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Problem and Goal
Given:  

ÅA Data Stream System with processing capacity, say 10.

ÅContinuous queries, each belonging to a different player.

Å¢ƘŜ ǎŜǘ ƻŦ άƻǇŜǊŀǘƻǊǎέ ŎƻƳǇǊƛǎƛƴƎ ŜŀŎƘ ǉǳŜǊȅΣ sometimes

shared between queries!

ÅThe processing demands of each operator.

ÅA bid amount bi placed by each player i.

Each player i has a private valuation vi for getting serviced.  
Player i gets payoff:
ωvi if her entire query is serviced,
ω0 otherwise

The Natural Greedy Approach

How should ǿŜ 5ŜŦƛƴŜ ŀ tƭŀȅŜǊΩǎ 5ŜƳŀƴŘ όDi) on the System?

A mechanism is strategyproofif players 
never benefit by lying:  for every player, 
bidding her true value always maximizes 
her payoff [Vickery,  J. Finance 1961].

When a mechanism is not strategyproof, 
players have incentive to strategize and lie.

Businesses like Google Adwords and eBay 
sacrifice short-term profit for the sake of 
maintaining strategyproofness.

Profit Maximization
²Ƙŀǘ ƛǎ άƻǇǘƛƳŀƭέ ƻǊ άƳŀȄƛƳǳƳέ ǇǊƻŦƛǘΚ  
1. Max possible sum of winning player valuations
2. Max possible fixed-price profit, OPT_F

ωThe best you could do if you charged each bidder the

same price p. 

ωPlayers ǿƘƻ ōƛŘ ƭŜǎǎ ǘƘŀƴ ǘƘŜ ǇǊƛŎŜ ŘƻƴΩǘ ƎŜǘ serviced.

ωPlayers who bid more than the price do get serviced and

each pay p.

ωPlayers who bid more than the price must all fit within

server capacity!
This example has OPT_F = $100.  Why?  
.ŜŎŀǳǎŜ ƛŦ ht¢ψC Ґ ƳŀȄόϷррϊоΣ ϷтнϊнΣ Ϸмллϊмύ Ґ Ϸррϊо ƛǎ ƛƴǾŀƭƛŘΗ  

A Sybil attack is perpetrated on 
a system when a user creates 
fake identities. 
[Douceur, IPTPS 2002]

We define a mechanism to be 
Sybil immune if players can 
never benefit from reporting 
false valuations and/or 
perpetrating a sybil attack.

Greedy is Bad for Profit Maximization

A Randomized Approach

Sensitivity Analysis on Sharing

Contributions
Å A game theoretic look at data streams query admission 

control.  

Å Introduces a new auction problem to the algorithmic 
game theory community.  

Å Introduces the notion of άsybil immunityέ ŦƻǊ ŀǳŎǘƛƻƴ 
mechanisms.  

Å Both the natural greedy and randomized mechanisms are 
strategyproof, one is sybil immune and the other has a 
profit guarantee.
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Goal: 
Design a strategyproof 
and sybil immune 
mechanism that 
allocates server capacity 
to maximize profit
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Service the bidder with 
highest bid per unit of 
processing demand!

bi / Di

bi is the bid of player i, 

Di is the demand of the 
operators in query i

Repeat with remaining 
queries until next query 
no longer fits within 
capacity.

Make each winner i pay
ǘƻǇ ƭƻǎŜǊΩǎ bid per unit!
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lost is the next 

query that didnôt fit
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Why charge winners so 
little?  

For the sake of 
strategyproofness!
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1. Assume for simplicity there are no duplicate 
bids, and renumber bidders by decreasing bid:

2. Take the bidders starting from top of sorted list 
until no more fit.

3. Divide these bidders into two groups 
(uniformly at random).

Call them group A and group B.

noutin bbbbb >>>>>> ......21

nbbbb >>> ...321

4. Calculate OPT_F 
for group A, call 
it priceA.

5. Calculate OPT_F 
for group B, 
priceB.

6. Charge bidders 
in group A 
priceBand 
charge group B 
priceA.

BA

priceA priceB

Expected 
tǊƻŦƛǘ җ  
OPT-2h

ωIt is well known that even

OPT_F is too hard to compete

with in general.  

ωSo we try a weaker benchmark:  

OPT_F ςh

(h is the highest bid)

ωBut our Greedy Density

mechanism is still bad!

ωHere, OPT_F ςh = $2C ςC = $C

ωGreedy Density gets only $2!
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Only 1

2+4=6

Di Di

άwŜƳŀƛƴƛƴƎέ 5ŜƳŀƴŘ

The bottom player is chosen first, 
ŎƻƴǎƛŘŜǊŀōƭȅ ƭƻǿŜǊƛƴƎ ǘƘŜ άǊŜƳŀƛƴƛƴƎέ 
demand attributed to the top player.

άCŀƛǊ {ƘŀǊŜέ 5ŜƳŀƴŘ

The demand of each shared operator is 
split evenly among the players sharing it.  
9ŀŎƘ ǇƭŀȅŜǊ ŘŜƳŀƴŘǎ ƘŜǊ άŦŀƛǊ ǎƘŀǊŜΦέ

The full demand of every operator in each 
ǇƭŀȅŜǊΩǎ ǉǳŜǊȅ ƛǎ ƛƴŎƭǳŘŜŘ ƛƴ ƘŜǊ άǘƻǘŀƭέ 
demand, regardless of sharing.

ά¢ƻǘŀƭέ 5ŜƳŀƴŘ

Bad News:  Not Strategyproof 
and Not Sybil Immune

Bad News:  Not Sybil Immune
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