
GeoCluster



GeoCluster is a generative model that aims to partition 
the data space, while approximately preserving the 
original metric space. Applications may include:

• VLSI: maximum empty cube 

• Robotics: path planning

Introduction
𝑆



GeoCluster Architecture

GeoCluster consists of 
two models:

• Clustering 
aims to partition the 
data space

• Critic
aims to preserve the 
isometric properties of 
the original space



GeoCluster: Clustering



GeoCluster: Hierarchical Clustering



GeoCluster: Uncertainty Area Sampler



GeoCluster: Critic



Results: Accuracy & Efficiency



Results: Accuracy & Efficiency
Continuous Soft-Accuracy, “is our NN  a good 
candidate, in terms of distance”, measured 
for differently distributed 2D rectangles:

• Structure complexity does not decrease 
accuracy

• Complexity related decrease, converges 
@ ball = 2

• Data density seem to play a role



Results: Accuracy & Efficiency
Experimental average complexity is 
measured for 𝑁 queries and m data:

• 𝑁𝜏1 → 𝑂 𝑁𝑙𝑜𝑔𝑘𝑚

• 𝜏𝑁 ≪ 𝑁𝜏1 → 𝑂
𝑁

𝑝
log𝑘 𝑚 , 𝑝 = 100

𝑝 is due to parallelization

• 𝜏𝑁,1 ≈ 𝜏𝑁,𝑘  ∀𝑘 ∈ 2,3,4,5,10,50,100



Results: Robustness
We measure the effectiveness of our model in 
approximating the nearest neighbor in out of 
distribution and out of manifold queries.

• Accuracy, drops, but converges as we 
move away

• Data structure seem to play a role in 
converged accuracy



✓ Clustering to partition space S 

✓ Critic to preserve nearest neighbor information

✓ Hierarchical structure used for parsing

✓ Works for different data, metrics, and in 2,3 dimensions

✓ Fast due to neural network inherent parallelization abilities

Conclusions



Thank you
𝑀𝑖𝑛𝑎𝑠 𝐷𝑖𝑜𝑙𝑒𝑡𝑖𝑠1,7, 𝐼𝑜𝑎𝑛𝑛𝑖𝑠 𝑍. 𝐸𝑚𝑖𝑟𝑖𝑠2,4, 𝐺𝑒𝑜𝑟𝑔𝑒 𝐼𝑜𝑎𝑛𝑛𝑎𝑘𝑖𝑠1, 𝐸𝑣𝑎𝑛𝑡ℎ𝑖𝑎 𝑃𝑎𝑝𝑎𝑑𝑜𝑝𝑜𝑢𝑙𝑜𝑢5, 

𝑇ℎ𝑜𝑚𝑎𝑠 𝑃𝑎𝑝𝑝𝑎𝑠1, 𝑃𝑎𝑛𝑎𝑔𝑖𝑜𝑡𝑖𝑠 𝑅𝑒𝑝𝑜𝑢𝑠𝑘𝑜𝑠1, 𝑃𝑎𝑛𝑎𝑔𝑖𝑜𝑡𝑖𝑠 𝑅𝑖𝑔𝑎𝑠1,2,3,†  𝑎𝑛𝑑 𝐶ℎ𝑎𝑟𝑎𝑙𝑎𝑚𝑝𝑜𝑠 𝑇𝑧𝑎𝑚𝑜𝑠1,6

1. 𝐼𝑛𝑠𝑡𝑖𝑡𝑢𝑡𝑒 𝑓𝑜𝑟 𝐿𝑎𝑛𝑔𝑢𝑎𝑔𝑒 𝑎𝑛𝑑 𝑆𝑝𝑒𝑒𝑐ℎ 𝑃𝑟𝑜𝑐𝑒𝑠𝑠𝑖𝑛𝑔, 𝐴𝑡ℎ𝑒𝑛𝑎 𝑅𝑒𝑠𝑒𝑎𝑟𝑐ℎ 𝐶𝑒𝑛𝑡𝑒𝑟, 𝐺𝑟𝑒𝑒𝑐𝑒

2. 𝐴𝑟𝑐ℎ𝑖𝑚𝑒𝑑𝑒𝑠 𝑈𝑛𝑖𝑡, 𝐴𝑡ℎ𝑒𝑛𝑎 𝑅𝑒𝑠𝑒𝑎𝑟𝑐ℎ 𝐶𝑒𝑛𝑡𝑒𝑟, 𝐺𝑟𝑒𝑒𝑐𝑒

3. 𝐴𝑡ℎ𝑒𝑛𝑎 𝑅𝑒𝑠𝑒𝑎𝑟𝑐ℎ 𝐶𝑒𝑛𝑡𝑒𝑟, 𝐺𝑟𝑒𝑒𝑐𝑒

4. 𝐷𝑒𝑝𝑎𝑟𝑡𝑚𝑒𝑛𝑡 𝑜𝑓 𝐼𝑛𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑐𝑠 & 𝑇𝑒𝑙𝑒𝑐𝑜𝑚𝑚𝑢𝑛𝑖𝑐𝑎𝑡𝑖𝑜𝑛, 𝑁𝑎𝑡𝑖𝑜𝑛𝑎𝑙 & 𝐾𝑎𝑝𝑜𝑑𝑖𝑠𝑡𝑟𝑖𝑎𝑛 𝑈𝑛𝑖𝑣𝑒𝑟𝑠𝑖𝑡𝑦 𝑜𝑓 𝐴𝑡ℎ𝑒𝑛𝑠, 𝐺𝑟𝑒𝑒𝑐𝑒

5. 𝐹𝑎𝑐𝑢𝑙𝑡𝑦 𝑜𝑓 𝐼𝑛𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑐𝑠, 𝑈𝑛𝑖𝑣𝑒𝑟𝑠𝑖𝑡à 𝑑𝑒𝑙𝑙𝑎 𝑆𝑣𝑖𝑧𝑧𝑒𝑟𝑎 𝑖𝑡𝑎𝑙𝑖𝑎𝑛𝑎, 𝑆𝑤𝑖𝑡𝑧𝑒𝑟𝑙𝑎𝑛𝑑

6. 𝐹𝑎𝑐𝑢𝑙𝑡𝑦 𝑜𝑓 𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑎𝑙 𝐸𝑛𝑔𝑖𝑛𝑒𝑒𝑟𝑖𝑛𝑔, 𝐶𝑧𝑒𝑐ℎ 𝑇𝑒𝑐ℎ𝑛𝑖𝑐𝑎𝑙 𝑈𝑛𝑖𝑣𝑒𝑟𝑠𝑖𝑡𝑦 𝑖𝑛 𝑃𝑟𝑎𝑔𝑢𝑒, 𝐶𝑧𝑒𝑐ℎ 𝑅𝑒𝑝𝑢𝑏𝑙𝑖𝑐 

7. 𝑆𝑐ℎ𝑜𝑜𝑙 𝑜𝑓 𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑎𝑙 𝑎𝑛𝑑 𝐶𝑜𝑚𝑝𝑢𝑡𝑒𝑟 𝐸𝑛𝑔𝑖𝑛𝑒𝑒𝑟𝑖𝑛𝑔, 𝑁𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑇𝑒𝑐ℎ𝑛𝑖𝑐𝑎𝑙 𝑈𝑛𝑖𝑣𝑒𝑟𝑠𝑖𝑡𝑦 𝑜𝑓 𝐴𝑡ℎ𝑒𝑛𝑠, 𝐺𝑟𝑒𝑒𝑐𝑒

 †. 𝑃𝑟𝑒𝑠𝑒𝑛𝑡𝑒𝑟
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