(x2) · · ·PaN (xN ).
Here Paj (xj) are certain N -by-N elementary matrices
in C((t)) that satisfy Coxeter-type relations. Using this
factorization, we will also talk about the balanced la-
bellings and characterization of commutation classes of
reduced words.
Keywords : Affine permutation, Affine Schubert cell,
Factorization, Balanced labelling, Commutation class
E-mail : hcyoo@kias.re.kr

SCHUR COEFFICIENTS OF THE INTEGRAL
FORM MACDONALD POLYNOMIALS
Meesue Yoo
University of Vienna, AUSTRIA
Aug 9 (Sat), 14:25–14:50, (2B, 9B217)
In this talk, we consider the Schur coefficients of
the integral form of the Macdonald polynomials.

57

mailto:poisonn00@hanmail.net
mailto:math@gmail.com
mailto:srkim@snu.ac.kr
mailto:borampark@nims.re.kr
mailto:shyunseo@kangwon.ac.kr
mailto:hcyoo@kias.re.kr


Abstracts

As an attempt to prove Haglund’s conjecture that〈
Jλ[X;q,qk]

(1−q)n , sµ(X)
〉
∈ N[q], we have found explicit com-

binatorial formula for the Schur coefficients in one row
case, two column case and certain hook shape cases. A
result of Egge-Loehr-Warrington (’2010) gives a com-
binatorial way of getting Schur expansion of symmet-
ric functions when the expansion of the function in
terms of Gessel’s fundamental quasi symmetric func-
tions is known. We apply this result to the combina-
torial formula for the integral form Macdonald polyno-
mials of Haglund in quasisymmetric functions to prove
the Haglund’s conjecture in general cases.
Keywords : Schur coefficients, integral form Mac-
donald polynomials, quasisymmetric functions, Egge-
Loehr-Warrington method
E-mail : meesue@gmail.com

RESTRICTED LITTLEWOOD FORMULAE
AND MINOR SUMMATION FORMULA
Soichi Okada
Nagoya University, JAPAN
Aug 9 (Sat), 14:50–15:15, (2B, 9B217)
Let sλ(x1, . . . , xn) denote the Schur function corre-
sponding to a partition λ. Then we have the so-called
Littlewood formula:∑

λ
sλ(x1, . . . , xn)

= 1∏n

i=1
(1−xi)

∏
1≤i<j≤n

(1−xixj)
,

where λ runs over all partitions. I. G. Macdonald ob-
tained a row-length restricted version of the Littlewood
formula:∑

λ1≤t
sλ(x1, . . . , xn)

=
det (xn−ji

−xn+t+j−1
i )1≤i,j≤n∏n

i=1
(1−xi)

∏
1≤i<j≤n

(xi−xj)(1−xixj)
,

where the summation is taken over all partitions λ with
λ1 ≤ t. R. C. King uses this formula and the involution
ω of the ring of symmetric functions to prove a column-
length restricted version of the Littlewood formula (con-
jectured by Van der Jeugt, Lievens and Stoilova):∑

l(λ)≤t sλ(x1, . . . , xn)

=
det (xn−ji

−(−1)tχj>tx
n−t+j−1
i )1≤i,j≤n∏n

i=1
(1−xi)

∏
1≤i<j≤n

(xi−xj)(1−xixj)
,

where the summation is taken over all partitions λ of
length ≤ t, and χj>t = 1 if j > t and 0 otherwise.
In this talk, we give a more direct proof to King’s for-
mula by using the minor summation formula due to
M. Ishikawa and M. Wakayama. A key role is played by
a Pfaffian identity, which interpolates Schur’s Pfaffian
and Vandermonde’s determinant. We also discuss some
variations of King’s formula.
Keywords : Schur functions, Littlewood formulae, mi-
nor summation formula, Pfaffians
E-mail : okada@math.nagoya-u.ac.jp

M-STEP COMPETITION GRAPHS OF DIGRAPHS
Han Hyuk Cho
Seoul National University, KOREA
Aug 9 (Sat), 15:15–15:40, (2B, 9B217)

The competition graph of a digraph was introduced by
Cohen in 1968 associated with the study of ecosystems.
Since then, the competition graph has been widely stud-
ied and many variations have been introduced. A graph
is called an m-step competition graph if it is the m-step
competition graph of a digraph. In this talk, we re-
view the studies on the m-step competition graph of a
digraph which is another generalization of competition
graph, and then introduce some new results related to
the m-step competition graph of a digraph and its ad-
jacency matrix of a digraph.
Keywords : m-step competition graph, adjacency ma-
trix, competition graph of digraph
E-mail : hancho@snu.ac.kr

CMS 6. Linear Least Squares and
Applications

USING CONDITION NUMBERS TO ASSESS
NUMERICAL QUALITY IN LEAST SQUARES HPC
APPLICATIONS
Marc Baboulin
University of Paris-Sud and Inria, FRANCE
Aug 6 (Wed), 10:30–10:55, (3B, 9B313)

We explain how condition numbers of problems can
be used to assess the quality of a computed solution.
We illustrate our approach by considering the exam-
ple of overdetermined linear least squares. Our method
is based on deriving exact values or estimates for the
condition number of these problems. We describe al-
gorithms and software to compute these quantities us-
ing standard parallel libraries. We present numerical
experiments in a physical application and we propose
performance results using new routines on top of the
multicore-GPU library MAGMA.
Keywords : linear least squares, condition number, Sta-
tistical condition estimates, Numerical linear algebra li-
braries
E-mail : marc.baboulin@inria.fr

MODULUS ITERATIVE METHODS FOR BOX
CONSTRAINED LEAST SQUARES PROBLEMS
Ning Zheng, Ken Hayami∗ and Jun-feng Yin
National Institute of Informatics, JAPAN
Aug 6 (Wed), 10:55–11:20, (3B, 9B313)

Box constrained least squares problems occur, for in-
stance, in image restoration and ill-posed problems.
For the solution of box constrained least squares prob-
lems, a new iterative method is proposed by using CGLS
(Conjugate Gradient Least Squares) method for in-
ner iterations and the modulus-based iterative method
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in the outer iterations for the solution of LCP (Lin-
ear Complementarity Problem) resulting from KKT
(Karush-Kuhn-Tucker) conditions.
Theoretical convergence analysis is presented for the
proposed method. Numerical experiments show the ef-
ficiency of the method compared to previous methods
such as active set and projected type methods with less
iteration steps and CPU time.
This work was mainly done by Mr. Ning ZHENG (The
Graduate University for Advanced Studies (Sokendai),
Japan, and Togji University, China), and is coauthored
by Prof. Jun-Feng YIN (Tongji University).
Keywords : Least Squares Problems, Box Contraint,
Modulus Iterative Method, CGLS, Image Restoration
E-mail : hayami@nii.ac.jp

A HYBRID METHOD FOR LATTICE BASIS
REDUCTION
Zhaofei Tian, Zhipeng Hu and Sanzheng Qiao∗
McMaster University, CANADA
Aug 6 (Wed), 11:20–11:45, (3B, 9B313)
Solving integer least squares, an NP problem, can be
aided by lattice basis reduction to improve performance.
We present a polynomial time Jacobi-type method for
lattice basis reduction by integrating the size reduction
into the Lagrange/Gauss reduction. We show that the
complexity of the algorithm is O(n4 logB), where n is
the dimension of the lattice and B the maximum length
of the input lattice basis vectors, the same as the well-
known LLL algorithm. Our experiments show that our
method runs faster than the LLL algorithm. Moreover,
it produces better reduced bases than the LLL algo-
rithm in terms of either the orthogonality defect or the
condition number of the reduced basis matrix.
Keywords : Integer linear least squares, lattice basis
reduction
E-mail :qiao@mcmaster.ca
NUMERICAL BEHAVIOR OF INDEFINITE
ORTHOGONALIZATION
Miroslav Rozložník
Czech Academy of Sciences, CZECH
Aug 6 (Wed), 11:45–12:10, (3B, 9B313)
In this contribution we study the numerical behavior of
orthogonalization schemes for computing vectors that
are mutually orthogonal with respect to the bilinear
form induced by asymmetric indefinite but nonsingu-
lar matrix. Under assumption on strong nonsingularity
of this matrix we develop bounds for the extremal sin-
gular values of the triangular factor that comes from
is symmetric indefinite factorization. It appears that
they depend on the the extremal singular values of the
matrix and of only those principal submatrices where
there is a change of sign in the associated subminors.
Using these results we analyze two types of schemes
used for orthogonalization and we give the worst-case
bounds for quantities computed in finite precision arith-
metic. In particular, we analyze the QR implementa-
tion based on the symmetric indefinite factorization and

the Gram-Schmidt process with respect to this bilinear
form. We consider also their versions with reorthogo-
nalization and with one step of iterative refinement.
Keywords :Orthogonalization, Symmetric indefinite ma-
trices, Cholesky factorization, Gram-Schmidt process
E-mail : miro@cs.cas.cz

DIFFERENTIATING THE METHOD OF
CONJUGATE GRADIENTS
David Titley-Peloquin∗, Gratton Serge, Toint
Philippe and Tshimanga Jean
Cerfacs, FRANCE
Aug 6 (Wed), 16:00–16:25, (3B, 9B313)

Variants of the method of conjugate gradients (CG) are
widely used for the iterative solution of large sparse
weighted linear least squares problems. Let xk denote
the k–th iterate of CG applied to Ax = b, where A
is symmetric and positive definite. This iterate is a
non-linear differentiable function of b. In this talk we
present an expression for the Jacobian matrix of xk with
respect to b. We discuss data assimilation applications
in which the Jacobian is used for sensitivity analyses, in
the form of first-order propagation of covariance matri-
ces, as well as other potential applications. This talk is
based on joint work with Serge Gratton (ENSEEIHT
and CERFACS, Toulouse), Philippe Toint (NAXYS,
Namur), and Jean Tshimanga (CERFACS, Toulouse).
Keywords : conjugate gradients, conditioning, sensitiv-
ity, covariance propagation, automatic differentiation
E-mail : titleypelo@cerfacs.fr

STATISTICAL CONDITION ESTIMATES AND
RANDOMIZED ALGORITHMS FOR
LARGE-SCALE
TOTAL LEAST SQUARES PROBLEMS
Yimin Wei
Fudan University, CHINA
Aug 6 (Wed), 16:25–16:50, (3B, 9B313)

In this talk, we present new perturbation analysis and
randomized algorithms for the total least squares (TLS)
problem. Our new perturbation results are sharper than
the earlier ones. We prove that the condition numbers
obtained by Zhou et al. [Numer. Algorithm, 51 (2009),
pp. 381-399], Barboulin and Gratton [SIAM J. Matrix
Anal. Appl., 32 (2011), pp. 685-699], Li and Jia [Linear
Algebra Appl., 435 (2011), pp. 674-686] are mathemat-
ically equivalent. Statistical condition estimates (SCE)
are applied to the TLS problem. Motivated by the re-
cently popular probabilistic algorithms for low-rank ap-
proximations, we develop randomized algorithms for the
TLS and the truncated total least squares (TTLS) so-
lutions of large-scale discrete ill-posed problems, which
can greatly reduce the computational time and still keep
good accuracy. Its efficiency is well demonstrated by
numerical examples.
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Keywords : Condition number, Singular value decompo-
sition, Statistical condition estimation, Truncated total
least squares, Randomized algorithms
E-mail : ymwei@fudan.edu.cn

CMS 7. Generalized Laplacian and
Green Matrices
SUFFICIENT CONDITIONS FOR POSITIVE
DEFINITENESS OF TRIDIAGONAL MATRICES
REVISITED
Milica Anđelić∗ and Carlos M. da fonseca
Universidade de Aveiro, PORTUGAL
Aug 9 (Sat), 10:30–10:55, (3B, 9B313)

We review several sufficient conditions for the positive
definiteness of a tridiagonal matrix and propose a differ-
ent approach to the problem, recalling and comprising
little-known results on chain sequences.
Keywords : Chain sequences, Wall-Wetzel theorem,
Tridiagonal matrix, Positive definite matrix
E-mail : milica.andelic@ua.pt

LAPLACE OPERATOR AND ITS PERTURBATION
IN A FINITE NON-SYMMETRIC NETWORK
Victor Anandam
University of Madras, INDIA
Aug 9 (Sat), 10:55–11:20, (3B, 9B313)

Let X be a connected finite network in which the tran-
sition matrix is not symmetric. As usual the Laplace
operator and its perturbation by a function q(x) are
defined in X. We assume that the function is an arbi-
trary real-valued function. Here the operator associated
with this perturbation need not even be positive semi-
definite. In this framework, using the matrix theory,
we consider some important boundary-value problems
which have been extensively studied by Bendito, Car-
mona and Encinas using Green functions and equilib-
rium measures when the transition matrix is symmetric
as in the case of electrical networks and the perturba-
tion is such as to give a positive semi-definite operator.
Keywords : Finite networks, Perturbation of Laplace
operator, Positive semi-definite operator, Helmholtz
equation
E-mail : vanandam@imsc.res.in

DIRICHLET–TO–ROBIN MAPS ON FINITE
NETWORKS
Cristina Arauz, Angeles Carmona and Andres
m. Encinas∗
Universitat Politècnica de Catalunya, SPAIN
Aug 9 (Sat), 11:20–11:45, (3B, 9B313)

Inverse boundary value problems consists in whether it
is possible to determine the conductivity of a body by

means of boundary measurements. This kind of prob-
lems have been considered both in the continuum and
discrete settings. The Dirichlet–to–Neumann map plays
an important role in both frameworks, since it is the
main tool that allows us to determine from boundary
measurements the information in the interior of the do-
main.
We are here concerned with the discrete version of
this problem. If we consider the combinatorial Lapla-
cian, then the matrix associated with the Dirichlet–to–
Neumann map is known as the response matrix of the
network, which is a singular, symmetric and diagonally
dominant M–matrix. In the latest nineties in a cele-
brated work, E.B. Curtis. J.A. Morrow and D. Inger-
man, characterized those singular, symmetric and di-
agonally dominant M–matrices that are the response
matrix of a circular planar network.
In this work we present the Dirichlet–to–Robin map as-
sociated with a Schrödinger operator on a general net-
work, and show some of its properties. In particular, we
prove the alternating property that is essential to char-
acterize the response matrices and whose proof deeply
use of the monotonicity property for Schrödinger oper-
ators.
The main result we present here is the characterization
of the response matrices associated with the Dirichlet–
to–Robin maps for Schrödinger operators. Specifically,
we extend the characterization given by Curtis, Morrow
and Ingerman by removing the hypotheses of singular-
ity and diagonal dominance for the response matrix.
Therefore, we obtain a wider class of matrices that may
be the response matrix of a circular planar network.
We wish to emphasize one of the most surprising facts
about the conductance recovery that, to the best of the
authors knowledge, has not previously been observed:
The response matrix of a network may be the response
matrix of a family of Schrödinger operators associated
with different conductances and potentials. This hap-
pens even when the Dirichlet–to–Neumann map asso-
ciated with the combinatorial Laplacian is considered.
This lack of uniqueness is due to the fact that the eigen-
function corresponding to the lowest eigenvalue of the
response matrix can be extended to the network as a
weight in infinite ways. However, by choosing a very
specific extension we arrive at a unique Schrödinger
operator whose Dirichlet–to–Robin map corresponds to
the initial matrix.

Keywords : Finite networks, Schrödinger operator,
Dirichlet–to–Robin map, Inverse Problem

E-mail : ndres.marcos.encinas@upc.edu

THE GREEN MATRIX OF A NETWORK WITH A
NEW VERTEX
Angeles Carmona, Andres m Encinas, Silvia
Gago∗ and Margarida Mitjana
Universitat Politècnica de Catalunya, SPAIN
Aug 9 (Sat), 11:45–12:10, (3B, 9B313)
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The knowledge of the Green matrix for a general net-
work, as well as parameters related with it, as Kirch-
hoff Index or Effective Resistances, is nowadays a hot
topic as it is shown through the big amount of papers
published in the framework. However the explicit com-
putation of the Green matrix is hard and different ap-
proaches have been considered. For instance, the Green
matrix of a network could be computed from the Green
matrix of a subnetwork by adding edges or vertices.
Some of these authors, have considered the case in which
an arbitrary number of edges is added to a base network,
but the set of vertices is the same.
In this work we concentrate in computing the Green
matrix of a network obtained by adding a new vertex
to a base network in terms of the Green matrix of the
original one. Specifically, we consider the two possible
cases: When the degree of the new vertex is one; that
is, when it is a pendant vertex, and when the degree of
the new vertex is greater that one. As a consequence,
the Green matrix of any network can be computed re-
cursively from the Green matrix of an edge. We give
some explicit expression of Green matrices associated
with simple graphs as the Path and the Star network.
The Green matrices considered in this work are the
Moore–Penrose inverses of discrete elliptic operators;
that is, self–adjoint, positive semi–definite operators
whose lowest eigenvalue is simple. In this framework,
the perturbation of a network by adding a vertex can
be seen as the perturbation of a discrete elliptic oper-
ator through a projector that is non–orthogonal to the
eigenfunction associated with the lowest eigenvalue.
Keywords : Green matrix, Generalized Laplacian,
adding a vertex
E-mail : silvia.gago@upc.edu

APPLICATIONS OF COMBINATORIAL
LAPLACIANS
Woong Kook
Seoul National University, KOREA
Aug 9 (Sat), 14:00–14:25, (3B, 9B313)

For a finite chain complex {Ci, ∂i}, the combinatorial
Laplacian ∆i on Ci is a non-negative symmetric matrix
defined by

∆i = ∂i+1∂
t
i+1 + ∂ti∂i .

Combinatorial Laplacians provide efficient methods for
computing invariants for graphs, networks, and, in gen-
eral, finite cell complexes. For example, combinatorial
Hodge theory states that the 0-eigenspace of ∆i is iso-
morphic to the reduced i-th homology group of a com-
plex. In this talk, we will review applications of ∆0 and
its inverse to spanning tree enumeration and informa-
tion centrality for networks. With these results as a mo-
tivation, we will discuss high dimensional tree numbers
for cell complexes via ∆i. Also, we will see an impor-
tant role of ∆i in topological data analysis (TDA). If
time permits, intriguing recent results concerning tree
numbers of matroid complexes will be presented.

Keywords : combinatorial Laplacians, information cen-
trality, high dimensional tree numbers, topological data
analysis
E-mail : woongkook@snu.ac.kr

GREEN FUNCTION OF MULTIPERIODIC
LINEAR CHAINS
Angeles Carmona, Andres Encinas and
Margarida Mitjana∗
Universitat Politècnica de Catalunya, SPAIN
Aug 9 (Sat), 14:25–14:50, (3B, 9B313)
In this work we study the Green function and the Kirch-
hoff Index of a wide range of structured generalized lin-
ear chains supported by a path. If we consider a fixed
path P on 2n vertices, labeled as V = {x1, . . . , x2n},
the class of generalized linear chains supported by the
path P , consists of all connected networks whose con-
ductance are ci = c(xi, xi+1) > 0 for i = 1, . . . , 2n − 1,
ai = c(xi, x2n+1−i) ≥ 0 for any i = 1, . . . , n − 1
and c(xi, xj) = 0 otherwise. In this work we con-
sider (m,h)–periodic linear chains with m ∈ N∗ pe-
riods, p1, . . . , pm ∈ N∗, repited h ∈ N∗ times, where

n = 1 + h
m∑
k=1

pk and ai > 0 iff

i = 1 + (`− 1)
m∑
k=1

pk +
j−1∑
k=1

pk,

` = 1, . . . , h, j = 1, . . . ,m− 1.

Moreover, hm is the number of holes in the chain. This
kind of linear chain is denoted by Lp1,...,pm

m,h and includes
many of the known chains. In particular, L1,2

2,h corre-
sponds with the linear phenylene, whereas L1

1,h corre-
sponds with ladders. Moreover, L2

1,h refers to linear
hexagonal chains with h hexagons and Ln−1

1,1 is a cycle.
As a Schrödinger operator of a (m,h)–periodic linear
chain can be seen as a perturbation of a Schrödinger
operator on a path by adding edges, we obtain the as-
sociated Green function also as a perturbation of the
Green function of the path. This approach requires the
computation of the inverse of a tridiagonal M–matrix.
In this work we compute this inverse using Floquet The-
ory for difference equations with periodic coefficients.
Keywords : reen function, Generalized Laplacian, Ef-
fective resistance, Kirchhoff index
E-mail : margarida.mitjana@upc.edu

CMS 8. Eigenvalue Computations and
Applications

COMPUTING DERIVATIVES OF REPEATED
EIGENVALUES AND CORRESPONDING
EIGENVECTORS OF QUADRATIC EIGENVALUE
PROBLEMS
Jiang Qian∗, Alan l. Andrew, Delin Chu and
Roger c.e. Tan
Beijing Eletro-Post University, CHINA
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Aug 8 (Fri), 10:30–10:55, (2B, 9B218)
We consider quadratic eigenvalue problems in which
the coefficient matrices, and hence the eigenvalues and
eigenvectors, are functions of a real parameter. Our in-
terest is in cases in which these functions remain dif-
ferentiable when eigenvalues coincide. Many papers
have been devoted to numerical methods for comput-
ing derivatives of eigenvalues and eigenvectors, but most
require the eigenvalues to be well separated. The few
that consider close or repeated eigenvalues place severe
restrictions on the eigenvalue derivatives. We propose,
analyze and test new algorithms for computing first and
higher derivatives of eigenvalues and eigenvectors that
are valid much more generally. Numerical results con-
firm the effectiveness of our methods for tightly clus-
tered eigenvalues.
Keywords : derivatives of eigenvalues and eigenvectors,
multiple eigenvalues, very close eigenvalues, quadratic
eigenvalue problems
E-mail : jqian104@gmail.com

STRUCTURE-PRESERVING DOUBLING
ALGORITHM FOR LARGE-SCALE NONLINEAR
MATRIX EQUATIONS
Yueh-Cheng Kuo
National University of Kaoshiung, TAIWAN
Aug 8 (Fri), 10:55–11:20, (2B, 9B218)
We consider the solution of the large-scale nonlinear ma-
trix equation X + BX−1A−Q = 0, with A,B,Q,X ∈
Cn×n, and in some applications B = A? (? = > or H).
The matrix Q is assumed to be nonsingular and sparse
with its structure allowing the solution of the corre-
sponding linear system Qv = r in O(n) computational
complexity. Furthermore, B and A are respectively of
ranks ra, rb � n. The type 2 structure-preserving dou-
bling algorithm by Lin and Xu (2006) is adapted, with
the appropriate applications of the Sherman-Morrison-
Woodbury formula and the low-rank updates of vari-
ous iterates. Two resulting large-scale doubling algo-
rithms have an O((ra + rb)3) computational complex-
ity per iteration, after some pre-processing of data in
O(n) computational complexity and memory require-
ment, and converge quadratically. These are illustrated
by the numerical examples.
Keywords : doubling algorithm, nonlinear matrix equa-
tion
E-mail : yckuo@nuk.edu.tw

A FAST NUMERICAL ALGORITHM FOR
CONSTRUCTING NONNEGATIVE MATRICES
WITH PRESCRIBED REAL EIGENVALUES
Matthew Lin
National Chung Cheng University, TAIWAN
Aug 8 (Fri), 11:20–11:45, (2B, 9B218)
The study of solving the inverse eigenvalue problem for
nonnegative matrices has been around for decades. It is
clear that an inverse eigenvalue problem is trivial if the

desirable matrix is not restricted to a certain structure.
Provided with the real spectrum, this paper presents
a numerical procedure, based on the induction princi-
ple, to solve two kinds of inverse eigenvalue problems,
one for nonnegative matrices and another for symmet-
ric nonnegative matrices. As an immediate application,
our approach can offer not only the sufficient condition
for solving inverse eigenvalue problems for nonnegative
or symmetric nonnegative matrices, but also a quick
numerical way to solve inverse eigenvalue problem for
stochastic matrices. Numerical examples are presented
for problems of relatively larger size.
Keywords : Inverse eigenvalue problem, nonnegative
matrices, Perron-Frobenius theorem, stochastic matri-
ces
E-mail : mhlin@ccu.edu.tw

A BLOCK CHEBYSHEV-DAVIDSON METHOD
FOR LINEAR RESPONSE EIGENVALUE
PROBLEMS
Zhongming Teng∗, Yunkai Zhou and Ren-cang
Li
Fujian Agriculture and Forestry University,
CHINA
Aug 8 (Fri), 11:45–12:10, (2B, 9B218)

We present a Chebyshev-Davidson method to compute
a few smallest positive eigenvalues and corresponding
eigenvectors of linear response eigenvalue problems. For
the Chebyshev filter, a tight upper bound is obtained
by a computable upper bounds estimator which is con-
structed in a reasonable hypothesis condition. When
the condition fails, we give an adaptive strategy for up-
dating the upper bounds to guarantee the effectiveness
of the Chebyshev-Davidson method. We also obtain an
estimate of the rate of convergence for the Rize value
computed in our algorithm. Finally, we present numeri-
cal examples to illustrate numerical performances of the
proposed Chebyshev-Davidson method.
Keywords : eigenvalue, eigenvector, Chebyshev polyno-
mials, Davidson type methods, convergence rates
E-mail : peter979@163.com

A RELAXATION STRATEGY FOR COMPUTING
LOW-RANK APPROXIMATE SOLUTIONS OF
LARGE-SCALE ALGEBRAIC RICCATI
Hsing-chuan Li and Chern-Shuh Wang∗
National Cheng Kung University, TAIWAN
Aug 9 (Sat), 10:30–10:55, (2B, 9B218)

In this talk, an inner/outer iterative method, named
Newton-ADI, is adopted to solve large-scale algebraic
Riccati equations (AREs). That means, we apply New-
ton’s method to solve large-scal AREs and in each step
of Newton iteration, the alternating direction implicit
method (ADI) is considered to solve the induced large-
scale Lyapunov equation. It is already well-known that
the major drawback of an inner/outer iteration is that

62

mailto:jqian104@gmail.com
mailto:yckuo@nuk.edu.tw
mailto:mhlin@ccu.edu.tw
mailto:peter979@163.com


Contributed Minisymposia

the part of inner iteration always over iterates, particu-
larly, at the first few steps of outer iteration. We hence
develop a practical relaxation strategy to reduce the in-
ner iterative steps with keeping the rate of convergence
of outer iteration. Numerical result illustrates twice
speed-up performance by using the relaxation strategy.
Keywords : Newton-ADI method, large-scale algebraic
Riccati equation, large-scale Lyapunov equation, relax-
ation strategy
E-mail : cswang@math.ncku.edu.tw

PARALLEL EIGENSOLVERS IN SIMULATIONS OF
THREE-DIMENSIONAL PHOTONIC CRYSTALS
Tsung-ming Huang, Han-en Hsieh, Wen-wei
Lin and Weichung Wang∗
National Taiwan University, TAIWAN
Aug 9 (Sat), 10:55–11:20, (2B, 9B218)
Studies of photonics crystal bandgaps and their applica-
tions have forged a new interdisciplinary scientific field
called "bandgap engineering". Solving the eigenvalues
arising in the simulations of the bandgap engineering is
a challenge, especially for thee-dimensional cases. We
address how these large-scale eigenvalue problems can
be solved efficiently in this talk. In algorithmic aspect,
we find the shift-invert residual Arnoldi method based
on a null space free method outperforms other eigen-
solvers (e.g. the shift-and-invert Lanczos method and
the Jacobi-Davidson method) in both timing and ro-
bustness. We demonstrate how the performance of this
eigensolver can be accelerated on CPU-GPU heteroge-
neous parallel systems. Furthermore, we show the shift-
invert residual Arnoldi method can be further accel-
erated by using mixed-precision computations without
downgrading the accuracy.
Keywords : Maxwell’s equations, Three dimensional
photonic crystal, GPU, Parallel eigenvalue solvers, In-
exact method
E-mail : wwang@ntu.edu.tw

BACKWARD ERROR AND CONDITIONING FOR
THE GENERALIZED EIGENPROBLEM
Xin-guo Liu and Wei-guo Wang∗
Ocean University of China, CHINA
Aug 9 (Sat), 11:20–11:45, (2B, 9B218)
Although the theory of backward error and conditioning
for the generalized eigenvalue problem have been devel-
oped by several authors, a number of aspects still remain
to be investigated further. In this paper, motivated by
several interesting numerical examples given by Higham
and Higham, comparison and extension of some results
presented by Higham and Higham are given. Then mod-
ifying the condition number definition for eigenvalue
and eigenvectors of generalized eigenvalue problems. Fi-
nally, it is considered how to estimate the error of com-
puted solutions.
Keywords : generalized eigenvalue problem, backward
error, structured condition number

E-mail : wgwang@ouc.edu.cn

BACKWARD PERTURBATION AND
RESIDUAL-BASED ERROR BOUNDS FOR THE
LINEAR RESPONSE EIGENVALUE PROBLEM
Lei-Hong Zhang∗, Wen-wei Lin and Ren-cang Li
Shanghai University of Finance and Economics,
CHINA
Aug 9 (Sat), 11:45–12:10, (2B, 9B218)

The numerical solution of a large scale linear response
eigenvalue problem is often accomplished by comput-
ing a pair of deflating subspaces associated with the in-
terested part of the spectrum. This talk is concerned
with the backward perturbation analysis for a given
pair of approximate deflating subspaces or an approxi-
mate eigen-quaternary. Various optimal backward per-
turbation bounds are obtained, as well as bounds for
approximate eigenvalues computed through the pair of
approximate deflating subspaces or approximate eigen-
quaternary. These results are reminiscent of many exist-
ing classical ones for the standard eigenvalue problem.
Keywords : Linear response eigenvalue problem, eigen-
value approximation, Rayleigh-Ritz approximation,
backward perturbation, error bound, deflating subspace
E-mail : longzlh@gmail.com

A POLYNOMIAL EIGENPROBLEM APPROACH
FOR
GENERAL JOINT BLOCK DIAGONALIZATION
Decai Shi, Yunfeng Cai∗ and Shufang Xu
Peking University, CHINA
Aug 9 (Sat), 14:00–14:25, (2B, 9B218)

Joint Block Diagonalization (JBD) of a given Hermit-
ian matrix set A = {Ai}pi=0 is to find a nonsingular
matrix W such that WHAiW for i = 0, 1, . . . , p are all
block diagonal matrices with the same prescribed block
diagonal structure. General JBD (GJBD) attempts to
solve JBD without knowing the resulting block diag-
onal structure in advance. GJBD arises in Indepen-
dent Subspace Analysis (ISA)/Blind Source Separation
(BSS), and is more difficult than JBD. In this talk, we
show that GJBD of {Ai}pi=0 is strongly connected with
the eigeninformation of the associated matrix polyno-
mial PA(λ) =

∑p

i=0 λ
iAi. Under the assumption that

PA(λ) has only simple eigenvalues, a solvability theory
for GJBD is established and the solutions of GJBD are
characterized by the eigeninformation. Based on the
established theory, a numerical method is proposed to
solve GJBD. Numerical tests show that this method is
not only feasible for exact GJBD, but also able to han-
dle approximate GJBD to certain extend.
Keywords : general joint block diagonalization, polyno-
mial eigenproblem, tensor decomposition
E-mail : yfcai@math.pku.edu.cn
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SINGULAR VALUE DECOMPOSITIONS FOR
SINGLE-CURL OPERATORS IN
THREE-DIMENSIONAL MAXWELL’S
EQUATIONS FOR COMPLEX MEDIA
Ruey-lin Chern, Han-en Hsieh, Tsung-ming
Huang∗, Wen-wei Lin, Weichung Wang
National Taiwan Normal University, TAIWAN
Aug 9 (Sat), 14:25–14:50, (2B, 9B218)

This talk focuses on solving the generalized eigenvalue
problems (GEP) arising in the source-free Maxwell
equation with magnetoelectric coupling effects that
models three-dimensional complex media. The goal is
to compute the smallest positive eigenvalues, and the
main challenge is that the coefficient matrix in the dis-
crete Maxwell equation is indefinite and degenerate. To
overcome this difficulty, we derive a singular value de-
composition (SVD) of the discrete single-curl operator
and then explicitly express the basis of the invariant
subspace corresponding to the nonzero eigenvalues of
the GEP. Consequently, we reduce the GEP to a null
space free standard eigenvalue problem (NFSEP) that
contains only the nonzero (complex) eigenvalues of the
GEP and can be solved by the shift-and-invert Arnoldi
method without being disturbed by the null space. Fur-
thermore, the basis of the eigendecomposition is cho-
sen carefully so that we can apply fast Fourier trans-
formation (FFT)-based matrix vector multiplication to
solve the embedded linear systems efficiently by an it-
erative method. For chiral and pseudochiral complex
media, which are of great interest in magnetoelectric
applications, the NFSEP can be further transformed to
a null space free generalized eigenvalue problem whose
coefficient matrices are Hermitian and Hermitian posi-
tive definite (HHPD-NFGEP). This HHPD-NFGEP can
be solved by using the invert Lanczos method with-
out shifting. Furthermore, the embedded linear system
can be solved efficiently by using the conjugate gradi-
ent method without preconditioning and the FFT-based
matrix vector multiplications. Numerical results are
presented to demonstrate the efficiency of the proposed
methods.
Keywords : Singular value decomposition, null space
free method, discrete single-curl operator, the Maxwell
equation, chiral medium, pseudochiral medium
E-mail : min@ntnu.edu.tw

CMS 9. Inequalities in Matrices,
Operators, and Lie Groups

SOME INEQUALITIES INVOLVING POSITIVE
MAPS
Mohammad Sal Moslehian
Ferdowsi University of Mashhad, IRAN
Aug 8 (Fri), 10:30–10:55, (3B, 9B312)

We investigate some inequalities related to Chebyshev
and Grüss inequalities regarding some unitarily invari-
ant norms. Further we get an analogous inequality for

certain n-positive maps in the setting of full matrix al-
gebras by using some matrix tricks. We also give some
operator inequalities in the framework of C∗-algebras
of arbitrary dimension and apply it to some inequalities
involving continuous fields of operators.
Keywords :Operator inequality; Grüss inequality; com-
pletely positive map; C∗-algebra; Chebyshev inequality,
unitarily invariant norm; operator mean
E-mail : moslehian@um.ac.ir; moslehian@member.ams.org

RELATIONS AMONG PRINCIPAL MINORS OF
SYMMETRIC MATRICES
Luke Oeding
Auburn University, USA
Aug 8 (Fri), 10:55–11:20, (3B, 9B312)
A principal minor of a matrix is the determinant of a
submatrix centered about the main diagonal. A basic
linear algebra question asks to what extent is it possi-
ble to prescribe the principal minors of a matrix. The
algebraic problem is to find defining equations for the
associated algebraic variety. In particular, knowing such
equations would provide a test for whether a given list
of numbers can be the principal minors of a matrix.
I will explain a solution to this problem in the case
of symmetric matrices, answering a conjecture of Holtz
and Sturmfels. Then I will explain the notion of “exclu-
sive rank” and how it relates principal minors to clas-
sically studied algebraic varieties such as the Segre va-
riety and its tangential variety, answering a conjecture
of Landsberg and Weyman. Finally I will discuss new
work in the case that the principal minors of equal size
are required to have the same value.
Keywords : principal minors, hyperdeterminant, exclu-
sive rank
E-mail : oeding@auburn.edu

SOME REFINEMENTS OF OPERATOR
INEQUALITIES
Masatoshi Fujii
Osaka Kyoiku University, JAPAN
Aug 8 (Fri), 11:20–11:45, (3B, 9B312)
For selfadjoint operators A and B on a Hilbert space, we
denote A > 0 if A is positive and invertible, i.e., A ≥ m
for some m > 0, and A > B if A−B > 0. Recently the
Löwner-Heinz inequality refined under the strict order
by Moslehian-Najafi [MN]: If A > B > 0, then

Ar −Br ≥ (‖A‖ − m)r − ‖A‖r (r ∈ [0, 1]).

Very recently we discuss a generalization of the above
for operator monotone functions, and consequently give
it an improvement, see [FKN]. Moreover, it is done for
operator convex functions, [FMNN].
On the other hand, the Löwner-Heinz inequality has a
beautiful extension, so-called the Furuta inequality. So
another direction of generalizations is to discuss it for
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the Furuta inequality. We obtain that the Furuta in-
equality preserves the strict operator order A > B > 0.
Furthermore we prove that so does the grand Furuta
inequality which is a further extension of the Furuta
inequality.
Finally we apply our argument to operator inequalities
related to operator means.
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Keywords : Operator monotone functions, Lowner-
Heinz inequality, Furuta inequality, Operator means
E-mail : mfujii@cc.osaka-kyoiku.ac.jp

SOME INEQUALITIES ON NONCOMMUTATIVE
PROBABILITY SPACES
Ghadir Sadeghi
Hakim Sabzevari University, IRAN
Aug 8 (Fri), 11:45–12:10, (3B, 9B312)
Let (M, τ) be a noncommutative probability space, let
N be a von Neumann subalgebra of M with the cor-
responding conditional expectation EN and let subalge-
bras N ⊆ Aj ⊆ M (j = 1, · · · , n) be successively inde-
pendent over N. Under certain conditions we establish
an improved version of the noncommutative Bennett in-
equality and use it to prove a Rosenthal type inequality.
Keywords : Semifinite von Neumann algebra, τ -
Measurable operator, trace, noncommutative probabil-
ity space
E-mail : ghadir54@gmail.com; g.sadeghi@hsu.ac.ir

MATRICES ON INDEFINITE INNER PRODUCT
SPACES
Takashi Sano∗ and Juri Morishita
Yamagata University, JAPAN
Aug 9 (Sat), 10:30–10:55, (3B, 9B312)
We show several properties of matrices on indefinite in-
ner product spaces; inequalities, eigenvalues, and so on.
Keywords : J-contraction, inequalities
E-mail : sano@sci.kj.yamagata-u.ac.jp

NEW RIGOROUS PERTURBATION BOUNDS FOR
THE LU AND QR FACTORIZATIONS
Hanyu Li∗ and Yimin Wei

Chongqing University, CHINA
Aug 9 (Sat), 10:55–11:20, (3B, 9B312)
In this talk, we will introduce some new rigorous pertur-
bation bounds for the LU and QR factorizations with
normwise or componentwise perturbations in the given
matrix, where the componentwise perturbations have
the form of backward error resulting from the standard
factorization algorithms. Each of the new rigorous per-
turbation bounds is a rigorous version of the first-order
perturbation bound derived by the matrix-vector equa-
tion approach in the literature, and improve the results
given in [SIAM J. Matrix Anal. Appl., 31 (2010), pp.
2841–2859]. Moreover, some new sharper first-order
perturbation bounds including two optimal ones for the
LU factorization are also presented.
Keywords : LU Factorization, QR Factorization, Lya-
punov Majorant Function, Banach Fixed Point Princi-
ple, Rigorous Perturbation Bound, First-order Pertur-
bation bound, Normwise Perturbation, Componentwise
Perturbation
E-mail : lihy.hy@gmail.com or hyli@cqu.edu.cn

KWONG MATRICES AND OPERATOR
MONOTONE FUNCTIONS ON (0, 1)
Juri Morishita∗ and Takashi Sano
Yamagata University, JAPAN
Aug 9 (Sat), 11:20–11:45, (3B, 9B312)
We review results on Loewner and Kwong matrices. In
particular we see differences between operator mono-
tone functions on the positive half line and those on
(0, 1).
Keywords : operator monotone function, Loewner ma-
trix, Kwong matrix
E-mail : s13m112m@st.yamagata-u.ac.jp

GENERALIZED OPERATOR VERSION OF
BERNOULLI’S INEQUALITY
Mandeep Singh
Sant Longowal Institute of Engineering and
Technology, INDIA
Aug 9 (Sat), 11:45–12:10, (3B, 9B312)
In this paper, we present a generalized operator version
of second order Bernoulli’s inequality which includes
and unifies the recent results by Hirzallah, Kittaneh,
Krnić, Lovričević and Pečarić. Related eigenvalue in-
equalities and equalities for the difference of means of
two positive invertible operators A and B on a seper-
able Hilbert space under the condition that A − B is
compact, are obtained.
Keywords : Positive operator, operator mean,
Bernoulli’s inequality
E-mail : msrawla@yahoo.com

A PARTIAL ORDER ON HYPERBOLIC
ELEMENTS
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Huajun Huang and Sangjib Kim∗
Ewha Womans University, KOREA
Aug 9 (Sat), 14:00–14:25, (3B, 9B321)

A partial order on the elements of a semisimple Lie
group G was introduced by Kostant using their actions
on the finite dimensional representations of G. We will
study this partial order on hyperbolic elements.
Keywords : Hyperbolic elements, Partial order,
Semisimple Lie group, Representations
E-mail : huanghu@auburn.edu

VARIOUS RESULTS ON DETERMINANTS OF
MATRIX SUMS
Mary Clair Thompson∗ and Tin-yau Tam
Lafayette College, USA
Aug 9 (Sat), 14:25–14:50, (3B, 9B321)

The classical problem of studying the determinants of
matrix sums has received a great deal of attention. In
this talk, we discuss results on the determinants of or-
bits of sums of matrices under the action of various clas-
sical Lie groups. In particular, we extend a result of
Fiedler on determinants of orbits of sums of Hermitian
matrices to the context of compact connected subgroups
of U(n). We also completely determine the determi-
nants of orbits of sums of real skew symmetric matrices
under the action of O(2k) and SO(2k). Finally, we ex-
tend the previous result by giving complete solutions
to the problem of finding the determinants of sums of
orbits of real matrices under the action of SO(n).
Keywords : determinant sums, orbits, unitary group,
orthogonal group
E-mail : thompsmc@lafayette.edu

A REVERSE POWERS-STORMER INEQUALITY
Dinh Trung Hoa∗ and Vo Thi bich khue
Duy Tan University, VIETNAM
Aug 9 (Sat), 14:50–15:15, (3B, 9B321)

For any s ∈ [0, 1] and positive number a, b, we have

(1) min{a, b} ≤ asb1−s ≤ max{a, b},

and

(2) 2min{a, b} ≤ asb1−s + a1−sbs ≤ 2max{a, b}.

The matrix version of the first inequality in (1) is
the Powers-Størmer inequality [2] which states that for
s ∈ [0, 1] and any pair of positive semi-definite matrices
A,B,

(3) Tr(A+B − |A−B|) ≤ 2 Tr(AsB1−s).

The reverse Powers-Stormer inequality is as follows:

Tr(A+B + |A−B|) ≥ 2 Tr(AsB1−s).

We also get a new bound for Heinz mean corresponding
(1) and (2).
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Keywords : Reverse Powers-Stormer inequality, Non-
negative Matrices
E-mail :trunghoa.math@gmail.com

CMS 10. Matrix Methods in
Computational Systems Biology and
Medicine
MODELING REAL-WORLD SYSTEMS USING
NETWORKS
Nataša Conrad∗ and Christof Schuette
Freie Universitaet Berlin, GERMANY
Aug 6 (Wed), 16:00–16:25, (3B, 9B321)
Real-world systems are often modeled as networks. Al-
gorithms for analyzing such networks are usually ori-
ented towards finding modules (or clusters, communi-
ties), as they often correspond to relevant structures in
the original system. For example, in biological systems
modules often correspond to functional units like pro-
tein complexes and bio-chemical pathways. Many ap-
proaches for finding modules have been developed, but
most of them focus only on undirected networks. In this
talk, we will present a novel spectral-based approach
for identification of modules in directed, weighted net-
works. Our mathematical framework includes solving
several interesting linear algebra problems.
Keywords : spectral graph clustering, random-walk pro-
cess, coarse graining, real-world networks
E-mail : djurdjev@mi.fu-berlin.de

FINDING THE NEAREST REVERSIBLE MARKOV
CHAIN
Adam Nielsen∗ and Marcus Weber
Konrad Zuse Institut Berlin, GERMANY
Aug 6 (Wed), 16:25–16:50, (3B, 9B321)
In many applications one is interested in approximating
a reversible Markov Chain. However, duo to numerical
errors the approximation may not be reversible and will
lose important properties, like the real valued spectrum
and the associated orthogonal basis of eigenvectors. We
will show how to fi nd, according to the Frobeniusnorm,
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the closest reversible Markov Chain to the approxima-
tion, which is reversible up to machine precision. It
turns out that this matrix can be computed by solving
a convex minimization problem.
Keywords : reversible, convex minimization problem,
markov chain
E-mail : ajn.nielsen@gmail.com

MATRIX METHODS IN METABOLIC NETWORKS
Amir Niknejad
College of Mount Saint Vincent, USA
Aug 6 (Wed), 16:50–17:15, (3B, 9B321)
A metabolic network can be characterized by an m× n
stoichiometric matrix S, where m rows represent the
internal metabolites and the n columns represent the
internal biochemical reactions. The particular infor-
mation about the metabolic network is embedded in
the fundamental subspaces of matrix S. For example,
the row space of S contains thermodynamic informa-
tion about the network, while the null space of S re-
veals information about the steady state of the meta-
bolic network. Recent advances in bioinformatics have
given us an enormous amount of information about the
basic construct of many organisms, and it is possible
now to reconstruct the stoichiometric matrices of vari-
ous cells and living systems. Systems biologists face the
challenge of making sense of this abundant amount of
information. We present a combined and simultaneous
analysis of metabolites and biochemical reactions in a
metabolic network, using matrix factorizations and sub-
space projection in order to decipher information about
metabolic networks.
Keywords : Matrix, System Biology, Computational,
metabolic networks
E-mail : amir.niknejad@mountsaintvincent.edu

LINEAR ALGEBRAIC APPROACHES TO
MARKOV CHAIN ANALYSIS OTHER THAN
SPECTRAL CLUSTERING
Marcus Weber
Zuse Institute Berlin, GERMANY
Aug 6 (Wed), 17:15–17:40, (3B, 9B321)
Spectral Clustering Methods as PCCA+ are well known
to analyse Markov Chains in terms of metastabilities.
Usually, these methods need a real-valued spectrum
and, thus, are often applied to reversible transition ma-
trices only. We will present alternative linear algebraic
methods to also include non-reversible matrices. The
new mathematical methods may also open the door for
a different kind of stopping criterions for sampling al-
gorithms, which are currently based on (ill-conditioned)
eigenspaces.
Keywords : Markov State Model, PCCA+, Molecular
Simulation
E-mail : weber@zib.de

CMS 11. Solution of Sylvester-like
Equations and Canonical Forms

THE MATRIX EQUATION XA−AX = F (X) AND
THE SYLVESTER-LIKE AND RICCATI-LIKE
EQUATIONS
Gerald Bourgeois
Université de la polynésie française, FRANCE
Aug 7 (Thu), 10:30–10:55, (3B, 9B313)
Let f be an analytic function defined on a complex do-
main Ω and A ∈ Mn(C). We assume that there exists
a unique α satisfying f(α) = 0. When f ′(α) = 0 and
A is non-derogatory, we completely solve the equation
XA − AX = f(X). This generalizes Burde’s results.
When f ′(α) 6= 0, we give a method to solve completely
the equation XA−AX = f(X): we reduce the problem
to solving a sequence of Sylvester equations.
Finally, we speak about works in progress concern-
ing the Sylvester-like and Riccati-like equations in the
generic case.
Keywords : Matrix equations.
E-mail : bourgeois.gerald@gmail.com

A NOTE ON SYLVESTER-LIKE EQUATIONS
Chun-Yueh Chiang
National Formosa University, TAIWAN
Aug 7 (Thu), 10:55–11:20, (3B, 9B313)
This talk is to provide a comprehensive treatment of
the relationship between the theory of the generalized
(palindromic) eigenvalue problem and the theory of the
Sylvester-like equations. Under a regularity assumption
for a specific matrix pencil, we show that the solution of
the ?-Sylvester matrix equation is uniquely determined
and can be obtained by considering its corresponding
deflating subspace. We also propose an iterative method
with quadratic convergence to compute the stabilizing
solution of the ?-Sylvester matrix equation via the well-
developed palindromic doubling algorithm. We believe
that our discussion is the first which implements the
tactic of the deflating subspace for solving Sylvester
equations and could give rise to the possibility of de-
veloping an advanced and effective solver for different
types of matrix equations. (This work is joint with Prof.
Matthew M. Lin)
Keywords : Palindromic eigenvalue problem, deflating
subspaces, stabilizing solution, Sylvester matrix equa-
tions, algebraic matrix Riccati equations
E-mail : chiang@nfu.edu.tw

SYLVESTER EQUATIONS AND THE MATRIX
SYMMETRIZER PROBLEM
Froilán M. Dopico∗ and Frank Uhlig
Universidad Carlos III de Madrid, SPAIN
Aug 7 (Thu), 11:20–11:45, (3B, 9B313)
In 1910, Frobenius proved that every n×n matrix over
an arbitrary field is the product of two symmetric ones
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and that at least one of the factors can be chosen to
be nonsingular. The two symmetric factors of A are
called its left and right symmetrizers, respectively. In
addition, Frobenius also proved that there always exist
at least n linearly independent right (resp. left) sym-
metrizers of A. However, for certain matrices, much
more than n linearly independent symmetrizers exist.
We revise the description of the whole set of symmetriz-
ers of a matrix as the solution set of a certain associated
Sylvester type equation and also revise recent advances
on the numerical computation of matrix symmetrizers.
This is a hard problem which has attracted the attention
of several researchers from the 70’s, but whose complete
solution is still open.
Keywords :symmetrizers, Sylvester equation, QR algo-
rithm, defective matrices.
E-mail : uhligfd@auburn.edu

THE EQUATIONS AX +BX? = 0, AX +X?B = 0,
AND AX +X?A = 0: ANALOGIES AND
DIFFERENCES
Fernando De Terán
Universidad Carlos III de Madrid, SPAIN
Aug 7 (Thu), 11:45–12:10, (3B, 9B313)

We will review the solution of the Sylvester-like equa-
tions AX+BX? = 0, AX+X?B = 0, and AX+X?A =
0, where A,B,C are matrices of appropriate sizes over
arbitrary fields F, and ? denotes both the transpose and
the conjugate transpose (when F = C). We will em-
phasize the analogies and some interesting differences
between these equations. In particular, we relate their
solution with the appropriate canonical forms that allow
us to solve each equation by reducing it to a a simplified
form that depends on the canonical form. For instance,
though the equation AX+X?A = 0 is a particular case
of AX + X?B = 0 (namely, for A = B), the solution
of the first equation depends on the canonical form for
congruence of A, whereas the solution of the second one
depends on the Kronecker canonical form of the matrix
pencil A+ λB?.
Keywords :Sylvester-like equations, canonical forms,
matrix pencils.
E-mail : fteran@math.uc3m.es

STRATIFICATIONS OF STRUCTURED MATRIX
PENCILS. PART II: GENERALIZED STATE-SPACE
SYSTEMS
Andrii Dmytryshyn, Stefan Johansson∗ and Bo
Kagström
Umea University, SWEDEN
Aug 8 (Fri), 10:30–10:55, (3B, 9B313)

The stratification theory allows the user to analyze how
small perturbations may change the canonical structure
of a matrix or matrix pencil. Particularly, it reveals the
closure hierarchy of orbits and bundles of matrices or
matrix pencils under a given equivalence relation.

We will present new results on stratifications of the sys-
tem pencil

S(s) :=
[
A B
C D

]
− s
[
E 0
0 0

]
, det (E) 6= 0,

which we associate with a non-singular generalized
state-space system over the field C of complex numbers

Eẋ(t) = Ax(t) +Bu(t),
y(t) = Cx(t) +Du(t),

where E,A ∈ Cn×n, B ∈ Cn×m, C ∈ Cp×n, D ∈ Cp×m,
and x(t), y(t), u(t) are vectors of conforming sizes over
C. These vectors represent the states, outputs, and in-
puts (controls) of the state-space system.
Special cases include state-space systems with no feed-
forward (i.e., D is a zero matrix) as well as the control-
lability and observability pairs. We illustrate the strati-
fications on a selection of applied examples by using the
StratiGraph software tool.
Keywords :Stratification Theory, State-Space Systems,
Closure Hierarchies.
E-mail : stefanj@cs.umu.se

STRATIFICATIONS OF STRUCTURED MATRIX
PENCILS. PART I: SKEW-SYMMETRIC AND
SYMMETRIC CASES
Andrii Dmytryshyn∗, Bo Kagström
Umea University, SWEDEN
Aug 8 (Fri), 10:55–11:20, (3B, 9B313)
We obtain the general solutions of pairs of homogeneous
matrix equations (XTA+AX,XTB+BX) = (0, 0) as-
sociated with the matrix pencil A− λB, where both A
and B are either symmetric or skew-symmetric matrices
taken in the congruence canonical forms presented by
Thompson [Linear Algebra Appl. 147 (1991) 323–371].
These solutions allow us to calculate the codimension of
the orbits of A− λB under congruence, i.e.,

codim (Orbit(A− λB))
= codim{ST (A− λB)S| detS 6= 0, and A,Bare either

symmetric or skew-symmetric matrices}.

The main motivation is to investigate which canonical
forms the pencils arbitrarily close to A− λB may have,
or in other words to understand how small perturbations
of a matrix pencil may change its canonical form under
congruence. This leads to constructing the closure hi-
erarchies (or stratifications) of matrix pencil orbits and
bundles under structure preserving congruence transfor-
mations. Notably, a matrix pencil orbit may have only
orbits with higher codimensions in its closure. Recently,
a stratification theory for n×n skew-symmetric matrix
pencils has been derived. In addition, the stratification
of some small-sized problems have been computed for
other types of symmetries.
Keywords : Stratification Theory, Matrix Equations,
(Skew-)Symmetry, Closure Hierarchies, Codimensions
E-mail :
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SIMULTANEOUS SOLUTIONS OF MATRIX AND
OPERATOR SYLVESTER EQUATIONS AND
FUNCTIONS OF COMMUTING MATRICES
Quoc Phong Vu∗ and Sang-gu Lee
Ohio Univrsity, USA
Aug 8 (Fri), 11:20–11:45, (3B, 9B313)

In this joint work with Sang-Gu Lee (Sungkyunkwan
University, S. Korea) we consider a system of Sylvester
equations AiX − XBi = Ci (1 ≤ i ≤ k) (∗), where
(A1, . . . , Ak) and (B1, . . . , Bk) are commuting k-tuples
of m×m and n×n matrices, and (C1, . . . , Ck) is a com-
patible k-tuple of m × n matrices, and prove that this
system of Sylvester equations has a unique simultaneous
solution if and only if the joint spectra of (A1, . . . , Ak)
and (B1, . . . , Bk) dont intersect. We apply this theo-
rem to derive conditions under which a commuting fam-
ily of block upper triangular matrices will have disjoint
joint spectra of the bock diagonal terms. Adapting Par-
lett’s recurrence relations, we give algorithms for find-
ing simultaneous solutions of systems of Sylvester equa-
tions, and for the related problems of evaluating func-
tions of several commuting matrices. We also consider
the simultaneous Sylvester equations for the case when
(A1, . . . , Ak) and (B1, . . . , Bk) are commuting k-tuples
of bounded linear operators on Banach spaces E and F ,
respectively. Applying the Taylor functional calculus,
we show that if the Taylor joint spectra of (A1, . . . , Ak)
and (B1, . . . , Bk) dont intersect , then the system of
Sylvester equations (∗) have a unique simultaneous so-
lutions. Some applications and open problems are also
discussed.
Keywords : Commuting matrices, Sylvester equations,
simultaneous solutions, bicommutant, idempotent, ma-
trix functions, Parlett’s recurrence, Taylor’s spectrum
E-mail : vu@ohio.edu

SYSTEMS OF COUPLED GENERALIZED
SYLVESTER MATRIX EQUATIONS
Qing-Wen Wang∗ and Zhuo-heng He
Shanghai University, CHINA
Aug 8 (Fri), 11:45–12:10, (3B, 9B313)

This paper studies some systems of coupled generalized
Sylvester matrix equations. We present some necessary
and sufficient conditions for the solvability to these sys-
tems. We give the expressions of the general solutions
to the systems when their solvability conditions are sat-
isfied.
Keywords : System of matrix equations, generalized
Sylvester matrix equation, generalized inverses, general
solution, rank
E-mail : wqwshu9@126.com

CMS 12. Generalized Matrix Inverses
and Applications

GENERALIZED INVERTIBILITY OF
DIFFERENCES AND PRODUCTS OF
IDEMPOTENTS (PROJECTIONS) IN RINGS
Jianlong Chen
Southeast University, CHINA
Aug 6 (Wed), 16:00–16:25, (3B, 9B312)

Since Penrose gave the definition of Moore-inverse by
four equations in 1955, Moore-Penrose inverses in com-
plex matrices, operators, C∗-algebra, etc have been
widely investigated by many authors. In 1958, Drazin
introduced the concept of pseudo inverse, which is
known today as Drazin inverse, in semigroups and rings.
It attracted broad attention in ring theory since it has
a widely concern with strongly π-regularity. Drazin in-
vertibility of product and difference of idempotents in
various settings attracts wide interest from many au-
thors. For example, Cvetković-Ilić and Deng [3], Deng
and Wei [4], Koliha, Cvetković-Ilić and Deng [7], Li [8]
et al. Analogously, Moore-Penrose inverses of the sums,
differences, and the products of projections in different
directions were considered by several scholars including
Cheng and Tian [1], Du and Deng [6], Li [9, 10], Deng
and Wei [5]. In this talk, we mainly consider Drazin
inverse (Moore-Penrose inverse) of the differences and
the products of idempotents (projections) in a ring. The
main results are as follows:
• Drazin invertibility of product and difference of idem-
potents in a ring (Filomat, 2014).
Let p and q be idempotents in a ring R and RD denote
the set of all Drazin invertible elements in R.
It is proved that (1) p−q ∈ RD if and only if 1−pq ∈ RD
if and only if p+ q − pq ∈ RD, (2) pq ∈ RD if and only
if 1− p− q ∈ RD if and only if (1− p)(1− q) ∈ RD, (3)
pq−qp ∈ RD if and only if pq ∈ RD and p−q ∈ RD, (4)
pq + qp ∈ RD if and only if pq ∈ RD and p + q ∈ RD,
which generalize the results, obtained in [2, 3] in the
context of Banach algebras to the ring case.
• Moore-Penrose invertibility of differences and prod-
ucts of projections in rings with involution (Linear Al-
gebra Appl., 2013)
Let p and q be projections in a ring R with involution
and R† denote the set of all Moore-Penrose invertible
elements in R.
It is shown that (1) p−q ∈ R† if and only if p(1−q) ∈ R†
and (1− p)q ∈ R†. More precisely, if R is a ∗-reducing
ring, we get (2) pq ∈ R† if and only if (1−p)(1−q) ∈ R†
if and only if 1−p−q ∈ R†, (3) p−q ∈ R† if and only if
p(1−q) ∈ R† if and only if (1−p)q ∈ R†, (4) pq−qp ∈ R†
if and only if pq ∈ R† and p− q ∈ R†, (5) pq + qp ∈ R†
if and only if p + q ∈ R† and pq ∈ R†. Hence, some
results from [5, 9, 10] are generalized.
(This is a joint work with Huihui Zhu, Xiaoxiang Zhang,
Shuangshuang Zhang and Long Wang.)
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E-mail : jlchen@seu.edu.cn

SOME RESULTS ON DRAZIN INVERSE OF
ANTI-TRIANGULAR MATRICES WITH SIGN
ANALYSIS
Lizhu Sun∗ and Changjiang Bu
Harbin institute of technology, CHINA
Aug 6 (Wed), 16:25–16:50, (3B, 9B312)
The representations for the Drazin inverse of anti-
triangular matrices are obtained under some conditions.
Applying these representations, we give a necessary con-
dition for a class of block matrices with signed Drazin
inverse.
Keywords : Drazin inverse, Signed Drazin inverse, MP
inverse, Block matrix
E-mail : sunlizhu678876@126.com

TBA
Hihul Zhu
,
Aug 6 (Wed), 16:50–17:15, (3B, 9B312)
Keywords :
E-mail :

ON A GENERALIZED CORE INVERSE
Oskar Maria Baksalary∗ and Götz Trenkler
Adam Mickiewicz University, POLAND
Aug 7 (Thu), 10:30–10:55, (3B, 9B312)

The talk will be concerned with the concept of a gener-
alized core inverse of a matrix, which extends the notion
of the core inverse defined in [O.M. Baksalary, G. Tren-
kler, Core inverse of matrices, Linear Multilinear Alge-
bra 58 (2010) 681-697]. While the original core inverse
is restricted to matrices of index one, the generalized
core inverse exists for any square matrix. Several prop-
erties of the new concept will be identified leading to the
conclusion that some of the features of the generalized
core inverse coincide with those attributed to the core
inverse, but there are also such which characterize the
core inverse only and not its generalization.
Keywords : Generalized inverse, Moore–Penrose in-
verse, Index one matrix, EP matrix, Projector.
E-mail : OBaksalary@gmail.com

A NEW ALGORITHM FOR COMPUTING
MOORE-PENROSE INVERSE USING
GAUSS-JORDAN ELIMINATION
Jun Ji and Xuzhou Chen∗
Fitchburg State University, USA
Aug 7 (Thu), 10:55–11:20, (3B, 9B312)

Performing elementary row operations on [A | I], we can
calculate matrices whose columns form bases for N(A)
and N(A∗) easily. These matrices are then used to
construct a bordered matrix through which the Moore-
Penrose inverse A† of a general matrix A can be ob-
tained through further elementary row operations. Our
method is reduced to the classic Gauss-Jordan elimi-
nation procedure for the regular inverse when applied
to a nonsingular matrix. An Example is included to
illustrate the new method.
Keywords : Moore-Penrose inverse; Gauss-Jordan elim-
ination; Computational complexity.
E-mail : xchen@fitchburgstate.edu

THE COMPUTATION OF THE GROUP INVERSE
AND RELATED PROPERTIES OF MARKOV
CHAINS VIA PERTURBATIONS
Jeffrey Hunter
Auckland University of Technology, NEW
ZEALAND
Aug 7 (Thu), 11:20–11:45, (3B, 9B312)

The derivation of the group inverse and the mean first
passage times in a finite ergodic Markov chain is ex-
plored. The basic technique involves row by row per-
turbations of the transition matrix with a systematic
update at the each stage. By starting from a simple
base where no formal computations are required, six
different algorithms are compared for accuracy. The
techniques are based on those outlined in Hunter, J. J.
The computation of stationary distributions of Markov
chains through perturbations, Journal of Applied Math-
ematics and Stochastic Analysis, 4, 29-46, (1991).
Keywords : Group inverse; Markov chains; Mean first
passage times; Stationary distributions; Perturbations.
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E-mail : jeffrey.hunter@aut.ac.nz

A UNIFIED COMPUTATION FOR
PERFORMANCE ANALYSIS OF STOCHASTIC
MODELS THROUGH GENERALIZED INVERSES
Quan-Lin Li∗ and Fei-Fei Yang
Yanshan University, CHINA
Aug 7 (Thu), 11:45–12:10, (3B, 9B312)

In this talk, we first review many basic contributions
of Professor Jeffrey Hunter in applications of the gen-
eralized inverses to studying Markov chains with fi-
nite states. Then we introduce the two types of RG-
factorization of any irreducible Markov chains with
infinitely-many levels, where the various inverses in the
RG-factorizations are expressed by means of the R-, U-
and G-measures for the first time. Based on this, we can
develop a unified algorithmic framework for comput-
ing the generalized inverses of the transition probability
(resp. rate) matrices in discrete-time (resp. continuous-
time) Markov chains with infinite states. Furthermore,
we indicate that such a computation for the generalized
inverses of infinite size is not only necessary but also im-
portant in the study of stochastic models, such as, sta-
tionary solution, transient solution, Poisson’s equations,
and the mixed times through some concrete examples
in computer networks and manufacturing systems.
Keywords : Stochastic model; RG-factorization; Gener-
alized inverse; Markov chain; Poisson’s equation.
E-mail : liquanlin@tsinghua.edu.cn

CMS 13. Sign Pattern Matrices

ZERO FORCING FOR SIGN PATTERNS
Avi Berman
Technion-Isrel Institude of Technology,
ISRAEL
Aug 8 (Fri), 10:30–10:55, (3B, 9B321)

Felix Goldberg and Abraham Berman Department of
Mathematics, Technion We introduce a new variant of
zero forcing - signed zero forcing. The classical zero
forcing number provides an upper bound on the maxi-
mum nullity of a matrix with a given graph. Our new
variant provides an analogous bound for the maximum
nullity of a matrix with a given sign pattern. This al-
lows us to compute, for instance, the maximum nullity
of a Z - matrix whose graph is the line graph of a clique.
Keywords : zero forcing, sign patterns, Z-matrix, line
graph, clique
E-mail : berman@technion.ac.il

ZERO FORCING AND VERTEX COVERINGS
Shaun Fallat
University of Regina, CANADA
Aug 8 (Fri), 10:55–11:20, (3B, 9B321)

The concept of zero forcing was developed as a tool
for bounding the maximum nullity over a class of sym-
metric matrices associated with a graph. It was also
observed that some conventional zero forcing numbers
were natural upper bounds for certain vertex coverings,
including path and tree covers. We will explore this con-
nection further treating zero forcing as a combinatorial
graph parameter, and paying particular attentions to
the case of k-trees. If time permits, we will also discuss
some relationships between zero forcing and the notion
of fast-mixed searching on a graph.
Keywords : zero forcing number, positive zero forcing
number, path cover, tree cover, k-tree
E-mail : shaun.fallat@uregina.ca

SIGN PATTERNS AND POINT–HYPERPLANE
CONFIGURATIONS
Wei Gao∗, Yubin Gao, Fei Gong, Guangming
Jing, Zhongshan Li and Yanling Shao
Georgia State University, USA
Aug 8 (Fri), 11:20–11:45, (3B, 9B321)
A sign pattern (matrix) is a matrix whose entries are
from the set {+,−, 0}. The minimum rank (respec-
tively, rational minimum rank) of a sign pattern matrix
A is the minimum of the ranks of the real (respectively,
rational) matrices whose entries have signs equal to the
corresponding entries of A. A sign pattern A is said
to be condensed if A has no zero row or column and
no two rows or columns are identical or negatives of
each other. In this talk, we establish a new direct con-
nection between condensed m × n sign patterns with
minimum rank r and m point–n hyperplanes configura-
tions in Rr−1, and we use this connection to prove that
for every sign pattern with minimum rank 3, if each
column has at most 2 zero entries, then the rational
minimum rank is also 3. Furthermore, we construct the
smallest known sign pattern whose minimum rank is 3
but whose rational minimum rank is greater than 3. We
also obtain other results in this direction.
Keywords : sign pattern, minimum rank, point–
hyperplane configurations
E-mail : wgao2@gsu.edu

SIGN PATTERNS OF G-MATRICES
Frank J. Hall
Georgia State University, USA
Aug 8 (Fri), 11:45–12:10, (3B, 9B321)
We define a new type of matrix called G-matrix as a
real nonsingular matrix A for which there exist nonsin-
gular diagonal matrices D1 and D2 such that (A−1)T =
D1AD2. A number of properties of G-matrices are men-
tioned. Sign patterns of G-matrices are investigated, as
well as certain sub-classes of these sign patterns. Some
related open questions are also presented. This is joint
work with Professor Miroslav Fiedler of the Czech Acad-
emy of Sciences.
Keywords : G-matrix, sign pattern matrix
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E-mail : fhall@gsu.edu

SIGN VECTORS OF SUBSPACES AND MINIMUM
RANKS OF SIGN PATTERNS
Marina Arav, Frank Hall, Zhongshan Li∗, Hein
Van der holst, John Sinkovic and Lihua Zhang
Georgia State University, USA
Aug 9 (Sat), 10:30–10:55, (3B, 9B321)
A sign pattern matrix is a matrix whose entries are from
the set {+,−, 0}. The minimum rank of a sign pattern
matrix A is the minimum of the ranks of the real matri-
ces whose entries have signs equal to the corresponding
entries of A. It is shown in this paper that for anym×n
sign pattern A with minimum rank n − 2, rational re-
alization of the minimum rank is possible. This is done
using a new approach involving sign vectors and dual-
ity. It is shown that for each integer n ≥ 9, there exists
a nonnegative integer m such that there exists an n×m
sign pattern matrix with minimum rank n−3 for which
rational realization is not possible. A characterization
of m × n sign patterns A with minimum rank n − 1 is
given (which solves an open problem in Brualdi et al.),
along with a more general description of sign patterns
with minimum rank r, in terms of sign vectors of certain
subspaces. A number of results on the maximum and
minimum numbers of sign vectors of k-dimensional sub-
spaces of Rn are obtained. In particular, it is shown that
the maximum number of sign vectors of 2-dimensional
subspaces of Rn is 4n+1. Several related open problems
are stated along the way.
Keywords : Sign pattern matrix, sign vectors, minimum
rank, maximum rank, rational realization, duality
E-mail : zli@gsu.edu

REDUCTION IDENTITIES OF THE MINIMUM
RANK ON LOOP GRAPHS
Chassidy Bozeman, AnnaVictoria Ellsworth,
Leslie Hogben, Jephian Chin-Hung Lin∗, Gabi
Maurer, Kathleen Nowak, Aaron Rodriguez
and James Strickland
Iowa State University, USA
Aug 9 (Sat), 10:55–11:20, (3B, 9B321)
The minimum rank of a loop graph G is the smallest
possible rank among real symmetric matrices whose i, j-
entry is nonzero whenever ij is an edge or loop, and zero
otherwise. Here i and j are not necessarily different,
since loops are allowed. This problem is an extension
of the conventional minimum rank problem on simple
graphs, where diagonal entries can be any real number;
therefore, to determine the minimum rank of a simple
graph, it is enough to examine finitely many cases of
minimum ranks of loop graphs. We establish various
properties of minimum ranks of loop graphs, including
characterizing extreme minimum ranks and establishing
the minimum rank of various families of loop graphs.
Keywords : Minimum Rank, Loop Graph, Reduction
Identities.

E-mail : chlin@iastate.edu

A FORBIDDEN STRUCTURE OF RAY
NONSINGULAR MATRICES
Yue Liu∗ and Hai-Ying Shan
Fuzhou University, CHINA
Aug 9 (Sat), 11:20–11:45, (3B, 9B321)

A complex square matrix is called a ray nonsingular
matrix (RNS matrix) if its ray pattern implies that it is
nonsingular. In this talk, a necessary condition for RNS
matrices is provided by showing that if A = I−A(D) is
ray nonsingular, then the arc weighted digraph D con-
tains no forbidden cycle chains.
Keywords : Ray pattern, Ray nonsingular, Forbidden
subgraph, Cycle chain matrix, Digraph
E-mail : liuyue@fzu.edu.cn

SIGN IDEMPOTENT SIGN PATTERN MATRICES
THAT ALLOW IDEMPOTENCE
Sang-gu Lee and Jin-Woo Park∗
Kyungpook National University, KOREA
Aug 9 (Sat), 11:45–12:10, (3B, 9B321)

It is shown that not all sign idempotent sign patterns
allow idempotence. In this talk, we will give a neces-
sary and sufficient condition for a sign idempotent sign
pattern matrix to allow idempotence. In addition, we
investigate the structures of sign idempotent sign pat-
terns that allow idempotence.
Keywords : sign-patterns, allow, sign idempotent sign
patterns, reducible
E-mail : a0417001@knu.ac.kr

SPECTRALLY ARBITRARY PATTERN
EXTENSIONS
Kevin Vander Meulen
Redeemer University College, CANADA
Aug 9 (Sat), 14:00–14:25, (3B, 9B321)

A zero-nonzero pattern A is spectrally arbitrary if for
any choice of a real matrix spectrum, there is a real
matrix having the pattern A and the chosen spectrum.
There are two known techniques for demonstrating a
pattern is spectrally arbitrary: the nilpotent-Jacobian
method and the nilpotent-centralizer method. We de-
scribe a graph technique for building larger spectrally
arbitrary patterns out of some known low order spec-
trally arbitrary patterns. The method provides a new
way of viewing some known spectrally arbitrary pat-
terns, as well as providing some new spectrally arbitrary
patterns.
Keywords : spectrally arbitrary, inertially arbitrary,
spectrum, nilpotent patterns
E-mail : kvanderm@redeemer.ca
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THE MAXIMUM NULLITY AND ZERO FORCING
NUMBER OF COMPLETE SUBDIVISION GRAPHS
Michael Young
Iowa State University, USA
Aug 9 (Sat), 14:25–14:50, (3B, 9B321)
The complete subdivision of the graph G is the graph
created by subdividing every edge of G. Barrett, Bow-
cutt, Cutler, Gibelyou, and Owens asked whether the
maximum nullity of a complete subdivision of any graph
G is equal to the zero forcing number. In this talk we
will discuss the history and affirmation of this question.
Keywords : minimum rank, maximum nullity, zero forc-
ing, graphs, subdivided graphs
E-mail : myoung@iastate.edu

Ling Zhang
Chongqing Jiaotong University, CHINA
Aug 9 (Sat), 14:50–15:15, (3B, 9B321)
Keywords :
E-mail :

CMS 14. Recent Developments in
Linear Preserver Problems
LINEAR PRESERVERS: THEN AND NOW
LeRoy Beasley
Utah State University, USA
Aug 9 (Sat), 10:30–10:55, (3B, 9B318)
A short history of the investigation of linear pre-
servers is presented beginning with the investigations
of Fr̈obenius and ending with some recent results of the
author. Some of the different methods used for obtain-
ing results over fields and over semirings are presented.
Keywords : linear operator, upper ideal, strong pre-
server, primitive matrix
E-mail : leroy.b.beasley@usu.edu

LINEAR SPACES AND PRESERVERS OF
BOUNDED RANK-TWO PER-SYMMETRIC
TRIANGULAR MATRICES
Wai Leong Chooi∗, Kiam heong Kwa, Ming
huat Lim and Zhen chuan Ng
University of Malayaa, MALAYSIA
Aug 9 (Sat), 10:55–11:20, (3B, 9B318)
Let F be a field and m,n be integers > 3. Let
SMn(F) and STn(F) denote the linear space of n × n
per-symmetric matrices over F and the linear space of
n×n per-symmetric triangular matrices over F, respec-
tively. In this talk the structure of linear subspaces
of bounded rank-two matrices of STn(F) will be given.
Using this structural result, a classification of bounded
rank-two linear preservers ψ : STn(F)→ SMm(F), with
F of characteristic not two, is obtained. As a corollary,
a complete description of bounded rank-two linear pre-
servers between per-symmetric triangular matrix spaces
over a field of characteristic not two is addressed.

Joint work with Kiam Heong Kwa and Ming Huat Lim
(University of Malaya) and Zhen Chuan Ng (Universiti
Sains Malaysia)

Keywords : Per-symmetric triangular matrices, Rank,
Spaces of bounded rank-two matrices, Bounded rank-
two linear preservers
E-mail : wlchooi@um.edu.my

COMMUTATIVITY PRESERVERS
Bojan Kuzma∗ and Gregor Dolinar
University of Primorska, SLOVENIA
Aug 9 (Sat), 11:20–11:45, (3B, 9B318)
We classify surjections which on matrices over alge-
braically closed fields preserve commutativity relation
in one direction only. No further assumption (additiv-
ity,..) is assumed. The classification is obtained only
on diagonalizable and rank-one matrices, but can be ex-
tended to all matrices by imposing additional regularity
assumptions on map.
Keywords : Matrix algebra, Commutativity, Preserver.
E-mail : bojan.kuzma@famnit.upr.si

LINEAR PRESERVERS OF BOOLEAN RANK
BETWEEN DIFFERENT MATRIX SPACES
LeRoy Beasley, Kyung-Tae Kang and Seok-Zun
Song∗
Jeju National University, KOREA
Aug 9 (Sat), 11:45–12:10, (3B, 9B318)
The Boolean rank of a nonzero m × n Boolean matrix
A is the least integer k such that there are an m × k
Boolean matrix B and a k × n Boolean matrix C with
A = BC. In most papers on linear preserver problems,
the authors characterize linear operator T from m × n
matrices into itself. In this talk, we study linear trans-
formation T from m × n Boolean matrices into p × q
Boolean matrices that preserve the Boolean rank. In
particular, we show that a linear transformation T from
m × n matrices into p × q matrices preserves Boolean
rank if and only if T preserves Boolean ranks 1 and 2 if
and only if T strongly preserves Boolean rank 1.We also
obtain the form of linear transformation that preserve
Boolean rank between different matrix spaces.
Keywords : Boolean matrix; Boolean rank; linear trans-
formation.
E-mail : szsong@jejunu.ac.kr

ORTHOGONALLY ADDITIVE AND ZERO
PRODUCT PRESERVING HOLOMORPHIC MAPS
OF MATRICES
Qingying Bu, Chingjou Liao and Ngai-Ching
Wong∗
National Sun Yat-sen University, TAIWAN
Aug 9 (Sat), 12:10–12:35, (3B, 9B318)
Let H : Mm → Mm be a holomorphic function of the
algebra Mm of complex m×m matrices. Suppose that
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H is orthogonally additive and zero product preserving
on self-adjoint elements. We show that either the range
of H consists of zero trace elements, or there is a scalar
sequence {λn} and an invertible S in Mm such that

H(x) =
∑
n≥1

λnS
−1xnS, ∀x ∈Mm,

or
H(x) =

∑
n≥1

λnS
−1(xt)nS, ∀x ∈Mm.

Here, xt is the transpose of the matrix x. In the latter
case, we always have the first representation form when
H preserves all zero products. We also discuss the cases
where the domain and the range carry different dimen-
sions.
This paper is dedicated to Professor Tsuyoshi Ando, and
it will appear in Ann. Funct. Anal. Volume 5, Number
2, 2014.
Keywords : Holomorphic functions, homogeneous poly-
nomials, orthogonally additive map, zero product pre-
serving, matrix algebras
E-mail : wong@math.nsysu.edu.tw
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4.CONTRIBUTED TALKS(CT)

GEOMETRY OF PER-ALTERNATE TRIANGULAR
MATRICES
Kiam Heong Kwa
University of Malaya, MALAYSIA
Aug 6 (Wed), 10:30–10:55, (2B, 9B208)

In this talk, we study bijective adjacency invariant maps
on per-alternate upper triangular matrices over an ar-
bitrary field. Contrary to those on full matrices, it is
found that such maps not only carry rank-2 matrices to
rank-2 matrices, but may also fix all rank-2 matrices.

(This is a joint work with Wai Leong Chooi and Ming
Huat Lim from University of Malaya.)
Keywords : Per-alternate triangular matrices, bijective
adjacency invariant maps, rank-2 preservers
E-mail : khkwa@um.edu.my

CONVEXITY OF LINEAR IMAGES OF REAL
MATRICES WITH PRESCRIBED SINGULAR
VALUES AND SIGN OF DETERMINANT
Pan-Shun Lau
The University of Hong Kong, HONG KONG
Aug 6 (Wed), 10:55–11:20, (2B, 9B208)

For any s = (s1, ..., sn) ∈ Rn, let O(s) denote the set

{Udiag(s1, ..., sn)V : U, V ∈ SO(n)},

where diag(s1, ..., sn) is the diagonal matrix with
s1, ..., sn as diagonal entries, and SO(n) the set of all
real orthogonal matrices of order n with positive deter-
minant. It is clear that O(s) is the set of all real n× n
matrices with singular values |s1|, ..., |sn| and their sign
of determinant equal to the sign of

∏n

i=1 si. In this pa-
per we consider linear maps L from Rn×n to R2, and
prove that for any s ∈ Rn with n ≥ 3, the linear image
L(O(s)) is always convex. We also give an example to
show that L(O(s)) may fail to be convex if L is a lin-
ear map to R3. Our study is motivated by a result of
RC Thompson which gave some necessary and sufficient
conditions on the existence of a real square matrix with
prescribed sign of determinant, prescribed diagonal ele-
ments and prescribed singular values. To prove our con-
vexity result, we first consider two types of semi-group
actions on Rn to obtain a new necessary and sufficient
condition on Thompson’s result. Then for s, s′ ∈ Rn,
we apply this new condition to study inclusion relations
of the form L(O(s)) ⊂ L(O(s′)) which hold for all lin-
ear maps L under consideration. Such inclusion rela-
tions are then applied to give our convexity result on
L(O(s)). The techniques we used are motivated by a
result of YT Poon which gave an elegant proof on the
convexity of the c-numerical range. We also extend the
results to real non-square matrices. This is a joint work
with NK Tsing.
Keywords : Singular values, linear images.

E-mail : panlau@hku.hk

APPROXIMATION PROBLEMS IN THE
RIEMANNIAN METRIC ON POSITIVE DEFINITE
MATRICES
Rajendra Bhatia, Tanvi Jain∗
Indian Statistical Institute, INDIA
Aug 6 (Wed), 11:20–11:45, (2B, 9B208)

There has been considerable work on matrix approxima-
tion problems in the space of matrices with Euclidean
and unitarily invariant norms. The purpose of this talk
is to initiate the study of approximation problems in the
space of positive definite matrices with the Riemann-
ian metric. In particular, we focus on the reduction of
these problems to approximation problems in the space
of Hermitian matrices and in Euclidean spaces.
Keywords : Matrix approximation problem, positive
definite matrix, Riemannian metric, convex set, Finsler
metric
E-mail : tanvi@isid.ac.in

DIRECT ALGEBRAIC SOLUTIONS TO
TROPICAL OPTIMIZATION PROBLEMS
Nikolai Krivulin
Saint Petersburg State University, RUSSIA
Aug 6 (Wed), 10:30–10:55, (2B, 9B215)

Multidimensional optimization problems are considered
within the framework of tropical (idempotent) algebra.
The problems consist of minimizing or maximizing func-
tions defined on vectors of a finite-dimensional semi-
module over an idempotent semifield, and may have
constraints in the form of linear equations and inequali-
ties. The objective function can be either a linear func-
tion or a nonlinear function that is given by the vector
operator of multiplicative conjugate transposition.
We start with an overview of known optimization prob-
lems and related solution methods. Certain problems
that were originally stated in different terms, but can
readily be reformulated in the tropical algebra setting,
are also included.
First, we present problems that have linear objective
functions and thus are idempotent analogues of those
in conventional linear programming. Then, problems
with nonlinear objective functions are examined, in-
cluding Chebyshev and Chebyshev-like approximation
problems, problems with minimization and maximiza-
tion of span seminorm, and problems that involve the
evaluation of the spectral radius of a matrix. Some of
these problems admit complete direct solutions given in
an explicit vector form. The known solutions to other
problems are obtained in an indirect form of iterative
algorithms that produce a particular solution if any or
show that there is no solution.
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Furthermore, we consider new optimization problems
that extend certain known problems to take into ac-
count more general objective functions and more com-
plicated systems of constraints. To obtain direct, ex-
plicit solutions to the new problems, we propose alge-
braic approaches, which offer the results in a compact
vector form that is suitable for both further analysis and
practical implementation, and guarantees low computa-
tional complexity of the solutions. For many problems,
the approaches yield complete solutions to the problems
of interest.
The solution of certain problems without constraints
involves obtaining sharp lower or upper bounds for the
objective function. We use the bound in an equation
for the function, which is solved to find all vectors that
yield the bound. To extend the solution to problems
with linear equation and inequality constraints, we first
obtain a general solution to the equation or inequality,
and then substitute it into the function to arrive at one
of the unconstrained problems with known solution.
To solve other problems, with and without constraints,
we introduce an auxiliary variable to indicate the mini-
mum value of the objective function. The problem is re-
duced to the solving of a linear inequality with a param-
eterized matrix, where the auxiliary variable plays the
role of a parameter. We exploit the existence condition
for solutions of the inequality to evaluate the parameter,
and then take the general solution of the inequality as
a complete solution to the initial optimization problem.
We conclude with a brief discussion of application of the
result to solve real-world problems in job scheduling, lo-
cation analysis, decision making and other fields.
Keywords : Tropical Algebra, Idempotent Semifield,
Optimization Problem, Nonlinear Objective Function,
Linear Constraint
E-mail : nkk@math.spbu.ru

SOLVING LARGE-SCALE NONSYMMETRIC
ALGEBRAIC RICCATI EQUATIONS BY
DOUBLING
Peter Chang-Yi Weng
Academia Sinica, TAIWAN
Aug 6 (Wed), 10:55–11:20, (2B, 9B215)

We consider the solution of the large-scale nonsymmet-
ric algebraic Riccati equationXCX−XD−AX+B = 0,
with M ≡ [D,−C;−B,A] ∈ R(n1+n2)×(n1+n2) being a
nonsingular M-matrix. In addition, A,D are sparse-like,
with the products A−1u, A−>u, D−1v and D−>v com-
putable in O(n) complexity (with n = max{n1, n2}),
for some vectors u and v, with three cases (1) B = ee>

and C = qq> (2) B and C are of low-ranked and (3)
B and C are low-ranked corrections of nonsingular di-
agonal matrices. We adapt an efficient method called
structure-preserving doubling algorithm associated with
the appropriate applications of the Sherman-Morrison-
Woodbury formula and the sparse-plus-low-rank repre-
sentations of various iterates. The resulting large-scale

doubling algorithm has an O(n) computational com-
plexity and memory requirement per iteration and con-
verges essentially quadratically, as illustrated by the nu-
merical examples. As two examples in cases (1) and
(2) respectively, one of NARE of dimension n=100,000,
with 10 billion variables in the solution X, was solved
using MATLAB on the Dell PowerEdge R910 computer
to the accuracy of O(10−14); the other of NARE of di-
mension n=1,000,000, with 1 trillion variables in the
solution X, was computed using MATLAB on the HP
SL390s computer to the accuracy of O(10−13) within
1910 seconds.
Keywords : doubling algorithm, Krylov subspace, M-
matrix, nonsymmetric algebraic Riccati equation, trans-
port theory
E-mail : pweng@stat.sinica.edu.tw

A STRUCTURE-PRESERVING FLOW FOR
SYMPLECTIC MATRIX PAIRS AND ITS
DYNAMICS
Shih-Feng Shieh
National Taiwan Normal University, TAIWAN
Aug 6 (Wed), 11:20–11:45, (2B, 9B215)

The main purpose of this talk is the study of numer-
ical methods for the maximal solution of the matrix
equation X + A∗X−1A = Q, where Q is Hermitian
positive definite. We construct an ODE of symplec-
tic matrix pairs with a special structure, whose solu-
tion flow passes through all iteration points generated
by the known numerical methods, including the fixed-
point iteration, the structure-preserving doubling al-
gorithm (SDA), and Newton’s method provided that
A∗Q−1A = AQ−1A∗. It turns out that this flow forms
a natural measurement for the given numerical meth-
ods. On the other hand, the curve defined by the flow
forms an invariant manifold for the SDA. We also show
that the SDA has chaotic behavior whenever the ma-
trix pair

([
A 0
Q −I

]
,

[
0 I
A∗ 0

])
has eigenvalues

of module 1.
Keywords : nonlinear matrix equation, structure-
preserving flow, symplectic matrix pair, fixed-point it-
eration, structure-preserving doubling algorithm, New-
ton’s method
E-mail : sfshieh@ntnu.edu.tw

ON BLOCK TRIANGULAR MATRICES WITH
SIGNED DRAZIN INVERSE
Wenzhe Wang
Harbin Engineering University, CHINA
Aug 6 (Wed), 11:45–12:10, (2B, 9B215)

The sign pattern of a real matrix A, denoted by sgn A, is
the (+,−, 0)-matrix obtained from A by replacing each
entry by its sign. Let Q(A) denote the set of all real ma-
trices B such that sgn B = sgn A. We say that a square
matrix A has signed Drazin inverse if sgn Ãd = sgn Ad

76

mailto:nkk@math.spbu.ru
mailto:pweng@stat.sinica.edu.tw
mailto:sfshieh@ntnu.edu.tw


Contributed Talks

for any Ã ∈ Q(A), where Ad denotes the Drazin in-
verse of A. In this paper, we give some results on block
triangular matrices with signed Drazin inverse.
Keywords : Sign pattern matrix, Signed Drazin inverse,
Strong sign nonsingular matrix
E-mail : 690564734@qq.com

SYMMETRIC PAIRS IN YETTER-DRINFELD
CATEGORIES OVER WEAK HOPF ALGEBRAS
Xiaofan Zhao∗ , Shuanhong Wang
Southeast University, CHINA
Aug 6 (Wed), 10:30–10:55, (3B, 9B318)

In this paper, we study the new notion of a symmet-
ric pair of objects in the Yetter-Drinfeld category H

HYD
over a weak Hopf algebra H with a bijective antipode.
Then we show that the (co)commutativity and trivial
property of H are determined by some symmetric pairs
of objects in H

HYD. Finally, we study the u-condition.
Keywords : Symmetric pair, Weak Hopf algebra, Yetter-
Drinfeld category, u-condition
E-mail : zhaoxiaofan8605@gmail.com

ON THREE GEOMETRIC MEANS OF POSITIVE
DEFINITE MATRICES
Yuki Seo
Osaka Kyoiku University, JAPAN
Aug 6 (Wed), 10:55–11:20, (3B, 9B318)

In this talk, from the viewpoint of the Ando-Hiai in-
equality, we make a comparison among three geometric
means: The Ando-Li-Mathias geomtric mean (sim-
ply ALM mean), the Karcher mean and the chaotic
geometric mean of n positive definite matrices. Let
A1, . . . , An be positive definite matrices such that
0 < mI ≤ Ai ≤ MI for some scalars 0 < m ≤ M
and ω = (ω1, . . . , ωn) a weight vector such that ωi ≥ 0
and

∑n

i=1 ωi = 1. The chaotic geometric mean
�(ω;A1, . . . , An) is defined as the limit of power means:
limp→0

(∑n

i=1 ωiA
p
i

)1/p = exp
(∑n

i=1 ωi logAi
)
. The

chaotic geometric mean does not satisfy little prop-
erties required as a geometric mean under the usual
order. For a long time, the formulation of the ma-
trix geometric mean of n positive definite matrices
was unresolved. In 2004, Ando, Li, Mathias suc-
ceeded in it and showed that it has many required
properties as the geometric mean. The weighted
version was established by Lawson and Lim. On
the other hand, the Karcher mean GK(A1, . . . , An)
is defined as the unique positive solution of the
Karcher equation

∑n

i=1 logX−1/2AiX
−1/2 = 0.

The Karcher mean has many required proper-
ties as the geometric mean as in the ALM mean.
In the sense that limp→0 GALM(Ap1, . . . , Apn)1/p =
limp→0 GK(Ap1, . . . , Apn)1/p = �(A1, . . . , An), the chaotic
geomteric mean plays an important role in means.
The open cone P of positive definite matrices is
complete under the Thompson metric d(A,B) =

‖ logA−1/2BA−1/2‖ for positive definite A and B.
The orbits {GALM(Ap1, . . . , Apn)1/p} and {GK(Ap1, . . . , Apn)1/p}
for p ∈ R meet the chaotic geometric mean in the case
of p = 0. The Thompson metric between the ALM
mean and the Karcher mean is not so much away. In
fact, we have d(GALM(Ap1, . . . , Apn)1/p,

GK(Ap1, . . . , Apn)1/p) ≤ log
(
(Mp +mp)2/4Mpmp

)1/p
for all p ≥ 1. The matrix geometric mean AσB satisfies
the following Ando-Hiai inequality: AσB ≤ I implies
ApσBp ≤ I for all p ≥ 1. Yamazaki showed that the
Karcher mean satisfies the n-variable Ando-Hiai in-
equality thought the ALM mean does not satisfy it.
Then the following assertions are mutually equivalent:
(i) �(A1, . . . , An) ≤ I (ii)GK(Ap1, . . . , Apn) ≤ i for all p ≥
0 (iii) GALM(A1, . . . , An) ≤ (Mp + mp)2/4MpmpI for
all p > 0. Moreover, we have the following complement
of the Ando-Hiai inequality: GALM(A1, . . . , An) ≤ I

implies GALM(Ap1, . . . , Apn) ≤ K(m,M, p)
(

(M+m)2
4Mm

)p
I

for all p ≥ 1, where K(m,M, p) is the generalized
Kantorovich constant. Finally, we show the posi-
tional relationship of three geometric means in P:
d(GALM(A1, . . . , An),
� (A1, . . . , An)) ≤ logS(h), d(GK(A1, . . . , An),
� (A1, . . . , An)) ≤ logS(h) and
d(GALM(A1, . . . , An), GK(A1, . . . , An)) ≤ log(M +
m)2/4Mm.
Keywords : Ando-Li-Mathias geometric mean, Karcher
mean, chaotic geometric mean, Kantorovich constant,
Ando-Hiai inequality.
E-mail : yukis@cc.osaka-kyoiku.ac.jp

CONVEX SETS IN MAX−ŁUKASIEWICZ
ALGEBRA
Zuzana Němcová
University of Hradec Králové, CZECH
Aug 6 (Wed), 11:20–11:45, (3B, 9B318)

For any given triangular norm (t-norm) T , max-T fuzzy
algebra uses the binary operations maximum and T , in-
stead of conventional binary addition and multiplica-
tion. Such algebras with various t-norms are useful in
optimization problems connected with fuzzy logic and
fuzzy reasoning. Analogs of the basic notions and prob-
lems from linear algebra have been studied in max-T al-
gebras, for t-norms such as the minimum, drastic, prod-
uct or Łukasiewicz t-norm.
Max-L algebra is defined as a semiring over the unit real
interval. The addition of two elements a, b is defined as
max(a, b), and the multiplication as max(0, a + b − 1)
(the Lukasiewicz t-norm operation). The operations are
then extended to matrices and vectors in a natural way.
This paper is devoted to the study of convex sets in
max-Łukasiewicz (max-L) algebra. The convex sets are
related to the solution sets of systems of max-L equa-
tions or inequalities. Convex sets are also important in
computing the eigenspace of a square matrix over max-
L algebra, which correspond to stabilized states of dis-
crete systems with max-L transition matrix. The paper
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starts with investigation of convex sets over max-L alge-
bra. Using these results, the structure of the eigenspace
for matrices over max-L algebra is described. In par-
ticular, it is shown that for the two-dimensional case,
the eigenspace of a given matrix A and given eigen-
value λ is generated by no more than five extreme
points that are computed from given inputs by simple
formulas. Complete classification of all possible types
of the eigenspaces is presented and illustrated on two-
dimensional examples.
Keywords : Triangular norm, Łukasiewicz t-norm, con-
vex set, eigenspace
E-mail : zuzana.nemcova@uhk.cz

GENERALIZED HEINZ TYPE INEQUALITY
Hamed Najafi
Ferdowsi University of Mashhad, IRAN
Aug 6 (Wed), 11:45–12:10, (3B, 9B318)
Applying Kwong function and operator monotone func-
tion properties, we present a generalized Heinz inequal-
ity for any positive matrices A,B and any matrix X as
follows

|||f(A)Xg(B) + g(A)Xf(B)||| ≤ |||AX +XB|||

where f and g are continuous functions on (0,∞) such
that h(t) = f(t)g(t) is a Kwong function and f(t)

g(t) ≤ t.
Keywords : Matrix Inequalities, Lowner Matrix, Heinz
Inequalities
E-mail : hamednajafi20@gmail.com

SUMS OF φS-ORTHOGONAL MATRICES
Daryl Q. Granario∗ , Dennis I. Merino, Agnes
T. Paras
University of the Philippines-Diliman,
PHILIPPINES
Aug 6 (Wed), 16:00–16:25, (2B, 9B208)
Let S ∈ GLn and define the operator φS on Mn

by φS(A) = S−1ATS. We say that A ∈ Mn is
φS-orthogonal if φS(A)A = In, and φS-symmetric if
φS(A) = A. If S−TS is normal, we give necessary
and sufficient conditions for A to be written as a prod-
uct A = ZY where Z is φS-orthogonal and Y is φS-
symmetric. Let

Rn =
{[

0 Y
λY T 0

]
: λ ∈ C\{−1, 0, 1} andY ∈ GLn

}
.

We characterize matrices A that are sums of two φS-
orthogonal matrices when S ∈ Rn.
Keywords : φS-Polar decomposition, φS-Orthogonal
matrices, φS-Symmetric matrices, Sum of φS-
orthogonal matrices
E-mail : dgranario@math.upd.edu.ph

S-ORTHOGONAL MATRICES AS PRODUCTS OF
SYMMETRIES

Kennett L. Dela Rosa∗ , Dennis I. Merino,
Agnes T. Paras
University of the Philippines Diliman,
PHILIPPINES
Aug 6 (Wed), 16:25–16:50, (2B, 9B208)
Let Mn(C) be the set of all n-by-n matrices with com-
plex entries. Let S+

n be the set of all nonsingular sym-
metric matrices in Mn(C), let S−n be the set of all non-
singular skew-symmetric matrices in Mn(C), and let
Sn = S+

n ∪ S−n . Let S ∈ Sn be given. An A ∈Mn(C) is
called S-orthogonal if ATSA = S. We show that every
S-orthogonal matrix A can be written as a product of
matrices of the form HS,u ≡ I − uuTS, where u ∈ Cn
satisfies uTSu = 2 if S ∈ S+

n ; and u is nonzero if S ∈
S−n . We call HS,u a symmetry or an S-Householder ma-
trix, and it is a generalization of the classical real orthog-
onal Householder matrix. If A = HS,u1HS,u2 · · ·HS,ur
where r is minimal and u1, u2, . . . , ur ∈ Cn, then we
show that the space spanned by {u1, u2, . . . , ur} is the
direct sum of the column space of A− I and a subspace
with dimension at most 1.
Keywords : S-orthogonal matrices, symmetries, vector
spaces
E-mail : prkdelarosa@math.upd.edu.ph

SPN COMPLETABLE GRAPHS
Naomi Shaked-monderer∗ , Abraham Berman,
Mirjam Duer, Rajesh Kannan
The Max Stern Yezreel Valley College, ISRAEL
Aug 6 (Wed), 16:50–17:15, (2B, 9B208)
A matrix is an SPN matrix if it is the Sum of a Posi-
tive semidefinite and a Nonnegative matrix. Every SPN
matrix A is also copositive, that is, xTAx ≥ 0 for every
nonnegative vector x. The set COP of copositive matri-
ces of a given order is a convex cone, and the set SPN
of SPN matrices of that order, is a subcone of COP.
These cones have been discovered to be extremely useful
in mathematical optimization, and a thorough under-
standing of them and the gap between them, as well as
their dual cones DNN of doubly nonnegative matrices
and CP of completely positive matrices, is crucial for de-
veloping solution approaches to optimization problems
over the copositive (or completely positive) cone.
We consider the SPN completion problem: Given a par-
tial matrix all of whose fully specified principal sub-
matrices are SPN, can it be completed to an SPN ma-
trix? We characterize all the patterns of specified entries
(given by a graph) which guarantee existence of such
completion. Our result complements known character-
izations of PSD-, DNN-, CP- and COP-completable
graphs. Moreover, it turns out that the SPN com-
pletable graphs are exactly the graphs which are com-
pletely positive, i.e., every doubly nonnegative matrix
with such graph is completely positive. We explain how
the characterization of completely positive graphs can
be derived from our SPN completion result.
This is joint work with Abraham Berman, Mirjam Dür
and M. Rajesh Kannan.
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Keywords : SPN matrices, completion problems, copos-
itive matrices, completely positive matrices, doubly
nonnegative matrices
E-mail : nomi@tx.technion.ac.il

ON APPLICATIONS OF HYPER-FIBONACCI
NUMBERS IN MATRICES
Suleyman Solak∗ , Mustafa Bahsi
Necmettin Erbakan University, TURKEY
Aug 6 (Wed), 17:15–17:40, (2B, 9B208)
In this paper, we derive the relation between Pascal ma-
trices and matrices related to hyper-Fibonacci numbers.
Also, we calculate the determinants and inverses of the
matrices related to hyper-Fibonacci numbers.
Keywords : Pascal matrix, Hyper-Fibonacci numbers,
Determinant, Inverse
E-mail : ssolak42@yahoo.com

ASYMPTOTIC EIGENVALUE PROBLEMS
Marianne Akian, Stéphane Gaubert, James
Hook, Andrea Marchesini∗ , and Françoise
Tisseur
INRIA and Ecole Polytechnique, FRANCE
Aug 6 (Wed), 16:00–16:25, (2B, 9B215)

We use tropical algebra to study the behaviour of con-
dition number and the accuracy of numerical compu-
tation of the eigenvalues of a matrix polynomial whose
coefficient matrices are functions of a parameter ε.
Consider the complex matrices P0, . . . , Pd ∈ Cn×n,
and the tropical matrices A0, . . . , Ad ∈ Rn×nmax , where
Rmax =

(
R ∪ {−∞},⊕ = max,⊗ = +

)
. Akian, Ba-

pat and Gaubert [ABG04] showed that if Pε is a matrix
polynomial of the form

Pε(λ) = Pε,0 + Pε,1 λ+ · · ·+ Pε,d λ
d ,

where the Pε,k are n×n matrices of the form (Pε,k)ij =
(Pk)ij ε−(Ak)ij +o

(
ε−(Ak)ij

)
, and if γ is a finite tropical

eigenvalue of the tropical matrix polynomial

(4) A(µ) = A0 ⊕A1 µ⊕ · · · ⊕Ad µd

with multiplicity mγ , then Pε has generically mγ eigen-
values Lε,1, . . . ,Lε,mγ with asymptotics Lε,i ∼ λiε

−γ .
Evaluating the formal polynomial (4) at some value µ
yields a matrix whose entries are expressed in usual alge-
bra as

(
A(µ)

)
ij

= max
(
(A0)ij , (A1)ij + µ, . . . , (Ad)ij +

dµ)
)
.

The computation of the eigenvalues of Pε with some
standard algorithms (e.g. MATLAB’s polyeig func-
tion, or any QZ algorithm applied to a linearization of
Pε) can be numerically unstable [HLT07] and the lin-
earization process can be ill-conditioned [HMT06]. This
is due in part to the fact that the entries of the coef-
ficient matrices can be highly unbalanced. We propose
some scaling methods to improve the conditioning of the
eigenvalues and the backward error of computed eigen-
pairs for small values of ε.

One method consists in replacing (4) with the scaled
tropical matrix polynomial Ã(ν) = Ã0 ⊕ Ã1 ν ⊕ · · · ⊕
Ãd ν

d, with Ãk = Ak + kα (obtained by the change of
variable µ = α⊗ ν), and changing Pε to P̃ε accordingly.
The eigenvalues of Pε can be retrieved from those of P̃ε
by multiplying the latters by ε−α.
This scaling does not change the condition number of
any eigenvalue λ of a matrix polynomial (κP (λ, Pε) =
κP (λεα, P̃ε)). However, it does change the backward
error βP (λ, Pε), as well as the condition number of λ
seen as an eigenvalue of an associated linearized matrix
polynomial, κL(λ, Pε).
The two latter quantities can be very large for small val-
ues of ε. If γ is a tropical eigenvalue of A, by choosing
α = γ in the above scaling, one can in some cases im-
prove both βP (λ, Pε) and κL(λ, Pε) for the eigenvalues
λ of order ε−γ of Pε, but the same quantities might
at the same time be deteriorated for other eigenval-
ues. This means that one has to apply the method
with all distinct tropical eigenvalues of A to obtain the
whole spectrum of Pε. A similar scaling was already
proposed using the tropical roots of the polynomial
‖A0‖ ⊕ ‖A1‖x ⊕ · · · ⊕ ‖Ad‖xd instead of the tropical
eigenvalues of A (see [GS09, HMT13]).
Further improvement can be obtained by applying what
we call the Hungarian method. We interpret the tropi-
cal matrix polynomial A as being the value matrix as-
sociated to a parametric optimal assignment problem
with parameter µ: an Hungarian pair (U, V ) is then
any pair of potentials (i.e. vectors of dual variables) ob-
tained by using the Hungarian algorithm to solve this
optimal assignment problem for µ = α. The Hungarian
method consists in scaling the coefficients of (4) as fol-
lows: Ak 7→ Hk, (Hk)ij = (Ak)ij + kα − Ui − Vj , and
changing Pε to Hε accordingly. Again, the eigenvalues
of Pε can be retrieved from those of Hε by multiplying
the latters by ε−α, and if we choose α = γ, where γ
is a tropical eigenvalue of A, we are guaranteed that
the condition number of the eigenvalues of order ε−γ
of Pε will be finite for every value of ε (which may not
be true for the other eigenvalues). Numerical compu-
tations performed for different values of ε, on randomly
generated matrix polynomials, confirm these results.

References

[ABG04] M. Akian, R. Bapat, and S. Gaubert. Perturba-
tion of eigenvalues of matrix pencils and optimal
assignment problem. C. R. Acad. Sci. Paris, Série
I, 339:103–108, 2004.

[GS09] S. Gaubert and M. Sharify. Tropical scaling of
polynomial matrices. In Rafael Bru and Ser-
gio Romero-Vivó, editors, Proceedings of the
third Multidisciplinary International Symposium
on Positive Systems: Theory and Applica-
tions (POSTA 09), volume 389 of LNCIS,
pages 291–303, Valencia, Spain, 2009. Springer.
arXiv:0905.0121.

[HLT07] Nicholas J. Higham, Ren-Cang Li, and Françoise
Tisseur. Backward error of polynomial eigenprob-
lems solved by linearization. SIAM J. Matrix
Anal. Appl., 29(4):1218–1241, 2007.

79

http://www.arXiv.org/abs/0905.0121
mailto:nomi@tx.technion.ac.il
mailto:ssolak42@yahoo.com


Abstracts

[HMT06] Nicholas J. Higham, D. Steven Mackey, and
Françoise Tisseur. The conditioning of lineariza-
tions of matrix polynomials. SIAM J. Matrix
Anal. Appl., 28(4):1005–1028, 2006.

[HMT13] Sven Hammarling, Christopher J. Munro, and
Françoise Tisseur. An algorithm for the complete
solution of quadratic eigenvalue problems. ACM
Trans. Math. Software, 39(3):18:1–18:19, 2013.

Keywords : Tropical algebra, Parametric optimal as-
signment problem, Numerical computation of eigenval-
ues.
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ON COMPLEX J-SYMMETRIC EIGENPROBLEMS
Heike Fassbender∗ , Peter Benner, Chao Yang
TU Braunschweig, GERMANY
Aug 6 (Wed), 16:25–16:50, (2B, 9B215)
The eigenproblem HCx = λx for matrices

HC =
[
A C
D −AT

]
∈ C2n×2n,

A,C = CT , D = DT ∈ Cn×n.

will be considered. Please note, that here XT denotes
transposition, Y = XT , yij = xji, no matter whether X
is real or complex, while XH denotes conjugate trans-
position, Y = XH , yij = xji. For

Jn =
[

0 In
−In 0

]
∈ R2n×2n, In ∈ Rn×n

we have
(HCJ)T = HCJ.

Matrices HC are called complex-J-symmetric. The
eigenvalues of HC display a symmetry: they appear in
pairs (λ,−λ). If x is the right eigenvector correspond-
ing to λ, HCx = λx, than Jx is the left eigenvector
corresponding to the eigenvalue −λ of HC , (Jx)THC =
−λ(Jx). Any complex J-symmetric matrix X is said to
be in structured Schur form if

X =
[
R B
0 −RT

]
, R,B = BT ∈ Cn×n,

where the nonzero eigenvalues of R either have positive
real part or zero real part and positive imaginary part.
We will prove that for any complex J-symmetric ma-
trix HC there exists a complex symplectic and unitary
matrix W ∈ C2n×2n

WTJW = J WHW = I,

such that WHHCW is in structured Schur form.
The most popular way to compute the standard Schur
form of a general matrix is the QR algorithm. It is
tempting to derive a structured QR algorithm for trans-
forming HC iteratively into structured Schur form. We
will discuss why this is not possible and suggest other
methods to compute eigenvalues and eigenvectors of
HC .
Keywords : eigenvalue problem

E-mail : h.fassbender@tu-braunschweig.de

LINE STAR SETS FOR LAPLACIAN
EIGENVALUES
Jiang Zhou
Harbin Engineering University, CHINA
Aug 6 (Wed), 16:50–17:15, (2B, 9B215)
Let G be a graph with a Laplacian eigenvalue µ > 0 of
multiplicity k. A line star set for µ in G is a set Y of k
edges of G such that µ is not a Laplacian eigenvalue of
G − Y . In this talk, we give some basic properties for
line star sets.
Keywords : Line star set, Laplacian eigenvalue, Signless
Laplacian eigenvalue
E-mail : zhoujiang04113112@163.com

CONVERGENCE TO MULTIPLE EIGENVALUES
IN THE QUOTIENT-DIFFERENCE ALGORITHM
Kanae Akaiwa∗ , Masashi Iwasaki, Koichi
Kondo, Yoshimasa Nakamura
Kyoto University, JAPAN
Aug 6 (Wed), 17:15–17:40, (2B, 9B215)
The quotient-difference (qd) algorithm is one of the fa-
mous algorthms in numerical linear algebra. The qd
algorithm is applicable for computing eigenvalues of a
symmetric tridiagonal matrix. The differential qd algo-
rithm, which is an improved version of the qd algorithm,
can compute eigenvalues of a symmetric tridiagonal ma-
trix T with high relative accuracy. The variables of the
qd algorithm have been already shown to converge to
eigenvalues of T in the case where T has no multiple
eigenvalues. In this talk, we clarify the convergence of
the qd variables to multiple eigenvalues of T . We also
show the convergence speed of the qd algorithm and
give some numerical examples.
Keywords : The quotient-difference algorithm, Multiple
eigenvalues, Convergence
E-mail : akaiwa.kanae.83w@st.kyoto-u.ac.jp

ACCURATE COMPUTATIONS FOR CLASSES OF
MATRICES RELATED TO TOTAL POSITIVITY
J.M. Peña
University of Zaragoza, SPAIN
Aug 6 (Wed), 16:00–16:25, (3B, 9B318)
A matrix is totally positive if all its minors are nonneg-
ative. For some subclasses of nonsingular totally pos-
itive matrices, accurate methods for computing their
singular values, eigenvalues or inverses have been ob-
tained, assuming that adequate natural parameters re-
lated to their bidiagonal decompositions are provided.
We present some recent results in this field and some ex-
tensions of these methods to other related classes of ma-
trices. In particular, some results for the classes of sign
regular matrices and SBD matrices (classes of matrices
containing totally positive matrices) are presented.
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Keywords : Total Positivity, Accurate Computations,
Totally Positive Matrices, Bidiagonal Factorizations,
Sign Regular Matrices.
E-mail : jmpena@unizar.es

A NEW CLASS OF BLOCK COMPANION
MATRICES RELATED TO MATRIX
POLYNOMIALS
Dario A. Bini, Leonardo Robol∗
Scuola Normale Superiore, ITALY
Aug 6 (Wed), 16:25–16:50, (3B, 9B318)

Consider the matrix polynomial P (x) =
∑n

i=0 x
iPi with

Pi ∈ Cm×m. We introduce a new family of matrix poly-
nomials A(x) that are equivalent to P (x) in the sense
that there exist unimodular matrix polynomials E(x),
F (x) such that

E(x)A(x)F (x) = I(q−1)m ⊕ P (x)

and degA(x) < degP (x). Moreover, A(x) is a matrix
polynomial of the form D(x)+R(x) where D(x) is block
diagonal and R(x) has low rank. These equivalences are
strong in the sense that if P#(x) is the reversed poly-
nomial defined by P#(x) = xnP (x−1) then there exist
unimodular matrix polynomials H(x),K(x) such that
H(x)A#(x)K(x) = I(q−1)m ⊕ P#(x).
An explicit expression for the left and right eigenvectors
of A(x) is given in terms of the eigenvectors of P (x).
This family contains linear polynomials, the so-called
linearization of P (x) that are usually employed to solve
the nonlinear eigenvalue problems associated with P (x).
Moreover, other choices of the diagonal blocks of D(x)
provide other kind of companion polynomials, which in-
clude quadratizations and higher degree equivalences.
Every matrix polynomial in this family can be obtained
by choosing q ≤ n matrix polynomials Bi(x) with par-
ticular properties. The choice of these Bi(x) is critically
important to obtain a linearization (or equivalence) with
good numerical properties.
We show that proper choices for these Bi(x) can lead to
linearizations with very good conditioning with respect
to the eigenvalue problem.
Keywords : Polynomials, Matrix polynomials, eigenval-
ues, PEP.
E-mail : leonardo.robol@sns.it

A DOUBLE COUNTING BY USING MATRIX
METHOD FOR COMPUTING Kth COEFFICIENT
OF WIENER POLYNOMIAL OF GRAPHS
M. J. Nadjafi-Arani
Sungkyunkwan University, KOREA, Arak
University, IRAN
Aug 6 (Wed), 16:50–17:15, (3B, 9B318)

Let G be a graph of order n. The Wiener index (alias
average distance) W (G) (µ(G)) is the sum of distances

between all pairs of vertices of G. The Hosaya polyno-
mial (the Wiener polynomial) is defined as

W (G, x) =
∑

u,v∈V (G)

xd(u,v).

Also the cut method proved to be utmost useful to ob-
tain fast algorithms and closed formulas for classical
distance based invariants of graphs isometrically em-
beddable into hypercubes. In this paper, we apply a
path-edge matrix and by using a double counting we
compare kth coefficient of Wiener polynomial. Also us-
ing cut method to obtain kth coefficient of Wiener poly-
nomial.
Keywords : average distance, Wiener index, path-edge
matrix, isometric cycle, girth.
E-mail : mjnajafiarani@gmail.com

ON THE INSIDE OF HIDDEN P-MATRIX
SANDWICHES
Makoto Namiki
Toho University, JAPAN
Aug 6 (Wed), 17:15–17:40, (3B, 9B318)

A real square matrix A will be called P-matrix if its
all principal minors are positive, that is, all the deter-
minants of square sub-matrices formed by taking from
same rows and columns, are positive. The problem of
deciding for a given matrix A to be a P-matrix or not,
which is called P-matrix problem, is known to be co-NP
complete problem. Therefore, there seems to exist no
efficient algorithms for this problem. In order to ap-
proach to this difficult problem, we use the framework
of hidden matrix classes. Here the deffinition of hidden
matrix. Let C be some class of square matrix. A real
square matrix A is hidden C if there exist square matri-
ces C and B in C satisfying that AC = B. This work
is about relationships between the P-matrix class and
some hidden matrix classes.
As previous work, Morris and the author introduced
some hidden matrix classes, called hidden prod-1 ma-
trices and hidden prod-∞ matrices. The class of hidden
prdd-1 matrices are properly contained by the class of P-
matrices, and the class of hidden prod-∞matrices prop-
erly contains the class of P-matrices. Fisrt, we extend
these hidden prdd matrix classes with a real parameter
k. Actually, we introduce hidden k-prdd-in matrix and
hidden k-prdd-out matrix classes for 1 ≤ k ≤ n−1. The
class of k-prdd-in and k-prdd-out matrices varies from
the class of prdd-1 matrices and the class of prod-∞
matrices. Indeed, the classes of (n − 1)-prdd-in ma-
trices and 1-prdd-out matrices coincide with those of
prod-1 matrices, the classes of 1-prdd-in matrices and
(n − 1)-prdd-out matrices coincide with those of prdd-
∞ matrices. Another series of hidden matrix class are
hidden Zo+ and hidden Zo− matrices. We also extend
these series of matrix class with a real parameter t with
0 ≤ t ≤ 1.
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In this work, we give several theoretical approaches and
computational approaches to the class of P-matrices by
our hidden matrices along with parameters ks and t.
Keywords : P-matrices, Hidden matrices, Alternative
theorems, Linear complementarity problems.
E-mail : namiki@is.sci.toho-u.ac.jp

ON LAPLACIAN ENERGY OF GRAPHS
Ahmad Mojallal∗, Kinkar Ch. Das
Sungkyunkwan University, KOREA
Aug 7 (Thu), 10:30–10:55, (2B, 9B208)
Let G be a simple graph of order n with m edges, max-
imum degree ∆ and vertex cover number τ . Also let
µ1, µ2, . . . , µn = 0 be the eigenvalues of the Laplacian
matrix of graph G. The Laplacian energy of the graph
G is defined as

LE = LE(G) =
n∑
i=1

∣∣∣µi − 2m
n

∣∣∣ .
In this talk, we present some lower and upper bounds
for LE of graph G in terms of n, m, ∆ and τ . More-
over, we obtain a relation between Laplacian energy and
Laplacian-energy-like invariant of graphs.
Keywords : Graph, Laplacian Matrix, Laplacian Eigen-
values, Laplacian Energy, Laplacian–Energy–Like
E-mail : mojalal@yahoo.com

ON THE MAXIMAL LENGTH CHAIN IN THE
BRUHAT ORDER FOR A CLASS OF BINARY
MATRICES
Alessandro Conflitti, Carlos M. da Fonseca∗ ,
and Ricardo Mamede
Kuwait University, KUWAIT
Aug 7 (Thu), 10:55–11:20, (2B, 9B208)
In this talk we discuss the maximal length of a chain in
the Bruhat order for an interesting combinatorial class
of binary matrices. Several open questions and recent
results are discussed.
Keywords : Bruhat order, Binary matrix, Chain.
E-mail : carlos@sci.kuniv.edu.kw

CHARACTERISATION OF MATRIX ENTROPIES
Frank Hansen, Zhihua Zhang∗
University of Electronic Science and
Technology of China, CHINA
Aug 7 (Thu), 11:20–11:45, (2B, 9B208)
The notion of matrix entropy was introduced by Tropp
and Chen with the aim of measuring the fluctuations of
random matrices. It is a certain entropy functional con-
structed from a representing function with prescribed
properties, and Tropp and Chen gave some examples.
We characterise the matrix entropies in terms of the sec-
ond derivative of their representing function and arrive
in this way at a canonical integral representation of the
set of matrix entropies.

Keywords : matrix entropy, operator convex function,
operator monotone function, Frechét differential
E-mail : zhihuamath@aliyun.com

MINIMUM RANK OF GRAPHS WITH LOOPS
Chassidy Bozeman
Iowa State University, USA
Aug 7 (Thu), 11:45–12:10, (2B, 9B208)
A simple graph is an undirected graph, containing no
multiple edges, such that no vertex is adjacent to it-
self (i.e. no loops). It describes the off-diagonal zero-
nonzero pattern of a family of real symmetric matrices.
A loop graph is an undirected graph, containing no mul-
tiple edges, such that a vertex is allowed to be adjacent
to itself (i.e. contains loops). It describes the zero-
nonzero pattern (including the diagonals) of a family
of real symmetric matrices. The minimum rank of a
graph is defined to be the minimum rank over the set
of real symmetic matrices associated with the graph.
There are many results on the minimum rank of sim-
ple graphs. Far fewer results are known for loop graphs.
Here we characterize high minimum rank of loop graphs
(minimum rank equal to the order of the graph) and low
minimum rank of loop graphs (minimum rank less than
or equal to 2). Other results are also presented.
Keywords : minimum rank, maximum nullity,
E-mail : cbozeman@iastate.edu

BACKWARD STABILITY OF POLYNOMIAL
ROOT-FINDING USING FIEDLER COMPANION
MATRICES
Fernando Teran, Froilan Dopico, Javier Perez∗
Universidad Carlos III de Madrid, SPAIN
Aug 7 (Thu), 10:30–10:55, (2B, 9B215)
Computing the roots of a polynomial is a fundamen-
tal problem that arises in many applications. The in-
troduction of new families of companion matrices al-
lows for the use of other matrices in the root-finding
problem. In this work, we analyze the backward stabil-
ity of the polynomial root-finding problem solved with
Fiedler companion matrices. In other words, given a
polynomial p(z), the question is to determine whether
the whole set of computed eigenvalues of the companion
matrix, obtained with a backward stable algorithm for
the standard eigenvalue problem, are the set of roots
of a nearby polynomial or not. We show that, if the
coefficients of p(z) are bounded in absolute value by
a moderate number then the polynomial root-finding
problem using Fiedler matrices is backward stable, and
Fiedler matrices are as good as the Frobenius compan-
ion matrices. However, when some of the coefficients
of the polynomial is large, companion Fiedler matrices
may produce large backward errors in the polynomial,
and in this case, Fiedler matrices other than the Frobe-
nius companion matrices are much worse that Frobenius
ones. To prove this we obtain explicit expressions for the
change, to first order, of the characteristic polynomial
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coefficients of Fiedler matrices under small perturba-
tions. We show that, for all Fiedler matrices except the
Frobenius ones, this change involves quadratic terms in
the coefficients of the characteristic polynomial of the
original matrix, and for the Frobenius matrices it only
involves linear terms. We also present some numerical
experiments that support these theoretical results.
Keywords : Roots of polynomials, eigenvalues, charac-
teristic polynomial, Fiedler companion matrices, back-
ward stability, conditioning.
E-mail : jpalvaro@math.uc3m.es

CONVERGENCE CRITERIA OF ITERATIVE
METHODS FOR SINGULAR LINEAR EQAUTIONS

Jieyong Zhou
Shanghai University of Finance and Economics,
CHINA
Aug 7 (Thu), 10:55–11:20, (2B, 9B215)

This paper focuses on the study of the convergence of
stationary linear iterative methods for general singu-
lar linear systems. Necessary and sufficient conditions
for semi-norm convergence are presented, and similar
conditions for some special cases and applications are
discussed.
Keywords : convergence, splitting, general singular lin-
ear system, symmetric indefinite system, nonsymmetric
semi-definite linear system
E-mail : jieyongzhou@gmail.com

ESTIMATING THE CONVERGENCE RATES OF
FUNCTIONAL ITERATIONS FOR SOLVING
QUADRATIC MATRIX EQUATIONS
Jong-Hyeon Seo∗ and Hyun-Min Kim
Pusan National University, KOREA
Aug 7 (Thu), 11:20–11:45, (2B, 9B215)

If we have a proper tool which gives the correct esti-
mation of the iteration number of a functional iterative
method, then the method can be the first option because
of the simplicity of implementation. We consider func-
tional iterative methods from Bernoulli’s method for
solving quadratic matrix equations (QMEs) having form
Q(X) = AX2+BX+C = 0 where A,B,C ∈ Rm×m sat-
isfying the Eisenfeld’s condition 4‖B−1A‖‖B−1C‖ < 1.
In this talk, we introduce sharpen bounds of the rates of
convergence and in numerical experiments we show that
the Eisenfeld condition gives appropriate estimations
for solving QMEs arising in hyperbolic quadratic eigen-
value problems (QEPs) and quasi-birth-death problems
(QBDs).
Keywords : Spectral Theory, Matrix Inequalities, Ten-
sor Eigenvalues, Nonnegative Matrices.
E-mail : hyeonni94@pusan.ac.kr

DISTURBANCE DECOUPLING PROBLEMS FOR
SWITCHED LINEAR SYSTEMS. A GEOMETRIC
APPROACH
Maria Isabel Garcia-Planas
Universitat Politecnica de Catalunya, SPAIN
Aug 7 (Thu), 11:45–12:10, (2B, 9B215)
In this paper disturbance decoupling problem for
switched linear systems are formulated under a geo-
metrical point of view. Necessary and sufficient con-
ditions for the problem with standardizable condition
to be solvable are given.
Keywords : Disturbance decoupling, switched linear
systems, invariant subspaces, geometric control theory,
equivalence relation.
E-mail : maria.isabel.garcia@upc.edu

SIMULATION MODELS WITH MAX-LINEAR
FUNCTIONS
Richard Cimler∗ and Hana Tomášková
University of Hradec Králové, CZECH
Aug 7 (Thu), 10:30–10:55, (3B, 9B318)
Optimization problems such as traveling of passengers
by trains from starting places to various destinations un-
der different conditions (set on departure and waiting
times) can be solved by max-linear equations. Simula-
tion models using such equations are presented in the
paper.
By max-linear simulation we understand models using
binary operations maximum and minimum, similarly as
the addition and the multiplication are used in the clas-
sical linear algebra. The max-linear optimization prob-
lems is studied in a more general form, in which the
variables are substituted by linear functions. By this
type of simulation models, wider scope of applications
(e.g. the inventory models) are possible. The max-
linear approach to simulation is illustrated by examples
of applications and numerical examples.
Keywords : max-linear functions, max-min algebra,
simulation
E-mail : richard.cimler@uhk.cz

THE NEWTON AND THE FIXED POINT
ITERATIONS FOR DIFFERENTIABLE
ORDER-CONVEX MATRIX FUNCTIONS
Sang-Hyup Seo∗ , Jong-Hyeon Seo, And
Hyun-Min Kim
Pusan National University, KOREA
Aug 7 (Thu), 10:55–11:20, (3B, 9B318)
In probabilistic contexts, finding the elementwise mini-
mal nonnegative solvent of a nonlinear matrix equation
plays a important role. Such equations have proper-
ties of order-convexity[1, 4, 3]. In [2], the differentiable
order-convex vector functions are introduced. We will
show the similarity of the vector functions and differen-
tiable order-convex matrix functions. Finally, we show
the relation between Newton’s method and the fixed
point iteration for the matrix functions and it is given
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what numerical experiments of the iterations for equa-
tions in [1, 4, 3] to the elementwise minimal nonnegative
solvent.
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COMPUTING APPROXIMATE RATIONAL
KRYLOV SUBSPACES WITHOUT EXPLICIT
INVERSION
Thomas Mach∗ , Miroslav S. Pranić, and Raf
Vandebril
KU Leuven, BELGIUM
Aug 7 (Thu), 11:20–11:45, (3B, 9B318)
It will be shown that under mild assumptions rational
Krylov subspaces can be computed approximately with-
out any explicit inversion or system solves involved. In-
stead the necessary computations are done in an implicit
way using the information from an enlarged standard
Krylov subspace.
Given the Krylov subspace

Km(A, v) = span
{
v,Av,A2v, . . . , Am−1v

}
,

with its accompanying basis V and the projected coun-
terpart H := V ∗AV of A. We will transform the matrix
H in Z̃, which approximates Z the projection of A onto
the rational Krylov subspace

Krat
m (A, v, σ = [∞, σ2, σ3,∞, . . . ])

=
{
v,Av, (A− σ2I)−1v, (A− σ3I)−1

(A− σ2I)−1v,A2v, . . .
}
.

Thereby we will update V and thus approxi-
mate Krat

m (A, v, σ).
The matrices H and Z are structured. In fact H and
Z−D, whereD is a diagonal matrix containing the poles
σ, can be factored in m − 1 special arranged rotations
and an upper triangular matrix. We call these matrices
extended Hessenberg matrices. By unitary similarity

transformations we will rearrange the rotations in H
to bring them in the ordering of Z − D. Thereby the
matrix V is reshuffled so that the subspace –and cor-
responding vectors– approximating the Ritz-values of
Z is pushed to the front. This will be demonstrated
by videos1 showing the Ritz values of H, Z, and Z̃. We
will choose an oversampling parameter p to improve the
accuracy. Hence we start with a subspace of dimension
m+ p.
Based on a generalization of the implicit-Q-theorem we
will show that there is essentially one extended Hes-
senberg matrix Z − D with the prescribed structure.
Since Z̃−D has the same structure besides the residual
the algorithm is indeed computing an approximation to
the sought rational Krylov subspace. We will further
present an error bound, ‖Z − Z̃‖, based on the residual
for simple cases.
The presentation will be concluded by extensive numer-
ical experiments underpinning the power and the limi-
tation of the algorithm approximating rational and also
extended Krylov subspaces.
Keywords : Krylov, extended Krylov, rational Krylov,
iterative methods, Ritz-values, (rational) polynomial
approximation, rotations, QR factorization
E-mail : thomas.mach@cs.kuleuven.be

CHARACTERISTIC NON-HYPERINVARIANT
SUBSPACES AND THE CHARACTERISTIC HULL
OF SUBSPACES
Pudji Astuti
Institut Teknologi Bandung, INDONESIA
Aug 7 (Thu), 11:45–12:10, (3B, 9B318)

Let V be a finite dimensional vector space over a field K
and f be an endomorphism of V . We study two types
of invariant subspaces. An f -invariant subspace X ⊆ V
is called hyperinvariant [characteristic] (under f) if it
remains invariant under all endomorphisms [automor-
phisms] of V that commute with f . One can restrict
the study of hyperinvariant and of characteristic sub-
spaces to the case where f has only one eigenvalue, in
particular the case where f is nilpotent. Moreover we
assume |K| = 2, as characteristic and hyperinvariant
coincide if K 6= GF (2).
The characteristic hull of a subset W of V is defined to
be the smallest characteristic subspace in V that con-
tains W . In this talk we describe characteristic non-
hyperinvariant subspaces that are a characteristic hull
of a set of m elements of V . We indicate the abstract
framework of our study which involves p-modules and
transitive and fully invariant submodules.

Joint work with Harald K. Wimmer ( Mathematisches
Institut, Universität Würzburg, Germany)
Keywords : Characteristic subspaces, hyperinvariant
subspaces, characteristic hull, elementary divisors, Ulm
invariants

1See http://people.cs.kuleuven.be/˜thomas.mach/ritzplots.php
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E-mail : pudji@math.itb.ac.id

THE NUMBER OF CHARACTERISTIC NON
HYPERINVARIANT SUBSPACES
David Mingueza and M.Eulalia Montoro and
Alicia Roca∗
Universidad Politecnica de Valencia, SPAIN
Aug 7 (Thu), 10:30–10:55, (3B, 9B316)
Given J ∈ Mn(F) a nilpotent Jordan matrix and F
an arbitrary field, a J-invariant subspace is called hy-
perinvariant (respectively characteristic) if it is also T -
invariant for all of the matrices T (respectively, nonsin-
gular matrices T ) commuting with J . Let us denote by
Hinv(J) and Chinv(J) the lattices of hyperinvariant
and characteristic subspaces, respectively. Obviously:

Hinv(J) ⊆ Chinv(J)
It is known that Chinv(J) = Hinv(J) if F 6= GF (2).
For F = GF (2), the subspaces in Chinv(J) \ Hinv(J)
are characterized as direct sums Z ⊕ Y , where Y,Z are
subspaces associated to a so-called char-tuple. We pro-
pose an algorithm to compute the number of character-
istic non-hyperinvariant subspaces over the field GF (2)
(the unique field for which there exists such a kind of
subspaces).
Keywords : characteristic subspaces, hyperinvairiant
subspces, generating polynomials
E-mail : aroca@mat.upv.es

CLEFT MODULE COCATEGORY
Dao-wei Lu ?, Shuan-hong Wang
Southeast University, CHINA
Aug 7 (Thu), 10:55–11:20, (3B, 9B316)
In this paper, as duality of linear category, we will in-
troduce the notion of linear cocategory, which is also a
generalization of the group coalgebra. The correspond-
ing theory will be constructed. As an application, we
will construct the crossed coproduct of a linear cocat-
egory with a Hopf algebra, generalize the cleft coex-
tensions and establish the equivalence between crossed
coproducts and cleft coextensions.
Keywords : Crossed coproduct, Cleft coextension, lin-
ear cocategory
E-mail : ludaowei620@sina.com

METRICES AND N -DIMENSIONAL
U-CONVEXITY
IN BANACH SPACES
Ji Gao
Community College of Philadelphia, USA
Aug 7 (Thu), 11:20–11:45, (3B, 9B316)
Let X be a real Banach space with the dual space
X∗. Denote by BX and SX the closed unit ball and
the unit sphere of X, respectively. Let x ∈ SX and
∇x ⊂ SX∗ be the norm 1 supporting functionals at
x. For two sets of vectors {x1, x2, . . . , xn+1} ⊆ X and

{f1 ∈ ∇x1 , f2 ∈ ∇x2 , . . . , fn ∈ ∇xn} ⊆ X∗ where
n ∈ N, the following matrix

1 1 · · · 1
〈x1, f1〉 〈x2, f1〉 · · · 〈xn+1, f1〉

...
...

. . .
...

〈x1, fn〉 〈x2, fn〉 · · · 〈xn+1, fn〉


is denoted by m(x1, x2, . . . , xn+1; f1, f2, . . . , fn).

We introduce the concept of volume by the convex
hull of x1, x2, . . . , xn+1 in X by v(x1, x2, . . . , xn+1) :=
sup{det m(x1, x2, . . . , xn+1; f1, f2, . . . , fn) : f1 ∈
∇x1 , f2 ∈ ∇x2 , . . . , fn ∈ ∇xn}.

In this talk, we show the relationship between this
concept and fixed points theory and other geometris
properties in Banach spaces.

This talk is based on the joint research with Satit Sae-
jung, Dept. of Math., Khon Kaen University, Thailand.
Keywords : Matrix, Banach space, Fixed point, Normal
structure
E-mail : jgao@ccp.edu

RIEMANN-HILBERT PROBLEMS AND THEIR
APPLICATIONS RELATED TO THE
ASYMPTOTICS OF TOEPLITZ DETERMINANTS
Kasia Kozlowska
University of Reading, UK
Aug 7 (Thu), 11:45–12:10, (3B, 9B316)
This talk deals with Riemann-Hilbert problems (RHPs),
which are classical boundary value problems in complex
analysis. This powerful methyod has been succesfully
used to deal with a variety of difficult, important prob-
lems, both in pure and applied mathematics.

In this talk we will discuss the theory of RHPs, some
of their applications, especially those related to spec-
tral theory of Toeplitz operators and the asymptotics of
Toeplitz determinants (with Fisher-Hartwig singulari-
ties). We survey the most recent results and state some
open problems.
Keywords : Toeplitz, Riemann Hilbert, Fisher Hartwig
E-mail : k.kozlowska@pgr.reading.ac.uk

ITERATIVE METHODS SOLVING MATRIX
EQUATION Xp −MXMT = Q
Hye-Yeon Kim∗ , Jong-Hyeon Seo And
Hyun-Min Kim
Pusan National University, KOREA
Aug 8 (Fri), 10:30–10:55, (2B, 9B208)
We consider several iterative methods for solving matrix
equations Xp−MXMT = Q where p is positive integer,
M is nonsingular and Q is symmetric positive definite.
In many fields of applied mathematics, engineering and
economic sciences, these equations play an important

85

mailto:pudji@math.itb.ac.id
mailto:aroca@mat.upv.es
mailto:ludaowei620@sina.com
mailto:jgao@ccp.edu
mailto:kozlowska@pgr.reading.ac.uk


Abstracts

role. A functional iterative method Xk+1 = (f(Xk))1/p

have been introduced to find special solutions of such
types of nonlinear equations. In this talk, we modify
the methods using linear approximation techniques. We
construct the modified method and show the efficiency
in numerical experiments in small size cases.
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Keywords : nonlinear matrix equation, iterative method
E-mail : hyeyeon@pusan.ac.kr

PROJECTION METHODS FOR LARGE
T-SYLVESTER EQUATIONS
Froilan Dopico, Javier Gonzalez∗ Daniel
Kressner, Valeria Simoncini
Universidad Carlos III de Madrid, SPAIN
Aug 8 (Fri), 10:55–11:20, (2B, 9B208)

In this work, we consider the matrix equation

(5) AX +XTB = C1C
T
2 ,

where the matrices A, B are non-singular, real and
sparse of large size n×n, C1, C2 are real and they have
size n× r with r � n and the size of the unknown ma-
trix X is n× n. This equation is called the T-Sylvester
equation and has appeared in several applications in the
last years.
If the value of n is moderate (let us say n ≤ 2000),
efficient methods for solving this equation have been
developed recently, but if n is a large value, and A and
B are sparse, to develop methods to solve (5) efficiently
is an open problem. The goal of this work is to develop
those methods.
Our methods are based on projecting the T-Sylvester
equation over a subspace of dimension m, with m� n
to find an approximated solution of low rank, by solving
a T-Sylvester equation of reduced size HAY + Y HB =
C̃1C̃

T
2 .

We consider two different Krylov subspace methods, in
order to find an approximated low-rank solution for this
equation, using Galerkin conditions over the residual.
The first one considers new block Krylov subspaces and
the second one considers, based on these new subspaces,
extended block Krylov versions. The subspaces we in-
troduce are in both cases adapted to the structure of
the equation. We find efficient ways to compute the
matrices HA and HB for the projected equation and an
efficient way to compute the residual.

We also find some equivalences between (5) and classic
Sylvester equations

PX −XQ = R,

with very particular coefficients P and Q, and we inves-
tigate the use of this approach in numerical algorithms.
Finally, we implement algorithms based on the differ-
ent Krylov subspaces in order to compute approximate
solutions of (5) and we provide extensive numerical ex-
periments to compare the different methods.
Keywords : matrix equations, Krylov subspace, itera-
tive methods, large-scale equations, Sylvester equation,
Sylvester equation for congruence
E-mail : jagpizar@math.uc3m.es

HOMOTOPY FOR RATIONAL RICCATI
EQUATIONS ARISING IN STOCHASTIC
CONTROL
Liping Zhang
Fudan University, CHINA
Aug 8 (Fri), 11:20–11:45, (2B, 9B208)
We consider the numerical solution of the rational al-
gebraic Riccati equations in Rn, arising from stochastic
optimal control in continuous- and discrete-time. Ap-
plying the homotopy method, we continue from the
maximal stabilizing solutions of the deterministic alge-
braic Riccati equations, which are readily available. The
associated differential equations require the solutions of
some generalized Lypunov or Stein equations, which can
be solved by the generalized Smith methods, of O(n3)
computational complexity and O(n2) memory require-
ment. For large-scale problems, where the relevant ma-
trix operators are sparse, our algorithms are of O(n)
complexity and memory requirement, under favourable
assumptions. In comparison, the alternative (modified)
Newton’s methods require a difficult (if possible) initial
stabilization step. Some illustrative numerical examples
are provided.
Keywords : Rational Algebraic Riccati Equations, Ho-
motopy Method, Generalized Smith Methods, Large-
Scale Problems
E-mail : 10110180011@fudan.edu.cn

THE MATRIX ARITHMETIC-GEOMETRIC MEAN
ITERATION AND THE COMPUTATION OF THE
MATRIX LOGARITHM
João R. Cardoso∗ , Rui Ralha
Polytechnic Institute of Coimbra–ISEC,
PORTUGAL
Aug 8 (Fri), 10:30–10:55, (2B, 9B215)
Given a square matrix A with eigenvalues having pos-
itive real parts, the matrix arithmetic-geometric mean
iteration (AGM iteration for short) is defined by

A0 = I, B0 = A

Ak+1 = Ak +Bk
2

Bk+1 = (Ak Bk)1/2,
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where k = 0, 1, 2, . . . and X1/2 denotes the principal
matrix square root. It was shown in [2] that both
the sequences (Ak) and (Bk) have a common limit and
that the sequence defined by Ck := Ak − Bk converges
quadratically to zero. However, there are many theoret-
ical and numerical issues that have not been addressed
before and need further investigation. In this talk we
give more insight into the properties of the AGM itera-
tion. In particular, a necessary and sufficient condition
for the stability of the AGM iteration is provided, show-
ing that for some matrices with nonreal eigenvalues it
may be unstable. To overcome this difficulty we propose
stable versions and discuss their implementation as well
as the computation of the matrix square roots involved
in each iteration. Our main motivation to study this
iteration comes from its application in the computation
of the matrix logarithm (see [2]). The connections be-
tween the arithmetic-geometric mean iteration and this
matrix function will be revisited. It should be stressed
that the AGM iteration can be also used to compute the
arithmetic-geometric mean of two commuting matrices
with eigenvalues having positive real parts.
We recall that the scalar arithmetic-geometric mean it-
eration is a widely known iterative procedure that al-
lows the computation of the arithmetic-geometric mean
of two positive real numbers or two complex numbers
with positive real parts. It first appeared in a paper by
Lagrange but it was Gauss that studied it in depth and
discovered many of its important properties as well as
interesting connections with elliptic integrals. This iter-
ation converges very fast and has been used in many ap-
plications, such as the computation of elementary func-
tions (e.g. log x, ex, cosx and sin x), elliptic integrals,
the length of some curves and π. For more details on
the scalar AGM iteration see, for instance, [1] and the
references therein.
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ANALYSIS OF GRID TRANSFER OPERATORS
FOR MULTIGRID METHODS BASED ON
TOEPLITZ MATRICES
Matthias Bolten
University of Wuppertal, GERMANY
Aug 8 (Fri), 10:55–11:20, (2B, 9B215)
Multigrid methods are efficient solvers and precondi-
tioners for a large variety of problems, not only includ-
ing elliptic partial differential equations but also subsets
of Toeplitz matrices where the generating symbol has a

single isolated zero of even order. There are numer-
ous results for the latter, e.g., by Serra or Chan and
their respective co-workers. In most of these works a
reduction by a factor of 2 in each dimension is used and
a tensor product of products of suitable trigonometric
polynomials is chosen as generating symbol for the grid
transfer operators. The latter turn out to be relatively
expensive for higher orders of the generating symbol’s
zero, further in practice often aggregation-base schemes
are used, preferably in combination with a smoother.
The aggregation-based methods commonly use larger
aggregates and thus more aggressive coarsening.
In this talk we present recent results on the analysis
of grid transfer operators for multigrid methods. The
analysis is based on the classical convergence theory for
Toeplitz matrices and matrices from certain matrix al-
gebras.
For smoothed aggregation our analysis results in op-
timal smoothing parameters that have to be chosen
for the smoothing of the grid transfer operators in or-
der to guarantee optimality of the resulting multigrid
method. This leads to a new understanding of smoothed
aggregation-based multigrid methods. The results can
be extended to the non-constant coefficient case.
The analysis is extended to the case of rank deficient
grid transer operators. For that purpose the classical
sufficient conditions for two-grid and for V-cycle opti-
mality are relaxed, still yielding optimal methods. This
extension allows for the construction of computationally
less expensive operators in the case of matrices with gen-
erating symbols having higher order zeros, like it is the
case for higher order PDEs. The convergence rate of the
methods obtained can be improved further by adding a
pre-relaxation that accounts for the larger null space of
the coarse grid operator.
Numerical results confirm the theoretical findings.
Keywords : Multigrid Methods, Toeplitz Matrices, Cir-
culant Matrices, Smoothed Aggregation-based Multi-
grid, Grid-transfer Operators.
E-mail : bolten@math.uni-wuppertal.de

HEARING THE SHAPE OF A DRUM WITH A
HOLE
P.N.Shivakumar∗,Yang Zhang
The University of Manitoba, CANADA
Aug 8 (Fri), 11:20–11:45, (2B, 9B215)

In this paper we revisit the classical question "Can you
hear the shape of a drum?" [1] where the new region is
a circular annulus. We demonstrate from the resulting
infinite series in the eigenvalue, that the ratio of the
radii of the annulus can be found if the eigenvalues of
the Helmholtz equation are known. Based on an earlier
paper [2], we also derive an infinite system of equations
of the form Ax=b, where A is an infinite Van der war-
den matrix with b being explicitly determined by the
coefficients of the infinite series.
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ENUMERATING FEEDBACK CLASSES OF
LOCALLY BRUNOVSKY SYSTEMS
Miguel V. Carriegos, Noemí de Castro∗, M.I.
García-Planas and M.M. López Cb
Universidad de León, SPAIN
Aug 8 (Fri), 11:45–12:10, (2B, 9B215)
It is well known that the feedback class of a locally
Brunovsky linear system is fully determined by the
decomposition of state space as direct sum of system
invariants [M.V. Carriegos, Linear Algebra App, 438
(2013), 1132-1148]. In this talk we address the problem
of enumerating all feedback classes of locally Brunovsky
systems over a n-dimensional state space and translate
to the combinatorial problem of enumerating all the par-
titions of integer n in some abelian semigroup.
Keywords : Systems theory, enumeration
E-mail : ncasg@unileon.es

SOME REVERSES OF CAUCHY–SCHWARZ
INEQUALITY
Mojtaba Bakherad
Ferdowsi University of Mashhad, IRAN
Aug 8 (Fri), 10:30–10:55, (3B, 9B318)
In this talk, we present some reverses and refinements
of the Cauchy–Schwarz inequaity. In this direction
we show the reverses of the Callebaut inequality. Let
Aj , Bj (1 ≤ j ≤ n) be positive invertible operators and
σ be a connection with the representing function f . We
present the inequality

2
n∑
j=1

(Aj]Bj) ≥

(
n∑
j=1

AjσfBj

)
]

(
n∑
j=1

Ajσ
⊥
f Bj

)

≥ 1
2

(
n∑
j=1

Aj]

n∑
j=1

Bj

)
in which

√
λt ≤ f(t) ≤

√
(1 + 2

√
2)λt (t ∈ (0,∞)) for

some λ ∈ (0,+∞) and µAj ≤ Bj ≤ (1 + 2
√

2)µAj (1 ≤
j ≤ n) for some µ ∈ (0,+∞).
Keywords : Callebaut inequality, operator mean,
Hadamard product, weighted geometric mean, Cauchy–
Schwarz inequality
E-mail : mojtaba.bakherad@yahoo.com

BIRKHOFF-JAMES ORTHOGONALITY OF
MATRICES

Priyanka Grover
Indian Statistical Institute, INDIA
Aug 8 (Fri), 10:55–11:20, (3B, 9B318)
A matrix A is said to be Birkhoff-James orthogonal to
another matrix B if ‖A + λB‖ ≥ ‖A‖ for all λ ∈ C.
We shall investigate this notion, with some interesting
matrix norms. The concept of orthogonality can be ex-
tended to define orthogonality to a subspace W ofM(n):

‖A+W‖ ≥ ‖A‖ for allW ∈ W .

We give a necessary and sufficient condition for this to
be the case. Such characterizations can be used to get
some distance formulas, which we shall discuss.
Keywords : Birkhoff-James orthogonality, Singular
value decomposition, Pinching, Variance, Subdifferen-
tial
E-mail : pgrover8r@isid.ac.in

ON THE POSITIVE STABILITY OF P 2-MATRICES
Olga Y. Kushel
Technische Universität Berlin, GERMANY
Aug 8 (Fri), 11:20–11:45, (3B, 9B318)
We prove that a P -matrix A is positively stable if A is
a Q2-matrix and there is at least one nested sequence of
principal submatrices of A each of which is also a Q2-
matrix. This result generalizes the result by Carlson
which shows the positive stability of sign-symmetric P -
matrices and the result by Tang, Simsek, Ozdaglar and
Acemoglu which shows the positive stability of strictly
row (column) square diagonally dominant for every or-
der of minors P -matrices.
Keywords : P -matrices, Q-matrices, Stable matrices,
P -matrix powers, Stabilization.
E-mail : kushel@mail.ru

TROPICAL BOUNDS FOR EIGENVALUES OF
MATRICES USING HUNGARIAN DUAL
VARIABLES
Marianne Akian∗ and Stéphane Gaubert and
Andrea Marchesini
Ecole Polytechnique, FRANCE
Aug 8 (Fri), 10:30–10:55, (3B, 9B316)
Let λ1, . . . , λn denote the eigenvalues of a n × n com-
plex matrix, ordered by nonincreasing absolute value,
and let γ1 ≥ · · · ≥ γn denote the tropical eigenvalues of
an associated n×n tropical matrix, obtained by replac-
ing every entry of the original matrix by its absolute
value. In a previous work [AGM14], we showed that for
all 1 ≤ k ≤ n, |λ1 . . . λk| ≤ Cn,kγ1 . . . γk, where Cn,k is a
combinatorial constant depending only on k and on the
pattern of the matrix. These inequalities were obtained
by using the permanental and tropical analogues of the
exterior power of a matrix and by showing (combinato-
rially) properties of their eigenvalues similar to the ones
of usual exterior powers. They generalize in particular
an inequality by Friedland (1986), corresponding to the
special case k = 1, which is optimal for the case of a
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full matrix. However, the constants Cn,k obtained in
this previous work were far from beeing optimal for full
matrices when k > 1.
In the present work, we apply to the original complex
matrix, different diagonal scalings constructed from the
dual variables of the parametric optimal assignment
constructed from an associated tropical matrix. When
this associated matrix is as before obtained by replacing
every entry of the original matrix by its absolute value,
this allows us to show the same inequalities as above
but with an improved constant Cn,k, which turns out
to be optimal for full matrices when k = n and in several
more cases. Moreover, we generalize these inequalities
to the case where the associated matrix is obtained by
replacing every block entry of a block complex matrix
by its norm. When the matrix is block companion, our
inequalities are similar to the ones by Akian, Gaubert,
Sharify in [AGS13].
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Keywords : Location of eigenvalues, Ostrowski’s in-
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CLOSED ORBITS IN PLANAR BIMODAL LINEAR
SYSTEMS
Josep Ferrer, Marta Peña∗ , Antoni Susín
Universitat Politècnica de Catalunya, SPAIN
Aug 8 (Fri), 10:55–11:20, (3B, 9B316)
It is well known that algebraic invariants lead to the
topological and differentiable typology of planar linear
systems. However these systems cannot model complex
dynamics such as hyperbolic orbits or homoclinic orbits.
Here we show that they do appear in planar bimodal lin-
ear systems and that their typology is again determined
by the algebraic invariants of both subsystems.
Keywords : Piecewise Linear System, Closed Orbit
E-mail : marta.penya@upc.edu

CONSTRUCTING NEW BRAIDED
T -CATEGORIES OVER MONOIDAL HOM-HOPF
ALGEBRAS
Miman You∗ , Shuanhong Wang
Southeast University, CHINA
Aug 8 (Fri), 11:20–11:45, (3B, 9B316)
Let AutmHH(H) denote a set of all automorphisms of
a monoidal Hopf algebra H with bijective antipode in

the sense of S. Caenepeel and let G be a crossed prod-
uct group AutmHH(H) × AutmHH(H). The main of
this paper is to provide further examples of braided T -
category in the sense of V. Turaev. For this, we first
introduce a class of new categories HMHYDH(A,B)
of monoidal Hom (A,B)-Yetter-Drinfeld modules with
A,B ∈ AutmHH(H). Then we mainly show that the
category MHYD(H) = {HMHYDH(A,B)}(A,B)∈G
forms a braided T -category, generalizing the main con-
structions in the sense of P. Panaite.
Keywords : Monoidal Hom-Hopf algebra; Braided T -
category; Monoidal Hom (A,B)-Yetter-Drinfeld mod-
ules.
E-mail : youmiman2013@gmail.com

THE GENERALIZED CARTAN-DIEUDONNÉ
THEOREM
Ralph John De la Cruz∗ , Dennis Merino,
Agnes Paras
University of the Philippines Diliman,
PHILIPPINES
Aug 8 (Fri), 11:45–12:10, (3B, 9B316)

Let S be a nonsingular complex matrix. A complex ma-
trix P is said to be S-orthogonal if PTSP = S. An S-
orthogonal matrix P satisfying rank(P−I) = 1 is called
S-Householder. It is known that when S is symmetric
or skew symmetric, then every S-orthogonal matrix is a
product of S-Householder matrices. We show that ev-
ery S-orthogonal matrix is a product of S-Householder
matrices if and only if S is congruent to the direct sum
of a symmetric matrix and a skew symmetric matrix.
Keywords : S-orthogonal, S-Householder, Cartan-
Dieudonne Theorem, decomposition
E-mail : rjdelacruz@math.upd.edu.ph

MAKING THE YETTER-DRINFELD
CATEGORIES IN TO RIBBON CATEGORIES
Xiaohui Zhang∗ , Shuanhong Wang
Southeast University, CHINA
Aug 9 (Sat), 10:30–10:55, (2B, 9B208)

In this paper, we mainly study when the Yetter-Drinfeld
category over any Hopf algebra H becomes a ribbon
category. In order to do so, let (C,ø, I) be a symmetric
rigid category, C and A be Hopf algebras in C. Given
an entwining map ϕ : CøA→ AøC, then we construct
a necessary and sufficient condition for CCA (ϕ) (the cat-
egory of entwined modules over C and A) to be a rigid
category. Specially, if C is a finite dimensional linear-
space category over a field k, we show that CCA (ϕ) is a
ribbon category if and only if there is a map ξ : C → A
satisfying suitable axioms. Finally, our theory can be
applied to the Yetter-Drinfeld category over any Hopf
algebra H, and a class of new categories of general-
ized Long dimodules LQH where H is any quasitriangu-
lar Hopf algebra and Q is any coquasitriangular Hopf
algebra.
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Keywords : Entwining structure, rigid category, ribbon
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TOWARDS A MULTIPLICATIVE KRONECKER
QUOTIENT
Yorick Hardy
University of South Africa, SOUTH AFRICA
Aug 9 (Sat), 10:55–11:20, (2B, 9B208)

In [On Kronecker quotients. Electronic Journal of Lin-
ear Algebra, 27:172–189, 2014.] linear Kronecker quo-
tients are considered in some detail. The open problem
of describing multiplicative Kronecker quotients has re-
ceived considerably less attention. We report on re-
cent progress in describing Kronecker quotients satisfy-
ing multiplicative properties, i.e. for m×m matrices A,
and mn×mn matrices M :

det (M) = (det A)n(det (A;M))m

and, for product compatible matrices A and B, M and
N such that A;M , B ;N and (AB) ; (MN) exist:

(A;M)(B ;N) = (AB) ; (MN)

for left Kronecker quotients ;. A restriction to the gen-
eral linear group GL(n, F ) is considered, in particular
we consider the cases F = R or F = C.
Keywords : Kronecker quotient, Kronecker product.
E-mail : hardyy@unisa.ac.za

LINEARIZATION FOR COMPUTING ROOTS OF
RATIONAL FUNCTIONS
Yuji Nakatsukasa∗ , Vanni Noferini and Alex
Townsend
University of Tokyo, JAPAN
Aug 9 (Sat), 11:20–11:45, (2B, 9B208)

Linearization is a common technique for computing
roots of a polynomial. The desired roots are obtained as
eigenvalue of a linearization, e.g., companion, colleague,
comrade and confederate. The roots of a rational func-
tion given in quotient form r(x) = p(x)/q(x) are simply
those of the numerator polynomial p(x), which can be
computed via linearization. By contrast, if the rational
function is given in other forms, such as partial frac-
tion or continued fraction, computing the roots is not as
straightforward. One approach is to "polynomialize" the
problem by multiplying out the denominators, but this
can blow up the absolute magnitudes of the coefficients,
resulting in serious numerical instability (exemplifying
a "perfidious rational function"). In this work we de-
rive a linearization that bypasses the need to multiply
out the denominator. The linearization has coefficients
obtained directly from those of r(x), resulting in sig-
nificantly improved stability. The key idea is to regard

the companion-like linearization as performing "multi-
plication by x" in a certain polynomial basis, and ex-
tending this view to a rational basis. Time permitting,
we will also discuss extensions to rational matrix eigen-
value problems and other types of linearization related
to the Double Ansatz Space.
Keywords : lineraization, rational function, companion
matrix, polynomial basis
E-mail : nakatsukasa@mist.i.u-tokyo.ac.jp

FORMULAS AND ESTIMATES FOR THE
GENERIC RANK OF TENSORS
Stefonishin Daniil
Lomonosov Moscow State University, RUSSIA
Aug 9 (Sat), 11:45–12:10, (2B, 9B208)
The generic rank of a tensor with complex numbers is
probably the best studied of many topics related with
tensors. Despite the rank of a particular tensor, the
generic rank depends only on the sizes and can be com-
puted more or less easily. The computation gives the
answer which we believe has a high probability, but it
still not a rigorous proof. Nevertheless, it may be a
source for conjectures. One of such conjectures for the
generic rank in three dimensions is formulated in [1].
In this talk we try to clarify and put together a back-
ground which seems to be necessary for possible proof
of this conjecture and other related results. We capi-
talize on the work [2] devoted to cubic tensors in three
dimensions and are in large motivated by the difficul-
ties of reading this text and by a natural desire to make
things clearer and easier understandable. To this end,
we fall back to the seminal paper by W. Strassen [3] and
use and extend his constructions in a more explicit and
systematic form.
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INCLUSION IDENTIFICATION IN INVERSE
BOUNDARY VALUE PROBLEMS ON WEIGHTED
NETWORKS
A.D. Garnadi
Institut Pertanian Bogor, INDONESIA
Aug 9 (Sat), 10:30–10:55, (2B, 9B215)
In this work, we discuss the inverse problem of identi-
fying inclusions of resistivity of a connected node sub-
set within a known background of a resistor network, in
terms of an input-output boundary map. To do this, re-
sults from a systematic study of general boundary value
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problems on weighted networks that includes the varia-
tional formulation of such problems will be used. In par-
ticular, the discrete version of the Dirichlet Principle,
as we apply it to the analysis of the inverse problem to
identify the inclusion of a subset of connected resistors
within the network. Our main result is a non-iterative
reconstruction methods for locating resistor inclusions
in an otherwise homogeneous resistor networks under a
suitable monotonicity condition.
Keywords : Discrete Boundary Value Problems, Inverse
Problem, Resistor Inclusion.
E-mail : agah.garnadi@gmail.com

CENTRALIZERS AND THEIR APPLICATIONS TO
GENERALIZED INVERSES
Huihui Zhu∗ , Xiaoxiang Zhang, Jianlong Chen
Southeast University, CHINA
Aug 9 (Sat), 10:55–11:20, (2B, 9B215)
Let S be a semigroup or a ring. A map σ : S → S
is called a centralizer on S if aσ(b) = σ(ab) = σ(a)b
for all a, b ∈ S. In this talk, some basic properties of
centralizers are given. As applications, Drazin inverses
of products in semigroups and differences in rings are
characterized. Moreover, EP elements in a ring with
involution are investigated in terms of centralizers.
Keywords : Centralizer, Drazin inverse, Moore-Penrose
inverse, EP element, rings with involution
E-mail : ahzhh08@sina.com

THE NUMERICAL RANGE OF A REAL TENSOR
Pengpeng Xie
Fudan University, CHINA
Aug 9 (Sat), 11:20–11:45, (2B, 9B215)
The numerical range of a matrix has been studied exten-
sively. In this article, the numerical range of a real ten-
sor is considered. This paper focuses on some properties
of the numerical range and the corresponding numeri-
cal radius. We give the relation between the numerical
range and the logarithmic norm. As a note, we show
that the coefficient of rank-one approximation to the
high order tensor is just its largest singular value.
Keywords : tensor, numerical range, logarithmic norm,
numerical radius
E-mail : 09110180005@fudan.edu.cn

A CONTOUR INTEGRAL APPROACH TO STUDY
INVARIANT PAIRS
Esteban Segura Ugalde
Université de Limoges - CNRS, FRANCE
Aug 9 (Sat), 10:30–10:55, (3B, 9B316)
We study the invariant pair problem introduced in [2]
and [3]. This problem is related to the well-known poly-
nomial eigenvalue problem that arises in many appli-
cations in domains as: vibration analysis (structural
damping, electrical systems, navigation systems, etc.),

stability analysis, finite element analysis, Fourier analy-
sis, linear control systems, quantum mechanics. Invari-
ant pairs are closely related to the notion of standard
pairs (see [4]) and also have an interest from a purely
symbolic point of view, in the context of differential sys-
tems.
Consider the matrix polynomial P (λ) =

∑`

i=0 Aiλ
i,

with given coefficients Ai ∈ Cn×n. A pair (X,S) ∈
Cn×k × Ck×k is called invariant pair if the relation:

P (X,S) := A`XS
` + · · ·+A2XS

2 +A1XS +A0X = 0

holds.
Invariant pairs provide a convenient way to study mul-
tiple eigenpairs and to develop symbolic-numerical al-
gorithms to compute such eigenpairs. Those methods
generally increase robustness in the presence of (nearly)
multiple roots.
We formulate the problem using a contour integral
based representation: a pair (X,S) ∈ Cn×k × Ck×k is
called an invariant pair if the relation:

P (X,S) := 1
2πı

∮
Γ
P (λ)X(λI − S)−1dλ = 0

is satisfied, where Γ ⊆ C is a contour with the spectrum
of S in its interior.
This formulation allows us to choose the contour Γ to
compute S with eigenvalues lying in a particular re-
gion of the complex plane. Moreover, it makes it easier
to compute a condition number Ψ(X,S) and a back-
ward error η(X,S), which play an important role for a
symbolic-numeric approach.

Condition Number. We measure relative perturba-
tions normwise by

ε = ‖
[
α−1
` ∆A` . . . α−1

1 ∆A1 α−1
0 ∆A0

]
‖F

where the αi’s are nonnegative parameters for i =
0, . . . , `. Computations yield

‖[‖∆X‖F , ‖∆S‖F ]‖2
‖[‖X‖F , ‖S‖F ]‖2

≤ Ψ(X,S)ε+O(ε2)

where
Ψ(X,S) =∣∣∣∣∣∣[N M

]+[
α`B` α`−1B`−1 . . . α1B1 α0B0

]∣∣∣∣∣∣
2

‖[‖X‖F ,‖S‖F ]‖2

is the condition number and

N = 1
2πı

∮
Γ

(
(λI − S)−1)T ⊗ P (λ)dλ, N ∈ Ckn×kn

M = 1
2πı

∮
Γ

(
(λI − S)−1)T ⊗ (P (λ)X(λI − S)−1) dλ,

M ∈ Ckn×k
2

Bj = 1
2πı

∮
Γ

(
λjX(λI − S)−1)T ⊗ Indλ,

j = 0, . . . , `, Bj ∈ Ckn×n
2
.

Backward Error. Let P∆(λ) be the perturbation of
P (λ), defined as:

P∆(λ) = ∆A0 + ∆A1λ+ · · ·+ ∆A`λ`,

91

mailto:garnadi@gmail.com
mailto:ahzhh08@sina.com
mailto:09110180005@fudan.edu.cn


Abstracts

then the backward error of an approximate solution
(X,T ) of the matrix equation P (X,S) = 0, can be de-
fined by:

η(Y, T )

= min{ε : 1
2πı

∮
Γ

[P (λ) + P∆(λ)]Y (λI − T )−1dλ = 0,

‖
[
α−1
` ∆A` . . . α−1

0 ∆A0
]
‖F ≤ ε},

where the αi’s are nonnegative parameters. We ob-
tained the lower and upper bounds for the backward
error:

η(Y, T ) ≥
‖ 1

2πı

∮
Γ P (λ)Y (λI − T )−1dλ‖F

(α2
`‖Y T `‖2F + · · ·+ α2

1‖Y T‖2F + α2
0‖Y ‖2F )1/2 ,

η(Y, T ) ≤
‖ 1

2πı

∮
Γ
P (λ)Y (λI−T )−1dλ‖F

(α2
`
σmin(Y T `)2+···+α2

1σmin(Y T )2+α2
0σmin(Y )2)1/2

We also developed an iterative method based on New-
ton’s Method plus line search and S̆amanskii techniques
to approximate a solution to the problem. We imple-
mented this iterative method in Matlab and used sev-
eral examples (found in the NLEVP collection [1]) to
test our approach.
This is joint work with Moulay Barkatou and Paola
Boito (XLIM - DMI, Université de Limoges - CNRS).
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OPTIMIZATION WITH MAX-LINEAR
FUNCTIONS
Martin Gavalec and Hana Tomášková∗
University of Hradec Králové, CZECH
Aug 9 (Sat), 10:55–11:20, (3B, 9B316)
Real optimization problems often involve the maximum
and/or minimum operations. The optimization prob-
lems with max-linear functions and their generalizations
are studied in this paper.
The investigation starts with linear optimization prob-
lems in max-min algebra. By max-min algebra we un-
derstand a linear structure on a linearly ordered set with

binary operations maximum and minimum, used simi-
larly as addition and multiplication in the classical lin-
ear algebra. The operations maximum and minimum
are extended to matrices and vectors in a natural way.
The max-min algebra has been often studied by a num-
ber of authors, and various algorithms have been devel-
oped and applied to solving problems such as synchro-
nization of events, network capacity problems, problems
in the fuzzy set theory and others.
The further investigation in this paper concerns more
general max-linear optimization problems, in which the
variables are substituted by linear functions. This gen-
eral approach allows solving of a wider class of applica-
tions. The theory is illustrated by examples of applica-
tions and numerical examples.
Keywords : max-linear functions, max-min algebra, op-
timization
E-mail : hana.tomaskova@uhk.cz

THE INTEGRALITY OF HYPERGRAPHS
COSTRONG PRODUCT
Hanni Garminia
Institut Teknologi Bandung, INDONESIA
Aug 9 (Sat), 11:20–11:45, (3B, 9B316)
It is known that we can study the properties of hyper-
graphs by its representation, particulary by its adja-
cency matrix. Thus we will find the spectrum of hyper-
graphs. A hypergraph is said integral if all eigenvalue of
its adjacency matrix are integers. In this talk, we will
study an integrality of hypergraphs costrong product.
Keywords : Costrong product, eigen value, hypergraph,
spectrum.
E-mail : garminia@math.itb.ac.id

MAX-PLUS SINGULAR VALUES
James Hook
University of Manchester, UK
Aug 9 (Sat), 11:45–12:10, (3B, 9B316)
Max-plus algebra concerns the semiring Rmax = R ∪
{−∞}, with basic operations

a⊕ b = max{a, b}, a⊗ b = a+ b, for alla, b,∈ Rmax.

Max-plus algebra can be used to give order of magni-
tude approximations of various classical algebra prob-
lems. The idea is that a classical problem can be trans-
formed into a max-plus one, which is much easier to
solve. The solution to the max-plus problem can then
give useful information to assist in the solution of the
original problem. This approach is especially beneficial
to badly conditioned systems whose entries vary a lot
in magnitude.
In my talk I will discuss my new method for using max-
plus algebra to approximate a the singular values of a
matrix. I will show how this approximation can be use-
ful for assessing the effectiveness of different scalings
and preconditioners, designed to reduce the condition
number of the matrix.
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Keywords : Max-plus algebra, eigenvalues, singular val-
ues, sparse matrices, matrix condition number, matrix
scalings, preconditioners.
E-mail : james.l.hook@gmail.com

MAXIMAL NON-SINGULAR PARTIAL MATRICES
James McTigue
National University of Ireland, IRELAND
Aug 9 (Sat), 14:00–14:25, (3B, 9B316)
A partial matrix over a field F is a matrix whose entries
are either elements of F or independent indeterminates.
A completion of a partial matrix is obtained by spec-
ifying values from F for the indeterminates. In 2010,
Brualdi, Huang and Zhan posed the problem of char-
acterizing maximal non–singular partial matrices over
a field F. A maximal non–singular partial matrix is a
partial matrix whose completions are all non–singular
and in which replacement of any constant with an inde-
pendent indeterminate results in a partial matrix having
a singular completion.
Some recent results about partial matrices whose com-
pletions all have the same rank are reviewed and a char-
acterization of maximal non–singular matrices is pre-
sented.
Keywords : Partial matrices, Completions
E-mail : mctiguejj@gmail.com

WHY DOES SHIFT-AND-INVERT ARNOLDI
WORK?
Christian Schroder, Leo Taslaman∗
The University of Manchester, UK
Aug 9 (Sat), 14:25–14:50, (3B, 9B316)
Virtually all methods for finding eigenvalues close to a
target σ of a large matrix A involve solving linear sys-
tems with the shifted matrix A−σI. If the shift is “too
good,” these systems become ill-conditioned or even sin-
gular, which at first sight seems inherently bad. Fortu-
nately, at least for normal matrices, there is a strong
connection between the largest possible forward errors
of the linear systems and some of the eigenvectors in
which we are interested. For certain algorithms, e.g.,
inverse iteration, this connection implies that the ill-
conditioning is benign. For shift-and-invert Arnoldi,
however, it is more complicated. We discuss this case
using a backward error analysis. More precisely, we
show how errors from solving linear systems, as well as
from orthogonalizing vectors, lead to a perturbation of
the underlying recurrence, and we bound the norm of
this perturbation. If the exact recurrence we want is

(A− σI)−1Vk = Vk+1Hk,

we show that the computed quantities V̂k+1 and Ĥk

satisfy a perturbed recurrence

(A+4A− σI)−1V̂k = V̂k+1Ĥk,
and we bound ‖4A‖ in terms of ‖A‖. The case of gen-
eralized eigenvalue problems is also considered.

Our bounds are not only of importance to eigenvalue
computation, but to any algorithm that relies on the
shift-and-invert Arnoldi recurrence. Hence, other sub-
fields of numerical analysis, for example, model order
reduction and the computation of matrix functions, are
also affected by our results.
Keywords : Arnoldi recurrence, Krylov methods, Eigen-
value computation
E-mail : leo.taslaman@manchester.ac.uk

CHARACTERISTIC NON HYPERINVARIANT
SUBSPACES
Josep Ferrer and David Mingueza and
M.Eulalia Montoro∗ and J.R Pacha
Universitat de Barcelona, SPAIN
Aug 9 (Sat), 14:50–15:15, (3B, 9B316)

iven a square matrix A ∈ Mn(F), F a field, an
A−invariant subspace is called hyperinvariant (respec-
tively characteristic) if and only if it is also invariant
for all matrices T (respectively nonsingular matrices T )
which commute with A. Obviously,

Hinv(A) ⊆ Chinv(A),

where Hinv(A) and Chinv(A) denote the lattice of hy-
perinvariant and characteristic subspaces, respectively.
It is known that if the characteristic polynomial of A
splits over F and F 6= GF (2), Chinv(A) = Hinv(A).
Without loss of generality A can be supposed nilpo-
tent. If F = GF (2) and A is a nilpotent matrix,
Shoda’s Theorem characterizes when there exists X ∈
Chinv(A) \Hinv(A).
Here, we present an algorithm which allow us to explic-
itly obtain all of the characteristic subspaces which are
not hyperinvariant, giving a full description of them.
Keywords : Invariant subspaces
E-mail : eula.montoro@ub.edu

NEW ORTHOGONAL Q-SHEFFER SEQUENCES
Ji-Hwan Jung ∗ and Gi-Sang Cheon
Sungkyunkwan University, KOREA
Aug 9 (Sat), 14:00–14:25, (2B, 9B208)

There have been several works on the q-analogues of the
Sheffer sequence by using the q-umbral calculus. In this
talk, we present a new kind of q-Sheffer sequences with
the Eulerian generating functions. This concept may
differ from others in the literature appeared previously.
Several kinds of q-Sheffer sequences e.g., q-Laguerre
polynomials, together with combinatorial meaning will
be examined. In addition, we find some conditions on q-
Sheffer sequences to be orthogonal polynomials, and we
prove that continuous q-Hermite polynomials in terms
of basic hypergeometric functions are of the orthogonal
q-Sheffer sequence.
Keywords : q-Sheffer sequence, q-umbral calculus, or-
thogonal polynomials

93

mailto:hook@gmail.com
mailto:mctiguejj@gmail.com
mailto:taslaman@manchester.ac.uk
mailto:montoro@ub.edu


Abstracts

E-mail : jh56k@skku.edu

AN EQUIVALENCE CLASS OF THE
GENERATING FUNCTIONS AND APPLICATION
TO SOLVING FUNCTIONAL EQUATION
Sung-Tae Jin∗ , Gi-Sang Cheon, and Louis W.
Shapiro
Sungkyunkwan University, KOREA
Aug 9 (Sat), 14:25–14:50, (2B, 9B208)
In this talk, we first consider an equivalence class on
F0, the set of generating functions of order zero. We
apply this concept to solve the functional equation of
the form:

Qr = 1 + azQrr + bz2Q2r−1
r + czQr+1

r + dz2Q2r
r .(6)

We show that the solution of (6) lies on the equivalence
class of the solution Q satisfying the quadratic equation:

Q = 1 + azQ+ bz2Q+ czQ2 + dz2Q2.(7)

The equation (7) involves lots of counting sequences e.g.
the Catalan, the Motzkin, the Schröeder, the Fibonacci,
the Fine numbers, etc. We obtain a unified combinato-
rial interpretation for the solution Q. Indeed, if a, b, c, d
are nonnegative integers then Q may be combinato-
rially interpreted as the generating function counting
the weighted lattice paths from the origin to the point
(n, k) using the step set {U = (1, 1), H = (1, 0), H∗ =
(2, 0), V = (0,−1), D = (1,−1)}. Finally, we provide
another way solving the equation (6) by a unified com-
binatorial setting for Qr
Keywords : Riordan array, equivalence class, Lagrange
inversion formula, lattice path
E-mail : anishie@skku.edu

ON THE COMMUTATOR SUBGROUP OF THE
RIORDAN GROUP
Min-Ho Song∗ , Gi-Sang Cheon, Hana Kim
and Yongdo Lim
Sungkyunkwan University, KOREA
Aug 9 (Sat), 14:50–15:15, (2B, 9B208)
Let G(R) be the group of Riordan matrices with all 1s on
the main diagonal over a commutative ring R. This talk
is motivated by Shapiro’s open question (2001): “What
is the commutator subgroup of G(Z)?" We first discuss
the commutators of G(Z). More generally, we then dis-
cuss the commutator subgroup CR of G(R) by using the
Lie theory concerning the Riordan group. The subgroup
CR is a Lie subgroup [G(R),G(R)] generated by all com-
mutators of the form ABA−1B−1 (A,B ∈ G(R)). The
question we raise is: What is the Lie algebra of the
commutator subgroup of G(R)? We present the answer
and then we determine the structure of the commutator
subgroup of G(R). An immediate consequence is that
[G(Z),G(Z)] is the commutator subgroup CZ of G(Z).
// Joint work with Gi-Sang Cheon, Yong-Do Lim and
Hana Kim

Keywords : Riordan matrix and Riordan group, com-
mutator subgroup, matrix Lie group, Riordan Lie alge-
bra.
E-mail : smh3227@skku.edu

JORDAN ISOMORPHISMS AS PRESERVERS FOR
IMPORTANT ORDERS ON MATRIX AND
OPERATOR ALGEBRAS
Jan Hamhalter
Czech Technical University, CZECH
Aug 9 (Sat), 14:00–14:25, (2B, 9B215)
The aim of the paper is to present recent results show-
ing that preserver problems for various orders on ma-
trices and operators lead to isomorphisms of the corre-
sponding Jordan structures. In particular, we consider
the star order and the spectral order. Star order is de-
fined on an associative ∗-algebra as the relation a � b
if a∗a = a∗b and aa∗ = ba∗. We show that any (not
necessarily linear) continuous preserver of the star or-
der between von Neumann algebras that is well behaved
with respect to the unit is given by function calculus fol-
lowed by Jordan ∗-isomorphism. We say that a map ϕ
between operator algebras is well behaved with respect
to the unit if it sends scalar multiples of the unit to
scalar multiples of some fixed invertible central element.
Further, for the first time we introduce and study star
order for non-associative algebras. For a Jordan algebra
(A, ◦) we define the star order as the relation a � b if
a2 = a ◦ b and a and b operator commute. We show a
far reaching generalization of the above mentioned re-
sult: Let ϕ : A→ B be a continuous bijection between
Jordan von Neumann algebras (JBW algebras) A and
B that is a star order isomorphism and which is well
behaved with respect to the unit. Then there is an
invertible central element z in B, Jordan isomorphism
ψ : A → B, and a continuous real bijection f , with
f(0) = 0, such that ϕ(a) = ψ(f(a))z for all a ∈ A. A
sharper result is obtained for Type I factors: Any con-
tinuous bijection ϕ : A→ B between Type In JBW fac-
tors, n 6= 2, that preserves star order in both directions
is of the form ψ(f(a)), where f is a continuous real bijec-
tion and ψ : A → B is a Jordan isomorphism. We dis-
cuss consequences for matrix Jordan algebras over real,
complex, quaternion and Cayley numbers and present
characterization of Jordan isomorphism in terms of star
order preserves and mild linearity conditions. Finally,
we show description of isomorphisms with respect to the
spectral order in terms of Jordan ∗-isomorphisms.
Keywords : start order preservers, Jordan isomor-
phisms, spectral order isomorphisms
E-mail : hamhalte@math.feld.cvut.cz

RUDIMENTARY SUBRINGS OF PARTIAL
MATRIX RINGS
Gangyong Lee
Sungkyunkwan University, KOREA
Aug 9 (Sat), 14:25–14:50, (2B, 9B215)
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The study of the class of primitive rings has been a topic
of a wide interest after Jacobson introduced the notion
of primitive rings in 1945. The existence of a faithful
simple module plays a crucial role in this study. In par-
ticular, Schur showed that the endomorphism ring of a
simple module is a division ring, but the converse does
not hold true, in general. In 1949, T. Szele obtained the
result for abelian groups: The endomorphism ring of an
abelian group G is a division ring iff G is isomorphic to
either Q or Zp where p is prime. That is, there is no non-
commutative division ring which can serve as the endo-
morphism ring of an abelian group. In 1970, Ware and
Zelmanowitz extended Szele result that there is no non-
commutative division ring as the endomorphism ring of
an module over a commutative ring.

In this talk, first, we introduce the notion of a rudi-
mentary ring as a generalization of a primitive ring. A
ring R is called right rudimentary if there exists a faith-
ful right R-module M such that EndR(M) is a division
ring. In addition, we define a partial matrix ring over
a ring R, denoted by PMn(R), a subring of a full n× n
matrix ring over R, with elements matrices whose en-
tries are either elements of A or are 0, such that nonzero
entries are independent of each other. Second, we pro-
vide a generalization of Szele’s result for abelian groups
to modules over a partial matrix ring PMn(R) where R
is a commutative ring.

(This is a joint work with Cosmin Roman and Xiaoxiang
Zhang.)
E-mail : lgy999@hanmail.net
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Ramazan Turkmen
Eugene Tyrtyshnikov
Evgeny Tyrtyshnikov
Mitsuru Uchiyama
Hein Van Der Holst
Kevin Vander Meulen
J. Virtanen
Andrey Voynov
Quoc-Phong Vu
Chern-Shuh Wang
Qing-Wen Wang
Shaoxin Wang
Weichung Wang
Weiguo Wang
Wenzhe Wang
Marcus Weber
Yimin Wei
Peter Chang-Yi Weng
Ulrica Wilson

Ngai-Ching Wong
Lingfei Wu
Shengjun Wu
Pengpeng Xie
Changqing Xu
Takeaki Yamazaki
Sheng-Liang Yang
Bengi Yildiz
Hwanchul Yoo
Meesue Yoo
Lihua You
Miman You
Michael Young
Fei Yuan
Xiying Yuan
Sun-Mi Yun
Fuzhen Zhang
Jianbin Zhang
Leihong Zhang
Liping Zhang
Xiao-Dong Zhang
Xiaohui Zhang
Zhihua Zhang
Xiaofan Zhao
Xiqiang Zhao
Bo Zhou
Jiang Zhou
Jieyong Zhou
Huihui Zhu
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Cooperating Societies and Sposors

Banners





Hyehwa station Exit ①①

Hyehwa station Signs

SKKU Shuttle Bus

SKKU Shuttle Bus
and Green Shelter

Green Shelter



International Hall Lounge

SKKU International Hall





Step 1. At the airport, find Gate 6 where you can find airport
bus stop 5B

Step 2. Take Bus No. 6011.(KRW10,000 or T-Money Card)
Step 3. Get off the bus at Sungkyunkwan University  Stop(in

Korean SungDae Ipgu). It may also called HyeHwa
station.  (Approximately 90 min.)

Step 4. Walk to Sungkyunkwan University main gate or take
SKKU shuttle bus from in front of Daiso store.

http://www.skku.edu/new_home/205_eng/index.jsp

Bus From Incheon Int’l Airport to SKKU

http://www.skku.edu/new_home/205_eng/index.jsp


Get off the bus here(SKKU stop)

Dunkin Doughnuts

SKKU Main Gate

Daiso

Enter this way

Dunkin Doughnuts






