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Combinatorial Auctions – The problem
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The objective
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Valuations – Bidder 1

N bidders:

M items:

v {1} = 2          v {2} = 3 v {3} = 5           v {4} = 2            v {5} = 2

v {1,2} = 5 v {2,3} = 8 v {3,4} = 6 v {4,5} = 3



Valuation function classes

•  



Accessing valuation functions

•  



             p {1} = 9 p {2} = 3         p {3} = 5

With these prices 
I want S = {2,3}

 

Value queries:

Demand queries:



Utility – Revenue and Social Welfare

•  



Algorithmic Viewpoint
• Can we optimally solve the problem knowing that bidders do not misreport?

• The problem is NP-hard (set packing).

• There are constant approximation algorithms for the algorithmic problem for many 

valuation function classes.
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Game theory - Truthfulness
•  
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Price vectors – Learning procedures

• Demand queries require a price vector p.

• Truthfulness requires that no bidder can affect her utility by misreporting her 

valuation.

• We need to learn from bidders better prices p but discourage bidders from taking 

advantage. How?

• We design mechanisms that work the problem online. 

• Bidders come in once, answer their query, get allocated something (sometimes) 

and leave. This way we ensure learning and also truthfulness.

• What can we do with good estimates of the prices?



Fixed-Price Auction

•  



Randomly place bidders into rounds

              round 1               round 2  round 3

Decide randomly that round 2 is the winning round.

 

N bidders:



Price vectors – Round 1
 

Round 1:

Answers Demand query with 
{1,3}

 

 

M items:



Round 1 – FixedPrice Auction
 

Round 1:

Answers Demand query with {2}
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Round 1 – FixedPrice Auction
 

Round 1:

 

 

 

M items:



Round 1 finishes

 

 

 

 

 

Sold

Sold

Sold

Not Sold

Not Sold



Round 2 begins (winning round)

Round 2:

Answers Demand query with 
{2,4,5}

 

• No other players in this round. The auction completes since this is the winning 
round, and allocates items {2,4,5} to the red bidder.

• Notice that green, orange and purple participated in the auction but got nothing 
and also that blue didn’t get a chance to participate.



The Binary-Search Mechanism

•  



Standard assumptions and notation

•  



Lemma 1([DKL20])

•  

  

 

M

 

Expected Utility “Lost” Revenue

 



Binary search - Rounding prices

•  

 



Theorem - Result

•  

 



Proposition

•  

 



Proof of Proposition 1

•  
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Revenue Bound

•  

 



Utility Bound

•  

 



Finally bounding welfare

•  

 



Summing up

We discussed:

• Valuation functions classes.

• Access Queries.

• Truthfulness.

• The Binary-Search Mechanism.

• Lemma of existence of prices and distribution.

• Proof of Binary-Search Mechanism approximation.



Final Questions?



Combinatorial Auctions

•  



Definitions and notations

•  



Classes of valuation functions and 
assumptions

 



BinarySearchMechanism

•  


