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0.1. IWMS/5�7 June 2018: Introduction. The International Scienti�c and Organizing Committees of

the 26th International Workshop on Matrices and Statistics (IWMS-2018) is delighted to have you join us at

IWMS-2018 in Montréal (5�7 June 2018) to be held in the Multimedia Centre Rooms 3F.37, 3F.38 and 3F.43

(third �oor) at Dawson College, 3040 rue Sherbrooke ouest, Westmount/Montréal.

On Tuesday 5 June 2018 we will hold a mini-symposium celebrating the 100th birth anniversary of Theodore

Wilbur Anderson, Jr. (1918�2016). On Wednesday 6 June 2018 several talks by invited speakers will be

presented, as well as some contributed talks. On Thursday 7 June 2018 we will hold the Third mini-symposium

on �Magic squares, prime numbers and postage stamps� (IWMS-2018/M3). The �rst two mini-symposia were

held in Madeira, Portugal (2016) and in Westmount/Montréal (2017). For more about the IWMS-2018

Workshop please visit our IWMS-2018 website https://profchu.wixsite.com/mysite
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Our IWMS-2018 logo comprises h = 92 philatelic-friendly most-perfect pandiagonal 4×4 fully-magic matri-

ces with equal magic sums m92 = 2946 and entries the n92 = 1472 consecutive integers from 1−1472. Our logo

follows up on the logo with h = 53,m53 = 1698, n53 = 848 entitled � ?Happy 2018? Equal Sums Magic Squares

of Order 4�, published by Inder J. Taneja, Numbers Magic: Magic Squares, Sel�e Numbers and Information

Measures online at https://inderjtaneja.com/2017/12/29/2018-equal-sums-magic-squares-of-order-4/
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0.2. Multimedia Centre Rooms 3F.37 and 3F.38 (third �oor) at Dawson College. All invited and

contributed talks at IWMS-2018 in Westmount/Montréal (5�7 June 2018) will be held in the Multimedia Cen-

tre Rooms 3F.37 and 3F.38 (third �oor) at Dawson College, 3040 rue Sherbrooke ouest, Westmount/Montréal.

We have requested a special password for wi� internet access at Dawson College from 5�7 June 2018: username

guestmathws with password Dawson2018

For parking at Dawson College use the south entrance at 4001 boulevard de Maisonneuve ouest (see right

panel above: lower left between H and Wood Avenue). Other parking options include metered parking near

the campus on the street. Indoor parking at the Alexis-Nihon shopping mall just opposite Dawson College;

the entrance to Alexis-Nihon is on rue Ste-Catherine ouest. Or park at the Pepsi Forum de Montréal (see

right panel: P lower right). The Métro station for Dawson and Alexis-Nihon is Atwater. The photo (below)

of Dawson College is of the main north entrance at 3040 rue Sherbrooke ouest.

4/13/2018 About Dawson – Dawson College

https://www.dawsoncollege.qc.ca/about-dawson 1/4

THIS IS THE PLACE
Dawson College is a large, long-established educational institution within Quebec’s network of CEGEPs that
is woven into the fabric of academic life in Montreal. Dawson students, faculty and sta� embody a broad
spectrum of languages and ethnic origins re�ective of the multicultural character of Montreal itself. This
diversity greatly enriches all members of the College community by providing a welcoming and stimulating
environment in which to learn and work, and where students are prepared to assume their role as
productive and responsible citizens of the world.
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1. Timetable & Programme

1.1. Tuesday, 5 June 2018 (11:00 am/11h00): Registration with pre-lunch co�ee break in room 3F.43

and lunch break.

1.2. Tuesday, 5 June 2018 (2:00 pm/14h00): Mini-symposium celebrating the 100th birth anniversary

of Theodore Wilbur Anderson, Jr. (1918�2016) on 5 June 1918. rooms 3F.37, 3F.38 & 3F.43.

Abstract

This document is a handout for a special invited talk at The 17th International Workshop on Matrices and Statis-
tics in Honour of Prof. T. W. Anderson’s 90th birthday, Tomar, Portugal, 23–26 July 2008; see also [41]. We iden-
tify books, edited books (and other collections including journal special issues), and book reviews by Theodore
Wilbur Anderson (b. 1918). Hyperlinks are provided to reviews of these publications that are available online
with JSTOR; excerpts from some of these reviews are also included. Biographical articles and one videorecord-
ing about T. W. Anderson are identified. For items listed by (open-access) WorldCat First Search OCLC, a
hyperlink is given with the number (as given by OCLC) of libraries worldwide that own the item (in parenthe-
ses). Our presentation is illustrated with photographs of several of Anderson’s collaborators; some pictures of
other well-known statisticians are also included. A soft-copy pdf file of this handout is available from the second
author. This file compiled on July 13, 20081.

T. W. Anderson (June 2008) The first edition (1958)
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Tuesday, 5 June 2018 (2:00 pm/14h00): Mini-symposium celebrating the 100th birth anniversary of
Theodore Wilbur Anderson, Jr. (1918�2016) on 5 June 1918. rooms 3F.37, 3F.38 & 3F.43.

Presentations will include (updated versions) of

• �Some comments on T. W. Anderson's publications�, by George P. H. Styan, with updates for George Boole,
Donald A. Darling & Milton Friedman:

• �An annotated and illustrated bibliography with hyperlinks for T. W. Anderson in celebration of his 90th
birthday�, by Simo Puntanen & George P. H. Styan,

based on presentations at the 17th International Workshop on Matrices and Statistics in Honour of Professor T. W.
Anderson's 90th Birthday (IWMS-2008), Tomar, Portugal, 23�26 July 2008.

1.3. �Theodore Anderson, 98; Paved Way for Modern Data Analysis�, by Regina Nuzzo: The New York

Times, vol. CLXVI, no. 57,381, page B5 (Monday, October 10, 2016).
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1.4. Wednesday, 6 June 2018: Timetable for IWMS-2018 Invited & Contributed Talks [all talks to be

held in the Multimedia Centre Rooms 3F.37 and/or 3F.38 (third �oor) at Dawson College, 3040 rue

Sherbrooke ouest, Westmount/Montréal].

• 09:30 am/09h30: S. Ejaz Ahmed: Post selection, estimation and prediction in sparse regression models (abstract

3.1)

• 10:00 am/10h00: Oskar Maria Baksalary & Götz Trenkler: Representations of the Moore�Penrose inverses of

matrices (abstract 3.2)

• 10:30 am/10h30: Adi Ben-Israel: Matrix volume and its applications (abstract 3.3)

• 11:00 am/11h00: Co�ee break: room 3F.43

• 11:30 am/11h30: Dennis S. Bernstein: Input estimation for linear discrete-time dynamical systems (abstract

3.4)

• 12:00 noon/12h00: S. W. Drury: Some old conjectures of Bapat and Sunder (abstract 3.5)

• 12:30 noon/12h30: Yonghui Liu: Estimation and in�uence diagnostics for an autoregressive model under

skew-normal distributions (abstract 3.6)

• 1:00 pm/13h00: Lunch break

• 2:30 pm/14h30: Mika Mattila: The arithmetic Jacobian matrix and determinant (abstract 3.7)

• 3:00 pm/15h00: Christopher C. Paige: The e�ects of loss of orthogonality on large sparse matrix computations

(abstract 3.8)

• 3:30 pm/15h30: Co�ee break: room 3F.43

• 4:00 pm/16h00: Yongge Tian: Multilevel statistical models, least-squares estimators, and reverse-order laws

for generalized inverses (abstract 3.9)

Wednesday, 6 June 2018: Timetable for IWMS-2018 Contributed Talks

• 4:30 pm/16h30: Jorge Delgado Gracia, Guillermo Peña & Juan Manuel Peña: Schoenmakers�Co�ey matrices

(abstract 4.1)

• 5:00 pm/17h00: Simo Puntanen & Augustyn Markiewicz: Linear prediction su�ciency in the misspeci�ed

linear model (abstract 4.2)

sjp
Sticky Note
Cancelled
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2. Third mini-symposium on magic squares, prime numbers & postage stamps

organized by Ka Lok Chu, Simo Puntanen & George P. H. Styan

2.1. Philatelic magic square for Götz Trenkler in celebration of his 75th birthday: 14 July 2018.
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2.2. Thursday, 7 June 2018: Timetable for three talks in the IWMS-2018/M3 Mini-Symposium on

�Magic squares, prime numbers and postage stamps�.

Three talks M3a, M3b, M3c by Ka Lok Chu, Simo Puntanen & George P. H. Styan:

• 10:00 am/10h00: Talk M3a: Some comments on a philatelic magic square for the Trenkler�Trenkler MPPD

prime-magic matrix (abstract 6.3)

• 10:30 am/10h30: Talk M3b: Some comments on two logos and on some related curiosity- and philatelic-friendly

numbers (abstract 6.4)

• 11:00 am/11h00: Talk M3c: Some comments on selected new mathematical postage stamps from USA, Italy

and Croatia (abstract 6.5)

2.3. Poster presentation by Richard William Farebrother.

Poster P1: Symmetric and nonsymmetric square matrices with common row and column totals expressed as weighted

sums of permutation matrices, illustrated philatelically (abstract 5.1)

2.4. Poster presentations by Ka Lok Chu, Simo Puntanen & George P. H. Styan.

Poster Q1: A philatelic magic square (with details) for Götz Trenkler celebrating his 75th birthday: 14 July 2018

(abstract 6.4 for Poster Q1 and talk M3a)

Poster Q2: Some comments on philatelic stu�ed cheese (keshi yena): bon appétit! (abstract 6.5 for Poster Q2 and

talk M3b)

Poster Q3: Some more comments on Wells's �ve most beautiful theorems (abstract 6.6 for Poster Q3 and talk M3c)

Poster Q4: A philatelic introduction to Dawson College, McGill University & Lord Strathcona (abstract 6.1)

Poster Q5: A philatelic introduction to Mersenne primes and perfect numbers (abstract 6.2)

Poster Q6: Magic square-friendly 19 (The �nal report). (abstract 6.3)

2.5. Thursday, 7 June 2018: After-lunch excursion possibility � Dawson College Garden of Peace.
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3. Abstracts for IWMS-2018 invited talks

3.1. S. Ejaz Ahmed: Post selection, estimation and prediction in sparse regression models. Nowadays a

huge amount of data is available, and the need for novel statistical strategies to analyze such data sets is pressing. This

talk focuses on the development of statistical and computational strategies for a sparse regression model in the presence

of mixed signals. The search for such signals, sometimes called networks or pathways, is for instance an important

topic for those working on personalized medicine. We propose a new and unique �post selection shrinkage estimation

strategy� that takes into account the joint impact of both strong and weak signals to improve the prediction accuracy,

and opens pathways for further research in such scenarios. E-mail address: sahmed5@brocku.ca

3.2. Oskar Maria Baksalary & Götz Trenkler: Representations of the Moore�Penrose inverses of ma-

trices. During the talk we will recall various results concerned with di�erent representations of the Moore�Penrose

inverses of matrices. We will look at the representations from di�erent perspectives demonstrating diversity of possible

approaches to the subject. Among the topics discussed will be the Moore�Penrose inverses of: matrices modi�ed by

matrices of rank-one, partitioned matrices, functions of a pair of Hermitian idempotent matrices, and functions of a

square matrix represented by the Hartwig�Spindelböck decomposition. Furthermore, some of the results will shed light

on the links between the Moore�Penrose inverse and other generalized inverses, such as Bott�Du�n or core inverses. A

number of examples dealing with applications of the Moore�Penrose inverse in various areas of research (e.g., physics)

will be discussed as well. E-mail address: obaksalary@gmail.com

3.3. Adi Ben-Israel: Matrix volume and its applications. E-mail address: adi.benisrael@gmail.com

Note added in proof: [6] I. Weissman: Sum of squares of uniform random variables, Statistics & Probability Letters, vol. 129, pp. 147�154 (October 2017).
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3.4. Dennis S. Bernstein: Input estimation for linear discrete-time dynamical systems. Given the output

of a system, can we �nd the input? For static maps, we need only construct a left inverse. This talk will focus on

challenges that arise when the system has dynamics. These challenges include the stability and causality of the left

inverse, knowledge of the initial condition, the achievable estimation delay, and the need to avoid unstable pole-zero

cancellation. It will be shown that, for linear discrete-time systems, the answers to these questions depend on the

analysis of a block-Toeplitz matrix. Finite-time and asymptotic input estimation will be shown for various classes of

systems. E-mail address: dsbaero@umich.edu

3.5. S. W. Drury: Some old conjectures of Bapat and Sunder. In the mid 1980s, Bapat and Sunder made two

conjectures concerning the permanents of positive semide�nite matrices. Recently both of these conjectures have been

shown to be false. We will present the counterexamples, place them in context and discuss some of the open proble

ms in this area. E-mail address: <swdrury@hotmail.ca>

3.6. Yonghui Liu: Estimation and in�uence diagnostics for an autoregressive model under skew-normal

distributions. Autoregressive models have played an important role in time series. In this paper, an autoregressive

model under skew-normal distributions is considered. The estimation of parameters in the model is studied based on

the EM algorithm and the local in�uence method is used to conduct statistical diagnostics. The normal curvature

diagnostics for the model under four perturbation schemes for identifying possible in�uential observations are estab-

lished. After a simulation study is conducted and the performance of the proposed method is evaluated, an example of

real-data analysis is presented and discussed. Our model is used to analyse weekly log-return data for Chevron shares

with our local in�uence analysis conducted to improve the model �t. E-mail address: liuyh@lsec.cc.ac.cn

3.7. Mika Mattila: The arithmetic Jacobian matrix and determinant. Let a1, . . . , am be such real numbers

that can be expressed as a �nite product of prime powers with rational exponents. Using arithmetic partial derivatives,

we de�ne the arithmetic Jacobian matrix Ja of the vector a = (a1, . . . , am) analogously to the Jacobian matrix Jf of a

vector function f . We introduce the concept of multiplicative independence of {a1, . . . , am} and show that Ja plays in

it a similar role as Jf does in functional independence. We also present a kind of arithmetic implicit function theorem

and show that Ja applies to it somewhat analogously as Jf applies to the ordinary implicit function theorem. E-mail

address: mika.mattila@tut.fi

3.8. Christopher C. Paige: The e�ects of loss of orthogonality on large sparse matrix computations. Many

useful large sparse matrix algorithms are based on orthogonality, but for e�ciency this orthogonality is often obtained

via short term recurrences. This can lead to both loss of orthogonality and loss of linear independence of computed

vectors, yet with well designed algorithms high accuracy can still be obtained. Here we discuss a nice theoretical

indicator of loss of orthogonality and linear independence and show how it leads to a related higher dimensional

orthogonality that can be used to analyze and prove the e�ectiveness of such algorithms. We illustrate advantages

and shortcomings of such algorithms with Cornelius Lanczos' symmetric matrix tridiagonalization process. This is the

basis for several very useful large sparse matrix algorithms, and is itself very e�ective for solving the eigenproblem and

solution of equations problems for large sparse symmetric matrices. The talk is expository, summarizing other work,

and avoiding detailed error analyses. Key words & phrases: orthogonality, large sparse matrices, Lanczos process.

E-mail address: chris@cs.math.mcgill
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3.9. Yongge Tian: Multilevel statistical models, least-squares estimators, and reverse-order laws for

generalized inverses. A linear statistical model may involve unknown parameters that vary at more than one level.

In such a case, multilevel statistical modeling is an analytical technique for estimating regression and related models

with data that have a hierarchical structure. In this talk, I �rst introduce two kinds of ordinary least-squares estimators

under multilevel linear models, and describe the equivalence of these estimators by using various matrix identities

composed by generalized inverses. I then show a family of equivalent statements for the matrix identities to hold by

using matrix rank optimization method. The whole work demonstrates that many facts and results in mathematics

have a certain essential interpretation in statistics and can be used to solve many fundamental problems in statistical

inference. E-mail address: yongge.tian@gmail.com

4. Abstracts for IWMS-2018 contributed talks

4.1. Jorge Delgado Gracia, Guillermo Peña & Juan Manuel Peña: Schoenmakers�Co�ey matrices. We

will discuss Schoenmakers�Co�ey matrices which are correlation matrices with important �nancial applications. We

present several characterizations of positive extended Schoenmakers�Co�ey matrices. Several numerical methods for

algebraic computations with Schoenmakers�Co�ey matrices are analyzed and compared.

Key words & phrases: Algebraic computations, correlation matrices, �nancial applications, Schoenmakers�Co�ey

matrices. E-mail address: jorgedel@unizar.es

4.2. Simo Puntanen & Augustyn Markiewicz: Linear prediction su�ciency in the misspeci�ed linear

model. We consider the general linear model y = Xβ+ ε, or shortly M = {y,Xβ,V}, supplemented with the future

unobservable random vector y∗, coming from y∗ = X∗β + ε∗, where the expectation of y∗ is X∗β and the covariance

matrix of y∗ is known as well as the cross-covariance matrix between y∗ and y. We denote the supplemented model as

M∗. The misspeci�ed supplemented model is denoted as M, and the misspeci�cation concerns the covariance part of

the setup. Suppose that Fy is linearly su�cient for estimable parametric function X∗β under M. We give necessary

and su�cient conditions that Fy continues to be linearly su�cient for X∗β under the model M. The corresponding

properties regarding the linear su�ciency with respect to ε∗ and y∗ are also studied.

Key words & phrases: Linear models, regression designs, continuous designs, exact designs, information matrix,

equivalence, domination. E-mail address: simo.puntanen@uta.fi
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5. Abstracts for the 3rd international mini-symposium on �Magic squares, prime numbers

& postage stamps� (IWMS-2018/M3)

5.1. Richard William Farebrother: Symmetric and nonsymmetric square matrices with common

row and column totals expressed as weighted sums of permutation matrices, illustrated philatel-

ically: Poster P1. This article is concerned with the possibility of writing an m × m matrix whose rows

and columns each sum to a common value as a weighted sum of m×m permutation matrices. Although our

examples are restricted to the 3× 3 case, the technique is entirely general and readers are invited to apply it

to magic and non-magic square matrices of higher orders. Key words and phrases: Lewis Carroll (1832�1898), linear

combination, magic square, permutation matrix. E-mail address: R.W.Farebrother@Hotmail.com

References:

[1] Richard William Farebrother (2015), �Supplementary Notes on Lewis Carroll, Graeco-Latin Squares and Magic Squares with
an Annexe on Maria Theresa Thalers and British Banknotes�, Acta et Commentationes Universitatis Tartuensis de Mathematica,
vol 19, no. 2, pp. 97�107.

[2] R. William Farebrother, Shane T. Jensen & George P. H. Styan (2000). �Charles Lutwidge Dodgson: a biographical and
philatelic note�, Image: The Bulletin of the Internationsl Linear Algebra Society, no. 25 (October 2000), pp. 22�23.

[3] Edward Wakeling (1992), Lewis Carroll's Games and Puzzles, Dover Publications, New York, in association with the Lewis
Carroll Birthplace Trust, Daresbury, Cheshire, England.

6. Presentations by Ka Lok Chu, Simo Puntanen & George P. H. Styan

6.1. Poster Q4: A philatelic introduction to Dawson College, McGill University and Lord Strathcona

(1820�1914). We have found no philatelic items for Dawson College or for McGill University per se but we have

found postage stamps for Dawson City (Yukon), McGill Cab Stand (Kathleen Morris), and for Macdonald College

(Macdonald Campus of McGill University). Dawson College is an English-language CEGEP (Collège d'enseignement

général et professionnel) located in Westmount/Montréal (Québec), Canada. It was named after Sir John William

Dawson (1820�1899) who was principal of McGill University (1855�1893). Dawson City in the Yukon Territory,

Canada, is inseparably linked to the Klondike Gold Rush (1896�1899). The current settlement was named in January

1897 after the Canadian geologist and surveyor George Mercer Dawson (1849�1901), eldest son of Sir John William

Dawson. We conjecture that the �McGill Cab Stand� depicted in the Christmas-card painting (1927) by Kathleen Moir

Morris (1893�1986) on the stamp (centre panel) may have been located on the south side of Sherbrooke Street West

near Strathcona Hall and opposite the Roddick Gates entrance to McGill University [1[.

Acknowledgements: Many thanks to J. P. David Dufour and to Evelyn Matheson Styan for their help.

Reference: [1] Discover Montreal: An Architectural and Historical Guide, by Joshua Wolfe & Cécile Grenier, Newly Revised 3rd
Edition, Éditions Libre Expression (1991). [First edition (1983), 2nd edition (1987).]
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6.2. Poster Q5: A philatelic introduction to

Mersenne primes and perfect numbers.

We celebrate the discovery [1] by Jonathan Pace

(Germantown, Tennessee, USA) on Boxing Day 26

December 2017 of the Mersenne prime 2p − 1 with

the prime p = 277232917. This prime number is the

largest prime number known as of June 15, 2018 and

the 50th largest Mersenne prime and was found with

the Great Internet Mersenne Prime Search (GIMPS)

project. Founded in 1996, GIMPS has discovered the

last 16 Mersenne primes.

The even number πp is a perfect number if and only

if πp = 2p−1(2p−1) with p and 2p−1 prime and so with

the discovery of this new Mersenne prime we see that

the even number πp with p = 277232917 is perfect!

Key words and phrases: 50th Mersenne prime, Great Internet
Mersenne Prime Search (GIMPS) project, Jonathan �Jon� Pace,
meter postmark, perfect numbers, Prime Curios! [2], prime
numbers, Sophie Germain prime, Urbana, Illinois.
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5 13 4 8 14
56 anonymous  
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We put question marks instead of a number for the last of the Mersenne primes because it will not be known if there are other 
Mersenne's in between these until a check and double check has been completed by GIMPS.  See the GIMPS Status Page for more 
information.  Not all smaller exponents have been tested.

4. The Lucas-Lehmer Test and Recent History
Mersenne primes (and therefore even perfect numbers) are found using the following theorem:
Lucas-Lehmer Test:  For p an odd prime, the Mersenne number 2p-1 is prime if and only if 2p-1 divides S(p-1) where S(n+1) = S(n)
2-2, and S(1) = 4. [Proof.]
(It is also possible to start with S(1)=10 and certain other values depending on p.)  In pseudo-code this test is:
Lucas_Lehmer_Test(p):
  s := 4;

  for i from 3 to p do s := s2-2 mod 2p-1;
  if s == 0 then

    2p-1 is prime
  else

    2p-1 is composite;
The theory for this test was initiated by Lucas in the late 1870's and then made into this simple test about 1930 by Lehmer. The 
sequence S(n) is computed modulo 2p-1 to save time.  This test is ideal for binary computers because the division by 2p-1 (in binary) 
can be done using rotation and addition only.  (See the pages on proving primality for more information of proving numbers are 
prime.)
In 1811 Peter Barlow wrote in his text Theory of Numbers that 230(231-1) "is the greatest [perfect number] that will be discovered; for 
as they are merely curious, without being useful, it is not likely that any person will attempt to find one beyond it."  I wonder what he 
would have made of the first attempts to climb Mount Everest, to run faster miles, or to jump a longer broad jump--other tasks that are 
curious but not useful.  Obviously no one in the late 1800's had any idea of the power of modern computers.  What might we know 
about the machines of 50 years from now?  (See also"Why find big primes?")

After the 23rd Mersenne prime was found at the University of Illinois, the mathematics department was so proud that the chair of their 
department, Dr. Bateman, had their postage meter changed to stamp "211213-1 is prime" on each envelope.  This was used until the 
four color theorem was proved in 1976. (In 1985 Dr. Bateman printed several copies of the earlier imprint--the image on the left is 
from one of these.)

The 25th and 26th Mersenne primes were found by high-school students Laura Nickel and Landon Curt Noll, who, though they had 
little understanding of the mathematics involved, used Lucas' simple test on the local university's mainframe (CSUH's CDC 174) to 
find the next two primes.  Their discovery of the first prime made the national television news and the front page of the New York 
times.  They went their separate ways after finding the first prime, but Noll kept the program running to find the second--so Noll claims 
complete ownership.  Noll searched later, and though he never found another Mersenne prime, he is one of a team that holds the record 
for the largest non-Mersenne prime.  He currently works for Silicon Graphics.

Slowinski, who works for Cray computers, has written a version of the Lucas test that he has convinced many Cray labs around the 
world to run in their spare time (time that would be lost otherwise).  He had to delay announcing one of his prime records until he got 
permission to begin looking for it.  Slowinski's search for record primes is "not so organized as you would suppose" (his words), as he 

Acknowledgements: Many thanks to Douglas P. Wiens who
introduced us to perfect numbers while discussing Mersenne
primes many years ago and to J. P. David Dufour for providing
us with printed copy of the article by Prashad [1 (2018)]. We
also thank Evelyn Matheson Styan for her help.

Reference:

[1] �A 14-year search ends in church: a church deacon found the
biggest prime number yet, and it wasn't as hard as you'd think�,
by Valencia Prashad, The New York Times, New England print
edition, page D3 (30 January 2018).

6.3. Poster Q6: Magic square-friendly 19. The

�nal report. In his Prime Curios: 19 online1 Chris

Caldwell noted that �The recurring decimal cycles for
1
19

to 18
19

form a true magic square,� which Wells (2005,

p. 39)2 gave explicitly.

We �nd that the 2n× 2n matrix M(2n)

M(2n) =

(
M11

m
n E−M11

m
n E− FM11 FM11

)
(6.1)

is fully-magic with magic sum m = tr(I + F)M11 for

any top-left n × n submatrix M11. Here F is the �ip

matrix and every entry of E is equal to 1.

The 18× 18 �Caldwell�Wells recurring decimal cy-

cles magic square� is a special case of M(2n) (6.1) with

n = 9 and m = 81 and

M11 =



0 5 2 6 3 1 5 7 8

1 0 5 2 6 3 1 5 7

1 5 7 8 9 4 7 3 6

2 1 0 5 2 6 3 1 5

2 6 3 1 5 7 8 9 4

3 1 5 7 8 9 4 7 3

3 6 8 4 2 1 0 5 2

4 2 1 0 5 2 6 3 1

4 7 3 6 8 4 2 1 0


.

When M11 is nonsingular then the Schur complement

(M(2n)/M11) = m
n

(
2 − m

n
e′M−1

11 e
)
E. When M11 is

fully-magic with magic sum m1 = 1
2
m then the Schur

complement (M(2n)/M11) = 0 and M(2n) has rank n.

1
http://primes.utm.edu/ caldwell/curios/page.php?rank=56

2
Prime Numbers: The Most Mysterious Figures in Math, by David Wells (2005).
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6.4. Talk M3a & Poster Q1: A philatelic

magic square for the chemical-friendly 4×4
Trenkler�Trenkler most-perfect pandiagonal

prime-magic square.

All 16 entries of the magic matrix

MTT =


89 37 41 73

61 53 109 17

79 47 31 83

11 103 59 67

 (6.2)

created by the brothers Dietrich and Götz Trenkler (c.

2002) are prime numbers and all are chemical-friendly:

INTRODUCTION TO PRIME-MAGIC SQUARES: June 22, 2016 19

2.4. The Trenkler–Trenkler prime-magic matrix (c. 2010) [68, 74, 77]. Dietrich Trenkler & Götz Trenkler
(“D + G”, c. 2010) created a “most perfect” pandiagonal 4 4 prime-magic square. The coffee mug with this
prime-magic square depicted in (2.8) was presented by Götz Trenkler to George P. H. Styan in celebration of
his 75th birthday in 2012.

(2.8)

We define the magic square in (2.8) by the “Trenkler–Trenkler prime-magic matrix”

M4

89 37 41 73

61 53 109 17

79 47 31 83

11 103 59 67

. (2.9)

See also Götz Trenkler & Dietrich Trenkler [74, pp. 21–23 (2012)], Styan, Götz Trenkler & Chu [77, pp. 188,
210 (2012)], Styan, Götz Trenkler & Dietrich Trenkler [68, pp. 10–11 (2010/2013)]. We illustrate M4 with the
philatelic magic square (2.11) below.

The Trenkler–Trenkler matrix M4 (2.9) uses the 16 prime-number set

11, 17, 31, 37, 41, 47, 53, 59, 61, 67, 73, 79, 83, 89, 103, 109 (2.10)

which is different to the set (2.6) used in the Frierson–Shuldham matrix M3 (2.5) but the magic square defined
by M4 (2.9), like that defined by M3 (2.5), has magic sum m 240. We believe that m 240 is the minimal
magic sum for a pandiagonal 4 4 prime-magic square.

MTT =




89 37 41 73

61 53 109 17

79 47 31 83

11 103 59 67




MTT

4× 4

This enabled us to construct the Trenkler�Trenkler

most-perfect pandiagonal prime-magic square de�ned

by (6.2) above. The chemical-friendly prime-magic

matrix MTT uses the 16 prime-number TT-set

11, 17, 31, 37, 41, 47, 53, 59, 61, 67, 73, 79, 83, 89, 103, 109.

Charles D. Shuldham [2 (1914)] reported that on

Christmas Day 25 December 1911, Lorraine Screven

Frierson (1861�1936) created a 4 × 4 prime-magic

square which we de�ne by the most-perfect pandiago-

nal magic matrix

MFS =


73 41 13 113

23 103 83 31

107 7 47 79

37 89 97 17

. (6.3)

The Frierson�Shuldham matrix MFS is chemical-

friendly and uses the 16 prime-number FS-set

7, 13, 17, 23, 31, 37, 41, 47, 73, 79, 83, 89, 97, 103, 107, 113.

This FS-set is �wider� than the TT-set (given sbove).

However, both MTT and MFS have magic sum 240 and

both are keyed with rank 3, index 1.

We assemble the 16 maximal atomic numbers

103, 104, . . . , 118 [3 (2018)] as a 4× 4 philatelic magic

square according to the 4× 4 EP most-perfect pandi-

agonal matrix A (6.4) with maximal magic sum 442

A =


103 110 115 114

116 113 104 109

106 107 118 111

117 112 105 108

. (6.4)

Key words and phrases: Geo�rey Boocock, chemical atomic
numbers, chemical-friendly prime numbers, Frierson�Shuldham
prime-magic square, philatelic magic square, postage stamps,
Trenkler�Trenkler prime-magic square.

Acknowledgements: We are most grateful to Götz Trenkler for
introducing us to the prime-magic matrix MTT and to Denys
J. Voaden for introducing us to the article �Where chemistry
meets maths meets art� by Geo�rey Boocock [1 (2017)]. This
article led us to the chemical atomic numbers 1−118 and hence
to �chemical-friendly� fully-magic matrices with integer entries
selected from 1−118. Thanks also to Richard Lee Childs II and
Evelyn Matheson Styan for their help.
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[3] �Row 7 of the periodic table complete: can we expect more
new elements; and if so, when?�, by Jan Reedijk [Polyhedron,
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6.5. Talk M3b & Poster Q2: Two logos and

some related curiosity- and philatelic-friendly

numbers. Our main result is the formula (6.5) for the

�Taneja set� of h most-perfect pandiagonal 4×4 fully-

magic matrices with equal magic sumsmh = 2(16h+1)

and its 16h entries the nh = 16h consecutive integers

from 1 through nh = 16h.

T
(h)
j = h


1 8 13 12

14 11 2 7

4 5 16 9

15 10 3 6

− (h− j)


1 0 1 0

0 1 0 1

0 1 0 1

1 0 1 0



− (j − 1)


0 1 0 1

1 0 1 0

1 0 1 0

0 1 0 1

; j = 1, 2, . . . , h.

(6.5)

We may write (6.5) as

T
(h)
j = hM− (h− j)B− (j − 1)(E−B)

= hM− (h+ 1− 2j)B− (j − 1)E (6.6)

where j = 1, 2, . . . , h and

M =


1 8 13 12

14 11 2 7

4 5 16 9

15 10 3 6

, B =


1 0 1 0

0 1 0 1

0 1 0 1

1 0 1 0

. (6.7)

We will call M the �parent matrix� for T
(h)
j (6.5) and

B the �odd/even binary partner� for M. The matrix

E has every entry equal to 1.

With h = 53 in (6.5), we obtain the set of matri-

ces for Taneja's Happy 2018 logo (6.8) left panel with

nh = n53 = 16h = 16 × 53 = 848, mh = m53 =

2(16h+ 1) = 2× 849 = 1698 as in (6.8) left panel and

reference [1]. Here each of the integers from 1�848,

with 848 = 16× 53, is represented precisely once.

(6.8)

With h = 92 in (6.5), however, we obtain the set

of matrices for our IWMS-2018 logo (6.9) below with

nh = n92 = 16h = 16 × 92 = 1472, mh = m92 =

2(16h + 1) = 2× 1473 = 2946. Here each of the inte-

gers from 1�1472, with 1472 = 16× 92, is represented

precisely once. Stamp in (6.8) right panel from Japan

�Happy� Champagne bottle and glasses: Mi:JP 8882

(22 November 2017).

The parent matrix M in displays (6.5)�(6.7) above

has index 1 and is EP. We may, however, choose, M

(and hence its binary partner B) to be any one of the

48 classic most-perfect pandiagonal magic matrices.

Precisely 8 of these 48 have index 1 and are EP and

precisely 8 of these 48 have index 3. The other 32 have

index 1 but are not EP.

Key words and phrases:binary magic squares, logos, most-
perfect pandiagonal 4 × 4 fully-magic matrices, mathematical
curiosities, philatelic illustrations, recreational mathematics.

Acknowledgements:Many thanks to Inder J. Taneja for sending
us his logo (6.8) as given in [1 (2017)] and to Evelyn Matheson
Styan for her help which led us to choose h = 92.

Reference:

[1] ?Happy 2018? Equal Sums Magic Squares of Order 4, pub-
lished by Inder J. Taneja, personal communication from Inder
J. Taneja to George P. H. Styan (29 December 2017), and on-
line at the Numbers Magic: Magic Squares, Sel�e Numbers and

Information Measures website:

https://inderjtaneja.com/2017/12/29/2018

-equal-sums-magic-squares-of-order-4/

Parent Matrix 1 8 13 12 1 0 1 0 0 1 0 1 h = 92

Taneja parent 14 11 2 7 0 1 0 1 1 0 1 0

4 5 16 9 0 1 0 1 1 0 1 0

15 10 3 6 1 0 1 0 0 1 0 1

1 736 1105 1104 6 731 1110 1099 16 721 1120 1089 22 715 1126 1083 23 714 1127 1082 28 709 1132 1077 29 708 1133 1076 34 703 1138 1071 35 702 1139 1070 48 689 1152 1057 49 688 1153 1056 50 687 1154 1055 52 685 1156 1053 53 684 1157 1052 54 683 1158 1051 67 670 1171 1038 68 669 1172 1037 69 668 1173 1036 79 658 1183 1026 80 657 1184 1025 91 646 1195 1014 90 647 1194 1015

1288 921 184 553 1283 926 179 558 1273 936 169 568 1267 942 163 574 1266 943 162 575 1261 948 157 580 1260 949 156 581 1255 954 151 586 1254 955 150 587 1241 968 137 600 1240 969 136 601 1239 970 135 602 1237 972 133 604 1236 973 132 605 1235 974 131 606 1222 987 118 619 1221 988 117 620 1220 989 116 621 1210 999 106 631 1209 1000 105 632 1198 1011 94 643 1199 1010 95 642

368 369 1472 737 363 374 1467 742 353 384 1457 752 347 390 1451 758 346 391 1450 759 341 396 1445 764 340 397 1444 765 335 402 1439 770 334 403 1438 771 321 416 1425 784 320 417 1424 785 319 418 1423 786 317 420 1421 788 316 421 1420 789 315 422 1419 790 302 435 1406 803 301 436 1405 804 300 437 1404 805 290 447 1394 815 289 448 1393 816 278 459 1382 827 279 458 1383 826

1289 920 185 552 1294 915 190 547 1304 905 200 537 1310 899 206 531 1311 898 207 530 1316 893 212 525 1317 892 213 524 1322 887 218 519 1323 886 219 518 1336 873 232 505 1337 872 233 504 1338 871 234 503 1340 869 236 501 1341 868 237 500 1342 867 238 499 1355 854 251 486 1356 853 252 485 1357 852 253 484 1367 842 263 474 1368 841 264 473 1379 830 275 462 1378 831 274 463

2 735 1106 1103 7 730 1111 1098 15 722 1119 1090 21 716 1125 1084 24 713 1128 1081 30 707 1134 1075 36 701 1140 1069 47 690 1151 1058 55 682 1159 1050 66 671 1170 1039 70 667 1174 1035 78 659 1182 1027 81 656 1185 1024 89 648 1193 1016

1287 922 183 554 1282 927 178 559 1274 935 170 567 1268 941 164 573 1265 944 161 576 1259 950 155 582 1253 956 149 588 1242 967 138 599 1234 975 130 607 1223 986 119 618 1219 990 115 622 1211 998 107 630 1208 1001 104 633 1200 1009 96 641

367 370 1471 738 362 375 1466 743 354 383 1458 751 348 389 1452 757 345 392 1449 760 339 398 1443 766 333 404 1437 772 322 415 1426 783 314 423 1418 791 303 434 1407 802 299 438 1403 806 291 446 1395 814 288 449 1392 817 280 457 1384 825

1290 919 186 551 1295 914 191 546 1303 906 199 538 1309 900 205 532 1312 897 208 529 1318 891 214 523 1324 885 220 517 1335 874 231 506 1343 866 239 498 1354 855 250 487 1358 851 254 483 1366 843 262 475 1369 840 265 472 1377 832 273 464

3 734 1107 1102 8 729 1112 1097 14 723 1118 1091 20 717 1124 1085 25 712 1129 1080 31 706 1135 1074 37 700 1141 1068 46 691 1150 1059 45 692 1149 1060 44 693 1148 1061 51 686 1155 1054 58 679 1162 1047 57 680 1161 1048 56 681 1160 1049 65 672 1169 1040 71 666 1175 1034 77 660 1181 1028 82 655 1186 1023 92 645 1196 1013 88 649 1192 1017

1286 923 182 555 1281 928 177 560 1275 934 171 566 1269 940 165 572 1264 945 160 577 1258 951 154 583 1252 957 148 589 1243 966 139 598 1244 965 140 597 1245 964 141 596 1238 971 134 603 1231 978 127 610 1232 977 128 609 1233 976 129 608 1224 985 120 617 1218 991 114 623 1212 997 108 629 1207 1002 103 634 1197 1012 93 644 1201 1008 97 640

366 371 1470 739 361 376 1465 744 355 382 1459 750 349 388 1453 756 344 393 1448 761 338 399 1442 767 332 405 1436 773 323 414 1427 782 324 413 1428 781 325 412 1429 780 318 419 1422 787 311 426 1415 794 312 425 1416 793 313 424 1417 792 304 433 1408 801 298 439 1402 807 292 445 1396 813 287 450 1391 818 277 460 1381 828 281 456 1385 824

1291 918 187 550 1296 913 192 545 1302 907 198 539 1308 901 204 533 1313 896 209 528 1319 890 215 522 1325 884 221 516 1334 875 230 507 1333 876 229 508 1332 877 228 509 1339 870 235 502 1346 863 242 495 1345 864 241 496 1344 865 240 497 1353 856 249 488 1359 850 255 482 1365 844 261 476 1370 839 266 471 1380 829 276 461 1376 833 272 465

4 733 1108 1101 9 728 1113 1096 13 724 1117 1092 19 718 1123 1086 26 711 1130 1079 32 705 1136 1073 38 699 1142 1067 43 694 1147 1062 59 678 1163 1046 64 673 1168 1041 72 665 1176 1033 76 661 1180 1029 83 654 1187 1022 87 650 1191 1018

1285 924 181 556 1280 929 176 561 1276 933 172 565 1270 939 166 571 1263 946 159 578 1257 952 153 584 1251 958 147 590 1246 963 142 595 1230 979 126 611 1225 984 121 616 1217 992 113 624 1213 996 109 628 1206 1003 102 635 1202 1007 98 639

365 372 1469 740 360 377 1464 745 356 381 1460 749 350 387 1454 755 343 394 1447 762 337 400 1441 768 331 406 1435 774 326 411 1430 779 310 427 1414 795 305 432 1409 800 297 440 1401 808 293 444 1397 812 286 451 1390 819 282 455 1386 823

1292 917 188 549 1297 912 193 544 1301 908 197 540 1307 902 203 534 1314 895 210 527 1320 889 216 521 1326 883 222 515 1331 878 227 510 1347 862 243 494 1352 857 248 489 1360 849 256 481 1364 845 260 477 1371 838 267 470 1375 834 271 466

5 732 1109 1100 10 727 1114 1095 11 726 1115 1094 12 725 1116 1093 17 720 1121 1088 18 719 1122 1087 27 710 1131 1078 33 704 1137 1072 39 698 1143 1066 40 697 1144 1065 41 696 1145 1064 42 695 1146 1063 60 677 1164 1045 61 676 1165 1044 62 675 1166 1043 63 674 1167 1042 74 663 1178 1031 73 664 1177 1032 75 662 1179 1030 84 653 1188 1021 85 652 1189 1020 86 651 1190 1019

1284 925 180 557 1279 930 175 562 1278 931 174 563 1277 932 173 564 1272 937 168 569 1271 938 167 570 1262 947 158 579 1256 953 152 585 1250 959 146 591 1249 960 145 592 1248 961 144 593 1247 962 143 594 1229 980 125 612 1228 981 124 613 1227 982 123 614 1226 983 122 615 1215 994 111 626 1216 993 112 625 1214 995 110 627 1205 1004 101 636 1204 1005 100 637 1203 1006 99 638

364 373 1468 741 359 378 1463 746 358 379 1462 747 357 380 1461 748 352 385 1456 753 351 386 1455 754 342 395 1446 763 336 401 1440 769 330 407 1434 775 329 408 1433 776 328 409 1432 777 327 410 1431 778 309 428 1413 796 308 429 1412 797 307 430 1411 798 306 431 1410 799 295 442 1399 810 296 441 1400 809 294 443 1398 811 285 452 1389 820 284 453 1388 821 283 454 1387 822

1293 916 189 548 1298 911 194 543 1299 910 195 542 1300 909 196 541 1305 904 201 536 1306 903 202 535 1315 894 211 526 1321 888 217 520 1327 882 223 514 1328 881 224 513 1329 880 225 512 1330 879 226 511 1348 861 244 493 1349 860 245 492 1350 859 246 491 1351 858 247 490 1362 847 258 479 1361 848 257 480 1363 846 259 478 1372 837 268 469 1373 836 269 468 1374 835 270 467

(6.9)
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6.6. Talk M3c/Poster Q3: Selected new mathematical postage stamps from USA, Italy, Croatia.

The United States Postal Service (USPS) issued a set

of four nondenominated forever stamps on 6 April 2018

to commemorate the subject of STEM Education [1].

Each stamp characterizes one of the four educational

disciplines represented by the STEM acronym: Sci-

ence, Technology, Engineering and Mathematics.

The STEM Mathematics M-stamp shows a lemnis-

cate (top left) and the Basel Problem (top right) which

we observe has solution

∞∑
n=1

1

n2
=
π2

6

as established by James Gregory FRS (1638�1675) and

Leonhard Euler (1707�1783).

The Italian mathematician and philosopher, Maria

Gaëtana Agnesi (1718�1799), was the �rst woman to

write a mathematics handbook and the �rst woman

appointed as a mathematics professor at a university.

Her �witch of Agnesi� cubic curve (1748) is equiva-

lent to the probability density function of the Cauchy

distribution [2] and approximates the spectral energy

distribution of spectral lines, particularly X-ray lines.

Marin Getaldi¢/Marino Ghetaldi (1568�1626) was

born in Ragusa, Dalmatia (now Dubrovnik, Croatia)

and was a mathematician and physicist who special-

ized in optics. He was one of the few students of

Franciscus Vieta = François Viète, Seigneur de la

Bigotière (1540�1603), a French mathematician who

was a lawyer by trade, and who served as a privy coun-

cillor to both Henri III and Henri IV of France.

Key words and phrases: Maria Gaëtana Agnesi (1718�
1799), Basel problem, Leonhard Euler (1707�1783), Marin
Getaldi¢/Marino Ghetaldi (1568�1626), James Gregory (1638�
1675), lemniscate, STEM Education: Science, Technology, En-
gineering, Mathematics, United States Postal Service (USPS).

Acknowledgements: Special thanks go to Lisa A. Young
(Franklin VT 05457 Post O�ce) for introducing us to the STEM
Education stamps from USPS and to Je� Miller who alerted us
to the new stamp images from Italy and Croatia on his ex-
cellent �Images of Mathematicians on Postage Stamps� website
jeff560.tripod.com/ Thanks go also to François Brisse and Eve-
lyn Matheson Styan for their help.

References:

[1] �USPS o�ers STEM Education commemorative stamps;
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Michael Baadke, Linn's Stamp News online (15 March 2018).
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Updated timetable and programme for the 26th International Workshop

on Matrices and Statistics (IWMS-2018), edited & prepared by:
Ka Lok Chu, Dawson College, Westmount/Montréal (Québec), Canada: gchu@dawsoncollege.qc.ca

Simo Puntanen, University of Tampere, Tampere, Finland: simo.puntanen@uta.fi

& George P. H. Styan, McGill University, Montréal (Québec), Canada: geostyan@gmail.com

7. Updated timetable: Tuesday, 5 June 2018

11:00 am/11h00: Registration with pre-lunch co�ee break
in room 3F.43 and lunch break

2:00 pm/14h00: Mini-symposium celebrating the 100th

birth anniversary of Theodore Wilbur Anderson, Jr.

(1918�2016) today on 5 June 1918, in rooms 3F.37, 3F.38,

3F.43

• �Some comments on T. W. Anderson's publica-

tions�, by George P. H. Styan

• �An annotated and illustrated bibliography with

hyperlinks for T. W. Anderson in celebration of

his 90th birthday�, by Simo Puntanen & George

P. H. Styan

8. Updated timetable: Wednesday, 6 June 2018

IWMS-2018 invited/contributed talks, rooms 3F.37, 3F.38

• 10:00 am/10h00: Oskar Maria Baksalary & Götz

Trenkler: Representations of the Moore�Penrose

inverses of matrices

• 10:30 am/10h30: Adi Ben-Israel: Matrix volume

and its applications

• 11:00 am/11h00: Co�ee break: room 3F.43

• 11:30 am/11h30: Dennis S. Bernstein: Input esti-

mation for linear discrete-time dynamical systems

• 12:00 noon/12h00: S. W. Drury: Some old conjec-

tures of Bapat and Sunder

• 12:30 pm/12h30: Yonghui Liu: Estimation and

in�uence diagnostics for an autoregressive model

under skew-normal distributions

• 1:00 pm/13h00: Lunch break

• 2:30 pm/14h30: Mika Mattila: The arithmetic Ja-

cobian matrix and determinant

• 3:00 pm/15h00: Christopher C. Paige: The e�ects

of loss of orthogonality on large sparse matrix com-

putations

• 3:30 pm/15h30: Co�ee break: room 3F.43

• 4:00 pm/16h00: Yongge Tian: Multilevel statisti-

cal models, least-squares estimators, and reverse-

order laws for generalized inverses

• 4:30 pm/16h30: Jorge Delgado Gracia, Guillermo

Peña & Juan Manuel Peña: Schoenmakers�Co�ey

matrices

• 5:00 pm/17h00: Simo Puntanen & Augustyn

Markiewicz: Linear prediction su�ciency in the

misspeci�ed linear model

9. Updated timetable: Thursday, 7 June 2018

Mini-symposium on �Magic squares, prime numbers and

postage stamps� organized by Ka Lok Chu, Simo Puntanen

& George P. H. Styan, in rooms 3F.37, 3F.38, 3F.43

• 10:00 am/10h00: Some comments on a philatelic

magic square for the Trenkler�Trenkler MPPD

prime-magic matrix

• 10:30 am/10h30: Some comments on two logos and

on some related curiosity- and philatelic-friendly

numbers

• 11:00 am/11h00: Some comments on selected new

mathematical postage stamps from USA, Italy and

Croatia
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10. Group Photos

Group Photos at IWMS-20183

3For more photos visit https://profchu.wixsite.com/mysite/photos




