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Lecture 10: GJme Theory // PreliminJries 

Locture!O: Garne T """"Y // Prelim inaries 

Loctu~IO: Garne T """"Y//P~l,m inariM 

• G.mot°""')'i<>lorm•l-l>odology>od> .. toftocl>n'G.,.tost lldy: ratioo>I 
a,ients'nmatel( <ett,np 

• Gametl>o<:ryi< a lorrnalmetl>odology aoda<etoftochn'Guosto<tudy:rat10,,.1 
•11•n,. ·nmateg· sotfnp 

• 'stratqic' :agentscareaboottO< ,,:t>on<taklibyotO<r a,ients 

• Gametl>o<:ryi< a formalm<tl>odology aod a <etoftochn'Guosto<tudy: rat,ooal 
•11•na ·nmateg· .. ,rnp 

• ln&•'"'ralequ ilibr>um t i>eory. •irent5 arepricetaker5and50!Ye 

• 'matqic' :agentscare aboottO<><:t ioo<taklibyotO<r a,ients 

• lnge..,r>lequ ili briumtl>eory,agents>re pr-:t Uker5and<OIYe 

• Agents~dooot>ffoctp, aodthuot!>e«i<flO •tfa tegic >ote,>ctioo 

• ~::,•tz_::: g '~clA, "'f ftochn'Guosto<tudy: ~ 

• 'Ratoona l': ma.imizoncov«~ l-d<fin<dobjecth,es ~IJIJ6J J 
• ·,1 ,,tegic": >gents a« >boot toe ><1ioo• t>kfi by otoe, >gents ( 't!: l" lf~lfU I• '" ,,_,, ' ."'''"""m ,--,. '•""." e<.• ". "" ,oo - . jt di '1<>S m,<0(0)--~,~..i.) 
.. , ~~,L L4~ 

"' Ag,nndoci<lo<t<donot affectp. aodthLJ<ti>e«i<flO•l•ale11ic int..,>ctoon 

• AltOOOghpi<doterm>...:lfromtoe inte<>ctiooof allacents( •ggregato<ol'f"y= 
•u re1ated<maod) 



Odinitioo(Stratcg'C lntc ract ioo) 

: ~oe,;~;,,:lu:{•~-~htt~act;,,.,';ff«t~ ·n1oaccoont..,.,httact' ••" t 

• Ori1inally.gam<t"'°"f.,.,,dcv,lop,dtodc.;gnop1imal stratec"";"l•""'likc 
chcs,0<pokcr 

• Originally.gam<t"'°"fw><dcv<lopedtodc.;gnoptimal strat tg.,.;ngam«liko 
chcs,o,pol<" 

• H-. itallowstostUOy a Md<,angeof>itua!;,,.,sthat...,,edidnotfot;n 
t rt' aim" roeconom' ,,oeory 

H,m,ry,none.iode 

• ~~::=.:,,"'°"f.-.alot to.JoonVooNeum,nn. In 1928.h<prov-edth< 

Hr<tory,none.iode 

• In l l,4-4. von Neumann ano ~ M0<g<Mtern publi<httl , .,; , cla<OC boo.. 
'T"'°"fofGam«anoSt rate1.:8'1>a,;:,,·,wt,,:h.,tcndtdtOC-koow<>-S<Jm 
gamc<, anoalso<tatttdCOO(>Crat h,egam<t"'°"f 

H,Sto,yi n oneslKlc 

· ~~::=.:,,oeory.-.,1ot to.loonV00Neum, nn . ln l928.h<prov-edtOC 

• lnl9". vonNromannano~Mo,-1<mte,npubl»l>td t..; , , 1a<OCbool< 
""T"'°"fof Gamc< a<>dStrateJ"'8'1>a,;:,," , wh,Ch.,tendttltOC-koom<>-S<Jm 
gam«,><>dalsost.,tedCOO(>Crat i,,.ga,,,ctl,co,y 

• lntOCearty l950"s, JoonNashmadch isseminalcootribut ioo, toooo-Z«o-sum 
gam« a nost>rtedl>arga;n in g t l,co,y 

Hr<tory,noneslode 

• ln l!,4-4.vonNromannano~Mo,gen,ternpubli<httl t OC< rcla<OCbool< 
'T"'°"fofGam«a<>dSt rate1.:8'1>a,;:,,·,wt,,:h .,t<ndtdtOC-koow<>-S<Jm 
gamc<, andalso<tatttdCOO(>Crat i,,.gam<tl,co,y 

• lntOCe.,lyl950"s,JoonNashm>O<hi< semin•lcont,;t,ut;,,.,stoooo-,e,o-..,m 
, .,,....no,1,nedbarg,;ning t"'°"f 

H,Sto,yi n oneslKlc rM-, ,,_ ,...,_ • ~ ,o ~" >oo S•m,,,. '" ,a~. 0 m- '" 
minm,,,.__ --

n 19". von Nrom,nn ano ~ Mo,-1<mtern oobl»l>«I , .,; , cla<OC boo!< 
'1""'°"fol"Gamc<a<>dStr>teJ"'8'1>a,;:,," , wh,Ch.,tendttltOC-koom<>-«Jm 
gam«,><>dalsost>rtedCOO(>Crat i,,.gamctl,co,y 

ntOCearty. 1950"s , JoonNashmadch isseminalcootribut ioo, toooo.-Z«o-sum 
gam«anost>rted ~ l,co,y. 

:i~'::::~.!,,,968, .loon H""'ny,lo,ma l1<edm<thodsto>tUOy game of ,ncom?l,,e 

• lntOC\970.,gametl,co,ybecamep;,,tofma;n,t, .. me<onom,Cs (anootOC, 
,ocial,ci<-nce,) 

Snatcg,c,.;tua t,on,andth<,r representa t ,on 

Agam,,Sth<de,,:ript;.,,,of a strateJ"'>rtu>t;.,,,_Tode,,:,;be, game-nttdto 
desc,ibetO<lollowin1Nemem, 

Stratcg>C>rt u;nioosa ndtoei rrcpresent;,t ioo 

A gam<,S tO<descriptiooof a >1rate1.: >ituatioo Todescribe•1•m<-nttdto 
descr ibeth</ollcw,ngelemtt1!$ 

• Pl>)'ff<o,~tir:;p;,nts:Thoagentsthatt>koOK;,.;.,,,,;n,hoga me 

• TO<ruleofth<gam<: a)Whatact;.,,,, are a,ailable to e>ehpb)'!r(ateach 
dtcisionpOint).anob}tOC"""';"wt,,Ch pla)'!rsta kethoseact;,,.,s 



Strat,gics.ituahon.andt0,,r ,epr...,ntat!Ol1 

A gam, i:, 1oed<,sc,;p1;.,,, of • W a!<gic .;tu,t;.,,,_ Tod<,scrit.. • gam<- nttd to 
dtsc,it..,oelollowin1N<mem, 

• Pl;ry,no,~kipant>; Toeagent>th>tt>""OK;.;oo,;nth<"'m< 

• Toe rul<of toe,.,,,.,:a)Wh>taa;.,,,, .,. ,.ailabl<toe><:hl"ay<,r{atN<h 
OK;.;oopomt),aodb)th<o,der inwl,khl"a)'O"t>kotOOO< act ion< 

o- Toe info,matiooa,ailabl<toeachpl,yer 

A "'m<;. 1oe<1e,criptioo of a,trate1k>rtu>1ioo To de,cribea1ame-nttdto 
dtscr it..1oe1o11cw,ngol<mtt11$ 

o- Pl.,...-.o,p;i,t ,Cipan1>: Th<ag,ntsthatt>koOK;.;oo,;n tMga mo 

o- Toerul<oftoegamo: a) Whataaioo, are a,ailabl<to,achl"ay,r(at uch 
dtcisionpOint),aodb}toe<lfd<,-inwl,khl"ay<,rsta<•tOOO<><:tioo, 

• Toe ink,,m>tioo>• >il>bl<to N<h player 

Strat,gics.ituat1011sandt.., , repr...,ntat1011 

Aiam<i:! tO,d<,sc,ip1;.,,,ofastrato1>C>rtuatioo Todtscrit..•1•m<-nttdto 
dtscr it..1oe1o11cw,ngol<"""" 

O- Pl.,...-.o,pa,t .Cipan1>:Tt..ag,nt>th>t t>koOK;.;oo,;n1Mgamo 

o- Toerul<oftoegamo: a) Whataaioo, are a,ailabl< to ,achl"ay,r(at each 
dtcisionpOint),aodb}toe<lfd<,-inwl,khl"•Y'" '" ' ''"°'" ><:tioo, 

A t- , xampl .. 

E,,;ampl<(Match ingpennies(paresyl>O<les) - Scquwtia l} 

T""' play,r,, Ana .I, Ba<t. choos<wt..toer 10,t,o,,,on, o, ,.., ~nger>. Fi"'· Ana"'°""' 
fing.,..t0B>rt , t ...,Bart,>ft• r obsor,in1Ana's1"ay,choosos- m>nyfi ng.,.,o 
!.ho,,,_ lf1oetotalnumb<roffinger,;.......,,,,...,Ba<tpaysAnai.OOOM XN.lftoe 
tOt>l numbe<offing•rs;.odo, toenAn>pay<B .. tl,OOOMXN 

Afewc,amples 

&ample(Match ingpenn ies(pa,.,,y""""')-Simulta neou<) 

T""' payers. Ana .I, Ba<t, choo>e wh<thet- to ,t,o,,, 00< Of""" fingers S<mu~a<><OU>ly, If 
1oetot>ln um b,rof~nger,i:!OVl!n.tMnBartpaysAnal,OOO MXN. lf1oetot•I 
numb<roffingers;.ood,t...,Anapay, Bart l.OOO MXN 

Locture!O: Gamo Thoo,y // Prehminar,,. 

o- Wea,sumo age<>t<maximizetO«re::<p,ct<dutility 



"' Not atf,"alassumptlOO 

"' Upto-,ut;1;1yfunct<>M><ousofulboca.,..ti>oyr,-tp,<for«K"' 

"' Not,,,;,.,;,1,ssumpt;.,,, 

: ;;;;;::~=:=::::::;=::~:f;r~ 

"' Not,,,;,.,;,1,ssumpt;.,,, 

: ;?;:;::~::::.::::::; ~~~;f;r~ 

"' Notatf ·,1,ssumpt100 

: ;;;~;;::~:::.":::::; =~~~;/;'~"' 

for,nyinm»inJlyx:,:::;,v(x) ~ .,t.~,:,f(v(x)) 

"' lf x•'°""'5 

,~,:,Ef(u(x)) 

"' Not,,,;,.,;,1,ssumpt;.,,, 

: ;;;;,f;.::~=~::::::;~~l:f;r~ 
foranyincr,,,;nglyx~::..';':';; • v(x) • ><J,~•;.'(u(x)). 

"' lfx·soi-

,;!'{! , Ev(x) 

,-~•,: , Ef{u(x)) 

.. T..,. ,,.,..,1ottor~-c,nl>uy. 



• TOO« .,e t..:,lotte<~-conl>uy. 

"' TOO«are..., lotte<~:;om..,...c, nl>uy. 

• TO< <ecoodpays!OOwithprobab<lity 0.5y0Mthprob>b<ljty0 .S and com 50 

"' If x· • "'' "' '''" l! "(x) 

• lfx• • .,J max, ,rl!"(x) 

• TO«lx' • ar, max,,r l!au(x)+b 

"' 11.;: - "'' "' ''•H!:,:l 

• P«x,fth>t li ,,... (o, , r;,,.)t,ansfr,mat ionsofthtut;1;1yfuf>Ction,ep,taent tht 
.. .,.pr,ferfflCe,,und<runcen ainty 

• Wh, tinform>!ioni<ava,labletoeachpf>)'l!r? 



.,_ What information i< ava,lab'- to each ?i>)'l!r? 

.. SuW¢H Hw e ,,. 3 ?I¥" on< ··,oo pl><es • hot°""' t h<m 

.. SuW¢H Hw e ,,. 3 ?I¥" on< ·,oo pl><es • hot°""' t h<m 

.. SuW¢H there a«3pl>)'l!" an< "J00plac« a hat=r t h<m 

.. Allhmorewh ite,butooooe , ...,,,..,i..;,""'"oolor(j"'t t h>t it',bl,d e< white) 

.,_ Whatinformationi<ava,lab'-touchpl>)'l!r? 

.. SuW¢H there,,. 3 ?I¥" on< ··,oo pl><es • hot°""' th<m 

.. All3 in< ividualscan ... thehatthe otl>« twoarewe>rinJ ,butoot th«, o,,n 

o,- Allh,t<>rewh ite, butooooek"°""th<,;,""'noolor(jost that it'>bl>ek or white) 

o,- No,,tbeygo or0<rn<tryingto g..., the<r"""' oolor.lf tbeygttit<:0<~tlytbey 
eam,11,ort>olricl>es, OOt iftbeydon'ttheyd;. , Theycan either JU<SSO<I"" 

.. SuW¢H there a« 3 ?1¥" an< "god'" plac« a hat""' t h<m 

.. Allhmore wh ite,butooooe , """" th<,;r""'noolor(j"'t t h>t it',bl,d o,white) 

.. No,, t bey1oaroun<tryinJ tO JU<S5 their """' color lftbeyJetit cm<ctly t bey 
urn ,11 ,or!$ ol ric!>u, 001 if t bey don't they d;.. They con eit her ,....., or I»<' 

.. What how,n,? 

.. SuW¢H there,,. 3 ?I¥" on< ··,oo pl><es • hot°""' th<m 

.. All3 in<ividualsca n <tt thehattheotl>«two a«weari nJ ,00toot th« r o,,n 

o,- Allh at<arewh ite, OOtooooe k"°"" th<,;r""'noolor(jost thatit'<bl>ekorwhite) 

.. M""'<UWoH "JOO<aY<:Th<rei<ot leaston<wh itehat 

.,_ Wh>thow,n,? 

1,"?11-1>0 
'2. 'i'A>O 
3.V~o 
i. rt 

I/,.,..,.., ~" r $1 h t 5,,,.,'bl:e-fZP ~s 

G©'°?M-o 
®"'- Ul<O l M ):,tsl> 

wl~-v "1/0 j¼dl::C) 

@ &to -z- fM,Gl ~ ~ e. B>IAM:o 



• Mow..,_ "god" .. ys, Tl•••• ;s >t lust .,,,.wMe hat 

.. Toe~ .. tt..,p>ss, tOOt hi,O .. ys"wM<" 

"' TOOfirst t..,paS>, tOOthird>ays"wh1te" 

"' Why? 

• Wh>th>w,os? 

"' TOOfirst t..,pa5', t00third>ays"wh1te" 

.. Why? 

• They al«ady k..., therewasat! .. st a wh;tehat(theykn<Wthtte.,.,.•tl<a<t ,_, 

"' Why? 

"' Theyalready <...,the,e wasatleastawh;te hat(tOOyk...,tOOre.,.,eati<>st ,_, 

"' TOO first t..,pa5', t hethird>ays"wh1te" 

.. Why? 

• They al«adyk...,therewas at! .. stawh;tehat(theykn<Wthtte.,.,.•tl<a<t 

=I 

• We~Y;scommoo<"""'1<dg•whenallpl;oye«k"""'Y. •odt!,ey•llkr.owthat 

~.~=.;·•odtt,eyall kr.owthat.,,.,yo,,ek,_.,h.,.....,._k,_. 

Lecture 10: GarneTheory // Prelim;naries 



W,will u,.,the foUc••.in1ootation: 

• G.rnep,,<1,:ip,, nt>(;>1_,),.;111>ed«>ot<Ol7tiode:<,l, -.,i • l, , l'l•nd 
tl>tt••,..,i. l"•l"" 

• A is t0<'!)><•of?(><Sil,jea,ct10Mfofind iYidu•li,; E A;is , n>etion 

: ~:72~i~~~:(~~~~z:N:·.::;.;;,~~,t~ 
o- Astr>t<gyis• ~ -i.o. , is , n ~ ot..-y~ 

cont iogenS( oftO< p m<apl..,.., m..,.laa, 

• ~, .. ,::::1•;, ~":,;~ :;~~of ~~;;.:~:~l~ty of p1..,.., i m•y --~ on 

Lecture 10: G, rneT"«>ry // Prelimin;,rie< 

O- T/1,di/T,r,oc,i,,,,..,,,,,,,rw, ¥:r • r>d • ,:t•>mis VERY importa n, 

• Thin~ of m• tchin1 p<nnie> - $,que"t i•I 

o- T/1,di/T,r,oc,b,t,w,en>tr><e¥)'>r>d><:t•>mis VERY impon,n , 

o- Thin~ of m>tch,ng """"'°' - S<quent i,I 

o- TO< actionslotl>oth individu>ls>,.A, ~ {1.2) 

• Thin~ of m•tchin1 p,nnie> - $,quent i•I 

O- TO<>et ions fotl>oth individu• ls•reA1 • {1.2} 

O- Astrat<gyfotAn, is •n><t ion (Wchooo<sfir<t.>nd thus/a,ces , «ngle 
cont ingenq)S,.. • A,.. 

o- T/1,di/T,r,nc,b,t,w,en,rr,,e¥:r • nd • ,:t•>mis VERY impon, n, 

o- Thin~ of m,tch,ng """"'°' - S<quent i,I 

o- TO< actionsfotl>oth individu>ls>,.A, ~ {1.2) 

• A mot•gyfotA n> is >n a<t ion (Wchoososfo-st,and thusla«s•«ngle 
coot ngenq)5_.- A,.. 

O- Fo,8,.t ast >t•gyh,s , n act,onfo, tO<twocoot,ngeocoesh<m>ylaa, (l)f 
An• ct,oc,,.,,, l hn1« (2) ,fAn• choose2fin1«> 



A 
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