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Working with Mike

Mike and | worked together for half a century. Tatej I've had some twenty-five
collaborators—coauthors of joint papers and botiksre’s no question that Mike is
the premier one. He and | wrote three joint papdre-eriginal Bargaining Set paper
(21), the one on the Minimax Principle (38), and thalmud paper (50)—and one
joint book (64), about repeated games of incompiefi@mation. These works are
among my own most important, and perhaps among’'dikeo. To be sure, each of
us also did other things, but these stand out.

Our collaboration started in the late nineteenef#ft two or three years after I'd come
to the math department of the Hebrew UniversitykéMivas working in complex

function theory, in which he had done his thesisad already made the switch from
my thesis topic—knots—to games. One autumn aftern@poke at the mathematics
colloquium, a weekly gathering of the whole depamithwhere a faculty member or
guest gives a talk that’s supposed to be of gemetedest to any mathematician, not
only a specialist. | decided to speak about the Memmann—Morgenstern (N—M)

“solution,” a.k.a. stable set. This is a very sebdihd beautiful solution notion for
coalitional games; at the time, | myself did naihéan its full beauty and subtlety,

which became apparent only after subsequent wotlk Mike. During the question

period after the lecture, Mike asked several qaasti that challenged its

appropriateness. As the discussion lengthened,gjesied continuing in private,

which we did. | did what | could to explain the N-hbtion, but could not satisfy

Mike. At last, a little exasperated, | said, Wed{'s see if you can come up with
something better. He said, Okay, give me a couptiags. That started a lifetime of
friendship and collaboration.

Mike indeed came up with a proposal after a fewsdayhich | promptly “shot
down.” That is, | constructed a “counterintuitiv&aenple” a game in which the
proposed definition yields unacceptable resultsis Tgrocess continued for many
months—Mike would propose a definition, and | wosltbot it down. Finally, as the
academic year was drawing to a close, Mike camwitipa definition that | could not
“shoot down.” | didn't like his definition, and tlhim so; it seemed overly complex
and arbitrary, lacking elegance and simplicity. feh@asn’t even a general existence
theorem; it was, indeed, sometimes empty. Butulccaot shoot it down.

Shortly thereatfter, | left Israel for an extenddgd to the United States, and occupied
myself with other matters. To my surprise, someetilater | received a manuscript
from Mike entitled “The Bargaining Set for CoopévatGames”—containing Mike’s
definition, some worked-out examples, and some tadail analysis—by R. J.
Aumann and M. Maschler! | wrote to him that thisswi0% his work, that all | had
done was to shoot down previous attempts at a itefin and that there was
absolutely no justification for including me as@aathor—all the more so as | really
did not like the definition. But Mike was a stubbaguy, he insisted, really kept at me
for weeks and months; and finally, out of sheeragwtion, | capitulated.



That paper has been cited many hundreds of tinhdsecame one of my—and no
doubt Mike’s—most popular works. Mike’s stubborns@sally paid off. Moreover,
the paper led to a very large literature, it wagytiseminal. Later offshoots—one
might say descendants—of that original concept wezeMaschler—Davis Bargaining
setM’, , for which theras an existence theorem (with a beautiful, highly tneral
proof), and which is altogether more pleasant tokwath, as well as the Kernel and
Schmeidler’'s Nucleolus; taken together, these qatsceonstitute one of the richest,
and yes, most elegant chapters of game theory, avitjreat many applications
yielding beautiful insights. Much of this theory svdeveloped by Mike, alone or in
collaboration with game theorists such as DavidedeShapley, G. Kalai, Owen,
Curiel, Tijs, Granot, Potters, Zhu, and others.

Mike was good not only at theory, but also at ajmgjyt. Here’s that story: | spent the
academic year 1960-61, on sabbatical from Jerusalth Oskar Morgenstern’s
outfit—the Econometric Research Program—at Princédaiversity. In October of
'61—as my stay was drawing to a close—there wasnéecence at Princeton entitled
“Recent Advances in Game Theory,” sponsored by Mastern and Harold Kuhn.
All the luminaries of Game Theory came, includindgpaBley, Shubik, Scarf,
Morgenstern and Kuhn themselves, and even HenrgirKjer—Ilater to become
Secretary of State of the United States—who wa$yzing Cold War games. Mike
spent the year '61-62 with Morgenstern, and wasrgithe task of putting together
the conference proceedings. In March of '62, inusalem, | received a telegram
(does anybody still remember what that was?) fromkeMinforming me that the
deadline for sending in papers had passed, th#tealbther participants had sent their
papers in, and that if mine was not in within ongel; he would go to press without
it. | immediately dropped everything else, workeduad the clock to get my paper
written and typed, and rushed it off to him. Sunewgh, the proceedings came out in
April, right on time.

Afterwards, it transpired that when Mike sent ttedégram, he sent similar telegrams
to all the other speakerdlot a single paper had come in yéind it worked! The
conference proceedings came out on schedule, aaanegea game-theory classic.

During 1964-65, | was again on sabbatical, thietahYale. Mike, who was back at
home, suggested that we sponsor a game-theory mapks Jerusalem in the
summer of 1965. | agreed; perforce, Mike did alnadisthe preparatory work, raising
money, making the reservations, and so on. Thikstap was quite different from
previous—and for that matter, subsequent—workslamgsconferences. There were
only 17 or 18 participants, and the workshop wasagp out over three weeks. Thus
there was only one presentation per day, lastimgaps an hour or séll the rest of
the time was devoted to informal discussions inlsgraups. We even rented a room
in the hotel, with coffee and cake available, whazeple could talk informally in the
evenings whenever they wanted. The participanisdiecd Harsanyi, Selten, Shapley,
Shubik, Joachim Rosenmiiller (who at that time wgsumng student), and others.

The results were spectacular. Selten’s perfectlibgai—which led to the whole

enormous refinement literature—as well as Harsanygames of incomplete
information were initially promulgated at this waHop. It's of course possible that
the authors had already thought of these thingsreéefoming to Jerusalem in 1965,

6



but there is no doubt that the discussions at tbhekshop had an important early
formative effect on these developments.

One of the most exciting periods of my life—and lbly of Mike’s, too—was the

late Sixties, when we were working with the US ACDAe United States Arms
Control and Disarmament Agency. This was a US gowent agency whose job was
to conduct nuclear arms control negotiations wihte how-defunct Soviet Union. A
consulting outfit based in Princeton called Mathegoaa whose principals were Oskar
Morgenstern and Harold Kuhn, had contracted with ACDA to bring some game
theory to bear on these negotiations. The work eéga 964—65, when a team that
included Mike, Harold Kuhn, Frank Anscombe and cdthexamined the game theory
of nuclear weapons inspections; the question wast wrovisions to write into the

treaties to provide reasonable assurance thaytpgavisions were being kept. This
team wrote a report that became famous in the atigpeliterature, the star items
being Mike’s papers on the “Inspector’s Non-ZerorSBame” (25, 32).

In 1965, the emphasis changed from inspection heraaspects of the negotiations,
including the effects of repetition; the negotiaBowvere drawn out over many years,
creating a repeated-game effect. At that time ¢laentchanged; Anscombe and some
others left, and on board came a more game-oriettted: Gerard Debreu, John
Harsanyi, Reinhard Selten, Herb Scarf, Jim Mayheand the writer of these lines.
Maschler and Kuhn stayed. Later, Dick Stearns pbithee team. Between 1965 and
1968, we met three or four times a year for sevdagls each time, usually in the
Washington area. The agency was represented by Jaaty, an American OR
specialist of Lebanese origin, very likable, capabhnd knowledgeable. These
meetings were extremely intense; for sixteen haudsy we would brainstorm with
each other, meet with the agency staff, report batwe had done individually since
the last meeting. Between meetings, back in JermsaMike and |—occasionally
joined by Dick—would work very intensely, sometimastil three or four in the
morning. And, we got results.

One time—it must have been in '67 or '68—we wereakimg in my flat in Jerusalem
in the wee hours of the morning. On my previoys tini the States, | had brought back
one or two delicious kosher beef salamis, of a kht was impossible to obtain in
Israel. As we were getting a little hungry, | desridto serve sandwiches with my
prized salami; it made an immediate hit with Mik&hen he had finished one
sandwich, | asked if he would like another one.eSte said, but don’t bother with
the bread. He always liked to get to the meat ioigth

It was in this atmosphere that the theory of ReggeadBames with Incomplete
Information was born. To illustrate its relevanocetiie work of the ACDA, suppose
that the US and SU (Soviet Union) are consideringeaty that provides for the
destruction of a stated number of nuclear bombseach side. Of course, what
concerns the parties is not the number of bombsrayesi, but the number not
destroyed, the number remaining; but it is mucheeas verify that a bomb has been
destroyed than that it remains. So we have a gdnmecomplete information: the
payoff is in the number of bombs remaining, whieim only be guessed at; thus the
players do not know the payoffs, even their ownrsidayi’'s theory of games of
incomplete information had just been born and waxry yuch in the air; Mike and |
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decided to apply it to the repeated games contettwas inherent in the repeated
Arms-Control negotiations between the US and the SU

The theory created in those years was initiallyttemi up in four reports (30, 34, 35,

36); they started a large, rich and mathematiaddigp literature, to which dozens of
people contributed, that continues to develop ie ttay. For years, it was very

difficult to get one’s hands on the reports; bagged copies were secretly handed
from one researcher to the other. Finally, in 1988, reports were edited and issued
in book form (64), with “postscripts” detailing wihhad happened in the area since
the Sixties. The publication of this book is a samgiself, to which we return below.

It is difficult to convey the palpable excitemerittbose years. We felt that we were
unraveling secrets of nature, like in the natucaérsces. The questions asked were
indeed very natural; they were also difficult, ahevas very exciting to get a result

after weeks and sometimes months of working on it.

Throughout our many decades of joint work and axdgon—which extends far
beyond the jointly published work—we had many shaipagreements, which
sometimes even degenerated into shouting matcbe®s sef them had conceptual or
scientific substance, whereas others were aboutersabf presentation, including
even the minutiae of printing. One disagreemenh wianceptual substance occurred
when we were writing the paper about the minimaxgyle (38). To resolve the
matter and go to publication, we finally hit on tldea of writing, “Some people feel
that ... Others disagree, holding that ...” (Sec6p. Of course, the “some” referred to
one of us, the “others” to the other one. | doaihember now which was which; but |
do remember that at the time, it seemed as if Wesigilization would stand or fall
on this issue.

In the year '80—-81, while on sabbatical at Stanfarggaper by Barry O’Neill entitled
“A Problem of Rights Arbitration in the Talmud” @sed my desk. The idea that there
was something of game-theoretic interest in th@@ykear-old Talmud fascinated me;
| sent the paper to my eldest son Shlomo, therystgdat a Talmudical academy in
Jerusalem. Shlomo wrote back, laconically, “Dadkl@at Ketuvot 93a” (a standard
form of reference to one of about 5,000 folio pagethe Babylonian Talmud). | did
look, and found a passage that was indeed relat€dNeill’'s work, but that was
nonetheless extremely puzzling. The Talmud consitleree cases of bankruptcy—
with debts to three creditors totaling 600 and @wss& 100, 200, and 300
respectively—but the payouts that the Talmud dece not seem to follow any
fixed rule. | could not make sense of it.

After returning to Jerusalem in the fall of ‘81, hdiand | sat down to try to figure out
what is going on in that passage. We put the reteyant numbers on the blackboard
in tabular form (50, Table I) and gazed at themetyutThere seemed no rhyme or
reason to them—not equal, not proportional, nothivg tried the Shapley value of
the corresponding coalitional game; this, too, wad work. Finally one of us said,

let's try the nucleolus; to which the other respsshdcome on, that's crazy, the
nucleolus is an extremely sophisticated notion oflern mathematical game theory,
there’s no way that the sages of the Talmud coaksiply have thought of it. What



do you care, said the first; it will cost us justeen minutes of calculation. So we did
the calculation, and the nine numbers came ouigglycas in the Talmud!

Needless to say, that was only the beginning ofésearch. As we’d said earlier, the
sages of the Talmud could not possibly have knowthe nucleolus. Rather, we
figured, the nucleolus probably has some generapety that corresponds to a
principle thatwaswithin the sages’ reach.

Where would one look for such a principle? Well,natural place is in an
axiomatization. At the time, we didn’t know of aayiomatization of the nucleolus;
but a literature search revealed that several yearker, the nucleolus had been
axiomatized by a Russian mathematical game thelayishe name of Sobolev. The
central axiom wasonsistencyroughly, that if you give some of the players the
amounts that the nucleolus assigns them, and ensidnew game among the
remaining players for the remaining money, thenrtheeolus of the new game gives
the remaining players precisely what it gave tostheame players in the old game.
l.e., for the nucleolus, it doesn’t matter whettiex payouts are made in stages or all
at once. This principle, as applied to the banlaymroblem,wasindeed within the
sages’ reach.

It took many more months to unravel the puzzle detepy, but consistency did turn
out to be the key. The full story is told in (5@}hich became widely known not only
in game theory circles but to the general publiovai—especially that with some
interest in the Talmud.

In June of 1982, my son Shlomo—the one who had Gadled attention to the
apparently strange Talmudic passage—was killed ctiora while doing military
reserve duty in “Operation Peace for Galilee.” Mikas distraught. As soon as he
heard the news, he rushed over to my house andns#te stairs, unable to talk.
During the “shiv’a’—the seven traditional days obunning—he must have visited at
least half a dozen times.

At some time in the mid-Eighties, we were approddmg MIT Press to bring the old
ACDA reports up to date and publish them in boaknfioWe readily agreed to this
proposal, and it came to fruition with the 1995 Ipdiion of “Repeated Games of
Incomplete Information” (64), which won the Lanctegsprize for the best OR book
of that year.

Why did the production of this book take almostyears, though all the research was
already in place and indeed had been written up eefore we began? Perhaps the
major reason is that Mike had become a Tex affalanshortly before, and insisted
that the typesetting be done under his direct sugien, at the math department of the
Hebrew University. | tried to tell him that we areathematicians, and to some extent
writers, but certainly not typesetters; the typesgtshould be left to the publisher,
who would do it for nothing, no doubt better thae possibly could. But when Mike
had set his mind on something, there was no mowing He insisted, and |
capitulated. A typist was hired, and over the ceur§ almost ten years, we spent
some fifty thousand dollars of research money tp lper for the typesetting, not to
speak of hours spent on endless discussions ahihetiae of Tex and of printing.
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Above, | mentioned some advantages of Mike’s stufmess; but | do think that this
particular project of his was crazy.

In a lighter vein is the following story. By thetdaEighties, | still had not learned to
work with computers. But when a favorable deal bezavailable, | decided to invest
in a “small” (ten kg) computer for use at homeikedl it, so when several months
later, Mike proposed that we spend some researcteynto buy computers for use in
the office, | readily agreed. And then Mike tolcetfollowing (politically incorrect
and chauvinistic) story: Computers are like womethree ways: (i) You tell them to
do one thing, and they do something else; (ii) gao’'t manage with them, and you
can’t manage without them; and (iii) after you haree at home for a few months,
you want one in the office, too.

And while on the subject of stories, Hanna—Mikeislow—relates the following: In
addition to his work in complex variables, Game ditye and experiments, Mike was
a marvelous teacher at all levels. Indeed, he wseteral textbooks in general math
for seventh and eighth grades (in addition to lsghool and university texts in game
theory), which were, for a long tim#ye texts generally used in Israeli schools. One
September day, Hanna was visiting a bookstore mnttovn Jerusalem, and heard
one young girl say to another, perhaps you haveoate a used Maschler in good
condition? Whereupon Hanna intervened and said, bdt I'm not selling.

Mike’s outstanding characteristic was his total é&tg and straightforwardness. If he
did not understand something, he would tell yountrigut; if he disagreed with you,
he would tell you right out—and even insist, tolameasonable degree, as mentioned
above. If he refereed a paper and had a questicenaark, he would write straight to
the author, without any attempt to hide his idgntilis stubbornness was, 1 think,
associated with this extreme honesty.

Another outstanding characteristic was his gengrosihich was also extreme, and
which is also mentioned above. A minor chance re&megarding a paper would be
enough to make him offer you joint authorship; amel was always extremely
scrupulous in assigning credit.

Altogether, working with Mike for fifty years waxeiting, fun, and a true privilege. |
think we made some real progress, and am sorgsitbme to an end.

Robert J. Aumann
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A Mathematics Teacher

Michael Maschler was a game theorist, but deep dosvwas a mathematics teacher.
He had the consciousness of a mathematics teaotesree can say that as a teacher
the student was always before his eyes. Over tl@sybe wrote mathematics
textbooks for junior high school students and he wery deeply involved in all that
was going on in mathematics teaching in high schddé was a member of various
professional committees in the Education Ministngl dnad a lot of influence on the
role of mathematics teaching in the schools.

In this capacity he was active in the Science Teackhepartment of the Hebrew
University in developing mathematics textbooks @sdan instructor for graduate
students and Ph.D. students. It was here that Emmadacquaintance with him. In the
1980s, while searching for a Ph.D. subject in smeeaching, or to be more specific,
mathematics teaching, it occurred to me to writ@igh-school level book in game
theory. The potential basis for it was a curriculwith an option of elective course
offerings. | believed, and still do, that by teaahgame theory there is a possibility of
exposing the student to an alternative mathemagigaérience. With this in mind, it
was natural for me to ask Michael to be my guidthia research, and he agreed. That
was the starting point of a long journey of colledimn, always interesting if not
always easy.

At the beginning | was a bit afraid of working withm because he was known as a
tough guy to work with, but | discovered that hesviaugh in a soft way. | was afraid
that he would force his ideas on me, but | discestean amazing openness. All along
he said that it was my thesis and he was at hatdgguide me. He taught me that in
writing a textbook or in teaching one needs to &éesgive to the difficulties of the
learner.

Several years after | finished my Ph.D. the headhef Science Teaching Center
suggested that | write a book in game theory basedhy Ph.D. thesis that could be
introduced into the high school curriculum. He aktédnether | would like Michael to
be my coauthor or advisor. | said that | would prdfim to be my adviser and not my
coauthor and to my surprise he refused. He samicheot want to be my traffic cop,
but that he was ready to write it together with mvéh the option of quarreling and
discussing issues, but | would have the final sagesl had experience in teaching the
book and it was mostly my work. That was Michaet khew how to give credit to
his students; as | said, he was really orientedtdviis students.

| accepted and respected his wishes and togethevrate the book. Unfortunately,
the book was not used much in Israel and so, ainthative of Robert Aumann, it

was translated into English. Again we embarked dong journey of collaboration,

the fruit of which is to be published soon by Caitipe University Press. In this
endeavor too | learned from Michael to heed anygestion by anonymous or non-
anonymous readers.
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I'll end with an anecdote that describes how samesitichael was to the learner. In
the course of the translation we had an argumethttivé translator Mike Borns about
a specific sentence that was quoted from a papdedlg and Shapley. The debate
was sharp enough that the three of us agreed tt@rRAumann would be the judge.
In this meeting Aumann decided that we were rigitt #the sentence should remain in
the original form. As we left the meeting Michaelidto me, “You know, if Mike
didn’t understand the sentence, then the potestialent probably won't either, so
let’s try to phrase it in another way.” We did, avitke was happy with the outcome.

That was Michael, always sensitive to the learner.

Ein-Ya Gura

12



Michael's Questions

“What do you mean by ‘continuous probability’? {snon-atomic,” or continuous in
some topology? And can you extend your results éasures with countably many
atoms?” Even today | vividly remember Michael Mast's questions when |
presented my master's thesis at the Game TheoryMaitiematical Economics
Research Seminar in Jerusalem. It was my first @nthat famous seminar (I was
then a student at Tel Aviv University), and | waspsised how such a distinguished
person could ask such “simple” questions. Didrét Understand? But that was
Michael. He wanted to get right to the bottom lohgs, and leave as few stones
unturned as possible. Michael was always thedchelar.

In time | came to appreciate Michael more and mbogh as a scientist and as a
person. He made path-breaking contributions toegtimory; stimulated and excited
many people, all over the world, with his ideas andgestions; and did so, above all,
in a most unassuming way. He was a very open aeddfy person, with a keen

sense of humor (I have a good collection of joked he e-mailed me over the years).

Maschler was a strong believer in his work, notesearily following the latest
“fashions” (and yes, these exist in science as)welob Aumann once fondly said
that there are three kinds of game theory: coopergiame theory, noncooperative
game theory, and ... “Maschlerian” game theory (mamybably recall Michael’s
arguments such as “player 1 owes this amount tgepla, who owes that amount to
player 3, and so on—and in the end everything slaad the right solution obtains!”).

When | came to the Hebrew University of Jerusalktichael’s support and valuable
suggestions were instrumental in the establishroérihe Center for the Study of
Rationality. When the Game Theory Society was flmahhy Maschler served on its
First Council. Again and again, most characteradly, he never sought the limelight.
Yet one could always count on him—extremely helpfuipportive, and full of new
ideas.

Michael Maschler will be sorely missed.

Sergiu Hart
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My Joint Work with Michael Maschler

In 1962 | was writing my Ph.D. thesis under theesujzion of R. J. Aumann. In one
of my meetings with him Aumann had given me a prépcoauthored by M. Davis

and M. Maschler, on the Davis—Maschler bargainielg Shat preprint contained an
open problem that | succeeded in solving. | sentswiytion to Maschler who was
visiting Princeton at that time. Maschler's answs very kind and enthusiastic. As
far as | recall that was my first contact with Maeh.

When Maschler returned to Jerusalem in 1963 oualwofation began. Our first

project yielded two major results: 1) an algebmicstence proof for the kernel of a
coalitional game; 2) a precise formula for the (maxnm possible) dimension of a
kernel of a game. Additional by-products of ousffipaper were the investigation of
the desirability relation for coalitional games aodfl separating collections of

coalitions; see (28). We continued our investigatd the kernel in (33), where we
introduced the (general) concepts of reduced gameésntermediate games. With the
help of these concepts we analyzed the structutheokernel of a coalitional game.
We were both very excited when we obtained theigpeestar-shaped form of the
kernel of the seven-person projective game durungitovestigation of the kernel of

general projective games. In (42) we investigatddcfete and autonomous) set-
valued dynamic systems in metric spaces. We arrateslufficient as well as some
necessary conditions for stability of points ants s points. Our main tools were
vector-valued Lyapunov functions and stable setsewsharacterized as inverse
images of Pareto minimal points. As an applicatianoffered concise proofs of the
results on stability and asymptotic stability oé tkernel and nucleolus.

The collaboration with Maschler led to two jointgess with L. S. Shapley. In (39) we
characterized the kernel and the bargaining setcémwvex games and in (46) we
investigated some geometric properties of the keané the nucleolus. Our last joint
project was a paper in honor of Shapley on hisydikh birthday. That was a joint
work with G. Owen on a dynamic system that leadsh®o Nash bargaining set of
smooth bargaining games; see (54).

Maschler helped P. Sudhdlter and me very much wherwere writing our book
Introduction to the Theory of Cooperative Gamekich appeared in 2003. He kindly
supplied many handwritten remarks on several chapté our manuscript that
improved our presentation. After that he kindlyesgt to review our book fa6EB
and used it, among other sources, in his lectunesooperative games at the Center
for the Study of Rationality. As a result of histieres he used to come to my office to
discuss our writing and offer further improvemeniss suggestions were very helpful
in preparing the second edition of our book, wtappeared in 2007.

My cooperation with Michael was an intellectualljhatlenging and instructive
experience. | shall always remember our collabonatind the many days we spent
together investigating the theory of cooperativegs.

Bezalel Peleg
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Michael Maschler at the Center for the Study of Rabnality

| first met Michael Maschler nineteen years agdhatinception of the Center for the
Study of Rationality. | will always remember him asvarm and friendly soul, with a
wonderful sense of humor. At all times, and evehismdifficult last days, he would
entertain us with a witty joke that not only madelaugh, but also conveyed a shrewd
insight into the situation.

As part of my job as the Center's administrativeecior, | handled his budget and
often had to discuss it with him. Usually he madsewand pointed comments, but
sometimes he simply said “I don’t understand.”

It was a pleasure to see students coming out aflassroom excited and inspired by
his thought-provoking lessons and crystal-cleadangtions.

| feel honored and privileged to have known Michdelschler.

Hana Shemesh
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Teacher, Colleague, and Coauthor

| feel privileged for having come a long way withdiiael Maschler: over fifty years
of collaboration and friendship, which | would like highlight here. He was my
challenging high school teacher of mathematics,c@arly influenced my decision to
major in mathematics in college. In high schooltheght me the basic notions of
topology, including a simplified, two-dimensionatopf of Brouwer’s fixed point
theorem. The mathematical puzzles he presentedthshewe been passed down to
my children and students.

In graduate school | was on Maschler's team to g the teaching of his
mathematics textbooks in middle schools. My rolasisted of giving instruction
courses to the teachers on the new material andngsmg their performance in
classrooms around the country. Maschler's high deteds and involvement in
mathematics education at all levels were a valuaxdenple for me.

At the same time Maschler became an important mubelel also as a teacher and
prominent game theorist. In one advanced graduatese, while teaching Harsanyi’s
incomplete information theory, he gave a homewosr@se in which we were asked
to find all possible belief types when two play&se uncertainty about the state of
nature that can be or . About fourteen years later, when the Mertens—Zgaper
on the construction of the universal belief spaes completed, he called me up and
said, “I heard that you answered the question legavclass.” His pioneering and
seminal research with Bob Aumann on repeated gawtesincomplete information
became the research topic of my Ph.D. under thersigoon of Aumann. Later
Maschler refereed my first published paper (hestesi on being identified to the
authors whose work he refereed in order to estahlidialogue with them). By then |
realized that his role as my teacher and educaddrdxtended far beyond what |
could have imagined in high school. Our profesdiacévities crossed again when |
was working on inspection gamasd | found out soon enough that Maschler's works
were the most cited, pioneering works in the fiedd. usual, Maschler was most
supportive, always encouraging and truly interestedthers’ work. In addition to
being a leading researcher in cooperative gameytheo the personal levéaschler
was the most cooperative game theorist.

About three years ago, when Eilon Solan and | exdlard write a textbook on game
theory (in Hebrew), we found it quite natural td &sm to join us and contribute his
enormous educational talent and experience. He nbeceotally dedicated and
committed to the project and was engaged in readimd) making comments and
suggestions, in between his repeated hospitalimtiliterally up to his last days of
consciousness. He missed by less than a monthethvery of the manuscript to the
publisher. The publication of this book, coauthoreg Michael Maschler and
dedicated to him, is expected shortly.

These comments and thoughts would be rather inamplithout saying a few

words about the pleasant personality of Michael dfikes. His friendly and sincere
attitude towards everybody around him, regardlésbeir age, grade, or status, was
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rather remarkable. He became a friend to everyenedrked or interacted with. He
was fond of certain jokes that he selected andjkliedd in telling. I still remember the
last one he told me over the phone just beforddsishospitalization. | will greatly
miss him as a teacher, colleague, collaborator fréevd.

Shmuel Zamir

17



[I. Scientific Contributions of Michael Maschler: An
Overview

Professor Michael B. Maschler, a prominent andirdisished member of the game
theory community, a leader and architect of thethef games as it is known today,
passed away on July 20, 2008, at the age of 81.pkbkfic scientific activity
extended over 56 years, from the first paper hdighdxd at the age of 25 to the last
two books he coauthored, published in the monttes hfs death.

Born in Jerusalem on July 22, 1927, he got his Plr@m the Department of
Mathematics at the Hebrew University in 1956; ugabmission of his thesis on the
theory of functions of complex variables, he joirted department as an instructor.
His meeting with Robert J. Aumann, a newly reculitgoung lecturer in the
department, was a turning point in his career awée “converted” to game theory
and became one of the small group of people wheldped and shaped game theory
in the early Sixties. This was the beginning of teenarkable Aumann—Maschler
collaboration, which extended over many decades hat a great impact on the
foundations of game theory. Both men were reseassiociates in the Econometric
Research Prograat Princeton University in the years 1961-1963, n@meuch of the
“action” in game theory took place. A few yearsetatin 1967-1968, both were
members of a group of specialists who advised th8. LArms Control and
Disarmament AgencyYACDA) in Washington, D.C., to which the theory games
with incomplete information owes its origin.

Michael Maschler’s greatest impact is on coopeeagigme theory. He originated the
bargaining sefor cooperative games (in collaboration with RAdmann) and then
its conceptual derivative, the kern@h collaboration with M. Davis and B. Peleg),
which in turn inspired D. Schmeidler to introdube next conceptual derivative, the
nucleolus The extensive studies of these concepts and thale wariety of
applications constitute one of the three major eagies to cooperative game theory,
the others being the comnd the Shapley valudlaschler's numerous studies, in
collaboration with B. Peleg, G. Owen, L. Shapley, Rbtters, S. H. Tijs, and others,
explore the relationships between all these coscaptwell as the Nash bargaining
solution. His work on the Nash bargaining probleed Maschler to introduce, in
collaboration with M. Perles, the subtle and ormdjisuperadditive solution, which
was further investigated by several authors. Idyshg the cooperative game solution
concepts, Maschler developed the notions of carsist and reduced ganakie to
Sobolev, and studied their role, relevance, andicgins to various solution
concepts (see, e.g., his work with G. Owen on thesistent Shapley value and his
work with J. A. M. Potters and S. H. Tijs on thengeal nucleolus)A beautiful piece
of work making original use of cooperative gameotiye—and, specifically, the
notion of consistency—is Maschler’s joint work wigh J. Aumann on a bankruptcy
problem from the Talmud, in which they relate amriant problem and its ancient
solution to a modern game-theoretic solution copaggmey, the nucleolus. Another
contribution of Maschler was in applying cooperatgame theory to network games,
which he did in collaboration with D. Granot, A.rnvden Nouweland, S. H. Tijs, and
H. Reijnierse. Still within his contributions to @oerative game theory and its
applications, Maschler recently got interestedha tlynamics of voting systems, a
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line of research that he developed in collaboratiith S. Barbera, D. Granot, and J.
Shalev.

One of the most important events in the mid-Sixtess the development of the
theory of games with incomplete information, andsktder was part of it. This
happened while he was a member of a group of dmsiéincluding R. J. Aumann,
G. Debreu, J. Harsanyi, H. Kuhn, H. Scarf, R. $eltand R. Stearns) that was formed
to advise the U.S. Arms Control and Disarmamentnggen Washington, D. C.,
during the negotiation between the U.S. and thegbainion over an arms reduction
agreement (the SALT agreement). The pioneering svoflaumann and Maschler on
repeated games with incomplete information becametaating point and a
cornerstone of a rich and still growing field osearch and, because they largely
inspired the breakthrough result of Mertens andmiay, had a major impact on the
related field of stochastic games as well. A testignto the importance of the
seminal work of Aumann and Maschler on repeated egawith incomplete
information is the fact that these works, written1967-1968, and for almost three
decades available only as classified ACDA repontsre published, due to their
growing relevance, in 1995 as an MIT Press boolkclwiwon the Lanchester Prize
Citation for that year. The Aumann and Maschler kvon repeated games with
incomplete information was a central element in tHebel Prize Committee
announcement that awarded the 2005 Nobel Prizeondmics to Robert J. Aumann.

A by-product of Maschler’s involvement in severahsulting projects, such as the
ACDA, the U.S. Air Force office of Scientific Reseh, and the Office of Naval

Research, was his important contribution to thethef inspection games. His two
papers published in those years are basic refesen@ny work in this field.

An important aspect of Maschler's professional dbaotion was his extraordinary

talent as an educator. He was an excellent teaathafl levels. His game theory

lecture notes were published at the Hebrew Unixer&i970), at the IMSSS at

Stanford University (1973), and at the Institute fadvanced Studies in Vienna

(1978). But his role as an educator started muclegaas | can personally attest:
Maschler was my high school mathematics teacherpst challenging and effective

one. In this capacity, he became one of the fegpérimental game theorists,” as he
ran experiments in class on the formation of cmal# in games with an empty core.
The results of these experiments were publishetOB?, long before experimental

economics and game theory became so widespread.

For years he was an active and central figure & l$inaeli education system. He
chaired curriculum committees for mathematics iamedntary, middle, and high
schools. He delivered a lecture on mathematicsotium for humanistic studiest
the International Congress of Mathematicians inctolm (1962) and on the
exponential and logarithmic functions in the neghhschool curriculunat the Israel
Mathematical Union Conference in Tel Aviv (1987).adthler authored many
textbooks that were widely used all over the courtfere again | happened to have a
privileged look, as | was involved in the instrecti and supervision of the
schoolteachers using his textbooks. Michael Mascdupervised Ein-Ya Gura in a
rather unique Ph.D. project involving teaching skld topics in game theory to
middle school students. The project was successilthey both coauthored a book
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in Hebrew on the subject. This book is forthcomiimg English by Cambridge
University Press. Another book expected to be ghblil within a month or two is a
textbook on game theory for undergraduate and gtadevel students by Michael
Maschler, Eilon Solan, and myself. The Hebrew wersby the Magnes Hebrew
University Presss expected next month. The English version byr&gen Verlag will
be out hopefully within a year.

Let me conclude by saying a few words about thagalet personality of Michael

Maschler. He was most supportive, encouraging,tang interested in others’ work.

His friendly and sincere attitude to everyone atbhim, independently of their age,
grade, or status, was rather remarkable. He be@arreend who was fun and a
pleasure to be with, to anyone whom he worked teracted with. He was a valuable
and much-beloved member of the game theory commuwwiito will sorely miss him.

Shmuel Zamir
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[1l. List of Publications of Michael Maschler

1. “Sur une transformation généralisee de séries@ie,” Comptes Rendus des
Seances de I’Accademia de Sciences, RP8%s(1952a), 769—770 (Abstract).

. “A generalized series to series transformatiod #&s use to find an analytic

continuation,” M.Sc. thesis, The Hebrew Universifyderusalem, 1952b.

3. “Prolongement analytique par la méthode dedasfiormation généralisee de série
en série,"Comptes Rendus des Seances de I'Accademie de &ci@aris236
(1953), 883—-885 (Abstract).

4. “Properties of minimal domains,” Abstract froninet Proceedings of the
International Mathematical Congres8msterdam, 1954, pp. 139-140.

5. “Minimal domains and their Bergman Kernel fuoat’ Pacific Journal of
Mathematics$ (1956a), 501-516.

6. “Minimal domains and representative domairBlletin of the Research Council
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problems,” Ph.D. thesis, The Hebrew University e@fu$alem, 1956¢ (in Hebrew,
English summary).

8. “M-minimal domains, The Bulletin of the Research Council of Isfa®éction F:
Mathematics and Physics 7F (1957), 42 (Abstract).

9. “Classes of minimal and representative domaastheir kernel functions Pacific
Journal of Mathematic9 (1959a), 763—782.

10. “Analytic functions of the classels2 and 12 and their kernel functions,”
Rendiconti del Circolo Matematico di PalerrBpSer. Il (1959b), 1-15.

11. “Why do students fail in mathematics in higheal?,” Atti Del Sesto Congresso
Dell’Unione Matematica ItalianaTenuto a Napoli nei Giorni 11-16 Settembre
1959 Edizioni Cremonese, Roma, 1960, pp. 483—-484.

12. “Classes of square integrable analytic funatiand their kernel functionAtti
Del Sesto Congresso Dell’'Unione Matematica Italiaff@nuto a Napoli nei
Giorni 11-16 Settembre 1959ddizioni Cremonese, Roma, 1960, pp. 323-324.

13. “Bargaining inn-person cooperative games of pailRgcent Advances in Game
Theory Papers delivered at a meeting of the Princetoivadsity Conference,
October 4-6, 1961, M. Maschler, ed., Princeton ®rsity Press, Princeton, NJ,
1962a, pp. 161-169.

14. “Derivatives of the harmonic measures in miyjtgonnected domains Pacific
Journal of Mathematic&2 (1962b), 637-647.

15. “Immune coalition-structures forperson cooperative games,” Abstract of short
communications, International Congress of MathersatStockholm, 1962c, p.
163.

16. “Mathematics curriculum for humanistic studiesAbstract of short
communications, International Congress of Matheeraats, Stockholm, 1962d, p.
2009.

17. “An experiment im-person games,Recent Advances in Game ThedPapers
delivered at a meeting of the Princeton Univer€ionference, October 4-6, 1961,
M. Maschler, ed., Princeton University Press, Reion, NJ, 1962e, pp. 49-56.

18. “n-person games with only f,— 1, andh-person permissible coalitions]ournal
of Mathematical Analysis and Applicatiofg1963a), 230—256.

19. “The power of a coalition,” Management Scieh6g1963b), 8—29.

N
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20. “A non-zero-sum game related to a test bantfe@dpplications of Statistical
Methodology to Arms Control and DisarmameRéport of the U.S. Arms Control
and Disarmament Agency/ST-3, Washington, DC, 196Bc237—287.

21a. “The bargaining set for cooperative gamesthMR. J. Aumann)Advances in
Game Theory M. Dresher, L. S. Shapley and A. W. Tucker, edsnals of
Mathematics Studies, No. 52, Princeton UniversitgsB, Princeton, NJ, 1964a,
pp. 443-476.

21b. “The bargaining set for cooperative games’thivR. J. Aumann)Classics in
Game TheoryH. W. Kuhn, ed., Princeton University Press, &ton, NJ, 1997,
pp. 140-169.

22. “Stable payoff configurations for quota game&gdvances in Game Theoriyl.
Dresher, L. S. Shapley and A. W. Tucker, eds., A0& Mathematics Studies,
No. 52, Princeton University Press, 1964b, pp. 498~

23. “Bargaining and group decision-making experitaen bilateral monopoly, By
Sidney Siegel and Lawrence E. Fouraker. Book ReVidaconometrica32
(1964c), 224-227.

24. “The kernel of a cooperative game” (with M. BayNaval Research Logistics
Quarterly 12 (1965a), 223-259.

25. “The inspector’'s non-constant-sum game: Itseddpnce on one detectoifhe
Application of Statistical Methodology to Arms Qohand DisarmamentReport
of the U.S. Arms Control and Disarmament AgencyB3T- Chapter IX,
Washington, DC, 1965b, pp. 231-267. ,

26. “The inequalities which determine the bargainget M;,” Israel Journal of
Mathematics} (1966a), 127-134.

27. “A price leadership method for solving the iesjor's non-constant-sum game,”
Naval Research Logistics Quartedy (1966b), 11-33.

28. “A characterization, existence proof and dinnemdounds for the kernel of a
game” (with B. Peleg)acific Journal of Mathematics8 (1966¢), 289—-328.

29. “Independent preferences: An area of applitgbibf utility theory to
disarmament problems” (with R. J. AumanBgvelopment of Utility Theory for
Arms Control and DisarmamentReport of the U.S. Arms Control and
Disarmament Agency/ST-80, Chapter I, Washingto@, D966d, pp. [11-1120.

30. “Game-theoretic aspects of gradual disarmaméntith R. J. Aumann),
Development of Utility Theory for Arms Control abgarmamentReport of the
U.S. Arms Control and Disarmament Agency/ST-80, fiéaV, Washington,
DC, 1966e, pp. V1-V55.

31. “Existence of stable payoff configurations foooperative games” (with M.
Davis), Essays in Mathematical Economics, in Honor of OdWargenstern M.
Shubik, ed., Princeton University Press, 1967a, 3$-52 (Abstract in: Bull.
Amer. Math. Soc. 69 (1963), 106—108).

32. “The inspector's non-constant-sum game: Itseddpnce on a system of
detectors,’/Naval Research Logistics Quartedy (1967b), 275-290.

33. “The structure of the kernel of a cooperatiaeng” (with B. Peleg)SIAM Journal
of Applied Mathematics7 (1967c), 569-604.

34. “Repeated games with incomplete informatiorsutvey of recent results” (with
R. J. Aumann)Models of Gradual Reduction of ArjrReport of the U.S. Arms
Control and Disarmament Agency/ST-116, Chapterviigshington, DC, 1967d,
pp. 287-403.
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35. “Repeated games of incomplete information: Zé®-sum extensive case” (with
R. J. Aumann),The Indirect Measurement of UtiljtyReport of the U.S. Arms
Control and Disarmament Agency/ST-143, Chapter\lgshington, DC, 1968a,
pp. 37-116.

36. “Repeated games of incomplete information: Apraach to the non-zero sum
case” (with R. J. Aumann and R. E. Steariitg Indirect Measurement of Utiljty
Report of the U.S. Arms Control and Disarmament ay¢ST-143, Chapter 1V,
Washington, DC, 1968b, pp. 117-216.

37. Game TheorylLecture notes compiled by N. Megiddo, Academome Hebrew
University Students’ Union Press, The Hebrew Ursitgrof Jerusalem, 1971 (in
Hebrew).

38. “Some thoughts on the minimax principle” (wigh J. Aumann)Management
Sciencel8 (1972a), P-54—-P-63.

39. “The kernel and bargaining-set for convex gdn{esth B. Peleg and L. S.
Shapley))nternational Journal of Game Theoty(1972b), 73-93.

40. Lectures on Game Theory, A series of lecturgengat the Seminar of the
Institute for Mathematical Studies in the Sociaie8ces, Stanford University,
Stanford, CA, 1973. Compiled by L. Guasch, J. MejerOkuno, and K. Yun.
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(1976a), 985-995.
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303-338.
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Hebrew Publications of Michael Maschler
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