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Outline

• Data in 0d, 1d, 2d, 3d, and Nd
• Data as vectors and its space
• What happens in high dimensional space?

• Distance and similarity
• Curse of dimensionality
• Storage and retrieval

• Data representation in computers
• Essential math concepts
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Most of today’s content will be on whiteboard.
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Data in 0-d

● A point
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Data in 1-d

● All data in 1-d form a line
● x
● Example 1D data
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Data in 2-d

● All data in 2-d form a plane
● (x,y)
● Example 2D data
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Data in 3-d

● All data in 3-d form a volume
● (x,y,z)
● Example 3D data
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Data in 4-d

● All data in 4-d form a ?
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Data in N-d

● All data in N-d form a ?
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Data as vectors

Euclidean space

Non-Euclidean space
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What happens in high dimensional space?

● Distances and similarity
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Our intuition from two or three dimensional space can be very wrong in the high dimensions.
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What happens in high dimensional space?

● Curse of dimensionality
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What happens in high dimensional space?

● High dimensional Gaussians
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What happens in high dimensional space?

● Storage and retrieval

○ Clustering

○ Nearest neighbor

○ Vector database (NEW)
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What happens in high dimensional space?

● Storage and retrieval

○ Clustering

○ Nearest neighbor

○ Vector database (NEW)
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Representing (high dimension) data in computers

● Integers and float points

With LLMs, people try to fit large models to resource-limited devices. So they 
reduce the precision of the representations.
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Reference

How single precision format works: link

https://www3.ntu.edu.sg/home/ehchua/programming/java/datarepresentation.html
https://mathcenter.oxford.emory.edu/site/cs170/ieee754/
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Essential math concepts

● Vector and matrix

https://www.albany.edu/~bd445/Economics_802_Financial_Economics_Slide
s_Fall_2013/Euclidean_Space.pdf
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Good book: https://www2.imm.dtu.dk/pubdb/pubs/3274-full.html

https://www.albany.edu/~bd445/Economics_802_Financial_Economics_Slides_Fall_2013/Euclidean_Space.pdf
https://www.albany.edu/~bd445/Economics_802_Financial_Economics_Slides_Fall_2013/Euclidean_Space.pdf
https://www2.imm.dtu.dk/pubdb/pubs/3274-full.html
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Essential math concepts

● Function
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Essential math concepts

● Probability and Density
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Essential math concepts

● Probability and Density
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Essential math concepts

● Optimization
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Overall recommended reading: https://www.deeplearningbook.org/contents/part_basics.html

https://www.deeplearningbook.org/contents/part_basics.html

