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How do we sort an array?

Should we use Mergesort or Quicksort?

1. Theoretical Computer Science says Mergesort (better complexity).

2. In practice we tend to use Quicksort.

What are we missing?

• Some easy probabilistic ideas.

• Worst Case analysis.
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Beyond Worst Case

Worst case analysis is always pessimistic. Relaxing it results in:

1. Parameterized Algorithms

2. Smoothed analysis.

3. Algorithms with predictions.

4. More.
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Algorithms with predictions

AlgorithmInput Output

Predictor h(·)

q h(q)

9/9/2022 4



What are we interested in?

•  
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Consistency – Robustness Tradeoff

•  
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Combinatorial Auctions – The problem

N bidders:

M items:
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One objective – The Social Welfare

N bidders:

M items:
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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
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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
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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} = 6

9/9/2022 11



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} = 5
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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
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Valuation function classes

•  
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Accessing valuation functions

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

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

 

Value queries:

Demand queries:
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Utility – Revenue and Social Welfare

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

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

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

valuation function classes.

Papers\Valuations Submodular 
Approximation ratio

Subadditive 
Approximation ratio

B. Lehmann et al., 
2006

2

Jan Vondrák, 2006

Dobzinski et al., 2005

Feige and Vondrák 
2006

2
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Algorithmic vs Game Theoretic version

•  

Papers\Valuations Submodular 
Approximation ratio

Subadditive 
Approximation ratio

Dobzinski et al., 2006

P. Krysta and B. Vöcking, 
2012

Dobzinski, 2016

S. Assadi, S. Singla, 2019

Dobzinski et al., 2005

Dobzinski, 2007

S. Assadi, T. Kesselheim, 
S. Singla, 2021
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Sampling and Randomization

•  
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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?
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Fixed-Price Auction
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Fixed-Price Auction

Bidders Sequence

Available items

Allocation

5

4

1

3
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Round 1

Bidders Sequence

Available items

Allocation

5

4

1

3

Demand 
query
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Round 2

Bidders Sequence

Available items

Allocation

5

4

3

1

Demand 
query
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Round 3

Bidders Sequence

Available items

Allocation

5

3

1

4Demand 
query
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End

Bidders Sequence

Available items

Allocation

5

1

4

3
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Combinatorial Auctions with 
predictions

•  
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Combinatorial Auctions with 
predictions

•  
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Proportionality

  

price vector with some property corresponding proportional price vector
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Richness of prices

•  
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Sampling & Multiplying Mechanisms

 

 

Split
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Additive Class - The Sampling Mechanism

 

 

Split

 

 

  

 

 

Optimal proportional price vector

 

Virtual Vickrey Auctions
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The Sampling Mechanism
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The power of i.i.d. splitting

•  

 

 

Colorful bidders are allocated 
some item(s) in the optimal 
allocation.

 

Split
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Handling different optimal price vectors
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Case analysis on the initial price vector

•  •  
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Approximation ratio
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Submodular – Proportional – Supporting prices of the 
optimal allocation

•  
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Submodular – Prices that support the optimal 
allocation

•  
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a-good price vector

• Re-examine Additive problem.

• Check Low Revenue case for the Submodular problem.
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Proportionality - Bad news 1
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Non-Proportionality
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•  
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•  
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Low Revenue Family of Instances

 

 

Instance guarantees
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or

or

only

only

only

either
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all

all

only

only

only

all
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Bad News 2. 
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Price vector prediction

Non-proportional & erroneous Proportional & Consistent

Additive

Optimal prices
Constant approximation

Submodular

Supporting prices
Constant approximation

Prices that support
Arbitrarily bad

a-good prices
Arbitrarily bad in a neighborhood

Perturbed a-good prices
Arbitrarily bad for constant step

 

Quick Recap
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Thank you!
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