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Mathematician wins Turing award for harnessing randomness

Wigderson started exploring the
relationship between randomness and
computers in the 1980s, before the
internet existed, attracted to ideas he
worked on by intellectual curiosity,
rather than how they might be used

AVI WIGDERSON RECEIVES ACM AM. TURING
AWARD FOR GROUNDBREAKING INSIGHTS ON
RANDOMMNESS

One of the unexpected ways in which
his ideas are now widely used was on
zero-knowledge proofs, which detail
ways of verifying information without
revealing the information itself
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read Quanta Magazine
watch Zero Knowledge Proof


https://www.quantamagazine.org/avi-wigderson-complexity-theory-pioneer-wins-turing-award-20240410/
https://www.youtube.com/watch?app=desktop&v=5ovdoxnfFVc

Abel prize celebrates union of Mathematics

Two pioneers of the theory of computation
have won one of the most prestigious
honours in mathematics

Since the advent of computers in the
twentieth century, the emphasis in research
has changed from ‘can an algorithm solve
this problem?’ to ‘can an algorithm, at
least in principle, solve this problem on an
actual computer and in a reasonable time?’

read Abel interview 2021
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https://euromathsoc.org/magazine/articles/54

Today is more difficult to distinguish pure and applied mathematics

Mathematics — Computing

LaszI6 Lovdsz (1948, Budapest) grew up a talented child
competing at solving hard problems Early inspiration
from Paul Erdos, prolific mathematician of the modern
era, who focused on the mathematics of discrete objects
Interested in basic research as well as in its applications,
worked as a full-time researcher at Microsoft for seven
years in between academic positions

Computing — Mathematics

Avi Wigderson (1956, Haifa) studied in Israel and the
United States and held various academic positions before
moving to the IAS in 1999, where he is ever since.
Contributed to practically all areas of computer science,
in which he attacked any problem with whatever
mathematical tools he could find, even from distant
fields of study




Abel prize — The Nobel for Mathematics

Laureates since 2003 in DM and TCS

2012 Endre Szemerédi — fundamental contributions
to discrete math and theoretical computer science

2021 Laszl6 Lovasz and Avi Wigderson —

foundational contributions to theoretical computer UNIVERSALITY AND TOLERANCE
science and discrete math, and their role in shaping (Extended Abstract)
them into central fields of modern mathematics Noga Alon® Michael Capalbo! Yoshiharu Kohayakawa!

Vojtéch Rodl®  Andrzej Rucifiski’ Endre Szemerddill

John Nash awarded Nobel (1994, Game Theory) +
Abel (2015, Partial Differential Equations)

The Fields Medal is awarded since 1936 up to four
mathematicians under 40 years at the International
Mathematical Union Congress, every four years

Foundations of Computer Science, 2000



Turing award — The Nobel for Computer Science

Laureates since 1966 in theoretical
computer science

INFORMATION PRUCCESSING LETTERS 241574} 133-147 NORTH-HOLLNAD PLBLISHING COMPANY

1974 Donald Knuth — contributions to the

. « A STRUCTURED PROGRAM TO

analysis of algorithms GENERATE ALL TOPOLOGICAL SORTING ARRANGEMENTS
) Nonald Z. KNTUTH*
1982 Stephen Cook — understanding the Compr e Dt S ooy S, o 3t 54
complexity of computation Tayme L. SZWARCFITER *
Uninerridade Federa) do Rte de Janeivp. Avgeniing

1985 Richard M. Karp — contributions to poveg AT ety
the theory of algorithms, polynomial-time Gt nsshuss  progmmiog lopages  <embimaaralpcblens

computability and NP-completeness

1986 Robert Tarjan — design and analysis
of algorithms and data structures



The Millennium Prize Problems

David Hilbert:
23 problems
Paris in 1900

Clay Mathematics Institute:
7 prize problems
Paris in 2000

P versus NP problem has no
associated mathematician

Dedicated to increasing and di

HOME ABOUT CMI

The Millennium Prize Problems

In order to celebrate mathematics in the new millennium, The Clay Mathematics
Institute of Cambridge, Massachusetts (CMI) established seven Prize Problems.
The Prizes were conceived to record some of the most difficult problems with
which mathematicians were grappling at the turn of the second millennium; to
elevate in the consciousness of the general public the fact that in mathematics,
the frontier is still open and abounds i important unsolved problems; to
emphasize the importance of working towards a solution of the deepest, most
difficult problems; and to recognize achievement in mathematics of historical
magnitude.

PROGRAMS

minating mathematical knowledge

NEWS & EVENTS AWARDS SCHOLARS

P vs NP Problem

If it Is easy to check that a solution
to a problem is correct, s It also
olve the problem? This is
sssence of the P vs NP
question. Typical of the NP
problems is that of the Hamiltonian
Path Problem: given N cities to
visit (by car), how can one do this
without visiting a city twice? If you
give me a solution, I can easily
check that it is correct. But I
cannot so easily (given the
B methods 1 know) find a solution.

watch Vijaya Ramachandran


https://www.claymath.org/lectures/p-versus-np/







P versus NP — a gift to Mathematics from Computer Science

The question is whether or not, for all
problems for which an algorithm can verify
a given solution quickly (in polynomial
time), an algorithm can also find that
solution quickly

Avi Wigderson expects P not equal NP

Donald Knuth expects P equal NP

Timothy Gowers, The Importance of Mathematics, 2000

watch Donald Knuth: P=NP


https://www.youtube.com/watch?v=XDTOs8MgQfg

Hilbert, Godel, Turing, von Neumann, Wigderson

Hilbert's two-part dream:

Everything that is true in Mathematics is provable.
Everything that is provable can be automatically
computed.

1931 Godel proved that no matter how hard you try,
your set of axioms will always be incomplete, they
will not be sufficient to prove all true facts

1936 Turing introduced his Turing machine and
proved the unsolvability of the halting problem

1940s-50s Turing and von Neumann played a major
role in early development of computers

PS. I heaily congratulate you on the award that the American




Cook’s SAT followed by Karp's 21

1971 Stephen Cook —
SAT NP-complete and
polynomial-time reduction

1972 Richard Karp — Reducibility
among combinatorial problems

Equivalent classic unsolved problems

Either each has polynomial algorithm
or none does

problems
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Knuth's terminology

Problem at least as difficult to solve in
polynomial time as those of Cook—Karp
class NP

FIGMCT News: 14 angary 1074

befors lcoring at the ballots. | It’s prepostercas Lv do ewch u thing 1n
8 dewceracy, but 1 did it. The resulting welpited sverage ecores were

Kerculesn 3Ry
Knuth wrote to 30 people: fomiaarle 33
Herculean, Formidable or Arduous? o, S PREb i bamte ki T ey s T 1 o coBAGe

my wunded feellnge vhen T say thla.’
pertunately, trere wac a ray of hope romoining, wRmely <he epace for

write-in vulee. T recelved very muny ingemyous suggestionc; indeed, the
- - - - - vrive-inl roveld conclusizely Lbat creative reseuwrch workere ave as Mll
The winning write-in vote 1Is N P—hard, ©T Lienp ‘oY LEK TePAINOLOKY 6F they Aré enjty of votbusidmm for adepling 2%.
Tar wrizesdn vehes ¥ore so inseresting, L'd Like to dleTued then beve
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cnr e what I mesn ehous ereative rescunchers. |

A terminology proposal, D.E. Knuth, SIGACT News, 1974



Knuth — Garey — Johnson




The Guide is 40 years old

“Despite that 23 years have passed since its publication,
| consider Garey and Johnson the single most
important book on my office bookshelf. Every
computer scientist should have this book on their
shelves as well. NP-completeness is the single most
important concept to come out of theoretical
computer science and no book covers it as well as
Garey and Johnson.”

COMPUTERS AND INTRACTABILITY
A Guide to the Theory of NP-Completeness

avid 5. Johnson

Lance Fortnow, “Great Books: Computers and Intractability:
A Guide to the Theory of NP-Completeness”




DOI:10.1145/3460351

Advances in algorithms, machine learning,
and hardware can help tackle many NP-hard
| problems once thought impossible.

Fifty Years

of P vs. NP

and the
Possibility of
the Impossible




Discrete Mathematics

Combinatorics is a branch of mathematics, plays
crucial role in computer science, since digital
computers manipulate discrete, finite objects

| L O e )
DISCRETE
MATHEMATIGS
Combinatorial methods give analytical tools for
computer algorithms worst-case and expected
performance

Concrete Mathematics =
CONtinuous and disCRETE mathematics

a complement to abstract mathematics



Theoretical Computer Science

Studies the power and limitations of computing
Has two complementary sub-disciplines:

Algorithm Design develops efficient methods for
computational problems

Computational Complexity shows limitations on
efficiency of algorithms

Discrete mathematics and TCS are allied fields:
graphs, strings, permutations are central to TCS

Computing technology is made possible by

algorithms, understanding the principles of powerful
and efficient algorithms deepens our understanding
of computer science, and also of the laws of nature
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TSP Art by Craig Kaplan


https://cs.uwaterloo.ca/~csk/other/tsp/

Randomized Algorithms

Computers are deterministic: set of

. . . . . s a Introdug¢do aos Algoritmos Randomizados
instructions of algorithm applied to input £ As

Curso introdutério no 262 Coléquio Brasileiro de Matematica

determines Its com putation and OUtpUt 30/7 a3/8, 14:00-15:00 (monitoria 13:00-13:30), sala 232
Professores :

The world we live in is full of random Germe bis a Fonsecs Gy

. . Manoel José Machado Soares Lemos (DMAT/UFPE)
events that |ack pred|ctab|||ty, or a Vinicius Gusmao Pereira de S& (COPPE/UFR])
. Moni

well-defined pattern o ephael Caros Santo Machado Corrermy
Materiais' ) ) )

Computer scientists allow algorithms to Eices apresonocso. auas 13- sy s ses

make random ChOices to improve their Brazilian Mathematics Colloquium, 2007

efficiency

A randomized algorithm flips coins to
compute a solution that is correct with
high probability



Sorting and Primality

| IBII
Las Vegas Quicksort:
correct answer 0
expected time .n. . .
BEE 422 06
oEBEBE @ i

Monte Carlo Primality Test: PSEUDOPRIME (1)

expected answer 1 if MODULAR-EXPONENTIATION (2,1 - 1,n) # 1 (mod n)
R 2 return COMPOSITE // definitely

deterministic time 3 else return PRIME // we hope!

Cormen, Leiserson, Rivest, Stein, 2009



Trading hardness for randomness

AVi revolutionized our understanding Of the role FILHMAL 1 CERPL SR AN 313,68 IR ES dY, [WinbAT 210
of randomness in computation

Hardness vs Randomness*

Every randomized polynomial time algorithm Noas Nisan™ st AN WiaDHen®
can be efficiently derandomized, made fully ;
deterministic

Recavee Bebruary 27, 1989, 1eased Septenthar 26, 1WA

Trade-off between hardness versus randomness:

<vmtrection iceeals .' xsleare 1K sralskin < prosing Iaee hounds tnd the
problem of gencrating peod | a1 Gallale el IG5 ANIRY CORYAIUEE -
ces. The mast diceer one ds that eMcicat deterministiv ssmulaties ol candunized alpunthens i€

If there exists a hard enough problem, then o s o i o e scotophont. and oy schive - WP We
) L. sults 1gﬂ;lcllvcﬂl.ll'h.gg;mbcx.wmrundrymrmdandj‘ﬂcn'n Lic
randomness can be simulated by efficient e . e s i b ot

crasie 5 zn applinrion of 1his gencrist we Sharaclerize the powee of NP with i randon

deterministic algorithms; conversely, efficient e s e
deterministic algorithms even for specific

problems with known randomized algorithms

would imply that there must exist such a hard

problem



Avi Wigderson, 2023 Turing Award, Q&A with director of the IAS

| am both a mathematician and a computer scientist
| study the mathematical foundations of computing

| prove theorems to understand computation,
computational processes also in nature

Could a Nobel go to innovations of computing
applied to a natural science?

My three decades in this field have been a
continuous joyride, with fun problems, brilliant
researchers, and many students, postdocs, and
collaborators who have become close friends

I'm lucky to be part of a dynamic community


https://www.youtube.com/watch?v=TK_vD-VnsFw
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