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Data Mining FEDWLBL\5

» Y=V T—9DREBT DRI -V ER
PlyE)
» 183
» BFR5
> DFE AU I FIVBRICHRWDLEE WO (CEIR
» JL—=ILR—2R
> BN X05ESS
» Za—2I)ILRYKD—=5
» BIR—kROH—-T IV (SVM)
> RITERD (ERD DT, PCA)
> D525 UVY. TEROER BUE) £E LT IL— T
> BPBENR—R, BENR—R, J5TIR-2
» k-means, DBSCAN
> EERY: BHEEEFE-> CTEBRENSDOITNERE
» AANERE
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BBEEICDWVT (188)

W3\ 37 EERE
» 1—2 U v ~EBRE (Euclidean distance)
» 1ZED—2 ) v REERE (standardized Euclidean distance)
» SV IV RF—BRE (Minkowski distance)
» Y/\S/ EXEERE (Mahalanobis distance)
$EUE
» I\ FURD MLOFEBE
> n RITRD SILOFRBUE
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PEREDIEE

ZEELED 2 R (z,y) EOERE d(z,y):
FEBME (positivity)

XM (symmetry)
d(z,y) = d(y,x)

=AFRER (triangle inequality)

d(z,2) < d(z,y) + d(y, 2)

44



1—2 ) w REEE# (Euclidean distance)

TRICEBEEWZ(E2—0 )y R &IsT
n RITE/ETD 2 | (z,y) DIEEE

n
Z Tr — Y)?
\k:l
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TELI—O Uy bRk

(standardized Euclidean distance)

> ZHETESDEDARESINRLBRD . BHHITEZRITD
» TIT, =2V FIER =S EH DTS > TIERIE

d(z,y) = J z": S _27%)2

s
k=1 k
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SV T RF—FERE (Minkowski distance)
11—V v ieREZE—fR1L
> INSA=F r AREVEE, RTHICE SHNBRVEE (RO
ABDY3—hhy b)) ZERT HIERH

d(z,y) = (3 o — wel)7
k=1

> r=1: YVI\vH bk
» NIV TR 2 DOXFIIBDRE UMEDXFDA—EE
» BIZ(E, 111111 & 101010 DINZ VU pEE#(Z 3

> r =2 1—2 v RibEt

Manhattan distance vs. Euclidean distance
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RO RLD /)L (vector norm) (1/2)

NIRID/ IV RO BILDORE
||z|| where z is a vector

NIR D lp-/ IVARSYIDRF—ERTERSIND

Izlln = /> le:|
%

lp-norm: N2 ~JLD 0 TRWLWERDE

llzllo = #(i|z: # 0)
l1-norm: ZHDF0

lzlls = |l
2

lzllz = /> leil
[

[#lloc = maz(|z:])

lo-norm: 21— v Ribgt

loo-norm: NI N LORKER
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RO RLD /)L L (vector norm) (2/2)

Bl: ROV z=(1,2,3) IZHLT

llllo 3 = 3.000
ll||1 6 = 6.000
Izl /14 = 3.742
llzlls  62/3 =3.302
llzlla 247 = 3.146
12|00 3 =3.000

=25  |p=.354
4% p=2.828 p=4 p=5.657 | p=8

unit circles of I,-norm with various values of p
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NI\S/ EREERE (Mahalanobis distance)

ZHE RN D 2IHE(C. BEZER UIciERE

mahalanobis(z,y) = (z — )Xz —y)T
TZT YT IHADBATI DTS
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FAUE

BE
> SEDDT—YDETVIESDHIERIR
BUEOMHE
FEEM (positivity)
0<s(z,y) <1
s(r,y)=lex=y
XFRME (symmetry)
s(z,y) = s(y, z)
=AFRER (triangle inequality) [F—AZICFEBEICEB TERSARL
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INAFURD RLOFELUE

Jaccard &%

> 1 OEIRDDRVINA FURD MLETOBLEICEDND
> XEPICHIRT DEEBNSXEDELUEZRIIHERE

» ZLOEFBEBREFMAEBICHERLEBN = INSEFER LW
> 2DDNI MLDBBZRDOIICEFRERD K S &S

vector y

1

0

vector x

Jaccard REUILLTTEREND

J =

=

ni1

n10

no1

ni

100

n11 + N1o + not
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n RITND ~ILORELE

—RRDARS LD
» XEOELECHREESERT 31805
DA B
» RO KD x, y D cosine ZEND., @EN—:1. BEXR:0. @
HAIE:-1
> RO MLOES TR — AEXFEELAL
cos(z:9) = [l

=3 la:kyk C NI RLDE
=2t =z -z RIRILORSE

Ty
[l
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I VRBE DBIE

r=3205000200
y=1000000102
z-y=3x14+2x1=5

lz]l = V3% 3+ 2%2+ 55+ 22 =42 = 6.481

lyl = VI*1+1x1+2%2=+6=2449

cos(x,y) = samrogaas = 0-315

17 /44



D3RIV ITFE
ZERDIERE (FBLE) Z5HE LI IL—T1L

> TYENELUIBRT D

» T—HYEENT D

» DENBDSRH 1)V (patitional clustering)
» k-means &

> PEEELD SRH YUV (hierarchical clustering)
» MST &
» DBSCAN &

L A
5 99 (9

original points partitional clustering hierarchical clustering
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k-means }%&

» DEIBROSRYVUVT
>» DS k =8
> BAPILTUZLRY VT
> BOS2HIIED (centroid) D (BEIEF)
» EF—HERHEVNEDER DI SRS CEDETS
> F—HOEDYTEBODOBEIBEROET
> HKY
BHCHS AV k £IEET DB

v

» PEMEIC K > TRERNED D
» DSRINRRBDITA R, BEZDDHEPAETRNES
> ANEDTZEDKEL

basic k-means algorithm:
1: select k points randomly as the initial centroids

2: repeat
3: form k clusters by assigning all points to the closest controid
4. recompute the centroid of each cluster

5: until the centroids don't change
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» WU —BETOSRYEER

» V) —iBETHO S RYERHERBATIAE
» BRICO S RYBZEIBET DREHLRLY
» 2RO O0—F

> RER: BT —HE1I9SRFPELT, HidLTWL
» DER: 2% 1O0SRAYELTEO, DEILTVLL
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MST OS5RH5VUVT

Minimum Spanning Tree 25 X5 U V5
» DEBDREBRISRIVUVY
» FROIDSRY—KULRANZVIYVY —%ED
» BREORVWI Y IDSHIBRLTO SR ZREILTNL

%

@@%é
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DBSCAN

Density-Based Spatial Clustering
BE: $8E UICEROT —5#
(BRIRTRRW) EFEFARD D S5 R DI H T RE
/A XT38
EEREDRME Eps EBDRRE MinPts
» Core points: 28 Eps RIC MinPts U EDEFERHNH D

» Border points: Core TIZRWL\A, FE8E Fps RIC Core H7FTE
» Noise points: 288 Eps RIC Core HETE LARL)

> BR: BEDRBDISRIVPREDEZNT -5

v

v

v

v

DBSCAN algorithm:

: label all points as core, border, or noise points

: eliminate noise points

. put an edge between all core points that are within Eps of each other

: make each group of connected core points into a separate cluster

. assign each border point to one of the clusters of its associated core points

s WwWN =



DBSCAN: Core, Border, and Noise Points

05

-05

source:

. Bt.)r}'\ler Poi nﬂi

Ve ~
/e N
/* Noise Pdint
{ Eps =1
y e /e

! Voo

f ’ .
j Core Po)nt

N/ /
}\ ~N/7 e

L -

MinPts = 4

-1 a 1 2

Tan, Steinbach, Kumer. Introduction to Data Mining
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DBSCAN: example of Core, Border, and Noise Points

Original Points

Point types: core, border
and noise

Eps =10, MinPts = 4

source: Tan, Steinbach, Kumer. Introduction to Data Mining
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DBSCAN: example clusters

Clusters

source: Tan, Steinbach, Kumer. Introduction to Data Mining
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M

JB8: k-means clustering

% ruby k-means.rb km-data.txt > km-results.txt

6000
1 +
2 +
s000 | 5 + 1
4000 | o X |
> 3000 [ . S . .
* %
" % *
P « %
2000 | ) . 1
* X *
w00} ¥ .7 1
K ox g
0 ‘ ‘ ‘ ‘ ‘
0 1000 2000 3000 4000 5000 6000
X
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k-means clustering results

» YEMBIC & > TRERHMIER D

6000

T T T T 6000

cluster 1 cluster 1
cluster 2 cluster 2
5000 cluster3  x s000 | oluster3  x
4000 4000 -
*
x
> 3000 . s > 3000 [
L ox i
L W
2000 N 2000 - N
¢ « " & x
E = ] *
1000 ‘g 1000 * x
o4 %5
0 0
0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000

X X
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HYFILD—K (1/2)

k = 3 # k clusters
re = /7 (\d+)\s+(\d+)/
INFINITY = Ox7fffffff

# read data
nodes = Array.new # array of array for data points: [x, y, cluster_index]
centroids = Array.new # array of array for centroids: [x, y]
ARGF.each_line do |linel
if re.match(line)
¢ = rand(k) # randomly assign initial cluster
nodes.push [$1.to_i, $2.to_i, c]
end
end

round = 0
begin
updated = false

# assignment step: assign each node to the closest centroid
if round !'= 0 # skip assignment for the 1st round
nodes.each do |nodel|
dist2 = INFINITY # square of dsistance to the closest centroid
cluster = 0 # closest cluster index
for i in (0 .. k - 1)
d2 = (node[0] - centroids[i][0])#*2 + (node[1] - centroids[i] [1])x*2
if d2 < dist2
dist2 = d2
cluster = i
end
end
node[2] = cluster
end
end
28
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HYFILD—K (2/2)

# update step: compute new centroids
sums = Array.new (k)
clsize = Array.new(k)
for i in (0 .. k - 1)
sums[i] = [0, 0]
clsize[i] = 0

end
nodes.each do |nodel
i = node([2]

sums [i] [0] += node[0]
sums [i] [1] += node[1]
clsize[i] += 1

end

for i in (0 .. k - 1)
newcenter = [Float(sums[i][0]) / clsize[i], Float(sums[i][1]) / clsize[il]
if round == 0 || newcenter[0] != centroids[i]l[0] || newcenter[1] !'= centroids[il[1]
centroids[i] = newcenter
updated = true
end
end

round += 1
end while updated == true
# print the results

nodes.each do |nodel

puts "#{node[0]}\t#{node [1]}\t#{node[2]}"
end
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gnuplot script

set key left

set xrange [0:6000]
set yrange [0:6000]
set xlabel "X"

set ylabel "Y"

plot "km-results.txt" using 1:($3==07$2:1/0) title "cluster 1" with points, \
"km-results.txt" using 1:($3==17$2:1/0) title "cluster 2" with points, \
"km-results.txt" using 1:($3==27$2:1/0) title "cluster 3" with points
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gIBD;EE: R/INALAHIE

> BHENA XNEEBREE T RINLFIE
» TEBHNTOISIVY 6E) ODI—RHSER

A==

» BABERS [CBBECHET ZHERRITDDE

% ruby naivebayes.rb
classifying "quick rabbit" => good
classifying "quick money" => bad
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RICIDRE: BB D BIENA X D4R

ERBPFBICKXOXEMREDHAT TV CHEESNDEXRZRD D

n

PO ] Plailo)

=1
> P(C): Hh5TUDOHBER
> [, P(2:]C): hFTVUICHHBEBBEOEMMN SREOR
5oL HREOFEVWATTUEER
> Bl 2BBOHTITUKD thresh BEVRE
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RICIDEE: R/INLHEROUT ~

» RL—ZV T EHIE

# create a classifier instance
cl = NaiveBayes.new

# training

cl.train(’Nobody owns the water.’,’good’)

cl.train(’the quick rabbit jumps fences’,’good’)
cl.train(’buy pharmaceuticals now’,’bad’)
cl.train(’make quick money at the online casino’,’bad’)
cl.train(’the quick brown fox jumps’,’good’)

# classify
sample_data = [ "quick rabbit", "quick money" ]

sample_data.each do |[s]|

print "classifying \"#{s}\" => "

puts cl.classify(s, default="unknown")
end
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BIIDED: Classifier Class (1/2)

# feature extraction
def getwords(doc)

words = doc.split(/\W+/)

words.map!{|w| w.downcase}

words.select{|w| w.length < 20 && w.length > 2 }.uniq
end

# base class for classifier
class Classifier
def initialize
# initialize arrays for feature counts, category counts
efc, @cc = {}, {}
end

def getfeatures(doc)
getwords (doc)
end

# increment feature/category count
def incf(f, cat)

efclf] |1= {}

@fc[f][cat] |I=0

@fc[f][cat] += 1
end

# increment category count
def incc(cat)

@cclcat] II=0

@cclcat] += 1
end
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BILIDED: Classifier Class (2/2)

def fprob(f,cat)
if catcount(cat) ==
return 0.0
end

# the total number of times this feature appeared in this
# category divided by the total number of items in this category
Float(fcount(f, cat)) / catcount(cat)

end

def weightedprob(f, cat, weight=1.0, ap=0.5)

# calculate current probability

basicprob = fprob(f, cat)

# count the number of times this feature has appeared in all categories

totals = 0

categories.each do |cl

totals += fcount(f,c)

end

# calculate the weighted average

((weight * ap) + (totals * basicprob)) / (weight + totals)
end

def train(item, cat)
features = getfeatures(item)
features.each do |fl

incf (f, cat)

end
incc(cat)

end

end
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AIEMD;EZE: NaiveBayes Class

# naive baysian classifier
class NaiveBayes < Classifier
def initialize
super
Qthresholds = {}
end

def docprob(item, cat)
features = getfeatures(item)

# multiply the probabilities of all the features together

p=1.0
features.each do |fl
p *= weightedprob(f, cat)
end
return p
end

def prob(item, cat)
catprob = Float(catcount(cat)) / totalcount
docprob = docprob(item, cat)
return docprob * catprob

end

def classify(item, default=nil)
# find the category with the highest probability
probs, max, best = {}, 0.0, nil
categories.each do |cat|
probs[cat] = prob(item, cat)
if probs[cat] > max
max = probs[cat]
best = cat
end
end

# make sure the probability exceeds threshold*next best
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SR8 2 MRS twitter T — I BEMT
» RSV KEEET —YNIBOEE
» REAT—%:
» Kwak 5IC&K3 2009 & 7 B O twitter data, #4000 F1—H%
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> twitter_degrees.zip (164MB, fi#&#% 550MB)
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BT —HICDONT
twitter_degrees.zip (164MB, ##&R{% 550MB)

# id followings followers

12 586 1001061
13 243 1031830
14 106 8808

15 275 14342
16 273 218

17 192 6948

18 87 6532

20 912 1213787
21 495 9027

22 272 3791

numeric2screen.zip (365MB, &R 756MB)

# id screenname

12 jack

13 biz

14 noah

15 crystal

16 jeremy

17 tonystubblebine
18 Adam

20 ev

21 dom

22 rabble
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Red IBHEY)

CCDF Z7Ow +
> 5 OEFEEDEESR

» JEE(3 10000 21— DY VT I, FEEZEI—Y (2009 F
BFR)

740—-8DZW\Wkv D 30 21— DX
» SYH. A—YID. ROU—VE, 740-¥. 72+0—7¥

# rank id screenname followings followers
1 19058681 aplusk 183 2997469
2 15846407 TheEllenShow 26 2679639
3 16409683 britneyspears 406238 2674874
4 428333 cnnbrk 18 2450749
5 19397785 Oprah 15 1994926
6 783214 twitter 55 1959708
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298 0 2% CCDFZOw ~

CCDF
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FRed 2

*
a]
5
w

0N O WN R

MRE:

id

19058681
15846407
16409683
428333
19397785
783214
16190898
813286
19757371
17461978
25365536
19554706
15485441
18220175
16727535
807095
18863815
27104736
14075928
17220934
18091904
18222378
20536157
21879024
19329393
16827333
20
972651
26885308
6273552

240—8DZW\W~Y 30 2—FDXR

screenname followings followers

aplusk
TheEllenShow
britneyspears
cnnbrk

Oprah

twitter
RyanSeacrest
BarackObama
johncmayer
THE_REAL_SHAQ
KimKardashian
mrskutcher
jimmyfallon
iamdiddy
lancearmstrong
nytimes
coldplay
mileycyrus
TheOnion
algore
ashleytisdale
50cent

google
tonyhawk
PerezHilton
soul jaboytellem
ev

mashable
ashsimpsonwentz
MCHammer

183

770155
64

563

73

99

131
173
103
177
2633
54
369569
8

75

2997469
2679639
2674874
2450749
1994926
1959708
1885782
1882889
1844499
1843561
1790771
1691919
1668193
1657119
1651207
1524048
1517067
1477423
1380160
1377332
1318909
1318378
1278103
1277163
1269341
1241331
1213787
1210996
1200472
1195089
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FLBLRBRRESVYFVD (7/3)
» BRI AT A
> R=ISVD

» ;&3 PageRank
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