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3.1. Linear Discriminant Analysis (LDA)

« Problem: Given a set of data points with class labels, find the best set of
basis vectors for projecting the data points such that classification is
Improved.

* |dea: Form the projection (maximizing the variability across the different
classes, while minimizing the variability within each class)



Which one is the best projection?
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LDA: Maximize Difference of Means

« Considering the simple problem of projecting onto one dimension
» The two classes should be well separated in this single dimension

« A simple idea is to maximize the difference of the means in the projected
space

« What is a problem with this solution?
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LDA: A Better Idea

 Fisher's idea: Fisher's linear discriminant
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3.2. Projection with Basis Vectors

« Point A = (aq,a,)’

« Basis Vector w = (wy,w,)T
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3.3. LDA Formulation
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Within-Class Scatter (denominator)
5% = Ei:wTrf.— rﬁl)grf — EimTf — mel.)grf = .E{wT{f— ml j)grf (336)
=Y w g - m N —m ) wr’ = v Sw
Sy =Y —m)e-m)H . . (337
¥

sitw=wSw o (3§

Swp=5+85 ~ (339

Jw=—2%  (3310)



Fz: WE L] Pl

:‘:'] HL} il E1 -gkf-“*ﬂu 51,,AJ

| gP’]-

.=
A2k ME w= (ww,,...,w,) 7ol it v & j] =3 faz},g]. S
. t}{lbllbz----. ]'—G‘{ ]' S
= —:—‘Hﬁb} 7[‘1 H, & gol WH wol i3 P&
.  EgN
w1
29 _|
dw .
g
. . . Vdwg )
olt}. mgh 23} v] &L
. S o :32;}: | gg
| awi T dwdwy
| g a%g
al{;d@lbl ﬁwi -,-' '

(33.17) |

(318) |




@]HQLMﬂQGQdefgﬂ

Wl

QR{W)E

2 Fo] R]U1 g2l woll 3t Jacobian FH -2

(891 99,
5&:1 " Swl.
g |
dw | .
L 0w g . dwy /) -
o]t} ek
af(wlglw) . aflw) , ., . dglw)
T ew L ow WA,
of w)/g(w) _[of(w) .~ .. . 3g(w)],
dw. . | Aw ‘q.r{w_) .f{’_”}' . ‘q_{
af (glw)) .., , .\ d0glw)
w1 )

w)

6319) |

(3:320) |

(3.321) |
6322

(G323 |

ol




P A= (a;)7} dxd FEPEo|1L, o3 I

g(w) =w"Aw= E Zw

t=1j=

o dfste] L& Fsjoiat



Maximizing
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More than 2 Classes (K > 2)
* Projection from d-dim space to (c-1)-dim space:

. y};:w;x, r=1,...,e—1
e v=WTx (W =dx(c-1) matrix, w; is the i-th column vector)

Within-class scatter matrix for C;
S; = Yerf(xt —my) (xt —my)T where rf =1 if xt € C; 0 otherwise

The total within-class scatter
Sw = {<=1Si

The between-scatter matrix

Sg = Xie1 N; (m; — m)(m; —m)" where N;= ¥, rf

Find the matrix W that maximize

Solution: the largest eigenvectors of S;,1Sg



