CS 684: Algorithmic Game Theory Scribe: Jignesh Parmar
Instructor Eva Tardos Mon, Apr 12, 2004

Auctionsand Cost Sharing

There are severd types of sngle item auctions

Smple auctions
Increasing/Decreasing price auctions
Firgt price auctions

Second price auctions

Today, we consder second price auctions ( dso called Vickrey auctions named for the
Nobd prize economist William Vickrey). In second price auctions, the winner isthe
person with the highest bid, but the amount that he pays for theitem is the second highest
price bidded.
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Second price auctions are truthful. That is, no matter what others do, one cannot gain
profit by announcing incorrect vaue for the items. In second price auctions, if user i hasa
utility u; for anitem, and is asked to pay price p, the resulting benefit = u; - p

(N.B. Second price auctions are not group-strategy proof. A group of conspirators can
fool an auctioneer)




Cost sharing in VCG auctionsis represented as follows:

N represents the users in the second price auction.
ForeechS SN, C(S) =0 (costismonotoneincreasing)
Eachuseri £ N has benefit U; for item being bidded on.

In the previous two lectures, ¢(s) was submodular and we discussed the minimum cost
gpanning tree. The goas were:

Select S < N and give X;(S) cost share
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2)  Crossmonotone X(A) = X(B), for AzB

In these cases, there was a group-strategy proof way to salect users S and cost shares
x(s) = u .
Another God isto maximize socid welfare. Socid welfare is defined as
Max > U, - cfs]
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Socid wdfare is not maximized using the previous Shapley vaue or the Primd-Dud
mechanisms. To maximize socid welfare, we need to use an dgorithm proposed by
Vickrey, Clark and Groves (VCG) to sdlect asubset S and to assign cost shares. (N.B.
VCG is not budget-balanced)
InVCG, the overdl god isto maximize
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but the individua god's can be characterized as follows:
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In other words, for each item i thet isincluded in the sat s, the individud wants to
maximize his utility minus his cogt share.

VCG Pricesfor the items can be set as follows
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Theorem: We date that the VCG mechanism istruthful, and that no individud can gain
an advantage by claiming an incorrect utility.
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(' N.B. remember, when truthful, al players want to maximize: Ml e Z u. - cfs)
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Proof:

Assumethat player i announcesutility 0. whichisnotthesameas U,
He then gets S u, - cfs) if heisnot included inthe st S.
Jj€S :
If heisindudedin S, thenwesdlect | € =, andhedill gats 2, U; - Cl5]
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Either way his true benefit does not change, regardless of whether he announces his regl
utility or not.



