
EmptyHeaded: A Relational 
Engine for Graph Processing
Jason Priest
2018-02-28
6.886



Key Contributions

● Join optimization based on generalized hypertree decomposition
● Data and algorithm optimization based on local graph skew



Traditional Relational Query

How many github organizations (groups) have a C++ developer who registered 
this year?

select count(*) 
from group
join user    on   group.users contains user.id
join project on project.owner is       user.id    
where user.joined  after “2018-01-01”
and   project.lang is    “C++”;



Join Order Matters

User
~5,000

Group
~100

Project
~10,000



Cyclic Queries

- Joins usually implemented pairwise, or between two sets at a time
- For cyclic queries such as above, this leads to suboptimal behavior



Pairwise Joins Insufficient

Hung Q. Ngo, Christopher Ré, and Atri Rudra. 2013. Skew strikes 
back: New developments in the theory of join algorithms. SIGMOD 
Record 42, 4 (2013), 5–16.



Worst-Case Optimal Join
Algorithm



Graph Covers



Graph Decomposition

https://en.wikipedia.org/wiki/Tree_decomposition

https://en.wikipedia.org/wiki/Tree_decomposition


Worst-Case Optimal Join Algorithm

- Brute force all decompositions of relations
- Find minimum width decomposition

- Use decomposition to inform much order of 
joins, order of comparing fields, etc

- Resulting plan for joins is optimal intermediate 
output sizes



Execution Engine



Skew

- Density skew
- some values are much more common
- some relations are much more selective

- Cardinality skew
- some tables are much larger
- some nodes have much greater degree



Set Layout

- bitsets: bitvectors with offsets to first element
- pshort: nearby values may have similar prefix, thus store repeated high 16 bits
- varint:   difference encoding with continue bits
- uint:      sorted array with binary search



Set Intersection Algorithm

- uint & uint
- 5 SIMD techniques, chosen based on density skew and cardinality

- bitset & bitset
- Just SIMD AND comparison



Evaluation



Simplicity



Performance



Performance


