Editors’ introduction

The papers in this volume were contributed by the friends of Lucien Le Cam on the occasion of his
70th birthday, in November 1994. We wish him a belated happy birthday.

In addition to all the usual excuses for our tardiness in the preparation of the volume, we must point
to the miracles of modern computing. As the old proverb almost put it: there’s many a slip "twixt \cup
and \baselineskip. We beg forgiveness of any of our infinitely patient contributors who finds that the final
product does not quite match with the galley proofs.

Our task was also made harder by the sad death of our friend and fellow editor, Erik Torgersen.

We greatly appreciate the editorial help of David Donoho with one of the more troublesome
contributions.

In addition to the 29 contributed articles, we have included a short vita, a list of publications, and
a list of Lucien’s Ph D. students. We are also pleased that Lucien allowed us to include a private letter,
written to Grace Yang, in response to a query about the extent of his formal mathematical training. The
letter gives some insights into what made Lucien one of the leading mathematical statisticians of the
century.

Grace-Lo Yang and David Pollard

Letter from Lucien Le Cam to Grace Yang
August 31st 1992
Dear Grace,

You made references to the fact that I don’t have a formal mathematical education. This is true, and
yet it is not. Writing after dinner and a glass of wine, I will try to fill in some of the details.

My elementary Math education was, I believe, standard for the country French of that time. We
learned multiplication tables, up to 12 x 12, and learned to perform long division. We also learned a few
things about geometrical shapes and their names, trapezoid, parallelogram, square, circle, etc. In the
meantime the teacher had gotten a heart (a cow’s heart) from a local butcher, and was teaching us about
the functions of the four chambers. He also created some hydrogen from zinc and sulfuric acid and had an
explosion.

By high school time, it was different. By the time I was 11 or 12 years old, I learned lots about cells,
but cells in those days had no organelles, just a nucleus whose function was unknown. I learned also about
Linnaeus classification of animals and that a lion and a cat are in the same family. Two years later, or so,
we started on geometry, Euclidean type, similarity of triangles and such. The next year brought about
Pythagoras’ theorem. All of that was in the plane. We hit three dimensions only in my last year, 1941-42.

There we were subjected to an abundance of “conic sections”. In the meantime, in the physics class,
I had learned to solve linear differential equations. You need them to understand the simplest electric
circuits and the form of a “catenary”.

Some of my friends were stunning teachers by proving Bezout’s theorem, but I was more interested
in other things. We had just learned how to solve quadratic equations; I presented my teacher with what
amounts to [ 1/va + bz + 22 dz, from geometric considerations.

Also I found, by chance, that the roots of algebraic quadratic equations were given by periodic
continued fractions. This and the quadratic integral earned me a trip to the house of I’Abbé Mirguet, a
mathematician priest, kept out of the regular priesthood, who ruled that I had better read some books,
which, of course, were not to be found around.

I did not have any bent for math, but was very interested, fascinated, by Chemistry and Physics.

I remember reading avidly a chemistry textbook written around 1830. It was most fascinating. The
author had HO as [the] formula for water, [and] did not believe much in Dalton’s atomic theory. Besides,
he had a few mistakes, like about ammonia gas dissolving in water and a wrong relation between the
resulting volumes. I was able to disprove that in the chemistry lab, for which I had made a pass key. The
Chemistry-Physics teacher found me there at odd times, but never said a word. Instead, he enlisted me
to repair radio sets and burned out electric motors. He even asked me to construct a torsion balance,
where to judge the tension of the wire, I had to use the pitch of a diapason. I broke some by tightening



too much. This was interspersed with requests that I should saw up to reasonable lengths his supply of
firewood. Old apple trees can be hard to saw by hand.

On the final high school exam, I was asked whether electrons exist. My teacher did not believe in
them. I said “yes” and was asked “but, pray, tell me in what direction they orbit the atom?”

By that time, I had bought books in a store that took refuge from the Germans. One was Thompson
(??7) about “valence”. He computed forces between atoms by some exotic quantum mechanical technique.
Another was a french translation of Max Planck lectures on electromagnetism. I still have that one. It
was easy to read in 1940-41. I cannot read it now. The third book was lectures of Gauss on “Theorie der
quadratischen Korper” which was impossible and boring to read. There was a fourth book, about what is
now called “radar”. It gave very detailed instructions about how to go about it. Since it had been written
in 1937, I wonder what that means for the “inventors” of radar. Anyway, in 1942, the Thompson book
and the “radar” book left me for undisclosed reasons.

The Max Planck lectures were full of “Curls” and “Divergences” and the like. T must have known or
inferred what they meant. It certainly was not taught in my high school.

Going to Clermont-Ferrand in October 1942, I found I could not be accepted in the Chemistry
program of the University. I was too late. They suggested I study math at the Lycée. Those kind people
would even offer me board and room. It was too late, but they offered me my noon meal for two years.
There we had 16 hours of math lectures and 7 of physics, 6 of chemistry every week. The math was
mostly 1800 style for engineers. Lots of drawing curves. The physics had a lot to do with the hydrogen
thermometer and the chemistry was to puzzle out what kind of chemical the teacher may have put in a
solution that looked like copper sulfate, but was not. It turned out to be some sort of methylene blue.

The very idea of “vectors” and linear algebra had not hit those teachers, even though they used
“yectors” to represent forces in mechanics.

Then, after some difficulties, I went to Paris where I enrolled in the “Calculus” class. This was taught
by two people, Valiron and Garnier. Garnier had surfaces that rolled onto each other. Valiron had a
combination real variables, complex variables, differential equations, partial differential equations, integral
equation and calculus of variations. Unfortunately he mostly repeated his book word for word and I
hardly ever went to the lectures.

The Lebesgue integral was barely mentioned. Valiron said: “It is very simple. Let us work instead on
the improper Riemann integrals”.

I passed, just by chance, the “Calculus” exam and the “Rational mechanics” exam. However I needed
another “certificate”. I had attempted to follow some lectures of Jean-Louis Destouches on quantum
mechanics, but it was no hope. So, after some problems, I took the Statistics exam. Darmois was my
examiner. He asked me to prove the multi-dimensional (matrix) version of Cramér-Rao. That was 1945.
Cramér and Rao’s papers were available in 1946. I did all right. I had never heard about matrices. It is
true that Marcel Paul Schutzenberger had been holding seminars on van der Waerden’s book on algebra,
but he was a student, the crowd attending was uppity and I did not go.

I had more success with analysis. I had proved a few odd theorems, such as “If a set can be well
ordered in two opposite directions, it is finite”. I mentioned it to Colette Rothschild who said I better
talk to “le Choc”. That was Choquet. He was a student at the time and lived in a basement, working on
industrial drawings. Choquet told me I better read de la Vallée Poussin’s book on Baire classes.

Then I got employed by what was to be Electricité de France. That was a very nice employer,
under the guidance of Pierre Massé for scientific ideas. He had anticipated much of Bellman’s dynamic
programming.

In the Spring 1947 Electricité de France told me I could take courses at the Université if I wanted. I
took a course from Julia on Hilbert Space. He was a phenomenal lecturer (and a Nazi) but covered only
“elementary Hilbert Space theory”. I learned mostly that Hilbert norms have special properties and that
Hilbert spaces have orthonormal bases.

That in a way, is the extent of my formal mathematical formation. But there is more. I had taken
a “subscription” to the Bourbaki books and liked to read them. For my needs at Electricité de France 1
borrowed, and then bought, Watson’s on Bessel functions. I did read with interest parts of Paul Lévy’s
book of 1937, “Addition of random variables”. In a fit of despair about the Navier-Stokes equations, I



attended some of Leray’s lectures on “fixed point theorems” at the College de France. We were worried
about turbulence.

By 1947 Halphen persuaded me to publish a note about “characteristic functionals” in the Comptes
Rendus. That was a bit miserable. After I came to Berkeley and met Bochner, he described it as “the
work of an old man”. I am sorry, I did not know any better. Once upon an occasion, the appointed
speaker in Darmois weekly seminar did not show. So, being in charge of speakers, I spoke about Bochner’s
work on “Stochastic processes”, because it was close to mine. Unfortunately, I could not answer several
questions. Bochner had mentioned Kolmogorov’s consistency theorem. I did not know what that
was. Later on I was to present a paper of Barankin, under similar circumstances. It referred to the
Hahn-Banach theorem. I did not know what that was. Somebody suggested I should look at Banach’s
book, but it was missing from the library. This may have been in 1949.

At the same time Edith Mourier who was writing her thesis on probability on Banach spaces was
pressing me for instances of practical applications. Not even knowing what a Banach space was induced
some difficulties for applications.

All of that changed when I came to Berkeley. I think Neyman hired me as an applied statistician.
However Loeve was lecturing on “measure theory”, “Stochastic processes” and the like. Neyman was
lecturing on uniformly most powerful unbiased tests. I had no idea what measure theory was about. My
“practical” bent, from Electricité de France, made Neyman’s lectures seem a bit spurious. Then I was
assigned a topic for qualifying examinations: “Fixed point theorems”. I went at it with a vengeance,
reading most of Fundamenta Mathematicae, the Annals of Mathematics and such like, plus Saks
“Integral”, Kuratowski’s topology and a few other things.

Then, in April 1951, I flunked my qualifying examination.

I will tell you more some other time like my brush with Kantorovitch, Vulich and Pinsker, but those
were in Russian. I don’t read Russian very well, if at all.

In those days, I could read, fast, very fast and I could remember. It is not sure how well I
remembered. For instance I could remember in English stuff I read in Kuratowski in French, complete
with the number of the page. The reverse occurred too.

... (the letter ends with some personal remarks)

Lucien

Biography of Lucien Le Cam

Personal Data
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“Un instrument d’étude des fonctions aléatoires, la fonctionelle caractéristique”, Comptes rendus des
séances de I’Academie des Sciences, Paris, 224 (1947), pp. 710-711.

“Sur certaines classes de fonctions aléatoires”, Comptes rendus des séances de I’Academie des Sciences,
Paris, 227 (1948), pp. 1206-1208 (with J. Bass).

“Les lois des débits des riviéres francaises”, Houille Blanche, Numéro Special B (1949), pp. 733-740, (with
G. Morlat).

“On some asymptotic properties of maximum likelihood estimates and related Bayes’ estimates”, Univ.
Calif. Publ. in Stat.,1, No.11 (1953), pp. 277-329.

“Note on a theorem of Lionel Weiss”, Annals of Mathematical Statistics, 25 (1954), pp. 791-794.

“An extension of Wald’s theory of statistical decision functions”, Annals of Mathematical Statistics, 26,
No. 1 (1955), pp. 69-81.

“On the asymptotic theory of estimation and testing hypotheses”, Proc. Third Berkeley Symposium on
Mathematical Statistics and Probability, University of California Press, I (1956), pp. 129-156.

“A remark on the roots of the maximum likelihood equation”, Annals of Mathematical Statistics, 27, No.
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“Convergence in distribution of stochastic processes”, Univ. Calif. Publ. in Stat., 2, No. 11 (1957), pp.
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“Les propriétés asymptotiques des solutions de Bayes”, Publications de I'Institut de Statistique de
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“Locally asymptotically normal families of distributions”, Univ. Calif. Publ. in Stat., 3, No. 2 (1960),
pp. 37-98.

“A necessary and sufficient condition for the existence of consistent estimates”, Annals of Mathematical
Statistics, 31 (1960), pp. 140-150. (with L. Schwartz).

“The Poisson approximation to the Poisson binomial distribution”, Annals of Mathematical Statistics, 31
(1960), pp. 737-740 (with J.L. Hodges, Jr.).

“An approximation theorem for the Poisson binomial distribution”, Pacific Journal of Math., 10, No. 4
(1960), pp. 1181-1197.

“A stochastic description of precipitation”, Proceedings of the Fourth Berkeley Symposium on
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Proceedings of the Fifth Berkeley Symposium on Mathematical Statistics and Probability, Univ. of Calif.
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North Holland, (1975), pp. 383-396.
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TASPS Satellite Symposium on Asymptotic Methods in Statistics, Prague (1975) Ed. J. Héjek, Universita
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Processes and Related Topics, Vol. 1 (1975) Academic Press, pp. 13-53.

Comment on Brad Efron’s paper on “Defining the curvature of a statistical problem”, Annals of
Statistics, Vol. 3, No. 6 (1975), pp. 1223-1224.



“Circadian rhythm of stimulated lymphocyte blastogenesis” (with M. Kaplan, et al) Journal of Allergy
and Clinical Immunology, Vol. 58, No. 1, Part 2 (1976), pp. 181-189.

“An unusual metastatic lesion in a patient with osteosarcoma receiving tumor specific transfer factor”
(with A.S. Levin, V.S. Byers, J.O. Johnson, Transfer Factor, Academic Press, N.Y. (1976), eds. Ascher,
Gottlieb & Kirkpatrick, pp. 537-542.

“Tumor specific transfer factor therapy in osteogenic sarcoma” (with V.S. Byers, A.S. Levin, J.O.
Johnston and A.J. Hackett) Annals of the New York Academy of Sciences, Vol. 277 (1976), pp. 621-627.

“A reduction theorem for certain sequential experiments”, Statistical Decision Theory and Related Topics,
Academic Press, N.Y. (1977) ed. S. Gupta and D. Moore.

“On the asymptotic normality of estimates”, Proceedings of the IASPS Symposium (to honor Jerzy
Neyman), Polish Scientific Publishers, Warsaw (1977).

“Identification of human populations with a high incidence of immunity against breast carcinoma”,
Cancer Immunology and Immunotherapy, Vol. 2 (1977), pp. 163-172 (with V.S. Byers, A.S. Levin, W.H.
Stone, A.J. Hackett.)

“A note on metastatistics - or, An essay towards stating a problem in the doctrine of chances”, Synthese,
Vol. 36 (1977), pp. 133-160.

“On the asymptotic behavior of mixtures of Poisson distributions” (with R. Traxler), Zeitschrift fur
Wahrscheinlichkeitstheorie, Vol. 44, (1978), pp. 1-45.

“A reduction theorem for certain sequential experiments, II” Annals of Statistics, Vol. 7 (1979), pp.
847-859.

“On a theorem of J. Hajek”, Contributions to Statistics (Jaroslav Hajek Memorial Volume), Academia,
Prague (1979), pp. 119-135.

“Immunotherapy of Osteogenic Sarcoma with Transfer Factor, Long-Term Follow-up”, Cancer
Immunology and Immunotherapy, Vol. 6 (1979), pp. 243-253 (with V.S. Byers, A.S. Levin, J.O. Johnson,
A.J. Hackett).

Jerzy Neyman - Biographical supplement to the International Encyclopedia of the Social Sciences. (1979)

“Minimum chi-square - not maximum likelihood. Discussion of J. Berkson’s paper”, Annals of Statistics,
Vol. 8 (1980), pp. 473-478.

“Limit theorems for empirical measures and Poissonization”. In Statistics and Probability, Essays in the
honor of C.R. Rao, North-Holland (1982), pp. 455-463.

“On the risk of Bayes estimates”. In Statistical Decision Theory and Related Topics. Academic Press
(1982), pp. 121-137.

“On some stochastic models of tumor growth and metastasis”, In Probability Models and Cancer.
North-Holland (1982), pp. 265-286.

Probability Models and Cancer, L. Le Cam and J. Neyman editors, North-Holland (1982), 301 pages.

“A remark on empirical measures”, Festschrift in the honor of E.L. Lehmann, Wadsworth (1982), pp.
305-327.

“Extension of a theorem of Chernoff and Lehmann”, (with C. Mahan and A. Singh), Recent Advances in
Statistics, Academic Press (1983), pp. 303-337.

Review of Statistical estimation; asymptotic theory, by Ibragimov and Has'minskii and Contributions to a
general asymptotic statistical theory by Pfanzagl and Wefelmeyer, Bull. Amer. Math. Soc., Vol. 11, No. 2,
October 1984, pp. 392-400.

Proceedings of the Berkeley Conference in honor of Jerzy Neyman and Jack Kiefer, L. Le Cam and R.A.
Olshen, eds., Vol. 1 and 2, Wadsworth 1985.

“Sur I'approximation de familles de mesures par des familles gaussiennes”, Ann. Inst. Henri Poincaré,
Vol. 21, No. 3 (1985) pp. 255-287.

“On Lévy’s martingale central limit theorem”, (with P. Jeganathan) Sankhya, Vol. 47, Series A, Part 2
(1985), pp. 141-155.

“The central limit theorem around 1935”, Statistical Science, Vol. 1, No. 1, (1986), pp. 78-96.
Asymptotic Methods in Statistical Decision Theory. Springer- Verlag, July 1986 (xxvi + 735 pages).
Discussion of D.A. Freedman and P. Diaconis, “Consistency of Bayes Estimates”, Annals of StatisticsVol.
14, No. 1 (1986) pp. 59-60.
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“Distinguished statistics, loss of information and a theorem of Robert B. Davies”. (with Grace Lo Yang).
Statistical decision theory and related topics IV, Vol. 2, pp. 163-75, Springer Verlag 1988.

“On the preservation of local asymptotic normality under information loss”. (with Grace Lo Yang)
Annals of Statistics, Vol. 16, No. 2, pp. 483-520, (1988).

“Convergence of stochastic empirical measures”. (with R.J. Beran and P.W. Millar). J. Multivariate
Analysis. Vol. 23 pp. 159-168 (1987).

“Statistical asymptotics. Some basic theorems”. (with Grace Yang). Springer-Verlag Series in Statistics
1990. Chinese version to be published by Science Press, Beijing, Spring 1991.

“Maximum likelihood - an introduction”, Pub. University of Maryland. Lecture Notes #18. ISI Review
Vol 58 #2 pp. 153-171. (1990)

“On the standard asymptotic confidence ellipsoids of Wald”. ISI Review Vol 58 #2 pp. 129-152 (1990).

“Some recent results in the asymptotic theory of statistical estimation” Invited paper, International
Congress of Mathe- maticians, Kyoto, August 21-29, 1990. Published Proceedings of the International
Congress of Mathematicians pp. 1083-1090. Springer Verlag 1991.

Publications to Appear

Accepted Mathematical Biosciences.

To be submitted.

Technical Report #170, Statistics, U.C. Berkeley.
Technical Report #211, Statistics, U.C. Berkeley.
C. Berkeley, August 1990. 39 pages.

C. Berkeley.

In Preparation

To be submitted (with Grace Lo Yang).
Proc. Conference on Stochastic Processes in Epidemic Theory. Marseille-Lumigny Oct. 1988.
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Strong consistency of stochastic approximation methods, 1953.
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On the problem of consistent and uniformly consistent statistical procedures, 1954.
BAYARD RANKIN,

The concept of sets enchained by a stochastic process and its use in cascade shower theory, 1955.
GEORGES POWELL STECK,

Limit theorems for conditional distributions, 1955.

THOMAS SHELBURNE FERGUSON,

I. On the ezistence of linear regression in linear structural relations. II. A method of generating best
asymptotically normal estimates with application to the estimation of bacterial densities, 1956.
ISRAEL JACOB ABRAMS,

Contributions to the stochastic theory of inventory, 1957.

EsAry, JAMES D.,

A stochastic theory of accident survival and fatality, 1957.

CHARLOTTE T. STRIEBEL,

Efficient estimation of regression parameters for certain second order stationary processes, 1960.
LORRAINE SCHWART?Z,

Consistency of Bayes’ procedures, 1960.

HELEN WITTENBERG,

Limiting distributions of random sums of independent random variables, 1963.
GIAN DOMENICO MAJONE,

Asymptotic behavior of Bayes’ estimates in Borel sets, 1966.

NORA SNOECK SMIRIGA,

Stochastic processes with independent pieces, 1966.

GRACE LO YANG,

Contagion in stochastic models for epidemics, 1966.

DAviD GOMBERG,

Estimation of asymptotes, 1967.

STEPHEN MACK STIGLER,

Linear functions of order statistics, 1967.

MIN-TE CHAO,

Nonsequential optimal solutions of sequential decision problems, 1967.

ERIK NIKOLATI TORGERSEN,

Comparison of experiments when the parameter space is finite, 1968.

ALEJANDRO DANIEL DEACOSTA,

Existence and convergence of probability measures in Banach spaces, 1969.
PEDRO JESUS FERNANDEZ,

On the weak convergence of random sums of independent random elements, 1970.
ARNOLDO GUEVARA DE HoYOS,

Continuity of some Gaussian processes parametrized by the compact convez sets in R®, 1970.
DETLEV LINDAE,

Distributions of likelihood ratios and convergence of experiments, 1972.

MoHD NAWAZ GORIA,

Estimation of the location of discontinuities, 1972.

ALOISIO PESSOA DEARAUJO,

On the central limit theorem in C(0,1), 1974.

ROBERT HENRY TRAXLER,

On tests for trend in renewal processes, 1974 (Biostatistics).

ODD OLAI AALEN,

Statistical Inference for a Family of Counting Processes, 1975.

12



ERIK JAN BALDER,

An Extension of Duality-Stability Relations to Nonconvex Optimization Problems, 1976.

ErRrROL CHURCHILL CABY,

Convergence of Measures on Uniform Spaces, 1976.

MOoOHAMED WALID MOUSSATAT,

On the Asymptotic Theory of Statistical Experiments and Some of Its Applications, 1976.

NENG HsIN CHEN,
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