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What are dimensions?

o Forthe purpose of this workshop
o Number of inclel:)enclent attributes

(coordinates)

+» What does that have to do with 2-dim Planes

and 3-dim sPaces’?

* Inthe l:)laneJ we need two coordinates to

specify a location
pesl

* Ina3-dim space we need three coordinates




E‘xample: 2-dim Maze Game

7S Objec‘cive

» Get from
bottom left to
top right

o Maximum number
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Accel:)table Moves

* Move one or two

stel:)s x

* You may go around

Pl
[ —
corners |

+ No cliagonals

* f:ancg name:

° Manhattan

distance




Solution to 2-dim Maze
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lnterpretation

+ What could those numbers be?

2 Geograp hic location

TS Age and neight of a person
+ Components of color (next)

+ Do not have to be what most People

think when you say “dimension’




Colors

+ All colors can

]t)e createcl bﬂ
mixing 5
_comPonents

+ Here colored

|ights are

d d A CA ht’c'p://www.gas.]ﬁarvard‘edu/”scidemos/Lig;htOPtics/
ColorMixing;/ColorMixing;Oé.Jng;

O, ety s R,




Color lnterpretation

» Two basic colors

* x-coordinate is red

28 3~coorclinate Is green
* Maze cha”enge

* How CIO 90U ﬁﬂCl a SCC]UCHCC Olc COIOT’S Wlth

acljacent colors ]:)eing “not too different”?

* Mathematica”g both Problems equivalent




ing Colors
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Shortest Path for 2-dim Colors

X y




3_dim Example

Goal‘ 5
* Numbers
‘2
rel:)resent
7’ 7’ 1
additional 4
_dimension (S '
1
* Now? 4
steps are ° of
Start

BHOWCCJ




Acceptable Moves in 3-dim

+ As before
« Distance has to be
1 3
smaller or ec]ual
B0 ¢

than maximum (3)

+ New '
1

o Ditference in §r<:l
dimension counts

as one step




Solution to 3_dim Maze
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6,

~d Maze using Color
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Shortest Path for Colors
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How about 4 Dimensions?

o The two
numbers are

in&ependent

+ Now we allow

<k steps

54
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Acceptable Moves in 4-dim

+ Now both additional e

dimensions are 9 9

added to the i

distance | 12

1,2

o Maximum distance is '
NOW <4 stel:)s | 1,2
-




Solution to 4-dim Maze

» Note how x
and y
become
_increasinglg
unimportant

for the
overall Path
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Can we do 4-dim Colors?

. UnFor’cunatelg human eyes on|9 have three

different receptors
* Recl, ieen, and Blue

* Sowe can onlg represent 5, inclepenclent Pieces

of information

* Ang idea how we could visualize 4 dimensions?
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Combining Color and Position
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» Note how the
color helps
you find the
Path
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Color and Position

* We have seen that X, Y, recl, and green can be

used to visualize a 4-dim Problem

* How many dimensions would you get bg

combiningx and y with complete color

information?

* How about complete sl:)acial ancj color

information?




How Common are Problems in Four

and More Dimensions?

> | commonlg work with 10-10,000 dimensions

TS Ang information that is known about a person

or a thing could be another dimension

+ Some of them are ges/ no types of

information
+ Similarideas and techniques

* How many things are known about 9ou?







Some Easg Things

* Doingclis‘cance calculations
* Notjust Manhattan distance

+ Standard Euclidean distance can also

easi|9 be generalizecl to higher dimensions
) Calculating averages, etc.

28 Man9 mathematical algorithms don’t depenc‘

much on dimensionalitg




So 1s e\/erytlﬂing easy’?

+ Visualization is difficult

+ We saw that angthing with more than 2 or &

dimensions becomes ditficult to visualize
® Some Problems that one may not think of

* |n high dimensions there are few Points very

close and few Points very far

& Most are somewhere in-between




Example Application

> Understancliﬂg data
* Grouping objec‘cs
» Preclic:ting some’ching about objects
» Finding patterns in data

o Also called: Data mining




Other APPIications’?

* Phgsical sciences / Engineering

XS \/elocitg components may be considered as

dimensions

& CF every Posi’cion and velocity of every

Particle N a sgstem may be a dimension!

s Does not end there

2 Phgsicists sometimes even consider

inﬁnitelg many dimensions!




Summarg

7S Working with many dimensions is not so

different from Working with two or three

+ There are some exciting additional

ChB”Cﬂg@S

+ You showed that you can do it!




