
MY ENCOUNTERS WITH DAVID GALE 

 

 My first encounter with David Gale was in January of 1983. I was enrolled in a post-doc 

program at the Mathematics Department of the University of California at Berkeley, with support of 

a Brazilian fellowship. I had written a PhD thesis on mathematical economics and my advisor had 

obtained his PhD in Berkeley, supervised by David Gale.  

 I came to Berkeley with the hope of learning more about economic growth, the subject of 

my dissertation. Thus, as soon as I arrived there I managed to show my thesis to Gale.  It was not 

easy to get an office hour with the great mathematician. At the end of my presentation he 

congratulated me but to my disappointment he added: “ I'm no longer interested in this area.”  

 My second encounter with Gale occurred two months later.  I resolved to take advantage of 

my proximity to Gale to learn any other subject from him. Then, I took enough courage to manifest 

to him my intention to study the subject of his current interest, whatever it was. Gale didn’t 

demonstrate surprise with my attitude, but instead told me that he was interested in matching and 

gave me his paper Gale and Shapley (1962), the book by Knuth (1976), and the papers by Dubins 

and Freedman (1981) and Demange and Gale (1985). 

A few weeks after my second encounter with Gale I rushed to his office, eager to tell him that 

I had reasonably well understood the three papers and the book by Knuth. I did not have any idea of 

what to do with all that new knowledge I had obtained, but I had some hope that Gale would 

suggest something to me.  I had then another disappointment. “Well,” he said, “I don’t have any 

problem for you.”   

Frustrated in my expectations, I was about to leave his office when he called me back with a 

piece of paper in his hand. “The only problem I have is this lemma. If it is true, then it will be 

possible to prove the Dubins-Freedman Theorem in only three lines. It would be nice to have a 

shorter proof of this result because then one could teach it in only one class.” The original proof of 

this “non-manipulability” theorem was about 20 pages long. Therefore, to find a shorter proof of it 

was a great challenge! 

 I recognized the result as the discrete version of a lemma that had been used by Demange 

and Gale to prove the continuous version of the non-manipulability theorem. The lemma, known 

later in the literature as the blocking lemma, had been stated, but not proved, by J. S. Hwang. 

Facing the challenge that Gale had proposed to me, I took the piece of paper home and worked 

successfully on it the following day. It was Saturday and I couldn’t wait for Monday to show my 

proof to Gale… 



My fourth encounter with David compensated for all my previous disappointments. Almost 

at the end of my presentation of the proof of the blocking lemma, on the blackboard of his office, he 

began to clap his hands exclaiming: “You proved it! You proved it!” At this moment his demeanor 

toward me started to change.  

Late in the afternoon he entered my office holding a manuscript. It was a draft of the 

introduction of my first paper with him. I had demonstrated the blocking lemma with the help of the 

Gale-Shapley algorithm. “It would be nice to also have a proof of the lemma by only making use of 

the stability and optimality properties of the man-optimal stable matching, without the employment 

of the algorithm” he said.  I also did that proof, but it was not so easy and not so quick.  

Our paper presents both proofs, which were elegantly rewritten by David, with no more than 

half a page for each one of them, published in Gale and Sotomayor (1985). This paper presents a 

concise theory whose results and arguments are still used in the proofs of new results. All the 

characteristic properties of the core can be derived from the discrete version of the continuous 

decomposition lemma of the continuous model of Demange and Gale. In fact, there is a discrete 

analog of each result obtained for the model of Demange and Gale. Until then, most of the existent 

theory only considered special cases of the marriage model (the same number of men and women 

and/or complete preference lists of acceptable partners).  Our paper, on the other hand, deals with a 

general version of the marriage model where the lists of acceptable partners need not be complete 

and there may exist different numbers of men and women. It standardizes notations and concepts.  It 

proves new results and presents simple proofs with different arguments for existent results.  All 

results in the paper have a proof without an algorithm, providing a concise theory that has given 

useful insights to prove analogous results for other models. 

This paper also reports the fact that the Gale-Shapley algorithm with the colleges proposing 

is mathematically equivalent to the algorithm used by the National Intern Resident Matching 

Program (NIRMP), located in Evanston, Illinois, for assigning graduates of all medical schools in 

the United States to hospitals.  An equivalent description of the NIRMP algorithm is provided.  

 The proof that the NIRMP was yielding a stable matching which was the optimal stable 

matching for the colleges is that such an outcome is always obtained by the Gale and Shapley’s 

algorithm with the colleges proposing. The stability of this outcome stands for one of the most 

important applications of game theory to Economics. In fact, during about fifty years, the allocation 

procedures used to assign interns to hospitals in the United States produced unstable matchings. 

Unsuccessful decentralized mechanisms were often proposed by the Association of American 

Medical Colleges. This sort of events culminated with a centralized mechanism that employed the 

NIRMP algorithm. Such centralized mechanism lasted for almost fifty years, suggesting that interns 



and hospitals had reached some sort of equilibrium.  And the paper written by Gale and Shapely 

contributed to corroborate that the game-theoretical predictions were, once more, correct.  

Twenty-five years have passed since my first encounter with David Gale in Berkeley. At that 

time I had no background in game theory. I used to meet other post-docs during the tea time of the 

Department of Mathematics. They were curious to know about my work with the famous 

mathematical economist. “I study the stable marriage problem. It is about marriages and divorces,”  

I said.  Asked if what I was doing was mathematics I always replied affirmatively, by arguing that I 

proved theorems.  

 I felt uncomfortable and confused by those questions. While I enjoyed proving the theorems 

proposed by Gale, I didn’t have any idea about the mathematical relevance of those discoveries. It 

was then that I had an encounter with David that was decisive to my career. After having discussed 

one of our joint papers with him, I found the courage to mention my worries. I was afraid that he 

could get irritated and judge me for being foolish. But he surprised me speaking with a paternal 

voice: 

 “I had to deal with this kind of problem in my Department also. Do you like what you are 

doing?”    

 “Yes. I like it very much.” 

 “Then, don’t worry. That is what matters.” 

Indeed, what David was trying to make me understand was that the work of a scientist goes 

far beyond his/her contribution to established and known theories. The fact is that a new, powerful, 

and elegant mathematical theory emerged from the seminal paper of Gale and Shapley. Even though 

I had no idea of the repercussion of our results, I felt proud to collaborate with David Gale for the 

development of that scientific theory.  The idea of constructing my career working on matching 

started then to grow in my mind.  

A few years later I was in France visiting the Institute des Hautes Etudes Scientifiques for six 

months. At that time, David lived in his Paris apartment for half of each year.  While walking with 

him, Gabrielle Demange and Myrna Wooders from David’s apartment to the restaurant where we 

would have a memorable dinner, I revealed to him that I had decided to devote my work on 

matching.  “Matching is too small to dedicate your life to it,” he said. “If so, it will have to grow,” I 

replied. David laughed. But I was being sincere. Some intuition made me believe that I was doing 

the correct choice.   

Over the years the popularity of the two-sided matching theory has spread among 

mathematicians and economists, partly due to the publication of the first edition of the book by 

Roth and Sotomayor (1990).  The theory of two-sided matchings is established as a branch of game 

theory. It has been taught in many universities and has attracted the interest of a great number of 



authors. The stable matching problem has been generalized to several two-sided matching models, 

which have been widely modeled and analyzed under the cooperative and non-cooperative game 

theoretic approaches.  The college admissions model was generalized to the case in which agents of 

both sides may have a quota greater than one and the preferences of the colleges over groups of 

students are more complex. The assignment game of Shapley and Shubik (1972) was generalized to 

a model where the utilities satisfy the gross substitute condition and was also extended to multiple 

partners continuous matching models. The matching models have been suitable for modeling a great 

variety of labor markets of firms and workers, markets of buyers and sellers, markets of students 

and schools, etc. Through the matching models these markets have been better understood, which 

has considerably contributed to their organization.  

 Through the years David and I had many encounters, wrote several joint papers, and became 

friends. Each encounter was intellectually stimulating for me. I admired his creativity, which 

expressed itself in his ability to find new and short proofs of existing results, but also in the 

formulation of new and challenging research problems. I always sent my manuscripts to him. 

Sometimes he would shorten my long proofs, sometimes he asked me to let him write the 

introduction, and other times he suggested the best way to define some concept. The “Gale's Feast: 

One day of activities in honor of the 85th birthday of David Gale” that I organized as a satellite 

meeting of the International Conference on Game Theory and Economic Applications, at Stony 

Brook, on July of 2007, was a way to thank him for everything I received from him. Several of his 

colleagues, students and collaborators, joined some family members to congratulate him. I also 

edited a special issue of the International Journal of Game Theory published in 2008. At present, I 

am editing a book dedicated to his memory, with some of these papers, to be published by Springer.  

 David was always teaching me something.  Once, in one of our encounters at Berkeley, after  

reading my long exposition of the solution of a problem that he had formulated and proposed to me, 

he exclaimed:  

“You never polish your proofs!”  

 Well, we were writing the some of the first papers about matching theory. There were no 

insights from other proofs to be used, the arguments were all new, and so this job very often 

required hard work from me. At the end, when I succeed in my task, I was eager to show the result 

of my work to him and to take delight from his reaction. He always congratulated me with joy and 

enthusiasm every time I succeed in proving some new result. This increased my will to work in 

order not to disappoint him.    

“My concern is only with finding a solution,” I explained to him.  

“Yes,” he said, “but I also enjoy writing the proof.” 



 In fact, he was the one who used to give the final shape of my proofs by finding elegant 

arguments that wasted no words.  I have honestly tried for all these years to write beautiful proofs 

but I didn’t succeed. This is an art. This talent of Gale was well known and can be comparable to 

that of the famous Argentinean short-story writer Jorge Luis Borges. Martin Shubik, for example, 

said in his talk at the “Gale's Feast”:  

“Over the years, in my Pantheon of scholars who I knew well and admired deeply, my old 

senior colleague Tjalling Koopmans stood high.  On reflecting about David I realized that he has all 

the four qualities that I admired in Tjalling. 

1. A beautiful clarity of thought. 

2. Brilliance in exposition. 

3. An ability to spot good problems and formulate them elegantly. 

4. The persistence and ability to solve the problems he was able to formulate.” 

 To all these qualities one can add his talent to provide simpler alternatives to complicated 

proofs, about which I know a few stories. An example is his proof of the non-emptiness of the core 

of the Housing Market by Shapley and Scarf (1974).  At the time this paper was being written, Scarf 

visited David in Berkeley and told him about the housing market and the non-emptiness of its core. 

There is a set of agents each of whom owns a house and has complete, transitive preferences on the 

set of all houses in the economy.  An allocation is a permutation of the houses among the agents. 

The proof by Shapley and Scarf used the sophisticated theory of balanced games. The day after the 

visit of Scarf, David sent to him a very short and simple proof. His proof was done by means of the 

by now well-known “top trading cycles algorithm”. 

 A few days later, Gale received a letter from Scarf saying: “Unfortunately your proof is 

correct.” The paper contains both proofs.  The top trading cycles algorithm has been applied to 

allocation problems of students to schools and of kidneys to patients. 

 One of the times I visited Pittsburgh University to write my book, co-authored by Alvin 

Roth, I realized that there was a gap in the theory of the college admissions problem related to the 

partial order defined by the preferences of the colleges. I wanted to prove the lattice property of the 

set of stable matchings under such partial order. This property has especially strong implications for 

the problem, so it was crucial to know if it applied to that model. It is clear that, even if the 

preferences of a college over individual students are strict then the preferences of this college over 

groups of students need not be strict. Nevertheless, in order to show the lattice property under the 

partial order defined by the preferences of the colleges, I needed to also have the strictness of 

preferences when restricted to groups of students that can be matched to the college under a stable 

matching.  Therefore, I decided to address my efforts to find a proof for that result. In this 

investigation, I proved that a college is never indifferent between two distinct groups of students 



that can be matched to it under a stable matching.  I also proved that, if a college faces two groups 

of students, A and B, that can be matched to it under a stable matching, then it prefers A  to  B  if 

and only if it prefers every student in  A  to every student in  B, who is not in  A. Both results follow 

from a lemma. I wrote a complicated proof for this lemma that was more than one page long. Alvin 

and I were very excited with these results and we decided to write a joint paper to explore the 

theorems.  As soon as the manuscript was ready we sent a copy of it to David Gale. He replied with 

a letter in which he simplified my proof of the lemma and reduced it to ten lines! We invited him to 

be a co-author of our paper, which was published in Econometrica in 1989, but he didn’t accept. 

About 25 years ago, David began to think about a mathematics museum. He constructed at 

home, with the help of his students, some of his own rudimentary exhibits to demonstrate some 

well-known theorems. In 1984, I taped David, at his home, presenting his math museum. He 

intended to use it to obtain some financial support, but the project was very ambitious and David 

had to drop the original idea. 

In 2003, David developed an equivalent idea of his math museum on the Internet, with a 

financial support of the Sloan Foundation MathSite, which he promoted as “an interactive source 

for seeing, hearing, doing mathematics.” In 2007, his math museum received the prestigious Pirelli 

Internetional Award for Multimedia Communication of Mathematics.  He invited me along to the 

award ceremony in Rome in May 2007. 

David was invited as a plenary speaker at a workshop on matchings that was going to be held 

in Reykjavik, Iceland, July 6, 2008. After his death, the organizers dedicated the meeting to his 

memory and I was invited to give a talk about his contributions to the theory of matchings.  His 

daughter, Katharine Gale, asked me to present a very nice interactive version of the Marriage 

Problem, which David was making for his math museum and was planning to debut in that meeting. 

Here is the site: http://www.ocf.berkeley.edu/~jpot/smp/smp.html  

I also showed in Reykjavik a block of the videotape of his math museum I did in 1984, in 

which he presents a very nice proof of the Pythagoras Theorem, totally geometrical, made with 

squares and triangles. He was there, sixty-two years old, giving a brilliant exposition in the back 

yard of his home, teaching us, once more, how to use words to construct concise and clear 

arguments. 

This was David Gale: a friend, a teacher, a great mathematician. 
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