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Internal Evaluation of Clustering
- Great if ground truth is not known.
- Usually, a centroid-based clustering model is assumed.
- Arbitrary shapes and noise points are common, though.
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Quite some CVIs handle “arbitrary shapes”
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E.g.: DBCV, DCSI, LCCV, VIASCKDE, CVDD, CDbw, CVNN
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…but so far, only DBCV [1] is defined for clusterings with noise labels 

1 Davoud Moulavi, Pablo A Jaskowiak, Ricardo J. G. B. Campello, Arthur Zimek, and Jörg Sander. Density-based clustering validation. In SIAM International Conference on Data 
Mining SDM, pp. 839847, 2014.
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optimal

DBCV: -0.05

very bad

DBCV:0.17

suboptimal

DBCV: 0.63

optimal

DBCV: 0.46

However, DBCV only uses the number of noise labels instead of 
evaluating their quality 



Major problem: DBCV is not deterministic.
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Why? 

Internally, a MST is built (on top of the mutual reachability distance known from DBSCAN). The 
leaf nodes of this MST are removed for more robustness. But the MST is not unique.

(a) 173 clusters + noise (b) 2 clusters (c) 3 clusters + noise GT: 8 clusters + noise



Thus, we developed 
DISCO

the first Density-based Internal Score for Clusterings with nOise
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DISCO is a pointwise score based on density-connectivity, Silhouette 
Coefficient, and Noise Evaluation



DISCO evaluates arbitrarily shaped clusters using the dc-distance [2]

The density-connectivity distance 2] is based on the mutual reachability distance dm:
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The min-max path on the graph given by dm indicates the density-connectivity:

[2] Anna Beer, Andrew Draganov, Ellen Hohma, Philipp Jahn, Christian MM Frey, and Ira Assent. "Connecting the Dots--Density-Connectivity Distance unifies DBSCAN, k-Center and Spectral Clustering." In Proceedings of the 
29th ACM SIGKDD Conference on Knowledge Discovery and Data Mining, pp. 80-92. 2023.  



…and inserts it into the Silhouette Coefficient

where
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DISCO evaluates noise labels 

- based on the concepts from density-based clustering: 
Noise points are in sparse areas and not density-connected to any cluster
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sparse compared to 
the sparsest cluster



DISCO evaluates noise labels 

12



DISCO is defined on any clustering!

Clusterings with only one cluster, singleton clusters, only noise labels, or duplicate 
points lead to problems for other CVIs
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DISCO!
–evaluates your density-based clustering with noise labels meaningfully–
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