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Ranenality and protocal gesign

# Ey trealing participants as rabonal agents, we can
wipdnil lechnigees fmm gama theory and acanomics.

& Sesiume esargnmne will a8 fo maxkimize thair s
payof

# How do wi sinechure the rulkes of e game 5o thak
N baiaviar ads 1o g desingd aulcoma?

& This approsech is caled mecfiss'sm oeskan.

Enginearnng sysmems vs Engineanng
aganis
* Rarall that at thee and of Tl'llJf'.iﬂﬂ:.'E CIASE, Wl Wil

talking aboul ant algorims

* By spacrying a simpke sot of rulias, wo can achiesn
irberesing krge-scake behavior.

= Ant-type appnoschas lizad us o tunk abouk Fo &
can buikd sysiems thal produses the alfecls we wank.

# "Casan that agents will 2ot in & parbouler sy, how
Caln W constrain e amaronment b achisve &
dasirmble oulcomia?”

* This matreed of problem solvimg is basl applied 1o
probikes mywlyirg self-intern slod gains.

Example: Clarke 2x

# fnsiamd Thal we want bo find e shorbest paths
hraugh & graph.

+ Each adge is associaled with an aganl

+ Ench adge has & pivaiedy knoen ransmsson cosl

¢ Aganis might choosa B0 Ie abouk Twair
fransmissinn oosk.

# Hiomw can wi find the shorlas! path®

Prefersnces and Li

® Aganis will ypically have prefcranoRs aver auloomes
# This i& dedarafsn keowledge obout e ralabve
vialis of difernnt slatas ol e waorkd.
# "] prafar ko cressd™ 0 Spinsch”

# Ofan, tha valss of an oukcoma can be quanified
[parhiaps in manalary lenms.)

* This abows ha 23anl 1o campare tha ubbby [or
0i paaa” b By ) ol difkerant acbons.
« A ralional &gant i one el maomizes axpached uliity

# Enb-imonesiod ageris each Riorn thair own ubbby
Tunchor.

& (R ha:
# Aot each agenl's bd.
# | ey are nal on b shortest pafn, thay get 0.

# |F theldy are on the shorles) path, ey gat:
= Cioal ol nexl shortest pall - (cost of shoriest paif
wfthioul Hrasr Combribuiom
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SOWTIDN CONCAPTS

# Theari ang a numbss of potenial salubon concapls we
[~ i T

+ Bocid welfare - sum of 2l agant wileg

= Parabo erfchanoy
= |5 thene & sclulion that makes one agend ballar
aft without making anyones worse off?
# |ndividuad ratonaliby
& An agant wha participales inthe soluton shodls
b bathar off tharm if 1L hadn'| parbopabed.
= Slabiliby
# Thea mchaniEm should niot b abik o b
manipulxied by ane or man: agenls.

* s nol usually possbds 1o oplmiae ol of hesa a8 e
Sazi i 1rrk.

* Why 5 ruth-ballineg & dominant sirategyT

* Wihad f o undarbids?
* A bids 1 bk & -5 -11= 4. Mo bzl

= Wil 1 A ornds?
* A bids 3 il 2 - [T -3 = 4. Mo bz,
+ & bids 5. Mo longer on the shariest path, =a &

gats O

= Wil f d undarbids?
+ D bids 3 no change.
«= Doids - pald 8 -15 - 1) = Z. But Fis ©osk s £,

+ D overbids: no changa.

Smbiliy

+ [daadly, wa can design mechanisms with dominant

41 al' L1

= A dominan stmbagy is e besl thing fo do no
matier whial any olher agant does.

* lIn the prvious ampde, Fulth-ieling was a
camiman strabag.

= Wia veoubd s3y that b mechanism 1S
ran-maripuliabie. (kying can® braak i)

= Uniortumste ks, many problems don 't have & domimsn
slrategy

# Inslnad, e basl thing for agent 1 1o do depends on
whial agants 2,3.4, . do

SOWITon o

* B0 how 00 Wi avaluabs o0 agoriim of pnodosod
irrsalving sebf-imerested agenis?

¥ Eomn =oliBons may ba better for some sganis and
worsa for athors.
* Example: cake-cutling problkem

# Wa imoew thal each agend wil iry o maomize ks osm
winlizn

# Whal about e Sysiam as a whoke?

Nash equilibe

& This keadts b the conoept of a Mash egafibrum

# A oo of AcBons 15 & Mash aquibboism £, for ovary
agent, giver that thea ofher agents are playing thosa
achons, Nhas na intentkae 1o change.

* Examplec big monkiy and e monkey

* Monkeys usually eaf ground-keeml fnat

« Decasionally thay dimb a res o get & coconut {1
par inaa)

# & Coconul wiekds 10 Calonas

+ Big Monkey expands 2 Cakvies climbing
Inet [nat & ek

# Littke Monkey expands O Calones cimbing the rea
(el 10 eakorias)



Nash squilibrium

* I EM chimbs thia oo

« BM gtz EC, LM gals 2 C

# LM eafs soma bardorn BM gets down
& i LM chimbs the o

« BM gats 3 C. LM gal= 1 C

# BM gats almasi all before LM geis down
¢ [ bath chmb e

# BM gats T C, LM gals 3 C

= BIM haags conanul

* Hoew should e maonioeys aach act S0 25 b maamizs
thai owm calors: gein?

Nash egquilibrium

# Mash aqibbria am cice n sysleams with rabonal
aganls.

# [ | assume ather aganls are rabianal, than | can
assLme Chiy' |l pay a basl responsa.

# | anly meeed 10 consdes Hash agqulicia.

* They ana efMoient (In tha Faneio Sanka].

# Prothems:
# Thiasra cam ba many Mash agquilbriz. [

cake-cutling protdam has an infinka number of
Hash ezpalisna )

# DOHME Qs Ravi no Mash equilbricm.
= Thiang may ba warys far groups of agents bo chaak.

Nash squilibrium

= hooiamia EM dacices st
# Tind Chidts: waadl or climb
# LI Faars Mo chokces:

¢ Alwvays wak, aways cimb, same as BMW, apposile
ol E M.

Selecong berween eQuliibna

= Gham ek thens are lols of possble Hash aoulbrs in
& problam, how oot o agenl choose o sirabegy™

# [ S0ime Cases, sibernal forces ane used B ma ke e
auiliorium more atireve.

v Gowarmimaenl equlsBon, xes or penakes
# I ofreer cases & nalurad Goal poled axils.

# Theri & a stlulion thal s atirachve oF Sensble
aufsise the sogme of e game

Nash squilibe

" Whal shaould Eig Monkzy do?

# I BM wails, LK will chmb: {1 is befler than O EM gals
o

# I EM cimbs, LM wall wae 28 geis &
# EM shauld sk
« Whal about LT

* LM showld do Bree apposie of EM.

# This & a Mash eguilibnum. For aach manksy, ghan
thie olhar's chaica, il doasnt want b chamnge.

* Each mankey 15 playing a besf response.

Eifareral and muimiareral negyona

# Thara ans two diffensst ways thal we can think slboul
aganis nagobaling or bangaining wilh aach o,

¢ Elaleral negobabion happers ora-nn-ona.
# Gama oy 15 Sooioabibs Fermn.

# MuElalnral Many agents nagodabs simukansoush
# Markets armd auclions ane appropnals e



