
Ii Apr 2022 Random Projections for
Dimensionality Reduction

Announcements

1. Website updated with
- lecture videos from the week

before Spr BK .

- typeset notes from that week

2. Homework 5 updated with solution

strategy for Pnibndem (2) .

[Reminder : due Apr. 15)
-

Dimensionality reduction

- Data set represented by n vectors in Rd .

Assume n
, d both large , e.g .

109
.

Assume HX-yllz is a meaningful measure

of similarity of data points Ky .

Eg ,
Rd in this example might be the

output layer of a neural net that
takes raw data and maps to

a representation where Lz dist
.

is a meaningful similarity measure
.



Tasks . Try to find a set of points

XP
,
✗{ , . .

-

, In C- IRK

where Ken
,

such that

fig G-e) llxitjlh £ 11×4-4-11, ⇐ (He)lKi-gtz

Play. Use
a random linear transformation Rd→#

represented by a matrix R with

independent
,
Gaussian entries having

distribution NCO
,
's )

.

suffices
,

but we'll just keep cawing

÷÷•.
" """"a-

dimension K Gr now.



tanager R random matrix k*d

with entries Rijn NCO,# )

y = Xi
-

g- c- Kd

want to know if 11kg112 is likely
close to llyllz ?

ftp.1-l Let Y = 11 Ry III. What is EY?

a- f- =] rs=(¥¥Y"

i.
i.

-

E- <zip

Y=KRyÉ - É
,
Sri ,gF=§ÉX? Kiki ,yD .

✗
i
,

. . -Hk independent, identically distñb .

Xin Mo, ¥141K) .
E-Kif ¥1415
☒ ftp.EC-fx?f--k.k-dyki--llylE .



Lemma 4.4 ( Notes on Probability) tells us

O<e< 1

Pr(You_e5Eyj< e- ¥5

Pr(Y> Axe)¥y)< e-¥?

We want ✗ Rlxi -g)Hz to be close to llxi-xjlhe
for (2) distinct pairs ij .
The analysis above with ✗=D Rcxi-g)HE
says that the approximation for

one# pair ij can fail with

probability 5 2e- Ike?

Unionfound : Probability there is any pair
iy with HRH: -g-Nz lying outside

intend
⇒ Ki -g- 11

, , (1+411*-4-4)
is less than

2(2) e-
Éké

Now make this less than 8
. - -



Want

2 (2) e-
{ " Es s

e-
{KE

< n¥)

etzke > nc¥
IKE > ln(n¥ )

K > 2lni¥ )/e-

This inequality will hold when K > 4lhl.FI/e?

To see that lulu)/ EZ dimensions are

really needed
, suppose X

, , . - u ,Xn are

the standard basis vectors in IR?

Go d=n)


