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Islands of Tractability of CQ Evaluation

• Major Research Program: Identify tractable cases of the combined complexity 
of conjunctive query evaluation.

• Note: Over the years, this program has been pursued by two different 
research communities:
- The Database Theory community
- The Constraint Satisfaction community

• Explanation:
Constraint Satisfaction Problem 

≡ (Feder-Vardi, 1993) 
Homomorphism Problem

≡ (Chandra-Merlin, 1977) 
Conjunctive Query Evaluation
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Outline: Complexity of Query Equivalence

• Query equivalence and query containment
– Graph homomorphisms
– Homomorphism beyond graphs
– CQ containment
– Beyond CQs
– CQ equivalence under bag semantics
– CQ minimization
– Nested queries
– Tree pattern queries
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Tree pattern queries
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Optimizing tree patterns
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Minimality =? Nonredundancy
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Czerwinski, Martens, Niewerth, Parys [PODS 2016}



234From: “Optimizing Tree Patterns for Querying Graph- and Tree-Structured Data” by Czerwinski, Martens, Niewerth, Parys. SIGMOD record 2017.

Tree pattern containment
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q⊆p from previous argument. To be shown: q ⊇p

Idea: a=⋆ can be matched in 3 ways in a graph
To be shown q ⊇p: (idea: whenever p matches, then also q)
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Possibility 1: 1 edge
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Possibility 2: 2 edges
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Possibility 2: 3+ edges

for >3 edges,
map below root
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Braess’ paradox
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Routing networks

• Traffic wants to flow from some source to some destination
- Here, the people at s want to drive to t

• Edges have latency or delay

- Latency of upper edge e depends on how many choose it (e.g. in hours)
- Latency of lower edge f always 1 hour

ts

𝑇x 𝑥 = 𝑥/10

𝑇z 𝑥 = 1
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Traffic Routing

Town S Town T

Suppose 100 drivers leave from town S towards town T.

What is the traffic on the network?

Every driver wants to minimize her own travel time.

50

50

In any unbalanced traffic pattern, all drivers on the most loaded 
path have incentive to switch their path.

Delay is 1.5 hours for 
everybody at the 
unique Nash 
equilibrium
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Traffic Routing

Town S Town T

A benevolent governor builds a superhighway connecting the short 
roads of the network. 

What is the traffic on the network now?

100

No matter what the other drivers are doing it is always better 
for me to follow the zig-zag path.

Delay is 2 hours for 
everybody at the 
unique Nash 
equilibrium
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Traffic Routing

S T

100

S T

50

50

vs

Adding  a fast road on a road-network is not always a good idea!
Braess’s paradox

In the RHS network there exists a traffic pattern where all players have 
delay 1.5 hours.

Price of Anarchy: measures the loss in system performance due to free-will
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A physical representation of the Braess Paradox

1 kg

1 kg

Source: Balázs Sziklai
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