Omnuvnuana HUY BIID nis cTy1eHTOB M BBIMYCKHUKOB — 2019 1.

JIeMOHCTPAIIMOHHBIA BAPUAHT M METOAMYECKHE PEKOMEHIallu
no HanpapjeHuio «Teopust urp»

Ipopuian: «Teopusi urp» KOJ - 390

Bpemst BoinosHenus 3agaHus — 180 MuH., A3bIK — PyCCKHH MJIN AHTJIMIACKHIA.

Pemure Bce 3amaumn.
Beca 3aga4, B TOM 4mclie KaXI0T0 MOABONPOCA, IPUBEACHBI B CKOOKaX.

HucTpykuuun
e PecmieHne MokeT OBITh IPEICTABICHO KaK HAa PYCCKOM, TaK M Ha aHTJIMACKOM S3BIKE.
Hukakux HONOTHUTENBHBIX OayioB, BOPOYEeM, Kak H ImTpadoB, 3a peElICHHE Ha
AHTJIMICKOM SI3BIKE HE MPEAYCMOTPEHO.

e PemieHne 10KHO OBITH XOPOIIO CTPYKTYPUPOBAHHBIM, U3JI0KEHO TPAMOTHBIM SI3BIKOM, a
MOo4YepK — pacrno3HaBaeMbiM. OTBETHI Ha Kadye€CTBEHHBIE BOIMPOCHI JIOJDKHBI OBITH
yOequTeNbHO apryMEHTHPOBAHBI, HO JUIMHHBIE PAcCYXIEHHUS, HE OTHOCAIINECS K CYTH
Jie7ia, MOTYT HETAaTUBHO MOBJIUATH HA OLIEHKY.

e Bce maru B pEUIEHUU JOJDKHBI OBITh OOOCHOBaHBI, BCE BBIYHUCICHUS JOJKHBI
IPUCYTCTBOBATH B padboTe. KaabKyasTOpaMu MoIb30BaATHCS 3aIPEIIECHO.

e UYepHOBUKH HE MPEIYCMOTPEHBI, pelIeHHe cpa3y 0hopMIISIETCS Ha YUCTOBUK.

e Eciu npuBeneHHOE pELICHHUE SBISETCS HEBEPHBIM, MEPEYEPKHUTE €ro (NMepeyepKHYTOe
peleHre He MPOBEPSETCs) U MPUBEIUTE KOPPEKTHYIO BEPCHIO.

e [lpy HanMUMM HECKOJBKMX BAPUAHTOB PEIICHHUS OJHOTO M TOTO K€ 3aJaHus,
IIPOBEPSIOUINI CaM OIIPENENsIeT, KAKOE U3 PELICHU MOUIEKUT IPOBEPKE, a ANEUIALUHU C
IPOCHOO POBEPUTH JIPYrOil BapHaHT PEILIEHUsI HE IPUHUMAIOTCS.

1. (7 6aasoB) Yem xy:xe, TeM jydine?
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[Tycte I" — Hekas urpa B HOpManbHOU (hopMe C IBYMS WM OOJee UTPOKAMU M KOHEYHBIMHU
MHOKE€CTBAaMU YUCTBIX cTpareruid. Mrpa /" monydyeHa w3 Urpbl /' yMEHBIICHUEM BBIUTPBIIICH
MIEPBOr0 UTPOKA MPU HEKOTOPBIX MPOPMIAX cTpaTeruil. MoxeT nu ObITh TaK, YTO B KaXKIOM
paBHOBecuu 10 Houry urpsl [ BBIUIPBINI Kaxc0020 WIPOKa Ooibuie, 4YeM B KaxkKIAOM U3
paBHoBecwHii o Hamry urper 7?7 O60cHYyiiTe CBOIA OTBET.

(7 points) The worse, the better?

Let I" be the game in the normal form with two or more players and a finite set of pure strategies
for each player. The game 7™ is a modification of 7, it is made by decreasing of player 1's gains
at some strategy profiles. Is it possible that in every Nash equilibrium in I the gain of every
player is higher than in every Nash equilibrium in 7?7 Explain your answer.

2. (13 6am10B) /lepeBo HopMAaJIbHON (OPMBI

[Ipy aHanmM3e MOCIEIOBATEILHOM WIPBI JIByX HWIPOKOB, JIaHHOW B BHJE JIepeBa, HHOTIA
BO3HHUKACT 3a]]a4a MPEJCTaBUTh €€ B HOpMaIbHOU (hopMe, TO €CTh B BUJE TAONHIIBI, B KOTOPOI
CTPOKH COOTBETCTBYIOT CTPATETUsIM IIEPBOrO UIPOKA, a CTOJIOIBI — CTPATETHsIM BTOPOTO.
PaccMoTpuM oOpaTHyr0 3amady: IMyCTh HaM JaHa HOpMaiabHas QopMma HIrpbl, HANPUMED,
IpeICTaBICHHAS HUXeE:

023420 1,-
1
/=(11/00]11]12
02130(11]12
11/50/03]31

CylecTByeT M HNOCIe008ameNbHAs Uspd C COBEPUIeHHOU uHpopmayuell Takas, 4YTO €€
HOpMaJIbHOW (opMoli siBiisiercst /7 HaliouTe nepeBo TakodW WUrphbl WM JIOKAKHUTE, YTO TaKOH
UTPBI HE CYIIECTBYET.

(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 find 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

0234201,
1

I=(11/00)11]12
02(30]1112
1,1/50]03]3,1
Does there exist a sequential game with perfect information such that 7" is its normal form? Find
the tree of this game or prove that it does not exist.

3. (20 6anaoB) 3amaya 0 MUHHCTEPCTBAX

Tpu maptuu A, b, B npoumnu B mapnament, Habpas 40%, 35% u 25% cOOTBETCTBEHHO, U
HauuMHAOT JenuTh 21 MuHHcTepckuid noprdens Mexay co0oil. MHHHCTEpCTBA HMEIOT
OJIMHAKOBYIO IIEHHOCTh, M KKAask MAPTHUS XOUET MOTyYUTh KaK MOKHO OOJIbIe TOpThEneH.
3aKOH MpEaNHChIBACT CIENYIOIMI MOPSAOK pacrpeleieHus: MmopTderneil: Ha NepBOM 3Tare
napTusi, HaOpaBmIask MaKCHMaJIbHOE KOJMYECTBO TOJIOCOB, TpeJiaraeT W3HAYaIbHBIN JIeJIeK
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(Ha3BpIBaeMBIl CcTaTyc-KkBO). Ha BTOpoM JTame MNpOXOAUT OMHOKpATHAsl JAEMOKpaTHYeCKas
mporeaypa: CrydaiiHbIM 00pa3oM BeIOpaHHas mapTusi (BEPOATHOCTH OBITh BRIOPAHHOW Y KaXKIOH
naptuu paBHa 1/3) mpemmaraer cBoii nenex moprdeneil, KOTOpbIi BHICTABIISIECTCS Ha BceoOIlee
rOJIOCOBAaHUE U MPUHUMAETCS MIPOCTHIM OOJIBIIMHCTBOM TosiocoB. [Ipeiaratonas naptus Takxke
y4acTBYET B F0OJIOCOBAHHUU.

Ecnu npenyiokeHHBIN Jefie)x He MPUHUMAETCs, TO B CHIIY BCTymHaeT craryc-kBo. Eciu maprtus
uHanddepeHTHa Ha dTare ToJI0COBAaHMS, TO OHA TOJOCYET «3a», a €CIIM Ha 3Tale MPeUIoKeHUs]
Jenexa naptusi 6e3pasinyHa K BRIOOpY MEX]ly HEKOTOPBIMHU JI€JIeKaMHU, TO OHA IpeJIaracT Bce
TaKHe JIEJIEKHN PAaBHOBEPOSATHO.

Kaxkoit cratyc-kBo BbIOparh mapTuu A? CKOJBKO B CpeaHeM MOpTdeseid MOJyduT Kaxias
naptus’?

(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 6am0B) O nMoJib3e COKUTAHUS JIeHer

B mepBom mepuone Ha pBIHKE IKEHTEIBMEHCKHX Ha0OpOB MPHUCYTCTBYET TOJNBKO GupmMa —
Crapoxwi. Bo Bropom mepuose Ha pbiHOK BXxoauT HoBuuok, u CTapoXui HE MOXKET 3TOMY
nomemath. [Ipensuns nossienne HoBuuka, CTapokuia Xo4eT MUHHUMH3UPOBATH CBOM MOTEPH,
B35IB Ha ce0s1 XUTpoe 00s13aTEIHCTRO.

Jlo BeIOOpa oObeMa mpom3BoacTBa Q B mepBoMm mepuoge CTapoKuiI MOXKET BBICTYIMUTH C
MyOJTUYHBIM OOCIIaHUEM CIEAYIOIIETO COJEPKAHUA: «ECITH MPOU30MAET HEKOoe CoObITHE A, o
coxry M py6neit». [IpousBoautenu HKEHTEIbMEHCKUX HAOOpPOB OYEHb JIOpOXKAT CBOEH
penyTranuei U He HapylIaloT 00eIaHuii HU 3a Kakue JeHbIU.

st o6eux dbupm 3aTpaThl HAa MPOU3BOACTBO PABHBI HYIIO, a [IEHA Ha JPKEHTEIbMEHCKHI Habop B
KKI0M U3 TieprnoioB paBHa P=1-Q, rome Q — oOmee KoITU4ecTBO MPOW3BEACHHBIX HAOOPOB Ha
PBIHKE.

[Tocne Bxoma Ha pbiHOK HoBuuka, o0e ¢GupMBI OJHOBpPEMEHHO BBIOMPAIOT OOBEMBI
pou3BoJcTBA. CTapOXKUI MAaKCUMU3UPYET CBOIO CYMMapHYIO MPUOBLTH B IBYX MEPHOIAX.

(a) (10 6aasoB) Briromno mu Ctapoxuiry oO€IIaHue CKeub JEHBIH, €ClTi cOObITHE A —  «MOH
BBIIYCK B TIEPBOM M BTOPOM Tepuojae pa3inuuHbi»? Eciu ga, Kak MHOTO JIOMOJHUTEIBHOMN
MpUOBLTH OHO MOXKeT npuHecTu? Ilpm oTBere cumraiiTe, uTo M JOCTATOYHO BEIHKO.

(06) (15 o6anaoB) Haiinure onrmmanbHoe st Crapoxuna obs3arenscTtBo (AM), tne A —
npou3eoibHoe COOBITHE, KOTOpoe (HOPMYyITUPYETCsl B TEPMUHAX 00BEMOB MPOU3BOACTBA PUpM U
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HOCHBI HAa PBIHKC B JBYX NCpUOJAX. CKOJIBKO I[OHOHHHTGHBHOﬁ HpI/IGBIHI/I OHO MPHUHECCT
Crapoxuiy?

(25 points) On the benefit of 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 tricky 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.

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 6an0oB) 3agava o JOOPHIX, HO KATHBIX OPraHU3aTOPaAX

Opranmzaropsl OnuMnuanel, Oyaydd JIOABMH JOOPHIMHU, TOTOBBI TOJAPHUTH YYaCTHHUKAM
JIOTIOJIHUTEIbHBIC Oa/Ibl MPOCTO TaK. YYacTHUKH IHINYT J000€  KOJWYECTBO OasuioB
(HaTypaJIbHOE YHCIIO), KOTOPOE XOTAT ModyunuTh. OqHaKo, Oyayyu JIIOABMU YKOHOMHBIMH (2 HE
JKaIHBIMHM, KaK MOXET II0Ka3aThCs), COOpaB OTBETHl CO BCEX Y4YaCTHUKOB OIUMITHAIBI,
OpraHU3aTOPhl MOCTYIST CIEAYIONIUM 00pa3oM: OHU PA3JeisIT BCE 3allpOChl HA TPYIMIBI IO
KOJIMUECTBY 3aMpPOIICHHBIX 0allJIOB, MOCUUTAIOT CYMMY 3aIIPOIICHHBIX 0aIOB B KaX/I0H TpyIIIIe,
U JaayT 3amnpolleHHbIe 0aulbl TeM, B UbeH TPYIINE 3Ta cymMMa OyJeT HauMEHbIIEeH Cpeu BCeX
rpynn. Ecnu takux rpynn OyAeT HECKOJIbKO, Oalibl MOMYUUT caMasi MHOTourclieHHas. Haiinure
mo0oe paBHOBecHe B 3TOU urpe ¢ N=7 yqyacTHUKaMH.

(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 total amount of
points requested by each group, and give the requested points to those participants 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 6a10B) 3a7a4a 0 TOYKAX HA NPAMOIi
Ha npsimoii paccraBieHbl (QUIIKK JBYX I[BETOB: N CHHUX U N KPACHBIX, IPUYEM DPACCTOSHUS
MEXIY JTIOOBIMU ABYMs (DUIITKAMH Pa3JInYHBIE.
Ammca u bo6 no ouepenu 6epyT o oaHON GuIIKe, KaXIbI 6epeT QUIIKU TOIBKO OJJHOTO I1IBETA.
Haunnaer Anmca, oHa MMeeT BO3MOXKHOCTh BbIOpaTh cBOMl mBer ¢umiek. [lyckaii ona OGeper
kpacHyto ¢umky K1. Jansme boo 6eper ¢umky cunero usera Cl. [lanbimie Anuca noimkHa
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BbIOpaTh Takyro ¢uiky K2, utoOsl oHa Obuta Ommke k ¢umke boda Cl, yem ee mpenpaymias
¢umka K1. 3arem bo6 BeiOupaer C2 Tak, uro pacctossaue ot Hee A0 K2 menbine uem ot K2 1o
C1. Onu npomomxkaroT HaOUparhk (PUIIKH TaKUM 00pa3oM, YTO KaKIas CIeAyromias BeIOpaHHas
¢umka nomkHa ObITH ONMIKE K MocienHel (uilike onmoHeHTa yeM npeasiaymias. [IpourpeiBaet
TOT, KTO TICPBBIM OKa3bIBACTCS HE B COCTOSIHHH CJIENIATh XOJ.

Kto mo6enut B 310 urpe?

(25 points) Problem on the points on a line

Chips of two colors are placed on a straight line: n blue chips and n red chips, 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 her take the red chip R1. Then Bob takes a blue
chip B1. Further, Alice should choose such a R2 chip so that she is closer to the Bob's B1 chip
than her previous R1 chip. Then Bob chooses B2 so that the distance from it to R2 is less than
from R2 to B1. 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 3a/1a4d [0 TEOPUH 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 HeoOXoiumas Ui TOHUMaHHS YCIOBUS WHGOpManus
MIPUBOJIUTCS B TEKCTE 3aJIaHHSL.

Jlis  ycremrHoro pemieHus 3aJad HeoOXOoauMO o005ajaTh HaBbIKaMU (opMaIu3aiuu
MOJICNIM Ha OCHOBE BEpOAJILHOTO OINMCAHHS TEOPETUKO-HTPOBOW CHTYaluH, rpad)uvyeckoro u
dopManTbHOTO — MAaTEeMaTHYECKOT0 — aHalIM3a MOJEIM M HMHTYHTUBHOTO OOBSCHEHUS
MOJYYCHHBIX PE3yJIbTaTOB/HAOIIOAAEMBIX SIBIICHUH /WK CBSA3EH MEKIY HUMHU.

Kpurepun oueHuBanust
OnumnuagHoe 3aanue BKItodaeT 6 3a7ad. Bec kax o 3ajjaun U ee MOoJANyHKTa yKa3aH B
3aganuu. OOmias cymma coctasisier 100 6amios.

IlpaBuJia BHIOJTHEHUS

3ajaHue COCTaBJICHO HA PYCCKOM W AaHIJIMMCKOM SI3BIKE, PEIICHUE MOXET OBITh
MPEACTABICHO KaK HAa PYCCKOM, TaK M HA aHIIMUCKOM s3blke. HUKaKuX JOMOIHUTENBHBIX
0asuIoB, BIpoYeM, Kak U mTpadoB, 32 peuIeHNE Ha aHTIMICKOM SI3bIKE HE MPETYCMOTPEHO.

Pemennie 1omkHO OBITH XOPOIIO CTPYKTYPHUPOBAHHBIM, U3JI0KEHO IPAMOTHBIM SI3BIKOM, a
MIOYEPK — PACIIO3HABAEMbIM

Bce marm pemeHuss J0MKHBI OBITh  OOOCHOBaHBI, BCE BBIUYUCICHUS JOJKHBI
IPUCYTCTBOBATH B paboTe. KanbKynsiTopamu 1osib30BaThCsl 3apeLeHO.

UepHOBUKM HE MPEAYCMOTPEHBI, pelieHue cpazy odopmisieTcss Ha uucToBHK. Ecnu
IIPUBE/ICHHOE pEIICHUE SIBJISETCSI HEBEPHBIM, YYAaCTHUK €ro IepedepKHUBaeT (IEpeyepKHYTOE
peleHre He MPOBEPSETCs) U MPUBOAUT KOPPEKTHYIO BEPCHUIO.

[Ipy HamMYMM HECKOJBKMX BAapUAHTOB pEIICHUS OJHOTO M TOrO K€ 3aJaHus,
IIPOBEPSIONINI caM OIpEAEIAET, KaKoe W3 PEIICHUN IOMJIEKUT NPOBEPKE, M aANEIUISIUU C
pOCKOO MPOBEPUTH JIPYroil BapHaHT PEIlIeHUs] HE MPUHUMAIOTCS.

TemaTuka 3agaHui
OnumnuagHele 3a/1laHUsl MOTYT BKJIIOUATh 337jaui MO CIEAYIOIIUM TeMaM:
e Urpei B HopManbHOM Qopme. Urpel B pasBepHyrtoit ¢opme. Crpareruueckue
B3aUMOJENCTBYS. UNCTbIE U CMEIIAHHBIE CTPATETHH.
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Ctporoe wu crnaboe JOMHHHpOBaHME. VICKIIOUEHHWE TOMUHUPYEMBIX CTPaTEeTHH.
PaBHOBecue B AOMHUHAHTHBIX CTPATCrusX.

PaBnosecue Hpoma B YHCTHIX M CMEIIAHHBIX CTpaTCruix. AJII‘OpI/ITMBI IIOUCKa.
AHTaroHucTu4ecke urpbl. MUHUMaKkc U MaKCUMUH.

JlwieMMa 3aKIIOYEHHOTO, OJMIOMOJMH, MOJENb XOTeJulMHra. Jlpyrue Kiaccudeckue
MO/JIeJIbHbIE UTPBL.

e Urpel B pa3BepHyTod Qopme: CTpaTeruu, KOHEYHbIe U OECKOHEYHBIE WIPHI,
muckoHTHpoBaHue. OO0parHas HHAYKIHS. PaBHOBecue, COBEpIIEHHOE HA TIOIBITPaXx.

e [loBropstomuecs urpsl. Moaenu aenexa. CroBopbl.

e rpnl ¢ HecoBepiieHHOM nHpopManuei. [locnenoBarensHbIe paBHOBECHS.

e rpsl ¢ HenonHO# uHpopmanueld. baiiecoBbl UTpPHI.

e CraOwibHbIe MITYMHTH. Anroput™ I eina-11smmm. ManunyiupoBaHue.

e KoonepatuBubeie urpel. Pemenue Homa. [lenexu. C-sapo. Bexrop Ulsmuu. 3amaun
pacrpezeneHus: pecypcos.

e Irpel Ha ceTsXx.

O6pamaeM BHUMAHHUEC, 4YTO OJMMIIMAJHOC 3aJaHHuC HC 00s13aHO BOCIIPOMU3BOAWUTL TEMATUKY
3aJJaHul U3 ,HeMOHCTpaHHOHHOﬁ BCpCHH, a MOXCT BKJIIOYATb JIIO0BIE BOIIPOCHI  I10
MNEPCUUCICHHBIM BBILIC TCMAaM.
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