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LARGE SCALED DATA
CLUSTERING

Large scaled data

Parallel and distributed processes
Expectation Maximization
K-means

Hierarchical clustering models

Codes : annealed K-Means, Annealed EM

Numerical ssmulations



IMAGES AND SOUNDS

Facial images

* http://www.tace-rec.org/databases/

Hand-writing character images

MFCC teatures ot speeches
* https://sounds.bl.uk/



http://www.face-rec.org/databases/
https://sounds.bl.uk/

Natural images

* https://www.istockphoto.com/

* http://deeplearning.net/datasets/

Medical images

Art Images https://www.pexels.com/search/art/


https://www.istockphoto.com/
http://deeplearning.net/datasets/
https://www.pexels.com/search/art/
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WHY CLUSTERING

* (Generative models Gaussian mixtures

@ p(x| v, A4) Many local
@ IT1CArls

p(x | Va2, 4,)

\ x
=

plx|y,.4,)

p(x I )"M:’A.u:)

Fig. 1. The generative model.
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A block for 10x10 cortical points of a natural elastic net
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data _gen.m
f Clea all
1L.=5;

a1

linspace(-3,5,1.);
linspace(-3,5,1.);
linspace(-3,5,1.);

L)
a(2,:)
a(3,7)
X
 for 1=1:LL
| forj=1:L
for k=1:L
center=|a(l,1) a(2,)) a(3,k)]; |
Xi=randn(20,3)*0.15+ ones(20,1)*center; |
X=[XsXa];

end
} end
end

plot3(X(:,1),X(:,2),X(:,3),");



PARALLEL AND
DISTRIBUTED PROCESSES
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CRITERIA

High-dimensional data: sub-images
Large-scaled data: ten millions patterns

High Speed: parallel and distributed processes
Accuracy, High Quality



Exclusive Membership

e/f=[0909”°9091909'”9090]T
pos 12---k-1k,k+1,---,K

A vector of K binary values
Only one active bit among K bits

T'he kth bit 1s active and the remaining bits zeroes



STANDARD BASIS

K K
’...’ek ,...,eK}

O[1]EE={e, e, ey}

I
0

x[t]1s generated by the kth pdf



CLUSTERING

x|t] for all t

° 1mput

olt] for all t

* output

1

K
m=

ylm]}

* Representatives or local means

XX X X X

Xx XxX

XX X X%

X XX X X

XX % XX




Pr(S; = ellf) o exp(-p || X; - ¥, Hz)
?Pr(gi =ell<<)=1

Pr(S; = ellf) =7



PROBABILISTIC
MEMBERSHIPS

Pr(S; = GE) o exp(-p || X; -y, Hz)
ipr(gi =611<<)=1

Pr(S; = ellf) =7



Pr(S; = 611(() =Cexp(-p || X; -y, Hz)
CZ exp(-Ax; -y, I') =1
|

C =

K

Z exp(-p || X; -y, Hz)

=]

Pr(&, = ellf) b KeXP('ﬁ | X; -y, Hz)
Z exp(-p || X; - ¥, ||2)

=1



EXPECTATION

K 2
Pr(S; =e, ) xexp(-F | X; -y, ")
* Consider an exclusive membership as a random

vector

» Assumption of probability

* Expectation <§z> =7



<§l> - ;Pl’(gi =€ )e; = ; i exp(-B % -, IP)

(

EXPECTATION

K

exp(-B I x; -y, )

exp(-p || X; -y, ") e,

=1

exp(-B | x; -y, |I")

K

\Z exp(-B 1%, -y, |I*)

K

exp(-F || X; - ¥, ||2)

k

exp(-B || x; -y I")

Jan <

> expAlx -y )

=l

\

)



EXPECTATION EQUATION

y, = <§1k> i Pr(gi " elI{() . Kexp(_ﬂ H X; - ¥« Hz) (El)
Z exp(-B 1 x; -y, ")




EXPECTATION
MAXIMIZATION

ES,Y) = iigk(xi _Yk)T(Xi -Y;)

* Mathematical modeling

* The distance between x|[t| and its representative 1s
minimized.

One and only one active bitin [Sj1s -+ -5 S - - -5 Si]
Inner summation contains one non-zero term at most



E(S,Y) = ﬁgék(xz _yk)T(Xi -Y;)

EM minimizes E({(£), Y) directly with respect to
all Yy,




MAXIMIZATION
(MINIMIZATION)

B )= 3 D 505 -3 (x, -3




EM FORMULA

y, = <§k> Pr(g =e! ) b eXp(_/)) H X; - ¥« ”2) (El)
Z exp(-B 1 x; -y, [I")




VWHILE-LOOPING

Initialize Vik for all 1k

<@

|

Execute EM formula



K-MEANS

* Consider fixed local means
* Determine exclusive memberships for each data

e Minimize

E=) & || x—-w|’
k



ASSIGNMENT

Ei= ) & || xi—w|"
k

» is minimized by simply assigning one to ;i

x; 1s closest to yx



ASSIGNMENT

x; Is closest to Yy

* 1S equivalent to

|| X = Vi

= mim, || Xi — Vk H



ASSIGNMENT

* x; 15 sumply assigned to a cluster whose
representative 1s closest to Xx;



|| A = Vi

= miny || X; = Y |
* 1S equivalent to

k* = argmin, ” X — Vi ||



PARTITION AND UPDATING
K-MEANS

Sc =18 = el Sy =1}

 Partition the whole data set into K non-
overlapping subsets

* X; 1s partitioned to St if &= e



UPDATING K-MEANS

1
s, 2%

1ES,

» Recalculate the mean of elements in 9y



VWHILE-LOOPING

[nitialize & for all ik

{

>@

Assign &, for all i

Partion X to 9
Set Yk to the mean of 5y,



ANNEALED EXPECTATION
MAXIMIZATION

1.Set S to a sufficiently low value
A=0.01xI

| |
Y, = Nzx[t]a Vk[t] = E

2. E step :update v using (E1)
3.M step : update y using (M1)
update A using (M2)

1
4.1f — (" =0.98, halt
N2 2l

else f < 0.98 5, goto step 2



Set S to a sufficiently low value |
‘ 1 |

~— MYX[I|[,V|l]|=—
Yo = XM vl =

E step :Tlpdate vusing (E1) ] ;
‘M step : update y using (M1)
. p<—0.985




EM FORMULA

y, = <§k> PI’(& =e! ) b eXp(_/j H X; - ¥« Hz) (El)
Z exp(-B 1 % -y [IP)

=




DERIVATION FROM FREE
ENERGY



Pr(d[t]=e; ) = KeXp(ﬁuk[t D
¥ exp(Bu, 1

J=

K

Expectation of 8[¢] = Z e, Pr(d[t]=e;)

Entropy of 8[¢] Z Pr(d[¢] = eX ) InPr(d[¢] = e} )



Pr(d[r] = &) = —SPLD a5 1)
}jexp(/a’u,-[t])

j=1

H, = Entropy of o[¢ Z Pr(8[t]=e, ) InPr(d[t] =€, )

K

Z v [t1(Bu, (1] 1n2exp(/a’u D)
=-p vk[r]uk[mka[znn;exp(ﬁu,{r])



FREE ENERGY

* A combination of Mean Energy and Negative
Entropy



F =(E(9))- %H(ﬁ)

~ B{(al1 b—EH@

Derived based on
Kullback - Leiberg(KL) divergence



MEAN FIELD EQUATIONS

ok ok

=0, =0,Vk,t
v, |1] du, |t}
ult]=- OEWY) ;
v, |¢]
Vk [t] - eXp(/))uk [t])

Y exp(Bu,[1])

J



FREE ENERGY

L(ﬁa yaA) = ZLk
=lz 5, [t1(x[t]-y,) A(x[t]-y )—Elog\A\
222 " o2

F(v,u,y,A)

=E(v.y A)+ 3 Y wilrdli]

—%Elnzexp(ﬁu 1)

J



ok ok

=0, =0,Vk, 1t
v, |?] du, |t}

OF _dL(y|v.A)
dy, dy,

=0, (Ml)



