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High-dimensional data visualization by SpaceMAP



What’s SpaceMAP? 

▪ SpaceMAP is a visualization / dimensionality reduction 
(DR) method that can see data of arbitrarily high 
dimension on a 2D map.

▪ It is based on understanding the capacity of SPACE.

▪ MAP refers to “manifold approximation and projection”.



Why is Visualization Interesting for ML? 

▪ ML works based on the fundamental assumption that data 
lies on a low-dimensional manifold – otherwise “curse of 
dimensionality” holds

▪ Seeing is believing – as human we only can “see” well in 2 
or 3 dimension, hence data visualization is super 
interesting for ML’ers!



What’s New in SpaceMAP? 

▪ The discrepancy between high-D and low-D spaces is 
analytically studied, leading to transformation of similarity 
in a principled and explainable way.

▪ In contrast, previous methods such as t-SNE and UMAP 
transformed similarity implicitly.



The Essence of Dimensionality Reduction 

▪ Matching two graphs

Data points in high-D Data points in low-D
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The Crowding Problem of Dimensionality Reduction

 high-dimensional geometry: “concentration on a crust”

 General difficulty in DR: the “crowding problem”
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Distance defined the same way in two spaces lead to problems!



SpaceMAP: the Theoretic Framework 

▪ Space Capacity 𝓥𝑫(𝑹𝒊𝒋)

▪ A Hausdorff measure - volume of a D-dim ball

▪ Equivalent Extended Distance (EED) ෨ℛ𝑖𝑗,𝐷→𝑑

▪ Transform the distance in low-D space such that capacity 
matches to low-D space: 𝒱𝑑( ෨ℛ𝑖𝑗,𝐷→𝑑) = 𝒱𝐷(𝑅𝑖𝑗)
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SpaceMAP: the Theoretic Framework 

▪ Intrinsic Dimension (ID)

▪ Inherent degrees of freedom of data

▪ EED provably transforms ID

▪ By applying EED 𝒱𝑑( ෨ℛ𝑖𝑗,𝐷→𝑑) = 𝒱𝐷(𝑅𝑖𝑗), the ID of data is 
transformed to be visualizable with mitigated “crowding problem”
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① Calculate 

local/global 

ID

② Use ID to obtain 

EED among the data 

points

③ Shape the similarity 

functions (P/Q) to achieve 

EED using local/global ID 

Equivalent Extended Distance (EED)
෩𝓡𝑫→𝒅 𝑠. 𝑡. 𝒱𝐷 𝑅𝑖𝑗 = 𝒱𝑑(ℛ𝐷→𝑑)

Space Capacity

𝓥𝑫(𝑹𝒊𝒋) Volume of a D-dim ball

Estimation of ID

መ𝐝𝐤 k: number of neighbors

Local/Global ID

𝒅𝒍𝒐𝒄𝒂𝒍 𝒙𝒊; 𝒌 = መ𝑑𝑘
𝒅𝒈𝒍𝒐𝒃𝒂𝒍 Harmonic mean of 𝑑𝑙𝑜𝑐𝑎𝑙

 Definitions in SpaceMAP:

 Algorithm:

SpaceMAP: the Method 



SpaceMAP: the Method 



SpaceMAP: Illustrating Data-specific ID
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Local intrinsic dimensions of the data points in MNIST



SpaceMAP Results
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t-SNE result

UMAP result

SpaceMAP Results



SpaceMAP Results: the Word Map
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SpaceMAP Results: the Word Map – World Map

South 

America
Southeast 

Asia

Middle 

East/West 

Asia

Africa Europe

SpaceMAP

G
o
o
g
le

 N
e
w

s
 

w
o
rd

2
v
e
c
 3

M
 d

a
ta

s
e
t



SpaceMAP Results

Divisibility by prime numbers:

• A binary vector showing the 

divisibility of positive integer 

from 1 to 1,000,000 by prime 

number 2, 3, 5,…, 999983

• 78498-dimensional binary 

vector

• Visualized in 2D SpaceMAP

UMAP McInnes et al. 2018



SpaceMAP Results
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• Space Capacity

• Intrinsic Dimension (ID)

• Equivalent Extended Distance (EED)

• Data-specific Manifold
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