
 

411411 Combinatorial Auctions II

Setting general combinatorial auction

Players n m items M

outcome allocation of items to bidders where

bidder i gets Siem and fins 0 Kit
outcome att

Valuations each i has valuation fa v Rza
u s value of receiving bundle s

Assume in 01 0

Today ignore size of hid issues Assume valuation functions bids

can be efficiently represented bidding languages

Utility value price

Social welfare of life Sal is I Vi Si

Major issue computational hardness

Inspiration from approximation algorithms operations research

write an integer linear program IP relax to give
a linear programming relaxation LP



ILP formulation

vars Xi Vie Cal SEM

Interpretation I if S is bundle assigned to i
kiss

o otherwise

max I Emv 1 is

sit E E Xis EI Kien
in sides

In tis I Kiela

Xi sE 0,1 Kitch K SEM

LP relaxation replace Xi e 91

by Xis 20

Exponential vers LP can still be solved efficiently NRTV 11.5.2

Ellipsoid with separation oracle on dual

Le OPT IP Unt OPT social welfare

So if he is integral Che integral optimum then
LP OPT opt social welfare can find efficiently



Dual Lp

Vars P t jem hi tie Ca

E ni t E Pmin
in IEM

s t u t E P 2 vies field t SEM

hi 20 tie Cu

P 20 FIE M

Strong duality if x Lf feasible hip dual feasible the

1 I Vill ties I É hi t Emp
in SEM

2 If X G optimal hip dual optimal then

I mill is I hi E P
in jem

dual feasible

f Lp opt dual opt
Ip ont Yup feasible
ont fare



Complementary slackness

Let x LP feasible hip dual feasible

Then x Lp optimal hip dual optimal iff

1 tie Ca either wi o or Inti 1 or both

2 H jem either p O or E E Xi I lo both

3 Vital KSEM either xis O or

hit E
je
Pi Vils or both



Walrasiantquilitia competitive equilibria in markets

Linear market clearing prices

price for each item so demand supply

Def Given item prices P tien handle T is a demand

for bidder i if

vill E P Ev T Eye t SEM

Def Nonnegative prices p's kith and allocation St St St

of the items is a Walrasian Equilibrium if

1 For every itch St is a demand for i at pins it

2 pts O if not allocated if Yi si

Connection A walrasian equilibrium exists iff

LP is integral

Lf integral equilibrium maximizes social welfare



Thy Let p ti em St vieCal be a Walrasian

equilibrium Then U feasible CP solutions x

I Cst I 1 Emv 1 is

St integral optimal maximizes social welfare
Lp integral

PI vie Cal t SEM Vi si I Pt Vic for
def of Walrasian equilibrium

Vi Cst Egypt I gmx.is u s E Pi

Emfs 41 by LP constraint

v St E e E Ennis u s fi rii I

Iv s E shrill x t É f mxt.s.ge

I s vill x Emet E mxt.s.ge

def of Walrasian equilibrium

E
jam it E et I fastsit s vill x E

JEM



I I.ismvilllxI Emet Empt LP constraint

h

E shrill x's

Thy If an integral optimal solution to LP exists

then a Walrasian equilibrium exists

PI Let it integral optimal LP solution

defines an allocation St St St

Let p it optimal deal solution

WII Pt Kien St St St a walrasian equilibrium

i
it t

g
P s v St complementary slackness

v St E
its

P I 4



Consider some SEM

it t g p's Iv s dual constraint

vill f e Ent

i i i
E E t I

pt 0 complementary slackness


