
Empirical Results

Scalable Fair Clustering
Arturs Backurs (TTIC), Piotr Indyk (MIT), Krzysztof Onak (IBM), 
Baruch Schieber (NJIT), Ali Vakilian (MIT), Tal Wagner (MIT)

Motivation and Problem Definition
Fair Clustering
 Disparate Impact (DI) Notion: population balance in each cluster

 Clustering has application in feature engineering 

Fair 𝒌𝒌-median
• Collection of 𝑛𝑛 points 𝑃𝑃 in ℝ𝑑𝑑

• Each point is colored either red or blue

• Each cluster S has to be (𝒓𝒓,𝒃𝒃)-balanced: 𝑏𝑏
𝑟𝑟
≤ # 𝐫𝐫𝐫𝐫𝐫𝐫 points in 𝑆𝑆

# 𝐛𝐛𝐛𝐛𝐛𝐛𝐫𝐫 points in 𝑆𝑆
≤ 𝑟𝑟

𝑏𝑏

(𝒓𝒓,𝒃𝒃)-Fair 𝒌𝒌-median: Find 𝒌𝒌 centers that partition 𝑃𝑃 into (𝒓𝒓,𝒃𝒃)-balanced 
clusters s.t. average distance of points to their centers is minimized.

I. Without balance requirement

II. With balance requirement

Fair clustering introduced by (Chierichetti et al, NeurIPS’17)

Our Fairlet Decomposition Algorithm
Step 1: Embedding into Hierarchically well-Separated Tree Metric (HST-metric) 

Our Contribution
Limitations of the existing algorithm: 

1) Fairlet decomposition step runs in super-quadratic time (max-flow based approach)

2) Fairlet decomposition step only works for (𝒕𝒕,𝟏𝟏)-balance requirement

Our result. Near linear time (𝑟𝑟, 𝑏𝑏)-fairlet decomposition 
for all values of (𝑟𝑟, 𝑏𝑏)

Suppose aspect ratio is poly(𝑛𝑛),
Approximation factor: 𝑂𝑂𝑟𝑟+𝑏𝑏(𝑑𝑑 ⋅ log 𝑛𝑛)
Running time: 𝑂𝑂(𝑑𝑑 ⋅ 𝑛𝑛 ⋅ log 𝑛𝑛)

Fairlet and Fairlet Decomposition (Chierichetti et al, NeurIPS’17)

(𝒓𝒓,𝒃𝒃)-fairlet: a minimal size set of points that satisfies the (𝑟𝑟, 𝑏𝑏)-balance requirement 

(𝒓𝒓,𝒃𝒃)-fairlet Decomposition: partitioning of the points into (𝑟𝑟, 𝑏𝑏)-fairlets

(1,1)-fairlet decomposition

Outline of Algorithm (Chierichetti et al, NeurIPS’17)
I. Compute an approximately optimal (𝑟𝑟, 𝑏𝑏)-fairlet decomposition  𝜶𝜶-approx

II. Cluster the centers of fairlets into 𝑘𝑘 groups 𝜷𝜷-approx

Theorem. The proposed two-step algorithm returns 𝑂𝑂(𝛼𝛼 + 𝛽𝛽)-approximation 
for (𝑟𝑟, 𝑏𝑏)-fair 𝑘𝑘-median and 𝑘𝑘-center problems.  

 4-approximation for (1, 𝑡𝑡)-fair 𝑘𝑘-center problem

 (𝑡𝑡 + 𝑂𝑂(1))-approximation for (1, 𝑡𝑡)-fair 𝑘𝑘-median problem

Step 1. HST-embedding

Step 2. Greedy Fairlet Construction

Randomly Shifted Grids for 𝜸𝜸-HST
 Constructed in 𝑂𝑂 𝛾𝛾 ⋅ 𝑑𝑑 ⋅ 𝑛𝑛 ⋅ log 𝑛𝑛

 Expected distortion: 𝑂𝑂 𝛾𝛾 ⋅ 𝑑𝑑 ⋅ log𝑛𝑛

Step 2: Top-down Traversal and Greedy Fairlet Construction

 Runtime 𝑂𝑂 𝑛𝑛

 Expected fairlet decomposition cost : 𝑂𝑂 𝛾𝛾 ⋅ 𝑑𝑑 ⋅ log𝑛𝑛 × optimal cost

All datasets are from UCI Machine Learning Repository 
(Dheeru & Karra Taniskidou, 2017) archive.ics.uci.edu/ml
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