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IMO on IU Math Club



International Mathematical Olympiads...

* International Mathematical Olympiad Foundation: https://imof.co/.

* International Mathematical Olympiad: https://www.imo-official.org/.

* IMO Problems (1959-...): https://www.imo-official.org/problems.aspx.
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Welcome to IU Math Club!

Do you know
who these
people are?

- _,3,.. (https://t.me/+QDS2F
S v-HMa8wZWE6)
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IMO2019 Problems

have been discussed by IU Math Club

| English (eng), day 1
IMO 2019

60" INTERNATIONAL
MATHEMATIC AL OLYMPIAD

9

Tuesday, July 16, 2019

Problem 1. Let Z be the set of integers. Determine all functions f: Z — Z such that, for all
integers a and b,

f(2a) +2f(b) = f(f(a+b)).

Problem 2. In triangle ABC, point A, lies on side BC' and point By lies on side AC'. Let P and Q
be points on segments AA, and BB, respectively, such that P() is parallel to AB. Let P, be a point
on line PBy, such that B, lies strictly between P and P, and ZPP,C = ZBAC. Similarly, let (),
be a point on line QA;, such that A, lies strictly between @ and @, and ZCQ,Q = ZCBA.

Prove that points P, @), P, and @ are concyclic.

Problem 3. A social network has 2019 users, some pairs of whom are friends. Whenever user A
is friends with user B, user B is also friends with user A. Events of the following kind may happen
repeatedly, one at a time:

Three users A, B, and C such that A is friends with both B and C, but B and C are
not friends, change their friendship statuses such that B and C' are now friends, but A is
no longer friends with B, and no longer friends with C. All other friendship statuses are
unchanged.

Initially, 1010 users have 1009 friends each, and 1009 users have 1010 friends each. Prove that there
exists a sequence of such events after which each user is friends with at most one other user.

e

IMO 2019

0™ INTERNATIONAL
MATHEMATIC AL OLYMPIAD

English (eng), day 2

Wednesday, July 17, 2019

Problem 4. Find all pairs (k,n) of positive integers such that

k= (2" —1)@2" —2)(2" — 4)--- (2" —2"7Y).

Problem 5. The Bank of Bath issues coins with an H on one side and a 7" on the other. Harry has
n of these coins arranged in a line from left to right. He repeatedly performs the following operation:
if there are exactly k > 0 coins showing H, then he turns over the k*® coin from the left; otherwise,
all coins show T and he stops. For example, if n = 3 the process starting with the configuration
THT would be THT — HHT — HTT — TTT, which stops after three operations.

(a) Show that, for each initial configuration, Harry stops after a finite number of operations.

(b) For each initial configuration C, let L(C') be the number of operations before Harry stops. For
example, L(THT) = 3 and L(TTT) = 0. Determine the average value of L(C') over all 2"

possible initial configurations C.

Problem 6. Let I be the incentre of acute triangle ABC with AB # AC'. The incircle w of ABC is
tangent to sides BC, CA, and AB at D, E, and F, respectively. The line through D perpendicular
to EF meets w again at R. Line AR meets w again at P. The circumcircles of triangles PCE
and PBF meet again at Q.

Prove that lines DI and PQ meet on the line through A perpendicular to AI.
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What special about IMO2019 problems?

* Problems 1 and 5(a) are the Computer Science problems about
orecursion elimination,
oalgorithm termination.

* The first topic (recursion elimination) has been touched in Discrete
Mathematics & Logic course (BS-I),

* the second (algorithm termination) — has been touched in
Introduction to Programming course (BS-1) and just a week ago in
course on Differential Equations (BS-I1).



What is the most special about 60th IMO —
IMO20197? — IMO Grand Challenge!

* The International Mathematical Olympiad

(IMO) is perhaps the most celebrated
mental competition in the world and as ,

such is among the ultimate grand
challenges for Artificial Intelligence (Al).

IMO Grand Challenge
* The challenge: build an Al that can win a httos://imo-grand-challenge.github.io/

gold medal in the competition. Note: The IMO Grand Challenge
is not affiliated

with the IMO Foundation
https://imof.co/.
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IMO Grand Challenge:
IS it a Grand Challenge indeed?



IMO Grand Challenge

(https://imo-grand-challenge.github.io/)

* To remove ambiguity about the scoring rules, we propose the formal-
to-formal (F2F) variant of the IMO: the Al receives a formal
representation of the problem (in the Lean Theorem Prover,
https://leanprover.github.io/), and is required to emit a formal (i.e.,
machine-checkable) proof. We are working on a proposal for

encoding IMO problems in Lean and will seek broad consensus on the
protocol.
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IMO Grand Challenge — Other proposed rules

(https://imo-grand-challenge.github.io/)

* Credit. Each proof certificate that the Al produces must be checkable
by the Lean kernel in 10 minutes (which is approximately the amount
of time it takes a human judge to judge a human’s solution). Unlike
human competitors, the Al has no opportunity for partial credit.

* Resources. The Al has only as much time as a human competitor (4.5
hours for each set of 3 problems), but there are no other limits on the
computational resources it may use during that time.
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IMO Grand Challenge — Other proposed rules

(https://imo-grand-challenge.github.io/)

* Reproducibility. The Al must be open-source, released publicly before
the first day of the IMO, and be easily reproduceable. The Al cannot
qguery the Internet.

* Challenge. The grand challenge is to develop an Al that earns enough
points in the F2F version of the IMO (described above) that, if it were
a human competitor, it would have earned a gold medal.

* Note: this is only a preliminary proposal for the rules. To get involved
in the discussion, please join our Zulip channel.
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IMO Grand Challenge — Committee

(https://imo-grand-challenge.github.io/)

* Daniel Selsam (Microsoft Research—> OpenAl)

* Leonardo de Moura (Microsoft Research)

e Kevin Buzzard (Imperial College London)

e Reid Barton (University of Pittsburgh)

* Percy Liang (Stanford University)

 Sarah Loos (Google Al)

* Freek Wiedijk (University of Nijmegen)
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Where to learn about Grand Challenges?

. _ . = o - -
4 Ulld @ﬂgeg - { -
Prove Fermats Iast theorem il
Puta man on the moon il s
W laccomplishad)
Cure cancer within ten years (failed ﬁl?geol
Map the Human Genome uaac‘om‘c;li‘sr{nd‘l
Map the Human Proteome (oo difct ;\dzx]
- Find the Higgs boson fin progress)
Find Gravity waves {in progress)
Unify the four forces of Physics (in progress) T '
~ Hilbert's program for math foundations - (sbandoned 1308 4 4 e
4 " ,

* Hoare T. The Verifying Compiler: A Grand Challenge for Computing Research. In:
Broy M., Zamulin A.V. (eds) International Andrei Ershov Memorial Conference
on Perspectives of System Informatics PSI 2003. Lecture Notes in Computer
Science, vol 2890, pp 1-12. (https://doi.org/10.1007/978-3-540-39866-0 1)
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A shorter (preliminary?) version to read

* Hoare T. The Verifying Compiler: A
Grand Challenge for Computing
Research. In: Boszorményi L., Schojer
P. (eds) Joint Modular Languages

onference JMLC 2003. Lecture
Notes in Computer Science, vol 2789,

P 25-35.

https://doi.org/10.1007/978-3-540-
45213-3 4

25.10.2023 N. Shilov: IMO Grand Challenge

The Verifying Compiler: A Grand Challenge for
Computing Research®

Tony Hoare

Microsoft Research Ltd., 7 J.J. Thomson Ave, Cambridge CB3 0FB, UK
thoare@microsoft.com

Abstract. I propose a set of criteria which distinguish a grand challenge in
science or engineering from the many other kinds of short-term or long-term
research problems that engage the interest of scientists and engineers. As an
example drawn from Computer Science, I revive an old challenge: the con-
struction and application of a verifying compiler that guarantees correctness of
a program before running it.

1 Introduction

The primary purpose of the
contribute to the advancement of some branch of science or engineering. A grand
challenge represents a commitment by a significant section of the research community
to work together towards a common goal, agreed to be valuable and achievable by a
team effort within a predicted timescale. The challenge is formulated by the research-
ers themselves as a focus for the research that they wish to pursue in any case, and
which they believe can be pursued more effectively by advance planning and co-
ordination. Unlike other common kinds of research initiative, a grand challenge
should not be triggered by hope of short-term economic, commercial, medical, mili-
tary or social ben nd its initiation should not wait for political promotion or for
prior allocation of special funding. The goals of the challenge should be purely scien-
tific goals of the advancement of skill and of knowledge. It should appeal not only to
the curiosity of scientists and to the ambition of engineers; ideally it should appeal
also to the imagination of the general public: thereby it may enlarge the general un-
derstanding and appreciation of science, and attract new entrants to a rewarding career
in scientific research.

An opportunity for a grand challenge arises only rarely in the history of any par-
ticular branch of science. It occurs when that branch of study first reaches an adequate
level of maturity to predict the long-term direction of its future progress. and to plan a
project to pursue that direction on an international scale. Much of the work required to

and p 1 m of a grand challenge is to

* Reprinted with the kind allowance of Springer Verlag from the proceedings of ECOOP 2003,
LNCS 2743

L. Boszorményi and P. Schojer (Eds.): IMLC 2003, LNCS 2789, pp. 25-35. 2003.
© Springer-Verlag Berlin Heidelberg 2003
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It you would like — just watch!

* The Verifying Compiler: A
Grand Challenge for
computing research of the
21st - Tony Hoare - Gresham
College Lectures, 2012
(https://vimeo.com/39256698)
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Tony Hoare on The Verifying Compiler as a
Grand Challenge for Computing Research

(From presentation for Redmond Faculty Summit Redmond Faculty Summit August 2, 2004, available
at https://pdfs.semanticscholar.org/469d/cadd1c347e9alee05a5950cd47e45387d553.pdf)

Typical Grand Challenges In Computing Science
Prove Fermat's last theorem (accomplished) | FrOVve th.at P is not equal to NP (op.en)
Put a man on the moon (accomplished) | [The Turing test (outstanding)
Cure cancer within ten years (failed in 1970s) | |A championship chess program (completed 1997)
Find the Higgs boson (in progress) Th T i :

Map the Human Genome (accomplished) e Sl SR (I0: progress)
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Tony Hoare on The Verifying Compiler as a
Grand Challenge for Computing Research

(From presentation for Redmond Faculty Summit Redmond Faculty Summit August 2, 2004, available
at https://pdfs.semanticscholar.org/469d/cadd1c347e9alee05a5950cd47e45387d553.pdf)

A Grand Challenge A Grand Challenge needs

May take fifteen years or more to complete

Attracts world-wide participation + Maturity of the state of the art
Has a clear test of success or failure

e » Support from the scientific community
Pursues scientific ideals _
Enlarges fundamental understanding * Commitment from the teams that

—pursues scientific ideals engage In it
—in an area of significance to mankind « Understanding from funding agencies

25.10.2023 N. Shilov: IMO Grand Challenge 17
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Tony Hoare on The Verifying Compiler as a
Grand Challenge for Computing Research

(From presentation for Redmond Faculty Summit Redmond Faculty Summit August 2, 2004, available
at https://pdfs.semanticscholar.org/469d/cadd1c347e9alee05a5950cd47e45387d553.pdf)

The Verifying Compiler

A verifying compiler uses automated
mathematical and logical reasoning to
check the correctness of the
programs that it compiles.
Correctness is specified by types,
assertions, specifications, and other
redundant annotations that
accompany the code of the program.

Test of success

 Significant software products are analysed
mechanically and formally verified,

— ranging from safety-critical and embedded codes to
open source and legacy applications

— verified at an appropriate level of
safety/soundness/security/service.

» Verified programs replace existing versions in use
— subsequent evolution will maintain correctness.
 Verification is integrated into commercial toolsets

25.10.2023
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Tony Hoare on The Verifying Compiler as a
Grand Challenge for Computing Research

(From presentation for Redmond Faculty Summit Redmond Faculty Summit August 2, 2004, available
at https://pdfs.semanticscholar.org/469d/cadd1c347e9alee05a5950cd47e45387d553.pdf)

Fundamental understanding Scientific ideals

* The project complements commercially
motivated evolution of existing products

— which follow market demand

What is this program for?
— Its specification tells you its function

* How does it work? — to discover more faults in existing programs.
— Annotation at interfaces explains how. — appeal to current educational level of programmers
° Why does it work? — with many pictures

— The theory of programming explains why. _ . :

Are th " » But academic research pursues ideals of purity,
re the answers accurate accuracy, completeness -- and correctness

— A verifying compiler provides a reliable check — far beyond the current needs of the market place

25.10.2023 N. Shilov: IMO Grand Challenge 19
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Tony Hoare on The Verifying Compiler as a
Grand Challenge for Computing Research

(From presentation for Redmond Faculty Summit Redmond Faculty Summit August 2, 2004, available
at https://pdfs.semanticscholar.org/469d/cadd1c347e9alee05a5950cd47e45387d553.pdf)

Beneficial

» The understanding and knowledge gained
on completion of the project promises
benefit to mankind.

» Reduction in program errors could even
now save $22 to $60 billion per year in US
(US Dept. Commerce Planning Report 02-
03, May 2002 ).

The team must include ...

Programming theorists

Programming tool-set builders

Compiler writers and optimisers

Design pattern architects

Sympathetic users to test the assertions
Open source code contributors
Proof-tool builders, model checkers,...
Teachers and students to do the work

25.10.2023 N. Shilov: IMO Grand Challenge 20
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Test “IMO Grand Challenge”
for a Grand Challenge (Ref. slide 17)

* May take fifteen years or more to complete Maybe
e Attracts world-wide participation Maybe
* Has a clear test of success or failure Yes!
* Pursues scientific ideals Yes!

* Enlarges fundamental understanding:

o pursues scientific ideals Yes!

o in an area of significance to mankind Maybe




What does “IMO Grand Challenge” needs?

(Ref. slide 17)

* Maturity of the state of the art

Maybe

e Support from the scientific community

Maybe

e Commitment from the engaged teams

* Understanding from funding agencies

25.10.2023 N. Shilov: IMO Grand Challenge
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Can/Should we (IT, CS, SE, Al and
MathEdu people) catch the train?



What can we try? — Catch the train maybe?

* From Daniel Selsam — personal communication (October 14, 2020):

o... | gave a talk on the IMO-GC a few weeks ago
(https://www.youtube.com/watch?v=GtAo8wgWHHq) and do not
have much new to report on top of that. The two pressing TODOs
are

a) formalize historical problems in mathlib, which largely means
formalizing the definitions+lemmas necessary for short proofs
to exist,

b) and finish Lean4 and port mathlib to it.



https://www.youtube.com/watch?v=GtAo8wqWHHg

What can we try? — Catch the train maybe?

e Continued:

o While (b) is currently bottlenecked on the core Lean4 developers,
(a) is naturally decentralized and decomposable.

oSeveral people all over the world have already started formalizing
problems (https://qithub.com/leanprover-
community/mathlib/tree/master/archive/imo ANd https://qgithub.com/leanprover-

community/mathlib/labels/imo )

ol think it will be hard to experiment with automation and ML
productively until Lean4 is ready.

25.10.2023 N. Shilov: IMO Grand Challenge 25


https://github.com/leanprover-community/mathlib/tree/master/archive/imo
https://github.com/leanprover-community/mathlib/tree/master/archive/imo
https://github.com/leanprover-community/mathlib/labels/imo
https://github.com/leanprover-community/mathlib/labels/imo

It you would like — just watch!

« Daniel Selsam: The IMO
Grand Challenge. Invited talk
at 5th Conference on Artificial
Intelligence and Theorem
Proving (AITP 2020),
September 13-19, 2020,
Aussols, France

(https://www.youtube.com/watch?v=GtAo

8wgWHHQ)

Daniel Selsam

September 16th, 2020

S

The IMO Grand Challenge (AITP 2020)
290 views * Sep 21, 2020
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What ELSE we can try?

* (Ref. slide 9) They “propose the formal-to-formal (F2F) variant of the
IMO: the Al receives a formal representation of the problem...”

oWhy not to try to extract a formal representation from a natural
language problem description? (Maybe we should suggest a quasi-
formal template for problems’ description in structured natural
language?)



What ELSE we can try?

* (Ref. slide 9) “the Al receives a formal representation of the problem
(in the Lean Theorem Prover), and is required to emit a formal (i.e.
machine-checkable) proof.”

oDo we have some experience with theorem provers for program
verification? Why not to expand our experience and try automatic
solution of mathematical contest problems?

oWe also have experience with some classes of problems (like
recursion elimination and algorithm termination) that can help to
solve automatically some mathematical contest problems.



What ELSE we can try?

* Codeforces (https://codeforces.com/) is a website ' [s CODEFORCES
that hosts competitive programming contests. Itis o
maintained by a group of competitive
programmers from ITMO.

(https://en.wikipedia.o
rg/wiki/Codeforces)

 Since 2013, Codeforces claims to surpass Topcoder in terms of active
contestants. As of 2018, it has over 600,000 registered users.
Codeforces along with other similar websites are used by top sport
programmers like Gennady Korotkevich, Petr Mitrichev, Benjamin Qi
and Makoto Soejima, and by other programmers interested in
furthering their careers.


https://en.wikipedia.org/wiki/Codeforces
https://en.wikipedia.org/wiki/Codeforces

What ELSE we can try?

* There are no automatic tools (like
Codeforces) for training and rating students 1,
for mathematical contests and Olympiad.

EFORCES

Sponsored by Telegram

oWe have people experienced with Group Info
programming contests and Codeforces o e

technology.

oWhy not to try to design the first tool like Codeforces but for
training and rating students for mathematical contests and
Olympiad?



Engage students...

ABTOHOMHAS HEKOMMEpPUecKas 0PraHuIaNNA BhICIIEro o0paioBaHH
«Yaupepeuter HHHOMOIHE?

BBINIYCKHAS KBATHOHKAITHOHHAS PABOTA
(BAKAJTIABPCKAS PABOTA)
110 HANPABJICHHID NOATOTOBKH
09.03.01 - «HudopmMaTHKA H BHIMHCIHTEIBHAR TEXHHKAY

GRADUATION THESIS
(BACHELOR’S GRADUATION THESIS)
Field of Study
09.03.01 — «Computer Science»

Hanpagiaennocts (npoguis) ofpasosare/bHoil NporpaMMel
«HudopMaTHKa H BEIMHCIHTEILHAA TEXHHKD
Area of Specialization / Academic Program Title:
«Computer Science»

Tema/ |dopmaansanns u pemenne 3axas MeanyHapoaHoi

Topic | maTemaTH9ecKoOil 0THMIHALI HA A3LIKE TPOTPAMMHPOBAHHS
Lean B pamkax IMO Grand Challenge / Formalizing and solving
International Math Olympiad problems using Lean programming
language within IMO Grand Challenge

Paboty emonuun /
Thesis is executed by

Muxaiinoe Pyciaan
Hukoaaeen4 / Ruslan

Mikhailov A | signatune
PykoronuTens HInaos Huxoaai

BHINYCKHOI Bauecaaposnu [ Nikolay moanc, | signature
KBANTH(HKALHOHHOH Shilov

paboTsl /

Supervisor of
Graduation Thesis

3.3.1 Number theory

For the first example, here is a modified version of the short number theory
problem, which goes by the number 4, from the Swedish Math Olympiad 2002
[57]. The formalization of this math problem demonstrates the fundamentals

which are used in most math olympiad tasks which [ manually processed.

Swedish Math Olympiad 2002 Q4

Prove that there is no such integer n = 10 such that nw=7 is an integer

Table VI: Formalized Statements of Example Problem 1

Given Goal
neN 1
n>10|" EN
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3.3.2 Algebraic expressions

For the second example, I decided to put a problem with the same alge-
braie type as the one in the previous example. The problem has also originated
from the Malaysian math olympiad [58]. Hence, it was a real math problem

that was given to the students:

Junior QOlympiad of Malaysia 2015 Q3

Let a, b, and ¢ be positive real numbers greater or equal to 3. Prove

that: 3(abc + b+ 2¢) = 2(ab + 2ac + 3be)

Table VII: Formalized Statements of Example Problem 2

Given Goal
a,b.c e R
a=3 ; E . . .
. 3abe + b+ 2¢) = 2(ab + 2ac + 3bc)
b=3
cz3

31




Team must include ... (Ref. slide 20)

* Not Compiler writers but NLP professionals

Design pattern architects (Math contest and Edu experts)
Sympathetic users to test the assertions

* Not Proof-tool builders,... but proof-assistant users

25.10.2023 N. Shilov: IMO Grand Challenge
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Collaborators? - Alexander Podkolzin

(http://intsys.msu.ru/staff/podkolzin/)

* Automatic math problem solver:

* An intelligent system based on a new
understanding of the functioning of intuition and
decision-making is implemented in a scientific

version for solving mathematical problems on a PC.

* A special formalism for its description has been
developed using a new high-level programming
language. The system can be used in program
verification, CHIP synthesis, etc.

* One of the versions of the solver is protected by a
series of US patents.

25.10.2023 N. Shilov: IMO Grand Challenge

Fnglish

i WHTENNEKTYANIbHLIE CUCTEMbI

OdMumansHbii canT Kadeapsi MaTeMaTHUECKOH TEOPHH WHTENNEKTYANbHLIX CHCTEM M
NabopaTopui MPobNEM TEOPETHUECKOR KHDEPHETHEN W MATEMATHUYEKHX METONOE HCKYCCTEEHHOTO
MHTENNEKTA MEXaHMKO-MATEMATHYECKOTO dhaKynbTeTa MIY um. M. B. llomonocosa

% HOBOCTU KA®EOPA COTPYOHUKM YYEEA HAYKA IISSFGLETGTIEN XKYPHAN KYNbTYPA &

ABTOMATUYECKWM PELLATENL NOCTPOEHUE aBTOMATUYECKOTO peLuaTensa MaTeMaTu4eckux 3aaady

OBYYAIOLUMUE CUCTEMBI paapaboTka KOMNLIOTEPHEIX MHTENNEKTYaMLHbIX 0BYUatoLMX CHCTEM
WHOOPMALIMOHHLIV MOHUTOPUHI CO3/jaHNe UHTENNEKTYanbHLIX CUCTEM UHDOPMALMOHHOTO MOHUTOPUHTa
ONTUMAINBHAS YNAKOBKA (PACKERSD) npubnuxeHHoe pelwerne NP-nonHoi 3agauv 06 ynakoske KoHTelHepos
PACMO3HABAHWE BU3YATNbHbIX OBPASOB uccnegoeakusA 8 06nacTu pacnosHasaHuA su3yankHeix obpasoe

ABTOMaTUYeCKUI peliaTenb MaTemMaTuyeckux 3agad

WnTennex TyaneHaa cucTema, OCHOBaHHAaA Ha HOBOM NOHUMaHUW waVLLI‘IOHMpOEaHHﬂ MHTYUUUM U NPUHATUA
pelWeHWii, peaniisoBaa B HayuHol BEpCHY ANA PElUSHUA MaTEMaTHueCKIX 3a4ad Ha base MK (cv. AemoHcTpaunoHHbIi
Buaeo-ponuk). PaspaboraH ee uci WK HOBLIA A3LIK MPOrp: MPOBaHUA
BBICOKOr0 YpoBHA. Cuctema MoxeT ObiTh MCMONb308aHa B pAAe NpeaAMeTHbIX 06nactei. Mocne gopaboTku cnocobHa pewars
B aBTOMAaTMYECKOM pexuMe 3afaun Bepudukauyuu nporpamm, cuitesa YM'os u gp. Oaxa va sepcuii pelwaTens 3alyuuieHa
cepueii nateHTos CLUA.

PykosoguTens rpynnel uccnefosaHuit B 06nacTy NOCTPOGHUA peliaTens MaTemaTuueckux 3agady A4.¢.-
mH. Mo A Cepreesuy

i

Ha Hawem caiiTe pasmeujeHo yueBHoe nocobue "Kol TEpHOE MO,
pememm maTemaTuyeckux 3anay” (astop — A.C.Mogxonauk) u yuebHoe nocobue

Ko NOTNYECcKUX YyebHoe nocobue.
Mocxea, 2007 2019 22, Beedef«ue Tom 1, Tom 2. Tom 3, Tom 4, Tom 5, Tom 6

Tarke AoCTynHe! AnA 3arpyaiu KOImbeTéprle sepcun pewarens http:/fintsys.msu.ru/invest/solver/logsyst.zip
(20 MB). http://i .MSU.Iu logsyst2.zip (29 MB), http://intsys.msu.| ru/mves\/solver!loqsysm zip (30
MB), http:/lintsys.msu.rufinvest/solver/logsystd.zip (31 MB) u http://intsys.msu.| ru/lnvesnsolver/loggystﬁ (78 MB).
Mpeanaraeman BEpCAA  KOMMLIOTEPHOW  N1OTUYECKOH  CUCTeMbl  ABMAGTCA
[ONONHEHUeM K nepeoMy Tomy kHurk "KomnbiotepHoe mo noruyeckux
3 A npu POOW. B 3ToM TOME COAEPMWTCA ONUCaHWe
aApXMTEKTYPLl CUCTEMbI W MCMOMb30BAHHLIX A3biKOE 0OyueHWR pelwarened 3agau
VimeeTca Bonbiuoe YUCNO NPUMEPOR U YNpaXHEeHwIl, NpeanonaratoLux Hanuune AaHHOM
sepcum cucTemel. [peanonaraeTca HanMcaHne CNeAyioL|ero TOMa KHUMM, NOCBALIGHHOTO
PACCMOTPEHHUIO CaMux peluarenei 3agay

PaboTa Hag paseuTUEM CMCTEMsl MOCTOAHHO MpoJosKaeTcA. B coepemeHHoil ee
BEPCUM, OTIMUAIOWENCA OT NpeAnaraemoit, UCNpaeneH PAA HeAoCTaTkoB U ownbok. Bee
VIHTEPECYIOLUECR UCCNE0BAHNAMM B AaHHON 0BNacTi NPUrNallaTCA NPUHATE yuacTue
8 pabore ukypca u pa "[poueaypbl aBTOMaTH4€CKOTO 3apay’, T Ha kad MaTucC
MEXaHUKO-MaTemaTudeckoro dakynsreta MIY.

.opa MaTemarvu TROpMM UHTENNEXTYaNLH! em, nabopaTopua i kBepHETIRN Hanucare sebmactepy,
&4 TMonHOTEeKCTOBbIN NOUCK T ese—

(http://intsys.msu.ru/invest/so

lver/)
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Understanding from funding agencies
(Ref. slide 22)

* Via Mathematical Centers maybe?
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