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This is an attractive overview of the role played by “entropy” in the study of dynamical systems
since its discovery by Kolmogorov at the end of the 1950s. Several features make it a particularly
interesting read. First, the author has been an active participant in the field, often very close to
the most exciting and influential developments. Second, the article does not attempt to provide a
(potentially indigestible) complete history shaped by time, but instead an overview exposing the
mathematical story, taking full advantage of later insights and developments. Third, it is written
with candour (for example, one of the many interesting footnotes records the extent to which the
disjointness paper of Furstenberg in 1967 was underestimated), with a vision of great extent in
time and breadth in topic, with much detailed knowledge (for example, the ergodic-theory aspect
of Wiener’s monograph of 1958 was new to me), and with great authority (both mathematical and
personal: the author interacted directly with many of the key contributors both in the “Moscow
school” and later in the United States). The breadth of the pervasive influence of entropy is re-
flected in the main sections: Early history of entropy; Isomorphism problem; Topological entropy,
variational principle, symbolic dynamics; Entropy and nonuniform hyperbolicity; Entropy as a
source of rigidity; Rigidity of positive entropy measures for higher-rank abelian actions.

Reviewed byThomas Ward
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21. I. Csisźar and J. K̈orner, Information theory,Coding theorems for discrete memoryless sources,
Akadémiai Kiad́o, Budapest, 1981.MR0666545 (84e:94007)

22. Efim I. Dinaburg,A correlation between topological entropy and metric entropy,Dokl. Akad.
Nauk SSSR,190(1970), 19–22.MR0255765 (41 #425)

23. Efim I. Dinaburg,A connection between various entropy characterizations of dynamical sys-
tems,Izv. Akad. Nauk SSSR Ser. Mat.,35 (1971), 324–366.MR0286091 (44 #3307)

24. Tomasz Downarowicz and Sheldon Newhouse,Symbolic extensions and smooth dynamical
systems,Invent. Math.,160(2005), 453–499.MR2178700 (2006j:37021)

25. Manfred Einsiedler and Anatole Katok,Invariant measures onG/Γ for split simple Lie Groups
G, Comm. Pure. Appl. Math.,56,(2003), 1184–1221.MR1989231 (2004e:37042)

26. Manfred Einsiedler and Anatole Katok,Rigidity of measures-The high entropy case and non-
commuting foliations,Israel Math. J.,148(2005), 169–238.MR2191228 (2007d:37034)

/mathscinet/pdf/224110.pdf?pg1=MR&amp;s1=36:7157&amp;loc=fromreflist
/mathscinet/pdf/224771.pdf?pg1=MR&amp;s1=37:370&amp;loc=fromreflist
/mathscinet/pdf/1354289.pdf?pg1=MR&amp;s1=96i:58136&amp;loc=fromreflist
/mathscinet/pdf/1406425.pdf?pg1=MR&amp;s1=97e:58177&amp;loc=fromreflist
/mathscinet/pdf/1406425.pdf?pg1=MR&amp;s1=97e:58177&amp;loc=fromreflist
/mathscinet/pdf/1185082.pdf?pg1=MR&amp;s1=93k:58134&amp;loc=fromreflist
/mathscinet/pdf/143862.pdf?pg1=MR&amp;s1=26:1412&amp;loc=fromreflist
/mathscinet/pdf/262459.pdf?pg1=MR&amp;s1=41:7066&amp;loc=fromreflist
/mathscinet/pdf/277003.pdf?pg1=MR&amp;s1=43:2740&amp;loc=fromreflist
/mathscinet/pdf/442989.pdf?pg1=MR&amp;s1=56:1364&amp;loc=fromreflist
/mathscinet/pdf/282372.pdf?pg1=MR&amp;s1=43:8084&amp;loc=fromreflist
/mathscinet/pdf/380889.pdf?pg1=MR&amp;s1=52:1786&amp;loc=fromreflist
/mathscinet/pdf/2047659.pdf?pg1=MR&amp;s1=2005d:37015&amp;loc=fromreflist
/mathscinet/pdf/2090762.pdf?pg1=MR&amp;s1=2090762&amp;loc=fromreflist
/mathscinet/pdf/666545.pdf?pg1=MR&amp;s1=84e:94007&amp;loc=fromreflist
/mathscinet/pdf/255765.pdf?pg1=MR&amp;s1=41:425&amp;loc=fromreflist
/mathscinet/pdf/286091.pdf?pg1=MR&amp;s1=44:3307&amp;loc=fromreflist
/mathscinet/pdf/2178700.pdf?pg1=MR&amp;s1=2006j:37021&amp;loc=fromreflist
/mathscinet/pdf/1989231.pdf?pg1=MR&amp;s1=2004e:37042&amp;loc=fromreflist
/mathscinet/pdf/2191228.pdf?pg1=MR&amp;s1=2007d:37034&amp;loc=fromreflist


27. Manfred Einsiedler, Anatole Katok and Elon Lindenstrauss,Invariant measures and the set
of exceptions in Littlewood’s conjecture,Ann. Math., (2),164 (2006), 513–560.MR2247967
(2007j:22032)

28. Jacob Feldman,NewK-automorphisms and a problem of Kakutani,Israel J. Math.,24 (1976),
16–38.MR0409763 (53 #13515)

29. Livio Flaminio,Local entropy rigidity for hyperbolic manifoldsComm. Anal. Geom.,3 (1995),
555–596.MR1371210 (96k:58170)

30. Sergey Vasil↩evish Fomin,Some new problems and results in ergodic theory,(Russian) Appen-
dix to Russian translation of Lectures on Ergodic theory by P.R. Halmos, Moscow, Mir, 1960,
134–145.

31. Nathaniel A. Friedman and Donald Ornstein,On isomorphism of weak Bernoulli transforma-
tions,Advances in Mathematics,5 (1970), 365–394.MR0274718 (43 #478c)

32. Harry Furstenberg,Disjointness in ergodic theory, minimal sets, and a problem in Diophantine
approximation,Mathematical Systems Theory,1 (1967), 1–49.MR0213508 (35 #4369)

33. Hans-Otto Georgii,Probabilistic aspects of entropy,in Entropy, Andreas Greven, Gerhard
Keller, Gerald Warnecke, eds., Princeton University Press, (2003), 37–54.MR2035816
(2004k:82076)

34. Igor V. Girsanov,Spectra of dynamical systems generated by stationary Gaussian processes.
(Russian) Dokl. Akad. Nauk SSSR (N.S.),119(1958), 851–853.MR0114251 (22 #5075)

35. Eli Glasner and Benjamin Weiss,On the interplay between measurable and topological dynam-
ics,in Handbook in dynamical systems, Elsevier, Amsterdam,1B 2006, 597–648.MR2186250
(2006i:37005)

36. Tim N. T. Goodman,Relating topological entropy and measure entropy,Bulletin of the London
Mathematical Society,3 (1971), 176–180.MR0289746 (44 #6934)

37. Tim N. T. Goodman,Maximal measures for expansive homeomorphisms,Bulletin of the Lon-
don Mathematical Society (2) 5 (1972), 439–444.MR0313477 (47 #2031)

38. L. Wayne Goodwyn,Topological entropy bounds measure-theoretic entropy,Proceedings of
the American Mathematical Society,23 (1969), 679–688.MR0247030 (40 #299)

39. L. Wayne Goodwyn,Comparing topological entropy with measure-theoretic entropy,American
Journal of Mathematics,94 (1972), 366–388.MR0310191 (46 #9293)

40. Roland Gunesch, ”Precise Asymptotic for Periodic Orbits of the Geodesic Flow
in Nonpositive Curvature,” Ph. D. Thesis, Pennsylvania State University, 2002.
http://etda.libraries.psu.edu/theses/approved/WorldWideFiles/ETD-198/etd.pdf

41. Misha Guysinsky and Anatole Katok,Normal forms and invariant geometric structures for
dynamical systems with invariant contracting foliations,Math. Res. Letters,5 (1998), 149–
163.MR1618331 (99b:58215)

42. Paul R. Halmos, ”Lectures on Ergodic Theory,” Publications of the Mathematical Society of
Japan, The Mathematical Society of Japan, 1956.MR0097489 (20 #3958)

43. Paul R. Halmos,Recent progress in ergodic theory,Bulletin of the American Mathematical
Society,67 (1961), 70–80.MR0122959 (23 #A290)

44. Boris Hasselblatt and Anatole Katok,Principal structures,in ”Handbook of Dynamical Sys-
tems,” North-Holland, Amsterdam,1A (2002), 1–203.MR1928518 (2004c:37001)

/mathscinet/pdf/2247967.pdf?pg1=MR&amp;s1=2007j:22032&amp;loc=fromreflist
/mathscinet/pdf/2247967.pdf?pg1=MR&amp;s1=2007j:22032&amp;loc=fromreflist
/mathscinet/pdf/409763.pdf?pg1=MR&amp;s1=53:13515&amp;loc=fromreflist
/mathscinet/pdf/1371210.pdf?pg1=MR&amp;s1=96k:58170&amp;loc=fromreflist
/mathscinet/pdf/274718.pdf?pg1=MR&amp;s1=43:478c&amp;loc=fromreflist
/mathscinet/pdf/213508.pdf?pg1=MR&amp;s1=35:4369&amp;loc=fromreflist
/mathscinet/pdf/2035816.pdf?pg1=MR&amp;s1=2004k:82076&amp;loc=fromreflist
/mathscinet/pdf/2035816.pdf?pg1=MR&amp;s1=2004k:82076&amp;loc=fromreflist
/mathscinet/pdf/114251.pdf?pg1=MR&amp;s1=22:5075&amp;loc=fromreflist
/mathscinet/pdf/2186250.pdf?pg1=MR&amp;s1=2006i:37005&amp;loc=fromreflist
/mathscinet/pdf/2186250.pdf?pg1=MR&amp;s1=2006i:37005&amp;loc=fromreflist
/mathscinet/pdf/289746.pdf?pg1=MR&amp;s1=44:6934&amp;loc=fromreflist
/mathscinet/pdf/313477.pdf?pg1=MR&amp;s1=47:2031&amp;loc=fromreflist
/mathscinet/pdf/247030.pdf?pg1=MR&amp;s1=40:299&amp;loc=fromreflist
/mathscinet/pdf/310191.pdf?pg1=MR&amp;s1=46:9293&amp;loc=fromreflist
/mathscinet/pdf/1618331.pdf?pg1=MR&amp;s1=99b:58215&amp;loc=fromreflist
/mathscinet/pdf/97489.pdf?pg1=MR&amp;s1=20:3958&amp;loc=fromreflist
/mathscinet/pdf/122959.pdf?pg1=MR&amp;s1=23:A290&amp;loc=fromreflist
/mathscinet/pdf/1928518.pdf?pg1=MR&amp;s1=2004c:37001&amp;loc=fromreflist


45. Boris Hasselblatt and Anatole KatokThe development of dynamics in the 20th century and
contribution of J̈urgen Moser,Erg. Theory and Dynam. Systems,22 (2002), 1343–1364.
MR1934140 (2003h:37001)

46. Heinz Huber,Zur analytischen Theorie hyperbolischer Raumformen und Bewegungsgruppen.
II. (German) Math. Ann.,142(1961), 385–398.MR0126549 (23 #A3845)

47. Steven Kalikov,TheT , T−1-transformation is not loosely Bernoulli.,Annals of Mathematics,
115(1982), 393–409.MR0647812 (85j:28019)

48. Boris Kalinin and Anatole Katok,Invariant measures for actions of higher rank abelian groups,
in ”Smooth Ergodic Theory and its Applications” (Seattle, WA, 1999), 593–637, Proceedings
of Symposia in Pure Mathematics,69,American Mathematical Society, Providence, RI, 2001.
MR1858547 (2002i:37035)

49. Boris Kalinin and Anatole Katok,Measurable rigidity and disjointness forZk actions by toral
automorphisms,Ergodic Theory and Dynamical Systems,22 (2002), 507–523.MR1898802
(2003b:37046)

50. Boris Kalinin and Anatole Katok,Measure rigidity beyond uniform hyperbolicity: Invari-
ant Measures for Cartan actions on Tori,Journal of Modern Dynamics,1 (2007), 123–146.
MR2261075 (2008h:37023)

51. Boris Kalinin, Anatole Katok and Federico Rodriguez Hertz,Nonuniform measure rigidity,
preprint, 2007.cf. MR 2008i:37003

52. Anatole. B. Katok,Time change, monotone equivalent and standard dynamical systemsSoviet
Math. Dokl.,16 (1975), 789–792.MR0412383 (54 #509)

53. Anatole. B. Katok,Monotone equivalence in ergodic theory,Izv. Akad. Nauk SSSR,41(1977),
104–157; English translation: Math USSR Izvestija,11(1977), 99–146.MR0442195 (56 #581)

54. Anatole B. Katok,A conjecture about entropy,in Smooth Dynamical Systems, Moscow, Mir,
1977, 181–203; English translation: AMS Transl (2),133 (1986), 91–107.MR0501174 (58
#18596)

55. Anatole Katok,Lyapunov exponents, entropy and periodic orbits for diffeomorphisms,Pub-
lications Math́ematiques de l’Institut des HautesÉtudes Scientifiques,51 (1980), 137–173.
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MR1457054 (98h:28012)

67. Svetlana Katok,The estimation from above for the topological entropy of a diffeomorphism,
in Global theory of dynamical systems Lecture Notes in Math.,819,Springer, Berlin, 1980,
258–264.MR0591188 (82a:58046)

68. Yitzhak Katznelson, Ergodic automorphisms ofTn are Bernoulli shifts, Israel. J. Math.,12
(1971), 161–173.MR0294602 (45 #3672)

69. Michael Keane and Meir Smorodinsky,Bernoulli schemes of the same entropy are finitarily
isomorphic,Annals of Mathematics,109(1979), 397–406.MR0528969 (80f:28024)

70. Michael Keane and Meir Smorodinsky,Finitarily isomorphism of irreducible Markov shifts,
Israel Journal of Mathematics,34 (1979), 281–286.MR0570887 (81k:28025)

71. Alexander Ya. Khinchin,On the basic theorems of information theory,Uspehi Mat. Nauk
(N.S.),11 (1956), 17–75.MR0077812 (17,1098c)

72. Gerhard Knieper,On the asymptotic geometry of nonpositively curved manifolds,Geometric
and Functional Analysis,7 (1997), 755–782.MR1465601 (98h:53055)

73. Gerhard Knieper,The uniqueness of the measure of maximal entropy for geodesic flows on rank
1 manifolds,Annals of Mathematics (2),148(1998), 291–314.MR1652924 (2000b:37016)

74. Gerhard Knieper,Closed geodesics and the uniqueness of the maximal measure for rank 1
geodesic flows,in: Smooth ergodic theory and its applications (Seattle, WA, 1999), 573–
590, Proceedings of Symposia in Pure Mathematics,69, American Mathematical Society,
Providence, RI, 2001.MR1858546 (2002i:37042)

75. Andrei N. Kolmogorov,On dynamical systems with an integral invariant on the torus,Doklady
Akademii Nauk SSSR (N.S.),93 (1953), 763–766.MR0062892 (16,36g)

76. Andrei N. Kolmogorov,On conservation of conditionally periodic motions for a small change
in Hamilton’s function,Doklady Akademii Nauk SSSR (N.S.)98 (1954), 527–530; English
translation inStochastic behavior in classical and quantum Hamiltonian systems,Volta Memo-
rial conference, Como, 1977, Lecture Notes in Physics,93, Springer, 1979.MR0068687

/mathscinet/pdf/2285730.pdf?pg1=MR&amp;s1=2008c:37039&amp;loc=fromreflist
/mathscinet/pdf/1307298.pdf?pg1=MR&amp;s1=96c:58132&amp;loc=fromreflist
/mathscinet/pdf/1406432.pdf?pg1=MR&amp;s1=97d:58116&amp;loc=fromreflist
/mathscinet/pdf/1632177.pdf?pg1=MR&amp;s1=99i:58118&amp;loc=fromreflist
/mathscinet/pdf/1457054.pdf?pg1=MR&amp;s1=98h:28012&amp;loc=fromreflist
/mathscinet/pdf/591188.pdf?pg1=MR&amp;s1=82a:58046&amp;loc=fromreflist
/mathscinet/pdf/294602.pdf?pg1=MR&amp;s1=45:3672&amp;loc=fromreflist
/mathscinet/pdf/528969.pdf?pg1=MR&amp;s1=80f:28024&amp;loc=fromreflist
/mathscinet/pdf/570887.pdf?pg1=MR&amp;s1=81k:28025&amp;loc=fromreflist
/mathscinet/pdf/77812.pdf?pg1=MR&amp;s1=17:1098c&amp;loc=fromreflist
/mathscinet/pdf/1465601.pdf?pg1=MR&amp;s1=98h:53055&amp;loc=fromreflist
/mathscinet/pdf/1652924.pdf?pg1=MR&amp;s1=2000b:37016&amp;loc=fromreflist
/mathscinet/pdf/1858546.pdf?pg1=MR&amp;s1=2002i:37042&amp;loc=fromreflist
/mathscinet/pdf/62892.pdf?pg1=MR&amp;s1=16:36g&amp;loc=fromreflist
/mathscinet/pdf/68687.pdf?pg1=MR&amp;s1=16:924c&amp;loc=fromreflist


(16,924c)
77. Andrei N. Kolmogorov,Théorie ǵeńerale des systèmes dynamiques et mécanique classique
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134. Yakov Sinăi, Classical dynamical systems with countable Lebesgue spectrum. II,Izv. Akad.
Nauk SSSR Ser. Mat.,30 (1966), 15–68.MR0197684 (33 #5847)
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