Seminar of Computer Networks:
Online Social Networks and Network Economics
Prof. Guido Schafer

Homework 2

Due date: June 24, 2011

You can do the homework on your own or in groups of two. In thtetaase, please
hand-inone solution set per group and indicate the names of the groupbaem
Please make sure that the solutions are clearly written.

Please note that some of the problems are markegtasnal. You are requested to
solveall problems that areaon-optional andone problem that is markedptional.
That is,altogetheryou are asked to solveproblems

Pleaséhand-in your solutions bylune 24, 201landkeep a copy for yourself You
can hand-in your solutions ioffice B118

We will post the solutions to this homework after the due gatd might ask you
about your mistakes in the final exam.

Problem 1. Consider the following selfish routing instance:

The arcs are labeled with their respective latency funstigkssume that one unit
of flow is to be sent frong tot;, i.e.,ri = 1 fori € {1,2}.

(a) Determine a Wardrop flow (see Definition 2.3 of Lectured$dtand its respec-
tive cost.

(b) Compute an optimal flow and its respective costin{: Use the characteriza-
tion of optimal flows given in Corollary 2.4 of the Lecture Nat)

Problem 2. Show that the price of anarchy of selfish routing games is bak i
latency functions arenonomialsof degreed € N, i.e., for every ar@ € A, l53(X) =
paxd for somep, > 0. (Hint: Corollary 2.4 of the Lecture Notes might be helpful
here.)
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Problem 3. Consider the single-item auction setting introduced iniged.1 of
the Lecture Notes.

(@) In afirst-price auctionthe item is given to a player whose bid is largest (ties
are broken arbitrarily) at a price equal to the bid of thisypla Show that the
first-price auction is not strategyproof.

(b) Show that in a second-price auction a player might betitrworse-off if he
does not bid truthfully. That is, show that for every player N and for ev-
ery bid bj # v; there is a bidding profild_; of the other players such that
Ui(b,i,bi) < ui(b,i,vi).

Problem 4 (optional). Consider the combinatorial auction setting introduced in
Section 5.2 of the Lecture Notes. Suppose we are given aidumnigt for every
playeri € N that assigns an arbitrary real value to every bidding prafileof the
other players (i.eh does not depend on the bid of playgrConsider the adapted
version of the VCG mechanism (see Algorithm 1).

Algorithm 1 Adapted VCG mechanism
1: Collect the bidgb;(S)) for every playei € N and every se§C M.
2: Choose an allocatioa* € O such that

a*=arg arr;g)f; bi(a).

3: Compute the paymenmt; of playeri € N as

pi = hi(b—j) — bj(a”).
iel\%# ]

4. Return the allocatioa* and the paymentp; )ien.

(a) Prove that this adapted version of the VCG mechanismategtyproof.

(b) Determine the functiondy)icn that yield the payments of the VCG mechanism
which was introduced in the lecture.
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Problem 5 (optional). In the max-cut gameve are given an undirected graph
G = (N,A) on the player sell = [n] and non-negative arc-weighf®y)aca. Every
playeri € N chooses one of two possible colors for his verighite(x; = 1) orblack

(x; = 0). A strategy profilex= (x1,...,X,) thus defines a partitiof§, N\ S) of N into
white and black vertices, respectively. DefibS) = {{i,j} € A|i€ S jeN\S}

as the set of arcs whose endpoints have different colors.gbakof each player

i € N is to choose a color such that the total weight of all incideet that have
differently colored endpoints is maximized; more formathe utility of player for

a given strategy profil&is

Ui(S): Z W{H}‘
{i.i}ed(9)

Suppose the social cost functia(S) for a given strategy profil& is defined as
c(S) = Yacs(s) Wa-

(a) Show that for the following instance there are two Nadhildxgjia having dif-
ferent social costs.

(b) Show that max-cut games always have pure Nash equililiat: Study the
effect of single-player deviations on the sum of the uéktof all players.)
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