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KomMaHZa ABUTO »XenaeT BCeEM YHAaCTHUKAM BHUMATENbHOCTY 1 yaayun! Y KOMMaHWM eCTb KOe-4To
ocobeHHoe A/1a Tex, KTo 3aiMET nepsble 10 MecT B peTUHIe Mo HanpaBeHNo: MPU3bl 1
YCKOPEHHbIN 0T6OP Ha MO3ULIMI0 aHAIUTUKA JaHHbIX.

Bonpoc VlHdJO

YBa)KaeMble y4aCTHUKU!

CocTA3aHue 3TOro roga nocCesAllaeTCca NaMATU Hallero yuuTens, KoJsiJieru v gpyra AHJJ,peil
BpemseHna (1975-2021).

OnvmnuagHoe 3agaHune no HanpaBneHuMto «Teopvm Nrp» COCTONT TOJIbKO N3 I/IHBapVIaHTHOI7I H4acTwn.
3TO0 O03Ha4YaeT, 4TO BaMm HY>XXHO NMOCTapaTbCA pelwnTb BCe 3ada4vy N OTBETUTb Ha BCe BOMPOChHI,
4TOObI npeTeHaoBaTb Ha NMPM30Bble MeCTa.

rlpl/l BbIMOJIHEHUN 3a4aHNIA MOXKHO UCMOb30BaTh BCTpOEHHbII7I B CNCTEMY KallbKyJIATOP U
HYepHOBUK (B Ka4ecCcTBe HYHepHOBMKa pa3pelleHOo NCNoJIb30BaTb YACTbIE JINCThI 6yMar|/|. I'IpV|
HeobXxo4NMOCTN MoXKeTe genaTb HYepHOBble NMOMEeTKe B OKHE OTBETOB BHYTpPU TeCTI/IpymLLI,eVI
CI/ICTeMbI), HO Ha MPOBEPKY OH HE NMpeabaBadeTCA. Mcnonb3oBaHune CTOPOHHUX pecypcoB n
CMpaBO4HbIX MaTepKaoB CTPOro 3anpewieHo.

Bepwum B Baw ycnex!
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Jlio60BbL € NepBOro B3rnaaa

Monopgble nioan Aptem, bopuc, BukTop n gesywku MNadupa, Lapba v EBa y4acTBYIOT B Tenewoy
“JTtob6oBb € MepBoro B3rnsna”. CHavyana y4aCcTHUKN 3HAKOMSTCS APYr C APYroM, @ MOTOM AOJIKHbI
TallHO MPOros0COBaTh 3@ OJHOI0 U3 y4acTHNKOB (MosIoAbIe NOAN FONOCYIOT 3a AeByLUeK, AEBYLIKN
3a MOJIOAbIX Ntofeit). Mbl MOXKeM paccMaTprBaTh yH4aCTHUKOB Kak UIrPOKOB, KOTOpble BbibupatoT
CTpaTeruio: 3a Koro n3 npeacrtaBmTenen NpoTMBOMNOJIOXKHOIO NoJsia NporoaocoBaTh. ECam nrpok X
MporoJsiocoBas 3a Urpoka Y, a urpok Y 3a nrpoka X, 7o X n Y obpa3sytoT napy 1 oTrpaBasoTCs Ha
CBUAaHMe 3a cHeT Teselwoy. Takmx nap MoXXeT BbITb HECKONbKO. ECM NrpoK oTnpaBiseTcs Ha

Onumnuaga CTyAeHTOB U BbIMYCKHUKOB «Bbicwias sira» 2021-2022 yu.r.


https://et.hse.ru
javascript:void(0);
https://et.hse.ru/user/index.php?id=3505
https://et.hse.ru/badges/view.php?type=2&id=3505
https://et.hse.ru/theme/moove/certificates.php?id=3505
https://et.hse.ru/admin/tool/lp/coursecompetencies.php?courseid=3505
https://et.hse.ru/grade/report/index.php?id=3505
https://et.hse.ru/my/
https://et.hse.ru/?redirect=0
https://et.hse.ru/calendar/view.php?view=month&course=3505
javascript:void(0);
https://et.hse.ru/user/files.php
https://et.hse.ru/contentbank/index.php?contextid=1221997
https://et.hse.ru/my/

Teopusa nrp
CBMAAHWE, TO OH MOJIy4aeT HEKOTOPbLIN MONOXKUTENbHbIN BbIUTPbIL, KOTOPbIN 3aBUCUT Kak OT
CaMOro UrpoKa, Tak 1 OT YesI0BeKa, C KoTopbIM ByaeT cBmaaHune. ECim nrpok He ngeT Ha cBupaHue,
OH nosay4aeT BbIUrpbILw O.

1) (5 6ann08) BO3MOXXHO S paBHOBeCKe Halla B YUCTbIX CTPaTErnsx, Npu KOTOPoM He byaeT
obpa3oBaHa HM 0fiHa Napa?

2) (5 6annos) Bo3MoXXHO v paBHoBecue Halla B YNCTbIX CTpaTerusx, npu kotopom byaet
obpa3oBaHa poBHO 0fHa Napa?

3) (5 6annos) Ha3oseM Habop cTpaTerui oNTUManbHbLIM, €CN NPV HEM CYMMapHbIi BbIMIPbILL
LLeCTN UrPOKOB MaKC/MaseH. Bceraa N onTuManbHbIi Habop YNCTLIX CTpaTerui sBnseTcs
paBHoOBecmnem Hawa B 3TOM nrpe?

Love at first sight

Boys Artem, Boris, Viktor and girls Glafira, Daria and Eva participate in the TV show “Love at First
Sight”. First, the participants get to know each other, and then they must secretly vote for one of the
participants (boys vote for girls, girls for boys). We can treat participants as players who choose a
strategy: which member of the opposite sex to vote for. If player X voted for player Y and player Y
voted for player X, then X and Y form a pair and go on a date at the expense of the TV show. There
may be several such pairs. If the player goes on a date, then he receives some positive payoff,
which depends both on the player himself and on the person with whom the date will be. If the
player does not go on a date, he receives a payoff of 0.

1) (5 points) Is there exist a Nash equilibrium in pure strategies in which no pair is formed?
2) (5 points) Is there exist a Nash equilibrium in pure strategies in which exactly one pair is formed?

3) (5 points) Let's call a profile of strategies optimal if it maximizes the sum of payoffs of all six
players. Is the optimal profile of pure strategies always the Nash equilibrium in this game?
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PaBHOBecue B HEM3BECTHOM Urpe

B XKU13HN NTPOKW 3a4aCTYH0 HE 3HAOT TOYHO, KaKOBbI MJ1aTEXW B MaTpuLLE UTrpbl. B naHHOM 3apa4e
Mbl MpensaaraemMm BaM nccnenoBaTb, Kak HeonpeaeneHHOCTb OTHOCUTENIbHO naaTexxen B MaTpuue
I'IOBTOpFIIOLLI,e%Cﬂ Nrpbl BJINAET Ha BO3MOXHOCTb Koonepauunn Nrpokos.

[Ba Nrpoka UrpatoT B 6€CKOHEYHO MOBTOPSAIOLLYIOCA UrPY, MaTpULLa KOTOPOI MOXKET UMEeTb OUH
13 nByx Bnnos, G161 n G2G2:

Gt G?
X Y s X Y 2
Al @01 ] (25) A& 1,1 [(3,6)
B| (71| 3,3)]11) B | (5,1) | (5/2,2) | (1,1)

®aKTop AMCKOHTUPOBaHUA & € [0; 1) y NrpPOKOB OAMHAKOBBIA. PaccMoTpuM napy grim-trigger
cTpaTerui, CBoAsLLYIOCA K TaKOMy NoBeAeHI0 UrpokoB.: nrpaTthb (A, X) B nepsoM nepuoae 1 B
noboM nocneayioLLeM, eCiv B NPOLLIOM Bceraa urpanock (A, X). B npoTUBHOM ciyvae, ecnu
OTKJIOHUCA UFPOK 1, UrpaTh XyAllee 4SS Urpoka 1 paBHoBecKe No Haly B YNCTbIX CTpaTernsx
CEerofHs 1 B KaX40M nocieayoLemM nepnoae; eCiv OTKJAOHUICS UTPOK 2, UrpaTh Xyallee 4ns
Urpoka 2 paBHoBecue rno HaLwy B YNCTLIX CTPATErNsIX CEroAHS U B KaXXLOM Nocienyowem
nepuoge.

1. (2 6anna) JonycTuM, NFPOKM TOHHO 3HAIOT, 4TO B KaXKAOM MeproAe MaTpuL,a Urpbl UMeeT BUL,
G1Gl. OnpenennTe, Npu Kaknx 3Ha4eHUsAX & oNMcaHHaa napa cTpaTerunii bygeT paBHOBeCUeEM
no Hauly, coBepLUeHHbIM B NOAbIrpax.
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Teopusa nrp
2. (2 6anna) JonycTuM, NFPOKM TOYHO 3HAIOT, YTO B KaXKAOM Nepnoje MaTpuLia Urpsl UMeeT BUA,
G2G2. OnpepennTe, NpY Kak1x 3Ha4YeHUAX & onNncaHHas napa cTpaTeruii 6yaeT paBHoBecreM
no Hawy, coBepLleHHbIM B MOAbIrpax.

3. (16 6annos) lonycTuM, UFPOKK He YBEPEHbLI B TOM, Kakoii BUJ 13 ABYX UMeeT MaTpuLa urpsl. B
Ka)k[IOM Nepnoae Nrpoku y3HatoT ([0 MPUHATVSA PeLLeHNin), KaKoli B nMeeT MaTpuLa Urpbi
B 3TOM Nepuoe, HO He 3HAOT, Kakol BMA U3 AByx bynet nmeTtb MaTpuua B byayuiem. Mpwu
KakKunx 3Ha4yeHunsx & onncaHHasa napa cTpaterui byneTt paBHoOBeCUeM rno Hawy, COBEPLUEHHbIM
B nogbirpax, ons nobon nocnenoBaTenbHOCTM MaTPUL, Urpbl {Gt}t:l {ctlt=1, rne
Gt € {G!, G?} cte{c1,62}?

Equilibrium in the unknown game

In real life, players often don't know exactly what the payoffs are in the matrix of the game. In this
problem, we suggest you explore how the uncertainty about payoffs in the repetitive game matrix
affects the ability of players to cooperate.

Two players play an infinitely repeated game whose matrix can be of one of two G1G1 or G2G2:

G1 G?
X Y zZ X Y Z
Al 49,1 (25) A& 1,1 [(3,6)
B| (71| 3,3)]11) B | (5,1) | (5/2,2) | (1,1)

The discount 8 € [0; 1) is the same for both players. Consider a pair of grim-trigger strategies that
prescribe the following behavior to the players: play (A, X) in the first period and in any subsequent
period, if (A, X) has always been played in the past. Otherwise, if player 1 deviated, play the worst
Nash equilibrium for player 1in pure strategies today and in each subsequent period; if player 2
deviated, play the worst Nash equilibrium for player 2 in pure strategies today and in each
subsequent period.

1. (2 points) Assume that players know for sure that in each period the matrix has the form G1Gl.
Determine for what values of & the described pair of strategies will be a subgame perfect Nash
equilibrium.

2. (2 points) Assume that players know for sure that in each period the matrix has the form G2G2.
Determine for what values of & the described pair of strategies will be a subgame perfect Nash
equilibrium.

3. (16 points) Assume that players are unsure which of the two is the matrix. In each period, the
players know (before making decisions) what form the matrix has in this period, but they do
not know which form of the two the matrix will have in the future. For what values of & will the
described pair of strategies be a subgame-perfect Nash equilibrium for any sequence of
matrices {G,} =1 {Gt}t=1, where G, € {G!, G?}cte{c1,62}?
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Menoub, a NPUATHO

Y AHM CKOMMUIOCb MHOIO py61eBbiIX MOHETOK 1 OHM PeLUUIN ChirpaTb C Bopel B Takyto urpy.
CHavana bops pucyeT Ha 60/bLIOM IMcTe ByMaru k To4ek, a 3aTeM AHS NMbiTaeTcs UX HaKPbITh
MOHeTKaMu. MOHeTKMN MOTyT KacaTbCsl, HO KNacTb UX APYr Ha Apyra 3anpelleHo. AHS BbIMTPbIBaET,
ec/IM el yAanoCb HaKPbITb BCE TOYKW.

1) (1 6ann). MokaknTe 4To AHS BbIUrpbiBaeT npu k=2.
2) (X< <19 6annos ) MokaxuTe, 4To AHA BLIMrpbiBaeT Npu k=K Toykax. Yem 6onblie K, Tem 6onblue
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6annoB Bbl NoOAy4nTE.

A trifle, but nice

Anya has collected a lot of ruble coins and they decided to play the following game with Boria. First,
Boria draws k dots on a large sheet of paper, and then Anya tries to cover them with coins. Coins
can touch, but putting them on each other, even partially, is prohibited. Anya wins if she manages to
cover all the dots.

1. (1 point). Show that Anya wins for k=2.

2. (X< <19 points) Show that Anya wins for k=K points. The more K is, the more points you get.

Bonpoc 4
Bann: 15,00

Please scroll down for the English version
Ciopnpus ansa caiTa 3HaKOMCTB.

Mononon NnporpaMMuUCT Co3[all CauT MeXKaMMNyCHbIX 3HaKOMCTB [J15 CBOEro yHmsepcuteTa. B
TeCTUPOBAHUW COrIacUJINCh Noy4acTBoBaTb AHTOH 1 borgaH n3 MockBbl, Bnagumup n leopruim ns
CaHkT-lMeTepbypra, a Takxe geByLwWw KM EneHa, KaHHa, 309 n UpnHa n3 NMepmn. Pebata Ha oHNaNH-
BCTPeYe NO3HAKOMWJINCh APYr C APYrOM M YECTHO YKa3aJin CNUCOK CBOUX NpeanoyYTeHnn.
MporpaMMnNCTy Hy>XHO HanTK cTabunbHoe pa3zbueHune Ha Napbl. HazoBeM pa3brneHne Ha Napsbl
CTabunbHbIM, €C/IN B HEM HE HaX0AMTCA CTYAEHTa N CTYAEeHTKW, KOTOpble He B Nape Apyr C ApYrom,
HO NpeanoYMTaloT APYr Apyra CBOMM napTHepaM. [porpaMMuUCT 6bia yBEpEH, Y4TO 3ajada
paspewunMa: Be4b OH 3HaKOM C anroputmom Nenna-LWennn (Hobenesckas npemMus no 3KOHOMuKe
2012)! Ho BO3HMK/Ia HEOXKMUOaHHas CIOXKHOCTb. K HeMy obpaTunuck cecTpbl EneHa n XXaHHa 1
3a9BUJIN, YTO UM Ba>XKHO ObITb PSAOM APYr C 4PYrOM, MO3TOMY BMecTe noeayT unv B MOCKBY, N B
CaHkT-TMeTepbypr. CecTpam HACTOJIbKO BaXKHO ObITb pAAOM, 4TO Ntobas U3 HAX rOTOBa OTKa3aTbCA
OT CaMOro npegnoYTUTeNbHOro ons cebs napTHepa, ecnuv oH ByneT XUTb He B TOM ropoae, B
KOTOPOM >XMBET NapTHep cecTpbl. [Ipy 3TOM y AeByLIeK HeT ONuum 0TKasaTbCa OT NOe34KN COBCEM,
T.€. OHV B LL&JIOM CMOCO6HbI OTNPaBUTLCS B pa3Hble FOpoaa, €CJZIN BOSMOXKHOCTY NoexaTb B OAUH
ropoj, fa)ke K HeyJa4yHoMy napTHepy, He nNpefocTaBUTCA. DTO yC/i0BMe CTasio CIopnpmu3oM ans
NporpamMMunCTa, N Tenepb eMy TpebyeTcs NOMOLLb YH4aCTHUKOB OJIMMMMAAbLI MO TEOPUM UTP.
Bo3MoXxHO 1 npu ntobbix Habopax NnpeanoYTeHMn HanTu cTabunbHoe pasbueHne Ha napbI?

Surprise for a dating site

A young programmer created a multi-campus dating site for his university. Anton and Bogdan from
Moscow, Vladimir and Georgy from St. Petersburg, as well as the girls Elena, Zhanna, Zoya and Irina
from Perm agreed to participate in the testing. The guys got to know each other at the online
meeting and honestly indicated a list of their preferences. The programmer needs to find a stable
matching in pairs. Let's call a matching stable if it does not contain a boy and a girl who are notin a
pair with each other, but prefer each other to their partners. The programmer was sure that the
problem was solvable: after all, he was familiar with the Gale-Shapley algorithm (Nobel Prize in
Economics 2012)! But an unexpected difficulty arose. The sisters Elena and Zzhanna came to him and
said that it is important for them to be in one city, so they would go together either to Moscow or St.
Petersburg. It is so important for the sisters to be together that any of them is ready to give up their
most preferred partner if he does not live in the city where the sister's partner lives. It is to be noted
that the girls do not have the option to refuse the trip, i.e. they are generally able to go to different
cities if there is no opportunity to go to one city, even to an undesirable partner. This condition
became a surprise to the programmer, and how he needs the help of the participants of the
Olympiad in Game Theory. Is it possible to find a stable matching for any set of preferences?
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Takue nuporm

[Boe nensat nupor. CHaYvyana nepBbli pexxeT ero Ha ABe YacTu. [IoTOM BTOPOW pexxeT 04uH 13
NOJYYMBLUMXCS ABYX KYCKOB. 3aTe€M OHW Mo oyepenmn 6epyT KyCKW: CHavasla NepBbl UFPOK, MOTOM
BTOPOM, 3aTEM OMSATb NEPBbIN.

Kakyto 107110 NMpora MoXKeT rapaHTupoBaTb cebe BTOPOW MFPOK HE3ABUCKMMO OT AENCTBUNA
nepeoro? CYnTaiiTe, 4TO NUPOr — 3T0 MHTepBasn [0,1], a LeHHOCTb Kycka ACS[0,1] ana urpoka i
pasHa Vj (A) = [, v; (x) dx Vi(A)=JAvi(x)dx. 3aecb v; (X) vi(x) — HeoTpuuaTenbHas (yHKLMS C
MOJIHbIM NHTerpasiom 1.

So that's how it is

Two players share a pie. First, player 1 cuts it into two parts. Then player 2 cuts one of the resulting
two pieces into two parts. Then they take the pieces one by one: first player 1, then player 2, then
player 1 again.

Which share of the pie can the player 2 guarantee himself regardless of the actions of the first?
Treat a pie as an interval [0,1], and the valuation of the piece AS<[0,1] for player i equals

Vi(A) = [, vi(x)dx Vi(A)=[Avi(x)dx. Here v; (X) vi(x) is a non-negative function with the full
integral equals 1.

Bonpoc 6
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Kakyio onumnuapny BbibpaTtb?

[Ba ppeBHerpeyecknx uaps, AraMeMHOH 1 MeHenamn, CHoBa He nagaaT. Ka)kabl U3 HUX peLumnn
YyCTPOUTL CBOU OJIMMMNNNCKME UFPbl U 3a3blBa€T aT/1€TOB. I3BE€CTHO, YTO MPbIFYHbl B AJIMHY C MecTa
CMocobHbI NPbLIFHYTb Ha AJIMHY X METPOB, KOTOPas eCTb peann3aumns csy4anHoON BENNYNHbI,
paBHOMEpPHO pacnpenesieHHON Ha OTPEe3Ke OT TPexX A0 NATN MeTPOB. Kakabih CMOPTCMEH TOYHO
3HaEeT, HACKOJIbKO OH MpbIrHEeT. MeHenan NoOCTPOUA ANS HUX NeCYaHbIN CEKTOP AJIMHON 7 METPOB U
pa3MeTunn WKasy B HeM. AraMeMHOH ke Bbln1 CKyrnoBaT, Aa U CTPoOUTEeNn ero noJBopoBbLIBaIN,
MO3TOMY OH MOCTPOU CEKTOP NNLLb Ha 4.5 MeTpa. Mobeantenem B Kaxaom onmmnuage obbaBsaT
aTJieTa, KOTOPLIN MPbIFHY Aanblue APYrux, NpmM3oBon oHA y Lapen oAMHaKoB M HOPMUPOBaH K 1.
OfQHaKo ecnn HECKOJIbKO YH4aCTHUKOB O/IMMMNMagbl AraMeMHOHa NepPenpbIrHyT CEKTOP LEMKOM, TO
He 6yaeT BO3MOXHOCTM MOHATb, KTO MPbIFHYA fasblue (LUKanbl TaM yxKe HeT), Toraa ux Bcex
06bsABAT NnobeanTenamMmm n pas3genaTt NpM3oBoi oHA MeXXay HUMKU MOPoBHY. B M'peunn numeroTcs n
aTneTos. [IpeanonoXXnMm, 4To N 4OCTAaTOYHO BENVKO, TaK YTO €ANHOJINYHOE N3MEHEHUNE CTpaTernm
OOHWM UTPOKOM He BJINSIET Ha A0JIN UFPOKOB, YHACTBYOLLNX B TEX UIN APYTrUX Urpax, oT obuiero
Yymncna. Irpbl NpoxoasaT 0QHOBPEMEHHO, TaK YTO HY>KHO BbiOpaTb A9 y4acTUsA Wb OOHW.

1. (6 6annos) HaszoBeM aTneTa CUAbHbBIM, €C/IN AJIMHA ero npbi>kKKa xoTs 6bl 4.5 MeTpa. Y Koro n3
OBYX Llapen cocTa3aHue cobepeT 6osblue CUNbHbLIX aT/IeTOB?

2. (6 6annos) Ha3oBeM aTseTa cnabblM, eCaAV AJIMHA €ro MpbXKa MeHbLUe 4.5 MeTpoB. Y KOro 13
OBYX Lapen cocTasaHne cobepeT 6osiblie cnabbix aTneToB?

3. (8 6annos) ONMLLIMTE paBHOBECHbIE CTPaTErun aTaeToB B 3aBUCMMOCTM OT UX AJIVHBbI
NpbKKA.
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Which Olympiad to choose?

Two ancient Greek kings, Agamemnon and Menelaus, do not get along again. Each of them decide
to arrange their own Olympic Games and invite athletes. It is known that long jumpers are able to
jump to a length of x meters, which is the realization of a random variable uniformly distributed over
[3, 5] meters. Each athlete knows exactly how long his jump is. Menelaus built for them a sector of 7
meters long and marked the scale in it. Agamemnon was stingy, and the builders robbed him, so he
built a sector of only 4.5 meters. The winner in each Olympiad will be the athlete who jumped further
than the others, the prize fund of both kings is the same and normalized to 1. However, if several
participants in the Agamemnon Olympiad jump over the entire sector, then it will not be possible to
understand who jumped further (the scale is no longer there), then everyone will be declared the
winners and the prize fund will be divided equally among them. There are n athletes in Greece.
Assume that n is large enough so that a unilateral change in strategy by one player does not affect
the shares of players participating in one or another game. The games take place at the same time,
SO one needs to choose only one to participate in.

1. (6 points) Let's call an athlete strong if the length of his jump is at least 4.5 meters. Which
Olympiad of the two kings will attract more strong athletes?

2. (6 points) Let's call an athlete weak if the length of his jump is less than 4.5 meters. Which
Olympiad of the two kings will attract more weak athletes?

3. (8 points) Describe the equilibrium strategies of the athletes depending on their jump length.
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