— K-nepns cusTERING

I Toe  ProbLem

2. |LLUSTRATION oN A -D EXAMPLE
vV 3. THE (-D ALGORTHM
vV . DSToRTIon AND (TS MiNMIZATION R ©-MeanS
v . THE -MEANS ALGoRITHM FoR IHEBER -> DATA
v 6. “FAILURE" oF (-MeANS
v ¥ ExAMPLES AND  APPLICATIONS

I PRORLEM
% — DATA MATRIX A

— GWEN k : DESIRED # OF ccugTELS
— GoOoAL 1 E(ND REST W CLUSTERS

—APPUCATIONS
— Ej‘ G‘u]}g)f MoVIE VAANILNG TYWTA

— VERY DIFFIculT:  NP—HARD.

— k-MEANS CLuSTERING
— GooD  rouTlonS Quickly . USUALLY
— RUT N) GSUARPNTEE



2. (-D gxameLe

K—*—x—* x Y—x—x %
2 ¢ ¢ 8 "o 3 b Lo
—> STEP o : Pk k-2 «ostEr cenmels (MEANS)
*—%—F—%—— —. x X —%—¥% %
2 & ¢ 8 no 3 b go
— RaOND ¢
—STEP (. PASS6d DRTAN 10 NEPREST CLIOSTER MEAN
————
—_— * — -
2 & ¢ 8 "o 38 b G zo
,——sceu—mo\b
— STEP L OPDATE MEANS 10 AUE dF <L OgTER DNTA
> = =
5
} o
K—K-EF—K * ¥—%—% *
2 4 ¢ 8 o 38 b Lo
2. 204120+ SO = @9 _ 33
¥ < <

— STEP 3: pANY coANEE — Go TO STEP 4 (NEAT %GND) v’

—ELSE : DONE (STOLP)



Raunp 2

—STEP (| : BASSIEN DRTR o NEPREST CLIOSTER MEAN
2=t
5 P
L¥2 V}\Y X i 9 X "2 (V3
IA) ~ O 7 Vo ¥ - -
2 & ( 8 "o , 3 b g0
&—’——’/%
\8
,—aa—:wmo\b
— STEP ' OPDATE MEANS O AUE dF c(O0gTER DATA
————————
o
K—R—F—X * YO %
2 & ¢ 8 no 38 b ¢ Lo
2 = B R . 4oy
< u
— STEQ 3 CHUANGES! ‘MBS > paupr 2
— RounD 7
—sSTEP ( : PSSEN DETR o NEPREST CLUSTER MEAN
_— . ) _ CLUSTER +
173 e x Ql ‘>\. r\r ("] v \:\
2 & ¢ 8 "o 38 bo go
¢ 4 —>y¢
CcCLusTER | 2115
— NO

CHANEES To L 9Sisl  A%IgnNMENT
— STEC L * N0 CHANGES

— STEP 3. DONE



(-D ALcoRTHM S “— CLUSTER

Sy ) ‘ NAMES
\ \/

A CUposE (¢ MEANS (CLUSTER ceNTERS) © My, -5 Wy

RaunDd -

B ASSIEN DATA TO WEAREST LyYSTER:
Xi ?SJ , skt (mi—onyf 2 (ri=mg |l L L=y e
ASS\GRED ~L
o Mean

A

C:. RE~-ASRSIGN MEANS.

‘s“/‘ﬁ"C wawbe o (‘VA&'G'\ p\i“‘k i Sy

{

— m; & é\ )<i34— 4e 1'“" Rod= P—.‘.-\\r - Sy
(&l i

— ELSL : sioP.  LUSTERS TOuwD .



L DISTORTION AND HS HINIMIZATION

e = —E—> Se——e
\ T ~ /
D,
P
‘ bl>b\

—3 B(STORTION oF A CtdsTER  (Si)
{sil
— b 4 =2 (k-

=
"
—> oA DIsToRTION: D= S B
i;\
— ExAMOLE
O‘
X X r x X x xO
2 & ¢ 8 no 3B bo )
L ) v

D, = (-8« (6-8) + (66Y + (8-3) « (2 -3) = 200
Dy = (33-425Y « (4o-6aS) 1 (r-tsN 2 (sv-6asY = 83
D =0D,+D, = 283

—> Vaviamee )} S = Dy
(sil

—> [t- MEANS omd DY STORTION

S CTEPS (% 2 dF WK-MEANS EAcH MINIMIZE  DISTORTION




—> STEC L:(MEANS %(RED) DATA ASSIENED T NEAREST MCAN

—> CHANGE DNTA Poi1nST  AKIGNHENT —5 INCREASE D
L""E
*—x—* * e *
2 o 38 Ly (3d

£
[
® 0y

— D = 283, CONTAY BUTION oF 2 (20 -8)\' zﬁ}’- el

— Rﬁ—a.%i,)“ 20 — (ED
Vv
—> (CoNTR(B oF 2o: (wvtn-{)"-, 22.$ = %0626 Dleh

— K-HEANS STEL 1 MINIMIWES TOTAL DISTORTION < «w MEANS FIXED

—S>STEP 2. MEANS SET TV CUSTER PUGS ([ CLUSTER RSSIGNMENTS F(XeD)

—> THE cvowege O6F MEAN For E£AcH S| wminMy2€s D

- PW»L .
(sil

— D\ = 'é(xaj-w\as'
=) \%dnowﬁ-& s s P =+ avy. } A

v\¢¢¢,qg‘vi \1

(si)
Pa
— D= = (% -
5
—> Fi~p THE ™MiNiMPM OF ’S; oS ? (L\‘-*V\?CS
. \&-I,‘
- @L‘— g—\ 'l(xij'?) =O {&/ & Wikivmtn
2P 3=
\;‘ \sd
2 -2 -
5= (I
\Si\\>
(s
—_D P-., { X.)é_—'a“jﬂ‘(’keo\«%s‘e’m\



—> QF THE CCOSTEAS PRE ﬂxecb
—5 STEP 2 MINIMIZES Di v esclh cluste v
HeNce MinMIZES 2,D; = D

5. WU-HEBNS FoR GENERAL HIGHER DIMENSoNAL  DATR

——

&— CLNSTER
3, Su

. \ NAMES
[
A CuvosE [ MEANS (CLUSTER cemTERS) . W, --- >
RaounDd -
i 1 SJ , st “?’-‘\‘-T’:‘J“ < “\;\ - ;‘-‘L\\,‘@v L=y .., k.
ASS\GRED l
<o Mean
= sj
2\ C: RE-ARSIGN MEANS.
CST-EP \ ‘/M hh\mb(q q' A’,G,\ P""\-k iw S\
|Sil
(sl 477

D. If any Unomges {row Py, verrd ¢ START NEWR  @aond)
D ELSL : siofP.  CLUSTERS TOuwDd

—3 B(STORTION ofF A cedsTER ( (Si)
(sl
J:‘

e
—> TOT™C DISTORTION: D = ﬁb‘
f=\



—  MINIMEAT (oM
(MeAns  consT )

— STEP L MINIMIZED D (v CUSTER A GNMENTS
" “ CHOIEE  oF peANS (CLUSTERS (onsT )

\“

— STEP 2

6. FAILURE" o k- MEpNS

+ TLAFFIC PATTERN ANALYSLS

. Ramtam [—2awm o A\ pe~ . Hlom—12aun
/
o # covs e .
M C'Nt .
T  r— —r
(69
DA S = —_
. : S o S - :
S
S«
M - LS N o
T
W
Y :




—

—>

MIRNING

p«ssH
RISH KR

(€21/1S A
+ —
Spw (\ pe~
(20w
TIME oFf oA —>
CLUSTERED TYE. DATA FoR ({4 RS

—> INTERSEcTiOn N S. CAROLINA

WTH f=6, M-—Th F S~ Saw

How T cwvose k7

—> CLBsW CURVE METHOD

D STOR T orv

SYMMARY
— K—MEANS: PUTS DATA NTD e cLvsTERC

—— WMoSTUY WORKS WELL, oo GUARANTEE .
— WMETR[C: DISTORTION —> W &b THE CLISTERING
—> K-MEANS REDICES DISTORTION (y EAcH STEF
— IMPORTANT TDATA ANALYSIS TECHNIQUE

— CoMPLEMENTS PCA[SVD -












