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« Datain od, 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

Most of today’s content will be on whiteboard.

2

CISC8945: Advanced Representation Learning



Data in o-d

e Apoint
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Data in 1-d

e All data in 1-d form a line
o X
e Example 1D data
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Data in 2-d

e All data in 2-d form a plane

° (xy)
e Example 2D data
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Data in 3-d

e All data in 3-d form a volume

* (xy,2)
e Example 3D data
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Data in 4-d

e All datain 4-d form a §
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Data in N-d

e Alldatain N-d formaf

8

CISC8945: Advanced Representation Learning



Data as vectors

Euclidean space

Definition 1 (Euclidean Space) A Euclidean space is a
finite-dimensional vector space over the reals R, with an inner
product (-, -).

Non-Euclidean space
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What happens in high dimensional space?

Our intuition from two or three dimensional space can be very wrong in the high dimensions.

e Distances and similarity
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What happens in high dimensional space?

e Curse of dimensionality
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What happens in high dimensional space?

e High dimensional Gaussians

Univariate Multivariate

Gaussians Gaussian
e~ 1TV LG

\/ @n)?| £

< cov(x, y)

2
cov(y X) oy

2 (zi —2)(y — 9)
N-1

COVgy =
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What happens in high dimensional space?

e Storage and retrieval

. .’ ..:
X .
o Clustering ¥
y » » X o .. . . %
(a) (b) (c)
o Nearest neighbor
>~ ... o-: >
o g » o

o Vector database (NEW)

(d) (e) (f)
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What happens in high dimensional space?

e Storage and retrieval

o  Clustering

o Nearest neighbor

*A

we

o Vector database (NEW) .

F E (66, 85) F (85, 90)

(a) (o) 14
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What happens in high dimensional space?

e Storage and retrieval

o  Clustering

o Nearest neighbor

o Vector database (NEW)
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Learn: Vector Database

# decube
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Representing (high dimension) data in computers

e Integers and float points Reference

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

|- Int8 > |
1 1111160 0 =-4
Sign ’ Value »
bit bits
Single precision (32-bit) form: (Bias = 127)
(1)sign (8) exponent (23) fraction

Double precision (64-bit) form: (Bias = 1023)
(1)sign  (11) exponent (52) fraction

How single precision format works: link 16
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https://www3.ntu.edu.sg/home/ehchua/programming/java/datarepresentation.html
https://mathcenter.oxford.emory.edu/site/cs170/ieee754/

Essential math concepts

e Vector and matrix

https://www.albany.edu/~bd445/Economics 802 Financial Economics Slide
s Fall 2013/Euclidean Space.pdf

Good book: https://www2.imm.dtu.dk/pubdb/pubs/3274-full.html
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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

1to1 Many to 1
] | —
— |
e Function
Input Function Output Non—Function

Many to many

: f(x) : 1to many

N | <
~ =

(a) One way of showing what a function does.

Domain Range

J(x)

RN

Not a Function

(b) A second way of showing what a function does. 18
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Essential math concepts

e Probability and Density

09 Normal Distributions ]_ 1 ( T=H )2
08 1w=0, 0=04 f(m) — —e 2 g
pn=0, c0=1.0

0.7 — »=0, 0=22 oV 27

p=-2, 0=0.7
0.6
0.5
0.4
0.3
0.2

0.1///\

0.0
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Essential math concepts

———  Gaussian Mixture Model
05 ====Actual Data
—— u=10.58, 0=0.35, w=0.53
04 pu=9.65, 0=0.36, w=0.27
5 p=11.82, 0=0.31, w=0.08
g 03 u=8.61, 0=0.52, w=0.11
&
0.2
0.1
ok 6 x 8 10 12 14
log(Weights)
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Essential math concepts
e Optimization

J(w) Initial

/ Gradient
weight —

]
[
]
U
1
/]

, 1
1
1

1
/]
4 / Global cost minimum
_f// Jmin(W)

5
>

w

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

