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Metric Clustering and MST with Strong and Weak 
Distance Oracles

Abstract

I will discuss recent results of k-clustering and MST in a new weak-strong oracle model.
In this model, for a fixed metric space (X, d), we can compute distances in two ways:
via a ‘strong’ oracle that returns exact distances d(x,y), and a ‘weak’ oracle that returns
distances ሚ𝑑(x,y) which may be arbitrarily corrupted with some probability. This model
captures the increasingly common trade-off between employing both an expensive
similarity model (e.g. a large-scale embedding model) and a less accurate but cheaper
model. Hence, the goal is to make as few queries to the strong oracle as possible. We
consider both ‘point queries’, where the strong oracle is queried on a set of points 𝑆 ⊂
𝑋 and returns d(x,y) for all 𝑥, 𝑦 ∈ 𝑠, and ‘edge queries’ where it is queried for
individual distances d(x,y).
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Our main contributions are optimal algorithms and lower bounds for clustering and
Minimum Spanning Tree (MST) in this model. For k-centers, k-median, and k-means,
we give constant factor approximation algorithms with only 𝑂 ෪𝑘 strong oracle point
queries, and prove that 𝛺 𝑘 queries are required for any bounded approximation. For
edge queries, our upper and lower bounds are both ෨𝛩 𝑘2 . Surprisingly, for the MST
problem, we give an 𝑂 log 𝑛 approximation algorithm using no strong oracle
queries at all, and we prove a matching 𝛺 log 𝑛 lower bound which holds even if
෨𝛺 𝑛 strong oracle point queries are allowed.

Based on a joint work with MohammadHossein Bateni, Prathamesh Dharangutte, and
Rajesh Jayaram on COLT 2024.
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