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The Boolean function f: {0,1}" — {0,1} is one of the most fundamental objects in theoretical
computer science. The field of Analysis of Boolean Functions seeks to understand Boolean functions via
their Fourier transform and other analytic methods. This field has seen major developments in the 25 years
since the watershed paper of Kahn, Kalai, and Linial [24]. It is now an indispensable tool in the theory of
computing, with applications in areas as diverse as algorithmic economics [4], average-case complex-
ity [34], circuit complexity [30], coding theory [26], communication complexity [15], computational
geometry [32], cryptography [38], derandomization [33], genetic algorithms [22], inapproximability [20],
learning theory [31], noisy communication [18], property testing [2], and quantum computing [3]. More-
over, this area of research has proved to have significant applications in other areas of mathematics that
are not as obviously connected with Boolean functions: additive combinatorics [19], Banach spaces [8],
extremal combinatorics [1], Gaussian geometry [6], metric space embeddings [28], social choice [25],
statistical physics [37], and threshold phenomena of random graphs [11].

Over the last decade, a number of powerful themes have emerged in the analysis of Boolean functions:
the dichotomy between “juntas” and functions with small influences; noise sensitivity/stability; the “small-
set expansion” of the Boolean cube; the role of Gaussian analysis/geometry; probabilistic invariance
principles; and regularity lemmas. This deepening understanding of the field has led to quite a few
exciting developments in the last five years. To cite just a few examples:

* In the field of inapproximability, two recent STOC “Best Papers”: Raghavendra’s theory of CSP
approximability [35] and Chan’s breakthrough on the NP-hardness of Max-kCSP [9].

* In Gaussian geometry, a new proof of Borell’s Isoperimetric Inequality [10].
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» The developments in percolation theory due to Garban, Pete, and Schramm [14].
* Hatami’s characterization of monotone set properties without sharp thresholds [21].
* In concrete complexity, Kane’s near resolution of the Gotsman-Linial Conjecture [27].

* In additive combinatorics, Sanders’s Quasipolynomial Freiman-Ruzsa Theorem [36].

In light of these developments, Theory of Computing is devoting a special issue to the field of analysis
of Boolean functions. The idea for this special issue was conceived at the Simons Symposium Analysis
of Boolean Functions: New Directions and Application held at Caneel Bay, US Virgin Islands, February
5-11, 2012. Submissions were solicited in late 2012; the papers appearing were selected from those
submitted, after reviews following the stringent standards of Theory of Computing. The papers will be
released individually in upcoming months.

We thank the authors of these papers for their contributions, and the anonymous reviewers for their
meticulous and timely work. We would also like to thank Laci Babai, Oded Regev, and Ronald de Wolf
for their editorial efforts.

Further resources

Courses on analysis of Boolean functions:

* Kindler 03

» Kalai '04

* Linial ’05

* Dinur and Friedgut *05
* Mossel '05

* O’Donnell *07

* Regev ’07

* van Melkebeek *08

* Pansu ’10

* Sanders 10

* Gubinelli 11

» Hatami "11

* Grigorescu, Perkins, Piliouras, and Reyzin *12
* Sudakov ’12

Other recent and upcoming workshops and semesters on discrete analysis:

* Noise Sensitivity and Percolation (Clay Mathematics Institute summer school)

* Analysis and Geometry of Boolean Threshold Functions (Center for Computational Intractability)

THEORY OF COMPUTING, Volume 9 (2013), pp. 579-585 580


https://simonsfoundation.org/features/simons-symposia/analysis-of-boolean-functions-new-directions-and-applications-3
https://simonsfoundation.org/features/simons-symposia/analysis-of-boolean-functions-new-directions-and-applications-3
http://www.cs.huji.ac.il/~gkindler/weizmann-course/
http://cs-www.cs.yale.edu/homes/kalai/course.html
http://www.cs.huji.ac.il/~nati/PAPERS/uw/
http://www.cs.huji.ac.il/~analyt/
http://www.stat.berkeley.edu/~mossel/teach/206af05/index.htm
http://www.cs.cmu.edu/~odonnell/boolean-analysis/
http://www.cims.nyu.edu/~regev/teaching/analysis_fall_2007/index.html
http://pages.cs.wisc.edu/~dieter/Courses/2008s-CS880/lectures.html
http://www.math.ens.fr/recherche/-Seminars-?id_seminaire=6
http://people.maths.ox.ac.uk/~sanders/abf/notes.pdf
https://www.ceremade.dauphine.fr/~mgubi/e1011/index.html#bf
http://cs.mcgill.ca/~hatami/comp760-2011/
http://people.math.gatech.edu/~wperkins3/fourier/
http://www.math.ucla.edu/~bsudakov/fourier.html
http://www.claymath.org/programs/summer_school/2010/
http://intractability.princeton.edu/blog/2010/08/workshop-ltfptf/
http://dx.doi.org/10.4086/toc

FOREWORD TO SPECIAL ISSUE ON ANALYSIS OF BOOLEAN FUNCTIONS

* Discrete Harmonic Analysis (Isaac Newton Institute)

» Fourier Entropy-Influence (Winter School, Marne-la-VallAT'e)

* Analysis of Boolean Functions (Barbados Workshop on Computational Complexity)
* Real Analysis in Computer Science (Simons Institute fall 2013 program)

* Analysis of Boolean Functions: New directions and applications (2012, 2014)
Key “classical” papers:

e Bonami *70 [7]

e Ben Or-Linial *85 [4]

» Kahn-Kalai—Linial *88 [24]

e Linial-Mansour—Nisan ’89 [30]; see also [13].

¢ Kushilevitz—Mansour ’91 [29]; see also Goldreich—Levin ’89 [16]
e Gotsman-Linial "94 [17]

* Talagrand *94 [39]

* Bellare—Coppersmith-Hastad—Kiwi—Sudan *95 [2]
* Jackson '95 [23]

* Friedgut—Kalai "96 [12]

* Talagrand 96 [40]

e Hastad 97 [20]

* Benjamini—Kalai—Schramm 98 [5]

* Friegut(—Bourgain) *99 [11]
Further lectures, videos, surveys, and other writings:

« Stefankovié’s master’s thesis

» Kalai and Safra’s survey

* de Wolf’s survey in Theory of Computing

* O’Donnell’s survey

* Videos from the Isaac Newton Institute workshop

* Tan’s notes on the Barbados lectures

* Simons Symposium lectures

* O’Donnell’s book/blog, Analysis of Boolean functions
* Garban and Steif’s monograph

* Video lectures by O’Donnell

* Open problem compendium
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