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Vampire Weekend 2 3 - 2 1 4 - -

A5 5.5 1y Hlbolae

YL ooz 4 axgi

10,38 awle |y Veronica ¢ Hailey o oo 8l salold

108 dwloe |y Jordyn g Hailey (o owoldsl galold

N Jgor a4 azgi |

J@—-5)2 4+ (4-3)2=+2=1.414

10,8 dwls |y Veronica ¢ Hailey (o owoa 8l galold

10,38 dwle |y Jordyn g Hailey (o cwoldsl galold

J@— 452 + (1-4)2+@4-52 + (4—-4)2 + (1—4)?2
= V19.25 = 4.87
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, (Ther Strokes 4 Norah Jones) aiiue S yiie o8 b bewge 09,5 90 ;o lagd
O byl mad axgie (23,5 amwlxe |, Jordyn ¢ Hailey o salols o8y a5 Jl>
Hhre a5 aS wy e Hhal 4y Blogl pl b .Sles ST aojliel S i Ojgo 4y 1) 05 S
ol olol 5l JSGT gl g el sad (skew) (Sgz JSiw lzo b gamle
) Sl 485 118 ailoe 090 aag g0y Veronica g Haily o galold a5 0,5
aS > 50 (w504 00ls jlitel S piie Sygeo w1y hwge 09,5 ¥ lais Lol aS ! bl
5 e slralols el a8 5 18 dilxe 0,90 s O o Jordyn g haily oo galold
Ayl 1y Ll o e ils 05290 (605000 b ouls 15 (g00ls p &S Kin wa il
Sside b ol o8 (slaools b agzlae puiils odds dgike (slosls &dly ,o >l o Jg
S50 30 SLS s ) Ty ol Gliime 3 Jlb Sk so3em S end

i ol 5 ks (Y 6lp (Jg 0,5 meplys Cumme alius (pl b agzlse g 0,95 5
RVELIPSY; Q—l QO sloed gadss 0 g ail éﬂa.a

(Generalization) (s;jlu segee S

e csilussges (nl 4 eilS Siluisoges 1) (cwadlBl g e alol ol oo
139 0 4285 (Minkowski)  SawgSew (salold

- 1
dxy) = ) 12— yul)r
k=1
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k=1
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Angelica Bill Difference

Blues Traveler 3.5 2 1.5

Broken Bells 2 3.5 1.5
Deadmau5 - 4

Norah Jones 4.5 -

Phoenix 5 2 3

Slightly Stoopid 1.5 3.5 2

The Strokes 25 - -

Vampire Weekend 2 3 1
Manhattan Distance: 9

s «Dllitel o ((8s,85) SNl slas j08 )l (Difference) Ml g o
ol Cwd 434 030 45 13,5 Al |y Lol aax 31 50 5 Cl o

d(x,y) = Z(xk — Yi)?
=

il Oyg0 ol 4 (SdsSiim J}A)S 3590 50 IS (soucld
(_ga.%:sﬁ(_gj;zﬁﬁjls‘»;&)o%(@,&yb)gwl‘ubﬁj)ﬁr4.3,@
.o)lo‘s,{Lg;
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@ Ol kel 5 (hwge soog)S) YL Jguor slaosls uled ln silise slahs,
S raS0) o35 ooliiul (y5aly 5o bagg tiSus 5l el oo (po - )l5 3525 gl 5 ()]
b ol Glaal)] gl a0 das,miSos ol (oxiwd Heub ,o b ate glgl 51 (S

g oo 1Ll 55 (hash table) jlues o ij

6)3T°L1
d¢2 9« Chistio.ir ol yuoxen ¢ guidetodatamining.com colu o oS ol

!

users = {
'Angelica': {
'Blues Traveler': 3.5,
'Broken Bells': 2.0,
'Norah Jones': 4.5,
'Phoenix': 5.0,

'Slightly Stoopid': 1.5,
'The Strokes': 2.5,
'Vampire Weekend': 2.0,
by

'Bill': {
'Blues Traveler': 2.0,

www.takbook.com
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'Broken Bells': 3.5,
'Deadmaub': 4.0,
'Phoenix': 2.0,
'Slightly Stoopid': 3.5,
'Vampire Weekend': 3.0,
bo

'Chan': {
'Blues Traveler': 5.0,
'Broken Bells': 1.0,
'Deadmaub': 1.0,
'Norah Jones': 3.0,
'Phoenix': 5,
'Slightly Stoopid': 1.0,
bo

'Dan': {
'Blues Traveler': 3.0,
'Broken Bells': 4.0
'Deadmaub': 4.5,
'Phoenix': 3.0,
'Slightly Stoopid': 4.5,
'The Strokes': 4.0,
'Vampire Weekend': 2.0,
bo

'Hailey': {
'Broken Bells': 4.0,
'Deadmaub': 1.0,
'Norah Jones': 4.0,
'The Strokes': 4.0,
'Vampire Weekend': 1.0,
bo

'Jordyn': {
'Broken Bells': 4.5,
'Deadmaub': 4.0,
'Norah Jones': 5.0,
'Phoenix': 5.0,
'Slightly Stoopid': 4.5,
'The Strokes': 4.0,
'Vampire Weekend': 4.0,
bo

4

'Sam': {
'Blues Traveler': 5.0,
'Broken Bells': 2.0,
'Norah Jones': 3.0,

'Phoenix': 5.0,
'Slightly Stoopid': 4.0,
'The Strokes': 5.0,

www.takbook.com
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'Veronica': {
'Blues Traveler': 3.0,
'Norah Jones': 5.0,
'Phoenix': 4.0,

'Slightly Stoopid': 2.5,
'The Strokes': 3.0,
bo

o2 y9le S A )y Oygo |y (wge slaeg,S a4 sl SO Oljlitel plys e

>>> users["Veronica"]
{"Blues Traveler": 3.0, "Norah Jones": 5.0, "Phoenix": 4.0,
"Slightly Stoopid": 2.5, "The Strokes": 3.0}

e (salold sanulxe (sly (yasly o

def manhattan (ratingl, rating?2):
"""Computes the Manhattan distance. Both ratingl and
rating2 are
dictionaries of the form
{'The Strokes': 3.0, 'Slightly Stoopid': 2.5 ..."""

distance = 0
for key in ratingl:
if key in rating2:
distance += abs(ratingl[key] - rating2[key])
return distance

3%%§;P"Q)yo¢ﬁ‘9*kjfuf<§UCﬁ‘9wﬁc§x

>>>manhattan(users['Hailey'], users['Veronica'])

2.0

>>> manhattan(users['Hailey'], users['Jordyn'])
7.5

>>>
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def computeNearestNeighbor (username, users) :

"""oreates a sorted 1list of users based on their dis
tance to

username"""

distances = []
for user in users:
if user != username:
distance = manhattan (users[user], users[user
name])

distances.append((distance, user))
# sort based on distance —-- closest first

distances.sort ()
return distances

&l opl sl aas SG

>>> computeNearestNeighbor(''Hailey", users)
[(2.0, ''Veronica'), (4.6, 'Chan'),(4.0, 'Sam'), (4.5, 'Dan'), (5.0,
'Angelica'), (5.5, 'Bill'), (7.5, 'Jordyn')]

Sl oS oolel 1) laslpiin B pupd 0,13 oo LS 1, laas ‘_S-OLN NES I
ol e as — e o gl |y lies (1 3 SU0 5 w2lgs o oo sles Halley (sl olpiiny
ol 4 Veronica a5 cuis walss olrog,S Jloo 4 ol 51 aw 048 o Veronica s ,g0
Iy g oy, Haily a5 iS5 oo 2,8 (pizmen . > Haily Jg el ools 5Ll
(shewgo 09,5 4y Hailey ( Jio (sl 0n0 oo Ll (o) &y 4l L5 1) Veronica asile
P o Cwlosls ¥ 5Lkl 05,5 w4y Veronica  Jy cewl ool (g5Lesl Phoenix

S5l Cawgs Veronica wile |y shawge 09,5 Yoz o2 Hailey a5 oS o
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def recommend (username, users):
""n"Give 1list of recommendations"'""
# first find nearest neighbor
nearest = computeNearestNeighbor (username, users) [0]
recommendations = []
# now find bands neighbor rated that user didn't
neighborRatings = users[nearest]
userRatings = users[username]
for artist in neighborRatings:
if not artist in userRatings:
recommendations.append((artist, neighborRati

ngslartist]))

# using the fn sorted for variety - sort is more eff
icient

return sorted(recommendations, key=lambda artistTupl

e: \

artistTuple[l], reverse=True)

S Jas 5 S0 ausle alys oo Hailey a4 olpiinn wix b G ool 6l Y

>>> recommend('Hailey', users)
[('Phoenix', 4.0), ('Blues Traveler', 3.0), ('Slightly Stoopid', 2.5)]

PS5 S e oaaline Vo US40 a5 jsbilen g Lo anl Gyllas an oS

ools ¥ 3Ll Phoenix acwge 09,5 4 Veronica g el Veronica Haily 4 aluos
S ol 1) 1550 0550wz dady ol Ll
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>>> recommend('Chan', users)
[('The Strokes', 4.0), ('Vampire Weekend', 1.0)]

>>> recommend('Sam', users)
[('Deadmau5', 1.0)]

Ozed Cabls dalyms Casgs 1) Strokes  iewge 09,5 Chan oS (oS oo S8
bl algse Cawgs |y Deadmaub  fewgs 09,5 SaM S 4 uS oo (S

>>> recommend( 'Angelica', users)

[]

oyl il gl 4y slpiion slp G &ly 4o e JI axas Angelica ¢l oo
xS 5l e i Sy

>>> computeNearestNeighbor('Angelica', users)
[(3.5, 'Veronica'), (4.5, 'Chan'), (5.0, 'Hailey'), (8.0, 'Sam'), (9.0,

'Bill'), (9.0, 'Dan'), (9.5, 'Jordyn')]

oS g0 cpl wljliel 44 a5 oKie .ol Veronica Angelica 4 aluwos o 5S35

i) S8 = eeS se
Angelica [Bill Chan  Dan Hailey Jordyn Sam  Veronica
Blues Traveler 3.5 2 5 3 - o 5 3
Broken Bells 2 3.5 1 4 4 4.5 2 -
Deadmau5 - 4 1 4.5 1 4 - -
Norah Jones 4.5 - 3 - 4 5 3 5
Phoenix 5 2 5 3 - 5 5 4
Slightly Stoopid 1.5 35 1 4.5 - 45 4 2.5
The Strokes 25 - - 4 4 4 5 3
Vampire Weekend 2 3 - 2 1 4 - -
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95 e sloais3 a5 ol sl o2
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2958y (SW e (e

yed
196355 (g3lwosly gl Bl b (SudgSie salals sl (A5 -
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XCLIPRF-3W) IR WWE TL 90

idooly = (o yed
10035 (g5lwenly el b b (KudgSie sabold sl (Al -)

def minkowski (ratingl, rating2, r):
"""Computes the Minkowski distance.
Both ratingl and rating2? are dictionaries of the f
orm
{'The Strokes': 3.0, 'Slightly Stoopid': 2.5}"""
distance = 0
commonRatings = False
for key in ratingl:
if key in rating2:
distance += pow(abs(ratingl[key] - rating2
[key]), r)
commonRatings = True
if commonRatings:
return pow(distance, 1 / r)
else:
return 0 # Indicates no ratings in common

sablold 5l as” glasgs 4y s a5 YU o | computeNearestNeighbor &l -Y

23S eolatuwl ‘si.d JLCY
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distance = minkowski (users[user], users[username], 2)

it ot Bl galold JLio 4y oS Canliyl (sliae a3 b &6 (509,59 0 ¥ Sue

Ol le Giluerd S

Ol a5 aiS oo oadlive 0SS )5 Sliliel 4 5 580 WS daay ol
15,0 Lo gooloolly jo shwse loog,S 4y yols sLoel (gl Gglaie jlaws slo)lis,

Bill 45 sy o k5 4 i 4y Jordyn s

e oo > dain
J 5

Angelica Bill  [Chan  Dan  Hailey Jordyn Sam  Veronica
Pulues Traveler 3.5 2 5 3 - - 5 3
Broken Bells 2 35 I 4 4 45 2 -
Deadmaus - 4 1 4.5 1 4 - -
Norah Jones 4.5 - 3 - 4 5 3 5
Phoenix 5 2 5 3 - 5 5 4
Slightly Stoopid 1.5 35 1 45 - 45 4 25
The Strokes 25 - 4 4 4 5 3
Vampire Weekend 2 3 - 2 1 4 - -

b e 1 L: s el

fL
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PIs®

pise

(Pearson Correlation Coefficient) ;g Koot 0

M oo 3l eslatul ((aojlenl o ge8) JSin cpl poade sl I SO
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Blues Norah Phoenix The Weird Al
Traveler Jones Strokes
Clara 475 45 5 495 4
Robert 4 3 5 2 1

Y Jsax j0 .cl gglSeols (s055> ;o «grade inflation — 4z o p,ye» 51 Jlo )]

g o py S
5 Phoenix
45
The Strokes
[1+]
5 Weird Al
(=
3.5
3
1 2 3 4 5
Robert

MelS oS = padisns oz
Olyie 4 |, Phoenix iiugs 9,5 dagl (590 ;o .ol Robert g Clara oo oS
Norah Jones ax 4 Blues Traveler og,5 1 5l o cslos )5 dulina 095 5Lital (0 e

Fawge sy, 4 aojlinl o o L ;S Robert g Clara a5 joi> » .51 JIg
WS e B el b S S VLGS o ool wail anils palas
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4.5 Weird Al Norah Joneso o
0 o Blues Traveler
4 The Strokes
I
& 35
(W)
3
1 2 3 4 5
Robert

a3 on il | 5 (sl IS8 31 S il 5 U5 5

5
Weird Al Norah Jones

4
© The Strokes
) o Phoenix
© 35

<
3 Blues Traveler
1 2 3 4 0
Robert
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iy Ay 9 X Jbe lp ronl 5o 0l 0 Jsl Jgo oS Sigo 30 (Jse 8
& Robert 4 Clara 5 :\Lls

Blues Norah Phoenix The Strokes = Weird Al
Traveler Jones
Clara 475 45 5 425 4
Robert 4 3 5 2 1

4 |, Robert 4 Clara  lawgy oabools Sliloul o Bwge slrog,S 51 plaS o (sl
S0 o oo bl loys pl ol g S0 po ma b i 4 i Oj90
2 S5 wiile iz
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45 5
Robert ] /3//2
Z. X7 =(4.75) +(4.5)° +(5) +(4.25)" +(4)* =101.875
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v101.875 — 101.25 = V0.625 = 0.79057

(a2 plxil Wb 5 Robert gl 1) IS e

n
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— ogb 0 oolail 30 (collaborative filtering) 5 ,Lie (ol ;o cpiored Jgo,8 oyl
Jgo 28 (nl 5l el 890 4z i S nl lp oS (0 (ougianS Coled oo )8 cnl @
S aS 1y Slds slaw Lo s o o5 1) (L8 e aues ol oS colail

oS oo oolainl oamsoslpioy
Ui c::l.q_'oa_ JI:m;
saawgo | The Decemberists | Radiohead Katy Perry
oS The King is Dead | The King of Limbs | ET.
Ann 10 5 32
Ben 15 25 1
Sally 12 6 21

Ol po eal a8 sl Jge,8 5l plas o sl ookl L g) YL sjga.?q‘swz.?glisl.ghsﬁ
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v Name Time Artist Album Genre P Plays v
v Moonlight Sonata 7:38 Marcus Miller Silver Rain Jazz+Funk 25
v Blast! 5:43 Marcus Miller Marcus Jazz 20
v Art Isn't Real (City of Sin) 2:48 Deer Tick War Elephant Alt-Country 19
v Between the Lines 4:35 Sara Bareilles Little Voice Folk 19
v Stay Around A Little Longer (Feat. B.B. King) 5:00 BUDDY GuY Living Proof Blues 18
v My Companjera 3:22 Gogol Bordello Trans-Continental...  Alternative. 18
v Rebellious Love 3:57 Gogol Bordello Trans-Continental. Alternative... 18
v Immigraniada (We Comin' Rougher) 3:46 Gogol Bordello Trans-Continental...  Alternative... 18
v Love Song 4:19 Sara Bareilles Little Voice Folk 18

a5, YO a5 =l Marcus Miller 31 Moonlight Sonata il ¢ ye (shwge (y it
3 il 08,55 ity Mol 1, Kial ol Lad a5 55 3929 Jloio! ol canlond i
Mol 1 o saddle 350 slocSinl 31 oS gop Lo 45 o)l 5925 s0bj Jlazo! cadly
iTunes ;o arwge (gaskad yodio VO 51 oo Sl gogdle a4y .o il 00,50 5eS
ol 0 08 S lp ools cplply als |y o] gb)le o 1aid o g Gl 3440
5heol; olaas § aies sae Gl T 51 oS Sl ) cl (Sparse) S5 ol
ol 6l Ty o8 Liws slass baosls opl a5 cenl s cnl 4 g (aiess jao b
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import codecs
from math import sqgrt

users = {"Angelica": {"Blues Traveler": 3.5, "Broken Bells": 2.0,
"Norah Jones": 4.5, "Phoenix": 5.0,
"Slightly Stoopid": 1.5,
"The Strokes": 2.5, "Vampire Weekend": 2.0},

"Bill":{"Blues Traveler": 2.0, "Broken Bells": 3.5,
"Deadmaub5": 4.0, "Phoenix": 2.0,
"Slightly Stoopid": 3.5, "Vampire Weekend": 3.0},

"Chan": {"Blues Traveler": 5.0, "Broken Bells": 1.0,
"Deadmau5": 1.0, "Norah Jones": 3.0, "Phoenix": 5,
"Slightly Stoopid": 1.0},

"Dan": {"Blues Traveler": 3.0, "Broken Bells": 4.0,
"Deadmaub5": 4.5, "Phoenix": 3.0,
"Slightly Stoopid": 4.5, "The Strokes": 4.0,
"Vampire Weekend": 2.0},

"Hailey": {"Broken Bells": 4.0, "Deadmaub": 1.0,
4

"Norah Jones": 4.0, "The Strokes": .0,
"Vampire Weekend": 1.0},
"Jordyn": {"Broken Bells": 4.5, "Deadmaub5": 4.0,

"Norah Jones": 5.0, "Phoenix": 5.0,
"Slightly Stoopid": 4.5, "The Strokes": 4.0,
"Vampire Weekend": 4.0},

"Sam": {"Blues Traveler": 5.0, "Broken Bells": 2.0,
"Norah Jones": 3.0, "Phoenix": 5.0,
"Slightly Stoopid": 4.0, "The Strokes": 5.0},

"Veronica": {"Blues Traveler": 3.0, "Norah Jones": 5.0,
"Phoenix": 4.0, "Slightly Stoopid": 2.5
"The Strokes": 3.0}

’

class recommender:

def init (self, data, k=1, metric='pearson', n=5):
"o jnitialize recommender
currently, if data is dictionary the recommender is initialized
to 1it.
For all other data types of data, no initialization occurs
k is the k value for k nearest neighbor
metric is which distance formula to use
n is the maximum number of recommendations to make"""
self.k = k
self.n = n
self.username2id
self.userid2name
self.productid2name {}
# for some reason I want to save the name of the metric
self.metric = metric

{
{

}
}
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if self.metric == 'pearson':
self.fn = self.pearson
#
# if data is dictionary set recommender data to it
#
if type(data). name == 'dict':

self.data = data

def convertProductID2name (self, id):
"""Given product id number return product name"""
if id in self.productid2name:
return self.productid2name[id]
else:
return id

def userRatings(self, id, n):
"""Return n top ratings for user with id"""
print ("Ratings for " + self.userid2name[id])
ratings = self.datal[id]
print (len(ratings))
ratings = list(ratings.items())
ratings = [(self.convertProductID2name (k), V)
for (k, v) in ratings]
# finally sort and return
ratings.sort (key=lambda artistTuple: artistTuple[l],
reverse = True)
ratings = ratings/[:n]
for rating in ratings:

[

print ("%$s\t%i" % (rating[0], rating[l]))

def loadBookDB(self, path='"):
"""]oads the BX book dataset. Path is where the BX files are

located"""

self.data = {}

i=0

#

# First load book ratings into self.data

#

f = codecs.open(path + "BX-Book-Ratings.csv", 'r', 'utf8")

for line in f:
i+=1
#separate line into fields
fields = line.split(';")
user = fields[0].strip('"")
book = fields[1l].strip('"")
rating = int(fields[2].strip() .strip('""))
if user in self.data:
currentRatings = self.data[user]

else:
currentRatings {}
currentRatings[book] = rating
self.dataluser] = currentRatings
f.close()

#
# Now load books into self.productidZname
# Books contains isbn, title, and author among other fields
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#
f = codecs.open (path + "BX-Books.csv", 'r', 'utf8'")
for line in f:
i4+=1
#separate line into fields
fields = line.split(';")
isbn = fields[0].strip('"")
title = fields[1l].strip('"")
author = fields[2].strip().strip('"")
title = title + ' by ' + author
self.productid2name[isbn] = title
.close ()

Now load user info into both self.useridZname and
self.username2id

= codecs.open(path + "BX-Users.csv", 'r', 'utf8')
or line in f:
i4+=1
#print (1ine)
#separate line into fields
fields = line.split(';")
userid = fields[O0].strip('"")
location = fields[1].strip('"")
if len(fields) > 3:
age = fields[2].strip() .strip('"")

Hh Hh S 3% Sk % Hh

else:
age = 'NULL'
if age != 'NULL':
value = location + ' (age: ' + age + ")
else:
value = location
self.userid2name[userid] = value
self.username?2id[location] = userid
f.close()
print (i)

def pearson(self, ratingl, rating2):

sum _xy = 0
sum x = 0
sum y = 0
sum_x2 = 0
sum_y2 = 0
n=20

for key in ratingl:

if key in rating2:
n += 1
x = ratingl[key]
y = rating2[key]
sum xy += x * y
sum_x += X
sum_ y += 'y
sum_x2 += pow(x, 2)
sum y2 += pow(y, 2)

if n ==
return 0
# now compute denominator
)

denominator = (sqgrt(sum x2 - pow(sum x, 2) /
* sqrt(sum_y2 - pow(sum_y, 2)

n
/ n))
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if denominator == 0:
return 0
else:
return (sum xy - (sum x * sum y) / n) / denominator

def computeNearestNeighbor (self, username) :
"""creates a sorted list of users based on their distance to

username"""

distances = []

for instance in self.data:
if instance != username:

distance = self.fn(self.datalusername],
self.data[instance])
distances.append((instance, distance))
# sort based on distance -- closest first
distances.sort (key=lambda artistTuple: artistTuple[l],
reverse=True)
return distances

def recommend (self, user):
""n"Give list of recommendations"""
recommendations = {}
# first get list of users ordered by nearness
nearest = self.computeNearestNeighbor (user)

#

# now get the ratings for the user
#

userRatings = self.dataluser]

#

# determine the total distance
totalDistance = 0.0
for i in range(self.k):
totalDistance += nearest([i] [1]
# now iterate through the k nearest neighbors
# accumulating their ratings
for i in range(self.k):
# compute slice of pie
weight = nearest[i][1] / totalDistance
# get the name of the person
name = nearest[i][0]
# get the ratings for this person
neighborRatings = self.data[name]
# get the name of the person
# now find bands neighbor rated that user didn't
for artist in neighborRatings:
if not artist in userRatings:
if artist not in recommendations:

recommendations[artist] = (neighborRatings[artist]
* weight)
else:
recommendations[artist] = (recommendations[artist]
+ neighborRatings[artist]
* weight)
# now make list from dictionary
recommendations = list (recommendations.items())
recommendations = [ (self.convertProductID2name (k), v)

for (k, v) in recommendations]
# finally sort and return
recommendations.sort (key=lambda artistTuple: artistTuple[l],
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reverse = True)

# Return the first n items

return recommendations[:self.n]
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>>> r,loadBookDB(' /Users/raz/Downloads/BX-Dump/")
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»>> r.recommend('171118")

[("The Godmother's Web by Elizabeth Ann Scarborough", 10.0), ("The Irrational
Season (The Crosswicks Journal, Book 3) by Madeleine L'Engle", 10.0), ("The
Godmother's Apprentice by Elizabeth Ann Scarborough", 10.0), ("A Swiftly
Tilting Planet by Madeleine L'Engle", 10.0), ('The Girl Who Loved Tom Gordon by
Stephen King', 9.0), ('The Godmother by Elizabeth Ann Scarborough', 8.0)]

>>> r.userRatings('171118"', 5)

Ratings for toronto, ontario, canada

2421

The Careful Writer by Theodore M. Bernstein 10

Wonderful Life: The Burgess Shale and the Nature of History by Stephen Jay
Gould 10

Pride and Prejudice (World's Classics) by Jane Austen 10

The Wandering Fire (The Fionavar Tapestry, Book 2) by Guy Gavriel Kay 10
Flowering trees and shrubs: The botanical paintings of Esther Heins by Judith
Leet 10
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Most Recent Customer Reviews

) -7 excellent translation, excellent
sutra

Very clear translation, minimal old untranslated
Buddbhist terms. This translation reminds me of a
Cleary translation; true to the meaning, clear
language, great flow. Read more

Published 29 days ago by M. Gonzales

Yeyedede . The Long Sutra

Gene Reeves did an excellent job in translating
The Lotus Sutra from the Chinese into English.
It is here, the entire work, not abridged.

Read more

Published 8 months ago by Eric Maroney
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Egypt J udges
\"ow to Oppose
Expansion of
Morsi’s Power
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More Items to Consider

You viewed Customers who viewed this also viewed
T e P
LonhgWay Round |
3 q  TEDSIMON
Dreaming
ofjupiter
7 B
y
Jupiters Travels: Four Long Way Round One More Day Dreaming of Jupiter
Years Around... Ewan McGregor, Charley Everywhere: Crossing 50... > Ted Simon
» Ted Simon Boorman, ... > Glen Heggstad Paperback
Paperback DVD Paperback 129 01 (6)
% Yo (65) ORI P (325) WRIIKFL (47) $16.22
$24.95 $16.47 $24.95 $16.93 $18.95 $13.87

oS Wlsge ailel S 0 S 5 @SS 1) S SIS g3lel (Jlke ol o
Jupiter’s Travels: Four years around the world ona » GLS a5 60,8 ( Jliw (gl
Ll 03,5 saaline oo |, «Long Way Round» (535555 «usloays | «Triumph
4S5 ool Ewan McGregor ol 4 (5,550 gz ;i «Long Way Round» (so59.59
JS8 50 a5 jebples 555 o0 hw Gl juliw 4 (EdSem Fge Al 4 (O peen b
[, Jpame opl &5 Gl yto? Cond jo Sledlbl ol wonl aseie oyg3kel cols 51 YL
Customers who viewed this ) siloays o 1) 335 SYgamme yuizxed Wilos Sosnlie

258 o )l,8 colaiul 550 «(also viewed

www.takbook.com



YO W I Gulul ol ¥ s

. - L | ‘ /..‘b S 9
o] S ey S SO A il plare e (soibal Sl 6500 0,
Ol D R i

- . . . ..Lc ‘ Q—i‘ 4_3 & ‘5_>

a0 )5 a4 s gleolin Glp byl 5l g Cavn oo ‘u )UZ :.; -
. Z n)) .o . .

Frequently Bought ) wloals o0y ,5 o0 b Yaero a5 oD aile :0iS oo oolatn

8y aloags 1) o8 ol a5 oL ae» L g «(Together
TS e " i i Also Bought)
:«(Customers Who Viewed This ltem Als

Frequentiy Bought Together
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Show availability and shipping detaits

¥ This item: One More Day Everywhere: Crossing 50 Borders on the Road to Global Understandmg by Glen
Heggstad Paperback $13.87
Two Wheels Through Terror: Diary of a South American Motorcycle Odyssey by Glen Heggstad Papert
$11.53

Jupiters Travels: Four Years Around the World on a Triumph by Ted Simon ack $16.47

i Iso Bought
: This Item A
Who Viewed
Customers

TERMOR
ﬁ

‘ Jupiters Travels: Four Years iary of a South America
\ Around the World on » Glen Heggstad
Ted Simon Jesdedededr (50)
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Paperback $11.53
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Name Time Artist Plays
Anchor 3:24 Zee Avi 52
My Companjera 3:22 Gogol Bordello 27
Wake Up Everybody 4:25 John Legend & the... |17
Milestone Moon 3:40 Zee Avi 17
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ot 5oyl cals Manners #5.J1 & Wolfgang Amadeus Phoenix g1 a5
2kl (oYL 5Ll L 1, Wolfgang Amadeus Phoenix f%ﬂ (57,5 STl
95 b ehsy (ol &5 0T dz g o Sty sl 4 |, Manners el oulsi e 0,8
2SS b pls e o9y Ll Gglaie (user-based) I8 o
b mog 503 oln)l8 ol 5o ol & (ol (niand (05 by JUo 4 g ety [l
b 3 s S s )8 Gl ln |y @lesleiin (%00 Sl bwg sl
Lol s meiS o0 Ty SK0Ss 1) @31 oy e olpiing oloj 51 L3 @Bl 5 e
e S5 1) plearosi b bolgiin pilet B oo )S oo 5 ol p)l5 il b

S5t e 4 E5530 ol 3l JMloa (S5 oo

oo ol o 45 A8l hamuge 03,5 N 5 IS M (shls do Jirmge ol S (553
e Sl oy b 5 S e eS|, hge (sloos S S
e Sloog,T Goaimoilis bapygi 5 005 oS Tl e (b asile ol

O
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Users .. Phoenix .. Passion n
pit
1 Tamera Young 5
2 Jasmine Abbey 4
~
3 Arturo Alvarez Lol 2
. 4
u Cecilia De La Cueva "5 5
. r
m-1 Jessica Nguyen B 5
m Jordyn Zamora 4

dliio Passion Pit odowse 09,5 L |, PhoENiX (iiwge 05,5 (o Calils olys o
oslial wlosls el g 05,5 53 8 4 oS SulS 5 el pll sl S
P e Gl gy o0 b dzsie & psboles (S5 ol Gledihies) oS 0
) = (hwge ooy S L=ipl o — laggiw G calls (item-based filtering) MGl

S 0 pamede S b
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aaladls p S b [(user-based filtering) 2 g o=l
sdusl 50 (Memory pased collaborative filtering) &5 i D32

ls zlea! Syl gales s_;}\..ao).:ﬁé o bas syl bl 4l S5h o
PO FU TS S5 eule

b o)

S5 e Dy & Je 2 e o=l (item-based filtering) »B! 2 (= ol
oS o) bl 4 O Sehiee PV (model-based collaborative filtering)
ol &5 o e Je S b

Shjlze) aled Silwo i e e
ol s iz e 4 ip o8 S 28l 5 25
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(Adjusted Cosine Similarity) oo Joosd swgiumnS bl
grade ) 4a>,0 p,5 Sy ;0 et l,bl AT jsbiles oS go eolatul il
Iy YL slanl 6,8 a5 casline (pl a3 4z )0 5,65 .mlos S Cuxo 3 (inflation
Lo oye8 ol Ol Gl a2 oo Jeame 4 uyyls JUall of 5l aS s 4 cos
calas Jlade bo 4y 5 ol oS o0 o5 Skl 51 plas™ ya 511 1S oliloel . S5le

l}\ﬂ a3 .yl s |, Phoenix °5;§ o p23 oo F L Loy T4y adle Phoenix o5 &

I, Passion Pit ss,§ s nis e B 5Lid 4y .pylas Cengd Mol |, Pasion Pit o 5 s

e ¥ lan T ay alas cosgo e sk bl

e

ZuEU(Ru,i - R_u) (Ru,j - R_u)

(EucoRut B {Sucu(Ruy — o)’

s(i,)) =
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Ol b dlie cpl cwl oass glpzeil o5l b 5_5101 wadllie 5l YL Jge 8
Badrul (gaiis « o5 lie &ygo a0 oDl 5 i (ol Cx Saoss slaps s
,5 Jon Reidl 3 Joseph Konstan George Karypis Sarwar

o ools Lzl (http://www.grouplens.org/papers/pdf/www10_sarwar.pdf)

YL Jgey8 5o

(Ruj— Ry)

Sl oles (:Sleo (sloio d pil s U I8 Lawsgs R jliial 09 o s 355 0]
Lo a1y oad Jloyi el @ly ;o o5 el 00y I sola & (lS (yra) U IS oS
50 pyslier Camd s o L1y g Pl cals s(i, j) o slp Y Jsey® )0 ams e
@kl ] g T Jgame 95 0 a5 )5 52 sl iusS (o0 oS Djgo (ol Jga 8
L@l 5 g0 o oz ol 50 T goudJloy slel 0 1y slel al eslos S
) ot Jlo b hilitel galod Dlajo goz Lo S 7,500 13 05 medlys poz SouS L
Jpl8 sl o | B e oS o ) @l Gl Jdz e 5 00,5 dilome |l (6l
Olos @) T s @y S i3 U oS (o0 02 RS0 50 ) @l 5 peo s ol
(D s |

SIS 5 slaosls S jpai 1) ool o cwgienS” calid iy aSenl Gl
@l ) (i) (Shawge 09,5 gy d(lajlan) sonidls @iy doosls (nl )3 oe o5 o0
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Users U-SJLW Kacey Imagine  Daft Punk  Lorde Fall Out
wljliiel  Musgraves  Dragons Boy
David 3 5 4 1
Matt 3 4 4 1
Ben 4 3 3 1
Chris 4 4 4 3 1
Torri 5 4 5 3

ol e ol 0 st psinS bt Jlne stnlone gl il 5 515 ol
oS Al 1) 0I5 o ol Sk a5 o]

Users u—li’L-*-a Kacey Imagine  Daft Punk  Lorde Fall Out
wljliel  Musgraves  Dragons Boy
David 3.25 3 5 4 1
Matt 3.0 4 4 1
Ben 2.75 3 1
Chris 3.2 4 3 1
Tori 4.25 5 3

ojlrl S oo drmlne |) bl o Cealil (ploie yi2) (Srge 09,5 iz 2 sln V>
590 YU Jeuz 0 oS £9,5 Imaging Dragons 4 Kacey Musgraves L aeo

e e plontS T L Wlosls Sal ige (slaog S onl (699 58 4 45 JlylS
1398 00 dmlne 1) Ojgo & (Arwge 09,5 98 Gl lp edbhond (pwginS ol

ZuEU(Ru,Musgraves - R_u) (Ru,Dragons - R_u)

s(Musgraves, Dragons) =
—\2 —\2
\/Zueu(Ru,Musgraves - Ru) \/ZuEU(Ru,Dragons - Ru)
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_ (4-2.75)3-2.75)+(4—-32)(4—-3.2)+(5-4.25)(4 —4.25)
J(4=275) +(4=327 +(5-4.251/(3-2.757 +(4-3.2)* +(4—425)’

0.7650 0.7650 _0.7650 0

= = = =0.5260
V2.765+/0.765  (1.6628)(0.8746) 1.4543

Sl +,0YF+ 1, Imagine Dragons 4 Kacey Musgraves o cwolld jlade
25 Jeaz 50 g pled S dile KouSs b s 1y K00 (Bwse sloog S cald (e

plosls yioles
Fall Out Lorde Daft Imagine
Boy Punk Dragons

Kacey Musgraves @ -0.9549 1.0000 0.5260
Imagine Dragons = -0.3378 0.0075
Daft Punk -0.9570
Lorde -0.6934
Fall Out Boy

QS 55 1y sl
05 drsle YUy Jgozr po 1) polie sy

Jo oy — a8 55 1 ool
05 draslre YU Jgozr po 1) polie sy
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Fall Out Lorde Daft Imagine
Boy Punk Dragons

Kacey Musgraves = -0.9549 0.3210 1.0000 0.5260
Imagine Dragons =~ -0.3378  -0.2525  0.0075
Daft Punk -0.9570 0.7841

Lorde -0.6934

el (ol SoeS S Sl S5 ¢ polie )l (saulxs 1y

def computeSimilarity(bandl, band2, userRatings):

averages = {}

for (key, ratings) in userRatings.items() :
averages[key] = (float (sum(ratings.values()))

/ len(ratings.values()))

num = 0 # numerator

deml = 0 # first half of denominator

dem2 = 0

for (user, ratings) in userRatings.items() :
if bandl in ratings and band2 in ratings:

avg = averages|[user]

num += (ratings([bandl] - avg) * (ratings[band
2] - avg)

deml += (ratings[bandl] - avg) **2

dem2 += (ratings[band2] - avg) **2

return num / (sqgrt(deml) * sqrt (dem2))
el 00l 00,91 USErRatings cu,d 55 5

users3 = {"David": {"Imagine Dragons": 3, "Daft Punk":
5,

"Lorde": 4, "Fall Out Boy": 1},

"Matt": {"Imagine Dragons": 3, "Daft Punk": 4,
"Lorde": 4, "Fall Out Boy": 1},

"Ben": {"Kacey Musgraves": 4, "Imagine Dragons": 3,
"Lorde": 3, "Fall Out Boy": 1},
"Chris": {"Kacey Musgraves": 4, "Imagine Dragons": 4,

"Daft Punk": 4, "Lorde": 3, "Fall Out Boy": 1},
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"Tori": {"Kacey Musgraves": 5, "Imagine Dragons": 4,
"Daft Punk": 5, "Fall Out Boy": 3}}

Foll Out Boy  Lorde Daft Punk Imagine

Dragons
Kacey Musgraves -0.9549 03210 1.0000 0.5260
Imagine Dragons -0.3378 -0.253 0.0075

Daft Punk

s David (gose o jslan a5 05 o

(ol euz Kacey Musgraves
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o ZNerimilarTa(i )(S"N R"'N)

pu,i)= 3 (I S |
NesimilarTo(i) iN )

a5 el e ol 4 p(u)i) Lolal
Lipmlaru ol sl poalss e
oS

P(David, Kacey ca3ly ;o s
(=3 Fet e 43 Musgraves)

)’

a3 (30,3 ;0 U lea) David 3Lzl
581 ¢Les) Kacey Musgraves =1

el (e

—

ol Dl plas 2 N gl jo
00,5 ao3bdl |y o TU ases as

FI PSR I YOI

810 925 Lo gl
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N i cnls il 0 S; U 5 a5 ol old R

ar el ale 5l 4ty o s esla N o

(o] e

v X R
2 NesimilarTo(i) (S! N u.N )
2 NesimilarTo(i) (| Sf N | )

pu,i)=

4 S i s 5 oS e SO6 45 e ol e 4 Ry py
am U o5 adly o) ool amdle sesga | ol jads U oIS

(ams i ﬂ,.".lll_' 4 \_gJ'.LI:.':.d
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o Ry o 2 o Slas o2 o230 ol
Azl ) =)

Lo g el B 5 Y o3k j0 Le hiLd
ot sl gdae 8 G as glnd

psld ) B-Y ool g platild

(€ RN

e 5l Min
R3O L
aaly N dira

O mabu_,

s
’”“:u"L.aJ

)-‘)M
p-u)“uy)lr‘f JLﬂ'Max a5

37 9k 50 wus WIJ"[”L“'RHN-M 0)
7 L‘"}u—.lo-\aJL.’ LM'NR ’
Lo | J &
AR unN [
’ )”“U)LMIGJL-)JLO). J’_‘)s 0 o
NR 2R, -

4 ~Min,)- ( M,
N = ax M 2

@ oads Jloy ol 5l ) bosls a5 Jge 8w (denormalize) sjlu b j,ue Jgo )3
el 1) DHgo 4 0S o o O LASJL’Z.Q)&)(_A.@‘LQO)’.

R, = %((NRM +1)X (Max, — Min,))+ Min,
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Ol giaal o (sly (s9lS00ls W A7
Sogo ol Jlo s (g0l L Cuwl ool ¥ )L..,.al I, Fall Out Boy « & G asS 5,8

2(R,, — Ming)~ (Max, = Miny) 22-D)-(5-1) -2
(Max, — Min,,) - 6-) 4

=-0.5

NRH N =

2 Soge @ S (denormalize) gile by 1) ools rad pupleze ST YL

R, = %((NRH’N +1)x (Max,, — Min,))+ Min,

=%((—0.5+1)><4)+1=%(2)+1=1+1=2

ol plesgs il o |y g5l Jb i Sldes (Yl

corlaS e e Syl asste sl Y
L (RRTNS SE

“azDavid as” 025" s et s o

Tm‘f' Kacey-Musgravesa, ¢ ;Lo

oS &5l o 1, David Sl a5 ol ol L oyuds|
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iz clnea T a David sl

L J"s »

i 2 2

Artist R NR L g et (normalization)
Imagine Dragons 3 0]
Daft Punk 5 1
Lorde 4 0.5
Fall Out Boy 1 -1
bl e ile

Fall Out Lorde Daft Punk Imagine
Boy Dragons

Kacey Musgraves -0.9549 0.3210 1.0000 0.5260
Imagine Dragons -0.3378  -0.2525 0.0075
Daft Punk -0.9570 0.7841

Lorde -0.6934

Fall ;Lorde {Daft Punk.imagine Dragons slaes,$ a David
Olasbalone ;o [ Laog 5 sl Lo ug el o0ls 3L Out Boy

3yl Eegs 4

/ \
PUEL PN F-I% PRV PR RCA HICP B PU YR | {
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o Z!\-’e.ﬁmie‘aﬂb[fj(S‘;‘N X NR"‘N) —
p(ui)= z (IS |) -
NesimilarTo(i) i.N

Imagine Dragons  Daft Punk Lorde Fall Qut Boy

e N——

(.5260 x0)+ (1.00x1)+(.321x0.5)+ (=955 x —1)
0.5260+1.000+0.321+0.955

_0+1+0.1605+0.955 2.1105

= =0.753
2.802 2.802

;o) +,YOY L.l Kacey Musgraves og,5 4 David a5 50,5 cooiom bepl 0

S (denormalize) g5le Jbo e 1y soe ol Sl Y a2s o (V B =) (so3b

R, = %((NRH,N +1) X (Max, — Min,))+ Min,

= %((0.7534— Dx4)+1= %(7.012)+1 =3.506+1=4.506

sleel Kacey Musgraves 4y David oS 430,5 cwion YU s g d @ axgi b e
REXWN AR 4

Model-) Jow p goe o5 ,lie il Jow G oodd bowi cwginnS Colll
he) & Cand by ol buie 5l S e 418 WS a5 el les .coul (Based

D)0 6 e s pdyeliie by (nl &S el (] (Memory-based) abkil> i
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9 009 Sy Ul 5l iJoe » (e slaghs) S sleeslsacges ol
255 g.é]a.c 6}1"5 64.E§l>

59,5 ol Son (o Mo oS o ooliinl glite | (55kel (sl poliiio ol 31 Ygono
l.g ‘5)‘\) u"“""‘"ﬂé aS ‘) 6“59....4:9.0 05; UT 9 Y )LH.A‘ L: 'a)‘._\_, C,«.wﬁo as ‘) 6‘69....»34:
Calds aos O jliel ayyls ale ol 4 a5 28 4 g ool VLol lus

hplas o gl )l slied (She 3585 L Iy JSee (nl c0dd JrasS (pwginS
IREC I PONPSTIC

(Slope One) s s vz ;5!

Syge 4 e (e Gl Sldes el 6l wgrge laph Sl 1 S (S
(Slope One) i ol o3l (iterm-based collaborative filtering) 5 ,Liwe
s 2y sl T Gl (5lonly ol iy 5 (Fols csbg, cnl shol e und
SSHlie Djge @ sliel p e Gl Gl S ced Sl gt Gdllie o S
http://www.daniel- ,s Anna Machlachlan 4 Daniel Lemire L.y «ls, 4
IS @lie ol ol oad aiigs lemire.com/fr/abstracts/SDM2005.html

3yl 1y ouiles i et g ol aey ol o Jle < Ylis
PSY orwge 09,5 4 |, ¥ Lol Amy ouS (6,8 ol Ojge ol 4 ol (ol
ol ¥ Ll Ben oS el Ji> ,o ] Whitney Houston « 1) § Lol 9 cwlosls
Whitney Houston « 1, g;lel ax Ben aS ouS oo yies eudlss o0 Y Lools PSY
el iy Joaor siile S5z 0,5 ay aiens (nl bl sl Gl o0 &5 (Jgux a0
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psy Whitney Houston
Amy 3 4
Ben 4 ?

Whitney Houston 4 ;L a> YLl Ben a5 ey o> adleiy a5l gl
oS oo JYiel ) Ojyge 4 lo wales

St mlel oo Y cwslosls PSY 51 s Lol S Whitney Houston 43 Amy
Whitney « «cwslosls PSY 4 a5 gilasl 31 inn jloel SO s Ben aS oS
Whitney 4, Yl wwaslosls ¥ 5Ll PSY 4 Ben ;o> o -olo awls> Houston
ol aales 1) (is ) O jLewl Houston

039 S e w58l caslsl o el S92 g0 Sy ad wi oSl 5l g9 uoir @ls 0
(9 Ol bl Caje aS all ol ol alys muos3 1, (Weighted slop one)
P PRRWVEN =P VPR VESUITCO X GUNPPE-SFCIN-TS JECH [ e I C P UG | ;ou
Silgioe b wisleS wly 5 (phg) Olulp pesSee & plany S sleiel (o @
S 12 alone oy @S enl 5 8 gl S s al> o 90 0 1) S ok o680l
Gl ool dmlne gl 4 (S oloy o b ol Gha o S cglatus <l L)
aS Sl gxe opl g dl> el YU b 50 imag,000 P 51 >y o0 (deviation)
bhug L5 ) cwl ool aojleel PSY I i S5 Whitney Houston gegs
P9d > o ;0 oyl Pl e jo Sl 5l esleoll G Y (ous plxl Amy
el (o a b wle Ben wile )5 eepoe bl 1) (snpter Sliles
a4 kel 4> Ben a5 (i o i eeple> o 9 Cewl oauizs Whitney Houston
Wl 00,5 o3l Ben a5 (gl wge sbrog S plod | oolaiwl b .ows co 09,5 oyl
ploul 1) gamion (o ale Jgl gal> 0 0 a5 Sladdl ol soolsoll b ool jon
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The Broad Brush Picture

plosl (o dosi 53 S Lol Sldone 51 1545 Jof s

(M) Laems] 5l ot S2 s Lal el gadies (0 0

J‘-’-"u"‘ﬁ ‘5‘)4 L»M_.")JQ‘ L;ML’E& poo Connd

(deviation) Jl,oul (gduwlne @ Jgl Cooud
095 So g Wz )5 50 1 cnl lp oS Podezmy (o5 1) (B Jle im0l
oS (o0 WBLSl Jgaz 4 wax (Blaie e lea L) (Bawge

Taylor Swift psy Whitney Houston
Amy 4 3 4
Ben 5 2 ?
Clara ? 35 4
Daisy 5 ? 3

Sl plp ] o8 a4z LT pld o o Blial (oSl 092 Lol 2l (arlone (ol @08

I

U —u
devi’f B 2 card(S EX))
ues; ;(X) [ J

o3lail Taylor Swift a4y cos 1) PSY 8l il auas o5l ¢ Jlie (gl ailos ST 205kl
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K9S B as J..;)L) S¢>9 ua.‘?r.m 9o — Sl ¥ ).:‘).: Card(Si,j(X)) 90 L)"‘ Be) w.,)..i.’
e u] - Uy; L—’)LA; ...\.;Ioo; Gcw)L....d 1) (PSY 9 Taylor SWlft) GQMBA Lngos; O"‘
PSY ly )8 kel sleo Taylor Swift gl I8 shael b cesl ol S & 90

199850 dmle joboinl (IS D90 4 Bl 2l

_@-3 .6-2

devswiﬁ psy ) 2

2 2

Taylor ;I Gl =il Y= .&lesls PSY ay e Taylor Swift a4 yas sletel Yool 0,18
fwwl jad> PSY b Swift

_(3—4)+(2—5)= 1 3

dev;}sy Swift 7 7 - 5 + _5 =-2
QS 55 1y ool
S JoSS g doslone pj Jgoz o ) polie saidy
Taylor Swift PSY Whitney Houston }
Taylor Swift 0 2
PSY -2 0
Whitney Houston 0

Jo oy — 0w 55 1, bl
W3S JooSS g delne iy Jgaz )0 1) polie (saudy
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Taylor Swift PSY Whitney Houston i
Taylor Swift 0 2
PSY -2 0
Whitney Houston 0
:Whitney Houston 4, 4> L Taylor Swift
4-4) B5-3) 0 2
de V.m':f.r Jouston = 2 + 2 = E + 5 = 1
:‘Whitney Houston « a>g5 L PSY
3—-4 35-4) -1 -5
devﬂ.n‘.hmmmn = ( 2 ) + ( 2 ) = 7+ 2 = _'75
Taylor Swift PSY Whitney
Houston
Taylor Swift 0 2 1
PSY -2 0] -0.75
Whitney -1 0.75 0
Houston
23 (b3)9 I
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4 kel 50 Yo v g 5l galee S b (Shrmsge 3T Ay Culuy S 0S e
) areyia Ve )5 cnl g ogd adlal cylucg 4 sz )5 S ST 0,0 (lase 20
Voo upd e Voo 000l cossy ol 1y pma)o80l 0)ligs (gl LT caiS” 05l
8l 35250 o (5 yioolus o ol b SpouiS 12 il ol 5

(ol ofyon Lo b ls 81,

J> o, = (@ (B39

4 sleal 530 Yoo g il5 Goakee S b (Shawge T Sy Colog G 08 g
[y dioymd Vo puylS ol g 09 adle) colwog 4 wyu 25 STopuls Glaie o
Voo jupo )l Voo o000 oty sl 1) 02,0500 0,bgd (Gl LT S oLl
Seel S52gn a5 ok Jovol, b S8 ol cciloul f50

Ol (aley WS izl ools (sdegarme (oolad sl w0l 1) oo o8l s (2L
9 9% cnl om 5o Sll b b Lo @D 5l Cin o gl oS Szl j0 b,

oS (65,1085 cilos ST s jloiel |y MBI (sl (590 o 4S a5 (508l slaas puioeen
oyt 45 o)l 1, PSY &y azrgs 1, Taylor SWift oy Gl youl cpe 0uiS 5,0 e Jlho (sl
5 S Canlona] s a5 ()5 51 58 A kel ulil o8l il ol g g oo ¥
@ 1, Blysil Yl omd oo ) )L:.‘Z.A| PSY 4 4 a’ kel Taylor Swift 4y g &l co asax

S (o0 Sl yiard p) ©j9e
(9x2)+4)/10=2.2
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(Weighted Slope One) jlos59 < e o 5981 5l oolittnl b (gissbay ¥ (4l 0
Ol elei oo aisSa Lol Lo lo JLas ! o il ol 51 (55 (sacgemme G Lo V> (>
s o255 31 Lo i oS jsblan FanS eolitl b i iy bl (gl degorne
Stomlons Jgo 8 0uiS oo ooliiwl PY5T -lea L (Weighted Slope One) jlscy5 <o

il 25 Ohg0 4w ysSl

| 2 | (dev,,+u;)c;,
PwSl(u) = ieS(u)-{j}
j Z c.,

ieS(u)-{j}

C;;= card(Sj‘,-(J[))
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2 805 S cad e g & Sl me al 4 PYST(W)) (Jse i cnl 5o
Jle Glp e S o ool sl osls Ll w...;l 4 U ﬁ)lS as >
& Ben o5 cul il b e e 4 PPN (BeMwnitney Houston
ls aale> Whitney Houston

Whitney 4 (gjlel 4z Ben ipas gl Jlgw et 4 olySoe oS 29
faols wale> Houston

oS S0y Jgey8 y0 |y puS Oy dupdy ol

ies(w)—{j}

@ Ben o5 (e ploa L) (ewge slaog S 51 plaS 5o sl iusSoe Lo @
(&b Jgo 58 5 {i} = Le a5 Whitney Houston ;> a)) caslosls ;L b,

ST hnsge slaos,S 31 S o sl oS Cenlinn ol 4 Jsesd 53 oS Spge IS
Whitney ;I (8l 2l JL._.a 4 | (Whitney Houston ;> 4) cuulesls jLisl oyl 45 Ben
i (g 09,5 4 Ben ;L:_';.ol LIy ol saomid 5 pid Bawge 09,5 ] b Houston
S 4 a5 ol 3l slaws — cardinality) go sellos, 5 o 1, O s oS 0 po>
S oo o (Klesls 5Lasl (i g Whiney Houston)  iwse 09,5 g0

i he Ao e 4 al> e Jle b saay ol

el L8 5l aST 1) bl il of par 4 Ben &ljlial ¢ sl

Taylor Swift pPsy Whitney Houston
Ben 5 2 ?
Taylor Swift PSY Whitney Houston
Taylor Swift 0 2 1
PSY -2 0 -0.715
Whitney Houston -1 0.1s 0
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Sl Uy s pl = cslosls & Ll Taylor Swift « Ben .

ol pl — cwsl =Y ply Taylor Swift 4 a>45 L Whitney Houston ;1 Gl =l Y
S dev]"i

O?’“"LSA ¥ ).»‘).’ dev]"i + u; o= Y

3529 (Daisy 5 Amy) IS g0 muols lis a5 glo S ol L8 axin vz 4 F
Cji o 205 00,5 ao3kiul |, Whitney Houston o gTaylor Swift e a5 axisls
Dgbe ¥ oply

(dev]"i + ui) C]"l' =4 x2=8 o A

Cewlosls ¥ 5Ll PSY 4, Ben 7

Cewl YO 5l PSY & s Whitney Houston 5l (él il .Y

-)9.“:‘5& Y.YO ﬁ‘ﬁ devj,,- + u; o A

i Nles )57 o3lkl 1, PSY 3 Whitney Houston (sgo ,» a5 aitis )15 40 4

(dev]"i + ui)C]"i =2.75 x2=5.5

Sz (5l Y

ooy S 5l plas ya (ol S conl cpl T (me &5 pragd oo S 5 gSTy L))
g sloog S 1 lp ], cdlos )l s (awlosls sLanl oyl 4y Ben a7 dwge
o® b |, Whitney Houston g wge 05,5 o] & diz w) eoy9l o0 Cowd 4
Taylow Jlss)l5 g el ools jLisl Taylor Swift oy Ben y (ailes,S" 2oLl
Taylor (5o ,» 4 a5 (gl 3l slaws ) <l ¥ .l Whitney Houston o Swift
slloo) 5 g Zuslosls 5Ll PSY oy Ben (alosls jLiel Whitney Houston g Swift
Dgi oo T oply juS gi5e ey Sl ¥l o0 PSY

ol 4 aes o Whitney Houston 4 (g;Losl 4> Ben Syl (S olple Y

\)5—;«.’6& ML’?LA g.:)}»o
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Cawl youls o5 Cogs Yl

wgdd SVsb (LS aSepl glp eps anng 1Y Jad j0 oul allyl (NS ealys e
el ol a4 laid — S o LSS ol 1) recommender oS 4 bgie slaaS
<olw ¢ guidtodatamining.com colu 511 oS audly o a5 ail Lol ¢) w25 o0

oF @l ond oalel slaosls canyd a5 w9l e ol & Loi> (05 sbils chistio.ir
109 Q)&o u;‘ L suo){s

users2 = {"Amy": {"Taylor Swift": 4, "PSY": 3, "Whitney

Houston": 4},

"Ben": {"Taylor Swift": 5, "PSY": 2},

"Clara": {"PSY": 3.5, "Whitney Houston": 4},

"Daisy": {"Taylor Swift": 5, "Whitney Houston": 3}}
(deviations) laél il gduml=o ¢ sl

sl 1y lacdl ol (saalns Jya 3 Ll o g
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u.—1u,
dev. . = - d
Vi z card(S, (X))

ues; ;(X)

YL ,o 4 users2 cw,d 4 &L computeDeviations b 4 (59955 sosls

YW YN N | VRN VY PR W] PP WX K] D

Taylor Swift PSY Whitney Houston
Taylor Swift 0 2(2) 1(2)
PSY -2(2) 0 -0.15 (2)
Whitney Houston -1(2) 0.75 (2) 0

Sl ses o as Sl S slass « gw) aies (LWl,3) 1SS sl sl Sl slael
Sl (hrwge 09,5 Cud> 58 (sln G (Wlod)ST (pilial 1) (rwge (slooy S
oS 033 |, (el 3 1S5 sl g Gl

el 25 05 4l ez bo @5 sl 9T 905

def computeDeviations(self):
for each i in bands:
for each j in bands:
if i # j:
compute dev(j,1i)

sloosls o m Sinlasl K e o jsbolen Wy el L oS30
A (e YU L jo 15 users2) o)l sgzg o o28ly slrosls g 0Sgogm oyl 99,9
b opeds joesd 1) Woosls Can 8 aSnl b el plasly (5l ol 99 cmpianli p SO (e
Sgosm w5 oo DL ) pgs ofy (pe pedl ALBls WSgagm ;0 5,5k S Sl

1090 0 25 95 9Ogm A (S oo (5,555
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def computeDeviations(self):
for each person in the data:
get their ratings
for each item & rating in that set of ratings:
for each item2 & rating2 in that set of ratings:
add the difference between the ratings to our computation

o2 sl Al o 4l 5o 1) 5L 0 90 U oo b ool Y

:\ 64l>).o

def computeDeviations (self) :
# for each person in the data:
# get their ratings
for ratings in self.data.values():

e ()ls &yl 50 hash tables — jlopes o Jolax 4y aS) ol slag pisoo
el el o 6,aSss S self.data YL oS o acies (key/value) laie/a S
dd Sz b ool S oozl (self.data) o iSos 5l polie wvalues &b
users2 = {"Amy": {"Taylor Swift": 4, "PSY": 3, "Whitney
Houston": 4},

"Ben": {"Taylor Swift": 5, "PSY": 2},

"Clara": {"PSY": 3.5, "Whitney Houston": 4},
"Daisy": {"Taylor Swift": 5, "Whitney Houston": 3}}

:|'°'~’~)L> 4.0.L> 290 w.]s‘ )d o=

ratings = {"Taylor Swift": 4, "PSY": 3, "Whitney Houston
": 4}

:Y ‘541>).o
def computeDeviations (self) :

# for each person in the data:

www.takbook.com
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# get their ratings
for ratings in self.data.values():
#for each item & rating in that set of ratings:
for (item, rating) in ratings.items/() :
self.frequencies.setdefault (item, {})
self.deviations.setdefault (item, {})

I, self.deviations 4 self.frequencies . recommender S 3l init &G o

ﬁuyigkag‘sijgo4;Up;§644g9|gmq)xu

def init (self, data, k=1, metric='pearson',6 n=5):
#
# The following two variables are used for Slope One
#
self.frequencies = {}
self.deviations = {}

e Sy g alS Sy oS e olegST Y gl las aSis s setdefault wbs
[ oSl 090 09290 (6,50 ;0 aldS ST:0iS o Jos Sygo ol @ &b ol adl
)é J"SLSQ 4.:.]5‘ ‘560)‘..\.0.@ ‘ML:O‘O c:l; u.:‘ L f°9'> uLc;)T u‘g.& LY as 6‘4"']5‘ )‘o.\.o.a lJ

.dﬂo)?uﬁﬁ‘)Ls,uﬁ%o‘bi)dqu-ggxéﬁdﬁns¢95¢aCﬁ|ﬁ¢

def computeDeviations (self) :
# for each person in the data:
# get their ratings
for ratings in self.data.values() :
# for each item & rating in that set of ratings:
for (item, rating) in ratings.items{() :
self.frequencies.setdefault (item, {})

self.deviations.setdefault (item, {})
# for each item2 & rating2 in that set of ratin
gs:
for (item2, rating2) in ratings.items{() :
if item != item2:

www.takbook.com
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# add the difference between the rating

s
# to our computation
self.frequencies[item] .setdefault (item2

,» 0)
self.deviations[item] .setdefault (item2,

0.0)

self.frequencies[item] [item2] += 1
self.deviations[item] [item2] += rating
- rating2

S o gz self.deviations L 1, o] g oS oo dewle |y jlitel g0 M YL oS
Wl A5 @ ALl S ools o ,bgs

{"Taylor Swift": 4, "PSY": 3, "Whitney Houston": 4}

item = “Tayor ,lp L ki 5,50 rv._.l Jade a5 iws >y gdils o aT B
Lo £9 W""T oS Al gdal> o gl (rating=4) ¥ ol Lyl 5,50 Lol o Swift”
rating2 =) Y L ,l, (rating2) pgo 3Ll g (item2 = “PSY” _xy) PSY ,l, (item2)
self.deviation[“Teylor Swift”][“PSY”] 4 I, } sae YL oS La> u.»)p-‘ el 3

A5 e a8l

¥ gal> e
2 pslen U ey (iterate) g0 au> self.deviations gg, » U ol 5L cploel
oSG (S ,8) Loy T 1SS slaws s oS | a8l il 5l plas

def computeDeviations (self) :
# for each person in the data:
# get their ratings
for ratings in self.data.values():
# for each item & rating in that set of ratings:
for (item, rating) in ratings.items():
self.frequencies.setdefault (item, {})
self.deviations.setdefault (item, {})
# for each item2 & rating? in that set of ra
tings:
for (item2, rating2) in ratings.items{():

www.takbook.com
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if item != item2:

# add the difference between the rat
ings

# to our computation

self.frequencies[item] .setdefault (it
em2, 0)

self.deviations[item].setdefault (ite
m2, 0.0)

self.frequencies[item] [item2] += 1
self.deviations[item] [item2] += rati
ng - rating2
for (item, ratings) in self.deviations.items():
for item2 in ratings:
ratings[item2] /= self.frequencies[item] [ite
m2 ]

00,5 slwosly (ecwls L) oS L VA jo 1) 55 Jae,8 Lo @dls jo lals ples

u.—1u.
dev, . = S
! ueg(m Card(S;,j(X))

(oS o0 1yl plos S oolaiwl Jle ol sl oS oeesls L) ml (pl a8 oKn

users?2 = {"Amy": {"Taylor Swift": 4, "PSY": 3, "Whitney
Houston": 4},

"Ben": {"Taylor Swift": 5, "PSY": 2},

"Clara": {"PSY": 3.5, "Whitney Houston": 4},

"Daisy": {"Taylor Swift": 5, "Whitney Houston": 3}}

g Jol> g saml

>>> r = recommender(users2)

>>> r.computeDeviations()

>>> r.deviations

{'PSY': {'Taylor Swift': -2.0, 'Whitney Houston': -8.75}, 'Taylor
Swift': {'PSY': 2.8, 'Whitney Houston': 1.0}, 'Whitney Houston':
{'PSY': 0.75, 'Taylor Swift': -1.0}}
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1] Cawd A s Swd (Shumle 10 4 el (s yled 45

Taylor Swift PSY Whitney Houston
Taylor Swift 0 2 1
PSY -2 0 -0.75
Whitney Houston -1 0.15 0

as’ (serpentine.com/blog) s> s 9 Bryan O’Sullivan ;1 oS5 o ,Sis S
3 e ogr eals 43 sl 13 Sy ced o2y sl 1y ol slesoly
Calosgy lisl s, I8 bl (oS byl

S 4sosi Cun ((Weighted Slope 1) s 1553 o wurd 255

otz ) Toeog Cuond ol ] 28y Vs
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Z (dev,;+u;)c;,
PWSI(H) — ieS(u)-{j}

J .
Z Ci

ieS(u)—{j}

oS 1y YU 0,8 cdddy o3l SouiS h 5ieS (euilies (COmputeDeviations) (8l ol
1S loiel Lo Sl gt 98 905w b (ony 8 () 40 1) )T 5 ot

KVEL I3 PR XX

i gt 05 g3gms Oj90 41 I Jge 8

U oly — auiS 35 1, pbioka
Sl &j90 cpl & (o Sl

Gl 2l of Glaslertn 08 e ol B S Gl sl s eolst o
PlS p2 ps0

145 g0 guw
Cooud 4o ()5 lilowl) userRating ;2 4 (5,5 GLmP:J) useritem ,» 4l
)5 sloolgrig

item2 # ) ail 00,55 p3jlsel )5 o] a5 (bpx] SO diffitem ;0 (o,
:(item

userltem (¢l userRating 4, userltem 4, a>¢ L |, diffltem s
wlos,S po3kaal |, diffitem ¢ userltem a5 gol 8 slass o |, o] s aslal
A o o
S gz diffitem (g l> Jlado b1, f

Ay yls a5 wiles S ookl | diffltem oS 5o, slass 2oz (yuizzon
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ol ples g wand Lo gl (s4egeme jo 45 ladiffitem Splas 5o sl 3T 0
3lo )50 1 s 9 0w w1 S mils 13 plad 5y gy 1) o

109l 05 S lgie 4 e Jo ol o0 onl g

def slopeOneRecommendations (self, userRatings) :
recommendations = {}
frequencies = {}
# for every item and rating in the user's recommenda
tions
for (userItem, userRating) in userRatings.items /() :
# for every item in our dataset that the user di
dn't rate
for (diffItem, diffRatings) in self.deviations.i
tems () :
if diffItem not in userRatings and userItem
in self.deviations[diffItem]:
freq = self.frequencies[diffItem] [userIt
em]
recommendations.setdefault (diffItem, 0.0
)
frequencies.setdefault (diffItem, O0)
# add to the running sum representing th
e numerator
# of the formula
recommendations[diffItem] += (diffRating
s[userItem] + userRating) * freqg
# keep a running sum of the frequency of
diffitem
frequencies[diffItem] += freq
recommendations = [ (self.convertProductID2name (k),
v / frequencies|[k])
for (k, v) in recommendations.items () ]
# finally sort and return
recommendations.sort (key=lambda artistTuple: artistT
uple[l], reverse = True)
return recommendations

Bl )50 Sy 02 505l (51 ool el Sy 0
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>>> r = recommender(users2)

>>> r.computeDeviations()

>>> ¢ = users2['Ben']

>>> r.slopeOneRecommendations(qg)
[('Whitney Houston', 3.375)]

Srond ey 23300 BLbil (208 drlone (s Dj90 4 &S G ol Jol> 2L
5,0 b pll b VA 0 (ol ,68) cpl o (recommendation) sacsssly i

gt Jlo (2l b o0yS (s3lwooly 1) o ot w80l gl o b Y Lags
DS o 1 03,728 b loaS aili e gl ol 5l eolial b oS

Movielens osls (gacgozme

S ol K00 gools sasgerme Ko g9y 2 ) S e sl iy ol
oKuils o Grouplens Ls;Lo.,.a.m 09,5 lawgi 45 Moviewlens (gools (gacgazxe
paas Ly ywd ,o alize plu dw ;0 35lils Cp> www.grouplens.org colw ;o ools
oolawl ] (sacgamme 'y iS>oS 5l pe coolus g’;;.,”l.aﬂ N R JURNLI B WS AR
S el (3 VPAY 550 ;0 ) AFY IO B Y () sl Jlie do Julds a5 iS5 o0
(recommender) Solpiin WS 4 1) bosls wilg oo o] Galowy 4 a5 gibg &b
S (B

S ool anly Jl>

oS 0 5,155,L «gly ,o (recommender object) Saog b 4 | Wesls « Jsl

>>> r = recommender(0)
>>> r.loadMovieLens('/Users/raz/Downloads/ml-100k/")
102625
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oo 0 4 daools pwyp Cya haid 0,5 wales colaiul V(g0 leds IS Oledlol
W.HSGA o5 cawlosls )L..».n‘ LQUT G ) o,leds 2.:)[5 as LS")LQ‘

>>> r.showUserTopItems('1l', 50)

When Harry Met Sally... (1989) 5

Jean de Florette (1986) 5

Godfather, The (1972) 5

Big Night (1996) 5

Manon of the Spring (Manon des sources) (1986) 5
Sling Blade (1996) 5

Breaking the Waves (1996) 5

Terminator 2: Judgment Day (1991) 5

Searching for Bobby Fischer (1993) 5

lewlools & jlitel (ol O ol gaod 40 ) (o Lol )l

>>> r.computeDeviations()

r‘,.’)[.w)\ 60)LA4::).3)[S 6‘).3 ol.QJ-M Ls).wu_iaML\.: ‘).5—‘)&9

>>> r,slopeOneRecommendations(r.datal'1'])

[('Entertaining Angels: The Dorothy Day Story (1996)', 6.375), ('Aiging
wansui (1994)', 5.849056603773585), ('Boys, Les (1997)',
5.644970414201183), ("Someone Else's America (1995)",
5.391304347826087), ('Santa with Muscles (1996)', 5.380952380952381),
('Great Day in Harlem, A (1994)', 5.275862068965517),

YO (_go)Lo..i)).g)lS(_g‘).} QM ‘_g)...ug.i.lg

>>> r.slopeOneRecommendations(r.datal'25'])

[('Aiging wansui (1994)', 5.674418604651163), ('Boys, Les (1997)',
5.523076923076923), ('Star Kid (1997)', 5.25), ('Santa with Muscles
(1996) ',
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LT .(Movielens (gsols (sdsgomme tyuod 48) dusS p3jLtel ) olid Vo S0yl (sl

Tado g0 olgiitun Lo 4y 0y lo Cuwgo a5 |y olalid oy ;oS

&slwesly |, @djusted cosine similarity) oad Jsoad (qwginnS ol Jgo)d ¥
S Al S oot g, LIy o (2SS

sdsle ol slaools (595 2 1y (be) ol piwlyz oo 457 (S8 (4es 5l e Y
Gabisl> S e 10051 o5 RAM) Lol galidl> (oS |, (Book Crossing) LS
odds aojluial a5 pudls GLS e YY- a5 aulo olsh pyls LLIKS A S}.al
ol il (0,058 (ly YWeooo 0 VVeroo slal b (6,00 S a4 (o 0y
Sl yuiSes umman o 16 ,Ses 50 Gl ojbke VY Loyl (i o gl
b owwd i (i 4y 1, oF Sl (sparse) s jui> Movielens slaosls (sl

S B3I 5 1y 655551 sloesls degecne puslyny

ol 4y slbaS (solSTy euidlas o b ol 48 Lo pcill 5 o slacbles Bl

s955 o) )5 oyl (gilwesly g o] 2t az j8 S0 (6l oduzny
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(Content Based Filtering & Classification) giuaib g lgome wlal 5 b

e s Sy sl p (Classification) gaaab

5 ol Gk ol Ol)lS Slm ba deogi 5 Slaleida sl 9550 50 (LS sla Jad o
Couzo 99 o 0l i social filtering — claizl (ol a5 o5 Lo S 2l8
=55 4 |y po,e glaxzl 508 L (collaborative filtering) (o5 Lie ol jo o005
Lt 0 (358 oS 03bel S sl |y (olaslgiing ool brsss wailyss b 05l
Lo b s 5l (g ks 45 uilo 0 Lo uless )5 |, Wolfgang Amadeus Phoenix sl
I, Vampire Weekend , 5 Contra ps JI ;. ioxen cailony )5 1) (ewse podl (pl a8
Comand S (90 oS (o0 Aoy Lo 4 i 1) CoNntra sl Lo s 2a5los )57 (gl > 55
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@S aes e ploul 1) LS ool Lol 4 Netflix colu oo co slgains (a0 1y
JU s Gpizred wsloans ol ol jo 1y Doctor who U s aS™ Sl )57 51 (6 )l
ol sl ilr 5l 55 0590 50 (LS slaJuad jo aileass pa |, Quantum Leap
data ) Laocsls oyogm S Ly (Mo Jolld Lo il ol o0 5 oo (25 )Lk
Sl i a5 Sl ol ;500 IS 0l o0 plas (392 2y olide g (SPATSILY
WS e LS (Sl by g (e &5 Seogs laptc lea b ssiassleiin
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Sl andlas Jlo laie 4 .0)ls 5929 & s Coows 45 (bias) Bl youl G &dly o —

AR

www.takbook.com



Obwsgidal yy sl s9lSosls M VYY

)Lm.u‘ ‘) $9_>- ‘a}JT JJﬁl 4)150)L: Ssﬁ.a.u}ﬁ-c 95; u_i.» as .\.uS )5@ ‘u.m.a..) p.b LS’P Ol.:)
Jo e U aomylS g s ool (nl 5 (irmogn 09,5 il &5 (bl 5l e oo
g gad Slgiing pianw bawgl  ouS 4 Sz ol ouis el

6‘):) MS)S)L)J” |) LQ)‘.)J,.& M‘}?GA .omoow ‘SLQW J.:u..é Q‘:‘.‘»
«(odbsass-Lud )3'[‘5 Y guazs 6‘):‘) u»&ﬁﬁ 9 (oteis Y guazns
Daniel Fleder & Kartik Hosanagar. 2009. “Blockbusters

Culture’s Next Rise or Fall: The Impact of Recommender
Systems on Sales Diversity” Management Science vol 55

sty (sha—ge u—’y‘j ] Colw oS oo Jlio 1) (Fglie ;Li“") Lo o Jad cpl )0
Ay o il oo Lo 5l L 4T jsb yles ol ol j0 .08 jsas | (Pandora)
G55 L et e gl oSl o 40 S wulass g ol 1y ilisee 590l (sloelSiny]
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aS ol bl a0, 5wl sy |, El Ten Eleven | ol (x3ly 10 000 col
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New Station _

248

Hiromi Radio

Hiromi Radio

add variety

Options
Buddy Guy Radio
Erya Radio Why this track?
P ix Radio Eighty-Eight Days In My Veins byEST
Alice P, Radio Based on what you've told us so far, we're playing this track because it
features classic Jjazz roots, a well-articulaf
Trans-Siberian Orche...

! S ted piano solo, light drumming, an
interesting song structure and interesting part writing.

Move track to another station

Tye Tribbett & G.A. R
Nanci Griffith Radio

I'm tired of this track

A

> Solpiion oo dyqa5b
MusiC) (gage pgis 5059527 pU 4 lojsny sl 2 1) 095 Soleiiny i 9
“ L lad ~|¢L52’3M9& ooz dag] el aslis «(Genome Project
G iy 2§19, (o o8 2 ” ) T
ol Gl |y Lo Shng oy b asd 5 )15 a1 (Rewwge )BT Ll 5 (6595 50 g
‘ ' " 3D &l s s s A
ol (asS e €O Lo Ths (ol 5l plaS s 4 La ) & sl s oy T":—“ﬁ*"
- 4 WS hjgel a5 elSin o oo Lbjel el VO }‘)-’u*':t-."u)-i;ti'-’”
L E ~8q & axlad 1o ol ad B ¥ BY- o (1Sl
Lo 03 o=l 5 (ol ST (e iwge (gashd o] sl Ty o )5 Gles b o S5
‘ = ) " . & . . . oo .a
(S o0 onaline |y 105 Lo ] sloaS 5l glasgad) s 8

' My Ouly Swerving
Eleveny iV Owly
. e - " major tonality:

"\

: Beats per Minute: '\

,
*

ing 16ths: electric guitar riffs:
swinging :

| Il articulated piano solo: | repetitive melodic phrasing:
| well articu 2

N N S

‘ drumming:
block chords: : ;

L W L

| electric instrumentation:

154

| acoustic instrumentation:
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a5 oS oo oanline |, My Only Swerving g EL Ten Eleven Sial g0 YU 95 ,0)
Beats per ) aido ;o 4,0 olaas jﬁj)u Al 50 S She 0 plas »
G 5 o s g Sl 0 aigs VY ¢l El Ten Eleven Sial sl (Minute

(0w 39290 G 500 sl Sy

ol &y )8l il S e walyd 5 T e Sl Gl | olie Gl (0,8 el
g oo a3Lal olo 1 40 ¢ diwge (sankad e V0 L, g coul Lo pedls

ol ced e g 05l (18 1saily JLusl o colaS] O se a4 djgaily slapy oSl aisS
S,5,5 (og adly jo wd 4lS AT S S o 5 Ais oy 65l pl a5
o (e Sy il (Ssr go)lyd oy oy 4 aSh g Tjsaily

Dy Rwge 0 190k 4 A

H5 S eslaiul 955 sla hege sl (She) 0F 59 Gl 5 Ll &5 95 558

Mood
genre

Melancholy 1
Country 1

joyFul 2
Jazz 2

passion 3
Rock 3

angry 4
Soul 4

unknown 5
Rap 5
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9 Sl €S0Ul) (sg ) S o 4 L ¥l (gENTE) Sl ke &S el
«(passion) slo il g i S slime 4 L Y pl s (MO0d) ls2 g Jl> lade 3T
a_sls «(melancholy) s slgo s Sl b ST,y fwge (o S (0,8 Y ool
o ¥ slas S o James Blunt 5l You're Beautiful Kol ¢ Jle slp ol

wf e 952y 4 Kol ul sl s S8 @ s s (2D)

A
y 4 g
BW r:i-;f ( —
3 ea o <
: 3 . » Ralling Stone \__ﬁ!—-‘)h
< ROy et o
: you're peautiful ghadad ¢ . .‘W -
? z : b FELARTLS
T
( 1

L

Mood

So olgidin «eutly 3 o Lo g <ol YOU're Beautiful Sial gole Tex s 5,8

oy gl 4 1) e Sia]
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L «You're Beatiful» Xua -l

lotees fAiile ol 0 eRed

V soslet (e oS ABLIL K00 (wge Wiz 0ol sasgee (nl 4 ey ol
9y shwge SO Y (g0 ke Awge .Cuwl «(Melancholy) oMoy ¢ « (azz) jl>»
S (Shage S ¥ o )leds (wge Coled 50 5 Cowl €@NGIY) (y:SKeiisy g «(soul)
ilosls Golad 1) b sfwge ol w3 JSS o .cuwl «@NGHY) (. Seis? 4 «(jAZ2)
songl=\ uge

song2 =Y _iiwge

song3 =Y _diuge
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S
L4
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L2 3.4 % e
Mood

03] a4l by irsgo slasd b ;5 «Slpo sl (5 45 sty o plgasel

Mood genre
melancholy 1 Country 1
joyFul 2 Jazz 2
passion 3 Rock 3
angry 4 Soul 4
unknown 5 Rap 5

(oaS oolaiul (120,5 Cusro 90,90 )0 ¥ Jad o aS) AJ..alé?L:M).m}lm.:Sw)fl
sle Soalas crul ol floyghate &8lg 10 (o lo YU S j0 a5 sleds 5l ool b
«soul) 9 slaal b swe 5 SGo3 «rock) STy sl Sial 4 «(azz) jl>»
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5 «(azz) s> o galols g cel V ply «(rock) STy g «(azz) jl» o salold)
4 «(melancholy) Mo sla Sl Jlie glm L (Caol ¥l «(soul) >4 »
S oo «@ngry) (uXeis? sloKal b atie 5005 «(joyful) slor sla Kal

iloge (Bl plizen JSbo oS (zil 5 atile ) polie

Mood genre
melancholy 1 Country 1
angry 2 Jazz 2
passion 3 Soul 3
joyFul 4 Rap 4
unknown 5 Rock 5

oS sy ol g 45 S5 g B8 5 i o | S s
Sty Lo amy ol ol @l o a0 ol (29 Slyz opsN) S Jos B2,k 0]
WS peplyS o ) la T L ml 00,80 QLI (95 4] lesla S a5 WS
(Sl @ puilyi oo JSio )] J= Slp 35,5 18 o e sojb ST o da ] )JQLM
(shge S sl (o T oS foS ool (S5 0 4, «(genre) Jlp (S
Song | breathe in, breathe out L= sl (o «(country) (g il
o ik A1 I s g «(azz)
o A ] DLL O LY e g oo e il ol pled
Soul "y | S 4 et el Jie sl
S ELSY 15 50 juda (Awge (saxkd

Rap T
sliso au ) — 5,5 - 1,8 «(country)

Rock l z
i 1~ 5 13l g gk pl 4 el ol
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swgo gashd ulaS coul pl sliae 40 5,5 o5 1,8 «(country) 55> il

oY M w5 o ol ine S plie ol Vol «(country) (gl il S
& Ls» )_J) Jaie a5 0 (gaadad a A b Bwge (gaalad S pplgy S

«(country) s, 5LS» jloie a5 glaaad (oS loy ol 00 O ] (51,5 «(country)
AL faie a5 col glasdd 5l 5 S5 Lingeb sl ¥ ol T sl o090
2ol Vol ol e oe «(country)

1, 095 Lo S olen L Loy sacgomme dysasl a5 cul b9, los lids ol
O el pad Lasdh) wies 0 B Y so3b o 1aSTosmil o cilies sl o3 205bu oo
e S1» «(Blues Rock) 5oL STy sla bwse glsil sl olopys Jold a5 o ls
GOudiwd 0ed oo b Bwse g4 lw j0 «(Pop Rock) ST, CL» ¢ «(Folk Rock)
So S LS slacas p «(@ccordion) (yg5s LS sile olo il sablwy 4 oo

Use of ) ca xS olas slayl5 )l 5l eolazub o «(Dirty Electric Guitar Riffs) caxs
2 aS (Lo S59) Lagys cpl 5l eolaiwl b 0gd oo 4zl «(Dirty Sounding Organs
5o ahad G Rawge (gankad o ) el 00,5 baws Feo soslwil b (vector) ls 5
o=l oslan 1y 092 Olalpiiny ailes o ol ygail Yo (Cl gons oo slad S

Lugi ool sl ggoly o] SO 50 Bwge S S 4 prenal ol baolpioy

il ¢330 S Cusro La;QT

oolw Jle S

ot e Lil s Ghg,y el LB oS adg sl (go0ls dcgemme G auay o5l
! (L5 D inlydl L) azies B B ) o3l o plS 1 a5 s (Fing i caiS
:M&Ujs&m&}‘\fﬁ)bgjﬁé

vyl ol o 50 519} Sae il ouid ool 4l vyl 5 S1=(g5ly) piano .\

555 oo )l S nl o 0 sac o5 eads eoliiul gily 5l Hge &ygo a5 LS
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as Sl il j0 ;516 ) sae wes S5z Kol o 5= (> J&g) vocals .Y
SpSse Bl Sy ol 4 0 sas g ool eoliul s 5l e &j50

g Laplis jada> a S0l 5 dian (Somad 5l oS 55 = (Kyglyo 44 ,5) driving beat .Y
WS (oo Solaa |y (Arwge sladpd ol

(sl ,30) blues Infulence .f

(S S Sl LLS) dirty elec. guitar .0

(Obeiy s JI5'9) backup vocals .7

(¢ y3b) rapinf. Y

Slakd) @S (205ltel 1) (hrmge gaxkad V- oalgs o o Fhg cnl 5l eslitul b V>
(i gt o o Sy g il 8yl o diwge

Piano Vocals  Driving Blues Dirty Backup Rap
beat infl. elec. vocals infl.
Guitar
Dr. Dog/ Fate 2.5 4 3.5 3 5 4 1
Phoenix/ 2 5 5 3 2 1 1
Lisztomania
Heartless 1 5 4 2 4 1 1
Bastards /
Out at Sea
Todd Snider/ 4 5 4 4 1 5 1
Don't Tempt Me
The Black Keys/ 1 4 5 3.5 5 1 1
Magic Potion
Glee Cast/ 1 5 3.5 3 4 5 1
Jessie's Girl
Black Eyed Peas/ 2 5 5 1 2 2 4
Rock that Body
La Roux/ 5 5 4 2 1 1 1
Bulletproof
Mike Posner/ 2.5 4 4 1 1 1 1
Cooler than me
Lady Gaga/ 1 5 3 2 1 2 1
Alejandro

3 pelg o i Slael 5l slacgoone J.QL.» (showgo Oladad il plas” a2 as &L?-QT 3
JUie 6l oS oolainl Bwge Olaad 1l s alold sauls sl slalols &by
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a—=khi g Dr. Dog’s Fate ga_sld -, (Manhatan distance) - gio gal ol
1394 o0 domlxe ) )90 4 Phoenix’s Lisztomania

‘Dr. Dog/ Fate 2.5 4 3.5 3 5 4 1 ‘
Phoenix/ 2 5 5 3 2 1 1
Lisztomania

‘ Distance 0.5 1 1.5 o 3 3 o

) Gite salols pl o 59 o 40 balold aex Ja Distance — 31 v sox
Bgbioe (A plp ol

AsS 5 |y bslas

L Glee ,ilJessie’s Girl Sial as ¢ fuwge Slakad pluS A pogds 05 oo (o oyl
9935 JeoSS | 23 Jguzr auilgi se LT oitun 5035 (owilil salold 4 4z
ol 505 «Sap] cpl 4 S plaS oS
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Il Jessie’s Girl Sl 15 aloli

Glee's
Dr. Dog/ Fate ??
Phoenix/ Lisztomania 48292
Heartless Bastards / 4153
Out at Sea
Todd Snider/ Don't Tempt Me 4381
The Black Keys/ Magic Potion 4528
Glee Cast/ Jessie's Girl 0
Black Eyed Peas/ Rock that Body 5.408
La Roux/ BulletprooF 6.500
Mike Posner/ Cooler than me 5.701
Lady Gaga/ Alejandro PP
d>ely — oS 55 | obslae
1 Jessie’s Girl S0 1 alols
Glee's
Dr. Dog/ Fate 2291
Lady Gaga/ Alejandro 43817

lylo &Sy 9 X (&b 40 (s (Euclidean distance) gwo il galols a5 s ,5ke oL 4

b oo dewlne 435 90 4 09y (Axi N) SN
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ey =[x -y,

199 oo dnwls 415 O o0 45 Lady Gaga g Glee yu w8l sdlold

piano | vocals | beat | blues | guitar | backup | rap | SUM | SQRT
Glee 1 5 35 3 4 5 1
Lady 1 5 3 2 1 2 1
G
(x-y) 0 0 05 1 3 3 0
(x-y}ﬁ 0 0 0.25 1 9 9 0 1925 | 4.387

Ol S &l as g
a3 Jad yo (social filtering) elox! ol slp o slaosls a5 oy jebo o«

D92 325 Ceayd

users = {"Angelica": {"Blues Traveler": 3.5, "Broken Bells": 2.9,
"Norah Jones": 4.5, "Phoenix": 5.0,
"Slightly Stoopid": 1.5, "The Strokes": 2.5,
"Vampire Weekend": 2.0},
"Bill": {"Blues Traveler": 2.0, "Broken Bells": 3.5,
"Deadmau5": 4.0, "Phoenix": 2.0,
"Slightly Stoopid": 3.5, "Vampire Weekend": 3.0}}

e iuled S8 led 4y wilgs oo 5 1, a8 slaosls
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music = {"Dr Dog/Fate": {"piano": 2.5, "vocals": 4, "beat": 3.5,
"blues": 3, "guitar": 5, "backup vocals": 4,
"rap": 1},
"Phoenix/Lisztomania": {"piano": 2, "vocals": 5, "beat": 5,
"blues": 3, "gquitar": 2,
"backup vocals": 1, "rap": 1},
"Heartless Bastards/Out at Sea": {"piano": 1, "vocals": 5,
"beat": 4, "blues": 2,
"guitar": 4,
"backup vocals": 1,
"rap": 1},
"Todd Snider/Don't Tempt Me": {"piano": 4, "vocals": 5,
"beat": 4, "blues": 4,
"guitar": 1,
"pbackup vocals": 5, "rap": 1},
"The Black Keys/Magic Potion":{"piano": 1, "vocals": 4,
"beat": 5, "blues": 3.5,
"guitar": 5,
"backup vocals": 1,
"rap": 1},
"Glee Cast/Jessie's Girl": {"piano": 1, "vocals": 5,
"beat": 3.5, "blues": 3,
"guitar":4, "backup vocals": 5,
“"rap": 1},
"La Roux/Bulletproof": {"piano": 5, "vocals": 5, "beat": 4,

Black Keys Magic Potion (gashd a 0555 0 a5 gl S (o a5 0SS (5,8 Yl>
ite salolh Wl lagi 1) ol gaolnon 0,5 S005 il oo (o ol AtoaBdle
(S Al plaiig sl L a5 (Manhattan)

>>> computeNearestNeighbor('The Black Keys/Magic Potion', music)

[(4.5, 'Heartless Bastards/Out at Sea'), (5.5, 'Phoenix/Lisztomania'),
(6.5, 'Dr Dog/Fate'), (8.8, "Glee Cast/Jessie's Girl"), (9.0, 'Mike
Posner'), (9.5, 'Lady Gaga/Alejandro'), (11.5, 'Black Eyed Peas/Rock
That Body'), (11.5, 'La Roux/Bulletproof'), (13.5, "Todd Snider/Don't
Tempt Me")]

I, Heartless Bastard’s Out at Sea (ga sk gl a4y wilss o ¢ b9, oy 3l oolatuwl b 4

Cand o (295 Slpidon Hlai 4 a5 pao slpiins

www.takbook.com



Ol giaal p sly (s9lS0als W AYF

Cuwsl 59294 chistio.ir cylwesg ¢ guidtodatamining.com

«Hyz» Jlgw 4 fwly

=4S 02 oo eyl bl p wrs oo dlpiing Lo 4y 1) (3 o jguily a5 oK

Black Keys (gashd a5 o 5bo ob a1, ylatwgs o] oo 1,15 ol ouilys oo o Lo
I, Heartless Bastards Out at Sea ga =k ol 4 Lo .cuisls cewgs |, Magic Potion
ORYVRA R g0t { N PR RN I Lo Sy plaS a5 canls (pl Jlgw Jlo puols olpring
S Ao ;000 L) Ol ym S (rwge sankid 52 1) (S o 99 wnle

o5 STkt ot 5 aitd ipmoge Slabh S bles ba )
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Piano Vocals Driving Blues Dirtyelec. Backup Rap
beat infl. Guitar vocals  infl.
Black Keys 1 5 4 2 4 1 1
Magic Potion
Heartless Bastards 1 4 5 3.5 5 1 1
Qut at Sea
difference 0 1 1 1.5 1 0 0 |

Lo LSy 3925 (PIaN0) gily g S i (Arwge saskad 93 (nl (o &5 26 S
L o salold logy] (saen 45— o (rap inf.) o, ;50U 5 (backup vocals) ol
Sladad oS’ o 0 o Shg cnl e Jcnl b disg i Jlop 99 58 50 (g caiidls o
Pl 099 (Arwge aabd 93 po (my aidls 3 093 Sl (%S 50 ((Hrmge
A8 s Al ot Yeaiol Gy 5392 5 56 (9 5 iy slo S5 y3a> 9
ba LSy sl Jds a0 1) (hamaga (saabd (ol Lok 45 08 o S8 L 1055 Slie
99 ol sbe Sl 69, 1) ploedgs 75 503 ((o9e 50 KaLals Cangd bty
Lajlsp ;0 05290 slacl a5 glal> (dim — @S o0 F5, 3 slael 10 (pwge (sankd

Dol 0 4 Sy

Heartless Bastards  sashsd Lo puiS o0 )53 Jle 5l
9 odig—dicalan slad, o S-,:.:.l.: {.LL& 4 |, Out at Sea
LIl Cungd adS S Sl LS g Lo ISy

2 > Al g i S (_gl._.@‘_s_?).’ﬁ hlo Lo (gosls gacgammo a5 opl bl>
oy 05 Al 4y sasSacliin ¢ Il LS bolpiny (gady (s ol
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>>> computeNearestNeighbor("Phoenix/Lisztomania", music)

[(5, 'Heartless Bastards/Out at Sea'), (5.5, 'Mike Posner'), (5.5, 'The
Black Keys/Magic Potion'), (6, 'Black Eyed Peas/Rock That Body'), (6,
'La Roux/Bulletproof'), (6, 'Lady Gaga/Alejandro'), (8.5, "Glee Cast/
Jessie's Girl"), (9.0, 'Dr Dog/Fate'), (9, "Todd Snider/Don't Tempt
Me")]

>>> computeNearestNeighbor("Lady Gaga/Alejandro", music)

[(5, 'Heartless Bastards/Out at Sea'), (5.5, 'Mike Posner'), (6, 'La
Roux/Bulletproof'), (6, 'Phoenix/Lisztomania'), (7.5, "Glee Cast/
Jessie's Girl"), (8, 'Black Eyed Peas/Rock That Body'), (9, "Todd
Snider/Don't Tempt Me"), (9.5, 'The Black Keys/Magic Potion'), (10.0,
'Dr Dog/Fate')]

L 297 Slpaion Hhai 4y Lady Gaga slaioy e

Sglase sld pwbie jo i

slass L ol oS Lol wlrosls sacgams 4 500 L;).,g SO pply> oS )8
0,0 dy Sig i a0l S e adlal | (bpm | beats per minute) aads o 4,5
30 = ISl 4 e gleools s I LY poo e i ] 5 Sl Lgl.m&mTli
(o S5g 55 ol g 5 alin (irwge Slalad 5ol b jlaws ¢ L8 asile) wif e
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Piano  Vocals Driving Blues  Dirty Backup Rap bpm
beat infl. elec. vocals  infl.
Guitar
Dr. Dog/ Fate 2.5 4 3.5 3 5 4 1 140
Phoenix/ 2 5 5 3 2 1 1 110
Lisztomania
Heartless 1 5 4 2 4 1 1 130
Bastards /
QOut at Sea
The Black 1 4 5 3.5 5 1 1 88
Keys/
Magic Potion
Glee Cast/ 1 5 3.5 3 4 5 1 120
Jessie's Girl
Bad Plus/ 5 1 2 1 1 1 1 90
Smells like
Teen Spirit

4=kad Black Keys’ Magic Potion a4 a;luwen o ,5SS03 bpm 5l eolawl yay
Bad Plus’s Smells Like .1 4y aslad 5,590 g Heartless Bastards’ Out to Sea
Oled 5l ooliiwl b ¢piS oo 4Ll ], bpm (F59 Lo a5 alin Jg .ol Teen Spirit
(555 3= s 4 DM a3ly 50— 350 o )5 5 3525 00 o 2 ShelS gl ¢ alolé &b
Black Keys 4, Bad Plus (gashd V> .08 o lay o)l 5 SlnSe b Olawle
S0 (e RSy bl bpm (Siys a5 conl ol O Jds 5 ol 5Sioy s
]

5 £ OB I8 (ogate (ulw S (pe w28 S Ll o ) (650 Jle
(B) o s S (o o |y i 53 8 ol 5l Lo T eyt 5 ) oliel
«(salary) sga> (6,555 5 Sl
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gals
name age salary guys
salary

ywmL | 15000 rame | % 0

Allie C 52 Briat 05,000
g1 | 45000 apdulah ¥ | 2° 105

paniela ¢ 5 69,000
Rita A 5 us00 David ¥ ® 00

0

(Sde Camuizr BUYS Jgor 5 aliwd Eige Lo @als Jyo)

Gsi> 5o3b s el (Ul YA GO L my) JLo OF B YD s et 5056 b 0l 5o
gl ;Jol_$4_3.o)|a)|)ﬁ a>lg e VY ML Gl VOB e FY 0 po
o oyl 5 Sl 085> Slaslre oolad s (salary) sga> Sig doojl cpl obj b
a1, David Yais! (oS bas o oo 4 | 15 99 oo &30 4 pabdlysn 51005
@Lum)jjw_moué}bgwwéoo)g&)o PRI 3,5 auplem o e Yun
S alols gla Jgo,s 5l oS o 5l osliiul U1, LIS pam 1l ol by ool 3535 o
e el 035 Sl sl alad (l 4 355 e Sloitiy G JLo YO L YU & a5 o]
e 9>

s 72 Sl Sy St S A Sy Sglite o uliie g Loojly cadly 5
Lol 6|o.\.;.b.>.>l.&,:..‘2._~.3

&k Jle
!:".S' . oa 9
il 009l 5 WS Bres ek S
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lcwol (normalization) (sl Jbe 5 < =l

Gilw oy 1 Laools U oo )l il oS Jo 1) GBlyoil 5 JSCie ol a5 0l (6l
ol Gilwdley o @ly el S .S (standardize) (g5lus jlailiul L (normalize)
ol Al SO b jho gojl 0 1) (S o polie a5 ol

Ol (=S DS jgad WYl 18 Col g yo ) (salary) gsa> (Shig (Jlo sl
S VY oy SO dly 50 0 WVO el Gl o e 5 FY el God
53 S9rge Jlade (n eSSl lade Ol b ojl 4y ylie 0 o sl clbls 92
S (0 e 9290 o3k 1 |y A g @S (o0 05 995 JBLe (S

Sige S| ).g‘).g Yum 6‘)‘.’ od..wJLQ), )‘JJSA o
normalized .
name | s34 salary
15,000 0444 (75,000 - 43,000) / 72,000 = 0.444
Yun L '
Allie € 55.000 gt 45 losls (gasgame 5 loosls 4y (S
Daniela C 45,000 0038 4 Wlgi o 03l by, cnl eyl JLasl o
MYLENLY ;
Rita A 115,000 10 BT
\

JS—& o normalized salary g o)
Sle 3> (gady Al s o Caows
(0 oomlie | oo Jle 5

alys Lal baosls (g3l bl (sl 55 38 slo g, b adlszne |y o lel oy 551
oolai_l «(standard score) s lasbiwl jLash oU 4y g lade 5l wuled oo (Jlie (gly o
1398 o0 demlne pj Ojg0 4 a5 @S

Wl By yre 5 Z-5C0FE a4y 45 € lasbiawl jhoel saliws @ |, Jlade SO euiles o
Sade d> 4y Ko olag! w10 due G a5 WS o be 4y e ol oS (g3l sl
3,10 Bl ol by reSils 5|
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(each value) - (mean)

Obwsgidal yy 1y s9lSosls M VY

(J—_-ﬂ_»-
aladz ) slz.l

—_—

(standard deviation)

= Standard
Score

alatz il ol

L el ol jlae Bl il les U (standard deviation) of jaibew! Gl ol

z (.I{- - ;)2

card(x)

el ol 50 e b ais i — el X gl cdlos IS lade card(x) o jo oS
«The Manga Guide to Statistics» LS ailgs o eyl (At Hlal b 5114255 S

name salary
Yun L 15,000
Allie C 55,000
Daniela C | 45,000
Rita A 115,000
BrianA | 70,000
Abdullah K | 105,000
DavidA | 69,000
Michael W | 43,000

AusS dalllas |,

Gazao dix ;0 S 8 coluog 4 by e slaosls
Sayel ok, L3

lp dsalary i) b gsi> (oled gaz daosls opl 5o
Laosls ol jo ;e A as Sl slcasloals QY- - -
g oo YYAYO ply 3o u..il...o Wby gl

@ Gea> lp 1, (sd) o fusbs] Bl ool s o>l Y

(392 y2j wilo &5 Jgo8) o jole Cawd

E(x;' _;)2
d =1/

card(x)
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(el Bod> slp

Yun ;s8> Allie 355> Daniela 355> by

\/(75.’000— 72.125)2 + (55,000 — 72,125) +(45,06é— 72.125) +...
8

_ J8,265,625+293,265,§25 +735,765,625+... _ 602.395.375

=24,543 .01

0 g0 Al 3 O jgo 4 (Z-5COTE) o jlailinl sLosl a5 oy yoly ol 4y 6)Lgo

Me o oSdee
(each value) - (mean) Sl sl
o = Standard
(standard deviation) Score

3tz 3l
L el ol Yun Jie 60,8 sl p (z-score) o lastisl jLaal

7500072125 2875 _ ...
2454301 2454301

S 55 1y bslae
10235 dslxs |y (z-scOre) 8 laslew! Lol <y o481 sl
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| name III - B
II| II| S a.'apy II| Staﬂdard
| |I Scar-e I|I

|
| YLIHL | 75 000 | OH? |
" |

|
o

I| ﬁ"le C I 55 000 | |
|

| Danrefa C 45 000 —
|
_‘_*'fﬂ ﬂ | 115 Ooo [
I |

105 dulxa |y (z-score) o,lasbiw] sl <y 5 01,8 1y

name salary | &andardl Al
[ ScOr,e e
— | |
Yun L || 75 0 00 |- 0117 - Eszggg - 72,125) / 24,543.01
|Dan|eIaC 45000 Il -1405
Daniela:
thaﬁ. |
S “5000 JB _114_7_J (45,000 - 12125) / 24,543.01
= -1.105
Rita:
(115,000 - 72,125) / 24,543.01
= 1141
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8 ylastiasl jlal 31 ooliusl JSCive

8 lastl ol 5leslanl yo Lol IS

el ol as” el (pl z-score lea L

Sy 0,5 o0 60 ;b (O p sla ools
oo al8 g5 Sy o 5T JL s
asly jea> 5,15 ,45 100 [LargeMart
Go—a> el ;o Yo Ve plas o g auil

3 Yo edie £ ele pae Ll o 5
oI5 il arals gy i JLo
5 s an Sl yo 6l 2Ske
1395 o0 Al

(100 * $10 + 6,000,000 /(40 * 52)) / 101

= (1000 + 2885) / 101 = $38/hr.

WS oo odalin 4 jsb led s o5 o3, LargeMart sl 2053 gl y a5
23,5 418 (ol o o lam) Sy go0ls il oo SalS o Silie
1y o laibiwl el Jgo,8 Yaore (oS oo oy (MeAN) koo b a5 St ol Jbol5 4

(Modified Standard Score) cabzdlsl & lastiwl jLol

sl 4 YU Jss @ 0 1, (Mean) Sl woads 2ol o uilinl jlael (gamwlrs sl y
S lslil Bl L (7,50 j0) o laibiw] Blyoul e . 0udd oo s (Median)
S o0 Oyl «(@asd) slao
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Lol (Median) aile Gl P Jgo,8 pl jo a5
D9 o0 damlne ) Djg0 4 ool Zlal o jlailin )L..s.ol o=

(each value) - (median)

(absolute standard deviation)

oz 50 PP S R U i SesS s 5 a1y slacl (median) el gaulxs sl
2_;114 (media) asle g zgj slael slass 1008 o Ol | ol LS,L..Q S9E

gdse lamg sae 98 (1Sl
e ol an oS 3l Get polie () Jgaz 50 e S0 0L Jlo b asls Y (o>

plos,S
Name Salary
Michael W 43,000
Daniela C 45,000
Allie C 55,000
David A 69,000
Brian A 70,000
Yun L 15,000
Abdullah K 105,000
Rita A 115,000
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(69,000 +70,000) — 69.500

median =

2395 o0 drlne 53 D90 4 (@SA) Gllae ol jusbiwl Syl

asd = %(]43,000—69,500| +[45,000 - 69,500| +|55,000 — 69,500) + ..
=%(26,500+ 24,500+ 14,500 + 500 +...)

:%{153,000): 19,125

oS dpwloes YUN (6l 1, (MSS) ool #ol o jlasbinl jLesl asly Y

Modified Standard Score:

(each value) - (median) (75,000 -69,500) 5,500

= =0.2876
19,125 19,125

(absolute standard deviation)

S 55 1y bolawe

2 plod,S isu |, (track (ygiw) (rwge gankad S 45 (lado slass ¢y Jguz 5o
el 3l oalixwl b1y polie wslys so LT .ol aads 0ols 2ules play count ygnu
TaS (g5l ylasbins! conlizDol o lastiwl
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track play modified
count standard
score

Power/Marcus Miller | 21

I Breathe In, I 15
Breathe Out/
Chris Cagle

Blessed / Jill Scott 12

Europa/Santana 3

Santa Fe/ Beirut 1

(median) ales gapulxe ;) pad
as P)L’Ls")'f 1) ks‘;l‘-'-“' )L).B.n, K )|).§ (Y\ ,\A NY ,V ,\“) SOgr2 ua;.'a').'a'i.g |)).1.>L5.o

..55...’2;69 \Y ﬁ‘ﬁ

@sd) llas 5 Jailisl Gl onil asslons ¥ pad

I
asd =—(3~12|+]7-12|+[12- 12 +]15 - 12] +]21 - 12])

1 1
=§(9+5+0+3+9)=§(26)=5.2
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Power / Marcus Miller: (21-12)/5.2= 9/5.2 =1.7307692

I Breathe In, I Breathe Out / Chris Cagle: (15 - 12) / 5.2 = 3/5.2 = 0.5760231
Blessed / Jill Scott: (12-12) /5.2=0

Europa / Santana: (3-12) / 5.2 =-9 / 5.2 = -1.7307692

Santa Fe / Beirut: (7-12) /5.2=-5/ 5.2 =-0.961538

45 b papoy pldl 1 (g5l Jla s

PNSs a Comd (Ol Lo S5g olbide g 05k a5 a0 Sy (el (5l Jlo
Lo S 5l golosd «@uidS Juad (roan )0 5 8 a5 hwge Jlo 0 .aill pxie )l

3O oW 6_?)_,3 aS Conl Jl yo cplgasls 130 LY o3l ,0 a5 ails 59>
S8 VYAe L P s slojls jo 098l & 50 4y «(beats per minute — bpm) dass
L «(@ge) (- (S om0l Bl poe (op S )15 coles Jlo 1005 o
D9 dspdes «(sAIAIY) Fsd>» (S

» Ganta Fe) adlslw o jo Jie Jlis ar g pjlo ol jlalgy sbig, (pe 05 90

A oo lid |y b o als i oy Jjbx_»? e 950 ;K095
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Caosd ,:ul.x.“p_. Slagi Jlyie
= @bl o 90 Wigh a4y
$1,045,000 2 20 1,860
$1,895,000 3 4.0 2,907
$3,300,000 6 7.0 10,180
$6,800,000 5 6.0 8,653
$2,250,000 3 20 1 ,u:au
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Dr. Dog/ Fate

Phoenix/
Lisztomania
Heartless
Bastards /

Out at Sea

Todd Snider/
Don't Tempt Me

The Black Keys/
Magic Potion

Glee Cast/
Jessie's Girl
Black Eyed Peas/
Rock that Body

La Roux/
Bulletproof

Mike Posner/
Cooler than me
Lady Gaga/
Alejandro

Piano Vocals  Driving Blues Dirty Backup Rap
beat infl. elec. vocals infl.
Guitar

2.5 3-5 3 5 4 1
2 5 5 2 1 1
1 5 4 2 4 1 1
4 5 4 4 1 5 1
L 4 5 3.5 5 1 1
L 35 3-5 3 4 5 1
2 5 5 1 2 2 4
5 5 4 2 1 1 1
2.5 4 4 1 1 1 1
1 5 3 2 1 2 1

00l axwgi 1) 5 slaosls sl el oS fad e )aSLé

music = {"Dr Dog/Fate": {"piano": 2.5, "vocals": 4, "beat": 3.5,

"Phoenix/Lisztomania": {"piano":

"Heartless Bastards/Out at Sea"

"blues": 3, "guitar": 5, "backup vocals": 4,

“rap": 1},

2, "vocals": 5, "beat": 5,

"blues": 3, "guitar": 2,

"backup vocals": 1, "rap": 1},

: {"piano": 1, "vocals": 5,
"beat": 4, "blues": 2,
“"guitar": 4,

"backup vocals": 1,
“"rap": 1},

"Todd Snider/Don't Tempt Me": {"piano": 4, "vocals": 5,

"beat": 4, "blues": 4,
“"guitar": 1,
"backup vocals": 5,

rap":

1},
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¢ backup vocals guitar blues beat wvocals piano ladaii, S oS5 1, o5 3
(55.:_..:9.:: Lgé\_x.bé )‘)_Q Yoo w;‘ Y- PR )‘)SJ ASL)"‘ ).u:‘).w )é )La u.,d.a} rap
La,lo 5l oolaiwl L polgs co ol ainlgs 1SS )L Jlie Ve v baad, cpl (el asils

oS Bd> 1) 1S5 ol (vectors)

the item vector represents the attributes: piano, vocals,
beat, blues, guitar, backup vocals, rap

# B B W

items = {"Dr Dog/Fate": [2.5, 4, 3.5, 3, 5, 4, 1],
"Phoenix/Lisztomania": [2, 5, 5, 3, 2, 1, 1],
"Heartless Bastards/Out at Sea": [1, 5, 4, 2, 4, 1, 1],
"Todd Snider/Don't Tempt Me": [4, 5, 4, 4, 1, 5, 1],
"The Black Keys/Magic Potion": [1, 4, 5, 3.5, 5, 1, 1],
"Glee Cast/Jessie's Girl": [1, 5, 3.5, 3, 4, 5, 11,
"La Roux/Bulletproof": [5, 5, 4, 2, 1, 1, 1],
"Mike Posner": [2.5, 4, 4, 1, 1, 1, 1],
"Black Eyed Peas/Rock That Body": [2, 5, 5, 1, 2, 2, 4],
"Lady Gaga/Alejandro": [1, 5, 3, 2, 1, 2, 1]}
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oS ol 0 S (linear algebra) s > o

Slagl | "um‘ l.) 3 J. € culSa_\‘_\ )J\

el 5 gl Ty (godadLis &S ool
Sarkd 2 oS l i b pl a5 e aile
ool ealy islal olael 5l o S L Evae
Sankad ol ols F5ig 3l (K plaS 2 aS
JCCBRIE. CREH DU SUR (PR VRS- ST

(direction) =y s (magnitude) 5. a5 o
’aL’{'_"I LE;L\‘.._- Sy 2 \.\.'Jl;dgz Gij:_’i'_e \‘_IL.»-_LA‘ .J)’b
wrd s o BB s e Bl Sliles nllaiss
SsSes bl goas

SlelaS o= cadl 100 K laie a4 22
e ol caals K Il oy claals
TSI VI YUL g Ija;l:-‘_"r\af\_,o.xsa

Ao ol o als o151 slass ag a5 codl e

\ A PR N ‘_.4:/

|

galS 5l ool (1 42 odle
D gl lo 2
S gl €la S

e ol | ey sacgame 51'“\';;-;"-5 Le Afsglﬁ;k
.Ia,‘,‘_u“.r._;g;_f oS a5 513y e &
et plol Lol g, e (oo e D L sl &

(s rs)‘«.) CLM}‘ ‘LS)L))—’ C.:)j_w a Gn.x_wyo 64_’.]4.9 AS_’ Gu‘;)’g J.ad..u » cg)l.c
omly S @) Caads Sl SIYL G 4 Ceads il cllbeo/ ciddlge? slacwdle
Lo (6 ,iiaSso (6 S g, 3l 2wl (Sparse) S5 osls EECTRUIW P G- X Y

10,5 o2lg> oslazul (dictionary of dictionaries)
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users = {"Angelica": {"Dr Dog/Fate": "L", "Phoenix/Lisztomania": "L",

"Heartless Bastards/Qut at Sea": "D",
"Todd Snider/Don't Tempt Me": "D",
"The Black Keys/Magic Potion": "D",
"Glee Cast/Jessie's Girl": "L",
"La Roux/Bulletproof": "D",
"Mike Posner": '"D",
"Black Eyed Peas/Rock That Body": "D",
"Lady Gaga/Alejandro": "L"},
"Bill": {"Dr Dog/Fate": "L", "Phoenix/Lisztomania": "L",
"Heartless Bastards/Out at Sea": "L",
"Todd Snider/Don't Tempt Me": "D",
"The Black Keys/Magic Potion": "L",
"Glee Cast/Jessie's Girl": "D",
"La Roux/Bulletproof": "D", "Mike Posner": "D",
"Black Eyed Peas/Rock That Body": "D",
"Lady Gaga/Alejandro": "D"} }

Loy el g L] (D g L) po,S il cidlgelcillins (gl cpo a5 o5, YU o5 o

B, g e Slie aly e

Salo gl aS 0l 10 (6, ol quuols s | baeols cwyd aS” ol 5l
= computeNearestNeighbor sl ;o (6, uizd w2 (i (g alold

:W'QQQSA

def manhattan (vectorl, vector2):

def

"""Computes the Manhattan distance."""
distance = 0
total = 0
n = len(vectorl)
for i in range (n):

distance += abs(vectorl[i] - vector2[il])
return distance

computeNearestNeighbor (itemName, itemVector, items):
"""creates a sorted list of items based on their dis

tance to item"""

distances = []
for otherItem in items:
if otherItem != itemName:

distance = manhattan (itemVector, items[other

Item])

distances.append((distance, otherItem))
# sort based on distance —-- closest first
distances.sort ()
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return distances

®let p2le2 o o g (Classify) o adb gl Al SO pals oo plil
OS o (POl | (ge (gaahad So o ol )5 S sz a5 05 S
ol sl Sig sl oolanl b 5 ul . (um b ol canga |y huwge (gankad I LI J)

090 pladl (Arwge (sankad

"Chris Cagle/ I Breathe In. I Breathe OQut" [1, 5, 2.5, 1, 1, 5, 1]

085 et sln «Cagler jln; po el sleas ) e el S8 sl 1aS0)
(055 0 oolil ] (gousslys g VL ;0 oas 4iS fwge (gaxkad

Gaxdad ol o |y laen (3 S0 aS sl ool wes plosl b b a5 ()15 ol
S0y samabd ol p)LS iy anl o] 5l aw xS Loy, Chris Cagle (iwge
S 48 S a5 o oy 5l a5 el 03,5 2330l sz |, e
OIS )y @l 0, alys asjlil 1) Chris Cagle iwge (gankd 4isSe )18
il (classify) gaail o5luosly ol p e ol

def classify(user, itemName, itemVector):
"""Classify the itemName based on user ratings
Should really have items and users as parameters'"""
# first find nearest neighbor

nearest = computeNearestNeighbor (itemName, itemVecto
r, items) [0][1]
rating = users[user] [nearest]

return rating

| Breathe S_al Angelica 5145 oS o ol oS ialosl |y &b ol ol oo

Aol aisls cawgo 1) Chris Cage i In, | Breathe Out

classify('Angelica', 'Cagle', [1, 5, 2.5, 1, 1, 5, 1])
n LII
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soboml ez o)ls g |y shiwge (gankad oyl Angelica a5 80,5 S Lo Y]

Sl

computeNearestNeighbor( 'Angelica’, 'Cagle', [1, 5, 2.5, 1, 1, 5, 1])
[(4.5, 'Lady Gaga/Alejandro'), (6.0, "Glee Cast/Jessie's Girl"), (7.5,
"Todd Snider/Don't Tempt Me"), (8.0, 'Mike Posner'), (9.5, 'Heartless
Bastards/Out at Sea'), (10.5, 'Black Eyed Peas/Rock That Body'), (10.5,

'Dr Dog/Fate'), (16.5, 'La Roux/Bulletproof'), (10.5, 'Phoenix/
Lisztomania'), (14.0, 'The Black Keys/Magic Potion')]

Chris Cagle ;| Breathe In, | Breathe Out saxhd Angelica a5 30,5 s im Lo
Lady Gaga ;| Alejandro (gashad 4 fwge (gaskd pl S pl bl a0l cavgo |,
Angelica cplplo 5 (09 twge sankad pl a4y lien 1 T G035 adly () 09 Suo 3
ol alils Cuwga 1) Hwge (sankad oyl

Gy d>pl o — o4 (classifier) agdil <O ol (eols plxl >l o a5 )18
IS oS oS samaib )b )5 S sln ) g saxkd S oS 09 (nl Lo
D58 Blar (rdlad Cawgaf pils Cawgd) 09,5 g0
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lasgl amgd

QLW&&}"ML&

OO b ly (b S sla S 5l 45 cunl slaaliy (classifier) wyail S
A8 oo oolizl el Blas T4y & T aS DS L og)F

aws (label) oz glhls a5 o )55, lon g Lbl 5l slacgomms 3l canaal S
G ol an (b aS aie IS L 0g,5 (gosims yLis b can ol L0 o oolau]
o3liiual 03 )3 Sz g dma> Sl Gaails (sl acgezme o] jlanaib ol
Sy |y gl sawge Dladad 4> Angelica oS ils oo bo o Jlo jo cplply . 0uS oo
[ oylas cawwgs aS |, Slakad piman g (Wlod,95 cunx p «liked» e Las) syl
5,8 Cwgs |, Chris Cagle wilakad Angelica LT a5 puslos audlesd oo Yo L 0uils o o
(e o=ry ol 00,50 oS (5Ll Chris Cagle wlakad 1, Angelica (js>) &5
(ol 0033

23 Looyls cangs |y (Alegandro) el cpl Angelica LT aS vusS oo oy o 5l o
I Soal Angelica aS S o 1) (momiom Ol O )l Cwga 1) Kl (1l gl —
,ls cwwga 1) Chris Cagle ;| Breathe In, | Breath Out
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5 (weight) (59,18 Sy 90 Lt o aib (plwas oo plxil 1) (35,9 43 505354
@ lize glacoluwoy 5l a5 1) S&55 (gools sacgomme S5 ) Jgoz o (height) o8

WS (oo oanlie 1035 (5 y5lee
el Ja5,s opl 8 sl L3555 SpOrt O s coal SIS, L Name o )
olis 1y La5,s 05 Weight e 5 18 Height O (o AgE Ot (das 0
] 0 T oo gl la by calise pslie SPOrt O s 5 yoomed Ao e
5 93 Lo Track 5 JLs 55,5 Basketball (bl 55,5 Gymnastics

(Lzwa Sl b Sl
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Name
Asuka Teramoto
Brittainey Raven

Chen Nan
Gabby Douglas
Helalia Johannes
Irina Miketenko
Jennifer Lacy
Kara Goucher
Linlin Deng
Nakia Sanford
Nikli Blue
Qiushuang Huang
Rebecca Tunney
Rene Kalmer
Shanna Crossley
Shavonte Zellous
Tatyana Petrova
Tiki Gelana
Valeria Straneo

Viktoria Komova

5 VoIV Gl Bauses s 5l S Sl sbosls cgams (pl o
&b (U3 NBA) WNBA J o olees lp (JuiSias LSS50 puyle 1) Ve oA
OV Sl jo il (690 wing diuily 4 ouigs QL;)' Oered g .X3,S o
SeS b 4 Wy oo (Jg el oy Jlie SO Jlie (pl a5 conl Canyo il LG

p.))..i )154\.’ ooly (S4€ 900 L)"‘ &9y 2 ‘r‘,.,le.ai as ‘) LS’LQU’“@) b oS

Sport
Gymnasties
Baskethall
Baskethall
Gymnastics
Track
Track
Baskethall
Track
Gymnastics
Baskethall
Baskethall
Gymnasties
Gymnastics
Track
Baskethall
Baskethall
Track
Track
Track

Gymnastics

Age
16
22
30
16
32
40
27
34
16
34
26
20
16
32
26
24
29
25
36

17
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Height
54
72
78
49
65
63

E

63
65
66
61

Weight
66
162

204
90
99
106
175
123
68

200
163

95

108

155
155

108
106

97



Ol giaal  sly (s9lS0sls m VP

oS So b po)S LAl Jgux 0 oo |) (A88) G (g (e iimee &S yeblea
S5 wilgl oo ol 4 (@B8) (yw aS wiS oo cdslie YL (sosls sacgass 4y oolw
daloe 1) 2y LS50 (o355 4, 0SS (orw Bl 055 b ot S B

ALY

Candace Parker; Age 26

Lisa Jane Weightman; Age 34 2 7
Olivera Jevtic: Age 35

agly
o5 &lyp 9 WNBA o S Ll ul=il ) slaps slp Candace Parker il
McKayla oil> oS oo g3 JliSiw apws, 0 UMMC SJ o Ekaterinburg
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Sy o 0y 0,8 o g Mb o o g o9 IS pol Setwliasy o5 guac Maroney
Sl Glocold) jo a5 cwl gl o culiiul goasge S Olivera Kevtic 1il>
Godigs K ;o Lisa Jane Weightman s 09 00,5 <5,5 Y+\V 5 VoA Jl

093 08,5 S 18 Sepodl 0 YNY g VoA Jlo j0 o2 gl a5 el SLI il ol
plil |, (classification) gauasds G Lod VI cadl ools bl 1) YU oy 05 S
ol 50 wles S cois ol sla Ty wlel LS ’Q»BJS Loy &8y jo — wylosls

((@ge) (s (SS9 olwl 32 05 (59559 G4l (S (Jlo

23 Gh))9

Gad) Az ased S k39 9 98 bl g a5 3 e ol oe (e ST B3
polo sl )0 aS (slosls (sacgomme a0 oo plxil | o559

(‘3 Nakia Sanford wils- i o 40 ,&5 50 Ladd 5 Cowl Sg8
) ¥ 9 Ly # 45 cusl Phoenix Mercury .5 ,0 WNBA S50
Jolao Lo ,85) gy Yoo g 08 (o clos 14T Lo ,&5 Jolas) gty
salo> Loz (S, 51, Sarah Beale ils- 5,18 59 (0,5 9ks 4
Loyss Joleo) gl Vo o L 0 45 Conl oybendSl Lo o 251,
039 (0598 AP Jolas L) gy 14+ 5 08 (o il VYV
wples o «S>e5 LS 00ld sasgazms cpl wlal y .0 )ls
OS5k @eilS ol i &5 Lse (ol 4 035 (s04il | Catherine Spencer il
548 (iagil VY Jolno L) il Ve 54 o1 S8, 5030 b o JLiiS
|y =b3y9 4z et ol L la5 4015 (39 (o) okeS A Jolaa i) wigy Yo -
fans o ploxl

>l Catherine Spencer @ils- .aylosls (s yd gl wansl (5T 53k S sSy S
Slalold Las bl 5 1) Glowas F1 (Jlocpl b cwsl (bndSl Lo pd jo 5T,
Shre ol ol Fewly vy |35 (Manhattan distance) g salold jlae aule
F (0g JleSuny 555k a5) Nakia il ¢ Catherine Spencer (oo cypgso galold
oSk a5) Sarah 4 Catherine wils yu ypse (galold a5 canl Jl> o ol ol
alols JLwe cnl lol 2 1) 88 (a5 madlyze ST g Cosl Vel (092 (5T,
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Sy gl wiile o2 Catherine oS 6% g 00,5 bl | Nakia syl oS ooloel
sl JLsSen 55654

FuiS oS 5380 (gandinb 10 Lo 4y Wil 45 uisgel sz YU Jlio 51 LT

W and S Sy o5 S8

L h’L.a.é ek 0 I {;i‘

oolaiwl (modified standard score) coizMol o lastiw! jLosl

(each value) - (median)

(absolute standard deviation)

(Test Data) ;5031 sloosls

Iy @ol¥l 5 Jeaz o oS Bi> leslrosls ol 511, (Age) (yw ‘;).»3 o
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Name Sport Height Weight
Crystal Langhorne 74 190
Li Shanshan 64 101
Kerri Strug 57 87
Jaycie Phelps ) 60 97
Kelly Miller 70 140
Zhu Xiaolin 67 123
Lindsay Whalen 69 169
Koko Tsurumi 55 75
Paula Radcliffe 68 120
Erin Thorn 69 144
oyl oS

oeai oS (hard-coding) oS e snl 4o Ludites |, lools aSulsl 4 by
O g0 (ol A b B oo S8 Ime Ll g o1y lag)] aS (18,5
athletesTestSet.txt 4 athletesTrainingSet.txt

05 oo ooliiul anail 306l (sl athletesTrainingSet.txt L (slacols 5l ¢y
Sype maldiSle a5 gaail CuiS 3ge3l (ol athletesTestSet.txt Ll slaosls

0995 Gasgezma ;0 39z ge a5l plaS o (o Slo 4 055 o )8 colanll
sadaisle (training set) ojeel slaesls (g9, 5l a5 gowmail wlul , (test set)
Wgd oo gaatb o> &g 4 (ol

il p5 O)g0 ar b bl (nl Cu
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Asuka Teramoto Gymnastics 54 66
Brittainey Raven Basketball 72 162

Chen Nan Basketball 78 204

Gabby Douglas Gymnastics 49 90

guidetodatamining.com <ol ;s el slaasS 5 ools sla L a5 wils oo Laz>

0S5 5l tab b lel sla Sy 4 cal (1005, SO o o b o (Bl opl o
Sy gy 0,8 S 099 A3 slooliwl L b palss oo pogs aaids 3l asloads lox
33 Sl Ty BT gt 93 ey NS (o0 B)ys D) Az o paRd Sy a5 WS
S5 Oled pgd i g (o3 (oo eoliiul lagl I ganaile anlp 0 e oS siien
flj B o ol 1) (aas e plil 0,8 1 a5 Lbj,9 (gad ) b SO 9,4)15 a5 Cowd
S5 [aL; LI ps a5 00,50 yloxial (o aldl 06l cad oolaiw] wnadds awgs IS 5559
S onl a8 g et b wiS (S8 smo e plawl 08 (T 45T S3555 (e 4 il 08

22,5 wolgss oo |,

waS A, o by 2
byifasea iz 100 5058 0Ll
Clara ;ysmeas pazy o

.42l Coleman
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e gandad Olaaai ol musyi sl slabows Glaie 4 Wlg o pb (> I b
L aS el b a4 el S Stule; o Amelia Pond (oS o S5 Lo S il
PS03l LSl G o2 ol 45 Gabby Douglas 4 (jiijs g 03 4y axgs
€l

28l sga0me ol (S5 S, & 45 paisiion 5 |y gl o (@S o5 jsbples
SGBar ol A o gl (Ails dguse YU (gools sacgesme 4y Ladd (L sl y)
adsl yhaw pl oS o a8lS) sols sacgezme (! 4 (header) unlw lgie 4 o
sl 1) Jsl Saw iz 25 )3 WIS (e At |y (gt y2 3 Sles

comment class num num
Asuka Teramoto Gymnastics 54 66
Brittainey Raven Basketball 72 162

oo b a5 ganaab galwg 4 il (Olusgs) comment oS g e
el 0,55, b o ol sla Sg il sud astive (sae) NUM L a5

SRS B39
250 |y ddged oy Taaad oo tuled el jo 1) Wosls (pl aigS> asS oo ;S8
Losdly asls |) S5 (Gdiged -3.:9‘33@ R L) 'n)s—ks.n

:LSJ':‘:Si‘) f)s
{'Asuka Termoto': ('Gymnastics', [54, 66]),
'Brittainey Raven': ('Basketball', [72, 162]), ...

o 5l (gud 3
[['Asuka Termoto', 'Gymnastics', 54, 66],
['Brittainey Raven', 'Basketball', 72, 162], ...

:(tuples) o LU 5l cd o,
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[('Gymnastics', [54, 66], ['Asuka Termoto'l),
('Basketball', [72, 1621, ['Brittainey Raven'],...

J>ol, — (.3 M50

(G PSS p A
{'Asuka Termoto': ('Gymnastics', [54, 66]),
'Brittainey Raven': ('Basketball', [72, 162]), ...

bl 5o Mol a5 el )'S.o::)')’ f’l‘; sgsfi&‘é)b:.\*w.w uy‘;.;.‘;fa)é u,g‘
Sy o soliwl ] 5

o 5l (G 3
[['Asuka Termoto', 'Gymnastics', 54, 66],
['Brittainey Raven', 'Basketball', 72, 1621, ...

aS alaol 5l g ol (639,9 sla Juslé OIS &ly 53 o3 Cnl s &y 058 ()]
Wil il (iterate) || SG oy g9y 51 a5 dalas oo aslucad (3 TGO v 495

.O),.?"Ls.o o)éd{‘w f).é CJ..{‘

:(tuples) b LU 5l g p,8
[('Gymnastics', [54, 661, ['Asuka Termoto'l),
('Basketball', [72, 162], ['Brittainey Raven'],...

) b S 5l plaS 5o e taled 55l cul (o2 pld Cowgd adiy 5l jien 1) 0,8 ol e
Lo DS s SlailBlas mhaw G g 810 o0 a5 B35 4 (pgatte Cand S o
Cand o2 |, (COMMeNt) Slrnsgs (pe .00 g0 plxil o (gl ys |y Silnsgs g b 49

Al b iz sl oo Slxadgh slagygims sliad fyaz po S

S b pycwyd ]y bl el 18 as e el oS

[('Gymnastics', [54, 66], ['Asuka Termoto'l),
('Basketball', [72, 162], ['Brittainey Raven'],...
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2yl K8 azen S

class Classifier:
def init (self, filename):

nore))

>>> heights = [54, 72, 78, 49, 65, 63, 75, 67, 54]
>>> median = classifier.getMedian(heights)
>>> median

65

>>> asd = classifier.getAbsoluteStandardDeviation(heights, median)

>>> asd
8.0

self.medianAndDeviation = []
# reading the data in from the file

f = open(filename)
lines = f.readlines /()
f.close ()

self.format = lines[0].strip().split('\t")
self.data = []
for line in lines[1l:]:

fields = line.strip() .split('"\t")

ignore = []
vector = []
for i in range(len(fields)):
if self.format[i] == "'num':
vector.append (int (fields[i]))
elif self.format[i] == 'comment':
ignore.append (fields[i])
elif self.format[i] == 'class':
classification = fields[i]

self.data.append((classification, vector, ig

Wi gy A5
0ot zdol 8 lailiwl jlial Jawgi 1) losls a5’ oyl 51 J3
aslos 0ilesy a5 o lo Zlas] ol (S (g3lws lastinl
g0 olael gl 1y (@sd) allas o jlaibwl 8l =il o (Median)

23S dwle S
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T0sS" (3lwosly gl 4o |y @les Cl wilgs oo L
L— 4 guidetodatamining.com csl_. ;| |, testMedianAndASD.py | L
43S agbils chistio.ir

Oealy yo Assert &)U g Assertion slallas

Gy 05 a5 Sy 0sd has OF a5 g0 4 Jooly 5l Cend o a5 ol ol s
oS ool Cnl Gy o dly 4 test) ogasl sl 05 a5 Sy g Caend )T (55luosly
30 Ll a) b axsls 1) gilwesls ol 5l am g dunsn 1) (test) el !
po,S b S enl gl e a5 B (065 o Test First Programming =Mool
3 lo (test) ooyl SO Lass aS &b cnlslesls 555 <SG o ls unitTest wul 4 A0 SO

1wl 00l 00l u.u.aLo..) FPL

def unitTest () :
listl = [54, 72, 78, 49, 65, 63, 75, 67, 54]
classifier = Classifier('athletesTrainingSet.txt')
ml = classifier.getMedian(listl)
assert (round (ml, 3) == 65)
print ("getMedian and getAbsoluteStandardDeviation wo
rk correctly")

WDAb 55 95 @ and Gz Sl getMedian &b

def getMedian(self, alist):
"""return median of alist"""
mrirn TO BE DONE mrrn
return 0

ol Lol WS ey Sd o glp 1) e sae getMedian &b bl
&b e dunitTest L o ails )5 5 1) cwyo Jladie a5 08" JulS 55k |, getMedian
i )se e p) Ced b |y getMedian
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[54, 72, 78, 49, 65, 63, 75, 67, 54]

ply sl 2ls 5 o getMedian oS g lade (5 o UNitTest LU o assert L
e 5 WS oo gy alol 515 50 4 Lzl syl b el jsbocl 51wl #0

getMedian and getAbsoluteStandardDeviation work correctly

Sl b plpe 4 p) b @l PO pln Wlo S opn & sz ST ogdee Slr

P9 g0

File "testMedianAndASD.py", line 78, in unitTest
assert(round(ml, 3) == 65)

AssertionError

Ll s aenles 1) e (nl S 12l ot (e 9 9dl 00,5 5lils colu 5l 1) a5 51
s, 4 |, getAbsoluteStandardDeviation U 5 getMedian &b a5 Ko
el o 5 iy | e Lo Bl 1) 0,5 anlys o 31 sl w0 sjhuoly
(S ;05

RO S 9 43 e iy AulsS o0 45 O3 5l (Send 0 4F ol (opee 4TS5 (2D
1 ool asile (ggasl S1.01 09031 slp oo Coond S g (iluosly Cuond S5 09
4 LT &5 siloai wloailiy plasl 4y 1) o) aBge az o5 dagdy Wl ool cdmn gt
4 ke dlgie 1 Dl 45 gloged g e b wlesS S0 ) pedge sy
(Peter Norvig) Kg,s5 s €09l 05 5l Ceoud oy O ol
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J=ol,

il 25 O)90 4 oSl Cnl silwesly slaol, 51 (S

def getMedian(self, alist):
"""return median of alist"""
if alist == []:
return []
blist = sorted(alist)
length = len(alist)
if length % 2 ==
# length of 1list is odd so return middle element
return blist[int (((length + 1) / 2) - 1)]
else:
# length of list is even so compute midpoint
vl = blist[int (length / 2)]
v2 =blist[ (int (length / 2) - 1)]
return (vl + v2) / 2.0

def getAbsoluteStandardDeviation(self, alist, median):
"""given alist and median return absolute standard d
eviation"""
sum = 0
for item in alist:
sum += abs(item - median)

www.takbook.com



WO B ganaib § Jad

return sum / len(alist)

Iy olael cuncd cailio 50,5 gy 51 L3 g lowl yo getMedian w00 45 j5byles
S8 eyl 55 e (S5 S sleesly (gasgerme b e aSpl [ 4y 0iS o0 e
L1y Coond ol Gl S oS e | o5 lgsn ST .05l oowlie J=oly ol 05 o0
o5 (35l (selection algorithm) Gl o 6501 S

data el 4 ] ;o g digh se oails> athletesTrainingSet.txt LB ;i leosls <)Vl
ol 55 0 s did S O] Ceoyd gl co ALBINASS adids o

[('Gymnastics', [54, 66], ['Asuka Teramoto']),
('Basketball', [72, 162], ['Brittainey Raven']),
('Basketball', [78, 204], ['Chen Nan'l),
('Gymnastics', [49, 98], ['Gabby Douglas'l), ...

Ol L3 saab s data o a5 awd U oS gile by |y oy ealss oo Y
il gl il ails 095y |y ouds Jle i glaosls

[('Gymnastics', [-1.93277, -1.21842], ['Asuka Teramoto']),
('Basketball', [1.09243, 1.63447], ['Brittainey Raven']),
('Basketball', [2.10084, 2.88261], ['Chen Nan'l),
('Gymnastics', [-2.77311, -0.50520], ['Gabby Douglas'l),
('Track', [-0.08403, -0.23774], ['Helalia Johannes']),
('Track', [-0.42017, -0.02972], ['Irina Miketenko']),

# get length of instance vector

self.vlen = len(self.data[0][1])

# now normalize the data

for i in range(self.vlen):
self.normalizeColumn (i)
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)l.: U'“"9‘ Lg‘)" o= p...S d)LmJLn)J 05'“'“" aQ Uﬁ""” ‘) aosls M‘PLSA for 64.0.19 )é
039 o & Zogi ol 5l an 08 mealis 55l Ly |, (height) W8 5 wil> o
Sy 50 (Weight)

Mgy oS
$auwn s |, normalizeColumn &b wuslys oo LT

cslw ;I normalizedColumnTemplate.py ol L oiles o |, diges JB

S 3ghils ¢yg031 9 cyidies (sl chistio.ir L ¢ guidetodtamining.com

J>el,

03,5 s5lwosly |y normalizeColumn &b Ll by

def normalizeColumn (self, columnNumber) :

"""given a column number, normalize that column in s
elf.data"""
# first extract values to list

col = [v[1l] [columnNumber] for v in self.data]
median = self.getMedian (col)
asd = self.getAbsoluteStandardDeviation (col, median)

#print ("Median: %f ASD = %f" % (median, asd))
self.medianAndDeviation.append ( (median, asd))
for v in self.data:

v[1l] [columnNumber] = (v[1][columnNumber] - media
n) / asd

2 slpl,y @sd) slhae o laibenl Gl =l g (median) aile polas s oo 45 jsbyle
oolainl lin oledbl pl 5l eols I3 medianAndDeviation ced o e
S it ol sleaised ln 1) wpaz OIS il gelsxy 4S5 S ealss
bl B9 4k, 4z Kelly Miller @il o7 o35 cn s palss (oo (Jlo sl
039998 bas pad gl ols (59 digy Ve g a8 mil Ve g g8 B (oil> ()l fuiS e
70,1 plp ol Glp ol S 39 )0 el eadpdal o luliul slajlisl &)jso 4

sl [140
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4 meanAndDeviation ;s sg>ge polie ¢ j9el slaosls g3, » Sllas plil 5l o

iolieyo pj )90
[(65.5, 5.95), (107.0, 33.65)]

oo olbiwl Sl o #0.0 ply slaibo oy Jol gt o osls a7 me (ol &
o5 (nl 6lp Bllae o lailiwl Blymil 5 VeVl eg0 g (sl aile a3 )lo 0,30 il
Sl YYL20 ol y

5o 1y ezl o laslisl jlanl aS (g5l 4y o Lol o bas sl @ledlbsl ol 5l ye
2y Loze & dae ol ol (Shs ly (Jbe Lg‘).g’ oS oo oolainl sl anils se>
199 o0 !

[

asd 595 5095

X=X _70-655_ 45 _ ..

ss =

P9 SHe e s

x,—% 140-107 _ 33

[]

= = =0.98068
asd 33.65 33.65

mss =

sl 5 IS anle i e plol |, IS ol o5 gl 26

def normalizeVector(self, v):
"""pe have stored the median and asd for each column

We now use them to normalize vector v"""

vector = list (v)

for 1 in range(len(vector)):
(median, asd) = self.medianAndDeviation[i]
vector[i] = (vector[i] - median) / asd

return vector
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(i Gy 42 bgye 05 09 8 005 e (ol eSS (s il 4 (505 4SS (3]
aS ol Gl s o ploxl 05,9 G aS 59 e Jlo jo — cnl a sl diges
Ve oo ;0 ) gl Vo g D98 0 a5 Kelly Miller ausle sasd a5 04d jasciv

oy lo ) 25 @l (Gl s oo plnil 1) (20555 a2 0,10 ()59 2g VY g 08 (g
classifier.classify([70, 170])

L aslawer o 3 SGo 3 Slles plxil gly o IS gt;}L.» S lass classify ,&”U oy OS50

;s NearestNeighbor &b

def classify(self, itemVector):
"""Return class we think item Vector is in"""
return (self.nearestNeighbor (self.normalizeVector (ite
mVector)) [1]1[0])

A5 oS

ol 4 1oz &l G ¢y0) T3S (g5lwesly |, nearestNeighbor xb asslys o A
(p-&95 manhattanDistance

<ol | classifyTemplate.py gusl b auilgs oo |y dltne ol 45 bogy oo 1B co,lig0

WSS cdl o chistio.ir 4 guidetodatamining.com

J=> ol

il olisS nearestNeighbor &b g j5lwosly

def manhattan(self, vectorl, vector2):

"""Computes the Manhattan distance."""

return sum (map (lambda v1, v2: abs(vl - v2), vectorl,
vector?2))

def nearestNeighbor (self, itemVector):

"""return nearest neighbor to itemVector"""

return min ([ (self.manhattan (itemVector, item[1l]), 1
tem)
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for item in self.data])

Moy ples

) dles o SSuoy ik &b b
gl O Jas- Yoo dga> )0 el b
b colucg 5 awlys oo a5 o JolS o5 o
polo Jlatest ol 4y b SO S oglils
slp BB So oy plpe @ &S

L Jaile ol 430,3  (Fisher) 2.5 o151

Sl 0,la; 5 8,51 357y 4 e ple 5o 6‘)-3 J.)ls = ? st)g.o‘ Saegeze

a
Z

38,5 » |, ol (Richard  Dawkins) MBO 9 o),,f@ Lo )'| O}A)'—‘ Sa€goo
o 0l € gl ylag 31 pelidcas . . L

P S Sl (2 o ) snailb

Woddb Al 0sS e csslin py SO

el 03,8 ol | o5 LS55, clrosls aisS

>>> test("athletesTrainingSet.txt", "athletesTestSet.txt")
- Track Aly Raisman Gymnastics 62 115

+ Basketball Crystal Langhorne Basketball 74 190

+ Basketball Diana Taurasi Basketball 72 163
<snip=>

- Track Hannah Whelan Gymnastics 63 117
+ Gymnastics Jaycie Phelps Gymnastics 60 97

80.00% correct

UL.SJ)b 390 5 wiaib plogle Cds voye A b anaib wan o a5 jebles
Syl Sl 5 Slawe g 90 0 s Lz Jg cslos,S Jae Jle jlas JleSis

www.takbook.com



Olusgiaaliyy g1y (sglSosls W YA

(Iris Dataset) 5.5 s JS so0ld asgane

S5 g a8 Iris) 355 LS sools (sasgeme 555 2 1) pedsl oS sloslu sad b
acgezme ol 00,5 Jiolosl sl (golSeols jo Sg>ge (Godld (sACgazme (5 gbiine
s 5 sools (sacgammo a0 oolatwl VAV o Sir Ronald Fisher galowg 45 oslo
«(Iris Setos) Lgiw 353) ol 355 S5 98 0 sln J5 saiges 00 51 JSaie 3255
odls (gacgeza oyl .((ris Versicolor) JISKew s 355 9 (Iris Virginica) Sou> 9 &5
o Cromnd iy (s€PAI) S plS el onls JSi5 505 S TS slaoslasl sl

(petals) S ,J5 5 |5 saze K,

S ol ol jo Caloas o)Ll lag] 4 GLS cpl jo a5 slasolsacgaze u’.«oLoa
O L5 pl cwl 39240 chistio.ir colwoy uien ¢ guidetodatamining.com
NI A S o i 9SII L g 00,5 sglils | Waosls b aws co 1y )Gl ol Lot
gis.ealS cel S p b oo oo ol 1) cds aools S_g)‘L»JLa)J LT coegiy a5y
$ps b oidu o 09 |y gl cools (sacgeme yo i sloosls LT $ogd o s

§o,l0 (G1,8b az ( cwa Bl salolds 4 jLso s
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length width Length Width
51 35 1.4 0.2 |.setosa
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>>>test('irisTrainingSet.data', 'irisTestSet.data')

93.33% correct
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>>>test('mpgTrainingSet.txt', 'mpgTestSet.txt')

56.00% correct
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>>> cl = Classifier('athletesTrainingSet.txt")
>>> cl.classify([73, 160])

'Basketball’
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>>> cl.classify([59, 90])

'Gymnastics'
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iteration 1 train with parts 1 and 2 test with part 3
iteration 2 train with parts 1 and 3 test with part 2
iteration 3 train with parts 2 and 3 test with part 1

Average the results.
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3529 b by law 3l plaS o 0 waiid 9250 ol gosls sacgeze jo aS Sls
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JuSin GBSk ol sasgome soosls pou So Lo Jlo )3 oz oy Bl 4Bl
s LS 505k pge o Sl 5 (e laiwend Sl plaS 5o 0 s
9 Sl (sl 500 po S ol Sl plaS 5o 50 Cod ren il
oY dlhol o 8l 4wl Sl o9 ol pee S
leave-one-out s, JSiw (Jy .Cud oo (095 515 9 290 50 a5 (Stratification)
NoN- &8l ;0 § il o0l (oY (905l slodcgeme 3| plaS ma a5 Cl
as 5 s o ge3l Goold 6lp ST 490 10 40 diged SO LaBs e i stratified
«SzsS sleodls acgeme ly leave-one-out iy, aSipl b ggeme ;o 09000
4 (10-fold cross validation) (glass-) + Jolie (i lel (B9, cadls dude wilgi e
g5 sglSesls slso ;o oad 4 laghy, ol )o by (B e oad SO (LYs

sl logg Sl

(Confusion Matrices) slazé! sl

Oledgs ganail 10 oSl Lo )5 gl 4 b
byl (accuracy) cds L wlel p )
D9 o0 dle 5 B0 4 slre (pl 20,5 o0
Cowl 0uds (guyai b S A as Lgo)b.o Slaws
(9o (a8 g02m0 50)

R s

IR Osesl Gdegeme ;0 &S (50)lse JS Slass
Cowl azls

@ o a8 cudsS 5l 6 5GSs Sledbl B )l 5l b 2Byl a5 Ll

sdil Solo b law (il ol o .ol (confusion matrix) ilacs! e

o )Lil el 03,5 iy sl (58l &S laib @ baggte 5 s (g
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(ol ol s b aS wl e ol 5 «(confusion matrix) _slacel s 5l o
Jle 0 aumay ojlrl sl oals «(confused) m5 lalxs ) Om:ﬂ)jfjl &S otd o
o s glosly gacseme Lo 0S8 oS n B U o)l pless
O Vool ools sl og3 o ) alite glaans; po 8550 Uy sl S
8 o5V 5 S e g3k WNBA JLiSiey @lisls 50 45 55 )+ o5 Satalinar)
(e liel (g, b1y ganadle o sl iles S S (e ) e 590 0
SIS 32 Ghgy cnl 3o oS o0 (U 5)) (10-fold cross validation) (glass-) -+ hlaze
5 oS gm 03lial ga3T sl Sl S T 1) 10555 (5 51 Ay i dladiged
gymnast = 5 Sl ) Camloads 0ols Siales i (lacel u ple yo 905) ol
= (Yhl ) Slawe 5 90 K45, o basketball player = Jlosn 550

:(marathoner
gymnast basketball player marathoner
gymnast 83 0 17
basketball player 0 92 8
marathoner 9 16 15

5 009 o28ly slvaal )fuL.., b,lhw @S a5 jeboles YU Jeoo s gly
Sly o cl 005 ganai b Lo 00,65l a5 siie gleadl godsmolis boygiw
4 L“’Q] 30,50 VY g wilonds gunaals Sy &y oI5 Sewlas§ 5l 0,90 AT Jls
QL;S%)'L 3 AY Wlewds gawdads (1,68l Lawg 5l (590 ng..i))'” colonil
Slare @ ol oyl 51 a5 A g Siloads (gomail «ai ,650) lawg  ciw o 4 JLiSus
O A Shle g9 LSS0 5l a8 VO 4):5-'1 5o Kloads aslil (plhle g90 LSH3L
18 5 Sl onz i oltdl a oy bap)T 5158804 en 58l 5 wiloads ganailo

el 00l s CndlaSin gdads 4,y 8

il (i ) 45 45 el laaiged ;5 3l (3lize] Ly pile ;o Lol s
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gymnast basketball player marathoner
gymnast 83 0] 1
baskethall player 0 99 8
marathoner 9 16 85

1290 g0 dmslxe 5 g0 a4y Lo s 98l (gl (@CCUraCy) cs Jlo ! 4o

83+92+75 B 250
300 300

=83.33%

o il (Sole @ ilgior )l plalhs goi 4 Gloetn )il et SRl Gl
s Lo ot i 5 65 o 55 4 M Sl 5 oS |y e
Sl gan Js 0pd BB bowdlaSin 5 Scobans (LS55 o 255 nles
el s (Shle g90 GRS Glse a4 OhE Sl 5 JliSn (LS50
Olye 4 Gihle e gL Bl 5l K (B s Wedee aBlis

95 (o0 oy o LS (80555 b L1 Setolinn s

ok lasdl el S
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gidaliyy Jlo Sy

00l (sacgame 030,51 el ] A L Juad j0 4 (slosls (sacgaze 4 dsls
) o&Kusls 5l «(Auto Miles Per Gallon) b Jowg! slp 5 ;o sl 4 bl
099 ) J9d Ay dcd (6 bools cw 3 (Carnegie Mellon University) ygls

mpg cylinders | c.i. HP | weight secs. 0-60 make/model
30 4 68 49 1867 19.5 fiat 128
45 4 90 48 2085 21.7 vw rabbit (diesel)
20 8 307 130 3504 12 chevrolet chevelle malibu

ol oS St B 2 Gl 4 bl Sige a4 ]y badeesil Bras paly o0 e
cud by «(eylinders) b yailew slaw» asle alie sl Shy wlel p St
pb b Ly 1) aged YAV (pl olod o .ol ((s€Cs. 0-60) £+ b« 0 o
Ve a1y baosls gl oSl s T sl 1)y 25 gl oS 5 @513 mpgData.txt
50 1aS 5 ools) a8 o ety (stratified) ganay g, b (b law) alize cond

(sl 09> 50 Chistio.ir 4 guidetodataminig.com coluog

import random
def buckets(filename, bucketName, separator, classColumn
) 2
""'"the original data is in the file named filename
bucketName is the prefix for all the bucket names
separator is the character that divides the columns
(for ex., a tab or comma and classColumn is the colu
mn
that indicates the class"""
# put the data in 10 buckets
numberOfBuckets = 10
data = {}
# first read in the data and divide by category
with open(filename) as f:
lines = f.readlines|()
for line in lines:
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if separator != '\t':
line = line.replace (separator, '\t'")

# first get the category
category = line.split () [classColumn]
data.setdefault (category, [1])
data[category] .append (line)

# initialize the buckets

buckets = []

for i in range (numberOfBuckets) :
buckets.append([])

# now for each category put the data into the bucket

s
for k in data.keys():
#randomize order of instances for each class
random.shuffle (datalk])
bNum = 0
# divide into buckets
for item in datalk]:
buckets [bNum] .append (item)
bNum = (bNum + 1) % numberOfBuckets
# write to file
for bNum in range (numberOfBuckets) :
f = open("%s-%021i" % (bucketName, bNum + 1), 'w'
)
for item in buckets[bNum] :
f.write (item)
f.close()
buckets ("mpgData.txt", 'mpgData','\t',60)

b iy omod 4 g mpgDatald2 impgDatall slapb L LB Ve S cpl &>l b
Sy oo dil ()5

Sy oS

093] @b 45 0020 s gyl B Jad 1 1) s (5 Su03 0F il s L]
el o5 glosls Ll Ve (g5, 1) slasi-V e Blie v Ll clidos d(test)
chistio.ir 4 guidetodatamining.com culu ;| audlg oo 1) Losls) fuus ades
(a5 el o

1S Algi 5 auile ALAGE) (g ile G (295 53 (Sl g0 45T (slali
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predicted MPG

10 15 20 25 30 35 40 45

10 3 10 0 0 (4] @ 0 (4]

1 15 3 | 68 | 14 | 1 0 0 0 0

= 20 (%] 14 66 9 5 1 1 0

25 0 1 14 35 21 6 1 1

30 (%] 1 3 17 21 14 5 2

35 0 0 2 8 9 14 4 1

40 0 0 1 0 5 5 0 (%]

45 (%] 0 (%] 2 1 1 (%] 2

53.316% accurate
total of 392 instances
Jooly— auin o5

2ol U"‘ J*"S‘gs" YL galiwwo LS‘)" LQJ"") )‘ kfi'

Wilgze (Jaw 1) Ceowd A 511 baosls b ools ,ss 1 (initializer) aJsl &b

025l Cond S (slaosls 5l (test) yoge;l (gl dsox ¢ﬂ.‘: S5

A5 dsle 1) lasG-V - Jlie i Lol Sldas a5 o 5las oz 6 S5

el (RS aad play Jee & jao 4 sl

_init_ 4.:13‘ et\'

el Sjgo pl ey NIt &6 gl (signature) Ladl

def __init__ (self, bucketPrefix, testBucketNumber, dataFormat):

.. mpgData-02 impgData-01 wils s e Cwand 2 gl (filenames) o L1 ol

Ngdey lie 4y ol «mpgData» &3ly > bucketPrefix Lo Jle cpl jo 05 anls>
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L a5 Ve gjloliz gaiby a5 s b e b bowad sl bucket 5l sl
a5 093 40 1y oygesl slesls a5 ol v oylea testBucketNumber .5 ls sage
ool ganail o )5Sl g Yl testBucketNumber lad. 51 e 2,15 0
p g oloee plxl |y 6550k llee Ve 5 T A Y £ D F Y slacand sbaosls
At oS Caul glad ) dataFormat .o S e (oLl Ty 295 F Ceend slaools Ll

b gl Wgds yunnds ;wﬁbl»oﬁo)oLaoygadyig‘xfuf
"class num num num num num comment*

e 5 sl (€1255) wish slixo & (o a3 G5 gl o5 WS e o
olsie 4 3T gt g diis ladised (6l 000 Gla Shy Sole csin s O ol
Dy ge 4185 Sl 0 Dl

el 5 6l00S wiile (oS &5 45 NIt au

import copy
class Classifier:
def init (self, bucketPrefix, testBucketNumber, dataF
ormat) :
"nroa classifier will be built from files with the b
ucketPrefix
excluding the file with textBucketNumber. dataFormat
is a
string that describes how to interpret each line of
the data
files. For example, for the mpg data the format is:
"class num num num num num comment"
mrmrn
self.medianAndDeviation = []
# reading the data in from the file
self.format = dataFormat.strip().split('"\t")
self.data = []
# for each of the buckets numbered 1 through 10:
for i in range (1, 11):
# if it is not the bucket we should ignore, read
the data
if i != testBucketNumber:
filename = "%s-%021" % (bucketPrefix, 1)
f = open(filename)
lines = f.readlines|()
f.close ()
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for line in lines:
fields = line.strip().split('\t")

ignore = []
vector = []
for i in range(len(fields)):
if self.format[i] == 'num':
vector.append (float (fields[i]))
elif self.format[i] == 'comment':
ignore.append (fields[i])
elif self.format[i] == 'class':
classification = fields|[1i]

self.data.append((classification, vector
, lgnore))

self.rawData = copy.deepcopy(self.data)
# get length of instance vector
self.vlen = len(self.data[0][1])
# now normalize the data
for i in range(self.vlen):

self.normalizeColumn (i)

(testBucket) lacuand (y9051 &5
50 S9>g0 sloosls Wlg A puwugi o |y ol qeuiigs |, _init_ ol as o] 5o
def testBucket (self, bucketPrefix, bucketNumber) :

""'"Evaluate the classifier with data from the file
bucketPrefix-bucketNumber"""

filename = "%s-%02i" % (bucketPrefix, bucketNumber)
f = open(filename)

lines = f.readlines|()

totals = {}

f.close()

for line in lines:
data = line.strip().split('\t")
vector = []
classInColumn = -1
for i in range(len(self.format)):
if self.format[i] == 'num':
vector.append (float (datali]))
elif self.format[i] == 'class':
classInColumn = i
theRealClass = data[classInColumn]
classifiedAs = self.classify(vector)
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totals.setdefault (theRealClass, {})
totals[theRealClass] .setdefault (classifiedAs, 0)
totals[theRealClass] [classifiedAs] += 1

return totals

WS oo il (69959 oleie 4 bucketNumber S 4 bucketPrefix G &b oyl
Cwond  oae ¢ «mpgData»  ,l,  (bucketPrefix) iy 2L>.ii.o S
@b d9b sa oxily> mgpData-03 L 5l yge3l ool w4 ¥ 4l (bucketNumber)

il ,S so S yd b (6 ,1iShs S testBucket

{'35": {'35': 1, '20': 1, '30': 1},
40" {'30': 1},
'30': {'35': 3, '30': 1, '45': 1, '25': 1},
'15': {'20': 3, '15': 4, '10': 1},
'10': {'15': 1},
'20': {'15': 2, '20': 4, '30': 2, '25': 1},
'25': {'30': 5, '25"': 3}}

Sobe Jol b (Jle gl p .ol diges oT Sy 8ly el )ful.._) (& eSS ol oS

QLLS¢§¢;wl;§055)gm§ogj§lmafb'LﬁljlAaf)m:ﬁobﬁ.¢;w|ooy(¢;8’)mL§j
:Ia.‘$ sJLa.o Lg‘)" o] 00 o g ‘) LQA)}N U"‘ 445§.> 46&.«.’4.9.«.10 W—‘-’)ﬁi‘” DO 0

'15': {'20': 3, '15': 4, '10': 1},
Gouadds Lol 4 mpg Ve sae 4 a5 ¥ (gojled (saiges Aload ganadds oLl

5 Sl 00l guisanl mpg VO Soe 4 S as ¥ 6o ke (gdiged (w00l
Lol 00l (gamaado Mpg V¢ sue 4y olelil 4y aS ) (g0 Lo (sdiges
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(10-Fold Cross Validation) lasi-V+ Jilite (oeiw,liel 0sy1,8

plsl 1) laSi-V e blite (i liiel an T3 Wilgt oS paamgin (ol (Gl 31 50
Coond U L boaal pl 5l plaS ;o o5le oo amas Ve b pl &8ly yo awo

def tenfold (bucketPrefix, dataFormat) :
results = {}
for i in range (1, 11):
c = Classifier (bucketPrefix, i, dataFormat)
t = c.testBucket (bucketPrefix, 1)
for (key, value) in t.items():
results.setdefault (key, {})
for (ckey, cvalue) in value.items():
results[key] .setdefault (ckey, 0)
results[key] [ckey] += cvalue

# now print results
categories = list(results.keys())
categories.sort ()
print ( "\n Classified as: ")
header = " "
subheader = " +"
for category in categories:
header += category + "
subheader += "—-———+"
print (header)
print (subheader)
total = 0.0
correct = 0.0
for category in categories:
row = category + " |"
for c2 in categories:
if c2 in results[category]:
count = results|[category] [c2]
else:
count = 0
row += " %21
total += count
if c2 == category:
correct += count
print (row)
print (subheader)

|" O

s count
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Q

print ("\n%5.3f percent correct" % ((correct * 100) /
total))
print ("total of %i instances" % total)

tenfold ("mpgData", "class num num num num num comment")

Classified as:

10 15 20 25 30 35 40 45

+— I t + + } t t +

10 | 5] 8| @] o @| 0] o | o |
15 816314 1| 0| 0] 0] ©
20 0|14 |67 8| 5| 1] 1| ©
25 0] 11335 |22 6] 1] 1
30 0] 1] 3[17 |21 |14 ] 5] 2
35 o] 0| 2| 7|10 |13 5| 1
40 o] | 1| 0| 5| 5] 0] ©
45 o] 0| @ 2| 1] 1] o] 2

+— t t + t t t t +

52.551 percent correct
total of 392 instances

(Kappa Statistic) LIS Ll

g Yool a5 qydin yy gomainhs slaais oS0l 8,50 55 Jlgw diz ot cpl (sla!
Sl oo > dnaib ) a5 Jlgw onl Mo aeps gl bl 4 aedl atsls
@SSV e hlite o liel a5 20,5 Mol ] 093 25l (o) 9 slne Lo (oo
ol 45T 0 S asin (8 dsas wix Jte o 23,90 (g9, Lhlasel S)...U.‘,’l.a P
S8 1OV NS (gl SO sl « I8 o sl 4 bl coin lp csanadds
Kappa) LI Lol ol & pojloye Jlel (o8 & penlss oo Jlsm cnl & gy sl

.(statistic
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Sl

ss.‘.t.e a ‘_g.\..a)é(yr ‘_'.5‘) LT

gv-'*-.'.)ﬂ BT

WelS” o el 45 (5 5b & 05 oo dglin ,So0 el o L1, apail IS Lo
b oS o IS 5Kz LIS el wamo i aS el (sl bl oads aislo il S_,,L.:l .
@ o)lgo Sl lp s piS oo 970 «MPE — I o lil 4 Jolo> 5l Heolss Jlo S5
lp ganaib 10,08 So @mlS ) KB pilon o K555 (U5 ool sacgee
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gymnast basketball | marathoner | TOTALS
player
gymnast 35 5 20 60
basketball player 0 88 12 100
marathoner 5 1 28 40
TOTALS 40 100 60 200

el snail S gl (confusion matrix) slazel g gle #dly jo a5 YL S o
8o Qo)f wein sly pols Giles TOTALS g )0 o2 1) fgeme olun
s (VO = YA + AN + Y0) 0iS o0 anleo | Lol Jad gl slacl ao> Lo (accuracy)
S ygo 4 gl oS (o0 el 002 Voo S aiged coled olaws ol sae ol Jol>

D90 )

151 / 200 =.755

@l S0k Blasdl G pile (nl oS adsi 1) S lazl G ile G elss 0 Y
O b gt &5 gandab s .cwl (random) ol e dnaid SO
5 S s bl 1) YU e yile 5l oS S5l e olas SIS (s S0l slx

aaylS o0 455 Loy sl | (TOTALS) ggomme Laiié

gymnast basketball | marathoner | TOTALS
player
gymnast 60
basketball player 100
marathoner 40
TOTALS 40 100 60 200
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Yoo 5oy Vo) o)lee aoyo B )0 aS S oo cdmlive « 2ol Jlaw (gosalie L
Ao, Ve o cawlos )57 bl JloSus 656 Gleie a1y 2SG5L e anails ()50
Sl b e 599 3)lge doys Yo jo g STl (3,90 Voo 510,00 F4) 35000

] oo; ul.?L:.:‘ U‘)&“‘))B
_a:s-;i_ﬁe“ Sy 50,5 g Slp oo, ol 5l L Y
, Fooolaws VoS pales oolatul Jaus

ym:aijp\ayer’r 50% Wyl Hgam Bly Oge 4 ISl
baske S L . e
marathone'l'"- 7 Pl &g 4 ST L 6-‘*—’0—*10 [b-*-’..)ﬁﬂ‘

Jyooldl el 5l seys Y S

00) JlaSiw G50 Glexe as 1) ol 31 cpl 5 oo o - ‘QT BT POV-X BUCIgPRTS
aS £ ooy Vo) ol g90 oo 54 1, LmOTrx,a)o Ve g Ve 0gd o0 a5 £v do

gymnast baskethall | marathoner | TOTALS
player
gymnast 12 30 18 60
basketball player 100
marathoner 40
TOTALS 40 100 60 200

adadd il jeas JlaSes 5050 Ve e slaw e oo aslol Djgo ed 4 g
Sl lge a1y do,e 00 G Siwlaasy Glgie a1y bl 5l s, Yoo o bolas
O 4y g WS oo gomaib ()l (590 D550 plgie ) woye Y JlaSi

oS oo g |y o le slaasls SS,QLQJ)_&TUQ)%
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gymnast basketball | marathoner | TOTALS
player
gymnast 12 30 18 60
basketball player 20 50 30 100
marathoner 8 20 12 40
TOTALS 40 100 60 200

:.L.)Lc ‘5........:[.: ‘g;\.wloo; Jo.c @OL&J u)}.a aQ as &J’“"j) U"‘ ’S_AB\) 90; fM 6‘)"

12+50+12 74
200 200

=.37

P(r)=

sl (08I S ) e iz de anaiids 00,58l 058 e Lo LS Ll V>
1l 525 D90 4 LIS Jga 8 a5 o0 )5 Bolas

_ P(©) - P(r)
- 1-P()
5 Sl (Lo Jawgs ool b anaib) a8ly onaib o6l cds Plc) ol jo oS
(2ly dnaids 0 oS cds (Jle ol jo el Bolar sndads o ,65 cds P(r)
o W) ’,YJV ).3‘).3 69.)[..44 :)u.:d.o*‘o &,.,9.) 9 Qo ~,Wba ‘_g‘).’

_ 0.755-037 _
T 1-037

b a5 ey, oX 4 casline T a4l LTSS SL5,1 ] <8 sae a3 Y
g ol Jle s b g 698 Lo o ,sS a5 cnl (pl e a4 b Sl cars oo S
S g0 SaS L5 sae a0 Lo 4y aS 0uS oo cdmlin 1) (5 l0ged ¢
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Sl 00 ol sl jl S () 285 g eunnd 0 Lo il (piny 1> 0
o3 oS L5 0.01-0.20

slaais 5 Slas :0.21-0.40

Joize 3,Sles :0.41-0.60

s SlalisMe il & 90 4 0.61-0.80

S 4 Suap 9,Slec :0.81-1.00

Landis, JR, Koch, GG. 1977. The measurement of observer agreement for
categorical data. Biometrics 33:159-74

A5 5.5 1y Hlbolae

bl 2 1) oladls (gl lgamtils (gand) a5 @ )ls ol sl 4 Lo S (558
ol gdils Foo Lold (glosls (sacgarme Lo aiiS oo (owyp cilonys 45T solid Ve
stlSl g d@d) (od59al pole dCS) gmalS pole laaid o Ghgmdils ()l
ol sl lacel sl wtis Jraxd a4 Joade (Psych) ouliidly, 4 (eng)
(Kappa statistic)‘l,}lS ol il oo Lot LT cansl 00 ool aled 25 50 hganatils
TS i |y (1 5 03,5 duslone i lo (2l (sl 1,
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predicted major

cs ed eng psych Total
(o 50 8 15 7
ed 0 75 12 33
eng 5 12 123 30
psych 5 25 30 170

g cn Lot LT €000 5 dz  LATE o ile 2l pobesl 1 Lo szl 42, oS0
0 i |y ] 9 00,5 dnlons y yilo ol (sl 1, (Kappa Statistic) LIS L]
:p.:.«i'sl.g bl ‘) Lbo,:w.a gs.oLo.'a' & ML: |£J‘| L)

cs ed eng psych TOTAL
SUM 60 120 180 240 600
% 10% 20% 30% 40% 100%
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predicted major

cs ed eng psych Total
(of 8 16 24 32 80
ed 12 24 36 48 120
eng 17 34 51 68 170
psych 23 46 69 92 230
Total 60 120 180 240 600

199 oo dumsles 55 diile a5 Cul + YAY il yy ¢ Solad aaib ol cds

(8+24+51+92)/600 = (175/600) = 0.292

ol 00 + FAY il Lo dipdials B
Sl 00 +,¥YAY ﬁ‘ﬁ R ‘SSALAQ' :L‘udj.ajo _Céé
390 Ao Aipdilo cl sl 5 90 4 LIS Ll

_ P(c)—P(1)

- 1-P(@)
~0.697-0.292 .
- 1-0.292  —

M‘oo;g}o&u?‘sjshnb)ybu&),ﬁ|6@uwd|4g(jw3
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(Nearest Neighbor) a;luces (3 3SG50 35 0o 65| Sgups

s — el (rote classifier) cole sndal wnaidb SO 5l s Jie SO
By baid |) spuz saiged Sy g AT 0 00 055 gkl ) ) (LBl gasgers
oled sm) alabls 0 3smge badiges aile By wiges (pl &5 WS o onaib
GaCgama 4O 35> g0 (sosly wlul p ladd | losadd L ST .0l (‘5.»)9.;‘ Slodigas
Voo 8o aieen (rote classifier) oole anaids 10,68 (oS (b3l (sBjge]
087 o 295 Sl ool anaib ( a8ly slis o a8 o S | sas o
0 aS I 0 S gomdids 1) oyl ey o a5 W5l Sgxg olediges o)lgen
alond 3 3Se05 w5 ol 35z ol alin lads slaaisas (235501 (asg0ma
50 eole wnaad o3 )6l 5l Glarwg Gleie 4 lsi oo |, (nearest neighbor)
(lod (0 3 S535) ol pssl cnl jo 88
wlie lds laaiges Jlos 4 a5l sl 4
O, Wi sladised gunaab ol
igel saegeze ;5 aladiges JLis
PP war Gdiged 4 &S @05 o
Mecheal Pang Ning Tan .oce

L o> LS o Vipin Kumar 4 Steinback
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9 9 9 g m
E m
N m g
S g X
E
=
)
c

normalized weight
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User (-, Distance (=il Rating (;l==D
Sally 5 4
Tara 10 5
Jade 15 5

Funky o954 5 cusl Ben & ozl op 5 Soop Sally el jasin a5 jsbjles
O39 Col FSoop Ben 4y a5 sakd 4 pole> o ez Coslosls ¥ ;L:).Lol Meters
DA iy 4 @80 ek 5ok Iy alold jlre a5 el pad (gl ey i
Bl lr oS o0 S iin 09 wde (nthe (G adl BeN 4 asd 0 5 Suoy
alols o1 1)) sae cacdlS J5enl sl @S eolitul alols wsSae 5l oily oo
55xe 325 Dy30 A el Oyl Ben by plalols a5 Sally (gl e (oS s

1098 50 dmwls alold

1
c= 0.2
(Sdlas s aSe)
User (2,15 Inverse Distance Rating (;L=-D
Sally 02 4
Tara 0.1 5
Jade 0.067 5

Jloys B) 035 s lae)] gz o 1y 00d wsSine (gloalols oyl 5l plaS 2 0yl V>

0.2 + 0.1 + 0.067 = 0.367
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User (i) InFluence (.2l Rating (;L=D
Sally 0.545 4
Tara 0.272 5
Jade 0.183 5

(influence) wl,3b polie olod gz Sl Jol odly atils Hla5 se Wb 1) 5oz g0
Ben 4 Tara | yiicy plp ¥ oliee 4 Sally Lol salols slasl 1o Ll 053V iy
Ay g Sally o ol sod Laa> 55 oyl ).._,L, 30 0 ooy opl g 0g ooy
58 5 il L 31 0 (og pSop plp 90 92) 8,138 oo 3L Ben , Tara 5 i

S o0 Ao ol e lyie 4 1) o] ggazme g 00,5 Lyl gl sliel yo )

@3 g0 Funcky Meters i wge 09,5 4 Ben 45 gkl

=0.545-4+0.272-5+0.183- 5
=2.18 +1.36 + 0.915 =4.455

10w 35 |y Hlslae

L .culs aalgs Cuwgs |, Hiromi (shige 09,5 ,aix> Sofia a5 il pales oo (e
o ) 6)lade dx k=3 L dleen 0 5S35 K pnys8l g 5 slaosls 4 a8
fusS o

(Lamd)

(Sofia I alls)

rating For Hiromi

person distance From Sofia
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Person Inverse Distance Rating

Gabriela 1/4 =025 3
Ethan 1/8 = 0125 3
Jayden 1/10 = 01 5

1S dawlre (Inverse Distance

Iy pased o 3l a5 Cul oyl (goms paB 598 oo +,FYD iy loalold yugSae £ooome
i deule (Influence g 18) o woSan () oz 3 alold yugSies s b

Person InFluence Rating i
Gabriela 0.526 3 :

Ethan 0.263 3 |
Jayden 0.211 5

9 oS o0 oo wdilodls Lol 5l alaS go a8 slajloel jo 1y St eled )3T 4o
oS 0 goz S0Ss L) bl (4o

— (0.526 x- 3) + (0.263 x 3) + (0.211 x 5)

=1.578 + 0.789 +1.055 = 3.422
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Classified as:
@ 1

(ails,8 co s |, Lml,.:.ﬂ O FSZeS N 5l cwd heapg.nsmallest(n, list) L)

aslads ialS5 ] Yl
055" g3lwoslyy 1y KNN 02,6501 g 03,5 oglils Colucg 51 1) ganainbs o2 )95l oS
o2 |, Kk legS )T Wilgs &l ol b pupd yss |, (initializer) adgl ab Lo sums o3l

:éﬁ:).u

def __init_ (self, bucketPrefix, testBucketNumber, dataFormat, k):
g0 5 JKb & A (5502 &
def knn(self, itemVector):

init &b 50 1, k jlake a5 0l (lob) a5 eoliul selfik 51 cosl s &l ol
led 9 099 (ks sl ) 9 0) dbgiye saib (Sunls Cules )0 g (WS (B0l
initializer 4 1, k adlgxs b eols ,oss 3.5 1) tenfold &b wub axdl . ilo )5 1) (09

S gl
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J>o|)—d.33}gs.\5
RO (8 S gy Sygo ], iNit_ &b

def __init_ (self, bucketPrefix, testBucketNumber, dataFormat, k):
self.k = k

knn &6 Yl

def knn(self, itemVector):
"""returns the predicted class of itemVector using k
Nearest Neighbors''""
# changed from min to heapg.nsmallest to get the
# k closest neighbors
neighbors = heapg.nsmallest (self.k,
[ (self.manhattan (itemVector, item[1l]), item)
for item in self.data])
# each neighbor gets a vote
results = {}
for neighbor in neighbors:
theClass = neighbor[1][0]
results.setdefault (theClass, 0)
results[theClass] += 1
resultlList = sorted([(i[1l], i[0]) for i in results.i
tems () ],
reverse=True)
#get all the classes that have the maximum votes
maxVotes = resultList[0][0]
possibleAnswers = [i[1l] for i in resultList if i[0]
== maxVotes]
# randomly select one of the classes that received t
he max votes
answer = random.choice (possibleAnswers)
return( answer)

B o8 i oS o2 |y tenfold &b

def tenfold (bucketPrefix, dataFormat, k):
results = {}
for i in range(l, 11):
c = Classifier (bucketPrefix, i, dataFormat, k)
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4 dg L) padll 4l (55200 o2y 45l b (PiMa g pimaSmall jf osel oo
fk=3 b k=1

Jo oy — ped Caand —aip &S
108 oo odnliee |y calizes polis (gl p W Cawd dy B p; SISO o

pimaSmall pima
k=1 59.00% 11.247%
k=3 61.00% 12.519%
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ol 8l 1y IS LT Sl job ol Tadly LT (S sy 00 o5 5lai 4 VY04 s

no diabetes diabetes

no diabetes 219

44

diabetes 64

66

Performance:

slightly good
Fair

moderate
substantially good
near perfect

oo0ooo

:J,,:S o.gL»:- @Lﬁ

no diabetes diabetes TOTAL
no diabetes 219 44 263
diabetes 64 66 130
TOTAL 283 110 393
ratio 0.7201 0.2799

(w20 o0 lis |y cod ratio Haw)

«(random (r) classifier) Jdolaj adils
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no diabetes diabetes

no diabetes 189.39 13.61

diabetes 93.61 36.39

:(@ccuracy) &és

_ 189.39-36.61 _ 0 5745
p(r) = 393 =0.

P(c)—P(r) _ 0.72519 —0.5745
1=P(1r) 1-0.5745

K= = 0.35415

2l (95 Gt 4 9) w95 L 0 Sles il ol & pagdioe dzsie g

]

Sl gl So g e slapi el e slaesls

o ol S S L Sl gy (S5 5 S 5o iy o i
st 5 A Sl S0 59y 5 Mbge G AL 4 ol 55, Ko gz 05 Jsene
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Cozwo gl b as gol 3l 5 W9 09 (o Sl il s ol o shlae sabads ¢ glool> 2[.;5
Brill tagger ol 4 5,38l (arwss ,bl> 4 ol .09 Eric Brill sl &y oasi oS
Part of ) L sliz! Siowzp Sllas a5 cuils Oyl Brill goui; cuwx )

qols plxil Jad w0 L a5 5 a4 4l ol e plxl 1, (Speech
oobol 1) SlelS gl )50 (pl jo — 5,5 o guaad 1) Laools Brill gooijcws
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name laptop phone
Kate pPC Android
Tom PC Android
Harry PC Android
Annika Mac iPhone
Naomi Mac Android
Joe Mac iPhone
Chakotay | Mac iPhone
Neelix Mac Android
Kes pPC iPhone
B’Elanna | Mac iPhone

colaiwliPhone | cculoas Clsull Bolal &g 4 a5 (azd S oS ol Jls|

tom Sl 25 Ve S LS JS olawi g diwd Jga> 0 iPhone lls )15 0 slass

S
P(iPhone)=—=0.
10

iPhone ;I ol ous olsasl Bolai &g 4 aS (ol S a5 0l Jlei! >
$mnz I Mac gl OB pilas a5 bl ol b casS ool

P(iPhone | mac) =

P(mac niPhone)

P(mac)
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) 4
P(mac N iPhone) = 0 =04

25l Mac ol il o OBl 3ol &y 4y 45 s Sy a5 0l Jlais] g
1395 o0 dmloe pj &0 4y 23L

6
P Y)=—=0.6
(mac) 10

b oy a5 I 0wl iPhone (¢l ls cous wls] """la\f'.l (DES
70 o p) 2 ) : St ) o S

:.)9.::‘54 :L....:L?m ) Q)ﬁ-&@ aQ <l Mac 9‘

P(iPhone|l mac) = % =0.667

aS oldgl —as .ol (posterior probability) e, Joz! com, oy o5 ol el
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Sl G b cal snyd SO slae et LD oSl 6,508 5 0y € e
A Wbl ooad ool Loy arlgl g oDe soled a5 Jl> o cas 3 s saulxe

e sl S om o2 o 5o 1y VLo S, e Sl

Code: Customer Zipcode bought bought
1D organic Sencha
tea= o ean Sl gleas g0, produce? | green fea?
.. , 1 88005 Yes Yes
atea=s Solondlbes gl afon s
2 88001 No No
P(Bamsltea] - 3 88001 Yes Yes
A8 gersde o g ase! Jlazs! 4 88005 No No
ol e, S (Fad M D 5 88003 Yes No
[N el Ha af b2
ol A e 6 88005 No Yes
] .H_;:’-
T 88005 No No
8 88001 No No
9 88005 Yes Yes
10 88003 Yes Yes

e b > ..\.as|9> |)L7L..w).~..:6l> ¢w|oo;‘_§)|..\.>).>)...»|)&ulf)|uy%
Ol Gtlxe Gl g 05b o 4y P(tea | 88005 & organic) &yse 4 Jge,8
oS o0 opo oo L) oYl

P(tea |88005 & organic) = P(88005 | tea) P(organic | tea) P(tea)
= 0.6(0.8)(0.5) = 0.24
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P(—tea |88005 & organic)
= P(88005 |- tea) P(organic | —tea) P(—tea)
= 0.4(0.25)(0.5) = 0.05

Sl SGE ) slalie g 00,5 Saiy AN -0 WJS Godgdzme )3 A5 saded
Gl |y Jaame pl aSepl B oy 2 aales 1) brw e slo (g pian Jloio! 4 S
b oo Gialed ) s s sla o0 5 tedign ds 50 )l 3 (ol (g (S5

WS gl 5k D)se 4o
e ($58065S5 p Conl (o a5 pyslo | Stephen Baker l glala> w2ly> o Y
Qilgl oo 498> diadigd ladw (pl 3l 0, AT pin 02 b eedles oo aopl o >
bl ad ol Ced b oolen aldl 05l o L oS anl iy gamas
Sl 5 WS o 555 5z 2 5 395 EreeS e Celad (L slawy 5 (slasS)
il 2 0 sl ol g Sl (S iadign Glapins 05K 58 WS S
g A o ) oy Cand a5 wo ool Lel 4 e b oo )18 Led b gl |
ol e st 1) 558 (daej bl b oS 5 500 Jle (61 45 00050 it &
30 &S i aS (Accenture) oS! eS8 Sldlhas 4 az g5 b (Jy cwl ool )5 S
@ s sob 4 ol 3 ST.auS o (hesl o > s jo 1) wiiS w5 siiales
Jpme b ha oS 4S 0gd e ael o)l Zlis] slae ax 4 oS (55l0b L

Cogdso sy o o] (29,8 4l g 005 W y5 5 gy o958 & g
Baker. 2008. P49

(Numerati) b,led LS

Hb i Cuwl ouls adys (Stephen Baker) o laswl bawgs 45 QLS ol 51 e
hadd A8l QLS ulgsey 1) QLS ol 45 (025 s0 drogi o Lod a5 .plod,S" o8 o Ji5
39500 w0 Sl 5| 8 iles 9,0 4 g el Yo N
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500 41100 &Y game Jlo

Sly Sy alwy Gis,8 (e yo oS THealth 505 & pealys oo aiS (58
] oS oS S e clad (aiedign slaaiiws o) iyl s g ool e
lej_'; 45 1500 J..\.c 9 i100 J.A.o :"‘*i’Q)écs‘ 1) Jﬁm O.g.‘ )‘| J..\.o 9o iHealth J).m
REOW G VRSO { PR PN

iHealth100 Jsaxo sla S50

Steslre 1) el b olps p o)l
43,5595 Jlail sl GBly (g yemne 350
Laosls yoliw ¥ cyz iHealth eyl

iHealth500 Joaxes sla S5

S oS as + iHealth1l00 lo S5y ol
Colwog 4 )Sog5 3G Jlasl + (o9 30 oS
iHealth

WY sl 50 ools (_g)a"&o.? (_g‘fg w.uf (_g)'lv\.;‘o‘) ul..ml.’)w ‘_gb.g |) 6;wy
by Glaslisins oS gple> o gl 5l 3 1 olSiws G pased oS WKin Saoy
Sl sl L1l 5 0055 (o559 slocn o3 9,50 @l 1) 095 ol Jdo a5
(both) g5 2 L 5 (appearance) ,albs «(health) ol :a2s sl 55 sloaiy ;5 5
Ladi S o0 Giyed (b az 0 0l Sl o a8 e LOT e e
a0 aS oS oo Jlgw lgo'l 5l (active) Jlsd L (moderate) Jolaio (sedentary)
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Qo b b (Moderate) owi Oy 4 s wweddle 5 sliie ol

2 e rolKiws L LT aS pwp oo |y Jlaw ool o T 51 5T 45 4 (aggressive)
Og) Sl 00al )0 15 G g0 4l yud b sk oy o] 5l oolatul 5 (5550555
Current Exercise Level ;ygiw was oo olid |y colasl Lol JJs Main Interest
Gyt 3Ladl 50 goaimslis How Motivated g ccwl oy o Jsd mlaw
2 5 LT as ails, o Iy Lo () o2 Comfortabe with tech. Devices gt g 004
S goamolii oo Model # giw 5 L el coly (6590955 Blug oolaul
(Sl 00 5 (o A4S

both
both

| health
appearance
appearance
| appearance
health

both

|both
appearance
both

| health
health

appearance
| health

Main Interest

Current
Exercise Level

sedentary
sedentary
sedentary
active
moderate
moderate
moderate
active
moderate
active
active
active
sedentary
active

sedentary

How Motivated ComFortable

moderate
moderate
moderate
moderate
aggressive
aggressive
aggressive
moderate
aggressive
aggressive
aggressive
moderate
aggressive
moderate

moderate

with tech.
Devices?

yes
no
yes
yes
yes
no
no
yes
yes
yes
no
no
yes
no

no

Model #

100
1100
i500
i500
i500
100
i500
1100
i500
i500
i500
i500
i500
1100
1100 |
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S pased 4 |y Jow plos” (Naive Bayes) oolw ju (59, 5 ool
Main Interest = health s .cul D (2l gyl
Current Exercise Level = moderate _a .S oo (s pod Jolate haws jo
How Motivated = o .cusl 0,5 (el 4 Gl ooud Sjse 4
moderate
Comfortable s .cul col) 6590eSS p cise slooliws ;5 oolazul b 4
with tech. Devices = yes
$uS oo olprin
Sl 1y 545 Cead S oS JLis ST

Fpw — 0S5 35 1y bl
S dpla ) 25 Jga)d (sl Lo Caled po s

P(i100 |health, moderateExercise,moderateMotivation,techComfortable)
GeEeR 9

P(i500 |health, moderateExercise,moderateMotivation,techComfortable)
S Bl 1y Jloial 0 e b (Joe 90 ol (amslona 1 0my g
02,00 5l 5z 4z Jol Jge b (Samslne sl 45 035 (aseiie ey o5l

P(i100 | health, moderateExercise, moderateMotivation,techComfortable)
= P(health|i100) P(moderateExercise|i100) P(mmoderateMotivated|i100)
P(techComfortable|i100)P(i100)

oS dle  Sunl loyl )0 &S Canl 5z ol o

P(health|i100) =1/6
P(moderateExercise|i100) =
P(moderateMotivated|i100) =
P(techComfortable|i100) =
P(i100) =6/ 15
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J.,'HSJ>|) Jl.?..o %u‘,.’bdsta)‘s%AYB ﬁé‘b@bﬂér&yw‘

Jooly — oS 551, plbslae

S e | 25 Jge b (il Jol
P(i100 | health, moderateExercise, moderateMotivation,
techComfortable)
P(health|i100) P(moderateExercise|i100) P(moderateMotivated|i100)
P(techComfortable|i100) P(i100)

P(health|i100) = 1/6
P(moderateExercise|i100) = 1/6
P(moderateMotivated|i100) = 5/6
P(techComfortable|i100) = 2/6
P(i100) = 6 / 15

o
P(i100| evidence) = .167 * .167 * .833 * .333 * .4 = .00309

i oo plxil 1y Slawlors 500 (gl y Yl 4
P(i500 | health, moderateExercise, moderateMotivation,
techComfortable)

P(health|i500) = 4/9
P(moderateExercise|i500) = 3/9
P(moderateMotivated |i500) = 3/9
P(techComfortable|i500) = 6/9
P(i500) =9 / 15

P(i500| evidence) = .444 * .333 * .333 * .667 * .6 =.01975

Gl aiio 45 (o2 4 g
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e e el gl 5o 1) byls (ul Y

PUCTUTIW-X S| FH PRVL U LR T Cop S IRV UVIRVIPT- ~pAER VOVE: IPL g Y ES NTE e

Cooyd diiled ools sla bl w0 (silwosly el jo 1y o] puilei oo aisSe a5
tab alold L polie s o )0 a5 09 99250 i BB L3 Jad o ol J8 Jad
el oy S aile gz ool L8 dHealth Jie sl Yo 20g; 00l laz o0

main interest

current exercise level

g

both

both
health
appearance
appearance
appearance
health
both

both
appearance
both
health
health
appearance
health

comFortable with tech

devices?

how motivated

Sedentary
sedentary
sedentary
active
moderate
moderate
moderate
active
moderate
active
active
active
sedentary
active
sedentary

\

moderate
moderate
moderate
moderate
aggressive
aggressive
aggressive
moderate
aggressive
aggressive
aggressive
moderate
aggressive
moderate
moderate

ilee
iloo
i500
i500
i500
ileo
i500
ilee
i500
i500
i500
1500
i5e0
ilee
ilee

¥

which model

wlo> s o yuioman g 00 | osls (pl 5l in soS AS euiS oo coliiwl Jls 5l L
ol 5l L8 Jad ,o a5 (10-fold cross validation) (glass-Y+  Jlae (7 bl |
Haw Voo ools g, cpl o wdl bbbl ST .08 colatul po bripl (euop o).Q;
g 00ls plol Cand A (59, p |y 6T ol Oldes Lo .aiod oo pumits (bucket — M)
Vo LB rl s mensS o Gialesl (ol Bl cand ) rcnl )0) ks (55 1) e

Naive ) colw ju Slles ouiled oo o ol 00l aisle diges VO Laid L (dHealth
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VO ol 4 s aMle L5 Yool .quns bl )] (55, p (w90 4 |, (Bayes
il s 55 ol o G 45 o oy S oS el e V- 2y ]y Wige
(Ul ) Cuond S5 50 45903 10 pled Jg el aiils 1) Coond Vo lon a5 ol
il J aeand sads 5 20, ) 3
S Gl ouds LSS Cond g0 5l (Naive Bayes) oolw o Lg..\.u:\.a.._b PRTRIS /NS
gl (gl K00 Ceand g (bj90] (6l Ceond
h9e] oo
Sl 5 sleeals (il ijsel Ceand 2>

P(i100) = Jlw !, — (prior probabilities) i SYliz! sacgome SO
0.4

Jte sl — (conditional probabilities) & oVles! sacgeme SO
P(health|i100) = 0.167

hash — glape,s J9a2) ol )0 8500 ©j90 4 | ety SVl ale> 0
w20 iules (table

self.prior = {'i500': 0.6, 'il@0': 0.4}

o2 Sy Slaghg, Yisl a5 — (e by, ditee Seduzn (oS by Yl
oS L e OIS a4 ]y by SYLas 5 slacgaze 45 el ol — Al 054
) oS aile S
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{"i500': {1: {'appearance': 0.3333333333333, 'health': 0.4444444444444,
'both': 0.2222222222222},
2: {'sedentary': 0.2222222222222, 'moderate': 0.333333333333,
‘active': 0.4444444444444444},
3: {'moderate': 0.333333333333, 'aggressive': 0.66666666666},
4: {'no': 0.3333333333333333, 'yes': 0.6666666666666666})},

'1100': {1: {'appearance': ©.333333333333, 'health': 0.1666666666666,
'both': 0.5},
2: {'sedentary': 0.5, 'moderate': 0.16666666666666,
‘active': 0.3333333333333},
3: {'moderate': 0.83333333334, 'aggressive': 0.166666666666},
4: {'no': 0.6666666666666, 'yes': 0.3333333333333}}}

Sygmo ol A YL oS s gl o sl o gt sloo,led )5 Lo FTLY ) olael
aS b, o ol ey sl appearance ;ygiw (sl jlade a5 ol Jlessh 05 o s
Lol do ) VYT Ll 0041500 Jow olSoiws pudlay

50 oS oyleds ) o T Sols s a5 sl ol cVleis| ol ganmlome jo pa8 oyl
il 0ol 031y (aled 5 &jge 4 (5995 KB gl b w5

both sedentary moderate yes 1100
both sedentary moderate no 1100
health sedentary moderate yes 1500
appearance active moderate yes 1500

odalive a5 Cewl Gla WS slaxs classes oS colaiwl by g ,iiSos 5l wolgs oo 0,lgo
g1 dlg> 5 aile (Classes) b WS ¢ Jgl bas gl 5l o uy ailoads

{'ilee': 1}

ipg0 a5l o

{'ile0': 2}

ipg Lo 5l o g
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{'i500': 1, 'ile0': 2}
Dl )0 5 Oyg0 4 classes lake daools (gdaen (bl 5l am
{'i500': 9, 'il100': 6}

Iy slael cpl (Sl 4 «(prior probabilities) cuiw Jlul oo,5] cuwns a4 ly

W.ZSGA LQ4J9AJ GALQJ Slows P oS

Counting things

sasliy, slass (conditional probabilities) b4 cYlis! 0 5 asin sy
5 03,5 o,>dCoUNt ol 4y (6,0t S o |y ke sl e jo o Fhg polie
oS o0 0,3 d o 1) Slaws (LS 2 (6l

D9y Ay 3 e 4 COUNES Llads ¢ ol la> o «bothy gaiis; Gilon glp

{'i100': {1: {'both': 1}}

g dvlez 3 a8 aile counts lade dosls Gilon b coles yo g
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{'i100': {1: {'appearance':2, 'health': 1, 'both': 3},

2: {'active': 2, 'moderate': 1, 'sedentary': 3},
3: {'moderate': 5, 'aggressive': 1},

4: {'yes': 2, 'no': 4}},

'i500': {1: {'health': 4, 'appearance': 3, 'both': 2},

2: {'active': 4, 'moderate': 3, 'sedentary': 2},
3: {'moderate': 3, 'aggressive': 6},

4: {'yes': 6, 'no': 3}}}

Sy ok o 5 «@ppearance) jallb» (Shs b 9o d100 (e gl )0
2y s ] gl «(95 2 ) bothy Hlde .ol oad oaalive «(health) dlo»
oles slaw 5 1) polie o Lo by aVlasl 0,5] Caws @ lp g dalys ¥
a5 0,5 0939 1100 | diges £ olaws ¢ Jlin (Glp oS oo oS (WS ()] (slodigas

tom sl ladgl et (gl |, «(apearance) by lade dayl SBY

P(‘appearance’|i100) = 2/6 = .333

Gl 00 00l 1,8 anaids ool (o390l slp p) gl O e i ol 5l eolaul b
chistio.ir 4 guidetodatamining.com colu 51, oSl ales go a5 Can 0L)
QS sglils

class Classifier:
def init (self, bucketPrefix, testBucketNumber, data

Format) :

"o g classifier will be built from files with the
bucketPrefix

excluding the file with textBucketNumber. dataForma
t is a string that

describes how to interpret each line of the data fi
les. For example,

for the iHealth data the format is:

"attr attr attr attr class"
mrrn

total = 0

classes = {}

www.takbook.com



Y5 W ool jo £ b

counts = {}

# reading the data in from the file

self.format = dataFormat.strip().split('\t'")
self.prior = {}
self.conditional = {}
# for each of the buckets numbered 1 through 10:
for i in range(1l, 11):

# if it is not the bucket we should ignore,

d in the data

tance

)

if i != testBucketNumber:
filename = "%s-%02i" % (bucketPrefix, 1)
f = open(filename)
lines = f.readlines()
f.close()
for line in lines:
fields = line.strip() .split ('\t")
ignore = []
vector = []
for i in range(len(fields)):
if self.format[i] == "'

num' :

vector.append(float (fields([1i

elif self.format[i] == 'attr':
vector.append (fields[i])

elif self.format[i] == 'comment':
ignore.append (fields[i])
elif self.format[i] == 'class':
category = fields[i]
# now process this instance
total += 1

classes.setdefault (category, 0)
counts.setdefault (category, {})
classes[category] += 1

# now process each attribute of the

col = 0
for columnValue in vector:
col += 1
counts[category] .setdefault (col,

rea

1))

ins

{}

counts[category] [col].setdefault (co

lumnValue, 0)

+= 1

counts[category] [col] [columnValue]

www.takbook.com
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b, sosmzmn Slowle s a0 a5 sbolen g el gl Ladd oSyl
.o%oouau;}wxb~x%,hﬁ.cﬂﬁx

Gasainb Sldes
Gk | Glis gaigel diz malyt oo Yo ol (hjgel |) anaid Lo (oo
Sl 4y Jol (g4 )0 jo &5 cazd 4 Sl | Jgame 5l Jow ax (Jle lp oS
Lewd sl Jd (moderated) o Shge 4 el aeaddle  (health)
(el (YES) o) 02 ($599iST 3l ookl b coles o g cewl sliie (Moderated)

(o Slgadin

c.classify(['health’, 'moderate’, 'moderate’, 'yes'])
hyap = argmax ,egP(D | h)P(h)

L)y po gedy Jloiml )5 ool sl g quuols plomil (stws & j50 40 1, )8 u.,l)L_e
WS 4l Jeed ol (Sole 4 Y g 130,50 dsle puils a5 Sledbl & a>g5
oS (o0 oo

def classify(self, itemVector):
"""Return class we think item Vector is in"""
results = []
for (category, prior) in self.prior.items():
prob = prior
col =1
for attrValue in itemVector:
if not attrValue in self.conditional[categor
yllcol]:
# we did not find any instances of this
attribute value
# occurring with this category so prob =
0
prob = 0
else:

www.takbook.com
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prob = prob * self.conditional [category]
[col] [attrValue]

col +=1
results.append ( (prob, category))
# return the category with the highest probability
return (max (results) [1])

Shamloee L34S o K | sloes Glod oS oo ool |, 05 a5 oK
:r°:’.‘>5'.’ d.....Q)f Ls.';.mé
>>c = Classifier("iHealth/i", 1@, "attr\tattr\tattr\tattr\tclass")

>>print(c.classify(['health', 'moderate', 'moderate', 'yes'])
i500

Lol Sged hlie yo Glalss s ypee
Godld (sacgarme ardl aily B Wax gosls Gasgeze S A b ojl]
cols 5l a5 «(Congressional  Voting  Records) o5 sl
33 03ls (sacgezme (pl .Cuwl 35bils LB http://archive.ics.uci.edu/ml/index.html
ol jo b saeliy 0gd oo oolatul Lo awgs ool aliyl ganlipy b Gillae lo)8
sl I Ui bools pl ol )13 chistio.ir ¢ guidetodatamining.com
Ngd oo She VP Jold bagygiaw .ol oase YL 60 S B les
o S5 oledb

(elg>( ypreaz <l S 5a0)V 1S 6
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Olasgiaali p slys (solSools m YYY

PSR NI

G oD ol sofan sansm 6,138 STyl 4,
(e a6)1) Yidrogy dobiaksd yguas

(e «s))) ViglKizs 5 ondils a5 el

(3 «s,1) Viyg0lglldl slaSes

(e «63D) Vi jlae jo (oda (sl S

G wsyD) Viglolgmlo o (o3l 5l o 5ol
(3 «5)) ViS55 50 15ilS 09,8 4y S
(3 «5,N ¥ mx Sivgo

(e w6yD) Vol w

(o w5 1) ¥ (5150T Sl &y ddly S5, K0) St 5,8 Jolis
(e o6y YecDlarss (sl sz

(23 «5yD) ViS5 gl 3>

(23 «s,D) Yicwbiz g o2

(3 «5))) Vil 90 &ljolo

(e 6D Vigrgir sl 81 4y lyolo (slactlad

)J)JSMAJMLgl,&joMJMiwc.\J‘oM |A>p.:b)|tabb4§6);om )| ‘J.,Le

democrat y n y n n n y y y o n n n n
democrat y y y n n n y y y ¥y 1n n n n
democrat y y y n n n y y n n n n n y
republican ¥y y y n n y y y y ¥y n n n n

=R =T i

Caw]

e e g

Syt wiS o0 )5 295 4 (Jlo ol (sl (Naive Bayes) oolw 5o (sosndals 1,65
a9 col 300 58 Slp canzp b aib fles e gl 45 058 o Lo laans,

1gds yrds (Slasl) b Fhag (loie 4 (Sl o
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format = """class\tattr\tattr\tattr\tattr\tattr\tattr\tattr\tattri\tattr
\tattr\tattr\tattr\tattr\tattr\tattr\tattr”""

tenfold("house-votes/hv", format)

Classified as:
democrat republican
| 111 | 13 |
| ¢ I
| 9| 99 |

democrat

republican

90.517 percent correct
total of 232 instances

s e

Sl s i (o G S s

2l e s

5 @lize Sanle Jao wz oS Syl g, ol OMSs 5l (SO el gl
S ailosls (gl a5 alitre (sdiges YO 510y S i (o diges ylaie 4 |y ousie YL
.01556)54(@.? ).D.a Yoo 9 Q‘;}oé ).a.s Yoo — P‘Ob; Cb:w‘ )‘ L_‘:"L’ Yoo 64.35,0.;

52) ilass « Ly it gam Y F 4 ol las s wis a5 wes o lis 0y Jeoe
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CISPA Reader Internet Sales Internet
Privacy Act Tax Snooping Bill
olas ) aga 0.99 0.01 0.99 05
2,5 gen 0.01 0.99 0.01 1.0

«a» 4y gl s o

5 Caol (538) CISPA 4 cdiges 1o lss (6 900> do )0 1 v o (lid Jgoz oyl
OB & lez 6 000z do o ) Ladd ailools Al Ulsx (6 mle diedign STl
2oy A1 oS Jl> o wisls 4l (l, (Reader Privacy Act) calilss (pogas >
@ oyl as,e 0+ g esls &l (Internet Sales Tax) <oyl (og,8 Sllle 4 lag]
Iy polie cpl oo adl) Wlosls aly s, (Internet Snooping Bill) oo sl sgs (gasy
oS oo 2l | sastie SYLI goanles SO Lo (ot (#Bly S il pogs
e ge 001> HLis Jsaz o Rep. X L a8 X goansled Mo ils Lo seigas 4o oS
&ly o9 py 5o SS90 SO bl olgF s n0ex S gl LT i malyS 0

:rnlooﬁ" |) o..\.:,{LcJ U"‘ Qd‘é

CISPA Reader Internet Sales Internet
Privacy Act Tax Snooping Bill
oy o g0 0.99 0,01 0.99 05
S8 e 0,01 0.99 0.01 10
Rep. X N Y N N
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sl esliind LTy Jlo pad 4y pud &g 4y waay ojlal el Dl Sge0 a5 e JlaS 4
5 (bl,Sses) P(Democrat) sl (i OYleiz! oo y0 i (Naive Bayes) oolw
S Ve ol lds ex el 0 il 90,2 (Woly s, s40>) P(Republican)
a5 il o Lo 20 39250 Lo (g00ls (gacgasme 0 oleB (g 900 a5 Ve g Ol S g0
Sl §$38) CISPA 4 oS oz |) gl 032 malys (o0 a5 ploo (o X (gounsled

148 0rild oo (pizan Cul 00ls &N = 39 (ol (6 pml aiadign STl

P(Republican|C=no) = 0.01 and P(Democrat|C=no) = 0.99

(6l dedgr S1yil g cusal g8) CISPA lan € 5l yloyslaio ¢ Jgo,8 ol jo aS
(Sl SIS 900 Democrat jl glaie ¢ olg> (5,944> Republication

h= p(h) | P(C=nolh) P(h|D)
Republican | 0.5 0.01 0.005
Democrat | 05 0.99 0.495

«!, (Reader Privacy Act) ,Busiles 5l cladlxs 95l a4 X (goaisles aSGl @y axgi b
el o0ls (Internet Sales Tax) <a ol (bg,8 Sldle 4y a5 «,3» I, g ools « L»

glie Coss @ 5 Joor
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h= p(h) | P(C=nolh) | P(R=yes|h) | P(T=no|h) P(h|D)
Republican | 0.5 0.01 001 0,01 0.0000005
Democrat | 0.5 0.99 0.99 0,99 0.485

o ) 50 25 O 4 oS (NOrmalize) gile Jbo 5 1) SVl opl 31

0.485 0.485

P(D t|D) = N
(Democrat D) = 5485 + 0.0000005 ~ 0.4850005
= 0.99999

Godisled S X (gdiges a5 20,5 g iy w0 19,990 Jliml b lepl 4 b
el Sl,S 500

&ly= , (Internet Snooping Bill) <o sl veds gasuy lp € » ol Lo wculys o
e 0 1,8 Al 5550 saisled (o

h= p(h) | P(C=no|h) | P(R=yes|h) | P(T=nolh) | P(S=nolh) P(h|D)
Republican | 0.5 0.01 0.01 0.01 0.50 2.5E-07
Democrat | 0.5 099 099 099 0.00 0

oal (nl Gog DlSses @l ey ¢ Jlekml 4 oo )0 11,87 Gy Sl L ol
&ly 95t (a8 a4 OIS ges (ed () dae + dlaws aS el s T 4 ol saus,
S X el a5 ey e 4o Ol 4 OYleisl pl elal  aisgs esls « 5

Sy Hlesddsl vgpls OIS 1 (pl aS sl olgz (5,900
SYlis] e

By Ylais] 5l cuwss a8l o (Naive Bayes) oolw o o ,sXl o oYl
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Wy p ke

P(S = no|Democrat)
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total number of Democrats
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n, +mp

P(xly) =———

equivalent sample) (gglue (sdigad go3laih a5 Conl Coli sae SO M (Jgo,8 ol jo
2 hm e Y gl bl sl Gglate M (30,5 (asein (hg) g0 g0 0anel «(size
D10 09y il 0gid gAY A ezl G ol sl sos sl Dglaie lake ¥
OeeBS lade a5 o P S o HIB Y Pl lim jlade e Ge» g « > polas
a2 Sopl 4 arg b way € ) €ogld gam¥W 4 pasd a5 o)b sl
S o LS S8 a4y e ol it B et (o8 Jlio oo €l 4 iy o5

a2 oo iulad |y lagly aS auS oSS 1y 55 Jeas dactl

(Republican) kolys 5,940 sl

CISPA Reader Internet Sales Internet
Privacy Act Tax Snooping Bill
Yes 99 1 99 50
No 1 99 1 50
(Democrats) ool )S'ges slasly
CISPA Reader Internet Sales Internet
Privacy Act Tax Snooping Bill
Yes 1 99 1 100
No 99 1 99 0
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Lo ol .cwlosls «,3» (gl CISPA & (oS guadls | of puolss o a5 cased
Iy G ly gl as puilay oS Lol cpl L) all olg s 900> aseds ol &Sl Jleis|
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P(x|y) = =,

olawi Ng g Sl OVor ply Sm) boled s 900> Slawd plpy N Jeoyd ol o
aS pa M (R ) olaws Ja) wilesls CISPA & 1) « 5% (gl a5 el oooled (5, 900>

:;s.ﬂgs,e 30 ) Oygo a4 aomdd Yb Jge,8 0 olael oyl 6L

1+2(5) 2

100 + 2~ 1oz _ 2o1oel
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99 + 2(5) _ 100
100 + 2 102

P(cispa = no |republican) = = 0.9804

09d oo ) Jeaz ale P(h]D) 4 bgs po wVlaix! canleds ol b

h= p(h) | P(C=nolh) P(h|D)
Republican | 0.5 | 0.01961 0.0098
Democrat | 05 | 09804 0.4902
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h= p(h) | P(C=no|h) | P(R=yes|h) | P(I=nolh) | P(S=nol|h) P(h|D)
Republican | 0.5 | 0.01961 | 0.01961 0.01961 05 0.000002

Democrat | 0.5 | 09804 | 09804 0.9804 0.0098 0.004617
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Main Interest  Current How Motivated ComFortable Income Model #
Exercise Level with tech. (in $1,000)
Devices?
both sedentary moderate yes 60 i100
both sedentary moderate no 15 i100
health sedentary moderate yes 90 i500
appearance active moderate yes 125 i500
appearance moderate aggressive yes 100 i500
appearance moderate aggressive no 90 il100
health moderate aggressive no 150 i500
both active moderate yes 85 i100
both moderate aggressive yes 100 i500
appearance active aggressive yes 120 i500
both active aggressive no 95 i500
health active moderate no 90 i500
health sedentary aggressive yes 85 i500
appearance active moderate no 10 il100
health sedentary moderate no 45 i100

ol S e el 08,5 gyl E 1y L 500 Jsame o5 csole ay s S
oy |, ot ol el Lads 51 31 ool S azyo 5 oolall sd Jpamo o Jpams
..\.:in O L J}.am Q—l‘ Q|)|.\%)."> 6‘).3 1) ..\AT).) u"i’l‘“ ajlo C)l.ia‘ ‘..\....5

90 +125 + 100 + 150 +100 + 120 + 95 + 90 + 85
9

mean =

955

14w Ao o 1) 0 lasbinl Gl ysuil (LS (ol 5l o e Jad gasdlas b wylis 4
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Income (x-106.111) (x-106.111)2
(in $1,000) e \{m
90 -16.111 259,564 9
125 18.889 356.194
100 -6.111 31344 = /404321 =20.108
150 43889 1926.244
100 -6.111 31344
120 13.889 192904
95 -1L111 123.454
90 -16.111 259,564
85 -21.111 445674
> =3638.889 /

-
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P(x, ly,)=

).g‘).j ‘J.M:L: )Yé Yoo

2 el a bl YO a5 glo Jowegil sly |y (HP) jly sl &0508 g0 3y Jgdz o
Datsun 210 S a5 ol Jlozol oilsy palys oo plos ol |y aiiS oo B pae o35 I
I S Ly Jlo ¥ Junogsl il oty 45 byt il by adly oy sl VXY o

PR

53.458

car HP
Datsun 210 65
Ford Fiesta 66
VW Jetta 14
Nissan Stanza 88
Ford Escort 65
Triumph trT coupe 88
Plymouth Horizon 10
Suburu DL 67

(2.718)**" =(0.0187)(0.960) = 0.0180
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car HP
Datsun 210 65
Ford Fiesta 66
VW Jetta 14
Nissan Stanza 88
Ford Escort 65
Triumph trT coupe 88
Plymouth Horizon 10
Suburu DL 67
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Wy = 12,875
0y = 9.804

Xi =132

oo \/(65—;02 H66 =) +(74=)* + (88 =)’

+(65—1) +(88 —1)* + (70— )* + (67 —pn)*

o= J 6727'875 =+/96.126 =9.804

Y Gt — Joely — S 35 1y sk
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My = 12,875
—(y—1; )
g; = 9.804 P(x,1y,)= L
210,
Xi =132

1 ;

P(132hp 1 35mpg) = o 200804
DS ar (9.804)
—3495.766
= l e 1322;;)6 — 1 6—18.]85
J6.283(9.804) 24 575

= 0.0407(0.00000001266)
= 0.0000000005152

YO puilay a5 b,k ol b Datsun 280z a5 oy oo Joimo e L i 4 I
KXW

www.takbook.com




Ol giaal o (sly (s9lS0sls B ¥YAF
Silwooly sl OIS (5w Sy

3, lailiwl Glyil 5 . S5le Lo (NaTVE Bayes) ool (s w65l (sl sgel 56 50
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195 (g 3lwodly (gl oS L sz awgy Wlgi oo YU Jge,8 (sunaiib 5B (o

import math

def pdf (mean, ssd, x):
"""Probability Density Function computing P (x|y)
input is the mean, sample standard deviation for all

the items in y,

and x. mrrn
ePart = math.pow (math.e, - (x-mean)**2/(2*ssd**2))
return (1.0 / (math.sqrt(2*math.pi)*ssd)) * ePart

oS loeiel YU Jlie lea L1y &b ol ool

>>>pdf(106.111, 21.327, 100)
0.017953602706962717

>>>pdf(72.875, 9.804, 132)
5.152283971078022e-10

e 5l col il WS Y Ics
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05l s3lwesly

&S0k 5

o ojll ol lgtnl bl OYlis! g s OYlais] olal g sl 5 b,
Sl (prior probability) i Jleizl 00,5 5 oloz (6 50/l S g0 Jle @
aS il e ST Jle (gl g go aiils 4S5 (g0las, o (gonalie L8 a5 cl
aSepl Gl i Jloiml G wiylo 0929 Ol S50 Yoo g 0lg> (6,900 TYY olass
O yge 4 AL (republican) olgs g geex 15 0l Bl Ll 40 olgds 0,8 S
2290 Aol )

233

P(republican) = 33 - 0.54

oles b (conditional probability) b ,i Jlax>! .cosl P(h) goaimslis o) a5
WJie Gl eulos [, D aS bps pl b oey9] cows @ 1) h a5 el ol Jla>! P(h|D)
oS oo 2 | Jiz! Lo (Naive Bayes) oolw 5o ,o .P(democrat|bill1Vote=yes)

P(billlVote=yes|democrat) . Jlws !y .0uiS o0 dslxs |, P(D]h) 4
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@ (el o dictionary) ¢ ,uaSis S yo 1) dbyd OVl pl byl oS ol jo
{'democrat': {'bill 1': {'yes': 0.333, 'no': 0.667},
'bill 2': {'yes': 0.778, 'moderate': 0.222}}
'republican': {'bill 1': {'yes': 0.811, 'no': 0.189},
'bill 2': {'yes': ©.250, 'no': 0.750}}}
u;‘ L ool esls «&» 6‘) (bill 1) Lga)Lo..i’: a4 L N dSuJ ‘_JLQ—A?‘ o=
Sl on WYYl P(bill 1=yes|democrat) ! &l Sges SO ol puilas a5 b )i
Gl S L polie a5 oS oo ookl old Sy slp 1) slosls jlale pl L
oolie o STy aS L ol pl b (€0 5 €0, b &3y 5 « L Jle 6l )
oslazul (probability density function) Jlu>l J&> ab 5l L s goue
(P Sy ol @ln |y dged olailiad Blzl  (Sle Gl I (nl 6l 5 S oo
12,5 wlem colazwl 3 Lale jlegoae polae pl (gl s &5
mean = {'democrat': {'age': 57, ‘'vyears served': 12}
'republican': {'age': 53, 'years served': 7}}
ssd = {'democrat': {'age': 7, ‘'years served': 3}
"republican': {'age': 5, 'years served': 5}}
Gl Ty 0gd oo 0ole lis ools LBy ks O L bdiges I plaS He alinds aile
Sy osls LB Jgl bt wix (Jle sl 29l 0 fox oo tab L leaiges | plas o
il 53 &g 4 (Pima Indians Diabetes) wiw ;o Loy cobs (so0ls (sacgazms
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(o9 Hlad Ledly S8 cdale an ol oleds olaw Sols s 5w baygiw
Crilas goaumolis ¢ g cobs yiils geaumolis Vo ep S gie 0 g el o
G 1) bgin 3l plaS 2 ol p AgSs> a5 puoo Hlis ey o Al ale (pioren

(Bayes) ;o by, 3l g aiwd goas i Jlade gl aF wis olayeiw attr Ojle
S oo bzl ol ools yLas Jad opl 4o LS aS

el (5338 (Shy lyie 4 (el & WS o0 patie | plaggie UM Ojle
Xy s 0,42 (probability density function) Jlos! J&> &b 5l beygiw ol gl
Soisel plSam o 1y o libial Bliil s (i Siles e (il lagsie cnl sln s
&ly 10) WS e Lain 1) diged S At o5 cul Jeiw 5oLl class o jle
(2550 3b oaly> (o0 &5 S5uzr

1y Oyee 4 Cw,d (Pima Indian Diabetes) we jo low cobs gools (gacgomme 4o

09 M‘?
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"num num num num num num num num class
closl ge losls Hisle o 4y iges 8 laibinl Bzl 5 Sk gamle (sl

3l ed S A A o5l o bgay oS oolaul u:)}y,‘ BN QT 56 p.l)la
:M)‘l..\;.:.g Gcali; «(Pima) Loo cobo gools (sacgasms

Sl (Jgl 585 ans (x) gl Gaigad A oy Consl gl y2 sail Sl BT (g
Sla Sy N0 laggiw oles )l cobo Vb JS& o BT Gaiges a5 2l
asb g0 cpl 5l plas o (gl o lslivl Blyul ¢ (Sl puslsr o V> aivn go0e
aly plsm U p)ls 5L ( Sy o 9 alib 5o 50 (:Sle ol Sl oS dnlne
0,33 1) ladiged saon olowi yol> Jl> jo do (d2d 0S 0 oS xex bl sden

iploo S (g5lwosky ((6,xiSo s SO jleslaiul LIy cpl o plos S
totals {*'1': {1: 8, 2: 378, 3: 182, 4: 102, 5: 1141,

6: 98.2, 7: 2.036, 8: 141},

{'0': {1: 3, 2: 323, 3: 242, 4: 96, 5: 214,
6: 98.1, 7: 2.006, 8: 76}

Vs gez () + T oY) Sl Al Vgt gex (class 1) ) gail glp

+Y)\~ﬁ‘).3\ QBJL.‘.:&A.?s(ClaSSO) i Lg:uu.b Lg‘).g ] P]b)sjaum.fbs\ﬂ\//\ ).3‘).3
A1 jebiren g Sl YYY 5l Y g go oo + )
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i sleee R S B L 6 S0

numericValues
{'1': 1: [3, 4, 1], 2: [78, 111, 189], ...},
{‘e': {1: [2, 1, 0], 2: [142, 81, 100]}

oo o init () &b jo ) Cdse slosls JLSlu pl b o S adlol ) laS (] e
o3l 3 oS ale Classifier

import math
class Classifier:
def init (self, bucketPrefix, testBucketNumber, d
ataFormat) :
""" g classifier will be built from files with t
he bucketPrefix
excluding the file with textBucketNumber. dataFo
rmat is a string that
describes how to interpret each line of the data
files. For example,
for the iHealth data the format is:
"attr attr attr attr class"
mrmrn
total = O
classes = {}
# counts used for attributes that are not numeri

counts = {}

# totals used for attributes that are numereric

# we will use these to compute the mean and samp
le standard deviation

# for each attribute - class pair.
totals = {}
numericValues = {}

# reading the data in from the file
self.format = dataFormat.strip() .split('\t")

#
self.prior = {}
self.conditional = {}

# for each of the buckets numbered 1 through 10:

www.takbook.com
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for i in range (1, 11):
# if it is not the bucket we should ignore,
read in the data

if i != testBucketNumber:
filename = "%s-%02i" % (bucketPrefix, i)
f = open(filename)
lines = f.readlines /()
f.close()

for line in lines:
fields = line.strip().split('\t")
ignore = []
vector = []
nums = []
for i in range(len(fields)):
if self.format[i] == 'num
nums .append (float (fields[i])

elif self.format[i] == 'attr':
vector.append (fields[i])
elif self.format[i] == 'comment'

ignore.append (fields[i])
elif self.format[i] == 'class':
category = fields[i]
# now process this instance
total += 1
classes.setdefault (category, 0)
counts.setdefault (category, {})
totals.setdefault (category, {})
numericValues.setdefault (category, {
})
classes[category] += 1
# now process each non-numeric attri

bute of the instance

col =0
for columnValue in vector:
col += 1

counts[category] .setdefault (col,

{H

counts[category] [col] .setdefault
(columnValue, O0)
counts[category] [col] [columnValu
e] += 1
# process numeric attributes
col =0
for columnValue in nums:
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col += 1
totals[category] .setdefault (col,
0)
#totals[category] [col].setdefaul
t (columnValue, O0)
totals[category] [col] += columnV
alue
numericValues [category] .setdefau
1t (col, [1])
numericValues [category] [col].app
end (columnValue)
#
# ok done counting. now compute probabilities
# first prior probabilities p (h)

#

for (category, count) in classes.items() :
self.prior[category] = count / total

#

# now compute conditional probabilities p (h|D)

#

for (category, columns) in counts.items():
self.conditional.setdefault (category, {1})
for (col, valueCounts) in columns.items () :
self.conditional [category] .setdefault (co

for (attrValue, count) in valueCounts.it
ems () :
self.conditional [category] [col] [attr
Value] = (
count / classes|[categoryl)
self.tmp = counts
#
# now compute mean and sample standard deviation

#

Sy oS

Bl S anle | 8 uibsl Bl 5 uSilee 45 WSp (698 Sl e LT
guidetodatamining.com <.l ;! |, naiveBayesDensityFunctionTraining.py
A5 oglils chistio.ir Ly
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c = Classifier("pimaSmall/pimaSmall", 1,

"num num num num num num num num class")
>> C.5s5d
{'0': {1: 2.54694671925252, 2: 23.454755259159146, ...},

‘1': {1: 4.21137914295475, 2: 29.52281872377408,}}

>>> C.Means

{'0': {1: 2.8867924528301887, 2: 111.90566037735849, ...},
‘1': {1: 5.25, 2: 146.85555555555554, ...}}

J= o, —asn s
:d;ﬁu‘crn uk> d) ¢ﬁ‘

#
# now compute mean and sample standard deviation
#
self.means = {}
self.ssd = {}
self.totals = totals
for (category, columns) in totals.items() :
self.means.setdefault (category, {1})
for (col, cTotal) in columns.items() :
self.means[category] [col] = cTotal / classes]|c
ategory]
# standard deviation
for (category, columns) in numericValues.items() :
self.ssd.setdefault (category, {})
for (col, values) in columns.items() :

SumOfSquareDifferences = 0
theMean = self.means[category] [col]
for value in values:
SumOfSquareDifferences += (value - theMean
) **2
columns[col] = 0

self.ssd[category] [col] = math.sgrt (SumOfSquar
eDifferences
/ (classes[category] - 1))
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o 4 N I J=ol, ol aS kb
oglils JB L culwey yo naiveBayesDensityFunctionTrainingSolution.py

]

Y asp oS
Jaxl JE» ol 5l a5 w655k sk 1) il gl aslge L]
b a5 LB TuuS oolatwl soue yolie sy «(probability density function)
52 »® -l NaiveBayesDensityFunctionTemplate.py o5& ploxl o jo &l yuss

1l 60l o0ls uﬁq‘Lw éo‘ el é.:'.'a'

def classify(self, itemVector, numVector) :
"""Return class we think item Vector is in"""
results = []
sqrt2pi = math.sqgrt (2 * math.pi)
for (category, prior) in self.prior.items():
prob = prior
col =1
for attrvValue in itemVector:
if not attrValue in self.conditional [categ
ory] [col]:
# we did not find any instances of thi
s attribute value
# occurring with this category so prob
=0
prob = 0
else:
prob = prob * self.conditional [categor
y] [col] [attrValue]
col +=1
# return the category with the highest probability
#print (results)
return (max (results) [1])
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Sl JE> b 5 45 59k 4 0iS 65k | guandib g wlge b
b a5 LB TuuS oolatwl soue ypolie sy «(probability density function)
.cwl naiveBayesDensityFunctionTemplate.py o4 plxil OT 30 Ol yuais

:J> o,
def classify(self, itemVector, numVector):
"""Return class we think item Vector is in"""
results = []
sgqrt2pi = math.sqrt (2 * math.pi)
for (category, prior) in self.prior.items():
prob = prior
col =1
for attrvValue in itemVector:
if not attrValue in self.conditional [categ
ory] [col]:
# we did not find any instances of thi
s attribute value
# occurring with this category so prob
=0
prob = 0
else:
prob = prob * self.conditional [categor
y] [col] [attrValue]
col +=1
col =1
for x in numVector:
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mean = self.means|[category] [col]

ssd self.ssd[category] [col]

ePart = math.pow(math.e, -(x - mean) **2/ (2
*ssd**2))

prob = prob * ((1.0 / (sgrt2pi*ssd)) * ePa
rt)

col += 1
results.append ( (prob, category))
# return the category with the highest probability
#print (results)
return (max (results) [1])

el «(Nearest Neighbor) aslues (p 53835 » b, 5y J> ol ol U
Cobo slaosls acgome (g5, p 1) (KNN) Glucen o 5 S005 K 00,6501 Lo i Jad o
Sees,S oinleyl ceusls eb pimaSmall a5 o1 5l slacgeme 5 S g (PIMA) Leo

g ) Dyge 4 bl wall b,bl

pimaSmall pima
k=1 59.00% 11.247%
k=3 61.00% 12.519%

il 53 )50 4 «(Naive Bayes) oolw 5o o )65l (sl ol

pimaSmall pima

Bayes 712.000% 11.354%
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RANDOM 209 34 _ sy9(2?
L ~ — ()= 295
OR\GINVAL & 176.6%% —/

S|ax\te®> T \ 319 e\LF
?’F"\\’)O "7 - i
5183005 pe) - P mmeit

7 P - = -
PRI, K= L‘z/,w)
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- ML = B
= BN =
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el LS’P QxWQ)yd&»d‘Sw\.ﬁ: < FAVD ).3‘).3 ooLw},:.g‘).g lJlS)L.J.A‘

www.takbook.com



Yoq W ools juy F Jad

oals (KNN) qsluos o 56055 k51 < (Naive Bayes) oolw o« Jlie pl gl

o Oby slie
(5,1 e slo iz iyl 4 5L0 add) ool (gjlwosls @
3l ;550 sla by, 4 s &}9—01 Sl oS laosls 4 5ls @
Al zlasl ) cale

KNN QSlf.‘)‘
oolw 6}L“”°‘>Lb-$ L4
!Wéjis&—o)lxl)m&m)b}ug_iﬂ(sl)louooloc\fwlyé)é .
o)lo CL....‘>‘ ‘5...;)9.4" sosls S0 S gl abadl> ool Jlase @

2 Oy el s
ob 1) xS ol Wilgh gos (Jlio sl 0,08 cod 0L 1) v S5g e DMl (g, ol

KNN s,
S shse] Saegerme a5 Cud Sloj sl ilate 5 Jsdae Sl SG KNN3,
2 Wlgie 5 sl (ommgw $38lz Jio) o)l aen MalS” (b, o KNN g, il

=

SSolpin lapaaw Jlo gl abl aiisl 0p,l5 sosxe sla e 5 bais,

e OOl ()] Sy ey 5l Glacgeme oy p EI) WSty
.Q)‘b o).,)lS LQQT 5 KNN a5 oo QS’LQCL’?'“ )‘ )451..44 (_gd.ud.o*‘o 9 sLﬁbu.&.tjjJ
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BACK TO OUR INTREPID DATA MINER ---

3§ o
«(Naive) o

ol cwl caas &S o dailyy oSG o SVlesl o Glp ) b &S e

S S ol o aS a8 jeal 1) o3b Gl gl aiie Jite 0S5 5l oYl

ol s S 008yl slag, 99 cnl mplwiler (B So g S 2B )
a adly yo g0l bls,lass 9-.\.0‘ Sl b gy w8l o by aS (g lade aS Lias
el oo Wbl (Kly o) Jis Waolas; ST oS a5 j5blos 5 Cand ally ]
L5005 50 bolas ) sl slas o oYlesl o L | (joint probability) elgs Loz
o ool slasl Jlasl joint probability les U sl Jleiz! 5l jakaie) oo y9be Cawd
A 0gdy b o3 o Wl g wlo g) 4 aSw Al Jlis ] o (Gl oo b slas ) g

29,5 o0 drslre 5 O)j90

1
P(heads A 6) = P(heads) x P(6) = 0.5 X = = 0.08333
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b i, ole 5l (Jg (ae Y8) o5 o OBl 1) 50,8 slog,s Ladd e V>

S XY il bz a5 (Gae F) oS oo OBl ob 1) aiies Sl uSe 4 o
fewl juax (facecard) jlo wSe 3,9 S bl Jlaix! ogd o

12
P( facecard) = 37 = 0.375
f10,8 0,5 SO ol Jloas!

6
P(red) = 37 = 0.1875

Lo Lopl jo fowl jaiz Jlo e oo 5 dil 0,8 o2 a5 )5 S bl s
i sod pll |y 5 Oldes Lo a8ly 10 .ouiS cad o o2 0 1) YL
P(red A facecard) = P(red) X P(facecard) = 0.375 x 0.185
= 0.0703
SVAVD iy a8 o)l5 Sy bl Jlezsl a5 wsF e o as o miid o izl 5o
I L VAN L] IRV IR | PVl I VPO UL PR DU IVCIN L S W PR o B PRrow
! ~,\AVO ).").s ‘)low&c

plp sl Gl Jlo wuSe &5 S aS ) Jleizl o pn ) 5500 o, S pule oo b
o )5 aa wiloads ools 13 oo culy o) a5 S 4 el 2 YVO

SoSe p2 g il 0,8 o2 a5 S5 SO Ol Jleis! e aiiiie 508 o uSe
w‘ ~,\/\V& )J‘)JLSA.!J ’,a )w)o ',Y'V(b ).3‘).3
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Sygo 4 a5 15 eeel oo (Naive Bayes) oolw ju |, (g, (pl b oo S o0 00ual

www.takbook.com



YAY B ools B b

Al s aals Janes bly 51 2> 1) bS5y Sl (55 slesls
ol b G S e Jos 093 Sl sl ool s gy a5 Sy o0 S 4 e S o0
looluw ua)s

Sz oS
Sl $oS L2l oS0 slrools (sasgame 59y 3 1y ool 3u iy oS! ailes oo q]
S il 4 b eragil CSgus Bpan (go0ls (gdsgeme 59y 2 KNN (o2 ,651 ¢ Jli
Sacgozte Ol Sl e > ol e b, LT Lols oo (50w, BY CBs (MPG) I8

Sl oals

tenfold("mpgData/mpgData", "class attr num num num num comment")

.....

www.takbook.com



www.takbook.com



Sl Do gt (g duanb

@ poye lagl o aS sl el samsslpiin lapiaaw 4 (L3 sla fad o
Jio (sl 3505 o o sl (sloslins (sl b 1y Giis slager g po &30
thumbs-) cadlye galis & Vb ceal Phoenix (desge 095 lp o)l O
3l goae iz sl wlie b g (thumbs-down) cialbue sailis 4 ol Cuad/(up
s b gl (ol Djg0 4 &S plager 4 uizmes o (20l Gl sladiges
ol Ul b 6l — canl )5 5ld ) g, ol 5 (Jlie 020,5 olS 55 i )8 e 00lo
Cailos S IS (ol Sl 55y 2 LT L oy |y ol o] S ol
W8 aile glo T 5l et ol puilail 25 sunatd sl 4 Hiores
ool wanl 03ls (gl e jo Y Sy 4 patd Sy aSinl > Ly 0
by culys oo (Solw 4 ools sacgamme (0 Oledlbl daaiges (pl soled ;o .38 ,5

Dgs o3y isled Jado S

www.takbook.com



glucose
age level
8
26 7
111
56
1
23 8

Ol gidal p sl solSoals W YV F

plood diabetes?
pressureé
1
50
1
72
78 0
-’npg
Cyi ﬁf‘.'ders
30
4q
45 68
4
20 48

8
130

sec. 0.9
19.5

217

(S — i By ,ee «(structured data) il \lisle slaoslo» 4 osls 5l g oy
Galeg 4 Vb Jgoz wiile Jguz )0 byl plen in baaiged gl jo 457 glool

L el e sbeools Lams plxl L9 (cylinders) joslew olows (mpg) 5
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word P(word|like) | P(word|dislike)
am 0.007 0.009
by 0.012 0.012
good 0.002 0.0005
gravity 0.00001 0.00001
great 0.003 0.0007
hype 0.0001 0.002
I 0.01 0.01
over 0.005 0.0047
stunned 0.0009 0.002
the 0.047 0.0465

(i b ol Caito L1 4S) oS (gamailo |y ) Cngh oules oo 0iS (5,8 V>
| am stunned by the hype over gravity

P(like) x P(I|like) X P(am | like) X P(stunned | like) X ...

1)z Jles! iomen g

P(dislike) x P(I| dislike) X P(am | dislike) X P(stunned | dislike) X ...
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word P(word|like) | P(word|dislike)
P(like) = 0.5 | P(dislike) =0.05
I 0.01 0.01
am 0.007 0.009
stunned 0.0009 0.002
by 0.012 0.012
the 0.047 0.0465
hype 0.0007 0.002
over 0.005 0.0041
gravity 0.00001 0.00001
M 6.22E-22 4.72E-21

dislike= 0.000000000000000000004720

(ol Yt Gy o 3T ygi)

s g like = i) cowl Jloaxl o i gl)lo aS oS JauB 1) glans 8 Coled o

(dislike =

199 o0 damle ) Dygo 4 OV
like= 0.000000000000000000000622

www.takbook.com



Obwsgiaal yy slys s9lSonls M YY-

SzsS Glol K
va.d.n Oum;l .Mj).’,l? )L’.&‘ )" J.’.g J..J'Lg )Jj.? 6 Q‘O‘sﬁ OL:J iL‘.’JL:.éL_’.) )Q e CJ)L.&

Q) jliel gl S dgr gtie dae BT 505 Cunly Coons 3 1) Jliiel 4l S 09
om0y Coldd e Coous
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>>> 0.0001%x100
0.0

:W)@P}‘ﬁidox*—i’.“%‘m—‘sé‘*-?rv-“l-f@yw‘p-’%)m;‘sls

>>> import math
>>>p =0
>>> for 1 in range(100):
p += math.log(0.0001)

>>> P

-921.034037197617

b" = x ..ol oé; ufs}abs C.u»‘uiue
Coad (YU 55 N s32) Gl ples (YU 5o X sae Se) sas o sl (og oyles L) o K
Vo plp (B) 4l sae 0uS 6,8 (Jlie sl ailu X sae 4 1) (b) 4l sae Wilgs o a5

log,,(1000) = 3
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.0000001 x.000005 = .000000000005
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comp.graphics - misc.forsale - soc.religion.christian - alt.atheism -
comp.os.ms-windows-misc - rec.autos - talk.politics.guns - sci.space -
comp.sys.ibm.pc.hardware - rec.motorcycles - talk.politics.mideast -
sci.crypt - comp.sys.mac.hardware - rec.sport.baseball - talk.politics.misc
- sci.electronics - comp.windows.x - rec.sport.hockey - talk.religion.misc -
sci.med

SIS 58 WS et 4S5 0ued dxwg |y anaids 45 SO a5 s (pl JLis @ L
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From: essbaum@rchland.vnet.ibm.com

(Alexander Essbaum)

Subject: Re: Mail order response time

Disclaimer: This posting represents the poster's views, not necessarily those
of IBM Nntp-Posting-Host: relva.rchland.ibm.com
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Organization: IBM Rochester

Lines: 18

> | have ordered many times from Competition

> accesories and ussually get 2-3 day delivery.

ordered 2 fork seals and 2 guide bushings from CA for my FZR. two weeks
later get 2 fork seals and 1 guide bushing. call CA and ask for remaining
*guide* bushing and order 2 *slide* bushings (explain on the phone which
bushings are which; the guy seemed to understand). two weeks later get 2
guide bushings.

*sigh*

how much you wanna bet that once i get ALL the parts and take the fork
apart that some parts won't fit?

2,15 3l rec.motorcycles o5 5 4 YU e 28lg jo a5
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2 50 5 ls 18 lailSlax slacs,555 pls yo (ygeil g (ohj9el

| :gRAiiTHnowom DU gRCH N B PSPSRT S IVE BP UL P FYPIVCT g NS IR ¢
| VOR TIRALQ

| PROSZEWYRZUGIE, o' 5! plS 2 )0 amdp0 (idsy |y (5505 09,5 S plaS 52
‘:LOE:?:;EAI/P(')RRO‘nlkgg| sleaiig =8y o a5 Wisgage calides slwl dag,658 plo 5
 PROSZE WYRZUCKC s (G o 05,5 ]
 PLEASE THROW OUT
' POR FAVOR TlRAI.O"i
' PROSZE WYRZUCIC NS @ o 4 1) Sz 4o

P N . .
| pgﬁiib'gfmgj Ol Suse )0 S (505 S 093 WS & g9y0 aS el 5l S
S 6 s

' PROSZE WYRZUCIC|

www.takbook.com



Ol gidaliy 51y (s9lS00ls W YYF

|y ladd iyt U el ol 3 dai .. Lol (sdimo 5 0BT 5 lagils)
(Dgd oo (S5 (Saiwd plAS &) bogy yo Ladiligs 5| plaS" 1 (00065, 45" S o0

Gl g ey aile g Wlgy a5 il albls et mdleS oo Lo Jle (gl
S gananb lea b Jjcw> » rec.motocycle saiwo

| am looking at buying a Dual Sport type motorcycle. This is my first cycle as
well. | am interested in any experiences people have with the following
motorcycles, good or bad.

Honda XR250L

Suzuki DR350S

Suzuki DR250ES

Yamaha XT350
Most XXX vs. YYY articles | have seen in magazines pit the Honda XR650L
against another cycle, and the 650 always comes out shining. Is it safe to
assume that the 250 would be of equal quality?
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D9
looking = buying 2 Dual Sport type motorcycle.
cycle . interested experiences people
following motorcycles, good or bad.

Honda XR250L

Suzuki DR350S

Suzuki DR250ES

Yamaha XT350

XXX vs. YYY articles seen i1 magazines pit the Honda XR650L

cycle, 650 always comes out shining. safe
assume 250 equal quality ?
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(Stop Words) adgs wlelS Jilis o (Common Words) Jgess clalS

WS o (oS (goiaib anld 4 a b the asle SLlS &5 alex cpl 4z 51
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alt.atheism
text file 1 for alt.atheism
text file 2

text file n
comp.graphics
text file 1 for comp.graphics

20news-bydate- gl 4 Jls cpl ;0 a5) a)ls jaled lean b (6,655 plo SO cpo

) e glaail a5 305 3529 6,855 Rl 2 ) S pw S 6,85 20 (nl yo (el train
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P hy) =
(wk | hy) n + |Vocabulary|

from _ future  import print function
import os, codecs, math

class BayesText:

def init (self, trainingdir, stopwordlist):
"""This class implements a naive Bayes approach
to text
classification
trainingdir is the training data. Each subdirect
ory of

trainingdir is titled with the name of the class
ification
category -- those subdirectories in turn contain
the text
files for that category.
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The stopwordlist is a list of words (one per 1lin
e) will be

removed before any counting takes place.

mrmrn

self.vocabulary = {}

self.prob = {}

self.totals = {}

self.stopwords = {}

f = open (stopwordlist)
for line in f:
self.stopwords[line.strip()] = 1
f.close()
categories = os.listdir (trainingdir)
#filter out files that are not directories
self.categories = [filename for filename in cate

gories
if os.path.isdir(trainingdir
+ filename) ]
print ("Counting ...")
for category in self.categories:
print (' ' + category)
(self.prob[category],
self.totals[category]) = self.train(trainin
gdir, category)
# I am going to eliminate any word in the vocabu
lary
# that doesn't occur at least 3 times
toDelete = []
for word in self.vocabulary:
if self.vocabulary[word] < 3:
# mark word for deletion
# can't delete now because you can't del
ete
# from a list you are currently iteratin
g over
toDelete.append (word)
# now delete
for word in toDelete:
del self.vocabulary[word]
# now compute probabilities
vocabLength = len(self.vocabulary)
print ("Computing probabilities:")
for category in self.categories:
print (' ' + category)
denominator = self.totals[category] + vocabL
ength
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for word in self.vocabulary:
if word in self.prob[category]:

count = self.probl[category] [word]
else:
count = 1
self.prob[category] [word] = (float (count
+ 1)
/ denominat
or)

print ("DONE TRAINING\n\n")

def train(self, trainingdir, category) :
"""counts word occurrences for a particular cate

gory mrrn
currentdir = trainingdir + category
files = os.listdir (currentdir)
counts = {}
total = 0

for file in files:
#print (currentdir + '/' + file)
f = codecs.open (currentdir + '/' + file, 'r'
, '1s08859-1")
for line in f:
tokens = line.split ()
for token in tokens:
# get rid of punctuation and lowerca
se token

token = token.strip('\'".,?:-")
token = token.lower ()
if token != '' and not token in self
.stopwords:
self.vocabulary.setdefault (token
, 0)

self.vocabulary[token] += 1
counts.setdefault (token, 0)
counts|[token] += 1
total += 1
f.close()
return (counts, total)

033 Prob ol 4 (hash table - jlues,s Joaz) (6, iSos S 50 Lbjeel 56 =L
«comp.graphics ) cesla sandils el 6iSKs pl Glp bads s oo
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bT = BayesText(trainingDir, stoplistfile)
>>>bT.prob["rec.motorcycles"] ["god"]
0.00013035445075435553
>>>bT.prob["soc.religion.christian”] [""god"]
0.004258192391884386
>>>bT.prob["rec.motorcycles"] ["the"]
0.028422937849264914
>>>pbT.prob["soc.religion.christian"] ["the"]
0.039953678998362795

rec.motorcycles og,5 1o (la> Jxe 4) 80d (saalS 5925 Jliz| (i gl
2 9 Loy 09,8 ol 5o gim) sl 10t Yl (Sl S 9550 & bogy e 45)
05,5 ;0 80d (saalS 0szs Jizl Jg (el g0d (gaelS S owandST Vv e
) Cowl oo FYF (Gl Coorie ol 4y by o 4S) soc.religion.christian
(on,)o 800 (5anlS S dadS YO« Lo o Ly, 09,5 ol o

oo Yool 48 j5 b los (1 o 4 il S a0 |y Lo dids (pizan (3901 516
el 39250 Wog 5 (caled 5| (S o0

['alt.atheism', 'comp.graphics', 'comp.os.ms-windows.misc',
'comp.sys.ibm.pc.hardware', ...]
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>>> bT.classify("20@news-bydate-test/rec.motorcycles/104673")
‘rec.motorcycles’

>>> bT.classify("20@news-bydate-test/sci.med/59246")

'sci.med’

>>> bT.classify("2@news-bydate-test/soc.religion.christian/21424"
I'soc.religion.christian'

Ay S 90,8 oo |y BB pb S (classify) oy did asli i o0 45 5b lon
ol (33m) BB T @y oy po gaile o 4t ol 45 Wils )5 oy

oolitul o)1 5 B Sj90 4 Al g0 o4 el Sgzge Caluaig 3 (gl Jb S
Sl 39290 Lo L yo bayesText-ClassifyTemplate.py pU L LB o) .0
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def _init_(self, trainingdir, stopwordlist):

= open(stopwordlist)

for line in f:

self.stopwords[line.strip()] = 1

f.close()

categories = 0s.listdir(trainingdir)

#filter out files that are not directories

self.categories = [filename for filename in categories

if os.path.isdir(trainingdir +

filename)]

print(“Counting ...")

for category in self.categories:

print(' ' + category)

(self.prob[category],
self.totals[category]l) = self.train(trainingdir,
category)

# I am going to eliminate any word in the vocabulary

J>oly— auin o8

def classify(self, filename) :

results = {}
for category in self.categories:
results[category] = 0

f = codecs.open(filename, 'r', 'is08859-1")
for line in f:
tokens = line.split ()
for token in tokens:
#print (token)
token = token.strip('\'".,?:-").lower (

)
if token in self.vocabulary:
for category in self.categories:
if self.prob[category] [token]
== 0:
print ("%$s %s" % (category,
token))
results[category] += math.log(
self.prob[category] [token]
)

f.close()

results = list(results.items())

results.sort (key=lambda tuple: tuple[l], rever
se = True)

# for debugging I can change this to give me t
he entire 1list
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return results[0] [0]

9= ’L;)j_’;fﬁlo 50 1y bl 5 alaS oyl lawgs auilys a5 i (508 dwmlo 31 5o
Wl S aoys elul | @ (nl 285 5 S Ganail 093 4 by ye 095 &

def testCategory(self, directory, category):

files = os.listdir (directory)

total = 0

correct = 0

for file in files:
total += 1
result = self.classify(directory + file)
if result == category:

correct += 1
return (correct, total)

def test(self, testdir):
"""Test all files in the test directory--that direct
ory 1is
organized into subdirectories--each subdir is a clas
sification
category"" "
categories = os.listdir (testdir)
#filter out files that are not directories
categories = [filename for filename in categories if
os.path.isdir (testdir + filename) ]
correct = 0
total = 0
for category in categories:
print(".", end="")
(catCorrect, catTotal) = self.testCategory(
testdir + category + '/', category)
correct += catCorrect
total += catTotal
print ("\n\nAccuracy is %f%% (%1 test instances)" %
((float (correct) / total) * 100, total))
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DONE TRAINING
Running Test ...

Accuracy is 77.774827% (7532 test instances)

VIR g LU LA CRN - HP PP LA A A 4 4
(Stoplish) i35 Slals’ 51 31 ooy ol o0
Togd ca joda &80 (oS eoli
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perisan oa )l sly g 05 g | English stop words list & jle o JSS]
(stop words list

[, cds @ccuracy (jgiw g didumd iyl SlolS (sdegoxs 33l stop list size (o

:Jbé‘sn QL:.J'
stop list size accuracy
0 1.1148217
list 1
list 2
J> ol y— Oy as

http://nlp.stanford.edu/IR- ;s |, owedSil @855 (gaadS YO | cwd S 0
book/html/htmledition/dropping-common-terms-stop-words-1.html
slaals \Y¥ S S

plos ;S lay http://www.ranks.nl/resources/stopwords.html

)

» l

ol 35290 3glils (glys o Hledgs Culwg o al
:f|oo”T Cawd &y g0 4 col ﬁl.’l.? L}l‘

stop list size accuracy
0 TI.T14827%

25 word list 78.157302%

174 word list 79.938927%
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Pang, Bo and Lillian Lee. 2004. A sentimental education: Sentiment analysis
using subjectivity summarization based on minimum cuts. Proceedings of

ACL.
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Classified as:

neg pos
e ————t
neg | 1 | 2 |
pos | 3| 4 |
e —————t

12.345 percent correct
total of 2000 instances
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from _ future  import print function

import os, codecs, math

class BayesText:

def init (self, trainingdir, stopwordlist, ignore
Bucket) :
"""This class implements a naive Bayes approach
to text
classification

trainingdir is the training data. Each subdirect
ory of

trainingdir is titled with the name of the class
ification

category -- those subdirectories in turn contain

the text

files for that category.

The stopwordlist is a list of words (one per 1lin
e) will be

removed before any counting takes place.

self.vocabulary = {}

self.prob = {}

self.totals = {}

self.stopwords = {}

f = open(stopwordlist)
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for line in f:
self.stopwords[line.strip()] = 1
f.close()
categories = os.listdir(trainingdir)
#filter out files that are not directories
self.categories = [filename for filename in cate
gories
if os.path.isdir(trainingdir
+ filename) ]
print ("Counting ...")
for category in self.categories:
#print (' ' + category)
(self.probfcategory],
self.totals[category]) = self.train(trainin
gdir, category,
ignoreB
ucket)
# I am going to eliminate any word in the vocabu
lary
# that doesn't occur at least 3 times
toDelete = []
for word in self.vocabulary:
if self.vocabulary[word] < 3:
# mark word for deletion
# can't delete now because you can't del
ete
# from a list you are currently iteratin
g over
toDelete.append (word)
# now delete
for word in toDelete:
del self.vocabulary[word]
# now compute probabilities
vocabLength = len(self.vocabulary)
#print ("Computing probabilities:")
for category in self.categories:
#print (' ' + category)
denominator = self.totals[category] + vocabL
ength
for word in self.vocabulary:
if word in self.prob[category]:
count = self.prob[category] [word]
else:
count = 1
self.prob[category] [word] = (float (count
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/ denominat

or)
#print ("DONE TRAINING\n\n")

def train(self, trainingdir, category, bucketNumberT
oIlgnore) :
"""counts word occurrences for a particular cate
gory"""
ignore = "%$i" % bucketNumberToIgnore
currentdir = trainingdir + category
directories = os.listdir (currentdir)
counts = {}
total = 0
for directory in directories:
if directory != ignore:
currentBucket = trainingdir + category +
"/" + directory
files = os.listdir (currentBucket)
#print (" " + currentBucket)
for file in files:
f = codecs.open (currentBucket + '/'
+ file, 'r', 'iso08859-1")
for line in f:
tokens = line.split ()
for token in tokens:
# get rid of punctuation and
lowercase token
token = token.strip('\'".,?:
_')
token = token.lower ()
if token != '' and not token
in self.stopwords:
self.vocabulary.setdefau
1t (token, 0)
self.vocabulary[token] +

counts.setdefault (token,
counts|[token] += 1
total += 1

f.close ()
return (counts, total)

def classify(self, filename) :
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results = {}
for category in self.categories:
results[category] = 0
f = codecs.open(filename, 'r', 'iso08859-1")
for line in f:
tokens = line.split ()
for token in tokens:
#print (token)
token = token.strip('\'".,?:-').lower ()
if token in self.vocabulary:
for category in self.categories:
if self.prob[category] [token] ==
print ("%$s %s" % (category, t
oken))
results|[category] += math.log(
self.prob[category] [token])
f.close()
results = list(results.items())
results.sort (key=lambda tuple: tuple[l], reverse
= True)
# for debugging I can change this to give me the
entire 1ist
return results[0] [0]

def testCategory(self, direc, category, bucketNumber

results = {}

directory = direc + ("%i/" % bucketNumber)
#print ("Testing " + directory)

files = os.listdir (directory)

total = 0
correct = 0
for file in files:
total += 1
result = self.classify(directory + file)

results.setdefault (result, 0)

results[result] += 1

#if result == category:

# correct += 1
return results

def test(self, testdir, bucketNumber) :

"""Test all files in the test directory--that di
rectory 1s
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organized into subdirectories--each subdir is a
classification

category"""
results = {}
categories = os.listdir (testdir)
#filter out files that are not directories
categories = [filename for filename in categorie
s if
os.path.isdir (testdir + filename) ]
correct = 0
total = 0
for category in categories:
#print (n' n, end:"")
results[category] = self.testCategory
testdir + category + '/', category, buck
etNumber)

return results

def tenfold(dataPrefix, stoplist):
results = {}
for i in range(0,10):
bT = BayesText (dataPrefix, stoplist, 1)
r = bT.test (theDir, 1)
for (key, value) in r.items():
results.setdefault (key, {})
for (ckey, cvalue) in value.items():
results[key].setdefault (ckey, 0)
results[key] [ckey] += cvalue
categories = list (results.keys())
categories.sort ()

print ( "\n Classified as: ")
header = " "
subheader = " +"
for category in categories:
header += "% 2s " % category
subheader += "-———- +"

print (header)
print (subheader)
total = 0.0

correct = 0.0
for category in categories:
row = " %s |" % category

for c2 in categories:
if c2 in results[category]:
count = results|[category] [c2]
else:
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count = 0
row += " %31 |" % count
total += count
if c2 == category:

correct += count
print (row)
print (subheader)
print ("\n%5.3f percent correct" % ((correct * 100) /
total))
print ("total of %$i instances" % total)

# change these to match your directory structure
prefixPath = "/Users/raz/Dropbox/guide/data/review polar
ity buckets/"

theDir = prefixPath + "/txt sentoken/"

stoplistfile = prefixPath + "stopwords25.txt"
tenfold(theDir, stoplistfile)
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sport Height Weight
basketball 72 162 S
gymnastics 54 66 Q:::&Z o ;‘: lio | B | i3 __
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basketball 78 204 a3 58 34.4 0
139 o |w6| 1 |
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@ ey 09,5 b alsS Sl az ay meleS e 4S 05 ood paseie Lo (s, cnl o
A adgS Sy beaiged 5l plaS j2 a8 WIS (o0 £9,% S50 Cal & ey ol slr
Wl o8 & dewd dod I Jldin &5 | SladeS 98 o2 )5Sl LSS L s p0 0,8 e
Py Ol ar iley (Bb algs S e a5 S oo 5SS (2850 U1, I (pl S e (K
o950 ol 6 b el lonaly ool Sl a5 0365 o o5l podlids Gaialigs
Sl plaS o .Cans (Sub-cluster) asgs 55 g0 Jold a5 oy oo dligr G 4 Sulys (o

TG ssbinan 5 958 o0 mendl a5 115 25 Y & 055 (S & Ads> 5 55 (]

www.takbook.com



Ol il p sl s9lSonls W YFY

A A ne

A 3,08 3 Bags gatss o il e dazd o
A
A
|‘l Ad 4 e g0 s> S g 00, hale i s | Suojl games a0
. A
A

e oo 51T e ke

4 N o oo g Sy g 02,5 hedle i s |y Sy ghmis> g0
o o 51T o ke
|| A |A it Ss s enS L S et o
|-’ A A e oo Az S g 00,5 hale pR s |y Swdy s 30
LA
S e 15T ol

‘A oS oo A S g 03,5 e wa a |y Susy gass> g2
A

—

S o 7 il sl B adss S Lk a8 el s

Sy meSee ol e @ Seop sadst 90 LSS L 8 50wl 5 o2 Lo)lso
Lo Jg oS oolail dlold Jgo,8 SO 5l cianl Kladiigs cp 5SG03» 0,5 asiv
Ao D9l oo it GunalisS la by, 4 miie dunlie glabs, (ol 5l plS He oS

www.takbook.com



YPY B guss aligs A Lad

LB LA cadss SoniS K g 00,5 e ;508 b sl omy gal o 40 1) aligs
B L C casy>

Single-linkage suudadqy>

oS 0 el ) Do 4 1) Alig> 90 Lo (salold L single-linkage i, o

S8 sabs 5l 6,00 gae o laadss 5l (Sl sgas 8 o alol (S0
Al O salols ﬁ‘).g YL ReaS ) B salig> g A gdlig> O salols 25 U"‘L’
ade> 90 pl slacl o o galold > o 5l S SGoy alols (pl 1) 0ed o0 Bl
9 A2 calols g Bl § A2 calols B2 § Al sloalol 4 cond alold cpl omy .ol
B abg> 4 A saigs single-linkage sonaigs 5l solanwl L .cwsl oS B2
00,5 S5 wa LB g A slaaigs bwls o SOy L € gadss b sl 5003

S o Jood AdigE o g

Complete-linkage ssuases

(oS (50 e ) Oyg0 Ay | Aligs 90 ol salolé L complete-linkage g, o
5 Gads 5l R0 pas e 4 babes 5l (S 5l sgas e (o alold (n )90
Sl 3 SG03 B gadg> 4 C gadg> YU IS o complete-linkage sauaiss o

oS o S 5 o2 L1, C g B (gadgd il o o 0 Ly B gabgF A gangs

www.takbook.com



Ol gidal p sl s9lSonls M VY
Average-linkage sadie>

oS o el ) Dgo 1) Alig> g0 Lo salold L @verage-linkage g, o
S sade> 3l gae ja & daaleS il (Sl spas o o saloll (:SLe
BgA jl juS B g C slaaisr salold (Sl Ojge a5 oy oo Hhai a0 YL S5 5o

H e SO gn; 2ol logs
=S, single-linkage

oS’ anadgs Glisse 9 08 (elul 2 1) oS ol5 dulos lags 53

www.takbook.com



YFO W goi adig> A Juad

Sy ~ 039
breed height | weight
(inches) | (pounds)

Border Collie 20 45

Boston Terrier 16 20

Brittany Spaniel 18 35

Bullmastiff 21 120 5 s ;
Ol & tes S Bl sz S oS S

Chihuahua 8 8 € oSy 6, Wl calols shwls 3 8

German Shepherd 25 18

Golden Retriever 23 10

Great Dane 32 160

Portuguese 21 50

Water Dog

Standard Poodle 19 65

Yorkshire Terrier 6 1

Shilzel w1y slae! ool wls

RS s 0a Sl o lasle )
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Modified Standard Scores
breed height | weight
Border Collie 0 -0.1455
Boston Terrier -07213 | -0.873

Brittany Spaniel -0.3607 | -0.4365

Bullmastiff 12623 | 203704

Chihuahua -21639 | -1.2222

German Shepherd | 0.9016 0.81481

Golden Retriever 0541 | 0.58201

Great Dane 216393 | 3.20106
Portuguese 0.1803 0
Water Dog

Sleolys e | (gmad8l galols oplos oo ] 51 o

Standard Poodle | -0.1803 043651

Yorkshire Terrier | -2.525 -125132

et o8 S5, L ApSGoy pp 4 a5 oladlold l sae wix) cwa BBl slealold

:“wol Boston Terrier glao 4 BT Wico esloacss ools Dol Chise &g
s k.))
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BT BS B C GS GR GD PWD b4 Yr
Border Collie 1.024 | 0.463 | 2.521 2.417 1.317 0.997 3.985 | 0.232 | 0.609 @ 2.756
Boston Terrier 0.566 @ 3.522 1.484 2.342  1.926 | 4.992 1.255 1.417 | 1.843
Brittany Spaniel 2.959  1.967 1.777 1.360 4.428 ©0.695 0.891 2.312
BullmastiFF 4.729 | 1.274 | 1.624 1.472 2.307  2.155 | 5.015
Chihuahua 3.681 | 3.251  6.188 2.644 2.586 | 0.362
German Shphrd 0.429 | 2.700 1.088 1.146 4.001
Golden Retriever 3.081 0.685  0.736 3,572
Great Dane 3.766 3.625 | 6.466
Portuguese WD 0.566 & 2.980
Standard Poodle 2.889
ol
30 plas ezl
4.0 magals s
Great Dane AT
.
3.0
Bullmastiff
2.0 .
1.0 German Shepherd (4
st. Poodle o . ) - \
* Golden Retriever ) 7
0 Border Collie @ .Porfuguese WD P!
¢ Britta iel Gl }
10 Boston Terrier ¢ ritfany Spanie A\
Yorkshife © Chihughua
-
2.0
-3.00 -2.25 -1.50 -0.75 0 0.75 1.50 2.25 3.00
= height
=)
K]
2

S8 coas Jlo ).’QLQ.A Gz Lo g0 0 XL ol 5l plas jo (IS (il o)

(Gl €597 (Gounlad (60508 H9mm0 g €AY (goaisles 28] jeore .00 S oo

Wid S0y o2 4 Portuguese Water Dog 4 Border Collie a.il aes 3
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Portuguese 4 Border Collie &5 So3 o 4 a5 (gladgs g0 oS oo odnliv
oS oo S 5 e b byl oy caiiin (¢,YYY galols L) Water Dog

Border Collie

Portuguese WD ==

Y s> e
S0 S e g 00,5 asuie | widly JSu0 oa 4 oS (SladisS g0 e g0
L) Yorkshire Terrier 4 Chihuahua aigs g0 (pl 45 0uiS oo cdalice YU Jga> o

Chihuahua

Yorkshire T. ——--—--+J

|

Portugquese WD  ——

Border Collie

Golden ¢ German Shepherd .S ;5 Cog b cpl oS oo 1S5 0,bgs 1, anl )8

.Cw| Retriever
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Chihuahua —-u——.

Yorkshire T.

German Shphrd ———————‘

Golden Retriever

Border Collie

Portuguese WD ———

& (S AT S (o ovaline oz jleS o0 LSS 1) anTb ples o)lgs
yol> Jl> o Border Collie Js .o Brittany Spaniel 4 Border Collie 5,05,

Syl g0 oY gal> e ,0) oyl )8 Portuguese Water Dog L aigs S5 0

oS oo oS, Brittany Spaniel U | asgs pl als o ol 1o o (ol )3 aligs

Chihuahua -"“—*1

s g

Yorkshire T.

German Shphrd '—"'—_.

Golden Retriever
Border Collie *“”]
Portuguese WD

Brittany Spaniel
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Chihuahua ———‘
Yorkshire T. —

German Shphrd """"'—“'"

Golden Retriever

Border Collie '—'—‘

——p—

Portuguese WD

Brittany Spaniel

Boston Terrier

PSS o &dly jo aiiws Sgyme (dendrogram) el 5o ais a4 dapl SLs g5 0l

S 35 1, bolae
Lol s pladl 4y oS (slaalis (sloosls sly 1) (gassddsgs
25 S 0 S ol fy alold I (londs i pe Cand Sy i ! U sl
1wl 39290
https://raw.githubusercontent.com/zacharski/pg2dm-

python/0684ec677alalbaaech47bc0f8f21ec121e83339/data/ch8/dogDi
stanceSorted.txt

www.takbook.com



TY) B oo adgs A Jad

Chihuahua
Yorkshire T.
German Shphrd
Golden Retriever

———

Border Collie

Portuguese WD

Brittany Spaniel

Boston Terrier
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https://raw.githubusercontent.com/zacharski/pg2dm-
python/0684ec677alalbaaech47bc0f8f21ec121e83339/data/ch8/dogDi
stanceSorted.txt

Chihuahua

Yorkshire T.

German Shphrd

Golden Retriever -‘

Border Collie

Portuguese WD —r»

Brittany Spaniel

Boston Terrier - [ ————

Standard Poodle

Bullmastiff

Great Dane .
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sl paluds (sanadiss 03,650l Sy sl p gl oS

S eslgion gaaiiss sl
priority ) Zusls! o
=S oalazul (queue

63Mols (e gl Sigii s
Sz Cuglsl o aS 05

Naz el
o o)y i P len 4o Laenl (gole cha S 0

Sighige g3 ol 5 a5 diel e
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gnd ond 1
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| L

—

(16, Suzuka) | (15, Moa) |

Priority Queue

(;ﬁ}b|hio)
(15, Moa)
-

(1-3{ Yui) l f

B
L(IG. Suzuka)

———

sl aSenl b & o walss YU wgi e gyl o 5l a5 ool sl bl s

(16, Suzuka) |

Priority Queue

(Soglsl ao)
.(@
!

(16, Suzuka) | | (15, Moa)

.Q)b szliﬁﬁ C}i}b‘gr% u:u»‘bjé ¢ﬁ)3¢ﬂ}?

N

|(__‘:”:‘Y“" 1

ond 18t

WS 0,8 gl 0 (Fige a4 cho (pl &5 e V>

l--—.. -
L(13, Yui) ! |
>>> from queue import PriorityQueue

>>>

>>>

>>>

>>>

singersQueue = PriorityQueuel()

# load the PriorityQueue library
# create a PriorityQueue called

# singersQueue

singersQueue.put((16, 'Suzuka Nakamoto')) # put a few items in the queue

singersQueue.put((15,

singersQueue.put((14,

'Moa Kikuchi'))

'Yui Mizuno'))
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>>> singersQueue.put((17, 'Ayaka Sasaki'))

>>> singersQueue.get() # The first item retrieved
(14, 'Yui Mizuno') # will be the youngest, Yui.
>>> singersQueue.get()

(15, 'Moa Kikuchi')

>>> singersQueue.get()

(16, 'Suzuka Nakamoto')

>>> singersQueue.get()

(17, 'Ayaka Sasaki')

o3 |y leadss qeens plxil 1) (olhe abudi unaldss mealys oo a5 Jle ol 6l
Se Sl abes (0 5S35 4y alold 0 5ol (uglsl lrinl 5o e 0 )8 Cagll aw
&,9b |, Border Collie ol5 Lo daXw ol5 galivs sly (Jlo sly 090 anlys> alig>
, Portuguese Water Dog o ] & dlucad oy 5505 45 e oo 1,8 o o
G Sly (JSS et o2 |y alie S Glrieogyg 0y L5 YYY galols

ROV X PR W EX

Cuglyl cio

dde> = Cluster

4 luwon = neighbor
alols = distance

—_—
cluster: (Bopder Collie)
nenghbor* Portuguese Water Dog |

adnstance 093 } cluster: (Chihuahua)
o | nelghbor Yorkshire Terriep
||dnstam:e- 0362 }
cluster: (Portuguese Water Dog) . —
|neighbor: Border Collie
|distance: 0,239 |
! i |etc.
_,.___ .  —

|etc. jetc. '
' L1
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Portuguese 4 Border Collie ol5 g0 Lo (Jlo cpl jo los,S Slxl |,

o) g olu wuoles Border Collie — Poruguese Water Dog ¢U b dligs> G )90

e oo 8 as oy Al

Caglyl ho

dh gz = Cluster

4 Lo = neighbor
4Ll = distance

cluster: (Border Collie,
¢)

Portuguese Water Do
i
| |
i

;neighbor’: Brittany Spanie| cluﬂslter': (hininiia)
neighbor: Yorkshire Teppiep
|

[distance: 0.463
" distance: 0.362

]

|
|

e ]

jetc. ]
- jetc. ‘

e —

o o aS olesog,g il Bl algs SO Ladd aS oo oo ploul SEy B, LSl
Je pl 4 5880 (o5 dmlo m aiil (pl 5l Pedusmy (oS (Sl oupd oo 1,8
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9 BOFw a5 (X Q])_,) s

N 595

. ‘ & .

o9 1y L(bé;:s a5 el (header) MT).M: N J)LS |
o A ¢ AN )

preed,height {inches),weiqht (pounds)

Border Collle,20,45
Boston Terrier,ls, (i}
Brittany Spaniel,18,35
Bullmastiff,Z?,lza
Chihuahua,a,

German Shepherd,25,78
Golden Retriever.23, ]
Great Dane,32,160
Portuguese wWater Dog.21,50
standard Poodle,19,65
yorkshire Terrier,ﬁ,

JUELORRN IRV s )
5 ‘) s G as “9'“‘(5" oS dali 0 (data f“‘“" o o s L
data[O][ll’J]ﬁ Sl (g dataf0] ¢y S (o0 0,53 53 BB Gl slaesls
L’ o o (5;5':"‘“" [} -
s 2 9 | «Border Collie»  gavs, data[0][0] Jlm)r"deb SledMs|
s dat . slp) ole o
el 32 4 diess ot W ‘a[:] Oezed (Suwd «Boston Terrier» 65
) ¢ (weights) cula p)
< data[1][0] . Ju o9 sl p data[2] .

) Je ! S i 5 995 o (heigh
S soliel goae df Ngd oo o (laeh) float a4 sl Jol oo B
. ¢ Jade G data[2][0] b g <l Y- ‘ L: OF S &S

O 9o )é .39_“, L”U . ) " » Pp S ‘ R
plas” ;o (s ): N I lodby wials ouily> laosls as )lidb - e
» o ,los S ol FO,
&o,leis (index) OJLN @ o Lil Cyz (Larls slixe @) index o,le 5l &:
Vorkshine L a>Ls 5o Border Collie (Jle sl 3,5 ol Sbe e ,65d)
ine < L 3 0,5 el oolaiul ladiges
2 9 Se so)leds . Daos
o)l (index) a>Ls ;s Boston Terrier o 5)ls )| ?‘” ’
s 8 yee

AR wX(
o, (index) azLls o Terrier
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ols L |, Border Collie galolé Jal . pps )18 Cao )0 puoly> o |, Border Collie

oS 50 0033 Seml (6,60 S o |y ledbl (il g o¢)5] Cawd s ,550 slaoly

{1: ((@, 1), 1.0244), the distance between the Border Collie (index 0) and the Boston Terrier
{index 1), is 1.0244

2: ((e, 2), 0.463), the distance between the Border Collie the Brittany Spaniel is 0.463

180: ((@, 1@), 2.756)} the Border Collie -- Yorkshire Terrier distance is 2.756

a0 o0 9 puiS 50 aex> Border Bollie saluen o3 SGoy 4 1) Hlewles puixen
:..\.J‘sa Cawd Ay 5 D ygeo A QT Ghluod o 3G galols as

closest distance: 8.232
| nearest pair: (8, 8)

s Portuguese Water Dog sl dindex 0 o Border Collie 4 a;lues S5055)
(S g el index 8

SoeiS 15" az boools 0l b a5 el g laSs glacilos JStie

Portuguese Water Dog (y.; sakold YU Jgaz ;0 45 adl ool azgie Cunl (\Soe
Sslews o2 L Brittany Spaniel 5 Boston Terrier ., salold 4 Standard Poodle
Jlis! oS STy alols Lulul 5 coglgl cao 1) el Lo ST .oz + 078 oy g
S8 angs o el sl g 08,5 bl |, Boston Terrier ¢ Standard Poodle sl
Sl b dla cnl 5l 6 pSsle sl vgdioe @i oSl So 4 Gy )3 oS ipead
(asgazma sools ulul p) asls G Jolis a5 5 S paales oolaul (tuple) Lo
Portuguese Jlwo (sl .ol logyl o galols 5oLl a5 90 4 aib ol g0
Standard Poodle 4 (index 8) s,ls acgezme yo 1) A (so,lels (a3Li Water Dog
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Oye0 4 Poodle gl tlucd (0 303 e g0 0018 Gluan (TG0 Cannd

RNV PE
['Portuguese Water Dog', ©.566, (8,9)]

il O yg0 ol 4 30 Portuguese Water Dog sl asluces (pp 56030 4

['Standard Poodle', 0.566, (8,9)]

S o STy o 5l 1) ekl Lo o5 alie tuple) obazz cnl ) eolizal

g b s s slazg; ol LT aS i wuilys oo

OleSs slaalold 5,50 4o Ko a3 S

o ol ol 2Bz (Yl $aS) 0. By (i3l 53 1y Caslyl o 5 alin
31 (@88) (o Sy wlal p daisagyg (nl po)S o 3)ly pa |y (Rl L5k el g
folidl oo Bl ax

NS 28
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>>> singersQueue.put( (15, 'Suzuka Nakamoto'))
>>> singersQueue.put((15, 'Moa Kikuchi'))
>>> singersQueue.put((15, 'Yui Mizuno'))
>>> singersQueue.put((15, 'Avaka Sasaki'))
>>> singersQueue.put((12, 'Megumi Okada'))
>>> singersQueue.get()

(12, 'Megumi Okada')

>>> singersQueue.get()

(15, 'Avaka Sasaki')

>>> singersQueue.get()

(15, 'Moa Kikuchi')

>>> singersQueue.get()

(15, 'Suzuka Nakamoto')

>>> singersQueue.get()

(15, 'Yui Mizuno')

===

& oxil Bl @b e o S 3,90 bt 58 05T Gulsl ST it e o jsboolen
Lo csog,s easl anils Jlo V0 lagil coles a5 _olKim e w28y oo gomr o] oo
alh, Seb el cpl > g digh oo STy € jased s> i (gom ol wlol p
Avaka Sasaki U Slie o Ngd o 00 0 e Sl Lall By i 4 e
=S1g Suzuka ;I 5o [CONR o Moa sl ¢ o oo o2S1y Moa Kikuchi 51 5ag5
g s

9 \ (50)L°"i’ &D’L«) sdd..!.) MT 60)‘0 ).O.»a GO)LQ.J.:) ‘MOLSA )|).9 Qo )O 45 ‘SAA-’T
A ) S ) S g0 BLS] ao @ a5 o509 AG b e

www.takbook.com



YAV B ooy adgs A Jad

s e A alls index number  \ —
wls =35 gole // EELRPRES |

\\ f \ / ._ — . -
b = e
(9.23170921460558744, @,’/,f¢*“///’ 1//J %Lﬂﬂxﬂf=%%f1\:“NbLJ

[['Border Collie'l,
['Portuguese Water Dog', 0.23170921460558744, (0, 8)1,
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Initialize newDistanceDict to an empty dictionary
for each key, value pair in distanceDictl:
if there is an entry in distanceDict2 with that key:
if the distance for that entry in distanceDictl is
shorter than that in distanceDict2:
place the distanceDictl entry in newDistanceDict
else:
place the distanceDictl entry in newDistanceDict
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from queue import PriorityQueue
import math

mrrrn

Example code for hierarchical clustering

mrmn

def getMedian(alist):
"""get median value of list alist"""
tmp = list(alist)
tmp.sort ()
alen = len (tmp)
if (alen % 2) == 1:
return tmplalen // 2]
else:
return (tmplalen // 2] + tmpl[(alen // 2) - 11) /

www.takbook.com



YAD W gosy adgs A

def normalizeColumn (column) :
"""Normalize column using Modified Standard Score"""
median = getMedian (column)

asd = sum([abs(x - median) for x in column]) / len (c
olumn)
result = [(x - median) / asd for x in column]

return result

class hClusterer:

""rothis clusterer assumes that the first column of
the data is a label

not used in the clustering. The other columns contai
n numeric data"""

def init (self, filename):
file = open(filename)
self.data = {}
self.counter = 0
self.queue = PriorityQueue ()
lines = file.readlines /()
file.close ()
header = lines[0].split(',")
self.cols = len (header)
self.data = [[] for i1 in range (len (header)) ]
for line in lines[1l:]:

cells = line.split(',")

toggle = 0
for cell in range(self.cols):
if toggle == 0:
self.datalcell] .append(cells[cell])
toggle =1
else:

self.data[cell] .append(float (cells|c
ell]))
# now normalize number columns (that is, skip th
e first column)
for i in range(l, self.cols):
self.data[i] = normalizeColumn (self.data

(i])
###

### I have read in the data and normalized the
### columns. Now for each element i1 in the data
, I am going to
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### 1. compute the Euclidean Distance from e
lement i to all the

### other elements. This data will be pl
aced in neighbors,

#H## which is a Python dictionary. Let's s
ay 1 = 1, and I am

#H# computing the distance to the neighbo
r j and let's say jJ

#H## is 2. The neighbors dictionary for 1
will look like

#H# 728 ((1,2), 1-.23), 3s ({1, 3), 2-3)-

}

#H##

#H## 2. find the closest neighbor

#H##

### 3. place the element on a priority queue
, called simply queue,

#H## based on the distance to the nearest
neighbor (and a counter

#H## used to break ties.

# now push distances on queue
rows = len(self.data[0])

for 1 in range(rows):
minDistance = 99999
nearestNeighbor = 0
neighbors = {}
for j in range(rows):
if i !'= j:
dist = self.distance (i, 3Jj)
if 1 < j:
pair
else:
pair = (3,1)
neighbors[]j] = (pair, dist)
if dist < minDistance:
minDistance = dist
nearestNeighbor = j
nearestNum = j
# create nearest Pair
if i < nearestNeighbor:
nearestPair = (i, nearestNeighbor)
else:

(i,3)
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nearestPair = (nearestNeighbor, i)

# put instance on priority queue
self.queue.put ((minDistance, self.counter,
[[self.data[0][i]], nearestP
air, neighbors]))
self.counter += 1

def distance(self, i, J):

sumSquares = 0
for k in range(l, self.cols):
sumSquares += (self.datal[k][i] - self.datalk
1031)**2

return math.sqgrt (sumSquares)

def cluster(self):
done = False
while not done:
topOne = self.queue.get ()

nearestPair = topOne[2][1]

if not self.queue.empty() :
nextOne = self.queue.get ()
nearPair = nextOne[2][1]
tmp = []
##

## I have just popped two elements off
the queue,
## topOne and nextOne. I need to check
whether nextOne
## 1s topOne's nearest neighbor and vi
ce versa.
## If not, I will pop another element
off the queue
## until I find topOne's nearest neigh
bor. That is what
## this while loop does.
##

while nearPair != nearestPair:
tmp.append ( (nextOne[0], self.counte
r, nextOne[2]))
self.counter += 1
nextOne = self.queue.get ()
nearPair = nextOne[2][1]
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##
## this for loop pushes the elements I
popped off in the
## above while loop.
##
for item in tmp:
self.queue.put (item)

if len (topOne[2][0])
iteml = topOne[2]
else:
iteml = topOne[2] [

0]
if len (nextOne[2][0]) == 1:
item2 = nextOne[2][0][0]
else:

item2 = nextOne[2] [0]
## curCluster is, perhaps obviously, t
he new cluster
## which combines cluster iteml with c
luster item?2.
curCluster = (iteml, item2)

## Now I am doing two things. First, fi
nding the nearest

## neighbor to this new cluster. Second
, building a new

## neighbors list by merging the neighb
ors lists of iteml

## and item2. If the distance between 1
teml and element 23

## is 2 and the distance betweeen item2
and element 23 is 4

## the distance between element 23 and
the new cluster will

## be 2 (i.e., the shortest distance).

##

minDistance = 99999
nearestPair = ()
nearestNeighbor = "'

merged = {}
nNeighbors = nextOne[2] [2]
for (key, value) in topOne[2][2].items (

if key in nNeighbors:
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if nNeighbors[key] [1] < value[l]

dist = nNeighbors[key]
else:
dist = value
if dist[l] < minDistance:

minDistance = dist[1]
nearestPair = dist[0]
nearestNeighbor = key
merged[key] = dist
if merged == {}:
return curCluster

else:
self.queue.put( (minDistance, self.c
ounter,
[curCluster, neares
tPair, merged]))
self.counter += 1

def printDendrogram (T, sep=3):

"""pPrint dendrogram of a binary tree. FEach tree nod
e 1s represented by a

length-2 tuple. printDendrogram is written and provi
ded by David Eppstein

2002. Accessed on 14 April 2014:

http://code.activestate.com/recipes/139422-dendrogra
m-drawing/ """

def isPair (T):
return type(T) == tuple and len(T) == 2

def maxHeight (T) :
if isPair(T):
h = max (maxHeight (T[0]), maxHeight (T[1]))
else:
h = len(str (T))
return h + sep

activelevels = {}

def traverse (T, h, isFirst):
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if isPair(T):
traverse(T[0], h-sep, 1)
s = [" '"]*(h-sep)
s.append ('] ")

else:
s = list (str(T))
s.append (' ")

while len(s) < h:
s.append('-")

if (isFirst >= 0):
s.append ('+")
if isFirst:
activelLevels[h] = 1
else:
del activelevels[h]

A = list (activelevels)
A.sort ()
for L in A:
if len(s) < L:
while len(s) < L:
s.append (' ")
s.append('|")

print (''.join(s))

if isPair(T):
traverse(T[1l], h-sep, 0)

traverse (T, maxHeight (T), -1)

filename = '//Users/raz/Dropbox/guide/data/dogs.csv’

hg = hClusterer (filename)
cluster = hg.cluster ()
printDendrogram(cluster)

:fﬁf@bﬁ)‘dw‘mﬂ@lﬂll}ﬁwlﬁwm
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import math
import random

mrmrn
Implementation of the K-means algorithm

for the book A Programmer's Guide to Data Mining"
http://www.guidetodatamining.com

mrmn

def getMedian (alist) :
"""get median of list"""
tmp = list(alist)

tmp.sort ()
alen = len (tmp)
if (alen % 2) == 1:
return tmplalen // 2]
else:
return (tmplalen // 2] + tmpl[(alen // 2) - 11) /

def normalizeColumn (column) :

"""normalize the values of a column using Modified S
tandard Score

that is (each value - median) / (absolute standard d
eviation) """

median = getMedian (column)

asd = sum([abs(x - median) for x in column]) / len (c
olumn)
result = [(x - median) / asd for x in column]

return result

class kClusterer:

""" Implementation of kMeans Clustering

This clusterer assumes that the first column of the
data is a label

not used in the clustering. The other columns contai

n numeric data
mrirn

def init (self, filename, k):

mwn p is the number of clusters to make
This init method:
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1. reads the data from the file named filenam

2. stores that data by column in self.data
3. normalizes the data using Modified Standar
d Score
4. randomly selects the initial centroids
5. assigns points to clusters associated with
those centroids
mrmrn
file = open(filename)
self.data = {}
self.k = k
self.counter = 0
self.iterationNumber = 0
# used to keep track of $ of points that change
cluster membership
# in an iteration
self.pointsChanged = 0
# Sum of Squared Error
self.sse = 0

#

# read data from file

#

lines = file.readlines()

file.close()

header = lines[0].split(',")

self.cols = len (header)

self.data = [[] for i1 in range (len (header)) ]

# we are storing the data by column.
# For example, self.data[0] is the data from col

umn 0.
# self.data[0][10] is the column 0 value of item
10.
for line in lines[1l:]:
cells = line.split(',")
toggle = 0
for cell in range(self.cols):
if toggle ==
self.data[cell].append(cells[cell])
toggle = 1
else:
self.data[cell] .append(float (cells|c
ell]))

self.datasize = len(self.data[l])
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self.memberOf = [-1 for x in range (len(self.data
[1]1))]

#

# now normalize number columns

#

for i in range(l, self.cols):

self.data[i] = normalizeColumn (self.data

[i])

# select random centroids from existing points
random. seed ()
self.centroids = [[self.datal[i][r] for i in ran
ge(l, len(self.data))]
for r in random.sample (range (
len(self.datal[0])),
self.k)
]

self.assignPointsToCluster ()

def updateCentroids (self) :
"""Using the points in the clusters, determine t
he centroid
(mean point) of each cluster"""

members = [self.memberOf.count (i) for i in range
(len(self.centroids)) ]
self.centroids = [[sum([self.datal[k][1]

for 1 in range(len(self.
datal[0]))
if self.memberOf[i] == c
entroid]) /members[centroid]
for k in range(l, len(self.da
ta))]
for centroid in range(len(self
.centroids)) ]

def assignPointToCluster (self, 1i):
""" assign point to cluster based on distance fr
om centroids"""
min = 999999
clusterNum = -1
for centroid in range (self.k):
dist = self.euclideanDistance (i, centroid)
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if dist < min:
min = dist
clusterNum = centroid
# here is where I will keep track of changing po
ints
if clusterNum != self.memberOf[i]:
self.pointsChanged += 1
# add square of distance to running sum of squar
ed error
self.sse += min**2
return clusterNum

def assignPointsToCluster (self) :
""" gssign each data point to a cluster"""
self.pointsChanged = 0
self.sse = 0
self .memberOf = [self.assignPointToCluster (i)
for i in range(len(self.data[l]

def euclideanDistance(self, i, 3J):

"o compute distance of point i from centroid "
mir

sumSquares = 0
for k in range(l, self.cols):
sumSquares += (self.datalk][i] - self.centro

ids[J] [k-1]) **2
return math.sqgrt (sumSquares)

def kCluster (self):
"""the method that actually performs the cluster
ing
As you can see this method repeatedly
updates the centroids by computing the mean
point of each cluster
re-assign the points to clusters based on th
ese new centroids
until the number of points that change cluster m
embership is less than 1%.

mrrn

done = False

while not done:
self.iterationNumber += 1

www.takbook.com



FAV B us algs A Jab

self.updateCentroids ()

self.assignPointsToCluster ()

#

# we are done if fewer than 1% of the points
change clusters

#
if float (self.pointsChanged) / len (self.memb
erOf) < 0.01:
done = True
print ("Final SSE: $f" % self.sse)

def showMembers (self) :
"""Display the results"""
for centroid in range(len(self.centroids)):

print ("\n\nClass %i\n========" % centroid)
for name in [self.data[0][1i] for i in rang
e(len(self.dataf0]))
if self.memberOf[i] == centroi
d]:
print (name)
##

## RUN THE K-MEANS CLUSTERER ON THE DOG DATA USING K = 3
#H#

# change the path in the following to match where dogs.c
sv 1s on your machine

km = kClusterer('../../data/dogs.csv', 3)

km.kCluster ()

km.showMembers ()

YotS (s oSTy (oS 1y a5 sl
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Olad oS o0 0,d S Dygo 4 1) Wosls Lo o ol pealls (Gnadss KUV

(ST 0iile) 08 S gamio Sy 4o |y baools Lo (51 .0 e |, oK ol Jlie

o9 9 (height) a8 slajeiw) ol wales 55 IS 4 4ol G qeudd Linled

(@2 oo lid | X ol o2 breed g .o oal o, (Weight)

breed height | weight
Border Collie 0 -0.1455
Boston Terrier -07213 | -0.873
Brittany Spaniel -0.3607 | -0.4365
Bullmastiff 12623 | 2.037104
German Shepherd | 0.9016 0.81481

sl oo 1 o) 4 aed tand Yol eauns JEl sl 4 1) baosls puslgse 5

data = [ data for the Border Collie,
data for the Boston Terrier,

]

S oo Joo ) dile (ol S jg0 4 baosls Sy (48,5 i sl s

data = [ [‘Border Collie’, 0, -0.1455],

[‘Boston Terrier’, -0.7213, -0.873],

.
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4 Feosd imled s0578 (! 0,8 0,33 (gHhw Dyge w4 |y aools dacpl jo
aS adl o )5 colaiul QLS (pl ol jo Gioled (s0556 (et 5 0 Lo cony oo Sl
(S 0,33 30 (column first) aiw Jol Oyg0 4 1) ooty wuslys oo

data = [ column 1 data,
column 2 data,
column 3 data ]

X o‘); JL..O LS‘)‘.’ o

data = [ [‘Border Collie’, ‘Boston Terrier’, ‘Brittany Spaniel’, ...],
[ 0, -0.7213, -0.3607, ...],
[-0.1455, -@0.7213, -0.4365, ...],

-

k- sl rinl g meols ploxl (oSlpealides ganalss glp a5 cul ke ()l
2k @l ilwesly a5 culinl (i) cnl Caze w235 LSS T, B e o0 means
& g0 a5 3,5 samlie Vb oS 50 Jol &l 90 50 lgiee |y (Folu (pl aiS se ool |,
Shge @ |y ool (dl> ol o s> .awe normalizeColumn 4 getMedian

>>> normalizeColumn([8, 6, 4, 21)
[1.5, 0.5, -0.5, -1.5]

1)k lade 4 (filename) LB ob o init &b oles o) constructor b
of.>.> ‘549».».4 Sygo A ‘) ools U"‘ 9 JJ‘?‘S.«O J.:lﬁ )‘ ‘) ooty ‘w; S99 Q‘?‘“‘c
&b aiS o sl normalizeColumn &b Lawgs 1) ool calb (pl .S oo
modified ) ocalzdMol ojlaibinl jleel  g5lwesly &8ls o normalizeColumn
Sloe 4 g S o bl 1) asols ol 5l el k 51 o .cwl (standard score
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pl=il assignPointsToCluster xb lawg acass pl a2 oo (amass wdgl CuiS e

D9
L) gonadss ol cpl oo oo plxl 1) ganadss Sllas Jol ;o kCluster &b
updateCentroids U a5 e plxl updateCentroids &b (o bosz  Jls>1,8
5| S a8 Sle; U 1, assignPointsToCluster b g 00,8 avule 1) aliss o Silo
omled |y zls showMembers b .wuS o Slod 3 aisS s bosls dsye SO

.Mé‘go
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Final SSE: 5.243159

Class ©

Bullmastiff
Great Dane

Class 1

Boston Terrier
Chihuahua
Yorkshire Terrier

Class 2

Border Collie
Brittany Spaniel
German Shepherd
Golden Retriever
Portuguese Water Dog
Standard Poodle

0,5 Joe o> L L S§MM9> [‘,.u)ﬁf.” «S>sS (gools sacgeme pl sl s
3635 ol Lot |
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http://www.ceng.metu.edu.tr/~tcan/ceng465_f1314/Schedule/KMeansEm
pty.html
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weight
dpl 0.25
dp2 0.40
dp3 0.10
dp4 015
dp5 010
sum 100

i i IS asle i x SG e eoloppl aS 0sS jead jsb (gl

® dp1 ® dp2 @ dp3 @ dp4d @ dp5

CuiS e Gleie a ) ples 5wl o S &S oo ez | E ol Lo
LY QT &l ons Ay d3e Had d> 12 a5 WA Az gin e oo ol Bas
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D el €0gd WA CuiS e S 0uiS co ol Solas aaii G D(dp) jlade b

5 lacgeme aiS o8 oS ilwosly el 4o 1) snl een das o)l Yl
iyl Glidse Lol en (tuples) b olaus

data = [("dp1", 0.25), ("dp2", 0.4), ("dp3", 0.1), ("dp4", 0.15), ("dp5", 0.1)]
1S o ol oy 039 b qubite Jloixl 4 azgi L 1) abads S5« 5,0 roulette &

import random
random. seed ()
def roulette (datalist):

i=20
soFar = datalist[0][1]
ball = random.random ()
while soFar < ball:

i +=1

soFar += datalist[i][1]
return datalist[i][0]

513 a8 cal e ol 4 s plol 1) Gl g ls a5 Slacens b oal opl S
10 dp2 sabi 45,0 40 {dpl sablais 450 YO caups plol |, Gl as e Ve

import collections
results = collections.defaultdict (int)
for i in range (100):

results[roulette (data)] += 1
print results

{'dp5": 11, 'dp4" 15, 'dp3": 10, 'dp2": 38, 'dpl" 26}
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self.centroids = [[self.data[i][r] for i in range(1, len(self.data))]
for r in random.sample(range(len(self.data[0])),
self.k)]

RS yuadS 35 O ye0 A ) Coomnd p) dus 05l
self.selectInitialCentroids()
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def distanceToClosestCentroid(self, point, centroidLis
t):
result = self.eDistance (point, centroidList[0])
for centroid in centroidList[1l:]:
distance = self.eDistance (point, centroid)
if distance < result:
result = distance
return result

def selectInitialCentroids(self):
"""implement the k-means++ method of selecting
the set of initial centroids"""

centroids = []

total = 0

# first step is to select a random first centroid
current = random.choice (range (len(self.datal[0])))

centroids.append (current)

# loop to select the rest of the centroids, one at
a time

for i in range (0, self.k - 1):
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# for every point in the data find its distanc

# the closest centroid
weights = [self.distanceToClosestCentroid(x, c
entroids)
for x in range(len(self.dataf[0]))]
total = sum(weights)
# instead of raw distances, convert so sum of
weight = 1
weights = [x / total for x in weights]
#
# now roll virtual die
num = random.random ()
total = 0
x = -1
# the roulette wheel simulation
while total < num:
x += 1
total += weights([x]
centroids.append (x)
self.centroids = [[self.datal[i] [r] for i in range
(1, len(self.data))]
for r in centroids]
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Kay Chris Sara Tana Steven Mark
Kay 0 53 37 6 4] 12
Chris 53 0 1 0 2 0
Sara 37 1 0 1144 4] 962
Tana 6 0 1144 0 0 1201
Steven 0 0 2 0 0 0
Mark 12 0 962 1201 4] 4]
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def distance(self, i, j):

#enron specific distance formula

sumSquares = 0
for k in range(l, self.cols):
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if (k !'= i) and (k != 7J)
sumSquares += (self.datal[k][i] - self.datalk

1031)**2
return math.sqgrt (sumSquares)
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mike.carson@enron.com ———————————— +

| chris.dorland@enron.com ———————+ |
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larry.campbell@enron.com ———+
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Class 5

chris.germany@enron.com
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| marie.heard@enron.com

I
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leslie.hansen@enron.com
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Class 6

sara.shackleton@enron.com
mark.taylor@enron.com
susan.scott@enron.com

Class 7

tana.jones@enron.com
louise.kitchen@enron.com
mike.grigsby@enron.com
david.forster@enron.com
m.presto@enron.com
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