OnuMnuana cTyJ1eHTOB U BbINMYCKHUKOB «Boicmas sura» — 2020 r.

JIeMOHCTPAIIMOHHBIA BAPUAHT M METOAMYECKHE PEKOMEHIallu
no HanpasJjenuio «Teopust urp»

Hpoduin:
«Teopusi urp» KOJ -390

Bpems BoinosiHeHus 3aganusi — 180 MmuH.,
A3BIK — PYCCKUI WJIH AHIVIMACKH.

Pemure Bce 3amaumn.
Beca 3aga4, B TOM 4rcIie KaX10T0 MOABOMPOCA, MPUBEICHBI B CKOOKAX.

HNucTpykuun
e Pemenre MoxkeT ObITh MPEJICTABICHO KAaK HA PYCCKOM, TaK M HA AHIJIMHCKOM S3BIKE.
Hukakux [OMONHUTENBHBIX OaioB, BIpoYeM, Kak M 1mTpadoB, 3a pelieHHue Ha
AHTJIMICKOM SI3BIKE HE NIPENYCMOTPEHO.

e PerieHue JOIKHO OBITE XO0powmo CTPYKTYPUPOBAHHBIM, U3JIOKCHO I'PAMOTHBIM A3bIKOM, a
IMOYCpK — PacCliO3HaBACMBIM. OTBeThl Ha KadyeCTBECHHEIC BOIIPOCBI OOJI2KHBI OBITE
y6€IlI/ITCJII)HO APTYMCHTUPOBAHBI, HO AJIMHHBIC PACCYXKIACHUS, HC OTHOCAIIUCCA K CYTHU
AcJIa, MOT'YT HCTAaTUBHO IMOBJIMATH Ha OLCHKY.

e Bce maru B PCLHICHUHU JOJIP)KHBI OBITH O6OCHOBaHBI, BCC BBIYHMCIICHHUA OOJIZKHBI
MMpUCYTCTBOBATH B pa60Te. KaJ'IBKy.]'ISITOpaMI/I ITOJIB30BATLCH 3aIIPCIICHO.

L4 LIepHOBI/IKI/I HC IPpCAYCMOTPCHEI, PCIICHUC Cpa3y O(i)OpMJ'ISIeTCSI Ha YN CTOBHK.

e FEcinu npuBeneHHOE pelIeHHUE SBISETCS HEBEPHBIM, NEPEUEPKHUTE €ro (IepeuepKHyTOe
pelIeHre He POBEPSIETCS) U MPUBEIUTE KOPPEKTHYIO BEPCHIO.

e [Ipu HanMuuum HECKOJBKUX BAPUAHTOB pEIIEHUS OIHOIO M TOTO K€ 3a/JaHus,
IPOBEPSIOLINH caM OINpeNeIIsieT, KAaKoe U3 PEIICHUH MOIIEKUT IPOBEPKE, a alCIUISILIUU C
npocb00i MPOBEPUTH APYTOil BAPHAHT PELICHUsI HE TPUHUMAIOTCS.

1. (7 6annoB) Yem xy:ke, TeM Jryuiie?

ITycte ' — Hekas urpa B HOpMalibHOW (hopMe ¢ ByMS WM OOjiee UTpPOKaMU U KOHEYHBIMHU
MHO’KECTBaMHU 4UCTBHIX cTpareruil. Urpa I'" momydyena m3 urpsl I yMEHBIIEHWEM BBIUTPHILIEH
NEPBOr0 UIPOKa MPU HEKOTOPBIX MPOPMILAX cTpaTeruil. MoxeT au ObITh TakK, YTO B KaxXJI0M
paBHOBecuM 10 Hbomry urpel [ BBIMTPBIINI KaXKAOro HMrpoka OoJbIlle, YeM B KaXIOM U3
paBHOBecuii o Hamry urpet I'? O0ocHy#TE CBOI OTBET.

(7 points) The worse, the better

Let I" be the game in the normal form with two or more players and the finite sets of pure
strategies. The game I"" is modifided from I" by a substraction of player 1 gains at some strategy
profiles. Is it possible that in every Nash equlibrium in I"" the gain of every player is higher than
in every Nash equilibrium in I'? Explain your answer.
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2. (13 6an10B) [lepeBo HopMaabHOM (hopMBbI

[lpn aHanm3e mOCIIEOBATENFHONW WIPHI JIByX HWIPOKOB, JAHHOM B BHAE JepeBa, HHOTAA
BO3HHMKAET 3aj[aya MpeJICTABUTh €€ B HOPMaJIbHOU (OpMe, TO €CTh B BUJEC TAOIUIIBI, B KOTOPOI
CTPOKH COOTBETCTBYIOT CTPATETHSIM MIEPBOTO UT'POKA, a CTOJIOIBI — CTPATErHsiM BTOPOTO.
PaccmoTpuM o0OpaTHylO 3ajady: MycThb HaMm JaHa HOpMajibHas ¢opma UIpHl, HaIpUMED,
Hpe/ICTaBICHHAS HUXKE:

0234 20 1-1
1,100 11 1,2
023011 1.2
1,1 50 03 31

CymecTByeT 7 TIOCIEIOBaTENbHAS Wrpa C COBEPIICHHONW HWHQOpMAanuei Takas, 4To ee
HOpMaJIbHOW (opMoii sBiisiercst ['? Halimure nepeBO TakodW WMIpbl WIIM JIOKWKHUTE, YTO TaKOU
WTPBI HE CYILIECTBYET.

(13 points) The tree of the normal game

In the analysis of sequential games with two players in the extensive form (the game tree), the
standard problem is to construct the corresponding game in the normal form, i.e. to fins the
matrix in which the rows are the strategies of player 1 and the columns are the strategies of
player 2. Consider the inverse problem: assume we have the game in the normal form with the
matrix below

023420 1-1
1,100 11 1,2
023011 1.2

1,150 03 31
Is there exists the sequential game with perfect information such that T is its normal form? Find
the tree of this game or proove that it does not exist.

3. (20 6ans10B) 321292 0 MEUHHCTEPCTBAX

Tpu maptuu A, b, B npomnu B mapnament, Habpas 40%, 35% u 25% cOOTBETCTBEHHO, U
HauuMHAOT JenuTh 21 MuHHMcTepckuid noptdens Mexay co0oil. MHHHCTEpCTBA HMEIOT
OJIMHAKOBYIO [IEHHOCTh, M KaXKJ1asl HapTUsl XOUET MOJIyYUTh KaK MOXKHO 0oJbIie moprdenei.
3aKOH MpEeaNKChIBAeT CIEAYIOIMN MOPSAOK paclpeneseHusi MmopTdeneil: Ha NMepBOM 3Tare
naptus, HaOpaBIllasgs MaKCUMaJIbHOE KOJMYECTBO TOJOCOB, MpeljaraeT H3HAYalbHBIA JEeNex
(Ha3pIBaeMblil cTaTyc-kBo). Ha BTOpoM »3Tame mNpOXOAMT OJHOKpaTHas JIeMOKpaTHuYecKas
npoueaypa: ciiydailHbIM o0pa3oM BeIOpaHHasi mapTusi (BEPOATHOCTH ObITh BEIOPAaHHOMN y Kax 101
naptuu paBHa 1/3) mpemiaraer cBoil Jenexx mnoprgeneid, KOTOpbIii BBHICTABISETCS Ha BceoOIee
roJIOCOBaHUE U MPUHUMAETCS MMPOCTHIM OOJBIIMHCTBOM TosiocoB. [Ipeuaratomnas naptus Takxke
y4acTBYET B FOJIOCOBAHUU.

Ecnu npenniosxeHHbIN fenex He MpUHUMAeTcs, TO B CHIIy BCTymaeT craryc-kBo. Eciu maprtus
uHan(pdepeHTHa Ha JTare roJI0COBaHMs, TO OHA TOJOCYeT «3a», a €CIIM Ha 3Tame MpeUIosKeHUs
Jienexa naptus 0e3pasingHa K BEIOOpY MEX/y HEKOTOPBIMHU JIeJIeXkKaMHU, TO OHa IPelaraeT Bce
TaKHE JIEJIEKHN PAaBHOBEPOSTHO.

Kakoii cratyc-kBo BbIOpaTh mapTuu A? CKOJbKO B cpeiHeM MopTdenell MoayduT Kaxias
naptus’?
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(20 points) The problem of the ministries.

Three parties A, B, C form the parliament, gaining 40%, 35% and 25%, respectively, and begin
to divide 21 ministerial portfolios among themselves. Ministries have the same value, and each
party wants to get as many portfolios as possible.

The law prescribes the following order for the distribution of portfolios: in the first stage, the
party that receives the maximum number of votes proposes an initial division (called the status
quo). At the second stage, a one-period democratic procedure takes place: a randomly selected
party (the probability of being selected for each party is equal to 1/3) offers its own division of
portfolios, which is put to the public vote and is adopted by simple majority of votes. The
proposing party also participates in the voting.

If the proposed division is not accepted, then the status quo comes into effect. If a party is
indifferent at the stage of voting, then it votes “for”, and if at the stage of the proposal of a
division the party is indifferent to the choice between some divisions, then it offers all such
divisions equally likely.

What the status quo should party A choose? How many portfolios on average will each party
get?

4. (25 6aa0B) O NoJIb3€ COKUTAHUSA JIEHEr

B mepBoM mepuojsie Ha pBIHKE KEHTEIBMEHCKUX HAOOpOB NMPHUCYTCTBYET TOJIBKO (hupmMa —
Crapoxun. Bo Bropom nepuone Ha peiHOK BXoauT HoBuuok, u CTapoxuil HE MOXKET 3TOMY
nomemath. [Ipensuns noseieane HoBuuka, CTapokuia XO04eT MUHHUMH3UPOBATH CBOHM IOTEPH,
B35IB Ha ce0s1 XUTpoe 0053aTeIBCTBO.

Jo Beibopa oOwvema mpomsBoactBa Q B mepBom mepuone CTapoXuia MOXKET BBICTYIHTH C
MyOIMYHBIM OOCIIaHUEM CIIEYIONIErO COJEPIKAaHUS: «EeCld MPOU30HAET HeKoe coObitue A, s
coxry M py6unei». Ilpou3BoauTenu MIKEHTEIbMEHCKMX HAOOpPOB OYEHb JIOpOXKAT CBOEH
pernyTaiueil 1 He HapyIIaT 00eaHNil HU 32 KaKue IeHbIH.

Jlist o6enx Gupm 3aTpaThl HA IPOU3BOACTBO PABHBI HYJIIO, a IICHA HA JDKEHTEIIbMEHCKHUI Ha0op B
Ka)XI0M U3 nepruooB paBHa P=1-Q, rme Q — oO1ee KOIM4ecTBO MPOU3BEACHHBIX HAOOPOB Ha
PBIHKE.

[Tocne Bxoma Ha pbiHOK HoBuuka, o0e ¢GuUpPMBI OJHOBPEMEHHO BBIOMPAIOT OOBEMBI
pon3BoJIcTBA. CTapOKUI MAKCUMHU3HUPYET CBOKO CYMMapHYIO MTPUOBLUTH B BYX MEPHUOJIAX.

(a) (10 6annoB) Breironno nu Crapoxuiay oOeliaHue CKedb JEHBIH, €cld coObiTHe A —
«MO¥ BBITTYCK B TIEPBOM M BTOPOM II€PUOJIC pa3TUIHb»? Eciu 11a, Kak MHOTO JIOTIOJHUTEIIEHOM
npuObLIM OHO MOXKeT npuHecTH? [Ipu oTBeTe cumTaiite, 4T0 M TOCTATOYHO BEIHKO.

(0) (15 6annoB) Haitnure ontumansHoe st Crapoxuina oOssatensctBo (AM), rne A —
MIPOU3BOIBLHOE COOBITHE, KOTOPOE GOPMYTUPYETCS B TEPMUHAX 00BEMOB IIPOU3BOJCTBA (HUPM U
IIEHbl Ha pBIHKE B JABYX Mepuojax. CKOJIbKO OTOJHUTEIHLHOW MPUOBUIM OHO TPHUHECET
Crapoxuiy?

(25 points) On the benefit from burning money

In the first period in the market of gentleman's sets there is only one company - the Old-Timer.
In the second period, the Newbie enters the market, and the Old-Timer cannot prevent this.
Anticipating the emergence of a newbie, the Old-Timer wants to minimize his losses by making
a cunning commitment.

Before choosing the volume of production Q in the first period, the Old-Timer can make a public
commitment of the following: “if an event A happens, I will burn M rubles”. Manufacturers of
gentleman's sets value their reputation very much and do not break commitment for any money.
For both firms, the cost of production is zero, and the price for a gentleman's set in each of the
periods is P = 1-Q, where Q is the total number of sets produced in the market.
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After entering the market, both firms simultaneously select production volumes. An Old-Timer
maximizes its total profit in two periods.

(@) (10 points) Does the Old-Timer benefit from a commitment to burn money if Event A is “my
volume in the first and second period are different”? If so, how much additional profit can it
bring? When answering, assume that M is large enough.

(b) (15 points) Find the optimal commitment for the Old-Timer (A, M), where A is an arbitrary
event that is formulated in terms of the volumes of production and prices on the market in two
periods. How much additional profit will it bring to the Old-Timer?

5. (10 6ans0B) 3ama4a 0 700PbBIX, HO KATHBIX OPraHU3aTOPAX

Opranmzaropsl  Onumnuaznpl, Oyaydd JIOAbMH JOOPBIMH, TOTOBBI MOJAPUTH yYaCTHUKAM
JIONIOJIHUTENbHBIE Oaulbl MPOCTO TaK. YUYAaCTHUKM IMMIIYT Jr000€  KOJIMYECTBO OayioB
(HaTypaJbHOE YHMCII0), KOTOPOE XOTAT Moiay4uuTh. OqHaKo, Oyaydu JIIOJbMH SKOHOMHBIMH (a HE
KaJHbIMH, KaK MOJKET II0Ka3aThCs), COOpaB OTBEThl CO BCEX Y4YacTHUKOB OunMmnuajsl,
OpraHu3aTOPbl MOCTYISAT CIEAYIOLIMM 00pa3oM: OHM pa3fesiAT BCE 3alpochl HA TPYIIIBI 10
KOJINYECTBY 3alIPOLICHHBIX 0aJIOB, IOCYMTAIOT CYMMY 3aIlPOIIEHHBIX OaJlJIOB B KaX/10i1 rpymIe,
U JIaAyT 3alpoIIeHHbIE 0aJlIbl TEM, B UbeH rpymnme 3Ta cymMmma OyJeT HauMEHBIICH Cpeau Bcex
rpyni. Ecnu takux rpynn OyaeT HeCKOIbKO, Oaiibl MOJYyYUT camasi MHorouyuciaeHHas. Haiinure
mro60e paBHOBecHe B 3Toi urpe ¢ N=7 yyacTHuKamu.

(10 points) The problem of kind, but greedy organizers

The organizers of the Olympiad, being kind people, are ready to give participants additional
points just like that. Participants write any number of points (natural number) they want to
receive. However, being thrifty people (and not greedy, as it may seem), after collecting answers
from all participants of the Olympiad, the organizers will do the following: they will divide all
requests into groups according to the number of points requested, calculate the amount of points
requested in each group, and give the requested points those in whose group this amount will be
the smallest among all groups. If there are several such groups, the most numerous will receive
points. Find any equilibrium in this game with N = 7 participants.

6. (25 6ans10B) 3aaua 0 TOYKAX HA NPSAMOIH

Ha npsmoii pacctaBieHbl (UIIKM JIBYX IIBETOB: N CHHUX M N KPACHbBIX, MPUYEM DPACCTOSHUS
MEXy JIFOOBIMH JBYMS (PUIIIKAMU pa3IndHbIE.

Anuca u bo6 o ouepenu O6epyT 1o oaHOH (uiIke, KaxkabIi OepeT PUIIKK TOJIBKO OJHOTO L[BETA.
Haunnaer Anuca, oHa MMeeT BO3MOXHOCTh BbIOpaTh cBoil 1BeT (Qumiek. [lyckaii ona OGeper
kpacHyto ¢pumky K1. Jansme bo6 6eper ¢umky cunero nsera Cl. [lanpie Anunca noimkHa
BbIOpaTh Takyto Quiuky K2, ytoOnl oHa Obuta Onmke k ¢umke boda Cl, yem ee mpenpiaymas
¢umka K1. 3arem bob Beibupaer C2 Tak, uto paccrosHue ot Hee 10 K2 mensie uem ot K2 1o
C1. Onu nponomxatroT HaOUpaTh (PUILIKM TaKUM 00pa3oM, YTO KaxKJas cleAyrolias BblOpaHHas
¢uika 1omkHa OBITH OJMIKE K TOCIeHeH (HIKe ONMOHeHTa yeM npeabiaymmas. [IpourpsiBaet
TOT, KTO TIEPBBIM OKa3bIBACTCS HE B COCTOSIHUH CIIENIATh XO/I.

Kto moGenur B 3T0M urpe?

(25 points) Problem on the points on a line

Chips of two colors are placed on a straight line: n blue and n red, and the distances between any
two chips are different.

Alice and Bob take chips in rotation, each taking only one chip per step. Alice starts, she has the
opportunity to choose the color of her chips. Let she take the red chip K1. Then Bob takes a blue
chip C1. Further, Alice should choose such a K2 chip so that she is closer to the Bob C1 chip
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than her previous K1 chip. Then Bob chooses C2 so that the distance from it to K2 is less than
from K2 to C1. They continue to take chips in such a way that each next chosen chip should be
closer to the opponent’s last chip than the previous one. The one who first fails to make a move
loses.

Who will win this game?
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METOJINYECKHAE PEKOMEHIALIIN

O0mme KOMMeHTaApUH

OnuMmnuanHoe 3aJjaHue BKJIFOYAST 3aJIa4d MO TEOPUHM WIP, MPUYEM HEKOTOPBIC ITYHKTHI
OJIMMITMATHOTO 33/IaHUSI MOTYT HOCUTh MEXAUCIHUILUTMHAPHBINA XapakTep (Harmpumep, CBA3aHbI C
HEKOTOPHIMH ~ BOIIPOCAMH JKOHOMHKH, TOJHUTOJIOTUH, COIIMOJIOTUH, MAaTeMaTHYECKUX |
KOMITBIOTEPHBIX HaykK). IIpum 3TOM Bcs HeoOXoaumas JUIsi IOHMMaHHS YCJIOBHS HH(pOpMAIHS
MIPUBOJIUTCS B TEKCTE 3aJIaHHSL.

Jlis  ycremrHoro pemieHus 3aJad HeoOXOoauMO o005ajaTh HaBbIKaMU (opMaIu3aiuu
MOJICNIM Ha OCHOBE BEpOAJILHOTO OINMCAHHS TEOPETUKO-HTPOBOW CHTYaluH, rpad)uvyeckoro u
dopMaTbHOIO — MaTEeMaTHYeCKOr0 — aHalM3a MOJEIW M HWHTYHTUBHOTO OOBSCHEHHUS
MOJYYCHHBIX PE3yJIbTaTOB/HAOIIOAAEMBIX SIBIICHUH /WK CBSA3EH MEKIY HUMHU.

Kpurepun oueHuBanusi
OnumnuagHoe 3a1aHue BKIodaeT 6 3aad. Bec kax ol 3ajjaun U ee MOoANyHKTa yKa3aH B
3aganuu. OOmias cymma coctasisier 100 6amios.

IlpaBuJia BHIOJTHEHUS

3ajaHue COCTaBJIEHO Ha PYCCKOM M AaHIVIMMCKOM $3BIKE, PEIIEHUE MOXKET OBbITh
IIPEJICTAaBICHO KAaK HA PYCCKOM, TaK M HAa AHIVIMMCKOM s3bIke. HUKakMX JONOJHUTEIBHBIX
0asuIoB, BIpoYeM, Kak U mTpadoB, 32 peuIeHNE Ha aHTIMICKOM SI3bIKE HE MPETYCMOTPEHO.

Pemienue 10MmKHO OBITH XOPOILIO CTPYKTYPUPOBAHHBIM, U3JI0)KEHO TPAMOTHBIM S3BIKOM, a
IIOYEPK — PACIIO3HABAEMBIM

Bce marm pemeHuss JOKHBL  ObITh  OOOCHOBAHBI, BCE BBIUMCIEHHUS JIOJKHBI
IPUCYTCTBOBATH B paboTe. KanbKynsiTopamu 1osib30BaThCsl 3apeLeHO.

YepHOBUKHM HE MpPEeIyCMOTPEHbI, pelleHue cpazy odopmisiercs Ha 4YHCTOBHK. Ecim
IIPUBE/ICHHOE pEIICHUE SIBISETCS HEBEPHBIM, YYAaCTHUK €ro IepedepKHBaeT (IepeyepKHYTOe
pelIeHre He TPOBEPSIETCs) U MPUBOANUT KOPPEKTHYIO BEPCHIO.

[Ipy Hamuuum HECKOJIBKMX BapUaHTOB pEUICHUS OJHOTO M TOrO JKE€ 3aJaHus,
MIPOBEPSAIONIUN CaM OIPEAEIACT, KaKO€ U3 PELICHHUNM IOMJIEKUT INPOBEPKE, U aleuIALUU C
pOCKOO MPOBEPUTH JIPYroil BapHaHT PEIlIeHUs] HE MPUHUMAIOTCS.

TemaTuka 3agaHui
OnumnuagHele 3a/1laHUsl MOTYT BKJIIOUATh 337jaui MO CIEAYIOIIUM TeMaM:
e Urpel B HopMmanbHOH Qopme. Urpsl B pasBepHyroil ¢opme. Crparernueckue
B3aUMOJCUCTBUA. UUCTBIE U CMEIIAHHBIE CTPATETHUH.
e Ctporoe u ciaboe JoMHHHMpOBaHHE. VICKItOUeHHE JIOMUHHUPYEMBIX CTpPaTErHid.
PaBHOBECHE B JOMHUHAHTHBIX CTPATETHSAX.
e PaBHoBecue Hamia B 4MCTBIX U CMEIIAHHBIX CTPATETUSX. AJTOPUTMBI TOUCKA.
e AHTaroHMCTUYECKUE UTPbl. MUHUMAKC U MaKCUMUH.
e JluneMMa 3aKJIIFOYEHHOTO, OJMTONOJIMHU, MOJENb XOTeUIHHra. [[pyrue Kiaccuyeckue
MOJICJIBHBIE UTPBI.
e Urpel B pa3BepHyTOil (opme: cTpaTerud, KOHEUYHble U OECKOHEYHBIE WIPBI,
nuckoHTHpoBanue. OOpaTHas UHAYKLUsA. PaBHOBecHe, COBEpIIICHHOE Ha MObITpax.
[ToBTOpstouecs urpsl. Mozaenu aenexa. CroBopal.
Urpsl ¢ HecoBepmienHoM nHpopmaruei. [locnenoBaTenbHbIe paBHOBECHS.
Urpsl ¢ HenonHoi nHdopmanneit. baiiecoBbl UTphI.
Crabunbabie MaTUUHTH. Anroputym [ eitna-11snmmu. ManunyiaupoBanue.
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KoonepatuBueie urpsl. Pemenne Homa. [lenexu. C-sapo. Bexrop Hlsmim. 3amaum
pacrpezneseHus: pecypcos.
Wrpsl Ha ceTsx.

O6pan1aeM BHUMAHHUEC, 4YTO OJMMIIMAJHOC 3aJaHHuC HC 00s13aHO BOCIIPOHU3BOJUTL TCMATHUKY
Sa,I[aHI/Iﬁ n3 HGMOHCTpaHHOHHOﬁ BEpCUH, a MOXKET BKIHOYATh JIIO0BIE BOIIPOCHI 110
MNEPCUUCIICHHBIM BBILIC TCMAaM.
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iatopmax.
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