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Graphs are:

A fundamental CS 
building block

Increasingly large, 
complex

Microsoft Academic Graph, >1B nodes

Increasingly 
applicable

Spotify GNN-based Recommender
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Traffic Modeling

Maximum-flow/minimum-cut

Landmark, Fraud Detection

Centrality

Developed measures on graphs:



However…
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Despite the increasingly larger graphs practitioners encounter, scalability of 
graph analysis methods remains poor.

Node count Runtime

100 5 milliseconds

1,000 270 milliseconds

10,000 4 minutes

100,000 42 minutes

Betweenness Centrality Performance
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Implementation of a novel graph approximation approach, achieving 
average 10-100x speedup with less than <15% error
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“Quasi-stable Coloring for Graph Compression” 
 appearing in Very Large Databases Conference (VLDB) 2023

Implementation of a novel graph approximation approach, achieving 
average 10-100x speedup with less than <15% error
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Karate Club
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W. W. Zachary. An information flow model for conflict and fission in small groups. Journal of anthropological research, 33(4):452–473, 1977.



Karate Club
|V | = 34, |E | = 78
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Karate Club
|V | = 34, |E | = 78, q = 3.0, |P | = 6
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Quasi-Stable Coloring
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A generalization of stable coloring. 

DEFINITION. (Quasi-stable Coloring) Call a coloring  quasi- 
stable if, for some : 

where  denotes the neighbors of vertex .

P = {P1, …, Pk}
q ≥ 0

N(v) v
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Compression

Quasi-Stable ColoringInitial Graph Lifted Graph, 
Quotient Graph
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Compression

Quasi-Stable ColoringInitial Graph Lifted Graph, 
Quotient Graph

Adapted from 
M. Grohe. word2vec, node2vec, graph2vec, x2vec: Towards a theory of vector embeddings of structured data. PODS 2020, Portland, OR, USA, June 
14-19, 2020, pages 1–16. ACM, 2020.



Applications

(1) Max-flow/Min-cut
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(2) Linear Optimization  (3) Betweenness Centrality

f( ) f( ) ≈



The Catch
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Theorem: Computing a maximal quasi-stable coloring is NP-
complete, and similarly for any ε-stable coloring.  
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Experiments
Datasets and Setup
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Experiments
Speed-Accuracy Tradeof
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Experiments
Runtime and compression 
ratios
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Experiments
Q-Stable Coloring vs. Prior 
Approximations
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Quasi-Stable Colors
Robust against perturbations



Aside: Julia for Academic Research
The Good 

- Excellent fit with academic work patterns: rapid development cycle when testing ideas


- Progressive improvement for performance-critical components


- Ecosystem tooling allows for easily distribution, replication of work


The Bad 

- Decision paralysis: ambiguity in library choice confusing for newcomers


- Limitations in tooling (CPU and memory profiling) make performance issues opaque


- Language conventions, software design patterns still developing (risk of anti-patterns) 
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Recap
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Got potential applications? Reach out! 

kayali@cs.washington.edu 
@moe_kayali

Reference implementation at 
https://github.com/mkyl/
QuasiStableColors.jl

Install the package:
moe@MacBook-Pro ~> julia 
(@v1.8) pkg> add QuasiStableColors

https://github.com/mkyl/QuasiStableColors.jl
https://github.com/mkyl/QuasiStableColors.jl
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Got potential applications? Reach out! 

kayali@cs.washington.edu 
@moe_kayali

Questions?

Reference implementation at 
https://github.com/mkyl/
QuasiStableColors.jl

Install the package:
moe@MacBook-Pro ~> julia 
(@v1.8) pkg> add QuasiStableColors

https://github.com/mkyl/QuasiStableColors.jl
https://github.com/mkyl/QuasiStableColors.jl
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Color refinement algorithm is not 
practical for q-coloring.


For stable coloring, all refinement 
orders are equivalent and arrive at the 
unique such color.


Not so for q-colors: choice of 
partitions to refine decides quality of 
coloring. Generally, many distinct 
colors for a fixed value of . q
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[3, 5]

[1, 5][4, 6]

Quotient Graph
[min, max] degree

[8, 8]
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4010

Quotient Graph
(weighted) degree range
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25 10
50

Quotient Graph
witness selection
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50
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witness selection
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20

5

10
[3, 4]

[1, 5]

Quotient Graph
iteration complete

[8, 8]

5
[4, 4]

[5, 6]
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aka 1-dimensional Weisfeiler-Leman
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Note: Distinct from proper vertex coloring, chromatic number, etc.

27

aka 1-dimensional Weisfeiler-Leman



Color Refinement

Note: Distinct from proper vertex coloring, chromatic number, etc.

27

aka 1-dimensional Weisfeiler-Leman

M. Grohe. word2vec, node2vec, graph2vec, x2vec: Towards a theory of vector embeddings of structured data. PODS 2020, Portland, OR, USA, June 
14-19, 2020, pages 1–16. ACM, 2020.
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Color Refinement

DEFINITION. (Stable Coloring) Call a coloring  stable if 

where  denotes the neighbors of vertex .

P = {P1, …, Pk}

N(v) v


