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Preface

This volume in the Operator Theory: Advances and Application series is devoted
to Joseph A. (Joe) Ball’s four and a half decade long mathematical career and in
celebration of his seventieth birthday on June 4, 2017. His exemplary dedication to
mathematics was also recognized in a special session and dinner dedicated to Joe’s
Birthday at the 34th Southeastern Analysis Meeting (SEAM 2018), at Georgia
Tech, organized by Quanlei Fang, and his election to the class of 2019 fellows of
the American Mathematical Society.

Joe started out working on model theory and related topics for non-contrac-
tions and operators on multiply-connected domains. After he got into contact
with Bill Helton from UCSD in the 1970s, more applied operator theory themes
appeared in his work, involving factorization and interpolation for operator-valued
functions, with extensive applications in system and control theory. This culmi-
nated in his 1990 monograph Interpolation of rational matriz functions (OT 45)
written jointly with Israel Gohberg and Leiba Rodman. He has since worked on
nonlinear control, time-varying systems and more recently on multidimensional
systems and noncommutative H°°-theory on the unit ball and polydisk, and more
general domains, and these are only the main themes in his vast oeuvre. It came
as a shock to many when Joe announced he was going to retire in 2016, but he
quickly reassured us that it is only retirement from regular teaching. And, indeed,
his productivity has not suffered under this, to the contrary. In total Joe pub-
lished more than 200 research papers, over 40 proceedings papers and supervised
fourteen Ph.D. students. Further details can be found in Joe’s curriculum vitae,
publication list and list of Ph.D. students included elsewhere in this volume. There
is also a chapter that includes personal reminiscences by some of his collaborators,
colleagues and friends.

However, the main bulk of this volume is reserved for fourteen research papers
on topics in operator theory and it’s application, by mathematicians, many of
whom collaborated with Joe or were in some other way influenced by his work.
We thank all the authors who contributed to this volume for their efforts as well
as the referees who in many cases helped to significantly improve the manuscripts.

We dedicate this volume to Joe, with gratitude for the many things we learned
from him, and we wish him many fruitful years to go.

The editors Vladimir Bolotnikov, Sanne ter Horst,
André Ran, Victor Vinnikov
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Personal Reminiscences

Quanlei Fang, J. William Helton, Sanne ter Horst,
Alexander Kheifets, André C.M. Ran and James Rovnyak

This chapter contains personal notes from some of Joe’s students and colleagues
on the occasion of his seventieth birthday.

Quanlei Fang

An ancient Chinese proverb says, “One day’s teacher, a whole life’s father.” It
means that even if someone is your teacher for only a day, you should regard him
like your father for the rest of your life. The word for thesis advisor in German
is “Doktorvater”, a father figure who will guide you through the doctorate. The
idea of a father for a doctorate was about right for how I felt Professor Ball has
treated me. It is also an easy role to accept, as he was about the same age as my
parents.

Professor Ball is truly knowledgeable and very much respected. He is always
energetic and never stops working. Sometimes he seems to be strict and I am kinda
afraid of failing to meet his expectations. But I have realized that he is just trying
to help out. When I said something wrong, he would make sure to point it out. I
even learned the correct pronunciation of many words from him. When I need help
or guidance he responds promptly, even long after I graduated from Virginia Tech.
He always encourages me to attend conferences to check out recent developments
in the field. I still remember that the first IWOTA I attended was in 2005, when
I was about to start my third year in graduate school. The conference was held
in Connecticut. Professor Ball and Professor Klaus decided to drive together from
Blacksburg to Storrs where the conference was held. I remember how grateful 1
was since I did not know how to drive at that time and the professors shared the
long driving. During my last year of graduate school, my thesis progressed slowly
due to my distraction with many other things. Professor Ball was really patient
and supportive at that time.
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In his free time Professor Ball enjoys singing and playing piano in the church.
His wife has been very active too. I went to see their performances a few times
and they were very nice. Occasionally Professor Ball and his wife Amelia would
invite us (my mathematical siblings and some of his visitors at that time) to have
dinner and watch football games at their home. I learned how to make sushi from
Amelia. There were lots of good memories.

Figure 1. a) Univ. at Buffalo, 2009 b) New York City, 2015

Professor Ball has set an example of excellence as a researcher, advisor and
mentor. I feel lucky to be one of his students and I believe my other mathematical
siblings feel the same. On the occasion of his 70th birthday, I just want to say:
Thank you! Have a happy, healthy, wonderful birthday, and many more to come!

J. William Helton

I first heard of Joe from Tom Kriete. Tom said they had a remarkable student at
UVA who, among other things, took a problem and a week later came back with
an 80 page manuscript. Tom was really struck with the Joe Ball phenomenon.

Possibly the biggest branch of Operator Theory at the time was operator
model theory, and Joe already was a serious expert on this. It was discovered
about this time that operator model theory was very closely related to engineering
systems theory, and a few of us had at a conference on this in 1973 called the
Operator Theory of Networks and Systems (OTNS). So when a second OTNS was
scheduled in 1975, I contacted Joe and suggested he might be interested. Joe came
and probably that is where we first met (or at least talked much). There was Joe,
Doug Clark and me and about 75 theoretical engineers.

Joe missed the next OTNS (which by now is called the MTNS) in 1977; it
was discouraging to lose such a powerful convert to the cause.

It turned out that Joe had not lost interest; he was even shyer, at the time,
than I was and later told me that he felt the conference so exalted it would be
inappropriate for him to attend.
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One of the turning points in my career was getting Joe to visit San Diego for
a year around 1980. Thus began a long and rewarding collaboration; every summer
he would come to UCSD and also occasionally spend a quarter. This continued for
about a decade and then we moved in different directions. Joe was an absolutely
wonderful person to work with!

In 1981 with Joe visiting UCSD we set up the first International Workshop
on Operator Theory and its Applications (IWOTA). The MTNS 1981 was set for
LA and I was an organizer, so it was easy to put IWOTA as a satellite in the same
hotel. Joe was a great asset in deciding who we might interest in the conference,
because even then Joe had an encyclopedic knowledge of the literature. So though
he did not know some of the mathematicians personally he had an opinion of their
work. The conference was a big success, so much so that next summer we are
expecting to have the 30th IWOTA, with Joe playing a pivotal vice presidential
role on the IWOTA steering committee.

As we jump to the present, much of the work in multivariable Operator The-
ory depends on ideas which Joe introduced. This modern advance was introduced
by Joe with Tavan Trent and brought to analytic function problems the incredi-
bly powerful techniques of multivariable systems. Ten years later, with his student
Malakorn and with Groenewald, he introduced similar techniques but for problems
with operator variables. Since this is the area where I work, I am constantly feeling
grateful to Joe for providing the techniques which have opened up this subject.

Joe, of course, is a backbone of our field. In addition to his work he keeps
many things we depend on functioning, one of which is getting a lot of good papers
refereed and published and another pertains to putting the umph in numerous
conferences.

In conclusion, let us all raise a cup of coffee to Joe, in a toast to his continued
bright future.

Sanne ter Horst

It must have been at one of my first international conferences, either MTNS-2004
in Louvain, Belgium, or IWOTA-2004 in Newcastle, where I first encountered Joe
Ball. This was at the end of my first year as a Ph.D. student. I was working on
a topic in commutant lifting theory and metric constrained interpolation, both
of which Joe worked on extensively, and I had already read some of his papers.
We didn’t speak at that occasion, but Joe certainly made a lasting impression.
Towards the end of my studies I had two ring binders full of his papers. At sub-
sequent conferences there was more interaction, and 1 was very glad when Joe
agreed to host me for a three months visit in the last year of my studies. One of
my advisors, André Ran, who did a postdoctoral fellowship with Joe about twenty
years earlier, had already prepared me: “Quite possibly he already signed you up
for a colloquium.” And indeed, it was during this visit that I gave my first collo-
quium lecture. The visit was very fruitful, I learned a lot about multidimensional
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systems as well as C*-algebras and C*-correspondences, and the basis for our first
paper, jointly with Animikh Biswas and Quanlei Fang, was laid there. The paper
was finished in the months following the visit, the last week in a 24 hour writing
process, with the USA team taking one half of the day and I the other half from
the Netherlands, to meet the IWOTA-2006 proceedings (OT 187) deadline. That
was certainly a nice experience, and I was very happy when later that year I was
awarded a two-year postdoctoral fellowship at Virginia Tech to continue working
with Joe.

A few months later, everything was arranged, and I was back on a plane
towards Roanoke, VA, the closest airport near Blacksburg. My new office was on
the same floor and only four doors away from Joe’s. As an operator theorist, Joe
was a bit isolated, but he maintained good contact with some of the applied math-
ematicians, especially of the model reduction group, and was an active member of
the department. He organized a weekly seminar on topics in operator theory and
control systems, which was mostly frequented by his many graduate students, at
that time Quanlei Fang, Grant Boquet, Daniel Sutton, Moisés Huaméan and Austin
Amaya, and there were many visitors, amongst others Animikh Biswas, Vladimir
Bolotnikov, Gilbert Groenewald and Victor Vinnikov.

Working with Joe can be quite intense. My postdoc years at VT have been
among the most productive in my career so far. Whenever I walked over to his
office with a question, this would usually lead to a detailed discussion with many
anecdotes. Joe has a phenomenally detailed memory, and he would come up with
precise coordinates of various related publications, not only journal and year, but
also where they were stored in his office, “Oh, I did the Math Review for that paper
in 1984, so it must be in this drawer.” It is maybe worth pointing out here that Joe
wrote more than 350 reviews for AMS Mathematical Reviews. It must have been
a few less ten years ago, but anyone who visited Joe can imagine how they were
stored in his office, together with many other papers, books and notes and drafts
of papers that were still in progress. I hardly ever left his office with less than
four papers of reading material, some related to the question I had, some that just
came up in the discussion. Lunches were usually enjoyed in downtown Blacksburg,
with Joe’s Diner as the preferred establishment, and the mathematics discussions
did not stop during lunch. Typically, a few days after a colloquium lecture, over
lunch Joe would give a complete account of the topic, who had worked on it and
when, and also the operator theory involved in it, if any.

During these two years we collaborated on a variety of topics, ranging from
robust control problems to the W*-correspondence approach to transfer function
realization and to interpolation problems in various function spaces, and also wrote
some lengthy survey papers on multivariable interpolation and multidimensional
systems. It is here were I learned to work on different projects and different topics
at the same time. Many other academic activities I also did in my postdoc time
at VT for the first time, I wrote my first refereeing reports and got some exposure
to other editorial work (Joe was one of the editors of PAMS then), co-organized
my first special session at a conference and taught my first classes. Joe was always
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helpful and patiently read through my reviews, invitation e-mails, the exams I
had drafted, etc. Things I now do easily, were not as straightforward to me at that
time. He is also very patient towards his students, and even small kids, as one can
see from the photo below where he is teaching my youngest daughter, Lian, 18
months then, to play the piano.

Joe learning my daughter
to play the piano, 2008

Being away from my family for long periods of time wasn’t easy, but Joe
made very good efforts to make me feel at home. During my two years at VT,
there were countless, delicious dinners at Joe’s home, all carefully prepared by
his wife Amelia, usually followed by an American Football match. I should admit
that despite Joe’s many attempts I am still lost when it comes to the rules of the
game. Although Joe works long hours, often seven days a week, he also has an
interesting social life. When I was there, he played the organ in church, together
with Amelia he performed with the Blacksburg Master Chorale, and they attended
and sometimes participated in operas at the Roanoke opera house. Many of these
performances I also attended.

After my postdoc years at VT and a hiatus of a few years, we picked up
our collaboration in 2012, when I had settled at North West University in South
Africa. Joe visited me several times and I went back to Blacksburg in 2016 for a
three weeks visit, during which I had a chance to recall the many fond memories
of my time there. Joe, I want to thank you for the many things you taught me and
the important role you played in my career, and especially for the great hospitality
during my postdoc years at Virginia Tech.

Alexander Kheifets

I planned to meet with Joe during my first visit to the United States over the
summer of 1992. I wanted to discuss with Joe the results of my recent PhD thesis,
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since there was some overlap with his works on interpolation and his “Models
for non-contractions” paper, especially in the part of the adaptation of the model
theory of L. de Branges and J. Rovnyak. However, we did not meet then since
Joe was overseas at that time. I first met Joe a couple of years later, when I was
staying as a post-doc at the Weizmann Institute of Science (Israel) and Joe was
frequently visiting the Institute.

In the fall of 1995 we both participated in the Holomorphic Spaces semester at
MSRI, Berkeley, CA. Although we were sharing an office for the whole semester, we
did not collaborate at that time: I was working on my own paper, Joe was working
with Victor Vinnikov. However, we had a lot of conversations and discussions
(mathematical and non mathematical). Those discussions materialized in our later
joint work.

Sometimes we worked late in our office. The window of the office looked to the
sunset and we had a lot of chances to watch it. Often Joe was working there with
Victor Vinnikov. Then the three of us went down the hill looking for a late dinner.

Our actual collaboration started several years later in 2001, when I was stay-
ing as a visitor at The College of William and Mary. I had some ideas on extending
the Abstract Interpolation Problem approach to the general Commutant Lifting
problem using linear scattering systems. I tried to discuss it with several people,
but only Joe got interested in the topic and we started working on it. It was a long,
really exciting and fruitful collaboration. During that time I visited Blacksburg,
VA several times and Joe visited me in Lowell, MA. It is Joe’s mathematical taste,
understanding of the subject and persistence that allowed to complete this work.

At the beginning we included the general Commutant Lifting problem into
the Abstract Interpolation problem scheme. We introduced the notion of symbol
of the lift (which is a measure in the general case) and we established a one-to-
one correspondence between lifts and their symbols. The symbols, in turn, are
solutions of the Abstract Interpolation Problem. The formula that describes the
symbols of lifts of a given contraction looks rather standard (although it’s precise
meaning should be explained)

w = 8o+ s2(I —ws) twsy,

where w is a free parameter, and coefficients s, so, s1 and sy are uniquely deter-
mined by the data of the problem.

However, our real objective was the inverse Commutant Lifting Problem,
that consists in characterising functions s, s2, s1 and sg that appear in the above
parametrization formulas for Commutant Lifting Problems. This type of inverse
problems was studied extensively by V. Potapov for truncated Nevanlinna—Pick,
Carathéodory—Fejér and Moment problems. For the infinite scalar Nevanlinna—
Pick problem necessary conditions were obtained by R. Nevanlinna in 1929. Nec-
essary and sufficient conditions for the Nevanlinna—Pick and some more general
problems were obtained by D. Arov in the 1980s. We proved necessary and suffi-
cient conditions for the general Commutant Lifting problem. The main difference
between our “regularity” conditions and the ones obtained by D. Arov is that we
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stated ours in terms of the functional models (both coordinate-free and Hellinger
space realization). Moreover, we considered the general (not only completely in-
determinate case). For this general case we proved extremal properties of the
coefficients s and s7, that are factoral minorants here (as opposed to equalities
of the completely indeterminate case).

Numerous conversations with Joe played a significant role in improving my
English. Joe was always willing to help and to answer my questions on how to say
or write this or that, very often he volunteered to do that. I also got from Joe
many insights on the traditions and culture of the country that was new to me.
All this cannot be overestimated.

André Ran

In the early eighties a young man called Joe Ball spent a couple of months at the
Vrije Universiteit in Amsterdam, and lectured there on work that he had recently
done with Bill Helton. The lecture series was a very nice summary of a series of
papers, and the participants of the seminar Analysis and Operator Theory learned
a lot. This lecture series was my first encounter with Joe.

When finishing my PhD thesis became something of a certainty, and the
timing of the defence became more and more certain as well, the question in-
evitably arose: what next? At that time, just as now, this was not something to be
taken lightly. Since my first goal when starting with mathematics was to become
a mathematics teacher at a high school, and since I enjoyed teaching a lot, there
was certainly the option of choosing a career in that direction rather than continu-
ing in academics. Nevertheless, after several discussions Rien Kaashoek convinced
me to apply for a postdoc grant to go and visit Joe Ball for a year. And what a
wonderful year it was: Joe and I wrote a series of papers, and I picked up several
additional topics to work on as well. All in all, that year was decisive in my career.
Joe stimulated and encouraged working on mathematics in a way that is perhaps
even not deliberate. His example does the trick.

We started working on several projects: one concerning model reduction in
state space terms, and one concerning inverse spectral problems in state space
terms. Both projects led to multiple papers, and some of the work we did in that
year formed the basis of things we did separately years later.

Joe’s focus on work is exemplary, but is not appreciated by all his co-authors
and friends at all times. Usually, Joe and I would have lunch at the Burger King
(fries and milk to accompany our own sandwiches) and we would have a discussion
on mathematics during lunch. Some time in my year there Leiba Rodman came to
visit, to discuss mathematics both with Joe and with me. After one day of joining
us for lunch and seeing the usual way lunch time was spent, Leiba decided he would
join us for the discussion, but to have his lunch earlier: he liked to enjoy the lunch
as lunch, and the discussion on mathematics for the discussion on mathematics,
and never the two shall mix.
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I would like to take this opportunity to thank Joe for the example he has set me,
and for all the support he gave me during the early years of my career.

James Rovnyak

Joe came under the wing of Larry Shulman, a student of Louis de Branges, as an
undergraduate at Georgetown University. Directly or indirectly, Larry was likely
an important mentor for Joe and an influence on Joe’s choice of the University
of Virginia for graduate study. Larry died of leukemia, cutting a promising career
tragically short.

Joe arrived at UVA in September 1969. Marvin Rosenblum’s program in op-
erator theory and classical analysis was running full steam. The faculty in operator
theory around Joe’s time was expanded to include Bruce Abrahamse, Jim How-
land, Tom Kriete, and this writer. Graduate students were trained in a seminar
that met twice a week. The seminar was one of Marvin’s best ideas. A scribe was
appointed and responsible to produce mimeographed notes to all participants by
the next meeting. The seminar surveyed current topics in operator theory rep-
resenting faculty interests and perspectives. Among the topics presented in Joe’s
days were canonical models, the commutant lifting theorem, and Lax—Phillips
theory. Joe absorbed all and produced a masterful PhD thesis directed by Mar-
vin Rosenblum. To quote my 1973 recommendation letter for Joe, the thesis is “a
substantial treatise which explores the connections between 1) the model theories
of de Branges—Rovnyak and Sz.-Nagy—Foiag, and 2) the perturbation theories of
Kato—Kuroda and de Branges—Shulman.” Joe’s talent was recognized early. When
Joe began his teaching career, Virginia Tech was not the research powerhouse that
it is today; Jimmy McShane had a high opinion of Joe and thought he should have
gone to a major research university for his first job. I was present when Joe gave
what was possibly his first international lecture on his work. This was at Oberwol-
fach, and many international mathematicians were in the audience; at the end of
the lecture, Sz.-Nagy and Foiag walked briskly up to Joe to meet this new member
of the community. Joe was launched on the international scene, and the rest is
history.
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Sadly, I do not recall any scandalous stories relating to Joe. I remember Joe
as a serious and modest student who worked hard and produced the goods. He
had an enjoyable sense of humor. I was always impressed that Joe was an organist
and played at a local church in his graduate student days.

Quanlei Fang
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Sanne ter Horst
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Alexander Kheifets
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André C.M. Ran
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